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XPOHIKA

ITAM’ATI KoctanTuna Apkaaiiiouya HEMIA (1948-2021)

21 xoBtHa 2021 poky mimoB 3 xutts KocTsan-
tuH Apkagiiona HEMELD — Bunathuii ykpaince-
KHii BUEHHWI — rifporeosor i reorpad, HE3MiHHUI
TonoBuuii penaktop «Bicuuk. Cepis «leonoris. Te-
orpagisi. Exomoris.

Kocrsintua ApkaniioBud — JokTop reorpadiv-
HUX Hayk, npodecop, npodecop kadenpu comiaib-
HO-€KOHOMIYHOi reorpadii i perioHo3HaBCTBa, KaH-
JUIaT TeOJIOrO-MIHEPAJIOTIYHUX HayK, mpodecop
kadenpu rigporeonorii, AekaH reojoro-reorpadid-
Horo (akynerery (1995-2010 pokwu), 3aciy:xeHHI
npodecop XapKiBCHKOTO HaI[lOHAJIBHOI'O YHIBEpCH-
tety imeni B. H. Kapasina, Binminauk ocBitu Ykpa-
ian, [loyecHUit TOKTOP YKTOPOJICHKOTO HAIliOHAIIb-
HOTO YHIBEpCHUTETY.

Kocrsintun ApkaziiioBud HapojuBes B c¢. [o-
ponuuns JKutomupcrkoi obmacti. B 1965 pomi i3
30JI0TOI0 MEAAILTIO 3aKiHYUB CHITYPIBCHKY CEPEIIHIO

IIKOJIy Ta YCHIIIHO MOCTYNHB Ha T€0JIOrO-reorpa-
¢iuHni daxynpreT XapKiBCHKOTO JEPKaBHOTO YHi-
Bepcutery imeHi O. M. Topbkoro. ¥V 1970 poui 3
JTUIJIOMOM i1HXKEHepa-reojiora, Tigporeoiora 3 Bif-
3HaKOI OyB HampapleHWH Ha poOOTY B MPOEKTHHH
incturyt «ITIIBAEHAITTPOILIEMEHT». 3a 3ampo-
mreHHsM npogecopa I. I. MansoBanoro y 1972 poui
Koctantun ApkamifioBnd meperioB Ha poOOTy Ha
Kadenpy Tiiporeosorii Ha Mocajay acUCTEHTa 1 Moc-
TYNUB B 3a04Hy acmipantypy. ¥ 1979 poui ycnimHo
3aXMCTUB JUCEPTalilo 3i 3700yTTS HAyKOBOTO CTY-
MeHsT KaHJUJaTa I'e0JIOr0-MiHEPaJOTIYHUX HayK 3a
Temoro «VccnenoBanue (UIBTPALIMOHHOW HEOIHO-
POAHOCTH TPEUIMHOBATHIX MOPOJ B 30HE TUIIEpreHe-
32 METOJIOM MaTeMaTHYECKOTO MOJCIMpOBaHHs (Ha
npruMepe BEPXHEMEIIOBOTO BOJJOHOCHOTO T'OPHU30HTA
BepxHel vactu Oacceiina Ceepckoro JloHma)» y
MOCKOBCHKOMY T'€0JIOTOPO3BiIyBaIbHOMY 1HCTHUTYTI
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(MI'PI). Ha xadenpi rigporeosorii BiH IpaioBaB Ha
rmocaji acucTeHTa, JorenTta, 3 1984 poky mo 1986
pik 00iiiMaB mocay 3aBijayBaua KadelpH Tiaporeo-
JIOTi1 1 JIekaHa TeoJioro-reorpadiu-Horo GaxKyinbTeTy.

Tpusamuii mepionq KoctsaatnH ApKamiioBAY
MpAIfOBaB CTApPIIMM HAyKOBHM CITIBPOOITHHKOM B
iHctutyTi «Tromens] UTTPOI'a3» B HoBomy Ypenroi
Tromencekoi obmacti Pocii (3 1986 poxy mo 1995
pik). Ilig gac mporo mepioxy po3BiOKOBHUX Ta HAyKO-
BUX pOOiT, BiH po3po0isie MaTeMaTHYHI MOJIEIi PyXy
MiA3eMHUX BOA, Ha(TH i Tazy B yMOBaxX KpiosiTo30-
HHU IIJIs1 BUKOPUCTAHHS B 1H)KEHEPHIH €KOJIOTii 1 TpH-
ponokopucTyBaHHi. Po3poOiieHa HUM MaTeMaTHYHA
Mozenb Tpbox(hazHoi QineTpamii BIpPOBaIKEHA B
«Ypenroiirazgoosrde» i B YKpaiHCHKOMY HayKOBO-
JTOCIIAHOMY IHCTHTYTI IPUPOTHUX Ta3iB.

[oBepuyBmMCh Y XapKiBChbKUN HalliOHATBHUN
yHiBepcureT KoctsHtnH ApkanmiioBud Hewmers 3
1995 poxy mo 2011 pik mocigaB mocagy 3aBigyBava
kadenpu rimporeosorii, 1995 poky mo 2010 pik —
rmocajy JeKaHa reojoro-reorpadiyHoro (hakyabTeTy.
Y 2006 pormi BiH YCIIIHO 3aXHCTUB JOKTOPCHKY
mucepranito 3a Temoro «CycminbHo-TeorpadivHi
OCHOBH iH(OPMALIITHOTO PO3BUTKY COLIOT€OCHC-
Tem» y KuiBchbKOMY HamiOHAJIIEHOMY YHIBEpCHUTETI
imeni Tapaca IlleBuenka. ¥ 2011 pomi K. A. He-
Mellb OTpUMaB BueHe 3BaHHs mpodecopa. 3 2006
POKY 3a CyMICHHUIITBOM IpAIllOBaB Ha MOCaJi IMPO-
(hecopa xadenpu coriarbHO-eKOHOMIYHOT reorpadii
i perioHo3HaBcTBa. 3 jroToro 2011 poky mpaiitoe Ha
i kadenpi Ha MOCTiiHIA OCHOBI, a TAKOX 3a CyMi-
CHUIITBOM Ha Kadepi TiIporeoorii.

Haykosi my6mikarii KoctsHtrnHa ApkaniioBu-
ya HEMIIS xopucTyloTbCS BENHMKOIO YBarol Ta
MalOTh BUCOKHU 1HJIEKC IIMTyBaHb. BiH OyB Bmaar-
HUM B YKpaiHi ¢axiBueM y rairysi MeTogonorii cyc-
minbHOi Teorpadii, oqHUM i3 JifepiB XapKiBChKOT
IIKOJIU CYCHUTBHOT reorpadii, BiB aKTHBHY HayKOBO-
MeAaroriany poOoTy 3 MiATOTOBKHM (haxiBIiB HAHBU-
moi kBamigikamii. Ilig HOro KepiBHUIITBOM OJIUH
JOKTOPAHT 3aXUCTHUB JIOKTOPCHKY JAMCEpTaIliio Ta
OJIMHAJIIATH aCHipaHTIB Ta 3100yBaviB 3aXHCTUIIH
KaHJUIATChKI TUCepTallii. Moro Buxopanmi TIpaIko-
10Th B YKpaiHi Ta 32 KOPJIOHOM y PI3HHUX HaIlpsMax
HAayKH{, TOJITUKU 1 TPOMHCIOBOCTI, TIPOIOBKYHOUYH
possuBatH ifei KoctsutuHa ApkaaiiioBuya.

KocTsaTia ApkaniiioBnd OyB BHIATHHUM BdYe-
HUM Ta BH3HAHMM ()axiBIEM — WICHOM EKCIIepPTHOI
panu 3 IPUPOAHUYMX MaTeMaTHYHUX HayK Mpu AK-
penuTaiiiHiii - koMicii  «HaBYATHLHO-METOAMYHOTO
HEHTPY 3 MHUTaHb SAKOCTI OCBITH» YKpaiHW, YICHOM
HayKOBO-METOIMYHUX KoMicid MiHicTepcTBa OCBITH
1 Hayku Ykpainu 3 reorpadii ta reonorii, 3 2007 o
2011 pp. 6yB unenom excnieptHoi pagun BAK Ykpai-
HU 3 reorpadii; WICHOM CIHeIiali30BaHNX BUYCHHUX
pan i3 3aXMCTy JOKTOPCHKUX nuceptaniid B Oneck-
KOMY HalliOHaJbHOMY yHiBepcuTeTi imeHi [. 1. Meu-
HIKOBa Ta KaHAWIATCHKUX IUCEpTaIiil y XapKiBCh-
KOMY HalliOHaJIbHOMY yHiBepcuTeTi imeHi B. H. Ka-
pasiHa.

Koctsatun ApxkanitioBns HEMEIIb 3 1998
poKy OyB He3MiHHUM | ONOBHMM penakTOpoM IIpo-
BimHOTO (haxoBoro BuiaHHs «Bicuuk. Cepis «Ieo-
noris. ['eorpadis. Exomoris» XapkiBCchKoro Hariio-
HaipHOTO yHiBepcuteTy iMeHi B. H. Kapasina, siko-
My TIPUCBSITUB 3HAa4YHY YaCTHHY CBOTO JKUTTS; PO3-
BUBaB BUAAHHS, JOTPUMYIOUHCH MPHUHIMUIIB HAayKO-
BOI eTHKH Ta moOpodecHOCTi. 3ycwmuamMu KoctsH-
THHa ApkafgifioBuda «BicHUK» OZHHMM i3 TepIInx
cepen Buganb KapaisHcbkoro yHiBepcurety y 2018
potIi YBIHIIIOB JI0 MEepeNiKy BUAaHb, MO pedepyroTsb-
cs1 HaykoMeTpudHOI 0a3or0 Web of Science. IIpo-
JIOBXKYIOUM PO3BUBATH KypHall «BicHuK», B mona-
JIBIIOMY OyAyTh BTUIEHI iei Ta npunHiumu KocTsH-
THHA ApKaniioBu4a it 30epekeHHs] BUCOKOI IuTa-
HKH, SIKY 3aJ1aB He3MiHHUI [0J0BHUI penakTop.

Kocrsutun Apkaaiiopna HEMELD kopucty-
BaBcs Oe33alepeyHrM aBTOPUTETOM Ta IIOBArolo;
MaB TBEpAY KUTTEBY TO3HIIIIO, B TPYAOBIiH 1 HayKO-
Bill JAISUTBHOCTI CIUpaBcs Ha 1iHHOCTI Kapas3iHchko-
TO YHiBepcHUTeTY, OyB TOOPO3UUINBOIO Ta IMTOPSTHOO
JIOOMHOIO, HaJ3BUYaliHO BUMOIJIMBUM A0 cebe Ta
orouyrounx. KocTaHTHH ApkapiiioBud OyB eraino-
HOM CIIPaBKHBOTO HAYKOBIS HAIIOTO Yacy, SIKHH
TapMOHIHO TOE€JHYBaB y CO0i MTHOOKE PO3yMiHHSI
3aKOHOMIPHOCTEW PO3BUTKY YHIBEpCyMy Ta HOBIT-
HIX TIODISAAIB Ha HAayKoBy MpoOiiemMy, OyB MYIpHM
HACTaBHUKOM JIJIs1 MOJIOJIMX BYEHUX Ta CTYJCHTCTBA,
KU OXOYe JIIJTMBCS BIACHUM OaraTuM >KHTTEBUM i
poheCiiHUM JTOCBIIOM.

Job6pa mam'ste npo KoctsanTrHa ApkaaiioBuya
Ha3aBKAM 3aJIMIINTHCS Y HAIUX CepLisx!

Konexmus axynomemy 2eonoeii, eeoepaii, pexpeayii' i mypusmy
Xaprxiecbko2o HayionanvHozo yHieepcumeniy imeni B. H. Kapa3sina

ma
peoakyiiina konezis « BicHuxy»



Cepis «['eonoris. leorpaddisi. EKkonoris», 2021, Bunyck 55

FEONIOrIA

https://doi.org/10.26565/2410-7360-2021-55-01 Hagilwna 5 TpasHa 2021 p.
YI[K 004.94:556.314 MpuiiHaTa 17 TpasHa 2021 p.

bararoBumMipHuii CHCTEMHHUA FTeOMOHITOPMHT MiJI3¢MHUX BOJ
B palloHax Boa03a0opiB (Ha mpukiaanai M. [loarasa). Yacruna 1.
InenTugikaniss CHCTEMHOI0 PO3BHUTKY IiJIPOreo0JOriYHOro npouecy

|I(ocm;mmuu Apkadiiioguy Hemeup' |
. Teorp. H., Ipodecop, Kadenpa riaporeosnorii,
"XapxkiBchkuii HarionanpHui yHiBepcuTeT iMeni B. H. Kapasina,
1. CeoOonu, 4, M. Xapkis, 61022, YkpaiHa,
e-mail: konnem1948@gmail.com, https://orcid.org/0000-0002-7262-2111;
Iz0p Banepiiiosuu Yoanos',
JI. TeoJ1 H, podecop, 3aBiayrounii kagenpH riaporeosorii,
e-mail: igorudalov8@gmail.com, https://orcid.org/0000-0003-3844-6481;
Anamoniii Honosuu JIyp’e’,
. TEON.-MiH. H., mpodecop, kadeapa rigporeonorii,
e-mail: anlurel 6@gmail.com, https://orcid.org/0000-0003-4836-5781;
Bixmopia Muxonaiena Ipuéunosa’,
K. TEOIL. H., IOIeHT, Kadeapa riaporeomnorii,
e-mail: pribylovavn@gmail.com, https://orcid.org/0000-0002-7770-8934;
Onexciii Mukonaiiosuu Kpaiinrokos’,
II. Teorp. H., ipodecop, kadeapa ekorIoriaHoi Oe3MneKn Ta eKOJIOTIYHOT OCBITH,
e-mail: alkraynukov(@gmail.com, https://orcid.org/0000-0002-5264-3118

Po6Gota € moyaTkoM cepii HayKOBHX MHpalb aBTOPIB [0 aKTyaJbHIH €KOJIOTiYHil TeMi — 6araTOBUMipHOTO CUCTEMHOTO FE€OMOHi-
TOPHHTY HiJ[3MHHUX BOJ B pailoHaxX BO103a00piB. ABTOpaMH OOIPYHTOBaHA MOXKJIUBICTh 3aCTOCYBaHHS JUIsI TEOMOHITOPUHTY Tiipore-
OJIOTIYHUX 00’ €KTIB METOAY MOJIENIOBAHHS TPAEKTOPIi pyXy 00’€KTiB y HOpMOBAaHOMY (pa30BOMY IIPOCTOPi, pO3poOIeHOro Y XapKiB-
CHKOMY HamioHaJbHOMY yHiBepcuTeTi iMeHi B.H. Kapa3ina 11 3agaq cycrnineHO-TeorpagigHoro MoHiTOpuHTY. JlocmimKeHi rigpore-
OXIMIUHI PEXHMMH EKCIUTyarallii I’ATH MOTYXHHX Bomo3abopiB IlonraBchkoi MichKOi amtomeparii, OI0 €KCILTyaTylOTh CEHOMaH-
HIKHBOKPEHIOBUI BOIOHOCHHUIT KOMIUIEKC, 3a 28-Mu piuHHI nepiox dacy. KipkicHO po3paxoBaHi O KOXKHOMY BOZI03a00py HACTYII-
Hi MOKa3HUKHM CHCTEMHOTO PO3BUTKY T'iJJpOTEONIOTYHOT CHCTEMH: JOBKHMHA IUIAXY, IPOIMICHOTO TiAPOTeOJIOrYHO0 CUCTEMOIO BOJIO-
3a0opy Ha KOXKHHH Iepioj 4acy; MpOeKIis MOTOYHOI TOUKH TPAEKTOPil HA ONTHMAJbHY TPAEKTOPIO, BIAXMICHHS TOUKH BiJ] ONTHMA-
JIBHOT TPAeKTOPil Ta KoedillieHT Mporpecy Ha KOXHUN KOHTPOJIBHHN MOMEHT uyacy. Ha 0a3i oTpuMaHuX pe3ysIbTaTiB MOJCITIOBAHHS
BCTAHOBJICHI OCHOBHI TEHIEHIIII CHCTEMHOTO PO3BUTKY TiIpOTeOJIOTiYHOI CHCTEMH ISl BCIX JOCIIJDKYBAaHUX BOI03a00PiB: 3MEHIIICH-
Hs IHTEHCHBHOCTI 3MiHH XiMIYHOTO CKJIaay IMiJA3eMHUX BOJ Ha yCiX BO03a00pax 3 4acOM; CyTTEBO MEHIIII MOKa3HUKH IHTEHCHBHOCTI
3MiHHU XIMI9HOTO CKJIQIy Ti3eMHHX BOA Ha Bomo3abopi Ne 3; HaitGinblIa MiHIMBICTh IHTCHCHBHOCTI 3MiHH XIMIYHOTO CKJIany y Yaci
— Ha Bo703abopi Ne 1; 1oCHTH OMITHA CHHXPOHI3AIisl IHTEHCHBHOCTI PyXY TiAPOTeoJIOTiyHOI CHCTEMH BO103a00piB 1 cepeaHboi iH-
TEHCHBHOCTI 3MIiHHM XIMIYHOTO CKIIaIy IiJ3€MHHX BOJ, aji¢ BUSBISIOTHCS JEAKI BIIXWJICHHS BiJ i€l 3aKOHOMIPHOCTI, SIKI MOXYTh
OyTH 3yMOBIIEHI PI3KUMH 3MiHAMH PEXUMY pOOOTH BOZ03a00DiB.

Knrwuosi crosa: ccomonimopune, 2iopo2eonociuna cucmema, Mooenosanis, Ni03eMti 600u, 60003a0ip, XIMIUHUL CKAAO.

Sk nuTYyBaTH: bararoBuMipHHiT cHCTeMHHMIT TEOMOHITOPHHT IiI3EMHHX BOJ B pailoHaxX Boj03a0opiB (Ha mpuknafi M. [Tonrasa).
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AKTyaJbHiCTh HoCHiIKeHHsI. 3pocTaHHs He-  OpHi€r0 3 HAWBAXKIIMBIIIMX JAHOK YIPABIIHHS € MO-
TaTUBHOTO BIUIMBY JIIOJMHM Ha NPUPOTHE CEepelo-  HITOPUHI — cucTeMa igeHTHdikauii cTaHy MyNbTH-
BUIIIE BUMArae po3poOKH HOBUX, OiIbIII €PEKTUBHUX  CHCTEMH NPHPOJAOKOPUCTYBaHHS Ta iH(QOpMaiiiHO-
METOJIIB YIPABIiHHS TEXHOTEHHHMH MpOIecaMH 3  TO 3a0e3nedyeHHs NPUHHATTS YIPaBIIHCHKUX pi-
METOIO iX Y3rO[DKEHOCTI 3 MPUPOAHUMH MPOLECAaMH.  IIeHb. TpaguuiiHO MOHITOPHHT MOJISTa€e y AOCIi-
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JUKCHHI TWHAMIKU TICBHOI KUTHKOCTI MTapaMeTpiB Ke-
poBaHOTO 200 TMPHUPOITHOTO MPOIIECY, HA OCHOBI YOTO
pOOHMTBCS BHCHOBOK CTOCOBHO: a) €(eKTHBHOCTI
ynpaBiiHHs; 0) 3MiH cTaHy 00’ €KTy YNpaBIiHHS; B)
BIUTMBY Ha MPUPOJHE CepeloBHIIe. Y MPAKTHII BO-
JOTIOCTa4YaHHs 13 MiA3eMHHUX HKEpesl 00’ €KTOM yII-
paBIiHHS € TPUPOAHA TiAPOTeO]OTiyHa cUcTeMa
(ITC) 1 BiAMOBIMHWUN TiAPOTEONOTIYHUMN TIpOIIeC
(I'TTI), a TeXHOTEHHOIO CHCTEMOIO (ETIEMEHTOM YTI-
paBiniHHs) — BoA03a0ip. Sk mpaBuio, aHaTi3yIOThCS
napamMeTpH TiIPOXiMIYHOIO i TIAPOJMHAMIYHOTO pe-
xumy ['TC 1 I'TTI, a Takox MesKi TEXHOJIOTI4HI ma-
paMeTpu ekcIutyaTallii Bojo3a0bopiB.

3 MO3UIill CUCTEMHOTO IMiIX0y HEOOXiqHO po-
3MIAAATA  BHYTPINIHIO Ta 30BHINIHIO aJalTaIlio
I'TC. B 3anexxHOCTI BiJl IPiOPUTETHOCTI METH TeO-
MOHITOPHHTY, CJIiJl pO3IIISAATH Bl CUTYAIIii:

- CUTYyaIlisl A CKJIaJa€ThCs IIiJ BILTUBOM, YMOB-
HO TOBOPSYH, BHYTPIITHHOTO TIOCHITYy — 3a iHII[iaTH-
BOIO Ta B MEXaX KOMIICTEHIIIT 3aMOBHHUKA W €KCILIY-
aryrouoi opranizamii. llg cutyarlis aktyainpHa 3 4a-
CiB TIOSIBH TIEPIINX BOM03a0ipHUX CIIOPYA Ha Mia3e-
MHI Boau. CIoYaTKy CIIOCTEPEKECHHS CKPi3b BEIUCS
IHTYiTHBHO, TIOTIM 3a MICIICBUMHU CTaHJIApTaMH, a
CBOTO/IHI PETTIAMEHTYIOThCS BiJOMYHMH Ta 3aKOHO-
JaBYNMH JJOKyMEHTaMH. [ 0JIOBHOIO METOIO € OIliHKa
e(EKTHBHOCTI YNpaBIiHHS Ta ONTUMI3ALisl PEKUMY
pobotu Bomo3abopy. Tomi cam Bomo3abip (Turoma
PO3MIIIEHHST EeKCIUTyaTaIlifHIX CBEPUIOBHH) Oyme
JoCIipKyBaHo cructeMoro, a ['T'C B 30HI aKTHBHO-
IO BIUIMBY BO03a00py — 30BHIIIHIM CEPEIOBHILEM.
VY 1poMy BUNAIKy yBara KOHLEHTPYETbCS Ha BHYT-
PIlIHIN ajanTallii CHCTEMH — B3a€EMOJIi1 CBEP/JIOBHH,
OnTUMi3alii CTPYKTypH (pO3TalllyBaHHS) 1 peKUMY
pobotn, TexHiyHomy ctani Tomo. I'T'C B pakypci
30BHIIIHBOI aIanTamii po3MIsAIAEThCS SIK JHHAMIYHE
cepenoBuie (GopMyBaHHsS EKCIUTyaTaliiHUX 3ara-
CiB, BIUIMB SIKOTO 3aJICKUTh BiJ €KCILIyaTaiii BOIO-
3a0o0py i1 3MiH IpUpoAHUX yMOB. [lociipkeHHs cuc-
TeMHoro po3BuTKY I T'C mMae npyropsiHe 3Ha4eHHS;

- cutyanis b BuHHKae 3a 30BHIIIHIM ITOCHIIOM 3
IHII[IaTHBH Ta B MeXaX KOMIIETEHTHOCTI TPOMa/ICh-
KHX Ta JIep>KaBHUX TPHPOIOOXOPOHHUX OpraHizamiit
i BigoMcTB. OCHOBOIO, SIK MPABUJIO, € HAI[lOHAJIbHI
Ta perioHaJIbHI NPOrpaMH 3aXUCTy HAaBKOJIHUIIHBOTO
MPUPOIHOTO CEPEIOBHILA Ta TEXHOTCHHOI Oe3MEKH.
[IpiopuTeTHUM € 3aBIHaHHS OIIIHKH CHCTEMHOTO
BIUTMBY BOJ103200py Ha IMPHPOAHE CEPEJOBUINE 3
METOI0 #oro MiHiMizalii. ¥ 1[boMy BUTIQJIKY BOIIO3a-
0ip pO3MISIAETHCS SIK TOYKOBE 200 TUIOIIUHHE JIXKe-
peno 30ypenns I'T'C (manmpukiaz, 3a CXeMOIO «BEITH-
KOTO KOJOIS35»), BHYTPIIIHS ajamnTamis po3risia-
€THCSl B aKTUBHIN 30H1 HOT0 BIIMBY SIK ()OPMYBaHHS
I'TTI mik KOHTYpPOM KHBJICHHS 1 IJIOIICIO BOIO3a-
0opy, a 3oBHIIIHIM cepenoBuieMm € I'T'C mo3a 30-
HOIO BIUTHBY Bozo3abopy. Taka cutyarisi cKiagaeThb-
Cs, KOJIM, HANPHUKIAA, JOCTIIDKYEThCS poboTa (3

MOJKJTIBOIO B3a€EMOJIEI0) KUTBKOX BO03a00piB, CHUC-
TEeMHHI BIUIUB BOAOBiAOOPY HAa HABKOJMIITHE cepe-
JoBuIe abo JAOCHiIKEHHsI BUKOHYIOTBCSL B PerioHa-
apHOMY MacmTabi. [IpioputeTHUM € AOCHiIKeHHS
cuctemaoro po3sutky ITC i I'TII y ckmami 6impmr
3arajJbHUX MPUPOJHUX CHCTEM.

VY npyriit monosuni XX cT. chopmyBanacs npu-
POIOOXOPOHHA, a ITi3HINIE EKOJOTIYHA IapaaurMHu
MPUPOJOKOPUCTYBAHHS, IO MPHUCKOPHIO 1 SKICHO
3MIHUJIO Jiep>KaBHY MOJITHKY B Tajly3i BUKOPHCTaH-
HSl IPUPOAHUX pecypciB. 3 iHIIOro OOKy B Tifgpore-
OJIOTIYHHUX AOCHIPKEHHAX 3POCTAIOYMMHU TEMIaMU
MOYagy 3aCTOCOBYBATUCH METOIU MAaTeMaTHUYHOTO
MOJICITIOBaHHS (€JICKTpUYHI CiTKM i 1udpoBi Mome-
i), MO 3yMOBHJIO MOXJIMBICTH IEPEBOAY EIIrHO3-
HOTO Ta MPOTHO3HOTO MOJEIOBAHHS B MacIITaOu
OUTBII CUCTEMHUX PEriOHAIIBHUX Ta OIVISIOBUX JIOC-
mimpkeHs. ToMy ChOTOMHI OOWIBI CHUTYalii € Maibke
MPIOPUTETHUMH 1 YACTIllIe BCHOTO JOMOBHIOIOTH OfI-
Ha OJTHY.

V3aranpHIOIOUM BUKJIAJCHE BHINE, MOXHA
CTBEP/DKYBATH, IO y HAWOLNBII 3arallbHOMY CEHCI
HapoIyBaHHs iHPOPMAIITHOTO pecypcy CyCIHUIbCT-
Ba TOJIOBHOIO 33J1a4€H0 TCOMOHITOPUHTY B T1IpOreo-
JIOTii € CIOCTEpeXEeHHS, aHali3 Ta iIeHTH]IKaIlisa
crany ¥ muHamiku po3BUTKY I'T'C i TexHOreHHHX
CUCTEeM Y iX ckiani (Bojo3abopu, BOAOBIIIUB, Ape-
Hax Tomo). [Ipu bOMy BasKJIMBO TOAABATH PeE3yIib-
TaTH aHami3y B 3pyYHOMY JUIS JOCHTIDKCHHS IMHA-
Miku ¢popmati. BpaxoByrouu 11e, TEXHOJIOTIYHO BCIO
NpoLeaypy TiPOreoJoriyHOr0  T€OMOHITOPHHTY
YMOBHO MO)KHAa MOJAUIMTH Ha HHU3KY ITOCIIIOBHUX
3a/1a4:

a) OTpPUMaHHS MOHITOPUHIOBOI iH(opmarii —
Oe3rnocepenHi 3aMipy TEXHOJOTIYHHX MapaMeTpiB,
BiIOip mpo0 BoAM 1 BUKOHAHHS XIMIYHMX aHANi3iB,
30ip cTOPOHHBOI iHPOPMAIIiT (HAPUKIAJ, TiApoMe-
TEOPOJIOTIYHOT) TOIIIO;

0) MepeTBOpPEeHHsT MOHITOPWHTOBOI iH(pOpMAIIii
B OIlepaTHBHY — (MiIBTpaIlilo, YCYHEHHS TPpyOuX To-
MUJIOK, aHali3 Pi3HUMH METOJaMH, TPaJULlidiHUMU
JUTSI TiApOTeoIorii, OOTpYHTYBaHHS BUCHOBKIB TOIIIO;

B) 3ropTka iH¢opmarii, TOOTO, KOMIIaKTHE
MpeCTaBICHHS Pe3yJbTaTiB MOHITOPHHTY HalO1IIBII
e(eKTUBHUM YMHOM, 3PyYHHM, HaNpHUKIAA, IS
EKCIpEeC-OIIsiAy YM HAyKOBOTO aHalily IUHAMIKU
posButky ['TC.

Skmo meprrn JBi 331a4i BUPINIYIOTBCS TpaJu-
MIHHUMH JJIs T1APOTeoNnorii MeTonaMu, sKi MOCTik-
HO YIOCKOHATIOIOTBHCS Ta ONTHMI3YIOThCS, TO 33/1a4a
3roptky iH(opMarlii BUMarae 3acTOCyBaHHs cIiellia-
JHHUX MaTEeMaTHYHUX METOAIB. 3aCTOCYBaHHS IIO-
TYHOI KOMII'IOTEPHOI TEXHIKM 1 MOXKIIMBOCTEH Cy-
yacHUX 1H(QOpMAIIHHUX TEXHOJOTIH CTHMYIIOE
MPOJOBKEHHS TIONIYKIB 1HTErpaJlbHOTO BijoOpa-
JKEHHsl pe3yJbTaTiB MOHITOpUHTY. MoBa Hae mpo
aJlanTallilo METOIB 3ropTKH iH(OpMaIii 10 mpolie-
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IyPH TiApOTEONIOTIYHOTO TEOMOHITOPHHTY, KOJIH Be-
JIMYE3HUM MacHB JaHUX 3a AECATKaMH MOHITOPHH-
TOBUX MapaMeTpiB 3BOAUTHCS A0 KiJIBKOX iHTErpa-
JTHHUX MapamMeTpiB. Taki y3araabHeHi mapaMeTpu, Ha
HaIll ITOIVISA/, TOBMHHI BIJIIOBIIATH TAKUM BUMOI'aM:

® MaTH OAHO3HAYHY CEMaHTHYHY iHTEpIpETaLiio
cTOCOBHO AmHaMiku po3BUTKY [TTI 1 moxmm-
BOCTi €)EKTHBHOTO YIIPABIIHHS HIM;

e 00’€KTHBHE BiJOOpaKEHHsI CTaHy Ta JHUHAMIKH
BO103a01pHOT CHCTEMU;

e iHBapiaHTHICTH AJISI MOKJIMBOCTI 00’ €KTUBHOTO
nopiBHSHHS cTany 1 guHamiku I'T'C pi3Hux ie-
papXxiuyHUX piBHIB;

e MOXJHWBICTh HAOYHOTO BiIOOpaKCHHS IHMHA-
Mmiku [TTI i I'T'C na 2D a6o 3D rpadikax.
MeTor0 n1aHoOi cTaTTi € OOTPYHTYBaHHS MOX-

JIMBOCTI 3aCTOCYBaHHS JUIsi TEOMOHITOPHHTY TiApo-
TeOJIOTIYHUX 00’ €KTIB METOLY MOJIEIIOBAHHS TPAEK-
TOpii pyXy 00’€KTiB y HOpMOBaHOMY (pa3oBOMY Tpo-
ctopi (HOII), po3pobaeroro y XapkiBChbKOMY Halli-
oHanbHOMY YyHiBepcuTeTi iMeni B.H. Kapasina st
3a/1ad CyCIiTbHO-Te0rpadigHOr0 MOHITOPHHTY.

Cran gociaipxkyBanoi nmpoodaemu. Sk yxe 3a-
3HAYAJIOCS BUIIIE, METOAM TiJPOTeOIOriYHOr0 MOHI-
TOPUHTY OCOOJMBO iHTEHCHBHO IOYAIH PO3POOIIs-
THUCS 3 APYroi MoJoBUHU XX CT.

[NokpalmeHHsIM METOAOJNOTIT BUBYECHHSI TUTHUX
MiA3EMHUAX BOJ Ta PO3POOKOIO 3aXOMiB AJIsl KOHTPO-
IO 32 3MiHaMH| SKICHOTO CKJIaay LWUX BOM, Y PI3HHN
yac Ta pI3HMX perioHax CBiTy 3aiimanocsi 6araro
nociigHukiB. Ile mpalli TakMxX BUAATHUX HAyKOBIIIB,
sk €. C. JIzexnep (1993), A. JI. bpukc (1983, 2013),
O. A. Ymumpkuit (1998), €. O. fxosneB (1994,
1998), M. C. Orusnuk (2013), 1. B. Yoanos (2012,
2015), E. Preziosi (2014), N. Dalla Libera (2017),
A. Molinari (2019) Ta in. Y 1mux poGorax po3pobisi-
JIaCsl METOZOJIOTiSl €KOJIOTO-TiAPOreoIOriYHUX J0C-
JIJDKEHb MUTHUX MiA3€MHUX BOJ IiJ] BILTABOM IIpPH-
POAHUX YMHHMKIB Ta aKTMBHOTO TexHoreHesy. Kito-
YOBi MPUHIUIH IMX POOIT € 0a30BUMH ISl Cydac-
HUX PO3pOOOK JAHOTO HATIPSAMKY.

Hani HaBOOATBbCS pPe3yabTaTH AESIKHX JOCHi-
JDKEHb, SIKI U aBTOPIiB MPEICTABISUTM BEIMKUN Ha-
YKOBUH iHTEpEC.

OnHUM 13 OCHOBOIIOJIOKHHUKIB CYy4acHOI METO-
JI0JIOTii €KOJIOTO-TEONOTYHUX AOCHTIKEHb B YKpaiHi
€ SxoBneB €. O. Y poborax [1, 6-8] HaykoBIEM Yy
TOMY YHCJ PEKOMEH/IOBAHO 3a TPAHHUIl TEPHUTOPIii
JUIl MOHITOPMHTOBHUX AOCHIDKEHb NPUAMATH 30HY
30epesxeHHs nouatkoBoro crany 1'C. Hum 3anpormo-
HOBAHO JIaHI MEXI BH3HA4YaTH Ha 0a3l JBOX PIiBHIB
BBy Ha ['C — rigporeodiibTpamiifHoMy 1 TiJpo-
reoxiMivHOMY (TiIporeoMirpariifHomy).

M. C. Orassauk y mpansx [3, 4] 3aiimaBcsa y
TOMY 4YHCIi PO3POOKOI0 METONOJOTil  eKOJIOoro-
TiAPOTEONIOriYHNX AOCTIKEHh MUTHHUX ITiI36MHUAX
BOJI i/l BIUIWBOM NPUPOJHUX YAHHUKIB T aKTHBHO-

ro texHoreHelzy. OcobIuBy yBary NMpHAUICHO TEPH-
TOPisIM, Y MEKaX SKUX IPYHTOBHM Iap Ta IIiI3eMHI
BOJM 3a0py/AHEH] JETKUMH HAQTOIPOAYKTaMH.

Kononenxo A. B., JIyp’e A. 1. Ta Yaanos 1. B. y
po6oti [13] po3pobumin KpuTepii OIIHKK PiBHIB 3a-
OpyIHEHHS Mi3eMHUX BOI KPEHISIHUX BOA03a00DiB
Cxinnoi Ykpaiuu npu npoBeACHHI TiAporeoXiMiqHo-
TO MOHITOPHHTY Ha AaHii Teputopii. Lle 3pobmeno
Ha 0a3i BH3HAUCHUX aBTOPAMH MPIOPUTETHHUX ITOKa-
3HUKIB SKICHOTO CKJIaJly IIUX BOI.

VY po6orax Ynanosa I. B., Pemerona 1. K. Ta iH.
[5, 10] Ha npuknaxi Cxixgnoro J{orbacy po3misHyTO
BUKOPHUCTaHHS 1HTErpaJibHOTO MiAXOMy B €KOJOro-
reoyiorivHux nociimpkenHsax ['C (y T. 4. mia3eMHuX
Bon). [Ipum omiHmi piBHSA 3a0pyIHEHHS KOMIIOHEHTIB
I'C arMu pexoMeHIOBaHO 3aMiCTh HEIOCKOHAIHX Ta
3acTapiMX JIF0YMX HOPMATHBIB Ta CTAaHIAPTIB BH-
KOPUCTOBYBaTH TOKa3HUKH T€OJOTi9HOTO (POHOBOTO
BMICTY A AaHO1 Tepurtopii. Lli mokasHukn HEoOXi-
JTHO BH3HAYATH i3 pENICBAHTHHUX 3HAYCHb y MeKax
IUION] 13 MIHIMQJIbHUM TEXHOTCHHUM BIUIMBOM Ta
SKi BiITaJIeH] BiJl OcepenKiB 3a0pyTHEHHSL.

CydacHi po0OTH 3apyODKHHX IOCIHIIHHKIB 3
MUTaHb T1IPOTEO0JIOTiYHOr0 MOHITOPHUHTY BHPI3HSI-
FOTHCS IIIUPOTOO OXOTUICHHS.

[IpobmemMu  mpoBeAeHHS  TiAPOTEOIOTIYHOTO
MOHITOPHHTY Ta, Ha 0a3i 1bOTO, ONTUMI3allli PeKH-
MiB eKCIuTyaTaii Bono3abopiB Ha (OHI MOTipIICHHS
SKOCTI TA3€MHHUX BOJ HA HUX € HaralbHUMH IS
PI3HUX TEPUTOPIiil CBITY. A 0COOJIMBO y BEIHKHUX Ta
€KOJIOTIYHO HecTabnpHux Mictax: S. Nurani Zulki-
fli, H. Abdul Rahim y Kyana-Jlymmnyp (Manaii3is)
[15], Y. Weiwu Ta in. y llanxai (Kurait) [18], Y.
Chen, J. Hall Ta in. y micrax CILA [11, 17] Ta nesxi in.

HayxoBmi Weiwu Yan, M. Abtahi Ta nesxi iH.
[9, 18 Ta iH.] 3aiiManucs yAOCKOHAJIEHHSIM METOJ0-
JIOT11 OI[IHKH SIKOCTI MiJI3EMHHUX BOJ IPH MOHITOPHH-
roBUX Po0OTax JJis CTaHAapTH3allil IuX pooiT Ta
PO3pOOKHM 3axOfiB UIsl TIOKPAIICHHS EKOJOTIYHOT
0e3IeKH MUTHOI0 BOJIOIOCTa4aHHsI. B OCHOBI — Bij-
Oip JMIle BaXJIMBUX KOMIIOHEHTIB SIKOCT1 BOJ JUISI
JTAHUX TEPUTOPii Ta BCTAHOBICHHS JUIS HUX JOIi-
JIFHUX BaroBUX Koe(illi€HTIB.

Ipani N. Dalla Libera, P. Fabbri Ta in. [12], A.
Molinari i in. [14], E. Preziosi i iH. [16] Oynu Ha-
IpaBjIeHi Ha PO3poOKYy METOOMYHOIO MiAXOay [0
BU3HAYCHHS] MaKCHMAJIBHO TOYHHX 3Hau€Hb T'eoJIo-
riuHoro (hoHy TEpUTOpIi MPH MPOBEJACHHI FE€OMOHI-
TOpUHTY. Y po0OTax aKLEHTYeThCS yBara caMme Ha
3HaueHHI re0()OHOBOTO BMICTY KOMIIOHEHTIB i/ Yac
PO3paxyHKIB 3MiH TiAPOTCOXIMIYHUX OCOOIMBOCTEH
MiJ3eMHUX BOJ. BBaxkaeTbcs, 1Mo Tpu BU3HAYCHI
CTaHy SKICHOTO CKJIaay BOJA JOpPEUYHiIIe MMOPiBHIOBA-
TH TIOTOYHHH BMICT KOMIIOHEHTY caMe 13 JIOKaJIbHIM
reo()OHOM 3aMICTh PI3HUX JIFOUMX HOPMATHBIB.

B nienTpi yBaru riaporeosnoris moo Tigporeo-
JIOTIYHOTO TEOMOHITOPHUHTY BECh Yac 3HAXOMATHCS
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TEXHOJIOTIi TMPOCTOPOBO-YaCOBOI ONTHMI3aIlii CHC-
TeM TCOMOHITOPHUHTY, 300Dy, 30epiraHHs i 00poOKH
PE3yJIbTaTiB TEOMOHITOPHUHTY, BUXOISIYU 3 iCHYIOUOL
METOZIONOTIT JTOCHI/PKEHHST MiA3eMHOI Tigpocdepu.
BinHOCHO Mano yBaru NMpHUOINMSETHCS MONATBIIOMY
PO3BUTKY MOXJIMBOCTEH MAaTEMaTHYHOIO MOAEIIIO-
BaHHs AN OTPUMAHHs IHTErpalbHUX IapaMeTpiB
reoMoHiTopuHry. [loOynoBa mocTifiHOAIFOUMX MOIe-
Jeil BOM03a00piB 3 MOXKJIMBICTIO caMoajanTariii €
BTIJICHHAM HaWOIbIl €(PEKTHBHOTO MiAXOMY IS
OinmpII-MeHII TOUHOTO BimoOpaxkenns cyTi ITTI. Ane
TaKi MOJEJI TP BCiH iXHIlf KOPUCHOCTI 1 BAJKITUBOC-
Ti B ympaBJiHHI Bopo3abopamMu € TUTbKK 3aco0amu
OTPHMAaHHA JIOKaJbHUX MapaMeTpiB i MPOTHO3YBaH-
HS poboTH BOM03ab0piB, TOOTO, TOOpE BHUPIIIYIOTH
nepury 3afgady TeOMOHITOPHHIY — OTPUMaHHS MacH-
By MOHITOPMHIOBUX mapamerpiB. [y BupimieHHs
3a/1adi 3ropTku iH(opMalii HeoOXiaHI 1HIT TiAX0IH,
OinbIn abCcTpakTHi 1 popmarnizoBaHi.

Metonu mociimkeHHsi. B 0CHOBY nociimkeH-
HSl TIOKJIAJIEHO METOJ, MOJENIOBaHHS TPaeKTopii py-
xy o0’ektiB 'y HO®II, po3pobnennii mpotsrom
OCTaHHIX JIECSATH POKiB IUIi OOpOOKM pe3ynbTaTiB
CYCHiIbHO-TeOrpadivHOr0 MOHITOPHHTY 1 HAHOIIBII
moBHO omucanuit y podoti K. Hemmg i JI. Hemerp
[2]. HopmoBanuii (pa3oBuii MPOCTIP YTBOPIOETHCS
MHOXMHOIO KOOPJMHAT — MapaMeTpiB CTaHy JOCIIi-
JDKYBaHOTO 00’€ekTy. BHachimok Toro, 1o mapamer-
PU MOXKYTh OyTH Pi3HUMH 32 PO3MIpHICTIO, (i3md-
HOIO MPUPOJIOI0 TolIO, i3oMeTpuuHicTs HDIT 3a6e3-
[I€YY€ThCS HOPMYBAHHSM KOXHOI 3 HOr0 KOOpJAUHAT
Ha po3Max 3Ha4eHb Ppax — Puin. Lle 03Ha4ae, mo no-
BXKHHA KOXKHOTO pebpa rinepkydoa HDII cranoBuTH
OIHy YMOBHY OJIMHUIIIO, IIIO JIA€ MOXJIUBICTh BBEC-
TH €JUHY METPHKY JIJIsl KUTbKICHOTO aHami3y. Takum
YIHOM Ha MOMEHT 4acy ¢ 00’ekty y HOII Biamosi-
nae touka A'(P/, PS....P,), oe P/, P ....P, — xoop-
JMHATH MIPOCTOPY, 77 — BUMIPHICTD MPOCTOpPY (KiJib-
KicTh KoopauHaT). Ha MoMeHT "acy ¢+A¢ BHACHTIIOK
3MiHU CTaHy 00’€KTy KOOPAMHATU TOYKU 3MIiHSTHCS
Ha AP/ P P,™). TlopiBHIorOUH 1 1Ba
CTaHH, TOOTO, aHAJII3yIOUH BEKTOP, YTBOPEHUH IO-
YaTKOBOIO 1 KiHIIEBOK) TOYKOKO PyXy 00’ €KTY, MOXKHA
BU3HAYMUTH JIiHIHHI 1 KYTOBI TIapamMeTpH pyxy 3a iH-
TepBaj dacy Af (3a aHaJOTI€I0 3 PyXOM Marepiajib-
HO{ TOYKH y TPUBUMIpHOMY (i3UUHOMY HPOCTOPI).
3aranbHa TPAEKTOPisS PyXy OO’€KTYy YTBOPIOETHCS
MHO»KHHOIO TOYOK Ha TIOCTIIOBHI MOMEHTHU 4acy ?,,
t2.....tm, 1€ M — KUTBKICTh MOMEHTIB Yacy CIIOCTepe-
XKEHHSI 00’€KTY, a TOYHICTh ii MOOYJOBH 3aJICKHUThH
BiJl BEIMYMHU KPOKY JUCKPETH3allii yacy CIocre-
pEeXEHHS 00’ €KTY At.

Tpaekropito pyxy 00’exTa y O6araToBUMipHOMY
HO®II y 3aransHOMY BUMAIKy HE MOXKHA YSIBUTH a00
BiJI0OpasuTH rpadivHo, MO YHEMOXIIUBIIOE i aHa-
i3 TpaauIliiHUMHE JUTsS Teosorii Metogamu. Jlis Ki-
JBKICHOTO aHami3y CHIBBIIHOIICHHS CYKyITHOCTI

TOYOK TPAEKTOPil Y BipTyaaIbHOMY IIPOCTOPI 3 yCTa-
HOBJICHOI0 METPHUKOIO JOIIBHO 3aCTOCYBaTH Mare-
MaTUYHUH anapar aHaliTUYIHOI TeoMeTpii 1 JTiHIHHOT
anreOpu. Buxoasuu 3 TOro, 10 TPAEKTOPII0 MOXKHA
MIPEACTABUTH SK TIOCIITOBHICTh B3aEMOIIOB’ I3aHUX
BEKTOPIB, JIsI KOKHOTO 3 HMX MOXKHA pO3paxyBaTu
JiHIMHI 1 KyTOBI XapaKTepUCTUKH, HEOOXiAHI IS
ommcy 3MiHHM cTaHy o0’ekra. Tak, iIHTEHCHBHICTB
3MiHHM CTaHy MOXKHA BU3HAYMTH SIK IIBUIKICTH PyXY
00’eKTa B 03HAKOBOMY MPOCTOPi V, SIK BiAHOLIEHHS
JIOBKHMHHU BekTopa L 1o mepiomy vacy Af. Ane uei
MEepIIii  y3aralbHEHWH MapamMeTrp € HeIOCTaTHIM
JUIS pO3YMIHHS Ta SIKICHOI iHTepHpeTarii CHCTeMHOT
JUHAMIKA cTaHy 00’€KkTa (MOTipLICHHS YM TMOKpa-
MIEHHS XIMIYHOTO CKJIaAy MiA3eMHHUX BOI, TiIpOIH-
HaMIYHHUX TIOKAa3HHUKIB BOJOHOCHOTO TOPH30HTY, BU-
CHa)KCHHS YM TOMOBHEHHS 3araciB To1o). i upo-
ro HEOOXiMHWH IHIIWMK y3aradbHEHWH Mapamerp,
SIKUI TO3BOJUB O OMHO3HAYHO OIIHIOBATH HAIPSM
CHUCTEMHOT'0 PO3BUTKY 00’€KTa (Jerpajallis 4u €Bo-
monist). Takuii mapamMeTp MOXKHa BU3HAYUTH, BUXO-
JIT9H 3 HACTYIHHUX MipKyBaHb (110 € TOJIOBHOIO i/1e-
€10 METO/Ty MOJICITIOBAHHS TPAEKTOPIT).

lnepky6 H®II € mpoctopom obmacti pyxy
00’exTa 3a 1mepiox fy — tm, 1 y TAKOMY CEHCI Mae JIBi
0COOJIMBI TOYKHU: TOYKA MIOYATKY KOOPAWHAT, 1ie P; =
P;=..=P,=0, 1 To4yka MaKCHUMaJbHOTO PO3BHUTKY
o0’ekra, ne P; = P>=..=P,=1, sxi 3’€qHYIOTbCA
TOJIOBHOIO JliaroHajumo TinepkyOy. BoHa € Halikopo-
TILOK BIACTAHHIO BiJl [I0OYAaTKOBOI 10 KIHIIEBOI TOYKH
mpoliecy pyxy o0’ekra. BogHouac i1 MoxHa po3ris-
JaTh  AK HAWIIBHAIIY TPAEKTOPIEI0  PO3BUTKY
00’eKTa B CEHCi CHCTEMHOTIO PO3BHUTKY. Tomy mpoe-
KIIisl IOTOYHOT TOYKH TpaekTopii 00’exTa L, HA TO-
JIOBHY JliaroHab, SIKy JIETKO 3HANTH, 3HAIOUU KYTOBI
1 JiHIAHI XapaKTepUCTUKHA BEKTOPY PYXy, XapakTe-
pu3ye TpOCyHyTICTh (mporpec/perpec) 00’e€KkTy y
PO3BHUTKY 1 € JPYrMM Yy3arallbHeHUM IapaMeTpoM
crany 00’exTa. [IOpiBHAHHS CyMIKHHX TOYOK Tpae-
KTOpIi 32 IIMM MapaMeTpoM JIa€ OJHO3HAYHY OIIHKY
HampsiMy PO3BUTKY 00’€KTa 3a MEBHUU mepiox Af —
€BOITIOLII0, KON 00’€KT pyXaeThCcs y Oik MakcHMa-
JHHUX 3HA4YeHb KOOpAMHAT, a0o aerpajaumiio IMpu
pyci y npotunexxHomy HarpsiMi. KpiM mporo, nierko
3HaXOJIUTHCS BiJICTAHb MMOTOYHOI TOYKH 00’ €KTY BiA
TOJIOBHOI AiaroHaii AL, sika € TpeTiM y3arajibHEeHUM
napaMeTpoM 1 KiTBKICHO OIHIOE BiJIXWIICHHS pea-
JBHOT TPa€eKTOpii 00’€KTYy BiJl TEOPETUYHOI (OINTH-
MaJIbHOI1), 110 MOXe OyTH OI[IHKOIO ONTUMAIILHOCTI
nporecy. TaknM YHHOM, aHali3 TPAEKTOPIl pyxy
T1IPOTEO0JIOTiYHOr0 00’€KTY J03BOJSIE KOMITAKTHO
NpeAcTaBUTH ii Ha KOXKHUI mepion yacy Af Tpboma
y3araJbHEHUMH MapaMeTpamu: V, — iHTEHCHUBHICTb
3MiHU CTaHy; L — mapamMeTp HarpsMy i MpoCyHyTO-
CTI CHCTEMHOTO PO3BUTKY; AL — BelNWYMHA BiJXU-
JICHHS BiJI OITUMAJIBHOT TPAEKTOPII.

3 BUKJAJEHOIO BUIIlE BUJIHO, LI[0 Ba)KJIUBOIO
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YMOBOIO aHaJli3y 0araTOBUMIpHOI MOHITOPHUHTOBOI
iH(opMallil € BCTAaHOBJCHHS IPOCTOPOBUX 1 Yaco-
BUX TPaHUIlb IOCIiIKYyBaHOTO MpOLECy 3MiHU CTa-
Hy o0’ekTa. Y 3aranbHOMY BWIAIKy HOPMYBaHHS
KoOpauHaT 0aratoBUMipHOTO (Da3oBOTO TIPOCTOPY
MOKE BUKOHYBATHCS PI3HUM YMHOM — Ha MaKCHMa-
JbHE, CEepefHE 3HA4YCHHS, CEPeAHbOKBAIpaTHUHE
BIIXFJIEHHS Ta 1HIII KOHCTaHTH. SIK OKa3ye AOCBi,
HalOUTBII e()EeKTHBHUM € HOPMYBAaHHS Ha PO3Max
3HAUCHb Ppax — Pmin IO KOXHIN KoOpAnHaTi. Pa3oBi
O3HaKH Tpolecy MOXYTb OyTH MO3UTUBHHUMU
(cipustitoTs  eBOMIONIT 00’€KTY) UM HETaTUBHUMHU
(cipustitoTh  nerpanaitii 00’€kTy), IS HUX HOPMY-
BaHHS BiNOyBaeThcs 3a pisHUMH (Qopmyramu. Ha
BIIMIHY BiJ TepeBayKHOI OIIBIIOCTI MPUPORHUX 1
COIliaBbHUX TMpoIeciB 0e3 3MIiHM AKOCTI (ha30BUX
KOOpPAHMHAT, TEOMOHITOPUHT TiJPOTeOJIOTIYHUX MPO-
1eciB i 00’€KTiB Ma€e OHY BaYKJIIMBY OCOOJNHBICTB, a
came — HasBHICTH [JIK s 6araTh0X KOMIIOHEHTIB
XIMIYHOTO CKJIaay IMiJ3eMHUX BoJ. BBaxkaeThes, 10
no nocsraeHHs [JIK koHIeHTpaltis meBHOT XiMi4HOT
CHOJMYKH YH XIMIYHOTO €IIEMEHTY € TMO3UTHBHHUM
YHHHUKOM JUISI PO3BUTKY IPOIECY, a MpPU MEepeBH-
menHi [JIK — meperBoproeThcsi Ha HETaTUBHHN
gyHAUK. CTOCOBHO MOHITOPWHTY TaKOTO IMHAMIY-
HOTO CepelioBHINA SK Tif3eMHa Timpocdepa ciif

3a3HAYNTH, IO y MPOIECi BimOOPY MiI3eMHUX BOJ
iXHS SIKICTh 9aCTO 3MIHIOETHCSI CaMeé TaKMM YHHOM 1
(ha30Bi KOOPIUHATH MOXYTh SIKICHO 3MIHIOBATHCH 3
BIJIMOBIITHUM KOPUTYBaHHSIM HOPMOBAHUX 3HAYCHb.
VY 3B’s3Ky 3 MM MaKCHMallbHI 3HAYE€HHS JIiMIiTOBa-
HUX O3HaK ((ha3) BCTAHOBIIOIOTHCS 3a BiIOBITHOIO
I'/IK abo MakcMMaJIbHUM MIEPEBUILICHHSM 1.

Pesynsratn  mocmimxenHsa. Jns  gocATHEHHS
METH JaHOTO AOCITIHKEHHsS Oynn BHKOPHCTaHI JaHi
TE€OMOHITOPUHTY IT’SITH Boo3abopis M. [lonTaga, siki
eKCIUTYyaTyI0Tb CEHOMaH-HI)KHBOKpPEHIOBHH BOMO-
HOCHHIA KOMITJIEKC. AHaJIi3yBaJiCs 3MiHU CepeaHbO-
ro XiMIYHOTO CKJany MiJ3€MHUX BOJ MO KOXXHOMY
BoZ03a00py 3a 12 mokazHukamu: pH, XKOpPCTKIiCTb,
CyXWH 3aJuIIoK, aMoHii, (rop, XyIop, cyiabdaru,
rigpokapOoHaTH, Kalbllid, MarHii, HATPiH + KaJii,
3aKHCHe 3aji30. Buxinni nani 36upanucs 3 1981 no
2008 poku 3a HEPETyISIPHOIO CXEMOIO Y Yaci (BCbOTO
39 MOMeHTIB Hacy).

Po3mimieHHst Bo/103a00piB BIAHOCHO Tigporpa-
(iYHUX elIeMEeHTIB palloHy NIOKa3aHo Ha puc. 1.

[Ticast craTrcTHYHOT OOPOOKHM BHUXITHUX NaHUX
OyJ10 pO3paxoBaHO MO KOXKHOMY BOJI03a00py Omnmuca-
Hi BHIIE TOKa3HUKHA CHCTEMHOTO PO3BUTKY:

a) Ha KOXHHUHA Tepiof 4dacy (MK CyMiKHHMHA
KOHTPOJHHIMH MOMEHTAMH 4acy) — JOBKHHA IUIAXY,

Puc. 1. Kapra-cxema po3millieHHsI JJOCHTIDKYBAaHUX BOJI03a00PiB.
Fig. 1. Map-scheme of studied water intakes location
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npoiinenoro I'TC Bomo3abopy, sika XapaKTepHU3ye
IHTEHCHBHICTh 3MIHHM XIMIYHOTO CKJIaIy ITiI3eMHHUX
BOJ (IIBHAKICTH PO3PAaxOBYyBaTH HEKOPEKTHO, 00
CTIIOCTEPEIKEHHSI HEPETYIISIpHI y yaci);

0) HAa KOXKHUH KOHTPOJIBHHH MOMEHT Hacy —
MIPOCKITiS TIOTOYHOI TOYKH TPAEKTOPIi HA ONTHMAITh-
HY TPaeKTOPi0 (TOJOBHY [iaroHanb), BiIXWJICHHS
TOYKH BiJ ONTHMAIBHOI TpaekTOpii, KoediIieHT
rporpecy (BiTHOIIEHHS MTPOEKIIii TOYKHU 0 JOBKHHU
TOJIOBHOT JliaroHari).

I'padiku inTencurocTi pyxy I'TC Bomo3zabopis
y HO®II naBemeno Ha puc. 2, i TOpIBHSHHS Ha
PUCYHKY TIOKa3aHO Takok Tpadik CepeaHboi s
BCiX BO103200piB IHTEHCUBHOCTI PyXy. 3 HaBEACHUX
rpadikiB MOXKHA 3pOOUTH HACTYITHI BUCHOBKH:

- IHTEHCHBHICTD 3MiHH XiMiYHOTO CKIIQIy ITiJI-
3eMHHUX BOJ BOmo3abopiB M. [lonraBa 3 yacom 3me-
HIIYETHCS, 10 MOXKHA MOSCHUTH 3MCHIICHHSIM BO-
JIOBimOOpY 1 TiAPOAWHAMIYHMMH  YHHHUKAMH,
MOB’si3aHUMH 3 (OPMYBAHHSIM JCMPECIHHOI JHKH,
30KpeMa TONIMPEHHSIM 30HHM KBa3iCTaI[lOHAPHOTO
pexuMy (inbTpartii;

- 32 aOCONMIOTHUMH 3HAYCHHSMH 1HTEHCHBHOCTI
3MIHH XIMIYHOTO CKJIQAy IMiJ3éMHUX BOJ BUIUISETh-
cst Bomo3adip Ne 3, MOKa3HUK SKOTO CYTTEBO MEHIIIE
MMOKa3HUKIB 1HIIMX BOMO3ab0piB, Horo rpadik emu-
HUH 13 BCIX IHITUX 3HAXOIAMTHCS HIDKYE Tpadiky ce-
PEIHBOI 1O BCIM BOI03a00paM iHTEHCUBHOCTI;

- HaOIIBIIIOI MiHJIUBICTIO IHTEHCHBHOCTI 3Mi-
HU XIMIYHOTO CKJIaJly Y 4Yaci BIIPI3HAIOTHCS Mia3eM-
HI BOJY Ha BOj03a0opi Ne 1 sk 3a aMILTITYI0F0, TAK i
3a a0COMIOTHUMHU 3HAUCHHSIMU;

- CIIOCTEPIraeThCs JAOCUTH TIOMITHA CHHXPOHI-
3aiis rpadikiB Bo03a00PiB 1 CepeAHbOT IHTCHCHUB-
HOCTI 3MiHH XIMIYHOTO CKIJIQAy MiA3€MHUX BOJ, aje
3a JeTAILHAM aHAJI30M BUABJISIOTHCS IEAKI BiIXU-
JIEHHSI BiJ 1€ 3aKOHOMIPHOCTI, SIKI MOXYTb OyTH
3yMOBIICHI PI3KUMH 3MIHAMH PEKUMY POOOTH BOJIO-
3a00piB.

Ha puc. 3 monano rpadiku AHHAMIKH JTOBKUHH
MPOEKIil MOTOYHOI TOYKH TPAEKTOPIi 1 MOXiAHOTO
BiJl Hel mapameTpa — Koe(ilieHTy POTPECY, a TAKOK
i BIAXWJIEHHS Bil ONTHMAalIbHOI TPAEKTOPIi (TOIOB-
HO1 miaroHayi rinepkyba H®II). Ili y3arambHeHi
MapaMeTpy € HaAMBaXUIUBIIIUMHU JUISL aHAI3Y TPaEK-
topii pyxy ['TC Bono3zabopis y HOII.

Sx BumHO 3 TpadikiB Ha puC. 3, TOJIOBHA TEH-
neniis 3minu ['TC qis Beix Bomo3a0opiB (3a BUHSAT-
KOM BOi03a0opy Ne 2) 3rifjHO 3 JiHISIMH TPEeHIY MO-
nsirae 'y 3MeHIneHHi npoekmii nosixy ['T'C 8 HOIT 3
4acoM, 1[0 CBITYMTh MPO CIIOBIILHEHHS TEMIIIB 3Mi-
HU XIMIYHOro CKJIafy mmig3eMHuX Boxa. lle Takox
MiTBEPKYETHCS TMHAMIKOIO KOe(illieHTy Tporpe-
cy. oo BigxmieHb peajbHHUX TPAEKTOPIH PyXy
I'TC Big onTuManbHO TpaekTopii, TO IX CHHXPOHI-
3alis 3 AOBKWHOIO MPOEKUiH MpPOCIiAKOBYETHCS B
MakpomaciiTadi OiIBII-MEHII YiTKO TUTBKH IJIS BO-

nmo3abopiB NeNe 2, 4, 5. Bci BUCHOBKH, OTpHMaHi 3a
pesynbraramMu ananizy auHamikua pyxy I'TC B HOII
(puc. 2), BUKJIaJeHi BUILE, MPAKTUYHO MiATBEPAKY-
10ThCsI Tpadikamu Ha puc. 3.

Bigyamizaris tpaexropiii pyxy I'T'C Bomozabo-
piB Ha ($a30Bii IIIOMINHI «IIPOCKITiS TPAEKTOPii HA
ONTUMAJIBHY TPAEKTOPiI0 — BIIXWJICHHS BiJ OMNTH-
MaJLHOT TPAEKTOPID» Ja€ MOXIIMBICTH HAOUHO OAdIH-
tn 3MmiHu [T'C B y3aragpHEHHX MapaMmerpax, sK Io-
KazaHo Ha pHc. 4. Ane npu LOMY BHHUKIIH TEBHI
TpyaHowi 3 iHTepmperauiero TpadikiB. Cropasa y
TOMY, III0 B OKpeMi KOHTPOJIbHI MOMEHTH 4acy CIIO-
cTepiraiucs pi3Ki BUIAIKOBI 3 TOUKU 30py CHCTEM-
HOrO po3BHUTKY 3MiHH cTany ['T'C, mo MoxHa mosic-
HUTH JII€10 30BHIMTHIX (haKTOpiB (HAIIPHUKIIAJ, BOMHI-
CTIO POKY, aHOMaJbHUMH TeMIIepaTypaMu, 0COOIH-
BOCTSIMM KHBJICHHS TiJ36MHHMX BOJ TOIIO) 1 BHYT-
pimmHiX (hakTopiB (3MiHK pekUMy poOOTH BOI03200-
piB i T.1.). Tomy mobynoBa tpaektopii pyxy I'TC B
H®II Bixg TOYKM OO TOYKH CTBOPIOE TUTyTaHHHY, B
SKIi 3aKOHOMIPHOCTI CUCTEMHOT0 po3BUTKY [TC
CIIOTBOPIOKOTBECA BKa3aHWMHU (PIyKryamisimu. Bu-
ABUIOCS OUTbII €EeKTUBHUM TPYIyBaHHS KOHTPO-
JHHUX TOYOK 32 MOMEHTAaMH 4acy, 10 BUSIBHIO 30HH
ix xkoHIleHTparii y neBHi MoMeHTH po3BUTKY ['TC i
JTAJ0 MOXKJIMBICTH TMOOYMyBaTH y3arajlbHEHI Tpaek-
TOpil PO3BUTKY, TIOKA3aHI YSPBOHUMH CTPIJIKaMU Ha
puc. 4. TakuM YMHOM, IPAKTUYHO JUIS BCiX BOAO3a-
0opiB BHAJIOCS OMHO3HAYHO BU3HAYNUTU OCHOBHI Te-
HeHIl cucteMHoro po3sutky ['TC.

Sk BUAHO 13 TpeacTaBaeHUX rpadikis, A BO-
no3abopiB NeNe 1, 4 1 5 nmepeBaxae cUCTEMHUH pyX
y HampsMi 3MEHIIEHHs JTOBKWHU MPOEKIii 1 BiIXu-
JICHHS BiJ| ontuManbHOol Tpaekropii. s I'T'C Bomo-
3a0o0py Ne 2 xapakTepHMH pyX y HepIliii 4acTHHI
JTOCITI/PKYBAHOTO TIEPIONy i3 3POCTaHHAM JOBXKHHU
MPOEKINi 1 BEJIMYUHM BIIXWUICHb BiJ ONTHMAJIbHOL
TpaekTopii. Y npyriii MONOBHHI MEpiomy crocTepe-
JKEHb TPAEKTOPIS OKA3Ye MPOTHIICIKHY TEHICHIIIIO.

PeansHa tpaektopis I'TC Bomo3zabopy Ne 3 y
MepIIii TIOJOBHHI TIEpioAy CIOCTEpEKEeHb Mae Maii-
JKe CTaOUIbHY 1 TOCUTH BEIHKY JOBXKHUHY MPOEKIIii 1
3MEHIIICHHS BiIXWJIEHb BiJI ONITUMATIBHOI TPAEKTOPII.
Jpyra rmoioBrHa TPAEKTOPIisl CIIPSIMOBAHA Y HANPsIMi
3MEHIIICHHS JIOBXXUHHU TPOCKIll i 30iJbIIeHHS Bif-
XHJICHHSI.

BucHoBku. J[aHa cTaTTs € NEPIIOD YACTHHOIO
cepii HayKOBUX Ipallb aBTOPIiB MO 0araToBUMipHOMY
CHUCTEMHOMY T'€OMOHITOPMHTY MiJ3€MHHX BOJ B
paiioHax Bono3abopis.

Y poboTi 00rpyHTOBAaHO MOXKJIUBICTH 3aCTOCY-
BaHHA /Il TEOMOHITOPUHTY TiAPOTreoJOriYHUX
00’€KTiB METOAY MOIEITIOBAHHS TPAEKTOPIl pPyxy
00’€KTIB Y HOpMOBaHOMY (ha30BOMY ITPOCTOPI, pO3-
pobnenoro y XapKiBChbKOMY HalliOHaJbHOMY YHiBe-
pcureTi imeni B.H. Kapasina ans 3amau cycninbHo-
reorpagiyHOro MOHITOPHHTY.
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A

JocmipKeHo TiaporeoxXiMiuHi PeXUMHU eKCILTY-
araii motyxHux Bomo3abopiB NeNe 1-5 m. [Tonraga,
10 eKCIUTYaTylOTh CEHOMaH-HUKHbOKPEWI0BUI BO-
JOHOCHUH KoMmIuieke, 3a mepiog 1981-2008 pp. 3a
HEPEryIsPHOIO0 CXEMOIO Y Yaci.

Puc. 2. I'padixu inTercuBHOCTI pyxy [TC
y HOII:
a —y paioni Bono3abopy Ne 1;
0 — y paiioni Bogozabopy Ne 2;
B - y paiioni Bogo3zabopy Ne 3;
I - y paiioHi Bogo3abopy Ne 4;
Il - y paiioHi Bojio3abopy Ne 5

Fig. 2. Graphs of moving intensity of HGS in
NPS:
a - in the area of water intake Ne 1;
b - in the area of water intake Ne 2;
¢ - in the area of water intake Ne 3;
d - in the area of water intake Ne 4;
e - in the area of water intake Ne 5

Po3paxoBaHO MO KOXHOMY BOJ03a00pY HACTY-
MHI TOKa3HUKU cucTteMHOro po3sutky [TC: a) nHa
KOXKHUH TIEpioJ] 4acy — NOBXKHHY IIUISXY, TPOUIEHO-
ro I'TC Bomo3zabopy, sika XapakTepusye iHTEHCHB-
HICTh 3MIHH XIMIYHOTO CKJIQAy MiI36MHHX BOJ;
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0) Ha KOXKHHHA KOHTPOJBHHM MOMEHT dacy —  3BHTKY ['T'C mys BCiX mMOCHiIKyBaHUX BOHI03a00PiB:
MIPOCKITI0 TIOTOYHOI TOYKH TPAEKTOPil HA ONTHUMAa- - IHTCHCHBHICTh 3MiHHM XIMIYHOTO CKJIamy ITiJ-
JIbHY TPA€EKTOPIiIO (TONOBHY JiaroHanib), BIAXWIEHHS ~ 3eMHHX BOA BoJo3a0opiB NeNo 1-5 3 yacom 3MeHIIy-
TOYKH BiJI ONTHMaJIBbHOI TPAa€eKTOpii, Koe]ili€HT  €ThCs, MO0 MOKHA TOSICHUTH 3MEHILICHHSM BOAOBi-

mporpecy (BiIHOIIEHHS MPOEKIii TOYKKA M0 MOBKH-  OOpy 1 TiIpOAMHAMIYHIMH YMHHUKAMH, OB’ SI3aHH-
HH TOJIOBHOI JiaroHa). MU 3 (popMyBaHHIM [EMpeciifHOl KK, 30KpemMa
Bu3HaueHO OCHOBHI TEHJICHIIIT CHCTEMHOTO pO-  MOIIMPEHHSM 30HU KBa3iCTall[iOHAPHOTO PEKUMY

a 0

B T

Puc. 3. I'padixu mapamerpis Tpaekropii pyxy [TC
y HOIT:
a —y paiioHi Bomo3abopy Ne 1;
0 — y pationi Bogo3abopy Ne 2;
B - y paifoHi Bojo3adbopy Ne 3;
T - y paiioHi Bonozabopy Ne 4;
Il - y paiioHi Bomo3abopy Ne 5
Fig. 3. Graphs of moving trajectory parameters of HGS
in NPS:
a - in the area of water intake Ne 1;
b - in the area of water intake Ne 2;
¢ - in the area of water intake Ne 3;
d - in the area of water intake Ne 4;
e - in the area of water intake Ne 5
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¢inpTpanii;

- 3a a0COIFOTHUMU 3HAYCHHSIMH IHTEHCUBHOCTI
3MIiHH XIMIYHOTO CKIIQAy IiJ36MHUX BOJ BUILISETh-
cst Bomo3abip Ne 3, MOKa3HUK SKOTO CYTTEBO MEHIIIE
MOKA3HUKIB 1HIINX BOJ03a00PiB;

- HaWOUIBIIO MIHJIUBICTIO 1HTEHCUBHOCTI
3MiHM XiMIYHOTO CKJIay y 4Yaci BiIpi3HSIOTHCS Mif-
3eMHI BoJu Ha Boj03a00pi Ne 1 sk 3a aMILIITYI010,

T

Puc. 4. I'padixu 3a1eKHOCTI MapaMeTPiB TPAEKTO-
pii pyxy [TC y HOIT:
a —y paioni Bono3abopy Ne 1;
0 — y paiioni Bojjo3abopy Ne 2;
B - y paiioHi Bojio3abopy Ne 3;
T - y paiioHi Bono3abopy Ne 4;
I - y paiioHi Bogo3abopy Ne 5
Fig. 4. Graphs of dependence of moving trajectory
parameters of HGS in NPS:
a - in the area of water intake Ne 1;
b - in the area of water intake Ne 2;
¢ - in the area of water intake Ne 3;
d - in the area of water intake Ne 4;
e - in the area of water intake No 5

TaK 1 3a aOCOJIIOTHUMU 3HAYEHHSIMU,

- CIIOCTEPIraeThCs TIOCUTH TIOMIiTHA CHHXPOHI3a-
uis rpagikiB iHTeHcuBHOCTI pyxy I'T'C Bomozabopis
y H®II i cepenaboi iHTEHCUBHOCTI 3MiHH XIMIi9HOTO
CKJIay MiJI3eMHHX BOJI, aJie 3a JeTalbHUM aHalli30M
BUSIBIISIIOTHCS JCSIKI BIIXHUIICHHS Bif 1€l 3aKOHOMIp-
HOCTI, SIKi MOXXYTb OyTH 3yMOBJIEHI Pi3KUMH 3MiHa-
MU pexuMy poOOTH BO03a00piB.
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Pabora siBisieTca HauanoM CepUM HayYHBIX TPYIOB aBTOPOB IO aKTyaJbHOM 3KOJOTHYECKON TeMe — MHOTOMEPHOTO
CHCTEMHOI'0 TCOMOHUTOPHUHTA TIO3EMHBIX BOJl B palilOHaX BO/M03a00pOB. ABTOpaMU 00OCHOBaHA BO3MOXKHOCTh MPHMeE-
HCHUSA I I‘eOMOHI/ITOpI/IHFa FHHpOFCOHOFH‘IHI/IX O6’beKTOB MeToaa MOI[eJ'II/IpOBaHI/IH TpaeKTOpI/II/I JOBHWXKCHUSA O6’LeKTOB B
HOPMHPOBAHHOM ()a30BOM MPOCTPAHCTBE, pa3pabOoTaHHOrO B XapbhbKOBCKOM HAIlMOHAIBHOM yHUBepcuTeTe nMeHu B.H.
Kapasuna mis 3amad oOIecTBEHHO-Teorpaguueckoro MOHHTOpPHHTA. MCclieoBaHbl THAPOTEOXHMMHUYECKUE PEKUMBI
9KCIUTyaTallid MSATH MOINHBIX B0A03a00poB I[lonTaBcKoil roOpoCKON arnoMepalivi, SKCILUTYaTHPYIOUIUX CEHOMAaH-
HIDKHEMEJIOBOM BOJJOHOCHBIM KOMIUIEKC, 3a 28-MHU JIETHUH HepHo/ BpeMeHU. KonnduecTBeHHO pacCUuUTaHbl M0 KaXKIOMY
B0/103a00py CIIEMYIOIINE TOKA3aTeH CUCTEMHOTO PAa3BUTHS THAPOTEOIOTHUECKOM CUCTEMBI: [UTMHA MYTH, IPOUICHHOTO
THJIPOr€OIOrHIECKON CHCTEMON BO/103a00pa Ha KaXKIbIi MEPUO/ BPEMEHH; MPOCKIIMS TeKyIIeH TOUYKH TPACKTOPUH Ha
ONTHMAJIbHYIO TPACKTOPHUIO, OTKIIOHEHHE TOYKH OT ONTHUMAJBHOU TPACKTOPUHU U KOA(DPHUIUECHT MMporpecca Ha KaIbli
KOHTpOHI:HI;Iﬁ MOMCHT BpeMeHI/I. Ha 6336 HOJ'Iy‘-IeHHI)IX pe3yJ'II)TaTOB MO]ICJII/IpOBaHI/ISI yCTaHOBHeHbI OCHOBHBIC TCHIACH-
MU CUCTEMHOTO pa3BI/ITI/IH FHHpOFeOHOFH‘ICCKOﬁ CHUCTEMBbI IJ1d BCEX I/ICCJ'ICI[yeMLIX BOIL038.60pOB: yMeHbH_IeHI/Ie HNHTCH-
CHBHOCTH M3MEHEHHUSI XMMHYESCKOTO COCTaBa MOA3EMHBIX BOJ Ha BCEX BOA03a00pax CO BPEMEHEM; CYIIECTBEHHO MEHbB-
[IMe ToKa3areau HHTEHCUBHOCTH M3MEHEHHS XUMUYECKOTO COCTaBa MOJ3EMHBIX BOJ Ha Bomo3abope Ne 3; HanbosbImas
M3MEHYUBOCTh NHTEHCUBHOCTH M3MEHEHHUs XMMHUYECKOTO COCTaBa BO BPEMEHU — Ha Bojo3abope Ne 1; mocraTodHo 3a-
METHAasi CHHXPOHHU3AIMsl MHTEHCUBHOCTH JIBIDKCHUSI TUIPOTEOIOTHYECKON CHCTEMbI BOJI03a00POB U CPEIHEH MHTEHCHB-
HOCTH U3MEHEHHS XUMHUYECKOTO COCTaBa MOI3EMHBIX BOJI, HO OKa3bIBAIOTCSI HEKOTOPBIE OTKJIOHEHHUS OT ITOW 3aKOHO-
MEPHOCTH, KOTOPBIE MOT'YT OBITh O0YCIOBICHBI PE3KMMHU U3MEHEHUSIMH PexKUMa paboThl BO103a00POB.

Kniouegvte cnosa: 2eomonumopune, 2u0po2eoiocuteckas cucmemd, Mooeiuposanue, noo3emuvie 600bl, 60003a-
O0p, XUMUHECKULL COCMA8.

Multidimensional system geomonitoring of groundwater in water
in-takes areas (on the example of Poltava city). Part 1. Identification
of system development of hydrogeological process
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ABSTRACT
Formulation of the problem. The paper is the beginning of scientific papers series of authors on an actual envi-
ronmental topic — multidimensional system geomonitoring of groundwater in water intakes areas.
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The purpose of article is a substantiation of application possibility of the method of objects trajectory modeling in
the normalized phase space, which has been developed at V. N. Karazin Kharkiv National University for socio-
geographical monitoring tasks, for hydrogeological objects geomonitoring.

Materials and methods. The research is based on the method of objects trajectory modeling in the normalized
phase space.

To achieve the purpose of this study, geomonitoring data of five water intakes in Poltava city, which operate
Cenomanian-Lower Cretaceous aquifer, has been used. Changes in the average chemical composition of groundwater
for each water intake have been analyzed according to 12 indicators: pH, hardness, dry residue, ammonium, fluorine,
chlorine, sulfates, bicarbonates, calcium, magnesium, sodium+potassium, ferrous iron. The initial data have been col-
lected from 1981 to 2008 according to an irregular pattern in time (39 points in time).

Research results. The following indicators of systemic development of hydrogeological system have been calcu-
lated for each water intake: a) for each period of time — the path length traveled by the water intake hydrogeological
system, which characterizes the intensity of changes in the groundwater chemical composition;

b) for each control time — the projection of current trajectory point on the optimal trajectory (main diagonal), the
deviation of point from the optimal trajectory, the progress coefficient (the ratio of point projection to the length of main
diagonal).

The main trends in the systemic development of hydrogeological system for all studied water intakes have been
identified:

- the intensity of changes in the groundwater chemical composition at water intakes Nos. 1-5 decreases over time,
which can be explained by the reduction of water withdrawal and hydrodynamic factors associated with the formation
of depression funnel, in particular the spreading of quasi-stationary filtration regime;

- according to the absolute values of changes intensity in the groundwater chemical composition, the water intake
No. 3 is highlighted, the value of which is significantly less than the values of other water intakes;

- groundwater at the water intake No. 1 has the greatest variability in the changes intensity of chemical composi-
tion over time both in amplitude and in absolute values;

- there is a very noticeable synchronization of movement intensity graphs of water intakes hydrogeological sys-
tems in the normalized phase space and the average intensity of changes in the groundwater chemical composition, but
a detailed analysis reveals some deviations from this pattern, which may be due to abrupt changes in operation mode of
water intakes.

Keywords: geomonitoring, hydrogeological system, modeling, groundwater, water intake, chemical composition.
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Benukuii o0csr icTopudHUX 00'€KTIB, SIKI MOTPEOYIOTH KaIliTAJILHOTO PEMOHTY, PEKOHCTPYKIIIT Ta MPUCTOCYBAHHS 10 Cy4acHO-
r0 BUKOPUCTAHHS AUKTY€ HEOOXiIHICTh Mepexoay Ha OUIbII MBHAKI Ta HaAiifHI TEXHOJNOTI BiAHOBJICHHS MaM'ATHHUKIB apXiTEKTYpH.
V 3B'13Ky 3 IIUM BHHHKA€ HEOOXIAHICTh KOMIUIEKCHOTO MiAXOAY B XOJi HPOBEICHHS BiTHOBIIOBAIBHUX poOiT. [Ipn pekoHCTpyKIil
OyAiBIi HepUIOpsAHE 3HAUSHHS Ma€ MIIHICTb 1 CTIHKICTh €JIEMEHTIB CIOPY/IH, 10 3aJIeKHUTH Bill TPaBHIBHOTO BUOOPY KOHCTPYKTHB-
HOT CXEMH, BpaXyBaHHI MPH MPOCKTYBaHHI BCIX MOKJIMBUX HABaHTAXKCHbB, & TAKOXK SIKICHOTO BUKOHAHHS OYIiBENbHUX poOIT. Y cTarTi
MOKA3y€eThCS CKIIAJHICTh OTPUMAHHS JIOCTOBIPHUX JAaHUX TEOJIOTIYHHX YMOB IIPH PEKOHCTPYKIIT HEXHUTIOBOI OyHiBII iCTOPHYHOL
3a0y/IOBU B MICTi XapKoBi, OCHOBaHHX Ha paHille MPOBEACHUX 1HKCHEPHO-TCOJIOTIUHUX BUIIYKYBaHHAX. B X0ai nmpoBeaeHHs poOiT
OyJI0 BCTAHOBJICHO BIJICYTHICTh MPOCKTHOI Ta BUKOHABYOI JOKyMEHTAIlil Ha OyMiBIIIO, a TaKOXX HeKBamiikoBaHe BTpy4YaHHS B 1l
KOHCTPYKTHB. TOMY OJHMM 3 KJIIOYOBHX MHTaHb CTAJIO BU3HAYCHHS (PaKTHYHOI KOHCTPYKIIi (pyHIaMEHTY, a TAKOX THITy Ta CTaHy il
IPYHTOBOI OCHOBH. B pe3ynbTaTi KOMIUIEKCHOTO aHalli3y KOHCTPYKTHBHOI CXEMH ITiI36MHOT YaCTUHH OYIiBJIi BCTAHOBJICHO, IO iJI-
BaJIbHE TMPHUMILICHHS Oysio 00MamToBaHO Micis 3BeAeHHs OyniBmi. [ BU3HAUeHHS KOHCTPYKIii, TMTUOMHM Ta CTaHy (yHIAMEHTY
Oynu 3aknanaeHi mypdu 3 TOpIEBOi i 3BOPOTHOI CTiHU (acaay Oyaieii. Tak caMo B paMKaxX JaHOTO OOCTEKESHHS AT KOMIUIEKCHOTO
aHaNizy CUTYyalii y BHYTPIITHBOMY KOHTYpi OyniBii Oyno BiniOpaHO 3pa3Ku IPYHTY B HiIBajbHiH 4acTUHI OyIiBJi A BH3HAYCHHS
(bi3uKO-MeXaHIYHUX XapakTepucTHK. Ha ocHOBI oTprMaHUX JaHUX OyJio BHUIAQHO PEKOMEHJAIT Ul MOAANBINOI PEKOHCTPYKIIl He-
KHUTIIOBOT OyiBIIi icTOpUYHOT 3a0y0BH MicTa. TakuM YMHOM MOKa3aHO, IO HeKBaliikoBaHE BTPYYaHHS B OCHOBY 1 KOHCTPYKIIiT
OyxiBii 6e3 po3pOOKH BiIMOBITHOT MPOEKTHOI Ta BUKOHABYOI JOKyMEHTAIlil, sika Maihke 3aBKIN Ma€ Miclie Ipu 0OCTEKEHHI 1CTOpH-
YHHX OYIiBeJb, YCKIAIHIOE, K iX JOCHTIIKEHHS TaK 1 MOAAIBIIY peadiliTamito i MPUCTOCYBaHHS IO CYYaCHUX HOPM.

Knrouosi cnosa: indicenepHo-2e0n02iuti 6UUYKYS8AHHS, IPYHMU, IPYHMOBA OCHOBA, (PYHOAMEHmU, icmopuiHa 3a6y006d, peKoH-
CMPYKYIsl, KOHCMPYKMUBHA CXeMd.

Sk muryBaTH: AnexcanapoBud B. A. OcoOnInBOCTI iHXXEHEPHO-TEOJIOTIYHAX BHUIYKYBaHb IIPH 0OCTEXEeHHI icTOpHYHOi 3a0ynoBH M. XapkoBa
/ B. A. Anexcannposuy, O. B. I'aBpumok, B. B. Cyxos // Bicauk XapkiBcpkoro HarioHanpHOTo yHiBepcuteTy iMeHi B. H. Kapasina, cepist «I'eoso-
ris. ['eorpadis. Exonoris», 2021. — Bum. 55. — C. 23-36. https://doi.org/10.26565/2410-7360-2021-55-02

In cites: Aleksandrovych V. A., Havryliuk O. V., Sukhov V. V. (2021). Peculiarities of engineering and geological surveys when inspecting
the historical building of Kharkiv. Visnyk of V.N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 23-36.
https://doi.org/10.26565/2410-7360-2021-55-02 [in Ukrainian]

IHocTanoBka nmpodJiemMu.

Ha cyuyacnomy etari po3Butky OyniBenbHOT 1H-
JOyCTpii TOCTPO CTOITh IHTAaHHA PEKOHCTPYKIIT
Mam’TOK apXiTeKTYpH JUIS TOJANBIIOT0 BUKOPHUC-
TaHHs B Cy4aCHHX yMOBax. ApXiTEKTYpHi IaM’SITKH
SIK ICTOPHYHI MICIIS MICT € 3allOPYKOI0 CTaJoro po3-
BUTKY. BoHHU BigoOpakaroTh Hally IPOMaJIChKY, Ha-
LiOHAJBHY Ta JIEPKAaBHY 1ICHTUYHICTb.

B ykpaiHcbKOMy 3aKOHOZIABCTBI MPOMKUCAHO YH-
MaJI0 MEXaHi3MiB Ta THCTPYMEHTIB 3aXUCTy HEpPYyXO-
MOT KyJIBTYPHOI CITaJIIMHHU, OJHAK JOCI B HaIlIii
KpaiHi He iICHy€ €IUHOTO AJITOPUTMY PEKOHCTPYKLIT
apXiTEKTYpHUX MaM’ATOK JJIs TONANBIIOr0 iX cy-
YaCHOTO BUKOPHUCTAaHHS. A ICHYIOYI pEKOMEHAAIlil
MAalOTh BHUIVISL]] KOPCTKOTO KOHTPOJIO 3 MONAIBIINM

MOKapaHHSAM 32 HEBUKOHAHHS, IO CIIPHSE BiMOBI
Oy/1iBeIbHUKIB BUPILIYBaTH MUTaHHS PEKOHCTPYKLIT
THUX YM HIIUX apXiTeKTypHHUX 00’€ekTiB. [Ipu podoti
3 TaKUMH OYIiBISIMU Ta IHXCHEPHUMH CIOPYJIaMH
OCHOBHMI Harojoc CHpsSIMOBAaHO Ha pecTaBpaliiHi
po0OTH 3apajau pecraBpallii, a HE Ha BUKOPUCTAHHS
Ta CTAlMil PO3BUTOK. BHACHIIOK 1IBOTO y Oy/iBelb-
Hill paKTULi MU MOCTIHHO CTUKAEMOCS 3 pOOOTaMH,
IO HE BIINOBIJAIOTH aHi 3acajlaM HayKOBOI pecTaB-
pariii, aHi CBITOBHUM CTaHAapTaM OyIiBHMIITBA 1 3a-
3HAIOTh KPUTHKH, SIK BiJl (axiBI[iB y raiy3i pecras-
pauii, Tak i1 Big mpuBaTHUX 0OCi0 Ta I'POMAJCBKUX
opranizaniii. [lam’aTku apXiTeKTypH Ta iCTOpUYHA
3a0y/10Ba B IJIOMY MOTEPIAIOTh BiJ HeKBamidikoBa-
HUX PEMOHTHO-pECTaBpauiiHuX poOiT, KOTpi 3aBaa-

© AnekcaHoposuy B. A., laspuntok O. B., Cyxoe B. B., 2021
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FOTh IM 3HaYHO1, YaCTO HEMOMPABHOT IITKO/IH.

AHaJi3 ocTaHHIX AoCaiTKeHb i myOmikamiii.
Ho cepenuan XX cTopivys MUTaHHS MPUCTOCYBaH-
HSl TIaM’SITOK apXiTeKTYpH 1O Cy4acHOTO BHUKOPHC-
TaHHS PO3IVISIANIOC Ha 3aKOHOJABYOMY PiBHI Ta 3a
METOIMKOI0 BUKOHAHHS B MEXKaxX IIPOCKTY pPecTaB-
pauii, K YacTWHa iH)KEHEpHOTo mpoekTy. Jlume 3
1970-x pokiB 11 Tema modansa HaOyBaTH OKPEMHUIA
HayKOBH{ HaIpsIM Y 3aKOPJOHHUX JOCTIIHUKIB. [a-
HUI HampsM y BITYM3HSIHIA MPAKTHII MOYaB aKTHB-
HO peanizoByBaTHcs Ha mouatky 90-x pokis. Ilpo-
Onmema 30epeXeHHS I[IHHOCTI ITaM’ ITOK apXiTeKTypH
Ta pecTaBpaliifHa Teopis AJsi BUKOPUCTAHHS B CY-
YacHMX yMOBax HaBeneHa B poOorax bocenko E.,
Kmumenxo 1., IIpubera JI., Rosenfeld Y., Douglas J.,
Frediani P. ta irmmx [1-10].

Mertonuku, sKi HampaBieHi Ha 30epekeHH:,
PEKOHCTPYKIIIIO Ta MPUCTOCYBaHHSA ICTOPUIHHX OY-
JiBeNb 10 Cy4acHOTO BUKOPUCTAHHS PO3IVISIAIOTHCS
B po0OTax 3aKOPIOHHMUX Ta BITYM3HSHUX BYCHUX
[15-20]. OcobnuBa yBara B HUX HPUIUIIETHCS HE
JUILIE 3arajJbHOMY BHCBITJICHHIO METOIOMKH aie i
PO3MISIAIOThCS KOHKPETHI MpHKIaad iX 3acTocy-
BaHHIO Ha MMPAKTHIII.

Buninennsi HeBupilieHMX paHime 4YacTHH
3arajabHoi mpodaemu. Ilpobrema imKeHEpHO-
TeOJIOTIYHUX BHIIYKYBaHb MpPHU BHKOHAHHI pOOIT 3
PEKOHCTPYKIIii, IHTEHCHBHOCTI TEXHOTEHHOI'O BILIH-
By Ha TPYHTOBI OCHOBH Ta BTPY4aHb B KOHCTPYKIIIFO
OymiBiIi.

®opmyawBaHHs MeTH crarti. Ha npukiani
1H)KEHEPHO-TEONIOTIYHUX BHIIYKYBaHb IPH PEKOHC-
TpyKIii OymiBii icTOpryHOI 3a0ymoBH M. XapKoBa
JOCIIIUTH CKJIaJHICTh OTPUMAHHS MPaBUIBHUX BH-
CHOBKIB WIOJ0 yMOB TMepeAadyi HaBaHTaKEHb Ha
TPYHTH OCHOBH BiJi ()YHAAMEHTIB CHOPYIU BHACIIi-
JIOK TIPOBEJICHUX paHillle HeKBami(PiKOBaHUX PEMOH-
THUX POOIT.

Bukiaa ocHOBHOro martepiajny A0CJiI:KeHb.
HeoOxigHiCTh JOCII/PKEHb BHKJIMKAaHA MOTPEOOrO
BU3HAYCHHS JIMCHOTO TEXHIYHOTO CTaHy OyiBelib-
HUX KOHCTPYKIIH OyIiBIi icTOpUYHOI 3a0ymMOBHU IS
OLIIHKH MOKJIMBOCTI HOJAJIBIIIOT HAJIMHOI 1 Oe3meu-
HOi eKcruryararii 3a cBOiM NpsSMUM (YHKIIIOHAIb-
HUM TPU3HAYECHHSIM, 3 PO3POOKOI0 TEXHIYHUX pi-
LICHb 1 pEKOMEHALIN 1010 MOJANbIIO] PEKOHCTPY-
Kiii OymiBni mig morpeOW 3aMOBHMKA, Ta 3abe3rie-
YeHHs1 i1 mojakioi Oe3mepebiiiHol Ta 6e3nevHol eKc-
TuTyararii.

OO0’ €eKT AOCIIHKEHb — HEXKUTIIOBA OYIiBIIS PO-
3MillIeHa 32 aJIpecoro: M. XapKiB, Byl1. UepHHUIIIEBCh-
ka 42 (puc. 1).

OnHuM 3 HalCepHO3HIIIMX MUTaHb KOTPE MOC-
Tajo mpu OOCTeXeHHI OyIiBii CTalo BH3HAUYCHHS
THUILy Ta CTaHy Il IPyHTOBOI OCHOBHU 3Ba)KalO4U Ha
BIJICYTHICTh IPOEKTHOI Ta BUKOHABYO1 JOKYMEHTAIII{

Ha OymiBJIIO, a TaKOX YHCICHHI HekBasli)iKoBaHi
BTpY4aHHS B i1 KOHCTPYKTHB.

[Tpu anami3i QakTHYHUX iH)KEHEPHO-TEOJIOTiY-
HUX YMOB I'PyHTOBOI OCHOBH OymiBii OyJI0 BUKOpHC-
TaHO JaHi 3BITy IH)KEHEPHO-TEOJOTIYHUX BHIIYKY-
BaHb BUKOHaHHX POII «CoxonoB B.A.» y ceprHi-
BepecHi 2020 p, Ta JaHi KOHTPOJBHOTO BifAOOpY
mpo6 i3 mrypdiB y migBaNbHIA YacTUHI 00°€KTY 00-
CTeXXeHHS. 3pa3Kd IPYHTY MOCHIHKeHi y Jabopato-
pii xadenpu MexaHiku IpyHTiB, (yHAaMEHTIB Ta
imkeHepHoi reojorii XHYMI im. O.M. bekerosa.
BurkoHaHO aHaNITHYHE MOPIBHSAHHS LIMX AAHUX VIS
PO3YyMiHHSI KOHCTPYKTHBHOTO pilieHHs (yHAaMeH-
TiB OymiBii Ta iHKEHEPHO-TEOJOTIYHHX YMOB iX
CIMpaHHA.

B agminicTpaTMBHOMY BiJHOIICHHI PaiiOH BH-
UIyKyBaHb po3TamoBaHuii B Mexax KuiBcbkoro
paiiony M. XapkoBa, B iIHTEHCUBHO 3a0y/IOBaHii KH-
TIIOBIM YaCTHWHI MicTa, HACHUYEHIN PI3HUMH KOMYHi-
Karismu (puc. 2).

B reomopdonorivHoMy BiIHOLICHHI TEPUTOPIs
NpUypoYeHa A0 MapTOHOLICHKO-CYJIBCBKOT Tepacu
piuku JlomaHs.

Penbed minsgHKM BUINYKYBaHb CHOKIMHUH,
CIUTAHOBaHWHA HACUIHUMH TpyHTamu. AOCOIIOTHI
MMO3HAYKX TIOBEPXHI 3€MIli MO0 THUPJaM CBEPIJIOBUH
KoJMBarOThes Big 152,60 m o 153,90. Ilepenax Bu-
cot cknagae 1,30 m.

Hebe3neuynnx (hi3WKO-T€ONIOTIYHNX, TEXHOTECH-
Hux nporecis 3rigHo JJBH A.2.1-1-2014 Ha TepuTo-
pii, o po3mIAAaeThCs, Ta MPHUIETIiil TepuTopii (ka-
pcTiB, cydo3iiiHOHeOe3NeuHnx, 3CyBOHEOE3NEUHNX,
MPOTHHIB, KPEHIB CIIOPY/] Ta iHIIIE) HE BHUSIBIICHO.

Tepuropist KocHiKeHb OyIiBHUAITBA PO3TAIIO-
BaHa B Mexkax lIB xiriMaTiudHOTO TIiApaiioHy.

HopmaTtuBHa rmubOuHa mpoMep3aHHs NIMHUCTHX
IpyHTiB — 1,1 M.

B pesynbrari aHanizy MmarepiajiB JIOCHIIKECHb

MUHYJIUX POKiB CJIiJ] 3a3HaYUTH MOLIUPEHHS B 1IbO-
My paiioHi IPOCaHHUX JIECOBUIHUX BiJKIAIIB.
B reonoriuHOMy BiJHOIICHHI MalJaHUYUK BHIIYKY-
BaHb 10 AocaigHoi rubuau g0 23,0 M, CKJIaIeHo
TOBIICIO CEPEAHBO YETBEPTUHHUX €OJIOBO-/EIIOBI-
aJBHUX JICCOBUJIHUX CYTIIMHKIB 3 MPOIIApKaMu JIpi-
OHUX MICKiB THINPOBCHKOTO TOPU30HTY, MiACTHIA-
€MHX JIeJIOBIaIbHUMH HIKHbOUETBEPTUHHUMHU BiJl-
KJIaJlaM¥ TPUA30BChKOTO TOPU3OHTIB, a 3 IIHOMHU
21,3 M — TIMHaMH{ 3 TpOMIapKaMH BHBITPLIOTO Ti-
IIaHWKA, MMCKOBUHAMH 1 APIOHUMH TICKaMH BEpX-
HBOKHIBCHOTO TOPU30HTY MAJEOTCHOBOTO IEPiory
IO MiJCTENSIOTHCS TNTUHAMHU.

3 moBepxHi TOBLIA MiCUSAMHU NEPEKPUTA HACHUII-
HHUM IIAPOM i Cy4aCHHUMH CyTJIMHUCTHUMU IPYHTaMH.

HaiimenyBaHHs BHJIB i CTaH TPYHTIB, BUJLJe-
HUX 1H)KEHEPHO-TCOJIOTIYHUX EJIEMEHTIB, TPHBO-
JIUTHCS HIDKYE B MOPSAKY iX MPUPOAHOTO 3aJsITaHHS
3Bepxy BHU3 (puc. 3).
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Puc. 1. Po3mimeHsst 00’ €KTy 0OCTe)KEHHS Ha KapTi MicTa.
Fig. 1. Object location on the city map

YMOBHI No3Hauku

Cs. 1 CeepanosuHa Ta i Homep

153,90 ©  ABc. noanadka rupna
1

_ TiMii reonoriyHitx pospiie
T3 X HoMepH

o = Llypdw Ta’ix Homepu

Puc. 2. Cxema po3raliryBaHHs CBEPJIOBHH Ha MIISHIN TOCITIHKEHb.
Fig. 2. Boreholes location on the investigation area
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Ha mocnigniit Teputopii 10 npoiineHol rimou-
HU 23 M TPYHTOBI BOJM HE 3yCTPiHYTI. 3a apXiBHUMH
JaHUMU, TMOJIOKEHHSI PiBHA I'PYHTOBHX BOJA MOKHA
ouikyBatu Ha rmonHax 28,0 M — 30,0 M Big moBep-
XHI 3eMIII.

Y KOHCTPYKTHBHOMY BiJHOIIEHHI HEXHTIOBA
OyaiBys 3a aapecoro: M. XapkiB, Byl UepHUIIEBCH-
ka 42 sBisgie cCOOOI OAHOMOBEPXOBY NPAMOKYTHY
HensHy OyaiBiIo 3 po3Mipamu B Tutadi 15,25%11,62
M. OpieHTOBHHUI TepMiH MOOYTOBH — TModaTok XX
CTOpivus (3arajibHUIA BUTIISA — pHC. 4).

Jo mouarky OymiBembHUX POOIT 3 PEKOHCTPYK-
i HEXKUTIOBA OYIIiBIIA 32 aPecor0: M. XapKiB, BYIL
UYepuumieBcbka 42, sBisiia cO000 MPSIMOKYTHY Of-
HOTIOBEPXOBY IETISTHY OYIIIBIIO 13 IIOKOJIHHHUM ITOBE-
pXOM, TIJBAJIOM IIJ YacTHHOI OymiBii, Je-
PEB’SSHUMH Ta 3ai300€TOHHHUMHU TEPEKPUTTAMH 1
JIepeB’STHOI0 KPOKBSHOIO CHCTEMOIO ITOKPHTTS, IO
(hopmyBana maHcapaHUil moBepx. Ha mMomeHT moc-
JiKeHHS! KPOKBsIHA cUcTeMa Oylia IeMOHTOBaHa,

TTOKPiBJIS OyIiBII BiACYTHSI.

Jlns xkpamtoro po3yMiHHS O0yi10 BUKOHAHO O0Mi-
PHI KpeclieHHsl Ta HajJaHO YMOBHi IPHB’S304HI OCi
(puc. 5).

OyngamenTn OymiBlIi BHKOHAHO 3 KepaMmidyHOi
HETT Ha CKJIaJHOMY PO34YHMHI, 0 BUKOPUCTOBYBAB-
cs1 3a yaciB oOynoBu Oynismi. [nOnHa 3aknaganHs
(yHIamMeHTiB Ol 30BHINIHIX CTiH OymiBii, Ta IOC-
JPKeHb BUKOHAHUX IIiJ] 9ac JAHOTO OOCTEXEHHS Y
i BaJTi OY/IiBJII CTAHOBUTH ~ 1,8 M Bij piBHS YUCTOL
mijyioru 1-ro moeepxy, 1mo Bignosimae 2,1 — 2,4 m
BiJl TIOBEPXHI BHMOIICHHS MO TEPUMETPY OymiBmi
(3aexHO Bij mepenany penbedy MiCIIEBOCTI).

B pe3ynbrati KOMIJIEKCHOTO aHajli3y KOHCTPYK-
THBHOI CXeMH TiJ3eMHOI YacTUHU OymiBJli BCTAHOB-
JIEHO, TIO MiBaJbHI MPUMIIIEHHS OYJI0 BIAIITOBAHO
MIC/sl CIIOPYMKCHHS OYIIBIII IIIISXOM ITiIBEICHHS
mig GyHIAMEeHTH OYIiBII MEeTISHUX MiIMiPHUX CTiH
TOBIIMHOO 250 MM Ha PO3YHHI HU3BKOI MapKH.

Jis BU3HaYeHHS KOHCTPYKIIii, IMTUOWHY Ta cTa-

Homep | Jlitonoriunuii | I'muOuHa 3aisras- N
. HalimenyBaHHs
ITE CcKJIamg HS ITOOIIBH, M
4 4 . .

a Uy 0,3 Acdanbr, rpasiii, micok

o W
1 1. 0.8 Hacumnnuii map — cyrmmmHOK, MicoK, 4epHo3eM, OyniBe-

K ’ JBHE CMITTS, 3nmexanwnid, Ro=120KIIa
r v 193

2 “2\‘ . 12 [ pyHTOBO-POCIIMHHUIA 1IaP, KOPHYHEBO-YOPHUIA, [yMY-

Ny ’ COBUH, CYIJIMHUCTHI, 3 KOPIHHIM POCIUH

Q}‘\Q
3 NN A

CyIMHOK CipHid, TEMHO-CIpHii, 3 KOPIHHSIM POCJIHH, T'y-
MYCOBaHUH, TBEpAUI

CyIIIMHOK JKOBTO-OypHUid, 3 BKJIFOUSHHSIMH KapOOHATIB,

4 a4y 3,1 . . o
Lt ] | TBEP/101 KOHCUCTEHIIIT, MPOCi THUH
5 Q&\ 43 CyTricok ’K0BTO-Cipuii, TBEp101 KOHCUCTEHIII1
LA
(PR CyIIIMHOK 3KOBTO-OypHii, MajIeBo-0ypHrii, HaIMBTBEPIO0T
6 ) 7,1
=111 ’ KOHCHCTEHIIi1, IPOCiTHUI
EOrEE [Ticok »xoBTo-cipuii, cipuid, qPiOHMIA, MATIOTO CTYIIEHIO
7 ":.::ﬁ-- ; 9,5 BOJIOHACHYEHHS, CEPEHBOI MILILHOCTI, 3 IpOLIapKaM
" .
— TiCKOBHHU
g X ) 132 CyrnuHoK OypHii, KOpHUHIOBAaTO-OypHil, TyromiIacTuy-
I ™ .. ter .
RON ’ HOT KOHCHUCTEHIIi1, 3 MPOMIapKaMH MiCKOBHHU
9 L7 18.8 CyTIIMHOK KOPUYHIOBATO-0ypHiA, CBITIIO-KOPUYHEBHUH,
-/ \'- .. ter
/\g / ’ TBEPAO0i KOHCUCTEHIII]
10 L;“‘z%» 202 CyTIIMHOK TeMHO-KOPUYHEBUH, HAITIBTBEP/101 KOHCHUCTE-
“M.J ,U'x,x M ’ HITi1, 3 IpOmapKaMy TIIHHA
1 ' P 213 ITicoxk cipuii, 61akUTHO-CipHid, IpiOHUH, MaJIOro CTyIIe-
L. b = ’ HIO BOJIOHACUYCHHS, CEPEAHBOI IIITLHOCTI
12 AT 275 I'muna cipo-3enena, OypoBaro-3enieHa, TBep10i KOHCHC-
(12 ’ TEHIIi1, 3 TpOIIapKaMy TPIIMHYBATHX MiCKOBUH

Puc. 3. T'eonoriuna kosonka / Fig. 3. Geological column
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Puc. 4. 3aranpuuit BUTISAA OyIiBiIi, TOMOBHUI (aca.
Fig. 4. Building overview, main facade

Puc. 5. [lnan nigBanmy 3 TOukamu BigOOpy 3pa3KiB CIiBCTaBICHUH 3 TNIAHOM LIOKOJILHOTO MOBEPXY OyiBii
(IITPUXOBKOO MOKA3aHO IMiJ{BaIbHY YaCTHHY).
Fig. 5. Plan of the cellar overlapped with socle floor of the building with sampling points (cellar is hatched)
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Hy (yHIaMEHTIB OyJI0 3aKjaJeHo aBa mypdhH 3 TOp-
1IeBOT Ta 3BOPOTHOI CTiHM (hacamy OymiBii, 10 IPH-
MUKa€ 0 MalaHUYHKY.

ypd Ne 1 mpoiineno 3rinHO BKa3aHOl cxemu
posramryBanas (puc. 1). B pesynsrari obcTexeHHS
BHSIBJICHO, IO (DYHIAMEHTH CTPIYKOBI — IEDVISTHA
KJIa/IKa YepBOHOI LETT Ha KapOOHATHO-BAITHIHOMY
po3umHi (0,80 M), 3araapHOI0 TIMOMHOO 3aKJIagaH-
a1 — 2,00 M (puc. 6). ToBma ocHOBH (GyHIAMEHTY
opientoBaHo — 0,80 M. OcHOBOIO PyHIAMEHTY CITy-
rytotb cyminHkd II'E-4, mo maroTe TBepauil craH,
npocandi. yHIaMEHT 3HAXOMUTHCS B 3aI0BUIBHO-
My CTaHi i He Ma€ BUAWMUX MOpPYILIEHb 1 Aedopma-
nid. B 1inomy, mo mpoiiieHuM BUPOOKaM MOXKHA
BIAMITUTH 3aJOBIIBHUH CTaH MiA3€MHOI YaCTHUHU
CIIOpYA.

Cxema mypdy Ne2 moxmiOHa g0 cxemu Irypdy
Nel i B ganiif poOOTi TOIATKOBO HE TPHUBOIUTHCS.

B pamkax manoro oOctexxeHHs OyI0 BUKOHAHO
JIOIaTKOBUH BiJI0Ip TPYHTOBUX MpOO Y MiABajbHIN
YacTUHI Ul KOMIUIEKCHOTO aHaji3y CcHuTyamii y
BHYTPINTHROMY KOHTYpi OymiBmi (Micis Bigbopy
po0 IPYHTY AMB. pUC. 7 —9).

3pazku TIpyHTY 13 mypdiB y TiABAIbHIMA
JacTHHI 00’€KTy 0OCTEXKEHHS OyIu JOCIIDKeHHI Y
naboparopii kadpeapu MI'®IIT XHYMI im. O.M.
BeketoBa. Pe3ynsraT Bu3Ha4eHHs (i3MKO-MeXaHiy-
HHAX XapaKTePHUCTHK BimiOpaHuMX IpoO HaBEIECHO B
Tabymmi 1.

BignoBigHO 10 XapakTepHCTHUK HAaBEIEHHX B
Tabmuii 1 TpyHTH 3a TOYKaMU BiOOPY BH3HAYAIOTh-
Csl HACTYITHIM YHHOM:

Touka BimOopy 1: CymIHMHOK, XOBTO-Oypui,
HaMiBTBEPI01 KOHCUCTEHIi1, CEPEHBOTO CTYNECHIO
BomoHacudeHH: (Bianosinae IT'E 6).

Touka BinOOpy 2: CymicoK, KOBTO-Oypuid, TBEp-
nuii (Bimnmosinae IT'E 5).

Touka Bimbopy 3: CyITiCOK, )KOBTO-OypHiA, TBEp-
muit (Bigmosigae II'E 5).

B  pesyaprari  aHaNITUYHOTO  MOPIBHSIHHS
OTPUMAHMX JaHUX BCTAHOBJICHO BUCOKY 301KHICTD 3
JMAHUMH  IH)KEHEPHO-TEOJIOTIYHUX  BHINYKYBaHb
oTpuMaHUX OypOBHUM cCIIOCOOOM 30BHI OyHiBIIi, IO
CBIZUUTH MPO HEMOPYIIHICTh MPUPOTHOTO CKIIaJ/IeH-
HS 1H)KEHEPHO-TEOJIOTIYHO1 OyIOBU TPYHTY OCHOBH
OymiBii 3a MeXaMH MEPUMETPY MiABAIBHUX PHUMi-

Crina OyaiBii, 9epBOHA TETJa

(QvHIaMeHT OYiBMII, UepBOHA
T[eTJ1a Ha BAITHSIHOMY POZYHHI

/
e
4

0,1

1.60

N
=
N

Micrnie BimGopy npod rpyHTy
HETIOpYIIEeHOI CTPYKTYPH

Puc. 6. Cxema mrypdy Nel / Fig. 6. Bore pit scheme #1
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Puc. 7. Touka Nel BigOopy IrpyHTY HENOPYIIEHOI CTPYKTYpH OiJIsl TMiIOMIBH CTiHU MifgBairy 1mo oci b B ocsix 2-3.
Fig. 7. Soil sampling point #1 of the unbroken structure next to the cellar wall at axis B and 2-3

Puc. 8. Touka Ne2 BinOopy IpyHTY NOPYIIEHOI CTPYKTYPH 3-3a CTiHH MifBaily 1o oci b B ocsix 2-3.
Fig. 8. Soil sampling point #2 of the broken structure from behind of the cellar wall at axis B and 2-3

Puc. 9. Touka Ne3 Bin6opy IpyHTY NOPYIIEHOI CTPYKTYPH 3-3a CTiHM ITiJ[Baly B MicIli epeTuHy ocell b ta 2.
Fig. 9. Soil sampling point #3 of the broken structure from behind
of the cellar wall at intersection point of axis B and 2
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Tabnuys 1
HopwmatuBHi 3HaueHHS (i3UKO-MEXaHIYHUX XapaKTePUCTUK
®i3nKo-MexaHiyHi BJACTHBOCTI IPYHTIB .Toqlca .Tqua .Toqlca
Binodopy 1 Binoopy 2 Binoopy 3

IIpupoana Bosoricts, W, % 0,18 0,09 0,07
Bororicts Ha rpanumi TeKydocTi, Wi 0,29 0,20 0,17
BororicTs Ha TpaHUII IaCTHIHOCTI, Wp 0,17 0,14 0,13
Uwncrno miuacTuIHOCTI, Jp 0,11 0,06 0,04
IToka3zHuk TeKydocCTi, Ji 0,02 <0 <0
[LlinbHiCTE IpyHTY, p, I/cM? 1,89 - -
[1{iBHICTE CYXOro IPyHTY, pd, T/cM’ 1,61 - -
[IuToMa Bara 4aCTHHOK IPYHTY, Ps, T/CM° 2,71 - -
ITopucricTs, n 0,41 - -
Koedimient nopucrocrti, e 0,69 - -
Koedimient BoqoHacu4enHs, Sr 0,69 - -
KyT BHYTpimIHBOTO TEPTH, ¢, TPAI. 24 - -
[Tutome 3uemenns, C, Klla 15 - -
Monyns nedopmartii, E, MITa 21 - -
Monyns nedopmariii B BogoHacuueHoMy craHi, E, MIla 13 - -
BigHocHe npociganHs rpyHTy &1, (ipu P=0,3MI1a) 0,017 - -
[MTouaTkoBuii mpociaHuil THCK psi, MI1a 0,2 - -

LICHb.

KoncTpykTtnBHY cxemy ¢yHIaMeHTIB OymiBmi
Ta CTiH miaBany B ocsix 2-3 — b-B, Ta 3-4 — B-T" (B
MiIBATBHAX MpUMiIeHHsX) (nuB. puc. 10).

Ha MomeHT o00cTe)XeHHS BCTAHOBJICHO, IO
KOHCTPYKIIiSI IENISHUX CTiH MiJBaJly TOBIIUHOO
250 MM He 37aTHa BUTPUMYBaTH CyMapHY Jil0 Bep-
TUKaJHHOTO HAaBaHTKEHHS BiJ (QpyHIaMeHTIB OyiB-
ni Ta 6iyroro tucky rpyury ITE 4 xorpwii € Hecy-
YUM TpyHTOM Ut QyHmaMeHTiB Oymiemi. Lle mposis-
JSETBCS B BUIIMHAHHI BKa3aHUX CTiH o ocsiMm b, B
Ta 2 i3 X mIomuHe 1 (GaKTUIHOMY ii pyHHYBaHHIO
mo oci 3. CrpiukoBi ¢yHmamMeHTH OymiBII KOTpi
MPUMHUKAIOTh [0 MiABaJbHOTO NPHUMILICHHS 3HAXO-
JSITbCS. B HENPUAATHOMY 10 HOPMAaJIbHOI EKCILTya-
Tamii cTaHi 4yepe3 3MiHy cXxeMu poOOTU IPYHTY OC-
HoBu — IT'E 4. A 1o oci 3 B psinax b-B’ cran ¢yn-
JTAMEHTIB OLIHIOEThCA SIK aBapiiiHUi uepe3 paxTHy-
He BUNMHAHHA Ta pyWHYBaHHS AK CTiH MBIy TaK i
IpyHTYy OCHOBH. DyHIAMEHT Ha BKa3aHIM AUISHIN
YaCTKOBO BTpPAaTWB CIUPaHHS Ha IPYHT OCHOBH 1
TPUMAETHCS 34 PaXyHOK IEpepo3NONily HaBaHTa-
JKeHb Y HETVISHIHN CTiHI B3IOBX OCi 3.

Bkazani nedektd CTpiuKoBHX IEDISTHUX (QyH-
JAMEHTIB  yTBOPWJIMCS BHACTIJOK BJIAIITyBaHHS
MiIBAIGHAX TIPUMIIIEHh 3 PIBHEM IJUIOTH HUKYE
BIJIMITKM TIJIONIBA TIEPBICHO iCHYBaBIIMX (yHJa-
MEHTIB OymiBIl NUIAXOM MIBEACHHA i HHUX
LEMISIHUX CTiH TOBIIMHOIO 250 MM, KOTpi HE 3MOININ
3a0€3MeUNTH HECy4yy 3/aTHICTh HaBaHTAKEHb BiJ
BUHMKJIOTO OIYHOrO THCKY IPYHTY Y MO€IHAaHHI 3
BEPTHKAIbHUM HaBaHTAXECHHSM BiJ BHUILEpO3Millle-

HUX KOHCTPYKIIIH.

[Ipu BizyampHOMY OOCTEXKEHHI HETISHUX CTiH
Ha/J3eMHO{ YacTUHU OyaiBii Oylo BUSBIECHO HACTY-
MTHI HeTOMIKY Ta Ne(eKTu:

— YTBOPEHHsS BEPTHKAJbHHUX Ta HaBKICHUX Tpi-
IIMH OCaJ04YHOr0 XapakTepy Yy 30BHIIIHIX HE-
Cy4HX cTiHax Oy[iBIli BHCOTOIO OuIbIe HiX 5
PSIB KJIQJAKH 3 IIUPHUHOKO PO3KPHUTTA A0 1 cMm
(puc. 11);

—  HaBKICHI TPIIIMHYU OCAJIOYHOTO XapaKTepy Ler-
JITHUX apOYHUX MepeMudok (puc. 12);

— TOLIKO/UKEHHS BHYTPILIHIX HECY4YOoi LEDISHOI
ctiam 1o ocsiM 3 B psigax b-B’ (puc. 13).
Bkazani nedextn Hecyunx NENISIHUX CTiH Bipo-

Ti/IHIIIE 32 BCe YTBOPHIIMCS BHACHIJIOK MOPYIIEHHS

pOOOTH TPYHTOBOI OCHOBM OYJiBIi 4epe3 BIaIlITy-

BaHHS MiJBAJLHUX MPHUMIILICHB ITiJ] YaCTUHOW Oy/Ii-

BIl 3 pIBHEM MiJJIOTH HIDKYE BIAMITKH IIiJIONIBH

NEPBICHO iCHYBaBIIMX (yHIAMEHTIB OymiBmi MUIs-

XOM IIIIBEEHHS ITiJ] HUX LENISHUX CTIH TOBIIHHOK

250 MM, KOTpi HEe 3MOIVIM 3a0€3MEeUUTH HECydy 31a-

THICTh HAaBaHTAXEHb BiJl BUHHKJIOTO O1YHOTO THUCKY

IPYHTY Y TIO€JIHAHHI 3 BEPTHKaJbHUM HABaHTAXKCH-

HSM BiJi BHIIEPO3MILICHUX KOHCTPYKIiH. OcigaHHs

YacTKOBO CTa0iNi30BaHi IEPEepO3NOAiIOM Harpy-

KCHb Y MAacCHUBI LEIISIHUX CTIiH, ajié MOXYTh BIJIHO-

BUTHCS B TIPOIIECI PEKOHCTPYKILiT OyIiBIIi BHACIIIOK

3MiHU Y¥ 301IbLICHHS Pe)KUMY HaBaHTa)KEHHS.

3 TOYKH 30pY I€0JOr0-TiIPOTreoIOriyHIX YMOB
Ta reoMOp(OJIOTIYHUX O3HAK CJiJ BIA3HAYUTH Ha-
ctynHe. Ha tepuTopii gocmipkeHHs HE criocTepira-
€TBHCSl PO3BUTOK 3CYBHHX Ta 00BaJIbHUX MPOIIECIB,
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Puc. 10. KoncrpykrruBHa cxema GyHIaMeHTIB Oy/iBIIi Ta CTiH MiBaIy.
Fig. 10. Structural scheme of building foundations and cellar walls

Puc. 11. Tpimuau y 30BHimHIX crinax / Fig. 11. Cracks in outside walls

-31-




Cepis «['eonoris. leorpaddisi. EKkonoris», 2021, Bunyck 55

Puc. 12. TpilunHY B NEMISTHUX apOYHUX MEPEMUYKAX.
Fig. 12. Cracks in brick arched bridges

Puc. 13. TTomkomkeHHs! BHYTPIIIHBOT ETISHOT CTiHU Ha 1-My moBepci.
Fig. 13. Inner brick wall damages on the first floor

KapcToBUX Ta cydos3idHuX siBUII. PO3BUTOK IMpoBa-
J1iB, BOPOHOK TOIIO, Ha JAaHii Tepurtopii He 3adikco-
BaHO.

B reonoriuniii OygoBi TepuTOpii croctepira-
€THCS TOBIIA JIECOTMOAIOHNX CYIVIMHKIB, IO TPH 3a-

MOYYBaHHI MPOSBISE€ Mpociai sBuma. Taka moBe-
JiHKa I'PyHTY, IPH MPOEKTYBaHHI OyaiBesb Ta iHXe-
HEPHUX CIOpPYA NOTpedye BUKOHAHHS KOMIUIEKCHUX
3aXMCHHX 3ax0fiB, AKI BKJIIOYAIOTL B cebe Imijcu-
JICHHST KOHCTPYKLIH Al COPUHHATTA IOJATKOBUX
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3yCHJIb BiJl HSPIBHOMIPHOTO OCiaHHs ()yHIaMEHTIB,
O0JIAIITYBaHHS APCHAXHUX CUCTEM JUIS BiIBEICHHS
MiA3€MHNX, TOBEPXHEBUX Ta TEXHOTEHHUX BOJ.

[HKeHepHO-TeoNIOTiUHI  YMOBH  TOCITAXKYBaHOT
TEPUTOPIi 3MIHIOIOTHCS i BIDTHBOM T'OCIIONAAPCHKOT
JiSUTBHOCTI JIFOIMHY, IO IPU3BOJUTH A0 MOPYIICHHS
MOBEPXHEBOTO Ta MiA3EMHOTO CTOKiB, 3MiH YMOB
Mirparii BoJOru Ta 30HH aeparlii. B Takumx ymoBax
IPyHTOBa TOBIIA MOXKE OyTH IIiIBep:KE€HA BILIHBY
BOJM TEXHOT€HHOTO a00 MPHUPOAHOTO MOXOKECHHS,
0 Tpu3Be/Ae 10 BUHMKHEHHs MPOCIIHUX SIBHI B
IPYHTOBOMY MAaCHBI.

TakuM 4MHOM, MOUTYKOBUI MPOHO3 MPU BUKO-
HaHHI iIHKEHEPHO-TEOJIOT YHUX BHINYKYBaHb Ha JI0-
CIIKYBaHIH TEpUTOPIi CBIMTYUTH MPO HACTYIHI MO-
MBI 3MIHM ICHYIOUHX 1HXEHEPHO-TEOJIOTIYHHX
YMOB:

- TIPU aBapiHMX BUTOKaX BOMM i3 IHKEHEPHHUX
KOMYHiKarliit moxmBe 3amoayBaHHs IT'E 4 Ta 6 sixe
MpU3Bee 0 BUMHUBaHHs Ta PO3YMHEHHS KapOoHAT-
HOi CKJaJoBOi TIPYHTIB, IO MOXE BHKJIMKATH iX
MPOCIJITaHHA 1 TIOB’A3aHOTO 3 UM HEPIBHOMIpPHOTO
ociaHHs GyHAaMEHTIB OymiBIi.

BucnoBku. OTxe, SK TOKa3ye NpakTHKa, He-
KBauTi(hikoBaHe BTpyYaHHS B OCHOBY Ta KOHCTPYKIIii
OymiBimi ©e3 po3poOKH BIAMOBITHOI MPOEKTHOI Ta
BUKOHABUOi JOKYMEHTallii, KOTpe Maike 3aBKAH
Mae Miclie TIpu OOCTEXKEHHI iCTOpUYHUX OyaiBelb,
YCKIIAMHIOE, K iX JOCTI/DKEHHS TaK 1 MOAAINBINY
peabimiTaliito Ta TPUCTOCYBaHHS JIO Cy4YacHHUX
HOPM.

30KkpeMa IpoBeIeHe JOCITIIKEHHS AaHoi Oy-
IiBJ1 03BOJISIE CTBEPAXKYBATU HACTYITHE:

— OCHOBOI YCiX CTPiYKOBUX (YHJaMEHTIB
oynimi € II'E 4 — cymmuHOK %0OBTO-Oypuii TBepm0i
KOHCHUCTEHIIil, B BOJOHACHYCHOMY CTaHi M’SKOILIa-
CTUYHUU, IPOCATHU;

— MiABaJbHI TPHUMILICHHS OYyJlO BIAIITOBAHO
MICHS CIOPYMKEHHSI OYIIBIII TUISXOM TIiABEICHHS
mig GyHIaMeHTH OymiBii HENISTHUX MiAMpHUX CTiH
TOBIIMHOIO 250 MM Ha PO34YHHI HU3BKOT MapKH KOTPi

Hapasi CIpUUMaroTh HaBAaHTAXKEHHS OOKOBOTO THCKY
rpyaty IT'E 5;

— CTIHM TWiJBAJIBHUX TPUMINICHh MAalOTh
cBoeto ocHoBoto II'E 6 — cyrmuHOK K0BTO-Oypwuii,
naneBo-Oypuii, HamiBTBEpI0i KOHCHUCTEHIIi, B
BOJIOHACHYCHOMY CTaHI M’SKOTUIACTHYHUH, MPOCif-
HUH TOTYXXHICTIO 2,8 M KOTpHid Y pa3i 3aMOYyBaHHS
MOJKE JIaTH MPOCaIKy y po3Mmipi 10 4 cM.

Jlst 3a0e3rredeHHsT TOMAbINOi HOPMAbHOI Ta
Oesneynoi ekcrutyaraiii o0cTexxyBaHoi OyaiBii HE0O-
X1JTHO:

- BHUKOHATH OpPraHi30BaHE BiABEICHHSA aTMO-
chepHUX omajiB, 3amobiraTd BUTOKaM 3 iHXKEHEp-
HUX MEPEK.

- HeoOXiTHO HerailHO BXUTH 3aXOAIB 3
BiTHOBIIEHHS KJAQJKH CTiH MiJBAIy Ha BKa3aHUX
MUISHKaxX, Ta 3a0€3MeUnTH KOMIIEHCAIiI0 OiYHOro
TUCKY TPYHTY BIAINTYBaHHSM THUMYAacOBUX PO3IO-
pok. B pasi BiicyTHOCTI HEOOXiTHOCTI eKCIITyaTarlii
MiABaJbHOTO MNPUMIIIEHHA TMicis PEeKOHCTPYKIIl
OyaiBm HOro pPEKOMEHIYEThCS 3aCHIIATH IIiJ| Yac
3aMiHM HETNPUAATHOTO JUII HOPMATBHOI EKCILTY-
aTalfii HaAMiIBaJbHOIO MEPEKpUTTI. Marepiaiom
3aCUNKH Mae OyTH MilaHO-IeOeHeBa CyMilll YIIiJIb-
HeHa nmomapoBo 10 Keom = 0,95 (mOTyXKHICTh 1mIapiB
< 30cm).

— HasBHI y miIBajl KaHaTi3aliiHI Ta iHII
KOMYHIKAIlii PEKOMEHAYETbCS TIEPEHECTH IS
3pydyHOro iX OOCIyroByBaHHA 4YH peBi3ii, M0
nepeadaunTy npu po3podbii po3ainy BK mpoekty
PEKOHCTPYKIIii.

— JIOBaHTAXKYBaTH HECy4y CTiHYy 1O oci 3 B
ocasx b-B’ B TpoekTi pekoHCTpyKmii — He
PEKOMEHIIyEThCSI 4Yepe3 HEMOXJIHMBICTh TOYHOTO
pPO3paxyHKy  3aJMIIKOBOT  HECy4oi  3JaTHOCTI
IPYHTOBOI OCHOBH TiClIi BXe BimOyBmorocs ii
BUTNIMHAHHS 1 MOXKJIMBOCTI BUHHKHEHHS JIOJaTKOBHX
ocianb (yHIAMEHTy. JlOBaHTaXyBaTH HeECy4y
cTiny mo oci 2 wmikx ocimu b-B Takox He
PEKOMEHJIYEThCSL uYepe3 HAasABHICTh B HIA BEIIMKOI
KUIBKOCTI KaHAJIIB Ta JUMOXO/IB.
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Bonbmroit 06peM HCTOPHIECKHX 00BEKTOB, KOTOPBIE TPEOYIOT KaMTAIIBHOTO PEMOHTA, PEKOHCTPYKIIUH H TIPHCIIO-
COOJNIEHUsI K COBPEMEHHOMY HCIIOJIb30BaHHIO AUKTYET HEOOXOIUMOCTh Iepexoaa Ha Oomnee OBICTPBIE U HA/IEXKHBIC TEX-
HOJIOTMH BOCCTAHOBJICHHS ITaMSTHUKOB apXMTEKTYpHl. B CBS3M ¢ 9TMM BO3HMKaeT HEOOXOIUMOCTb KOMIUICKCHOTO MOJ-
X0Jla B X076 NPOBEAEHHS BOCCTAHOBHUTENILHBIX PaboT. [Ipy peKOHCTPYKIMH 3[aHUs MIEPBOCTEIIEHHOE 3HAYEHHE MMEET
MIPOYHOCTB U YCTOHYUBOCTH JIIEMEHTOB COOPY)KEHHMSI, YTO 3aBUCHUT OT NPABMJILHOTO BEIOOpPAa KOHCTPYKLIMOHHOM CXEMBI,
yueTa IpH MPOSKTUPOBAHUH BCEX BOSMOXHBIX HArpy3o0K, a TaKk)Ke Ka4eCTBEHHOT'O BBHINOJIHEHHS CTPOUTEIBHBIX paboT. B
CTaTbe MOKa3bIBAETCS CIIOXKHOCTD MOMYUYEHHUS JOCTOBEPHBIX JAHHBIX I'€0JIOTHUECKUX YCIOBUM MPU PEKOHCTPYKIUH He-
HKHUJIOTO 3[aHUSI MCTOPHUECKON 3acCTpOMKM B ropoje XapbKOBE, OCHOBAaHHBIX Ha paHHEE MPOBEACHHBIX HH)KEHEPHO-
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re0JIOrMYeCKUX M3BICKaHUsAX. B Xoze mpoBeneHust padboT ObUIO BBISBICHO OTCYTCTBHE MPOEKTHOM M HCIIOIHHUTEIHHOM
JOKYMEHTAllUM Ha 37aHKe, a TAaK)Ke HEKBAIM(QHUIMPOBAHHOE BMEIIATEIbCTBA B €€ KOHCTPYKTUB. IloaTOMy omHUM 13
KJIFOYEBBIX BOIPOCOB CTAJIO OINpejaeieHne (haKTUUeCKOH KOHCTPYKIMM (YHIAMEHTa, a TakKe THUIA U COCTOSHUS ee
I'PYHTOBOTO OCHOBaHMA. B pe3ynbraTe KOMIIEKCHOTO aHaJIM3a KOHCTPYKTHBHOM CXEMBI ITOJ3€MHOW YacTH 31aHHs ycTa-
HOBJICHO, YTO IOABAJILHOE MOMEIIeHNE ObIJI0 00yCTPOSHO TOCHIE BO3BEACHUS 31aHus. J{Jis onpeaeneHuss KOHCTPYKLH,
TyOHWHBI B COCTOSTHUA (PyHIaMEHTa OBUIH 3aJI0KEHBI IIypQBI ¢ TOPIEBOI U 00paTHOI cTeHHl (acama 3maHus. Tak xe B
paMKax JaHHOTO OOCIIeNOBAaHMS Ul KOMIUIEKCHOTO aHaJIn3a CHTYallud BO BHYTPEHHEM KOHTYpE 3IaHHs ObUIH 0TOOpa-
HBI 00pa3lpl IPyHTa B IOABAJILHON YacTH 3aHMS JUIs OIpeeIeHus pU3NKO-MEXaHHIECKHX XapakTepuctik. Ha ocHoBe
MIOJIyYEeHHBIX JaHHBIX OBLIM BBIZAaHBI PEKOMEHAALMY JUI AajbHEeHIIeld PeKOHCTPYKIHMH HEXWIOTO 3IaHUs HCTOpHYe-
CKOM 3acTpoiiku ropozpa. TakuM o0pa3oM IOKa3aHO, YTO HEKBAJIH(HLIMPOBAHHOE BMEIIATEIECTBO B OCHOBY U KOH-
CTPYKLIMH 31aHus Oe3 pa3padOTKU COOTBETCTBYIOIICH MPOSKTHOM W MCIIOJHUTENBHOH JOKYMEHTAlUH, KOTOPOE IIOYTH
BCErZa UMEET MECTO MpU 00CIEAOBAHUHM UCTOPHUYECKHX 3AaHUH, YCIOXKHSIET, KaK UX HCCIEJOBaHMUS, TaK U MOCIENyI0-
LIYI0 pea0MIMTAIMIO U PUCTIOCOOIEHE K COBPEMEHHBIM HOPMaM.

Kniouegvie cnosa: unsicenepro-eeonozuieckue usblCKanus, epyHmel, epyHMosas 0CHO8A, yHOamMenmyl, UCHOPU-
yeckas 3acmpouiKa, peKOHCMPYKYUsl, KOHCIMPYKIMUGHAS CXeMA.
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ABSTRACT

Formulation of the problem. The large volume of historic buildings that require major repairs, reconstruction and
adaptation to modern use dictates the need to move to faster and more reliable technologies of architectural monuments
restoration. In this regard, there is a need for a complex approach during the restoration work.

The purpose of the article is to investigate the difficulty of obtaining the correct conclusions about the geological
conditions of the building placement as a result of previously unqualified repair works on the example of engineering-
geological surveys during the reconstruction of a historic building.

Materials and methods. To achieve the goal, the analysis of engineering-geological conditions of the soil base of
the building, visual inspection of the building, soil sampling from the pits in the basement of the survey object, as well
as determining the physical-mechanical characteristics of the soil have been done. An analytical comparison of these
data was performed to understand the constructive solution of the building foundations and engineering-geological con-
ditions of their support.

Results. During the working process, the lack of design and executive documentation for the building, as well as
unqualified interference in its structure, was revealed. Therefore, one of the key issues was to determine the actual
structure of the foundation, as well as the type and condition of its soil base. As a result of a complex analysis of the
structural scheme of the underground part of the building, it was established that the basement was equipped after the
construction of the building. To determine the structure, depth and condition of the foundation, pits were laid from the
frontal and back walls of the building facade, which is adjacent to the site. During the laboratory studies of the soils,
physical-mechanical characteristics were obtained for calculating building structures. Based on the data obtained, rec-
ommendations were issued for the further reconstruction of a non-residential building of the historical development of
the city.

Scientific novelty and practical significance. The necessity to research the actual technical state of building
structures of a historical building is substantiated to assess the possibility of further reliable and safe operation accord-
ing to its direct functional purpose, with the development of technical solutions and recommendations for further recon-
struction of the building according to the needs of the customer, and ensuring its further uninterrupted and safe ope-
ration.

The practical application of the proposed results has been substantiated - the need for a complex approach during
the restoration work for the further reconstruction of a non-residential building of the historical buildings of the city has
been confirmed.

Keywords.: engineering-geological surveys, soils, soil base, foundations, historical building, reconstruction, struc-
tural scheme.
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ABSTRACT

Introduction. Water-dissolved gases in exploratory oil and gas hydrogeology are the fundamental criteria of oil and gas poten-
tial. Their quantitative and qualitative characteristics allow to study the conditions of formation and preservation of the hydrocarbon
deposits and to identify the perspective searching areas.

The purpose of article was to determine the vertical and lateral gas-hydrogeochemical zonation of the Bilche-Volytsia oil and
gas zone, to assess the role of water-dissolved gases in the formation of gas fields with the prospect of predicting new hydrocarbon
deposits.

The research methods base on the calculation and interpretation of the following parameters: gas saturation of water, satura-
tion pressure, gas saturation coefficient. Graphs of dependences based on experimental studies from published scientific publications
were used to determine the solubility of methane.

The results of research. Nitrogen-methane composition of water-dissolved gases of the Upper Jurassic and Upper Cretaceous
aquifers in combination with specific geochemical characteristics of groundwater of the north-western and central parts of the Bilche-
Volytsia OGBA indicate the open hydrodynamic conditions, which, in general, are unfavourable for the formation and preservation of
hydrocarbon deposits. In deep-submerged reservoirs of the south-eastern part of this area, water-dissolved gases of the Upper Jurassic
and Upper Cretaceous aquifers are characterized by high contents of methane homologues.

In the Upper Badenian aquifer the lateral distribution of water-dissolved methane is presented in the growth of its portions from
the West and East European platforms in the direction of the sub-submerge of the Carpathians, which is due to an increase in the
degree of hydrogeological closure of structures. Increased methane contents also spatially tend to transverse tectonic faults, which
determines their role in the vertical migration of water-hydrocarbon mixtures.

Water-dissolved gases of the highly productive Lower Sarmatian aquifer are mainly methane, occasionally nitrogen-methane.
The gas saturation of the waters directly correlates with the proximity to gas deposits. Laterally, the portion of water-dissolved me-
thane is directly correlated with TDS of water, the high values of which accordingly reflect the structures of a high degree of hydro-
geological stagnation.

Conclusions. The portions of water-dissolved methane increase from the West and East European platforms in the direction of
the sub-submerge of the Carpathians, which is effect of higher degree of hydrogeological closure of structures. It has been established
that water-dissolved methane, nitrogen and carbon dioxide have different sources of origin and different spatiotemporal mechanisms
of water saturation. The hydrodynamically closed structures (favourable for the formation and preservation of hydrocarbon deposits)
characterized by high relative and absolute contents of dissolved methane. Increased methane contents also spatially tend to trans-
verse tectonic faults, which determines their role in the vertical transportation of water-hydrocarbon mixtures. Deep hydrodynamical-
ly closed aquifers of the Bilche-Volytsia OGBA often are marked by high nitrogen contents of non-air origin. Its source can be rock
organic matter, bound rock nitrogen released during metamorphism, nitrogen of deep genesis.

Keywords: Bilche-Volytsia oil-gas-bearing area, water-dissolved gases, gas saturation of water.

In cites: Harasymchuk V. Yu., Medvid H. B., Solovey T. V. (2021). Gas-hydrogeochemical conditions of the Bilche-Volytsia oil-gas-bearing
area (Carpathian foredeep, Ukraine). Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 37-51.
https://doi.org/10.26565/2410-7360-2021-55-03

Introduction. Water-dissolved gases in explor-
atory oil and gas hydrogeology are the fundamental
criteria of oil and gas potential. Their quantitative
and qualitative characteristics allow to study the
conditions of formation and preservation of the hy-
drocarbon deposits and to identify the perspective
searching areas. The amount and composition of

water-dissolved gases depend mainly on the pres-
ence of hydrocarbon deposits, organic matter in
rocks, tectonic, lithological and hydrogeological
conditions of the region [1, 2, 3]. The area of gas
scattering of hydrocarbon deposits, which can be
located in both adjacent and upper aquifers, plays
the main role. The gas scattered aureole occurs due

© Harasymchuk V. Yu., Medvid H. B., Solovey T. V., 2021
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to the destruction of hydro-carbon deposits and dif-
fusion-filtration movement of components from de-
posits into formation waters [4]. According to
Kartsev A. [5], the most favourable for the satura-
tion of groundwater with hydrocarbon gases are the
reducing conditions on the exfiltration stages of the
hydrogeological history of the artesian basin.

Studies of natural dissolved gases and their im-
pact on the formation of gas fields performed in the
Republic of China found that Weiyuan gas field in
the Sichuan River basin was formed by degassing
and accumulation of dissolved gases due to the de-
crease of formation pressures and temperatures in
aquifers during the rise of tectonic structures of the
Himalayas [6]. The following conclusions were ex-
pressed on the results of studying of geochemical
and isotopic features of formation waters, and also
isotopic characteristics of carbon of free and water-
dissolved gases.

Also, the results of carbon isotopes studies of
free and water-dissolved gases of the Central,
South-Western and Southern gas-bearing areas of
Sichuan confirmed the mechanism of formation of
deposits due to degassing of hydrocarbons from
formation waters [7].

The mechanism of gas fields formation in
Western Siberia (Russia) is seen in the release of
dissolved gas from the Cretaceous aquifer complex
due to lower formation pressures and temperatures
during its geodynamic rise in the Quaternary period
[8]. Such conclusions were made by researchers in
the analysis of petrophysical, hydrodynamic, hydro-
chemical characteristics of aquifers and isotopic
studies of hydrocarbon components of free and wa-
ter- dissolved gases.

In Ukraine, based on the study of hydrogeo-
chemical characteristics, qualitative and quantitative
characteristics of dissolved gases, the criteria of gas
potential of the Black Sea artesian basin were clari-
fied [9, 10].

For the Carpathian Oil and Gas-Bearing Prov-
ince, it was found that the high gas saturation of wa-
ters and high Pg/Pf (gas pressure/formation pres-
sure) ratio indicate the prospects of Sarmatian sedi-
ments of the Outer Zone of the Carpathian Foredeep
in terms of gas potential. The sediments of the Up-
per Badenian of the central part of the Outer Zone
are characterized by unfavourable conditions for the
preservation of hydrocarbon deposits, due to the
significant content of water-dissolved nitrogen.
Based on the qualitative and quantitative character-
istics of the water-dissolved gases, reservoir thick-
nesses and their porosity parameters, the resources
of water-dissolved gases of the Outer Zone were
quantified. For the Neogene complex, they are 100,
for the Cretaceous - 6, for the Jurassic - 28 billion
m? [11].

According to isotope studies of methane carbon
and carbon dioxide carbon [12], the methane gene-
ra-tion temperatures of the Outer Zone of the Carpa-
thian Foredeep are 40-135 °C. This allowed the re-
searchers to predict the generation of methane at
depths of 2.3-4.3 km. For the Inner Zone of the Car-
pathian Foredeep, the calculated generation temper-
atures are 170-355 °C, which corresponds to depths
of 8-17 km.

The values of 8'*C in methane of free gases of
the Carpathian region vary in the range of -70 - -18
%o [13]. The distribution is displayed in the growth
of 8°C with depth increasing, and laterally — from
the Outer Zone through the Inner Zone and Folded
Carpathians to Transcarpathia. According to this
researcher, methane and carbon dioxide gases have
thermocatagenetic and thermometamorphic origins,
and their sites do not correspond to the sites of for-
mation.

Pavliukh [14] sees the formation of Bilche-
Volytsia OGBA gas deposits in “the presence of
supplying deep faults, the characteristic of their con-
tact with permeable layers through which gas mi-
grated into the raised structures; the presence of the
formations with good reservoir properties, covered
by aquitards, and the presence of the traps with fa-
vorable conditions for the accumulation of hydro-
carbons and their long-term storage”.

Maievskii and Kurovets [15] consider the
mechanism of formation of hydrocarbon deposits
both in the Carpathian Foredeep and other oil and
gas regions, as pulsation-sequential subvertical (ver-
tical) migration of fluid hydrocarbon systems of
deep genesis by zones of intersection of tectonic
faults.

Despite a certain number of researches on wa-
ter-dissolved gases of Bilche-Volytsia OGBA, the
role of these gases in the mechanism of formation of
hydrocarbon deposits and their oil-gas-bearing crite-
ria are still not fully clarified.

The study aim was to determine the vertical
and lateral gas-hydrogeochemical zonation of the
Bilche-Volytsia oil and gas zone, to assess the role
of water-dissolved gases in the formation of gas
fields with the prospect of predicting new hydrocar-
bon deposits.

Geological structure and oil-gas-bearing-
ness. Bilche-Volytsia OGBA is confined to the Out-
er Zone of the Carpathian Foredeep (Fig. 1). The
Outer Zone from the north-east is separated from the
old East European platform and the young West Eu-
ropean platform by a system of regional tectonic
faults. From the south-west, the formations of the
Inner Zone of the Carpathian Foredeep cover the
Outer Zone. The north-western part of the Outer
Zone is formed by Badenian and Sarmatian sandy-
clay deposits up to 4000-4500 m thick. Most of the
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gas fields of Bilche-Volytsia OGBA are connected
with this part of these formations.

Neogene, Cretaceous and Jurassic rock com-
plexes are regionally oil-gas-bearing here. The gas

deposits are associated with Miocene sandstone
reservoirs, oil deposits — with Upper Cretaceous
sandstone reservoirs and Upper Jurassic limestones.
The porosity of sandstones is 18-23 %. The depth of

Fig. 1. Scheme of oil-gas-geological zoning of western Ukraine [16]

gas deposits varies from 500 to 1500 m, their thick-
ness - from several tens of meters up to 200 m. The
absolute free gas flow rate currently reaches 7 mil-
lion m*/day [17]. In the Bilche-Volytsia OGBA 72
hydrocarbon fields were explored, most of which
are gas fields and only 7 - gas condensate, oil and
oil-gas fields.

Data and research methods. Data on hydro-
geochemical, geothermal, hydrodynamic parameters
of the aquifers, qualitative and quantitative charac-
teristics of water-dissolved and free gases of Bilche-
Volytsia OGBA were obtained from the data funds
of SE "Lvivgazvydobuvannia" and SE "Zakhidukr-
geolo-giia", which were determined during testing
of the boreholes (sampling of formation waters,
measurements of formation pressures and tempera-
tures, degassing of samplers). The total number of
analyzed samples of water-dissolved gases used in
this work is 255.

In this work, the following groundwater param-

eters are calculated and used:

Gas saturation of water — the volume of gas,
dissolved in a unit of water volume under normal
conditions (P = 760 mm Hg, T = 20°C). Gas satura-
tion is the sum of all water-dissolved gases. The sol-
ubility of gases in water depends on the composition
of the gas, the pressure of gas and water, tempera-
ture and TDS (total dissolved solids) in water. At
pressures up to 5 MPa, the solubility of gases is cal-
culating according to Henry's law. In oil and gas
hydrogeology, this method is not used due to much
higher pressures.

Saturation pressure — the pressure at which all
the gas is in a dissolved state. If the formation water
pressure is greater than the saturation pressure, the
water is able to dissolve an additional amount of
gas. If the water pressure is less than the saturation
pressure, then part of the gas is released into the free
phase and under favourable conditions can form
deposits.
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Gas saturation coefficient — is equal to the vol-
ume of water-dissolved gas divided by its solubility
value under appropriate conditions (temperature,
pressure, TDS in water) [18].

To determine the solubility of methane (the
maximum possible content under certain PT condi-
tions) were used graphs of its solubility, based on
expe-rimental studies [19]. First, the solubility of
methane in distilled water (Su) was determined at
the appropriate formation pressure and temperature,
then the correction coefficient (a) for TDS in water
was determined. The general formula is as follows:

S = Sawat, 1

This method makes it possible to determine the
solubility of methane basing on the same pressure of
water and gas. The results of the calculations per-
formed according to this method generally coincide
with the methane solubility data calculated [20]
based on the equation of state and Pitzer's theory
[21].

The diagrams and tables [1] calculated on the
basis of experimental data [22, 23] were also used to
estimate the solubility of methane in formation wa-
ters at different methane pressures, TDS and water
temperatures. To present the chemical composition
of natural gases, which are the mixtures of several
components, the classification by their prevalent
components [13] was used.

Results and discussion. Water-dissolved gases
of the Upper Jurassic aquifer (J3) were disclosed
by the boreholes in the north-western, central and
south-eastern parts of the Bilche-Volytsia OGBA
and taken in the number of 20 samples.

In the north-western and central parts, water-
dissolved gases were found in the depth interval of
1131-3307 m (the Kokhanivka, Nyklovychi, Rudky,
Hrushiv, Medenychi, Letnia, and Bohorodchany
fields). They had mostly nitrogen-methane composi-
tion. The parts of methane were 76-95 % vol. (% of
volume), nitrogen — 1-11 % vol., homologues of
methane — 0-3 % vol., carbon dioxide — 0.1-3 % vol.
There is a regularity of reducing the portions of me-
thane by increasing the amount of nitrogen at a dis-
tance from gas deposits and deconsolidated areas of
tectonic faults.

In the well intervals far from gas deposits
(boreholes Nyklovychi-27, Letnia-41), water-
dissolved gases with methane content of 20 and 24
% vol. accordingly, nitrogen — 41 and 51 % vol.,
carbon dioxide — 37 and 24% vol., homologues — up
to 3.16% vol. were discovered.

In the south-eastern part of the Bilche-Volytsia
OGBA, water-dissolved gases were sampled in the
depth interval of 1595-5421 m at the Krasnoilsk gas
field and Lopushna oil field. In the deep reservoirs
of the Lopushnya field, the contents of methane are

65-94 % vol., nitrogen — 1-33 % vol., carbon diox-
ide — 0.3-3.6 % vol., homologues — 0.4-27 % vol. In
the borehole Krasnoilsk-1 (the interval of 1570-
1620 m, 400 m deeper than the existing gas deposit)
water-dissolved gases with a methane content of 52
% vol., nitrogen — 46% vol., carbon dioxide - 1%
vol., homologues — 1% vol. were found.

The gas saturation of the waters of the Upper
Jurassic aquifer in the borehole Lopushna-8 within
the productive horizon was 0.31 m*/m?. In the Kras-
noilsk gas field, the gas saturation of the unproduc-
tive Upper Jurassic horizon was 0.29 m*/m>.

Water-dissolved gases of the Upper Cretaceous
aquifer (K;) were discovered by boreholes in the
north-western and south-eastern parts of the Bilche-
Volytsia OGBA and tested in the amount of 8§
samples.

In the north-western part, water-dissolved gases
were disclosed in the depth interval of 1129-2500 m
by boreholes of Opary and Uhersko gas fields. They
had nitrogen-methane composition. The content of
methane was 90-93 % vol., nitrogen — 3.8-9.5%
vol., carbon dioxide — 0-2.4% vol., homologues — 0-
0.1% vol.

In the south-eastern part, water-dissolved gases
were discovered by the boreholes of Kovalivka,
Serhii, Lopushna, and Petrivetska areas at depths of
2290-5430 m. The gases had homologues-nitrogen-
methane composition. In Kovalivka field (the inter-
val of borehole perforation 2290-2300 m, which is
deeper than 400 m from the gas deposit), the content
of methane was 70 % vol., nitrogen — 27 % vol.,
carbon dioxide — 1.6 % vol., homologues were ab-
sent. In fact, such composition of water-dissolved
gas, probably, can be considered as a background
for such depths of the Upper Cretaceous aquifer.

In the deep structures of the Carpathian Fore-
deep in the boreholes that did not disclose hydrocar-
bon deposits (Sergii, Petrivetska areas, depths 5047-
5410 m), the contents of water-dissolved methane
were 80-81 % vol., nitrogen — 14-18 % vol., carbon
dioxide — 0.4-2% vol., homologues — 0.9-2 % vol.

In the boreholes of Lopushna oil field (oil de-
posits with a gas cap, depth of perforation 4254-
5430 m) the contents of methane (depending on the
proximity to the deposit) were 80-94% vol., nitro-
gen — 1-4 % vol., carbon dioxide — 0.2-0.6% vol.,
homologues — 0.3-18 % vol.

Data on gas saturation of the Upper Cretaceous
aquifer are absent.

The Lower Badenian aquifer (N1by) is sporad-
ically distributed in north-western and south-eastern
parts) of the Bilche-Volytsia OGBA. It was studied
for the content of water-dissolved gases in the north-
western parts by boreholes of the areas of Novo-
silky, Rudky, and Pivdennograbynska. The methane
content was 86-98 % vol., nitrogen — 2-9.8% vol.,
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carbon dioxide — 0.2-4.3% vol., methane homo-
logues — 0-4.2 % vol. There is a clear pattern of me-
thane increasing in the approach to gas deposits.
Data on gas saturation of this aquifer are absent.

The Upper Badenian aquifer (Nib3) is wide-
spread in the central and south-eastern parts of the
Bilche-Volytsia OGBA. In the central part, the aqui-
fer for the content of water-dissolved gases was
tested in the interval of depths of 677-1823 m in the
areas of Gai, Kadobno, Hrynivka in the amount of
11 samples. The gases had mainly methane compo-
sition: methane — 89-99% vol., nitrogen — 0.6-10 %
vol., carbon dioxide — 0.16-0.93 % vol., homologues
—0.11-5.29 % vol.

In the south-eastern part, water-dissolved gases
were taken in the amount of 50 samples in the areas
of Pylypiv, Debeslavtsi, Kovalivka, Krasnoilsk in
the depth interval of 189-2040 m. The gases had
also methane, occasionally nitrogen-methane com-
position. The relative content of methane was 62-99
% vol., nitrogen — 0.4-34 % vol., carbon dioxide —
0.03-2.2 % vol., homologues of methane — 0.06-
0.69 % vol. It is also confirmed a clear regularity of
methane content increasing in the approach to a gas
deposit, as well as an increase in the relative con-
tents of methane homologues with depth.

The lateral distribution of water-dissolved me-
thane in the Upper Badenian aquifer is reflected in
the increasing of its relative portion from the East
European platform in the direction of the Carpathian
deep structures (Fig. 2) with the deepening of the
aquifers and increasing of hydrogeological isolation
es. The increase of methane portion is due to the
decrease of nitrogen and carbon dioxide portions.
The high methane contents are also spatially corre-
lated with transverse tectonic faults, which may de-
tect them as ways of vertical migration of water-
hydrocarbon mixtures.

The gas saturation of the waters varies in the
range of 0.2-1.3 m*m?, in some cases reaching 6
m?/m? (Krasnoilsk gas field).

The Lower Sarmatian aquifer (N;s;) is distrib-
uted in the north-western and central parts of the
Bilche-Volytsia OGBA.

This aquifer was tested for the content of water-
dissolved gases in the areas of Dashava, Uhersko,
Grudiv, Letnia Medenychi, Grushiv, Dovhiv, Tyniv,
Susoliv, Mainychi, Gorodok, Novosilky, Zaluzhany,
Pyniany, Sadkovychi, Khidnovychi, Vyshnia,
Vyzhomlia, Kokhanivka, Svydnytsia, Bohorodchany
in the amount of 141 samples in the interval of
depths 310-2445 m.

The gases had mainly methane, occasionally ni-
trogen-methane composition. The portion content of
methane was 69-99 % vol., nitrogen — 0.2-28 %
vol., carbon dioxide — 0.1-4 % vol., homologues —
0.03-60 % vol. The gas saturation of waters of the

Vyzhomlia field was 0.20-0.34 m3/m3, the gas satu-
ration was increasing from 0.5 to 2 m*/m’ in the
Khidnovychi field with depth and approaching to
the deposit.

In the lateral plan of the north-western part of
Bilche-Volytsia OGBA, the content of water-
dissolved methane spatially clearly correlates with
TDS in water (Fig. 3, Fig. 4), the high values of
which shows the structures of high hydrogeological
isolation. More open hydrogeological structures are
characterized by smaller amounts of methane due to
increased nitrogen content (Fig. 5).

The statistical analysis of the gas-hydrogeo-
chemical system of the set of aquifers of Bilche-
Volytsia OGBA (Table 1) did not reveal the correla-
tions of methane, nitrogen and carbon dioxide either
with the depth of the aquifer or with the geochemi-
cal characteristics of formation waters. High inverse
correlations exist between methane and nitrogen and
carbon dioxide. This situation indicates different
nature of gases and different ways of gas saturation.
Obviously, the spatial-temporal mechanisms of pen-
etration of these gases into water also are different.

The contents of methane homologues are di-
rectly correlated with the depth of the aquifer, TDS
in water, the contents of Na*, Ca®*, CI', Br" ions. The
highest amounts of water-dissolved methane homo-
logues are typical for the Jurassic and Cretaceous
aquifers of the submerged south-eastern part of the
Outer zone of Carpathian Foredeep. In fact, these
aquifers are characterized by high values of TDS in
water (up to 300 g/dm®) due to high concentrations
of Na*, Ca?*, CI', SO4> and other ions [25].

These aquifers lie here at depths of 4000-5500
m. The contents of methane homologues in the for-
mation waters which contact with oil or gas deposits
(Lopushna oil field) are 6-27% vol. and directly cor-
relate with proximity to the deposit. With the dis-
tance from the deposit, and in boreholes that have
not opened hydrocarbon deposits, the proportion of
methane does not exceed 80 % vol., homologues —
2% vol. However, the nitrogen content here reaches
30 % vol., carbon dioxide — 2 % vol. [26].

According to research [27], the correlation of
water-dissolved methane homologues contents with
depth in comparison both between individual fields
of Bilche-Volytsia OGBA and between deposits
within one field is a consequence of vertical gas
mixtures migration and their gravitational differenti-
ation on the ways of traps filling.

Statistical pairwise relationships between the
components of water-dissolved gas and the depth of
the aquifer in the Bilche-Volytsia OGBA also con-
firm the correlation of depth only with the contents
of methane homologues. The linear dependence of
the contents of methane homologues with the values
of formation pressures and temperatures, which are
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Table 1
Correlation matrix of parameters of the gas-hydrogeochemical system

of the set of aquifers of Bilche-Volytsia OGBA (R threshold value = 0.22, N =177)
D* | CHs | N2 | CO: | H** | TDS | Na+K Mg | NHs | CI | SO4 | HCOs | Br | J rrl\g
D* | 1,00 | -0,13 | 0,03 | 0,0 | 0,58 | 0,71 | 0,71 | 0,73 | 0,27 | 032 | 0,71 | 0,04 | 0,17 | 033 | 0,04 | -0,01
CHs | -0,13 | 1,00 | 0,95 | -0,72 | -0,11 | -0,16 | -0,15 | -0,16 | 0,15 | -0,08 | -0,16 | -0,06 | 0,11 | -0,15 | -0,02 | 0,12
N2 | 003 |-095| 1,00 | 0,53 | -0,02 | 0,10 | 0,09 | 0,12 | 0,14 | 0,05 | 0,11 | 0,06 | -0,13 | 0,08 | 0,04 | -0,12
CO: | 0,10 | -0,72 | 0,53 | 1,00 | 0,08 | 0,04 | 004 | 0,00 | 0,09 | 0,12 | 0,04 | 0,08 | -0,05 | 0,03 | -0,04 | -0,06
H** | 058 | -0,11 | -0,02 | 0,08 | 1,00 | 0,56 | 0,57 | 0,55 | 0,12 | 0,14 | 0,56 | -0,01 | -0,03 | 0,26 | -0,04 | -0,11
TDS | 0,71 | -0,16 | 0,10 | 0,04 | 0,56 | 1,00 | 099 | 092 | 0,63 | 051 | 1,00 | 0,16 | -0,25 | 0,63 | 0,22 | -0,47
Na+K | 0,71 | 0,15 | 0,09 | 0,04 | 057 | 099 | 1,00 | 088 | 0,58 | 048 | 0,99 | 0,12 | 025 | 0,65 | 0,26 | -0,46
Ca | 073 | 0,16 | 0,12 | 0,00 | 0,55 | 092 | 088 | 1,00 | 0,55 | 049 | 0,93 | 003 | -0,22 | 044 | 0,06 | -0,45
Mg | 027 | 0,15 | 0,14 | 0,09 | 0,12 | 0,63 | 058 | 055 | 1,00 | 0,56 | 0,62 | 0,70 | -0,27 | 049 | 0,14 | -0,48
NH; | 032 | 008 | 005 | 0,12 | 0,14 | 0,51 | 048 | 049 | 0,56 | 1,00 | 0,51 | 024 | -0,18 | 030 | -0,05 | -0,43
Cl | 071 | 0,16 | 0,11 | 0,04 | 056 | 1,00 | 099 | 093 | 0,62 | 051 | 1,00 | 0,13 | -0,27 | 0,63 | 0,22 | -0,49
SO4 | 0,04 | -0,06 | 0,06 | 0,08 | -0,01 | 0,6 | 012 | 0,03 | 0,70 | 024 | 0,13 | 1,00 | -0,08 | 0,13 | -0,01 | -0,05
HCO;3 | 0,17 | 0,11 | -0,13 | -0,05 | -0,03 | -0,25 | -0,25 | -0,22 | -0,27 | -0,18 | -0,27 | 0,08 | 1,00 | -0,23 | -0,14 | 0,65
Br | 033 | -0,15| 0,08 | 003 | 0,26 | 0,63 | 065 | 0,44 | 049 | 030 | 0,63 | 0,13 | -0,23 | 1,00 | 0,58 | -0,39
J 0,04 | -0,02 | 0,04 | 0,04 | -004 | 022 | 026 | 006 | 0,14 | -0,05 | 022 | -001 | -0,14 | 0,58 | 1,00 | -0,09
ri\(l:al/ 20,01 | 0,12 | -0,12 | -0,06 | -0,11 | 0,47 | -0,46 | 0,45 | -0,48 | -0,43 | -0,49 | -0,05 | 0,65 | -0,39 | -0,09 | 1,00

*D - depth; **H - methane homologues

generally functions of the depth of the aquifer, has
been recognized. There are no clear dependences of
gas saturation on the depth, pressure and tempera-
ture of aquifers.

The growing of gas saturation of deep ground-
waters in the Bilche-Volytsia OGBA is primarily
due to the increase of the methane content, which is
confirmed by a clear linear relationship between
these parameters. At the same time, clear inverse
linear dependences of water gas saturation with
rNa/rCl values and sulfate contents in waters aredis-
played. It is known that reduced values of rNa/rCl
and sulfates in water indicate a closed hydrodynam-
ic system, which is most favourable for the preser-
vation of hydrocarbon accumulations [5].

The distribution of free gas contents with the
depth of the gas deposits in the Bilche-Volytsia
OGBA reflects the predominance of methane, the
amount of which is 90-99% vol. in the range of
depths of 300-2000 m. In the interval of depths of
4000-5000 m its contents decrease to 65-90% vol.
by increasing the contents of its homologues to 30%
vol. The contents of nitrogen and carbon dioxide do
not change significantly with depth increasing.

The coefficient Ar-100/N,, proposed Savchenko
[28] to determine the portion of "non-air" nitrogen,
in most samples of water-dissolved gases is less
than or close to 2.68 (for fresh water in surface con-
ditions it is 2.68). Moreover, the distribution of this

coefficient values does not correlate with the depth
of gas-saturated aquifers. At the same time, the val-
ues of Ar-100/N, are quite closely inversely corre-
lated with the values of rNa/rCl, the reduced values
of which reflect long-term ion exchange processes
between waters and water-bearing rocks in condi-
tions of stagnant hydrodynamic regime.

Taking into account that the main amount of
argon in gases of air origin, we can talk about the
enrichment of the deep groundwaters of the Bilche-
Volytsia OGBA with nitrogen of non-air origin. The
source of nitrogen in water of the stagnant hydrody-
namic regime areas is considered to be organic mat-
ter of rocks, bound nitrogen of rocks released during
metamorphism, nitrogen of deep genesis [29,30].

Conclusions. 1. Nitrogen-methane composition
of water-dissolved gases of the Upper Jurassic and
Upper Cretaceous aquifers in combination with spe-
cific geochemical characteristics of groundwater of
the north-western and central parts of the Bilche-
Volytsia OGBA indicate the open hydrodynamic
conditions, which, in general, are unfavourable for
the formation and preservation of hydrocarbon de-
posits. Only within certain local closed structures
there is a possibility to preserve the deposits.

2. In deep-submerged reservoirs of the south-
eastern part of this area, water-dissolved gases of the
Upper Jurassic and Upper Cretaceous aquifers are
characterized by high contents of methane homo-
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logues, the portions of which increase with ap-
proaching to oil deposits (Lopushna field). Also,
when approaching the deposits, the gas saturation of
the waters increases.

Unproductive aquifers are characterized by low
gas saturation and high nitrogen content.

3. In the Upper Badenian aquifer, water-
dissolved gases are mainly methane, occasionally
nitrogen-methane. A clear regularity in the growth
of methane contents as it approaches the gas depos-
it, as well as an increase in the relative contents of
methane homologues with depth.

The lateral distribution of water-dissolved me-
thane is presented in the growth of its portions from
the West and East European platforms in the direc-
tion of the sub-submerge of the Carpathians, which
is due to an increase in the degree of hydrogeologi-
cal closure of structures. Increased methane contents
also spatially tend to transverse tectonic faults,
which determines their role in the vertical migration

4. Water-dissolved gases of the highly produc-
tive Lower Sarmatian aquifer are mainly methane,
occasionally nitrogen-methane. The gas saturation
of the waters directly correlates with the proximity
to gas deposits.

Laterally, the portion of water-dissolved metha-
ne is directly correlated with TDS of water, the high
values of which accordingly reflect the structures of
a high degree of hydrogeological stagnation.

5. Statistical analysis of the system of dissolved
gases of the Bilche-Volytsia OGBA revealed high
inverse correlations between methane and nitrogen,
methane and carbon dioxide, which indicates their
different sources of origin and spatio-temporal
mechanisms of water saturation with these gases.

6. Deep hydrodynamically closed aquifers of
the Bilche-Volytsia OGBA often are marked by high
nitrogen contents of non-air origin. Its source can be
rock organic matter, bound rock nitrogen released
during metamorphism, nitrogen of deep genesis.

of water-hydrocarbon mixtures.
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'MIHCTUTYT Te0JIOTUM U FEOXUMHUH FOPIOYHX HOJIE3HbIX HckonaeMbix HAH YikpauHsl,

yn. Hayunas, 3a, . JIeBoB, 79060, Ykpauna;

T'anuna Bozoanoena Meosuov’,

K. TCOJI. H., PYK. JA0OPaTOpUH MPOOJIEM FeOIKOJIOTHH;

Tamobana Bacunveena Conoeeir’,

1. TeoTrp. H., mpodeccop,

’[TonbCKuii re0NOrMIECKAI HHCTUTYT — HallMOHAIBHBIN Hay9HO-HCCIIEN0BATEBLCKHN HHCTHTYT,
yin. PakoBerkas, 4, 00-975 Bapmasa, [Tonpma

Bunsue-Bonmuknii HedrerazonocHsilt parion (HI'P) sBusercs xpymHeimuM mo 3amacaM yriieBomoponos B Kap-
MaTCKOHM He(Tera3oHOCHOM NMPOBUHLMK YKpanHbI. 31€Ch OTKPBITO 72 MECTOPOXKICHHUS Ta3a U ra30BOro KOHJEHcaTa U 3
MecTOpoXkJeHUsI HeTu. PacTBOpeHHbIE B BOZE ra3bl B pa3BeAbIBATEIbHON HE(TEra3oBOW THIPOTEOJIOTHH SIBISIOTCS
OCHOBHBIMHU KpHUTEpUsIMH HedrerazoBoro noreHunuana. Mx kommuecTBeHHbIE M KaueCTBEHHBIE XapaKTEPUCTHKU I103BO-
JISIFOT U3YYHTh YCJIOBHsI 00pa3oBaHMS M COXPAHEHHs MECTOPOXKICHHUH YINICBOIOPOAOB M OIPENEIUTh NEPCIEKTHBHBIE
paiionsl noucka. Llenbio ncciaenoBanus ObUIO YCTAHOBHTH BEPTHKAJIBHYIO U JIaTEPaJbHYIO Ta30-THAPOTCOXHMMHUYECKYIO
30HanbpHOCTh bunpue-Bomnukoro HI'P, oneHnTs poib pacTBOpEHHBIX B BOZAE I'a30B B (DOPMHUPOBAHHH Ta30BBIX MECTO-
POXXICHUH C TIEPCIEKTUBON ITPOTHOZNPOBAHMS HOBBIX 3aJIe’KeH yIIICBOIOPOAOB. MeToIbl McCIeJOBaHNS 0a3upOBaIICh
Ha MHTEpIpEeTalii KOMIIOHEHTHOTO COCTaBa BOJOPACTBOPEHHBIX I'a30B, pacyeTa M MHTEPIPETAlUH Ta3HACHIILEHUS BO-
b, TaBJICHHS HACBHIMCHNMS, KO3 QUImeHTa HACHIIEHN BOABI Ia3oM. [l onpeneneHust pacCTBOPIMOCTH MEeTaHa ObLIH
HCTIONb30BaHbI Tpa(MKy Ha OCHOBE 3KCIEPHMEHTAIBHBIX HCCIECAOBAHUNA M PACUETOB ¢ HAYYHBIX ImyOnmmkamuid. Vcxon-
HBIE JaHHBIE MO THAPOr€OXMMUYECKHUX, T€OTEPMUYECKHX, THAPOINHAMUYECKHUX MTapaMeTPax BOJOHOCHBIX TOPH30HTOB,
KaueCTBEHHBIX U KOIWYECTBEHHBIX XapaKTepUCTHK, PACTBOPEHHBIX B BOJiE U CBOOOIHBIX ra3oB bunpue-Bomuikoro HI'P
OBUTH OmpeesieHbl IIPU UCIIBITAHUK CKBa)KUH. Pe3ynbTaThl MCCIEI0BaHUH MMOKAa3aiH, YTO YaCTUIIBI PACTBOPEHHOTO B
BOJIC METaHa yBEJIMYHMBAIOTCS CO CTOPOHBI 3amaaHo- U BocrouHoeBponelickoii miaTtgopm B HaNpaBiIeHUH OTPYKEHUS
Kapmnar, uTo siBisiercst cieacTBreM 0oJiee BBICOKOH CTENeHH T'HAPOre0I0rnIeCKOi 3aKPBITOCTH CTPYKTYP. YCTaHOBIICHO,
YTO PACTBOPEHHBIN B BOAE METaH, a30T M YIJIEKUCIBIHM ra3 UMEIOT pa3IMyHble HCTOYHUKH MIPOUCXOXKICHUS U pa3INYHbIe
MIPOCTPAHCTBEHHO-BPEMEHHBIE MEXaHH3MbI HACBHIIIECHHS BOABL. | MIPOTMHAMUYECKH 3aKPBIThIE CTPYKTYphI (Onaromnpu-
SITHBIE JUT 00pa30BaHUs M COXPAaHEHHS MECTOPOXKICHHUI YIIIEBOJOPOAOB) XapaKTEPU3YIOTCS BEICOKMM OTHOCHTEIBHBIM
1 abCONIOTHBIM COJIEpP’KaHWEM PACTBOPEHHOTO MeTaHa. [1OBBIIIEHHOE copep)KaHWe MeTaHa TakKe MPOCTPAHCTBEHHO
TATOTEET K 30HaM IONEPEUHBIX TEKTOHNYECKUX PA3IOMOB, YTO YKa3bIBAE€T HA UX POJb B BEPTUKAIBHOM TPaHCIOPTHPO-
BaHHH BOJHO-YITIEBOJOPOIHBIX CMECEH.

Knrouesvie cnosa: bunvue-Boruykuil neghmeza3oHOCHbI patioH, 8000pACMBOPEHHbLE 2A3bl, 2A30HACHIUEHHOCHDb
8000l
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1. reorp. H., mpodecop, “I1oNbChKUii TeoI0riYHui IHCTUTYT — HalioHansHUI HAYKOBO-IOCIIiIHU iHCTUTYT,
ByJ1. PakoBerpka, 4, 00-975 Bapmrasa, [Tonbima

Binsue-Bonmumpkuii HadTorazoHocHuii paiton (HI'P) e naiibinpmnm 3a 3amacamu BynieBogHIB y Kapmarcekiii Had-
TOra30HOCHIH npoBiHLil Ykpainu. TyT BinkpuTo 72 poJOBHIIA ra3y Ta ra30BOr0 KOHJEHCATY Ta 3 poJOBHUINA Ha(TH.
PozunHeHi y Bozi ra3u B po3BigyBaiibHIN HadTOra3oBiil rizporeosorii € OCHOBHUMH KPUTEPiIMU HA(TOra3oBOTO IoTe-
Huiany. X KinbKicHi Ta sIKiCHI XapaKTepUCTHKH J03BOJIIOTh BUBYMTH YMOBM YTBOPEHHS Ta 30€PeKeHHs POJOBHII BYT-
JIEBOJHIB Ta BU3HAYMTH INEPCIIEKTHBHI paloOHM MOIIYKy. MeToro NociipkeHHs OyJ0 BHSBUTH BEPTHKAJIBHY Ta JiaTepa-
JIbHY Ta30-TiAPOreoxiMiuHy 30HaNbHICTH binpae-Bomunbskoro HI'P, omiHuTH ponb po3uMHEHHUX y BOI Ta3iB y (opmy-
BaHHI Ta30BUX POJIOBHII 3 MEPCIEKTHBOIO MPOTHO3YBAHHS HOBUX MOKIJIAAIB BYIJIEBOAHIB. MeTonu HoCipKkeHHs O0a3yBa-
JIUCSl Ha THTEpIpeTaii KOMIOHEHTHOTO CKJIay BOJOPO3YMHEHHX T'a3iB, pO3paxyHKy Ta IHTEpIpeTallil Ta30HaCHICHHS
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BOJIM, TUCKY HaCHUYCHHs, Koe(illieHTa HaCHYEeHHs BOAY ra3oM. [ BUSHaYCHHs PO3YMHHOCTI MeTaHy OyJi BUKOPUCTaH1
rpadiku Ha OCHOBI EKCIIEPUMEHTAIBHHUX JIOCTI/DKEHb Ta PO3PaxyHKIB 3 HayKoBHX IyOmikanid. [loyarkoBi maHi momo
TiJIpOreoXiMIiuHUX, TEOTEPMIYHUX, TIAPOANHAMIYHUX MapaMeTpiB BOJOHOCHHMX TOPU3OHTIB, SKICHHX Ta KUIBKICHUX Xa-
PaKTEepUCTHUK PO3UYMHEHUX y BOII Ta BUIbHMX rasiB binsue-Bommubskoro HI'P Oynu Bu3HaveHi mij yac BUNpoOyBaHHS
CBEpAJIOBHH. Pe3ynbratu HOCIHiIKEHb MOKA3aJd, 10 YacTKHM PO3UYMHEHOIO Y BOJI METaHy 30UIBIIYIOTHCS 31 CTOPOHH
3axigHo- Ta CXiTHOEBPOMEHUCHKOI TIaT(opM y HapsAMKY 3aHypeHHs Kaprmar, mo € HacmigkoM OiIbIT BUCOKOTO CTYTICHS
TiIpOTeoIoTivHO1 3aKPUTOCTI CTPYKTYp. BecTaHOBNICHO, 110 pO3YMHEHHH y BOAI METaH, a30T Ta BYIJICKHUCIIHMHA ra3 MaloTh
Pi3HI IpKepena MOXOMKEeHHS Ta Pi3Hi MPOCTOPOBO-YacOBI MEXaHI3MH HACHUEHHS BOAX. [ inpoIuHaMIi4HO 3aMKHYTI CTPY-
KTypH (CTIPHATINBI TSI YTBOPEHHS Ta 30€PEKEHHS POJOBHUII BYIJIEBOJHIB) XapaKTEPU3YIOThCS BUCOKHM BiJHOCHHM Ta
a0COIIOTHAM BMICTOM PO3YHMHEHOTO MeTaHy. [1iIBHIIeHniT BMICT MEeTaHy TaKOoX IPOCTOPOBO TSDKIE IO 30H MOIIEPEYHUX
TEKTOHIYHHX PO3JIOMIB, 1110 BKa3ye Ha IX POJib y BEPTUKAIEHOMY TPAHCIIOPTYBaHHI BOAHO-BYIVIEBOIHEBUX CyMiIIeH.
Knrouosi cnosa: binvue-Bonuyvkuii Haghmo2a30HOCHUI patioH, 6000PO3YUHEHI 2A3U, 2A30HACUYEHICMb 600U.

BHecoK aBTOpIiB: BCi aBTOpM 3p06V|J1M piBHVIf/'I BHECOK Y Uto p060Ty Hagiiwna 16 cepnHa 2021 p.
MpuitHaTa 2 BepecHa 2021 p.
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JocnmimkeHo po3pi3, pPO3KPUTHIA pO3BIMYBaIbHOI cBeputoBHHOK 203 Bepe3iBCbKOIO, NPENCTABICHUH IEPEeBaXHO
KapOOHATHUMH, a TaKOX IMIMIAaHAMU Ta TIMHUCTUMH IOPOJAMH HIDKHBOI YaCTHHH BEPXHBOBI3EHCHKOTO MiX’spyCy (TyIbCHKUMN
TOPHU30HT) Ta BEPXHBOI YaCTHHH HIKHBOBI3EHCHKOTO i’ apycy (000puKiBChKHMiA rOpH30HT). JJaHa MikpodamianisHa XapaKTepuCTHKA
kapOOHAaTHUX BIAKJIAZIB Ta acoliauii ¢opamiHipep Ta BaTHUCTHX BOAOPOCTEHl 3 BIAKIAAIB Bi3€HCHKOTO SPyCy HMPUOCHOBOI 30HU
Juinposcbko-Jlonenskoi 3amaauau (/J/13). Ommcana acouianis ¢opaminidep, mpeacraBiena iHauBizamu 24 poXiB Ta acomiaris
aneroduiopu, mpeacTaBicHa 35 BUIaMH, sKi BITHOCATBHCS 70 25 poiB, B TOMY YMCIi 3 BUAM BAIHUCTUX BOJOPOCTEH, SIKi OMHCaHI
Brepuie s JAJI3: Atractyliopsis cf. cumberlandensis, Nanopora undata ta Exvotarisella maponi. BukomnHi acomiarii ansrodaopu
XapakTepu3yloTh 30Hy Palaeoberesella lahuseni — Exvotarisella index — Nanopora woodi, sika Oyma 3KopensoBaHa 3
¢dopaminipepoBumu 3oHamu Uralodiscus rotundus u Paraarchaediscus koktjubensis. ITizHpoBi3eficbka MikpodayHa Ta ansrodiaopa, y
MOPIBHSHHI 3 PaHBOBI3EHCHKOIO, CTAE TAKCOHOMIYHO 30iIHEHOI. B Mi3HBOBI3EHWCHKMX KapOOHATHHX BiJKIAAax 3’ SBIAIOTHCS
YHCJICHHI MpeICTaBHUKK apxemicuua. [IpoBeaeHo MOPIBHAIBHUI aHami3 acowmialii Bogopocteit /I3 3 oqHOBIKOBHMH acowLiallisiMu
Bigkputoro J[lonbacy, Ypamy, CxigHo-€Bpomeiicbkoi mratdopmu, bemprii ta @panmii. [IpucyTHicTs B acomiamii BamHHCTHX
BOJIOPOCTEH HIKHBOBI3EHCHKOTO MiJ’ApyCy KPYIHUX (OpM OarpsHOK IOB’si3aHa 3 IepeBayKaHHSIM IIMHUCTUX BaITHSKIB 1O MEpreliB
cepen KapOOHATHUX BigKiIaaAiB. MOPCEKI YMOBH Mi3HBOTO Bi3e OYJIM OibII MUTKOBOJHHMH, i3 JOCTATHIM OCBITJICHHSM JJIS1 PO3BUTKY
TAKCOHOMIYHO pi3HOMaHITHOI acomialii 3eneHux cU(OHOKIAIOBUX BogopocTei. MikpodarianbHi 0coOIMBOCTI KapOOHATHHX
BIZIKJIa B, JO3BOJIMIIM 3pOOUTH MPUITYLICHHS PO BHIUICHHS PEriOHAIBHOIO CTPATUTrpadiuHOro MapKepy — CIKYJIOBHI MaKCTOYH,
sxuid € xapakrepauM s X1 mikpodayHictuaroro ropuzonty AJ13. Omucano 3 BUIM BaTHHCTHX BOAOPOCTEH, IO 3yCTPiHYTI
Briepie Ha Tepuropii J/13. 300paxenHs Gopaminidep Ta BAMHUCTHX BOJOPOCTEH PUBENCHI Y 8 MAICOHTONOTIYHNX TaOIUIIIX.

KurwuoBi caoBa: eanuucmi 6odopocmi, popaminichepu, rapbonammui Mikpoiyii, HudcHili KapOoH, Gi3elicbKull sapyc,
/ninposcvko-/[oneyvka 3anaouna.
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Beryn. Ha croropnimHili 1eHb TpaHUIIS BepX-
HBOBI3EHCHKOTO Ta HIKHBOBI3EHCHKOTO IIiJI SIPYCiB
Juinporcbko-Jlonenpkoi 3anaaunau (J1J13) 3anuia-
€TBCSI TUCKYCIiliHOO. He nuBnsuunchk Ha Te, MO0 MiK-
POIIaJICOHTONIOTIYHE Ta JITOJOTIYHE JIOCIIHKEHHS
BiIKJIaAIB paHHbOro KapOony JIJI3 mpomoauioch
TPUBAJIUK Yac Ta 3 BACOKUM CTYIIEHEM JIETaIbHOCTI,
0araro MUTaHb 3aJIUIIAIOTHCS HEBUPIIIICHUMHU.

Crparurpadiyie po3uIeHyBaHHS Ta KOPEJIALlis
npoBoawiHcs 3a Gopaminipepamu, mpu 1OMY yBa-
ra YMCJIICHHUM, PI3HOMaHITHUM 32 CHUCTEMaTHYHUM
CKJIQJIOM acoIliallisiM BaITHUCTHUX BOIOPOCTEH Maiixe
He npuaiasuiack. BriM, Ha npukiani Ypany P. M.
IBanoBoto [10] moBeseHO, MO B MeXax OJHOro Oa-
CeliHy ceIMMEHTaIlil 30HAJIbHE PO3YWICHYBAHHS 3a
BalTHUCTHMHU BOJOPOCTSMH € OUIbII TOYHHUM Ta Jie-
TalbHUM. TakoXX iCHYIOTH BOJOPOCTEBI 30HH, SKi

MO)KHa BHKOPHCTOBYBATH JUISI MDKPETriOHAIBHOI KO-
pesii.

®dopawminidepori acorialii, 0COOIMBO KiHIISA
PaHHBOTO-TII3HBOTO Bi3€, CTAIOTh NPAKTHYHO eBpira-
JIHHUMU Ta eBpidanianbHUMU. AJbrodiopa x 1bo-
ro BiKy Oumbln QamianbHO aUdepeHiiioBaHa, Mo
Jla€ JTOJATKOBY 1H(OPMALIiI0 PO HaJICOCKOJIOTUHI
00CTaBUHU Ta MOXJIMBICTh YITKO IPOCTEXKYBaTH
NaJye03MiHu Oaceiny.

VY 3B’s13Ky 3 1M, 00poOKa HOBHX JIaHUX OypiH-
HSl, @ TAKOXK IOBTOPHE JOCIiIKEHHS HAKOIIMYECHOTO
Marepiaiy, € HeOOXiTHUMH MipaMu AJisl OTPUMAaHHS
MOBHOI Ta HUIICHOI cTpaTurpadiyHoi Ta majeoeKo-
JIOTIYHOT KapTUHHU OaceiiHy ceIuMeHTaLlil.

AHaniz monepenHix myoOaikamin. I[lepmmmu
BUBUEHHS KapOoHOBuX (opaminipep /3 mouann
H. €. bpaxknikosa i M. ®@. Manykaiosa, a Takox JI. I.

© lycaposa A. [., Mameees A. B., 2021
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Hain i M. 1. Cocnina. B micisBoerHi poku dopami-
Hi-()epH 3 KEPHOBOI'O Marepiay Bi3eHCBHKOIO sIpycy
BuBdanmcs H. €. BpaxnikoBoro pazom 3 M. O. Kap-
moBoto Ta I1. JI. TTotieBcbkoro. Ilepma crpoba mo-
OymoBu 3arampHOi (opamiHipepoBoi cxemMu I
BCBOTO po3pi3y kapboHy JloHembKoro OaceitHy Oyna
3arporoHoBana B gonosini [l. €. Aiizensepra, H. €.
bpaxnikoBoi, H. II. Bacwmrok Tta iammux ma VIII
MixHapogHOMy KapOOHOBOMY KOHTpeci B MOCKBI B
1975 p. «Pa3pe3 kapOona JlonOacca kak 3TaJOHHBIHI
paspe3 KaMeHHOyrojbHOH cucteMbl» (1988). I'pa-
HUIS Bi3eWCHKOTO Ta TYpPHEWUCHKOTO sIpycCiB 3a (ho-
paminidpepamMu getanbHO nociimkyBamacs M. B.
Brosenko (1992). 3 kinng 50-x pokiB paHHBOKap-
O6onoBuMu (popamiHidhepamu 3aliManuch Takox JI.
®. Pocronresa (1967) Ta O. A. 3aB'soBa (1959).

Acomianii BalTHUCTHX BOJOPOCTEU Bi3eHCHKUX
Bimkmaxie JIJI3 Oynu omumcani B Hm3mi poOit O. L
Bepuenko (1985, 1994, 1996, 1997, 2005, 2009,
2013), O. A. Cyxosa (2004, 2005, 2007, 2009, 2012,
2016) ta B. I. Edimenxo (1994, 2005, 2008).

Brepmie nmami mpo BamHUCTI BOTOPOCTI Bize
Jloubacy Oymnu ony0iikoBaHi B po0oTi «CTpaTOTHIIBI
PETHOHANBHBIX CTPAaTHrpaQUUECKUX IMOIpaszesie-
HUW HIDKHETO KapOoHa (TypHEMCKH W BH3EHCKUil
sIpychl)», y skiit O. 1. bepuenko (1992) nonano crm-
cok 3 47 BUJIB CHHBO3EICHUX, 3CJICHUX Ta YEPBO-
HUX BOZOPOCTEH, Ta HABENCHO iX cTparurpadivHe
MOIHPEHHS.

0. A. CyxoBUM IPOBOJWIIACS TOPIBHSAIIbHA Xa-
PaKTEPUCTHKA KOMILUICKCIB BAaITHUCTUX BOJOPOCTEH
JloHO-/[HINPOBCEKOTO MPOTHHY 3 OJHOBIKOBHUMU
acomiartissiMu  Ypanmy ta Cubipy, 3a HaHUMHU OOCIIi-
mxers P. M. IsaroBoi Ta O. M. Borym (1990, 1992).
3a pesynpraTaMu JIOBrOTPUBAIHUX JOCTIIKCHb B
2013 poui O. I. bepuenxo ta O. A. CyxoBum Oyino
BUJIaHO MOHOTpadiro, B sIKili Briepine JJIs 1[bOro pe-
TiOHYy OMMCAHO BaITHUCTI BOIOPOCTI Bize — 43 poau i
71 Bup, 3 sxkux 1 pix i 3 Buam — HOBi. HaBeneno
cTparurpadiuHe NOMIMPEHHS BOJAOPOCTEH 1 BUJLIeE-
HO 4 xoMIutekcH [3].

3a maHMMHU OaraTopiyHUX MOCHipkeHs P. M.
IBaHoBOIO (2016) Oymo BuAilieHO 6 BOAOPOCTEBUX
01030H I KapOOHY Ypaiy Ta 8 «30HAJIBHUX KOM-
IJIEKCIB» BOJOPOCTEH B HIDKHBOKAM'STHOBYTLTBHUX
Bigkinagax Cubipy ta IliBHiunoro Cxoxy Pocii. Ta-
KO OyJI0 BHIIIEHO aKME30HHU IS BIIKJIAMIiB Typ-
HEHCHKOTO0, BI3eHCHKOTO Ta CEPITyXOBCHKOTO SIPYCIB,
SK1 BIMOBIJAIOTh MEepioAy MAaKCUMaJIbHOTO PO3BUT-
KY KOHKPETHOT'O BHJLy Y IPYIH BHIIB.

JocnipkeHHss BalHUCTUX Bojgopocteil JIbBiB-
cbKo-BonmHcbKOro OaceliHy mnpoBogmimcs A. A.
Mypomuesoro (1989).

BanHucTi BOIOPOCTI OIHOBIKOBHX BiJIKJIa/liB
iHmMx perioniB BuBdanucs b. Mame (B. Mamet)
(1972, 1973, 1974, 1975, 1976, 1977, 1978, 1981,
1985, 1987, 1992, 1995, 2002, 2006), /1. Bamapom

(D. Vachard) (1974, 1976, 1977, 1991) ta C. Cxo-

mucekuM (S. Skompski) (1986, 1987, 1996).

Binpm panni poborn Oynm mpucBsdeHi, B Oi-
JBIIIKA  Mipi, cTpaTurpadiyHOMy pO3UJICHYBaHHIO
CBEpIJIOBHH Ta MIKPOITAICOHTOIOTIIHIN KOpEAIlii B
MeXax POMOBHUII Ta OKpemux ctpykryp AJI3, mis-
Hille poOOTH Movaian HaOyBaTh OiNBII MAlICOHTOJNO-
TYHOTO XapakTepy, He MPUHMAarOdIM 10 yBaru Kope-
JSAIHHANA TTOTSHITIAT aabroIIoOpH.

[Ipoanani3zyBaBIIM BHKOpPHCTaHYy JiTeparypy, a
TakoX Iomy mnepekputts teputopii JJI3 B nmx
JDKepeax, MO)KHa 3pOOMTH BHCHOBOK, LIO Haii-
OUTBII OCTiKEeHA TypHEHCHhKO-Bi3elchbka TOBIIA B
npubopToBux 30Hax [1/[3, a mpuockoBa 30Ha JOCIi-
IDKeHa 3HadHo Tipmie. [le moB’s3ane, meprn 3a Bee, 13
IHOOKUM 3aJISTaHHSAM Bi3eWCHKHX TIOPIA B IIii 30H,
a TakKoX, I1HOMI, HEMIITBEPIPKECHOW BIJICYTHICTIO
TypHEHCHKUX BiIKJIalliB B KOHKPETHOMY po3pi3i. A
OCKIJIbKM Ha TETEpIlIHii Yac MPOBOAUTHCSA aKTHBHE
3aKJIaJlaHHs Ta OypiHHSA IIMOOKWUX CBEPIJIOBHH Ha
MPUOCHOBUX POAOBHIIAX, iH(POPMAIS MPO MIKpO-
MAJEOHTONOTIYHUM Ta MikpodamiaabHUI CKIaj Bi-
JiOpaHOro KEPHOBOTO MaTepiary OyJie aKTyaJIbHOIO.

B po6oTti Hamu Oyio mpoBeneHo cTpaTurpadi-
YHE PO3WICHYBaHHS 3a (opamiHipepamu 3TigHO 3
ocTaHHIMH cxemamu [13], a 3a BalTHUCTUMHU BOIO-
pOCTIMHM — Ha MIJACTaBl BHJUICHUX JUIsl KapOOHY
VYpay 30H [10].

Marepianu Tta merogu. Mikpodocuiii goci-
JoKeH1 B nuriax, BUPOOJICHUX 3 KEPHOBOTO MaTepi-
ajy po3BimyBaibHOI cBepioBuHu 203 bepesiBchbko-
r'0 ra30KOHJCHCATHOTO POIOBHUIIIA, SIKE PO3TALLIOBaHE
Ha Mexi XapkiBebkoi Ta [lonTaBcbkoi obnacteit Yk-
painu (puc. 1). KepHoBuii Marepiai npecTaBieHui
HACTYIHUMH IHTEpBaJIaMH:

e kepH Nel — 5878,00-5892,00 m; mpemcraBiie-
HUH BalHsSKOM CipUM A0 TEMHO-CipOT0, IIMHU-
CTUM, B BEPXHIH YacTHHI IIapy JO MEprelo,
HW)KYE CIIOCTEPIra€ThCs IIap apruliTy TeMHO-
CIpoOro 10 YOpPHOr'o, aJeBPUTHUCTOrO, MiJl HUMH
3aJIsra€ MICKOBHUK CIPHH, TOHKO3EPHUCTHH 0
CEPEIHbO3CPHUCTOrO, 3 BEJIUKOK KUIBKICTIO
TOHKHUX IPOIIAPKIB apTiiTy TIMHUCTOTO;

e kepH Ne2 — 6017,10-6031,10 m; mpemcraBie-
HUH MepreneM TEMHO-CIpUM TJIMHHCTUM 3 IPO-
[IapKaMH JI0 BaITHSKY TJIMHUCTOTO Ta apriliTy
BaITHSKOBUCTOT'0, 110 LIAPY 3yCTPivarOThCs CBi-
TIO-Cipi IUISIHKH, 30aradeHi KpPyImHUM OpraHo-
TeHHUM JICTPUTOM;

e kepH Ne3 — 6031,20-6042,30 m; mpexacraBiie-
HUI BalHIKOM TEMHO-CIpHM, TJIMHUCTUM JIO
MEpreo, 3yCTPIiYaloThCs CBITIO-CIpi JTUISHKH,
30aravyeHi OpraHOTeHHHWM JIETPUTOM Pi3HOTO
po3Mmipy (yJlaMKH Yepernaiiok 0paxiornom aocs-
raroTh 2,5 cM);

e xepH Ned — 6090,10-6093,85 M. mpencras-
JIEHUH TEMHO-CipUM BallHAKOM 3 YHCICHHUMHU
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Puc. 1. Cxema po3rainryBaHHs TOCIiIKEHOT CBEPIIOBUHU TPHOCHOBOT 30HU [IHINMPOBCHKO-/|OHEIBKOT 3araAnHy.
Fig. 1. Layout at the studied well in the axial zone of the Dnieper-Donetsk Depression

CBITJIO-CIpUMH IUIIMaMH Ta MpouiapkamMmu, 30a-
rad4eHUMH Y BEJIMKIH KITBKOCTI OpraHOT€HHHM
JETPUTOM, B HWDKHIA YaCTHHI KEpHY CITOCTEpi-
TaeThCsl 5 CM MPOMIAPOK TEMHO-CIPOTO TOHKO-
NpiOHO3EPHUCTOTO IMICKOBHKY.

3 KEpHOBOT0 Marepianxy OyJau TOYKOBO BiliOpa-
Hi 3pa3ku KapOOHATHHUX Topia. B pesymbrari Oymo
orpuMaHo 61 ummid, opieHTOBaHMIA 3a HalIapyBaH-
HsIM Oocany, Ta 42 1omaTKoBUX HTida, OpiEHTOBAHUX
NEPIEHINKYIAPHO HallapyBaHHIO ocaxy. J[oci-
JOKEHHS TIPOBOJIMIIOCS 33 JOTIOMOTOIO TOJIsipH3alliii-
Horo Mikpockona MUWH-8. ®otorpadysaHHs mpo-
BOIMIIOCS 32 JioroMororo ¢oroarapary Canon EOS
40D. dotoamnapaT BCTaHOBIIOBABCS HA MIKpPOCKOI
3a JIOIIOMOTOI0 YHiBepCalbHOT ()OTOHACAKH B OKY-
nspHy TpyOKy. @oTorpadyBaHHs opraHi3MiB MpOBO-
IUII0CS 13 BHKOPUCTAHHSIM OO'€KTHBY MiKpOCKOIIa
x9, a 3aranpHUX MikpodarliiaibHux (otorpadiii — 3
BUKOPHCTaHHIM 00'€KTHBY MiKpoCKoma x3.5.

PesyabTaTn Ta iX 00roBopeHHs.

Jlitosioriss. KapOoHaTHi Bigkiaaau Bi3eHChbKOT
TOBII, PO3KpHTI cBeptoBrHOIO 203 BepesiBchkoro,
MpeACTaBICH] BalHAKaMH CIpUMH /10 TEMHO-CIpuX, 3
HEBEJMKUMH CBITJIO-CIpUMHU IIpOIIapKaMu, M0 30a-
radeHi KpyImHAM OPTraHOT€HHHUM JIETPUTOM, TJIHHUC-
TUMH JI0 MEPTEIIO.

B pesynbrari npoBeeHHs AETATBHOTO MiKpOd-

arianbHOTO aHaiizy Oylno BHIIIEHO HU3KY Pi3HOC-
Tel Bi3eiicbkux BamHskiB. Kiacudikaiist, BUKopuc-
TaHa aBTOPOM, € CHHTE30M CTPYKTYPHO-T€HETHYHOI
[17] Ta cemumenTarniiinoi [18] wnacudikamiin. Y
BEpXHIM YacTHHI PO3pi3y MepeBakaloTh Mak- ,
IpEelH-TIaKCTOYHH, 110 BKa3y€ HAa HOPMajbHI YMOBH
0CaJIOHAKOITMYECHHS Ta PO3BHTOK 30iJHEHOI MOPCH-
Koi (hayHH. 3 cepefHbOl YacTUHH PO3pi3y 3ycTpiva-
FOTHCS CBITJI TIPOIIAPKU Oi0KIACTHYHUX BaKCTOYHIB,
IO BKa3ye Ha JIem0 OOMEKEHY LUPKYISIII0 BOJ
[16]. B intepBam kepHy Nel BigMiueHO BETHKHHA
BiJICOTKOBHI BMICT 0100praHiYHOTO JETPHUTY. 3HAU-
HY POJIb 3a KUIBKICTIO 1HIUBIAIB BIIIrparoTh 3€J€Hi
BOJIOPOCTI, a TakoK (opamMiHidepu mapaTrypamiHiIH.
B nanoMy iHTepBalli BUILICHO:

A. ]JleTpUTOBO-BOIOPOCTEBHH MaK-BaKCTOYH
(puc. 2 A);

B. ®opaminipepoBo-neTpuroBuii
ctoyH (puc. 2 B);

C. BonopocTeBo-IeTpUTOBHH  Bak-MAaKCTOYH
(puc. 2 C).

B BepxHiit yactuHi iHTepBany kepHy Ne2 crio-
CTepiraeTbcs CHiKyJI0BHH MakcToyH (puc. 2 D), Hu-
JK4e MopoAa MpecTaBiIeHa KPUCTATIYHUM Mepreiu-
cTiM OloKmacTHYHUM (rayT-BakcToyHoM (puc. 2 E)
Ta BakcToyHOM (puc. 2 F). 3 mmbunoro posmip ta
Pi3HOMaHITTs GiOKJIACTIB TOMITHO 301IbLIYETHCS.

BaK-IT1aK-
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Puc. 2. MikpodamianbHi THITN BamHsIKiB. Mipruio — 1 MM. A — IETPUTOBO-BOIOPOCTEBUIT MTAK-BAKCTOYH (KEPH
Nel, rmubuna Binbopy 5879,72 m); B — popamiHipepoBo-aeTpuTOBHiA Bak-mmakcToyH (kepH Nel, rmubuHa
Binoopy 5880,30 m); C — BomopoCTEBO-AETPUTOBHI Bak-IakcTOyH (kepH Nel, rmubuna Bindopy 5880,72 m);
D — cnixynoBuii makctoyH (kepH Ne2, mubuna Bindopy 6018,20 m); E — nerpuroBuii ¢gnayT-BakcTOyH (KepH
Ne2, rmubuna Binbopy 6025,50 m); F — nerpuroswuii BakctoyH (kepH Ne2, mmbuna Bigoopy 6030,45 m);

G — gopamiHipepoBo-neTpUTOBHI Bak-makcToyH (kepH Ne3, rmubuna Bindopy 6034,58 m); H — nerpuroso-
¢dopaminipepoBuii nak-rpeiincToyH (kepH Ne3, rmubuna Binbopy 6035,61 m); I — BomopocTeBuii makcToyH
(xepH Ne3, mmbuna Binbopy 6036,56 M); J — BomopocTeBHii Bak-makcToyH (kepH Ne3, rmubuHa Bigdoopy
6041,38 m); K — BomopocTeBo-eTpuToBHiA TakcTOYH (kepH Ned, rmirbuHa Binoopy 6090,40 m);

L — BogopocTeBo-neTpuToBHid NakcToyH (kepH Ne4, rmbuna Binbopy 6091,28 m).

Fig. 2. Microfacial types of limestones. Scale — 1 mm: A — detrital-algal pack-wackestone (core Nel,
sampling depth 5879,72 m); B — foraminifera-detrital wacke-packstone (core Nel, sampling depth 5880,30
m); C — algal-detrital wacke-packstone (core Nel, sampling depth 5880,72 m); D — sponge-spicules
packstone (core Ne2, sampling depth 6018,20 m); E — detrital float- wackestone (core Ne2, sampling depth
6025,50 m); F — detrital wackestone (core Ne2, sampling depth 6030,45 m); G — foraminifera-detrital wacke-
pakcstone (core Ne3, sampling depth 6034,58 m); H — detrital-foraminifera pack-grainstone (core Ne3,
sampling depth 6035,61 m); I — algal packstone (core Ne3, sampling depth 6036,56 m); J — algal wacke-
packstone (core Ne3, sampling depth 6041,38 m); K — algal-detrital packstone (core Ne4, sampling depth
6090,40 m); L — algal-detrital packstone (core Ne4, sampling depth 6091,28 m)

Bamnucti nopoau kepui Ne3 ta Ne4 pisko Bif-

YaCTHHOIO KPYITHOTO OpraHiuHoro nerputry. Dopa-
PI3HA-IOTHCS TTepeBAKAHHAM MAKCTOYHIB 31 3HATHOIO

MiHI(epPOBO-IETPUTOBHI Bak-makcToyH (puc. 2 G)
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BEPXHBOI YaCTHHHU iHTEepBaITY KepHy Noe3 3MIiHIOETH-
csl IeTPUTOBO-(hopaMiHihepoOBUM KpyIHOUEpEIalll-
KOBUM Mak-rpeHcroynom (puc. 2 H).

Crin 3BepHYTH yBary Ha CIHIKyJIOBUI MaKCTOYH
3 kepHy No2, 3 ubunau 6018,20 M. Jlana mikpoda-
miaJpHa Pi3HICTH Oyna mpocrexeHa [3] y Bimkimamax
XII mikpodayni cruunoro ropuzonty (MPI') 13
1 MO)ke OyTH BHKOPHCTAaHA B SKOCTI PErioHaJIbHOTO
cTparurpadigaoro mapkepy. Heobximuum € yrtou-
HEHHS, [0 CHIKYJIOBiI BalHSAKMA Ta CHIKYJiTH MpPOC-
TEXYIOTbCS HE TUIbKH B Mexkax ganoro MOI. [Iporte
came mus XIII M®I" BoHM MpOCTEKEHI aBTOpaMH 1
Ha CKUAaHIBCHKOMY PpOAOBHILI MPUOCHOBOI 30HU
I3, a Takox O.M. Bepuenko [5] B CpiOHEHCBKIM
nemnpecii J/13, B.B. Orapem (2012) ma 3aximHo-
JleBenmiBchKili, baratoiicekiil uiomax Ta B OKpe-
MHUX CBepJIOBMHAX JIMBEHCHKOI ILUIOMNII MiBACHHOT
npubopToBoi 30au J1J13.

Onmcani BigKIaad HAKOMMYYBAIUCS B YMOBax
BIIKpUTOi KapOoHaTHOI mmiardgopmu [16] 3 HOp-
MaJbHUMH MOPCHKMMH yMOBaMmHu. Jlami crae momit-
HOIO TIPUCYTHICTh KPYMHHAX (POpPM YEPBOHHUX BOJO-
pocreii. [lopoau, BiImOBIIHO, MEPEXOIATh B BOIO-
pocreBi makctoyH (puc. 2. I) Ta Bak-nakcToyH (puc.
2. J). Kapbonarui nopoau kepHy Ned mpezncrapneHi
CBITIIMMH BOJIOPOCTEBO-TIONIIETPUTOBIMH TTAKCTOY-
Hamu (puc. 2. K, L). bioknactu npeacrariieHi Heuu-
CIIEHHMMH 4epemnamikamu Qopaminipep, ¢parmen-
TaMHU €KCBOTapi3el Ta BEJIMKOIO KUIBKICTIO pi3HOMa-
HITHOTO, YaCTKOBO 00KoueHOro OiomeTputy. Binkia-
I, TIpeJICTaBIeHi MaTepianamu kepHy Ned, HakoIH-
YyBaJIMCSl B yMOBaX, HAOMMKEHUX 10 Kparo miardo-
pmu [16]. Jomimka TOHKOBIAMYYEHOTO MIiKPHUTY
OIIOCEPENIKOBAHO BKa3y€e Ha pyxX cyOCTpaTy 3 MpOHH-
KHEHHSIM DJIMHUCTOTO KapOOHATHOTO MaTepiay Mix
3€peH.

MikponaneonToJiorisa. KapOoHaTHi Biakiaau
Bi3elChKOI TOBII, po3KpHTi cBepuioBrHOIO 203 Be-
PE3iBCHKOIO, MICTAThH PI3HOMAHITHHIA KOMIUIEKC allb-
roduopH, SIKUi MpeacTaBieHnid 35 BugamMu, 1mo Ha-
nexarb 22 pojam, a Takoxk KoMIuieke gopaminidep,
npencTaBieHui inauBinamu 24 poxuis (puc. 3). Ipo-
BiJlHA POJb B acomiarlii MiKpodiopyu HaleXHTh 3e-
JICHUM CcHU()OHOKIIAJIOBUM BOAOPOCTSAM, IO Mipi 3a-
IMONIEHHS 3’ ABJISIIOTHCS. YEPBOHI BOZOPOCTI, TAKOX
301IBLIYETHCS KUTBKICTh OJHOKaMEpHUX (opaMiHi-
dep, acorriaiii 3a3HalOTh MOMITHUX 3MiH. Hikue
BOHH PO3/IIJICHI 32 HOMEPOM KEPHY.

Kommnekc ¢opaminidep kapOoHaTHUX Bimkia-
niB 3 kepHy Ned Bkpail OimHWIA, TpeJCTaBICHUNA B
OLIBIIOCTI apXxeIiCIUIaMu: Paraarchaediscus
koktjubensis  (Rauser-Chernousova, 1948) Ta
Lapparentidiscus sp. Cnig 3BepHYTH yBary Ha JIyxKe
MaJICHBKHI pO3MIp €K3eMIUIAPIB Ta MOTraHWud CTaH
30epexxeHocri. [lepetnnu pizHOCTpsiMoBaHi. Takoxk
NpUCYTHI OAMHWYHI mepeTuHu FEndothyra  sp.
BinpmricTe OpraHivHUX PEMITOK, 3HANWICHA B TAHOMY

iHTepBaii, npeicTaBicHa (GparMeHTaMH BaITHUCTUX
BOJIOPOCTEH, B OCHOBHOMY 3€JICHHX CHU(pOHOKIIAJIO-
BUX Ta YEPBOHHUX, PI3HOTO CTYNEHS 30€pekKEeHOCTI.
Takox BiIMIYAETHCS BEJIMKA KUTBKICTh MPEICTABHU-
kiB Tpubm Exvotariselleae Shuysky, 1985. Kowmn-
JIEKCHUH aHaJi3 HaBEJCHUX BHIIE JAaHHWX BKa3ye Ha
HaJleXHicTh BigkmagiB kepHy Ned no nuzis XIII
MoTI" 1/13.

Bamawncti BomopocTi kKapOOHATHUX BITKIAMIB 3
kepHy Ne3 mpencrtamiieHi B OLIBIIOCTI 3CICHUMH
CU(POHOKIAJOBUMUA BOAOPOCTAMU Ta KPYIMHUMH
MIPEACTaBHUKAMH YEPBOHHMX BomopocTed. Bimmin-
HICTh Bif acoriamii kepHy Ned mossirae B KijibKic-
HOMY cHiBBigHOmECHHI BuIIB. CH()OHOKIAIOBI
BOZIOPOCTI MPEACTABICHI Pi3HOMAaHITHUMH Taieo0e-
peswrnimamu: Crassikamaena aculeata R. Ivanova,
1990, C. cf. foraminosa Brenckle 1985, Kamaena
lata R. Ivanova, 1988, K. magna R. Ivanova, 1988,
Pseudokamaena sp., P. boulderensis Mamet, 1972,
Exvotarisella index (Ehrenberg et Moeller, 1880).
YepBoHI BOAOPOCTI MpeACTaBICHI iHAWBIAaMHU 3
TapHO PO3BHMHEHUM KpPYIHUM TaliToM: Fourstonella
sp. u Epistaheoides sp. Cepen Qopaminidep 3a
YHCENBHICTIO TIepeBaXaroTh IpiOHI (hopamiHidepu
tanty  Paraarchaediscus  koktjubensis, xpymHi
TeTparakcicu Ta eHaoTipiau. Takox 3’SBISIOTHCS
uyncienHi ¢pparmentu Earlandia vulgaris (Rauser-
Chernousova et Reitlinger, 1936). Cnix 3BepHyTH
yBary Ha JOyK€ BENHKY KUTBKICTh TapaTypaMiHif:
Diplosphaerina sp., Bisphaera irregularis Birina,
1948, B. ovoidea Conil et Lys, 1964, Pachys-
phaerina  sp., Parathuramminites  suleimanovi
(Lipina, 1950). AHani3 qaHUX KOMIIJIEKCIB JO3BOJISIE
3pO0OHUTH TPUMYIIEHHS, MO Bigkmaan 3 kepHy Ne3
BigHOCATEcs nmo XIII M®I' /3, 3osu MFZ11
Benprii Ta ®panmii (Poty et al., 1988), 600pukis-
cekoro ropm3oHTy CEIl Ta CXigHO-YpalbChbKOTO
cyOperioHy.

Kommiekcn  dopaminidep Ta  BamHHCTHX
BOJIOPOCTEH KapOOHATHUX BIAKIAAIB 3 KepHy Ne2
O1/1HI, IPEACTABIICHI JIMIIIE ACKIIBKOMA MPEICTaBHU-
KaMU 3 KOKHOTO i1leHTH]ikoBaHOTO BUAy. DopamiHi-
(depu mpencTaBieHi B OLIBIIOCTI apXemiCIHIaMHU,
OJIMHUYHUMH €HJIOTIPOIICAMU Ta TeTparakcicamu. B
IHTepBaJli JAHOTO KEPHY MPOJOBXKYIOTH iCHYBaHHS
Earlandia  vulgaris, 3’sBnsaoTecs  pparMeHTH
Earlandia sp., a takox Consobrinellopsis gibbosa
minima (Lipina, 1948) ta Consobrinellopsis sp.

Cepen  BomopocTed, WO  3yCTPiHYTI B
KapOOHATHUX BiJIKJIa/max 3 kepHy Nel, mepeBakaroth
CU(OHOKIIAIOBI  3elieHI BOJOPOCTi, OuLTbIIy iX
YaCTUHY CTAHOBJATH  PI3HOMAHITHI  KaMeHiau
pizHOro ctynens 30epexeHocti: Crassikamaena
foraminosa Brenckle 1985, Kamaena magna,
Crassikamaena aculeata, Kamaena lata, Pseudoka-
maena boulderensis, Crassikamaena cf. foraminosa,
Crassikamaena ex gr. kurganensis R. Ivanova, 1990,
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Kamaena delicata Antropov, 1967, Pseudokamaena
cf. dentifera R. Ivanova, 1990. BaxnmBo 3BepHYTH
Ha me ocoOnMBYy  yBary, OCKUIBKH  JaHi
MpeACTaBHUKY € HahOinbm xapakrepaumu st XIII
MOI' J/J13, a Takok Ha TIOBHY BIJCYTHICTB
XapaKTepHUX IS BEPX-HBOBIZEHCHKUX KOMILICKCIB
KajpurugomiymiB, Ha QOHI YHCETHHOTO TMepeBa-
’KaHHSI YepPBOHUX BOJOPOCTEH.

B xapOonarnux Biaxmamgax 3 kepHy Nel cepen

¢dopaminidpep  mepeBaxkarTh  ApiOHI  (dopmuy,
MpeNcTaBlIeHl  apxenicuuaamu: Paraarchaediscus
koktjubensis (Rauser-Chernousova, 1948),

Archaediscus  krestovnikovi Rauser-Chernousova,
1948,  Archaediscus  karreri  Brady, 1873,
Paraarchaediscus  pusillus (Rauser-Chernousova,
1948), Archaediscus nanus (Rauser-Chernousova,
1948), Lapparentidiscus sp. Takox crocTepiraeTbes
MIPUCYTHICT PI3HOMaHITHUX naparypamiHiza:
Diplosphaerina  sp., Eotuberitina reitlingerae
Miklukho-Maklay, 1958, Bisphaera irregularis,
Archaesphaera sp., Tuberitina sp., Pachysphaerina
pachysphaeroides Pronina 1968, Pachysphaera
polydermoides (Conil et Lys), 1964.

CyMicHe 3HaxXOIDKEHHS apXeAicluja Ta Maneo-
TEKCTYISPiiA BKa3ye Ha BiIHOIIEHHS MaHUX KOM-
IeKkciB 1o camux HU3iB XIla MOI" /13 [7].

Bizeiicbki BiIKIamu, pO3KPUTI CBEPAIOBUHOIO
203 bepesiBcbkoto, GOpMyBamucs B TEINIOMY MOp-
ChKOMY OaceifHi 3 HeCyTTEBUM KOJHMBAaHHSAM COJIOHO-
cTi. Benuka KinbKICTh apXemicliu BKa3ye Ha Te, 110
cyocTpat aHa OyB MPEACTABICHUN M’ SIKUM MYJIOM, a
PO3BHHYTHI MPOMEHHUCTHH IIAp apXemiCI]] 3 KEPHY
Ned Bkasye Ha HaWOUIBII CIIPUATIMBI YMOBH iX pO3-
BUTKY. Y BEpxXHiil yaCTHHI po3pi3y B acolriaiii Barm-
HUCTHX BOJIOPOCTEH 3a YHCENBHICTIO iHIUBIIIB Tie-
pEeBaXKarOTh 3elieHi CU()OHOKIIAIO0BI BOMOPOCTI, IO
BKa3y€e Ha CHOKIHHUH TipOJUHAMIYHUN PEKUM HU-
JKue piBHS MPHUILIUBY, & TAKOXK ONTUMAJIbHY TITHOUHY
Oaceiiny, sika He nepeBuILye 3-5 M. 3 iHTepBally Ke-
pHy Ne3 mpomomxkye 30iNBIIYBATHUCS KUIBKICTH Ka-
nemcdep, 3MEHIIYETBCS KUIBKICTh CHU(OHOKIIAI0-
BUX, & TAKOXX TMOYHMHAE 3POCTATH POJIb YEPBOHUX
BojiopocTeid. Ile cBiquuTh PO AeSKe 3HKCHHS 1U-
PKyJIAILIT BOM, & TAKOX MPO HE3HAYHE 3ariHOJICHHS
Oaceiiny, 1o 10 M ontumansHO. B miyioMy Binmkinaau
MOJKHA BiJIHeCTH /10 darlii BiIKpUTOro Mops kapoo-
HatHOT TIaTGopMu (MIIKOBOJHA yHJaTeMa), a came
MOPCBHKOI 3aTOKH 3 JICII0 OOMEKEHHUM BOI0OOMIHOM
nepes 30BHIIIHBOIO MEXEI0 MIaThopMu.

CUCTEMATUYHUI OTTNC
Bignin CHLOROPHYTA
Iopsmox DASYCLADALES Pascher, 1931
DASYCLADACEAE (Kutzing, 1843)
Stizenberger, 1860
Tpuba Aciculelleae Bassoullet et al., 1979
Pin Atractyliopsis Pia, 1937
Atractyliopsis cf. cumberlandensis Rich, 1974

Tabmn. IV, ¢ir. 1-6

1974 Atractyliopsis cumberlandensis Rich, p.
367, pl.1, fig. 16-18; pl. 2, fig. 1-9.

1978 Atractyliopsis cumberlandensis Rich;
Mamet et Roux, p. 74, pl. 3, fig. 7-9.

Ommc. TamT CyOIUITIHAPUYIHAN, TMPEACTaBIe-
HUH OJIHI€I0 JOBro0 TPyOKOIO, MPSMOI0 YW JEIIO
BurHyTor0. CTiHKa c1a0Ko KallbIIWHOBaHA, APIOHO-
nopuicta. BamHucTa 000NMOHKA CKIAJCHA OJHHUM
MPOCTHM PSIOM OBOiNANBHUX KIIITHH, PO3IIUIEHHX
TOHKHMH TIEPEMUYKAMH, SIKi TapHO PO3Pi3HAIOTHCSA
3a KOJIbOPOM, [0 TIPUMHKAIOTH OJTHA JIO OJTHOA.

Po3mipu (MM): crocTepexyBaHHK 30BHILIHIN
nmiameTp tamity — Bix 0.292 mo 0.502, BHyTpilHIH —
Bim 0.214 ngo 0.274, Buamma AOBXKHWHA TaNITy —
0.550, TroBmuHa ctinku — Big 0.025 go 0.030 30BHI-
IIHIM giamMeTp oBoiganbHuX KimiTuH — Big 0.027 mo
0.029, ayTpimHii — Bixg 0.022 mo 0.023, mmpuHa
MDKKITITHHHAX niepemudok — Big 0.001 o 0.003.

[opiBHaHHA. Haragye mnpeacTaBHUKIB POy
YEPBOHMX Bojlopoctelt  Archaeolithophyllum,
Johnson, 1956. Takoxx Moxe OyTH CIUTyTaHHH 3
npencraBau-kamu poay Coelosporella Wood, 1940.
I[Ipore B 000X BUMaAKax WOTr0 BIAPI3HAIOTH
PIBHOMIpHi, BIIOPSIIKO-BaHI OBajbHI KIITHHH, SIKi
PO3IiNIeH] YiITKUMU TIepe-MUIKaMHU.

3ayBakeHHs. BumoBa kinacudikaiist npeacTas-
HUKIB JIaHOTO POAY 3acCHOBaHa B OCHOBHOMY Ha
po3Mipi Ta CHIBBITHOIIEHHI OBOINANFHUX KIITHH.
Ockinbkd Matepialy 1oci Hebararo, a 30BHIIIHIM
JliaMeTp OBOIJAJIbHUX KJITHH MEHIIWH, HIX YyCi
3aikcoBaHi paHilie y MpeaCcTaBHUKIB JAHOTO POY,
MUTAHHS TOYHOCTI BHJIOBOTO  DO3MIJCHHS Ta
BUJIIJICHHS HOBOTO POy Ha IiJCTaBl 3HANICHUX
aBTOPaMH €K3EMILTSAPIB 3AJUINAETHCS BiIKPUTUM.

[lomumpeHHs. BepXHili TypHe — HIDKHIN cepiry-
xiB cximHoro Tericy (Mapoxko, Benbrisi, ®paniiis),
[MiBuiunoi Amepuku (Tennecci, Anabama, Anboep-
Ta), BEpXHill Bize — cepmnyxiB JIbBiBcbKO-BonmHCH-
KOro ByriibHOro Oaceiiny (YkpaiHa), JIt0OIMHCH-
koro Oaceiiny (ITosbima).

Marepian. OQuH nonepeyHuil NepeTHH rapHoi
30epexeHocTi, mubuHa 5879.72 M; OIMH CpemHBOI

30epexeHocTi, 8 (parMeHTIB TaHIEHI[laJIbHUX
neperuHiB, mmbuHa 6034.38 M, cBepamoBunHa 203
BepesiBcobka.

Hopsimoxk SIPHONOCLADALES (Blackman et
Tansley) Oltm., 1904
BERESELLACEAE Maslov et Kulik, 1956
Tpuba Uraloporelleae Shuysky, 1985
Pix Nanopora Wood, 1964
Nanopora undata R. Ivanova 1990
Tabm. IV, ¢ir. 7

1988 Nanopora anglica sanosa, 1988. Tabm.
I, pur. 12-14.

1990 Nanopora undata ViBanosa cMm. borym u
ap., 1990. C. 113—-114, ta6xn. XIII, ¢ur. 9—11.

-58 -



ISSN 2410-7360 BicHMK XapKiBCbKOro HalioHa/1IbHOrO YHIBEpCMTETY iMeHi B.H. KapasiHa

Omuc. Tamit cyOmmIiHAPUIHUH, c1abKo 3irHy-
THiA 200 TPSAMHNA, TOCUTH BEIWUKHM, HEpO3TalyXkKe-
HUM, ToBcTOCTiHHMK. CTiHKa CKJIaZeHa MpPO30PUM
CBITIIMM KaJbLIUTOM, IPOHU3aHA KPYITHIUMH, HEPiIKO
3BHBHCTHMH TIOPaMHU, sIKi MAIOTh B TMOB3IOBKHBOMY
mepeTrHi OKpymii  abo  emimncoiganbHi  00pHCH.
BHyTpilHs mOpoXXHUHA IHPOKA.

Posmipu (Mm): crocTepexyBaHHA 30BHINTHIN
miamerp tamity 0.355-0.465, nmiamerp BHyTpimI-
HbOro mpoctopy 0.265-0.323, TOBIIMHA CTiHKH
0.058-0.084, miamerp mop 0.036-0.051, Bincrasb
mix HEMHE 0.005-0.013.

HopiBHsHHs. Jlanuii BHUI BiAPI3HIETHCS BiX
yCiX BIJOMUX BHUJIIB IBOTO POAY 3BUBUCTHUMH
mopamu, Big N. woodi Berch. — Ginpmn kpymHUMEH
po3MipaMu TamiTy, CTIHKH Ta 1op, Bim N. anglica
Wood — TOBCTOIO CTIHKOI TaliTy Ta BEITUKUMH
po3mipamu, Bim N. uspensis R. Ivan. — Oinpm
rpyOMMH TOpaMH Ta MEHIIUM MIKIIOPOBUM
npoctopoM (0.005-0.013 mpotu 0.025-0.030).

Homwupenns. Binknagu 3oum  Ci¥a, C;'d
JHoubacy, paiion c. PogaikoBe (YkpaiHa); Biakmagn
BEPXHBOTO TypHE, Bi3e Ta cephyxiBa Ypaiy
(Pociiicbka @enepariisi), HUKHIA KapOOH MiTHATTS
Menneneesa, monirod 03 (Pociiiceka @eneparris).

Marepian. OarH TIO3MOBXKHIN TEpETHH TapHOL
30epeskeHocTi, rmubuHa 5879.72 M; onuH monepey-
HUI TMEpPeTHH CEepeHbOrO CTYMEHs 30epeKEHOCTI,
rmbuHa 5880.30 M, cBepanosuna 203 bepesiBchka.
PALAEOBERESELLACEAE Mamet et Roux, 1974

Tpuba Exvotariselleae Shuysky, 1985
Pin Exvotarisella Elliot, 1970
Exvotarisella maponi Elliott, 1970
Ta6n. VI, ¢ir. 1, 6-8, 11, 13, 16

1969 Anthracoporellopsis machaevi Maslov;
Pelhate, pp. 67-68, pl. 6, fig. 75.

1969 Anthracoporella sp.; Pelhate, p. 63, pl. 6,
fig. 73.

1970 Exvotarisella maponi sp. n.; Elliott, pp.
446-449, pl. 82, fig.1-5, pl. 83, fig. 1-5.

1974 Exvotarisella index (von Moller); Mamet
et Roux (partim), pp. 148-150, pl. 5, fig. 20, 22, 24,
pl. 6, fig. 3.

1975 Anthracoporellopsis index (von Moller);
Termier, Termier et Vachard, p. 81, pl. 5, fig. 1, pl.
10, fig. 5.

1978 Exvotarisella index (von Moller); Mamet,
Mortelmans et Roux, pp. 359-360, pl. 3, fig. 11.

Onwc. Tanit nuIHAPUYHUH, c1a0KO BUTHYTHI
a00 npsIMHI, HEPO3raly)KEeHHI, TOBCTOCTIHHUN. Hi-
TKa cerMmeHTamis BiacyTHs. CTiHKa OJHOIIAPOBA,
CKJIaJileHa TPO30PUM KaJIbIIMTOM, IPOHU3aHa CIOpa-
JUYHO JUXOTOMYIOUHMH TIOpaMH, SIKi B ITO3IOBXK-
HBOMY TEPETHHI MalOTh ENENCOIHNN a00 OKpYIIIHA
o0puc. 30BHINIHS MOBEPXHS IIajKa, 0e3 IepeKUMIB.
BHyTpiHii npocTip MWKUPOKUH, cerMEeHTOBaHa mpa-
BUJILHUMH NIEPETOPOJIKAMHU, BATHYTUMH 200 KOHiU-

HUMH.
PosMmipu (MM): crocTepeXyBaHHM 30BHIITHIHN
nmiamerp tamity 0.122-0.146, niameTp BHYTPIilIHBO]
nopoxxkauau 0.068-0.095, TtoBumua crinku 0.027—
0.031, miamerp mop 0.003—0.005, ToBmIMHA ITOSACKIB
0.029-0.031, Biacranp Mixk HuMu 0.027-0.060.

[opiBusiHHsA. BusiBieHi HaMHM eK3eMIUISIpU HE
BIIPI3HSAIOTRCS Bif THHOBHUX Exvotarisella maponi
Elliott. Bix Ommspkoro Bumy Exvotarisella index
(Ehrenberg em. Moeller, 1880) Biapi3HsieThCs MEH-
IIMM BHYTPIIIHIM JiaMETPOM TMOSACKiB, OiNBIIOI0
BIJICTAHHIO MIXK ITOSICKAMHM, OLJIBII TOHKOKO CTIHKOIO.
VY BHKOITHOMY CTaHi JIETKO CITYTaTd 3 MPeACTaBHU-
Kamu pony Palaeoberesella Mamet et Roux, 1974, y
3B’A3KY 13 CXOXKOIO TpamerieBuIHO0 (OPMOFO TOsIC-
KiB B OChOBHX IepeTrHaX. TpynHori ineHTudikarmii
TaKOXK BUHHUKAIOTH B PE3YJbTaTi MOraHoi 30epeike-
HOCTI YacCTHH CTiHKH 3 TapHOIO 30epeXEHICTIO Top.
Takox Bing maneoOepesen Bigpi3HAETHCS OLIBIIONO
KUIBKICTIO KaMep, TOBIIMHOK CTIHOK Ta pO3rairyKe-
HUMH TIOPaMHU.

Hommpennsa. Bimknagn XII-VII mikpodayHic-
TUYHOTO TOpHU30HTY JlHinmpoBchKko-JloHEIKOH 3arma-
nmunay, Biakmaau 3o C'c-Ci'g Hdoubacy (Vkpaina);
HKkHIA Bize Ypany (TromeHchko-Kycranaich-kuit
nporuH, Pociiickka ®Denepartisi); BepxHill damen —
Bize Cxinnoro Cubipy (Pociiiceka ®eneparis).

Marepian. 7 TO3MOBXHIX TEPETHHIB Pi3HOTO
cTyrieHs 30epexxeHocTi, mmbuHa 6091.28 M, cBepa-
nosuna 203 Bepe3siBchka.

BucnoBku. B pesysnbrari mpoBeieHUX CTpaTH-
rpadiyHUX Ta JITOJNOTIYHUX JOCITIDKEHh MOXHA
3pOOWTH HACTYITHI BUCHOBKH.

Po3pi3, po3KpUTHH PO3BiAyBaIBHOI CBEPILIO-
BrHOIO 203 BbepesiBcbkoro, MpencTaBIeHni TiepeBa-
JKHO KapOOHAaTHUMH, @ TAaKOX ITIIIaHUMH Ta [JIMHUC-
TUMH TTOPOJIAMU HUKHBOI YaCTUHH BEPXHBOBI3EHCh-
KOTO T’ sipycy (TYIbCBKUI TOPU3OHT) Ta BEPXHBOT
YaCTHHW HW)KHBOBI3EHMCHKOTO i sipycy (00OpHKiB-
CBKHIA TOPU30HT).

Ornucana acormiamis (opaminidep, mpeacTas-
JieHa iHAWUBigaMu 24 pomiB, acomiaiis amsroQIiopH,
npefcTaBiieHa 35 BUgamu, SKi BiTHOCATBCA 1O 25
POJIiB, B TOMY YHMCIIi 2 BUJM BAITHUCTHX BOJIOPOCTEH,
aki ommcani Bnepme miusa J3: Atractyliopsis cf.
cumberlandensis Ta Nanopora undata.

[TisHpoBi3elicbka MikpodayHa Ta ajbrodiopa,
y MOPIBHSHHI 3 PaHbOBI3EHCHKOIO, CTAE TAKCOHOMI-
9yHO 30iAHEHOI0. B mi3HBOBI3eHCHKUX KapOOHATHUX
BiJIKJIafax 3’ SBISIOTHCS YHCIICHHI TPEICTaBHUKH
apxemicuua. Coig 3BepHyTd yBary Ha Paraar-
chaediscus koktjubensis, sk 30HaIBHY (HOPMY TYJb-
CBKOT'O TOPU30HTY.

PanHpOBI3€elChbKAa acoliiamis BaHUCTUX BOIO-
pocrtelr npruochoBoi 30HU [1JI3 MOMITHO Biapi3Hs-
€ThCS BiJl OHOBIKOBOi acoriiaIiii 30HM BiJKPHUTOTO
Jlonbacy BiZICYTHICTIO TAKCOHOMIYHO Pi3HOMAHITHUX
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CeepmioBuna 203 bepesiBchka, Bi3eHCHKUN SPYC

@ir. 1. Palaeotextularia bella Lipina, 1948, no3nosxHiit nepetus, rmubuna 5880,72 M, intepBan 5878,00-5892,00 m.
@ir. 2. Consobrinellopsis sp., NO3MOBXHIN IepeTrH, rnouHa 5879,72 M, inTepBan 5878,00-5892,00 m.

@ir. 3. Consobrinellopsis gibbosa minima (Lipina, 1948), mo3nowxHii nepetus, mubuna 5879,72 m,
inTepBain 5878,00-5892,00 m.

@ir. 4, 7. Palaeotextularia breviseptata Lipina, 1948, 4 — mo3noBxHiit neperus, mmbuaa 5880,30 M,

iaTepBan 5878,00-5892,00 m; 7 — mo3noBxkHiN nepetuH, ruouHa 5880,72 M, iHTepBas 5878,00-5892,00 M.
@ir. 5-6. Palaeotextularia longiseptata Lipina, 1948, mo3noBxHii neperus, mmouHa 5880,72 M,

inTepBain 5878,00-5892,00 m.

@ir. 8. Tetrataxis regularis Brazhnikova, 1956, xocwuii ocroBHii nepetu, muonHa 5880,30 M, iHnTepBan 5878,00-5892,00 m.
@ir. 9. Brunsia pulchra Mikhailov, 1939, ockoBuii mepetun, rmubuHa 5879,72 M, intepsan 5878,00-5892,00 m.
@ir. 10. Lapparentidiscus sp., ocboBUi nepeTH, rubruna 5880,72 M, intepsan 5878,00-5892,00 m.

@ir. 11. Omphalotis sp., menianaui nepetuH, rmuduaa 6035,61 M, inTepBan 6031,20-6042,30 M.

@ir. 12. Globoendothyra sp., Menianamii nepetuH, mbuHa 6035,61 M, inTepBan 6031,20-6042,30 M.

@ir. 13. Pseudoplanoendothyra sp., ocvoBuii nepetus, rmmubuna 5880,30 M, inTepsan 5878,00-5892,00 m.

@ir. 14. Globoendothyra ukrainica (Vdovenko), 1967, menianauii nepetuH, rmubuHa 5879,72 M,
inTepBan 5878,00-5892,00 m

-60 -



ISSN 2410-7360 BicHMK XapKiBCbKOro HalioHa/1IbHOrO YHIBEpCMTETY iMeHi B.H. KapasiHa

@ir. 1, 12. Archaediscus karreri Brady, 1873, 1 — ocvoBuii nepetus, mmbuna 5880,30 M, inTepBan 5878,00-5892,00 M,
ocwoBui nepetuH, rmubuHa 5880,30 M, iHTepBan 5878,00-5892,00 M.
@ir. 5-6. Paraarchaediscus pusillus (Rauser-Chernousova, 1948), ocroBuii nepernn, mmbuna 5880,30 M,
inTepsan 5878,00-5892,00 m.

@ir. 8, 10-11, 14, 21. Paraarchaediscus koktjubensis (Rauser-Chernousova, 1948), 8 — ocboBUii IepeTHH, MUOMHA
5880,72 M, intepBan 5878,00-5892,00 m; 10-11 — ocroBuii nepetun, rubuna 5880,72 M, inTepan 5878,00-5892,00 m;
14 — ocroBuii nepetun, rmubuna 5880,72 M, iHTepBan 5878,00-5892,00 M; 21 — ockoBuit mepetuH, rrbuna 5880,30 M,

inTepsan 5878,00-5892,00 m.

@ir. 2-4, 7,9, 13, 15-20, 23-26, 30. Archaediscus krestovnikovi Rauser-Chernousova, 1948, 2-4, 7 — oChOBHii IEpETHH,
rmbuHa 5880,30 M, iHTepBan 5878,00-5892,00 m; 9 — ockoBuii neperuH, rubuHa 5880,72 M, iHTepBan 5878,00-
5892,00 m; 13 — ockoBuii nepetuH, rubuHa 5880,30 M, inTepBan 5878,00-5892,00 m; 15-20 — ochOBHIA IEPETHH, TITH-
6uHa 5879,72 M, inTepBai 5878,00-5892,00 m; 22-23 — ochoBUil nepetuH, mmoduHa 5879,72 M, inTepBan 5878,00-
5892,00 m; 24 — ockoBuii nepetuH, rubuHa 5880,72 M, iHTepBan 5878,00-5892,00 m; 25-26 — 0ChOBHIA IEPETHH, TITH-
ouna 5879,72 M, inTepBan 5878,00-5892,00 m; 30 — ocroBuii neperuH, ronHa 5880,30 M, iHTepBan 5878,00-5892,00 M.
@ir. 27-29. Archaediscus nanus (Rauser-Chernousova, 1948), 27-28 — ocboBwmii nepeTrH, muduHa 5879,72 M, iHTEepBan
5878,00-5892,00 M, 29 — ocboBuii nepetun, rmuoduaa 5880,30 M, iHTepBan 5878,00-5892,00 m
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@ir. 1, 13. Bisphaera irregularis Birina, 1948. 1 — rmubuna 5880,72 M, inTepBan 5878,00-5892,00 m; 13 — rmubuna
6035,61 M, irTepBan 6031,20-6042,30 m.

@ir. 2-3, 6, 14. Eotuberitina reitlingerae Miklukho-Maklay, 1958, 2 — rmubuna 6035,61 m, intepsan 6031,20-6042,30
M; 3 — mmbuna 5880,72 M, inTepBan 5878,00-5892,00 m; 6 — mmbuna 6035,61 M, inTepBan 6031,20-6042,30 Mm;
14 — rmbuna 5880,72 M, inTepBan 5878,00-5892,00 m.

@ir. 4. Archaesphaera sp., muduna 5880,72 M, inTepsan 5878,00-5892,00 m.

@ir. 5. Umbella chanxhei Conil et Lys, 1964, muouna 5880,72 M, inTepan 5878,00-5892,00 m.

@ir. 7-11, 15. Umbella sp., rmubuna 6035,61 M, intepsan 6031,20-6042,30 m.

@ir. 12, 16. Diplosphaerina sp., 12 — rmubuna 6035,61 m 16 — rmbuna 5880,72 M, inTepsan 5878,00-5892,00 m.
@ir. 17. Pachysphaera polydermoides (Conil et Lys), 1964, mu6una 5880,72 m, inTepBan 5878,00-5892,00 m.
@ir. 18-19. Quasipolyderma chovanensis (Reitlinger, 1957). 18 — rmubuna 6035,61 M, intepsan 6031,20-6042,30 m;
19 — mm6una 5880,72 M, inTepBan 5878,00-5892,00 m.

@ir. 20-23. Pachysphaerina pachysphaeroides Pronina 1968, rmibuna 6035,61 M, intepsan 6031,20-6042,30 m
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@ir. 1-6. Atractyliopsis cumberlandensis Rich, 1974, 2 — rmubuna 6034,38 M 3-6 — mmbuna 5879,72 M,
inTepBain 5878,00-5892,00 m.
@ir. 7. Nanopora undata R. Ivanova, 1990, mo3nopxHiii nepetuH, rmuduna 5879,72 M, intepsan 5878,00-5892,00 m
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Tabmuua V

13

atelal 20

@ir. 1, 5. Crassikamaena aculeata R. Tvanova, 1990, rmu6una 5879,72 wm, intepsan 5878,00-5892,00 m.
@ir. 2, 9-11. Kamaena lata R. Ivanova, 1988, rmubuna 5879,72 m, intepsan 5878,00-5892,00 m.
@ir. 4, 6, 7. Kamaena magna R. Ivanova, 1988, rmubuna 5879,72 M, intepsan 5878,00-5892,00 m.

@ir. 8. Crassikamaena ex gr. kurganensis R. Ivanova, 1990, rmubuna 5879,72 m, intepsan 5878,00-5892,00 m.
@ir. 12. Palaeoberesella scalaris R. Tvanova, 1988, rubuna 5879,72 m, intepsan 5878,00-5892,00 m.
@ir. 12, 20. Pseudokamaena sp., tmubuna 5879,72 m, intepsan 5878,00-5892,00 m.

@ir. 3, 13. Crassikamaena foraminosa Brenckle 1985, rmubuna 5879,72 M, intepsain 5878,00-5892,00 m.
@ir. 14-15. Kamaena delicata Antropov, 1967, rmubuna 5879,72 M, intepsan 5878,00-5892,00 m.

@ir. 16. Pseudokamaena boulderensis Mamet, 1972, rmubuna 5879,72 M, intepBan 5878,00-5892,00 m.
@ir. 17-18. Pseudokamaena cf. dentifera R. Ivanova, 1990, mubuna 5879,72 wm, intepsan 5878,00-5892,00 m.
@ir. 19. Crassikamaena sp., mbuna 5879,72 M, inTepsain 5878,00-5892,00 m.

@ir. 21. Pseudokamaena armstrongi Mamet, 1972, rmbuna 5879,72 m, intepsan 5878,00-5892,00 m
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Tabnug VI

@ir. 1, 6-8, 11, 13, 16. Exvotarisella maponi Elliott, 1970a, rmubuna 6091,28 M, intepsan 6090,1-6093,85 m.
@ir. 2-5, 9, 12, 15, 17. Exvotarisella index (Ehrenberg em. Moeller, 1880), mmbuna 6091,28 M,
irTepBai 6090,1-6093,85 m.

@ir. 10. Crassikamaena cf. foraminosa Brenckle 1985, rmubuna 6091,28 M, intepBan 6090,1-6093,85 M.
@ir. 14. Amarellina huvelinii Mamet, 1995, rmubuna 6091,28 M, intepBan 6090,1-6093,85 m
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Tabmuus VII

®ir. 1-4. Koninckopora cf. inflata Koninck, 1842, rmubuna 6091,28 M, intepBan 6090,1-6093,85 m.
@ir. 5 Aoujgalia variabilis Term. et Term., 1950, rmu6una 6036,56 M, intepsan 6031,20-6042,30 m.
@ir. 6. Epistacheoides connorensis Mamet et Rudloff, 1972, mmubuna 6036,56 M, inTepsan 6031,20-6042,30 m.
@ir. 7. Stacheoides ex gr. tenuis Petryk et Mamet, 1972, mmbuna 6036,56 M, intepan 6031,20-6042,30 m.
@ir. 8. Stacheoides meandriformis Mamet et Rudloff, 1972, rmu6una 6036,56 M, intepsan 6031,20-6042,30 m
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Tabmuus VIII

@ir. 1. Epistacheoides sp. (ex gr. connorensis ?), ubuna 6041,38 M, intepsan 6031,20-6042,30 m

najeobepesenin [15], a Takok OUTBIION KIIBKICTIO
KPYITHUX TaJiTiB MPEJICTABHUKIB YEPBOHUX BOJIOPO-
CTEH.

[IpucyTHicTs B acouiauii BAMHUCTHX BOJOPO-
CTeH HIKHBOBI3EHCHKOTO i/ Ipycy KpYIMHUX (HopMm
0arpsiHOK TIOB’si3aHa 3 IEPEeBaKAHHSIM TIIMHHCTUX
BalHAKIB 70 MepreiiB cepel] KapOOHAaTHUX BijKIa-
niB. MopchbKi YMOBH Mi3HBOTO Bi3e Oylu OUIBIN MijI-
KOBOJIHUMH, 13 JIOCTaTHIM OCBITJICHHSIM JIsl PO3BHUT-
Ky TaKCOHOMIYHO Pi3HOMaHITHOI acomiamii 3eJ1eHux
CU(OHOKIIAI0OBUX BOJOPOCTEM.

MikpodamianbHi JOCITIIKEHHS] KapOOHATHUX

BiJIKJIa/TIiB, pO3KpHUTUX CcBepmiioBrHO 203 bepesis-
ChKa, JTO3BOJIWJIM 3pOOUTH TMPHITYIICHHS NP0 BHJIi-
JICHHSl PErioOHaJIbHOTO CTpaTurpadiyHoro Mapkepy,
110 Ma€ B psAAl BUMAAKIB, TApHUH KOPEJSILiHHUHA 110-
TeHIian Ha Teputopii /13, a caMe CrikyJI0BHI MaK-
CTOYH, SIKWH € xapakrepuum ans X1 MOT JI/13.

Hoasika. ABTopy mMPO BASYHI K.I.-M.H. P. M.
IBanogiit (UI'T ¥pO PAH), k.r.-m.H. O. JI. 3afinesiit
MI'Y) ta nr-mH. O. 1. Kymarinii (U YOUI]
PAH) 3a xoHcynbTamii Ta pexoMeHAalil mpyu Hamu-
CaHHi wLi€l cTarTi.
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N3BecTKOBBIE BOOPOCIN U (popamMuHnepbl HUKHET0 KApOOHA CPeIHel YacTH
LHEHTPAJIbLHOU NPUOCEeBOH 30HbI /lHenpoBcKo-/IoHen kol BnaguHbl (YKpauHa)

Anacmacus Imumpueena I'ycaposa’,

umxenep, ' YkpHWHra3, AO «Ykprasgo6sda», [umuasudeckas Hab., 20, r. Xappkos, 61010, Ykpauna;
Amnopeit Bauecnagoeuu Mameeeé’,

. TEOJL. H., JIOIICHT, 3aB. Ka)eapbl TCOJIOTHH,

ZXapbKOBCKHMI HallMOHANBHEIN yHUBepcuTeT umenn B. H. Kapasuna,

1. CBoboner, 4, T. Xapekos, 61002, Ykpauna

HccnenoBaH pa3pes, BCKPBITHIN pa3BeouHOM ckBakuHOH 203 bepe3oBckoil, mpencTaBIeHHbIN NPEeUMYILIECTBEHHO
KapOOHATHBIMH, a TaKKe MeCYaHbIMH U MIMHUCTHIMH TIOPOJIaMH HIDKHEH YacTH BEPXHBOBH3EHUCHKOTO MOIbIpYyca (TyIb-
CKHUI1 TOPU30HT) M BEPXHEH YacTH HIKHEBU3EHCHKOro noabspyca (000pHKOBCKMH ropu3oHT). Jlana MukpodaruaibpHas
XapaKTepuCcTHKa KapOOHATHBIX OTJIIOKEHWH M acconuanu GopamMuHudep U M3BECTKOBBIX BOJOPOCIEH U3 OTIOXKEHUH
BH3EHCKOrO sipyca mpuoceBoil 30ubI J{HenpoBcko-Jlonenkoit Bnamunsl (JJJIB). Omucannas accormarus Gpopamunudep,
MIPEACTaBICHA WHIUBHAAMHU 24 POIOB M acCOLMals aabroaopsl, mpeacTaBieHHas 35 BHOaMH, OTHOCSIIMXCA K 25
pomaMm, B TOM dYHciie 2 BHIA HW3BECTKOBBIX BOIOPOCIEH, KOTOpble omucaHbl BHepBble mist JJB: Atractyliopsis cf.
Cumberlandensis, Nanopora undata n Exvotarisella maponi. VIckonaeMble accolUaIii albroQIIOpsl XapaKTePU3yeT
30Hy Palacoberesella lahuseni - Exvotarisella index - Nanopora woodi, koTopas OblTa CKOpeJUIHpoBaHa ¢ (opaMuHH-
¢depoBeiMu 30Hamu Uralodiscus rotundus u Paraarchaediscus koktjubensis. [To3nHeBu3eiickas MukpodayHa ¥ anbro-
¢topa, M0 CpaBHEHHIO C PaHHEBH3EHCKOH, CTAHOBHUTCS TAKCOHOMHYECKOH oOenHeHHOH. B mo3mHeBmseiickux kxap0o-
HATHBIX OTJIOXEHUSAX MOSBIAIOTCS MHOTOUYHCICHHBIE NPEICTABUTENN apxenucuui. [IpoBeneH cpaBHUTENBHBIN aHATIH3
acconuanuii Bomopocieir JJIB ¢ omHOBO3pacTHRIME accouuanusMu OTKpbIToro JlonGacca, Ypana, BocrouHo-
EBpomneiickoii miatdopmsl, benbriun n ®@pannuu. [IpucyTcTBre B acconnanuy U3BECTKOBBIX BOJOPOCIIEi HUKHEBU3EH-
CKOTO TMOJBSpYyca KPYNMHBIX (JOpM OarpsiHOK CBsI3aHO C MpeoOiagaHueM TIIMHHUCTBIX W3BECTHSIKOB B Meprelieid cpenu
KapOOHATHBIX OTJIOXKEHHH. MopcKHe YCIIoBHs O3IHETO BU3€ ObLTH 00Jiee MEIKOBOIHBIMH, C TOCTATOYHBIM OCBEICHHU-
€M ]ISl pa3BUTHSI TAKCOHOMHUYECKH Pa3HOOOPa3HOW acCOLMALUK 3€JIeHbIX CU(POHOKIAI0BBIX BoJopocieid. Mukpodanu-
aJIbHBIE 0COOEHHOCTH KapOOHATHBIX OTJIOKEHHH, MO3BOJIMIHN IPEIOIOKUTE O BBIICICHUH PETMOHAIIBHOTO CTPATHIPa-
(rueckoro Mapkepa — CIHKYJIOBOTO NMAKCTOYHA, KOTOPHIH siBisieTcst xapakTepHbM aist XIII mukpodayHHCTHIECKOTO
ropm3oHTa [JIB. Ommcansl 3 Buma M3BECTKOBEIX BOJOPOCIEH, BCTpEUeHHI BriepBhle Ha Tepputopun 1JIB. M300paxe-
HHe popaMUHN(ED U M3BECTKOBBIX BOAOPOCIIEH MPUBEACHBI HA 8 MAIICOHTOJIOTHYECKHUX TaOInIax.

Knrouesvie cnoea: ussecmrosvle 800opocau, opamunugepuvl, kapboHamuie MUKpogayuu, HUMCHUL KapOOH,
suseticxkutl sapyc, /[nenposcko-/loneykas enaouna.

Lower Carboniferous calcareous algae and foraminifera of the middle part
of the central paraxial zone of the Dono-Dnieper Depression (Ukraine)
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'Research institute "UkrNDIgas", JSC UkrGasVydobuvannya, Kharkiv, 61010, Ukraine;
Andrij Matveyev?,

Doctor of Science (Geology), Associate Professor, Head of the Department of Geology,
2V. N. Karazin Kharkiv National University, 4 Svobody Sq., Kharkiv, 61022, Ukraine

ABSTRACT

Introduction. Today, the boundary of the Upper Visean and Lower Visean substage of the Dnieper-Donetsk Basin
(DDB) remains controversial. The characteristic of associations of foraminifera and calcareous algae of Lower Carbon-
iferous deposits in axial zone of the DDB were investigated.

Analysis of previous publications. The Tournaisian-Visean stage is most studied in the riparian zones of the
DDB, and the axial zone is much less studied. This is due to the deep occurrence of Visean rocks in this area, as well as,
sometimes, the lack of Tournaisian deposits in a particular section.

Materials and methods. The microfacies of carbonate rocks on the core materials of the borehole 203 Bere-
zivs'ka. The algoflora fossil associations characterizes the algae zone Palacoberesella lahuseni — Exvotarisella index —
Nanopora woodi, which was compared with foraminifera zones Uralodiscus rotundus and Paraarchaediscus kok-
tjubensis.

Results and discussion. Lithology. The upper part of the section is dominated by pack-, gran-packstones, which
indicates the normal conditions of sedimentation and the development of depleted marine fauna. From the middle part
of the section there are light layers of bioclastic waxstones, which indicates limited water circulation. In the lower part
there is a high percentage of bioorganic detritus. Green algae and foraminifera paraturaminides play a significant role in
the number of individuals.
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Micropaleontology. Describes the association of foraminifera, represented by individuals of 24 genera, the asso-
ciation of algae, represented by 35 species belonging to 25 genera, including 3 species of calcareous algae, which are
described for the first time for DDB: Atractyliopsis cf. cumberlandensis, Nanopora undata and Exvotarisella maponi.

Conclusions. A comparative analysis of the algae associations described in the paper with the coeval associations
of the Urals, East European Platform (Russian Platform), Belgium, France and Lviv-Volyn basin. The foraminifera and
algae representation is given at the 8 paleontological plates.

As a result of stratigraphical and lithological studies, the following conclusions can be drawn.

1. The section of Berezivska well is represented mainly by carbonate, as well as sand and clay rocks of the lower
part of the Upper Visean substage (Tulian horizon) and the upper part of the Lower Visean substage (Bobrikovskian
horizon).

2. Microfacial analysis revealed a number of rocks in Visean limestones. The upper part of the section is domi-
nated by pack-, gran-packstones, which indicates the normal conditions of sedimentation and the development of de-
pleted marine fauna. From the middle part of the section there are light layers of bioclastic waxstones, which indicates
limited water circulation. In the lower part there is a high percentage of bioorganic detritus. Green algae and foraminif-
era paraturaminides play a significant role in the number of individuals.

These deposits accumulated in the conditions of an open carbonate platform with normal sea conditions. Even
lower there are large forms of red algae. The rocks turn into algae packstone and wak- packstone. Bioclastic material
are represented by a few foraminiferal shells, fragments of exotarizel and a large number of various, partially rolled,
biodetrite. These deposits accumulated in conditions close to the edge of the platform

3. Describes the association of foraminifera, represented by individuals of 24 genera, the association of algae,
represented by 35 species belonging to 25 genera, including 3 species of calcareous algae, which are described for the
first time for DDB: Atractyliopsis cf. cumberlandensis, Nanopora undata and Exvotarisella maponi.

The large number of archedicides from the core Ne4 indicates that the bottom substrate was represented by soft
silt, and their developed radiant layer indicates the most favourable conditions for their development. In the upper part
of the section in the association of calcareous algae the number of individuals is dominated by green siphonocladian
algae, which indicates a calm hydrodynamic regime below the tidal level, as well as the optimal depth of the basin,
which does not exceed 3-5 m.

4. Microfauna and algae of Late Visean, in comparison with the Early Visean, becomes taxonomically impover-
ished. Numerous archaedicides appear in the Late Visean carbonate deposits. Attention should be paid to Paraarchae-
discus koktjubensis as a zonal form of the Tulian horizon.

5. The Early Visean Association of calcareous algae of the axial zone of the DDD differs markedly from the sin-
gle age association of the open Donbass by the absence of taxonomically diverse paleoberezelides, as well as a large
number of large thallites of red algae.

Keywords: calcareous algae, foraminifera, calcareous microfacies, Lower Carboniferous, Visean stage, Dnieper-
Donez Basin.
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Hogi 3HaxiIky pelmIToK KaM’IHOBYTiJIbHUX 1 e(aa01nos
HAa TePUTOPil YKpaiHu
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Bingxmagy kam’SHOBYTUIFHOT CHCTEMH IMMPOKO IOMIMPEHi Ha TepuTopil YKpaiHu. B HUX 4acTo 3yCTpidaloThCsl peIITKU TOI0BO-
HOTHX MOJIIOCKIB, 5IKi, THM He MEHII, BHBUCHI HeloCTaTHbO. L{edanonony MaoTh BeluKe 3HAYCHHS IS PO3MEKYBaHHS 1 KOpesIii
BiZIKJIaiB KapOOHY, a TaKOX A PEKOHCTPYKIIH YMOB IX HAKOMUUYECHHS. 3 Hi€l IPUIMHE BHBYCHHS TOJOBOHOTUX MOJIOCKIB € JyKe
akTyaspHUM. B pisaux Micipax IliBHiuHOI 1 LlenTpanbHoi YKpaiHu B MOPEHHUX BiJKIaAaX 3yCTPi4alOThCs BAlHAKOBI BayHH 3 PEIIT-
KaMH KaM sHOBYTUTBHOI (hayHH, B ToMy umchi nedanonon. TpaHcrmopTyBaHH 1 epeBiAKIaieHHS (HOCUITIH MATEPUKOBUMH JILOAAMU
BiJTHOCHUTBCS 0 JIbOZOBHUKOBOTO THITY HEPEBIIKIaCHHS CKaM STHUIOCTEH 3 NaBHIMINX B OUIBII MOJOZI ocaar. JIbomoBHKOBE MEpeBia-
KIIaJIeHHS BiIOYBA€ThCA AK y BUIVILAI OKpeMHUX (oCuiIii, Tak 1 y BUIIAAL OIOKIB MOPOAH Pi3HUX PO3MIpiB. 3 BaHAKOBUX BAaIyHIB Y
CKJIaJli MOPEHU THIMPOBCHKOTO 3IICNICHIHHS, IO BiJICIOHIOEThCS Ha ropi [TuBuxa Oins cMt ['pamausek [lonTaBchkoi 00macTi, HaMH
BU3Ha4YeHO HacTynHi nedanomnonu: Culullus sp., Antonoceras balaschovi Shimansky, Pseudostenopoceras sp. i Liroceras sp. Pe3yns-
TaTH X BUBYCHHs miaTBepawin BucHOBKU B.B. Orapa i B.1. TloneraeBa moao mi3HbOBI3eHCHKO-CEPITYXOBCHKOTO BIiKY BAIHSKIB, IO
CKJIQJIAf0Th BaTyHU. KOpiHHUM JDKepesioM JaHUX BaITHSKIB € MiBAEHHE KpHI0 MOCKOBCEKOT cnHeki3H (epeBaxkHo Kamyspka i Tyib-
cpka obmacti P®). Kpim Toro, neski BaxyHu Ha [IMBHCI MICTATh PEIITKH €HIOLEPH] i PAaHHBOIIAJIC030HCEKUX TPHIIOOITIB, TOMY iHIIE
IDKEpPENo KOPIHHUX IMOPi pO3TaIIOBYyBaJOCs, 11032 BCAKUMHU CyMHiBaMH, Ha TepuTopii [Ipubantuku (Ecronis) i JIeninrpaacekoi 06-
nacti P®. 3 HmxHaBOTO KapboHy [HimpoBchko-JloHenpKo1 3amauHu BU3Ha4eHa oprouepuaa Brachycycloceras scalare (Archiac et
Verneuil). Lleit Bua mupoko NOMMpPEHUH y Bi3elCbKO-HAMIOPCHKUX BiKIagax 3aximHoi €Bporu. BcTaHOBIEHO MPUCYTHICTD Y BilIK-
nanax HWKHBOTO KapOony IliBnennoro Jlonbacy pemrok akruHouepun (Rayonnoceras sp. i3 BepxiB Bizeiicbkoro apycy). Hosi nani
JO3BOJIVUIM PO3IIMPHUTH CHCTEMAaTHYHE Pi3HOMAHITTS paHHbOKaM STHOBYTUIBHUX Ledanomon Jlonbacy i JIHinmpoBchko-/loHEnbKOT
3amauHH.

Knrwuosi cnosa: xam snogyeinbna cucmema, yegaionoou, 1b0006UKOSL 8ANYHU, OHINPOEchKe 3edenints, /lonbac, [Tusuxa.

Sk uuryBatn: JleproB B. C. HoBi 3Haxinxu peImTok Kam sHOBYTUIbHUX Ledanonon Ha Teputopii Ykpainu / B. C. [lepuos // Bicauk Xapkis-
CHKOTO HallioHanbHOTO yHiBepcutery imeHi B. H. Kapasina, cepis «['eonoris. ['eorpadis. Exonorisy, 2021. — Bumn. 55. — C. 72-81. https://doi.org/

10.26565/2410-7360-2021-55-05

In cites: Dernov V. S. (2021). New finds of the Carboniferous cephalopods on the territory of Ukraine. Visnyk of V. N. Karazin Kharkiv Na-
tional University, series "Geology. Geography. Ecology", (55), 72-81. https://doi.org/10.26565/2410-7360-2021-55-05 [in Ukrainian]

IlocranoBka mpodsemu. Binkmamu kam’sHO-
BYTiJIbHOI CHUCTEMH OepyTh y4acTh B TEOJIOTiUHii
OymoBi 3Ha4HOI yacTWHHM TepuTopii Ykpainu. Ha
Kallb, PIBEHb BUBYCHOCTI KapOOHY Pi3HHX KyTOUKiB
HAIoT JIep>KaBH HE OJHAKOBHA. SIK pe3ynbrart, royio-
BOHOTI MOJIIOCKHM, PEIITKA SKUX BCTAHOBJCHI B
KaM’SHOBYTUIbHUX Biakmagax Jlonbacy [1-5, 11],
Huinposceko-Jlonenpkoi  3amaaman  (A/3) [5],
JIpBiBCBKOTO Maneo3oiickkoro nporuny [19], bino-
KOpoBHIIbKOiI cTpykTypH [13] Ta IlepennoOpya3sCh-
KOTO Tialle030iicbkoro mporunHy [12], mocimimkeri
HepiBHOMIpHO. Ha maHuii MOMEHT MOpIBHAHO JeTa-
JIbHO BHMBYCHI JIMIIIE KaM’SHOBYTLIbHI Hedaonoan
Jlonenpkoro Oaceiny.

B pykax aBrOopa € HEBENIMKa KOJEKIIisl PelToK
nedanornon, mo ckiuagaeTses 31 30opiB [.€. Alizen-
Bepra ([acturyT reonoriunnx Hayk HAHY, Kuis) i
kpae3naBLs [.A. YepnikoBa (My3eit «Ictopis [pagu-
3pKa Big 3amnaBu JHinpa mo KpemeHuybKoro Bo-
JIOCXOBHIIAY, cell. [ pagn3ek, [lonTaBcbka 001acTh).
CkaM’sHIJIOCTI  MOXOMIATh 3 HIDKHBOTO KapOOHY
Juinposcbko-Jlonenpkoi 3amaawau 1 IliBneHHOTO
Honbacy (30opu 1.€. AiizenBepra), a Takox 3 JbO-
JIOBUKOBHX BaJyHIB MOPEHHU JTHIIPOBCHLKOTO 3JICIe-

HIHHS, 110 BiJICJIOHIOIOThCS Ha Topi [IuBuxa B OKO-
mutax eMT Ipannsek (36opu LLA. YepHikosa).
[0J10BOHOTT MOJIFOCKM MarOTh BEJTUKE 3HAUCHHS
JUTSL PO3MEXKYBAHHS 1 KOpenllii BiJKIaaiB KapOoHy,
a TaKoX AJIS1 PEKOHCTPYKLIl yMOB iX HaKONMYECHHS
[4]. 3 ui€i npuuMHM 1X BUBYEHHS Ma€ BEIHMKE HAYKO-
Be 3HaueHHs. Sk 3a3HaumB B.B. Orap [28], BuBueH-
Hs (DOCWITIH 3 epaTHYHUX BajyHIB HAaJa€ BaXKIIHUBY
iH(opMaIlito [ BU3HAYCHHS JDKEpera YIaMKOBOTO
MaTepianly MOPEH YETBEPTHHHHUX 3JICACHIHb. 3 Ili€l
NPUYMHU BUBYCHHS AJIOXTOHHHMX PEIITOK KaM’siHO-
BYT'UJIBHUX 11€()ajionos € JOCUTh aKTyaJIbHUM.
IcTopisn BuBYeHHsl. PaHHbLOKaM STHOBYTUIBHI
nedanonoau Joubacy i J1/]3 BUBYCHI HETOCTATHBO.
Ha nmanuii MmomeHT 3 HIKHBOTO KapOony JI/(3 Bu-
3HAUEHO JIEKibKa BHUIIB aMOHOiAeH 1 ogHy (dopmy
HayTinian [5]. I3 HWKHBOKaM STHOBYTUTRHHX (TIepe-
BaXKHO BEPXHbOCEPIYXOBCHKUX) BinkiIanaiB loHbacy
BUBYCHI uucieHHI amonoimei [1, 2]. Hayrumoinei
BIJIOMI JIMIIE 13 BIJKJIaiB CaMapChKoi CBITH (HMX-
Hill cepmyxoB). 3BiJICH HaMH OITMCAHO HOBUH BHI
Haytuninn Gzheloceras aisenvergi Dernov, 2021.
IcTopist BUBUEHHS PELITOK KaM’ SHOBYT1UIbHOI (ayHH
3 IbOJIOBUKOBUX BAJTYHIB, K1 TPAILIIOTHCS B Pi3HUX

© flepHos B. C., 2021
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MicisIx Ha Teputopii [IpuaHInpoB’s, mpeacTarieHa
B poboti B.B. Orapa [28], ToMy TyT Mu He OymemMo
3YNUHSITUCS Ha [IbOMY MTUTAHHI.

[ToTpiOHO BiA3HAYUTH TOBITOMIICHHS K.M. Ho-
BHK [9] mpo 3HaXigKy B MOpPEHHHX BiAKIagax, IO
BizcioHIOOTEC Oimst M. Ilpmmykn (YepHiriBchka
0051acTp), BajlyHa TIIMHUCTOTO CIIAHLIO 3 PEIITKAMHU
CepeqHbOKaM STHOBYTUIPHUX  HA3eMHHUX  POCIHH
Neuropteris ovata (Hoffmann) i1 Calamites cf.
undulatus Sternberg. Ha nymxy K.J. HoBuk, nami
(JIOpOHOCHI TOPOAN MOTPANMIN B MOpPEHY BHACIHI-
JIOK PO3MHUBY BiAKITaiB POMEHCHEKOro Kymoiry, po3-
TamoBaHoro Hepaneko Bix [Ipumyk. Takum dnHOM,
Ha Hally AyMKY, IOTPiOHO BpaxoBYBaTH L0 00CTa-
BHHY TIpH BU3HAUEHI JDKepena KaM’ SHOBYTLIbHUX

dbocuiit 1 MexaHI3My 1X MOTPAIUISHHS B TVIAIIATbHI
ocaju.

Marepian, meroguka i TepuTopis ao0cCIi-
JKeHb. BUBYCHA KOJCKIliSl HIKHBOKAM’ STHOBYTLJIb-
Hux 1edanonox 3 kapoony /13 1 Ilisnernoro oH-
6acy (IGSU-9) 36epiraerscs y Bimmini crparurpadii
1 TTAJICOHTOJIOTIT MaJIC030HUChKUX BiKIaMiB [HCTUTY-
Ty reonoriuanx Hayk HAH VYkpaian (KuiB). Mare-
pian 3 [IuBuxu excrionyetbcst B My3ei «lctopis [pa-
nu3bka Bin 3amnaBu JlHinpa mo Kpemenuyipkoro
BOJIOCXOBHIIA». BUBYEHI 3pa3ku MOXONIAThH 3 HACTY-
ITHUX MICIIe3HaX0mKeHb (puc. 1).

1. Honeupka obnacth, Kambmiychkuil paiioH,
paiion M. [loky4aeBchk, cBepaioBuHa Ne 51, rinbu-
Ha 88,0 M. Bizelicbki TeMHO-CIpi, IIUTBHI, APiOHOK-

Puc. 1. I'eorpadiune nonoxeHHs MicLie3HAXOMKEHb peTok Hedanonon (dir. A, b) Ta siupo uepenamku
akTHHONepUIH Antonoceras balaschovi Shimansky (BeHtpanbHo; ¢ir. B) i3 BanyHis 1. [TuBuxa (6/H).
Fig. 1. Geographical situation of the cephalopod remains localities (figs. A, B) and the steinkern of the
actinocerid Antonoceras balaschovi Shimansky (ventral view; fig. B) from the boulders of Pyvykha Hill
(without number)

pucTaNiyHi BamHAKA. TyT BHUSBICHO PEIITKH OPTO-
nepun (ex3. Ne IGSU-9/10), sxicte 30epexeHHS
SKMX HE J03BOJISIE BU3HAYHTH HAaBITh POJIOBY iX
MpUHAICKHICTE. [IpoTe, 3 omIamy Ha HU3BKHH pi-

BEHb 3HaHb LIO/I0 Bi3eHCHKMX TOJIOBOHOTHX MOJIIOC-

kiB JloHOacy, faHi 3HaXiJK1 3aCIYTOBYIOTb 3raJIKH.
2. Honeupka obmactb, Kambmiychkuii paiioH,

okoiuili xyT. I'pabose Ha p. Kambmiyc. V BamHsKy

-73 -



Cepis «['eonoris. leorpaddisi. EKkonoris», 2021, Bunyck 55

Bs' MexiBcbKOi CBiTH (BEpXH Bi3€HCHKOTO SpyCy)
BUSIBIICHO (parMeHT dYepenamniki aKTHHOUECPUIN
Rayonnoceras sp. (ex3. Ne IGSU-9/8).

3. [lontaBchka 00macTh, [ TOOMHCHKYI paiioH,
okomiuIli cMT I'pagm3ek, ropa Iluenxa. MopenHi Ba-
JyHH, IO CKJIa/IeHI BalTHIKaMU CBITIO-CIPHMH 1 Ci-
PYBaToO-KOBTUMH, adaHITOBUMH, NOJIOMITH30BAHH-
MH 1 3KpeMEHUIMMH. B maHWX BamHSAKax 3HANWICHO
PEIITKA XeTEeTH I, KOpalliB, Opaxiomoi, racTpPOIIO,
KkpuHoizae# i pu6 [3, 10, 28]. 3a nanumu B.1. Tlone-
taeBa i B.B. Orapa [10, 28], pemTku Opaxiomnon,
XEeTEeTH/I 1 KOpalliB JO3BOJISIOTH JaTyBaTH 3rajgaHi
BaITHSIKY Mi3HIM Bi3e-CEPITyXOBOM.

Hamu 3 nanoro micue3HaxomKeHHsI BCTaHOBJIE-
HO HEiACHTH(IKOBaHI OPTOIEPUAN, OHKOICPHAA
Culullus sp. (ex3. Ne OP004), aktuHOUEpHIa Anto-
noceras balaschovi Shimansky (6/H), HayTHIiAN
Pseudostenopoceras sp. (6/u) 1 Liroceras sp. (6/H).

4. IlonTaBchka obmacts, JlyOeHChKUIT paiioH, C.

4745,0 m). B yopHUX MITFHUX apriTiTax KMOBIPHO
BEPXHBOTO BI3€¢ 3HAWIEHO (PparMeHT dYepernanku
oprouepunu Brachycycloceras scalare (Archiac et
Verneuil) (ex3. Ne IGSU-9/7), a Takok pemiTky He-
BH3HAYEHOI aMOHOIIE].

5. Cymcbka obmacth, OXTHPCBHKHI palioH, C.
Byrpysare, cBepanoBuna byrposatiBebka-160 (Tiu-
ou-aa 3650,0-3654,0 M). B 9opHHX IIIIBHUX aprii-
Tax 13 pemTKaMu Opaxiomoz 1 memenumon (BiK —
MpuOJIM3HO Mi3HIA Bi3e) 3HAWJCHO (pparMeHT yepe-
Mamiku  oprouepunu  Brachycycloceras scalare
(Archiac et Verneuil) (ex3. Ne IGSU-9/6). Tyt xe
BUSBICHO ()parMEHT 4Yepenalikyd HEBU3HAYCHOI
aMOHoIiJiel.

PesyabraTtu Ta 06roopennsi. Kam’ sHOByT11b-
Hi HayTmioinei MOCKOBCHKOT CHHEKIII3H, 3BIIKH, K
Mmoka3aHo B poborax [10, 28] moxoasTh Jb0I0OBUKOBI
BaIHAKOBI BaJlyHU 1 ranbka ropu IluBuxa, BUBYa-
10Thcs 3 modatky XIX cromitrs. Baxknmmsumu po-

I'yoceke, cBepmnoBuHa [yoOcbka-2 (1. 4740,0-  Ooramwu, MPUCBIYCHUMHU BUBUCHHIO IiJMOCKOBHUX
Tabnuys 1
PonoBuii ckian HeaMOHOITHUX Ie(aIono paHHLOTO KapOOHY MOCKOBCHKOT CHHEKITI3U
(3a manumu poOir [7, 16, 17, 33])
[MigkpeciieHo HayTHIIO1 1T, 110 B1IOMI i3 epaTUYHKX BasyHiB I. [InuBnxa
. Pseudorthoceras, Calchasiceras, Endolobus, Temnocheilus, Lophoceras,
CepnyxoBChKHI . , .
apyc Rineceras, Stroboceras, Domatoceras, Liroceras, Peripetoceras, Loxoceras,

Rayonnoceras, Linter.

Cycloceras, Leuroceras, Stroboceras, Thoracoceras, Cornuella, Navis, Poterioc-

Bizeiicbkuii spyc

eras, Calchasiceras, Acanthonautilus, Tylonautilus, ? Endolobus, Lophoceras,
Rineceras, Domatoceras, Liroceras, Ephippioceras, Loxoceras, Antonoceras

Mstikhinoceras, Rayonnoceras, Linter.

Typaelcbkuii apyc .
M py Psiaoceras, Antonoceras.

Cycloceras, Poterioceras, Culullus, ? Edaphoceras, Rineceras, Loxoceras,

HayTHIoiel kapoony, € a8i moHorpadii M.K. Lse-
TaeBoi [14, 15]. HaifOinbin icTOTHUI BHECOK y BH-
BUCHHS PaHHbOKAM’ SHOBYT'JIbHUX HEAMOHOIIHUX
nedanomon Ilinmockor’st 3poous B.M. Illumanch-
KWii, IKWA B psji cTaredt 1 MoHorpadii [16, 17, 33]
MOKa3aB X CHCTEeMaTH4YHE Pi3HOMAHITTS i majeobio-
reorpagiydi ocodnuBocti. B Tabmuii 1 mpemcras-
JICHO POJOBMH CKJaJ KOMIUIEKCIB HEaMOHOITHUX
nedasnonoa HIKHLOro KapooHy MOCKOBCHKOT CHHE-
KITI3H.

Antonoceras balaschovi Shimansky, 1957
(puc. 1, ¢ir. B). Jlanuit Bua Bimomuil 3 BEepXHBOBI-
3eMChKHUX (OKCHKHMX) BiJIKJIaliB MOCKOBCHKOT CHHEK-
nizu [17]. ﬁMOBipHO Lel ke BUJI 3HAWACHUM Ha .
[omuepem (Pecrybimixa Komi, PD) [17].

Culullus sp. (puc. 2, dir. 2). €quHuii npeacra-
BHUK pony Culullus Shimansky, 1968 (C. shatense
Shimansky, 1968) Bigomwuii, 3a nanumu B.M. Illu-
MaHCBKOTO [17], BUKITIOYHO 13 TypHEHCHhKUX (yNWH-
cekux) Bigkiaani [ligmockor’s (puc. 3). Moxiuso,
cTparurpadiuHa mpuB’si3Ka MaTepialy € He 30BCIM
KOPEKTHO, OCKiIbKY 1o piuti IllarT, 3Bigku moxo-

JUTh €IUHAN EK3EMIUIAP MOHOTHITHOTO — POIY
Culullus, momupeHi BiAKIAAM BI3EHCHKOTO SPYCY.
Tak sik 3rajanuii pijx cj1aOKo BUBYCHUH 1 HOTO CTpa-
TurpadivyHe MOMMPEHHS] He 3’ICOoBaHe, N0 IHTEpII-
peTarlii 3HaxiI0K PelToK HOro MpeICTaBHUKIB MOT-
PiOHO CTaBUTHUCS AYKE 00EPEIKHO.
Pseudostenopoceras sp. Pin Pseudostenopo-
ceras Shimansky, 1967 Bigommuii i3 cepIryXxoBChKOTO
spycy [liBnenHoro Ypany (P. lenticulare Shimansky,
1967), Hosoi 3emii (P. boreum Shimansky, 1996)
[18] i HenTpansuoro Kazaxcrany (P, sp.) [16], moc-
KOBCBKOTO sipycy MockoBcbkoi cuHeknmizun (P,
Rouillieri (Koninck, 1878); P. solare Shimansky,
1967) [16] i Honbacy (P, solare Shimansky, 1967) [4].
Liroceras sp. PemTku mnpencTaBHUKIB POAY
Liroceras Teichert, 1940 mupoko mommpeHi B Kap-
OOH-TIEPMCBHKUX BiAKIazax. Apeajd pOay BKIFOYAE
3axigny €spomy, [lonbac, €BpomelcbKy YacTUHY
Pocii, Ypan, Asito Ta [liBaiuny Amepuky [16]. I3
Bi3eHChKO-CEPITYXOBCHKUX BiJKNIaAiB MOCKOBCHKOT
CHUHEKJII3U ONKMCAHO JBa NPEJCTaBHHKA JJaHOTO
pony: Liroceras fornicatum Shimansky, 1967 Ta L.
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Puc. 2. Pemtku niedaionosn i3 kaMm’ sHOBYTITbHUX Bifknais Jlonbacy i /3, a Takok MOpEHH THITPOBCHKOTO
3neneHiHHs (ropa [TuBuxa).

@ir. 1. @parmenT uepenaiku Rayonnoceras sp .: 1a — 31 CTOpOHHU Meperopoku, 16 — BeHTpanbHo. Dir. 2.
Anpo wepenawku Culullus sp .: 2a — narepanbHo, 26 — 31 cropoHHH nieperopoaku. @ir. 3, 4. @parmentu ye-
penamiok Brachycycloceras scalare (Archiac et Verneuil). @ir. 5. Uepenamika HeBU3Ha4€HOT OPTOLIEPUIN.
JowxnHa MacmTabHUX BiIPi3KiB — 10 MM.

Fig. 2. Cephalopod remains from Carboniferous of the Donets Basin and Don-Dnipro Downwarp, as well as
moraines of the Dnipro glacial maximum (Pyvykha Hill). 1. Fragment of the conch of Rayonnoceras sp.:
la — apertural view, 1b — ventral view. 2. The steinkern of Culullus sp.: 2a — lateral view, 2b — apertural view.
3, 4. Fragments of the conchs of Brachycycloceras scalare (Archiac et Verneuil). 5. Shell of indeterminate

orthocerid. Scale bars are 10 mm
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Puc. 3. IlomupeHnHss HIKHbOKaM STHOBYTUIBHUX BiIKJIa/1iB Ha TepuTopii BopoHnesbkoi aHTeki31 1 MOCKOBCH-
KOT CHHEKJII3H (31 3HATHM ITOKPOBOM O1JIbII MOJIOJIUX BiIKJIa/iB).

Ymosni nosnauenns: 1 — BepxHiil cepiyxoB, 2 — HIKHIH cepiryxoB, 3 — Bi3e, 4 — TypHe, 5 — 1eBOH, 6 — iep-
KaBHUH KOpAOH YKpainu, 7 — micue 3Haxinku pony Culullus [17], 8 — MicLs 3HaXiI0K peITOK Antonoceras
balaschovi Shimansky [17], 9 — miBieHHa MeXa THIIPOBCHKOTO 3j1eaeHIHH. Kaprocxemy ckiaieHo 3a fa-
HUMH poOiT [6, 17, 28].

Fig. 3. Lower Carboniferous sediments on the territory of the Voronezh Anteclise and Moscow Syneclise
(with removed cover of younger sediments). Legend: 1 — Upper Serpukhovian, 2 — Lower Serpukhovian, 3 —
Viséan, 4 — Tournaisian, 5 — Devonian, 6 — Ukraine state border, 7 — type locality of the genus Culullus [17],
8 — localities of Antonoceras balaschovi Shimansky [17], 9 — the southern limit of the Dnipro glacial maxi-
mum. After [6, 17, 28]
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excentricum (Eichwald, 1857). BuBueHa nayrinaiga
MOpGOJIOTIYHO OMKYE IO APYTOTOo BHIY (BiIOMMIA
i3 cepryxoBChbKHX BiaknaaiB). [Ipote, morana 30e-
PEXKEHICTh CKaM SHIJIOCTI HE JI03BOJISE BIICBHCHO
BHU3HAYHTH 11 BUIOBY HAJICKHICTD.

Rayonnoceras sp. (puc. 2, ¢ir. 1). AktuHOIIE-
punu pony Rayonnoceras Croneis, 1926 Oynu myxe
IIUPOKO TONITUPEHUMH B PAHHBOKAM STHOBYTLTHHHUX
rajeoakBaTopisix Ha wicili cydacHoi [liBHIUHOI
Awmepuku, 3axigHoi €Bponu, €BpONencyKoi YacTu-
Hu Pocii 1 Kurato [17]. Panime aktuHOLCpHIU B
kap6oHi JloHenpKoro 6aceiHy Bijomi He OyIIH.

Brachycycloceras scalare (Archiac et Verneuil,
1842) (puc. 2, ¢ir. 3, 4). launii Bug Bizomui i3 Ha-
mtopy bemnbrii [22], Bize Yexii [29] i [loxpmi [36], a
TaKOX HIKHBOTO KapOoHny Himeuunnu [31].

Ilaneoreorpagiune 3HaueHHS HOBHUX 3HAaXi-
JI0K pemrTok mnedaaonoa. TpaHcOpTyBaHHA 1 Tie-
peBinkiameHHs (OCHIIH MaTepUKOBUMH JIHOJaMU
BIIHOCUTBCS JI0 JILOJJOBHKOBOTO THUIIYy IEPEBiaKIIa-
JIEHHSA CKaM’ SIHUIOCTEN 3 JaBHININX OCaIiB B OLIbII
momoxi [20]. JIbomoBrKOBe TIEpEBiIKIaACHHS BiOY-
BAETHCS SIK Y BUINISIL OKpeMuX (QOCuItii, Tak i y BH-
Isi1i OJTOKiB IOPOIHM pi3HUX po3MipiB. [HoAI MacuBH
MEPEBIAKIAZCHUX TTOPiJl MOXKYTh TOCSTaTH 3HAYHUX
po3mipiB. Y deTBepTMHHHX Bimkiamax CximHOl
IMonpmi Ha wiomi 1 KM? po3TamoBaHMil aJOXTOH-
HUH OJIOK KEJIOBEHCHKUX IJIUH, MOTYXHICTIO 4 M.
[IpumyckaeTbes, mo MacuB Topia OyB mepeHeceHuit
JIbOJOBUKOM Ha ITIBJAEHb HA KUIbKA COTEHb KIJIOMET-
piB [20].

®docwuitii pi3HOTO BiKY 3 epaTHYHUX BalyHIB BU-
BYaKOThCA B €Bpomi 3maBHa [32]. Hampukmnan, mabo-
JIOBUKOBI BaJlyHM 3 IOPCBKUMH KOpajaMH Ta
ckadonomamu [23, 30], OpAOBHIBKMMH Ta MeE30-
KaifHO30MCHKUMUMU iXHOocuiismu [21], kemOpiii-
CbKOI, OpAOBMIIBKOI Ta ME30-KallHO30MCHKOIO
MiKpo- Ta MakpodayHoto [8, 25, 26, 27, 32, 34, 35],
MajeoreHoBor (uioporo [34] Ta Mi3HPOKPEHTOBUMHI
xpebetHumu [8, 24] Bimomi Ha Teputopii Ilonbi,
Himeuunnu ta CxagauHasii.

I'eorpadiune moxomkeHHS TOPiA, MO CKiIana-
I0Th JIHOJTIOBUKOBI BalyHH [IMBHUXH, K 3a3HAYA€THCS
B po0oTi [28], MO)KHA BU3HAYHUTH 32 JIOTIOMOTOIO
BUBYCHHS (POCHIIH, 110 MICTATBhCA B Topoaax. Sk
BXKE 3a3Ha4yaliocsl BHWIIE, BIK KOPIHHUX BiJIKJIQJIiB
BHU3HAYCHO IMIEPEBAKHO SIK PAHHBOCEPITYXOBCHKUI
(TapyChKHI-CTEIIOBCHKUN TOPU30HTH) 1, MOKIJIHMBO,
Mi3HBOBI3EHCHKMIA (OKChKMI Haaropu3oHT) [10, 28].
Pesynbrati BUBYEHHS TOJIOBOHOTHMX MOJIFOCKIB ITiJI-
KOM Y3TrOJDKYIOThCS 3 JaHMMHU BUCHOBKamu. Hepmo-
cTaTHbO BUBUYEHUH pin Culullus, ommc sikoro Oazy-

€THCSI BCHOTO Ha OJHOMY €K3eMIUIApi siapa ueperna-
ik [17], He MOXXKHA BUKOPHUCTOBYBATH TIPH TOIITYIT
JoKepena KpYITHOTO YJAaMKOBOTO MaTepiainy MOPEHH.

Cyasiuu 3 yCboro, JIbOJIOBHUKOBI BaJIyHH, IO Mi-
CTSTh KaM SHOBYTUIbHY (payHY, MTOXOASTH 3 TEPUTO-
pii IliBnennoro IlinmockoB’s (mepeBaxkso 3 Kamy-
3pk0i 1 Tynmbebkoi obnacteit PO — puc. 3). Kpim To-
ro, JedKki BanyHH Ha [IMBHCI MICTATH PEIITKH €H-
JIOTIEPH]T 1 paHHBOIAJIE030MCHKUX TPHUIOOITIB, TOMY
Jpyre HKepeso KOPIHHUX TMOpif] pOo3TalloBYBaIoCs,
1o3a BCSIKUMH CyMHiBaMH, Ha Teputopii [Ipubantu-
ku (Ecronis i Jleninrpamcbka obmacts PD).

3naxinku ©Ha Ttepuropii A3 Bumy Brachy-
cycloceras scalare (Archiac et Verneuil) i xocMoro-
JmiTHOTO pomy Rayomnoceras B JloHOaci, cBim4arh
PO BUTBHI 3B’SI3KM paHHBOKaM STHOBYTUTHHUX aKBa-
Topiii Ha wmicui cywyacHoi Cximnoi i IliBHiuHO-
CxigHoi YkpaiHu fK 3 ONH3BKO pPO3TAIIOBAHUMH
perioHamu, Tak i reorpadidHoO BiIgaIeHUMHU.

BucHoBku. CkaM’sSHIIOCTI 3 epaTUYHUX Baly-
HiB YETBEPTHHHUX 3JI€JCHIHb €BPONH BHUBYAIOTHCS
3naBHa. B VYkpaini momiOHI HOCHIIMKEHHS po3Ioda-
JHCA TIOPIBHSAHO HEMIOAABHO. 3 JHOJOBHKOBHX Ba-
JYHIB MOPEHH JTHINPOBCHKOTO 3Je/eHiHHs ropu [1u-
BHXa BH3HAYEHO KapOOHOBI HEaMOHOIAHI Iedaio-
momu  Culullus  sp., Antonoceras  balaschovi
Shimansky, Pseudostenopoceras sp. i Liroceras sp.
BuBueHHsI 3HaXiZIOK pemTok medaionon B epaTH-
HHX BaJyHaxX THITPOBCHKOTO 3JICCHIHHS JO3BOJINIIO
nigreepautu BUcHOBKM B.B. Orapa ta B.1. Ilonera-
€Ba MIOJI0 TeorpadivHOTO MOJIOKEHHS JPKeperna yia-
MKOBOTO MaTepiay Ta BiKy KOPIHHUX TTOpiJI.

3 HIXHBOro Kapoony JHinpoBchKo-oHenbKol
sanaauau ta [liBgennoro JloHOacy BU3HAUEHO Op-
touepuna Brachycycloceras scalare (Archiac et
Verneuil) ta akturOUEpUAY Rayonnoceras sp. Ak-
THUHOILIEPUIX BIIEpIlie Bij3HaueHi B kapOoHi JloHOa-
cy. Lli 3Haxigku cBim4yaTh Mpo BUTLHUIA OOMiH (ay-
HaMU paHHbOKaM STHOBYTIIPHUX aKBAaTOPili Ha MicIi
cyuacHoi Cxignoi i ITiBHiuHO-CXimHoi Ykpainu i
THIIUX PETiOHIB CBITY.

Pesynbraté IOCHIIKEHb PO3MIMPUIIA CHUCTEMa-
TUYHE PI3HOMAHITTS paHHbOKAM SHOBYTIIHHHX IIe-
¢anonon Jlonbacy i JninpoBchko-JloHeIbKOIT 3ama-
JUHH.

Ionsiku. ABTOp BHUCIIOBIIOE LIMPY BISYHICTDH
kpae3naBifio [.A. UepnikoBy (cmt ['paamusbk, [Tonra-
BCBbKa 00JIaCTh) 32 MOXKIIMBICTh O3HAHOMUTHCS 3 KO-
JIEKLI€I0 pelToK BUKOMHOI (aynu 3 ropu I[luBuxa.
3a 4uClIeHHI KOHCYJBTAlli B XOMI JOCIIPKECHHS s
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HoBble HAX0AKHM O0CTATKOB KAMEHHOYT0JIbHBIX Le(aIonos
HA TEPPUTOPUN YKPAUHBI

Bumanuit Cepzeeeuu /lepnos,
aCTIMPAHT, OTIEI CTpaTHrpaduu U MaJCoOHTONIOTHH NAJICO30HCKUX OTIOKCHHUH,
Wucturyt reonorndeckux Hayk HAH Ykpaunsl, yi. Onecs T'onuapa, 55-0, . Kues, 01054, Ykpanna

OTi0XeH!UsI KaAMEHHOYTOJIHOM CHCTEMBI IIMPOKO PACIIpOCTPaHEHBI Ha TEPPUTOPUHN YKpauHbl. B HaHHBIX oTiIONKe-
HUSIX 9acTO BCTPEYAIOTCSl OCTATKM TOJIOBOHOTHX MOJLTIOCKOB. OHH, TeM He MeHee, M3ydeHbl HeprocTtarodHo. Ledanormo-
JIbl UMEIOT OOJIBILIOE 3HAUSHHE JJISl PACWICHEHHUS] U COMIOCTABIICHHUS OTIIOKEHUH KapOOHa, a TaKkkKe JJIsl PEeKOHCTPYKIIMU
yCJIOBHiA uX HakoruieHus. [1o 3Toii npuunHe n3ydeHue roJIOBOHOTUX MOJITIOCKOB SIBIISIETCSI BEChbMa aKTyaslbHbIM. B pas-
HeIXx MecTtax CesepHoil u lleHTpanpHOIl YKpauHBI B MOPEHHBIX OTJIOXKEHHSIX BCTPEUAIOTCS BATYHBI M3BECTHSKOB C
oCTaTKaMH KaMEHHOYToJbHOH (ayHsbl, B ToM unciie nedaronon. TpaHcopTupoBka U nepeoTiokeHne GoCCUinii Mare-
PHKOBBIMH JIbJAMH OTHOCUTCS K JISTHUKOBOMY THITy NEPEOTIOKEHHsI OKaMEHEJIOCTeit U3 Ooee IpeBHUX B OoJiee MOJIo-
Jple ocaku. JIemTHMKOBOE MEPEOTIOKEHNE TPOUCXOANT KaK B BUJIE OTAENbHBIX (DOCCUIINIA, TaK U B BUJIe OJIOKOB MOPOJIBI
Pa3MUHBIX pa3MepoB. VI3 N3BECTHAKOBBIX BaJyHOB MOPEHBI JHEIPOBCKOTO OJIe/ICHEHHsI, OOHaxaromeiicsa Ha T. [Tusnxa
Bosinie noc. I'pammxkck [lonTaBckoit obmactn, Hamu onpenenens! ciexyromue nedanomnons:: Culullus sp., Antonoceras
balaschovi Shimansky, Pseudostenopoceras sp. u Liroceras sp. Pe3ynbsraTel Mx nM3ydeHHs MOITBEpAMIN BBHIBOIH B.B.
Orapst u B.1. TlonetaeBa 0 MO3IHEBU3EHCKO-CEPITyXOBCKOM BO3pacTe M3BECTHSKOB, CJIATAIOMMX BalyHbl. KOopeHHBIM
WCTOYHUKOM JJAHHBIX N3BECTHSKOB SIBIISIETCS IOXKHOE KPBIIIO MOCKOBCKOH CHHEKIIHN3HI (TIpeuMyIecTBeHHO Kamyxckas u
Tynsckas obnactu P®D). Kpome Toro, HekoTopble BaxyHBI Ha IIMBHXe 3aKIIOUAIOT OCTaTKU 3HIOLEPHUI U pPaHHeNaleo-
30iCKUX TPUIOOUTOB, OATOMY BTOPOI HCTOUYHMK KOPEHHBIX MOPOJ] PACIIOJAralicsi, BHE BCIKUX COMHEHU, HA TEPPUTO-
pun [pubantuku (Dcronus) u Jlenunrpaackoit obmactu P®. M3 HmkHero kapbona JlHempoBcKo-JloHEKOH BIIaJAWHBI
onpezeneHa optorepuna Brachycycloceras scalare (Archiac et Verneuil). 3ToT Bua MUPOKO pacpOCTPaHEH B BHU3EH-
CKO-HaMIOPCKHX OTIOKEHUsIX 3amaaHoil EBpombl. YcTaHOBIEHO NPUCYTCTBHE B HIDKHEM kapOoHe FOxHoro JlonOacca
ocraTtkoB akTuHOUepun (Rayonnoceras sp. u3 BepxoB BH3EWCKOTO sipyca). HoBble JaHHbBIE MMO3BOJIMIIM PACHIMPUTH CH-
CTeMaTHYeCcKoe pa3Ho00pa3ne paHHEKaMEHHOYTONILHBIX nedanonos Jonbacca n J{HenpoBcko-/loHenkoil BriainHEbI.

Knrouesvte cnosa: KameHHOy20MbHAS cucmemda, yepanonoovl, J1eOHUKO8blE BANYHbl, OHENPOBCKOe OledeHeHuUe,
Jlonbacc, Iusuxa.
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ABSTRACT

Formulation of the problem. Carboniferous sediments are widespread in Ukraine. Cephalopods remains are not
rare in these deposits. However, they are poorly studied. Cephalopods have great importance for the dismemberment
and correlation of Carboniferous sediments, as well as for paleogeographic reconstructions. For this reason, their study
is very relevant.

The history of the study. Mississippian cephalopods of the Donets Basin and Don-Dnipro Downwarp are poorly
studied. At the moment, few ammonoids and one nautilid have been determined from the Mississippian of the Don-
Dnipro Downwarp. Numerous Mississippian ammonoids are known from the Donets Basin. Nautilids are known only
from the Samara Formation (Lower Serpukhovian).

Material and research methods. This article is based on the results of a study of Mississippian cephalopods col-
lection from the Donets Basin (Ukraine: Grabove Village and Dokuchayivs’k in the south of the Donetsk Region) and
the Don-Dnipro Downwarp (Ukraine: Sumy and Poltava Regions, Bugrovate and Gubs’ke Villages). In addition, alloch-
thonous remains of cephalopods from the moraine of the Dnipro glacial maximum were studied (Ukraine: Poltava Re-
gion, Pyvykha Hill nearby Hradyzk Town).

Statement of the main material. Orthocerids, oncocerid Culullus sp., actinocerid Antonoceras balaschovi
Shimansky, nautilids Pseudostenopoceras sp. and Liroceras sp. have identified from the limestone boulders in the mo-
raine of the Dnipro glacial maximum (Hradyzk). The age of these limestones from the Late Viséan to Serpukhovian.

The geographical origin of the limestone debris can be determined by studying the fossils in these rocks. The re-
sults of the study of chaetetids and corals (Victor Ohar), brachiopods (Vladystav Poletaev) and cephalopods (author)
show that the source of the limestone boulders with Carboniferous fossils situated in the southern part of the Moscow
Syneclise.

Fragments of conchs of the orthocerids Brachycycloceras scalare (Archiac et Verneuil) are occurred in the black
mudstones of the Upper Viséan opened by the boreholes Bugrovativs’ka-160 (depth is 3650.0-3654.0 metres; Bugrovate
Village, Okhtyrka District, Sumy Region) and Gubs’ka-2 (depth is 4740.0-4745.0 metres; Gubs’ke Village, Lubny Dis-
trict, Poltava Region). This species is known from the Namurian of Belgium, Viséan of the Czech Republic and Poland
and Mississippian of Germany. The collection also contains a fragment of a large conch of actinocerid Rayonnoceras sp.
This specimen comes from the limestone Bs' of the Mezha Formation (Upper Viséan) exposed in the vicinity of the
Grabove Village on the Kalmius River (Donetsk Region). This genus is very widespread in the Mississippian sediments
of North America, Western Europe, European part of Russia and China. Previously actinocerids in the Carboniferous of
the Donets Basin were not known.

Fragments of conchs of indeterminate orthocerids find in the dark gray fine-crystalline Viséan limestones
(Dokuchayivs’k, borehole no. 51, depth is 88.0 metres).

Conclusions. The study of new finds of Carboniferous cephalopod remains in Ukraine allowed us to confirm the
approximate location of the source of the clastic material of the Dnipro glacial maximum moraine. In addition, expand
the systematic diversity of the Mississippian cephalopods of the Donets Basin and Don-Dnipro Downwarp.

Keywords: Carboniferous, cephalopods, glacial boulders, Dnipro glacial maximum, Donets Basins, Pyvykha Hill.
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ABSTRACT

Introduction. In semi- arid and arid countries in which groundwaters are the main supplier of water, monitoring of water quali-
ty is of vital significance. To better manage water resources, therefore, investigation of water quality utilized for drinking, agricultur-
al and industrial purposes sounds compulsory.

The purpose of article. The aim of this study was to investigation the factors in fluencing the evolutionary process of ground-
water resources and hydrogeochemical characteristics of groundwater resources in the northeast of Sabzevar.

The research methods. Given the geological formation, water yield and condition of the region’s water resources, a total of 10
underground water resources were surveyed in respect of quality. In this regard, physical parameters e.g. PH, Electric Conductivity
(EC) and Total Dissolved Solids (TDS) were measured in the sampled solution by multimeter. The hydrochemical analysis of data
was implemented in laboratory and by inductive Plasma method and by statistical analysis and the modeling process were conducted
by the SPSS, Chemistry and AqQA suites.

The results of research. According to Scholler diagram, that most of water samples are categorized in good and acceptable
class. According to the drawn Wilcox diagram, the samples are in C2S2, C2S4, C3S2 and C3S4 classes. Most samples agriculturally
unsuitable with high salinity. According to the water quality index (GQI)), the water resources of the study area are in poor to ac-
ceptable category. Spatial study showed that the catchment area of water resources located in volcanic rocks, conglomerates and
gravels, due to the lower impact of these rocks on water salinity, has caused the outflow of water of appropriate quality from these
areas. In the western part of the region, due to the presence of marl and evaporation -detrital deposits, the value of this index is low
and water is of poor quality. In other parts of the region, the water quality index (GQI), increases and water has a better quality.

The type of geological formation around the basin is one of the important factors in the evolution of water resources. Chemical
weathering of different rocks with natural waters produces different cations and anions. The water-rock reaction and weathering of
minerals, is the main factor in changing the quality of groundwater chemistry in the region. Chemical analysis of water entering the
aquifer of region showed that the sources of ions entering the region were affected by the lithology of rocks and sediments that were
exposed to weathering for a long time, hence, as the region water, due to the passage of the detrital evaporation formation of the third
period and marl, have dissolved them and increased the ratio of Cl+SO4>HCOs. The results showed that the presence of rocks and
minerals of carbonate such as limestone, dolomite and calcite, sandstone and silicate such as volcanic rocks in the water passage has
caused the scenarios of Ca>CO3 and Ca + Mg>CO:s.

Conclusions. Results revealed that drinking water resources are decent in most of the sites, exclusive of the resources that
place in detrital-evaporate deposits. Meanwhile, the water is hypersaline and indecent for agricultural purpose. To the east, however,
salinity plummets and is decent for agricultural purpose. The concentration of bicarbonate as the most abundant onion in the entire
resources is higher than the global health standard and dissolution of carbonate rocks like limestones and dolomites play a role in this
manner. The concentration of nitrate in the entire resources is lower than the global standard. Their concentration in the area is owing
to agricultural activities and circulated water. Water resources emplaced in volcanics, conglomerate and gravels are of less concentra-
tion in respect of salts content and quality of water is higher. The young detrital-evaporate deposits in the west have augmented the
concentration of ions as per the Ground Quality Index (GQI) and zonation maps, and where upon, water quality in this portion
is poor.

Keywords: Sabzevar, Northeast of Iran, Geological formation, Water quality, Binalood zone.
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Introduction

In semi-arid and arid countries in which
groundwaters are the main supplier of water, moni-
toring of water quality is of vital significance (Sener
et al., 2017; Kawo and Karuppannan, 2018, Khano-
ranga and Khalid, 2018). Burgeoning population
globally, on the other hand, has given rise to a great-

er demand for water for household, agricultural and
industrial sectors, leading to over-exploitation of
water resources (Heydari et al., 2012).

To better manage water resources, therefore,
investigation of water quality utilised for drinking,
agricultural and industrial purposes sounds compul-
sory. One of the major resources are springs and
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ganats which outline differing discharge rates given
geological formations and precipitation (Javadi et
al., 2019). The water resources are formed through
the discharge of aquifer into impervious layers in a
ridge-and-ravine topography, emerging in permeable
sediments like gravels, sandstones and conglomer-
ates which overlie the impermeable sedimentary
formations. The severe reduction in rainfall have
rendered not only the quality, but also the quantity
of water vulnerable by anthropogenic activities.
Nowadays, groundwater in rural areas have been
known as the main and reliable source of potable
water supply, whilst some problems in quality have
tarnished the reliability reputation of the sources.
Variation in water quality could be owing to interac-
tion between rocks and water, evaporation and fluc-
tuations in concentration considering the amount of
precipitation and presence of anthropogenic controls
like agricultural activities and industrial effluent.

Groundwater reacts chemically with a variety
of solid phases e.g. sediments and aquifer’s bedrock
en route from recharge to discharge zone. Such reac-
tions are invariable as per the chemical character of
water, geological formations and settlement duration
of water (Sarkar et al., 2007).

Monitoring of chemical composition of water
could help forefend imminent dangers jeopardising
human’s health and maintain societies’ hygiene.
Numerous workers have engaged international crite-
ria like those by the WHO, base diagrams like that
of Scholler’s (Scholler, 1955) and a wide assortment
of quality indices as tools to categorise potable wa-
ter (Ketata-Rpkbani et al., 2011, Jerome and Piuse,
2010; Kishore and Hanumantharao, 2010) in their
collected works.

Extensive studies have, by far, been undertaken
on this issue in domestic and international scales,
from which we can refer to those fundamental ones
that have perceptibly assisted us to learn about this
trend. The most outstanding of the studies are: In-
vestigation of evaporite precipitations (Hardie,
1968), Convulsion of brines in enclosed basins
(Hardie and Eugster, 1970), Sedimentologic and
geochemical properties and hydrogeochemical
provenance of brines (Spenser et al., 1990), Up-
heaval of important groundwaters at playas (Rosen,
1994; Erfanian Kaseb et al., 2020), Heydrogeo-
chemical investigations of water in Dasht-e-Jajarm
(Javanbakht et al., 2020), Ardak region in Mashhad
(Fazel valipour et al., 2021), Siahoo Basin in Bandar
Abbas (Gholamdokht Bandari et al., 2018), Karstic
springs in Ajabshir (Saraei Tabrizi et al., 2021).

To project qualitative variation in water re-
sources, other phenomena in the target area shall be
statistically investigated (Rabah et al., 2011). Be-
sides the cited matters, the quality of water re-
sources in a region hinges upon the existing ions

which their number is commonly reduced by lithol-
ogy and their own evolutionary cycle (Jones and
Decampo, 2014).

The early chemical properties of waters being
delivered to enclosed basins is affected by the li-
thology and the sediments being weathered and by
the duration over which groundwaters remain inside
the rocks of basin (Hardie and Eugster, 1970; Jones
and Decampo, 2014). Familiarity with enclosed ba-
sins is indispensable in assimilating the chemistry of
waters. Surface and underground waters supply the
ions that precipitate as salts at basin. Acidic waters
would cause chemical weathering of surface rocks
of the watershed. The chemical weathering of vari-
ant rocks by natural waters would generate a vaude-
ville of anions and cations (Erfanian Kaseb et al.,
2020).

Given the fact that water of the aquifer in Sab-
zevar’s north is used for drinking, agricultural and
industrial purposes, the environmental characteris-
tics of water and the effect of lithology on water
quality have been taken into account on this study.

Geology of the study area

The studied groundwaters are located in a
mountainous area of equitable to semi-arid climate,
coordinating 58°- 58° 30' E and 36° 30" -37°N in the
NE of Sabzevar township in Khorasan-e-Razavi
Province. The Sabzevar-Quchan trunk road is
amongst the most important means of transportation
in this region. The annual precipitation amounts to
276mm. The highest elevation is 2529m and the
lowest 1150m above sea level. Winters are fairly
cold and summers are equitable to warm (Fig. 1).

Structurally speaking, it is a portion of the
Binalood Zone, and lithologically, however, the geo-
logical formations are variegated. Most of the ex-
posed rocks are the Cenozoic volcanics of Miocene
age which are predominantly of pyroclastic lava
variety. Within them lie volcanic rocks of Plio-
Quaternary age as domes and dykes. Deposits of
shallow marine facies also exist that transform into
continental sediments which are of the Cenozoic age
and belong with E, and Es series. The series consist
of shale, sandstone, conglomerate, limestone, dolo-
mite, marly shale and chalk. The youngest sedi-
ments are detrital evaporites that have formed adja-
cent to the Kaalshur River. The limestone outcrops
of Lower Cretaceous of Mesozoic Era are witnessed
as dislocated huge boulders in the NE of the area.
Such formations have, somehow, cropped out over-
lying the Plio- Quaternary pyroclastic sediments and
also underlying them unconformably which is an
indicator to post Plio- Quaternary tectonism (Fig. 2).

Methodology

Some 10 samples were grabbed from the
springs, wells and qanats so as to investigate the
groundwater quality in 2020 (Fig. 2). Over the sam-
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Fig. 1. The location of study area

pling process, the sampling bottles were thoroughly
washed and one sample was grabbed from each site.
Physical parameters like PH, EC and TDS were
measured by an Extech multimetre at the sampling
site. To forefend any settlement of heavy metals, the
pH value of samples was reduced to 2 by adding
thick HNOs. The samples were then transferred to
the chemical laboratory of Mashad Azad University
at a temperature of 4°C where the hardness and alka-
linity of water samples were measured by means of
the Titration technique using the EDTA (di amine
tetra acetic acid). The samples were subsequently
transferred to the IMPRC to undertake the inductive
Plasma Analysis. The statistical analyses were con-
ducted on the Chemistry, SPSS22 and AqQA suites.
To study the quality of potable water, Scholler’s di-
agram and for agricultural purposes, the Wilcox’s
were engaged. The qualitative classification was,
ultimately, implemented utilising the GQI and effec-
tive parameters were analysed. The index entails
weighing and combining of 10 qualitative parame-
ters for potable water i.e. Cl, Na, Ca, Hardness,
Acidity, Bicarbonate, Sulphate, Nitrate, Mg and the
TDS. This approach encompasses the spatial varia-
tion of measurings, and multi-stage conversions of
groundwater quality data as ranking of groundwater
quality index by means of generating concentration
maps for each parameter of point data and through
the interpolation method. The data are subsequently
calculated utilising the normalised difference index
as follows:

C=(X"- X)/(X'+X) )I(

Where the X is the calculated concentration in
each cell on the primary map and X is its optimum
standard (WHO). The calculation procedure is con-
ducted through the measuring of the contamination
index (the ratio between the measured concentration
of contaminant and maximum acceptable amount of
contaminant) ranging from 1 through -1 for each
cell and, ultimately, through the conversion of con-
tamination index to a ranking map ranging between
1-10 (rank 1 connotes the least and 10 the highest
level of groundwater effect).

To rank the concentration of cited elements
from 1-10, the formula below is applied )Babiker et
al., 2007)

r=0.5 C2+4.5 C+5 )2(

Where C represents the concentration index for
each cell and r shows the related rank. The GQI is
obtained by formula 03:

GQI =100 — (riwi+rawot..... 4w/ N)  )3(

Where 1 is the value/ amount of ranking map of
range 1-10, W is the relative weight of the parame-
ters and N is the total number of utilised parameters
on the analyses (Alexander et al., 2017). Table-01
demonstrates the categories of potable water quality
as per the represented quality index (Babiker et al.,
2007).
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GEO _UNIT First DESCRIPTION
E2sh Dark gray to violet shale with sandstone at the base
E3b Dark gray olivin trachybasalt, pyroxen basalt. andesitic basalt as lava flows or dikes
E3ld Light gray cherty limestone and dolomite
E3mg Light green gypsiferous silty, marly shale with intercalations of gypsum, sandstone, tuffite
and limestone
E3sc Red alternations of sandstone and shale with conglomerate and tuff intercalations
E3vb Dark greenish to reddish gray vesiculated spilitic basalti
Jm Dolomite, limestone, partly dolomitized, cream, gray
Nor Marl, sandy marl, sandstone and conglomerate, consoidate, partly gypsiferous, light
g red orange
Pl Qda Light gray dacitic andesite, quartz trachyandesite as domes and thick lava
Pl Qla Light gray lahar, volcanic conglomerate with acidic pyroclastics
Q2al Recent alluvium
Q2d Silt and sand with lenses of gravel forms alluvial plane (dasht)
Q2fbg Cabble bulder gravel, unconsolidated and uplifted, forms highest (oldest) level fans
Q2fg Gravel unconsolidated and uplifted, forms intermediated level fans
Q2fm Mud, silt and sand, forms lowest(youngest)level fans
Q2tg Gravel unconsolidated and uplifted, forms intermediated terraces
Q2v.f Silty clay, silt and sand, with gravel packets forms filled valley
Qt2 Terraces and young gravel fans
Residential area
tr Gray quartz trachyandesitic to trachyandesitic dikes

Fig. 2. Geological map and selected groundwater resources in the region
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Results and discussion

Given the physio-chemical and geological con-
ditions governing the groundwaters, numerous vari-
ables play role in the quality of groundwater, all of
which may not usually be analysed (Lucassen, 2004;
Kumar and Dua, 2009). Juxtaposing the anions and

cations in the samples, the most frequent ones were
distinguished and compared with the world stand-
ards (Table 2). The dominant onion in the whole
samples were bicarbonate, whilst the least abundant
was nitrate ion. The dominant cations were Na in
most of the samples and the least was K.

Table 1
The classification of drinking water quality based on quality index (Babiker et al., 2007)
GQI Quality
91-100 Suitable
71-90 Acceptable
51-70 Medium
26-50 Poor
0-25 Low
Table 2
The analysis and physical parameters of groundwater resources in the region (mg/L)
Sta- X Y DS py  Ec Alkal TH Na Ca Mg K HCOs SOs Cl  NO;
tion (mg/L)
S1 582542 364043 1083 8.09 1602 80 16 113 59.7 214 217 235 115 81 30
S2 583114 364030 321 7.66 482 90 270 51 49.7 164 2.59 175 70 33 30
S3 582556 364137 666 7.83 953 96 233 36 479 12.3 1.76 165 62 21 19
S4 582430 364110 191 8.07 273 350 469 1376 254 1415 36.16 400 790 1950 31
S5 582508 364044 994 8.21 1150 72 410 184 59.6 30.1 3.84 330 180 168 25
S6 582554 364016 470 8.31 679 54 310 118 48.3 20.7 1.72 240 182 62 28
S7 582444 364150 298 7.70 479 70 116 108 14.6 6.4 2.72 170 60 44 25
S8 582443 364206 342 7.75 480 320 410 1218 203.7 123.1 743 380 1070 1400 41
S9 582510 364319 750 7.77 548 96 233 114 20.8 7.3 1.89 190 78 30 26
SI0 582457 464323 306 7.5 448 92 300 200 182 74 233 195 76 36 25
WHO 500  7-8.5 150 200 75 50 12 150 250 250 50
Table 3
The classification of water quality for agricultural
SAR Water quality for agriculture Water class Station
17.75 High salinity-inapproperiate C354 S1
8.87 Low salinity-approperiate C282 S2
6.56 Salinity-acceptable C382 S3
97.85 High salinity-inapproperiate C254 S4
27.47 High salinity-inapproperiate C3584 S5
20.09 High salinity-inapproperiate C254 S6
33.33 High salinity-inapproperiate C254 S7
95.28 High salinity-inapproperiate C254 S8
30.41 High salinity-inapproperiate C254 S9
32.70 High salinity-inapproperiate C254 S10

Quality of water resources. To assess the pre-
sent quality of gr resources used to supply potable
water, the Scholler’s diagram (Scholler, 1955) was
adopted. This is a semi-logarithm illustrating the
concentration of major ions in mg/L. The diagram
also categories Na, Cl, sulphate, TDS and hardness
as per chemical parameters as good, acceptable, av-
erage, inappropriate, totally unpleasant and indecent
for drinking (Asgharimoghadam et al., 2015). Hen-

ce, given the qualitative samplings as per Figure. 3,
it can be concluded that the quality of water in the
area ranks good to acceptable, exclusive of samples
4 and8 whose quality is totally unpleasant owing to
being extracted from evaporate-detrital facies adja-
cent to the Kaal River.

The Wilcox diagram was applied to assess the
quality of water used in agricultural purposes (Wil-
cox, 1995). It studies the classification of water us-
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age as per the EC or Electric conductivity and the
SAR or Sodium Adsorption and can be applied to
categorise the water rate at the study area up to 16
differing ranks. The finest quality is C1S1 and the
worst is C4S4 whose application is in agricultural
and irrigation (Asadzadeh et al., 2017). Table. 3 il-
lustrates the classification of water used in agricul-
ture. Assessing the results obtained from the local
resources connotes average to high salinity and alka-
linity. This could be construed as presence of evapo-

rite formations. Because of the remarkable differ-
ence in Na concentra-tions in a number of samples,
they are absent on the Wilcox diagram. Hence, 10%
of the samples fall into C2S2, 60% into C2S4, 10%
into C2S2 and 20% into C2S4 class. Consequently,
the entire samples are pondered inappropriate for
agricultural except for and S2 and S3 (Fig. 4).

The achieved analyses and depiction of zona-
tion maps (Fig. 5) revealed that the concentration of
Ca, Mg, Na, sulphate, Cl and TDS indicate a decrea-

Fig. 3. The analysis of the exploitation situation based on Schoeller diagram

sed concentration of these ions everywhere in the
area exclusive of the western portion, and water
quality is good. Presence of dolomite and limestone
formations, of young detrital-evaporite deposits
whose presence has given rise to the concentration
of TDS, of marly shales and density of joints and
fissures whose presence has boosted dissolution and
vulnerability of formations in the western portion all
would help augment ions’ concentration and deterio-
rate the quality of water as a result. Propagation of
volcanic rocks like basalt, andesite and dacite, and
trachy-andesite dykes in the area’s south and south-
east, a conglomerate formations in the south-west
and presence of gravel within the deposits of the
northern portion have all lessened the concentration
of ions, boosting water quality.

The quality of the study area’s resources ranks
poor to acceptable as per the GQI (Table 1). Spatial-
ly investigating, it was revealed that the watershed
of water resources which has been hosted by volcan-
ic and conglomerate rocks and by coarse-grained
gravels has helped release of water of good quality
all owing to the insignificant influence of these for-

mations on the salinity of water. The GQI is low in
the west, however, owing to the presence of lime-
stone, dolomite, marl and detrital-evaporite deposits
and, consequently, water quality is poor and the in-
dex is low. Notwithstanding, the GQI shows rise in
the rest of the area and the water has a better quality
(Fig. 6).

Effect of lithology on water resources. Com-
bination of water resources with the rocks in the
periphery of the basin hinges upon their reaction
with water and water characteristics s and (De-
campo, 2014).

The rock type of geological formations sur-
rounding the basin is one of the significant factors in
the quality of water resources. Chemical weathering
of different rocks due to reaction with inflowing
waters would generate variable onions and cations
which disturbs the primary HCOs/Cat+Mg in solu-
tion (Fig. 7).

Geological data (Fig. 2) revealed that the quali-
ty of water resources corresponds with the lithology
which consists silicates, carbonates and sulphates.
Hydrogeochemical studies demonstrate that bicar-
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bonates, as onions, are dominant and exceed the
global standard in the entire samples. Dissolution of
limestones and dolomites play an elemental role in
the abundance of bicarbonate ion in water. Dissolu-

tion within the gypsum beds and young detrital-
evaporite deposits in the west of Abdullah-e-Giv
Village has released the sulphate onion into water.
Given the fact that the origin of Cl onion in ground-

Fig. 4. The analysis of the exploitation situation based on Wilcox

water resources is atmosphere and it's concentration
is highly diluted with the lost water, hence, the as-
sessment of its concentration is pivotal. The Cl in
waters has resulted from the dissolution of evaporite
deposits and weathering of shale formations (Anon-
ymous, 2010). Nitrate is known as one of the most

significant anions of water and its presence maybe
as a result of leaching/ washing by streams, break-
down of organic material and anthropogenic activi-
ties e.g. municipal effluent and usage of chemical
and natural fertilisers. The minimum and maximum
concentration of nitrate is 19 and 41 mg/L, respecti-
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Fig. 5. The distribution of ion concentrations and TDS of groundwater sources in region

Fig. 6. Zoning map of GQI of groundwater in region
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Fig. 7. The relationship between the origin and composition (Jones and Decampo, 2014)

vely. Given the fact that the concentration of nitrate
ion is below the global standard in the entire sam-
ples, however, the major reason behind the rise in
nitrate concentration in water resources lying in the
downstream of farmlands and homesteads could be
leaching of nitrate. In other sense, the aquifer is fed
by the nitrate-bearing waters circulated from the
agricultural use.

Na shows the highest concentration amongst
the cations in water resources. Apart from halite
(NaCl), the main origins of Na are seawater, rainfall,
hydrothermal springs, brines, Na-bearing silicates
(albite), nepheline and rare Na-bearing minerals
such as sodium carbonate Al — (Khashmon et al.
2017). The shale formations in the area may convert
clay minerals to each another, releasing variety of
ions like Na. Furthermore, presence of Na-bearing
silicates (albite) in volcanic rocks has played a role
in releasing Na. The most perceptible origins for Ca
and Mg cations in groundwaters, are limestones and
dolomites, Ca-bearing silicates as well as groundwa-
ter of great salinity (TDS> 500 mg/lit) through
which these ions have entered the water resources.
The water is in close contact with limestones of high
Ca content and low SiO; (Cohen, 2003; White and
Drake, 1993). Their pH is commonly alkaline (Du-
arte et al., 2020). The waters that are in contact with
dolomite are analogous to calcerous waters, whilst
their content of Ca and Mg is the same in molar val-
ues. Release of Ca from Ca-bearing silicates in bas-
alts and also dissolution of non-carbonate for-

mations like gypsum beds have played a role in the
liberation of Ca.

Conclusion

Groundwaters are one of the most important re-
sources of water. The quality of groundwater re-
sources in Abdullah-e-Giv area in the SW of Guch-
an township was studied. Given the lithology and
water abstraction statues, a total of 10 groundwater
resources of decent position were opted and as-
sessed. Results revealed that drinking water re-
sources are decent in most of the sites, exclusive of
the resources that place in detrital-evaporite depos-
its. Meanwhile, the water is hypersaline and inde-
cent for agricultural purpose. To the east, however,
salinity plummets and is decent for agricultural pur-
pose.

The dissolution of calcerous and dolomite fac-
tors has played the most pivotal role in the release of
Ca and Mg cations in water, with Na as the most
abundant cation in the water originated from shaly
formations.

The concentration of bicarbonate as the most
abundant onion in the entire resources is higher than
the global health standard and dissolution of car-
bonate rocks like limestones and dolomites play a
role in this manner. The dissolution of interbedded
gypsum is influential in the release of sulphate ion,
and dissolution of young evaporite and detrital de-
posits, and shale formations have had a role in the
release of Cl. Water resources emplaced in volcan-
ics, conglomerates and gravels are of less concentra-

-90-



ISSN 2410-7360 BicHMK XapKiBCbKOro HalioHa/1IbHOrO YHIBEpCMTETY iMeHi B.H. KapasiHa

tion in respect of salts content and quality of water  ties and circulated water.

is higher. The young detrital-evaporite deposits in the
The concentration of nitrate in the entire re-  west have augmented the concentration of ions as

sources is lower than the global standard. Their con-  per the GQI and zonation maps, and whereupon,

centration in the area is owing to agricultural activi-  water quality in this portion is poor.
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Onenka KauecTBa MOA3eMHBIX BOIHBIX PeCypcoB Ha ceBepo-BocToke Cabd3eBapa

Moxammao Hopazum Dazenv Banunyp',

K. T€OJ1. H., IOICHT Ka(eaphl FCOIOTHH,

"HMcnamekuit yausepeutet Asana, Memxenckuit gpummai,

yia. Octan FOcodwu, 6ynsBap Dmamue, ['acemAban, Memixen, a/s 91735-413, Hpas;
Xenzame pgpanan Kaced',

K. T€OJI. H., aIbIOHKT-TIpodeccop Kadeapbl reoornu

BBenenne. B moiy3acyluIMBBIX M 3aCyIIIMBBIX CTpaHaX, B KOTOPBIX MOA3EMHBIC BOIBI SABISAIOTCS OCHOBHBIM ITO-
CTaBIIMKOM BOJIbI, MOHUTOPUHT Ka4yecTBa BOABI MMEET XKM3HEHHO Ba)KHOE 3HaueHWe. Takum oOpas3om, Ui JIydIIero
YIpaBJIeHUs] BOXHBIMH PECYpPCaMH HMCCIIEIOBAaHUE KadeCcTBa BOJbBI, HCIIOIB3YEMOM UISl TINTHEBBIX, CEIBCKOXO3SHCTBEH-
HBIX U IIPOMBIIIJICHHBIX eJIeH, SIBISIETCS 00s3aTeTbHBIM.

Heanb crarbu. Llenbio 1aHHOTO HCCIieOBaHUS ObUIO M3yueHHe (HAKTOPOB, BIMSIOIIMX HA MPOLECC 3BOJIOLUHU pe-
CYpPCOB TIOJ3¢MHBIX BOJA W THAPOTCOXMMHUYECKHE XapAaKTEPHUCTHUKH PECYpCOB ITOA3EMHBIX BOJ Ha CEBEPO-BOCTOKE
Cab3eBapa.

Metonbl uccaegopanusi. C yueToM reolorHueckoro CTpOSHHMs, BOJOOTAAYH U COCTOSIHUSI BOJHBIX pecypcoB o0na-
cTH, ObUTO 00CIICIOBAHO Ha MpeaMeT KadecTBa 10 BHIOB 3aMacoB MOJA3EMHBIX BOJA. B CBs3u ¢ 3TUM (pU3HUUECKUE Mapa-
MeTpsl, Harpumep, Ph, snexrponposogaocts (EC) u obimee konndyecTBO pacTBOpEHHBIX TBepAbIX BemecTB (TDS) ns-
MepsUIM B OTOOPaHHOM PacTBOPE C IIOMOUIBIO MYyIbTUMETpa. [MIPOXMMHUUECKHIIA aHAIN3 JaHHBIX OCYIIECTBISJICS B Jia-
OOpaTOPHBIX YCIOBHSAX METOIOM MHIYKIIMOHHOM IIJIa3Mbl M METOJIOM CTaTHCTHYECKOTO aHaJIN3a, a TaKke MOJAEINpPOBa-
uus B maketax SPSS, Chemistry u AqQA.

Pe3yabrarel ncciaenosanusi. CoracHo auarpamme lllomrepa, 60abpIIMHCTBO TIPOO BOIBI OTHOCATCS K XOPOIIEMY
U mpuemieMoMy kiaccy. CornacHO HapHCOBAaHHON JuarpaMMe YHIIKOKCa, 00pasiibl oTHocsTeA K Kiaccam C2S2, C254,
C3S2 u C3S4. bompImMHCTBO 00pa3IOB arpOHOMHYECCKH HEIIPUTOIHBI W3-3a BBICOKOTO 3acojieHus. [lo HHIeKCy KadecTBa
Boasl (MIKB) BogHBIE pecypchl HccieayeMoi TEpPUTOPUN HAXOSATCA B KaTETOPHH OT IJIOXOTo JIo mpuemiiemoro. Ipo-
CTPaHCTBEHHOE HMCCIIEZ0BAHUE T0KA3aJI0, YTO BOJOCOODP BOIHBIX PECYPCOB, PACIOJIOKEHHBIX B BYJIKAHHUECKUX IOPO-
Jax, KOHITIOMeparax M TajiedHUKax, B CHIy MEHBINIETrO BIMSHUS 3THX MTOPOJ] HAa MUHEPAIN3AIUIO BOJIBI, 00YCIOBMII OT-
TOK BOJIbI COOTBETCTBYIOIIETO KaueCTBa C ATUX TEPPUTOpUi. B 3amanHoil yacTh 001acTy M3-3a HAIMYUS MEPTeNeBbIX U
9BAIIOPUTO-00JIOMOYHBIX OTIOKEHUI 3HAUE€HHE HTOTO MOKa3zaTelsl HU3Koe, a BoJa IUIOXOro KadecTBa. B Apyrux gactax
pervoHa uHIekce kauecta Boabl (MKB) yBenmuuBaeTcs, 1 BoJja UMEET JIydlllee KauecTBO.

Tum reonorudeckoil popmanmuu BOKpyr OaccelHa SBISETCS OJHUM M3 BaXKHBIX (DAaKTOPOB IBOJIOIMH BOIHBIX pe-
cypcoB. XHMMHYECKOE BHIBETPHBAHNE PA3JIMYHBIX FOPHBIX ITOPOJ MPUPOAHBIMH BOIAMH TPHBOJUT K 00OPa30BaHMIO pa3-
JUYHBIX KaTHOHOB M aHWMOHOB. Peakmus Boga-mopoja W BBIBETPUBAHHE MHHEPAJIOB SBIISIIOTCS OCHOBHBIM (PaKTOpOM
HM3MEHEHHUs] KaueCTBa XMMUYECKOI0 COCTaBa MOA3EMHBIX BOJ B pPerruoHe. XUMHUYECKUI aHANIM3 BOJBI, IOCTYHAIOIIEH B
BOJIOHOCHBII TOPU30HT paiioHa, MOKa3ajl, YTO Ha UCTOYHHUKH MOCTYIUICHHS MOHOB B PETHOH MOBIHAJIA JIUTOJIOTHS TOP-
HBIX MOPOJ U OTIOKEHUH, KOTOPBIE JUINTEIBbHOE BpEMsI MOABEPraauch BeIBETpUBaHUIO. Cle10BaTeIbHO, BOJbI PETHOHA
MIPH TIPOXOXKACHUS OOIOMOYHBIX IBAITOPUTOBBIX 00Pa30BaHMUN TPETUYHOTO HEPHOAA M MEpTeNel, paCTBOPIIN UX M TO-
Beiciui cooTHoeHue Cl+SO4>HCOs3. PesynbraTsl mokasaiu, YTo HAIWYWE TOPHBIX TOPOJ M KapOOHATHBIX MUHEPAJIOB,
TaKUX KaK W3BECTHSIK, JOJIOMUT M KAJIBIIUT, IIECYAHUK W CHJIMKATHI, BYJKAaHHYECKUX ITOPOJI, B BOJOTOKE BBI3BAJIO CIIEHA-
puu Ca>COs u Ca + Mg>CO:;.

BoiBoabl. Pe3ynpraTsl mokasand, 9TO pecypchl HUTHEBOW BOABI Ha OOJIBIIMHCTBE yYacTKOB HPWIMYHEIE, 3@ HC-
KIIFOYEHUEM PECYpCOB, HAXOISIIMXCA B 00JIOMOYHO-IBAIOPUTOBBIX OTIOKECHUAX. [103TOMY BOAA OUEHb COJICHAs! M He-
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IIPUrOZIHA JJISl CENbCKOXO3ANUCTBEHHBIX HyX . OfHAKO K BOCTOKY COJIEHOCTh PE3KO MajaeT U MOIXOJUT JUISl CENIbCKOXO-
3SUCTBEHHBIX eneid. KoHueHTpanus 6ukapOoHara, Kak Hanbojee pacpoCTpaHeHHOTO KOMIIOHEHTa, BO BCEX pecypcax
BBIIIIE, YeM DIOOAIBHBIA CAaHWTAPHBIA CTAHAAPT, U PAaCTBOPEHUE KapOOHATHBIX MOPOJ, TAKUX KAK M3BECTHSAKU M JI0JIO-
MUTBI, UTPAET POJIb B 3TOM. KoHIIeHTpaIysi HUTPAaTOB BO BCEX pecypcax HUKE MUPOBOTo cTaHAapTa. VX KoHLIEHTparus
B paliOHE CBSi3aHA C CENBbCKOXO3SMHCTBEHHOH IESITENBHOCTRIO M 00OPOTHBIM BOOCHAOKEHHEM. BomHBIE pecypekl, 3aio0-
JKEHHbIC B BYJIKAHHTAX, KOHIJIOMEpaTax M IpaBHsAX, MMEIOT MEHBIIYIO KOHLEHTPALMIO MO COJEPKaHHIO CoJiei U Ooiee
BBICOKOE Ka4eCTBO BOABL. MoOJOpIe NETPUTHO-3BAIOPUTOBBIE OTIIOXKEHHS Ha 3aIajJie MMEIOT MOBBIMICHHYIO KOHIICHTpA-
LU0 MOHOB 10 MHJEKCY KadecTBa rpyHTa (GQI) M Kapram paiioHMpOBaHMS, IIPU ATOM KayeCTBO BOIBI B ITOH 4YacTH
OCTaBIISET XKENaTh JIyUIIETO.

Knioueswie cnoga: Cabzesap, cesepo-eocmok Upana, ceonozuueckoe obpasosanue, kaiecmeo 600bl, bunanyockasn
30Ha.

OuiHka IKOCTI MiA3eMHHUX BOAHMX pecypciB HAa miBHIYHOMY cxoai Ca03eBapy

Moxammao lopazim @azens Baninyp’,

K. T€OJI. H., JOIEHT KadeIpu reoorii,

Icmamcpkuii yHiBepeuteT Asama, Memxenacbka Qiis,

Byn. Ocrtan FOcooi, OymsBap Emamie, ['acemAban, Memxen, a/c 91735-413, Ipag;
Xenzame Epgpanan Kaced',

K. T€OJI. H., al'IOHKT-TIpodecop Kadeapu reoorii

Beryn. YV HaniB3acynuiMBHX Ta MOCYIUTMBHX KpaiHax, B SKUX MiA3€MHI BOAU € OCHOBHUM NOCTa4ajbHUKOM BOJM,
MOHITOPHHT SIKOCTI BOJW MAa€ >KHUTTEBO BAKJIMBE 3HAYCHHS. TakuM YMHOM, AJSI KPAIIOTO YHPAaBIiHHSA BOXHHMH pecyp-
CaMH JOCIIIKEHHS! IKOCT1 BOJIH, 1110 BUKOPUCTOBYETHCS JUIsl IUTHHUX, CLTLCHKOTOCIIONAPCHKHX Ta MPOMUCIIOBUX IILIEH, €
000B'SI3KOBUM.

Merta crarTi. MeTolo 1aHOTO IOCIHIIKEHHS OyJI0 BUBYEHHS (DaKTOPIB, IO BIUIMBAIOTH HA MIPOLIEC €BOJIIOLIT pecyp-
CiB MiI3eMHUX BOJ] Ta TiIPOTEOXIMIUHI XapaKTePUCTHKH PECypPCiB MiI3eMHUX BOJ Ha MiBHITHOMY cxozi Cab3e-Bapa.

MeTonu nociimkeHHs. 3 ypaxyBaHHsIM IeoIOTigHOT OyJ0BH, BOAOBIAIaUi Ta CTaHy BOJHUX PECYpcCiB obmacTi, Oy-
710 o0cTexeHo 100 sikocti 10 BHAIB 3amaciB mij3eMHHUX BoX. Y 3B'3Ky 3 UM (i3u4HI napamerpu, Hampukian, Ph,
enexkrponposinHicTs (EC) i 3arampHa KUTBKICTh po3drHEHUX TBepaux pedoBuH (TDS) BumiptoBanu y BigiOpaHoMmy pos-
YHHI 32 JIONIOMOTOI0 MyNbTUMETpa. ['1IpoxXiMiYHuil aHAI3 TaHMUX 3AiHCHIOBABCS B JJaOOPATOPHUX YMOBAaX METOAOM iH-
OYKIOIHHOT TIa3MHU Ta METOJIOM CTaTHCTUYHOTO aHalli3y, a TaKoK MojenoBanHA y makerax SPSS, Chemistry Ta AqQA.

PesyabraT nociaimkeHnsi. 3riqao 3 miarpamoto Illonepa, GUIBIIICTE MPOO BOJAM BIAHOCATHCS O XOPOIIOrO Ta
MIPUIHHATHOTO KJIacy. 3TiHO 3 HAMAJIBOBAHOIO JiarpaMoro Binmkokca, 3pasku BimHOCATBCA 1Mo KimaciB C2S2, C2S4, C3S2
ta C3S4. BinbiricTs 3pa3KiB arpoOHOMIYHO HEMPHIATHI Yepe3 BUCOKe 3acolieHHs. 3a inaekcoM sikocti Boau (IKB) BoxHi
pecypcH JOoCHIiIKyBaHOT TepuTopii mepedyBatoTh y KaTeropii Bix moraHoro ao npuiHsaTHoOro. [IpocTopoBe qocmipkeH s
M0Ka3aJio, 10 BOJ0301p BOIHHUX PECYPCIB, PO3TAIIOBAHUX Y BYJIKaHIYHUX MOPOJIaX, KOHIJIIOMeparax i rajeuHuKax, 4epes3
MEHIIUH BIUTUB IUX ITOPiJ] Ha MiHEpaTi3alifo BOIU, 3yMOBUB BIATIK BOAX BIAIIOBIAHOI SKOCTI 3 ITUX TEPUTOPIl. Y 3axin-
Hiil yacTUHI 00JIAcTi Yepe3 HasBHICTh MEPrelieBUX Ta €BallOPUTO-YIAMKOBHX BiJIKJIaJICHb 3HAYEHHs LIbOTO TMOKa3HHMKA
HU3BKE, a BOJIa — IOTaHOI AKOCTi. B iHmMX yactuHax periony iHgekc skocTi Boau (IKB) 30imbiryeTses, i Boga Mae Kpa-
Iy SIKICTb.

Twur reonmorivaoi popmartii HaBKoJIO OaceiiHy € OMHUM 3 BaXKIMBHX (haKTOPIB €BOIIOLIT BOTHHUX pecypciB. XiMiuHe
BUBITPIOBaHHS Pi3HUX TiPCHKUX TOPiJ NMPUPOJAHUMHU BOJAMHU IPHU3BOANTH JI0 YTBOPEHHS PI3HMX KaTiOHIB Ta aHIOHIB.
Peaxmiis Boma-mopona Ta BUBITPIOBAaHHS MiHEpatiB € OCHOBHUM (DaKTOPOM 3MiHHM SIKOCTI XIMIYHOTO CKIIamy IiA3eMHHAX
BOJ y perioHi. XiMIYHUIN aHaJi3 BOAHM, [0 HAIXOAUTH Y BOJOHOCHUIN FOPU30HT paiioHy, MOKa3as, 110 Ha JpKepesa Ha-
XOIDKEHHS 10HIB Y PEerioH BIUIMHYJA JITOJOTIS TiPCEKUX IOPIJ Ta BIIKITAICHb, SKi TPUBAINH Yac 3a3HABAIA BUBITPIO-
BaHHs. OTKe, BOJIM PETiOHY IiJl Yac MPOXO/PKEHHS YJIAMKOBHX €BallOPUTOBUX YTBOPEHb TPETHHHOTO MEPioy Ta Mepre-
JIB, PO3YMHIIIM iX 1 migBummy ciiBBigHomenHs Cl+S04>HCO3. Pe3ynbsraT mokasaiu, 0 HasIBHICTh TIPCHKHUX MOPiL
Ta KapOOHATHUX MiHEpasiB, TAKUX SK BaIHSK, TOJIOMIT Ta KaJbIIWT, MIIAHUK Ta CHJIIKATH, BYJIKAHIYHUX TIOPiJd, Y BOIO-
TOKy Bukimkano crienapii Ca>CO3 ta Ca+Mg>CO3.

BucHoBku. PesynsraTn mokasanm, mo pecypcd MUTHOI BOAW Ha OUTBIIOCTI AUISHOK MPHUCTONHI, 32 BUHATKOM pe-
CypciB, IO 3HAXO/ATHCS B YJIAMKOBO-E€BAIlOPUTOBUX BiIKIIaJeHHIX. ToMy BoJa Jy’ke COJIOHA Ta HENpUAATHA VIS CLilb-
CBKOTOCTIOAAPChKHUX MOTped. OAHAK Ha CXijl COJMOHICTh Pi3KO Majae i MiAXOMUTh I CLIbCHKOTOCTIOAAPCHKHX IIUIEH.
Konuentpauist 6ikapOoHary, sk HalO1JIbII TOIIMPEHOTO KOMIIOHEHTA, Y BCIX pecypcax BHIIA, HIXK II00AaNbHUI caHiTap-
HUU CTaHAAPT, i PO3UMHEHHS KapOOHATHUX TIOPiJ], TAKUX SIK BAITHSAKH Ta JOJIOMITH, Bifirpae posb y npomy. KoHieHTpa-
11isl HITpaTiB y BCiX pecypcax HHMKYa 3a CBiTOBMil CTaHAApT. IX KOHIEHTpaIlish B palfoHi MOB'A3aHa 3 CilbCHKOTOCTONap-
CHKOIO JisUTFHICTIO Ta 0OOPOTHUM BOAOMOCTadYaHHIM. BoHi pecypen, 3aKiajieHi B ByJIKaHITaX, KOHIJIOMepaTax i rpaBii,
MaloTh MEHIITy KOHIICHTPAIIiI0 32 BMICTOM COJIel 1 O1IbIIl BUCOKY SIKICTh BOAM. MOJIO/I AETPUTHO-€BAIIOPUTOBI BiJIKJIa-
JICHHSI Ha 3aXO0Jli MalOTh IiIBUIIEHY KOHIIEHTPAIlilo 10HIB 3a iHxekcoM sikocTi rpyHTYy (GQI) Ta Kapramu paiioHyBaHHS,
MIPH IbOMY SIKiCTh BOAM B Iill YaCTHHI 3aJTUIIIae OaKaTH KPaIoro.

Knrouoei cnosa: Cabsesap, nigniunuii cxio Ipamny, eeonoziune ymeopenns, skicmes 600u, binanryocvka 30Ha.

BHecoK aBTOPpIiB: BCi aBTOpPM 3p0OUAKN PiBHMIN BHECOK Y Lo poboTy Hagiliwna 26 auctonaga 2021 p.
MpwiiHaTa 29 anctonaga 2021 p.
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BruiuB CTPYKTYpH MiHEPAJbHOIO aICOPOEHTY
Ha JeTPUTI3alil0 BOAHUX PO3YHUHIB

Onexcandp Bacunvosuu Ilywkapvog’,

. TeOJI. H., CTapIINii HAYKOBUH CIIiBPOOITHUK, MPOBITHNN HAYKOBUH CIIBPOOITHHUK,
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OuiHeHa aacopOlis TPHUTIIO 3 BOIHOTO PO3YMHY Ta e(eKT (paKLioHyBaHHs i30TOIIB BOAHIO y cTarioHapHiil cuctemi «HTO-
MiHepanbHa pedoBHHa». [10sICHEHNH MeXaHi3M 3aTPUMKH TPHTIIO B CTPYKTYpi NPUPOIHUX ancopOeHTiB (TiOCUTI, Tilci, BOJIACTOHITI
Ta y TiApoKCcui KanbLilo). HaliMeHnra 3aranpHa 31aTHICTh 10 BIIyYEHHS TPUTIIO 3 BOJHOTO PO3YMHY BH3HA4YeHa y BoiacToHiTi (34,5
%), HaiOinpIa — y riocuri (38,7 %). Tputiii, BUIy4eHHH i3 TPUTIHOBaHOT BOAW PO3MOAUIAETECS y MiHEpAJIbHINH PEIOBHHI MiX Pi3HH-
MU CTPYKTYPHUMH MO3HULISIMU — 3 HAHMEHIIIOI0 SHEPTi€l0 3B’ A3Ky y MonekysipHiit popmi HTO B moBepxHEBo-ancopOoBaHiil BOJIOTI
(1 ¢paxuis), i3 memo OiIpIIO — y MDKIIApOBii Bofil (2 dpakuis), Ta HalOLIBMOKW B i0HHIN (popMi —OT y CTPYKTYPHUX MO3ULIAX
MiHepansHOTO agcopbenty (3dpakmis). B ribcuri y moBepxHEeBo afcopOoBaHiil hopmi 3aTpumyeThest 10 39% Bif 3aranbHOI KITBKOCTI
TPUTIiIO, BUWIYYEHOTO i3 BOOHOTO po3umHy. llepeBakHa 3aTpuMKa O MiHEpajbHOI MOBEpXHi mojsipu3oBaHux Mosekyn HTO Hix
Moitekyn HoO obymoBmioe edekt ¢paxuioHyBaHHs i3oTomiB BopHio (o0 = 1,14). O6min Mk OH-rpymamm crpykrypHuHX Al-
TiIpOKCHIBHUX mapiB MiHepaiy 1 OT-rpymamu TpUTiiiOBaHOT BOIY MPU3BOAUTE 0 3aKpiIUIeHHs Yy Wil dopmi 10 55% Tpuriro. Haii-
Oinbia yactuHa TpuTito (60,3%), BUIIydEHOTO TIilCOM i3 BOJIHOTO PO3YMHY HAKOIHMYYETHCS Y MOBEPXHEBO ajcopOoBaHiil Gopmi 3a
MexaHi3MoM MixkdazoBoro monekyisipaoro HTO — H20 oOminy 3 koedinieHToM (pakuionysanns o = 1,04. Minnima ¢ikcaris
TPHUTIIO BiAOyBa€THCS B CTPYKTYpi MiHepary (1o 36%) 3 koedimienrom ¢paxmionysanss o = 1,07. BHacmigok HasBHOCTI y BoJiacTo-
HITI CIIyTaHO-BOJOKHHCTOI MIiKPOTEKCTYpH, 3HaYHA YaCTHHA TPHTIIO, MONIMHYTOTO 3a Yac eKCIEPUMEHTY 3 PO3YHMHY TPHUTIHOBaHOT
BoaM Oyna 3adikcoBaHa y TIOBEpPXHEBO ajgcopboBaHiil Gopmi (61,3%, koedimient dpaxmionysanus o = 1,03). [ama gactuHa TpuTio
(36,4%, a = 1,06) 3B’s3yeThecst y OT-rpymnax, ski yTBOPIOIOTECA IIPH TiAPONi3i i0HIB KaJBIil0 MPH KOHTAKTI BOJACTOHITY 3 BOJOIO.
liapokcunanis OKCHAY KaJbIiIO TPH HOTO KOHTAKTI i3 TPUTIHOBAHOIO BOJOIO CYHPOBOXKYETHCS 3MEHIIEHHSM ITUTOMOI aKTHBHOCTI
TPHUTIIO y BOZHIH (a3i 3 ppakiioHyBaHHM i30TOMIB BoAHIO (0. = 1,23) mpu yTBOPEHHI I'iIPOKCUIIBHUX TPYTI.

Knrwuoei cnosa: mpumiii, 600enb, 8adcKi i30monu 600HI0, 2iNC, 2ibcum, 6011ACMOHIM, A0copOyis, PPaKyioHYEaHHSL.

SAx mutysarn: ITymxkapros O. B. B cTpykTypn MiHepaisHOTO afcopOeHTy Ha JieTpuTizamiro Bogaux posunHis / O. B. Ilymkapros, 1. M.
Cespyk, B. B. Jloxnin // Bicauk XapkiBchKOro HanioHansHOro yHiBepcutety imeHi B. H. Kapasina, cepis «I'eonoris. I'eorpadis. Exonoris», 2021, —
Bum. 55. — C. 94-106. https://doi.org/10.26565/2410-7360-2021-55-07

In cites: Pushkarov O. V., Sevruk I. M., Dolin V. V. (2021). Influence of the structure of a mineral adsorbent on the detritization of aqueous so-
lutions. Visnyk of V.N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 94-106. https://doi.org/10.26565/
2410-7360-2021-55-07 [in Ukrainian]

IlocTanoBka mpodJemMu. YTBOpPEHHUH y sep-
HOMY pEaKTOpi TPUTIH YaCTKOBO BHKHIAETHCS B at-
Mocdepy Ta, TOJIOBHUM YHHOM, CKHUJAETHCS B T1APO-
cdepy. 3HauHa YaCTHHA TPUTIIO TAKOK HAJXOIUTH B
HaBKOJIMIITHE CEPEIOBUINE B MPOIIECi IEpepoOIeHHS
BiNpaIbOBAHOTO SAEpPHOrO mnajiuBa. [leBHUMI BHe-
COK y HAJIXO/DKCHHS TPHUTIIO y BOJHE CEpPEIOBHIII
CTBOPIOIOTH TIPUITOBEPXHEBI CXOBHUIIA PaJIiOaKTHB-
HUX MarepiajiB pi3HOTO MOXO/KEHHS. 3a OLiHKaMu
MATATE 3i 3poctanHsiM MacmTadiB SaepHOI eHep-
TeTUKH HAKOIMWYEHHS TPUTIIO Y HABKOJIUIIHBOMY
CEepeJIOBHILI, TIepelyciM y TIOBEpXHEBiH Tipocdepi,
Oiocdepi Ta miI3eMHUX BoJaxX, 301IbITYBATUMETHCS.
3arBep/KeHHsT Ha PiBHI €BpoKOMIcii creniaibHOT
nochigauibkoi  mporpamu  Euratom  NFRP-14
«Cross-cutting support to improved knowledge on

trittum management in fission and fusion facilities»
CBITYHTH PO HArajdbHy HEOOXiTHICTh MPOBEICHHSI
JTOCITI/DKEHb, MOJ0 3amo0iraHHs PO3MOBCHODKEHHS
TPHTIIO Y TPUPOJHO-TEXHOTCHHUX 010re0crcTeMaXx.
BakiuBuM 3aBIaHHSAM IIOA0 3aXUCTy HABKOJIMIII-
HBOTO CEPEJIOBUINA BijJl TPUTIEBOTO 3a0pyIHEHHS €
MOMYyK e(pEeKTHUBHUX, IPOCTUX, JOCTYIIHHUX, HEAOPO-
TOBApPTICHUX 1 HU3BKOCHEPro3aTpaTHUX METOJIB BH-
JY4EeHHS! TPUTIIO 3 BEIMKUX 00 €MiB HHU3BKO- Ta Ce-
PEIHBOAKTHUBHUX BOJAHHUX PO3YHHIB.

Anajniz momepenHix aocaimxenb. s odu-
[IEHHS HEBEIUKNX 00’€MiB BUCOKOAKTHBHHUX TEXHO-
noriyanx BoJ Ha AEC 3aCTOCOBY€ETBHCSI METOJ 130TO-
ITHOTO OOMIHY B CHCTEMI «BOCHb — BOAa» (IIATEHTH
RU 2380144, RU Ne 2060801, RU Ne 2525423, RU
2148426). [1pu 1poMy noCSTa€ThCs 3HAYHUH 130TOM-

© Mywkapeos O. B., Cespyk I. M., foniH B. B., 2021
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HUH eeKT, ane JaHi TEXHOJIOril MOTpeOyOTh 3HaY-
HUX CHEPreTHUYHMX 3aTpar [yl HepeBelleHHs 3a0py-
JTHEHOI TPHUTiEM BOAM B mapo-ra3oBuii crad (RU Ne
2295493). IcHyIOTh TaKOX METOIM i30TOMHOTO (pa-
kmionyBanHd HTO mmisixoM HHU3BKOTEMIEpaTypHOT
pextudikarii (mateaTa RU 2201283, RU 2274607,
RU 2400433, CHIA 4799945, RU 2142914), wmo
abo morpebye 3HAYHUX EHEPTreTHYHUX BHUTpAT abo
BiIOYBa€TbCA 3 My)K€ HE3HAYHUM 130TOMTHUM edeK-
ToM Ha piBHi 1,1 (matentu UA 57558, RU 2010772,
RU 2091336).

Y CBITOBI# TIPAKTHUIl JOCUTH IITUPOKO BUKOPHC-
TOBYIOTbCSl aICOPOEHTH, YTBOPEHI HA OCHOBI NpH-
ponHuX MiHepamiB. JJis OUMINECHHS BOIU Bij 10HIB
BaXKWX METaJiB, PI3HUX COJeH, HapTOMPOMYKTIB,
(heHOITY, TOBEPXHEBO-aKTUBHUX PEYOBHH, HITPUTIB,
HiTpaTiB, ¢ocdarie Tomo (marentn RU 2235687,
RU 2296718, RU 2085500). Are »*oaeH 3 IIUX Me-
TOAiB, HE PO3PAXOBAaHUH [UI OUMILIEHHS BOAHUX PO-
34YHHIB BiJ] TPHTIIO.

HammMu monepenHiMu JOCIIDKEHHSIME  Oyria
3’5COBaHa MOXKJIMBICTh BHKOPHCTAHHS IIapyBaTHX
CHJIIKaTiB Ta LEOJITY Ui BHIYYEHHS TPUTIIO i3 BO-
THHUX po3uuHiB [6-13, 15, 16]. Ha 6a3i orpumanux
pe3yabTaTiB Oyiao0 BH3HA4YeHO (HOPMHU 3HAXOKEHHS
TPHTIIO, TOTIMHYTOTO 3 BOAHHUX PO3YMHIB IIapyBa-
TUMH CHJIIKaTaMH CTPYKTypHUX TumiB: 1:1, 2:1 Ta 3i
CTPIYKOBO-KaHAIBHOK CTPYKTYPOIO, BCTaHOBIICHO
BIUTMB TEPMIYHOI Ta XiMi4yHOI MOmudiKkaIii TIIHHNC-
THUX MiHEpaJiB i HEOMiTy Ha IX 37aTHICTh ajicopOyBa-
TU TPUTIH 13 BOIXHUX PO3YUHIB, PO3POOIICHO HHU3KY
KOMITO3UIIIHHUX afcOpOEHTIB TPUTII0O HAa OCHOBI
IJIMHUCTHX MIHEPaJiB Ta LEeomiTy (MaTeHTH YKpaiHu
UA 103033, UA 103050, UA 113348).

BukoHaHI AOCHIKEHHS CTOCYBAJMCA TOJIOB-
HUM YHMHOM 3[aTHOCTI IIApyBaTHX Ta OIHOTO i3
MPEJCTaBHUKIB KAPKACHUX CHIIIKATIB JI0 BUITyUCHHS
TPHTIIO 13 BOAHUX po3unHiB. PazoM 3 Tum, 3amuma-
€ThCSI HEBUPIIICHOI 3aJICXKHICTh aICcopOIiiHUX
BJIACTHBOCTEH MiHEpadbHUX aJCOpPOEHTIB BiJ ix
CTPYKTYPHHX OCOOJIUBOCTEM.

3 METOI0 BHpIIICHHS i€l 3a/1a4i HaMu OyIv 3a-
JydeHi 70 eKCIEPUMEHTAIBHUX JOCHTIKeHb MiHe-

pa-JIk 1HITOTO CKIIAAY 1 CTPYKTYpH i3 KJIaciB: Tiapo-
KCHIIB, Cy/Ih(aTiB Ta JIAHITFOTOBUX CHJIIKATIB.

Meto10 cTATTi — € BUKIAICHHS pE3YyJbTaTiB
JOCTIIKEHHS BIUIMBY CTPYKTYpHHX OCOOJHBOCTEH
MiHEpaTFHUX aJCOPOEHTIB HA BUIIYUCHHS TPUTIIO 3
npotii-TputieBoi Bomu «HTO» Ta MoXIHBOCTEH
BUKOPHUCTaHHS OiJbII PO3LUIMPEHOTO CIIEKTPY MiHe-
pajiB B IKOCTI TaKMX aACOPOCHTIB.

O0’ekTOM HOCTITKEHb € TPOIECH 130TOITHO-
BOJIHEBOTO OOMIHY B TPEACTaBICHHX MiHEpaiax
NpH 1X B3a€EMOJII 3 BOXHUMHU PO3YHHAMH.

IIpeamerom gocaimxens €: riocut (Al(OH)3) Ta
Ca(OH); i3 kiacy rigpokcunis, rinc (CaSO4*2H,0)
13 knacy cynbgarti, BojutacToHiT Ca(SiOs) i3 kiacy
JIAHITIOTOBUX CHJIIKATIB Ta MiX(pa30BHHA PO3TOIIT
TPHUTIIO YHACHIOK IiX B3aEMOIi 3 TPHUTIHOBAHOIO
BOJIOIO.

Marepiaau Tta Metomau. OIiHKY MOXIHUBOCTI
PO3IIMPEHHS CHEKTPY NPHUPOTHUX COPOCHTIB st
BUJIyYEHHsI TPUTIO 13 TpuTiioBanoi Boau («HTO»)
BUKOHAHO Ha cepii eKCIIEPUMEHTIB B CTaI[iOHApHUX
cuctemax. Jlns MIiATOTOBKH EKCHEPUMEHTAILHUX
cucTeM BHUKOpUCTaHO MiHepanu ridcut (Al(OH)s3) Ta
Ca(OH); i3 knacy rigpokcuais, rinc (CaSO4*2H,0)
i3 knacy cynbgariB, BomactoHiT Ca(SiOs3) i3 xmacy
JAHITIOTOBUX CHJIIKaTiB, okcua kampmiro (CaO) ta
«HTOW».

[0710BHOIO CTPYKTYpPHOIO OAMHHUILIEIO TiOCHTY,
KWW TPEICTaBIsiE COOOK aHAOT OKTaeAPHUYHOI
CKJIQJIOBOT CTPYKTYpPH MOHTMOPHIIOHITY, € I1ap 10HiB
Al, po3MileHuit MiXk IBOMa mapamMu KucHio [3]. B
CTPYKTYpi ribcuty kationamu Al 3aitasto muimre 2/3
OKTaeJ[puYHUX TMOJOXKEHb, a YTBOpeHi Al-riapox-
CWJILHMH OKTae/paMy IIapu PO3MIMIYIOTHCS TaKHM
YMHOM, IO HYDKHI TOMH KUCHIO OJJHOTO OKTaeapH-
YHOTO MIapy PO3MIIIYIOThcs Oe3mocepeHbO Hal
BEPXHIMH aTOMaMH KHUCHIO IHIIIOIO OKTaeAPUYHOIO
mapy (puc. 1). OnqHa eneMeHTapHa KOMipKa riOCUTy
CKIIQIa€ThCS 13 JBOX TaKWX MIapiB, BMimrye 8 Al-
TIIPOKCUIIBHUX TPYIl Ta Ma€ MapaMeTpu IO OCSIM
«a» =~ 8,64 A, «b» =5,07 A i«e»=9,72 A.

3rigno bpinmni 1 Hakaxipi [18], HarpiBaHHs Ti-
Ocury B iHTepBan temneparyp 140-200°C npusso-

Puc. 1. Ctpykrypa riocuty [21] / Fig. 1. Structure of hibsite [21]
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IWUTH 10 9aCTKOBOi BTPaTW BOAHM 3 YTBOPECHHSM Y-
ALO3*H,0+2H,0, B inTepBani Temmeparyp 220-
240°C riOCUT NePETBOPIOETHCS Y OE3BOMHUMN TIMHO-
3eMm (y+4)ALO3;+3H,O i 3a Temmeparyporo 300°C
BiIOYBa€TbCA OCTATOYHE OOE3BOMHEHHSI BHXIJTHOTO
MiHepany. BBaxkanocs, 110 npu KOHTaKTi 3 TPUTIHO-
BaHOIO BOJIOIO, TIOCHT 32 PaXyHOK BEJTUKOI KiTbKOCTI
TIAPOKCHIBHUX TPYI 3MOXE ancopOyBaTu TPUTIH 3
BOJHOTO PO3YHHY.

BrutoueHHsT 70 eKCIEepUMEHTAIbHUX —JOCTi-
JOKEeHb T1I0CUTY 1aBajo MOXIIMBICTh JIEII0 BU3HAYH-
THCS 3 TUMH TIPOIIECaMH, SIKi MU CIIOCTEpITalid -
JIAr04YH TepMivyHii 0O6poOLi 3pa3ku MOHTMOPHIIOHITY
ITiCTIS X B3a€MOIIi 3 TPUTIHOBAaHOIO BOIOIO [6].

Oxkcena KaJblilo eHepriiiHo pearye 3 BOIOIO 3
YTBOPEHHSM TiIPOKCHY KaJbllil0 Ta 3 BUAUICHHAM
3HAYHOI KijIbKOCTI Terma (1):

CaO + H,O — Ca(OH); + 67x/lx/Monp (1)

CuiibHI OCHOBHI BJIACTHBOCTI TiPOKCHAY Ka-
JBITIF0 0OYMOBITIOIOTh JIY’)KHY PEaKIIiF0 BOJHOTO PO3-
YHHY, 10 3 HUM KOHTaKTye. EkcriepuMeHTH 3 OKcH-
JIOM KaJIBI[i0 JTO3BOJISUTH 3’SICYBaTH CTYIIHb MOXKIIHU-
BO1 ajicopOmii TpUTitO 3 TPHUTIHOBAHOI BOAWU B MPO-

Puc. 2. KpucraiiuHa cTpykTypa Tircy:
1-S%,2-0% 3-Ca*,4-H [4].

Fig. 2. Crystalline structure of gypsum:
1-S%,2-0%,3~Ca*, 4-H,0 [4]

Jns mOpiBHSUIBHOI XapaKTEPUCTUKH IPOLECIB,
10 BiIOYBAaIOTHCS B CTAI[IOHAPHUX CHUCTEMaX «MiHe-
pan+HTO» Oymo cTBOPEHO eKCIIepUMEHTaIbHy CHUC-
TeMy i3 3aJy4eHHSIM OCe3BOJHOTO CHIIIKATy KaJbIIito
— Boaactonity Ca(SiO3), 110 Mae TaHIIOKKOBY Oy-
ToBy (puc. 4).

JlaHIIOKKH, 1O (OPMYIOTHCS MU KBapIlo-
BUMH YOTUPUTPAHHUKAMH 3'€JHAaH] IO CTOPOHAM 4e-
pe3 KaJbliil, yTBOPIOIOYM BOCBMUTPAHHUKH (pHC. 5).

CrryTaHO-BOJIOKHUCTA MIKPOTEKCTYpa BOJIACTO-
HiTY (pHc. 6) BHACIIAOK BETUKOI MUTOMOI MMOBEPXHI
rOJIMacTUX MIKpO3€peH i, BiANOBIAHO, 3HAYHOTO T10-
BEPXHEBOTO aJICOPOIIMHOTO IMOTEHINAly MOXe 3a-
0e3MevnTH TOTIMHAHHS MIHEPAILHOI MAacolo Je-
sxoi kimbkocTi HTO 3 po3unHy TpuTiiioBaHOI BOIH.
[Ipy xOHTaKTI MOBEPXHI BOJACTOHITY 3 BOJOIO i0HU
KaJIBIIIO, 110 3HAXOMATHCS B MOTO CTPYKTYpi Tiapo-

1meci i1 B3aeMoii 3 OKCHAOM KaJlbIlii0 TPH €K30Tep-
MiuHIH peakuii yrBopeHHs riapokcuny Ca(OH). B
YMOBaxX CHJIBHO JIY)KHOTO PO3YHHY.

AHaJOTIYHUM 3aBHaHHSAM Oylo 3’siCyBaHHS
MOJKJIMBOTO 130TOITHO-BOJHEBOTO OOMIHY Ta CTyTIe-
HIO YTPUMaHHA TPUTIIO B MiHEpPaJIbHOMY aJIcOPOSHTI
B CKCIIEPUMEHTaJbHIA CUCTEMI, IO CKiIajanacs i3
rincy —  [BOBOAHOTO  CIPYAHOTO  KaJbIIiO
(CaSO04*2H;0) i «HTO». ¥V mapysariii KpucTamiu-
Hill CTPYKTypi TilCy JBa JUCTa aHIOHHUX TPyl
[SO4]%, TicHo mos's3ani 3 ionamu Ca’’, gki cknaja-
I0Th TOABiHI Tmapu (puc.2), Opi€EHTOBaHI B3IOBXK
mwionwHi (010). Monekynu H,O 3aiiMaroTs MicIis
MDK 3a3HAYCHUMHU TOABIMHUMU ITapaMH, IHM IT0sIC-
HIOETBCS JIOCUTH JOCKOHANIA CHAalHICTh, XapaKTepHa
JUTSL Tincy. loHM KaJbIlitf0 OTOYEHI HIICThMa KHCHE-
BUMH 10HaMH, 110 HajexaTh 10 rpyn SOs 1 JBOMA
MOJIEKyJIaMH BOJIH, SIKi TTOB'SI3yIOTh KOXKHUI i0H Ca 3
OJTHUM 10HOM KHCHIO B TOMY JK MOJBIHHOMY IIapi Ta
3 1HIIIMM 10HOM KHUCHIO B CYyCiHbOMY miapi (puc. 3).
HasBaicte Monekyn H,O B pi3HHX CTPYKTYpHHX
MO3UIIIAX Tirncy 0O0yMOBIIIOBajla MOXKIJIHBICTH iX 00-
MiHy i3 Monekynamu HTO 3 poszumHy TpuTiiioBaHOT
BomM Ta (hikcamii TpUTIFO y MiHEpaIbHIN CyOCTaHIII].

Puc. 3. Cxema i0OHHUX 3B’SI3KIB B CTPYKTYPI TiICYy.
Fig. 3. Scheme of ionic bonds in the structure of

gypsum

J3yIOThCS, YTBOPIOKOYHM TiApOKCHI Kambmiro. Lle
3a0e3Ieuye JIy)KHICTh JTUCIIEpProBaHOi Macu MiHepa-
7y, BHACNIJIOK YOTO CTBOPIOETHCS CHIIBHUI Oydep-
HUH e()eKT B KHCIIUX PO3YHHAX.

Jiist oTprMaHHS BUXIJHUX JaHHUX 3 METOIO BU-
SIBJICHHS Ta OIIIHKH CTYIEHIO 130TOIHO-BOIHEBOIO
¢dpakifionyBaHHsS OyJI0 CTBOPEHO MOJEJbHI CHCTE-
MH, CKJIaJ IKHX HaBeaeHo B Tadmui 1.

JocsrHeHHsT piBHOBa)XHOTO CTaHy B JABOdas3-
HUX BOJTHO-MIHEPaIbHUX EKCIIEPUMEHTAILHUX CHUC-
TeMax 3a0e3neuyBajocs CTaliOHAPHUM PEXHMOM B
3aKpUTOMY 00’€Mi TpU JOBIOTPUBAIINA B3a€EMOMIIT
¢da3. [dns 1poro, MiHepajbHa Maca Momilnagacs y
CKJISIHI TIOCY/IMHU Ta 3alliBajiacs TPUTIHOBAHOIO BO-
JI010, a cami MOCYIMHM HIJIbHO 3aKpuBayucs (puc.
7). TpuBasicTh €KCHEPUMEHTIB CKJagaja OJU3BKO
300 nio.
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KPOMr Nkl BONNACTO

Puc. 4. JlanioxkoBe po3MimieHHs TeTpaeapiB SiO;
B CTPYKTYpi BonacToHity [19].
Fig. 4. Chain placement of SiO; tetrahedra in the
structure of wollastonite [19]

Puc. 5. CtpykTypa ej1eMeHTapHOT KOMIpKH

BoJlacToHiTy [20].

Fig. 5. Structure of the elementary cell of

wollastonite [20]

Puc. 6. CriyTaHO-BOJIOKHHCTA MIKPOTEKCTYpa

BonactoHity. CEM, 1700x [19].
Fig. 6. Tangled fibrous microtexture of
wollastonite. CEM, 1700s [19]

Tabnuys 1

CxJ1aj] MOZICTIbHUX BOJAHO-MIHEPAIBHUX CHCTEM
I'iocur Tinc BoiactoHiT CaO
Maca MiHepaJIbHOI HaBaXKH, T 100 73 100 56
06’em HTO, om* 300 300 300 500

- mm A T —— -

MimepansEEHE
amcopbeaT

Puc. 7. Cxema cranioHapHOT eKCIIEpUMEHTAIBHOT CUCTEMH.
Fig. 7. Scheme of a stationary experimental system
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OtrpumanHs 0aJaHCOBHX OIIIHOK PO3IOALTY
TPUTIIO MIXK MIHEPaJbHOI Ta PIAKOI (a3zaMu 3a-
0e3meuyBasiocs 3aKPUTICTIO i CTAI[IOHAPHICTIO EKC-
MEPUMEHTAIbHAX CHCTEM, BH3HAUEHHSM ITHTOMOI
AKTUBHOCTI TPUTIIO y BOAHOMY 3aJIMIIKY 1 B MiHEpa-
neHOMY cepenowumli. [licia mekaHTaril 3aIUIIIKOBO-
rO pO3YMHY 1 3BaKyBaHHS i3 MiHepaJbHOI CcyOCTaH-
mii BUAUTSIHCS (pakilii BOJOTH, IO BiAOBIIAIOTH
PI3HHM CTPYKTYpPHUM TIIO3HUITISIM B JOCIIIKYBaHHIX
MiHepanax. Bu3HadeHHS pO3MOANY TPHTIIO MiX
PI3HUMH CTPYKTYpPHHUMH MO3HLISIMU MiHEpaJiB BU-
KOHAHO 3 BUKOPUCTAHHSAM YCTaTKyBaHHS Ul TEPMO-
IpaBIMETPUYHOTO aHAII3Y.

CyTHICTIO IBOTO METONy € BUKOPHCTaHHS Tep-
METHYHUX METaJeBUX KOHTCHHEPIB Ta HArpiBaJbHO-
TO MPHUCTPOIO 13 KOHTPOIHOBAHUM PEKUMOM MPOTPi-
BaHHS (hiKCOBAaHMX HABAXOK MIHEPAJIBHOI MacH IO
Ta TICIISA IPOBEICHHS EKCTIEPUMEHTIB.

[Ticnst 3akiHYEHHS EKCHEPUMEHTIB i3 (paKiii
BOJIOTH, €KCTPAaroBaHUX 13 MiHEpaJIbHOI HABAXKKH Y
BiJMIOBITHOMY TEMIIEpaTypHOMY iHTepBalli, BigOH-
panmcs mpoou, 3 SIKMX TOTYBAJIUCS TperapaTtu uis

MTONIAJIBITIOT0 BHMIPY B HHUX ITUTOMOI aKTHBHOCTI
TpuTito. [IpoOu 3aTUIIKOBOTO PO3YMHY Ta €KCTparo-
BaHMX (pakmiii BoJOTH TPOQIIBTPOBYBaNIMCS 1
OUUIIATUCS BiJl OPraHiYHUX JOMIIIOK MUISXOM OKH-
cieHHs nomaBaHHsIM B po3unH K,Cr,Os. Ilicns muc-
TSIl mopmii mpo6 06’eMoM § MIT 3MIMTyBajiH i3
cuuaTIsiTopoM Hi Sife 3 Wallac y cniiBBigHOMIEHHI
8:12. BMICT TpHUTIIO B HIATOTOBICHUX TAKUM YHHOM
eMYJIbCIsIX BU3HAYaBCS 3a JOIOMOTOI0 PiIMHHOTO
cruuHTHIsIIHHOTO B-criekTpomeTpa Quantulus 1220
LKW Wallac (cBizonrBo npo Aep>kaBHY METpPOJIOTi-
gny arecrtarito Ne 6961 Big 17.11.2009). BignocHa
noxuOKa BUMiproBaHHS ckianana + 5 %.

Buksiax ocHOBHOIro MaTepiany X0CTiKeHb.

B pesynprari BUKOHAHUX EKCIEPUMEHTAIBHUAX
JTOCITIPKeHb OyIl0 BCTAaHOBJIEHO HACTymHe. B3aemo-
Jist TPUTIHOBAHOI BOAW 3 MIHEPaJIbHOIO CyOCTaHIIi-
€10 CYIPOBODKYBanacs 3MEHIICHHSM IHUTOMOI aK-
TUBHOCTI po6odoro pozuuny «HTO» 1 mixkdazoBum
MEPEePO3MNOAUIOM 130TOIIB BOJHIO 3 HAKOMYCHHSIM
TPHTIIO B MiHEpaJbHil ¢a3i (Tabnuis 2).

Cepen nociipkeHIX MiHEpaJIiB HaiiMeHIIa 3/1at-

Tabnuys 2

3HMKEHHS MMTOMO1 akTUBHOCTI TpHTito B HTO B ekcriepiMeHTaIbHIX CUCTEMaX

[IuTOMa aKTHBHICTH TPUTIIO B .
, . . 3MeHIIIEHHS TUTOMO]
Bara 06’em PO34KHI HaJl MIHEPAJIOM, AKTUBHOCT] TOHTiIo B
Cucrema MiHepabHOI «HTOW, Brxam . pr
3 . pO3unHi HaJ MiHEpa-
HaBaXKKH, T M i (0] iCIs o
oM, %
EKCIIEpUMEHTY | €KCIIEPUMEHTY
liocur 100 300 2560 1568 38,7
[inc 73 300 2560 1599 37,5
Bonacronir 100 300 2560 1676 34,5
Ca(OH), 56 500 2560 1646 35,7

HICTB JIO BIJIyYCHHS TPHUTIIO 3 BOJHOTO PO3YMHY Bifl-
3HayeHa y BonactoHiti (34,5 %), a HaiiOutpa — y
riocuti (38,7 %). 3a UM TOKA3HUKOM JIOCIIJKEHI
MiHepain YTBOPIOIOTh DS

BOJIACTOHIT < T'iIPOKCHT KaJIbIIit0 < TiMnc < riocut

Tpwuriii, BUIydeHUH 3 BOJHOTO PO3UNHY PO3IIO-
JUISETBCS MK PI3HUMH TO3UIISIMUA B MiHEPaTbHUX
a/1copOeHTax 3riJHO IX CTPYKTYPHHUX OCOOJIMBOCTEM.
[Ipu upoMy yTBOpIOBaJHCS Pi3HI 3a €HEpriero
3B’SI3KH, JUIA PO3PHUBY SIKUX HEOOXITHUM € €Hepre-
TUYHUI BIUIMB y TEMIIEpaTypHUX iHTepBajax, BH-
3HAUYEHUX 32 JaHUMH, HaBeneHumu B [2, 3]. Haii-
MEHIII MIIIHO 3B’S3aHOI0 (OPMOIO € TOBEPXHEBO
ajcopboBani Monekynmu HTO, mnst exctparyBaHHS
SIKMX HEOOXiJHO MpOrpiBaHHs MiHEPaJIbHOI MacH 110
temneparyp 110 - 120°C (1 dpakuis Bonorn).

Bisbin MinHO 3B’s13aHOI0 (POPMOIO € MiXKIIIApO-
Ba BOJa B MIapyBaTHX MiHepanax (TiOCcHT, Timc)
yTBOpeHa BHacHiiok Mmosekynsipuoro HTO — H,O
obminy. Jlms BuUpalleHHS Takoi BOJIOTH HEOOXiTHO

nporpiBanHs MiHepanbHOI Macu jgo 250-300°C (2
(paxirist BOJIOTH).

HaiiGinpmn HamiiiHO BigOyBaeThcst iMMOOLTI3a-
1ist TpUTito TpH i3ronHO-BogHeBoMy OT — OH 3a-
MIIIeHHI B CTPYKTYpHUX MO3HWINISIX IIapyBaTUX CH-
mikatiB. ExcrtparyBaHHS 1i€l ¢OopMU 3HAXOIKEHHS
TPHTIIO MOXXJIMBE JIMIIE TIPH PYHHYBaHHI CTPYKTYp-
HUX MAKETIB MapyBaTUX CHUIIKATIB, AJIsl AOCSTHEHHS
90ro HeOoOXiAHO MPOrpiBaHHS MiHEpaIbHOI Macu 10
700 - 1100°C (3 dpaxiiist BOJOTH).

[Hmwmii TemriepatypHuil pexkuMm OyB HeoOXif-
Huit juis BupaneHHs HTO 3i cTpykTyp rigpokcumy
KaJbIli0 Ta BOJIACTOHITY. YTBOPEHHU B pe3yNbTAaTi
€K30TepMIiuoi peaxilii TiJPOKCH/] KaJbIlil0 MOBHICTIO
BTpavae MOIJIMHYTY BOAY NPH HarpiBaHHi B iHTEp-
Bam Temmepatyp 510 - 600°C 3 mepeTBOpPEHHSIM B
okcu Kaibllito. ToOTo BUaLICHHS Mi€i (pakiil 1o-
3BOJII€C BU3SHAYUTHUCA 3 €MHICHUM ITOTEHI[IaJIOM TIijI-
POKCHAY KaJlbLil0 MO0 MIIHOTO 3aKPiIUICHHS MO-
nekyn HTO B Hioro cTpyKTypi i po3noJiiioM TPHUTIIO
MiX TIOBEPXHEBO aJICOPOOBAHOIO 1 MIITHO 3B’S13aHOIO
¢dopmamu.
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YV BOJIACTOHITI, OKPIM TIOBEPXHEBO aacOpOOBa-
HOI BOJIOTH, SKa BHAUIAETHCS 3 MIHEPAIBHOI MacH
npu temmeparypax 100 - 110°C, Bomnora, aacop6o-
BaHa MiHepaloM 3aBISKH HOTo MiIKPOBOJIOKHHUCTIH
TeKCTypi BuAiseTses npu Temmeparypi 350°C. Ilpu
temmeparypi 600°C i3 BOJACTOHITY eKCTparyeTbest
(pakuis BOJIOTH, yTBOpEHa MpH TiApoi3i i0HIB Ka-
JBITII0 HA TIOBEPXHI CTPYKTYpH MiHEpay.

KinbkicHy OIiHKY pO3MOIUTY TPHTIiIO, BHITyde-
HOoro 3 BopHoro pozumHy «HTO» Mik pi3HUMHU
CTPYKTYPHUMH TO3HULISIMUA B JOCIIKEHUX MiHepa-
Jax BHKOHAHO 3 BHKOPHCTAHHS PO3PAXYHKOBOTO
nokasHuka — koedinienra posnoainy Kr; (%), axuii
00YHCITIOEThCA 3rigHOo BUpasy (1):

Kri= Qi x Qm™'x100 (1)

ne: Qm — 3amac Tpurio B MiHepani, bk; Qi —
3arac TpUTIiIo B i-il (paxiii, BUIy4YeHii y BiaMOBi-
HOMY TeMIlepaTypHOMY iHTepBali, bk.

[Tpu posmomini TPUTIIO MK PI3HUMH CTPYKTY-
PHUMH TMO3UIISIMHA MiHEpPANiB CIOCTEPIraiucs mpo-
SIBH 130TOITHO-BOAHEBOTO (hpakiionyBaHHS. J[mst Ki-
JIbKICHOT OIIIHKU I[hOTO MPOIIECY 3HAYCHHS MUTOMOT
aKTHBHOCTI, BigobOpaxeni B bxxam > Oyau mepepa-
XOBaHi y KOHIEHTpAIiifHi XapaKTepPHCTUKH. IX po3-
paxyHOK BUKOHAHO 3 BHKOPHCTaHHSM BHpa3zy, IO
JIO3BOJISIE BU3HAYUTH KUTBKOCTI aTOMIB TPUTIIO BiJI-
MOBIZHO 70 MUTOMOI aKTHBHOCTI Ba)XKKOTO 130TOITY
BOJIHIO y OCIiKyBaHii cyocTanmii [17]

N = %; (A=0,693/Ti) ()

ne: N — KUIbKOCTI aTOMIB TPUTItO, IO BiJIMOBI-
JIAf0Th TMUTOMIM aKTHBHOCTI JIOCIIKyBaHOi cyOcTa-
HIIi1; 4 — MUTOMa aKTUBHICTH TPHTIIO, BkXam 3; A =
0,693 / T/; — kOHCTaHTa po3nany TpuTito; 7,2 — me-
pioa HamiBpO3Majy TPUTIIO, CEK.

Jlns BH3HA4YEHHS MUTOMHUX KUIBKOCTEH aToMiB
TPHUTIIO Y TPUTIHOBaHIH BOMI Ta y BHIyU4EHHUX i3 Mi-
HepaibHOI (a3u BOAHUX (pakuisx, Bupas (2) Oyno
TpaHchopMoBaHo y Bupas (3):

Ny, = A; X v; X Ty 2/(0,693 x m x 1000)  (3)

ne: Ny — TUTOMa KiJbKiCTh aTOMIB TPUTIIO Y BUXiJI-
Hill 1 3aJTMIIKOBIN MTICJIS 3aBEPIICHHS €KCIIEPUMEHTY
«HTO» (aromxmr) Ta y Bigmosimmiii (i-iif) ¢ppak-
11ii, eKCTparoBaHoi 3 1 I TeCTOBOIO 3pasky (aromMmxr');
A; — mUTOMa aKTHBHICTH TPUTIIO y I Qpaximii,
Bxxam3; v; — 06°eM i-01 BogHoi (pakuii, mi; T7s —
nepioJ HamiBpO3Maay TPHUTIIO, CEeK.; m — Maca Tec-
TOBOTO 3pas3Ky, I.

Po3paxynku koedimieHTiB  (pakiioHyBaHHS
130TOMIB BOJIHIO NIPW B3a€EMOJIii TPUTIHOBAHOT BOAM 3
MiHEpaJIbHUM aJCOPOEHTOM, BUKOHAHO 332 BHUPA30M

4 [5]:

—Tm [ Tw
a_Hm/ w “)

ne: o - koedinieHT (pakuioHyBaHHS 130TOMIB BOJ-
H10, T\, H, - KOHIGHTpALIS aTOMIB TPUTIIO 1 Tpo-
T y MiHepanbHiit maci, aromxmi!; T, , H,, - KOH-
IIEHTpalliss aTtoMmiB TpuTifo 1 mpotito B «HTOw,
aroMxMir! mic/s JOCATHEHHS PIBHOBAKHOTO CTaHy
B CHCTEMI «MiHEpaIbHUH amcopOeHT — TpHUTiHioBaHA
BOJIA».

3acToCcyBaHHS HAaBEIEHOTO KIACHYHOTO BHUPA3y
JUT PO3paxyHKy KoedilieHTa (pakmioHyBaHHS i30-
TOIIIB BOJHIO BIMarae IesKuX KOpeKTHuBiB. Lle mos'-
SI3aHO 3 THM, [0 KOHIICHTPAIlii MPOTIi0 1 TPUTIIO Y
BOIHUX (ha3zaxX EKCIEPUMEHTAJIbHUX CUCTEM PO3pi3-
Hst0ThCs Ha 14 mopsankiB. Tomy, B pe3ynbTari B3ae-
momii «HTO» 1 miHepanpHOTO acOpOSHTY KOHIIECH-
Tparlisl MPOTi0 MPAKTUYHO HE 3MIHIOETHCS 1 BEIHU-
uupn Hm i Hw 3anmmarotbes Ha piBHI 6,69%10%
aromiB Hxmr.

[MuTomMa aKTWUBHICTH TPUTII0O B aacopOOBaHii
BOJIOT1 y BHXiIHOMY MiHEpaji HE IepeBHIIyBasa
(oHOBi 3HaueHHs 5 BKXAM > i 10 OYATKy €KCIIEpH-
MEHTY yBeCh TPHTiil B MOAEIBHUX CHCTEMaX 3HAXO-
JMBCS B TpuTiiioBaHiii Bofi. [lepepo3noain Tpurito B
CHUCTEMI B IIIOMY 1 B CTPYKTYpi MiHEpaJiB 30KpemMa
BimOyBaBcs B mporeci B3aemomii «HTO» 1 minepa-
JILHOTO ajicopOeHTy. OTXe, s 00YUCIICHHS Koedi-
nieHTa (pakmioHyBaHHS 130TOMIB BOIHIO B CTPYKTY-
pi MiHepany mpu HOro B3aeMOIii 3 TPUTIHOBaHHOO
BOJIOKO JIOCUTH B3SITH JI0 YBaru TUIbKH KOHIICHTpALIii
Tputito B MiHepam i «HTOy, micast BcTaHOBICHHS
PIBHOBKHOTO CTaHY MiK BOAHOIO Ta MiHEPAILHOIO
(hazamu micist 3aBEpIICHHS eKCIIEPUMEHTY. 3 ypaxy-
BaHHSAM BUKJIAJCHOTO0, BUpa3 (4) TpaHc(hOpMOBaHO y
Bupas (5):

a=T,xT (5)

OtpuMaHi J[aHI TPOBEAGHWX MAOCTI/KEHb B
CTaIliOHAPHHUX CHCTEMax MO03BOJIIN BU3HAYHTH 3a-
KOHOMIPHOCTI pO3MONTY TPUTIFO MK pI3HUMHA
CTPYKTYPHUMH TIO3WIISIMH  JIOCITIKYBaHUX MiHe-
paiB i BCTAHOBUTH HAasBHICTH NPOsIBiB ehekTy (pa-
KIIIOHYBaHHS 130TOMIB BOAHIO. Pe3ynbratu BU3HA-
YEeHHS! YacTKH 3aracy TPUTIIO Y BOJHHX (pakiiisx
EKCTParoBaHMX 3 Pi3HUX CTPYKTYPHHUX MO3ULIHN Mi-
Hepaiis (Kri) Ta po3paxoBaHi 3HaueHHs Koe(illieH-
TiB 130TOITHO-BOJHEBOIO (PpaKilioHYBaHHs (o) HaBe-
neHo B Tabmuisix 3, 4, 5, 6, Ta Ha puc. 8, 9, 10.

YacTrHA TPUTIIO, IO BUIYYA€ETHCA TOCUTOM 3
BOJIHOT'O PO3YMHY 3aTPUMYETHCS Y TOBEPXHEBO a]l-
copb6osanil ¢popmi (Kr; = 39,3, Ttabmuus 3, puc. 8,
¢pakuis 1) 3a mexanizsMmom Monekyisipaoro HTO —
H,O o6miny. Ilpu 1poMy, BHACIIAOK JHHAMIYHUX
a71copOIiiHO-IecOpOLIIHUX TIPOIIECiB Ha IMOBEPXHI
MiHEpaJIbHUX YaCTUHOK B TPaHUYHOMY IIapi Ba)di
monekyn HTO 3aTpumyroTbes 3 OLIBIIOI0 TIepeBa-
roro Hik monekynmu H>O. OmHowacHo, mepeBakHa
3aTpuMKa nossipu3oBaHux MoJiekya HTO 6ins mo-
BEpX-HI MiHEpAIbHUX YacCTHHOK TiOCHUTY 00yMOB-
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J0€e ePeKT (ppakiioHyBaHHS 130TOMIB BOIHIO (00 =
1,14, ¢pakiis 1, Tadbnuus 3, puc. 8).

HasBaicte B cTpykTypi  ribcury  Al-
TiIPOKCHMIIBHUX IIApiB 00yMOBIIOBaNa MOKIUBICTD
ooMminy mixk OH-rpymamu minepany i OT-rpynamu
TpuTiiioBaHoi Boauw. B pe3ymbpTari Takoro oOMiHy
OinpIa YaCTHHA TPUTIIO, MOTIIMHYTOTO MiHEPAIOM 3
BOJHOTO PO3YMHY 3aTPUMYETHCS B CTPYKTYPHHX
Al-rinpokcunpaux mapax riocury (Kri = 54,7, T1ab-
muug 3, puc. 8, gpaxuis 2). Bumanenns uiel popmu
3HAXO/KEHHSI TPUTIIO 31 CTPYKTYpH TiOCUTY B iHTe-
pBaii Temmeparyp 220-240°C cympoBOIKyBajocs
HOro TepeTBOpeHHAM Yy O€3BOOHMI TIIMHO3EM

(y+0)Al,O3+3H,0. Ilpm moBroTpwBatiii B3aeMOIii
«HTO» 3 BuxigHuM riocuToM BiAOYBCS PIBHOBaX-
HUit 00MiH Mixk OH-rpynaMu cTpykTypH minepamy i
OT-rpynamu po3unHy 3 Koe]ilieHTOM (pakLioHy-
BaHHA o = 0,99 (Tabmuis 3, puc. 8, ppakis 2).

OcraToyHa i He3HAYHa YaCTWHA TPHUTIO, TIOT-
muayToro riocurom (Kr; = 6,0, Tabmuus 3, puc. 8§,
¢pakis 3) gemro ORI MIITHO 3aTPUMY€ETHCS B KO-
0 CTPYKTYpi 1 BHIUISIETHCS 3 MiHEpaIy MPH HOTO
MOBHOMY 00€3BOiHEHHIO. Y i ¢opmi i3oTonmHuit H
<> T o6min minepasnoM i pozunHom HTO He BinOy-
BA€THCA.

Po3noain TpuTito Mixk pi3HUMH CTPYKTYpHUMH

Tabnuys 3
Po3noain Tputito Mix (pakitisMu BOJIOTH 3 Pi3HOK SHEPTETUKOIO 3B 3Ky Y CTPYKTYpI TiOCUTY
TeMngpaTypa 06’61\.4 [MuToMa aKTHBHICTB Qi Kr; Koegimiert
nporpiBanus, | Qpakuii, " ’ o) (pakiiony-
oC . ¢pakuii, Brxam bk % BAHHS, O
1 dpakiist 120 10,8 1707 19,9 39,3 1,14
2 dpakiis 250 17,2 1491 27,7 54,7 0,99
3 dpaxkiis 700 27,95 100 3,0 6,0 0,07
Bceroro: 55,95 50,5 100,0
80,0 1,20
60,0 o
Kri, %, 0,80
°40,0 040
20,0 0'00
0,0 ’
mKri,%| 393 | 547 | 60 mof 1,14 | 099 | 0,07

Puc. 8. Po3nopin TpuTiro Mixk pi3HUMH CTPYKTYPHUMH Mo3umisMu rioeuty (Kr)
Ta KoeimieHTH PpaKiioHyBaHHS 130TOITB BOAHIO (01)
Fig. 8. Distribution of tritium between different structural positions of hibsite (Kr)
and hydrogen isotope fractionation coefficients (o)

MO3UILISIMU  TiTICy OOYMOBIIOEThCS Horo (i3mko-
XIMIYHUMHU BJIACTUBOCTSIMH 1 BU3HAUAEThCS CHEpre-
THKOIO 3B’513KY MOJICKYJT BOIHU 3 KaJIbIIIEM 1 CIDKOIO B
10HHIM cTpyKTYypi MiHepany (puc. 3). Ilicast mosro-
TPHUBAJIOi B3a€MOII TilCy 3 PO3YMHOM TPHUTIHOBAHOT
BOJIM BIIOYJIOCS BXOJXKCHHSI TPUTIIO B Pi3HI CTPYK-
TypHi mo3uuii MiHepany. B TemneparypHoMy iHTEp-
Bami 65-115°C 3 mepexomoM JBOBOJHOTO TilCy
CaSO4*2H,0 B HamiBBomsgHuii rirc  CaSO4*
0,5H>0 i3 MiHepalbHOI a3y BHIYYaeThCS YaCTHHA
TPHTIIO, TOTIMHYTOTO TilICOM 3a MEXaHi3MOM MiXk-
(azoBoro mosekymsipporo HTO — H,O o0miny
(Kri = 60,3, Tabnuns 4, puc. 9, dpakuis 1). Llei
MpoLeC CYNPOBOMKYBAaBCS YACTKOBUM e(EeKTOM
(pakionyBanHs i3oTomiB BoaHM (o = 1,04, Tabmu-
s 4, puc. 9, bpakiis 1).

I3 3amimenasam OH-rpyn kpucraniqHoi pemriT-
ku rincy Ha OT-rpynu, IpH sIKOMY 3aKpIiTUTIOETHCS B
MiHepalbHill cTpyKTYpi 10 36% MOTIMHYTOTO 3 PO-
3YMHY TPUTIIO IMPOAOBXKYBAJIOCS YACTKOBE i30TOI-
HO-BoiHeBe (pakmionysanHs (Kri = 36,2, o= 1,07,
tabiuus 4, puc. 9, dpakuis 2). s dopma 3Haxo-
JOKEHHS TPUTIIO OUIbILI €HEPreTUYHO 3B’sI3aHa 3 Mi-
HEPAIBbHOI0 CTPYKTYPOIO TiNCy 1 BUALISAETHCS 3 Ha-
CTYIHOIO ()PaKIIi€r0 BOJOTH 3a OUIBII BHCOKOIO Te-
Mieparyporo nporpisands (1o 300 °C) BHacCHiIOK
nepeOyIOBH KPHUCTAIIYHOI PEIIiTKA HamiBBOJHOTO
CaS04*0,5H,O mpu iioro momajabIiOMy 3HEBOI-
HEHHI.

B cTpykTypi ocTaTOYHO 3HEBOJHEHOTO NpU Te-
mneparypax Bume 300 rincy, mepeTBOpeHOMY Yy
HEPO3YMHHWKA O€3BOTHUIN aHTIIPUT MaiKe MOBHIC-
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TIO BIJICYTHIH BOJICHB 1, BIAMOBIIHO HOTO BaXKKHI
13oron — Tputik (Kr; = 3,5, a = 0,8, Tabmurs 4, puc.
9, dpakmis 3).

Bnaciok HasBHOCTI y BOJIACTOHITA CITyTaHO-
BOJIOKHHUCTOT MIKPOTEKCTYPH, 3HaUHA YaCTHHA TPH-
Tif0, TIOTIMHYTOrO 3a 4ac excriepumenty 3 «HTO»
Oyna 3adikcoBaHa B MiHEpaJdbHIM Maci y mOBEpxXHe-
Bo azacopOoaniii gopmi (Kri = 61,3, Tabmus 5,
puc. 10, dpaxmis 1). [ama ygactuHa TpuTito Oyna
3B’s13aHAa Y TIJAPOKCIWILHUX IPpyIax, M0 YTBOPIOKOTh-
Csl TIPH TIAPOITi3i 10HIB KaJIBIIi0, 110 3HAXOIATHCS Ha
MTOBEPXHI CTPYKTYPH BOJIACTOHITY IPH HOTO KOHTaK-
1i 3 Bogoro (Kri = 36,4, Tabmuus 5, puc. 10, dpaxiis
2). @paxuioHyBaHHs i30TOMIB BOXHIO NPU I[LOMY
Maibke He BimOyBanocs (o = 1,03, dpaxmis 1 Ta a =
1,06, dpaxuis 2, Tabmums 5, puc. 10). Cuix 3a3Ha-
YUTH, IO OLIBII EHEPreTHYHO 3B’s13aHUX (POPM 3Ha-
XOJDKEHHS TPUTIIO B CTPYKTYP1 BOJIACTOHITY Maiike
He ytBoproBanocs (Kri = 2,3, o = 0,81, Tabmums 5,
puc. 10, dpakmis 3).

ITeperBopenns CaO y TiIpoKCHI MPH Horo B3a-
€MOIIii 3 TPUTIHOBAHOIO BOJOIO CYIPOBOIKYBAIOCS
3B’sI3yBaHHAM 3 KanblieM Moiekynl HTO pozunny 3
¢opMyBaHHSM B YyTBOPEHOMY 3’€JHAHHI TiApOK-
cunb-HuX Tpym. [lpu mpomy, 3rizao PabunoBuuy i
bemmy [1, 14] Baxkki i30TOmHM BOJHIO YTBOPIOIOTH
MIIHIIIUI KOBaJICHTHUH 3B'SI30K 3 KMCHEM B IHOPIB-
HsHHI 3 TpotieM. Tomy iMOBipHUIT Iporiec AMCOIIi-
arfii MOJEKyNl BOAM, SKI MICTSTH 3MIIIaHi 130TOIH
BOJHIO MPH YTBOPEHHI TiJPOKCHAY KaNbLil0 MOXE
MEPEBAYXKHO HUTH 3a cXeMoro (6):

HTO « H" + TO (6)

Sk HacmimoK, TPH EK30TEPMIYHIA peaklil
yrBoperHst Ca(OH), pa3om 3i 3B’s13yBaHHAM BOJTHUX
MOJIEKYJT 13 OKCH/IOM KaJIbIIif0, MOXKJIMBUM € JCSIKHI
130TOIMHO-BOJIHEBUH 3CYB 3 MPOSBAMHU 130TOIHOTO
¢paxmionyBaraa. Bimomo, mo mpu 3amiHi MpOTiO
Ha JeliTepidi B cnonykax 3 OH-rpymnoro eneprist po-
3pHBY BOTHEBHX 3aB’SI3KiB 301IbIIYETHCS MTPHOIIN3-

Tabnuys 4
Po3mnozin Tputito Mix QpakiisiMiA BOJIOTH 3 PI3HOI €HEPTeTUKOIO 3B SI3KY y CTPYKTYPI Tilcy
Egzq:};izi}g;a q)(;glceul\i{'i [T¥TOMa aKTUBHICTD Qi, Kr;, (;;Z(II:;LE:;T
D) ) -3 0 -
oC . ¢paxkiiii, Bkxam bk % BAHIS, O
1 dpaxiis 100 39,1 1615 75,0 60,3 1,04
2 dpaxrris 300 22,6 1676 45,0 36,2 1,07
3 dpakiis 1100 2,95 1246 4.4 3,5 0,80
Beroro: 64,65 124,3 | 100,0 1,04
100,0 1,60
80,0 1.20
60,0 ’
Kri, %40,0 0,80
20,0 o
’ 0,40
0,0 ’
1 2 3 0,00
mKri, %| 60,3 36,2 3,5 1 2 3
Hq 1,04 1,07 0,80

Puc. 9. Po3nois TpuTiro Mixk pi3HUMH CTPYKTYPHUMHU MO3UIISIMHU Tincy (Kr)

Ta Koe(iluieHTH PppakioHyBaHHS 130TOMIB BOAHIO (a).
Fig. 9. Distribution of tritium between different structural positions of gypsum (Kr)
and hydrogen isotope fractionation coefficients (o)

Tabnuys 5

Posnonin Tputito Mixk QpakiisiMi BOJIOTH 3 Pi3HOIO €HEPreTHUKOIO 3B’ SI3KY Y CTPYKTYPi BOJIACTOHITY

PP | | Mwmowa arussions | Qi | K, | soetiient

s ) 3 0 -

oC . ¢pakiii, Brxam bk % BAHHA, O

1 dbpakis 110 38,4 1723 66,2 61,3 1,03
2 ¢pakuist 350 22,2 1769 39,3 36,4 1,06
3 dpaxuis 600 1,9 1353 2,5 2,3 0,81
Bceworo: 62,5 108,0 | 100,0 1,03
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80,0

60,0

Kri, %()’0
20,0

0,0

1 2 3
61,3 36,4 2,3

m Kri, %

1,60
1,20
o 9-80
0,40

0,00
1 2 3

1,03 1,06 0,81

Hq

Puc. 10. Po3nonin TpUTiO MiK pi3HUMH CTPYKTYPHHMH ITO3UIIISIMHA BOJIACTOHITY (K7)
Ta KoedimieaTn $paKIioHyBaHHS 130TOITIB BOAHIO (a.).
Fig. 10. Distribution of tritium between different structural positions of volastonite (Kr)
and hydrogen isotope fractionation coefficients (o)

HO Ha 100 xan/monsb [14]. Y BUmanmky 3 TpuUTieM 3a-
BISIKM 130TOMHOMY €(QeKTy CIiJl OYiKyBaTH Iue
OLIBII MIIl-HOTO KOBaJCHTHOTO MOJSPHOTO 3B’S3KY
O-T. JocmimkeHHs 130TONHUX eEeKTIB y mporecax
MepeHeCeHHsT NPOTOHY, BUKOHaHI P. Bemmom [1],
cBiguare, mo H,O, DO i T,O marorh crmiBcTaBHi
10HHI JOOYTKH, a mapaMmeTpu (ppakilioHyBaHHS i30-
TomiB BOmHIO mpHu 25°C, BU3HAuYEHI SK CHIBBITHO-
IICHHS KOe(IIIEHTIB TUCOIIaLi MPOTItO, ASUTEPIO 1
TPUTIKO CTaHOBIATH Bimmosigno: KWKP=747 i
K%"K'™=16,4 (MonpHux onuHuub). Binemmii i3oTormn-
HUH eQeKT CIliji O4iKyBaTh B €K30TepMiuHill peakiii
YTBOPEHHS TiJ[POKCH]Iy Kallbllifo, sIKa CYIPOBO-
JOKY€ETHCS BUJIIIEHHAM 67K JI>K/MOITb.

B Hammx ekcriepuMeHTax OyJio BCTaHOBIICHO,

10 B MPOIIECi T1IPOKCHIIAIi KalbIlif0 MPH HOTO KO-
HTaKTi 13 TPUTIMOBAHOIO BOAOIO 3MEHIIYETHCS MH-
TOMa aKTHBHICTh TPUTIIO Y BOAHIN (a3i (Tabmums 2)
3 OJHOYACHUM (PpakilioOHyBaHHSIM 130TOIIIB BOIHIO B
rigpokcunbaux rpymax Ca(OH): 3 koedimierTom
o = 1,23 (tabmun 6).

BucnoBku. 1. B ycix mocmimkeHUX cuUcTeMax
BiIOyJIOCST 3MEHIIEHHS MATOMOI aKTHBHOCTI TpPHTI-
HoBaHOI BOAW BHACHTIJOK BWIIyYEHHS TPUTIIO MiHe-
paTbHUMU aicOpOCHTaMU i3 BOXHOTO po3uuHy. llpn
IIbOMY, MEXaHi3MH [IFOTO MPOLECY, HAKOITMYCHHS Ta
PO3MOTY TPUTIIO MiX Pi3HUMHU CTPYKTYPHHUMH I10-
3UIISMH JOCIIPKEHUX MIiHEpasIiB TOBHICTIO 3alie-
JKaJIH BiJ X CTPYKTypH Ta (Pi3UKO-XiMiYHUX BIIACTH-
BOCTEH.

Tabnuys 6
ButydeHHsI TPHTIIO 3 pO3UUHY TPUTIHOBaHOI BOJM MPU YTBOPEHHI TiJPOKCHAY KaJbIIIO
1:;[01;;1; ;;}}IIE a (1)?)?11(?11\;[1 [IuToMa aKTHBHICTH Qi, Kri, g)%z(}z;?:)z{;
s ) 3 o -
oC . ¢paxkiiii, Bkxam bk Z) BAHHSA, O
bpaxiis 600 83,65 1587 169,5 | 100,0 1,23

2. B riGcuti 3a MexaHI3MOM MOJIEKYISPHOTO
HTO — H;O o0miHy y moBepxHEeBO ajacopOoBaHii
dbopmi 3arpumyeThbest 10 39% BHIYYEHOTO 3 TPHUTI-
rioanoi Bomu tputito (Kr; = 39,3, ¢dpakuist 1). Bua-
CIIJIOK JMHAMIYHHUX aJCcopOLiiHO-eCOPOIiHHNX
MpoIleCciB Ha TIOBEPXHI MIHEPANbHHX YaCTHHOK B
rpaHuyHOMY Tapi Baxxui monekyan HTO 3arpumy-
I0ThCS 3 OLIBLIOIO mepeBaror Hixk monekynmu H»O,
mo oOyMoBmioe edeKkT (pakiioHyBaHHA i30TOIIIB
BojHIO 0. = 1,14.

3. Po3nonin TpuTito MK pi3HUMH CTPYKTYpHH-
MU TO3ULISIMH Tircy 0OyMOBIIOETHCS Horo isuxo-
XIMIYHUMH BJIACTUBOCTSIMM 1 BU3HAUAEThCSI CHEpre-
THUKOIO 313Ky MOJICKYJT BOJHU 3 KaJIbIIIEM 1 CIPKOIO B
10HHIM CTPYKTYpi MiHepaiy. 3 HaliMEHIIOI0 eHepre-
TUKOIO B MiHepasli 3B’s3aHa TifpaTHa BoJa, sSKa BU-

TJISETECS 3 JIBOBOJHOTO TiIlCy TPH TEPEeTBOPEHHI
fioro B HamiBBOAHY ()OPMY B IHTEpBai TeMIIEPaTyp
65 - 115°C. B wiit Bosori BmityeTbest 10 60% mor-
nuayToro MiHepanoM TpuTito (Kr; = 60,3, dpakmis
1) ta BinMmivaeTbes cinabke (QpakLioHyBaHHS 130TO-
MiB BOAHIO 3 Koe(ilieHTOM (pakKiiOHyBaHHSA o =
1,04. Bracninok 3amimendss OH-rpyn kpucraniu-
Hoi pewiTku rincy Ha OT-rpynu B MiHepajbHil
CTPYKTYpi 3aKpilutoeTbes 10 36% MONIMHYTOTO 3
PO3UMHY TPHUTIIO 3 YACTKOBUM 130TOIHO-BOIHEBUM
¢pakuionyBanusaMm (Kr; = 36,2, o = 1,07, dpakuis
2). Y Oinpiu eHepreTHYHO 3B’ si3aHUX (popmax TpUTii
B TiIICi Maike He HAKOMMYYEThCS 1 (PaKIiOHyBaHHS
130TOIIB BOJHIO HE BifOYBaeThCs (IUB. TaOIHUIlIO 4,
puc. 10, Kri= 3,5, o= 0,8, ¢ppakmuis 3).

4. HasiBHICTB Y BOJNACTOHITY CITyTaHO-BOJIOKHH-
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CTOI MIKPOTEKCTYpH 3a0e3Ieuye MOXKIUBICTh BHITY-
YEHHS TPUTIIO 3 TPUTiHOBaHOI BOaW 1 (ikcarrii Mo-
nexyn HTO B miHepamnbHiii Maci y IOBEPXHEBO a-
copOoBaHiii Qopmi. Jlemo winHime BigOyBaEThCS
3B’S3yBaHHS TPUTIIO B TIpoIeci TiApoKcwiamii aTo-
MiB KaJbI[if0 TIPY KOHTAaKTi MMOBEPXHI BOJACTOHITY 3
TPUTIHOBaHOIO BOJOIO.

5. Peakis rigpokcunarii CaO mpu Horo B3ae-
MOfii 3 TPUTIHOBAHOIO BOMOIO CYIPOBOMKYETHCS
MEepeBaKHUM 3B’s13yBaHHsAM 3 Kanbliem OT-rpym,
yTBOpeHUX npH auconianii monekyn HTO, ockinbku
BaXKi 130TONH BOMHIO YTBOPIOIOTH OUTBII MIITHUI
KOBaJICHTHHH 3B'SI30K 3 KUCHEM HiX 3 mpoTieM. BHa-
CJIIJOK LIOTO MPU YTBOPEHHI TiAPOKCUAY KAIBIIO B
CEpEeNoBHIIll TPHUTIHOBAHOI BOAU BimOyBaeTbes (ppa-
KI[IOHYBaHHS 130TOMIB BOJHIO 3 Ko€(]iIlieHTOM 0 =
1,23.

6. BukoHaHI €KCIEpUMEHTANbHI JTOCIiKCHHS
JIO3BOJIMJIM BH3HAYUTH CTYIIHb BIUIUBY CTPYKTYp-
HUX 1 Qi3UKO-XIMIYHHX 0COOIMBOCTEH MiHEpaILHUX
an-copOeHTIB Ha iX 30aTHICTh BUJIy4aTH TPHTIH i3
BOJHUX PO3YMHIB Ta 3’SICyBaTH JesKi aclieKTH MeXa-
Hi3My MDK(})a30BOTO i30TOITHO-BOIXHEBOTO OOMIHY y
BOJHO-MiHEpaJbHUX CUCTEMAX.

7. OTpuMaHi HOBI HayKOBi pe3yNbTaTH, MO0
BIUTMBY CTPYKTYpPHHX 1 (Di3HMKO-XIMIYHUX BIACTHUBO-
CTell MiHepaJbHUX aJcOPOCHTIB Ha 1X 3aTHICTH BH-
JMy4aTd TPUTIM i3 BOOHMX DPO3YMHIB Ta HOBI JaHi,
010 0COONMMBOCTEN MexaHi3My Mixkda3oBoro i30-
TOITHO-BOAHEBOTO OOMiHYy Yy BOJHO-MiHEPaIbHUX
cucteMax 3a0e3NeuyroTh, i3 3aly4eHHSIM pe3yJbTa-
TiB HAIMUX IIOMEPETHIX TOCHTIIHKEHb, MOXKIHUBICTH
Oinpm eheKTUBHOT PO3pOOKH METOIIB AETPHUTI3AMii
BOJHHUX PO3YHHIB.
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BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 poboTY

Biusinue CTPYKTYpPbl MUHEPAJIBLHOIO aICOPOEeHTA
HA IeTPUTU3ALHUIO BOAHBIX PACTBOPOB

Anexcanop Bacunvesuu Ilywrapés’,

I T€O0JL. H., CT. H. C., BEJl. H. C.,

TY «HCTUTYT reoxumun okpysxarorueil cpeasl HAH Ykpaunsi»,
np-T Akaz. [lamnanuna, 34-a, v. Kues, 03142, Ykpauna;

Hpuna Muxaitnoena Ceepyx’,

K. T€0J. H., CT. H. C.;

Jonun Bumanuii Buxmoposuu’',

M. H. C.

OmeHeHa afacopOLyst TPUTHSA U3 BOXHOTO pacTBopa M 3GQeKT (HpakIMOHUPOBAHMS W30TONOB BOJOPOJA B CTAIHO-
HapHoii cucteme «HTO-muHepanbHOe BemecTBo». OOBSICHECH MEXaHU3M YAEPKAHUS TPUTHS B CTPYKTYpE HMPUPOIHBIX
ancopOeHToB (THOOCHTE, THIICE, BOJUTACTOHUTE W THAPOKCHAE Kanbiws). HanMeHsImmass o6mas crtocoOHOCTh K M3BIICUe-
HUIO TPUTHS U3 BOTHOTO PacTBOpa OTMEUeHa B BoimtacToHUTE (34,5%), Hanbompmas - B tuoocute (38,7%).

TpuTHii, U3BICUCHHBIN U3 TPUTUPOBAHHOI BOJBI paclpeneNseTcs B MUHEPAJIbHOM BEIECTBE MEXIY Pa3THIHBIMU
CTPYKTYPHBIMH MO3HLMSIMH — C HaWMEHbIIEH dSHEpruedl cBsi3u B MojekyiaspHoit ¢opme HTO B moBepxHOCTHO-
asicopOMpPOBaHHOM BiIare, C HECKOJIBKO OOJIbIIEH — B MEKCIOEBOM Bose ¥ HauboJbliel B noHHo# popme OT™ B cTpyk-
TYPHBIX MO3ULUSIX MUHEPAILHOTO aJICOPOCHTA.

B ru60cuTe B MOBEPXHOCTHO a7CcOPOHPOBAaHHON (opMe 3agepikuBacTes 10 39% 0T 00IIero KOJHYECTBA TPUTHS,
W3BJICUCHHOTO M3 BOJHOTO pacTBopa. bomblias 3aziepkka y MHUHEpaIbHOW MOBEPXHOCTH MOJSPU30BAHHBIX MOJIEKYII
HTO, yem monekyn H,O obyciosnuBaet 3gpdekr hpakinoHUpOBaHHs U30TONOB Bojoponaa (o = 1,14). OOMeH MexIy
OH-rpynnamu cTpyKTypHBIX Al-rHIpOKCHIBHBIX cioeB MuHepana 1 OT-rpynmaMu TpUTHPOBAHHOW BOJIBI MIPUBOIMT K
3aKpeIuIeHHIO B 3T0i hopme 10 55% TpuTHs.

HawubGonemras gacte Tputns (60,3%), H3BATOTO THIICOM U3 BOAHOTO PacTBOpPa, HAKAIUIMBACTCS B TIOBEPXHOCTHO al-
copbupoBaHHOH (hopme Mo MexaHH3MY MexdazoBoro monekynsipHoro HTO — H>O obmena ¢ koaddurmmenrom dpak-
onupoBanus o = 1,04. Ilpounast ¢pukcanust TpUTHS TPOUCXOIUT B CTPYKTYpe MUHEpana (10 36%) ¢ ko3 dpunrueHToM
¢bpakponupoBanus o = 1,07.

BcenenctBue Hanmuuus B BOJUIACTOHUTE CIIyTAHHO-BOJIOKHUCTOH MUKPOTEKCTYPbI, 3HAYMTENbHAS YaCTh TPUTHSL, 110-
miomenHoro u3 HTO Obiia 3adukcupoBaHa B MOBEPXHOCTHO ajncopOupoBanHON dopme (61,3%, xoadduuueHt ppax-
nuonupoBanus o = 1,03). OcranbHas yacts TpuTHA (36,4%, 00 = 1,06) cBa3eiBaercsa B OT-rpynmnax, obpasyromuxcs npu
THJIPOJIM3E TIOBEPXHOCTHBIX HOHOB KaJNbI[Hs IPU KOHTaKTe BOJUIACTOHUTA C BOJOM.

T'uapokcniaiys OKCHIA KaliblMsl TPH €ro KOHTAKTe C TPUTHPOBAHHOH BOJOH CONMPOBOXIAETCS yMEHBIICHUEM
YAENBHON aKTUBHOCTH TPUTHS B BOAHOH (ase ¢ ppakIMOHUPOBAHHEM M30TONOB Bosopoaa (o = 1,23) npu oOpazoBanun
THJPOKCHIBHBIX TPYIIIL.

Knrouesvte cnosa: mpumuil, 6000p00, msadicenvle U30MONbL 6000P00A, SUNC, UDOCUM, BOLIACHOHUM, A0COPOYUS,
@paxyuonuposanue.

- 104 -


https://doi.org/10.1524/zkri.1959.112.jg.136
https://doi.org/10.1524/zkri.1959.112.jg.136
file:///C:/Users/АлександрЧуенко/AppData/Roaming/Microsoft/Word/Safety%20data%20for%20wollastonite.%20Available%20online:%20https:/web.archive.org/web/20070815213541/http:/physchem.ox.ac.uk/MSDS/WO/wollastonite.html
file:///C:/Users/АлександрЧуенко/AppData/Roaming/Microsoft/Word/Safety%20data%20for%20wollastonite.%20Available%20online:%20https:/web.archive.org/web/20070815213541/http:/physchem.ox.ac.uk/MSDS/WO/wollastonite.html
https://www.researchgate.net/figure/Figura-4-Figura-4-Estrutura-do-tipo-brucita-A-e-do-tipo-gibbsita-B-com-vista_fig2_292726910
https://www.researchgate.net/figure/Figura-4-Figura-4-Estrutura-do-tipo-brucita-A-e-do-tipo-gibbsita-B-com-vista_fig2_292726910

ISSN 2410-7360 BicHMK XapKiBCbKOro HalioHa/1IbHOrO YHIBEpCMTETY iMeHi B.H. KapasiHa

Influence of the structure of a mineral adsorbent
on the detritization of aqueous solutions

Oleksandr Pushkarov’,

DSc (Geology), Senior Research, Leading Researcher,

!SE "Institute of Environmental Geochemistry of the NAS of Ukraine"
34-a, Acad. Palladin Av., Kyiv, 03142, Ukraine;

Iryna Sevruk',

PhD (Geology), Senior Researcher,

Vitaliy Dolin’,

Junior Researcher

ABSTRACT

Introduction. Formed in a nuclear reactor, tritium is mainly discharged into the hydrosphere. A significant part of
tritium also enters the environment during the reprocessing of spent nuclear fuel. Currently, the problem is the devel-
opment of effective, simple, affordable, inexpensive and low-energy methods for extracting tritium from large volumes
of low- and intermediate-level aqueous solutions.

Review of previous publications. At nuclear power plants, it is widely used for the purification of small volumes
of highly active process waters by isotopic exchange in the "hydrogen-water" system [patents RU 2380144, RU
2060801, RU 2525423, RU 2148426]. There are methods for isotopic fractionation of HTO by low-temperature rectifi-
cation, which either requires significant energy consumption or occurs with a very insignificant isotopic effect at the
level of 1.1 [patents UA 57558, RU 2010772, RU 2091336]. In world practice, mineral adsorbents are widely used, but
there are no developments designed to purify aqueous solutions from tritium. Our previous studies have clarified the
possibility of using layered silicates and zeolite for the extraction of tritium from aqueous solutions (patents UA
103033, UA 103050, UA 113348). The ability of other minerals to adsorb tritium from aqueous solutions remains unre-
solved. In order to solve this problem, we involved in experimental research minerals from the classes of hydroxides,
sulfates and chain silicates.

Purpose. The aim of the work is to determine the influence of the structural features of mineral adsorbents on the
removal of tritium from proto-tritium water ("HTO") and the possibility of using a more expanded spectrum of minerals
as such adsorbents.

Results. Up to 39% of tritium extracted from tritiated water is retained in hibsite in surface adsorbed form. In the
boundary layer, heavier HTO molecules are retained with a greater advantage than H,O molecules (o = 1.14). Gypsum:
due to the substitution of OH groups of the gypsum crystal lattice by OT groups in the mineral structure, up to 36% of
the absorbed tritium solution with partial isotope-hydrogen fractionation is fixed. Due to the presence of tangled fibrous
microtexture in wollastonite, a significant part of tritium absorbed during the experiment from a solution of tritiated
water is fixed in a surface adsorbed form (61.3%, fractionation coefficient a = 1.03). The reaction of hydroxylation of
CaO when it interacts with tritiated water is accompanied by a predominant binding to calcium of OT groups formed by
the dissociation of HTO molecules because heavy hydrogen isotopes form a stronger covalent bond with oxygen than
with protium (o = 1.23).

Conclusions. The highest total ability to extract tritium from aqueous solution was observed in hibsite (38.7%),
and the lowest - in wollastonite (34.5%). The obtained new scientific results with the involvement of the results of our
previous studies provide an opportunity for more effective development of methods for detritalization of aqueous so-
lutions.

Keywords: tritium, hydrogen, heavy hydrogen isotopes, gypsum, bibbsite, wollastonite, adsorption, fractionation.
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AKpHUTapXH BUBYAIOTHCS MATHONIOTAMH y 3pa3Kax Me3030HCHKHUX BIJKIAIIB y KOMIUICKCI 3 IHIIMMHU MPEICTaBHUKAMHU OpraHi-
KOCTIHHOTO MiKpOIUIAaHKTOHY, HacaMIepe] 3 AnHoIicTaMu. Brepie Ha Teputopii YkpaiHu y 3pa3kax 3 IOpChbKHX Ta KPEHIOBUX BilK-
JaJliB BUSBJICHO aKpUTAPXU Ta CKOHIICHTPOBAHO yBary Ha TakKili MaJIOBHBYEHIH Tpymi A Me303010. JloBeIeHO iX MeBHY poJb i 3Ha-
YeHHS I CTpaTUrpadiuHuX Ta MaJCOEKONIOTIYHNX MOOYI0B, BUBUEHO iX BUIOBHUIA CKIal 1 BEPTUKAIBHINA PO3MOALT Y PO3pi3ax Me30-
30MCHKHX BiIKIaAiB. BCcTaHOBIEHO 3aKOHOMIPHOCTI PO3MOALTY aKpUTapX Y OAHOBIKOBHX IIapax. AKPUTApXH IOPH Ta KpeHIu BigHe-
ceni 10 10 poxis, mo Bkimoyaroth 11 BuniB. Halimommperimmm BAIOM, IO 3yCTPIYaEThes SIK i B IOPCHKHX, TaK 1 B KPEHIOBUX BiJIK-
nanax Ykpaiuu € akpurapxu Micrhystridium flagile Ta Fromea sp. FOpcbKi KOMIDIEKCH JIen[o Oarariii 3a KpeH/J0Bi y IIIaHi BiZICOTKO-
BOTO BMICTy 1 MpPEACTAaBICHI, TOJOBHUM 4YHHOM, Micrhystridium spp., Micrhystridium flagile, M. longum, Veryhachium
brevitrispinum, Wilsonastrum sp., Baltisphaeridium sp. Kpeitnosi: Micrhystridium spp., Micrhystridium fragile, M. longum, Bal-
tisphaeridium breviciliatum, B. aff. capillatum, B. annelieae, B. accinctum, Acanthodiacrodium sp., Solisphaeridium inaffectum,
Comasphaeridium sp., Comasphaeridium aff. brachyspinosum, Veryhachium spp., Veryhachium singulare, Leiofiisa stoumonensis,
Fromea sp., Ascostomocystis sp. Y TIpakTulli yKpaiHCHKUX MiKpOIIAJICOHTOJIOTIB HEJOOLIHEHA POJIb TaKOi IPYIH, K aKPUTAPXH, SKa
MOXe OyTH YHIKaJbHOIO MPH MAJICOCKOJIOTIYHNX PEKOHCTPYKIISX CepeloBUIa. AHAIIZYIOUH IOPChKI 1 KpeiinoBi Mikpodocuiii, BU-
BUCHI 3 ME3030MChKHX BIiKJIANIB 3 93 po3pi3ax pi3HHX perioHiB YKpaiHH, MOXKHA CKa3aTH, 10 TCHCHIIisS 3HUKHEHHS aKpUTapX Mpo-
TSITOM ME3030I0 IPOCTEKYEThCs c1adko. FOpeeki hopMu akpuTapx CKIAAaroTh 10 5% y KOMIUIeKci, kpe#noBi — 1o 4%. B crarti Ha-
BesleHO (oToTabIuIi 300paXkeHb IOPCHKHUX Ta KPEHIOBUX aKpHTapX.

Knrouoegi cnosa: akpumapxu, naninono2iuni 00CiioNiceHHs:, Me3030l, PCbKi ma Kpetldosi 6ioknaou, Ykpaiuna.
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Beryn. AxpuTapxu € OAHIEI 3 OPTOCTPATHI-
padivHEEX Tpyn MiKpoQpOCHIIiH, AKi MUPOKO 3aCTO-
COBYIOThCSl Yy Oioctparurpadii mporepo3oro Ta ma-
neo3oto [Crparurpadis, 2013]. B me3o030tichkuit
4yac BigMIYa€ThCS CKOPOYEHHS IMPEICTABHUKIB ITiE]
TPYIH, 1 [Ie MOSICHIOETHCS IEBHUMH IPHYHHAMH.

['eoxpoHOJIOTIYHE TMONMIUPEHHS aKpuTapx Oepe
movyarok 3 JokeMOpito. Ilepma croctepexyBaibHa
aJanTUBHA pajiamis, 10 BilOyJach B TOHIHCHKOMY
nepiofi (HEMpoTepo30ii) 1 € OJHUM 3 BIJIOMUX MPHK-
JIQJiB pajialiiHol €BOJIOIII OpraHi3MiB, MO jJajia
MOILITOBX JI0 PO3BUTKY NPEICTaBHUKIB caMe Ipynu
akpuTapx B el uac. MakcUMallbHE pO3MOBCIO-
JOKEHHSI aKpUTapX CIOCTEPIraeThCsl 3 PAHHBOTO Ke-
MOpito. B monmanbmiomy, cyTreBe CKOpOUYEHHS Mpen-
CTaBHHUKIB 1Ii€i rpynu BigOynocs y Mi3HbOMY Najeo-
301. 3roziom, MicJIst HOBOI aJanTUBHOI paiallii B 1opi,
BiJIMIYAEThCSl HACTYITHE CKOPOYEHHSI aKpUTapX, I0-
pSA 3 MacoBHUM BUMHUPAHHAM (DiTOIUIAaHKTOHY, B IIi-
JIOMY, Y Ti3HiH Kpenmi.

IlocTanoBka nmpodaemu. Cepex ME3030HCHKIX
BiIKJIaiB YKpaiHU IOPCHKI Ta KPEeHIOBI yTBOPEHHS
3 MAJEOHTOJIOTIYHOI TOYKU 30pY € OJHUMH 3 Hail-

OinbII TMOBHO BUBYEHMMHU. MoHorpadivHi Jocii-
JOKSHHS 1 BEJHMKA KiJBKICTh CTared MpHUCBsYEHI Ta-
KAM OPTOCTpAaTUrpadiqHuM, Ui IUX CUCTEM, Ipy-
1am OpraHiYHHUX PEIITOK, K aMOHITH, (hopamiHide-
pH, TMHONHUCTH 1 iH. JloCTaTHRO MOBHO BUBYEHI CIIO-
pH 1 THJIOK BHIIMX POCIWH, HAHOIUTAHKTOH 1 iH. B
OCTaHHI POKM 3Ha4Ha yBara MPWAIISETHCS BUBUCH-
HIO MIKpOCIIOHTiO(ayHH Ta MikpodopamiHidep. Yc-
TIITHE BUKOPHUCTAHHS aKpUTapX Ta IHIIMX OpraHid-
HUX PEHITOK HEBU3HAYEHOTO CHCTEMATHYHOIO II0-
JIO)KEHHsI 1THO3EMHHMMH HAyKOBIISIMH JIaJl0 TI€BHI pe-
3ynbTatu i crpaturpadii i naneoreorpadii Bii-
nomy. Tomy, mpH KOMIUIEKCHOMY BHBYEHHI MIKpO-
¢docwiii (manxiHoMopd) ropu 1 Kpedau HaMu 30ce-
peIDKeHO yBary Ha MaJIOBUBYEHIHM Tpymi Ui Me30-
3010 — aKpUTapXH.

Mix THM, MUTAHHS KOPEJALil 3HAYHO Bijyiaje-
HUX, B MIEpIIy 4epry pizHodarjialbHIX po3pi3iB 0p-
CBKHUX 1 KpeHIOBHX TOBII, 110 BMIILI[YIOTh, SIK TIPaBH-
JI0, pi3HI TPYIIH OPraHIYHUX PEIITOK, HA TETIEPiLIHIN
Yac 111e HeJI0CTaTHBO po3pOo0IIeHi.

VY Me3030[ChKUX BiJKIaax aKpuTapXyu BUBYA-
IOTBCSI TTAIHOJIOTaMH Y KOMIUICKCI 3 1HIIUMH MPEea-
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CTaBHUKAMH OPTaHIKOCTIHHOTO MIiKpOIUIAHKTOHY,
HacaMmIepes 3 AUHOICTaMH.

B mpaxTuii yKpaiHCBKHX MiKpOMaJeOHTONOTIB
HE/IOOIHeHA POJIb TaKOl TPYyMH, SIK aKPUTAPXH, SKa
MOkKe OyTH YHIKAIbHOIO MpPH MHalCOEKOJIOTITHAX
PEKOHCTPYKIIAX CEPEAOBHINA Ta BaKIUBOIO JUIS
MIXKpETIOHATbHUX KOPEJSIii Me3030MChKHUX BiK-
JaAiB 3 CYMDKHIMH Ta BiIJAIEHUMHU TEPUTOPISIMIL.

IcTopiss mocaimkenns: akpurapx. Ilepmi Bi-
JIOMOCTI PO aKpUTAPXH MpeACTaBlIeHI B poOOTi, 10
Oyna omyoOiikoBaHa B 1862 poui W.C.White. Bonu
OynM BCTaHOBIICHI y BIIKJIQJax OPIOBUKY, AEBOHY i
BiJIHECEHI JI0 JiaTOMOBHX, TYOOK, IOTIM B Kpeho-
BUX BiJIKJIajax — JI0 MUCMITI€BHX, pamionspiii abo
criIiKo(IaresT.

W.R. Evitt B 1963 pomui 3ampornonyBaB ais of-
HOKIIITHHHUX (DOPM Ha3By «aKpUTapXW» 1 BKIIOYHB
B ITI0 TPYITy BCi TEHETHYHO Pi3HOPiAHI MiKpoQocHIIii
[Evitt, 1963 a, b].

Ha nouarky XX cTONITTS pO3IVISIHYTI OpraHivyHi
pemrtkn BuB4danu A. Eisenack, G. Deflandre, C.H.
Haymosa, J. Deunff, b.®. Tumodees i inmi. Tomi
TOJIOBHOIO B JIOCIHI/DKEHHAX Oyna maneobionoriyna
CKJIaJi0Ba MPOOIEMH aKpHUTapX: MOSCHEHHS X MicLs
B CHCTEMi OPTaHIYHOTO CBITY, pO3pOOKa MPUHIIHITIB
Kiacudikarii, MUTaHHS IX MAJIEOeKOIOTIi 1 iH.

Ananiz ocmannix 00cnioxycensv i nyonikauyii.
I'pyna akputapxu — 30ipHa, 11 BCIO PO3MIAJAIOTH SIK
IUIAHKTOHHY, nomidinetnany [Fensome, 1990; Ilet-
pochsHil 1 iH. 1990; Stover et all., 1996]. F. Martin
MPUITYCTUB, M0 0arato akpuTapx MPeICTaBISIOTh
UCTH BUMEpIHNX MuHO(iarenariB, 0e3 apXeomiriB
a00 o3HaK cTabinpHOT TadymsIii [Martin, 1993].

BukopucraHHs akpuTapx, K 30HAIBHUX Y Me-
30-kalfHO301 oOMmexeHa. OmyOnikoBaHO Hebararo
30HAIBHUX 30H, B SKUX BUKOPHCTOBYIOTHCSI BUKIIIO-
unHo 1i Mikpodocuii. MMoBipHO, 1ie MmoB’s3aHO 3
pI3HOMaHITHICTIO AWHOMIArenat, siki 3a3BU4all 3y-
CTPIYarOTHCS B THX K€ MAJIHOJIOTIYHHX ITperaparax.
Binbir Toro, OUIBIIICTE ME3030HCHKUX Ta KaHO30#-
ChbKUX JuHO(IIarenaT MopQoNoriyHo OiIBII CKIIAI-
Hi, a IHTEpIIpeTais X BUJOBUX BUIIB MEHII Cy0'eK-
THBHA, HDK y akpurapx. [HIIMM BaXJIMBUM (akTo-
POM € HEBENUKUI po3Mip (3a3Buuaii MeHIne 30 MKM)
O1TBIIOCTI ME3030MCHKUX Ta KaHO30MCHKHX aKpH-
tapx. OfHaK, aKpUTapxXyu MOXKYTh AOTIOMOITH Y BH-
3Ha4YeHHI quHouMCTOBHX 30H. D. Habib, S.D. Knapp
MPOBEIU JIeTANbHE JOCHIPKEHHS OPHAMEHTY MEM-
Opanu axputapx. B pesymbrati, aBTOpaM BAaiIoCh
PO3PI3HUTH JIEB'SITh PErioHalbHUX O0I030H 32 aKpH-
TapXxaMu B KpeHIOBUX BIAK/IagaX MiBHIYHO-3aX1IHOT
Atnantuku [Habib & Knapp, 1982]. 3a ganumu no-
CJII/PKEHb OCTAHHIX POKiB OBEACHO, IO aKPUTAPXU
MOXXHa BHKOPHCTOBYBAaTH SIK 30HAJBbHI 1HJEKCH 1 B
Me30301, 0COOJNMBO Yy NPUOEPSKHUX 1 METaridHUX
paitonax [Marshall & Partridge 1988; Smelror &
Leereveld, 2010].

JloBeneHo, Mo akpUTapxy BiAKIaJaliCh B ce-
IMMEHTALIMHIM 00CTaHOBII, 110 BIAMOBIAAE IX KHT-
TIO, TaK SK TPHBajJe TOPU3OHTAIbHE TPAHCTIIOP-
TyBaHHS CIPUYMHIIO O OKMCIICHHS 1 3HUIICHHS Ma-
siHoMop®. € nmaHi, M0 BYJIKaHI3M BUKIHKA€E 3MIHU B
CKJIaJli KOMIUIEKCa akpuTapX B OiK HOro 30iIHEHHS
(AJL Parozina, 1981). F.H. Gramer npoBiB mupot-
HUN KOHTPOIb TalleOTEMIepaTyp 1 CHITypiACBKHAX
KoMIuTekciB akpuTapx [Ilerpocksni i iH., 1990].

[Tionepamu cepen yKpaiHCHKHX MIKpOMajeoH-
TOJIOTiB 1O BHUBUEHHIO akputapx Oynu B.B. Kup’s-
HOB [KupbsHOB, 1971] 1 O.0. AceeBa [Aceena,
1974]. Bonu BHBYANM akpuTapxu KeMOpilo i Bepx-
HBOTO TIpoTepo3oro BiamosigHOo. O.0. AceeBa Bu/I-
JrjIa CiM BeHIICHKMX KOMIUICKCIB aKpUTapX Ha TepPH-
Topii Ykpainu. B.B. Kup’sHOBUM HOCHIIKEHO ak-
pHUTapXu AOKeMOPIlo 1 Maneo3010, po3podIeHO CTpa-
TurpadivyHy cxemy BiAKIaAiB KeMOpiro YkpaiHu Ta
BUKOHAaHO iX Kopemsmito 3 Cubipcekoro mmiardop-
Moro [KupssaoB, 1978; Koncrantunenko, Kup’s-
HoB, 2013]. JLI. llemeroBa mocmigKyBajia akpu-
TapXyd TEPUTeHHUX Qalliil cuIypy i HH3IB JIEBOHY
3axigHux obsacteit Ykpainu (Bonuno-Ilominbcbkol
wty) [[emerosa, 1971; 1974].

K.B. IBaHueHKo BUBYa€ akpuTapxu BeHay Bo-
muHi [IBardenko, 2007; 2017; 2019].

3 Me3030iChbKHX BIAKIAAiB YKpaiHH HIXTO 3
JOCTIIHUKIB OKPEMO HE BUBYAIIM TPYyMy aKpUTapX.
YV HaykoBUX poOOTaxX BigMIYajoch TUTBKH PO MpH-
CYTHICTh WX (OPM IPH OMHKCI MaTiHOKOMILICKCIB
I0pCBKOTO 1 KpeimoBoro 4acy [Oropoanik, 2004;
[leBuyk, 2016, 2020].

Koporka xapakrepucTtuka rpynu. Akpurap-
XM — 1€ OJIHOKJIITHHHI, HEKOJIOHIaJbHI, OpraHikoc-
TiHHI MiKpodocuii 3 HEBIIOMOI CIOPiAHEHICTIO,
mo 30epercs y BUIVISIII TOHKHX TPO30pUX abo
HEMpO30pUX OJHO- a00 JBOMIAPOBUX OOOJOHOK.
®dopmMa X pemITok opajbHa abo OaraTokyTHs. Bo-
HU MOXYTh OyTH cHUMeTpHW4Hi i acuMerpuuHi. Yac-
THHA 3yCTPIHYTHX OOOJIOHOK 3KaTi y SIKOMYCh Ha-
NpSAMKY, IO MOB‘sA3aHO 3 JedopMalli€ro iX B ocaji.
Bonu OyBaroTh mnanki abo 3epnwucti. Yacrime cky-
JTBOTYpa TOBEPXHI Tila i BUPOCTIB MpeACTaBlIeHA
Oyrpamu, ciTkoto, mumamu, pedpamu. ['mcTpuxoc-
(epoinanbHi akpUTapXu MarOTh BUPOCTH Pi3HOI (o-
PMH, TOBILIMHHU, JOBXHHH 1 OynoBu. Ha mucranbHuX
KOHYyCaxX BUPOCTHU PI3HOI JIOBKHHU a00 3aKpUTi, a00
BIJIKPHTI, YacTillle JUXOTOMIYHO po3ramyxkeHi. by-
BAaIOTh aKpUTapXu 3 oTopoukamu. Beepeneni 060i1o0-
HKM MOXYTh OyTH BKIIIOUEHHS: BHYTPIIIHE TiJO,
TEMHA TUIsIMA. 3a3BHYal, aKpUTapXHU MaloTh OTBOPHU
y BUIISAL MOp, IMUIMHOMOAIOHI abo HemnpaBHibHI
PO3pHBH 1 Kpyr1i oTBopu abo miomu. Po3mipu ak-
putapx xonuBaioThecs Big 1-5000 Mk, ajne B IOpChKUN
1 KpeioBui Yac 1 GopMHU MaJIeHBKHX PO3MIpPIB BiJ
5-7 MM 110 45 MrM. XIMIYHHE CKJa]l 000JIOHOK —
opraHigyHa pEYOBHHA, ONM3bKa JO CIIOPOIOJICHIHY.
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Haifgacrime BOHM CKIIAJalOTHCS 3 TEPMITHO 3MiHe-
HHAX HEPO3UMHHHUX Yy KHUCJIOTI CIIONYK ByTICIO (Ke-
poreH). B mporieci BUBUEHHS Oarato akpuTapx Iie-
PEBE/ICHI B 3€JICHI, KOBTO-3€JICHI, 30JIOTUCTI 1 1HIII
BOIOPOCTI.

AKpHUTapXu MalOTh PI3HUM CTaH 30€pPe’KEHOCTI.
Bonu MOXyTh MaTH OTBip B OOOJIOHILI 3a PaxyHOK
miputH3aiii, il 6akrepiil, rpuoiB, cIiAiB pocTy Mi-
HepaniB. Ilpu BmicTi cipku B mopomi 6inmerme 10%
KpHUCTaJH MipUTY TPOHUKAIOTH B CTIHKY 0OOJIOHKH 1
1HKOJIN POOIISATH (hanblINBY CTPYKTYPY Ha MOBEPXHI.
Ha gymxy M. Correia kxputnyHa THOWHA A0 AKOT
MOXYTh 30epiratucs aKkpuTapx i iHII MOPCBKi Mi-
kpodocunii € 2000-2500 M, mobau3y HadTOBUX PO-
JOBHII] BOHH MarOTh J00py 30epekeHicTs. JHalaeH]
B KOHTMHEHTAJIbHUX BiJKJIaJaX aKpUTAPXH MOXYTb
Oytu nepesinkiageanmu [Correia, 1969].

Crparurpadiyae TOMMPEHHS] aKpUTapX — J0-
KeMOpiii — HuHi. Haitbinbim Baxknuee crparurpadid-
He 3Ha4eHHS 1X — JoKeMOpili — CHITyp, Jie BOHH JTyXKe
pi3HOMaHITHI 1 pa3oM 3 HUTYACTUMH BOJOPOCTSIMHU
BIJIITPalOTh TOJIOBHY POk B MiKpoOioTax. B Oimbmt
MOJIOIMX BIJKJIAIaX — IX YHUCENIbHICTh BCHOI'O JIEKI-
npKa poniB. FOpchbki Ta KpeinoBi akputapxu Oijb-
LIOT0 3HAYECHHS HaOyBAalOTh VI XapaKTEePUCTUKU Ta
BIITBOPEHHS YMOB OCaJKOHaKonmu4aeHHs. DariansHa
IPUYPOYEHICTh aKpUTApX HE BHKIMKAE CYMHIBiB. IX
MOB'A3YIOTH 3 BiAKJIAJAaMHU BOJAHOTO T€HE3UCY, TaK SIK
BOHM YHCJICHHI B MOPCHKHMX, MEHIIE NEIbTOBHUX 1
03CPHUX BIJIKJIAIaX.

@opMy.TI0OBaHHSI METH CTATTi. 3a7ayero Joc-
JipkeHHsT OyJio CKOHIIGHTpPYBaTH yBary Ha Takid
MaJIOBUBYCHIN TPYMi JUIS ME303010, SIK aKpHUTapH i
JIOBECTH 11 TIEBHY POJIb 1 3HAYEHHsI JJIsl CTpaTurpa-
(bivHMX Ta MajgeoeKoJOTIHNX MOOYIOB.

Marepianu Ta Meroau. Martepianom mocii-
JoKEHb OyITM 3pa3KH TipCchKUX MOPiJ] CepeHbo-, Bep-
XHBOIOPCHKUX Ta KPEHIOBUX BIJKJIAJIB, BifiOpaHi
po3pi3HeHo 3 93 po3pisiB, ane 3 yCiX KPYMHUX TEK-
TOHIYHHUX CTPYKTYp Ykpainu: Ilenincekoi 3onu Ka-
pnar, BomuHo-Iloaiibchbkoi IUIMTH, 3aXiHOTO Ta
CXiIHOTO cXWiB YKpaiHchKoro mmura, [IpnazoBch-
koro macuBy Y1, JHinmpoBchko-/loHerpkoi 3arma-
nvaY, JlonOacy, [TiBneHHOyKpaiHChKOT MOHOKITMHAIT
(ITpnuopHomopcbka 3anaguna), Kpumy, IliBHiuHOA-
30BCHKOTO MPOTHHY Ta A30BCHKOTO Bally (YKpaiHCh-
Ka yactuHa A30Bcrkoro mops) [Llesuyk, 2020].

[lpu neranbHOMY MATIHONOTIYHOMY  JIOCIHI-
JOKEHHI 3pa3KiB 3 IOPCHKUX Ta KPEWOBHUX BiJIKJIA/IiB
Vkpaiau Oynmu BimMmideHi akputapxu. BoHu BusiBH-
JUCh TIOCTIMHUM eneMeHToM Mikpoditodocumiii B
OarateboX mpemapartax. Bikmagu opu Ta Kpenan
OIIMCAHMX TEPUTOPiil paHime Bxe Oynu crpaTudiko-
Bani O.A. llleBuyk 3a pe3ynabTaTaMH MaaiHOIOI1Y-
HUX JOCHIJDKEHb (CIOpH, MWIOK, nuHoiucth) [Ile-
BuyK, 2016; 2020; IlleBuyk i in.; 2021; Shevchuk et
all., 2013; Shevchuk, Vajda, 2019]. Crparurpadiyse

NOIIMPEHHS aKpUTApX IHTEPHPETYyeThCS HAMHU 3a
CYKYMHICTIO B KOMIDIEKCI 3 iHIMUMH TaiHOIOTIY-
HUMH PELITKaMH Ta OpraHi3MaMH.

VY po3spizax, 10 BUBYAIUCH, Oy TpeAcTaBie-
Hi pi3Hi 32 BIKOM Ta JIITOJOTIYHUM CKJIAZIOM ITOPOJIH.
ToMy HacH4YEHICTH BiAKIAIIB MiKpodoCwmIisaMu Oyna
pizHoto. I[lpoBommiace mnepBuHHA 00pOOKa MOPIT
(Mamepartist): mopoma po3myIryBajach, ii kapOoHaT-
Ha YacTHMHA PO3YMHIOBAIACH COJISTHOIO KHCIIOTOIO,
BUMHBaJIaCh CU(OHHUM CIIOCOOOM; HACTYITHHI eTarl
— 3aNMBaNach raps4uM po3uuHOM mipodocdaty Ha-
TPIIO 1 BiIMHBAJIACh BiJl KOJUIOIMHUX TIIMHUCTUX Ya-
CTHH, IPOMHUBAJIACh Yepe3 KOXKHi 2-3 TOOUHN JUCTH-
JILOBAHOIO BOAOIO CH(POHHUM MPUCTPOEM, 3TUBAIOUH
BOJY JTO BIAMITKH 2 CM HaJ 0Ca/I0M; 3aJIHIIIOK 00po-
OJIsIBCS IUTABUKOBOIO KHCJIOTOIO 1 TAKOX ITPOMHBABCS
cu(OoHHUM CrocoOoM, Jierka (pakifis BiIiisIach
3a JOMOMOTOI0 EHTPU(YTH 13 3aCTOCYBaHHSIM BaXK-
Koi piAMHU 3 TUTOMOIO Baroro 2,0.

AKpHUTapXy BHBYAIHCh B TUMYACOBUX 1 IOC-
TIHHUX MpenapaTax. AHAIITHYHI POOOTH BUKOHYBa-
JIUCH 3a oToMOTot0 Mikpockomny “Eprasan” i MBI-6
npu 30inemienHi x750, ¢otorpadysanHs nmpoBogu-
J0ch UGPOBUM (POTOANIAPATOM YIS MIKPO3HOMKH
Konica Minolta Dimagex50 B IacturyTi reomnoriu-
Hux Hayk HAH VYkpainu ta 3a 70OMOTOr0 MiKpoC-
korry momyiabHoro Olympus BX51 B menmapramenTi
naneobionorii nmpu HamionansHomy Mysei Ictopii
npupoar M. CTOKronbpM. 3pa3ku Mikpodocuiii 30e-
piraroThes y BiJJIijll MANEOHTONOTIi 1 cTparturpadii
ME3030MChKHX BiIKIAMIB [HCTUTYTYy TeONOTiYHUX
Hayk HAH Vkpainu.

OCHOBHMM METOJIOM JIOCIHI/)KeHb OyB TaiHO-
noriunuit. [lpu ineHTudikamii akpuTapx MU BHKO-
pucToByBanu oH-naitH katanor [Koljalg, 2012].

Bukiag ocHOBHOro Marepiajry J0CHiIKeHHS.
AKpuTapxu OpH Ta Kpeitnu BigHeceHi g0 10 poxis,
mo BrodaroTh 11 Buaie. HalinommpenimmM Bu-
JIOM, IO 3yCTPIYa€ThCSA SK 1 B IOPCHKHUX, TaK i B
KpeHaI0BUX BiAKIagax YKpaiHu € akputapxu Mi-
crhystridium flagile (Deflandre, 1947) ta Fromea
sp. FOpchbki kommuiekcn Aemnto 6arariui 3a KpeHaoBi y
TUTaHI BiZICOTKOBOTO BMICTY i MPENCTaBlIeHi, TOJOB-
HAUM 4uHOM, Micrhystridium spp., Micrhystridium
flagile, M. longum (Moczydlowska, 1988),
Veryhachium brevitrispinum (Staplin, 1961), Wil-
sonastrum sp., Baltisphaeridium sp. Kpeiinosi: Mi-
crhystridium — spp., Micrhystridium  fragile, M.
longum, Baltisphaeridium breviciliatum ((Staplin,
1961) Downie and Sarjeant, 1965), B. aff. capil-
latum (Jardine, Combaz, 1974), B. annelieae
((Kjellstrom, 1976) Bockelie and Kjellstrom,
1979), B. accinctum ((Loeblich Jr. and Tappan,
1978), Acanthodiacrodium sp., Solisphaeridium
inaffectum (Playford et Dring, 1981), Comas-
phaeridium sp., Comasphaeridium aff. brachyspi-
nosum ((Kiryanov, 1974), Moczydlowska et
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Puc. 1. Axpurapxu 3 cepeIHbOIOPCHKUX — KPEHI0BUX BiAKIaAiB YKpaiHU.
Fig. 1. Acritarchs from the Middle Jurassic — Cretaceous deposits of Ukraine
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Ymoeni nosnauenns oo puc. 1:

@ir. 1. Micrhystridium fragile, cB. 33, 3p. 14, Typon; ®ir. 2. Micrhystridium fragile, cB. 14, 3p. 08164, amT;
@ir. 3. Micrhystridium fragile, cB. 8562, 3p. 081093, kenoseit; Oir. 4. Micrhystridium sp., ¢B.8562, 3p.
081093, kenoseit; Dir. 5-8. Micrhystridium fragile, cB. 8562, 3p. 081093, kenoseit; Dir. 9. Micrhystridium
sp., ¢B. 4606, 3p. 5, xoHbsiK; Dir. 10, 11. Micrhystridium longum, 1988, cB. 8562, 3p. 081093, kemnoseii; dir.
12-13. Fromea sp., cB. 8562, 3p. 081093, kenogeit; ®ir. ®ir. 14, 15, 17. Micrhystridium sp., ¢B.8562, 3p.
081093, kenoseit; 16. Veryhachium singulare, cB. 4606, 3p. 5, koubsik; ®ir. 18-20. Micrhystridium fragile,
cB. 8562, 3p. 081093, xenoseit; Oir. 21. Veryhachium brevitrispinum, xytip LlleBuenkwu, 3p. la (2), 6at; Dir.
22. Veryhachium sp., c. 0121, 3p. 16, anp0; @ir. 23. Solisphaeridium inaffectum, 1981, cB. 0121, 3p. 16,
ane0; Oir. 24. Leiofusa stoumonensis, cB. 0121, 3p. 16, anp0; dir. 25-28. Micrhystridium sp., cB. 14, 3p.
08164, anT; ®ir. 29. Baltisphaeridium sp., cB. 46006, 3p. 8, cenoman; ®ir. 30-31. Baltisphaeridium sp., cB.
4606, 3p. 8, ceroman; @ir. 32. Baltisphaeridium aff. capillatum, cB. 4606, 3p. 8, cenoman; ®ir. 33.
Baltisphaeridium accinctum, cB. 4606, 3p. 8, ceHoman; @ir. 34. Comasphaeridium sp., cB. 4600, 3p. 8, ceHO-
MaH; @ir. 35. Baltisphaeridium annelieae, cB. 4606, 3p. 8, cenoman; Dir. 36. Baltisphaeridium sp., cB. 14, 3p.
08164, ant; ®ir. 37-38. Comasphaeridium aft. brachyspinosum, cB. 4600, 3p. 5, koHbsK; Dir. 39.
Baltisphaeridium breviciliatum, 11. cB. 4606, 3p. 5, KOHBSIK.

Legend for Fig. 1:

Fig. 1. Micrhystridium fragile, well 33, sample 14, Turonian; Fig. 2. Micrhystridium fragile, well 14, sample
08164, Aptian; Fig. 3. Micrhystridium fragile, well 8562, sample 081093, Callovian; Fig. 4. Micrhystridium
sp., well 8562, sample 081093, Callovian; Fig. 5-8. Micrhystridium fragile, well 8562, sample 081093, Cal-
lovian; Fig. 9. Micrhystridium sp., well 4606, sample 5, Coniacian; Fig. 10, 11. Micrhystridium longum, well
8562, sample 081093, Callovian; Fig. 12-13. Fromea sp., well 8562, sample 081093, Callovian; Fig. 14, 15,
17. Micrhystridium sp., well 8562, sample 081093, Callovian; Fig. 16. Veryhachium singulare, well 4606,
sample 5, Coniacian; Fig. 18-20. Micrhystridium fragile, well 8562, sample 081093, Callovian; Fig. 21.
Veryhachium brevitrispinum, the village of Shevchenki, sample 1a (2), Bathonian; Fig. 22. Veryhachium sp.,
well 0121, sample 16, Albian; Fig. 23. Solisphaeridium inaffectum, well 0121, sample 16, Albian; Fig. 24.
Leiofusa stoumonensis, well 0121, sample 16, Albian; Fig. 25-28. Micrhystridium sp., well 14, sample
08164, Aptian; Fig. 29. Baltisphaeridium sp., well 4606, sample. 8, Cenomanian; Fig. 30-31. Baltisphaeridi-
um sp., well 4606, sample 8, Cenomanian; Fig. 32. Baltisphaeridium aff. capillatum, well 4606, sample 8§,
Cenomanian; Fig. 33. Baltisphaeridium accinctum, well 4606, sample 8, Cenomanian; Fig. 34. Comas-
phaeridium sp., well 4606, sample 8, Cenomanian; Fig. 35. Baltisphaeridium annelieae, well 4606, sample
8, Cenomanian; Fig. 36. Baltisphaeridium sp., well 14, sample 08164, Aptian; Fig. 37-38. Comasphaeridium
aff. brachyspinosum, well 4606, sample 5, Coniacian; Fig. 39. Baltisphaeridium breviciliatum, well 4606,
sample 5, Coniacian

Vidal, 1988), Veryhachium spp., Veryhachium
singulare ((Firtion, 1952) Burger, 1980), Leio-
fusa stoumonensis (Vanguestaine, 1973),
Fromea sp., Ascostomocystis sp.

AKpHTapx# 3 CepelHbOIOPCHKUX — KPEeUI0BUX
BiJIKJIa/IiB YKpaiHu BijgoOpakeHi Ha puc. 1.

Takox aKkpuTapxd MOXYTb OyTH KOPHUCHUMH
NPY NaJICOSKOJIOTIYHNX JOCHTipKeHHsIX. Hanpukian,
3iCTaBJICHEHsI KUIBKOCTI PEHITOK MIKpOQITOTLIaHK-
TOHY (OMHO(ITH, aKpUTapXu, MpasMHOPITH) Bino-
Opake cuTyalilo MOpPChKOro OaceliHy B MEBHUH 4ac
T'€OJIOTIYHOT eMOXH Ta OKPEMO JIOCIIPKEHOT TEPUTO-
pii, mo Oylo JOBEJCHO Ha MPaKTUIl MPHU BUBYEHHI
BEPXHBOIOPCHKMX  BiAKIAMiB  MiBHIYO-3aXiZHOTO
Houb6acy, 113 Ta Y11 [IleBuyk i in., 2015; 2019].

BucnoBku. Kinbka auckyciiHUX poJiB MiKpo-
(docuiii TparsIIHCs B YKpaiHChbKHUX 3pa3Kax MpoTsi-
TOM Me303010, SIKi MOXKYTb OyTH ab0 akpuTapxu, abo
muHo(arenat. Taki «nceBmomuHodIareaTH, SIK
Fromea Ta Ascostomocystis pO3IISANAIOTECS K aK-
pUTapXy, SIKIIO BOHM HE MalOTh BII3HABAHUX JUIS

nuHO(IarenaT ocoOMMBOCTEH, Taki sIK TaOyIsIis,
CUHTYJIIOM, apXeoTiJb i iH.

3arajom, TCHJICHI[IS 3HUKHEHHS aKpuTapx Hpo-
TATOM ME303010 MPOCTEKYETHCS CIA0K0. AHaNi3yIo-
YH I0PCHKi 1 KpeiioBi MikpodocHIii, BUBYEHI 3 Me-
3030MCHKUX BiKIAIB 3 93 po3pi3iB pi3HUX PETiOHIB
VYkpaiHu, MOXKHA CKazaTH, [0 Y HaiHOKOMILIECax
BiJICOTKOBHIA BMICT JOCHIJKEHUX PEIITOK IOCHTH
HE3HAYHUH TIOPS 3 IHIIMMHU TPEICTAaBHUKAMHU Op-
TaHIKOCTIHHOTO MiKpOQiTOIIaHKTOHY. [HOMI 10pChKi
¢dopMH akpuTapx CKIaAaloTb 10 5% Yy KOMIUIEKCI,
kpeiaosi — 10 4%. OnmHak, BHIOBE PI3HOMAHITTS
Kpeia0BuX GOpM JeII0 OlIbIIe, MOXKIIMBO IIei GakT
MIOSICHIOETHCS KpaliM 30epexeHHsIM (opM Kpeiio-
BOTO BIKY.

Hactymaum eranom poOiT MOBHHHO OyTH BH-
BUCHHSI aKpUTapX IOPCHKHUX Ta KPEHIOBUX BiIKIIaliB
BCiX perioHiB YKpaiHM 3aJuIi LiJiel 3arajbHoi Kap-
THHU LIOJ0 BIATBOPCHHS MAJICOEKOJIOTTYHUX YMOB
TepuTopii YKpaiHU MPOTATOM FOPCHKOTO 1 KPEeH10BO-
TO TIepiofy.
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BHecOK aBTOpiB: BCi aBTOpW 3p06MIM PiBHUI BHECOK Y L0 pobOoTY

AKpHUTApXH Me303051 YKPauHbI

Enena Anopeesna Illesuyx’,

. T€OJI. H., BEJI. H. C., M.0. 3aB. OT/IeJIa CTPATUTpa(nuu 1 NMAJICOHTOIIOTHH ME3030HCKUX OTIOKECHUH
'WMucturyra reonornueckux Hayk HanmoHansHOM AKageMHud HayK YKpPaHHEL

ya. O. lonuapa, 556, . Kues, 01601, Ykpauna;

Examepuna Braoumupoena Heanuenxo’,

K. T€OIL. H., H. C. OT/IeJIa F€0JIOTHU aHTPOIIOTeHa

AXpUTapXu M3ydaroTcsl HATMHOJIOIaMH B 00pa3iax Me3030iCKUX OTIIOKEHHH B KOMILIEKCE C IPYTHMMH TIPECTaBU-
TEISIMA OPTaHUKOCTEHHOTO MHKPOIUIAHKTOHA, TMPEXKIC BCEro ¢ MUHOIMCTAMbl. BriepBbie Ha TEPPUTOPUH YKPAaUHBI B
o0pasiax M3 IPCKUX ¥ MEJIOBBIX OTIOKEHUH OOHAPYKEHO aKpUTAPXU M CKOHIIEHTPHUPOBAHO BHUMaHUE HA TaKOi MaJo-
M3Y4eHHOH Tpymme st Me3030s1. Joka3aHo MX ONpeNeNieHHYIO POJlb U 3HAUYeHUE /IS CTPaTHrpapUIecKuX M MajieodKo-
JIOTHYECKUX TOCTPOCHUH, M3YYEeHBI MX BHIOBOH COCTaB M BEPTHKAJIBHOE pacIpeelicHIe B pa3pe3ax Me3030HCKUX OT-
JIOKEHUH. YCTaHOBIICHBI 3aKOHOMEPHOCTH PACIIPE/ICIICHUS] aKPUTapX B OJHOBO3PACTHBIX CIOSX. AKPUTAPXH IOPHI I Me-
nma otHeceHbl K 10 pomam, Bkmouaronmx 11 BugoB. CaMbIM pacipOCTPaHEHHBIM BHJOM, MPEICTABUTEIN KOTOPOTO
BCTPEYAeTCs KaK B IOPCKHX TaK M B MEIIOBBIX OTIOKCHUSIX YKpPAWHBI SBISAIOTCS akputapxu Micrhystridium flagile n
Fromea sp. FOpckue KOMIUIEKCHI HECKOJIBKO OOraue MEJOBBIX B IDIAHE MPOLEHTHOTO COACPIKAHUS W IPEICTABIICHBI,
IIaBHBIM 00pa3om, Micrhystridium spp., Micrhystridium flagile, M. longum, Veryhachium brevitrispinum, Wilsonastrum
sp., Baltisphaeridium sp. Menosbie: Micrhystridium spp., Micrhystridium fragile, M. longum, Baltisphaeridium
breviciliatum, B. aff. capillatum, B. annelieae, B. accinctum, Acanthodiacrodium sp., Solisphaeridium inaffectum,
Comasphaeridium sp., Comasphaeridium aff. brachyspinosum, Veryhachium spp., Veryhachium singulare, Leiofusa
stoumonensis, Fromea sp., Ascostomocystis sp. B npakTnke yKpamHCKHX MHKPOIAJIEOHTOJIOTHB HEIOOIEHEHA POJIb Ta-
KO TPYIIIbI, KaK aKpUTAPXU, KOTOPAsi MOXKET OBITh YHUKAJILHON MPH MaJCOIKOIOTHICCKUX PEKOHCTPYKHAIMSIX CPEIIBL.
AHanu3upyst FOpCKHE U MeJIOBbIe MUKPO(OCHIINHI, H3yUeHbI B ME3030MCKUX OTIOKEHHSIX U3 93 pa3pe3oB pa3HbIX peru-
OHOB YKpaWHBI, MOXXHO CKa3aTh, YTO TCHICHIIMS WCUYC3HOBCHUS aKPUTAPX HA MPOTSHKCHHH ME3030sI MPOCIICIKUBACTCS
cimabo. KOpckue GpopMbl akpuTapX COCTaBISIOT J0 5% B KOMIUIEKCE, MeloBbIe - 10 4%. B crarse npuBeneHs! GoToTad-
JIUIIBI H300pasKEHUH FOPCKIX M MEJIOBBIX aKPUTAPX.

Knrouessle cnosa: akpumapxu, nanuHono2udecKue ucCie008anus, Me3030u, IPCKUe U Melossle OMmiodiceHus, YKpauHa.
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ABSTRACT

Introduction. Acritarchs are one of the orthostratigraphic groups of microfossils that are widely used in Protero-
zoic and Paleozoic biostratigraphy. In the Mesozoic period there is a decrease in this group, and this is due to certain
reasons.

Formulation of the problem. Acritarchs are studied by palynologists from samples of Mesozoic sediments in
combination with other representatives of organic bone microplankton, primarily with dinocysts. In the practice of
Ukrainian micropaleontologists, the role of such a group as acritarchs, which may be unique in paleoecological recon-
structions of the environment, is underestimated.

History of the study of acritarchs. None of the researchers studied the group of acritarchs in the Mesozoic depos-
its of Ukraine. In scientific works it was noted only about the presence of these forms in the description of palynological
complexes of Jurassic, Cretaceous and other times.

Brief description of the group. Acritarchs are unicellular, non-colonial, organic microfossils.

Formulation of the purpose of the article. The aim of the study was to focus on such a little-studied group for
the Mesozoic as acritars and to prove its role and significance for stratigraphic and paleoecological constructions.

Materials and methods. The research material was samples of rocks of the Middle, Upper Jurassic and Creta-
ceous deposits, selected separately from 93 sections, but from all major tectonic structures of Ukraine: Peninsky zone of
the Carpathians, Volyn-Podolsk plate, western and eastern slopes of the Ukrainian Shield, Priazovsky array of the
Ukrainian shield, Dnieper-Donetsk basin, Donbas, South Ukrainian monocline (Black Sea basin), Crimea, North-Azov
depression and Azov shaft (Ukrainian part of the Sea of Azov).

Presentation of the main material of the study. Acritarchs Jurassic and Cretaceous belong to 10 genera, includ-
ing 11 species. The most common species found in both Jurassic and Cretaceous sediments of Ukraine are acritarchs
Micrhystridium fragile and Fromea sp. Jurassic complexes are slightly richer than chalk in terms of percentage and are
represented mainly by Micrhystridium spp., Micrhystridium flagile, M. longum, Veryhachium brevitrispinum, Wilsonas-
trum sp., Baltisphaeridium sp. Cretaceous: Micrhystridium spp., Micrhystridium fragile, M. longum, Baltisphaeridium
breviciliatum, B. aff. capillatum, B. annelieae, B. accinctum, Acanthodiacrodium sp., Solisphaeridium inaffectum, Co-
masphaeridium sp., Comasphaeridium aff. brachyspinosum, Veryhachium spp., Veryhachium singulare, Leiofusa stou-
monensis, Fromea sp., Ascostomocystis sp. The article presents photo tables of images of Jurassic and Cretaceous acri-
tarchs.

Conclusions. For the first time in Ukraine, acritarchs were found in samples from Jurassic and Cretaceous sedi-
ments and attention was focused on such a little-studied group for the Mesozoic. Their certain role and significance for
stratigraphic and paleoecological constructions are proved, their species composition and vertical distribution in sec-
tions of Mesozoic sediments are studied. The regularities of the distribution of acritarchs in the same age layers are es-
tablished. Analyzing the Jurassic and Cretaceous microfossils studied from Mesozoic sediments from 93 sections of
different regions of Ukraine, we can say that the trend of disappearance of acritarchs during the Mesozoic is weakly
observed. Jurassic forms of acritarchs are up to 5% in the complex, Cretaceous - up to 4%. The next stage of work
should be the study of acritarch Jurassic and Cretaceous deposits of all regions of Ukraine for the purposes of the over-
all picture of the reproduction of paleoecological conditions in Ukraine during the Jurassic and Cretaceous period.

Keywords: acritarchs, palynological research, Mesozoic, Jurassic and Cretaceous deposits, Ukraine.
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Buninenns Mex BoJ030ipHOTO OaceliHy — BaXKITHBa TiIPOJIOTIYHA 33ja4ya, PO3B 30K SKOi BU3HAYAE TEPUTOPIIO Ta MicCIe TIOTE-
HIIIHHOTO 300py BOIHMX Mac. TOYHICTh Ta JOCTOBIpHICTH OOPOOKM BUXIZHUX MPOCTOPOBUX JaHHUX — 3allOpyKa OJEprKaHHS SKICHUX
MOX1AHUX MOP(POMETPUYHUX MMOKA3HUKIB Ta MOJAIBIIOTO0 MOJAENIOBAHHSA PI3HHX SBHII, B TOMY YHCIi TEPUTOPIaJbHOTO aHAJI3y Ta
wranyBaHHA. [losBa i po3BuTok unciaeHHHX ['1C-3ac00iB JO3BOMIMIIA CYTTEBO CIIPOCTUTH TPYAOMICTKICTh XapaKTepHY IS TPAAUIIiH-
HOTO pO3B’s3Ky Takoi 3amadyi. [IpoTte, pi3Hi mporpamHi 3aco0u peasi3yroTh pi3HI TEXHOIOTI4HI HiIX0AU A0 BHIUICHHS MEX BOI030ip-
HuX OaceifHiB. CKIaqHICTh 3aCTOCOBYBAaHUX aJITOPUTMIB (POPMY€E UyTIAMBICTH MOAETIEH 10 BBEJCHUX MApaMeTpiB, OPOTOBI 3HAYCHHS
OUIBIIOCTI 3 SIKMX KOPHCTYBAdy NMPOMOHYETHCS 33/1aBaTH IIIIXOM YHCICHHHUX €KCIIEPUMEHTAIBHHX cpol. B mociimkeHHi po3risiHy-
To HalnomupeHimi ['IC-3aco6u 3 MHOXXMHHM iICHYIOUHX, IO MiATPUMYIOTh IHCTpyMeHTH rinpodorii — ArcGIS, Global Mapper, SAGA
GIS, Surfer. 3’sicyBanHs MpUHIUIIIB POOOTH TiPOJIOTiYHOTO iHCTpyMeHTapito B pisHux ['IC-cepenoBumax ta 3acCTOCOBYBaHUX ajro-
puTMiB OyJI0 OIHI€IO 13 33734 JoCHiKeHHs. [IJif BCiX MporpaMHUX 3ac00iB BUKOPUCTAHO OJTHAKOBHUI HAOIp BUXITHHUX JAaHHX, OJCp-
JKaHUH B pe3yNbTaTi BEKTOPH3AIlil eJIeMEHTIB penbedy PpparmenTty Tomorpadianoi kaptu. LludgpoBy Monens penbedy miAroTOBICHO 3
YpaxyBaHHSAM BHUMOT Ta OCOOJHMBOCTEH TiApOJOTiYHO-KOPEKTHUX Mojelel. [3 MeToro 3’sicyBaHHS BIUIMBY po3naireHOi LIMP Ha pe-
3yJbTaTH, il BAKOHAHO B TPhOX BapiaHTax — 10 X 10 m; 25 x 25 m; 50 x 50 M. Pe3ynpratn aHami3y MOpiBHSAHO 3a TEOMETPUYHIUMHU
MIPOCTOPOBHMH XapaKTEPUCTHKAMH Ta 3 KUIBKICHIMH JaHUMHU TinporpadiyHoro paiiloHyBaHH:, HaBeICHUMH Ha reomopTaii «Bomai
pecypcu Ykpainm». BcTaHOBICHO mepeBard Ta HEAONIKH MPOrPAMHUX 3aco0iB. BHSBICHO BIUTHB PO3/iTBHOT 3MATHOCTI BHXiTHOT
LIMP Ha pe3ynbTaTé MOAENIOBAHHS MeX BO030ipHHX OacelHiB. OTpUMaHi pe3ysbTaTh CIIPSIMOBAHI Ha IiJIBUIIEHHS TOYHOCTI Mo/Ie-
JIIOBaHHSI MEX BOJO30ipHUX OacelHIiB Ta OOYMCIICHHS MOXiTHUX TiAporpadiyHuX mapamerpiB. BoHHM MOXyTh 3aCTOCOBYBAaTHCS IUIS
reHepaiizaiil JiHiifHUX 00’ekTiB TigporpadiuHoi Mepexi Ha KapTorpaiuHUX 300paKeHHSIX 3 METOIO BiJNOBIIHOCTI cHTyamii Ta
JIOCTaTHBOTO PiBHS JeTaTi3arlii.

Knrwuosi cnosa: 6oonuii kaoacmp, 600030ipra niowa, 2eHepanizayis oo ’ekmie ciopoepagii, I'IC, piuxosuil dacetin, L[MP,
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IlocTtanoBka mpoliaeMH y 3arajJJbHOMY BH-
sl Ta 1l 3B'A30K 3 BaKJIMBUMHU HAYKOBUMH YH
NPaKTUYHUMH 3aBAaHHsaMu. CIiIyroun mepeno-
BoMy nocBiny eBpomneiicbkux kpain (INSPIRE), Vk-
paiHa cnouaTky B3su1a Kypc [1], a motim 1 3ampoBa-
muna 3 1 ciuns 2021 p. HamionansHy iHGpacTpyk-
Typy TeonpocTopoBux Aanux [2]. OqHuM i3 HabOpiB
(BHIIB) TEOMPOCTOPOBUX AaHUX € — Tigporpadis, B
ToMy 4YHCHi OacedHM Bomo30ipHi (Timporpadiuni
OJTMHMIII ).

3 1 motoro 2017 p. HaOyB unHHOCTI 3akoH Ne
1641-VIII mono BOpoBapKeHHS iHTEIPOBAaHUX IIif-

XOJiB B YIpaBJiHHI BOAHHMH pecypcaMu 3a Oaceii-
HOBHM NIPUHLMUIOM. B yMOBax 3pocTaHHSI aHTpOIIO-
TeHHOTO BIUTMBY JUIS PAalliOHAJBHOTO YIPaBIIHHS
MPUPOIOKOPUCTYBAaHHIM IIOCTAa€ MOTpeda MOLIYyKY
ONTUMAJILHOTO OaNaHCy eKCIUTyaTalii reoCHUCTEMH,
il OXOpOHH 1 TepeTBOPEHHS. 3a1a4a 30aaHCOBAHOC-
Ti 3eMeJIbHOrO (JOHIY B YMOBaX CXHJIOBOTO pebedy
JIOCATAETHCSI BUKOPUCTAHHAM 0aceiHOBOTO MpHH-
IIUITY OpTraHi3aiii TepuTopiil 3eMICKOPUCTYBAaHb.

21 rpymus 2017 p. [epkaBHUM areHTCTBOM
BOJHHUX PECYpCiB aHOHCOBaHO reomoptan «BoaHi
pecypcu Ykpainu» [3]. Cepen mepermiKy HasBHUX

© becnaneko P. I, Tyyyn T. B., 2021
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TEeMaTUIHUX IIapiB MBOTO PEeCypcy MOCTYITHI paio-
HHU piuKkoBHX OaceifHiB Ta cybOaceiiHiB 30kpema. Ix
BUJIIICHHS 3JIICHEHO Ha OCHOBI MeTOonMKH Tiapor-
pagiuHOro Ta BOAOTOCIOAAPCHKOTO PpailOHYBaHHS
Teputopii Ykpainu [4] BiamoBimHO 10 BUMOT BomHol
pamKoBoi nupekTrBH €Bpomneiicbkoro Corosy [5].

3rigao myskrty 2.5. Ilopsaky 3mificHeHHS Tif-
porpadidgHoro palioHyBaHHS BCTaHOBJICHHSA (BHIi-
JIEHHS) TigporpadidHuX OTWHUIL 1 BU3HAYCHHS 1X
MeX MPOBOAWTHCS Ha OCHOBI TomorpadiyHUX KapT
(macmtaby 1:200000 3 momaTkoBOIO AeTaii3amliero
OKpPEMHUX IIJITHOK KOPIOHIB TiAporpadidyHUX OIH-
HUIb Ha Kaprax macmTaly 1:50000) i uudpoBux
Mozeneil penbedy 3 BUKOPUCTaHHSIM reoiHdopma-
MIMHAX TEXHOJIOT1H [4].

[Tpn npoMy, 3a3HadeHa METOIAMKA HE JETaJi3ye
3a AKUMU Metonamu Ta B skux I'IC-3aco0ax MmoBHUH-
HO BimOyBaTucs mHU(POBE MOIEIIOBAHHSA PeENbedY.
Tomy, iIMOBipHE OlepKaHHS CYTTEBO Pi3HUX PE3yIlb-
TaTiB MiJl Yac PO3POOKHU ILUIaHIB YIPABIIHHS PIYKO-
BUMH OaceliHamMH, KOTpi OOOB’S3KOBO TMOBUHHI
BKJIFOYaTH HAaHECeHI Ha KapTy Mexi OaceiiHiB Ta
cy00aceliHiB, 10 BIAHOCATHLCS JI0 JAHOTO PiYKOBOTO
Oaceliny.

Pesynpraté cTpykTypHOTO aHamizy penbedy
JO3BOJISIIOTH  OJIEPXKYBaTH  TiJIPOJNIOTI9HO-KOPEKTHI
[IMP, Ha OCHOBI SKMX MOXXe OyTH BH3HAYCHO Mepe-
Ky MOTCHLIMHUX BOMOTOKIB, 3JIHICHEHO OPTOTpPaHC-
(hopmyBanHs MatepiamiB /[33, 3ammaHoBaHO 3aXOAH
MPOTHEPO3IHHOTO 3aXHUCTy TEPUTOPii (KOMIIOHEHTH
YHIBEpPCaJIbHOTO BPIBHOBAKEHHSI 3MUBY TIPYHTOBOTO
nokpuBy — ULSE), copMoBaHO ekoNOTi4HO CTiHKi
arponanamadTH, 3MEHIICHO piBeHb 3a0pyTHEHHS
BOJIOWMM, MIiJIBUIIICHO BPOXAWHICTh CUILCHKOTOCIIO-
JTapChKUX KYJBTYp Ta iH.

AHaJi3 oCTaHHIX AOCHiIKeHb i myOuikamii.
KitouoBuMm enemeHTOM (QOpMYBaHHSIM HOBEPXHEBO-
ro cToky € pensed micueBocti. [IpononoBana Kap-
niHcekuM 1O. O. Ta Jlsmenkom A. A. oporpadiuHo-
TpiaHTyIsiiiHa MOJIETh pesbedy Jae 3MOTY BHPI-
IHATH KapTorpadiuHy mnpobiiemy penbepHOi Heoa-
HO3HAYHOCTI, IO JI03BOJISIE BH3HAYaTH BUCOTY Y
OyIb-AKiil TOYIlI MICIIEBOCTI B MeXaxX O0JacTi BU-
3HAUCHHS, KOPEKTHY 3a TOYHICTIO Ta MOP(OIOTi€to
pensedy [6].

Ockinbku MOHATTS penbedy € NomiQoHyKLio-
HaJIbHUM, TO B KOHTEKCTI TeOMOP(OJIOTITHOTO acIe-
KTy Cy4acHi JIOCIDKeHHS HaBe/IeHo B [7].

Ha sxicte cTBOproBanoi mmdpoBoi Moxeni,
KpIM 3aCTOCOBYBaHMX METOIIB Ta IiJXOJIB 3HAYHUI
BIUTMB CIPUYMHIOIOTH 1 JDKepella BUXIJIHUX JaHUX.
TeopeTnuHi Ta METONOJIOTIYHI OCHOBU LH(POBOTO
MoZIeTIIoBaHHs penbedy 3a (hoTrorpaMMeTpUUHHUMU
Ta KaprorpapivyHUMH JaHUMU, SKi CIIPHSIOTH BUCO-
KOTOYHOMY MOJICIIIOBAaHHIO penbedy HaBEJACHO B
npausx bypmruacekoi X. B., 30kpema B [8]. Tenne-
HIIi BUKOPHCTAHHSI KOMII FOTEPHOTO MOJCTIOBAHHS

penpedy 3 BUKOpHCTaHHIM maHux J[33 posrisna-
10ThCs B [9] Ta [10].

Besnocepennbo TigporpadidyHuM paiioHyBaH-
HSM TepuTopii Ykpainu BiamoBimHO g0 BuMor Boa-
HO1 pamkoBoi maupektuBu €C 3aiimanmucs B 2013 p.
BueHI KWiBCHKOTO HAIIOHANBHOTO YHIBEPCUTETY
imeHi Tapaca llleBueHka Ta BiHHUIIBKOTO HallioHa-
JFHOTO TEXHIYHOTO YHIBEPCHTETY Pa3oM 3 (paxiBIis-
mu JlepkBomareHcTBa YKpaiHd. ABTOPCHKUM KOJIEK-
tuB: [pebinp B. B., Mokin B. b, Cramyk B. A.,
Ximpuercbkuii B. K., fmok M. B., Uynapros O.B.,
Kpmxanoscrkuit €. M., babuyk B. C., Spomesnd
0. €. [11].

BaockonaneHHs! icHyr040i cxemu Tigporpadiy-
HOTO paiOHyBaHHS TepuTopil YKpaiHu 3a IaHUMH
IMP SRTM HydorSHEDS Tta I'lC-3aco6iB 3ampo-
nonoBaHo I'motkoro /1. B [12].

baceiiHoBOMYy TIpHHIIMTY yTIPaBIiHHS BOTHUMH
pecypcamul TIPUCBSYEHO 0Oarato JIOCHIIKEHb, 30K-
pema boposuiskoi A. I [13], Kyneko A. B, SIpemak
3. B. Ta iHmmux.

AHani3 iHhopMaIliifHOro HalTOBHEHHS, TOBHOTH
BiZJOMOCTEH, TPOCTOPOBOT TOYHOCTI 300pakeHHS Ta
BIJIMOBITHOCTI 00’€KTIiB rifporpadii Ha reomoprani
«BomHi pecypcu Ykpainu» MicTutbes B [14].

BujisieHHst He BUpilIEHUX YACTHH 3araJbHOI
npodjaeMu. B mocimimpkeHHI PO3IVISIIAIOTHCS JIMIIS
nesiki 13 MHOkuHU icHyrounx ['IC-3aco0iB. Buxigni
JIaH1 y BUDISIIL apKymna Tornorpadiaaoi kapTu HOMe-
HKiatypu M—35—-XXXII He 3a10BOJILHSIOTH BUMOTH
II0/I0 aKTYaJIbHOCTI JJaHUX Ta MEPIOAMYHOCTI OHOB-
JISHHsI BiAMOBiMHUX MaTepianiB. Takuit BuOip 3ymo-
BJICHO iX BUKOPHUCTAHHSM IIiJl 4ac peajizallii MeTo-
KU TifporpaiqHOro paidOHyBaHHS, a TaKOXK iX
JoctynHicTio B Mepexi IntepHer. Iloporose 3na-
YEeHHS! CyM HalpsAMKIB CTOKY B IPOLECI MOJEINIO-
BaHHS MeX B0J030ipHOi Tuiomi 6aceiiny p. bpycHu-
15 mpuiiMaiocs cranum s Beix [IC-3aco0iB HaBe-
neHux y Tabm. 2. e Oyrno moB’si3aHO 3 BHUSIBICHHSIM
BIIMIHHOCTEH cepel pe3yNbTaTiB Ta KOPEKTHICTIO 1X
nopiBHsiHHS. CripoOu  3’CyBaHHsI ONTHMAJIBHOTO
3HAYEHHS LbOT'0 NapaMeTpy HaBeAeHO B Tal. 1.

Mera crarTi. [lopiBHSTH pe3ynbTatu BUALICH-
Hsl Mex Bomo30ipHoro Oaceitny B I'IC-3acobax 3a
OJJTHAKOBHMH BHXIIHUMH JaHUMH.

Buknaa ocHoBHoro marepiaay. Piuka Bpyc-
HUIS — Tigporpadiyauii 00’ exT, B Mexax CTopoxu-
Herpkoro (Bepxie’si) 1 KinmaHncekoro paiioniB Yep-
HiBenpkoi obmnacri. IlpaBa npuroka p. IlpyT (Oaceiin
Hynaro). 3rigHo BijomocTteit [15] BigHOCUTBCS 10
KJIacy MalluX piuoK. BUTIK piuku pO3NOYHHAETHCS B
paifoni Ilpyr-CipeTcbkoro Mexupiyus. 3arajibHa
JIOBXWHA CcTaHOBHUTH 26,0 KM, a 1uioma OaceliHy —
110 kM?. AHasoriuHi TTOKAa3HUKH HABOIATHCA B Ka-
Tano3i pidok Ykpainu 1957 poky, ae p. bpychuis
3aHeceHa mijg Ne 294 [16].

JocmimkyBanuit 00’ ekt rigporpadii B TOBHOMY
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00cs131 TOTparuIste B MEXI Tparerii HOMEHKJIaTypPHOTO
apkymry Macmrady 1:200000 (M—-35-XXVII YepHo-
BIIBI), i HE MICTUTH €IEMEHTIB IUISHOK IEpP:KaBHOTO
KOPJIOHY, a OTE HE TOTpedye OKpeMoi jaeTramizamii y
BUDIIAAI 3allydeHHA apKyIlIiB TomorpadidHux KapT
macmtaly 1:50000 [17].

Peectpawito pacTpoBoro 300pa)XeHHSI TOIIO-
rpadivHOi KapTH MPOBEICHO METOIOM ITOJIHOMIB N-
TO TIOPAIKY B CBITOBi Teome3nyHiil cucTemi Koop-
quHat WGS-84. OnmopHUMH TOYKaMU BUKOPUCTAHO
KOOpAMHATU 9 MyHKTIB Jep>KaBHOI Te0e3udHOI Me-
pexi, 3HaYeHHs SKUX BHOpaHO 3 Karamory. BeraHo-
BJICHO, 110 HAa JaHOMY PacTpPOBOMY 300pakeHHi Oi-
JIBIIA KUTbKICTh OTOPHUX TOYOK HE CHPUSE ITiJIBU-
MIEHHIO TOYHOCTI peectpartii. [loxmbka peectpartii
pacTpoBOro 300pakeHHSI HE MEPEBHIMIA 3HAYCHHS
1 mikcenst.

Jns cTtBopeHHs TigpornorigHo kopekTtHoi LIMP
(puc. 1) BeKTOpWM30BaHO TOBEPXHI BHCOT (TOYKOBI
00’€KTH), TOPU3OHTANI 13 3HAYCHHSAM BUCOT (JIiHIMHI
00’€exTH), BOAOTOKH (JiHilHI 00’€KTH), 00pHBHU (JTi-
HiltHI 00’ €KTH), 03epa (ToiroHaneHi 00’ ekTH). Jona-
TKOBO B3SITO /IO YBAark MeXi TEPUTOPIi AOCIiIKEHHS
(momiroHanbHUI 00’ €KT) Ta 001ACTI, B IKUX 3HAYCHHS
BHCOT OyIyTh irHOPYBATHCS aJTOPUTMOM IHTEPIIOIS-
mii (momiroHanbHi 00’ektn). Ciif 3ayBaKWTH, IO
BOZIOTOKH TIOBHHHI BEKTOPHU3YBATUCS 32 HAIPSIMKOM
CTOKY, a OOpMBM — 3]1iBa Ha MpaBo (JliBa CTOPOHA —
HU3bKa, TIPaBa — BUCOKA).

Bpaxogrytoun pexomenpaitii ['IC ArcGIS mono
MIJBUIICHHS TOYHOCTI MOOYJIOBU MOBEPXOHb 3JikC-
HEHO TakeTHe nepeTBopeHHs (BatchProject) Bxin-
HUX TIPOCTOPOBUX JAHUX B YHIBEpCAJBHY IOTEped-
Hy nipoekiiro Mepkaropa — UTM Zone 35 N.

[lin wac mudpoBoro MonmenroBaHHS penbedy
o0iacTe po3MHUpeHHA (B KOMipKax) MPUHHITO 3a
3aMOBYYBaHHAM piBHOIO — 20. MiHIMaJbHI Ta Mak-
CUMaJIbHI 3HAYCHHSI Z, BUKOPUCTAHI JIJISl IHTEPITOIs-
il 3HaxomAThCsA B miarmasoHi Bim 180 M mo 500 M
BIJINOBIZHO 10 YMOB penbedy Teputopii. 3a anropu-
™0M ENFORCE BpaxoBaHO IIPUMYCOBE 3aIIOBHECH-
Hs JIOKaJhbHUX TIOHM)KEHb Ta o0NacTell aempecii.
[lepBunHM (TIepeBakHUI) THI BXiMHUX JAHUX —
TOpU30HTaNI penbedy. MakcuManbHe YHCIIO TTOBTO-
peHb mpoliecy iHTepnosii npuitHsaTo 3a 30. Takuii
MOKAa3HUK BHUIAJSE MEHIIY KUIBKICTh HE KOPEKTHUX
JIOKaJbHUX TOHWKeHb. DakTop mopoxosarocti — 0,
OCKUIbKY TIEPEBAKHUM THUIT BXIJIHUX JAHUX — TOPH-
30HTadi. DaKTOp MIOPOXOBATOCTI KPUBU3HHU HPOdi-
JII0 TIPUHHATO 171 cepenHboi KpuBu3HU B 0,5. Dak-
TOp TOXMOKH JTUCKPETH3allii BCTAHOBJIIEHO Ha cepe-
JTHBOMY piBHI B 2. 3HaYeHHS BEPTHKAJIBLHOI cepel-
HBOI MOXUOKK npuiHATO 32 0. BBaXkaemo, 1110 BUKO-
puctanHs TororpagiyHoi KapTH, SIK JOCTOBIPHOTO
JDKepelia JaHUX, a TaKOXK TOIOJIOTIYHUX IEPeBipOK
BEKTOpH3allii 1 3aHeCEeHHs 3Ha4eHb aTpUOyTiB MiHi-
Mi3yIO4lM (aKTOpOM JOMYIICHHS BHIAIKOBOI I1O-

XHOKH U BUCOTHUX JaHUX. 3HAYECHHS Mapamerpy
«IomycK 1», KOTpWi BIANOBIZAE 3a TOYHICTH Ta
IIUTBHICTh BUCOTHUX TOYOK BiTHOCHO JPEHAXKHUX
XapaKTepUCTHK TMOBEPXHI MNpUIIMEMO MPOMOHOBA-
HUM 3a 3aMOBUYBAHHSAM [UIsI TOpH3OHTaned — 2,5.
3Ha4eHHSA TapaMeTpy «IOMYyCK 2», KOTpUH Ieper-
KOMKa€ PyXy CTOKY uepe3 HepealbHO BHUCOKI
0ap’epu mpUIIMEMO MPOTIOHOBAaHUM 32 3aMOBYYBaH-
HAM JU1s1 ropr3oHTaneit — 100.

HaiiBaxJIMBIiIIOI0 YMOBOIO CTBOPEHHS TiAPOIIO-
riuHo xopektHoi LIMP Ta Bu3HaueHHs rigporpadiu-
HHX XapaKTEpUCTHUK PIUOK Ta iX OaceiHiB € BH3Ha-
YeHHS! JHIMHUX pPO3MipiB pacTpoBoi KoMipku. B
po6oTi [18], pO3MISIHYTO aNrOPUTM OLIHKH BIUIMBY
PO3MipiB KOMIPKH Ha TOYHICTH pO3paxyHKiB. MiHi-
MaJbHE 3HAYEHHS PO3MIPY KOMIPKHU Qypip, TPU SKO-
My B MOBHOMY 00cs31 BiJJOOpakaroThcs BCi Xapak-
TepHi yMoBH penbedy € BennuuHa 0,2 MM B MacIi-
Tabl BUXiTHOI KapTH.

Pesynbratn 1udpoBOro MoAEIIOBaHHS €KCIIOP-
TYEMO Y BUDJIAI PacTpoBOro 32-6iTHOro 300pakeH-
HS 3 pi3HUMH po3Mipamu kKoMipok: 10x10 m, 25%25
M 1a 50x50 M Oe3 crucuHenHs o TIFF ¢opmary.
Bubip pi3HO1 po3aiiabHOI 31aTHOCTI pacTpOBOTO 30-
OpakeHHsT OOyMOBIEHHH cIpoOyro 3’sicyBaTd i
BIUTMB Ha TOYHICTh MOneNioBaHHs. Ha mpomy erarri,
MiJTOTOBKY BUXIJHUX JIaHUX BBAXKaTUMEMO 3aBEp-
HICHOO.

Buninenns mex Bomo30ipHOI IDIOMI pO3MOY-
HEMO B CEPEOBUIII HaHOLIBII PO3MOBCIOIKEHOT Ha
cooronti I'IC — ArcGIS 10.2. ]Ins 1p0ro, Ha Iiaro-
TOBJICHOMY PAacTpi 3iHCHUMO 3alOBHEHHS JIOKAJb-
HUX MOHWKeHb (Fill), B SKUX MICTSATBCS KOMIipKH 3
HEBU3HAYCHUM HANpPSIMKOM CTOKY. YacTuHa Takux
00’€KTIB HE MMOB’s3aHa 3 TPUPOJAHUMHU YTBOPEHHIMH
penbedy, a € cBoepiTHUMHU apTedakTaMu, KOTpi BU-
HUKAIOTh BHACIIJIOK PO3IIILHOI 34aTHOCTI 300pa-
xeHHs1. CTBOPIOEMO pacTp HANpsIMKY CTOKY i3 KOXK-
HOI KOMIpKH J10 HaWOMIKY0l CYCiHBOI BHH3 IO
cxuiy HaOinbmoi kpytusau (Flow Direction).
OnTuMalbHUX Pe3yNbTaTIB MPU CTBOPEHHI pacTpy
HAIPSMKY CTOKY MOXKHA JIOCATHYTH, SIKIIO aKTHBY-
BaTH MYHKT CTiK 13 KpalHIX KOMipOK CIPSMOBaHHIA
HasoBHi (Force all edge cells to flow outward).
O0uHcIMMO CyMapHHH CTIK, SIK CyMapHY Bary BCiX
KOMIpOK, BIAQJAlOuuMX B KOXKHY KOMIPKY BHH3 IIO
cxuy Buximnoro pactpy (Flow Accumulation). B
HaJIANITYBaHHIX CYMapHOTO CTOKY CJIiJ| mepeadadun-
TH HasBHICTh LIJIMX 3HAa4€Hb B CTBOPIOBaHIM pacT-
pOBili TOBEpXHi Ta KiIacH(]iKyBaTu pe3ynbTaTH 3a
nsoma jianazoHamu. ChopMyeMo yMOBY Ha IijcTa-
Bi BUKOPHCTAHHS PACTpPiB JIOKAIBHUX TOHWKEHD Ta
cymapHoro ctoky (Con). BnopsiikyemMo BOIOTOKH 32
MeTonoM CTpaxiiepa BUKOPUCTOBYIOUHM pacTp BOJIO-
TOKIB 3 TIONEPENHBOI0 YMOBOIO Ta PacTp CyMapHOTO
cToky (Stream Order). OnepxaHuil pe3ynsrar BO-
JIOTOKiB MEPETBOPUMO B IPOCTOPOBUI 00’ €EKT BUKO-
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Puc. 1. I'igponoriuno kopektHa LIMP tepuropii nociimkerns B cepenopumti ArcGIS
(moOynoBaHO aBTOpaMM).
Fig. 1. Hydrologically correct DEM of the study area in the ArcGIS environment

PHUCTOBYIOYHM pacTp BOZOTOKIB Ta pacTp HANPAMKY
cTtoky (Stream to Feature). CTBoproemMo pactp,
SIKUH MICTUTh KOHTYypH OaceiiHy (Basin). Konsep-
TyeMo OaceiHH i3 pacTpOBOTO MIApy B IMOJITOHAIB-
HUN  BeKTOpHHUH. CTBOPIOEMO TOYKH  BHTOKY.
[IpuB’sizyemo Toukm BHTOKY (Snap Pour Point).
TakuM 4MHOM, MU BKa3y€MO Ha IOLIYK KOMIpOK 3
HalBUIIMM 3HAUYEHHSAM CYMapHOTO CTOKY B MeKax
BEJIMYMHU JIOMYCKY HABKOJIO 33/IaHUX TOYOK BHTOKY
1 MepeMillyeMO TOYKY BHTOKY B II€ TIOJIOXKEHHS. 3a-
MMyCKAEMO  IHCTPYMEHT  BOA030ipHOi  0OOyacTi
(Watershed) Tta 3aBaHTaXy€eEMO B HbOTO pacTp Ha-
MPSMKY CTOKY, a TAKOXK PacTp TOYOK BUTOKY. KoHBe-
PTYEMO pacTpoBe 300pakeHHs Oflep:KaHoi BOH030i-
pHOi 00MacTi B MOJTOHAEHUI BEKTOPHUHN mIap st
MOAANBIINX KAPTOMETPHUYHHX OTEpAaIliid.

[lin wac MomenrOBaHHS PIYKOBOI MEpexi Ta
MeX BOMO030ipHUX OacelHIB HEOOXiHO 3HATH HE
TIJIBKH ONTHUMAINIGHI 3HAYEHHs JIHIMHUX PO3MIpiB
KOMIpOK pacTpy, ajie i MoporoBi 3Ha4eHHS CyM Ha-
OpSAMKY cTOKy (k), IO CyTTEBO BIIUBAIOTH HA JOB-
JKUHY Ta KUIBKICTh 00’ €KTiB BOIOTOKIB. Taka 3aja4ya
MO)ke OyTH pO3B’S3aHA IIIAXOM TOPIBHSIILHOTO
aHaJi3y MofenbHOI Ta TonorpadiyHoi KapT 3aaHo-
ro macitady (SK Bi3yaJIbHOTO IOIIAPOBOrO MOPIB-
HSTHHS, TaK 1 PO3paxyHKOBHX 3Ha4€Hb CYKYITHOI JIO-
BXHHH PIK B MeXaX OyIIb-IKOTO BoZ0300py) [19].

Jiist MozieroBaHHST PIYKOBOT MEpEXi Ta BOIO3-
OipHOTrO OaceitHy HeoOXimHMUU MiAOIp ONTUMAIIEHUX
napameTpiB, SKi € IMOETHAHHSAM JIHIHHAX PO3MIpiB
pacTpoBoro 300paxkeHHs Ta HOPOTOBHUX 3HAYEHb CYM
HanpsMKiB cTtoky [19]. OctaHHI OOMEXYIOTH JOB-

JKUHY Ta KUTBKICTh 00’€KTIB BOJOTOKIB: UMM BHIIE
MOPOrOBE 3HAUCHHS, TUM MEHIIIA KUIBKICTh 00’ €KTiB
BOJOTOKIB Ta iX MOBKMHA 1 HAaBMaKKd. TaKUM YHHOM,
MMOPOTOBE 3HAYECHHS € TapaMeTpoM TeHepai3amii
PIYKOBOT MepeKi, IpH BIAMOBITHUX JTiHIHHUX PO3Mi-
pax pacTpoBoro 300paKeHHSI.

B inozemuux mxepenax [20] miHiManbHE MOPO-
rOB€ 3HAUEHHS CyM HAIpsIMKiB CTOKY BH3HAYa€THCS
yepe3 M 3HaueHb pAIKiB 300pakeHHs, N 3Ha4YCHb
CTOBIILIB 300pa)KCHHS Ta €KCIIEPUMEHTAJIbHY KOHC-
Tauty C:

Apin = (M X N)/C (1)

B cBoto uepry A,,in He € (PIKCOBAHOIO BEJIMYH-
HOIO, i MOKe HaOyBaTH Pi3HUX 3HAYEHb I PaCTpPO-
BUX MOBEPXOHB Pi3HOI po3mipHOcTi. B [20] 3a3Haua-
€TbCS, IO ONTUMAIBHUHA Ay, MOXKHA BH3HAUUTH
LUISIXOM TPHUBAJIOTO TECTYBAaHHS METOAOM CHpoO i
noMuIoK. [Ipu mboMy, BOKIIMBO KOPEKTHO PO3paxy-
BaTH KOHCTaHTHeE 3Ha4deHHA C.

BpaxoBytoun pesynsrary, ogepkani B [19] mig-
0ip mapametpy k Oyio posmouaro i3 3HadeHHs S000
(tabn. 1). 3a BenuunHy (HaKTHYHOI CyMH NPHUHSITO
3aralibHy JOBXKHHY PIUYKOBOI Mepexi B Mexax 0Oa-
ceiiny p. bpycHuis, BUMipsHy 3a JaHUMH TOIOTpa-
¢iunoi kaptu [linmbip oNTHMaNBHUX MapaMeTpiB
MPOBEACHO VIS PI3HUX KOMOIHALIIM JIIHIKHUX PO3Mi-
PiB KOMIpOK pacTpoBOTO 300pa’KeHHS Ta IOPOTOBUX
3HAYeHb CyM HAIPSMKiB CTOKY k.

I3 Tabm. 1 MOXHA BHSIBHTH, [0 HaWOIIbIIa
CXOXICTh CYM JOBKHH PIYKOBOI MEpEeXi BHIICHUX
B I'IC Global Mapper ta Surfer gocsiraerbes mpu
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po3Mipax kKoMmipok pactpa 10x10 M Ta TOpOroBUX
3HAYEHHSAX CyM HampsMKy cToky monam 8000 Tta
10000 BixmoBigHo. CaMe Taki mapaMeTpu reHepali-
3amii Tigporpadii BiATBOPIOIOTH PIYKOBY MEpPEKY
momiOHy 10 300pakeHOi Ha TormorpadivHiid KapTi
MacmTady 1:200000. Kpim Toro, Mixk 3Ha4CHHAME K

Ta PO3MIPHICTIO KOMIpPOK a OYyJI0 po3paxoBaHO Koe-
(bimieHTH KOpeNAIii r Ta BCTAHOBIECHO Ty>KE BHCO-
KUH piBeHb 3B’s3Ky (3a mKajow Yemnoka) y Bcix
BUNaIKaxX. TakuM YUHOM, 3HAYEHHsS K MiJAaeTbes
PO3paxyHKy IIUISIXOM TPOBEACHHS KiJTBKOX TECTY-
BaHb 1 MOOYAOBOIO BiATIOBIAHOTO rpadiky.

Tabnuys 1/ Table 1

MopenbHi 3HaYCHHS CyM JIOBXHH P. bpycHHUIIS B Mekax Bogo3abopy i ix BiaxuneHns (%) Bia pakTHIHOT
cymu (84 220 M) nipu pizHux po3mipax komipok [IMP ta 3HaueHb napamerpy k (po3paxoBaHO aBTOpPaMH).
Model values of the sums of the lengths of the Brusnytsia River within the water intake and their deviations
(%) from the actual amount (84,220 m) at different sizes of DEM cells and values of the parameter &

I'IC Global Mapper Surfer
Posuilp KOMIPKILG| 1 25x25 | 50x50 10x10 25x25 | 50%50
IMP, m
3uavenns k M % M % M % M % M % M %
5000 109200] +30] 49660| -41| 29140] -65| 116900 +39| 55850| -34| 27520|-67
6000 99720| +18| 44580] -47| 28060 -67| 110700] +31| 50400 -40| 26290|-69
7000 94850 +13| 40950] -51| 26290| -69| 104900] +25| 46890| -44| 24320]-71
8000 87800 +4| 37350] -56| 24230] -71| 100400{ +19| 41950] -50] 22020|-74
9000 80250 -5| 34220| -59| 23610] -72| 95860 +14| 38990| -54| 21140|-75
10000 72670 -14] 32560] -61| 22220] -74] 90570[ +8| 37130] -56| 20040|-76
Koediuienr 0,99 0,99 0,99 0,99 -0,99 -0,99
KopeysLii r
B cepenosumti I'IC Global Mapper 16 Buni- nonmaBanHi (Qaiinmy To4ok BUTOKY (Pour Point

JIEHHS MeX BOAO30ipHHMX ILIONI (Tabi. 2) po3movn-
HAETHCS 13 3aBaHTAXKEHHS BUXIIHUX JAHUX Ta BHOO-
py (&yskmii  reHepamii  Bomomimy (Generate
Watershed). 3HaueHHs TOpPOTY MOTOKY MOXKE 3a/a-
BaTHCS KUTBKICTIO KOMIPOK 200 TUIOMIEI0 30HH CTOKY.
[Ipu 1npomy, nepemdadeHa reHepamizaiis 00’ €KTiB
rigporpadiunoi Mepexi, Jge MOXHA BiAKUHYTH TIO-
TOKM MEHIII 3a 3a/aHe 3Ha4eHHs. CIrij 3ayBaKuTH,
o BpaxoByroun «OCHOBHI TOJOXECHHS CTBOPEHHS
Ta OHOBIICHHS TONOTpaiuHUX KapT...» Ha KapTax
macmtabiB 1:50000-1:200000 piuku Ta CTPyMKH
HAHOCATH SIK MPABUIIO, JOBKUHOIO B MacmTabi Kap-
™ 1 cM Ta Oinbiie [21] (B AaHOMY BHIAJKY, IICH3
TOBXUHH 00’ €KTa rigporpadii — 2 km).

OKpeMHM TOYKOBUM IIAPOM 33JAIOTHCS TOYKU
BUTOKY (Operation at Selected Locations). Ilokpa-
LICHHS] MOJICIIOBAHHS JIOCSTAETHCSl BBEICHHSIM 3HA-
YEeHHS! MAaKCUMaJIbHOI IMOWHY 3amajiuH, o OynyTh
3anopHeHH1 (Depression Fill Depth). Po3zninbHa
3JIaTHICTD PE3YNBTATIB OJEP)KAHOIO PACTPOBOTO 30-
Opaxxenns (Resolution) ta cnoci6 #oro mnepexe-
ckperuzanii (Resampling) 3amaroTbcs KOpPHUCTY-
BaueM.

Buninenus mexx Bogo30ipHOi o B cepeno-
Bumti I'IC Surfer 16 (Tabn. 2) nonsrae y cTBOpeHHI
HoBO1 Kaptu (New Map Watershed) ta 3aBaHTa-
JKCHHI BHXIIHUX JaHuX. BujineHns ¢aitny nosepx-
Hi y BikHi Contents 103BOJIs€ OYATH HAJAIUTYBaHHS
napaMmeTrpiB, sKi IMOJAralOTh Y BBEACHHI 3HAYCHHS
KIJIBKOCT1 KOMIpoK cyM mopory ctoky (Threshold),

Source) Ta 3acToCyBaHHI 3allOBHEHHS 3amajdH
(Fill Depressions). 3HaueHHs1 OCTaHHLOTO, HA BiJI-
MmiHy Bijg Global Mapper kKopucTyBad HE BBOIUTS.
Pemra HanmamTyBaHp MOJSATAIOTH Y 3MiHI CTHIIB Jii-
Hill BOJIOTOKIB Ta KOJBbOPIB 3aJMBKH BUIEHUX Oa-
CeHHiB.

I'eoindopmaniiina cucrema SAGA GIS 2.3.2
(System for Automated Geoscientific Analyses) iH-
CTallfoBaiacs Ta BHKOPHCTOBYBajlacs CYMICHO 3
QGIS 3.10.13. BunineHHs Mex BOA030ipHOI ILIOII
po3nounHanocs i3 mepenporiitoBanHs (Warp
(reproject)) BuximHux nanux B cepemoui QGIS
B YHIBepcallbHy IOINEpevHy mpoekiito Mepkaropa —
UTM Zone 35 N. Ha Buz1o3MiHEHOMY pacTpi 3aroB-
HIOBAJIMCSl JIOKAJbHI TOHWKEHHS Ta HETOYHOCTI
(Fill Sinks (Wang & Liu)). CymapHuii CTik 00uu-
CJIFOBABCS 3BEPXY BHM3 BiJl HAUBUIIOTO 10 HAHHMK-
YOro 3Ha4eHHS! BUCOT 3 YpaxyBaHHSIM 3allOBHEHOTO
pacTpy JOKaJbHHX TMOHWXKEHb Ta HETOYHOCTEH 3a
METOI0M DS (Flow Accumulation (Top —
Down)). 3a onepxaHUMH JAaHUMU BHIIIEHO MeEpe-
Ky BomoTokiB (Channel Network). B wmonmymi
Upslope Area (interactive) BCTaHOBJIEHO TOYKY
BUTOKY Ta OJIEP’KaHO PAacTPOBi 300paKeHHsSI BOJ03-
OipHOI TuTOII AJIs Pi3HUX Po3MipiB Komipku. B ce-
penosumi QGIS mepeTBOpeHo pe3yasTaTd y BEKTO-
pui nani (Polygonize (Raster to Vector) Ta Bu-
KOHAHO TOJAJIbIII KapTOMETPUYHi onepauii (Tadi. 2).

MopdomeTprinHi XapaKTepUCTUKU BOI0300-
piB, KpiM KUIBKICHUX TTOKa3HHKIB JAIOTh YSIBIICHHS
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mpo Gopmy, po3MipH 1 IPOCTOPOBE IMOJOKCHHS BO-
no30opy (puc. 2). Jlo mux XapaKTepUCTHK BiTHO-
CSITH: IUIOILY, CEPEAHIO BUCOTY, CEpENHIN yXUI CXH-
7B, TYCTOTa PIYKOBOI MeEpexi, TyCcToTa PyciOBOi

MepeKi, IUIONIa 3aMKHYTHX 3arajnuH, KOOPJHHATH
rincorpadiyHoi KpuBOi, Koe(DIli€HT KaHai3yBaHHS
piukoBOi Mepei (YacTKOBO HaBEAEGHO B Tabn. 2)
[22].

Tabnuys 2 / Table 2

[lopiBHAHHS AESIKUX KUTPKICHUX MTOKA3HUKIB B MeXax Bo0300py p. bpycuut B pizaux ['1C
(po3paxoBaHO aBTOpPaMH).

Comparison of some quantitative indicators within the catchment area

of the Brusnytsia River in different GIS

ITapamerpu = L o ) Lo
NOPIBHAHHA | o & | & 2 Eﬂ g g = % EA a EN s ®| 9=
S| 2S¢ EEs| a2 S5 S gl Eg
SE|8E8s 529 ES8| sz3 | 2E| EE
Hoxepena ~E | wig 8l S & 2 @8 S528% | g5| g &
JaHUX S g o Z & = 2 &
10x10 | 129,40 | 25.41 52,58 0,41 367,6 | 189,1
5| ArcGIS [ 25x25 [ 12990 [ 23,11 36,61 0,28 368,3 | 189,8
5 50x50 | 125,00 | 2092 20,92 0,17 3412 | 1839
S Global 10x10 | 12040 | 25,25 108,00 0,90 3987 | 189,1
5 Ma" aer 25x25 | 120,30 | 20,20 49,66 0,41 3582 | 190,1
= pp 50x50 | 131,50 | 2336 | 29.05 0.22 3412 | 1840
§ 10x10 | 129,40 | 26,58 116,90 0,90 368,1 | 195,0
& Surfer 25x25 | 129,90 | 25,06 55,85 0.43 368,6 | 189.8
< 50x50 | 127,40 | 21,69 27,52 0,22 3705 | 193.4
5 OGIS & 10x10 | 118,00 | 21,42 47,16 0,40 365,2 | 193,9
= | GAGAGIs | 25<25 | 118,60 [ 2247 37,65 0,32 364,5 | 193,0
50x50 | 118,50 | 22,78 33,25 028 369.6 | 1929
Tonorpad. kapra
Mo3s-XXVIl [25] | 11¥11 | 12040 | 2150 83,56 0,69 378,5 | 189,0
Deonopran «lepaarHuit |14 60 | 26,00 - 024 | 3650 | 1850
BOAHMH KagacTp...» [23]

Amnanizyroun naHi Tabn. 2 Ta puc. 2 MOXHa T0-
MITHTH, IO 3HAYEeHHs Tutomli Oaceiiny p. bpycHuis
chopmoBane 3acobamu I'IC 3a ganumu tomorpadi-
gHOi KapTit M—-35-XXXII y Bcix BUNamkax € Oinb-
UM, HDK HaBeZeHe B O(MIMIMHUX CTATHCTUYHUX
BUAAHHAX. BennunHa po3XOmKeHHS KOJIMBAETHCS B
nianasoHi Big 8 km? 10 25 kM2, a6o Big 7 % no 15 %
BiJ 3asBieHoi Turomli. 3arajgpHa KOH(]Iryparis ycix
ofepaHux (opM y3arajibHEHO ijeHTHYHA. HaiiOi-
JBII BiIMIHHOCTI BUSIBIIEHO B pe3yjbTaTax MOJIe-
moBaHHg 3a maHnuMHu SAGA GIS, 1o nosicHIo€TbCS
MOSIBOIO apTe(akTiB B PiBHUHHIN MTiBICHHO-3aXiHIN
yactuHi. OKpiM TOrO, MOXHA TIOMITUTH TEHCHIIIIO
3MIII[EHHS TIBHIYHO-CXiIHOI 4YacTUHUM OaceiHy i3
30UIBIICHHSM 3HAYEHHS PO3MIpy KOMIpKH, sika 0e3-
MocepelHbO TMOB’s3aHa 13 PYYHUM BCTAHOBIICHHSM
TOYKH BUTOKY (BnazaHHs A0 p. [IpyT).

BucnoBku. IIpaBuibHe BCTaHOBIEHHS Mic-
HETIOJIOKEHHSI Ta TOYHE HAHECEHHs Ha Kaprorpadi-
YHUH MaTepiall MeX BOJO30ipHMX AISTHOK BOIHHUX
00’€KTiB Ma€ BUpIIAIGHUNA BIUIMB HA TOYHICTH BU-
3HaueHHS X monl. B cBor depry, miomia Bomo300-
Py YacTo € MOXiJHOI0 BEIWYHMHOIO MiJ Yac BH3HA-
YeHHS 1HIIUX TigporpadiyHuX XapakTEpPHCTHK, IO

00yMOBITIOE HEOOXITHICTh iX PO3pPaxyHKY 3 TpaHHY-
HO MOKITUBOIO TOUHICTIO.

Hes3Bakatoun Ha BHMBYEHICTH BHKOPUCTOBYBa-
Hux B ['IC-3aco0ax anropuTMiB riApoiIoriyHOro Mo-
JIENIOBAHHS, HAUCKJIQIHIIINM 3aJTUIIAETCS 0COOMH-
Ba YyTJIMBICTh MOZIEJIEH 10 BBEJCHUX [TapaMETPiB.

3nilicHeHo cripoly 3’sCyBaTH ONTHMAaJIbHE 3HA-
yeHHs noporoBoi cymu ctoky (k) B I'IC 3acobax
Surfer 16 ta Global Mapper 16. [ToOynoBaHo cepiro
BOJI0300PIB 13 3MIHOIO 3HAYEHHS IHOTO IapaMeTpy.
BcraHoBieHO KOpensLiiHy 3aleXHICTh (IyXe BH-
COKHMH pIBEHb 3B’SI3KY), IO MMOJSAra€ y 3MEHIICHHI
JIOBXHWHU Ta KUJIBKOCTI BUIIEHUX 00’ €KTIB BOIOTO-
KiB IpH 301JIbIIEHI TOPOrOBOTO 3HAYEHHS CYMH CTO-
Ky (k). Takum 4lHOM, pEe3yJIbTaTH MOXKHA BHKOPHC-
TOBYBaTH HE JIMIIIE JUIs TeHepaizallii 00’eKTiB Tij-
porpadiuHoi Mepexi B Mexax BHIUIEHHUX BOA030ip-
HUX 0aceiiHiB, a i TOCATHEHHS MOTPIOHOTO CTYICHS
KaprorpagiyHoi BiIIOBIHOCTI Ta JieTami3alii 3aje-
JKHO BIJI IJIEH Ta MacIuTad1B TOCHIKEHbD.

3 MEeTor0 BUSIBICHHS BIUIMBY PO3IUIBHOI 37aT-
HOCTI TijpornoriuHo kopektHoi [IMP Ha pesynbraru
MO/ICJTFOBAHHS MEX BOI030IPHHUX ILJIOIT BUXIIHI JIaHi
CTBOPEHO B po3niiIbHIN 31aTHOCTI: 10x10M, 25X25 M,
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Puc. 2. [opiBHsIHHS GOPMH, PO3MIPIB Ta MPOCTOPOBOTO TOJIOKEHHS BO10300py p. bpycHus
B piznux ['IC-3aco0ax (omepikaHO aBTOpaMu).
Fig. 2. Comparison of the shape, size and spatial position of the catchment area of the Brusnytsia River
in different GIS tools

50x50 M. besnocepenHporo 3B’sI3Ky HE BUSBIEHO.
OpnHnak, po3aineHa 3natHicT [[MP BrunBae Ha ne-
Tajizamifo 00’ ekTiB Tigporpadiunoi Mmepexi. [lpu
oHaKoBOMYy mapametpi (k), icHye JiHifiHA 3ajexk-
HICTh MK PO3MipOM KOMIpOK Ta 3arajbHOI0 JOBKH-
HOIO PIYKOBOI CITKM B MEXaxX JOCHIPKyBaHUX Oa-
CEHHIB.

Takum umHOM, 1 po3minbHa 3matHiCTE LIMP, i
3HAYEHHS ITOPOTOBOI CYMH CTOKY MarOTh Oe3rocepe-

JIHI BIUTMB Ha MOXiAHI rixporpadiudi mapamerpu
(IpUMipOM, TYCTOTY PiUKOBOi CiITKH).

Ilpy HamaraHHi, MaKCHMAaJIbHO YHi(piKOBaHO
3MIACHIOBATHA MPOIIEC BUIUICHHS MEX BOI030IpHUX
o] B pizHux ['1C-3aco6ax, BHHUKAIU BiIMiHHOCTI
00yMOBJICHI TX aJlrOpUTMaMK MOJICJIFOBAHHS Ta 0CO-
ONMMBOCTSIMH  KOpHCTYBaIbkoro intepdeiicy. Crin
3ayBayKUTH, 10 y BCiX BUMAAKAX JJIs HAIPSMKY CTO-
Ky 3actocoBaHo Meton D8. Oanak, 3an0OBHEHHS JIO-
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KaJIbHUX TOHIKEHb, K 1 MPOIECH 1HTEPITONAMI] Y
HaBegeHnx ['1C-3aco6ax MOBHICTIO 32 1IEHTHYHUMHU
napameTpamy MPOBECTH HE BAAJTOCH.

IlepcnexkTHBH MOJAIBIINX JOCTIKeHb. bes-
YMOBHO, aKTyaJbHICTh BHKOPHCTAHOI Tormorpadid-
HOI KapTH 3 OIVISAY Ha Tepiof il BUJaHHS BUKIUKAE
neBHi cymHiBU. OKpiM nupoBUX AaHUX, OAEpIKa-
HUX 3 TOTOTpadivHAX KapT aKTyaJbHHUM JHKEPEIOM
indopmarii ans ctBoperHs LIMP moxyTs OyTr nani
panapHoi inTepdepomerpii (3HOMKM B pamionoka-
HiIHHOMY Jliana3oHi).

Hapasi, y BimkpuTOoMy IOCTymi 3HaXOASATHCA
TIABKM JIEKiTbKa [I00aJbHUX HHU(POBUX MOJIEeH

pennpedy, CTBOPESHUX i3 3aCTOCYBAaHHSM TEXHOJIOTIH 1
CYTTEBO BIAMIHHMX MDK CO0OI0 3a MPOCTOPOBHM
OXOIUICHHSIM 1 TOYHicTIO. Halvacrime BHKOPUCTO-
Byiotb [[MP SRTM C-Band, SRTM X-Band,
ASTER GDEM. Ha odimiiftaux caiitax B crienmudi-
Kallisix TporpaM OIPHIIOIHEHO YyCEepeTHEHY TOoY-
HICTh IJI1 KOHTHHEHTIB, ajie JIOKaJbHO BOHA MOXeE
CYTTEBO BiJIPI3HATHCA.

CamMe TOMY, TIOAANBII TOCIHIHKEHHS 3aIlIaHO-
BaHO MIPOBOAXTH B HAMPSMKY 3’SICYBaHHS MOIJINBO-
CTi 3aJy4eHHS Cy4acHUX BIIKPUTHUX HaOOPiB BUCOT-
HUAX NaHWX Ta TOYHOCTI BHIUICHHS MEX BOmO30ip-
Horo OaceifHy 3a HUMHU.
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BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 pobOoTY

TexHooru4eckre 0COOEHHOCTH BbIIeJIeHUSI TPAHUILl BOJOCOOPHBIX OacceiiHOB
cpeacrBamu 'MC-rexHousiorunii (Ha npumepe p. bpycauuna)

Pycnan Heanosuu Becnanvko’,

1. TEXH. HayK, TOIEHT Kadeapbl 3eMIICYyCTPOICTBA U KalacTpa,
'YepHOBHUIKHIT HATMOHABHEIN yHEBEpCHTET MMeHH IOpusa denpkoBuya,
yi. Jlecu Ykpaunkuy, 25, r. UepHosusl, 58012, YkpauHa;

Tapac Braoumuposuu I'yyyn’,

K. TeXH. HayK, aCCUCTEHT Ka(eIpbl 3eMJICyCTPONCTBA U KaJacTpa

Brinenenue rpanun BogocbopHoro 6acceiiHa — BaxkHas TUAPOJIOTHUYECKAs 3ajjada, pelIeHne KOTopoil onpenenser
TEPPUTOPUIO M MECTO MOTECHIHAIBHOI'O cOOpa BOJHBIX Macc. TOUHOCTh U JIOCTOBEPHOCTh 00PAaOOTKM MCXOAHBIX HPO-
CTPaHCTBEHHBIX JAAaHHBIX — 3QJIOT MOJYYEHHs KaueCTBEHHBIX IMPOU3BOIHBIX MOP(OMETPHYECKUX MOKa3aTeiel Ui Ho-
CIEIYIOUIET0 MOIETHPOBAHUSA Pa3HOOOPA3HBIX SBICHUH, B TOM YHCIIE TEPPUTOPUANBHOTO aHAIM3a M IUTAHHUPOBAHUS.
[osiBnenne u pa3sutie MHOKecTBa [ IC-CcpeicTB MO3BOMINIO CYIIECTBEHHO YIPOCTHTH TPYIOEMKOCTh XapaKTePHYIO
JUTS TPaAUIIMOHHOTO PEIICHHs paccMaTpuBaeMoii 3amaun. OTHaKO, pa3HbEIe IPOTPAMMHEIC CPEICTBA PEATH3YIOT Pa3HEIC
TEXHOJIOTHYECKHE MMOIXOABI K BBIICICHUIO TPAHUI] BOZOCOOPHBIX OacceitHOB. CII0KHOCTB HMCIIONB3YyEMBIX allTOPUTMOB
(opMHUpyeT YyBCTBUTEIHHOCTh MOJENCH K 3aJaHHBIM ITapamMeTpaM, IMOPOTOBBIC 3HAUCHUS OOJBIIMHCTBA U3 KOTOPHIX
MTOJTB30BATEINIO TIPEAJIaracTCs OMPEACIATh IyTEM MHOTHX AKCIIEPHMEHTAIBHBIX ITONBITOK. B HccinenoBaHum paccMaTpu-
BaloTCs caMble pacmpoctpaneHHbsle [ MIC-cpencTBa U3 MHOXKECTBA CYIIESCTBYIOIINX, KOTOPBIE MOAICPKUBAIOT HHCTPY-
MeHTapuii ruaposorun — ArcGIS, Global Mapper, SAGA GIS, Surfer. BrisicHeHre npuHIMIOB pabOTHl THAPOIOTHYE-
cKoro MHCTpyMeHTapus B pasHbix [ C-cpenax T mpUMEHSIEMbIX aJTOPUTMOB OBIJIO OJHUM M3 33/laHUM MCCIIeIOBAHMUS.
Jliis Bcex MpOTrpaMMHBIX CPEICTB MCIIOIB30BAHO OJJMHAKOBBIM HAOOp MCXOIHBIX TaHHBIX, TIOTY4YEHHBIH ITyTeM BEKTOpHU-
3aliK 3JIeMeHTOB pelbeda pparmenta Tonorpaduueckoit kapTel. LludpoByro Mozaens penbeda NoAroToBICHO C YUETOM
TpeboBaHUN U O0COOCHHOCTEU THUAPOJOTHYECKU-KOPPEKTHBIX Mojeneld. C 1eNblo BBISICHEHUS BIUSHUS pa3peraroniei
criocobHocTu [IMP Ha pe3ynbTaThl, €€ BBITIOJHEHO B Tpex Bapuantax — 10 x 10 m; 25 x 25 m; 50 x 50 M. Pe3ynbTars!
aHaJM3a CPaBHHUBAJHCH 10 TEOMETPUICCKAM IPOCTPAHCTBCHHBIM XapaKTEPUCTUKAM M KOJIMYECTBCHHBIM TaHHBIM TH-
porpaduveckoro paioOHHpPOBaHU, OIyOIMKOBAaHHBEIM Ha reomopTaie «BomHble pecypchl YKpawHBD. Y CTaHOBJICHO
MperMyIIecTBa U HEJIOCTaTKHA MPOTPAMMHBIX CPEACTB. BEISBICHO BIHMSHHE pa3pemiaronield crocoOHOCTH HCXOTHOM
[IMP Ha pe3ynpTaThl MOJACITHPOBAHUS T'paHUI BOJOCOOPHBIX OacceitHOB. [loydeHHBIE pe3yiabTaThl HAlpaBIICHBl Ha
MTOBBIIICHNE TOYHOCTH MOICTHPOBAHUS TPAHHI] BOJXOCOOPHBIX 0accCeHOB W BBIYUCIICHHS MPOWU3BOIHBIX THIPOTpadu-
4yeckux napamerpoB. OHH MOTYT NPUMEHSTCS ISl TeHepaJu3aluK JIMHEHHBIX 00bEKTOB ruaporpaduyeckoi cetn Ha
KapTorpapuyeckux U300paKeHUAX C LENbI0 COOTBETCTBUS CUTYALlUH U IOCTATOYHOTO YPOBHSI JICTAIIU3AIINH.

Knrouesovie cnosa: 600uviii kadacmp, 6000cO0pHas nIowads, cenepanuzayus oovexmos uopozpaguu, I'UC, peu-
not 6acceun, LIMP, ArcGIS, Global Mapper SAGA GIS, Surfer.

Technological features of distribution between river basins
using GIS technologies (based on the example of r. Brusnytsya)

Ruslan Bespalko',

DSc (Engineering), Associate Professor, Department of Land Management and Cadastre,

"Yuriy Fedkovych Chernivtsi National University, 25 Lesi Ukrainky St, Chernivtsi, 58012, Ukraine;
Taras Hutsul',

PhD (Engineering), Assistant, Department of Land Management and Cadastre

ABSTRACT

Formulation of the problem. The catchment area and surface runoff volume — morphometric parameters calcu-
lated from digital terrain models — are widely used in geographic information analysis of the area. They are attributed to
the block of hydrological parameters, where they are basic concepts.
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The emergence and widespread usage of GIS tools has greatly simplified this labor-intensive process. However,
the complexity of the applied algorithms forms the sensitivity of the models to the entered parameters, the values of
most of which are selected by the user through numerous attempts and tests.

The research methodology. The study examines the most common GIS tools from many existing ones that sup-
port hydrology tools — ArcGIS, Global Mapper, SAGA GIS, Surfer. Finding out the principles of operation of hydrolog-
ical tools in different GIS environments and the applied algorithms was one of the goals, the solution of which was re-
vealed in the process of research methodology. The same set of initial data obtained as a result of vectorization of relief
elements of a fragment of a topographic map of the research territory is used for all software. The digital terrain model
was prepared taking into account the requirements and features of hydrologically correct models. The initial data were
checked for topological correctness. In order to determine the influence of separate DEM on the results of the bounda-
ries, its modeling was performed in three versions — 10 X 10 m; 25 x 25 m; 50 x 50 m. According to the same algorithm
in each of the GIS tools, the boundaries of the basins were selected. The obtained map metrics were entered into com-
parative tables, and in some cases were subject to correlation analysis.

As a result of studies. The correct location and accurate plotting of the catchment areas of water bodies on the
cartographic material has a decisive influence on the accuracy of determining their areas.

No direct relationship was found between the effect of the DEM resolution on the results of modeling the bounda-
ries of catchment areas.

However, the resolution of the DEM affects the detail of the hydrographic network. It is established that for the
same parameter (k), there is a linear relationship between the cell size and the total length of the river network within
the studied basins. Despite the study of hydrological modeling algorithms used in GIS tools, the most difficult is the
special sensitivity of the models to the entered parameters.

A correlation (very high level of connection) has been established, which consists in reducing the length and number
of selected objects of watercourses with increasing the threshold value of the amount of runoff (k).

The scientific novelty. The obtained results are aimed at increasing the accuracy of modeling the boundaries of
catchment basins and calculating the derived hydrographic parameters. They can be used to generalize hydrographic
network objects within dedicated catchments and to achieve a reasonable degree of cartographic compliance and detail
depending on the objectives and scope of research.

The practical significance. Thus, both the resolution of the DEM and the value of the runoff threshold have a di-
rect impact on the derived hydrographic parameters (for example, the density of the river network).

Keywords: water cadastre, catchment area, generalization of hydrographic objects, GIS, river basin, DEM.
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ABSTRACT

Formulation of the problem. The article represents the practical experience of the bottom echo sounding and processing of
the data received for digital elevation modelling. The relevance and specificity of using sonar equipment to study the specificity of
the morphology of the underwater relief of small hydrological features are covered. The domestic and foreign publications in this
area are analysed, and therefore the conclusion of the issue being not studied enough in domestic sources is made.

Methods. The analysis of literature sources on modelling the river network, visualization of relief models. The bathymetric
survey data was used to compile a bathymetric map of the river and build a digital elevation model.

The purpose of the article is sharing developer experience in making of digital elevation models of a section of the riverbed
on the example of the Siverskyi Donets River (near Haidary village, Chuguevskiy district, Kharkiv region). Processing of measure-
ment data received as a result of echo sounder surveys. Preservation and recording of general information received to expand the
river bottom relief database. Provide an overview of the uses and applications of geoinformation technologies, determine the research
prospects based on the developed digital elevation models.

Results. The results of echo sounding and post-processing of the data received using specialized software are presented. The
section of the Siverskyi Donets River in the area of the geographical educational and scientific station «Haidary» was chosen as the
territory for the hydrographic research (Haidary village, Chuguevsky District, Kharkiv region). The field part of the research was
conducted using the equipment of the material and technical basis of the Physical Geography and Cartography Department of the
V. N. Karazin Kharkiv National University, for instance using the Lawrance Elite 7 TI chartplotter-echosounder with modern scan-
ning modes CHIRP, DownScan, StrucureScan.

Scientific novelty and practical significance. The specificity of creating and visualizing in the ReefMaster software package
is covered in the article. A model of the bottom of the corresponding section of the Siverskyi Donets River and a depth map, which
will allow the future analysis of the dynamics and the prediction of changes of the bed configuration, have been developed on the
basis of the field work results. The advantages of using budget equipment and software for performing underwater relief studies of
such hydrological objects are formulated. The novelty of the study is not only the use of the methodological foundations of digital
modelling, but also the alternative classification approaches for describing the relief and conducting morphostructural analysis based
on the GIS technologies.

Keywords: digital elevation model, echo sounder, the Siverskyi Donets, hydrography, bathymetry, map, sonar.

In cites: Borysenko K. B., Popov V. S., Oblogina P. O. (2021). Elevation modelling of an area of the Siverskyi Donets riverbed (near Haidary
village, Chuguyevskiy district, Kharkiv region). Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55),
128-140. https://doi.org/10.26565/2410-7360-2021-55-10

Introduction. Modern hydrography has under-
gone radical changes in recent years, mainly due to
the massive introduction of personal computers, sat-
ellite navigation technologies and the creation of
new sonar tools based on the digital methods of
primary and secondary information processing, as
well as data registration in digital form. All this fa-
cilitated a radical increase in the amount of hydro-
graphic information, which made it possible to re-
ceive data on the underwater relief with almost the
same accuracy as topographic methods of land sur-
vey provide [21, 2].

Geoinformation technologies are widely used
in hydrology, considering the main hydrological

tasks are distinctly spatial. Currently, there are a lot
of developed geographic information systems (GIS)
and similar applications-driven technologies. In
turn, they have different purposes, means for organ-
izing data, and territorial coverage [7].

Relevant researches, developments and re-
search-based technologies of studying the bottom of
water areas and various underwater objects (includ-
ing potentially dangerous ones) by sonar in the
ocean, on the shelf and inland waters, are imple-
mented to increase the effectiveness of underwater
research, as well as emergency prevention and mon-
itoring of the environmental situation. In this case,
technology is understood as a set of software and
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hardware resources, as well as a science-based
method of their formation and use for researches,
including mapping the relief, objects, their parts,
studying morphology, recording changes and sizes
of landforms, objects, and trends in their dynamics.

Accurate digital elevation models of riverbed
are a fundamental instrument of river research.
Through the research area has a wealth of hydrolog-
ical objects, it will be especially appropriate to con-
duct more fundamental multidimensional bathymet-
ric researches of the Siverskyi Donets River at mod-
ern scientific and technical levels, the results of
which would be suitable for further practical use.

Formulation of the problem. To build eleva-
tion models of river valleys, satellite images are
mainly used, which do not contain enough data to
build an accurate map of depths, especially of small
hydrological objects. Ground-based observations of
rivers, lakes, and reservoirs are often of low quality,
their automatization faces a lot of different prob-
lems, and they also do not provide a complete pic-
ture for the researches. So far, almost all the action
taken do not solve the problem of increasing the
number and improving the quality of hydrological
observations. Researches conducted in Ukraine are
mainly focused on navigable rivers and use low-cost
equipment. So, our goal was to find an effective and
reasonably priced method for studying river valleys
and riverbeds.

Analysis of recent researches and publica-
tions. In the Ukrainian scientific literature, issues
concerning river network modelling and data analy-
sis are not covered enough. A significant number of
scientific works are dedicated to the problem of re-
lief models visualization, for instance, we can em-
phasize the work of scientist I. Yu. Vasilicha [3],
which considers the issue of the specificity of digital
modelling of complex types of relief. The issue is
considered more widely in the studies of V. A. Av-
deev, R. S. Filatov, V. A. Mukhudinov and V. N. Ra-
dionov [1], dedicated to the research of difficulties
of spatial mapping of land, Yu. G. Firsov's stud-
ies [22], which provide an overview of digital mod-
els of the bottom; V. V. Khromykh and O. V. Khro-
mykh's studies [23], dedicated to digital models of
relief.

In [15], a method of performing depth sound-
ings works, based on combining the differential
method of GPS coordinate determination and the
method of radio-controlled echo sounding, is pro-
posed.

To study the dynamics of the relief of the bot-
tom and a number of other practical tasks of hydrol-
ogy, it is necessary to know the structure of the riv-
erbed, control and take into consideration the modi-
fication of its parameters. However, the relief of the
bottom of continental bodies of water is not often

displayed on topographic maps, and there is not
enough up-to-date information about the depths of
rivers and even significant bodies of water. The lack
of bottom relief images is explained by the labour-
intensive process of making measurements [24, 5].

In the researches by A. J. Kaeser, echo sounder
surveys are successfully used in various types of
bathymetric, biological, and archaeological resear-
ches [27, 28].

A.V. Pogorelov and Zh.A. Dumit in their
monograph, present the analysis of the multi-level
morphological structure of the basin relief using
digital modelling on the example of the Kuban Riv-
er Basin [17].

The original method of measuring river depth,
which can be attributed to hybrid measurement sys-
tems, is proposed in the work by F. Bandini and oth-
ers who used a compact single-beam echo sounder
attached to an unmanned aerial vehicle (UAV) [26].

Bathymetric mapping in Ukraine is mainly
used for lakes and reservoirs. For instance, within
the framework of the project «Danube lakes: sus-
tainable restoration and conservation of the natural
state of ecosystemsy, conducted in 2001-2002, an
integrated study and mapping of lakes of the Lower
Basin of the Danube River was carried out. The au-
thors performed bathymetric and lithological sur-
veys of the bottom of Lakes Yalpuh and Kuhurlui.
Scientists O. M. Trofymchuk, H. Ya. Krasovsky, V.
V. Radchuk, V. I. Mokry conduct sonar studies of
the lakes of the Shatsk National Natural Park (NNP)
on a regular basis [20]. V. O. Martyniuk, S. V. An-
driychuk, and I. V. Zubkovich study the modelling
of lakes in the Polissia region using bathymetric
surveys [13].

In our previous work, we considered bathymet-
ric studies of the Siverskyi Donets River using echo
sounder surveys as an object of study for education-
al needs during practical training [11].

A. 1. Honchar regards a set of measures for the
development of sonar devices in Ukraine. It includes
fundamental and applied hydroacoustic researches,
among which the study of bottom relief, the study of
the composition and properties of bottom soils, sed-
imentary rocks, acoustic interaction of the water
column and bottom, the creation of geological and
acoustic models of particular areas, as well as the
creation of echo sound information and analytical
technologies, which is interpreted to mean a holistic
process of collecting, processing and delivering of
information to the consumer [4].

Summing up the above, we can say that this
type of research is in demand, up-to-date and for-
ward-looking, but there are not enough works de-
voted to this particular topic.

Purpose and objectives of the study. The pur-
pose of this work is to present the experience of de-
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veloping digital elevation models of a section of the
riverbed on the example of the Siverskyi Donets
River (near Haidary village, Chuguevskiy district,
Kharkiv region). Processing of measurement data
received as a result of echo sounder surveys. Preser-
vation and recording of general information re-
ceived to expand the river bottom relief database.
Provide an overview of the uses and applications of
geoinformation technologies, determine the research
prospects based on the developed digital elevation
models.

Presentation of the main material. The Siv-
erskyi Donets is the largest river in eastern Ukraine
and at the same time the longest right tributary of
the Don. The length of the Siverskyi Donets River
within the country is 723 km of the total length
(1053 km), and the basin area is 54500 km?, which
is 55% of the total catchment area. According to the
administrative and territorial structure of Ukraine,
the territory of this basin is located within Kharkiv,
Luhansk and Donetsk regions, and according to the
hydrological zoning of the country, it borders by the
Dnipro catchment area in the West, and by the Don
watershed in the North and East. The Siverskyi Do-
nets basin is located along the southwestern border
of the East European Platform, where the foundation
surface is complicated by the Donetsk and Black Sea
trenches [2].

The Siverskyi Donets riverbed is quite winding.
The valley is asymmetrical at a large length and has
a complex of accumulative terraces extending along
its left slope. The floodplain terrace of the Siverskyi
Donets River in Zmiiv city has a width of up to 3
km and is characterized by a flat, sometimes wet-
land surface with numerous oxbow lakes. In the riv-
er valley, a unique natural complex has developed,
that includes a wide floodplain of the river with nu-
merous meanders, lakes, swamps and oxbow lakes.
The surface of this terrace in the riverbed part is a
pile of sandy hills — «mounds», between which there
are lakes and wetlands.

The most important modern geological pro-
cesses are: water erosion — everywhere; landslide
formation — on steep river slopes; flooding — in river
valleys and on levelled areas of plateaus. Further-
more, the anthropogenic contribution of these pro-
cesses prevails over the natural one. The Siverskyi
Donets basin has a complex geological structure.
Ascending neotectonic motions are its special fea-
ture. These motions facilitate the cutting of river
valleys, the spread of ravines and the activation of
erosion processes.

The Right Bank of the Siverskyi Donets is most
vulnerable to rock erosion, as it is located on high
and steep catchment areas. In these areas, up to
three-quarters of the total land area is destroyed by
water erosion processes. Wind erosion is also quite

common, especially on sand massifs which are not
anchored by vegetation.

Riverbed processes observed on the river in-
clude the following: 1) meandering; 2) bottom ero-
sion; 3) bank hydrodynamic scour; 4) siltation, for-
mation of shallows, overgrowth, waterlogging of
banks, shallowing of riverbed sections; 4) littering
of banks, accumulation of fallen trees, sunken logs,
floating garbage [19].

Meandering happens due to the bank hydrody-
namic scour on concave sections of the riverbed,
moving washed-out soils downstream and causing
the sediment of them in curved areas where the cur-
rent speed slows down. Numerous oxbow lakes,
floodplain lakes, swamps that have a characteristic
elongated and rounded appearance were formed
from the remains of the meanders, and are located
mainly along the left-bank part of the floodplain [2].

Bank hydrodynamic scour with their falls,
scours and falling trees is a common phenomenon,
due to the recent decrease in the intensity of spring
floods, scours and destruction of banks has also de-
creased, but remains significant on the banks which
are not anchored. We can observe intense siltation of
the riverbed and channels, formation of shallows,
overgrowth, waterlogging of the banks along the
entire riverbed of the Siverskyi Donets.

For this reason, this area is of particular im-
portance for studying the changes in relief and riv-
erbed processes.

Digital elevation models of the Earth surface,
as one of the most important geographical features,
are becoming important in geoinformation systems.
GIS models are created in three dimensions, and the
main part of such models, in addition to latitude and
longitude, is also data on altitude [23].

The first experiment on creating digital eleva-
tion models (DEM) was conducted during the oldest
stages in the development of geoinformatics and
automated cartography in the first half of the 1960s
[8]. One of the first DEMs of the land was made in
1961 at the Department of cartography of the Mili-
tary Engineering Academy [14]. 3D colour models
of the sea beds, rivers, and other bodies of water
surface, and DEMs, on the basis of which they were
developed, are the most common means of visualiz-
ing and modelling underwater landscapes.

The digital elevation model is the main element
of any hydrological model, or basin geographic in-
formation system, since it allows to determine a sig-
nificant number of morphometric and hydrographic
characteristics of rivers and their basins: flow direc-
tion vectors, thalwegs, watersheds, catchment areas,
stream orders, and stream gradients. Furthermore,
the accuracy of automatic determination of hydro-
graphic characteristics depends on the nature of the
terrain, as well as on the resolution of the DEM.
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Using the data of the bottom DEM, it is possi-
ble to conduct morphostructural analysis, which is
aimed to study the properties of the modern and an-
cient relief of the Earth surface in order to study its
origin and history of development. The advanta-
geous function of bottom DEM data is the ability to
calculate all the necessary morphometric data.

Digital elevation models are the foundation of
solving a rather broad range of tasks using GIS
technologies, the main of which are:

- visualization of relief in two-dimensional and
three-dimensional images;

- determination of morphometric characteristics
of the relief;

- mapping of steepness and exposition of
slopes;

- mapping of the longitudinal and transverse
steepness of slopes;

- calculation and visualization of visibility and
invisibility zones for one or a system of points;

- calculations of volumes regarding the re-
quested altitude level,

- constructing profiles;

- mapping streamlines;

- extraction of structural lines of relief, includ-
ing lines of the erosion network, watersheds, and
contouring of catchments.

Therefore, there is a need to use the available
geological and geomorphological information.
However, when digital mapping the bottom relief,
its origin, structural features, paleogeographic con-
ditions of formation and modern features of devel-
opment are almost not taken into account, geophysi-
cal, geological, geomorphological and other data are
not involved, and their comprehensive analysis is
not carried out.

The most important factors impacting the accu-
racy and quality of bathymetric DEMs are: 1) the
data received from the Triangulated Irregular Net-
work vary in the accuracy; 2) problematic of the
DEM results interpolation in areas where depth
measurements were not carried out; 3) the presence

of artefacts in the DEM, which significantly reduces
their quality and limits the possibility of their fur-
ther use.

River elevation models that continuously repre-
sent underwater river topography are useful for hy-
drological modelling, as well as for their further use.
There are two main methods of obtaining data, on
which bathymetric DEM systems are based: echo
sounding and satellite altimetry. Technological pro-
gress in echo sounding and ship navigation systems
led to a revolution in depth mapping about three
decades ago. Currently, two types of acoustic data
are available: single-beam profile survey data and
two-dimensional multibeam survey data.

Echo sounder allows visualizing the surfaces
of the bottom in quite high definition. Due to the
fact, that various sonar devices are available, the
capacities to conduct researches on inland waters
has significantly enhanced.

There are a large amount of sonar devices that
can be used not only for fishing, but also for scien-
tific tasks today.

The development of sonar systems for under-
water exploration began in the early 1900s. At the
end of the XIX century, the underwater bell was
used as an auxiliary instrument for lighthouses or
lightvessels as a hazard warning [30].

The Titanic disaster in 1912 caused the use of
sound for «echo» underwater, in the same way that
bats use sound for air navigation [25].

During the 1960s, a new system that could cre-
ate two-dimensional images of cross-sectional areas
of the bottom emerged. Since then, the side-scan
sonar has been widely used for mapping navigation
channels, mapping the marine environment, and
searching large areas for sunken vessels [27].

The way the echo sounder works is that it sends
sound pulses down through the water (Fig. 1), and
when these pulses reach objects such as fish, vegeta-
tion, or the bottom, they reflect off and return to the
surface. The echo sounder measures the time it takes
for a sound wave to move down, reach an object, and

Fig. 1. Scheme of the echo sounder working principle
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return. This is the same echolocation system that
bats and dolphins use. This information allows the
device to estimate the depth at which the detected
object is located. It also measures the strength of the
feedback pulse — the more solid objects are, the
stronger the feedback pulse is [6]. As long as the
sound waves move at a speed of about 1600 meters
per second in water, echo sounders can send multi-
ple pulses per second. Feedback sound pulses are
converted into electrical signals, which are then dis-
played on the screen, showing the depth and solidity
of the bottom and various objects.

During the study of the objects, the following
scientific and application-oriented tasks are solved:

e search for objects of synthetic and natural
origin, determination of their location, dis-
tribution, and building figures showing the
location (mapping);

e morphology research, including bathymetric
survey of landforms; study of precipitation
transfer processes; geological and geotec-
tonic studies;

e archaeological researches;

e engineering and geophysical surveys (pre-
liminary survey of underwater pipelines,
cables, oil and gas terminals, trenches);

e survey of engineering sites.

During the weekend expedition on September

18, 2021, at the initiative of the Physical Geography
and Cartography Department of the V. N. Karazin
Kharkiv National University, the measurement
works were carried out to build an elevation model
of the Siverskyi Donets River bottom section. The
first phase involved bathymetric examination of the
river bottom. The survey was performed using the
Lowrance Elite 7 Ti. This chartplotter-echosounder
is a multifunctional device that allows not only to
scan the bottom relief and measure water tempera-
ture, but also to create maps of depths.

This device was installed behind on the tran-
som of a small rubber boat, directly in the water and
usually slightly below the bottom of the boat. The
echo sounder model equipped with a built-in 16-
channel GPS/GLONASS, which provides a quite
high positioning accuracy and the possibility of ad-
ditional refinement using WAAS+EGNOS+MSAS
data [29].

The main advantages of the echo sounder
Lowrance Elite 7 Ti is the availability of CHIRP,
DownScan Imagin and StructureScan HD, which
provide a complete survey of the bottom of water
areas. CHIRP is a compressed pulse of high-
intensity that sends a high pulse energy into the wa-
ter column. A standard sonar sends just one pulse
into the water column, which provides a limited re-
port that is affected by many factors and conditions
in the aquatic environment. CHIRP technology im-

proves bottom monitoring at higher depths and at
higher speeds, it sends a whole beam from low to
higher frequencies. This allows to generate images
using the full frequency range. The pulse enables a
clear and accurate identification of objects that are
close to each other, and gives an accurate view of
the image. As a result of using this technology, the
detailing and accuracy of the image received by the
echo sounder significantly increases.

Using the DownScan sonar, the beam is emitted
not in the form of a cone, but in a very narrow lon-
gitudinal and wide transverse direction. Due to the
fact, that the beam is very narrow in the direction of
movement of the boat, the resolution of scanning of
the DownScan is much higher than that of a classic
echo sounder.

The StructureScan HD sonar allows to scan the
underwater relief in three different directions, ena-
bling a clear panoramic image of everything under
the boat, scan the bottom from the left and right
sides of the boat at a depth of up to 100 m. It creates
a connected to coordinate sonogram in the form of a
bitmap image of the bottom, which allows identify-
ing objects of natural and anthropogenic origin vis-
ually.

After the measurement is completed, the results
are stored in the memory of the device, and then
they are processed on-site.

In most cases, the volume of each echo sounder
profile is from 5 to 30 thousand measured values,
depending on the frequency and time of recording to
a single file. Each value contains information about
the coordinates of the survey point, depth, date and
time of echo sounding, water surface temperature,
shift relative to the previous measurement point, and
other supporting information. Only coordinate and
depth values are used in the processing process.

3D colour models of the seabeds, rivers, and
other bodies of water surface, and DEMs, on which
basis they were developed, are the most common
means of visualizing and modelling underwater
landscapes. Special software is used to create 3D
colour models of the bottom surface and DEMs, on
which basis they were developed [16].

There are several software packages for creat-
ing bathymetric maps, for example: ArcGIS,
DrDepth, HumViewer, SASPlanet, Surfer, PyHum
and ReefMaster, etc.

The steps of obtaining a bathymetric
chart involves converting echo profile data to visu-
alize the results of hydroacoustics sounding. The
depth distribution map was made using the Reef-
Master software, due to the fact, that this program is
one of the most accessible and easy to use. Using it,
one can view sonar scanner logs and edit course, as
well as create three-dimensional bathymetric maps
and side view mosaics [31]. This program allows
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collecting sonograms received by the echo sounder
into a single hydrographic mosaic and perform its
geographical reference. In general, the use of the
Lowrance chartplotter-echosounder and the Reef-
Master program is sufficient for working in small
reservoirs with insignificant depth in order to obtain
a high-quality bathymetric map.

The data, that is imported from the echo sound-
er, is stored as a file with the *.sl2 extension, there-
fore, the converting for the future use is needed. The
advantage of the chosen program is the ability not
only to convert, but also to see the map before con-
verting to a two-dimensional visualization form of

the profile. Another feature of this program is the
ability to correct data (Fig. 2) if the echo sounder
recorded them incorrectly.

At this point, it is possible to record the fea-
tures of the bottom relief characteristics and deter-
mine their coordinates. Analysing the received so-
nogram, we can conclude that it can be used to de-
tect small objects (Fig. 3), as well as to analyse riv-
erbed processes and structural elements of the bot-
tom relief.

To clarify the shape of the coastline, we used
the Google Earth Pro software (Fig. 4). Using the
polygon function, the riverbed of the surveyed sec-

b)

Fig. 2. Editing the echo sounding in the ReefMaster software: a) before editing b) after editing

Fig. 3. Objects found using StructureScan

tion of the river was modelled. After that, this layer
was saved in the *.kmz extension, which can be di-
rectly uploaded to ReefMaster (Fig. 5).

The depth values received using the chartplot-
ter-echosounder are automatically converted into a
bathymetric map, where it is possible to see the fea-
tures of the bottom relief. It is appropriate to com-
pare the results received as a digital map of the bot-
tom relief (Fig. 6.) and the results of multi-year ob-
servations, which were obtained using traditional
methods, during student practical trainings, as well
as the results of scientific researches and expeditions

in the geographical educational and scientific station
«Haidary» area.

Unlike a two-dimensional map, three-
dimensional elevation models allow seeing with
your own eyes and visually assessing the shape and
«plasticity» of the relief, boundaries of geomorpho-
logical units, and even features of the riverbed struc-
ture (Fig. 7) [23].

Specialists, working in various areas of geogra-
phy and geomorphology, quite widely use digital
elevation models, based on regular coordinate grids.
The demand for this kind of data is mainly determi-
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Fig. 4. Territorial localization of the surveyed section of the Siverskyi Donets River

Fig. 5. Clarified coastline of the Siverskyi Donets River
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Fig. 6. Digital 2D model of the bottom relief of a section of the Siverskyi Donets River

ned by the increasing availability of these models,
the globality of the territory coverage, the ability to
use different levels of generalization and the
promptness of solving various problems that require
a quantitative approach with their help [12].
The digital elevation model displays the bottom re-
lief on the specified scale without losing the initial
details, and also makes it possible to build bottom
relief profiles with any frequency and in any direc-
tion and use morphometric analysis tools in GIS.
Modelling of the bottom relief of large water
areas is always carried out with scarce hydrographic
survey data, so a balanced and detailed study of the
bottom relief should not be expected in the near future.
Algorithms integrated into modern GIS soft-
ware also allow to calculate several hydrological
parameters using DEM (length of runoff lines,
drainage area, volume, water consumption), and
map algebra tools allow to arbitrarily transform and
combine DEM according to the certain rules. For
instance, the use of appropriate algorithms helps to
calculate important environmental parameters in-
volved in the morphology of the Earth surface [18].

The digital elevation model of the bottom of
marine areas is the most important component of the
spatial database of geoinformation systems. Data on
the properties of the bottom relief are necessary both
for solving fundamental problems and for a wide
range of applied researches [9].

Conclusions. The relief mapping is one of the
constant and relevant problems of cartography.
Throughout history, new ways of depicting it have
been emerging. They have been developing, improv-
ing, and emerging, ranging from perspective to the
latest digital methods.

The development of three-dimensional model-
ling and animation technologies has led to the crea-
tion of virtual geo images that combine the charac-
teristics of a map, perspective image, block map,
and computer animation. They create an illusion of
being present in the real space and the possibility of
interactivity.

Based on the results of the expedition conduct-
ed near Haidary village, the depth and bottom relief
of the Siverskyi Donets were studied using a
chartplotter-echosounder. Based on the data recei-
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a) horizontal projection

b) vertical projection
Fig. 7. Digital 3D model of the bottom relief of a section of the Siverskyi Donets River

ved using echo sounding, a bathymetric chart of the
river is created. Data from bathymetric surveys and
future creation of the DEM allow to assess the dy-
namics of changes in morphometric indicators of the
Siverskyi Donets and analyse the spatial altitude and
geological heterogeneity of the relief of the Siv-
erskyi Donets River Basin within the Kharkiv region.

Similar researches can be developed at the in-
terface of a number of disciplines — geomorphology,
geology, geophysics, cartography, geoinformatics,
acoustics, and mathematical modelling. At the same
time, geomorphological studies are the basis for
studying the morphology and dynamics of the relief;
and geological, geophysical and geomorphological
studies determine the genesis, age of the relief and
its paleogeographic development; acoustic studies
provide data on propagation speed of acoustic sig-

nals; cartographic and geoinformation studies make
it possible to form a database, develop algorithms
and programs, find solutions to cartographic and
geodetic problems, and so on.

The novelty of the study is not only the use of
the methodological foundations of digital modelling,
but also the alternative classification approaches for
describing the relief and conducting morphostruc-
tural analysis based on the GIS technologies.

The image of a relief is one of the most rele-
vant problems of cartography, throughout history the
forward-looking ways of depicting it have been
emerging. The development of three-dimensional
modelling and animation technologies has led to the
creation of virtual geo images.

To sum up, it can be stated that the main com-
ponents of the technology of studying the bottom of
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water areas and underwater objects by sonar meth-
ods are: hydroacoustic means; means of navigation
data binding; support equipment, including water-
craft, as well as the methodology for developing
hardware and software complexes to collect and
process information and the methodology for their
use to conduct researches. The use of a well-
designed science-based methodology for carrying
out work and a flexible system for processing the
information received sometimes give a greater effect
than the use of expensive equipment.

sistently relevant problems of cartography. And the
development of modern technologies provides a
wide range of opportunities for studying the under-
water environment, and the relief, for instance. The
creation of the bottom DEM takes hydrographic ob-
servations, researches and mapping of the bottom of
water areas to a new level, providing efficient and
accurate underwater data collection.

Also, in further field studies, a comprehensive
survey using UAV is planned to develop a more
complete characteristic of the Siverskyi Donets River.

Bottom relief mapping can be attributed to con-
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MopeanpoBanne peabeda ydacTka pyciia pexku CeBepcekuii J[oHen
(B paiione cesa laiigapsl UyryeBckoro paiiona XapbKoOBCKOM 00J1aCTH)

Examepuna Bopucosna bopucenxo’,

K. IIeJl. H., AOLEHT Kadenpsl ¢pusnyeckoil reorpaduu u kaprorpadun

X appKOBCKOTO HAIMOHANBHOTO yHHBepcuTeTa nmenu B. H. Kapasuna,
1. CBoOogwl, 4, T. XapbkoB, 61022, VkpanHa;

Bnaoucnae Cepzeesuu Ilonoé’,

CT. mipett. kadenapsl Guzndeckoi reorpaduu u kaprorpaduu;

Ionuna Onezoena Oénozuna’,

OakanaBp reorpaduu xagenpsl pu3HUEcKoil reorpaun U KapTorpapun

B craree ocBelieH MpakTHYECKUI OMBIT SXOJIOTHOTO CKaHMPOBAaHHS JHA BOJOEMOB, U 00pabOTKa MOITYYEHHBIX
JIAHHBIX JJIsl IOCTPOeHUE HU(POBBIX Mojelneil penbeda. PackppiTa akTyaqbHOCTh U OCOOEHHOCTH HCIIOJIb30BaHUE CO-
HApHOI TEXHUKH JUI1 M3yueHne 0COOEHHOCTEH MOP(OIOTHH MOABOIHOTO peiibeda HEOOIBIIMX THAPOIOTHYECKHX 00b-
extoB. ClienaH aHajau3 OTEYECTBEHHBIX U 3apyOexHbIX IyOuKanuii B 310 cepe, o KaKUM JeNlaeTcs 3aKII0UeHHe O
HEIOCTaTOYHOM pa3pabOTaHHOCTH BONPOC B OTEUECTBEHHBIX HCTOYHMKAX. lIpencTaBiieHBI pe3ysbTaThl 3XOJIOTHOM
CBHEMKH U MOCT-00pabOTKH MOTYyYEHHBIX AAHHBIX C TOMOIIBIO CHEIUATN3MPOBAHHOTO MIPOrPaMMHOT0 obecrieueHus. B
KauecTBE TEPPUTOPHU THUIPOrpadUuecKoro Mccie0BaHus ObUIO0 BEIOpaHO ydacTok peku CeBepckuii JloHel B paiione
yueOHO-Hay4HOH reorpaduyeckoi 6a3sl «[ alimapb» (c. [alimapsr UyryeBckoro paiioHa XapbkoBckoii oonacru). [Tose-
Basl 4acTh BBINIOJIHEHA HAa 000OPYNIOBaHUN MaTepuallbHO-TeXHHUYeCcKoi 0a3bl kadenps! pusnueckoil reorpaduu n Kapro-
rpadun XapbKOBCKOTO HallMOHAILHOTO yHHBepcuTeTa MMeHH B. H. Kapasuna, B 4acTHOCTH C MCIIOIB30BaHUEM SXO0JIO-
ta-kaprutorrepa Lawrance Elite 7 TI ¢ coBpemennbiMu peskxumamu ckanuposanust CHIRP, DownScan, StrucureScan. B
pabote paccMaTpuBarOTCS 0COOEHHOCTH CO3JaHMS M BU3yaIM3alllu B MporpamMmMHoM nakete ReefMaster. I1o pesynsra-
TaM TIOJIEBBIX paboT pazpaboTaHa MOAETh JHA COOTBETCTBYIOMIETO0 ydacTka pekn CeBepckuii JloHem, KapTy IIyOWH,
KOTOpBIE TIO3BOJISAT B OyAyIIeM aHAIWU3HUPOBATh IWHAMHKY M IIPOTHO3MPOBATH M3MEHEHHS PYCIOBOH KOH(HIYpamuu.
CdhopmynupoBaHbl IPEeHUMYIIECTBA HCIIOIB30BAHNS OIOKETHOTO OOOPYIOBAaHUS M TMPOTPAMMHOTO OOECIIEUEHUS IS
BBITTOJTHEHHS UCCIIEIOBaHNH penbeda JHa TOT0OHBIX THAPOIOTHIECKIX 0OBEKTOB.

Kniroueswie cnosa: yugposas mooenv penvegha, sxonom, Cesepcxuti [oney, euopoepagus, bamumempus, xapma,
COHap.
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MogaenoBanns peiabedy aijssnku pyciaa piuku CiBepcebknii JloHenn
(B paiioHi cesa I'alizapu UyryiBcbkoro paiiony XapkiBcbKkoi 00,1acTi)

Kamepuna Bopucisna Bopucenxo’,

K. ITeJI. H., TONEHT Kadenpu ¢izuyHoi reorpadii Ta kaprorpadii
XapkiBchKOro HalioHanbHOrO yHiBepcuTety iMeni B. H. Kapasina,
M. CBoOOH, 4, M. XapkiB, 61022, Ykpaina;

Bnraoucnae Cepziitosuu ITonos’,

CT. BUKJI. Kadeapu dizmaHOi reorpadii ta kapTorpadii;

Ionina Oneziena O6nozina',

OaxamaBp reorpadii kadenpu dizmuHoi reorpadii Ta kaprorpadii

VY crarTi BUCBITIIEHO NPAaKTUYHUH JOCBI/I €XOJIOTHOTO CKaHyBaHHS JHA BOJOWM Ta 00OpPOOKHM OTPUMaHUX JaHHX JUIs
moOymoBu nupOBUX MOEICH penbedy. POZKPUTO aKTyanbHICTh Ta OCOOJMBOCTI BUKOPUCTAHHSI COHAPHOI TEXHIKH JIJIS
BUBYEHHS 0cO0IMBOCTEl Mopdoorii miaBoAHOTO penbedy HEBENUKUX TiAPONOTIYHUX 00’€KTiB. 3poOJeHO aHaii3 BiT-
YM3HSHUX Ta 3apyODKHUX MyOunikamid y mid cdepi, 3a SKUM pOOUTHCS BUCHOBOK IIPO HENOCTATHIO PO3POOJIEHICTh Mu-
TaHHS y BITYM3HIHUX JpKepenax. [IpencraBieHo pe3yasTaTd €X0J0THOTO 3HIMaHHS Ta [OCT-00pOOKH OTPHUMaHUX JaHUX
3a JJOMTOMOTOO CIICIaTi30BaHOTO MPOTPAMHOTO 3a0€3MEUCHHS. Y SKOCTI TepUTOPIi rigporpadiyHOro JOCITiIKSHHS O0YyiI0
oOpano minsHKy piuku CiBepchbkuii JJoHEIs y palioHI HaBYaIFHO-HAYyKOBOI reorpadiunoi 6a3u «[afimapm» (c. aiimapu
UyryiBceKoro paiioHy XapkiBchkoi oOmacTi). [IomsOBy YacTHHY BHKOHAHO Ha 0OJagHAHHI MaTepialbHO-TEXHIYHOI 0a3u
kadenpu ¢izuanoi reorpadii Ta kaprorpadii XapkiBcbKOro HallloHaJIEHOTO yHiBepcuteTy iMeHi B. H. Kapasina, 30kpe-
Ma 3 BUKOPHUCTaHHsAM exoiora-kaprmiorepa Lawrance Elite 7 TI 3 cywacHmmu pexxumamu ckanyBanHs CHIRP,
DownScan, StrucureScan. ¥ po0oTi po3mIsAmalOThCS OCOOIMBOCTI CTBOPEHHS Ta Bi3yalizamii y NMpOrpaMHOMY ITaKeTi
ReefMaster. 3a pe3ympratamu MOTBOBHX pOOIT po3poOJICHO MOMAENH THA BiMMmoBimHOI HinsHkA piuku CiBepcbkuii [lo-
Hellb, KapTy IMOWH, IO JO3BOJATH Y MaOyTHHOMY aHaJi3yBaTH JAWHAMIKY Ta MPOTHO3YBATH 3MIHU PYCJIOBOi KOHQTY-
pauii. ChopMyIbOBaHO TEepeBard BUKOPUCTaHHS OIODKETHOTO OOJaJHAHHS Ta IMPOrPaMHOro 3a0e3IeueHHs /sl BUKO-
HaHHS TOCJIJDKEHb peNbedy NHA TOMIOHUX TiAPONOTIYHUX 00’ EKTIB.

Knrouosi crnosa: yugposa moodenv penvegpy, exonom, Cisepcokuil /Joneys, ciopoepaghis, 6amumempis, kapma,
coHap.

BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 pobOoTY Haailiwna 12 aunHa 2021 p.
MpwiinaTa 19 xoBTHA 2021 p.
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JAndepenuiaibua Ta Heau(pepeHuiaabHa ypOaHizaumisa B YKpaiHi
Y PAASIHCBKY Ta NOCT-PAASIHCHKY €py

Onexciit Kocmanmunosuu I'aspuniok,
actipadT Kadeapyu eKOHOMITHOI Ta CoIliaTbHOI reorpadii
KuiBchkoro HamioHansHOro yHiBepcuTeTy iMeHi Tapaca LlleBuenka,
Bya. Bomonumupceka, 64, m. Kuis, 01601, Ykpaina;
TOJIOBHUH €KOHOMICT CEKTOPY MIrpaiiHuX JOCITIHKEHb
Incruryty nmemorpadii ta conianpaux gocmimkens iMeHi M.B. [Ityxu HAH Vkpainu,
OynbB. Tapaca LlleBuenka, 60, m. Kuis, 01032, YkpaiHa;
e-mail: oleksii.havryliuk.ukr@gmail.com, http://orcid.org/0000-0002-7567-0282

VY crarTi BUKIAACHO pe3ylbTaTy TECTYBaHHS Mozemi AudepeHnianbHol ypoanizauii (the differential urbanization model) B Yk-
paiHi Ha OCHOBI JeMorpadivHNX JaHUX COLIaTiCTUYHOTO Ta MOCT-COLIANICTHYHOTO Yacy. OMUCaHO eMITipUYHO BCTaHOBJIEHI MarTep-
HU andepeHmianpHol Ta HeaudepeHIiaabHol ypOaHi3amil Ta pPO3KPUTO CycHiIbHO-reorpadidHi yMOBH iXHBOTO (OpMYBaHHS.
3’scoBaHo, 10 B YkpaiHi mpoTsiroMm mectu aekan (1959-2019 pp.) ypbanizaiis Mana qeKiibKka pecTapTiB y paMKax MoJeli TudepeH-
nianbpHOI ypOaHizamii, siki Oyiy 3yMOBIICHI KPH30BHMH IpoIiecaMy Ha TEPHUTOPIi KpaiHu (HaIpUKIIa, CBiTOBAa EKOHOMIUHA KpH3a), a
TakoX (PiKCyroThCS KpW30Bi MarTepHU HemudepeHnianbHol ypOaHizalii, o 1MoB’s3aHi i3 pi3KMM 3aroCTPeHHSIM KPU30BHX SBUI Ta
nporeciB (BiHCHKOBHH KOHQIIIKT, 3MiHa €KOHOMIUHOI cucteMu). [IopiBHSIHHS OTPUMaHHUX eMIIPUYHUX Pe3yJbTaTiB i3 pe3yiabTaTaMu
MOTIEPEAHIX TOCTIKEHb MiATBEPAMIO PAA rinoTe3. 3 ogHOro OOKy, Tirmore3y mpo HeaudepeHianbHy ypOaHisamito B YKpaiHi mpoTs-
TOM KPH30BHX TEpioziB, sika, sk 1 y xonumHid Ecrorcekiit PCP, Oyna mos’s3aHa 3 konarncoM Pagsacproro Coro3y Ta mepexomoM Bil
KOMaHJHO-aJIMIHICTPAaTUBHOI 10 pUHKOBOI eKOHOMIKH y 1990-x pokax. 3 iHIIOTO OOKY, 3a JOTIOMOTOIO MIiTpalifHUX ITOKa3HUKIB OyJI0
MATBEPPKEHO paHillle BUCYHYTY Tinmote3y mpo Te, mo y 2008-2010 pp. B YkpaiHi ciocrepiraiach Kpu3oBa KOHTp-ypOaHizawis B pa-
MKax Mojienli TudepeHiiansHoi ypoanizarii. Taka «kpr3oBa eBomtolis» audepeHiiaipaol ypoaHizaiii B YkpaiHi € pe3ybraTom mnep-
TypOaniifHuX CoIianbHO-eKOHOMIUHHX IIponeciB. MiXKHApOIHI MOPIBHSIHHS TpaekTopiil qudepenmianbpHol ypOaHizalii Bka3aau Ha Te,
o oKpiM YKpaiHH CTazilo KpU30BOi KOHTP-ypOaHizanii May i komuinas 3axigHa Himeuunna ta Pocis, ski npoiinum 11 me y mepriit
nonoBuHi XX cromitts. Ilicis moyarky BilickkoBoi arpecii 3 6oky Pocii Ha Teputopii Ykpainu ¢ikcyeTbesi KpU30BHIl TATTEPH HEIH-

(epennianpHOl ypOaHizaii.

Knrwwuosei cnosa: ypoanizayis, paoaHcoKuii ma nocm-paosaHcbKuil MiCobKull po3eumox, mooensb ougepenyianvhoi ypoanizayii,
nammepHu ougepenyianoHoi ma HeougepenyianvHoi ypoauizayii, Yxpaina.

Sk uutyBatn: [aspmtok O. K. udepenmiansaa Ta Heaudepeniiianpia ypoaHizaiis B YKpaiHi y paJsiHCbKy Ta mocT-pamstacebky epy / O. K.
I'aBprutrok // Bicank XapkiBchkoro HaioHansHOTO yHiBepenTtety iMmeni B. H. Kapasina, cepis «I'eonoris. I'eorpadis. Exonoris», 2021. — Bum. 55. —

C. 141-158. https://doi.org/10.26565/2410-7360-2021-55-11

In cites: Havryliuk O. K. (2021). Differential and non-differential urbanization in Ukraine during the soviet and post-soviet era. Visnyk of
V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 141-158. https://doi.org/10.26565/2410-7360-2021-55-11

IlocTanoBka mpodJjeMu Ta akTyajabHicTb. Ha
CHOTOJIHIIIHIH JICHb, ICHYE HU3Ka KOHIICTITIB CTa ik~
HOTO PO3BHUTKY YpPOOCHUCTEM pi3HUX MacmTaOHUX
piBHIB. Ayie GULIBIIICTh WX MOJENEH MiCHKOTO PO3-
BUTKY CTBOpPEHA y 3aXiIHUX HAYKOBHX IIKOJIaX CYC-
niapHOI reorpadii. i mMomeni mpomoMararoTh iJeH-
TU(iKyBaTH CTafil MiCHKOTO PO3BHTKY B COLiaJIbHO-
EeKOHOMIYHUX Ta MOJNITHYHUX YMOBaxX IIMX KpaiH.
[Ipote, He 3amKaU JaHI MOIEII MOXKYTh «YHCTOY
ineHTudiKyBaTu cTajaii MiCBKOIO PO3BUTKY Y IOCT-
COLIIICTUYHUX Ta MOCT-PaAsHCBKUX KpaiHax, a
0COOJIMBO Yy iXHIi¥ mornepenHii 1001 — CoLialiCTHYHIMH
Y1 PaISIHCHKIH.

OCHOBHOIO TNPUYMHOIO LBOTO € Te, IO B
OCTaHHI TPH JCKaJH, MiCJs PEBOJIOLIN, HE[aIHOTO
KOJIAIICY Ta YTBOPEHHS HOBUX IMONITHYHHX CHUCTEM
kiHug 1980-x — moyarky 1990-x pokiB, BOHM Maiu
TPaH3UTHHUH TMEpioJl, IKUH XapaKTepusyBaBcs Iepe-
XOJIOM BiJi KOMaH/THO-ILUTAHOBOI J0 PUHKOBOI €KOHO-
MiyHO1 cuctemMu. Taki ekoHOMiuHI TpaHchopmarii
MMO3HAYMIIMCh Ha MOTHUBAIIiSIX MITPaHTIB, COLIAIbHO-

KyJIbTYPHOMY, €KOHOMIYHOMY Ta IOJIITHYHOMY KUT-
Ti KpaiH 1 iXHiX perioHiB. Came TOMY, TOYHHAIOYH i3
1990-x BimOyBCcsi OypXJIMBUH CIUIECK TECTyBaHHS
KOHIETITIB, 1[I0 ONHCYIOTh PO3BUTOK MICHKHX arjo-
Mepaiii (QyHKI[IOHAIbHUX ypOaHi30BaHUX PETIOHIB
a00 ypOOperioHiB) Ta iHIIMX MICBKHX MPOCTOPOBHX
yTBOpeHb. Takuii XBaBHWii iHTEepec A0 KOHLENTIB
poO3BUTKY ypOaHizamii 3aximHoro tumy (Western-
Type) TpuBac 1 TOHWHI, ajleé BKE 3 BarOMHMH JIO-
OMpalOBaHHIMH, SIKi BPaXOBYIOTh JIOCBiJ IPOLECIB
ypOaHnizallii y mocT-comialiCTHYHUX KpaiHax.
[Mouynnaroun 3 1990-x pokiB VYkpaina 3Haxo-
JIUTHCS B ieMorpadiuHiil Kpu3si, 0 3HAYHO CIIOTBO-
PIO€E YSIBIIEHHSI IOCIIHUKIB MPO MpouecH ypOaHiza-
il Ha 11 TepuTopii. AJpKe, SKIIO MPOCTO aHai3yBa-
TH SK 3MIHIOIOTBCSI YacTKa MiChKOTO HACEJEHHS Y
3arajbHii YMCEIbHOCT] HaCeJIEHHS IEBHOTO PET10HY
Ta HaJam OyJayBaTd CBOT BUCHOBKH JIUIIE HA TAKOMY
MOKA3HUKY, TO IIe € XUOHUM 3 TOYKH 30pY JOCTOBIp-
HOi OLHKM mpoueciB ypOaHnizauii B Ykpaini. Tomy,
AKTYaJIbHMM € BHBYCHHS TpeHAiB ypOaHizawii B

© lraspuniok 0. K., 2021
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VYkpaini Kpi3p TPU3My KOHIIENTIB  CTaiiHO-
IUKJTIYHOTO MiCHKOTO PO3BHUTKY, & TaKOK HE MEHIII
aKTyaJIbHUM € TOPIBHSHHA OTPUMaHUX pE3yNbTaTiB
31 CBITOBUMHM TpeHIaMH Ta Kedcamu. Buxomsuu 3
[IMX MOTHUBIB y JaHIi CTaTTi MPOTECTOBaHA MOJENb
mudepeHmianpHol  ypOanizamii  (the differential
urbanization model) sk ofHa 13 KIFOUOBUX MOJCIICH
CTa/IIfHO-E€BOITIONIMHOTO PO3BUTKY MICBKHX CHCTEM
BHIIMX 1€PAPXIYHUX PiBHIB.

AHaJi3 ocTaHHiX AOCHiTKeHb 1 myOsaikamiii.
CyuacHili reoypOanicTuLi BigoMo Ayxxe Oarato piz-
HOMaHITHUX IIPOLIECIB MICBKOTO PO3BUTKY TEPHUTO-
plampHUX cucteM: ypOaHizauis, cyOypOaHizaris,
ne3ypOaHizailis, ekc-ypOaHizallisi, KOHTp-ypOaHi3a-
1Iis, TOCT-CyOypOaHizarisi, peypOaHizamisi, KOXeH 3

SIKAX Ma€ CBO1 0COOIMBI CyOITpOIIECH Ta MPOCTOPOBI
MapKepH.

B 3aranpHOMy, ypOaHi3allif0 TPaKTYIOTh SK
MPOIIEC MPOCTOPOBOI KOHICHTpaIlil HaceneHHs [45],
SKUH 3a3BUYall BUMIPIOETHCS SK BITHOCHA 3MiHA
YaCTKU MICHKOTO HACEJIEeHHS Y 3arajbHil YNCENTbHO-
cti HaceneHHs. OpHAaK, yepe3 cyOypOaHizallito MeT-
POTIONITEHCHKI apeand, a He OKpeMi MicTa, Bce dac-
Tillle CTalOTh OCHOBHUMH OJUHHIISIMHA aHANI3y TPHU
JOCTIIKEeHH] mepepo3noiny HaceneHHs [17;21;44].

«Yp0OaHnizanis Ha MaciITabHOMY PiBHI CHCTEMH
PO3CEJICHHST HACEJICHHS» O3HAYa€ MO3WTUBHY B3ae€-
MO3QJICKHICTh MK KOE(IlliEHTOM CalbII0 Mirparii
(net migration) i po3mipoM nocenens (puc. 1), Bpa-
XOBYIOYHM HaWOUIBII MicTa (BKITFOUAOYX IXHI METPO-

Puc. 1. B3aemMo3B’s130k Mix Mirpati€to Ta po3Mipom nocesnenns: (1) ypbanizauis; (2) koHTp-ypOaHizaris —
3a A.J. Fielding [22], (imnopToBaHo 3a [19], ananToBaHo Ta MmoaudikoBaHo 3a [21]).
Fig. 1. Relationship between migration and settlement size: (1) urbanization; (2) counter-urbanization —
by A.J. Fielding [22], (imported by the author for [19], adapted and modified by the author for [21])

moJTiTeHChKi apeanwn) [14;17;19;21;44].
«YpOaHizaliss Ha MacmITaOHOMY PiBHI METpO-
noJiTeHchkux apeaniB (OYP abo mickka po3ceneH-
ChbKa aroMepartis)» — Ie Iporec, IpH SKOMy Hace-
JICHHS B METPOIOJITEHCHKOMY apealli Bce Oijiblie
KOHIIEHTPYETHCS y IEHTPAILHUX MicTax (s20pax) 3a
paxyHoOK cyOypO0iti [19;44;46;47].
«KonTtp-ypbaHizamiss Ha MacmTaOHOMY piBHI
CHCTEMH PO3CENICHHS HACEJICHHs» 03Ha4Ya€e HeraTHB-
HY B3aEMO3AJICKHICTh MK KOC(II[IEHTOM CaibJI0
Mirpartii i po3MipoM ITOCEIeHHS, IPH IbOMY BEIUKi
MicTa BKITIOYAIOYHM iXHI METPOIIONITEHCHhKI apeaiu
MAalOTh BHUII TeMIU (A6MopcbKa NpuMimka — Heaa-
MUBH020 Koeiyicnma carvoo miepayii), HK y T0-
CEJICHHSX 1HIIoro po3Mipy [14;17;19;21;44].
«CyOypOaHizallisi y METPOIOJITEHChbKUX apea-
nax (pyHKI[IOHAIBHUX ypOOperioHax)» — Ie MpoLec
MEePEepO3MNOALTy HACEICHHS BiJl HEHTPAIbHUX MICT
1o cyoyp0Oiit [19;44;46;47]. Hanpukmnan, 8 CIIA y
60—70-1i pokn XX CT. 3HaYHa YacCTHHA HACEICHHS
nepeixaia i3 BeMKUX MICT J0 HepeaMicTs, KiacHy-
Ha ypOaHizauis 3miHMIack cyOypOanizamiero [7].
[poniecu ypOanizanii, cyOypOanizamii Ta
KOHTp-ypOaHi3aii IUKIIYHO TOE€JHAHI y Mojenm
XKHUTTEBOTO LUKy MicTa Ta Moneni AudepeHuiaib-
HOT ypOanizarii [24;25;26;31;35,46;47]. Mirpariis 3
cena JIo MicTa, 3aro4yaTKOBaHa i1HAyCTpiaii3alli€ero,

MPU3BOAMTE 10 ypOaHi3allii: BelIHKi MicTa, SK Impa-
BUJIO, POCTYTh 3a PaxXyHOK Mirparlii sik 3 mepeamic-
TS, TaK 1 BiJI HEMETPOIIOJITEHCHKUX apeaitiB (Tepu-
TOpIi 32 MeKaMU METPOTIOTITEHCHKUX apeaiiB). AJe
3 YacOM JIFO/IM TTOYMHAIOTH 3aJIMIIATH BEJHMKI MicTa.
Ile crouaTky npu3BOAUTH 10 cyOypOaHi3alii, a 3ro-
JIOM JI0 KOHTp-ypOaHni3zanii. JloMiHaHTHI Mirpaltifii
MOTOKU € PE3yJbTaToOM «BUPOOHWUHXY/ “productio-
nist” Ta «EKOJIOTIUHUX»/ “environmentalist” MoOTH-
BiB Mirparii. Crioyarky jajisi MirpaHTiB JOMiHAHTHH-
MU € «BUPOOHHUYI» MOTHBH, HAIPHUKIAJ], MITPYIOTh,
mo6 orpumaru podoTy abo ocsity. IIpore 3 yacom
OajaHCc 3pylIyeTbess B OiK 3a0e3Me4eHHs OuIbII
MPUEMHOTO CEPENIOBUIE JUIA JKUTTA. Y Oinbin Oia-
HUX KpaiHax 3 OUIbII MOJIOAMM HACEICHHSM AO0Mi-
HYIOTh «BUPOOHWYI» MOTHBH Mirpaiiii, oo Crpuse
ypOanizaiiii. A y OUIBII 3aMOXKHIIIUX KpaiHax 3
OUTBII CTApilINM HACEIEHHSIM «EKOJIOTi4H1» MOTHBHU
Mirpatii npu3BOAATH J0 cyOypOaHizamii i KOHTp-
ypOanizartii [25;26;44].

Kinpka iHmMX QaxropiB momoMararoTs B 3py-
LICHHSX y HampsMi KOHTp-ypOaHizalii, BKIIOYa0un
3MEHIIEHHS, 3 4YacoM, MOTeHIiany BHOYTTS Hace-
JIEHHSI 3 CIJIbCBKOI MICIIEBOCTI, PECTPYKTYPH3AIIi0
EKOHOMIKM Ta NpOrpaMH PErioHaJbHOI MOJITHKU
[17;44].

OpHiero 3 HaHO1IBIIT BUKOPUCTOBYBaHHUX MOJIC-
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JIel MUKITIYHO-CTaNiHHUA MICBKOTO PO3BHTKY € MO-
nenb nudepeHItianbaoil ypoanizaiii (the differential
urbanization model).

I'enepanizoBaHo, Moaenb audepeHLianbHol yp-
Oanizarmii (1Y) BpaxoBye pi3HI acleKTH IPOIECIB
MICBKOTO PO3BHUTKY Ta TOKa3ye YHiBEpCalbHYy CTa-
JOIMHO-IMKITIYHOMY MOJENb IXHBOTO MO€IHAHHS.
OpHnM 13 ToOBHUX MOCcTyNariB moxeni Y e te, mo
MICBKi apeai pi3HUX PO3MipiB CIIIYIOTh yHIBEpCa-
JHHOMY Ta IMKITYHOMY JOCBiny 3pocTanHs [24;26].
[epmmii nmkn ypOaHizamii CKIAaeThCS 3 TPHOX
OCHOBHHUX €ToX — ypOaHizarlii, moisipu3aiiiHoi pe-
Bepcii Ta KOHTp-ypOanizanii (puc. 2). YpOanizaris —
e MO3UTUBHUI B3a€EMO3B'I30K MiXK PO3MIpOM moce-
JICHHSA Ta HOro TeMIlaMH POCTY, KOJIU TOJIOBHE a0o
BEJIMKE MICTO (prime city) pocte HaHmBHIIE (pHC.
1, puc. 2) [21]. [Tonsipuzauiiina peBepcis € mepexia-
HOIO JIAaHKOIO BiJI KOHIIEHTpAIlil HACENEeHHS JI0 KO-
HIIEHTpAIlii, TPUIOMY peTioHanbHI MicTa (pecioHa-
JIbHI Mempononii) KOPUCTYIOThCS HaMOIIBIIUMU Te-
mnamu 3poctaHHs [42]. [Nonsipusamiiina pesepcis
MPU3BOANTH, HAacaMKiHEIb, 0 KOHTp-ypOaHizaii,
IO Ma€ HETaTUBHHI B3a€MO3B'SI30K MK PO3MipoM
MOCEJICHb Ta TEMIIOM 3POCTaHHS, KOJIM Malli MicTa
3pocTaroTh HaimBwHime (puc. 1, puc. 2) [21].

[IpyHIMTIN BHOKPEMJICHHS CTaliil IpencTas-
neHo Ha puc. 2. IXHi Mexi BM3HAUAIOTBCA HepeTH-
HOM Oyab-AKOi mapu KpUBHX; B KOXKHOI — CBOI CIIiB-
BiJTHO-IIICHHS CaJIbJI0 Mirparlii 4u iHACKCIB TUHAMI-
KM HAaceJeHHS TPHhOX KaTeTropii IEHTPIB: TOJOBHUX
MICT, cepeHix i Manux Mict (ypboyenmpis). Ilapn
cTaiit GopMyrOTh TPH TOJIOBHI €IIOXH, SIKI JETAILHO
OTHMCYBAIINCH BUIE, — [) ypbanizayii; 2) norapusa-
yitinoi pesepcii (polarization reversal) i 3) koump-
ypoanizayii [6]:

1. [TouarkoBa KpymHOMICBbKa cTajist ypOaHizartii
(V-1): mBunKe 3pOoCTaHHS BEMUKHUX YpPOOIEHTIB 3a
PaxyHOK MaJIUX i 0COOJIMBO CEPEIHIX.

2. 3pina kpynHomiceka ctafis (V-I1): 3pocran-
HS TOJIOBHUX ypOOIEHTIB 1 BTpaTH HACEJNEeHHS Ma-
JIUMH JIOCATAE CBOTO arorelo, aje CepeiHi TeX Io-
YHHAIOTH 3pOCTATH, MPUBAOIIOIOUN MITPaHTIB.

3. Iouarok monspu3amiitaoi pesepcii (IIP-111):
M0 TeMIIaX POCTY JiAUPYIOTh CepenHi ypOOIeHTpH,
TOJIOBHI CTPIMKO BTPayaroTh CBOIO aTPaKTHUBHICTH, a
MaJti — 11 HapOITYIOTh.

4. Ha 3pimii cranmii cepennix wict (IIP-1V)
BIIEpE PBYThCA BKE Maii ypOOLIEHTpH, MpoTe Hie
HE MOXYTh OOIMTH CepeliHi, a iHJeKC TOJOBHUX Yp-
OOIIEHTPIB CTa€E Bil’EMHHM.

Puc. 2. Cranii Mmonem qudepeniianbpaol ypOaHizaliii (iMImopToBaHo aBropoM 3a [4] 0aszyrouncs Ha [6;19;36]).
Fig. 2. Stages of the differential urbanization model (imported by the author for [4] based on [6;19;36])

5. KonTp-ypbaHnizaiiito BiKpHUBa€e HOBa CTaJis
pocty Manux Mict (KY-V). Bonu poctyTh mBuiLie
BCiX, a cepeaHi ypOOLEHTpU BTPadaloTh MirpauiiHy
aTPaKTHUBHICTH; 3 HUMH MPOUIIOBIIN HUXKHIO TOUKY,
30 TMKAFOTHCS TOJIOBHI YPOOIICHTPH.

6. Ha ocranniii cranii Benukoro nukiny (KV-VI)
cepenHi ypOOIIEHTPH BiJCTAIOTh BiJl MaJUX 1 FOJIOB-
HUX, X042 BXKE HE AyX€ CHIILHO 1 HEHA/IOBIO.

[TotiM Bce MOBEPTAETHCS JIO MOYATKOBOTO II0-
PSIKY «TOJIOBHI — cepeaHi — Majli ypOOIeHTpm», abo
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K 10 HeoypOanizarii. OmHaK, MicIs KOKHOI HEoy-
pOanizamii cami cTazii 3 4acCOM CTalOTh BCE KOPOT-
LIMMH, 1 PO3PHBH B IOKAa3HUKaX KJIaciB ypOOIEHTPIB
Bce MeHmie. Tomy pe-ypOaHizamisi micis MmocTol
cTamii — He Ta, mo mepen mepmior [6]. Konment
mudepeHiianbHol ypbOaHizaiii MICTUTh 1 TOHSATTS
«YHCTOTO» PO3PUBY («4UCTa» peBepcis). «Huctuiiny
po3puB (pHC. 2) TPAIUIIETHCS TOMI, KO BEITUKI Mic-
Ta BTPavalOTh HACEJIEHHS B a0COMIOTHOMY BHpa-
JKCHHI Yepe3 BUOYTTS HACCICHHS. Y Iil TOYIl MiCh-
Ki apeanu cepeHbOro po3Mipy AEMOHCTPYIOTH BH-
COKHMIl piBeHb MPUOYTTS HACENIEHHS, a MaJi MiChKi
apeany MOYMHAIOTH IEMOHCTPYBaTH MO3UTHUBHE 3Ha-
YyeHHs1 koediuienTy canpao mirpaumii. Touka, B sKii
Koe(IIIEHT calba0 Mirparlii cepeaHix 3a po3MipoM
MICBKHX apeajiB MepeBHUIye PiBeHb BEIUKUX MiCh-
KHX arioMepanii € 3akiH4eHHsIM eTamy ypOaHizarii
Ta TI0YaTKOM TOJISIpU3allifHol peBepcii [24].

3amicTp OanaHCiB Mirpariid, SKIIO BOHH HEIO-
CTYIHi, IUIsi MOJAET MpPOMOHYIOTh OpaTtu iHJAEKCH
JUHAMIKU HaceJIeHHs 3a mepiof, ckaximo, B 10 po-
KiB: pi3Ha memorpadist 3pymIuTh TOAI BCi KPHUBI Bro-
py abo BHU3 (HaceleHHS BCIOAM pocTe abo CKpi3b
yOyBae), MaJio BIUIMBAIOYM Ha iXHIN BUIVISII, a 3Ha-
YUTh 1 Ha cTaali. Bu3HAIOTH, 10 Il CXOOMHKH HE
3aBXAM BHPA3HI, aje€ HEOAMIHHO TMPOSBIATHCA B
3MiHi TeHAeHIii. He BUKITIOUAIOTH 1 0cOOIMBHX 300-
iB, sk y HiMeuunHi 1O KiHIS BiMHU, KOJIU JIFOIM Ti-
Kalti 3 MICT, Bl OomOapayBanb (Vxpaini ye dyoce
3natiomo). IIpoTe, uu TO 3aCKOYMBIIM BIIEPEN, YU TO
BiJICTYIMBIIH JI0 MOMEPEHBOTO CTaHy, PO3CEICHHS
HaceJIeHHsI IOBEPHETHCA 10 «HOPMAJIBHO» cTail [6].

[cHYIOTH TakoX TEBHI «paMKm» (PEeKOMEHIAIIT)
3aCcTOCYBaHHs Mojeni audepeHiiaabHoi ypOaHiza-
uii. Tak, Momenp Kpalle TecTyBaTH Ha HaliOHAJIb-
HOMY Ta CyOHaIliOHaTbHOMY (TIOJIIIEHTPUYHUN MET-
POIIOTITEHCHKUI PerioH) piBHIX, IPH YOMY BapTo
ineHTudiKyBaTu (QpyHKIIOHATBHI MICBbKi CyOCHCTEMHU
(moMImeHTpUYHI METPOTONITEHChKI perionn) [34;
35]. 3aranom, Mozienb TUudepeniianbpHol ypoaHizarii
Oyna BuBeneHa B 1990-x pokax [26;27;28]. Bixroxi
BOHA IIMPOKO 3aCTOCOBYETHCS Y EMIIPUYHUX JOCIIi-
mokeHHsX [15;16;18;20;23 Ta inmi]. Cripobu mpote-
CTyBaTH Mojeiab audepeHmianbHol ypOaHizamii B
Vkpaini 3a nepion 1840-2014 pp. Oynu 3xiiicHeni K.
Meszenuesum ta O. I'aBpumtokom [4], nmporte nona-
JIBIIMHA aHaji3 BUSBICHUX HUMHU TPEHIIB audepeH-
mianpHOi ypOaHizamii mijisirae JeskuM CyMHiBaM,
OCKiJIbKH, OUIBII JETaabHO BUBYMBINU 0a3zy JaHUX
BUKOPHCTaHY y iXHBOMY JOCIiKEeHi, OyJIO BHSIBIIE-
HO PO30DKHICTh TEBHUX JeMOrpadiyHuX JaHUX Y
pPansHCBKHX Iepenucax HaceJeHHs YKpaiHu uepes
BUKOPHCTaHHA HEO(ImiMHUX [pKepen iHQopMarii.
Jlo Toro x mpoaHaji3oBaHa aBTOpaMH JIMHAMIKa ca-
JIbJI0 Mirpariii MiCbKHX mocesieHb Ykpainu 3a 2003-
2014 pp. Ga3zyBanach Ha aOCONIOTHUX MOKa3HHUKAX,
TOMI SK OTJIA[ JIITepaTypu BKa3ye HA Te, IO JJIs BH-

SIBIICHHSI TIATTEPHIB AWQEpeHIianbaoi  ypoanizamii
HEOOX1IHO BUKOPHCTOBYBATH ITOKA3HHUK «KOS(DIITIEHT
cajpJIo Mirparllii», a He 3BHUaliHi OamaHcu Mirparrii
MICBKOTO HaceleHHs. AJje, MpoBeIeHEe aBTOpaMu
TECTyBaHHS MOJeTi MudepeHiiaibHoil ypOaHizalii B
VYKpaiHi Bce X Jall0 BaXJIHBI Ta, IMEBHOIO MIpOIO,
MiOHEPHI HAYKOBI pe3yJbTary.

@®opMy/IIOBAHHSI MeTH Ta 3aBAaHb CTATTi.
OCHOBHOIO METOIO CTATTi €, TO-TIEPIIE, TOKPAIIUTH
METOJMYHI MiJXOAW TECTYBaHHS MOJAECII qU(epeHIli-
anpHOi ypOaHizalii Ha HaIllOHAILHOMY MacIITaOHO-
My piBHI Ha MPUKIaAl YKpaiHH i3 BHKOPHUCTAHHIM
KOPEKTHUX JaHUX IIOAO PaAsSHCHKHUX MEPernuciB Ha-
cesieHHS YKpaiHH Ta iHIIKX AeMorpadiuHuX JaHuX
HOCT-PAISTHCHKOTO TEPiofy, MO-APYre, BCTAHOBHTH
craxii mudepenmianbHOI ypOaHizarii B YkpaiHi mpo-
TsiroM 1959-2019 pp. Ta 3’sicyBaT yMOBH i (hakTopu
ixaporo opMyBaHHS Ta MpoTikaHHA. B Mexax moc-
TaBJIEHOI METH, MOPYIIYIOTHCA TaKi TOCIHiTHUIBKI
3aBAaHHs: 1) JOCHIIUTH OCOOIUBOCTI MICBKOTO PO3-
BUTKY B Ykpaini npotsarom 1959-2019 pp.; 2) nepe-
OCMUCIUTH KOHIIENITyaJdbHI OCHOBH Momemi aude-
peHiianbHo1 ypOanizauii (the differential urbaniza-
tion model) Ta MeTOIMYHI TiAXOAM 11 TECTyBaHHS B
VYkpainu; 3) BUSBUTH PaIsSHCHKI Ta MOCT-PaIsTHCHKI
MaTTepHU MICHKOTO PO3BHUTKY B YKpaiHi 3a pe3yib-
TataMH ieHTUdIKaIil cTamii Momem audepeHiiia-
TBHOT ypOaHizallii; 4) MOPIBHITH pe3yNIbTaTH TECTY-
BaHHS Mozeni mudepeHianpHoi ypbaHizamii B VK-
paiHi 3 TOCIIIHUIBKUMU KeCaMH THIIUX KpPaiH.

Bukiaa ocHOBHOTo MaTepiajy J0cCigKeHHs.
BupunBmm n0CBia TECTyBaHHS MOjeNi qudepeHiiia-
mpHOI ypOanizamii B iHIIMX KpaiHax CBiTy, Oyio
CTBOPEHO TEBHI YMOBH JUIS TECTYyBaHHS IIi€i KOHIIE-
il Ha HALIOHAJIBHOMY MacIITaOHOMY piBHI YKpaiHH:

— B VYkpaini icHye Tpu kaTteropii MicbKHX
HEeHTPIB (YpOOLCHTPIB): BEJIMKI, CEPE/IHI Ta Mai.
BenukuMu ypOolieHTpaMH BBaXKAIOThCS MiCTa 3
HaceneHHsM noHay 250 tuc. ocid, cepenni ypoo-
HEHTpH — MicTa i3 HaceneHHsM 50-250 tuc. ocib,
3a MaJli ypOOILIGHTPH MPUHHATO MiCTa 3 HaCeJICH-
HsaM 10 50 THc. ocib. Y po3pisi TpboX Kareropii
ypOoueHTpiB OepyThCs 1HIWBIAyambHI JeMorpa-
(biyHI TOKa3HUKH JIJIs1 KOYKHOT'O ypOoleHTpy (0e3
BpaxyBaHH: MICBKUX arjoMepaliil sapamu sSKux
€ Jlesiki ypOOLIEHTpH), IO BiAMOBITa€ METOIMIIL
BUCBITIIEHIH y poboTi A. Tpeiisimia i T. Hedwo-
nmoBoi [6;40], mompaBma, 06e3 «KOB3HOI IITKAIH
CEpeAHiX MICT» sl KOXKHOI iCTOPUYHOI €NoXH,
sIKa TaKOXX BUKOPUCTOBYBaJach iy mpaii K. Me-
serneBa 1 O. I'aBpwmoka [4]. Ile moB’s3aH0 3
TPHUBAJICTIO JAOCIHiIKYBaHOTO TEepiofy, SKHUi
OXOILTIOE OCTaHHI micTh Aekan (1959-2019) wmi-
ChKOI'O PO3BUTKY B YKpaiHi, 1[0 POOUTH HEIOILIi-
JHHAM BHKOPHCTAHHS «KOB3HOT IIKAIIU CEPETHIX
MicT».

— Po3swmip ypOormeHTpiB IS TOCTIKCHHS B
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1959-2002 (mepermic 2001) pp., 32 TMOKa3HAKOM
CEPEIHBOPIYHOrO MPHUPOCTY HACEICHHS, (iKCy-
BaBcs 3a nepenucoM HaceneHHs 1989 poky, npu
OBOMY /0 YBaru OpajHCh JIMIIE MiCTa; CMT 3a
nepericoM 1989 poky BBaXKarOThCS TaKWMH, IO
MMOBHOIO MIpOI0 HE JEMOHCTPYIOTh MICBKOTO
croco0y JKUTTS 1 10 aHalli3y He Opajuch.

— Po3wmip ypOomeHTpiB I TOCTIHKEHHS ¥
2002(meperc 2001)-2013 pp., 3a KoedimieHTOM
canpao Mirpauii (BpaxoBylOUH 30BHILIHI Ta BHY-
TPIlIHI MirpamiiHi HOToKH), (QikcyBaBcsS CTAaHOM
Ha neperniic 2001 poky. o yBaru Opanmuch Jiuie
MICBKi ITOCEJICHHSI, 10 MAIOTh CTaTyC «MIiCTO», a
CMT B MaciuTabax KpaiHH BBa)KalOTHCS TaKHMHU,
0 y CBOIW OUTBIIOCTI HE MAIOTh PEATHHOTO Mi-
CBKOTO CIIOCOOY JKHTTS, a TOMY ITHOPYIOTHCS
MIPU TECTYBaHHI MOJIEI.

Ilammepuu Oudghepenuyianvnoi ypoanizauii ¢
Ykpaini (1959-2002). KnrouoBuM MOMEHTOM TECTY-
BaHHsI MoJieNli AudepeHIianbpHol ypOaHizarii € BHOip
iHAMKaTopa (CEepeAHBOPIYHUI TMPHUPICT HACETCHHS
a00 KoediIliEHT cab0 Mirpaiii) Ta METoIuKa HOTo
00paxyHKy, aJKe BiJ IIbOTO 3aJICKUTh SKICTh 1/ICH-
tudikamii cragii audepeHmianeHOi  ypOaHizalii.
Crimparouuch Ha JOCTYNHY CTaTUCTHYHY iH(OpMa-
Iif0 TIEPETHCiB HACEIEHHS Ta BIIKpUTY 0a3y MaHUX
YHCEIBHOCTI HACENICHHSI MICHKHX TIOCENIeHb YKpaiHH
[2;3] Oyn0 poO3paxoBaHO CEPEAHBOPIYHUI TEMIT
MIPUPOCTY HACENICHHS Ui KOKHOI Kareropii ypoo-
LEeHTpiB (Besuki, cepenHi, Mami) 3a 1959-2002 pp.,
3a hopmysioro [41]:

_ 100 - In(P,/P;)
B (t2-t1)

ne: P; — 4HCeNBHICTh HACEeNeHHS Ha I0YaToK
JOCIII/PKYBAHOTO Tiepiony, oci0; P, — YHCEIbHICTD
HACeJICHHS Ha KiHelb JOCHIKYBAHOTO IEPioiy,
0Ci0; t; — MOYaTKOBHH PiK JOCTIHKYBAHOTO MEPiony,
piK; t, — KIHIIEBWHA PiK JOCIIPKYBAaHOTO TEPiomy;
(t,-t1) — "yacoBUH iHTEpBaJ JOCITIIKYBAHOTO Tepi-
Oy, B POKax; 1 — CEpeIHbOPIYHUIA TEMI MPHUPOCTY
HaceneHHs, %.

Pesynbratn po3paxyHKy CepelmHBOPIYHOTO Te-
MITy TIPUPOCTY HACEJICHHS y PO3pi3l BEIHKHX, cepe-
JHIX Ta Majnux ypOoueHTpiB Ykpainu 3a 1959-1970
pp., 1970-1979 pp., 1979-1989 pp., 1989-1992 pp.,
1992-1998 pp. ta 1998-2002 pp. HarTh BaXIUBI
HayKOBi pe3yJbTaTH B paMKax Mojeni audepeHuia-
npHOT ypOanizauii. Tak, IUBISYMCH HA EMITIPUYHI
KpHBI TPbOX Kareropiit ypooneHTpis (puc. 3) ta mo-
PIBHIOIOYM iX 13 BIJNOBIIHUMH 1J1€aTi30BaHUMHU
KpUBMMHU Mozeni JudepeHuiaabHol  ypOanizamii
(puc. 2) BugHO, MO B YKpaiHi NarTepHu TU(epeHIri-
anbHOI ypOaHizariii y nepiox 1959-2002 pp. MOKYTh
inenTudikyBaruce aume 10 1992 poky. Amxe, micis
pOro (HIKCYETHCSA KPU30BHU MATTEPH HeAUDEpEHLIi-
anpHOi ypOamizarlii B YKpaiHi, o0 IMOB’s3aHUH 13

MOJITHIHOIO Ta COIiaTbHO-CKOHOMIYHOIO KpPH3010
micist konancy CPCP. Iarrepn HeaudepeHIiianbHol
ypOaHizalii XxapakTepu3yeTbCcs THUM, 110 YPOOIICHT-
PH BCiX KaTero-piii MaroTh BiJ’€MHE 3HAYCHHS cepe-
THBOPIYHOTO TpUpocTy HaceneHHda (puc. 3). Okpim
MTOJIITHYHOI Ta COIliaJTbHO-€KOHOMIYHOT KpH3, SKi
MaroTh CYTTE€BUH BIUIMB [JIsi MOTHBAIlil MIirpaHTiB
yCiX KaTeropii ypOoLeHTpiB, B MaHUH mepion ¢ik-
cyeThes 1 gemorpadiyaa Kpusa, Mo 3HaYHO CIIOTBO-
pIO€ pe3ynbTaTé 00paxyHKy CEpeAHbOPIYHOTO TEM-
My MPUPOCTY YMCENbHOCTI HACENEHHS, aJlXe IO CyTi
MOKa3ye HE MIrpamiiHy aTpakTHUBHICTh BEJHKHX,
CEepeIHIX Ta MaJiX ypOOLIEHTPIB, a TPEHAU JETOIy-
nsii HaceneHHs. [lporte, iHdopMariiitHOi 06a3u na-
HUX OO0 Mirpamii B po3pi3i MicT YKpaiHU y MiXk-
nepencHuil nepiog 1989-2001 poku maiixe HeMae
a00 BOHa € (pparMEHTapHOIO Ta HEJOCTATHLOKO JIJIS
pPENpPEe3eHTaTUBHOCTI B MEXax MoJelNi nudepeHiia-
TBHOI ypOanizarii.

Tako, BaXXJIMBO HarojJOCHTH, 110 PO3POOHUKH
Mogem nudepenniinoi ypoanizamii (77 Kontuly &
H. Geyer) Bka3y1oTh Ha Te, 10 HEOOXITHO TOTPUMY-
BaTHUCs 00aYHOCTI MPH 3aCTOCYBaHHI MOJIEIi JI0 pea-
JILHOCTI, OCKIJIbBKM YacoBa XapaKTEPUCTHKA MO
nmudepeHmiaabHoi ypOaHizamii onucye ijeanbHy CH-
Tyallito, 3a SIKO1 B MICBKHX PeTiOHaX CIIOCTEePIraeThb-
csl pIBHOMIpHHUI pPO3MOAIT MPUPOIHUX PECYPCIB,
TOMY MPU TECTYBaHHI BapTO 3BaKaTH Ha JIOKAJIbLHI
YMOBH iCTOpii PO3BUTKY 1 3aHemaxy MICT B po3pisi
JOCTIIXKYBaHHX rpymn ypOoueHTpis [35].

TakuM 4YHMHOM, BpPaxOBYIOYM BHIIE3a3HAUCHE,
Oyno ineHTn(iKoBaHO CTaAiliHI MATTEPHH AUQepeH-
miajgpbHOI ypOaHi3alii 3 ypaxyBaHHSM BiJITOBITHUAX
CYCIUIBHO-ICTOPUYHUX YMOB, B SIKHX BOHH Bij0OyBa-
mucs. AHali3 Tokasas, 1o 3a mepiog 1959-2002 pp.
Vkpaina npoiinuia yepe3 taki craaii (tadm. 1): mo-
YaTKOBY CTaiil0 KpyIMHOMICBbKOI ypOanizarii (V-1),
3plly cTalilo KpymHOMIchKol ypOanizauii (V-11),
MOYaTKOBY CTaJlil0 MoJspu3amiiaoi peBepcii (11P-
111) Ta kxpu30By cTaito HeauepeHIianbHOT ypoaHi-
3arrii.

PosrisiHemMo  OiibIl  A€TaIbHO — CYCHUIBHO-
ICTOPUYHI YMOBH MIiCBKOTO PO3BUTKY B YKpaiHi Ipo-
iroM 1959-2002 pp., siKi JOMOMOIIIM OUIBIII TOYHO
ineHTudiKyBaTH narTepHu IudepeHuiaabHol ypoa-
Hizamii B YkpaiHi.

Y 1959-1970 pp. Ha#OLIbII NPUBAOTUBHMHU
JUIS TIPOXKMBaHHS JIFofiel OyliM BEJMKI Ta cepesHi
ypOOLIEHTPH, a MEHII aTpaKTUBHUMHM OyJIn Mami yp-
OOLIEHTPH, SIKI MaJId J0IaTHE 3HaYEHHs aeMorpadi-
YHOTO iHJEKCY (CepeIHBbOPIYHUI TEeMI MPUPOCTY
HaceJICHHs), [0 He BIJIITOBIIAE 1/1ealli30BaHii cXeMi
€BOJIIOLI] KPUBUX TPHOX KaTeropiil ypOOLEHTpIB 3a
Moneiuiio  audepeHiiaabHoi  ypOanizarii (puc. 2,
puc. 3).

Onnak, BapTo 3ayBakuTH, 110 nepiog 1959-
1970 pp. xapakTepusyeThcs GOpCOBAHUMU TIpOIeca-
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CepeaHbopiYHMI TEMN NPUPOCTY HaceneHHs, %

2

ce#+c mani ypbpoueHTpn = M= cepegHi ypboLeHTpW === BenKi ypboueHTpU

Puc. 3. CepenHbopiuHHi TEMIT IPUPOCTY HACEICHHS MAJIMX, CEPEIHIX Ta BEJIMKUX ypOOIEHTPIB YKpaiHu 3a
1959-2002 pp. (o6paxoBano Ta modymnoBaHo 3a [2;3]).
Fig. 3. The average annual population growth rate of small, medium and large urban centers of Ukraine
during 1959-2002 (calculated and author’s elaboration by [2;3])

Tabnuys 1

InenTudikauis cragiifHux narrepHiB qudepeHnianbHoi ypoanizauii B Ykpaini npotsirom 1959-2002 pp.

Cranii nudepennianbHoi ypOoanizamii

y-1 y-1u pP-111 IP-1V Kpu3zoea cmadin
1970-1979
- - - -299?
1959-1970 1979-1989 1989-1992 1992 - 2977

MU TICIISIBOEHHOT 1HAyCTpiamizaliii, 10 TOsCHIOE
Take pi3Ke MIHATTA TPbOX KaTeropiii ypOOIEHTPIB.
Ilix yac ¢opcoBanoi iHmycTpiamizanii roJOBHUMHU
LEHTPaMU COLIaJiCTUYHOTO OyNiBHHUIITBA CTaBallU
MaJji Ta CepeiHi LEHTPH, 10 PO3BUBAJIO iXHIO MiC-
Toopmytody 0a3y Ta CIOHYKAJIO HacelleHHs mepei-
30UTH 10 HUX. 3 1959 p. mouynHa€eThCS IHTEHCUBHUIA
PO3BUTOK ypOaHi3alliifHUX MIPOIECIB: BUHUKAE Oara-
TO HOBHX MicT (3 1946 no 1970 p. Mepexa mict 30i-
nermiacs Ha 128 wmicto [8]). Pizke 3pocTaHHs um-
CEJIbHOCTI HaceleHHsS BEJIMKHX YpOOLEHTpIB y Aa-
HUI TIepiof] MPU3BOAMTE JI0 3aI0YaTKyBaHHS PaJisH-
CBHKOT IMOJITHKH PEryJIIOBaHHS POCTY BEIUKUX MiCT
PE3yNIbTaTH AKOi YiTKO MPOCIiAKOBYIOTBCS Y CHHX-

POHHOCTI TPEH/IIB PO3BHTKY BEIHKHX Ta CEpeIHiX
ypOoueHnTpie ynpomorx 1959-1970 pokis (puc. 3).
Oco0nMBO 1€ BUAHO, SIKIIO MOAMBHUTUCH Ha KPUBY
CEpeAHBOPIYHOrO TEMIy MPUPOCTY HACENICHHS Y
MicTax pi3Hoi JromHocTi (puc. 4).

Ha pucyHky 4 mpochiKOBYeThCs T€, IO IMPO-
TSATOM BCBHOTO JOCHiKyBaHoro mnepiogy M. KuiB y
TpyIIi MICT 13 HaceNeHHsIM y TioHax 1 MiH. ocib 3po-
CTae 3HAYHO MIBHJIIE, HIK 1HII MicTa i€l Tpymnu,
IO TOSICHIOETHCSl CTOJMMYHUM CTaTycoM Micta. B
1959-1970 pp. HanprUBaONMBIIIMMU ISl HACETICHHS
Oynu micta mrofnicTio 50-100 TrC. 0Ci0, OCKIIBKH
MepeBaKHa OUTBIICTh 13 HUX OyJIM TOAI MallUMHU
MiCTaMu, MPOTE i3 MOYATKOM >KUTIOBOT peopmMu ix-
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HE 3pOCTaHHs PULIBUIIINIOCS.

Takox, BAXKIIMBO 3a3HAYUTH, 0 ¥ 1945 porii B
MICBKHMX HACEJICHHX ITyHKTaX Melkano jwuiie 34%
HaceJeHHs YKpaiHW; B KpaiHi MepeBaxkaao CiJIbCcbKe
HaceneHHsa. CTpiMka ypOaHizamis po3noJaiach Mi3-
Hime. [i cNpUYMHUIO 3pOCTaHHS MOMUTY MPOMHC-
noBux mianpuemctB y mictrax YPCP Ha poGouy cu-
Ty Ta MaciTabHa KaMmaHist 3 OyJiBHUIITBA JKUTIA, B
OCHOBI SIKOT JIe)Kajia )KHUTIIOBa pedopMa, iHiIiiHoBaHa
M.C. XpymoBuM Hanpukinmi 1950-x pokis. 3poc-

TaHHSA MiCbKOro HacejeHHs 1o Bcbomy CPCP Oyio
MOB's3aHE, HacCaMIIEPEl, i3 MACOBHM IIEPECEIICHHIM
CIIBbCBKOTO HacelieHHs1 B MmicTa. B Vkpaini ypOawi-
3allisg Ta iHIycTpiani3allis Big0yBamucs TiY-0-TUTiY;
y mipy BigaoBinenHs B CPCP indpactpykrypu Ta
3aBOJIiB, 3pyWHOBAHUX IIij] Yac BiliHHU, Ta OyNiBHHUIIT-
Ba HOBHX ITiIITPUEMCTB CIOIH 3 IIEHTPAIbLHUX paiio-
HiB Pocii Ta inmmx perioniB CPCP nowamu mpu0y-
BaTu poOiTHUKH [12].

Tomy, ciuparounch Ha BHUILE3a3HaYEHE MOJKHA
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Puc. 4. /Ilunamika cepelHbOPIYHOTO TEMITY PUPOCTY

HACEJICHHS B YPOOIICHTpaX Pi3HOI JFOIHOCTI, YKpaiHa,

po3mipu ¢ikcopaHi 3a nepenucom 1989 p. (oOpaxoBaHo Ta MoOyI0BaHO 3a [2;3]).
Fig. 4. Dynamics of the average annual population growth rate in urban centers of different sizes, Ukraine,
the sizes are fixed according to the 1989 census (calculated and author’s elaboration by [2;3])

CTBEepIKyBatu Te, mo B 1959-1970 pp. B VkpaiHi
NepeBakajja M0YaTKoBa CTafisl BEJIMKUX YpPOOLEHT-
piB abo cTanis KpymHOMichbkol ypOanizamii (¥-I),
npoTe BoHa Oyia HE YITKOI uepe3 MOJITHYHI pi-
menns Bnaau sk YPCP, rak i CPCP (puc. 2, puc. 3).

3a 1970-1979 pp. 4ITKO NPOCHTIIKOBYETHCS
TPEH]| 3pOCTaHHS POJI BEIMKUX YPOOLEHTPIB JUIs
MirpamiiHux HacTpoiB (a0o KOHIEHTpawii) Hace-
neHHs (puc. 3). 3aranom, npotsarom 1959-1979 pp.
YTBOPHJIKCH TOJIOBHI aroMepaiiii PansHebkoi Yipa-
{HM, BUHUKJIA KaTETropisi MiCT — MiCTa-MUIbHOHEPH, &
MUTOMA Bara MiCbKHX XuTeniB y 1960-x pokax me-
pesummia 50%, MOBUIBHO 3POCTAIOYM JI0 KIHIIA
1990-x pokis [11]. 3 pucyHka 4 BHIHO, IO BEJIHKI
Ta cepegHi ypOOLEHTpU Pi3HOI JIOIHOCTI MAaloTh
Mailke OIHAKOBY aTpakTHUBHICTb, a MaJli ypOOLEHT-
pY MaroTh 3HAYHO MEHII 3HAYCHHS CEPEAHbOPIUHO-
ro TeMITy NMPHPOCTY HaceleHHs. 100To, BenMKi Ta

Maji ypOOLEHTPH POCTYTh 32 PaxyHOK MalHX, IO
0e33arepeyHo € MapKepoM JApYroi crafii ypOaHiza-
uii (¥-2) B pamkax mozeni audepeniianisHoi ypoa-
Hi3allii, ajpke caMe 3pina KpynHomickka ctamis (Y-
2) Mae Taki BEKTOPH PO3BUTKY.

Takum umHOM, ypOaHizamis ymnpomoBxk 1959-
1979 pp. Oyna nmyxe ctpiMkoro. [linTBepKEHHIM €
Toi ¢akt, mo y 1959 poui B PansHcbkiilt Ykpaini
Oyno yume 25 mict i3 6inbm Hixk 100 000 xwurenis,
To B 1979 Takux MicT Oyiio BKe Maike BIBIUi Oib-
e — 46 mict [37]. BogHouac BHYTpIlIHS Mirpaiis
CHJIFHO CTPHMYBaJlaCh HOPMaM{ CUCTEMH «IIPOITUC-
Ki» (Tak y paJisTHChKI 4acu Ha3WUBAU CHCTEMY pe-
ecTparlii HacelleHHs), sKa 3HA4yHO YCKIIQJHIOBaJA
HaceneHH0 KonuimHboro CPCP mepemimeHHs B
Mexax kpainu. [lomituky y cdepi BHyTpilIHBOT Mir-
pamii B KpaiHi OyJll0 NOM'SIKIIEHO IUINE B TIOCT-
pansHcbki yacu. Y mepiox i3 1935 mo 1974 pik ic-
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HyBaJ1a (haKTH9IHA 3200pOHA Ha TIEPECEIeHHS JKUTe-
niB cema. Jlume B 1974 porii KoirocmHUKaM OyI10
HaJIaHO MOXIIMBICTH ofepKyBatu macnoptu. J[lo
IBOTO BOHM HE MaJld JJOKYMEHTIB JAEP>KaBHOTO 3pa3-
Ka Ta HE MaJIM TIPaBa IMOKHJATH MICIIe CBOTO MPOXKH-
BaHHS IIiJ{ CTPaXOM HPHUTATHEHHS 10 KPUMiHAJIBHOI
BiAmoBizaasHOCTI [12].

YV 1979-1989 pp. cucreMa po3CelIeHHS Hace-
JieHHs YKpaiHu OuTbII-MeHII cTabiizyBanace, B el
nepiof; CHOCTEpiraeThcs MaKCUMallbHE 3HAYCHHS
CEpeIHBOPIYHOTO TEMITy MPUPOCTY HACENCHHS Ce-
pen cepenHix ypoonentpiB (ymomnictio 50-250 twC.
oci0) (puc. 3), mayi ypOOIUEHTPU MOYMHAIOTH TOT-
POXy HapoIlyBaTH CBOIO NpuBaOmuBicTh (puc. 4), a
BEJIMKI YpPOOIEHTPH IOCTYIIOBO BTPadalOTh CBOIO
aTpakTUBHICTB, TpoTe KuiB Bce mie € myxke mpuBad-
JIUBHUM JJIsl MICPAHTIB 3aBISIKK CBOEMY CTOJUYHOMY
cratycy. Taka XapakTepHCTHKa MEperyKyeTbes i3
MpollecoM ToJsIpr3aniiHoi pesepcii (puc. 2), mpote
YiTKO iAeHTU(IKYBaTH LEH MpoIec Ba)XKO uepes
nyke ONu3bke pO3TallyBaHHS KPUBUX OIHE OiJist
oxHoro (puc. 3). 3 omrsiay Ha 1e, repiox 1979-1989
Pp. BBOKATHUMEMO TEPEXiHUM BiJl 3piioi KpymHO-
MiceKoi cTafii (Y-2) emoxu ypOanizallii 0 mo4aTKo-
Bo1 cranii cepenHix ypoouentpis (IIP-1), npu 110-
My Y-2 € moMiHaHTHOIO (0COOMHBO 3a paxyHOK Kuesa).

Ha pocnimkyeanuii nepion 1989-1992 pp.
(puc. 3, puc. 4) npunanae posnag CPCP Ta otpu-
MaHHS YKpaiHOIO He3aJle)KHOCTi. B meit gac cepenni
ypOOLIGHTPH JOCATAIOTHh ITKOBUX 3HAu€Hb CBOET
MpUBAOIMBOCTI HAJ| BCIMa 1HIIUMHU IpyrnaMu ypoo-
neHTpiB (puc. 3), HaBiTh KniB Mae MeHII 3HaYSHHS
CEepeJHbOPIYHOTO TEMITy NPUPOCTY HACENICHHS, HIXK
rpyma cepefHix ypOoueHTpiB 3 mognicTio B 50-100
ta 100-250 tuc. oci6 (puc. 4). Omxe, Taki TpeHAU
PO3BUTKY MallMX, CEPEIHIX Ta BEIUKHX ypOOIIEHT-
piB cBiguarhk npo Te, mo y 1989-1992 pp. Vkpaina
MPOHIIUTa TIOYATKOBY CTaJlil0 CepelHiX ypOOIeHTpiB
(IIP-1), T0OTO CIIOCTEpITaeThCS MPOIIEC IMONIAPU3a-
HidHOT peBepcii a0o Kk MOYaTOK JCKOHIICHTpaIlil Ha-
CEJICHHS.

[Mounnaroum 3 1992 p. i mo 2002 p. (abo nara
nepenucy 2001 p.) B VkpaiHi ¢ikcyeTbcsi marTepH
HeaudepeniiansHoi ypOaHizaiii, 1110 00yMOBJIEHO
HU3KOI0 KPHU30BHUX SBHLI B JAeMorpadiuHomy, modi-
TUYHOMY Ta COLIaJbHO-EKOHOMIYHOMY JKMTTI Kpai-
HU. JlaHWil maTTepH MOKa3ye TPEH AETOIyJIsIii
HaCeJICHHs cepell aOCONIIOTHO BCiX KaTeropid ypoo-
LEHTPiB MPOTAroM ycworo mepiomy 1992-2002 pp.
(puc. 3).

Hammepnu Ougepenyianvnoi ypoanizayii 6
Ykpaini (2002-2013). s tectyBaHHS MOAEII JTU-
¢epennianpHOl ypOanizanii B Ykpaini 3a 2002-2013
pp. vy podi iHaukaTopa Oyao oOpaHO CepeiHbO3Ba-
JKSHMI KOe(IIIEHT cab10 Mirpaiii. Meroauka iHoro
PO3paxyHKy repeadoadyae Te, mo KOedillieHT cabao
mirparii (campno Mirpamii y po3paxyHky Ha 1000

0Ci0) 0 KOKHOMY JOCIIKYBAHOMY MICTY CyMYIOTh
B TPHU 3aBYAaCHO 0OpaHi Kareropii ypOoreHTpiB (ce-
penHi, BemuKi, Maji) Ta MOTIM IUIATh HA KUIBKICTb
MICT B KOXKHIH Kareropii. AHaJOriuHO pOOHTBHCS i
IUIST 3HAXOKEHHS CePeIHbO3BAKEHOTO KoedirieHTa
cajp/0 Mirparii Uit Tpyn ypOOIIeHTpiB 3 Pi3HOIO
JONHICTIO. BChoro B AaHOMy JOCHiIKeHI BU3HAUe-
HO 451 ypOoreHTp (B T.4. MicTa 3 BpaxyBaHHIM 3MiH
iXHIX aAMIHICTpPATHBHHUX MEX BIIPOJOBXK IEpiomy
2002-2013 pp. (manpuknan, Kpusuit Pir paxysascs
paszom 3 M. IHrynemns ta cMT 3enene, a cMT Temnuy-
HE pa3oM 3 M. 3alopixkks), ajle BHKIIOYATNCH Ti
MicTa, sKi oTpuManu crtaryc micta micas 2002 p.
(mara mepenucy Hacenenns 2001)). BinneceHnHs To-
TO YH 1HIIIOTO MiCTa JI0 KaTeropii MaJoro, CepeaIHbo-
TO YW BEIUKOTO ypOOIEHTpYy BimOyBajoch (ikcy-
BaHHSAM HOro uncenbHOCTI 3a nepenucom 2001 poky.
Tak, mamumu ypOOIIeHTpaMH BBaXKAIOTBHCS MiCTa 3
mopHicTio 1) mo 10 Tuc. ocid (80 mict), 2) 10-20
THrc. ocio (158 micr), 3) 20-50 Tuc. ocid (112 micr),
cepenHiMU ypOOLIEHTPAMHU € MICTa 3 JIFOAHICTIO B 4)
50-100 Tuc. oci6 (56 mict), 5) 100-250 THC. 0ci0
(20 MicT), a BKe BEIMKUMH YPOOLEHTPAMH € MICTa 3
HaceneHHsaM y 6) 250-500 tuc. oci6 (16 micr), 7)
500-1000 tmc. ocibd (4 micta), 8) monan 1000 Twmc.
ocib (5 Mmicr).

TakuM YHMHOM, BCHOTO Yy JaHOMY TECTYyBaHHI
Mozeni audepeHnianbHoi ypOaHizalii BHBYAETHCS
350 manmux ypOoreHTpiB, 76 cepemHix ypOOLEHTpiB
Ta 25 Benukux ypOoleHTpiB. Po3paxyHok cepen-
HBO3BAKEHHMX KOeQILieHTIB canbao Mirpamiil s
KkoxHOro 3 451 ypOoueHTtpy YKpaiHM IOIIOMOIJIO
ineHTH(diKyBaTH CTaii MudepeHIiatpHol ypbaHiza-
1ii. [yt iporo Oyio B3ATO CepeHE 3HAYCHHSI «KOe-
¢imieHTa campAo Mirparii» 3a TPUPIYHI TPOMIKKH
qacy, 1100 Kpalle BJIOBHTH TPEHH BEIUKHUX, CEPEa-
HiX Ta Manux ypOOUEHTPIB, sIKi Oyau po3paxoBaHi
CIIMpAIOYNCh Ha JIOCTYNHY CTAaTHCTUYHY iH(opMma-
Iif0 TIEPETMCy HACEJIEHHS Y BIIKPHUTIH 0a3i JaHWUX
YHCENBHOCTI HACENICHHSI MICHKHX TOCENIeHb YKpaiHH
[2] Ta nemorpadiuni gani Jepxxkomcrary YkpaiHu.
[Tpu upomy, 3a 2002 p., canpao mirpaiii, sike He0O-
XiIHe sl po3paxyHKy «KoedillieHTa caibo Mirpa-
Ii1», PO3PaxoByBaJIOCh 3a JIAHUMH YHCEIBHOCTI Ha-
CeJICHHSI Ta MPUPOJHOTO MPUPOCTY HACEIEHHS.

[licna po3paxyHKy CepeAaHBOrO 3HAYEHHS «KO-
ediliedTa canpqo Mirparii» Ui TPHPIYHUX TMEpio-
niB Oyno moOymoBaHo Tpadik MirparriiiHoi npuBad-
JMBOCTI TPHOX Kareropii ypOOLEHTpIB (BEIMKHX,
cepennix ta manux) 3a 2002-2013 pp. (puc. 5).
Iepm Hix imeHTH(IKYBaTH NaTTepHU AudeEpeHIia-
JIpHOT ypOaHizanii HeoOXiTHO yCBIZOMHTH, IO X
BinOyBajock 3 ykpaiHCcbkuMHU Mictamu 3 1990-x mo

! B nomanemmomy GyaemMo Ha3MBaTH «KOEMIIIEHTOM Calb-
JIO Mirpariii», Je «...» — 03Ha4ar0Th, 1[0 MAETHCS HA YBa3i
cepenHbO3BAXEHUI KoedimieHT
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rouatky 2010-x pokiB. He3BuaHuM 11t yKpaiHCHKOT
MICBHKOi MICIICBOCTI B HaIliOHaAJIbHOMY MaciiTabi Oy
710 Te, o y 1992 p. Brepiiie y moBoeHHUH 4ac ¢ik-
CYETBCS ACTIONYJIALS B MICBKUX MOCEICHHSX, X04a
[l BTPaTH YacTKOBO KOMIIEHCYIOTHCSI MirpaiiiHuM
MIPATUIMBOM B MicTax mpotsarom 1992-1993 pp.,
npore nmounHarouu 3 1994 p. B Ykpaini 3apeectpo-

BaHO BXXE ¥ BiJl’€MHE CajhJ0 MIrpamii MiChKOro Ha-
CeJICHHS Ha T BiJ €MHOTO TPHUPOMHOTO MPHUPOCTY,
TOOTO Mirpaiisi BKe HE € KOMIICHCATOpOM JIETIOMy-
JALIT B MICBKIH MicnieBocTi [9].

ITounnaroun i3 cepenuan 1990-X pokiB B MicCh-
KHX TIOCEIICHHAX YKpaiHM CIIOCTEpITaeThCs CTPIMKI
TeMITH JeTOmyIiii, a 3 kinus 1990-x no mouarky
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Puc. 5. Jlunamika cepeHpOT0 3HaYCHHA «Koe(ilieHTa caabao Mirpamii» 3a Tpupiani nepiogu y 2002-2013 pp.
y pO3pi3i MaJluX, CEPEAHIX Ta BEIUKUX YpOOIEeHTPiB Ykpainu (00paxoBaHO Ta MOOYIOBAHO 3a [2 Ta JaHUMHU
HepxxxomcTary YKpainu]).

Fig. 5. Dynamics of the average value of the "net migration rate" for the three-year periods in 2002-2013 in
terms of small, medium and large urban centers of Ukraine (calculated and author’s elaboration by [2 and
data from the State Statistics Committee of Ukraine])

2000-x pokiB (iKCyeThCS amoreid IOro IPOIECY.
3arasom, nporsirom 1989-2011 pp. BiaOymock 3poc-
TaHHA piBHSA ypOaHizauii Ykpainu Ha 1,8%, ane npu
LBOMY KUIBKICTh MICBKOTO HACEJIEHHS 3MEHLIMJIACh
Ha 3,1 maH. ocib a6o Ha 9,1% [5]. Takox 3a Hei
nepiof] KUIbKICTh MicT B YKpaini 30iibmunace 3 435
1o 459, mpoTe 3a POKH HE3IEKHOCTI He OYII0 CTBO-
PEHO >KOHOIO HOBOTO MICTa, a BiJIIOBIIHUN CTaTyC
OTPUMAJIN CEJIUINA MICHKOTO THITY, sIKi ICHYBaJld pa-
Himre. ToOTo 1€l piCT € uIIe HACTIIKOM 3MiH aaMi-
HICTPaTHBHOIO CTaTyCy HAcCeJEHUX IYHKTIB, MiATO-
PSIKYBaHHS 1 iepepo3mnoainy Tepuropii mict [10].
Slkmo mpotsarom apyroi mosnoBuHM XX CT. y
KpaiHi WIBMALIE pocjia YUCEIbHICTh HACEJeHHS B
Metporonisix [10], To y 1989-2011 pp. HaliBumi Te-
MITH TIPUPOCTY YMCETBHOCTI HACENICHHS OyJIH Xapak-

TEpHI U1 Cepe/HIX Ta MalluX MICT, SKi 00’ €qHYy-
I0ThCS y TpH TpynH [5]:

1) “momoni” wmicra (3acHoBaHi B 1970-80-x
pp.), ae po3mimeHdi AEC abo MOpchKui mopr;

2) micra-cynytTHuku Kuesa;

3) micra 3aximHOi YKpaiHu 3 MPUPOIHUM TPH-
POCTOM HACeJICHHSI.

OTxe, BpaxoOByIOUH BHIIIE3a3HAYCHE Ta pHC. 5 1
puc. 6, Oymo ineHTH(IKOBAaHO CTaaiHI TATTEPHH
nudepeHmiaabHoi ypOaHizalii 3 ypaxyBaHHAM BiJi-
MOBITHUX CYCHIJIbHO-ICTOPHYHHUX YMOB, B SIKMX BO-
HU BigOyBanucsi. AHaji3 TOKa3aB, IO 3a Iepion
2002-2013 pp. YkpaiHa mpoiinuia yepes Taki cTaiii
(Tabn. 2): 3pidy cTaailo BEIUKHUX ypOOLEHTPIB (3pi-
na ypOanizamisi, Y-2) Ta KpU30BY CTaJil0 KOHTp-
ypOanizariii (KY).

Tabnuys 2

InenTudikauis cragiifHnx narrepHiB qudepeHnianbaoi ypoanizauii B Ykpaini npotsrom 2002-2013 pp.

Cranii nudepenuianabnoi ypoanizaumii
y-1 y-u IIP-111 IIP-1V Kpuzosa KY
2002-2004
— 2005-2007 — 2008-2010
2011-2013
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KopoTko po3missHEMO — CyCHiIBbHO-iCTOPHYHI
YMOBH, IO YITKIIe TMOSICHIATH 1IEHTHU(IKOBaHI ImaT-
TepHu audepeHiansHoil ypOanizaii B Ykpaini mpo-
TsiroM 2002-2013 pp. Sk BuaHO 3 puc. 5, Mirparmii-
Ha TPUBAOIMBICTh BEIWKHX ypOomeHTpiB y 2002-
2004 pp. mocsirac MaKCUMAJIBHOTO PO3PUBY 3 1HIIN-
MU ypOOLIEHTpaMH 3a BECh JOCIiIKYBaHHN Tepiof,
[0 3arajioM TMOSICHIOETHCS 1 HasiBHICTIO KueBa y it
Kareropii ypoomentpis (puc. 6). Bin’emHy Mmirpa-
LifiHy aTpaKkTHUBHICTH MAIOTh Cepe/iHi Ta Maji ypoo-
LEHTPH, IO € JOHOPAaMH IS 3pOCTaHHS BEIHKHX
ypOonentpiB. CepenHi ypOOIEHTpH € MEHII Mirpa-
UiHO HempuBaOIMBHMH, HIX Maji. Taka xapakre-
pUCTHKA AO3BOJSIE 3 BIEBHEHICTIO TOBOPUTH TIPO

3piny ypOaHizamito B YKpaini abo  Ipo 3pijay cTa-
IIif0 BeMKUX MicT (Y-2).

Kpim Toro, y 2002-2004 pp. cnocrepiraerbes
MiKOBEe 3HAYEHHS MPOIecy KOHLEHTpalii HaceIeHHs
Yy BEJMKUX MicTax (BIJHOCHO IHIIMX KaTeropii yp-
OOIICHTPIB) 1 CITOCTEPITaeThCs OUTBII-MEHIN T03H-
THUBHA 3aJISKHICTh MIrpauiiiHoi mpUBaOIUBOCTI BiX
po3mipy ypooreHTpiB (puc. 6). Amxke, Benrki yp6o-
HEHTPU — MICTa i3 MIMPOKUM CHEKTPOM IOCHIyT, Oi-
JBIIOI0 3apIUIaTO0, SIKICHIIIUMH YMOBaMH KHTIO-
Boro (OHIY, KpalluM KyIbTYPHUM po3BHTKOM. Lle
0e3yMOBHO CTBOPIOE TPUBAOIMBHIA TPOQiIb BelH-
KUX ypOOLEHTPiB, IO TOTO X BENHKi ypOOLEHTpH
HA/IAI0Th «IPECTHKHUN CTATyC MEIIKAHIIS BEIUKOTO
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Puc. 6. Jlunamika cepeHbOro 3HaYeHHS «Koe(illieHTa cajba0 Mirpaiii» 3a Tpupiuni nepiogu y 2002-2013 pp.
y po3pi3i rpyn ypOOIIeHTPIB 3a JIFOAHICTIO B YKpaiHi (00paxoBaHO Ta MOOYI0BaHO 3a
[2 Ta marnmu JlepxkkomcTary Yipainu]).
Fig. 6. Dynamics of the average value of the "net migration rate" for the three-year periods in 2002-2013 in
terms of groups of urban centers by population in Ukraine (calculated and author’s elaboration by [2 and data
from the State Statistics Committee of Ukraine])
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MICTa», IO TEX € IICHMXOJIOTIYHOIO Ta COI[aJIbHOIO
MOTHBALIIEIO.

Y 2004-2007 pp. BigOyBaeThCs MOKBAaBICHHS
aTpakTHBHOCTI MalluX Ta cepegHix ypOOoUEeHTpIB,
MIPOTE IXHE CepeaHE 3HAYCHHS «KOediIlieHTa CabIo0
Mirparii» 3a JaHWH Tepiof BCe I 3aUIIAEThCS
BiI’EMHAM, a BEJHKI YpPOOICHTPU MPOIOBKYIOThH
3poctaru (puc. 5), OHAK cCepel cepenHix ypOoleH-
TpiB 3 moaHicTio 100-250 THC. 0Ci0 croCcTepiracTh-
csl ToAaTHE 3HAYCHHS BUILE3raJaHoro MOKa3HUKa, a
y BCiX ypOoleHTpax 3 moaHicTio MeHI sk 100 Tuc.
ocib peectpyerbes BiaTik HacemeHHs (puc. 6). OT-
Ke, U1l YKpaiHu B 1ied Tepios MoporoM abo MEXero
MirpamniifHoi mpuBabIMBOCTI € MiCTa 13 HACENCHHAM
y 100-250 trc. ocib, OCKiINBKY MOYMHAIOYH 3 HHUX 1
Jai 3a iepapxiero WAyTh MOAATHI cepenHi 3HaYeHHS
«koeillieHTa caJibJI0 Mirpaiii», a mcias HUX Y MiCT
3 MEHIIOK KIUTBKICTIO HacelneHHS (iKCYeThCs
Bi’€eMHE 3HAYe€HHsA, TOOTO MiCTa 3 HACEJIECHHSIM
MeHI gk 100 Tuc. ocib € moHOpamu AJIsl 3pOCTaHHS
Mic i3 HaceneHHsM 100 i Ginbiie THC. 0ci0.

3Ba)kalouy Ha BUIE3a3HAUYCHE, MOKHA TOBOPH-
TH TIPO Te, IO BENHKi ypOOIEHTPH 3pPOCTAIOTh, Ce-
penHi MOYMHAIOTH HAPOIIyBaTH CBOIO MirpamiiHy
MPUBAOIHBICT, @ MaJli BCE IIE «OCTaYalOTh)» CBOE
HaceJeHHs B YpOOIeHTpH, sIKi WIyTh BUIIE 3a i€pa-
pPXiYHMM pIiBHEM, IO AO3BOJSIE iJCHTU(IKYBaTH
3HOBY X TaKHM CTaJil0 BEJIUKUX YPOOICHTPIB abo
KpYIMHOMICBKY cTtafito ypOanizamii (¥-2). Taxuit
PO3MOILT MITPaHTIB 32 TPhOMa KaTErOpisIMU IIEHTPIB
BiJoOpaXkae 3aKiHYEHHS Nepexony YKpaiHu BiJ Kpa-
fHM 13 CYTO TPaH3UTHOI E€KOHOMIYHOIO CHCTEMOIO
JI0 KpaiHW i3 pUHKOBOIO €KOHOMIKOIO Ta (OpMyBaH-
HSIM CEPBICHOIO CYCIUILCTBA, HA BIJIMIHY BiJ 1HAYyC-
TpiaJbHOTO, IO MAHyBaB Yy PaISHCBKUI Ta paHHIN
MOCT-pasTHChKHIA Yac. Lle yacTkoBO MosicHIOE 3poc-
TaHHS TpUBaOIUBOCTI MicT i3 mromHicTio 100-250
THC. 0Ci0, amKe camMe BOHH CTalOTh HOBHMM
[IEHTPaM{ HAJaHHA TOCIYT 1 OiNBIIICT 3 HHUX €
EKOHOMIYHO JBepcru(iKOBAHIUMHU, OCOOIMBO y Tpe-
THHHOMY CEKTOp1 — IPOIECH TepIiapu3ariii.

Ha mnepion 2008-2010 pp. mpumagae CiToBa
eKOHOMIYHa KpH3a, SKa CHJIBHO 3auelniia Hello1aB-
HO peBiTali30BaHy EKOHOMIKy Ykpainu. Bce 1e
CIPUYMHHUIIO KPU30BY JIEKOHIIEHTpALil0 HACEJIeHHS
Ta KpU30BHUI BapiaHT cTajii KOHTp-ypOaHizawii (puc.
5), ko Mani ypOOICHTPH CTAIOTh OUIBIN MPHBA0-
JIMBUMH, HIXK CEpPElIHI Ta BEJUKI ypOOIEeHTpH. 3ara-
JIOM, TaKy CHUTYallil0 CKJaJHO MOSICHUTH, aje BapTo
3a3HAYMTH, 110 HABITH B MOMEHT €KOHOMIYHOT KPU3H
MicTa 3 JIOMHICTIO MOHaa 1 MIIH. 0Ci0 MPOIOBKYyBa-
JIM 3pOCTaTH Ta MPUHMAaTH MITPaHTiB 3 1HIIHMX ypOo-
LIEHTPIB, OCKUIbKH iXHS EKOHOMIYHa CTPYKTypa €
OUTBII THYYKOIO, HIXK YKOPCTKI €KOHOMIYHI CTPYKTY-
pu micT 3 HaceneHHs M 250-1000 tuc. ocib Ta mo-
HO(YHKIIOHAIBHUX MiCT 3 HaceseHHsM 10 10 Tuc.
oci6 (puc. 6).

MokauBO, caMme Malli YpOOLICHTPH 3 JIOMHICTIO
Bix 10-50 tHc. 0cib i cTamu MicTaMHU-PEIHITIEHTAMA
JUTS MITPaHTIB 13 MOHOPOQIIBHUIBHUX MICT (JIFOA-
HicTio 10 10 THC. 0Ci0), OCKIIBKH MIrpaHTH LIYKaIN
BHXOy 3 KPU3U y CYMIKHHX a00 CYIMYyTHIX €KOHOMi-
YHUX TaTy3iX TaKUX MICT, AKi TeX y CBOi OLIBIIOCTI
€ MOHOMPO(DITBHUMH. A, MITPaHTH 13 MICT 3 JIFOHI-
ctio B 250-1000 Trc. ocib, WMOBIpHO, HIyKaIH BU-
PIIIEHHS €KOHOMIYHOI KPH3H y HIMPOKOMY CITEKTpi
rany3eil eKOHOMIKM MICT-MiJIbHOHEpIB, OCKIJIIbKU B
ixHIX ypOOLEHTpax TeX HasBHA AOCUTH AUBEpcU(i-
KOBaHa E€KOHOMIYHa CTPYKTypa, IIPOT€ BOHA HE €
TaKOI0 THYYKOIO, SIK Y MICT-MiIbHOHEPIB, IO CTBO-
pIO€ 3arpo3y BTpaTh Micls NpUKIaJaHHs Hpari ye-
pe3 OGaHKPYTCTBO MIANPUEMCTB Ta OpraHizamii y
micrtax 13 moanictio 250-1000 tuc. ocid. OT1xe, oc-
TAaTOYHO iJCHTU(IKYEMO CTadil0 KPHU30BOi KOHTp-
ypOanizarii (KY) i3 MOXIHBIM TEPEXOAOM JI0 CTa-
nii pe-ypOamizarii.

B ocTanHbOMY 4acoBOMY MPOMiXKKY JOCIIIKY-
BaHoro mepiomy, 2011-2013 pp., cmocrepiraerbcs
pe-ypOanizalisi, ane me OULTBII IHBONIOIiNHA, HIX
€BOJIIONIMHA cTafis audepeHIlianbHol ypOaHizallii,
t00TO micnst CBiToBOI ekoHOMiuHOT Kpu3u 2008-
2010 pokiB Ta cramii KpHU30BOI KOHTP-ypOaHizarlii
3HOBY (PiKCYETBCS CTajlis ypOaHizalii, mpoTe 1e He
HOBa CTaJisl HOBOTO LUKy AudepeHIiaibHol ypoa-
Hi3aIil, sika e micist KoHTp-ypOaHnizauii (puc. 2), a
MTOHOBJICHHS/TIEpe3anycK ypOaHi3amiifHuX MPOIIECIB,
mo BigOyeanuch y 2002-2007 pokax. Tomy, naHy
TPAEKTOPII0 PO3BUTKY TPHOX KAaTETOpPiit ypOOIEHTpiB
(Benmuki, cepenni Ta mami) y 2011-2013 pp. inentu-
¢ikyemo, K cTairo 3pijoi ypOanizarii abo crajuito
BeNIMKUX ypOoueHTpiB (¥-2), amke criocTepiraerbes
3Ha4HE 3POCTaHHS TPUBAOIMBOCTI BEIHKHX YypOo-
IEHTPIB, a MaJli Ta cepefHi ypOOIeHTpH Maike B
OJTHAKOBIH Mipi BTpayar0Th CBOIO aTPaKTUBHICTb.

VY 2014 pori, HOBUM BUKJIUKOM JJIsi PO3BUTKY
MicT Ykpainu ctana okymauisi Kpumy Ta wacTuHn
teputopiii HoHeupkoi i Jlyrancekoi obmacteit. Po-
CICHKO-yKpaTHChKHI KOHQIIIKT TOPKHYBCS TOHAJ
20 % nacenenns Ykpainu [33]. Huni Ha okynoBasiit
TEPUTOPIi 3HAXOAUThCA 64 yKpaiHCEKHX MicTa (46 B
Jonbaci ta 18 B Kpumy), B IKHX TIPOXKHBAIO TIOHA]T
4,5 muH. oci6. B Jlonbaci okynoBano 51 % wmicr, nie
noxwuBaio 64 % HaceJeHHs MiCT periony. Sk Haci-
JIOK OKymailii Ta BIHCHKOBUX il HACEJICHHS THMYa-
COBO HEMiJIKOHTPOJBHHUX CXiJTHOYKPAiHCBKUX MiCT
CKOpOTHIIOCS B cepenHboMy Ha TpetuHy [13]. Ta-
KHM 4YdHOM, mouuHarouu 3 2014 poky QikcyeTbes
Kpu30Ba cTajis HeaupepeHLiaabHOiI ypOaHizaii,
IO CYIPOBOMKYETHCS THMUYACOBOIO BTPATOI0 TEPH-
TOpiaJIbHOI LiTICHOCTI YKpaiHH, BiiCEKOBUM KOH(-
nikToM Ha Teputopii JloHenpkoi Ta Jlyrancekoi 06-
JacTel, Bennkoro KiapkicTio BITO, a Takox HOIiTH-
YHOI0, COLIIaJIbHO-€KOHOMIYHOIO Ta JeMOrpadiuHOI0
KpH3aMH, TOMY, B HelaJekoMy MailOyTHROMY ypOo-
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cucTeMy YKpaiHW 3HOBY OYIKy€ pecTapT ypOaHiza-
LS, ajie BCE I TOTO X IEPILIOro LUKIY PO3BUTKY
mudepenuianbHoi ypOanizauii (puc. 2). OpHak, kpu-
306a cmadia HedugepenyianrvHoi ypoauizayii He
o3Havae, 1o noynHaodn 3 2014 poky Mickkuid po3-
BHTOK B YKpaiHi Ta ii ypOoperioHax 3ynuauBcs. Ha-
BITaKH, TPOTATOM OCTaHHBOI JeKaau B YKpaiHi crio-
CTEPIraeThCs @heHomen 2emepo8eKmopHOCmI abo
DIZHOCHPAMOBAHOCII MICbKO20 po36UmKy. AJKe, Ha
PO3BHUTOK MICBKMX CHCTEM DPIi3HHX i€papXidyHHUX PiB-
HiB OZHOYACHO, CHIBICHYIOYHM Ta B3a€MOHAKJIaJalO-
YUCh, BIUTMBAIOTH SK MPOIIECH AeIeHTpatizamii (Ha-
MpuKIaj, cyOypOaHizamis, nepiypOanizamis, ¢par-
MEHTOBaHa KOHTp-ypOaHizauis/nezypbanizamis [29;
30;32;39]), Tak i mporecu pereHTpati3alii Ta mori-
HeHTpamizamii (Hanpukian, mKeHTprudikamis/ peHo-
Ballis Ta 3apO/PKCHHsS IEBHHUX €JIEMEHTIB IIOCT-
cyOypOaHizariii 1 sk HacmigoK peypbanizamis [ 1;38]),
MPOTE iHTEHCHUBHICTH MPOSBY X MPOIIECIB PI3HUIIL
Mix ypOoperioHamu Ykpainu. Takum YHHOM, KpH-
30Ba crajis HeaudepeHiianbHoi ypOaHizalii B Yk-
paiHi BKa3ye He Ha IPUITUHEHHS MiCHKOTO PO3BHUTKY
B KpaiHi, a Ha HEMOXKJIMBICTh aJIeKBaTHOI iZIeHTU(i-
Kamii Oyab-sikoi cTamii Momenm audepeHIianbHOl
ypOaHizallii Ha HalliOHAIFHOMY MacIITaOHOMY PiBHI
yepe3 mepTypOariiiHi BiiCHKOBO-TIONITUYHI Ta COIli-
aNbHO-€KOHOMIYHI TpolecH, sKi moyanuch 3 2014
POKY.

BucHoBku. Mickkuii po3BUTOK B YKpaiHi TIpo-
TsiroM 1959-2019 pp., y pamkax mozeni audepeHtri-
anpHOi ypOaHi3allii, MaB JeKiJbKa PECcTapTiB, IO
OyJ10 3yMOBJIEHO KPHU30BHMH MPOLECAMH JEKOHLICH-
Tpauii HaceleHHS Ta KPU30BUMH IATTEPHAMH He-

nmudepentianbHoi ypOanizamii (tabn. 3). Ileprmii
IPYHTOBHUH cTaptT, mo (ikcyerbes micias Jpyroi
CBITOBOI BiifHH, BEJIMKOTO ab0 MEPIIOTO LUKITY IH-
¢epeHnianbpHO1 ypOanizawii Gikcyerses 3 1959 poxky,
ockinmpku y 1959-1970 pp. imenTH]iKOBaHO MOYAT-
KOBY CTajif0 ypOaHizarii (II09aTKOBY CTajil0 BEIH-
kux ypoonentpi). ¥ 1970-1979 pokax BoHa me-
peiinia y 3pimy cramito ypOanizamii (3piny cTamiro
BEJIMKUX YpOOIEHTpiB), AKa TpuBaja ax 10 1989
poky. Ilicns 1989 poky i mo 1992 poky B Ykpaini
CIOCTEPIraeThcs MOYaTKOBa CTAJisl MOJSPH3aLiiHOT
peBepcii, a mcns 1992 poxy i HEBiIOMO A0 SKOTO
POKY TpHBaJla KpPH30Ba CTajis HeaudepeHIiaabHOl
ypOaHizarii, KoJin BCi KaTeropii ypOOLEeHTpiB moya-
JM CTPIMKO BTpadaTH CBO€ HaceneHHs. Ha sxanp 3a-
¢ikcyBatn mirpanidai Tpeaam 1992-2002 pp. =He
BAAJIOCH Yepe3 BiACYTHICTb SKICHOI CTaTHCTHYHOI
6a3u. [lounnarouu 3 2002-2004 pokiB BiIOyBaeThCs
pectapr 3pinoi craxii ypOanizarii, o naHye BIpH-
Ty g0 2005-2007 pokiB. Y yacu CBITOBOI €KOHOMi-
yHoi kpusu (2008-2010 pp.) dikcyerbes Kpu3oBa
cTamis KOHTp-ypOaHizallii, sSka BKa3ye Ha IIEBHY
KPH30BY JCKOHILICHTPAIIII0 HACENICHHS YPOOICHTPIB.
Hoguii pecrapt ykpaiHcbkoi ypOaHizalii B pamkax
Mopem audepenmiansHoi ypOanizamii BimOyBcs y
2011-2013 pp., xonw imeHTH(IKYETHCS 3pina cTamis
BeJNIMKUX ypOoueHTpiB, npore Bke 3 2014 poky B
VkpaiHi QikcyeThcst KpH30BUI aTTepH HeanuepeH-
iaJgpHOI ypOaHi3allii yepe3 3aroCTPEeHHST KPH30BUX
MPOIIECIB Y CYCHUILHOMY JKHTTi KpaiHH Ta aHEKCi€I0
AP Kpum 1 moyaTkoM pociiicbKo-yKpaiHCBhKOI BiltHH
Ha J{onoOaci.

3araixom, MpoTAroM J0CHTIKYBaHOTO MEPiory

Tabnuys 3

[Marrepun qudepennianbHoi Ta HenndepeHIianbHo1 ypoanizamii B Ykpaini nmpotsrom 1959-2019 pp.

. . A Kpusosa negudepenmi-
Cranii nudepenniaabnoi ypoanizamii abHa ypBanizamis
y-1 y-11 I1P-111 Kpuszosa KY

1959-1970 1970-1979

1979-1989

1989-1992
2002-2004 1992-2002(?)
2005-2007
2008-2010
2011-2013
2014-777?

cepesl YKpalHCBKHX MIrpaHTiB Tpyrna «BHPOOHHYUX/
productionismy» MOTHUBaLlIHHUX (aKTOPIB NepeBaKae
HaJ TPYNOI0 «EKOJOTIUHUX/environmentalismy Mo-
TUBAIIMHUX (aKTOpiB, IO TOSCHIOETHCS THIIOM
€KOHOMIYHOTO PO3BUTKY YKpaiHH — iHJyCTpialIbHO
pO3BHHYTa KpaiHa, B fAKid BiZHOCHO HELIONABHO
3A1MCHUBCS Tepexil BiA iHAYCTPiaJbHOIO 0 CEpBi-
CHOrO CycCHiibcTBa (MPOLIECH Tepiiiapu3ailii), sKe

e Gopmyerbes. [IMOTETUYHO OYIKYETHCS, IO MPU
Mepexoii BiJf CEpPBICHOI A0 MOCT-IHAYCTpialbHIi
cTazii pO3BUTKY €KOHOMIKH B YKpaiHi mepeBaxaTH-
M€ IpyTa «EKOJOTIYHHX» MOTHBIB JIJIsl Mirpariii.
[NopiBHIOIOUN pe3yNIbTaTH TECTYBaHHS MOJEINI
mudepennianbHol ypOanizanii B YkpaiHi i3 keficamu
IHIIMX KpaiH OyJ0 BUSBIEHO, IO MAaTTEPHH KPU30-
Boi KOHTp-ypOaHizamii Ta HeaudepeHIiaibHoi yp-
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Oamizaii Oynu JemMapKoBaHi 1 B iIHIUX KpaiHax. Ha-
npukian, y 3axigHid Himedumni mpotsrom 1939-
1950 pp. crocTepiranach Kpu3oBa KOHTp-ypOaHi3a-
s, m0 OyJia MOB’s3aHa 13 XaOTHYHOI JICKOHIICHT-
palli€ro HacelleHHs KpaiHh depe3 aKTHUBHI BiHCHKOBI
nift (B T.4. 60MOapAyBaHHS BENWKHX MICT) i 4ac
Hpyroi cBiToBoi BiliHU [36]. Cxoxa mpupoaa Kpu3o-
Boi KOHTp-ypOaHnizarii Oyma 3adikcoBana i B Pocii
mpotrsiroMm 1914-1926 pp., mo Oyno moB’s3aHO 13
[lepmioro cBiTOBOIO BiliHOIO, >KOBTHEBOKO PEBOJIIOLII-
€10 Ta TPOMaJITHCHKOIO BiliHOIO [40]. A, HampukIazm,
y xonmumHiA Ectoncekiin PCP y 1990-2000 pp. Ta-
KOX, K 1 B Ykpaini y 1992-2002 pp., ¢dikcyeTbes

narrepH  HeaudepeHUianpHOi  ypOaHizamii, 110
TTOB’SI3aHMUHA 13 TTOCT-PAITHCEKUM TIEPEXiTHUM TIepi-
omom [43].

[TinOuBaroum MiJCYMKH TECTYBaHHA MOJEIi
mudepeHmianpHol ypOaHizamii B YkpaiHi Ta iHIIMX
KpaiHax, MOXKHa CTBEp/UKYBaTd Te, IO B MONAJb-
IUX JOCHIPKEHHSIX JUIS «4UCTOT» imeHTH]IiKaril
cTamiii audepeHiianbHol  ypOaHizalii HeoOXigHe
BUKOHAHHS HACTYITHUX YMOB:

" [OJITHYHA Ta EKOHOMIYHA CTaOIIbHICTD;

" OUIBII-MEHII PIBHOMIPHHUHA PO3MOALT pecyp-
CiB MK KOXKHUM PETiOHOM KpaiHW (SK pe3yibTar
30a1aHCOBAHOI PeriOHANBHOI MONITUKA Ta €PEKTHB-
HOT MOJITHKH PETiOHIB);

" JUTICHUH aaMiHICTPaTUBHO-TEPUTOPIaTLHUN
yCTpiit Kpainuy;

" eIUHMIA OQIIiiHMIA 1IeH3 MICT;

" JOCTYMHI JaHi MO Mirpamii y po3pi3i Mich-
KUX II0CEJI€Hb, CIIBLCHKOI MICILIEBOCTI, MICBKHX ar-
JIOMEPAIIiif;

" cOpusATIuBa AeMorpadiuHa cuTyauist (SKIIo
BUKOPHCTOBYETHCS MTOKA3HUK CEPeIHBOPIYHOTO Te-
MITy TIPHPOCTY HACEICHHS).

BukoHaHHS HaBeJeHHUX BHUIIE YMOB € TyXKe Ba-
JKJIIMBUM JJIS1 TOTO, 00 €peKTUBHO BUKOPHCTOBYBA-
T PE3ylbTaTH TECTyBaHHS MOneNi AuQepeHIriais-
Hoi ypOaHizauii 11st moTped perioHaabHOI MOMITHKH.
Amxe, nuiie npu cTabinbHUX EKOHOMIYHIH 1 modi-
THYHIN CHCTEMaX, aaqMiHICTPaTHBHO-TEPUTOPIaTbHIH
HUTICHOCTI TEpHTOpii, BIIKPUTOMY TOCTYHi A0 Jie-
MorpadiyHUX JaHUX, MOIENb AudEepeHIianbHOI yp-
Oamnizarii MOXXe€ BHKOPHUCTOBYBAaTHCH IJISI TIEBHOTO
NPOTHO3YBaHHS Ta MOAAIBIIOTO IPOTrpPaMyBaHHS
PO3BHTKY SIK Ha HAI[IOHAJIILHOMY DiBHI, TaK i Ha PiBHI
MOJIIIEHTPUYHUX ypOaHizoBaHuX perioHiB. [lepcme-
KTHBHUM HANpsIMKOM IOAAJBIIMX JOCITIPKeHb M-
(depeHmianbHOI ypOaHizamii B YkpaiHi € TecTyBaHHS
Mofieni qudepeHIiaibHol ypOaHizaiii Ha cyOHarlio-
HaJIBHOMY MacIITaOHOMY PiBHI (HampHuKiIaj, Ha PiB-
Hi BEJINKUX METPOTIONITEHCHKUX PET10HIB).
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JAudppepenunanbuas u HeauddepeHuuaabHas ypoaHu3auusa B YKpauHe
B COBETCKYIO H IIOCT-COBETCKYI0 3Py

Anexceii Koncmanmunoeuu I'agpuniok,

acTmHpaHT Kadeapbl SKOHOMUIECKOH 1 COIMaIbHOM reorpadun KreBckoro HalmoHaIEHOTO YHUBEPCUTETA
nmenu Tapaca IlleBuenko, yn. Bnangumupckas, 64, r. Kues, 01601, Ykpauna;

[JIaBHBIA YKOHOMHCT CEKTOpa MUTPAIIMOHHBIX UccliefoBaHni MHCTHTYTa TleMorpaduul ¥ COIMATbHBIX
uccnenopannii uMmeHu M.B. [Ityxu HAH Ykpaunsl, OynsB. Tapaca [llesuenko, 60, . Kues, 01032, Ykpauna

B crarhe U3JIOKEHBI PE3yNbTaThl TECTUPOBAHMS Monenu muddepeHnnanpHoil ypoanusamuu (the differential
urbanization model) B YkparHe Ha OCHOBE JeMOrpaMYeCKUX JaHHBIX COLMAIUCTUYECKOTO U IMOCT-COHATUCTHYECKOTO
BpeMeHH. ONUcaHbl SMITUPHYECKH YCTAHOBJICHHbBIE NaTTepHbl TuddepeHumansHoil 1 HeaupdepeHInanbHol ypoanu-
3aIlM M PacKpbITO 0OIIecTBeHHO-Teorpaduueckne ycinoBus Ux (GOPMHUPOBAHUS. YCTAaHOBJIEHO, YTO B YKpaWHe B Tede-
Hue mectu nekax (1959-2019 rr.) ypbanuzamus MMena HECKOJIBKO PECTapTOB B paMKax MoJeNH IudepeHInaIbHONn
ypOaHu3anuy, KOTopble ObUTH 00YCIIOBIEHBI KPU3UCHBIMHU TPOIECCaMH Ha TEPPUTOPHUU CTPaHbI (HAPpHUMeEpP, MUPOBOM
SKOHOMHYECKUH KPHU3HUC), a TaKkKe (PUKCHUPYIOTCS KPU3HUCHBIE NAaTTEpHB! HeanhepeHnnabHON ypOaHU3aIiy, CBsI3aH-
HBIE C PE3KUM 000CTpEeHHEM KpPU3HCHBIX SBJICHUH M MPOLECCOB (BOCHHBIN KOH(IMKT, N3MEHEHHE YKOHOMHUUYECKOH CH-
crembl). CpaBHEHHE MOJIYYEHHBIX SMIMPUUECKUX PE3YIbTaTOB C Pe3ylbTaTaMM MPEAbIAYIINX HCCIEIOBAaHUNA MOATBEP-
o psia runote3. C OMHON CTOPOHBI, TUIIOTE3Y O HequddepeHnnanbHoi ypbanu3annu B YKpauHe B KPU3UCHBIE TEPH-
0JIbl, KOTOpasi, kKak u B ObiBiieil Dcronckoir CCP, Obuta cesizana ¢ koiutaricom CoBerckoro Coro3a U MepexomoM OT KO-
MaH/IHO-aIMUHUCTPATUBHON K PBIHOYHOM 3Kk0HOMHKE B 1990-x romax. C qpyroif CTOPOHBI, ¢ TOMOIIBI0 MUTPALIMOHHBIX
MoKa3aresieit OpUI0 MMOATBEPIKICHO paHee BBLABMHYTYIO THIIOTe3y 0 ToM, uto B 2008-2010 rT. B YkpanHe Habmromanach
KpHU3UCHAs KOHTP-ypOaHM3aIMs B paMKax MoAenu nuddepeHnnaipHoi ypoannsannu. Takas «KpU3NUCHAS BOJIFOIHI»
mddepeHnnanbHON ypOaHU3anuu B YKpauHe SBISETCS PE3ylbTaToM NMepTypOaliOHHBIX COLNAIbHO-IKOHOMUYECKUX
nporneccoB. MexayHapoiHble CpaBHEHUs TpaeKTopuil auddepeHnnanbHoi ypOaHu3anuy yKa3aid Ha TO, YTO KpOMe
YKpauHbI cTaJni0 KPU3UCHOW KOHTP-ypOaHu3almu uMenu 1 OviBiras 3anannas ['epmanus, u Poceusi, kotopble mponui
ee ele B nepoil nonosuHe XX Beka. [locie Hauana BOEHHOM arpeccuu co cTopoHsl Poccuu Ha TeppUTOpUM YKpaMHEI
(uKcupyeTcs KpU3UCHBIH NaTTepH HeanphepeHInanbHOi ypOaHU3auH.

Kniouesvie cnosa: ypbanuzayus, cogemckoe u nOCMCOBEMCKoe 20p00CKoe pasgumue, Mooeib oupgepenyuaibHol
ypbanuzayuu, nammephvl ouppepenyuanrvrol u Heougpepenyuanvrol ypoanusayuu, Yxkpauna.
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ABSTRACT

Formulation of the problem. To date, there are several concepts for the phased development of urban systems of
various scales. But most of these urban development models are created in Western scientific schools of human geogra-
phy. These models help to identify the stages of urban development in the socio-economic and political conditions of
these countries. However, these models often cannot cleanly identify the stages of urban development in post-socialist
and post-Soviet countries, and especially in their previous socialist or Soviet periods. Since the 1990s, Ukraine has been
in a demographic crisis, which significantly distorts the perception of researchers about the processes of urbanization in
its territory. Therefore, it is important to study the trends of urbanization in Ukraine through the prism of the concepts of
stage-cyclical urban development. The comparison of the results with international trends and cases is also of high rele-
vance. Based on these motives, this article tests the differential urbanization model as one of the key models of stage-
evolutionary development of urban systems of higher hierarchical levels.

The purpose of the article: (1) to investigate the peculiarities of the development of urbanization processes in
Ukraine during 1959-2019; (2) to rethink the conceptual basis of the differential urbanization model and methodological
approaches to its testing in Ukraine; (3) to identify Soviet and post-Soviet patterns of urban development in Ukraine
based on the results of identification of stages of the differential urbanization model; (4) to compare the results of test-
ing the differential urbanization model in Ukraine with the cases from other countries.

Methodology. Based on the theory of the differential urbanization model and the experience of testing this model
in other countries, certain methodological approaches were claborated to test this concept at the national scale in
Ukraine, namely (a) fixed sizes of urban centres, (b) two types of demographic indicators (rate of population growth
and net migration rate) are used to identify the stages of differential urbanization, (c) calculations are based on official
census data in Ukraine and inter-census estimates of migration and population.

Results. Empirical results indicate that urban development in Ukraine during 1959-2019, within the differential
urbanization model, had several restarts, due to crisis processes of deconcentration of the population and crisis patterns
of non-differential urbanization. The great or the first cycle of differential urbanization has been recorded since 1959,
after the Second World War, as in 1959-1970 the initial stage of urbanization was identified. In 1970-1979, urban devel-
opment entered the advanced stage of urbanization, which lasted until 1989. In 1989-1992, the initial stage of polariza-
tion reversal was observed in Ukraine. The crisis stage of non-differential urbanization started after 1992, when all cat-
egories of urban centres began to rapidly lose their population (for example, the same situation was observed in Estonia
in the 1990s). Unfortunately, it was not possible to record migration trends in 1992-2002 due to the lack of a quality
statistical base, and for this reason the end of the crisis stage cannot be clearly identified. Starting from 2002-2004,
there was a restart of the advanced stage of urbanization, which prevailed until 2005-2007. During the World Economic
Crisis (2008-2010), a crisis stage of counter-urbanization was recorded, which indicates a certain crisis deconcentration
of the population of urban centres (for example, the same situation was recorded in the former West Germany and Rus-
sia during the socio-political and military crises of the first half XX century). A new restart of Ukrainian urbanization
within the framework of the differential urbanization model took place in 2011-2013, when the advanced stage of large
urban centres was identified. However, since 2014 in Ukraine the crisis pattern of non-differential urbanization has been
fixed due to the aggravation of crisis processes in the socio-economical life of the country and the annexation of the
Autonomous Republic of Crimea and the beginning of the Russian-Ukrainian war in Donbas.

Scientific novelty and practical significance. Based on the results of previous research, a hybrid methodological
approach to testing the differential urbanization model at the national scale was created, which was tested in Ukraine.
The results of testing the differential urbanization model using the hybrid methodological approach indicate the tempo-
rary extramodelity and diversity of urban development in Ukraine. In general, with stable economic and political sys-
tems, administrative-territorial integrity, and open access to demographic data, the differential urbanization model can
be used for certain forecasting and further programming of urban development both at the national level and at the level
of polycentric urban regions.

Keywords: urbanization, Soviet and post-Soviet urban development, differential urbanization model, patterns of
differential and non-differential urbanization, Ukraine.
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ABSTRACT

Introduction. This paper deals with the specific aspects of insolation of the terrestrial surface in the southern regions of
Ukraine, namely the clearness index and diffuse fraction of the atmosphere. The study was based on satellite data of the average daily
insolation and total cloudiness in the nodes of the two-degree grid for the domain with coordinates 48°-45° N and 29°-39° E for the
period of 1981-2020.

The purpose of article. The purpose was to develop statistic models of horizontal surface insolation for various locations of
study domain. Main focus was put on special characteristics in conditions of fixed cloudiness. Satellite data for the summer season
had been used to evaluate the maximum solar energy potential of Ukraine.

Methods. Application statistical analysis and means of cartographic data layout were used in the paper.

Results. It was found that with the highest (more than 50%) frequency the total cloud cover can be characterized by the atmos-
phere clarity 0.7 <+ 0.9 corresponding to a clear sky condition. The significance of irradiation of the terrestrial surface with diffuse
solar radiation has been observed, with the share of such radiation in the global irradiation (diffuse ratio) being closely inversely re-
lated to the clearness index (correlation about -0.97). In turn, both diffuse ratio and clearness index are statistically dependent on the
sky clarity, that allowed deriving analytical functions - diffuse ratio and clearness index - of the sky clarity, which appeared to be S-
and Z-shaped curves, respectively. Dispersion of the clearness index (k;) and the diffuse fraction (k;) values and the strength of their
statistical relationship significantly depend on the sky clarity. The empirical distribution of the two-dimensional random variable
(k¢3kg) well meets the Gaussian distribution, and the obtained dispersion ellipses allowed calculating the confidence intervals of the
two-dimensional random variable (clearness index: diffuse fraction) for a given confidence level. The spatial distribution of the
clearness index and diffuse fraction of the atmosphere in the southern regions of Ukraine revealed a significant dependence of these
indices on the latitude and the type of underlying surface. At the end of the summer a seasonal effect has been observed in the spatial
distribution of the clearness index and diffuse fraction, which can be explained by the specific seasonal features of atmospheric circu-
lation, caused by the spreading out of the eastern ridge of the Azores anticyclone and the general situation with blocking develop-
ments in the Atlantic-European sector of the Northern Hemisphere.

The scientific novelty. Correlation and regression models of special insolation characteristics in conditions of various cloudi-
ness that are represented in this paper are new to Ukraine. Analysis of two-dimensional random value spread (clearness index: cloud-
iness index) allowed to assess probabilities of integral solar radiation flows. The obtained analytical membership functions for
monthly average values of clearness and cloudiness indices depending on the level of sky clarity proved to be applicable for deter-
mining respective indices for daily time scale.

Practical significance. The obtained results are important for comprehensive assessment of the solar / photovoltaic resources
of southern regions of Ukraine. Specifically, analytical dependences have practical values for the purpose of forecasting direct and
diffuse solar radiation in various time scales based on publically available global records of solar radiation.

Keywords: clearness index, cloudiness index; sky clarity, solar energy; solar energy resource.

In cites: Zatula V. 1., Kyhtenko Ya. V., Oliinyk R. V., Snizhko S. I. (2021). Evaluation of atmosphere clearness and cloudiness parameters in
the southern regions of Ukraine using statistical analysis. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecolo-
gy", (55), 159-173. https://doi.org/10.26565/2410-7360-2021-55-12

Introduction (Analysis of recent research
and publications). Solar energy is a renewable en-
ergy resource and its role in the development of al-
ternative energy sources is extremely important.
Any study of the solar resources requires knowledge
of the basic radiation parameters for a given location

[1], such as global, diffuse and direct radiation. A
substantial amount of solar energy is available in the
southern regions of Ukraine over the year: the aver-
age duration of bright sunshine per year is over
2100 hours, and the annual total solar radiation is
about 4200 MJ-m? [2; 3]. To date, a great deal of
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research is being done globally in evaluation of dif-
fuse solar radiation, based on empirical data [1].
Recent studies have used empirical models to evalu-
ate diffuse radiation using the clearness index. They
allow obtaining the necessary radiation characteris-
tics even without actinometric measurement tools.
Numerous authors have been using linear or nonlin-
ear regression models and polynomial models to
correlate the diffuse fraction with the clearness in-
dex [4; 5]. An importance of data on solar irradia-
tion and its fractions in the locations of solar / pho-
tovoltaic power station cannot be overestimated.
However, insufficient coverage of the terrestrial sur-
face by actinometric (radiometric) measurement
stations unavoidably necessitates development of
predictive models for solar energy [4, 6, 7]. The vast
majority of meteorological stations record only
global irradiation measured in the horizontal plane,
without direct and diffuse solar radiation fractions.
However, it is not always possible to obtain histori-
cal datasets of the above-mentioned parameters, de-
spite the fact that the monthly and daily global irra-
diation is the most commonly recorded parameter. It
is much more difficult to measure the diffuse and
direct fractions, so the history of these records is
even more recent than those of global radiation
measurements [8]. It should be noted that most radi-
ometric stations are not equipped with the meas-
urement tools for the diffuse fraction of solar irradi-
ation [9]. However, its contribution is quite noticea-
ble, and diffuse fraction is an important parameter
for solar energy projects. It cannot be estimated ex-
clusively on the basis of ray optics laws, since the
extraterrestrial diffuse irradiation is not isotropic.
Therefore, creation of correlation models to evaluate
diffuse fraction based on the global solar irradiation
records proves its relevance. In particular, a clear-
ness index (k;) and a diffuse irradiation index have
been suggested, which establish empirical correla-
tions to forecast diffuse irradiation based on availa-
ble input variables [10; 11]. The limited availability
of solar radiation datasets for horizontal surfaces
precludes an accurate evaluation of the irradiation
on the slope surfaces. At the same time, solar radia-
tion datasets for such surfaces are an important pre-
requisite, in particular, in case of the deployment of
solar collectors. Thus, the diffuse and direct frac-
tions of solar irradiation represent a basis for regres-
sion correlation models used to calculate the irradia-
tion on the slope surfaces [12]. The validity and un-
certainty of the models will obviously depend on the
uncertainty of solar radiation data at any location.
The viability of the deployment of solar collectors
network in the southern part of the steppes and on
the Black sea shore of Ukraine has been established
on the basis of calculations for the period 1961-
1990. [13]. Recent studies have confirmed the high

potential of the southern region of Ukraine and re-
vealed its growing solar / photovoltaic resources,
which is explained by the increase of total solar ra-
diation in the hot period and duration of bright sun-
shine observed in 1991-2015, mainly due to the in-
crement in direct radiation. It has been established
that in the southern part of the country and in Cri-
mea the contribution of direct radiation in the hot
season can reach 60% and even more [2]. Obtaining
the characteristics of the time-space distribution of
the solar energy resource solely based on the on-
ground measurements is associated with certain dif-
ficulties due to the imperfections in the existing ra-
diation conditions monitoring system: insufficient
number of actinometric stations and measured char-
acteristics of solar radiation. The variability of solar
radiation at different time scales is driven by both
external (astronomical) and internal (atmosphere
transparency, cloud cover) factors. Multi-scale vari-
ability affects different aspects of solar energy. In
particular, daily variability determines performance
of the solar collector, while seasonal (monthly) vari-
ability determines efficiency of utilization and stor-
age of solar energy [14]. It is generally accepted that
regional predictive models of solar radiation are
necessary, because in most cases the network densi-
ty of radiometric stations is insufficient to describe
the required time-space variability of radiation [15].
In this regard, there is a continuous pipeline of the
new models, and existing modeling techniques are
being constantly improved in order to enhance the
evaluated values of solar radiation based on more
accessible meteorological data [16; 17].

Purpose. The main purpose of the study is to
develop statistical models of solar radiation for the
South of Ukraine, which will improve the quality of
estimating the atmosphere clearness and cloudiness
parameters based on available meteorological data
of solar radiation. To achieve this goal, it was per-
formed an in-depth analysis of the distribution of the
sky clarity for the summer season in southern re-
gions of Ukraine, as well as linear and nonlinear
modeling of relationships between diffuse ratio and
clearness index, taking into account their meteoro-
logical conditionality and interdependence.

Data. The NASA [18], ECMWF [19], and So-
lar Radiation [20] websites currently contain infor-
mation on the average daily values of solar radiation
for various locations. They are represented by long
dataset series (several decades) of evaluated values
of solar energy fluxes obtained from satellite moni-
toring. Daily data for total (global), direct and dif-
fuse solar radiation, and total cloudiness for the do-
main with coordinates 48°-45° N and 29°-39° E,
which were obtained for the grid pitch 2°%2°, have
been used in this study for the summer season over
the period 1981-2020 (Fig. 1).
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Fig. 1. Nodal points and limits of the domain being studied on the map of Ukraine

Methodology. Applied statistical analysis
computations of meteorological data were per-
formed with the aid of the STATISTICA software.
The Descriptive Statistics module was used to de-
scribe and present the relationship between pairs of
variables in the structure of input data. Methods
Graphical analysis allowed to visualize the original
data in the form of empirical distributions, as well as
to visualize statistical relationships between two
random variables. Under the condition of normal
distribution of a two-dimensional random variable,
scattering ellipses with a given confidential proba-
bility were constructed for it. Nonlinear multidi-
mensional modeling of relationships was performed
using linearizing transformations, in particular
Piecewice-linear regression, which allowed nonlin-
ear regression dependences to be approximated by
piecewise linear regression. Graphical visualization
provides the ability to adjust functions, in particular,
spline functions, which allowed to find an analytical
representation of the atmosphere clearness and
cloudiness parameters, which are determined by the
degree of clarity of the sky. The cartographic meth-
od was used to analyze the spatial distribution of the
average monthly clearness index and the diffuse
fraction values in the South of Ukraine.

Clearness index. The clearness index of the at-

mosphere is the main characteristic of the radiation
conditions in a specific location, allowing to assess
the transition from cloudy to clear sky. The clear-
ness index is a basic component for determining
through parameterization the conditions of the sky
in a certain place, which allows evaluating the tran-
sition conditions between a completely overcast sky
to a clear sky with low turbidity. The assessment of
k; is made for various averaging time scales
[21-24]:
kt = 10 (1)
0

where I - the intensity of solar radiation at the top
atmosphere boundary (incoming light flux); I- the
intensity of solar radiation on the terrestrial surface
(flux through the atmosphere).

Extraterrestrial solar radiation can be calculated
from the following equation [25]:

= Iy (1) 2
I[h == (—0) [hosing - sind + cose - cosé - sinhy],
i T
)

where Igc = 1367 W +-m™2 - solar constant; D,,-
number of days of the year, starting from the Janu-
ary 1; 1y - average Earth-Sun distance; r - Earth-Sun
distance for a fixed Earth position in an elliptical
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orbit; hy - sunset hour angle; ¢ - latitude of the site;
6 - solar declination as a function of its orbital posi-
tion [26; 27], which are determined by the formulas
below:

— 1 .
"= \/1+0.0334cos(2n3[’6’;;25) To, (3)
8§ = 23.45sin [—360(";86‘;”")], (4)
hy = cos™1(—tgp - tgb). Q)

The equation for evaluation of the average dai-
ly irradiation power at specific day has the follow-
ing form [28]:

To = Iy [1 +0.034 (2w 2 )| [hosing - sins +

cos - cosé - sinhy). (6)

Sky condition indicates presence or absence of
clouds in the time-space scale based on clearness
index evaluation. According to the actual cloud cov-
er, sky condition can be classified as "overcast"
when clearness index is within the range of 0-0.3;
"partly cloudy" (within 0.3-0.65); "clear" when the
clearness index is within 0.65-1.0 [21].

Cloudiness index (diffuse fraction). The con-
tribution of the diffuse fraction to the irradiation of
the terrestrial surface is quite high. Diffuse irradia-
tion has proved to be an important parameter for
projects related to solar energy [8; 11]. In the south-
ern regions of Ukraine, diffuse irradiation is respon-
sible for about 15% of the monthly intake of Earth-
reflected radiation. For most places in the south of

the country, the monthly intake of diffuse radiation
is 50 — 60 W - m~2. Since diffuse irradiation is an
important factor for many areas of economy, there is
a need to create correlation regression models to
assess diffuse irradiation based on global irradiation
records. In terms of predicting diffuse irradiation
fraction based on available input variables, in par-
ticular, the clearness index (k;), empirical relations
are among the most important [6; 8; 9; 29]. The ra-
tio of diffuse solar irradiation (I;) to total (global)
irradiation on the terrestrial surface (I) is called
cloudiness index or diffuse fraction (k4). Evaluation
of the diffuse fraction also takes place for different
averaging time scales [29-32]:

ky = (7)

Results and discussion. An evaluation of the
frequency of the daily sky clarity (1 —n) was esti-
mated for the southern regions of Ukraine during the
summer season for the period 1981-2020, where n is
the total cloud cover of the sky in unit fractions.
Based on the empirical distribution (Fig. 2), the
most probable values of the sky clarity for the do-
main being studied, which exceed the 10% frequen-
cy threshold, are within 0.6+0.9. That is, the clear
sky conditions have the highest likelihood, as it was
predicted.

The daily values of k; and k,, calculated as per
the formulas (1) and (7), have allowed to create em-
pirical frequency distributions of these values,
which are presented in Fig. 3. Days with very low
(ks < 0.15) and high (k; > 0.55) clearness index

South of Ukraine
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Fig. 2. Repeatability of the degree of clarity of the sky
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Fig. 3. Empirical probability distribution k; and k

are relatively uncommon. As the value of the diffuse
fraction grows, its likelihood is exponentially de-
clining. For example, probability is 75% for values
k4 < 0.30.

For k; curve a strong left skewness is observed,
A = —0.72) meaning that the likelihood of the val-
ues k; < mode is quite high — more than 85%
(Table 1).

Strong right skewness (A = 1.20) is inherent to
kg4, but it has appeared that the Gaussian distribution
suits best to approximate the empirical distribution
of the calculated values of the diffuse fraction. Em-
pirical distributions (Fig. 3) have been built for the
complete sample of calculated values k; and k, re-

gardless of the sky clarity values. The experimental
points on a k; — k; plane spread over the entire area
of the domain being studied, the measurements cov-
er the summer season for the period 1981-2020 (Fig.
4). When calculating k; and k,, average daily val-
ues of the relevant radiation have been used.
Averaging data in a partly cloudy sky condition
provides a smoothing effect that also filters and
thereby reduces the impact of measurement errors.
The resulting k; — k; plot has a pronounced scatter-
ing due to changes in cloud cover, as well as daily
changes in the physical state of the atmosphere, sea-
sonal effects, presence of aerosols etc. For values
k; < 0.20 a deviation from the linear trend has been
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observed. In this case it is feasible to apply lineariz-
ing transformations, namely Piecewise-linear re-
gression (Table 2).

Therefore, the empirical dependence k,; — k;
for the southern regions of Ukraine can be repre-
sent-ted by two linear regression models with a k, =
0.23 point of discontinuity:

o {0.438 —0.851-k;; k, > 0.23
L=

0.755 — 1.851 - ky; k, < 0.23. O

Their adequacy to the process being studied is sup-
ported, in particular, by the high determination fac-
tor (R? = 0.97). Obviously, the clearness index and
diffuse fraction depend on the sky clarity (Fig. 5).
For the whole domain, the average long-term values
of k; and k, for a fixed sky clarity have been found,
thus allowing to obtain the corresponding analytical
dependencies.

In this case, it is convenient to use membership

Table 1

Main descriptive statistics of variables k; and k4 for South of Ukraine. Summertime, 1981-2020

Descriptive Statistics (South of Ukraine.sta)
Variabl
ariable Valid N |Mean |Median |Mode Frequency Min Max Std.Dev. | Skewness | Kurtosis
of Mode
k; 80961 |0.360| 0.393 | 0.511 16 0.002| 0.591 0.137 -0.720 -0.475
kg 68421 | 0.200 | 0.132 |0.021 192 0.001| 0.963 0.192 1.204 0.734

Scatterplot: Kt vs. Kd
Kd = 0,659 - 1,373 * Kt
Correlation: r = - 0,966

N

Fig. 4. Dependence of the cloudiness index on the clearness index for the South of Ukraine.
Summer period 1981-2020

Table 2

Basic parameters of piecewise-linear regression models for dependence k; — k;

Model is: Piecewise linear regression with breakpoint (South of Ukraine.sta)
Dependent variable: k; Loss:

Least squares Final loss: 64.645; R=0.986; R*=0.972; Breakpoint — 0.230

N=66407 Const. By k¢ Const. By k
Estimate 0.438 -0.851 0.755 -1.851
Std.Err. 0.001 0.002 0.001 0.003

1(66403) 469.481 -383.399 1402.782 -685.077

-95%CL 0.436 -0.855 0.753 -1.857
+95%CL 0.440 -0.846 0.756 -1.846
p-value 0.000 0.000 0.000 0.000
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Fig. 5. Average long-term values of clearness index (a) and diffuse fraction (b) against the sky clarity
in the southern regions of Ukraine. Summer period of 1981-2020

functions allowing analytical representation in the
form of certain simple mathematical function.
This approach simplifies the respective numerical
calculations and reduces the computational re-
sources required to store the individual values of
these membership functions. It has appeared that
kq = f(1 —n) is a function attributed to as a Z-
shaped curve or spline function (Fig. 5). In the gen-
eral case, it can be analytically defined in the fol-
lowing way:

kq = 0.28[1 + cos(1 — n)m]. 9)

The function k; = f(1 —n) also belongs to a
group of S-shaped curves and in general can be ana-

lytically defined as:

k; = 0.26[1 — cos(1 — n)m]. (10)

The average long-term values of the clearness
index and diffuse fraction, calculated as per the for-
mulas (1), (7), (9) and (10), agree quite well (Fig.
5). This was also confirmed by the calculations per-
formed for all nodes of the domain being studied.
According to them, the deviation in the clearness
index at the sky clarity value (1 —n) < 0.5 does
not exceed 10%. However, as a cloud cover grows,
the deviation noticeably increases but is below 20-
25%. Deviations in the values of the diffuse fraction
are much more significant, at all values of the clear-
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ness index they are 20-25% in average and become
especially noticeable (about 50%) at the clearness
index (1 —n) = 0.7.

It should be noted that the dispersion of k; and
kg4 values and the strength of their statistical rela-
tionship also significantly depend on the sky clarity.
Since the empirical distribution of the two-
dimensional random variable (k;;k;) well meets
the Gaussian distribution, obtaining dispersion ellip-
ses (Fig. 6) with the major axis superimposed on the
regression curve will allow predicting the confi-
dence intervals of the k; values for the given esti-
mates of two-dimensional distribution parameters.
Ellipses orientation (Fig. 6) about the coordinate
axes is directly dependent on the correlation factor
between k; and k,;. By intersecting the density sur-
face of the two-dimensional random variable
f(ke; kg) with a plane parallel to the (k¢; 0;kg)

plane, and projecting the intersections on the
(k¢; 0; ky) plane, we obtain a family of similar
equally located ellipses with a common center
(kes k).

At any point of each ellipse the distribution
density is constant, so such ellipses are called equal
density ellipses or dispersion ellipses. Dispersion
ellipses are coaxial with the dispersion curve of a
random variable (k;; k;), which are determined by
the corresponding confidence interval.

Table 3 presents the linear regression equations
that reflect the main axis of the dispersion ellipses
of the two-dimensional random variable (k;; k;) at
different values of the sky clarity. It should be noted
that the regression coefficients noticeably grow with
increasing cloudiness, due to the strengthening of
the statistical relationship between k; and k.

0,6

Scattering ellipse of Kd against Kt

Kd = 0,63 - 1,40 Kt

0,5

0,4

0,3

Kd

0,2

0,1

0,0

0,05 0,10 0,15 0,20 0,25

0,30 0,35 0,40 0,45 0,50

Kt:Kd: R =-0,893; R ?=0,797; p=0,000

Fig. 6. Dispersion ellipse of a two-dimensional random variable (clearness index: diffuse fraction)
at a sky clarity value 0.5

Table 3
The regression equation of the principal axis of the scattering ellipse
kg=a—-b-k;
Coefficients Degree clarity sky
regression 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0
a 021 | 041 | 046 | 0.57 | 062 | 0.63 | 0.69 | 0.75 | 0.80 | 0.82 | 0.82
b 036 | 0.80 | 090 | 1.20 | 136 | 1.40 | 1.57 | 1.84 | 2.18 | 2.47 | 251

The likelihood that the k; and k,; values exper-
imentally obtained therein will be valid is called the
confidential probability. For predetermined confi-
dential probability values, confidence intervals of
the Gaussian distribution of a random variable

(k¢; kg) have been calculated. The boundary points
of the respective confidence intervals determine the
scale of the main axes of the dispersion ellipse of a
random variable (k;; ky) (Table 4).

It should be noted that the obtained confidence
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Table 4
Scattering ellipse parameters
Coordinates of
the center of the The semiaxes of the scattering ellipse, AKt/AKd
1-n ellipse
¢ e confidential probability

t d 0.50 0.60 0.70 0.80 0.90 0.95 0.99 0.999

1.0 0.523 0.015 0.018 0.022 0.028 0.035 0.042 0.055 0.071
0.019 0.010 0.013 0.016 0.020 0.025 0.030 0.039 0.051

0.9 0.487 0.018 0.022 0.027 0.034 0.043 0.052 0.068 0.087
0.031 0.019 0.024 0.029 0.036 0.047 0.055 0.073 0.093

0.8 0.455 0.023 0.028 0.035 0.043 0.055 0.066 0.087 0.111
0.053 0.026 0.033 0.040 0.050 0.064 0.076 0.100 0.128

0.7 0.396 0.021 0.027 0.033 0.041 0.053 0.063 0.082 0.105
0.095 0.035 0.044 0.054 0.067 0.086 0.102 0.134 0.171

0.6 0.337 0.023 0.028 0.035 0.043 0.055 0.066 0.086 0.110
0.162 0.038 0.048 0.059 0.073 0.094 0.112 0.147 0.187

0.5 0.274 0.028 0.035 0.043 0.054 0.069 0.082 0.108 0.028
0.251 0.044 0.055 0.067 0.083 0.106 0.127 0.167 0.213

04 0.214 0.040 0.050 0.061 0.076 0.097 0.116 0.152 0.194
0.349 0.066 0.082 0.102 0.126 0.161 0.192 0.252 0.323

0.3 0.145 0.048 0.060 0.074 0.092 0.117 0.140 0.184 0.235
0.480 0.090 0.113 0.139 0.172 0.220 0.262 0.345 0.441

0.2 0.110 0.050 0.063 0.075 0.096 0.123 0.146 0.192 0.245
0.563 0.113 0.141 0.173 0.214 0.275 0.327 0.430 0.549

0.1 0.113 0.035 0.044 0.054 0.066 0.085 0.101 0.133 0.170
0.547 0.087 0.109 0.134 0.165 0.212 0.253 0.332 0.424

0.0 0.099 0.023 0.029 0.036 0.044 0.057 | 0.068 0.096 0.115
0.571 0.063 0.078 0.096 0.119 0.153 0.182 0.259 0.308

intervals for different values of the sky clarity, both
for k, and for k,, significantly overlap. This is es-
pecially evident in the light and heavy cloudiness
conditions.

The spatial distribution of the average monthly
values for k; and k; in the domain being studied
(Fig. 7-8) indicates their insignificant longitude var-
iability. Instead, these values are highly dependent
on latitude. Maximum k; values (minimum k) are
observed in June-July over the waters of the Black
and Azov Seas, and in August, on the contrary, a k;
minimum and k; maximum is observed. Moving
from the seashore to the Ukrainian mainland, the
field of clearness and cloudiness index values be-
comes quite homogeneous with a weak extremum in
the northwestern part of the domain.

It can be assumed that the seasonal anomaly
observed in August is explained by a change of cer-
tain weather patterns that determine humidity and
dustiness of the atmosphere, and hence optical
transparency, as well as the direction of weather
travel over the major part of Europe in late summer.
Following the spread of the eastern ridge of the
Azores anticyclone, at this time cyclonic activity in
Ukraine is significantly subsided, wind speed reduc-

es to minimum values and the heterogeneity of the
spatial structure of the cloud cover increases. At this
particular time, in August, the maximum frequency
of clear weather is observed in the regions being
studied [13]. It may be important that in August in
the Atlantic-European sector of the Northern Hemi-
sphere, the frequency and duration of blocking de-
velopments drops down compared to other summer
months [33], but their impact on the radiation condi-
tions in the atmosphere has yet to be assessed.

Conclusions. The distribution of the degree of
clarity of the sky in the summer season in the South
of Ukraine showed that the clear state of the sky
(degree of clarity 0.6+0.9) is the most probable
event. The state of the sky in the absence of any
cloudiness has a recurrence of less than 10%, which
indicates the importance of cloudiness as a factor
that determines the solar energy potential of the giv-
en location.

The calculated values of the atmosphere clear-
ness and cloudiness indices for different locations
are closely related to the degree of clarity of the sky,
which allowed to obtain appropriate analytical de-
pendences that can be used to evaluate the atmos-
phere clearness and cloudiness indices at different
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a.

Fig. 7. Spatial distribution of the average monthly values of clearness index in the southern regions of
Ukraine. Summer period of 1981-2020. (a — June; b — July; ¢ — August)
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a.

Fig. 8. Spatial distribution of the average monthly values of diffuse fraction in the southern regions of
Ukraine. Summer period of 1981-2020. (a — June; b — July; ¢ — August)

time scales and predict helioenergetic potential with
a sufficient validity.

The presented correlation-regression models al-
low evaluation of the averaged diffuse irradiation
based on the averaged global values, which current-
ly are in the public domain. In addition, they can be
used to decompose daily values into the averaged
hourly values of global irradiation, as there are no
references to hourly averaged diffuse irradiation.
Creating a "universal model", which is adaptable to
all locations and weather conditions based only on
publicly available data (cloud cover, global insola-
tion on a horizontal surface), can be beneficial to the

design of large solar collectors and agrometeorolog-
ical projects.

The results obtained in the study of the solar /
photovoltaic energy potential in the southern regions
of Ukraine appeared to be helpful for understanding
of seasonal features of weather situation in the At-
lantic-European sector of the Northern Hemisphere.
The obtained empirical dependence between cloudi-
ness and diffuse irradiation parameters will help
better represent the characteristics of the time-space
distribution of the radiation budget in the southern
regions of Ukraine.

- 169 -



Cepis «['eonoris. leorpaddisi. EKkonoris», 2021, Bunyck 55

Bibliography

1. Bakirci K. Models for the estimation of diffuse solar radiation for typical cities in Turkey [Text] / K. Bakirci // Ener-
gv.—2015.— Vol. 82(C). — P. 827-838. DOI: https://doi.org/10.1016/j.energy.2015.01.093

2. Pubuenxo JI.C. Monimopune eenioenepeemuunux pecypcie Yxpainu [Texcm] / JI.C. Pubuenxo, C.B. Caguyk // Yrpa-
iHcoKkuil 2ciopomemeoponoziunuil scypran. — 2017. —Ne 19. — C. 65-71.

3. Pubuenxo JI.C. [lomenyian cenioenepeemudnux KiiMamuuHux pecypcié coHaunoi padiayii @ Vkpaini [Texcm] /
JI.C. Pubuenxo, C.B. Casuyk // Vkpaincokuii eeocpagiunuti ocypran. — 2015. — Ned. — C.16-23. DOI:
https://doi.org/10.15407/ugz2015.04.016

4. Bortolini M. Multi-location model for the estimation of the horizontal daily diffuse fraction of solar radiation in
Europe [Text] / M. Bortolini, M. Gamberi, A. Graziani, R. Manzini, C. Mora // Energy Conversion and
Management. — 2013. — Vol. 67. — P. 208-216. DOI: https.//doi.org/10.1016/j.enconman.2012.11.008

5. Kuo C. W. Modeling the hourly solar diffuse fraction in Taiwan [Text] / C.W. Kuo, W.C. Chang, K.C. Chang // Re-
newable Energy. — 2014. — Vol. 66. — P. 56-61. https://doi.org/10.1016/j.renene.2013.11.072

6. Berrizbeitia S.E. Empirical Models for the Estimation of Solar Sky-Diffuse Radiation. A Review and Experimental
Analysis [Text] / S.E. Berrizbeitia, E.J. Gago, T. Muneer // Energies. — 2020. — Vol. 13, No. 3. — P. 701. DOI:
https.//doi.org/10.3390/en13030701

7. Bailek N. A new empirical model for forecasting the diffuse solar radiation over Sahara in the Algerian Big South
[Text] / N. Bailek, K. Bouchouicha, Z. Al-Mostafa, M. El-Shimy, N. Aoun, A. Slimani, S. Al- Shehri // Renewable En-
ergy. —2018. — Vol. 117. — P. 530-537. DOI: https://doi.org/10.1016/j.renene.2017.10.081

8. Despotovic, M.; Nedic, V.; Despotovic, D.; Cvetanovic, S. Evaluation of empirical models for predicting monthly
mean horizontal diffuse solar radiation [Text] / M. Despotovic, V. Nedic, D. Despotovic, S. Cvetanovic, // Renewable
and  Sustainable  Energy  Reviews. — 2016. — Vol. 56, No. C. — P 246-260. DOI:
https.//doi.org/10.1016/j.rser.2015.11.058

9. Paulescu E. Regression models for hourly diffuse solar radiation [Text] / E. Paulescu, R. Blaga // Solar Energy. —
2016. — Vol. 125. — P. 111-124. DOI: http://dx.doi.org/10.1016/j.solener.2015.11.044

10. Wang, L.; Kisi, O.; Zounemat-Kermani, M.; Salazar, G.A.; Zhu, Z.; Gong, W. Solar radiation prediction using differ-
ent techniques: Model evaluation and comparison [Text] / L. Wang, O. Kisi, M .Zounemat-Kermani, G.A. Salazar,
Z. Zhu, W. Gong // Renewable and Sustainable Energy Reviews. — 2016. — Vol. 6. — P.384-397. DOI:
https://doi.org/10.1016/j.rser-2016.04.024

11. Zhang J. A critical review of the models used to estimate solar radiation [Text] /J. Zhang, L. Zhao, S. Deng, W. Xu,
Y Zhang // Renewable and Sustainable FEnergy Reviews. — 2017. — Vol.70. — P 314-329. DOI:
https://doi.org/10.1016/j.rser.2016.11.124

12. Boland J. Decomposing global solar radiation into its direct and diffuse components [Text] / J. Boland, J. Huang,
B. Ridley // Renewable and Sustainable Energy Reviews. — 2013. — Vol 28. — P 749-756. DOI:
https.//doi.org/10.1016/j.rser.2013.08.023

13. Knimam Yxpainu [Texcm]: monoepagis / 3a peo. B.M. Jlinincokoeo, B.A. Jauyka, B.M. babiuenxo. — K.: Buo-so
Paescvrozco, 2003. — 343 c¢. — ISBN: 966-7016-18-8.

14. Hawuncxuti B.A. Oyenxa nadaiowetl COMHEYHOU paouayuy Ha 20pU30HMAIbLHYI0 NOBEPXHOCHb MEPPUMOPUU 8 YCIO0-
susx Pecnyonuxu benapycw / B.A. Hawunckuii, A.A. Bymoko, A.A. Yepxacoea // Dxonoeuueckuu éecmuux. — 2015. —
Ne 2 (32). - C. 77-82.

15. Muneer T. Discourses on solar radiation modeling [Text] / T. Muneer, S. Younes, S. Munawwar // Renewable and
Sustainable Energy Reviews. — 2007. — Vol. 11, No. 4. — P. 551-602. DOI: https://doi.org/10.1016/j.rser-2005.05.006

16. Safi S. Prediction of global daily solar radiation using higher order statistics [Text] / S. Safi, A. Zeroual, and
M. Hassani // Renewable Energy. — 2002. — Vol. 27, No. 4. — P. 647—666. DOI: https://doi.org/10.1016/S0960-
1481(01)00153-7

17. Younes S. Improvements in solar radiation models based on cloud data [Text] / S. Younes, T. Muneer // Building Ser-
vices Engineering Research and Technology. — 2006. — Vol. 27, No. 1. — P. 41-54. DOI: https://doi.org/10.1191/
0143624406bt1430a

18. Atmospheric Science Data Center. Retrieved from: https://eosweb.larc.nasa.gov

19. Forecasts | ECMWEF. Retrieved from: www.ecmwf.int

20. Solar Irradiance Data. Retrieved from: https://solcast.com/solar-radiation-data

21. Rodrigues V.S. Clarity Index in the city of Manaus in Global Atmospheric Radiation Measurement function by Mete-
orological Observation Station in the Amazon ranking [Text] / V.S. Rodrigues, M.V.A. Nunes, V.S. Silva,
G.S. Rodrigues, PF.R. Ramkeerat, C.M.N. Batista, W.A. Moraes // Journal of Engineering and Technology for In-
dustrial Applications. — 2016. — Vol. 02, No. 08. — P. 136-144. https.//www.itegam-jetia.org. ISSN ONLINE: 2447-
0228. DOLI: https://dx.doi.org/10.5935/2447-0228.20160050

22. Bawazir R.O. Investigating the Optimum Tilt Angle for Solar Receiver in Izmir [Text] / R.O. Bawazir, J. Chakchak,
N.S. Cetin, K. Ulgen // ISEM2016, 3rd International Symposium on Environment and Morality, 4-6 November 2016,
Alanya — Turkey. — Alanya: Sakarya University, 2016. — P 809-817. Retrieved from: http://i-sem.info/
PastConferences/ISEM2016/ISEM2016/papers/1-ISEM20161D250.pdf

23. Al-Enezi F.Q. Visibility and Potential of Solar Energy on Horizontal Surface at Kuwait Area [Text] / F.Q. Al-Enezia,
J.K. Sykulskia, N.A. Ahmed // Energy Procedia. — 2011. — Vol. 12. — P. 862-872. DOI: https://dx.doi.org/10.1016/
j.egypro.2011.10.114

-170 -


https://doi.org/10.1016/j.energy.2015.01.093
https://doi.org/10.15407/ugz2015.04.016
https://doi.org/10.1016/j.enconman.2012.11.008
https://doi.org/10.1016/j.renene.2013.11.072
https://doi.org/10.3390/en13030701
https://doi.org/10.1016/j.renene.2017.10.081
https://doi.org/10.1016/j.rser.2015.11.058
http://dx.doi.org/10.1016/j.solener.2015.11.044
https://doi.org/10.1016/j.rser.2016.04.024
https://doi.org/10.1016/j.rser.2016.11.124
https://doi.org/10.1016/j.rser.2013.08.023
https://doi.org/10.1016/j.rser.2005.05.006
https://doi.org/10.1016/S0960-1481(01)00153-7
https://doi.org/10.1016/S0960-1481(01)00153-7
https://doi.org/10.1191/0143624406bt143oa
https://doi.org/10.1191/0143624406bt143oa
https://eosweb.larc.nasa.gov/
http://www.ecmwf.int/
https://solcast.com/solar-radiation-data
https://www.itegam-jetia.org/
https://dx.doi.org/10.5935/2447-0228.20160050
http://i-sem.info/PastConferences/ISEM2016/ISEM2016/papers/1-ISEM2016ID250.pdf
http://i-sem.info/PastConferences/ISEM2016/ISEM2016/papers/1-ISEM2016ID250.pdf
https://dx.doi.org/10.1016/j.egypro.2011.10.114
https://dx.doi.org/10.1016/j.egypro.2011.10.114

ISSN 2410-7360 BicHMK XapKiBCbKOro HalioHa/1IbHOrO YHIBEpCMTETY iMeHi B.H. KapasiHa

24. Perez-Burgos A. Retrieval of monthly average hourly values of direct and diffuse solar irradiance from measure-
ments of global radiation in Spain [Text] / A. Perez-Burgos, M. Diez-Mediavilla, C. Alonso-Tristan, M.I. Dieste-
Velasco // Journal of Renewable and Sustainable Energy. — 2018. — Vol 10, No.2. — 023707. DOI:
https.//doi.org/10.1063/1.5016926

25. Berger A. Astronomical theory and orbital forcing [Text] / A. Berger, Q. Yin // In The Sage Handbook of Environ-
mental Change / J.A. Matthews (Managing editor). Vol. 1, Section III Causes, Mechanisms and Dynamics of Envi-
ronmental Change. — 2012. — P. 403-423.

26. Insolation in The Azimuth Project. Retrieved from: www.azimuthproject.org

27. Declination Angle. Retrieved from: www.pveducation.org

28. The Sun As A Source Of Energy. Part 4: Irradiation Calculations. Sections: Solar Photovoltaics. Retrieved from:
hitps://www.itacanet.org/the-sun-as-a-source-of-energy/part-4-irradiation-calculations/

29. Salhi H. Evaluation of diffuse fraction and diffusion coefficient using statistical analysis [Text] / H. Salhi,
L. Belkhiri, A. Tiri // Applied Water Science. — 2020. — Vol. 10:133. DOI: https://doi.org/10.1007/s13201-020-01216-0

30. Yang D. Solar radiation on inclined surfaces: Corrections and benchmarks [Text] / D. Yang // Solar Energy. — 2016.
—Vol. 136. — P. 288-302. DOI: https.://doi.org/10.1016/.solener-2016.06.062

31. Scarpa F. Splitting the solar radiation in direct and diffuse components; insights and constrains on the clearness-
diffuse fraction representation [Text] / F. Scarpa, A. Marchitto, L.A. Tagliafico // International journal of heat and
technology. — 2017. — Vol. 35, No. 2. — P. 325-329. DOI: hitps://doi.org/10.18280/ijht.350213 ISSN: 0392-8764

32. Yang L. Comparison of daily diffuse radiation models in regions of China without solar radiation measurement
[Text] / L. Yang, Q. Cao, Y. Yu, Y. Liu // Energy. — 2020. — Vol. 191:116571. DOI: https://doi.org/10.1016/
j.energy.2019.116571

33. Bazancesa FO.0. Iloemoproganicms, mpusanicms ma iHMEHCUBHICMb OIOKYBATbHUX NPOYECis, Wo 3YMOBIIOIMb
anomanvri no2oori ymosu 6 Yxpaini [Texcm] / FO.O. bazaneesa, B.O. banrabyx // Haykosi npayi Yxpaincerkozo nay-
K0B0-00CNiOH020 2i0pomemeoponociunozo incmumymy. — 2016. — Bun. 268. — C. 44-51. — Peoicum docmyny:
http://nbuv.gov.ua/UJRN/Npundgi 2016 268 7

Authors Contribution: All authors have contributed equally to this work

References

1. Bakirci, K. (2015). Models for the estimation of diffuse solar radiation for typical cities in Turkey. Energy, 82, 827-
838. https://doi.org/10.1016/j.energy.2015.01.093

2. Rybchenko, L.S., Savchuk, S.V. (2017). Monitorynh helioenerhetychnykh resursiv Ukrainy [Monitoring the solar
energy resources of Ukraine]. Ukrainskyi hidrometeorolohichnyi zhurnal — Ukrainian hydrometeorological journal,
19, 65-71. [in Ukrainian]

3. Rybchenko, L.S., Savchuk, S.V. (2015). Potentsial helioenerhetychnykh klimatychnykh resursiv soniachnoi radiatsii v
Ukraini [Potential of the climatic solar radiation energy resources in Ukraine]. Ukrainskyi heohrafichnyi zhurnal -
Ukrainian Geographical Journal, 4. 16-23. https://doi.org/10.15407/ugz2015.04.016 [in Ukrainian]

4. Bortolini, M., Gamberi, M., Graziani, A., Manzini, R., Mora, C. (2013). Multi-location model for the estimation of
the horizontal daily diffuse fraction of solar radiation in Europe. Energy Conversion and Management, 67, 208—
216. https://doi.org/10.1016/j.enconman.2012.11.008

5. Kuo, C.W.,, Chang, W.C., Chang, K.C. (2014). Modeling the hourly solar diffuse fraction in Taiwan. Renewable En-
ergy, 66, 56-61. hitps://doi.org/10.1016/j.renene.2013.11.072

6. Berrizbeitia, S.E., Gago, E.J., Muneer, T. (2020). Empirical Models for the Estimation of Solar Sky-Diffuse Radia-
tion. A Review and Experimental Analysis. Energies 2020, 13(3), 701. https.//doi.org/10.3390/en13030701

7. Bailek, N., Bouchouicha, K., Al-Mostafa, Z., EI-Shimy, M., Aoun, N., Slimani, A., Al-Shehri, S. (2018) A new empiri-
cal model for forecasting the diffuse solar radiation over Sahara in the Algerian Big South. Renewable Energy, 117,
530-537. https://doi.org/10.1016/].renene.2017.10.081

8. Despotovic, M., Nedic, V., Despotovic, D., Cvetanovic, S. (2016). Evaluation of empirical models for predicting
monthly mean horizontal diffuse solar radiation. Renewable and Sustainable Energy Reviews, 56(C), 246-260.
https://doi.org/10.1016/j.rser.2015.11.058

9. Paulescu, E., Blaga, R. (2016). Regression models for hourly diffuse solar radiation. Solar Energy, 125, 111-124.
http://dx.doi.org/10.1016/].s0lener-2015.11.044

10. Wang, L., Kisi, O., Zounemat-Kermani, M., Salazar, G.A., Zhu, Z., Gong, W. (2016). Solar radiation prediction using
different techniques: Model evaluation and comparison. Renewable and Sustainable Energy Reviews, 61, 384-397.
DOI: https://doi.org/10.1016/j.rser.2016.04.024

11. Zhang, J., Zhao, L., Deng, S., Xu, W., Zhang, Y. (2017). A critical review of the models used to estimate solar radia-
tion. Renewable and Sustainable Energy Reviews, 2017, 70, 314—329. https://doi.org/10.1016/j.rser.2016.11.124

12. Boland, J., Huang, J., Ridley, B. (2013). Decomposing global solar radiation into its direct and diffuse components.
Renewable and Sustainable Energy Reviews, 28, 749—756. hitps://doi.org/10.1016/j.rser.2013.08.023

13. Lipinskyi, V.M., Dyachuk, V.A., Babichenko, V.M. (Eds). (2003). Klimat Ukrainy [Climate of Ukraine]. Kyiv: Ra-
vevskyi Publ., 343. [in Ukrainian]

14. Pashinsky, V.A., Butko, A.A., Cherkasova, A.A. (2015). Ocenka padajushhej solnechnoj radiacii na gorizontal nuju
poverhnost' territorii v uslovijah Respubliki Belarus' [Assessment of incident solar radiation on the horizontal sur-

face of the territory in the conditions of the Republic of Belarus]. Jekologicheskij vestnik — Ecological Bulletin,
2(32), 77-82. [in Russian]

-171-


https://doi.org/10.1063/1.5016926
http://www.azimuthproject.org/
http://www.pveducation.org/
https://www.itacanet.org/the-sun-as-a-source-of-energy/part-4-irradiation-calculations/
https://doi.org/10.1007/s13201-020-01216-0
https://doi.org/10.1016/j.solener.2016.06.062
https://doi.org/10.18280/ijht.350213
https://doi.org/10.1016/j.energy.2019.116571
https://doi.org/10.1016/j.energy.2019.116571
http://nbuv.gov.ua/UJRN/Npundgi_2016_268_7
https://doi.org/10.1016/j.energy.2015.01.093
https://doi.org/10.15407/ugz2015.04.016
https://doi.org/10.1016/j.enconman.2012.11.008
https://doi.org/10.1016/j.renene.2013.11.072
https://doi.org/10.3390/en13030701
https://doi.org/10.1016/j.renene.2017.10.081
https://doi.org/10.1016/j.rser.2015.11.058
http://dx.doi.org/10.1016/j.solener.2015.11.044
https://doi.org/10.1016/j.rser.2016.04.024
https://doi.org/10.1016/j.rser.2016.11.124
https://doi.org/10.1016/j.rser.2013.08.023

Cepis «['eonoris. leorpaddisi. EKkonoris», 2021, Bunyck 55

15. Muneer, T, Younes, S., Munawwar, S. (2007). Discourses on solar radiation modeling. Renewable and Sustainable
Energy Reviews, 11(4), 551—602. https://doi.org/10.1016/j.rser.2005.05.006

16. Safi, S., Zeroual, A., Hassani, M. (2002). Prediction of global daily solar radiation using higher order statistics.
Renewable Energy, 27(4), 647—666. https://doi.org/10.1016/50960-1481(01)00153-7

17. Younes, S., Muneer, T. (2006). Improvements in solar radiation models based on cloud data. Building Services Engi-
neering Research and Technology, 27(1), 41-54. https.//doi.org/10.1191/0143624406bt1430a

18. Atmospheric Science Data Center. Retrieved from: https://eosweb.larc.nasa.gov

19. Forecasts | ECMWEF. Retrieved from: www.ecmwf.int

20. Solar Irradiance Data. Retrieved from: https.//solcast.com/solar-radiation-data

21. Rodrigues, V.S., Nunes, M.V.A., Silva, V.S., Rodrigues, G.S., Ramkeerat, PF.R., Batista, C.M.N., Moraes, W.A.
(2016). Clarity Index in the city of Manaus in Global Atmospheric Radiation Measurement function by Meteorologi-
cal Observation Station in the Amazon ranking. Journal of Engineering and Technology for Industrial Applications,
02(08), 136-144. https://www.itegam-jetia.org. ISSN ONLINE: 2447-0228. https://dx.doi.org/10.5935/2447-
0228.20160050

22. Bawazir, R.O., Chakchak, J., Cetin, N.S., Ulgen, K. (2016). Investigating the Optimum Tilt Angle for Solar Receiver
in Izmir. ISEM2016, 3rd International Symposium on Environment and Morality, 4-6 November 2016, Alanya — Tur-
key. Alanya: Sakarya University, 809-817. Retrieved from: http.//i-sem.info/PastConferences/ISEM2016/ISEM2016/
papers/1-ISEM2016ID250.pdf

23. Al-Enezia, F.Q., Sykulskia, J K., Ahmed, N.A. (2011) Visibility and Potential of Solar Energy on Horizontal Surface
at Kuwait Area. Energy Procedia, 12, 862—872. https://dx.doi.org/10.1016/j.egypro.2011.10.114

24. Perez-Burgos, A., Diez-Mediavilla, M., Alonso-Tristan, C., Dieste-Velasco, M.1. (2018). Retrieval of monthly aver-
age hourly values of direct and diffuse solar irradiance from measurements of global radiation in Spain. Journal of
Renewable and Sustainable Energy, 10(2), 023707. https://doi.org/10.1063/1.5016926

25. Berger, A., Yin, Q. (2012) Astronomical theory and orbital forcing. In The Sage Handbook of Environmental
Change, J.A. Matthews (Managing editor). Vol. 1, Section Il Causes, Mechanisms and Dynamics of Environmental
Change. 403-423.

26. Insolation in The Azimuth Project. Retrieved from: www.azimuthproject.org

27. Declination Angle. Retrieved from: www.pveducation.org

28. The Sun As A Source Of Energy. Part 4. Irradiation Calculations. Sections: Solar Photovoltaics. Retrieved from:
https.//www.itacanet.org/the-sun-as-a-source-of-energy/part-4-irradiation-calculations/

29. Salhi, H., Belkhiri, L., Tiri. A. (2020). Evaluation of diffuse fraction and diffusion coefficient using statistical analy-
sis. Applied Water Science, 10:133. https://doi.org/10.1007/s13201-020-01216-0

30. Yang, D. (2016). Solar radiation on inclined surfaces: Corrections and benchmarks. Solar Energy, 136, 288-302.
https://doi.org/10.1016/j.solener.2016.06.062

31. Scarpa, F, Marchitto, A., Tagliafico, L.A. (2017). Splitting the solar radiation in direct and diffuse components;
insights and constrains on the clearness-diffuse fraction representation. International journal of heat and technolo-
gy, 35(2), 325-329. https://doi.org/10.18280/ijht.350213 ISSN: 0392-8764

32. Yang, L., Cao, Q., Yu, Y., Liu, Y. (2020). Comparison of daily diffuse radiation models in regions of China without
solar radiation measurement. Energy, 191:116571. https://doi.org/10.1016/j.energy.2019.116571

33. Bazalieieva, Y.O., Balabukh, V.O. (2016). Povtoriuvanist, tryvalist ta intensyvnist blokuvalnykh protsesiv, shcho
zumovliuiut anomalni pohodni umovy v Ukraini [Frequency, duration and intensity of the blocking processes, which
causes abnormal weather conditions in Ukraine]. Naukovi pratsi Ukrainskoho naukovo-doslidnoho hidrometeor-
olohichnoho instytutu — Proceedings of Ukrainian Research Hydrometeorological Institute, 268, 44-51. Re-
trieved from: http://nbuv.gov.ua/UJRN/Npundgi 2016 _268 7. [in Ukrainian]

CrarucTHyecKMi aHAJIHU3 IAPAMETPOB MPO3PAYHOCTH
U 00/1a4HOCTH aTMOC(epbl HA I0re¢ YKPauHbI

Bacunuii Heanoeuu 3amyna’,

K. T€OTp. H., JIOIL., JIOIIEHT Kaeapbl METCOPOIIOTHUH U KIMMATOJIOTHH reorpaduyeckoro hakyipTeTa
'KreBCKOTO HAIIMOHANIEHOTO YHHBEpCcUTeTa MMeHn Tapaca Lllepdenko,

yi. Bmagumupckas, 64, KHY, a/s 13, r. Kues, 01601, Ykpauna;

Apocnas Bacunvesuu Kuxmenxo',

CTY/ICHT MarucTparypsl Kadeapsl METEOPOIOTHH M KIIMMATOJIOTHH;

Pocmucnae Bacunvesuu Oneiinux’,

K. 0.-M. H., JIOII., IOLIEHT Ka(eapbl METEOPOJIOTHH ¥ KIMMATOJIOTHH;

Cepzeii Heanoeuu Cneicko’,

. TeOTp. H., poQ., 3aB. Kapeapbl METCOPOJIOTUHU U KITMMAaTOJIOTHH

PaccMmoTpeHBI crierianbHple aceKThl MHCOJSIMH 3¢MHOM noBepxHOCTH Ha HOre YkpawHbI, a UMCHHO HHICKCHI
MIPO3PaYHOCTH U 00Ia9HOCTH aTMOCc(hephl. B 0CHOBY paOOTHI MOJ0KEHBI JAHHBIE CITyTHUKOBOTO MOHHTOPHHIA CPEIHEH
CYTOYHOM MHCOJISIITMK U 00Ieil 00Ia4HOCTH B y3JIaX ABYXTPaayCHOU CeTKH aiisi momeHa 48°-45° c.am. u 29°-39° B.11. 3a
niepuoxa 1981-2020 rr. JIns oneHKH MaKCUMabHO BO3MOXKHOTO TeJIMOYHEPTEeTHIECKOro nmoTennuana lOra YkpanHsl uc-
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OJIb30BAJIMCH JAHHBIC CITyTHUKOBBIX HAOJIOJICHUH 32 JIETHUH ce30H. Bbuto ycraHoBiIeHO, YTO HauOOIbIIAs OBTOpSIC-
MocTh (6otee 50%) oOrmiero 061auHOTO MOKPOBA XapaKTEpH3yeTCsl CTENeHblo scHocTH atMocdeps! 0.7+0.9, koropas
COOTBETCTBYET SICHOMY COCTOsIHUIO HeOa. OOOCHOBaHA 3HAYMMOCTh OOIy4EHHs 3eMHON NOBEpXHOCTH AU Qy3HOIt co-
HEYHOH pajuanuei, 1oy KOTOPOi B CTPYKType CyMMapHOro oOimyueHus (MHaeke nuddys3Hoi paauannm) HaXoaAuTcs B
TECHOM 00paTHO 3aBUCUMOCTH C UHJEKCOM MPO3pavyHOCTH atMocdepbl (ko uireHT koppemsun okoio -0,97). Un-
nexchl mpo3paunocty (ki)  obmagrocTH (kg) aTMOC(hEpBI HAXOMATCS B TECHOM CTATHCTUYECKOW 3aBHCUMOCTH CO CTeTIe-
HBIO SICHOCTH Heba, YTO IO3BOJIMIIO IIOCTPOUTH aHAIUTHYCCKUE QYHKIMHU T yKa3aHHBIX HHICKCOB B 3aBHCHMOCTH OT
CTETIeHHU SCHOCTU Heba, KOTOPhIe OKa3alich S- U Z-00pa3HBIMU KPUBBIMH COOTBETCTBEHHO. DMITUPHUIECKOE pacupene-
JICHWE OBYXMEpHOIl ciydaitHoi BemmuuHbl (ki:kg) ymoBmerBopsier TpeOoBaHUS HOPMAJBHOTO paCIpeieIeHus, a TOIy-
YEHHBIC DJUIUIICH PACCEHBAHUS MO3BOIMIIN PACCUNTATH JOBEPUTEIBHbBIC HHTEPBAIBI ABYXMEPHOU CITydallHOH BETMYHHBI
(MHIOEKC IPO3PavyHOCTH : MHAEKC OONAYHOCTH) AJIA 3aJaHHOTO YPOBHS JOBEpHs. B MpoCTpaHCTBEHHOM paclpeieieHu
MHJIEKCOB MPO3PavyHOCTU M 001adHOCTH arMocdepsl Ha HOre Ykpanubl oOHapykeHa 3aBUCHMOCTh OT Teorpaduyeckoi
LIMPOTHI U THIIA TIOJICTUIIAIONIEH TOBEPXHOCTH. B KOHIIE JieTa NposiBUIICS C€30HHBIH 3()(eKT B MPOCTPAHCTBEHHOM pac-
TIPE/ICNICHUN UHJIEKCOB O00JIauHOCTH M MPO3PAavyHOCTH aTMOC(epbl, KOTOPBI BEPOSTHO 00YyCIOBIICH CE30HHBIMH 0COOCH-
HOCTSIMU IIUPKYJISIIMK arMoc(epbl, BBI3BAHHBIMU PAcIpOCTPaHEHHEM BOCTOYHOTO OTpora A30pCKOr0 aHTHIHMKIIOHA M
oOmieil cutyanueil ¢ pasBUTHEM OJOKHPYIOUIMX TporeccoB B Arnanthko-EBpomneiickom cexrope CeBepHOro mosmy-
mapusi.

Knrouesvie cnosa: unoexc npospaunocmu ammocgepuvl;, uHOEKC 0OIAUHOCMU aAMMOCHepbl; CneneHb ACHOCHU
Heba; CONHEeUHAs IHePIUsl; IHEPLeMUecKuUll 2eNUONnOMmeHYua.
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Bacunv Isanosuu 3amyna’,

K. T€Oorp. H., JIOIL., IOIEHT Kadeapu METECOPOIIOTii Ta KJIiMAaToJIorii reorpadiuHoro GpakyasTeTy
'KuiBCHKOTO HAIIOHANBHOTO yHiBepcuTeTy imMeni Tapaca [lleBuenka,

ByI. Bonogumupcrka, 64, KHY, a/c 13, m. Kuis, 01601, Ykpaina;

Apocnae Bacunvosuu Kuxmenxo',
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Cepeini Ieanoeuu Cuixcrko’,

1. TeOTrp. H., mpod., 3aB. Kadeapu METEOPOJIOTii Ta KITiMaTOJIOTI |

Po3misiHyTO crieriaibHi acrekTH iHcosil 3eMHoi moBepxHi Ha [liBaHi Ykpainu, a came IHAEKCH IMPO30pOCTi Ta
xMapHocTi atMocdepu. B 0cHOBY poOOTH MOKJIaeHO JIaHi CYyIyTHUKOBOI'O MOHITOPHHIY CepelHbOl 1000BOT iHCOISIIIT
Ta 3arajibHOT XMapHOCTI Y By3J1ax ABOTPaaycHO CiTku aist JoMeny 48°-45° mu.mr. Ta 29°-39° cx.a. 3a nepiox 1981-2020
pp. JJ1st OLIIHKKM MakCUMaJbHO MOXKIIMBOTO I'eJliO€HepreTHUHOro noreHuiany [liBaHs YkpaiHi BUKOPHCTOBYBAJIMCS IaHi
CYIIyTHUKOBHUX CIIOCTEpPEXCHb 3a JITHIH ce30H. byio BcTaHOBIIEHO, 110 HalOUIbIIa MOBTOPIOBaHICTh (ToHax 50 %) 3a-
rajJbHOTO XMapHOTI'0 NOKPHBY XapaKTepU3YEThCs CTyneHeM sicHocTi armocdepu 0.7 - 0.9, mio BiAnoBijgae scHOMY cTa-
Hy HeOa. OOIpYHTOBAHO 3HAYUMICTH OMPOMIHEHHS 3€MHOI MOBEPXHI JU(Py3HOI COHSYHOK padiallielo, 4acTKa SKOi B
CTPYKTYpi CyMapHOTO onpoMiHeHHs (iHAeKe qudy3Hoi panialii) mepedyBae B TICHIH 0OepHEHIH 3aeKHOCTI 13 1HIEKCOM
mpo3opocti atMochepu (koedimieHT kopensmii omm3pko -0,97). [anexcu mposopocti (k) Ta xmaprocTi (ky) atmMochepn
nepeOyBarOTh B TICHIH CTaTMCTHYHIN 3aJIe)KHOCTI 31 CTYNEHEeM sICHOCTI Heba, 10 J03BOJIMIIO MOOYIyBaTH aHAJIITHYHI
GyHKIT U BKA3aHUX 1HICKCIB 3aJIKHO BiJ CTYMEHS SCHOCTI HeOa, SIKi BUSABUIHMCS S- Ta Z-MOMIOHUMHU KPUBHUMH BijI-
noBigHO. EMnipuuHuii po3nofin n1BomipHOT BunagkoBoi BenunurHu (Ki;K4) 3a10BOBHUB BUMOTH HOPMaJILHOTO PO3IIO-
ITy, a OTpHUMaHi eJIICH PO3CIIOBaHHS JO3BOIMIHM PO3PaxyBaTH JOBIpUi iHTEpBaIN ABOBUMIPHOI BUIIAIKOBOI BETHIHHHU
(iHAEKC MPO30pOCTi : IHAEKC XMapHOCTI) AJIsL 33aHOTo PiBHS NoBipu. [IpocTopoBuii po3noain iHIEKciB MPO30pocTi Ta
xMapHocTi armMocgepu Ha [liBaHi YKpaiHu BUSBUB 3HAYHY 3aJI€XKHICTh LUX 1HIEKCIB BiJ] reorpadiqHoi NIMPOTH Ta TUITY
iICTHIBHOT MOBepXHi. B KiHII JliTa MpOsIBUBCS CE30HHMI €(eKT B MPOCTOPOBOMY PO3IOUI 1HIEKCIB XMApPHOCTI Ta
IIPO30pOCTi aTMocdepH, KU HMOBIPHO 3yMOBJIEHHH CE30HHHMMH OCOOIMBOCTSIMHU LUPKYISILIT arMocdepn, BUKIIMKaA-
HUMH TOIIUPEHHSM CXiTHOTO BiZIpory A30pChKOTO aHTHUIIMKIIOHY Ta 3arajbHOIO0 CUTYAIlI€l0 3 PO3BUTKOM OJIOKYBaJIbLHUX
IpoLeciB B ATIIaHTHKO-EBponercbkoMy cekropi [1iBHIYHOT MiBKyIi.

Knirouoei cnosa: indexc npozopocmi ammocghepu, inoekc xmapHocmi ammocgepu, cmyninb acHoCmi Heba, COHAY-
Ha enepeis, eHepeemuyHull 2enionomenyial.

BHecoOK aBTOpIB: BCi aBTOpPM 3p0OUAKN PiBHMIN BHECOK Y Lo poboTy Hagiiwna 26 ntotoro 2021 p.
MpuiHaTa 16 TpasHa 2021 p.
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ABSTRACT

Goal of the research. In 2014 in Ukraine the massive decentralization reform has been initiated. It aimed to transform many
single administrative units into much larger territorial communities. Spatial differentiation of the newly consolidated communities by
values of their proximity to large cities and urban areas within the case of Zhytomyr region is the goal of the article.

Methods of the research. Zhytomyr region is one of the most successful in Ukraine on implementation of the administrative

reform, decentralization and best practices of the communities’ integration. The region had been selected for the in-depth study tak-
ing into account its central location, economic situation and the environment. Data of the State statistics agency of Ukraine, govern-
mental and non-governmental institutions and Google Maps was applied to conduct the research and identify the territories’ groups.
The research results. Aiming to perform spatial typology of the newly consolidated territorial communities we differentiated
them depending on their proximity to cities and other urban centers firstly. Consequently three types of the communities have been
defined: neighboring, relatively remote, and faraway. Distance of the communities to urban centers relates with their area and people
size: the closer a territorial unit is located to the city, the smaller is its area and population. Other words, the proximity of a communi-
ty to the city determines its economic capacity much more than its population and area. Statistical relations between duration of the
communities’ consolidation and their spatial types prove the faraway and relatively remote communities have been united earlier than
the neighboring. Taking into account the average number of settlements belonging to the one consolidated community it is revealed
the closer to the regional center communities include less number of settlements. Two-dimensional classification of the communities
by their proximity to regional and rayon centers confirms communities located close to cities and towns have better opportunities for

the development.

Novelty of the research results. The presented methodological approach to comprehensive differentiation of the territorial
communities can be applied to identify their challenges, threats and prospects. For this purpose, the algorithm is proposed which
combines indicators of spatial differentiation of rural areas, their economic status, social infrastructure, and the environment.

Practical significance. The proposed methodological approach to spatial differentiation of rural territories is aimed assisting
representatives of the communities, local self-government bodies and state authorities to develop and refine local strategies and pro-
grams, update coherent plans and identify target communities for certain projects.

Keywords: power reform, decentralization, territory, spatial differentiation, consolidated territorial community, economic ca-

pacity, methodology, algorithm.

In cites: Ilina M. V., Shpyliova Yu. B. (2021). Comprehensive spatial differentiation of territorial communities: case of Zhytomyr region.
Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 174-186. https://doi.org/10.26565/2410-7360-

2021-55-13

Introduction. Till the present time Ukraine is
composed of 25 regions. The regions consist of 490
sub-regions (rayons), which include almost 30 thou-
sands of single administrative units (cities, towns,
and villages). In 2014 following political shocks and
redevelopment of the state its administrative struc-
ture started to be transformed too. Soon the reform
of power decentralization has been initiated. Ex-
pectedly in a few years over 1300 new territorial
communities would be consolidated from single
administrative units like towns and villages [1]. Up
to date in Ukraine 924 territorial communities have
been consolidated. That means over 70% of Ukrain-
ians live in such communities which area reaches
40% of the state. Foreign experts recognize the con-
solidation process goes up pretty fast and has many

chances to finish up soon enough. The leading re-
gions are Zhytomyrs’ka (55 newly consolidated lo-
cal communities), Chernigivs’ka (45), Zaporiz’ka
(48), Dnipropetrovs’ka (62), and Khmelnyts’ka
(47) [2].

Being under transformation current techniques
of collecting data on people living in the new com-
munities in Ukraine do not provide much infor-
mation about spatial differentiation of the involved
areas. In particular, it is hard to find out how the
territories differ, what is their demographic status,
social, economic situation and so on. For the time
being statistic information about the newly consoli-
dated local communities is limited by their official
profiles and sporadic publications in the national
mass media. For a researcher it makes certain diffi-
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culties if assessing the status and flow of the decen-
tralization reform. Lack of the statistics as well im-
pedes performance of the territorial communities’
differentiation by social, economic, spatial and other
indicators. However such the differentiation has to
be the primary factor for policy making and national
budgeting.

Review of recent researches and publica-
tions. Novosak and others revealed the socioeco-
nomic and environmental differences of rural areas
in the Czech Republic depending on support of local
action groups (LAGs) by the LEADER program.
Two crucial dimensions of the rural differentiation
were tackled, namely rural aspects and socioeco-
nomic disadvantages. The methodology involved
the extraction of rural disadvantage factors (explora-
tory factor analysis), and the creation of the rural
areas’ clusters (K-means clustering). The study re-
vealed LAGs may be a highly relevant place-based
instrument of the rural development [3]. M.
Chrzanowska and M. Zielinska-Sitkiewicz evaluat-
ed the spatial differentiation of rural areas in Ma-
zowieckie Province in Poland and the linear order-
ing was used to determine the level of socio-
economic development supplied with the synthetic
measures. The results of the study were consistent
with core-periphery theory [4].

Because of rapid industrialization and urbaniza-
tion in Asia some Chinese academicians pay more
attention on narrowing of societal, economic, life,
and environmental gaps between urban and rural
areas. For the goal D. Chen and others contributed
into elaboration of urban-rural equalized develop-
ment (URED). They established an appraisal indica-
tor system consisting of 17 variables that described
spatial allocations, economic development, social
services, quality of life, and ecological environment
[5]. Tao and others analyzed the spatial differentia-
tion of the idle rural residential land (IRRL) and
with the quantitative research discovered crucial
changes in the human-land relationship during rural
development. They opposed idle rural residential
land and metropolitan suburbs and differentiated
them by the method of geographically weighted re-
gression. Practically it used to show how the gov-
ernment should enhance the positive interaction of
industry, population and land to promote the coordi-
nated development of urban and rural areas [6].

Kriauciunas and Burneika underlined that af-
ter the post-communist period the general trans-
formation of rural areas in Lithuania was deeply
influenced by the processes of peripherisation and
decreasing economic importance of rural places.
With the empirical research mostly based on statis-
tical data analysis the authors concluded that many
rural areas close to metropolitan centers were trans-
formed into suburban ones; the rural settlements in

recreational areas have been transformed into resort
areas; and small peripheral rural settlements were
losing population and social infrastructure at very
high pace [7].

In Ukraine academic researches on rural devel-
opment often concern to elaboration of concepts and
theoretical grounds on how to integrate structural
elements of rural territories into spatial systems and
either it is inherent with the decentralization reform
[8-10]. It makes more and more emphasis on rural
communities which are a driver of the rural devel-
opment instead of being an element of administra-
tive and territorial structures, self-organized group
of people who inhabit a common area and synchro-
nize their efforts in order to improve their economic
and social status. Many authors identify rural areas
as multifunctional natural, social and economic sys-
tem with specific quantitative, qualitative, structural,
environmental and other features [11, 12]. Remark-
ably most definitions of rural territories endeavor to
touch as many aspects of the territories as possible.
Despite the wide variety and multifaceted nature of
the definitions they lack clarity if identifying essen-
tial and specific features of rural areas. As the result
the methodology of rural areas differentiation in
Ukraine is vague and does not relate with the Euro-
pean academician practice.

Ukrainian academicians in economic geogra-
phy made many efforts to develop spatial modeling
and planning and research the relevant issues. They
are K. Niemets advancing approaches and methods
of the spatial analysis [13], K. Mezentsev and G.
Pidgrush-ny analyzing social and spatial inequality
in Ukraine [14], L. Rudenko and S. Lisovskyi con-
sidering European practice and techniques of the
spatial differentiation [15], L. Goroshkova and
0. Lisovska modeling advanced national adminis-
trative and territorial structure for better life and
welfare in areas [16], E. Maruniak, O.Golubtsov and
V. Nagirna reshaping rural communities and spatial
planning in Ukraine [17, 18]. All of them added a lot
to methods and approaches of the comprehensive
classification of areas and territories.

Goal of the paper. Many Ukrainian and for-
eign researches — firstly regional economists — as
well contributed into spatial differentiation of terri-
tories by social and economic indicators. M. Averki-
na, V. Udovychenko and V. Chemerys [19, 20] study
spatial differentiation of urban and rural settlements
and areas. Being aware of high significance of the
administrative reform in Ukraine 1. Storonianska, V.
Kravtsiv, and S. Shultz investigate how the distin-
guished territorial communities manage their fi-
nances and develop budgets [21, 22]. Even so ways
of how the newly consolidated communities use and
manage natural resources within their territories
have to be studied thoroughly and certain parame-
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ters of the areas have to be scrutinized as well. Mul-
ti-criteria spatial differentiation of rural areas in
Ukraine is the goal of the article.

Methods and approaches to the research. To
achieve the goal and considering economic applica-
bility of the research’s results we applied the multi-
criteria approach to the definition of rural areas. It
includes physical space (landscapes) for settlements
and infrastructure; natural environment with domi-
nating pastures, forests, mountains, deserts; low
population density (5-10 thousand people per 1
sq.km); agri-industry makes crucial impact into lo-
cal economy; high transaction costs due to large dis-
tances to administrative and industrial centers and
others [23, 24]. The territorial approach is based on
ideas of the integral development of rural areas tak-
ing into account environmental, climatic, demo-
graphic, social, and economic differences and shift-
ing the role of agriculture to other economic sectors
[25]. Within the approach several concepts have
been developed like rural regional development and
other [26].

Consequently we defined the following re-
search tasks: 1) the classification of rural areas de-
pending on their distance to urban centers by ordinal
statistical methods for setting math limits of the ter-
ritorial groups variables; 2) the dual spatial differen-
tiation of the rural communities by values of their
proximity to large cities and other urban areas in
Zhytomyr region; 3) the construction of multi-
criteria algorithm for the comprehensive differentia-
tion of rural areas evaluating their spatial, social,
economic and environmental status; 4) the interpre-
tation of the research results and it’s use for the local
policy development.

From the very beginning of the decentralization
reform the velocity of the communities’ consolida-
tion was not even. In 2016 the number of the newly
consolidated communities grew up on 230 per cent
comparing to the previous year, in 2017 — on 182
per cent, in 2018 — on 125 per cent, and in 2019 —
on 58 per cent. It means the rapidity of the commu-
nities’ consolidation declines the every year. With t
n the current period of time the qualitative attributes
of the communities have more significance than
their number or the rate of the consolidation. Artifi-
cial, sporadic, or unreasonable formation of the
communities will complicate drastically their man-
aging in the future and deprive them of many oppor-
tunities for the development.

Interpretive tendencies of the communities’
consolidation alter as well. For the time being it
should be concluded there is the next one circle of
the reform. The communities which earlier rejected
to join to others now will to consolidate with pros-
perous and promising units. The reason is as soon as
a community has emerged it gets much more author-

ities and funds. Therefore it starts reconstruction of
public basic physical and organizational equipment
and facilities (e.g., buildings, roads, power and wa-
ter supply), renovation of sewage systems, waste
composition and introduction of social and envi-
ronmental programs. Observing the advancement
neighboring villages and towns would like to join to
prosperous and earlier consolidated communities
instead of initiating to form a new one. So the com-
munities’ enlargement proceeds.

Zhytomyr region is one of the most successful
with regard to carrying out of the reform and best
practices of the communities’ consolidation. Taking
into account the location, economic and environ-
mental situation, variable experiences and interim
results of the reformation, the region has been cho-
sen for the case study. Firstly the communities’ terri-
tories have been differentiated by proximity to large
cities and other urban centers. Data of the State sta-
tistics agency of Ukraine, Press-center of “Decen-
tralization” initiative [27, 28], Central election
commission of Ukraine and Google Maps was used
to assess distances from centers of the communities
to Zhytomyr city and districts (rayons) by main car
roads.

The first step of the comprehensive methodolo-
gy provides classification of rural areas depending
on their distance to urban centers. For the typology
ordinal statistical methods have been applied [29].
In order to set math limits of the territories’ groups
(neighboring, relatively remote, and faraway) ranges
of the intervals have been calculated with the fol-
lowing formula:

i=(X,. —X,.)/n

where i is an interval’s range;

Xmax and Xmin are maximal and minimal varia-
bles accordingly in the data set;

n is number of the groups (three of them in our
case).

The research results. Basing on the combined
statistic information three types of rural communi-
ties have been attributed depending on their proxim-
ity to large cities and other urban territories. Prelim-
inary for that objective we measured distances from
centers of the communities to rayon centers and
Zhytomyr city (Table 1).

It is concluded that Olevska, Narodytska, and
Bilokorovytska communities are the most faraway,
and Teterivska, Stanyshivska, and Glybochytska
communities are the most neighboring.

Average area of one neighboring to Zhytomyr
city community is 250,6 km?; relatively remote —
284,7; faraway — 767,8 km?. Average number of
people for the identified types of the communities
respectively is 8 000, 8 800 and 15 600 people. It
means the proximity of territories to the large city
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affects the area and population size of a consolidat-
ing community: the closer it is located to Zhytomyr,
the smaller are its area size and number of people,

and vice versa. It proves the community's proximity
to the city results predetermines its economic capac-
ity more than its population and area size [27]. In

Table 1
Spatial types of territorial communities depending on their proximity to the regional center (Zhytomyr city)*
o Number. (.)f Group share | Standard de- | Mean, | Variation,
Group name and its limits, km communities | . o - o
. in the total, % | viation, km km %
in the group
I. Neighboring (7,9 —48,2) 15 31,2 15,9 27,6 58,6
II. Relatively remote (52,3 — 98,8) 25 52,1 13,9 75,3 18,5
1. Faraway (107,0 — 164,0) 8 16,7 18,0 129.9 13,9
*Source: classified with data [2]
Zhytomyr region relatively remote communities way — 1.8.

predominate and 25 of them make over half of all
the consolidated communities, 42 per cent of their
area and 47 percent of the population size. Two far-
away communities of Ovruch and Olev towns are
the most populated in the region.

Relevance between time of the territorial com-
munities’ consolidation and their type has been
overviewed as well. It proves that faraway and rela-
tively remote communities had been consolidated
earlier than neighboring since average period of
those communities existing is 19.4, 18.7 and 15.9
months accordingly. Comparison of numbers of set-
tlements in the every type of the consolidated com-
munities revealed that closer to the regional center
communities are smaller (they have less size of the
units) and vice versa. Accordingly the average num-
ber of settlements in neighboring communities is
14.7 units, in relatively remote — 18.8, in faraway —
35.8.

Earlier administrative districts (rayons) in Zhy-
tomyr region had been pre-differentiated by their
proximity to the regional center as neighboring,
relatively remote and faraway and the above men-
tioned statistic approach have been applied. Conse-
quent conclusion is the closer the district is located
to Zhytomyr city, the more number of the communi-
ties has been consolidated there. Particularly in eve-
ry the neighboring rayon 2.4 communities have been
associated, in the relatively remote — 2, in the fara-

It is obviously that the proximity or remoteness
of a territorial community to the regional center is
not the only spatial parameter determining its eco-
nomic positions and prospects. Distance of a com-
munity to a rayon center has to be considered as
well since in towns being district centers administra-
tive bodies, many enterprises and social infrastruc-
tures had been being concentrated before ex-USSR
broke. Therefore next we classified the newly con-
solidated communities by their proximity to rayon
centers on the three groups and with the same meth-
odology (Table 2). As the result we identified almost
half of the communities as neighboring, one third as
relatively remote and one six as faraway units.

Dual spatial classification of the newly consol-
idated territorial communities by values of their
proximity to the regional and rayon centers is the
second step of the methodology. It evaluates social
and economic prospects of the communities reliably
and in depth. Evidently the communities close to
both the regional and rayon centers are in more fa-
vorable position and have better opportunities for
economic development. In return faraway by both
parameters communities probably stay worse. More
arguable is the situation when the first step of the
spatial classification identifies a community as
neighboring but the second one — as faraway, and
vice versa (Table 3).

The table above shows the most communities

Table 2
Spatial types of territorial communities in Zhytomyr region depending on their proximity to rayon centers*
. Number of Group share | Group share in total Group share in total
Group name and its o . - .
. communities | in the total, | area size of the com- people size of the
limits, km . o .. .
in the group %o munities, % communities, %
I. Neighboring
(up to 16.5) 23 47,9 65,5 73,0
II. Relatively remote
(16,6 — 33,0) 18 37,5 23,1 18,8
IIl. Faraway
(33,1 and above) 7 14,6 o4 8,2

*Source: classified with data [2]
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Table 3
Dual spatial classification of the consolidated territorial communities
in Zhytomyr region by their spatial types*
Proximity to the regional center
Zgglenfuf;ﬂ; Neighboring Relatively remote Faraway
(N-N)** (R-N)** (F-N)**
Vysokivska village Baranivska town Yemilchynska village
Hlybochytska village Bronykivska village Luhanska village
Hryshkovetska village Brusylivska village Narodnytska village
Neighboring | Korostyshivska town Kvitneva village Lyu- Ovrutska town
Martynivska village Oli- | barska village Popilnian- | Olevska town
yivska village Pulynska ska village Radomyshlska
village Stanyshchivska town Romanivska village
5 village Teterivska village | Khoroshivska village
%‘ (N-R)** (R-R)** (F-R)**
° Vilska village Kurnenska | Andrushkivska village Kornynska village
S village Slovechanska vil- | Vyshevytska village
8 lage Chervonenska village | Horshchykivska village
% Dubrivska village Irshan-
8 ska village Krasnopilska
2|  Relatively village Myropilska village
E remote Novoborivska village
§ Potiyivska village Ray-
A~ horodska village
Sokolivska village Ush-
omyrska village
Chyzhivska village
(N-F)** (R-F)** (F-F)**
Faraway Pishchivska village Se- Barashivska village Bilokorovetska village
menivska village Dovbyska village Horodnytska village
Chopovytska village

*Source: authors’ appraisal.

**Types of the communities classified by their proximity to regional and rayon centers accordingly are

identified as the following:

N-N —neighboring, neighboring; R-N — relatively remote, neighboring;
F-N — faraway, neighboring; N-R — neighboring, relatively remote;

R-R — relatively remote, relatively remote; F-R —

faraway, relatively remote;

N-F —neighboring, faraway; R-F — relatively remote, faraway;

F-F — faraway, faraway.

are relatively remote (R-R) and neighboring (R-R)
by both scales (13 and 9 units accordingly) as well
as of the remote-neighboring (R-N) type (9 units).
Conclusively the decision-makers should pay spe-
cial attention if social and economic measures of the
being developed plans are systematic and compre-
hensive enough in case of faraway communities (R-
F: Barashivska, Dovbyska, and Chopovytska; F-R:
Kornynska; F-F: Bilokorovetska and Horodnytska)
since they are as far away as possible from both re-
gional and district centers. It has sense to take the
conclusions in account if developing the communi-
ties’ strategies and supplying programs.

The third step of the methodology suggests
composition of the multi-criteria algorithm for the

comprehensive differentiation of rural areas evaluat-
ing their spatial, social, economic and environmen-
tal status. Methodological approach to constructing
algorithm of territorial differentiation by certain pa-
rameters per se has been described in earlier papers
(see, for example, [30]). Taking into account the
developed tool of spatial differentiation of the terri-
tories we propose to use it as the algorithm of com-
prehensive classification of rural communities too.
Taking into account the legal recommendations on
how to elaborate local policy papers [31, 32], we
have sorted the parameters forming the algorithm in
the following blocks: spatial type, economic status,
social infrastructure, and environmental situation
(Figure 1).
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Algorithm of the spatial differentiation of rural territorial communities

[ Parameter 1: ] Community’s proximity to a region’s center |y Community’s type, 1% step:

[
v v v

i Estimation 1: i neighboring (N) relatively remote (R) peripheral (P)

[ Parameter 2: ] Community’s proximity to a rayon’s center »| Community’s type, 2™ step:
[
3 CCoICITIIIIIIE \ v v v
i Estimation 2: i neighboring (N) relatively remote (R) peripheral (P)
[ Parameter 3: ] Community’s proximity to a region’s and » Community’s type, 3 step:
3 rayon’s center accordingly
o i v v v v v v v v v

[ Parameter 4: Economic situation »  Community’s type, 4" step:
’ |
______________ v v v
' Estimation 4- t|  High economic ca- Intermediate economic Low economic capaci-
L pacity capacity ty
[ Parameter 5: ] Social infrastructure » Community’s type, 5" step:
[
o . v v v
i Estimation 5: i Available, good Available, poor Partially available and poor
[ Parameter 6: ] Environment » Community’s type, 6 step:
' [
il v v L 4
 Estimation 6: ! Good Intermediate Bad

Fig. 1. Algorithm of the spatial differentiation of rural areas evaluating
their social, economic and environmental status (authors)
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Particularly, economic situation in rural com-
munities is appraised by total revenues per an inhab-
itant and budget subsidy level (ratio of basic to re-
verse subsidy). Currently available data on econom-
ic status of rural communities in Ukraine is shown on
Figure 2.

Considering Zhytomyr region (Table 4) Oli-
yivska community has the largest revenue per an
inhabitant (8 242 UAH), and Sokolivska community
— the least (783 UAH). 32 communities of the re-
gion receive basic subsidies from the national budg-
et, and seven have reverse subsidies. Sokolivska
community receives the largest basic subsidy (44

Local budgets revenue per an
inhabitant in 2021, thousand UAH

up to 5.0
from 5.0 to 6.0
from6.0to 7.0

over 7.0

per cent of the total revenue). Total revenues of a
community per an inhabitant indicate its sovereign
financial resources and abilities to pay for essential
public goods. Budget subsidy level (share of basic
subsidy or reverse subsidy in total revenues) speci-
fies either a community is dependent on the national
budget or not. In the first group (communities with
population over 10 thousands) the highest subsidy
level is 27.4% (Khoroshivska unit), in the second
one (communities with population of 5-10 thou-
sands) — 44.2% (Sokolivska unit), and in the last one
(up to 5 thousands of people) — 32.3% (Martynivska
unit).

Temporarily occupied
territories

1.5/48.0 Population, million persons / Share of rural people, per cent

Fig. 2. Relevance between the ratio of population to share of rural people and local budgets revenues
(authors)

Taking into account the results we suggest it is
worthy to consider in depth either the communities
with low financial capacity should be reformatted
and joined to close communities. Despite currently
those communities have no many opportunities for
the development, the joining would give a good
chance to optimize territorial structures of the units,
improve efficiency of the local governing, and at-
tract more investments due to a larger territory and
more labor force. Finally it makes capital invest-
ments into the community more efficient. In the
same time in order to make sound proposals for pol-
icy makers it is essential to explore more specific
financial indicators of the communities, identify

causal relations between social and industrial infra-
structure capacity, the entrepreneurship, natural re-
sources, demographic status and so on.

It is worthy to say about limitation of the statis-
tical analysis. Primarily we proceeded from the
point a community’s own revenues includes person-
al income tax, real estate tax, land payment, and
some others. The income data for territorial com-
munities in Ukraine is available only for those of
them which have been established until 2016. With
all of the above mentioned data on economic status
of communities one would differentiate them by the
degree of their economic capacity from high to me-
dium and low. Social status of communities is not
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Table 4
Budget indicators of the newly consolidated rural communities in Zhytomyr region in the 1* half of 2020*
Community name Area, Population in thal revenue pet (r{agtlilé1 %);tbs;sli)csﬁ)yrza\:;erlse
sq.km 2020, thousands | an inhabitant, UAH .
subsidy), %
Communities with population over 10 thousands
Popilnianska 499.1 16.6 2816.6 -0.9
Stanyshivska 286.8 16.9 2810.6 -4.0
Glybochytska 180.5 10.9 2454.9 16.8
Brusylivska 626.1 14.5 1931.6 3.5
Slovechanska 1331.6 11.4 1752.3 15.5
Lubarska 760.8 26.0 1727.8 0.0
Lugynska 990.8 15.7 1461.4 20.8
Yemilchynska 1484.6 22.1 1383.9 17.6
Pulynska 534.6 14.2 1208.0 20.9
Khoroshivska 588.8 18.2 1190.9 274
Communities with population from 5 thousands to 10 thousands
Oliyivska 310.3 8.3 8242.1 -27.0
Ushomyrska 652.4 9.9 5345.6 -21.8
Chyzhivska 4343 7.0 4163.4 -14.0
Irshanska 243.7 9.2 2672.3 0.0
Semenivska 220.5 5.2 24243 0.0
Narodytska 1281.9 9.5 2062.8 8.2
Krasnopilska 339.7 7.7 2048.6 0.0
Myropilska 163.2 7.1 2023.0 0.0
Novoborivska 2133 8.4 1834.6 21.3
Teterivska 275.9 9.6 1790.3 9.9
Vilshanska 219.6 6.6 1611.2 4.5
Vchorayshenska 269.9 5.2 1554.1 6.4
Dovbyska 225.7 9.0 1501.3 15.3
Bronykivska 444.0 8.0 1477.1 23.7
Horodnytska 483.6 8.3 1377.1 26.1
Kornynska 240.8 5.6 1304.2 24.3
Chopovytska 359.4 6.0 1299.4 29.3
Chervonenska 158.8 5.6 1254.9 20.5
Bilokorovytska 103.8 5.8 1188.5 25.5
Rayhorodska 252.2 7.2 1147.8 22.2
Hryshkovetska 215.1 9.7 1115.4 29.7
Kurnenska 3259 8.0 1032.9 393
Barashivska 498.4 6.9 808.9 43.1
Sokolivska 228.4 6.0 783.6 44.2
Communities with population up to 5 thousands
Kvitneva 158.9 4.1 3171.3 -7.2
Vysokivska 97.2 2.4 3020.5 4.7
Andrushkivska 140.3 3.9 2866.0 -7.5
Horshchykivska 133.4 2.9 2065.7 0.0
Vyshevytska 148.0 3.2 1801.0 14.0
Shvaykivska 132.4 43 1782.6 0.0
Pishchivska 193.4 3.9 1732.4 21.6
Potiyivska 257.6 3.5 1575.9 24.1
Vilska 171.2 3.1 1409.8 25.9
Martynivska 190.5 2.6 1109.2 323
Dubrivska 174.7 3.8 1100.0 31.7

*Source: calculated with data [27, 28]
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limited with existence of social buildings like
schools, hospitals, and roads. It is important to take
into account technical condition of such facilities
(satisfactory or unsatisfactory), cold and hot water
supply, sewerage, saving-energy windows, time of
capital and current repair etc. Accordingly, commu-
nity social infrastructure can be defined as
L. Available, good quality; II. Available, poor quali-
ty; III. Partially available, poor quality or none at
all. Social infrastructure is evaluated based on statis-
tical information available to rural communities.
Presently statistical passports of territorial units lack
that information. Even more problematic is commu-
nities do not provide information on use of natural
resources located on their territories and about state
of the environment. Regarding the latter, State sta-
tistical agency of Ukraine provides information on
the environmental status of rural areas by number of
water spots to which enterprises dispose of contam-
inated wastewater, illegal landfills and mineral ferti-
lizers and chemical depots. With these data we pro-
pose to evaluate ecological status of rural areas us-
ing index method [29] from satisfactory to unsatis-
factory.

Consideration of the best approaches to inter-
pretation of the research results and it’s use for the
local policy development is the last point of the
methodology. Some of the approaches we deliberat-
ed in the next section.

Discussions and conclusions. In 2014 in
Ukraine the massive decentralization reform has
been initiated. It aimed to transform many single
administrative units — primarily villages and little
towns — into much larger territorial communities.
Although the reform has not been finished yet it
provided the certain results and revealed the tenden-
cy. Particularly academicians and policy-makers
inquire into the implicit root causes of why certain
communities consolidate and either it makes their
economic and social life better. We believe the elab-
orated methodology responds the inquiry and pro-
vides easy and comprehensive approach to multi-
criteria spatial differentiation of the communities. It
consists of the dual spatial classification of rural
areas depending on their distance to large cities and
other urban centers; application of the multi-criteria
algorithm for the comprehensive differentiation of
the territories evaluating their spatial, social, eco-
nomic and environmental status; and the interpreta-
tion of the research results and it’s use for the local
policy development.

Zhytomyr region is one of the most successful
in Ukraine concerning implementation of the admin-
istrative reform, decentralization and best practices
of the communities’ integration. The region had
been selected for the in-depth study taking into ac-
count its central location, economic situation and the

environment, varying experience and number of the
territorial communities which have been consolidat-
ed in short time. Aiming to perform spatial typology
of the newly consolidated territorial communities
we differentiated them depending on their proximity
to cities and other urban centers firstly. Consequent-
ly three types of the communities have been defined
like neighboring, relatively remote, and faraway. It
is concluded that distance of the communities to
urban centers relates with their area and people size.
The closer a territorial unit is located to the city, the
smaller is its area and population, and vice versa.
Other words, the proximity of a community to the
city determines its economic capacity much more
than its population an area.

Statistical relations between duration of the
communities’ consolidation and their spatial types
prove the faraway and relatively remote communi-
ties have been united earlier than the neighboring.
Taking into account the average number of settle-
ments belonging to the one consolidated community
it is revealed the closer to the regional center com-
munities include less number of settlements, and
vice versa. Also placements of the communities to
district centers are taken into account. Two-
dimensional classification of the communities by
their proximity to regional and rayon centers con-
firms communities located close to cities and towns
have better opportunities for the development. And
communities differentiated as faraway by the both
differentiation approaches are in much worse posi-
tion. Finally we aimed suggesting proposals on how
local self-government agencies and leaders of the
newly consolidated communities can impact into
accumulation of economic capacity and social re-
sponsibility support. The proposed methodological
approach to spatial differentiation of rural territories
can be introduced into the practice of local and re-
gional agencies to refine the development strategies
and update coherent plans and programs. The pro-
posals are relevant for both rural and urban areas.

The presented methodological approach to the
comprehensive differentiation of the territorial
communities can be used to identify their problems,
threats and development prospects. For this purpose,
the algorithm is proposed which combines indica-
tors of spatial differentiation of rural areas, their
economic status, social infrastructure, and the envi-
ronment. Practically it helps representatives of the
communities, self-government bodies and state au-
thorities develop local programs and plans and iden-
tify target communities for special local projects.

The next-step research considers complying of
the methodology with a sophisticated math analysis.
Firstly, it is going to confirm the obtained results
with the rural areas clustering. Secondly, with the
augmented multilayer list of variables assessing the
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rural areas in more details the exploratory factor fied and some implications for the policy-making
analysis will be applied to identify core reasons of  guide will be produced in order to turn the processes
the territories decline and the driving forces. Finally,  of peripherisation and deprivation of the rural areas
the hypothesis if the research results impact into the  back.

development of core-periphery theory will be veri-
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KommnuiexkcHasi npocrpancreennas augdepenuunanus
TEPPUTOPHAIBHBIX 00LIIMH HA NpuMepe ZKUTOMHPCKOi 00J1acTH

Mapus Braoumuposna Havuna',

JI. 9KOH. H., CT. Hay4H. COTPYyZH., 3aB. OTAeNa,

Tocynapcreennoe yupexnenne « IHCTUTYT SKOHOMHUKH MPUPO/IONONB30BAHUS M yCTOMUYMBOTO Pa3BUTHS
HannonanbHo# akaneMun HayK YKpauHbD»,

OyneB. Tapaca llleBuenko, 60, r. Kues, 01032, Ykpanna;

KOnusa Bopucosna Hlnunesas’,

. 9KOH. H., CT. Hay9H. COTPYIH.

B craree mpencTaBieHBl METOAOJIOTHYECKHE OCHOBBI KOMIUIEKCHOW MPOCTPAHCTBEHHOH IuddepeHnnanun o0b-
€IMHEHHBIX TEPPUTOPHAIBLHBIX OOIIMH B YKpauHE 10 MOKa3aTelsiM X PAaCHoJIOKEHH K KPYIHBIM ropojaM U ypOaHu-
3MpOBAaHHBIM IIEHTPaM; COOTBETCTBEHHO BBIJEJICHBI NPHOIIKEHHBIE, OTHOCHTENILHO OTAAJEHHbIE M nepudepuiiHbie
Tepputopuu. JlokasaHo, 4To OIM30CTH OOBEIUHSIOIINXCS TEPPUTOPHANLHBIX OOIIMH K OONacTHBIM U PailOHHBIM IICH-
TpaM JI€TEPMHUHUPYET UX SIKOHOMUYECKYIO COCTOSATENILHOCTD CYLIECTBEHHEE, YEM IUIOIAAb TEPPUTOPUHU U UUCIEHHOCTD
HaceJeHus: nepudepuitnbie OOIMHBI MMEIOT OONBIIYIO IUIOIIA (b, KOJINYECTBO HACEICHHBIX ITYHKTOB B CBOEM COCTaBE U
KHUTENEH, a MpHOMIDKeHHbBIE - Ha000poT. bornee Toro, mepudepunitHple U OTAaJICHHBIE OOMKHBI O0BEANHWINCH PaHbBIIE
YeM MPUOIMKEHHBIE: CKOPOCTh NMPHUHSITHS COOTBETCTBYIOIIUX PEIICHUH OOBSICHSIETCS MX OOJNbIIEH aKTyalbHOCTBIO [UIS
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HKOHOMHYECKU MEHEE CIIOCOOHBIX OOLIMH. DTH U JIpyrHe BBIBOJBI IIOATBEPKACHBI Ha puMepe JKuromupckoii obnacty.
Pa3paboran anropuT™ KOMILIEKCHOH auddepeHnnanuy CelbCKUX TEPPUTOPUI 0 Py COLMAIBLHO-IKOHOMHUUECKUX U
HKOJOTMYECKUX NapaMeTPOB. DKOHOMHYECKOE MOJIOKEHUE OOLIMH OLEHEHO IO MOKAa3aTelsIM CPEAHEro OOLIEro yaelb-
HOTO JI0X0[1a JKUTENEH U YPOBHS JIOTAllMOHHOCTH OropkeTa. C yueToM YHCIEHHOCTHU KHUTENCH BBIIEICHbI OOIIMHBI BbI-
COKOH, Cpe/iHel ¥ HU3KOW SKOHOMHYECKOH cocToaTenbHOCTH. ConnanbHas HHOPACTPYKTYpa 1O MoKa3aTelsiM YUCIIeH-
HOCTH OOBEKTOB M HMX COCTOSHHUS OLIGHEHa KaK JOCTaTOYHas HaUIe)Kallero KauyecTBa, JOCTATOYHas HEHaIJIekKallero
KadecTBa W HEJOCTAaTOYHas HeHaJpIexamero kadecTna. s muddepeHnuaniy oOMKH 10 YPOBHIO ONAromoirydus 3Ko-
JIOTUYECKON CUTyallMu (YIOBJICTBOPHTEIbHAS, IOCPEICTBEHHAs, YrPOXKAIONIas) MPUMEHEHBI IT0Ka3aTell KOJNYeCTBa
BOAHBIX OOBEKTOB, B KOTOPBIE NIPEANIPUATH COPACHIBAIOT 3arpsi3HEHHBIC CTOYHBIC BOABI, HECAHKIIMOHMPOBAHHEIX CBa-
JIOK U CKJIAJIOB SAOXMMHKATOB. [IpenioskeHsl criocoObl MPUMEHEHHSI METOOJIOTHYECKUX U NPAKTHYECKUX Pe3yIbTaToOB
UCCIICIOBAHUS ISl Pa3pabdOTKU MPEACTABUTENSIMUA OPraHOB CaMOYIPABICHUS MECTHBIX CTpaTerdii pa3BUTHS; 0OOCHO-
BaHa I1eJ1eCO00Pa3HOCTh MPUCOEANHEHHS OOIIMH C HM3KOW SKOHOMHYECKOH CHOCOOHOCTBIO K JPYTMM C TEM, YTOOBI
CHoCcoOCTBOBATh ONTHMU3AINHU CTPYKTYpBl aIMUHUCTPATUBHBIX 00pa30BaHMH, MOBHIIICHUIO 3()()EKTUBHOCTH UX yIPaB-
JICHUS ¥ TIPUBJICYEHHUIO WHBEC-THLIHH.

Kniouesvle cnosa: aomunucmpamuenas pegopma, oeyenmpanuzayus, meppumopus, RpoCmMpaHcmeentas oug-
Pepenyuayus, 06veOuHeHHA MePPUMOPUATLHAS OOWUHA, IKOHOMUYECKAS COCMOSAMENbHOCHb, MEemOOON02Us, an2o-
pumm.

KommnuiexkcHa npocropoBa qudepeHuianisa TepuToOpiaibHUX IPOMa
Ha npukJaai ZJKuromupcebkoi o0s1acri

Mapia Bonooumupisna Invina’,
II. €KOH. H., CT. HayK. CHiBp0O., 3aB. BiIAiIy
! NlepxaBHOi ycTaHOBH «IHCTHTYT €KOHOMIKH IIPUPOJOKOPHCTYBAHHS Ta CTAJIOTO PO3BUTKY
alfioHaJbHOI akageMil HayK YKpaiHm,
H Vi
OyneB. Tapaca IlleBuenka, 60, M. Kuis, 01032, Ykpaina,
FOnisa Bopuciena Illnunvosa’,
. €KOH. H., CT. HayK. CHiBpOO.

VY crarTi npeacTaBieHO METOMOJIOTIUHI 3acad KOMIUIEKCHOI MPOCTOPOBOT AudepeHIialiii 00°‘eqHaHuX TepUTOpia-
JIbHUX TpoMaj B YKpaiHi 3a MOKa3HUKaMH 1X HAONMXKEHOCTI JI0 BEJIMKUX MICT Ta ypOaHi30BaHHX LIEHTPIB; BIAMOBITHO
BHIIICHO HAOJIDKEHi, BITHOCHO BinmaneHi Ta mepudepiitai tepurtopii. JoBeneHo, mo HAOMMKEHICTh TEPUTOPIaIbHIX
rpoMas, siKi 00‘€HYIOTECS, 10 OONAacHUX Ta paHOHHUX IEHTPIB JETEPMiHY€ X SKOHOMIYHY CHPOMOXKHICTH 3Ha4HO Oi-
JBIIIOF0 MIPOFO, HIX TUIOIIA TEPHUTOPIl Ta YHCETbHICTh HACENEHHS: nepudepiifiHi rpoMany MaloTh OUTBIIY IDIOMY, Kilb-
KiCTh HaCENICHUX IMYHKTIB y IX CKJIaJi Ta MEIIKaHIIB, a HAOIIDKeHI — HaBIaku. bunbmie Toro, nepudepiiHi Ta BigganeHi
rpoMaan 00‘€qHAIUCS paHille 32 HAONIKCHI O BEIUKUX [EHTPIB: MIBHIKICTh YXBAJICHHS BIAMOBIIHUX PIICHH IMOSC-
HIOETBCS OUTBIIOKO iX aKTYalbHICTIO IS eKOHOMIYHO MEHII CIIPOMOKHUX TpoMaj. L{i Ta iHIII BHCHOBKH ITiITBEPIKEHO
Ha npuknaai XKutomupceskol obnacti. Po3po6ieHo anroputM KoMIniekcHol audepeHnianii ClllbCbKUX TEPUTOPIii 3a co-
LiaJIbHO-eKOHOMIYHMMH Ta EKOJIOTIYHMMH NapamerpamMu. EKOHOMIUHMI cTaH rpoMaJ] OLIHEHO 3a MOKa3HUKaMHU Cepel-
HBOTO 3arajbHOrO MUTOMOTO JI0XO/Iy MEUIKAHIIB Ta PiBHS JOTALiHHOCTI OIOKeTy. 3 ypaxyBaHHSIM YHCEIbHOCTI Melll-
KaHI[IB BHOKPEMJICHO TPOMAaJId BHCOKOI, CEPEeIHBOT Ta HU3bKOI eKOHOMIUHOT cripoMoskHOCTI. ColtianbHa iHppacTpyKTypa
3a MIOKa3HUKaMH YHCEIILHOCTI 00°€KTIB Ta IX CTaHy OI[IHEHA SIK JOCTaTHS HAJIEXKHOT SKOCTI, OCTAaTHS HEHAJIEKHOT SKOC-
Ti Ta HEIOCTATHs HeHaJIeXXHOI skocTi. s mudepeHIiianii rpoMan 3a piBHEM OJIaromoiyddst eKOJOTivHOI CUTyarlii (3a-
JOBiJIbHA, TIOCEPEIHS, 3arpo3JIiBa) 3aCTOCOBAHO TMOKA3HUKHU KIJTBKOCTI BOJAHUX 00°€EKTIB, MO SKHX MiAMPHEMCTBA CKU-
JTAFOTh 3a0pyIHEH] CTiYHI BOAM, HECAHKIIOHOBAaHUX CMITTE3BANIUII Ta CKJIAJIB OTPYTOXIMIKATiB. 3aIpOITIOHOBAHO CIIOCO-
01 3acTOCYBaHHS METOJIOJOTIYHUX Ta NMPAKTUYHHUX PE3yJIbTaTIB JOCHIPKEHHS Ul PO3POOKH Npe/ICTaBHUKAMH OpPTaHiB
CaMOBPSIAyBaHHS MICIIEBHUX CTpaTeriii pO3BUTKY; OOTPYHTOBaHA JIOLUIBHICTh NPHEAHAHHS I'POMaJ 3 HU3bKOIO €KOHOMIY-
HOIO CIIPOMOJKHICTIO /IO 1HIINX 3 TUM, a0 CIIPUATH ONTHMI3allil CTPYKTYpH aAMiHICTPaTUBHUX YTBOPEHb, ITiAIBUIIEHHIO
e(eKTUBHOCTI iX YIpaBIiHHS Ta 3aJyYCHHIO IHBECTHIIIH.

Kniouosi cnosa: aominicmpamusna pegopma, Oeyenmpanizayisi, mepumopis, npocmoposa ougepenyiayis,
00 ‘€OHana mepumopianibHa 2pomadd, eKOHOMIYHA CAPOMOACHICHb, MEMOOON02IS, ANOPUMM.

BHecOK aBTOpIB: BCi aBTOPM 3p06UAKN PiBHMIN BHECOK Y L0 pObOTY Hagiiwna 28 uepsHa 2020 p.
MpuitHaTa 19 )oBTHA 2021 p.
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HMemorpadivni npouecu Kapnarcbkoro periony
B KOHTEKCTi EKOHOMIYHOT0 PO3BUTKY TEPUTOPIl

Haoia Bikmopisna Menvnux’,
K. T€Orp. H., JIOI., AOICHT Kadeapu Typusmy
' TIBH3 «YXropojchKuii HallioHaMbHMI yHiBepcuTeT», 1. Haponna, 3, M. Yxropon, 88000, Vkpaina,
e-mail: nadiia.chyr@uzhnu.edu.ua, https://orcid.org/0000-0002-2077-595X;
Amnopiit Bacunvoeuu Menvhux’,

K. T€Oorp. H., JIOI., IONEHT [HCTUTYTy MPUPOITHUYUX HAYK 1 TYpU3MY,
“IBano-DpaHKiBChKHil HAIlIOHATBHUI TeXHiYHMIT yHiBepCUTET HA(TH i rasy,
Byn. Kapnarceka, 15, M. [Bano-®pankiBerk, 76019, Vipaina,
e-mail: avmelnyk@ukr.net, https://orcid.org/0000-0002-6906-6396;
Binina Anamoniiena Ilepecadvko’,

1. Teorp. H., mpod., mpodecop kadenpu dizuunoi reorpadii Ta kaprorpadii,
IXapkiBchknii HamioHanbsHUi yHiBepcuTeT imeni B.H. Kapasina,
Maiia. CBobonu 4, M. Xapkis, 61022, Vkpaina,
e-mail: vilinaperesadko@gmail.com, http://orcid.org/0000-0002-2439-2788;
Bonooumup Cmenanosuu Beauxouuit’,

I icT. H., ipod., mpodecop kadeapu Typu3MO3HABCTBA 1 Kpa€3HABCTBA,
‘Ipukapnarcbkuii HallioHaNbHUI yHIBepcHTeT iMeHi Bacus Credanuka,
By ['anunpka, 2016, IBano-®pankiecbk, 76008, Ykpaina,
e-mail: w-w-s@ukr.net, https://orcid.org/0000-0002-6926-1474

VY crarTi 30ilCHEHO MPOCTOPOBUI Ta CTPYKTypHHI aHami3 AeMorpadidHux mpoueciB Kapmarcekoro perioHy sK OIHOTO 3 iHAHU-
KaToOpiB COLIaIbHO-eKOHOMIYHOTO PO3BUTKY TepHUTOpPii. Ha OCHOBI CTATUCTHYHUX AaHUX MPOAHAII30BAHO CHeNU(ivyHI PUCH MeXaHiu-
HOTO pyXy HaceneHHs B KapmaTcbkoMy perioHi B MOPIBHSHHI 3 1HIIMMH OOJAacTsAMH YKpaiHH. AKIEHTY€EThCSA yBara Ha TOMY, IO Mir-
pauiiiHi mpouecH, sKi MaloTh Ba)KJIMBE 3HAYCHHS JUIS MOAAJBIIOTO PO3BHUTKY CYCIIIBCTBA, B YMOBaX 3aroCTPEHHs JeMorpadivHux i
COLiaJIbHO-eKOHOMIYHUX Mpo0iieM, NOTpeOyIoTh HeraifHoro BupinleHHs. [loBeaeHo HeoOXiqHICTh pO3POOKH BHUIIEPEKAIBHHUX 3aX0-
B, SIKI MOKJIMKaHI CTAaTH MPIOPUTETHUMH NIPH BUPILICHHI NPOOIeM eKOHOMIYHO aKTUBHOTO HACEJIECHHS Ha JOCIIPKYBaHUX TEPUTOPI-
sX. 3HAYHY yBary NpHUJIiICHO JOCII/UKEHHIO IMTaHb BIKOBOTO CKJIAAy TPYIOBHX PECYpCiB, PiBHIO 3aifHATOCTI HaceldeHHs y Bini 15-70
POKIB, 3Ba)kKalOuM Ha HE3aJIOBUIbHI NMOKA3HUKH, SKi JEMOHCTpPY€E YKpaiHa, ajpKe TPHBANICTh JKUTTS YKPAiHIIB OHA 3 HAWHWKYIHX Y
€ppori. O3Hakamu GopMyBaHHA IeMorpadiuHoi karacTpodu B IOCTIHKYBAHOMY PETiOHI € BUCOKHI piBeHb TPYIOBOI Mirparmii 3a
KOPIIOH. 3a pe3yJbTaTaMt J0CHTiPKeHb JTUHAMIKH 1HIEKCY pealibHO1 3apo0iTHOT IiaTé B kpaiHi Brupomork 2014-2021 p.p. moBeneHo,
[0 HE3BaKAIOYHM Ha MOCTIHHMI picT 3apoOiTHOI IIATH Ta TEHACHIIIO 100 3MEHIIICHHS PO3PUBY y PO3MIpi CepeTHbOMICAIHOT 3apo-
OITHOT TJIaTH 32 TeHAEPHOI0 03HAKOIO MO perioHax KpaiHH, iHIeKC peabHOI 3apo0iTHOT IUIaTH HEyXMIbHO 3MeHIy€eThesl. HaBeneHi B
CTaTTi MOKA3HUKN BUKOPHCTAHHS TPYIOBOTO TOTEHIIaTy Jal0Th 3MOTY JiHTH BHCHOBKY, III0 Ha ChOTOAHI YkpaiHa mo30aBieHa mepc-
MEKTUB HApOLIyBaHHs KUIBKICHUX IapaMeTpiB PO3BUTKY HapOJOHACETICHHs K HailOLIbIIOro YMHHKUKA (GopMyBaHHS TPYJOBOTO MOTe-
HIliaTy Ha T 30epekeHHs] TeHAEHMIl 010 3MEHIIeHHs KUIBKOCTI TPYIOBUX pecypciB. IlepcrnekTiBaMy MOAANBIINX JOCTIIKEHb €
0oOTpyHTYBaHHS Ai€BUX MEXaHI3MIB IeMOrpadigyHOi TOJNITHKH Ha 3arajibHOIEPKABHOMY PiBHI 3aJUIs IOOJIAaHHS BiATOKY HACENCHHS i3
CLIBCHKOT MICLIEBOCTI, CIPSIMOBaHY HE CTUTBKH Ha 30UIBIICHHS HApOIKYBAaHOCTI, CKUTBKHA Ha 3pOCTaHHS NMPHBAOIMBOCTI CLIBCHKIX
TEPUTOPIN AT TPOKUBAHHS Ta MPOLYKTUBHOI €eKOHOMIYHOT JisTHHOCTI MEIIKAHIIIB CiJl, HAacaMIepe Nl MOJIOIi.

Knrwuoei cnosa: oemoepagiuni npoyecu, miepayii, mpyoosi pecypcu, 6ikoéa cmpyKmypa HAceleHHs, 3aUHAMICMb HACeleHHs,
inoekc 3apoobimnoi nramu, Kapnamcokuii pe2ion.

Sk mmtyBaTtn: Mensruk H. B. Jlemorpadiuni nponecu Kapnarcbkoro perioHy B KOHTEKCTi €KOHOMIYHOTO po3BHTKY Tepuropii / H. B. Mens-
HUK, A. B. MensHuk, B. A. [lepecaarko, B. C. Benukouwnii // BicHuk XapkiBchbKoro HalioHansHOro yHiBepcutety iMeni B. H. Kapasina, cepis «I'eo-
norist. ['eorpadis. Exonoris», 2021. — Bum. 55. — C. 187-203. https://doi.org/10.26565/2410-7360-2021-55-14

In cites: Melnyk N. V., Melnyk A. V., Peresadko V. A., Velykochyy V. S. (2021). Demographic processes of the Carpathian region in the con-
text of economic development of the territory. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55),
187-203. https://doi.org/10.26565/2410-7360-2021-55-14 [in Ukrainian]

IMocTtanoBka mpodjemu. Kapmarcekmii €Bpo-
perioH BKiovae Teputopii m’sTH kpain LlenTpanb-
Hoi €Bponu: Ykpainu, [lonbmii, CroBayuanau, Yro-
pmmHN Ta PymyHii. [Tnoma €Bpoperiony cTaHOBUTH
Oomm3bko 148095 kM?, cymapHe HAceleHHS CTaHOM
Ha 2020 pik nmepeBuiiye 16 MiH. oci0. YkpaiHCbKa
gactrHa Kapmarcekoro €Bpoperiony TepuTopiaib-

HO BKIIIOYa€ 4OTHpH obnacTi (3akaprarceky, IBaHo-
OpankiBcbky, JIbBiBCbKY, UepHiBenpKy) 1 3aiimae
oy B 56635 km?.

OmHUM 13 acCHeKTIB COLiaIbHO-EKOHOMIYHOIO
PO3BUTKY TepuTopii € i nemorpadiuHuil po3BHUTOK,
10 BUSIBJISIETHCS Y 3MiHI KUTbKICHUX Ta SIKICHUX Xa-
PAKTEPUCTHK HACEIIEHHS TEPUTOPIi Y IEBHOMY COIli-

© MenbHuK H. B., MenbHuk A. B., lepecadsKo B. A., Beauko4uli B. C., 2021
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aJIbHOMY KOHTEKCT1 SIK CHCTEMOYTBOPIOIOUOIO UMH-
HUKA CYCIIBHOIO JKUTTS.

Amnani3 nemorpadivHoi cHTyarii y mpocTopo-
Bl Ta 4acOBIM BU3HAYEHOCT] A€ MOXJIMBICTH BU-
BaXCHO MIIXOMUTH 10 (hopMyBaHHS 3acaj JeMorpa-
(igyHOi Ta MIrpamiiHOI TIONITHKHA, MPOTHO3YBaTH
MOXIJINBI BUKJIMKH Ta 3arpO3H y AaHii LapuHi, ane
HaWTOJIOBHIIIE — BiH € BU3HAYAJBLHUM IIPH 3a0e3ITe-
YeHHI CTa0lIbHOTO €KOHOMIYHOTO PO3BUTKY JIeprKa-
BU, IJIaHyBaHHI MallOyTHBOTO.

AHaJi3 ocTaHHIX HoCJHiTAkeHb i MyOsikamii.
BaxxnmBe 3HaueHHS y IOCIHIDKEHHI JeMorpadiqaoi
cuTyauii B YKpaiHi B IIOMy Ta OKpEMUX il perioHiB
30KpeMa Binirpae [HctuTyT nemorpadii Ta comianb-
Hux gocnimkens imeHi MLIT. Iltyxu HAH VYkpainu.
Psn mayxoBux mpanp Jlibanosoi E.M., Jlomimmaboro
M.1., Bnacenka H.C., [Tupoxkosa C.I. [7] mpucss-
YeHi aHai3y OCHOBHHUX JeMOTpadiqHAX TEHACHIIH,
HaWOUTBII aKTyallbHUX MpoOiieM aeMorpadidHoro
PO3BUTKY YKpaiHu, a TaKoX pO3poOIll peKoMeHa-
Li{ MO0 CTpaTerii geMorpadiuHoro po3BUTKY. AK-
TyabHI Tpo0seMu AeMorpadivHOr0 PO3BUTKY Cillb-
chKuX Teputopiii Kapmarcekoro periony po3misiaa-
IOTBCSl HAYKOBISIMU [HCTUTYTY perioHalbHUX JOCTi-
mkenb HAH VYkpainu va vomi 3 Kpasnis B.C. Mir-
pariiiHa akTUBHICTh HaceneHHs BuB4daeTbes P.T. Te-
cirokoM, baunacekoro M.B., bapansk 1.€. [2; 13].

CBiTOBI TeHAeHNil AeMorpadiqyHOro mepexomay
€BPOMNEHCHKUX KpaiH, MOJITHKY HACEIEeHHs B €Bporri
3HAXOJMMO Y TIpansx 3apyOi’KHUX HayKOBIIIB, 30K-
pema, Baran A, Stpiczynski T., Minkov M., F.
Willekens, F. Swiaczny, D. Coleman, John F. May
[16; 18-20] .

Buninennss HeBMpilleHMX paHille 4YacTHH
3arajbHoi nmpoOjsemu. Cranom Ha 1 ciuns 2020
poky B Ykpaini npoxusaio 41 muH. 732,8 THc. ocid
(6e3 ypaxyBaHHSI OKyIIOBaHUX TepUTOpii) [4], 110 €
ICTOPUYHHAM MiHIMYMOM 3a POKH HE3aJIe)KHOCTI, 10
CIOHYKAa€ 10 NETaJbHOTO BHUBYEHHS JJaHOI MpoOie-
MAaTHKH.

[Ipencrasnene mocmiKeHHs1 0a3yeTbesi HA BU-
KOPHCTaHHI CTaTUCTMYHMX JIaHUX €Bpocrary (cra-
TUCTUYHOI opradizauii €Bpomnelicekoi Komicii),
HepxxaBHOi cIy»OM CTaTHCTUKU Ykpainu, MiHic-
TepcTBa (hiHaHCIB YKpaiHH, a TaKOX perioHajIbHUX
ocepenkiB [010BHOro ympaBIiHHA CTAaTUCTHKH Y
JOCIIDKYBAaHUX 00JIACTIX YKpaiHU.

Merta crarTti. MeToro aHOi myOmikaiii € BU-
CBITJICHHS Ta aHaji3 AeMorpadiyHuX MPOLECIB, SIKi
BiJIOyBaIOThCcA Ha cydacHoMmy erari B Kapniarcbkomy
pETiOHI B KOHTEKCTI €KOHOMIYHOTO PO3BUTKY TEpH-
TOpill 3 METOI0 PO3POOKH Ta BIPOBALKEHHS BHUIIE-
peILKaIbHUX 3aXOMiB, sIKI MOKIHMKAHI CTaTH MpPiOpH-
TETHHMH TIPY BUPIMIEHHI MPO0JIeM €KOHOMIYHO aK-
THBHOTO HACEJICHHS Ha JIOCIIIPKYBAHUX TEPUTOPISX.

Bukiiax ocHOBHOI0O MaTepiany q0CJTiIKeHHS.
BaxnauBum MapkepoM 1eMOrpadiqHOrO PO3BUTKY

TEPUTOPIi SABIAETHCS MEXAHIYHUH PyX HaCEICHHS
abo wmirparis. BoHa Moxke BHCTyIaTH YHHHUKOM
crabinizanii gemorpadiuHoi cUTyalii 3a yMOB 3BY-
JKEHOTO TUILYy BiATBOPEHHS HaceleHHs a0o K HaBMa-
K{, TIOCWJIIOBAaTH AECTPYKTHBHI HPOLIECH Yy IEMO-
rpadiuHii cdepi.

3a ocTaHHI MiBCTONITTI €Bpoma MEpPeTBOPH-
JIach Ha PErioH 4ucTol iMMirparii. MirpamiiHi pyxu
MDX €BPONEHCHKUMH KpaiHAMH B OCHOBHOMY 3yMO-
BJICHI PI3HUIICI0 MOXJIMBOCTEH 3alHSATOCTI, OCBITH,
piBHS 3apoOITHOI MJIaTH, ajne TaKoK NPUYMHAMU Ci-
MEWHOI0 Xapakrepy.

VY 2018 pori 3a oiliifHOIO CTaTUCTHKOK €B-
pocrary a0 €C imMmirpysano 2,4 MJIH. 0¢i0, TOMi SIK
KUTBKICTh eMirpafTiB ckiana 1,1 M. oci6. Ctanom
Ha 2019 pix y €C namigayBamocs 21,8 MiH. oci0-
rpoMajisiH TPEeTiX KpaiH, o cTaHOBUTH 4,9% ychoro
HaceneHHs1 €Bpocoro3y. Y 1ol vac, konu 13,3 MuH.
rpomajsH €C mpoXXUBaIIK B IHIINX KpaiHaX €BpONH
[17].

[IpobGnema Mirparii HaceJIeHHS € aKTYaJIbHOIO 1
Ui YKpaiHu, 0COOIMBO B YMOBAaX 3aroCTPEHHS [ie-
MorpaiqHUX 1 COILiaJIbHO-€KOHOMIYHMX MPOOIIEM.
JoBruii yac Haiua Jep)KaBa 3aJIMIIAETHCS KPaiHOHO
MOXO/PKEHHS JIEBOBOT YaCTKM TPYIOBHX MIIPaHTIB B
€Bporri. 3a pi3HUMH OIiIHKAMH, CHOTOAHI HATIIYETh-
cs Big 3 mo 5 MuIH. yKpaiHIiB, IIO eMirpyBaiu y
noryky poootu [9]. 3a nanumu Jlep)aBHOTO KOMi-
TETy CTaTUCTHKH YKpaiHW, YHCENBHICTh MITPaHTIB
mopoky 3pocrae. Cranom Ha 2019 p. BoHa cTaHo-
puia 1051 tuc oci6, mro ma 301 THc oci6 Oinblie,
Hix y 2018 p.

Bucokuii piBeHb OiTHOCTI Ta TpyZHOLI MpH
MpaleBAIITYBaHHI 3 T1JHOK OIUIATOI Yy BIIACHIH
JIep>KaBi IiJCHITIOIOTECS TMOJNITUIHUMU, COIiaTbHH-
MU Ta OesrekoBuMH (haKTopamH, SKi CTUMYIFOIOThH
MirpamiiiHy MOOIJTbHICTb. 3a MPOTHO3aMH BYEHUX
cajbJ0 Mirpaiii HacejJeHHS YKpaiHH IOCTYIIOBO
3pocrarume. KigbKicTh BUOYIMX 3MEHIIUTHCS Tillb-
KM TOJIi, KOJIU MiJIBUIIUTHCS PIBEHB Ta SKICTh KUTTS
HaceneHHsa. JlIg HBOro HEOOXIAHO MmociaaduTh il
YHHHUKIB, [0 CTUMYITIOIOTE Bifl 1311

OCHOBHMMH TEHJISHITISIMU Mirpalliii HaceIeHHS
B YKpaiHi Ha Cy4acHOMY €TaIli €:

® 3HauyHi MacimTabu 30BHINIHBOI TPYJOBOT Mi-
rparii, nesike 30UIBIICHHS YUCENbHOCTI ii ydac-
HUKIB B OCTaHHI POKH;

® [IOCUJICHHSI TEHJCHILIi Mepexoxy THUMYaco-
BOI1 30BHIIIHBOI TPYJAOBOI Mirpamii y mOCTiiHY
dopmy;

® [105iBa HOBOTO JUIsi YKpaiHH BUJIY Mirpariiii-
HUX MEpPEeMIlIeHb — PYXYy BHYTPIIIHBO IepeMi-
IICHUX 0C10, BAHUKHEHHS MPO0JIeM, OB’ A3aHUX
3 1X 00JIAIITYBaHHSIM Ta aJaNTalli€l0 B HOBUX Mi-
CIISIX TIPOYKMBAHHS;

® CKOpPOYEHHS 00CSTiB MPUOYTTS HACEIICHHS B
VYkpaiHny — K 3BOPOTHO{ Mirpanii yKpaiHCbKUX
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TpPOMAJISH, TaK 1 IMMITpaIlii iIHO3EMIIiB;
® HU3BbKHI piBeHb 1HTErpauii rpomMansH iH-
mUX Kpaif, K1 IpoKUBaAIOTh B YKpaiHi [9].

VY Toli ke yac, TpoIIOBiI MepeKa3u MirpaHTiB
MAaIOTh KUTTEBO BAKJIMBE 3HAYCHHS JJIs1 3MEHILICHHS
oigaocti. Y 2019 pormi Taki mepekasd CTaHOBHIIH
maibke 16 mipa. gon. CIIA, oo exBiBaJIGHTHO Ae-
catu Bincotkam BBIT Ykpainu. Ixmiit o6csr moxe
BITACTH Ha OJHY IT ATy, OCKUIBKH CEKTOPH Ipaili Mi-
TPaHTIB OCOOMWBO CHJILHO TOCTPaKIATH Bix TaH-
nemii COVID-19.

MoskHa 3 yIIeBHEHICTIO CTBEPIXKYBaTH, 1110 Mir-
pariiiHi mporecu CIpHYNHUIN qucOamanc y QyHK-
IIOHYBaHHI CUCTEMH 3aMHATOCTI Ta HAIllOHAJIBHOTO
PHHKY mpaui B YKpaiHi B HIOMy Ta B JOCTIIXKyBa-
HOMY perioHi 30KpeMa.

Kapnarcekwii perion mae crieriudidai pucu me-
XaHIYHOTO PYXY HACEJICHHS Y MOPIBHSHHI 3 IHITUMH
obmactssmu Ykpainu. Tak, y 2010-2018 pp. xims-

KiCTh HaceleHHs oOmactel KapmaTchkoro perioHy
3a paxyHOK Mirpariii 3pocia Ha 17,3 TuC. oci6 abo
65 oci6 Ha 100 Tuc. xurteniB. SIkicHUN aHami3 Hace-
JICHHSl 3aCBiUMB, 10 BHYTPIIIHSA Mirpamis Hace-
neHHst KapmaTchKoro perioHy HOCHTH ypOaHICTHY-
HAW XapakTep, TOOTO IOB’s3aHA i3 HWOTO IepeMi-
LICHHSIM 3 CIJIbCBKOI MICIIEBOCTI y MICBKY. 3a paxy-
HOK MEXaHIYHOTO MPHUPOCTY KUTBbKICTh HACEIEHHS y
3akapmarcekiit odmacti y 2010-2018 pp. 3meHmu-
Jach Ha 6,5 THC. 0ci0, BomHOouyac sk y IBaHO-
®pankiBcbkil, JIbBiBChKiH, UepHiBEBKiN 001aCcTIX
— HaBMaky 3pocia Ha 8,3 tuc., 8,4 tuc. ta 7,1 THC.
0ci0 BimmoBiaHO [2].

VY 2019 poui MmirpauiiHui MpUpIiCT HACENCHHS
Kapnarcekoro €Bpoperiony B Mexax YKpaiHu cTa-
HOBHB -1670 THC. 0ci0 y mopiBHsAHHI 3 2018 pokowm,
a Horo piBeHb — -2,8 0ci0 Ha 10 THC. HaceICHHS

(puc. 1).
Sk BUIHO 3 PUCYHKY, NS BCiX obmacreit Kap-

Puc. 1. lunamika MirpauifHOro npupocTy B Mexax yKkpaiHchkoi yacTuHu KapnaTtcekoro €Bpoperiony, ocio
(cTBOpeHO aBTOpaMy Ha OCHOBI JaHUX Jlep:kaBHOI CITy)KOU CTaTHCTUKHM YKPaiHM).
Fig. 1. Trends in migration growth within the Ukrainian part of the Carpathian Euroregion, person
(created by the authors on the basis of data of the State Statistical Service of Ukraine)

MaTChKOTO perioHy YKpaiHW, OKpiM 3akapraTchbKoi,
MIrpaniiHuil MPUpICT Ma€e JoAaTHE 3HAYSHHS BIIPO-
JOBX JTOCHTiKyBaHOTO Tiepiony. CTpubok emirpariii
s 1iel  obmacti mpumagae Ha 2019 pik i
OB’ sI3aHUM, HAa HAIly JYMKY, 3 HOTIpIIEHHSIM €KO-
HOMIYHOT'O CTaHOBHILA B LIIOMY B epxasi. Pazom 3
TUM, TEPEBHUIICHHS eMirpaliii HaJa iMMirparjiem y
MPUKOPJIOHHUX O0JIACTAX 3aBXAU OyJI0 Ha MOPSIOK
BUIIMM, aHDXK y iHIIMX perioHax kpainu. [Ipote, na-
Haemist COVID-19 BHecna cBOi KOPEKTHUBH y Mirpa-
HIHHUA PyX HACEJICHHS OCIIHKYBaHOIO PETiOHY.
Bracnigok mnanzemii 3a pi3HMUMH HiApaxyHKamu
YBEPTh YKPaiHCBKUX MIrpaHTiB Oyl 3MyILICHi IO-
BEpHYTHUCS B YKpaiHy, a TPOIIOBI MepeKa3u MirpaH-
TiB 3MeHIInca Ha 20%. BoxgHouac ocodu, 110 1mo-
BEPTAIOTHCS, 3a3HAIOTh CTHI-MaTH3alii fK TaKi, 110
OOTSDKYIOTh BHYTpIilIHIA prHOK Tpari. Kpim Toro,
BapTO TAKOXK BPaXOBYBaTH i (HaKT «IIPUXOBAHOI MIT-

pariii», sika Ha MOPSJIOK BHIA OIIIHHIUX CTaTUCTH-
YHUX [TOKA3HHUKIB.

Mo Tomn-5 kpain-penumienTiB Mirpamii Kapmar-
ChKOTO pErioHy Hajiexarb YropiiuHa, HimeuumnHa,
[Monpmma, Yexis Ta CrnoBauuuHa. Immirparniiini mo-
TOKH TepecenieHniB 10 Kapnarcekoro periony B oc-
HOBHOMY Oynu cripsiMmoBaHi 3 Iapii, €runty ta Po-
citicerkoi ®enepartii. Kapnarcekuii perion cras Ta-
KOX KOM(OPTHUM IJIsl IPOKUBAHHSA 1 U BHYTpiLI-
HbO TEPEMIIIEHUX 0Ci0 BHACIIIOK BIMCHKOBHX it
Ha Cxofi YkpaiHu, sIKi CKJIJIM JICBOBY YaCTKy BHYT-
PIIIHIX MITpaHTIB 10 JOCTIKYBAaHOTO PETiOHY.

[opiBHsTPHUI aHaNi3 CTAaTEBO-BIKOBOI CTPYK-
TypH MITPaHTIB 3 YKpaiHH TO3BOJIMB 3pOOWTH BU-
CHOBOK, 10 Onu3bko 50% MirpaHTiB mpumnazae Ha
EKOHOMI4YHO akTHBHUH Bik 20-35 pokiB, a OnM3BKO
JIBOX TPETHH EeMIrpaHTiB € JonoBikamu. [Ipu gomy
HaiiBumi 3HadeHHs (Omm3pko 10%) — me Bik 22-23
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pOKH. 3a3BHUYail e MOJIOMI, HEOMPYXKeHi KBai(hiko-
BaHI CIICMIANIICTH, SKi MIOWHO 3aBEPIIIN HaBUYAHHS
B yHiBepcuTeTi. Ha mymky Baunncwekoi M.B. ta ba-
pansik 1.€. Taka curtyartist MiATBEPIKYE TIIOTE3Y MPO
PO3BU-TOK COLIAJIBHOI, ITFOOHOT, MOPATBHOT, KyJIh-
TypHOI KpH3H CYyCIIIbCTBA B YKpaiHi [2].

Emirpanty, mo BHDKIKAIOTH 10 Pi3HHUX KpaiH
MIPU3HAYCHHSI MAIOTh TIEBHI 0coOnMmBOCTi. J{0 meskux
kpain [liBmeHHO1 €Bpony BUDKIKAE OUTBIIE JKIHOK,
MPUYMHOIO YOTO € MOMHT Y IUX KpaiHax Ha poOOTy
y cepi oociyroByBaHHs [ 14].

ImMmirpamiitai motoku mo obmacrerr Kaprarch-
KOTO PpErioHy 3a CTaTeBO-BIKOBOIO CTPYKTYpOIO
OlnpII OmHOpiAHI. SIK y YONOBIKIB, Tak 1 y KiHOK,
aKTHBHI IMMITpaIiifHi IPOIECH MAIOTh MICIIE JIHIIe

y Biri 17-20 pokiB, TOAi SK y IHITUX BIKOBUX KOTOp-
Tax BOHHU MPaKTUYIHO BiACyTHI. Taky cuTyarliio Mo-
JKHA TIOSICHUTH Yepe3 3HaYHUH BIUIUB OCBITHBOI Mi-
rpauii. JIbBiB, IBaHO-®pankiBchk, YUepHiBLi BUCTY-
MAalOTh IOTY’)KHUMH HayKOBUMH Ta HaBYaIIbHUMH
[EeHTpaMu He TiTbku KapmarchKkoro periony, aie i
yciei 3axigHoi YKpaiHW 1 KOPUCTYIOTHCS 3HAUYHOIO
MIOTYJISIPHICTIO Cepell IHO3EMHHUX CTYAEHTIB, 30Kpe-
Ma 3 MEHIII PO3BUHEHUX Ta O1THUX KpaiH.

HacmigkoM mofaTHOro canbao Mirparii € oMo-
JIOMKCHHST BIKOBOi CTPYKTYpH HAaceJIeHHsI, aje Te-
peBakHy OINBIIICTh MITPAHTIB CKIAAAIOTh MOJOIL
monu. Cranom Ha 2019 pik MirpaniiiHuii O6anmanc
BUIVIS/Ia€ HACTYITHUM YHHOM (pHC. 2).

Po3nogin mirpariiitHoro mpupocTy 3a BIKOBUMH

Puc. 2. Mirpaniiinuii pyx HacelleHHS B Meax yYKpaiHChKoi yacTHU Kapnarchkoro €Bpoperiony, ocio
(cranom Ha 2019 pik) (CTBOpEeHO aBTOpaMK Ha OCHOBI JlaHuX JlepkaBHOT C1y»KOU CTaTUCTHKH YKpaiHH)
Fig. 2. Migration movements within the Ukrainian part of the Carpathian Euroregion, person (as of 2019)
(created by the authors on the basis of data of the State Statistical Service of Ukraine)

KaTeropisiMu Ta THIIOM MiCIIEBOCTI TPEJCTABICHO Y
tabiuui 1. 3a BIKOBOIO CTPYKTYpOIO aOCOIOTHY Iie-
pIIiCTh 3alMarOTh Mirpanii cepesHboi BikoBOi KOTo-
pta 15-64 pokis.

SIK BUJTHO 3 MPE/ICTABICHUX CTATHCTHYHUX TI0-
Ka3HUKIB, aKTUBHA Mirpailiiina MOOUIbHICTh Xapak-
TepHa 3aKOHOMIPHO ISl CUIbChKHX TepuTopiit Kap-
MaTChKOrO pErioHy. 3arajoM YKpaiHChKE ceno 3a
octanHi 50 POKiB BHACIIIOK MirpaliifHuX MpoLeciB
BTpatuiio noHaa 10 MitH. 0ci0, TOOTO IIOPOKY 3 Cil
BUDK K0 Omu3pko 100 THC. 0C10, BHACHIZOK YO0
ClIbChbKE HACENICHHA HE TiIbKM 3MEHIIMIOCh, a U
3Ha4HO nocrapiio [13] (tabdm. 2, puc. 3).

[Tpu oOMexeHNX MOXKIMBOCTAX HpaIeBIaIITy-
BaHHs Ha oQiuiHHOMY PHHKY Npali TPyIOBi Mirpa-
HifHI TOI3JIKK YKPATHCHKUX TPOMAJISH, IO MPOXKH-
BaIOTh Y CUIBCHKIM MiCIIEBOCTI, 32 KOpJOH CTaJd
00’€KTUBHOIO PEaJIbHICTIO i, 0€3 CyMHiBY, MacoBUM
siBUIeM. YacTKa MEIIKaHI[IB Cela Y 3araibHil KiJib-
KOCTI TPYIOBUX MirpaHTiB Kapmarcbkoro perioHy €

O1NBIIO0, HIXK TOPOISH, 3 HUX JKIHKH CTaHOBJIATH
60-70%. Ilpu 1poMy BiACYTHICTb >KiHOK — MaTepiB i
MalOyTHIX MaTepiB € OJHIE€I0 3 TOJOBHHMX NMPUYHH
3MEHIIEHHS KOe(IIiEHTY HapOKyBaHOCTI 1 po3ma-
Iy TPaIWIHOI YKpaTHCHKOI POIUHHM, aJKe Marepi
3aJIMIIAIOTH CBOTX JIITEH, a APY>KWHH — YOJIOBIKiB [5].
CTpyKTypHUMH €JIEMEHTaMH CUIBCBKHUX TEpH-
TOpiaJIbHUX MIrpaliiHUX CUCTEM € THMYacoBi Mas-
THUKOBI, BAXTOBI, CE30HHI Mirpailii, oB’si3aHi nepe-
IyciM 13 moTpe0oro y 3aiiHsATOCTI Ta HaBuaHHi. Ha
BiJIMiHY BiJ| CTalliOHAPHUX, BOHU HE MPU3BOJIATH IO
3MiHM YUCENHLHOCTI HAceNleHHs KpaiHW Ta perioHiB
(32 BUHSTKOM HEYACTHX BHIAJKIB TIEPEXOIy TPY/O-
Boi Mirpamii y mocTidHy) 1 BiJlIOBIJTHO MPSMOTO
BIUIMBY Ha JKUTTEBUH MOTEHLIad, CTaTEBO-BiKOBY
CTPYKTYpYy Ta PiBeHb OCBITH HAceJCHHs Malbke He
3IIMCHIOTh. B Toif ke yac, mo-nepiie, TpyJ0Bi Mi-
rpauii BUCTYAIOTh BayKJIMBUM YMHHUKOM peaizawii
TPYAOBOTO TMOTEHIiady, MHO-Ipyre, OMOCEepeIKOBa-
HUH BIUIMB TPYIOBUX Mirpaiiiii Ha TpaHcopmariii
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nemMorpadiuHUX MPOLECiB MOKe OYTH JOCHTH CHJIb-
HUM.

Jlyis mojonaHHs BiITOKY HACENCHHS 13 CLIbCh-
KoOi MicLIeBOCTi HEOOXiHO BUPOOUTH JeMorpadiuHy
MOJIITUKY, CIPSIMOBaHy HE CTUTBKH Ha 3POCTaHHSI
HapOKyBaHOCTI, CKUTFKM Ha 3pOCTaHHS MPHBAOIIH-
BOCTi CIJTbCBKHUX TEPUTOPIH IJIsi TPOXKHBAHHS Ta
MPOAYKTUBHOI €KOHOMIYHOI AisUTBHOCTI MEIIKAHIIIB
cij, HacamIiepen Moiomi. Peamizariis mux 3aBmaHb
JIACTh 3MOTY ICTOTHO MiJTHATH €KOHOMIYHHMU MOTEH-
[ian CiTbCHKUX TEPUTOPIi, IO € HEOOXiTHOI yMO-
BOIO ISl peati3allii €BpPOIHTETpaIlifHuX IparHeHb
yKpaiHChKUX rpomaisH [13].

Mirpauis poboyoi cunu ans Kapmatcekoro pe-
TiOHYy Ma€ IepeBayKHO HETaTHBHI HACTIIKH, 30KpeMa:

- BTpaTa BUCOKOKBaTiI(hiKOBAaHUX CIEIIaTICTIB
(0co0IMBO HAYKOBIIB 1 (haxiBIliB), M0 CHPHYNHSIE
YIOBUILHEHHIO TEMITIB HAayKOBO-TEXHIYHOTO IPO-
rpecy;

- BTpaTa KOHKYPEHTOCIPOMO>KHOI poO0U0i cH-
CWJIM; BTpara iHO3EMHOI BAaJIOTH, KA BHBO3UTHCS
IMMITpaHTamu;

- 3pOCTaHHS 3JIOYMHHOCTI Ta COIiaJIbHOI Ha-
MPYKEHOCT1 y CYCIIIBbCTBI, IO CHPUIMHEHE MiXKHA-
iIOHATBHUMH KOH(IIKTaMU;

- TOJITHYHI Ta SKOHOMIYHI MpeTeH3ii 10 Yk-
paiHu "epe3 3pOCTaHHS HeNleralbHOI TPYIOBOI Mir-
parlii ykpaiHIlis;

- JUCKpHUMiHAWig Ta eKCIulyaTalis yKpaiHIiB
MiCIIEBUMH pOOOTOIABIISIMH;

Tabnuys 1

Po3mozin MirpamiitHoro mpupocTy 3a BIKOBUMH KaTeTOPisSIMU Ta TUTIOM MICIIEBOCTI B MeKax YKpPaiHCHKOT
yactrHU Kapmarcekoro €Bpoperiony (cranoM Ha 2019 pik) (po3paxoBaHO aBTOpaMHU Ha OCHOBI JaHHUX
JepxaBHOT CITy>)kOM CTaTUCTHKH YKpaiHH)

Bikosa kateropis . .MirpauiﬁHHﬁ npnpigT, CKOpo4eHHS (-) .
o0uaBi crati | YOJIOBIKH KIHKA
3akapraTchbka 001acTh
Micovxa micyegicmo
Ycboro 840 329 511
y 1.4. y Bii 0-14 149 54 95
15-64 756 308 448
65 i crapie -65 -33 -38
Cinvcora micyegicmo
Ycworo -1340 -528 -812
y T.4. y Bii 0-14 -352 -174 -178
15-64 -896 -349 -634
65 i crapie -5 -5 0
JIpBiBCbKa 00JIaCTh
Micvka micyesicmo
Ycworo 1582 108 1474
y T.4. y Bii 0-14 674 295 379
15-64 -1152 -50 1202
65 i crapie -244 -137 -137
Cinvcoka micyesicno
Ycworo -483 240 -723
y T.4. y Bini 0-14 -667 -290 -377
15-64 -102 394 -496
65 i crapie 286 136 150
UepHiBerpka 00J1aCcTh
Micvka micyesicmo
Yeboro 828 196 632
y T.4. y Bii 0-14 271 126 99
15-64 512 52 460
65 i crapmie -13 2 -15
Cinvcoka micyesicnio
Yeworo —781 —158 —623
y T.4. y Bii 0-14 -247 -81 -166
15-64 -543 -87 -456
65 i crapie 9 10 -1
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JnHaMika MirpariifHoro pyxy HaceJIeHHS 3a THIIOM MiCIIeBOCTI (0ci0)

Tabnuys 2

(po3paxoBaHO aBTOpaMH Ha OCHOBI 1aHuX JlepaBHOI CITy>KOHM CTaTHCTUKHA YKpaiHm)

Vi motoku VY T. 9. MbKAepKaBHA MITpaIlist
Pix . ) . Mirpariitamit . . Mirpariiamit
KiJBKICTh KiJIBKICTD . KIJIBKICTD KIJIBKICTD .
TIPUPICT, TIPHUPICT,
npuoyINX BUOYIHX 1805 () 721070:4 BUOYIHX
CKOPOYCHHSI CKOPOYCHHSI
3akapraTchka 00J1acTh
Micvka micyesicmob
2015 3628 4328 -700 226 802 -576
2016 1352 2608 -1256 51 216 -165
2017 3334 3175 159 439 261 178
2018 5476 4116 1360 655 364 291
2019 4824 3984 840 591 494 97
Cinvcoka micyegicmon
2015 2475 3426 -951 40 717 -677
2016 1959 1685 274 49 273 -224
2017 2679 2935 -256 98 210 -112
2018 2841 4117 -1276 114 251 -137
2019 2423 3763 -1340 85 429 -344
JIpBiBCHKA 001aCTh
Micvka micyegicmsb
2015 20329 20891 -562 860 635 225
2016 19231 17784 1447 790 620 170
2017 18245 17914 331 813 533 280
2018 23955 23950 5 1086 925 161
2019 23900 22318 1582 1201 1164 37
Cinvcoka micyesicmo
2015 11170 9273 1897 147 78 69
2016 11800 8265 3535 154 92 62
2017 10852 8517 2335 189 142 47
2018 14690 12809 1881 231 259 -28
2019 11183 11666 -483 230 319 -89
UepHiBelbka 00JIaCTh
Micvka micyesicms
2015 7059 5304 1755 534 242 292
2016 1484 1891 -407 81 71 10
2017 3057 3185 -128 335 40 295
2018 6171 5203 968 500 326 174
2019 6017 5189 828 760 558 202
Cinvcoka micyegicmon
2015 3489 4248 -759 201 140 61
2016 1293 1372 -79 74 54 20
2017 2776 2284 492 255 88 167
2018 3912 4658 -746 347 163 184
2019 3610 4391 -781 331 283 48

- 30iIbIIEHHS THCKY Ha HalllOHAJIbHUHA PUHOK

pall 4epe3 KOHKYPEHIIIF0 pOOOUOi CHITH 38 KOPJIOHOM;
- TIIOCWJICHHS HAaBAHTAXXCHHS Ha COHiaJ’IBHI/Iﬁ

dons;

- nemorpadivHi BTpaTh Ta CTapiHHS HACEJIeH-
HS TOIIIO.

Bapro Tako 3ragaTd i NO3UTHBHI ACIEKTH
TPyAOBOi Mirpanii, cepen sikux 3pocranus BBII 3a
paxyHOK TpOIIOBHX IIepeKa3iB MIrpaHTiB, IIiJIBU-

nieHHs kBajidikamii Ta HaOyTTS JOCBiAYy MIrpaHTiB,

IO TOBEPTAIOTHECA Ha OATHKIBIIUHY, MOCIAOICHHS

THCKY Ha PETIOHAJBHHUM Ta MiCIIEBUI PUHOK TIpaili,
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Puc. 3. MexaHiuHUI pyX HAaCEJICHHS 3a TUIIOM MICIIEBOCTI B MeKaX YKpaiHChKoi yacTuHr Kapmarchkoro
€Bpoperiony, oci6 (ctanom Ha 2019 pik) (CTBOpEeHO aBTOpaMH Ha OCHOBI JaHUX
JHep:kaBHOT CiTy>KOM CTaTHCTUKH YKpaiHn)
Fig. 3. Mechanical movement of the population by type of area within the Ukrainian part of the Carpathian
Euroregion, person (as of 2019) (created by the authors on the basis of data
of the State Statistical Service of Ukraine)

MiBUIICHHS PiBHA 100pOOyTy ciMel MIirpaHTiB To-
o [15].

3HauHi MacmTabu i MOXKJIMBI HETaTWBHI Hac-
JKA 30BHIMIHBOI Mirpamii BHCOKOKBami(hiKOBaHHIX
CIEIIaTiCTIB MOTPeOyIoTh KEepOBaHOCTI 3 OOKy
JICP’KaBU Ta PO3POOKH CHCTEMH 3axXOJiB IIOAO 11
perymtoBanHs. J{0 TpiOpUTETHUX 3aBAaHb HaIliOHA-
JEHOI Ta PeriOHANIBHOI MOJAEINEeH yIpaBIiHHS Mirpa-
HIHHUM PyXOM HaceJICHHS BapTO BiJHECTH PETryJIto-
BaHHs: TEPUTOpPIaJbHUX MIKIEPKABHUX TMepeMi-
IIeHbh HACEJICHHS Ta 30BHIMIHIX TPYIOBUX MITpallii;
IMMITpaIifHIX TPOIECiB — K TPYJOBHX, TaK i CTa-
[IOHAPHUX; eMirpamiiHuxX npomneciB (MOCTIHHUX,
TUMYAaCOBUX 1 TPYIOBHX); BHYTPIIIHIX Mirparii
(mepeceneHChbKUX, TPYAOBUX, MasITHUKOBUX 1 CE30H-
Hux) [1].

Croromni B YkpaiHi cxBajena Crparerist aep-
KaBHOT MirpauiiiHoi moiiTuku YKpaiHM Ha mepion
1o 2025 poky, fKa € MepeIyMOBOK BHKOPHCTaHHS
MO3UTHUBHOTO TIOTEHITIATY MIrpalii 3 METOK PO3BUT-
HHSI IIpaB 1 CBOOO/ MIrpaHTIB Ta yChOTO HACEIEHHS.

OckinbkH, BHi3HI MIrpaiifHi TOTOKH y JOCIi-
JOKYBAaHOMY PETIOHI MalOTh, SIK MPaBHIIO, CKOHOMIY-
HE MiAIPYHTS, BapTO MpOaHali3yBaTH CHUTYalil0 Ha
PUHKY TpPYIOBHX pecypciB, MmO 0e3mocepeaHbo
BIUITMBA€ Ha PIBEHb €KOHOMIYHOTO PO3BUTKY TEpH-
Topii, 3abe3mneuye ePeKTUBHICTb BHUPOOHMLTBA Ta
KOHKYPEHTOCIIPOMOXKHICTb PETiOHY.

@DaKkTHYHO TPYIOBHUH IMOTEHIIaN SBISE COOOIO
IHTerpaibHy CYKYIIHICTb MOKJIMBOCTEH HAaCEJIeHHS
JI0 €KOHOMIYHOT1 aKTHBHOCTI SIK CYO €KTIB TpPYyHOBOI
TismeHOCTI [8].

3a manmmu JlepxaBHOI CIIYy’)KOM CTAaTHCTUKH B
VYkpaini 30epiraeTbcs TEHIEHINS A0 3MEHIICHHS
KUIBKOCTI TpymoBux pecypciB. Skmo y 1991 pori
Hapa-xoByBanoch 30,2 MIH. 0ci0 TMparne3raTHoOro
BiKy, To y 2019 pomi meil moka3HuK ckiaB 16,46
MJIH. 0Ci0 (44,1% HaceneHHs nepkaBu). Sk 6aunmo,
3arajibHe 3MEHILICHHS YHCEIbHOCTI HAaCeIeHHSs, CTa-
piHHS Hamii Ta 30BHIMIHI Mirpamii 3yMOBHUIN 1 3HU-
’KEHHS TPYJIOBOTO TIOTEHITIATy KpaiHH.

He MeHII BaXJIMBUM € JOCIIIKEHHS BIKOBOT'O
CKJIaay TPYIOBHX pecypciB i Ayt YKpaiHu i mokas-
HUKHU HE € TIO3UTHBHUMH, OO TPUBAJICTD KUTTS yK-
paiHIiB onHa 3 HaiHmwkuux y €Bpomi. Ha Ttakuii
CTaH peueil BITMBAE JieKilbka (aKTOpiB: HEBEIHKA
3apo0iTHa IUIaTa, HU3BKUH PiBEHb a00 HEIOCTYI-
HICTh MEIMYHOTO OOCITYrOBYBaHHSI JIsi OKPEMHX
IpOMaJIsH, IIKIJUIMBI YMOBHU Ipaili. YCi 1i YUHHHUKH
rajJbMyIOTh Ta YHEMOXIIUBIIOIOTH MPOILEC BiATBO-
penHs poboyoi cuium [12].

Sxmo Oparn 1o yBarm peanii puHKY IMIpari,
OLITBII aJIEeKBaTHOIO HIKHBOIO MEXKEI0 JIOPOCIIOTo i
TPYAOAKTHBHOTO BiKy ciiJ BBaxaTd 20 poKiB, OCKi-
JTbKU B OLIBII paHHBOMY BiIli PiBEHb €KOHOMIYHOI
aKTUBHOCTI OJM3BKUN O HYyAHOBOTO. TakuM YHHOM,
MH Ma€eMO MOCTapiHHS BXe HE «3HU3Y» 1, 3BUYAHHO
X, 1IIe He «3BEPXY», TOMY IO JHHAMIKA TPUBAJIOCTI
JKUTTS CXWJIbHA 710 crarHailii. lle mocrapinHs HiOu
«3 cepeluHW», 1 MEXaHi3M TaKoro MOCTapiHHA 3a-
KJIaIeHUH y caMiif CTPYKTYpi HaceNeHHS.

[IpoTsroM OCTaHHBOTO JECATUPIYYUS CIIOCTEPI-
raeThCs 3HAUHE 3HIKEHHS YHMCENBbHOCTI 3alHSITOrO
HaceneHHs. Tinbku 3a nepion 3 2012 mo 2020 poku
KUTBKICTh 3aifHATHX YKpaiHmiB y Bimi 15-70 pokis
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ckopotmiiack Ha 3346,1 Ttuc. oci6. Haitbimeim pizke
3MEHIIICHHS YHCENbHOCTI EKOHOMIYHO aKTHBHHX
rpoMazasH Ha 1630 tuc. oci6 3adikcoBano y 2014-
2015 pp., came micis 3a3HAYEHOTO MeEpioAy 1 cIo-
CTepi-TacThCsl HeraTWBHA amHaMmika. CraHoM Ha
2020 pik KiTBKICTh 3aHHATOTO HACEICHHS B YKpa-
iHi ckiagae 15915,3 Tuc. ocib [12].

Cranom Ha 2019 pix B 3akapraTcekiii oOmacTi
3aifHATe HaceJeHHs y Bimi 15-70 pokiB cTaHOBWIIO
54,1% Big HacelleHHsS BiJIOBIHOI BIKOBOi IpyIy,
rparie3iaTHe HaceJIeHHs ckianano 62,9% Bin Hace-
JIEHHSI BiITOBITHOI BIKOBOi KOTOPTH 1 II€ HAWTIpIIi
MOKa3HUKU cepex obnacteit Kapmarchkoro periony.
VY UYepHiBenbkili 001aCcTi MOKa3HUKHU JCHIO Kpallli:
3aiiHsiTe HaceneHHs y Bini 15-70 pokiB — 59,0% Bix
HACeJICHHS BIAMOBIAHOI BIKOBOi KOTOPTH, IIPOTE
mparie3naTHe HacejieHHS — 61,2% Biag HaceneHHsS
BimmoBimHOT BikoBOi koroptu. Mis IBano-®paH-
KiBchKOi Ta JIpBiBChKOi oOmacTeii Wacka 3aifHATOTO
HaceJIeHHs CTaHOBHIIA BIAMOBIAHO 55,2% Ta 60,85%
BiJl HACEJICHHS BiAMOBIHOI BIKOBOT KOTOPTH.

PiBens 3aiiHsTOCTI HacenenHs y Biti 15-70 po-
KiB B p0O3pi3i obnacTteil mpeacTaBieHo Ha pUCYHKY 4.
Cepen 40JI0BIUOTO HACEJICHHS 3HAYHUX PO301KHOC-
Tell B TOKa3HHWKY HE CIIOCTEpIracTbcsa. Y TOH dHac,
KOJIM cepell KIHOUOTO HACENeHHS, IeH TMOKa3HUK
pi3HUTBCS B Mexkax Maibke 9%. Tak, B 3akapnarch-
Kili 00acTi piBeHb 3aMHATOCTI Cepell )KIHOYOro Ha-
cesileHHS € HaHmwk4uM — 45,9%. Taky curyaniro
MOXHa TIIOACHHUTHU I[eKi.HBKOMa yyaHukamu. Ilo-
neplie, BeJMKA YacTKa YOJIOBIYOTO HaceJeHHs 00-
JIACTi SIBISIOTHCS TPYAOBUMH MIrpaHTaMH 32 KOPJIO-
HOM, B TOM 4Yac, KOJM TXHI XIHKH 3aiiMarOThCsl JI0-
MaIllHIM TOCMOAApPCTBOM; TO-JIpyre, 3Ha4Ha 4YacTKa
OaraTomiTHUX KIHOK, SKi TpUBAINN Yac TepeOyBa-
I0Th B JIGKPETHIHM BiJITyCTIli; 3HAYHA YaCTKa KIHOK

POMCBHKOTO HACEJICHHS HE 3aiHATI B TOCHOAApCTBI
icropuuno. Jlizupye 3a UM MOKa3HUKOM JIBBiBIIIH-
Ha. TyT piBeHb 3alHITOCTI cepel KIHOK CTaHOBHUTH
54,1%.

OmHuM i3 BEKTOpIB ITOKPAIICHHS KiTBKICHUX
nmapaMeTpiB TPYIOBUX pecypciB y €Bpormi BOaYaroTh
y 3aJIy4eHHi 0 BUPOOHMIITBA MPEICTaBHUKIB CTap-
moi BikoBoi kareropii. Tak, B kpainax €C y 2019
poIIi piBEeHBb 3aMHATOCTI JIITHIX MPAaIliBHUKIB CTaHO-
BuB 59,1%, mopiBusHO 3 44,1% y 2009 poui. s
LBOT0 3AIMCHIOIOTHCS TaK 3BaHl 1HBECTHULIT A1 IOK-
palieHHsI IOCTYIy J0 OCBITH Ta HaBYaHHS JITHIX
JOAEH, MOXKIIMBICTD MIATPUMYBATH Ta YI0CKOHAJIO-
BaTu mpodeciiiHi HaBUKK, HAOYTTsI HOBHX 3HAHb Ta
YMIiHb ITiJl 9aC HaB4aHHS BIPOIOBXK KUTTS [17].

Taxoro poxy 3axonu HaBpsiA YU CTaHYTh aKTya-
JHHUMU JUIs YKpalHH Ha CydyacHOMY eTarli i1 po3Bu-
TKY, OHAK iXHS peamizalis y MaifOyTHbOMY ILJTKOM
HWMOBIpHa.

CepenHiii piBeHb 0€3pOOITTS B JA0CIIIKYBaHO-
My perioni y 2019 poni cranosuts 8,8% Bif eKOHO-
MIYHO-aKTHUBHOTO HaceneHHs [3] (puc. 5).

Y CTpYKTYpi 3alHATOrO HACEJICHHS YacTKa 4o-
JIOBIKiB TepeBaxae, ane 6inpie 60% 0e3podiTHIX —
yonoBiku. HaiibinbIne po3XomkeHHS MiXK PIBHAMHU
3afHATOCTI JKIHOK 1 YONOBiKiB iKCyeThCs y 3aKap-
narcekiil Ta [BaHO-®paHKiBChKii obnacTsax (Oinblie
15%) [6].

Tak, y 3akapnarcekiit oomacti y 2019 p. piBens
3alHATOCTI XKIHOK 3HU3WBCA Ha 6,7% TMOPIBHSHO 3
2014 p., y Toif Hac siK y 4onoBikiB — BUpic Ha 1,7%.
Hattamkumii piBeHb 0€3p0o0ITTS cepell YONOBIKiB y
2019 p. crioctepiraBcst y BikoBi#t rpyni 30-34 poxw,
y JKIHOK — 25-29 pokiB.

VY IBano-®paHkiBchKili 001acTi piBeHb 3aiiHsI-
TOCTI1 YOJIOBIKiB BUIIHNHU, HI)K y ®KIHOK Y BCiX BIKOBHX

Puc. 4. PiBens 3aifHATOCTI HaceNneHHs y Billi 15-70 pokiB y Mexax yKpaiHchkol yacTuHu Kaprarcekoro
€Bpoperiony, % (cTBopeHO aBTopamMu Ha OCHOBI [21]).
Fig. 4. Employment rate of the population aged 15-70 within the Ukrainian part of the Carpathian
Euroregion, % (created by the authors on the basis [21])
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Puc. 5. Cepenniii piBeHb 0e3p00iTTA B Mexax yKpaiHChKkoi yacTuHM Kapmarcekoro €Bpoperiony
(cTBOpEeHO aBTOpaMu Ha OCHOBI [21]).
Fig. 5. Average unemployment rate within the Ukrainian part of the Carpathian Euroregion, %
(created by the authors on the basis [21])

rpynax. [eHmepHwWii poO3puB y piBHI 3ailHATOCTI
cknas 13,8% y 2019 p. HaiiBumum renaepHuii pos-
puB OyB y BiKOBili rpymi 25-29 pokiB i CTaHOBHB
29,4%, nami po3puB ckinaB 25,4% y BikoBill rpymi
30-34 poku. HaitHmx4um BiH OyB y BiKOBi# rpyrri
60-70 pokiB (0,9%). PiBenb 0e3poOiTTsI cepen 4o-
JIOBIKIB BHIIMH, HIX cepejl )KiHOK Ha 3,4% (cTaHoM
Ha 2019 p.). Bin 3pocTaB cepes KiHOK MPOTATOM
2015-2016 pp. Ha 0,7% nopiBHsHO 3 2014 p., 1 3HU-
3uBcs Ha 2,2% y 2019 p. PiBens 6e3pobitTs cepen
YOJIOBIKIB 3pocTaB 1 gocsar nokasHuka 10% y 2019
p., o Ha 2% Oinpue nopisHsHO 3 2014 p. [3].

Cepen mpuyMH HE3aHHATOCTI HAWMOMYJISPHi-
IIOK0 JUISL YOJIOBIKIB € 3BUILHEHHS 3a BIIACHUM Oa-
xaHasIM (19,3%), a anms )KiHOK — HemnpareBIanTo-
BaHl ITiCJIA 3aKIHYEHHS 3arajlbHOOCBITHIX Ta BHIIHAX
HaBYaJbHUX 3aknanie [-IV piBHIB akpemuTarii
(15,8%).

Pesynbrarom misbHOCTI 3aWHSTOTO HACENCHHS
B YkpaiHi € 3apo0iTHa 1uiata. AHaji3ywouu iH)Op-
Marliro JlepaBHOT cIy)kOU CTaTHCTHKH YKpaiHd 3a
nepion 3 cius no ceprerb 2021 poky cepenHs 3ap-
mata B YkpaiHi cxianana 13525 rpusHi. 30Kpema,
HaWBHIII MMOKA3HUKH 00 3apOOITHOI ILUIaTH CIIOC-
Tepiratotbest y micti Kuesi — 19705 rpH., mo Ha
45,7% Oinplie, HiX y HijioMy 1o Kpaini, JloHeubKii
— 14545 rpH. Ta KuiBcrkit obmactsix — 13760 rpH.,
3a HUMH inyTh 3amnopi3bka — 3 mokasHukoM 13412
rpH., Juinponerposceka — 13371 rpH. Ta Muxona-
iBcbka o0sacti — 13256 rpu. [4].

CTOCOBHO THX PETiOHIB, /€ MOKA3HUKH CEepeji-
HBOI 3apOOITHOT IJIATH € HIKYMMH 32 CEpEeHIO IO
KpaiHi B LIJIOMY, TO 3a aHAJITHYHUMU JaHuMH Jlep-
JKaBHOI CITy’)KOM CTaTUCTUKU YKpaiHW — IIe, epI 3a
Bce, KipoBorpanceka o6iacts 3 nokaznukom 10797

IPH., 0 ckinazae 79,8% Bin cepeqHbOI 3apIuIaTH B
VkpaiHi Ta CBITYUTH TPO HAWHIKIMH ITOKa3HUK
3apIuiaTv 1Mo KpaiHi, 3a HElO po3TamoByloThcs Yep-
HiBenbka — 10842 rpH., Bomunceka — 11003 rpH.,
UYepHni-riBcbka — 11024 rpH. Ta XepcoHChKa 00macTi
3 moka3zHukoM B 11038 rpw. [4].

Junamika piBHS 3apoOiTHOI MJIaTH — abCOMIOT-
HO 3aKOHOMipHE SBHILIE BUKJIHMKaHE aOCOIIOTHO
00’€K-THBHUMH YWHHHKaMH. Tak, po3mMip 3apo0iT-
HOI IUIaTH LIOPOKY 3pOCTaE, a BIPOAOBK OIHOTO
POKY KOJIMBAETHCS — BiJ] MAaKCHMAJIbHUX 3HA4Y€Hb B
4epBHi (ITOYaTOK BiJIITyCTOK, OTPUMAHHS TPOIIOBUX
JIOTLIAT TOIO) /IO MiHIMAJIbHUX y CiuHi 1 ceprHi (KO-
JIM TICJIS BIAMYCTOK JIFOIM OTPUMYIOTh MEHIIY 3ap-
1Ty 3a PaXyHOK MEHIIOI KUTBKOCTI pOOOYHX JHIB)
(puc. 6-9).

MoxHa 3 BIIEBHEHICTIO TOBOPHTH, IIO He3Ba-
JKal04X Ha TIOCTIHHUM picT 3apoOiTHOI TUIaTH TIO pe-
rioHaXx KpaiHW IHJEKC peallbHOi 3apO0iTHOI IUIATH
HEYXWIbHO 3MeHmyeThes. Tak, y 2014 p. 21 o06-
nacTh Ykpainu mana IP3I1 Bumuii Hixk cepenHii mo
nepxasi, y 2017 p. Takux obnacreit oyno 19, y 2020
p. — 18, ay 2021 p. — 14. Ilpu womy B 2021 p. xon-
Ha 007acTh YKpaiHu HE Maja NepeBUIICHHS 3arajb-
HopepkaBHoro piBHA IP3Il Gimpme Hix Ha 1 %
(puc. 10).

3aKOHOMIPHO, 1110 HAUTIpIIa CUTYaIlis B po3pi3i
JIAHUX TIOKa3HUKIB Cepel aJMiHICTPaTUBHUX OJIHU-
HUIIb TOCIiIKYyBaHOTO PerioHy xapaktepHa ajs Ye-
pHiBerbKOi 00nacti. Bognouac, came B UepHiBelib-
Kilt 00macTi (hiKCyeThCs HaMEHIIUI pO3pHUB y 3a-
poOiTHIH TIaTi 3a TEHAEPHOI NPHUHAJIEKHICTIO
(puc. 11).

3a reHJepHUM PO3IOJIIOM PiBeHb 3apO0iTHOI
TUTaTH YOJIOBIKIB € BUIINM, HIXK PiBEHb 3apIljiaTh XKi-
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Puc. 6. Innekc peanbHoi 3apo0iTHOT matu B Ykpaini y 2014 p. (#a ocHoBi [10]).
Fig. 6. Index of real wages in Ukraine in 2014 (on the basis [10])

Puc.7. Innexc peanbHOi 3apo0iTHOI tuiaT B Ykpaini y 2017 p. (Ha ocuogi [10]).
Fig. 7. Index of real wages in Ukraine in 2017 (on the basis [10])
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Puc.8. Innekc peanbHoi 3apo06iTHOT miatu B Ykpaini y 2020 p. (Ha ocHosi [10]).
Fig. 8. Index of real wages in Ukraine in 2020 (on the basis [10])

Puc.9. Innexc peansHoi 3apo0iTHOI miatu B Ykpaini y 2021 p. (1a ocHosi [10]).
Fig. 9. Index of real wages in Ukraine in 2021 (on the basis [10])
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Puc.10. Iunamika iHaeKcy peanbHoi 3apo0iTHOI tiati 'y 2014-2021 p.p. (Ha ocHoBi [10]).
Fig. 10. Evolution of the index of real wages in 2014-2021 (on the basis [10])

Puc. 11. Po3puB y cepenHiii 3apo0iTHi# 1IaTi 3a TeHIEPHOI0 MPUHANEKHICTIO IJIAaTH B MEKaX YKPaiHCHKOT
yactunu Kapnarcekoro €spoperiony, % (cranom Ha 2019 pik) (cTBopeHo aBropamu Ha ocHoBI [10]).
Fig. 11. Gap in average wages by gender within the Ukrainian part of the Carpathian Euroregion, %
(as of 2019) (created by the authors on the basis of [10])

HOK. Po3puB y po3mipi cepenHboMicsgHOi 3apo0iT-
HOI TIATH 3a TEHJIEPHOI0 O3HAKOK0 Ma€ TEHJICHIIIO
1o 3MeHmeHHs. ko y 2000 poui 3apobiTHa miiara
KiHOK ctanoBmia 70,9% 3apoOiTHOT TUIaTH YOJIOBI-
KiB, T0 y 2016 pori — 74,6%. HaiiBumium 1eii moka-
3auK OyB y 2010 poui — 77,8%.

PosmsiHemo Oinbin  geTanbHO perioHadbHHUN
PO3MOALT TaHOTO MoKa3HuKa. B 3akapmarcekiii 00-
JIACTI PO3PUB y PiBHI CEPEIHBOMICAYHOT 3apO0iT-
HOT IJIaTH iHOK 1 4oNoBikiB cknaB 15,3% y 2019 p.
BriponioBx ocTaHHIX POKIB BiMiYasiach TEHJCHITiS

tioro 36umpmenns (11,8% y 2014 p.). Cranom Ha |
niBpivusg 2019 p. criocrepiraeTbcsi HAMOUIBIE BHUBI-
JILHEHHS YOJIOBIKiB Ta IHOK Yy cdepi OCBiTH.

His IBaHo-DpaHKIBIIMHM XapaKTepHE 3pOcC-
TaHHsI PO3PHUBY B OILUIATI Mpaili 32 TEeHJEPHOIO O3Ha-
koo npoaosxk 2015-2016 pp., 3meHmenHs Ha 3,3%
y 2019 p. nopiBHsHO 3 2018 p.

Ha JIbBIiBIIMHI PO3PHB y CEPEAHBOMICIYHUX
3apoOITHUX IUIATaX JKIHOK 1 YOJIOBIKIB CTaHOM Ha
2019 p. cranoBuB 19,2%. Bin Bupic mopiBHSIHO 3
2018 p. Ha 3,9%. CyTTeBa pi3HHIA Y po3Mipax 3a-
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pOOITHOI TIaTH KIHOK Ta YOJIOBIKIB 3a()iKCOBaHA Ha
MIIITPUEMCTBAX 3 JOOYBaHHS Kam’ sTHOTO Ta Oyporo
BYT'UIJISI; B yCTaHOBAX, sIKi 3IiMCHIOIOTH (piHAaHCOBY
Ta CTPaxoBy AisUIbHICTB; Ha MiAMPHUEMCTBAX CLIbCH-
KOTO, JTICOBOTO Ta pHOHOTO TOCITONAPCTBA; B OpraHi-
3amisix 3 iHpopmariii Ta TenekomyHikarii (Ha 51,7%-
26,7%) [3].

VY UYepHiBenpkiii o0macTi JaHWH TOKa3HHUK Y
2019 p. dikcyemo na mo3Hauti 8,02%, 1m0 TOBOPUTH
Mpo HaWKpally cuTyaulilo 3 moMix obnacreit Kap-
narcbkoro periony. IIpoTsrom ocTtaHHIX pOKiB Bif-
Midanach TEHICHINA /0 CKOPOYCHHS PO3PHUBY MIXK
3apoOITHMMH TUIaTaMH 4YOJOBIKiB Ta XiHOK. J[lo
npuknany, me y 2017 p. uei noka3HUK JOPiBHIOBaB
10,91%. Ha nymky aBTOpiB, Taka cuUTyalis OB’ s3a-
Ha, y Teplry d4epry, HalOiNbIINM IepeBaKaHHIM
KIHOK y TeHJAepHOMY Mpodini y MOpiBHSHHI 3 iH-
mmMu  obnactsimu  Kapnarcekoro periony (57,3%
xiHOK B YepHiBeupkiii obnacti nmpotu 52,7% B IBa-
Ho-@pankiBcbkmii 0bmacti abo 51,9% y 3akapmar-
CbKil oOmacti). [pyra mpuynHa — NpHXOBaHE Ta
(dpukiiitne 0e3po0iTTSI, a TaKOK YUMalla TiHBOBA
3aMHATICTh, OCOOJMBO CEpell YOJIOBIYOrO HACEIICH-
Hs. B o0nacti criocTepiraeThesi 3Ha4Ha 4acTKaA Cilb-
cekux TI, g SKUX XapakTepHU BUCOKHUI PiBEHb
3afHATOCTI KIHOYOTO HACENEHHS y cdepi comialb-
HOTO 3a0e3MeueHHS.

HikaBumu € cymxenns B.C. Cremenka momno
SIKICHUX TIPOSIBIB COLiabHO-AeMOTpadidHOTO Mpoc-
Topy. CycmijbcTBO 3 TIMOOKOI COIialIbHO-EKOHO-
MIYHOIO TIOJIIPHU3aIli€l0, BUCOKUM piBHEM OiHOCTI
HE MO’KE PO3BHBATHUCH 0€3 COL[iaJIbHUX €KCLECIB, TaK
K 1€ € IEPEAYMOBOIO Jlerpajaii 310poB’s, ocBive-
HOCTI Ta JEIKMX IHIINX BaXKJIMBUX BIIACTUBOCTEH
3HAYHOI YaCTHHU JIIOACTBA. BiH cTBepmKye, 1m0 ne-
MorpadiuHAll PO3BUTOK € TPOIECOM 30epeKeHHS
MipH HaceJeHHsl SIK JIOCSTHYTOTO pe3ylbTary icTo-
puuHoro mporpecy. Koy 115 Mipa KapIWHAIBHO T10-
PYLIYETBCS Yepe3 3HWKEHHS SKOCTI HAaCENEHHs, Ha-
cTae nemorpadiuHa Kpu3a, mij gac sikoi qemorpadi-
YHHUH PO3BHUTOK TalIbMYEThCS, HACTA€E «aeMorpadiy-
HUH 3aCTiii», 1110, 3PEIITOI, MOXKE ITEPEUTH B JIEMO-
rpadiuny karactpody [11]. BaxmuBe 3HaueHHS Bi-
nirpae (QoOpMyBaHHS €KOJOTIYHOI KYJIBTypH Hace-
JICHHS, 30KpeMa 30epeXeHHsI Ta IPUMHOKEHHS TPH-
poano-3anoBigHoro ¢ouny. IIpore, mo crocyeTbes
VYkpainu, TO 1 ChOTOAHINIHIA KOe(IIIEHT 3aroBij-
HocTi (6,6%) He JnIIe MOCTYMAETHCS €BPONIEHCEKUM
HopMmaM (no mpuknany: Bemukxa Bpuranis — 17%
[setinapis - 18,5%, Himeuunna — 24%, ABcTpis —
25%, IMonbma — 33%,), ane i HE BiANOBIIAE BUMO-
ram OCHOBHHX 3acaj] (CTparerii) Aep>KaBHOI €KOJIO-
rivyHO1 momiTuKH YKpainu [22].

Osnakamu ¢GopmyBaHHs jeMorpadidHoi Karac-
TpohHu B JOCIHIPKyBaHOMY PETiOHI € BUCOKHH pi-
BEHb TPYHAOBOi Mirpauii 3a KOpAOH MpPiOPUTETHO i3
CITECHKHX TEPUTOPiH. BupimenHs coriaapHO-1eMOo-

rpadigHEX TpoOIEM CUTEChKUX TepuTopirt Kapmar-
CHKOI'0 PETIOHY YAaCTKOBO MOXKJIMBE 32 YMOB PO3BUT-
Ky couianbHoi iH(ppacTpykTypu cinbebkux OTT,
30KpeMa, po30yI0BHU 3aKIafiB MO0yTOBOro 00CIyro-
BYBaHHs HACEJICHHS, 3aHENa] SKHX CHOCTepiraBcs
MPOTSTOM YChOTO TIEPIOy Aep>KaBHOT HE3aIEeKHOCTI
Vkpaina, mocsrHyBmm cBoro miky B 1998 p. He
MEHII CKJIAJHOK 3aJIHMIIAE€THCS CUTYaLlisl 3 KyJIbTyp-
HUM OOCITyTOBYBaHHSIM CLIBCHKOTO HACEJEHHS, PO3-
OyZIOBOIO CLIBCBHKHMX O10MIOTEK, 3aKiIa/liB KIyOHOTO
THIy TOWIO [5].

BucHoBku. 3aranmom cy4acHWH THI BiJITBO-
PEHHSI HapOAOHACEICHHS 3 YCI€I0 TOCTPOTOK IOC-
TaBUB TPOOJIEMYy 3HAYHOTO TMOJIMIIEHHS SKICHUX
XapaKTEPUCTUK HACEJIEHHsI, CIIPOMOXKHUX 3abe3re-
YUTH JOCATHEHHS ONTHUMAaJbHOTO PIiBHSA BiATBO-
PEHHSI Ta BUKOPHCTaHHS TPYIOBOTO MOTEHINATy CY-
crinbeTBa. HalOIMbIoi K TocTpoTH I mpodiema
HaOyna B YKpaiHi, sSika HEBUIPABIAHO JIOBTO 3aTpH-
MaJiacsl Ha CTaJlii IepexiIHOTO Mepiofay B PO3BUTKY
EKOHOMIKH Ta siKa, PaKTUYIHO, M030aBJICHA MEPCICK-
THBU HapOIIyBaHHS KUTbKICHUX TapaMeTpiB pO3BU-
TKYy HapoJIOHACENICHHs SK HaWOUIbIIOr0 YHHHHKA
(hopMyBaHHS TPYIOBOTO MOTEHILIATY.

3araJpHOBIIOMO, 1II0 OCHOBHUM YHHHHKOM BH-
POOHMLITBA € PO3BUTOK Ta BUKOPUCTAHHS TPYIOBOIO
MOTeHIIany KpaiHu. AJpke came [bOMY NMUTAaHHIO B
OaratboX KpaiHax CBITY NPHUIUISETHCS MiABHIICHA
yBara. B Ykpaini 3aranom ta B Kapmarcekomy peri-
OHI 30KpeMa, MpolecH POpPMyBaHHS TPYIOBOTO IO-
TeHI[iay BiZ0yBalOThCS, HA *aJlb, HA T 3BY)KEHHS
nemorpadiunoi 6a3u Horo BiATBOpEHHSI.

B ymoBax 3aroctpenHs nemorpadivuHux i cori-
aJbHO-EKOHOMIYHUX TIPOOJEM, OCHOBHUMH TPHYH-
HaMM Takoi cuTyauii € TpygoBa emirpauis. Came
YKpaiHIi CKIafaroTh JEBOBY YAaCTKy TPYAOBUX Mir-
paHTiB B €Bpori. 32 pi3HUMH OIIHKAMH, ChOTOIHI
HaIYYEThCS BiJ 3 10 5 MIIH. YKpaiHIIiB, IO eMirpy-
BaJIM y TMOILIYKaxX TiHO OIUIadyyBaHOi poOoTH, a 4uu-
CEJIBHICTh MITPAHTIB, 3a JaHUMHU J[eprkaBHOTO KOMi-
TETy CTaTHUCTUKU YKpaiHW, MIOpOKy 3pocrae. Ckia-
JTHICTB MOIOHOT CUTYyAIlil MOJIATAE 1Ie i B TOMY, 110
OJM3BKO J1BOX TPETHH €MIrpaHTiB 3 YKpaiHu — 1e
YOJIOBiKH, a 0in3bko 50% BCIX MIrpaHTIB MPHITIA€E
Ha EKOHOMIYHO akTuBHHMH Bik 20-35 pokiB, TOOTO
Mosoab. Taki mudpu cBigyaTe Mpo KPU30Bi Mpole-
cH, sIKi BiJIOYBarOTbCS B CYCHUILCTBI. MirpariiiiHi
MpOIeCH CIIPUYUHIIIM JaucOananc y GpyHKIIIOHYBaH-
Hi CHCTEMH 3alHATOCTI Ta HAIlOHAJBHOTO PHUHKY
npaii B YKpaiHi B IUIOMY Ta B JOCITIJ)KYBaHOMY
perioHi 30kpema.

Ile onmHi€r0 BaXXIMBOIO MPUYMHOIO € HU3BKHUNA
piBeHb HapomkyBaHocTi. [lo mpukiany, yactka me-
NIKAHI[IB cejla y 3arajbHill KiTbKOCTI TPYIOBHX Mir-
panTiB Kapnarchkoro periony € OUIBIIOIO, HIX TO-
POISH, 3 HUX XKIHKH CTaHOBIATH 60-70%, Mo npu3-
BOIUTH JI0 3MCHIICHHS KOeQilli€eHTy HapOMKyBaHO-
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cTi. Hu3pkuii piBeHh HAPOIKYBAHOCTI MOSICHIOETHCS
BIJICYTHICTIO HaJIS)KHUM YHHOM PO3POOJICHOI ciMeii-
HOIT TOJIITUKH, sika O CIpusuia pO3MIMPSHHIO, TEPIIT
3a BCE, MEXaHi3My MarepiaJbHOTO 3a0e3NeueHHS
BariTHUX JKIHOK Ta MOXIJIMBOCTEW IIONO 3HIDKEHHS
piBHS iXHBOI 3aWHATOCTI 33T TPHIIJICHHS YBaru
came ciM’i, SIK 1Ie MPUUHATO B PO3BUHYTHX KpaiHax,
Ha OCHOBI HAQJIEXHUX MarepialbHUX CTHUMYIIB, JO-
ITIOMOTH Ta BUILIAT.

3a manumu [lepxaBHOI CIIy’)KOM CTaTUCTUKH B
VYkpaini 30epiraeTbCsi TCHICHINS JO 3MCHIICHHS
KITBKOCTI TpymoBux pecypciB. Sxmo y 1991 pomi
HapaxoByBajiock 30,2 MIJIH. 0Ci0 Ipare3naTHoOro Bi-
Ky, To y 2019 poui 1eii moka3Huk ckiaB 16,46 MIiH.
oci6 (44,1% nacenenns nepxxasu). Slk Oaunmo, 3a-
rajgpbHe 3MEHIICHHS YUCENbHOCTI HACEIIeHHS, CTapi-

HHs Halii (HacIiaKaMH MaHOTO TIPOIECY € TOTip-
IIIEHHS BIKOBOI CTPYKTYpPH Ta IOCTIHHE 3MCHIIICHHS
3ATHOCTI BIATBOPIOBATH TPYIOBI pecypcu) Ta BU-
COKHIA piBEHb CMEPTHOCTI (TPUBAJIICTD JKUTTA YKpa-
{HIIIB OfHA 3 HAM-HKYIUX Y €BPOIIi) TAKOK MIPHU3BO-
JSTh 10 3HIKCHHS TPYZOBOIO MOTEHIIANy KpaiHu.

[lomonaHHst HeepeKTHBHOCTI MEXaHi3My VII-
PaBIIiHHS JIOACBKMMHU PECypcaMu KpaiHH ITOBHHHO
CTaTH MPIOPUTETHUM Ha NIISIXYy EKOHOMIYHOTO pPO3-
BUTKY TEPUTOPIi, COPUATH 3a0€3MEUCHHIO ONTHMA-
JILHOTO PO3MIIIEHHS Ta e()eKTUBHOTO BUKOPUCTAHHS
HasBHOTO TPYAOBOTO TIOTeHIialy. Bupimenns 3a-
3HAUCHHUX MpoOseM MOTpelye SKICHUX 3MiH Jepxa-
BHOI Ta perioHajbHOI MpOrpaM PO3BHUTKY W ympas-
JHHS BIATBOPEHHSIM HaceleHHS Ta (OpMyBaHHS
e(exkTrBHOI nemorpadigHOi MO THKY.
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BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 poboTy

Hemorpaduueckne npoueccbl Kapnarckoro perunona
B KOHTEKCTEe IKOHOMHMYECKOI0 Pa3BUTUA TEPPUTOPHH
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B crarbe npoBesieH MPOCTPaHCTBEHHBIH M CTPYKTYPHBIN aHaJM3 JeMorpadudeckux mnporeccos Kapnarckoro pe-
THOHA KaK OJHOTO U3 MHAMKATOPOB COLIMAJIbHO-3KOHOMUYECKOIO pa3BUTHs TeppuTopuu. Ha oCHOBE CTaTMCTHYECKHX
JIAHHBIX TPOaHAIN3UPOBAHBI CIIENN(HUYECKIE YePThl MEXaHMUECKOTO JBIDKEHUs HaceneHus B KapnaTckoM pernone 1mo
CPaBHEHHIO C IPYTUMH 00JacTIMU YKpauHBl. AKIIEHTHPYETCs] BHUIMAaHUE Ha TOM, YTO MHUTPAI[HOHHBIE MIPOIIECCHI, HMe-
OIHe Ba)KHOE 3HAUEHHE JJIS JaJbHEHIero pasBUTHSA OOIIECTBA, B YCIOBUSAX O0OCTPEHHUS AeMOTrpapHuecKux U COIH-
aNbHO-YKOHOMHUYECKUX NPOOJIeM, HYKIAlOTCS B HEMEJICHHOM pelleHun. JlokazaHa He0OXOIMMOCTh pa3paboTKH olle-
PEeXaIoMX Mep, IPU3BAHHBIX CTaTh MPHOPUTETHBIMU IIPH PEIICHUH MPOOIeM SKOHOMHUYECKH aKTHBHOTO HACEJICHUS Ha
HCCIIEyEeMbIX TEPPUTOPHUIX. 3HAYUTENIFHOES BHUMAaHHE YJEJIEHO HCCIIEOBAHUIO BOIIPOCOB BO3PACTHOTO COCTaBa TPYIO-
BBIX PECYpPCOB, YPOBHIO 3aHATOCTH HaceJeHHsA B Bo3pacTe 15-70 net, yuuThIBas HEYHOBIETBOPHUTEIBHBIEC MTOKA3aTENH,
KOTOpBIE JEMOHCTPHPYET YKpamHa, BeJb MPOJOLKUTENLHOCT KH3HM YKpPAaMHIEB OJHA U3 CaMbIX HU3KHX B EBpome.
[MpuzHakamu QopmupoBanus aemorpaduueckoil karacTpodbl B HCCIEIyeMOM PETHOHE SIBISIETCS BBICOKHIT YpOBEHBb
TPYIOBOH MHUTpaluy 3a rpaHuiy. [lo pesynsraraMm nccieOBaHWH JUHAMHUKH MHJEKCA pealbHOM 3apabOTHOMN IIaThl B
ctpane Ha npoTspkeHun 2014-2021 r.r. JoKa3aHo, YTO, HECMOTPS Ha MOCTOSHHBIA poCT 3apabOTHOI TUIATHI M TEHICHIIUIO
yYMEHBIICHUs pa3pbiBa B pa3Mepe CpeHEMECSIHON 3apab0THOH II1aThl 110 TeHAEPHOMY IIPU3HAKY M0 PErHOHaM CTpaHbI,
MHJIEKC peabHOM 3apabOTHOHN IUIaThl HEYKIOHHO yMEHbINaeTcs. [IpuBe/ieHHbIe B CTaThe MOKA3aTeNN HCIIOIb30BAHUS
TPYZIOBOTO MOTEHIAJIa TI03BOJISIOT ClIENaTh BHIBOJ, YTO HAa CETOAHAIIHUI JeHb YKpanHa JIMIIEeHa TePCIeKTHB Hapalln-
BaHUS KOJIMYECTBEHHBIX MTapaMEeTPOB Pa3BUTHUS HAPOAOHACETICHNS KaK HaubospIiero ¢pakropa GOpMHUPOBAHUS TPYIOBO-
TO TIOTeHIIHaIa Ha (OoHEe COXpaHEeHMs TEHACHIINHN YMEHBIIICHNS KOIUIEeCTBA TPYAOBHIX pecypcoB. IlepcrnexTnBamu 1aib-
HEWIINX WUCCIIeIOBAHM SBISETCS 000CHOBAHME IEHCTBEHHBIX MEXaHU3MOB JeMOTparueCKOi MOJIUTHKHA Ha OOIIETOCY-
JApCTBEHHOM YPOBHE IS IPEOIOTICHUS OTTOKA HACETICHHS U3 CEIbCKOW MECTHOCTH, HAaIlPAaBIEHHOE HE CTONBKO HA yBe-
JIMYEHHE POXKJAEMOCTH, CKOJIBKO Ha POCT IPUBJIEKATENbHOCTH CEIbCKUX TEPPUTOPUN AJIS MPOKUBAHUS U MPOTYKTUB-
HOW YKOHOMHYECKOH JIeATEIbHOCTH KUTEIEH Cell, MPEXKIE BCETO MOJIOAEKH.

Knrwouegvle cnosa: oemozpaduueckue npoyeccul, mucpayuu, mpyoogwle pecypcol, 603pACMHAL CMPYKMypa Hace-
JIeHUS, 3aHAMOCMb HACENeHUs, UHOeKC 3apabomuou naamsl, Kapnamckuii pecuoH.
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Demographic processes of the Carpathian region
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Formulation of the problem. One aspect of the territory’s socio-economic development is its demographic devel-
opment. It translates into a change in the quantity and quality of the population of the territory in a certain social context
as a systemically important factor in social life. As of January 1, 2020, Ukraine had a population of 41 million. 732,800
people (not including the occupied territories), which is the historical minimum in the years of independence. This
prompts a detailed study of the problem.

The article contains a spatial and structural analysis of the demographic processes of the Carpathian region as one
of the indicators of the socio-economic development of the territory.

Methods. The analysis of literary and cartographic sources has been carried out. Mathematical methods have been
used to calculate quantitative characteristics of demographic processes. Using ArcGIS software product was created a
series of maps of the Real Wage Index in Ukraine of various time scales.

The purpose of the article is to highlight and analyze the demographic processes currently taking place in the
Carpathian region in the context of the economic development of the territories, with a view to developing and imple-
menting proactive measures, to be given priority in solving the problems of the economically active population in the
territories under study.

Results. The problem of migration of the population is urgent for Ukraine. For a long time, our State has been the
country of origin for the majority of migrant workers in Europe. The Carpathian region has specific features of migra-
tion compared to other regions of Ukraine. Between 2010 and 2018, the number of people living in the Carpathian re-
gions as a result of migration increased by 17.3 thousand people. Internal population migration is urban in nature. Be-
sides, the Carpathian region has become comfortable for living and for internally displaced persons as a result of the
war in eastern Ukraine.

The top 5 countries receiving migration from the Carpathian region include Hungary, Germany, Poland, the Czech
Republic and Slovakia. A comparative analysis of the sex and age structure of migrants from Ukraine showed that about
50 per cent of migrants were aged 20-35 and about two thirds of emigrants were men.

Active migratory mobility is typical of the rural areas of the Carpathian region. Overall, the Ukrainian village has
lost more than 10 million people over the past 50 years as a result of migration processes. The proportion of rural
dwellers in the total number of migrant workers in the Carpathian region is higher than that of urban dwellers, of whom
60-70 per cent are women.

Migration has led to an imbalance in the functioning of the employment system and the national labour market in
Ukraine in general and in the region under study in particular. The average unemployment rate in the study region in
2019 is 8.8 per cent of the economically active population. As of 2020, the number of employed persons in Ukraine is
15,915,300. The total number of employed persons in Ukraine is 1,925,000.

Men predominate in the structure of the employed population, but more than 60 per cent of the unemployed are
men. The largest difference between the employment rates of women and men is recorded in Zakarpattia and Ivano-
Frankivsk oblasts (more than 15 per cent).

Despite a steady increase in wages by region of the country, the real wage index has been steadily declining.
Moreover, in 2021, no region of Ukraine exceeded the State-wide level of the real wage index by more than 1 per cent.

Scientific novelty and practical significance. Prospects for further research include the establishment of effective
mechanisms for population policy at the national level to combat the rural exodus, which is not aimed at increasing the
birth rate, It is not enough to increase the attractiveness of rural areas to the habitation and productive economic activi-
ties of rural dwellers, especially young people.

Keywords: demographic processes, migration, labor resources, age structure of the population, employment, wage
index, Carpathian region.
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BumMiproBaHHs onaiB BKIIOYAIOTh BUIIAKOBI Ta CHCTEMaTu4Hi moxuOku. [lepri moB's3aHi 3 BUMIPIOBAJIbHOIO YaCTHHOIO MPH-
Jaxy Ta MIKpOKIIMATHYHHMH YMOBaMH TEPHTOPIii, APYTi — 3 BIUIMBOM BiTpY, BUIIAPOBYBAHHSAM Ta 3MOYYBAHHIM CTiHOK NpHiiMaya.
BitpoBi BuxopH, 10 yTBOPIOIOTHCS i Yac 3iTKHEHHS BITPOBOTO MOTOKY Ta BEPXHBOI YACTHHU MpHUiiMaya OMagoMipa, MepemkoIKa-
IOTh MOTPAIUITHHIO OMAJiB y MpHUiiMad Ta HAHOUIbIIEe 3MEHIIYIOTh CIIPaBXHIO KUTBbKICTh onaiiB. B YkpaiHi Taka aepoIuHaMivyHa IMO-
XuOKa He OOYHCITIOETHCS i/l Yac 3alucy BUMIpPIOBaHb, TOMY JUIS IIPOBEISHHS TiAPOJIOTIYHUX i KIIMaTHYHUX JOCIIJDKEHb apXiBHi
JlaHI MaroTh NPOWTH HOIEpeaHe KopuryBaHHs. MeToro poOoTu Oylo IpHBENCHHS BUMIPSIHOI Ha METEOCTaHLIAX YKpaiHU KiNBKOCTI
OMaJIiB JI0 peajbHUX BENUYUH. PO3IISHYTO YOTHPH METO/M BpaxXyBaHHs aepoJMHaMidHOi MOXUOKH onagomipa TpeTksikoBa 3 BiTpo-
BUM 3axuctoM: [onyGeBa, SInra, bpssrina ta HopBe3pkoro MereoposiorivHoro iHCTUTYTy. OnpanbsoBaHO JlaHi CTPOKOBUX CHOCTEpe-
JKEHb 3a ONaJaMH Ha METEOCTaHIisAX YkpaiHu 3a mepiox 1976-2019 pp. [Iporpama MeTeOpONOTiYHIX CIIOCTEPEKEHb MICTUTH BCIO
HeoOXimHy iH(popMaIlio 171 BUKOHAHHS PO3PaxyHKIB: MIBUIKICTh Ta HAPSAMOK BITPY, TEMIIEPATypy MOBITPsI, aTMOC(HEPHHIA THCK Ta
mapialbHANA THCK BOMASHOI Mapu, TPUBAJICTh HU30BOi Ta 3arajbHOi 3ameTini. IIIBHOKICTD BiTpY HMPUBEICHO O BHCOTH NpHiiMada
omazomipa (2 M) 3 ypaxXyBaHHSIM 3aKPUTOCTI Ta OTOYCHHS MeTeoMalilaHunka. BcTaHOBIIEHO, 110 3a Pi3HIMH METOJaMU KOPUTYBaHHS
HEJ0O00MIK CepeIHbOPIYHOT KITBKOCTI OMaiB KOMUBAEThCA y Mexax 5—10%, i3 Hux st cHiry — 18-27%, nisa nouty — 3—7%. 3a xopu-
TOBaHMMH 3HAYEHHSIMH OHOBJIEHO MaIly piYHOI CyMH OMajiB Ha TepuTopii Ykpainu 3a nepiog 1990-2019 pp. [{ns mogansnioro BUKo-
pUCTaHHS Yy TiIPOJIOTIUHMX 1 KIIMaTHYHUX JOCIHIKEHHAX Pe3yJbTaTH CIOCTEPEKEeHb 3a ONaJaMy MaloTh OyTH KOPHUTOBaHi 3 Bpaxy-
BaHHIM aepPOIMHAMIYHOI TTOXHOKH.

Knruoei cnoea: aepoounamiuna noxubra, HedoooOnix onaodis, wieuoKicme ¢impy, ammocghepHi onaou, onadomip Tpemwakosa,
Mmana ammocgeprux onaoig

Sk nuryBaru: OcunoB B. B. O0unciieHHs KiJIbKOCTI OMaiiB Ha yKpalHChKMX METEOCTAHILIsAX 13 BpaXxyBaHHAM BIUIMBY Bitpy / B. B. Ocunos,
A. C. borukosceknif, A. B. Opemenxko, /. O. Omrypox, H. M. Ocamua // Bicauk XapkiBcbkoro HamioHaJbHOTO yHiBepcuteTy iMeHi B. H. Kapasina,
cepist «I"eonoris. I'eorpadis. Exonorisy, 2021. — Bum. 55. — C. 204-215. https://doi.org/10.26565/2410-7360-2021-55-15

In cites: Osypov V. V., Bonchkovskyi A. S., Oreshchenko A. V., Oshurok D. O., Osadcha N. M. (2021). Quantifying wind-induced undercatch
in the precipitation measurements at Ukrainian weather stations. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography.
Ecology", (55), 204-215. https://doi.org/10.26565/2410-7360-2021-55-15 [in Ukrainian]

IMocTtanoBka npodJemu. ['igponoriuni pospa-
XYHKH Uil OKpeMHX OacelHIB YM TEepUTOpiaIbHUX
aJIMIHICTPAaTUBHUX OJUHHUIb BHUSBISIOTH BHCOKY
YYTJIUBICTH 7O TOYHOCTI BUMipIoBaHb omnaniB. lLle
MOB'SI3aHO 3 TUM, IO TiJPOJIOTIYHUN PEKUM PIYOK €
BiJJOOpaKEHHSIM KJIIMATHYHUX OCOOIMBOCTEH Tepu-
TOpiil, a OCHOBHUMH KOMIIOHEHTaMH BOJHOTO Oaa-
HCY € OlajJi Ta BUIIAPOBYBAHHSI.

VY cydacHUii mepiosl HayKOBI Ta MPHUKJIAIHI 3a-
BIaHHS y Tally3l KJIIMaToJloTil Ta BOIHHX PecypciB
BUPILIYIOTECS 3A€01JIBIIOTO 3a JOMOMOIOK0 MOJe-
JIIoBaHHA. BupiiranbHe 3HaueHHS IS e(heKTHBHOT

po0OTH MoOJenel MarTh BXiJHI JaHi MIOIO OTAJIiB,
iXHsl TIOBHOTA, MEPIONUYHICTh 1 TOYHICTH BHMIpIO-
BaHHSL.

Ha mepexi mereoctanuid YkpaiHu Ui CTpO-
KOBOTO BH3HAYEHHS KIUIBKOCTI OIAJiB BUKOPUCTO-
ByI0Th onajomip TpethsikoBa (onamomip O-1), skuit
OyB BrpoBajKeHUH y 50-THX pOoKax MHHYJIOTO CTO-
piuds, i 10 LBOTO Yacy 3aJIMIIAETHCS OCHOBHUM 3a-
cobom (ikcamii onamiB. Y IEHTpI omaaoMipa po3-
TAIIOBAaHUI NPUUMAIBHUNA CTAaKaH, OTOYCHUH IJIaH-
KaMd y BHUIVISIAI Tpameuii AJjsl BITPOBOIO 3aXHCTY
(puc. 1A). OgHak, mOCBix MOKa3aB, IO BOHU ITOBHI-
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CTIO HE 3ar00iraroTh YTBOPEHHIO BITPOBUX BHXOPIB,
SIKI TIEPEITKOPKAIOTh MOTPAIULTHHIO OMafiB y cepe-
JMHY TpuiiMaibHOro cTakany. B Vkpaini Taka aepo-
JMHaMi4Ha TONpaBKa He 00YHCIIOBAIACh, BOYCBH/Ib,

gepe3 CKIaAHICTh mpoueaypu [1, 2], ToMy mis mpo-
BEJICHHS T1IPOJIOTIYHUX 1 KIIIMAaTHIHUX JOCTiKCHD
apxiBHI JaHi MalOTh MPOUTH MOMEPEIHE KOPHUTY-
BaHHS.

Puc. 1. A — Onagomip TpeTbsxoBa 3 BiTpoBuM 3axuctoM (Omagomip O-1). b — BukpuBieHHs BiITpOBOTO TOJIS
HaJ mpuiiMadeM omagoMipa TpeThskosa (amantoBano 3 [3]). B — ETanonna cuctema 3 moaBitHUM mapKaHOM,
po3pobnena [4] i mpuitasTa BeecBiTHROIO MeTeopomnoriunoto Opranizaiiero (BMO).

Fig. 1. A — Tretyakov wind-shielded precipitation gauge, B — wind-induced turbulence over Tretyakov pre-
cipitation gauge (adopted from [3]). C — Double-Fence International Reference developed [4] and accepted
by World Meteorological Organization (WMO)

AHaJi3 ocTaHHIX JocaiIKeHb i myOsikamii.
He muBnsunce Ha mMpOCTOTY KOHCTPYKLII omazgoMmi-
pa, pe3yNbTaTd BUMIPIOBaHb KUJIBKOCTI OIAiB MicC-
TATh BUIIQJIKOBY Ta CUCTEMAaTHU4HI NoXxuOku. Buna-
KOBa IMOXHMOKa MOB'S3aHa 3 BUMIPIOBAaJIbHOIO YaCTH-
HOIO TpWIay Ta MIKPOKIIMATHYHUMH OCOOJIHUBOC-
TAMH Teputopii. JochimKeHHsIMH, BUKOHAHUMHU Y
1970-x pokax [5], BCTaHOBJICHO, IO 3HAYCHHS IIi€l
MMOXUOKM SIK JUIA CTPOKOBHIX, TaK 1 CepeqHIX Micsd-
HUX 3HaueHb He nepesutrye 10%.

CucreMaTn4Hi MOXUOKH IMiJ] YaC BUMipIOBaHHS
OMajiB, SIK MPAaBWIO, 3MEHIIYIOTh IXHIO (aKTHUHY
KiIBKiCTh. BIUIMBOBICTH WX TMOXMOOK 3pOCTa€E B
TakoMy TOPSJIKY: BUTIAPOBYBaHHS, 3MOUYBaHHSI CTi-
HOK TIpuiiMava, aepoArHaMidHa moxuoka [6]. Mero-
JMKa BU3HAYEHHS INEPIIMX JABOX IOXHOOK J00pe
BiJIIIpaIibOBaHa, MpOUIIa MpaKTHYHE BHUITPOOYBaH-
Hs ¥ He MICTHTb cKiagHouliB. [lonpaBka Ha 3MOUYy-
BaHHs Ta BUIIApOBYBaHHS BBeleHa B HacrtaHoBy 3
MIPOBEJICHHS CIIOCTEPEXeHb ¥ 1966 p. 1 BpaXOBY€Th-
cs o mporo 4acy. s KopuryBaHHS OTPHUMaHUX
paHile 1aHUX A7 KOKHOI METeOoCTaHil OyB BU3HA-
yeHu#l koediuieHT nepepaxyHky (K3), omyOmikoBa-
Huit y [7].

Haii0inpmi TpynHOII CIpUYMHSAE aepoAnHaMI-
YHa TOXHOKa, [0 3yMOBJICHA BUKPUBJIEHHSIM BiTPO-
BOTO TIOJIA HaJl mpHiiMadeM omazomipa. Lle 3aBaxae
MOTPAIUISIHHIO SIK TBEPIUX, TaK 1 PIIKAX OMajiB y
KOJIEKTOp, 1 IPU3BOAUTE JI0 3aHIKEHHS IXHBOI (ak-
tnuHOi Kinbkocti [3, 8] (puc. 1b). ExcnepumenTu

MOKa3aJM, M0 Taka MoxuOKa i omamomipa Tpe-
TBSKOBA 3 BITPOBUM 3aXHCTOM MoOXke pocsratu 14%
qu1st momry ta 40% mist cHiry [9].

HatikpaimuyM croco0oM HIBEJIIOBaHHS BILIMBY
aeponnHamivanx YnHHUKIB (K = 1) € BUKopuCTaHHA
omajioMipa, KM 3 yciX OOKiB 3aTylIeHWH KyIaMu
Ha piBHI OTBOpPY npuiimada [9]. OmHak, 3aCTOCYBaH-
HSl TAKOTO YKPHUTTSI MOJKJIMBE HE B yCiX KIIIMaTHIHUX
YMOBax, TOMY y SIKOCTi €TajJoOHa IPUHHSITO OnaaoMip
TpeTbsikoBa, OTOPO/PKEHHH HABKPYTH IOJBIHHUM
napkadoMm (puc. 1B). Ane Takuii 3aXHCT BaXXKO Op-
raHi3yBaTH Ta YTPUMYBAaTH Ha KO)KHOMY MeTeOMaii-
JaHYUKYy, TOMY Ha DPETryJspHIH Mepexi crocrepe-
’KEHb BiH HE BUKOPUCTOBYETHCSL.

Bkazana npobnema cTUMYITIOBaja po3poOIeHHs
METO/IB TPUBEACHHS BHUMIPSHOI KUIBKOCTI OMAaJiB
o mificaux BenwunH. Jlocmimkennas [oxosHoi eo-
¢iznunoi Oo6cepsatopii imM. BoeiikoBa (I'TO) Ta
HepxaBnoro rigponoriudoro incturyty (AI'T), Bu-
koHaHi y 70-80 pp. XX CT., 1aiy 3MOTY BCTAaHOBHUTH
MONPaBOYHI Koe(IilliEHTH JUIS CepelHiX PIYHHX i
MICSIUHUX 3HaueHb onaiiB. [lepmri anropurMu Kopu-
ryBaHHA OyiM po3poOieHi Ha MiACTaBi eMIIPUYHUX
JIOCJII/DKEHb 3a JOMOMOIOK0 IMOPIBHSHHS KiJIBKOCTI
omajiB, BUMIpSIHUX onazoMipoM TpeTbskoBa, i3 1mo-
Ka3HUKaMHM iHIIOTO MPHUIIaay, BITpOBa MOXHOKA SIKO-
ro npsimye 10 "y [10, 11]. Mertoauka, po3po0OiieHa
B.C. TonyGeBuMm, y 1998 p. mictama CXBaJICHHS
BMO [9]. Ha nouatky 2000 p. Hu3KOIO aBTOpiB OyIna
3alpOINOHOBaHa MOKpAalIeHa MOZAENb, 10 BPaxoOBY-
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Baja “xuOHI” omajau MHiA yac 3arajbHOi Ta HU30BOI
3amerini [10, 12, 13].

Jnst po3paxyHKy MiCSYHHX BOJHHX OajaHCiB
piukoBux OaceliHiB OyB pEKOMEHIOBaHHH METOJ
AT'T[14].

BugisienHsi HeBupilleHUX paHilme 4YacTHH
3arajbHoi mpodjemu. Po3poOnieHi anroputMu Ko-
pUTYBaHHS CTPOKOBHX 200 MOOOBUX CyM OIajiB Ha-
pa3i He BHKOPHCTOBYIOTHCA SIK Oe3mocepenHbo Ha
METEOCTaHLIsAX, TaK 1 MiJ Yac apXiByBaHHS HAKOIH-
4eHoi iHpopmariii.

OT1xe, MeTOI0 HaIoi podoTH OyNIO0 MIPUBEIEHHS
BUMIpAHOI Ha METEOCTAaHLIsIX YKpaiHW KiIbKOCTI
OMaJiB 0 pealbHUX BEIMYHH, a caMme 3 ypaxyBaH-
HSAM BIUIMBY BIiTpy. [0OBHUMM 3aBRaHHsAMM Oynu
OIIIHIOBaHHS HAsSBHUX METOMIB PO3PaXyHKY aepojIu-
HaMIYHOi TIOMPaBKU Ta CTBOPEHHS EJIEKTPOHHOTO
apxiBy BIAKOPHTOBAaHWX 3HAY€Hb OMAJiB JJISI METEO-
CTaHI YKpaiHM Ha OCHOBI CTPOKOBHX CIIOCTepe-
KCHb.

VY po6oTi 3 BUKOPUCTAHHSM YOTHPHOX METOIIUK
pO3paxoBaHO aepomWHAMIYHY TOXHOKY IS BCiX
METEOCTaHIlId YKpaiHu, sKi nisiau B nepiox 1976—
2019 pp. OTpumaHi pe3ynbTaTi NOPIBHSIIN 3 €KCIie-
pumeHTanpHUME naHuMu BMO, Ha oCHOBiI 4oro
00paHo ONTHUMAaNEHI MOAEMI IS TTOJATBIIOTO BHKO-
pUCTaHHS B yMOBax YKpaiHH. 3a KOPUTOBaHHMHU
3HAUCHHAMH MOOYI0BaHO Mamy piYHOI KiJIBKOCTI
OIIaJ(iB Ha TePHUTOPii YKpaiHu.

BuknajaenHsi OCHOBHOrO Martepiaay aocJi-
MKeHHsI. Y poOOTi BUKOPUCTAHO CTPOKOBI JiaHi pe-
TYJISIPHUX METEOPOJIOTIYHUX CHOCTEPEKEHb MEpexi
cranuii I'impomerciyxOu Ykpainu (HUHI yIpaB-

niaas 3 rigpometeopodorii JICHC Ykpainn) 3a me-
piox 19762019 pp. 3araizom o6pobeHo gani 3 207
MeTeocTaHlii. s moOymoBH Mamu aepoguHaMid-
HOi MOXMOKM Ta Mamu PivyHOI KIIBKOCTI OMajiiB BU-
KopucTaHo 187 MeTeoCTaHIlid, I SIKUX Tepion
CITOCTEPEIKEHb CKIIanaB ImoHaiMenIre 20 pokiB.

Pospaxynox aepoounamiunoi noxubxu

PeanpHa KiNBKICTH OMAamiB PO3PaXOBYETHCS 3a

¢dopmymoro [1]:

P=K(P"+AP—P"y—P"p), (1)

ne K — xoedimmieHT, M0 BpaXxOBYE BTpATH depes Jie-
¢dopmariito BITPOBOTO MO HAA NPUHAMATIBHAM
OTBOpPOM OmajaoMipa, P~ — BUMIpIOBaHHS 3a OMafo-
MIpHUM CTakaHoM, AP — momnpaBka Ha 3MOYyBaHHS
Ta BUMapoByBaHHA, Py 1 P”p — IONIpaBKH, 10 Bpa-
XOBYIOTh KIJIBKICTh «XMOHHUX» OMAaJiB, 110 3yMOBJIE-
Hi 3aMiTaHHSM CHITY TiJ 9ac 3arajibHOi Ta HHU30BOi
3aMeTil, BIAIOBIIHO.

[TorpaBka Ha 3MOYyBaHHS y BUIAJKy HAsSBHOC-
Ti CIB piAkux a00 3MIIAaHUX OMAJiB CTAHOBUTH
0,1 MM, B iHmux Bumagkax — 0,2 mM. Komu kijib-
KicTh TBepAuX omnafiiB nepesuirye 0,1 MM, 1151 mom-
paBka npuiimaetbes piHoto 0,1 mwm [2]. [lompaska
Ha BHUIIAPOBYBAHHS, SK IIPAaBUIIO, CKIAJA€ MCEHILE
1%, Tomy Hero MoxHa 3HexTyBaTH [15]. KinbkicTs
«XUOHMX» ONaliB 3a IIBUAKOCTI BITPY MEHIIE
4,2 m/c npuiimaetbes piBaoro 0 [12].

Hnst omagomipa TpeTbsikoBa po3poOIieHO IeKi-
JIbKa METOAMK BU3HaueHHs koedimienty K (tadim. 1).
Bu3HauaibHUM YMHHHUKOM, TIEpEyCiM, € MIBUIKICTD
BITpY Ha BHCOTI NpHiiMada OmNaaoMipa, ajie TaKoX
BIDTHBAE (hopMa Kpareib a00 CHIKWHOK, SIKa BU3Ha-

Tabnuys 1

MeTo10J10Ti1 PO3paxyHKY aepoAMHAMIYHOI ONPAaBKHU Jijisl onazoMipa TpeThsikoBa 3 BITPOBUM 3aXUCTOM

ABTOp METO0JIOTI1

3MiHHI

3acTocyBaHHs

[IBunkicTs BiTpY“, TEMITEpaTypa MOBITPS,
aTMoc(epHMIi TUCK Ha CTaHIII1, mapiiaib-

TomyGes [1, 9, 12]

HUM TUCK BOISHOI HapH.
st BpaxyBaHHs XMOHHUX ONaJliB: TpUBa-

CTPOKOBI JIaHi, IIBUJKICTH BITPY
iy yac TBepaux omnaais < 10 m/c

JIICTH 3arajhbHOI Ta HU30BOI 3aMETi, J10-

BKHHA PO3TOHY 3aMeTii’

Hopgesbkuii MmeTeoposori-

yauit iHcTUTYT (HMI) [16] IHTEHCUBHICTS JIOMTY*

Sur [17]

[IBuakicTs BiTpY, TEMIEpaTypa MOBITPS,

[IBuakicTs BITPY, MAKCUMaJIbHA Ta cepe-
JIHSI TEMITepaTypa NOoBITPS

CTPOKOBI J1aHi, IBUAKICTbH BITPY
IiJ] Yac TBepAUX onaaiB < 7 mM/c

cepenHbo000BI JaHi, IIBUI-
KiCTh BITpY MiJ 4ac TBEPIUX
omanis < 8 m/c

[IBuakicTs BITpY, TEMIIEpATypa MOBITPS,

Bpsizrin [18]
TSICOM MICSIA

BiJICYTHICTh 200 HasIBHICTb 3aMeTiJIi IpO-

KOpUT'yBaHHA MICSTYHUX 3HAYCHB

¢ [LIBUAKIiCTB BITPY HA BHCOTI YCTAHOBKH ONaJIoMipy (ISl yKpaiHCHKUX CTAHIIH JJOPiBHIOE 2 M).
% JloBkHHA PO3TOHY 3aMeTilli BU3HAYAECTHCSA NPUOIM3HO 32 ONMMCOM OTOUEHHsS MeTeoMaiinanuuka [19].
% 3a OpakoM JaHHUX PO3PAaXOBYETHCS 32 METOOJIOTIE [1].
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YAETHCS TEMIIEPATYPOIO 1 BOJIOTICTIO TIOBITPSI Ta aT-
MochepHUM THCKOM [9].

Buakicte BiTpy (Up) Ha BUCOTI mpuiimada
omasioMipa (4) mepepaxoByeThes 3a Gopmyioro [1]:

Uy = Uy ma In((h — hy)/z0) / In((H — hy)/z0),  (2)

ne Uy — MBUAKICTH BITPY Ha BHUCOTI BHMiproBada
IIBUKOCTI BITPYy Ha METEOMaWIaHYHKY, M/C; My —
KoeiIieHT, M0 XapaKTepu3y€e BUKPUBICHHS JIOTa-
pudmivHOrO MpoQiII0 BITPY MiJ BIUIMBOM IEpell-
KOJI HaBKOJIO OmajoMipy; H — BUCOTa po3TallyBaHHs
BITPOBHMIPIOBAJIFHOTO MIPHUIIANY, M; /s — BUCOTA CHi-
TOBOTO TOKPHUBY B INYHKTi CIIOCTEPEXKEHb, M; Zg —
napaMerp HIOPCTKOCTI MiJACTUIBHOI TMOBEPXHI Ha-
BKOIIO omagoMipa (zo = 0,01 M — CyUiapbHMIA CHIrO-
BHU TOKpHB, z9 = 0,03 M — TpaB’saHUl MOKpHUB ab0
CHITOBWH MMOKPUB MEHIIIE TIOJIOBHHN).

KoedimieHT ma po3paxoByeThCs 3a GOPMYIIOO:

ma=1-0,024a,, 3)

1€ 0.4 — BEPTUKAILHUHA KYT 3aKPUTOCTI TOPU30-
HTY B HallpsIMKY BiTPY B MICIli YCTAaHOBKH OIaJ0Mi-
pa; KyT € B 1OBigHHKY [19].

3a mBUAKOCTI BiTpy noHaja 10 m/c yepe3 3Hau-
Hy TOXHOKY TepepaxyHKy BUMIpsSIHE 3Ha4eHHS MO-
JKHA HE BPaxOBYBATH, & YMOBHO MPUIMATH KiIBKICTh
OMmajiB K T00yTOK 0araTopiuHOl MiCSYHOI IHTEHCH-
BHOCTI OMajiB HA TPUBAJICTh XypTOBHHH [1].

Tlobydosa manu ammocghepuux onadis

3a KOPUTrOBaHUMH 3HAYCHHSMH OMAaJiB MOOYI0-
BaHO Mally piYHOI KiJIbKOCTiI OMajiiB Ha TEpUTOPii

VYkpaiaum 3a mepiog 1990-2019 pp. Bubip mepiomy
00yMoBIIeHO THM, 110 1989 pik BH3HAYEHO SK IOYa-
TOK TJI00AJIBHOTO MOTEILTIHHS B Mexax Ykpainu [20].
3a gomomororo reoiHpopMaliiiHOl cucTeMu
QGIS cTBOpeHO TEeMAaTHYHUI IIap i30Ti€ET 13 morma-
poBuM 3adapOyBaHHIM, KA HAKIaJeHO HA BEKTO-
pHY KapTorpadidHy OCHOBY, OLHU(QPOBaHy B pelak-
topi InkScape. Kpim BBeaeHHs MOMpaBOK IS Me-
TEOCTaHIIIi 3a MeTtoaukoto [omyOeBa, s TipCHKIX
kpain Kapnar i Kpumy BBeZeHO mompaBkH 3a BHCO-
TOrO penbedy. s MOMIpHOTO MOSCY KUTBKICTh OTia-
TIiB 3pOCTae 31 301IBIIIEHHSM BHCOTH, IO 3yMOBJICHO
BEPTUKAJILHUM TPaJiEHTOM TeMIepaTypu, Oap’ep-
HUM 1 genpecuBHUM edextamu [21]. Binbim netanb-
HO BIUTUB Makpopenbedy Ha KiTBKICTH OIMajiB BU-
KJIaJIeHO B AOCIIKCHHI [22], 3TiIHO 3 SKUM HaiiBa-
JKJIMBIIIMMY YUHHUKAMHU € CKCTIO3HMIIisS CXUITY, BUCO-
Ta MICIIEBOCTI 1 BEPTUKAJIbHE PO3WICHYBAHHS PEIlb-
edy. Yei mi pe3ynpTard, a TaKOK METOAHMKA CTaTTi
[23] Oynmu BUKOpHCTaHi JUIsi BUKOHAHHS 1HTEPIIONS-
i1 KUTBKOCTI OMajiB METOJOM PerpeciiHOro KpiriH-
ry. @opmy i3orieT Oyi0 3TIIaKEHO, a iIXHE YKIa/laH-
HSl BUKOHAHO Y MeXKaxX JIOMyCTUMOI rpadidHoi Tou-
HocTi (0,3 MM) JUIsl TTOKpAIEHHS YMTAHOCTI MaIly.
[30rieTn Ha Marmti mpoBeneHi yepe3 50 mm, 100 mwm i
200 mwm, moumHaroun 3 cym omaxaie 400, 700 i
1000 mm BigmoBigHo. OOpaHi iHTepBaJIM JAIOTh
3MOTy TOPIBHIOBATH ii i3 Mamoro “ArmocdepHi ona-
. Pix” HamionaneHoro Atinacy Ykpainu [24].
Kinvkiche oyintosanms aepoounamivnoi noxuo-
ku. Y Tabnuii 2 mpencTaBiIeHo pe3ysIbTaTH po3pa-

Tabnuys 2

Po3paxoBana yactka onazis (%), Ky BJIOBIIO€E OnagoMip TpeTbskoBa 3 BITPOBHM 3aXHUCTOM

CepenHpopiyHa MBUAKICT BITPY HA METEOCTAHIII,

MeTon KOpeKIIii onasinB

M/c¢ (KITBKICTh METECOCTAHIIIN) Tony6es  Bpssrin  HMI SHr
0-4(187) 95.0% 90.5% 91.8% 91.0%
0-1(26) 98.7% 96.1% 97.8%  95.5%
1-2(109) 95.7% 91.2% 92.9% 91.8%
2-3(43) 92.4% 87.1% 87.7%  88.0%
3-4(9 88.8% 83.3% 83.1% 83.8%
CHir”

0-4(187) 82.3% 72.6% 73.8%  79.0%
0-1(206) 94.1% 84.8% 90.3%  92.6%
1-2(109) 84.0% 73.9%  762%  82.1%
2-3(43) 75.0% 66.1% 64.6%  70.2%
3-4(9) 70.3% 62.1% 58.4%  60.3%
Tomt’

0-4(187) 97.4% 94.3% 95.6% 93.3%
0-1(206) 99.5% 98.2% 99.1%  96.0%
1-2(109) 98.0% 95.1% 96.5%  93.7%
2-3(43) 95.6% 91.4% 92.7%  91.4%
3-4(9) 92.3% 87.9% 89.0%  89.0%

“ I1ix cHIroM YMOBHO BBaKaroThCsI ONa/iu 3a Temrieparypu < 0°C
o Tix momem YMOBHO BBaXalOThCs ONaau 3a TeMieparypu > 0°C
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Puc. 3. Piuna kinpKicTh onaaiB (MM) i3 BpaxyBaHHSIM aepOAWHAMIYHOI TIOMTPABKH
3a MeTozonorieto [omyoesa, 1990-2019 pp.
Fig. 3. Annual total precipitation (mm) with correction on wind-induced undercatch
according to Golubev methodology, 1990-2019

XYHKIB YaCTKH BHMIPSHO{ KIIBKOCTI OmNajaiB MpOTH
ixHBOI HMiHicHOI BenwunHU 3a mepion 1976-2019 pp.
3HaueHHsI 3rpYIIOBaHO 3aJIEKHO BiJl CEpeHbOPIYHOI
HIBUJIKOCTI BITpY Ha MeTeocTaHIlii. Ik BUIHO, cepe-
JTHBOPIYHA KUTBKICTh OMAajiB, HE BPaxXxOBaHUX OIlla-
nomipom TpeTbsikoBa uyepe3 BIUIMB BITPY, CKIIAJIa€
Bix 5% 10 9,5% 3anexkHo Bij 00paHOrO METOAY KO-
puryBanHs. Haiibinbpima moxmOka crocrepiraeThes
IiJ] Yac BUMIpIOBaHb TBEpPIWX omaniB — Bix 17,7%
1o 27,4%.

[IpocTopoBuii PO3MOAIN aepoIUHAMIYHOI TI0-
XHOKH 3a MeTonuKoro ['omyOeBa moka3zaHo Ha pHCY-
HKy 2. BcTaHOBJIEHO, IO BTPATH OMadiB 30UTBIIY-
IOTBCSI 31 3POCTaHHSIM CEPEeTHBOPIYHOT IIBUAKOCTI
BITpY Ha MeTreocTaHlii (koeQilieHT Kopemsuii r =
0,89). Ilo-gpyre, BTpaTu BUILI HA TUX METEOCTaHIIi-
SIX, JIe BlJ3HA4Ya€ThCs OLIbIIA 4acTKa TBEPAUX OIla-
JiB yIpoJIoBXK poky (r = 0,42).

CepenHsi MIBUAKICTh BITPY AN METEOCTAHILiH
Vkpainn Ha BHCOTI npuiiMada omagomipa (2 M)
ckianae 1,67 m/c 3a BapiabenbHocTi 0,5-3,91 m/c.
31e611p1I0ro CyMi>KHI CTaHIil MalOTh MOMITHO Pi3-
HYy IIBUAKICTH BITPY, IO OOYMOBIIEHO Pi3HOIO 3a-
KPHUTICTIO TOPH30HTY HABKOJO MeETEOMaiJaHuuKa.
Oco6mvBO 1I€ MOMITHO B TIPCBKUX palioHaXx, Jie Ta-
KOX JIOIA€THCS BIUIMB BUCOTU MiCLIEBOCTI.

Kapma ammocgheprux onadie. Onaau Ha TepH-
TOpii YKpaiHU 3MEHIIYIOTHCS B HAMPSMKY 3 MIBHOYI

Ta MIBHIYHOTO 3aXO/y Ha IIBICHB 1 MIBACHHUH CXiJ,
0 00yMOBJICGHO 3arajJbHUM BILUIHBOM aTMOC(eEpHOI
mupkymsnii [15] (puc. 3). Haiibinbmma KinbKicTh
OMaJliB BUIAJAa€ B TIPChKil MicieBocti. TyT yepes
CKIIQJIHAN penbed Ta HU3BKY MIUTEHICTH METEOCTaH-
A HaBelIeHl 3HAYEHHS KIUIBKOCTI OITaAiB MAarOoTh
HaOIbITY TTOXUOKY.

YV NOpiBHSHHI 3 MONEPEAHIMUA MarlaMy OTIaJliB,
omyOnikoBaHuMH B HarionaneHoMy atnaci Ykpainu
[24] Ta moHorpadii «Kmimar Vipainu» [25], piuHa
KUTBKICTh OMaiiB 3pocia Ha 2550 MM [yist piBHUH-
Hoi yacTiHH Ta A0 300 MM y TipChKHH MICIIEBOCTI.
31Me01TBIIOro e 3yMOBJICHO THUM, IO B TIONEPEIHI
Yyac MONpaBKy Ha BIUIMB BiTPY JJISl TOOYIOBU KapT
HE BHOCWJH [7, 26].

Ob6zo6openns pesynvbmamie. OTpUMaHi pe3yib-
TaTH I0Ka3aJik, 110 Yepe3 BIUIUB BITPY IHCTPyMEH-
TaJbHI CIIOCTEPEKEHHS Ha METEOCTAHIAX YKpaiHH
3aHWXKYIOTh pealibHy PiuHy KiIBbKICTh OMaiiB y ce-
penaboMy Ha 5—10% 3a1eKHO BiJi METOIUKU pO3pa-
XyHKy. YacTka BIOBJIEHUX OIMAaJiB HA METEOCTaHIIi-
X, 3aXUIIEHUX PI3HUMH TMEpelIKoJaMu Ta 3
MEHIIOI YaCTKOIO TBEPJHMX OMNaJliB, CTAHOBUTH 96—
99,8% 3a meromukoro lomybeBa Ta 92-97% 3a me-
tonojoriero SlHra. Ha BimkpuTHX MeTeonocTrax Ha
BUCOKOTIp’T abo Oinst GeperoBoi JiHii BOHa He Hepe-
Buiye 91% (89% 3a meromukoro SHra).

Sk mpaBuiI0, acpoarHAMIYHA TOXHOKa € HaKbi-
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JIBIITOI0 CUCTEMATHYHOIO MTOXUOKOI0, TIOPIBHIOIOYH 13
BTpaTaMM Ha 3MOYYBaHHS Ta BUIIapOBYBaHHS.
3araioM OTpHMaHi pe3ylbTaTd CIiBCTaBHI 3
nociimkenassMu BMO, npucBs4eHUMH MOPiBHAHHIO
naHux omnagomipa TpeTpsikoBa 3 pe3yabTaTamy,
OTPUMaHMMH ETAJIOHHOIO CHCTEMOIO 3 TIOJBIHHUM

nmapkanoM [9]. i gocnimkerrss BMO mokasanm, 1o
JacTKa BJIOBJIEHMX OMafiB ckiamae 59-92% mis
cHiry ta 81-95% mns nomy (tabn. 3). Bomnouwac
craniii bicmapk ta Pemkaiina, e 3adikcoBaHo -
e 3—5 BUMaKiB JOITY, HE PO3TIISIAIHCS.
BapiabenpHICTh pe3ynbTariB BIOBICHHUX OMAIiB

Tabnuys 3

TlopiBHAHHS maHUX omnagoMipa TpeThsakoBa 3 BITPOBUM 3aXHCTOM 3 €TAJIOHHOIO CHCTEMOIO
3 noasiftauM napkanoM (DFIR) na 11-tr MeteocTantiissx BMO

Craniis Cuir Jorm

Kipkicte Uy, M/c DFIR, MM BJIOBIIEHI KIJIBKICTB Un, DFIR, BioBieHi

MOAIH, IHI omaau, % | TOIIN, JHI m/c MM omaan, %
Banpaii 304 4,1 1181,7 63,1 230 3,8 12592 914
Petinomnbc 50 2,5 105,6 84,4 40 2,7 2064 92
Jensimn 157 1,5 1036,2 91,6 30 1 446,3 94,3
Woxioiiten 334 2,6 740,9 67,2 567 2,5 16944 86,6
Iapurepone 42 3 112,7 72,2 172 42 47573 81,3
Bicmapk 32 3,3 94,6 65,4 3 3,3 9,3 71,6
Xocewni 94 1,1 194 85,8 34 1,2 85 90,6
IMapr 65 1 486.,9 91 141 1,6 1573,8 88,2
Tpent U 76 2 262 81,1 80 1,9 5819 95
Pemxaiina 117 3,5 199,1 59,4 5 3,9 5,1 97,4
Koprpaiit 107 2,5 2747 83,1 64 23 3426 90

Unh — WIBUAKICTH BITPY Ha BUCOTI OMagoMipa

3YMOBJICHA SIK PI3HOIO HIBUKICTIO BITPY Ha CTaHIIi-
X, TaK 1 pi3HOIO KINBKICTIO OMafiB 3a 100y — BijJco-
TOK BTpar BHWIIE JJIS MECHIIMX 3HaueHb. Binrak, Ha
craHMii Bannaii, 1e cepenHs KiIBKICTh JIOILy CTaHO-
BUTh 5,5 MM (1259,2/230) 3a moOy, Brpatn Ha 10%
MeHIII, HiX Ha ctaHmii [apirepone, ae cepemHs Ki-
JBKICTh — 2,8 MM (475,3/172).

ExcniepuMeHTH TakoX 3acBiAUyIOTH, IO CTPO-
KOBI JIaHi BUMIpIOBaHb OMaJiB MalOTh 3HAYHE PO3Ci-
toBaHHs. Burajkosi moxubOku Ha craniii Banmaii y
cepenabomy craHoBuiH 0,5—1 MM 171 pizHOT popMu
omafiB [9]. A pi3HUIM y BUMIpax JBOX PO3TaIIOBa-
HUX HA OJJHOMY METEOMaiIaHYUKy MpHIaliB MOXKE
nocsirata 11% monst cHiry (22% st 3amerini), 7%
JUTS 3MiMIaHuX orafiB Ta 3% mnst momy [27].

Metoau KOpUTYBaHHS ONajiB MOOYJOBAaHO Ha
OCHOBI PI3HUX EKCIIEPHUMEHTAIBHUX JaHuX. [01y0eB
BUKOPHCTaB CIOCTEpEeKEHHS Ha cTaHuii Bannaii [9].
e mosicHIOE ONMM3bKI 3HAYEHHSI YaCTKW BIIOBJIEHUX
OMaJIiB JI0 pO3PaXyHKOBUX 3HAYEHb HA YKPaiHCHKUX
METEOCTaHLIsAX 13 CepelHbOI0 LMIBHIKICTIO BITPY 3—
4 m/c. Merononoris HopBe3pkoro MeTeoposoriqyHo-
ro iHCTUTYTy CIHpaeThcs Ha AaHi 3i cramiii Moki-
oiiHeH [16]. SlHr moOymyBaB piBHSHHS perpecii Ha
nanux ycix 11-tu cranuiit BMO [17]. Y nopiBHsHHI
3 Bammgaem, Ha iHIIMX CTaHIAX 3a(iKCOBAHO OUIBIII
CYTTEBI BTPATH JIOIILY, IO MOSICHIOE PI3HHUITIO PO3pa-
XYHKOBHX 3Ha4€Hb JUIsl o1y 3a meropamu [omyOe-
Ba Ta SIHra a1 METeOCTaHIi YKpaiHu.

[Ipobnema MeToaMK KOPUTYBaHHS OaJIiB TOJS-
ra€ B TOMY, IO PiBHSHHS PO3pPOOISIOThCA Ha Oasi

HalJacTIMMX MOIHN — 1€ OMmajy 3a MBUAKOCTI BITPY
0—4 ™/c. Y 3B's3ky 3 nuM metoauku HMI, Bpsisrina
Ta SlHra, WIMOBIPHO, MEPEOIIHIOIOTh HEI0O00JIK CHi-
Ty 3a MBHIKOCTI BiTpy moHax 4-6 m/c. Meromnuka
lomyGeBa, BnockoHaiena y 2000 p., mae 3Mory Bpa-
XOBYBATH «XHOHI» TBEp/i OMajy IiJ 4ac BITPY IO-
Haja 4,2 m/c [12]. Lle nosicHroe To#t (hakT, 1110 HoXuo-
Ka, po3paxoBaHa 3a Mozaeio omyOeBa, HaiiMeHIIa
i, TIOPIBHIOIOYHM 3 EKCHEPUMEHTAILHUMH JaHUMHU,
BUIVISIIa€ OUTBIIT MPUMHSATHOO JUISl TBEPIUX OIaIiB.

MOXJIMBICTh 3aCTOCYBaHHS MOZAEJIEH KOPHUTY-
BaHHS KUIBKOCTI OIAJiB 3aJIC)KUTH BiJl HASIBHUX CIIO-
CTepEeKeHb, AKI XapaKTepU3YIOTh IIBUAKICTH BITPY
Ta ¢popmy onaniB. OCKiTbKM Ha YKPAiHCHKUX METEO-
CTaHINSAX MIBUAKICTH BITPY BUMIPIOETHCS 37€0ib-
moro Ha BucoTi 10-12 M, To HEOOXiTHO 3HATH Ha-
NpSMOK BITPY Ta 3aKPHUTICTh TOPH30HTY HABKOJO
omazomipa, mo0M MPUBECTH IIBUAKICTH 10 BHCOTU
2 m. lns Bu3HaueHHs GOpMHU onajiB (pilki, 3mima-
Hi, TBEp/ii) y PIBHSHHIX BUKOPHCTOBYETHCS TEMIIE-
parypa, ane B Metonosorii [omy0OeBa, okpiM 1bOTO,
BBOJISITBCSL NTOKa3HUKH aTMOC(EPHOro THUCKY Ta Ma-
pIIabHOTO THCKY BOJSHOI MapH SK HEMpSIMHUX Xa-
PaKTEPUCTUK PO3Mipy Kpareib ado cHiKHMHOK. s
PO3paxyHKy «XHOHUX» oOmagiB (TUIBKH METOIMKa
Tony0eBa) HEOOXIHO 3HATH TPUBATICTD 3aMETLII Ta
JIOBXMHY ii PO3TOHY, 110 € XapaKTEPUCTHKOI OTO-
YEeHHS] MeTeOMaliJaHYHKa.

CranzmapTHa mporpama CTPOKOBHX CIIOCTEpe-
KEHb MICTHTh TOBHUI KOMILJIEKC METEOPOJIOTTUHUX
napameTpiB, HEOOXITHUX ATl PO3PaXyHKY KOPUTYIO-
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quX KOe(]IIiEHTIB — MBHIKICTH Ta HAMPSIMOK BITpY,
TeMIiepaTypa TOBITps, aTMOC(EPHHUA THUCK Ta Iap-
UianbHUI TUCK BOASHOI MapH, TPUBAIICTh HHU30BOI
Ta 3arainpHOi 3amertiii. [IpoTe 3BeneHa gopma npen-
CTaBIIEHHS JOOOBHX MaHWX HE IMPHUIMae IO yBaru
HanpsAMKY BITpY.

Takok € TporajJuHu B OMUCI OTOYCHHS METEO-
Matimangukis [19]. [To-niepie, 3aKpUTICTH TOPU30H-
Ty 3a ocTaHHi 50 poKiB BUMIiprOBasiacsi Ha yKpaiHCh-
KHX METCOCTAHINAX TUTBKH 2 pa3u: 31eOUTBIIOTO 3a
nepiogu 1970-1985 ta 2004-2005 pp. [o-mpyre,
Ba)XKO BU3HAYHUTH JOBXHHY PO3TOHY 3aMETiJi 3 Hasi-
BHOTO CIJIOBECHOTO OITUCY OTOUEHHS MeTeoMaiinaH-
yiKa 0e3 KapTH-CXEMU 3 BiJICTAHSIMH JI0 TIEPEIIKO Y
BCIX HaIpsIMKaX.

HenooOmix omaiB mpuU3BOAWTE 10 IOMHJIOK Y
TIAPOJIOTIYHUX Ta KIIMATOJOTIYHUX pPO3paxyHKax
[28]. Hanpukian, 3aHmKEHHS peaJbHOTO BUMIAPOBY-
BaHHS Ta/ab0 BOIHOTO CTOKY, BUSBIICHHS «XHOHHIX)
TPEH[IB 3MEHIICHHS MIBHIKOCTI BITPY Ta KiIBKOCTI
OMaJIiB Yepe3 3MiHy 3aKpUTOCTI cTaHIii. OKpiM 1bO-
ro, MOXHOKa MICTUTHCS 1 B IIO0ANBHHUX MEpekax
OIaJIiB, SKi MOOY/IOBaHI 3a JJOIIOMOTOK 1HTEPIIOJISIIIT
apxiBHUX JaHuX [29].

JleTanbHi peKoMeHIaIli moA0 MPOBEACHHS iH-
CTPYMEHTaJbHUX CIOCTEPEKEHb HABEJIEHO B PEKO-
Menaamisx BMO [30, 31]. 3rigHo 3 HUMU Y TyHKTax
BHUMIPIOBaHHS OIaJliB MalOTh, IIIOHANMEHIIIE, TIPOBO-
TUTHCS TOCHIHKSHHS IIBUAKOCTI Ta HANPSAMKY BiT-
pY, TeMIeparypH, a TakoX Mae OyTd moOyloBaHMIA
rpadik 3aKpUTOCTI TOPU3OHTY M KapTa-cxema mepe-
IIKOJT BiTHOCHO omajioMipa. B apxiBax MaroTh 30epi-
raTucs SK KOPUIoBaHi, TaK i HEKOPUTOBaHI 3HaYeH-
Hs, OCKIJIbKA METOIM KOPEKIII MOXYTh OyTH BIOC-
KOHaJIeHI B MallOyTHhOMY.

BucHoBku. J[ledopmaiiiss BITPOBOIO IOTOKY
HaJ OTBOPOM OTaJOMipa 3aHIKYE PEATbHY Kijlhb-
KiCTh CEepeHbOPIYHUX OMNajiB (aeponuHaMiyHa ITO-
xunOka) Ha 5—10% 3a1€KHO BiJ] METOIY PO3PaXyHKY
nmoxubku. Ha 3axumennx Bix BiTpy MeTeomaiinaH-
YHKaX TaKe 3aHWKEHHS CTAHOBHUTH y CEPEIHBOMY 2—
6%, a Ha BIAKpUTHX AUISHKaX y BUCOKOTIp’i abo
Oist GeperoBoi JMiHIT € HaKOUTBITUM 1 mocsrae 19—
26%. Teepai onamy ORI YyTIHBI 10 BIUIUBY BITPY
— BTpAaTH CHITY CTaHOBIATH y cepenHbomy 18-27%,
Tofi sk gomry — 3—7%.

BinmoBigHO 70 CcydacHMX HACTaHOB METEOPO-
JIOTIYHUX CIIOCTEPEKECHb acpoAMHAMIUHA IOTPaBKa
HE 3aCTOCOBYETHCS Hi JUIsl IOTOYHUX, Hi IS apXiB-
HUX JNaHUX KUTBKOCTI omafiB. Y 3B'SI3Ky 3 UM IS
MOJANBIIOT0 BUKOPUCTAHHSA Yy TIAPONOTIYHUX Ta
KJIIMATOJIOTIYHUX JTOCIII/DKCHHSAX 3HAUCHHS BHMIipsi-
HUX ONaJIiB MalOTh OyTH HaJEeKHUM YHHOM BiJIKOpPH-
roBaHi. CTPOKOBI CIIOCTEpEKEHHS MAIOTh BCIO HEOO-
XimHy iH(poOpMaIilo AN pO3paxyHKy aepoauHamid-
HOI MOMpPaBKH, BOIHOYAC, OTIMC OTOUCHHS Ta 3aKpH-
TOCTI METeOMaiJaHYMKa PEKOMEHIOBAHO OHOBIIFO-
BaTH YacTille.

3a HalMM OIliHIOBaHHIM, MeToauKu [omyOeBa
Ta SlHra UIS KOPUTYBaHHS KiIBKOCTi OMAajiB Hana-
I0Th HaWOIMBII TOYHY iH(OPMAIIIO I TepUTOPil
VYkpainu. Ha craHIisx, Je 4acTo CIIOCTEpPIraroThCs
3aMeTiJli, 3 METOI0 BpaxXyBaHHsI KiJTbKOCTI «XHOHHX»
OMajiB PEKOMEHIOBAHO HAJaBaTH TepeBary MeETo-
noJiorii ['onmyGega.

CTBOpPEHO ENEKTPOHHUI apXiB CTPOKOBUX Ta
HIOICHHUX CYM KOPWUTOBaHUX 3HAYCHb OMAJiB 32
Metoposnorieto lonyGeBa Ta SAnra mns 207 meteoc-
TaHIii Ykpainu 3a nepion 1976-2019 pp.
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W3MepeHust 0caIkoB BKIIIOUAIOT CIIydaifHble M CUCTEMAaTHUECKHe MOrpelHocT. IlepBhlie CBs3aHbI ¢ U3MEPUTEIb-
HOM 4acThl0 NpUOOpa U MUKPOKIIMMAaTUYECKUMH YCIOBUSIMHA TEPPUTOPHUH, BTOPBIE — C BO3JICHCTBHEM BETpa, UCTIApEHH-
€M M CMayMBaHHEM CTEHOK NMpuéMHUKa. BeTpoBble BUXpH, 0Opasyromuecs: Npyu 00TEeKaHUH BETPOBOTO ITOTOKA BEPXHEH
YacTU NPUEMHMKA OCAaJKOMepa, MPEMSATCTBYIOT MOMAJaHUI0 OCAJAKOB B INPUEMHMK M NPEYMEHBINAIOT ACHCTBUTEIHHOE
KOJIMYECTBO OcajkoB. B YkpanHe Takas aspoanHaMH4ecKasl IOTPEHIHOCTh HE BBIUMCIIAETCS BO BpeMsl 3allUCH U3Mepe-
HUH, IOATOMY JUISl IPOBEACHUS THIPOJIOTHIECKAX M KIMMaTHIeCKUX MCCIECIOBaHNI apXUBHBIEC JaHHBIC TOJDKHBI IPOH-
TH TIPEIBAPHUTEIILHYIO KOPPEKTHPOBKY. Llenpio paboTel OBIIIO NpHBEACHHE N3MEPEHHOTO HA METCOCTAHIMAX YKPauHBI
KOJIMYECTBA OCAIKOB K PeaJbHBIM BelIMYMHAM. PaccMOTpEHBI YeThIpe METo/a ydeTa adpOANHAMHUYCCKON ITOTPEIIHOCTH
ocankoMepa TpeTpskoBa ¢ BeTpoBoi 3ammroii: [omybesa, fnra, bpssrura u HopBekckoro MeTeopoIorHIecKoro HH-
cruryta. O6paboTaHO JaHHBIE CPOYHBIX HAONFONEHHI 3a 0CaKaMU Ha METCOCTaHISIX YKpanHbI 3a epuon 1976-2019
T. IIporpaMma MeTeopoIOTHYECKUX HAOIIOACHUH CONEPKUT BCI0 HEOOXOMMMYIO MH(OPMAIMIO IS BBITOIHEHHUS pac-
YETOB: CKOPOCTh U HallpaBJIeHHE BETpPa, TEMIIEPATypy BO3MyXa, aTMOC(EpHOE AaBlIeHHE U MapUualibHOE JaBJIeHUE BO-
JSTHOTO T1apa, MPOIODKUTENIHOCTE HU30BOM U 001eil MeTtenu. CKOpOCTh BeTpa NPUBEIEHO K BBICOTE MPUEMHHUKA OCal-
KxoMepa (2 M) ¢ y4ETOM 3aKpBITOCTH M OKPYKEHHUS METEOIUIOIIA KU, YCTAHOBJIEHO, YTO 10 Pa3HBIM METOAAM OIIEHOK
HEIOy4eT CPEIHEroI0BOro KoJIM4ecTBa 0CaakoB Konebiaercs B mpeaenax 5—10%, u3 Hux s cHera — 18-27%, nis no-
x5l — 3—7%. Ilo cKOppeKTHPOBaHHBIM 3HAYECHUSIM OOHOBJIEHO KapTy IOI0BOH CyMMBI OCaJIKOB Ha TEPPUTOPHU YKpau-
HbI 3a iepuost 1990-2019 rr. [Inst nanpHe#ero uCoab30BaHus B TUAPOIOTHUECKUX U KIIMMATUYECKUX HCCIETOBAHUSIX
pe3yabTaThl HAOMIOACHHUH 32 0CaIKaMH JO0JDKHBI OBITh CKOPPEKTUPOBAHBI C YUETOM a3POAMHAMUYECKOH MOTPEITHOCTH.

Kniouegvie cnosa: aspoounamuyeckas nocpewHoCcms, Heooyiem 0cadkos, CKOpoCmy 6empd, AammocgepHrule 0cao-
Ku, ocaokomep Tpemuvsaxosa, Kapma ammoc@epuvix 0caoKkos.

Quantifying wind-induced undercatch in the precipitation measurements
at Ukrainian weather stations

Valeriy Osypov',

PhD (Geography), Senior Researcher of the Hydrochemistry Department,
'Ukrainian Hydrometeorological Institute, 37 Nauki Pr., Kyiv, 03028, Ukraine;
Andrii Bonchkovskyi',

Junior Researcher of the Hydrochemistry Department;

Andrii Oreshchenko’,

PhD (Geography), Senior Researcher of the Department of Applied Meteorology and Climatology;
Dmytro Oshurok’,

PhD (Geography), Senior Researcher of the Atmospheric Physics Department;
Natalia Osadcha’,

Doctor (Geography), Head of the Hydrochemistry Department

ABSTRACT

Literature overview. Precipitation measurements include random and systematic errors. Systematic errors in-
crease in the following order: evaporation loss, wetting loss, and wind-induced undercatch (World Meteorological Or-
ganization, 2008). The last one occurs because of the aerodynamic blockage under the precipitation gauge collector
(Baghapour et al. 2017; Sevruk & Nespor, 1994). Field experiments have shown that wind-induced undercatch reaches
14% for rain and 40% for snow for the Tretyakov wind-shielded gauge (Goodison et al., 1998).

In Ukraine, precipitation records omit wind-induced undercatch correction.
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This study aims to calculate true precipitation values at Ukrainian weather stations, evaluate existing methodolo-
gies for precipitation measurements correction, and create the digital archive of corrected precipitation values based on
sub-daily observations.

Material and methods. We used four methods to quantify wind-related errors for the Tretyakov gauge with wind
shield proposed by Golubev (Konovalov et al., 2000), Bryazgin (Aleksandrov et al., 2005), Norway meteorological
institute (Forland et al., 1996), and Yang (Yang et al., 1995). Sub-daily records were requested from Central Geophysi-
cal Observatory named after Boris Sreznevsky covering 207 stations between 1976 and 2019; 187 stations had more
than 20 years’ period.

Results. For the Tretyakov gauge, annual wind-induced undercatch ranges from 5 to 9.5%, depending on correc-
tion methodology. The highest bias is observed for the solid precipitation — from 17.7 to 27.4%. The precipitation loss
increases along with annual wind speed at the weather station (correlation coefficient r = 0.89).

Conclusions. We suggest that Golubev’s and Yang’s methodologies estimate precipitation wind-induced under-
catch more accurately at stations where blizzards are often observed, we recommended using the Golubev’s methodolo-
gy because it takes into account “false” precipitations.

The precipitation loss equals 0.2—4% according to the Golubev’s method at covered weather stations and reaches
13-19% at the bare mountain regions or seashore. Solid precipitation is more sensitive to the influence of wind — snow
loss averages 17.3% according to the Golubev methodology or 21% according to the Yang methodology, while rain loss
—2.6% or 6.7%, respectively.

The obtained database with corrected precipitation comprises sub-daily and daily records from 207 Ukrainian sta-
tions between 1976 and 2019. It could be used for hydrological and climatological research.

Keywords: wind-induced undercatch, precipitation measurements, Tretyakov gauge, wind speed, precipitation
map.
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VY crarTi nommoOIeHO PO3YMiHHS MICUS BYJIMYHOTO MUCTEITBA Y MICBKOMY MPOCTOPi. METOI0 HOCIHIIKEHHS € aHaji3 TeMaTud-
HOTO CIIPSIMYBaHHS, 3yMOBIICHOCTI, PO3MIILECHHS Ta CIPUHHATTS MEIIKAHIIMU 00’ €KTiB By IMYHOTO MHUCTENTBA ¥ MicTax Ykpainu. Ha
OCHOBI aHaJli3y HMONEpeaHIX JOCTIHKEHb y3aralbHeHO BUAU Ta (GOpMH CTPIT apTy, HOro Mmicue y MicbkoMy mpoctopi. JocmimkenHs
IPYHTY€ThCS Ha aHAII31 MOBIIOMIICHB Y 3ac00aX MacoBoi iHpOpMaIii 1010 00’ €KTiB ByTHYHOTO MUCTEITBA, PE3yIbTaTaxX NNIMONHHUX
HaIliBCTPYKTYPOBaHHX iHTEpB 10 MEIIKaHIiB KneBa, a Takox CIIOCTEpEKEHb aBTOPIB Ha BYJIUIIAX KiTBKOX MICT YKpaiHH.

AHatiz 00’€KTiB ByJHYHOTO MHUCTEITBA B YKpaiHi MOKa3as, IO B I[JIOMY CIOCTEPIraroThesl TCHACHINT 10 ACTeHTpai3alii ix
PO3MIIIICHHS Y MICBKOMY TPOCTOpPi Ta perioHamizaiii. badeHHS MeNIKaHIiB CBIYUTHh MPO iX BUMOTY IIOMO BIAMOBIMHOCTI HOBHX
00’€KTIB CTPIT apTy COLIOKYJIBETYPHOMY CEpEeIOBHIIY, JOPEYHOCTI PO3MILeHHs, «BOYIOBAaHOCTI» y MiChKHH mpocTip. BuseieHo, 1o
B)XJIMBUMH PYIIiSIMH aKTHBi3allil ByTHYHOTO MHUCTENTBA B YKpaiHi € MiChKi apT-(pecThBaii, Mera-noiii, ComianbHO-TIONITHYHI TO/ii
Ta COIiaNIbHI MPOOIeMH, HINIaTHBY 3a0yIOBHHKIB, a TAKOXX MPOTPaMH OFOIKETY y4acTi.

AHauti3 CTaBJIeHHS 10 TEMAaTHYHOI CIIPSIMOBAHOCTI CTPIT apTy MOKa3as, IO MPIOPUTETHUMH JUTs MemKaHIiB KueBa € Temn npu-
poam, 300pakeHHS BUIATHAX OCI0 3 HE3aIIIMOBAHOIO PEMyTAIli€l0, MPEICTaBHUKIB HABAXIIMBIIINX Mpodeciii, HalliOHaNbHa, aTpi-
OTHYHA Ta COLiaJIbHA TeMAaTHKa, sIKa CIIOHYKAa€E JI0 PO3yMiB, a TAKOXK TEKCTH BIIOMHX BIpIIiB Ta HUTAaTH. HeraTMBHUM € BiJHOLICHHS
JI0 TIONITHYHOI TEMaTUKH, L0 CYNPOBODKYETHCS PI3HUMH 3aKkiauKaMHi. [1iATBepKeHO, M0 OLIBII BOYKIIMBUM BOAYAETHCS JIOKAIBHUI
KOHTEKCT 00 €KTiB cTpiT apTy. [Toka3aHo, 110 Py 3arajioM MO3UTHBHOMY CIIPUIHATTI BYJMYHOTO MHUCTELTBA MEIIKAHII MICT 3aIliKa-
BIICHI Y HEOOXiTHOCTi KOHTPOJIIO Ta PETYIIIOBAaHHS PO3MILIEHHSI HOBHX 00’ €KTIB 3 ypaxyBaHHSIM BUMOT MapTHCUITATUBHOCTI.

Knrwwuosi cnosa: micmo, micokuil npocmip, 8yIuuHe Mucmeymeo / cmpim apm, Mypan, nyOnYHUil Npocmip, po3miljeHHs,
cnputinamms, Ykpaiua.

Sx muryBaTu: IIpoBotap H. I. BynudHe MucTeNTBO y MICBKOMY HPOCTOpI: PO3MIIEHHS Ta CIPUAHATTS y Mictax Ykpainu / H. 1. IIpoBorap,
10. A. Omnimesceka, K. B. Me3ennes, K. O. KpaBuenko // Bicuuk XapkiBcbkoro HarioHanbsHOTo yHiBepcutery iMeHi B. H. Kapasina, cepist «I'eomo-
ris. 'eorpadis. Exonoris», 2021. — Bum. 55. — C. 216-231. https://doi.org/10.26565/2410-7360-2021-55-16

In cites: Provotar N. L, Olishevska Yu. A., Mezentsev K. V., Kravchenko K. O. (2021). Street art in urban space: location and perception in
Ukrainian cities. Visnyk of V.N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 216-231.
https://doi.org/10.26565/2410-7360-2021-55-16 [in Ukrainian]

ITocranoBka mpodsemu. Benuke micto — 1e
MoJie TECTYBaHHS HOBITHIX YIPaBIIHCBKUX CXEM Ta
MIPOEKTIB PO3BUTKY, TOOTO MEBHA «J1aboparopis», jie
BiOYBaIOThCS Ta «anpOOYIOTHCS MONITHYHI, CoLlia-
JIbHI, EKOHOMIYHI Ta KYJIBTYypHI TepeTBopeHHS [1].
BiamnoBigHo, MOIIyK HUIAXIB MOAEPHI3aIlil MICHKOTO
MIPOCTOPY, HOro ecTeTu3alil Ta miABUIIEeHHs KoM(po-
PTHOCTI NPOXKUBAHHS ¥ MOKpAILEHHSA Bi3yaJbHOTO
CIPUMHATTS € aKkTyaJlbHUM 3aBAaHHsIM. HarajibHoro
MoTpeOOI0 CHOTOJICHHS € OOJNAIITYBAHHS MICT TAKHM
YHHOM, 100 3a0e3rmeunT moTpedu MicTsSH, KoMdo-
PTHICTB TX mepeOyBaHHA Yy MiICBKOMY MPOCTOPI Ta

MOCHJINTHU colianbHi QyHKuii mict [2].

Po3BuTOK MicTa BHpa)KaeThCsl HE TUTBKH Y Pi-
3WYHHAX 3MiHaX MPOCTOpY, ajie i 4epe3 MpPOIyKy-
BaHHS Ta 3MiHYy CUMBOIIIB i 00pa3iB, acoriariiii i Ha-
paruBiB. HuHi 3MiHN BiJOyBalOThCS IIBUIKHMHU Te-
MIIaMH BHACJIJIOK MPOLEciB robanizaiii ta iHpop-
Maru3anii, SKi 3yMOBHJIM PO3BHTOK MYJBTHUKYJIBTY-
paJiiaMy, 110 IPOHUKAE y MICBKHI MPOCTip mepil 3a
BCE Uepe3 Mirpailii HaceJIeHHs Ta PO3BUTOK 3aC00iB
KOMYHiKaIii, 30kpema Mmepexi [areprer. OqHuM i3
nposiBiB TpaHchopMalii COLiOKyIBTYPHOTO MPOCTO-
Py MICT € PO3BUTOK BYJWYHOTO MHUCTEITBA (CTPIT

© lposomap H. ., OniwescobKa K. A., Me3zeHues K. B., KpasyeHko K. 0., 2021
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apty — street art), sike SIK MHUCTEITbKa IMPaKTHKa Mae
TpUBaly iCTOpItO, ajie yBary HAayKOBOi CITUTEHOTH
OTPHUMAJIO JIUIIE Y ApyTii moaoBuHI XX CT.

BynuuHe MHCTEITBO MOXE MO-Pi3HOMY CHpPHUIi-
MaTHCA 1 TPAKTyBaTHCS DPI3HUMH CTEHKXOJAepaMu
Ta (axiBISIMH — MICTOIJIAaHYBaJIbHUKAMH, MiCHKOIO
BJaj0t0, ypOaHicTaMu, MEIIKaHIsIMA MicT. BomgHo-
Yac 3aKOHOJABUO BPErylbOBaHI HOPMHU Ta aKTH, SIKi
perTaMeHTYIOTh TMUTAaHHS CTPIT apTy abo mepemda-
YaroTh BUAIJICHHS TIEBHUX TEPUTOPIN AJISI CTBOPEHHS
MypasliB ud rpaditi, Bigpi3HAIOTHCS 3a KpaiHaAMH.
Tax, manpuknazg, B Icmanii, 1e myOniuHI TPOCTOPH
HaNeXarh JAepkaBi, TpadiTi po3mIsLIaroTh 31e0ib-
IIOTO SIK PEaKIlil0 Ha COIliaJIbHI Herapasau Ta map-
TiHaTI3aIiio MEBHUX MPOIIAPKiB HACETEHHS, a V OK-
peMHUX BWITagKaXx — SK BaHAamizM. Haromicte y
[IBewii s BYAMYHOTO MHCTENTBA BUALISIOTHCS
CrieTTiaTbHI JToKartii [28, 42].

Tpancdopmariss MicT Bifl iHAyCTpialbHUX IO
MOCTIHAYCTPiaIbHUX CYTPOBOMKYETHCS PO3IBUTKOM
KpeaTHBHOro Kjacy [3], skuil 37aTHUN IPOTyKyBaTH
HOBI TBOpYi i/1€i, HOBi MOCITyTH, TEXHOIOTIi oOmam-
TyBaHHS MyOIMiYHUX MPOCTOPiB ToIIo. | 3 po3BUTKOM
KpEaTuBHUX MICT IpadiTi Ta CTPIT apT MEePEOLiHIo-
IOTBCSL SIK KPEaTHBHI IMPAKTHKH, a OJHA 3 KIIOYOBHX
O3HAaK KpEaTHBHHUX MICT — TOJEPAHTHICTh — CTUMY-
JIIO€ TIOIIMPEHHS BYTMYHOTO MUCTEITBA, BAHUKHEH-
Hsl peHOMeHy «3akoHHUX cTiH» («legal walls») ms
rpaditi Ta CTPIT apTy, MIIMX MHUCTEIFKAX BYIHUIH Ta
apTiuxise [4, 5].

BynuuHe MHUCTEUTBO BIUIMBAE Ha CHPUNHATTA
MEIIKaHISIMA BXe CcQOpPMOBaHHMX paHile o0pasiB
MICT Ta OKpEeMHX paHOHIB, aKLEHTYIOUM yBary Ha
BaYXJIMBUX COILllaJIbHUX HHUTaHHAX [6, 7]. Po3BuTOK
CTPIT apTy BHUKIMKAB JIMCKYCIF0 CTOCOBHO Horo 0a-
YEHHS KJIOYOBUMHM aKTOpaMM: SKIIO aBTOpHU
00’€KTiB BYJIMYHOIO MHCTEITBa 3a3BHYail PO3IVIs-
JIA0Th MICBKHH TPOCTIp 3 TOYKY 30pY JOHECCHHS
CBOiX BHMOT, CBOrO OayeHHS aKTyaJbHHX MpoOieM
ChOTOJICHHS TA BUKJIMKIB, 5IKi CTOSITh TEPE]] CYCIib-
CTBOM, TO MICTOIUIaHYBJIBHUKH, TPEICTABHUKN
MYHIIHUATITeTiB (OCOOIMBO JIeMapTaMeHTiB 3 Ola-
TOYCTPOIO  TEpUTOpii) IIBUALIE  PO3DISAJAIOTH
00’€KTH BYJIMYHOI'O MHCTEITBA SK BaHIaIi3M. My-
HIOUMAJITeTH YacTo PO3AUIAIOTH rpadiTi Ta CTPIT
apT 1 BUOYAOBYIOTH BIJNOBIAHO CTpaTerii MEHEeIX-
MEHTY BYJIMYHOTO MHCTEITBA, 320XOYYIOUH CTPIiT
apT fAK 3aci0 akTHBI3allii MICBKOrO MPOCTOPY Ta
KpuMiHami3ytouu rpaditi [4].

Y HayKOBUX PO3pOOKax YKPaiHCHKHX JIOCIHif-
HUKIB 3/1e01IbIIOT0 PO3MISIIAIOTHECS OKPEMi acTieKTH
PO3BHUTKY CTPIT apTy 3 MO3MLIH MUCTEITBO3HABCTBA
Ta Kyasryposorii [8, 9, 10]. B ocTanHe aecaTumiTTs
3HAYHO 3pOCIa yBara reorpagiqHoi HayKOBOI CIIiJIb-
HOTH JI0 3MiH MICBKOTO IIPOCTOPY. 30KpeMa, Y MOHO-
rpagii «YpOanictuuHa YkpaiHa: B €miLlEHTpi mpoc-
TopoBuX 3MiH» (2017) oxapakTepH30BaHO 00pa3u

OKpPEMHX MICT Ta cydacHi TpaHchopmarii 1x myoJti-
anmx npoctopis [11]. Maerses mpo Te, mwo mybniuni
npoCmopu YKpaiHCbKux Micm KoMepyianizyiomsvcs y
KOHmeKcmi 8IOHOGIEHHS, pecmaspayii, pegimaniza-
yii, po38UMKY mypusmy, 8iOnosioi Ha CyYyacHi nom-
pebu ma 8nod0OAHHS MICOKUX dcumenis, Uil HUX
xapaxkmepHui «6 romugikayisiy ma «esponeizayisiy
[11, 12]. A ByaW4HE MHCTEUTBO, 30KpeMa CTBO-
peHHsI MypaliB (CTIHONHCIB), MPUBHOCHUTH €CTETHY-
HUHM €peKT y CIPUUHATTS OXHOMAHITHOI 3a0yIOBH.
Tak, SICKpaBUM NOpPOSBOM MOJIEPHI3aLil KUTIOBUX
MacuBiB 1960-x pokiB y KwueBi crano cTBOpeHHS
MypaJliB 3aJU11 OHOBJEHHS ¢acaliB Ta CTiH OynuH-
kiB [13]. Take «oOpa3ne nepedapOoByBaHH» abo
BHKOPHUCTAHHSI «0apBUCTOI OOIMMBKWY» HAIAE KUT-
moBuM OynmWHKaM 1 KBapTalaM HOBOI Ta iHIWBiIya-
JIBHOT ieHTHYHOCTI [ 14].

B oxpemux reorpadiqHUX JOCHIIKEHHIX TBO-
PH CTPIT apTy pO3IIISNAIOTH K OWH i3 3aC00iB OHO-
BJICHHSI MiCBKOTO MPOCTOPY, POOJISTYM aKIIEHT Ha BH-
KOPHCTaHHI BYJMYHOTO MHUCTEUTBA SIK PECYpCy LIS
PO3BUTKY TYPH3MY 3a PaxyHOK HO€IHAHHS 3€JIECHUX
30H Ta TBOPIB CTPIT apTy [15], po3BUTKY MuCTEeNTBA
MypaiiB (Mypan apty — mural art) mias oprasizarii
Mi3HAaBaIbHUX €KCKYypCiil y mictax [16, 17].

BungineHnsi HeBUpilIeHWX paHille YACTHH
3arajbHOi npodaemu. [Ipu 3HAYHIN KiTBKOCTI TOC-
JIJPKEHb BYJUYHOTO MHCTEITBA, SIKI BUCBITIIOIOTH
Pi3HI acIeKTH JaHOi MPOOIeMH, HETOCTATHBO PO3K-
PUTHUMH 3aJIMIIAIOTHCS TUTAHHS OHOBIICHHS ITyOiy-
HUX MPOCTOPIB MiCT 3ac00aMH BYJTUYHOTO MUCTEIIT-
Ba 3 TOUKU 30py HOro TEMaTHKH, MOTHBaLii, po3Mi-
LIEHHS Ta PEryJIIOBaHHS Ha 3acajaxX MapTUCUIIaTHB-
HOTO MICBKOIO IUIaHyBaHHs. lle € BaJIMBUM Ha-
MPsIMOM JIOCITIJDKEHb Ha TIepeTHHi reorpadii, corio-
JIOTii Ta KyJIBTYpOJIOTii 1 BU3HAYA€E 3MiHY Opi€HTAIlil
Ha JIOCJIIJDKEHHS MiCIlb BUPOOHMIITBA Ta CIIOKHBaH-
HSl MHCTEITBA, HOTO 3B 30K 3 KOHKPETHUM MicCIIeM
[18], ockimbkM came 4Yepe3 CTPIT apT MOXKHA MpPO-
CIIIKYBaTH 3B’SA30K MDK JIIOABMH Ta MICIIMU, €
BOHHM XUBYTS [19].

Meta npocaigxenHnsi. BpaxoByrouu Bulie3a3Ha-
YeHEe, METOI0 JIaHOTO JIOCIIKEHHS € aHaji3 TeMa-
TUYHOTO CHPSMYBAHHS, 3yMOBJIEHOCTI, PO3MIIIEHHS
Ta CHPUHHATTA MEIIKAHIAMHU 00 €KTIB BYIHYHOTO
MUCTENTBa y MicTax YKpaiHu. BiamosigHo, mocmis-
HUIbKI 3aBJaHHsS BKIIIOYAIOTH: 1) aHali3 TeMaTHKH
Ta PO3MIIICHHSI 00’€KTIB BYJMYHOTO MHCTEITBA Y
MICTax, CTUMYJIB iX MOLIMPEHHs; 2) aHaJli3 CIpHii-
HATTS OO’€KTIB CTPIT apTy JKUTeIsiMH Micta; 3)
3’sICyBaHHS, 0 AyMAalOTh MICTSHU TIPO BILIHB BYJIH-
YHOTO MHUCTEUTBA Ha COLIOKYJIBTYPHHUH MPOCTIp Mi-
CTa Ta LNUIAXM HOr0 MOLIMPEHHS 3 TOYKH 30py Bpa-
XyBaHHSI IHTEPECIB MiCHKOT IPOMaJIH 1 MiCIICBOI BIIAIH.

[HdopManiiftHOI0 0CHOBOIO JAOCHTIHKEHHS 00’ €K-
TiB BYJIMYHOTO MUCTELTBA Y MiCTax YKpaiHH € MOBi-
IIOMJICHHS y 3aco0ax macoBoi iH(opmariii, pe3yib-
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TaTd IHTEPB’IOBAaHHS MEITKAHIIIB, a TAKOX CITOCTE-
peXEeHHS aBTOPIB Ha BYJIMIAX MicT. byiro mposeneHo
12 HamiBCTPYKTYpOBaHHMX IJIIMOMHHUX IHTEPB’I0 3
MemkaHIsiMu KueBa y xBiTHi-TpaBHi 2021 poky, ski
repenbavan okpeMi OJOKH MUTaHb IIMOAO CIIPHI-
HATTS 00’ €KTIB CTPIT apTy, iX TEMATUKH, PO3MIIIIECH-
HSl Ta HEOOXiTHOCTI KOHTPOJIO 1 PEryjaroBaHHS iX
CTBOPCHHS Ta TMOIMMWpEeHHS. BikoBHWil miamazoH pec-
MOH/IEHTIB KonmBaeThes Bif 20 10 71 poky, a micte
MPOKMBAHHS — BiJ] 0araTOKBapTHPHOTO OYAMHKY 10
MpUBaTHOI canubu y palloHax crapoi Ta HOBoi 3a0y-
JIOBH MiCTa MK IIEHTPAJIBHOIO HOTO YaCTHHOIO Ta
okpaiHamu. CIOCTEpeXEeHHS Ha BYIUISIX MPOBOAU-
mcs aBTopamu npotarom 2017-2021 pokiB y micrax
Kwuis, Jlminpo, XapkiB, Omeca, IlonaraBa, Kam’s-
Herp-lloninsceknit, Kpamaropchk.

Pe3yabTaTu nocaiaKeHHs.

Micye cmpim apmy ¢ micbKomy npocmopi.

Bynnune mMuctenTBo crano «robalbHOK CeH-
camiero» 3 KiHIg 1990-X pokiB, a CKOPOUYEHHS My0-
JYHUX MPOCTOPIB Y MicTaxX, iX HaaMipHa KoMepIlia-
Ji3amis CTUMYIIOIOTh HOTO Jaibllle TMONTUPEHHS
[20]. Sxmro cTpiT apT 1OA€E MIHHICTH MICIIO 1 CIIpHU-
si€ 3TypTOBAHOCTI TPOMajy, BiH GopMye CHMBOIIU-
HUHW KalliTal Ta € TEeBHOI0 MipOK BHUMIpOM OpeH-
muHTy Micts [21]. O6’ekTH ByIMYHOTO MECTEITBA €
YaCTMHOK CHMBOJIIYHOTO TMPOCTOPY MicTa, TOOTO
MPOCTOPY OO’€KTIB COLIANBHOTO CBIiTY, IO MAarOTh
COIIIOKYJIBTypHE 3HAYCHHS, HACHYCHI COIiOKYIBTYp-
HUM CEHCOM — SIK MaTepiajbHUX TpeaMeTiB (OynuH-
KiB, CIIOpYJ, MapKiB TOIIO), TaK i JIONEH, 3aco0iB
KOMYHIKaIlil, COIliaJhbHUX BIJHOCHH MDX YIIEHAMHU
rpomanu [22]. BoHu € cUMBOJIYHMM BimoOpaskeH-
HSIM HACTPOIB CYCHIJILCTBA, aKTYaJbHUX COIIAIbHUX
pooem.

BynuuHe MUCTENTBO pO3IIANAIOTH SK HOBY Mi-
CbKY HOPMY, III0 31aTHA «HOPMaJli3yBaTh» HE TUIbKH
MICBKHH MPOCTip, 3pOOUTH HOTo OiNbIIl MPUBAOIH-
BUM, ajieé ¥ BOIHOYAC «HOPMAJIi3yBaTH» MHCTELTBO
[23]. BaxmuBuM € ¥oro 3Ha4eHHs y CTBOPEHHI
«CTIPaBEIIMBOTO MicTay, 3a0e3MeueHHi JIeMOKpaTii
Ta PI3HOMAHITHOCTI, 3aJIy9€HHI TPOMAJCHKOCTI 10
MIPUHHATTS PillleHb, peaii3allii MPOeKTiB pereHepa-
Iii MICT, KOJUINHIX 1HAYCTPIQJILHUX TEPUTOPIN
(brown-fields and greyfields) [7, 24, 25], momin-
LICHH] Bi3yalbHO{ SIKOCTiI OKpEMHX PaiioHiB 1 MicTa B
oMy [26], dopMyBaHHI HOTO TO3UTHBHOTO iMi-
JDKY, CTBOPEHHI HOBHX IPOCTOPOBHX OPIEHTHPIB
(HOBMX MapLIpyTiB, IPAKTUK Ta HOPM B3aeMOAii i3
MPOCTOPOM MiICTa) Ta HOBUX MapKepiB-CHMBOJIIB,
10 3a0€3MeYyI0Th «CUMBOJIIUHE 3a0apBIeHHS IPOC-
Topy» [27], popMyBaHHS iAEHTHYHOCTI MEIIKAHIIIB.
B ymoBax reomnosiiTHUHUX BIUIMBIB CTPIT apT MOXeE
O3S AATHCS SIK «BHPa3 JTOKATHHOCTI» [28].

CrpiT apT — 11e 3a3BHYail HECAHKI[IOHOBAHE MH-
CTELTBO, L0 «BTpy4aeTbca y micto» [19]. Bin
BKJIIOYA€ TerH (HamMCaHHS iMEHi), CTHJIi30BaHI Ha-

MUCH, «TIOCTUYHUHN IITYpM», TpadapeTy, HaKICHKHY,
MTOCTEPH, TEePEPOOSICHI BYJIUYHI BUBICKH, TOMAIIbO-
BaHi JOpPOXKHI 3HAaKH, Mypalld, Ja3epHi MpOeKii,
¢remMoOH, «apTU3aHChKE TOPOAHUITBOY, BYJIUYHI
IHCTAMAMI{, MIHICKYTBITYpH, IpHOOMOIHT (BynH4YHE
B’s3anHsA) [19, 20, 29]. Bynudne MHCTENTBO Mae
pi3Hi ¢opmu (HamucH, HaKJICHKH, MaJIOHKH TOILIO),
KOHTEHT (ITOBiIOMJICHHS, HaMipH 1 T.II.), pO3MIIICH-
HSI, 3pO3yMLUTICTh, MpaBoBuil craryc [19]. Bymmune
MHUCTEUTBO PO3MISAAETHCA K 3aci0 aKTHBHOTO 00-
JAIITYBaHHS TEPUTOpii, MICISIMH PO3MIilLEHHS
00’€KTIB AKOTO € CTiHM OyIWHKIB, 1HIINX OymiBEIb,
3yMUHKW TPAHCIIOPTY, CBITIO(OpH, BKa3iBHUKU TO-
mo. Yepe3 HOrO BiOyBa€eThCsl CIOXKUBAHHA ITyOJTi-
gHUX mpocTopis [30].

CrpiT apT 5K cucTeMa 3HaKiB Ta CUMBOJIB ¢o-
pMy€e HapaTuBH, IO Bi0OpakaloTh, iIHPOPMYIOTH i
KOHCTPYIOIOTh 1IGHTUYHOCTI, CTBOPIOE «CITiJIbHI Ha-
paTuBm» MiX JIOOBMHU, ifessMu Ta MicTtoM. Lle «Bik-
HO y MicbKy nymry» [31]. OG’ekTH CTpIT apTy po3r-
JSAI0Th SIK 3aCO0M CHIJIKYBaHHSI Pi3HOMAaHITHUX
MPOIIAPKIB CYCHITbCTBA, €(PEKTHBHI 1HCTPYMEHTH
Jiayiory mpo comiaibHi MPoOJIeMu ChOTOJCHHS Ta 5K
YHMHHUKH TpaHc(opMallii COIiOKyJIbTYPHOTO IPOC-
TOpY.

Cnpuiitnamms 00’€kmie 8ya1uuH020 MuUcmey-
mea.

CKJIaIHICTh JOCIIPKEHHS CYy4acHOTO CTPIT ap-
Ty 3YMOBJIEHa HEOIHO3HAUYHHM BiJHOLICHHSIM CYyC-
MiTbCTBA JI0 1X CTBOpeHHS. MOro iHKOMM OTOTOX-
HIOIOTh 3 TpadiTi, SIKMi BBaYKAIOTh MEPIIOOCHOBOIO
PO3BUTKY IIbOTO BUAY MucTeuTBa. Ilpore, Ha Bigmi-
HY BiJl rpadiTi, CTPIT apT nependadae TBOPUE BHKO-
puctanHs  TpadapeTiB, HaKJICHOK,  IUIAKaTIB,
B’s3aHUX BUPOOIB, HACTIHHUX MAJIOHKIB, a TOJIOBHE
— BiH nepeadadae myoiuHicTh. ToOTO, K10 TpadiTi
— IIe PO aBTOPIB 1 [Tt 3aKPUTOT CIITBHOTH, TO CTPIT
apT — e Jus rpoMaachbkocti [S]. CTpiT apT 3po3yMmi-
JUH TIePeXOKUM 1 9acTo Tepeiae siBHI MOBiJOMIICH-
HSl, 1HOAlI 3 BHPQXEHHM IOJITHYHUM XapaKTepoM;
iHpOpMYe TisAada mpo nependadyBaHUil CeHC, BU-
KOPUCTOBYIOUH Bi3yaJlbHI CHUTHAJHM, a 1HOMI 1 TEKCT
[28]. Hdus Oimpmiocti MemIKaHIB Micta rpaditi €
Bi3yallbHUM «ITYMOBUM 3a0pyJTHEHHIM» MicTa [4].

Icnye Tpaguuiline ysiBieHHs, Mo rpaditi Ma-
JIOIOTH MPEJCTaBHUKHU O1THUX MPOLIAPKIB CYCHIIbC-
TBa, POOOYOTr0 KIJIAcy, MEHIIIUH, a CTPIT apT — Mpe/-
CTaBHHUKH CEpPEIHLOrO Kiacy. Xoda sIK CBiI4aTh J10-
CIDKCHHS, y JesSKkuX Mictax (Hampukian, bepmini
uyn Bynarmeniri) rpaditi Takok CTBOPIOIOTH HpeCTa-
BHUKH CepeJHhOro kiacy. BomHowac Mixk aBropamu
rpadiTi Ta CTpIT apTy MOXE iCHyBaTH BOPOXKHEYA,
IO MPOSIBIISIETHCS Y OOpOTHO1I CUMBOIIIB Ta 00pasiB,
Bi3yaJIbHUM TPOSIBOM SIKOi € TeTu (HaIlMcH) Ha Mypa-
max [20].

BBaxaeTbcs, 1m0 BYIUYHI XyAOKHUKH KapIu-
HaJLHO BIAPIZHAIOTHCS 3a MIAXOMOM IO CTPIT apTy

-218 -



ISSN 2410-7360 BicHMK XapKiBCbKOro HalioHa/1IbHOrO YHIBEpCMTETY iMeHi B.H. KapasiHa

BiJl MUITKIB, Kl 3[1cOUIBIIOr0 € aBTopamu rpadi-
Ti [4].

CrpuiiHATTS pi3HUX 00 €KTIB CTPIT apTy Mel-
kaHigiMu  KueBa cyTTeBo BinpisHseThes. J[oci-
JDKSHHS TT0Ka3aJ10, IO MPHEMHI BIIIYTTS BHKIIUKA-

IOTh TIEpPEeIyCiM Mypalau Ta MiHi-CKyJIbIITYpH, OCKi-
JbKM HA TYMKY PECHOHJICHTIB BOHH NPHUKPAIIAIOTh
MICTO, BHOCSTBH «SCKpaBiCTh» IO «cipocTi». Haii-
NprBaOIMBILIMMU PECTIOHACHTH Ha3Bald Mypaiu
«The Visionary» ta «Jlecs Ykpainka» (puc. 1).

Puc. 1. Mypanu «The Visionary» ta «Jleca Ykpainka», micto Kuis (doto FO. Onimescbkoi, 2021 pik).
Fig. 1. Murals "The Visionary" and "Lesya Ukrainka", Kyiv (photo by Yu. Olishevska, 2021)

Tam eapnui, menni Konbopu GUKOPUCIAHO, MENi
noYymms GUKIUKAIOMb, NPUEMHA KAPMUHKA
(CA 2, 44 poxw, xiHKa).

Xouemvcsi 3ynunumucs, noOymamu, pO3SiAHY-

mu ix — ye oas mene eapro (CA 6, 54 poxu, xi-

HKQ).

VY Toll e 4ac NpakTUYHO OJHO3HAYHO HETaTH-
BHUM € CHPUHHATTA pecroHJeHTaMu rpaditi. Xoda
cepel HAyKOBIIB AMCKYCis 1Iomo rpadiTi TpuBae:
OJHi #ioro 6auaTh SK BaHATI3M, 1HIII — SK MUACTEIT-
Bo (art) [5]. I'paditi — me «OyHTapchKUil BaHIa-
Ji3M», BUXIJ AJIS1 TBOPUOTO CaMOBHPAKEHHS, MpeTe-
H3ig Ha TPOCTIp 1, JUISL JEKOro, CTIOCIO yTBEPIUTH
CBOIO aBTOHOMIIO BiJl JOMIHYIOYHX COIL[aJIbHUX
Ipy1, 30KpeMa Jiepxas [32]; mosiBa rpadiTi € o3Ha-
KOIO 3aHemajy, 11 KpUMiHaJl, IICyBaHHS, X04a MOXe
BOavaThcs 1 SK MPOTECT 1 HABITH SIK IOJIMIICHHS
[4, 33].

VY KOHTEKCTi JoiydeHHs A0 JaHOi AUCKYCii Ba-
PTO BHJIUIUTH OCHOBHI apIyMEHTH I0/I0 HETaTHBHO-
ro cripudHATTS rpaditi, sKi Oynu Ha3BaHI PECIOH-
JICHTAMHU: 1I¢ HE € MUCTELITBOM; 1I€ HE €CTETHYHO; 11e
Mapkep 3aHeI0aHOCTI Ta 3aHemany; Ie «OpyaHO»;
1I€ CAMOBUPAXCHHS OHI€I 0COOHM, sSKe HEIliKaBe Ta
HE3pO3yMiJIe iHIITUM.

Meni ckaaono egasicamu epaghimi mucmeym-
gom. 3 Mo€i mouxu 30py, ye bOinvue cxodxice ca-
Me Ha eanoanizm. Bio moeo eunukano auwe no-
yymmsi Heoxaunocmi, 0pyoy, 3anedbanocmi
(CA 11, 22 poku, 4OIJIOBIK).
I'pagimi, pizui Haonucu — 00 HUX 51 He2aAMUBHO
cmaenioca. Bonu akpas 3aopyoHioroms npocmip
(CA 12, 61 pik, 40ONOBIK).
Ipagimi y Kuesi ne nooobaromwvcs, momy uwo
O00HA JNIOOUHA CAMOBUPAICAEMBCA Y MUX Mic-
ysax, wjo cmeopeHi He 011 yvoeo (CA 9, 22 po-
KH, KIHKa).
I'pagimi s ne posymito, ne nooobacmocs. /y-
marw, ye He Hawe, ye wocs yyce (CA 5, 64
POKH, JKiHKa).
Temamuxa MicbK020 GYIUUHO20 MUCHEYMEA.
Y pesynbrari MpOBEAEHUX IHTEPB'I0 MH
3’CyBa{, IO TNPIOPUTETHUMH TeMaMH OO0 €KTiB
CTpIT apTy Ans MewkaHuiB Kuesa € npupona, neii-
3axi, BUJIATHI 0COOM 13 HE3aIUIIMOBAHOIO PEIyTalli-
€10, TIPEJICTAaBHUKK HalBaXIHUBIUX mnpodeciii, Ha-
[iOHAJIbHA, TMATPIOTHMYHA Ta COIlliajbHA TEMAaTHKa,
sKa CIOHYKae J0 po3nyMiB. [103UTHBHO cripuiiMa-
IOThCSI TEKCTU BIJIOMHX BipIIiB, 1UTaru ¢inocodis
Ta MHUChbMEHHUKIB. [Ipy IbOMY pEcrOHIEHTH BBa-
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JKAIOTh JIOKAJBbHUH KOHTEKCT OO’E€KTIB CTPIT apTy
HaWBaJIMBIIIMM. HeratTuBHUM € iX BIJHOIIIEHHA 110
MOJITHYHOT TEMAaTHKH, IO CYHPOBOIKYETHCS Pi3-
HUMU 3aKJTUKaMH.
Tlampiomuuni mypanu — ye 0oope. Coyianvhi
NUMAKHS BUPAdICeHi 8 mypanax — ye 0oobpe...
LJob maeé nizHasanvHuil Xapaxmep, GUXOBHUI,
ane He xomepyitinuu. [lompiono wob mypanu
CHOHYKaMU 00 po30ymi6 i NOZUMUBHUX OYMOK
(CA 1, 51 pik, 4OMOBIK).
Hooobaemvcs wocy nayionanvhe, nampiomuy-
ne. Ilpupooa — ye 3asocou eapno (CA 4, 21
piK, XKiHKa).
JloxanvHutl KOHmMeKcm GaXCIUGiuuUL, xo4a Hi-
4020 ne maio npomu 2rooanvrux mem (CA 11,
22 pOKH, YOIIOBIK).
Mypan «MatepunctBo» B Kuesi, mo 6yB cTBO-

pennit y 2020 porri Ha CTiHI OyIUHKY V )KHTIOBOMY
KoMIuTekci «Jlebemuuuit» (puc. 2) 1 € HaWBUIIUM B
Vkpaini (78 M), BUKIMKaB y PECHOHACHTIB Ppi3HI
MOYYTTS: BiJ 3axoIUieHHA A0 Kputuku. Lle
MOB’S132HO 3 THM, IIO PECIOHJICHTH BBAXKAIOTh, IO
BOXUINBAM aCMEeKTOM TEMaTHKH MypaliB Mae OyTH
BIJICYTHICTh JMCKPUMIHAII 32 peNiriiHOI, Halio-
HAJBHOIO, TCHIICPHOIO, BIKOBOIO O3HaKamu. BoHu He
MMOBMHHI KOTOCh OOpa)KaTW UM HAIITOBXYBaTH Ha
JYMKU TIPO BIIACHY HiIKYEMHICTb.
He cnooobaescs mypan sicinku i3 oumunoro. /y-
maro, 8in Hedopeynuil. Jloope sikugo y sac € 0i-
mu, ane AKWO 8 Ko20Cb HeMace i He Modice 6ymu,
Xmocy He Xoue, a Y K020Ch Hemae Mamu... Ilo-
MpIiOHO WoCh HelmpanvbHe, Wob HIKO2O He 00-
pasumu (CA 7, 20 pokiB, kiHKa).
BaxxnuBoto TeMoro MypalliB B YKpaiHi € akTya-

Puc. 2. Mypan «MarepunctBoy», micto Kuis (doto 0. OmimeBcbkoi, 2020 pik).
Fig. 2. Mural "Motherhood", Kyiv (photo by Yu. Olishevska, 2020)

JBHI eKoJIoTivHI mpobnemu. Taka TeMaTtuka Tpen-
cTaBlieHa, 30kpeMa, y Kuei (Mypanu «3HHUKaOUHl
Kamanot», «Puce 3akapnartsa»), Oneci («OcranHii
TIONeHby, «[Itax — WIMJIOKIIOBKa»), Yy XapKoBi
(HaMOIBIINH 32 TUIOMICI0 MypaI-TpUnTHX «KUTH»).
VY 2020 poui koMyHanbHUMH ciTyx0Oamu micta Xap-
KoBa OyJ0 BMKOHAHO MiJICBiuyBaHHS Mypany «Ku-
TH» y BEUipHil Yac, M0 MOCHINIO HOr0 MPUBAOITH-
BiCTb, CIIPHUSIIO IMIBUIICHHIO O€3MEeKH mepeOyBaHHs
Ha BYJUIl Yy HIYHUHM yac Ta MOKpAIIWIO 3arajibHe
CIIPUMHATTS palioHy.

BaxmBicTh 3HaHHS Y JKUTTI CyCITLIBCTBA BJa-
JIO MiJKpecieHa MypallaMH Ha CTiHaxX 3aKiajiB BU-
moi ocBitn y Kuesi. 3okpema, ne mypan «Kutts
0e3 HayKH — CMEPThY, 1110 CTBOPEHUH Ha CTiHI OJHO-
ro 3 kopmyciB HanionansHoro yniBepcutery «Kue-
Bo-MorwisiHcbka akagemis» Ta «The Impact of

Discovery» Ha OymiBmi LleHTpy KynbTypu Ta MUC-
TeuTB HallioHaNbHOTO TEXHIYHOTO YHIBEPCUTETY
Vkpainn «KuiBcbkuil mosiTeXHIYHUHA 1HCTUTYT iMe-
Hi Iropst CikopchKoroy» (JUist IIOpiBHSHHSI TIPOTIOHYE-
MO BHUIJISAI OymiBii 10 CTBOPEHHS Mypaiy (puc. 3a)
Ta Cy4acHUH BUIIISA i3 MypajioM (puc. 30)).

O06’ekTaMu CTPIT apTy 4epe3 XyHOXKHE BTIJICH-
Hs TIEBHOI 1€ y €CTeTUUHO IMPUBa0JIMBI 300pakeH-
HSl aBTOPH 3a3BUYall HAMAararoThCs IIPUBEPHYTH yBa-
Iy Ta JOHECTU COLIAIbHO BayKuBi mpobiemu. Tomy
BCE YacTillle BIUIUB CTPIT apTy MOPIBHIOKOTH 13 COIli-
aJbHUM BUKJIMKOM, «COILIaJbHOI 30POE0y, MPHU3Ha-
YeHHSIM SKOi € 3MiHa CBIJIOMOCTI Ta 3aKIUK JIO pi-
LIYYHX 3MiH Y CycHiibeTBi [6, 9, 34, 35] (puc. 4).

Momueauia cmeopenns 006’°ckmie @yIuUUHO20
Mucmeymaea.

OO0’ €KTH CTPIT apTy CTBOPIOIOTH JJIS1 BiAHOBIIE-
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HHA Ta «0’torudikarii» myOigyHUX TPOCTOPIiB, 1H-
KOJIM — y paMKax MporpaMm pereHeparii 3aHernaiaro-
yux TepuTopiil. Taka mpakTuka 0coOIMBO MOIIMpE-
Ha y MicTax, Jie BapTiCThb HEPYXOMOCTI Ta OPEHIHOI
IJIaTH 32 XKUTIO TICHO TOB’si3aHa 31 CTAHOM HaBKO-

a

JUTTHIX TyONiYHUX MPOCTOpiB. Takoxk 3a TOTIOMO-
ToI0 00’€KTIB BYJIMYHOTO MHCTEIITBA HAMararoThCs
MPUXOBATH MEBHI HENOTIKHM Oy/IiBIIi T4 OHOBUTH CTa-
pi cTiHM, 00 MOKPALIMTH CHPUHHATTS >KUTIOBOTO
KBapTalry i Mikpopaiiony. [logexyan, TBOpH ByIu-

0

Puc. 3. Bynisns Llentpy xynbrypu Ta muctents HTYY «KIIl» no ctBopeHHs Mypaiy (a) Ta 3 Mypaiom (0),
micto KuiB (a — ¢oto 3 caiiry https://kpi.ua/hall, 6 — ¢oto FO. Onimescrkoi, 2020 pik).

Fig. 3. The building of the Center of Culture and Arts of NTUU "KPI" before the creation of the mural (a)
and with the mural (b), Kyiv (a - photo from the site https://kpi.ua/hall, b - photo by Yu. Olishevska, 2020)

Puc. 4. Tpadaperu Ha cTiHi, 30kpeMa 3 HartucoM «West is best!» («3axin Halikpamuit!»),
micto Kam’ssHenp-Ilominbeepkuii (hoto H. Ilposorap, 2021 pik).
Fig. 4. Stencils on the wall with the inscription "West is best!", Kamianets-Podilskyi
(photo by N. Provotar, 2021)

YHOTO MHCTEIITBA HE JIUIIE MOKPAITYIOTh CIIPHIHHST-
TSl MyOJTIYHUX TIPOCTOPIB MICT, aje i TEeBHOIO MipOIO
BUCTYNAIOTh TYPUCTHYHHMHU arpakuisiMud. 5 Hacmi-
JIOK, Y MiCTax 3 ABJSIFOTHCS «IaHAMAa(TH KpeaTHB-
HUX CTiH», IKi CTalOTh HOBUMH TYPUCTHYHHMH aT-
paKIiisMU, a Ha/ajal MOXKYTh CTaTh i 00’€KTaMH Ky-
JBTYPHOT CIAAIIMHM MicT [36].

V wmictax YkpaiHd TakoK MawTh MICIE TO3H-
THUBHI 3MIHH y CHOpPUHHATI 00pa3iB MICT BHACIHIJIOK
MOKpAIIEHHs] HENMPUBAOIUBOTO BUIVISIY OyaiBelb 3a
PaxyHOK CTBOPEHHsI MypaJjiB, 0COOINBO y MOETHAHI
13 BHAAUM JIaHIAa)THUM IM3aiHHOM IPHJIETIIOl Te-
pHUTOpii Ta BUKOPUCTAHHAM IiACBiUyBaHHS. SICKpaBi
po0OTH 3 MPUBAOIMBUMH 300paKEHHIMH (HOPMYIOTH
MO3UTHUBHE CIPUIHATTS MICBKOTO MpOcTopy. [IpHk-
JaJaMyd MOTOo ecTeTH3allii 3acobaMm CTpPIT apTy €,

Hanpukiaa, podotu «Bomocmaauy, CTBOpEHi Ha CTi-
Hax CycCigHiX OYJMHKIB IO BYJHIN 37aTOYCTiBChKa Y
Micti Kuesi (puc. 5).

OnHUM 13 HAHTIOMUPEHIINX 3aXOJiB JJISl CTBO-
peHHS 00 €KTIiB BYJMYHOTO MHCTENTBA € apT-
¢decruBami. [lepmmii apr-dectuBanb «CTpiTAPT-
®ect» BinOyBcs B Ykpaini y 2009 poui y Xapkosi i
MaB 32 y4acHHWKH, IO CTBOpwiIH Onu3pko 40
00’€KTIB CTPIT apTy, B TOMY YHCIi IIICTh MypalliB
(«MaxTapy», «Mun mnepmi», «Lupk», «Kocmiuna
xa», «Connmar» Ta «Kosra puba»). Hactynna ax-
TUBI3aIlis Mypaii3My y Mictax YKpaiHu BimOyiacs
HarepenoaHi udemmioHary 3 ¢yroony €Bpo-2012.
Tak, Hanpukian, nig yac apr-pecruBamo «Muralis-
simoy» (2010-2011 pp.) y Kuesi Oyiio cTBOpPEHO CiM
MypaJiB.
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YV 2013 pomi B Mexkax mpoekry «lopmicts Xap-
KOBa» OYyJIO0 CTBOPEHO CEepilo MypalliB BIJOMHUX Xap-
KiB’siH y ctumi noptpet: «tOpiit [arapiny», «Jleonin
bukos», «Jle Jlanmay», «Jlropmumia I'ypuyeHko»,

a

«Iletpo Haboituenko», mBa crinomucu «Kimapmii
[lymexenko», «JIvotuuta I'puzomydoBay. B Omeci
y 2014 poui B Mexax npoekty «Geneva Art Wall»
Oys0 cTBopeHo Mypas «CTiHa BUJATHUX OJECHKHUX

0

Puc. 5. Ecreru3aitiisi MiChKOTO MPOCTOPY 3acobaMu CTPIT apTy: Mypanu «Bonocmaam» (a) Ta rpadiri (6) Ha
OyIMHKaX, [0 3HAXOANTHCS HEMOMAIIK Ta MAIOTh CXOXK1 XapaKTEePUCTHKH (OJHAKOBA OBEPXOBICTb, ITEPio]
moOyI0BH, HAasBHICTh TIIyXUX CTiH Oe3 BikoH), Micto KuiB (oo 0. Onimescrkoi, 2020 pik).

Fig. 5. Aesthetics of urban space by means of the street art: murals "Waterfalls" (a) and graffiti (b) on houses
nearby which have similar characteristics (same number of storeys, period of construction, the presence of
blank walls without windows), Kyiv (photo by Yu. Olishevska, 2020)

MIEPCOHAXKIBY.

Haii6inpima KinbKicTh apT-QecTuBaliB BinOyBa-
erbest y Kuesi, Xapkoi ta Oneci. Tak, y 2015 pomi
B pamkax apTt npoektiB «City Art» Ta «Dynamic
Urban Culture Kyiv» y Kuesi 6yno crBopeno 23
mypanu, y 2016-2017 pp. y pamkax QecTuBaiiB
«Mural Social Club» ta «Art United Us» cTBopuin
KiJIbKa JIeCATKIB MypadiB y BiJalleHUX paioHax
Kuesa. ¥ 2016-2017 pp. B Ozeci BinOyscs apt dec-
tuBaib «Odessa Street Art Festival», a Takox Oyio
peamizoBaHo apT mpoekTH  «Animalbws» i
«Odessariumy. Y 2017 poui y [uinpi Boepie Bia-
OyBcs apt dectuBans «Mural Fest Dnipro», B pam-
Kax SKoro OyJo CTBOpEHO necaTh MmypaiiB. Y 2018
poui y Kuesi B pamkax apr-npoexty HamionanpHoi
ennocti «MoreThanUs» Oyio cTBopeHO BiciM TeMa-
THYHUX MypainiB. Y 2019 pomi y XapkoBi BinOyBcs
IV Mixxnaponauii (pecTHBaNb BYIMYHOTO MUCTELTBA
«XapkiB SmART Fest», B Mexax SKOTO CTBOpWIN
YOTHPH Mypaliu.

JuHamiKy KiNbKOCTI CTBOPEHMX MiA dac aprt-
(decTuBayiB MypajiB y OKpeMUX MicTax YKpaiHu
HaBeJIeHO Ha puc. 6.

Po3nogin 3aranpbHOI KITBKOCTI MypalliB, CTBO-
penux Brupomopx 2009-2020 pp. mim gac Ta mosza
MeKaMU apT-(QeCcTUBaNiB MpeACTaBICHHH Ha puc. 7.

JloBOJIi MOIIMPEHOI0 NMPAKTUKOI0 B YKpaiHi €
CTBOpPEHHS 00’€KTIB CTPIT apTy Ha 3aMOBJICHHS 3a-
OyJOBHHUKIB Ha CTiHaX OYJIMHKIB HOBUX J>XUTIOBHX
KoMIUIeKCiB. [IprKIIaoM mporo € Mypaiu KUTI0BO-
ro komiuiekcy «Artville» B Oneci un «Family Park»
y IonTasi (puc. 8).

3HauHO aKTHBI3yBallOCS CTBOPEHHS MYpaliB y
MpoIIeCi MiJrOTOBKM Ta HANEpPEAOAHI MPOBEICHHS
Yemmionary mo ¢yroomy €Bpo-2012, mo MoxHa
MOSICHUTH TIParHEHHSM MICTSH MIOKa3aTH, IO iX Mic-
TO YW MIKPOpPAoOH «y TPEHA» 3araJbHOCBITOBHX
TEHJEHIIM TMOIMPEHHs] BYJIMYHOTO MHCTENTBA, 3
OJTHOTO OOKY, Ta MOBYA3HOIO 3r0/I00 YU HABITH ITiJI-
TPUMKOIO 3 OOKY MICIICBOT BJIaJin 3315 MOJIIIIICHHS
IMiZKY OKpeMHX OyIiBesb i paioHiB, 3 iHILIOTO.

[loTyXHMM MOIITOBXOM ISl Mypalli3My B YK-
paini cramu noxii 2014 poky, Koju B pi3HUX MicTax
MOYaJI CTBOPIOBATH MypaJli 11032 Oy[b-IKHUMHU MPO-
extamu Ta (ectuBansiMu. OCHOBHOIO TEMOIO ITHX
po6iT Oyno mpotucTosHHS arpecii Pociiicrkoi De-
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Puc. 6. Mypanu cTBopeHi y HallOibIINX MicTax YKpaiHu i yac apT-pecTtuBaiis

Ixepeno: ART Odessa. Inmepaxmusna kapma:

https://www.google.com/maps/d/u/0/viewer?mid=1HWAIWr9R ZCnf-41cqiFpgiu_47-

9307&11=46.4727618327276%2C30.740818831538476&2z=17, Kapma mypanos Xapwvrosa:

https://mural.kh.ua/mural-map/; Mypau Kuesa. Inmepaxmusna xapma: https://kyivmural.com/uk/index

Fig. 6. The murals, which were created during art festivals in the biggest cities of Ukraine

Source: ART Odessa. Interactive map:

https://www.google.com/maps/d/u/0/viewer?mid=l HWAIWrIR _ZCnf-41cqiFpqiu_47-

9307&I11=46.4727618327276%2C30.740818831538476&2z=17; Mural map of Kharkiv:

https://mural.kh.ua/mural-map/; The murals of Kyiv. Interactive map: https://kyivmural.com/uk/index

120

100

80

60

40

20

Kuis Xapkis Opeca [Hinpo

M Nig yac apT-dpecTnBanis H MNo3a mexamu apT-dpecTnsanis

Puc. 7. Po3mofin KijgbKOCTI MypalliB, CTBOPEHHUX i 4ac Ta 1033 MeKaMu apT-pecTuBaliB

y HaOLIbIKX MicTax Ykpainu y 2009-2020 pp.

Fig. 7. Distribution of the number of murals created during and outside art festivals

in the biggest cities of Ukraine in 2009-2020
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Puc. 8. O6’exTH CcTPIT apTy Y HOBO30YAOBAaHOMY JKUTIOBOMY KOMILIEKCI,
micto [TonTasa (goto H. [Tposorap, 2020 pik).
Fig. 8. Street art objects in a newly built residential complex, Poltava (photo by N. Provotar, 2020)

Puc. 9. Mypan «/liBunHa-npecenenkay, micto uinpo (doro H. I[Iposotap, 2020 pik).
Fig 9. Mural "Migrant Girl", Dnipro city (photo by N. Provotar, 2020)
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Jepariii Ta marpioTudHa cuMBOJIiKa. Tema BuMyTtIe-
HUX TICPECEIICHIIIB 3HAHIIIA CBOE BiOOpaXECHHS Y
Huinpi Ha mypani «/liBunHa-mepeceneHkay, SKAN
MicTHTh Hamuc «JliM — 1le He TaMm, A€ TH >KUBEIl, a
TaM, e Tebe po3yMiroTh» (puc. 9).

Y 2020 porii TeMa KOpOHOBIPYCY HE 3aJIUIINATIA-
cs1 0e3 yBaru MHMTIIB CTPIT apTy. 30kpema, Ha Habe-
pexwiii Jxinpa y Kuesi Oymo ctBopeHO Mypan i3
300paKeHHSM JIeBa y 3aXUCHIH MacIli.

Pozminienns 006’cxmie ynuuH020 Mucmeymea

{omo micup po3MimieHHs 00’ €KTIB CTPIT apry,
TO pECIIOHIEHTaMH OYyII0 BUCIIOBICHO KiTbKa TyMOK.
[o-nepie, BoHM MOXKYTH OyTH B Oynb-sIKOMY paiio-
Hi MICTa, aJi¢ BXXJIUBUMHU € 1X COIIOKYJIBTYpHA BiJl-
MOBIAHICTH CEPEAOBHUIIY, TOPEYHICTh PO3MIIIEHHS,
«BOYIOBaHICTbY» Y MiChKH mpocTip [27]:

Mucmeymay 6croou € micye, conogne — 2apmo-

nis (CA 11, 22 poku, 4OJMOBIK).

Baowciuso wob eonu enucysanucs y HagKoauul-

wit npocmip (CA 5, 64 pokH, KiHKa).

[To-apyre, pecrioOHICHTH BBaXKAaIOTh, 10 Mypa-
JIU MOXKYTh OyTH PO3MIIIEH] K PIBHOMIPHO IO Mic-
Ty, 100 YPI3HOMaHITHUTH HOTO, TaK 1 JIMIIE B MPO-
MUCIIOBHX 30HaX YU CHaJbHUX palioHax, Je CKOHIe-
HTPOBaHI CTapi HENOMIAHYTI OymiBii. HeBmane mura-
HyBaHHS OKPEMHUX MiKpOpaloHiB MicTa, 0coOImBoOC-
Ti XHUTJIOBOI Ta IPOMKCIIOBOT 3a0yI0BU MOXKYTh HE-
raTUBHO BIUTMBATH Ha 00pa3 MicTa, pPiBeHb IICHUXO-
€MOIIIHOTO 33/I0BOJICHHSI MICTSH BiJl HOTO OKpEMUX
KBapTaJiB, a TAKOXK Ha Bi3yaJIbHE CIPUHHATTS MiK-
POpaiioHiB, HAMPHKIIAJI, OUIBIIOCTI CMAJBLHUX paio-
HIB 3 OJTHOMAaHITHOIO 3a0y/I0BOIO.

[To-Tpere, HAa OyMKY pPECHOHICHTIB, 00 €KTH
CTPIT apTy HEIOpeYHI Ha ICTOPHYHHX OYIIBISX YU
apXiTEeKTypHUX TIaM’STKaxX LEHTPaJbHOI YaCTHHH

MiCTa, JI¢ BJIACHE MOTPIOHO «IMBHUTHCS Ha apXiTeK-
Typy». HaBiTh BHCIOBIIOBaNach IyMKa, IO Ha Ta-
KHX OYHIBISIX CTPIT apT Mae OyTH 3a00pOHEHUM.
Tonosne wob Oyno eépaxosano, de came 3Ha-
Xooumuvca Mypan, wjob ein He 6y6 Ha icmopuu-
Hux 6yoienax (CA 3, 43 pokw, KiHKa).
PecnionenTH, siKi MPOXUBAIOTH Y HOBO30YHO-
BaHMX JKUTIOBHX KOMIUIEKCAX, MEPEBAKHO HE XOTi-
1 0, mo0 Ha ix OyauHKax Oymu 00’ €KTH CTPIT apTy.
Ti, xT0 MemKkalTh B OyAWHKax cTapoi 3a0ynoBH,
JIOITYCKAIOTh MOXJIMBICTh MOSIBM MypaJIiB Ha CTiHaX,
ajie OMHO3HAYHO MPOTH Tpaditi, TpadapeTiB Ta Ha-
KJIEHOK.
A ocusy 6 HOBOMY HCUMILOBOMY KOMNLEKCE, AKUU
sumpumye ceiti cmuiv, i cmpim apm 6y8 ou
npocmo He 00 micys (CA 11, 22 poku, YOIIOBIK).
VY mpoueci TOCTiIKEHHS MU BHUSBHJIM, IO B
YKpaiHChKUX MICTax MOIIUpPEHA MPAKTUKA 3aTyYueH-
Hs 3ac00IB CTPIT apTy IS €CTETHYHOTO TMOJIMNIIeH-
HSl MICBKOTO TIPOCTOPY, & MypalH CTBODIOIOTH HE
JIMIIIe HA CTiHAaX >KUTIOBUX OYIWHKIB, HaBYAJIbHHX
3aKJIajiB, y MPOMHUCIOBUX 30HAX, Ha TpaHc(opma-
TOpHHX OyaKax, BUCOKMX TapKaHax, MiAMipHUX CTi-
HKax HaOepeKHUX, alie i Ha CTIHAX BiJIOMYUX YCTa-
HOB. BranuMu mpukiazamu € CTBOPSHHS MYypAaiB,
SKi TIPSIMO YW OTIOCEPEIKOBAHO ITiIKPECITIOIOTH 3Ha-
YCHHS MEBHHUX YCTaHOB. [0 TakuX CTiHOMHUCIB, Je
MOCWJICHO HE Jinine (DyHKI[IOHAIbHE NPU3HAYCHHSI
OymiBIi, ane W 3araibHe COPUHAHATTA MPHUIIETION Te-
putopii, Hajnexxutb Mypan «Rise up in the dirt»,
cTBOpeHuit Ha Oyamieni nodinii [ledepcrkoro paiioHy
micra Kuesa y 2017 pomi (puc. 10). Ha mypairi cum-
BOJIIYHO BiJIOOPAKEHO, SK MOXKHA «IIAHITHCS 13
Opyly» 3a YMOB, KOJU IMPEACTABHUKH BIIAJU € JIFO-
JITHUMU T4 BiJKPUTHMH.

Puc. 10. Mypaun «Rise up in the dirt», micro Kuig (hoto FO. OnimeBcbkoi, 2020 pik).
Fig. 10. Mural "Rise up in the dirt", Kyiv (photo by Yu. Olishevska, 2020)
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Pezyniosanna npouecy cmeopeHHs 00’ckmie
SYIUYHO20 MUCHEYmEd.

MoskHa BECTH MOBY PO pi3Hi acleKTH 3B’ A3KY
MiXX €CTETMYHHMM Ta MOJITHYHUM BIUIMBAMH BYJINY-
HOro MHUCTerTBa [20]: CTPIT apT MOXKE PO3ITIAAATHCS
SIK MHUCTETIbKHUI 3aci0 TpoTecTy MpOTH KOMepIliai-
3alii, MPOTHIl peKiami Ta KOHCBIOMEPU3MY, 3aXHUC-
Ty MyOJIYHUX MPOCTOPIB; CTPIT apT Moxe OyTh
CTIpSMOBaHWI Ha JEMOKpaTh3aIlifo, II0 30KpeMa
JIO3BOJISIE TIOKA3aTH MUCTEIbKI TBOPH, SKi O HE TO-
Oauwiy JIonU, SKi HE IKaBISATBCS MHUCTEITBOM
(memeBa HekoMmepIIiifHa (GopmMa MHCTEITBA); CTPIT
apT 3a3BuMYall CPOKYyCOBaHMI Ha JIOKAIBHUX MPO-
OneMax Ta MICIEBIi MOMITHLIL; CTPIT apT MOXKE MaTh
m1o0ansHUN XapakTep, aje 31 CrpodaMu T0maTH Mi-
creBoi crerudiku.

oo ykpalHCBKHX MICT, TO HEpiBHOMIpPHICTBH
pPO3MOALTY Ta MOCTYHHOCTI IyONIYHHUX TPOCTOPIB
BHCYBA€ Ha MEPIINH IJIaH HEOOXiTHICTh BpaxyBaHHS
Ta MOMOJIAHHS I[LOTO B MPOIIECi MICHKOTO TIaHYBaH-
Hs. [Ipy pOMy BOHO Mae BpaxoByBaTd iHTepecu
rpoMajv, OyTH MapTHCHIIATUBHUM, HE 0OMEXYyBaTH-
cs ymnie (hopMaNTbHUMHU KUTBKICHUMH TTOKa3HUKaMH
3abe3neueHocTi Ta goctynHocti [37]. s 3amo6i-
TaHHS CaMOBUTHHOMY PO3MIIIEHHIO YH IPOTECTaM
MICIIEBUX MEMIKAHINB I0JJ0 HOBUX OO’ €KTIB BYJIHU-
HOTO MHCTEITBAa HEOOXiJHUM IHCTPYMEHTOM JOCSAT-
HEHHS KOMIIPOMICY € TPOMaJICbKi OOTOBOPEHHS MPO-
eKTiB 1X CTBOpEHHS, a caMi O0’€KTH CTalOTh IPO-
SBaMU TOCTIHHUX TIEPETOBOPHHUX MPOIECIB, SKi
CHPUSIOTH (OPMYBAHHIO «CIIPABEIMBOIO MiCTay
[11,24, 38].

OIHO3HAYHOIO € JAyMKa PECIOHJICHTIB MPO He-
OOX1IHICTh KOHTPOJIIO Ta PETYJIIOBAHHS BYJIUYHOTO

MucTenTBa. [lepeBakHO BOHHU 3a3HauYarOTh, LIO 1€
Mae HaJieXxaTw 10 (PyHKIiH gemapraMeHTy 3 Oiaroy-
CTPOI0 TEPHUTOpii MiCTa, a BIACHE NPUHHATTA pi-
LICHHS PO CTBOPEHHS 00’ €KTIB BYJIMYHOTO MHUCTELI-
TBa, HacamIepen, MypaliB YW MiHI-CKYIBITYp TO-
BUHHE OyTH Y3TO[DKEHHUM 13 MICIIEBOIO TPOMAJOI0
HUISIXOM ONUTYBaHHS MEIIKAHIB MO0 TeMAaTHKH i
JIoKamii Ta TOJIOCYBaHHS 32 CTBOPEHHS TOTO YH iH-
I0TO 00’ €KTY.

Tpomaou marome eupiuysamu Oe i sKi came

Mypanu yu inwi 06’ekmu maroms Oymu. Bio

mooeti mae oymu iniyiamusa (CA 8, 46 pokis,

YOJIOBIK).

BaxnuBolo € i JymMKa pecroHIeHTiB Mpo Te, 10
00’€KTH CTPIT apTy MOBHHHI CTBOPIOBAaTH Tpodeci-
OHaNmW. 3a Takoi YMOBH BOHH OyAyTh €CTETHYHI Ta
3MICTOBHI:

Axwo € 3anum 2pomadceKocmi, mo MONICHA

obpamu pobomy 3a ONUMYBAHHAM YU OamMU 8O-

o mumysim 6 mexcax xkorukypcy (CA 11, 22 po-

KH, YOJIOBIK).

3 MeTOK TONIMIIeHHs MKy MicTa Ta IpH-
BalOJIeHHS TYPUCTIB, MiChKa BJIaJla MOXKEe CTBOPIOBa-
TH YMOBH UL PO3BHUTKY CTPIT apTy, aje KOHTPOJIbO-
BaHOro. Ale, SIK HACliJOK, LI€ MOXKE 3yMOBIIOBaTU
«TypucTU(IKaIlil0 MICBKOTO MHCTEITBa» (urban art
touristification) [39].

HoBuM iHCTpyMEHTOM MapTHCUNALIT, IO CIPH-
SB TIOsIBI 00 €KTIB CTPIT apTy y Micrtax YKpaiHw,
CTaJli Tporpamu OropKeTy ydacti. Y tabnumi 1 Ha-
BEJICHO OKPEMi IPOEKTH CTPIT apTy, sKi OyJH MojaHi
Ha KOHKYpC Ta peali3oBaHi abo YCITIIHO TPOHIIIIH
BiOip s peaiizamii B pamkax Ifi€l mporpamu y
Kuesi, Xapkogi ta JIninpi.

Tabnuys 1

[IpoekTtu cTpit apTy, sKi Oynu mMojaHi Ha KOHKYPC IS peamizallii yepe3 OKeT yJacTi

Micto Pik Hassa npoekrty
2018 | Mypamu cyneprepois Marwel Ha Byi. akagemika [laBnosa
2019 | Mypan-tpuntux «CuHiil kut» Ha nnpocnekti Jlroasira Ceobonu, mypai
Xapkin «BuimBaHKka» Ha ByJ. Mupy, Mypan «OGeperH XapkoBa» y npoByJikax Tpoi-
ubkuii Ta BopoOiioBa, mypait «/liBurHa B mickax» Ha Bysl. BopoOiioBa, Mypa
«Crapuii i Mope» Ha Bysl. MasIKOBCHKOTO
2020 | /lonoBHEHa pealibHICTh Y MiCBKOMY IPOCTOPi
Kuiis 2018 | Mypan Ha nmpuOyIMHKOBOMY TEIJIONMYHKTI Ha Byi. Ilanaca MupHoro
2021 | Mypan Ha TpancdopmaropHiil mijgcTanuii Ha By ['epois CramiHrpamy
Tlsinpo 2019 | BpoHn3oBi MiHi-cKynbnTYpH «Biguyii JHinpo»
2021 | Micto rpadiTi

Jicepeno: ckilajieHo aBTOpaMH 3a JaHUMH O(IliHHUX caiTiB mporpaMu «bromkeT ydacti» y mictax Ku-

iB, Xapkis, JJHinpo.

Tak, y pamkax nporpamu «bromkeT ydacTti» y
XapkoBi Oyllo CTBOPEHO CEpil0 MiHi-MypajiB y BU-
IS JeCSITH MapoK 3 PiAKICHUMH POCIMHAMU Ta
JecsITh MiHi-MypalliB «3HHKao4i NTaxu XapKiBChb-
kol o0sacti». Y 2020 pomi 3aBasiku nporpami «bro-
JUKETY y9acTi» y MicTi OyJl0 CTBOpEHO Mypasr «Yc-

nimHui XapkiB» Ta MaciiTaOHUN Mypai (IIIOMIEI0
120 M?) i3 300paskeHHAM BiJOMHX CIIOPYJ XapKoBa.
BucnoBku. IIpoBeneHe nociiKeHHS 0O3BO-
JIUJI0 TOIMOUTH PO3YMIHHS MicLsl BYJHYHOTO MHC-
TENTBa Y MiCbKOMY TIpocTopi. BusiBiieno ocobnuBo-
CTi TEMaTHYHOTO CIIPSMYBaHHS, 3yMOBJIECHOCTI, pO3-
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MIIICHHS Ta CHPUHAHATTS MEMIKaHIIMH 00’ €KTIiB
BYJUYHOT'O MUCTEIITBA y MiCTax YKpaiHH.

Amnaitiz 00’€KTiB CTPIT apTy MoKa3as, U0 B IIi-
JIOMY CIIOCTEPITaloThCsl TSHACHIIIT 10 ACIICHTpaTi3a-
mii X po3MilIeHHsI Y MICBKOMY IPOCTOpi Ta perio-
Haji3amii ByJIMYHOTO MHCTEITBA, IO CITIB3BYYHE 3
BucHOBKamH [36]. To6To BinOyBaeThCs MOIIMPEHHS
00’€KTIB CTPIT apTy BiA HEHTPY MIcCT 10 mepudepii
(xoua, 3po3ymino, mo rpaditi TpagUIiitHO XapaKTe-
PHU3YIOTbCSI BHIIOI0 KOHICHTPALEI0 Ha MiCHKUX
OKpaiHax), a IOpsI 31 CTOJIMYHUM MICTOM Ta TOJIOB-
HUMU PETiOHaJBHIMH IEHTPaMU 00’ €KTH CTIPT apTy
CTalOTh 3BUYHUMH €JI€MEHTaMH MIiCHKOTO HPOCTOPY
IHIIIMX MICT.

[onoBHUM CITOHYKAJTBHIM MOTHBOM CTBOPEHHS
HOBHUX 00’€KTiB BYJIMYHOTO MHCTEITBA € CITIBIAIiH-
Hs IHTEpECIB MICIIEBUX I'pPOMaJ Ta MICIIEBOI BIIAIH
1010 TTOKPAIIIEHHS 1 OHOBJIEHHSI MiCHKOTO TIPOCTOPY
Ta OKpemux OymiBens i TepuTopiit. binmeime toro, i
MpolecH 3HAWILUIN BIATYK i y 3a0yJOBHHKIB, SIKi aK-
TUBHO BUKOPUCTOBYIOTH 00’€KTH BYIUYHOTO MHCTE-
ITBA JUIA MiJBUIICHHS aTPaKTUBHOCTI HOBUX JKHUT-
JIOBUX KOMILIeKciB. [IpoTe, 3po3ymino, 1mo Metoau
peautizanii, TeMaTHYHa CHOPSMOBAHICTh Ta MicIle po-
3TallyBaHHS MOXXYTh BHUKJIMKATH KOH(IIKTH Ta Ha-
BiTh MPOTECTH 3 OOKY OKPEMHX MEIIKAHIIB, CIIThb-
HOT Ta NpPEAICTaBHUKIB MyHILIUIAJIITETIB.

BaxmuBUMH TpUTEpaMHu «CILIECKY» Mypaii3a-
mii B YKpaiHi cTaBaiM MIChKi apT-(pecTHBali Ta Me-

ra-moii, SKi IEBHOIO MipOIO BiII3€pKaIIOBAIH TIpa-
THEHHS MEIIKAHIIB Ta MICHKOI BIaJy IOKAa3aTH, 1110
BOHM B TPEHJI «MOJHOT0» OHOBJICHHS MYOJIYHUX
npoctopiB. [lo3a apr-¢pectuBansiMu Ta Mera-
MTOMISIMHM iICTOTHHH BIUTMB Ha CTBOPEHHS Ta TEMaTH-
Ky 00’€KTIB CTPIT apTy Mald COIiaTbHO-TIONITHYIHI
MoJIiT Ta COMiaNbHI MpoOJieMu, MOB’sI3aHi 3 BIHCHKO-
BOI0 arpeciero Pociticekoi Dexpepartii, okynariero Ta
BAMYIIIEHUM TIEPECENICHHSIM, a B OCTaHHI POKH — i
nomupensasM nanaeMmii Covid-19. Ile nae migcrasu
BECTH MOBY TIPO «IOCT-TPaBMaTW4Hy Mypaji3a-
Iif0», MOMIOHO IO TOTO, SIK 1€ CIOCTepiraiocs y
MiCTax, IO 3a3Haji 3HAYHUX MOLIKOHKEHb BHACIII-
JIOK TIPUPOJIHUX JIUX YM COI[IJIbHUX HerapasiiB, sK
Hampukian [40].

[Ipu 3aranom MO3UTHBHOMY CTIPHUHHSTTI BYIH-
YHOTO MHUCTELTBA PECIOHICHTH HaroiollyBajll Ha
HEeoOXiTHOCTI HOTO KOHTPOITIO Ta peryiaroBaHHs. Ho-
BAM IHCTPYMEHTOM TMapTUCHUIIATUBHOTO CTBOPEHHS
00’€KTiB BYJIMYHOTO MHCTEITBA CTalMl IMPOrPaMH
OIOIKETy ydacTi, SIKi TOJIOBHO HOCSTH HEUTPaJbHY
TEMaTHYHY CIIPSIMOBAHICTb.

OTxe, 00’€KTH BYAMYHOTO MUCTEITBA 32 TOPi-
BHSHO KOPOTKHI TPOMIXOK HYacy CTajll 3BHYHOIO
MPAKTHKOI OHOBIEHHS, «0’toTiikamii» Ta «eEBpO-
Teizarii» MiCBhKOTro IpocTopy 6ararbox yKpaiHCBKHAX
MICT, a (hacaay Ta CTiHH OyIiBEIb MEPETBOPIOIOTHCS
Ha «IIOBEPXHI IS CIUIKYBaHHs» [41] aBTOpIB 3 Me-
LIKAHIIMH MiCTa.
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B crarbe yniyOneHo NOHMMaHHE MECTa YJIMYHOTO MCKYCCTBAa B TOPOJICKOM HpocTpaHcTBe. Llenbro nccienoBanus
SIBJISIETCSI aHAJIU3 TEMaTUYECKOI HAPaBJICHHOCTH, 00YCIIOBIEHHOCTH, Pa3MELICHHS U BOCIIPUSATHS KUTEISIMA OOBEKTOB
YAMYHOTO MCKYCCTBa B Toposiax YkpauHbl. Ha ocHOBe aHanM3a mpenblayInX UCCIEA0BaHNH 0000EHBI BUABI U (OPMBI
CTPHT apTa, €ro MECTO B TOPOJCKOM IIPOCTpaHCTBE. ccieqoBaHNe OCHOBBIBAETCS HA aHAJIM3E COOOIIEHUH B CPEICTBaX
MaccoBOH HH(pOpManuu 00 00bEKTax YINYHOIO UCKYCCTBA, Pe3yibTarax IIyOWHHBIX IOTyCTPYKTYPHUPOBAaHHBIX HHTEP-
BbIO JxuTesel Kuesa, a Taxoke HaOMIOAEHUH aBTOPOB Ha YJIHIAX HECKOJIBKUX TOPOIOB YKPAHMHBI.

AHanu3 00BEKTOB YJIMYHOTO MCKYCCTBAa B YKpaWHE MOKa3al, 4TO B IIEJIOM HAOMIONAIOTCS TEHACHINH K JICIEHTpa-
JM3a0UKM UX Pa3MELICHHs B TOPOACKOM MPOCTPAHCTBE W PETHOHAIM3ALMH. BuaeHne sxuteneil cBUAETEIbCTBYET 00 X
TpeOOBaHUH O COOTBETCTBUU HOBBIX OOBEKTOB CTPUT apTa COLIMOKYJIBTYPHOM Cpeie, yMECTHOCTH pa3MeIlIeHHsI, «BCTPO-
€HHOCTH» B TOPOJCKOE MPOCTPAHCTBO. BBIABIEHO, UTO BaXKHBIMM JBMIATENIIMU aKTUBU3AIMM YJIHYHOTO HCKYCCTBAa B
VYKpauHe SBISIOTCSI TOPOJACKUE apT-(eCTUBAIH, MEra-coOBITHs, COLUAIBHO-TIOJUTHYECKUE COOBITHSI M COIMajbHbIC
poOJIeMbl, HHUIIMATHBBI 3aCTPOMIIUKOB, a TAK)KE MPOrPaMMbl OIOJDKETa YHacTHsI.

AHanu3 OTHOIIEHHS K TeMaTHYECKON HaIllpaBJICHHOCTH CTPUT apTa IOKasaj, YTO IPUOPUTETHBIMHU IS JKUTeNnei
KueBa sBnstoTcst TEMBI MPUPOJBI, N300PAXKCHNS BBITAIONINXCS JIMI C HE3alsITHAHHOMN pemyTanuei, MpeacTaBUTeNeH
BOXHEHIINX Ipodeccrii, HAIMOHAIbHAS, TTATPHOTHIECKAs U COLMAbHAs TeMaTHKa, KOTopast HoOyXJaeT K pa3MbIIIIe-
HUSIM, a TaKXe TEKCThl U3BECTHBIX CTHXOB M LIMTAThl. HeraTUBHBIM SIBIIIETCSI OTHOLIEHUE K MONHTUYECKOW TEMAaTHKe,
KOTOPO€ COIPOBOXIIACTCS PAa3IHMYHBIMK NpHU3bIBaMH. [loaTBep)kaeHO, YTo Oosiee Ba’KHBIM BUIWTCS JIOKAIBHBINH KOH-
TEKCT 00BEKTOB CTPHUT apra. [lokazaHo, 4TO Ipu OOIIEM ITOJIOKUTEIHHOM BOCIIPUSTHH YINYHOTO MCKYCCTBA JKHTEIN
TOpPOJIOB 3aMHTEPECOBAHBI B HEOOXOIUMOCTH KOHTPOJISL ¥ PETYIMPOBAHUS Pa3MEIICHUs] HOBBIX OOBEKTOB C yUETOM Tpe-
OOBaHUI NAPTUCHUIIATUBHOCTH.
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ABSTRACT

Purpose. The purpose of this research was to analyze the thematic orientation, drivers, location and perception by
residents of street art in Ukrainian cities. Accordingly, the research questions are as follows: where and which street art
pieces are located in cities? what are the main triggers of their spread in urban space? how city residents percept street
art? what dwellers think about impact of street art on socio-cultural space and should street art be regulated in cities?

Research methods. The study is based on an analysis of media reports on street art, the results of in-depth semi-
structured interviews with Kyiv residents, and the authors’ observations on the streets of several Ukrainian cities.
Twelve semi-structured in-depth interviews were conducted with Kyiv residents in April-May 2021, which included
blocks of questions on the perception of street art, its subject matter, location and the need to control and regulate their
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creation and distribution. The authors conducted observations on the streets during 2017-2021 in the cities of Kyiv,
Dnipro, Kharkiv, Odesa, Poltava, Kamyanets-Podilskyi, and Kramatorsk.

Main findings. Based on the previous research, the main forms of street art and their place in urban space are ana-
lyzed. The analysis of street art pieces in Ukraine showed that in general there are tendencies of decentralization of their
location in the urban space and regionalization. In other words, street art is spreading from the city center to the periph-
ery, and along with the capital city and the main regional centers, street art pieces are becoming common elements of
the urban space of other cities and towns. The vision of the residents testifies to their demand for the conformity of new
street art pieces to the socio-cultural environment, the appropriateness of placement, and “embeddedness” into the urban
space.

It was revealed that key drivers of street art booming in Ukraine are urban art festivals, mega events, socio-
political events and social troubles, developers’ initiatives, as well as participatory budgeting programs. At the same
time, the methods of implementation, thematic orientation and location of street art can cause conflicts and protests
from individual residents, social movements, and municipalities as well.

An analysis of the attitude to the thematic orientation of street art showed that the topics of nature, images of
prominent people with an unblemished reputation, representatives of the most important professions, national, patriotic
and social topics that encourage reflection, as well as texts of famous poems and quotations are most welcoming for
Kyiv residents. The attitude to political issues accompanied by various appeals is distinctly negative. It has been con-
firmed that the local context of street art objects is considered as more important. It is shown that with the generally
positive perception of street art, city dwellers are interested in the need to control and regulate the location of new mu-
rals and other street art pieces taking into account the public participation principles. In a relatively short period, street
art have become a common practice of renewal, "beatification" and "Europeanization" of the urban space of many
Ukrainian cities.

Scientific novelty and practical value. The article develops the understanding of the place of street art in the ur-
ban space revealing the main peculiarities of the location, distribution and perception of street art in Ukrainian cities.
The practical value of the study lies in the focus on identifying prospects for the implementation of the principles of
participatory urban planning in the context of the creation of new street art pieces as a mean of improving public spaces.

Keywords: city, urban space, street art, mural, public space, location, perception, Ukraine.
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Huni, xomm moGanbHe NOTEIUTIHHS € JOBEICHNUM, OI[IHKA 3MiH TEPMIYHOTO PEXHMMY Ta HOTO BIUIUBY Ha 34OPOB’S HACEIICHHS
cTara OJHUM 3 MPIOPUTETHUX HANPAMIB AiISIIBHOCTI BcecBiTHROI MeTeoponoriyHoi opranizanii (BMO) i BeecBitHpoi opranizamii
oxopoHu 370poB’s (BOO3). V 3B'13Ky 3 UM 0COOMMBOI BaXXJIMBOCTI HAOYyBalOTh JOCIIIKEHHS SKCTPEMAIbHUX MPOSBIB B PEXUMIi
TEeMIIEPaTypH MOBITPS OKpeMUX perioHiB. CydyacHi 3MiHH KIIIMaTy CyIpPOBOKYIOTECS 3pOCTAaHHSAM MOBTOPIOBAHOCTI Ta iHTEHCHBHOC-
Ti XBWIb Teruia (TepiofliB 3 eKCTPEeMajbHO BHCOKOIO TEMIIEPaTyporo), uepes3 Iie camMe XBWIISIM TeIUIa Hapasi NPHIUISEThCS BeIHKa
yBara. KpiM Toro, o4ikyeTbcsl, 10 B MaiiOyTHROMY HETaTHBHI HACHiAKK IIUX 3MiH OyIyTh HOCHIIOBaTHCE. B po0OTi poBeneHo aHami3
PEeKUMY MaKCHUMaJIbHOI 100OBOI TeMIlepaTypHy MOBITps 3a (GaKTHYHMMH JaHUMH 3a Nepioan OuIbIIe, HiX NIICTAECAT POKIB, i OUiKyBa-
HuX — 3a 2021-2050 poku mis Tppox MereoctaHuii (Ykropon, Xapkis, Oneca). [yt KO)KHOTO JHS POKY PO3paxOBaHO TaK 3BaHUM
«aOCOMIOTHAHN TOPIT TeMmeparypm» 3a pekomeHaanisisMu BMO. BuzHadeHO HasiBHICTh XBHJIb TeIUIa, BUXOASYH 3 11 gediHimii, ToO6To
nepiof], KoM MakcUMallbHa J0O0Ba TeMIIepaTypa MOBITPs OiIbIIe 5 MOCHiZOBHUX AHIB IEPEBUIIYE CEPEAHI0 MAKCUMAJIbHY TeMIepa-
Typy A AaHOTO KaJeHAAapHOTO JHS 3a ocHOBHHUI mepion (1961-1990 pp.) Ginemre, Hix Ha 5°C. BusBneHo XBWII Temsia Ha OCHOBI
(akTHYHMX JaHUX 1 MOAETBHUX PAIB 3a cueHapismu Hu3bkoro (RCP2.6), cepenaroro (RCP4.5) ta Bucoxoro (RCP8.5) piBHIB BHKH-
IIiB TApHUKOBHUX Ta3iB; MPOAaHAII30BAHO 1X (PI3MKO-CTaTHCTHYHI XapaKTEPUCTHKH Ta MPOTHO3 HUHaMiku 10 2050 poky y pi3HHX peri-
oHax Ykpainu. HaiimeHmIa 3a pik KiIbKiCTh XBHJIb TeIula 3aikcoBaHa Ha MIiBOHI KpaiHM, a MakCHMMaJlbHA TPHBAJICTh XBHJII Teria
MPUOJIM3HO OJTHAKOBA Ha BCIiX JOCIIPKYBaHUX cTaHLisxX. Ha 3axoni YkpaiHu crocrepiraeTbesi TEHASHIS 3pOCTaHHS KiJIBKOCTI XBHIIb
Teria Ta X TPUBAJIOCTI 3a JOCIIHKYBAHUI TEPioj 3a NECATUPIUYSIMH, Ha MiBHIYHOMY CXOMi i MiBIHI — Ii MOKA3HUKH 3a3HAIH KOJIU-
BaHb. BusBIeHo, 0 y BciX perioHax 3a (GakTUYHMMH JaHUMH HalWO1IbIIy TIOBTOPIOBaHICTE (82% Bij 3arajbHOI KiNBKOCTI XBHIIBb 32
PiK) Manmu XBHIII TeIia TPHBAJicTIO 6—9 nHIB; 3a maHuMHu creHapito RCP2.6 iX MOBTOpPIOBaHICTP MaKCHMAIBHO 3MEHIIYETHCS (IO
52%) Ha miBgHI KpaiHW. 3a BCiMa BUKOPUCTAaHUMHM TPA€KTOPIsIMU KJIIMAaTHYHHUX 3MiH HalO1IbIIa KUTBKICTh XBHIIb TEIUIA y MIPUIAEIIHI
TPUIIATH POKIB OYIKYETHCS Ha MiBAHI YKpaiHU, IPUYIOMY 3 MAKCHMYMOM Y XOJIOAHY TOPY POKY (KOBTE€Hb-KBiTEHB). [HTEHCHBHICTD
XBIJIb TEIUIa XOJIOJHOTO TMEpioAy € BHIIO0, HDK TEIUIOTO Y BCiX perioHax YKpaiHH, 0cOONMBO y MiBIEHHUX perioHax. JlocmimkeHi
XBHJII TEIlJIa CYTTEBO BIUIMBAIOTh HA CAMOIOYYTTS Ta CMEPTHICTH JIIONIel, TOMY OTpUMaHi JaHi Mpo 1X MOKa3HUKH 1 TeHASHLIT 3MiHN
HEOOXiTHI /I PO3POOKH KOMILICKCY MPOMITAaKTHYHUX 1 3aXMCHHUX 3aXO[iB y TUIAHI PU3UKIB I 30POB’SI HACEJICHHS, OB’ A3aHUX 3
KJTIMaToM.

Knrouogi cnosa: cyenapii smin K1imanty, Xeuii menaa, KyMyJIsSmueHa meMnepamypd, 4acoéa OUHAMIKA.

Sk uuryBatu: CadpanoB T. A. Ocob6auBOCTI qUHAMIKK XBUIb TEMJIa B Okpemux mictax Ykpaiau / T. A. Cadpanos, I'. I1. Katepymia, O. B.
Karepyua, Spai Kam6i3 / Bicauk XapkiBcbkoro HarioHanbHOro yHiBepeurety imeHi B. H. Kapasina, cepist «['eonoris. I'eorpadis. Exonoris», 2021.
— Bumn. 55. — C. 232-244. https://doi.org/10.26565/2410-7360-2021-55-17

In cites: Safranov T. A., Katerusha H. P., Katerusha O. V., Yaraei Kambiz (2021). Features of the dynamics of heat waves in selected cities of
Ukraine. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 232-244. https://doi.org/10.26565/2410-
7360-2021-55-17 [in Ukrainian]

IMocTtanoBka mpo6aemu. 3MiHU KIIiMary Ta iX
HACIJIKK € HAJA3BUYalHO aKTyaJIbHOIO IHPOOJIEMOIO.
UYepe3 mmobanbHi 3MiHM kiaimaty y XXI cropivui
CTIOCTEPITraeThes, 1 OUIKy€eThCsSI B MAliOyTHBOMY, Mij-
BUIICHHS TEMIIEPAaTypH TPHU3EMHOTO Iapy arMoc-
(bepu Ta 4aCTOTH i IHTEHCHBHOCTI IEPiO/IiB aHOMA-
JIBHOT CHEKH, SKi BIUTUBAIOTH 30KpeMa 1 Ha 310pOB’s
moneit. TpuBaii nepio BUCOKUX TeMIeparyp Io-
BITpsI CTBOPIOIOTH (Pi3i0NIOTIYHUE cTpec JUIst OpraHi-
3My JIOOUHHM, IO TOTipiIye mepedir 3axBOPIOBaHb

(pecniparopHHX, KPOBOTBOPHUX, IIYKPOBOTO JliabeTy
TOIIIO) 1 MOXKE MTPU3BECTH HABITH 10 CMEPTI, a TAKOK
HapOIy€e COLiabHO-eKOHOMIYHI HacHigKu (HampH-
KJ1aJl, BTpaTa Mpaue3naTHoCTi, MPOILYKTUBHICTD Hpaili
tomo) [1].

[TorenninHs KITiMaTy TPU3BOAUTH 10 3MiH YMOB
MOLIMPEHHS iHQEKUIHNX 3aXBOPIOBAHb JIOAUHH, Y
TOMY 4Hchi 1 TpaHcMicuBHUX. [Ipu 1IbOMY 3MiHFO-
IOThCSI YMOBH ICHYBaHHS TOMYJISAIIN MMEPEHOCHUKIB
TPaHCMICHBHHX 3aXBOPIOBaHb 1 YMOBH PO3BUTKY
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30yOHUKIB Yy TIEPEHOCHUKY, IO CHPUYUHSIE 3MIHY
MOXKJIMBOCTEH Tepesadi 6ararbox 3aXBOPIOBaHb JIFO-
nuad. [ligBuieHHsT TemrnepaTypyu HOBITPS MPHUCKO-
PIO€ PO3BUTOK 30YIHUKIB B OPTaHi3Mi MEPESHOCHUKA,
a caM TIpoIleC Iepenadi poOUTh OLTBIT ePEKTHUBHUM,
MOLIMPIOE HOTO HOo30apeall, MOJIETIIye Iepenady
3axBOpIOBaHHS [2]. SIKIIO y XONOAHOMY KIliMari
30ynHUKH iH(DEKIiH, Momagarodn 3 Opra”i3My 3apa-
KEHOI JIIOOMHM Yy 30BHILIHE CEPENOBHILE, HE MO-
XKYTh y HbOMY iCHYBaTH, TO B TEIJIMX YMOBAaxX CHUTY-
aIfis KapJUHAIBLHO 3MIHIOETHCSA. 3HAYHI MOPYIICHHS
3[I0POB’A IiJ] 9ac TEMIIEPaTypHUX XBWIIb XapaKTepu-
3yIOTbCSl HE JIMIIE HOro BTParoro, aje il 3HWKESHHAM
KIUJIBKOCTI 3JJOPOBHX POKIB JKHUTTS, IO BiJJOUBAETHCS
1 Ha eKOHOMIYHHX MTOKa3HUKAX — BAJIOBOMY IIPOIYK-
Ti Kpainu i periony [3].

3a nanumu BceecBiTHhoro OaHKy, YkpaiHa BHa-
CIITIOK PO3MIpiB TEPHUTOpii Ta PI3HOMAHITTS JaHI-
madTiB, OibIIe iHIMX KpaiH CxigHOi €BpONH CXu-
JbHA 0 BIUIMBY 3MiH KiiMary. Haituytnusimmmu 1o
3MiH KJIMaTy € MiBJeHHI perionn Ykpainu [4].

AHagi3 ocTaHHIX AoCHiTxKeHb i myOsikamiii.
Hacnigky BIiMBY TemrmepaTypHHUX XBHJIb Ha 3710-
POB’sl HACEJICHHSI BUBYAIOTh y Pi3HUX KpaiHax CBITY,
1 B OCHOBHIA MeanuHii Oa3i nanux PubMed nase-
neHo noHan 1000 myOGmikariiii y it cipssMOBaHOCTI
nociimkens [3]. Tak, mpoGieMi XBWIb TEIa y CY-
YaCHOMY CBIiTi HNPUAINSETHCS 3Ha4YHA yBara MpakTH-
YHO B YCiX €BpOIeHchKkuX Kpainax i CromydeHunx
[ratax Amepuku [5-9 Ta in.]. [IpoTe He icHye
€JIMHOTO YHiBEPCAIbHOTO BU3HAYCHHS XBUJIb TEIUIA,
10 BUKOPHUCTOBYBAJIOCS O SIK KpPUTEpid AN BUSB-
JIeHHS 11i€l aHomarii y Bcix mocimipkeHHsX. e mo-
’KHA TTOSICHATH THM, IO B 3aJ€KHOCTI BiJl 3aBJaHb
HayKOBOTO JOCHI/DKEHHS a00 TPaKTUYHOTO O0O0CITy-
TOBYBaHHS Tally3eil eKOHOMIKH HaHOIbIIy 3aIlikaB-
JICHICTh MOXYTh TIPE/ICTABISITH XBHUIII IEBHOI 1HTEH-
CUBHOCTI 200 TpuBajocTi [8].

VY HayKOBHX IOCII/KEHHSIX BHKOPHCTOBYIOThH
Pi3HI TiJAXOAU JI0 BU3HAYCHHS XBWJIb TeIlia. Buko-
PUCTOBYIOTBCS BIIXMJICHHS SIK BiJl CEPEAHBOI J000-
BO1 TeMIIepaTypH IMOBITPs, TaK i BiJl MAKCUMaJTbHIX
i 3HaueHp 3a m00y. Tak, meski aBropu [8, 10—12]
BBa)KAIOTh, 110 XBHJI TeIia MOTPIOHO BHSBIIATH Ha
OCHOBi cepefHboi J000BOi TemrepaTypu MOBITps
gepes Te, 110 BOHA € MIpOI0 TEMIIEPAaTYPHOTO CTPECY
Ha OpraHi3M JIIOAMHH. Y TOU ke 4ac, 0arato Jocii-
JTHHUKIB BHSBISIFOTh XBWIII TeIJla HA OCHOBI MaKCH-
MasbHOi 3a A00y TemmepaTypu HOBITpsA (TOOTO Yy
JCHHMI Yac), KOJIM JIFOJMHA € HalOUIbII aKTHBHOIO,
nepeOyBalouy 30BHI TNPHUMINICHHS, & OpraHi3M ii
BiquyBae 3HauHMil TeroBui crpec [13—18]. Ha oc-
HOBI IX MO)KHa BUSIBJISATH AHOMAJBHO Teruli abo
AQHOMAaJIbHO CIIEKOTHI JHI (XBHJII TeIUia) He TUIbKU
BJIITKY, ajie ¥ B3UMKY. XBHWJIS TEIUIa — 1€ MPUPOIHE
SIBULIE, 10 XapaKTepU3YETbCA TPUBAIUM IEPioaoM
AHOMAJTLHO TEIUIOi TOTOH 1 MOMMPEHi Ha MEBHIN

Teputopii [19].

XBWICIO TEIUIa, 3a3BUYal, BBAXKAIOTH MEPIoN y
KiTbKa 710, Temreparypa Mijg 4ac SKOTO MEepeBHUILye
3aJlaHui Topir, ajie crenugivyHi 0COOIMBOCTI IILOTO
TOHATTS  BapIIOIOTBCS  3aJICKHO  Bim  (i3HKO-
reorpaivHOTO PO3TalIyBaHHS pailoHy TOCIiIKEeH-
Hs Ta iH. Haifuactime BHKOpPHCTOBYETHCS BH3Ha-
JeHHs, pekoMmeHmoBaHe BMO: xBuis Termma — 1€
mepioy, KOMM MaKcHMaibHa 1000Ba TemmepaTypa
MOBITPsL OUNBIIE 5 TMOCHIJOBHUX JIHIB TEPEBUIIYE
CepefHI0O MaKCHUMalbHy TEMIIEpaTypy Ui AaHOTO
KaJICHIApPHOT'O JHS 32 OCHOBHUH mepion (1961-1990
pp.) Ginbre, Hixk Ha 5°C [14].

XBUIIA TemJia XapakTepU3YEThCsl TAKMMH TIOKa-
3HUKaMH, SK TPHUBAIICTh (IHI) Ta IHTEHCHBHICTDH
(KyMyJsTHBHA TeMmIieparypa MpPOTSATOM OKpPEMOi
XBWII Teruia). KymynsaTuBHa TeMiieparypa — e cyma
PI3HHUIF MK MAaKCUMAJIBHOIO JJOOOBOIO TEMITEPaTy-
PO TIOBITPS i Yac XBHII TelUla i BU3HAYEHUM
3HAYEHHSAM CEPENHBbOI MAaKCHUMAJIBHOI TeMIIEpaTypu
3a 11e#l mepioa, TOOTO Iie CyMapHa MaKCHUMallbHa Te-
mrepatypa () Mo 9ac OKpEeMO B3ATOI XBHIII TEl-
na [14] 1 BOHa XapaKTepu3ye, BlacHE, IHTCHCUBHICTh
XBHJII TeIUIA.

Buspnenns xBuip Temaa Ta ix  ¢i3HKO-
CTaTHCTUYHHAX XapaKTEPUCTHK Ha TepuTopii Ykpai-
HU TPOBOAWIOCH OararbMa JOCHITHUKAMH JIUIIC B
TEIUTMH TIepiofl pOKY 1 HAa OCHOBI (PAKTUYHUX JAHHX.
HeoOxigaum € 3’scyBaHHs, 0 BiAOyBa€eThCS B IHO-
My KOHTEKCTi 1 B XOJOIHY MOPY POKY, OCKLIBKH
XBHJII TEIUIa BIUIMBAIOTH MIPOTATOM POKY HE JIUIIE Ha
37I0POB’S JIIONIEH, a i Ha CITbChbKE TOCTIONApPCTBO Ta
iHII1 ramy3i ekoHoMiku. KpiM Toro, muist momonaHHs
HEraTUBHUX HACIIAKIB 1 agamnranii JIroaeu 10 KiiMa-
TAYHHUX 3MiH TOTPiOHO BpaXxOBYBaTH i MPOTHOCTHYHI
3HA4YEHHS METEOPOJIOTIYHUX BEJIWYMH, 30KpeMa Te-
MIepaTypd TOBITps, 3TiJHO Cy4YacHHUX CIICHapiiB
3MiH KJIiMary.

DopMyTIOBaHHSI MeTH cTaTTi. MeToro pobo-
TH € BUSIBIICHHSI XBWJIb TEIUIa HA OCHOBI (PAKTHYHUX
i cuenapaux (RCP2.6, RCP4.5 CLMcom4, RCP4.5
MPI-CSC2, RCP4.5 SMHIS5, RCPS8.5) Buxinnux
JIAHUX Ta aHaji3 iX (Pi3MKO-CTAaTUCTUYHHX TOKa3HU-
kiB nuHamiku 10 2050 poky.

Bukian ocHOBHOro Martepiaay A0CTiTKeHHS.
s mpoBeneHHs TOCIiIKEHHS! BUKOPUCTAHO BEIH-
4ye3Hy 0a3y JaHWX, siKa SBIsE cOOOK psId 3HAYCHD
MaKCHMAaJIBHOT T0OOBOT TeMIIEpaTypH MOBITPS 3 Cid-
HS 110 TPy/AEHb 3a AOCTYIHI MEPioau I TPhOX Me-
TEOCTaHI YKpaiHH, PO3TAlllOBaHUX B 3aXiIHOMY
(Yxropon), miBHIYHO-cXimHOMY (XapkiB) Ta TiB-
neaHomy (Opeca) perioHax Ykpainu. Buximni mani
OTPUMAHO 3 CaiTy, AKUH MICTHThH KJIiMaTuuHy iH(DO-
pmartito juist reputopii €Bporm [20]. Kpim Toro, Oy-
JI0O 3aCTOCOBAaHO 3HAYEHHS MaKCHMaJbHOi JH00O0BOT
TEMIIepaTypHu HOBITPA AJsl THX XK€ Pernpe3eHTaTUB-
HUX MeTreocTaHilid mporsrom 2021-2050 pokie 3a
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pe3yibTaTaMi  MOJCIIOBAaHHS 3TIAHO TPAEKTOPii
RCP2.6, RCP4.5, RCPS.5.

AHani3 BusBIeHUX (PaKTUYHUX BUIIAJIKIB XBUJIb
TeIula 3 BUKOpPHCTaHHAM Kputepiro BMO 3a mocai-
JOKyBaHI TEpiomyd JUIs  XOJOXHOTO  (JIMCTOTaf-
KBITEHB) 1 TEIUIOTO TEpioiB (TPaBEHb-)KOBTCHbB) Ta
ix TpuBajoCTi 3acBiuMB HacTymHe. B VYxropoai
KIUTBKICTh XBWJIb TeIia cTaHoBmia 148, y XapkoBi —
137, naiimenme ix B Oneci — 84 Bunagku. Makcu-
MaJbHa TPUBAJICTh XBHJI Termia (19 nauiB) Oyna 3a-
(ikcoBana B Yxropomi (22.07—09.08.1994 p.), a
tpuBaiicts 18 muiB — 08.04-25.04.2018 p. Haii6i-
npiny TpuBamicte (18 AHIB) XBWIII Teria Majid
22.08-08.09.1938 p. i 14.06-01.07.1954 p. B Xap-
koBi Ta 08.11-25.11.1923 B Oneci. Cepenns TpuBa-
JICTh XBUJI TeIIa B3UMKY KOJHBAlach Bif 7,5 (ImiB-
JeHb) 10 8,0 qHIB (3aXij Ta MIBHIYHUN CXiJ KpaiHH),

BeCHOIO — Bix 7,4 (miBaeHs) a0 8,8 AHi (MIBHIYHHIA
cXi KpaiHu), BIITKY — Big 7,1 (miBHIYHME CXiJ) 10
8,1 mHi (3axim kpaium), BoceHu — Bif 7,4 (MiBHIYHHUN
cxig) mo 8,7 mHi (3axin kpainm). B cepennpomy 3a
pik HairpuBaiimii (8,1 mHI) XBHII TeIIa — B YXKTO-
pomi, Haiiment TpuBaii (7,6 mHi) — B Omeci.

Crig 3a3HaunTH, mo B poboti [21] mia One-
cu(3a mepion 3 1911 mo 2010 pp.), TakoXK BHIIICHO
XBWJII Terwia 3a kpurepiem BMO: Bckoro ix 16 3 ce-
penHbOIO TpuBANicTIO 8,4 mobu. PisHuito B oTpu-
MaHUX pe3yJIbTarax MOXHA TOSCHUTH THUM, IO B
Ja”ili poOoTi He BpaxoByeThes mepion 3 2006 mo
2010 pp., mepion Ha SKUNA MPHUITAJATH HAWOUIBII
TpuBaji Ta iHTeHcuBHI XBuii Tema 2008 ta 2010
POKIB.

Ha puc. 1 mis HaoYHOCTI TIPEACTABICHO PO3-
MTOUT KITEKOCTI XBHIIB TEIIIA, BUSBICHUX HAa OCHOBI
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Puc. 1. KinbkicTs xBuib Termma((hakTHYHUX 1 32 PI3SHUMH CLEHAPISIMHU).
Fig. 1. Number of heat waves (actual and according to the different scenarios)
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(dakTHYHUX JTaHWX 1 HA OCHOBI MOJICIBHUX PSIIiB
JUIE TPhOX CTAHIIA MO KOXXHOMY MICSIIO POKY 32
nepion 3 2021 mo 2050 pp. 3a cuenapismu RCP 2.6,
RCP4.5—ycepennennii i RCP8.5. 3 Hporo Buminaae,
10 XBWJII TeTIa MOXYTh CIIOCTEPITaTUCh 3 CIdHS IO
rpyaesb. HaiiBue 3pocTaHHs KiJTBKOCTI XBHIIb Te-
mwia 3 2021 no 2050 pp. odikyeTbes B Oneci i Hai-
OimpmM (290 BHMaAKiB) B cepelHROMY BOHO Oyze
3a crerapiem RCP2.6. 3 aux makcumym — 92 Buma-
KA — TpuIagae Ha BecHy. 3a cueHapiem RCP4.5
(ycepenmHeHnuii) HaiOibia 3a PiK KiJIBKICTh XBUJIb

(242) — B Opneci, y Xapxkosi — 109, Yxroponi — 65;
3a crenapiem RCP8.5: B Omeci — 111, Xapkosi —
102, Yxropozi — Bchoro 12 BUMaKiB.

TakuM 4MHOM, 32 BCIMa JOCTiIKYBaHHMH Tpa-
€KTOPISIMU KITIMaTUYHUX 3MiH HaWOLIbIIa KiUTBKICTB
XBWJIb TEIDIAa 32 PIK OYIKYETHhCS HA MiBAHI KpaiHH,
MPUYOMY 3 MAKCUMYMOM Y XOJIOJHY TIOpPY POKY.

Poszmomin mpoTsAroM pOKYy TPHBAIOCTI XBHIb
teruta (paxTuaHoi 1 3100yTOT Ha OCHOBI MOIETHHHX
psAiB) 300pakeHO Ha pHC. 2.

Came KiJIbKIiCTh JTHIB 3 XBUJISIMH TETJIa BUSBIISIE
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Puc. 2. TpuBanicTe XBUIb Teria (PaKTUYHUX 1 32 PI3HUMHU CLIEHAPISIMH).
Fig. 2. Heat wave lengths (actual and according to the different scenarios)
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TEHIICHITIIO Kpalle, HiXK KUIBKICTh XBWJIb TEILA. Ix
aHaJi3 3acBimdye, IO el moka3HuK st Omecu 3a
MaiiOyTHI 30 POKIiB TaKOXX HAWOUIBIIE MEPEBHUIUTH
(bakTUYHY TPUBATICTh XBWIb TEIUIA, OCOOJIUBO 3a
crenapiem RCP2.6. Skmo 3arajbHa TpHUBAIiCTh
XBWIb Tera Oyna 635 nHiB (cepenns 7,6), TO MOX-
nmuBa 3a creHapieM RCP2.6 — 3220 nHi (cepenmHs
11,1), RCP4.5 (ycepennennit) — 2371 (cepenns 9,8),
RCP 8.5 — 1004 nmHi (cepemus 9,0).

Hns XapkoBa OYiKyBaHa CEpeiHs TPUBAJICTD
XBWIb Teruia 3 7,8 nHiB ((akTHuHi IaHi) 3pocTe 10
9,4 muiB (RCP2.6), 10,0 (RCP 4.5—ycepennennii),
8,9 (RCP8.5). B Ykroponi el o4ikyBaHHH TMOKa3-
Huk 3 8,1 mHi migBumuthes mo 8,6 (RCP2.6), 8,3
(RCP 4.5—ycepennenwuii), a 3a cueHapiem RCP 8.5
3MEHIIHUTHCS 10 6,4 IHI.

Y Tabn. 1 i 2 mpencTaBieHO KiNBKICTh XBHJIb
TEeIUTa Ta IX TPUBAJiCTh, BU3HAYCHI HA OCHOBI TOTIe-
pemnix 30 pokiB: mis Yxkropoma 3a mepiox 1989—
2018 pp., a musa Xapkosa i Onecu — 1976-2005 pp.,
1 3100yTi 3a pi3HUMU CIICHApiAMU. 3 TaOJIUIL BU-
mmBae, mo came s Opecu OdiKyBaHI MOKa3HUKH
B 4-13 paziB OyayTs mepeBuilyBatd (akTHU4HI, a
st XapkoBa — B 1,7-3,6 pa3u. [ Vkropona Kijib-
KiCTh XBHJIb TEIUIA Ta 1X TPUBAIICTH, 3700y TI Ha OC-
HOBI crieHapito RCP4.5 MPI-CSC2, 3a cBoeto Benu-
YHHOIO € HAHOMIKIUMH J10 (PaKTUYHUX, 33 CLeHApi-
em RCP2.6 — nepeBuniyroTh ix, a 3a CICHapieMm
RCPS8.5 — cyTTeBO HIDKYI.

Ha puc. 3 npencrasieHo po3moin moBTOproBa-
HOCTI BHITQIKIB 3 XBWJISIMH TEILIa 33 JCCATHPIUUISIMHU.

OTtxe, axmo B Ofeci paHilie XBUIII TeIDIa CIO-
CTepIraJinCh HaBiTh HE KOXKHOTO JECATHIITTS, TO 3
2021 no 2050 pp. Takoi 0coOMUBOCTI PO3NOALTY iX
BKE HEMa, X04a B OKpeMi POKH, 3BUYaliHO, BOHU HE
BusiBieHi. Y XapkoBi XBwii Teruia 3aikcoBaHO y
Bci mecsatuniTTs. Haiibinema (26) KUIbKicTh iX cro-
crepirayack 3 1951 mo 1960 pp. i TpuBanu Bouu 207

nHiB. | Ha MiBAHI KpaiHy, 1 MBHIYHOMY CXO1 Maibke
Y BCl TpY MPUUIEITHI JECATUPIIIS KUTBKICTh JTHIB 3
XBWISIMU TeIlla Oyne Habararo BUINOIO, HIX y MHU-
Hyni. B Yxroponi, mounnatoun 3 1951-1960 pp. i o
2011-2018pp., BimOymOCh TOCTYNOBE 3POCTAHHS
KimpkocTi xBrib Teria (3 10 go 33). Jlume y mpyre
MaliOyTHE JCCATHIITTS 1 TUIBKH 3a CIICHapieM
RCP2.6 neit moka3sHUK MOXKe OyTH TIEPEBUIICHIIM.

Posmonin TpuBanocTi XBWIb TeIIa MO ACCSATH-
piuusx mpencrasieHo Ha puc. 4. Halfwacrime, 30i-
JbIIEHHS KiNBKOCTI XBWJIb Telja NPU3BOAMUTH 0
3pOCTaHHSA iX TPHBAIOCTI.

Ha puc. 5-7 nmoka3aHo MOBTOPIOBaHICTh TPUBa-
JOCTi XBWJIb Temla. 3 HHUX BHUAHO, IO 3a3BHYaid
HapgacTime, sk 3a (GaKTHIHUMHU JaHUMH, TaK 1 3a
BciMa BUKOpHCcTaHUMH ciieHapistmu RCP, xBui ten-
na OymyTh TpuBaTd 6 aHIB. Tak 3a peallbHUMH Jia-
HUMU, HAIPUKIIAA, y BCIX OCIHIIHKYBAaHUX PErioHax
HaiOlnpury noBroproBaHicTs (82% Bix 3arambHOT
KUTBKOCTI XBHJIb 32 PiK) MaJH XBWJII TeIl1a TPUBAJIi-
cTi0 69 nHIB. 3 HUX Ha XBWII TPUBAIICTIO 6 JHIB
npumanae Big 30% (Yxropon) no 40% (Omneca), 7
nHiB — Big 15% (Xapkis) mo 21% (Yxropon), 8 nHiB
— 17-19% (Oneca-XapkiB) i 9 quiB — 7-13% (One-
ca-Yxropon). 3a ClieHapHUMH JTaHUMHU TTOBTOPIOBA-
HICTh TPHUBAJIOCTI XBWJIb TeIia 6—9 MHIB HaWOLIBIIT
CYTTEBO 3MEHIIUTHCS (10 52%) Ha MiBAHI KpaiHU 3a
cuenapieMRCP2.6, a ue o3nauae, mo xsuii OymyTh
MaTH OBy TPUBAIICTb.

Haitrpusamnimi xBuii Teria (42 aHi) O9IKYIOTh-
cs B Opeci 3a cuenapiem RCP2.6 y xonomHwuii mepi-
on, y Terumid mepionm — 29 nHIB, 3a CIeHapieM
RCP4.5-ycepennenuit — 39 i 25 nHiB, 3a ciieHapieMm
RCP8.5 — 23 i 18 muiB BignosigHo. B Ykropomi 3a
JOCITipKyBaHUi iepiof i ciierapiem RCP2.6 Haiino-
BIlIa XBWJIS TETUIA TpHBasia 19 MHIB y Terumid nepiof,
3a cueHapieM RCP4.5-ycepennenuit — 25 aHiB y 1ieit
ke riepioz, 3a crienapiem RCP8.5 — 9 nuiB (y xos10/-

Tabnuys 1
KinbkicTb XBHiIb Temia GpakTuaHuX (3a nonepeani 30 pokiB) i O4iKyBaHHUX.
The number of actual heat waves (for the previous 30 years) and expected
] ] RCP4.5
Cranuia | Paxritaml | RCP2.6 o viooma | MPLCSC2 | SMHIS | yeepeamenmit | RC0 o
VKropon 87 98 29 88 77 65 12
XapkiB 55 96 92 85 146 108 102
Opneca 31 290 203 297 228 242 111
Tabnuys 2
TpuBanictb XBHJIb Teruia GpakTuaHuX (3a nornepeani 30 pokiB) 1 OUIKyBaHUX.
The duration of actual and expected heat waves (for the previous 30 years)
] ] RCP4.5
Cranuia | Paxritaml | RCP26 o viooma | MPLCSC2 | SMHIS | yeepeamenmii | RC0 o
Vkropon 716 847 199 749 675 541 77
XapkiB 439 903 889 768 1599 1085 904
Opneca 242 3220 1901 2915 2297 2371 1004
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Puc. 3. JIluHamika KimbKOCTI XBHIIb TerIa ((DaKTUYHUX 1 32 PI3HUMH CIIEHAPIsIMH) TIO AECATHPIIIAX.
Fig. 3. Dynamics of the number of heat waves (actual and according to the different scenarios) by decades

HUH 1 Temmid nepioan). Y Xapkosi 3riiHO (pakTHd-
HUX JIaHUX HANIOBIIIE XBUIIS TeIlla TpUBasia 17 aHiB
y TEIUIMH Hepiof, a 3TiJHO BCIX BUKOPUCTAHUX HAMHU
cleHapiiB — y xononuuii nepioxa: 26 auis (RCP4.5 i
RCP8.5) i 30 muiB (RCP2.6).

Ille omHi€l0 XapaKTEPUCTHKOK IHTEHCHBHOCTI
XBHJI TeIJIa € aMILTITyJa XBUJI TeIuia, TOOTO pi3HU-
IS MK HalBUIIUM Ta HaWHMKYMM 3HAUYEHHSIM Ce-
peaHbOI 1000BOT MaKCHMAJbHOI TeMIIepaTypu IIij-
Yac XBUJII TerJia.

3a JochiuKyBaHi Mepiogy HauBHUILY (HaKTHUHY
KYMYJSTHBHY TEMIEPaTypy Tmaxy XONOIHUH Tepion
Oyno 3adikcoBano: B Yxkropoai — 56,0 °C (ciueHb
2007p.), Xapkosi — 79,5 °C (kBiTenp 1938 p.), One-

ci — 63,0 °C (mormii-6epezens 2002 p.), y Termi
nepiox — B Ykropoai — 56,2 °C (cepnens 2015 p.),
XapkoBi — 75,9 °C (cepnenb-Bepecenb 1938 p.),
Opneci — 37,8 °C (siunens 2002 p.) (tadn. 3). 3a na-
HUMH, HaBeJICHUMH B poOoTi [21], sxi Oys0 3100yTO
JUIS UX cTaHmii B nepiof 1o 2011 poky, KyMmynsTu-
BHa TeMIlepaTypa CyTTEBO IiJBUILMIACH B XapKOBi
ta Opeci 1 BignosiaHo ctanosmwia 117,0 °C ta 46,4 °C
y 2010 pori, B YKropoi — He 3MiHUJIACh.
AOCOJIOTHI MAaKCUMyMH TEMIIEpaTypH HOBITPA
Ta HaliHTEHCHBHIII XBHJI TEIUIa CHOCTEPIraloThCs
B OJIMH 1 TO#1 e yac B Oxeci it XapkoBi; B YKropoi
— B piK, KoiH 3a(hikcoBaHO aOCOMIOTHUN MaKCUMyM
TeMIIEpaTypu MOBIiTPs, CIOCTEPIiraJnucs MOTYyKHi
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Puc. 4. lunamika TpuBanocTi XBUib Tema ((GaKTHYHMX 1 32 PI3SHUMH CLEHAPisIMU) 32 JECSATUPIYYSAMHU.
Fig. 4. Dynamics of heat wave duration (actual and according to the different scenarios) by decades

xBWII Teruia [21].

Crnig 3a3Ha4nTH, MO CHOCTEPIraeThCsl JOCUTH
3HAaYHA Y3TOMKCHICTh MK BCiMa PErioHaMHU B TIO-
BTOPIOBAHOCTI XBUJIb TEILIA B 3AJIEKHOCTI BiJl KyMy-
JIATUBHOI TEMIIEPaTypH Ta aMIUNTYyAW XBHJI TEIUIa,
OCKIIBKMA Ul BCIX CTaHI{N HAWOUIbIIA KiJIBbKICTHh
BHIIAJIKIB 3 XBWJISIMHU TEIUIa Ma€ MICIE NPH KyMyJIsi-
TuBHUX Temmeparypax 10-50 °C Ta ammiitygax 2-
8 °C y xojomaHuit epion.

VY Terumi mepion — Taka CHTyalisl criocTepira-
€Tbed 3a aMmIutiTynu 2-6 °C 1 pi3HHX 3HaYE€Hb KyMy-
nstuBHOI Temrieparypu: 10-25 °C (Ogeca), 10-30 °C
(Yxropon) i 10-40 °C (XapkiB). AMIUTITYa TeMIIe-
parypH MOBITps MiA 4ac XBWJIb TEIUIa Y XOJOTHHMA
Nepio]] KOJIMBAETHCS B 3HAYHO HIMPIIUX 1HTEpPBalax
B Opneci i Xapkogi (0,7-15,7 °C Tta 0,9-11,6 °C Bia-
MOBIJTHO), HIX Y TEIUTHii, a OT B Y>KrOpoZi NpOTATOM
pOKy BoHa Maiixke He 3MiHIoeThes (1,1-9,2 °Cy X111
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1,0-9,9 °C y TII) po mio cBimuaTh AaHi, HABEACHI B
Tabm. 4.

Mix KyMYJISITHBHOIO TEMIIEPATypOIO Ta aMILTi-
TYAOK0 XBWJII TEIJIa TAKOX MPOCTEIKYETHCSA CYyTTEBA
3aJI€KHICTh, OCOOJIMBO IS BMIIAJKIB 1IHTEHCUBHHUX
xBWIb Teruta. [logiGHOTO 3B’SI3Ky HE BHUSABIEHO MiX

KYMYJSITUBHOIO TEMITEPATYPOIO Ta TPUBANICTIO XBH-
Jii Teria, TOOTO XBHJII TeIlla OJHAKOBOI TPUBAIOCTI
MOXYTh MaTH JOCHTh Pi3HY IHTEHCHBHICTh. [lns
BUMNAJKIB IHTCHCUBHUX XBWJb TEIUIA 3aJICKHICTh
MDK IHTCHCHBHICTIO Ta TPHBAJIICTIO CTAa€ OLIBII ITO-
MITHO¥O, [0 BKa3y€ HA Te, 10 HaWO1IbII iHTeHCHUBHI
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Tabnuys 3

[Toka3HUKM IHTCHCUBHOCTI HAUTIOTYKHIIIMX XBUJIb TEILIA MPOTATOM JOCTIPKYBaHUX MIEPIOIIB.

Indicators of the intensity of the most powerful heat waves during the study periods

Tmax, °C TpuBamicts, 1Hi Awmrurityna, °C

Cranuis XII TII XTI TI XTI TII

Yxropon 56,0 56,2 16 12 6,7 3,4

XapkiB 79,5 75,9 12 18 11,6 6,0

Opeca 63,0 37,8 10 10 9,7 5,8

Tabnuys 4
IToka3nuku xBuIIb Temia / Indicators of heat waves
Kinbkicte xBUIBL KYMYJ'IHTI/IBH?). Awmitya, °C
CraHmis Tera temmeparypa, °C

XI1 TII XI1 TII XII TII
VYaxropon 86 62 7,9-56,0 4,2-56,2 1,1-9,2 1,0-9,9
XapkiB 80 57 4,9-79,5 3,5-75,9 0,9-11,6 1,4-9,8
Opeca 57 27 5,4-63,0 6,0-37,8 0,7-15,7 1,8-5,9

XBHJI TEIUIa € HAOLIbII TPUBATHMHU

B Vkropoxi min yac GpakTUYHUX XBWIb TEIUIA
KyMYJSITHBHA TeMIlepaTypa 3MiHIOBAJlaCh B Meyax
7,9-56,0 °C y xonomuuit nepion i Bix 4,2 no 56,2 °C
—y terumii. [Ipn npomy BoHa konmBanack Big 10 1o
50 °C y 91% 3a tpuBasiocti ix 6—14 nHIiB y x0Jy10/1-
Huil nepion, y 87% — 3a TpuBanocti 6-12 aHiB y Te-
. KymynstuBHa Temmeparypa y XapkoBi 3Mmi-
HIoBajlach B iHTepBanax 4,9-79,5 °C (3 nux 88%
npunagae Ha 10-60 °C) 3 :KOBTHS 10 KBIiTeHB 1 3,5—

75,9 °C (3 aux 88% mnpunanae Ha 10-50 °C) 3 Tpas-
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Hs 10 BepeceHb. B Oneci KyMylsaTHBHA TeMIepaTy-
pa konuBasiack B iHTepBam 5,4-63,0 °C (82% 3Ha-
xonuThes B Mexax Big 10 go 50°C) y xonomHuii me-
piox i Big 6,0 mo 37,8 °C — y Teruuit (78% — B Me-
xax Big 10 mo 30°C) .

OTXe, IHTEHCHUBHICTh XBWJIb TEIUIA, sIKa BHUpa-
JKe€Ha KyMYJISITUBHOIO TEMIIEPAaTypor, Y XOJOMHUN
nepioj JeKiIbKa MEepeBUIIy€e el TMOKa3HUK Y Tell-
JIAH TIepioj] Ha 3aX0Ii Ta MIBHIYTHOMY CXOIIi M CYTTeE-
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BO TIEPEBHIIYE HOro Ha MIBAHI KpaiHU.

AHaJi3 04iKyBaHUX XapaKTEPUCTHK XBWIb TEII-
Jia 3a pI3HUMH CLIEHAPisIMH J03BOJISIE 3a3HAYUTH Ha-
crynHe. KiTbKicTh XBUIJIBb TEIIA Y XOJIOMHUH Mepion
Oyle CyTTE€BO JOMiHYBaTH MOPIBHSHO 3 TEIUIUM Iie-
piomom, ocoOMBO Ha MmiBAHI Kpainu. Tak B Omeci iX
KUIBKICTB 32 MPUAACIIHI TPUIIATH POKIB Y 2-3 pa3u
MO)KE TIepeBHUITUTH HasBHI 3a 104 poku B oOmmBa
repiomn. B Omeci i XapkoBi 3 JKOBTHSI 10 KBIiTCHB
XBWI Temia OyqyTh OUTbII iHTEHCUBHMMH, HIXK 3
TpaBHA 1O BEPEeCEHb, NPO IO CBITYATH 1 3HAUCHHS
KyMYJIATHBHOI TeMIepaTypH 1 aMILTITYyIu TeMIiepa-
TypH. He Tak ogHO3Ha4Ha cUTYyallist B Y>KrOpoJi.

BucnoBku. Ha 3axoni Ykpainu cnocrepiraers-
Cs1 TCHIEHIIIS 3POCTAaHHS KiJBKOCTI XBWJIb TEIIa Ta
X TPUBAJIOCTI 3a JOCTIHKyBaHAN MEPiof 3a AECSTH-
pivyusMH, Ha MIBHIYHOMY CXOJi W MiBIHI — IIi TOKa3-

rioHax 3a ()aKTHYHUMH NTaHUMH HAHOUTBITY IOBTO-
proBaHicTh (82% Bin 3araybHOI KiTBKOCTI XBWJIb 32
piK) Manu XBWII TeIula TpHUBAJiCTIO 6—9 nHIB; 3a
nmaaumu crierapito RCP2.6 ix moBToproBaHiCTh Mak-
CHUMAaJIbHO 3MEeHITUTHCS (10 52%) Ha TiBAHI KpaiHH.

3a BciMa BUKOPHCTAHUMH TPAEKTOPISIMH KJliMa-
THYHUX 3MiH 10 2050 poxky HaiOiibIa KiJbKiCTh
XBWJIb TEIDIa OYIKYETHCS Ha MIBAHI YKpaiHd, TpH-
YoMy 3 MakCHMyMOM Yy XOJOIHY IIOpY POKY (JKOB-
TEHb-KBITEHb). |[HTCHCHUBHICTh XBHJIb TEILIA XOJOJ-
HOTO TIEPIOy € BUILOK, HiXK TEMJIOro y BCiX perio-
Hax YKpaiHu, 0COOIMBO MiBICHHUX.

OTpuMaHi pe3yJbTaTh CTOCOBHO ITOKa3HUKIB 1
TEHJICHIII 3MiH XBWJIb TEIUIa BAXKIIUBI I PO3p00-
KH KOMITJIEKCY PO ITaKTHIHUX ¥ 3aXUCHUX 3aXO/IiB
y IUIaHI PU3UKIB IS 3710POB’ Sl HACEICHHS, CTIIPHUYIN-
HEHUX BIUIMBOM KJIIMaTOM.

HUKH 3a3HaJIM KOJNMBaHb. BusBIEHO, 0 y BCiX pe-
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BHecOK aBTOpiB: BCi aBTOpW 3p06MIM PiBHUI BHECOK Y L0 pobOoTY

Oco0eHHOCTH IMHAMUKH BOJIH TeIJIa B OT/AeJIbHBIX FOPOAaX YKpPauHbI

Tamepnan Abucanoeuu Cagpanos’,

. TEOJL.-MHH. H., Ipodeccop, 3aB. KaQeapbl SKOJIOTUH H OXPAaHBI OKPYKAOIIEH Cpebl
'OpmeccKoro rocynapcTBEHHOTO 3KOJIOTUYECKOTO YHUBEPCHTETA,

ya. JIeBoBcKkas, 15, . Onecca, 65016, Ykpauna,

Tanuna Ilasnoena Kamepywa',

K. TeoTp. H., IOICHT Kadeapbl METEOPOIOTHH U KIMMATOJIOTHH;

Enena Braoumupoena Kamepywa',

ACCHCTCHT Ka(eIpbl SKOJIOTHU U OXPAHBI OKPYKAIOIICH CPEIIbL;

Kaméous Apaw’,

JIOKTOP KIIMHUYECKUX JTaOOPAaTOPHBIX HAYK, JOKTOP KIMHUYECKOM MUKPOOUOIIOTHH,
JUPEKTOP KIIMHUYCCKOH JTaO0paTopuH,

’PernoHanbHbIH MeguuHckuii nentp Koanuuru, ®ennc asenio 1191, Koanunra, Kamudpopaus 93210, CILIA

Teneps, korna moGabHOE NOTEIUICHHUE SBISAETCS HOKa3aHHBIM, OIIEHKAa N3MEHEHHH TEPMHUYECKOTO PEXNMA M €TO
BIIMSTHUS HA 37I0POBbE HACEJICHHS CTala OAHUM M3 IIPHOPUTETHBIX HANpaBIlIeHUH NesTelIbHOCTH BeemupHoii MeTeoporo-
rudeckoit opranmsanuu (BMO) u BecemupHoii opranusammu 3apaBooxpaneHust (BO3). B atoii cBsi3u 0co0yro BaXHOCTh
MIPUOOPETAIOT MCCIEIOBAaHNS IKCTPEMAJbHBIX IPOSBICHUN B PEKMME TEMIEpaTypbl BO3/IyXa OTAEIBbHBIX PETHOHOB.
CoBpeMeHHbIE U3MEHEHUs! KIIMMaTa CONPOBOXKIAIOTCS POCTOM TTOBTOPSIEMOCTH W MHTEHCHBHOCTH BOJIH Teruia (IIepHO-
JIOB C SKCTPEMAJIbHO BBICOKOH TeMIIEpaTypoil), HOITOMY MMEHHO BOJIHAM Telja ceifdac ynemseTrcsa 00ibIIoe BHUMAHHUE.
Kpome Toro, oxxuzaercsi, 4to B Oy[IyIlleM HEraTMBHBIM XapakTep MOCHeICTBUI 3TUX U3MEeHEeHH Oyler ycunuBarbes. B
po0oTe NpOBEIEH aHaAIU3 PeXXUMa MAKCHUMAJIbHOM CyTOYHOW TeMIeparypbl Bo3nyXa 1o (pakTHYeCKHM AaHHBIM 3a MepH-
OJIBI, MIPEBBIMIAIOIINE MIECTHACCAT JeT, U oxunaemMbIx — 3a 2021-2050 rogs! ans Tpéx craHmmid (Yxropon, XapbKoB,
Opnecca). [y Ka1oro JHS ToJja paCCYMTaH TaK Ha3bIBAEMBIN «aOCOITIOTHBIN MOPOT TEMIIEPATYPhD» COINIAaCHO PEKOMEH-
nauuii BMO. OmnpezesieHo Hajlu4ue BOJH TeIUla, UCXOAs U3 €€ NeUHHUINY, TO €CTh NePUO/l, KOIjla MaKCUMaJlbHas Cy-
TOYHAs TEMIIEpaTypa BO3Ayxa OoJbIle 5 Mocie0BaTeIbHbIX JHEH MPEBbIIaeT CPeIHIOI MaKCUMAIBHYIO TeMIIepaTypy
JUTSL TAHHOTO KaJICHAApPHOTO JHA 32 0CHOBHOH mepuof (1961-1990 rr.) Gomemre, yem Ha 5 °C. BEIsSBICHBI BOTHBI TeIUIa
Ha OCHOBe ()aKTHUECKUX JAHHBIX M MOJEIBHBIX PsIoB 10 cueHapusM Huzkoro (RCP2.6), cpennero (RCP4.5) u BeIcOKO-
ro (RCP8.5) ypoBHeii BEIOpOCOB ITAPHUKOBBIX I'a30B; MPOAHAIM3UPOBAHBI X (PU3MKO-CTATUCTHIECKHE XapaKTEPUCTHKA
U TIPOTHO3 JHAMUKH 10 2050 rozga B pasHbIX pernoHax YKpauHbl. HanMeHblee 3a roj KOJIMUECTBO BOJIH TeTIa 3a(uK-
CHUpPOBAHO Ha IOTe CTPaHbl, a MaKCHUMajbHas NMPOAOJDKUTEIBHOCTh BOJIHBI TEIJIa IPUMEPHO OMHAKOBAas Ha BCEX HCCIe-
nyeMbix craHiusax (Ykropon, XapekoB, Opxecca). Ha 3amage Ykpawnbl HaOstomaeTcs TEHACHIMS POCTAa KOJIMYECTBA
BOJTH TeIJIa M UX TPOJODKUTEIBHOCTH 32 MCCIEAyEeMBIil IEpHO 3a AECATIIIECTHS, HAa CEBEpO-BOCTOKE U IOT€ — ITHM I10-
Ka3aTensM XapakTepHBbl Koiebanus. OOHapyXeHO, YTO BO BCEX PErHOHAaX MO (PAKTHYECKUM JaHHBIM HaHOOIBIIYIO MO-
BTOPSIEMOCTH (82% OT 00IIero KOJIMYECTBa BOJIH 32 TOM) UMENH BOJHBI TEIUIA IPOJODKUTEIFHOCTRIO 6—9 THEH; 1o JaH-
HeIM cueHapusi RCP2.6 ux moBTOpseMOCTh MaKCUMaJIbHO YMeHbIIHTCSA (10 52%) Ha rore cTpaHsl. [1o Bcem mcmons3o-
BaHHBIM TPACKTOPWSM KIMMAaTHYECKHX M3MEHEHHH B TpsIylIHe TPUALATH JeT HauOoJbllee KOJIMYECTBO BOJH TEIUIa
OXXMJAeTCsl Ha Iore YKpauHbl, IPUYeM C MAaKCHMYMOM B XOJIOZIHOE BpeMs rojia (OKTsOpb-anpenb). IHTeHCHBHOCTH BOJIH
TEIIa XOJIO0HOTO NepHo/a BhIIIE, YeM TEIUIOTO BO BCEX PETMOHAX YKpaWHBI, 0COOCHHO B IOKHBIX pernoHax. V3y4eH-
HBIE BOJIHBI TEIUIA CYIIECTBEHHO BIIMSIOT HA CAMOYYBCTBHE U CMEPTHOCTD JIFOAEH, TO3TOMY IOJIydEeHHBIE JaHHBIE 00 MX
MOKa3aTeNsIX M TEHJCHUUSIX M3MEHEHHH HEOOXOIMMBI JJIsi pa3pabOTKH KOMILIEKCA NMPOQHUIAKTHUECKUX W 3aIIUTHBIX
MEpPONPUSTHH B IJIaHE PUCKOB JUIS 3710POBbS HACEJIECHUS, CBA3aHHBIX C KIMMAaTOM.

Knioueswie cnosa: cyenapuu uzmenenuti Kaumama, 01HbL Mena, KYMYJIAMUGHAS. MeMNepamypd, pemMenHas ou-
Hamuxa.
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ABSTRACT

Formulation of the problem. One of the main manifestations of regional climate changes in Ukraine on the
background of global warming is substantial rise of air temperature and increasing of extreme weather conditions.
Therefore heat waves became a concern. Detection of heat waves and their physical and statistical characteristics on the
territory of Ukraine was done by many researchers only during warm period of the year and on the basis of fact data.
But it's interesting to find out what happens in this context during cold period as well because heat waves affect not only
human health but also agriculture, transportation etc throughout the year. Besides in order to overcome negative conse-
quences and for adaptation of people for climate changes prognostic values of meteorological indices, in particular air
temperature according to modern climate change scenarios.

Review of previous publications. Consequences of thermal waves impact on population health is being studied in
different countries of the world and in the main medical data base PubMed there are more than 1000 publications in this
branch of research. But still there is no universal definition of heat waves which could be used as criteria for detecting
this anomaly in all the researches. This can be explained that depending on challenges of scientific research or practical
service of household activity waves of certain intensity or duration can be the most interesting.

Purpose. The aim of this work is detection of heat waves on the basis of actual and scenario data and analysis of
their physical and statistical characteristics and dynamics until 2050.

Methods. Heat waves were detected on the base of actual data and model ranges by low (RCP 2.6), medium (RCP
4.5), high (RCP 8.5) levels of greenhouse gases emissions and also there were analyzed their physical and statistical
characteristics and dynamics until 2050 in different regions of Ukraine.

Results. The smallest annual number of heat waves is recorded in the south of Ukraine and the maximum heat
wave duration is approximately the same at all the research stations (Uzhgorod, Kharkiv, Odessa). According to all cli-
mate change trends that were used, the greatest number of heat waves in the next thirty years is expected in the south of
Ukraine, with a maximum in the cold season (October-April). The intensity of heat waves, expressed by the cumulative
temperature, during the cold period slightly exceeds this index during the warm period in the west and north-east and
substantially exceeds it in the south, and heat waves of the same duration can have quite different intensities.

Conclusions. In the west of Ukraine, there is a trend of increasing the number of heat waves and their duration
over the studied period by decades, in the northeast and south - these indicators have fluctuated. It was discovered that
in all regions, according to actual data, heat waves of 6-9 days have the highest recurrence (82% of total amount of heat
waves per year); according to the RCP2.6 scenario, their recurrence will be minimized (up to 52%) in the south of the
country. According to all used climate change trends by 2050, the highest number of heat waves is expected in southern
Ukraine, with a maximum during the cold season (October-April). The intensity of heat waves of the cold period is
higher than during the warm period in all regions of Ukraine, especially the south.

Keywords: climate change scenarios, heat waves, cumulative temperature, time dynamics.
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CTaTTiO IPUCBSYEHO PO3POOIICHHIO MPOIEAYPH OLIHKH JOCTYIHOCTI MiChbKHX 3eeHnX 30H (M33) B yMOoBaX KOMIAKTHOT'O Mic-
Ta 3 YIIUILHEHO 3a0y10BOK0 Ha NpuKiIaai Kuea. 3acTocoBana METO/IMKa Mepeadadae MpOCTOPOBHH 1 KITbKICHHUN aHaJi3 pO3MoIiTy
M33 B Mekax MiCTa 3 BAKOPUCTaHHIM reonpoctopoBux nanux OpenStreetMap, Google Map ta nporpamuoro 3a6e3neuenns QGIS.
VY mporieci TOCTiPKEHHS HA OCHOBI JTAaHWX MPO KUTBKICTh OYJIMHKIB i HIUTBHICTh HACENICHHS PO3PaXxOBaHO pealibHy 3a0e3MCUCHICTh
kusstH M33 BCiX BHIIB, a TaK0XX 3a0€3MEUCHICTh 3€ICHUMH HACAPKEHHSIMH, PUAATHAMU IS MOBCAKICHHOTO BiAIOYHMHKY, B MEXax
XKUTI0BOI 3a0ynoBu Kuesa. BusiBneHo, mo 3abesnedenicts M33, y Mexax SKuX 3AIHCHIOETHCS KOPOTKOTEPMIHOBA peKpearis, 3Had-
HO MOCTYMA€ETHCS IUIOMICI0 HAa IYIIy HACENICHHsI MOPIBHSAHO i3 aHANOTIYHUM MOKAa3HHKOM, PO3PaXxOBaHHM MJIsI 3€IE€HUX HACAIKEHb
ycix BumiB. Lli BiqMiHHOCTI yHAOYHEHO Ha BIAMOBITHHX KapTOocXeMax. 3a JOTMOMOTOr0 Oy¢epHOro miAXxomy BU3HAUYEHO HAHKOPOTIIi
BiJICTaHi, SIKi HCOOX1THO TOJIOJIATH MIllIKH, MO0 JICTATHCS BiJl )KUTIOBOTO OYAMHKY O HAWOMMKYOT 3eneH0T 30HU. OKpEeMO BUMIPSHO
JOCTYIHICTh OyIb-sk01 HassBHOT B KueBi M33 Ta MOCTYNHICTh 3€lEHUX HACADKCHb 3arajbHOTO KOPUCTYBAHHS, PUAATHUAX IS TO-
BCAKJICHHOTO BiIOYMHKY. B pe3ynbrari JOCHIIKEHb BUSABJICHO ICTOTHI BiIMIHHOCTI IUX MOKA3HHKIB. 3a TAHUMH PO3PaxXyHKY JOC-
TynmHocTi M33 Beix BuIiB, KUiB Hacmpapi BUIIIAAAE «3CICHUM» MICTOM, Jic Maike Ha BCiil 3a0ymoBaHiil TepuTopii BiACTaHb 10
HaiOmmk4oi 3eneHoi 308K He nepesuntye 1000 M. OHaK OIiHKA JOCTYITHOCTI 3€JICHUX HACAKEHb, IPUAATHAX I KOPOTKOCTPOKO-
BO1 peKpeaniiHoi AisIIBHOCTI, TeMOHCTpy€e Opak M33 y Mexax MIOHalMEHIIIe OJHHAALSATH KUTIOBHX MacHBiB MicTa. Lli po30ixkHOCTI
TaKOX BiJOOpakeHO Ha BIAMOBITHHX KapTocxeMmax. 3TiIHO MPOBENCHUX PO3PaxXyHKIB, BUCOKOIO IMIIIOXiIHO-9acOBOI JOCTYITHICTIO
M33 ju1st MOBCSIKASHHOTO BiAMOYMHKY Ha BiacTani He Oimbmie 500 M 3abe3meueno mmme 45,4% xusH. HaceneHHs pi3HHX BIKOBHX i
COLIIANBHUX TPYII, IKe y pazaiyci 1 kM B3arajii He Mae JOCTYIY 0 JKOJHOTO MiCIlsl BiAMOYMHKY, CTAaHOBUTH 15,5% Merkaniiis Kuesa.
Takox BHSBJICHO iCTOTHI BiMIiHHOCTI JOCTymHOCTI M33 y pi3HHMX aaMiHICTpaTHMBHHX palOHaX, IO CBIYMTH NMPO HEIOCKOHATICTDH
YIPaBIIiHHS BCi€I0 3eJeHOI0 iHDpacTpyKTyporo MicTa. Po3pobnenuii Ta anpoboBanuii Ha npukiaai M. KniB aaropuTt™ oIiHKM 10CTY-
MTHOCTI 3€JICHUX 30H MOXe OyTH 3aCTOCOBaHU#H Ui OY/b-IKOTO KOMIIAKTHOTO MiCTa, 10 J03BOJHTH MAKCUMAJILHO TOYHO BU3HAYATH
JKUTIIOBI MacuBH a00 1HIII JIOKaii, sIKi MOTPeOYIOTh MEePIIOYEPrOBOr0 O3€TIEHEHHSI.

Knrouoei cnosa: micoki 3eneHi 301U, KOMRAKMHe MICMO, NOBCAKOEHHUL 6I0NOYUHOK, OydepHull nioxio, oyinka niuoxionoi 0o-
CMYRHOCMI 3€/1eHUX 30H.

Sk nuryBati: Humenko I1. I'. JocTynHICTh 3e/IeHHX 30H B YMOBaX KOMIAKTHOro MmicTa (Ha mpukiami Kuesa) / I1. T'. llumenxko, O. I1. Tag-
punerko, €. 0. Iluranok / Bicauk XapkiBcekoro HamioHanbHoro yHiBepcutery imeni B. H. Kapasina, cepis «I'eomoris. I'eorpadis. Exomorisy,
2021. — Bum. 55. — C. 245-256. https://doi.org/10.26565/2410-7360-2021-55-18

In cites: Shyshchenko P. H., Havrylenko O. P., Tsyhanok Ye. Yu. (2021). Accessibility of green spaces in the conditions of a compact city:
case study of Kyiv. Visnyk of V.N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 245-256.
https://doi.org/10.26565/2410-7360-2021-55-18 [in Ukrainian]

AKTyaJbHicTh TeMH. B ymMoBax npuckopeHoi
ypOanizamii micra HaOyBaTMMYTh BUPINIAIHHOTO
3HAYEHHs JUIS BIIBEPHEHHS II00aJbHOT €KOJIOrYHOT
katactpodu. 3a ouinkamu FOHEIL, na micta npuna-
nae 75% CBITOBHX BUKHIIB BYTJIEKUCIIOTO Tasy, IO
POOUTH TX BHECOK Yy II00abHY 3MiHY KIIIMAaTy KITO-
yoBuM [ 14]. HeoOXiTHUM KOMIIOHEHTOM CTBOPEHHSI
30POBUX, CTIMKUX Ta NPUAATHUX AJIS )KUTTS MICT €
MichKi 3eteHi HacampkerHs (M33). [Ipo ue ipeThest
y 3BiTi €BporeichKoro perionaipHoro 6ropo BOO3
«Urban Green Space Interventions and Health»
(2017). 30inpmennss M33 Moxe 3a0e3MEYUTH TI0-
JIITIIEHHST €KOJIOTiYHOI CHUTYyaIii Ta 3M0pOB’ST BCiX

rpyn HaceneHHs. Ouinka poctymHocti M33 wmae
OyTH cIpsiIMOBaHa Ha 3a0€3MEUYCHHS ONTHMAJIBHOIO
PO3BUTKY MicbKuX rpomaj [24]. IlokpamenHs goc-
Tyny 10 M33 € onHi€ro 3 winel CTasoro po3BUTKY
OOH: Iline 11.7 nepenbauae go 2030 poky 3abe3-
MEYUTH 3arajbHUAN JOCTYN 10 OS3MEeUYHUX, 1HKITFO3H-
BHUX 3€JICHHX Ta TPOMAJICBKUX 30H, 30KpeMa Jis
JKIHOK Ta JIiTeH, JIFOJel MOXUIIOTo BIKy Ta JIFOACH 3
iHBamiaHicTIO [23].

3riHO KOHIENii KOMIIAKTHOIO MicTa SIK ILI€H-
TpaJbHOI MapagurMu ypOaHi3My, KOMIAKTHICTb,
IIUTBHICTD, PI3HOMAHITHICTh, 3MIIIAHE 3eMJICKOPHC-
TyBaHHS, CTINKUI TPAHCIIOPT 1 3€JIeHI HACAHKCHHS €
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HHHI OCHOBHHMH CTPATETISIMH MiCHKOTO IIaHyBaH-
HS 1 PO3BUTKY. Y paMKax Ii€i mapajaurMu, MiaKpin-
JIEHOT KOHUEMIIEI0 3eleH0l CTPYKTYpPH, pPO3BUBa-
I0TBCS, HANpPHKIAA, IMBEICHKI Micta IereGopr i
I'ensciar6opr [13]. OOMexeHICTh MPOCTOPY B KOM-
MaKTHUX MicTaxX Tependadae IIaHyBaHHS Oarato-
(hyHKITIOHATBHOT MICBKOI 3€JIeHOI 1HPPaCTPyKTypH.
PamionansHe ymiiieHEHHS ypOaHI30BaHHX TEPHUTO-
piit moTpedye MpOBEAeHHS TPOCTOPOBOI OIIHKH BCiX
M33 3 ypaxyBaHHSM X COMLIaTbHUX, CKOJIOTIYHUX 1
eKoHOMiuHNX (QyHKLOiH. CTpaTeriune maHyBaHHS
KOMITAaKTHOTO MICTa IPYHTY€ETHCS Ha I[LIECTIPSIMOBA-
HOMY yTpaBlIiHHI OaraTo)yHKIiIOHAJHHUMH 3elie-
HHMMHU 30HamH [15].

IHocTranoBka npodiaemu. Huwi po3pobieHo pi-
3HI MIXOAHW IO BH3HAYEHHs MocTymHOCTI M33, on-
HaK €THOCTI MIOA0 1X 3aCTOCYBaHHS B YMOBaxX KOM-
MIAKTHOT'O MiCTa IOKH L0 HeMae. BaxivBHM 4uH-
HUKOM SIKOCTI XHUTTS 1 KIFOYOBHM KOMIIOHEHTOM
CTaJIOTO MICHKOTO IUIAaHYBaHHS TPU LLOMY CTa€ JI0-
CTYH JI0 €KOCHUCTEMHHX IOCIYT, IO HAAIOThCS 3€-
JIEHUMH HacaJpkeHHsMU. [Ipobrnema mosmsirae y Bin-
CYTHOCTI TaKOrO0 KOMIIOHEHTY B PO3POOHHKIB Ijia-
HYBaJIbHUX CTpaTeriii po3BUTKY MIiCT YKpaiHH. 30K-
pemMa, OCHOBHHMH MICTOOYAIBHUMH HEIOJIKaMHU
PO3BUTKY MEPEXi 03eTICHEHUX TEPUTOPIN CTONHUII Y
npoekTi ['eHepanpHOoro minany Kuea BH3HAHO He-
JIOCTaTHIO 3a0e3MeueHICTh HaceIeHHS 03eJICHEHNMU
TEPUTOPISMU 3arajJbHOTO KOPUCTYBaHHS Ta HEPIiB-
HOMIPHICTh IX pO3MOAUTY 3a aJMiHICTPaTUBHHUMU
pafionaMu. BumpapisTtd i HEIOJIKH IUIAHYETHCS
MEPEBAKHO IUIIXOM TEPETBOPEHHS MICHKUX JICiB
Ha OyQepHi mapku, sKi MpH IIbOMY OTPUMAIOTh CTa-
TyC 3€JIEHWX 30H 3araJlbHOr0 KOPUCTyBaHHS [6].
Opnak peanpHy JocTymHiCTh M33 a8 KusH 11e Hi-
SIKUM YHHOM He 301IBIIHTE.

AHani3 ocTaHHiX mocaifkeHb i myOaikamiii.
JocnipkeHHst, PUCBSYCHI PO3BUTKY MICBKOI 3elie-
HOI iHQPACTPYKTYPH, IPOTIOHYIOTh OIIHIOBATH J0C-
TYIHICTh 3€JIEHUX HAca/pKeHb 3a JIOTMOMOroI0 1H-
crpymentapito ['IC [19, 25, 27]. fxumo npu upomy
OIIHIOBATH SIKiCTh 3€JICHUX HACAIKeHb y PI3HUX
MICBKHX KBapTajiax, MPOCTille 3HANTH pe3epBH IS
MOJINIIEHHS JIOCTYITy Pi3HUX TPYI MICHKOI'O Hace-
neHHs jpo M33 [22]. Hanpukian, omiHKa eKOJIOTid-
HOi HepiBHOCTI y Benukux Mictax Himeuuwnu BH-
sBia, o 92,8% HaceNeHHS MaroTh JOCTYN [0
M33 y mexax 500-mMeTpoBOi BiACTaHI Bif MICIIS
MPOXXKMUBAaHHS. Y CepelHbOMY KOXXEH MEIIKaHEelb
BEJIMKOr0 MicTa NMpOXKHBAa€ Ha BiacTaHi 183 M Bifg
HaHOIMKYOT 3€JICHOT 30HM 1 Mae AocTym a0 4,4 ra
M33 B mexax 500 m Oydepnoi 30uu [25].

IHTerpoBana oIiHKa MPOCTOPOBOTO PO3MOALTY
M33 Ta iX TOCTYIMHOCTI € MiICTaBOIO JJISl IPUHHSTTS
pillieHb MIO/I0 TUIAHYBaHHS TEPUTOPIH, SKI MOTpe-
OyroTh mpiopureTHoro o3enenenHs [20; 26]. [Ipuk-
JIaJ] OIHKH MIIMOXigHOoi mocTymHOCcTI M33 nuisaxom

pPO3paxyHKy CepeaHbO3BAKEHOTO Yacy XOAbOW Bif
MIePEXpPEeCcTh JIOPIT IO BXOIIB Y MIChKiI MAapKH HaBe-
neHo y mpami [18]. MeTomonoriro MoOJAETIOBaHHS
nmoctynHocTi M33 1 MiChKUX MEIIKaHIIIB, 110 Oa-
3YETHCSI HA AUCTAHIIITHOMY 30HAYyBaHHI 3 BUKOpHC-
TaHHAM HaOopiB manux ['IC, posrmsaHyTOo y mparmi
[19]. Haronouryerbes, 1m0 BU3HAYCHI MOMKIHBOCTI
MIIIOTO TEepPexoxy BiA OAHi€l TOYKWM MO iHIIOI AO-
3BOJIUTH TPUHAMATH OOTPYHTOBaHI PIIIEHHS MO0
MOJINIIEHHs (I3UYHOTO 3/10pOB’Sl KUTETIB Ta SKOC-
Ti HaBKOJUIIHLOTO cepenoBuiia. KpiMm 1160r0,
00’€KTUBHUM BHUMIPOM piBHS O3€JICHEHHS BYJIHIIH
MOKe ciyryBatu moaugikoBanuii ingukarop Green
View Index (GVI), a mnsa nanmmadTHOro IiaHy-
BaHHS 1 ympaBiTiHAA €()EeKTUBHIIINM € BUKOPHCTaH-
Hs 300paxensr Google Street View (GSV) y moen-
nauui 3 GVI[17].

Bimomi 3apy0OikHI JOCHIMHKEHHS, MPUCBIUCHI
MUTaHHIM OL[IHKH JAOCTYITHOCTI 3€JI€HUX Haca/KCHb
y MicTax, CBiuaThb TPO 3pPOCTaHHA AaKTyallbHOCTI
i€l BamBOi mpoOnemu. B YkpaiHi x moku 1o
Opakye MOCTiKeHb, TOB’SI3aHUX HE JIUIIE 3 OIliH-
KO0 JocTynHocTi M33, ajne i i3 3araJbHUMHU TH-
TAHHSMHU TUTAHYBAaHHS 3€JIEHUX HACAIKCHb MICT.
Onny 3 HebaraTeox mpallb [12] mpucCBsIYEHO aHATIZY
MiIXOMIB J0 O3€JeHEHHS ypOaHICTHYHOTO Cepeno-
BUIIIA, 30KpeMa CTaHOBJICHHIO KOHIEMIIIN 3eIeHOr0
MpoCTOpYy 1 3eNeHOi iHppacTpyKTypu B YKpaiHi. ['o-
noBHi Banu JlepkaBHux OyniBensHUX HOpM ([IBH) v
c(hepi HOpMYBaHHS 03CJICHCHHSI HACCJICHUX ITYHKTIB
Ykpainu po3risiHyTo y mpaili [2], e aKIeHTOBaHO
Ha BiJICYTHOCTI JKOJTHUX HOPMATHBIB IIO/I0 3a0e3Ie-
YEHOCTI JKUTEIIB yciMa KaTeropisMy 3eJIeHUX Haca-
JUKEHB, SIK 1Ie MPUAHATO Y OUIBIIOCTI KpaiH CBITY 1
pernamenroBano BOO3.

OpuriHanbHi i€l MOA0 BBENCHHS Y MiCBKHX
paiioHax 3 yHIiJIbHEHOO 3a0YI0BOI0 BEPTHKAIBHUX 1
TOPU3OHTAIBHUX «3€JICHUX KOHCTPYKIIH» BUKJIaJe-
HO y mpami [10]. B ymMoBax 3arocTpeHHsl €KOJIOTid-
HOi cuTyalii B MicTax YKpaiHW BOHH BHKOHYBAaTH-
MYTh HE TiIBKH CAHITAPHO-TITIE€HIYHY 1 €CTETHYHY
GyHKIT, aje i CIpusSsTUMYTh 30€peKEeHHIO BHUIOBO-
ro pi3HOMaHITTS Mickkoi QayHu. [lopiBHATBHMIA
aHai3 HOPM O3eJIEHEHHS MICT y KpaiHax €Bpomu Ta
CBITY 3 HACTYHHMM BHM3HAa4YE€HHSM HOPMAaTUBHOI
TUTOINI O3€JICHEHHS y BEJIHMKHX MicTaXx YKpaiHu Ha-
BeZieHO y mpaitii [4]. KpiM Toro, po3rissHyToO cydacHi
MIIXOMW IO O3CJCHEHHS MICHKOTO TPOCTOpy 0e3
panuKaIbHOTO MEPETBOPEHHSI MICHKOTO CEpeIOoBH-
Ia Ta HAaBEJCHO MPHKIAJN HETPAIUIIHHUX PIlllCHb
B MicTax YKpaiHu.

BunineHHsi HeBHpilIeHWX paHille YaCTHH
3arajbHOi nmpoOsiaemMu. Y OUIBIIOCTI PO3BUHYTHX
KpaiH «3€JCHICTb» MiICTa BH3HAYAE€THCS HE TLIBKH
3a0e3mneueHicTio Menikauiis M33, ame # 4acTKOO
3€JICHUX TEXHOJIOTiH y eHepreTHuHiil i TpaHCIopT-
Hill 1HGPACTPYKTYypi, SIKICTIO MOBITPS, OOCATaMu
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yTumizamii BigxomiB Tomo. B VYkpaiHi K MOHATTS
«3€JICHE MICTO» CHPHUIIMAETHCS BUKIIOYHO SIK HasAB-
HICTh Y HhOMY 3Ha4yHuX 1oy M33. Bynp-sike ykpa-
fHChKe MiCTO Hajiuye 0e3Jid eKOJIOTiuHIX MpolIeMm,
ajie HalOLIBbIIIe iX KOHIIEHTPYEThCS y cTonuili Kuesi.
e 3a0pyaHeHHsT TOBITPS 1 BOAOIM, HEKOHTPOJIHO-
BaHa 3a0ynoBa y30epexoks 1 3amaB [{Hinpa, Hesa-
KOHHE BHKauyBaHHS MICKy 3 BOIOHM, IEpEIOBHE-
HICTh MICBKHX CMITTe3BauL] Touio. OZHNUM 3 Hera-
TUBHUX TpeHaiB Kuesa, mo ¢opmye 3araapHuil exo-
JIOT1YHUM CTaH MiCTa, € 3HUILEHHS 3€JCHUX Haca-
TOKEHB M1 KUTIOBY 3a0y/IOBY.

Ha i cyTTeBOTO MOTipIIEHHS Maiike BCiX eKo-
JIOT1YHUX TOKa3HHKIB, oQiuitnuii Kuis nporomocus
MIOJIITUKY CTBOPEHHS KOMIIAKTHOTO 1 3€JIEHOT0 Mic-
Ta, mo BimoOpaxkeHo y Crparerii po3sutky Kuesa
no 2025 poky Ta y mpoekrti [eHepaiabHOTO IUTaHy
micta 10 2040 poxy. OmHHM 3 TSITH KITFOYOBUX
npiopureriB Crparerii po3Butky Kuesa € exomnorid-
HO 4HCTe Ta 3efieHe MicTo. Y HoBiii Bepcii Crparerii
OHOBJICHO iHAEKC KOMQOPTY KHUTTS, OXHUM 3 iHAU-
KaTopiB AKOTO € 3a0e3MEeYeHICTh MEIIKAHI[IB 3elle-
HUMH 30HAMU 3arajbHOT0 KOPUCTYBaHHs [9].

Hopmu o3eneHeHHsT B yKpaiHCHKHX MicTax pe-
rymototees JIBH, mo nabymm unaHOCTI 2019 poky.
Baxxmsoro HOBenor 1mux JIBH € BBenenns y wic-
TOOYAIBHY JOKYMEHTAIIIO MOHATTS «3€JICHI JiHII»,
3a JIONOMOTOI0 SIKUX 00MEKY€eThCs 3a0yA0Ba MIHHUX
o3elleHeHUX TepuTopii. HoBi OyziBenmbHI HOpMH
nepeadavaroTh YacTKy BEJTHKHX MapKiB IUIOMICIO
nona 100 ra ta yicomapkis miometo nonan 500 ra
He Merme 10% Bif 3arajapHOI IUIOII O3€JIEHEHUX
TepUTOpi MicT. TakoX YHOPMOBAHO TPAaHCIOPTHY
JIOCTYTIHICT, SIKa JI0 MICHKHX MapKiB Ma€ CTAHOBUTH
He Oinmbrie 20 XBUIIMH, a IO PaOHHUX MapKiB — HE
Oinpie 15 xBunmH. BaxmBruM 3acTepeskeHHM IS
TUTaHYBaJIbHUKIB € BUMOT'a MaKCHMAalbHOTO 30epe-
JKCHHSI ICHYIOUMX 3€JICHMX HacaJpKeHb MPH MPOCK-
TyBaHHI IMapKiB, cajiB, ckBepiB i OymbBapiB. Kpim
uporo, HoBuMu J[IBH mepenbadeno 3anpoBakeHHS
IHHOBALIMHUX croco0iB 30inblieHHs mronti M33:
CTBOpPEHHS BEPTHUKAIBHUX CaJiB 1 MapkKiB, MOOiIb-
HUX CHCTEM O3€JICHEHHS, 3eJICHHX €KpaHiB 1 CTiH,
caJliB 0e3rmepepBHOTO LBITIHHSA [5].

®opMyJIIOBaHHA MeTH CTaTTi. Memorwo noc-
JKEHHST € PO3pOOJIEHHSI alNrOpUTMY OLIHKH JOC-
TYITHOCTI 3€JIEHUX 30H B yMOBaX KOMIAKTHOTO MicC-
Ta Ha npukiaani Kuesa. s mocsSTHEHHS METH BU-
pimyBanucs Taki 3aeoanns: 1) po3paxyBaru 3araiib-
Hy mionry Bcix HasBHUX M33 B mexax Kuesa Ta
MpoaHai3yBaTH IX MPOCTOPOBUHN PO3MOIIN y PIZHUX
paiioHax CTOJUI; 2) BUSHAYUTH cepelHIo 3abesme-
YEHICTh KO)KHOTO MewkaHis KueBa 3eneHumu Ha-
CaJDKCHHSIMH BCiX BUJIB; 3) Ha OCHOBI JaHHUX IPO
KUIBKICTh OYAMHKIB 1 IIUIBHICTh HACEJICHHS po3pa-
XyBaTH peanbHy 3abe3nedeHicTs kusiH M33 Bcix
BHIIB Ta OKpeMO — 3a0e3nedueHicTs M33 a1 KopoT-

KOCTPOKOBOTO BiJIIOYMHKY B MeXaX >KHTIOBOI 3a-
Oymou Kuesa; 4) OIMIHATH MIIIOXITHO-YaCOBY JOC-
TynHicTs M33 11 KUsIH Y ABOX BUMipax: 3 ypaxy-
BaHHSIM YCHOT'O HAasBHOTO POCIMHHOTO MOKPHUBY Ta
OKpeMo noctynHicte M33 3araipbHOro KOpHUCTYBaH-
HS ISl TIOBCSAKIEHHOTO BIANOYMHKY B PI3HHX MiK-
popationax Kuega.

BukJiax 0CHOBHOTO MaTepiajny J0CTiTzKeHHs.
Jexinpka gecsatuiiTs ToMy KuiB BBa)KaBCsl OJHUM 13
HaizeneHimmx Mict cBity. OnHaK HUHI, Yepe3 Maco-
BE 3BEJICHHS 3CJICHHUX 30H MiJ 3a0ylOBYy Ta CyTTEBE
MOTIPIIEHHS €KOJIOTIYHO1 CUTYaIlii, MiCTO I1i TTO3MIIi{
BTpaTuio. IlinTBepMKEHHSM TOMY € PpEHTHHT
Husqvarna Urban Green Space Index (HUGSI)
2020 poxky, B sxkomy Kuis nocis 100-te micme 31 155
mict cBity. HUGSI po3paxoByeTbcs 3a TakuMH iH-
JMKaTOpaMu, siK PiBEeHb O3€JICHEHHS MICTa, SKiCHHUH
CTaH i mpocTopoBUil po3noxit M33, a Takoxk 3a0e3-
NEYCHICTh 3eJICHUMH HAaca/DKeHHSIMH Ha JIylly Ha-
cenenns [21]. Crenianbauii craryc micta Kuis, sk
TOJIOBHOTO  TMOJITUKO-aIMIHICTPaTUBHOTO LEHTPY
VYkpainu, Hagae oMy Oarato mepesar B yIpaBIliHHI
00’eKkTaMu 3eJ1eHO0i iHPPACTPYKTYPH Y HOTO MekKax.
BonHouac, Taki mepeBarn He 3yNUHSIOTH Jerpaja-
Ii10 MIHHAX MICHKUX JaHAMA(TIB, CKODOYCHHS PEK-
peariiiHux 30H, pi3Ke MOTipIIeHHS SKOCTI MOBITPS i
nuTHOI Boxu. ToOTo, He 3Bakarouu Ha OILiHHO
MPOTOJIONICHY MONITUKY CTBOPEHHS KOMIIAKTHOTO i
3eJIEHOT0 MiCTa, Ha MPAKTUIll TPUBAE XAOTUYIHA 3a-
Oy/loBa He JMIIe IEHTpajbHUX, ane U mepudepiii-
HUX paiioniB Kuesa.

3rigHo girouoi [Iporpamu exomoriyroro Gmaro-
nonyyus M. KuiB Ha 2019-2021 poxu, 3araibHa
mioma M33 Bcix BHIIB cTaHOBUTH 565 kM2 (67,4%
TepuTopii micta). 3 HUX 21,6 THC ra po3TalIOBaHO B
Mexax Micbkoi 3a0ymoBu. [lo ki 2021 poky 3a-
Oe3nedeHicte M33 3araibHOTO KOPHCTYBaHHs Mae
36inpmmTHcs 3 22,0 go 23,5 m*ocoby. Pecypcamu
[IbOTO0 3POCTAaHHS BKA3aHO KYJBTHBALIIO 3EIECHHX
Haca/DKeHb Ha MPUOYJMHKOBUX TEPUTOPISIX HOBOOY-
noB [8]. Hdani, HaBeneHi y mpoekti [eHepaibHOTO
wiany Kuesa, nemo Biapi3HsroTbes. 30KpemMa, 3ara-
npHa TuTora M33 BCiX BHIB y MeXax MicTa CTaHO-
Buth 450,4 xM* (54,5% Teputopii micta) [6]. He
CHiBIaJAIOTh HABEIEH] MOKa3HUKH TaKOX 1 Yy peUTH-
ury HUGSI, 3rigHo sixkoro yactka M33 cTaHOBHUTH
nuire 44% teputopii Kuera, a 3a0e31MeyeHiCTh HU-
MU Ha Iyury HaceneHHs — 82,3 m? [21].

3 omaay Ha Taki po30iXKHOCTI y oitiiHUX 10-
KyMEHTax 00 BU3HAYECHHS BAXKIUBUX XapaKTepH-
ctuk M33, mMu 3poOmim BiacHI PO3paxyHKH YCiX
IHJMKATOPiB, HEOOXIMHUX IJIS OLIHKH JOCTYITHOCTI
3e1eHuX HacampkeHb y Kuesi. 3a Buznauennsm BO-
03 [24], micbka 3eneHa 30Ha (urban green space) —
1€ MICBKUH MPOCTIP, BKPUTUH POCIHHHICTIO Oy/b-
SKOTO BUJY, L0 BKJIIOYAE BYJIMYHI epeBa Ta NPUI0-
POKHIO POCIMHHICTh; HACAIKCHHS, HEMOCTYITHI JUIS
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3arajJbHOTO JOCTYIy UM BIANMOYMHKY (3€ICHI daXu
Ta HaCa/PKCHHS Ha MPUBATHIN TEPHUTOPIi); 3araabHO-
JOCTYIHI 3elieHi HacapKeHHs, sKi 3a0e3nedyroTh
Ba)KJIMBI COLliaNbHI Ta pekpeawiiini QyHKmii (mapkwu,
CKBEpH, MICHKIi JicH, MoMi(yyHKI[IOHATRHI TPUPOIO-
OXOPOHHI TepUTOPIi).

BukopucraBmm reompoctopoBi  aani  Open-
Street Map Ta Google Map, a Takoxx Tporpamse
3abesneuenns QGIS, My HaHecnn Ha KapTy BCi Has-
BHi M33 B Mexax KueBa Ta Bu3Haunmu ix 3arajipHy
IUIOIY, SIKa CTaHOBUTHL 452,8 kM2, T06TO 54,8% Bin
Tepuropii micta. [lpn 1boMy BuSBHUIH Ty)Ke HepiB-
HOMipHUH TpocTopoBuii po3monin M33 y pizHuX
paifoHax cronuui. HaliHmk4uuii piBeHb O3eJICHEHHS
(Bcworo 14,8%) mae Comom’THCHKWH paiioH, a Hald-
OibII O3eIeHEHUMH € JleCHIHChbKHM, CBATONINHCE-
kuii, O6onoHcekuit 1 Japanupkuii paitonn Kuesa, B
sakux 4dactka M33 nepesurrye 60%. XapakTepHOIO
PHCOI0 TINX pailOHIB € HASBHICTh BEIMKUX MACHBIB
MICBKHX JIICIB, PO3TAllIOBaHUX MEPEBAXKHO Y iX Tie-
pudepiitanx yactunax. OIHUM 3 TaKUX MAcHBIB €
binmnyancekwii mic, skwii y 2014 p. Gymo npueaHaHOo
JI0O €IWHOTO B YKpaiHi MICBKOTO HaIllOHAJIBHOTO
npuponHoro mapky «lomociiBcbkuidy. I xoua 1e Ha-
nano binmuancekoMy JTiCy 3allOBiHOTO CTarycy,
Horo Mexi B HaTypy ¥ J0cCi He BHHECEHO. A y TIpoe-
ki ['enmmany Kuepa i 30BciM nepenoavaeThes nepe-
TBOPUTH HOTO Ha 4YOTHpH OydepHi mapku [7], mio 3a
pPaxyHOK TIepeBeIEeHHS y KaTeropilo «3eleHi Haca-
JOKEHHS 3araJlbHOTO KOPUCTYBAHHSD) JIO3BOJIUTH HO-
MiHaJIbHO 30UTBIIATH cepeqHio 3abe3neueHicts M33
B Kuesi. Lle, cBo€to yeprorw, BiIKpHue HUISIX 10 3a-
OyZIoBH HOBUX MikpopaioniB, ockinmeku JIBH ne-
I0pe MOpYIIIeHO He Oyre.

VY cknani M33 HaMu BUOKpPEMIIEHO MIChKi IpH-
ponooxoponHi Tepuropii (MIIOT), 3aranpHa mioma
axkux y M. KuiB HuHi cranosuts 159,18 kMm%, a6o
18,83% Teputopii micta. Jliarna3oH KOJIHMBaHHS CTY-
TIeHs 3aII0BITHOCTI Pi3HUX PaOHIB MiCTa BUSBHUBCS
nyxe mupokuM — Bif 0,33% y Conom’stHCEKOMY 10
50,41% y CesrommuHchkoMy paiioni [11]. Lle 3HauHO
TIEPEBHUIIY€ 3arallbHUI CepeHil PiBeHb 3aIlOBiIHO-
cTi B Ykpaini, sxkuii Ha 01.01.2020 ctaHOBUB ychOro
6,77% (3a odinidiHuMHu 1aHuMH MiHICTEpPCTBA 3aXH-
CTy JOBKULIL Ta NPHUPOAHUX PpecypciB YKpaiHH).
Bonnouac, yepe3 Opak ¢inaHcyBaHHA Ta Hee(heKTH-
BHE YINpaBIiHHI, 4YUMajo CTBOpeHuX Yy Kuesi
MIIOT mBHAKO BTPA4YalOTh CBOIO EKOCHUCTEMHY
LiHHICT B YMOBaX MOCHJIEHHS HEMHUHYYHX KOH]IIi-
KTiB 3 ypOaHICTUYHUM OTO4YeHHsM. ToMy Jeknapa-
THUBHE 301JbIICHHS PiBHS 3allOBITHOCTI B MICTI He
MPU3BOANTH JI0 MOBHOIIHHOTO BuKoHaHHS MIIOT
(GYyHKLIH, 3aKpilIEHUX YKPaiHCHKUM 3aKOHOIABCT-
BoM. He cripusie oMy 1 ayske HEpiBHOMIpHUIT Tpo-
croposuii posnoain MITOT B mexxax Kuega.

Jns Toro, mo® BU3HAYMTH cepenHio 3abesme-
YEeHICTh KOKHOTrO MelkaHus Kuesa 3enenumu Haca-

JDKCHHSIMH BCIX BHIIB, JOCTaTHBO PO3PaxyBaTH
CIIBBIAHOLICHHS IX IUIOLI 3 KIUJIBKICTIO HAcEJICHHA
Kuesa. M33 Bcix BHOIB y MeXax MicTa BKIIOYAIOTh
MapKy, CKBEPH, JICH 1 Jliconmapku, KIyMOH i Ta30HH,
MIIOT, a Takox OKpemi ByIWYHI IepeBa, KJIaJI0BHU-
12, HACA/DKEHHS Y3IO0BXK JOPIT 1 3alli3HMIG TOIMIO.
Jani mpo KiUTbKiCTh TOCTIHHOTO HACEJICHHS B3ATO 3
odimiitHoro BeO-caiiTy ['0IOBHOTO yTmpaBIliHHA CTa-
THCTUKH B M. KuiB. BusBuocs, mo cepenns 3abes-
neuenicte M33 komuBaeThes Bim 329,65 M*/0coly B
Tonociiseskomy paiioni 1o 15,75 m*/ocoby B Co-
JIoM’STHChKOMY paiioHi. CepenHiii MOKa3HUK 3a0e3-
nedeHocTi M33 BCiX BUJIB Ui MiCTa B I[IJIOMY CTa-
HOBUTH 154,77 M*/0co0y. 3 omisay Ha Te, IO paiio-
o1 KueBa 3HAYHO BIIPI3HAIOTHCS OJWH Bill OTHOTO
3a IUIOMICIO 1 YHCENBHICTIO HACENeHHs, CepeaHs 3a-
Oe3meyeHicTh 1X xureiliB M33 BciX BUIIB HE MOXE
OyTH iHAMKATOPOM KOMGOPTHOTO i OE3MeYHOro Mi-
CBKOT'O CE€PEAOBHILA.

[TnanyBanHs M33, MOBHOIO MipOO iHTErpOBa-
HUX Yy 3I0pOB’Sl Ta SIKICTb JKUTTS JIOAeH, OTpeldye
OIIIHKY 3€NIEHUX 30H, NPUOAMHUX OJisl NOBCAKOEHHO-
20 sionowunky 1 penakcariii. Tomy i3 M33 Bcix BUIiB
CJIiJl BUKJIIOYUTH BYJIMYHE O3€JICHEHHS, PUIOPOXKHI
Haca/DKeHHS, KJIaqoBHIa, Krymou tomo. s Hail-
OB TOYHOI OIIHKH JOCTYHMHOCTI 3€JeHHX 30H
Kuera ix Oyno po3mineHo Ha 1m’SITh YMOBHHUX Kare-
ropiit: mpi6Hi (tuomero a0 1 ra), mani (1,1-10), ce-
penHi (10,1-100), Bemuki (100,1-1000) Ta mxyxe Be-
ki (0imemre 1000 Ta). BusBuiocs, mo Ha 62%
Bcix M33 mpumnanaroTh Jmiie 9 koHTypiB, a 2802
koHTYpu M33 marots ronty a0 1 ra (puc. 1). Hus
OIIIHKYM 3a0€3MeYeHOCTI 3eJICHNX HacaJKeHb Ha Y-
Iy HaceleHHs Ta ix JoctymHocTi JpioHi M33 He
BPaxOBYBaJIUCh.

3 ypaxyBaHHSIM OCHOBHHUX HiZIXOZiB, 5IKi 3aCTO-
COBYIOTECSl Y €BPONEHUCHKUX MicTax JJisl TUIAaHYBaH-
HS MepeXi 3eleHMX HacaJKeHb Ha OOMEXKEHOMY
MPOCTOPi KOMIAKTHHUX MICT [15], HaMu po3paxoBaHO
3abe3nedenicTb M33 Bcix BuaiB Ta M33, npuaatHux
JUIS IOJICHHOTO BiJIMOYMHKY, B MEXaX >KHUTIOBOI
3a0yIOBM y PO3paxyHKy Ha Oyuly HaceneHHs. Ha
OCHOBI aHami3y oQiliiHOI CTaTUCTUKH, MiCTOOY/IiB-
HOT JIOKyMEHTAIlil Ta BIAKPUTUX JAHUX BHU3HAYECHO
KUTBKICTb JKUTIOBUX OyIMHKIB (0araTonoBepxoBHX i
NPUBaTHUX) Ha KOXEH KBaipaTHu# Kinmomerp (100
ra) Tepuropii Kuesa. Ycboro HapaxoBaHO OJIM3BKO
1,4 MiH momMorocmoAapcTB. 3a IOMOMOTO JaHHX
[1, 3] mono TuIy MIaHyBaHHS, OBEPXOBOCTI Oyau-
HKIB Ta BBEJICHHS HOBOTO JKUTJIA Y EKCILTyaTallito
BHU3HAYEHO BIJIMOBIJHY IIUIBHICT HAaceIeHHs (puc.
2). Slx BuaHO 3 pHC. 2, HAHOUIBII TIEpEeHACEICHUMHU
MiKpopalilOHaMH 3 YHIUIBHEHOIO 3a0y0BOIO, OKpPiM
Leutpy, € INo3usku, Tpoermmua, O6omons i Bunor-
panap. CepelHs TYCTOTa HACENIEHHS Y MeaX KHT-
110801 3a0y10Bu Kuresa cranoButh 6175 0ci6/km?.
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Ha mizmcraBi oTpuMaHux TaHUX OyjI0 BHSBIICHO
HaHOUIBII TOYHY 3a0e3MeUeHICTh MelnKaHiiB Kuesa
M33 Bcix BuaiB (puc. 3). JJocTym 10 €KOCUCTEMHUX
MOCJIYT, IO HAJAIOTHCS 3CJICHUMH HACa KCHHSIMHU,
Hapasi CIPUHMAETHCS SIK BOKIUBUN YUHHUK SIKOCTI
XKUTTA B MICTi [22], 0cOONMBO y JKUTIIOBUX MacHBax
3 yHIiIbHEHOW 3a0ynoBor. Came TOMY BaKIUBUM
IHIUKATOPOM OITIHKK KOM(OPTHOCTI IMPOKUBAHHS B
HUX € 3a0e3nedeHicth M33 Ha aymnry HaceleHHS.

Puc. 1. CriiBBigHOIIEHHS KIJIBKOCT1 KOHTYpiB M33
Ta ix mroml B Mexax Kuesa.
Fig. 1. The ratio of the UGS contours number and
their area within Kiev

Puc. 3. 3a6e3neuenicts Memkanmis Kuesa M33
BCIX BHJIIB.
Fig. 3. Provision of Kyiv residents with UGS
of all kinds

Bizyanpauit anamis puc. 3 GopMmye ysIBICHHS PO
JIOBOJTI BHICOKY 3a0e3IeYeHICTh MemKaHiiB M33
BCiX BUIB y pi3HHX Mikpopaiionax Kuea. Onnax
pe3yibTaTH po3paxyHKy 3abesnedeHocTi M33, npu-
JATHUMH JUTS TIOBCSKICHHOTO BiAMOYHHKY, 3HAYHO
BIIPI3HAIOTHCS Bix momnepenHix (puc. 4). HaiGimpm
3abe3neueHo0 M33 HaceyeHHs JKUTJIOBHX MAacHBIB
TomociiB, Mumonoska, @eodanis, Tepemknu I, Ily-
ma-Boauiig, JlicoBuit MmacuB, AkageMmicTedyko, Ye-

Puc. 2. llinpHiCTH HAaCENEHHS Y MEXaX KUTIOBOI
3a0ynoBu Kuega.
Fig. 2. Population density within residential
development area of Kyiv

Puc. 4. 3a6e3neuenicts memkadis Kuesa M33 s

TIOBCSIKJICHHOTO BiJITIOYHHKY.
Fig. 4. Provision of Kyiv residents with UGS
for daily recreation
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pBonuit Xytip, HoBa Jlapauria, gactkoBo I103H:IKIB 1
MiBHIYHOI YacTuHU BuHOTpanaps. Maibke He 3a6e3-
MEYCHI 3CJICHUMHU HACAJKCHHS IICHTPaJIbHI MIKpO-
palioHu MicTa 3 HaWOINBII MIIJIFHOK 3a0yI0BOIO, a
Takok Bitpsai ropu, boprandi, IliBnenna i Muki-
nbebka bopmariBka, Ilogin, minsHO 3acemena Tpo-
emuHa, MiHChKHIA MacuB, 3Ha4Ha yacTuHa O00JOH1
Ta [To3HsIKiB.

OTpuMaHi pe3ynbTaTH JSTIA B OCHOBY BHMi-
proBaHHs jgoctynmHocTi M33 mnst kusH. [limmoximHa
JOCTYITHICTh 3€JIEHMX HACa/JKCHb BU3HAYAETHCA SIK
BiJICTaHb, MPOWIECHA BiJ JKUTIOBOTO OYIWHKY [0
HaHOMIKYOT 3€7ICHOT 30HU. SIKIIO MPHUIHATH Y SKOC-
Ti cepeHbOI MBUAKOCTI PyXy MIIIOXOMIB YCiX BiKO-
BHX Tpyn 3 KM/Tox, To Biactanb y 500 M momaeThes
3a 10 xB., a Bigcrans y 1000 M — BiamoBigao 32 20
XB. BpaxoBytoun HemNiHIHHICTh MapHIPYTIiB Ta HasB-
HICTh Tepemkoy (OyIuHKH, MMapKaHH, aBTOAOPOTH),
HaBkoio M33 Oyio cTtBopeHO OydepHi 30HH IIHpH-
Hoto B 300 ta 700 M, mo npuOIM3HO JOPIBHIOE Ti-
moxigaum guctadmiaMm 500 ta 1000 M BiAIOBIAHO.
KopekTHicTh Takux mapaMmeTpiB MiATBEPIKYETHCS
MOJICJTFOBAHHSM IIIIOXiTHOI JOCTYIHOCTI 3a JOIO-
MOTOI0 MepeskeBoro aHamizy 3acobamu GRASS GIS:
moOymoBaHi 130XpOHH AOCTYIHOCTI 3 ypaxyBaHHIM
MOITYKY HAWKOPOTIIOI TUCTAHIIIT 3a TpadoM TOpOXK-
HbOT MEPEXi TOBHICTIO 30iratThes 3 Oydepamu 00-
paHOI HaMU IIUPUHMU.

Puc. 5. loctynuicts M33 BCiX BHIIB
y mexax Kuesa
Fig. 5. Accessibility of UGS of all kinds
within Kyiv

VY BuximHi AHI nepeciyHmii xxutenb Kuepa Haii-
YacTille BUPIIIY€e MUTAHHA «A€ BiAMOYUTH?» HA KO-
pucts miconapky un MIIOT, po3ramoBanux 31e0i-

3 ommiay Ha OaratodyHKIOHaNIbHICTE M33,
BpaxOBaHO BECh HASBHUWA POCIWHHUN TOKPUB,
BKJIFOYAFOUYH HACAJKCHHS Y3I0BXK JIOPIT 1 3aJ1i3HUIIb,
KIyMOHM 1 Ta30HH, OKpeMi Kyl ¥ JepeBa Tomo. B
pe3yibTaTi OTPUMANH «Iy’Ke 3eJIeHe» MiCTo, Je Ha-
BiTh y IIEHTpI Ta MOcepes MITFHO 3a0yJOBaHNX Ma-
CUBax BijicTaHb 10 HaliOmmk4oi M33 He nepeBulye
1000 M (puc. 5). Cepen «rapsdux TOUOK», JIe B Me-
xax 20-XBHJIMHHOI MIIIOXiTHOI JOCTYIHOCTI BiACY-
THi Oyzb-sIKi 3€JIeHI Haca/pKeHHsI, BUALIAOThCS [y-
nsiBka, [ledepcek, bopranui, Tpoemmna. Hoctyn-
HicTh M33 BciX BHIIB Ma€ 3HAYCHHs, SKIIO Tpeba
OIIIHUTU €KOCUCTEMHI MOCIYTH, OTPUMYBaHI TpoMa-
JIOF0 BiJ] POCIMHHUX O101ICHO3IB (OYUIICHHS TOBIT-
psi, 3aXUCT BiJl €KCTpEeMalbHUX MOTOAHUX SIBUII TO-
mo). Taka MOCTYMHICTE MOCTaTHBO UITKO KOPENIIO-
€ThCS 13 TOKa3HWKaMu 3abe3neueHocTi M33 Beix
BUJIiB Ha JTyIITy HACEIICHHSI.

Junsa toro, mo6 3’scyBatH, Hackineku M33 3a-
raJbHOrO KOPUCTYBAHHS JOCTYITHI MEIIKAHIISAM Pi3-
HUX MikpopaiioHiB Kuepa ajisi MOBCSKICHHOTO Bij-
MMOYMHKY, JIOBEJIOCS OKPEMO BH3HAYHUTH BiJICTaHi 10
HaOMMKYMX MapKiB, CKBEPiB, JICOMApPKiB Ta MOJi-
¢ynkuionansaux MIIOT i3 pekpeaniiHUMHu 30HAMU
(puc. 6). IlimoxigHa TOCTYIHICTh MapKiB, CKBEPIB i
HaBiTh OyNbBapiB Mae TPIOPUTETHE 3HAUSHHS IS
3IiICHEHHSI KOPOTKOCTPOKOBHX IPOTY/ISHOK, IO
Ha/I3BUYAHO BaXKJIMBO JUIS 3HIDKCHHS CTpECy B
YMOBax METaroicy.

Puc. 6. JoctymHicte M33 Kuea 117151 KOpOTKOCTPO-
KOBOTO BIJITIOYHHKY
Fig. 6. UGS accessibility for short-term recreation
in Kyiv

JBIIOTO Ha OKONMHUIAX MicTa. [lepeBarn maroTh Kus-
HU, SIKI MELIKaroTh y MIIOXiJHIM TOCTYMHOCTI 10
HUX, 1 y IbOMY IIOJIATa€ TEBHA COIliaJhbHA HEPiB-
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HicTh. OHAK 1 3 MEHTPAIBHUX PalOHIB TPYIH JIEO-
JIeli MacoBO BHPYIIAIOTh Ha BUXiAHI y 00CiiBCh-
kuii nic, Peodanito un [imponapk, BUTpauaroun
3HaUHO OiNblIe Yacy Ta MOCHJIIOIOYM peKpeariiiHe
HaBaHTAXEHHS HAa PUPOIHI EKOCHUCTEMH.

Orinka JOCTYMHOCTI 3€JIEHNX HAacaKeHb Mif-
KPECIIIOE SIKICHI acleKTH KOM(OPTHOCTI MPOKUBaH-
HS Y MICTi, SIKi 9aCTO HE CIiBIIJAIOTh 13 KUTbKICHU-
MH TapamMeTpamMl MpPOCTOPOBOTO posmoniry M33.
Taki mocnimpkeHHsT HaJlal0Th MOXJIUBICTH IJIaHyBa-
JbHUKaM BUIIATH M33, HAWOUIBII YyTIWBI JI0O
BIUIMBY TPHUPOJHMX 1 AHTPOIIOTCHHUX YWHHUKIB
[16]. Puc. 6 nae 4iTke ysIBICHHS PO T, SIKi )KUTIOBI
MacuBu KueBa moTpeOyroTh mepumodeproBoro 30i-
TBIICHHS PIBHA O3elieHeHHA. [Ipudomy HaWOimbri
«rapsdai» JOoKallii 3 HU3BKOI AOCTYIHICTIO M33 po-
3TalIOBaHi 37€O1TBIIOTO HE Y IEHTPAIbHUX paloHax
MicTta, a Ha nepudepii 3adygoBanoi Teputopii. o
MiATBEPIKYE KOPETIAII0 JOCTYITHOCTI 3€J€HUX 30H
HE JHIIe i3 MPOCTOPOBUMH MapaMeTpaMH o3elie-
HEHHSI, aJie | 13 MIUIBHICTIO JJOMOTOCIIONAPCTB Y Pi3-
HHUX MIKpOpaiioHaX, POJUHU SIKMX MAarOTh MOXKIJIH-
BICTh MIIIKK JiCTAaTHCS J0 HakOmmk4oi M33 mpors-
TOM HaMKOPOTILOTO 4acy.

Jist OpiBHSHHS MU pO3paxyBalid CITiBBiIHO-
meHHs OyepHuX 30H, 32 PO3MipaMH SKHX OIiHIO-
BaBCs piBeHb J0CTymHOCTI M33 y Mexax 3a0ynoBa-

Hoi Teputopii KueBa. Haiibinbma wactka (46,53%)
npunagae Ha OydepHy 30HY mo 500 M, e KUSHH
MalOTh BUCOKHH piBeHb joctymy a0 M33. Yactka
OydepHoi 30Hu po3mipom 501-1000 M, y Mexax skoi
MOJKHA TIIIKY AICTATHCA JI0 HAWOIMKIOTO MApKy 91
cksepy 3a 11-20 xB., cranoButh 31,22%. Haii-
MmeHmow (15,47%) BusiBUIacs 4acTka TEPUTOPIH 3
HU3BKUM piBHEM JAOCTyITy 10 M33, e y Mexax Ki-
JIOMETPOBOi TOCTYITHOCTI HEMAa€ >KOAHUX 3€JICHUX
HacapkeHb, MPUIATHUX Ui KOPOTKOCTPOKOBOTO
BignmounHky. CaMe TyT NpOSABISETHCS COLiajbHA
HEPIBHICTh OKPEMHX T'PYH HACEIECHHS, 30KpeMa JIo-
JIel TIOXHJIOrO BiKy Ta JIFOACH 3 1HBAIIHICTIO, 1O3-
0aBJICHUX MIMIOXIAHOTO MAOCTYHy MO0 OyIb-sKUX
M33. Mu BU3HAYMIM CIIBBIAHOIIEHHS KHSH, SKI
MAaIOTh Pi3HUH piBeHb HocTymy 1m0 M33, mpumaTtHux
JUIS. KOPOTKOCTPOKOBOTO TMOBCSKICHHOTO BiJIIOYWH-
Ky (puc. 7). Takox MOpiBHSIIN cepenHio 3abe3mede-
HICTb 3€JIEHMMH HacaHKEHHSIMM BCiX BUIIB Ta M33,
NPUIATHUMA JUIS TIOBCSIKACHHOTO BiJIIOYMHKY, B
po3pisi paiioniB Kuesa (puc. 8). Ak O6aunmo, Mix
paiioHaMu iCHYIOTh 3HadHI PO3ODKHOCTI: SKIIO Y
[IleBueHKIBCHKOMY paiioHI Maibke Bci HasBHI M33
NpUaaTHi A KOPOTKOCTPOKOBOI pekpearii, TO y
Hapaunpkomy, CearomuHcbkomy, [leuepcbkoMy Ta
Conom’SHCEKOMY paiioHaX MiXK IIMMU ITapameTpamMmu
ICHY€ KOJIOCAJILHUM PO3PUB.

Puc. 7. Po3nonin nacenenns Kuesa 3a piBHeM
MIII0X1THO-9acoBOi TocTynHOCTI M33
Fig. 7. Distribution of the Kyiv population accord-
ing to the level of pedestrian-time UGS accessibility

B yMoBax KOMIIAaKTHOT'O METaIloJICy 3 YIIUIb-
HEHOIO 3a0y/IOBOIO Yy IIEHTPaIbHUX pallOHAaX, IHTEH-
CUBHUM 3BEJCHHSIM HOBOOYJIOB Ha OKOJUIIX Ta
BaYKKOJOCTYITHUMH JIICOBUMH MacHBaMHM Ha IepH-
(epii, HeOOXIHO 3alPOBAKYBATH JIOJATKOBI 30HU
exonoeiynozo xom¢hopmy. Hampuknam, B apeanax

Puc. 8. 3abe3neuenicts M33 Ha nyury HaceneHHS B
paiionax Kuesa (M*/0co0y)
Fig. 8. Provision of the UGS per capita in the Kyiv
districts (m*/person)

cTapoi MaJomOBEpPXOBOI 3a0yIOBH, /16 HEMOXKIHBO
pPO30UTH TAapKU 1 CKBEPH, JIOILIBHO O3EJICHIOBATH
MDKOYIMHKOBI MpOXoAW 1 mpoi3au, dacamu i maxu
OyziBelib, CTBOPIOBATH €KOMAPKOBKH. Taki 30HH KO-
M(DOpTY, KpiM NPOAYKYBAaHHS KHCHIO, OYMIICHHS
MOBITPSL 1 3MEHIICHHS PiBHSA ILIyMY, CTBOPIOIOTH
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OXOJIO/KYBAIbHUN €(EeKT B TEILUTy IOpPY POKY, 3Me-
HIIYIOTh HABAaHTAXKCHHS HA JIOLIOBE BOJOBIJBEIICH-
HSl, BUKOHYIOTh €CTETHUHY QYHKIi0. Y 0aratbox
KpaiHax BepTHKaJbHE U JaxoBe 03eJICHEHHS 3aKpil-
JIEHO Ha 3aKOHOJABUYOMY PiBHI.

BucnoBku. [lmanyBaHHS KOMITAKTHOTO MicTa
3HAYHOI0 MIipOI0 IPYHTYETHCS Ha yMpaBiiHHI Oara-
TOQYHKIIIOHATGHAIMHU 3€JIeHHMH 30HaMH. Partiona-
JpHE YOIUTRHEHHS ypOaHI30BaHWX TEPHUTOPIA MOT-
pebye mpoBeaeHHs TPOCTOPOBOi OLIHKHU Bcix M33 3
ypaxyBaHHSM IX CEKOJIOTIYHHMX 1 COIiaJIbHO-€KOHO-
MIYHUX (QYHKIOIA. 3pydHa MIIOXigHa AOCTYITHICTh
M33 Haj3BUYAHO BaKJIMBA Ui 3a0e3mneucHHs ¢i-
3MYHOTO 1 TICUXIYHOTO OJIaromoyryqdsi MEIIKaHIIB
MerarnoiriciB. Po3po0ieHnii aliropuT™ OITIHKH JTOC-
TYITHOCTI 3eJIeHNX 30H B yMOBaX KOMITAKTHOTO MicC-
Ta Ha npuknani KueBa mepembauae KUTbKICHUH 1
mpocTopoBwii aHaiiz M33; Bu3HaUeHHS 3a0e3mede-
HOCTI KMSH 3€JICHUMH HacaKeHHSIMHU BCiX BHIIB Ta
3abe3neueHocTi M33 3aranbHOr0 KOPHUCTYBaHHS,
MPUIATHUX JUJIsI KOPOTKOCTPOKOBOTO BiJIIOYMHKY B
MeXax KiIoMeTpoBoi OydepHOi 30HM; OIIHKY MIIIO-
XizHO-4acoBoi moctymHocTi M33 Tak camo 3a 1BoMa

mapamMeTpaMu — 3 ypaxyBaHHAIM M33 Bcix BHIIB Ta
MPHUJIATHUX I TTOBCSKICHHOTO BIIMOYHHKY 3elie-
HUX 30H.

3a pesynabraTaMu JOCHIKEeHHSA, Y M. KuiB BU-
SIBIICHO IIOHAWMEHIIIE OAWHAANIATH KPYHMHHX JIOKa-
il y pi3HUX MiKpopaioHax, KUTell SKUX 1030aB-
JeHi goctyny 10 M33 y Mexax KiloMeTpoBOi BiJic-
Tami. Lli jokariii mepeBaKHO CITIBIAAAOTh 3 Hak-
OLITBII TIEpEeHACEIEHUMH KUTIOBUMH MAacHBaMH 3
VIIUTLHEHOI 3a0y/J0BOI0 1 HAWHWKYMMH TIOKa3HH-
KaMu 3a0€3MEeUYCHOCT] 3CJICHUMHU HACAPKEHHSIMH Ha
Iylly HaceneHHs. TakoX BUSBHWIIOCS, IO BUCOKHA
noctyn 10 M33 (mo 500 m) maroThs ycboro 45,4%
HaceneHnsa Kuea, a 15,5% xusH Ha BigcTadl B 1 kM
B3arajii He 3a0e3MedeHi JKOTHIUM MICIEM IS BiIO-
YUHKY, KpIM JTAaBOYKHU y NMBOpi. ICTOTHI BiAMiHHOCTI
BUSIBJICHO TAKOX IPH IMOPIBHSIHHI MIIIOX1THOTO J0C-
Tymy 10 M33 y pi3HHX aaMiHICTpaTUBHUX paliOHAX
Mmicta: y Ileuepcekomy paitoni mume 20% poaun
MaroTh MOXJIMUBICTH 3a 10 XBWIMH AaicTatucd 10
Haitommkyoi M33, a y JIHIMPOBCHKOMY, HaBIAKH,
Maibke BCi MeIIKaHIl 3a0e3ledeHi 3eJIeHNMH Haca-
JOKCHHS JJTs BIIOYMHKY B pazaiyci 1 kM (puc. 9).

Puc. 9. Ilimoxinna noctynHicts M33 y paiionax Kuesa (%).
Fig. 9. Pedestrian UGS accessibility in the Kyiv districts (%)

3 oAy Ha Te, IO MIMIOXiHA JOCTYIHICTE J0
HANONMKYMX MAapKiB, CKBEPIB Ta IHIIUX MICIb Bif-
MOYMHKY Ma€ BaXXIMBE 3HAYCHHS JUIsi 3HIKCHHS
CTpeCy B YMOBax Meramojicy, pe3yjibTaTH IOCIHi-
JOKEHHSI MOXKYTh OyTH BUKOPHMCTaHI IUTaHyBaJIbHU-
KaMHW JUIs BU3HAYEHHS KHTIOBMX MacuBiB Kuesa,
SK1 MepIIoUYeproBo MOTPEOYIOTh 301NbIIEHHS PiBHA

03eJieHeHHS. Y TMepCHeKTHBI BUOIp NpPiOPUTETHHX
JIOKaIlil MOXXKHa KOHKPETH3YBaTH HUISXOM Bpaxy-
BaHHs TPYN HACENICHHs, HAaWOUIbII ypasiuBUX O
BIUIMBY CTPECOT€HHUX YMHHUKIB, TOOTO JITHIX JIfO-
JIel Ta Jrojiei 3 0COOIMBUMU MOTpedaMu. Y Tmporie-
Cl IUTaHyBaHHS HEOOXIAHO 3a0€3IeUnTH PIBHUN 10-
CTYI 10 IPOMAaJCHKHX 3€JICHUX 30H BCiX TPYI Hace-
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JIGHHS MiCTa y TICBHOMY pajiyci Bill MIiCIS TIPOXKHK-  icHyrounx M33 Ta oO3eleHEHHsS MIKpopahoHIiB 3
BaHHsi. [lmaHyBaHHS pPO3MMPEHHS pEKpearlifHuX  HAHHWKYO0 3a0€3MEUYCHICTIO 1 JOCTYITHICTIO 3eIe-
MOJXKJIUBOCTEH 3€JICHUX 30H B YINITBHCHOMY IPOC-  HHUX HAcaJKEHb Ma€ OyTH 3akpimieHo y ['eHepaib-

TOpi KOMIIAKTHOTO MICTa 32 paXyHOK PEeKOHCTpYKUii  HoMy rutaHi Ta CtpaTterii po3Butky Kuesa.
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acmupaHT Kadeapsl GU3NUECKOM reorpapuu U re0dKOJIOTHH

Cratbsi mocBsIIeHa pa3pabOTKe MPOLEAYPhl OLEHKH JOCTYITHOCTH TOPOJCKHMX 3eieHbIX 30H (I'33) B ycnmoBumsx
KOMITaKTHOTO TOpoJia C YIUIOTHEHHOW 3acTpoiikod Ha mpumepe Kuesa. [IpumeHeHHas mMeTonuKa mpemxycMaTpHBacT
MIPOCTPAHCTBEHHBIH M KOJIMYECTBEHHBIM aHanmu3 pacnpeneneHus ['33 B mpenenax ropoia ¢ MCIOIb30BaHHEM T'eOIpO-
cTpaHCTBeHHBIX MaHHBIX OpenStreetMap, Google Map u nporpammHuoro obecriedenus QGIS. B mporecce mcciemopa-
HUSI HA OCHOBE JIAHHBIX O KOJIMYECTBE JOMOB M IUIOTHOCTH HACEJIEHUS pacCUMTaHa pealibHas 00ecIeueHHOCTh KUEBIISH
I'33 Bcex BHAOB, a Takke 0OECIIEUEHHOCTh 3€JIEHBIMH HACAKACHUAMH, NPUTOAHBIMHU ISl TIOBCEJHEBHOTO OTABIXA, B
mpenenax Kol 3actpoiiku Kuea. BrrstBieno, uro obecmedenHocTs 33, B mpenenax KOTOPBIX OCYIIECTBIISETCS
KpPaTKOCPOYHAs peKpearysi, 3HAaYUTeIbHO YCTyIaeT IUIOIAbI0 Ha AYIIy HAceJICHUs MO CPAaBHEHUIO C aHAJOTMYHBIM
IoKa3aTeseM, PaCCUUTAHHBIM IS 3€JIEHBIX HAaCaKIACHUH BCEX BHIOB. DTH pa3in4Ms MOKa3aHBl HA COOTBETCTBYIOIINX
kapTocxemax. C momomisio OydepHOro mojaxona ompeieseHbl KpaTdailie pacCTOSHHS, KOTOphle He0OX0AUMO mpe-
0JI0JIETh TEUIKOM, YTOOBI JOOPaThCs OT JKWIIOrO JoMa J0 Onvkaifiied 3eneHoi 30Hbl. OTIENbHO M3MEPEHbI JOCTYII-
HOCTB JI0OBIX nMeromuxca B Kuese I'33 1 10cTynHOCTE 3€7I€HBIX HACAKICHUN OOIIETO IMOJIb30BaHMS, IPUTOIHBIX IS
TIOBCETHEBHOTO OT/bIXa. B pesynbrare MccieaoBaHWIl BBISBICHBI CYNIECTBEHHBIC Pa3iuyuus 3THX Mokaszarteneid. Ilo
JaHHBIM pacyera gaocTynHocTtH I'33 Bcex BunoB, KueB Ha caMoM Jiene BBITTISIIUT «3€JIE€HBIM» FOPOJOM, Iie MOYTH Ha
BCEH 3aCTPOCHHOW TEPPUTOPHU PACCTOSIHHE N0 Onrpkaiimieil 3eneHoi 30HbI He npesbimaer 1000 M. OmHAaKO OIEHKA
JOCTYIMHOCTH 3€J€HBIX HACAXKJEHUMN, NPUTOJHBIX AT KPAaTKOCPOUYHOM PEKPEalluOHHON NEATENbHOCTH, AEMOHCTPUPYET
HepocTaTok 1'33 B mpejenax He MeHee OJUHHAALATHU >KUIBIX MACCHUBOB ropoja. OTH pa3luuMs TAKKe OTPaKEHbI Ha
COOTBETCTBYIONUX KapTocxemax. COrflacHO MPOBEJCHHBIM PAacyeTaM, BEICOKOH MEIIeX0HO-BPEMEHHOHN JOCTYTHOCTHIO
I'33 a1 moBceAHEBHOTO OT/ABIXA Ha paccTostHuH He Oostee 500 M oOecmieueHo Tobko 45,4% kuesnsiH. Hacenenue pas-
JIUYHBIX BO3PACTHBIX U COIMAIBHBIX TPYII, KOTOpoe B paauyce | kKM BooOIIe HE MMEET JOCTyNa HU K OJHOMY MECTY
oTasIxa, coctaBisieT 15,5% xuteneit Kuesa. Taxxke BBISBICHBI CYIIECTBEHHBIC pa3iaHdus JOocTymHOCTH ['33 B pa3HBIX
aJIMUHUCTPATUBHBIX PalOHAX, YTO CBUAETEIHCTBYET O HECOBEPIICHCTBE yIPaBICHHUS BCell 3eTIeHON MHPPACTPYKTypOi
ropoza. Pazpaborannslii u anmpobupoBaHHEIN Ha puMepe T. KneB anroput™ OLeHKH JOCTYIHOCTH 3€JIEHBIX 30H MOXKET
OBbITH MIPUMEHEH JUIsl JII0OOTr0 KOMIAKTHOTO TOpO/a, YTO MO3BOJUT MAKCUMAJIbHO TOYHO OINPEAENAThH JKHJIbIE MacCHUBBI
WIN JIpyTHE JIOKalnuy, TpeOyIolHe MepBO0YEPEIHOTO 03€IEHEHNSI.

Knrwouegvle cnosa: 2opoockue 3eienvle 30Hbl, KOMNAKMHBIL 20p00, NOBCECOHEGHBI OMObIX, OV@epHbil nooxoo,
OYeHKa NeuexoOHol 00CHYNHOCHU 3€/IeHbIX 30H.
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Purpose. The goal of the study is to develop an algorithm for assessing urban green space (UGS) accessibility in
conditions of a compact city with high-density development by the example of Kyiv.

Methodology. The research technique provides for spatial and quantitative analysis of UGS distribution within
city limits by using OpenStreetMap, Google Map geospatial data and the QGIS software. The pedestrian accessibility to
greenery is determined as the distance walked from the residential building to the nearest green space. If the average
speed of walking of all age groups is taken to be 3 km/hr, then 10 minutes are needed to cover a distance of 500 m, and
20 minutes, for 1,000 m. To account for curved paths and obstacles (buildings, fences, motorways), UGS were sur-
rounded with buffer areas 300 m and 700 m wide. This equals the walking distances of 500 and 1,000 m respectively.

Results. We plotted on the map all available UGS within Kyiv limits, determined their total area and found a very
uneven spatial UGS distribution in different city districts. Then we found the average provision of each Kyiv resident
with greenery of all kinds, including not only parks, mini parks, and urban forests, but also cemeteries, flowerbeds and
grass lawns, separate street bushes and trees, and roadside hedgerows.

Based on the data of the number of buildings and the population density within Kyiv’s residential development ar-
ea, we calculated the actual provision of Kyiv residents with UGS of all kinds, and with greenery suitable for daily rec-
reation. In so doing, we found that the provision of UGS, where short-term recreation is possible, is significantly small-
er in area per head of population as compared to an identical indicator calculated for greenery of all kinds. This is con-
firmed by the built map charts.

Using the buffer approach, we determined the shortest distances to be covered to reach a UGS nearest to a residen-
tial building. Independently, we measured pedestrian accessibility to any green cover in Kyiv and UGS accessibility for
public use, which are suitable for daily recreation in different Kyiv micro districts. The findings yielded a significant
difference in these indicators.

According to the calculations of UGS accessibility of all kinds, Kyiv really looks like a “green” city where almost
in all the developed territories the distance to the nearest UGS is within 1,000 m. However, an assessment of the acces-
sibility to greenery suitable for short-term daily recreation is indicative of a deficiency of UGS in at least eleven resi-
dential complexes in the city. All the locations with different UGS accessibility are also plotted on relevant map charts.

Scientific novelty. The study has shown that only 45.4% of Kyiv residents are provided with high pedestrian ac-
cessibility within a distance of 500 m to UGS for daily recreation. The residents of different age and social groups who,
within a 1-km radius, have no access at all to any recreation site make up 15.5% of Kyiv residents. Substantial dispro-
portions in UGS accessibility were also found in different administrative districts and residential complexes. This is
indicative that the management of the entire city’s green infrastructure is not perfect.

Practical importance. The algorithm for assessing green space accessibility that was developed and tested for
Kyiv can be used for any compact city. This will help city planners to identify accurately the micro districts and other
locations requiring priority planting of greenery.

Keywords: urban green space, compact city, daily rest, buffer approach, assessment of pedestrian urban green
space accessibility.
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ABSTRACT

Formulation of the problem. Ecological safety of soils and cultivation of ecologically safe food products of plant origin is one
of the most urgent problems of today. Ensuring the environmental safety of food raw materials and food products is one of the main
tasks that determine the health of the human population and the preservation of its gene pool.

Analysis of recent research and publications. Toxic effects of Pb on human bodies have been confirmed by numerous clini-
cal studies that have shown the negative effects of heavy metals on the nervous, cardiovascular, immune systems and oncology. The
works is devoted to the development of detoxification techniques, in which scientists proposed to reduce the content of heavy metals
in chernozems by detoxifying soils by growing battery plants on them, which will «extract» heavy metals from soils disinfecting
them. The disadvantage of the proposed technologies is the economic costs borne by farmers, producers and consumers. Farmers will
suffer financial losses due to idle sown areas and the cost of seed. Producers will be forced to raise prices for the final food product as
a result of reduced consumer purchasing power.

Formulation of the purpose of the article. The aim of the article is to determine ways to optimize lead-contaminated cherno-
zem soils in the system «soil — plant» (on the example of chernozem soils within the test sites on the territory of the collection nurse-
ry «Agrotek» in Kyiv region).

Presentation of the main research material. The article presents the results of a study of ways to optimize lead-contaminated
chernozem soils in the system «soil — plant». The objects of the study were soybean and chickpea varieties of different vegetation
varieties, namely: ultra-early varieties, maturation period 95... 105 days. Medium, maturation period 100...115 days. Medium-ripe
varieties maturation period115...125 days. Early ripening varieties of chickpeas growing period 95...115 days, and medium-ripe sotu
chickpeas, growing period 115...125 days. Experimental studies were conducted during 2019 — 2021 within the test sites on the terri-
tory of the collection nursery «Agrotek» in Kyiv region. The method of ion exchange and liquid chromatography on the liquid chro-
matograph Shimadzu LC-20 (Japan). Studied the variability of nutrients (protein, fat, carbohydrates) in soybeans and chickpeas of
different vegetation varieties. With the help of the MATLAB program, mathematical optimization was carried out and the five-year
dynamics of protein, fat, and carbohydrate content in legumes grown on chernozem soils of the «Agrotek» collection nursery in the
Kyiv region was determined. By the method of inversion-voltammetry with the help of voltammetric analyzer «<ABA-3» (Russia)
which is equipped with an indicator electrode for the determination of lead, the concentration of Pb in chernozems and soybeans and
chickpeas with different protein content was studied. Concentrations of Pb in soybean and chickpea grains depending on the chemi-
cal composition of soils for cultivation were grown and studied at the test sites of the «Agrotek» collection nursery.

Conclusions. As a result of experimental studies, it was found that the contamination of chernozem soils Pb and subsequent
processes of its translocation in the system «soil — plant» have negative consequences and are manifested in the accumulation of toxi-
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cants in plants. It is significant that the largest metal-accumulating properties have cultivated early-ripening legumes, and the small-
est — medium-ripe. It was determined that the indicators of Pb concentration in the storage organs of legume assimilants are influ-
enced to a greater extent by the protein content in them than by mobile forms of Pb, which come due to translocation from soils con-
taminated with Pb. It is established that with the increase of protein in the organs of plant assimilators, the indicators of accumulation
of toxic concentrations of Pb increase. Given that the genetic characteristics of chernozems allow us to consider them the most envi-
ronmentally friendly soils in terms of anthropogenesis, however, they deposit contaminants and, accordingly, require optimization
and development of detoxification methods. It has been experimentally established that when growing legumes of different vegeta-
tion varieties on chernozems contaminated with Pb, the intensity of their detoxification to obtain environmentally friendly plant
products can be distributed as follows: NisoP1soKiso + Pb + lime + manure > N3soP360K360t Pb > NigoP1soKiso + Pb + lime >
NisoP1soKiso + Pb + manure. The obtained laws provide an opportunity to develop recommendations and propose ways to detoxify
contaminated Pb soils. Which will provide an opportunity to significantly reduce budget expenditures, which is socially necessary

and cost-effective.

Keywords: soils, chernozems, pollution, heavy metals, lead, detoxification methods, legumes.

In cites: Biletska Ya. O., Nekos A. N., Bekhter A. O., Krivtsova A. S., Brayninger O. 1. (2021). Ways of optimization of lead-polluted black
earth soils in the soil-plant system. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 257-273.
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Formulation of the problem. Ecological safe-
ty of soils and cultivation of ecologically safe food
products of plant origin is one of the most urgent
problems of today. Ensuring the environmental safe-
ty of food raw materials and food products is one of
the main tasks that determine the health of the hu-
man population and the preservation of its gene
pool. Up to 70 % of pollutants of various origins
enter the human body from the environment with
food. According to the World Health Organization,
lead (Pb) is a global polluter that causes a large
number of diseases [1]. The main strategy of the
project developed by the UN «Health of the Nation
in the fight against COVID — 19» is to reduce heavy
metal intoxication that enters the human body with
food [2]. The migration of Pb into food depends on
many factors, among which the most important is
the quality of the soil for growing food raw materi-
als, which is used as an ingredient in food [3]. The
absorption and accumulation of toxic concentrations
of heavy metals in food raw materials are influenced
by many factors, including the quality of soils, ferti-
lizers, pesticides, precipitation and the ability of
plants to bioaccumulate substances from the envi-
ronment in which they are grown. Legumes have a
great accumulating ability among plants, soybeans
and chickpeas occupy leading positions in this chain
[4]. In studies [5], it was determined that trace ele-
ments and heavy metals accumulate 90...97 % in
legume cotyledons, and the content of native protein
in the grain is directly proportional to the content of
the accumulated substance. Given the fact that the
source of toxic soil contamination on Pb are indus-
trial enterprises, vehicle emissions, recycling plants
and the fact that it belongs to the first class of dan-
ger — an important scientific and practical task is to
conduct research under the system «soil — planty
with in order to develop methods of detoxification
of soils on which cultivated plants are grown. It
seems important to obtain patterns for determining
the varieties of legumes (soybeans and chickpeas),
which have the lowest bioaccumulative properties to

the accumulation of lead through the process of
translocation from soil to plants during their life
cycle.

Analysis of recent research and publications.
Toxic effects of Pb on human bodies have been con-
firmed by numerous clinical studies that have shown
the negative effects of heavy metals on the nervous,
cardiovascular, immune systems and oncology [6].
The work [7] is devoted to the development of de-
toxification techniques, in which scientists proposed
to reduce the content of heavy metals in chernozems
by detoxifying soils by growing battery plants on
them, which will «extract» heavy metals from soils
disinfecting them.

The disadvantage of the proposed technologies
is the economic costs borne by farmers, producers
and consumers. Farmers will suffer financial losses
due to idle sown areas and the cost of seed. Produc-
ers will be forced to raise prices for the final food
product as a result of reduced consumer purchasing
power.

In the question [8] of studying the means of
chemicalization for the accumulation of lead and
zinc in potatoes, table beets and beans grown on
chernozems is raised. Scientists have proven that the
application of lime and the combined application of
lime and manure reduce the accumulation of Pb in
plants. It is determined that the most favorable for
the bioaccumulation of heavy metals are beans.

Scientists have studied different groups of agri-
cultural plants, which allowed us to determine only
the group of plants that is most suitable for the ac-
cumulation of heavy metals from the soil. It is con-
sidered expedient to choose one group of plants of
different vegetative varieties as the object of re-
search, which makes it possible to establish optimal
patterns during the development of detoxification
methods.

A similar approach is described in [9], where
scientists have studied different varieties of soy-
beans of the western ecotype. Scientists studied
about 40 samples, and the results were optimized,
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which made it possible to eliminate the percentage
of deviations and establish patterns with an error of
up to 3 percent. The direction of the above research
concerned only the influence of climatic conditions,
and the issue of accumulation of heavy metals, in
particular Pb in soybeans of different vegetation
varieties was partially investigated.

In the work [10] where the chemical composi-
tion of legumes was studied, the issue of research of
Pb content remained unresolved, the reason for this
may be the difficulties associated with the complexi-
ty and financial importance of the experimental
study.

Atomic absorption mass spectrophotometry is
widely used for medical purposes to determine lead
in urine. The method of atomic absorption spectro-
photometry with electron-thermal atomization has
been proposed for determination in beverages [11].
Each of the above methods is designed to determine
lead, or in «Newtonian fluids» and is not suitable for
the control of Pb in soybeans and chickpeas. When
determining the lead content in metals or rocks, the
method of direct polarography is used [12], but its
use is appropriate only when the mass fraction of
metal is significant, which provides a clear peak on
the polarogram, and the content of related elements
does not interfere with determination.

An option to overcome the above difficulties
may be to use the method of inversion — voltamme-
try on a voltammetric analyzer «AVA», developed at
the research and production enterprise «Burevesnik»
(St. Petersburg, Russia). A significant advantage of
the AVA analyzer is that this device can determine
the mass fraction of Pb not only in different types of
food, but also in feed, drugs and biological objects
(blood, urine). The AVA analyzer is completely fo-
cused on the personal computer [13].

Selection of previously unsolved parts of the
overall problem. To date, there are no in-depth
studies to determine the nutritional value (protein,
fats, carbohydrates) of soybeans and chickpeas of
different vegetation varieties grown on Ukrainian
chernozems. Taking into account the scientific re-
sults [14], where it is proved that the degree of ac-
cumulation of trace elements (in our case lead) in
the grain during the growing season is influenced by
the protein content in native grain, it is important to
conduct the above studies. Which will scientifically
substantiate the dependences on the protein content
in the grain and the degree of accumulation of lead
in it.

The mechanism of accumulation of Pb grains
of soybeans and chickpeas of different vegetation
varieties grown on contaminated Pb chernozems is
little studied. The influence of nutrients (protein) in
legumes in this process has not been scientifically
substantiated.

Conducting experimental studies within the
system «soil — plant» to determine the content of
accumulated lead in soybeans and chickpeas of dif-
ferent vegetation varieties will establish patterns that
will form the basis for developing a method of soil
detoxification, which is certainly socially necessary
and cost — effective because will preserve the health
of human society, as a consequence of the state
budget, which is intended for hospital care and disa-
bility benefits.

Formulation of the purpose of the article.
The aim of the article is to determine ways to opti-
mize lead-contaminated chernozem soils in the sys-
tem «soil — plant» (on the example of chernozem
soils within the test sites on the territory of the col-
lection nursery «Agrotek» in Kyiv region).

To achieve this goal, the following tasks were set:

- to determine the indicators of Pb concentra-
tion in chernozem soils on test sites and storage
bodies of legume assimilation (soybeans and chick-
peas) with different protein content;

- to study the five-year dynamics of the content
of protein, fats, carbohydrates in legumes grown on
chernozem soils of the collection nursery «Agrotek»
in the Kyiv region;

- to determine the indicators of lead concentra-
tion in soybeans and chickpeas of different vegeta-
tion varieties grown on chernozems, test sites of the
collection nursery «Agrotek» in Kyiv region.

Presentation of the main research material.
Experimental studies were conducted during 2019 —
2021 within the test sites on the territory of the col-
lection nursery «Agrotek» in Kyiv region. There,
biological material was selected for research — sam-
ples of legumes (soybeans and chickpeas) grown on
chernozem soils. Ultra-early varieties were used for
research: «Adamos», «Anastasia», «Annushkay,
«Alexandrity, «Bilyavkay», «Vilshankay, «Vorsklay,
«Deni», «FElenay, «Fairy» period of maturation)
75...85 days; early ripening: «Diamond», «Angeli-
ca», «Kyivska 98», «Phaeton», «Medea», «PSV
808», «Thanksy», «Khortytsia», «South 30», «Rusa»,
PM 95...105 days; medium-early: «Artemis», «Del-
tay, «Ivankay», «Tavria», «Golden», «Tavria 7»,
«Sprinty, «Kharkiv», «Charm», «South 40», (PM
100...115 days ); medium-ripe varieties «Agate»,
«Knight 50», «Colby», «Poltava», «Silver», «Suc-
cess», «Mashay, «Deimos», «Annay», «Podillya
(PM 115...125 days). Studies of the content of PFC
in legumes were performed by ion exchange and
liquid chromatography on a liquid chromatograph
Shimadzu LC-20 (Japan).

Characteristics of samples of soybean and
chickpea grains of different growing periods with
determination of maximum and minimum yield dur-
ing 3 years of research, are given in table 1.

During the experimental studies it was found
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Table 1

Characteristics of legume samples (soybeans and chickpeas), selected within the test site of the collection
nursery «Agrotek» (for the period 2019 — 2021)

Varieties legumes Vegeta;tlion period, Max and min yield,

ays tons per hectare
Soy

Ultra-early 75 -85 3,3-35

Early ripening 95 -105 33-3,6

Medium early 105 -115 38—-42

Medium ripe 115-125 4,1-4,6
Chickpeas

Early ripening 95 - 115 3,3-3,6

Medium ripe 115-125 3,8—-42

that the periods of soybean and chickpea ripening
ranged from 75 to 125 days, which is optimal for the
climatic conditions of Ukraine. The study of four
vegetation periods of soybean ripening and two
vegetation periods of ripening of chickpea grains
(late-ripening varieties of chickpeas with a ripening
period of 180 — 220 days were considered irrelevant
to study due to immaturity in Ukraine) allowed to
conclude that yields for soybeans 2019-2021 were
from 3,3 to 4,6 tons per hectare, chickpeas 3,3 to 4,2
tons per hectare, which indicates the high yield and
favorableness of our climate zone for growing the
above legumes.

The variability of nutrients, namely proteins,
fats and carbohydrates in soybeans of different
vegetation varieties grown on chernozems of the test
site of the collection nursery «Agrotek» (2019 —
2021), are presented in table 2-5.

With the help of the MATLAB program, a
mathematical model for the optimization of different
varieties of soybeans grown on chernozems of the
Kyiv region was created. The mathematical model is

based on the results of research over 3 years, math-
ematically processed 200 indicators. Criteria for
optimization: maximum amount of protein, mini-
mum growing period, average fat and carbohydrate
content. The above criteria were selected to deter-
mine the bioaccumulative properties of plants dur-
ing the location of the pollutant in the system «soil —
plant».

The obtained data (Tables 2—5) and the results
of mathematical processing (Fig. 1 — 4) allow us to
state that ultra-fast soybean varieties have an aver-
age protein content of 38,55%, fats — 17,90% of
carbohydrates — 43,50% ; early ripening contains
42,75% protein, 14,50% fat and 42,75% carbohy-
drates.

However, medium-early are characterized by
the following chemical composition — 37,40% pro-
tein, 20.50% fat, 42,10% carbohydrates; medium-
ripe — 35,1% protein, 22,20% fat, 42,7 0% carbohy-
drates. It should be noted that the difference be-
tween the chemical composition of soybeans is
probably due to different ripening periods, climatic

Table 2

Nutrient variability (PFC) of ultra-early soybean grains, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %

Year of research 2019 2020 2021

No Indexes

(P — protein, F — fat, P F C P F C P F C

C — carbohydrate), %
1 Adamos 40,9 19,1 | 40,0 | 41,4 | 19,0 | 39,6 | 39,9 | 20,1 | 40,0
2 | Anastasia 40,3 179 | 41,8 | 41,3 | 18,2 | 39,5 | 39,3 18,7 | 42,0
3 | Annushka 37,9 18,0 | 44,1 | 384 | 16,9 | 44,7 | 40,9 | 179 | 41,2
4 | Alexandrit 36,8 19,3 | 439 | 37,5 | 18,0 | 44,5 | 36,9 | 194 | 43,7
5 | Bilyavka 37,9 18,7 | 43,4 | 373 | 17,2 | 45,5 | 38,0 | 18,0 | 44,0
6 | Vilshanka 34,3 19,0 | 46,7 | 352 | 184 | 46,4 | 34,5 | 189 | 46,6
7 | Vorskla 36,9 18,6 | 44,5 | 37,2 | 18,0 | 44,8 | 36,5 | 18,6 | 449
8 | Deni 39,6 18,3 | 42,1 | 404 | 17,8 | 41,8 | 39,3 | 18,0 | 42,7
9 | Elena 38,2 18,8 | 43,0 | 39,1 | 18,9 | 42,0 | 38,2 | 17,9 | 43,9
10 | Fairy 39,4 18,1 | 42,5 | 40,3 | 169 | 42,8 | 39,2 | 18,0 | 42,8

Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
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Table 3
Nutrient variability (PFC) of early ripening soybeans, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
No Indexes
B (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Diamond 452 | 13,6 | 41,2 | 433 | 14,0 | 42,7 | 42,8 | 152 | 42,0
2 | Angelica 419 | 13,8 | 443 | 429 | 13,1 | 44,0 | 41,6 | 12,7 | 45,7
3 | Kyivska 98 40,3 | 16,2 | 43,5 | 414 | 17,0 | 41,6 | 41,2 | 16,8 | 42,0
4 | Phaeton 412 | 14,9 | 439 | 429 | 13,9 | 432 | 414 | 142 | 44,6
5 | Medea 42,0 | 15,6 | 42,4 | 41,8 | 151 | 43,1 | 42,0 | 144 | 43,6
6 | PSV 808 40,9 | 154 | 43,7 | 419 | 14,1 | 440 | 41,0 | 13,8 | 4572
7 | Thanks 40,8 | 16,0 | 432 | 42,0 | 153 | 42,7 | 42,1 | 152 | 42,7
8 | Khortytsia 43,9 | 12,0 | 44,1 | 435 | 11,9 | 44,6 | 419 | 11,9 | 46,2
9 | South 30 43,9 | 13,1 | 43,0 | 43,9 | 12,9 | 43,2 | 42,0 | 13,9 | 44,1
10 | Rusa 43,8 | 12,9 | 43,3 | 44,0 | 12,0 | 44,0 | 43,9 | 12,5 | 43,6
Note: P —proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
Table 4
Nutrient variability (PFC) of medium-early soybeans, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
N Indexes
B (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Artemis 36,9 | 20,1 | 43,0 | 359 | 19,6 | 45,5 | 364 | 19,8 | 43,8
2 | Delta 350 | 21,3 | 43,7 | 34,6 | 20,1 | 453 | 359 | 19,9 | 44,2
3 | Ivanka 36,5 | 18,9 | 44,6 | 36,4 | 18,7 | 452 | 36,9 | 19,3 | 43,8
4 | Tavria 35,5 | 19,4 | 45,1 | 352 | 19,1 | 45,7 | 359 | 19,9 | 44,2
5 | Golden 38,8 | 18,5 | 42,7 | 399 | 18,6 | 41,5 | 39,6 | 18,8 | 41,6
6 | Tavria?7 39,3 | 18,9 | 41,8 | 38,9 | 18,3 | 42,8 | 382 | 19,2 | 42,6
7 | Sprint 350 | 22,6 | 424 | 34,6 | 20,8 | 44,6 | 354 | 20,9 | 43,7
8 | Kharkiv 37,9 | 20,9 | 41,2 | 36,2 | 21,0 | 42,8 | 37,0 | 20,7 | 42,3
9 | Charm 37,2 | 224 | 404 | 37,5 | 21,9 | 40,6 | 36,9 | 21,7 | 41,4
10 | South 40 350 | 21,9 | 43,1 | 349 | 22,0 | 43,1 | 35,0 | 22,1 | 429
Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
Table 5
Nutrient variability (PFC) of medium-ripe soybeans, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
No Indexes
B (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Agate 339 | 23,8 | 423 | 33,8 | 239 | 423 | 33,9 | 23,1 | 43,0
2 | Knight 50 34,0 | 23,9 | 42,1 | 339 | 23,7 | 424 | 34,6 | 23,3 | 42,1
3 | Colby 36,6 | 22,1 | 41,3 | 333 | 22,1 | 41,6 | 364 | 22,6 | 41,0
4 | Poltava 349 | 23,7 | 414 | 342 | 23,5 | 42,3 | 34,8 | 23,9 | 41,3
5 | Silver 344 | 21,1 | 44,5 | 34,7 | 21,9 | 434 | 339 | 224 | 43,7
6 | Success 352 | 21,3 | 43,5 | 356 | 21,5 | 429 | 36,0 | 21,9 | 42,1
7 | Masha 39,9 | 229 | 432 | 34,5 | 23,1 | 424 | 33,9 | 23,3 | 42,8
8 | Deimos 36,3 | 204 | 43,3 | 359 | 21,0 | 43,1 | 355 | 21,2 | 433
9 | Anna 33,7 | 229 | 434 | 333 | 224 | 443 | 332 | 21,6 | 4572
10 | Podillya 349 | 22,6 | 42,5 | 34,0 | 21,9 | 44,1 | 33,9 | 22,1 | 440

Note: P —proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
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Fig. 1. The optimal ratio of PFC in the composition of ultra-early soybean varieties, %

Fig. 2. The optimal ratio of PFC in the composition of early soybean varieties, %
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Fig. 3. The optimal ratio of PFC in the composition of medium-early soybean varieties, %

Fig. 4. The optimal ratio of PFC in the composition of medium-ripe soybean varieties, %
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factors (number of hot and rainy days), which sig-
nificantly affect the chemical composition of leg-
umes. Early soybean varieties (42,75% protein,
14,50% fat, 42,75% carbohydrates) and a short
growing season (up to 95...105 days) have the max-
imum protein content. It should be noted that the
growing period is an important indicator given the
economic benefits for the «manufacturer», which is
not imposed on winter crops and, as a consequence,
to idle sown areas.

Ultra-early soybean varieties are 4,2% inferior
to early-maturing soybeans in terms of protein con-
tent, medium-early and medium-ripening varieties

are 5,35% and 7,65% lower, respectively. In terms
of fat and carbohydrate content, medium-early and
medium-ripe ones do not differ significantly, but
have a difference of 10...15 days between the peri-
od of bean ripening. In the table 6-7 presents the
results of studies of variability of nutrients, namely
proteins, fats and carbohydrates in chickpea grains
of different vegetation varieties grown on cherno-
zems of the test site of the collection nursery
«Agrotek» for the period 2019 — 2021. The optimal
ratio of PFC in the composition of chickpea varie-
ties grown on chernozems of the Kyiv region are
shown in Fig. 5-6.

Table 6

Nutrient variability PFC of early ripe chickpea grains, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %

Year of research 2019 2020 2021

No Indexes

- (P — protein, F — fat, P F C P F C P F B

C — carbohydrate), %

1 | Hyatt 229 16,5 [ 60,6 | 223 |16,7 | 61,0 |234 |16,0 | 60,6
2 | Erdem 16,5 1249 58,6 |16,0 |229 |[61,1 |16,7 |242 |59,
3 | Star World 247 | 154 1599 234 |158 |60,8 |23,5 |16,0 | 60,5
4 | Elite 22,1 | 16,6 | 61,3 [ 220 [169 |61,1 [222 |16,5 | 61,3
5 | Ecord 214 | 158 | 62,8 | 21,2 | 157 | 63,1 |199 |155 | 64,6
6 | Alexandrite 21,1 | 172 | 61,7 1199 |17,6 | 62,5 | 198 | 17,7 | 632
7 | Rosana 22,6 | 158 | 61,6 | 220 |157 623 [219 |162 |619
8 | Edda 273 |214 |51,3 [ 273 [214 |51,3 [273 [214 |51,3
9 | Lamb's Horn 213 169 | 61,8 203 |[164 |633 |[21,7 | 17,0 | 61,3
10 | Lilac 21,6 | 155 [ 629 |219 |159 |622 |21,5 | 16,0 | 625

Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
Table 7

Nutrient variability PFC of medium-ripe chickpea grains, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %

Ne Year of research 2019 2020 2021
Indexes
(P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 Vector 19,3 | 15,1 | 65,6 | 19,8 | 15,0 | 65,2 | 19,3 | 15,7 | 65,0
2 | Boyarinya 20,2 | 15,0 | 64,8 |20,7 | 146 | 64,7 | 20,9 | 14,3 | 64,8
3 Budzhak 20,2 | 15,9 63,9 | 196 |164 | 64,0 | 19,1 | 16,2 | 64,7
4 | Anatoly 17,9 | 140 | 681 |174 |134 |69,2 | 17,8 | 13,6 | 68,6
5 European 152 | 192 | 656 |157 |19,5 | 64,8 | 159 | 19,7 | 644
6 South-East 15,6 | 16,7 | 67,7 | 154 |16,2 | 684 | 159 | 16,8 | 673
7 | Gypsy 16,5 | 17,6 | 659 |152 |16,9 |67,9 | 164 | 17,8 | 658
8 | Jubilee/k-2405 14,5 | 154 | 70,1 | 14,8 | 152 | 70,0 | 14,3 | 14,9 | 69,9
9 | Bashkir 19,9 | 16,8 | 63,3 [193 | 16,6 | 64,1 | 192 | 16,1 | 64,7
10 | Flower 20,2 | 15,6 | 64,2 |202 |159 |63,9 |20,2 | 16,0 | 63,8

Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)

The objects of the study were twenty varieties
of chickpeas of different growing season. Varieties
with early and medium ripening matures were stud-
ied. The following varieties of chickpeas were used

during the study: «Hyatt», «Erdem», «Star World»,
«Elite», «Ecord», «Alexandrite», «Rosanay», «Ed-
da», «Lamb's Horn», «Lilacy growing period
95...115 days, and medium-ripe sot chickpeas:
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Fig. 5. The optimal ratio of PFC in the composition of early varieties of chickpeas, %

Fig. 6. The optimal ratio of PFC in the composition of medium-ripe varieties of chickpeas, %
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«Vector», «Boyarinya», «Budzhak», «Anatoly»,
«European», «South-Easty, «Gypsy», «Jubilee/k-
2405», «Bashkir», «Flower», growing period
115...125 days.

The results of the research were mathematically
processed and optimized according to the criteria
that were dominant during the research with soy-
beans (max amount of protein, min growing period,
average fat and carbohydrate content).

As a result of the study it was found that the
protein content in chickpea grains is much lower
than the protein content in soybeans, according to
[15], it is based in the range from 13 to 24%. It was
experimentally determined that the optimal ratio in
terms of protein content has early-ripening varieties
of chickpeas (19,55%), fats — 15,95%, carbohy-
drates — 64,5%. Medium-ripe varieties of chickpeas
have — 18,7% protein, 15,95% fat and 64,75% car-
bohydrates.

From the experiment it is possible to conclude
that as an object of study to establish the dependen-
cies on the protein content in grain and the degree of
accumulation of lead in it from the soil on which
legumes are grown, the most interesting are early-
maturing soybean and chickpea varieties 5,35 and
0,85% (respectively), and during the growing season

ripen 20 — 25 days earlier.

The next stage of the study was to determine
the Pb content in the grains of early-maturing soy-
bean and chickpea varieties with different PFC con-
tent. The objects of the study were soybean variety:
«Diamond» (44,2% protein content, 13,4% fat con-
tent, 42,4% carbohydrate content) with the maxi-
mum protein content and early-maturing soybean
variety «South 30» (30,1% protein content, 17,7%
fat content, 52,2 % carbohydrate content) with a
minimum protein content. Early-ripening chickpea
variety «Edda» (27,3 % protein content, 21,4% fat
content, 51,3 % carbohydrate content) with the max-
imum protein content and early-ripening chickpea
variety «Erdem» (16,7% protein content — 24,2 %
fat content, 59,1% carbohydrate content) with a
minimum protein content. Experimental studies
were conducted on the basis of the State Institution
«Scientific Center for Preventive Toxicology, Food
and Chemical Safety named after Academician LI
Bear of the Ministry of Health of Ukraine» by the
method of inversion-voltammetry using a voltam-
metric analyzer «AVA-3» which is equipped with an
indicator electrode for the determination of lead.
The results of the study are presented in table 8 and
fig. 7.

Table 8

Indicators of Pb concentration in chernozems and early ripening grains varieties of soybeans
and chickpeas with different protein content

Early-maturing varieties of soybeans

Early ripening varieties of chickpeas

Objects of research Diamond

South 30

Edda Erdem

Protein 42,2%

Protei 30,1%

Protein 27,3% Protein 16,7%

Mass fraction of Pb, kg

Chernozem, (before

. 7,244+0,04 6,52+0,04 7,88+0,04 10,17+0,04
sowing legumes)
Chernozem 6,96+0,05 5,93+0,05 7,44+0,05 9,72+0,05
(after harvest)
Bean grain 0,34+0,004 0,310,002 0,300,004 0,270,002
(seed material)
Legumes (harvest) 0,41+0,003 0,39+0,003 0,38+0,005 0,32+0,003

It was experimentally established that the mass
fraction of Pb in chernozem at the test site of the
collection nursery «Agrotek» in the Kyiv region
before sowing legumes was in the range from 6,52
to 10,17 wkg. After harvesting legumes, there is a
decrease in lead content in the soil by 0,45 — 0,59
wke.

An increase in the mass fraction of Pb in grains
from the yield compared to seed material by 0,07
and 0,08 wkg in soybean varieties «Diamond» and
«South — 30» (respectively) and by 0,8 and 0,05
wkg in the varieties «Edda» and «Erdem» (respec-
tively). Sample B — visualizes the content (accumu-

lation on the surface of the electrode) of lead in the
early-ripening variety of chickpeas (harvest) «Er-
demy, protein content of 16,7%. On experimental
sample A — visualized lead content in early-maturing
soybean variety «Diamond», protein content 42,2%.
Analyzing experimental studies (Table 8 and
Fig. 7), it is possible to conclude that the accumula-
tion of Pb in legumes is significantly affected by the
protein content in the grain. It is known [16] that
one of the main ways of moving mobile forms of
heavy metals to the plant is the process of their loca-
tion from the soil and absorption by plant roots.
Plants and their storage organs of assimilates are ab-
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Fig. 7. Accumulation of Pb on the surface of the working electrode of the ABA-3 analyzer in grains of early-
ripening varieties of soybean and chickpeas with different contents protein, (1000 times magnification):
A — early-ripening soybean variety «Diamondy, protein content 42,2%; B — early-ripening variety of chick-
peas «Erdem» protein content of 16,7%

le to accumulate Pb during the growing season,
where the process of accumulation with protein
takes place, and the concentration of Pb depends on
the protein content. The obtained experimental stud-
ies are reflected in [17], where it is substantiated
that heavy metals entering the plant from the soil
through the root system are actively moved meta-
bolically or by diffusion processes in contact with
cell walls and a number of mineral and organic
compounds contained in cells. Scientists have prov-
en [18] that the uptake of heavy metals by plants
and their subsequent accumulation along the food
chain is a potential threat to human and animal
health. This leads to mass degradation of Ukrainian
chernozems concentrated in areas with developed
industry. Also, a specific feature of soil contamina-
tion with heavy metals is a very low rate of soil self-
cleaning. As for Pb, its high concentrations in the
soil lead to degradation and reduction of the number
and diversity of soil microbiocenoses. Based on the
above, it is important to study the concentration of
Pb in soybeans and chickpeas depending on the
chemical composition of soils for cultivation. The
results of experimental studies are given in table 9-10.

Lime and manure were selected for joint appli-
cation to reduce the concentration of lead in the soil
for joint application to test plots with chernozem
soils. The research was conducted according to the
following scheme:

Site control (without fertilizers and artificial
application of Pb);

NisoP1s0Kiso;

NigoP1soKiso + Pb;

N1soP130Kig0 + lime (4 t/ha) + Pb;

NisoP1s0Kiso + manure (50 t/ ha) + Pb;

NisoP1s0Kiso + lime (4 t/ha) + manure (50 t/ha) + Pb;

Nis60P360K360 + Pb.

Agrochemical parameters of the experimental
site: humus content — 5,8%, pHKI — 5,6, mobile
phosphorus — 312 mg/kg, metabolic potassium —
173 mg/kg, nitrogen — 175 mg/kg, lead — 21,5
mg/kg. The area of the experimental plot is 10,5 m?.
Heavy metals in concentrations: Pb (CH3COO) 2 *
Pb (OH) 2 (82,0 g/m?), each made separately, pre-
mixed with soil. Analysis of the content of Pb was
determined using the method of inversion voltam-
metry.

The results of experimental studies showed that
the lowest concentration of Pb in soybeans obtained
from plants grown on lead-contaminated soils was
obtained in areas using lime, manure and mineral
fertilizers — scheme NigoP1s0Kigo + Pb + lime + ma-
nure.

Experimental areas with lead-contaminated
chernozems, where a double dose of mineral ferti-
lizers and manure was used, have the same tendency
to accumulate toxic metal in soybean cotyledons.

Less impact on the detoxification process than
a double dose of mineral fertilizers — scheme
N360P360K360 + Pb and manure — scheme N130P130K180
+ Pb + manure, has an introduction into artificially
contaminated lead soil — lime (scheme NjsoP130Kiso
+ Pb + lime).

The results of research on the concentration of
lead in chickpea grains of different vegetation varie-
ties depending on the chemical composition of soils
are given in table 10.

It has been experimentally proven that changes
in the chemical composition of the soil affect the
accumulation of lead in the storage organs of soy
and chickpea assimilators. It was found that the in-
tensity of Pb accumulation decreases with the com-
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Table 9

The concentration of Pb in soybeans of different varieties depending on the chemical composition of soils

Ultra-early varieties of soybeans,

chemical clsfrfrl:(l)l;}Zon of soils (75..85 days)
Adamos Anastasia
Control 0,47+0,002 0,48+0,004
NigoP180Kigo 0,46+0,003 0,47+0,002
NisoP1soKigo + Pb 0,700,002 0,700,003
NisoP1s0K180 + Pb + lime 0,69+0,001 0,62+0,002
NisoPis0K g0 + Pb + manure 0,51+0,002 0,53+0,002
NigoP1s0Kiso + Pb + lime + manure 0,42+0,003 0,45+0,001
Ns60P360K360+ Pb 0,49+0,002 0,47+0,002

Early-maturing varieties of soybeans,

chemical cl(jlcilrll)l(l)l;i?ion of soils (93...105 days)
Diamond South 30
Control 0,50+0,003 0,50+0,003
NigoP150Kiso 0,49+0,001 0,48+0,003
NisoPis0Kigo + Pb 0,730,002 0,750,002
NisoP1s0K180 + Pb + lime 0,64+0,004 0,68+0,002
NisoPis0Kigo + Pb + manure 0,59+0,002 0,57+0,004
NigoPisoKigo + Pb + lime + manure 0,33+0,002 0,32+0,002
N360P360K360+ Pb 0,410,002 0,42+0,001

Medium-ripe varieties of soybeans

chemical clc:r(;r;rcl)l;i‘?ion of soils (115...125 days)
Agate Silver
Control 0,42+0,002 0,41+0,004
NisoP1s0Kiso 0,43+0,003 0,440,002
NisoPis0Kigo + Pb 0,64-+0,002 0,61+0,003
NigoP150K 180 + Pb + lime O,6i0,001 0,62ﬂ:0,002
NisoPi30Kigo + Pb + manure 0,49+0,002 0,50+0,002
NisoP130K 30 + Pb + lime + manure 0,39+0,003 0,40+0,001
N360P360K360+ Pb 0,43+0,002 0,45£0,002

Table 10

The concentration of Pb in chickpea of different varieties depending on the chemical composition of soils

Early ripening varieties of chickpeas,

chemical cl(jr(ilryr)r(l)l;iZon of soils ©...115 days)
Edda Erdem
Control 0,41+0,004 0,40+0,001
NigoP180Kigo 0,40+0,002 0,40+0,004
NigoP1s0Kigo + Pb 0,53+0,003 0,52+0,003
NigoP130K180 + Pb + lime 0,49+0,001 0,47+0,002
NisoPig0Kigo + Pb + manure 0,45+0,003 0,46+0,004
NigoP130Kig0 + Pb + lime + manure 0,21+0,002 0,25+0,003
N360P360K 360+ Pb 0,29+0,001 0,27+0,003

Medium-ripe varieti

es of chickpeas,

chemical clcjr(;rfr)lcl)g?ion of soils (115...125 days)
Bashkir Flower
Control 0,40+0,002 0,38+0,002
NigoP180Kigo 0,38+0,001 0,38+0,001
NisoPi30Kigo + Pb 0,51+0,002 0,5040,003
NisoPi1soK180 + Pb + lime 0,43+0,003 0,45+0,004
NisoP130K g0 + Pb + manure 0,46+0,002 0,44+0,004
NigoP130Kig0 + Pb + lime + manure 0,28+0,0024 0,29+0,003
NssoP360K360+ Pb 0,31+0,002 0,34+0,003
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bined use of mineral fertilizers, lime and manure.
The use of one lime does not significantly affect the
detoxification process.

According to the intensity of detoxification of
soybeans and chickpeas of different vegetation vari-
eties during cultivation on chernozems contaminat-
ed with lead, can be distributed as follows:

NisoPisoKiso + Pb + lime + manure >
Ni60P360K360 + Pb > NigoP150Kiso + Pb + manure >
NisoP1s0Kis0 + Pb + lime.

It is hypothesized that the periods of maturation
(the number of days for which the grain matures
from seed to fruit) in lead-contaminated soils does
not affect the increase in the concentration of Pb in
the grain of legumes. The relationship between pro-
tein content in grain and Pb concentration indicators
has been established. Soybean and chickpea varie-
ties with the lowest protein content, namely medi-
um-ripe, are not very suitable for accumulation. A
similar result of experimental studies is given in
[19-20], which describes the process of germination
of chickpeas in a solution of sodium hydrosulphite
(NaHSeO?). Studies have shown the distribution of
selenium by the anatomical parts of the sprouted
grain and proved that in the composition of the
sprouted grain of chickpeas 95...99% of selenium is
in the cotyledon, we assume that in the protein frac-
tion. This indicates a high degree of conversion of
selenium into organic form during germination in
NaHSeO? solution.

The performed research provided an opportuni-
ty to determine ways to optimize lead-contaminated
chernozem soils in the «soil — plant» system (on the
example of chernozem soils within test sites on the
territory of the collection nursery «Agrotek» in Kyiv
region). The obtained research results are important
for solving environmental problems of various pro-
files. Which is socially necessary and economically
beneficial, because it will preserve the health of the
population.

Conclusions. Experimental studies were con-
ducted at the test site within the collection nursery
«Agrotek» in the Kyiv region. It was experimentally
established that the mass fraction of artificially in-
troduced into the chernozem soil before sowing leg-
umes was in the range from 6,52 to 10,17 wkg. Af-
ter harvesting legumes, a decrease in the concentra-
tion of Pb in the soil to 0,45...0,59 wkg was ob-
served. Indicators of lead concentration in soybean
and chickpea grains with maximum and minimum
protein content were also studied. An increase in the
mass fraction of lead in grains from the harvest
compared to seed material by 0,07 and 0,08 p/ kg in
soybean varieties «Diamond» and «South — 30» (re-
spectively) and by 0,08 and 0,05 u / kg in the varie-
ties «Edda» and «Erdem» (respectively).

Indicators of Pb concentration in soybean and

chickpea grains depending on the chemical compo-
sition of soils as an experimental medium for grow-
ing legumes were determined. It was found that the
lowest concentration of lead in soybeans and chick-
peas on lead-contaminated soils was obtained in
areas where lime, manure and mineral fertilizers
were used. Legumes obtained from plants grown in
artificially contaminated lead test areas, where a
double dose of mineral fertilizers and manure was
used, have the same tendency to accumulate toxi-
cant. The intensity of lead accumulation by legumes
is not affected by the length of the growing season
of plants growing on lead-contaminated soils, but is
significantly affected by the protein content in the
grain, which increases the concentration of lead.
Early-ripening varieties have the highest bioaccu-
mulating ability, and medium-ripening soybean and
chickpea varieties have the lowest. According to the
intensity of detoxification of soybean and chickpea
grains of different vegetation varieties during the
growing season, grown on chernozems artificially
contaminated with lead, can be distributed as fol-
lows: NigoPisoKiso + Pb + lime + manure >
Ns60P360K360t Pb > NigoPisoKiso + Pb + lime >
NisoP1soKiso + Pb + manure.

Studies of protein, fat, carbohydrates in soy-
beans and chickpeas of different vegetation varieties
over a five-year period grown on chernozem soils of
the test site showed that ultra-fast soybean varieties
have an average protein content of 38,55%, fat —
17,90% of carbohydrates — 43,50%; early ripening
contains 42,75% protein, 14,50% fat and 42,75%
carbohydrates. However, medium-early are charac-
terized by the following chemical composition —
37,40% protein, 20,50% fat, 42,10% carbohydrates;
medium-ripe — 35,1% protein, 22,20% fat, 42,70%
carbohydrates. The study of the content of protein,
fats, carbohydrates in chickpea grains of different
vegetation varieties made it possible to establish that
early-ripening varieties of chickpeas have an aver-
age protein content of 19,55%, fats — 15,95%, car-
bohydrates — 64,5%. Medium-ripe varieties of
chickpeas have an average protein content of 18,7%
protein, 15,95% fat and 64,75% carbohydrates.

Experimental studies have shown that early
maturing varieties of legumes are of the greatest
interest for establishing the relationships in test
plants between the protein content of legumes and
Pb concentration (due to translocation processes
from the soil on which plants are grown and bioac-
cumulation).

The results of research are important for solv-
ing environmental problems of various profiles, be-
cause the results highlight the patterns of determin-
ing the impact of heavy metals on environmental
components, methods of detoxification of cherno-
zem soils, environmentally friendly plant products,
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food safety and, consequently, people’s health. All  lation and save the state budget funds allocated for
this is socially necessary and economically benefi-  hospital care.
cial, because it will preserve the health of the popu-
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Dkojyoruyeckasi 0€30MacHOCTh MOYB M BBIPAIIMBAHKE SKOJIOTHYCCKH OC30MACHBIX IMHUINEBBIX MPOIYKTOB pPacTHU-
TEIBHOTO MPOUCXOXKACHUS SBISICTCS OIHOM M3 HauboJee akTyalbHBIX IMPoOIeM coBpeMeHHOCTH. O0ecneyeHne IKOI0-
THYECKON 0E30MacHOCTH MPOJOBOJBCTBEHHOTO CHIPhS M TMHIIEBBIX MPOIYKTOB SBJISACTCS OJHON W3 IIABHBIX 3a7ad,
OTIPENICIISAIONINX 30POBhE MOMYJISIIMK YEIOBEKa U COXpaHEeHUe ero reHodonma. C muIinei B OpraHu3M YejOoBeKa U3
OKpYXaromiei cpenbl nmoctynaer a0 70% 3arps3HAONMX BEHIECTB pa3HOro npoucxoxaeHus. [lo manasiM BeemupHoii
OpraHM3aIly 3/paBOOXpaHeHus, cBUHeN (Pb) aBmsgercs rmoGambHBIM 3arps3HUTENIEM, KOTOPBIA BBI3BIBAET OOIBIIOE
Konm4uecTBO 3abonmeBanmii. OcHOBHas crparerus paspadoranHoro B OOH mpoekra «3mopoBhe Hamwu B O0opbOe C
COVID-19» 3akntodaercss B YMEHBIIEHUH MHTOKCHKAIMM TSXKEJIBIMU METaJJIaMH, MOCTYyHAalOUIMMHU B OpraHu3M C IH-
mieid. B cTarke mpencTaBiieHBl pe3ylbTaThl UCCICIOBAHUS IyTEH ONTUMHU3AINH 3arPSI3HEHHBIX Ha CBUHEI] YePHO3EMHBIX
IOYB B CHCTEME «II0YBa — pacTeHue». OObeKTaMu HCCIIeAOBaHMs OBUTH BapHaIllil COW U HYTa Pa3HBIX COPTOB PacTU-
TenpHOCTH. VccnenoBano copepikaHue Oelka, )KUPOB, YIIICBOJOB B 3¢pHAX COM M HyTa Pa3HBIX BETE€TAIIHOHHBIX COPTOB
3a rmepuoy 3 JeT, BEIpAleHHBIX Ha YepHo3eMax KueBckoit obOmactu. M3yueHo cofepikaHue CBHHIIA B 3¢PHAX COU M HYTa
C MakCHMMaJIbHBIM U MHUHUMAJbHBIM cojiepxaHueM Oenka. HayuyHo 000CHOBaH mporecc aKKyMyJIsIMK CBUHIIA 3€pHAMH
COM Y HyTa B 3aBUCHUMOCTH OT COCTaBa IOYB JJIsl BHIPAIMBAHUs. YCTAHOBIIEHO, YTO TI0 HMHTEHCUBHOCTHU JIETOKCUKAIIUU
3epeH COM M HYyTa Pa3jMyYHBIX BETETAIIMOHHBIX COPTOB MpPH BHIPAIUBAHUM HAa YEPHO3EMaxX 3arpsS3HEHHBIX CBUHIIOM
MOXKHO paclpelenuTs ciepyomuM oopasom:: NigoPisoKisot Pb + m3Bects + HaBo3 > NisoP3s0Kssot Pb > NigoP1goKisot
Pb + HaBo3 > NjgoP130K 30+ Pb + HaBo3.

[TomyueHHBIE pe3ybTaThl MCCICIOBAHUH BaKHBI JUTSI HAYYHOTO COOOIIECTBA, TaK KaK OCBEIICHHBIE 3aKOHOMEPHO-
CTH KOTOPHIE TO3BOJSIOT JaTh PEKOMEHIAIMA IO BBIPANIMBAHUIO COM W HYTa, COPTa KOTOPHIX UMCIOT MUHHMAJIBHYIO
CIOCOOHOCTP K HAKOIUICHHIO TSHKEJIBIX METAJLIOB. JTO COIMAIbHO HEOOXOMUMO U SIKOHOMHYECKH BBITOTHO, TOTOMY YTO
MTO3BOJIMT COXPAHHUTH 370POBHE HACEICHUS YEM COKOHOMHUT CPEJICTBA TOCYNapCTBEHHOTO OFOMKETa, IpeTHa3HAYCHHBIC
JUTSL OOIEHUYHBIX COJICPKAHUHN M BBIIIIAT 10 HHBAJIHHOCTH.

Knrouesvte cnoea: nouswl, uepnozemvl, 3a2ps3HeHUs, MAdCETble MEMALIbl, C8UHeY, Memoobl OemoKcukayuu, 60-
bosvie.
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Exonoriyna Ge3rneka IpyHTIB Ta BUPOIIYBaHHS EKOJIOTIYHO OE3MEYHMX XapuOBHX IPOAYKTIB POCIMHHOTO IOXO-
JDKEHHSI € OIHIECI0 3 HalaKTyaJbHIMINX MPOOJieM CydacHOCTi. 3abe3medeHHs eKOJIOTigHOi Oe3MeKH MPOIOBOIBIOi CHPO-
BUHH Ta Xap4OBHUX MPOXYKTIB € OZHUM i3 TOJOBHMX 3aB/aHb, [0 BU3HAYAIOTH 370POB’S MOMYIALI] JIOAUHHU Ta 30epe-
xeHHA i1 reHo(OHAY. 3 TKEI0 B OpraHi3M JIIOJWHHU 3 JOBKULIA HaxxoauTh 10 70 % 3a0pymHIOIOYMX PEYOBHH Pi3HOTO
MOXO/KeHHs. 3a maHnMu BceecBiTHBOI opraHizaliii 0XopoHH 370poB’s, cBuHeNb (Pb) € mobanpanM 3a0pygHIoBaYeM,
SIKFA BHUKIIMKA€ BEIHMKY KUTBKICTH 3axBoproBaHb. OCHOBHa crpaterisi po3podnernoro OOH mpoekty «3m0poB’st Haril B
60poTe6i 3 COVID-19» monsirae y 3MeHIIEHH] iHTOKCHUKAIlii BaYKKUMH METaIaMH, IO HAJAXOIATh B OPTaHi3M JIOIMHHA 3
DKero. Y CTarTi HpeicTaBlICHI pe3ybTaTy JOCHTIKCHHS IIJISIXIiB ONTUMI3aIl]l 3a0pyTHCHUX Ha CBHUHEIb YOPHO3EMHHX
IPYHTIB y CHCTEMI «IPYHT — pocirHay. O0’€KTH JOCITIKeHHs OyJIM Bapiawii coi Ta HyTy pi3HHUX COPTIB POCIMHHOCTI.
JocunimkeHo BMICT Oifika, )KUPiB, BIVIEBOIB Y 3epHax coi 1 HYTy pi3HHMX BereTaliliHUX COpTIB 3a mepioX 3 pokKiB, BU-
polieHnx Ha yopHo3eMax KuiBcbkoi obOnacti. BUB4EHO BMICT CBUHIIIO y 3€pHAxX COi Ta HYTY 13 MAKCMMAJIbHUM Ta MiHi-
MaJIbHUM BMicTOM Oinka. HaykoBo 0OIpyHTOBaHO Mpolec aKyMyJIsillii CBHHIFO 3€pHaMHU COI Ta HYTY B 3aJIe)KHOCTI BiJ
XIMIYHOTO CKJIaJy TPYHTIB JUIs BUPOIIyBaHHs. BcTaHOBIIEHO, 10 332 IHTEHCHBHICTIO JIETOKCHKALlil 3epeH COl Ta HyTy
Pi3HMX BereTallifHUX COPTIB MiJ] 9ac BHPOIIYyBaHHS HA YOPHO3eMax 3a0pyAHEHNX CBHHIIEM MOKHA PO3MOIUINTH TaKHM
quHOM: NigoP150K g0+ Pb + BanmHO + rHiil > NigoP360K360+ Pb > NigoP130Kigo+ Pb + rHiit > NigoP130Kiso+ Pb + Bamno.
OTpuMaHi pe3ylIbTaTH JOCIIHKEHD € BAKIMBAMH JUISI HAYKOBOI CIIUTEHOTH, TOMY, IO BUCBITIICHI 3aKOHOMIPHOCTI JJAIOTh
3MOTY HaJaTH PeKOMEHJallii O BUPOIIYBaHHS COPTIB COi Ta HYTY, sIKI MAalOTh HAWMEHIIy 3/aTHICTh 0 HAKOIHMYECHHS
TsoKKUX MetaniB. 1o € comiansHO HEOOXiTHIM Ta €KOHOMIYHO BHUTiTHHM, TOMY IO JO3BOJHTH 30€perTH 310pOB’S Ha-
CEJITHHS YHMM 3a0IIaJIUTh KOIITH JeP>KaBHOTO OIOIDKETY, sIKi MPU3HA4eHi I JIIKapHIHAX YTPHUMaHb Ta BUILIAT 110 iHBA-
JITHOCTI.

Knrouosi cnosa: tpynmu, uoprnoszemu, 3a0pYOHEHHs, 8ANCKI MEMAIU, CEUHEYb, MemoOu 0emoKkcurkayii, 6000ei.

BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUIM BHECOK Y L0 poboTy Hagiiiwna 23 notoro 2021 p.
MpwiiHaTa 2 nauctonaga 2021 p.
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ABSTRACT

Relevance. Modern urbanization processes in Kharkiv are accompanied by an increase in anthropogenic pressure on the natural
component, compaction of buildings and reduction of green areas. The concept of green infrastructure is used in many countries
around the world; it is the best way to reorganize urban space into modern cities.

The purpose of the article is a determination of quality changes of water runoff after passing through of green roofs in
Kharkiv, Ukraine.

Material and methods. A green roof is the roof of a build, partially or completely covered with vegetation and soil layer.
Green roofs are divided into “intensive” and “extensive” types. In the research was studied the frequency of use of green roofs in
construction and landscaping on the example of Kharkiv, was conducted an inventory of green roofs in Kharkiv. As the number of
green roofs in Kharkiv is rather small, is optimal to choice the particular test sites for research. For chemical analysis, were taken
samples of snow, surface runoff from the flat, and sloping green roofs and roof without greening for the content of pollutants. Chem-
ical analysis of the samples was performed by the Laboratory of Analytical Ecological Research of V.N. Karazin Kharkiv National
University. The laboratory has the attestation and certificate of ISO 10012:2005 Ne 01-0155/2019. The study determined the follow-
ing indicators: pH, nitrites, nitrates, transparency, smell, turbidity, chlorides, general rigidity, total alkalinity, ammonia, zinc, copper,
manganese, cadmium, total iron, chromium. Two types often represent green roofs in Kharkiv: parking roofs and cellars. Points of
samples are located at Shevchenkivsky and Kholodnohirsky districts.

Results and discussion. Results of a study of snow and runoff sampling after a green roof and a roof without landscaping show
that most water quality indicators improve after water passes through green areas. Thus, at points the pH, general rigidity, alkalinity,
concentration of chlorides, chromium are decrease. The green roof of the first point (parking) also reduces the concentration of ni-
trites, ammonia, zinc and manganese. The concentration of iron also decreases in the second point. However, there is an increase in
the concentration of heavy metals in the water due to their accumulation in the substrate of the green roof. The results of the study are
can be used by the Post-Soviet countries, as previously the impact of surface runoff was considered only in terms of the flow of pol-
lutants from storm sewers to water bodies.

Conclusion. The results of the study indicate that green roofs contribute to the treatment of runoff, natural replenishment of
surface water bodies and groundwater and reduce the load on municipal wastewater treatment plant.

Keywords: green infrastructure, green roofs, stormwater regulation, urban water, surface runoff.

In cites: Maksymenko N. V., Burchenko, S. V., Utkina K. B., Buhakova M. V. (2021). Influence of green infrastructure objects for quality of
surface runoff (on the example of green roofs in Kharkiv). Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecol-
ogy", (55), 274-284. https://doi.org/10.26565/2410-7360-2021-55-20

Introduction. Green urban space in Post-
Soviet Union countries is a disparate network of
linear and planar plantations. At the same time, the
modern practice of construction, especially in large
cities with a population of more than 1 million peo-
ple, has a continuous using of “grey” solution. Ur-
banization is leading to more frequent floods in ur-
ban areas. Municipal stormwater collection and
sewerage systems do not cope with the anomalous
amount of precipitation and have an outdated mate-
rial and technical fund. Researches of green infra-

structure objects were conducted in different coun-
tries of Europe and Ukraine (Kuzyk, 2017; Kuzyk
and Tsaryk, 2020). Ukrainian legislation on urban
landscaping is based mainly on GBN B 1.1-14
(GBN 1.1-14, 2012). In previous studies, we also
studied both the theoretical features of the organiza-
tion of green infrastructure and landscape urban
planning (Maksymenko, Burchenko, 2019; Klieshch
et al., 2017; Bezliubchenko et al. 2011) and its par-
ticular objects (Maksymenko et al., 2021; Burchen-
ko, 2021).

© Maksymenko N. V., Burchenko S. V., Utkina K. B., Buhakova M. V., 2021
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Green areas in cities provide a number of bene-
fits: improving the quality of living space, atmos-
pheric air, regulation of temperature and microcli-
mate, regulation of surface runoff, adaptation to
climate change, etc. The concept of green infrastruc-
ture is used in many countries around the world; it is
the best way to reorganize urban space into modern
cities. Using of green infrastructure in urban condi-
tions contributes to the development of spatial pro-
cesses, planning and management of which draws
special attention to the impact of non-environmental
solutions generated by the urban context (Shkaruba
et al., 2021; H. Skryhan et al., 2020).

A green roof is the roof of a build, partially or
completely covered with vegetation and soil layer.
This green space created by the addition over tradi-
tional roofing system additional layer of fertile soil
and plants. A green roof is also called an ecological
and/or living roof.

Flat roofs are considered to have a slight slope,
but not less than 2%, and sloping roofs can have a
slope of 20% or more. The flat roof returns less than

Fig. 1. Intensive type of green roof

Extensive green roofs are roofs with a thin
plant carpet of low grass, moss, lichens and other
low and unpretentious plants. This type of green
roof can be created independently on an existing
house; as usual, the house does not require signifi-
cant reconstruction (Fig. 2).

The intermediate type between extensive and
intensive green roofs is quite popular. These are
roofs where it is possible to grow garden crops, ac-
cessible for small group of visitors and as a recrea-
tion area. It is important that these areas do not in-
teract directly with the earth’s surface and may con-
sist of different types of soil. They play an important
role in the regulation of surface runoff, life and de-
velopment of urban flora and fauna, provide protec-
tion against overheating of buildings, noise and cold

1% of moisture to the atmosphere. A thin layer of
vegetable soil 10 c¢cm thick, covered with grass,
holds up to 20% of precipitation. Green roofs can
hold up to 80% of rainwater, which reduces the load
on the city’s sewage system, which often does not
cope with rainwater volumes and cause flooding
(Miniailo and Filonenko, 2015).

The existing types of architectural and planning
solutions for green roofs can be reduced to several
main types (Miniailo and Filonenko, 2015):

a) grass roofs in low-rise construction;

b) gardens on terraces;

c¢) gardens on the roofs of outbuildings (garag-
es, shops);

d) gardens on the roofs of high-rise buildings.

According to the type of structure, green roofs
are also divided into “intensive” and “extensive”.
Intensives are large enough facilities that typically
require relatively complex engineering solutions
(Fig. 1). Such roofs can accommodate even small
ponds, swimming pools, trees and large recrea-
tion areas such as cafes or gyms.

Fig. 2. Extensive type of green roofs

and forming a comfortable microclimate (Bronz,
2017).

Green roofs are divided into sever and contain-
er types. However, the sever type of coating retains
precipitation and provides wastewater treatment bet-
ter than modular. And the calculation of the content
of surface runoff can be carried out (Culligan et al.,
2014) as ratio of the amount of runoff during the
study period to the surface of the green roof.

In addition, it is necessary to pay attention to
the need to fertilize the extensive green roof with
fertilizers, which can come with runoff to nearby
reservoirs (Gilmore et al., 2012).

For example, green roofs are actively used in
Lviv, Ukraine on private builds, business centres,
study and research institutions.
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Retention of surface runoff by greenery, in par-
ticular green roofs, is confirmed in various studies
(Talebi et al., 2019; Minova and Vranayova, 2020).

Drainage attenuation depends on local precipi-
tation characteristics and individual roof design, but
can reach up to 90% for intensive roofs. The peak
flow is maintained for 15 minutes, which means
relief for the sewer system. Because the green roof
drain is filtered, the water can be used to feed
groundwater or as tap water on the farm (NWRM
project).

For example, green roofs in Geneva, Switzer-
land have been installed on the roof of a hospital
(0.55 ha) to reduce flood risks in urban areas. In-
deed, this green roof is designed to retain about
30.25 m® of water per day in the soil and plants and
prevent it from running off (NWRM project).

A pilot research project on the benefits of green
roofs was developed in Finland. Were studied the
impact on the quality of wastewater, pollinating in-
sects, the survival of Finnish endangered arid mead-
oW species on various types of substrates, etc. Obvi-
ously, one green roof or several scattered roofs have
little or no effect on stormwater regulation. Howev-
er, simulations have shown that there are potential
benefits for large-scale rooftop greening projects in
urban areas (NWRM project).

The ability of plants to survive on green roofs
depends on certain factors, such as plant species,
solar radiation, rainfall, average annual tempera-
tures. It was found (Lonnqvist et al., 2020) that
spontaneous vegetation has a higher survival rate
and performs ecosystem services than the vegetation
chosen for the green roof.

The type of vegetation also affects the water re-
tention efficiency of green roofs. The efficiency of
water retention in almost does not depend on in-
creasing the capacity of the substrate (Talebi et al.,
2019).

However, the retention of water by the sub-
strate and the filter layer affects the maintenance of
temperature depending on the thickness of the layer
(Tan et al., 2017).

On the negative side, it is determined (Raimon-
do et al., 2015) that green roofs are a very unfavour-
able environment for plant growth due to the small
depth of the substrate, high temperatures and light,
as well as the effects of wind. As a result, there is a
need for a very precise selection of vegetation for a
green roof. This in turn will reduce operating costs,
ensure all the benefits of a green roof and extend its
service life.

According to statistics, the total area of existing
greenery in Kharkiv is about 15.4 thousand hectares,
which is 44% of the total area of the city (which is
35.0 thousand hectares). However, almost half of all
greenery has a significant age threshold. In other

words, the level of landscaping in Kharkiv is not
more than 25% - 30% with a regulatory value of
45%. In this research were studied, the frequency of
use of green roofs in construction and landscaping,
the quality of surface runoff after passing through
the substrate of the green roof, on the example of
Kharkiv.

Material and methods. In the course of the re-
search was conducted an inventory of green roofs in
Kharkiv by field survey and with the remote sensing
and GIS (QGIS 3.16, SAS Planet). Samples were
taken for chemical analysis of surface runoff sam-
ples from flat and sloping roofs, as well as analysis
of snow samples for the content of pollutants. Was
performed chemical analysis of surface runoff water
from green roofs by the Educational Research La-
boratory of Analytical Ecological Research of V.N.
Karazin Kharkiv National University. The laborato-
ry has the attestation and certificate of ISO
10012:2005 Ne 01-0155/2019.

Aqueous pH was determined using a pH meter.
This method, in contrast to paper or special strips,
allows to set the acidity and/or alkalinity of the lig-
uid to the nearest hundredths.

The turbidity of the water is determined using a
filter. First step is weighing the filter and second —
weighing the filter after passing the sample of water
through it, then dry the filter and weighing again.
The difference in the mass of the filter will indicate
the proportion of suspended solids in the water.

The transparency of the water is determined by
the Snellen method, with the help of a glass cylinder
with a flat bottom 30 cm high. The water must be
mixed and poured into the cylinder to its full height.
Under the bottom of the cylinder, it is necessary to
put a paper with a standard font. Then, looking
through the cylinder at the inscription, drain the wa-
ter from it until the font becomes clear. The height
of the water, expressed in centimetres, will indicate
transparency.

To determine the smell at room temperature
+ 20°C, first shake the water well in a test tube,
cover it with glass and then remove the glass and
inhale the aroma through the nose.

Alkalinity was determined by acid-base titra-
tion within 24 hours after sampling. Previously, the
acidity was measured using a pH meter. Next, water
samples were titrated with HCl solution with methyl
orange indicator. The methyl orange color change
indicator indicates total alkalinity.

The general rigidity was determined by titration
with a solution of disodium salt (Trilon B and com-
plex III) in an alkaline medium using the indicator
chromogen black.

Heavy metals, namely zinc (Zn), iron (Fe),
manganese (Mn), copper (Cu), cadmium (Cd), chro-
mium (Cr) were determined by atomic absorption
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spectrometry and optical emission spectrometry.

Ammonia, or ammonium nitrogen, was deter-
mined using a photo-electro-colorimeter instrument
ULAB 102UV under laboratory conditions. This
device automatically determines the intensity of the
image by comparing the selected water and standard
solution with a known concentration of solution.

Nitrites were determined by the Gris method in
the laboratory.

Nitrates were determined in the laboratory us-
ing a photo-electro-colorimeter.

The concentration of chlorides in water was de-
termined in the laboratory by titrometric method.

Results and discussion. In the city of Kharkiv,
the green infrastructure is represented mainly by
parks, gardens, squares, linear plantings along roads
and special purpose plantations (sanitary protection
zones, green areas of enterprises and organizations).
Green roofs are not very popular among architects
and owners, so their number in the city is quite
small. Green roofs in Kharkiv are often represented
by two types: parking roofs (fig. 3) and cellars (fig.
4). The latter type is quite common, due to the tradi-
tions that have historically developed in the area.
Cellars are used for storage of vegetables and can-
ning and are located mainly near apartment build-
ings.

The first sampling point was parking at the Ba-
kulina street near the residential complex (fig.3).
The area is located in the yard of the private sector
and plays the role of the roof of the parking. The
area is 10 square meters (0.001 ha) with an angle of
25°, this position plays a role in the rate of water
runoff from the surface. The lowest point of the roof
is at a distance of 40 cm from the ground, the high-
est reaches about 4 meters. Vegetation is grown on
the site artificially on a specially selected substrate
(soil mixture), the ecosystem itself is up to 3 years
old. The thickness of the surface layer is up to 10
cm of soil mixture. According to the Ukrainian leg-
islation, for functional purposes, this area is for spe-
cial use, i. e. access by unauthorized persons is pro-
hibited.

The second sampling point for sampling was
the area of the surface of the cellars at the Heroiv
Pratsi street (fig.4). The plot is located near the gar-
ages in the courtyard of residential buildings. The
green roof has an area of about 50 square meters
(0.005 ha), with an angle of 0-3°. The height above
the ground averages 1 meter. The roof is a typical
soil of urban soil, which grows ruderal vegetation.
The age of this ecosystem is about 20 years.

The third sampling point for comparison was
the roof of a private house without landscaping at
the Kholodnohirsky district of Kharkiv.

In the field, two samples were taken from each
area. The first sample was water from the surface,

namely melted snow, the second sample — water
soaked through the surface of the green roof and
taken from the drain. In the third sample, snow and
melt water were taken from the drain. The study
determined the following indicators: pH, nitrites,
nitrates, transparency, smell, turbidity, chlorides,
general rigidity, total alkalinity, ammonia, zinc,
copper, manganese, cadmium, total iron, chromium.
Comparison of samples of surface and drainage wa-
ter from the first point at Bakulina street (table 1).
All indicators do not exceed the norm of maximum
permissible concentrations according to State Sani-
tary Norms And Rules 2.2.4-171.10 “Hygienic re-
quirements for human water consumption”, but the
percentage of chemicals changes when passing
through the soil mixture of the green roof. There-
fore, the following changes can be observed:

e  pH of surface water after impregnation
decreased by 5.3%, nitrites by 50%, chlorides by
6.2%, general rigidity decreased by 39.5%, total
alkalinity decreased by 21.30%, ammonia by
75%, zinc decreased by 13.6%, manganese by
69.3% and chromium by 100%.

These results tell us that the vegetation and
substrate of the green roof do retain most of the
chemical elements and clean the surface runoff. But
instead there are indicators of the percentage of con-
centration which has increased:

e  The smell of drainage water was 100%
stronger than the surface and had a woody hue.
The reason for this was the remains of leaves at
the point of runoff.

e Heavy metals — cadmium and iron in-
creased by 10 and 19 percent, respectively. The
reason for this was the accumulation of chemical
particles in the soil due to the constant inflow of
surface water

In addition to variables, there are also those that
remain at the initial concentration after water seep-
age through the surface of the green roof: copper
(0.003 mg / dm?), nitrates (0 mg / dm?), turbidity
(1.5) and transparency (25).

Summarizing the analysis of the first samples
and their changes, it can be argued that the green
roof on Bakulina Street plays an improving role as a
surface runoff. Due to the fact that surface water
concentrations of chemicals are initially within
normal limits, even a small percentage increase in
heavy metals is imperceptibly true for the quality of
drainage water.

The study area at the Heroiv Pratsi street had
the following results (Table 2):

e the concentration of impregnated water
decreased compared to the surface at the follow-
ing percentages: pH by 8.5%, chlorides ~ 4.2%,
general rigidity ~ 87.8%, total alkalinity ~
81.5%, iron ™ 1.6 %, chromium ~ 100%;
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Fig.3. Green roofs on a parking

Fig. 4. Cellar

° the concentration increased after drain- The increase in the content of heavy metals af-
age through the green roof in the following indi-  ter the infiltration of water through the surface, oc-
cators: smell by 100%, turbidity by 15%, in  curred due to their accumulation in urban soil. Es-
heavy metals — zinc (7 9%), copper (7 75%),  pecially that the ecosystem has existed for about 20
manganese (7 77%), cadmium (2 50%). years and is constantly under anthropogenic interfe-
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Fig. 5. Sampling points

Table 1
Comparison of samples of surface and drainage water from the first point at Bakulina street
. Sloping sur- | Drain after Changing in | The percent-
Units of face with passing
. Standard the concentra- | age change
Indicator measure- grassy vege- | through . o
value . tion of the of the indica-
ment tation (green | the green
substance tor
roof) roof

pH - 6.5-8.5 8.266 7.83 X 5.30 %
Nitrates (NO3) mg/dm’ <50 0 0 - 0

Nitrites (NO») mg/dm’ <3.3 0.004 0.002 X 50.0 %
Transparency sm >30 25 25 0

Smell point 2 0 1 A 100 %
Turbidity <1 1.5 1.5 — 0

Chlorides (Cl) mg/dm? <250 196 184 X 6.2 %
General rigidity mmol/dm® | <7 (<10) | 1.3 0.8 ) 39.5%
Alkalinity general | mg/dm’ 0.5-6.5 1.65 1.3 X 213 %
Ammonia (NH3) mg/dm? <2 0.08 0.2 X 75.0 %

Zinc (Zn) mg/dm? <1 0.0432 0.0373 X 13.6 %
Copper (Cu) mg/dm? <1 0.0003 0.0003 — 0
Manganese (Mg) mg/dm? <0.05 0.00065 0.0002 X 69.3 %
Cadmium (Cd) mg/dm’ <0.01 0.00045 0.0005 P 10.0 %

Total iron (Fe) mg/dm? <0.2 0.01935 0.0217 A 19.0 %
Chrome (Cr) mg/dm’ <0.05 0.0003 0 X 100 %

rence (for example, the roadway for vehicles or
trampling). But if comparing the numerical values,
even an increase in heavy metals corresponds to the
norm State Sanitary Norms And Rules 2.2.4-171.10
“Hygienic requirements for human water consump-
tion”. Only one indicator — turbidity, was initially
not in the normal range and after drainage its value
did not increase. This was due to the presence in the
soil of various fine residues that remained in the wa-

ter in a suspended state.

e The concentration remained unchanged
after impregnation: nitrates (0 mg / dm?), nitrites
(0.001 mg / dm?), transparency (25), ammonia
(0.08 mg / dm?).

Summing up the sample of surface and drain-
age water at the Heroiv Pratsi street, it can be argued
that the green roof is more of a barrier to relatively
light chemical elements. Due to the long life and irr-
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Table 2
Comparison of samples of surface and drainage water from the second point at the Heroiv Pratsi street
. Sloping Sur Drain 2 frer Changing in | The percent-
Units of face with passing
. Standard the concentra- | age change
Indicator measure- grassy vege- | through . o
value : tion of the of the indica-
ment tation (green | the green
substance tor
roof) roof
pH - 6.5-85 |7.292 7.252 X 8.5 %
Nitrates (NO3) mg/dm? <50 0 0 — 0
Nitrites (NO») mg/dm? <3.3 0.001 0.001 - 0
Transparency sm >30 25 25 — 0
Smell point 2 0 2 A 100 %
Turbidity <1 1.5 2 b 15 %
Chlorides (Cl) mg/dm? <250 192 184 X 4.2 %
General rigidity mmol/dm® | <7 (<10) | 1.8 0.4 X 87.80 %
Alkalinity ~ gen- | mg/dm’ 0.5-6.5 2.8 0.8 X 81.5 %
eral
Ammonia (NH;) | mg/dm’? <2 0.08 0.08 — 0
Zinc (Zn) mg/dm’? <1 0.0417 0.0458 A 9%
Copper (Cu) mg/dm? <1 0.0001 0.0004 Dol 75 %
Manganese (Mg) | mg/dm? <0.05 0.0001 0.0003 A 77 %
Cadmium (Cd) mg/dm’ <0.01 0.0002 0.0004 A 50 %
Total iron (Fe) mg/dm? <0.2 0.0066 0.0065 X 1.6 %
Chrome (Cr) mg/dm’ <0.05 0.0001 0 X 100 %

egular cleaning of the territory, the ecosystem can-
not be quickly renewed.

Comparing the role of the green roof in two ar-

eas, common features and differences were found:

Cadmium and smell in both samples increased
in the water composition after drainage through
the surface;

Concentration of indicators: pH, Chlorides, to-
tal alkalinity, general rigidity, Chromium de-
creased after drainage in both samples;

the values of Nitrates and transparency in both
cases remained unchanged after passing thro-

ugh the soil layer;

Iron, Manganese and Zinc were the opposite. If
in 1 sample (Bakulina Street) the concentration
of zinc and manganese decreased, in the second
(Heroiv Pratsi Street) the opposite increased af-
ter drainage; Iron in the first sample increased
and in the second decreased;

Nitrites and Copper in the first sample de-
creased, in the second remained unchanged;
Copper and turbidity in the second sample in-
creased their concentration after drainage, in
the first were static.

Table 3

Comparison of samples of surface and drainage water from the third point at Kholodnohirskyi district

Sloping sur- | Drain after L
U0 | g | BR60ih | g | SRR | Theponc
Indicator measure- grassy vege- | through . .2
ment value tation (green | the green tion of the of the indi-
roof) roof substance cator
pH - 6.5-8.5 6.185 7.685 2 24.25 %
Nitrates (NO3) mg/dm? <50 0 0 - 0
Nitrites (NO») mg/dm? <3.3 0.001 0.001 — 0
Transparency sm >30 30 30 — 0
Smell point 2 0 0 — 0
Turbidity <1 1.5 1.5 — 0
Chlorides (Cl) mg/dm’ <250 184 200 A 8%
General rigidity mmol/dm® | <7 (<10) 1 2.0 bl 50%
Alkalinity is general mg/dm’ 0.5-6.5 0.8 2.0 A 60 %
Ammonia (NH;) mg/dm’ <2 0.2 0.08 X 60 %
Total iron (Fe) mg/dm? <0.2 0.05 0.05 - 0
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Research area without landscaping at Kholod-
nohirsky district had following results:

* increase pH, Chlorides, general rigidity and al-
kalinity

» reduction of ammonia after passing through the
stormwater collection system

* indicators of nitrates, nitrites, iron, transparen-
cy, turbidity, smell remained unchanged.

Conclusion. The methods and forms of organi-
zation of green infrastructure are different in each
city according to geographical, environmental, so-
cio-economic conditions, the goals they pursue re-
main the same. Identification and expansion of
green infrastructure is one of the most important
strategies for implementing an ecosystem approach
to spatial planning. One type of green infrastructure
objects is a green roof.

Green roofs are the optimal urban green infra-
structure due to their multifunctionality: they can be
converted into existing buildings, they provide
space for urban wildlife, and they can enrich public
spaces for the city residents. In addition, green roofs
make previously unfriendly places pleasant, as well
as provide a new open space for office workers.

The main types of green roofs are extensive
and intensive, sedum and container. They also differ
from the typical vegetation and substrate. These fac-

tors will affect the maintenance of the green roof
before the maintenance and treatment of stormwater
runoff.

In the Post-Soviet countries, surface runoff
was considered as a pollutant, which was sent to
sewage treatment plants through the storm sewer
system or to the water bodies directly. Our study
shows positive aspect of green roofs on the qualita-
tive characteristics of surface runoff.

In this study, were identified two types of green
roofs — at the parking and typical for the Post-Soviet
countries at the form of a cellar.

The results of a study of snow and runoff sam-
pling after a green roof and a roof without landscap-
ing show that most water quality indicators improve
after water passes through green areas. Thus, at both
points the pH, general rigidity, alkalinity, concentra-
tion of chlorides, chromium are decrease. The green
roof of the first point (parking) also reduces the
concentration of nitrites, ammonia, zinc and manga-
nese. The concentration of iron also decreases in the
second point. The increase in the content of individ-
ual elements (smell, turbidity, iron, zinc, copper,
manganese, cadmium) is associated with the specif-
ic features of each area where the green roof is lo-
cated and do not have regular repetition.
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Mapzapuma Bacunveena Byzaxosa’,

MarucTpaHT KadeApsl HIKOJIOTHIECKOT0 MOHHUTOPHHTA U 3alI0BETHOTO JieNIa

CoBpeMeHHbIe POoIecChl ypOaHU3aIK B XapbKOBE CONPOBOXKIAIOTCS YCUIICHHEM aHTPOIOT€HHOTO JaBJIeHHUS Ha
MIPUPOAHYIO COCTABIISIONIYIO, YIUIOTHEHHEM 3/1aHUI M yMEHbIIEHHEM 3eE€HBIX 30H. KoHuenus 3eneHoi nappacTpyk-
TYpPBI HCIOJIB3YETCS BO MHOTHX CTpaHax MHpa, 3TO CaMbli JIyUIIHHA CII0CO0 peopraHi30BaTh TOPOJICKOE IPOCTPAHCTBO B
COBpEMEHHBIE YCTONUMBBIE ropoza. Llenbro ucciaeqoBaHus SBISIETCS ONPENEICHNUE KaueCTBEHHBIX U3MEHEHUN XUMUYe-
CKOTO COCTaBa MOBEPXHOCTHOTO CTOKA MOCIIE MPOXOXKIEHUS Yepe3 3€JIEHbIE KPBIIIK B XapbKOBE. 3€eHas Kpbllla — 3TO
KpBIIIA 3AaHUS, YACTUYHO WM HOJHOCTBIO MOKPBITA PACTUTENLHOCTBIO U CIOEM IpYHTA. 3€IE€HbIE KPBIIIH AEIATCA Ha
JIBa THIA: SKCTCHCUBHBIE ¥ MHTCHCUBHBIE. B nccnenoBaHny n3yvanaach 4acToTa MCIOIb30BaHUS U OCOOEHHOCTH 3elie-
HBIX KPBILI B 3eJeHON HHDPACTPYKType XapbKoBa, MPOBEACHA MHBEHTAPHU3aIHs 3€JIeHbIX KpbIll B XapbkoBe. [Tockoib-
Ky B XapbhKOBe€ JOCTaTOYHO HEOOJBIIOE KOJNUECTBO 3€JICHBIX KPBIII ONTHUMAIBHBIM SBIISETCS BEIOOD OTJEIBHBIX TECTO-
BBIX MOJIMTOHOB TS MIPOBEACHUS HcciaeqoBaHui. OToOpaHs! 00pa3nbl [UI XUMHYECKOTO aHAIN3a TOBEPXHOCTHOTO CTO-
Ka BOJBI ¥ CHETa OT IUIOCKHUX W HAKJIOHHBIX 3€JICHBIX KPBIII U KPHIIK 0e3 03eJIeHEHUs Ha COJepiKaHUe 3arpsA3HAIONINX
BeIIeCTB. XMMHUYECKIH aHAIN3 MpoO OBUT MPOBEIEH aTTeCTOBAHHOW J1a0OpaTopHel aHATUTHYECKUX IKOJIOTHUECKHX
uccinenoBanuil YHU sxonorun XappkoBCKOTO HallMOHaJIbHOTO yHUBepcureTra uMeHu B.H. Kapa3una, umeromas cepru-
¢ukar ISO 10012:2005 Ne 01-0155/2019. B xonme uccieqoBaHus ONpeACSUTUCH B BOJE CIEAYIOMIKE MoKazaTenu: pH,
HUTPHUTHI, HUTPATHI, TPO3PaYHOCTH, 3alax, MYTHOCTb, XJIOPHJBI, OOIIas KECTKOCTb, OOIIas IEJIOYHOCTh, aMMHaK,
LIMHK, M€/1b, MapraHel], KaJMHii, oO1iee jxene30, XpoM. B XapbpKkoBe 3eeHble KB MPEACTaBIeHbI IPEUMYIIIECTBEHHO
JIByMsI TUIIAMH: MTApKUHT U rorpeba. CpaBHEHHE NPOo0 CHera M CTOKa IMOCiIe 3eJICHOW KPOBIIM U KPBIIIH 0e3 03eJICHEHHS
CBHUJICTENIBCTBYET O TOM, YTO OOJIBIIMHCTBO IOKa3aTeliel KauecTBa BOAbI YIy4IIaloTCs MOCIIe TPOXOXKACHHS Yepes3 3ele-
HBbIE HACAKIEHUs KpBII (CHIWKAIOTCS ToKa3atenu pH, oOmieil jkecTKOCTH, MIETOYHOCTH, KOHIEHTpaunus XJIOPHUIOB,
xpoma). 3eneHas KphIa MEePBOTO y4acTKa (MApKHWHT) YMEHBIIACT KOHIEHTPAIMIO HUTPUTOB, aMMHAaKa, IIIHKAa U Map-
raiua. Ha BTopoM ydacTke Takke yMEHbIIAETCS KOHLIEHTpaLUs XKele3a. YBEIMUEHUE CONEPKaHUS OTIEIbHBIX 3JIEMEH-
TOB (3amax, MyTHOCTb, M€/ib, MapraHel], KaIMHuii) CBA3aHO CO CHENH(YUISCKIMH 0COOCHHOCTAMH Ka)IOTO yJacTKa, I1e
pacrioyioXeHa 3eJieHas KphIlla ¥ He UMEIOT PETYJISIPHOTO MOBTOPEHM. Pe3ynpTaThl NCCIEIOBAHNSA MOTYT OBITH HCIONb-
30BaHbl IIOCTCOBETCKMMH CTPaHaMH, IOCKOJBKY paHee BIMSIHME MOBEPXHOCTHOI'O CTOKA PAacCMaTpUBAJIOCh TOJIBKO C
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TOYKHU 3PCHHUS MOCTYIUICHHS 3arps3HSIONIMX BCINCCTB M3 JTUBHEBON KaHANW3AI[MH B BOJHBIC OOBCKTHL. U YMEHBIIAIOT
Harpy3Ky Ha FOpPOJICKUE OUHCTHBIE COOPYKEHHUS.

Knrwouesvie cnosa: 3enenas ungppacmpykmypa, 3efieHvle Kpbliul, JUGHES0e pe2yiuposanue, 2opoocKue 800bl, No-
8EPXHOCMHbLU CIMOK.
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(Ha mpuKJIaai 3eJIeHUX JaxiB y M. XapKiB)

Haoia Bacuniena Makcumenko’,

. TeOTP. H., Ipodecop, 3aB. KapeIpu eKOIOTITHOTO MOHITOPHHTY Ta 3aII0BiHOI CIIPaBH,

Xapxischkuil HamioHansHuH yHiBEpcHTeT iMeHi B. H. Kapasina, maiinan Ceo6onn, 6, M. Xapkis, 61022, Ykpaina;
Csimnana Bonooumupisna Bypuenko’,

acmipaHT KadepHu eKoJIOTIYHOTO MOHITOPUHTIY Ta 3aIl0BiIHOT CIIPaBH;

Kamepuna Bozoaniena ¥Ymrkina',

K. TeOrp. H., JIOICHT KadeIpr eKOJIOTIYHOT OE3MEKHU Ta SKOJIOTIYHOT OCBITH;

Mapzapuma Bacuniena Byzaxosa’,

MaricTpaHTKa KageIpyu eKOJIOTi4YHOr0 MOHITOPUHTY Ta 3all0BIIHOI CIIpaBu

CyuacHi nporniecn ypOanizarii B XapKoBi CYIIPOBODKYIOTHCSI TOCHICHHAM aHTPOIIOTCHHOTO THCKY Ha MPUPOIHY
CKJIaJIOBY, YIIUIBHEHHSM Oy/liBeNIb Ta 3MEHIICHHSM 3€JICHUX HacapkeHb. KoHIenmis 3eneHoi iHppacTpyKTypH BUKOPHC-
TOBYETHCS B 0araTboX KpaiHax CBiTy, IIe HalKpaIuid crociO peopraHizyBaTH MICBKUH IPOCTIP Y CyYacHi cTami MicCTa.
Mertot0 HOCTiKEHHS € BU3HAYCHHS AKICHUX 3MiH XIMI9HOTO CKJIaay IOBEPXHEBOTO CTOKY IICIISl TIPOXOKEHHS 4epes3
3eJIeHi Jax¥ y M. XapKiB. 3eJeHnul 1ax — 1e Jax OymiBii, YaCTKOBO a00 TOBHICTIO BKPUTHI POCIHHHICTIO 1 MIapOM TPpyH-
Ty. 3eJIeHi JaX¥ NOAUIIIOTECS Ha JBa THIA: €KCTEHCHBHI Ta IHTCHCHBHI. Y JOCIHIIPKEHHI BHBYAJaCsS 9acTOTa BUKOPHC-
TaHHS Ta 0COOJIMBOCTI 3€JICHUX JIaXiB y 3eieHii iHdpacTpykTypi M. XapkoBa, IpOBe/ieHa IHBEHTapU3allisl 3eJICHUX J1a-
xiB y XapkoBi. OckijbkH, y XapKoBi IOCUTh HEBEJIHMKA KiIBbKICTh 3€JICHUX JIaXiB ONTHMAIBHUM € BUOIp OKPEMHUX TECTO-
BUX TOJITOHIB JUIsS MPOBEIACHHS MOCIiIKeHb., BimiOpaHOo 3pa3kul A XIMIYHOTO aHai3y MOBEPXHEBOIO CTOKY BOAM i
CHITY 3 IUIOCKHX 1 TIOXMJIMX 3€JICHHUX JaxiB, Ta Jaxy 0e3 03eJIeHeHHs Ha BMICT 3a0pyJHIOIOUMX PedOBHH. XiMIUHHI aHa-
J1i3 po0 OyJI0 MPOBEICHO aTECTOBAHOO JTa0OPATOPI€I0 aHATITHYHKX eKoyoriyHuX mociimkers HHI exomorii XapkiBch-
KOTO HamioHansHOTO YHiBepcutery imeHi B.H. Kapasina sika mae ceprudikar [SO 10012:2005 Ne 01-0155/2019. B xomi
JOCTIKCHHST BU3HAYAIHCH Y BOJI Taki MOKa3HUKH: pH, HITpUTH, HITpaTH, IPO30PICTh, 3aMax, KalaMyTHICTb, XJIOPHIH,
3araybHa XOPCTKICTh, 3arajlbHa Jy)KHICTh, aMiak, IMHK, MiJb, MapraHelb, KaJMiii, 3arajbpHe 3a1i30, XpoM. Y XapKoBi
3€JICHI TaX! MPEJCTABICHO MEPEBAKHO JBOMA THUIIAMM: MApKIiHT i morpebu. [1opiBHSIHHS MO0 CHITY Ta CTOKY MICIS 3€e-
JICHOTO Jlaxy Ta Jaxy 0e3 O3eJICHCHHS CBiA4aTh MO Te, M0 OUTBIIICTh MOKa3HUKIB SKOCTI BOAW TMOKPAILYIOTHCS ITiCIISA
TIPOXOJDKEHHS Yepe3 3eJIeHI HacaKeHHs 1axiB (3HWKYIOThCS OKa3HUKK pH, 3aranbHOi )KOPCTKOCTI, JTy’KHOCTI, KOHIIE-
HTpallis XJOPHUIIB, XpOMY). 3eJeHHU axX mepuiol JUISTHKH (MapKiHT) 3MEHIIYE TAKOXK KOHLEHTPAIiI0 HITPUTIB, aMiaky,
LMHKY Ta Mapradio. Ha apyriil AijstHIi Tako) 3MEHIIY€EThCsl KOHIIGHTpallis 3aj1i3a. 301UIbLIeHHs BMICTY OKPEMHUX elle-
MEHTIB (3amax, KaJJaMyTHICTb, Mi/ib, MapTaHellb, KaJMiil) OB’ si3aHe 31 CrenuiYHIMHU 0COOIMBOCTSIMU KOXKHOT TIISHKH,
Jie PO3TALIOBAHO 3€JICHUH J]aX Ta HE MAalOTh PETYIISIPHOTO MOBTOPIOBaHHS. Pe3ynbraTu MOCHIHKEHHSI MOXKYTh OyTH BH-
KOPHCTaHI TIOCTPaJITHCbKUMH KpaiHaMH, OCKIJIbKH paHillle BIUIMB NOBEPXHEBOIO CTOKY PO3IIISAABCS JIUIIE 3 TOUYKH 30pY
HAJIXO/KeHHsI 3a0pYJHIOIUNX PEYOBUH 13 3JIMBOBOI KaHaui3alii 10 BOAHMX 00’ekTiB. JlOCHIIPKEHHSIM JOBEICHO, IO
3eJIeHI 1aX1 CIPHUSIOTh OYHIIEHHIO CTOKY, TPUPOIHOMY ITOIIOBHEHHIO TOBEPXHEBUX BOJHUX 00’€KTIB Ta TPYHTOBHX BOJ
Ta 3MEHIIYIOTh HaBAaHTAKCHHS Ha MIChKi OYHCHI CIIOPYIH.

Knrwouosi cnosa: 3enena ingppacmpykmypa, 3eiieni 0axu, 31u6068e pe2ynio8anhs, MicbKi 600U, NOGEPXHeGUIl CINIK.
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JIFOJIMHY 1 CYCHIJIbCTBA 331a4i MiHIMi3amii eKOJIOTIYHHX i TEXHOTCHHHUX PHU3UKIB B yMOBAaX HIBHUAKO 3pOCTAIOUMX Meramnouici. OniHe-
HO MOXJIMBOCTI Mi3eMHHX CHOPYZ B3STH Ha cebe QyHKIT HaliOLThIl HEOE3NEeYHNX Ta PH3UKOBAaHHUX ITOBEPXHEBHUX 00’ €KTIB 1 KOMY-
Hikaniit. [ToOynoBaHO Mozeni MATPUMKH HPUHHSTTS PillleHb [UIS OLHIOBAHHS aJbTEPHATUB TPAC aBTOMOOUIFHHUX TYHENIB Y MiCTi
Kuesi. Po3kpruTo MeToanKy i IpoBeEHO OLIHIOBAHHS MOJENSH PO3BUTKY MiJA3eMHOI TPAaHCHIOPTHOI iHPPACTPYKTYPH CTOJHII METO-
1noM BOCR (kputepii 10X0iB, MOXKINBOCTEH, BUTPAT 1 pU3UKiB). PO3IIIsIHYTO 3amauy OLIHIOBAaHHS MPIOPUTETHOCTI Moeneil (anpTe-
PHATUBHHX BapiaHTiB) PO3BHUTKY MiA3eMHOI IHPPACTPYKTYpHU MicTa, Ka XapaKTePHU3YETHCS YMOBAMH YHIKaJIbHOCTI, MOKIIBOI HETIO-
BHOTH, HETOYHOCTI, HEUITKOCTI BXifHO1 iH(popMarii. [Ipy 1boMy BUKOPHCTaHO pe3yJbTaTH €KCIIEPTHOTO OIiHIOBaHHS 00’ €KTiB. P0o3-
PaxoBaHO arperoBaHi 3a MEPEXEI0 MapaMeTpiB MPIOPUTETH aJbTEPHATHB VIS Tpac TyHeTiB M. KueBa i 00TpyHTOBaHO IOUINIBHY ITOC-
JIOBHICTh iX OyNiBHHUIITBA 32 KPUTEPIsIMUA 3HIKEHHS €KOJOTIYHMX 1 TEXHOT€HHHX PU3UKIB YpOaHI30BaHOTO MPOCTOpPY. 30Kpema,
3actocyBaHHs1 Meroqy BOCR no3Bonmiio BuOpaTn HaWOiibII MPIOPUTETHY abTepHATHBY — TyHenb NeS 3a ['eHepallbHUM IIaHOM
po3Butky Kuesa no 2025 poky. Meros € THYy4YKHM, 332 HOTO TOMOMOT'OI0 MOXYTh OyTH OILiHEeHi OyIb-sKi iHIII TepuTopii (Tpacu) mo-
TEHLIITHOTO Mif3eMHOro OyIiBHUITBA Y BeNUKHX Mictax. OTke, MpaKTHYHEe 3HAYEHHs POOOTH TOJsirac B CTBOPEHHI i ampobamii
YHIBepCalIbHOT METOAMKH, IO JIa€ iHBECTOpaM i MiCHKUM JIep)KaBHUM aJMiHIiCTpalisM eQeKTHBHHI iHCTpYMEHTApil OLiHKH HepuIo-
4eproBoOCTi OyIiBHHAITBA 00’ €KTIB MiI3eMHOI IHPPACTPYKTYPH IS PETYIIIOBAHHS MiCEKOTO PO3BUTKY 3 METOIO ITiIBUILEHHS €KOJIOTi-
YHHUX CTaHIAPTIB i1 OE3MEKH KUTTEAISITHHOCTI METAIOICIB.

Knrwwuoei cnosa: ypoanicmuunuil npocmip, niozemHa ingppacmpykmypa, eKoi02iuHi pusuki, MmexHo2eHHI pusuKu, CUCmemHuil
auanis.

Sk nutyBaTn: [Tarkparosa H. JI. OrmiHroBaHHS €KOJIOTIYHIX PU3HKIB PO3BUTKY ITiI3€MHOI TpaHCIIOPTHOI iH(ppacTpykTypn Metogom BOCR /
H. J1. Tlankparosa, H. 1. Hegamkiscska, I'. 1. T'aiiko, B. C. Binernpkwuii // Bicank XapkiBcskoro HarionanpHOTo yHiBepcutety imeni B. H. Kapasina,
cepist «I"eomorist. 'eorpadist. Exomoris», 2021. — Bum. 55. — C. 285-298. https://doi.org/10.26565/2410-7360-2021-55-21

In cites: Pankratova N. D., Nedashkovskaya N. 1., Haiko H. L., Biletskyi V. S. (2021). Assessment of environmental risks of underground
transport infrastructure development by BOCR method. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecolo-
gy", (55), 285-298. https://doi.org/10.26565/2410-7360-2021-55-21 [in Ukrainian]

Beryn. Onni€ero 3 XapakTepHUX PHC CyYacHOCTI
€ craje 30UIbIIEHHS MEramojiciB, PO3IIMPEHHS Mi-
CBhKOT iHQpaACTPYKTYpH, 3pOCTaHHS HaceJIeHHs, pi3ke
301IbIIEHHS KiJIbKOCTI aBTOMOOITIB, 10 MPU3BOIUTh
710 3HAYHOTO YCKJIaJHEHHS YNPABIiHHS PU3UKAMHU Y
BeJIMKUX MicTax. HaiOinbin XapakTepHHMH 3arpo-
3aMH MICBKOMY CEpeJIOBUIILY € 3a0pyJAHEHHS IOBIT-
PSl BUKUAAMHU aBTOMOO1TBHOTO TPAHCIOPTY, AMHAMI-
YHi Ta OIYMOBI NPOSIBU, HETAaTHUBHI BIJIMBH IPOMHC-
JIOBMX 30H, CXOBHWII[ BIJXOMIB 1 CMITTS, MPOPUBU B
crcTeMax KaHai3allii, BOJIO- Ta €HepPrornocTayaHHs,
MEPEeBaHTAXEHICTh OYHCHHUX CIHOPYH, TPAHCIIOPTHI
aBapii Ta IHOpPOXKHI 3aTOpH, 3CYBHI SBUINA Ta IHIII

HeOe3neuHi NpouecH TeoJOriyHOro CeperoBHIIa,
110 MPUBEPTAE MOCTIHHY yBary AOCHiJHHUKIB Ta €KO-
noriuaux opranizaniit [1-4]. Tak, TOIOBHOW0 TpH-
YHHOK) CEPIEBO-CYAMHHUX 1 OHKOJIOTIYHHUX 3aXBO-
pIOBaHb, YIIKOI)KEHb OPTaHIB JUXaHHS MELIKaHIIIB
MICT € BUKHJIM TOKCHYHUX PEYOBHH aBTOMOOLIIB, a
MOB’si3aHE 3 HUMU IIYMOBE 3a0pyIHEHHS € MPHYH-
HOIO pO3JIay CIyXOBOi i HEPBOBOI CHUCTEM, IPUYO-
MY JIOBTOTPHUBAIMI BIIMB TYYHOT'O LIYMY Ha JIFOIH-
HY TPU3BOJUTH JO 3HIDKEHHS NPaIe3naTHOCTI 0
60% [5, 6]. TpancmopTHi aBapii CTBOPIOIOTH HaKOi-
JbILT PU3MKU TPaBMYBaHHs i 3aru0elti MiCTSH y MU-
puuit yac. CamMe TOMy BUPIIICHHS TIPOOJIEM MiCHKUX
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TPaHCIIOPTHUX KOMYHIKaIlid, 30KpeMa IOCTIHHO
3pOCTay0i IHTEHCUBHOCTI aBTOMOOUIHHOTO PYXY B
Meramnoiicax € OJHHM 3 TOJIOBHUX HANpSMKiB MiHi-
Mi3alii eKOJOTIYHHUX i TEXHOTEHHUX PU3UKIB BEIH-
Kux MicT. CBITOBI KOHIENTH EKOJIOTi3alii MiCHKOTO
CepeloBHILA 3HAUHY YBary NpUIUIAIOTH MOXJIUBOC-
TSAM MiJ3EMHOTO MPOCTOpPY B3ATH Ha cebe QyHKIil
HaWO1IbIT HEOE3MEYHNX Ta PH3UKOBAHUX TIOBEpXHE-
BHUX 00’€KTIB 1 KOMYHIKaIliif, OCKIJIbKH BIUIHB Oy/Ib-
SIKOTO ITiJI36MHOTO 00’€KTY Ha HABKOJIMIITHE CEPEIO-
BUIIIC 3HAYHO HWKYWH, MOPIBHSHO 3 MOAIOHUM Ha
TTOBEPXHI, W KPAIIOI0 MipOIO MOXKE KOHTPOIIFOBATHCS
[7-10]. Ilpu upoMy IUIAaHYBaHHS PO3BHUTKY MiJ3eM-
HOI TpaHCTOPTHOI iHPPACTPYKTYpH NOBUHHO CITH-
paTtucsa Ha CUCTEMHY METOMOJIOTIIO Ta IHCTPyMEHTa-
pi#t anamizy cknagaux cuctem [11].

AHani3 ocTaHHiX AocCHiTKeHb 1 myOsaikamiii.
JocmimkeHHsT pO3BUTKY TPAHCIIOPTHUX CHCTEM Be-
JUKAX MICT 3 TOYKH 30py MiHIMIi3allii eKOIOTIIHIX
Ta TEXHOTEHHHX PH3HKIB 3aJIMIIAIOTHCS B IICHTPI
yBaru Oarathox JocChiaHWKiB [3, 4, 6, 12 Ta iH.],
MpOTe OUIBIIICTh 3 HUX 30CEepe/kKeHi Ha TpaauIliii-
HUX TIAXOAax IIOA0 BIOCKOHAJIECHHS OpraHizarii
Ha3eMHOT'0 TPAHCIOPTY (OOMEXEHHS HOro MIiCHKOTO
(hyHKIIOHYyBaHHA) Ta eKkojori3amii apromo0iniB. Ce-
pen myOmikaiidi OCTaHHIX POKIB, MPHCBIYEHUX
OCBOEHHIO MiJ3eMHOTO TIPOCTOPY METraroiiciB, €
OOTpYHTYBaHHS  €KOJIOTi30BaHUX AaBTOMOOUIBHUX
TYHEJIB, SKi 3/IaTHI ICTOTHO 3HU3WUTH €KOJIOTiYHI Ta
TEXHOTCHHI HeOe3neKkn (BUXJIOMHI Ta3W 3 TYHEIIO
MOXHA BiJIBECTH Ta YTHII3yBaTH, SIK IIe POOJSATH,
HanpuKIaa, y CKaHIWHABCHKUX KpaiHax) [10, 13-
15]. IIpoTe nuie CUCTEMHUN KOMIDICKCHHMNA TIiJIXiJ
JI0 PO3BHUTKY MiA3EMHOT iHPPACTPYKTypH MOXKE 3a-
0e3neunTH SIKiCHEe TIOKpAIlleHHs eKOoJIoTii Ta Oe3rnekn
ypOaHi30BaHOTO MpPOCTOpy. MeToan CHCTEMHOIO
aHaJIizy, SKi 3aCTOCOBYBAJIMCH JIO MIOBEPXHEBOTO Mi-
croOyniBaunTBa [16, 17] HEe MOXYTh OyTH TPSIMO
MIEPeHeCeHl Ha MiJ3eMHUH TMPOCTip, OCKIIbKUA BU-
3HaYaNbHY POJIb TYT Ma€ TeOoJIOTIYHE CEepPEeIOBHIIE,
JIOCTYII Yepe3 MiJI3eMHI BUPOOKH, PUHITUIIOBO 1HIIIA
mpocTopoBa oprasizauis tomo. Ilepma rpynroBHa
po0boTa 11010 3aCTOCYBAHHSI CUCTEMHOI METOIOJIOT T
JUISL aHaJT3y PO3BUTKY Mij3eMHOi ypOaHicTHKH [11]
30cepeIKyBatack Ha MpoOiaeMi MPOrHO3HOI OLIHKU
CTHPUSTIMBOCTI T€OJIOTIYHOTO CEePeAOBHUINA OyIiBHH-
ITBY MiJI3EMHUX KOMIUIeKciB. [IpoTe mutaHHsS MiHi-
Mi3allii eKOJIOTIYHUX 1 TEeXHOTeHHHWX PHU3WKIB IpU
IUTaHyBaHHI MiA3eMHOI iHPpacTPyKTypH, Mpiopute-
THICTB 1 palfiOHaJbHA YEProBiCTh OYMIBHHUIITBA ITiJI-
3eMHHUX TPAHCIIOPTHHUX 00’€KTIB 3aJMIIAIUCS HEJO-
CTaTHBO JOCIiIKEHUMH.

Meta po0oTH moisirae B 3aCTOCYBaHHI CHCTe-
MHoOro iHcTpyMeHTapito (Meroq BOCR — kpurepii
JIOXOJTiB, MOJKJIMBOCTEH, BUTPAT 1 PU3HKIB) JUIS TLIa-
HYBaHHs Mi3eMHOi TpaHCHOPTHOI iH(pacTpyKTypu
BEJIMKUX MICT JUIs 3a0e3NeueHHs MiHIMI3allil eKoJIo-

TIYHUX 1 TEXHOTCHHHX PH3UKIB ypOaHICTHYHOTO
MPOCTOPY Ta BHIJICHHS MPIOPUTETIB (MIEPIIOUepro-
BOCTi) OymiBHHMIITBA aBTOMOOUTBHHX TyHENmiB (Ha
npukiani ['enepansHoro miuany micta Kuesa).

Metonuka BOCR 151 o1liHIOBaHHS aJIbTep-
HATHB NPiOpUTETHOCTI Momenei. [l mepkaBHUX
1 MICBKMX aJMiHIiCTpamiii B yMOBax OOMEXEHOCTI
OIOKeTy IMOCTae 3a/ada OLIHIOBAHHS Ba)KIIMBOCTI,
MIPIOPUTETHOCTI MOENIeH anbTepHATHBHUX BapiaH-
TiB PO3BUTKY MiA3eMHOI iHPPACTPYKTypH MicTa JIs
MOAATBIIOT0 BUOOPY 00’€KTIB Uil MEPIIOYEProBOi
peamizamii. Lle 3aBganHsa cTOCyeTBCSA CNabO CTPYK-
TypOBaHMX 3a/a4 HiATPUMKH HPUHHATTS pillieHb. 1x
0COOJHMBOCTI, SK BiIOMO, MOJSTAIOTh Y BiACYTHOCTI
cTporo QopmainizoBaHOoi I (QyHKITIOHYBaHHS
00’€KTy KepyBaHHS i, BIAMOBIAHO, ONTHMAIHHOTO
PO3B’S3KY B KIIACHYHOMY PO3YMiHHI, & TAaKOX BiACY-
THOCTI JIeTepMiHOBaHO1 iHpopMarii B 00cs3i, HE0O-
X1ZHOMY IUISl OTPUMAaHHS PO3B’SA3KY.

3amaua OIIHIOBAaHHS BaXJIMBOCTI, MPIOPUTET-
HOCTI Mojiesiel (abTepHATUBHUX BapiaHTiB) pPO3BH-
TKY Mi3eMHOI iHPPaCTPYKTYpH MiCTa XapaKTepu3y-
€ThCS YHIKAQJIBHICTIO, HEIMOBHOTOI0, HETOUYHICTIO,
HEUiTKICTIO BXifHO1 iHQopmamii. s ii BupimeHHs
MOXYTbh 3aCTOCOBYBAaTHCSl MaTeMaTH4YHI METOAU
aHami3y iepapXiid, BXifHa iHGOpMAIist TS IKUX — TIe
KUIBKICHI JaHi Ta SKICHI OLIIHKHU ekcrepTiB. Y [18 —
22] 3amporoHOBaHO CKJIAJ0BI METOOJIOrii Ta iH-
CTPYMEHTapIl0 MIATPUMKH TMPUHHSTTSA PIlIeHb IS
PO3paxyHKy TMpPIOPUTETIB ajJbTEPHATUB Ha OCHOBI
lepapXiyHUX Ta MEpPEeKEBHX MOJENeH KpUTepiiB.
Metonu i€papxi4yHUX MOHENeH MiATPUMKA TpUK-
HATTS PilIEHb Ta OIIHOK €KCIIEPTiB BUKOPHCTOBY-
I0Th JIJISL PO3B’SI3aHHS 3aJlad CTaJor0 PO3BUTKY Mi-
CBKHX TepuTopiit [23, 24], nns 1utaHyBaHHS MeTaro-
JiciB Ta mig3eMHoro OymiBHUITBA [25, 26]. Hampa-
IIOBaHHS aBTOPIB poOIT [23 — 26], oqHAaK, MarOTh
0OMEKeHHS, cepel IKUX: HeJJOCTaTHRO OOTPYHTOBA-
HO piBEHBb Y3TO/PKEHOCTi, HE peai30BaHO OIliHIO-
BaHHS 1 MiJBUIIEHHS Y3rOMKEHOCTI OILIIHOK eKCIIep-
TiB; HEJIOCTATHHO (HOpMaizoBaHO PO3B’SI3KM Ha OC-
HOBI HEYITKMX EKCIEePTHUX OIlIHOK; HEeIOCTaTHHO
MIPOBOJIUTHCS aHANI3 YYTIHBOCTI Ta CTIMKOCTI OTpH-
MaHHX PO3B’s3KiB. BkazaHux oOMexeHb HE Ma€e po-
3pobnennii momudikosanuii meron BOCR mo ori-
HIOBaHHS aJIbTEPHATHB PillIeHb 3 ypaXyBaHHIM J10-
XOJIiB, BUTPAT, MOXKJIMBOCTEH Ta pu3uKiB [20].

Po3rmisitHeMO K 1Ii MeTOAM Ta IHCTpYMEHTapii
MOXYTh OyTH 3aCTOCOBaHI 10 BHpIIICHHS 3ajadi
OIIIHIOBaHHS TPIOPUTETHOCTI MoJiesielt (alpTepHa-
THUB) PO3BUTKY MiJ3eMHOI 1HPPACTPYKTYypH MicTa
Kuesa. BuxopucroByroun marepianu ['enepaiabHOro
iany po3BUTKy Kuema mo 2025 p. [27], ominkw,
HaJaHi BITYM3HIHUMHU SKCIIEPTaMH, Ta JOCBiI 3apy-
ODKHMX KpaiH, OyIyeTbcs Mepexa MiITPUMKH
NPUAHSTTS pillleHb, HA OCHOBI SIKOT Ha HACTYITHOMY
eTarli BHWKOHYETHCS OITIHIOBAaHHS IIPIOPUTETHOCTI
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Mozenel (ambTepHaTHB) PO3BUTKY ITia3eMHO] iHbpa-
CTpyKTypH MicTa Kuena.

Mepesxa nigTpumMku npuitHarTs pimens (I111P)
MICTUTh HACTYIHI eneMenTH [20]:

S={V,L, E, PCM},

e V — MHoxwuHa BepmuH rpady V={Ci, Ca, ...,
Cn} — e MHOXwMHA KiactepiB C_i={Vii, Vi, ..., Vini},
Jie KJIaCTepH MICTSITh OKpeMi enemenTH 3afauqi T1T1P.
Hampuknan, onyuH 3 KJ1acTepiB MiCTHTH aJIbTepHATH-
BHi BapiaHTH pillleHb — TYHE, 1HII KJIacTepu Mic-
TATh XapaKTEPUCTHKH Ta MapaMeTpu ajlbTepPHATUB,
3a SKUMH BiOyBa€ThCS X OIIHIOBAHHA, & TaKOX
YUHHUKH, SKi BIUIMBAIOTH, Ha BHOIp Ti€l um iHIION
IbTEepHATHBU. B momanbmiomMy i XapaKTepUCTUKU
HA3WBAaTUMYTHCA KPUTEPISMHU PillIeHb.

e | — MHOXUWHA HampaBJeHuX pebep rpady. B
MEpeXi € 3B’A3KM ABOX THITIB: 30BHIIIHI 3aJIC)KHOCTI
MIXK €JIEMEHTaMHU Pi3HUX KJIACTEPiB MOKa3yIOTh, IO
€JIEMEHTH OJTHOTO KJIaCTepy BIUIMBAIOThH HA €JIEMEH-
TH 1HIIIOTO; BHYTPIIIHI 3a7€KHOCTI — meTii B rpadi
— IOKa3yloTh B3a€EMHHUH BIUTUB MiXK €JIEMEHTAMH
OJTHOTO KJIACTEPY.

e E — MHOXWUHa OIIIHOK €JIEMEHTIB rpady, Ha-
JAHUX €KCIEPTOM B IITKATI.

e PCM — MHOXHMHA O0EpHEHO CHMETPUYHHUX
MaTpHIlb MapHUX TOPIBHSAHB eleMeHTiB rpady, sKi
OyIylOTbCS Ha OCHOBI €KCIIEPTHHUX OIIHOK 3 MHO-
kuHu E.

Yacro no mepexi [P BkmtodaroTs kputepii
JIOXOJIiB, MOYKJIMBOCTEH, BUTPAT Ta PU3MKIB, CKOPO-
yeno BOCR, Bix peamizaiii 10oCHiKyBaHUX ajibTe-
pHaruB. 1lix yac MOpIBHSHHS abTEPHATHUB PilllEeHb
BIIHOCHO JOXOIIB 1 MOMKJIHMBOCTEH BHM3HAYA€ThCH,
siKa 3 aJBTEPHATHB MPUHECEe OUIBIIMIA 10Xia a00 Mae
Oinpie MoknuBocted. Ilpy mopiBHAHHI ajbpTepHa-
TUB DillleHh BIJIHOCHO BUTPAT i PHU3UKIB MUTAHHS
CTaBHTBHCS BIJIHOCHO TOTO, sIKa 3 QJIBTEPHATHB €
OBl BUTpATHOIO abo pu3mkoBaHOW0. Ha mpaktwiii
Hailuacrime BUKOpUCTOBYIOTH Mepexxi BOCR IIIIP,
SIKI MICTSTB CKJIaJIOBI, HaBeJCHI Ha puc. 1, 2.

Bukian ocHOBHOTo MaTtepiajy q0C/TiTKeHHS.
PosrnsiHemo 3actocyBaHHS MOAM(]IKOBAaHOTO METOIY
BOCR 10 oniHroBaHHS NPIOPUTETHOCTI Mopemen
(ampTepHATHB) PO3BUTKY MiJ3€MHOI 1HPPACTPYKTY-
pu micta Kuea. OcoOIMBOCTI METOy B TOMY, IO
arperoBaHi NMpiOPUTETH aJbTEPHATUB pillleHb (TyHe-
JIiB) PpPO3paxOBYIOThCS 3a MEPEKEI MIATPUMKH
MPUAHATTS PIllICHb 3 ypaxyBaHHSIM (DaKTOpiB pU3M-
KiB Ha OCHOBI EKCIIEPTHUX OLIHOK NapHUX MOpiB-
HSIHb; € MOXJIMBICTh IMiJIBUIIMTH Y3TO/DKEHICTh OIli-
HOK eKCIlepTa IMOoJI0 eJIeMEHTIB Mepexi 0e3 ydacti
EKCIIepTa; € MOXKIIUBICTh KOMIJIEKCHO OLIIHUTH YyT-
JUBICTH PO3B’S3KIB, OTPUMAHUX Ha KOXXHOMY €Tari
MeTony. B pesynbraTi po3paxoBYIOThCSI arperoBai
32 MHOKMHOIO NTapaMeTpPiB NPiOPUTETH albTEPHATHB

TYHENIB 1 BHOMPAIOTHCS HAWOUTIBII TPIOPUTETHI 3
HUX JJIS TIEPIIIOYEProBOi peaizaiii.

Eranu mogudikoBanoro merony BOCR omnuca-
HO B [20]. BxigHi naHi ;i bOr0 METOAY — OIIHKH,
OTpHMaHi BiJ eKCIepTa i MpeAcTaBlIcHI 00epHEHO
CUMETPUYHIMH MATPHUISIMH TIAPHUX TIOPiBHSIHb
(MHH) Dan = {(dll)}’ dl] > 0, d]L = 1/dU CJIc-
MEHTIB Mepexi. Po3msHeMo, K BHUKOHYETHCS aHa-
mi3 skocti witkux MIIIT. B [18] 3amponoHoBaHO
Croci0 MmiIBUIICHHS Y3romKeHocTi ditkux MIIT D
6e3 yuacrti excriepra. Po3misiHemo #oro 3a yMoBH,
110 Y3TOIKEHICTh OLIHIOEThCA 3a HokasHukoM CI°7:

1. 3amatu 3HadeHHs mapameTpa «, 0 < a < 1.
OGuMCIUTH MOKA3HUK y3romkenocti C 1 MIIII D.

2. B uukmi, mOKM HE BHUKOHYETbCS KPHUTEpil
JIOIyCTUMOT Hey3romkeHocti CI" > CIt PoTog:

2.1. O6uucnutu Baru w = (Wy, ..., w,)T Ha oc-
Hori MIIII D.

2.2 OOumciutu ckopuroany MIIII D* =
(d;‘ j), BUKOPHCTOBYIOUH HABENICHI HIKYE MYJIBTHII-
JKaTUBHE 200 aIUTUBHE KOPUTYBaHHSI.

2.3 O6uucnuTy 3HaYeHHs nokasHuka CI17 cko-
puroBanoi MIIIl D* BukoHath NpUCBOEHHS
D:=D".

MynprumnikatueHe kopuryBaHHs MIIIT 6azy-
€TbCS HA HACTYITHOMY TBEpXKCHHS, sIKe chopmy-
nboBaHo i noseneHo B [19]. Hexait Dyyp, = (dj)),

dj; = (dl.j)“(vml:—;)l_“ — cxopurosana MIIII, ne a €

(0,1) — mapamerp xopurysanns. Tomi CI¢™* < CI',
ne CI'™ — injiekc y3roKeHOCTI TPaH3UTUBHOCTEN
ckopuroBanoi MIII Djy,,; CIY" — innexc ysromxke-
Hocti moyatkoBoi MIIIT D,,y,; piBHicts CIU™ =
CI'" BUKOHY€TbCS TOMI i TiNLKH TOMi, KOMM Djyp
y3ro/KEeHa.

AIMTUBHE KOPUTYBaHHS 0a3yeThCsi HA aHAJIOT-
YHOMY TBEp/DKEHHI, 1m0 Oyno moseneHe B [19], ne
ckopurosana MIIIT Dyy, = (d;j) po3paxoByeTbcs

dj; = ad; + (1 - a)(::—;), akmo i <j i djj=
(ad;; + (1 — a)(”;—f))-l VIS BUNAZKY § > J.

Hexaii ominku (hopMami3yroThCs 3a IOTIOMOTOI0
HeuiTkol Marpuii napHux mnopiBasHs (HMIIIT)
D ={(d _ij)i,j=1,...n}, ne d_ij=(x,p_ij (X)) - Heuir-
Ka MHOXUWHA, 0 BijioOpakae iHTEHCUBHICTH Tepe-
Baru ajibTEpPHATHBU a 1 HaJ allbTEPHATHBOIO a ],
XER, p ij (X) - 3HaYeHHsT QyHKIIT MPUHAIEIKHOCTI
JUI HEYITKOro BiIHOIICHHS IepeBard a_i Haj a j,
d~_ii=1. OnuiHOBaHHS 1 MABUINEHHS Y3TOMKEHOCTI
HMIIII BukonyeThes 3a meToaom [21]:

1. IlobynyBatu nedaszudixosany MIIII D =
{(dij)} € Ry, ne d;j = Defuz(d;;), sxmo d;; >
lid;j = 1/dj; inaxkwe, i,j =1,...,n.

2. BuxoHaTu OILIHIOBAHHS 1 MiJABHILEHHS Y3r0-
mxenocti MIIIT D, BUKOpUCTOBYIOYHM METOJI, 3aIpo-
MoHOBaHwuii BuIe Mg gitkoi MIIII.
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l'onoBHa Wik NPUHHATTA pilieHb a0o Qoxyc mpodbaemu

—>
Hoxonu MOXIHUBOCTI Butpartu Puzuxu
YacTkoBi kputepii YacTkoBi Kputepii YacTkoBi kputepii YacTkoBi kputepii
L JIOXO/IiB MOXKITUBOCTEH BUTpAT pU3HKiB
ANbTepHATHBH pillieHb ab0 cleHapii pO3BUTKY

Puc. 1. [lepmmnii Bapiant mepexi I1[1P oniHroBaHHS anbTepHATUB PillleHb 3 YpaxyBaHHIM PH3HKIB.
Fig. 1. The first version of the BOCR network to evaluate risk-based alternatives

lonoBHa 111 TPUHAHATTS pilieHs abo GoKyc mpodieMu

<

|

\

-«

Kpwurepii sikocTi anprepHaTHB

1IIIEHD
b p

v

XapaKTepucTUKU
aJBTEPHATHUB PIIICHD

-

Pusukwm Bin peamizarii
aJbTEPHATHUB PIllIeHb

YacTkoBi KpHUTEpii SKOCTI

YacTKoBi XapaKTepHUCTUKH

YacTkoBi KpuTepii pu3nKiB

T~

|

/

AnbTepHaTHBY pillleHb a00 CIIeHapii pO3BUTKY
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Puc. 2. Ipyruii Bapiant mepexi [1T1P 3 ypaxyBaHHSM pU3HKiB.
Fig. 2. The second version of the BOCR network, taking into account the risks

IlepeBaru ormcaHoro MeTOAY, MOPIBHSIHO 3 iH-
HIMMH ICHYFOUMMH, HACTYITHI:

® (CTa€ MOXIMBUM BHU3HAYUTH CJIA0KYy Y3ro-
mkernicte HMIIIT Ta omiHMTH HOMYCTUMICTH He-
yaromkerocti HMIIIT anst oGuncnenns Bar,

® BIHOCHO JIETKO pEaji3yeThCs ITiBUIICHHS
y3romkenocti HMIIII, 3HaxomkeHHs HaHOUIbIN He-
y3roJKeHHX eeMeHTiB 1 muknie B HMIII, Bukopu-
CTOBYIOUH amapar, po3poonennit as witkux MIIIL,

® HE BUHMKAE NMPOTHPIY MiXK pe3ynbTaTaMu 3a
YITKOIO 1 BiAmoBigHOIO 1 Heuitkoro MIII, na Bin-
MIiHY BiJi BIJIOMHX METOJIB, SIKI BHKOPHCTOBYIOThH
po3mmpeni O6iHapHi apuMeTHuHi omepauii; 30Kpe-
Ma, HE BHHHKA€E TNPOTHUPIY B OKPEMOMY BHIAJIKY
n=2,

e 3actocoByetbcsi A0 HMIIII 3 Oynb-sikumu
TUTIAMU E€JIEMEHTIB (TpamnerneBuIHUMU, TayCiBChKU-
MU, a TAKOXK TUCKPETHUMHU HEUiTKUMH MHO)KHHAMH).

B pesynprari 1jis BCiX €IEMEHTIB MEpPEXKi, alb-
TEPHATHB TYHEIIB Ta MapaMeTpiB TyHEIIB OTPHMAE-
Mo MIIIT npuifHATHOI SKOCTI, SIKI MOKHA BHKOPHC-
TOBYBAaTH Ha HACTYITHOMY eTari MOAN(iKOBAaHOTO
metomy BOCR.

[MepeiineMo 10 po3IIsILy METOY 3HAXOKEHHS
arperoBaHuX NpiOpUTETIB eneMenTiB Mepexxi BOCR
[20]. bynyerbcs 3BaxkeHa Onouna matpuiss WWE =
{(WWE;;)} nokanbHUX NpPIOPUTETIB €IIEMEHTIB BCiX

e WWE]l = WE}L . WC}'L',

WEj; 20 — wMarpuusi HOPMOBAHHX JIOKAJbHHUX

KJIACTEpPIB  MEpexi,

TIIPIOPUTETIB €EMEHTIB Kiactepa Cj BiJIHOCHO erle-
MeHTIB kiactepa Cj, WCji — Marpulsl HOPMOBaHUX
Bar kinacrepa C; BigHOCHO knacrepaly, j,i =
1...,N. Sxmo I(C;, C;) = 0, 10 WEji — HYJIbOBa Ma-

Tpuis. Marpuug WWE = 0 croxactudHa 3a mo0y-
noBoro. Ha ocHoBi WWE po3paxoByroThes TpaHUYHI
MPIOPUTETH €IEMEHTIB MEpexKi:

- axkmo WWE — npumituBHa, TO mIyKaHi npio-
PHUTETH W — €JIEMEHTH TOJIOBHOTO BIIACHOTO BEKTOPY
marpuui WWE;

- skmo WWE — HenpuBonuma, iMIpHUMiTHBHA
(uMKIivHA), TO MIYKaHWHA BEKTOP MPIOPUTETIB — IIie
cepelHe 3HaYeHHs cToBOLIB Marpuri WWEX npu
k — oo;
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ArperoBaHe 3HAYCHHS IPIOPUTETY i-1 anbTep-
HaTHBHM 3a MOJEJUTIO KJIAacTepiB JOXOIiB, BUTpaT,
MOKIHMBOCTEH 1 pu3MKIB (puc.l) 3miHCHIOIOTHCA 32
OJTHHM 3 TIPaBHII:

w99 = (B-0)/(C- R) a6o

c T
W?ggr:bB+00+E+E

a6o wi99" =bB+ 00+ (1—c)C+ (1—T7)R,

nme b, ¢, 0o, r — Barm sAKOCTEH IOXOIiB, BUTpAT,
MoxkiuBocTed Ta pusuki, B, C, O, R — 3HaueHHs
JIOKQJILHUX TIPIOPHUTETIB -1 aNbTEPHATUBU 3a IIHUMU
SIKOCTSIMH.

AHaJIOTI4YHO, arperoBaHUil NPIOPUTET I-i allb-
TEpHATUBHU 32 MOJICJUTIO Ha PUC.2 — 3a OJHHM 3 Ha-
CTYNHUX ITPaBUII:

w99 = (- H)/R abo
w99 = qQ + hH + r/R
a6ow; 99" = qQ + hH + (1 — )R,
ne ¢, h — Baru sikocTel, XapaKTepUCTHK aJbTe-
pHATHUB PIllICHB, ¥ — Bara KPUTEPiI0 PU3UKIB BiJ pea-
mizarmii amerepHatHB, O, H, R — 3HAYCHHS JIOKaJh-
HUX MPIOPHUTETIB i-1 aNnbTEpPHATHBYU 32 BU3HAUYCHHUMU
SKOCTSIMH, XapaKTePUCTUKAMU Ta PU3UKAMHU.
Posrisremo 3actocyBanuas meroxy BOCR mo
OLIIHIOBAaHHS albTEPHATUB Tpac TYHEIiB y MicTi Ku-
€Bi. BUKOpPHCTOBYIOUM OIIIHKH, HaJaHi BITYU3HSHU-
MH €KCIepTaMH, Ta AOCBiJ 3apyOiXHUX KpaiH, Imo-
Oy/ZI0BaHO MEpEKEBY MOJIENb MIATPUMKU NPUHHSTTS
pillleHb ISl OLIIHIOBAHHS albTEPHATUB TYHEIIB Y
Mmicti KueBi, mpudomy SK anbTepHATUBU PIllleHb
PO3TISTHYTO /1Ba BapiaHTH TyHEJIB, a caMe, TYHeNb 1
1 yactuHa TyHemo 5 (mo minpa), siki BimoOpaxa-
I0Th THIIOBI YMOBH cepeamicts (puc. 3).

Puc. 3. Cxema TpacyBanHs aBTOMOOUTEHEX TyHemiB ([‘eHepasHMii Tu1aH po3BuTKy Kuesa 10 2025 p.).
Fig. 3. Scheme of route of road tunnels (General plan of development of Kiev till 2025)

Jis OLiHIOBAaHHS IIMX aJBTEPHATUB TYHENIB Y
MOJIeTTb BKJIFOUEHO HACTYITHI OCHOBHI KpuTepii pi-
mensb (Puc. 4):

1. T'eosoriuxe cepeoBUILIE IO TPACI TYHEIIB.

2. XapaKTepUCTHUKH JAISIHKH OYTiBHUITBA.

3. CrpykTypHO-QYHKLIOHAIbHI  (ZOLUIBHICTH
OyJiBHUIITBA TYHENI) 1 EKOJIOTiYHO-0€31MeKOBi
YHUHHUKH.

4. UNHHUKY PU3UKY.

[lapameTpu, siKi XapakTepU3yIOTh TI'€OJOTiYHE
CEepeIOBHIIE TI0 Tpaci TYHENiB, B CBOIO Yepry, JeTa-
J3YIOThCS Ha M IKPUTEPIi PIMIICHB:

1.1. PiBeHb IMHAMIYHOTIO HABAHTAKECHHS.

1.2. Tloka3HMK CTaTHYHOI'O HAaBaHTAXKCHHS
BiJl TOBEPXHEBOI 3a0y10BH.

1.3. Tloka3HMK CTaTHYHOI'O HAaBaHTAXKCHHS
OTOUYYIOYOT'0 TPYHTOBOTO MaCHBY.

1.4. BmuuB icHyIOUHX MiA3€MHUX 00’ €KTIB.

1.5. T'eHeTHYHMHA THII TA JITOJOTIYHUN CKJIAJ
IPYHTIB.

1.6. Po3paxyHKOBHUI Omip TPyHTY.

1.7. BniuB BOJOHOCHUX TOPH30HTIB i BEpXO-
BOJIKH.

1.8. Twun pensedy 1 MOphoMeETpis.
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Puc. 4. Monens miaTpUMKH IPUAHATTS PillIeHb [T OLIHIOBAHHS albTEPHATHB TyHENiB y MicTi Kuesi.
Fig. 4. Decision support model for evaluating tunnel alternatives in Kyiv

1.9. IHXKeHEepHO-TeONOTiYHI IPOIIECH.

1.10. T'eorexHosorii OymiBHUIITBA TMiA3€MHUX
CHOPYI.

Y Mepexi pillleHb BpaXxOBYIOThCSI HACTYIIHI Xa-
PaKTEPUCTUKH JTUISHKY OyJliBHUIITBA:

2.1. IlpmpaTHiCTh NiNSHKH.

2.2. Macmrab 00’ ekra.

2.3. PiBeHb 3a0ya0BH.

®DaKkTopy PUBHKY JETANi3yIOThCS HACTYITHHM
YHHOM:

4.1. Pusuku, moB’si3aHi 3 JIUISSHKOW OYIiB-
HUIITBA.

4.2. 3alpynHeHHS HOBITPA.

4.3. Ilym i aMHAMI4YHI BILUTUBH.

4.4, JloposkHi 3aTOpH.

4.5. HopoxHi aBapii.

st omiHIOBaHHS MOJIEIi HaBeJIeHOI Ha puc.4,
EKCIIepT BHKOPUCTOBYE METOJ IAPHUX TOPIBHSHb
00’ekTiB Ta mkany Caati 1 — 9. Kputepiit «1.I'eono-
riYHe CcepeloBHIIEC IO Tpaci TYHENiB» BHUSIBHBCSA
OUIBII BaXKJIMBUM 3a BCI IHIII: BiH CHJIbHO IepeBa-
kKae KpUTepii «2.XapaKTepUCTHKH JISTHKH OyiB-
HUILTBa» Ta CJa0Ko nepeBakae Kpurepind «4.dakro-
pu pusuKy» (puc. 5 i puc. 6). Pesynsryroua MIIII Ha
OCHOBI IMX OI[IHOK (pHUC. 7) IOMYyCTHMO HEY3roipKe-
Ha, TIPO IO CBIIYMTH 3HAUYCHHS 1HIEKCY HEy3ToIKe-
HocTi piBHe 0,039, MeHIe 3a BiAMOBITHE MOPOTOBE
3HaueHHs st MIIIT nanoi po3miprocTi. s MIIIT
TaKOXK Ma€ JOJaTKOBY Oa)kaHy BJIIACTUBICThH CIAOKOT
Y3TOIKCHOCTI 1, SIK HACIHiZOK, HE MICTUTh IUKIIIB,

AK1 TIPU3BOIATH 10 HETPAH3UTUBHUX PE3yIBTYIOUNX
pamxyBaHb. Ha puc. 6 i puc. 8 HaBeZieHO po3paxo-
BaHI 3HaYCHHS JIOKATBHUX IMpiopUTeTiB 200 Bar Bij-
MOBIIHUX €JIEMEHTIB MEPEKI.

Ha puc. 9 nmoka3aHo MHOXHHY OIIIHOK 3 BHKH-
JIOM — IIe eJIeMeHT a [2,1] = 5, mo BiAMIYEeHO KOJIBO-
poM. Buku Tmpu3BiB 10 BHCOKOTO PiBHS HEY3ro-
JUKEHOCT] BCl€ET MHOXKHMHHM OIIIHOK, OCKUJILKH 3HAYEH-
Hs iHAekcy HeysromkeHocti MIIIT 3pocno go 0,344.
MIIII Ha puc. 9 € cynepeuanBo, HE AOIMYCKAE y3-
TO/DKEHOCTI 1 HE MOYKE BUKOPHUCTOBYBATHCS JUIS TI0-
JaIBIIMX Po3paxyHKiB. ObepeMo iHCTpyMeHTapii
«Improve Consistency» y Bikui Ha puc. 10. ¥V pe-
3ylbTaTi CUCTEMa aBTOMATHYHO 3HAXOMUTh Haki-
OUIBII HEY3rOJKCHI €KCIIEPTHI OI[IHKW, BUKUIU Ta
NPOMOHYE sl HUX OUIbII TPUHHATHI 3HAYSHHS
(puc. 11). Ocrarouyne pimeHHs IIOJO KOPUTYBaHHS
MIIIT npuiimae ronunaa — aHanitik ado OINP. Cuc-
TeMa TaKOX Iependadae MOKIMBICTb PyYHOTO KOPH-
T'YBaHHS OLIIHOK 3a pEe3yJIbTaTaMM JiaJIoTy 3 eKCIIep-
TOM, BUKOPHUCTOBYIOUM (DOpMH, HaBeJleHI Ha pHC.
puc. 5 i puc. 7. TakuMm 4rHOM, CHCTEMa IIATPUMKH
NPUAHATTS pillleHb BUKOHYE aHaJi3 JaHWUX, OTpUMa-
HUX BiJ] €KCIIEpTa CTOCOBHO BCIiX €JIEMEHTIB MEPEXKi,
BHU3HAYa€ PIBEHb Y3TO/PKEHOCTI OIHOK, IMPHUIaT-
HICTh OLIHOK Ui TMONAIBIIOTO BUKOPUCTAHHS, a
TAaKOXX BKJIIOYAE IHCTPYMEHTapil KOpUTYBaHHS [a-
HUX 3 a00 0e3 yJacTi eKkcriepra 3 METO IIiABHILCH-
HS1 piBHS 1X Y3rOJDKEHOCTI.
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Puc. 5. Oninku ekcrepTiB MOA0 KPUTEPIiB pillieHb, BAKOHAH] Y IPUHHSATIH MIKaJIi.
Fig. 5. Expert assessments of the decision criteria performed in the adopted scale

Puc. 6. Pe3ynpraTi eKCiepTHOTO OLIIHIOBaHHS: JIOKaJIbHI Bard KPUTEPiiB pillleHb Ha OCHOBI 3aJaHHUX OLIHOK.
Fig. 6. Results of expert evaluation: local weights of decision criteria based on given evaluations

Puc. 7. MIIII excriepTHOTO OLIIHIOBaHHS KPUTEPIiB PillieHb BITHOCHO TOJIOBHOT L.
Fig. 7. BOCR expert evaluation of decision criteria in relation to the main goal
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Puc. 8. Pe3ynbTraT eKCriepTHOTO OLIIHIOBAHHS: JIOKaJIbHI Bar'u KPUTEPiiB pilleHb Ha ocHOBI 3amanoi MITII.
Fig. 8. Results of expert evaluation: local weights of decision criteria based on a given BOCR

Puc. 9. llpuknan cunpHo Hey3romkenoi MIIIT kputepiis pimieHs.
Fig. 9. Example of a highly inconsistent BOCR decision criteria

Puc. 10. 3acTocyBaHHs METOy OL[IHIOBAHHS 1 MiJABUINEHHS Y3TrOMKEHOCTI
110 CUIIbHO Hey3romkenol MITIT kputepiiB pilieHb.
Fig. 10. Applying the method of evaluation and increasing consistency
to a highly inconsistent BOCR decision criteria
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Puc. 11. CropuroBana 6e3 y4acti ekciepra MIIII kputepiiB pimeHs.
Fig. 11. Adjusted decision criterion without the participation of the BOCR expert

VY naniil 3ama4i OTpUMaHO HACTYIHI MpiopuTe-
TH Kputepiis pimens: «C1. ['eonoriune cepenonuiie
nmo tpaci tyneniB» (0,433), «C2. XapakTepucTuku
ninstaku OynisaunTBay (0,125), «C3. CrpykTypHO-
(yHKIIOHAJBbHI 1 EKOJOriyHO-0e3MeKoBi (akTopu»
(0,350), «C4. dakropu puszuky» (0,093), Ta pamxy-
BaHHsI KPUTEPIiiB Ha TX OCHOBI:

C1>C3 > C2 > (C4.

UyTnuBicTh OTPUMAHOTO paHKyBaHHS JI0 30Y-
pPEeHb Yy IMOYATKOBUX NaHHUX — OILIIHKaxX eKcIiepra —
MOXXHA BHMKOHATH, BUKOPUCTOBYIOUH 1HCTpyMEHTa-
piii «Sensitivity Analysis». Cucrema MiATPUMKH
NPUAHATTS pillieHb AN KoKHOTo enemeHTa MIIIT
PO3paxoBye IHTEpBaNIM Ta 1HAEKCH CTIMKOCTI 1100
30epekeHHsI y3ro/pKeHocTi (puc. 12a) Ta iHTepBanu
Ta 1HJEKCU CTIMKOCTI 1010 30€PeKESHHS PAHIKYBaH-
Hs (puc. 120).

[Ipuyomy, nepii iHTepBaIn — Ti, B MEXaX SIKUX
MOXKYTh 3MIHIOBaTHCS OOpaHi OILIHKH, 100 HEy3ro-
mokeHicts Beiei MIII 3anmmmanacs nomycTHMOIO.
Hpyri iHTepBamn — B MEXax SKUX MOXYTb 3MiHIOBa-
THCS OOpaHi OLIHKK TakK, 1100 HAMKpaIlIUil eJIeMEHT
abo Bce pe3yJbTYIOUE PaH)XyBaHHS 3aJIWLIAIHCS
HE3MIHHMMU. [HOexc cmitikocmi 1i1st eneMenty (i, j)
MIIII Bu3HavaeTbes [22]

8;j = min((SInt;;)™1, SInt;),

ne Sint;; , SInt;; — niBui i npaBuii KiHIi iHTEP-

BaJIy CTIHKOCTI.

Tak, HaHOUIBII YYTIMBUM [0 3MIHU PIBHS y3-
romkeHocti MIIII kpuTepiiB pilleHbp € eleMeHT
a[2,4]=2 B MIIII Ha puc. 7, OCKIIbKM BiH XapakTe-
PHU3YETHCSA HAMMEHIIIMM 3HAUYCHHSIM 1HIEKCY CTIHKO-
cri piBauM 1,797 'y BigmoBigHIA Marpuili Ha
puc.12a. B cBor yepry, HaiOinbIm CTifiKMi 10 3Mi-
HU piBHA y3rojpxkeHocti MIIIT xputepiiB pimieHs —
e enement a[2,3]=0,333 B MIIII Ha puc. 7, Tak 5K
oMy BIJAINOBiZJa€ MaKCHUMalbHE 3HAYCHHS 1HICKCY
cTiiikocTi piBHe 2,848 Ha puc. 12a.

Haii0inpm cTifikuM 10 3MiHM OTPUMAaHOTO pa-
mxyBaHHs C1 > C3 > C2 > C4 xputepiiB pimieHb
BUsBUBCA enieMeHT a[2,4] MIIII (puc. 7) i3 makcu-
MaJIbHUM 3HAYCHHSIM 1HAEKCY CTiHKOCTI piBHUM 240
y MaTpuii Ha puc. 120.

CucrteMa po3paxoBye JIOKaJbHI Bard ycix ene-
MEHTIB MEpPEeXi, MPEJCTaBICHOI Ha pUC.4, 1 pe3yiib-
TaT MOXKHA TIEPENVISTHYTH y BiKHaX, aHAJIOTTYHUX 710
HaBeJICHNX Ha puc. 5 — 8.

Pesynbrar po3paxyHKy Mepexi, BigoOpakeHOi
Ha puc.4 — Ie arperoBaHi MPIOPUTETH KPHUTEPIIB,
MiIKPUTEPiiB, PU3HKIB 1 albTepHATUB BapiaHTIB Ty-
HENMIB 3 ypaxyBaHHSAM BCIX 3a3HaYCHHUX 3B’SI3KiB.
PesynbTyroui arperoBaHi MpiOpUTETH ABOX albTep-
HAaTUB TyHeJiB HaBedeHO Ha puc. 13. [liarpama Ha-
DJISITHO JIGMOHCTPY€E TPIOPUTETHICTH OYIiBHUIITBA
TyHenro Ne5, sikuii 3HauHO OLTBIIIOI0 MipOIO BILUIMBAE
Ha MiHIMI3aIlif0 eKOJIOTIYHHX i TEXHOTEHHHUX PH3HKIB.

BucHoBku. Po3misiHyTO 3acToCyBaHHS MOIU-
¢ikoBanoro merogy BOCR no ouiHtoBaHHS mpiopu-
TETHOCT] MozeJIel (anbTepHAaTHUB) PO3BUTKY MiA3EM-
Hoi iHQpacTpykTypu Mmicta Kuesa. OcoOnuBocrti
METOJy IMOJSATaloTh Y TOMY, III0 arperoBaHi MpiopH-
TETH aJbTEPHATHB PIllIEHb 100 TYyHEIIB PO3paxo-
BYIOTBCSl 33 MEPEXEI0 MIATPUMKH HPUNHATTS pi-
LIeHb 3 YpaxyBaHHSAM (aKTOpPiB IOXOIIiB, BHUTpAT,
MOXIIMBOCTEH 1 pU3MKIB HA OCHOBI €KCTIIEPTHUX OIli-
HOK IMMapHUX MOPIBHIHB, € MOXJIHUBICTH MiIBUIIATH
Y3rO[DKEHICTh OILIHOK eKcIlepTa INOJO0 EJIEMEHTIB
MEpexKi 3a yyacTio Ta 0e3 yJacTi eKcrepra; € MoX-
JIUBICTh  KOMIUIEKCHO  OI[HHMTH  YyTJIHMBICTh
PO3B’S3KIB, OTPUMAaHUX Ha KOXXHOMY €Talli METO.HY.
CtBOpeHi Mojesi Tpac IBOX TYHEJIB MPOMIUIH Tec-
TyBaHHS 3a MetogoM BOCR, mo no3Bonmio BuOpa-
TH 32 KpUTEpieM MiHiMi3alii eKOJOTiYHUX 1 TeXHO-
TeHHUX PU3UKIB HAMOUIbII MPIOPUTETHY allbTepHA-
THUBY — TyHesb No5 3a ['eHepanbHUM IUTaHOM PO3BHU-
1Ky KueBa no 2025 p. Meron € rHydkum, 3a HOro
JIOTIOMOTOI0 MOXYTb OyTH OLiHEHi Oyab-siKi iHII
TEPUTOPIi (TpacH) MOTCHIIHHOIO Mi36MHOT0 OYyIiB-
HUITBA y BenuKuX Micrax. Lle mae inBecTopam, mi-
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Maintain Consistency

Stability intervals:

vwe 2. XapakTepucTuku AinsHku 3. CTPYKTYPHO-dyHKUiOHaNbHI 4. BAKTOPM pUSHKY

BypisHUUTBA Ta ekonorivyHo-6esnexkosi
1. leonoriyHe cepeaoBuLLe . . .
0 100! Tyvans [08; 9.4] [0.4; 5.0] [1.7;17.8]
2. XapakTepucTHKn AiNAHKK . .
GyaiBHALTBA [0.7;1.1] [0.2; 3.6]
3. CTpYKTYpHO-yYHKUIOHANBHI (1.4; 16.9]

Ta ekonoriyHo-6eanexosi

B

Stability indexes:

We 2. XapakTepucTUKW AINAHKW 3. CTpYKTYpHO-dyHKUIOHaNbHI 4. DEKTOPM pHaHKY

BypisHMuTBa Ta ekonoriyHo-6esnekosi
1. leonoriyHe cepeaoBuLLe
0 100! Tyvans 1.871 2.232 2.369
2. XapakTepucTHKK AiNAHKKA
SyiBHHLTES 2.848 1.797
3. CTPYKTYpHO-hyHKUiOHaNbHI 2107

Ta ekonoriuHo-6esnexosi

A Mavrami mammen

Sensitivity Analysis

Maintain Best Alternative

Stability intervals:

1€ ¢ | 2. XapaKTepUCTUKM AINAHKN | 3. CTPYKTYPHO-GYHKUiOHansHi |, TR ST

ciT bypisHMUTBA Ta ekonoriyHo-6e3nekosi
1. leonorivyHe cepepoBuLle . . .
no Tpaci TyHenis [2.2;10.0] [0.7;10.0] [1.8; 10.0]
2. XapaKTepuCcTUKK OiNAHKK . .
GynlBHULTEA [0.1; 50.0] [0.0; 300.0]
3. CTpYKTYpPHO-dYHKLiOHaNbHI [0.0: 6.7]

Ta ekonori4Ho-6eanekosi

Stability indexes:

ie ¢ 2. XapakTepucTuku ainaHku | 3. CTpykTYpHO-bYHKLioHanbHi 4. DAKTOPW PUIMKY

ciT 6yaiBHMLUTBa Ta ekonoriyHo-6eanekosi
1. FeonoriyHe cepenosuLLe
no Tpaci TyHenis 0.444 1.491 0.556
2. XapaKTepucTUKK1 OiNSHKK
6ynlBHMLTEA 6.667 240.000
3. CTpYKTYpPHO-hYHKLiOHANbHI 6.667

Ta ekonoriyHo-6esnekosi

0)
Puc. 12. OuiHroBaHHS 4y TIMBOCTI PaH)KyBaHHS KPUTEPIiB PillIeHb.
Fig. 12. Evaluation of the sensitivity of ranking decision criteria

Puc. 13. ArperoBaHi piopUTETH ATBTEPHATHB TYHEIIB HA OCHOBI TECTOBHUX €KCIIEPTHHX OI[IHOK.
Fig. 13. Aggregate priorities of tunnel alternatives based on test expert assessments
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CBKHM JICP)KaBHUM aJIMIHICTpPAIliIM Ta CYCHIIbHMM  YPOaHICTHKHU IS PEry/IOBaHHS MICBKOIO PO3BHTKY
opraHizamisiM ¢heKTUBHHM IHCTPYMEHTApIA OIIHKA 3 METOI0 ITABHUINCHHS EKOJOTIYHUX CTAaHMApTIB i
MEPIIOYEPTOBOCTI OYAIBHUIITBA 00 €KTIB MiJ36MHOI  OE3MEKH KUTTEIISUTBHOCTI METATIOJICIB.

Cnucok eukopucmanoi 1imepamypu

1. World Urbanization Prospects 2018 Highlights. United Nations. — New York, 2019.

Pezionanvrua 00nosiob npo cman Hagkoauunboeo cepedosuuya m. Kueea 3a 2017 pix. — Kuie: KMJ[A, 2018. — 128 c.

3. Knumuux O. M. Exonocis micokux cucmem / O. M. Knumuux, A. I1. baemem, €. M. Jlauxesuuy, C. I. Mamxoeécoka. —
HKumomup: Buoaseys O.0. Egenok, 2016. — 460 c.

4. Kopemnoscesa E. B. Oxonocuueckue acnexmul ynpaseienus 2opooom / E. B. Kopenoacesa. — M.: MIVY

Ipasumenvcmea Mockswl, 2017. — 162 c.

Okonoeus copooda : yuedn. / noo peo. ®@. B. Cmonvbepea. — K. : Jlubpa, 2000. — 464 c.

6. Ilpenomencoxa M. Homo Urbanus: ¢enomen noounu mezanonicy / M. Ilpenomencoka. — JJninponempogécok: Buo.

Cepeounsx T.K., 2014. — 420 c.

Tonybes I'. E. Iloozemnas ypoanucmuka u 2opoo / I. E. I'onybes. — M.: MUKXuC, 2005.

8. Gilbert P. H. et al. Underground Engineering for Sustainble Urban Development / P.H. Gilbert et al. — Washington:
The National Academies Press, 2013.

9. Kapmosusi b. A. Oceoenue noo3emMHo2o npocmpancmea KpynHolx 20po0os. Hoevie menoenyuu /' B. A. Kapmosus //
Topnouil ungopmayuonno-ananumuueckutl 61o11emend (Hayuno-mexnudeckuil scypuan). — 2015. —Ne 1. — C. 615 —
629.

10. Taiko I. 1. Memoou npoero3HOI OYIHKU CHPUSMIUBOCMI 2€0]I02iUH020 cepedosuya O0yOieHuymey 00 ekmie
niozemunoi ypoanicmuxu / I'. 1. Taiiko, I. O. Mamsituyx, B. C. bineyvxuu, II. Canyea // Bicnux Xapkiecvkoeo
HayionanvHoo yHisepcumemy imeni B.H. Kapasina, cepia "l'eonocia. I'eoepagia. Exonoeia”, 2018. — Ne 48. — C. 39
—51. DOI: hitps://doi.org/10.26565/2410-7360-2018-48-03

11. [laukpamosa H. JI. Po3éumox niozemHoi ypoaunicmuku K cucmemu aibmepHamueHux npOEKMHUX Kougizypayit /
H. 1. llankpamosa, I'. I. I'aiixo, 1.0. Casuenko. — K.: Haykosa oymka, 2020. — 134 c.

12. Besntoouenxo O. C. IInanysanna micm i mpancnopm / O. C. Beznwobuenko, C. M. I'opoieuko, O. B. 3asanvhuii. —
Xapxie: XHAMT', 2008. — 156 c.

13. Tauko I. 1. Cucmema aemomoOiibHUX MYHeNi8 K CROCIO PO36 SI3aHHA MPAHCNOPMHUX | eKOJIO2IYHUX npobiem
meeanonicy / I I Iauixo, B. I1. Byneaxos, M. O. Cieepun // Bichux HTYY «Kuiecoruii nosimexniunuil incmumymn,
cepis «lipnuymeoy: 30ipnuk naykogux npays, 2016. — Bun. 30. — C. 196-206.

14. Vihdaho 1. Underground space planning in Helsinki / 1. Vihdaho // Journal of Rock Mechanics and Geotechnical
Engineering, 2014. — Ne 6.

15. Sterling, R. Sustainability issues for underground spaces in urban areas. Proceedings of ICE / R. Sterling, H.
Admiraal, N. Bobylev, H. Parker, J.P. Godard, I. Vihdaho, X. Shi, and T. Hanamura. — Urban Design and
Planning. Volume 165, Issue 4. — December 2012. — P. 241-254.

16. Pecun B. U. Pazsumue Oonvuux 20pooog 8 yciosusx nepexoonou skonomuku. Cucmemmuwitl nooxoo / B. U. Pecun,
IO. C. I[lonkos. — M.: Knuorcnwit oom «JIMBPOKOM»y, 2013. — 328 c.

17. [lonkos FO. B. Cucmemnulii anaiusz u npobiemot pazeumus 20po0os / FO. B. I[lonkoe, M. B. Ilocoxun, A. 2. I'ymnos,
b. A. Hlmynvan. — M.: Hayka, 1983. — 368 c.

18. Heoawrxiecoka H. 1. Cucmemuuii nioxio 0o niOmpumauHs NpuliHAmMms pilleHb HA OCHO8I IEpapXiunux ma
mepedcesux modeneu / H. 1. Heoawxiecoka // Cucmemni docriodxcenns ma ingpopmayitini mexnonoeii, 2018. — Nel. —
C.7—18. https://doi.org/10.20535/SRIT.2308-8893.2018.1.01

19. Heoawxiecvka H. 1. Memoo y32002iceHux napuux nopieHasb npu OYiHIO8aAHHI albmMepHamue piuletsb 3a SAKiCHUM Kpu-
mepiem / H. I. Heoawxiscoka // Cucmemui 0ocniodcenns ma ingpopmayiuni mexnonozii. — 2013. — Ne4. — C. 67 — 79.

20. Pankratova N. D. Evaluation of Ecology Projects for Black Sea Odessa Region on Basis of a Network BOCR
Criteria Model / Nataliya D. Pankratova., Nadezhda 1. Nedashkovskaya // 2018 IEEE First International Conference
on System Analysis & Intelligent Computing (SAIC), October 2018. https://doi.org/10.1109/SAIC.2018.8516900

21. Pankratova N.D., Nedashkovskaya N.I. Estimation of Consistency of Fuzzy Pairwise Comparison Matrices using a
Defuzzification Method / N. D. Pankratova, N. 1. Nedashkovskaya // Advances in Dynamical Systems and Control,
Studies in Systems, Decision and Control, 2016. — Vol. 69. — P. 375-386. https.//doi.org/10.1007/978-3-319-40673-
2_20.

22. Heoawrxiscoxa H. 1. Oyinroganns cmikocmi JOKATbHUX a2 ANbMEPHAMUS piulelb HA OCHOBI Memoody NaApHUx
nopisnans / H. 1. Heoawxkiecvka // Cucmemni docrniosxcenns ma ingpopmayivini mexuonoeii, 2016. — Ne4. — C. 14 — 22.
https.//doi.org/10.20535/SRIT.2308-8893.2016.4.02

23. Nestico A. Sustainability of urban regeneration projects: Novel selection model based on analytic network process
and zero-one goal programming / A. Nestico, C. Elia, V. Naddeo // Land Use Policy, 2020. — Vol. 99.
https://doi.org/10.1016/j.landusepol.2020.104831.

24. Mohammed Ameen R.F. Urban sustainability assessment framework development: The ranking and weighting of
sustainability indicators using analytic hierarchy process / R.F. Mohammed Ameen, M. Mourshed // Sustainable
Cities and Society, 2019. — Vol. 44. — Pp. 356-366. hitps://doi.org/10.1016/j.s¢s.2018.10.020

N

“

N

- 295 -


https://doi.org/10.26565/2410-7360-2018-48-03
https://doi.org/10.20535/SRIT.2308-8893.2018.1.01
https://doi.org/10.1109/SAIC.2018.8516900
https://doi.org/10.1007/978-3-319-40673-2_20
https://doi.org/10.1007/978-3-319-40673-2_20
https://doi.org/10.20535/SRIT.2308-8893.2016.4.02
https://doi.org/10.1016/j.landusepol.2020.104831
https://doi.org/10.1016/j.scs.2018.10.020

Cepis «['eonoris. leorpaddisi. EKkonoris», 2021, Bunyck 55

25. Doyle Michael R. Mapping urban underground potential in Dakar, Senegal: From the analytic hierarchy process to
self-organizing maps / Michael R. Doyle // Underground Space, 2020. — Vol. 5. — Is. 3. — Pp. 267-280.
https.//doi.org/10.1016/j.undsp.2019.04.004.

26. Peng Jian, Peng Fang-Le. A GIS-based evaluation method of underground space resources for urban spatial
planning: Part 1 methodology / Jian Peng, Fang-Le Peng // Tunnelling and Underground Space Technology, 2018.
—Vol. 74. — Pp. 82-95. https://doi.org/10.1016/j.tust.2018.01.002.

27. I'enepanvuuti naan possumky m. Kuesa ma iioco npumicvkoi 3onu oo 2025 poxy (npoexm). Peswcum oocmyny:
https://kga.gov.ua/generalnij-plan.

BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 pobOoTY

OueHka IK0JOTrH4eCKNX PUCKOB PAa3BUTHA
NOA3eMHOM TpaHCNOpPTHOI HHpacTpykTypsl MeTonoM BOCR

Hamanva Imumpuesna Ilankpamosa’,

1. T. H., Ipo@., aneH-kopp. HAHY, 3amecTuTens aupekTopa o HayqIHOU padoTe MHCTUTYTa MPUKIAIHOTO
cucremuoro anannsa, 'HTYY «KueBckuii HOIHTEXHUIECKAH HHCTUTYT UMeHH Mrops CHKopcKoro,
npocr. [To6ensr, 37, r. Kues, 03056, YkpauHa;

Haoescoa Heanosna Heoawkosckasn’,

I.T.H., TOIeHT, kKapeapa MMCA, MHCTUTYT NPHUKIIATHOIO CUCTEMHOTO aHAJIN3a;

TI'ennaouii Heanosuu I'aiiko’,

1. T. H., Tpo@., kKadeapa reourxeHepun, THCTUTYT sHeprocOepeeHust 1 SIHEPrOMEHEPKMEHTa;
Bnaoumup Cmegpanosuu Beneyxuir’,
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’HTY "XapbKoOBCKHil IIONIUTEXHUIECKHI HHCTUTYT", yiI. Kuprnnaesa, 21, 1. Xaprkos, 61002, Ykpanna

[Tpoananu3upoBaHbI XapaKTEPHBIE SKOJIOTHUECKIE U TEXHOTEHHBIE YTPO3bl TOPOACKOH cpere. PaccMoTpens! mpro-
pHUTETHBIE AJIs1 OE30MaCHOCTH YeJIOBeKa M OOIIecTBa 3a/ladd MHHUMH3ALNH KOJIOTHIECKHX U TEXHOTEHHBIX PHCKOB B
YCIIOBUSIX OBICTPO pacTyIIuX MeranoiucoB. OleHEeHbl BO3MOXXHOCTH MOA3EMHBIX COOPYKEHHH, B3sTh Ha cedst QyHKIMU
HauboJee OMacHBIX M PHCKOBAHHBIX MOBEPXHOCTHBIX OOBEKTOB M KOMMYyHHKauuil. [IocTpoeHBl Mojenu MoaiepKKu
MIPUHATHS PEIICHUH /I OLIEHKU aJIbTEPHATUB TPAacc aBTOMOOMIBHBIX ToHHeNel B Kuese. PackpsiTa MeTOAMKA U TIPOBE-
JIeHa OIleHKa Mojenieil pa3BUTHA MOA3EMHOM TPaHCHOPTHOW HMH(pacTpyKTypsl croiumbsl MetonoM BOCR (xpurepun
JIOXOJIOB, BO3MOKHOCTEH, pacXxo/l0B M PUCKOB). PaccMoTpeHa 3a1ada OIleHKH NMPHUOPUTETHOCTH MOfesel (aJbTepHaTHB-
HBIX BapHaHTOB) Pa3BUTHUS MOA3EMHON HMH(PACTPYKTYpHI ropojid, XapaKTepU3YIOIIascsl YCIOBHSAMH YHUKaJIbHOCTH,
BO3MOYKHOM HEMOJIHOTHI, HETOUHOCTH, HEUETKOCTH BXOsmel nHpopmanuu. [Ipn 3TOM HCTIONIB30BaHbBI PE3yIIbTaThl 3KC-
MIEPTHON OLICHKHM OOBEKTOB. PaccumTaHbl arpernpoBaHHbBIE 10 CETH MAPaMETPOB NPHOPUTETH AJIBTEPHATUB JUIS Tpacc
TyHHenel . Kuea u 0o0ocHOBaHa 1enecooOpasHas MOCIeA0BaTeIbHOCTD UX CTPOUTENHCTBA MO KPUTEPHUAM CHIDKCHUS
9KOJIOTHYECKHUX W TEXHOTEHHBIX PHCKOB YpOAHM3MPOBAHHOTO ITPOCTPaHCTBA. B wactHoCTH, mpuMeHeHne Metona BOCR
TI03BOJIMJIO BBIOpaTh HanboJiee MPHOPUTETHYIO aJbTepHATHBY — TOHHENb Ne5 no ['enepansHOMy many passutust Kuesa
10 2025 . Meropn siBisieTcst THOKHMM, C €ro TIOMOIIBI0O MOTYT OBITh OLICHEHBI JIF0OBIE JPYyTrHe TePPUTOPUH (TPACCH) TO-
TEHIUAJIBHBIX MMOJ3EMHBIX IIOCTPOEK B KPYIHBIX roponax. Takum oOpa3om, MpakTHUECKOe 3Ha4eHHe paboThl 3aKiroda-
€TCs B CO3JIaHMM U anpodalyu YHHUBEpCATbHOW METONMKH, JAlOIleld MHBECTOPaM U TOPOJCKHM IOCYIapCTBEHHBIM a-
MUHHCTpanUAM 3¢ (EeKTHBHBII HHCTPYMEHTApHH OIICHKH TIEPBOOUEPEIHOCTH CTPOUTEIECTBA OOBEKTOB ITOI3EMHON HH-
(bpacTpyKTyphl UIA PETYIUPOBAHMS TOPOJCKOTO PA3BUTHS C ILENBIO MOBHIMIEHHUS SKOJIOTHYECKHUX CTaHIApTOB U 0e3-
OTIACHOCTH JKU3HEAEATEIBHOCTH METaIloJINCOB.

Knrwouesvie cnosa: ypoanucmuyeckoe npocmpancmeo, No03emMHas UHGpAcmpykmypd, dK0I02udeckue pucku, mex-
HO2eHHble PUCKU, CUCIEMHBIT AHALU3.
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ABSTRACT

Formulation of the problem. Solving the problems of urban transport communications, in particular the
constantly growing intensity of automobile traffic in megalopolises, is one of the main directions of minimizing the
environmental and man-made risks of the urban environment. Global concepts of greening large cities pay considerable
attention to the possibilities of underground space to take on the functions of the most dangerous and risky surface
objects and communications, since the impact of any underground object on the environment is much lower (than
similar on the surface) and can be better controlled.

At the same time, planning for the development of underground transport infrastructure should be based on a
systematic methodology and tools for analyzing complex systems.

Purpose. It consists in the use of system tools (BOCR method - criteria of benefits, opportunities, costs and risks)
for planning underground transport infrastructure of large cities to ensure minimization of environmental and man-made
risks of urban space and prioritization for the construction of road tunnels (for example, the General Plan of the Kiev
city).

Methodology. A methodology and decision support toolkit for calculating the priorities of alternatives based on
hierarchical and network criteria models are proposed. The modified BOCR method developed by the authors (N.
Pankratova, N.I. Nedashkovskaya) was applied to assess decision alternatives taking into account benefits, costs,
opportunities and risks.

Results. System models of two road tunnels, according to the General plan of the Kiev city until 2025 were
developed. Assessment of the models using the BOCR method (criteria for benefits, opportunities, costs and risks) was
performed. The priorities of alternatives for tunnels' routes aggregated over a network of parameters and a reasonably
expedient sequence of their construction were calculated according to the criteria for reducing the environmental and
man-made risks of the urbanized space.

Scientific novelty. For the first time, the target function of the system model for the development of underground
infrastructure in large cities is to minimize the environmental and man-made risks of urban space. The capabilities of
the modified BOCR method have been expanded and two alternative tunnel track models have been successfully tested.

Practical significance. The research methods and results provide investors, city state administrations and public
organizations with an effective toolkit for assessing the priority of the construction of underground urban facilities to
regulate urban development in order to improve environmental standards and the safety of life in megacities.

Keywords: urban space, underground infrastructure, environmental risks, technogenic risks, system analysis.
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Po30ynoBa exomepex CHOTO/HI € OHUM i3 OCHOBHHUX HUISAXiB 30epekKeHHs] O10THYHOTO Ta JIAaHAMAPTHOTO pi3HOMaHITTA. B Yk-
paiHi BU3HAYCHHS X CTPYKTypHHX €JIEMCHTIB BilIOyBa€ThCSA HAa OCHOBI HAIliOHAJBHUX Ta €BPOMEHCHKUX MiaxoniB. He € BUHATKOM i
3akapmarcbka 00macthb. Amke, y 2014 p. TyT OyB 3aTBEpKCHUI MPOSKT CXEMH PETiOHATBHOT €KOJIOTiYHOT Mepexi, a 'y 2016 p. minsaH-
ku CMaparmoBoi Mepei, sIKi Ie paHinie OyJio 00IpyHTOBaHO TPYIIOI0 SKCIIEPTIB B MeXax 00acTi, 3aTBepakeHo [1ocTiiHIM KoMiTe-
ToM BepHchkoi KoHBeHIII1. 3 oAy Ha CyJacHi TeONOITHYHI iHTepecH YKpaiHH, a TaKoX Ha IPUKOPIOHHE PO3TalllyBaHHs 3aKapIar-
TS aKTyaJbHUMHM 3aBJaHHSAMH € BUBYCHHS B)KEC BU3HAYCHHX KIIOUOBHMX TEPHTOPIH Ta EKOKOPHAOPIB HA NMPEIMET IXHBOTO JOTy4YCHHS
10 CMaparmoBoi eKOMepeki, a TaKOK — HalpalfoBaHHS MeXaHi3MiB 30epekeHHs OI0THYHOTO Ta JaHJA(PTHOTO Pi3HOMAHITTI B iX
Mexax. Meroro ctarTi Oylio oxapakTepu3yBaTH TOJIOBHI eTanu (OpMyBaHHs eKOMEpeXi 3aKaprarchkoi 00IacTi Ta BCTAHOBHUTH Iepe-
JiK 1l CTPYKTYpHHUX €JIEeMEHTIB, SIKi TOTPeOYIOTh PO3pPOOIECHHS MEPIIOYEPTOBUX YIPABIIHCHKUX 3aXOMiB MIONO 3aXHCTY Oiopi3HOMa-
HITTA B iX MeXax, MPOBEJCHHS JOJaTKOBIX OOTaHIKO-300JI0TIUHHX 1 JAaHIIAPTHUX JOCTIHKEHb. 3 M€ METOI0 HaMH MPOaHaTi30Ba-
HO: MDKHApOJHI Ta HAaI[lOHAJbHI HOPMAaTHBHO-TIPABOBI JOKYMEHTH IOAO (OPMYBaHHS €KOMEpEX, CXeMy IUIaHYBaHHS EKOMEpeKi
Vkpaiacpkux Kapmar, cxeMu IutaHyBaHHSI TepUTOpIl Ta ekoMepexi 3akaprmarchkoi o0nacTi, JeTalbHi IUIaHH JiCOHACA/UKEHb Ta Cy-
YacHy Mepexy 1 CTpyKTypy NPHUpPOAHO-3aroBigHOr0 GoHIY 007acTi i3 3a3HAYEHHAM 00’ €KTIB, IIHHICTh SKUX BU3HAHO Ha MIXKHApOJ-
HOMYy piBHI. Ha oCHOBI 3a3HaueHHMX MarepiaiiB Oyjl0 BCTaHOBJICHO IOBHHI MEPENiK CTPYKTYPHHUX EIEMEHTIB €KOJOT1YHOI Mepexi
3akapmarts, i3 BUKOPUCTaHHIM mporpamuoro 3abesnedeHHs QGIS3.16.0. ckimageHo kapty «CTPYKTYpHI €IEMEHTH EKOMEpexi Ta
00’eKTH TPUPOIHO-3anoBiqHOTO (GOHIY (3a Kareropismu) 3akaprarchkoi oOmacti». Ha ocHoBi anamizy mammx Emerald network
viewer Ta IHIIUX MyONiYHUX JHKEepeT 0XapaKTepH30BaHO IIHHICTE 14-TH TepuTopiit 0cobnmmuBoro mpupogooxopoHHoro inrepecy (TO-
ITI, ASCI) CmaparznoBoi Mepesxi oOnacTi Ta npoaHaiizoBaHa ix 3abe3reueHicT 00’ €eKTaMu PUPOJHO-3a1oBiHOr0 GoHay. CKiiaaeHo
kapTy «CmaparnoBa Mepeka Ta 00’€KTH HPHPOIHO-3aMOBiIHOTO (OHIY 3akaprnarchkoi o0NacTi» i3 BUKOPUCTaHHIM OLM(pOBaHUX
HaMu Tomorpadiyaux ocHoB y macmutabi 1:100000, rmaniB 06’€KTiB NpHUpoaHO-3anoBiIHOrO (oHay. 3 MeToro mnopiBHAHHI Cxem
perioHabHOT eKoIoTidHOT Mepexi Ta CMaparaoBoi Mepexi 3akapmarTs CKIaJeHo KapTy «[eomnanyBanibpHa MOMIENb eKoMepexi 3aka-
priarchKoi 00MacTi i3 KOMILIEKCOM CTPYKTYpHHX €IIEMEHTIBY», Ha OCHOBI SIKOT BCTAHOBJICHO AUISTHKH, SKi € TIEPCIIEKTUBHUMH JUTS BH-
BUEHHA Ha mpeameT opranizamii TyT HoBux TOIII (ASCI). Jo Hux BimHOCsAThCS JXKnmeHiiBcbka, Pivanceka, Buropnar-IlepeunHcbka,
Cunsik-UnHaniiBchka KIFOYOBI TepHTOpii, dacThHA [lOMOHMHCHKOTO eKoKopuaopy, ska moennye Ceumoenbkuit 1 Kysiii-TpuOy-
maHcekmid MacuBl KB3, Ta ¢pparmenTi BynkaHI9HOTO €KOKOPHIOPY, @ TAKOX MICIIEBOCTI, IO OXOIUTIOIOTH BepXiB’s p. Jlaropuus 3
npurMBoM Buua, nomvau pivok Punmnka ta CtyneHuid, siki GopMyIoTh BepXHIO Tewilo p. Pika, 3Ha4Hy 4acTWMHY JONUH p. YK Ta
p- bopxasa.

Knrouosi croea: 3axapnamcvra obracms, npupooro-3anogionutl pono, exonoziuna mepesxca, Cmapazoosa mepeoica, Tepumo-
pis Ocobrusoeo [pupodooxoponnozo Inmepecy.

Sk uuryBatu: TeciaoBuu M. B. IcTopuuni Ta reompocTopoBi acmeKTd (GpopMmyBaHHs ekoMmepexi 3akapmarchkoi obmacti / M. B. TecnoBud,
J1. A. KpuueBceka // Bicuuk XapkiBchkoro HalioHadbHOTO yHiBepcuteTy imeni B. H. Kapasina, cepis «I'eosoris. ['eorpadis. Exomorisy, 2021. —
Bum. 55. — C. 299-317. https://doi.org/10.26565/2410-7360-2021-55-22

In cites: Teslovych M. V., Krychevska D. A. (2021). Historical and geospatial aspects of formation of the eco-network of the Transcarpathian
region. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (55), 299-317. https://doi.org/10.26565/2410-
7360-2021-55-22 [in Ukrainian]

Beryn. ®opmyBaHHSI €KOJIOTIYHUX MEpEX BU-
3HaHe ChOTOJHI HAYKOBISIMH Ta MPAaKTUKAMHU ITPHPO-
JIOOXOPOHHOI CIIPaBH OJHMM i3 TOJOBHHUX 3aC00iB
30epeskeHHs] 0I0THYHOrO Ta JaHAMAa(THOTO Pi3HO-
MaHITTSl TIEBHOTO TPUPOTHOTO PETioHy Ta 3eMili B
uinomy. B VYkpaini cywacHa oprasizamis CTpyKTyp-
HUX EJIEMEHTIB EKOJIOTi4HOi Mepexki BinOyBaeThbCs
JIBOMA IUIIXaMH, 1110 00YMOBJICHO MIEBHUMH BiJIMiH-
HOCTSIMH METOJJMYHOTO XapakTepy Yy HalllOHAIbHUX
Ta eBporneichkux miaxomax. [lepmmii miaxix 6a3y-
€THCS Ha HAIIOHATLHOMY 3aKOHOMABCTBI [3,4], me-

TOAMKAX TJIAHYBaHHS TEPUTOPIii i3 BpaxyBaHHSAM il
reo0OTaHIYHUX Ta JaHJMAPTHAX OCOOIMBOCTEH
[16,20]. 3a gpyruM MmigxoIoM JiISTHKH €KOMEepexi
OpraHi30BYIOTh BIJIIOBIIHO 10 BHUMOI' €BpOIEHChH-
koro Coro3y, 30kpema, beprcerkoi Konsentii [35] Ta
cymyTHixX Jupextur [39,41] i3 Buxopuctanusm ['1C
TeXHoJIoTiH [53].

Takwuii moaBiitHKUI MTporiec GOpPMYBaHHS eKOMe-
peki xapaktepHuii 1 i 3akaprartsa. Ha ocHOBI
YHHHOTO HAI[lOHAJIBHOTO 3aKOHONIABCTBA B 0O0JACTI
Oyma po3pobiena [Iporpama mepCcHeKTHBHOTO PO3-

© Tecnosu4 M. B., Kpuuescoka 4. A., 2021
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BHUTKY IPHUPOTHO-3aTI0OBIIHOT CIIPaBU Ta €KOJIOTIIHOL
mepexi Ha 2006-2020 poxu [7], y 2014 pori 3a-
TBepkeHu [IpoekT cxeMu perioHaabHOI EKOJIOTi-
yHO1 Mepexi 3akaprnarcekoi obnacTti [20]. 3 iHmoro
0oky Ha TepuTopii obmacti TpuBae mpouec popmy-
BanHsd CwmaparmoBoi Mepeki (Emerald Network) 3a
€BPOMCHCHKUMH MigXoAaMH, 14 HiNSHOK sIKOI Bke
OKpECIJICHI Ha KalacTPOBiit KapTi YKpaiHH.

Ha Ttenepimmwiif yac nutanHs QyHKITIOHYBaHHS
eKOMepexi 3akapnarchkoi 00JacTi K IUTICHOI CHUC-
TEMH 3aJUINAETHCS BIIKPUTUM. Y 3BITHHX JOKyMe-
HTax Jlemapramenty ekoiorii 3akapmarcekoi OIA
[12] exomepexa XapaKTepU3YETbCA SK MEPENTiK
00’ektiB [I3® Ta 3eMenbHUX YTiAb €KCTEHCHBHOTO
BHKOPHUCTaHHS 0€3 IXHBOI IIPHB’SI3KHU 10 KIIOYOBUX,
CIOJYYHHX Ta BiAHOBIIOBaHWX Tepuropid. He Bci
CTPYKTYpHI €JIeMeHTH, siKi okpecyeHi Ha CxeMi pe-
TiOHAJBHOI eKoMepexi 00acTi, B pealbHOCTI BUKO-
HYIOTh CBOi 3aB/IaHHS, iX MeXi He 3aBXKIH € JOCTaT-
HBO OOTPYHTOBaHI 1 He BUHeceHi B HaTypy. [loniOHa
cuTyallis € i 3 niisHkamu CmaparmoBoi Mepexi. [H-
(hopMartist om0 BaXKITMBOCTI OXOPOHU BH/IIB Ta OCe-
JIII HE JOHECEeHa JI0 MICIIeBUX TpOMajl, Ha TEpUTO-
pii SIKUX 3HAXOAATHCS JAUITHKHA CGKOMEPEXKi, HE Be-
IeThcsl poboTa MO0 OOIPYHTYBaHHS Ta CIIOpY-
JOKEHHS «3EJIEHUX MIEPEXO0IiB» Yepe3 aBToMaricTpati
Ta 3aJi3HWYHI KoJii. Y pesynbrari y 3akapmarti B
OCTaHHI POKH MOoYacTilIadd KOH(IIKTH MiX 1HTEpe-
camu Oi3HeCy, MICIIEBHX TPOMaJ i OXOPOHHU JIOBKLJI-
ns. Ha Hamy nOyMKy, chOrofiHi icHye morpeba y
CTBOPEHHI T€ONMPOCTOPOBOI MOJIENI €KOMEpPEexKi 00-
nacTi, sika 0 BimoOpakaja KOMIUIEKC HaWBaXIIWBi-
IINX CTPYKTYPHUX EJIEMEHTIB, sIKi OOTPYHTOBaHi 3a
PI3HUMU MijaxonamMu. BaKjIMBO BCTAHOBUTH 3HAYCH-
HSI KOXKHOI JUISTHKH /17151 30epeeHHs 010I0Ti9HOrO i
maHAmapTHOTO PI3HOMAHITTA 00NacTi, i3 TMOJATb-
IIMM BUHECEHHSIM iX MEX B HATypy Ta po3poOiicH-
HSIM MEHEKMEHT-IUIaHIB iXHbOTO (DYHKI[IOHYBaHHS,
ne Oyzne BH3HAUEHO PEKUM OXOPOHHU Ta AOMYCTHMI
BHJIU TOCIIONAPCHKOT TisTIbHOCTI.

AHaji3 ocTaHHiX AocaiTkeHb i myOmikauiii.
[IpoBenennii HaMM OIS CYy4YaCHUX 3aKOPIOHHHUX
myOIiKamii MI0I0 TeoMPOCTOPOBHUX AaCIEKTIB (hop-
MYBaHHS €KOMEpEX BKa3zy€e Ha Te, O JOCIIKEHHS
(axiBLiB CHOPAMOBaHI MEPEBaXHO HA BUPILICHHS
MUTaHb MOIIYKY Haie(EeKTHUBHILIOro MiAX0ay 10
BU3HAYEHHSI CTPYKTypHHX enemeHtiB [40,42], 3a-
Oe3reveHHs IXHBOI iHTErpamii 10 chepu TIaHyBaH-
HSl 3emJieKopucTyBaHHs. llonpu 3HaYHUI PO3BUTOK
TEOPETUYHUX Ta TMPABOBUX OCHOB (OpMyBaHHS
EKOMEPEXK JIOCI TPUBAE JUCKYCIS 1010 e(heKTUBHO-
CTi 3a0e3nedeHHs 30epexeHHs] 010pi3HOMAHITTS BH-
KIIIOYHO HUISIXOM HOEJHAHHA OKPEMHUX MPUPOIHUX
«OCTpPOBIB» Y IITicHY cuctemy [45]. HatomicTs ne-
SIKI aBTOPW HAroJIONIYIOTh Ha HEOOXIJHOCTI Bpaxy-
BaHHsI MepeAyCiM PO3MIpiB Ta AKICHUX XapaKTepucC-
THK CepemoBUIN icHyBaHHA [32,43], m0 MarTh 3a-

OC3IMECUNTH CHPUATINBI YMOBH JUISI MTOBHOIIIHHOTO
mepebiry MmporeciB JKUTTEMISIILHOCTI BUIB 1 X B3a-
eMoii Mixk coboro. [[ist mocuieHHsS 3B'SI3HOCTI ce-
pENoBHIIIA BAKIMBUM 3aBAAHHIM € HE BiATBOPEHHS
TPAOUIIIHHUX NIIAXIB Mirparmii, a CTBOPCHHS MOX-
JUBOCTEH MJIS TIEPIOAMYHUX KOHTAKTIB MIXK JIOKAJIh-
Humu nonyisismu [32]. Tlpu mpomy HEOOXiIHO
30Ccepe/KyBaT yBary He Ha OKPeMHX KIIOYOBHX
BHAJax, K 1e Oyno panime [33,34], a Ha 3abe3me-
YeHH1 (YHKIIOHAIBHUX 3B’S3KiB MK PI3HUMH BH-
namu [42]. 3a3HadyeHi miAX0Au 3aCTOCOBAHO y Kpai-
Hax €Bpony MpU BU3HAYECHHI CTPYKTYPHUX E€JIEMEH-
tiB NATURA-2000.

Po3poOneHHs TEOpeTHYHUX Ta METOTUYHHUX
miaxodiB 1o ¢popMyBaHHS eKOMepexi B YKpaiHi BiJl-
OyBallocsi Ha HaIllOHAJILHOMY, PETiOHATBHOMY Ta
JIOKaJbHOMY PiBHSIX 1 CYMPOBOMKYBAIOCH 3aTyUeH-
HSIM €BPOIIEUCHKOTO MOCBiAy. OIiHKY e(heKTUBHOCTI
MiIXOMIB O CTBOPEHHS €KOMEPEXk, SKi 0a3yroThCs
Ha HAliOHAJLHOMY Ta €BPOMEHCHKOMY 3aKOHOIAB-
cTBax Oyio 3miicHeHo y mpansax Karama O.0. Ta
Ipons B.I'. [13,18]. Kpim Toro, aBTOpamMu BH3Ha4YeHi
0COOJIMBOCTI BIPOBAKCHHS OCEIIUIIHOT KOHIICTIIIT
10 30epekeHHsT OiopisHOMaHITTS B YkpaiHi. Li Ha-
NPAIOBaHHS Mallil TIEPEBAKHO 3arajibHOTEOPETHY-
HUH Xapakrep 1 Oyu cpsMOBaHi Ha 00T pyHTYBaHHS
HEOOXITHOCTI 3aJIy4eHHS €BPOICHCHKUX IiIXOJiB
110 (OPMYBaHHSI EKOMEPEXKi.

[Ipobnemarnka dopmyBaHHA Ta (YHKITIOHY-
BaHHS PEriOHaJIBHOT SKOJIOTTYHOI Mepexi 3akaprar-
TS PO3ISIHYTA y PsJii HAYKOBUX MyOJiKamiid BITUM3-
HsHUX aBTopiB [20,23,24] Ta y 3BiTi po HIP Kap-
NaTchKOro exosoriyHoro kinyoy «Pyrenis» [20]. 3a-
3HAYUMO, IO TEPIi BapiaHTH KIIOYOBUX Ta CIIONY-
YHHUX TEPUTOPiN exomepexi obmacti Oynu mpejacra-
Bieri y mpamsx C.1O. Ilomosuua (2007) [19], B.IL
Bbpycaka [16], B.II. Bpycaka, 0. B. 3iubka,
J.A.Kpuuercbkoi (2008) [9] 1mie mig 4ac mpoekTy-
BaHHS 1 PO3pOOKH 3aXO/iB i3 BIPOBAKEHHS €KOMe-
pexi B Ykpaincekux Kapnarax [9,16,19]. ¥V crarTi
Kiuypu A.B., Kiuypu B.I1. (2007) [14] HaronomeHo
Ha BUPINIaJBHOMY 3HA4Y€HHI CTPYKTYPU TPHPOIHHX
maHAmadTIB TPU BU3HAYSHH] KIFOUOBUX Ta CIIONYY-
HUX TepUTOpiil B obOmacti. YV myoOmikanii denn6aou-
Knymunoi JI.M. [23] ocHOBHa yBara 30cepe/KeHa
Ha 30epeKeHHi i BiJIHOBJIEHHI BOJHO-00JOTHUX €KO-
cucTeM y OaceitHi p. Tucu, OUIBII AeTaIbHO PO3IIS-
HyTa EKOJIOTIYHAa Mepeka HU30BHHHOI YaCTHHU 00-
JacTi, 30KpeMa HarojolIeHO Ha HEeOOXiIHOCTI CTBO-
pEHHsI OcepelKiB peHarypamizamii Janamadris
(BiIHOBIIOBAaHUX TEpUTOpii). Pesymprati nux Ha-
NpalioBaHb OyJIM BpaxOBaHi KOJNEKTHBOM aBTOPiB
(Typuc E.A. Ta iHmi) mig yac po3poOKH MPOEKTY
CXeMH EKOJIOTIYHOT Mepexi 3akapnarchkoi oOnacti
[20]. BusnaueHHs KIIOYOBUX, CHOJIY4YHHX, Oydep-
HUX Ta BiJHOBJIOBaHMUX TEPUTOPill BUIlIEC HaBEACHU-
MH aBTOpaMH 0a3yBayocs IepeBaKHO Ha I'eOIlIaHy-
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BaJIbHUX METOIMKAaX Ta HAI[lOHAJIbHOMY 3aKOHOIAB-
CTBI.

BaxmBuM reomnanyBadbHEM JTOKYMEHTOM, 1€
OKpecJieHI CTPYKTYpHI €IIEMEHTH EKOMEpexi €
«Cxema KOMITICKCHO OIiHKH TepuTopii. [IpupomaHo-
peCcypcHHI TMOTEHIiam», fKa € CKiIagoBolo (Cxemu
TUTaHyBaHHs 00JacTi, sika 3arBepkeHa y 2013 poui
Ha pospaxyHkoBui miepion gm0 2031 poky [30]. Ha
il CXeMi OKpECIIEHO TEePHUTOpii ICHYIOUHX Ta Tpoe-
KTOBaHUX MPHUPOTOOXOPOHHUX YCTaHOB, MEXKI SIKHX
B LIJOMY BiJIIOBialOTh MEXKaM KIIOYOBHX TEPUTO-
piff, ski 3a3HadeHi Ha Cxemi exomepexi Kapmar
(ITormouu C. FO., 2007). Kpim Toro Ha miéi cxemi
OKPECJIEHO YOTHPH THIIH €KOKOPHUAOPIB.

[lepmi cmpoOu 3acTocyBaHHS €BPOMEHCHKUX
MiAXOMIB 10 BU3HAYEHHS €JIEMEHTIB EKOJOI1YHOI
Mepexi 3akaprarts Oynu 3nificHeHi aBTopamu Kimn
PS, Augpux €.M. tTa Mipyrenko B.B. [15] , sxi
MIPOBOIWIIM 1HBEHTapHU3allito 0i0TOMiB 3aKkapmarch-
Koi HHM30BMHM Ha OCHOBI mepeniky 3 JlupexTuBu
Ne92/43/€C npo 30epeskeHHsT TPUPOTHOTO CEPEO-
BHIIA iCHyBaHHS AuKO1 (propu Ta payrn. Ha croro-
JIHI 3HAYHOTO PO3BUTKY HaOyB MpoLEC BU3HAYCHHS
Ta 3aTBEPIUKCHHS TepUTOpiii 0COOIMBOTO MPUPOIIO-
oxoponHoro intepecy (TOIIl), mo sxoro 3amydeni
nepeBaxHo OoraHiku Ta 3oomorum: T.I. Mwukityaxk,
10.B. Kanapcekuii Ta in. [21]. Ixmi mocmimxenns
0a3yI0ThCsl Ha 1HBEHTapU3allil TUITIB OCEJIHIL Ta BH-
IiB 13 TIepetiKiB BiMOBIMHUX pe30roliii bepHchKol
koHBeHIIi. ChOroiHi B 00/1aCTi BUALICHO Ta 3aTBEp-
mkero 14 rakux TOITI.

AHaui3 3a3Ha4eHUX BHIIE MyOIiKaIlii, reora-
HyBaJIEHUX JIOKyMEHTIB Ta 3BITHUX MarepianiB [le-
MapTaMEHTY €KOJIOTIi Ta MPUPOIAHHUX PeCypciB 3aka-
prnarcekoi OJA mokasye, o Ha CbOroaHi chopMo-
BAaHO JIEKibKa IeOIUIaHYBAJIbHUX CXEM EKOMEpexi
3akaprarTs. BiaMiHHOCTI TOJSATalTh Yy KUIBKOCTI
KIIIOUOBHX TEPUTOPIA Ta EKOKOPHUJIOPIB, iXHIX Ha-
3Bax, HasBHOCTI OyepHUX Ta BiJHOBIIOBAHUX Te-
PHUTOpiH SIK €NEMEHTIB eKOMepexi Tomo. 3a3Hauu-
Mo, mo Ha Cxemi exomepexi 3akapmarts (2014)
OUIBIIICTh KITFOUOBHX TEpUTOPiH chopMOBaHO 3a
MIPUHIIAIIOM OTOTOXXHEHHS ix 3 00’ekramu 1130,
Ha3BH 1 KUIBKICTh KIIFOYOBUX TEPUTOPIH HE HaBejle-
HO Y BiJIOBiHOMY 3BiTi, Ha cxeMi BiacyTHi CHHSK-
YuHaaiiBCbKa, XKneniiscbka Ta Buropnar-
[NepeunHChKa KIFOYOBI TEPUTOPI, SIKi Tpe/ICTABIICHI
Ha iHIUX cxeMax (Cxemi ekoJIoriYHOT Mepexi Ykpa-
incpkux Kapmar ta Cxemi IutaHyBaHHS TEpUTOPIl
3akapnarcekoi o6nacti). JIMCKyCIHHUM € THTaHHS
npo epeKTHBHICTh (DYHKIIOHYBaHHS CIHOJXYYHUX
TEPUTOPIH, OCKIIBKM HE HaBEJCHO JaHUX NPO pea-
JBHI MirpauiiHi muisxu BUAiB ¢iopu 1 GayHu Mix
KIIIOUOBHMH TEPUTOPISIMU. [CHye THMTaHHS W00
norpeOu Bu3HaueHHs1 OydepHOi TepuTopii, mora
K01 CTaHOBHUTBH Onu3bko 25% obnacTi, Ta 10 QyHK-
LI} 30H BiJHOBJICHHSI.

Ha Hamry aymky, cbOromHi icHye moTpeba y
KOMILIEKCHOMY TIPOCTOPOBOMY aHalli3i iICHyIOUHX Ha
TENepillHii Yac MIaHyBaJbHHX MOJeNeil perioHa-
JLHOT eKoMepeski 3akapnarTs Ta BCTAHOBJICHHI Hali-
OUTBII BaXIMBUX I OXOPOHH OiOpi3HOMAHITTS
TUISTHOK. 3 omsiAy Ha moTtpedy HaOMMKEeHHS CTaH-
JnaptiB YkpaiHu y cdepi 0XOpOHM HaBKOJIHMIITHBOTO
cepemoBuia 10 BUMOT €Bporeiicskoro Corosy, ax-
TyaJIbHUMH 3aBIaHHSAMH € BHBYCHHS BXKE BH3Hade-
HUX KJIIOYOBUX TEPUTOPIH Ta EKOKOPUAOPIB Ha Mpe-
JIMEeT IXHBOTrOo NonmydeHHs A0 CMaparmaoBoi eKome-
pexi, a TaKoXX — HampallloBaHHSI MEXaHi3MiB 30epe-
JKeHHs1 010JIOTTYHOTO Ta JTaHAMAGTHOTO Pi3HOMAaHIT-
TS B 1X MEXax.

Mera HaIoro TOCTIKCHHS — OXapaKTepH3yBa-
TH TOJNOBHI eranu (OopMyBaHHS E€KOMEpexi 3akap-
MaTChKOi 00IaCTi Ta BCTAHOBUTH EPEIIK CTPYKTYP-
HUX EJIEMEHTIB €KOMEepEeXi, SKi MOTPeOyITh pO3po-
ONEeHHsS TepIIOYeProBUX YIPABIIHCHKUX 3aXOJiB
IIO/I0 3aXUCTy OI0PI3HOMAHITTS B IX MEXax, MpoBe-
JIEHHS JOJAaTKOBUX OOTaHIKO-300JIOTYHUX 1 JIAHI-
maQTHAX JTOCITiHKEHb.

Buxigni 1ani Ta MeTtonuka aociaixkeHb. Js
JIOCSITHEHHS 11i€] METH HaMM IPOaHai30BaHi JIiTe-
paTypHi JKepena 3 TeMaTHKH JOCTiKEHb, PSIT Te0-
IUTAHYBaJIBHUX MoOJeNeld Ta mOoKyMeHTiB: Cxema
TUTaHyBaHHs eKoMmepexki Ykpaincekux Kapmar [16],
Cxema exoMepexi 3akaprarchkoi obmacti [20],
Cxema mnaHyBaHHS TepuTopii 3akapnarcbkoi obmna-
cti [30], CrpykrypHi enemenTr CMaparmoBoi mepe-
X1 B Mexax o0sacti [26,53], Mepexka mpupo00Xo0-
POHHUX OO’€KTIB Ta iX KpYyMHOMACIITAaOHI TUTaHU
[28], meTanpHI IIaHW JICOHACAKEHB JICOBHX TOC-
MoAapcTB 3akaprnarchbkoro 0ONacHOTO YINpaBIiHHSA
JIICOBOTO Ta MUCIIMBCHKOTO TOCTIOAapcTBa [29].

Ha 6a3i «CxeMu KOMIUIEKCHOI OIlIHKA TEPHTO-
pii. [IpuponHo-pecypcuuii notenmiam» [30] ta Cxe-
MU exomepexki Kaprar ta manux 1mojo0 Mepexi npu-
POIOOXOPOHHUX O00’€KTIB 00JacTi HAMHM CKIIAZCHO
kaprocxeMy «CTpPYKTYpHI €JIEMEHTH EKOMEpexi Ta
00’€KTH TIPUPOAHO-3aM0BiHOTO (BoHAY (32 Karero-
pisimu) 3akapnarcekoi oOmacTi» 3 BiA3HAYEHHIM
Ha3B KIIOYOBUX TEPUTOPIiil Ta ekokopuaopis. Ii aHa-
73 JTO3BOJIUB BHJUIUTH CTPYKTYPHI €IIEMEHTH €KO-
Mepexi, ski He 3abe3nedeni 00’ekramu [13D i nor-
peOyrOTh pO3pOOICHHS TIEPIIIOYEPTOBHUX 3aXO/iB JIJIs
30epekeHHsT 010pi3HOMAHITTS B X MeXax.

Ha ochnoBi anamizy mannx Emerald Network
Viewer [53] Ta iHmux myOmivyHux mrepen [21,26,27,
28] ckmageno kaprocxemy «CmaparmoBa Mepexa Ta
00’€KTH TPUPOIHO-3aMOBIAHOr0 (oHIY 3akaprar-
ChKOi 00JIacTi», OXapakTepu30BaHa LIHHICTh TEpPH-
TOpili 0cOONMMBOrO MPHUPOIOOXOPOHHOTO 1HTEpECY
(TOIII, ASCI), npoaHaiizoBaHa ix 3a0e3IEUEHICTh
00’eKTa-MH TPUPOTHO-3aroBiiHOTO poHay. [eo-
MPOCTOPOBHIA aHaJi3 ABOX BUILE 3a3HAUECHUX KapTO-
CXeM J03BOJIMB BHSBUTHU IUISHKH, SKi MOTPEOYyIOTH
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JIOJTATKOBHX OOTaHIKO-300JI0TIYHHUX 1 JIAHIITA(PTHUX
JOCHIJUKEHb.

[IpencrarneHi y NOCTiIKeHHI KapTH CKIIAJICHI
i3 BUKOPHCTaHHIM OLM(POBaHUX HAMH Tomorpadi-
gHIX ocHOB y MacmTadi 1:100000, rraHiB 00’ €KTiB
MIPUPOTHO-3aNOBIIHOTO (OHY, TEOIDIaHYBATBHHUX
JOKyMEHTIB, AETalIbHUX IUIAHIB JIiCOHACAKEHb 13
BUKOPHUCTAHHAM ITporpaMHoro 3abesmneueHus QGIS
3.16.0.

Buksax ocHOBHOro MaTepiany q0CJTiIKeHHS.
Po30ynoBa exonmoriuHoi Mepexi y cBiTi 0a3yeThcs Ha
MDKHapOIHO-IIPAaBOBUX aKTax, L0 BU3HAYAIOTh OC-
HOBHI MPUHLUIH, HOPMH, TEOPETUYHI Ta METOAUYHI
peKoMeHaalii mozo ii GopMyBaHHS Ta e(hEKTHBHOTO
(yHKIIOHYyBaHHA. B OCHOBI KOHIIEMI[ii CTBOPEHHA
eKoMepex JIexkuTh KoHBeHIis mpo 610pi3HOMaHITTS
(M. Pio-ne-XKaneiipo, 1992 p.), sika y 1994 poui Oy-
na parudikoBaHa, a B 1995 pomi crama YMHHOIO B
VYkpaini. ¥ 1995 porui ma Tperiii koH(bepeHii MiHi-
ctpiB «doBkims ans €sponu» (M. Codis, boxrapis,
23-25 xoBTHS) npuiiHaTa BceeBpomnelickka cTpare-
riss 30epekeHHs OlOJOTIYHOTO Ta JaHAIIA(PTHOTO
pisHOMaHITTA [1], B paMkax sKOi OyJIO 3amporoHO-
BaHO (opMyBaTH 3aralbHOEBPONCHCHKY €KOJIOT1UHY
Mepexy. st 11 po30ymoBH KITFOUOBE 3HAUEHHS MAa€e
KonseHtist mpo oxopony aukoi ¢gmopu Ta dayHu i
MPUPOIHUX cepenoBull icHyBanHs B €Bpomni (bepH-
ChKa KOHBeHIIis) [35] , sika HaOyia YMHHOCTI B YKpa-
fal y 1999 pomi. 3ramani JOKyMEHTH CTaJd HOpMa-
THUBHOIO 0a3010 JJIsl PO3BUTKY HAI[IOHAILHOTO 3aKO-
HOJABCTBA y c(epi OXOPOHU OIOTUYHOTO Ta JIaHI-
madTHOTO pisHOMaHITTS. Tak, 30kpema, y 2000 pori
yxBaJieHO 3akoH Ykpainu «lIpo 3aranpHonepxkaBHY
nporpaMmy (OpMyBaHHS HalliOHAJIBHOI €KOJIOTIYHOT
Mepexi Ykpainu Ha 2000-2015 poku [4], y 2004 p.
— 3akoH Ykpainu «IIpo exonoriuny mepexy Ykpai-
Hm» [3]. Y 2000-2002 pp. oOrpyHTOBAaHO KapTOCXe-
My «TepuropianbHa opraHizallisi HalllOHAILHOI €KO-
JIOTIYHOI Mepexi», Mo yBidIa 10 marepianiB le-
HepaJbHOI CXeMH TUTaHYBaHHS TEpHUTOPil YKpaiHw,
sKa BH3Ha4aja KOHIICTITYalbHI MUTAaHHS TUIaHYBaH-
Hs Ta BUKOpHUCTaHHS Teputopii nmepxasu g0 2020
poky [31].

3a3Buuail 60a30BUMH eleMeHTaMu Ui (hopMy-
BaHHsI EKOJIOTIYHOI Mepexki OyAb-SKOro perioHy 4u
KpaiHH € TPUPOJOOXOPOHHI TEpUTOpii Ta 00’ €KTH,
chopMOBaHi MPOTITOM 0araTboX JECSITUPIYL Ha 3a-
cajiax HalioOHaJbHOro 3akoHonmaBcTBa. Came B iX
Mexax (axiBui MPOBOAATH HAWOUIBII MOBHOMACII-
TaOHI TONBOBI IHBEHTApU3aIliiHI JOCTIIKCHHS Ha
MpEeIMET BHSBIICHHS PIAKICHUX 1 TUIOBHX BHJIIB
¢daynu 1 dopu, poCIMHHUX yrpynoBaHb Too. Ile-
plui 3amoBiAHI 00 €KTH Ha TepUTOpii obaacti Oyno
opranizoBano 1e y 1930-x pokax XX CTOMITTS.
CrorozHi 3akapnarTs BHPI3HSETBCS Cepel 1HIIMUX
obnacteii YKpaiHM AOCHTH BHCOKHUM ITOKa3HHKOM
3aroBITHOCTI, SIKUU cTaHoM Ha Oepe3eHn 2021 poky

craHoButh 15,79% [8,27,28]. Maibke 85% mpupo-
JTOOXOPOHHUX TEPUTOpPiH 00JIacTi MaroTh 3arajbHO-
JepkaBHE 3HayeHHs. HaillOinmplly 4acTKy y CTpyK-
Typi [13® 3aiimMaroTh HalliOHATBHI TPUPOIHI MAPKH:
«YKaHChKUW», «CHHEBUP», «3adapoBaHU Kpaii»
(50%), kmactepu Kapmarcekoro GiocdepHoro 3aro-
BimHUKa (29%), 56 3akasuukis (10,08%) Ta perio-
HanabHI JaHmmapTHI mapku: «lIIpHTHCSHCHKUID Ta
«Cunsixk» (7%). Iami kareropii B Mexkax obmacti
NpeACTaBleHl 3amoBigHMMH  ypounmamu (12),
nam’sitkamu nipuponu (359), mapkamu-nam’siTKamMu
cazoBo-TmapkoBoro Mwucrenrsa (34), mAeHIpOJIOTIY-
HUMH Napkamu (2) ta 6oraniuauM cagom (1). Yac-
THHA 3 HUX BXOIUTHb JIO CKJIaqy TEPUTOPIH iHIINX
00’€KTIB PHUPOAHO-3aMOBITHOTO (POHIY, CaMe TOMY
(haKTUYHUH TOKAa3HWK 3alOBIOHOCTI € HIDKYHM 3a
odiniiino 3a3HayeHwit Ha 0,36 % 1 CTaHOBUTH
15,43%.

Crig 3a3HaunTH, Mo y XXI cT. po3mupeHHio
MEPEXKi TMPUPOIOOXOPOHHUX TEPUTOPI  00JACTi
3HAYHOI0 Miporo mocnpusiia KapmaTcbka KOHBEHIIs
a0o PaMkoBa KOHBEHIISI TIPO OXOPOHY Ta CTaluil
po3sutok Kapmatcekux rip [2], mignucana y Kuesi
y 2003 poui. B VYkpaini KoHBeHuiss € 4nHHOIO 3
posnopsmkeHasiM Kabinety MinictpiB Yipaiau 0y-
na cxBanena «Crparerisi BAKOHaHHSI PaMKOBO1 KOH-
BEHIII1 PO OXOPOHY Ta CTanuii po3BuToK Kapmary, a
y 2008p. 3akapmarchKor OOIACHOIO IEP>KaBHOIO
ajMmiHicTpaiiero  3atBep/pkeHo  «[lman  3axofis,
CIpsIMOBaHUX Ha peanizaiiro Crparerii BUKOHAHHS
PamKoBOi KOHBEHLIT PO OXOPOHY Ta CTAIUI PO3BH-
tok Kapnar na 2008-2020 poku mo 3akaprarcbKii
o0acTi». 3ariaHoBaHi 3aX0AM Mepeadavain 30Kpe-
Ma 301TBIIEHHS TUTOII OKPeMHX 00’ €KTIB PUPOIHO-
3armoBiAHOTO POHAY B OOJIACTI Ta CTBOPEHHS HOBUX
— MibKHapoaHoro OiocdepHoro peseprary “Mapa-
MOpPOCBKI Topu”, mpouec (GOpMyBaHHS SIKOTO Ha
CHOTOJIHI 11l HE 3aBEPILEHUH, a TAKOX PEriOHAIbHO-
ro nanamadTHoro napky “TlpuTucsHCbKHA™, SKHUN
¢dyskiionye 3 2008 poky. Y 2017 poti Oyino miamnu-
caHo 3akoH «IIpo BHeCeHHs 3MiH O NESIKUX 3aKO-
HOJIaBUMX aKTiB YKpaiHW MIOAO0 OXOPOHHU IIPAIiCiB
3rijIHo 3 PaMKOBOIO KOHBEHIIIEIO MPO OXOPOHY Ta
ctanuii po3sutok Kapmary», skuil mependavyae cTBo-
PEHHSI MpajJicoBUX Mam'ATOK Npupoad. Bimmosimsi
3Mminn Oynmu BHeceHi y 3akoH «[Ipo mnpupomHo-
3anoBigHuid Gouy Ykpainn» [5] ta Jlicouii, Anmi-
HicTparuBHUi 1 KpumiHanbHMH Kojekcu, a cam
MpoIiec CTBOPEHHS PerIaMEHTYEThCS 3aTBEPKEHOIO
HakazoM MiHekoiorii «MeTOAUKO0 BHU3HAYEHHS
HAJICKHOCTI JIICOBUX TEPUTOPid [0 mpaicis, KBasi-
npaiiciB i mpupoaHux JiciB» [6]. Imentudikamis
MPaJIiCOBUX UISHOK B OOJIACTI po3royanacs Ie y
2014 pomi, ane nepiii 9 mam’saToK mpuponu Oyiio
3aTBepmxeHo ymie y 2020 poui. Ha croroani icuye
Bxe 30 takux 00’exTiB [13d 3aranapHOIO MIIOLICIO
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4327,4 ra B Mexax 8-Mu geprkiicroctis [8, 27].

BaxximBo BiA3HAUYMTH, IO YacTHHA OO0’ €KTIB
[13® obnacti Mae IPUPOJOOXOPOHHI CTaTyCH MiXK-
HapogHoro  piBHs:  biocdepHoro  pesepmary
IOHECKO, Micup cBitoBoi cnaamuan IOHECKO,
Pamcapcekux BomHO-OONMOTHUX yTimk. HasBHICTB
BUIIC 3a3HAYCHMX IHIIIATUB MiIKPECIIOE IIHHICTh
nmaaammadTiB 3akapHarTs He JUIIe Ha perioHaIbHO-
My Ta HalllOHATEHOMY, ajie i Ha mTo0aIbHOMY PiBHI.
Ho CaitoBoi Mepexi OiocepHUX pesepBartiB, sKi
OpTaHi30BYIOTBCS 32 CIELiaIbHOIO TMPOTrpaMmoro
IOHECKO «JIromuna i 6iocdepay, BigHocaThCS Ka-
priarcbkuii OiocepHMii 3aMOBIIHUK Ta YKaHCHKUN
HallloHANBHUI pupoaHuil napk. OcTaHHIN € cKia-
JIOBOI0 YaCTHHOKO YKPaiHCHKO-TIOJIbCHKO-CIIOBAllb-
koro OiocepHoro pesepmary «Cximui Kapmartmy.
Jo Micup CBITOBOI MNPHUPOAHOI CIAIIIUHU, SIKi
CTBOPIOIOTH BiAMOBiAHO 10 KoHBeHIIiT Ipo 0XOpoHy
CBITOBOI KynmbTypHOI 1 mpupomHoi cnammman [37],
BiTHOCATBCS 15 MacuBiB CTapOBIKOBHX OYKOBHUX (i-
toueHo3iB (1 — B Yxancekomy HIIIL, 5 — B KB3, 4 —
y HIINI «CuneBup», 2 — y HIIII «3auapoBanuii
Kpaii»), sIKi pa3oM YTBOPIOIOTH YaCTHHY TpPaHCKOP-
JIOHHOTO KOMIUTEKCY «JlaBHiI mepBo3manHi OyKOBi
micu Kapmar Ta iamux perionis €sponm» (2017 p).
3aranom OykoBi mpajicu 00macTi CTaHOBIATH OIH-
3bK0 30% Bij 3arajabHOI IUIONI IBOTO MIYKHAPOIHO-
ro o0’exty. Jlo Pamcapcekux yrigs BiIHOCATH BOA-
HO-00JIOTHI exkocucTeMn B Mexax Kapmarchkoro
6iocgepHoro 3anoBigHuka (3 00’€KTH), HaIliOHAb-
HUX TPUPOAHUX NapkiB «CuHeBHp» Ta «3adapoBa-
HUH Kpail», a TaKOXX perioHaJbHOro JaHamagTHOrO
napky «I[Ipurucsuacekuit» (0,18% Tepuropii obnac-
Ti). 3a3Hauumo, mo Pamcapchka xousenilis (Konse-
HITisL TIPO BOTHO-OOJIOTHI YTis, 10 MalOTh MiKHAa-
POAHE 3HAYECHHS, TOJIOBHUM YMHOM SIK CEpelOBHIIA
ICHYBaHHS BOJOIUIABHHUX NTaxiB [36]) 3akiuKae
CTopoHM 3aXUINATH Taki YTiJjs Ha TepuTopii €Bpo-
MEeHChbKOro KOHTUHEHTY, OCKIIBKM BOHHM Haiuacrimie
€ CTPYKTYpHHMH eJeMeHTamMu BceeBponeicbkol
EKOMEpeXKi 1 CHpUSIOTh 30epeKEHHIO MIrpyrouux
TTOMYIIALI N NTaxiB.

[lepmi HampamoBanHs 1moao (opMyBaHHS
CTPYKTYpPHHX €JIEMEHTIB EKOJIOTIYHOT Mepexi 3aka-
pnarcekoi 00iacTi MOB’si3aHi i3 PO3POOJCHHSAM Yy
2005-2007 pp. CxeMu ekoJOriqyHol Mepexi YKpaiH-
cekux Kapmar [9,16]. Metomomnoris 11 hopmyBaHHS
OasyBaslacsi Ha aHaNi3i CTPYKTYpU MPUPOIHHUX
nmaHamadTiB, Ha BUBYCHHI PO3MIMICHHS I[IHHUX
MPUPOIHUX  TEPUTOPiIH, O0O’€KTIB  MPHUPOIHO-
3aroBiAHOro (oHAY, MICIb MOIIMPSHHS PIAKICHUX
BuAiB. BinnosigHo mo wiei Cxemu ekomepexy Ykpa-
incpkux Kapmat ¢gopMmyroTe 14Tk TpaHCKapHarch-
KHX €KOKOPHUIOPIB 3aralibHOI0 Iwiomero 12077 Tuc.
ra, siKi MOEIHYIOTh MIXK C00010 28 KJIFOUOBHX TEpH-
TOpill HALIOHAJIBHOTO 3HAYEHHS 3arajbHOI0 IUIO-
mero 1457,2 tuc. ra. [16]. B Mexax 3akapmaTchkoi

007acTi MOBHICTIO a00 YacTKOBO MpeCcTaBieHi 16
KIIIoUoBUX Teputopiit: Cryxuibko-CsaHcbka, Kie-
HiiBcbka, XKaumupcrka, [lononuHchko-I'opranceka,
Ceugosenpko-YopHoripesko-lopranceka, Kysiiics-
Ko-Mapmapocbka, Piganceka, Buropmar-llepeunn-
cbka, Cunsk-UnHaniiBcbka, IpmaBchka, IllasHCBKa,
Xycrepka, Yoncpko-Bennkogobponsceka, beperis-
cbka, IOmiBchka Ta YopHoripchka. BoHm moemHaHi
TphOMa eKoKopuaopamu: BomominsHo-Kapmarcekum
CepEeAHbOTiPHO-BUCOKOTIpHIM, BynkaHiuHOKapmaT-
CBKUM HH3BKOTipHUM Ta THCSHCBKO-3aKapnaTChbKUM
HU30BUHHHM.

[Tpoext Cxemu perioHaqbHOI €KOJOTiYHOI Me-
pexi 3akapnarchbkoi 00J1acTi, y SKOMY OOTPYHTOBaHO
MIPOCTOPOBE PO3TALIYBAaHHS I CTPYKTYPHUX €JIEME-
HTiB, OyB po3pobnenuit y 2013 p. HaykoBisimu Kap-
MaTChKOTO EKOJIOTIYHOTO KIyOy «PyTeHis» min kepi-
BHUIITBOM Typuc E.B. [20]. BomHowac cTpykTypHi
€JIEMEHTH EeKOMEpEeXi, 30KpeMa IIiCTh €KOJOTITHUX
KOPHJIOPIB, iCHYIOUi Ta mpoekToBaHi Teputopii [13D
OKpecieHo Ha KapTi «Cxema KOMIUIEKCHOI OIIHKH
tepuropii. [lpupogHO-pecypcHmil MoOTeHIIam), sIKa
BXOJIUTH JI0 MarepiaiB CXeMu IUTaHyBaHHS TEPUTO-
pii 3akapmarchKkoi 00acTi, sika po3poOieHa daxis-
v JI1 «/limpomicTo» Ha po3paxyHKOBHH mepion
o 2031 poxy [30]. ¥V 2013 - 2014 poxkax mi reoruia-
HYBaJbHI JJOKYMEHTH OYyJIO 3aTBEpIKEHO Ha CECisix
3akapraTchbkoi o0iacHol paau. OOrpyHTyBaHHS I[0-
JIO PO3MIIIEHHSI CTPYKTYPHUX €IIEMEHTIB EKOMEPEexKi
Ha 3a3HayeHnX Cxemax 0a3yeThCsl Ha HAI[lOHALHUX
3aKOHOMABYMX JOKyMeHTax [3,4,7], BIAMOBIAHO [0
SKUX €KOJIOTIYHY Mepexxy MoTpiOHO dopmyBaTH i3
BpaxXyBaHHSIM ICHYFOUYOI Mepexi 00’ €KTIB TPUPOAHO-
3anoBiqHOrO (POHIY Ta IHIIMX TEPUTOPIH, SKi MAIOTh
BaXXJIMBE 3HAYCHHS s 30epexeHHs 0I0TUIHOTO Ta
TaHAMAPTHOTO PI3HOMAHITTS, BKIIOYAaTH 3€MIli BO-
JTHOTO Ta JICOBOTO (DOHIY, CLIBCHKOTOCIONAPCHKI
VTiJJii EeKCTEHCHBHOTO BHUKOPHCTaHHS, TEPUTOPIi
pekpeaniiiHoro npusHaueHHs Tomo. [Ipu Bu3HaueH-
Hi KJIIOYOBUX Ta CHOJIYYHHUX TEPUTOPIH BPaxoBaHO
JIOCBiJI TIPOEKTYBAaHHS 3arajlbHOKApIaTChKOi eKoMe-
pexi [16,19].

3a CxeMOI0 eKOJIOriuHOI Mepexi YKpaiHCBKUX
Kapnar (Typuc E.B Tta inm., 2013) ki1ro4uoBi Tepu-
Topii chopMoBaHi mepeBakHO HA 0a3i iICHYHOUHX Ta
npoekToBanux teputopiit [13® 3akapnarra. Ha 3a-
3HadeHid CxeMi Ha3BM KIIIOYOBUX TEPHUTOPIH BIACY-
THI 260 xy6mror0TH Ha3Bu 06 ekTiB [13D. Ix Mepexa
CKJagaeTses 3 16 3HAYHMX 32 TUIOLICIO TEPUTOPiH Ta
10 oxpeMyX HEBEIMKHUX MPUPOIOOXOPOHHNX 00’ EKTIB.

3aranom 3rigHo 3 [IporpaMoro mepcreKTHBHOTO
PO3BUTKY IPUPOTHO-3aMOBIIHOI CIIPaBH Ta €KOJIOTi-
yHOT Mepexi 3akaprarcbkoi obmacti Ha 2006-2020
poxu [7] mepembadanocs, M0 YacTKa KIFOYOBHX Te-
putopiit TyT Mae 3aiimatu Onmu3bko 20% BiA MO
oOmacri.

Jlo cionmygHuX TepUTOpiit (EKOJIOTIYHUX KOPHI-
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opiB), BigmoBigHO A0 Cxemm ekoMmepexi 3akapriar-
cekoi oomacTi (Typuc E.B Ta inm., 2013), Hanexars
16 exoxopuaopiB: Ceumosenbko-Kysilicbkuii, CBu-
noserbko-Mapamopoceskuii, Yopaoripesko-Ilono-
HHUHCBKUH, binotucsuacpkuii, ['opranceko-YopHOTH-
csiHChkMH, CrHeBHpChKko-CBUIOBebKNM, CHHEBUP-
ChKO-XYCTChKUHM, YroiabChKo-YxkaHChKUM, CuHe-
Bupchko-beckuacekuid, IlasHchko-Buropnarcekuid,
Mapamopomiceko-Ilasacekuit, IllasHchk0-FOmiiB-
cekui, HOmiiBcbko-Yomckkuil, bopkaBchkuit, Tu-
csHcbkul, Jlaropunpkuit [11,20]. Bonu mpencras-
JIeH1 3eMJISIMH BOIHOTO 1 JIicOBOTO (DOHIY Ta TipCh-
KMMH TacOBHILAMH. 3TiHO 3 OOIPYHTYBaHHAM
Cxemu 3arajpHa IUIOIIA CKOJIOTIYHHUX KOPHJIOPIB
CTaHOBHUTHL OJM3bK0 467,5 THC.ra, BIAIOBIAHO BOHU
3aiimarote 35% Bix Tepuropii obmacti [20]. [Ipote
3a HallMMU OOYMCIICHHSIMHU, IPOBEJCHUMH Ha OCHO-
Bi OIM(POBAHMX JAaHUX, TUIOMIA €KOJIOTTYHUX KOPH-
JIOPiB € 3HAYHO MEHIIOK 1 CTAHOBUTH OIHM3bKO 145
tuc.ra (11%).

o OydepHux 30H BignosigHo 10 Cxemu peri-
oHanpHOI exonoriunoi mepexi (Typuc E.B Ta immI.,
2013), BiIHECEHO 3eMIli JIICOBOTO (POHAY, IO PO3-
TaIllOBaHI HABKOJIO HACEJICHHUX IMYyHKTIB, OUI BUPO-
OHMYUX 00’€KTIB i ICTOPUYHO BUKOHYBalIN OyQepHy
(hbyHKIIIFO, a TaKoX - CIHOXarTi, PeMi3H, MACOBHIIA,
piakomices, yarapHukH, sipyry, Tomo. KpiM toro, 1o
OytdepHoi 30HM BimIHIUIM 3eMJi peKpeamiiHOro
NpU3HAYeHHs. [X 3arajgpHa miuoma cTaHoBUTH 320,7
THC. Ta — 6mu3bKo 25% obnacTi.

Jlo BiIHOBIIOBaHUX TEPUTOPIH €KOMEpEexXi Ha-
JIeKaTh KaM'siHI PO3CHIIH, MiCKH, COJIOHYAKH, JAerpa-
JIOBaHl 3eMJll, 3eMEJIbHI IIIAHKH, B MEXax SKHX €
00'€KTH, IO MAalOTh OCOOIMBY NPHUPOJHY LIHHICTE.
Pa3zom BoHU 3aiimMaroTh 14,8Tuc.ra — Omuspko 1%
oOmacrTi.

Haii6inbin moBHa iH(OpMAILIis 00 PiKICHUX
1 THIIOBUX BHJIB (ayHU 1 (IopH, pOCIMHHUX YIPY-
TIOBAHb € JIUIIE TI0 KIIFOYOBUX TEPUTOPISIX, SKi MpeI-
CTaBJICHI  MPHUPOIHO-3aMOBIIHUMH  YCTaHOBaMHU.
AmnajoriuHa iHgopmMariisi B Mexax €KOJOTIYHUX KO-
punopiB Ta OydepHOi 30HM, SKi pa3oM CTAHOBISATh
3a odiniitHumu garnMu 6am3pko 60% obnmacTi, Bifl-
cytHs. Lli Tepuropii Ha MpPaKTUI[l HE MAaKOTh YiTKO
BU3HAYEHHUX MPABOBHUX MEXaHi3MiB 3aXUCTY BiJ] TOC-
MOAAPCHKOTO BIUIMBY, BIANOBIAHO iXHS PONb IS
30epekeHHs O1OpI3HOMAHITTS Ta JaHAIIA(TIB € HU-
3bKOIO 1 HE JIOCTaTHLO OOIpyHTOBaHOI. Ha Temepi-
IIHIA Yac B Mexax OydepHoi TepuTopii BemeTbcs
IHTEHCHBHE JIICOTOCIIOAAPChbKE  MPHPOJOKOPUCTY-
BaHHsI, 1[0 3YMOBIIOE ii ()parMeHTapHICTh Ta MOTi-
PIIEHHS SKOCTi IPUPOAHUX JTaHAMA]TIB.

Amnani3 marepianiB CxemMH IJIaHyBaHHSI TEpH-
Topii 3akaprarcekoi obmacti [30], moka3as, o aB-
TOPH BIJIOBITHOT KapTH OKPECHMIH TYT KIFOUOBI
TEPUTOPIi, AKi B LIJIOMY BiANOBIAAl0Th aHAJIOTTYHUM
eneMeHTaMm, 3a3HadeHuM Ha Cxemi exomepexi Kap-

nmat (I[Tomorwmu C. KO, 2007). Ha Cxemi BuuijieHO
TaKOXX IIICTh THUIIB EKOJOTIYHUX KOPHIOPIB (pHC.
1): nminsaku BoponinmbHoro, IlomonuHckkoro, Byi-
KaHIYHOTO €KOKOPUAOPIB MPOXOISATH B3JOBXK T'OJIOB-
HUX TIpCBKUX XpeOTiB, a Benuki Ta Maji rigposori-
YH1 €KOKOPUAOPH MPOCTSTAIOThCS Y3M0BXK I'OJIOBHUX
pidok obmacti Ta ix mpumiuBiB. JleKiibka He3HaY-
HUX 32 TPOTDKHICTIO CIIOIYYHHX E€JIEMEHTIB BiJHE-
ceni g0 JlokanpHUX exokopuaopiB. bydepra 30Ha Ta
BiJTHOBIIIOBaHI TEPUTOPii SIK CTPYKTYpHi €JIEMEHTH
ekoMepexki Ha miii Cxemi HE 3a3HAYarOThCS, MPOTE
MO3Ha4YeHi 3eMITi JIicoBOTO (POH/Y Ta TUISTHKH BiTHO-
BJICHHS JaHIIaTiB.

OTxe, MpoBeNeHUI HaMU aHaji3 BHIIE 3a3Ha-
yeHnx Cxem Ta ExomorigyHoro macmopty 3akapmnar-
cekoi obxmacti (2020) 3acBimdye HETOCTATHIO Y3TO-
JOKEHICTh TeOIUIaHyBaJbHUX MiIXOMIB MPU GOpMYy-
BaHHI ekoMepexi obriacti. Ha crorommimHii 1eHb
icHye Opak akTyalbHOI, JETATbHOI Ta CHCTEMaTH30-
BaHOI iH(opMallii MPo MOIMPEHICTh BUIIB Ta OCe-
JMI Y MeKaX BCiX CTPYKTYPHHX €JIEMEHTIB eKoMe-
pexi, Mpo MITpamiiiHi NUISXU TPIOPUTETHUX BUIIB
¢aynu. [lo uporo yacy B 001acTi He CTBOPEHO PAAY
3alUIaHOBaHUX TPUPOJHO-3AMOBIIHUX YCTAaHOB, HE
BITPOBA/PKEHO 3aXOMiB U 30€peXeHHS 1 3aXUCTy
npuOepeKHUX CMYT, BOIOOXOPOHHUX 3aXMCHHX 30H,
MPUTMIOJIOHMHHUX JIiCiB Ta MOJOHUH.

JKauMupcbka KIIO4OBa TEPHUTOPisi, OXOPOHY
akoi MmaB 3a0esmedyBatu mpoekTtoBaHmi  HIIII
«Kmumup» (1o 21, 6 Tuc.ra), Ha CbOTOIHI MPeICTa-
BJICHA JIMIIE OKPEeMUMH 3akazHuKamu («PocimmHuiiy,
«llotik Oca», «Kpacna nonmnay, «IlinaBay, «IIpu-
OopkaBchkHit», «TeMHaTnK» (Y4acTKOBO)), 3aroBif-
HUMH ypouninamu «bopikaBceki mpamicu» Ta «be-
pe3HuKiBchKi mpamicu». Haromicte y 2020 porri
rpyna ¢axiBuiB [HcTuTyTy exororii Kapmar ta in-
X HayKoBUX ycTaHoB JIbBoBa, Kuepa Ta Ykropo-
Ja TIAroTyBalM HayKoBe OOTPYHTYBAaHHS IIOJO
CTBOPEHHS TyT PETiOHAIBHOIO JIaHAmAa(THOTO map-
Ky (PJIII) «bopkaBcbki TMOMOHWUHWY» OPi€EHTOBHOIO
momero 4016 ra [25].

s 3a0e3nedeHHs] NPUPOZOOXOPOHHOTO pe-
JKUMY B Mexax JKneHiiBChbKOi KIIFOUOBOI TepUTOpil
[TporpaMoro NMepCHEeKTUBHOTO PO3BUTKY MPHPOIHO-
3allOBiTHOI CHpaBH Ta EKOJOTIYHOI Mepexi 3akap-
narcekoi obmacti Ha 2006-2020 poku Oyno 3amia-
HOBAHO CTBOPHUTH HAIllOHAJBFHUIN MPUPOIHUN TapK
«Kneniiscekuit» (10 10 tuc.ra). Ha Tenepinixiii yac
1151 KJTI0YOBa TEPUTOPIsl MPECTaBIeHa JIMIIE aM’ SIT-
KaM¥ MPUPOJIN Ta HEBEITMKHUMHU 3aKa3HUKAMH.

[MasHCBEKA Ta Buropnar-IlepeunHcbka KIFOUOBI
TepuTopii, siki Oynam okpecneHi aBropamu Cxemu
3araJlbHOKapIIaTChKoi eKoMepexi, BiacyTHi Ha Cxe-
Max PerioHaJbHOI SKOJIOrTYHOI MEpeXki 3aKaprarch-
koi oOxnacti. HatomicTh HEBETUKUMH KIIOYOBUMH
TEPUTOPISIMU MO3HAueH] 3aKa3sHUKH «COKOJIOBI CKe-
m», «P1uaHcekuii», «Pikay, « AMHenbKui», «Io-
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Ymoeni nosnauenns: ximodosi tepuropii: 1 — Cryxunpko-CsHCbKa, 2 — [TomornHCchKO-Topranceka, 3 — CBHIOBEIBKO-
Yopuoripceko-Topranceka, 4 —Kysiliceko-Mapmapockka, 5 — Pidanceka, 6 — Cussik-UnHaniiBcska, 7 — IpmiaBceka, 8 —
Xycrebka, 9 — Yorcrko-Bennkonooponbscrka, 10 — beperisepka, 11— FOmiBebka, 12 — YopHoriperka, 13 — XKouvupcebka,
14 — XKnewniiscoka, 15 — Buropnar-IlepeunHceka, 16 — [lasHCBKA.

Puc. 1. CtpyKTypHi eneMeHTH eKoMepexkKi Ta 00’ €KTH MPUPOIHO-3aMoBiHOTO QOHAY (3a Kareropisimu) 3aka-
priarcekoi obmacti (ckmaneHo 3a [16,19,27,28,29,30]).

Fig. 1. Structural elements of the ecological network and objects of the nature reserve fund (by categories) of
the Zakarpattia region (compiled for [16,19,27,28,29,30])

pranu i TaBnimmpkay, «I maguachkui», «CMepekoBi
Kapnarn», «HopHSIHCHKHI NepeHKoBaw» Ta «XoJl-
MOBEIlbKa TOpay, 3aloBifHe Yypouuile «YCTb-
YopHSHCHKI Tpaiicmy.

[HIIMM mMiIX0/IOM IO CTBOPEHHS eKoMepexi 3a-
KapraTchkoi 00NacTi € oprasizaiis TyT AUISTHOK
CmaparmoBoi Mepexi, fKka € TOJOBHUM IHCTpYMEH-
TOM BHKOHAHHSA 3aBJaHb bepHCbKoi koHBeHwii. Brie-
pIlie Taki TUISTHKY OyJid BU3HA4YEHI TYyT rpymnoro da-
xiBiiB me y 2001 - 2009 pokax Ta 3arBeppkeHi [lo-
cTiifiHUM KomiTeToM y 2016 p. 3a3Haunmo, 1o y cy-
YacCHUX YMOBax Ha €BpPONEHCHKOMY KOHTHHEHTI (o-
pmyetbes aBi ekomepeki: NATURA 2000, sika cho-
pMoBana B KpaiHax €Bponeiicbkoro Corozy i
Emerald Network (CmapargoBa mepexa), IUISHKA
AKOI pO3TalIOBaHI B MeXax KpaiH, IO HE BXOISTH
no €C. Ina NATURA 2000 ta CmapargoBoi mMepe-
X1 XapakTepHi CHUIBHICTH MiAXONIB Ta MPUHIIMIIIB
(dopMyBaHHs, TIOMIOHICT TOPSIKY 3aTBEPIKCHHS
MIPUPOIOOXOPOHHHUX TEPUTOPIA 3 METOI 30eperkeH-
HSl LIHHUX Ta BPa3JIMBUX €BPONEHCHKUX BHUIB Ta

TUMB ocenuml. B ocHOBI QopmyBaHHS Mepexi
NATURA 2000 nexars aBi Jupekrusu €C y chepi
oxoponu npuponu: Jupektua Ne2009/147/€C npo
3axuct amkux nraxiB  [41] Ta JupekTuBa
Ne92/43/€C npo 30epeskeHHsT MPUPOTHOTO CEPEIo-
BUIIIA icCHYyBaHHs UKol (uiopu Ta daynu [39], sxa €
3aKOHOJABYMM AaKTOM, IPH3HAUYEHHM BIPOBAIUTU
nonoxkeHHs BepHcbkoi koHBeHnwii B kpainax €C. 11
repeBaraMu € JieTaniizaiis monokeHs KoHBeHIII,
HAasBHICTh YITKMX PEKOMEHJAIi Mmoo iX BIpOBa-
JOKEHHSI Ta 000B’3KOBICTh peaiizamii. Meroro Kon-
BEHIIIT € 00’ €THAHHS 3yCHJIb KpaiH 11 (popMyBaHHS
€IMHOI eKOJIOTIYHOT Mepexi 3a OioreorpadiuyHumM
MiAXONIOM, SIKa HE Ma€ 3aJIeKaTH BiJl Jep>KaBHUX KO-
PIOHIB Ta iHIIMX aAMiHICTpaTUBHUX MexX. s Yk-
paian gopmyBanHs CmapargoBoi Mepexi € moyat-
KOBHM €TaroM 10 BIPOBapKeHHS mojioxeHb Oce-
mumHoi JupektuBu, mo mnepeabayeno JlomaTkom
XXX VYroau npo acomiariro 3 €Bponericbkum Coro-
30M, a BigTak Bu3HaueHi Tepurtopii OcobOmHuBOro
[Tpuponooxoponnoro Iurepecy (TOIIl, anmm. —
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Areas of Special Conservation Interest, ASCI) micyst
Beryny 1o €C HalyBaroTh cTarycy Teputopiit oco0-
muBoi oxoponu (Special Area of Conservation,
SAC) — enementiB mepexi NATURA 2000. CtBo-
peras CmaparmoBoi Mepexi Oyno TOTOIKEHO ¥
1989 pori ITocTiitauM KomiTeTOM bepHChKOi KOHBE-
HIi nuisxoMm npuitHATTs Pexomenmamii Nel6 mpo
Tepuropii OcobmmBoro IIpupomooxoporHoro IuTe-
pecy [51]. Y Pexomenpmamii Nel6 3a3nadeno, mo [lo-
roBipHi CTOPOHU MarOTh MPUIHSITH 3aKOHO/aBY1 a00
inmm 3axomm Juis BusHaueHHss ASCI Ta 3a0e3mneueH-
HA iX 30epekeHHs. PeanpHe BTUIeHHS imei cTBO-
perHs CMapar[ioBoi Mepexi po3rmodanocs JUIIe Y
1998 pori, micns npuitHATTS [oCTIHUM KOMIiTETOM
Komnsenttii y 1996 poui Pezomtorii Ne 3 mozmo ctBo-

penns [lan-€Bpomneiichkoi ekoorianoi Mepexi [46]
Ta 'y 1998 pomi Pesomroriii Ne 5 crocoBHo IlpaBmn
s CmaparnoBoi Mepesxi [48]. TlocTiiHui KoMiTeT
KongeHriii nmpuiiHsB Takox Pezomrorii Ned4 [47] Ta
Ne6 [49], y axux Oyno BU3HAUEHO BiJIMTOBIIHO THITH
OCEJIHI Ta BUJH, IO MOTPeOYIOTh OCOOIMBHX 3aXO0-
IIB JUIS X 30€peKeHHS.

3 Metoro peamizartii mired Konsentiii B Ykpaini
OyJ0 BH3HAYEHO TMEpeNiK TEPUTOPiH, SIKI MOXYThH
OyTu BrutoueHi 1o CMmaparmoBoi Mepexi, po3nsiHy-
TO Ha OioreorpadiuHux ceMiHapax Ta 3aTBEPHKEHO
[Tocritinnm xoMiTeToM beprHchkoi korBeHIIi. Cepen
HUX B Mexax 3akapmnarTa ctaHoM Ha 2021 pik BH-
3Ha4eHo 14 006’exTiB (Tabm. 1, puc. 2).

3a HammM# 00YHCICHHSAMH 3arajibHa TUIoma i-

Puc. 2. CmaparyoBa Mepexa Ta 00’ €KTH PUPOAHO-3a110BiTHOTO hoHy (Kareropii) 3akaprnarcbkoi o0nacTi
cranoM Ha 2021 p. (cxmageno 3a [8,21,26,27,28,53]).
Fig. 2. Emerald network and objects of the nature reserve fund (categories) of the Transcarpathian region
as of 2021 (compiled for [8,21,26,27,28,53])

nsHoK CMaparmoBoi Mepexi cTaHoBUTH 16,4% Bix
ot obnacti. HaiGinemmm 06’ektom € Kapmar-
ChKui OlochepHHid 3aMOBIIHUK, B MEKaX SKOrO BH-
sirieHo 50 tuniB ocenwm (82,28% Ttepuropii 00’ ek-
Ty), 3a3Ha4eHuX y Pesomrortii 4 bepHcbkoi KOHBEHIL .

ChOrojiHi y YMHHOMY HaIliOHAJIbHOMY 3aKOHO-
naBcTBl Ykpainu 3arBepkeHi ITocTiiHUM KoMiTe-
toMm beprcpkoi kouseHii TOIIl (ASCI) He matoTh
YiTKOTO BHM3HaueHHs. JlJIs MMOMaibIIoro yrpaBiiHHS

HUMH BIAMOBIIHO 10 pexoMeHparii Pagu €Bponu
NnoTpiOHO 3ampoBajUTH HALIOHANBHI 3aX01u, TOOTO
yxBanutu y BepxosHiit Pani 3akon «IIpo teputopii
CMmapargoBoi Mepexi», IPOEKT SKOTo MiATOTOBICHO
BIJMOBIAHOIO TPyIOI0 (haxiBLiB Ta BHECEHO Ha PO3-
sty BepxoBHoi Pagn YVipainu (peectp. Ne 4461 Bin
04.12.2020).

[lopiBHIOIOYM ~ TepUTOpialibHY  CTPYKTYpY
00’€KTIB TIPHPOIHO-3aIOBIAHOTO (POHIY 3 eIeMeH-
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tamu CMaparmoBoi Mepexi 3akaprmarchbkoi o0iacTi
(puc. 2), 3a3Ha4MMO, 1110 OLTBIIICT ii AUIAHOK cdo-
pmoBani Ha 0a3zi teputopiit [13® 3akapnarta. Pos-
TalIoOBaHi BOHU MEPEBaKHO B MEXaX TipPChKOi yac-
THHH oOmacti. He mpemcraBieHi TPHUPOIHO-
3aroBigarMHu ycranosamu Taki TOIIL: Bepxi’s bo-
pxkaBcekoro xpedta (UA0000263 Ilononuna bop-
xaBa), CxiHa YacTHHA Tipchkoro macuBy CBHIO-
BeIlb pa3oM i3 mpubepexHuMH cMyramu pidok Te-
pecBa 3 mpuruBamu bpycrtypsiHka i MokpsiHka
(UA0000259 Cxinnuit CeunmoBels), mpuOepexHa
cmyra piku Pika (UA0000269 Bunorpaaisceka Tu-
ca), Mapamopcbki Ta UnBYMHCHKO-I pHHSBCBHKI rOopH

pasoM i3 pubepeKHUMHU CMyraMu THCH 3 TIPUTLIH-
BoM bina Tuca (UA0000117 Mapamopceki Ta Yu-
BUYMHCHKO-] puHABCHKI TopH), nonuHa piuku Lomy-
pka (UA0000374 Honuna piuku Illomypka Ta
UA0000345 Kobwuna), TOHH33s HONMWHH ik bop-
xasa (UA0000270 IToruszs bopxasmn).

3a3HaYUMO TaKOX, 10 3aTBepkeHi [locTiii-
HuM KoMiteToM TOIIl He OXOIUTIOIOTH BCiX KITIOYO-
BHX TEPHUTOPiH eKoMepexi 3akapmarTs, sIKi BHU3Ha-
YeHi 3a HaIllOHAJbHUMHU Tigxonamu. [lo Takux Ha-
nexxats JKneniiBebka, Pivancbka, Buropmar-Ilepe-
guHChKa, CHHIK-UWHAIIIBCHKA KIFOUOBI TEPHTOPIT

(puc. 3).

Tabnuys 1
006’extn CMaparoBoi Mepexi 3akapraTchbkoi o0sacTi (CkiaaeHo 3a nanumu [17,22,26,53])
Haszpa TOIII Ha3Bu nepepaxxaro4ux HasBnicTh
No (xon TepuTopiii ) Iaoma, ocesuuy (MJ01IA B ra) 3 00’exTiB 13D
- KinbkicTh THIIB ra pe3ouaionii Ne4 bepucbkoi Ykpainu (mio-
oceJIMII Ta BUIIB KOHBEHIil ma, ra)
e E1.71 YrpynoBans Nardus stricta (800)
e E2.2 PiBHUHHI Ta HU3BKOTIPHiI CiHOKOC-
Hi myku (100)
e E3.4 Moxkpi abo Bosori eBrpodHi i me-
3otpodHi myku (100)
e E4.3 Kucni anbpniiichki Ta cyOanbiich-
Ki TpaB’stHi yrpymnoBanas (400)
e E4.4 KanprudiTHi anpmiiceki Ta cyda- Kapnarcekuii
TbIIHCHKI TpaB’siHi yrpymnosanHs (100) GiochepHmii
G e E5.5 CyGanbmiiicbki MOKpi ab0 BOJIOTi 3aIOBiTHIK
Kapnarcekwuii 6iocde- .. ..
N . BHCOKOTPaBHI 1 TMAamnopoTeBl AUISHKHU (58035,8);
PHHH 3alTOBLARKK (100) 3aka3HUKHU
| UAD000006 1 58396 | e G1.6 Byxosi xici (24600) «@OrieceKa
e 48 Tumin . .
O ¢ G1.7 TepmodinpHi JsucTOMAngHI JIicH ropay (176),
92 B (200) o «Kicax» (400)
¢ G1.A1 JIyGoBo-siceHeBO-TpaboOBi Jiicu 30 mam’sTOK
Ha eBTPO(MHUX i Me30TpOQHUX IPyHTAX MIPUPOAH
(840) (180,1)
e G1.A4 SpyxHi Ta cxwmnosi icu (200)
¢ G3.1B Ansmiiiceki Ta Kapnarceki cyba-
JBITIHCHKI SUTMHOBI Jtick (19982)
e G3.1F OcrtpisHi summHOBI Jticu (100)
e G3.E 3abosioueHi XBOWHI JicCH HemMopa-
npHOT 30HU (100)
o X04 Komnnekcu BepxoBux 0ot (100)
Hartionamns-
¢ E1.71 Yrpynopans Nardus stricta (10) HUW TIPUPO.I-
"3agapoBanuii kpaii" ¢ (G1.12 bBopeo-anbiicbki MPHUPIYKOBI HUH MapK
HAaI[lOHATEHUN TIPUPO- ranepei (25) «3auapoBaHH
JTHUHN Tapk ¢ G1.51 Bepesosi jicu 31 charHoBUMHU Kkpait» (6101)
2 UA0000041 6116 Moxami (30) 3aka3HUK
e 13 Tumis ¢ G1.6 bykosi icu (5500) «3auapoBaHa
OCEJIHILL ¢ G1.A1 J[IyGoBo-siceHeBO-TpaboOBi Jicu TTOJIMHAY»
37 BugiB Ha eBTPO(MHUX i Me30TpOQHUX IPyHTAxX (150)
(20) 1 mam’sTKA
npuponu (15)
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Koconb . . . . .
UA0000271 ¢ E1.2 Baratopiuni TpaB’siHi KaubugiTHI 3anoBigHe
yrpynoBanss Ta crenu (120) ypOuHILEe
e 3  Tumm 253 N . .
J—— ¢ G1l.7 TepModinpHi JsucTOmamHi Jicu «lopa biras-
125 BHH’iB (42) cbkay (5)
eE1.71. VYrpymoBans Nardus stricta
(2000)

«CuHeBup» HalliOHAa- o E2.2 PiBHMHHI Ta HU3BKOTIpHiI CiHOKOC- EIFI;I ( ‘:;(E)gg)e )

JTEHAN TIPUPOTHII Hi tyku (2000) 3aEa3HI/IKI/I

MapK e E4.3 Kucni anpmiiichki Ta cyOambmiiich- «Kanmuay

UA0000026 40436 Ki TpaB’siHi yrpynoBanss (200) (25) 1a «Osi-
e 33 Tumnm ¢ F4.2 Cyxi myctuma (800) o» (322.2)
ocemHI « G1.6 Byxosi micu (11000) 15’“ o
50 BugiB e G1.A4 SApyxHi Ta cxunosi gicu (160) npupon (2.5)

¢ G3.1B Ansniiiceki Ta Kapnarceki cy0a- PHPOMH {2,
JBITIHCEKI smrHOBI Jtick (6000)
e E1.71. Yrpynosans Nardus stricta (900)
o E2.2 PiBHUHHI Ta HU3BKOTIpHI CIHOKOCHI
nyku (6000)
VKaHCHKUI HalioHa- * B34 MO.K pi 200 Bosori esTpOdHi i Me- VYKaHCBKUI
N N 3oTpodHi myku (800)
THEHUN MIPUPOTHHHA AV . . HIIIT (39159)
e G1.12 bopeo-anpmiiicbki IPUPIYKOBI ;
napk ranepei (150) 7 3aKa3HHKIB
UA0000032 39500 p . (477,6).
. ¢ G1.6 byxogi micu (16500) ,
e 28 TuUMmB L 17 mam’sToK
e G1.A1 Jly6oBo-siceHeBO-TpaOoOBi Jicu
ocem Ha eBTPOMHUX 1 ME30TPOPHUX TPYHTaX TPUPOH
65 BHIiB a 000)p p y (108,8)
e G1.A4 Spyxni Ta cxunosi sicu (160)
e G3.1B Aunsbmiiiceki Ta Kapnarceki cy0a-
JBITIHCHKI smiHOBI Jtick (2000)
¢E1.71. VYrpynosans Nardus stricta
(1900)

[Tomonunna bopxasa e E4.3 Kucni anpmiliceki Ta cyOanbiich-

UA0000263 Ki TpaB’siHi yrpymnoBanas (280) | naw’stxa
e 12 Tumis 4520 ¢ E5.5 CyGasnpniiiceki Mokpi abo Bosori nppo (2.3)
OCEJIUIII BUCOKOTPaBHI 1 TMamnopoTeBi JiISHKA PHPOAH {2,
20 BuIiB (135)

¢ F4.2 Cyxi myctuma (1800)
o G1.6 bykosi Jicu (170)
e C3.62 Hesapocuni rpasiiiHi Oeperu pidok
(100)
e E4.3 Kucmi anpmiiicbki Ta cyOarbITinch- .

. . ] , . 1  3anoBigHe
Cxiganii CBHIOBETIH Ki TpaB’sHi yrpynosanas (6000) w ~
UA0000259 e E5.5 Cy0Ganpniiickki MOKpi a00 BOJIOTI zggmoués

e 24 Tunm 15138 BUCOKOTPABHI 1 ManopoTeBi AUITHKU
(425,8)
OCEJIMII (100) 4 ’HaM’S{TKI/I
34 Buau e G1.11 IMpupiuxori BepOoBi jicu (300) npupoz (5.2)
e G1.6 Byxosi micu (2800) PHpOL L,
¢ G3.1B Aunpmiiiceki Ta Kapnarceki cy0a-
JpIiAChKI sutrHOBI Jtick (1900)

Mapamopcbki ta Yu- e E2.2 PiBHUHHI Ta HU3BKOTIPHI CIHOKOC-

BUYMHCHKO-] pUHABCHKI Hi nyku (100) 3 3aKka3HUKH

ropu ¢ (G1.12 bBopeo-anbiicbki MPHUPIYKOBI (7,5)

UA0000117 25108 ranepei (130) 12 mam’siTox
e 22 THIH ¢ G1.6 Bykogi Jicu (5600) MIPUPOIH
OCEJIHIIL ¢ G1.A1 JlyboBo-siceHeBO-TpaboOBi Jich (18,1)

57 BuziB Ha eBTPOGHUX 1 ME30TPOPHHUX I'PyHTaX
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(450)
e G3.1B Answmiticeki Ta Kaprarceki cyba-
JBITIWCHKI sUTHHOBI J1icH (6100)
Oxmi I'en ¢ G1.7 TepmodinbHi nucTOmagHi JicH
UA0000268 (40) e 1 mavsrxa
9 e 6 THmB 300 ¢ G1.A1 JIy6oBo-siceHeBO-TpaboBi Jicu npupom (0.3)
OCEJIHIIT Ha eBTPOGHUX 1 ME30TpOPHHUX TPyHTAX PHpo {5,
11 BuniB (220)
[Tonusssa bopxxasu ¢ G1.22 Mimani 1y00BO-B’S130BO-SICEHOBI | 3 3amoBingHi
UA0000270 Jich BeuKuX pidok (2000) ypouuiia
10 e 13 rtHmB 4106 ¢ G1.A1 JIy6oBo-siceHeBO-TpaboBi Jicu (335,3)
OCEJHII Ha eBTPO(HUX i ME30TpO(HUX IPYHTax e 2  mam’ sSITKH
40 BumiB (1000) npupoa (57)
e PJIIIT  «IIputn-
. e E3.4 Moxkpi abo Bosori eBrpodHi 1 me- CSTHCBKU -
[IputncsHCpKHI .
UA0000113 30TpodHi Jiyku (2550) YaCTKOBO
1 e 18 Tumis 5397 ¢ F9.1 IlpupiuxoBi yarapauku (150) (10330,7)
0O e G1.11 Ilpupiuxosi Bep6oBi micu (150) ol 3aKa3HUK
51 BHm e G1.22 MimaHi y0OBO-B’sI30BO-SICCHOBI «Bemnukono0-
A Jicu Benukux pivok (1560) POHCHKHIDY
(1736)
e C3.55 Cnabo 3apocni rpaBiiiHi Oepern
. pidok (100) e PJIIT «IIpuru-
Bunorpanisceka Tuca . . . .
UA0000269 ¢ C3.62 Hesapocni rpasiliHi Oeperu piuok CSHCBKUI -
12 e 16 Tumis| 6044 (400) 1ACTKOBO
e E3.4 Moxkpi abo Bosiori eBrpodHi 1 Me- (10330,7)
OCEIIHII] .
41 B 3otpodHi myku (900) ol 3aKa3HUK
A ¢ F9.1 IlpupiuxoBi yarapauku (120) «Erpem» (37,4)
e G1.11 Ilpupiuxosi BepOoBi icu (2200)
e E2.2 PiBHUHHI Ta HU3BKOTIPHI CIHOKOC-
Hi iyku (325,5)
Honuna piuku Lomy- ¢ F9.3 TliBnenni mpubOepexHi ramepei i
pka yarapHHUKOBi 3apocTi (238,5) o 1 saKasHuK
UA0000374 ¢ G1.21 [TIlpupiukoBi SICEHEBO-BLIBXOBI .
13 . 3225,26 . . «ApHika»
e 12 Tumis JIicH 31 3MiHHUM 3BoNIOskeHHSIM (120,5) 9.5)
OCEJIHILL ¢ G1.6 bykogi micu (820) ’
24 Buau ¢ G1.A1 JIyGoBo-siceHeBO-TpaboOBi Jiicu
Ha eBTPO(MHUX i Me30TpOQHUX IPyHTAX
(1650,5)
Kobua
14 UA0000.345 7 rumis 890 ¢ G1.6 bykogi micu (250) i
e G1.11 IIpupiukoBi BepOoOBI Jticu (26)
OCEIIUIII
1 Bug

Kpim toro, CmaparmoBa Mepexa He OXOILTIOE
BepxiB’s p. Jlaropuus 3 nputokoro Buua, pivok Pu-
nuHka ta CTyaeHuit, o GopMyrTh BEPXHIO TEUIi0
p- Pika, 3Hauny wactuny p. Y Ta bopkasa, siKi 3ri-
JHO 3 HAallOHAJIBHUM 3aKOHOIABCTBOM Pa3oM i3
NpUOEPEeKHO-3aXMCHUMH CMYTaMH € eJeMEHTaMu
exostoriunoi mepexi. He BimHocsathes mo TOIII i
¢parMenTH BynkaHIYHOTO €KOKOPHUIOPY Ta YaCTHHA
nonuny p. Tuca (puc. 3).

3a3HadeHl JUISHKK TMOTPEOYIOTh JIOAATKOBUX
JOCIIDKEHb Ha TIPEIMET BUSBICHHS TYT IIHHUX

ocenuil, BUIIB ¢uiopu Ta dayHu 3 gonarkiB bepHch-
KOi KOHBEHII]i.

BucnoBku. B ictopii popMyBaHHS €KOIOTTYHOT
Mepexki 3akapraTchbkoi 00JIaCTI MOXKHA BHIUIATH
TPH €TalH, NEPUINH 3 IKUX XapaKTEPHU3Y€ETHCS CTBO-
PEHHSIM Ta PO3LIMPEHHSAM MepexXi 00’ €KTiB IPUPOI-
HO-3aT0BiZITHOTO (OHAY, IO CTaId OCHOBOIO JUIS
oprasizanii nIpoBeAeHHS NPUPOAHUYMX JTOCIiIKEHD
B MeXax 00JacTi Ta MOJANbLUIOrO BIPOBAIKEHHS
KOHILIEMIii exkomepex. Ha chorogmi Tx dactka Bif
roni 3akaprartsi ctaHoBUTh 15,43%. [pyruii eTan
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XapaKTepPHU3y€EThCS PO3POOKOI0 Ta 3aTBEPIKECHHIM
mIaHyBaTbHHX CXeM eKOJIOTidHOI Mepexi o0macTi
BiJIMOBITHO JIO HAIlIOHAJILHOTO 3aKOHOAaBCTBa. Kpim
MPUPOIOOXOPOHHHUX 00’€KTiB, 10 Cxem Oyno 3amy-
YeHO TaKOX 3E€MENbHI YT eKCTeHCHBHOTO BHKO-
pucranus. [IpoTte 3axomiB i 3a0e3MeUeHHS MPH-
POIOOXOPOHHOTO PEXHUMY LUX TEPUTOpid He Oyno
BITPOBAJIKEHO.

Jia TpeThoro erarry pO3BHTKY €KOMEpexi 00-
JIacTi XapakTepHE 3aTy4eHHs €BPOMEHCHKOTO TOCBi-
oy no GopMyBaHHS eKoJoriuHOi Mepexki 3akapmar-
CBKOi 007acTi, pe3yabTaTOM SKOTO € BU3HAYCHHS Ta

3arBepmkeHHs y 2016 -2019 pp. IlocriitHuM KOMi-
TeTroM beprchbkoi konBeHIiT 14-tu mimsHOK TOIII
(ASCI) CwmapargoBoi Mepexi, (OpPMYBaHHS SIKHX
Mae 3a0e3neunTy 30epekeHHs BUIIB (IiopH 1 dayHn
€BPOIICHCHKOTO 3HAYCHHS Ta CEPEIOBHI] iXHBOTO
icayBanaa. TOIIl MaroTe psn mepeBar MOPIBHSIHO 3
eJeMeHTaMH eKOJIOT1UHOI Mepexi 3akapmarts, cho-
pMOBaHOI 3a HaIliIOHAJIGHUM MiaxomoM. IIpore Bin-
CYTHICTB IX YITKOTO BH3HAYEHHs Yy MPAaBOBOMY IIOJI
HaIoi IepKaBH YCKIAJHIOE iX IOBHOLIIHHE (QYHKIIi-
OHYBaHHSI.

[IpoBenennii Hamu aHai3 opiMiHUX MaTepia-

Ymoeni nosnauenns: ximodoi repuropii: 1 — Cryxunpsko-CsiHcbka, 2 — [TononnHcbko-T'oprancbka, 3 — CBHI0BEIBKO-
YopHoripcbko-T'opranceka, 4 —Kysifickko-Mapmapocbka, 5 — Piuanceka, 6 — Cunsik-UnHaniiBebka, 7 — IpinaBcbka, 8 —
Xycrebka, 9 — Honcbko-Bennkonodponsckka, 10 — beperisebka, 11— HOmiBebka, 12 — YopHoripebka, 13 — XKaumupcebka,
14 — XKneniiscoka, 15 — Buropnar-Ilepeansceka, 16 — llasachka
Puc.3. I'eoruianyBaisHa MOzIEIh €KOMEpeKi 3akapnarchkoi 00J1acTi i3 KOMIDIEKCOM CTPYKTYpPHUX €IEMEHTIB.
Fig.3. Geoplanning model of the ecological network of Transcarpathian region with a complex of structural
elements

JIB 13 IUIAHYBaHHS eKOMepexi oOracti 3acBimuye
PO ICHYBaHHS JCKUIBKOX IUIAHYBaJIbHUX MOJICIICH,
SK1 BIAMIHHI 3a migxoaamMu 10 (opMyBaHHS e€KOMe-
PEXi, KUIBKICTIO 1 CTPYKTYpPHHX €JE€MEHTIB Ta iH-
¢dopmariiinuM HanoBHeHHAM. AHaimi3 CxeMu Iuia-
HyBaHHS TepuTopii 3akapnarchkoi obmacti Ta CMma-
parznoBoi Mepesi J03BOJIMIM BCTAHOBUTU AUISHKH,
SKi MOTPeOyIOTh PO3POOJICHHS IMEePIIOYEePrOBUX
YHPaBIIHCHKUX 3aXOJ(iB MIOJ0 3aXUCTy OiopizHOMa-
HITTA B iX MeXaX, a TaKOoX - MPOBEICHHSA JOAATKO-

BUX OOTaHIKO-300JIOTIYHMX 1 JIaHAMA(THUX TOCIi-
JKeHb. BianosinHo 1o Cxemu IIaHyBaHHS TEPUTO-
pii 3akapnarcekoi obnacTi B Mexax JKaeHiiBCbKoi,
Knumupcerkoi, Buropnar-Ilepeunncekoi ta [llagn-
CHKOT KJTFOYOBUX TEPUTOPiil MOTPIOHO CTBOPUTH yC-
tanoBu [13®D, a 3 METOIO 3aXUCTY EKOCUCTEM BU3HA-
YEHUX EKOKOPHUIOPIB — BIPOBAIKYBATH 3aXOH IS
30epekeHHsT MPUOEPEKHUX CMYT, BOJOOXOPOHHUX
3aXMCHMX 30H, IPUIIOJIOHUHHUX JIICIB Ta OJIOHHUH.

3 omsiny Ha HaOMMKEHHS HAIllOHATBHHUX CTaH-
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IapTiB YKpaiHu y cdepi OXOpOHHU HABKOJIUITHHOTO
cepemoBuIa 10 BUMOT €Bporelickkoro Coro3y, a
TaKOXK — Ha MPUKOPJIOHHE PO3TalllyBaHHs 3aKaprar-
ChKOi O0JIACTi, BaXXJIMBUM 3aBJaHHIM € MOJAJIbIIC
(hopmyBanHa ninsHOK CmaparoBoi eKoMepexi 3
BUKOPHCTaHHSM TMOMEPEHIX HampaloBalb. Tak,
30KpeMa iCHye moTpeda y IOJATKOBHX MPUPOIHU-
YUX JOCHTIDKEHHSAX JUIsI BHUPIMICHHS TOIIBHOCTI
(opmyBanns HoBux TOIIl B paiioni po3ramryBaHHS

ko1, CuHIK-UWHAIIIBCHKOI KIIFOUOBHX TEPHUTOPIH,
yacTUHH [OJIOHWHCHKOTO E€KOKOPHUJIOPY, KA IOE-
Hye CBupoBeupkuii i Ky3iii-TpuOymancekuii Macu-
Bu KB3. [locnimkens moTpedyoTh Takox (pparMeH-
TH BynKaHIYHOTO €KOKOpHUIOpY, MICIIEBOCTI, IO
OXOILTIOIOTH BepXiB’s p. Jlatopurs 3 npurokoro Bu-
Ya, TOMUHY pidok Punmbka ta Ctynenui, siki ¢op-
MYIOTh BepXHIO Tediro p. Pika, 3HauHa 9acTnHa H0-
JIMHU p. YK Ta p. bopkaga.

XKneniiecbkoi, Piuancekoi, Buropnar-IlepeunHch-
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BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 pobOoTY

HUctopust popmupoBaHUs U COBPEMEHHOE COCTOSIHHE
IKOJIOTMYECKOH ceTH 3aKapnarcKoil 00J1acTu

Mapobana Bukmopoena Tecnosuu’,

acnupaHT, kadeapa KOHCTPYKTUBHOM reorpadun u kaprorpaduu,

! JIbBOBCKMI HAIIMOHANBHEIN YHUBEPCUTET HMeHH MBana dpanko,

ya. [Terpa Jlopomienko, 41, 1. JIeBoB, 79000, Ykpauna;

Juana Anamonvesna Kpuuesckas',

K. Teorp. H., JIOLEHT, Kadepa KOHCTPYKTUBHOI reorpadun u kaprorpaduu

Co3naHue SKOJOTHYECKUX CETeH CEeTOAHS SBISICTCA OMHHM W3 OCHOBHBIX ITyTE€H COXpaHEHUS OHMOTHYECCKOTO H
nmanamadTHOro MHOrooOpasus. B YkpanHe BbIIEIICHHE CTPYKTYPHBIX 3JIEMEHTOB SKOCETEH MPOUCXOAUT C UCIOIb30Ba-
HUEM HAIMOHAJBHBIX U €BPOINEHCKUX MOoAxonoB. He sBisercs uckimodyeHueM u 3akaprarckas obmacts. Tak, B 2014 1.
TyT OBbIT yTBepskaAeH [IpoekT cxeMbl pernoHaJIbHOM dKosormdeckoi cetn, a B 2016 roxy yuyactku M3ympynHo# cern,
KOTOpBIE paHee ObUTH OXapaKTePU30BaHBI IPYMIION YKCIIEPTOB B MpeAesaXx 00IacTu, yTBepKAeHbBI [I0CTOSTHHBIM KOMHUTE-
TOM BepHCKOW KOHBEHIIMH. YUYHUTHIBas COBPEMEHHBIE T€OMOJUTHUECKHE UHTEPEChl YKPauWHbl, a TakKKe MPUTPAHHIHOE
MIOJIOKEHUE 3aKaprarhsl aKTyalbHBIMU 3aadyaMU SIBJISIOTCS M3YUYCHHE YK€ YCTAHOBJICHBIX KITFOUEBBIX TEPPHUTOPUN U
SKOKOPHIOPOB C TOUKH 3PEHUSI BOSMOXKHOCTH HUX MPHUCOSANHEHHS K M3yMpynHOH dKOCEeTH, a TakKe - HapaboTKa Mexa-
HU3MOB COXpaHEeHHsI OMOTHYECKOTO W JaHAmadTHOTO pasHooOpas3us B uX mnpeaenax. Llenpio cratbu ObLUTO OXapaKTepu-
30BaTh OCHOBHBIE ATanbl (HOPMHUPOBAHMS SKOCETH 3aKapHaTCKOil OOJacTH M YCTaHOBHTH IMEpPEUeHb €€ CTPYKTYPHBIX
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9JIEMEHTOB, TPeOyYIOIMX pa3paboTKU MEepBOOYEPEIHBIX MEP IO YIPABICHHUIO U 3aluTe O0MOpa3HOOOpa3us B MX Hpere-
JIax, NPOBEAEHHS JOTIOJHUTENBHBIX OOTaHUKO-300JI0TMYECKUX U JaHAIIA(THBIX UCCIICIOBAHMMN.

C 3T0i 11eNbI0 HAMU NPOAHAIN3UPOBAHBI MEXAYHAPOAHBIE U HAI[MOHAJIBHBIE HOPMAaTUBHO-NIPABOBbIE JOKYMEHTHI
1o (hopMHpOBaHUIO SKoceTel, CxeMa IIaHUpOBaHUs IKoceTH YKpanHckux Kapmar, CxeMbl IIIaHUPOBaHHS TEPPUTOPUH
U IKOCeTH 3akapnaTcKoi oONacTH, AeTalbHble IUIAHBI JECONOCAJOK, COBPEMEHHAs CeTb M CTPYKTypa HPUPOAHO-
3anoBeHOTO (hOHIA 00NIACTH, BKIIOYas OOBEKTHI, IEHHOCTh KOTOPBIX MPU3HAHA HA MEXIyHapOIHOM ypoBHe. M3ydeHue
9THX MaTepHAJIOB MO3BOJIMIO YCTAHOBUTH MONHBIN IEPEUEHb CTPYKTYPHBIX JIEMEHTOB SKOJOTHUYECKOH ceTH 3akapra-
ThbsI, C UCTIONIE30BaHMUEM IporpammHoro odecneuerns QGIS3.16.0. cozgana kapra « CTpyKTypHBIE JIEMEHTHI SKOCETH U
00BEKTHI TPUPOAHO-3AIIOBETHOTO (POH/A (TI0 KaTETOPHIM) 3aKapIaTCKOi 00IacTmy.

Ha ocHoBanmm anamm3a nanHbix Emerald Network Viewer u npyrux myOnWYIHBIX HCTOYHHKOB OXapaKTEepPH3OBaHA
ueHHocTh 14-t Teppurtopmii Ocoboro IIpupomooxpannoro Uuarepeca (TOITN, ACSI) UsympynHoii cetn obmacTi u
MIPOAHAM3UPOBAHO HAJIMYHME B X I'PAHUIAX 0OBEKTOB NMPHUPOAHO-3anoBenHoro ¢onna. Co3nana kapra «M3ympynaHas
CeTh U 00BEKTHI NPUPOIHO-3aNI0BETHOTO (hOHIA 3aKapIaTCKoil 00IacTh» ¢ MCHONb30BaHUEM OLU(PPOBAHBIX HAMH TOIIO-
rpaduyeckux kapt B Maciitabe 1:100000, kpynHOMacITaOHBIX IJIAHOB IO 3aII0OBEHBIM 00BEKTaM 00J1acTH.

C nensto cpaBHeHUs: CXeM pernoHanbHOM akonoruueckoil cetu u MzympynHoit cetu 3akapnaTbs COCTaBIeHA Kap-
Ta «['eoraHnpoBOYHas MOJIENb YKOCETH 3aKapIaTCKOW 00IacTH ¢ KOMIUIEKCOM CTPYKTYPHBIX 3JIEMEHTOBY», YTO MO3BO-
JIMJIO HaM OTIPEJICTIUTh YYaCTKH, KOTOPBIE SIBIISIOTCS IEPCIIEKTHUBHBIME JUISI U3YUYEHUsI C TOUKU 3pEHHsI OpraHU3aluy TyT
HOBBIX TOITM (ACSI). K HUM oTHOCsATCS JKnenmeBckas, Pudanckas, Briropnar-Ilepeunnckas, Cuasak-UnHagneBckas
KIIFOYEBBIE TEPPUTOPUH, YacTh I[lOJOHMHCKOTO SKOKOpHIOpa, KoTtopas oOwvenunser CeupoBenkuid u Kyswuii-
Tpubymanckuiit maccuBsl KB3, u parmMenTsr BynkaHnueckoro sKOKOpuaopa, a TakKe MECTHOCTH, KOTOPBIE IPHypoYe-
HbI K BEpXHEH 4acTu JOoJuHbl p. Jlatopuus ¢ ee nmpurokod p.Buua, k nqonunam pexk Punmbka u CryneHbli B BEpXHEH
YacTH JOJUHBI p. Peka, 3HaunTenbHOM YacTH 10JuH p. Yk U p. bopkasa.

Knrouesvie cnosa: 3axapnamckas obnacmv, npupooHo-3ano6eoHbvlil (oHO, 3KoNo2uyeckas cemv, M3ympyouas
cemo, Teppumopus ocobozo npupodooxpannozo Hnmepeca.

Historical and geospatial aspects of formation
of the eco-network of the Transcarpathian region

Mariana Teslovych’,

PhD Student, Department of Constructive Geography and Cartography,

Ivan Franko National University of Lviv, 41 Petro Doroshenko St., Lviv, 79000, Ukraine;
Diana Krychevska',

PhD (Geography), Associate Professor, Department of Constructive Geography and Cartography

ABSTRACT

Formulation of the problem. For the time being the formation of an ecological network in Ukraine is the most ef-
fective way to preserve biological and landscape diversity. This process is characterized by the use of two approaches.
The first is based on national legislation, methods of spatial planning in accordance with the geobotanical and landscape
features of the region. The second approach is based on the European legislation, in particular, the Bern Convention.
Transcarpathian region is no exception. The project of the regional scheme of the ecological network was approved for
the region and Areas of Special Conservation Interest (ASCIs — sites of the Emerald network), were determined and
adopted by Standing Committee.

Purpose and methods of research. Today there is a need for a comprehensive spatial analysis of the currently ex-
isting planning models of the regional ecological network of Transcarpathia and the establishment of the most important
areas for biodiversity and landscape diversity protection. The purpose of our study was to characterize the main stages
of formation of the ecological network of Transcarpathian region and to establish a list of structural elements of the eco-
logical network, for which it is important to develop measures to protect biodiversity within them.

We analyzed international and national legal documents, cartographic and planning documents to determine and
characterize the main stages of development of the ecological network of the region. we compiled maps showing the
spatial relationship of nature reserves, elements of the regional eco-network and areas of special conservation interest,
using software QGIS 3.16.0, schemes: planning of the eco-network of the Ukrainian Carpathians, eco-network of
Transcarpathian region, Transcarpathian territory planning areas; data on the Structural Elements of the Emerald Net-
work, the network of objects of the nature reserve fund and their large-scale plans; detailed plans of forest plantations.
Based on the obtained data, we conducted a spatial analysis of the elements in order to identify areas that require addi-
tional measures to preserve biotic and landscape diversity.

Results of the research. Based on the obtained data, we have identified and characterized the main stages of
formation of the ecological network of the Transcarpathian region. Based on a detailed cartographic analysis, we have
identified areas that require natural research on the need for additional measures to preserve biotic and landscape di-
versity.

Scientific novelty and practical significance. In our article for the first time a comprehensive and detailed spatial
analysis of the currently existing planning models of the regional ecological network of Transcarpathia was conducted.
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For the first time, areas have been identified that do not currently belong to the nature reserve fund and areas of special
conservation interest, but need to be studied in terms of their value to preserve biotic and landscape diversity.

Keywords: Transcarpathian region, nature reserve fund, ecological network, Emerald network, Areas of Special
Conservation Interest (ASCls).
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ITPABUJIA OD®OPMJIEHHSA MATEPIAJIIB,
O INOAAIOTHCA 1O «BICHUKA XAPKIBCBKOI'O YHIBEPCUTETY»

Ho ,,Bicanka XapkiBcpkoro HamioHanpHOTO yHiBepcureTy iMeHi B.H. Kapasina”, cepis ,,I'eonoris. T'eo-
rpadis. Exonoriss”, mpuiiMatoThCsl HayKoBi cTarTi 0bcarom 6ist 40 THC. 3HAKIB, TPUCBSIYEHI JOCIIIKEHHIM Y
raimy3sx reoiorii, reoximii, rizporeosorii, reorpadii, ekoHOMi4HOI Ta comiajbHOI reorpadii, exomnorii, a Ta-
KOXX CYMDKHHX IUCIUILTIH. MaTepiain MOXyTh OyTH IpeNCTaBlIeHI YKPaiHCHKOIO, POCIHCHKOI0 200 aHTIii-
ChKOIO MoBaMU. [lepeBara HagaeThCsA aHITIOMOBHHUM CTATTSAM. PireHHs mpo myOuikallito mpuiiMaeTbes peaa-
KLIHHOIO KoJeTi€lo ,,BicHUKa”, py 1IbOMY KOXKHA CTaTTs PELEH3YEThCS TBOMa BUCHUMHU — (paxiBUsAMHU y Aa-
HIA TEMAaTHUIl.

Marepianu NOAAIOTECS y IPYKOBAHOMY a00 B €IEKTPOHHOMY BUDIVISAZI Ta HAJCHIAIOTHCSA HA EIEKTPOHHY
nomry geoeco-series@karazin.ua. EnexrponHa Bepcis opopmiroetscs y ¢opmati Microsoft Word, mpudt
Times New Roman, po3mip 14, mixpsaakoBuit inTepsan 1,5, Bci mons mo 2 cM, Biactyn st ad3airy — 0,75 cm.
Kupuum mpudToM BUAUISIOTHCS MiA3aroNoBKY y cTarTi. ImocTparii, BKiItouaroun rpadike i cXeMH, MaroTh
OyTH po3MillleHi O0e3MocepeIHhO B TEKCTIi, a TAKOXK MojaHi okpemuMu Qaitiamu. CKpisb, /e MOKIHBO, JOIi-
TBHIIIE BUKOPHUCTOBYBAaTH Tpadiku, a He Tadmuili. OpieHTaIlisl CTOPIHOK — KHIKKOBA. BUpIBHIOBaHHA CIIij
POOHTH TIO IIUPHHI CTOPIHKH.

3rigao Bumor JJAK Ykpainu opuriHanbsHa cTarTs y (haxoBOMYy BHJAHHI Ma€ CKJIQAATHCS 3 TAKMX PO3/ILTIB:

1. ITocTanoBKa MpoGJjeMH y 3araIbHOMY BHUIJISAL Ta 1i 3B’SA30K 13 BXKJIIMBUMHU HAyKOBHMH YH MPAKTHY-
HUMH 3aBJaHHIMH.

2. AHaJi3 ocTaHHIX JOCaiIxkeHb i myOJikamii, B SKUX 3all0YaTKOBAHO PO3B’SI3aHHS MOPYIIEHOI MPO-
Onemu, Ha SIKi CIUPAETHCS aBTOP; BHUIIIJICHHS HEBHUPIIICHUX paHIIlle YaCTHH 3arajbHOI MPOOIEMH, SIKUM TIPH-
CBSIYY€THCS CTATT.

3. BuaijieHH HeBUPpIilIeHUX paHillle YaCTHH 3araJIbHOI MPO0GJIeMH, IKUM IIPUCBSIUYETHCS CTATTS;

4. ®opMyTIOBaHHS METH CTATTi (TOCTAHOBKA 3aBIAHH).

5. BUKJIal OCHOBHOTO MaTepiajy AOCTiIKeHHs 3 TOBHUM OOIPYHTYBaHHSIM OTPHMaHUX HAyKOBHX pe-
3YJIBTATIB.

6. BUCHOBKM 3 TOCII/DKEHHS 1 IEPCIEKTHBH MOIATBIINX PO3BIIOK y IEOMY HaIPsIMi.

st crareit HeoOximHo Bkazath YK, mogaru Ha3By (10 10 ciniB), aHorariro (He MeHmre Hixk 1800 3HaKiB)
Ta KIIH04O0BI cyioBa (8-10) ykpaTlHCHKOIO i pOCIHCHKOI0 MOBaMHU.

Ha oxpemomy apkymri HamaeTbest iHGopMallis Ipo aBTopiB (TIpi3BHIIE, iM’ S Ta MO-0aTHKOBI, TOBHA Ha3Ba
oprasizaiiii, mocajaa, BUYeHUH CTyIiHb 1 3BaHHs, MOIITOBA ajpeca, TenedoH, e-mail, ORCID) ykpaiHchKoro,
POCIHiCBKOIO ¥ aHITiChKOI0 MOBaMU. KiJTbKiCTh aBTOPiB HE IOBUHHA MEPEBUIIYBATH 3 (SIK BUKIIOYEHHS — 70
5). Ilepenik nocunaub opopmitoerses 3rigno 3 ACTY I'OCT 7.1:2006. [o nepeniky 000B’s3K0BO OBHHHA
OyTH BKIIIOUEHA JIiTepaTypa 3a OCTaHHI I’ SITh POKIB, y TOMY YHCIIi 3aKOPJIOHHA, a caM TepelTiK IIOBHHEH Mic-
TUTH HE MEHIIe HixK 20 MOCHIIaHb.

Takox € HEOOXiTHUM pO3rOpHYTHH pedepar aHDIIHCHKOI MOBOIO, OGOPMIIEHUH 3TiTHO MIXHAPOIHHX
BHMOT JI0 HAyKOBHX BHJaHb. Pepepar moBuHeH MaTH:

— o0csr ue menire Hix 2500 3HaKIB,

— iHpOpPMATUBHICTH (HE MICTUTH 3arajJbHUX CIIiB),

— OpUTiHaJBbHICTh (He OyTH KaJIbKOIO pOcCiiicbkoi ab0 yKpaiHChKOT aHOTali1),

— 3MICTOBHICTb (BioOpakaTu rOJMOBHHUM 3MICT CTATTi Ta pe3yNbTaTH JOCTIHKEHB),

— CTPYKTYPOBaHICTh (HasIBHICTH OOOB’SI3KOBUX €JIEMEHTIB: Mema, MemoouKa, pe3yibmamu, HayKoea HOGU-
3HA, NPAKMUYHA 3HAYUMICb, KIIOHUO8I CNI06Q).

[licna pedepary HeoOxinHO HaBecTu References — nepexiaieHU aHITIHCHKOIO CITUCOK BHKOPHCTAHUX
JpKepen, IKui Mae OyTH opopMiIeHnH 3rigHo Mi>kHapoaHoro ctanaapty APA (American Psychological Asso-
ciation). /lo criMcKiB BUKOPUCTAHOT JITEPaTypH y CTAaTTIX HeoOXiqHo nonasatu DOI mkepen (3a HasIBHOCT).

Pyxonucu, He oopMIieHi HACKHAM YMHOM, HE IPUIMAIOThCS A0 IMyOmiKarii.

Penakuis 3anumiae 3a co6010 NpaBo NPOBOAUTH PEAAKLIHHY MPABKY PYKOIHCY.

V pasi nepepoOKH CTATTiI aBTOpaMH JIATOI0 HAIXOPKEHHS PYKOIHCY CTATTi B PeAaKIlito MpUHMAaeThCs arTa
il MOBTOPHOrO Ha/ICHJIAHHA. 3a BiIMOBH y MyOiKauii poO0TH pyKONUCH cTaTeil aBTOpaM He OBEPTAIOTHCS.

[Ipu migTBepMKEHHI MO3UTHBHOTO PIlIEHHS HA MyOJiKalilo CTaTTi, aBTOp Mae€ OQOPMUTH Ta HaAICIaTH
3oy Ha MyOJIiKaIlii0 Ta ONPUIFOIHEHHS TEPCOHANBHUX JTaHUX.
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VYIK 551.24.548:242.7:248(477)
Onexcin Baunasosuu bapmawiyk,
K. TEOIL. H., IOIIEHT, 3aB. BTy Ta30BUX PECypciB YKpaiHCHKOTO HAyKOBO-TOCIIIHOTO
IHCTUTYTY NpUpOAHMX ra3iB, ['iMHa3iliHa HaO., 20, M. Xapkis, 61010, Ykpaina,
e-mail: alekseybart@gmail.com, http://orcid.org/0000-0001-7831-6134

CUCTEMHA OPTAHI3AIIA JIU3'FOHKTUBHOI TEKTOHIKH KOHCOJIJJOBAHOI'O
OYHIAMEHTY JHIINTPOBCBKO-JOHELBKOI'O ITAJIEOPUDTY.

Cmamms € 3aKII0YHOI YACMUHOIW MPUNO2ii, WO BUCEIMIIOE CUCMEMHY OP2AHI3ayil0 PO3NOMHOI MEKMOHIKU KPUCMATIYHO20
gynoamenmy JIninposcoko-l{oneyvroco nareopugpmy (AHI1). Ilpu pecionanbhux 2e0meKmMOHIYHUX OOCTIOHNCEHHAX CMPYKMYPHUX
PUCYHKIB PO3TOMHUX cucmeM OOKeMOPIlicbKo2o QyHOamennty enepuie 8UsA6IeHO AHCamOni cmpykmyp 00 emHoi mekmoniuHoi meuii,
KL 3yMOBIIEHI 308U208UMU OeOPMAYIAMU KDUCMATTYHUX 2IDCLKUX NOPIO | 20PUBOHM AIbHUMU NEPEMIUEHHAMU 2eOMACUBIE 8 MENCAX
yiel pugpmorennoi snympiwinvonaumnoi ceocmpykmypu CapmamcoKkoi naumu. ...

Kniouosi cnosa: oeopmayii 20puzonmansHo2o 306Uy, cmpyKmypHutl pUCyHOK, MeXanizMu meKmoHiuHol meyii, cmpyKmypHo-
KiHeMamuyHuil naparexes.

A.B. Bapmauwiyx. CHCTEMHAS OPTAHHU3AIIHA JIH3bIOHKTHBHOH TEKTOHHKH KOHCOJIHJHPOBAHHOIO
OYH/IAMEHTA /JTHEITPOBCKO-/IOHEILIKOI'O IIAJIEOPUH®TA. Cmambs s611emcs 3aKI0YUMENbHOU YaACMbl0 MPUNIOUU,
ocsewjaroujeli CUCIMEMHYIO OP2AHU3AYUIO PA3IOMHOU MEKMOHUKY KPUCANIUYecko2o @ynoamenma J{nenpoecko-/Joneykozo na-
neopugpma (IAI1). Ilpu pecuonanbhbix 2e0mMeKmMoOHUYECcKUX UCCTLe008AHUSX CIMPYKMYPHBIX PUCYHKO8 PA3LOMHBIX CUCeM OOKeMOpuii-
CKO20 hyHOameHm 6nepevie GbisAGIEHbl AHCAMONU CMPYKNYP MEKMOHUYECKO20 MeYeHus, KOmopble 6bl36aHbl COBUL08bIMU Dedopma-
YUAMU KPUCIATIUYECKUX 2OPHBIX NOPOO U 20PU30OHMATbHbIMU NePeMeWeHUAMU 2eOMACCUBOS, 8 NPEOeNax IMOU PUGMOEeHHOU BHYM-
punaumot ceocmpykmypvl Capmamckoi niumal. ...

Kniouesnble cnosa: deghopmayuu 20pu3oHmaibHo20 cO8ued, CMpyKMypHbill PUCYHOK, MEXAHUIMbI MEKMOHUYECKO20 MeyeHus,
CMPYKMYPHO-KUHEMAMUYECKUL NAPAEHE3.

Beryn. BeraHoBneHO, 10 BHYTPIIIHS KiHEMaTHKa JITOChepH MPOSBISETHCS Y BEPTUKATBHUX 1 TOPU30-
HTaJTBHHUX TEPEMIIICHHAX reoMac. BigOuTkamu mepmmx € miamipyd Ta MarMaTH4YHI OCEpEelKH Pi3HOTO pedo-
BUHHOTO CKJIaAy 1 TTUOWHHU NMpOHUKHEHHS. CTPYKTYPHUMH MPOSBAMH TOPU30HTAIBHUX MEPEMillleHb Tipch-
KX mopia € nedopmamiiiai cTpykrypu tektoHiuHoi Tewii (CTT). Tomy, mpu BUBYEHHI TEKTOHIYHOI OymOBU
TEOCTPYKTYP CIIiJ] BpaXxOBYBaTH HMOBIpHICT KOMOIHOBAHOTO €()eKTy JBOX TOJIOBHUX CTPYKTYPOYTBOPIOKOUHX
(daKTOpiB — MarMaTM4HOTO Ta TEKTOHIYHOTO, SIKUH peaizyeThCs 32 MeXaHi3MaMHu 00'€MHOi Tedii TipchKuX
MopiI. ...
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SYSTEM ORGANIZATION OF DISJUNCTIVE TECTONICS OF
CONSOLIDATED BASEMENT IN DNIPRO-DONETS PALEORIFT

ABSTRACT

Formulation of the problem. Getting knowledge of the processes and mechanisms of the rocks tectonic flow is
important both for geotectonics and for oil and gas geology as horizontal displacements and rotation of geological
blocks in creep dislocations form secondary deformation structures. ...

Keywords: horizontal strike-slip deformation, structural pattern, tectonic flow structure, structural kinematic par-
agenesis.
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