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EHTPONIAHMI MIIXIJ JO OLIHKYA EKOJIOTTYHOI'O CTAHY BOJOTOKY

Merta. Orinka sikocTi Bogu JJHIMPOBCHKOTO BOAOCXOBHIIA 32 JOIMTOMOTOI0 SHTPOIIHHOTO IHACKCY.

MeTtoan. AHalliTHKO-CHHTETHYHU I MeTO/1, reoindopMariiinuii (kaprorpadiuHe MOJIEIIIOBAHHS ), aHAJII3 1H-
(hopMariiftHUX JpKeper, SHTPOIIHHIA aHai3.

PesyasTaTn. BeTanosieHo, mo Boja 3a ycima mokazHukamu kpiMm BCKs, XCK ta 3aBuUCII pe4OBHHH HE
BiImoBigae BepxHiii Mexi 1 kacy sikocti 3a JJCTY 4808:2007. Criocrepiraetses 3HmkeHHs piBHsS BCKs Ha mocrax
B M. JIHIIIpO, 110 CBiTYHUTH PO HAIXOMKCHHS IO BOJOTOKY PEYOBHH, IO MPHUTHIYYIOTH OioXiMidHI mpormecH, (T4
Ta T5) Ta MOCTYIOBE 301TBIICHHS IIHOTO MOKA3HUKA HA BUXO/I 3 MiCTa Ta JJaJli BHU3 3a TEUi€l0, M0 CBIAYUTH PO
HAJIXOJKEHHSI OpPTraHiYHIX PEYOBHUH. BMiCT KHCHIO 3HW)KYETHCS Ha IUISHII BOJOTOKY, PO3TAIIOBaHil y MicTi (T4
— T6) Ta 30UIBLIYETHCS Y CEPE/IHIN Ta HIKHIW YacTHHI BOAOCXOBHUINA. TakokK CrOCTepiracTbesi TEHICHIIS 3pOC-
TaHHs CynbdaTiB, cronyk asory, docdaris, CITIAP ta XCK mis TOYOK KOHTPOJIIO, SIKi 3HAXOISTHCS B MEXaX M.
Juinpo. HaitGinpir 3HaYeHHS €HTPOMIMHOTO IHICKCY SKOCTI BOAM XapakTepHi juis nmyHkTiB 12 (0,5444), 17
(0,6264) ta 18 (0,5322). [laHi myHKTH KOHTPOJIIO 3HAXOIATHCSI HA 3HAYHIHN BiJICTaHI BiJl MPOMHUCIOBHX [IEHTPIB, TO,
HMOBIpHO, BUpilIajbHe 3HAUeHHS Y (JOPMYBaHHI SIKOCTI BOJH BiZIrpatoTh 3a0pyAHEHHS, CHPUYUHEH] CIJIbCHKOTO-
CHoJapchKuM BUpOoOHUITBOM. Halimerie 3naverns innekcy (0,3889) xapakrepne s myHkTy T1 — ¢. [llynmbrieka,
micist [BK [Tainpo-/lonbac.

BucnoBku. BcraHoBNeHO, 10 OCHOBHUMU 3a0pyTHIOBAaYaMU BOJIU € HITPUTH, HiTpaTh Ta docdaru i 3a-
BHUCII pedoBrHH. Lle MOoXke CIpUYMHUTH HEraTUBHUI BIUIMB HA 37I0pPOB’s, BHACIITOK MyTareHHOI Ta KaHI[EpOTeH-
HOI JIi1, TAKOK TPUCKOPIOE eBTpOdiKallito BogHOro 00’ekry. CriocTepiraeTbcst HEraTUBHUI BIUIUB arpoIpOMHCIIO-
BOTr'0 BUPOOHMIITBA HA €KOJIOT1YHMH cTaH J|HINPOBCHKOTO BOJIOCXOBHIIA. BesnmunHa eHTponiifHOro iHeKCy SIKOCTI
BoaM konuBaeThes Big 0,3889 o 0,6264.

KJIFOYOBI CJIOBA: exonoriyHuii CTaH MOBEPXHEBUX BOM, CHTPOMIMHNN 1HIEKC SIKOCTi BoaH, JJHIIpoB-
ChKE BOJOCXOBHIIE, 3a0pyAHEHHS

© besconnntii B. JI., TpetwsikoB O. B., [Tnsyk JI. /1., Hekoc A. H., 2022
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301IbIIEHHsS] YHCEJIBHOCTI HaCeJIEHHs,
PO3IINPEHHS TOCIOAAPCHKOI MisUTBHOCTI, PO3-
POCTaHHS MiCT IPU3BOIATH 10 301IBLICHHS MO~
nuTy Ha Boxy. HagmipHe BUKOpHCTaHHS MOBe-
PXHEBHUX 1 MA3EMHUX BOJ CTaBUTH IIiJ] 3aTPO3y
YHCJICHH] PeCypCcH Yepe3 CKOPOUSHHS HasBHUX
KUIBKOCTEH 1 ToripiieHHs ix skocti [1].

Bonni pecypcu Ta iX SKiCTh MalOTh BUPi-
HrajbHe 3HAYCHHS AJIs1 3/I0POB’sI JIIOJJHHU, KO-
HOMIYHOTO PO3BHTKY Ta HABKOJHIIHBOTO Cepe-
nosuia [2-3]. ['mobaibHe BUKOPUCTAHHS ITpic-
HOI BOJIH, B TOMY YHCJIi MYHIIUTIATBHAMH TPO-
MaJIaMH, TIPOMHUCIIOBICTIO Ta CUTBCHKUM T'OCIIO-
JTAPCTBOM CTPIMKO 3pociio 3a octarHi 100 po-
kiB. [IpoTe uepe3 3a0pyaHEHHS BOAM B Pi3HUX
perioHax i kpaiHax [4] HOTipIIeHHS SIKOCTI BOIM
CTaJIO TIPOOJIEMOI0 B ycboMy cBiTi [5]. [isib-
HICTh JIFOJMHU Ta MPHUPOJIHI MPOIIECH, BKITFOYa-
I0YM BUBITPIOBaHHS TIPCHKUX TOPiJl, €PO3it0 Ta
3MiHY KJIIMaTy, BIUIMBAIOTh Ha SIKICTb BOJH [6 —
7]. 3a0pynHEHHSI MOBEPXHEBHX BOJ CTBOPIOE
Cepiio3Hy TIpoOIeMy ISl YNPaBIIHHA SKICTIO
Boju. OILiHKA SIKOCTI BOJIU € BYKJITMBOIO JIJIS yII-
paBIiHHS BOJAHUMHE pecypcamu. [Ipu po3poOii
TUTAHIB YMPaBIiHHA BOJHUMH PECypcaMu CIIiJl
OIIIHIOBATH PIi3HI BJIACTUBOCTI IMOBEPXHEBUX
BOJI. 3a0pyTHEHHS BOJIOMM 3arpoKy€ eKOJIOTi4-
HOMY CEpEIOBHUIY Ta 3[0POB’I0 JIIOAEH, TOMY
JUTSL OIIIHKH SIKOCTi BOAM Oynm po3poOieHi Oa-
rato iHJEKCIB MOBEPXHEBUX BOJ (HAIPHUKIIAJ,
IHIEKCH SKOCTI BOJAM, iHAEKCH Tpo(hivyHOTO
cTaHy Ta iH) [8, 9]. XopToHOM BHepie Oyia po-
3po0sieHa cuctema [ 10] 3arajibHUX MOKA3HUKIB,
IO JTO3BOJISIFOTH CHCTEMAaTU3yBaTH Pi3HI Mapa-
MeTpH SKOCTI Bou. [laii 1 meTononoris Oya
BJIOCKOHaieHa HarioHanbHuM (QOHIOM caHiTa-
pii CLIA, 110 mpu3BeIIo 10 MOSIBH BiIOMOTIO 1H-
Jiekcy sikocTi Bonu [11], sikuii mokasye piBeHb
KyMYJIATUBHOTO BIUTUBY OOpaHHX MapaMeTpiB
Ha 3arajbHy SIKICTh BOJIU E€JWHUM YHUCIOBHM
3HaveHHsM [12 — 15]. Le#t minxin 3HaRIIOB 110-
IIMPEHHS! y CBITOBIM NpPaKTULl Ul OLIHKH

skocTi Bogu [16 — 21]. Orinka SKOCTi BOAHU €
HeOOXiTHOI0 YMOBOIO pealtizallii BOJOOXOpPOH-
HO{ MOJIITHKH Ta ONTUMAIFHOTO PO3MOALTY Pi3-
HUX JDKEpEeN BOIM BIAMOBIAHO A0 X BHKOPHC-
taHHA. [loBepxHEBI BOAM YacTO OI[iHIOBAIHCS
3a gonomMoroto HopM. OCKIJTBKHU JKOJIHA YHIKa-
JbHA 3MiHHA HE MOXE JJOCTaTHBO OIMHUCATH SIK-
iCTh BOAM, BOHA Oyja OIiHEHA MUIIXOM BHIMi-
pIoBaHHA psiny (Bi3UKO-XIMIYHHX 1HTEHCHBHHUX
3MIHHHMX (HAIPHKIIAJ, KOHIICHTpaIlii KaTiOHIB
a6o anioHiB Tomo). OcTaHHIMU pokaMu HaOy-
Ba€ MOUIMPEHHS BUKOPUCTAHHS CHTPOIIHHHX
MiAXOIB 10 OLIHKHK SKOCTI Boau [22 — 23].

VY TigpoeKoIOTIYHAX CHCTEMaX MOXYTh
BUHHKATH MPOOJIeMH K 31 301IBLICHHSM, TaK 1
31 3HMKEHHSM eHTporii. [IoHsTTs enTpomii Mae
0e3Jiv TIIyMayeHb B Halpi3HOMaHITHIIHX 00-
JacTsX MOACHKOTo 3HaHHs. [lopsin 3 eHTpomieto
Knaysiyca 3’sBunucst cratuctuyHi, iHdopma-
I[ifHI, MaTeMaTHYHi, JIIHIBICTUYHI, IHTEJICKTYya-
JbHI Ta iHII eHTpomii. EnTpormis crana 6a3uc-
HUM TIOHATTSAM Teopii iHpopmarii i crama Bu-
CTyNaTH MipHJIOM HEBU3HAYECHOCTI SKOICh CH-
Tyamii. JlJig XapaKkTepUCTHUKU Mipy CKJIaIHOCTI
cucremu Y. Embi [24] Brepiie 3anpornoHyBas
BUKOPHCTOBYBATH MOHATTS eHTporii. Cucrema
B3a€EMOJIIE 13 30BHIIIHIM CBITOM SIK €IMHE IIiJIE.
B minomy, cucrema He BTpayae CBO€T opraHizo-
BaHOCTI a00 BHCOKOI BIIOPsAKOBaHOCTI. Bink-
PHUTI CHCTEMH MOXYTh OOMiIHIOBAaTHCS €Hep-
ri€r0, MaTepi€ero 1, HE B OCTAHHIO Yepry, iH(Op-
MaIli€r0 3 HABKOJMINHIM cepenoBuineM. 11[o0
€KOJIOT1YHa CHCTeMa MOTJIA JiSITH 1 B3aEMOIISITH
3 HaBKOJIMIIHIM CEepeJIOBHIIEM, BOHA TIOBUHHA
CIIOXHMBATH 1H()OPMAIIiIO 3 HABKOJIHUIITHBOTO Ce-
peaoBHIIa i JOHOCUTH 1HPOPMAIIIFO IO HABKO-
JUIIHBOTO cepepoBuma. Lleil mpouec Ha3zuBa-
€Tbcsl iHGQOpMaUiiHUM MeTaboi3MOM, SKHHA
CHIJIHO 3 PEYOBUHHHUM Ta MaTepialbHUM MeTa-
00J1I3MOM YTBOPIOE MOBHUI MeTabomi3Mm. Brie-
plue HoB’si3aB MOHSTTS eHTpomii Ta iHopMmaii
K. Illennon [25]. 3 iioro nojadi eHTPOIIis — 11e
KUTBKICTh iH(pOpMAIlii, 0 MPHUIAJae HA OJHE
eJIEMEHTapHEe TOBIJOMJICHHS JDKepena, sKe


https://doi.org/10.26565/1992-4259-2022-27-01
https://doi.org/10.26565/1992-4259-2022-27-01
https://doi.org/10.26565/1992-4259-2022-27-01

ISSN 1992-4259 Bichuk XapKiBCbKOro HallioHaIbHOTO yHiBepcuTety iMeHi B. H. Kapazina

Cepis «Exomnorisy, 2022, punyck 27

BUPOOJISIE CTAaTUCTUYHO HE3aJICKHI TOBIIOM-
neHsst. OTpuMaHHs OyAb-IKOTO 00csry iH(pOp-
Mallii JOpiBHIOE BTpadeHiii enTpormii. [ndpopma-
IiHA SHTPOMIS TS HE3aJC)KHIUX BUTIATKOBUX
motiK X 3 N MOXKIIMBHX CTaHIB pO3PaxXOBYIOTHCS
3a popmysoro (1):

N
H= _Z p; log, p; 1)
i-1

Jie: Pi — AMOBIPHICTh YaCTOTH HACTAHHS
SIKOICh TTOil.

Broepie 11 OIIHKM CTYNEHIO CTPYKTY-
poBaHocTi exocucteM Mak-Aptyp B 1955 p. Bu-
KOpUCTaB 3araibHe piBHsAHHs eHtpomii lllen-
HOHa [26], B sikomy Pi = Ni/N, 1e ni — 3araibHe
4YKCII0 0cOOMH BUy i, N — 3arajgbpHe 4uCIio 0Co-
ouH B ekocucteMi). Y 1957 p. P. Mapraned mo-
CTYJIIOBaB TEOPETHYHY KOHIIETIIII0, 3TiTHO 3
SKOI0 PI3HOMAHITHICTH BiJIIOBia€ EHTPOIi
MIpH BUTIQJIKOBOMY BiTOOP1 BUIIB 31 CIUTEHOTH
[27]. B pesynbrarti 1iux podiT HaOyB HIHPOKOTO
MOIIUPEHHS 1 3araJlbHOBU3HAHOCTI 1HJEKC
[llennona H, iHOAi 3BaHU iHAEKCOM iHpOpMa-
uiitnoi pisnomanitHocTi K. lennona [25]. [Tpu
po3paxyHky eHntpomnii H 3a lllenHHOHOM BBaX<a-
€ThCS, 10 KOXKHA Mpoba — BUMAIKOBa BUOIpKa
13 CIIUIBHOTH SIK CITiBBIIHOIIIEHHS BH/IIB Y MPo0i
BiZJoOpaskae iX peaibHe CIiBBIIHOIIECHHS Y TIPH-
poaii. B sikocTi o11iHOK HMOBiIpHOCTEH HE3aIeK-
HUX ToAil p; anst popmymu (1):

n. n.
H==3| " |log,| - 2
N ) 1%9%( § )

Ha cporomi mis KOMIUIEKCHOI OLIIHKH
SKOCTI TMOBEPXHEBHX BOJ BHUKOPUCTOBYETHCSI
eTponiiiHuii iHaeKke sKocTi Bogu — G, KOTpui

otpumyethes 13 iHaekcy lllenona [25]. Tloep-
XHEBi BOAM € OJHHUM 13 OCHOBHHX JIXKEpeI MUT-
HOTO BOJOIOCTadaHHs. 3a0pyJHEHi BOJOHMH
Ta BOAOTOKU CTAlOTh HE IOCUTH MPHUIATHUMHU
JUISI TUTHOTO, @ 1HOI 1 TEXHIYHOTO BOJAOKOPHC-
TyBaHHs, BTPA4arOTh PHOOrOCHOAAPCHKE 3Ha-
YEeHHS Ta CTal0Th HE NMPUIATHUMM IS CLUIBCh-
KOTOCIOJIapChKHX MOTped. ToMy oriHKa eKoIto-
TIYHOTO CTaHy BOJHHX 00’ €KTIB 3aJIMINAETHCS
aKTyaJFHOIO MPOOIIEMOTO.

Hdo ronoBHHX mKepen 3a0pyAHEHHS
JHIMPOBCBKOTO  BOAOCXOBHUINA  BiIHOCSATHCS
CKUJIM CTIYHHX BOJ y PiuKy 0Oe3 HalexHoi 00-
poOKH, caMOBUIbHE CKUIAHHS CTIYHHMX Ta 3a-
OpyIHEHUX BOJ, HEAOTPUMAHHS BOAOOXOPOH-
HOT'O PEXXUMY B IPUOEPEKHHUX CMyTax 1 BOZOO-
XOpPOHHHX 30HAaxX, epo3iiiHi mpouecu y30e-
pexoxst. ToOTO aHTPOIIOTEHHUH BILTUB € CYTTE-
BUM (hakTOpoM (PYHKIIIOHYBaHHS Pi4KOBOI €KO-
CHCTEMH, 110 MPU3BOAUTH 10 HOPYILIEHHS MPH-
POIHOTO CTaHy BOJOTOKY Ta MOTIPIIy€E SKICTh
Boam B piuni JHinpo ta JIHIMPOBCHKOMY BOJIO-
cxoButi. HagxomkeHHs 3a0pyAHIOIYNX Pedo-
BHH CTIYHHUMH BojaMH B JIHIMpO yCKIamHIOE
MIPOILIEC OYHIIEHHS BOAY i BUMArae 301IbIIIeHAS
Ha IIe CHePreTUYHUX BUTPAT.

MeToro po0OTH € OIliHKa SKOCTI BOJIHU
JIHIMPOBCHKOTO BOJOCXOBHUINA 33 JIOMOMOTOIO
EHTPOMIIHOTO iHJEKCY.

s TOCATHEHHS TIOCTABJICHOI METH HeE-
00XiJHO BUPIIINTH HACTYTIHI 3aBJIaHHS:

1) owmiHWUTH JUHAMIKY 3MiHM OCHOBHHX
KOMIIOHEHTIB €KOJIOTIYHOIO CTaHy ITOBEpPXHE-
BO1 BOJIY;

3) BU3HAYUTH EHTPOIIHHUI THIEKC KO-
CTl BOIIH.

O0’cKTH Ta MEeTOAM JOCTiIKEeHHA

JHinpoBchKe BOJOCXOBHUIIIE — OJIHE 3 BO-
JOCXOBHII Ha JIHinpi, po3TamioBaHe B Meax
JHinporneTpoBcbKoi Ta 3amopi3pkoi oOmacTei.
YrBopeno 1932 p. npu cnopymxenni JHinpo-
recy, 1948 p. BinOymosane, 1980 p. moBHicTIO
peKoHCTpylioBaHe. BomocxoBuine MpH3HAYCHO
JUISl BUKOHAHHS JIMIIEe 1000BOTO Ta THYKHEBOTO
peryioBaHHs cTOKY. [Ipu 1IbOMY KOJMBaHHS pi-
BHIB BOJIM JloITycKaeThest B Mexkax 0,7 m. [lpn
3HaYHOMY MaJioBoi JIHIMpoBchke BOMOCXO-
BUILIE MOXe OyTH cHpanboBaHe J0 PiBHS MEpT-
BOro 00’eMy. 3 HBOTO BiZIOMpaeThcs 3HAYHA Ki-
JBKICTH BOJIU ISl TOOYTOBHX Ta TOCIIOIAPCHKHX
notpe6 (17,4 m*/cek.), morped MPOMMCIOBOCTI
(no 148 m*/cek.) Ta 3pomenns 3emens (10 39

m¥cek.). Tlioma BOJHOTO [3€pKajia BOJIOCXO-
BuIa (IpH mignepTomy piBHi) 41 THc. Ta, 3ara-
JbHA TOBXMHA 129 KM, MaKCHMaJIbHA ITUPUHA —
7 kM, MakcuMaibHa rmbuHa — 53 M. Cnpust-
nuBi TonorpadivHa. cuTyaris i TiporeoyoriuHi
YMOBH TP CTBOPEHHI1 JIHIPOBCHKOIO BOAOCXO-
BUILA JIO3BOJIMJIM YHUKHYTH IiATOIUICHHS 3€-
MeJTb 1 yTBOPEHHSI MUJIKOBO/Ib [28].

[Ipu ol11iHIII SKOCTI BOAM BUKOPUCTAHI Bi-
JKPUTI 1aHi pe3yIbTaTiB CHCTEMaTUIHOTO MOHi-
TOPHHTY SIKOCTI MOBEPXHEBUX BoJ [leprkaBHOTO
areHTCTBA BOJHUX PecypciB YKpaiHH 3a Mepion
2003 — 2022 pp.

[IpoBeneno anami3 pe3yabTaTiB criocTepe-
JKEHb 8 T1IPONIOTiYHMX TOCTiB (Tadu. 1, puc 1).
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Tadoauunsa 1
TCiapoJoriudi mocTH KOHTPOJIIO IKOCTi BOAN
Table 1
Hydrological posts of water quality control
Ne Touku ID nmocra Hassa nocra
Tl 27063 kanau JIainpo-Jonbac, 0,5 km, c. lllyneriska, micast 'BK JIninpo-Jlonbac
T2 27047 p. Aninpo, 476 kM, M. BepXHbOIHIIPOBCHK, NTUTHHUH BOJ103a01p
T3 27048 p. Aninpo, 462 kM, cMT. Aynu, nutHuil B/3 M. JIHinpo ta M. Kam’siHChKE
T4 27071 p- Aninpo, 420 kM, M. /THinpo, npasuii Oeper, Kaiinakchkuii nuTHUHA BOg03a0ip
TS 27072 p. Aninpo, 420 kM, M. [IHinpo, niBuii Oeper, JIoMOBChKHi MUTHUIN BOJ103a0ip
T6 27073 p. Auinpo, 404 xm, M. uinpo, BIT «IInTEC» I[TAT « ITEK Juinpoenepro», nu-
THU BOJ103a0ip
T/ 27075 p. Aninpo, 365 xwm, c. BilickkoBe, muTHui B/3 COMIOHSIHCHKOTO PaiioOHy
T8 27074 p. Huinpo, 372 kM, c.Boponose, nutHuit B/3 Bomosoay JAMII BKII «/lxinpo-3a-
xigauii Jlonbacy

571, Post_ID 27063 Y,
g BapAainceLke

MNeTpukiska Yepk

o712, Post_ID 27047
HbOAHINPOBCHK
HOBOMOCKOBCHK

AHINPOBCEKSr3, Post ID 27048
Kypuniska
rniagropoagHe

Aynu Ob6yxiska
ChoboxaHcbke

Kam'aHCcbke oT9 Post_ID 27072
T4, Post_ID 27071

KapHayxiBka

AHinpo

.76, Post_ID 27073

InapioHose

IHNYKUW
KpnHuukmn ABiaTOpChbKe

Conone
®T7, Post_ID 27075
@TB, Post_ID 27074

Puc. 1 — Po3ranryBaHHs OCTiB KOHTPOJTIO SIKOCTi BOIU
Fig. 1 — Location of water quality control stations
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3a0pynHEHHsST BOJHHX CHUCTEM MOXHA
NPEACTABUTH y BHUIIISAI CUCTEMH THX TiAPOXi-
MIYHHX TTOKa3HUKIB (€JIEMEHTIRB), KOHIICHTPAITiS
SAKUX TIEPEBUILYe HOPMATUBHI KOHIIEHTpALIi.
Toni B piBasuHi LllenHona p; — iMOBIpHICTb YH-
clla TIePEeBHUIIIEHh HOPMATHUBY i-1 pe4OBHHH 200
MOKa3HWKA BOJM BIJ 3arajbHOi CyMH HEpEBH-
meHHs: HopmatuBy — N, pi = n/ N.
G-¢dyHKIIiS XapaKTepru3ye TipOCKOIOTIYHI CH-
cTeMu 3 OOKY CITiBBiTHOIIEHHS TIOPSAKY Ta Xa-
0Cy, MipaMU SIKUX € T€0CKOJIOTiYHA CHHTPOITis
—1[23] Ta earpomis [llenoHHOHA, BiATIOBIAHO,

G:T—. 3)
H =log, N -1 4)

> nlog,n
TN ©

3nauenHs G-¢QyHKLIT BKa3zyloTh Ha Te,
o Ta B SIKiM Mipi mepeBaxkae y cucremi. Tak,
skimo G < 1, To B CTPYKTypi CUCTEMH IepeBa-
JKae MOPsIOK, B IHIIOMY BHOAAKY, komu G > 1,
—xaoc. [Ipu G > 1 xaoc i mops10K ypiBHOBaXY-
IOTh OJHE OIHOTO, i CTPYKTypHa OpTraHi3amis
CHUCTEMH € PIBHOBAYKHOIO.

s po3paxysky |, H ta G ckopucraemocs Ha-
CTYITHUM OOYHMCITIOBATEHUM aJITOPUTMOM.

1. BuzHaugaeThCs 9MCIIO MEPEBUIIEHD HO-
pMatuBy i-i pEYOBMHHM YM MOKA3HUKA SKOCTi
BOJIH 71.

2. OuiHIOETHCS 3arajibHa CyMa MEepeBH-
meHb HopMaTuBy (N): N=3n.

3. Oo6umcmorotbess logzN, nlogon Tta
> nlogan.

4. Po3paxoBy€eThCS T€OCKOIOTIYHA CHHT-
pomist / (5) ta eatpomnist H (4).

5. Bu3HauaeThcsl eHTpOMiMHMIA 1HIEKC
sxocTi Boau G (3)

Pe3ynbTaTu Ta 00roBOpeHHs

[Ipoananizyemo AuHAMIKY OCHOBHHX TI0O-
Ka3HHKIB €KOJOTIYHOTO CTaHy BOIH 3a Cepe-
HBOPIYHUMH IMOKA3HUKAMHU. Y TabJ1. 2 HaBEJCHO
yCepeaHeHi JaHi criocTepexens 3a nepiox 2003
— 2022 poxiB 3a 8 TiIpOIOTIYHUME TTOCTAMH KO-
HTPOJIFO SIKOCTI TOBEPXHEBUX BOJ JUISHKU
JuinpoBcekoro BogocxoBuina. st mopiBHsIH-
HS JIOJAaHO HOPMATHBHI 3HAYEHHS BIATOBITHO
o JACTY 4808:2007 «xepena neHTpalizoBa-
HOI'O IUTHOrO BOAOIOCTa4aHHA. | 'irieHiuHi Ta
€KOJIOT1YHI BUMOTH IIO/I0 €KOJIOTIYHOTO CTaHy
MMOBEPXHEBUX BOJI i MpaBWiIa BUOUpaHHSD (A5
1-ro knacy skocri) [29].

SIK BUIHO 3 HaBeAeHO TaOJMIU, BoAa 3a
yciMa TOKa3HWKaMH HE BIIIOBIJa€ BEPXHIH
Mmexi 1-ro kiacy skocti 3a JJCTY 4808:2007.
Takox cepemHBOPIYHI 3HAUEHHS B MEPEBHIIY-
IOTh B pa3y MiHIMaJbHI 3HAYEHHS JOCIIKyBa-
HUX TTOKa3HUKIB.

[ BU3HA4YEHHSI BIUIMBY IOCIOAAPCHKOT
TUSUTPHOCTI B MeXKaX PiuKOBOTo OaceifHy poar-
JSTHEMO JIMHAMIKy OCHOBHHMX NMOKa3HHKIB €KO-
JIOTiYHOTO cTany (puc. 2 — puc. 6) 3a rigposori-
YHUMH TIOCTAaMH BiJI HIKHBOI AistHKY Kam’stH-
CKOTO BojocxoBuIa (T2, T3) 10 cepeaHboi mi-
JstHKY JIHITPOBCHKOTO BoJocxoBHIIA (17, T8)

Taéauns 2
CepennbopiyHi 3HaYeHHsI OKa3HHUKIB sikocTi Boau 3a 2003 — 2021 pp.
Table 2
Average annual values of water quality indicators for 2003 - 2021.
Tl T2 13 T4 TS T6 17 T8 Hopmatus

BCKs, mr/nm® 2,726 | 2,756 | 2,295 | 2,309 | 2,190 | 2,523 | 2,810 | 2,625 1,300
3asucii pevoBuny, mr/am® | 6,979 | 6,339 | 4,408 | 4,764 | 5,112 | 5,104 | 5,614 | 5,332 1,000
Kucenp, mr/am® 9,608 | 9,051 | 8,916 | 8,849 | 8,754 | 8,780 | 9,178 | 9,244 10,000
Cyabdaru, Mr/am® 32,85 33,52 | 31,87 | 3291 | 37,92 | 58,69 | 45,45 | 55,14 20,00
Xotopuau, mr/am® 18,58 | 25,15 | 24,86 | 24,36 | 26,12 |35,398 |30,623 | 32,51 10,00
Awmoniii, mr/am® 0,289 | 0,328 | 0,313 | 0,315| 0,318 0,312 | 0,332| 0,30 0,100
HirtpaTu, Mr/nm® 1,347 | 1,604 | 1,598 | 1,881 | 1,610 | 1,817 | 1,802 1,79 0,100
Hitpuru, Mr/om® 0,044 | 0,051 | 0,043 | 0,057 | 0,060 | 0,061 | 0,058 | 0,05 0,002
®ocharu, mr/am® 0,345 0,292 | 0,324 | 0,305| 0,349 | 0,344 | 0,316 | 0,28 0,015
CIIAP, mr/nm® 0,022 | 0,022 | 0,026 | 0,026 | 0,022 | 0,026 | 0,022 | 0,03 0,020
XCK, mr/nm® 27,00 | 28,61 126,687 |27,157 |27,682 | 29,14 {29,609 | 29,07 9,000

10
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Puc. 2 — Jlunamika nokasHukiB kucHio Ta BCKs 3a myHKTaMK KOHTPOITO
Fig. 2 — Dynamics of oxygen indicators and BODs at control points

Crnoctepiraerncs 3umkeHHs piBast bCKs st ri-
JIPOJIOTIYHUX TOCTiB B Mexax M. J[Himpo, 1mo
CBIJTYMTH PO HAJIXOJKCHHS JI0 PIYKU PECUOBHH,
IO MPHUTHIYYIOTH OioximiuHi mpouecH, (T4 Ta
TS5) Ta HOCTYyHOBE 301JIBIICHHS 3HAYCHb LBOTO
MMOKa3HMKA Ha BUXO/ 3 MICTa 1 1)l BHU3 32 Te-
Yi€ro, M0 MOXKE CBIJYUTH NP0 HAIXOJKCHHS
PEYOBUH OPraHIYHOTO MOXOKEHHS. bioxiwmi-
YHE CIIOYKMBAHHS KHCHIO Ta BMICT PO3YHHEHOTO
KHCHIO € Ba)XJIMBUM IOKa3HUKOM JIJISl OIIHKU
crany Bojoimu. BCK — 1ie KiJIbKICTh KHCHIO,
sIKa TIOTPiOHA I OKUCHEHHS OPraHiyHHUX pe-
YOBHH, 1110 MICTATHCS B 1 J1 BOJH, aepOOHUMH
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ITyHKTH KOHTpPOITIO

oaktepismu 10 CO2 i H,O Bupomorxk 5 1i6 6e3
JOCTYITy HOBITpA 1 CBITHIA.

Hns Toukn T4 XapakTepHe 30UTbIICHHS
HITPUTIB Ta HITpaTiB (puc. 3), 3SMEHILICHHS KH-
CHIO (pHC. 2) IpH MPAaKTHYHO OJHAKOBIH KOHIIE-
HTpauii amoHito (puc. 4). OckibKu Touka T4
(Kaiimakchkuii muTHHMI BOJ03a0ip) poO3TaIllo-
BaHa IO MPaBOOEPERTKI 10 MPOMHCIOBOI 30HH
M. JIHimpo, 1 eKoJoriuHui CTaH MOXe OyTH
00yMOBJICHUI IIIIBHO PO3TAIIOBAHUMH BHILEC
3a TEdi€lo CaJOBUMH TOBapUCTBaMH Ta Jady-
HUMH TIOCEJICHHSIMH, a NPUYMHOIO IIiJBHILE-
HOTO BMICTY HITpaTiB Y BOJOTOII MOXKe OyTH

= 0,07
0,06

0,06
0,05
0,05
0,04
0,04
0,03
0,03
0,02
1 12 ™ 1 1 716 17 18

IlyHkTH KOHTpOIIO

® Hitputn

Puc. 3 — Jlunamika HITpaTiB Ta HITPUTIB 32 MYHKTAMH KOHTPOJIIO
Fig. 3 — Dynamics of nitrates and nitrites by control points
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Puc. 4 — JIlunamixa XCK Ta aMOHif0 32 MyHKTaMH KOHTPOJIIO
Fig. 4 — Dynamics of COD and ammonium at control points

X HaJIXOJIPKEHHS Pa30M 31 CTOKaMH 3 TIOJIB Ta Jii-
JISTHOK, 00pOOJIEHNX a30TOBMICHIMH TOOPHUBAMHU
(amiayna Ta KanplieBa cemniTpa). loHE aMoHifO,
HITpaTH, HITPUTH MOXYTH IOTPAILIATH 10 BOAU
3a paXyHOK pO3KJIay OpTraHiqYHUX PEUYOBUH TBa-
PHUHHOTO 1 POCIIMHHOT'O MOXOAKeHHs. lonn amo-
Hit0, KpiM TOT0, MOTPAIUISIOTH /IO BOJOCXOBHIIL 31
CTIYHUMH MPOMHUCIOBUMH Bomamu. OKHCIICHHS
10HIB aMOHIIO KHCHEM, PO3YHHEHUM Y BOAI 110 Hi-
TpaT-iOHIB — OJIHA 3 MPUYMH 301IBILICHHS HITpa-
TiB. [ligBUILIeHU BMICT HITpaTiB y BOJI HeOe3-
NIeYHUH JUIs1 310pOB’ s HaceneHHs. Lle moB’a3aHo
3 POJUTIO HITPATiB y CHHTE31 HITPO3aMiHIB 1 HiT-
po3aMiliiB, SIK y HABKOJIHMITHBOMY CEepeOBHIL (Y

45
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35
30
25 I
20
1 12 13 1™ 15 T 17 18

MI/1

[TynkTH KOHTpOIIO

= Cynbedaru

BO/Ii, BOAOWMI, TPYHTI, POCTIMHAX) TaK i B OpraHi-
3Mi JmroauHM (y TpaBHOMY Kanaii). Hitpo3sami-
JaM 1 HiTpo3aMiHaM BJIacTHBa MyTareHHa i KaH-
neporeHHa fist. ToMy mifBHINICHUH BMICT HiTpa-
TIB Y BOJI CIPHSE MiJBUIICHHIO PU3UKY IIIOJI0
OHKOTEHHOI 3aXBOPIOBAaHOCTI HaceneHHsA. Kpim
TOTO, MiIBUIIEHUH BMICT 230THUX PEYOBHH CIIO-
HYKa€ MpOoLIeCH eBTPOdiKallii BOXOUMH.

Juis Todok TS5 Ta TO, MO 3HAXOIATHCA B
MEXaxX MiCTa, CIOCTEPIraeThesl 301IbILICHHS BMi-
cry cynbdaris, pocatiB Ta xmopuiis (puc. 5,
6). Mo)kHa NPUITYCTUTH, 10 IPUYMHOIO LIBOTO €
MOTPAIUISIHHS HEIOCTATHBO OYMIICHUX CTIYHUX
BOJI MiAIPUEMCTB M. JIHImpo.
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Puc. 5 — lunamika cynbdaris Ta pocdatis 32 myHKTaMH KOHTPOIIIO
Fig. 5 — Dynamics of sulfates and phosphates by control points
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Puc. 6 — JIlnnaMika XJIOPHUIIB Ta 3aBUCIUX PEUOBHH 33 MyHKTAMH KOHTPOJIIIO
Fig. 6 — Dynamics of chlorides and suspended substances by control points

IoTtparustaas  docdarie Ta cynsdaTiB
XapakTepHe sl NPOLECIB AISUIBHOCTI JKUT-
JI0OBO-KOMYHAIILHOTO TocmojaapcTBa micra. He
JWMBJISTYMCH HA T, IO JUIS CHCTEM LIEHTPAi30-
BAaHOI'O BOJOBIABEICHHS BCTAaHOBJIEHI HOpMa-
TUBH BMicTy (ocdartiB y CTIYHUX BO/aX, BUKO-
puctanss ¢ocdatiB y moOyTOBUX MUIOUMX 3a-
co0ax 3anuiaeTscst HeHopMoBaHUM. CynbgaTu
pa3oM 3 XJIOpUAaMHU € HAUMOMMPEHIINMHI BHU-
JamMu 3a0pyIHEHHsI y BOAl. BoHM moTparisroTs
y BOJY BHACIIiZIOK BUMUBAHHS 0CaJOBUX TipCh-
KHX TOpiZl, BUIYrOBYBaHHs IPYHTY Ta 1HOZI

BHACIIIZIOK OKHCJICHHS CynbQifiB Ta CipKu —
MIPOAYKTIB po3KIamy OiKy i3 cTiuHUX BoX. Be-
JIUKUH BMICT cynb(daTiB y BoJIi MOke OyTH Mpu-
YUHOI0 XBOPOO CHCTEMH TPaBIICHHS, a TaKOX
TakKa BOJAa MOXKE BUKJIMKATH KOpPO3ito OETOHY i
3aJ1i300€TOHHUX KOHCTPYKIIiM, 1110 BKpai HeOe-
3neyHo i Bogocxosuil [30].

Pesynpratn po3paxyHKy €HTPOMIHHOTO
ingekcy 3a anroputMmom (3) — (5) HaBeneHi B
Tabn. 3 Ta Tabn. 4. Jlunamika eHTpOMiitHOTrO iH-
JIEKCy 3a ITyHKTaM¥ KOHTPOJIIO TI0Ka3aHa Ha pH-
CYHKY 7).

Ta6auus 3
Yucs10 nepeBullieHb HOPMATHUBY i-T0 MOKA3HUKA SIKOCTi BOAU
Table 3
The number of violations of the norm of the i-th indicator of water quality
IMoka3znuku 1 Y NIYHKTAaX KOHTPOJII0

SIKOCTi BOH Tl T2 13 T4 TS T6 17 T8
BCKs 391 84 193 194 154 205 80 88
3aBucCIli peuOBUHH 411 82 195 197 157 207 83 88
Kucenp 227 63 152 77 126 74 24 31
Cynbhatu 409 89 224 230 173 236 86 95
Xaopuau 411 92 235 237 178 236 87 95
AMmoHii 396 92 233 247 185 240 87 95
HitpaTn 401 92 235 237 178 235 87 95
Hitputn 397 92 235 237 178 236 87 95
Dochatu 407 92 235 237 178 236 87 95
CIIAP 0 51 194 193 134 192 51 59
XCK 0 92 234 249 186 244 87 95
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Taoauusa 4
Po3paxyHku eHTpomiiiHOro iHIeKcy sikocTi Boau
Table 4
Calculations of the entropy index of water quality
3HauyeHHs Tl T2 T3 T4 TS T6 T/ T8
N 3883 925 2368 2428 1829 2433 885 964
log2 N 11,923 9,853 11,209 11,246 10,837 11,249 9,790 9,913
> nlog2n 33332,45 | 5901,483 | 18351,64 | 18920,3 | 13494,84 | 18954,75 | 5327,051 | 6236,89
I 8,5842 6,3800 7,7498 7,7925 7,3783 7,7907 6,0193 6,4698
H 3,3388 3,4733 3,4596 3,4530 3,4586 3,4578 3,7703 3,4431
G 0,3889 0,5444 0,4464 0,4431 0,4688 0,4438 0,6264 0,5322
G o7
0,6
0,5
04
0,3
0,2
0,1
Tl 12 13 4 15 T6 17 T8

IlyHkTH KOHTpOIIO

Puc. 7 — [lunamika eHTpONIHHOTO iHAEKCY SKOCTI BOAM 3a MyHKTAMH KOHTPOJIIO
Fig. 7 — Dynamics of the entropy index of water quality by control points

Sk BM3HA4Y€HO 3 JaHUX HA puc. 7 HaiOi-
TBIII 3HAYEHHSI SHTPOMIHHOTO iHIIEKCY SKOCTI
BOJM XapaktepHi Juist myHKTiB T2 (0,5444), 17
(0,6264) Ta T8 (0,5322). JlaHi MyHKTH KOHTPOIIO
3HAXOSTHCS HA 3HAYHIM BiZICTaHI BiJl IPOMHUCIIO-
BUX IICHTPIB, TO, WMOBIpPHO, BHUpIlIAJIbHE 3HA-
YyeHHs y (JopMyBaHHI SKOCTI BOJIH BiIirparoTh 3a-
OpyJHEHHs, CIIPUYMHEHI ClTbCHKOTOCIONAPChH-
KUM BUPOOHUIITBOM. HaliMeHIIIe 3HaueHHs 1H1e-
kcy (0,3889) xapakrepne st myHKTY T1 — ¢. Lly-
nerieka, micist ' BK J{xinpo-{onOac.

Ockinbky JIHINPO € OJHUM 3 HAHTOJIOB-
HIIIUX MOBEPXHEBUX JKEPEN TUTHOT'O BOJOIIO-
cTayaHHs B YKpaiHi, To Tpeba BpaxoByBaTH, 110
TpaauIiiHa 0i0JIOTIYHA OYUCTKA JIO3BOJISE BU-
JIATITH OCHOBHY Macy OpraHigyHO 3a0py/IHIOIO-
YUX PEUYOBUH, alie HE CIPOMOXKHA 3a0€3IMeUnTH
JIOCTATHIO, 32 CyYaCHUMH BUMOT'aMH, TNTHOUHY
BUJIAJICHHS CIIONIYK a30Ty Ta dochopy, a TakoxK
opraniunux peuouH (BCK, XCK). ¥V nporueci

14

OYHMCTKH BiIOyBa€eThCs TpaHchopMmallist Ta yac-
TKOBe (20—40 %) BUIaNeHHsI aMOHIIHOTO a30Ty
ta ¢ochopy. [Ipu nboMy i Yac OUUCTKHU TIPO-
TIKaIOTh MpoLecH aMoHidikamii Ta HacTyMHOT
HiTpudiKamii a30Ty, a TaKoX TiJPOJIi3 CHOIYK
¢docthopy. Croroani Oinplie yBard HpUALIs-
€THCS 3MEHIIICHHIO HA/IXODKEHHS (ocdopy de-
pe3 Te, 10 BBAXKAETHCS, IO 3AIHCHEHHS KOHT-
POJIFO HaJl MPOLIECOM eBTpodikallii BOIOWM 3a-
JISKUTh, B OCHOBHOMY, BiJl 3HHXKCHHS KOHIICHT-
pauii came ¢ocdopy. OnHak, HE MEHII Bax-
JIUBO T€, IO BUJAISTH 31 CTIYHUX BOJ| CIIONYKH
a3ory Habararo Bakue [31]. Jliist migBHIICHHS
e()EeKTUBHOCTI OYMCTKH CTIYHHUX BOJI BiJI CITOJIYK
(hocdopy BUKOPUCTOBYIOTh MiHEpAJIbHI KOary-
NSHTA. B ocTaHHI POKHM 3aCTOCOBYIOTH TaKOX
CHUHTETHYHI (DJIOKYJSHTH caMOocCTiliHO a0o pa-
30M 3 KOAryJistHTaMu (COJISIMU aJTFOMIHIIO Ta 3a-
miza) i BamaoM [32]. Cepen METOMIB OYHCTKH
CTIYHUX BOJI BiJl CIIOJIYK a30TYy BiJJOMI HACTYIIHI:
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¢bi3uKO-XiMiYyHi, EeNeKTPOXiMiuHi, METOA iOH-
HOro 00MiHy, OiosoriuHi. Bei 11i MeTou MaroTh
CBO€E PO3MOBCIOJIKCHHS B PI3HUX TaIy3siX MPO-
MUCJIOBOCTI, ajJie¢ MalOTh PsiJi HEMOJIKIB, 1 TOMY
HE 3aBXKIM MOXKYTh OyTH 3aCTOCOBaHI Ha MPaK-
THUI[l OYUCTKHU CTIYHUX BOJ Bl OIOr€HHUX eJie-
MeHTiB. [lepeBarn OioJOTIYHOTO BUAAICHHS

a30Ty MOJIATAIOTh Y TOMY, IO Y Pe3YIbTaTi Ipo-
uecy HiTpudikamii Mmoxxe OyTH NOCATHYTHI He-
OOXiMHMN CTYIiHB BUAAJEHHS amiaky (SKIIO
BHHUKA€ HEOOXITHICTh, TOTIM ITPOBOASITH JCHI-
Tpudikamiro). Kpim Toro, Taky cucteMy MoxHa
MIPUCTOCYBATH Yy AKOCTi JOIIOBHEHHS JI0 iCHYTO-
40i CHCTEMH 010JI0TTYHOI OUUCTKH.

BucHoBkH

B pesynbraTi omiaka skocTi Boau JHir-
POBCHKOTO BOJIOCXOBHINA 33 JIOTIOMOTOIO €HT-
POTIHHOTO 1HAEKCY BCTAHOBIICHO, IO OCHOB-
HUMH 3a0pyJHIOBaYaMH BOOU € HITPUTH, HIT-
patu Ta ¢pocdaTH i 3aBHUCII pedoBuHH. L{e Moxe
CIPUYMHUTH HETaTUBHHUN BIUIMB Ha 30POB’S,
BHACJTIJIOK MYTareHHOI Ta KaHIIEPOT'CHHOI ii,

TaKOX TIPUCKOPIOE eBTPO(diKaIliio BOIHOTO
00’exty. Crioctepira€Tbcsi HETaTUBHUI BILTHB
arporpoMHCIIOBOI0 BUPOOHUIITBA HA €KOJIOTi4-
HUH craH [{HIIpOBCHKOTO BOIOCXOBHINA. Bemu-
YHHA EHTPOITIHHOTO 1HAEKCY SIKOCTI BOJIU KOJIH-
Baetbes Bin 0,3889 (mynk T1) 10 0,6264 (myHKT
7).

Kouduaikr inTepecin

ABTOpH 3asBJISIOTH, IO KOHQIIIKTY iHTepeciB 00 MyOiKalii Hboro pykonuc y Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAIUCH €TUIHUX HOPM, BKIIIOYAIOUH IIIariaT, ¢anbcudikaiiro JaHux

Ta MO/BIMHY MyOITiKaIIito.
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ENTROPY APPROACH TO ASSESSMENT OF THE ECOLOGICAL STATE
OF AWATER COURSE

Purpose. Water quality assessment of the Dnipro Reservoir using the entropy index.

Methods. Analytical-synthetic method, geo-informational (cartographic modeling), analysis of
information sources, entropy analysis.

Results. It was established that the water does not meet the upper limit of the 1st quality class
according to DSTU 4808:2007 by all parameters except BODs, COD and suspended matter. There is a
decrease in the level of BODs at posts in the city of Dnipro, which indicates the entry into the water-
course of substances that inhibit biochemical processes (t4 and t5) and a gradual increase of this indicator
at the exit from the city and further downstream, which indicates the entry of organic substances. The
oxygen content decreases in the part of the watercourse located in the city (t4 - t6) and increases in the
middle and lower part of the reservoir. There is also a trend of growth of sulfates, nitrogen compounds,
phosphates, SPAR and COD for control points located within the city of Dnipro. The highest values of
the entropy index of water quality are characteristic of points t2 (0.5444), t7 (0.6264) and t8 (0.5322).
These control points are located at a considerable distance from industrial centers, so pollution caused
by agricultural production probably plays a decisive role in the formation of water quality. The lowest
value of the index (0.3889) is characteristic of item t1 - s. Shulgivka, after GVK Dnipro-Donbas.

Conclusions. It was established that the main water pollutants are nitrites, nitrates, phosphates
and suspended solids. It can cause a negative impact on health due to mutagenic and carcinogenic ef-
fects, and also accelerates the eutrophication of the water body. A negative impact of agro-industrial
production on the ecological condition of the Dnieper Reservoir is observed. The value of the entropy
index of water quality ranges from 0.3889 to 0.6264.

KEYWORDS: ecological state of surface waters, entropy index of water quality, Dnieper reser-
voir, pollution
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OIIIHKA AKOCTI HUTHOI BOJM 3 MIPUPOTHUX JKEPEJI
Y MEXAX MICTA XAPKOBA

[TinBuIIeHHs HaMIMHOCTI Ta SIKOCTI BOJOIOCTAaYaHHs HACEJICHHS MMUTHOK BOJIOIO € OJTHIEO 3 TIePIIIO-
YEeProBHUX COLIAILHUX MPOOJIEM, OCKIIBKU 3I0POB'sS HACENICHHS 3HAYHOIO MipOIO 3aJIeKHUTh BiJl piBHS 0e3-
M€KW IUTHOI BOJH.

Merta. Bu3HauuTu cKia JUKepENbHOT MUTHOT BOH, IO CTIOKHBAETHCS MEIIKAHISIMY Pi3HUX PaioOHIB
M. XapKoBa Ta TOPiBHATH OILIHKY SIKOCTI MUTHOT BOAM 3 PI3HUX MPUPOJHUX JIKEPEIL.

Mertoau. [1onaboBi, 1ab0opaTOPHO-aHATITHYHI, CTATUCTHYHI.

PesyabTaTu. [ociimkeHo mpoOu BoaK 3 5 TPUPOTHUX HKEPET M. XapKoBa, 3 IKUX HAacEJeHHs Ha-
Ompae BoAy MU MUTHUX MOTpeO. Bu3HaueHo, 10 3a OPTaHONINTHYHUMH MTOKa3HUKaMU TIEPEBHUILEHh HOP-
MaTHUBHUX 3HaY€Hb HE CTIOCTepiraeThest, pH Maiibke He 3MIHIOETBCS 32 CE30HHICTIO, 32 BUKITFOUEHHSIM MTPOOH
3 mxepena «HemunuisHChbKe». AHaNI3 3arajbHOI JTY»KHOCTI B OCIHHI ITepio]] mokasaso MepeBHIIeHHs HOp-
MaTHUBY JIHMIIE B TpoOax mkepena napk «FOHIcTh» 1 1o Byn. KitoukiBchKa, a B BECHIHHN TIEPioj — TIIBKH B
mpo0i mxepena mo Bys. KitoukiBchka. 3aranbHa jKOPCTKICTh B TPOOax KOJMBAETHCS B OCIHHIA MEpioz Bix
4.9 no 8,04 mmonbs/nM, a B BecHAHMIA niepiog — 6,6 no 10,4 MMOJIB/ M, [lepeBuiieHb 32 BMiCTOM XJIOPUAIB
HE CIIOCTEPITaeThes Hi B OJIHIH 13 IOCIiKYyBaHUX PO Bosu. BMmicT 3aniza nepesuirye pisenb 'K Tinbku
B npo0ax Boau 3 jxepena «HemunuisHebke». BMicT amtoMiHiIO, IMHKY, KaMIt0, MiJli, CBHHIIIO, aMiaKy i
HITPUTIB B TIpo0ax 3HaXOUThCS 3HaYHO Hik4e piBHs ['JIK, 1 Maiike He 3MIHIOETBCS 32 CE30HAMMU.

BucnoBku. Ha ¢popmyBaHHs 3araqpHOro Kjiacy sSIKOCTi Mpo0O BOAM 3 MPUPOJHUX JKEPET CYTTEBUIA
BILIMB YHHUTHh BUCOKUN PIBEHB 3arajbHOI JIY’)KHOCTI, 3araJIbHOT )KOPCTKOCTI 1 BMICTY 3aJli3a y JACIKHX JKe-
peliax HeIeHTPaTi30BaHOT'O BOJIONIOCTA4YaHHsL. 32 IHTEerpajJbHUM €KOJIOTIYHUM 1HJIEKCOM MPpoOH BOJIU B OCIH-
Hill mepiox 3 npupoaHux Hkepen «HemumusHcbkey, [Tapk «FOHICTEY 1 Mo Byn. KiloukiBchka BiTHOCATBCS
no II kmacy sikocTi, ToOTO 4mcTa Boja. [HTerpansHUil €KOJMOTIYHMHN 1HAEKC I BCiX iHIMMX Mpod BOIU B
OCIHHIH TepioJl BIIHOCHUTS IIi JpKeperna 1o | kimacy SKoCTi Boaw —ayKe 4ucTi. Po3paxyHOK iHTErpasHOTO
€KOJIOT1YHOTO 1HAEKCY IS MPo0 BOAM 3 BCIX MPHUPOTHUX JDKEPET B BECHSHUH mepio BigHOCUTH iX 10 11
KJIACy SKOCTI.

KJIFOUOBI CJIOBA: BooniocTa4aHHs, JKepenbHa BOJIA, SIKICTh IMUTHOI BOAW, 3a0pyIHEHHS, BO-
HEBHI MOKAa3HUK

Ax unryBatu: Jlicasak A. A., Kynuk M. 1. Ouinka sIKOCTi MUTHOT BOAX 3 IPUPOIHUX JIKEPEIl y MeKax
Mmicta XapkoBa. Bichuk Xapxiscvkoeo nayionanvhoeo yHisepcumemy imeni B. H. Kapasina, cepis «Exono-
2isy. 2022. Bum. 28. C. 20 - 31. DOI: https://doi.org/10.26565/1992-4259-2022-27-02

In cites: Lisnyak, A. A., & Kulyuk, M. I. (2022). Assessment of the drinking water quality from natural
sources in the Kharkiv city. Visnyk of V. N. Karazin Kharkiv National University, Series «Ecology», (27),
20 - 31. https://doi.org/10.26565/1992-4259-2022-27-02 (in Ukrainian)
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IluTanHsS AKOCTiI MUTHOI BoaM Oyjae ax-
TyaJlbHE 3aBXK/U, aJ)KE BOHA € )KHBUIILHOKO JIJIs
mojacTBa. Boja € ogHUM 3 HaWBaXKJIUBIIIHX
(hakTOpiB HABKOJWITHHOTO CEPEIOBHUINA, IO
BILUIMBA€E Ha BCi MPOIECH KUTTETISUIBHOCTI Op-
raniamy. Y BOJHOMY CEpEIOBHII BigOyBa-
IOTHCS HaWBaXIHBINI (PI3UKO-XIMITHI TIPO-
IlecH, OB's13aHi 3 0OMIHOM PEYOBWH B OpraHi-
3Mi: TiApOJIi3, aCUMUNISIliSA, AUCUMIISIIS, TU-
¢ys3is, pe3opOuis, GinbTpanis Tomo. 3araipHa
CBITOBa TEHJIEHIiA 100 MOTIPIICHHS CUTYya-
1111 3 TUTHOIO BOJIOI0 CIIOHYKA€ JIFOACTBO MPU-
JUISITH JTe1alli OLIbIIY YBary BOJOOYHUCHHUM Te-
XHOJIOTisIM Ta 30allaHCOBAHOMY BOJOKOPHUCTY-
BaHHI0. CBITOBI OpraHi3amnii IpoTHO3yIOTh, IO
y HaWOIMXKYi ABAUSTh POKIB XKHUTEIIM 3eMill
3Hao0uThes Ha 30 % OinbIne MUTHOT BOAU HiX
3apas [1].

Y NUTHOMY BOJOIOCTAa4YaHHI IMiA3eMHI
BOJIM MAlOTh 3HAYHI MEpEeBaru mnepej noBepx-
HEBUMH, OCKLTBKH MEHIIIe 3a0pyIHEeH] Ta Xapa-
KTEPHU3YIOTHCS CTANICTIO XIMIYHUX BIaCTHBOC-
Teil, OB 3aXUIIEH] BiJ 30BHIMIHIX (aKTOPiB
[2]. ®opmyBaHHS pEKHUMY TIPYHTOBHX BOJ

Beryn

BigOyBa€eThCS M1 3HAYHUM BITUBOM KJIIMAaTH-
YHUX 1 TSXHOTCHHUX YMHHUKIB, 110 BU3HAYAE
eIMi30/IUYHI CE30HHI Ta OaraTopiyHi 3MiHH IX
3amnaciB 1 XimiuHoro ckinany [3]. [TutHa Boma B
VYkpaini 3a 0akTepioJOTTYHIMH, OPraHOJIETITH-
YHAMHY MOKA3HUKHU Ta BMICTOM XIMi4HUX pEUO-
BHUH pErIaMeHTY€eThCSI BUMOTamu JlepxaBHOTO
cragmapty «Boma mutHa». HopmatusHOIO Oa-
3010 JICpXKaBHUX CTaHAAPTIB BHCTYNAIOTh!
I'OCT 24484-80, ITOCT 2874-82 «Bona mnu-
tHan, [OCT 2761-84 «/lxepena meHTpamizo-
BaHOTO TOCIONAPCHKO-MMTHOTO BOJOIOCTA-
yanusy», CanlliH 4630-88 «Canitapui mnpa-
BIJIA 1 HOPMHU OXOPOHH MOBEPXHEBHUX BOJ BiJ
3a0pynuaensy», JCanlliH 2.2.4-171-10 «/ep-
JKaBHI CaHiTapHi HOpMHU Ta mpaBuia "[irieHi-
YHI BUMOTH JI0 BOJY MMUTHOI, MPU3HAYCHOT ISt
CIIOKMBAHHS TIOIUHOK'» [2, 4].

Meta poOOTH: BU3HAYMTH CKIIaj JKepe-
JIBHOI MMUTHOI BOAHU, 11O CIOKHUBAETHCS MEIIIKA-
HIISIMU Pi3HUX paloHIB M. XapKoBa Ta 3p0OUTH
MOPIBHSJIbHY OLIHKY SIKOCTI MUTHOI BOJH 3 Pi-
3HUX MPUPOJTHUX JKEPEII.

O0’cKkTH Ta METOAH JOCTiIKEeHb

s mociiJpkeHHsT B3ATO NPOOH BOIH 3 5
NPUPOJHUX JDKEpel M. XapKoBa, 3 sSKUX Hace-
JIeHHsT HaOupae BOMY MJIsl MUTHUX TOTpeO: 1)
xepeno «Hemunuisacrskey; 2) Iapk «OHicTEY;
3) «Capxun Sp»; 4) xepeno no Byn. B. 3y0Ge-
HKa, 21; 5) JDxepeno no Byn. KioukiBebka, 309
(puc. 1). Bin6ip 3 uX MpUPOAHHUX JHKEPENT MpPo-
BoauBcA B ociHHiN (30 xoBTHs 2021 p.) 1 BecHS-
Huii (3 xBiTHs 2022 p.) nepionu. [ani joxepena He
€ €JIMHUMH TIPUPOJHUMU JKEpEIaMu BOJU Y Mi-
CTi, aJie BOHM O0JIAINTOBAHI Ta KOPUCTYIOTHCS 110~
MUTOM y HacesieHHsI. Po3rarmoBaHni pkepena B pi-
3HHAX paiioHax MicTa, Jie 30Cepe/KEeHI MPOMHC-
noBi 00’ ext. KpiM TOro, nopyd 3HaxoaaTbcs Oa-
raToCMyTOBi JOPOTHY 3 iIHTEHCUBHUM aBTOMOO1JIb-
HUM PYXOM.

IIpo6a 1 — mxepeno «HemunuisHchKe»,
no6sm3zy npocnekry JIba Jlangay ta Bynumi Ile-
yeHi3bka, HemunuistHebkuit paiion. Ha micii Bia-
oopy cropymkeHo kanTax. [logexyau crocrepi-

21

raeThCs 3aCMIUEHHS TEPUTOPIT CKIISTHOIO Ta IUIac-
THKOBOIO TapoIo.

[Ipoba 2 — Kepeno Ha TEPUTOPIi MapKy
«tOHnicTe», mo Bymuni [lonraBepkuii nursx, 198,
XonoJHOTIpChKHH paiioH. Buxig rpyHTOBUX BOJ
Ha TIOBEPXHIO OONAIITOBAaHMHU KalTaXKeM, IO
NpEeICTaBICHUH OETOHHUMH IEPEKPUTTAMH, a Ta-
KOX TpyOamu 3 Hepkapirouoi cram. He 3Baxa-
I0YM Ha Te, 10 HACEJICHHSI TPUJICTIINX TEPUTOPIH
KOPHUCTYETHCS II€I0 BOJOIO, MicIle BUTJISIAE 3a-
HexasHuM. [lomexynm crocrepiraeTbcsi 3acMmi-
YEeHHS! TEPUTOPIii CKIISTHOIO Ta IJIACTUKOBOIO Ta-
poto.

[Ipoda 3 — mxepeno y Capxxunomy Spy,
nobmmzy mnpocnekry Haykwu, IlleBueHKiBChKHA
paiion. Miciie BUXO/1y IPYHTOBUX TOPH3OHTIB SIKi-
CHO o0JamToBaHo. J)epeso 3HaX0AUThCS Ha Te-
puTOpii pexpealiiiHOro npu3HauYeHHA 3 MiHiMa-
JHHUM BIUIMBOM Ha HHOTO aHTPOIOTEHHUX (hak-
TopiB. Micrie Bibopy npo0 miyisrae BILTUBY 3
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TSHOBOBABAPCK MM
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WHAYCTRUANBHBIN
PAVMOM ~

Puc. 1 — Micus Bigbopy mpo0 Bou 3 5 MPUPOIHUX JKepes M. XapKoBa
Fig. 1 — Places of water sampling from 5 natural springs in the city of Kharkiv

00Ky HacesIeHHs (OCKIJIbKH 1€ 30Ha BiIMMOYMHKY),
a BIUIMB MPOMUCIOBOCTI — MiHIManbHUHA. Micie
XapaKTePU3y€EThCs 3HAYHUM TOIMMUTOM Cepejl Ha-
CEJICHHSI, TIEPEBAYKHO 11 CTYICHTH.

IIpoGa 4 — mxepeno mo0IU3y KUTIOBOTO
OyauHky Ha ByJn. Bnagucnasa 3yOenka, 21, Can-
TIBCBbKHI paiioH. Miclie 3a00py Boju 00JaiHaHE
OroBeTOM, a MOOJU3y pO3TAllOBaHa MaJaTKa, Je
BOJly Ta3ylOTh 1 MPOJAAIOTh, TYT TaKOX MOXHA
npuadaTu Tapy s HaOopy Boau. Ha Binmcrasi
Menire 20 M BiJl BUXO/1y BOJY Ha MMOBEPXHIO 3HA-
XOJIMUTHCS aBTOJIOPOTA.

[Ipoba 5 — mxepeno mobOmm3y 3aBoxy
TOB «3aBoja cy4acHHUX XapyOBHX TEXHOJIOTIH»
Ha Bynuii KioukiBebka, 309, IlleBueHkiBChbKUi
paiion. Ilopsia i3 mianpUEMCTBOM NPOTIKAE piuKa
i cTBOpeHe BojocxoBwuie. YacTHHA HACENCHHS
BBa)XKa€ JDKEpENo He NPUAATHUM IS CIIOXKH-
BaHHSI, iHIII — i3 33JTOBOJICHHSM CMaKyIOTh BOJY 3
Jokepena. Came TOMy Iie MicIle HEOCTATHBO KO-
PHUCTY€ETHCSI TOMTUTOM.

22

YV HaB4aIbHO-AOCIIIHIN JIabopaTopii aHa-
JITUYHHUX €KOJIOTIYHMX JOCHIHKEHh HaBYaIbHO-
HaykoBoro iHctutyTy exosorii XHY imeni B.H.
Kapasina 0ys10 mpoBeIcHO JTabopaTOPHMIA aHai3
BOIW. Bu3HAueHHs TMOKA3HHUKIB IMPOBOIUIN 32
CTaHJAPTHU30BAHUMH Ta TAMYACOBO JOMYIICHUMH
MeroaukaMmu. 3amax BusHaganu 3a JJCTY EN
1420-1:2004, xonwoporicth — 3a JCTY ISO
7887:2003, xamamythicte — 3a JACTY ISO
7027:2003, Bogneswmii mokasunuk (pH) —3a ACTY
4077-2001, 3aranbHa ayxHicts — 3a JICTY ISO
9963-1:2007, 3aranpHa >xopcTkicTh — 3a JCTY
ISO 6059:2003, xmopumum — 3a JCTY ISO
9297:2007, BmicT Baxkkux meTamiB — 3a [THID
14.1:2.253-09, amiak — 3a JCTY ISO
11732:2003, nitputu — 3a JICTY ISO 15923-
1:2018 [5-11]. CanitapHo-ririeHiuHi KpuTepil
OIIIHKH SIKOCT1 TTUTHOI BOJIM BCTAHOBJICHO 3T1JTHO
HACanlliH 2.2.4-171-10 (3arBepmxeni Hakazom
MO3 Bix 12.05.2010 Ne 400 «/lep>kaBHi caHiTa-
pHI HOpMH Ta mpaBuiia «[irieHiYHI BUMOTH 10
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BOJIY MUTHOT, MPU3HAYCHO] JUIs1 CIIO)KUBAHHSI JIFO-
JIHHOIO») [4].

JI71sT OLIHKH SKOCTI BOOHUX 00'€KTIB BUKO-
PUCTOBYBaJIM TiIpOXiMiuHWI iHZEKC 3a0pyn-
uenns Boau (I3B) [2, 12] 3a popmyiioro:

_1 n _GCi
I3B = - x Xi, TS,
ne Ci— KoHLIeHTpallis KOMIOHeHTa (Y psiay
BUTIAJIKiB — 3HAYCHHS (i3UKO-XIMIYHOTO Mapame-

Tpa),

N — YKUCII0 TOKA3HHUKIB, BAKOPUCTAHUX JJIS
PO3paxyHKY iHAEKCY,

I'’IKi — BcTaHOBIICHa BeTWYMHA HOpMa-
THBY 3a BIJITIOBITHUM TUTIOM BOJITHOTO 00'€KTY.

3aneKHO BiJ BENMYMHU 1HIEKCY 3a0pyn-
HeHHs Boau (I13B) minsaKkH BogHUX 00'€KTIB ITiI-
PO3AUIIOTH Ha Kiacu (Tadu. 1).

Takox po3paxoBaHO KOSPII[iEHTH EKOJIOTi-
yHOi HeOe3meunocti Ximiunoro emementa (Kig)

[13].

Tabnuus 1
Kaac sikocti Boau B 3anexkHocTi B ingexcy 3a6pyanenns soau (I3B) [2, 12]
Table 1
Water quality class depending on the water pollution index (WPI) [2, 12]
PiBeHb 320pyIHEHHSA 3navenns I3B Kiac sikocTi Box
Jyxe gncti 1o 0,2 |
Yucri 0,2—1,0 11
[TomipHO 3a0pyaHEHi 1,0—2,0 I
3a0pyaHeHi 2,0—4,0 v
Bpynui 4,0—6,0 V
Jyxe opynHi 6,0—10,0 Vi
Ham3Buuaiino Opyasi >10,0 VIl
KoedimieHT HEOE3METHOCTI XIMIYHOTO eJle- K. = G ©
menTa (Kis) BU3HAYaBCsI sIK BiTHOIICHHS (DaKTHY- H6 ™ roK -’

HOT'O PIiBHSI BMICTY KOHTPOJILOBAaHUX PEUYOBHH B
nutHii Bosi (Ci) 10 HOro rpaHMYHO IOy CTHMOTO
3nauenHs (I'JIK):

ne Ci — pakThuHa KOHIIGHTpALlisS [TEBHOTO
XIMIYHOI'O €JIEMEHTA;
I'’1K — rpaanyHO KOMycTHMAa KOHIIEHTpa-
ist XIMIYHOT'O €JIEMEHTA.

Pe3yabTaTu gociaixxeHHs

3a pesyabTaTaMu JIOCIiIKEHb BHSBIEHO,
10 10 BCiM 5 mpobam BoM 3 IKeped, IpoaHalri-
30BaHi OKa3HUKHU HE MEPEBUIIYIOTh HOPMATHRBH,
3a BUKJIFOUCHHSM 3arajbHOI JIYXKHOCTI U 3aj1i3a B
Jesskux npobax (tadm. 2 i 3). 3HaYHUX KOJTUBaHb
KOHIICHTpAIliil pEYOBHUH MiX JIBOMa CE30HAMHU Bi-
noopy He BusiBlieHo. OfHAK y BeCiHHIN mepion
CIIOCTEPIra€ThCs SMEHIIICHHS Y JIBA pa3y Kajiamy-
THOCTI, HOMITHE TaK0)X 30UIBIIEHHS 3arajbHOI
YKOPCTKOCTI, 3arajibHOl JIy’)KHOCTI, Ta BOJHEBOTO
nokasnuka pH.

IIpoBeneHi qociimKeHHs TOKa3aJId, 0 Hi
3a OJTHUM 3 OPraHOJICHTHYHHUX ITOKA3HUKIB IIepe-
BHUIIICHh HOPMATHBIB HE BU3HauYeHO (puc. 2). Tak,
3amax 1o BCiM JOCIiIKyBaHMUM MpodaM BiACyT-
Hill 1 cranoButh 0 OaniB. KonbopoBicTs 1o BciM

23

mpo0aM CTaHOBUTH 5 TpallyciB, a MPO30PICTh Ha-
ONMKAETHCS IO HOPMATHBY i CTaHOBUTH 30 cM.
KanamyTHICTh KOJTMBAETHCS B OCIHHIN TIEPiOJT Bij
0,8 1o 1,48 E®M, a B Becusiauii nepiox — 0,63 110
1,33 E®OM; nipu 1boMy B OCiHHIN TepioJl Ha#Oi-
JbIIA KAJIAMYTHICTB CHOCTEpIiraeTbest B mpodax 1
12, a B BECHIHUH — B Ipo0ax 41 5.

Bonneswuii nokasauk pH B gocmimpKyBaHux
mpo0ax KOJIMBAETHCSA B OCIHHIN mepion Bix 6,51
o 7,72, a B BecHstHMIA niepiox — 7,1 mo 7,96; mpu
npoMy pH Maiike He 3MIHIOETHCS 32 CE30HaAMHU, 3a
BUKJTFOUEHHsIM 1ipoon 1 («HemumuisHCcbKeY), 3Ha-
YEHHS SIKOTO B OCIHHIHM Tepioj] CTaHOBMIIO 6,5, a B
BECHSIHUHN — 301IbIIMBCs 10 7,9 (puc. 3).

3aranpHa JIyKHICTh B TPOOaX KOJUBAETHCS
B OCiHHI# niepiox Bix 6,4 1o 9,6
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Taoauus 2
IMoka3HUKHU SIKOCTi MUTHOT BOAM 3 MPUPOTHUX JuKepen (1ata Bindopy 30.10.2021)
Table 2
Indicators of the quality of drinking water from natural sources (selection date 10/30/2021)
Pe3yabTaTn BUNpo0yBaHb Onuuuui Hop-
IMoka3nuk .

IIpo6a 1 | IIpo6a2 | Ilpoda3 | Ilpoda4d | IIpoGas5 BHMIPY MaTus
3amax 0 0 0 0 0 Oamu <2
KosbopoBicTh 5 5 5 5 5 rpajycu <20
KanamyTHicTh 1,48 1,05 0,8 0,98 0,9 EM® <15
[Ipo3opicTh 30 30 30 30 30 cM >30
Bopnesuii mokasuuk, pH 6,51 6,75 7,15 7,72 7,6 6,5-9,0
3arajibHa JYXKHICTh 5,8 8,04 5,8 49 8,0 MMOJIb/IM3 <6,5
3aranbHa JKOPCTKICTh 8,0 9,6 7.2 7.3 6,4 MMOJIb/IM3 <10,0
Xnopuau 122,8 63,3 59,5 24,9 30,2 mr/am® 350,0
3amizo 0,3 0,2 0,15 0,1 0,21 mr/om® <0,3
AJTIOMiHii < 0,01 < 0,01 <0,01 < 0,01 <0,01 | mr/mm® <0,5
unx <0,01 <0,01 <0,01 <0,01 <0,01 mr/om® <10
Kagmiii < 0,006 < 0,006 < 0,006 < 0,006 <0,006 | mr/mm® <0,01
Minp 0,03 0,056 0,015 0,019 0,01 mr/am® <10
CauHelb <0,01 <0,01 <0,01 <0,01 <0,01 | mr/om® <0,03
Awmiax 0,04 0,2 0,04 0,08 0,08 mr/am3 2,0
Hitpuru 0,008 0,04 0,008 0,004 <0,01 | mr/nm® 3.3

Taoauus 3
AHAaJIi3 AK0CTi MUTHOT BOIH 3 MPUPOIHUX Kepen (1aTa Binoopy 03.04.2022)
Table 3
Indicators of the quality of drinking water from natural sources (selection date 04/03/2022)
— PesyabTaTn BUNPOoOyBaHb Olll/llfﬂlli Homa-
[poba 1 [Ipoba 2 [po6a 3 | IIpoba4 | IIpoba 5 BUMIpY THB
3amax 0 0 0 0 0 Oamu <2
KonbopoBicTh 5 5 5 5 5 rpaaycu <20
KanamyTHicTh 0,63 0,78 0,64 1,33 1,27 EM® <15
[po3opicTh 30 30 30 30 30 cM > 30
Bonuesuii mokasHuk, pH 7,96 7,64 7,26 7,1 7,41 6,5-9,0
3arajibHa JIY)KHICTh 57 6,0 6,0 5,7 8,6 MMOJIB/IM° <6,5
3arajibHa JKOPCTKICTh 10,4 9,18 7,4 8,0 6,6 MMOJIB/IM° <10,0
Xnopuau 105,1 62,08 60,8 24,0 27,8 mr/am3 350,0
3asizo 0,33 0,21 0,21 0,28 0,15 mr/am3 <0,3
AJtoMiHi# <0,01 < 0,01 < 0,01 < 0,01 <0,01 | mr/mm® <0,5
unk <0,01 <0,01 <0,01 <0,01 <0,16 Mr/am° <10
Kanmiii < 0,006 < 0,006 < 0,006 < 0,006 <0,006 | mr/mm® <0,01
Minb 0,06 <0,01 0,017 0,01 mr/am3 <1,0
CauHelp <0,01 <0,01 <0,01 <0,01 <0,01 | mr/am® <0,03
Awmiak 0,09 0,22 0,08 0,04 0,04 mr/am® 2,0
Hitpuru 0,008 0,02 0,008 0 <0,01 | mr/mm® 3,3
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Bin6ip npo6 30.10.2021
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Bin6ip npo6 03.04.2022
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ByJ1. 3yOeHka
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Puc. 2 — OpraHonentu4Hi NOKa3HAKA JOCHTIIHKYBaHOT BOIH
Fig. 2 — Organoleptic indicators of the tested water

Bin6ip npo6 30.10.2021
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Bin6ip mpo6 03.04.2022
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napk "lOHicTp"
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o
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¥ 3aranpHa mykHicTe  MpH ¥ 3aranpHa )KOPCTKICTH

Puc. 3 — [Toka3zHKUKHM 3arajibHOT JKOPCTKOCTI, 3arajibHoi JIy)KHOCTI Ta pH 1151 BiniOpanux npo6 Boxu
Fig. 3 — Indicators of total hardness, total alkalinity and pH for selected water samples
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MMonB/MS, a B BecHsHMI nepiox — 5,7 1o 8,6
MMOJIB/IM3TIPH [IEOMY B OCiHHIH Tepioj] MepeBy-
HIEHHS HOPMATHBY CIIOCTEPIraeThesi B mpodax 2
(ITapk «tOHicTb») 1 5 (10 By1. KioukiBcbka), a B Be-
CHSIHMIA Tiepio] — B Tpo0i 5 (1o Byi1. KitoukiBehbka).
3arampHa JKOPCTKICTh B IMpo0Oax KOIMBa-
€ThCA B OCiHHIM mepion Bix 4,9 10 8,04 MmMons/mv?,
a B BECHsIHMH niepion — 6,6 10 10,4 Mvmoms/am®; mpu
ILOMY B OCIHHI 1 BECHSIHWH TIepio]] HalO1IbIa 3a-
raipHa JKOPCTKICTh CIOCTEpiraeTscs B mpobax 1
(«Hemmmurstacbkey) 1 2 (ITapk «FOHICTEY).
Xopuau B mpodax KOJMMBAIOTHCS B OCIHHIH
nepion Bix 24,9 no 122,8 mr/am®, a B BecHAHUI
nepion — 35,7 10 105,1 Mr/nm®; Ipy 11bOMY HaHOLIbIIA

Bin6ip mpo6 30.10.2021

HopmaTtyp I 350
Byn. 3yOenka M 249
Byn. KimoukiBcpka 30,2
"HeMunuissHCpke' M 122 8
napk "IOnicTs" s 63,3

Capxun Slp mmm 595
0 100 200 300

KUIBKICTB XJIOPUIIB B Ip0o0i 1, mocepenHs — B mpobax
2 1 3, a HaiimeHina — B mpobax 4 i 5 (puc. 4).

Bwmict 3ami3a B 10oCIipKyBaHUX MPoOax Ko-
nmuBaeThess B ocinuHii mepiox Bin 0,10 no 0,30
mr/am3, a B BecHsnmil mepiog — 0,15 mo 0,33
Mr/amM3; TIpU IbOMY HaiOiIbIIa KibKiCTh 3aI1i3a B
npo6i 1 («HeMunuisHCebKe») i HAOIIKAETHCS 10
piBus 'JIK B ociHHi# mepios i mepeBUIIye PiBEHb
I'IK B Becusiauii nepiof (puc. 5).

Bwmict amtoMiHit0, IUHKY, KaIMIIO, Mifi i
CBUHITIO B JOCIIKYBaHAX MPOOaX 3HAXOIUTHCS
3HauHO Hiwkue piBHA [IK, i maifke He 3MmiHIO-
€TBCS CE30HHO.

Bin6ip mpo6 03.04.2022

HopMmaTyp S350
By 3yOenka M 24

Byn. KitoukiBcpka B 278

"Hemunuisacpke" s 105,1

napk "HOnicTp" mmmm 62 08

CapxuH Slp mssm 60,8
0 200

Puc. 4 — Bmicr xnopuniB y npo6ax BoJu 3 IPUPOIHUX JKEPEI
Fig. 4 — Chloride content in water samples from natural sources

Bin6ip mpo6 30.10.2021
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Bin6ip mpo6 03.04.2022
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Puc. 5 — Bwmicr 3aiiza y npo6ax Bou
Fig. 5 — Iron content in water samples
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Bwmict amiaky i HiTpHTIB B mpobax 3Haxo-
JIUTHCS. 3HAYHO HIDKYE PIBHS HOPMATHBY, 1 Maibke
HE 3MIHIOEThCSA ce30HHO. OHaK, HaBITH HE3HAYHA
KiTBKICTh aMiaKy i HITPUTIB y MUTHiH BoJi HeOe3me-
YHi TUM, 110 TOTPAIUISIOYH B OPraHi3M JIIOJMHH BU-
KJIMKAIOTh TIOPYIIEHHS AUXaHHSA, @ CaMe TillOKCIIo,

sIKa MOYKE CTATH IMIPUIHUHOIO CIIA0KOCTI, OTipIICHHS
CaMOTIOUYTTS, IOPYIIeHHS (PYHKIIIH HEPBOBOI CHC-
TEMH, CepIIsl, TKAHWH HUPOK 1 TIEUiHKH.

Po3paxoBaHO iHAEKC 3a0pyTHEHHS BOIM
(I3B) mist KOXKHOTO 3 JKEpEN 3a 4acoM Bimoopy
npo6 3a popmysoro (1) (Tabu. 4).

Tadauus 4
3navenns I3B 15 To4ok Bindopy npod
Table 4
Values of WPI for sampling points
Ingexc 3a0pyTHEHHST BOTH
doxepesio
30.10.2021 03.04.2022
«Hemunuissucbke» 0,26 0,30
[Mapk «lOHICTHY 0,22 0,22
Capsxun Sp 0,18 0,21
Byn. B. 3y6enka 0,16 0,22
Byin. KnoukiBchka 0,29 0,20

Po3paxynok I3B mist mpo0 Boau B OCiHHIM
nepiog 3 3 NpUPOAHUX JpKepen «Hemunuisu-
cekey, Ilapk «FOHicTe» i 1o Byn. KioukiBcbka
ckaaB 0,26, 0,22 1 0,29, BiAMOBIAHO, IO BIIHO-
cuTh ix 1o Il kinacy sikocti, ToOTO YncTa Bosa. I3B
JUTSL BCIX IHIMUX P00 BOJIW B OCIHHIH mepiof He
nepepuirye 0,2, Mo BiTHOCHUTH IIi jpkepena o |
KJlacy SIKOCTI BOAM — Jyke 4ucTi. Po3paxyHok
I3B myis mocipkyBaHuX po0d BOJIM B BECHSHUH
niepiof] BimHOCHTS iX 70 Il kmacy sikocTi.

Kopucryrouncs dpopmysioro (2), pospaxo-
BaHO KOEQIIIEHTH EKOJOTIYHOT HEOEe3MeYHOCTI
xiMigHoro enmeMenTa (KHO) miis KoxKHOTO 3 JpKe-
peJ1 3a yacom Bigbopy mpob (tadr. 5).

Cruparo4nch Ha OTPUMaHI pe3yJibTaTH Po-
3paxyHKy Koe(ilieHTIB HEOE3MEUHOCTI XIMIYHUX
ejleMeHTiB (Tabn. 5), MOXHA 3a3HAYNTH, IO
TIIBKY JUIs 3ai1i3a B npobax Boau 1 («Hemurnuis-
HCbKe») BiH JOpiBHIOE 1. JIjIst BCIX IHIIMX TTOKa3-
HUKIB JIOCIIJDKEHUX Tpo0 BoaM el KoedilieHT
HIKYe 1.

Ilin yac mpoBemeHHS TMOJBOBUX JOCIHi-
JOKEHBb IPOBEICHO TAKOXK OTJISI Ta Bi3yaJlbHY Olli-
HKY MICIIsl pO3TaIlyBaHHS i 00amITyBaHHS JIKe-
pelt BOJW TSl MATHOTO BUKOpHCTaHHs. [IpoGiema
MOJISITa€ y He3aJ0BUIbHOMY OONAIITYBaHHI YCiX
JoKepen, He 3a0e3neueHo Oe3nepeIkoaHuil qoc-
TYII IO MiCIlb KOPUCTYBAHHS [HKEPEITHHOIO BOJIOKO
IO JIOCHIJDKYBAJIUCh, OKpiM pkepena «Cap:KuH
Sp».

Tox BpaxOBYIOYH BCi aHATI3HU Ta PO3Paxy-
HKH TI0 JIOCITIPKYBaHUM MTPOOaM BOJI, €KOJIOTIYHO
0e3IeYHrMU 3a BCiMa OLIHKAMU MOYKHA BBAXKATH
BOJHM Nullie 3 Jpkepena y Capxkunomy Spy i yact-
KOBO Oe3rmeyHuMu (i3-3a HETaTUBHOI OIIHKK 00-
JIAIITYBaHHs) - 10 ByJ. 3yOenka. [l iHmmx
JDKEepeNl PEeKOMEHIYEThCS MPOBECTH MOJICpHI3a-
it0 Miclb BiOOpY BOAM 3 HUX JJISi HACEIICHHS,
Ta PEKOHCTPYIOBATH CUCTEMY BOJIOTIPOBOIIB JIJIs
MmoJiayi BOJU 3 JAaHUX JDKEPEJI, a TAKOXK BBECTH
JTIOJIATKOBI €TamM iX OYMCTKHM Ha IUISAXY JI0 CIO-
kuBauis [14, 15].

Bucnosku

BusnadeHo, 1110 32 OpraHoJIiNTAYHUMU T10-
Ka3HUKaMH TIEPEBUINCHh HOPMATHBHHUX 3HAYCHB
HE CIIOCTEPIra€Thes y BCIX Mpobax BOM 3 IPUPO-
nHUX Kepen. pH 3a BciMa mpoGamu Bo Maiike
He 3MIHIOEThCS 32 CE30HHICTIO. AHAI3 3arabHOL
JMY>KHOCTiI B OCIHHIM Tepioj] ToKa3ajo IepeBu-
IICHHS. HOPMATHUBY JIAIIE B IPO0ax 3 MPUPOIHUX

27

mkepen y mapky «tOHicte» 1 mo Byn. Kinoukis-
CbKa, a B BECHSHMH mepiog —mo Byid. Kioukis-
cbka. B ociHHIM 1 BeCHSHUH Mepioj HanOiIbIIa
3arajibHa )KOPCTKICTh CIIOCTEPIracThesl B Mpodax
3 «Hemumunsiacbke» Ta [lapky «tOnicTs». Ilepe-
BUIIICHb 3a BMICTOM XJIOPH[IB HE CIIOCTEpira-
eThes. Bmict 3amiza nepeBuirye pisens [JIK
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KoedinienTn Hebe3neuyHoCTi XiMiYHUX e1eMeHTiB
Hazard coefficients of chemical elements

Ha3Ba peyoBHHH | 30.10.2021 | 03.04.2022
«Hemunuissucoeke»
Xnopuam 0,35 0,23
3anizo 1 11
AlroMinii 0,02 0,02
JR17i50 0,01 0,01
Kaamiit 0,6 0,6
Minp 0,03 0,4
CBuHELb 0,33 0,33
Awmiak 0,02 0,045
Hitpuru 0,002 0,002
IMapx «FOHICTEY
Xnopuau 0,18 0,17
3anizo 0,67 0,7
AJroMiHIN 0,02 0,02
ITuHK 0,01 0,01
Kanmiit 0,6 0,6
Mins 0,0056 0,06
CBuHELb 0,33 0,33
Amiak 0,1 0,11
Hitpuru 0,01 0,006
CapxuH Sp
Xnopuau 0,17 0,17
3anizo 0,5 0,7
AJroMiHIN 0,02 0,02
IIuHK 0,01 0,01
Kaamiit 0,6 0,6
Mins 0,015 0,01
CBuHELb 0,33 0,33
Awmiak 0,02 0,04
Hitputn 0,002 0,002
Byn. B. 3y6enka
Xnopuau 0,07 0,07
3anizo 0,33 0,93
AJroMiHIN 0,02 0,02
IIuHK 0,01 0,01
Kaamiit 0,6 0,6
Mins 0,019 0,017
CBuHelb 0,33 0,33
Amiax 0,04 0,02
Hitpuru 0,001 0
By KnoukiBcbka
Xopuau 0,86 0,08
3amnizo 0,7 0,5
AuroMinii 0,02 0,02
IIuHK 0,01 0,16
Kaamiit 0,6 0,6
Mins 0,01 0,01
CBuHeLb 0,33 0,3
Amiax 0,04 0,02
Hitpuru 0,003 0,003
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TibKH B mpobax Boau 3 «HemunuistHcbkey. Bmict
ATIOMIHII0, IUHKY, KaJMIit0, MiJli, CBHHIIIO, aMiaKy i
HITPUTIB B MP00ax 3HAXOAUTHCS 3HAYHO HIDKYE Pi-

Pesynbratu po3paxyHKy KoedilieHTiB HeOe-
3MEYHOCTI XIMIYHMX €JEMEHTIB IMOKa3alk, IO
TLUIBKH IS 3JTi3a B TIpo0ax BOAM IMIPHPOTHOTO Ke-

BHs ['JIK, 1 Maibke HE 3MIHIOEThCSI CE30HHO.
Po3paxyHOK i1HTErpajgbHOTO EKOJOTIYHOTO
IH/IEKCY 32 TTOKAa3HUKAMH SIKOCTI ITUTHOT BOZM ITOKa-
3aB, M0 y TEpPIIy Yepry noTpedye yBarn mKepeso
«Hemwumnsacpkey». Po3paxyHOK — iHTETpalbHOTO
€KOJIOTIYHOTO 1HAEKCY IS AOCTIHKYBaHUX TPOO
BOXIM B OCIHHIN mepion 3 «HemunnistaChKe», [lapk
«OmuicTp» 1 10 Byn. KimoukiBcbka BITHOCHTH X 10
II kmacy sikocti, TOOTO YKcTa BoAa. IHTerpanbHUA
EKOJIOTIYHUM 1HJEKC JIIsl BCIX IHINUX MPOO BOAM B
OCIHHI# repios BiAHOCHTH Jikepena 1o | knacy siko-
CTi BOJIM — JTy’Ke YHCTi. PO3paxyHOK iHTerpaibHOro
€KOJIOTIYHOTO 1HJIEKCY IS BCIX TpPOoO BOIM B BEC-
HSHUH 1Iepio] BiTHOCUTS X 110 11 Kiacy sSKoCTi.

pena «Hemunmnsacbke» nopiBatoe 1. s Beix iH-
IIMX TTOKA3HUKIB JIOCITIPKEHUX MPOO BOIU Ik KO-
edirtienT Hmk4e 1.

BpaxoByrouu BCi aHaJIi3u Ta pO3pPaxyHKH IO
JIOCITIPKYBAaHUM Mpo0OaM BOJI, €KOJIOTIYHO Oe3red-
HOIO MOYKHA BBaKAaTH BOJy JHIIIe 3 xepen y Cap-
skuHOMYy Slpy 1 mo Byn. B. 3yOenka. s immmx
JoKepeNl peKOMEHIYEThCsl IPOBECTH MOEPHI3ALII0
MiCIlb BiIOOpPY BOAM 3 HHUX JUIsS HACCIICHHS, Ta
PEKOHCTPYIOBAaTH CHCTEMY BOJOMPOBOJIB JUIS TO-
Jladi BOIIU 3 JIaHMX JPKEPEl, & TAKOXK BBECTH JI07a-
TKOBI €Tany iX OYMCTKU Ha ILISIXY J0 CIIOKUBAYa.

Kounduikr inTepeci

ABTOpY 3asBISIOTH, M0 KOHQIIKTY iHTepeciB o0 MyOikamii koro pykomnuc y Hemae. Kpim Toro,
aBTOPH TIOBHICTIO JOTPUMYBAJIMCh €TUYHUX HOPM, BKIIOYAIOUM IUIaTiaT, anbcudikamilo JaHUX Ta I0-
JBifHY myOiKalifo.
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ASSESSMENT OF THE DRINKING WATER QUALITY FROM NATURAL SOURCES
IN THE KHARKIV CITY

Improving the reliability and quality of the population's drinking water supply is one of the primary social
problems, since the health of the population largely depends on the level of safety of drinking water.

Purpose. To determine the composition of spring drinking water consumed by residents of different districts
of the city of Kharkiv and to compare the assessment of the quality of drinking water from different natural sources.

Methods. Field, laboratory-analytical, statistical.

Results. Water samples from 5 natural springs in the city of Kharkiv, from which the population collects water
for drinking purposes, were studied. It was determined that according to the organoleptic indicators, no excesses of the
normative values are observed, the pH almost does not change seasonally, with the exception of the sample from the
"Nemyshlianske" source. The analysis of total alkalinity in the autumn period showed that the standard was exceeded
only in samples of the source of the Yunist park and along the street. Klochkivska, and in the spring period - only in
the sample of the source on the street. Klochkivska. The total hardness in the samples ranges from 4.9 to 8.04
mmol/dm3 in the autumn period, and from 6.6 to 10.4 mmol/dm3 in the spring period. Excesses in chloride content
are not observed in any of the investigated water samples. The iron content exceeds the MPC level only in water
samples from the Nemyshlianske spring. The content of aluminum, zinc, cadmium, copper, lead, ammonia and nitrites
in the samples is significantly below the MPC level, and almost does not change by season.

Conclusions. The formation of the general quality class of water samples from natural sources is significantly
influenced by the high level of total alkalinity, total hardness, and iron content in some sources of non-centralized
water supply. According to the integral ecological index of water samples in the autumn period from natural sources
"Nemyshlyanske", Park "Yunist" and along the street. Klochkivska belongs to the Il quality class, i.e. pure water. The
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integrated ecological index for all other water samples in the autumn period assigns these sources to the I class of water
quality - very clean. The calculation of the integral ecological index for water samples from all natural sources in the
spring period refers them to the Il quality class.

KEY WORDS: water supply, spring water, drinking water quality, pollution, hydrogen index
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NATIONAL PARTICIPANT GEOSPATIAL INFORMATION SYSTEM
IN URBAN PLANNING

Purpose. The title of air-space in the spatial part is not just a noun, but it is quite effective in determining
its conditions. National Participant using new spatial information system including software, hardware in syn-
chronous and asynchronous environments. Also, explaining the role of the National Collaborative Spatial Infor-
mation System in the effectiveness of urban planning

Methods. Introducing the national software in the process of participation along with the spatial infor-
mation system. Statistical analysis along with interpretations based on statistics, especially Spearman's correla-
tion. Also Using all the criteria and factors that have been used so far to participate with GIS in a spatial and
non-spatial way.

Results. There are short discussion related to the formation of the software, the formation of the envi-
ronment and hardware and all the existing criteria, and then the evaluation process, proposed for the participa-
tion-oriented information system, continues. The methods are discussed and then the discussion related to the
case study and evaluation of the usability of the participatory spatial information system and requirements engi-
neering as a support tool for participatory planning in the municipality was discussed. In the end, statistical anal-
ysis along with interpretations based on statistics, especially Spearman's correlation, are discussed and demon-
strated. The reason for the topic of decision-making is based on statistical analysis, not just comparing decision-
making with analysis, because sudden decisions like early humans are usually made in natural events and away
from dangers and the like. This issue has not been seen in any dispute so far. In the following, we realized that
the time factor and then being on time are the most important factors along with the economic criterion. Alt-
hough planners were expected to be decisive, the results showed otherwise. In practice, it was proved that the
basis of software, mathematical and statistical analysis decisions of the groups is the reason for the rise of the
economic standard, along with the time factors, which are very necessary in improving the participation with
GIS. The role of the power and wealth layer is still colorful and unlike the priorities, the fastest and most domi-
nant decisions are made by this. in this study Time is a decisive factor.

Conclusions. Based on the results obtained and due to the misleading nature of the time issue, it cannot
be managed, and people should not worry about time management, because they lose their focus. Therefore, they
should manage their concentration and be focused in the moment. It is only in this way that one can use the time
effectively and continue the desired activity. Finally, by programming and creating collaborative decision-
making in asynchronous and synchronous environments, NPGIS is introduced in an organizational form.
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Introduction

Remote sensing studies have a decisive
role in place and space, Especially in new in-
novations and current technologies. Humans
are in a time when technology is progressing
instantaneously. The topics of the third gener-
ation of the Internet, artificial intelligence in
all fields, the world of metaverse and virtual
cities can be expressed from these emerging
technologies. Therefore, these processes
should not be neglected and should be pro-
gressed in harmony with them. Accordingly, in
this study, the National Participant Geospatial
Information System or NPGIS for short has
been introduced. The opinions of all sections
of a society, including ordinary people, offi-
cials and decision-makers, owners of econom-
ic enterprises, have been taken into account.
These comments can be registered both simul-
taneously and asynchronously and will be
used in the new software environment. It
should be noted that such processes have been
carried out for the first time, which is unique
in its kind. The issue of time plays an im-
portant role in this study.

Living in a world without a desk might
be tough, but managing a world without time
seems remarkably disastrous. The idea that
time does not exist is inconceivable to many:
time must exist. Almost every experience we
have tells us this [1]. Time plays a key role in
the Doctoral Dissertation from which this arti-
cle is extracted, which is the basis for writing
the thesis by the researcher. Therefore, the
researcher thinks about the subject of time
differently than any other person who has
written a text on this topic so far. Decision-
making and decision-making with public par-
ticipation are important as important compo-
nents in all processes. Also, this component in
the conditions of synchronizing with the oc-
currence of events and being aware of projects
from the beginning to the end is the basis for
compiling and writing this article, is placed.
Today, in the comprehensive planning and
development of cities, important and complex
decisions are mandatory for every community
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and local government or municipality. In this
regard, it should be said that making optimal
decisions by integrating and combining a set
of emerging phenomena such as geographic
information system or GIS, which itself is a
result of participation, has played a significant
role in the flourishing of knowledge and in-
formation [2, 3]. In recent decades, "urbaniza-
tion", "sustainable development” and "infor-
mation and communication technology revo-
lution”, as the most important global trends,
have played the greatest role in the life of hu-
man societies [4]. As a result of the urbaniza-
tion of societies, today more than half of the
world's population (54%) lives in cities and it
is expected that this ratio will reach more than
two-thirds (66%) by 2050 [5] [6]. Historically,
the city and the modernization of societies are
directly linked together, Ulrich Beck calls
modernity (modernity or newness) the sys-
tematic process of social production of wealth
and risks and considers modern societies as
risky societies [7]. It can be said that the
movement of cities towards sustainable de-
velopment, as well as the increasing role of
information and communication technology in
decision-making and decisions related to ur-
ban management, has transformed the city
administration system. If this discourse em-
phasized environmental, social and economic
sustainability in the 1980s, in the 1990s, it
emphasized the concept of a smart city, but
today it has focused on sustainable smart cit-
ies [4]. In fact, open source urban governance
iS @ new way to attract citizen participation. A
participation that is referred to as electronic
participation, remote democracy, information
technology democracy, electronic consulta-
tion, web-based citizenship, online public ad-
ministration, etc [8]. The main part of urban
activities is focused on collaborative devel-
opment for planning, designing and imple-
menting urban services based on electronic
infrastructure, E-services involve change in
services as well socio-technological change
and relate to change in forms of participation
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[9]. Most of these disciplines are related to the
geographic information system and the re-
quirements of the expertise of using data and
spatial information, which are important top-
ics such as requirements management, usabil-
ity, context and infrastructure-oriented mod-
els, decision-making processes with variables.
different, participating in the exchange of in-
formation, discussions related to time-space
and vice versa, creating discussion and in-
quiry forums, the occurrence of simultaneous
events, real-time events, planning and coop-
eration in software design with the ap-
proach of participation at advanced levels at
the local level and include the national The
final result of the discussed rules is the effec-
tiveness of activities and services in the field
of management and efficient cooperation in
planning.

Problem statement In recent years, the
role of participatory geographic information
system in urban planning has become very
prominent in various economic, health, envi-
ronmental, psychological, social and even se-
curity and industry aspects [10]. Because spa-
tial information technology, like other ele-
ments of information and communication
technology, has been transformed under the
influence of the progress caused by the transi-
tion from WEB technology to WEB 2. Rely-
ing on collective intelligence, content genera-
tion by users or user- centered content genera-
tion, wide scope/long delay and interactivity
are the main features of WEB 2 technology.
In WEB 2 technology, as opposed to WEB,
users are not mere passive consumers of pro-
duced content and are able to create, organize
and adjust their desired content and share their
information and assets with others, or criticize
the produced content. others and change it
[11]. Although, while writing the article,
things have been seen and heard regarding the
introduction of the third generation Internet
WEB 3, but it has not been seriously consid-
ered yet, and according to the researcher, the
world is bound to accept it one day. Unlike
the usual process of generating spatial data by
government organizations, in citizen-centered
GIS, citizens (individuals/groups/society) play
an important and increasing role in generating
various types of spatial data and distributing
them. People's participation in information
production has been carried out in the frame-
work of approaches such as geo web, collabo-
rative geographic information system, volun-
tary geographic information, spatial crowd-
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sourcing, user-oriented spatial content produc-
tion, new geography, location-oriented citizen
science, and coordinated collective intelli-
gence with computer support. As a result, it
can be said that the continuation of this pro-
cess can provide a kind of participation-
oriented electronic governance, which is also
called urban open text governance [8, 12].
The three-digit telephone system 137 was first
created as a communication bridge between
the people and the beneficiaries and with the
aim of receiving citizens' messages regarding
urban issues in 2000 (1379 Solar Hijri) in the
form of a voice mail box in Tehran Munici-
pality, Iran.

Research literature review. When it
comes to participation, Arnstein [13] elemen-
tary ladder and her previous topics are not
forgotten. Despite the incredible evolution of
GIS in recent decades, the understanding of
spatial information has not changed over time,
with different GIS approaches applied and
considering geographic features (such as
neighborhoods, cities, and regions) would be
considered foreign territory. Currently, how-
ever, limiting the term "place” to an external
realm is meaningless, as 80% of people's daily
lives are spent indoors [14]. Also, the factor of
time and other dimensions such as space-time
and the like is an inseparable and main part of
the current study, which has influenced the
nature of the treatise as a whole and formed
its framework. PGIS can be defined as a sys-
tem that brings the academic practices of GIS
and mapping to the local level in order to
promote knowledge and information. Here are
two points of view that are currently being
discussed based on the use of PGIS. This sys-
tem is linked to other knowledge such as criti-
cal mapping, collaborative methods, devel-
opment-oriented and ideal cities, optimal ur-
ban planning, civil governance, community
development, resource management, envi-
ronmental and natural hazards, reaching a
smart city, etc. This approach, in addition to
the need for civil and political interaction and
participation, requires the ability of spatial
information system specialists to guide its
operation toward the main issues of local
management, such as optimal service deliv-
ery, spatial justice, etc. [15, 16]. This desire
provides the grounds for the use of extraordi-
nary capacities that are the result of combin-
ing the capabilities of the geographic infor-
mation system with innovations in the field of
information and communication technology
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and new approaches based on electronic and
online participation [17]. A notable example
in 2017 was the initiative in Chicago, Illinois,
USA, a joint project led by the Field Museum,
the Chicago Park District, and several com-
munity-based organizations with funding from
the City of Chicago and co- sponsors such as
Boeing Company has been [18, 19]. Just as
planning precedes all functions, it is also pre-
ferred over the hierarchical levels of manage-
ment, and it is also effective in raising related
questions and consulting with the organiza-
tion's employees. It is only through planning
that the manager decides what to do, when,
and who will do it. Planning and control go

together and it is not possible to predict what
is not planned [20]. In a 2017 study in a de-
veloping country, participants were able to
match place values and place preferences with
current land uses, suggesting that a non-expert
in Malaysia can interpret digital maps and
effectively. It is interesting to establish local
knowledge about the place to bridge the
knowledge gap with experts. The newness of
PGIS as a participatory method can help stim-
ulate public participation, but developing a
stronger culture of participation in Malaysia
for land use planning requires continuous ef-
fort over time [21].

Research methodology

Destructive background. In a 2019 study,
Indrajit and his colleagues evaluated the type
and quality of participatory spatial information
that can be used to support planning based on
participatory geographic information system in
a city of a developing country using the criteria
of the country's development plan and its spe-
cialization. Collaborative spatial data in this
study is applied in the form of location values
and user preferences in the city, which utilizes
experts and strangers to this collaborative sys-
tem by creating a decision support system.
This support in today's world should be based
on the wisdom of the common people and
properties that play an important role in good
governance. In other words, according to the
aforementioned issues, the prerequisites for
achieving sustainable development in any
country will be the optimal participation of an
entire society, which itself must be effective,
transparent, responsive, effective and efficient
[22]. after about eleven years, which caused
similar and even greater damages. The United
States Geological Survey (USGS) announced
that an earthquake with a magnitude of 7,2 on
the Richter scale occurred off the coast of Port-
au-Prince, the capital of Haiti. For many Hai-
tians, this earthquake was a reminder of the
2010 magnitude 7 earthquake that killed more
than 300,000 people. The earthquake 11 years
ago made one million and 500 thousand people
of Haiti homeless [23]. aid and rescue organi-
zations, which alone has caused many prob-
lems. It should be mentioned that in the first
step, the most important environmental prob-
lem in the earthquake-affected areas is gar
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bage, which unfortunately, if not properly
managed and collected, will become a danger-
ous source in terms of health and will become
a suitable place for insects to gather and spread
all kinds of diseases. Also, burning waste also
causes a lot of pollution. Such issues can have
a joint effect on animals and humans and cause
the spread of disease. We will not talk about
other unpleasant events that have happened and
it is not included in this area. Finally, regarding
the collaborative geographic information sys-
tem, it should be said that some authors use the
abbreviation PPGIS in their studies and others
use PGIS, but some researchers use these two
terms together and instead of each other in dif-
ferent parts of a study, while there are some
who differentiate between these two in nature.
In confirmation of this issue, a study was con-
ducted under the title of political rethinking,
political rethinking after GIS or PGIS, which
completely changes the nature of the discussion.
Therefore, whether PGIS is correct or PPGIS
just wastes its time and deals with a completely
marginal matter, and we move away from the
goal and make a system with this historical
identity that was created to support the margin-
alized strata ineffective [15, 24].

Research models related to innovative
literature with artificial intelligence ap-
proach. The research models that have been
discussed are stated in parallel with the present
study. It goes without saying that its content
can be developed using open source program-
ming languages such as JavaScript and Java
application. The map component for open
source maps such as map tool libraries relies
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on Java under the open source API. You can
use the optimized, up-to-date and powerful
Python software, which is specific to Arc.GIS
software, which is widely used even in very
new and advanced technologies such as block-
chain. The concept of blockchain, which
means that blockchains can be used privately
and for specific purposes in an institution or
organization, which is also called organiza-
tional blockchain. So, with this definition, its
main goal, which was to decentralize and sepa-
rate from the traditional banking system, will
go away. Blockchain was created in 2008
based on the ideas of an unknown person for
the first time with the creation of a computer
currency called Bitcoin, which is now consid-
ered the leader of digital currencies, which can
be used to store information. related to the
property of the users. It should also be briefly
said about Bitcoin that it was the first digital
currency that started the decentralization pro-
cess in the post- Internet world, which is al-
ways considered the beginning of the art of
planning in the digital world [25 - 27].

The emergence of the third generation
internet and metaverse in harmony with

transpersonal technologies. In fact, this de-
centralized system is a database that is main-
tained and updated by network participants
based on the understanding mechanism and
data architecture, and it is in a way the same
cooperative system that currently a few cluster
companies have the monopoly of setting up the
Internet and providing have taken the services
related to it. This type of internet, which relies
on blockchain technology and artificial intelli-
gence, so that with the benefit of these tech-
nologies, the internet, as it was said, will be
freed from the monopoly of a few large com-
panies in this field and will be available to or-
dinary people. There is no doubt that this idea
can be very fruitful and will definitely be one
of the most important features of utopias [28,
29]. What distinguishes Web 3 from previous
versions of the Internet is its decentralization;
Of course, this version of the Internet is con-
sidered interactive like Web2.0. In fact,
WeDb3.0 is considered a decentralized version
of Webl1.0 and Web2.0. And it seems that
Web3 has a very complex structure and poten-
tial for development [30, 31, 26].

Results of the research

The study area. The studied area is an
example of the main topic. Considering the
newness of the participation-oriented spatial
information system, the context and mecha-
nisms of this system are explained in the case
of Sari city, the capital of Mazandaran prov-
ince, which has this potential. It is certain that
in this presentation process, the capacity of the
participation-oriented spatial system, patholo-
gy of the existing structure, process and func-
tion of the 137 system and people's capacities
to establish a new system are considered. Fi-
nally, it seems that the possibility of creativity
and innovation is available in these fields. Sari
is one of the most populous cities in the north
and the former capital of Iran (before Tehran),
the capital of Mazandaran province and Sari
city. Sari is also one of the oldest and historical
cities in Iran, more than 6000 thousand years
old, and is located at the coordinates of
36°33'48" north latitude and 53°03'36" east
longitude and whose population is 347/402
people [32, 33]. Figure 1 shows the location of
Sari city in the country and in Mazandaran
province and in Iran.
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Study process in software and pro-
gramming environment. One of the main
parts of maintaining the privacy of the original
author is to create a software environment,
programming and computer coding. For this
reason, only a part of it will be shown in this
article. This study challenged the mind of peo-
ple along with considering all the influencing
factors and reviewed solutions. The basic chal-
lenge of this study has been precisely that the
minds are big and come out of passive behav-
ior and help to change the transpersonal identi-
ty along with the experiences to participate at a
high level. This can lead to the improvement of
the identity and structure of people in a socie-
ty, the shape of cities and almost everything. It
brings with it that it can be considered a posi-
tive thing. Conducting localization studies
based on the type of applied method and the
characteristics of the localization target in-
cludes different steps [34, 35].

In general, usability in any type of plan-
ning process directly refers to two points: first,
accessibility and second, reliability. It means
planned projects and unplanned projects. In
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Fig. 1 — The picture of the location of the Sari town, in the country of Iran, Mazandaran province

scheduled projects, it can be scheduled time
in routine activities or other scheduled op-
erational activities, such as resizing pro-
jects, which means that equipment is not
available [36 - 40]. Stoppages in unplanned
projects are most likely due to unwanted
incidents and can also be due to unplanned
interruptions in work. The downtime caused
by equipment failure is related to both the
reliability of the equipment or the number of
equipment failures and the time required to re-
store the equipment. In the Part second which
the role of the client and server is clearly evi-
dent in fig. 2 observed. Services and compo-
nents in the spatial information system of na-
tional participation in a streaming manner is
shown in fig. 3. Traditional engagement pro-
cesses and synchronizing with web-based en-
gagement (fig. 4) Workflow processes and ser-
vice capabilities therein can be seen in Figure 5.
The lack of systematicity of the urban system,
especially some related organizations such as
the municipality, can be seen in this way. The

37

and Sari city

activity team initially starts with phone calls to
solve the problem and finally leads to the ar-
chive, which is the biggest problem that remains
unanswered in the dispute-oriented system.
Which is very surprising (fig. 6).

Allocation of weights with tables in
statistical forms and decision models. In this
section, multi-criteria, network and hierar-
chical decision-making is used and reference is
given for study [41]. If we look carefully from
the beginning of the study, this part is one of
the most important parts of the treatise. The
number of criteria in this section:

1) Municipality 2) Citizens 3) Govern-
ment 4) Business interests 5) Other agencies 6)
Non- governmental organizations with the aim
of: the e-government framework based on
these criteria is formed by hierarchical analysis
or AHP. To analyze this part, Superdesign
software is used. First, the model is drawn in
the software, which is shown in Figure 7 and
Table 1.

In the next part and the municipal bas-
ketball, the opinions of the experts are ranked
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Table 1

Pairwise comparison of criteria in AHP method
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Governme
governme
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Government 1 3 3
Non-governmental organizations 0/5 1 2 3 0/5 1 0/154
Other agencies JJEEE] 0/5 1 0/5 0/333 0/25 0/061
MG EIA 0/333 0/333 2 1 0/5 0/5 0/086
Citizens [P 2 3 2 1 0/333 0/151
Commercial interests 0/5 1 4 2 2 1 0/218
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Fig. 7 — Weight chart of criteria in AHP model

as follows: 1) General satisfaction 2) Dissatis-
faction 3) Lack of communication 4) Unsuc-
cessful call 5) Repeated and informed. Also,
the following criteria: 1) survey 2) referral to
the cartable 3) field visit 4) speed 5) quality 6)
general satisfaction 7) confirmation of perfor-
mance 8) disapproval of performance 9) refer-
ral to the executive director's cartable with the
purpose of feedback to the municipality's cart-
able. The level of public satisfaction should be
measured by the process of network analysis.
To analyze this part, Superdecision software
and ANP method were used, and the final
weight of this model is given in Fig. 8 and Fig.
9. Internal relationships are also shown based
on the form of the question. After drawing the
model in the software, pairwise comparisons
are made, which are given below.

The results of this part of the survey
show that the citizens' satisfaction with tele-
phone answering is in a favorable rank, but the
follow-up and performance of the municipality
and the level of satisfaction is almost or to a
high extent low. It should be noted that the
factor of time and timely response plays a de-
cisive role. Now it's time to reach these an-
swers that were observed during the study. The
priority or the main concerns of the stakehold-
ers in this section are also addressed by using

42

the ANP process to prioritize the following
five criteria:

1- Communication channels

2- Cost

3- Misuse and failure to protect data
privacy

4- Lack of support for quick and timely
decision making

5- Project information management

First, the network model of the research
is drawn using Superdesign software, and its
final weight diagram with ANP is shown in
Figure 10. Based on this, the lack of support
for quick and timely decision-making has won
the first rank with a weight of 0.242. Misuse
and failure to protect data privacy with a
weight of 0.232 ranked second and cost ranked
third with a weight of 0.202. Figure 11 shows
the final weight of these economic and social
criteria.

10 Statistical analysis to evaluate the
optimality of the decision. The frequency of
responses even with a small number of partici-
pants indicates an easy-to-use interface. That
is, even the work in the hands of those who do
not have the experience of mass planning in
route finding, will be able to create a new net
work of routes with reliability and without any
doubt. Therefore, in addition to effective
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decision-making, the paths that are created in a
place will be clear and realistic [42]. Statistical
analysis was performed on user performance
data, which was collected from pre-post web
activity questionnaires and analytical software.
Finally, all data were submitted to the Sta-
tistical Package for Social Sciences (SPSS)
for statistical analysis, the results of which
are discussed. The following are the activi-
ties of statistical authorities that have been
used in the study and have made efforts in this
way [43 — 46]. In fifth part, according to the
issues and limitations of the study, the number
of accompanying people, apart from the gen-
eral interview, which was 384 samples and
based on the population of Sari, varies between
19 and 70 people. So we arrive at the statistical
ranking according to what the municipality has
considered to be considered by the people,
based on the Friedman test, the following re-
sults have been obtained. After the descriptions
and on the basis of the public question, it was
done according to the population of Sari and it
was shown in the following. In fact, since Mil-
ton Friedman examined it for the first time in
1937, the non-parametric statistical test is
known by his name. This test does not need to
know the distribution of variable values [46 —
50]. The calculation of Friedman's statistic,
which is represented by y "2, is possible us-
ing the following relations and can be done in

two ways:
. 55,

L= ke+y
Y (D)
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where SSy is the sum of the rank squares be-
tween the distributions and k is the number of
categories or distributions for which the rank-
ing is done

Y
X = e QL0 NG+ )
)

where N is the number of subjects, k is the
number of categories or distributions for which
ranking is done, and Tg is the sum of the ranks
of the g-th group. The value of SSy is also ob-
tained from the following relation:

2(T)" (Ta)
SSpr = Ng TN, 3)

This test was used to check whether the
criteria of satisfaction with time participation
are significantly different from each other or
not. The results of this test showed that the
proposed factors have a significant difference
at the 99% confidence level. The comparison
of the average ratings showed that the time
with an average of 5.97 is in the first place and
the activity on time is in the second place with
an average of 5.90 and the Along option,
which is the same as the mobile smartphone
and the result of the first and second options
with a score of 5.97, is in the third place and
Other factors were ranked next. Its diagram is
shown in fig. 12 and the software output can be
seen below it.
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Case studies with collaborative map
sharing system. This map, as a KML map, was
reviewed in terms of time and space before up-
loading it in the NPGIS environment and made
expert decisions so that the most optimal pro-

cesses can be carried out on the proposed loca-
tions. Local decisions and proposals of experts
as well as economic stakeholders were taken
into account so that the most convenient and
best operations in this environment are carried

@ Transportation (472
& Timely actvity 59
' . Citizenship 5.2
.Comphcabons 58
65 Residue 5.55
v the traffic 5
. participation | 555
‘g Along 5.86
= Time 579
m) Privacy 1 5.46

Fig. 12 — Graph of the average scores of the criteria based on the statistical test

out in every aspect and leave no room for any
doubt or object in it. And the next section this
process has gone through a long period of one
month to show the efficiency of this system
compared to other systems based on GIS soft-
ware. It is shown in figure 13 which will defi-
nitely include the best positions. This section
was selected as the urban planning section of
Sari regions, assuming that according to its re-
gional reform plans, there was a possible scope
for reforms in the municipality in each region.
Spatial data related to the corrections were pre-
pared using Google Earth software in the form
of GIS files, which are loaded into a computer

as a web- based map layer to be displayed as a
KML layer associated with map sharing and
This map can be seen in Figure 14 along with
83 locations. This shows that NPGIS is an in-
novative and creative topic that will be used
much more later, and it is not surprising if this
happens. The reason for this is important be-
cause due to the protection of privacy and some
special conditions, the application environment
as well as the subscription-oriented hardware
and software environments have not been re-
vealed so far. And of course, after going
through the routine and legal procedures, this
will happen soon.

Conclusion

This study starts with a short discussion
related to the formation of the software, the
formation of the environment and hardware
and all the existing criteria, and then the evalu-

ation process, proposed for the participation-
oriented information system, continues.

The methods are discussed and then the
discussion related to the case study and
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Fig. 14 — Innovative and creative process in NPGIS environment on the Google Earth map
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evaluation of the usability of the participatory
spatial information system and requirements
engineering as a support tool for participatory
planning in the city and related organizations
such as the municipality was discussed. In the
end, statistical analysis along with interpreta-
tions based on statistics, especially Spearman's
correlation, are discussed and demonstrated.
The reason for the topic of decision-making is
based on statistical analysis, not just compar-
ing decision-making with analysis, because
sudden decisions like early humans are usually
made in natural events and away from dangers
and the like.

This issue has not been seen in any dis-
pute so far. In the following, we realized that
the time factor and then being on time are the
most important factors along with the eco-
nomic criterion. Although planners were ex-
pected to be decisive, the results showed oth-
erwise. In practice, it was proved that the ba-
sis of software, mathematical and statistical
analysis decisions of the groups is the reason
for the rise of the economic standard, along
with the time factors, which are very neces-
sary in improving the participation with GIS.
The role of the power and wealth layer is still
colorful and unlike the priorities, the fastest
and most dominant decisions are made by
this. So, it should be said that the behavior
gap between urban science expert groups and
others is actually undesirable, which means
that there is no need for technological skills in
participation and it will be investigated in its
own time. Soon, much more details of the dis-
sertation from which this article was extracted
will be provided by the author of the disserta-
tion in subsequent studies, which will proba-
bly be surprising. Anyway, based on the re-

sults obtained and due to the misleading na-
ture of the time issue, it cannot be managed,
and people should not worry about time man-
agement, because they lose their focus. There-
fore, they should manage their concentration
and be focused in the moment. It is only in
this way that one can use the time effectively
and continue the desired activity. Finally, an
environment consisting of time, which is the
main focus of the study, computer hardware
and software, criteria and sub-criteria for ex-
perts and the general public, the presence of
stakeholders and decision-makers, urban, na-
tional and military stakeholders with a wide
presence of people of different ages It has
been done for the first time in the world. The
title, NPGIS, has been formed with a forward-
looking view that is unique in its kind and
which was introduced in this study, which is
in line with the high creativity and technology
of the present era. In the next researches of the
researcher, more topics and aspects of this
extremely broad and content-rich Doctoral
Dissertation will be narrated.

Due to the extensive nature and dimen-
sions of this doctoral thesis, this is one of the
five articles that have been published so far,
and we will see more articles published soon.

This article, taken from the Desserta-
tion of a specialized doctorate, that was deliv-
ered on August 23, 2022, to Dr. Tajaddin
Karami, assistant professor of the Department
of Geographical Science, Kharazmi Universi-
ty of Tehran, to that I thanks to him.

Dedicated to the pioneer of the world
of solitude and discoveries: ""Nikola Tesla"",
lovers of science, researchers of knowledge
and innovation in the world
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HAIIIOHAJIbHA TEOITPOCTOPOBA TH®OPMAIIMHA CUCTEMA
Y MICTOBY1YBAHHI

Meta. OOrpyHTYBaHHS TCOPETHYHMX I METOJMYHHX 3acaja (HOPMYBaHHs HAIiOHAIBHO\ TeOMmpOCTOPOBOL
iHpopMaiiHOT cUCTeMH y MicTOOY TyBaHHI.

Metomn. Kaprorpadiuauii aas mIpoCTOPOBOro aHamily, reoiH(pOpMaIiiHOrO aHai3y, a TaKOXK METOAH
CTaTUCTHYHOTO aHATi3y JaHUX, 30KpeMa Koperiiito CroipMeHa.

PesyabraTu. TeopernuHo oOrpyHTOBaHI NMUTaHHS 1040 (OPMYBaHHS NMPOTPAMHOTO 3a0e3nedeHHs, (o-
pmyBanHs ['IC-cepenoBuia Ta arapaTHOro 3a0e3MeueHHs; BCiX ICHYIOUHNX KpUTEPIiB; 3alpOIIOHOBAaHHI MpOIIeC
OLIIHIOBAaHHS MPOEKTOBaHOI iH(opMaiitHoi cucteMu. OOroBOpeHi METo/IH, 110 OB’ sI3aHi 3 MPAKTHYHUM JOCITi-
JOKEHHSIM Ta OLIHKOIO MOYJIMBOCTI BUKOPHCTAaHHS IPOCTOPOBOI iH(popManiitHOT cHCTEMH P y4acTi Ta po3poo-
i BUMOT SIK IHCTPYMEHTY MiJTPUMKH IIaHYBaHHS MicToOyayBaHHS B MyHinunaiireTi. IIpogeMoHcTpoBaHi pe-
3yJBTATH CTATUCTUYHOTO aHAJI3Yy Pa3oM i3 iIHTEPIPETAIisIMU HAa OCHOBI CTATHCTHKH, 0cO0IMBO Kopesmii Crrip-
MeHa. Ha mpakTuil JoBeieHo, 10 BUKOPUCTAHHS [IPOrPaMHOTO 3a0e3NeueHHs, MaTeMaTHYHOTO Ta CTaTUCTHY-
HOTO aHaNi3y € NMPUYMHOIO I/IBUIIEHHS €KOHOMIYHOTO CTaHAAPTY pa3oM i3 BpaxyBaHHIM (akTopy Hacy, SKi
Iye HeoOXxigHi s mokparmenHs ['IC.

BucHoBku. Uepe3 oMaHIMBY MPUPOAY MUTAHHS 4acy, 60 HUM HEMOXIIMBO KepYyBaTH, 1 JIIOJM HE MOBUHHI
TypOyBaTHCS MPO YNPaBIIHHSA 9acOM, OCKUIBKM BOHHM BTPavaroTh yBary. HeoOxigHO OyTH 30cepelKeHUMH Ha
KOHKPETHOMY MOMEHTI 1 TUIBKM TaK MOXKHa €()eKTUBHO BUKOPHCTOBYBATH 4Yac i IPOJOBKYBATH HEOOXIAHY Misi-
JbHICTh. Hapemri, IUIIXOM NporpamMyBaHHS Ta CTBOPEHHS! MEXaHi3My CITIJIBHOTO HPHUHHATTS pillleHb B ACHHX-
POHHHX 1 CHHXPOHHHX CEpEJOBHINAX, NMPEACTaBICHO B OpraHi3aliiiHid (OopMi HaliOHAJIBFHOI IreONpOCTOPOBOI
indopmariiinoi cucremi (NPGIS).

KJIIOYOBI CJIOBA: mictobynyBanns, HIII'IC, noBiTpsitHuii mpocTip, 4ac-Micle, iHHOBaril
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MATEMATHUYHI MOJAEJII AJIs1 OHIHKHU EKOJIOTTYHUX HACJIAKIB BIIVIMBY
INNPOT'EHHOTI'O ®AKTOPY HA JIICOBI EKOCUCTEMUA

AxTyajbHicTh. Po3po0Ka MpocTHX aHANITHYHUX MAaTEMaTHIHUX MOJEIEH TOPiHHS BEJIMKHUX JIICOBUX Ma-
CHUBIB Kpall HEOOXITHUX IJIs1 OLIHKU €KOJOTIYHIX HACIIIKIB BIUIMBY MiPOTEHHOTO (DaKTOPYy.

Merta. Po3poOuTn MateMaTH4Hi MOZAENI, 1[0 OMKCYIOTh MOUTUPEHHS BEIMKOMACIITAOHUX JIICOBUX TOXKEXK,
CIPSIMOBAHUX HA OI[IHKY SKOJIOTIYHUX HACIIIKIB BIUTUBY MTIPOT€HHOTO (hakTopy.

Metoau. MaTtemMaTUuHE MOJEIIOBAHHSL.

Pe3yabraTu. HasaHo pe3ynbTaT aHanizy OCHOBHHX MapaMeTpiB FOPiHHS JIICOBUX MacHBIB! IJIOILA, PO¥i-
JIeHa BOTHEM, TPUBAIIICTh MOXEXI, YaC BUTOPAHH:, TUTOMAa Maca FOpIOYMX MarepialliB, €HEeprisi Ta MOTYKHICTh
TOpiHHS, MMTOMa TEIUIOTBOPHA 3JIaTHICTh, IHTEHCHBHICTh TOPIHHS, MIBUIKICTh NepeMilieHHs (pPOHTY ropiHHS,
MPUTUTAB TOPIOYUX MaTepianiB Tomo. CTBOPEHO MPOCTI aHATITUYHI MaTEeMaTHUYHI MOJEIi MPOTiKaHHS MPOIeCy
TOPiHHS BEJIMKHX JIICOBHX MAacHBiB, a cCaMe: MOJIEJIb 3 TIOCTIHHOIO IIBUIKICTIO 3pOCTaHHSI ILJIOIII TTOXKEXI, JIBOBH-
MipHa MOJIeJb, MOJIETb 3 CEKTOPHAM PYXOM (PpOHTY TOpIHHS, MOAETH 3 JIHIHHAM 3POCTaHHSIM y Yaci TOBKUHH
(hpoHTY TOPiHHS, MOJETH 3 KBaIPATUIHAM 3POCTAHHSM Yy Yaci MIBHIKOCTI 3MiHM IDIOMII ITOXKEXi Ta y3arajabHeHa
MOJIeJTb. 3alpOIIOHOBaHa HOBA KiacH(iKallis iIHTEHCHBHOCTI MOXEXK, 0 MICTUTh 1—7 OaiiB BiJl HaJHHU3BKOI 10
eKCTpeMalbHOI iHTeHcHBHOCTI. OLiHEHO MaKCHMANBHY IUIOLLY, OXOILIeHy noxexkero, (10—100 Tuc. km?), eHepriio
ropinns (1-10 EJIx) Ta notyxHicts ropinns (0.1-1 I1BT).

BucnoBku. Po3po0iieHO pOCTi aHAIITHYHI MaTeMaTHYHI MOJIEJIl TIPOTIKAHHS NPOLIECY TOPIHHS BEINKUX
JIICOBHUX MAaCHUBIB, HEOOXiHI ISl KiTBLKICHOT OLIHKH €KOJOTIYHMUX HACHIAKIB IMOXKEX.

KJIFOUYOBI CJIOBA: matemaTiyHa MOJIeJib, TOPIHHS JIICOBOTO MacHBY, apaMeTpHu ropiHHs, Kiacudika-
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[lopiuyHO MOXEXKI YHUCENBHICTIO 10 7
MJTH. OXOILTIOIOTH 10 3% 3emHuoi cymii [1]. To-
PATH IEpEBaXKHO JIICOBI MAaCHBH. 3a PiK MOXKExKi
saumyrots 700 Tre. ra micy, 70 M M3 mepe-
BUHH. [700anpHE MOTEIUTIHHA HPHU3BOIUTHME
JI0 30UIBIICHHS WMOBIPHOCTI BUHUKHEHHS I10-
JKeX. Y CBOIO Uepry, moKexKi poOIIsITh CBiil BHe-
COK y TJ100aibHe TOTETUTIHHS, a TaKOX (hopMy-
I0Th CyXY Ta CIIEKOTHY noroay. Crpasa B TOMY,
IO MOXKEXkKi CTBOPIOIOTH JOCUTH CTIHKY 00J1acTh
BHCOKOTO THCKY, SIKY MOXKHA TIOPiBHSATH 3a Ma-
crrabamMu 3 THCKOM y TIPUPOJIHUX aTtMochep-
HUX YTBOpeHHsX. KpiM TOro, moexi mpu3Bo-
JISITh 1O BUKUJIIB 3HAYHUX MAC BYTJICKHCIOTH Ta
Caxi, IO MPUCKOPIOE TPOIIEC TII00ATHHOTO IT0-
TETUTIHHSIL.

ToMy akTyambHOI 3aqadel0 € JIOCIi-
JOKeHHS (DI3MYHUX MPOIECIB Ta €KOJIOTIIHUX
HACITI/IKIB BIUIMBY MIPOr€HHOTO (aKTOpy Ha Ji-
coBi ekocuctemu. [l boro moTpioHa po3po-
OKka aJlcKBaTHUX MATEMAaTUYHUX MOJeENei ro-
PIHHS BEJIMKUX JTICOBHX MACHUBIB.

["opiHHIO JTiCiB IPUCBSIYEHO BENUKY KiJlb-
KicTh po0it [2-18]). ¥ mux poborax meranbHO
OOrOBOPIOIOThCS TMPUYMHU BHHUKHEHHS I1O-
JKEXK, IXHIH PO3BUTOK, METOJIU JOCIIIKEHHS,
CIOCOOM TaciHHSA Ta eKOJIOTiYHI HACHTiJKH MO-
KEK. SHAYHE Miclle MPUILIIOCS IXHBOMY ITPO-
THO3YBaHHIO.

MareMaTHuHi MOJENI JICOBHX ITOXKEXK
po3pobIIsiics HU3KOK0 aBropis [5, 12, 17, 19,
20].

VYci Tunu Moiesiel YMOBHO MOXHA MO~
JIUTH HA TaKi FPyIu.

1. AHaniTH4HI Ta YUCENbHO-aHATI TUYHI.

2. ExcniepuMeHTalIbHO-CTaTUCTUYHI (JTi-
COMIPOJIOTIYHi).

Beryn

3. 3mimani (eKcIepuMeHTaIbHO-TE0pe-
THYHI).

B ocHOBI [BOX OCTaHHIX THIIB JEXaTh
CIIOCTEPEXEHHS Ta BUMIPIOBAaHHS mepediry ta
HACITIJIKIB TTOXEX.

B 0oCHOBI mepuioro TUMy JIEKUTh MaTe-
MaTH4YHE MOJEIIOBAaHHS. Y SKOCTI BHUXIIHUX
BHKOPHCTOBYETHCS TPOMI3JIKa CHCTEMa PiBHIHD
TEIUIO- 1 MacCOIMEPEHOCY I PEaryruux pedo-
BHH, a TAKOX PiBHSHHS NIEPCHECEHHS BUIIPOMi-
HIOBaHHA. Taki MOZENi MO3BOJSIOTH JETaTbHO
OTMCAaTH HU3KY (Pi3MYHMX MPOIIECiB, IO CYNpo-
BOJDKYIOTh BUHUKHEHHSI Ta PO3BUTOK JIICOBHX
nokex. Pa3oM 3 THM BOHUM MarOTh HACTYITHI He-
JTOMIKH.

1) Cknaanicts. B OCHOBI JieKaTh HEi-
HilHI JuQepeHIialbHi PIBHIHAS Y YaCTHHHUX
MOXIHUX. Y 3arajbHOMY BHUIAJKy MOJCIb €
TPUBUMIPHOIO.

2) Y Mozeni BXOAWTH BENTHKA KiIbKiCTh
mapameTpiB, O BAXKKO BU3HAYAIOTHCS.

3) Haifvacrimie BUXiHI piBHSIHHSI MOXKHA
PO3B’SI3aTH YUCIIOBUMHU METOIaMHU.

4) 3a3Buyaii MOJENi € JIOKAIbHHMHU 3a
MPOCTOPOM Ta YACOM.

TakuM YHMHOM, MOJEII BiIPiI3HAIOTHCS
CKJIQJIHICTIO, HaJIMIpPHOIO JeTaiisaiiero. B iH-
[IMX BUMAJIKaX BOHU € HE IITKOM aJIcKBATHUMHU.
Heo0xigHO po3po0UTH MPOCTI aHAIITUYHI MO-
Jelli mapaMeTpuyHoro THiry. Y il poboti B
SKOCTI TAaKOro Tmapamerpa pOo3MIAAaeThCs
IUTOIIA TTOXKEXKI.

Meta po60TH — po3p0o0Ka MaTeMaTHYHUX
MOJIEJICH, 110 OMHCYIOTh MOIIUPEHHS BEIUKO-
MacIITabHKX JTICOBUX MOXKENK, CIPIMOBAHUX HA
OIIHKY €KOJIOTIYHUX HACJIJKIB BILIMBY IipO-
FEHHOTO (haKTopy.

IMapameTpu JiicOBUX MacHBIB i moxkex

JlicoBi moskeski MarOTh HACTYITHI 0COOJIH-
BOCTI:

1) [oxexa — ckinagHUil Gararonapamer-
pUYHUH TpolLIeC.

2) Toxexi B 3arajJbHOMY BHITQJIKy MO-
HIMPIOIOTHCSL Y HEOJAHOPIHOMY Ta aHi30TpPOI-
HOMY CEepEIOBHIIII.

3) TommpeHHst MOXeXi y Yaci He € PiB-
HOMIpHHM.

4) IHTEHCUBHICTD IIOXKEKI 3aJCKHUTh B
ii mmomi, 00’ €My JIiICOBUX TOPIOYMX MaTepiaiis,
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TEeMIEepaTypH MOBITPS, BOJIOTOCTI TPYHTY Ta I10-
BITpsI, KITBKOCTI OTaJ(iB, TOYKH POCH Ta 1HIIUX
napameTpis.

Hani mepepaxyeMo OCHOBHI MapaMeTpH
TTOKEK.

OCHOBHMMH TapaMeTpaMHu TOXEKl €
foro mioma S i TpuBamicTs 1. Maca cnantoBa-
HOTO MaTepiaiy M 3aJIe)KUTh BiJ] MUTOMOI MacH
JIepEeBUHN

m

S

m=
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ITuromMa Maca JEpPEeBHHHU 3aJCKHUTH Bij
THUITY JIICY 1 3MIHIOETHCS Y IMUPOKHUX MEXax: B
10 1o 60 kr/m? (Tabm. 1). Leii mapameTp cTaHo-
BUTH s KymiB 1-3 kr/m?, nna tpasu — 0.1-
1 xr/m?, s nicocteny — 1-10 kr/m?, a o jticis
—10-60 kr/m?,

E=gm=qgmsS,
Ie ( — muToMa TeII0TBOpHA 3aTHICTh. s mi-
COBOTO MacHBy B cepenHbomy @ ~ 107 JIxk/Kr.
[IBuaKicTs BUTOpPSHHS JiCy BH3Haya-
€THCS TTapaMeTPOM

TemoBa eHepris, MO BHIIIAETLCS MPH n= d_m .
3rOpsIHHI Macu M MaTepiainiB dt
Taoauns 1
3ajie:KHiCTh MUTOMOI MacH JepeBUHU Bil BUY €KOIe0CHCTEMH
Table 1
Dependence of wood specific mass on the ecogeosystem type
. CepeIHbOIINPOTHUI CyOTponiunnii Tponmiynuii
Exoreocucrema Cren JlicocTen . . .
JIC JIC JI1C
m, kr/m® 0.1-1 1-10 10-20 20-30 30-60
Bigomo, mo p = (4+1)-107 kr/(m*c) KPOHHM JIEPEB, IO 3MHKaOThC) W ~ 0.1-1 m/c.

[21]. B cepemnbomy, p =~ 4.0-107 kr/(m2-c).
3raroun M 1 Y, MOKHA OOYHCIHUTH XapaKTep-
HUI Yac BUTOPSHHS JIICY:

T=

'C|31

3a Mm=10—-60 kr/mM®* maemo T~ 0.7-4.2 ro-
nuHU. [ToBHMI yac BUTOpSIHHA IIOHAMMEHIIE
21, T00TO moHaiiMenie 1.4-8.4 roguuu.

[HoTyXHicTb, [0 BUAUTSIETHCS TTiJ] 9ac To-
piHHS

dE
P=——=quS.
s

I'ycTrHa MOTOKY TerJia Ta MOTY>KHOCTI

E
H:—: m,
S q

3a =107 Ix/xkr, M=20 kr/m? Ta pu=410"
Skr/(mM?c)  maemo  I1=2.10% x/m®> i
ITp = 4-10* Br/m?. 3a Ilp > 10* Br/mM? BHHMKa-
I0Th BOTHSHI cMmepui [21,22].

BaxiuBuM TlapamMeTpoM TIOKEXi € IIBHU-
JIKICTh TIepeMillleHHs (POHTY TOpiHHS W. 3
LI€0 MIBUAKICTIO OB’ s13aHa 1HTEHCUBHICTH I'O-
PiHHS

I =TIw=qgfiw=qi,

Je i =MW — NPHUIUIMB TOPIOYNX MaTepialiB.
IIBuaKiCTE W Ta IHTEHCUBHICTH | 3MiHIO-
IOTHCSI B IIUPOKUX MeXax. 3a BiJICYTHOCTI BITPY
JUIS HU30BHX TOXEX (TOPUTH TpaBa Ta darap-
HuK) W = 0.02-0.10 m/c, anst BepXxoBHX (TOPSITh
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3a HasBHOCTI CHMJIBHOTO BITPY Ili 3HaYeHHS 30i-
JIBIIYIOTHCS Ha MOPSIOK.

3a =107 lx/kr, Mm~20 kr/M’> Ta
w=1-10 v/c maemo | =0.2-2TBt/™m. ¥V Toit
caMHii 4Yac s HU30BOi TIOXKEXi 3a
q~ 5-10° Jixx/kr, M~ 0.1 kr/mM? Ta W = 0.02 m/c
maemo | = 10 kBt/m. 3ayBaxkumo, 110 BepxoBa
nokexka BUHUKAE 32 | > lnin =4 MBt/Mm. Jlns
BUHUKHEHHSI Takoi TOXEXi JOCTaTHBO, II00
mBuakicts W > 0.1 M/c, a M >4 xr/M>.

CemubainbHa xinacudikaiisi iHTEHCUBHO-
CT1 TOpIHHS, 3aMpPONOHOBaHA ABTOPAMH, HaBe-
JieHa y Ta0. 2.

TemmepaTypa ropiHHS JIEPEBUHH 3MiHIO-
eTbcs B mupokux Mmexax: Bim 700-900°C no
1200°C. Hax nanarouuM JicOM BUHHUKA€E CTPY-
MiHb Taps4oro TOBITPS, IO MiHIMAEThCS
Bropy 3 HaJUTMIIKOM TemiepaTypu AT O1u3bKko
20 K. HIBuakicTh miaoMy CTpyMeHs U 1ocsrae
75 m/c [21]. TToTyXHICTb CTpyMEHSI

Pj = CppSJUAT ,
Jie p — TYCTHHA Harpitoro mopitpsi, Sj — momnepe-

yHa TuToma ctpymens, Cp — muToMa TEeroeM-
HICTH TMOBITPS 3a TMOCTIHHOTO THCKY. 3a

p~1kr/md, v=T75wm/, Sj =1 xm?,
Cp = 10® x/(xr-K), AT=20K MaeMo
Pj~1.5-10 Br. TloryxnicTs TOpiHHA 3a
u=410°kr/m> i S=100«km? CcTaHOBHTH

4-10* Br.

Harpituii cTpymiHb 31aTHUH TiAHATUCS
Ha BEJIMKY BHCOTY, 3aKHIAlOYH MPOAYKTH TO-
piHHS HaBiTH y cTpaTocdepy. MakcumansHa
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Tabnuus 2
Kaacudikauis iHTeHCHBHOCTI MoKeskKi
Table 2
Fire intensity classification
punius .
SAxicHa xapakre-| InTeHcHB- . -
TOPIOYNX . . PiBeHb HeOe3meKH 1010 HACTIAKIB BILIUBY
Bax MaTepiamisB PHCTHKA IHTEH- HICTD, MiporeHHOro (paxkTo
’ CHBHOCTI MBT1/™M P Py
Kr/(M-c)
1 <10 Hagnusbka <102 Huzosa moxkexa. ['opiHHS qy»e MOBUTbHE
2 103102 nyxe muzbka | 102-10"7 | Huszosa noxexa. [opiHHS NIOBiIbHE
Huzora mosxxexa. [opinust momipHe. MoxuBa BepxoBa
3 102-0.1 Huspka 1011 P P P
MOXKEeKA
BuHHKal0TH BepX0Bi MOXKeXki. MOXKIUBUN BOTHSIHUN
4 0.1-1 [MTomipHa 1-10 cMmepu. 3HauHa 3auMIeHicTs. HeOe3neka asist HaBKou-
ITHIX HACEJICHUX IMYHKTIB
CrpiMKHii pO3BUTOK MOXKEK. Borasanii cmepd. Mox-
5 1-10 Bucoka 10-102 P P : P
JIFBE 3HUIICHHS HABKOJMITHIX HACEICHUX ITyHKTIB
Borusauit cMmepy. MosiiBe BUPHBaHHS JCPEB 13 KOPIiH-
6 10-102 ITy’Ke BHCOKA 102-103 HsM. 3HHUIICHHS HABKOJMIMHIX HACEJICHHUX IMyHKTiB. Jlo-
KaJIbHA €KOJIOTiYHA KaTacTpoda
Borusauit cmepu. BupuBanHas nepes i3 kopiaHsaM. Exo-
JorivyHa KatacTpoda y perioHi. MOKyTh MOCTPaXKAaTH
7 >102 eKCcTpeMalbHa >108 poda y peri yT P
JIECATKH HACEJICHUX MyHKTiB. MOKIIUBI )KEPTBU Cepest
HACEJICHHS

BHCOTA MiIHOMYy MOXXe OyTH OIliHEHa 3a eMITi-
pu4HOO (hopmyiioro [22]:

2, [KM] = % PY4[MBT].

3a P = 4.10° MBT MaeMO Zmax = 11 kM. Y
TOW K€ Yac BUCOTA MOJYM s TIPU BEIUKHX J1iCO-
BUX nokexkax He nepesuiinye 30-50 m.

J10 po3BUTKY CTpyMEHS rapside moBiTpsI Ii-
JIHIMA€ETHCSI BrOPY 31 MIBUJIKICTIO KOHBEKIIiT [22]

1/3 12 1/3
2ugds | [ 2ugS
p p
ne g~ 9.8 M/c?— NpUCKOPEHHs BUILHOIO TaIiHHS,
ds = S¥2 — po3mip mkepena HarpiBy (HOMKEXKI).
Pe3ynbraT po3paxyHKy MIBUAKOCTI Uc
HaBegeHo B Tabm. 3. 3 Tabm. 3 BHOHO, IO 3a
S > 1 km? vc > 5 M/c, TOOTO PO3BHBAETBLCS OIU-

CaHMH BHIIE CTPYMiHb.

Tao6aunsa 3
3aJIesKHICTh IIBHAKOCTI KOHBEKIIT BiJ MJI0IIi MOMKexKi
Table 3
Dependence of convection rate on a fire area
ITnomma noxexi, M2 102 104 106 108 1010
IIBuAKICTE KOHBEKILIT, M/C 1 2 4.6 10 20

AHaJiTHYHI MoaeJTi

PosrnsiHeMo KijibKa MPOCTHX MOJEINEH,
AK1 J03BOJISIIOTH ONUCATU MPOLEC MOLIUPEHHS
JCOBOT MOMKEXKI.

CepenoBuiiie BBAXKaTUMEMO OHOPITHUM
Ta i30TponHuM. [lorogHi yMOBH BpaxoBYIOThCS
OTIOCEPEIKOBAHO 3a JOMOMOTOI MapameTpiB,
10 BXOJIATH Y MOJAEIH (ITUTOMOT MacH TOPIOYNX

MaTepiasiB, XapakTepHOTO 4Yacy BHUTOPSHHS,
MIBUAKOCTI TIOIIUPEHHS GPOHTY TOPIHHSA).

Ciizt po3pi3HATH MOBHY IUIOMLY St, MPO¥i-
JIeHy BOTHEM, Ta TUIONLy S, OJHOYACHO OXOII-
JICHY BOTHEM.

301IbIIICHHS IO MOXKEXI B Yaci y 3a-
TalbHOMY BHIJISII  OMHMCYETHCS HACTYITHHM
CITIBBIIHOIIECHHSM.
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ds %, (6S) =3, (t,S). S0 = So. Horo po3B’si30k 3a %y # X, (S) Mae BUrIIs:

dt T
nie X1 — MIBUIKICTD 30UTHIICHHS IO TIOMXKEXK] S (t) = J.Zldt .
3a paxXyHOK pyXy (ppoHTY ropinss, X — IIBUA- 0
KICTb 3MEHIIIEHHS 11i€1 IJIOMII 32 PaXyHOK BUTO- HIBuakicTs X2 NPENCTABISEMO Y BUTTISALI
PSTHHS TOPIOYNX MatepiaiiB. [ 3HaX0KeHHS S
MTOBHOT TUTOIIII TOCUTH PO3B’s3aTH PIBHIHHS 2= T

ﬁ _ 3ayBakuMo, IO KO Y TOYaTKOBUI MO-

=2, Syt—0 = S1o-
dt MEHT 4acy 210 < 220, TO MOXKEKA MPUITHHAETHCSL.

IocTilina MBUAKICTH 3pOCTAHHSA IUIOLI TOKEXKi

o 3at/T > 1 maemo S = S...
[MpunycTrMo, 110 TIONIA TMOXKEXi 301b- 3a noBkuENM GPOHTY TopiHHA lf Maemo
UIyeThCs y 4aci t i3 mocTiiHOK MBUAKICTIO G. o = lw. Toxi
OJHOYACHO 3 UM BOHA 3MEHIIYETHCS 32 paxy- S, =l we. (5)
HOK TIOBHOT'O BUTOPSIHHS 3 XapaKTEePHUM 4acoM

7. Taka MOJIENIb PEaIi3y€eThCs 3 YMOBH OTHOMi- Y niit Mozeni 1oBxuHa lf 3aMMIIAETHCS HE3MIH-

PHOTO TMOLIMPEHHS MOXexi. Mojens omucy- Horo. Hampukian, 3a l=100m, w=0.1wm/c i
€TBCS PIBHSHHSM: 7= 4-10% c Maemo S.. = 4 ra. ko x If = 10 km,
ds S w =10 m/c i t=10%c, 10 3 (5) OTpUMaEMO, 1O
- -0~ Si=0 = So, 1) S, = 10° M? = 1000 xM%. 3 IUX OLHHOK BHUJIHO,

dt T
e So — IMoYaTKoBa IUIOIA IOXKeEX, o > S/T.
3a MOCTIMHOTO G, a 3HAYUTH 1 X1, OTPH-

110 3HAYEHHS S, 3MIHIOETHCS Y LIMPOKHX Me-
Kax, sIKi 3aJIeKaTh NMEPEBAKHO Bij 3HA4YCHB |f i

W, TO0OTO G.
MaeMo, 110 . .
S, =oT. Enepris ropinnsaza t /T >> 1
Jauti otpumaemo po3s’s30k pisHsaHs (1). . E, = qu.OO - qmc_“ : 6)
3a MeBHKX 3HAYCHb G 1 T HACTAE CTaIlio- Toni cepenHs MOTYKHICTb TOPIHHA 32 Hac T
. E 5
HapHe 3HAYESHHS TUTOII P, = =% —qnfic . @)
S, =ort. 2 T
Tomi 3 (1) i (2) BuruInBae, 1m0 Hanpuxnan, 3a (=107 Jlx/kr, m=20 kr/m?
ds_ s-S, s s 3) o = 10° m%c ta 1 = 10* ¢ maemo E., = 200 I1/T,
dt t t=0—=0" a P, =20 TBr. Taka moTyXHIiCTh IO Tepe-
Po3B’s30k (3) Mae BUTIIS: BHIIY€ MTOTYKHICTD, I1I0 CITOKUBAE BCE JIFOICTBO
S (t) =S, + (So -s, ) et/ 4) (6mm3bKO0 15 TBT). EHeprm.Ew y 4OOQ pasis me-
PEBHIILY€E €HEPTIfO, 110 BUAIIMIACS ITi]] 4ac BH-
Ockinbku 3a3euyait Sg <K S, 3i cniBsigHo- Oyxy 6Goenpumnacy Hax M. Xipocima y 1945 p.
meHHs (4) oTpuMyeMo (omHa «xipociMay JOPIBHIOE
S(t)=S, (1_e—t/T). 5.10" Ix ~ 12 xt THT [21]).
JBoBuMipHa Moaenb
IpunycTuMo, MO MOXKeKa MOUITHPIO- PiBHSHHS JUIS TUTOIII TOPIHHA 3 Ypaxy-
€TbCS Y BCi CTOPOHH, a JIOBXHMHA (PPOHTY TO- BaHHSM (8) Ma€e BUTIIAA!
piHHS |t 3a7I€KUTH TITBKK BiJ TUTOIII 3TiAHO 32 ds S
3aKOHOM dat ky/Sw— T’ St=0 = So- ©)
ls = k\/g . (8) BpaxoBaHo Takox, o, K i pamimre, ¢ = lw.
3navenns koedirienTa K 3amexuTh Big KoHDI- Kpim Toro, BBaxkaeThbes, mo Kw > JS /.
ryparmii HHOH.Ii TOPIiHHSL. M_0>KHa M0Ka3aru, 110 CroyaTKy HaBEIEMO CIIBBiJHOLICHHS
B 3aJICKHOCTI B1JI TCOMETPIL JIICY K 3MiHIO€TECA U1 St, TOOTO KOJIA B (9) HE BPaxOBYETHCS WIEH
npubau3Ho Bix 3.5 10 4.5. Y cepennbomy K = 4. S/1. BOHO Ma€ BUIJISL
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S, (t):(\/§+gwtjz.

3at=T y mpoMy piBHSHHI NEPIINil YieH Haba-
raTo MCHIIUH 3a IPYTHid, TOOTO

5, (T):(gmf.

Baxmuso, mo Sy(T) ~ w?, T2,
Po3B’s130k piBHAHHS (9) Ma€ BUTIISI.

S(t)=S, [1_(1_\/%,7&0)64/21—]2. (10)
Tyt
S, = (kwr)’, (11)
3Hauenns S, — po3s’ssok (9) 3a t /27 > 1.

Ockimpku wacto Sy/S,, <K 1, 3 (10)
BHILIMBAE, 110

S(t)~S, (1—e—“2T)2.
t/2t K 1, Ma€eMO

3Bigcu 3a
S(t)~S, (t/21)

BpaxoBytoun cmiBBigHomeHas  (11),
OTPUMAEMO, 110

ari (kwr)?,

E.
P, =g (kw)’ <.

O1iHKH 3a AMA dhopmynamu JUTA
q =107 x/kr, m =20 kr/m? k~4,w =10 m/c,
1=10%c matote E. = 32 EJlx = 3.2-10%° [Tk, a
P, = 3.2 1Bt = 3.2-10® Br.

CekTopHMii pyX (ppOHTY ropiHHS

Hexaii iz niero BiTpy Mae Miciie TOpiHHS
Yy CEKTOpi 3 MOCTIHUM PO3KPUBOM OL. 3a pai-

yCy CeKTopa I' ioro mioua:

|2
Y P o (12)
2" 2 200

ne li= ra.

[TpumycTrmo, 110 3 4acOM pajiyc 3pocTae 3a Ji-
HIHHUM 3aK0HOM, TOOTO I' = Wt. Toxi 3 ypaxy-
BaHHsM (12) Tutomma, nmpoiiieHa BOTHEM,

o
S, =Sy +—Wit2,
2
Buropina momia 1a€Tbcs aHAIOTIYHUM CITiB-
BITHOILLICHHSM
o 2
82 :SO +—W2(t_T) y
2

ne T—dac BuropsHHA. Tozi 1uiomia, 3aifHsATa
BOTHEM,

S¢(t)=5,-5, :ocwzr(t—%j. 13)

3at > T/2 maemo
St (t)~aw’tt . (14)

3 (13) i (14) BummBae, 110 110 30UTBITYETh-

csg 3 4acoM 3a JINHIAHUM 3aKOHOM JIOTH, JTOKH
BECh Jiic He BUroputh. Hexail 1e BinOyBa€eThcs
3at=T, e T = L/w, L — po3mip Jticy y Hanpsimi
ropiuHas. Tomi

St max =awrL. (15)
OCKUJIBKYU
2
L=l = Smax :
o

3 (15) BumIuBae, 110
St max = 2a(we )’ (16)

Hanpuknan, 3a o =1, w=10wm/c, 1=10%c Ta
L =100 kM MaeMo Smax = 10 M? = 10000 km?.
3 ypaxyBanHsaM (15) orpumaemo, 1o
Emax = qmawrL, @an
Py = qMowl . 18)
Buxkopucrtosytouu (16), 3 (17) ta (18)
MaeMo

Erax = 2aqm(WT)2 :

Prax = 20.0Mw?t .
3a THX Ke HapaMeTpiB OTpUMAEMO, 10
Emax =2 EI[)K, Pmax = 0.2 IIBr.

JoB:xuHa GpoHTY ropinHs JdiHiiiHO 3pocTae y yaci

[pumnyctumo, 1o xapakTepHUNA PO3MIp
MOXKeEXKi, a pasoMm i3 HuM |t ~ t. Toxi o = kw = Bt,
ne = const. Toxi BuxinHe pPiBHSHHS Ma€ BH-
T

ds S
EZB“;: Si=0 = So- (19)
Jliis St cripaBejIMBI CITiBBIIHOIICHHS:

S, (t)z80+%t2,
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St(T)zSO+%T2.
OueBuzHO, 110 3a SO K ﬁ T? / 2 mioma
S, (T)z%TZ.

Po3s’s30k (19) maeThes TakMM CITiBBiI-
HOIIECHHSIM:

S(t)=Pr(t-1)+(So + B’ )e ",

Sxmo x t0 T, 10 3 (20) oTpUMaEmMoO, 110

) 1., 1.,
S(t)=Sy|1-— [+=Pt° =Sy +=Ppt°.
(1) ~5o[1-4J+ 2pe =55+ 2p

(20)

3at >> T cnisigHomenHs (20) CpoOILy€THCS:
S(t)~prt. (21)
3navyeHHs tmax = L/W. Tomi 3 (21) Bumusae,
110
_BrL
o
Oruinumo aaii . Ockiibku
I =kwt,

S

max

ne K1 — koedilieHT mopsaKy OAMHUII, TO

o=l;w=kwt=pt. (22)
3 (22) BumuBae, 1o
B=kw.
Toni
Simax = Kywrl . (23)
ITpu npomy
Emax = AMSmax = amkwil ,  (24)
Prnax = amkwL . (25)

SIkmo BpaxyBath, O L =Ky4/Spax » A€ K2 ~ 1,
TO

Stax = (k1k2WT)2 ; (26)
Enmax = A (kikowr)’, 7)
Prax = 4 (kkow)’ 7. (28)
3a kikox1, wx10wm/c, t=10c m™Maemo

Smax = 10%° M2, Emax = 2 EJIK, Pmax = 0.2 TIBT.

3ayBakuMo, 1110 criBBifgHOmeHH (15), (17)
i (18) Grm3BKi BIAMOBIHO 70 CITIBBIIHOIIECHD (23)—
(25), a Takox criBBigHOIICHD (26)—(28).

HIBuaKicTh 3MiHU IUTOIII NMOKeKI KBAAPATHYHO 3POCTAE Y Yaci

[lpumycTrMo, 110 MBUAKICTE 3MiHU
TUTOMII TTOXKEXi 3 SKUXOCh TMPUYHH 301TbIIY-
€TBbCS TPOIOPIIHO A0 KBajpaTy 4acy. Taki
MPOLIECH, IO CAMOIPUCKOPIOIOTHCS, CIIOCTEPI-
raloThCS Ha MpakTUIli. BuxinHe piBHSIHHS Mae
BUTJISA:

S

ds
_z’ytz—?, S|t=0:SO’

dt
Je y — po3mipHuid cranmii koedimient. Qs S
MaeMo

(29)

St(T)=SO+%T3.
325, K ]/T3/3 OTPHMAEMO, III0:
S, (T):%T?

Po3B’s130k (29) naeTbcst HACTYITHHUM CITiB-

BITHOIIIEHHSM.
Je—t/‘r jl

(L) ot i) a1 S
S(t)=yr HT) 2(1 1) 2(1 P
(30)

3a t >> T pisusiaas (30) cyTTeBO cmpoiiy-
€ThCA:

S(t)~yt®. (31)

57

I3 (31) BummBae, 1m0 3a t = {nax TUTOIIA MOXKEXKI
2

L
Stax * yﬂr?ﬁax RYT— . (32)
W
Ockinbku k3L2 =S ax s Ae ks~ 1,
kw2
N (33)

Hanpuknan, 3aks =1, w =10 m/c it = 10* ¢ Ma-
emo v~ 102 m?/c®. 3 ypaxysanusam (33) cris-
BinHOomeHHs (31) HaOy e HACTYITHOTO BUTIISTY:

S(t)=kaw?t®. (34)
3assuuait Sy K 2YT 3. Toni 3 (30) orpuma-

- S(t) =~y {GJZ —2£+ 2(1—e‘”‘)}.

(35)
3at/T K 13(35) maemo
s(t)~ L2
0=
TOOTO Ha moYaTKy (ane 3a )/tz >» S(1))
nnoma S(t) ~t3,a3at /T > 1, ax Bummo 3 (31)
i (34), muoma S(t) ~ t2. Ile o3Ha4ae, 0 3 YacoM
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HIBUJIKICTh 3POCTAHHS ILIONI TTOXKEXKI CIIOBIIb- 10610 S(t) <Sp. Ile o3Hawae, IO MIBHAKICTH
roeThest. SIKIIO K )/tz K So/T, 103 (29) BE- 3MiHH nn.omi BUTOPSHHS NIEPEBAKAEC HATL IIBHI-
TUTUBAE, 1O KiCTIO 301TBbIIIEHHS TUTOII TopiHHs. Le# mporec
t 3aKiH4yeThCA B MOMEHT 4acy to ~ (So/yt)Y2.
S(t) =~ SO (1—;),

Y3arajibHeHa MoJae/b

V 3araqbHOMY BHUIIAAKY PIBHSHHS, IO Skmo x t/T > 1,10
onucye 30UIBINEHHS IUIOIII IOXKEXKI, Ma€ BH- t
L S (1)~ [o(t)e ™ dr. (38)
S S
—=0(t)-=, Sit=0 = So- (36) o , .
dt T IMoxnagemo, 1o ¢hyukmis @(t ) caabko 3MiHIO-
Bupas miist Si(T) mae Burysia: €ThCs Ha iHTepBai vacy Bix 0 10 tm. Toxmi 3
( ) } ( ) (38) BurMBac, o
Si(T)=Sy+ |o(t)dt. - ot
) S(t)~(p(t)(1 e )r.
3a JOCHTh BENUKUX 3HAYCHb | CIpaBeIiBe 3a tm / T > 1 maemo
TaKe CIIIBB1AHOIICHHS. . S (t) ~ Sm ~ (P(tm )'C .
S, (T) ~ J‘ (p(t)dt _ ﬂKHIIO XK xaPaKTepHHM vac 3MiHu QyHKIT ¢(t)
0 JIOPIBHIOE To1 Ty <K T, 10 3 (38) oTprMaemo, 1o
Po3B’s130k (36) ma€ThCst HACTYITHUM CITiBBIHO- o
ILIEHHAM: S(t)=~ J.(p(t’)dt'z(p(t(p)%.
S(t)=(Sy +Sy(t))e™", (37) 0
. HaBememo mie JBa  aHANITHYHHX
S (t)= J‘(p(t’)et'/rdt’ _ pose’sizkn (36). 3a @ (t) K Sy /T maemo
0 t
Bupa3s (37) 3pyuHo nepemnucaru Tax: S (t) ~So {1_ ;j '
t
S(t)= Soe—t/r + J'(p(t,)e(t’—t)/rdt, . 10670 S(t) < So. Sxcrmo x @ (t) > Sy /T, 10
0

S(t)~S, +j@(t)dt.

3at/T K 1,(t' —t)/T < 1 maemo
t VY upomy Bunaaky S(t) > So.

S(t)~So+ [o(t)dt’.

OoroBopennst

Y OAHOBUMIpHIH MOJENi TOPIHHS JICY MakcuManbHUN Yac TOpiHHA tn 3aJEKUTH Bij
MaKCUMaJIbHA IUIOIIA, OXOIUIEHAa BOTHEM, IPO- po3Mipy Jicy L Ta miBHIKOCTI W.
NOpLiiiHa TOBXUHI (PPOHTY TOPiHHS, MIBUIKO- VY3arajgbHeHa MOJETb, sIKa TA€ThCS CITiB-
cTi HOro pyxy Ta XapakTepHOMY 4acy BHUIO- BiHOLIEHHAM (36), mpupatHa Juist Oyab-sKOi
psinHs. UM e BeJMYUHAM TPONIOPIiHA eHe- 3a5eXHOCTI (1), 10 BU3HAYAE MBHKICTH 30i-
prist Emax. IToTy&HiCTb Pmax Iponopmiitaa It i w. JBIIEHHS IO, OXOIUIEHOT BorHeM. He KOHK-

Juist iHmmx Monenel (AMB. CHIiBBiTHO- petnsyioun Buy Gynxkuii (t), orpumano Hu-

3Ky aCHMOTOTHYHUX PO3B’S3KiB.

OtpuMaHi CHIBBIIHOMICHHS I Smax,
Emax Ta Pmax 1O03BOMMIA OLIHUTH 11i BEJIUUYUHHA.
Jiisi BeJMKOMACIITA0OHUX TIOXKEXK TUIOMA Smax
moxe jocsiratn  ~10-100 Tuc. kM?,  eHepris
Emax ~ 1-10 E/)x, mnoTykHicTh Pmax ~ 0.1—
1 IIBrT.

mrerss (8), (12) i (19)) makcuManpHa IUIONIA,
OXOIUICHa BOTHEM, TPOMOpIliiiHA KBaapaTy
HIBUIKOCTI W Ta "acy t. Lle 5 cTocyeTbes i eHe-
prii Emax. ¥ ToH e yac Pmax ponopuiiina Wt.

V mepenocranniit momeni (29) mioma,
OXOIJIEHa  BOTHEM, mpomopiiina  (Wt)2
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BucHoBku

BusHaueHo i OIiIHEHO OCHOBHI ITapame-
TpH (TUIOLIA Ta TPUBAJIICTD MOKEXK], Maca Ta M-
TOMa Maca FOpIOYUX MarepiajiB, IIBUIKICTh Ta
4yac BWUTOPSHHS, €Hepris Ta IMOTYXHICTb TO-
piHHS, TYCTHHH ITOTOKIB TEIJIa Ta MOTYKHOCTI,
TOII0), 1110 OMUCYIOThH BETMKOMACIITA0HI JTiCOBI

Ilokazano, 1m0 MaKcHMMaJlbHA IIIOIIA,
OXOIUIEHA BOTHEM, Haigacrimre (KpiM Momeni 3
migpo3aiay 3.1) nmpornopiiiiiHa KBaapary MBHI-
KOCTI pyxy (pOHTY TOpiHHS, KBaIpaTy 4acy ro-
piHHS (XapaKTepHOMY Yacy BUTOPSHHSA T). Llum
JKE€ BEJTMUMHAM MPOTOPITiiiHA I eHepris, sKa BU-

JUISETHCS TPU TOPiHHI.

[lokazano, 1m0 MakcHMalbHa IUIOIIA,
OXOIIEHA IIOKEXKE, Moke mpocsratn 10—
100 Tuc. km?, enepris ropinus — 1-10 EJlxk, a
notyxHicts — 0.1-1 [1BT.

3anponoHoBaHO ceMUOaNbHY (Bia Haj-
HU3BKOI IO eKCTpeMalbHOi) Kiacupikariiro iH-
TEHCUBHOCTI TIOXKEXI.

CTBOpeHO MaTeMaTHU4HI MO IS Olli-
HKU €KOJIOT1YHUX HACIIAKIB 00 BIUIUBY ITi-
poreHHoro (hakTopy Ha JiCOBI EKOCHCTEMHU.

MO’KEXI1 Ta eKOJIOTIYHI HACIIi KU Bi/I BIUTMBY Ti-
poreHHOTO (haKTOPy Ha JIICOBI €KOCHCTEMH.
3anmpornoHoBaHO ceMUOaIBHY KAy, 1110

XapaKTepPU3y€ IHTCHCUBHICTh JIICOBUX TOMXKEK
Ta piBeHb HEOE3MEKH 100 HACTIIKIB BILUTUBY
MiPOTeHHOTO (PaKTOPY Ha JIICOBI €EKOCUCTEMH.

Po3pobieno mpocTi aHANMITHYHI MOJIENI,
SIKi JIO3BOJISIFOTH OI[IHUTH TUIOINII, MPOWUICHI U
OXOIUICHI BOTHEM, a TAKOK EHEPreTUKY TOPIHHS
JCOBUX MacuBiB.
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MATHEMATICAL MODELS FOR ESTIMATE OF THE ECOLOGICAL CONSEQUENCES
OF THE IMPACT OF THE PYROGENIC FACTOR ON FOREST ECOSYSTEMS

There is a need for the development of simple analytical mathematical models of the burning of large forest
areas, necessary for the assessment of the ecological consequences of the impact of the pyrogenic factor.

Purpose. Develop mathematical models describing the spread of large-scale forest fires aimed at estimate
the ecological consequences of the impact of the pyrogenic factor.

Methods. Analytical review of research on the problem, theoretical and computational, mathematical mod-
eling.

Results. The results of the main parameters analysis of large forest areas combustion are presented. These
include the area covered by the fire, the duration of the fire, the burnout time, the specific mass of combustible
materials, the energy and power of combustion, the specific calorific value, the intensity of combustion, the move-
ment speed of the combustion front, the influx of combustible materials, etc. Simple analytical mathematical mod-
els of large forest areas combustion have been established. These include the following models: a model with a
constant growth rate of the fire area, a two-dimensional model, a model with sectorial movement of the combustion
front, a model with a linear growth of the length of the combustion front, a model with a quadratic growth of the
change rate of the fire area, and a generalized model. A new fire intensity classification has been proposed, con-
taining 1-7 points from extremely low to extreme intensity. The maximum area covered by the fire (10-100 thou-
sand km?), combustion energy (1-10 EJ) and combustion power (0.1-1 PW) have been estimated.

Conclusions. Simple analytical mathematical models of the combustion process of large forest surface
areas, which are necessary for quantitative assessment of the ecological consequences of fires, have been devel-
oped.

KEYWORDS: mathematical model, forest fire, combustion parameters, fire intensity classification
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HOCTIIPOTEHHA TPAHC®OPMAIIIA BIOTEOXIMIYHUX BJIACTUBOCTEM
CIPUX JIICOBUX IPYHTIB NP TEXHOT'EHHOMY HABAHTAKEHHI

Meta. BusiBieHHsT mocTHiporeHHOI TpaHchopMarlii 0i0reoXiMIYHUX BIACTUBOCTEH IPYHTIB Y COCHOBHX
Jicax XapKiBCbKOT 00JIaCT] TPH TEXHOTEHHOMY HaBaHTaXKEHHI.

Metoan. BuzHauennss pH BOIHOI BUTSIKKM MOTEHLIIOMETPUYHUM METOJIOM, BMICT I'YMYCY 1 BaJOBOTO
a3oty 3a metozioM TiopiHa, rpaHyIOMeTpUYHOro ckiaay 3a KaunHcbkomy, pyxomi ¢opmu docdopy 1 Kauiro mno
Maunriny. Bmict pyxomux ¢opM BaXKHX MeTalliB BU3HAYEHO aTOMHO-a0COPOIiHHUM METOIOM.

PesyasTaT. CrioctepiraeThcs eBHA 3aJICKHICTh TMOCTIIPOTEHHOT TpaHC(OpMaIii Bil TaBHOCTI BILIHBY
MOXKEeX1 Ha IPyHT. BiTHOCHO HeJaBHI HACIIIKK MOXEXI cepeHbOT IHTEHCHBHOCTI Ha IPYHT Bi/I3HAUEHO YiTKOO
PEaKIIi€ro KOMIDIEKCY iX BiracTHBOCTEeH. Di3MKO-XiMiUHI BIACTHBOCTI IPYHTIB Y MICI MOXKESKHUH TEepioJT moTip-
HIYIOTHCSI, Yepe3 CYTTEBE 3HIDKCHHS KUIBKOCTI TMOXXKUBHHX EJIEMEHTIB Yy IPYHTI: 3ropae TyMyC, 3MEHLIYEThCS
BMICT HITpaTHOTO a30Ty. KnucnorHo-nmy»Ha peakiis 3a mokasHuKoM pH y IpyHTax, siKi 3a3HaJIN BIUIMBY TOXKEX
3MILIYETHCS 0 HEHTPaIbHOI, O CJIiJ] MOSCHUTH HACHMYCHHSIM IOTJIMHAIOYOI0 KOMIUIEKCY IPYHTIB JIy)KHO3EMe-
JBHUMH elieMeHTaMu. JIicOBI HM30BI MOXKeEXKi CYyTTEBO TPaHCHOPMYIOTH MOP(OJIOTIYHHUIA BUIJISA]] BEPXHBOT Yac-
THUHH IpyHTOBOTO TIpodiro. [1if BITHBOM moXex BinOyBaroThes 3MiHU pH, BMiCTy OOMiHHMX KaTiOHIB, BAJIOBUX
i pyxoMux ¢opM a3oty Ta iH. [ToBOJKEHHS 1 BMICT BaKKUX METNIB Yy JICOBIM MiACTWILI 00yMOBIIEHA, OKpIM
BIUTMBY TTOKEXI 1 TEOXIMIYHAM CTaHOM PETiOHY, IIBUAKICTIO BOAHOI Mirparii i 610JIOTIYHOTO OTJIMHAHHS, Pelb-
epom MmicrieBocTi. KoHIIEHTpaLis BaXKUX METaJiB y IIOBEPXHEBUX TOPHU30HTAX IPYHTIB OOPOBHUX JICIB 3pOCTa€ B
KiJbKa pa3iB 1 mepeBuIlye (OHOBI KOHIEHTpalii BHACHIZOK MiHepasi3amii JIiCOBOI MIICTWIKK 1 TpaB’sSHUCTO]
POCIMHHOCTI BiJl 3rOpaHHs Ta MOJAJIBIIOT Mirparlii XiMiYHUX €JIeMEHTIB.

BucHoBKH. Y MiJICYMKY 3MIHIOIOTBCSI TIOBEPXHEBI TOPU3OHTH IPYHTIB, 30KpeMa, popMyeThCsl HOBUH TTi-
POTEHHUI TOPU30HT, KOTPHH NMEBHUM YHHOM BiIPi3HAETHCS BiA MpUpOAHUX aHajoriB. IToxexi, 3 oxHOrO OOKY,
MOKPAIIYIOTh YMOBH IPOHUKHEHHs HACIiHHS y I'PYHT, aJie MOTIpPIIYIOTh YMOBH NPOPOCTaHHS, 3pOCTAaHHS Ta PO3-
BUTKY XBOMHHX AepeBHHX Nopia. KoHIEHTpallis BaKKUX METaNiB y MOBEPXHEBUX TOPU30HTAX IPYHTIB OOPOBHX
JiciB sBJIsE eKkoyoriuHy HeOe3neky. [lomanbuii nociipkeHHsT TpaHchopMallil BIaCTUBOCTEH I'PYHTIB Mij BIUIU-
BOM ITIPOTEHHUX YMHHUKIB Ma€ CyTTEBE TEOPETHYHE Ta MPAKTHYHE 3HAYCHHS Y PO3p0OIli HAYKOBHX MiAXOIIB A0
BIZTHOBJICHHS €KOCHCTEM Y IIICJIS TIOKEKHUH €Tal PO3BUTKY.

KJIIOYOBI CJIOBA: exocucreMa, IpyHT, 0i0oreoXiMiuHi BIACTHBOCTI, (i3WKO-XiMiUHI BJIIACTHUBOCTI,
Ba)XKI METaII
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Beryn

BB noxex Ha IpyHTH Hag3BHYalHO JlicoBmif MacuB CBIXKOTO 3rapHIla SBIISE
PI3HOMaHITHUH, JAOCTIIPKeHUI OaraThbMa HayKo- c00010 BUPIBHIHY AUIHKY CJIA0KO HAXUIJIEHOTO
BLIAIMH, TIPOTE JI0 LMX Iip HeopHo3Ha4ynui. Ha- cxuity OOpOBOi Tepacd 3 CIpUMH JIICOBUMH
pasi mepeBaXkHa OUIBIIICTh EKCIIEPUMEHTAIBHHX OIiZI30JIEHMMH TPYHTAMH IIiJi COCHOBMM GOpPOM
HOCTniporeI{HHX HOCHiIDKCHB HpHﬂiﬂﬂ?TbCﬂ 3 JIOMiHyBaHHsAIM COCHH 3BHuaiiHoi (Pinussy-
POCIIMHHOCTI, K HaﬁBaMHBHHOMY 1 HaHOLIbLI Ivestris L.) Ta 371ak0BO-pi3HOTPABHOIO acolliarti-
TIOTEPIIIOMY  BIA BOTHIO JMHAMIMHOMY CKJIal- €10 3 TMEPEBAKAHHSAM Y TPaBOCTOI YHCTOTLIY
HUKY Ta TH/IHKATOPY CKOCHCTCM. Ipore pizHo- spuuaiigoro (Chelidoniummajus L.), momouaro
MaHITHUH TPSIMAH 1 HETIPSIMUH BIUIMB TIOXKEX Ha Bansurreiina (Euphorbiavirgatawaldst.), mia-

IPYHTOBE CEpEZOBHILE MOKE OYyTH HaJ3BUYAHO
CHJILHUM 4epe3 MOCTITIPOTeHHI 3MiHM B CKJIafi i
CTPYKTypi Ta TpaHchopmallii OioreoxiMigyHUX
Biacrusocreii [1-3, 5, 7-12].

MeTo10 JOCHIKCHHS €  BHSBJICHHS
MOCTHIPOTeHHO1 TpaHcQopMariii OioreoxiMid-
HHUX BJIACTUBOCTEH IPYHTIB Y COCHOBHUX JIicax
XapKiBChKOi OOJIACTI ITPH TEXHOTCHHOMY HaBa-
HTa)KEHHI.

EBosrortist TpyHTIB B MiCISOXKEXKHY Pazy
TMOB's3aHa HacaMIlepe/] 3 MiPOreHHO TpaHcho-
PMaIli€f0 OPraHOr€HHUX TOPU30HTIB, TOMY BOHH
CIIy)KaThb 1HIUKATOPOM BIUIMBY TOXEXi Ha

MapeHHHUKa crpaxuboro (Galiumverum L.) Ta
natyky Ttarapchkoro (Lactucatatarica L.). Ha
IUISHII 9iTKO 3adikcoBaHi 1 Bi3yallbHO TPOCITi-
JIKOBYIOThCSI O3HAKH MOXKEXK1 4-5 pivuHOI TaBHU-
HHU: COCHU 00ropiii 1o Bucotu 1-2,5 M, JlicoBa
MIJICTHIKA ITOIIKO/KEHA, B JAESIKMX MICIAX CIi-
M OCEpeNIKiB TIOXKekKi Oe3 TpaB’sSHHCTOI poc-
JIMHHOCTI. 3arajbHa IUIOIA MOMXKEXK MPUOJIU3HO
0,5 ra. [Toxxexxy BiiHECEHO JI0 MEPIIOTO CTYIIe-
HSl, OCKUIBKH JIePEBOCTAH IIOLIKO/DKEHHUI He-
3HayHO. CyTTEBINIMX YIIKO/DKEHb 3a3HaB IiJl-
picT Ta YarapHUKOBO-TPAB’ IHUCTHUIT TIOKPUB [2].

rpyHT. [Ipu TOpiHHI OpraHiYHUX PEUYOBHH Y B mexax IBOTO K JIICOBOrO MacHBy BH-
BEPXHIX TOPU30HTAX BHUIUISEThCS 3HAYHA KiJlb- ABIICHO TUIOMLY 31 CIJIAMH «CTapoi» MOKEXI,
KICTh 30/IbHUX €JIEMEHTIB, 10 BIAMNOBIAHO 3Mi- 110 cTajnacs OJaM3bKO JecsaTH pokiB Tomy. Hapa-
HIOE peaKHi}o CepEeIOBHIIIA, BMICT ryMycy, a3o- 31 npo MOXKEXKY HaraayrTb JHII OGFOpiJ’Ii B
Ty, CyMy OOMIHHHX KaTIOHiB. OKpEMHX BHMAJIKAX, /IO BUCOTU 2-3 M CTOBOypH
Otrxe, CyTTeBa pOJb HPH JOCIIKEHH] coceH. Teputopist ekocucTeMH € cl1abo Haxuile-
NOCTIIIPOTeHHOI  TpaHcdopMalii  eKocHCcTeM HOIO JIUISTHKOIO 3 CipyMH JIICOBUMH OITi/130JIe-
TIOBUHHA TPUIIUIATHCS TPYHTaM, SIK JITOTCHHIH HUMH TPYHTaMH IIiJ] COCHOBUM OOpOM 3 COCHH
OCHOBI Oy/Ib-SIKOTO IPUPOTHOTO KOMILIEKCY. 3BuuaiiHoi (Pinussylvestris L.) ta 3 mepeBaxato-
V' XapkiBCbKOMY pETiOHI OJHUM 3 YUM JIOMiHYBaHHSM 3JIaKOBOI POCIMHHOCTI
00’€KTIB JIICOBOI'O TOCIIOAAPCTBA, JI¢ HAHOLIBII (Gramineae) Tta Monowaro Banwpamreiina
CYTTEBI YIIKO/KEHHS JIICOBMX MAcCHBIB, IO (EuphorbiavirgataWaldst.) i umcroriny 3Bu-
MIOB’sI3aH1 3 BUIAJKaMH IMOXKEX INPH TEXHOTeH- gaitroro (Chelidoniummajus L.).
HOMY HaBaHT@XeHHI € nimtHku «/ITT JKosrHe- XapaKkTepHOK MOJIIOHICTIO EKOCUCTEM €
BOTO JICTOCIY», IO 3HAXOMMTHCS MOOIH3Y HasBHICTh CYLIJIBHOI JIICOBOI IMiJACTUIIKH TOB-
Mmicta Xapkosa. HpOT;IFOI\_/I OCTaHHIX POKiB MHOKO 10 10-12 M, 10 CKIIA/IA€Thes 3 CyXHX
TTOIIA MOXKEK HA TEPUTOPIl JaHOro JIicrociy COCHOBHX TLJIOK, CyXOl XBOI, IIIUIIIOK Ta BiMep-
3pocia 1o 30 ra Ha pix. Came ToMy 00’€eKTOM JMX 3QJIMILKIB TPaB’sIHUCTOI 3JIAKOBOI POCIIHH-
JOCIIPKEHHS] BH3HAYEHO BWUIOPUTYy YacTHHY HOCTI.

JCOBOTO MacHBY B MEXax IIbOT'0 Jiicrociy [2].
64


https://doi.org/10.26565/1992-4259-2022-27-05
https://doi.org/10.26565/1992-4259-2022-27-05

ISSN 1992-4259 Bichuk XapKiBCbKOro HallioHaIbHOTO yHiBepcutety iMeHi B. H. Kapaszina
Cepis «Exomnoris», 2022, punyck 27

0O0’exTH i MeTOIH TOCTiTKEeHD

Ha xoskHilf 3 TUISHOK BimiOpaHo B cepen-
HBOMY TI0 5 3pasKkiB IpyHTYy, NpoaHaIi30BaHi
cepenHi 3HaueHHs. s Beix 3pas3kiB MpoBeIEeHO
Bu3HAueHHS pH BOAHOI BUTSDKKM TOTEHIIIOMET-
PHYHAM METOZOM, BMICT TyMyCy 1 BajlOBOTO

a30Ty 3a MeTozoM TropiHa, rpaHyJIOMETPUIHOTO
cknany 3a KaunachkuM, pyxomi ¢opmu docdo-
py 1 kauito mo Mauuriny. KoHuenTpauii BmicTy
pyxomux ¢opm Baxkux meTaniB (BM) BuzHava-
JIVCSI aTOMHO-a0CcOpOIiiHIM MeToZOM [6].

PesynabTaTu nociigkeHHs: Ta 00roBOpPeHHs!

Kuciaornicts rpyuTiB. llpm mocmi-
JOKEHHI KHCIIOTHOCTI CipHX JIICOBUX OITiI30JIe-
HUX TPYHTIB BUSIBJICHA TIEBHA 3aKOHOMIpPHICTB!
B MJICTHIII Ha CTapOMYy 3TapHIlli BHABIECHO
KucTi 3HaueHHS pH, Ha CBiXKOMY — BelWYHMHA
pH, 6mmx4de no HeirpanbpHOi. B mimomy cro-
CTEpIraeTbcsl MICISMOXKEXKHA TpaHchopMallis
CIpHX JIICOBHX OTIi/I30JIEHUX IPYHTIB B OPTaHO-
TCHHUX TOPHM30HTaX, sKa TOJSAraE B TEHACHII
nepeBakaHHs B JTy)KHOMY Hampsimi. Pesynbra-
TH JOCTIIUKEHHS KHCJIOTHO-IYXHHX YMOB Y
BUBYCHUX IPYHTaX BUSBWIN IiJIBUILEHHS IIO-
ka3Huka pH y rpyHTax, Mo migaaiucs BILUTUBY
mokesxi (Tadi. 1).

Tobro BimMmigeHo 3pocTtaHHsS pH cepe-
JOBHINIA TPYHTIB ICHSA TOXeXi 1 yepe3 4-5
POKIB 3 MOMEHTY HOXEX1 Bce 1Ie MepeBHIILy-
I0Th (DOHOBI MTOKA3HUKHU.

Jns rpynTiB uepe3 10 pokiB 3 MOMEHTY
MOXEXK] Peakllis cepejoBUIla Bce e He J0Cs-
r1a (POHOBUX 3HAUCHb.

OTxe, B pe3yibTaTi MOXKEXi BeTMYWHA
pH y BepxHbOMY mIapi CipHX JIiICOBHX OIiA30-
aenux 1pyHTiB (0-10 cM) 3mictuimacs y Oik
HelTpanbpHOI 10 4,8 mpotu 4,3 y koHTpomi. B
IHIINX TOPHW30OHTaX Ha OLTBMIiN TIMOWHI 3HA-
YEeHHSl I[bOTO IOKAa3HUKA HAOIMKAIOTBCS [0
(hoHOBUX.

Taoauns 1

pH rpyHTOBOrO CepeaoBMILA

Table 1

The pH of the soil environment

TpusaJicTb

pH

4-5 pOKIB MiCIISI TOMXKEXKI

4,8

10-12 poxiB micist moxkexi

4,6

®doHOBI 3HAYEHHS

4,3

Tennenuis 10 3poctaHHs 3HaueHb pH y
IPYHTaX TICIS MOXKEXK TMOSICHIOETbCS THM, IO
30JIbH1 BOJIOPO3YHHHI CITOYKH, IIPOHUKAIOYHN Y
IPYHT, HACHYYIOTh MOTJIMHAIOUMHA KOMILIEKC
Jy>KHO3EMEIIbHAMHU €JIeMEHTaMH 1 BHKITUKa-
I0Th 3MIIICHHS peakilii cepeoBHIla 10 HEHT-
paNTbHOTO Jliana3oHy. 3HaYHY pOJb y BCTaHOB-
JieHHi 3HadeHb pH Bimirpae Bik 3rapuma. Y
IpyHTax cTapux 3rapuul 3HayeHHs pH HaOiu-
JKAIOThCS 10 (POHOBUX.

®@i3nKo-XiMiuyHI BJACTHBOCTI IPYHTIB.
3arajgpHOBIZIOMO, WO CHPHUSTIMBI YMOBH JUIS
3POCTaHHS JIICY CKJIAJAIOTHCS MPU HACHMYEHOCTI
IpyHTiB ocHOBamMH Ha 50-80%, BMICT Jerko-
PO3YMHHHX CHONYK Kalito Ta (ochopy OuIbLI
HiX 5 mr Ha 100 r rpynry. [JoOpe 3pocranHs
COCHH BIJI3HAYECHO IPU EMHOCTI IMOTJIMHAHHS 7—
12 mr-ekB. [Ipu 11boMy 3picT MepeBasKHOT KiJib-
KOCTI BHJIIB JIEPEBHUX IOPIJl MPUTHIYYETHCS HA
CHJIBHO KHCITUX 200 Iy XKHUX IpyHTax [4].
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VY IpyHTi Ha cBDKOMY 3rapuili BinOyBa-
€TBCsI 301IIBIIEHHS] BMICTY KaTiOHIB KaJIbIiIO B
OpPraHOTCHHUX TOPU3OHTAX, MPH IIBOMY BMICT
KaTiOHIB MAarHil0 HECYTTEBO 3MCHIIYETHCS
(Tabm. 2).

st pyHTIB XapakTepHUM € HEBHCOKHIM
BMICT TYMYCY Y BEPXHbOMY aKyMYJISITHBHOMY
TFOPHU30HTI. 3 TIMOWHOI0 BMICT HOTO CYTTEBO
3HUKYETHCS, 110 BIACHE XapaKTEPHO IS Cipux
JICOBUX OIMIA30JCHUX TIpyHTIB. HaiiOinburi
3HA4YEHHS 3arajbHOr0 a30Ty MpHUTAMaHHE JUIA
OPraHOTeHHUX TOPU3OHTIB. [pyHT y micis mo-
KESKHUH TIepio]] 30iHIOETHCS, BMICT TYMYyCY
3HWKYETHCS. 3 KOXKHUM POKOM IUIABHO KiJIb-
KicTh Trymycy 30inbmryersesi. Ha Hu3oBy mo-
KEKy TYMYCOBI TOPH30HTU TIPYHTIB BIJIOBI-
JAIOTh BTPATOIO 30Ty y PE3yJbTaTi 4YaCTKOBO-
r'0 3rOPSHHS OPraHiYHUX CHOJYK.
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Tabnuus 2
®@i3nko-xiMiuHi BJaCTHBOCTI IPYHTIB
Table 2
Physical and chemical properties of soils
IMoka3HHK | 3HavyeHHs
4-5 poKiB Mmicys TOXKEXKI
OGMiHHI KaTiOHH, Ca?* 7,2
mr.-ekB./100r rpyHTy Mg?* 4,1
T'ymyc 0,9
Aszor 0,4
10 pokiB micisl MOKEeXKi
O6MiHHi KaTioHH, Ca? 9,2
Mr.-ekB./100r rpyHTy Mg?* 4,4
I'ymyc 1,1
A3sort 0,2
DoHOBI 3HAYCHHS
O6MiHHI KaTioHH, Ca? 10,2
Mr.-ekB./100r rpyHTY Mg?* 5,6
T'ymyc 1,8
A3sort 0,2

VY 3paskax IpyHTY BMICT TyMyCy Ha 3ra-
pumax o00X IUISHOK MPOTATOM TPUBAJIOTO
4yacy HIKYHUH, HIX Y (POHOBOMY 3pa3Ky.

TakuMm 4YMHOM, 31 30UIBLIICHHSAM BIKY
3rapui] BMICT OOMIHHUX KaTiOHIB Ca% i ry-
Mycy 30inbiryerscs. 3HaueHHs pH, Bmict 00-
MiHHHX KaTioHiB MQ?" HaBIaKy — 3MEHIIYIOTh-
csi. Lle moB'si3aHO 3 THM, IO peakilist IPYHTIB
Ha MIPOTeHHHH BIUIMB IIOCTYIIOBO 3racae.

MopdoJioriuanii aHaii3 rpyHriB 3a-
TaJbHOBIIOMO, IO OJIHUM 3 TOJIOBHUX JIXKEpEl
HAJIXOJKCHHS OPraHIYHOT PEYOBHMHU 1 30JIbHUX
€JIEMEHTIB Y IPYHTHU € JicoBa miacTuinka. [lin
Yac HHU30BHX JICOBHX MOXEXK BiOyBaeThCs
YaCTKOBE a00 MOBHE 3rOpaHHs MiJACTUIIKH, L0
B [TOJAJIBIIIOMY BIUIMBA€ Ha BIACTUBOCTI IPYH-
TiB, HACaMIIepe I iX BEPXHiX TOPU30HTIB.

Yepes 4-5 pokiB MiCas JICOBOT MOXKEKI
ci1abKoi 1HTEHCHUBHOCTI 3MIHHMBCA CKiaaj 1
CTPYKTYpa MOBEPXHEBUX OPraHOTEHHUX TOPH-
30HTIB. 3a I1Iel Yac Ha MOBEPXHi CPOpPMYyBaBCsI
nrap JIicoBoi MiICTHIKK 3—4 ¢M, 3rOpUTHIA cI1o-
BHa mijx 4ac moxexi. [Ipore Ha minsHKax, He
MPONJEHNUX BOTHEM, 1I€M 1Iap, 110 CKJIAIAE€THCS
31 CBIXKOTO OMajy XBoi, IPiIOHUX CYUKiB, KOPH,
nocsrae 10-12 cm. Y dpakuiiiHoMmy ckiiazai
nepeBaxkae rpyda ¢pakuis (cydku, Kopa, MIH-
mkn) —77,1%. Ha gacTky XBOi i TpaBH I0OBO-
muthest 17,5 1 5,3% BianosigHo. OpraHoreH-
HUH iPOreHHUH TOPU30HT Ma€ TOBILY 3,6 cM.

AHani3 AUISTHKA TiCis JaBHBOI MOXKEX1
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10-Tu piYHOI NABHUHHU CBITYUTH MPO 301JIb-
IICHHS IIapy JIcoBOI miacTwiku a0 5,2-55
cM. DpakmiitHuii CKJIag Ma€e Taky CTPYKTYpY:
¢pakuis (cyuku, xopa, mmmkn) — 70%. Ha
4acTKy XBOi 1 TpaBu nmpuxoauthes 28,1 1 1,9%
BiAMmoBigHO (puc. 1).

I'panynomerpuunuii  ckmajy  TPyHTIB
NpEeCTaBICHUH MEePEeBaXHO MilAaHUMHU (pak-
missMy. YacTka MiCKy MO TOPU30HTaX 3HAXO-
IHUTHCA B alana3oHi Big 71 mo 97,2%.

TemmepaTypa npu3eMHOMY TOBITpI Ha
3rapuiax pi3HOTPaBHUX COCHOBUX OOpiB Jo-
csarae nmoHan 40°C, o MpU3BOIUTH 10 3aruode-
Ji MoJiouX cxofiB. BosoricTs 1 TemnepaTypa
IPYHTY 3HaXOJSTHCS Y 3BOPOTHOMY 3B'SI3KY. SK
1 BOJIOTICTb, TEMIIEpaTypa CYTTEBO 3aJIEKHUTh
BiJl eKCITO3UIll CXWiiB. 3i 30LIBIICHHSIM KpYy-
TU3HU CXHJIY B OJTHHX 1 THUX )K€ THIIaX COCHSIKIB
BOJIOTICTh I'PYHTIB 3HM)KY€ETBCSL.

OTxe, eKOJOTiYHI YMHHUKU IPYHTOYT-
BOPEHHSI, IO TPOSBISIFOTECS MICHA TIOXKEK,
3a0e3Meuy0Th 3JaTHICTh MPUPOJHOTO BiJHOB-
JICHHSI XBOMHMX TOPiJ, 32 BUHATKOM OKPEMHX
TIEePiOJIiB 3 BUCOKOIO TEMIIEPATYPOIO Ha MOBEP-
XHI IPYHTY.

BuByaroun iMOBipHi 3MiHM BU3HAYallb-
HUX BJIACTUBOCTEW IPYHTIB Ha IUISHKAX IPyH-
TiB, MPONUJCHUX BOTHEM, y COCHSKax MiATBEp-
JDKEHO 3MiHY XIMIYHUX BJIaCTHBOCTEU IPYHTIB
micna noxexi, HazBany €. 0. IlaxmaToBoro
[7] TepmiHOM «ITipOTEHHICTH IPYHTIBY, 1110 O3HA
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Fig. 1 — Fractional composition of pine forest litter, %
MT/ET
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a) TUITHKA TiCIs HeJaBHBO1 MOXexki (4-5 pokiB); 0) minsHKa micis JaBHBOI moxexi (01m3bko 10 pokiB);
B) (oHOBaA KOHIIEHTpALIis
Puc. 2 — Bmict pyxomux ¢gopm BaXKHX MeTaliB Ta iX (POHOBI 3HAYEHHS
y CIpHX JiCOBHUX OMiJ30JIeHUX IpyHTax [15]

a) site after a recent fire (4-5 years); b) site after a long-standing fire (about 10 years);
¢) background concentration
Fig. 2 — Content of mobile forms of heavy metals and their background values
in gray forest podsolized soils [15]
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Yae BIATIOBIAHY PEaKIiio Ha MOXKEXKY Y BUTISAL
Tparcopmamii  KOMIUIEKCY  BIACTHBOCTEH
TPYHTIB.

3rigHO 3 OTPUMAaHWMHU JaHWMH, y TPYH-
Tax, IO 3a3HaM BIUTUBY TOXEXi BiJHOCHO
HENIOAABHO, KOHIEHTpalii pyxoMux ¢opMm
BCiX TpOaHalli30BaHMX BaXKMX MeTaiiB (BM)
MarOTh INABWINEHI 3HAYCHHS, MOPIBHIHO 3
IpyHTaMH He3alilMaHMM BOTHEM Ta IPyHTaMH
YpaXCHUMH TIOXexker Oinbin HiK 10 pokiB
tomy. Hampuknan, Bmict Pb micns moxexi y
BEPXHBOMY IPYHTOBOMY Topu3oHTI 0-15 cm
MiABUINKUBCA Maibke y 8 pasiB, Ni B monHajn 6
pasiB, Zn maiixke B 3 pa3u. MeHile 3poCTaroTh
kounenrparii Cu, Cr i Fe (8ig 1,7 no 1,1).

IToka3oBuMH Ui MOCTHIPOT€HHUX T€O-
XiMIYHEX ~TpaHchopMamidi y IOCIiIKEHUX
IPYHTaX € pe3yJbTaTh aTOMHO-a0COpOLIiHHOTO
aHamizy (puc.2).

OCKiTbKM  TOCHIIDKEHHST Tiepeadavanu
MPOBEJICHHS TOPIBHSUIBHOTO aHaNi3y BMICTY
BM y ¢oHOBHX ekocUcTeMax Ta iX TeXHOTeH-
HUX Mopaudikamisx 3acTocoBaHO Koe]imieHT
KOHIIEHTpAIlil, KU PO3paxoBYIOTh SK BiIHO-
HICHHS KOHIEHTpaLil XiMIYHOTO €JIEeMEHTY Y
3a0pyJHEHOMY IPYHTi I0 HOrO BMICTY y aHajo-
rivHomy IpyHTi oHoBHX TepuTopiii (Kc) [4].

3a3HayeHnil  koeQilieHT BimoOpakae
CTYIIiHb KOHIIEHTpAIlii XiMIYHOTO €NIEMEHTY Y

JIOCTiDKEHOMY 00’€KTi 10 #oro QoHOBOTO
BMICTY Y KOMITOHEHTaX €KOT'€OCHCTEM.

3a xoedimieHTOM KOHIIEHTpAIlii pyxomi
dbopm BM y nocmimKeHuX IpyHTaxX 3rapwuiia
ITCIIST CBDKOI TOXKEXKi 1 TpyHTaX 3rapyia Micis
JTABHBOI TIOXKEXI TIEPEBUIIYIOTH ()OHOBI 3HAYEH-
HS y BCIX IPOaHANI30BaHMX 3pa3kax. HaiBumii
noka3uuky K BimsnadyeHo misg Cr, Ni ta Pb.

30inpLieHHst koHeHTpauii BM y rpys-
TaxX JOCITIIKEHUX €KOCHCTEM, Ha Hall MOTJIAL,
MOXYTh OyTH CHPUYMHEHI TEXHOTCHHUMH
BHKHJIaMU TiANPHUEMCTB MicTa XapkoBa Ta
aBToTpaHcnopty. Lllogo HaAMipHHUX KOHIIEHT-
paniti BM y rpyHTax, IO 3a3HaId BIUTUBY
HH30BOT TOXEXi BiHOCHO HemaBHO (4-5 po-
KiB), nanwii (hakT MOTPIOHO TOB’s3aTH 3 MiHe-
pamizariero JICOBOI T JCTHITKA Ta
TpaB’SIHUCTOI POCIHMHHOCTI Bifi 3ropaHHs, 3
[TO/TAJIBIIIOI0 MITPAIi€l0 XIMIYHUX €JIEMEHTIB y
MTOBEPXHEBI TOPU3OHTH TPYHTY.

B minmoMy, 3 ypaxyBaHHSIM TOKCHYHOCTI
BM Ta OMU3BKOCTI JOCTIHKEHUX IUITHOK COC-
HOBHX JICIB /10 HACEICHWX MyHKTIB, MOXXEMO
KOHCTaTyBaTH EKOJIOTiYHy HeOe3neKy Ui BH-
BYEHUX €KOCHICTEM, Y TOMY YHMCII JUIS JIFOFHH.
OkpiM TOrO, BHACIIJIOK JaTepajbHOI Mirparii
MOKJIMBE TIOTPATLISIHHS TIOJFOTAHTIB JI0 TIOBEPX-
HEBHUX BOJHHUX OO0’ €KTIB, y TOMY YHCHIi JIO JDKe-
pen 3a00py Bo (KOJIOJI31, KPUHHMII TOIIIO).

BucnoBku

Po3kputo mocrmiporeHHy Tpancdopma-
1ito (Pi3MKO-XIMIYHUX MMOKA3HHUKIB IPYHTIB, IO
CJIiJT Ha3BaTH HE JIMIIE 1X BIIIMOBIAHOIO peaKIli-
€10 Ha MIPOTeHHUH BIUIMB, a TIEBHUM ITOKAXKYH-
KOM, SIKHH BimoOpa)kae CTaH TPYHTIB SIK Bij
HEI0/IaBHHOT'O BIUIUBY MICIISI TOKEK, 3 ypaxy-
BaHHSM iX CHJIM 1 IHTEHCHBHOCTI, TaK 1 4epe3
TPHUBAIHMU MPOMIXKOK Yacy. 3arajom, crocrepi-
raeThCsl IEBHA 3aJISKHICTh MOCTHIPOT€HHOT
TpaHcopmaLii BiJ JaBHOCTI BIUIMBY IOXEXi
Ha I'pyHT. BiTHOCHO HeAaBHI HACIIAKU MOKEKI
cepeIHbO1 IHTEHCUBHOCTI Ha IPYHT BiJ[3HAYEHO
YITKOIO PEAaKIi€l0 KOMIUIEKCY iX BIIacTHBOC-
Teit. JIns rpyHTY Ha S5-piyHOMY 3rapwili xapa-
KTepHA MEHINIAa PeaKilis JOCTIIKSHUX IOKa3-
HukiB. IIpu BigcyTHocTi moxexi, uepe3 10
POKIB y IPYHTaX MPOSIBH MIPOr€HHOI'0 YNHHHUKA
NPaKTUYHO BiJICYTHI.

®Di3uK0-XIMIYHI BIACTHBOCTI IPYHTIB Y
miclis TOXKEXHUHM Tepio]] MOTipHIyIOThCs, Ye-
pe3 Te, 10 CYTTEBO 3HMKYETHCS KUIbKOCTEH

68

MOXXHBHUX €JIEMEHTIB y IPYHTI: 3ropa€e rymyc,
3MEHIIIYETHCS BMICT HIiTpaTHOTO a30Ty. OTixe,
MOKEXi, 3 OJHOTO OOKY, MOKPALIyIOTh YMOBH
NPOHUKHEHHsI HACIHHA Y TPYHT, ajie TMOTipiIy-
I0Th YMOBHU TIPOPOCTaHHS, 3pOCTaHHS Ta PO3-
BUTKY XBOHHHX JEepeBHHX mopia. Bmict rymy-
cy y nosepxueBomy ropusonTi (0-15 cm) cipux
JICOBUX OIiJI30JICHUX TPYHTIB TIicCIsl Tpoiie-
HOI HU30BOT MOXKEXI 3HMKYETHCS 32 PaxyHOK
3rOopaHHs OpPraHIYHMX PEYOBHUH Y MOBEPXHE-
BOMY I'PYHTOBOMY TPOIIAPKY.
KucnotHo-myxHa peaxilisi 3a TOKa3HU-
koM pH y rpyHTax, fKi 3a3HajIM BIUIUBY IOXKEX
3MIIYEThCS 10 HEUTPAJIBHOI, 10 CJIiJI MOSCHH-
TH HACHYCHHSM TMOTJIMHAKOYOTO KOMIUIEKCY
IPYHTIB JIy’>KHO3EMEJIbHUMH €JIeMEHTaMHU.
JlicoBi HM30BI MOXEXi CYyTTEBO TpaHC-
dhopMyroTh MOPGOJIOTIYHUN BUIJIS BEPXHBOT
YaCTUHH TIPYHTOBOro mpodiiro. Y MiJICyMKy
3MIHIOIOTHCSI TTOBEPXHEBI TOPHU30HTU IPYHTIB,
30KpemMa, C(HOPMOBYETHCS HOBHUH MipOTreHHHIMA
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TOPHU30HT, KOTpHH 32 (Di3UKO-XIMIYHHMH BJIac- Konnenrpariss BM y moBepxHeBUX To-
TUBOCTSIMH Ta BMICTOM 30JbHHX €JICMCHTIB PU30HTAaX TIPYHTIB OOPOBUX JICIB 3pOCTae B
MIEBHUM YHHOM BiJPi3HSETHCS Bif MPUPOTHUX KibKa pa3iB i mepeBuiye (GOHOBI KOHIICHTpa-
ananoriB. Ilig BIuIMBOM MOXeX BiOYyBatOTHCS mii BHACHIMOK MiHepalizamii JTicoBOi MiACTHI-
3MiHM TaKUX MOKa3HHKIB, sik: pH, BMicT 00- KM 1 TpaB’STHUCTOI POCIMHHOCTI BiJ 3rOpaHHS
MiHHHMX KaTiOHIB, BaJIOBHX 1 pyXoMmux (opm Ta MOJAIBIIO] Mirpamii XiMiYHHMX €JIEeMEHTIB,
azoTy Ta iH. Takox, ciig BpaxoBYBaTH, IIO 110 SIBJISIE €KOJIOTIUHY HEOE3MeKy.

MOBOJDKEHHS 1 BMicT BM y micoBi# mimcTuiti [Momanbun gocmikeHHs TpaHchopMartii
00yMOBIIEH]I OKpiM BIUIMBY TOXEXI 1 reoximi- BJIACTUBOCTEH IPYHTIB MijJ BIUIMBOM MipOreH-
YHHM CTAHOM pEriOHy — IIBHKICTIO BOIHOI HUX YHHHHUKIB Ma€ CyTTEBE TEOPETUYHE Ta
Mirparii i 0i0JOTIYHOTO TOTIWHAHHS, pPEJheE- MPaKTHYHE 3HAYEHHA y PO3poOI HAYKOBHX
(oM MiCIIEBOCTI. IIIXOMIB JI0 BIJHOBJICHHS €KOCUCTEM Y TIiCIIA

MOKEKHUM eTaI PO3BUTKY .
Kouduikr inTepeci

ABTOpY 3asBISIOTH, M0 KOHQIIKTY iHTEpeciB MOA0 MyOuiKamii mboro pykonucy Hemae. Kpim

TOT0, aBTOPH TMOBHICTIO JOTPUMYBAIUCH €THYHUX HOPM, BKIIIOUYAIOUH IUIariat, Ganbcudikallito Janux
Ta MOABIMHY MyOITiKaIIito.
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POST-PYROGENIC TRANSFORMATION OF BIOGEOCHEMICAL PROPERTIES
OF GRAY FOREST SOILS UNDER TECHNOLOGICAL LOAD

Purpose. Detection of post-pyrogenic transformation of biogeochemical properties of soils in pine forests
of the Kharkiv region under technogenic loading.

Methods. Determination of the pH of the water extract by the potentiometric method, the content of hu-
mus and gross nitrogen according to the Tyurin method, the granulometric composition according to Kachyn-
skyi, the mobile forms of phosphorus and potassium according to Machigin. The content of mobile forms of
heavy metals was determined by the atomic absorption method.

Results. There is a certain dependence of the post-pyrogenic transformation on the age of fire impact on
the soil. Relatively recent consequences of a fire of medium intensity on the soil were marked by a clear reaction
of the complex of their properties. Physical-chemical properties of soils in the post-fire period deteriorate due to
a significant decrease in the amount of nutrients in the soil: humus burns, nitrate nitrogen content decreases. The
acid-alkaline reaction according to the pH index in the soils affected by fires shifts to neutral, which should be
explained by the saturation of the absorbing complex of soils with alkaline earth elements. Forest lowland fires
significantly transform the morphological appearance of the upper part of the soil profile. Under the influence of
fires, there are changes in pH, the content of exchangeable cations, gross and mobile forms of nitrogen, etc. The
behavior and content of heavy metals in the forest floor is determined, in addition to the effect of fire and the
geochemical state of the region, the speed of water migration and biological absorption, and the topography of
the area. The concentration of heavy metals in the surface horizons of the soils of pine forests increases several
times and exceeds the background concentrations as a result of the mineralization of the forest floor and grassy
vegetation from combustion and subsequent migration of chemical elements.

Conclusions. As a result, the surface horizons of soils change, in particular, a new pyrogenic horizon is
formed, which differs in a certain way from natural analogues. Fires, on the one hand, improve the conditions for
seed penetration into the soil, but worsen the conditions for the germination, growth and development of conif-
erous tree species. The concentration of heavy metals in the surface horizons of pine forest soils is an ecological
hazard. Further research on the transformation of soil properties under the influence of pyrogenic factors is of
significant theoretical and practical importance in the development of scientific approaches to the restoration of
ecosystems in the post-fire stage of development.

KEY WORDS: ecosystem, soil, biogeochemical properties, physicochemical properties, heavy metals
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OLIHKA NEPCIHHEKTUBHA CTBOPEHHSI HOBUX JIICIB
Y TEPHOIIVIBCBKIU OBJIACTI

Iloctae muTaHHS MPOBENEHHS OI[IHKM BiTHOBIIEHHS Ta 30UTBIICHHS IUIONI JICiB, IO JaBaTHMeE
3MOTy 3a0e3IeTyBaTH CTATUNA PO3BUTOK JIiCiB.

Merta. OuiHUTH CTBOPEHHS JIICOBHX PecypciB y Mexkax TepHOmiIbChKOi 00IacTi Ta 3aIpoToHy-
BaTH iX ONTUMI3aLlif0.

Metoau. OnHCOBUil, CTaTUCTUYHWH, MOPIBHAIBHO-TeOrpadidHUN, ONTHMI3aIliifHe MOJIENIO-
BaHHSI.

PesyabTaTu. TepHOMIIBCHKA 00JIACTh BIIHOCUTHCS 10 MAJIO JTICHCTUX perioHiB Ykpainu. Jlico-
rOCTIOAapPCHKUMH MiIIPUEMCTBAMH 00JIaCTi B X0/i BAKOHAHHS MPOTpaM BeIEeHHS JICOBOTO TOCTIOnapc-
TBa CTBOPIOIOTHCS HOBI JIICH HA JOCTYIHUX JUIA JIICOPO3BEACHHSI TIOIAX, MPOTE OCHOBHUM JIIMITYIOUAM
(aKTOpOM BHCTYIA€ HAsIBHICTh 3eMEIBHUX AUISHOK JJIs 3a0e3neueHHs noTped micopo3BeaeHHs. s
ONTUMI3aIll POIECY 30UIBIICHHS JTICOBKPUTHUX 3eMEIIb MOTPIOHO J0JaTKOBO 3aJy4YHUTH JIO 3aliCEHHS
HETPHUJIATHI sl CUTBCHKOTOCTIOAAPCHKOTO BUPOOHUIITBA 3eMJIi Ta TIepelaTh caMo3aliceHi 3eMIi JIico-
rocroaapcbkuM minnpuemcrsam. [Ipote onHi€O 13 IepenoH nepenadi 3eMellb B KOPUCTYBaHHS JIiCOTO-
CTIIOZIAPCHKHUM TANPHEMCTBAM € HeOaKaHHsI BTpavyaTH LiHHI aKTUBHU Y BUIJISA 3eMelb, Ta TYMaHHa T1e-
PCHIEKTHBa OTPUMAHHS IUBIJeHIB. [lepKaBHUMH J1iCOrOCTIOAAPCHKUMU TANPUEMCTBAMH OOJIACTI TI0-
JIAHO JI0 MICBHKHX, CENTMIHUX Ta CUICHKUX Pajl 3BEPHEHHS II00 Bi/BEJICHHS 3eMEJbHUX JISTHOK JIIs
JTICOpPO3BEICHHS, OIHAK OTPHMAHO Mally YacTKy IIO3UTUBHUX BiAmoBigel. Takoxk BapTo 3rajaTH i mpo-
0JIeMy KOJITOCITHUX JIiCiB, KOTPi Ha JaHWH MOMEHT He HaJlaHi B KOPUCTYBAaHHS JIiCOTOCTIOAAPCHKUM ITiJI-
HPUEMCTBAM 00JaCTi Ta B MEXKax KOTPUX HE MPOBOAUTHCS, Hi OXOPOHA, Hi BUKOPHCTAHHS JIICOBHX pe-
cypciB. OCHOBHOIO TIPOOJIEMOIO ISl TAKHX JICIB BUCTYHA€ iXHA Mepeaada B MOCTiHHE KOPUCTYBAaHHS
JIep’)KaBHAM 200 KOMYHAIBHHM JIICOrOCIIOJAPCHKHAM, Y KOMYHaJIbHUM IAMPUEMCTBAM 31 CTBOPCHUMH
CIIeI[iali30BaHUMHU JIICOTOCIIOAAPChKUMHU MiApo3aiiaMu. OTKe ONTUMATBHUM BUXOJIOM 3 TAKOI CUTYaIlil
MOJKHA BB&)KaTH CTBOPECHHS! KOMYHAJIbHHX JIICOTOCTIOAAPCHKUX MiAMPUEMCTB 3 TEPUTOPIAIbHUMHU TPO-
MaJiaMH 00J1acTi, KOTpi Mainu O MOKJIMBICTh Ha TaKii 0a3i MOCTYIIOBO CTBOPIOBATH HOBI JIiCH.

BucHoBku. Buspieni mpobiieMu Ta TeHJEHINT 3a0e3neueHHs moTped o0yacTi B jicax, J0CsAT-
HEHHS ONTUMAJILHOTO MOKAa3HHUKA JIICUCTOCTI 00JacTi, Mo Jano 6 3MOry BiIKpHUTH ajJbTepPHATHBHUUN
IIUISX BUPIIICHHS 1aHOTO MUTaHHS Ha 0a3i 0e3MmocepeHiX pO3MOPSAHHUKIB MOTCHIIHHUX 3eMETbHHX [Ti-
JISTHOK, SIKI MOXKYTh OyTH 3aiiceHi.

KJIFOUOBI CJIOBA: 3aiceHHs, J1iCOPO3BEICHHS, JIICOBITHOBICHHS, CTBOPSHHS HOBHUX JIICIB,
OITUMI3als
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JlicoBumu pecypcaMu BBa)aroTh Jiepe-
BHi, TEXHIYHI, JIIKapChKi Ta 1HII TPOIYKTH JIiCy,
10 BUKOPUCTOBYIOTBCSI JJIsl 3aJJ0BOJICHHS MOT-
peb HaceneHHs 1 BHPOOHMIITBA Ta BiATBOPIO-
FOTBCS y TIpoIieci (hOpMyBaHHS JIICOBHX TIPHUPO-
nHuX KomiuiekciB[1]. CTBOpeHHsT HOBUX JIiCiB
BIUIMBAE HA BUPINICHHS HHU3KH EKOJOTTYHUX
mpo0JIeM, TaKuX SIK. 3a0pyTHEHICTH IOBITPS,
peryJroBaHHs BOAHOTO Ta KIIIMaTHYHOTO PEKH-
MiB aTMOC(EpHOro MOBITPS Ta IPYHTIB, CTBO-
pEeHHS MiCIb Ul peKpealtii, a Takok 3abe3re-
YEeHHsI HACEJICHHS JIPOB’ STHUMU pecypcamu. Po-
3yMIIOTH 1€ 1 y BEPXHIX €IeNIOHaX BJIajH, came
tomy Hakazom MiHicTepcTBa 3aXHCTY TOBKIJLIA
Ta TPHUPOJHHUX pecypciB  YKpaiHH  Bif
22.07.2021 Ne 494 «llpo 3aTBep/ KEeHHS

Beryn

MTOKAa3HUKIB PETiOHAILHUX HOPMATHUBIB OITH-
MaJIbHOT JIICKCTOCTI TepUTOPIi 1 MiHIMaIBHO He-
00X1JHOT 3aXMCHOI JTICUCTOCTI arponanamadTiB
Ykpaiam» BCTaHOBICHO OINTHMAJIbHI ITOKa3-
HHKH 711 KOJKHOI 3 obmacteit kpaiau. s Tep-
HOIIUILCHLKOI 00/1aCTl TAKWM MOKA3HUK CKJIaIac
20% [2], 1o B mepepaxyHKy Ha peaibHy IUIOLLY
nae 276480 ra. Takoxx Bujano Yka3 Ilpesune-
HTa Ykpainu Big 07.06.2021 Ne 228/2021 «IIpo
JIeSIKI 3aX0AM MIOJI0 30C€pEKCHHS Ta BiJITBO-
PEeHHS ICiB», SIKUM IependadeHo peaizaiito
eKoJIOTIuHOI iHimiatuBu «Macmrrabue 3aii-
ceHHst Ykpaiam» [3]. ToMy METOI0 JaHOTO J10C-
T DKSHHS OIiIHKA TIPOBEIICHHS € 3aIiCeHHs 00-
JIACTi Ta BHECEHHS MTPOITO3HITIH MO0 11 ONTHMI-
3arrii.

Metoau X0CTiIKeHHS

Marepianamu Jyist IPOBEICHHS OI[IHKH 3a-
miceHHss TepHOMINBCHKOI 00JIACTI  CITYKHIIH
3pitn [omoBHOro ympasiiHHs J[lepkreokana-
ctpy y M. Teprominb (popma 6-3em), MaTepianu
TepHOMIBCHKOr0 001aCHOTO YIIPABJIIHHS J1iCO-
BOI'O T4 MHCIMBCHKOTO TOCHOAApCTBa, MaTepi-
QITM YIIPABIIiHHS €KOJIOTii Ta MPUPOAHHUX pecyp-
ciB TepHOMiNBCHKOI 00J1ACHOT BIHCHKOBOT aMi-
HicTparii o0 00Ky camMo3alliCeHUX Ta TPH-
JATHUX JI7IS TOTPeO 3aTiceHHs 3eMelb TEPUTOPI-
alnbHHUX rpoMaj TepHOIIBCHKOI 001aCTi.

Ilpy nmocmiypkeHHI BHKOPHCTAaHO —3ara-
JBHO-HAYKOBI METOJIM: ONMCOBHII (3arajbHa Xa-
pakTepucTHKa JiiciB TepHOMiNbChKOi 00acTi),

CTAaTHCTUYHUMN (BU3HAYCHO 00’ €MU MOCAIKU Ta
BUPYOyBaHHS JE€PEB MPOTATOM OCTAaHHIX 5 po-
KiB), MareMaTU4HHil (pO3paxoBaHO OINTHMA-
JBpHY TUTONIY JiciB anst TepHOmibChKOi 00Ma-
CTi, TIPOBEIEHO PO3pPaXyHKU ACPIIUTY TUIOIII
JICiB, Ta MOXKIIMBUX BUTPAT HA BUKYII CUTECHKO-
TOCHOJAPCHKIX 3eMeJTb JUIS TOTPeO 3aITiCeHHS).
A TakoX criemiajabHi METOAM: MOPIBHIIbHO-T'e-
orpadiuanii (TIpOBENEHO TOPIBHIHHS 00 €MiB
BUPYOKH JICiB 3 iX BiJIHOBJICHHSM, Ta 301J1b-
IICHHAM 1X IUIONI), ONTHUMI3aI[iliHe MOJIEIIO-
BaHHS (PO3pOOJIEHO ONTHMI3AIliiiHy MOJENb
30ibIIIeHHs JiciB TepHOMUTBIIMAN).

PesynbTaTu Ta 00roBOpeHHs

TepHONIBCHKY 00JIACTH MOXHA BijIHE-
CTH 1O MAJIONICUCTUX o0yacTed YKpaiHH.
[Inoma 3emenb JiCOrocrnolapchKOro Mpu3Ha-
yeHHs obmacti cranoButh 201,4 Tuc. ra, 3 HUX
183,2 THC. Ta 3eMenb, BKPUTHX JIICOBOIO POC-
JUHHICTIO, IO cKJaaae Bcboro 13,3% tepuropii
o0JacTi, Ha OJJHOTO XKHTENs 00JIaCTi pUIaJIae
0,19 ra BkpuTHux Jicom 3emens [4]. Jlicu Ha Te-
puTopii 0bsacTi po3TaioBaHi HEPIBHOMIPHO Ta
30Cepe/KEeHi, B OCHOBHOMY, Y IMiBHIYHIHN i MiB-
HIYHO-3aX1JHIHA YaCTHHI, JI€ JIICUCTICTh JOCIATae
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20-25%, a TakoK y MiBJACHHIN YaCTHHI, JI€ JTICH-
cTicTh cTaHOBUTH 14-18%[4].

Humi 148,6 Tuc. ra miciB obnacti (73,8%)
nepe0yBaroTh y MOCTIHHOMY KOPHCTYBaHHI 5
JICp’)KaBHUX IIPHEMCTB, IO BXOIATH [0
chepu ympammiHHA TepHOMIIBCHKOTO OOac-
HOTO YIMpaBIiHHS JIICOBOIO Ta MHUCIHBCHKOIO
rocrioapcrsa (puc. 1) [4], me 23,5 tuc. ra 06-
JIKOBYIOThCS 32 KOMYHAITBHUMH JIiCOTOCTIOIap-
ChbKMMH mifnpuemcTBamMu [5], ta Oinbime 12
THC. Ta JIiciB — 6e3rocmomapHi [5].
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O I1epeOyBaroTh B KOPUCTYBAHHI JAE€PIKABHUX JIICOTOCIIONAPCHKHX MIANPEMCTB, ra/ They are used

by state forestry enterprises, ha

[TepebyBaroTh B KOPHCTYBaHHI KOMYHAIBHUX JTICOrOCIOAAPCHKUX MiANpeMCTB, Ta/ They are used

by communal forestry enterprises, ha

[Tnoma niciB, o He MepedyBalTh B KOPUCTYBAHHI JTICOTOCIIONAPCHKUX IMiITPUEMCTB, Ta/ Area
of forests that are not used by forestry enterprises, ha

Puc. 1 — CtpykTypa JIiICOBKPHTHX 3€MeJb 32 KOPUCTyBauyaMu, Ha MaTepianax pkepen [4,5]
Fig. 1 — The structure of forested lands by users, based on source materials [4,5]

Ilnoma 3emens Jep>KaBHOTO JIICOBOTO
oIy 00MACTi 32 OCTaHHI IT’SITh POKIB 3011b-
mmiacst Oipine Hix Hal Trc. ra [6]. B Mexax
3eMellb JICPKaBHOTO JicOBOro (OHIY HasBHI
283 tepuropii Ta 00 €KTH MPUPOTHO-3ATOBII-
Horo (oHAy 3araipHO0 mometo 37,4 Tuc. ra
abo 25,2% yciei TepuTopii gichoHay (IpUpo-
JHO-3aroBi AN GoHa TepHOMIbChKOT 001aCTI
—8,98%) [4].

3arayibHUI 3amac IepeBUHHM B Jicax MiAll-
PHUEMCTB YIPaBIIiHHA CTaHOBUTH 31,4 MiH M, 30-
KpeMa CTHIJIHX 1 TiepecTiiHux — 5,9 MutH M [6].

[IpoBeneno BinTBOpeHHs JiciB 3a 2021
pik Ha o 762 ra (109%), 3 HUX cagiHHA 1
BuciBanHs — 700 ra, npupoaHEe MOHOBJIEHHS —
62 ra, CTBOpeHO HOBHX JiciB 349 ra (104%)[6].
Ha Bukonanus Yka3y [Ipesunenra Ykpainu Bin
07.06.2021 Ne 228/2021 «IIpo mesiki 3axomu
1010 30€peKeHHsI Ta BIATBOPSHHS JIICiB» B pa-
MKax nporpamu [Ipesnnenrta Yipainu «3enena
KpaiHa» MPOBE/ICHO JIiICOBITHOBJICHHS Ha 3ara-
neHIA mmomi 703 ra, CTBOpPEHO HOBI JIICH Ha
wiont 512 ra ta BucampkeHo 2916 tuc. nepes [6].
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Ha Buxonanus «[Iporpamut po3BUTKY JIi-
COBOTO TrocmoAapcTBa TepHOMIIBIIMHN HA
2017-2021 poku» JiCOroCHOJAPCHKUMHU iAT-
pUEMCTBaMH OOJIACTI TPOBEJACHO JIICOBIHOB-
JIEHHs Ha 3araibpHiil iomn 2038 ra, ta cTBO-
PEHO HOBI JIiCH IIJISIXOM JIICOPO3BEICHHS Ha 3a-
raneHii mom 1013 ra, mo Oinemr Hixk Ha 500
ra Oinble Bij nepeadadyeHoro mporpaMoro Io-
kasuuka. Hampukinaz, «IIporpamMoro 0XopoHw,
3aXUCTY, BUKOPHCTAHHS Ta BIJAHOBJICHHS JIICIB
Tepaoninemuau Ha 2022-2026 poku» nepea-
0aueHO CTBOPEHHS HOBHX JIICIB Ha 3arajibHii
ot 590 ra, i crpaBa TyT HE B TOMY, ITI0 XTOCh
HE xoue, a00 He MOXKe 3a0e3MEeYUTH MTOCAIKY Ji-
CiB Ha OLITBIIIH IO, By3bKHM MICIIEM ITOCTAE
caMe HasBHICTb 3€MEJbHUX IUISHOK IIij 3ai-
ceHHs. Takox Ha BUKOHaHHS 30y/I0BaHO po3ca-
THUIBKUH Ta HAaCIHHEBUN KOMIUIEKC Yy MEXKax
YopTKIBCHKOr0 JIICOBOTO TOCIOAApPCTBa, IO
JIa€ 3MOTY 30UTBIIIMTY OOCSTH BUCAJIKH JICIB, 32
YMOBH BUIIICHHS 3€MEJIb JUIs JaHUX MOTPEO.
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D IInoma mpoBeeHHS 3aX0/1iB MOB'sI3aHNX 3 BUPYOyBaHHsIM nepeBun, ra/Area of activities

related to felling of wood, ha

[Trorma py6ok romosHoro KopuctyBauus, ra/Area of felling for main use, ha

IInoma smicoBinnoBnenns, ra/Area of reforestation, ha

ITnoma micopo3senenns, ra/Area of afforestation, ha

Puc. 2 — [lopiBHsIbHA XapaKTEPUCTHKA TUIOII 3aX0[iB TIOB'A3aHUX 3 BUPYOYBaHHIM JIEPEBUHH Ta 3a-
XOJIB 3 JICOPO3BEACHHS 1 JIICOBITHOBJICHHS, HA MaTepianax pkepena [6]
Fig. 2 — Comparative characteristics of areas of measures related to felling of wood and measures of
afforestation and reforestation, based on source materials [6]

[Ipote TeMnu CTBOpEHHS JiCiB € BKpau
MOBIJILHUMH, BOHU TIPOCTO JIAIOTH 3MOT'Y TOK-
puTH pyOKH rOJIOBHOTO KOPUCTYBaHHS (puC. 2),
a JUis JIOCSITHEHHST HOPMAaTHUBHOTO TMOKAa3HUKA
3aJTiceHHsT 00JIacTi MOTPiIOHO MIOPIYHO BIPO-
noBxk 10 pokiB BHCaKyBaTH Oiibiie 9 THC. Ta
micy. | Haiirepiio nepeyMoBOIO ISl IIOTO €
nepeaaya 3eMelb TEPUTOPiaJbHUMH TIpoMa-
JaMHy JJ1s1 TOTped BEAEHHS JIiICOBOro rocroaap-
CTBa. 3a JaHUMHU TEPUTOPIATbHUX IPOMaJ Ha Ki-
Herb 2021 poky B Mexkax TepHOMmIbChKOT 00-
JIACTi 32 TEPUTOPIATEHUME TPOMaiaMu O0JTiKO-
ByeThesa 1341 ra camo3aliceHux 3eMenb, KOTpi
MO’KHa OyJo O mepeaTH JIicOroCTIOAapChKUM
HiINPUEMCTBAM, IPOTE TEMITH MIepeaadi 3eMellb
HE BPa)KkaroTh.[5]

Jlep>kaBHUMHM JTICOrOCIOAPCHKUMU TTijI-
npreMcTBamMu o0JacTi, ctanom Ha 01.05.2022,
MMOJAHO 0 MICBKHMX, CEIHIIHAX Ta CIILCHKHAX
pan 118 3BepHEHBb TIPO BiABEICHHS 3eMEITBLHUX
TIISTHOK 3arajIbHOIO IUIOIIEro 826,9 ra mis mco-
pO3BeIeHHs, OTpUMaHO 13 MO3UTHBHUX BiJIIO-
BiJiell CTOCOBHO BiIBEJICHHS 3€MeJb IUJIOLICIO
96,9 ra, 3apeecTpoBaHO PEYOBi IpaBa Ha IOC-
TilHE KOPHUCTYBaHHS 3E€MENbHUMHU IiNITHKAMH
JUIL CTBOPEHHS HOBHX JIICIB 3arajibHOIO ILIO-
mero 41 ra, cranoM Ha mo4atok TpaBHs 2022
poOKy mignpueMcTBamMu orpuMaHo 30 BimzMoB
010 BifiBeeHHS 56,7 ra 3eMelb, Ha PO3TIISIi
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CIJIbCHKHUX, CEJMITHUX Ta MICBKHX pajl nepedy-
Ba€ 75 MOMaHUX KJIOMOTaHb MPO BUILICHHS JIi-
COTOCIIOAAPCHKHUM TianpuemMcTBam 682,5 ra 3e-
MeJb il 3aTiCeHHS, SIKI HEIPUAATHI JUIsl Cljib-
CHKOT'OCIIOJJAPCHKOTO BUKOPUCTaHHs [7].

IIpote nepenaya 3eMens 1€ He Halaee-
BIIIa NIPOIIEIypa, KOTPA I i PO3TATHYTa B Yaci.
Tak 1iHa CTBOPEHHS MPOEKTY 3EMIICYCTPOIO 3€-
MEJBHOT JIIJITHKH PO3IMOYMHAETHCS BiJl 8 THC
rpH [8]. HaBiTh He 3Bakarouu Ha Te, IO i1 3a-
JICEHHST MOXHA MePeIaBaTH MaoMPO yKTHBHI
1 lerpaioBaHi 3emili, KOTpi He 3a/TisiHi B CLITbCh-
KOTOCIIOJJapChbKOMY  BUPOOHMIITBI, IO Ja€
3MOTy HE TUIATUTH 32 BIAIIKOyBaHHS BTPAT Bif
CIIIBCHKOTOCITOIAPCHKOT0 BUPOOHHMIITBA, TIPOTE
OpraHH MICIIEBOTO CaMOBPSAyBaHHs HE IOCHi-
[IA0Th TIepeIaBaTH HABITh TaKi 3€MIII JUIS MTOT-
peb Jmicopo3BeneHHS.

Jlis mpukiajxy MOKHAa HAaBECTHU CHUTYa-
{0 13 mepegayueto 3eMili MeuunIiBCbKo1 CllIbCh-
KOi paji JiepKaBHOMY TiAIpUEMCTBY «bepexa-
HCBKE JIICOMHUCIUBCHKE TOCIIOAAPCTBOY», KOJH
micas TepeAadi 3eMelb JIiCOTOCHOIapChKOMY
ITiIIPUEMCTBY CKIIMKaHHSM CLIILCHKOI pajiv, Ta
MoYaTKy Mpouenypu opopMIIeHHS 3eMIi 1 BH-
TpaT Ha Ii¢ 3HAYHUX KOIITIB, F0JI0Ba CLIbCHKOI
paau rmodaB BiJIBOMOBYBaTH 3a3HaueHl 3eMJIi B
cynoBux iHcraniisx [9].
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O Camosamniceni 3emui, ra/Self-forested lands, ha

Mpupatai aust 3amicenns 3emui, ra/Land suitable for afforestation, ha

3emui, mo motpebyroTh KoHcepBarii, ra/Land in need of conservation, ha

Iami 3emii, ra/Other lands, ha

Puc. 3 Crpykrypa 3emensb ajist TOTped 3aticeHHs, Ha MaTepianax mpkeped [5, 10]
Fig. 3 — Land structure for afforestation needs, based on source materials [5, 10]

3 aHami3zy CTpYKTypH 3eMellb (puc. 3) BU-
3HAYEHO, IO CcaMo3aiiceHi 3eMil 3aiiMaroTh
JUIe HE3HAauyHy 4YacTHHY, SKa CTaHOBHUTH
mentre 1,5% Big 92280 ra momnry sSIKUX MOTpi-
OHO 3QJIICUTH B Meax ONTUMI3aLii ITOKa3HUKa
micuctocTi. Takox 3emiti MOXHa KOHCEPBYBaTH
IUISTXOM 3aJTiCeHHs, puban3Ho 15,6 THC. ra 3e-
Menb, 10 TOTpeOyroTh KoHcepmaumii [10], a
3BIJIKM B3SITH pEIITy OuIbIle HiX 76 THC. ra —
HEBiToMO. AXe BCi 3eMili po3mnaioBaHi Ta 3a-
JIisSHI B CUTBCHKOMY TOCTIOAAPCTBI 1 OE3KOIITO-
BHO TX HIXTO IepeiaBaTH He 30UpaeThes, a OTIKE
Ha BHKYT 3ralaHuX 3eMeib Juid motped 3aimi-
CEHHS 3HAI00JIATHCS 3HAYHI KOIITH 1 HABITh JI0
24.02.2022 B obmacHOMY OFOJIKETI, Ta OrOIKE-
Tax TEPUTOPIATBHUAX TPOMaJ TaKi KOIITH HE Tie-
pendavanucs.

3a yMOB SIKIIO BCe MpOiJe i1eanbHO i
BIACTbCSl IEpeAaTH IIiJ BEAEHHS JICOBOTO
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rOCIIO/IapCTBa BCi CaMO3aJliCeHi, IpUAaTHI JJIs
3aJIiCeHHsI Ta BCI 3€MUTI, 1110 TOTPEOYIOTh KOHCE-
pBaiiii 1ie Bce oHo Oyae menie 18,5% Bix mo-
TpiOHOI TuTOomIi. Permty 3emens mMoxHa Opatm
JIMIIE 3 THX, IO 33JisHI Y CLILCHKOTOCIIONAPCh-
KOMY BHPOOHHIITBI, 1110 MPHU3BEAE 10 Iie Oiib-
IIMX BUTPAT 3a PaxyHOK BIiJIIKOIYBaHHS BiJ
BTPAT CUTBCHKOTOCIIOAaPCHKOTO BUPOOHHUIITBA.

VY BUMNajKy, KO CPoOyBaTH BUKYITUTH
3eMJIl TO pUHKOBA 11iHa 3a | ra pimut Ha TepHo-
nuTbIIMHI ckiagae omu3bko 30 tuc. rpH [11],
MIPOBOJISIYM HE CKIIA/IHI 00UHCITIOBAJIbHI OTepa-
1ii orpuMyeMo nudpy B OUIbIIE HIXK 2,2 MIP/.
I'pH 0e3 BpaxyBaHHS BUTPAT Ha CTBOPEHHS 1 BU-
polIyBaHHS Jicy, a ue me 6au3bko 10 THe. TpH
Ha | ra [6].

OTxe, iCHy€e BeNHMKa KUIBKICTh MEPENOH
JUTSt 301IBIIEHHS IO JIiCiB y Mexax TepHo-
MJIbCbKOI  o0macTi Ha 0asi  JepKaBHUX
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JICOTOCTIONAPCHKHUX MiAMPHUEMCTB, TIOUYNHAIOTH
BiJl (iHAHCOBHUX, 3aKiHUYIOUH JIOJCHKUM (hak-
TOPOM, SIKUH B TOMY, UM IHIIOMY pyCJIi TTOB’si3a-
HUH, Ha caM Tepe, i3 piHaHCOBOIO CKIIaJOBOO.

Takoxx BaprTo 3ragatu i mpobiemy 15,6
THUC Ta KOJTOCITHHUX JIICiB, sIKi Ha JAaHUH MOMEHT
He HaJ[aHi B KOPUCTYBaHHS JIiCOTOCTIOAAPCHKAM
MiIPUEMCTBAM OOJIACTI Ta B MEXKaX SKHUX HE
MIPOBOJIUTKCS, Hi 0XOPOHA, Hi BUKOPUCTAHHS JTi-
coBHX pecypcis. [Ipore Mu nmpupaxoByemo mai
JIICOBKPHTI IIJISTHKH JIO0 3€MEJb JIICOBOTO (hOHITY
TepHOMinbCHKOi 00MACTi Ta BKIIOYAEMO iX A0
HasSBHUX BIJICOTKIB 3aiiceHocTi obmacti. OcHo-
BHOIO TPOOJIEMOIO TSI TaKWX JIICIB BHCTYTIA€
iXHs repenaya B MOCTIMHE KOPUCTYBaHHS Jep-
JKaBHUM a00 KOMYHAJIbHHM JIiCOTOCIIOAaPCh-
KHM, 91 KOMyHaJIbHUM TAPUEMCTBAM 31 CTBO-
PEHUMH CTIEHiai30BaHUMHU JT1iCOTOCTIONAPCh-
KHMH TiAPO3ILIaMH.

Came TOMy B Mexax omTuUMi3amii MU
MPOTMIOHYEMO TaKy MOJeNb KOPUCTYBaHHS Ji-
caMu TMpH SKid, SIK BUTPATH, TaK JOXOIU Oyne
MOKJIaJICHO HA TEPUTOPialibHI TPOMaJIH, IO I10-
TpeOye CTBOpPEHHS HOBHX KOMYHAIbHUX

JCOTOCTIONAPCHKUX MIATIPUEMCTB, ab0 CTBO-
PEHHSA y CKJIa/i HAsIBHUX KOMYHaJIbHUX MiIIpH-
€MCTB CITCITiaTi30BaHUX JIICOTOCITOMAPCHKIX
migposainie. Ha doni razoBoi xpusm, mo Hacy-
Ba€Thcs Ha BCO €Bpony 1 Ha YkpaiHy HeoOxi-
JTHO TIOSICHUTH TEPUTOPiaIbHUM TPOMaiam, 10
MO>KITUBICTH BEJIEHHSI JIICOBOTO TOCIIOIaPCTBA B
iX Mekax 1acTh 3MOT'Y 3pOOUTH TOH HEIOTOpKa-
HUI 3amac pecypciB, SIKHH JacTh 3MOTY Bigdy-
BaTH IIEBHUH CITOKIN Ha JAEesIKUH yac. 3BICHO, Ha-
BiTh SIKIIO HEralHO pO3MOYAaTH MPOLERypY
CTBOPEHHSI KOMYHAJIBHUX JIiICOTOCIOAAPCHKUX
MiIPUEMCTB, 200 CTBOPUTH Y CKJIAJi HAsSBHUX
KOMYHaJIbHUX MiATNPUEMCTB CIEIlialli30BaHUX
JCOTOCTIONAPCHKUX MiAPO3/LNIB 1 TOYATH iHTe-
HCUBHE 30ibIIeHHS JiciB. Halineprm pesyib-
TaTH 3 SABJATHCS HE paHillle HDK depe3 Killbka
necsatupiyb. Came TOMy KOMyHaIbHI M IIPUEM-
CTBa CJIiJ] CTBOPIOBATH Ha OCHOBI KOJIMIIIHIX
KOJITOCITHHX JIICIB, AKi Ticis peopmu mepeii-
[IUTA y BJIACHICTh TPOMaJ 1 Ha JaHWUH MOMEHT
yacy € OesrocnofgapHuMu (puc. 1), 3a JaHUMH
rpomaj cTaHoM Ha KiHenb 2021 poky Takux 3e-
MeJb Halid9yeThes B 00nacTi Oinpine 12 Tuc. ra.

BucnoBku

[IpoBeneHo aHai3 Ta OLIHKY CTaHy pea-
Ji3arii mporpam o0 30UIbIICHHS JTICHCTOCTI
TepHOMIbCHKOT 00J1aCTI Ta OOIPYHTOBAHO MO-
JKJIMBI TUIAXM ONTUMI3aIll JJAHOTO TPOIIECY.
BcranoBiieHo, 1110 IS TOCSATHEHHS ONTHMAaJlb-
HHX TTOKa3HUKIB JTIICHCTOCTI 00J1aCTi, 1[0 CTAHO-
BUTb 276480 ra, CHOrOAHIIIHI TEMIIM 3 MIKO-
BHMMH 3HAYSHHSIMH 32 5 pokiB y 349 ra/pik npu
notpedi y Oinbin Hixk 9 TuC. ra/pik € BKpaii He-
JIOCTaTHIMH. 3ampONOHOBAHO MOJIENb ONTHMI-
3amii 30UTBIIEHAS JTICOBUX IUION] 32 PaxXyHOK

CTBOPEHHS KOMYHAJIBHUX JICOrOCIOIAPChKUX
HiIMPUEMCTB B TiAMOPSIKYBaHHI TEPUTOPiab-
HUX TPOMaJI, [0 JaCTh 3MOTY Y HAHIIIBU/IIII Te-
PMIHH PO3MOPSKATUCS 3eMJICIO IS MOTPeO
3aTiCeHHs.

[TepcrekTHBOIO MOABIINX JOCIIKEHD
3aITUIIAETHCS ONTHMi3allisl BAKOPUCTAHHS JIiCO-
BHX PeCypciB Ta 301IBIIEHAS TEPUTOPIi PUPO-
JTHO-3aIOB1THOTO (hOHITY BiIITIOBiTHO 10 HOpMa-
TUBHOTO TIOKa3HWKa y 15% Big 3arampHOL
o o0JacTi.

Konduaikr inTepecis

ABTOpPH 3asBJISIIOTH, 1110 KOH(IIIKTY iHTEepeciB 1010 myOutikawii 1poro pykonucy Hemae. Kpim
TOT0, aBTOPH TOBHICTIO JIOTPUMYBAITUCH €THYHUX HOPM, BKITFOUYAIOUH IUTariat, Gpaabcudikallito JaHux

Ta TOJBIHHY MyOTiKaIlito
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ASSESSMENT OF THE PROSPECTS OF CREATING NEW FORESTS
IN TERNOPIL REGION

Modern globalization processes, both in Ukraine and around the world, are leading to the increasing use of
natural resources, including forests. That is why there is a question of assessing the restoration and increase of
forest areas, which will ensure sustainable forest development.

Purpose of the work is to evaluate the creation of forest resources within the Ternopil region and propose
their optimization.

Methods. Descriptive, statistical, comparative-geographical, analysis and optimization modeling.

Results. The Ternopil region is one of the sparsely forested regions of Ukraine. Forestry enterprises of the
region create new forests in the areas available for afforestation in the course of implementation of forestry man-
agement programs of the region, but the main limiting factor is the availability of land plots to meet the needs of
afforestation. In order to optimize the process of increasing forested land, it is necessary to afforest lands unsuitable
for agricultural production and to transfer self-forested lands to forestry enterprises. However, one of the obstacles
to the transfer of land for the use of forestry enterprises is the reluctance to lose valuable assets in the form of land,
and the vague prospect of receiving dividends. The state forestry enterprises of the region submitted applications
to the city, village and village councils for the allocation of land plots, only some positive responses were received.
It is also worth mentioning the problem of collective farm forests, which are currently not provided for use by
forestry enterprises of the region and within which neither protection nor use of forest resources is carried out. The
main problem for such forests is their transfer for permanent use to state or communal forestry enterprises, or
communal enterprises with created specialized forestry units. Therefore, the optimal way out of such a situation
can be considered the creation of communal forestry enterprises in territorial communities of the region, which
would have the opportunity to gradually create new forests on such a basis.
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Conclusions. Thus, the identified problems and trends and problems of meeting the needs of the region in
forests and achieving the optimal indicator of forest cover of the region allowed to open an alternative way to solve
this problem on the basis of direct managers of potential land plots that can be afforested.

KEY WORDS: afforestation, forestry, reforestation, creation of new forests, optimization
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BIOTUYHA TOMOT'EHI3ALIS TEHAPO®JIOPH B YMOBAX METATIOJICY
(v. JHIIPO, YKPATHA)

Merta. Omiaka 6i0pi3HOMaHITTS Ta 3’sICYBaHHS TEHJCHIII] 0 TOMOTeHi3allii JeHapodIopu mapKy
[leBuenxka (M. JHimpo, YkpaiHa).

Metoau. OmopucTidHi METOAM AOCITIDKEHHS: 3’ICYBaHHS TAaKCOHOMIYHOTO CKJIamy Ta BHZI-
JICHHSI aJIBEHTUBHOI (Dpakiiii AeHapodhIopu, METOIU OLIIHKY BU0OBOI0 OaraTcTsa (3a inaekcoM MeHxi-
HiKa Ta iHgekcoM Mapraneda), Bu3Ha4eHHs (HIOPUCTHYHOI CITIbHOCTI (32 iHnAekcoM JKakkapa) Ta ¢io-
PUCTHYHOI TOMOT@HHOCTI (32 iHAeKCOM OioTHYHOI aucriepcii Koxa), MeTo/iu eKoJIoTiYHOTro aHami3y (3a
Oiomopdamu Ta exkomopdamu), GizuyHi, (i3UKO-XiMIUHI, XIMIYHI METOJM aHaNi3y IPyHTY, OionoriuHa
aKTHUBHICTh IPYHTY, CTATUCTUYHI METOJIN OIIPAILFOBAaHHS JaHUX (OMUCOBI CTATUCTUKU Ta KOPEIALIHHUN
aHai3).

PesyabTaTu. Ha TepuTopii gociimKeHuX JUISTHOK apKy 3yCTpivaroThes 14 n1epeBHUX BHIIB, IO
3JIaTHI 10 HACIHHEBOT'O CAMOBIIHOBJICHHS, Ta K1 Y TAKCOHOMIYHOMY BIJTHOIICHHI HaJIe)XaTh /10 12 pomaiB
1 10 poguH. 3 HUX 3apeecTpoBaHO 9 aIBEHTHBHHUX BHIB, MPEICTABICHUX 9 pojaMu i 7 poguHaMH 3
HpOoBiIHOIO poauHOIO Sapindaceae. BeranopieHo, 1o B napky IlleBueHka mITy4Hi 1epeBOCTAHH 31aTHI
I1o (hOpMyBaHHS JOCTATHBOI KIIBKOCTI dKUTTE3JATHOTO IMiIPOCTY aBTOXTOHHHX Ta IHTPOTyKOBAHUX (aJI-
BEHTUBHUX) BUiB. KiTbKiCTh IEPEBHOTO MiPOCTY POCIMH-3JABEHTIB IO TISHKAX 3a piBHEM peKpea-
[IHHOTO HABaHTAXKEHHS PO3MOIISAETCSA y TAKUI CIOCiO: 3 BiJICYTHIM HaBaHTaxeHHAM — 38,5% Bif Ki-
JBKOCTI JiepeB, M0 CaMOBITHOBHIIKCS, 3 TOMipHUM — 68,2%, 3 cunsHuM — 80,5%. Ingexcu BugoBOTO
OararcTBa Mapraneda i MeHxiHika 1epeBHHUX BH/IIB, [0 CAMOBITHOBITIOIOTHCS, JUISI JUISTHKY 3 CHIIEHUM
peKpeariifHiM HaBaHTaXCHHSIM BHUSBUBCS] HAHOUTBIINM (32 PaxXyHOK aJBEHTUBHHX BHIIB) MTOPIBHIHO 3
JUITHKaMU 3 BiICYTHIM 1 TOMIpHUM peKpeaniiHiM HaBaHTaxeHHsM. [Haekce Oiotnanoi aucnepcii Koxa
cranoBuTh 50,0%. KoedimieHTH KOpessiii Mi’k KUTbKICTIO aJIOXTOHHUX 1 aBTOXTOHHUX JICPEBHUX BH/IIB,
10 CAMOBIJTHOBWJIUCS JUISL TOCJTI/DKYBAHUX JISTHOK 3 CHJIbHUM, TIOMIPHUM 1 BIZICYTHIM peKpeariiiHiuM
HABaHTA)KEHHSM € CTATHCTHYHO 3HAYYIHMHU.

BucHoBku. Po3paxoBanuii iHeKC OI0TUYHOT JUCTIEPCIT CBIYUTH PO HASBHICTH Mpoliecy (iio-
PUCTUYHOI TOMOTEHI3allii JIepEeBOCTaHy Ha TEPUTOPIi MapkKy. Y cKiaji aBeHTHBHOT Gpakilii AeHapod-
JIOpH, 110 CAMOBIZTHOBIIFOETHCS, CIIOCTEPIraeThes mocuieHa inBasis Ailanthus altissima Ta TpamisHus
takux BuaiB-Heoditis sik Celtis occidentalis i Acer negundo, mo Bkasye Ha IPOHUKHEHHS yKOPiTHUX
BUJIIB y MiclieBY (uIOpy Ta NOTEHUIHHY 3arpo3y NPUPOJHOMY (IIOPUCTUIHOMY Pi3HOMAHITTIO.

KJIFOYOBI CJIOBA: aBTOXTOHHI Ta 4y>KOpiHI BUIM POCIIHH, 3eJieHa 30Ha MiCTa, IepPeBHI Ha-
Ca/KCHHS1, HACIHHEBE CAMOBITHOBJICHHS

Sx nuryBatu: [llampait M. B., lizyp O. O. biotnuna romoreHizariis AeHAPOGIIOPH B YMOBaX METaroicy
(m. uinpo, Ykpaina). Bicnux Xapxiecvkozco nHayionanbHo2o yuieepcumemy imeni B. H. Kapasina, cepis
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30epeskeHHs 3eJIeHNX MAaCHBIB y MICTaXx,
30KpeMa MapKiB € BaXJIUBOIO YMOBOIO CTBO-
PEHHS CIIPUSATIMBOTO MICHKOTO CepeIOBHILIA iC-
HYBaHHS JIFOJIMHU y 3B'S3KY 31 3HAYHUM aHTPO-
nonpecHroM. HeomiHeHHa poib MapKiB y Be-
JUKUX MICTax, /A€ YMOBH aHTPOIOTEHHOTO
BIUTMBY Ha JIOBKIJUIS 3 KO)KHUM POKOM CTaBIISTh
TiJ] 3arpo3y eKocucTeMu MicTa. ToMy HalakTy-
AIBHINIOK € MpodiieMa 30epeKEHHS POCTHH-
HOT'O CBITY, KOMIIOHEHTH SIKOTO € HaAWKpaIiMHU
JKaMu TS 3I0pOB’ S JIIOJIEH 1 TOJIOBHUM CKap-
6om xuTTs [1]. 3eneni HacaHKEHHS MOy~
I0Th HABKOJIUIIIHE CEPEIOBHIIE JIOIUHH, CTBO-
PIOIOTH KOM(OPTHI YMOBH iCHYBaHHSI: PETYIIO-
IOTh TEIUIOBHH PEKUM, OYHUILYIOTH i 3BOJIOXKY-
I0Th TOBITPSl, 3HUKYIOTh CHITY BIiTpY, MOJIMIIY-
I0Th CaHITAPHO-TIrI€HIYHE CTAHOBMINE MicTa
[2-5], i BiAmOBiZHO, TAKMM YHHOM BIUIMBAIOTH
Ha MikpokiIiMaTH4Hi ymoBu Micta [6-8]. [lo
TOTO K BOHHM € MICIIEM JIJIsl BiJITIOYMHKY Hace-
nenns [9].

[lig gac obmamTyBaHHS MApKiB HEMOX-
JIMBO YHUKHYTH €K30TUYHUX /IS [IEBHOI Miclie-
BOCTI BUIIB (IHTpOXyKOBaHUX BUIB). [luTaHHs
aKJriMaTH3allii Ta iHTPOMYKIIl POCIHH 3aBXIU
nikaBuin HaykoBIliB [10-13]. Ykpaina mae 3Ha-
YHI YCHIXHW B IHTPOMYKIIi Ta aKimiMaTH3aii Jie-
PEBHUX POCIIHH 1 KiIBKICTh IHTPOJIYKOBaHUX B
KpaiHy BUJIIB JIepeB Ta KyIIiB y JEKiJIbKa pa3iB
MIEPEBUIIY€ KUTbKICTh a0OPUTCHHUX BHIIIB, IO
CKJIQJIAl0OTh NPUpPOAHY aeHapoduiopy [14-17].

Beryn

3aBAsKu  IHTPOMYyKIi BinOyBaeThes 30epe-
YKEHHS BUJIiB IPUPOJHUX EKOCHCTEM 1HIIHUX pe-
TiOHIB CBiTYy, 30UIBIIYETHCS O1OpPI3HOMAHITT,
MOKpPAIIy€eThCs JKUTTEBE cepenopuiie [18]. ba-
raTo MiChbKuX (hJIOp MalOTh BUCOKY YacCTKy €K-
30THYHMX BHUJIIB, ika Moke gocsrati 60% [19,
20]. Kpim TOro, aHTpOIOreHHi 3MiHH YMOB 3pO-
CTaHHS CIPHSAIOTH HOIIUPEHHIO YYKOPIIHUX
BuiB. [HBa3iiiHi (aJOXTOHHI) BHOM MOXYTh
CIIOHTaHHO PO3MOBCIOKYBATUCS 1 CTAHOBHUTH
3HAYHY 3arpo3y MICIeBUM (aBTOXTOHHUM) BH-
JlaM, BUTICHSIOYH X 3 MiCIeBOi ¢uiopu Ta 3a-
fiMarouu 1x ekonorivyui Himi [21].

Cepen pisHOMaHITHHX (DYHKIIIH 3eIeHUX
Haca/pPkeHb MICBKHUX TEPHTOpIH BaKIIMBE 3Ha-
YeHHsI Ma€ pekpeariiina. [Ipote, mig yac excrny-
aranii pekpealiiHux 00’ €KTiB, BIICYyTHOCTI MOC-
TIHHOTO AOTIISAAY CHOCTEPITAETHCSA ITOCTYIIOBE
3HIDKCHHS KUTTE3MATHOCTI Haca/pkeHb [22]. YV
3B’S3KY 3 IIUM PO3CEJICHHS 1HBa31HHUX BUJIIB Ha
HOBI TEPUTOPIii CTAHOBHUTH HAWOINBIIY 3arpo3y
JUTSL CBITOBOTO O10Pi3HOMAHITTS 1 TYT BXKe Hte-
ThCs PO OiostorivHi iHBa3ii [23]. [uBasiiiHi BuIH
POCIIMH CTAIOTh 3HAYHOIO MPOOIIEMOIO, BUTHCKA-
FOUYM MICIIEB1 BHIU POCIIHH, 10 301HIOE TIPUPO-
IHY QIOpy 1 MOXKe IPU3BECTH O O10TUYHOI TO-
MoOreHi3anii — 30UIbIIEHHS NOoAI0HOCTI MiX Oio-
TaMU pi3HHUX TepuTopiii [1, 24, 25].

Meta — BU3HAUUTH OiOPI3HOMAHITTS Ta
TEHJICHIII0 JI0 TOMOTeHI3allii AeHapodiopH na-
pky LlleBuenka (M. Jninpo, Ykpaina).

O0’cKTH Ta METOIHU JOCTiTKEeHHS

Paiion nmocmimkens — mapk llleBuenka
3HAXOJUTHCS Ha mpaBomy Oepesi M. Iuinpo (N
48°27'46" E 35°04'21") (puc. 1) y mexax cre-
noBoro [IpuaHinpoB’s y mig30Hi pi3HOTPABHO-
KOCTpPHUIIEBO-KOBWJIOBHX cTemiB [26] 1 BXoxuTh
JI0 CKJIaJly BIAHOCHO ypOaHi30BaHOI TepUTOPIl
MiCTa, 10 3HAXOAUTHCS M1l AKTUBHUM BILTUBOM
MiCBKOTO cepeaoBuiia. CBOIO iCTOPIIO MapK iM.
T.T'. [lleBuenka po3nodnHae 3 cepenuHu 18 cT.,
ko y 1743 p. 3emito Ha kpytocxuii JHinpa
npuabaB ko3ak Jlazap I'moba. 3a cmoragamm
CTapOXKUJIIB 3 JIEPEB 3rajylOThCs aKarlii, 1you,
JIUTH, KJI€HW, B 531, KAIITAHW, IIOBKOBHIIA Ta
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kymii O0y3ky. 3a poku Ilepmioi cBiTOBOI BiiitHH
napk OyB Maiike MOBHICTIO 3HUIICHUH. [IpoTe B
1930-1933 pp. BiH OyB iCTOTHO MEpeIIaHOBA-
HUH 1 #oro Tepurtopis 30iIbLIeHA 32 PaXyHOK
Momnactupcbkoro octpoBa [27, 28]. Ilin gac
Jpyroi cBiTOBOI BiliHH IapK 3HOBY Maiike MoB-
HicTio OyB 3HMIIEHUH. BigOynoBa mapky Tpu-
Bausia 1o 1952 p. [29].

JocnijpkeHHsT  TPOBEACHO — MPOTITOM
2018-2022 pp. s cnoctepexeHb 00paHo TpU
CTaliOHapHI AUISHKH (puc. 1) po3mipom 10 M x
10 m. V xoai BigOOpy DOCTIAHUX AUISHOK I'OJI0-
BHHM aKIEHT 3p00JICHO Ha AUISHKAX, ¢ TPU-
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2
N 48°2746" E 3504217
Shevchenko Park

Puc. 1 — Po3minieHHs: mpoOHUX AUITHOK y Mekax mapky LlleBdenka Ha TepuTopii Micta [JHITpo
Fig. 1 — Placement of test sites within Shevchenko Park on the territory of the city of Dnipro

BAJIMH Yac JIIOAWHA HE BTpydajacs y Ipouecu
PO3BHTKY 1 POCIHMHHI yrpynoBaHHs (opMyBa-
nvcs npupoAHuM HusixoM. KoskHa 3 oOpaHux
JUISTHOK XapaKTepU3y€eThCsI KOMIUIEKCOM YMOB,
SK1 BIUTMBAIOTh HAa PO3BHTOK YKUTTEBO-BAXKIIU-
BUX TIOKa3HUKIB IEPEBHUX BHUIIB Ta Ha X caMo-
BiJHOBJIEHHS. [IITHKY pO3TaIlIOBaHi Ha Pi3HUX
PIBHSX 3a BHUCOTOI 1 XapaKTEpHU3YIOThCS Pi3-
HUM piBHEM pEKpealiifHOr0 HaBaHTAXCHHS
(puc. 2): ninsaka 1 posramoBaHa Ha MoHac-
TUPCHKOMY OCTPOBI HE3HAYHOTO IIiJIBUIIEHHS,
no6sn3y piuku JHinpo, giisHka 2 — Ha CXWIi
niBaeHHoi excriosumii (14—30° Haxwiy), mins-
HKa 3 — Ha CcXWiIl MiBIEHHO-CXIIHOI, CXIIHOI
excrosuiii (17-20° Haxmiy) i XapakTepusy-

FOTBCSI PI3HUM PiBHEM peKpealiifHoro HaBaHTa-
xeHHs (puc. 2), Ha ainsHOi | — cuibHe, Ha [i-
JISHII 2 — MOMIipHE, Ha AUISHIL 3 — BIJICYTHE.

KiiMat perioHy IOCIiIPKEHHS — IIOMi-
PHO-KOHTHHEHTANbHHUN, SKUH XapaKTepusy-
€THCSI TETUIAM JIITOM 1 IOMiIpHO M’SIKOO 3UMOIO.
[Ipote icHye i cBos cnenmdika, MoB’s3aHa 3
HaIMIPHOIO TMOCYXOI0 HANIPUKIHII JIITHBOTO Tie-
pioly Ta 3HaYHUMHU KOJHMBAHHSMH TeMIlepa-
TypH B OCIHHbO-3UMOBHH Ta 3MMOBO-BECHSHHIMA
nepionu poky [30, 31].

VY xoxi gocmimpkeHHs 3acTocoBaHi (hiio-
pUCTHYHI MeToau (IHBEeHTapHu3allisi TAKCOHOMi-
YHOTO CKJIAy, TOPiBHSUIBHUH aHalli3 BUJOBOTO
CKJIaJy POCIMH a0OpUTE€HHOI 1 IHTPOLYKOBaHO1

89.3m 85.6m

2

YMoBHI o3HaueHHs: 1 — MiIHKA 3 CHIIBHAM PEKpealiiiHuM HaBaHTaKCHHSIM,
2 — NinsHKA 3 TIOMIPHAM peKpeaniiHiM HaBaHTa)KCHHSIM,
3 — IUIAHKA 3 BIACYTHIM peKpeariiHuM HaBaHTaKCHHIM
Puc. 2 — Po3ramyBaHHs 1ociiJHUX IUISTHOK y napky LlleBuenka (M. J[Hinpo) 3a ansTuUTyR010
1 piBHEM pEKpeariiHOro HaBaHTaKEHHS
Symbols: 1 — site with heavy recreational load, 2 — site with moderate recreational load,
3 — site with no recreational load
Fig. 2 — Location of experimental sites in Shevchenko Park (Dnipro) according to altitude
and level of recreational load
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neHapodopy, BU3HaYeHHS (QJIOPHUCTHIHOI CITi-
JHHOCTI Ta (JIOPUCTUIHOI TOMOTEHHOCTI), Me-
TOJY €KOJIOTIYHOTO aHami3y (3a 6iomopdamu Ta
ekoMopdamu), hizudHi, (Hi3UKO-XiIMidHI, XiMi-
YHI METONW aHami3y IPyHTY, CTATHCTUYHI Me-
TOJIM OTIPALIIOBAHHS JaHWX. Bu3HaueHHS BUIO-
BOT'O CKJIaJIy POCIHH 3/iHCHIOBAJIM 32 BU3HAY-
HUKOM [32], 1X HOMEHKJIATYpHI Ha3BH MOAAHO
3rimHo 3 ypaxyBaHHsM Angiosperm Phylogeny
Group classification [33].

KoedimienT ¢GopucTU4HOT CHIIBHOCTI
BUJIIB MK TOCITiAHUMH AinsHKamu (inaekc JKa-
KKapa) po3paxoByBanu 3a [34, 35] i Bupaxanu
y Bigcotkax. J{ist 3’acyBaHHS piBHS (QIOPHCTH-
YHOi TOMOT€HHOCTI 3aCTOCOBYBAJIH iHAEKC Oio-
truHoi aucrnepcii Koxa [36].

Exomnoriyny macmoprtuzarmito BUIIB poc-
JIMH 37iCHIOBaH 3a ekoMopdamu [26]. YTou-
HEHHS eKOMOpd MPOBEACHO 3TiTHO 3 «AHAI3

(hbmopu  HaIIOHATBFHOTO TPUPOTHOTO TAPKY
«Opinbcekuin» [37]. B ocHOBY aHaiti3y Giomop-
(hoITOTIYHOI CTPYKTYpPH TOKJIAIEHO CHUCTEMY
xutTeBux Gopm B. M. T'onyGesa [38].

Bunose 6araTtcTBO IIOpPH TOCTIAHUX [Ti-
JITHOK OITIHIOBAJIM 3a iHAeKkcaMu Mapraieda ta
Memnxinika [39, 40].

J1s BU3HAYCHHS XIMIYHUX Ta (Di3HIHUX
TOKAa3HMKIB TPYHTY AOCIIAHI 3pa3Ku Oy Bimio-
paHi 3 fioro kopenenacuueroro mapy (0-25 cm).

PesynpraTti XiMiYHOTO aHAI3y OMpaIbo-
BaHi METOJaMHM OITHCOBOI CTAaTHCTUKH (X + SD).
3B’S130K MK KUTBKICTIO IHTPOYKOBAaHHUX 1 aBTO-
XTOHHHUX BHUIIB, II[0 CAMOBIIHOBUIUCE, OILIIHIO-
BaJIi 3 BAKOPUCTAHHIM KOe(illieHTy KOpeJIsii,
WOro MOXMOKM Ta piBHA 3HA4ymocTi. Po-
3paxyHKH 3/IMCHIOBAJIM B MAaKETi MPUKIATHUX
nporpam Statistica 6.0.

Pe3yabTaTH g0ocaigxeHHs

[pyHTH Ha NMPOOHMX IUIOMIAX BiIIIOBIAHO
JIO Pe3yJbTaTiB arpoXiMiYHHUX JIOCIIIKEHb TIpe]l-
CTaBlieHi ypOO-4OPHO3EMOM MaJIOTYMyCOBUM Ha
Jiecax, HaJeXarh JI0 CEPEIHBOr0 PIiBHS POIIOYO-
CTi 1 CHIPUATIUBI Uil O3€IIEHEHHs] 30HATbHUMU
JICPEBO-YarapHUKOBUMM HACa/PKEHHAMH. XiMi-
YHi Ta (hi3MYHI OKa3HUKH IPYHTiB napky [lleBue-
HKa (mrap 0-25 cM) 3 pisHEM piBHEM peKpeartiii-
HOTO HaBaHTa)KEHHS (TIEpIIi MOKa3HUKH BiJIITOBI-
JIAF0Th CTaHy IPYHTY JIUITHKY 3 CHJIBHUM pPeKpea-
[IHHUM HaBaHTaXeHHsM (iisiHKal), 3 TOMipHUM
i BigcyTHIM (isstakw 2 1 3), BIAMOBIIHO: BMICT I'y-
Mmycy — 5,25+0,22%, 4,62+0,44% i 5,66+0,28%,;
Cyxuit 3QJTUIIIOK - 0,047+0,007%,
0,064+0,0095%, 0,056+0,095%; pH BOmH. —
7,95+0,13, 7,84+0,17 i 7,85+0,19; pH KCI —
6,61£0,63, 6,67+0,42 i 6,81+0,45; rpanyiaomeT-
PUYHUIA CKJIaJ] — MICOK 3 KUIbKICTIO YaCTOYOK (hi-
3n4HOI rHH 9,2%, BaXKHH CYTIIMHOK 3 KUTbKi-
CTHO YacTO4OK (Pizrynol ritunu 53,3%, JIerkuii cy-
TJIMHOK 3 KUIBKICTIO YacTOYOK (Di3UUHOI TIMHU
49,6%.

VY nepeBocTaHi Ta YarapHUKOBOMY SIpyci
Ha IUISHIN 1, Ie CrocTepiraeThCsi CUIIbHE PeK-
pealliiiHe HaBaHTa)XECHHS, TPAIUISIOTHCSA TakKi
Buau sk Ailanthus altissima (Mill.), Ulmus
pumila L., Quercus robur L., Acer platanoides
L., Ulmus laevis Pall., Fraxinus excelsior L.,
Robinia pseudoacacia L., Acer negundo L.,
Aesculus hippocastanum L., Morus alba L.,
Juglans regia L.. Bucora BepXHBOTO SPYCY
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KpOH JIepeBHUX BUIIB POCINH y CKIIai JepeBO-
crany wiel ainsaky csarae 10-12 m. e mryuHo
Bucamkeni pocnuau Ailanthus altissima, Ulmus
laevis, Ulmus pumila, sixi ckaamarots 4,4% Bin
3arajgbHOI KUTBKOCTI JIEPEBHUX POCIHH JTOCIi-
HOT JUISHKH Ta MaroTh Bik Big 15 10 20 pokis.
3iMKHYTICTh KpPOH Yy JIaHOMY HacaJlKeHHi
76,2+4,6%, BIJIHOCHA OCBITJIEHICTD
2,63+1,58%, cBiTVIOBa CTpyKTypa — TiHBOBA.
Tun rpyHTOBOTO 3BOJIOKEHHSI — CBIKYBaTH.
TpaB’siHe TOKPUTTS JUISHKY 3MillIaHe, BiJl CH-
Hy31aJbHOT CTPYKTYpH JIO BKpPAIUICHb OKpe-
MUMH BHaaMH, TakuMu sk Ballota nigra L.,
Chelidonium majus L., Hordeum jubatum L.,
Chenopodium album L., Berteroa incana (L.)
DC., Ambrosia artemisiifolia L.,
Parthenocissus quinquefolia (L.) Planch..
[IpoTe Ha Wil AIASHII TAKOXK MPUCYTHS
3HaYHa KUIBbKICTh MOJIOAHMX 33 BIKOM POCIHH
(95,6%), mepeBaskHO CaMOCIBY, HiIPOCTY BiKOM
no 7 pokis, 3okpema Ailanthus altissima
(66,7%), Ulmus pumila (6,9%), Quercus robur
(5,7%), Acer platanoides (5,7%), Ulmus laevis
(4,6%), Fraxinus excelsior (3,4%), Robinia
pseudoacacia (2,3%), Acer negundo (1%),
Aesculus hippocastanum  (1%), Morus alba
(1%), Juglans regia (1%), siki BUpoC/u HIISIXOM
MPUPOAHOTO MOHOBJIEHHS. Cepea IMX POCIUH
inTpomykoBanuM € Ailanthus altissima, Ulmus
pumila, Robinia pseudoacacia , Acer negundo,
Aesculus hippocastanum , Morus alba, Juglans
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regia, sixi ckmamarots 80,5% Bix 3araabHOT Kijlb-
KOCTI JIEPEBHUX POCIIHH, 10 CAMOBITHOBHIIUCS.
KoedirienT kopemsmii Mixk KUTBKICTIO 1HTPOAY-
KOBaHUX 1 aBTOXTOHHUX ACPEBHUX BH/IB, 1110 Ca-
MoBigHoBUHCS, nopiHioe 0,73 (P = 0,16).

Y nepeBocTaHi Ta B YarapHUKOBOMY
ApyCl MIJSIHKK 2, JIe CIIOCTEPIraeThesl MOMipHE
peKpealliiiHe  HaBaHTAXCHHS  TPAIUISIOTHCS
suan: Ailanthus altissima(Mill.), Acer plat-
anoides L., Acer negundo L., Morus alba L.,
Celtis occidentalis L., Ulmus laevis Pall., Frax-
inus excelsior L., Sambucus nigra L.

Bucota BepXHBOTO SPYCY KpOH JepeB-
HUX BHJIIB POCIIMH y CKIIafli IEPEBOCTaHy CKJa-
nae 14-18 m. Lle mTydyHO BHCAHKECHI POCIHHH:
Ulmus laevis, saxi cknagarors 1,9% Bin 3araib-
HOI KIIBKOCTI IEPEBHUX TIOPiJ Ha BCil IPOOHIN
rrorti 3 Bikom 6mm3pko 20-30 pokiB. 3iMKHY-
TICTh KPOH y IIbOMY HacajpkeHHi 53,7+9,8%,
BigHOCHa OCBITIEHICTh 9,25+3,89%, cBiTiiOBa
CTPYKTypa — HAIBTiHbOBA, THUI TIPYHTOBOTO
3BOJIOKEHHSI — CBDKyBaTHil. TpaB’sHe NOK-
PUTTS JUISHKA YTBOPIOIOTH Taki BHIU SIK
Lactuca serriola L., Ballota nigra L.,
Chelidonium majus L., Hordeum jubatum L.,
Carduus crispus L.

Ha wiil mingdami mix roJMOBHUM IIOJIONOM
MIPUCYTHS 3HaYHA KUTBKICTh MOIIOJMX 33 BIKOM
nepesuux pocius (98,1%), mepeBaXkHO caMOCiBy,
migpocty BikoM 10 12 pokiB, 30kpema Ailanthus
altissima (37,1%), Acer platanoides (27,2%),
Acer negundo (19,2%), Morus alba (8,6%), Celtis
occidentalis (3,3%), Ulmus laevis (2,0%), Fraxi-
nus excelsior (1,3%), Sambucus nigra (1,3%), sixi
3’5[BI/IJ'H/IC$[ TYT IIJIAXOM MIPHUPOAHOr0 IIOHOB-
nennst. Cepell yka3aHUX POCJIHMH IHTPOIYKOBa-
mmMu € Taki Bumm: Ailanthus altissima, Acer
negundo, Morus alba, Celtis occidentalis, sixi cra-
HOBJIATh 68,2% Bix 3arajbHOI KUIBKOCTI JICpEB-
HUX POCIIUH, 10 camoBiaHOBHHCS. KoedirieHT
KOpEeJALii MK KUIBKICTIO iHTPOJYKOBaHHUX 1 aB-
TOXTOHHHMX JIEPEBHHMX BHJIIB, 110 CaMOBIJIHOBH-
ncst, mopisaroe 0,76 (P = 0,14).

Y nepeBocTaHi Ta B YarapHUKOBOMY
Apyci JUISTHKY 3, 1€ BiICYTHE peKpealiiine Ha-
BaHTAXXEHHS TparuisioThes Buau: Acer plat-
anoides L., Celtis occidentalis L., Robinia
pseudoacacia L., Ulmus laevis Pall., Ulmus pu-
mila L., Acer negundo L., Morus alba L., Frax-
inus excelsior L., Gleditsia triacanthos L.

Bucora nepeBoctraHy B HacapKeHHI J10-
piButoe 10-15 m. Jlo ioro BEpXHBOIO sIPyCy
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BxoIaTh Robinia pseudoacacia, Fraxinus excel-
sior, Ulmus laevis, Acer negundo, siki cTaHoB-
a1tk 5,9% Bix 3aranbHOI KUJIBKOCTI JA€PEBHUX
pociuH. lle mTy4YHO BHCAKEHI POCIUHU 3 Bi-
koM 20-30 pokiB. 3iMKHYTiCTH KPOH y Haca-
mkenni 55,6+13,0%, BigHOCHA OCBITIEHICTD
6,62+1,98%, cBiTIOBa CTPYKTypa—HaIiBTi-
HBOBA, THITI IPYHTOBOT'O 3BOJIOXKEHHS — CBIKYBa-
Tuii. TpaB’siHe MOKPUTTS JTUISHKH YTBOPIOIOTH
taki Bugum: Lactuca serriola L., Ballota nigra
L., Chelidonium majus L., Hordeum jubatum
L., Viola hirta L.

[Ipote Ha Wil MpOOHIA MIMSHIN TaKOXK
MIPUCYTHS 3HaYHA KUTBKICTh MOJIOAMX 32 BIKOM
pociun (94,1%), mepeBaKHO CaMmOCiBY, MiApo-
cry Bikom 1o 10 pokiB, 30kpema Acer plat-
anoides, Celtis occidentalis, Robinia
pseudoacacia, Ulmus laevis, Ulmus pumila, Acer
negundo, Morus alba, Fraxinus excelsior,
Gleditsia triacanthos , ski BHpoCIH ILIIXOM
MPUPOTHOTO TIOHOBIeHHs. Cepell UX MOJIOAUX
pocnuH iHTpoaykoBanumMu €: Celtis occidentalis,
Robinia pseudoacacia, Ulmus pumila, Acer
negundo, Morus alba, Gleditsia triacanthos, sxi
cTaHOBJIATH 38,5% BiI 3araabHOI KUJIBKOCTI Ae-
PEBHHX POCJIMH, 1110 caMoBigHOBUHCA. Koedi-
LIEHT KOPEJISIii MiYK KITBKICTIO IHTPOAYKOBaHNX
1 aBTOXTOHHUX JIEPEBHUX BHJIIB, III0 CAMOBiTHO-
BrHcst, nopisuioe 0,77 (P = 0,13).

PocnuHHE yrpynoBaHHS TOCHTIHKEHOT Te-
puTopii npencraBieHo 14 nepeBHUMHU BUIaMHU,
o camoBigHoBHIKCS (Tadn. 1). Tak, Ha miss-
HI 1, e pekpealliiiHe HaBaHTAXKEHHS CUJIbHE,
TparstoThes 11 mepeBHUX BHIIB, IO CAMOBI-
HOBHJIMCS, 13 HUX / aABEHTHBHI BUIH, 4— abo-
pureHHi Buau. 3a KijgbKicTio gominyroe Ailan-
thus altissima (66,7%) Bix 3arajabpHOI KiTbKOCTI
CaMOCIBY JIEpPEBHHX BHUIIB.

Ha npinsuni 2, ne pexpeaililine HaBaHTa-
JKEHHS TIOMipHE, TPAIUIAIOTHCS § JEPEBHUX BH-
IiB, 1110 CAMOBITHOBUJIKCS, 13 HUX 4 aIBEHTUBHI
BHUU, 4 — a0OpUTeHHI BUAM. 3a KIJIBKICTIO J10-
minyrote Ailanthus altissima (37,1%) i Acer
platanoides (27,2%) Bin 3araabHOT KiJIbKOCTI
CaMoCiBY JIEpPEBHUX BHUIIB.

Ha npinsnui 3, me BiACYTHE pekpeariiline
HaBaHTa)XXCHHS TPAIUIIOTHCS 9 JIEpEeBHUX BH-
B, 1[0 CAMOBITHOBHIIUCS, 3 HUX 6 — aJBEHTH-
BHI BUIH, 3 — a0OpUIeHHI BUAM. 32 KUJIbKICTIO
nominye Acer platanoides (55,2 %) i Celtis oc-
cidentalis (21,9%) Bix 3aranbHOI KUIBKOCTI ca-
MOCIBY JIEpEBHUX BHIIB.


https://ru.wikipedia.org/wiki/L.
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%9B%D1%96%D0%BD%D0%BD%D0%B5%D0%B9
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%9B%D1%96%D0%BD%D0%BD%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/L.
https://ru.wikipedia.org/wiki/L.
https://www.wikiwand.com/uk/L.
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napky llleBuenka

Tadmuusa 1
TakcoHOMIYHU CKJIA POCTMHHUX YIPYNOBaHb i 0i0eK0JIOTiYHA XapaKTepUCTHKA BUAIB POCINH

Table 1
Taxonomic composition of plant groups and bioecological characteristics of plant species
of the Shevchenko Park
KiabkicTb
Ne Pouna Bua pocann Biomopgoaoriuna ta exonf)riqﬂa 060.61/11-1, eK3.
XapaKTepHuCTHKA BUAIB Jdisinka
1 2 3
1 | Adoxaceae Sambucus nigra L | Fr, Bap., nPh, RuSil, OgMs-MgTr, KsMs— - 2 -
MsHg, ScHe, Ent, Endz
2 | Cannabaceae Celtis occidentalis | Arb, Ph, SilCu, OgMs—MgTr, MsKs, ScHe, - 5 21
L. Anph, Adv
3 Fabaceae Gleditsia Arb, c1/k., BHp., Ph, SilCu, MsTr, MsKs, He, - - 1
triacanthos L Ent, Bar, Adv
4 | Fabaceae Robinia Arb, Ph, SilCuRu, Og—MgTr, MsKs, He, Ent, | 2 - 10
pseudoacacia L. Bal, Adv
5 |Fagaceae Quercus robur L. | Arb, ct/k,. BHp., Ph, Sil, OgMs—AlIkMgTr, 5 - -
MsKs—MsHg, ScHe, Ent, Synz
6 |Juglandaceae |Juglans regia L. Arb, BHp., Ph, SilCu, MsMgTr, Ms, He, 1 - -
Anph(Ent), Synz, Adv
7 | Moraceae Morus alba L. Arb, ct/k., BHp., Ph, SilCuRu, MsTr, KsMs, 1 13 2
ScHe, Anph, Endz, Adv
8 | Oleaceae Fraxinus excelsior | Arb, ct/k., Bap., Ph, Sil, MsMgTr, KsMs— 3 2 3
L. MsHg, ScHe, Ent, Anch
9 |Sapindaceae Acer platanoides L | Arb, Ph, Sil, MgTr, Ms, ScHe, Ent, Anch 5 41 53
10 |Sapindaceae Acer negundo L. Arb, Ph, SilCuRu, Og—MgTr, MsKs-HgMs, 1 29 3
He, Ent, Anch, Adv
11 |Sapindaceae Aesculus Arb, c1/k, BHp., Ph., MsTr, Ms, He, Ent, Bar, 1 - -
hippocastanum L | Adv
12 | Simaroubaceae |Ailanthus altissima | Arb, Bup., Ph, (Sil)Cul, MsTr, KsMs, ScHe, 59 56 -
(Mill.) Ent, Anch, Adv
13 [Ulmaceae Ulmus laevis Pall | Arb, c1/k., Bap., Ph, Sil, MsTr, Ms, ScHe, 6 6 6
Anph, Anch
14 |Ulmaceae Ulmus pumila L. Arb, c1/k., x/map., Bp., Ph, SilCuRu, OgMsTr, 7 - 3
MsKs, ScHe, Anph, Anch, Adv

Mpumitka. JKummesi ¢popmu: Arb — nepeso, Fr — kyur (uarapuuk); Biomopghu: cT/K. — CTPIKHbOKOPEHEBHI;
K/miap. — KOPEHEeMapOCTKOBHUIA, BP. — BET€TATHBHOPYXIIMBHUIA; BHP. — BETeTaTHBHOHEPYXJIMBHL; Exomopghu: Ph —
(anepoditu (mepeBa Bucoki), NPh — Hu3bKi gepeBa, BUcoki Kytiti; OgTr — omirotpodu, MSTr — mezotpodu, MgTr
— meratpodu, AIKTr — pocuau 3aconenux rpyHTiB; KS — kcepoditu, Ms — me3oditu, Hg — rirpoditu; He —
remioditu, Sc — cmioditu; Ru — pyaepanru, Sil — cinsBanTn, CU — KynbTypanTd (BUIH, SIKi KYJIBTHBYIOTHCS);
Hiacnopoxopu (exobioxopu): Endz — ennozooxopu, Anch — anemoxopu, Bal — 6anictu, Bar — 6apoxopu, Synz —
cunzooxopu. loanenoxopu: Anph — anemodisis, Ent — earomodinist. Adv — afBeHTUBHHI BHII,

Note. Life forms: Arb —tree, Fr —bush (shrub); Biomorphs: art. - tap root; k/par. - rhizome, vr. - vegetatively
mobile; national - vegetatively immobile; Ecomorphs: Ph — phanerophytes (tall trees), nPh — low trees, tall bushes;
OgTr — oligotrophs, MsTr — mesotrophs, MgTr — megatrophs, AIkTr — plants of saline soils; Ks — xerophytes, Ms
— mesophytes, Hg — hygrophytes; Ne — heliophytes, Sc — sciophytes; Ru - ruderants, Sil - sylvants, Cu - culturants
(species that are cultivated); Diasporochores (ecobiochores): Endz — endozoochores, Anch — anemochores, Val —
ballists, Bar — barochores, Synz — synzoochores. Pollenochores: Anph —anemophily, Ent — entomophilia. Adv is
an adventive form.
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https://uk.wikipedia.org/wiki/%D0%9F%D0%B8%D0%B6%D0%BC%D1%96%D0%B2%D0%BA%D0%BE%D0%B2%D1%96
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%9B%D1%96%D0%BD%D0%BD%D0%B5%D0%B9
https://www.google.com/search?sxsrf=APq-WBtJ4J7ImaFvh0AHquUV7zaYrmxqjA:1644249205279&q=Fabaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3SK8sN1nEyuGWmJSYnJqYCgCWYlZxFwAAAA&sa=X&ved=2ahUKEwjRybXO-e31AhVosYsKHeOcDZkQmxMoAnoECDsQBA
https://www.google.com/search?sxsrf=APq-WBuB8TP9ndmgOCPsu6c4w9vohZoQ9Q:1644248955857&q=Ulmaceae&stick=H4sIAAAAAAAAAONgVuLUz9U3MLLINkpbxMoRmpObmJyamAoA6MZBNhgAAAA&sa=X&ved=2ahUKEwjTj77X-O31AhVt-ioKHZP7DWwQmxMoAnoECB4QBA
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Innexc BumoBoro OararcTBa Mapraneda
JUISL MIJISTHKY 3 CHUTBHUM peKpeariiiiuM HaBaH-
Ta)KEHHAM BHSABHMBCS HaiOiapImuM (2,22) mopi-
BHSTHO 3 JUISTHKaMH 3 TIOMIPHUM 1 BiJICYTHIM pi-
BHeM pekpeartii (1,39 ta 1,73) (Tabxn. 2). Taky
camy TeH/ICHIIIF0O MOKHA BIAMITHTH ¥ TS iH]e-
KCY BHJIOBOTO PI3HOMaHITTS MeHxiHiKa.

O1iHIOBaHHA SKICHOI CHIJIBHOCTI BHJIO-
BOTO CKJIAJy JOCHITHUX JUISHOK 3 ICPCBHUMU
BHIAaMH, IO CaMOBITHOBIIIOIOTHCS, IOKA3allo,

110 CIIOCTEPITAEThCS TPESH J0 3HWKEHHS Pi3HO-
MaHITHOCTI (hJIOp AIITHOK 3a PaxyHOK 3011b-
IIEHHS KiTBKOCTI CIITBHUX BHIIB (Tabm. 3).

Jliis BcTaHOBIEHHS! (DIOPUCTUIHOT TOMO-
TEHHOCTI MOCHTITHUX MUISHOK PO3paxoBaHO iH-
nekc OiotmuHoi mmcrepcii Koxa, BemmdmHa
sikoro cTaHoBuTh 50,0%. Lle cBiquuTs mpo mo-
CTaTHBO BHCOKHH piBEHb (IOPUCTUIHOI TOMO-
reHi3arii Ha TepuTopii mapky.

Taéauus 2

Inaexcu BUAOBOro 6araTcTBa AOCTiKeHHX AiIAHOK napka IlleBueHka Ha TepuTOpii 3a/1€3KHO
Bi/l piBHS pekpeaniiiHOro HaBaHTAKeHHS

Table 2

Indexes of species richness of the investigated sites of the Shevchenko Park on the territory depending
on the level of recreational load

Inexe PekpeaniiiHe HaBaHTa:KeHHSA |
CuabHe (niasinka 1) IomipHe (minsinka 2) Bigcyrne (nisisinka 3)
Mapraneda 2,22 1,39 1,73
Menxinika 1,15 0,64 0,89

Taoauus 3

SIKicHA CHUVIBHICTB K0CHIAHMX AiISHOK 3 JepeBHUMH BHAAMU, 110 CAMOBIJHOB/IIOIOTHCS, 32 YMOB Pi3HOI0
PiBHA peKkpealiiiHOro HaBaHTaxKeHHA napky llleByenka

Table 3

Qualitative community of experimental sites with self-regenerating tree species under conditions
of different levels of recreational load in the Shevchenko Park

PekpeauiiiHe HABaHTaKEHHS CunbHe (niisinka 1) | llomipue (minsnka 2) | Bincyrne (ninsnka 3)
CuubHe (nisisiHka 1) (11 6 7
[Momipre (minsiHKa 2) 46,2 % (8) 6
[Momipre (minsiHKa 3) 53,8 % 54,5 % 9

ITpumiTtka. Y mQyXKax — KUTBKICTh BU/IIB, HATIBXXAPHAM — YHCJIO CIIJIBHUX BHIIB.
Note. The number of species in parentheses, the number of common species in bold.

OoroBopennst

Jlerpazaiito Ta pyiHyBaHHS TPUPOJTHUX
exocucteM [41, 42] BBaKarOTh OCHOBHOKO TIPH-
YUHOI0 BTPATH HAa3eMHOTO OiOpiI3HOMAHITTS B
ycboMy cBiTi [43, 44]. V 1uX A0CITiDKSHHSX aB-
TOPY BIUIMB JIIOJUHM Ha O10pPI3HOMAHITTS,
BIUIMB 3€MIICKOPUCTYBAHHS HAa PI3HOMAHITTS
Bumie. Sk mokazamu Rosenthal et al. [45], pek-
peariiiina (GyHKI[S € OIHIE€I0 3 HAWMOIIMPEHi-
IIMX 3arpo3 JUIs BUJIIB, SKi IepeOyBatoTh Y 30H1
pusuky. Y nocmimpkernsx da Rocha et al. [46]
MOKAa3aHo, 110 no3uIlii Tanamadty (penbed) He
€ crnenr(iYHUM YMHHUKOM, Pi3HUISI — B MPaK-
TULl 3emJieKkopucTyBaHHs. Lleil BUCHOBOK Ta-
KOX MiATBEPKY€E HAIIl METOJOJIOTIYHHAMN TTi TX1]T
1010 TIOJIJIEHHS TOCTIIKEHOT TEpUTOPii MapKy
[lleBueHKka B yMOBaxX MiCTa Ha AUISHKH 3 Pi3HUM
piBHEM peKpealiiHOro HaBaHTAXCHHS (CHIIb-
HUM, TIOMIpPHUM 1 BiZICYTHIM).
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Lakicevic et al. [47] mocmimkyBanu aeH-
podIOpUCTHYHE PI3HOMAHITTS IT'SITH MiChKHX
napkiB, 1o po3ramosaHni y Hori-Cax (CepOis).
Li HaykoBIIi HATOJIOCHJIM, L0 1HAEKCH Oi0pi3HO-
MaHITTS HAJAIOTh KIFOYOBY iHGOpMAILIiI0 JUIs
MOHITOPHHTY BHIOBOTO DI3HOMaHITTS. BoHH
BCTaHOBWIIM, IO MAapKd BUKOHYIOTH BAXKIIHUBY
¢$yHKUi0 11 miaTpUMaHHS O10pi3HOMAHITTS B
MICTax, OCKUIbKH BOHM 3a0€3MeuyioTh Cepejio-
BHUIIC TMPOXXMBAHHS MICIIEBOI POCIMHHOCTI Ta
MiATPUMYIOTH MPUPOIHI MPOLECH B E€KOCHUCTE-
Max. 3a iX TociipKeHHIMH 1H/eKe JKakkapa Mix
napkamu BapitoBaB Bin 41,4% mo 72,4%, mio
CBITYMIIO PO TEHZAEHLI1 HMOBIpHOT rOMOreHi3a-
uii i OyJ0 MOSCHEHO BIUIMBOM KJIIMaTHYHUX
YMOB 1 METOJIB IOCHOJAPIOBaHHS. Y HaIIOMYy
JocTTipkeHH] iHmeke JKakkapa Mixk yciMma JiTsTH-
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KaMH Maibke OJM3bKHIA 32 BETIYHHOIO 1 KOJTNBA-
eThbes Big 46,2% 1o 54,5%. 1le 70BOAMTS, IO €
MeBHa MOMIOHICTh AeHAPOhIOP AUITHOK 1 CITO-
CTepIraeThCs TEHAEHIIIS 0 IX TOMOTeHi3yBaHH,
IO MiATBEPIKYETHCS BENUYMHOIO 1HACKCY 0io-
tuaHoi aucniepceii Koxa, sixuit nopisatoe 50,0%.
V mocmimkenni Lakicevic et al. [47] sin-
MiYeHO, IO iHBAa3iifHI AEpPEeBHI BUAM MOXYTh
BIUIMHYTH Ha BTpaTy OiOpi3HOMAHITTS B JOBTO-
CTPOKOBI# TepCIeKTUBI. 3TiAHO 3 iXHIMH [a-
HUMHM YacTKa HEMICLEBHX BHUIIB KOJIUBAJIach B
Mmekax Big 40% mo 57%. Buau Acer negundo,
Ailanthus altissima ta Ulmus pumila 4epe3 Bu-
COKMIt HOTCHHiaJ'I MOMIMPCHHSA BUABUIIUCA K
HaWOUIBII arpecyBHi iHBa3iiHiI Buay. Lli aBTOpH
3ayBaXKyIOTh, 1110 BKa3aHi BUM € YaCTHMU iHBa-
3IMHUMH BUJIaMH Ha Bcill Tepuropii Cep0Oii. ¥
HAIIIOMY JIOCITiJPKEHHI aIBEHTHBHI BHIU CKJIa [a-
10Tk Bix 38,5% mo 80,5%, 1m0 mosicHIoeThCS pi3-
HUM peKpeaniifHiM HaBaHTaKEHHSIM JTOCIiKe-
HUX OistHOK. IlepeBaxkarots Bumu: Ailanthus
altissima, Celtis occidentalis, Acer negundo.
IupoKkuM KOJIOM HAayKOBIIB aKIEHTY-
€ThCS Ha HEOOXITHICTh PETENBHOTO BiJCTEXKY-
BaHHJ MOSIBH 1HBA31MHKUX BU/IB, OCKIJILKH BOHH
MOTEHIIHHO MOXXYTh BILUIMHYTH Ha BTpaTy 0io-
PI3HOMAHITTSI B JIOBFOCTPOKOBIH TMEPCHEKTHBI
[48-50] i mpakTHYHOMY 3aCTOCYBaHHI Bi/IMOBI-

JTHUX 3aXO0/iB, IEPEBAYKHO BKIFOYAI0OUN MEXaHi-
YHE BUAAIICHHS HAalO1IbIII arpeCHBHIX 1HBa31H-
HUX BUIIB JUIsI KOHTPOJIFOBAHHSI X TIOJJANBIIIOTO
momupeHns [47]. 3a HaMMHK TOCTI IKEHHAMM
cepel aABCHTUBHUX BHIIB BiIMiducHA TIO3UTH-
BHa iHBasiiHicte Ailanthus altissima, Acer
negundo, Celtis occidentalis.

Zarghi & Hosseini [51] nocnimkyBanu
BIUIMB €KOTYPHU3MY Ha O10pi3HOMAaHITTSI POCIHH
y 3oni Yenmip Tanaype (nmposinuisi XopacaH-
Pazasi, Ipan). {1 XxapakTepucTUKKA BUAOBOTO
OaraTcTBa HaIliOHAJHLHOTO MAPKY Ili HAYKOBII
3acTocyBaiM iHjekcu Mapraneda i MenxiHika
1 MoKkasau, 1o inaexc Mapraieda 3MiHIOBaBCs
Bixg 1,4 no 0,6, a ingekc Menxinika Big 0,8 10
0,5, BIOMOBIAHO BiJ HHU3BKOTO pPEKpeariitHoOro
HABaHTaXEHHs N0 BUCOKOro. OTpuMmaHi 3Ha-
YeHHS TIOKa3HHKIB TIOB’S3YIOTh 13 BIUIHBOM
EKOTYpU3MY, SKHH MOXKHA BBXKATH SIK OJHY 13
(hopM pekpearifHOro HaBaHTa)XCHHA. Y Ha-
[IOMY JTOCTI/DKEHHI i TIOKa3HWKH BapilOIOTh
Bix 2,22 no 1,39 (immexc Mapraneda) ta Bin
1,15 mo 0,64 (immexc MenxiHika) BiAMOBITHO
BiJl BUCOKOTO PEKpealliifHOr0 HaBaHTaXCHHS 10
HU3bKOTO0. Taky 3aKOHOMIpHICTh, Ha HAIIl TIOT-
JISJT, MOKHA MOSICHUTH O1IBIIOI0 KITBKICTIO ajI-
BEHTHUBHHUX BUJIIB Ha JUISHI[ 3 CHJILHUM pEKpe-
aliifHIM HaBaHTaXXeHHsM mapky llleBueHka.

BucnoBku

BceraHoBieHO, 10 Ha JOCTIHUX iISH-
Kax 3 Pi3HUM CTYIIEHEM peKpealiifHoro HaBaH-
TakeHHs mapky IlleBueHka B ymMoBax micta (M.
Huinpo, Ykpaina) tpamiserscst 14 nepeBHUX
BHIIB, IIIO 3JaTHI JO HACIHHEBOTO CAMOBIIHOB-
JIEHHSI, Ta sIKi HajexxaTh 70 12 poxiB i 10 poaun.
3 HHX 3apeecTpoBaHO 9 aJBCHTUBHHX BUJIIB,
MPEJICTABICHUX Y TaKCOHOMIYHOMY BiJIHO-
nreHHi 9 pogamu i 7 poauHaMU 3 IPOBIAHOIO PO-
nuHOK Sapindaceae (y KUIBKICHOMY BiJTHO-
mienni). Cepe/l alBEHTUBHUX JEPEBHUX BHIIB,
U SIKHX y MEXKax perioHy IOCTiKEHHS Bi-
noma inBasiiHicTs Ailanthus altissima (poauna
Simaroubaceae) mposBise Ha HOCTIAHUX Tijs-
HKAX HaMBHIIY aKTHBHICTb. Mloro cymapHa Ki-
npKicTh 115 ek3., mpu oMy Ha JIUISHIIL 3 CHITh-
HUM pEeKpealiiHiM HaBaHTAXKEHHSM 4YacTKa
ILOTO BUy CTaHOBUTH 34,4% Bij 3araibHOT Ki-
JIKOCTI MiJPOCTY HACIHHEBOI'O ITOXOKEHHS,
JOCHIJDKYBAHHX JIUISTHOK, 1110 MOSICHIOETHCS TI0-
€JHAHHSAM EKOJIOTIYHMX Ta aHTPOIIOTEHHUX
YUHHHUKIB.
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Innexcu BumoBoro OaratctBa Mapra-
neda i MeHxiHiKka JEepEeBHUX BHJIIB, IO CaMO-
BiZTHOBIIFOFOTBCS, JUISL TUISTHKH 3 CHIIBHHM PEK-
peaniiiHuM HaBaHTaXEHHSM BUSBUBCS HanOi-
JBIIUM (32 paXyHOK aIBEHTHBHUX BUJIIB) TIOPi-
BHSHO 3 JUISTHKaMH, Ha SIKMX peKpeariifHe Ha-
BaHTa)XXCHHSA BiJICyTHE a00 momipHe. [Haekc 0i-
otuunoi aucnepcii Koxa (50,0%) cBigunth npo
HasIBHICTB ITpo1iecy (HIOpUCTHIHOT TOMOTeHi3a-
1ii Ha AOCIIIKEHUX TEPUTOPISIX MAPKYy.

Amnaniz GiOpi3HOMAaHITTS JIEHIPOQIIOpH,
II0 CAaMOBIJHOBIIOETLCI, Ta i1 aJIBEHTHUBHOI
¢pakuii 111 ymoB napky llleBuenka no3BonuB
BUSIBUTH, OKpiM mo3uTHBHOI iHBa3ii Ailanthus
altissima TparisiHHS TaKuX BHIIB-HEOMITIB 5K
Celtis occidentalis i Acer negundo, o Bkasye
Ha TOCTiHHY 1HBa3i0 4y>KOPiAHUX BUIIB Yy Mic-
neBy ¢uiopy Ta MOTEHINHHY 3arpo3y MPHPO/I-
HOMY (JIOPHCTUYHOMY PIZHOMAHITTIO. Y MoJa-
JBIIOMY HEOOX1IHO IPOTrHO3yBaHHS MOKIIMBUX
HACIIZKIB 1HTPOMYKINT YYKOPITHUX BUJIIB Y
ckiani penapodopu napky llleBueHka B ymo-
Bax MeraroJica.
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ABTOpY 3agBIAIOTH, MO KOHQIIKTY iHTEpECiB 1moa0 MyOiikamii mporo pykonucy Hemae. Kpim
TOTO, aBTOPH TIOBHICTIO TOTPUMYBAJIUCS €TUYHUX HOPM, BKIIFOYAIOUH IIIariaT, Gpanbcuikamiro JaHuX
Ta MOABIMHY MyOITiKaIito.
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BIOTIC HOMOGENIZATION OF DENDROFLORA IN THE CONDITIONS
OF THE MEGAPOLIS (DNIPRO, UKRAINE)

Purpose. Biodiversity assessment and clarification of the trend towards homogenization of the dendroflora
of the Shevchenko Park (Dnipro, Ukraine).

Methods. Floristic methods of research are applied - elucidation of the taxonomic composition and
selection of the adventitious fraction of dendroflora, methods of species richness assessment (according to the
Menkhinik index and Margalef index), determination of floristic commonality (according to the Jaccard index)
and floristic homogeneity (according to the Koch index of biotic dispersion), methods of ecological analysis (by
biomorphs and ecomorphs), physical, physicochemical, chemical methods of soil analysis, soil biological activity,
statistical methods of data processing (descriptive statistics and correlation analysis).

Results. It was established that artificial stands of trees in the Shevchenko Park are capable of forming a
sufficient amount of viable undergrowth of autochthonous and introduced (adventurous) species, the ratio of which
is 37.0% to 63.0%. The amount of tree growth of adventive sites in the areas according to the level of recreational
load is distributed as follows: with no load - 38.5% of the number of self-regenerating trees, with moderate -
68.2%, with strong - 80.5%. The indexes of species richness of Margalef and Menkhinik of self-regenerating tree
species for the site with a strong recreational load turned out to be the largest (due to adventitious species)
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compared to the sites with no and moderate recreational load. Koch index of biotic dispersion is 50.0%. Correlation
coefficients between the number of allochthonous and autochthonous tree species that have self-regenerated for
the studied areas with strong, moderate and no recreational load are statistically significant (0.73, 0.76, 0.77
respectively).

Conclusions. On the territory of the investigated areas of the park, there are 14 tree species capable of seed
self-regeneration, which taxonomically belong to 12 genera and 10 families. Of them, 9 adventive species were
registered, represented by 9 genera and 7 families with the leading family Sapindaceae. The calculated index of
biotic dispersion testifies to the presence of a process of floristic homogenization of the forest stand on the territory
of the park. As part of the adventitious fraction of the self-regenerating dendroflora, there is an increased invasion
of Ailanthus altissima and the occurrence of such neophyte species as Celtis occidentalis and Acer negundo, which
indicates the penetration of alien species into the local flora and a potential threat to natural floristic diversity.

KEY WORDS: autochthonous and alien species of plants, green zone of the city, tree plantations, seed
self-regeneration
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1010 BUJAHHS KOJIEKTUBHOI MOHOI'PA®Ii 3A TPOEKTOM
MI)KHAPOJHOI'O BUHIETPAJICBKOI'O ®OH/Y

KonexktuBom aBTopiB i3 Ykpainu, Uexii, [loapmri, CioBauanau, Yropmuay, Hinepiaaais ta Ecronii B xomi
BUKOHaHHS npoekTy MixHapoaHoro Bumerpaacekoro gonny “3eneHo-0nakuTHa iHdpacTpyKkTypa B MicTax Ho-
CTPaJTHCHKOTO MPOCTOPY: BUBUSHHS CIIaALIMHY Ta MIIKIFOYEHHS 10 10CBiay Kpain V4 ” B HaB4yaibpHO-HAyKOBOMY
IHCTUTYTI ekoJorii XapKiBChbKOro HallioHaJbHOTo yHiBepcuTeTy iMeHi B.H. Kapasina migrorosiena oxHoiiMeHHa
MoHoTpadis. ABTOpH CHIJIBHO AOCIIPKYBAIH, SIK KpaiHu V4 BIOPATUCS 3 IHCTUTYIIIHHOIO Ta iHPPACTPYKTyPHOIO
CHAJIIMHOIO, MOB’S3aHOI0 3 3€JICHO-0JaKUTHOIO IHPPACTPYKTYpOIO B MicTax, aHaNi3yBajlk aKTyalbHi CUTYyalil 3
BUPOOHMIITBA 3HAHB T YIPaBIiHHS B YKpaiHi, po3po0OHIIH Ta ONUCAIN KPUTHYHI PO3IyMH U ITOJIITUYHI PEKOMEH-
Janii Ta MAroTyBaid MOHOTpadiro, METOI SKOi € PO3HOBCIOKEHHS PE3YJIbTATIB Cepel LIMPOKOTo KoJia HallioHa-
JTHHUX 1 MDKHAPOJIHHUX TPYI 3aIiKaBICHUX CTOPIH.

Yc¢i aBTOpH MarOTh BiIMIOBITHUIA piBeHb KBami(iKaIlii Ta JOCBIAY JUIT BABYCHHS ITiIXOIB, IUIXIB Ta IMPaK-
THK TIOJI0JIAHHS TIPoOJIeM 1HCTUTYIIIHOI Ta iHQPACTPYKTYPHOI CIIAAIIIMHH, ITOB’A3aHOT 3 3eJICHO-OJaKUTHOO 1H-
(hpacTpyKTyporo y MicTax, sl MPOBEACHHS JAOCIIIKEHb, CIIPIMOBAaHUX Ha aHANI3 BIAMOBITHUX CUTYyaIii 3 PO3-
BUTKY 3HaHb Ta yIpaBiHHA B YKpaiHi, 110 € 3a[0PYKOI0 PO3POOKHU Ta PO3BUTKY KPUTHYHHX MIpKYBaHb Ta e(ek-
TUBHHX PEKOMEH/AMlIH 111010 PO3POOKH Ta PO3BUTKY IOJITHKH.

KJIFOUYOBI CJIOBA: moHorpadist, 3eyieH0-01akuTHa iHPpacTpyKTypa, kKpainu Buiierpaacbkoi rpymn,
IHCTUTYLIlHA Ta IHPpaCTPyKTypHA CIHaI[UHA

Sx nuryBaT: Makcumenko H. B., Illkapy6a A. /1. I1{o1o BuaaHHs KOJIEKTUBHOT MOHOTpadii 3a Mpoek-
toM MixkHapogHoro Burerpancskoro @oHy. Bickuk Xapkiscbkoeo HAYioHAIbHO20 YHIGepcumemy iMeHi
B. H. Kapaszina, cepis «Exonoeisy. 2022. Bun. 27. C. 94 — 100. DOI: https://doi.org/10.26565/1992-4259-
2022-27-08

In cites: Maksymenko, N. V., & Shkaruba, A. D. (2022). Regarding the publication of a collective
monograph under the project of the International VVysegrad Fund. Visnyk of V. N. Karazin Kharkiv Na-
tional University, Series «Ecology», (27), 94 - 100. https://doi.org/10.26565/1992-4259-2022-27-08
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Beryn
[licna posnany couiamicTHYHOTO OJIOKY JKEHHs, y>K€ CX03Ki Ha Ti, 1110 Maia YKpaiHa mij
Kkpainu Bumerpancekoi rpynu (kpainu V4): yac po3naay CPCP; TuM He MeHII BOHH BXKe
Yexist, Yropmwuna, Ilonmsma ta CroBayunHa) MPONIUIM TOBTUM IIISX, PO3MIPKOBYIOUH Haj
MaJIi TI0YATKOB1 YMOBH, SIKi 3 TOUKHU 30pY HOJi- CBOEIO CHAJIIMHOIO0 y cdepi IUIaHYBaHHS Ta
TUKU MICTOOYAyBaHHS Ta CTpaTeriii BIpPOBaJ- 00MparoyYy MUISIXU PO3BUTKY MICT Ta TEPUTOPIH.
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Konm cnpaBa midnuia 10 po3BHTKY Ta yIpaB-
JHHA 3€JIeHOI0 Ta ONaKUTHOI iHQPACTPYKTY-
poro (3b]), y HuX Oymu sIK SCKpaBi YCIIXH, TaK 1
HeBmayi. OcTaHHI po3poOKHM 30CepeKeHI Ha
KOHIICTIIIISIX, 10 BPaXOBYIOTh MPHUPOJIHI Mif-
XOIW/pillleHHs, 3eJeHi Ta OJIaKUTHI cMapT-pi-
[ICHHS, Y9aCTh 3aIliKaBICHUX CTOPiH Ta METOIN
Kkpayacopcunry. [ocsig kpain V4 HanzBu-
YaifHO KOPUCHUM [T TpoMall y chepi MicToOy-
TyBaHHSA B YKpaiHi, OCKUTEKA KOHTEKCT (SIK ic-
TOPWYHHMN, TaK i TOTOYHWH) yCIIITHIX MPUKIIa-
IiB 1 ypOKIB AyK€ aKTyalIbHUHN [T TIEPioy mo-
JITUYHOTO Ta COILiadhbHO-EKOHOMIYHOTO TIepe-
XO[Ty, IKHIA BCe IIIe TpuBae B Kpainax CXigHOTO
naptHepcTBa. Came Il IPAKTUKK Ta aKaJeMid-
HUH KOHTEKCT JOCIIIKYBaJIM i 00OMipKOBYBaJIN
MapTHEPH TPOEKTy «3eJeHo-OmakuTHa iHppa-
CTPYKTypa B  MiCcTaX  MOCTPaJSHCHKOTO

[IPOCTOPY: BHUBYCHHSA CHAALIMHU Ta IIiIKIO-
4yeHHs 10 nociny V4" (GAP npoekry).

OueBHIHO, IO BIAMOBIAHI aKageMiyHi
CIIITFHOTH Ta MIUPOKI KOJIa PaKTHKIB 1 (axi-
LiB, AKi 3aiMarOTbCsl PO3POOKOIO Ta YIIPaBIiH-
usaMm 3BI B YkpaiHi, Bxke MatoTh 0a30Bi 3HaHHS
Ta gocBix. OmHak iM Opakye HeCTaHAAPTHOI TO-
YK 30py Ha MPOOJIEMH PO3BUTKY Ta 00CIyTo-
ByBaHHs 3B, siki MOB’s13aHi 3 aceKTaMH MOJi-
TUKW, YTPABITIHHA Ta TEXHOJOTIH, a TaKOX Y
HHUX MOXX€ OyTH BiJCYTHE TOCITIIOBHE pO3Y-
MiHHS Ta OayeHHS e(eKTUBHHX pimeHb. Lo
mpo0yieMy MO>KHA BUPIMIATH MUISIXOM CITiTh-
HOTO PO3BUTKY Ta 0OMiHY 3HAHHSIMH 33 YMOBH,
IO 3HAHHS € KOPHCHUMH Ta aKTyaIbHUMH; B
TOM K€ Yac sl Pi3HUX ayAWUTOPiH 3aCTOCOBY-
FOTHCA BIATIOBIAHI (hopMaTH 3HAHB Ta IHCTPyMe-
HTHU KOMYHIKaIIii.

OcHOBHA YacTHHA

Pe3ynbraroMm CriibHHX JTOCIIPKEHB BUC-
Hux Ykpaiam, Yexii, [lompmi, CroBauyumam,
Yropmuau, Hinepnannie ta Ecronii crama
YKpaiHO- Ta aHTJIOMOBHA KOJIEKTUBHA MOHOTpa-
¢is «3eneHo-0nakutHa iHpacTpyKTypa B Mic-
Tax TMOCTPAISIHCHKOTO IPOCTOPY: BUBYCHHSA
CHQIIIUHKU Ta MIJKIFYEHHS 10 J0CBITY KpaiH
V4 | Green & Blue Infrastructure in Post-USSR
cities: exploring legacies and connecting to V4
experiencey, 1110 BUHIILIA B CBIT Y BUIaBHUIITBI
XapKiBCHKOTO HAIIOHAILHOTO YHIBEPCUTETY
imeni B. H. Kapaszina 3a penaxmiero H. Maxkcu-
MmeHko 1a A. llIkapy6a (puc. 1).

Crpykrypa MoHorpadii Moxxe rpadidHo
OyTH TIpeJICTaBIICHA y BUTTISIII TPUEUHOTO JI0-
cimipkeHHs (puc. 2), Mo CpsMOBaHE Ha PO3T-
JIsi71 TPO0JIEeM, TOB’ I3aHUX 3 IMIUIEMEHTALII€l0 B
VYkpaiHi inei cipuiHATTS POCIMHHOTO 1 BOJ-
HOT'O KJlactepy ypOOeKOCHCTEM SK €JUHOTO IIi-
JIOTO, a caMe — 3eJIeHO-0JaKuTHOT iH(pacTpyK-
TypH. J{7s HOT0 BUJIUICH] TPH HAMIPSIMKH : OITi-
HKa HACTIJKIB aJMiHICTPAaTHBHO-KOMAaHTHOL
CHUCTEeMH Oprasizaiii MIiCBKOTO CepeIOBHUIIA,
XapaKTepUCTHKA BIIACHE 3€JIEHO-OJaKUTHOT 1H-
(bpacTpyKTypH B KpaiHax — yYaCHHUISIX IPOEKTY
Ta OIiIHKa MOXJIMBOCTI BUKOPUCTaHHS 1HHOBa-
il y MicTOOYZIIBHOMY TUIaHYBaHHI.

VY po3zoini 1.1. Paosancvke micmo K yHi-
KAbHULL NPUKIA0 Micmo0y0i6H020 NAAHYBAHHS
ma po3eumxy aBropu A. Ckpuran i A lllkapy6a
HAJAI0Th AOKJIAJHUN OrJIs MyOTiKaIiii BuUeHUX
i3 kpain Lenrpansroi ta CxigHoi €Bponu, 1o
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NPUCBSYEHI aHATI3Y (pEeHOMEHY «PasTHCHKOTO0Y»
MicTa. Ha KOHKpeTHMX NpHKIaaax JOBEACHO,
10 MicTOOY/AiBHE TUTAHYBAaHHS B COIIANiCTHY-
HUX MiCTax MaJIO Ha METi IEMOHCTPALIIF0 JOCST-
HEHb CcoIlialli3My, HOro 0e3yMOBHHX IIepeBar y
IJIaHYBaHHI MICT 3 BHOKPEMJICHHSM JiJIOBOTO
LEHTPY, MPOMHCIOBUX 30H, «CHAJIbHUX» paii-
OHIB Ta MAPKOBHX 1JIiCOMAPKOBUX 30H. Y (iHai
aBTOPU NMPHUXOIATH 10 BUCHOBKY, IO 3apa3 iH-
cTHTYyLilHHA TpaHchopMmarlist popMaIbHO 3aBep-
IICHA, COLIaJIbHO-€KOHOMIYHI YMOBH TIOBHICTIO
3MIHMJIMCS, ajleé IOCTCOLIAJIICTUYHI MiCcTa BCe
11 TPOAOBXKYIOTh TpaHC(OpMaIii MiCHKOTO Ce-
peaoBHUIIa, TPOCTOPOBOI Ta (YHKIIOHAILHOT
CTPYKTYpH.

Posoin 1.2. Cyuacna npocmopoea cmpy-
xkmypa nocmpaosiicokux micm (aBTopu H. Ma-
kcuMmeHko, A. Krnemy 1 H. Yepkaminaa) npucssi-
YeHUH po3risiay NUTaHb GopMyBaHHS 1 QyHK-
IOHYBaHHS TEPUTOPIATBHOT CTPYKTYPH IPUPO-
JIOKOpUCTyBaHHS M. XapkoBa. Ha ocHoOBI aHa-
Ji3y CYNMyTHUKOBHMX 3HIMKIB TepuUTOpil mocii-
JDKEHHSI BUJIJIGHO 6 THIIB MPUPOAOKOPHUCTY-
BaHHS 32 COI[IaJIbHO-€KOHOMIYHOI (DYHKIIIEIO
(cenmiTeOHMHN, TPAaHCIOPTHHUHN, 3aXMCHO-PEKpea-
UidHUNA, iHAYCTpiaJbHUN, arpapHUi THIH) Ta
XapaKTepoM MOKPUBY (aKBaJbHHUM THI), a B 1X
MeXxax - 32 BUIH, 110 MalOTh YiTKO BHUPaXKEHI
BiIMIiHI O3HaKamMM oOpraHizamii Tepurtopiii abo
MAaloTh creuudivyHe HiNboBe NPU3HAYEHHS, IO
3HaYHMMH YMHOM BIUIMBAac Ha ix (opmy ekc-
IuTyartauii Ta npouecH (yHKIiOHYBaHHS.
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Puc. 1 — O6knagunka MoHorpadii
Fig. 1 — Cover of the monograph

1.
NOCTPAAAHCHKE
MICTO:
PALAHCbKA
CNAALLMHA TA
BUK/INKM
CYYACHOCTI

2. 3E/IEHO-
BJIAKUTHA
IHOPACTPYKTYPA
MICT

3.TPAHC®EP 3HAHb TA
MPAKTUK. IHHOBALLIT Y
MICTOBYIIBHOMY
NNAHYBAHHI TA
YMPAB/IIHHI

Puc. 2 — Crpykrypa monorpadii
Fig. 2 — The structure of the monograph
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BuxopuctoBytoun ['IC-metogm cTBO-
peHa cepis kapTorpadiyHUX MOJAEICH TepPUTO-
pilagpHOI CTPYKTYpH NPUPOJOKOPUCTYBAHHS Y
M. XapkiB Ta 3p00JIEHO KapTOMETPUIHI po3pa-
XYHKH TUTOII KOXHOTO 3 i1eHTH(])IKOBaHUX BH-
JiB Ta THIIB MPUPOJOKOPUCTYBaHHsA. OTpuMaHi
pe3yINbTaTH MOXYTh OyTH BUKOPUCTaHI SIK Mif-
rpyHTs po3BUTKY 3BI B ceHCi BU3HaUeHHSI CIIiB-
BiJJHOIIEHb 3a0yJOBaHMX MOBEPXOHb Ta 3aac-
(hanbTOBaHUX JIO 03ENICHEHUX JUISTHOK Ta BiJK-
PUTHX TPYHTIB, TOIIIO.

Oco6nuBa poib y MoHOrpadii BigBeaeHa
posoiny 1.3. Cyuacni npobnemu, Gukiuxku ma
3a2po3u NOCMPAOAHCLKUX MICm, SIKUHA pO31ine-
HUM Ha 2 MiIPO3/IiITH:

v' ¥V nepuomy 3 Hux - 1.3.1. IIpobremu ¢hynk-
YioHYy8aHHA 3eleHOl IHpacmpykmypu cy-
yacHux micm (Ha npuxkiadi m. Xapkis), aB-
topcbkuit konektus (I. Koans,, E. Koua-
HoB, C. Bypuenko, K. Vtkina i A. I'peuko)
Ha/aB PETPOCHEKTUBHUI aHaji3 mpobiemMu
3MEHIICHHs IOl 3eJeHoi iH(pacTpyK-
TypH y M. XapKiB, Ha3BaB y SKOCTi MPUYUH
PO3LIMPEHHSI TPAHCIIOPTHOI MEpEexi, JKUT-
JIOBY 3a0yJOBY, PEKOHCTPYKIIIIO 3eJIEHUX
30H 3 BHKOPHCTaHHSM «CipHX» DIlllCHb Ta
pekpearito. JleTarbHO Ha KOHKPETHHUX MPU-
KJ1azax 3po0JIEeHO OLIHKY BHECKY KOXKHOTO
HETaTMBHOTO YWHHHMKA B 3arajlbHUN CTaH
03€JICHEHHSI.

MicT
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v Ipyruit migposain - 1.3.2. Exonoziuni acne-
Kmyu  aumponocenHoi  mparcghopmayii
@nopu m. Xaprosa (K. 3BsriHIEeBa) MOBHI-
CTIO TIPUCBSYCHO MPOOIEeMaM EKOJIOTIIHIX
HACJIIAKIB aHTPOIIOT€HHOTO HAaBAaHTa)KEHHS
Ha QIIOPUCTHYHHHN CKIaJ] ypOonaHmmadTis,
IIPECTABICHO 30HYBaHHS MicTa XapKoBa Ha
OCHOBI SIKOTO 3aIIPOTIOHOBAHO €KOTOIOJIOT-
YHY CTPYKTYpy ypOaHoduiopu Xapkora 3 Je-
TaJbHOIO XapaKTEPUCTHKOIO BUAIJICHUX €KO-
TOIIIB.

Po3nin 2. 3eneno-6nakuTHa iHpacTpyk-
Typa MICT Ma€ JIOTIYHUI TOALT HA TPU MiJPO3-
IiIK, 10 PUCBSYEHI BUCBITICHHIO 3aralbHUX
nutanb opranizauii 3Bl y MicTax, n1ocBigy €B-
pOIeiChKIX Ta YKpaiHChKUX MicT (puc.3).

B posoini 2.1. 3enena ingppacmpyxmypa
ma micbKe icoge 20Cno0apcmeo. cmpameziune
VYIPABIHHA 01 NOM SSKULEHHS ma adanmayii 0o
sminy knimamy 6 micmax (A. Ckpuras, A. llka-
py0a) aBTOpH BiAnoOBiAa0Th Ha 3anuTanHs: Lo
O3Hayae «3eieHa iHQpacTpyKkTypa»? 3 SIKHX
€JIEMEHTIB BOHA CKIanaeThes? YoMy 3eJieHa iH-
(hpactpykrypa Taka BaxymBa s MicT? Kpim
TOro, 3HauHa yBara MpuijieHa MUTaHHIM PO3-
pOOKH cTpaTerii po3BUTKY 3esieHoi iH(pacTpy-
KTypH IUIs1 afanTaunii MicT 10 3MiH KniMaty. Ha-
BEJICHO KOHKPETHI PEKOMEHAALlT ISl HPOEKTY-
BaHHS O3€JCHEHHSI MICT 3 METOI TOCHICHHS
e(eKTy OXOJIOJUKEHHS, PEryIIOBaHHS IOBEpPX-
HEBOTO CTOKY Ta 30epe)XxeHHsI 010pi3HOMAaHITTSI.

3esiena indpacTpyKTypa Ta MiChKe JIiCOBe rOCIOAApPCTBO: CTPaTeriyue
YIPABJIiHHSA JJIS1 IOM’SIKIIEHHS Ta aJianTamii 10 3MiHH KJIiMaTy

B MicTax

Peaunizanis koHuenuii 3eJ1eHO-0JIAKUTHOI IHPpacCTPyKTYypH

B €BponeiicbKUX MicTax

3eseHo-01akuTHA iHQPACTPYKTYpa NOCTPAASIHCHKHX MicT YKpaiHu

Puc. 3 — Crpykrypa po3ziny 2
Fig. 3 — Structure of chapter 2
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ABTopamu po3diny 2.2. Peanizayis KoH-
yenyii 3eneHo-61akumuoi iHghpacmpyxmypu 6
€sponeticokux micmax € BUCHI 1 MPAKTHKH 3 Pi-
3HUX KpaiH, SKi HA KOHKPETHUX MPHKIAAAX MMO0-
Ka3aJi MOKJIMBOCTI PO30YZ0BH 3€JIeH0-0MaKu-
THOI iIHPPaCTPYKTYypH, a came:

v T'a30HU 3 MOJBOBMMH KBiTaMu B MicTi Ye-
cke-Byneiorite, Yexis (E. Cemanuikona)

v TIpakTHuHi JOCIIIKEHHS 3€1€H0-0JaKuT-
HUX 1HPPACTPYKTypHUX pillleHb, BpoIyias,
Tonvwa (FO. Pybarmek);

v KoMIUIeKCHHUI TPOEKT PO3BUTKY 3€IE€HO-
OmakutHOI iHPpacTpykTypH B Jpopi, Veo-
puwuna (J1. Mona);

v Asrocranuis Husu B Bpatucnasi, Crosau-
yuna (M. Biryuboga, I1. TTaceunnit);

v Pesitamizamis crpymxa JlyboBa, MicTO
M'etrrsian, Crosauuuna (M. biryusosa, E.
Bepuepoga);

v 3enena iHppacTpyKTypa Ta MPUPOIHi pi-
menns B Ecmonii (K. Cerm)

3a aHAOTIYHUM MPHUHIUIIOM TMO0YI0-
BaHO po30in 2.3 3eneno-oraxumua ingpacmpy-
Kmypa nocmpaosaucekux micm Ykpainu. Bin
BKJIIOYAE TIAPO3LIH, 110 NPUCBIYCHI aHATI3y
3eJIeHO-0JIaKUTHOT iH(QPACTPYKTYpH Pi3HUX 32
CBOIMHU TeorpadivyHUMH yMOBAMH, MPOMHUCIIO-
BUM TIOTEHI[IAJIOM, TPAJUIISIMU BEJIEHHS MiCh-
KOTO TOCIO/IapcTBa Ta Ie OararbMa 03HaKaMu
MICT, a came:

v’ Jlns micta XapkoBa 3po0JIeHO aHalli3 0c00-
JMBOCTEW opraHizamii 3ei1eHoi iHppacTpyK-
Typu micra (H. Makcumenko, C. Bypuenko
E. KoyaHOB) Ta OI[IHKY MOBEPXHEBHX BO-
JIOMMH 1 JDKEpel, K CKJIaJ0BUX OJaKUTHOI
inppactpykrypu (H. Makcumenko, B. Ile-
pecanbKo);

v’ Jlns micra JIbBOBa po3MIIsHYyTa icTOpIs i
Cy4YacHICTh Oprasizariii 3ejeHoi iH(ppa-
crpykrypu (M. Hazapyxk );

v" Jlnst micta TepHOIILIb TIPOaHati30BaHo Teo-
€KOJIOTYHI 0COOJIHMBOCTI 3eNeHO-0IaKUTHOT
inppactpykrypu (JI. Lapuk, P. Ky3uk);

v’ Jlns wmicra IBaHO-DpaHKIBCHK 3pO0JIEHO
ONKC CYYacHOi MporpaMy opraHizamii 3e-
neHo-6akuTHOI iHppacTpyktypa (P. Bacu-
JIIOK);

v Jlnsa micra JIyubK OCHOBHHMIT aKIEHT 3p00-
JIEHO Ha OCOOJMBOCTSX (QYHKITIOHYBaHHS
onakutHOl iHdpacTpykTypu (A. Hekoc, M.
Bosipun);

v’ Jlns kaprmaTchKoro Micra SIpemue 3po06iieHo
aHaJi3 eKOJIOTIYHHUX acCIleKTiB (popMyBaHHS
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omakutHoi iHdpacTpykrypu (M. 'ommii, JI.
Kymenko).

VY tpersomy posniii Tparcgep 3nans ma
npakmuxk. [HHo8ayii' y MicmobydieHomy niamy-
8aHHI Ma YNpaeinHi €BPOTICHCHKI 1 YKPATHChKI
aBTOPHU 3alIPOTIOHYBAJIN PE3yJIbTATH CBOiX Hay-
KOBHX BUIITYKYBaHb JUIS PO3B’SI3aHHS MIPOOIEeM
3 OpraHi3ali€lo 3eJeH0-0IaKUTHOT iHPPacTPyK-
TYpH y MIOCTPAAIHCHKUX MICTax.

B po3oini 3.1. I'lC - ananiz ma 3enena
Mmepedca Ha npukaadi npoekmy VivaGrass. Ec-
mounisn (K. Cenm) HaBeIeHO pe3yibTaTH MPOE-
KTy II SIKOMY CTBOPEHO IHTETpOBaHHM 1HCTpY-
MEHT IiaHyBaHHs Viva Grass. Bin mo3Bomus
BU3HAYUTH MMPOCTOPOBE PO3TALTYBAHHS €KOCHC-
TEMHHUX MOCIYT Ta ITaKeTiB eKOCUCTEMHHX TOC-
JyT, IHTErpyBaTH CTPYKTYPY EKOCHCTEMHUX
MIOCITYT Y MPOLIECH TUTAHYBaHHSI 3€JICHOT MEepexKi
Ta 3B'SI3aTH SKOCHCTEMHE YNPaBIIHHS Ta IPO-
[eCH  IUIAHYBaHHA B  IHTETPOBAHOMY
IHCTPYMEHTI TUTaHyBaHHS.

Poszoin 3.2 [lepcnexmueu euxopuc-
MAnHA  TAHOWADMHO-EKON02TUHO20 — NIAH)-
sanns y micmax (H. Makcumenko, H. Uepka-
HIMHA) OXOTUTIOE BC1 aCTIEKTH 0COOIMBOCTEH pe-
amizaiii aJropuTMy JiaHAIAPTHO-CKOJIOTIY-
HOTO IUIaHyBaHHS B ypOonanamadgTax. Hage-
JIEHO XapaKTEPHUCTUKY KOXKHOTO 3 €TalliB: 1HBe-
HTapHU3aliiHOT0, OI[IHOYHOI'0, aHATI3Y KOH(ITi-
KTiB TPHPOJOKOPUCTYBAHHS, Yy3araJbHEHHS 1
IIPOTHO3 3T1HO I[LIEOBOI KOHIIETIIii BHKOPHC-
TaHHA TepPUTOPIi Ta onTUMi3aliitHoro eramy. Ha
KOHKPETHHX MpHUKJIaNax peaiizamii jganmmad-
THO-EKOJIOTIYHOTO TUIaHYBaHHS B pallOHax M.
XapKiB TIOKa3aHO pe3yJbTaTH BUKOHAHHS Pi3-
HUX €TaliB JOCIIKEHHS.

B posoini 3.3. Iunosayii 6 opeanizayii
3eneHoi ingpacmpykmypu m. Xapkie ma nepc-
nexmusu ii pozeumxy (H. Makcumenxo, O. T'o-
701000Ba) PO3MVITHYTO KOHKPETHI HAaIpSIMKH
BIIPOBAJ[XKEHHsI IHHOBAIIi, a came:

v/ BBEJICHHS aJIbTEPHATUBHOTO BHJly TA30HY —
SUTIBLIEBOIO;

v’ JIOCATHEHHs KOMIIO3MI[HHOT Pi3HOMaHITHO-
CTi 32 JONIOMOT'00 BUCOKOIITaAMOOBUX BEJIH-
KOMIPHMX CaJKaHIIIB JICKOPATUBHHUX JCPEB,

v/ YIIOCKOHAJIEHHSI €CTETHKH MIChKOTO Cepe-
JIOBHUIIIA 33 JOTIOMOT'OI0 MOAYJIbHUX KBITHHU-
KiB Ta IHIII.

B posoini 3.4. Byeneyesa emuicmo ypooe-
KOCUCEM SIK MOJCIUGICIb NOM 'SKULEHHSL KAIMA-
MUYHUX 3MIH (MOJCTUBOCTMI OYIHKU mMa Ynpas-
minng) (1. HlnakiBchka) MOBENCHO 3HAYCHHS
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PO3paxyHKy BYIJICLIEBOI EMHOCTI 3€JICHUX Haca-
JDKEHb Ta HaBEICHO Pe3yJIbTaTH OLIHKU aKTya-
JFHOT BYTJIEIIEBOI €MHOCTI YPOOEKOCHCTEMHU M.
IBano-®dpankiBcbka (YKpaiHa) 3 BpaXyBaHHIM
KIJIBKOCTI Ta CTaHy 3€JIEHUX HACaIKCHb.

Kontposro sikocTi 6IaKUTHOTO KIacTepy
3Bl mpucestaeHo po3din 3.5 Adanmayis inmeepa-
JILHO20 NOKA3HUKA eKON02IuHOi be3nexu 8oou 6
ymosax @yuryionyeanns 3b1 micma (A. Hexoc,
B. Be3connuii). OOTPYHTOBAHO BHUKOPHCTAHHS
IHTETpaTbHUX TOKA3HUKIB €KOJOTIYHOTO CTaHy
BOJHHX O0’€KTIB IS IIABMILEHHSI €KOJIOITYHOT
0e3IeKN TOBEPXHEBUX BOJ, a AJIS MPOBEICHHS
OTIEPaTUBHOTO MOHITOPHHTY JOBEIEHO MIEBICTH
MOKa3HHUKIB KHCHEBOI XapaKTePHCTHKH.

3naunMicts 3b1 ans perymoBaHHS Ten-
JIOBOTO OCTPOBA Y MicTax He oTpedye J0Ka3iB.
Came Tomy mo mMoHOTrpadii BKIFOUEHO po30in
3.6. Busnauenus ocobrusocmeii meniogozo pe-
ACUMY MICMA 30 OONOMO20I0 OAHUX OUCAHYTI-
HO020 30HOY8aHHA (Ha npukiadi m. Xapxie) (A.
Awuacos, A. Ky3pMiHOBa), B IKOMY BUBYEHHS Te-
MIIEPAaTYPHOTO PEXHUMY 3AIHCHIOBAIOCH MLIS-
XOM aHaI3y JaHUX JUCTAHI[IHHOTO 30HyBaHHS
nporpamuaumu 3acobamu ['1C Ta po3paxyHOK Ko-
persinii MiX 3HAUYCHHSIMHM TEMIIEpaTypu Ta poc-
nuHANM 1HnekcoM NDVI. Busnauenss temie-
paTypH 3eMHOI ITOBEPXHi BiIOYBaJIOCh 3a JOTO-
moroto I'IC-nporpamu QGIS Ta mnariniB s
Hel. Ha koHKpeTHOMY (akTHYHOMY MaTepiaii
3p0o0JIEHO OLIIHKY TepUTOpiaibHOI audepeHiiia-
11 TETUTOBHX ITOKA3HHKIB 110 M. XapKiB.

Po30in 3.7 Innosayii 6 opeanizayii, ooc-
JIIOJICeH ] ma YNpasiinHi 60000X0POHHUMU 30-
Hamu pivox y eenukux micmax (A. Kiew, H. Ma-
KCUMEHKO) TIPUCBSIYEHO JOCIIIKEHHIO BOJ0O-
XOPOHHHUX 30H PIYOK y Mexax M. XapkKiB, sKi
MalOTh MOCTPAASHCHKI PUCH 1 TOTPEOYIOTH CYT-
TEBOTO BIOCKOHaneHHS. s ¢dopMyBaHHS
YIPaBIIHCHKUX PIlIEHb IIOAO 3a0e3MeueHHs
BUKOHAHHS BOJIOOXOPOHHUMH 30HAMHU €KOJIOT1-
yHHUX (YHKIIH MPOBENEHO KOMIUIEKCHE JIOCTi-
JOKEHHS 1X penbedy i3 3actocyBanHsM [ 1C-Te-
XHOJIOT1H, BUSBJICHO «CIa0Ki» TOYKH i po3po0-
JIEHO LIUISXHM iX ycyHeHHs. B poznini npeacras-
JICHO Pe3yNbTaTH KOHKPETHUX JOCIHI/PKEHb JUIS
pidox XapkiB Ta Yu y BUDIISI rpadikiB, giar-
pam i Kapr.

BaxnuBoro cki1agmoBOr 1HHOBAIN € BU-
KOPHCTaHHS HETPAIMIIIMHAX METOIIB JO0CIi-
mkenHs 3B, 1m0 nponeMoOHCTPOBaHO y po30ini
3.8. Ilomenyian euxopucmarus 0eHOPOXPOHO-
JI02IUHOT ingpopmayii ons OYIHKU
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inmeHcusHocmi  pexpeayilinoco  HABAHMA-
JICEHHSL 8 HACAONCEHHSAX 3eAeHOl 30HU M. XapKie
(I. KoBanb, B. BopoHiH). ABTOpH ITPOTIOHYIOThH
y AKOCTi 1HAWKATOPIB CTaHy QyOOBUX 1 COCHO-
BUX HacaKeHb MiJl BILIABOM aHTPOIIOTCHHOTO
HaBaHTa)XCHHS BUKOPHUCTOBYBATH:

V' koedilmieHT KoOpensauii MK KiIbLEBHMH
XPOHOJIIOTiSIMH JIEpEB,

KOe(ILi€HT Yy TIAUBOCTI,

ABTOPETPECIIO MEPIIOTO MOPSIKY,
koedimieHT Bapiarii,

pe3yAbTaTH aHai3y KOpPeNsLii MiX Killb-
[EBUMHU XPOHOJIOTISIMU JIEPEB,

KIJIIMaTH49HI ()aKTOpH.

Ha xoHKpeTHHX NpHKIaAax IOBEICHO,
10 JICHIPOXPOHOJIOTTUHI METOH J1al0Th 3MOTY
3a TIOPIBHSHO CTHCIHUI TEPMiH OI[iIHUTH PEaK-
IO PaIiaTbHOTO MPUPOCTY IEPEeB Ha €KOJOTi-
YHi 3MIiHU B 3eJIeHIH 1HPPaCTPyKTYpi.

B po3oini 3.9. Innosayiiinuii komniexc-
HULl MemoO UMOBIPHICHO-NPOSHOCIUYHO20 MO-
0eNioBaAHHI  XAPAKMEPUCTNUK 8ECHAHO20 8000-
NiLIsL MA OYIHKU eKOAOSIUHUX PU3UKIE ypoOo-
aanowadghie bacetiny /[Hinpa 6 ymosax MiHaUGo-
cmi knimamy (B. OBuapyk, K. llakup3aHoBa,
H. Kuuyk, M. I'omuit) Ha ocHOBI BceOivHOTO
aHaJi3y Cy4acHOrO CTaHy MaTeMaTUYHOTO MO-
JICJTFOBAHHS T1IPOJIOTYHUX MPOLIECIB B YKpaiHi
Ta CBiTi, OOTpYHTOBaHa aBTOPChKA MaTEMaTH-
YHa MOJIeNTb (POpMyBaHHS, pO3PAXyHKY Ta JIOB-
TOCTPOKOBOTO TPOTHO3YBAHHSI XapaKTEPUCTUK
BojOMiNb. [i BHKOpHCTaHHS TP BHHUKHEHHI
3arpo3u 3aToIUIeHHs ypOonaHamadTiB Ta Kap-
TorpadivHAM MPEJCTABICHHIM MOXIUBUX PH-
3WKIB HajJa€ MiAIPYHTS JJsi PO3POOKH IJIaHiB
Iif BIONOBIMHUX MiIPO3AUTIB 1O Oe3nedHin
eBaKyallii Ta 3aXucTy HaceneHHs. Pozmin mic-
TUTh BEJHMKHIA 00CAT (aKTUYHOTO Marepiany,
ABTOPCHKHUX BUKIIAJIOK Ta KapTorpadiyHux Mo-
neneit moxo Oaceliny [lHinpa.

3arajioM, KOXXEH PO3ATT CyNpOBOIXKY-
€THCSI CTUCKOM BUKOPUCTAHHX JIITEPATYPHUX Ta
SJIeKTPOHHUX JpKepen iHdopMarlii. Bei posmin
MAIOTh 110 AB1 aHOTaLil — YKpaiHCBKOIO 1 aHT i}~
CbKOIO MOBaMH. Tako ABOMa MOBAaMH ITiJIH-
caHo 0araTuil UTIOCTpaTUBHUEN MaTepial MOHO-

rpadii.

DN NI NN

\

PenakTopu MoHorpadii BUCIOBIIOIOTH
MPY BASYHICTH MOBAKHUM PEICH3CHTaM Ta-
KOT0 00’ €MHOTO PYKOITHCY:

Maccimo Capeonini, tipodecopy Mich-
KOT0 1 perioHajbHOrO IUIaHyBaHHS, [lupekTopy
[xonu apxiTeKTypu i Au3aliHy YHiBepcutety Ka-
MepiHo, Itatist;
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Conbko Cepeiro Ilempoeuuy, noktopy Timenko I'anni Banepiigni, xanmunaty
reorpaiyHIX HayK, mpodecopy, mpodecop kade- reorpaiuHEX HayK, JOLEHTY, AupekTopy Ha-
JIpY EKOJIOTIT Ta Oe3MeKH KUTTEASUIBHOCTI Y MaH- BYAJIBHO-HAYKOBOT'O IHCTUTYTY €KOJIOTii XapKiB-
CBKOT0 HALIOHAIBHOIO YHIBEPCHTETY CaliBHHII- CBHKOTO HaIliOHAJIBHOTO YHiBepcuteTy iMeHi B. H.
TBa, M. YMaHb, YKpaiHa; Kapasina, M. XapkiB, Ykpaina.
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Bicauk XapkiBcbkoro HarioHanbHOro yHiBepcutery imeHi B. H. Kapazina. Cepis: «Exomoris» €
30ipHUKOM HayKOBHX poOiT, sikuii BkimroueHo a0 [lepenmiky BAK ¢axoBux BUmaHb, B SIKMX MOXKHA
MyOJIIKyBaTH OCHOBHI pE3YJbTaTH JUCEPTALIMHMX pOOIT Ha 37M00yTTS HAyKOBOTO CTYIEHS IOKTOpa i
KaHaunata reorpadivamx Hayk (cremiansHocTi 101,103) Ta Gionoriunux Hayk (cnemiamsaocTi 091,101).

Jo myGmikarii mpuiAMaroThCsl CTaTTi, sIKi HAIMCaHi YKpaiHChKOIO a00 aHTIIICHKOI0 MOBaMU 3TiTHO 3
TpaBWJIAMH JJ1s1 aBTOPIB 1 OTPUMAaITH TIO3UTHBHI PEKOMEHAALIii pELIEH3EHTIB.

ITPABUJIA IUIS1 ABTOPIB

Enexrponna Bepcis odopmisierses y dopmati Microsoft Word, mpudrt Times New Roman, posmip
11, mixpsakoBuii iHTepsan 1,0, Bci monst no 2,5 cMm. JKupHuM mpudToM BUALIAIOTHCS MiA3aTr0JI0BKH Y
CTaTTi; KypCHB JIOITyCKA€THCS JIMIIE Y BUHATKOBUX BHITA IKAX.

Imoctparii, Bkmrouaroun rpadikd i cxemMu, MarOTh OyTH pO3MiIIeHi Oe3nocepenHh0 B TEKCTI.
Inroctpanii nopatoThcst 4opHO-Oinmmumu. CKpisk, Jie MOMKIIMBO, JAOLIIBHIIIE BUKOPUCTOBYBATH rpadiky, a He
TaOIHIIL.

OpieHTarist CTOpiHOK — KHIKKOBA. BUpIBHIOBaHHS — 110 IIMPHHI.

Biacryn mist ad3airy — 1,00 cm.

Jlns crareir meoOximHo Bkazatu Y/IK (UDC): (3miBa, po3mip 11), iHimianu Ta mpi3Buile aBTOpa,
HAyKOBHI CTyIIiHb, 3BaHHS Ta Tocany (po3mip 11, mo menrpy), e-mail ta https:/orcid.org/ ycix
CIiBaBTOPIB, IOBHY Ha3By YCTAaHOBH Ta il agpeca (po3mip 10, 1o rieHTpy).

AHOTaIis Mae OyTH CTPYKTYPOBAHOIO JJISl €KCIICPUMEHTAIBHUX PO0IT, TOOTO 00OB’SI3KOBO BKa3aTH:
Meta. Meronu. Pe3yibratu. BucHOBKH.

Tekcr crarri mae Biamosimatu Bumoram BAK. IlocmmanHs Ha pkepena y CTaTTi JaBaTéd B
NPSIMOKYTHHX Ty)KKax [ | 13 3a3HayeHHsSM HOMepa B TOPSAKY TMOCHJIAHHA y TEKCTi, a B OKPEMHX
BUIAJIKaX 1 CTOPIHOK.

Croucoxk BHUKOpHMCTAHOI JiTepatypu 000B’s3k0B0 odopmisieteest 3a JACTY  8302:2015,
000B’SI3KOBO MICTUTH JpKepesa, 10 OmyOnikoBaHi He Oublie 5 pokiB ToMy: posmip 10, MiKpSAKOBHIA
iarepBan 1,0. Kinpkicte nocwians mMae Oyt He MeHme 15. O6oB’s3koBo BkazyBatn DOl a6o URL-
SNIEKTPOHHY aJIPECy MOCHIIaHb.

Yepe3 2 inmepeanu makodxc NOJATH TPi3BHUINE, HAYKOBUH CTyMiHb, HAyKOBe 3BaHHHA Ta
nocanxy, e-mail Ta https://orcid.org/ , opraui3amito, ii MOBHy ajipecy, Ha3By CTaTTi, PO3IIHPEHY
aHOTAIlF0 Ta KITFOYOBI CIIOBAa aHMIIIHACEKOI0 MOBOIO: po3mip 10, MibkpsmkoBuii inTepBan 1,0. AHoTaris
MoBWHHA OyTH MMOOYyZ0BaHa sk pedepar y pedepaTHBHUX JKypHAIAX Ta BipaXkaTH CyTh €KCIIEPHMEHTIB,
OCHOBHI pe3yNbTaTH Ta X iHTeprperamito. [ eKcrepuMeHTaJbHHX CTaTeld IOJaTH CTPYKTypOBaHi
pestoMe jge Mae Oytu Bkasami cioma: Purpose. Methods. Result. Conclusion.; Ta KEY WORDS
(xr040Bi c1oBa) — 5-6 citiB

IMomatu Takox References, 3a cranmaprom APA (mpisBuiiie, iHilliany, Ha3Ba - aHIVIHCHKOIO, Ta
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