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XPOHIKA

J0 IOBUIERO Oaexcanapa FOxumoBuua JIVKIHA

JIOKTOp TeosIoro-MiHepaJoriuHUX HayK, Ipo-
¢ecop, akagemik HAH VYkpainu, naypear [epxkaB-
Hoi mpemii YKpaiHu B raiy3i HAyKH Ta TEXHIKH, Jiay-
pear npemii HAH VYkpainu imeni B.1. Bepnancoko-
ro, IlouecHuil po3BinHUK HAAP.

Haponuses 5 motoro 1940 poky y Xapkosi.
Barbkn Onexcanzapa Oynu HayKOBO-IIEAaroriyHUMHU
npauiBHukamy. barteko FO.L. JIykiH BcecBiTHBO Bi-
JIOMUN BYEHUN-300JI0T, SIKUM JIESIKUM Yac MpalroBaB
3aBigyBaueM Kadeapu Ha GioynorivHOMy (akyiabTeTi
XapKiBCbKOTO YHIBepCHTETY. Y OCTaHHI 4YacH Ha
bOMY (haKyJIbTETI MPOBOAMIIACS MIKHAPOIHA KOH-
(epentist mprcesyeHa nam’sti npodecopa FO.1. Jly-
KiHa.

[lepmi nHaykoBi mocmimxeHHs OnexcaHapoM
IOxumoBrueM Oyau BukoHaHi y XapKiBCHKOMY
Jep>kaBHOMY yHiBepcuTeTi. CrarTs, sika Oyna Haru-
caHa o Marepiajiax JUITIOMHOI poOoTH, Oyna omyo-
JikoBaHa y 1963 poui B «Jloknanax akageMuu HayK
CCCP». Y tomy »x pori O.1O. JlykiH BUCTYIIUB Y
MockBi Ha MiXXKHapoAHIH KoH(epeHIii «Xumus 3e-
MHOM KOpBI» 3 TOBIJIOMJICHHSM 3 Hpo0JeM MiHepa-
JI0TTii.

[Ticns 3akiHUeHHS YHIBEPCUTETY i 10 Temepil-
Heoro yacy O.10. Jlykin npaioe y YepHiriBcbkomy
¢bimiam YpI'PY, ne BiH npo#mioB nuisx BiJ reo-
Jiora JIo KepiBHUKA I1i€l opraHizariii.

VY 1970 poui O.1O. Jlykin 3axumae y XapkiB-

-8-

CBKOMY JAEp)KaBHOMY YHIBEPCUTETI KaHAWAATCHKY
JUucepTalio Ha TeMy «Dopmariuu U BTOPUYHBIC W3-
MEHEHUS KaMEHHOYTOJIbHBIX OTIOXEeHUW J[Hempos-
cko-JloHenkoi BraguHbl (B CBSA3M ¢ HeTerazoHoC-
HOCTBIO)», SIKa OTpHUMalla BUCOKY OLIIHKY HPOBiIHUX
reoJioriB-Ha) TOBUKIB KpaiHU.

Ha mporssi Bciei tpymosoi misutbHOCTi O.IO.
JlykiH yMino NOe€AHYBaB BHpIIEHHS NPHUKIAJAHUX
3aBJaHb 3 HAayKOBO-JOCJTITHUIIEKOIO poOoTOr0. BiH
KEPYBaB PsJIOM KOMILICKCHHX IIPOrpaM, siKi po3po0-
JISUTACS BiJIIOBITHO JIO TOCTaHOB YPsIy, PO3pOOUB
YHCJICHHI HOBI HANPSMKH IOIITYKOBO-PO3BITyBallb-
HUX poOiT Ha HadTy i ra3, 3aMpoNoHyBaB Ta BIPO-
BaJMB 0araro peKOMEHIAIil 100 MPOBEICHHS Te-
0JI0r0-Te0(i3UIHUX TOCIIIPKEHb HA MEPCTIEKTUBHUX
CTPYKTYpax, IpHUHMaB yd4acThb Yy BIIAKPUTTI HOBHX
Ha()TOTa30HOCHUX KOMIUIEKCIB 1 OKPEMHUX POIOBHII
HadTH Ta rasy.

3HayHUM eTarnoM y HaykoBid gisutbHOCTI O.1O.
Jlykina OyB 3aXMCT JOKTOPChKOI aucepTariii «Jluro-
reonuHaMuyeckre (akTopbl HeTEra30HAKOTUICHHS
B aBJIAKOTCHHBIX OacceiiHax», sika 0a3yeThCs Ha
BCEOIYHOMY IMOETHAHHI TaKMX HAMPSMKIB SK JITO-
JIOTisl, TeoJMHaMiKa, HagTOra3oBa TeOJIOTis i T'eo-
XiMis.

OcoOmuBuM nepiogom aisuibHOCTI O.FO. Jlyki-
Ha Oyna po0OoTa y cheriiaiizoBaHiii BueHidi pami 3
3aXUCTY IUCEpTAallill, sika mistia y nepion 2012-2016
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POKiB Ha reojioro-reorpadiyHomy ¢akyinpTeTi Xap-
KIBCHKOTO HAITIOHAJILHOTO yHiBepcHuTeTy iMeHi B.H.
Kapazina. O.1O. Jlykin OyB HE TPOCTO YICHOM CIie-
upaau, BiH OyB ii migepom. [IpakTuyno Bci aucepra-
HTH Majld MOXIIUBICTb KOHCYJIBTYBaTuUCsl y HBOTO,
Horo mopaau 1 BHUCTYyNM Ha 3aXHMCTax AOIOMOINIH
MiATOTYBaTH HU3KY CIIELiaNiCTiB-TEONOTiB 3 Hamps-
MKiB TeoJorii HaQTH Ta Ta3y 1 TiIporeonorii Hai-
BHII[OTO HAYKOBOTO PiBHSL.

Pisnocroponnicts HaykoBux iHTepeciB O.I1O.
JlykiHa nposiBUIKCS y HOTO AESKHUX iCTOPUYHHUX JI0-
CJIIJDKEHHSX, AKi MOB’sI3aHi 3 CyCIUTFHUM Ta HayKoO-
BUM JKUTTSAM KpaiHM y pi3HI mepiogu. Y CTarTix
«KoHTypb! u3HN U TBopuecTBa 3o00sora E.M. Jly-
kmHa» (2005 pix)» n «Ku3Hb u cynpda mpodeccopa
E.W. Jlykuna» (2006 pik) HagaHo omuc mepioxy 6o-
pOTHOU 3 iHAKOMUCIIEHHSIM y HaIii KpaiHi, a y na-
HOMY BHWITagKy 3 imeosorieo reneruku. llle omHe
OnmUCKydYe iICTOpUYHE JOCIiKEHHS HA/IaHO, Y CTaTTi
O.10. Jlykina mozno poni B.I. BepHaacbkoro y cBi-
TOBIH Ta BITUM3HAHIN Hayli. DyHAaMEHTaIbHO OIH-
caHi HaykoBi Ta (iTOCO(CHKi MTOCSATHEHHS IIHOTO
BEJIMKOTO BYCHOTO, SIKMH 3pOOWB 3HAYHWUN BKIJIAJ B
TeOJIOTIUHY HayKYy.

JXKuTTEBO BaXKIIMBHM AJIS1 HAIIOI EPXKaBH IMPO-
OnmemMaM OIIHKHM BYIJIEBOIHEBOTO TOTEHINANy HaJp
VkpaiHn Ta iX OCBOEHHSIM MPHUCBSYCHI YUCICHHI
nyOmikaiii, goxaaau ta Buctynu O.10. Jlykina. Bin
aBtop Oinpm sik 300 meyatHUX POOIT, y T.4. MOHOT-
padiii. ByB TOJIOBHUM peIaKTOPOM BEITHUKUX MOHOT-
padiuHUX BUIaHb, @ TAKOX aTJIACiB 3 PI3HUX Hampsi-

MKIB I'€OJIOTIYHUX TOCIIIKEHbD.

Jnsa O.O. Jlykina, K BUJATHOTO BYCHOTO, Xa-
PaKTEpHOIO PHUCOI HAYKOBOI JisUTBHOCTI Oyna i €
BCEOCSIKHA CYKYIHICTh BH3HAYaJbHHUX BIACTHUBOC-
Tel OMUCKaBUYHO OAa4NTH, OIIHIOBATH 1 BTUTIOBATH Y
KUTTS BCE HAWTONOBHIIIE 1 HallakTyasbHime. A 11e
(dyHmaMeHTaJbHI Mpali 3 JITONOTIi 1 MPoLeciB BTO-
PUHHHUX TIEPETBOPIOBAaHb, JITOrCOAMHAMIYHUX (ak-
TOpPiB HAPTOTa30HAKOIMMYCHHS, TEePCIeKTUB HadTO-
ra30HOCHOCTI HECKJICTIHHUX MAacTOK Ta MOPix Kpuc-
TaJiyHOTO (PyHIAMEHTY, TEOPETHYHHX OCHOB T€He-
3WCy CJAHIIEBOTO Ta3y Ta MPOOIEeMH Ta3y HIUTBHUX
MopiJ Ta 6araro iHIIKX.

[anoBHMit Onexcanap KOxumoBuy, Bari Hay-
KOBi HajOaHHS, O€3CyMHIBHO, CTUMYIIIOBAllH, CTH-
MYJIOIOTh 1 CTUMYNIOBAaTUMYTh PO3BUTOK HadTOTa-
30BOi T€OJIOTIi HEe TUTbKU B YKpaiHi, aje i mpencra-
BJISIFOTH BEJIMKHUI BHECOK Y CBITOBY I'€OJIOTIYHY Hay-
Ky. Bu akTuBHO mpuitManu y4acTth y 6ararbox KOH-
(epeHIisax, CMMIIo3iyMax Ta KOHTpecax, sIKi MpoBo-
IUIMCs y pi3HUX KpaiHax €Bporu Ta A3zii. Bama
npans BimMidena [louecHumu rpamoramu KaGinety
MinictpiB Ykpainu ta BepxoBnoi Pagu Ykpainu.

Penakuis sxypHany «BicHuk XapKiBCbKOro Ha-
[ioHAIKEHOTO yHiBepcuTeTy iMeHi B.H. Kapasina» ta
(akynsTeT reojorii, reorpadii, pekpearii Ta Typus-
My XapKiBCHKOTO HAIliOHAJLHOTO YHIBEPCUTETY
imeni B.H. Kapasina npuennyrooTscs 10 YHCIEHHUX
NO310pOBIeHs Ha Bamy anpecy 3 noGakaHHSIMU
MIIIHOTO 37I0POB’sl, BTIJICHHS HOBUX iJieli Ta Oaxkae
0araro poKiB IUTiTHOT HAyKOBOI AisITLHOCTI!

Cniepobimnuxu gpaxynementy 2eonocii, eeocpaii, pexpeayii i mypusmy
Xapxiscvkozo nayionanvhoco yuisepcumemy imeni B. H. Kapasina

ma
pedakyiiina xonezia « BicHuxy»
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TEKTOHIYHA IHBEPCISI JHINPOBCHKO-JOHEIBKOI 3AITA IMHH.
YACTHUHA 1. KOJIBIMHA TEKTOHIKA 3AXIJJHO-JTOHELIBKOI'O TPABEHA

Busuanucs cmpykmypui degpopmayii nramgopmnozo ocadosozo uoxna [ninposceko-Honeyvkoi 3anadunu, copmosani na
emanax mekmoHiunoi akmugizayii. Ha niocmasi cmpykmypHo2o ananisy mamepianié 2eokapmy8aHHs O00CHIOHCEHO MeKMOHIUHULL
cmub IHEepCitinux deopmayiil pugpmozennol cmpykmypu 6 mexcax 3axiono-/{oneybrkozo epabena.

Teoounamiuna obcmanoeka iHmep@epenyii 3a2anbHO-NAUMHO20 KOMIZIUHO20 CMUCKAHHS 3 PEeClOHAbHUM 20PU3OHMATIbHO-
3CYGHUM NOJeM HAnpye 3yMOGULA 2OPU3OHMATIbHI PYXU 2e0MAC 0CA008UXx Nopio ma oegpopmayiiine cmpykmypoQopmyeanHs 3 ymeo-
PEHHAM MPbOX OUCTOKAYITIHUX NOBEPXI8 - 2ePYUHCHLKO20 (3AANbCOKO-NPANIbCLKO20), PAHHbOANLNINICHKO20 (1apamilicbko2o) ma niz-
HbOABNILICLKO20 (AaMMUYH020). AHANI3 CIMPYKMYPHUX PUCYHKIB PI3HOBIKOBUX MEKMOHIMI6 c8iouumy, wo ckaaouacmi degopmayii 6
0Ca0o8ill Mosyi KOHMPONIOBAUCA PEUTMKAMU HACY8I6 3aXIOHUX, NIGHIYHO-3AXIOHUX A NIGHIYHO-CXIOHUX A3UMYMI8 NPOCMALAHHA i3
SHAUHUMU AMITINYOaMU 20pU3OHMATbHUX pyXie. Hacyena pewimka ma niHitiHa nioKu0o-cKaao4acmicms Maoms XapaxkmepHutl K)Ji-
CHULL CMPYKMYPHULL PUCYHOK Ma KPUBOAIHILIHY MOPEHON02it0, o c8iouums npo ix inmeHcueHe 0eghopmy8ants npu 20pU30HMAIbHOMY
3CY8AHHI 6 YMO6AX 0OMEINCEH020 2e0n02iuH020 npocmopy epabeny. Tekmoniunull cmuns dedopmayill GUSHAUAEMbC HACYBAHHAM HA
cn1abo OUCIOKOBAHUL YOXOI 3aNAOUHU HEOOHOPA3080 3IM'SMUX Y CKIAOKU 0Cca008ux ceomac 3 60Ky [loneybkoi ckaaduacmoi cnopyou.
CmpyKkmypHo-meKkmoniuHUtl Kapkac aioxXmoHy CKAA0aioms eueloHu Hacysis, KyIiCHO 341eH08anl ancamoOni niokuoo-cKiaook, ayc-
Kami NOKpUsU NonepeyHo20 BUMUCKAHHS 2e0MAC 8i0 0Cb08OI 00 HOPMOBUX 30H MA CKAAOYACMI NOKPUSU NO3008ICHLO20 HACYBAHHA 8
6ix 3anadunu. Pazom eonu ghopmyroms mexkmoniumny obracmes ckaaduacmux NOKPUGI8 HACYBAHMHS, 20I08HUM CIMPYKIMYPHUM elleMeH-
mom sKoi € 3axioHo-/JoHeybKuil cecmeHm MeKMOHIUHO20 emopeHeHHsa 2eomac. IlieHiYHO-CXIOHUL hrane ceemenmy c@hopmosaHuil
Topcwvro-Lpobuwiscvioro, Ilieniuno-/Joneysvroio, Mampocvko-Touikiecbkoio 30Hamu, ni60eHHO-3aXIOHUL — 30HOI0 YCKAMUX CKAAO-
uacCmux NOKpPUBIs, 1o KOHMPONIOIOMbCA euleoOnamy 2ePYUHCLKUX ma anbniticbkux nacyeis. Bice ceemenmy gopmyioms Ilemposcovro-
Hosompoiywvka, Benuxokomuwiysacoka, /[pysckiecvro-Kocmanmuniecvra ma 101061Ha anmuKIiHALL, Wo napaneivii 00 npoCmsaeanHs
CMPYKMYypOGOPMYyIOHUx HAcysis i niOKudo-3cyeis.

Ha emanax naamghopmnoi akmusizayii pugpmoeenna cmpykmypa 3axiono-/{oneyvkozo epabena 6yna 3pyiHO8aHa KOMZIHUMU
dehopmayismu 3 ymeopenusm 3axiono-/Joneyvbkoi nokpuero-cxkiaouacmoi mekmoniuny oonacmi. Ocobaugicmio iHéepcilinoi mexkmo-
HIKU € pOpMYBAHHS KPUBONTHIUHUX 8 NAAHI, KVIICHO 34IeHO8AHUX NIOKUOO-CKIAOYACTIUX 30H. 3a cmuiem ma iHmeHCcUugHicmio degop-
Mayiil 8 nieHiunill yacmuHi obnacmi euodineno Jlyeancoko-Komuuysacokuti mekmoHiuHull pation KyniCHO ewenoH08anoi niokuoo-
ckaaouacmocmi, Ha nigoHi — Kanvmiyce-Topeyvkutl pation 1yckamux noKpugie Hacy8aHHs.

Knrouogi cnoea: nacysna pewimka, 1yckami nOKpusu, niokuoo-cKiaoku, cecmenm meKmoHiuH020 6KIUHIOBAHHS, NOKPUBHO-
ckaaouacma oonacme.

A. B. Bapmawiyx. TEKTOHHUYECKAA HHBEPCHA JJHEITIPOBCKO-JOHEIIKOH BITAJHHBI. YACTh 1. KOJIJIH-
3HOHHAA TEKTOHHKA 3AIIA/THO-/IOHEIIKOI'O T'PABEHA. Hsyuanuce cmpykmyphvie Oegopmayuu niam@opmeHHo20
ocadournozo uexaa [[nenpoecko-oneykoti 6naoumsl, copmuposanuvlie Ha Manax meKmoHuyeckou axkmususayuu. Ha ocnoee
CMPYKMYPHO20 AHANU3A MATEPUATIO8 2e0KAPMUPOBAHUS UCCTIe008aH MEKMOHUYECKUTl CUlb UHBEPCUOHHBIX Oeopmayuti pugmo-
2EHHBIX CIPYKMYPbL 8 npedenax 3anaono-/Joneyxoeo epabena.

Teoounamuueckas obcmanogka unmepghepenyu HYMpU-NAUMHOL0 KOIITUSUOHHO20 CHCAMUS C PeSUOHANLHBIM 20PU30HIMATb-
HO-COBU208bIM NOEM HANPAdCeHUti 00YCI08UNA 3HAYUMETbHbIE 20PU3OHMANbHbIE NepeMeujeHUsl 2eOMACC 0CAOOYHbIX NOPOO U Oe-
gopmayuonnoe ckraokogopmuposanue ¢ 00pazosaruem mpex OUCIOKAYUOHHBIX dmadicell — NO30He2EPYUHCKO20 (3AanbCKO-
npanrvycroeo), paHHearbNUICKO20 (IAPAMUIICKO20) U NO30HEANbNULICKO20 (AMMU4ecko2o). Ananus cmpyKmypHuIX pUCYHKO8 PA3HO-
603PACMHBIX MEKMOHUMO8 CEUOEMENLCIMBYEM, YMO CKAadyampie 0eopmayuu 6 0CA00YHOU MOoauje KOHMPOIUPOBATUCH PEULemKaAMU
HA0BU206 3aNAOHbIX, Ce8ePO-3aNA0HbIX U CEBEPO-60CIMOYHBIX ASUMYNMOE NPOCMUPAHUSA CO ZHAYUMENbHLIMU AMNAUMYOAMU 20PUSOH-
manvuelx Osudcenuti. Haosueoeas pewemka u aunelinas 630poco-cKaadyamocnb, KOMOPYI0 OHU KOHMPOIUPYIOM, UMEIOm XapakK-
MepHbII KYTUCHBIT CIMPYKIMYPHBLL PUCYHOK U KPUBOTUHEUHYI0 MOpQONo2uio, Ymo ceudemenbcmayem 06 ux oegpopmuposanuu npu
UHMEHCUBHOM 20PU30HMATLHOM CMEWeHUU 8 YCI0BUAX 02PAHUYEHHO20 2e0n02uteckoeo npocmpancmed. Texmonuueckuii cmuib Oe-
Gopmayuii onpedensics Hadgueanuem Ha c1abo OUCTOYUPOBAHHBI OCAOOUHDLIL UeXO0N GNAOUHBI HEOOHOKDAMHO CMSAMbIX 6 CKIAOKU
0cadounvix eeomacc co cmoponwl [oneykoeo ckaaowamozo coopyvcerus. CmpyKmypHO-meKmoHu4eckuil Kapkac aiioXmona co-
CMABNAIOM SUENIONbL HA0BUL08, KVIUCHO COYNIeHEHHble aHCAMONU 830POCO-CKIA0O0K, Yeulyiuamyle NOKpogbl NONEPeuHo20 8blOA6IU-
8aHUSA 20MACC OM 0CEBOU K OOPMOBBIM 30HAM U CKAAOYAMble NOKPOBbL NPOOOIbHO20 HAOBUSAHUA 8 HANPAGTeHUU 6NA0UHbl. Buecme
OHU POPMUPYIOM MEKMOHUYECKYIO 0ONACHb CKAAOUAMbIX NOKPOBOS HAOBUSANUS, 2NABHLIM CMPYKMYDHbIM J71eMEeHMOM KOMOPOl
sensemes 3anaono-JoneyKuti ceemenm mekmoHuuecko2o ekaunueanus zeomacc. Ceeepo-6ocmounviil aane ceemenma chopmupo-
san Topcko-/pobviwesckoii, Cesepo-/oneyxoii, Mampoccko-Towkogckoil 30namu, 1020-3anaA0HbLL — 30HAMU YEeUWYINAMBIX CKIA0Ya-
MbIX NOKPOBOB, KOHMPOIUPYEMBIX DUETOHAMU 2ePYUHCKUX U anbhutickux Haodeueos. Ocb ceemenma opmupyiom Ilemposcko-
Hosompouyxkas, Benuxoxamviwesaxckas, [pysckoscko-Kocmanmunosckas u Inagnas aHmukiuHany, ¥mo npocmupaiomcs napai-
JI€ILHO CINPYKMYPOGOPMUPYIOWUM HAOBUSAM U 830POCO-COBULAM.

Ha smanax nramgopmennoi akmususayuu pugmozennas cmpykmypa 3anaono-/Joneyxozo epabena 6vina paspyuleHa Kouu-
3UOHHbIMU Oepopmayusmu ¢ ob6pazosanuem 3anadno-lJoneykoil NOKposHO-cKAad4amou mexmonuyeckot oonacmu. Ocobennocmvio
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UHBEPCUOHHOU MEKMOHUKY A6AeMCs POPMUPOBAHUE KDUSOIUHEUHBIX, KYIUCHO COYNIEHEHHBIX, 630p0Cco-cKaadyamvlx 30H. I1o cmunio
u unmencueHocmu Oegopmayuil 6 ee cegepHoll uacmu evioenen Jlyeancko-Kamvluesaxckuil pation KyIUCHO IUl€IOHUPOBAHHOT
830poco-cxknaouamocmu, Ha toze — Kanvmuyc-Topeykuil pation yewyiiuamuix HOKPOB08 HA08USAHUSL.

Knrouesnvie cnosa: naosuzosasn pewiemka, uewyiuiamole NOKpPOSbl, 636p0CO-CKAAOKU, Ce2MEHN MEKMOHUYECKO20 BKIUHUBAHU,

NOKPOBHO-CKIadUamas oonacmo.

Beryn. [eonoriuni nani cBiguarh, 110 3eMHa
kopa CapMarchkoi IUTUTH 3a3Hajia iCTOTHUX TEKTO-
HIYHUX Hampyr Ta aedopmamiii depes KoOMi3iiHYy
B32EMO/IIF0 13 CYMDKHHMU CKJIAYaCTUMH MOSICAMU 1
AKTUBHUMHY TEKTOHIYHMMHU TutuTami [1, 2]. Bimomo,
10 TEOAWHAMIYHMMA PEKUM 1HBEpCIHHUX eTaliB ic-
TOpii TEONIOTIYHOTO PO3BUTKY BHYTPINTHBOIDIUTHOT
reoCTpYKTypH — JHIMPOBCHKO-lOHEBKOTO Majeo-
pudty (AAII) Bu3Ha4aBcs 30BHIMIHIM 3yCTPIYHUM
CTPECOBHUM THCKOM CyOMepHIiOHAIBHIX HAIPSMKIB
[3-5]. Tloka3aHo, IO KOXKEH 3 €TalliB aKTHBi3aIil
MIaTPOPMHOTO TEKTOTEHE3Y 3aBEpIIyBaBcs (HOpMy-
BaHHSIM BJIACHOT'O CTPYKTYPHOTO IJIaHy 1HBEPCIHHUX
nedopmaiiiif, TOMy cydacHa TEKTOHiuHa OyloBa pu-
¢roBoro ocamoBoro Oaceliny — JIHIIPOBCHKO-
Honenpkoi 3amaaman (J13) € cTpykrypHUM Hac-
JIKOM TIOMIEPEAHIX 1HBEPCIMHUX eTaliB EeBOIIOI]
PUPTOreHHOT CTPYKTYpH [6].

Buxoznsuu 3 1pOr0, akTyaldbHUM IUTAHHAM pe-
TiOHAJBHOI T€OTEKTOHIKH € TOCIIIKEHHS CTPYKTYp-
HUX HACTiJKiB TEKTOHIYHOi iHBepcili 3 MeTO Ti-
3HaHHS  TMPHUPOAHWUX  MEXaHI3MIB  CTPYKTYPHO-
kiHemaTnuHOi eBororlii 3emHoi kopu HJIII. Ilepmra
YacTUHA CTaTTi MPHUCBSYCHA BUBYCHHIO CYKYITHOCTI
BTOPHHHHUX CTPYKTYpHUX JedopMaliiii, SIKUMH BH-
3HAYA€ThCS TEKTOHIYHWHN CTWIIh IHBEPCIHHHUX TpaH-
chopmauiit pudrorennoi crpykrypu 1J13.

AHaji3 nomepeaHix aochiTkeHb. Baximse
3HAYEHHs Ui MI3HAHHS MEXaHI3MIB TEKTOHIYHOI
igBepcii /I3 mMaioTh HOBITHI AaHi reoKapTyBaHHS
Tepuropii 3aximgno-/lonenskoro rpadena (340 [7].
B ocanoBomy woxii rpabeHa BHUSIBIEHO TPH KyTOBHX
Ta CTpaTUrpadiqHuX HEy3ro/pKeHHs, 1m0 Oymu cdo-
pMOBaHI Ha eTamax TeKTOHIYHOi iHBepcii: 1) mix
c1ab0 JIMCIIOKOBAHUM MiOIIGHOM Ta HEIUCIIOKOBA-
HUM IUTIOLEH-aHTPOIIOTEHOM — BHACHTIJIOK IPOSIBY
arTUYHOI a3y Mi3HbOATBIINCHKOTO TEKTOICHE3Y, Ha
npoTs3i Kol chopMyBanacsi aTTUYHA PEIiTKa TEeK-
TOHITIB; 2) M)XK BEpXHBOI KPEUI0I0 Ta OJIrOLEHOM
— depe3 TposAB JapaMmilcekoi (a3u paHHBO-
ANBIIACHKIX OPOTEHIYHUX PYXiB, KOJU OyJIO YTBO-
PEHO JIapaMiiicbKy pEIliTKy TEKTOHITIB; 3) Ha Mexi
ME303010 Ta MaJIE030I0 — Yepe3 MPOsB 3aaJbChKOI Ta
nganbcpkoi (a3 ckiamyacTocTi, mo chopmysana
Mi3HBOTEPIIMHCHKY PEIIITKY TEeKTOHITiB. [Ipudomy,
KOXHa TeHepaLlisl iIHBEpCIHHUX TEKTOHITIB Ma€ BIlac-
HY a3UMyTajbHYy Opi€HTALil0 HANPSMKiB PyXiB, KOH-
TPOJIOKOYH TPH JIUCIIOKAIIWHI CTPYKTYpHI TOBEPXH
— I'epumHcbkuid, Jlapamificbkuii Ta ATTUUHU.

I'epumHCEKUE CTPYKTypHHH TMOBEpX CGHOPMO-
BaHM B 3aaJIbCbKy Ta NQanbchKy (azu miardopm-
HOTO OpOTeHE3y KOJI3IMHMMH pyXaMH y IiBICHHO-

3axigHuX pymOax [7]. [HTEeHCHBHICTB CTPYKTYpHHUX
nedopmMaliii € HeOJHOPITHOIO Ha TEPUTOpIi Mepexi-
nHOi 30U MK JIJI3 Ta JloHEembKOIO CKIIaauacTolo
criopynoto (ICC): BoHa MakcuMayibHa B ii TiBJICH-
HO-3aXiJHIM YaCTHHi, 3MEHIIYIOUNCH Y IIEHTPi Ta Ha
MmiBHIYHO-cXigHOMY (man3i. Lle Bu3Hawae Bapiamii
IHOWHU TIepe-Me3030MChKOTO PO3MHUBY: B IiBHIY-
HO-CXiJIHI Ta UEHTpajbHIM YaCTHHAX MEPeXiIHOI
30HM Ha IOBEPXHIO PO3MHUBY 3 KYTOBHUM HEY3IO-
JOKSHHSIM HaJIATae MiJoIIBa Me303010, MPOTe, y IiB-
JICHHO-3aX1IHIH YaCTHUHI TEPIMHCHKHHA IOBEPX 3
PI3KUM KyTOBHM HEY3TOJDKEHHSIM IE€PEKPUBAETHCS
OJIIrOLIEH-MIOIEHOBUM OCagoBUM dHoxjoMm. Ha miB-
JICHHOMY CXOJi Ta Ha MIiBJHI MEpexiJHOI 30HU Ha
MOBEPXHI PO3MHBY 3 KYTOBHM HEY3TOIKCHHIM 3a-
JSATAIOTH TUTIOIEH-YeTBEPTHHHI BiKIIaIH.

CTpyKTypy I'€pLMHCHKOTO MOBEPXY KOHTPOIIOE
pelliTKa  TEKTOHITIB  "CTHJILCHKOTO"  JIMHAMO-
MeTtamopdiyaoro komruekcy [8]. B ocwoBiit 30HI
A" 11 ckmamaroTh emeNoHH HACyBiB IiBICHHO-
3axiIHOTO HampsAMKy pyxiB (puc. 1). BoHu koHTpo-
JIOIOTh TEKTOHIYHI IMOKPUBU Ta MEHII 3a po3Mipa-
MU JIyCKH HacCyBaHHS, SIKI YCKJIaJHIOIOTb TEKTOHIKY
Bbaxmyupkoi, KomwuiryBackko-JIumancekoi, Tta Ka-
nbMiyc-Topenbkoi 0ChOBHX CTPYKTYPHHX YIIOTOBHH.
Le crano miacraBoro Ais BuAiieHH JloHenpKol Jy-
CKyBaTO-HACyBHOI 30HM Yy CKJIaAi "TepLHUHCHKOI
cKJIaqacToi obmacti".

Ha mniBnennomy Oopty rpabeHy, Ha mijgcTaBi
MOJBOBUX  JOCIHIDKEHb  BHUAUIEHO IliBAECHHO-
JloHOacbKy MeEJaHKEBY 30HY, III0 € MiBISHHO-
3axigHuM obomexxeHHsIM Kanbmiyc-Topenbkoi yio-
roBuHH [8]. BoHa cknaneHa Omokamu JOKeMOpilich-
KUX  KpUCTAJIIYHUX  TOpill,  BYJIKAHOTCHHO-
TEPUTeHHOI TOBIII JCBOHY, KapOOHATHHMX BIAKIIAIIB
HIKHBOTO KapOOHY, pO3MIpOM JI0 MEPIINX KiTOMET-
piB. bioku HacyHyTi OlHE Ha OIHOTO IO "CTHIIECH-
KHX" TEKTOHITaxX y MiBJEHHO 3aXiJJHOMYy HAINPSIMKY
nig monorumu Kyramu (mo 30°), uum 3ymoBneHO
KBa3i-IIapyBaTe 3aJisiTaHHs TEKTOHITIB MEJaHXy Y
CBUTAaX Maje03010. MellaHK MpOopUBAETHCS BYJIKaHi-
YHAMHU TUIaMH  aHJIe3UT-TPaxi-aHJIe3uTOBOr0 Ta
[liBnenno-/lon0ackrkOro MarMaTHYHUX KOMILIEKCIB,
IO BU3HAYa€ HOTO BEPXHHOIO BIKOBOIO MEKEIO 3aa-
JILCBKY (Da3y oporeHesy.

Jlapamiiicbkuii CTPYKTYpHHI moBepx copmo-
BaHMH KOJI3IMHMMHU pyXaMmM MiBHIYHUX HaNPSAMKiB
[9]. B ocwogiii 30H1 3/II" nucinokaniiHy CTpyKTypy
MOBEPXY KOHTPOJIIOIOThH CIICIOHM HAaCyBIB IIBJICH-
HO-3aXiTHOTO HamnpsIMKy pyxiB (puc. 2). IliBHiuHO-
CXiJTHOIO MEXEI0 MOBEpXy BBaxkaroThcs oci CximHo-
IIe6ennncrkoi, Ockinbcbkoi, MakiiBcskoi Ta ITiB-
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Puc. 1. ®parmenT KapTu [ epIIMHCHKOTO CTPYKTYPHOTO TIOBEPXY, 3a JAHUMH reoKapTyBaHH: [7].
Ymoeni nosnauenns:
1- anTudopmu; 2- cuHGOPMH; 3- HAMPAMOK HACYBAHHS 32 IHCTPYMEHTATBLHUMH BUMIpaMU; 4- MapKyOUHiA
BanHsK Qio; 5- cTparoizorincu BarHAKy Qio; 6- JiHIT mepeTuHy BarHAKy Q1o 3 TEKTOHITAMHU
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Puc. 2. ®parment kaptu JlapaMilChbKOTO CTPYKTYPHOTO TIOBEPXY, 3a IAHUMH TeoKapTyBaHHS [7].
Ymoeni nosnauenns:
1 — anTudopmu; 2 — cuHpopmy; 3 — HANMPSIMOK HACYBAaHHA 33 IHCTPYMEHTAILHUMU BUMipaMH;
4 — i30riMCH MJIOMIMH aTTUYHUX HACyBiB; 5 — 130TiNCH ITOLIMH JTapaMiiChKUX HACYBiB
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HigHO-/[0oHETbKOI cHHKITIHANEH [7]. AMITIITYIH TO-
PU30HTAIBLHUX PYXiB 3a MaricTpaJbHUMH HAaCyBaMH
— IliBHiuno-loneupkomy, AnmaszHomy Tta [poOu-
LIBCBKOMY — JOCSTalOTh MepIInX KiloMmeTpiB. Pe-
IIiTKa HACyBiB, Pa3oM 3 KOHTPOJIHOBAHMMH HHUMH
JHIAHAMH 30HAMHA AaHTUKIIHAIBHUX  IIIKALO-
CKJIaJIOK Ta YCKJIaJHIOIOYUMHU iX OyHOBY COJISTHUMU
JiamipamMu, 3a3HaIA CTPYKTYPHO-PEYOBUHHUX Tepe-
TBOPEHB TIiJ] BIUIMBOM ITHOWHHUX TiIpPOTEPMAIIbHO-
MeTacoMaTHYHHUX (IIoifanbHUX cHCTEM 3 (OopMy-
BaHHSIM "OCTPOMOTHMJIBCHKOTO KOMILIEKCY aprijii3u-
TiB 1 TPOMUTITIB" 3 PTYTHO-TIOJNIMETAIIYHOIO MiHE-
panizariero B okpemux parionax 3/II" [8]. HasBHicTh
MMPOCTOPOBOTO OOMEKEHHSI 3 IMIBHOYI, 3aX0Iy Ta
MBIHS TEPUTOPii JTApaMiChKUX CKIATIaCTHX Je-
(hopmartiit crano miacTaBoOO IS BUAUJICHHS y TIepe-
XiHi# 30H1 "napamiiicbkoi ckiaguacToi odxacti".

ATTUYHUNA CTPYKTYpHUH MOBEpPX Ma€ CKiaaya-
CTO-HaCyBHY CTPYKTYPY, Ky KOHTPOJIO€ "IIIyMUITiB-
ChbKHi" mucaoKamiiHuil koMmiuieke [8]. ATTuuHi Tek-
TOHITH MAlOTh MiBHIYHO-CXiTHY BEPTEHTHICTh Ta
YTBOPIOIOTH HACYBHY PELIITKY, L0 KOHTPOIIOE KPY-
MHI TeKTOHIYHI TacTuHU-nokpusH [10]. Halikpyn-
HIIIMM 3 aTTUYHUX HACYBiB € Map'e€BCBHKHIA 3 aMILTi-
TYIOI0 TOPH3OHTAIBHHUX PYXiB y Kpwiax A0 4,5 KM
(puc. 3). Pemrra HacyBiB MalOTh aMIDTITYAH B eI
cotHi MetpiB: Jlucnuancekuii — 300-350 M, [onos-
Hult Ipmincekuit — 300-320 M. TekToHiuHI pyXu ar-
TUYHOTO BiKy 3yMOBWJIM TOJANBITY (hparMeHTAIliro
reomMac 0CaJIOBMX KOMILISKCIB Ha JIIH30BUIHI Y ILia-
Hi OJIOKH, pO3MIPOM JIO TEPIIUX JCCATKIB KiTOMET-
piB, Ta BUKIWKAIH iX HACyBaHHS Ha IIBHIYHHIN-
3axin, B HanpsaMky J1J13. Lle cramo migcraBoro st
BUJICHHS B Mexax 3/II7 "30HHM JIyCKyBaTHX Hacy-
BiB. CyKyIHICTh aTTUYHUX TEKTOHUTIB "ITyMHIIiBCh-
KOro" KOMIUIEKCY Ta KOHTPOJIbOBAaHUX HUMH 1HBEp-
ciiiHuX NedopMaliiHUX CTPYKTYp BiJJOOpakaeTbes
y JeHHild moBepxHi JloHenpkum KpspkoM Ta [lpua-
30BCHKOIO BUCOUHHOIO.

Merta i 3aBnanHs AocaiTKeHb. MeTOIO 10CTi-
JDKEHb € iJeHTU]IKalis CYyKyHmHOCTI JIedopmariii-
HUX CTPYKTYD, chopmoBanux B 3/I" Ha eramax Tek-
TOHIYHO{ iHBepcii. Ha mijcraBi cTpykrypHOTo anaii-
3y PEIIiTOK TEKTOHITIB Mi3HBOTEPIMHCHKOTO, Jlapa-
MIHCBKOTO Ta arTHYHOTO CTPYKTYpHHX IIOBEPXiB
BUBYAIHCSA: |- CTPYKTYPHO-TEKTOHIYHHM KapKac, 110
KOHTPOJIFOE TIPOCTOPOBE TOIIHUPEHHS KOJI31HHUX
nedopmartiit; 2- TSKTOHIYHUN CTHJIb KOJII3IMHUX Jie-
(dbopmawiii 151 BU3HAYCHHS IPUPOJHOTO MEXaHI3My
TEKTOHIYHOT iHBEpCil.

Marepianu Ta MeTOaM A0CJiAKeHb. [Ipu pe-
riOHAJBHUX TEOTEKTOHIYHHUX JOCIHIDKEHHSIX BUKO-
PHUCTOBYBABCS CTPYKTYpHO-KiHEMaTHUHHH —aHaJi3
BTOPHUHHMX AedopMaiiiHux cTpykryp [11]. Anasi-
THUYHI Kaprorpadiydi mMarepialii CKIaJaroTh Ieoo-
ri4Hl KapTH TepPUMHCBHKOTO, JIAPaMiHCBKOIO Ta art-
THYHOTO CTPYKTYPHHX TOBEPXiB, TEOJOTIYHI pO3pi-

3W, MIOPIBHSIbLHA CXeMa TEKTOHITIB TPHOX TeHEeparlii,
3a MarepiasiaMu reokapTyBaHHs Tepuropii AL [7] i
TEKTOHIYHa cxema posiomis J[/13 [12].

Pesyabratn mociimxkenb. [comuHamiuna 00-
CTaHOBKa iHTepdepeHIlii 3araJbHO-TUTMTHOTO KOJi-
31fHOTO CTHUCKaHHS 3 PETIOHAIBHUM TOPHU30HTATb-
HO-3CYBHHUM II0JIEM HaIIpyT, [0 NaHyBajla Ha eTanax
1atopMHOI TeKTOHIYHOI akTuBizamii [3-5], 3ymo-
BHJIa 3HaYHI aMIUIITYId TOPU3OHTANIBHHUX MepeMi-
IICHh TEOMAac OCaJOBHX MOpia Ta nedopmariiiHe
CTPYKTypo(hOpMYBaHHS 3 YTBOPECHHSM TPHOX IUC-
JIOKAIIHUX TOBEPXiB - TEPIMHCHKOTO (3aaJIbCHKO-
n¢anbChKOro), PaHHLOANBIIHCHKOTO (J1apaMiliChKO-
T0) Ta Mi3HbOAJBIIHCHKOTO (aTTHYHOTO) [7].

CTpyKTypHUIl aHami3 KapT TPHOX CTPYKTYpPHUX
MOBEPXiB Ta TeoJIOTiuHUX po3pi3iB (puc. 1-3, 4) cBi-
JUUTh, 110 CHHEKJi3HAa, CIa0O0ANCIOKOBaHA CTPYK-
Typa ocanoBoi ToBili 3/II" 3HaYHO yCKIIAJHEHA allb-
MiACPKUMHU (aTTUYHAMU 1 JapaMidChKAMHU) Ta Mi3-
HBOTCPIMHCHKUMHE (332JIbCBKUMH 1 T(ATBCEKUMHU)
MOKPUBHO-HACYBHUMH Ta IiJKUA0-CKIaI4aCTUMU
nedopmarisimu. [IpuuoMy, Ha KOXXHOMY 3 eTamiB
nedopmaniii  chopmyBanacs Okpema, AMHAMIYHO
CHpsDKEHa pellliTKa HacyBiB Ta MiJKUI0-3CYBIiB Bia-
CHOTO a3MMYTaJIFHOTO HANIPSIMKY BEPTeHTHOCTI.

V pemriTkax TEKTOHITIB TPhOX T€HEpaIlill BIEB-
HEHO iJIcHTU(}IKOBaHO "peBepcHUi" THUI PO3PUBIB,
OO0 € XapakTepHUM il TOPHU30HTAJIbHO-3CYBHOI
TekToHikH [13]. BoHn € ckumo-3cyBamu 1o QyHma-
MEHTY 1 JIEBOHY 3 MEpEeBAKAHHSIM BEPTHKAIBHOI aM-
IUTITYIM 3MIIICHb, @ B PO3pi3i KapOOHY Ta ME303010-
KaifHO3010 — HAacyBaMH 1 3CYyBO-IIJIKHUAAMHA 3 iCTOT-
HOIO TOPHU30HTAJIbHOIO CKJIAJOBOIO PYXiB. 3a KyJIic-
HUMH PsIJIaMH HACYBIiB Ta MiKW/IiB YTBOPUIHCS TEK-
TOHIYHI 3pWBH aKTUBI30BaHMUX reomac y (opmi 1uia-
CTHMH-JTYCOK, III0 HACYBAIOTHCS HA MIBICHHUI Ta ITiB-
HIYHUH OOpTH 3 OOKY CTPYKTYPHHUX YJIOTOBHH OChO-
Boi 30HM J[HINpoBCHKOTO Tpadeny [14]. Beranoeme-
HO, IO B TPHOX CTPYKTYPHHUX IOBEpXax IUIaThopM-
HOro yoxJyia — lepruHcbkoMy, JlapamilickkoMy Ta
ATTUYHOMY, PEUIITKH HACyBiB KOHTPOJIIOIOTH ellie-
JIOHW TEKTOHIYHMX JYCOK 1 IOKPHBIB Ta KYITiCHO
34JIEHOBaHl IMJIKHMI0-CKIAAKH, SKi YTBOPIOIOTH
CTPYKTYpPHO-TEKTOHIYHUH KapKac KOJi31HHOTO KOpo-
OJICHHS1 0Ca/l0OBUX TOPU3OHTIB Ta KOHTPOIIOIOTH (o-
PMyBaHHS CKJIaJ4acTUX Ta [OKPUBHO-HACYBHUX
nedopmariiii B (puc. 1-3, 4).

AHai3 KapTH TepIHCHEKOTO0 CTPYKTYPHOTO T10-
Bepxy (puc. 1) Ta reomoriuHux po3piziB (puc. 4)
CBIZIYUTH, 110 TEPUUHCHKHUMHU pyXaMu c(opMoBaHO
HACYBHY PEIIiTKy TEKTOHITIB, 1[0 KOHTPOIIOE CHUC-
TEMY [O3I0BXHBOTO HACYBaHHS MAJe030HCHKOTO
0CaJI0BOTO YOXJIa y HAMPAMKY MiBAEHHOro 6oprty. i
CKJIaJaf0Th ITUIACTHHU TEKTOHIYHUX TIOKPHBIB Ta
SIIIeJIOHOBAHOI KYJIICHOT i IKK10-CKJIaA4acTOCTI.

Ha miBHiYHHMX cXxunax rpabeHy IOKPHBHO-
CKJIQIUACTy CUCTEMY OOMEXKYIOTh KyJiCHO 3UJICHO-
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Puc. 3. ®parMeHT KapTH ATTUYHOTO CTPYKTYpPHOTO IIOBEPXY, 32 JAaHUMU I€OKapTyBaHHS [7].
Ymosni nosnauenns.
1-3 — cTparoi3orimncy migomBu nopepxy: 1 — B inTepsai 10 200m; 2 — B iHTepBai 10 300Mm;
3 — B inTepBai nmouas 300M; 4 — HaIIPSIMOK HACYBaHHS
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BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

BaHi rimku HoBoro Tta CeHTsHIBCHKOTO HacyBiB. Ha
miBIHI 00acTh 00MexyroTh KoTmuHeskuii, Osekca-
HJPIiBCbKUI 1 MeplianiBCbKHii HAaCYyBH, 1110 KOHTPO-
moioTh [liBaeHHY HacyBHY 30HY MOIIEPEYHOTO BH-
TUCKaHHS I'eoMac BiJl OCbOBOI 30HHM 10 IiBICHHOIO
6opty. [IpakTHuHO HABIILJT BOHA PO3MISAETHCS KYJIi-
CHO 3YICHOBaHMMH TiJiKamMH OcCboBOro CyimiHo-
KocTsHTHHIBCHKOTO 3CyBO-HaCYBY.

B anoxToHHOMY Kpmili T€pUMHCHKOI CKiIagyac-
TO-HACYBHOI CHUCTEMH MiK-HacyBHI OJOKH MAalOTh
BUAOBXKEHY JyCcKyBary ¢OpMy MiBHIYHO-CXiIHOT
opieHTanii mpoctaranas (puc. 1). Y ¢porTansHIX
yacTUHax ONOKiB c(OpPMOBaHI MPHU-HACYBHI MiJKH-
J0-aHTUKITIHANI 3 KPYTUMH MiBHIYHO-CX1THUMHU
KpWJIaMH Ta TIOJOTHUMHE MiBIEHHO-3aXiTHUMH, SIKi Y
TWJIOBUX YacCTHHAX OJOKIB TMEpPeXOAsTbh y TIOJIOTi
cuHKIiHAI a0o MoHokiiHam. [Togekynu, B Mexax
OCHOBHX YIIOTOBHH, B 3aMKaX CHHKJTiHalel 30epira-
FOTBCSI PEIITKH HHKHBOIIEPMCBHKOI TOBIIII, a TTiAOIIO-
BHY YacTHHY pO3pi3y Nale030MCHKUX BiAKIAAIB —
JICBOHCHKY TOBIIY Ta JOKeMOpiiChkHil (yHIaMEHT
Ha MeXaX TepIUHCHKUX TEeKTOHIYHUX OJIOKIB PO3TH-
HAIOTh PETIKTH PUPTOBOI CTPYKTYPH - CKHIH.

VY 3axigHOMy HampsMKy, 10 OpUHKiBCHKOI yio-
TOBHHH, TIOCTYTIOBO 3MEHIIYEThCS TIIHOMHA €pOo3iii-
HOTO 3pi3y MaJe030[0, TOMY y IIapHipaX CHHKIiHA-
JIeH 3yCTPIYarOThCS HE TUIbKA HU3HM KapTaMHCBKOT
CBHUTH, aje i PENKTH MUKHUTIBCHKOI Ta CIIOB'SHCHKOT
cBut (puc. 1, 4). I[Ipote, Ha KpallHEOMY TTiBHIYHOMY
CXOZl Tij| MIZOIIBOIO ME303010 Y BHUCSUYOMY KpHIIi
HACYBaHHs 3aJisiTae cepe/iHii KapOoH, IO BKa3ye Ha
30iNbIIEHHST y I[OMY HAINpPSAMKy TIIMOWHH TIepes-
ME3030HChKOT0 eposiitHoro 3pizy. [mst dopnanmy
CHCTEMH HACYHYTOTO QJIOXTOHY XapaKTEepHO 3aHy-
PEHHS HiIOLIBU ME3030HCHKOTO YOXJIy Y 3aXiIHOMY
HanpsIMKY, Ha MOMHY 1oHaz 3 kM B Mexax Opuu-
KiBCBKOi yJIOTOBUHH.

AHaii3 KapTh JapaMifiChbKOro CTPYKTYPHOIO
moBepxy (puc. 2) i reosorivHuX po3piziB (puc. 4)
CBIJTYUTB, 110 JapaMiiChbKUH HACYBHHUI TEKTOHIYHUIMA
KapKac KOHTPOJIOE TMOKPUBHO-CKIIAUACTy CUCTEMY
TEKTOHIYHOTO HACyBaHHS, IO OXOIUTIOE JIEKiNbKa
CTPYKTYPHHX JiHIA TiIKAA0-CKIAIOK TPOTKHICTIO
y JIeCATKH — CcOoTHI KimoMeTpiB. CTpyKTypHO-
TEKTOHIYHUI Kapkac JapaMmiiicbkux JedopMarii
KOHTPOJTIOETHCS PELIITKOI0 HACyBiB MiBHIYHOI Bep-
TeHTHOCTI, 32 SIKUMH C()OPMOBAHO TUIACTUHH TEKTO-
HIYHUX TIOKPUBIB Ta 30HH KYJICHO 34JICHOBAHUX,
MIPUPOIIOMHHX, 37€O1IBIIOT0 KPHUBOMIHIHHUX ITiJI-
KHJI0-CKJIAZIOK, IO PO3IUISIOTHCS BY3bKHMH CHH-
KIliHanssMu. Pa3oM BOHHM YTBOPIOIOTH 3axiHO-
JoHeubkuii KTMHOPOPMHUIM CErMEHT TEKTOHIYHOTO
BTOPTHEHHSI 0CaJOBUX reomac. [liBHIYHO-CXiTHOIO
MeXer cerMeHTy € [liBHiuHO-/lOHEIbKHI HacCyB,
niBieHHo-3axigHo0 — Camapcbkuii HacyB. [IpakTu-
YHO HAaBMUJI TUIO CETMEHTY pPO3IUIIOTH KYNiCHO
3ujeHOBaHI Timku AmnmaszHoro, Camapcpkoro Ta

OcbOBOTO HACYBIB, B MAHATHX KPWIAX SIKUX Yepes3
JapaMiichKi OpOTeHIUHI pyXu chopMyBacs BEH-
Ki, JTHIMHI, KyJTICHO 34JICHOBaHI IiIKHI0-CKIIQI4acTi
30HH.

KpymHi aHTHKITiHANBHI Ta CHHKITIHAJIBHI CKJIa-
JIKH JTIHIKHOT Ta KpUBOJiHIIHOI Mopdororii y mapa-
MiHCBKOMY MOBEpCi CKIaNaloTh €IIEIIOHOBaHI KyJIic-
HI a”HcaMOJjii, 1[0 JOCAraroTh NOBXHHK IoHanm 100
KM 1 aMmronitygu g0 2 kM. [Ipudomy, 3a paxyHOK
OUTBIII 1HTEHCUBHOTO CYYacHOTO €pO3iHHOro 3pi3y
MiAHATUX TEKTOHIYHHUX OJIOKIB y MPUOOPTOBHX Yac-
TrHaX JIHIMPOBCHKOTO TpabeHy aHTHUKITIHAIBHI
CTPYKTYpH OCBOBOI 30HH PO3MIIIYyIOTBCSl BUIIE Ha
1,5-2 kM BiJ CTPYKTYp HiBHIYHOI IPHOOPTOBOI 30HH.
YacTuHy CKJIaJ0K YCKJIaTHEHO COJISTHUM Iiarmipus-
MOM, III0 3YMOBWJIO YHIYNSIii iXHIX IIApHIPIB Ta
PO3MHUB ME30301ChKOI TOBILI Ha COJSIHAX KyTOJaX.

AHani3z OynoBu miBHIYHO-cXimHOTO (pranry 3a-
Xi7HO-J|OHEIEKOTO CEerMeHTy TEKTOHIYHOTO BTOPT-
HEHHS CBIIYHTH, II0 POHT TEKTOHIYHOTO HACYBaH-
Hs1 c(OPMOBAHMH TYT HACyBaMH Ta MiJKHAaMHU JIBOX
reHepamii — jmapaMildcpkoi Ta arTudHOi (puc. 5).
Bonu € mponosxkeHHsMu B Iepuuncekomy, Jlapa-
MIHCBKOMY Ta ATTUYHOMY CTPYKTYpPHUX MOBEpXax
PENKTOBOi PHU(TOTEHHOI PENITKA HOPMaJIbHHIX
CKHJIIB, IO TIPOCTEXYIOTHCS B PO3pi3l IEBOHY Ta
JIOKeMOpiificbkoro  KpucTajiuHoro  (QyHIaMeHTy.
HaiikpynHimmMu napamiiicbkiMU HacyBaMH 3 iCTO-
THOIO CKJIAJIOBOKO TOPH3OHTAJIBHUX HEpPEMillleHb
ocagoBux reomac € IliBHiuHO-JlOoHENbKHH, AMas-
HU, J[poOUIIiBChKMI HACyBH, A0 aTTHYHHX Haje-
kath Map'iBchkuii Ta JlcnyaHChKUE MaricTpaibHi
HacyBU. B HacyHyTux anoxToHHux kpunax IliBHi4-
Ho-JloHenpKkoro, JIpoOMIIiBChKOrO Ta AJIMa3HOIO
HacyBiB c()OpMOBaHI KyJiCHO 34JCHOBaHI JiHiiHI
aHTUKITiHANBHI 308U — [liBHIYHO-/[0HENBKA, TOpCh-
ko-JlpoOuriiecbka Ta Marpockko-ToIIKiBCbKa, Bi-
JoMi SIK "30HH BIJKPUTHX Tal€030MChKUX CTPYK-

n

Typ".

B uenrtpanpHiii yactuni rpabeHa, B Mexax ba-
XMYIIBKOT YJIOTOBUHH, 32 €IICITOHOBAaHUMH DPSJaMH
TepPLMHCHKUX, JIAPaMiHChKUX Ta aTTUYHUX HACYBiB
c(OpMOBaHO CHCTEMY TEKTOHIYHMX IUIACTUH-
nokpuBiB (puc. 1-3, 4). TliBgeHuuit 60pPT YIOrOBUHA
00OMEXeHHMH MIKUI0-3CyBaMHU TPbOX T'eHepawiil, 1o
yTBOPIOIOTH LleHTpasbHy JliHEaMEHTHY 30HY TOpH-
30HTaJILHO-3CYBHOTO KOHTPOJIIO. B iX migHATHX TiB-
HIYHO-CXIJTHUX KpWiiaXx c(OpMOBaHO NPOTSHKHY JIi-
HiliHy CKJIaguacTy 30HY KYJICHO 34JICHOBAaHUX Jia-
paMIiNChKUX JTIHIMHUAX MiIKUAI0-CKIaI0K, Ky CKa-
JIal0Th Bennko-KomunryBacbka, [erpiBchKo-
HoBotpoiupka, pyxkiBcbko-KocTSHTHHIBCEKA Ta
T'oioBHA IPUPO3TOMHI AaHTHUKITIHAI.

AHai3z KapTi aTTUYHOTO CTPYKTYPHOTO MOBEP-
Xy Ta po3pi3siB (puc. 3, 4), CBIIYUTH, IO aTTHYHUMHU
pyxamu copmoBaHO nedopmaliiiHy HacyBHY pe-
MIITKY TEKTOHITIB MiBHIYHO-CX1/THOI BEPTC€HTHOCTI,
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sIka KOHTPOJTIOE palioH TEKTOHIYHUX MOKPHBIB Y CXi-
nailt gactuHi 3/II. CucreMy mormepedHoro HacyBaH-
Hs TeoMac 0CaIoBOl TOBILI Ha MIBHIYHMUI CX14 — Bifg
OCBOBOI YaCTHHHU [0 MIBHIYHOTO OOPTYy CKIaAaroTh
KPYIIHI IUIaCTUHH-TIOKPUBH TIOJIOTOTO 3aJIsraHHs,
mo chopmoBani 3a Tpacamu JlwmireiBcekoro, omoB-
Horo Ipmincekoro Ta Map'iBcekoro HacysiB. [liBHi-
YHO-3aXiIHy BEPreHTHICTh MO3OBKHHOTO HACYBaH-
Hi MEHIIMX 3a pPO3MipaMH HOKPUBHMX IUIACTHH
KaifHO30MCHKOTO aJlOXTOHY Ha HE0aBTOXTOHHI yTBO-
PEHHS JapaMiiiChbKol Ta TepIUHCHKOI TeHepaliil Ko-
HTpOor0Th Cene3HiBchkuid, IIpomosxHiii, IliBaeH-
uuii [laBniBcpkuii, CamkapiBCbKUI HACYBH.

AHai3 NOpiBHSIBHOI CXeMHU TEKTOHITIB TepLu-
HCBKOTO, JTapaMiHCHKOTO Ta aTTUYHOTO CTPYKTYPHHUX
moBepxiB (puc. 6) CBITYNTH, IO CIUIFHO BOHH YT-
BOPIOIOTh CTPYKTYPHO-TEKTOHIYHHN KapKac IOCT-
pudToBux medopmariii ocamoBoro yoxma I L
QUHAMIYHO CTpSDKEHAa HACyBHA pEIIiTKa pa3oM i3
CYKYIHICTIO TEKTOHIYHMX JIyCOK 1 IUIACTHH-
MMOKPHBIB Ta aHTUKJIIHAIBHUX ITiIKUI0-CKIIaT4acTHX
30H, L0 BOHAa KOHTPONIOE, CKJIAaJar0Th 3aximHo-
JloHenbKy TOKPHBHO-CKJIam4acTy obnactb. Bona
OXOIUTIOE MPAKTUYHO BCIO CXiIHY 4YacTuHY [3toMchb-
kxoro cermenty JIJI3 Ta tepuropito 3/I. ['omoBHUM
CTPYKTYPHHM elleMeHTOM 3aximgHo-/[oHenbkoi Tek-
TOHIYHOI 00JaCTI BU3HAYEHO OJHOMMEHHUI CErMEHT
TEKTOHIYHOTO BTOPTHEHHS, 10 C(POPMOBAHHUI BHA-
CJIIJOK TO3I0BXHBOTO BKJIMHIOBAHHS B OOMEXKCHHN
T€OJIOTIYHUI MPOCTHP PUPTOTEHHOT CTPYKTYpH iH-
TEHCHBHO 3IM'ATHX Yy cKiIajku reomac 3 6oky JJCC.

Mexamu KITHHO(GOPMHOTO Yy TJIaHi Tijla TEKTO-
HIYHOTO CErMEHTY Y JIapaMilCbKOMY CTPYKTYpHOMY
nosepci (puc. 2, 5, 6) BuzHaueno [liBHiuHO-/{oHEIH-
KUH HacyB, MiBHIYHY TiKy AJjmaszHoro, Camapch-
kuii Ta BoiikoBCchKuil HacyBu. Tilto cerMeHTy po3i-
JICHO Y3JIOBXK, NpakTHYHO HaBmij, LleHTpaibHOIO
JIHIHHOIO 30HOK0 TOPU30HTAILHO-3CYBHOTO KOHTPO-
mo. i cknanaroTs KymicHo 3uteHoBaHi Tpacu Ocbo-
BOT0, MiBJACHHO-CX1AHOT Tiku CaMapCchKOro Ta IiB-
HIYHOI T'UJIKM AJIMa3HOTO MaricTpajibHUX HACYyBIB.

B Mexax KoKHOI 3 BUAUIEHUX YacTHH 3axigHo-
JIOHEbKOTO CerMEHTY BKIMHIOBAHHS 32 TEKTOHIY-
HUM CTHJIEM Ta IHTEHCHUBHICTIO aedopmaliiii ocao-
BOT TOBIII BHOKPEMIIIOETHCS /IBa TEKTOHIYHUX paio-
Hu. [liBHIYHO-CXiAHY TOJOBHHY CErMeHTy oOilimae
Jlyrancexo-KomuiryBacekuii paiion KyJTiCHO-
CIIEIOHOBAHOT JIHIMHOT CKJIa{4acTOCTI HACYBaHHS,
B MiBJCHHO-3aX1/IHIl YaCTHHI CErMEHTY PO3TaILOBY-
erbest KanbMmiyc-Topenpkuii palioH JTyCKaTHX TeK-
TOHIYHHX MTOKPUBIB.

HaykoBa HOBM3HA Ta MNpaKkTH4YHA 3HAYY-
wicTb. Ha migcrasi inenTudikamii komisiiHoi npu-
ponu Ha TepuTopii mepexigHoi 30HM Mik J/I3 Ta
JCC cykymHOCTI BTOPHHHUX JieOpMAIiiftHUX CTPY-
KTYp, BIleplle BUIUIEHO 3axiIHo-/{OHebKy MOKpH-
BHO-CKJIa[4acTy TeKTOHIUHYy oOnacts. Ha miii ocHo-

Bl BIOCKOHAJICHO CXEMY TEKTOHIYHOTO paiiOHyBaHHS
JAII.  3rimHO CcXeMH, TOJIOBHUM CTPYKTypHO-
TEKTOHIYHUM €JIEMEHTOM oOmacti €  3axigHo-
JloHenbKuii cerMEeHT BTOPIHEHHS 0CaJOBHX T'eoMac.
Horo Tino cdopmMoBaHe iHTEHCHBHO 3iM’SITOIO, TIOK-
PUBHO-CKJIQTYaCTOI0 TOBIIEIO AJIOXTOHY, IIO HACY-
HYTHUW Ha €1a00 JMCIOKOBAHMUN TEPIIMHCHKHI Heoa-
BTOXTOH Ta HE TUCIIOKOBaHI CHHEKJI3HI YTBOPEHHS
aBTOXTOHY pu(TOreHHoi cTpykTypH 3 60Ky ICC.

Cknagyacto-HacyBHa CHUCTEMa TEKTOHIYHOTO
CerMEeHTy CKJIaJAa€Thcad 3 ABOX TEKTOHIYHUX paiio-
HiB, IO BiAPI3HAIOTHECSA 332 TEKTOHIYHUM CTHJIEM Ta
IHTEHCUBHICTIO AeopMyBaHHS TIATGOPMHOTO oca-
nmoBoro yoxia 3/II. B miBaeHHO-3aXimHIA YacTHHI
cermeHty BunineHo Kamemiyc-Topenpkuit paiioH
JyCKAaTUX TEKTOHIYHHUX MOKPHBIB HACYBaHHSA, IO 3
niBaHs oOmexyeTbes IliBneHHo-/{onOackko0 Tep-
[IMHCHKOI0 MENaHXKeBOIO 30HOK. lliBHIUHO-CcXimHY
MOJIOBUHY cerMeHTy oxorutroe Jlyranceko-Komurry-
BaChbKHMI pPalOH KyJiCHO-CIICIOHOBAHOI JTIHIHHOT
CKJIa{4acTOCTI HACYBaHHS, SIKUH 3 TBHOUYI 0OMeEXY-
€ThCS cTa00IMCIIOKOBAHUM Me30301MChKO-KaHO30M-
CHKUM TJIaT(GOPMHUM YOXIIOM.

Taki faHi [O3BOJSAIOTH MPUNTH BHCHOBKY, IO
pudTOreHHa CTpyKTypa y repexianii 3oui mMix /13
ta JICC Oymna mpakTHYHO BIIEHT 3pyHHOBaHA CKJIa/l-
YacTICTIO HA MPOTA3i €TaIliB m1arGopMHOi aKTHBI3a-
uii. [TepenGavyaernes, mo-nepie, M0 Yepe3 TCKTOHI-
YHI pyXd MiBACHHO-3aXiTHOTO HAMPSMKY II0 TePIIH-
HCBKHUX TEKTOHITaX Ha IMIBICHHUNA OOpPT TpabeHy
Oy/JIM HaCyHYTI JTUCIIOKOBaHI I'eOMacH IMaJic030UCh-
KOTO 0CaJi0BOTO 4Yoxyia 3 00Ky ocboBoi 30HH 3/II.
[lo-npyre, TEKTOHIYHMMH pyXaMd  MiBHIYHO-
3axXiIHOTO Ta TIBHIYHOTO HAMpPSMKIB 32 PEUIiTKOIO
JMapaMiiChKUX Ta ATTUYHAX TEKTOHITIB Ha HOBO-
YTBOPEHH, C1a00 TUCIOKOBAaHHA TePIUHCHKUI He-
OaBTOXTOH ITIBJEHHO-CXIJHOI YaCTUHU I[3IOMCBKOTO
CerMeHTy 3amajWHu 3roJoM OYyJIM HACyHYTi 1HTEH-

cMBHO  jnedopMOBaHI TreoMacH  MeE3030HCHKO-
KailHO30MChKOTO MOKPUBHO-CKJIA4aCcTOrO alIOXTOHY
3 6oky JICC.

BucnoBku. Ha mporszi eramiB riardopMHOi
aKkTWBI3alii, y HEOAHOPITHOMY 3a HampsIMKaMHu Ha-
CYBHOMY Ta MiJKUI0-3CYBHOMY IOJI TEKTOHIYHUX
Hampyr, MiJ BIUIMBOM HPOLECY KOJi3iHHOIO KOpOO-
JIEHHSI 0Ca/I0BOi TOBIIi, pUPTOreHHa CTPYKTypa MiB-
neHHoro cxony JIJ/13 Oyna 3pyiitHOBaHa 1HBEPCIHHOIO
CKJIQIYacTICTIO TPhOX OCHOBHMX (pa3 oporeHesy. Ha
MOYAaTKOBOMY €TaIli TeKTOHIYHO1 iHBepcii, 3a pemriT-
KOKO IepPIUHCHKUX TEKTOHITIB T€OMAacH Majic030MCh-
KHX 0CaJI0OBUX IOPiJ 3 00Ky 0cb0oBOi 30HM 3/1I" Oyu
HacyHyTi Ha miBaeHHHH OopT. Ha romoBHOMy etarmi
iHBepCii, 32 CHCTEMOIO JIapaMiMChKUX Ta aTTUYHUX
TEKTOHITIB, Ha TEPIUHCHKUI HEOABTOXTOH Oyia Ha-
CyHyTa IHTEHCHBHO JHCJIOKOBaHa MeE3030HCHKO-
KaiiHO30lichKa ocajgoBa ToBuIa. [lig BuBOM npo-
IeciB TeKTOHIYHOI iHBepCii Oyia copmMoBana 3axi-
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Puc. 6. TexToHiuHe pailoHyBaHHS TepuTOpii 3axigHo-/{oHenpKoro rpabeHa
Ha MMOPIBHSUIBHIHM cXeMi TEKTOHITIB 3a JAHUMHU TeOKapTyBaHHS [7]:
1— miBHiYHA Meka aedopmaliil; 2-4 — TEKTOHITH: 2 — TEPLUUHCHKI, 3 — TapamiiichKi; 4 — aTTHYHI;

5 — Me30-KaliHO30MChKUI HETMCIIOKOBAaHUI aBTOXTOH; 6 — T€pIIMHCHKUI HEOABTOXTOH; 7 — [Ipna3zoBcbkuil
MacuB; 8 — [liBnenHo-/{oHOacbka 30Ha Menanxky; 9 — 3axinHo-J{OHebKUI CerMeHT TEKTOHIYHOTO
BropraeHHs: (1) — JIyranceko-KomunyBacbkuid paiioH KyJliCHO €IIeIOHOBAHOT CKIIaT4acTOCTI,

(2) — Kanpmiyc-Topeupkuii pailoH JycKaTHX TEKTOHIYHHX MOKpUBiB; 10 — JloHenpKa cKkiIagyacTa Copyaa.
Bpiska — cxema cuctemu TekToHiuHOro HacyBanHs (A. K. Xymone#, 2005)
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TECTONIC INVERSION OF THE DNIEPER-DONETS BASIN. PART 1.
COLLIZION TECTONICS OF THE WESTERN-DONETS GRABEN

Formulation of the problem. New results of tectonophysical studies of the structural-kinematic evolu-
tion of the Earth's crust of Dnieper-Donets paleorift at the collision stage are presented in the paper. The sub-
ject of research is a complex of deformation structures that complicate the sedimentary cover in the transi-
tional zone with Donets folded structure.
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Review of previous publications and studies. According to new mapping data, tectonic deformations
of the sedimentary cover were controlled by systems of faults of the north, northwest, and southeast ver-
gence. The lattices of the Hercynian, Lamaric, and Attic tectonites determine the specific “cross-thrust”
structure of pushing. Due to the heterogeneous distribution of deformations of different ages, the stratigraph-
ic volume of the sedimentary sequence varies in area from the Pliocene-Anthropogenic to the Mesozoic-
Cenozoic. Overthrusts and linear folding of three generations permeate the sedimentary sequence of the tran-
sition zone from east to west for hundreds of kilometers within the eastern part of Izyumsky paleorift seg-
ment.

Methods. Using the original method of tectonic deformation fields’ reconstruction and tectonophysics
analysis of structures, collision deformations of the platform sedimentary cover of the southeastern part of
Dnieper-Donets depression are studied. The materials of geological mapping of the transition zone and in-
strumental definitions of the vergence of the Hercynian, Laramian, and Attic faults constituted the analytical
base of tectonophysical studies.

Results. In the transition zone, West-Donets segment of the tectonic wedging, which completely de-
stroys the riftogenic structure in the southeast of the basin was identified. It was formed as a result of a thrust
on the syneclise autochthon repeatedly deformed, crumpled into the folds of geomass from the western
slopes of Donets folded structure. It consists of structural ensembles of linear thrust folds, tectonic covers of
transverse, pushing of sedimentary geomas from axial to onboard zones, and folded covers of longitudinal
thrust. The thrust covers and folds of allochthon end in the depression with scaly compression fans formed at
the ends of the main thrusts.

In the thrust front of West Donets segment, a geodynamic discharge strip was diagnosed, where struc-
tural zones of displacement of geomass were formed. On the north-eastern flank of the thrust front they are
represented by large linear anticlinal zones of the so-called “open Paleozoic structures”, such as Torsko-
Drobishevsk, North-Donets, Matrossko-Toshkovsk zones, and on the southwestern - Petrovsky-Novotroitsk
zone of reverse-folds. The structural peak of the West-Donets segment is the tectonic node of thrusts and
strike-slips of three generations, localized in the joint area of the central and southern structural branches of
the axial salt-dome folding.

Scientific novelty and practical significance. The current regional tectonic scheme has been revised on
the conceptual foundations of dynamic geotectonics. It is shown that the riftogenic structure of the transition
zone at the collision stage of evolution was completely destroyed by deformations of three generations. Lat-
tice of tectonites, thrust cover and uplift folding zones of the Hercynian, Laramian, and Attic generations
together form West-Donets cover-fold region within it. The main tectonic element of the region is the seg-
ment of the tectonic wedging of the same name. By the nature of the structure in its northern part, Lugansk-
Kamyshevakhsky district is distinguished by a link echelon of linear folding, and in the south by Kalmius-
Toretsky region of tectonic thrust cover. West Donets segment is an important component of the structural-
tectonic frame of the sedimentary cover, which determines the modern transverse tectonic segmentation of
the paleorift.

Keywords: tectonite lattice, thrust cover, uplift folded zones, tectonic wedging segment, cover-folded
region.
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BIOCTPATUT'PA®IYHE PO3YJIEHYBAHHSI MAACTPUXTCBKHUX BIIKJIA/IIB
INIBHIYHOI OKPAIHU TOHBACY 3A ®OPAMIHI®PEPAMUA

Hasedeno pezynomamu MiKponaneoumono2iuHux 00CiioxceHb Ompumani 3a Gopaminigpepamu 3 MaacmpuxmcovKux 8i0k1aoie
Iisniunoi okpainu /Jonbacy. JJocriodceno womupu po3pisu, siKi 3HAX00SIMbCS Y 080X CMPYKMYPHO-(DayiaibHux patioHax peciony:
nepwomy — 3axionomy i Ilieniuno-3axionomy, opyeomy — Llenmpanvrnomy. Ilpusedeno biocmpamuepagiune posunienysants maacm-
puxmcewrux ioxnadie Iieniunoi okpainu JJonbacy 3a 6enmochumu gopaminighepamu, sike 6y10 pariuie 3anpoONOHOBAHO AGMOPOM 05
BEPXHLOKPEO06UX BIOKNAOIE yieli mepumopii. AHANI3 YOMUPLOX PAHHLOMAACMPUXMCHOKUX | 080X NIZHbOMAACMPUXMCLKUX opami-
Higheposux Komniexcig, 003601uU8 sudLiumuy mpu Gopaminigpeposi 3onu. B HusicHbomy maacmpuxmi eusnaueni 3onu — Neoflabellina
retuculata (nuocns), Brotzenella complanata (sepxus), y eepxnvomy — Hanzawaia ekblomi (3 nusicnvoro niosonoro Cuneus minutus).
3ona Neoflabellina retuculata eusnauena 3a xapaxmepuumu euoamu N. reticulata, Orbignyna sacheri, Heterostomella bullata,
Cibicidoides bembix, Osangularia navarroana, Bolivina decurrens, B. incrassata incrassata, Pseudovigerina cristata. /[na 30nu
Brotzenella complanata xapaxmepni éuou: B. complanata, Spiroplectammina suturalis, Gaudryina pyramidata, Cibicidoides bembix,
Eponides peracutus, Bolivina incrassata crassa, Pseudovigerina cristata. 3oui Hanzawaia ekblomi xapaxmepni éuou — H. ekblomi,
Anomalinoides pinguis, Praebulimina imbricata, Cuneus minutus. Hasedena 6ionosionicme ghopaminigpeposux 30n — makpopaymic-
muunum: Neoflabellina retuculata — niozoni Belemnella licharewi / B. lanceolata, Brotzenella complanata — niozonam Belemnella
lanceolata i B. sumensis 30nu Acanthoscaphites tridens okpain Jonbacy, nuocus yacmuna sonu Hanzawaia ekblomi — 30mi
Belemnitella junior / Spyridoceramus tegulatus naamgopmnoi Yxpainu. 32iono wunnux cmpamuepagiunux cxem Yrpainu 2013 p.
8KA3AHA 8i0N0BIOHICMb Popaminiheposux 30H Mmicyesum cmpamuepadivHum niopo3oinam 6epxHboKpeoosux 6iokadig Ilieniunoi
oxpainu Jonbacy. JJonogneno HogUMU OAHUMU NALECOHMOLOLIUHY XAPAKMEPUCMUKY KOHONISHIBCLKOI (HUICHbOKOHONISIHIBCHKA I 6ep-
XHbOKOHONIAHIBCLKA NIOCBIMU) 1 Kam AHOOPIOCLKOT c8im, AKI 3a 8IKOM 8i0N0BIOAIOMb HUMCHLOMAACMPUXMCbKUM 8i0K1a0am. 1Ipoge-
O0EHO CNieCMagients GUSHAYEeHUX hopaminigpep 3 30HanbHUMU MapKepamu | eudamu Mixchapoonoi cmpamuepa@ivHoi wkau, 3a3Ha-
YeHO CNiNbHi GUOU.

Knrwuosi cnosa: gpopaminichepu, HudiCHb0-, BePXHLOMAACMPUXMCHKI 8IOKAA0U, 30Ha, [TieHiuna okpaina [onbacy.

E. JI. Bexnuu. FBHOCTPATHTPA®HYECKOE PACYJIIEHEHHE MAACTPHXTCKHX OT/IOKEHHH CEBEPHOH
OKPAHHBI JJOHBACCA I10 ®OPAMHHHUDEPAM. IIpusedenvl pe3ynvmansvi MUKpONALEOHMOLOSUYECKUX UCCTIe008AHULL, NOLY-
uennvie no gopamunupepam uz maacmpuxmcxux omioxcenuti Cegepnoil okpaunst JJonb6acca. Hzyuenvl uemvipe paspesa, Komopule
HAX0O0AMCSL 8 O8YX CMPYKMYPHO-(ayuanvbHblx pationax pecuona: nepsom — 3anaounom u Cesepo-3anadnom, emopom — Llenmpanvrom.
Ilpusedeno 6uocmpamuepagpuyeckoe pacunenenue maacmpuxmckux omuodxcenuil Cegeprou oxpaunsl [onbacca no OGeHmMocHvim
Gopamunugpepam, xomopoe 6bLIO panee NPEOLONCEHO ABMOPOM OJisl BEPXHEMENOBbIX ONIOJICEHUL Mot meppumopuu. Ananus ve-
MbIPex paAHHEMAaacCmMpUuxmeKux u 08yx no30HeMaacmpuxmckux Qopamunu@epossix KOMIIEKCO8, NO3BONUL 6bIOENUNb MPU Gopamu-
Hugeposwvie 30Hbl. B Husicnem maacmpuxme onpedenenst 30Hbl — Neoflabellina retuculata (nuoicnsis), Brotzenella complanata (sepx-
Hss), 6 eepxwem — Hanzawaia ekblomi (¢ nusicneit noosonoi Cuneus minutus). 3ona Neoflabellina retuculata ycmanoenena no xa-
paxkmepnvim eudam. N. reticulata, Orbignyna sacheri, Heterostomella bullata, Cibicidoides bembix, Osangularia navarroana,
Bolivina decurrens, B. incrassata incrassata, Pseudovigerina cristata. /[na 3omvl Brotzenella complanata xapaxmephvr 6uovl:
B. complanata, Spiroplectammina suturalis, Gaudryina pyramidata, Cibicidoides bembix, Eponides peracutus, Bolivina incrassata
crassa, Pseudovigerina cristata. 3one Hanzawaia ekblomi xapaxmepnuvt 6uowvr — H. ekblomi, Anomalinoides pinguis, Praebulimina
imbricata, Cuneus minutus. IIpugederno coomeemcmeue gopamunugeposvix 301 — makpogaynucmudeckum: Neoflabellina retuculata
— noosone Belemnella licharewi / B. lanceolata, Brotzenella complanata — nooszonam Belemnella lanceolata u B. sumensis 30Hb1
Acanthoscaphites tridens okpaun /lonbacca, nudicnss wacme 30nvl Hanzawaia ekblomi — 3one Belemnitella junior / Spyridoceramus
tegulatus nnamgpopmnou Yxpaunvl. Coenacro oeticmsyiowum cmpamuepagpuueckum cxemam Yrpauwnvt 2013 2. ykazano coomeem-
cmeue Maacmpuxmckux gopamunugeposvix 30n mecmuvim cmpamuepaguyeckum noopaszoenenuam Ceseproiul okpaunvl [onbacca.
Jlononnena HOBUMU OGHHbLIMU NALEOHMONIOSUYECKAsL XAPAKMEPUCTIUKA KOHONISHOBCKOU (HUINICHEKOHONISIHOBCKASL U GEPXHEKOHONIS-
HOBCKAsL ROOCEUMbL) U KAMEHHOOPOOCKOU C8UM, KOMOpble NO 603PACHLY OMEEYAION HUNCHEMAACMPUXIMCKUM OmiodceHusim. TIpoge-
0€HO CONOCMAagieHue U3y4eHbIX Gopamutugpep ¢ 30HaIbHbIMU MapKepamu u eudamu MesxcOynapooHoil cmpamuepaguyeckoll wka-
JIbl, YKA3AHbL 00Uue 8UObL.

Knrouesvie cnosa: popamunughepul, nudsicre-, gepxnemaacmpuxmcrue omuodicenus, 3ona, Cegepnas okpauna /Jonbacca.

Beryn. 3 mouarky XX croitts crparurpadiro
1 TAJCOHTOJIOTII0 BEPXHbOKPEHIOBUX BIJIKJIaiB
JlonOacy BuBYamM Oarato IOCIHIJHUKIB, 30Kpema
MaacTpuxtcbkux rmopin IliBaiunoi 1 IliBaenHol
okpain J{onbacy 3a popaminipepamu — O.P. Konor-
nina [14], B.®. T'opbenko [2, 6, 7], O.C. Jlunauxk [3,
8,9, 11,12, 15-17], 2K.I. Jomina [10], JL.®. [1noTHi-
koBa [23, 24], JLIL. T'oruapyx [11], O.J. Bexnny [4,
5, 26], A . Ulomina [18] Ta iHmi. Y mux mparsx
HaBelleH1 KoMmIuiekcu QopamiHidep, siki Oynu BcTa-
HOBJICHI y BEPXHBOKPEHUIOBUX, B TOMY YHCJII MaacT-

PHUXTCHKHX BiJIKJIaJ]aX CBEPJUIOBHH, CTPATOTHIIOBHX,
THUTIOBUX PO3pi3ax i XapaKTepu3ylOTh CIIOYaTKy To-
PU30HTH, BEPCTBH, Ii3HilIe CBiTH 1 minceiTu JloHOa-
cy Ta Horo okpaiH.

B uwunHEX crparurpadiyHux cxemax YKpaiHu
2013 p. [26] 1o TenepimHBOTrO Yacy He OyB pO3p0o0-
JICHUH 30HAJBHUM MO MaaCTPUXTCHKUX BIIKIIAIIB
[liBHiuHOi okpainu JloHOacy 3a ¢opamiHipepamu.
HaromicTh BiH iCHY€E JUISI BEpXHBOKPEHIIOBHX BiJIK-
naniB Pycekoi [8], CximHoeBpomeiicokoi [1, 9, 21]
mwiargpopM, E€Bporneiicbkoi maneodioreorpadianol
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obmacTi [19], 30kpema mnsa Teputopii JHIMpoBCHKO-
Honenpkoi 3amamuan (JI13) [15] Ta im. Y 2018 p.
O.[. Beknuu 3piiicHuna Gioctparurpadiuyie pos3d-
JICHYBaHHS BiIKJaaiB BepxHbOi Kpeiinu [liBHiuHOT
okpainn Jlorbacy 3a 6eHTocHUME (hopamiHidhepamu
Ha TPHUKJIAAI TOCTIDKEHUX PO3pi3iB ITaHOI TEPHUTO-
pii [5].

Meroro 11i€i poOOTH € TOTTOBHEHHS HOBUMH Ma-
TepiagaMu cTpaTturpadigHol CXeMH BEpXHBOKpEH-
noeux BiaknaniB [liBaiunoi okpainu [{onbacy Oio-
CTpaTUrpadiqHOI0 CXEMOI0 3a OCHTOCHUMH (hopami-
HipepaMu MaaCTPUXTCHKUX BIIKJIAIiB, Ii JaHI MO-
XKyTb OyTH BHKOPHCTaHi JUISI MiXKpETiOHaJbHOI KO-
pernsLii, a TakoK IS Liel AeTanbHOTO KapTyBaHHS
LHOTO PETiOHY.

AKTyasnbHicTh. [luTaHHS 30HATEHOTO TOALTY
MaacCTpUXTChKMX BinkianiB [liBHiuHOT OKpaiHU
Joubacy 3a 6enTocHnMU (hopaMiHidepamu € akTya-
JBHUM OfIpa3y 3a JeKiJIbKoMa HayKOBUMH Harpsma-
MU T'e0JIOTIYHOTO KapTyBaHHsS Ta cTparurpadii, 30k-
pema: 1) BiZKpUBa€e IOJaTKOBI MOMKJIMBOCTI pO3dJie-
HyBaHHA Ta yYTOYHEHHS BIKOBOTO Jiama3oHy OKpe-
MUX CBIT, IO BKpai BXIIMBO NPH JICPKABHOMY Kap-
TyBaHHI; 2) MOJETIIye CTparurpadiuHy KOpesiito
OJTHOBIKOBHUX pi3HO(AIiaTbHUX BiIKIaAiB; 3) CIpH-
si€ CHIBCTABJIECHHIO BCTAHOBJICHUX BHIIB 3 30HAJIb-
HUMH MapKepaMu i BuaMu MiXHapOAHOI CTpaTHr-
padiunoi mkamu (MCLL).

AHnani3 momepennix myoJaikaniid. Bigxmamu
MaacTPUXTCHKOTO sipycy okpain JlonOacy 3rimHO
MCHI 2012 p. [29] i crparurpadidanx cxeMm YKpai-
HU [26] mofisieHi Ha J1Ba M IpyCcH — HIDKHIN 1 Bep-
xHit. JLM. SIkymmH y HIKHBOMAaCTPUXTCHKHUX
BiJikJagax okpain JlonbOacy BcTaHOBHB Makpoday-
HicTuuHy 30HY Acanthoscaphites tridens 3 mig3oHa-
My (3HM3y Bropy i mami): Belemnella licharewi /
B. lanceolata, Belemnella lanceolata, Belemnella
sumensis, y BEpXHbOMY MaacTPHUXTi 30Ha HE BCTa-
HOBjIcHa [27]. BigmoBigHO cxeMm, BigKiIagd MaacT-
puxty okpain Jlonbacy Hamnexarb 10 Oepe3nHCHKOTO
periospycy [11, 26]. Bonu ckiageHi MepreiabHO-
KpPEeHIOBHUMH TOPOAAMH, MicIsAMH 3 Oa3aJbHUMHU
tdbochoputamu abo 3 KpeMEHSMH, 1HOAI MiCKaMHU.
Horyxwicte Oinst 100 M [12]. HmkHBOMaaCTpUXT-
cbKi Bigknanu IliBHiuHOI OKkpainm [lonOacy Buaiie-
Hi B KOHOIUISHIBCbKY (HMKHHOKOHOIUISIHIBCHKA 1
BEPXHbOKOHOILISTHIBChKA TIJICBITH) 1 KaM’sTHOOPIi -
CBbKy cBiTH [2, 3, 11, 12, 23, 24, 26].

3oHaNBHMI MO 32 OEHTOCHUMH (opamiHide-
pamu OyB pospoOnenwii B 1974 p. mis BepXHBOK-
peiinoBux Biaknanie Pycekoi mmardopmu [8], y
1980 p. mnsa  CximHOeBpomeWchKoi  miaardopMmu
A.A. Tpursutic, C.B. Axumens, O.C. Jlumauk [9]. Y
1981 p. O.C. Jlunuuk 3aificHuiia 01030HAJILHUHN TI0-
JIJT KAaMITAHCBKKMX 1 MAaCTPUXTChKUX Bimkiamis J1/13
3a 6entocHumu (opaminidpepamu [15]. B maactpu-
XTChKUX Bigkimagax J1J13 BoHa BCTaHOBUIIA JIB1 30HH:

Brotzenella complanata HHXXHBOTO MaacCTPUXTY 1
BepxHbOro — Hanzawaia ekblomi (3 TproMa mia30-
Hamu — "Reussella" minuta, Anomalinoides pinguis
neckajae, "Reussella" maastrichtica) [15, 25]. Aprop
3a3Hadana, mo Qopaminideporiii 30HI Brotzenella
complanata B JI/I3 BigmoBimae B CXimHIA YaCTHHI
Bemukoro [lon6acy 3a HO.I1. Hikitinoro [20] cepen-
HS 30Ha MaacTpuxty — Bolivina incrassata, sika 3a
cxemoro ILI. JIymibKoro BiTHOCHTBCS 10 Makpoday-
HicThyHoi 30HHM Belemnitella lanceolata [15].
O.C. JlumHuk BKazyBajia, 110 KOMIUIEKC QopamiHi-
dep migzonn "Reussella" maastrichtica, xpoHomori-
YHAH IHTEpBaJN SKOI BEPXHS YAaCTHHA MAaacTPHXTY,
sycrpinyTtuit B JJ/13 1 Ha okpainax {onOacy [15].

Konextur aBropiB — [I.I1. Haiinin, B.H. bens-
smoBchkuid, JI.D. Komaesnu y 1984 p. pospobmim
cxeMy OiocTparurpadiyHOro po3dicHYBaHHS BEpPX-
HBOI Kpeinu €Bpomeichkoi maneobdioreorpadiqaoi
obmacti [19]. B 2008 p. B.H. beansmoBcbkum [1]
Oysia 3alpoIlOHOBaHa cXeMa iH(PpPa30HAIBLHOTO PO3-
YJICHYBaHHS CAHTOH-MAaCTPUXTCHKHUX  BIJKJIAJIiB
CxigHoeBpoteichKoi maneobioreorpadigHoi MPOBi-
HIi1 3a OeHTOCHMMHU (opamiHipepamu AJsl AeTai-
3alii iICHYIOYOTO 30HAJILHOTO MOALTY. 32 UM aBTO-
poM, HIDKHbOMaacTpuxtcbka JoHa Neoflabellina
retuculata, HaOyna panry 30uu N. retuculata (LC19),
a 3ona Falsoplanulina multipunctata (= Brotzenella
complanata) TofiieHa Ha  HWKHIO  IiJI30HY
F. multipunctata / N. retuculata (LC20a) i BepxHFO
mig3ony Anomalinoides ukrainicus / A. welleri
(LC20Db) [1].

Marepiaau i MmeToau. Marepianom aist HAIIAX
JOCII/DKeHb  CIIYTYBaId 3pa3skd MaaCTPUXTCHKUX
nopij, BigiOpaHi 3 NPUPOAHUX BijciaoHeHb [liBHiU-
HOi okpainu JloHOacy i kepHy cBep/uIOBHH (puc. 1).
Po3pism  3HaxomsAThCs Yy  JOBOX  CTPYKTYpHO-
¢damianpaux padioHax: 3axigHomy 1 [liBHI4HO-
3axigHoMy (3BeIeHMIA po3pi3 BijaciaoHeHb c. [llann-
puromnose, JloHenpKa 001acTh; CTPATOTHUIIOBHI PO3-
pi3 BifcimonenHs Kam’smuit Opin, okomuii . Jly-
TaHCBK, 3 SIKOTO 3pa3Kd BifiOpaHO BIIACHOPYY;
Kyn’sxceka onopha cBepanoBuHa Ne 1, c. Ilinsuco-
ke, XapkiBchka o0nmacTsh, inTepsan 57,10-114,20 m)
ta lenrpansHomy (cBepmoBuHa Ne 22—]1, 3axinHa
okpaina M. Cyxominecbk, Jlyranceka obmactsb, 3pa-
30k 04552, intepBan 88,2-98,2 m). ABTOp BAsYHA 32
mo0’s3H0 Hagani wMarepianm  O.C. Jlunnawk, T.C.
Psa6okons 1 JLIT. Tonuapyk.

B 00po0ui marepiany 3acTOCOBYBaBCSl MiKpo-
(dayHiCTHYHHUI aHaJi3, AKUi OyJI0 3AIHCHEHO 3a Ha-
CTYITHOIO METOJMKOIO: TMOJAPIOHEHHS IMOpPOAH, PO3-
MouyBaHHs 3pazka (150-200rp) y Bomi, meperu-
paHHs cTynkolo y GapdopoBiii yamn ocaaky, BiAMu-
BKa TOPOJH JUCTUIILOBAHOIO BOJOI0 B CUTaX Pi3HO-
ro Jiamerpy abo B CHelialbHOMY MIIIEUKY JI0 CTaHy
MPO30POCTi BOAH, CyLIKa MpoOH y My(denbHil medi.
Binbip ugepenamok i3 ¢pakmiii B kamepu PpaHke
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3IMCHIOBABCS BPYYHY 3a JTOTIOMOTOI0 OIHOKYJISIPHO-
ro mikpockorry MBC-9, y npoxigHoMy CBITIi, 31 CKe-
JIBIISL KOJIOHKOBOO KiCTOYKOIO 200 MpernapyBaibHO0
rosikoro. [{ist Bu3HaveHHs dopamiHidep 10 BUAY Ta
BUBYCHHS TX CHCTEMATHYHOTO CKJIAJy y KOMIUIEKCaxX
BHKOPHCTOBYBAJIACh CIIEIliaIbHA JIiTeparypa — mnajie-

OHTOJIOTIYHI TOBITHUKHY 1 BU3HauHUKH [7,13,17,25].
Pe3ynbratu Ta ix 00roBopeHHsi. B HIKHBO-
MaaCTPUXTChKUX Binknaaax [liBHIYHOTI OKpaiHu
Jonbacy Hamu BuIineHo 1Bi hopaminideposi 30HH:
Neoflabellina reticulata i Brotzenella complanata

(puc. 2).
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Puc. 1. Kapra-cxema paiioHy JOCTIIKEHHS MaaCTPUXTChKUX BigkiaziB [liBHiuHOT okpainu Jonbacy
Ta cXeMa pailoHyBaHHS BEPXHbOKPEHA0BUX BiKIaAiB JJOHEBKOI CKIIaa4acToi CIOPYAH.
Ymosni nosnauenns:

PaiionyBaHHs BepXHbOKpEHIOBUX BijiKIaaiB JloHelbKOI cKkIaauacTol ciopyau: [lieniuna okpaina Jonbacy:
1 —IliBuiunwmii paiion (IliBxennuii cxun Boponespkoi antekiisn); 2 — 3axianuii i IliBHiuHO-3aXigHuii paiioH;
3 — lenrpanbuuii ([liBHiuHa 30HA APIOHOT CKiIagyacTocTi); [lisoenna okpaina /fonbacy (y naHiit po0OoTi He
po3MIAAEThCs ). 4 — €MaHInIbKO-BOBIaHCHKHN parioH.

Mexi: ____ TeKTOHIYHOI CTPYKTYPH; __ __ CTPYKTypHO-(aliaJbHHUX paiioHiB;
® ceeponosunu: 1 — Kyn’sucpka onopHa cBepiosrna Ne 1 (c. Iligucoke, XapkiBcbka 001acTh);
2 — ceepaioBrHa Ne 22—J1 (okpaina M. CyXoiJIbChK);
|| npupooui giocronenns: 3 — 3seaeHnit pospis c. llannpuronose (Jonenpka 00nactp);
4 — Kam’stauii 6pia (oxonuni M. JIyrancek)
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(1) panHbOMaacTpUXTChbkuil popaminidepoBuit
KOMIUIEKC BHSIBICHHH B cBepiyioBuHI Ne 22—]] (3pa-
30k 04552, intepBan 88,2-98,2 M), moponga mpen-
CTaBJieHa CBITJIO-CIDUMH Ta CIpUMH MILHHUMH Kap-
OOHATHUMH TOHKO3EPHUCTHMH ITICKOBUKAMH; SKI
BrOpy 3a pO3pi30M CTArOTh OLNBII MyXKUMH. AcCOITi-
arist mictuth (opaminidepu 3am0BUIBHOI 30epexe-
HOCTI, HEUHCEIbHI, 3arajJoM 4YeperamKky apioHi aie
OKpeMi EeK3eMIUIIpH — 3BHYaWHUX po3MipiB. TyT
BHU3HAYCHI Taki OCHTOCHI BHIU: anIFOTUHOBaHI —
Spiroplectammina suturalis Kalin., Ataxophragmi-
um Ivovense Wolosch., Orbignyna pinguis
Wolosch., O. sacheri (Reuss); cekpenifini —
Robulus romoiensis Tak., Neoflabellina praereticu-
lata Hilt., Neoflabellina cf. reticulata (Reuss),
Stensioina pommerana Brotz., Gavelinella clemen-
tiana laevigata (Marie), G. midwayensis compressa
Plotn., Brotzenella cf. complanata (Reuss), Cibi-
cidoides bembix (Marss.), C. voltzianus (Orb.), C.
aktulagayensis (Vass.), C. propinquus Plotn., C.
spiropunctatus Gall. et Morr., Globorotalites
emdyensis Vass., G. michelinianus (Orb.), Osan-
gularia navarroana (Cushm.), Gyroidinoides
umbilicatus (Orb.), Eponides grodnoensis Ak.,
Discorbis  ukrainicus Lipn., D. mirgorodicus
Lipn., Sitella laevis (Beiss.), Bolivina incrassata
incrassata (Reuss), B. decurrens (Ehr.), Boli-
vinoides delicatulus Cushm., B. decoratus deco-
ratus Jon., B. peterssoni Brotz., Cuneus minutus
(Marss.), Pseudovigerina cristata (Marss.), Den-
talina legumen (Reuss), Ramulina aptiensis (Bart.
et Brand), Lenticulina Ta in. [Inmaskronni ¢popmu —
Globotruncana cretacea (Orb.), Rugoglobigerina
rugosa (Plumm.), Biglobigerina biforaminata
(Hofk.), Heterohelix globulosa (Ehr.) Ta in. Y
KOMIDJIEKCi 3YCTPiHYTI XapakTepHi BUU
Neoflabellina  reticulata  (Reuss), Orbignyna
sacheri (Reuss), Cibicidoides bembix (Marss.),
Bolivina incrassata incrassata (Reuss),
B. decurrens (Ehr.), Pseudovigerina cristata
(Marss.), siki BU3HaYalOTh HUXHIO 30HY HH)KHBOI'O
maactpuxty Neoflabellina reticulata [1, 21] (muB.
puc. 2). Kpim dopaminicdep B yrpymoBaHHi 3ycTpi-
HYTI CTYJIKH OCTPaKO/I.

(2) paHHBOMAACTPUXTCHKHUI (PopamMiHipepoBuit
KOMIUIEKC, B SIKOMy TakOX TIIPOCTEKEHa 30HA
Neoflabellina reticulata, Bu3HaueHMi y 3BEJACHOMY
po3pizi ¢. Hlanapuronose (3pa3ku 6, 7, 8) y mepre-
JISIX JKOBTHX, 3 BEJIMKOIO KiIBKICTIO KpeMeHiB (3pa-
30Kk 8). B yrpymoBaHHi BcTaHOBNEHI yucenbHI (Ho-
pamiHidepu rapHoi 30€peKEHOCTI CepEeIHIX 1 BENH-
KHX po3mipiB. TyT BU3Ha4YeHi OCHTOCHI BUAM: aryo-
TuHOBaH1 — Tritaxia tricarinata Reuss, Arenobu-
limina frons (Olsz.), A. presli (Reuss), Gaudryina
pyramidata Cushm., G. rugosa (Orb.), Spiroplec-
tammina rosula (Ehr.), Ataxophragmium crassum
(Orb.), A. pax Wolosch., Heterostomella bullata

Ak., H. foveolata (Marss.), Orbignyna inflata
(Reuss), O. aequisgranensis nesterovi Wolosch.,
O. simplex (Reuss), O. pinguis Wolosch., Volosh-
inovella laffitei (Marie), Plectina ruthenica
(Reuss); cekpemniitai — Neoflabellina reticulata
(Reuss), Gyroidinoides turgidus Hagen., Sitella
laevis (Beiss.), S. carseyae (Plumm.), Gavelinella
clementiana laevigata (Marie), G. ex gr. costata
Brotz., Brotzenella complanata (Reuss), B. tay-
lorensis (Cars.), Coleites crispus Vass., Angu-
lagavelinella gracilis gracilis (Marss.), Stensioeina
pommerana Brotz., Cibicides beaumontianus

(Orb.), Globorotalites emdyensis Vass., Cibi-
cidoides bembix (Marss.), C. aktulagayensis
(Vass.), Eponides frankei Brotz., Osangularia

navarroana (Cushm.), Bolivinoides peterssoni
Brotz., Reussella pseudospinulosa (Troels.), R.
triangularis (Cushm. et Park.), Pullenia dampilae
Dain., Dentalina soluta Reuss, Florilus beisseli
(Hilt. et Koch.), Nodosaria Ta in. [InankronHi ¢o-
pmu  —  Globigerinelloides volutus (White),
Rugoglobigerina rugosa (Plumm.), Heterohelix
globulosa (Ehr.) Ta in. Kpim dopaminidep y kom-
TUIEKC TIPUCYTHI CTYJIKUA OCTPAKOJ 1 CHiKy/IH ry0oK,
iHomi. Bmu3HaweHi  xapakTepHi  BHOM  30HH
Neoflabellina reticulata: Neoflabellina reticulata
(Reuss), Heterostomella bullata Ak., Cibicidoides
bembix  (Marss.), Osangularia  navarroana
(Cushm.). /lana 30Ha BignoBimae MakpodayHiCTH-
yHild mig3oni Belemnella licharewi / B. lanceolata
30U Acanthoscaphites tridens okpain Joubacy [26,
27] i BUsBICHA B HIKHHOKOHOILISTHIBCBHKIN ITiJICBITI
KOHOIUISAHIBCHKOI CBiTH (IIUB. puc. 2).

(3) paHHBOMAACTPUXTCHKHUH (QopamMiHipepoBHit
KOMIUIEKC BH3HAYE€HHH Yy CTPaTOTUIIOBOMY pO3pi3i
MPUPOIHOTO BifcmoHeHHs Kam’sHuit Opin (oxomuili
M. Jlyrancek). KapOoHarHi mopomu THpeAcTaBieHi
KPEMHE3EMHUCTHUMH 1 MiCKyBaTUMHU MEPrejisiIMU, CBIT-
J0-CIporo, MICISIMU KOBTYBAaTOTO KOJIBOpY. Yepe-
MallKA B YIPYNOBaHHI MarOTh 33/I0BUIbHY 30epeske-
HICTh, YHCENBHI Ta JIOCHTh Pi3HOMAaHITHI, 32 PO3Mi-
pOM 3YCTpiHYTI SK KpymHi, Tak i Mam ¢opmu [4,
26]. YV nomnepennix poborax O.C. Jlunauk [3, 16]
HaBEJICHO CKOPOYEHUI OMHC CHCTEMAaTHYHOTO CKJIa-
ny dopaminipep y KOMIUIEKCI IILOTO PO3pi3y.
O.J. Bexsinu posmmpuia majJeoHTONOTIUHY Xapak-
TEPUCTHKY KaM’ sTHOOPIJIChKOT CBiTH 3a (opaMiHide-
pamu [4, 26], TOTIOBHUBINH ii HOBUMH JaHUMU 1 BU-
3HauMBIIM (opamiHipepoBy 30Hy. ABTOPOM BCTAHO-
BJIEHI Taki OEHTOCHI ()OPMH: armrOTHHOBaHI — Are-
nobulimina acuta Wolosch., A. puschi (Reuss),
Eggerellina brevis (Orb.), Spiroplectammina su-
turalis Kalin., S. rosula (Ehr.), Gaudryina pyrami-
data Cushm., Ataxophragmium vialovi Wolosch.,
A. crassum (Orb.), A. fartile Wolosch., Heter-
ostomella bullata Ak., H. foveolata (Marss.),
Orbignyna sacheri (Reuss), O. ovata Hagen., O.
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inflata (Reuss), O. pinguis Wolosch., Plectina
ruthenica (Reuss), P. convergens (Kell.); cekpe-
uiHi — Nodosaria lepidula Schwag., Neoflabellina
reticulata (Reuss), Sitella laevis (Beiss.), S. ob-
tusa (Orb.), Discorbis mirgorodicus Lipn., D.
transuralicus Moroz., Stensioeina pommerana
Brotz., Eponides peracutus Lipn., E. frankei
Brotz., Osangularia navarroana (Cushm.), Gy-
roidinoides umbilicatus (Orb.), Pullenia dampelae
Dain, Brotzenella complanata (Reuss), B. tay-
lorensis (Cars.), Hanzawaia ekblomi (Brotz.), Ci-
bicides beaumontianus (Orb.), Cibicidoides bembix
(Marss.), C. voltzianus (Orb.), C. aktulagayensis
(Vass.), C. polycameratus Plotn., Bolivina de-
currens (Ehr.), B. kalinini Vass., B. incrassatum
(Reuss), B. funalis Wolosch. (= B. plaita
(Cars.)), Valvulineria biconvexa Lipn., Cuneus
minutus  (Marss.),  Bolivinoides  delicatulus
Cushm., B. peterssoni Brotz., Reussella triangu-
laris (Cushm. et Park.), Eouvigerina aspera infla-
ta Marie, Pseudovigerina cristata (Marss.). [lna-

HKkToHHI Bugum —  Globigerinelloides  volutus
(White), Rugoglobigerina rugosa (Plumm.),
Globotruncana ventricosa White, G. stuarti

(Lapp.), Heterohelix globulosa (Ehr.) Ta in. HaBe-
JIEMO XapakTepHi BUAHM KOMIUIEKCY: Brotzenella
complanata (Reuss), Spiroplectammina suturalis
Kalin., Gaudryina  pyramidata Cushm.,
Cibicidoides bembix (Marss.), Eponides peracutus
Lipn., Pseudovigerina cristata (Marss.) BepXHbOI
30HM HWJKHBOTO MaacTpuxry — Brotzenella
complanata, sika OXOIUTIOE CEPEIHIO-BEPXHIO YaCTH-
HU HIDKHBOTO MaacTpuxty [1, 21, 25] (auB. puc. 2).
Kpim ¢opaminidep, ¢dayna mnpeacraBieHa ractpo-
oJjaMH, yJaMKaMH POCTpiB OeleMHiTiB, BigOWTKa-
MU JBOCTYJIKOBHUX MOJIOCKIB, 3y0amMu aKyl, CHiKy-
JamMH TYOOK, a TaKOX CTYJAKaMH OCTpaKkold. Y HHXK-
HbOMAaCTPHUXTCHKHUX BiAKIIamax BIJICJIOHEHHS
Kam’stamit Opin JL.M. SxymuHuM BcTaHOBJIEHi Oe-
nemuiti: Belemnella licharewi Jel., B. lanceolata
Schatsk., B. lanceolata inflata (Arkh.) [24].

(4) panHbOMaacTpuxTChkuit (popaminidepopwuii
KoMIDIeKc 30HH Brotzenella complanata BusiBieHuit
B 3BeJIcHOMY po3pi3i Oinst c. [llanapuromnose (3pa3ok
9) y Meprensix >KOBTYBaTHX 3 BKJIIOUEHHSIMH Kpeme-
HiB. Acomianis MicTuTh (opaMiHiepr CepeaHbOro
po3Mmipy, 100poi 30epexenocti. TyT BU3HAYCHI OCH-
TOCHI BHIHW: arIIOTHHOBaHI — Spiroplectammina
rosula (Ehr.), "Ataxophragmium" obesum (Reuss),
Gaudryina pyramidata Cushm., Heterostomella
foveolata (Marss.), H. bullata Ak., Orbignyna
sacheri (Reuss); cekpeuiitni — Stensioeina pom-
merana Brotz., Neoflabellina reticulata (Reuss),
Osangularia navarroana (Cushm.), Sitella laevis
(Beiss.), S. carseyae (Plumm.), Gyroidinoides
turgidus (Hagen.), Angulogavelinella gracilis
stellaria (Vass.), Gavelinella ex gr. costata Brotz.,

Brotzenella complanata (Reuss), B. praeacuta
Vass., Anomalinoides pinguis pinguis (Jenn.),
Cibicides beaumontianus (Orb.), Cibicidoides
voltzianus (Orb.), C. aktulagayensis (Vass.), C.
bembix (Marss.), C. spiroplectatus (Gall. et
Morr.), Bolivina kalinini Vass., B. incrassata in-
crassata (Reuss), B. incrassata crassa (Vass.),
Valvulineria biconvexa Lipn., Bolivinoides delica-
tulus Cushm., B. delicatulus dracoformis Vass., B.
clavatus Lipn., Pullenia dampilae Dain Tta iH.
[Mnankroni dopmu — Rugoglobigerina rugosa
(Plumm.), Biglobigerina biforaminata (Hofk.),
Globigerinelloides volutus (White), G. asper
(Ehr.), Globotruncana cretacea (Orb.), Heterohelix
globulosa (Ehr.) Ta in. XapakrepHui Bunu Brotzenel-
la complanata (Reuss), "Ataxophragmium" obesum
(Reuss), Gaudryina pyramidata Cushm., Bolivina
incrassata crassa (Vass.), AKi BKa3ylOTh Ha 30HY
Brotzenella complanata. Jlana dbopaminideposa 30-
Ha BiAMOBiZae MakpodayHICTHYHUM TiI30HaM
Belemnella lanceolata, Belemnella sumensis 30HH
Acanthoscaphites tridens okpain [Jdonbacy [26, 27] i
BUSIBIICHA Y BEPXHBOKOHOIUISIHIBCBKIM MiACBITI KO-
HOIUISHIBCHKOI CBITH 1 KaM’sHOOPIICHKIH CBITI (IUB.
puc. 2).

Y BepxXHBROMAaCTPUXTCHKHUX Biakmamax IliBHig-
Hoi okpainu JlonOacy Hamu BUALISETHCS (opamiHi-
¢depoBa 30Ha — Hanzawaia ekblomi (3 HHXHBOIO
migzoHoro Cuneus minutus) (TuB. puc. 2).

[lizHEOMaacTPUXTCHKUI (hopaminidhepoBmii
KOMIUIGKC BU3HAUCHWM Y 3BEICHOMY pO3pi3i Ois
1,5-2 xm Big c. llanapuronose (3pazku 1, la, 2, 3)
y Kpeiiai Oimii, iHO/I 3 )KOBTYBaTHM BiJTIHKOM, MicC-
IIMU 3 BOXPUCTUMH BKparuieHHsIMH. B yrpynoBaHHi
BCTaHOBIIEHI (opamiHipepu 3a10BiIBHOI 30epexe-
HOCTI, HeBeNMKHUX po3mipiB. Tyt Bu3HaueHi OeHTOC-
Hi (opmu: ammoTHHOBaHI — Spiroplectammina su-
turalis Kalin., S. kasanzevi Dain, S. baudouiniana
(Orb.), S. variabilis Neck., Gaudryina pyramidata
Cushm., Heterostomella bullata Ak., H. leopoli-
tana Olsz., Plectina convergens (Kell.), Discam-
mina makaroviensis Tur., Trochammina
voscoviensis Tur.; cexpenilini — Nodosaria lepidula
Schwag., Frondicularia striatula Reuss, Robulus
romoiensis Tak., Sitella laevis (Beiss.), Osan-
gularia navarroana (Cushm.), Gyroidinoides
obliquaseptatus (Mjatl.), G. turgidus (Hagen.),
Stensioeina  praecaucasica Vass., Hanzawaia
ekblomi (Brotz.), Anomalinoides pinguis pinguis
(Jenn.), Gavelinella welleri (Plumm.), G. mid-
wayensis (Plumm.), G. midwayensis compressa
Plotn., G. ex gr. costata Brotz., Cibicides beau-
montianus (Orb.), C. kurganicus Neck., Bulimina
laddi Cushm. et Hedb., Praebulimina imbricata
(Reuss), P. obtusa (Orb.), Cibicidoides bembix
(Marss.), C. aktulagayensis (Vass.), Bolivina de-
currens (Ehr.), Bolivinoides delicatulus Cushm.,
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B. peterssoni Brotz., Alabamina obtusa (Burr. et
Holl.), Valvulineria biconvexa Lipn., Cuneus
minutus (Marss.), Reussella pseudospinulosa Tro-
els., Pseudovigerina cretacea Cushm., P. cristata
(Marss.), Allomorphina obligua Reuss, Quadri-
morphina allomorphinoides (Reuss) ta in. ITnank-
TOHHUX BHIIB Oarato — Rugoglobigerina rugosa
(Plumm.), R. macrocephala Bronn.,
Globigerinelloides volutus (White), G. asper
(Ehr.), Biglobigerina biforaminata (Hofk.), Glo-
botruncana aspera Hofk., Rugotruncana tilevi
Bronn. et Brown., Heterohelix globulosa (Ehr.),
H. pseudotessera (Cushm.) ta in. XapaxTepHi Bu-
1 — Hanzawaia ekblomi (Brotz.), Anomalinoides
pinguis pinguis (Jenn.), Praebulimina imbricata
(Reuss), Cuneus minutus (Marss.) BH3HAYalOTh
30Hy Hanzawaia ekblomi BepxHBOrO MaacTpUXTY
[25] (muB. puc. 2).

3a marmmu O.C. Jlunauk [12] B Ky’ sHCBKIiH
omopHiii cBepminoBuHi Ne 1  (imTepBanm 57,10-
114,20 M) B Kpedmi OuTiH, NMUCANBHINA, IIUIBHINA i
Kpeiai cBiTmo-cipiii Oynu BU3Ha4YeHI Mi3HHOMAaacCT-
PUXTCBKI  KomIuiekcu 3 "Reussella"  minuta
(Marss.), "R." maastrichtica Lipn., Hanzawaia
ekblomi (Brotz.), Pseudouvigerina plummerae
Cushm., Bolivina decurrens (Ehr.), a takox B.
plaita (Cars.), Gavelinella pertusa (Marss.),
Cibicidoides spiroplectatus (Gall. et Morr.). Kpim
(dopaminidep B acomiamisx Oymn 3HAWAEHI CTYIKH
OCTpPaKo/I.

3a HaIMMU JTOCTIIXKSHHSIMH Y Ti3HbOMAaaCTpH-
XTChKUX yrpynoBaHHAX Ky’ sHCBKOT OMOPHOI CBep-
moBuHU Ne 1 mictsteest ¢opaminidhepu apiOHi Ta
nyke piOHi 32 po3MipoM, IO MOKEe BKa3yBaTH Ha iX
MIPUTHIYEeHICTh, YNCENBHICTh 1 PI3HOMAHITTS iX He-
3HauHe. Y KOMIUIEKCaX CBEP/UIOBHHU IHOTO 1HTEp-
BaJy pa3oM 3 BHIIENepepaxoBaHUMH BCTAHOBJICHI
taki Bugu — Gaudryina Ivovensis Plotn.,
Stensioeina pommerana Brotz., Eponides peracu-
tus Lipn., Gavelinella welleri (Plumm.), G. ex gr.
costata  Brotz., Cibicidoides aktulagayensis
(Vass.), Bolivinoides peterssoni Brotz., Val-
vulineria biconvexa Lipn., BU3HaUeHI TakoX xapa-
KTepHi BuaM 30HH Hanzawaia ekblomi — Anomali-
noides pinguis pinguis (Jenn.), Praebulimina im-
bricata (Reuss) [25] (muB. puc. 2).

Hassuicts Buny "Reussella" minuta (Marss.)
(= Cuneus minutus (Marss.)) B JBOX acolliaIfisx
BepxHbOro MaacTpuxty IliBHiuHOT Ookpainu JloHOa-
CY, BKa3y€ Ha MPUCYTHICTh HIKHBOI ITiJJ30HU
"Reussella" minuta 3omu Hanzawaia ekblomi 3a
O.C. Jlunnuk [15] sx B JJ/I3, Tak i B Hammx po3pi-
3ax. OCKUIBKM 3riTHO Jil04uX CTparurpagigHux
cxeM Ykpainu 2013 p. y BepXHbOMaaCTPUXTCHKUX
Bikiaaax okpain JlonOacy makpodayHicTHYHA 30-
Ha HE BCTaHOBIeHA [26, 27], TOMY BiAIOBITHICTb
mpoBeneHa 3 MakpodayHICTHIHOIO  30HOIO

Belemnitella junior / Spyridoceramus tegulatus ra-
ThopmHOi YKpaiHu, sSKii BiANOBITa€ HIKHSA YaCTH-
Ha (opamiHidepoBoi 30HM Hanzawaia ekblomi
(muB. puc. 2).

Haii6inpira momiOHICTF HAImMX KOMILIEKCIB
dbopamiHidep BHSIBICHA 3 BHIAAMH MaaCTPUXTCHKHUX
acomiani Bigaknamie [1JI13, Ha mo BkasyBana Iie
O.C. Jlunauk [15, 17], aBTOp HITKOM JOTPHUMYETHCS
miei mymxu. Buokpemieni Hamu Qopaminideposi
30HU XapaKTEePH3YIOTh OIHOBIKOBI BigKiIaaud ¥ iH-
nmx Tepuropiii (IliBnenHoi oxpainu lonbacy 3a
maanvu K1, [Tommroi [10], KoHkchko-SmuHCEKOT
3anaauam 3a nanumu JI.O. [TnoTHikoBoi [22] Ta iH.),
IO CBIAYUTH MPO Oe3mepepBHUN 3B’ 30K MOPCHKOTO
Oaceiiny lliBHiunOi Okpainm [onbacy, 30kpema 3
OaceitHom J1J13, a Takox 3 €BpOMNEHCHKOIO Taeo-
reorpagiyHOI0 NPOBIHIIIEI0 B MAaaCTPUXTCHKHI Yac
[1]. Ha miaTBepmKeHHS MBOTO BUCHOBKY CBIiAYHTH
Te, 10 Y CKJIaJi HIPKHbOMAACTPUXTCHKUX KOMILIEK-
ciB (1, 2), 3 pi3HUX CTPYKTYpHO-(alialbHUX paio-
HiB, IPUCYTHI XapaKTepHi JJsl BEPXHBOTO KaMIIaHy
eBpidamianeai  Bunu  Globorotalites  emdyensis
Vass. 1 Cibicidoides aktulagayensis (Vass.), ski
BU3HAYCHI y HWKHbOMY MAaCTPHUXTi, a OCTaHHIH 3
HUX — B YCIX IIICThOX, 30KpeMa BEpXHHOMAaCTPUXT-
CHKHX KOMILIEKCaX.

®opaminipepu Bupis Cibicidoides bembix
(Marss.), C. propinquus Plotn., Hanzawaia
ekblomi (Brotz.) € THIIOBUMH IJI1 MIJTKOBOTHHX
¢ariii [24]. Yepenamiku nepuioro BUAY BH3HAYEHI
HaMH B yCiX MaaCTPUXTCHKUX KOMILIEKCAX, APYroro
— B (1) paHHBOMAACTPUXTCHKOMY (CBEPIJIOBHHA
Ne 221, m. CyXoniibcbK), a TPEThOro — B Mi3HBO-
MaacCTPUXTChKHX acorralisx. Jlo Okl riiunOoKoBo-
nauX (hopamiHidep Hanexarp Bumu — Bolivinoides
delicatulus Cushm., Bolivina plaita (Cars.) [24]
BCTaHOBJIEHI HamMH B (3) PaHHBOMAACTPUXTCHKOMY
KOMIUIEKC] CTPaTOTHIIOBOTO po3pildy Kam’sHuii Opin
(oxomuti M. JIyraHChK), BiIMITHMO, IO TIEPIIUH BUJT
3yCTPIHYTO Maiike B yCiX MaaCTPUXTCHKUX YIPYIIO-
BaHHSX.

AHani3 cucreMarnyHoro ckiany dopaminidep
Yy MaacTPUXTCHKHX KOMILIEKCaX, 30KpeMa IepeBa-
*aHHs1 OeHTOCcHUX (opamiHidep 1 IPUCYTHICTh He-
3HAYHOI KIJIBKOCTI IUIAHKTOHHUX BHIIB CBIOYHUTB,
0 MaacTpPUXTChKi Binkmaau IliBHIYHOI OKpaiHu
Jonbacy, yrBopuiaucs B 1ieab(oBiii 30HI, 3 [IHOU-
HO10 110 100 M. 3a manmmu moCHiIKeHHS Makpoday-
Hu JI.M. SIKymuH 3a3HauaB, 1110 MaaCTPUXTChKE MO-
pe tuiarpopMHOi YKpaiHH XapaKTeph3yBajiocs He-
3HAYHUMU TajeormuonHamu (1o 50 M), TETUIoI0 BO-
noto (20-21°C), HOpMaANIBHOIO COJIOHICTIO Ta mepe-
Ba)KaHHSIM KapOOHATHOTO OCaJIKOHAKOTHYEHHS [27].

[lopiBHAHHSA MaacTPUXTChbKUX (opamiHidep,
BCTAaHOBJICHUX HamH y po3pizax, 3 Bujmamu MCIII
3aificHeHe 3a 1mkanor 2008 p. [28], ockuTbKH B it
KA BKAa3aHUH 30HANBHUM TMOMINT TUIAHKTOHHUX
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dhopaminidep I BEpXHBOKPEHIOBUX BIAKIAMIB Ta
cTparurpadiyae MOIMMPEHHS TUIAHKTOHHUX, OCHTO-
cHUX BHIIB (opaminipep i 30HANBHHUX MapKepiB
Bopeanshoi mposinmii. 3a MCIIL 2008 p. [28] B
PaHHBOMY MaacCTPHXTIi MPOAOBXKYIOTH CBIlf PO3BHTOK
ocarocHi (dopaminibepn bopeamsHOT TPOBiHIIII,
BOHH TPEICTABJICHI TaKUMH 30HAJbHUMHU BHAAMH-
mapkepamu — Globorotalites ?  michelinianus,
Stensioeina pommerana, Neoflabellina reticulata,
Osangularia navarroana i Bumu Bolivinoides deco-
ratus decoratus, Pseudovigerina cristata. Bumu
Bolivinoides decoratus decoratus, Globotruncana
ventricosa 3aKiHUyIOTh CBO€ iICHYBaHHS y PaHHbOMY
MaacTpuxTi, a Bolivinoides peterssoni, Pseudoviger-
ina cristata — y mi3HbOMYy MaacTpuxTi. Bci BoHH €
crinpHAMU A5t Hamux po3pizis i MCILL 2008 p.
BucnoBku. Ilpu nposeneHHI MiKpomaneoHTO-
JOTIYHUX JOCIHIIHPKEHbh MaaCTPUXTCHKHUX BiIKIIAIiB
[liBriuHOi okpainn JloHOacy Hamu OyB BH3HaueHUI
1 MpoaHai30BaHU CUCTEeMATHYHUH cKiaj dopami-
Hidep 3 ABOX MPHUPONHUX BiJCIOHEHb (3BEICHHUI
po3pi3 c. Hlanapuronose i Kam’stauit Opim) i mBox
cBepanoBuH (Ne 22-J1 i Ky’ stHcbKoOi OmOpHOI cBep-
toBrHU Ne 1). BcTaHOBNEHI YOTHPH paHHHOMAACT-
PUXTCBHKI Ta JBa Mi3HbOMAaCTPUXTCHKI (hopamiHide-
POBI KOMIUIEKCH 3 BHJAaMH-IHIEKCAaMH 1 XapakTep-
HUMH BUAAaMH, SIKI BH3HAYalOTh 30HH. J[j1s1 maHoro
perioHy HaMu po3poOiieHuit OiocTparurpadiyHui
MO MaaCTPUXTCHKUX BIIKJIa/iB 3a OSHTOCHUMH

dopaminipepaMu, SIKUH ITOMOBHIOE cTpaTurpadiuHy
CXeMy BEpXHBOKpeHmoBuX BimkiamiB IliBHIYHOI
okpainn JloHbacy. BuBYeHHS BepTHUKAIBLHOTO IIO-
mmpenHs ¢popaminidep y KOMIIIeKcax bOTo Bigpi3-
Ky 4Yacy JO3BOJNMJIO BUAITATH TYT Taki TPH 30HU
(3am3y  Bropy):  Neoflabellina retuculata i
Brotzenella complanata — HMXHBOTO MaacTPHXTY,
Hanzawaia ekblomi (3 HIKHBOIO Tig3oH0I0 Cuneus
minutus) — Bepxaporo Maactpuxry. @opaminidepo-
Ba 30Ha Neoflabellina reticulata (HIKHBOT YacTHHU
HIJKHBOTO MAaacTPUXTY) BiAMOBizae makpodayHic-
TruHid nig3oHi Belemnella licharewi / B. lanceolata
3oHu Acanthoscaphites tridens okpain [Jonbacy i
BUSBJIEHA B HWKHBOKOHOIUISHIBCHKINA IIIJICBITI KO-
HOIUISIHIBCBKOI  cBiTH.  DopamiHidepoBa 30HA
Brotzenella complanata (cepenuroi, BepxHBOi Hac-
THH HWKHBOTO MaacTPHXTy) BiAINOBiAE MiI30HaM
3a Mmakpodaynoro Belemnella lanceolata, Belemnella
sumensis 3oHM Acanthoscaphites tridens oxpain
Joubacy i BusIBIIEHa Yy BEpPXHHLOKOHOIUISHIBCHKiH
MiJICBITI KOHOIUISHIBCHKOT CBITH 1 KaM’ sTHOOPIICHKIi
cBiti. HmkHA dYactmHa QopamiHipepoBoi 30HU
Hanzawaia ekblomi Binnosigae makpodayHicTHYHIH
30Hi Belemnitella junior / Spyridoceramus tegulatus
(HIKHBOI YaCTHHU BEPXHBOTO MAaaCTPUXTY Iardo-
pMHOI Ykpainum). BcraHoBneHO BHIH, SIKi € CIHINTb-
HUMHU TIPY CHIBCTaBJICHHI BU3HAa4YeHUX (hopamiHidep
13 30HaNPHUMHU MapKepamu 1 Bugamu bopeanbHOT
nposinmii MCILL.
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BIOSTRATIGRAPHIC DIVISION OF THE MAASTRICHTIAN DEPOSITS
OF THE NORTHERN OUTSKIRTS OF DONBAS BY FORAMINIFERS

Purpose. Development of a zonal biostratigraphic scheme by benthic foraminifers from Maastrichtian
deposits of the Northern outskirts of Donbas, by using the studied sections of the region as an example.
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Methodology. Microfaunistic analysis was used in the processing of the material. Shells were removed
from 150-200 g rocks by the standard methodology in Franke chambers and studied, using the MBS-9 mi-
croscope.

Results. The biostratigraphic division of the Maastrichtian deposits of the Northern outskirts of the
Donbas by benthic foraminifers, previously proposed by the author for the Upper Cretaceous deposits of this
territory, is presented. An analysis of the four Early Maastrichtian and two Late Maastrichtian foraminiferal
complexes made it possible to distinguish three zones of foraminifers. In the Lower Maastrichtian, the fol-
lowing zones were identified — Neoflabellina retuculata (lower), Brotzenella complanata (upper), in the Up-
per Maastrichtian — Hanzawaia ekblomi (with lower subzone Cuneus minutus). The Neoflabellina retuculata
zone has been defined by the characteristic species Neoflabellina reticulata, Orbignyna sacheri, Heter-
ostomella bullata, Cibicidoides bembix, Osangularia navarroana, Bolivina decurrens, B. incrassata incrassa-
ta, Pseudovigerina cristata. The Brotzenella complanata zone is characterized by the following species: Brot-
zenella complanata, Spiroplectammina suturalis, Gaudryina pyramidata, Cibicidoides bembix, Eponides
peracutus, Bolivina incrassata crassa, Pseudovigerina cristata. Species Hanzawaia ekblomi, Anomalinoides
pinguis, Praecbulimina imbricata, Cuneus minutus are characteristic of the Hanzawaia ekblomi zone. Corre-
spondence of the foraminiferous zones to macrophaunistic is given: Neoflabellina retuculata to the subzone
Belemnella licharewi / B. lanceolata, Brotzenella complanata — subzones of Belemnella lanceolata and Bel-
emnella sumensis of the Acanthoscaphites tridens zone of the outskirts of Donbas, the lower part of the
Hanzawaia ekblomi zone — the Belemnitella junior / Spyridoceramus tegulatus zone of platform Ukraine.
According to the current stratigraphic schemes of Ukraine, the correspondence of the Maastrichtian forami-
niferal zones to the local stratigraphic subdivisions of the Northern outskirts of Donbas is indicated. The
paleontological characteristics of the Konoplyanivska (two subsuites) and Kamyanobridska suites, which
according to the age corresponds to the Lower Maastrichtian deposits, were supplemented with new data. A
comparison of the studied foraminifers with species of the Boreal province of the International Stratigraphic
Scale was carried out, general species are indicated.

Scientific novelty. "The stratigraphic scheme of the Upper Cretaceous deposits of the Northern outskirts
of Donbas" is supplemented with new data.

Practical significance. The biostratigraphic division of the Maastrichtian deposits of the Northern out-
skirts of the Donbas by benthic foraminifers can be used for interregional correlation, as well as for detailed
mapping of this region.

Keywords: foraminifers, Lower, Upper Maastrichtian deposits, zone, the Northern outskirts of Donbas.
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TEOCTATUCTHYHHUMN AHAJI3 I OITUMI3AIIA I[FiP)KABHOi MEPEXI
T'JIPOTEOJOTITYHOIO MOHITOPUHI'Y B MEJKAX BACEMHY IPUIT’ATI (YKPATHA)

Cucmema 0epaircagHo2o MOHIMOPUHEY nio3zeMHuUX 600 YKpainu nepedysac y He3a0o8iIbHOMY CINAHIL, W0 3YMOBIIOE empamy 0a-
HUX Ge3nepepeHUX 6A2AMOPINHUX PENCUMHUX CNOCIMEPEdICEHb 34 2I0POLEO0N0TUHUMU XAPAKMEPUCMUKAMY, SHUICYE OOCMOGIPHICHb
OYIHOK 1 NpocH03i6 cmamy niodsemHoi 2iopocgepu.

Memoro 0arnoeo 0ocnioxceHHsA € BUpiuIeHHsT AKMYATbHOI npobaemu oYiHKU pakmuyno2o cmany u onmumizayii Mepesici cnoc-
TNEPENHCHUX 2I0P02e0N0STUHUX CEEPONOBUH OISl MEPUMOPTi MPAHCKOPOOHHO20 800000MIiHHO20 baceuny Ilpun’ami é mexcax Ykpainu.
Jna 0ocnioacysanoi mepumopii XapaxmepHow € HeOOCMAmMHsL penpe3eHMamueHiCms 0epAHCABHOI Mepexci 2i0po2eon0ciuH020 MOHI-
Mopuney K Y NopieHsAHHI 3 Hopmamusamu kpain €gponeticokoco Coio3y, max i 3 O0l0U0I0 Mepexcer0 MOHIMOPUH2Y NIO3EMHUX 600
cycionvoi Binopyci.

V pamkax danoeo oocnioscenns agmopamu 30iUCHEHO 02150 ICHYIOHUUX RIOX00i6 00 opeaHizayii i 600CKOHANEHHS MEPEdiCi pe-
HCUMHUX cnocmepedicerb. 3anponoHo8ana KOHYenyis po3sUmKy i 6MpoGa0NCeHHA CUCeMU 2i0PO2e0N02IUHO20 MOHIMOPUHEY mepu-
mopii Yxpainu na 0cHo8i 2e0cmamucmuino20 OYiHIOBAHHS Mepexci ma 2e0iHPOPMAyiiH020 NiOX00Y.

YV axocmi npocmopoeoi ocno8u 015 npoexmyeanhsa cucmem cnocmepedcenb 0epiucagHO20 i peLionanbHO20 PieHIe8 GUKOPUCTIAHO
cxemy 2i0poeeosiociuH020 paloHy8aHHs 34 YMOBAMU QOPMYBAHHSA 0000OMIHY Y 6epXHLOMY 2i0poceonoziuHomy nogepci. Medci 6000-
00MiHHUX Oacelinig i cybbacelinig y npupoOHUX YMOBAX, AK NPABUNO, BUSHAUAIOMbCA PO3MipamMu ma KoHgieypayier piukosux 6a-
celinis.

[l mepumopii docniodxcysanozo 600006minHo20 6acetiny Ipun’sami nposedeno ananiz wintbHOCMi ma PiGHOMIPHOCHT PO3N0-
Oy NYHKMI@ CHOCMEPECEHHS, 6APIOSPAMHUL AHANI3 NPOCIOPOBO20 PO3NOOLLY PIGHI6 NIO3EMHUX 600 Y MEHCAX OOCTIONCYEAHOT me-
pumopii, 6UKOHAHO OYIHKY OUYIKY8AHOI NOXUOKU NPOCMOPOBO20 MOOCTIO8AHHS PIBHEEOI NOBEPXHI NIO3EMHUX 600 3A Pe3yIbMamamu
MoHimopuney 014 icuyiouoi mepeoici. Pesynomamu ceocmamucmuuno2o ananizy 0anu 3mo2y oorpyHmyeamu po3smiujeHHs npoeKmHux
CBEPONOBUH Y MeHCAX 80000OMIHHUX cYyOOAceliie 015 NIOBUWEHHA AKOCMI BUPTULEHHS 3a0aU 2I0P02e0N02TUHO20 MOHIMOPUHSY.

Knruoei cnosa: cnocmepedsichi c6ep0nosutu, Memoo HAUOIUICH020 cyciocmea, pieHi nio3eMHux 800, KpiciHe, cepeOHbOK8ao-
pamuyna noxubxa.

JL. M. Jlagvibuoa, M. M. Teimxue. TEOCTATHCTHYECKHH AHAJIH3 H OIITHMH3IALHA I'OCYJAPCTBEHHOH
CETH THJPOTEOQJIOTHYECKOTO MOHHTOPHHIA B ITPEJEJIAX FACCEHHA ITPHIIATH (YKPAHHA). Cucmema
20CY0apCmeenHo20 MOHUMOPUH2A NOO3EMHbIX 800 YKpautvl npebbleaem 6 HeyOO8IemBOPUMENbHOM COCMOAHUY, YO NPUBOOUM K
nomepe OaHHbIX HENPEPLIBHBLIX MHOLOJIEMHUX PENCUMHBIX HAONIOOeHUll 34 2UOPO2EONOUHECKUMY XAPAKMEPUCTNUKAMU, CHUdICAem
00CMOBEpHOCHTb OYEHOK U NPOSHO3068 COCMOAHUSL NOO3eMHOU 2Uopocgepul.

Lenvio dannozo uccredosanus Aensemcs pewenue akmyanbHol npod.iemsl oYeHKU PaKmuiecko2o coCmoAHUs U ONMUMU3AYUL
cemu HaOAOOAMENbHBIX 2UOPO2EONOSUYECKUX CKBACUH Ol MEPPUMOPUU MPAHCZPAHUYHO20 800000MeHHo20 baccelina [Ipunamu 6
npedenax Yxpaunwi. [{na ucciedyemou meppumopuu xapaxmepha HeooCmamoutas penpe3eHmamugHocms 20Cy0apcmeeHHol cemu
2UOPO2e0N102U4eCcK020 MOHUMOPUH2A KAK N0 CpagHenuio ¢ Hopmamusamu cmpan Eeponeiickozco Coiosa, mak u ¢ deticmgyioujeli ce-
Mblo MOHUMOPUH2A NOO3EMHbIX 800 cocedHell benapycu.

B pamkax 0annozo uccie0o8anus asmopamu 6blnoaHen 0030p Cyecmsyouux N00Xo008 K Op2aHu3ayuu U CO8epueHCmeosa-
HUIO pedcumnbix Habmooenuil. IIpednodcena Konyenyus pazeumus u GHeOPeHus CUCHeMbl 2UOPO2EON0SUHECKO20 MOHUMOPUHEA
meppumopuu YKpaunvl Ha 0CHOBe 2e0CMAMUCIMUYECKO20 OYEHUBAHUS CeMU U 2E0UHPOPMAYUOHHO20 NOOX00A.

B xauecmee npocmpancmeennoii 0cHO8bl 0151 NPOEKMUPOBAHUS CUCHEM HAOMIOO0eHUTl 20CYOapCmEeHHO20 U PecUOHANbHO20
VPOBHell UCHONb30BAHA CXeMA 2UOPO2eO0UYECKO20 PATIOHUPOBAHUA NO YCI0BUAM POPMUPOBAHLS B0000OMEHA 8 8ePXHEM 2UOPO2eO-
noeuyeckom amadice. I panuyvl 800006 MeHHBIX baccelinog u cybbacelinos 8 ecmecmeeHHbIX YCI08USAX, KAK NPABUIO, ONpedensiomcs
pazmepamu u Kongueypayueil peunvix bacceiinos.

[na meppumopuu uccrnedyemozo 600006mennozo baccetina Ipunamu npogeden anaius niOMHOCMU U PABHOMEPHOCIU PAC-
npeodenenus NYHKMos HAOI00eHUs, 8aPUOSPAMHBIL AHANU3 NPOCMPAHCMEEHHO20 pAChpedeneus YpOsHell NOO3eMHbIX 600 6 npede-
ax ucciedyemol meppumopuly, 8blNOIHEHA OYeHKA OHCUOAEMOU NOSPEWHOCU NPOCMPAHCIMEEHHO20 MOOETUPOBANUSL YPOBHEHHOU
Nn0GepXHOCMU NOO3EMHbIX 600 NO pPe3YIbMamam MOHUMOPUH2A 01 cyujecmeyroujeli cemu. Pesynbmamvr eeocmamucmuyeckozo
ananusa no360auaU 0O0CHO8AMb pazmeujeHie NPOEKMHbIX CKBAJICUH 8 Npedenax 800000 MeHHbIX cybbacelinog O noGblueHUs Kade-
cmea pewienus 3a0au 2Uopo2eoI0SUYecKo20 MOHUMOPUH2A.

Knrouesvie cnosa: nabarooamenvuvie CKEANCUHBL, MEMOO OIUNCAIULE20 COCEOCHBA, YPOBHU NOO3ZEMHBIX 800, KpUSUH2, CpeOHe-
K8a0pamuyHas nozpeutHocmb.

IMocranoBka mpoOaemu. [lig3emMHi BOAM €  SIBWII I MPOIIECIB, CKJIAJAaHHA HAAIMHUX MPOrHO3IB TX
HafOLIbII JUHAMIYHOIO CKJIAJOBOIO TEOJIOTIYHOTO  MIiHJIMBOCTI HEOOXiHO BHKOPUCTOBYBAaTHM HOBITHI
cepenoBuia. Tomy st BUBYEHHS (i3u4HOi cyTi 1  eQeKTUBHI MeToAM opraHizamii IiIporeojoriyHoro
MPUYMHHO-HACITIAKOBMX 3B’SI3KIB TiIPOrcOJIONIYHMX  MOHITOpMHIY. Ha nmanuii yac B YkpaiHi ckjajgacs
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BKpaill HECHPUATINBA 1 3arpo3JuBa CUTYyAIlis IIOA0
(hyHKITIOHYBaHHS CHCTEMU CIIOCTEPEIKECHD 33 KIJTbKi-
CHUMH 1 SKICHUMH XapaKTCPUCTHKAMHM ITiJ]36MHUX
BoA. Henocrarne ¢inancyBaHHs, 3acTapijie BUMi-
proBaJIbHE O0JIaTHAHHS, Pi3Ke CKOPOUYCHHS KiJTbKOCTI
CIIOCTEPEIKHUX CBEPIUIOBHH, BiJICYTHICTh €IHHOI
0a3u JaHUX 1 KOOPJUHOBAHOI B3a€MOJIII MK OpraHi-
3aisIMA-CYy0’€KTaMU MOHITOPUHTY, MPU3YTTHHEHHS
BEJICHHS CIIOCTEPEKECHB 32 MIHJIUBICTIO PiBHIB, TEM-
MepaTyporo 1 XIMIYHUM CKJIAJIOM YHEMOXKIIUBITFOIOTh
OOIpyHTOBaHI OILIHKY, MOIEIIOBAaHHA 1 KOHTDPOIb
rmapameTpiB mia3emMHoi riapochepu. Tak, cTaHoM Ha
01.01.2018 p. mepexka Aep>KaBHOTO MOHITOPHHTY
MiJ3eMHUX BOJ CKJajnaiach i3 892 crmocTepekHHUX
ITyHKTIB, 30KpeMa Ha TPYHTOBI Bomy — 288, Ha MiX-
mIacToBl Bogw — 214, Ha OMOPHHX TOJITOHAX IIO
BUBUCHHIO YMOB (OpMyBaHHS eKCIUTyaTamiiHuX
3araciB migzeMHnX Bog — 390. IIpote criocTepexen-
HA 3a piBHEM Mim3eMHuX Box y 2017 porti mpoBoau-
JUCh Jume 1no 224 crocTepeKHUX MyHKTaxX, a 3a
XIMIYHUM CKiIajoM — 1o 125 [6]. Taka cutyaris €
KaTacTpoQi4HOI0, 0COOIMBO, BPAXOBYIOUH TOH (haKT,
mo Ha nmovatky 90-X poKiB Jep)kaBHa Mepexa Tif-
POT€ONIOTIYHOTO MOHITOpUHTY HamigyBana 7000
CBEpUIOBHH, a0CONIOTHA OINBIIICTh SKHUX 3apa3 €
3aKOHCEpBOBAaHMMH a00 B3araii JiKBiJJOBaHUMHU.
Takum urHOM, JaHi OaratopidHHX psJiB Oe3mepep-
BHUX CIIOCTEPEKEHb — BTpaveHi, IO YHEMOKITUB-
JIFO€ 3A1MCHEHHS OOTIPYHTOBAHUX OIIHOK 1 IIPOTHO31B
JUHAMIYHUX TiIPOreooriuHux mporecis [2, 7, 9].

OueBuiHO, MO HEOOXiAHO PO3POOUTH 3aX0aAn
JUIsl BiZIHOBJICHHS JIEPaBHOI CIIOCTEPEXKHOI Mepexi
1 1l mocTymoBoi aganTarii 70 €BPONEHCHKUX HOPM 1
Bumor [18]. BigMiTHMO, 110 OZHHUM 13 OCHOBHHX
TIPUHIIMIIIB YIPABIiHHA BOJHUMH pecypcamu y Oi-
JBIIOCTI PO3BMHEHUX KpaiH € 3MiiCHEHHS MOHITO-
PHUHTY 1 TEPUTOPiIaIbHOTO YNPABIiHHSA Ha PiBHI piy-
KOBOIO OaceiiHy, a He aJMIiHICTPaTUBHOI TEpUTOPII.
BaceiiHoBHMi1 MpUHINTT yIIpaBIiHHSI OOTPYHTOBYETH-
Csl €IHICTIO TIOBEPXHEBUX 1 MII3EMHUX BOJ y ME¥kKax
pivukoBOTO OaceiHy.

VY po0ori [9] BuaineHo psix neprIoyeproBux 3a-
BIIaHb JIJIS peoprasizallii aep:kaBHOT Mepexi Tiapo-
T€OJIOTIYHOTO MOHITOPHHTY. 30Kpema, y HalOUIbII
CTHCII TEPMiHH 3allJIAHOBAHO NPOBEIEHHS 1HBEHTa-
pu3auii myHKTIB cOoCTepeKeHb, OLIHKY 1X penpese-
HTaTUBHOCTI, pO3pOOKYy KOHIENIii pedopMyBaHHS
CHCTEMH MOHITOPUHTY, CTBOPEHHS BIIMOBIIHUX Ta-
Jy3€BUX HOPMAaTHBHHX JIOKYMEHTIB, a Takox (op-
MyBaHHS €IuHO1 0a3m manux i3 3amydeHasMm ['1C-
TEXHOJIOT1H.

Juia peamizarii 6ac€ifHOBOTO MPUHIUITY 0OpO-
OKM JaHHX T1IPOT€OJIOTIYHOTO MOHITOPUHTY B SIKOC-
Ti MPOCTOPOBOI OCHOBH IS JIPIKABHOTO PiBHS CHC-
TEMH CIIOCTEPEIKEHb JIONIBHO PO3MISAATH CXeMY
paifoHyBaHHA 32 yMOBaMHU (OPMYBaHHSI BOZOOOMiHY
Y BEPXHBOMY TiI[pOTeOJIOTIYHOMY MoBepci [2, 16].

CuctemMa BUBYCHHS ITIJI3EMHOTO CTOKY IPYHTYETHCS
Ha JUHAMIYHHUX OCOOJIMBOCTAX BOJOOOMIHHMX Oa-
CeliHIB Pi3HOTO MOPSAKY, BUAUICHUX 3a MPUHIUIIOM
€JIHOCTI TOTOKIB MiJ3eMHUX BOJ BiJl oOnacteit dop-
MYBaHHsI CTOKY 1O HOTO OCHOBHOTO PO3BaHTa)KE€HHS,
SIKE KOHTPOJIIOETHCS €JUHUM 3aMKHYTUM OajlaHCOM
mig3eMHuX Box. Po3mipu i Mexki BOmMOOOMIHHUX Oa-
CellHIB y NPHUPOAHUX YMOBAaX, K IIPABUJIO, BU3HA-
YaIOTBCS pO3MipaMH Ta KOHQITYpaIi€io pPidKOBHX
OaceiiHiB.

Kaprorpama miineHOCTI AiI0OYHMX IIYHKTIB CIIOC-
TepekeHb 3a JUHAMIKOIO TPYHTOBUX BOA [6, 7] mms
OaceiiniB II-ro i IlI-ro mopsakiB miaTBepAXKyE BKpaid
HEPIBHOMIpPHUH PO3MOALT CHOCTEPEKHUX CBEPIIIO-
BMH y MeXaxX YKpaiHH, a OTXKe, 1 eiluT Tiaporeo-
moriyHoi  iH(opMarii IS OKpPEeMHX TEpHUTOpii
(puc. 1).

3o0kpema, HemocTaTHs 3a0e3MeUeHICTh MyHKTa-
MH MOHITOPWHTY XapakTepHa s Oaceitny JloHy,
niBHIYHOT yacThHU Oaceiiny JlHinpa, miBaHs Oaceii-
Hy IliBmennoro byry, oxpeMux BOIZOOOMIHHUX
okpyriB (OaceitniB Il mopsiaky) Gaceiiny [nictpa.
Came 1i TepuTopii MOTPEOYIOTH MEPIIOYEPTOBOTO
pO3NIALy 1 MPOBEICHHS 3aXOiB JJIS BiJHOBJICHHS
MEpEeXi TiApOreoIoriaHOro MOHITOpHHTY. OCcOo0IHUBY
yBary, 3rimHo BuMor PamxoBoi Bogmoi ampexTuBu
€C, ciig npUIUISATA TPAHCKOPJOHHUM OaceiiHaMm,
pO3TalIOBaHUM Ha TEPUTOPIl KINBKOX JNiepxkaB [4,
12, 17].

AHaJNi3 ocTaHHIX AOCHiTKeHb i myOaikauiii.
3HauHa KUIBKICTH 1 MUpoKa reorpadis J0CiiKeHb,
MPUCBSIYEHUX NPOoOJeMaM MPOEKTYBAHHS 1 BIIOCKO-
HaJICHHS MEpeX MOHITOPHHIY HiJ3€MHUX BOJ, pe-
3yJIBTaTH SIKUX 30KpeMa MpejicTaBieHi B podorax [3,
9-14, 16, 17, 20, 22-29], cBig4aTh MPO BUHSATKOBY
AKTYaJIbHICTh JAHOTO IUTAHHS.

VY pe3ynbTari ONpaloBaHHs SK KJIaCHYHOI Ji-
teparypu [3, 11, 19, 20], Tak i cyyacHHX ImyOJTiKaIii
[13, 14, 25], MO)XHA BUAUIATH JIBa OCHOBHHX ITiIXO-
JI1 710 OpraHizaifii Mepex TiJporeojoriYHOr0 MOHi-
TOPHHTY:

1) mnpoexkTyBaHHS Ha OCHOBI MaTeMaTHKO-
CTaTHCTUYHOTO MiX0my, Ikl 6a3yeThcs Ha hopMma-
JIbHIA CTATUCTUYHIM OIHI IIUIBHOCTI ITyHKTIB
CIOCTEpEXXEHb 3 YpaxyBaHHSIM 3aJaHOi TOXHOKH
EKCTparosLii AOCHiKyBaHUX napamerpis [3, 25].
JlaHuii migxix 3acTOCOBYEThCS 1 JUISl IPOEKTYBAHHS
OTIOPHUX MEPEXK, 1 JJIsl HEBEJIMKHX 32 TUIOMICHO JTiIsI-
HOK JIOCHI/DKEHb y palioHaxX pO3MILEHHS BO103a00-
PIiB MeNiOpaTUBHUX CIIOPY/, OJITOHIB CKIIalyBaHHS
BiIxo/iB TOII0. CHOCTEPEKHI CBEPAJIOBUHHA PO3Mi-
OIYIOTb Yy BY3J1ax [POEKTHOI T€OMETPUYHO-
MPaBWILHOI CITKH, BiJICTAaHh MiX SKUMH BU3Haua-
€THCSA HEOOX1JHOI TOYHICTIO 1 JETAJILHICTIO JOCIII-
JokeHb. [Ipu OypiHHI CBEpIJIOBUH X pO3TallyBaHHS
KOPHUTYETbCS 3 YPaxyBaHHSIM OCOOJIMBOCTEH KOHK-
pPETHOI MiCIIEBOCTI.
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Puc. 1. CxemarnyHa KapTa IIIIBHOCTI CIIOCTEPEKHUX MTYHKTIB JIJIs1 BOZOHOCHOTO
TOPHU30HTY I'PYHTOBUX BOJl Y MEXaX BOJOOOMIHHUX OaceiHiB

2) MpOEeKTYBaHHS HA OCHOBI TiJpOre0JIOriYHOr0
paiioHyBaHHS TEpHUTOpii 3 ypaxyBaHHSIM YyMOB i
YMHHUKIB (OpMYBaHHs Mi3eMHHUX BOJ 1 X peKUMY
(reonoriyHoi, TEKTOHIYHOI 1 oporpadiuHoi OynoBH,
JPEHOBAHOCTI TEpUTOpIi 1 TMTUOWHK 3aJATaHHS M-
3eMHHX BOJ, YMOB iX JKMBIJICHHS i PO3BaHTa)KCHHS,
JiTonorii BOZOHOCHUX HOPiJl, B3aEMO3B’SI3KY MiA3e-
MHHUX 1 MOBEPXHEBUX BOJ TOII0). OCHOBHOIO OJH-
HUIICI0 TAKOTO PalilOHyBaHHS € OacelH MiI3eMHUX
BOJ, BUIIUIEHUH 32 T€OCTPYKTYPHUMH YMOBaMHU abo
3a MPUHIMIIOM €HOCTI BomooOMiny [9, 13, 14, 17,
23-27]. Y Mexax KOKHOro OaceiiHy cXxeMu po3Ta-
IIyBaHHS TOYOK MEPEKi MOHITOPUHTY JJIsl BUBYCHHS
pexxuMy i OanaHCy MOBEpXHEBUX, IPYHTOBUX 1 MiXk-
IUTACTOBUX BOJ| Y3TO/DKYIOTHCS, IPUUOMY BUBUCHHIO
HiUIATaloTh JIMIIE OCHOBHI BOJOHOCHI KOMIUIEKCH i
ropu3oHTH [3, 18]. PexkxuMH1 yHKTH PO3MILIYIOThCS
Ha TUIMOBHUX JIJISHKAaX, MPHU [bOMY LIIBHICTH PErio-
HaJbHOI MEpeXi MOBHMHHA OyTH JOCTaTHBO iHGOp-
MAaTHBHOIO IS TOOY/IOBH aJICKBATHUX PEriOHATBHUX
MaTeMaTH4YHUX MOJENeH, SKi CTBOPIOIOThCS IS
OIIIHKH CTaHY 1 MPOTHO3Y KUIbKICHUX 1 SIKICHUX 3MiH
Mi3eMHOI rigpochepu.

Yacto 1i /JBa MigX0au MOEIHYIOTH 1 3aCTOCO-
BYIOTh OJHOYACHO I OnHi€l TepuTopii. HanGinbin
e()eKTHBHOIO BBAXKAETHCS MEPEKa, sika MPH MiHiMa-
JBHOMY piBHI €KOHOMIYHMX 3aTpar Jae HaiOuIbII

MOBHY iH(OPMAIiI0 PO MiHJIMBICTH OCHOBHHX Ma-
paMeTpiB TiAPOreoNIOTIYHOTO PeXUMY (PIiBHIB, TEM-
neparypu, BMICTY XiMIYHHUX pedoBUH TomIo. Tomy
IIPY IPOEKTYBAaHHI MEPEXi HaMararoTbCsl BpaxyBaTu
BCi iCHYI0Ul 0cOOMMBOCTI YMOB (hOpMYBaHHSI PEIKH-
MY Mi36MHHUX BOJI, TOMY TIEPBUHHY MEPEXKY MpPOCK-
TYIOTh MAKCUMAJIBHOI IIITBHOCTI (BiJICTaHh MiX CY-
CIJTHIMH ITyHKTaMH 3a3BUYaii HE MIEPEBUIILYE 2 KM [3,
12, 14]) i, micnst 2-3 pokiB eKCIUTyaTarlii i peTebHO-
TO aHaji3y OTPUMAHUX PEKUMHHX JaHHX, BUKOHY-
I0Th ONTHMI3allilo 1 pamioHai3zanito Mepexi MOHi-
TopHHTY. [Ipy IbOMY y MekaxX KOKHOTO TiJJpOreoJio-
TiYHOrO paioHy (IUISHKH) 3aJUILAIOTHh Ti MYHKTH,
JUIA SIKUX OTPUMaHi MapaMeTpu PexuMy OJU3bKi 10
CepeHIX 3HaYeHb 3arajibHOI MEPEeKi paioHy, BUITY-
YalOTh MMYHKTH, SIKI HE Jar0Th crerudiunoi iHdop-
Malii (€ aHaJoraMu CycCiIHiX TOYOK CIIOCTEPEKEHb),
PO3IMINPIOIOTh MEPEXY y HampsIMKax, 1€ CHOCTepi-
TaeThCs MEBHA HEBU3HAYCHICTh Yepe3 CKJaaHI Tij-
pOTEONOTIYHI YMOBH YHM HAsSBHICTh TEXHOTEHHOTO
BIUTMBY, a00 Jie € HEOOXiJHICTh YTOYHEHHS iH(Op-
Malii JJis BUpIIIEHHS cHenu(iuHuX MUTaHb EKOJIO-
riYHOiT Oe3MekH, 30KpeMa JijIsl TEPUTOPIH, YPAKSHHUX
€K30TeHHHMH TEeOJIOTIYHMMHU TpouecaMu. JlaHuit
miaxig 3ade3rnedye MakCUMajbHy 1H(OPMATHUBHICTH
MepexKi, Xxo4a 11 HaJMipHA HIIBHICTh Ha TIOYaTKOBUX
erarnax NpPOEKTyBaHHS 30UIbLIye MarepiajbHi BH-
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TpaTH Ha i1 yTpUMaHHS 1 eKCIUTyaTallifo.

AHai3 HaKOMMYEHOTO JOCBIAYy MOmIOHHMX ITOC-
JIiJPKEHBb J03BOJIMB aBTOpaM [29] BUIIIUTH TPH OC-
HOBHI TPYNM METOMIB ONTHUMI3allii TiApOoreonoriy-
HHX CIIOCTEPSKHUX MEPEXK: TiIPOreoIoTiuHi, reoc-
TATUCTHUYHI 1 3aCTOCYBaHHS MU(PPOBHUX IMPOCTOPOBUX
Mopenei. [Ipu 1poMy 0a30BUMHU € TiIpOTeosIoTiyHi
METOAM, III0 BPaXOBYIOTh OCOOJIMBOCTI TiAporeoo-
TIYHAX CHCTEM 1 KOMIIOHEHTIB OajaHCy TPYHTOBHX
BOJ Yy iX MeXax, Ta HEOAHOPa30BO BHKOPHUCTOBYBA-
JUCh TIPU pO3pOOIi KEpiBHUX AOKYMEHTIB AJISl YII-
paBIiHHS MpoTrpaMaMH CIIOCTEPESKCHHS 3a ITiI3eM-
HUMH Bomamu [18].

[eocTarucTuuHi METOOM IEWIO piAlIe 3acTOCO-
BYIOTH I TIPOEKTYBAaHHS MEpeK MOHITOPHHTY PiB-
HSl TPYHTOBUX BOJ, OCKUJIBKM BOHM BHUMAararoTh Be-
JIUKOI KUJIBKOCTI BUMIPIOBaHb ISl OI[IHKH MTPOCTOPO-
BO1 CTPYKTYPH MIHJIMBOCTI AOCTI/KyBaHUX Tapame-
TpiB, IPOTE, AUCIIEPCiS TIOMIIIOK OI[iHKH IS 1HTEp-
MOJISLii PiBHIB TPYHTOBUX BOJ YacTO BHKOPHUCTOBY-
€TBCS K KPUTEPIN IS OLIHKK €(PEeKTUBHOCTI Mepe-
ki [13, 26-29]. Anami3 myOmmikariit 3 maHoi mpooie-
MaTHKH JO3BOJISIE BUAUTUTH METOJI KPITiHTY SK OC-
HOBHHUH T'€0CTaTUCTUYHUN iHCTPYMEHT MPOEKTYBaH-
HS Ta ONTHMi3allii Mepexi TiAporeoJorivHOTO MOHi-
TOPHHTY, 110 OOYMOBJIEHO HOTO IepeBaraMu sk TO4-
HOTO 1 THYYKOTO IHTEpHOJISATOPA, MOXKIMBOCTSIMU
OIIIHKHM JTUCTIEPCIl TOMHIIKH IHTEPIIOJIALIl, a TaKOXK
MPOTPaMHOI0 peai3ali€lo JaHOTO MEeTomy y Oilb-
IIOCTI cyyacHUX KomepIiitaux i Bigkputux ['IC.

CTBOpeHHS! UPPOBUX MOJIENel YHCEITbHUX Xa-
PAKTEPUCTUK TiA3eMHUX BOJ Ta iX iHTerparis 3 ¢i-
JBTPALIHHIMA MOZAETSIMH MOXe OyTH BHKOPHCTAHO
JUIs. BU3HAYCHHSI MICIIb PO3TallyBaHHS MYHKTIB Me-
PEXi TiaporeoIoriYHOr0 MOHITOPHHTY YH ii OITHMI-
3ar1ii Ha JOKaJbHOMY piBHI gociimkens [20, 24, 29].
[Ipote nanuit MeTO HENOLINBEHO 3aCTOCOBYBATH IS
PO3pOOKH PETIOHANEHUX MEPEX MOHITOPHHTY PiBHS
Mi3eMHUX BOJ| Yepe3 CKIJHICTh OOYMCIIEHb 1 He-
MOXIJIUBICTh ypaxyBaHHS HPOCTOPOBOI HEOTHOPIJ-
HOCTI TiJJpOTE0JIOTIYHUX YMOB.

BupiieHHsi HeBMpilleHHUX paHille YacTHH
3arajabHoi mpooaemu. HeoOXxigHO BigMmiTHTH, IO
OUTBIIICTh PO3IVISIHYTHX HAYKOBHX ITyOIiKaIii i Me-
TOAMYHMX PEKOMEHIALiH 11010 opraHi3awii MOHITO-
PHHIOBUX CHOCTEpEXEHb Y MEpIy Yepry AETalbHO
BUCBITIIIOIOTh MTUTAHHS MPOEKTYBAHHS i ONTHUMI3a-
ii MepeX MOHITOPHHTY XiMIYHOTO CKJIaJly ITiJ3eM-
HUX BOJ 1 JIOKAJILHUX MEPE MOHITOPUHTY AMHAMI-
KM PIiBHIB y paiiOHax po3MillleHHs BO/103a00piB abo
00’€KTiB, 110 3HAYHO MOPYIIYIOTh OalaHC Mia3eM-
HUX BOA. Y TOH e yac, mpobiemam oprasizauii ri-
JPOreoIMHAMIYHOTO MOHITOPHHTY PEriOHaJIbHOTO i
JIep>KaBHOTO DIiBHIB (30KpeMa, y MeXax TpPaHCKOp-
JOHHUX TEPUTOPi) MPUAUIEHO 3HAYHO MEHIIe
yBary.

3a3HaYMMO TaKOX, IO JJIs OaraThox KpaiH, ¢

HiA3€MHI BOAU € OCHOBHUM JDKEPEIOM BOIOIOCTa-
YJaHHS, OIIBHICTE MEPEX TiIpPOreoIoridHOTO MOHI-
TOPHUHTY € JOCHUTHh BUCOKOIO (Hampukial, y ABCTpii
— 11 nynkrie Ha kM?, Himeuunni — 19 nyHkris Ha
kMm%, Bemukobpuranii — 39 mymkris Ha kM [19]).
Tomy 3ampoIToHOBaHI A1 TAKAX TEPUTOPIH METOIH-
ku, [19, 22-24, 26], nns YkpaiHu, e CIOCTEPExKHI
CBEpIJIOBUHU PO3TAIIOBaHI BKpall HEPiBHOMIpPHO,
3HaYHA YacTWHA IX JIKBiIOBaHA, a ICHYIOWl PSAH
CIOCTEPEKEHb MICTATh CYTTEBI MPOIMYCKHU, MIOBUHHI
OyTH TIeperIsSHYTI i ajanToBaHi.

HenocrarHbo BHBYEHHMH 3aJIMIIAIOTHCA U IH-
TaHHS 3aCTOCYBaHHS TeoiH(OPMAITHOTO MiAXOmy
JI0 BUpileHHs noxiOHuX 3amad. Ha mymky aBTopiB,
BHKOpHCTaHHS Teoindopmamniiaux cucreM (I'1C), mo
CKJany SIKHX, 30KpeMa BXOASTh NMPOrpaMHi 1HCTpPY-
MEHTH TPOCTOPOBOTO i T€OCTATUCTHYHOTO aHAIIi3y,
HaJacTb 3MOTY TIOEIHYBaTH MOXKIWBOCTI PI3HHAX
TPyl METOIIB MPOEKTYBaHHS 1 OMTHUMI3amii Mepex
T1IpOTeO0JIOriYHOT0 MOHITOPUHTY, CHCTEMaTu3yBaTH
iHpopMallilo, OTpUMaHy B pE3YyJIbTaTi PEKUMHHUX
CIIOCTEPEKEHD, Y MeKaX OyIb-sIKUX TEPUTOPIATbHAX
OJIMHUIb, & TAKOXK CTBOPIOBATH i OTIEPATUBHO OHOB-
JIIOBaTH MOCTIMHO Mirodyi rigporeosorivni 2-D i 3-D
mozeni Ha ['IC-ocHoBI.

DopMyTIOBaHHS MeTH cTaTTi. MeToro moci-
JOKEHHsI € TeoiH(opMaliiHul aHami3 (aKTHIHOTO
CTaHy MepeXi TiApOreoNoriYHOT0 MOHITOPUHTY i
T€OCTaTUCTUYHE  OOIPYHTYBaHHS  ONTHUMAJIbHOI
HIUTBHOCTI Ta TPOEKTHOTO PO3TAllyBaHHS HOBHX
CIIOCTEPEKHUX IMYHKTIB Y MEKaX OKPEMOTO BOJ0O-
OMiHHOTO OaceliHy, a TaKo)X OIliHKa ITi[BUIICHHS
e(heKTHBHOCTI 3ampOEKTOBaHOI Mepexi Uil BHpI-
IICHHS  HAyKOBO-TIPUKJIAQJHUX  TiJPOTreOJOTIYHUX
3ajad.

VY sKocTi JOCTIKYBaHOT TepUTOpii 0OpaHo yK-
paiHCbKy uacTuHy Oaceitny piuku [lpum’ st
(puc. 2).

Hanuii BUOIp MOSICHIOETBCS TPbOMa MpPUYHMHA-
MU: 1) HU3bKA IIUIBHICTD AiIOYMX IMYHKTIB TiAPOreo-
JIOT1YHOTO MOHITOPUHTY; 2) YHIKallbHICTh HPUPOI-
HUX (30KpeMa, TipOTeOOTIYHNX) YMOB, 10 00yMO-
BIIOIOTh BUCOKY IHTEHCHBHICTh PO3BUTKY IPOIIECIB
niaroreHHs; 3) piuka [Ipur’ stk nmpoTikae B Mekax
Vkpainu 1 binopyci, ii 6aceilH € TpaHCKOPIOHHOIO
BOJHOIO CUCTEMOIO, 110 JIA€ MOKJIMBICTh PO3MOBCIO-
JOKEHHsI OTPUMaHHWX BUCHOBKIB Ha IHINI TEpUTOPIl
K YKpailHd, Tak i cyciiHix kpaid. HeoOximHo Takox
BpaxoByBaTH aKkTyaJbHUI nocBix binopyci, e 3axo-
T peOpMYBaHHS 1 BIIOCKOHAJICHHSI CHCTEMH T1JIpO-
re0JIONTYHOTO MOHITOPUHTY B)KE OYJIH YCIIIIIIHO MPo-
BegeHi [12].

Marepianu i MeToau J0CTizKeHHs. Y Mexax
VYkpaiHu po3TanioBaHi NMPaBoOEPEkKHI TPUTOKU P.
[Mpum'ari, sx OepyTe mouarok Ha BomwHo-
IMomineepkiit 1 IlpunHinpoBebkild BHcCOYMHAX. 3a
CBOIM PEXHMOM PIYKH HAJICKATh O TUITY PIBHHUH-

-38 -



BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

Lo

s

r

\
q

N
|
ey

YMOBHI MO3HAYEHHA

MMyHKT rigporeonoriyHoro
MOHITOPUHIY

®

[[] Mesxi cy6baceittis

100,0

kilometres

Puc. 2. OrmnsnoBa kapra TepUTOPIi TOCITIHKEHHS

HUX, TIEPEBAKHO aTMOC(HEPHOTO KHUBICHHS 3 TOTY-
KHUM BECHSHMM [aBOAKOM 1 HHU3BKOIO MEKCHHIO
("acTo MOpYMIYIOThCS JITHIMH i 3MIMOBHMH JIOIIO-
BUMHU TaBojkamH). CepelHbOpPIYHI MOAYJi CTOKY
3MIHIOKOTBCS Bl 3 10 4 j1/c Ha KM%, 3HayHa yacTUHA
piuxkoBoro croky (35-40%) npunanae Ha BeCHSHI
Micsi (Oepe3eHb-KBiTEHb); Ha JITHRO-OCIHHIHN Tiepi-
ox (TpaBeHb-nucTonaxn) mnpumnaznae 50-60% i Ha 3u-
MoBuii (rpyaeHb-motuil) 10 10%. Teputopis pos-
TalIoBaHa B 30HI Ha/IMIPHOTO 3BOJIOXKEHHS 1 Xapak-
TEPU3YETHCSI CTIHKAM PO3BUTKOM IPOIIECIB ITiITOT-
JICHHS Ta MaKCHUMaJbHUM B YKpaiHi 3a00J04eHHIM
(o 20 % TtepuTopii).

Sk ke Oyno 3a3Hau€HO, TEPUTOPISI € TPAHCKO-
PHOHHUM OaceilHOM TMi3eMHUX BOJ i3 TepeBaXKaro-
YUM HampsMKoM cTOKy 3 binopyci B Ykpainy. 3a
yMmoBaMu (hOpMyBaHHS BOIOOOMiIHY B MeXax BOJIO-
oOMiHHOTO Oaceitny I[Ipum’saTi BUALIAIOTE 8 BOIOO-
OMIHHHX OKpYTiB (cy00aceliHiB 4-To opsaKy) (puc.
2): 1-1-1 — Oaceiin o3epa Typcokoro Ta TypchKoro
kanaiy; JI-1-2 — OGaceitn pidok Bmxika, Typis,
Croxim; JI-1-3 — 6aceiin Crupi; [I-1-4 — Gaceiin [o-
pudi i Ciyui; [I-1-5 — 6aceitn JIsu i CtBury; -1-6
— Oaceitn Yoopri i [lepru; JI-1-7 — Gaceitn CiioBeu-
HU Ta MaJiix pidok; J-1-8 — Oaceitn YVixka.

Y CTPYKTYypHO-TiAPOTeOIOTIYHOMY BiHOIICHHI
BO0OOMiHHMI Oaceitn [Ipun’sri Hanexuts 10 Bo-
nuHo-TToainbecbkoro OaceiiHy. XapaKTepHO 0C00-
JIUBICTIO TEPUTOPIi € TOCTYIOBE 3aHYPEHHS MOPIK Y
3axigHOMY 1 MiBACHHO-3aXigHOMY HampsiMkax. Bo-
JIOHOCHI TOPH30HTH TOIIUPEHI y BIAKJIAAaX BEpX-
HBOTO IPOTEPO3010, KeMOPiI0, OPAOBHKY, CHILYpY,
JICBOHY 1 KapOOHY, SIKi TIEPEKPUTI TOBIIECIO BiIKIIA/IiB

Me3030i-KkaiiH03010. CIliJl BiJ3HAYUTH BiJCYTHICTb
peTioHaNbHUX BOAOTPUBIB Y MEXKax AOCIiIHKyBaHOT
TepuTopii. 30Ha IHTEHCHBHOTO BOAOOOMiHY 0OMe-
JKCHa TIIMOWHOIO PO3BUTKY TPILIMHYBATHX IIOPiJ,
ska ckimagae 100-110 M y 3axigHiil 1 HeHTpaTbHIN
gactuHax Oacediny 1 300-350 M — y miBHIYHO-
CXimHIA 4vacThHI. Y MIBHIYHO-CXIIHIHA 4YacTHHI L
30Ha BKJIIOYA€ YBECh PO3pi3 X J0 KPUCTAIi4HOTO
(dyHIaMeHTy, y IEeHTpaJbHIl — A0 TOopia JeBOHY i
CUIIypY, a Y 3aHypeHill 3axiiHiii yacTuHI BOHa 00-
MEXKEHa BEPXHbOKpEHI0BUMU Ioponamu. Hukue
BKa3aHUX IIMOWH CTYIiHb TPIIIMHYBATOCTI TOPiA
PI3KO 3HMXKYETHCS 1 MOPOAM CTAlOTh BOXOTPUBKHUM
[I1apoM, SIKHi PO3MEXKOBYE TMEPIINH TiIpoanHaMiy-
HUH NOBEPX BiA APYTOTO .

VY Mmicmsx HermuOoKoro 3aisraHHs (QyHIaMeH-
Ty, MK MiJ36MHAMHU BOJAaMH Pi3HUX BOJAOHOCHHX
TOPU30HTIB, ICHYE TipaBIiYHUN 3B’SI30K, BHACIIIOK
YOro Ha OKPEMHUX JUISHKAX YTBOPIOKOTHCS CIIIBbHI
BOJIOHOCHI KOMIUIEKCH. {7151 BOIOTIOCTa4aHHsI BHKO-
PUCTOBYIOTh Maii’ke BCI BOJOHOCHI TOPHU30HTH i
koMIuiekcH. HaitOinpimuii BonoBia0ip 3MiHCHIOETHCS
3 HEOTEHOBHX Ta KPEHJIOBUX TOPHU30HTIB [5].

AxtyanbHa iH(bopMalliiiHa 0a3a Jep>kaBHOI CH-
CTEMHM MOHITOPHHTY MiJ3€MHHMX BOJ 3a JaHUMH
JHBII «I'eoindopm Ykpainm» MicTuTh iHQOpMaLio
mpo 41 crocTepekHy CBEpAJIOBUHY B MEKax JTOCII-
JOKyBaHO1 Teputopii (muB. puc. 2). Cepes 1ux cBep-
JUI0BHH 14 nipoOypeHi Ha Oe3HamipHUI BOZOHOCHUMA
TOPU3OHT I'PYHTOBHX BOJI 1, BIAMOBIIHO, 27 — Ha Ha-
MipHI TOPU30HTH MiA3eMHUX Boa. CHiBBIIHOLICHHS
MK CBEpAJIOBUHAMH 3 NPUPOTHUM 1 HOPYIICHUM
peKUMOM cKianae BimmosimHo 16 i 25. HeoOxigHO
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BIIMITUTH TaKOX HEPIBHOMIPHICTh PO3TaIlyBaHHS
ICHYIOUHMX ITyHKTIB MOHITOPHHTY, OUTBIIICTE 3 SKUX
pO3MillleHi B Mekax BONOOOMIHHOTO cyOOaceiHy
nputoku lopuns ([-1-4), Toni sik y cybbacelinax
Y6opti, CtBur; # Yxa mMepeka MpakTHIHO BiACYT-
HA [8, 16].

[inpHicTh crocTepexHoi Mepexi (3 ypaxy-
BaHHSM YCIX JIIOYMX CIIOCTEPEKHUX CBEPIJIOBHH)
JUTS TOCIIKYBAaHOI TePUTOPii CTAaHOBUTH MPUOIH3-
Ho 1 myrkr Ha 1700 kMm%, Toxi sk 11 TepuTopii Bi-
Jopyci cepenHs WIUBHICTH — | TriaporeonoriuxHa
ceepaioBuHa Ha 500 kKM%, a 30Kpema 11 Oi1opych-
koi vactuHu Oaceliny [Ipum’sti — 1 mynkT Ha 700
kM’ [12]. HeoOXiqHO TakoX BiAMITHTH, LIO 3IiTHO
pEeKOMEHIAIIA MO0 BEICHHS TiAPOTeoJIOTIIHOTO
MOHITOpHHTY B KpaiHax €C, miTbHICTh CIIOCTEPEK-
HOI MepeXi NOBMHHA CTAHOBHUTH IIOHaliMeHine 1
nyHKT Ha 20-25 KM? I KiIBKICHOT 1 SIKICHOT OL[HKH
pecypciB MiA3eMHHUX BOJ, CTaTUCTUYHO OOTPYHTO-
BaHOTO MOJICIIOBaHHS 1 €()EKTHBHOTO KOHTPOJIIO
MpoIieciB, MO BiA0yBalOThCA B Mi3eMHil Tigpocde-
pi [19].

Ha nepomy erari onTumizaiiii HeoOXiHO BH-
KOHATH aHaJli3 MPOCTOPOBUX XapaKTEPUCTUK ICHYO-
40i MepeKi MOHITOPHUHTY [7].

PiBHOMIpHICTE PO3MOMITY CIIOCTEPESKHUX ITYH-
KTIB IO JTOCJIJDKYBaHid TepUTOpPii — Iie HeoOXimHa
yMOBa JUIS 3aCTOCYBaHHs 0araTbOX BHJIIB aHAJI3y i
MonemoBaHHsA. CxeMa po3MOoIiy IMyHKTIB € piBHO-
MIpHOIO, SIKIIO iX IIIBHICTH (KUIBKICTH TOYOK Ha
OZIMHUIIIO TUTOII) y Oynb-siKiit mimobnacTi Tepuropii
JOCIIPKEHHST JOPIBHIOE IIUTBHOCTI y BCIX 1HIIAX
mimo0IacTax.

Y cBOIO Uepry piBHOMIpPHI CXEMH MOALISIOTH Ha
peryisipHi Ta BUNaaKoBi. Cxema € peryispHoro, K-
0 TOYKH CIIOCTEPEKEHb CTBOPIOIOTH MEBHUN BHUJL
Mepexi. Lle o3Hauae, 110 BiJICTaHb MiXK TOUKAMH i Ta
j Y ZneskoMy HampsMKy MepexXi € KOHCTaHTOI JUIs
OyIb-KOI IMapy TOYOK i Ta j ISl TAHOI MEpexi.

Jiist mepeBipku piBHOMIPHOCTI PO3MOILTY TO-
YOK YaCTO BHUKOPUCTOBYETHCS METOJ HAMOIMKIOTO
cycincTBa. ['omoBHa mepeBara MeTomy HaHOIMKIOTO
CYCIZICTBa TIOJSITAE y TOMY, IO BiH JIO3BOJSE, KPiM
OLIIHKK PiBHOMIPHOCTI, OTpUMaTH 1H(OpMAIIiI0 PO
npupony i€l piBHOMIpHOCTI (TOOTO, BCTAHOBUTH, 32
PETYJISIPHOIO YW BHIIQJIKOBOIO CXEMOIO PO3MOAIICHI
TOYKH) BIMOBIAHO IO 3HAYCHHS YHCIIOBOTO KpPHUTE-
pito — R-craructuku [7, 8]. Jlanuii kputepiii Bpaxo-
BY€ SIK IIIJIBHICTH TOUOK MEPEXi sl TOCIiIKyBaHO1
TEPUTOPIi, TaK 1 CEpEeIHE 3HAUCHHS BIJCTaHI /10 Hal-
OmmKk4Iol CyciTHBOT TOYKH Mepexi, i HaOyBae 3Ha-
4yeHb B iHTepBam Big 0 mo 2,15. Ha mpaktumi s
knacugikamii cxeM poO3NOIiTy IYHKTIB CIIOCTepe-
JKEHB 3a JOIIOMOTOI0 METOy HaHOIMKIOro CyCiacT-
Ba 3aCTOCOBYIOTH Taky mkamy: 0,00 < R < 0,50 —
rpymnoBa cxema; 0,50 < R < 1,50 — BunagkoBa cxema;
1,50 <R < 2,15 — perymsapna cxema [1, 8].

Jlis BUSIBIIEHHS 1 OLIHKM BIUIMBY JIOKaJIbHUX
TCOMETPUIHHUX OCOOIMBOCTEH Mepexi (HasBHOCTI
KJIACTEPHUX CTPYKTYp 1 30H HHU3BKOI LIITBHOCTI) Ha
JIOCTOBIPHICTh Mojeliel, MoOyJ0OBaHUX Ha OCHOBI
JTAHUX MOHITOPUHTY, BUKOHYIOTH aHAaJi3 TOIOJOTI]
MepeXi 3a JIOMOMOTOI0 TICTOTpaM BiJCTaHEH Mix
TOYKamH 1 mony nmostiroHiB Boponoro-Ticcena [1].

HactynHuM eranoMm € BH3HAY€HHS ONTHUMAJIb-
HOTO PO3TAallyBaHHS MOHITOPMHIOBHX CBEpPIJIOBHH
Ha OCHOBiI ()OpPMaNbHHUX TEOCTATUCTUYHUX OILIHOK
MPOCTOPOBHUX XapPaKTEPUCTHK MEpEexXi 3 ypaxyBaH-
HAM IMOXHOKH €KCTPAITOJIALIl JOCTIKYBaHUX T1apa-
MetpiB. [laHe 3aBnaHHsS Moxke OyTH BHPpIIICHE Yy ce-
penosumi ['IC i3 3acTocyBaHHSIM KpiriHry i3 moga-
JBITIOK0 OITiHKOIO moxubok [7, 11, 14, 20, 25]. Bax-
JIUBOIO BIIACTHBICTIO KPITIHTY € TOYHE BiITBOPECHHS
3HaueHb BUMIPIOBAHb y TOUKaX, ¢ BOHM BijoMi [15,
22, 26-28]. HeoOXigHO TakoX BiAMITHTH, IO Bapia-
i KPITiHTYy HE 3aJeKUTh BiJ 3HAYEHb BUXITHUX
JAaHWX, a JIMIIE BiJ IIUIBHOCTI 1 KoH]irypamii po3-
TallyBaHHS TOYOK CIIOCTEPEX EHb. T0OTO, KpiriHT
JIa€ OTHAKOBY Bapiaiiro JUId BCIX TOYOK 3 aHAJIOTid-
HUM B3a€MHHM PO3TallyBaHHAM, i (JaKTHYHO Bapia-
sl KPITIHTY € XapaKTePUCTUKOIO IIUTBHOCTI Mepe-
Ki. OKpiM OWiHKH (TPOTHO3Y) 3HAYEHHS 1HTEPIIO-
JTHOBAHOT BETHYMHH B ACAKIH TOYIl, METOI KPITiHTY
JTO3BOJISIE OLIHUTH TOXUOKY 1HTEPIOJSIIT IS KOX-
HOi NMPOTrHO3HOT Touku. OUeBUAHO, 10 MPU 3aJaHO-
My KPUTHYHOMY 3HadeHHI MOXWOKH (BU3HAYAETHCS
JIETANBHICTIO 1 MacmTaboM JOCIiPKEHb) MOXKHA
BCTAHOBUTH MAaKCHMAJIBbHO JIOMYCTUMY BiJICTaHb
MIDX TOYKaMH PO3TallyBaHHS ITyHKTIB MEpeKi MOHi-
TOPHUHTY. AHaji3 NONEPeIHbOr0 JOCBiAY BHKOpPHUC-
TaHHS T€OCTATUCTUYHUX METOJIB JIUIS OLIIHKH, ITPOe-
KTyBaHHA 1 ONTHUMI3allii MOHITOPHHIOBUX Mepex
[26, 28] CBIAYNTH TAKOXK, IO 3aCTOCYBaHHS METOAY
KPITiHTY JUIsl 1HTEpHOJALIl pe3ylbTaTiB CIocTepe-
KCHb HE BUMAra€e ix BiJIIOBIJIHOCTI HOPMAaJbLHOMY
3aKoHy po3noaiury. Lli BIacTHBOCTI KpiriHTy J03BO-
JISIOTH ITUPOKO HOTO BUKOPUCTOBYBATH JJIsl ONTUMI-
3amii Mepex MoHiTopuHry [1, 15, 10, 11, 13, 22].

VY3araJgpbHEHUH aNropuUTM ONpPAaLIOBaHHS JaHUX
JUTSL OTITUMI3allii MepeXi TiApOreoJOriYHOTO MOHi-
TOPUHT'Y Ha OCHOBI TI'€OCTATHCTUYHOTO aHaNi3y Y
reoiH(OpMaIliTHOMY CEepEeIOBUIINl IPEACTaBICHUI
Ha PUCYHKY 3.

Bukiaa ocHOBHOTO MaTepiajly q0C/TiI»KeHHS.
VY xoni BukoHanHus ['IC-aHamizy xapakrepy po3moji-
JIy MYHKTIiB TiJpOreOoNOTiYHUX CIIOCTEPEkKEHb Y Me-
Kax TEPUTOPIi JOCIIPKEHHSI BCTAHOBIICHO CEPEIHIO
BiJICTaHb MK cycimHiME TyHKTamu D=17,73 kM i
MiTBEPPKEHO X BiIMOBIIHICTh BUIMAAKOBIH cxemi
posramryBanns (R=0,86), mo 3abe3nedye neBHy pi-
BHOMIPHICTh 1 HE3aJIeXKHICTh BUMIpIB, MPOTE TiCTOT-
pamu, 110 BiIoOpakarTh pe3yJbTaTH reoingopma-
LiHOTO aHai3y TeOMETPUYHUX NapaMeTpiB Mepexi
(BimcTaHi MiXK TOYKaMH CIIOCTEPEKECHB, TIJIOMTI TTOJTi-
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Y
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3 ICHYHOUYUMU MYHKTaMU MOHITOPUHTY,
ymMoBamMu (OpMyBaHHSA PEXUMY |
CUTYaLiIHOK CXEMOK TEPUTOPIT

Puc. 3. Cxema mocmniIoBHOCTI reOCTAaTUCTUYHOTO aHAaJ3y Ta ONTUMI3allii
MEpEeXKi Ti[pOreoIOriYyHOr0 MOHITOPHUHTY

roniB Boponoro-Ticcena) cBiguarbk mpo il 3HaYHY
HeOCKOHAJICTh (puc. 4). OCKiNbKH NPH PiBHOMIp-
HOMY PO3IOZiJII TOUYOK B MPOCTOPI YHCIO Map Io-
BUHHO OyTH OJJHAKOBHUM JIJIsl BCIX BiJICTaHEH, TO 3po-
CTaHHs YHMCJIa TIap 3 POCTOM BiJICTaHI MK TOYKAMH
CBIAYUTH NP0 HASBHICTH KJIACTepiB (y JaHOMY BH-
MaJIKy — JIOKAJFHO PO3MIIIEHUX TPYI CIIOCTEPExK-
HUX CBepuIoBUH) (puc. 4 a). KiactepHicTio Mepexi
0o0yMOBIIEHa 3Ha4yHA aCUMETPis TICTOrpaMH IUIOINI
nontiroHiB Boponoro-Ticcena (puc. 4 0).

OueBHIHO, LIO IS JOCIIKYBAHOI TEPUTOPIT €
JOLIJIBHUM  TOAAJBIINKA PO3BUTOK (BiIHOBJICHHS
3aKOHCEPBOBAHUX 1 CIIOPYIKEHHS HOBUX CBEPIJIO-

BWH) CUCTEMH MOHITOPHHTY.

BpaxoBytoun Toi (akT, 0 CIIOCTEPEXkHI CBEp-
JUIOBMHHM TIpoOypeHi Ha HamipHi 1 Oe3HamipHi Bojgo-
HOCHI TOPH30HTH 3 PI3HUMH THUIIAMH PEKUMY (5K
NPUPONHUMH, TaK 1 IMOPYIIEHUMH), XapaKTepH3y-
IOTBCSI PI3HUMH NepiofaMu crocrepexens (Big 1-2
pokiB 10 40-50 poKiB HIOMICAYHHMX CIIOCTEPEIKECHB ),
a TaKOX MICTSTh MPOIMYCKU Pi3HOT TPHBAJOCTI, BU-
KOHAHHS KOPEJSLIMHOTO 1 KIIaCTepHOro aHalizy psi-
JiB CHOCTEPEKEHb JUISI BUAUICHHS TPy CBEPJIOBHH
13 CHHXPOHHUM PEKUMOM € HEeIOUIIbHUM. J[7s1 o1ri-
HKU KiJIBKICHHX XapaKTepUCTUK MIHJIMBOCTI ITHOU-
HY TIOJIOKEHHSI PIBHIB MiA3€MHUX BOJ BUKOHAHO TIO-
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Puc. 4. I'icrorpamu BificTaHel Mixk ToUKamu Mepexi (a) 1 momy momiroHiB Boponoro-Ticcena (0)

MEPeIHIN CTaTUCTUYHMI aHalli3 iX CepelIHbOMIiCSY-
HUX 3Ha4eHb, PO3PAXOBAHMX 32 3aMipaMHu, 3/iiCHe-
Humu 'y 2009-2016 pokax. Bizyamizaris pe3ynbraris
aHaJi3y AJsl MyHKTIB MOHITOPHHTY BHKOHaHa 3a JI0-
MIOMOTOIO JliarpaMu po3Maxy (cepeaHpodararopiuHe
3HAYEHHS MTOJIOKEHHSI PiBHA 1 aMILTITy/Ia HOTO KOIH-
BaHb), 1110 TIOKa3aHa Ha PUCYHKY 5, 1 rpadika cepe-
HBOKBAJJPaTUYHUX BIIXHJICHb MIHJIMBOCTI PIBHIB Y
CIIOCTEPEXKHUX CBepaoBHHAX (puc. 6). 3rimHo Bi-

nomocreit JIHBII «l'eoindopm Ykpainm» i oTpuma-
HUX TpadikiB MOXXKHA 3pOOWUTH BHCHOBOK IIPO TPH-
HAJEKHICTh MYHKTIB TiAPOTEOJIOTI9YHOTO MOHITOPH-
HT'Y 371€01IBIIIOTO JIO €IMHOTO KOMIUIEKCY IiI36MHHUX
BOJI, TIOIMIMPEHOTO Y TPINUHYBATHX KPHUCTAJTITHUAX
Mopojax, TiPaBIiYHO TOB’S3aHUX 13 TPYHTOBHUMH
BOJJAMH y BOIHO-JIbOJJOBUKOBUX, O3€PHO-ITBOJOBH-
KOBUIX 1 JICJTIOBIAJIBHUX BIJKJIaax y Mexax iHTepBa-
niB mbuH (0+5) M, pimme — (10+15) m.
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Puc. 5. Craructruni mapaMeTpy AUHAMIKH PiBHIB IMA3¢MHUX BOJ Y CIIOCTEPEKHUX CBEPAJIOBUHAX
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Puc. 6. CepenqnboKBaipaTUyHi BiIXHJICHHS MiHIUBOCTI PIBHIB MiI36MHHUX BOJ
Y CIIOCTEPEIKHHUX CBEP/ITIOBUHAX

JlJis MOJeNmoBaHHS MPOCTOPOBOI MIiHJIMBOCTI
PiBHIB MiA3€MHUX BOX JJISi PEriOHANBHUX MaCIITa-
0B JOCTIIKEHD Y SKOCTI iHTEPITOJIFOBAHOI BEITHIH-
HU, K TPaBUIIO, BUKOPHCTOBYIOTh aOCONIOTHI Bif-
MITKH cepeqHbpobararopiunux piBHiB (50% 3a0es-
meueHocti) [11, 13, 23, 24]. Jla"i 4uciIOBi XapakTe-
pUCTHUKH OyJIM PO3paxoBaHi ISl KOXKHOTO CIIOCTeE-
PEKHOTO MYHKTY SIK Pi3HHUI a0COIIOTHOT BiIMITKH
TUpja CBEPAJIOBHHU 1 cepelHb0OaraTopiyHoOi TIu-
OWHM 3aJIsITaHHS PIBHSA MiJ3eMHUX BOJ. licTorpamy
Ta OCHOBHI CTaTUCTHYHI XapaKTEepUCTUKU OTpHUMa-
HOT BUOIpKM JTaHUX HaBEJCHO Ha PUCYHKYy 8a. Pos3-
NOMIT € MyJbTHUMOAAIBHUM, IO MOXe OyTH
MOB’s13aHO SIK 13 3HAYHOIO Bapialli€lo Tiporeonoriv-
HUX 1 reOMOP(OJIOTIYHIX YMOB y MeXaxX JOCHiKY-
BaHOT TEPUTOPIi, HASBHICTIO TPEHIIIB, 00YMOBICHHUX
pETiOHAIBHUMU 1 JIOKAJIbHUMH HAIIPSIMKaMU TTiJ13€-
MHOTO CTOKY, TaK i 0OMexeHUM o0csrom aanux (39
CTIIOCTEPEKHUX CBepUIoBHH). CaMe TOMY KpIriHT €
ONTHMAIBHAM METOJOM JUIS T€0CTATUCTUYHOTO
aHai3y MOAIOHUX JaHUX, OCKIJIbKH, SIK BXe OYJIo
3a3Ha4eHO0, HOTr0 3aCTOCYBAaHHS HE BUMArae BifIno-
BiTHOCT1 PO3MOALTY BXiJHOT BUOIpPKH TaHUX HOpMa-
JTLHOMY 3aKOHY.

Hapaui mjist OLiHKY MPOCTOPOBOT KOPEIIALIIHHOT
CTPYKTYPH JIaHUX BUKOHAHO MOOY/IOBY €KCIIEpUMEH-
TaJbHOI 1 Mi0ip TeopeTH4HOi BapiorpaMHOi MOJeNi
(puc. 80 ), Bij siKOi 3aJIEKHUTH TOAAJbIIA EQEKTHUB-
HICTb 3aCTOCYBaHHsS METOLY Ta BEJIMYMHA MOXHOOK.
Bapiorpama mokasye 3ajexHICTh MK AHUCHEPCier0
PIBHS MiJI3EMHUX BOJ| Y TOYKAX CIIOCTEPEKEHb 1 Bifl-
CTaHHIO MK HuMHU. Hamanmi emmipudHo migiOpaHa
3aJISKHICTh BUKOPHCTOBYEThCA Ui IepeAOadyeHHs
3HAYE€Hb Y IHIIMX TOYKAaX MICHEBOCTi, TOOTO IUIs
MPOCTOPOBOT IHTEPITOIISAIIIT.

Bunsitkom € cBepmioBunn w15 (Ne 249328816)

1 w19 (Ne 255070046), muOuHa piBHS IMiJ3EMHUX
BOJ SIKUX CTAHOBHUTBH BiamoBimHo 50,65 M 1 26,32 M
BiJl 3¢€MHOi TIOBEPXHI, a CePeTHHOKBAIPATUYHI BiJl-
XunaeHHs 3HadeHus mmouan — 0,83 m 1 0,51 M € He-
CYTTEBUMH TIOPIBHSHO 3 CepeaHbOOaraTopiyHuM
TIOJIOKEHHSM PiBHA Y HEX. MIMOBIpHO, PEeXKHM TaHHX
CBEPIJIOBUH € aTWUIIOBUM 1 XapaKTepU3ye PpPekKHUM
130JIbOBaHUX MIDKIUTACTOBUX BEPXHBOKPEUISTHOTO
KapOOHATHOTO 1 BEPXHBOIPOTEPO3OHWCHKOTO TEPH-
T€HHOTO BOJIOHOCHHX TOPU30HTIB.

Jana rimore3a MiATBEPIKYETbCA Tpadikamu
perpeciiHuX 3aJie)KHOCTEH PIBHIB TMiA3EMHHX BOJ
BiJl a0COIIOTHUX BUCOT (pHC. 7).

AOCOJIOTHI BIZIMITKM PIBHIB MiJI36MHUX BOJ
JUTsE CBEpIUIOBUH W15 1 W19 pi3ko BiIpi3HAIOTHCS
BiJl 3arayibHOT TeHIeHIIi1 (puc. 7a), a Ipu BUIYYECHHI
iX i3 3aranpHOi BHOIPKH 3aJIEKHICTh MiXkK IIOBEPXHEIO
BOJIOHOCHUX TOPU3O0HTIB 1 penbedoM 3eMHOT MOBeEp-
XHI CTae MPaKTHYHO JIiHIHHOK (3HAYeHHs Koeditie-
Hra gerepminanii R’=0.992) (puc. 76). Omke, npu
MOJIANIBIIOMY aHaJli3i XapaKTepUCTUKU MyHKTIB W15
1 W19 He BpaxoByBaimCh. Pe3ynbraTH criocrepe-
JKeHb, OTPHMaHi y LUX CBEPUIOBHHAX OOLIIBHO
BpPaxoOBYBaTU SIK JOMOMIXHY iH(OpMAIlifo sl 1Mo-
Oy10BM KOMILUIEKCHHX TiJPOTe0JIOTIYHMX MOJIEIICH.

[TinGip excrepuMeHTaIbHOI BapiorpaMu 31ikc-
HEHO 3 ypaxyBaHHSIM MOXIIMBOi HAasBHOCTI TPEHIY
3a JIOTIOMOTOI0 METOJly HAWMEHIINX KBaJpaTiB i3
MOJIAJIBIIOK KPOCBAJiAAIiE0 (IIEPEeXPEecHOr0 Tepe-
BIPKOIO) pe3yJIbTaTiB iHTEPIOJIALIi PiBHEBOI MOBEP-
xHi (Tabu. 1) Ha OCHOBI Bapiorpam pi3HOTO THITY.

OTpuMaHi pe3yJIbTaTh CBIAYaTh, 1[0 HAHOUIBIII
ONTUMAJILHUM BapiaHTOM JJIi MOAEJIOBAHHS TiJpo-
TeOoJIOTIYHUX MapaMeTpiB, OTPUMAHUX IS ICHYIOUOL
JIepKaBHOT Mepexi MOHITOPUHTY MiJ3EMHUX BOJ, Y
MeKax JaHoi TepuTopii € cepuyHa Bapiorpama
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Puc. 7. EMnipuuHi 3a1€5KHOCTI MK piBHEBOIO IIOBEPXHEIO BOAOHOCHUX TOPU30HTIB
1 aOCOIMOTHUMH BiIMITKaMU pebedy
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Puc. 8. I'padiuna Bizyamizawisi cTaTHCTHYHOTO (TicTorpama) (a) i reoCTaTUCTUYHOIO (Bapiorpama)
(6) anaizy piBHIB Mi3eMHUX BOJ JOCITIKYBaHOT TEPUTOPIi
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Tabnuys 1
PesynbsraTi kpocBamiarii s pisHUX THITIB BapiorpaMHUX MoJIeNeH
CTaTuCTUYHI XapaKTEPUCTUKH Tumn Bapiorpamu
OTPUMAHHX HEB 30K Jliniiia l"ayciBchka Excnionentifina Cdepuuna
Cyma HeB’s130K, M -31.957 -3.188 -18.196 -5.865
MiHiMallbHE 3HAYCHHS, M -34.676 -33.585 -34.781 -32.623
MaxkcuMaiibHe 3Ha4eHHs, M 29.254 27.123 30.211 28.866
CepenHe 3HaYCHHS, M -0.913 -0.091 -0.52 -0.168
CraHmapTHe BiIXWICHHS, M 12.419 13.339 13.783 13.276
dakTryHe 3HAYCHHS KpUTEPIto 0.128 0.18 013 0.161
Konmoroposa-CmipHoBa
KputnuHe 3Ha4eHHS KPUTEPitO
KomvoropoBa-CmipHOBa I piBHS 0.224
3HaYUMOCTI 95%
(puc. 80), TeopeTnuHa (PYHKIIIS SKOI: eKCIICpUMEHTAILHUX BapiorpaM IS TOCIiHKYBaHOI
3(h 1K TEpUTOPii, € XapaKTEePHUM BUCOKHUH CTYIIiHb HEBH-
Y ( h) =C,+C —(—j -—— 3HAYEHOCTi, 0OYMOBIEHHUI MPOCTOPOBOIO MiHIIMBIC-
2\a 2a |, h<a TIO TiIPOTEOJIOTIYHNX YMOB 1 HETOCKOHATICTIO Me-

v(h)=C,+C, h>a

ne h — Bigcrans Mix nBoMa Toukamu, Co — Ha-
rrer-epext, Co + C — Topir BapiorpaMu, a — HIikic-
HUI paziyc Kopemsmii (BicTaHb, Ha sIKil iCHYeE 3a-
JISKHICTh JaHUX).

[Ipore oTpumani pe3ynpTaTH KpocBaifarmii
(30KpeMa, eKcTpeMallbHI HEB’SI3KH) CBITYATh TAKOXK
PO HasBHICTH CYTTEBHMX BiJXWJIEHBb 1HTEPHOIHOBA-
HUX (IPOTHO3HUX) 3HAY€Hb BiJl OTPUMAHUX PE3yIIb-
TaTiB 3aMipiB JUISI OKPEMHX CIOCTEPEKHUX CBEPI-
JIOBUH ]IS BCiX 0€3 BUHATKY T€OCTATUCTHYHHX MO-
JeJield  MPOCTOPOBOT  MIHJIMBOCTI  JIOCHIIXKYBaHOT
3MiHHOI. OueBUIHO, MO I TUPPOBUX MOAENEH
PIBHIB MiJI3EMHUX BOJ, MOOYJOBaHMX Ha OCHOBI

PEXi MOHITOPUHTY.

st BUpilieHHS 3aBJaHb ONTHUMI3allii Mepexi
MOHITOPHHTY 0€33aIepedHOr0 IePeBaroto KPiriary €
MOJJIMBICTh OOYMCIICHHS 1 Bi3yamizamii mpocTopo-
BOTO PO3IMOALTY CEepeIHBOKBAIPATUYHOI MOXUOKH
iHTeprioyAnii. 3HaYeHHS TOXWUOKW piBHE HYIIO B
TOYKaX CIIOCTEPEKEHb (OCKUIBKH, SK BXKE 3a3Hada-
JoCs, KPITiHT € TOYHMM METOJOM IHTEpPIOJIsMii) i
3pocTae 3i 30UTBIICHHSM HEBHU3HAYEHOCTI abo 3i
3MEHIIEHHIM MIIHHOCTI MepeXi MOHITOpUHTY. Pe-
3yJIbTaTH MPOCTOPOBOTO MOJICIIOBAHHS IMOXUOKH
IHTepHOJISALii PiBHIB MiI3EMHUX BOJ y MEXaX TepH-
Topii ykpaiHChKOi yacTuHU OaceitHy piku [Ipurr’ sTh
HaBEJICHO Ha PUCYHKY 9.

' . ' ' CTaHnapTHa
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5600000+ =
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3x.-Cx.(m)
Puc. 9. Cxema npocTopoBOro po3mnofisly NOXHOKH iHTEpHOIIALIi METOJOM KPITiHTY
JUTS AIF0Y0T1 MEpEeXi TiApOoreosorivHoro MOHITOPUHTY
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OTpumaHa cxeMa IMATBEPIKYE HEIOCTaTHIO
IIIBHICT Mepexi. AOCONIIOTHA BEIMYMHA ITOXUOKH
iHTepnomsnii (>14 M), sKa MepeBUIIyE CTaHIAAPTHE
BIIXWJIEHHS Pe3yJbTaTiB KpOocBadijalii crocTepe-
JKeHb (muB. Ta0. 1), IS MBHIYHO-CXITHOI YaCTHHH
TEPUTOPIi 3yMOBJI€HA BiJICYTHICTIO MMyHKTiB MOHITO-
puHry. HeoOxigHicTh 00NMaIITYBaHHS CIIOCTEPEKHUX
TiApOTEOIOTIYHNX CBEPUIOBUH Y MeXKax JaHol Jac-
TUHU periony (mpaBobepexokst Cirydi, mBHIYHA Yac-
TuHa Oaceliny Ctupi, Oaceitnun Yoopti, CrnoBeuHy,
Vka) € oueBUIHONI. AHali3 B3a€EMHOTO PO3TaIly-
BaHHS ITOCTIB MOHITOPHHTY 1 KOHTYPiB IIPOCTOPOBO-
TO PO3MOIITY BETUYMHU MOXMOKH CBIIYUTH, IO B
cepeniHbOMY TMOXHOKa IHTEPHONALIl TEepeBHUILyE
KpUTHYHE 3Ha4YCeHHS +14 M Ha BimcTaHi = 28 KM BiJ
HaHOIIKIOI CIIOCTEPEIKHOT CBEP/IIIOBUHHU.

OTxe, A7l MPOEKTYBaHHS PO3MIIIEHHS CBEPA-
JIOBHH TOOYJI0BaHO CITKY 3 KPOKOM (28%28) KM, sika
MTOKPHBAE JTOCIIHKYBAaHY TEPUTOPII0, 1 KOOPIMHATH
BY3JIIB SIKOI CITy)KaTh JijIi BU3HAUYCHHS OPi€EHTOBHUX
KOOpPAHMHAT JONATKOBHUX ITyHKTiB MOHITOPHHTY.

Takox TIpu TIPOEKTYBaHHI MepeXki TiAporeoso-
TYHOTO MOHITOPHHTY CIiJ BpaxOBYBaTH HE TUIbKU
pe3yJIbTaTH T€OCTATUCTUYHOTO aHai3y, aje i 0co0-
JUBOCTI YMOB (hOpMYyBaHHS PEeKUMY ITiI3EMHUAX BOI
(y mepiry gepry — penbed i po3ranryBaHHS ITOBEPX-
HEBUX BOJIOTOKIB), KIJIBKICTh, KOH(}ITypallito Ta po3-
TalllyBaHHS TiJPOTeOJIOTIYHUX Cy00aceliHiB (OKpy-
TiB), BUOUICHHX 3a TiApOTeONMHAMIYHHM ITPHHITH-
noM (amB. puc. 2) [5, 17, 21]. HeobxigHo posrairy-
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BaTW MOCTH TaKUM YHMHOM, 100 BOHM Oynu peripe-
3€HTAaTUBHUMH ISl TIPUPIYHOTO, TEPACOBOTO Ta BO-
JOAUTFHOTO THUMIB TiAPOTEOJIOTIYHOTO pexuMy [3,
17], ocobnuBy yBary mpu IpOMY HEOOXiJHO MpHIi-
JUTH TpaHCKopaoHHiH 30HI [9, 18]. IIpn HasBHOCTI
B MeXKax OaceifHy KiJTbKOX BOIOHOCHHX TOPHU30HTIB
CBEPAJIOBUHU MPOCKTYIOTh Y BHIVISALI Tpyn («Ky-
iB») 13 GUIBTpaMH, PO3TANIOBAaHUMH Ha PI3HHUX
sapycax.

Ha nymKy aBTOpIB, IpH pO3TalIyBaHHI IPOEKT-
HOTO MYHKTY MOOJNH3Y JIOKaTi3alii KOJIKMCh JiI0YOi,
ajie JIIKBiIOBaHOI CBEPAJIOBUHHM, MOIIJILHUM € y3TO0-
JOKEHHsI MPOEKTHUX KOOPAWHAT 13 KOOpIWHATaMH
KOJIMIIHBOI CBEPUIOBHHHU. Y TaKOMY BHUIAJKy MOX-
JIUBE BIAHOBJIICHHS OE3MEepepBHUX PAIMIB CIOCTEpe-
>KEHb 32 T1APOreoNIOTiYHIMH TTapamMeTpami [5, 8].

Kepyrounck oTpuMaHuMu pe3ylbTaTaMy aHali-
3y 1 BHWINEHABEIEHUMH NPUHIUIAMH ONTHMI3allii,
aBTOpPaMH 3alpOIIOHOBAHO TPOEKT ONTHMi30BaHOI
JIepKaBHOT MepeXi TiApOreoIorivHOro MOHITOPUHTY
JUTS YKpaiHCBhKOI yacTuHU Oaceiiny piuku [Tpum’sri
(puc. 10). lomaTkoBo 3amiaHOBaHO CTBOPHTH 60
MYHKTIB T1IpOTe0J0riyHOr0 MOHITOPUHTY. 3 ypaxy-
BaHHSAM 3alPOCKTOBAaHMX CBEPIJIOBHH INUIBHICTH
CIIOCTEPEIKHOT Mepexi CTaHOBUTHUME NpHUOIM3HO |
nyHKT Ha 690 kMm°. Takuii MOKa3HUK — MPAKTUYHO
AHAJIOTIYHUI HIIBHOCTI Mepeki MOHITOPUHTY Mij-
3eMHHX Boj OaceiiHy piuku [lpum’sti Ha TepuTOpii
Binopyci.

Ji1s ipoeKToBaHOi Mepeki po3paxoBaHa cepell-

YMOBHI NO3HAYEHHA

? \

1k - ne [ ] Mexi cyobaceiimis

L: 2 N : 1 A"CiTKa perynsapHoi Mmepexi

H @ [ioui cnocTepexHi cBepanoBuHn
1A

: A TpoexTHI cnocTepexHi cBepanoBuHN
5,299

o
0

200,0
]

]
kilometres

Puc. 10. IIpoekT Mepexi cBEpJIOBHH TipOTe0JIOTiYHOTO MOHITOPUHTY

Hs BIZICTaHb MK HAHOJIMKYMMU CYCIJIHIMU IyHKTa-
mu — D=20,18 kM, a 3Ha4eHHS R-CTAaTUCTUKH CTa-
HOBUTH 1,54, mo mo3BoIsie ineHTH(]IKYBaTH 3aIpo-
MTOHOBaHY CXEMY PO3MIIICHHS TOYOK CIIOCTEPEIKEHb
SIK PETYISIPHY.

3aBepmaIbHUI  €Tall MPOEKTYBAaHHS Mepexi
norpedye y3ro/KeHHs] MPOEKTHUX KOOPJIUHAT IOC-
TiB 13 peaJlbHOK CHUTYAIli€l0 Ha MiCIEBOCTi, IMMOJa-
JBIIOT KOpEKLii 1 MOBTOPHOI T€0CTaTUCTUYHOI OLiH-
KM TOYHOCTI MOIETIOBAHHS TIOBEPXHI ITiI36MHUX

- 46 -



BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

BOJI TIiCJISI TIEBHOTO Tepiony (onTuMaibHO 1-2 pokm)
BEJICHHS CITOCTEPEKEHb 32 MIHJIMBICTIO PIBHIB IIO
BCiX ITyHKTaX MOHITOPUHTY.

BucnoBku. Cucrema JiepkaBHOTO MOHITOPUHTY
MiJ3eMHUX BOJA YKpaiHu mepeOyBae y He3aJ0Bilb-
HOMY CTaHi, IIT0 3yMOBITIOE BTPAaTy JaHHUX Oe3mepep-
BHUX 0araTtopiyHux pPEeKUMHHUX CIIOCTEPEKEHb 3a
SIKICHIMH 1 KUTBKICHUMH T1IpOTEOJIOTIYHIMHA Xapak-
TEPUCTUKAM, 3HIKYE TOCTOBIPHICTH OINIHOK 1 TIpO-
THO3IB CTaHy MiJI3eMHHUX BOJ, PO3BUTKY HECIPHUST-
JIUBUX TIPOIIECIB 1, BIJIMOBIJHO, POOUTH HEMOXKJIH-
BUM TIOTIEPE/HPKEHHS] HETAaTUBHUX 3MiH TeOJIOTIYHOTO
cepenoBuma.  BomooOminHuii ~ OaceiflH  piku
[Tpun’siTh HaNEXUTh A0 HaMEHII OXOIUICHUX JIif0-
YUMH TIOCTaMH TiJPOTEOJIOTIYHOTO MOHITOPHHTY
TepuTOpid YKpaiHu, i, BPaXOBYIOUH T1ApOEKOJIOTIU-
HY Bpa3NiUBICTh 1 TPAHCKOPJOHHHH CTaryc, MOTpe-
Oy€e TIepIIoYeproBUX 3aXO/iB Ui PO3BHUTKY CIIOCTE-
PEXHOT Mepexi.

Oprani3zaliisi 1 BEACHHS TiJpOreoIOriYHOr0 MOHi-
TOPUHTY MOTpeOye 3HAYHUX (HiHAHCOBUX BKJIAJICHB,
TOMY TIPOEKTYBaHHs €(DEKTUBHOI CITOCTEPEKHOT Me-
pexi, sika Oyiaa O JOCTaTHHOKO i BiIOOpaskeHHS
3aKOHOMIPHOCTEH MIHJIMBOCTI €JIEMEHTIB PEKUMY
Mi3eMHUX BOJ 1 mMoOymoBH ix 1mudpoBux mopemneit
3acob0aMu Cy4acHHX TeoiH(OpMAIliiHIX TEXHONIO-
Tiif, € BOKJIMBHUM 1 MIEPIIOYEPTOBUM 3aBJaHHSIM.

AHali3 cBITOBOTO JOCBiy MPOEKTYBaHHS 1 Om-
TAMI3amii CIMOCTEPEKHUX TIAPOTEONIOTIUHUX MEpekK
JIO3BOJISIE BUJILTUTH F€OCTaTUCTUYHUN METO KPIiriH-

Iy SK HEOOXiMHWU 1 3aradbHONPUUAHATAN 1HCTPY-
MEHT OITIHKH 1 BIOCKOHAJICHHS CXEMH PO3TalTyBaH-
HSl TYHKTIB y MeXax JIOCHi[DKyBaHUX TEPHUTOPIMH.
[IpoTre 0COOAMBOCTI TiAPOTEONOTIYHUX YMOB 1 KOH-
¢iryparist iCHyIOUMX MepeX MOHITOPHHTY ISl KOXK-
HOI OKpeMO B3ATOi TepHUTOpii 0OYMOBIIOIOTH HEOO-
XIIHICTH JOAATKOBHUX IOCIIIKEHD.

Pesynsraté reoiHdopMamiifHOTO 1 TeocTaTHC-
TUYHOTO aHAJII3y MOKa3ajIu HeoOXiTHICTh 30UTBIIATH
KUTBKICTh JIFOYMX CIIOCTEPEKHHUX CBEPIJIOBHH Y 2,5
pasu (mo 101 myHkTy MOHITOpHHTY). Po3TanyBaHHs
CBEPIJIOBUH IIPOEKTHOI MEPEXi BPaxOBYe palOHY-
BaHHS TEPUTOPIi 3a riAPOAMHAMIYHUM HPUHIUIIOM i
BIJMOBiZIa€ PETYISPHIN CXeMi PO3MOILTY TOYOK CITO-
cTepexenb. Takui MaXix 0 PO3MIMIEHHS MTyHKTIB
MOHITOPHHTY AaCTh 3MOTY HE TLIBKH OXOIIUTH CIIO-
CTEpEXKEHHAMH JIJISTHKU 13 Pi3HUMH yMOBaMH (op-
MYBaHHS TiJPOTEOJIOTIYHOTO PEXXUMY H OTPUMYBATH
OinpIn TIOBHY iH(OpMaIifo, ane i 3ab6e3meynTs pis-
HOMIPHICTh 1 HE3aJIXKHICTh BUIPOOYBaHb 1 JO3BO-
JTUTH OOIPYHTOBAHO 3aCTOCOBYBAaTH CTAaTHCTHUYHI
MOZIeTl BHUMAAKOBUX BEJIMYMH [JIs TOCIIIKSHHS
MIPOCTOPOBO-YACOBOI MIHJIHUBOCTI C€JIEMEHTIB PEXKU-
My MiJI3€MHHUX BO]I.

LimpHICTh 3aIPOTIOHOBAHOI MepexXi € 00TpyH-
TOBaHO MiHIMaJbHOIO Uil 3a0e3leyeHHs HeoOXin-
HOM0 iH(OpMALIiE€r0 Il BUPILICHHS 3a[a4 Tiporeo-
JIOTIYHOTO MOJICIIOBAHHS 1 MPOTHO3YBaHHS HAIlio-
HAJIBHOTO 1 PETI0HAIIEHOTO PiBHIB JOCHIIKEHB.
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GEOSTATISTICAL ANALYSIS AND OPTIMIZATION OF THE STATE HYDROGEOLOGICAL
MONITORING NETWORK WITHIN THE PRIPYAT RIVER BASIN (UKRAINE)

Formulation of the problem. The State Hydrogeological Monitoring Network has to provide the neces-
sary information to manage groundwater resources and prevent negative changes in the geological environ-
ment. Currently, there is a negative tendency to decrease the number of observation wells, loss of infor-
mation about the space-time variability of the hydrogeological regime elements in Ukraine. In conditions of
limited funding, an important task is to develop an effective strategy for reforming the hydrogeological
monitoring system, taking into account international experience and based on modern geoinformation tech-
nologies. Particular attention has to be given to transboundary territories. One of them is the Pripyat River
basin, which is characterized by the low level of the State Hydrogeological Monitoring Network representa-
tiveness, both in comparison with European Union standards and with the existing groundwater monitoring
network of neighbouring Belarus.

The purpose of the article is to evaluate the actual state of the hydrogeological observation wells net-
work and optimize it within the territory of the Ukrainian part of the transboundary Pripyat watershed basin.

Methodology and materials. The State Scientific and Production Enterprise "Geoinform of Ukraine" da-
tabase of State Groundwater Monitoring System composition and functioning as well as zoning map under
the conditions of water exchange formation in the upper water-bearing level were used for the study. For the
studied territory of the water exchange basin of Pripyat, the analysis of density and uniformity of the obser-
vation points distribution as well as the variogram analysis of the spatial distribution of groundwater-level
altitudes within the study area were carried. For the actual monitoring network, the expected error of the spa-
tial modelling of the groundwater-surface was evaluated.

Results. The obtained results of the geostatistical analysis made it possible to substantiate the project
wells locations within the water exchange sub-basins to improve the quality of hydrogeological monitoring
problem solutions.

Scientific novelty. The method of the hydrogeological monitoring network optimization has been im-
proved based on geoinformation and geostatistical approaches and implemented for the Ukrainian part of the
Pripyat River basin, taking into account the hydrogeological conditions of the territory and the configuration
of the existing network.

Practical significance. Optimization and increment of the observation wells network, taking into account
the obtained results, will provide the effective functioning of the hydrogeological monitoring system within
the Ukrainian part of the Pripyat River basin and will have an economic effect, given that the cost of any
measures to improve the groundwater quality and quantity is far more expensive than the monitoring system
optimization.

Keywords: observation wells, nearest-neighbour method, groundwater levels, kriging, mean squared
error.
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TEOXIMIYHI JOCJI)KEHHA MAPMAPOCBKOT'O MACUBY YKPATHCBKHUX KAPIIAT

Y cmammi npeocmasneno pesynbmamu 2eoximiunux 00cuioxncens (IpyHmu, poCIUHHICIMG) HEOOMOPKAHUX MePUmMopill OyKosux
npanicie Mapmapocwvrozo macugy Yrpaincokux Kapnam. Aémopamu po3paxosawi ¢hono6i 3nauents emicmy ximiynux enemenmie (Co,
Ni, V, Cu, Zn, Pb, P, Mn, Ti, Cr, Mo, Zr, Sn, Be. La, Y, Yb, Ba, Li, Ga, Ce) y ipynmax nicosux exocucmem 0yxy Mapmapocvkoco ma-
cuey— napk bypxym, ypouuwe I1iodin, copa @ieypa, oinsnka Popenwv, nomixk binuil, ypouuwe Ozpaba ma Yopuoeipcokoeo — ypouuuye
Kesenis; wjo cmane ocrogoio 0na ix MOHIMOPUHZY 3 eKONO2IYHOI0 MEMOI0 Ma BUSHAYEHHS NPOSHOZHUX PYOHUX Oinanok. IIpu npoge-
OeHHI TTMOXIMIYHUX O0CHIOMNHCeHb 6CMANH061eH0 Ximiuni enemenmu (sanosuil émicm) — Co, Ni, V, Cu, Zn, Pb, P. Mn, Ti, emicm sikux
Oinvuuil y IpyHmax, oe IpyHmMomeipHumuy € kapoonamui nopoou (ypouuwe. 11iodin, oinanxka @opens, oinauka 2. Dieypa) ma npu 6io-
cymuocmi kapbouwamig (ypouuwe Ozpaba, nomix binui, napx Bypkym, ypouuwe Kesenus) — Cr, Mo, Zr, Sn, Be. La, Y, Yb, Ba, Li.
Busnaueno ocnoeni pyxomi gpopmu memanis y rpynmax (Cu, Pb, Zn) ma pospaxosano ix xoeghiyienmu pyxomocmi, Ha OCHO8I 4020
6CIMAHOBNEHO, WO PYXOMICMb Memanie y IpyHmax, 0e IpyHmoOmeIipHuMU nopooamu € epaHimo-eHetic ma NiCKOGUKU 6Ud, HidC Y
Ipynmax Ha kapoonamuux nopooax y 3—10 pasie. Bcmanosneno, wo 3nauenns pH tpynmie € nepegasicaiouum gpaxmopom npu eupi-
WeHHT NUMAaHHA Miepayii yu KoOHYeHmpayii Memanie ma ymeopeHHi 6MOPUHHUX COTbOBUX OPeOie Npu HAABHOCMI pyOonposey. Pose-
JIAHYMO NUMAHHA KIApKie Konyenmpayii ximiunux enemenmie y rpynmax (Ceimy, Yxpainu 6 yinomy, ma aicogux exocucmem 3axap-
namms) ma HA2oN0UeHo, Wo OCHOBHUM BAJICIUBUM NOKAZHUKOM KAAPKI6 € cKAao IpyHmomeipnux nopio. Lle dae 3moey oxapaxmepu-
3y6amu 2eoximiyHi npoyecu (HAs8HICMb 2eoXiMIiYHUX Oap €pis, copoyiro, decopbyito ma iHue) ma nPoOSHO3Y8AMU Miepayiro Yu KOH-
yewmpayiio XiMiYHUX eremeHmis. Buxowano amaniz XimiuHo2o cknady iHOUKAMOPHOT pocauHHocmi ma il yacmun — 38ipodill
(Hypericum L)., oepesiii (Achillea millefolium) i 6inuit epu6 (Boletus edulis) na oinanyi eopa Dieypa (Kysiu-Tpubywanceruii macus
Kb3). Buznaueno 6inuti 2pub, cmebia 36ipoooio i kopinus depesiio € konyenmpamopamu Cu, Zn. L[5 6iominnicmo eadciuea npu npo-
6e0eHHI 0102eOXIMIYHUX OOCTIONCEHb 3 NOULYKOBOIO MEMOIO.

Knrwuosi cnosa: ceoximiuni 0ocniodicenns, poHosuil 6anosuil emicm, pyxomi popmu, pyoonpssu, Mapmapoceruti macus.

H. O. Kprwuenxo, 3. A. Koeunckuii, I1. C. Ilanapuza. TEOXUMHYECKHE HCCIE/JOBAHHA MAPMOPOIIICKOI' O
MACCHBA YKPAHHCKHX KAPIIAT. B cmamve npedcmasiensl pe3yibmamyl 9KOI020-2eOXUMULECKUX UCCTe008aHUll (T10Y8bl,
pacmumensrocmy) meppumopuu 6ykosvix aiecos Mapmopouickozo maccusa Yxpaunckux Kapnam. Aesmopamu paccuumansvt ghono-
8ble 3HaueHus cooepxcanusn xumudeckux snemenmos (Co, Ni, V, Cu, Zn, Pb, P, Mn, Ti, Cr, Mo, Zr, Sn, Be. La, Y, Yb, Ba, Li, Ga, Ce) ¢
noueax necuvix dxocucmem oyka Mapmopowickoeo maccusa: napx Bypkym, ypouuwe ITuooun, copa @ueypa, yuacmox Popens, no-
mox benvil, ypouuwe Ocpaba u Yeprozopckoeo - ypouuwe Keeenug; umo cmanem oCHOB0U O/ UX MOHUMOPUH2A C IKONOSUUECKOU
Yenvio U onpeoeneHust NPOSHO3HBIX PYOHbIX yyacmkos. TIpu nposedenuu AumoxumMuyeckux uccie008anull YCmanoeieHbl XuMuuecKue
anemenmol (8anosoe cooepocanue) — Co, Ni, V, Cu, Zn, Pb, P, Mn, Ti, cooepacanue komopulx bonvuie 8 nousax, 20e nousoobpasyio-
wuMuy A8AAOMCA KapOoHamusle nopoovl (ypouuwe [Tuooun, yuacmox Dopens, yuacmok 2.Queypa) u npu omcymemeauu KapooHamos
(vpouuwe Ocpada, nomox benviil, napx Bypxym, ypouuwe Kegenus) — Cr, Mo, Zr, Sn, Be. La, Y, Yb, Ba, Li. Onpedenenvi ocHogHvle
noosuoicuvle hopmel memannos 6 nousax (Cu, Pb, Zn) u paccuumanst ux kodgguyuenmol nOOGUNCHOCU, HA OCHOBE Ye20 YCMAaHO8-
JIeHO, YMO NOOBUICHOCb MEMANNO08 8 NOYBAX, 20€ NOYB00OPAZYIOWUMU NOPOOAMU ABTIAIOMCS PAHUMO-CHEUCHl U NeCYAHUKU Gblule,
uem @ nousax Ha kapbonamuwix nopooax ¢ 3—10 pas, kpome moeo, 3nauenue pH nous sensemcs npeobnadarowum gakxmopom npu
peuteHuy 60npoca MUSpayuL Ui KOHYEeHmpayuu Memanios u 00pasoeanuu GMOopULHbIX CONEBbIX 0PeO0N08 NPU HATUYUU PYOONPOAS-
senusi. Paccmompennl gonpocwl knapkog KoHyenmpayuu XuMuieckux snemenmog 6 nousax (Mupa, Ykpaumnvl 6 yenom, u 1ecHbIx 9KO-
cucmem 3akapnamesy) u OMMe4eHo, YMO OCHOBHbIM GUICHBIM NOKA3amMeneM KIAPKO8 SGISemcsi COCMA8 NnoYeoo6pasyiomux nopoo.
Dmo noseonsiem oxapakmepuzo8ams ceoxumuieckie npoyeccol (Harudue 2eoxumMuyeckux oapvepos, copoyuio, decopoyuro u m.o.) u
NPOCHO3UPOBAMb MUSPAYUIO UTU KOHYSHMPAYUIO XUMUYECKUX DIeMeHmOo8. Boinonnen ananuz XuMuuecko2o cocmasa uHOUKAmMopHOU
pacmumenvHocmu u ee yacmeii - 36epoooil (Hypericum L.) u muicauenucmuuk (Achillea millefolium), a maxowce Oenvix epubog
(Boletus edulis) na yuacmxe eopa @ueypa (Kysuui-Tpubywancokuii maccue Kb53). Onpedeneno, umo y benoco epuba, cmebnax 3ee-
po6osi U KOpHSX mblcadenucmuuka nakaniueaiomesi memainvt - Cu, Zn. Omo omauyue 6ajxicHO npu nposedeHuy 6U02eoXUMUYEeCKUxX
UCCLE008AHULL C NOUCKOBOU YeTbio.

Kniwouesvie cnosa: ceoxumuueckue uccrnedosanus, Qonosoe 6anogoe cooepixcanue, NOOBUNXCHbIE (OpMbl, PYOONPOAELEHUS,
Mapmopowickuii maccus.

INocranoBka npo6jaemu. Mapmapocekuii Tip-  Cximaux Kapnarax Ha npurpaHudHUX TEPUTOPISX
CHKHI MacHB KPUCTATIYHUX IOPIN 3HAXOMUTHCA Y  YKpaiHu Ta Pymynii. Hamu po3risHyTO MiBHIYHO-
© Kprouenxo H.O., XKosuncwvruii E.A., [lanapuea I1.C. https://doi.org/10.26565/2410-7360-2020-52-04
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3axifHy yacTuHy MapMapochKOIro MacuBy, siKa po3-
TamoBaHa Ha TepuTopii Ykpaincekux Kaprar. Tek-
TOHIYHA MPHUPOJA MacUBY i HOro reoyioriyna OymoBa
JI0 UBOTO Yacy 3ajMIIAOThbCs AMCKyCiHHMMH. Ma-
CHUB CKJIAACHUM 3 TBEPAWX KPUCTATIYHUX IOPIT —
THEWCIB, CIIOASHUX 1 KBApIOBHX CIAHIIIB, MapMy-
POIOIOHMX BaIHSKIB IOPCHKOTO TEpiofy, 1o ooy-
MOBIIOE crieluidHl pUcH penbedy, TPYHTOBOTO
mokpuBy, (pmopu. Came TyT PO3MOBCIOKEHI TepH-
TOpii OYKOBUX MpaJiciB, sIKi € MPHUKIAZIOM HEJOTOP-
KaHUX aHTPOMIOTCHHUM HaBaHTaKEHHSIM KOMILIEKC-
HUX JicHUX ekocucTeM. OCHOBHA yBara Hallux J0-
CIIi/KEHb MpHUiJieHa TeoXiMIuHIN CKIagoBiid TepH-
TOpil 3pocTaHHs OyKOBHX TpaiiciB MapmapochKko-
ro MacuBy, abo TIEPBICHHX JICiB, SIKHX MaibKe He
TOPKHYJIACS XKUTTEMISITbHICTD JTIOIUHH (3aHECEHO 10
cnucky csitoBoi cnammuan FOHECKO). Tyt Hiko-
1 HE TPOBOIMIACH TOCTIOAAPCHKA HisUTBHICTH, JIIC
Ma€ TaKWi CaMUi BUTIISI, SIK 1 THCSY1 POKIB TOMY.

leoximiuHi mocimipkeHHS OYKOBHX TpaiciB
MapMapochKOro MacHBy OCOOJIMBO BaXKJIMBI, TaK SIK
OWUTAHHS XIMIYHOI CKJIAIOBOI 00’€KTIB TOBKILIA
(TpyHTIB, POCIHMHHOCTI) € OCHOBOIO BH3HAYCHHS
CTymeHIo Tpanchopmarlii Teputopiii B yaci. Kapnaru
HaJeXaTh 10 OIHi€l 3 HAOLIBII TOCKOHAJIO BUBYE-
HUX TepHUTOpiii. 3a momnepeaHiMu OIiHKamu (axis-
1iB, 3aranbHi pecypcu Kaprarcbkoi MeTanoreHiuHoi
npoBiHIii cTaHoBIATh: Au — 400 ToHH, Ag — 5,5
THC. TOHH, Pb — 2,7 MuaH. ToHH, Zn — 5,3 MJIH. TOHH
[1]. PymonposiBu MIiCTATH CaMOPOIHHUHA aypyMm, ap-
IFCHTYM Ta MiHEpaJu apreHTymy (Cyanhocoi, Cyiib-
¢bimu, rinpocynbdian), acomiiioBaHi 3 MiPUTOM, Xa-
JILKOTIIPUTOM, apCEHOMIPUTOM, TIPOTHHOM, MapKa-
3UTOM, T€MAaTHUTOM, FaJIEHITOM Ta iHIII, 10 Oe3moce-
PENHBO BiOOpa3WThCS HA XIMIYHOMY CKJaJli IPYyH-
TOTBIPHUX MOPiJ Ta I'pyHTiB. CaMe TOMYy Ba)KJIMBUM
€ BU3HAYCHHS (DOHOBOTO BMICTY XIMIYHHX E€JIEMEH-
TiB y TpyHTaX, IO CTaHE OCHOBOIO JIJIsSi BCTAHOBJICH-
HS PYIHUX JTUISTHOK, a B Pa3i 3a0pyIHEHHS TepUTOpii
— TIEI0 «KPAIKOIO BiIPaxXyHKY», Ha sIKy Tpeba cIu-
parucs Mpu BU3HAYEHHI E€KOJIOTO-TEOXIMIYHOTO CTa-
HY TEPHUTOPIi TIPCHKUX MAaCHBIB OYKOBUX IPAIICiB.

MeTor0 podoTH € Bu3HaueHHS (HOHOBOTO BAJIO-
BOro BMicTy ximiunux ejementis (Mn, Ni, Co, Ti, V,
Cr, Mo, W, Zr, Hf, Rb, Ta, Cu, Pb, Ag, Sb, Bi, Zn,
Cd, Sn, Ge , Ga, Be, Sc, Ce, La, Y, Yb, Th, As, Ba,
Li, P) Ta ocHoBHUX pyxomux (opm metanis — Cu,
Pb, Zn y rpyHTax nicoBUX eKOCHUCTEM OYKOBHX IIpa-
miciB. Mapmopocbkoro MacuBy Ykpaincekux Kap-
[1aT; BH3HAYCHHS OIOr€OXIMIYHHUX OCOOIMBOCTEMH
KOHIICHTpAIii XIMIYHMX €JIEMEHTIB POCIUHHICTIO
(omanx Oyky, 3BipoOiid, mepeBii, Oinuii rpub), moE
CTaHE OCHOBOIO JIITO- 1 6i0reoxiMiyHUX MOLIYKIB Ta
MOHITOPHHTOBHX JIOCIIIKCHb.

AHadi3 ocTaHHiX AOCHiTKeHb 1 myOsaikamiii.
VBara GUIBLIOCTI TOCTIAHUKIB CTOCYETHCSI BUBYCHHS
3aKOHOMIPHOCTI PO3MOIITY XIMIYHUX €JIEMEHTIB B

TEXHOTEHHO 3a0pyINHEHHX TPYHTaX — TEPHUTOPIl 3
aHOMAQJIBHO BHCOKMMH KOHIIEHTpPAITIIMHA XIMITHUX
eJeMeHTIB. B Takux MOCHiIKEHHSAX KIIIOYOBHM MO-
MEHTOM € BiJiIIICHHS] aHTPOTIOTCHHOT CKJIaI0BOT BijI
(hOHOBHUX 3HAYCHB.

OCHOBOIO TEOXIMIYHHUX OCOOIMBOCTEH MPUPO-
HUX 1 TEXHOT€HHHX T€OXIMIYHUX aHOMaJiil € BH-
BYCHHS PO3MOAUTY XIMIYHHX EJIEMEHTIB B PI3HHX
MIPUPOTHUX CEepeloBUINAx. YKpaiHchki Kapmarm €
OJJHMM 3 HaWOUTBII MEPCIEKTUBHUX PYIHHX PETio-
HiB, PO IO CBiAYaTh PE3yNbTaTH METAJIOTeHIYHOTO
BHBUYEHHS TepuTopii. OCTaHHIM YacoM IJIs TOIIYKiB
PYIHHX POIOBHII B 3aKPUTHX palioHaX Bce Oliblie
3aCTOCOBYIOTBCSl T€OXIMIUHI METOIU IMOIIYKiB 3a
BTOPUHHAMH OPEOaMH 1 TTOTOKaMU PO3CIFOBaHHS —
B.A. Anekceenko (1989), O.B. Jlykames (2010), Ta
iH. JlocBia 3acToCyBaHHS I'€OXiMIYHHX TOIIYKIB 3a
BTOPUHHHMH OpEOJaMH PO3CIFOBaHHS Ha TEPUTOPIii
Kapmar oomexenwnii. B.B. Ilomikapmoukia ta O.I1.
ConoBoB Ta iH. [§] 3amponoOHYyBajIH 3aCTOCOBYBaTH
MareMaTudHi Mozeni (opMyBaHHS BTOPUHHHX Ope-
OJTIB IIJIS PI3HUX THIIIB CXHJILHOTO 3CYBY. 3a IPHITY-
HICHHAMH — JC(IIIOKLIAHI OpEeoid MarTh BHUIVIA
mrapiB, sSKi BUTSTHYTI Bl BUXOLY PYOHHX TiJl Ha
JIEHHY TTOBEPXHIO N0 MIAHIKXKS CXWITYy; TTUOWHA 3a-
JSITaHHSI OPEoJly B OCAaJOBUX IOPOJax 3aJIeKUTh Bix
MOJIOKEHHSI PYIHOTO Tila Ha CXWIi; KOH]Iirypamis
HIapiB pUXJIMX YTBOPEHb MOKE OyTH BH3HAYCHA Ha
OCHOBI piBHSHHS OanaHCy iX BUTBHOTO PYXYy.

Bupimanshe 3HaueHHs npu QOpMyBaHHI BTO-
PUHHUX JIITOXIMIYHUX OPEOJIiB MalOTh T€OXIMiuHi i
MIHEPAJIOTiYHI OCOOIUBOCTI PyH, BMICHHX TODiJ i
MIEPBUHHUX OPEOIIiB, 110 OOYMOBIIOIOTH ACOIIiaIlif0
NpsSIMUX 1 HEMIPSIMUX eJIeMEeHTiB-iHAuKaTopiB. [loBe-
JIiHKa XIMIYHUX €JIEMEHTIB Y 30Hi TillepreHe3y Moxe
OyTH iCTOTHO BiJIMIHHOIO, 2 YMOBH, SIKi CIIPHSIOTPH
MOCHJICHHIO MIrpaIliiHOl 31aTHOCTI OJHUX EJIeMECH-
TiB, MOKYTh 3HaYHO 3MEHIIIMTHU 3IaTHICTh JIO Mirpa-
mii iHmmx. Posmomin MikpoeneMeHTiB y TIpyHTax
Kapmnar Busuanu H.K. Kpyncekuii, 10.4. Cymmmx [2]
1 0araTo 1HIIKX.

[Tlicns mporo mepiogy MeTaNBHUX AOCHTIIKEHb
IOI0 TEOXIMIYHOTO CKJIaMy IPYHTIB, POCIHHHOCTI
HE MPOBOJMIIUCA. 3a JIiTepaTypHUMH JIaHUMH, iCHY-
I0Th JIMIIE JaHi Mpo y3arajipHIOUuil  ((poHOBHIT)
BMICT, AKM{ HaBEeJCHUH U Pi3HUX THIIB IPYHTIB
[3], a HaibinbIm MOBHA OLliHKAa (OHOBOTO BMICTY
XIMIYHHMX €JIEMEHTIB y IPyHTaX HaBeJleHa B paMKax
MmixkHaponHoro npoekty GEMAS [4]. Opnak, piu
fje JIMIIe PO CEPeaHIN BaJIOBHH BMICT XIMIYHHX
€JIEMEHTIB y Pi3HHUX THIIaX IPYHTIB, 0e3 XapakTepu-
CTHKH MIHEPaJbHOTO CKJIaly I'PYHTIB Ta NPHB’A3KU
JI0 KOHKPETHO1 MicIleBoCTi. | came ToMy, i 1aHi He-
MOXIIUBO BUKOPHCTOBYBATH, SIK €TAJOHHI 3 TIOINIY-
KOBOIO YU €KOJIOTIYHOIO METOIO.

B pesynbrari KOMIJIEKCHOTO JTOCIIIKEHHS Teo-
xiMiuHOi ckiramoBoi Teputopii Kb3 Hamu omy0iiko-
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BaHiI MoHOTpadis [S], Ae TpeaCcTaBIeHO Pe3ylIbTaTH
BHBUCHHS 3aKOHOMIPHOCTEH pPO3MOALTY XIMIYHHUX
CJIEMEHTIB Ta IX pyxoMux GopM B 00’€KTax OBKiJI-
7Sl — IpyHTax, MiA3EMHUX Ta MOBEPXHEBHX BOJAAX,
POCIMHHOCTI, TpHOax Ta aTMOC(EPHHUX oOmagax Ta
TOCITIKEHHS [6], Ie HaTaHO pe3yibTaTH JIITOXiMid-
HUX, TIAPOXIMIYHHX Ta 010T€OXIMIYHUX JOCITIIKCHb
JMILIE Ha JIOKAJbHUX AUIHKAaX B Mexax Mapmapo-
cekoro, Kysii-Tpubymancekoro (Kysidicskoro), Ho-
pHOTipCchKkOT0, CBHUIOBEIIBKOTO 3aII0BITHUX MAaCHBIB
Ta BCTaHOBJICHO T'€OXIMiuHI OCOOIMBOCTI PyIHUX Ta
TEXHOTEHHUX aHOMaIil y NPUPOAHUX KOMIUIEKCAX
(rpyHTax, Bomax, pociMHAaX) Ha Pi3HUX oporpadiu-
HUX PiBHAX NPUpOIHMX NanamadTis. Ix mogambiie
JOCTIIKEHHSI MOXKYTh CTaTH OCHOBOIO 0araroIiibo-
BOTO TEOXIMIYHOTO KapTyBaHHS 3 BH3HAUYCHHSIM
aHOMAaJTIi XIMIYHUX €JICMEHTIB, MOB’SI3aHHUX 3 PYyIO-
MPOSIBAMH TIONIMETAiB YA 30HAMH EKOJOTiYHOTO
PU3HKY.

Ha choromHi Ba)KJIMBUM € THTaHHS BCTAHOB-
JieHHs1 (POHOBOTO BMICTY XIMIYHHMX €JIEMEHTIB y Me-
KaxX HEJOTOPKAHMX TEepHUTOpid (OyKOBHX TIPaIIicCiB)
MapmapocbKoro MacuBy, 1[0 MOXKE CTaTH OCHOBOIO
TeOXiMIYHUX METOJIB TOUIYKY MOJIMETAIYHUX PY-
JIONIPOSIBIB UM BH3HAYEHHS CTYNEHIO TEXHOTCHHOTO
HaBaHTAXXCHHS.

Marepiaiau Ta MeTogu. Marepianom Jyist 1oc-
JipKeHb Oynu mpoOW TOBEpXHEBUX BiIKIamiB (Tpy-
HTIiB) 1 pOCIMHHOCTI — omaj (cyXi Juctsa Oyka), of-
HOpI4HI TpaBu — 3Bipodill (Hypericum L.) i nepeBiit
(Achillea millefolium) Ta Oimi tpudbu (Boletus
edulis), SKi aBTOpW CTaTTi BiiOpany 3a Tmepiox Ju-
neHb-Bepecenb 2019 poky Ha 7 momiroHax Mapwma-
POCBKOTO Ta 4acTKOBO YOPHOTIpPCHKOTO MAcHBIB YK-
paincbkux Kapmar.

HocmimkenHss Oyllo MpOBEAEHO HA TEPUTOPIi
Yopuoripewkoro, Kysziii-TpuOymnrancskoro ta Map-
Mapochkoro 3anoBigaux macusiB Kb3: YopHoripch-
kuii MacuB — ypounine Keenis; Kysiii-TpuOymran-
ChbKMII MaccuB — mapk bypkyt, ypouwme ITimmin,
ropa ®irypa, ninsaka dopens; MapMapocbkuii Ma-
cuB — noTik binuii, ypouuniue Orpaba.

Ha pi3Hux Bucorax Oyno BigiOpaHo mpoOu rpy-
HTY 1 pOCIUHHMN onaj (CyxXi JIUCTS OyKy, 10 He Oy-
JIY TIiJYIaHi po3KiaianHio). Bekoro BiniOpaHo Onwm-
36K0 30 mpob IpyHTY 3 KOXKHOT AUISHKH (Bchoro 210
mpo0), i Taka K KUIbKicTh 1po0 omaxy. Ha missHii
ropa ®dirypa Binibpani npobu Oinmoro rpuda (12),
3Bipo6oto (30) i mepesito (32).

Jlimoximiune onpobysanns. Bindip npo0 mose-
PXHEBUX BIJIKJIAJiB (IPYHTIB) BUKOHYBJIUCH 3 1H]U-
KaTOpPHOTO TOPH30HTY 32 OJHAKOBOIO METOIMKOIO:
npodu BigOMpaCh 13 BEPXHBOIO LIApy SCM METO-
JIOM ,,KOHBEPTY” 13 CTOpOHOIO KBajpary 10 M, 3 mo-
JAJIBIIAM 00’ €THAHHSIM I1’SITH TOYKOBHX TPOO B Of1-
Hy, 3arajpbHor0 Barow 1,5-2,0 kr. BimiOpani npo6u
BUCYIIYBJIUCh 10 TIOBITPSHO-CYXOT'O CTaHy, PO3TH-

pajucsl Ta TPOCIIOBAIMCH Ha KallPOHOBOMY CHTI 3
pO3MIpOM OTBOpIB 2 MM, TOTIM KBapTyBaJIHCh Ta
PO3IUISIINCH HA Ta00PaTOPHi HABAXKKH 1 AyONiKaTH.

KinpkicHuii BanoBuid XiMIYHUH aHATi3 IPYHTIB 1
30JIM POCIIMH BUKOHYBaH Ha criekrporpadi Caryps-
3 3 TpadiTOBOIO MIYUIO B XIMIKO-aHATITHIYHOMY II€H-
Tpi IHCTHTYTY reoximii, MiHepaJorii Ta pynoyTBO-
peuns iMm. M.II. Cemenenxka HAH VYkpainu (anai-
Tk — B.I. Komomiens, O.A. XKyk). UymnusicTh
aHaumi3iB ;s pisHux enementis — Big 0,01 mMxr/om*
10 0,0001 Mxr/mm?>.

Hna BuzHauenHs pyxomux (opm Cu, Pb, Zn
3pasku MiAIsITanyd TMomepeHii oOpoOli 3 MeToro
NepeBeIcHHs €JIEMEHTIB, 10 BU3HAYAIOTHCS, Y PO3-
yuH. CTaHAapTHI PO3YMHH TOTYBAIN 32 METOIUKOIO
[.O. Cromsposa, abo NUISIXOM IIOCIIJOBHOTO JIeCs-
TUKPAaTHOTO PO3BEACHHS TUCTUIHOBAHOI BOJOIO
CTaHJAPTHOTO PO3YMHY KOHLEHTpamii 1 Momb/cm®,
HaBaxxky rpynTy (3 T), 3a3manerias NpocisHy i Bif-
KBapTOBaHy, NOMIIIANKM y cTakaH MicTkicTio 200
o, samuBanu 30 cv® 1u HC, cTpymryBanu npots-
roMm 10 xBunuH Ha cTpymryBadi «Water bath shaker
type 357». BindinsTpoByBanu po3uuH uepe3 GiabTp
«Oina cTpiuka», B OTpUMaHoMy (ifbTpati 3amipsuin
ONTUYHY TYCTHHY PO3YMHY Ha aTOMHO-a0COpOIiii-
HoMmy crnektpodoromerpi KAC 15M (anamituknm —
B.I. Konowmiers, O.A. XKyk). 3rigHo 3 kaaiOpyBaib-
HUM TpadikoM, MoOyJOBaHUM 3a CTAaHIAPTHUMH
pO3YMHAMU, BU3HAYAIH KOHIICHTPAIIIF0 METaiB.

Hns BuzHaueHHst pH 3 orpumaHoro ¢inerpary
BigOupanu amikeory 10 cm® i ma iomomipi EB-74
(cucrema cxstamid enektpon EBJI 1M 3,1 y mapi 3
XJIOp-apreHTyM eneKTpojoM mopiBHsHHS EBJI 1M
5,1) Busnavanu pH. J{nst Buznauenns Eh 3 orpuma-
Horo (ineTpary BimOupanack aniksora 10 cm® i Ha
ioHoMipi EB-74 (enmextpon mnatmnHoBuii EIIB — 1,
enektpon nopieasaass EBJI M 1,5) Busnauascs Eh
(EPC). OOcsr KOHTPOJBHUX BHMIpiB CTaHOBHUTH 10
% BIJ 3araJibHOI KUJIBKOCTI BU3HAYEHDh KOYKHOIO I1a-
pamerpy.

biozeoximiune onpobysanns. I'0OBHUMH, Hali-
OLITBIN MTOMIMPEHUMH ISl TEPUTOPIii 00’€KTaMU BU-
MpoOYBaHHS POCIUHHOCTI Oynu omajn (Cyxi JUCTS
OyKy), TpaBu — 3BipoOiii Ta JepeBiil Ta Ouli TpUOH.
Kpurepisimu BuOopy 3ragaHux ¢iTooO’€KTiB uis
reoxiMiqyHOro BHUNpoOyBaHHA Oyna iX TOBCIOAHA
MPUCYTHICTD B MYHKTaX KOMILIEKCHOTO T'€0XiMI4HO-
ro onpoOyBaHHs (ITPOOH POCTUHHOCTI BIAOHPATUCH
B IYHKTaxX ONpOOyBaHHS MOBEPXHEBUX BiJKIAIIB).
[To MOXITMBOCTI, POOH POCITHH BiIOMPATUCH METO-
JIOM ,,KOHBEpTY” 13 CTOpOHOIO KBazpary 10 M, 3 mo-
JAIBIIAM 00 ’€IHAHHAM II'ITH TOYKOBHX Ipo0 B
oIHy, 3aranbHoo Baroto 0,5-1,0 kr. BixiGpani npo-
OM BHCYIIYBQIUCH JIO TIOBITPSHO-CYXOT'O CTaHy Ta
cnonensuiuck y Mydenbaux mevax (y ¢apdopoBux
TUTJISIX) TIPY BUIBHOMY JOCTYII KHCHIO i TeMmepa-
Typi 400°C. OTpuMaHuii MOMIA PO3TUPABCS y dap-
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(hopoBiii CTYIII Ta TIEPECUTIABCS B IMAIIEPOBI MAKETH,
SIK1 37JaBaJIMCh B JTAOOPATOPIIO IS aHATITHIHHX JI0-
CIIIKEHB.

Ananimuuni docnioscenns. HopMmyrouum moka-
3HUKOM IS JIOKQJIbHUX OUITHOK € (POHOBHH BMICT
eJIeMeHTa, KUl OyB pOo3paxoBaHU Ha OCHOBI MeIi-
AQHHUX 3HAYCHb.

PozpaxyHok ¢opm icayBanus MetainiB Cu, Pb, Zn
npy pizHEX pH y IPYHTOBHX pPO3YMHIB BHKOHAHO 3a
nporpamoro PHREEQC (Mirpartist e1eMeHTiB, BpaXxoBye
BCi BiporiHi (opMH i BCi KOHKYPYIOUi peaxilii, 10 BiJl-
OyBarOTBCSl B CHCTEMI) 3 BHKOPHICTAHHSIM METOMIB Tep-
MOJMHAMIYHOTO aHali3y 1 MareMaTHyHOTO MOJIENIO-
BaHHA [7]. [Ins1 criiBCTaBIeHHS pe3yIbTaTiB B TEPMOIN-
HAMUIIl BUKOPHCTOBYIOTh CTAHAAPTHUN CTaH, Mif SIKUM
PO3YMIIOTH TTapaMETPH 1 CTAHN PEYOBHH IPH iX aKTHB-
HOCTsIX, piBHUX omuuwmii, P = 0,1 MIla i T = 25° C.
Krnacuuna ¢i3uko-xiMiuHa TepMOOUMHAMIKA MAae
CIIpaBy 3 PIBHOBAKHHUMH, OOOPOTHHUMH i 1301HOBaA-
HUMU cucTeMaMu. Di3MKo-XiMiUHI PO3paxyHKH, 3a-
CHOBaHI Ha METOJaX PiBHOBAXKHOI TEPMOIWHAMIKH,
MarOTh POJIb OPIEHTHPY MPH TOCTIKEHHAX. Pe3yib-
TaTH pO3paxyHKiB, 3aCHOBAHUX Ha TAKHX METOJaX B
reoximii MOXXyTh OyTH BHKOPHCTaHi JJisi IPOTHO3Y-
BaHHS BipOT1IHOCTI IPOLIECIB 1 SBUII.

PoszpaxyHok koediuienty pyxomocti (Kp, %)
mpoBoauBcs 3a Gpopmyior: Kp = Cpg/Ces100%, 1e
Cpp — BMICT pyxoMoi (GOpMH MeTaliB y IpyHTax
(mr/kr), Cys - BMICT BaJIOBOI (DOPMH METANIB Y IPYH-
tax (mr/kr) [8].

[Tpu mocmimKeHHI pOCTMHHOCTI OyJI0 BUKOpPHC-
TaHO TaKWH MOKA3HUK, SIK KOe(ilieHT 010JIOTiYHOTO
rnormuHaHHSA (Ax) [8]. IHTEHCHBHICTH TOTIMHAHHS
XapaKTEePU3YEThCS BITHOLICHHSIM BMICTY €JIEMEHTA B
30J1i POCIIMH JI0 HOTO BMICTY y IpYHTI (TipChKii mo-
pomi). A = l/ny, ne Iy — BMICT enemeHTa B 30111 poc-
JUH, Nx — B IPYHTI, Ha SKOMY POCTE I POCJIHHA.
CrarucTYHUN aHai3 OTPHUMAaHHUX JIAHUX BHUKOHY-
BaJIM 3a Iporpamoro Statistica 10.

XapakTepucTHKA AiJSIHOK AOCTiTxKeHb. J[ms
JOCIII/DKEHHST OOpaHO IICTh TMOJITOHIB (AUISHOK
OyKOBHX TpaliciB) B Mexax MapMapoChbKOro Macu-
By Ta ofHa — B Mexkax YopHoripchkoro macusy. Lle
OXOpOHHI 3arnoBinHI Teputopii Kapmarcekoro Gioc-
(deproro 3amoBignuka (Kb3): Mapmapocbkuii Ma-
cuB (Kysiit-TpuOymancekn Ta MapMapochkuil 3a
noainioM KB3) Ta YopHoripchkuii macuB (3a Imoji-
snom KB3). HopHoripcbkuit Maccus: ypouuine Kese-
niB; Kysiit-TpuOymancekuid MaccuB: mapk BypkyT
(8 momanemomy — n.Bypkyr), ypouume ITigmin (B
nopansiiomy — yp. [ligin), ropa ®irypa (B mona-
neiioMmy — r.®irypa), ninsaka Dopenb (B moaaib-
momy — A. Popens); MapMapocbKuii MaccuB: MOTIK
Binuii (B momanbimomy — m.biuit), ypounie Orpaba
(B moganmpimomy — yp. Orpaba). [Ins HaouHOCTI Ta
XapaKTepUCTUKH TEPUTOpii PoOIT HagaHO CcXemy

po3TantyBaHHs AUISHOK JOCTIIKEHb Ta TEKTOHIUYHY
cxemy (puc. 1).

Jly1s BU3HAUEHHS MPOIIECiB Mirparlii i KOHIICHT-
pauii XiMiYHHX €JIeMEHTIB y IpyHTax OyKOBHX Ipa-
JCIB BaXJIMBHM TIOKa3HUKOM € XapaKTEPHCTHKA
IPYHTOTBIpHHX TIOpiA 1 came TpyHTIiB. [ Hao9HOC-
Ti CKJIaJeHO TaOIUIIIO, SIKA B 3arajbHUX pHCax Xapa-
KTepH3y€e MIISTHKU TOCHTIHKeHb (Tad. 1).

Bci gurstHKA DOCITiKEHb 3HAXOMSITHCS Yy HHU3b-
Koripuomy BucoTHoMy mosci (400-800m), oxpim
ninsHky — . @irypa (1070 M H.p.M), 1m0 € cepel-
HBOTIPCHKMM BHCOTHHMM MOICOM. IpyHTH c1abo au-
(epeH1IiioOBaHI Ha TEHETHYHI TOPU30HTH, BMICT Op-
raniuHoi peuoBunn 3—12% [9]. V cknaai opraniuHol
PEUOBHHM [IE€PEBAXKAIOTH (PYITHBOKUCIIOTH.

Yoproeipcokuil macus Kb3. Ypounime Kesenis
3HAXOAMTHCS Y MiBACHHO-CXiAHIH YaCTHHI MacHUBY, y
MiBICHHO-3aXiqHOMY MigHDKKI Topu Kakapasa
(1558 M), Ha mpaBomMy Oepesi motoky KesemiB (cxun
30°, 780 M H.p.M.). 3a TEKTOHIYHUM MOaIIOM — JIyK-
JSHCBKUK TOKpUB (puc. 10): ¢uimoBa 30Ha, sKa
NpEACTaBlIeHa MIIIAHO-IIMHUCTUMH  BiKIagaMu
HWKHBOI KPEHIY, 10 BUAUISIOTHCS TEMHUM 3a0apB-
JICHHSIM, TIOMITHOIO OKPEMHIJIICTIO 1 aOCONIOTHOIO
HekapOoHarHicTIO [9]. IlepeBaxaroTh CBITIO-Oypi
micoBi, cyrmuauCTI IpyHTH (pH 5).

Kyziu-Tpubywancoxuii macue Kb3. Tlapk Byp-
KyT pO3TallOBaHWi Yy MiBHIYHIA YacTHHI MacuBy, Ha
MiBHIYHO cximHOMY cxwii ropu Kamins (1149 M), Ha
npaBomMy Oepe3i moroky Bypkyr (800-900 M Bif
HEHTpaJIbHOI YacTHHU M. PaxiB Ta aBTogoporu My-
KadeBo-PoratuH), y BepXHili 4acTHHI JiCOMAapKOBOI
MoJIsTHU Ha BHUCOTi 550 M H.p.M. [ pyHTOTBipHI TIOpO-
JIM TIpE/ICTABIICH] ITICKOBUKAMH, apriliTaMH Ta aJieB-
pomitamu. [lepeBakaroTs CBITIIO-Oypi JIiCOBI, TimIa-
Ho-cyrmunucTi (pH 4,7).

VYpouume [ligmin, r®irypa, ninsaka dopenb
3HaxXoAsThesl B Mexax Kysiit-TpuOyrrancbkoro ma-
cuBy KB3, 3a TexkToHIUHUM noaiioM — MapMapoch-
kuii Macus (puc. 16). IpyHTOTBipHI mopoxu — Kap-
OoHaTHi (BamHsKH, TOJIOMITH, MapMypH). Yp. [Timmin
3HAXOMIUTHCS y CXiJHIM YacTHHI cxwiry ropu Paxis-
ceka (1159 M), Ha BucoTi 540 M H.p.M., Y BEepXHii
YaCTHHI JICHIPONapKy NeHTpainbHoi canudu Kb3, Ha
Bigcrani 200-230 M 3axinmHimnie Bix mpaBoro Oepera
piukn Tuca ta aBromoporm MykaueBo — Porarun.
[NepeBaxkaroTh CBITIO-0ypi JICOBI, CYIilIaHi IPYHTH
(pH 5,7).

Hinsuka r. dirypa po3ranioBaHa Ha CXiIHOMY
cxumi ropu @irypa (1409 m), y 7,5 kM Ha niBIeHHHAN
3axij Big M. Paxie, Ha Bucoti 1070 M H.p.M. (Ha Ji-
COBili MpPHMBEPLIMHHINA MONsHI miomen 2,5-3 ra).
[pyHTH - TeMHO Oypi Jicosi, cyruuucti (pH 7).

Hinstaka ®opeb (un notik JIuxwuii) po3miiieHa
Ha IMIBACHHO-3aXigHOMY cxwii ropd JlucuHa
(1409m), Ha niBomy Oepe3i notoky Jluxwuii (3,54 kM
Ha MBACHHUH 3axix Bix meHTpy ¢. KocTuiiBka Ta y

-54 -



BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

Y o,m-!\oaipcaﬁuﬁ
macus-~ _
-

Puc. 1. Cxema po3ranryBaHHs JUISTHOK AOCTIKeHb (2): [ — rpaHuti 3amoBigaux MacusiB Kb3, 2 — ninsakn
TOCITiMKeHb Ta iX HoMepH: 1 — yp. Kesenis, 2 — . BypkyT, 3 — yp. [lignin, 4 — r.dirypa, 5 — a1. ®opens, 6 —
n. binuii, 7 — yp. Orpaba, 3 — piku, 4 — rpanuns Ykpainu; (0) TEKTOHIYHA cXeMa [Te0JIoTiuHa KapTa J04eTBe-

pruaHEX yTBOopeHb (Kapmnarcrka cepis) M-35-XXXI (Hangipna), L-35-1, 2009p.]: BayTpimsi Kapnaru,
Mapmapocekuii MacuB (1— MoHacTHpChKUN TTOKPUB, 2 — JiTOBEIbKUI TOKPHB, 3 — BiJOMOTOIBKHI
nokpuB); 3oBHiHI Kapnaru (4 — Kam’sHomoTonskuii mokpus, 5 — PaxiBcekuil mokpus, 6 — [Topkynenskuit
NOKpUB, 7 — JlyKISTHCbKHI MIOKPHB) (IIISTHKY Ta IX HOMEPH 3T1IHO pHc. 1a)

Tabnuys 1
XapaxTepucTuka JISTHOK JIOCHiPKeHb
Homep
Ha Hazpa Bucora TexroHIYHUI [pynToTBipHi
. . Macwus Kb3 . Tun rpyaty (pH)
cxemi TUIISTHKA (H p.M, M) O TIOPOJIH
(puc. 1)
1 yp. Kesenie | 780 YopHoripchkuit JlyKsHChRHi CBITH0_6yp1 Teont
MTOKPHB cyrmuaucti (pH 5) .
. ————— IlickoBuKwu,
. . Csiti0-0ypi JTiCOBI, .
PaxiBcbkuii . .| apriniti
2 n.BypkyT 530 MACHE MIAHO-CYIJIMHUCTIL
(pH 4,7)
3 yp. [liyrin 540 Kysiii- CBI?HO-qypl TCosl,
cymimasi (pH 5,7) .
TpuOymancs- ————| KapOonarni
4 r. @irypa 1070 KAH Tewo bypi nicos, mopoau (z1o-
) cyrmunucti (pH 7) )
. ~————— JIOMITH, Barl-
M CBiTi10-0ypi J1icoBi, 1K)
5 1. dopenb 530 apMapoch- cyrmunucti (pH
KU MacuB
6,3)
Csitno-0ypi micosi, | Kpucramiuni
6 1. bt 465 M . CYIIIIaHO- Opon
apMapochKi cymmnucti (pH4) | (rpanito-
7 yp. Orpaba 590 Tex came (pH 3,8) | rueiicn)
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800900 m Bim aBTOmoporu «MykaueBo — Pora-
THH»), YBepX 10 MOTOKy Jluxmit Ha BHCcOTI 530 M
u.p.M. Ipyaru — cBitno-6ypi Jsicosi, cyrmuHucTi
(pH 6,3).

Hinsaxm — notik binwit Ta ypounme Orpaba
BimHeceHi 70 Mapmapocekoro macuBy Kb3, 3a Tek-
TOHIYHHM TOAIJIOM Iie TeK MapMapoCbKHil MacuB.
[pYHTOTBIPHMMH MOPOAAMH € KPHUCTATi4Hi MOPOIH
— TpaHITO-THEWCOBHHA KOMIUIEKC. bypi Tipchko-
micosi 1pyHTH (11.binuii, yp. Orpaba) BigzHauaroThes
BHUCOKHM BMICTOM MEpETHO0, BMicT #oro csarae 10-
15% [10]. T'ipcbki mopoam, Ha SKUX (OPMYIOTHCA
IPyHTH, AyXe OifHI Ha crnomyku Kanpwito. Lle 3ymo-
BJIIOE 1X HU3bKE HACHUYCHHS KaTiOHAMHU IBOBAJICHT-
HHX MeTaliB i BHCOKY KHcioTHICTE (pH 3,8-4).
[pyHTH CHJILHOKAMSHHUCTI, y NEPEBAXKHIN OLIBLIIOCTI
CepeTHBOCYTIIMHUCTI 13 JOOPOI0 BOJOMPOHUKHOIO Ta
MOBITPATIPOHUKHOIO 3/IaTHICTIO. B yMoBax Temmoro
KIIIMaTy BiIOYyBa€eThCA iX MIBHAKE PO3KIATAHHS, Mi-
Hepai3alis 1 BHIYTOBYBaHHS OPraHiYHHMX 3ajIHIl-
KiB, IO CIpPHUSE PO3BHTKY OKHCIIOBAILHUX YMOB.
Mapamopom — €IuHa CKJIAJ0Ba 4acTHHA OYKOBHX
mpajiciB Ha MeTamop(iYHHX TIOpojAax, 3aBISKU
KM copMyBaBcsi OCOOJIHMBUN TPYHTOBHI Ta PocC-
nuHHAA TOKpuB [9]. TyT 3pocTatoTs BUCOKOIIPOIY-
KTHBHI SUTUIIEBO-OyKoBi mpaiicu. s nminsaka 0e3-
MOCEPETHBO MEXKYE 3 PYMYHCHKUM TPHPOJHHUM Ta-
pxom ['opu Mapamopomusy, siKi pa3oM YTBOPIOIOTh
€IMHY TIPUPOAHY Teputopito. Jinsaku m.bimmii 1 yp.
Orpaba BimHeceHi 1o Mapmopocbkoro macuBy KB3.

Hinstaka . binnii 3HaX0qUThCs Ha MpaBoMy Oe-
pe3i motoky binmuit (yBepx MO MOTOKY, HAa BHCOTI
465m H.p.M.), y 70—80 M Bix IpyHTOBOI JOpPOTH Ha
MIBJCHHMUX CXWJIax xpeOTa Mawneni, Ha BifcTaHi 2,8
KM Bix neHTpy cena Minose. Kpyruszna cxuny y mi-
TSHII Bindopy npod — 30°, eKCIIO3UIIisl CXUITY — ITiB-
nenHa. Ipyaru — cBimio-Oypi JicoBi, cymimano-
cyruaucti (pH 4).

VYpouuie Orpada 3HaXOOUTHCS Ha JiBoMy Oe-
pesi moroky binuit (yBepx mo Tedii JiBOT MPUTOKH
piuku Tuca — nmoroky binuit Ha Bucoti 590 M H.p.M),
y 100-120 M Big rpyHTOBOi JOpOTH, Ha TMiBHIYHUX
cxunax ropu [Ipucmomn (1281 M) Ta Ha Biacrani 5,5—
6 kM Bin neHrpy cena JlizoBe. KpytusHa cxuny y
ninsHOi Bindopy mpod — 30°, eKcrno3uLis CXuiny —
miBHIYHA. Y MiBAEHHOMY HampsMKy Ha BifcTaHi 2,5
KM BiJl MicIlsl BiIOOpY MPOO MPOXOIUTH JIepiKaBHUH
KOpIoH 3 Pymynicro. IpyHtr - cBiTIIo-Oypi micosi,
cymimano-cyrmuaucTi (pH 3,8).

Bci rpyHTH BijHECEHI JI0 OAHOTO THUIY — Oypi
ripceKo-icoBi IpyHTH (Oypo3emm). MiHepanoriy-
HUH CKJIaJ TPYHTIB 3aJISKUTh BiJl IPYHTOYTBOPIOIO-
yux ripcbkux mnopia. Tak, MiHepanoriyHui ckiaan
IPYHTIB AUISHOK — 1. Binuii ta yp. Orpaba npencra-
BJICHWUH KBapIlOM, MOJHOBUMH IITATaMH, O10THTOM,
Ta MYCKOBHUTOM, B HE3HA4yHIi KiJBKOCTI 3ycTpiua-
€TBCSI TPAHAT, CTABPOJIT, AICTCH, TYpPMaJliH, IO Xa-

pPaKTepHO M MiACTEIIOI0YNX THEHCOBO-CIAHIIEBIX
mopix [1, 2, 9]. Ha minsHkax, 1e mMOpomoyTBOPIOIO-
YUMH TOPOAaMU € CIFOUCTO-KapOOHATHI CIIaHII
(yp. Hignin, ©. ®irypa, a. Gopensb) y MiHEpaTbHOMY
CKJIa/li TPYHTIB NMPUIMAIOTh Y9acTh — KaJIbIUT, JO-
JIOMIT, KBapIl, TUIAariOK/Ia3, CUPIIUT, XJIOPHUT, O10THT,
a TaKOX amnaruT, TITAaHUT.

BukJsiax ocHOBHOTo MaTepiajy A0CJTiIKeHH.
[TepmmmM ertamoM Hamwx JOCIiHKEHL OYJIO BH3HA-
YEHHS! BaJIOBOTO XIMIYHOTO CKJIaAy IPYHTIB OYKOBHX
MpaJticiB 00paHMUX IUISHOK. 3 Ii€I0 METOK Y KOHT-
poibHEX TIpobax 3a mpodimeMm rpyHTIB (0—30CcM),
gyepe3 KOXKHI 5 CM NpoBeAeHO OmpoOyBaHHS, IO
MOKa3aJjio OJHOPITHICTE iX XIMiYHOTO ckiaay. Tomy,
MacoBUH MPpoOOBIAOip MPOBEICHO 3a TIUOMHOIO 5—
10cm. st Bu3HAYeHHS (DOHOBOT'O BMICTY XIMIUHHX
€JIEMEHTIB BaXXJIMBUM OyJi0 BigiOpatu mpobu 3 aeki-
JBKOX PIBHIB CXWIIB (1100 BUKITIOYUTH aHOMAIbHI
3HadeHHs). [IpoOu 1pyHTIB Oys0 BigiOpaHo ¢ 4OTH-
pPBOX BHCOTHHX PIiBHIB - 4epe3 KOXKHI 5M, M H.p.M:
yp. Kesenis —780, 785, 790, 795, n. bypkyt — 530,
535, 540, 545, yp. Iigmin — 540, 545, 550, 555,
n.®opens — 530, 535, 540, 545, n.binmuii — 465,
470, 475, 480, yp. Orpaba — 590, 595, 600, 605.
Jmst 3aranmeHOi ysiBM mMOOymoBaHO Tpadikd BMICTY
MetaniB (Cu, Pb, Zn) y rpyHTax Ha pi3HHUX BHCOT-
HUX piBHSX (puc. 2).

Posrnsparoun rpadiku, MOKHA IOMITHTH, 1O Y
rpyHTax 1. bypkyt i n. binuii po3mozin enemMeHTiB
piBHOMIpHUH, Toxmi sik yp. Orpaba, yp. KeseniB Ta
n.Dopenb XapaKkTepU3ylOThCS 3HAYHUMH KOJIMBAH-
HaMHu 3HaueHb Cu. Lle moB’s3aH0 3 HASBHICTIO 3MiH
penbedy — Ha OUTBIN MOJIOTUX MIISHKAX CIIocTepira-
€ThCS IMIJIBUIIICHHS TJIMHUCTOI CKJIaJIOBOI y IPyHTaX
1 BimOyBaeThCsl HalOibIIa KOHIEHTpamis wmimi (y
rimHax Cu cknanae 57 Mr/Kr, TOJI AK MICKOBUKAX y
JiecsITh pasiB MeHie — 5 Mr/kr [2, 11]).

Hanpuknan, y rpynrax yp. KeeeniB numie Ha
piBHI 790 M H.p.M. BMICT Miai 38MI/KT, TOIi AK Ha
iHmUx — Big 12Mr/kr go 15 Mr/kr, MeaiaHHe 3Ha-
yeHHS — 14 Mr/kr. Takum e YMHOM BCTAHOBJICHO
MeIiaHHl 3HAa4YeHHd 1 Ha 1HIMUX AUTIHKAaX. MeaiaHHi
3HA4YeHHsSI BMICTY XIMIYHHX €JIEMEHTIB 1 cTaimu oc-
HOBOIO  BHM3HAa4YCHHS  (OHOBUX  KOHIICHTpAIlii
(Tabm. 2).

Busnaueno, mo Bmict W, Hf, Ta, Ag, Sb, Cd,
Ge, Th, As HMKYE YyTIMBOCTI aHANII3Yy Ha BCIX Ji-
JSTHKax Jociiukens. [Ipu aHamizi (oHOBOTO BMiCTY
XIMIYHHX €JIEMEHTIB Yy IPYHTaxX, BHIUIEHO TPYIy
€JIEMEHTIB, BMICT SIKUX TMiJIBUINCHUA Ha JISTHKAX
(yp. Hignin, n.®opensb, r.dirypa), ne IpyHTOTBIp-
HUMH opojamu € kapoonarai — Co, Ni, V, Cu, Zn,
Pb, P, Mn, Ti. lle 00yMOBJI€HO aKyMyJIAIII€I0 METa-
JiB B KapOOHATHUX MOPOJIax 1 Ha KapOOHATHHX Teo-
XimMiuHMX Oap'epax, siki (GopMyrOThCS B TpyHTax.
Hacrymna rpyna enementiB Cr, Mo, Zr, Sn, Be. La,
Y, Yb, Ba, Li, xapakrepu3syeThcs ImiIBUIIEHUM BMi-
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Vp. Orpada

Puc. 2. I'padiku posmominy Cu, Pb, Zn y rpyHTax pi3HHX BUCOTHHX PIBHIB JOCIIKYEMHUX TITHOK

CTOM Y IpyHTax, e kapOoHatu BincyTHi (yp. Orpa-
0a, n.bumii, n.BypkyT, yp. Keenus). Bmict Ga, Ce
y BUBYa€MHUX IPyHTaX Maie OTHAKOBUH.
Tlowyxose 3HauenmHs: 2eoXimiuHux 00CRIONCEHD.
BusHaueHHs ()OHOBHX BaJlOBUX 3Ha4Y€Hb BaXIIMBO
JUISl TIPOBE/ICHHS 3arajlbHOr0 MOHITOPUHTY TEpHUTO-
piii, siki e He Oy/iu BHBYEHI BiIHOCHO I'eOXiMiduHO{
CKJIaJIOBOT, aJie JUIs TIONIYKOBHX IiJIed TepIIopsiIHe
3HAUCHHS MalOTh PyxXoMi (opMH XIMIYHUX eleMeH-
TiB. Lle Oyno nOBeneHO AOCIHIIKEHHAMH, MpOBele-
HUMH PaHIII Ha TepUTOPii pojoBuia 300Ta Caynsk
(nmpaBwmii Oepir p. Tuca, 6ins c. Jlinose), mo Oyno
Bigkputo y 1974p. npu nourykax KOpiHHOTO JxKepe-
J1a BTOPHHHOTO JIiTOXiMiuHOTO opeony 3omoTta (0,03—
0,1 r/T), BCTAaHOBJIEHOTO B IPYHTOBUX BIJKJIaJax Ha
amroBii p.Caynsak [1]. 3010TOOCHUMU € KBapIlOBi i

KBapII-KapOOHATH1 JKWJIH Ta MPOXKHUIIKOBI 30HU cepelt
BaIHAKOBO-CJIaHIeBUX mopia. [IponykruBHa BarmHs-
KOBO-ciaHleBa ToBa — 50—70M, pynni tina — 0,4—
6,8M; 3a TpoTsHKHICTIO — 70 320M, MO TaiHHIO —
260M, mubuHa 3amsaraHHs pygHux Tl 250—600M.
Pynna wmiHepaiizamisi mpencTaBieHa BHCOKONPOO-
HUM 30JI0TOM Ta cyabdinamu. CepeaHiii BMIiCT 30I10-
Ta B pyaHux Tinax — 5-10 r/t, cpibna — go 30 r/T;
BMICT cynb(DiJliB HE MMEPEBUIIlY€E MEPIIUX BiJICOTKIB.
[epeBaxkarouum MiHEpajIoOM cepel cyab]iniB pomo-
Bumia € mipotuH (FesSg), caneput (ZnS), ranenir
(PbS), miput (FeS»), mapkasut (FeS,), xanbkomiput
(CuFeS,), apcenonipur (FeAsS) i onsaxmi pyau, mo
MICTATBCS B 3HAKOBHX KinbkocTsx [13]. Bucokompo-
one 301010 (830-930) yTBOPIOE MIIACTUHKK HA Tpa-
HUISIX 3€PEH HEPYIHUX MiHEepaliB, MIKPOTPILIHHAX
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Tabauys 2
®oHOBUH (BaTOBHIT) BMICT €IEMEHTIB Y IpPyHTax (MI/KT) JiISHOK
Hasga ninsHox

) yp.Orpaba | n.binui ‘ n.bypkyT ‘ yp-Kesenus ‘ yp-Iimmin ‘ a.Dopenp ‘ r®irypa | Knapk

XiM. [ pyHTOTBipHI MOpoaH IPYHTIB
et rpaHiTo-THEHCH ‘ MICKOBUKHI | KapOOHaTHI OPOIU Caity
pH rpyHTiB [11]
3,8 4 4,7 5 5,7 6,3 7

Mn 600 700 800 750 750 800 1000 850,00
Ni 25 30 35 40 40 45 50 40,00
Co 4,5 4,5 4,5 5 8 10 9 8,00
Ti 1900 1800 2000 2500 2500 3250 3000 4600,00
\% 20 35 50 60 100 100 80 100,00
Cr 200 150 120 100 50 45 45 200,00
Mo 3,5 2 1 1 1 1 1 2,00
Zr 600 500 400 450 450 400 300 300,00
Rb 8 10 8 7 7 6 5 100,00
Cu 14 13 15 14 30 40 60 20,00
Pb 12 16 14 17 50 80 100 10,00
Zn 35 30 45 40 70 80 80 50,00
Sn 5 4 4 4 6 6,5 6,5 10,00
Ga 20 10 5 20 8 10 9 30,00
Be 8 9 7 6 6 3 4 6,00
Sc 10 12 10 8 6 6 5 7,00
La 45 40 40 40 30 20 30 40,00
Y 55 50 30 55 45 50 40 50,00
Yb 6 8 4 5 2,5 2,5 2 3,50
Ba 300 400 300 350 250 150 100 500,00
Li 30 30 20 20 15 10 10 30,00
P 600 600 500 500 350 300 300 800,00

B KBapIli, MiKpOBKIIFOUEHHS B MipoTuHI abo cdare-
pUTi, TOHKI BHJUICHHS IO CHAWHOCTI B TaJeHITi,
HEMPaBWIbHI BUIUICHHS y 3pOCTKaX CymabdimiB pis-
Horo ckianmy. Kpim cpibia, B caMOpOIHOMY 30JI0Ti
MIPUCYTHI — 3aJ1i30, CBUHEIb, aPCEH 1 PTYTh, & TAKOXK
MiZb 1 cypMa. Y 30HaX OKOJOPYZHHX 3MiH 3pocTae
BMmicT Cu, Zn, Pb, Ag, Au, As. 3Baxxarouu Ha Te, 1110
PYIU 3alsTal0Th HA 3HAYHIN [IMOMHI, TIOIIYKH MPO-
BOOWIM 32 COJLOBUMH OpEOJIaMH, OCOOJHUBICTIO
SKHX € MOYUIUBICTh YTBOPEHHS OPEOJIiB PO3CISIHHS
HE TIIBKK Y BIJIKJIAJax ENIOBIH-IEIIOBII0, aje 1 B
MEepeKpUBalounX Binknanax. BUHuKHEHHS Hakiane-
HUX 1 3QJIMIIKOBUX OPEOJIiB MOB'A3YIOTH 3 BIUIMBOM
rilepreHHrX MPOIECiB Ha PYIH 1 iX MEepBUHHI Opeo-
mu. Ilpu anHami3i JaHWX BaJOBOIO BMICTY Ta PyXo-
MuX (HOpM XiMIYHUX €IeMeHTIB Ha AisHLI Caymsak
BCTaHOBJICHO, 10 OCHOBHUMH €JI€MEHTaMHU-1HIUKa-
TOpamu 3pyneHinus € Au, Zn, Ag, Pb, Cu [6]. Jlito-
XiMiuHe OmpoOyBaHHS 3a PyXOMUMH (hopMaMu J10-
3BOJIMJIO BCTAHOBUTH YOTHPH T'€OXiMidHI aHOMAaJIii,
MIePCIEKTHUBHI JIJIS TIONTYKiB 30J10Ta.

Ha nmpuxnani pogosuma 3on0ta Caynsk Ta py-
JIOTIPOSIBIB TTOJIIMETAIIB, aBTOpaMu OyJio TOBENIEHO,
10 HAHOUTBI eeKTUBHE 3HAYSHHS MAOTh METOIU
MOITYKIB KOPUCHHUX KOMAIMH 32 PyXOMHMH (hopMa-
MU XIMIYHHX €JI€MEHTIB, TEPMOAWHAMIYHO CTIHKHAX
B MeBHUX (Di3MKO-XiMIYHUX YMOBAxX cepeaoBuIa. Sk
MOKa3ai JOCHIHDKEHHST 3aKOHOMIPHOCTEH PO3IoIi-
Jy BaJIOBOTO BMICTYy Ta PyXOMHX (OPM XIMi4HHX
€JIEMEHTIB y IPyHTaX AOCTIUKYEMHX IUISHOK, Me-
TaJOTE€HIYHA creniamizamis BU3HAYa€ThCs 1HIUKATO-
pHEMHU Ui Hel pyxomumu opmamu Cu, Zn, Pb.
3BaXkarouM Ha T€, 10 OCHOBHUM (HaKTOPOM Mirparii
pizHux opm XiMmidHHMX enemeHTiB € pH cepenoBu-
1a, B yMOBaX BHBYAEMOi TepHTOpil ix Bu3Hauae pH
IpyHTiB — 3,8—7, TOOTO cabo-Kucaa Ta HEUTpajabHa
peakuis. Xapakrepusyoun GopMu Mirpamii meta-
niB HeoOXimHO BigMmiTuTH [14], MmO HAHOLIBII
crifika Gpopma npu pH 3-5: Pb**, Zn*", Cu?** (6ins
90%). Lle xapakrepHo s AUIIHOK — yp. Kese-
nuB, n.Bypkyt, n.binui#i, yp. Orpaba. I[Toctymnoso
pyXoMicTs 3MeHIyeThesa 10 60%, 1 IpoBiAHY POIb
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MarTh KapOOHATHI HEPO3UMHHI HOopMHU (TIISTHKH —
yp. [ligain, r.®irypa, an.dopens). MoxxkHa TIpUITyC-
THTH, IO I1I€ MOB’SA3aHO i3 3MIiHOIO BMICTy OpraHi-
YHOI CKJIaJ0BOi Ta MiHEPAIbHOTO CKJaay TIPYHTIB.
Hampuknazn, npu pH 6inbmie 6 Miap MOXe BUSBUTH-
cs ToB's3aHoi y BUMIAAL pocdaris, cymbdaris, Kap-
OoHariB 1 ¢ikcyerbes rpyHTamu. Kpim Toro, pyxmim-
BiCTh MiJli OibIa B MIIIAHWX TPYHTaX, MEHINA — Y
BaXKoCcyrmuHUCTHX. CaMe HasBHICTIO pi3HOI (hpak-
ii B IPyHTaxX 1 MOSCHIOEThCSI KOJIMBAHHS BMICTY PY-
xomux (opm Migi. Ans Pb xapaktepHo 4iTko BHpa-
JKEHa TEHICHLIS 10 HAaKOIMMYEHHS B IPYHTI, IO IO-
B'SI3aHO 3 MAJIOPYXOMICTIO 10HIB HABITh MIPH HU3BKUX
3HaueHHAX pH, Tak sIK JaHWH eJIeMEHT YTPUMYETbCS
IapoM TYMYCy 1 Cllab0 MIrpye B I'PYHTOBOMY ITOK-
posi [12, 15]. IlepeBaxkna pons pH sk dakropa py-
XOMOCTI BlIacTHBa B ocHOBHOMY Pb i Cu, sik eneme-
HTaM 3 BHCOKOIO CIIOPIAHEHICTIO JI0 OpTaHiku. 3 i€l
K TIPUYMHU BaJioBi KoHIeHTpatii Pb i Cu TicHO mo-
B'si3aHi 3 TymycoM [16]. BusHaueHo, mo cBUHENb B
IPYHTaX IUISHOK JTOCIIKCHb OUTBII PYXOMHA, HIXK
nuHK. lle moB’s3aHO 3 THM, IO TillaHi TPYHTH, 3
OIHOTO OOKY, CTUMYITIOIOTh PYXOMICTh €JIEMEHTIB, a
3 1HIIOTO, HE 37aTHI e(peKTUBHO 30epiraru ix pyxomi
(dhopmu. [[st BU3HAYEHHS CTYTIEHIO PyXOMOCTI XiMi-
YHHUX €JIEMEHTIB Y MOPOBUX PO3YMHAX TPYHTIB Pi3-
HUX JUISHOK PO3PaxoBaHO KOEPIliEHT PyXOMOCTi B
3aJIeKHOCTI Bijl BaJIOBOTO BMICTY Ta BMICTYy pPyXo-
mux (popwm (tadm. 3).

301IbIICHHS 3HAYEHHS 1[bOTO KOedillieHTy Oyrie
BU3HAYaTU HE HaJIXOKEHHs PyXoMux (opm Ximiy-
HUX €JIEMEHTIB y MOPOBHH PO3YMH IPYHTY 3 HOTO
MiHEepaJbHOI CKJIag0BOi (PO3UMHEHHS, PO3KJIaA Ta

iHIIE), a Oy/e OB’ s3aHa 3 KAUIIpHUM 9d Tudy3iii-
HUM HAJXOIDKECHHSIM BiJl PYyIHOTO 00’ €KTY IO ACHHOI
noBepxHi [17]. Tomy, mpu TreoxXiMiYHHX MeETOAAX
MOLTYKIB KOPUCHUX KOMAJIWH JIOUIJIbHO BHKOPHUC-
TaHHS aHOMAJii 32 KoeiIlieHTOM PyXOMOCTI.

IIpu nobGynosi rpadikiB BamoBoro Bmicty Cu,
Zn, Pb (puc. 3a) HasBHO, IO BaJIOBHI BMiCT 30iJIb-
IIyeThbCc y TIPyHTaX Ha KapOOHATHHX ITOpOax,
mr/kr: Pb 60-80, Cu ta Zn 40—60, Toxi K y iHIINAX
IPyHTaX iX BMICT y JJBa pa3u MEHIIHH.

Aune rpadik BMicTy pyxomux ¢opm (puc. 36) ue
MOKa3ye AWHAMIKY 3MiHH pyxomocTi. Hampuxman,
rpyuTH yp. Orpaba (pH 3,8) (rpyHTOTBipHI mopoau
— IpaHiTO-THe¥cH) BMIlyt0Th, Mr/kr: Cu 14, Zn 12,
Pb 30 (BamoBwmii BMicT); pyxoMmi ¢dopmu, mr/kr: Cu
4,7, Zn 2,2, Pb 7; a rpynTn ninsHku 1. @irypa (pH
7) (rpyHTOTBipHiI — KapOoHatHi mopoaun), Mr/kr: Cu
60, Zn 60, Pb 100 (BanoBuii BMicT); pyxomi ¢opmu,
mr/kr: Cu 3, Zn 4, Pb 2. To6T0, ipu BeTuKii pizHU-
i BMicTy BajioBUX (opM pi3HHUI Y pyXoMux ¢op-
Max MDK JBOMa JUISHKaMHU HeBenuka. Tozi sik rpa-
¢ik, moOymoBaHWI 3a Koe(illi€EHTOM PyXOMOCTI
(puc. 30) mae 3MOry MPOCIIAKYBaTH caMe TUHAMIKY
PYXOMOCTI XiMIYHUX €JIEMEHTIB B 3aJIe)KHOCTI BiJ
pH, xapakTepHHX [T pI3HUX TUIIIB IPYHTIB.

3a BUILE3raJjaHUMU JUISHKAMHM JOCIIIKCHb
Maemo koedimientu pyxomocti (Kp),%: yp. Orpaba
— Cu 34, Zn 18, Pb 23; ninsuka r.dirypa — Cu 5, Zn
7, Pb 2. ToOTO, pyXOMiCTh €IEMEHTIB y IpyHTaX (Ha
rpanito-raeiicax) yp. Orpaba Buiia, HiX y TpyHTax
(na xapOonaTHux noponax) r.®dirypa — Cu —y 5 pa-
3iB, Zn y 3 pasu, Pb —y 10 pazis. HaiiGinemy pyxo-
MICTh Y TPYHTaX Ha MCKOBUKAaxX Ta TpaHiTO-THelcax

Tabnuys 3
Bwict BanoBux i pyxomux hopm Ta xoedimieHT pyxomocti Cu, Zn, Pb y rpyHTax ninsHok
Hazsa Dopmu Cu, Zn, Pb, Kp,Cu | Kp,Zn | Kp, Pb pH
JUJISTHKH METaJiB | MI/KT MI/KT MI/KT (%) (%) (%) IPYHTIB
Orpab ! 14 12 30 34 18 23 3,8
yb. Lrpaba 2 47 22 7 :
_ 1 15 16 35
. bimit 35 14 23 4
2 53 2,2 8
b ! 15 14 40 29 14 18 4,7
HOYPIYT 2 43 2 7 ’
1 14 17 40
yp. KeBenus 26 14 15 5
2 3,7 2,3 6
iz ! 30 30 20 10 10 6 5,7
ypIlingin 2 3 2 3 ,
1 40 50 80
n.dopenb 5 10 5 6,3
2 2 5 3
i 1 60 60 100
r.dirypa 5 7 2 7
2 3 4 2

Tlpumimka: 1 — BanoBUi BMICT, 2 — pyxoMi popmMu
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Puc. 3. I'padixu BamoBoro BMicTy (a), pyxoMux Gopm (0) Ta KoedilieHTy pyXOMOCTi
() Cu, Zn, Pb y rpyHTax

mposieisie Migs (30—40%), mortiMm cBuHeNH (20—
25%), a morim 1mHK (10 15%). Y rpyHTax Ha Kap-
OoHaTHUX TOponax pyxomicte He mepesuurye 10%.
Otpumani aaHi 1ar0Th iH(GOpMAaLilo, IO HpU 30171b-
meHHi pH, 30iMbIIyeTbCs KUIBKICTH METAalNiB,
MOB’si3aHUX y KomIuiekc. Ha tepurtopii mocmimkeHsb
Oyno Bu3HadyeHO pH TpyHTIB, MO Aaio0 3MOTY MO0Y-
IyBaTd CXeMy PO3MOALTY LbOIO MOKa3HHWKA 3a ILIO-
miero (puc. 4).

Ile BaxxmmBO, 00 OUNBIIICTE METANiB MAarOTh
3HAUHY PyXOMICTb y KHCJIOMY CEPEIOBHILI, i CTAIOTh
THEPTHUMU Y HEUTPAIEHOMY Ta JTY)KHOMY.

Exonoeiune snauenus 2eoXimMivHux 00caiodicets.
V panim omyOunikoBaHiil crarti [12] Hamu Oyso Brie-
pllie MPOoaHai30BaHO BHUKUIM IPOMHUCIOBUX ITiJII-
pueMCTB TepuTopii YKpainu ta PymyHii, mo MOXyTh
MaTu BIUIMB Ha 3a0pyIHEeHHs aTMoc(epH, BiaNOBi-
HO TPYHTY Ta pOCIMHHOCTI. JlocikeHHs mpoBee-
Hi Ha JUISHKaX, MOONU3y SKHX HE PO3TAIOBAaHO
MPOMUCIOBUX MmiAnpueMcTB. Jlume 12-15 kM Ha
3axing Big nimsaHok r.®irypa ta @opens po3ramoBa-
HO JIICOTMJIBHE Ta CTpyrajbHe BUPOOHUITBO (IPO-
couyBanHs nepesunn) TOB «bPYHO JITIy, c. Be-
mukuii buukiB (ememeHTaMu 3a0pyIHIOBaYaMH MO-

KyTh Oytn — Cr, Fe, Cu, Mg, F) Ta minnpuemctso
«3akapraTrchKuil apMaTypHUi 3aBoy, 1. KoOunens-
ka [lonsHa (ereMeHTaMu 3a0pyIHIOBAYaMH MOXYTh
oytu Cu. Fe, Zn, Pb, Cr). Busnayaroun TexHOTEH-
HUM BIUIMB MU OyJeMO Mard 3MOTY BCTaHOBUTH
JOKEpeJIo Ta CTYIiHb 3a0pyAHEHHS, BUXOJSYU 3 0CO-
OMMBOCTEH TIepepaxoBaHUX BUPOOHHMIITB.

[{ono yTBOpEHHSI TEXHOTCHHUX AHOMAJIH, TO
aHaJli3 IaHWX 3a CKJIQJIOM Ta KOHIIGHTPAIIEI0 XiMid-
HUX E€JIEMEHTIB IOKa3ye, L0 MPAKTUYHO YCi BUAM
TEXHOTCHHOTO HAaBaHTa)KeHHS (OPMYIOTH BiIXOAHU 3
aHOMAJILHUM BMICTOM ITUPOKOTO KOMIUIEKCY XiMid-
HUX €JIEMEHTIB, SKi € JuKepelaMu 3a0pyqHCHHS Ha-
BKOJIMIIHBOTO ~ cepenoBuia. OIHUTH — €KOJIOoro-
reOXIMIYHHMI BIUIMB TOTO YH IHIIOIO JDKEpena 3a-
Opy/IHEHHS MOXXHA 3a JIOTIOMOTOI0 HENPSIMUX METO-
IIiB, HA OCHOBI JOCJIIKEHb Fr€0XIMIYHUX aHOMAITiH B
HaBKOJIMIIHBOMY cepenosuili. [Ipu npomy HeoOXin-
HO BpPaxOBYBaTH HACTYITHI 00CTaBUHU: 3a0pyIHEHHS
B TIOBITPi HE HArpOMaIKY€ThCS, TOAl SK B BOIHHUX
CHUCTeMax Ta TOBEPXHEBUX BiAKIIaZaXx BOHO MOXKeE
JIETIOHYBaTUCh HAa JIOBIMH 4ac; 3a0pyJIHEHHS BUKH-
JlAMH Ta CTOKAMH € PO3CISTHUM, TOIi SIK TBEPIUMH
BiJIX0/IaMU € CTPOTO JIOKATI30BaHUM; TOBEPXHEBI1
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Kobunelgka

|:|51 .. 2

ey ?”

Puc. 4. Cxema posnoniny 3Hauens pH y rpyHTax Tepuropii nociigxens. 1-HoMep AiISHKY (3rimzHo puc. 1),
2 — touku BinOopy npoO IpyHTIB A BU3HAUYEHHs oKa3HuKa pH

BiIKIagu (IpyHTH) € OaraTopiuHHUM JAEHOHEHTOM
3a0pymHeHHs. Kpim Toro, HeoOXigHO OIiHIOBAaTH
BUSIBIICHE 3a0pyJAHEHHS B 00 €KTax cepeoBHUIIa
JIOBKIJUISA, PO3PI3HSAIOUH HOTO 3a €KOJIOTiYHOIO Ji€l0
Ha JIOOMHY Ta OioTy — mpsiMa uM BigganeHa [4].
[psima exonorivuna fist 3a0pyAHEHHS IPU3BOJUTH JI0
0e3mocepeTHFOr0 MOTIPIICHHS SKOCTI JKUTTS ChOTO-
nHi (3a0pynHeHHsT arMocdepd NPOKUBAHHS, BXKH-
BaHHs BOIM Ta NMPOAYKTIB XapuyBaHHs). Binmanena
EKOJIOTiYHa JIisi 3a0pyJHEeHHS MPHU3BOAUTH 1O TIOTi-
PILIEHHS SIKOCTI XKUTTS B MEPCIEKTHBI (3a0pyAHEHHS
TEPUTOPIH TBEPIAMMH NPOMHUCIOBUMH BiIXOnamH,
IPYHTIB BHIIQJIHHAMH i3 aTMocdepu i ToMy Momio-
He). 3BaKaloud Ha Te, IO TEPUTOPIS TOCIiIKEeHb —
MPUPOIOOXOPOHHA TEPUTOPisl 3 OCOOJMBHM CTaTy-
COM, JIOKaJIbHE 3a0pyIHEHHS! HaBKOJIHUIIHBOTO cepe-
JOBHIIA (aHTPOIIOTeHHE), BiZI0YBa€THCS JIMIIIE B pe-
3yABTATI JIFOACHKOI MiSITBHOCTI, IO MPU3BOIUTH IO
AHOMAaJILHOTO BMICTy XiMIYHHMX €JIEMEHTIB y IPYHTI,
MPUPOIHUX BOJAX, POCIMHAX 1 aTMOC(hEpHHUX Ora-
nax. KoHTponb OiHKM aHOMalbHOTO BMICTY XiMiy-
HUX €JIEeMEHTIB y 00’eKkTax AOBKUULIL MOXe OyTu
MPOBEJCHUH JIMIIIE TIPH YMOBI BU3HAYCHHS Ta IOPi-
BHSIHHS 3 TapameTpamu reoximiunoro ¢ony. Came
TOMY, TIpM BUBUYCHHI TI'€OXiMIYHUX aHOMaiiil Oyno
BCTaHOBJICHO T€OXIMiYHUNA ()OH TEPUTOPIii, 110 cTa-
HE OCHOBOIO JUIS €KOJOTO-TEOXIMIYHOI ~OIIHKH
00’ €KTIB JOBKIJIJIA.
Busnauenns ¢oonosozo emicmy ximiunux ene-

MeHmig y epyHmax O NOULYKOBUX Md eKONOIYHUX
3a60aHb. 3aBXKIU TPU SKOJOTTYHUX YU MOLIYKOBHX
JTOCITI/PKEHHSX OILIIHKM BMICTY XIMIUHUX CJIEMEHTIB
y IpyHTaxX BHUHHKA€ MUTaHHS — SKi JaHi oOparu 3a
eTaJIOH (3Ha4YeHHs, siKke MopiBHIOETHCs). Ha choroa-
Hi, icHyIOTh Kiapku CBiTy, €Bponu (pi3HHX aBTO-
piB) [11], xmapku Ykpainu (3a nporpamoro Gemas)
[4] Ta inwmi. [l DOpPiBHSIBHOTO aHAMi3y MpeacTaB-
JIeHO TaOJHIIO 3 HaBEeICHHAM KIapKiB IpyHTiB CBi-
Ty, YKpaiHu Ta yacTMHU YKpaiHu — 3akapnarrtd (3a
NEepeBXAIOYMMU  IPYHTOTBIDHUMH  IIOPOJAMH)
(tabu. 4).

Amnanizyrouu gaHi Tabnuui (knapku YKpainu ta
CBiTy) NpUXOAUMO JI0 BUCHOBKY, IO y TPYHTax YK-
painu Kiapku xiMidaux enementis — Mn, Ni, Ti, V,
Cr, Rb, Cu, Pb, Ga, La, Y, Ba, Li, P menme, Hix y
rpyurax Csity; Mo, Sn — onnakosi; Zr, Zn, Sc, Ce,
Yb Ginburi (Zr —y aBa pasu).

[lopiBHIOIOUM KJApKH XiMIYHHX €JIEMEHTIB Y
IpyHTaxX YKpaiHu 3 KJIapKaMHu IPYHTIB 3aKapraTTs
0aummo, MmO y IpyHTax Ha KapOOHATHUX IMOpOJax
3akaprarts 3HaueHHs KiapkiB Mn, Ni, Zn, Cu y nBa
pasu Gimbre, Bigmoeimmo: Mn  (567:1000). Ni
(25:50). Zn (51:80), Cu (13:50), Pb (17:75); V, Zr,
P, iHII KJIapky B ABa pa3u MEHIIe, A€ IPyHTOTBIp-
HUMH Topojamu € mickoBuku: V (68:25), Zr
(372:500), P (620:300). ITe mokasye, 110 TpH reoXi-
MIYHOMY aHaji3i (BCTAaHOBJIEHHS KJIapKiB KOHLEHT-
partii, TeoXiMiYHMX acoIliaIliif Ta iHIIIe) BaXJIMBUM
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Tabnuys 4

[TopiBHsTEHA TAOTUITI KIIAPKiB XIMIYHUX €JIEMEHTIB IPYHTIB (BajmoBuii BMicT) CBiTy, YKpaiHU
Ta 9aCTUHU YKpaiHu — 3akapnarts (IpyHTOTBIpHI TOPOJIN), MI/KT

Tpymromsipui | el Ni lco | Ti | vV | or | Mo | zr Rb | Cu | Pb
OpOIU
Caity
] | 850 | 40 | 8 [4600] 100 [ 200 | 2 | 150 | 100 | 20 [ 32
VYkpainu
] | 567 | 25 [87]39%0] 68 | 76 | 2 | 312 | 70 | B3| 17
3akapnarts
rpatTo- 600 | 30 |4,5|1500| 25 | 100 | 3 500 | 80 | 14 14
THECUCHU
mickosuku | 750 | 40 | 7 [ 200 | 40 | 80 | 2 400 | 67 | 15 16
KapOoHaTH 1000 | 50 10 | 3000 | 70 30 1 350 70 50 75
Cairy
- Zn Sn | Ga| Sc Ce La Y Yb Ba Li P
- 5o | 10 [15] 7 | 50 | 40 | 50 | 25 | 500 | 30 | 800
VYkpainu
- | 51 [ 10 J10] 8 | 59 [235] 26 | 33 [3845]|11,7] 620
3akapnarts
rpatro- 35| 5 | 15| 11 | 60 | 40 | 50 6 | 300 | 30 | 600
THEHUCHU
mickoeuku | 40 | 4 |[10] 9 | 57 | 40 | 40 5 300 | 20 | 500
kapGonaru | 80 | 65 [ 10| 6 | 50 | 20 | 40 | 25 | 250 [ 10 | 300

Ipumimka: "-" Hemae maHUX
MTOKa3HUKOM € caMe CKJIaJ IPYHTOTBipHHX Topif, 00
L€ JIa€ 3MOTY OXapaKTepU3yBaTH T'€OXiMiuHI Mpole-
c (HasiBHICTh T'eoXiMiuHUX Oap’epiB, copOuis, je-
copOIiisi Ta iHIIE) Ta MPOrHO3YBaTH MIrpaiilo 4Yu
KOHIICHTPAIIIIO0 XIMIYHHX €JIEMEHTIB y IPYHTaX.

bioeceoximiuni Oocnioscenns (noutykoguti ma
exonociyHull cerc). bioreoxiMiuHi METOIM 3aCHOBaHI
Ha JIOCITiPKEHH] XIMIYHOTO CKIIy KUBOI pEYOBHUHHI
(pocnuH), crIOCTEpeXeHHI 3a HOro BHUJOBHM CKIIa-
JIOM 1 MOP(OJIOTTYHUMH 0COOTUBOCTAMU. BoHM 1IU-
POKO BUKOPHCTOBYIOTbCS JUISl BUSIBICHHS DPiBHS 3a-
OpyIHEHHs HABKOJHIIHBOTO cepemoBuma [18-22].
3a momomoror 0iOreoxXiMiyHHX METOJIB BHPINIY-
€THCS IIUPOKUI CIIEKTP 3aBllaHb: BCTAHOBJICHHS 3a-
KOHOMIPHOCTEH PO3MOAITY XIMIYHMX EJIEMEHTIB B
PI3HUX YacTHHAX POCIIVH; BUSBICHHS acoliarii Xi-
MIYHUX €JIEMEHTIB JUIS PI3HUX THIIB POCIIVH; BHSIB-
JICHHSI KOMIUIEKCY €JIEeMEHTIB-iHAMKATOpIB MJIsl BU-
pilIeHHS Iy €KOJIOTIYHUX Ta MOLIYKOBUX IHUTAHb,
BCTaHOBJICHHSI OCOOJIMBOCTEH Ta MOXOIKEHHS 0io-
reoXiMIYHUX aHOMAaJIii Ta iHIII.

O0'exTOM HaIMX AOCIHiAKEeHb Oyino omaz (Jiuc-
Ts1 OyKy), pIBHOMIPHO MOIMMPEHUN HA BCIX AUISTHKAX.
Maumit  GiojyoriuHuid KpyrooOir BiOyBaeTbcs 3a
CXEMOI0: TPYHT — JIEPEBO — OMaJI — JIiCOBA ITiICTHIIKA
— 1pyHT [21]. BiH 31ilCHIOETBCS HEOAHOPA30BO 3a
nepion icHyBaHHs jaepeBoctany. lllopiunmii onan

MOCTYIIOBO TPAHC(HOPMYETHCS y CKIAZ0BI €JIEeMEHTH
IPYHTY, SIKi MOTIIMHAOTHCS JIICOBOIO POCIMHHICTIO 1
BUKOPHCTOBYIOTBCSI Ul TIOOYJOBH HOBHX CITOJNYK.
Jami BigOyBa€eThCs HAJIXOKECHHS YaCTHHU LUX CIIO-
JyK Ha3aJl y TPYHT i iX monmanbpina Tpanchopmariis.

Ha tux e BucoTax, mo i npu Bigbopi IpyHTY,
Oyno BigiOpano omax (cyxi nucts OyKy), B SIKUX Ta-
KOX (SIK 1 B TPYHTI) BU3HAYaJ M BaJOBHH BMICT 33
MiKpoelneMeHTiB. BcTaHOBIEHO, MO TiMBKH 6 MiK-
poenementiB (Zn, Cu, Pb, Co, Ni, Mn) Haxiiiao ¢i-
KCYIOThCA y omnai (Tabm. 5).

Jus  iHTepmperanii OTpUMaHHX pPe3yNBTaTiB
HaMH BUKOPHCTOBYBAJIaCcs MIKala, 110 HABOIWUTHCS
A. Kabara-Ilenmiac, X. Ilenaiac [19], 60 B Hiit 3a-
3HaYeHa Trpajallis BMICTY B JIUCTI JOCUTH IIUPOKOTO
CHieKTpa XiMiYHUX eneMeHTiB. OpieHTOBHA KOHIICH-
Tpallis MiKpOEJIEMEHTIB B 3pUTUX TKAHWHAX JIUCTS 32
y3araJbHEHUMH JaHUMH JUIS BHIIB POCIIWH, MI/KT
cyxoi Macu: poctatHs abo HopMaibHa: Zn 27-150,
Cu 5-30, Ni 0,1-5,0, Mn 20-300, Co 0,02-1, Pb 5—
10; mammmmkoBa abo TokcwuHa: Zn 100400, Cu
20-100, Ni 10-100, Mn 300-500, Co 15-50, Pb 30—
300. 3Bakarouu Ha BHUIICBUKIIAJICHE, IICISA aHAI3y
BMICTY MIKpOEJIEMEHTIB y Ola/li BU3HAYEHO HACTYII-
He: Zn — HopMaJbHa KoHueHTtpauis (Bix 10 go 100
mr/kr); Cu Big HopMmanbHOi (20-30 wmr/kr) — yp.
Orpaba, . binuit, 1. ®opens 1o Hammkosoi (100
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Tabnuys 5
Bwmict metaniB (Mr/kr) y onazi (cyxomy JUCTi OyKy) AUISTHOK AOCHTiHKEHb
Xim. ed. yp. Orpaba n.binui .bypkyT yp. Kesenus yp. [ligmin n.Dopenp

Zn 70-80 10-15 10-15 20-100 10-50 50-80

Cu 20-30 20-30 30-100 30-100 20-100 10-30

Pb 4-10 23 5-20 3-10 5-30 4-5

Co 1-2 12 3-6 2-3 12 2-3

Ni 5-10 2-8 2-50 5-10 5-10 6-10

Mn 1500—4000 500-800 1000—4000 600-800 4000-5000 1000-2000

Tpumimxa:MiHIManbHUH Ta MAKCUMATbHUHA BMICT

mr/kr) — ypounma Ilinmin, Kesenis, n.bypkyt, Pb Ta
Ni — Ha BCiX JUISHKax HOpMallbHa KOHIICHTpAITis,
numie Ha AugHm bypkyTt HammmmkoBa Ni — mo 50
MT/KT, KOHIICHTpamis Mn HaIJIAITKOBa I BCiX Ii-
nstHOK (500-4000 mr/kr). Pig y Tomy, Mo y Kucimx
IPYHTaxX MapraHelb IIPUCYTHIN Y BUIISAI JIETKOPYX-
JIUBOTO JTBOBAJICHTHOTO 10HY, 1 Horo (pikcarist 3ame-
JKHA BiJl BMICTY TJIMHUCTOI CKJIaJIOBOI.

Hactynmaum eramoM fociikeHb OyJa0 BH3Ha-
YeHHS eJIEMEHTIB-KOHIICHTPATOpiB OararopiqyHux
TpaB'sTHUCTUX POCIWH — 3BipoOor (Hypericum L.) i
nepesito (Achillea millefolium) Ta Oimoro rpudy
(Boletus edulis) na gingaui r. @irypa. Y pocnuH
OKpeMO BiZliOpaHO KOpEHi, JIUCTS Ta CTeONH 1 KBITH.
Bsipui 3Bipo6oro 30—60 cm 3aBBUIIKH cTeOEI; JINC-
TKH JIOBracTO-OBaJIbHi, KBITKH KOBTI, II'ITUIICIIOCT-
KOBI, 310paHi B MUTONOAIOHY BOJIOTh, MalOTh TOHKE,
po3ranyxeHe kopeHeBuine. Bzipii aepesito 20—100
CM 3aBBHIIKH, CTEONO TpsiMe, peOpucte, JTHCTKU
JIOBTacTi, KBITKH B APIOHMX KOIIWKaX 3i0paHi y Tyc-
TE€, BEPXiBKOBE, IUTOIOMIOHO-BOJIOTUCTE CYIBITTS.
Bg3ipui 6inoro rpuba - giamerp kamemtomka 10 5—10
CaHTHUMETPIB, BHCOTAa HIKKH CTaHOBUTH 5—10 can-
TUMETPIB.

J171st OIIHKY IHTEHCHBHOCTI TOTJIMHAHHS MiKpO-
CJIEMEHTIB POCIMHAMH HaMH BUKOPHCTaHHH Koedi-
Ii€HT O10JIOTIYHOTO MOTIMHAHHSA (AX), IKMA BH3HA-
YaeThCs SK YacTKa BiJl BMICTY MIKpOEIIEMEHTa B 30
POCTHH 1 HOoro BMICTy B KOPEHEBMICHOMY IIapi Ipy-
HTy. Ha nmiarpamax mokasaHo pe3yiabTaTd po3paxo-
BaHOTO MOKAa3HUKA AX JUI KOXXHOTO BHUJY POCIHH
(puc. 5).

3a IHTEHCHBHICTIO O0IOJIOTYHOTO IOTIHHAHHS
(AX) Bce eleMeHTH MOXHa PO3IIMTH Ha HACTYIIHI
KaTeropii: elleMeHTH eHepriiHoro mormHanHs (10—
100); enementu cwipHOTO TTormuHaHHS (1-10); ene-
MEHTH CJIA0KOTO TOIIHMHAHHA 1 CepelHbOro 3axoll-
nerHs (0,1-1); enemMeHTH CiaOKOTO 3aXOIUICHHS
(0,01-0,1) [11]. BcraHoBneHo, psiJ €JIEMEHTIB Y pO-
ClMHAaX (32 3MEHIIEHHSM KOHIEHTpAIlii) 3a IMoKa3-
HUKOM AX: 3BipoOili Pse>Znig>(Mn, Cu)s>Baz>
(Ni,CO)z; J_IepeBiﬁ P36>Zn|6>Ba|z>Mn7>Cu5>(Ni,
Co, Ti),. ToOTo, 1151 TPaB elIEMEHTAMK SHEPI1HHOIO
MoriiMHaHHA € P, Zn, eneMeHTaMu CHJIBHOTO IOTIIN-
Hauusg — Ba, Mn, Cu, Ni, Co, Ti, eremenT ¢i1aboro
TIOTJIMHAHHS 1 cepeaHboro 3axpary — V, Cr.

Mo 6imoro rpuba (Ax): Psap>Zn o>Cus: ememe-
HTOM €HEpriiHOro MOTIMHAHHSI € P, enemeHTH cu-
JIbHOTO momiuHaHHA — Zn, Cu; ejleMeHTH ci1adoro
MOTIIMHAHHS 1 cepenHporo 3axBary — Mn, Ni, Co, Ti,
V, Cr, Mo, Ba.

Jns aHamizy BMICTY BHSIBJICHUX EJIEMEHTIB Y
YyacTUHAX POCJIMH OyJI0 po3paxoBaHe NMPOLEHTHE iX
BIJTHOIIIEHHS 7O CYMapHOTO BMICTy (B IJIOMY, 1O
pocnuHu). BusHadeHo, M0 xapakTep HAKOMMYCHHS
pOCIMHAMH XiIMIYHUX €JIEMEHTIB PI3HHU — y 3Bipo-
60i akymymsaropamu (Oinpme 50%) Mn, Cu, Zn €
ctebna ta nucts, Ba — xopinns, P — kBitn. Tomi sik
nepesiro — Mn, Cu, Zn — xopinss, Ba — muctku, P —
kBiTH. Llg iHdopmamis BakiawBa TMPH IMPOBEIACHHI
EKOJIOTIYHHX YH TMOIITYKOBHX 0i0TEOXiMIYHUX POOIT.
Tak, iHZWKaropamMH TONIMETAIYHUX PYHONPOSBIB
(Cu, Zn) 6ynyTh cTebna i TUCTS 3BipOOOIO, TOMI SIK
JUTSI IEPEBIk0 — KOPIHHS

BucnoBku. B pesynbrari reoxiMiuHuUX g0CIi-
JUKeHb HEIOTOPKAHUX TepHUTOpii (OyKOBHX Mpalti-
ciB) Mapmapocbkoro mMacuBy Ykpaincekux Kapnar
OTpUMaHO HacTymHi pesynbTatd. 1. Po3paxoBaHo
(OHOBI 3HA4YEHHS BMICTY XIMIYHHX €JIEMEHTIB Yy
rpyatax (Co, Ni, V, Cu, Zn, Pb, P, Mn, Ti, Cr, Mo,
Zr, Sn, Be. La, Y, Yb, Ba, Li, Ga, Ce), mo crane
OCHOBOIO T€OXIMIYHHX TOIIYKIB Ta BU3HAYEHHS I10-
Ka3HHKIB, SKi BiOoOpa)karOTh CTYMHiHh Ta OCOOIH-
BicTh 3a0pynHeHHs. 2. Bu3HaueHO Tpymy XiMIYHHX
enementiB y rpyHrax — Co, Ni, V, Cu, Zn, Pb, P,
Mn, Ti, BMICT SKHX TiIBUINEHUH Ha OUISTHKAX (Yp.
[Migmin, mx.d®opens, r.dirypa), 1€ IPYHTOTBIpHUMHU
MOpO/IaMu € KapOOHATHI Ta TPyIy XiMIYHUX elleMe-
utiB — Cr, Mo, Zr, Sn, Be, La, Y, Yb, Ba, Li 3 miz-
BUIIIEHUM BMICTOM Y IpYyHTaX, Jie¢ KapOOHaTH BiACY-
THi (yp. Orpaba, n.binuii, n.BypkyT, yp. Kesenus).
3. BcranosieHo, 1o pyxomicte metaiiB — Cu, Pb,
Zn y 1pyHTax OyKOBHX IpaicCiB, /1€ IPyHTOTBIpHH-
MU TIOPOJAMHU € TPaHITO-THEHCH Ta MiCKOBUKH BH-
Ia, HiK y TpyHTax Ha KapOOHATHUX MOPOJaxX y Jie-
Kinbka pasiB: Cu—5, Zn—3, Pb-10, mo BaxxiuBo Bpa-
XOBYBaTH MpH TOLIYKOBUX poOorax. 4. 3a mopis-
HSHHSM KJIapKiB XIMIYHHMX €JIEMEHTIB Yy TIpyHTax
(Ceity, YkpaiHu B LLJIOMY, Ta JIICOBUX E€KOCHCTEM
MapmapochbKoro MacHBy) 3’sICOBaHO, 110 BaKJIMBUM
MMOKa3HUKOM € CKJIaJ IPYHTOTBipHUX mopin. Lle mae
3MOT'y OXapaKTepHu3yBaTH T€OXIMIUHI TporecH (Has-
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Puc. 5. JliarpaMu HakONUYEHHS XIMIYHHX €JIEMEHTIB POCIUHHICTIO (AX):
a — 3Bip0o0iii, 6 — nepeBiii, B — Oinuii Tpud; 1 — KOpiHHA, 2 — TUCTKH i cTebna, 3 — KBITH

BHICTh TEOXIMIUHHMX Oap’epiB, cOpOIis, aecopOris
Ta iHIIIE) Ta MPOTHO3YBATH MIrpaIlito Y KOHIIEHTpa-
0 XIMIYHHAX eJieMeHTiB. 5. bioreoximiuni gocii-
JOKEHHS 100 XiMiuHoro cknany (Zn, Cu, Pb, Co,
Ni, Mn) omany nucts OyKy NpaiiciB J03BOJHUIIH,
BU3HAYHUTH HacTymHe: Zn, Pb, Ni — HOpManbHa KOH-
LEHTpalis Ha Bcix aurstHKax, Cu BiJ HOpMaIbHOI
(20-30 mr/kr) — yp. Orpab6a, n.binuii, n1.dopeis 10
HaumkoBoi (100 mr/kr) — ypounta [limnin, Kese-
niB, n.BypkyT, Mn — HaanumKoBa A5 BCiX JISHOK
(5004000 mr/kr). 6. BukoHaHo aHaji3 XiMIYHOIO
CKJIaJly POCIHMHHOCTI Ta ii yacTuH (3BipoOil, aepe-
Biif) Ta Oumoro rpuba Ha minsgHui r.dirypa. Busna-
YEHO, 1110 XapaKTep HAKOMUYCHHS POCIHHAMH XiMi-
YHMX EJIEMEHTIB PI3HUH — y 3BipoOOI cTebOna Ta
ucTs € akymyasitopamu (Oineiie 50%) Mn, Cu, Zn;

Ba — xopinns; P — xBitu. Toxi sik y nepesito Mn, Cu,
Zn HAKOIIMYYIOTh KOpiHHS; Ba — muctku; P — kBiTH.
st 6imoro rpuba eneMeHTaMH €HEepriifHOro HaKo-
muuenns € P, Zn, Cu. Bcranosneno, 1o iHauKaro-
pamu moimMeranivyaux pynomposisiB (Cu, Zn) Tepu-
TOpIiN JOCIiIKEHb MOXYTh OyTH cTe0JIa 1 TUCTH 3Bi-
po0OIO Ta KOPiHHS IEPEeBito.

IlepcniekTHBY MOJANBINNX JOCTiIKeHb. Pe-
3yJbTaTd MPOBENEHUX IOCHTIKEHb MOKa3ajH, IO
BUSIBIICH] 3aKOHOMIPHOCTI PO3MOAUTY XIMIYHHX eJie-
MEHTIB Ta 1X pyxoMuXx (OopM y IpyHTax Ta POCIHH-
HOCTI Ha Pi3HHX JUITHKaX eKOCHcTeM IpaiiciB Ma-
PMapoCBKOTO MacHBY MOXKYTb CTaTH OCHOBOIO IIpH
MPOBEJICHHI TOIIYKOBUX POOIT, POTHO3YBaHHSI €KO-
JIOTIYHOTO CTaHy TEPUTOPi 1 B IIJIOMY, OCHOBOIO
€KOJIOT0-T€0XiMIYHOTO MOHITOPHHTY.
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GEOCHEMICAL RESEARCHES OF THE MARMAROSH MASSIF
OF THE UKRAINIAN CARPATHIANS

Formulation of the problem. The main focus of our research is on the geochemical composition of the
growth areas of beech forests in the Marmarosh Massif of the Ukrainian Carpathians, or primeval forests,
which are almost unaffected by human activity. Geochemical investigations of beech forests are especially
important, since the question of chemical component of environmental objects (soils, vegetation) is the basis
for determining the degree of territories transformation in time. The Carpathians belong to one of the most
studied metallogenic provinces. The ore occurrence contains natural gold, silver and silver minerals (sulfates,
sulfides, hydrosulfides) associated with pyrite, chalcopyrite, arsenopyrite, pyrrhotite, marcasite, hematite,
galena, and other. It is important to determine the background content of chemical elements in soils, which
will become the basis for geochemical searches and the determination of pollution - "reference point", which
should be relied upon when conducting environmental and geochemical studies in the territory of beech vir-
gin forests.

The purpose of the article. The purpose of this work is to determine the background gross content of
chemical elements (Mn, Ni, Co, Ti, V, Cr, Mo, W, Zr, Hf, Rb, Ta, Cu, Pb, Ag, Sb, Bi, Zn, Cd, Sn, Ge, Ga, Be,
Sc, Ce, La, Y, Yb, Th, As, Ba, Li, P) and the main mobile forms of metals - Cu, Pb, Zn in soils of forest eco-
systems of beech forests of the Marmarosh Massif; determination of biogeochemical features of the concen-
tration of chemical elements by vegetation - beech leaves, Hypericum L., Achillea millefolium, Boletus edu-
lis, which will become the basis for monitoring studies.

Methods. Lithochemical, biogeochemical testing was carried out. The gross content of chemical ele-
ments (emission spectral analysis) and mobile forms of metals (atomic absorption analysis) was determined.

Results. The authors calculated the background values of chemical elements content in the soils of for-
est ecosystems of beech protected areas of the Marmarosh Massif. In conducting lithochemical studies,
chemical elements (gross content) — Co, Ni, V, Cu, Zn, Pb, P, Mn, Ti, whose contents are higher in soils,
where carbonate rocks are soil-forming and in the absence of carbonates - Cr, Mo, have been established Zr,
Sn, Be. La, Y, Yb, Ba, Li. The main moving forms of metals in soils (Cu, Pb, Zn) were determined and their
coefficients of mobility were calculated, on the basis of which it was established that the mobility of metals
in soils where soil-forming rocks are granite-gneisses and sandstones higher than in soil-soils is 3—10 times,
in addition, the pH value of soils is a dominant factor in solving the migration or concentration of metals and
the formation of secondary salt halos in the presence of ore. An analysis of the chemical composition of the
indicator vegetation and its parts — Hypericum L, Achillea millefolium and Boletus edulis in the area of
Mount Figura was performed. Boletus edulis, St. Hypericum L, wort stems and yarrow Achillea millefolium
are identified as Cu, Zn concentrators. This distinction is important when conducting biogeochemical studies
with a search purpose.

Scientific novelty and practical significance. The results of the conducted researches showed that the
regularities of distribution of chemical elements and their mobile forms in soils and vegetation in different
parts of the Trans Carpathian forest ecosystems can be the basis for the exploration, forecasting the ecologi-
cal status of the territories and, in general, ecological and geochemical monitoring.

Keywords: geochemical researches, background content, moving forms, ore occurrences, Marmorosh
massif.
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OIIITHKA MMEJOTPAHC®EPHUX ®YHKIIIN JJIs1 BASHAUEHHSI
KOE®IIIEHTA ®LIBTPALII IPYHTIB YKPATHU

Hapamempusayis 2ioponociynux mooenel UMA2ae 3HAHHA PInbmpayiinux enracmueocmell ipynmie. Yacmo maxi dawi ¢iocym-
HI Ma HAUKpawum 8UxXo0oM € 8uUKopucmants neoomparncpeprux gyuxyiti (IITD). Pozensnymo oecsimo [TD, ax oasuo eidomi (Cosby
ma in. (1984), Wosten ma in. (1999), Saxton ma Rawls (2006), Weynants ma in. (2009)), mak i ocmanni (Toth ma in. (2015),
Rosetta3), wo onepytoms pisHum Habopom napamempie 015 usHayenus koeiyienmy ginompayii (Kg): emicm nicky, nuiy ma eiuuu,
winbHicmy 6y008U, YACMKA Op2aHiuHo20 8yeneyio, yacmka eymycy. Pospaxynxoei snauenus Kp 0y10 nopieHaAHO 3 HAAGHUMU OAHUMU
Ginompayii tpynmie Ykpainu. Hailbinew penesanmui pesyiomamu ¢ IIT®@ Wisten ma Rosetta3, ane He 015 6cix munie ipyHmie ma
eenemuynux copusonmis. Yci IT® 3anuoicyromo Ky nusicnvoeo wapy (0,3-2 m) cepednbo2ymychux munogux ma 36udaiHux 40pHo3e-
Mi@ ma 3asuwyioms y 2-5 pasié 0 yMoeHo 6000mpusKkux copuzonmis (< 2 mm/coouna). Ha niocmagi po3paxynkogux ma excnepu-
MEHMANbHUX 3HAYEHb OMPUMAHO Kapmy Qintbmpayii HUNCHb020 Ma 8ePXHbLO20 wapis pyumie Yxpainu macuwmaby 1:2500000. Hai-
binbuty WeUOKicmy Qinbmpayii Maroms IPYHmMu NiWaHo020 MEXaHiYHo20 cKkaady, wo nowupeni ¢ Ionicci. Kp cyenunkoeux ma enuHu-
Ccmux IPpYHmMi6 Nicocmeny ma Cmeny ModiCymbs GIOPIHAMUCA HA NOPAOOK 05 PI3HUX MUNi@ IPYHMIE — HAUKpawe nponyckarnms 600y
mi, Wo Marms UCOKY CIPYKMYPHICMb (pecpadosani TpyHmu, munogi ma 3eudatini woprnosemu). Haiimenwi Ky (0,2-3 mm/200una) y
JIYYHO-YOPHO3EMHUX 2TUOOKO CONOHYIO8AMI TPYHMIB, CONOHYIE, OCONOOLIUX 2Nell08UX TPYHMIE ma CON00I8, HUNCHbO2O UAPY OePHOBUX
027IeEHUX MA CY2TUHKOBUX O0epHOB0-Nnio30aucCmux IpyHmis. Kgp moowce eapirosamucs 3a1exCHO i0 TaHOWADMHO20 pO3MAULy8aHHSA
IPYHIMOB020 pO3pi3y, 00POGIMKY IPYHMY Ma 1020 NPOMEP3AHHS, MOMY OMPUMAHI PO3PAXYHKOGI 3HAYEHHS CNI0 po32nsi0amu, K HAli-
6invut timogipHi. Ompumani pe3yibmamuy NPUIHAMHI 015 GUKOPUCAHHS 6 2I0PONIOSIUHUX PO3PAXYHKAX MA MOOETHOBAHHI.

Knwuosi crosa: neoompancghepna ynxyis, koegiyienm pinompayii, epanyromempuyHuil ckaao, kapma Ipynmie Ykpainu,
Rosetta3.

B. B. Ocunos, O. H. Buzyn. OHEHKA ITEJOTPAHC®EPHBIX ®YHKIHH JIJIA OIIPEJEJIEHUA KO ® ®HIIHEH-
TA @HIIBTPALIHH T109B YKPAHHBI. [lapamempusayus udponocuyeckux Mmooeneii mpebyem 3HAHUSL QUIbIMPAYUOHHBIX
ceoticme nous. Yacmo maxue Oaruvle OMCYMCMEYIOM U JTYYUUM 8bIXO0OM A6IAEMCs UCNONb308aAHIe NeOOMPAHCHEPHUX (yHKYuULL
(IIT®). Paccmompenwvt decsimov IITD, xax oasno uzsecmmuvie (Cosby u op. (1984), Wosten u op. (1999), Saxton u Rawls (2006),
Weynants u op. (2009)), max u nocneonue (Toth u op. (2015), Rosetta3), onepupyowux pazuvim HA6Opom napamempos oisi onpeoe-
nenust koaghpuyuenma Gunompayuu (Kgp): cooepocanue necka, nvliu u enuHbl, RAOMHOCHb CMPOEHUs], 00IsL OP2AHUYECKO20 Yelepo-
0a, donsa eymyca. Pacuemnvie snauenus Ky cpasnusanuce ¢ umerowumucs oannvim guivbmpayuu nous Yxpaunel. Haubonee pene-
eanmuvle pesynomamol y [IT® Wisten u Rosetta3, Ho He 01 6cex munos noué u eeHemuueckux 20pu3onmos. Bee [IT® 3anuacaiom
Ky nuoscneeo cnos (0,3-2 m) cpeone2ymycHbIX munuyHuix u 00bIKHOBEHHBIX UePHO3eMO8 U 3a8blUarom 8 2-5 pa3s 018 OMHOCUNETbHO
8000YNOPHBIX 20pU30HMO8 (<2 Mm/uac). Ha ocnosanuu pacuemmnuvix u sKCnepumMeHmanibHbiX 3HAYeHUll NOLY4eHo Kapmy uismpayuu
HUJICHe20 U 8epxHe2o cloed nous Ykpaunvl macumada 1:2500000. Haubonvwas ckopocms guivmpayuu y noué necuaHo2o Mexamu-
yecko2o cocmaea, pacnpocmpanenvi 8 Ilonecve. Ky CyenuHUCmbIX U TUHUCTIBIX NOYE 1€COCMENU U Cenu MO2ym OMAUYAmbCs Ha
NOPAO0OK O/ PA3TUYHBIX MUNOE NOYE — yHuLe NPONYCKAIOMm 800y me, Y KOMOPbIX 8blile CMPYKMYPHOCIb (pecpaouposantvle nouebl,
munuunsle U 00bIKHOBeHHbIe YepHo3embl). Haumenvuue Ky (0,2-3 mm / wac) 6 ny2o060-uepHozemmuix 21y60K0 CONOHYe8amblx Nous,
CONIOHY0B, OCONOOETbIX 2NeEBbIX NOYE U CON0008, HUNCHE20 CN0sI OEPHOBBIX 02NICCHHBIX U CYIUHUCMBIX 0EPHOBO-NO030IUCHbIX NOYE.
Ky moorcem sapouposamucs 6 3a8ucumocmu om J1aHOUAGMHO20 PACRONIONCEHUS. NOYBEHHO20 paspe3a, 00pabomxu nouevl u eé npo-
Mep3aHusl, nOIMOMY HOTYHeHHble PAcuemuble 3Ha4YeHUs ciedyem cuumams Haubonee eeposimuvimu. [lonyuennvie pesyrbmamol npu-
emnemvl 0151 UCHOTb306AHUS 8 2UOPOTOSUYECKUX PACHemax U MOOeIUpOBaAHUL.

Knrwuegwvie cnosa: nedompancghepnas @ynxyus, kodghpuyuenm uibmpayuu, panyiomempuyeckuti cocmag, Kapma noue
VYxpaunwi, Rosetta3.

Beryn. ®inprpariiini BIacTUBOCTI IPYHTIB €
OJTHUM 13 HAaWBaXKIIUBIIINX CKIIAHHUKIB, IO KOHTPO-
JIIO€ PyX PiAMHU y BaJ03HIN 30Hi, a OTKe, Oe3moce-
pEeNHBO BIUTMBAE HA MPOIECH BHIIAPOBYBAHHS, TPaH-
cripauii Ta ¢popMyBaHHSI BogHOTO CTOKY. Ha croro-
JTHI aKTUBHO PO3BHBAIOTHCS TiAPOJIOTIYHI MOJIENI, Y
SIKUX 1[I TIPOIIECH OINHUCYIOThCS HE TIIBKH EMITipHY-
HUMH, a U ¢Gi3myHauMU piBHsHHsIMH. CepeJl Takux
Mofenelr Hainommpenimorw € SWAT (Soil and
Water Assessment Tool), 1110 Tako)X BIPOBaIKy€Th-
cs B Yipaini [1]. 3-moMixk iHIIKMX (Bi3UYHUX Hapame-

TPiB, JJIsl TapaMeTpu3allii MoJielli HeoOXiIHO BU3HA-
yutu Koedinient ¢inprpanii (Kg). Lo Benuuuny
MOXXHA BH3HAUUTH LUIIXOM IIOJBOBUX JOCIIIKEHb,
ajie Ha TPAKTHUIl, OCOOJHMBO SIKIIO TOBOPHTH IIPO
BeNMKI Bomo30opu, mani momo Ky anms Beix rpynm
IPYHTIB, HE KaXy4d BXKE MPO OKpPEeMi TOPH30HTH,
BiJCyTHI. Buxin 13 1i€i curyarii — 11¢ BUKOPUCTaHHS
nenorpanchepuux ¢ynkuin ([ITD), mo mozBons-
I0Th BU3HAUUTH HEOOXiJHI BJIACTHBOCTI IPYHTIB Ha
[MiICTaBl HAIBHUX JAHUX.

AHaui3 nonepenHix myoJjikanii. AKTUBHUH

© Ocunos B.B., bicyn O.M.

https://doi.org/10.26565/2410-7360-2020-52-05
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po3BuTOK [IT® mouYaBcs 1€ MHHYIOTO CTOJITTS.
Cepen ommsamoBux poOiT BapTo 3a3HAYWTH [2], 1€
po3msiHyTO MeToau cTBOpeHHd [IT® Tta HaBoaUTHCS
MEepeNiK XapaKTepPUCTHK TPYHTIB, 1[0 BUKOPUCTOBY-
FOTBHCS JUI BHU3HAYCHHS TiIPaBIIYHUX XapaKTepHC-
THK 3a goromororo I1T®. V npami [3] okpiM 115010
posrsanaroTs Bukopucrtanus [IT® nns napamerpu-
3arii TEIUIOBUX, O10XIMIYHUX, OIOTHYHHX IPOIIECIB
Ta TPAHCIOPTY PO3YMHEHUX PEUOBHH Y mpodimi
IpyHTY. Y pobori [4] cuHTe30BaHO iH(OpMaLito mo-
no Buxopuctanss [ITd came mis pospaxyHky K,
KpIM YCBOTO 1HIIIOTO HAaBEAEHO XapaKTEPUCTUKY Ma-
CHBIB JaHMX, SIKi Ha CBOTOJOHI € Il CTBOPECHHS
[IT®. B ycix 0630pax TopkatoThkCs mpodieM Ta 00-
MEKeHb, IO TOB’s13aHi 3 BUKopucTaHHIM [1T. Ile-
penycim 1ie te, mo [ITD He BpaxoByroTh iHPOpPMA-
LII0 IOJI0 CTPYKTYPHOCTI I'PYyHTIB (YTBOPEHHS arpe-
ratiB, MaKpOIIOPO3HICTh), MO-ApyTe, HAMIWHICTH
[IT® y perionax 3a MexamMu BUXiTHOI 0a3u TaHUX,
MO-TpeTe, aNrOPUTMU ONTHMI3alii MiJ Yac CTBO-
penns [IT®. Ha miacrts, ocTaHHI MOKPAITYIOTHCS 3
PO3BUTKOM 1HQOPMAIIIHHUX TEXHOJOTIH.

Otxe, MeTa wUi€i podoTH — MpoaHaizyBaTu
HasBHI [IT® Ta BU3HAUWTH, sIKi HaWKpaile Miaxo-
ISTh I po3paxyHKy Ky rpyHTIB Ykpainu. Y takuit
croci0 BiITBOPUTH NMPUOTU3HI 3HAYCHHS Ta OCHOBHI
3akoHOMIpHOCTI K¢ IpyHTIB YKpaiHu Ta iXHiX OKpe-
MHUX TEHETWYHHUX TOPH30HTIB, IO HaAaldi MOXKHA
OyZle BHKOPHCTOBYBATH IJIsl ITapamMeTpu3allii Tixpo-
JIOT1YHUX MOJENeH 13 po30Cepe/PKeHUMH TapaMeT-
pamu.

Marepianiu ii metonu. Y po6oti oopano I1TD,
0 € HaiOLIbI yHiBepcanbHUMHU (Tadm. 1), TOOTO
JUIsl IXHBOTO CTBOPEHHS! BUKOPUCTAHO BEIUKY KiJib-
KIiCTh 3pa3KiB Pi3HHMX THIIIB I'PYHTIB IIUPOKO CIEKT-
PY rpaHyJIOMETPUYHOTO cKiaxry. Takox, y uux ¢yH-
KIIiIX BUKOPUCTAHO Pi3HI METOIVKH JUIS BHU3HAUCH-
Hs1 Ky: piBHSHHS perpecii, qepeBo pillleHb Ta Heil-
POHHa Mepexa.

HaiiGinpmmii MacuB iHQopMalii oTpumano 3
0a3u nanux «BnactuBocti IpyHTIB YKpainm» [HcTH-
TYTy IpyHTO3HaBcTBa Ta arpoximii iMm. O.H. Coxo-
noBchkoro [11], Takok 4YacTHHY HaHWUX 3i0paHo 3
noBigHUKa «CIpPaBOYHHUK  arporHAPOIOTHISCKUX
cBoiictB nmouB YCCP» [12], «Atnac mouB YCCP»
[13] Ta «IlouBbl YKpauHbI U MOBBIIICHUE UX TIONO-
ponust» [14]. 3aranom KiNbKIiCTh pO3pi3iB IPYHTY
ctaHoBuTh 171, mo HamiuyioTe 942 TOPHU30HTH.
[pyHTOBI po3pi3i BixibpaHo B Takuil croci6, moou
oxonutH Bci 40 KiaciB IPyHTIB Ta pizHOBUAU (Ipa-
HYJIOMETPUYHHUH CKJIaJ]) OKPEeMHX TIOJNIrOHIB, IO
BIJNOBIAAalOTE KapTi IPYHTIB YKpaiHu MacmTaly
1:2 500 000 [15]. Ky po3paxoBaHO A KOXHOTIO
TeHeTHYHOTro Topu3oHTy. [1l00M BU3HAYMTH 3araiib-
He 3HadeHHs K¢ Juis BepxHbOro a0 HWXKHBOTO Ia-
piB 00paHO MiHIMaNbHE 3HAYEHHS, OCKUIBKU (iIbT-
pallis TpyHTOBOTO IIIapy, MO CKIANAETHCS 3 ACKiIh-

KOX TOPHU30HTIB 13 pisHMM Ky, BuzHadaeTbes Ky ro-
PHU30HTY 3 HAMEHIINM 3HaueHHsM [16].

PesynbraTtn Ta o6rosopennsi. Ha pucynkax 1,
2, 3, 4 po3paxyHkoBi 3HaueHHs Ky HaiiOinpm posmo-
BCIOJDKEHUX IPYHTIB YKpaiHU MOPIBHIOIOTHCA 3 €KC-
NEPUMEHTAIbHUMHI JaHUMH IIOJIbOBUX IOCIIIKCHb
(Kenocrepesenns ), Ha TICTaBI SKUX OyJIO CKIIQJCHO Ka-
PTy MemiopaTWBHOTO paioHyBaHHS Ykpaiam [17].
KoxHe po3paxyHkoBe 3HaueHHA K¢ Mmo3HaueHo Tod-
KOIO, IXHS KUIBKICTH omHakoBa miIs KokHOI IITD,
aJle 1HOI II€ HEe IMOMITHO, OCKIJIBKMA TOYKH HaKJIaaa-
IOTBCSL OJJHA HA ONHY. 3a3HAYMMO, IO B amtaci [17]
HaBeJICHO TUMOBI 3HayeHHs Ky, a He MakcHMMajbHI
Ta MiHIMalnbHI 3Ha4YeHHS, TOMY HE3HAUYHHH BHXiJ
PO3paxyHKOBUX 3Ha4eHb 338 MEXI Kenocrepewenns MOXK-
Ha BBAXKaTH JOITyCTUMHUM.

Odinprpanis MNAHUX JACPHOBO-IIII30IMCTHX
IPYHTIB y 5-6 pa3iB BHINE, HIX IHHHUCTO-IIIIIAHUX
[18], mo 3yMOBIIIOE TaKUW HIMPOKUH iHTEpBaN 3Ha-
4yeHb koedinienrta inprpamii (puc. 1A). BupasHnicts
LTFOBIaJIFHOTO TOPU30HTY 301IBIIYETHCS B HAMPSIMKY
CYMIIaHUX Pi3HOBUIIB Ta CEPEAHBO-, CHIIBHOMII30-
JUCTUX BUAIB, IO NPU3BOAMTH A0 3MeHIIeHHS Ky
HWkHBOro 1rapy (puc. 1I'). Y nepHoBo-cepeaHbo-
MOA30JICTUX OINICEHUX IPYHTAaX IICIs HACHYCHHS
OTIIEEHOTO MIAPY HWKHBOI YACTHHU 1LITIOBIaJBHOTO
TOPU30HTY YacTO a0COJFOTHO 3yNUHSIEThCS (PiIbTpa-
ISl BOAM, O MPU3BOJUTH 10 3a00JI0UyBaHHS IPyH-
Ty [18].

Haii6inpm criBcTaBHi pe3yasraru KoeillieHTy
¢inpTpanii A JepHOBO-CIA00MII30JIMCTHX TPYHTIB
orpuMaHO 32 Kwssen T8 KRrosetta ssc_Bp, JIEPHOBO-
cepenHbOmia30IMCTUX — KRrosetta ssc BD, IO TaKOX
HalKpallle cepell yCix mnependadae TEHJICHINIO 3Me-
HIIEHHA KoeilieHTy (imprpalii Mk BepxXHIM Ta
HWOKHIM mapoM (yHOBUTbHEHHS (iNbTparii 1 HU-
KHBOTO TIapy y 2-13 pasis).

Cipi omiJi30JIeHi TPYHTH Ta YOPHO3EMH OIIiJ130-
JIeHI MAaloTh OUIBII BaXKUH TpaHYIOMETPUIHUH
CKJIaJl, HDK JICpHOBO-IIII30JIUCTI, TIEPEBAYXKHO JIETKO-
CYDIMHKOBUH Ta CEPEIHbOCYIIIMHKOBUM, TOMY 3ara-
JIOM MIBUAKICTh (QinmbTpamii 3HIWKyeThesa. s
omimzonenux 1pyHTiB (puc. 2A,b) Halikpame 3 ekc-
MEPUMEHTATBHUMH JAHUMH 30iTaloThCs 3HAYCHHS
Krosetta ssc Bp JUIE 000X IIapiB, Ui HUKHBOTO —
Kweynants- JJ1s1 THIIOBHX 4OpHO3€MiB HAaHOIbII pea-
JiicTuHI 3HaueHHS Ma€ Kwassien, yci iHII [ITD 3a-
HUXKYIOTh KOeilieHT ¢uIbTpalii HIKHHOTO TOPH-
30HTY (puc. 2B,T).

YopHo3emu 3BHYANHI Ta MIBJEHHI MAIOTh Iepe-
BRKHO CEpPEIHHOCYIIIMHKOBHI Ta Ba)KIOCYTIIMHKO-
BUH TpaHYIOMETPUYHMH CKIan, ane KoediumieHTn
¢inpTpanii He 3MEHIIYIOTBCS, OCKUIBKU I IPYHTH
MarOTh BHCOKY CTPYKTYPHICTb, 1[0 CIIPHsIE€ QLIbTpa-
uii. Ha xaib, sxoqHa I[1T® He BiaTBOproe koediltie-
HTH (QinbTpalii HWKHBOTO LIapy 3BUYAHHUX YOPHO-
3emiB (puc. 3b). BepxHiii map Halkpale OnuCyIOTh
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Tabnuys 1
[epenix IIT® nnst Buznauenns Ky, 1m0 BukoprcTaHo B poOoTi
ABTOp, piK myOiKaIi HeoOxiHi BIaCTHBOCTI IPYHTY
Cosby Ta ixmi, 1984 [5] a) % micky (sand®); 6) % micky (sand), % tmnau (clay”)
a) Kcospy s = 25,410 0:0133:5and = 0,854 [Mm/200unal
0) Kcosty sc = 25,4-10 0:01265and=0.0064clay =06 [y31/200unaj
Woésten Ta i, 1999 [6] Bepxnili (topsoil = 1)/mwxwiii (topsoil = 0) map®, % many (silt*), % tmnu (clay),

miIbHICTh Oynosu (BD), % rymycy (OM)

Kwisien = exp[7,755 + 0,0352-silt + 0,93-topsoil — 0,967-BD? — 0,000484-clay’ — 0,000322-silt? + 0,001/silt — 0,0758/OM
—0,643:In(silt) — 0,01398-BD-clay — 0,1673-BD-OM + 0,02986 topsoil-clay — 0,03305topsoilsilt] [mm/200unal

Saxton Ta Rawls, 2006 [7] | micok (sand), tmuna (clay) B nonsax omunuil, % rymycy (OM)

Ksavion & Rawis = 1930-(0s — 033)3* [mm/z00unal

033 = 033 + [1,283 (053)° — 0,374-053,— 0,015]

033 = -0,251-sand — 0,195-clay + 0,011-OM + 0,006-sand-OM — 0,027-clay-OM + 0,452-sand-clay + 0,299
01500 = O1500: + (0,14-01500: — 0,02)

O1500 = -0,024-sand + 0,487-clay + 0,006-OM + 0,005-sand-OM — 0,013-clay-OM + 0,068-sand-clay + 0,031
Os-33 = 9(5.33); + 0,6369(3.33);— 0,107

Os-330 = 0,278-sand + 0,034-clay + 0,022-OM — 0,018 sand-OM — 0,027 -clay-OM — 0,584 sand-clay + 0,078
Os = 033 + Os.33— 0,097 -sand + 0,043

A= [In(033) — In(@1500)]/[In(1500) — In(33)]

Weynants Ta ixmi, 2009 [8] | % micky (sand), minpHicTh Oymosu (BD), % opraniunoro Bymeio (OC)

KWeynans = exp(1,9582 + 0,0308-sand — 0,6142-BD — 0,01566-OC)  [mm/200una]

Toth Ta inmm, 2015 [9] a) nHuodicHiti/eepxniu wap, FAO _MOD¢

6) HudicHiti/sepxniil wap, % opraniunoro Byrieto (OC), FAO_MOD

8) HudicHit/eepxnitl wap, % opranignoro Byriemnto (OC), % micky (sand), % nuny
(silt), % rmmnu (clay)

a) log1o(Kzom r10 moD+15) = [cm/006a]

1) = 0,01; axwo Huxcuiil wap, fine, very fine

2) = 0,77; akwo HudcHill wap, coarse, medium, medium fine, organic

3) = 1,14; axwo sepxuiti wap, coarse, fine, medium fine, organic, very fine
4) = 2,23, akwo eepxniti wap, medium

0) log10(Krom r10 Mop+0C+TS) = [em/ooba]

1) =-1,16; axwo nuxcniti wap, 0,96 <OC < 0,97, fine, medium, medium fine
2) = -0,44, sixwo nuscnivi wap, 0,96 < OC < 0,97, coarse, very fine

3) =-0,75; akwo nuocnuii wap, 1,52 <OC < 1,54

4) =-0,58; akwo nuocuii wap, 2,04 <OC < 2,12

5) =-0,45; akwo nuocuii wap, 2,65 <OC < 3,86

6) = 0,37, axwo Huscnuii wap, 3,86 <OC

7) = 1,29; axwo nusicniti wap, 2,12 <OC < 2,65

8) = 1,33, axwo nuoicniti wap, 1,54 <OC < 2,04

9) = 1,13; axwo nudxcniti wap, 0,97 <OC < 1,52

10) =-0,87; axwo eepxuiu wap, 2,09 <OC < 2,1

11) =-0,38; axwo eepxui wap, 2,4 < OC, fine, medium fine, organic, very fine
12) = 1,67, axwo eepxnuiti wap, 2,1 < OC < 2,4, fine, medium fine, organic, very fine
13) = 1,19; axwo eepxnuiti wap, 2,1 < OC, coarse, medium

14) = -0,49; sxwo eepxniii wap, 1,52 <OC < 1,54

15) = 1,74; axwo eepxnuiu wap, 1,54 <OC < 2,09

16) = 1,8; axwo eepxniti wap, 0,96 <OC < 1,52

17) = -1,56; axwo eepxuiti wap, 0,4 < OC < 0,41, fine, medium, medium fine, very fine
18) =-0,42; axwo 0,4 <OC < 0,41, coarse

19) = 0,79; axwo 0,41 <OC < 0,96, fine, very fine

20) = 1,54, saxwo 0,41 <OC < 0,96, coarse, medium, medium fine
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TIpoodosocenns mabauyi 1

21) = 0,55, axwo OC < 0,07

22) = 0,66, axuwo 0,07 <OC < 0,4, fine, very fine

23) = 1,3; axwo 0,07 < OC < 0,4, medium, medium fine
24) = 1,83, saxwo 0,07 < OC < 0,4, coarse

8) log10o(Knm_ssc oc 1s) = [em/ooba]

1) =-0,95; axwo nuxcniti wap, 0,96 <OC < 0,97

2) =-0,75; akwo Hudxchit wap, 1,52 <OC < 1,54

3) =-0,25; akwo nusxcHi wap, 2,04 < OC

4) = 1,33, akwo nuocniv wap, 1,54 <OC < 2,04

5) = 1,13, axwo nusicniti wap, 0,97 <OC < 1,52

6) = -0,87; saxwo eepxniti wap, 2,09 <OC < 2,1

7) =-0,22; sxujo eepxniii wap, 2,42 < OC, sand < 38,95%

8) = 1,82, axwo sepxuiii wap, 2,1 <OC < 2,42, sand < 38,95%

9) = 1,44, axwo sepxniti wap, 2,1 <OC, sand > 38,95%

10) = 0,01; axwo sepxniu wap, 0,96 < OC < 2,09, silt < 10,85%
11) = -0,46, axwo eepxuiu wap, 1,52 <OC < 1,54, silt > 10,85%
12) = 1,72; akwo eepxnuiu wap, 1,52 <OC < 1,54, silt > 10,85%
13) = 1,82; akwo sepxniui wap, 0,96 <OC < 1,52, silt > 10,85%

14) =-1,81; axwo 0,4 <OC < 0,41, silt >32,11%
15) =-0,4; axwo 0,4 <OC < 0,41, silt <32,11%
16) = 0,67; akwo 0,41 <OC < 0,96, clay > 37,4%
17) = 1,53; axwo 0,41 <OC < 0,96, silt < 37,4%
18) = 0,55; axwo OC < 0,07

19) =-0,11; axwo 0,07 <OC < 0,4, sand < 5,77%

20) = 1,28; axwo 0,07 <OC < 0,4, 5,77 < sand < 69,72%

20) = 1,96, saxwo 0,07 <OC < 0,4, sand < 69,72%

Zhang Ta Schaap, 2017 [10] a) % micky (sand), % mny (silt), %o tmuau (clay)

0) % micky (sand), % muny (silt), % tmuau (clay), minpHicTs Oymosu (BD)

Cxpunm 01 po3paxyHKy npoepamuoro moeoi Python modcna 3aeanmasicumu 3a ROCUNAHHAM

http.//www,u,arizona,edu/~yvgzhang/download,htm!

[cm/006a]

¢ sand — vactunku giamerpom 0,05-2 mm, silt — 0,002-0,05 mm, clay < 0,002 mm
% Bepxiit map — reHetHuHi ropu3onTH Ag,A; (a60 Ho,H); HIDKHIl map — reHeTHYHi Topu30oHTH As, B, C

(a0 E, I, P)

¢*FAO_MOD — moaudikoBana knacudikauiss Mmexaniunoro ckinany FAO (coarse: clay < 18% ta sand > 65%;
medium: 18% < clay < 35% Ta sand > 15%, a6o clay < 18% Ta 15% < sand < 65%; medium fine: clay < 35%
ta sand < 15%; fine: 35% < clay < 60%; very fine: clay > 60%; organic — opraHoreHHi IpyHTH)

KRosetta_SSC_BD, Ksaxton & Rawls T2 Kyosten (pI/IC- 3A) ,Z[H’I
YOpHO3eMiB TMiBIeHHHX KoedimieHT Qimprpamii
BCHOTO TMpo(disito HemoraHo BiATBOPOETBCT Kwasien,
ale JUIs BEPXHBOTO IHapy Kpalle pe3ylbraTH B
KRrosetta_ssc_Bp, Kwssten 3aBUIILYE 3HAYSHHS [T 3aJTHII-
KOBO COJIOHIIOBaTuX IpyHTiB (puc. 3B,I).

Bcei [IT® 3anmkyrors koediuieHT ¢inprpamii
HUKHBOTO IIapy JIYYHUX IPYHTIB, aje Kwassen Maiike
MOBHICTIO MEPEKPHUBAE BCl1 3HAYEHHS SIK BEPXHBOTO,
Tax 1 HWKHBOTO (puc. 4A,b). Halikpami 3HaueHHs 71st
TIPCHKUX TPYHTIB NOKa3ye Kroseta ssc Bp (puc. 4B,I).

Hait6inpmry mBuakicTs Qinprpamii  MaroTh
I'PYHTH MILIAHOTO MEXaHIYHOTO CKJIaay, OiJbII Bax-
Ki IPyHTH TMOBUIBHIIIE TPOMYCKalOTh Boxy. OJHAK,
SIKINO 1[I TPYHTH OCTPYKTYpeHi, To ixHii K¢ 3HauHO
3pocTae, sIK MOPIBHATH 3 HEOCTPYKTYPEHUMH IPYH-
TaMd TOTO X TPaHYJOMETPUYHOrO CKiany. Tak,
HaiOinpmmii Ky BepXHBOTO WIapy MarOTh IPYHTH
[Momiccst, M0 TEpeBaYKHO TMPEACTABICHI MIIAHUMHU

(K¢ > 80 mm/roguna), TmuHHCTO-TmaHuMu (25-80
Mm/roguHa) Ta cymimaanmu (10-30 mm/ropnHa)
JNEPHOBHMH Ta JIEPHOBO-TIA30JIMCTUMH TPyHTaMU
(puc. 5). Ane BXe HasBHICTh y OCTaHHIX OiIbII
HITBHOTO 3 OUThIIMM BMicToM TiMHH (<0.002 Mm)
1TIOBIaJIbHOTO TOPHU30HTY 3MeHInye Ky HIKHBOTO
mrapy 1o 2-6 MM/TonuHa, a Ajsl CyDIMHUCTUX JAep-
HOBO-CEPEJIHbO- Ta CHJILHOIIA30IUCTHX IPYHTIB
Iepenxapnarts go 0,1-0,3 mm/ronuna (puc. 6).
[lormpu BHCOKI eKcllepUMEHTaNbHI 3HAYCHHS
Kd, y mnpupomnux ymoBax IilIaHi JepHOBO-
MIiA30JIUCTI Ta JIEPHOBO-IIIZ30JIMCTI OIVICEH] 3HU3Y
IPYHTH, TOOTO aBTOMOpP(]HI 3a yMoBamMu (HOpMyBaH-
Hsl, 4acTO TepeOyBaloTh y CTaHI 3HEBOJHEHHS TOp,
IO Tepeniko/pKae iHQUIBTpallii MOBEepXHEBOI BOJIO-
ru [19]. IIpoctopoBa iH}inBTpamis NPOSBISETHCS
TIIBKM B YMOBaX HaJIMipHOTO 3BOJIOXKEHHS 3aBISKU
BOJIaM, 1[0 MPUTIKAIOTh 31 CXUIIIB, HAKOIUYYIOTHCS Y
JIEHHO1 OBEPXHI Ta MPOHUKAIOTH /10 PiBHA IPYHTO-
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[JepHosi-cnabonigzonncti niwaHi Ta

FIMHUCTO-NiLAHI HEOrIeEHI TA OTrNEEHI HEOr/Ie€Hi Ta OrNeeHi
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Puc. 4. TopisasiaHSA K¢ Ty4HUX Ta MPCHKUX IPYHTIB 3 €KCIICPUMECHTATBHUMH 3HAYCHHAMHU
(3a matepianam [17])

-73 -




Cepisi «[eonoezisi. [eozpabisi. Ekornogzisi», sunyck 52

Kg Mm/rognna

0-05
05-1
1-2
2-4
4-7
7-12
12-20
20-30
30-40
40-60
60 - 100

> 100

K MM/ropunHa

0-05
0,5-1
1-2
2-4
4-7
7-12

12-20
20-30
30-40
40-60
60 - 100
>100

Puc. 6. K¢ HmxHBOTO mapy (MiHIManbHe cepel TOpu3oHTiB Az, B, C) rpyHTiB Ykpainu
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BUX BOJI.

Jani Ha miBOEHb TPaHYJIOMETPUYHHHA CKIIAT
3MIHIOETBCS 3 TIEPEBAXKHO JIETKOCYIJIMHKOBHX Ta
CEpeIHBOCYIIIMHKOBHUX IPYHTIB JICOTEIy JI0 BasKKO-
CYIIMHKOBUX Ta INIMHUCTUX IPYHTIB CTEHOBOI 30HH.
AJje Takoi X 30HANBHOI TeHEHI1 3MeHImeHHs Ky
HE CIOCTEPIraeThes, TOMY LIO0 34e011bIIOT0 TEPUTO-
pi€r0 PO3MOBCIOMKEHI YOPHO3EMH, 1[0 MAIOTh BHCO-
Ki CTPYKTYpHI XapaKTepHUCTHKH Ta TapHO MPOITycC-
KaloTh BoJiory. K¢ BepXHBOrO HIapy 4OpHO3EMiB 5-
20 MMm/rogvHa ¥ 1€ OLIBII BHCOKI IS HIXKHBOIO
mapy — 10-40 mm/roquna. [Ipnbnusno Taki cami Ky
JUIE  BEPXHBOTO MIapy MaroTh Cipi, TEeMHO-Cipi
OMiJ30JICHI IPYHTU Ta YOPHO3EMH OIiA30JeHi, Oypi
TipChKO-JIICOBI Ta NepHOBO-Oypo3emHi rpyHTH (10-
25 MM/TomuHa), X04a MaroTh OUIBIN JIETKHHA CKIIa,
MEPEBAKHO JIETKOCYTIITHMHKOBUH. K¢ HHKHBOTO 1IapYy,
SIK TIOPIBHATH 3 YOpPHO3eMaMu, MeHmmid — 2,5-7
Mm/roguHa. Ky JTydHO-4OpHO3EMHHX Ta JIy4HHX
IPYHTIB, 1110 MIOMIUPEHI HA Tepacax pivoK, Jempecisx
Ha IJIaTo Ta MOMMaXx, SMEHIIYEThCS 3 OTTHOICHHAM
MPOIIECIB COJIOHITFOBAHHS Ta OCOJOHIHHS — Hak-
MEHIII 3HAYEHHS MAIOTh COJIOHII, OCOTIO/II IIEHOBI
rpyuTH Ta cojomi (0,2-3 mm/roauHa).

Komu woedimienT Qimprparii MaTepuHCHKUAX
mopig abo TOPU3OHTIB TPYHTOBOTO MPOGDiTI0 BHUSB-
nsietbesi piBHEM abo Hmwxkue 0,05 m/moba (= 2
MM/TOZIMHA), TO TaKi MIapd MOXKHa PO3MIAAATH SIK
BomorpuBki [20]. Hag wumm dwacto dopmyeThcs
BEPXOBOJIKA, IO TPU3BOAUTH 1O 3a00JI0UyBaHHS
TPYHTY.

Bapro 3ayBaxuru, mo Ky 3ainexuth He TiNbKH
BiJl IPYHTY Ta IpaHyIOMETPUYHOIO CKJaxny, a il Bix
naHamadTHOTO PO3TAIlyBaHHS TPYHTOBOTO pO3pi3y
i CUIBCBKOTOCIIONAPCHKUX MPAKTHK, L0 3aCTOCOBY-
otbest [14]. i mapameTpu TakoK MOXYTh OyTH
cxnagaukoM [ITO [2], ane Ha perioHaTbHOMY PiBHi.
Takoxx He BapTO 3a0yBary, IO ITiJ] 4aC CHITOTaHEHHS
IPY KOHTAaKTI 3 MEp3JIUM IPYHTOM B3arajli MOXe
YTBOPIOBaTHCA BONOHENPOHUKHUN mmiap [21]. Tomy
oTpuMaHa kapra Ky mMokasye HalWOUIbII iMOBIpHI
3HAUCHHS, & HE BCTAHOBJIIOE JOCTOBIPHE 3HAYCHHS
U151 OyIb-SIKOT TOUKH.

BucnoBku. V po6ori posnsiayto [T, siki
Ui po3paxyHKy K¢ BHKOPHCTOBYIOTH T'PaHYJIOMET-
PUYHMIA CKJal, WbHICTh OyZOBH, BMICT OpraHiy-
Horo Bymemo abo rymycy. Ha BiaMiHy Big ¢iibT-
paliifHuX BIACTUBOCTEH, IO iH(opMaIlito Habararo
JIeTIIe BCTAHOBHUTH I BCiX OCHOBHHUX IPYHTIB YK-
painm, Ta IXHIX OKpPEMHX TeHETUYHUX TOPU3OHTIB. Y
Takui cnoci0 po3paxoBaHo K¢ BEepXHBOTO Ta HIK-
HbOTO mapiB ycix 40-ka KmaciB IpyHTIB YKpaiHH,
110 BiAmoBigaroTh kapTi Macitady 1:2 500 000.

CriBcTaBneHHsT 3 HassBHUMH JaHuUMU Ky moka-
3y€, IO Cepell YCiX HaW4vacTille pejieBaHTHI 3Ha-

geHaHs MaroTh [ITD Wosten (Kwssien) Ta Rosetta3
(KRosetta_ssc Bp). Juist po3paxyHky K¢ BepXHBOTO I1a-
PY JepHOBO-CIIa00MIA30IUCTHX IPYHTIB PEKOMEHAO-
BaHO Kwssten, CEpeTHBOTII30MHCTUX — KRrosetta_ssc BD.
YV miTeparypi BiACTYyHI KOHKpeTHI 3Ha4eHHs Ky HE-
KHBOTO IMApy MIMAHUX Ta CYMIIaHUX AEePHOBO-
MiJ30JIUCTUX TIPYHTIB, aje BilOMO, IO IIBUIKICTh
¢inpTpamii 3HAYHO 3MEHIIYETHCS HYepe3 HasBHICTH
1TIOBIaIbHOTO TOPU30HTY. Halikpaie 1m0 TeHAeHIIifo
BinTBoptoe Rosetta3 — Ky cymimanux nepHoBo-
CepeAHbOMII30MUCTUX IPYHTIB 3 10-25 mns Bepx-
HBOTO 3MEHIIYEThCA 0 2-6 MM/TOOUHA I HIXK-
HpOTrO mIapy. /s BepXHBOTO IIapy SICHO-CIpUX Ta
CIpHUX OIA30JCHUX IPYHTIB HaMOLIbII peneBaHTHI
3Ha4eHHS € B Ksaxton & Rawls, TEMHO-CIPHX OITiI3071€-
HUX — Kwesien, UYOPHO3EMIB  OMIJ30JCHUX —
KRosetta_ssc BD, A8 HIXKHBOTO INApy 3raflaHuX Ipy-
HITB — Kweynans. CTPYKTYPHICTH YOPHO3EMIB CIIPHSIE
¢inprpamii, MmO BaXXKO MepedaTd 3a JIOTOMOTOO
[IT®, Tomy BCi BOHU 3aHIKYIOTh K¢ HIDKHBOTO II1a-
Py THUIIOBUX CEpeTHBOIYMYCHHX Ta 3BUYalHUX 4YOP-
HO3EMIB, TIIBKH IS THIIOBUX MAJIOTYMYyCHUX Ta
MiBACHHUX YOPHO3EMiB MOKHA BUKOPUCTATH Kwisten.
s BepXHBOTO MIapy miaXxoaiaTh Ksaxion s Rawls (4OP-
HO3eMH THUTIOBI), KRroseita ssc Bp (TOpHO3EMU 3BUYAK-
Hi MaJOTyMyCHi, YOpHO3€MH THIIOBI 3aJIAIIKOBO
cosoHItoBarti), Kwssen (WOpHO3EMH 3BHYAHI cepel-
HBOT'YMYCHI Ta miBaeHHi). BepxHiii map syroso-
YOPHO3EMHHX (OKPIM TIIHOOKO-COJIOHITFOBATHX), TE-
MHO-KAIlITAHOBHX Ta KAIITAHOBHX I'PYHTIB HaWKpa-
e onucy€e Krosetta ssc BD, @ HIKHIN — Kwisien. YBECH
mpoink TydHUX TIPYHTIB — Kwesen. A 178 Oypux
TipCHKO-JTICOBUX, JEPHOBO-OYpO3EMHHX Ta KOpHY-
HEBUX TIPYHTIB HaWOUIBII pENeBaHTHI 3HAYCHHS
oTpuUMaHO 32 KRrosetta_ssc_Bp 151 HIDKHBOTO Ta BEPX-
HBOTO MIapiB.

Ha xanp yci I[IT® 3aBungyrors 3HadeHHS Ky,
KOJIM 3HAYEHHsI, [0 OTPHUMAHO CIIOCTEPEKECHHSIMH,
nyke Hu3bKi — 0,2-3 MM/TotMHa (JTy4YHO-4OPHO3EMHI
IJIMOOKO COJIOHITIOBATI IPYHTH, COJIOHII, OCOJIOMLTI
IJIeHOBl TPYHTH Ta COJIOZI, HIKHIW IIap JAEpHOBHX
oreeHuX IpyHTiB). Takox 3a3HaYMMO, 110 33 €KCIIe-
pUMeHTaIbHUMH JaHuMu Ky Ty4HO-00J70THHX Ta
TOpd’THO-O0JIOTHUX IPYHTIB KOJIMBAETHCS B IUPO-
Kkux Mexax (1-144 mm/ronuna), ane HassBHUX PO3pi-
3iB y 0a3i JJaHWX HENOCTaTHHO, MIOOM OIHHUTH SIK-
icth [ITD.

B pesynbrari CMHTE3y €KCTIEPUMEHTAIbHUX Ta
PO3paxyHKOBUX 3Ha4€Hb, HA OCHOBI KapTH IPYHTIB
VYkpainu macmrtady 1:2 500 000 orpumano KapTy,
mo BimoOpaxkae HaiOimbII iMOBipHHI Aiama3oH Ky
HIDKHBOTO Ta BEPXHBOTO LIAPIB YCiX MPEACTABICHUX
Ha KapTi KJ1aciB IPYHTIB, IO JOCTaTHHO TOYHO IS
BUKOPHCTAHHS ii y MOJIENIOBAHHI TiIPOJIOTIYHUX Ta
reoi3UYHUX TPOIIECIB.
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EVALUATION OF PEDOTRANSFER FUNCTIONS TO PREDICT SATURATED
HYDRAULIC CONDUCTIVITY OF UKRAINIAN SOILS

Literature overview. The parameterization of hydrological models requires knowledge of the soil fil-
tration properties. Generally, soil profiles are characterized by properties such as sand, silt and clay content,
bulk density, organic carbon fraction or humus content, and no data on filtration properties are available.
Ukrainian soil database, created in Geoecophysics of soil laboratory of National Scientific Center “Institute
for Soil Science and Agrochemistry Researched named after O.N. Sokolovsky” (Laktionova et al., 2012),
among other properties has extensive data on texture and bulk density for more than 2000 profiles, less on
organic carbon content, and almost no data on saturated hydraulic conductivity (Ksax). The most probable
ranges of Kg for most types of Ukrainian soils are given in the Atlas of natural conditions and natural re-
sources of the Ukrainian SSR (“Pochvenno-meliorativnoye rayonirovaniye. Masshtab 1:4000000,” 1978),
however, the data doesn’t present Ksx for different textures inside one soil type. To fill this gap, the best so-
lution is the applying of pedotransfer function (PTF).

The purpose of this work is to synthesize the most realistic Ks; of the main soil groups of Ukraine, cor-
responding to a scale map of 1:2 500 000 (Krupskiy, 1977), as well as their genetic horizons, on the basis of
calculated and experimental values available in the literature.

Material and methods. Ten PTFs used in the study are based on regression equations (Coshby et
al., 1984; Saxton & Rawils, 2006; Weynants et al., 2009; Wosten et al., 1999), decision tree (Téth et al.,
2015), or neural network (Zhang & Schaap, 2017). Ks: was estimated for 942 horizons of 171 profiles which
represented all 40 soil groups (corresponding to the legend of 1:2 500 000 map) of Ukraine according to
Dokuchaev classification.

Results. Wosten and Rosetta3 PTFs are determined as the most relevant by comparing the calculated
Ksat vValues with the available data of the bottom (horizons A,, B, C) and top (Ao, A1) soil layers of Ukraine.
In particular, they are relevant for widespread soils such as Soddy podzolic soils (WRB — Eutric podzoluvi-
sols), dark gray podzolized soils (Phaeozems Albic), chernozems podzolized (Chernozems Chernic), cherno-
zems southern (Chernozems Calcic), meadow-chernozemic soils (Phaeozems Haplic), dark chestnut and
chestnut soils (Kastanozems Haplic and Kastanozems Luvic), meadow soils (Umbrisols Gleic, Fluvisols
Dystrict, Fluvisols Eutryc, Leptosols Umbric), mountain soils (Cambisols), and top layer of Chernozems or-
dinary (Chernozems Chernic). Unfortunately, all ten PTFs underestimate 2-4 times K. of bottom layer of
ordinary and typical chernozems (Chernozems Chernic) and overestimate 2-5 times for relatively impermea-
ble horizons (< 2 mm/h).

Conclusions. Based on the calculated and experimental values, the map of K of the top and bottom
soil layers was obtained. Sandy soils, common in Polissia, have the highest filtration rate. Ks of loam and
clay soils of forest-steppe and steppe can differ between different types by an order. The highest Ksx have
soils with high structural properties (Chernozems Luvic, Chernozems Chernic). The lowest Ksa (0.2-3 mm/h)
have Phaeozems Sodic, Solonetz, Solonchaks, Planosols Albic, and bottom layer of soddy manly gley
(Arenosols Protic/ Haplic) and loamy soddy podzolic soils (Albeluvisols Umbric). The estimated values
should be considered as the most probable because Ks.: depends on landscape location of soil profile, tillage
operations, and soil temperate. The results are acceptable to use in hydrological calculations and modeling.

Keywords: pedotransfer function, saturated hydraulic conductivity, soil texture, soil map of Ukraine,
Rosetta3.
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o410 MOXJINBOCTI OINTHKHU 3MOYYBAHOCTI HA®TOTI'A3BOHOCHHUX IIJIACTIB
3A IX OCHOBHUMM KOJIEKTOPCHbKUMM BJACTUBOCTSMUA

OO0HUM 3 HAUBANCIUBIUUX NAPAMEMPIE NPOOYKMUBHUX HADMO2A30HOCHUX NAACMIE NPeOCmAagasicmovcs ix 3vwouysanicmo. L
XApakmepucmuKa Mae 8enuKe 3HaueHHs Ol GUSHAYEHHS. MOJNCIUBOCII NPOCYBAHHS NIACMOBUX 600 8 HADMOCAZ0HOCHI 20PU30HMIL,
nonepeoiceHts 8UOIPKOB020 0OB0OHEHHS C8EPONIOBUH T SHUMCEHHA 8MICHTY 3ANUWKO80I Hagdmu 6 naacmi. 3'asuiuca pobomu, 8 AKUX
3amMeepOACYEMbCA MONHCIUBICTNG OYIHKU 3MOUYBAHOCHT NPOOYKMUBHUX NAACMIE 3d OAHUMU NPO iX OCHOGHI KONEKMOPCLKI 81ACMUBO-
cmi, 30Kpema, 3aIUUKO8Y 6000HACUYEHICTNG | 6000ymMpuMytoyy 30amuicme. Haulbinvuie 3nauenns ye mae 014 npomMuciosoi 2eoqhisu-
K, KA OMPUMYE MOJNCIUGICIG OYIHIOBAMU 3MOYYBAHICIb NPOOYKIMUEHO20 NAACMA 30 KAPOMAICHLIM OAHUMU, BUKOPUCHIOBYIOUU
3a30ane2iob no6y008any 6 1a60PAMoOPHUX YMOBAX 3ATEHCHICMb MINC NOKAZHUKOM 3MOYYB8AHHS | (DIKMUBHOT MOGUUHOIO NIIGKU 3aU-
WKOBOI 800U, AKA PO3PAXOBYEMBCS 34 3HAYEHHAMU OCHOSHUX KONEKMOPCLKUX elacmugocmeti nopoou. [Jana poboma npucesuena
BUBHEHHIO MOICTUBOCHT NOOYO0BU YI€T 3an1eHCHOCI 8 TADOPAMOPHUX YMOBAX 34 1aO0pamopHumM Oanumu. B axocmi konmponbnozo
NOKA3HUKA 3MOYYBAHHS BUKOPUCHIOBYEMbCS KV 3MOYYBAHHS, KU 8U3HAYAEMbCs 3a po3pobrenum 6 Ykpaini memooom M. FO. Hec-
mepenxo, wo cmanoapmuzosanuil na pieni I'CTY, a makoc noxkaznux smouyeanocmi « My, aKuil 6UBHAYAEMbCS 30 WUPOKO NOUUDe-
num memooom OCT 39-180-85. Hasedeno kopomkuii onuc 3anponoHo8anoi Memoouxu po3paxyHKy ikmueHoi niiexu, pesyismamu
Gpaxkmuunux 1a60pamopHux 6U3HAUEHb 3MOUYBAHOCHIT 3iCMABIen] 3 pe3yIbmamami 1a60pamopHux 8U3HAUEHb 3ATUUKOB020 B000HA-
cudenHsa i 6000Ympumylouoi 30i6Hocmi, a Maxodic 3 PO3PAXYHKOGUMU 3HAYEHHAMU MOGUWUHI (DIKMUBHOI NAIGKU, PO3PAX0BANOL 3d
nabopamopHumu danumu. [1obyoosano epagixu, wo i006padxcaroms 36'sa3Ku MidHe OCHOBHUMU KOIEKMOPCLKUMU 81ACMUBOCHAMU |
PO3PAXYHKOBOIO0 MOBWUHOIO DIKMUEHOT NAIEKU 3ATUUKOEOT 800U, 3pOONEHT BUCHOBKU NPO MOMCTUGICING NPAKMUUHO20 3ACIMOCY6AHHS
3aNPONOHOBAHOT MEMOOUKU.

Knrouoei cnosa: 3mouysanicmo, 3MO4Y8aHicmb NOPIO-KONEKMOPI6, 3MOUYEAHICb NPOOYKMUGHUX KOJIEKMOPIE, 3MOUYE8AHICTb 3d
2e0Qi3UUHUMU OAHUMU, NOKASHUKU 3MOYYBAHHS, MEMOOU 8USHAYEHHS 3MOYYE8AHOCII, 3ATUWKO8A 800a, 6000YMPUMYIOUA 30AMHICIb.

C. @. Ilosepennniii, A. H. Jlypve, E. B. Iloodyonan, A. H. @vix. O BO3SMOKHOCTH OLIEHKH CMAYUBAEMOCTH
HE®TETA30HOCHBIX IIVIACTOB 110 HX OCHOBHBIM KOJUIEKTOPCKHM CBOHCTBAM. Oonum u3 sasicheriuux na-
pamempos npooyKmusHbIX Heghme2azonoCHbIX NIACHO8 NPeOCMABIACMCs UX CMAYUBAEMOCb. DMA XapaKmepucmuxa umeem 60ib-
woe 3navenue 0is onpeoeneHus B03MOICHOCIU NPOOBUICEHUS NIACMOBLIX 800 8 Hedhme2a30HOCHbIe 2OPUSOHNIbL, NPEOYNPE’COeHUs]
u3OUpamenvHo2o 00800HEHUA CKBANCUH U CHUMCEHUS COOPIHCAHU OCMamoyHoll Heghmu 6 niacme. Tloasunucy pabomei, 8 KOMOPLIX
YMBEpAHCOaemcs B03MONCHOCHb OYEHKU CMAYUEAeMOCMU NPOOYKMUSHBIX NAACHOE NO OAHHbIM 00 UX OCHOBHbIX KOJIEKMOPCKUX
c60licmeax, 6 4acmHoCmu, OCMamoyHOU 6000HACLIUWEHHOCIU U 8000yOepdcusaioweli cnocobnocmu. Haubonvwee snauenue smo
umeem 05l NPOMBICIIOB0U 2e0PU3UKYU, KOMOPAs NOAYYAeNm 603MONCHOCHb OYEHUBATNb CMAYUBAEMOCHIb NPOOYKMUBHO20 NIACMA NO
KapoOmagiCHblM OAHHbIM, UCNONb3YA 3apanee NOCMPOEHHYIO 8 1aO0PAMOPHLIX YCA0BUAX 3ABUCUMOCTIL MeXNCOY NOKA3AMeneM CMadu-
6aHUA U UKMUBHOU MONUWUHON NAEHKU OCMAMOYHOU 600bl, PACCHUMBIBAEMOL NO 3HAYEHUAM OCHOBHBIX KONIEKMOPCKUX CBOUCME
nopooul. [annaa paboma noceawyeHa uzyueHuio 803MONICHOCIU NOCMPOCHUS. SMOU 3A8UCUMOCIIU 8 1AOOPAMOPHBIX YCIOBUAX NO
1abopamopHeiM OaHHbIM. B Kauecmee KOHMPONbLHO20 NOKA3AMENS, CMAYUBANHUS UCNONL3YEMCS Y20 CMAYUBAHUS, ONpedenieMblil no
paspabomannomy 6 Yrpaune memooy M.FO. Hecmepenxo, cmandapmusosannomy na yposwe I'CTY, a makoice nokazamens cmauuea-
emocmu «My, onpedensiemvlii no wupoxo pacnpocmpanénnomy memooy OCT 39-180-85. Ilpusedeno kpamkoe onucanue anpooupy-
eMoll MemoOUKU pacuéma QUKMUEHOU NAEHKY, Pe3yTbmamsl QAaKmuieckux 1abopamopHbix onpeoeneHull cMayueaeMocmu cono-
Ccmasnensl ¢ pe3yIbmamamu 1a60pamopHbix onpederenuii OCmamouHoll 6000HACLIWEHHOCMU U 6000y0epIHCUsaioujell cnocoonocmi,
a makoice ¢ pacyémHelMu 3HAYEHUAMU MOTWUHBL PUKMUBHOU NAEHKU, pACCUUMAHHOU no aabopamopheim Oanuwvim. Tlocmpoensi
epaghuxu, ompadcaowue cesa3u Meicoy OCHOGHLIMU KOINEKMOPCKUMU CEOUCMBAMU U PACYEMHOU MOWUHOU DUKIMUSHOU NAEHKU
OCMAmMOoYHOU 800bl, COENANbL 8bIB00bL 0 BO3MOICHOCMU NPAKMUYECKO20 NPUMEHEHUS NPEONOICEHHOU MEMOOUKU.

Kniouesvle cnosa: cmauugeaemocms, cMaiusaemocms NOPOO-KONIEKMOPO8, CMAYUBAEMOCHb NPOOYKMUBHBIX KOMLEKIMOPOS,
CMAYUBAEMOCTb NO OAHHbIM 2€0QIU3UKU, NOKA3AMENU CMAYUSAHUA, MEemOoObl OnpedeleHus CMayusaemMocmy, oCmamounas 600d,
6000Y0epIUCUBAIOWdst CNOCOOHOCHTb.

IlocTaHoBKka mpoOgeMH. 3MOYYBaHICTh MOBEpP-  3aJ€KaThb OCHOBHI MOKA3HUKH PO3POOKH POIOBHIIL
XHI TMOPOIM € BaXKJIMBUM IIapaMeTpOM, BIJl SKOrOo  ByIIeBOAHIB. Tak, TigpodoOHAa XapaKTepHCTHKA
© Hosepennuii C.@., Jlyp'e A.U., ITiody6ua O.B., dux O.I. https://doi.org/10.26565/2410-7360-2020-52-06
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IJIACTiB TIEPEBOAUTHL 3allacH, SIKi BOHU MICTSTh, B
pO3psa BaXKOBUAOOYBHHX. HeXTyBaHHS OIIIHKOIO
3MOYYBaHOCTI KOJIEKTOpa IMPH3BOAWTH 10 Hebaxka-
HUX HACIHIJKIB MpU BUAOOYTKY, TaKUX SIK pi3ka 00-
BOJHEHICTh BHIOOYTOI MPOMYKITii, BUCOKE 3HAUCHHS
3JIMIITKOBOT HA()TH B TIIACTI, 1, IK HACTIIOK, 10 HU-
3bKO1 BUPOOKHM BYIVIEBOJHIB 1 3HAUHMX EKOHOMIUYHHUX
BTpaT.

Ha manmit MomeHT 6araro HaTOra30BHUX KOMITa-
Hi{ BiI4yBalOTh CKJAQJHOII MPH po3poOI HadTo-
BUX 1 TA30BHX DOJOBHII, CKCIUTyaTalis SKHX Be-
IeThCst Oararo pokiB. OCHOBHI CKJIATHOCTI TIOB'sI3aHi
3 MMPOPHUBOM BOJY NPH 3aBOAHEHHI, BUOOpYOMY 00-
BOJIHEHHI CBEPJIJIOBHH 1 30UIBIICHHSIM Tiipodobiza-
mii KOJIGKTOpa BHACIIMOK aacopOIiii KOMIIOHEHTIB
HaTH y BUDIANI cMoJ, achanbreHiB 1 OiTyMmiB B
nporieci po3poOku. Bee 1ie mpru3BOaUTh 10 3HMKEH-
Hs TEMITy BigOOpy BYIJICBOAHIB, 3HAYHOTO 30ilTb-
IIeHHST OOBOJTHEHHS 1 B MIJICYMKY J0 3HIDKEHHSI KiH-
LEBUX TMOKa3HWKIB BUIIYYCHHsI BYIJIEBOAHIB. IcHye
Oararo MeToAiB BIUIMBY Ha Ha(TOrazoBUH KOJIEKTOP
3 METOI0 OTPUMaHHS €KOHOMIYHO BUTIJHOTO TPHII-
JIUBY BYIJICBOJHEBOI CHPOBUHH. AJe KM OM METOJ
He OyB 3aCTOCOBaHWH, BUHUKAE 3aBIaHHS 3 KOHTPO-
7 1 KOPUTYBaHHS 3MOUYYBAaHOCTI, BUPIMIEHHS SKOT
HEMOXUTMBO Oe3 BH3HAYEHHS pPeabHOI BiTHOCHOT
3MOYYBaHOCTI KOJIEKTOPa BOJIOIO 1 BYTJICBOJHSIMHU.

OcrtanHiM yacoM B pob0Tax poCiiChKUX I'eolo-
riB [1,2,3,4] 3'sBunmcs myOmikaiii, IpUCBSYCHI BU-
3HAUEHHIO 3MOYYBaHOCTI MPOJAYKTUBHHX ILJIACTIB 32
BIJOMUMH 3HAYCHHSMH OCHOBHHMX KOJEKTOPCHKUX
BIIACTHBOCTEH TOpia, 30KpemMa, BOAOYTPHUMYIOUOT
3naraocTi (BY3) abo 3anumkoBoi BOJOHACHYEHOCTI
(3B) sxi, B cBOIO uepry, BU3HAYEH] 32 JaHHUMHU Teo-
¢izmunux pocmimkens ceepmiosuH (IJ1C). [puk-
naau Bukopuctanaa 3B abo xoedimieHTa razoHacu-
yerHst (Kr) Juist OmiHKM 3MOYYBaHOCTI 3a JIaHUMHU
I'J1C omnucani B miteparypi i pauimie [5,6,7,8], npote
BOHH TPYHTYBAIIUCS HA €MITIpUYHOMY IIPaBHIIi: KO-
JIEKTOP, 1[0 MICTUTh 3aJUIIKOBY BOAY B KUTBKOCTI JI0
10-15%, nepeBaxHo rigpodoOHUii, 10 MICTUTh 3a-
JIMILIKOBY BOXy B KijbKoCTi Oinbriii 10-15% - mepe-
BaXHO TinpodineHuil. TakuM YMHOM, B SKOCTI ITOKa-
3HMKA 3MOYYBAHOCTI HAIIPSIMY BHUCTYIAJO 3HAYCHHS
3aJIMIIKOBOTO BOjioHacwueHHs. B poborax [1,2,3,4]
B SIKOCTI OCHOBHOTO TIOKa3HHMKa 3MOYYBaHOCTI BHKO-
PUCTOBYETHCSI TOBIIMHA (DIKTHUBHOI TUIIBKH 3aJIAIII-
KOBOI BOJIH.

JlaGoparopHi BH3HA4YEHHS 3MOUYYBAaHOCTI 3a
CTaHJapTHUMU MeToaukamu [9,10] mocuts Tpymomi-
CTKI 1, SIKIIO 11l BU3HAYEHHS JiHICHO MOMKJIMBO 3aMi-
HUTH PO3pPaxyHKOM Ha OCHOBI BHM3HAUEHHS BMICTY
3aJIMIIKOBOI BOAM 200 HaBiTh KOMILIEKCY OCHOBHHUX
KOJIEKTOPCHKUX BIIACTHBOCTEH - IOPUCTOCTIi, MpPO-
HHMKHOCTI 1 3aJIUIITIKOBOT BOJOHACHYEHOCTI, 1€ O 3Ha-
YHO MOJIETIINIO, CHPOCTUIIO, HMPUCKOPWIIO HpOLEC
JOCIIKEHD MOPiA-KoJeKTOpiB HadTH 1 rasy. OqHaxk,

TOJIOBHE, 1110 J03BOJISIE 3alIpOIIOHOBAHA METOIUKA -
IIe TIPOTHO3 3MOUYYBAHOCTI NMPOTYKTUBHUX ILIACTIB
3a JaHUMHU MPOMHCIOBOI reo(i3Ku Ha OCHOBI IO-
MepeIHFO BCTAHOBJICHHUX B J1aOOpaTOpHUX YyMOBax
3aNIe)KHOCTEN MK TTOKa3HMKOM 3MOYYBaHOCTI 1 oc-
HOBHUMH KOJIEKTOPCBKMMHU BJIaCTUBOCTSIMH. Y [a-
Hill poOOTi MU HE TOpKaeMocs MpodiIeM, TOB'A3aHIX
3 IHTEpIIpETAIi€l0 KapoTaxy (30KpeMa, BU3HAYCHHS
3a Or0 JaHWMHU MPOHUKHOCTI), & 30CEPeKYEMOCS
Ha 3aJIeKHOCTI MIX MOKAa3HUKOM 3MOYYBAHOCTI i
OCHOBHHMH KOJIEKTOPCHKUMH BJIACTUBOCTSIMH, IO
Mae Oyt moOynoBaHa Ha MiACTaBi JaHWUX, OTpHUMa-
HUX B 1JaOOpaTOpHUX YMOBaXx.

Merta naHoi podoTm — anpoOyBaTd 3amporio-
HOBaHy aBTOpamu po0it [1,2,3,4] MeToguKy po3pa-
XyHKY 3MOYYBaHOCTI, MIEPEBIpUTH B JaOOPATOPHHX
YMOBaxX MOXIIUBICTh BCTAHOBJICHHSI 3AJIKHOCTI MiXK
MIOKa3HUKOM 3MOYYBAaHOCTI, III0 PO3pPaxOBYEThCA 32
MIPOMIOHOBAHOI0 METOMUKOI (TOBIIWHA (HiKTHBHOI
TUTIBKY 3aJIMIIKOBOI BOAM) 1 MEIiaHHUM KyTOM 3MO-
YyBaHHS, AKHH € TTOKa3HUKOM 3MOYYyBaHOCTI, 3T'1JTHO
craamapTHOro Metony [10], SKkuif BUKOPUCTOBYETHCS
B YKpaiHi, a TaKOXX OLIHUTA MOXIIUBICTH MPAaKTHY-
HOTO 3aCTOCYBaHHSI METOAUKH

Amnaui3 monepeaHix po6it mo temi. Ilepm 3a
BCe, BiJJ3HAUNMO, IO B pi3HUX poborax [1,2,3] me-
TOAMKA HaszuBayacs To-pizHoMy. B pobGoti [1]
HIiocst mpo 3B'SI30K 3MOYYBAHOCTI 3 KOJEKTOPCh-
KHMH BJIaCTHUBOCTSIMU TNPONYKTUBHHUX IUIACTIB, PO-
Oota [2] Ha3uBanacs «BOJOYTPUMYIOYA 3IaTHICTH 1
3MOYYBaHICTh POJYKTUBHHX IIJIACTIBY», B POOOTI [3]
HIII0CS PO MPOTHO3 3MOYYBAHOCTI MO0 00'€eMHOMY
BMICTYy 3aIMIIKOBOI Boau. Ha Ham morsia, B OCHOBI
METOJUKH JICKHUTH 3B'S30K 3MOUYBAHOCTI 13 3aJIHIII-
KOBOIO BOJIOHACHYEHICTIO, ajleé camMa METOAMKA Y
BCiX TPHOX BHIIQJIKaX 3BOAMTHCS JO PO3PAXYHKY 3a
HasBHUMHU 3HAUCHHSIMH OCHOBHHX KOJEKTOPCHKHX
BJIACTHUBOCTEH (MMOPUCTOCTI, TMPOHWUKHOCTI, 3aJIHII-
KOBOT BOJIOHACHYEHOCTI). Bim3HaunmMo Tak camo, 1o
il BOIOYTPUMYIOUOIO 3JaTHICTIO B poborax [2,3]
PO3YMilOTh KOMIUIEKCHUH TOKa3HUK - TBip MOpPHUC-
TOoCTi Ha 3anumkoBy BojoHacuueHicTh (K, - Kig).
Hame po3yMiHHS TepMiHa «BOZOYTpPHMYIOUYa 3/1aT-
HICTB» He 30iraeTbcs 3 TOYKOIO 30pY aBTOPIB POOIT
[1,2,3,4], ane B pamkax naHOi CTarTi MU pa3oM 3
HUMH OyJeMO BHKOPHUCTOBYBaTM TEPMIH B ILOMY
cenci (K - Ks).

OnwuimemMo KOPOTKO METOAMKY PO3PaxyHKY, IO
mijyiarae anpoOartii i MmokJIaneHi B OCHOBY BHIXIiHI
MOJIOKEHHS. MOKHa MIPUHHATH, IO JJO BUHUKHEHHS
MOKIIQ/IiB 1 HaJXOIKEeHHS HadTU B pe3epByap Oib-
LIiCTh MJIACTIB € TiApo¢inbHUMH, HaQTOMATEPUHCH-
Ki — Tigpodob6ni. OCHOBHA MPHUYMHA 3MiHHA 3MOYY-
BaHOCTI - rigpodo0bizarii — MoNsSpHI CHONYKH, IO
MICTATBCS B cMoIax 1 acdanprenax. Mikpokanisisipu
3aJIMIIAI0THCS TAKUMH, 110 3MOUYYIOTHCSI BOJOIO (Ty-
Id HE HAAXOAWTh HadTa), a MaKPOKAILIIPH, IO
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CKJIaZatoTh €(hEeKTUBHY MOPHUCTICTh, CTAIOTH YaCTKO-
BO a00 MoBHICTIO TigpododHuMU. Po3momin rigpo-
¢inpHUX 1 TiIpodOoOHUX HUNSHOK (iNbTpyO4O0i Mo-
POBOT MOBEPXHI B TUTIOBOMY BHIIJKy HOCHTH MO3a-
T4HUIN XapakTep.

Ha nymky aBTOpiB METOTUKH, 110 apoOyETHCS,
CTYHiHb TiAPOQINBHOCTI TPOAYKTUBHOIO IIIacTa
MOXHA IKICHO OLIHUTU BMICTOM 3aJIMIIKOBOi BOAM:
YUM BHIIE ii BMICT - THM BHIIE TigpodiTbHICTb. s
KiIJIbKICHOI XapaKTepUCTUKH CTYNEeHS TiIpoQilbHO-
CTi MIPONOHYETHCS BUKOPHUCTOBYBAaTH TOBIIUHY ede-
KTUBHOI (muBHIIIE (iKTUBHOI, Tak i OyaeMo Ha3WBa-
TH) TUTIBKH 3aJIMIIKOBOI BOJAM Ha TIOBEPXHi (inbTpa-
UidHUX KaHamiB. Y pizHuX podorax [1,2,3] TeopeTn-
yHe OOTpYHTYBaHHS 1 PO3pPaxyHKOBI (popMyInH Memio
3MIHIOIOTHCSI, HAHOINBII AETaTbHO MUTAHHS OIpa-
IILOBAHO B POOOTI [2], MO sIKii BOHO 1 BUKJIAJCHO
HIDKYE.

Juis 9acTkoBO TiZpo(hiabHOTO KOJIEKTOPY BECh
00’€M 3aJUIIKOBOI BOAM MOXKHA YSBHUTH SIK TUIOLLY
rigpo¢ineaux ninsgHok (Fy), moMHOMXEHY Ha TOBIH-
Hy mI1apy BOIH, IO TIOKPUBAE IIi MUISHKY (6). MoXk-
HA 3aMucary:

Fe-6/Vyy =S+ 6,

e Sg — MUTOMA MOBEPXHS, MOKPUTA 3AJUIIIKO-
BOIO BOJIOI0, Vsp - 00’ €M 3pa3ka.
IIpu npomy
FB ¢ 6/V3p= SB *6= Vgs/ V3p

Jie Vi - 00’ €M 3aJIMILKOBOI BOJIM.

OcTaHHE CIiBBITHOLICHHS MOXKHA MIPEIACTABUTH
y BUDIAI JT0OYyTKYy 3HaueHb JIBOX OCHOBHHUX Tapa-
METPIB KOJIEKTOPCHKUX BIACTUBOCTEH — KoedilieH-
tiB mopucrocti (K;) 1 3aMuKoBoi BOJJOHACHYEHOCTI
(Ksp):

Ki: « Ky =(V3B/ Vnop) ° (Vnop/ Vsp)= V! Vsp,

1€ Viop - 00’ €M TIOp 3pa3ka.

SKIO TOAYMKH TIOLIUPUTH JTaHUK 00’eM 3a-
JIUIIKOBOI BOJM MO BCI¥ ILIONII TOBEPXHI MOPOBOIO
npocTopy (S), oTpuMaeMo AedKy (GiKTHBHY TOBILIH-
HY TUTIBKH 3aJIMIITKOBOI BOAH (Gg), TOII:

SB'6=S'6¢=K3B'K[[

BusHauaemo mokazHuk rigpodineHocti (M) sk
BiJHOIICHHS] YACTHHU IOBEPXHIi, MOKPUTOI 3ajMII-
KOBOIO BOJIOFO, /IO BCi€l TIOBEPXHI, TOII:

M=S./S=64/6

Skuio B pOMy BHpa3i NPUHHATH, 110 TOBIIWHA
TUTIBKM Ha TiAPOMIIBHUAX AIISTHKAX HE 3MIHIOETHCS,
10 M Oyrne 3anexaru Bl 6. ToOTO, 4uM OiblIE G4,
THM OilbIE YacTHHA IO, 3aiHATa BOIOIO, THM
Oibiie M, TUM OB TiAPOdIIEHOIO € TOpoaa.

3HaliTH TOBIIMHY (IKTUBHOI IUTIBKM MOXKHA 4e-
PEe3 KOJIEKTOPCHKI BIaCTHBOCTI MOPIJ:

6p = Ku * Kss /S. (1)

Jlns 3HAXOmKEHHST S BUKOPHUCTOBYETHCS (HOp-
myna Kozeni—Kapmana [11]:

Kup=K.3/(f T2+ S2),

TyT Kyp — KoedinieHT razonpoHukHOCTI, f — KO-
ediuienT ¢opMu, A UWTIHAPUYHUX KaHAJIB PiB-
Huit 2, T — koedillieHT TiApaBIidHOI 3BUBHUCTOCTI,
SKAH BU3HAYAETHCS 3 HACTYITHOTO BHPA3y:

T?> = P - Ky = Ky / Ky™, e Pr1 — mapamerp mo-
PHUCTOCTI, @ M=2. TOMI:

Kup=K:*/(2 - Ky1- S%),

S=K.2/N2Kup = K2 /(2Kup)"
Tenep 3 (1) 3HAXOAUMO G¢:
69 = (Ku * Ksp) / {Kia?/(2Kup)™®} =Kss + 2Kup)" /Ky,

ne K;s — vactku onunaui, Ky — 4acTKM OOUHHUIL,
Kyp — Hapci.

TakuMm 4YMHOM, OTpUMaHa pO3paxyHKoBa (op-
MyJa JUisi OOYMCIICHHS TOBIIUHU (PiKTUBHOI TUTiBKH,
3a SKOK MOYKHAa OI[IHUTH CTYIiHB TiAPOQLIEHOCTI
miacta. Terep, B 1aOOpaTOpHUX yMOBAax, OAHUM i3
CHemiajJbHO 3aCTOCOBYBaHMX Ui I[LOTO METOIB,
BH3HAYa€MO 3MOUYYBaHICTh 3pa3KiB KepHa Ta 3iCTaB-
JIIEMO 3 TOBIIUHOKO (BiKTUBHOI TUTIBKH, pPO3paxoBa-
HO{ 32 BIJOMUMH 3HaYCHHIMH KOJIEKTOPCHKUX BIIAC-
THBOCTEH IUX ke 3pa3KiB. TOBIIMHA IJTiBKH TOBUH-
Ha OyTH MPsSMO TPOTOPIliifHAa TMOKAa3HUKY 3MOYyBa-
HOCTI, Ikl 3MiHIoeThes Big 0 mo 1 Tak, mo 1 Big-
MOBIJIa€ MOBHICTIO TipodiNbHIN Topomi (BUILTHBAE
3 BU3HAUEHHs MMOKa3HUKa, 5k M = S; / S). Bapro 3a-
3HAYUTH, 110 Y BUBEIACHHI PO3PaXyHKOBOI (hopmMysiu
MICTUTBCS JIOCUTh 0araro CIpOILICHb 1 MPUITYIICHb.
s mpuxiiagy MOXKHa BKa3zaTd Ha Te, IO BaKKO
PO3paxoByBaTd Ha MOCTifiHY TOBLIMHY ILTIBOK 3a-
TUIIKOBOI Bomu y dopmyni M = 64 / 6; y Gopmymi
Kozeni-Kapmana moBa iifie mpo MUTOMY MOBEPXHIO
¢inprparii, a He MATOMY TMOBEPXHIO B3araii; Timpa-
BJIiYHA 3BUBHUCTICTh HE PIBHO3HAUHA EJIEKTPUYHIN 1
1.1. OHaK, BCe 1€ He Ma€ 3HAYEHHS, SKIIO JIHACHO €
npsAMuUil 3B'SI30K PO3paxoBaHOi 3a Li€l0 (HOPMYIIOI0
(DIKTUBHOI TOBIIWHU ILTIBKM 3aJIMIITKOBOI BOJH 1 TTO-
Ka3HUKa 3MOYYBaHOCTI.

Sxmo B poborax [1,2] TUTbKM BHKIAAA€THCS
METO/IMKa BH3HAYCHHS, TO B po0OTi [3] HABOAATHCS
3icTaBJICHHS JaHUX JIabOpaToOpHOTO BU3HAYCHHS
MOKa3HUKa TiApOo(iIbHOCTI 3 pe3yibTaTaMHu po3pa-
XyHKY 110 BiJIOMUM KOJIEKTOPCHKHM BJIAaCTHUBOCTSM 1
3anpoIroHoBaHUM Gopmyiiam. B podoTi BukopucTaHi
3pa3Ku 3 KapOOHATHUX Ta TEPUTEHHUX Pi3HOBIKOBUX
HaTOra30HOCHUX BiAKiIaAiB €Bpasii. 3anumuBmn
KapOOHATH B CIIOKOI, OCKUJIBKM B HAIIIK KOJNEKLil 1X
HEMae, PO3IISIHEMO HaBEJICHY B TEKCTI TAaOIHIIO TIO
MiCKOBHKAX, Ji¢ 310paHi JaHi 3iCTaBleHb IS TEpPU-
TeHHHX 3pa3KiB razoBoro pogosuma Cepeaniit TroHr
(Sxytist), ra3okoHIEHcaTHOro poaosuma Hoswii
VYpenroit (3ax. Cubip) i HadToBOTO POMAaNTKMHCHKO-
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ro pomosumia (Bonro-Ypanbchka HadTOrazoHocHa
npoBiHIis). Beroro 6ymno mocmimkeno 220 3pa3kiB 3
BIJIKJIQ/IIB BIKOM BiJl HWKHBOTO Tpiacy JI0 JICBOHY.
Tabnuns moOynoBaHa 3 PO30MBKOIO 1O POJOBHIIAX
Ta Kiacax KOJEKTOpiB (3rigHO 3 KiIacu]ikaIli€ero
A.A. Xanina [12,13], 1o KO)KHOMY POIOBHUIIY Mic-
TUTH CEPEeHI ISl KJaciB 3Ha4eHHS] OCHOBHHX KOJie-
kropcekux BiactuBocter (Ku, Kup, Kss), Biamosigai
CepenHi 3HaueHHS ITOKa3HWKa Tiapodobizarii (Imo
PO3YyMi€ThCSI K BiTHOUICHHS IJIOMII MMOBEPXHI TOP
3aHATOI BYIJICBOIAHIMH, JIO 3arajbHOI ILIONII TTOBe-
PXHI TIOPOBOTO TPOCTOPY), TOBIIWHU (HIKTUBHOI
IUTiBKY 1 3HaueHHS BY3.

3 Tabnumi MoXHA 3pOOUTH HACTYITHI BUCHOBKH:
3 MIABUINEHHSAM CTyTeHIo Tinpodobizamii ToBIHA
TUTIBKY 3MEHIIYEThCS, 10 BigHomeHHo 10 3B i BY3
CHUTYyallisi HCOJIHO3HAYHA: B IBOX POMIOBHIIAX 31 3Me-
HIIeHHAM TOBIIMHU TUTiBKY 1 3B 1 BY3 poctyTs, B
OJHOMY — 3HIKYIOTbCA. Tak caMO HEOOHO3HAUYHUU
3B'SI30K TOBIIWMHH TUTIBKA 3 MPOHHMKHICTIO: y JBOX
POIOBHIIAX 31 30UIBIIICHHAM MPOHUKHOCTI TOBIIMHA
TUTIBKH 3POCTA€E, B OMHOMY — 3HIKYEThCs. Ha skans,
B Ta0IWIl HaBeJEHI TUIbKM CEpelHi 1 JMCIEPCiro
3HAuCHb OIIHUTH HEMOXKIIMBO.

[IpranHOO TOTO, 11O aBTOPH aKICHTYIOTHh yBa-
ry came Ha TBOpi Ky, * Ky, ipu TOMY, 110 A7151 po3pa-
XyHKY TpeOa 3Hatu 1 3HaueHHA Kpp, €, MalOyTh, Te,
0 O0MJIBa IIi MapaMETPH CTIMKO BU3HAYAIOTHCS 3a
JaHUMH Teo(i3MYIHUX MOCHIHKeHb CBEPIUIOBHH, a
HeoOXifHa Ui PO3paxyHKy MPOHHKHICTH M0 Kapo-
TaXy «BH3HAYAETHCS JIUINE MMOOIYHO». 3 OISy Ha
Ile, aBTOPH HaBOAATH y3arajibHEHy (opMymy Uit
PO3paxyHKy MPOHUKHOCTI TUTACTIB 110 BU3HAYEHUM B
kominiekci [JIC 3nadennsam Ky 1 Kss, 3a0e3mneuyroun
BCE€ HEOOXiIHE JUIT pO3paxyHKy 3MOYYBaHOCTI 3a
JMaHUMH TTPOMHUCIIOBOI Teodizuku. OmHaK, Tonepe/-
HBO 3B'SI30K MMOKAa3HHWKA 3MOYYBAaHOCTI 3 (PiKTHBHOIO
TOBIIMHOIO WIiBKKM 1 BY3 mnepenbauaerbcst BcTaHO-
BHUTH IIJISIXOM J1A0OpaTOpHUX [OCIHIHKEHb 3pa3KiB
KEepHa TPOAYKTHBHOIO TUIACTa, Jie¢ 3MOUYYBaHICTh
BU3HAYAETHCS OJHHUM 13 3arajibHONPHHHSATHX METO-
niB [9,10], a abcomoTHa ra30MPOHUKHICT BU3HAYA-
€ThCs Ha mepMeameTpi 3rigHo [14]. Skmo neit 3B's-
30K OyJe HaJiliHO BCTAHOBIEHO B JIAOOPAaTOPHUX
yMOBax, HOTO MOXKHa 3aCTOCOBYBATH 1 JJIsl OLIHKU
3MOYYBaHOCTI 38 JaHUMH NIPOMHCIOBOI Te0]i3UKH.

Bukaan ocHoBHoro martepiany. B Ykpaini jie
I'CTY 41-32-2002 [10], sxuii periaMeHTy€ METOTHU-
Ky BU3Ha4eHHsS 3MouyBaHoCTi. Lls MeTonuka npuH-
LMIIOBO BiMIiHHA Bij Ti€l, 110 BUKOPUCTOBYETHCS B
Pocii — metonuku OCT 39-180-85 [9]. dus ormiHKK
MOXIJIMBOCTI MPAKTUYHOTO 3aCTOCYBAaHHS 3aIpoIo-
HOBAaHOTO PO3PAaXyHKOBOTO METOAY BH3HAYCHHS
3MOYYBaHOCTI II0 KOJEKTOPCHKUM BIACTHUBOCTSIM,
HEOOXiTHO OyJI0 3ICTABUTH MOr0 pe3yJbTaTH 3 pe-
3yJbTaTaMi BU3Ha4deHHs 3MouyBaHocTi mo ['CTY
41-32-2002.

B xomi pobotm BuKOpucTaHi 83 BU3HAYCHHS
3MOYYBaHOCTI 3pa3KiB MIMAHUX KOJEKTOPIB PI3HUX
POJOBHII IIEHTPAJILHOI 1 MBACHHO-CX1THOT YaCTHHU
JJ13, BuKOHaHI B paMKax AETaNbHUX IOCIiIKEHb
kepHOBoro Marepiany [15]. [lopucticTs BuKOpHCTa-
HUX 3pa3kiB Bapiroe Big 1,4 mo 25,5%; ra3onpoHuk-
HicTh — Big <0,01 go 1409,51 M/1; 3anuiikoBa BOIO-
HacCHYeHICTh — Big 6,2 1o 83,6%; cTpyKTypH micKO-
BUKIB XapaKTEePHU3YIOTHCS MEIIaHHUMH JiaMeTpaMu
Big 0,5 1o 37 mxm. Po3paxyHku TOBIIMHY (HiKTUBHOT
TUTiBKH TIPOBOAMIINCS 3a (popMynaMu, HaBEeIEHIMH B
poborax [2,3]. OxgHaK, OCKITBKM HAWOLIBIT OOTPYH-
TOBaHOIO TIPENCTaBISEThCS (OpMyna, HaBeAeHA B
po0oTi [2], came o Hiif i BUKOHAHI OCHOBHi po3pa-
XyHKH, pe3yJbTaTH SKHX BHKOPHCTaHI B JaHId
CTarTi.

Busnauennst 3MouyBaHocTi, BUKoHaHi 3a [CTY
41-32-2002, mokazanu, mo cepen 83 AOCTimKeHIX
3paskiB mpucyTHi 61 ictotHO rigpodinpauit (I'DJI)
3pa3ok, 19 3pa3kiB 3 MIKPOreTEpPOreHHOK 3MOYyBa-
Hictio (MI'3) i 3 rigmpododuux (I'DB) 3paszka. dus
KOXKHOTO Oylla po3paxoBaHa TOBIIMHA (HiKTUBHOI
TUTiBKH 1 TIOPIBHSHA 3 PE3YyJIbTaTOM IMPSIMOTO BU3HA-
4yeHHs. B pesynbrari 3'sicyBanocs, mo rigpodiasHuM
3pa3KaM BiJIOBiAarOTh TOBIIWHY TUTiBOK Bix 0,11 mo
2,29 MKM, 3pa3Kd 3 MIKpOTETEpOTEeHHOIO 3MOYYyBaH-
HICTIO MaroTh IUTiBKH TOBIMHOIO 0,13-1,24 MM, a
rizpo¢o6Hi 3pasku — 0,065-0,17 mxm (Tabin.1). Bpa-
XOBYIOUH, III0 OCTaHHIX JIAIIE TPH, i BOHU BOJIOIi-
I0Th HE HAWKpalIMMHU KOJEKTOPCHKUMH BIIACTHBOC-
TSMH, HE MO)KHa OyTH BIIEBHEHUM Yy TOMY, IIO TiJ-
podoOHi 3pa3ku HE MATUMYTh 1 OLIBII TOBCTUX TLTi-
BOK, a 3HAYUTh, POOUTH Oy/b-sIKi BUCHOBKH 3 iX yd4-
acTio Tpeba ayxke 00epeKHO.

3 Tabmuti 1 BUIHO, MO cepeHi TOBIUHM (iK-
TUBHUX IUTIBOK TiApOoQiIBHAX 3pa3KiB OB, HiX
Cepe/HI TOBIIMHU IUTIBOK 3pa3KiB 3 MIKpOTreTepo-
TCHHOI 3MOYYBaHHICTIO 1 rigpodobHux. OjHak,
Jliara30H TOBIIUMH (PIKTHBHHUX TUTIBOK IS Timpodi-
JHHHUX 3pa3KiB MOBHICTIO NIEPEKPUBAE JAiana3oH ILTi-
BOK 3pa3KiB 3 T€TEPOrCHHOI 3MOYYBaHICTIO 1 4acT-
KOBO - 3paskiB rigpodoouux. ToOTO, TOBIIMHA TLTi-
BOK TiZpoQiIbHAX 3pa3KiB Bapifo€ B TAaKHX MeEXKax,
1o Bigpi3HUTH X Bijg 3pa3kiB 3 MI'3 ta ['Ob 3pasz-
KiB HeMOxIuBO. Te 3k came 3 BY3, ane BiAMIHHICTB
CepeHIX 3HaYeHb BHPa)KeHa MEHIN YiTKO. 3a 3Mic-
ToM 3B Ha mepiie Miciie BUXOASATh TiApodoOHi mic-
KOBUKH, SIKi Majqd O MICTHTH 1i MiHIMalbHY KiJib-
KiCTb.

3ramaemo Tabnuiro pobotu [3], me HaBemeHi
JlaHi 3iCTaBJeHb JUIS TEPUTEHHUX 3pa3KiB 1 OOyIy-
emo nofiony. HasBHi B HamoMy po3nopsyikeHHi 83
3pa3ka po3copTyeMo 1Mo kiacax A.A. XaniHa
[12,13] 3 momoBHenHsmu 1.O. MyxapuHcbkoi [16],
pO3paxyeMo cepejiHi JJisl KiaciB 3HaueHHS TOBIUHH
IUTiBKH, KyTa 3MouyBaHHs, 3B 1 BY3 (tabn. 2). Ma-
CHB 3pa3KiB NMPEACTABICHUNA 3pa3KaMH KOJEKTOPIB
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CEeMH KJIaciB. 3 TOJIMIICHHSIM KJIacy KoJieKTopa 30i-
JBIYETHCSl TOBIIMHA IUTIBKK 1 3MEHIIYETHCS KYT
3MOYYBaHHs, TOOTO Mopoxaa cTae OimblI TiApodinab-
HO0. OCKUIBKH PO3TOLI MO KIlacax €, MepLl 3a BCe,
PO3MOALT IO MPOHUKHOCTI, 1€ Y3TOMKY€EThCS 3 Tpa-

¢dikamu puc. 4 i puc. 8. BUKIIOUCHHS CTaHOBUTH
MepIuid KIlac, ajie [e MOXHA TOSICHUTH K MaiM
YKCIIOM 3Pa3KiB, 0 YCEPEIHEHO, TaK i THM, IO TO-
BIIMHA TUTIBKK TEPECTAE POCTH IMPHU MPOHUKHOCTI
oimeme 1 [Japci (puc. 4).

Tabnuys 1
XapaKTepUCTHKH 3pa3KiB PI3HUX TPYI MO TiApOopLTHPHOCTI
I'pyna no rigpodinbHocTi roJj MI'3 Irob
ToBmiHa (GIKTUBHOI TUTIBKH, MKM 0,11-2,29 (1,2)* | 0,13-1,24 (0,68) | 0,065-0,17 (0,12)
BoLOVIbIMYIoUa 31aTHicTs. K. K 0,01-0,084 0,01-0,076 0,038-0,046
IOy TPHMYIOTa 31 2 S s (0,047) (0,043) (0,042)
3anuIKoBa Boga 6,2-65,6 (35,9) 11’(957_883)’58 77,91-81,42 (79,8)
Bceporo 3paskis 83 19 3
*3Ha4eHHS BiJI-110, B AYKKaX CEPEHI 3HAYCHHS
Tabnuys 2
YcepenHeHi XapaKTEpUCTHKHA 3MOYYBAHOCTI MOP1I-KOJIEKTOPIB PI3HUX KIIACIB 30ipHOT KOJEKIIi1
Knac konekropa TOBHIH.Ha (ixusiof Kyt 3mouyBanHs 3B,% BY3
TUTiBKH, MKM

7 0,204 88,3 65,7 0,04
6 0,215 88,2 28,8 0,031
5 0,225 85,9 28,8 0,031
4 0,407 77,4 25,1 0,04
3 0,733 75,2 18,1 0,034
2 2,09 72,2 14,4 0,028
1 1,33 72,2 15,2 0,031

YiTK0 BHAHO, 110 31 30UIBIIEHHIM TOBIIMHHU
(bIKTHBHOT TUTIBKYM 3HIDKYIOTHCSI 3HAYCHHS IHTETpa-
JBHOTO KyTa 3MOYYBaHHSA, TOOTO, MOpPOAa CTAa€
0inbI TizpodinbHOW. ANe Tpu 1BOMY 3i 30i1b-
LICHHSM TOBIUMHM IUTIBKUA 3HIKY€ETHCS 3HAYCHHS
3B, a 3naueHHs BY3 posramioBani xaoTm4yHO, 0e3
BHUIUMO] 3aKOHOMIPHOCTI.

B pobotax [1,2,3,4] #umtocst Ipo IPOTHO3 3MO-
YyBaHOCTI MPOAYKTHBHHUX BifkmasniB. B Hamriii ko-
Jiek1ii He Bci 83 3pa3ka B3ATI 3 MPOAYKTUBHUX ILIa-
ctiB. PosmsHemo konekmito 3 20 3paskiB, BimgiOpa-
HUX 3 IPOLYKTUBHOTO ropu3oHTy C-5 UkaniBChbKOro
pooBHIla. 3a JaHUMH CBEPJIOBUHHOI reo(i3uku B
pO3pi3i MPOAYKTUBHUM € iHTepBaid 2839-2856 M,
KM BKIJIIOYae B ceOe iHTepBas BiOOpY KepHa
2839-2854,4 M. BuHoc kepHa ckiagae 0e3 Majoro
90%. Croyarky HMXHSI YaCTHHA po3pi3y Oyna iHTe-
prHpeToBaHa SK HacMYeHa Ha(TOI, UI0 Ma€ OUIbIITY
rupodo0i3yrouy 34aTHICTh MOPIBHSHO 3 BYIJIEBOI-
HeBuM raszoMm. [li3Hilie, npu nepeinTepnpeTaii Ma-
tepianiB ['/IC no migpaxyHky, Becb po3pi3 OyB iHTe-
pHpeToOBaHMH SIK Ta30HOCHMH, 1O 1 Oyno miaTBep-
mkeHo BunpoOysaHHsAM. Ipote, Bci 20 3paskiB 3a
JaHuMu  (pakTHaHUX BU3HaueHb MetomoMm [ CTY
[10] BusBmiMCA TiApOQiNIEHUMH, 3 iHTErpaTbHUMH
KyTamu 3MmouyBaHHS 59,8-89.8 °. €mmHuii 3pazox
MokaszaB ¢j1a0Ky Tipo¢o0i3alifo BEJIMKUX MOPOBUX

kaHaiiB. Lli 3pa3ku mpesicTaBlieHi BCHOTO TphOMa
KJ1lacaM# KosiekTopiB (tabm. 3). fAx i B Tabmumi 2, 3
MIJBUIICHHSAM KJIACy KOJIEKTOpa 30UIbIIYETHCS TOB-
[IAHA TUTIBKY, aji€ 31 301ILIIEHHSIM TOBIHHHN IUTIBKH
KyT 3MOYYBaHHsS pOCTe, TOOTO MOpona CTae OUIBII
ripo¢doO6HOI0. 3 POCTOM TOBIIUHHM IUTIBKH 3MEHIITY-
erbest 3B 1 BY3.

3 METOI0 CITIBCTABJICHHS HALIMX PE3YJIbTaTIB i
pe3ynbTariB, HaBeAeHUX y poOoTi [3], moOymoBaHo
Tabnuio 4, B KOTPY 3BeJICHI AKICHI JIaHl Mpo Te, 5K
3MIHIOIOThCS TIOKa3HHUKH Tinpodobizanii, 3B, BYC i
ra3onpoHUKHOCTI (Kyp) 31 3MiHOIO TOBIIMHU (iKTH-
BHOI 1oriBKkH. [lepmwmii psimok TaONwIl MICTHThH 1H-
(dopmariiro, OUYEPHHYTY 3 TAOIUIL poOOTH [3], 1HII
— 3 Tabmune 1,2,3 naHoi podoTtu. Sk BumHO 3 TAOIH-
i, B TUX BWIIaJIKaX, KOJH JOCIIDKYEThCS 30ipHA
KOJIEKIIis 3 83 3pa3KiB, Hallli pe3yJIbTaTH B TOJIOBHO-
MY HiATBEPIKYIOTh PE3ylbTaTH, OTpUMaHi B po0oTi
[3]: 3 HOTOBIIEHHSIM ILTiBKH ITOPOJIA CTA€E OiJIBII Ti-
podinpHOMO. 32 BCiMa IHINMMMH MMapaMeTpamMu B ycsi-
KOMY Pa3i HeMae SIBHOTO POTUPIYUsL.

VY BUMaJKy, KONMM PO3MNIAJAETHCS HEBENIHMKA 32
o0csiroM BUOipKa TaOmuIll 3 3 OJJHOTO MPOITYKTHBHO-
T'O TOPU30HTY, MA OTPHUMYEMO 3BOPOTHY 3aJIeXKHICTB:
3 TIOTOBIIEHHSM IUTIBKH TMOpOJa CTa€ OUIBII Tigpo-
¢oOHOIO 1, BIAMOBIAHO, MEHII riapodinbHO0. 3a
IHITAMHA TTOKa3HUKAMHU SIBHUX MPOTHPIYT 3 poOOTOIO
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CriBcTaBiIeHHS SKICHUX 3B’ S3KiB TOBITUHHN (BiKTUBHOI IUTiIBKH

Tabnuys 3
YcepenHeHi XapaKTepUCTUKHA 3MOTYBAHOCTI MTOPiI-KOJICKTOPIB Pi3HUX KJIACIB
ropu3oHTy C-5 UKasniBCbKOTO POIOBUINA
Knac xonexropa TOBHIHHa.(blKTHBHOI Kyt 3mouyBanHs 3B BY3
TUTiBKH

4 0,367 66,5 18,9 0,0286

3 0,755 68 13,9 0,0251

2 2,102 69,6 10,8 0,0219
Tabnuys 4

3 OCHOBHUMMU KOJICKTOPCBKHMMU BJIACTUBOCTAMMU 34 JaHUMU pO6OTI/I [3] 1 HAIIIMH JaHUMH

J:xepeno indopmanrii 64, MKM I'ob O | 3B, % BY3,% Kip, MJ1
Tab6muns 3 pobotu [3] 1 ! 1 1 1 I
Ta6n. 1 no 83 3paskax 0 ! 1 ! 1 -
Ta6n. 2 mo 83 3paskax 0 ! 1 ! 0y 1
Ta6m. 3 no 20 3pa3kax 1 1 ! ! ] 1

[MpuMiTku: 1 - 3HAYEHHS 3pOCTAIOTh, | - 3HAYCHHS YOyBalOTh, T - MPUCYTHI OOWBA BapiaHTH, | - Xao-

TAYHHNA PO3IIOIT 3HAYCHD.

[3] Hemae, a 3 pe3ynbpraramu Ta0buuIk 1 1 2 3a3Hava-
€ThCST PO3ODKHICTh 3a XapakTepoOM 3MIHW 3HA4YECHb
BY3.

OTxe, 32 YMOBHU BEITUKOTO YHCIA 3pa3KiB SKic-
HuH 3B's130K Mixk 3B i BY3 ta crynenem rigpodins-
HOCTI HEOJHO3HAYHUM, SKICHHUK 3B'SI30K TOBIIUHH
TUTIBKHM 1 CTYMEHs TiApoQiIbHOCTI 3pa3Kka MmigTBep-
JOKY€EThCS. J{ist OLIHKM CHIIM LILOTO 3B'SI3KY TOOYIY-
eMO Trpadiky 3aJeKHOCTEN BCIX PO3IISHYTHUX paHi-
I1I¢ TapaMEeTPiB Bijl TOBIIMHY IUTiBKH.,

Ji1st KO)KHOTO 3pa3ka OyB BU3HAUCHHH iHTETpa-
JBHUI KyT 3MOYYBaHHS, B THX BHIIQJIKaX, KOJIH BiH
He Mir OyTH BU3Ha4YEHWH, PO3PaXOBYBaBCs CepeaHiil
KyT 3MouyBaHHs. O0OHUIBa KyTH 3iCTABISUTUCS 3 TOB-
LIMHOIO TUTBKH (puc. 1). 3 pucyHKa BHIHO, IO Ha-
MidaeTbesl cabo BHpaKEHUH 3B'SI30K MiX TOBIIH-
HOIO IUTIBKM 1 iHTETpaJbHUM KyTOM 3MOYYBaHHS:

YUM TOBIIE (iKTHBHA IUTIBKA, THM MEHIIE KYT 3MO-
YyBaHHA, TOOTO TUM OiNbIe 3pa3oK TigpodiTbHHMA.
Takwii 5ke, aje TPOXH Tiplie BUPAKEHHH 3B'I30K MK
TOBIIMHOIO IUTBKM 1 cepeaniM Kytom. IlykaHwii
3B’M30K JJII OKPEMO B3ATOI TPYNHU TiAPOQPLIBHUX
3pa3KiB BUPKEHHUH JIEIIO TipIie, st TPYIH 3pa3KiB
3 MI'3 — pmemo kpamie. OTxe, 3B'SI30K MOKa3HUKA
3MOYYBaHOCTI, B POJIi SIKOTO BHCTYIIAE 1HTETPAbHAN
KyT 3MO4yBaHHs, Bu3HaueHui 3a I'CTY 41-32-2002,
3 TOBIIMHOIO (PIKTUBHOI IUTIBKM ICHY€E, ajie BiH MiHi-
MaJIbHUH.

J1s mepeBipKH MOJIOKEHHS IO Te, 110 TOBILU-
Ha TUTIBKM TOB'si3aHa 3i 3HaueHHsIM BY3, moOynosa-
HU Tpadik, puc. 2. Sk BuaHO 3 rpadika, 3ragaHui
3B'SI30K SIKIIO 1 €, TO BUPAXEHUH BiH Iyxke ciabo,
NPUYOMY TOBIIMHA IUIBKH 31 30UibmieHHsIM BY3
MOBHUHHA 301IBIITYBaTUCS, @ BOHA 3MEHIITYEThCH.

120
w
£ 100 *
N
=
3 80 - b +
7 s /2
3 g 60 e *
): o
- y =-5,299In(x) + 73,862
s 0 RZ=0,1409
=
g 20
=
0 T T T T 1
0 0,5 1 1,5 2 2,5
ToswKHA GIKTUBHOI NAIBKKU, MKM

Puc. 1. 3B’530K po3paxyHKOBOI TOBIIMHH (DIKTUBHOI ILIIBKH 1 IHTETPaJIbHOTO KyTa 3MOUYBaHHS
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Puc. 2. 38’430k TOBIIMHY (DIKTHBHOI TUTIBKH 3 BOAOYTpUMYt0uor0 3naTHICTIO (K, - Kiy)

Jiist iepeBipKH MOIOKEHHS PO Te, 1110 TOBIIU-
Ha TUTIBKY TMOB's3aHa 31 3Ha4eHHsM 3B, mobymnoBaHo
rpadik, puc. 3. Sk BumHO 3 Tpadika, 3B'I30K BHpa-
JKCHHI TOMITHO Kpallle, ajie 3B's30K 3BOPOTHIN: YUM
Oinpie TOBIIMHA (IKTHBHOI IUTIBKH, TOOTO YHM
OimpIn rigpodineHa mopoxa, TiM MeHmre 3B. Bxo-
MO B TPOTHPIYYS 3 BUXIIHUM MOJOKEHHSIM: YUM
Olyblne rigpodiiibHa OPOAa, THM BUIIMK BMicT 3B.

[lopiBHSHO MOOpE BUpPaKEHHWU 3B'S30K TOBIIH-
HU TUTiBKH 3 a0COIOTHOIO Ta30IIPOHUKHICTIO 3pa3KiB
(puc.4). Yum Oinblie ra3onpoHUKHICTh 3pa3KiB, THM
TOBIIE PO3PaXyHKOBA ILTiBKA 3aJIUIIKOBOI BOIU, THM
Oinpin TigpodinsHOIO € mopona. OxHak, 1€ crpase-
JUIMBO JI0 TIEBHUX 3HAYEHb MPOHUKHOCTI: MPH JOCS-
THEHHI NMpOHWKHOCTI Onmu3pko 1 Jlapei 3pocTtaHHs
TOBIIMHM IUIIBKM NpunuHseThes. Llell 3B's30k BU-
paXKeHWH HaBiTh Kpalle, HiXk 3B'S30K MPOHUKHOCTI 13
3aJIMIITKOBOIO BOJIOHACHYEHICTIO, SIKUH arpoKCHMY-
€Thes PIBHAHHAM y = 42.926x-%1¢7 npu R? = 0,7147.

OTtxe, Ha KoNekIii 3 83 3pa3kiB, BimiOpaHUX 3
PI3HUX TOPU3OHTIB PI3HUX PONOBHII, BCTAHOBICHO
MiHIMaTBHAN TIPSMHUHA 3B'S30K KyTa 3MOUYYBaHHS 1
TOBIIUHU (hiKTUBHOI IUTIBKU 3aJTMIITKOBOT BOJH.

Po3rnstHemo kosekiiro 3 20 3pa3kiB, BimiOpaHux
3 mpoxyKTuBHOTO Topr3oHTYy C-5 UkaniBchKoro po-
noBuma. Sk mokasye puc. S5, mis gaHoi BHOIpKU
3pa3kiB 0€3yMOBHO NMPOAYKTHBHOIO IiacTa (Mpoay-
KTUBHICTh MiJTBEPIKEHA BUIPOOYBAHHSM) 3B'SI30K
KyTa 3MOYYBaHHS 1 TOBIIMHY IUTiBKY BUPAKEHHUH 111€
craduie, HiX A KOJIEKUii B LJIOMY, IPUYOMY, 3B'S-
30K Ma€ 3BOPOTHY CIIPSIMOBAHICTh: YMM TOBIIE (iK-
THBHA TUIIBKA 3aJIUIIKOBOI BOJAM, TUM OiNbIE KYT
3MOYYBaHHS, TUM 01161 riApodoOHa moposa.

Jlo cnoBa ckazaTh: MOXKHA CIepeyaTucs M0N0
kyacugikalli mopij 3a 3MO4yBaHICTIO, HABEJACHOI B
I'CTY [10]. 3rigHo 3 1M JOKYMEHTOM, A0 TOpija 3
HEHTpaJIbHOIO 3MOYYBAHICTIO BiTHOCATH MOPOAU 3
IHTerpalbHUM KyTOM 3MouyBaHHS piBHUM 90 °. Ha

Hallly TyMKY, IIOBUHEH OyTH MEBHUI Jiana3oH KyTiB
3MOYYBaHHS, [IPU SKOMY MOPOAA XapaKTepPU3YEThCS
K TIOpoJa 3 HEUTpalbHOIO (200 MPOMIXKHOI0) 3MO-
yyBaHicTio. Hampukiazn, moxHa B3saTH rpagamii K.1.
Barpinnesoi [17] i BuainsaTH sk riapodinabHi mopoan
3 KyToM 3MouyBaHHS 0-75 ©, sk HEHTpanbHi - 3 Ky-
ToM 75-105 °, a gk rigpodoOHi - 3 KyToM Oijbiie
105 °. OpanHak, HaBiTh B I[bOMY BHIIJKy, HOPOIH
UYkamiBCHKOTO PpOJOBUINA IO PO3MISAJAIOTHCS, 32
IHTETpaJIbHAM KyTOM 3MOYyBaHHS OyIyTh BiJHECEHI
JI0 TiAPOQIIBHUX, 32 BUHATKOM OJTHOTO 3pa3Ka, SIKUH
Oyzie MaTi HEHUTpaJIbHY 3MOYYBaHICTh.

[TopiBHAHO 3 KOJIEKIIi€IO B IIJIOMY, €U0 Kpallie
BUP@XEHUH 3B'I30K TOBIIMHU IuTiBKU 3 BY3 (puc.
6), 3B (puc. 7) i aOCOJNIOTHOIO Ta30MPOHHMKHICTIO
(puc. 8).

OpHak, K 1 B IONEPEIHBOMY BHIIAJIKY, 3B'I30K
ToBIIMHY TUTiBKY 3 BY3 i 3B 3BOopoTHHMIA: yuM Oisib-
me BY3 1 3B — tum ToHIIE dikTHBHA TUTiBKA. K 1
Ha Tpadikax OCHOBHOI KOJIEKIIii 3pa3KiB, HailKpare
BUPaXXEHUH 3B'I30K TOBHIMHM IUTIBKM 3 MPOHHUKHIC-
TIO: YAM BHIIE T'a30MPOHUKHICTh, TUM OiIbIIE TOB-
mHa (IKTUBHOI TUTIBKH 3aJIUIIKOBOI BOAM, TOOTO
TUM OUTBII T1IPOGUIEHOIO € TOPOJIA.

CkiageMo TaOauIo S, e KpiM SKICHUX 3B'SI3-
KiB, BiAMOBiAHUX Tabnwii 4, HaBeaeHI KoedilieHTH
anpoKcuMarii, BUKOPUCTaHI B SKOCTI XapaKTepuc-
THKH CHJIA 3B'SI3KY.

Sk BumHO 3 Tabmwuii 5, cuia 3B'SA3Ky TOBIIUHHU
¢GiKTUBHOT IUTIBKM 1 KpalOBOrO KyTa 3MOYYBaHHS
Iy)ke ciaaOka 1 Jierko Moxke OyTH HeWTpaizoBaHa
THIIUMY, OUTBII CHIILHHUMH 3B'S3KaMH, HAIPUKIIa]]
BIUTMBOM I1€PEBAKal0uoro po3Mipy mop abo IIMHHUC-
tocri [18,19]. Inakiie kaxxy4u, y 3arajJbHOMY BHIIa-
JIKY 3B'SI30K ICHYE€, aye JUisi KOHKPETHOTO TUIacTa Ho-
ro MOkHa 1 He oMiTUTH. C1aOKuM € 1 3B'SI30K TOB-
e GikTUBHOL TWTiBKY 3 BY3, mopiBHAHO Herora-
HO BHpa)KCHUH 3B'130K TOBIIUHM (DIKTHBHOI ILTiBKH
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Puc. 3. 3B’s130K TOBIIMHY (DIKTUBHOT IUTIBKH 13 3QJIUIIIKOBOIO BOJIOHACHUYCHICTIO
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Puc. 4. 3’5130k TOBIIMHH (iKTHUBHOT IJTIBKYU 3 FA30MIPOHUKHICTIO 3pa3KiB
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Puc. 5. 3icraBneHHs iHTerpajJbHOTO KyTa 3MOYYBaHHS 1 PO3PaxyHKOBOI TOBIIMHY (DiKTUBHOI IUTiBKU
JUTst 3pa3kiB UKamiBCHKOTO pOJIOBHUIIIA
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Puc. 6. 38’30k ToBIMHM (hikTrBHOI WIiBKY 3 BY3 (K, - Ks;) 115 3paskiB UkamiBChKOTO pojoBHIIa

25

® & y = 13,044x 0282
3 R?=0,6417
£ 20 @
T
E 4
g 15 * *
I
o 4
T Y 4
m 10
1]
m
<]
5
= 5
=
[y-]
m
0 T T T T 1
0,00 0,50 1,00 1,50 2,00 2,50
ToBuMHA GIKTMBHOT NAIBKK, MKM

Puc. 7. 38’5130k ToBIIMHY (QIKTUBHOT WIiBKH 13 3B 1151 3pa3kiB UkaliBCHKOTO POIOBHINA
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Puc. 8. 3’430k TOBIIMHY (IKTHBHOT IDTIBKH 3 TA30MIPOHUKHICTIO JUIS 3pa3KiB UKalliBCHKOTO POIOBHIIA
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Tabnuys 5
Jlsxepeso indopmanii 1\?1?1:1 e,u;[c)a_ IreJ| 3B% | BY3,% I;‘E’
Konexitist 3 83 3pa3kiB pi3HUX POMOBHIIL i 1 l 1 l l 1
TOPU30HTIB 0,1409 0,3357 0,016 | 0,7575
Komexkmis 3 20 3pa3kiB 3 OMHOTO TIPOTYK- 1 1 ! l l 1
THUBHOT'O TOPU30HTY 0,055 0,6417 | 0,2627 | 0,8618

3 3B, a Halikpalie — 3 Ta30MPOHHUKHICTIO TTOPOIH.
Ane B 000X OCTaHHIX BHITQIKaxX 3B'SI30K 3BOPOTHUU
OYiKyBaHOMY, TOOTO, TIOTOBIICHHS ()IKTUBHOI ILIiB-
KM TIOB's3aHE 31 3HIDKCHHSIM 3HA4eHb IUX MapaMeT-
piB. B amnorartii 1o po6otu [2] 3ragyeThcs mpo Te,
IO KiJIbKiCHA omiHKa riapo¢inpHocTi o BY3 Moxk-
JIMBA, B TIEPILY Yepry, 11 KapOOHATHUX KOJIEKTOPIB,
SIKi 3a3BHYail MICTSTh MiHIMyM TJIIMHHUCTOTO MaTepi-
any. Tam ke 3a3HaueHO, 10 B TEPUT€HHUX KOJEKTO-
pax 3B's130Kk Mix TigpodinbricTio 1 BY3 MoxHa oui-
KyBaTH TUTBKY JIJIS TIOPiJT 3 OTHAKOBOKO TIIMHUCTICTIO
1 HE3MIHHUM MiHEpPaJIbHUM CKJIaJIOM. Y pa3i KOJeK-
ii 3paskiB Topu3oHTy C-5 UkasiBChKOTO POJOBHINA
MU MaeMO sIKpa3 3pa3kd MpUOIH3HO MOCTIHHOTO,
ICTOTHO KBapIIOBOTO MiHEpaJbHOTO CKJIaay 3 MpHO-
JIU3HO PIBHOIO HEBEIWKOI TIIMHHCTICTIO, TIPEACTaB-
neHoo KaoniHitoM. OnHak, 3HAYYHIOTO NPSIMOTO
3B's13ky Mix BY3, ToBOIMHOIO MITiBKH 1 TiApodibHI-
CTIO ITIOPOAM HE BUSIBIICHO.

ABTOpU AaHOI pOOOTH BBAKAIOTH, IIO 3MOYY-
BaHICTh TIOPIiJ-KOJEKTOPiB OE3yMOBHO MOB'sI3aHa 3
BMICTOM 3aJIMIIIKOBOI BOJIH, OLIBII TOTO, cCaMe iCHY-
BaHHS 3aJIMIIKOBOI BOAM OOYMOBJICHO HAsBHICTIO
3MouyBaHocTi. OJHAaK, BMICT 3aJIMIIKOBOI BOIU 3a-
JISKUTh HE TUTBKH Bijl 3MOYYBaHOCTI, ayie 1 BiJ| iH-
mMx (GaxkTopis, 10 YUCA SIKUX MOXKHA, IIEPII 3a BCE,
BiJHECTH pO3MipH TOp TOpoxu. Bmime po3mipis
Mop, TOYHIlLE, BIUIUB NPUCYTHOCTI BEIHKHX IO,
mokazaHo B poborax [18,19,20]. Hampukmnan, mns
naHol Konekiii 3 83 3paskiB, Kpaile BHUpaKeHHH

3B'I30K TOBIIWHW IUTIBKH 3 MEIIaHHHUM J1aMEeTPOM
mop, Hik 3 BY3 a6o 3B. (Puc. 9. IlopiBusaTH 3 puc. 2
ipuc. 3).

VYei aHamizum 3MOUYYBaHOCTI, MpPO SIKI HHUTOCA
Buine, BukoHadi 3rigao I'CTY 41-32-2002 [10]. Hus
MEPEeBIPKH OTPUMAHUX pe3ylbTaTiB Mo 16 3paskax
UkaJliBCHKOTO poJIOBHINA Oyia BU3HAUCHA 3MOYYBa-
Hicth o OCT 39-180-85 i pesynsraTu 3icTaBieHi 3
PO3paxyHKOBUMHU TOBIIMHAMH (DIKTHBHHUX TLTiBOK.
Pesynprar 3icTaBneHHs HaBegeHO Ha puc.l0, sxuid
MOKa3ye CJIa0KWH 3BOPOTHIMN 3B'SI30K MiXK TOBIIUHOIO
IUTIBKU 1 IMOKa3HUKOM M - 4UM TOBIIE IIIIBKA, THUM
MeHIe M, TuM Ouibin rigpodoOHOro € mopona. s
i€l BUOIPKM BUKOPUCTAHHS ISl CITIBCTABJICHHS pe-
syasratiB 1o OCT 39-180-85 Tinmbku miaTBEpIuiIo
BHCHOBKH, 3pOOJIEHI 3 BUKOPHCTAHHSIM PE3yIbTaTiB
mo I'CTY 41-32-2002: Ha HEBEIUKHX KOJIEKIisX,
BUKOPHUCTOBYIOUM JaHUM METOX PO3PaxXyHKY, MU
MOXXEMO OTPHMATH HEJOCTOBIPHUI PE3YIIbTaT.

3axmouenns. Haragaemo, mo, Ha OyMKy aB-
TOpIB METOAMKH, IO anpoOyeThCs, CTYIMiHb TiapoO-
(hiTPHOCTI MPOAYKTUBHOTO TUIACTA SKICHO XapakTe-
PHU3YETHCS BMICTOM 3aJIMIIKOBOT BOJM: YUM BHIIE 1l
BMICT - THM BHIIe TiapodinbHicTs [2]. s KijbKic-
HOI XapaKTepUCTHKHU CTYTIEHS TiApOQiIbHOCTI Mpo-
MIOHY€THCSI BUKOPUCTOBYBaTH TOBLIMHY (iKTUBHOT
TUTIBKH 3aJIMIIKOBOI BOJIM Ha MOBEPXHi (ibTpariii-
HUX KaHaliB, sIKa TIOBUHHA HAPOCTAaTH HPSMO IPO-
MOPIIAHO CTYIEHIO TiAPodiTbHOCTI (3BOPOTHO TPO-
NOpIiiiHO KpalloBOMY KyTy 3MOYYBaHOCTI), 1 siKa

100
E ’
3 » ot y = 11,433x10661
i 10 - R?=0,455
1 P o
)
: W
=
: 5
2 1 ¢
g * o
=
0,1 T T T T T L T T T T T 11
0,1 1 10
ToBwMHa GIKTMBHOT NAIBKK, MKM

Puc. 9. 3’30k TOBIIMHY (IKTUBHOI IJTIBKY 3 MEAIaHHUM JiaMETPOM TI0p 3pa3KiB
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Puc. 10. 3’5130k TOBIMHYN (hiKTUBHOI TUTIBKH 3 TIOKa3HUKOM M
IUTS 3paskiB ropu3oHTy C-5 UkamiBChKOTO POAOBHUIIA

BH3HAUYAETRLCS 3a 3HaUeHHAMU BY3 [2,3].

Ha ocHOBi BHKOHAHWX 1a0OpaTOpPHUX HOCIHI-
JDKEHb MO)KHA CTBEpKYBaTd, HIO 3TiAHO HAIIUX
naHux, i ganmx [3], 3HayenHs 3B 3i 3pocTaHHIM
PO3paxyHKOBOI TiApo]iTbHOCTI TOPOAN MOXKYThH SIK
301IBIIYBaTUCh, TaK 1 3MEHIIyBaTHCh (Tabin. 4,5).
3B's130k 3B 3 KyToM 3MOuyBaHHS HEOIHO3HAUYHUH 1
JUTSL OIIHKA CTYTICHS TiAPOQIIBHOCTI TOPia MOBUH-
HUM 3aCTOCOBYBATHCS 3 BEJIMKOIO OOCPEKHICTIO.
OmniHka TOBHHHA TPOBOJMWTUCS 3 YpaxyBaHHSIM
YChOI'O KOMIUIEKCY (DaKTOpiB, 110 BIUIMBAIOTH Ha
3MOYYBaHICTb.

{ono KimbKiCHOT OMIHKK TiIpOQUILHOCTI MO
ToBIMHI (hiKTUBHOI TWIiBKKM 3B, TO TO-mepme, BU-
3HAUUTH TOBILIMHY IUTIBKM 3a BY3 Benbmu mpobie-
MaTHYHO, BOHH HaJTO ci1abo 3B’s3aHi (puc. 2,6), mo-
Jpyre, TOBIIMHA IUTIBKK cllab0 1 HEOAHO3HAYHO I10-
B'si3aHA 3 OKA3HUKOM 3MOUYYBaHOCTI, B SIKOCT1 SIKOTO
BUKOPHCTaHUN KyT 3MOUYYBaHHS, BU3SHAYCHHUH 3a Me-
tomukoto ['CTY 41-32-2002 1 nmokazHuk M mipu 10-
crmigax 3 suxopuctanHsim OCT 39-180-85 (puc.
1,5,10). MoxnuBo, cripaBa B 3amporioHOBaHuX (op-
Mynax s PO3paxyHKY TOBIIMHHU TUTIBKH, 1 imes
OTpPHMA€E MOAAJBIINA PO3BUTOK, OJHAK, HA JIAHOMY

eTani 3aMiHUTH NPSIMUN BUMIp TOKa3HHKIB 3MOUY-
BaHOCTI Ha PO3PaxyHOK 3a BiJJOMUMH 3HAUYCHHSIMH
OCHOBHHX KOJIEKTOPCBKMX BIIACTHBOCTEH HEMOX-
JIMBO.

BucHoBok. BcraHoBineHa BiICYTHICTh 3Hady-
IIMX 3B'A3KIB MK JaHUMH J1a00paTOpPHHUX JOCIIi-
JOKEHb YHEMOMIIUBIIOE PO3PaXyHOK 3MOYYBaHOCTI
3a BIIOMHMMH 3HAYEHHSIMH OCHOBHHX KOJIEKTOPCHKUX
BJIACTHBOCTEH 3TiTHO PEKOMEHIOBAHOI B POOOTI [2]
(dopmyi, a 3HAUYUTH 1 MPAKTUYHE 3aCTOCYBaHHS 3a-
MPOTNIOHOBaHOiI B poborax [1,2,3] meTonuku y nabo-
paropHiil mpakTuili. 3po0iIeHNi BUCHOBOK HE MOXK-
Ha 0e3yMOBHO MMOIIMPUTH Ha OIIHKY 3MOYYBaHOCTI
no ganHiM [JIC (BU3HAYEHHS SIK 3aJUIIKOBOTO BO-
JIOHACWYEHHS, TaK 1 KoedimieHTa ra3oHaCHYEHHS 3a
nmaaumu I'JIC mae cBoro cnennixy) ane HEMOMKIIH-
BiCTh MOOY/IOBH HIYKaHHX 3aJIe)KHOCTEH B Jlabopa-
TOPHUX YMOBaX 3MYIIYE 3 00EPEKHICTIO TIXOIUTH
JI0 TaKoro poiy po3paxyHKiB. Bukonana poGota
JIOTIOMOYKE 3aro0irTH rpyOUX MOMMUIIOK TPH OIIHII
3MOYYBaHOCTI, 1110 TIPOBOJIUTHCSL B PI3HUX BUPOOHU-
YUX IUISIX, HAIPHUKIAJ, MPH pO3poOIll METOoIiB 3a-
nmoOiraHHst BUOIPKOBOMY OOBOJIHEHHIO CBEP/IOBHH.
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Problem statement. In some publications, the possibility of determining the wettability according to
geophysical studies of wells (GIS), in particular, defined in the complex GIS residual water saturation or wa-
ter retention capacity. As the main quantitative indicator of wettability, the thickness of the fictitious film of
residual water is used. If this idea is true, then the calculation of wettability is possible and the results of de-
termining the same parameters in the course of laboratory studies of core material.

The purpose of this work is to test the proposed method for calculating wettability on the basis of data
on the main reservoir properties of rocks obtained in the laboratory and to assess the possibility of practical
application of this technique.

Scientific and practical significance. The wettability of the rock surface is an important parameter on
which the main indicators of the development of hydrocarbon deposits depend. At the moment, many oil and
gas companies are experiencing difficulties in developing long-term fields. This is a breakthrough of water
during water flooding, selective flooding of the wells and increased water-repellency of the reservoir in the
development process. Taken together, this leads to a decrease in the rate of hydrocarbon extraction, a signifi-
cant increase in flooding and, as a result, to a decrease in the final indicators of hydrocarbon recovery and
significant economic losses. There are many methods of influencing the oil and gas reservoir in order to ob-
tain a cost-effective inflow of hydrocarbons. But whatever method was used, there is a question of control
and adjustment of wettability, the solution of which is impossible without determining the real relative wet-
tability of the reservoir with water and hydrocarbons. Core material, which can determine the wettability of
standard methods, is not selected enough and the possibility of calculating the wettability of GIS data could
fundamentally improve the situation.

Analysis of available publications on the topic. In the course of the work, the theoretical background
of the proposed technique, the conclusion of the formula for calculating the thickness of the dummy film and
the data on practical application given in the available works were analyzed. According to the authors of the
tested method, the degree of hydrophilicity of the productive formation is qualitatively characterized by the
content of residual water: the higher its content, the more hydrophilic the rock. To quantify the degree of hy-
drophilicity, it is proposed to use the thickness of the fictitious film of residual water on the surface of pore
channels, which should increase in direct proportion to the degree of hydrophilicity and which is determined
by the values of the water-holding capacity of rocks.

Materials of own researches. On the basis of laboratory studies, the results of which are presented in
the article, it can be argued that the values of residual water saturation with increasing hydrophilicity can
both increase and decrease. The relationship between residual water saturation and wetting angle is ambigu-
ous and should be used with great care to assess the degree of hydrophilicity of rocks.

Quantification of hydrophilicity on the thickness of the dummy film of residual water is complicated by
the fact that, first, to determine the film thickness for water-holding capacity is highly problematic, they are
too weakly bound, and secondly, the film thickness is poorly and ambiguously connected with the wetting,
which used the wetting angle, and the index "M" defined by standard methods. Perhaps it is the proposed
formulas for calculating the thickness of the fictitious film and the idea can be further developed, however, at
this stage to replace the direct definition of wettability on the calculation of known values of reservoir prop-
erties is impossible.

Conclusion. Calculation of wettability by known values of basic reservoir properties determined in la-
boratory conditions is impossible. We stipulate that this conclusion cannot be unconditionally transferred to
the assessment of wettability according to GIS (determination of both residual water saturation and gas satu-
ration coefficient according to GIS has its own specifics), but the impossibility of constructing the desired
connections in the laboratory forces caution to approach such calculations. The performed work will help to
avoid gross errors in the assessment of wettability, performed for various practical purposes, in particular, in
the development of methods to prevent selective flooding of wells.

Keywords: wettability, wettability of reservoir rocks, wettability of productive reservoirs, wettability
according to the Geophysics, wetting parameters, methods for determining wettability, residual water, water-
holding capacity.
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HEAVY METALS IN OILS AND FORMATION OF BITUMEN-HYDROTHERMAL
ASSOCIATIONS IN THE ROCKS OF THE DNIEPER-DONETSK PALEORIFT

B. I Cyapko, JI. B. Iwenko, A. M. €pogpees, B. B. Cyxos, A. C. IlImope. BA’KKI METAJIU Y HA®TAX TA ®OPMY-
BAHHA BITYMO-TIIPOTEPMAJIbHUX ACOLIAIIIH Y ITOPOJAX JHIIIPOBChKO-JOHEI[BKOIO ITAJTEOPH®TY.
Pozenanymo 3aKOHOMIDHOCMI HAKONUYEHHA GAXMCKUX Memanie y Hagmax ma iX 63a€M036 30K 3 YMEOPEeHHAM Oimymo-
2I0pOmMepMAnbHUX MIHEPANbHUX acoyiayill y nopooax pyoHux nouie 6 mexcax JHinposcvko-Joneyvroi 3anadunu ma Joneyvkoi cxia-
ouacmoi cmpyKmypu.

Onucano npoyec meniomaconepeHecents y 1imocgepi, wo € 0CHOBHUM PAKMOPOM POPMYBAHHSA AK 8Y21e600He80—Memaniesux
nioionux cucmem, max i pooosuwy 8yenesoonie ma ciopomepmanimis. Hacamnepeo ye seuwe nog szane i3 anbnitiCbKo mekmoHiy-
HOIO akmueizayicto, wo npuseeia 00 YmeopeHHs: KOHCUOEeMEHMAYIIHUX Me3030UCLKO-ANbNICOKUX CKAAOUACUX AHMUKTIHATbHUX
CIMPYKMYp, V MeNCAX SKUX PYHKYIOHYE NOMYAHCHA 2eOXIMIYHA cUCmeMda «800a-gyeleso0ni-ciopomepmuy. Y medxcax yici cucmemu
cnocmepieacmucsl BUCXIOHE PO36AHMANCCHHS. MIHEPANOYMBOPIOIOUUX at0ioie, AKIi Xapakmepusyiomoscs WUPOKUM KOMILEKCOM MIK-
poenemenmis ekaOUHO 3 gaxckumu memanamu (V, Mn, Al, Hg, Cr, Fe, Zn, Co, Ni).

Jocnioorceno  mpoyecu, wo nNpu3BoO0AmMb 00 HAKONUYEHMSI BAJCKUX Memanie y Ha@max ma YmeopeHHs Oimymo-
2I0pomepManbHUX acoyiayitl y 2ipCbKux nopooax.

3’sc06an0 O0eaKi 3aKOHOMIPHOCIT 6MICHTY 8AJCKUX MEMANi8 Y Hadhmax, wjo noe si3ani 3 0CoOMUBOCMAMY YOPMYBAHHS NOKAAJI8
8 MeNCAx Pi3HUX 2e0N02IUHUX CIPYKMYD.

Busnaueno eeoximiuny 3aKoHOMIpHICMb 30IIbUEHHS KOHYEHMPAYill 6adCKUX Memanie 3 2iubuHoo 3anseanus Hapmu. lle
106 A3aHO 3 GUCOKUMU BMICIAMU CIDYAHUX CROIYK Y 6USNAOL 2IOPOMEPMANbHUX CYNb@IOHUX MIHEPAie, KL AKMUBHO 2I0PONI3YIOMbCs
6 YMOBAX GUCOKUX memnepamyp i npu3eo0sims 00 GULY208YE8AHHS MEMAi6 Ma HAOX0OJCeHHs ix Y GuioiOHi cucmemu, oe ymeopio-
fombces cmiliki cipuani komniaexcu. Takum YUHOM HA KOHMAKMI MemanosMilyoyux ma 8y2ne00Hesux (arwiois, wo marmoy cniivHi
WAAXU Miepayii, YLIKOM MONCIUBUM € 30A2AUeHHS HADM BANCKUMU MEMATAMU.

Hasedeno moorciusocmi npakmuyHo2o UKOPUCMAHHA Pe3YTbmamie 00CAIOHNCeHH 0N NPOSHO3Y8AHHA A NOUWYKY POO0SULY
KOPUCHUX KONATUH.

Knrwuoei cnosa: sasxcki memanu, napma, 6imymo-2iopomepmanvhi acoyiayii, nareopugdm, po3nomu, 6UCXIOHe MeniomMacone-
penecenns, guioiou.

B. I Cyaprxo, JI. B. Hwenko, A. M. Epoghees, B. B. Cyxos, A. C. IlImope. TAJKE/IBIE METAI'Ibl B HE®TAX H ®OP-
MHPOBAHHE BHTYMO-THIPOTEPMAJIBHBIX ACCOLHAIIHH B IOPOJAX JHEITPOBCKO-JOHELIKOIO I1A-
JEOPU®TA. Paccmompenvl 3aKOHOMEPHOCHU HAKONTLEHUS. MAJICETbIX MEMAalos 8 Heghmax U Ux 63auMoces3b ¢ 0bpazosanuem Ou-
MYMHO-2UOPOMEPMATLHBIX MUHEPATbHBIX ACCOYUAYULL 8 NOPOOAX PYOHLIX noletll 8 npedenax [nenposcko-/oneykoil enadurnwvt u [o-
HeyKoll CKIaouamou CmpyKkmypbl.

Onucan npoyecc meniomacconepeHoca 8 1umocgepe, KOMopulii AGIAEMCA OCHOBHbIM PAKMOPomM POpMUPOBAHUs KAK Veleo-
00POOHO-MEMATIUYECKUX (DIIOUOHBIX CUCMEM, MAK U MECMOPONCOEHUU Y2le6000p0o0os u cudpomepmanumos. IIpescoe ececo 5mo
SGNEHUe CBA3AHO C ANBNULICKOU MEKMOHUYECKOU aKmususayuetl, Komopas npueena Kk 06pazoeanuio KOHCUOEMEHMAYUOHHbIX Me30-
30UCKO-ANBAULICKUX CKAAOYAMbIX AHMUKIUHATLHBIX CIMPYKMYD, 6 PAMKAX KOMOPbIX (YHKYUOHUDYEm MOWHAS 2eOXUMUYECKAsl CU-
cmema «800a-y2eneso00poodbl-2udpomepmuvly. B pamkax smoil cucmemvl HAOIIOOAIOMCI 80CX00sWUe PA32PY3KU MUHEPAT000PA3YIO-
wux ¢hrroudos, Komopuvle XapaKmepuzyomes WUpoOKUM KOMRLEKCOM MUKPOITIEMEHMOo8s, eKatodas msxcenvie memannvl (V, Mn, Al, Hg,
Cr, Fe, Zn, Co, Ni).

Hccnedosanvl  npoyeccvl, npugoosiyue K HAKONIEHUIO MANCENbIX Memanios 6 Hedmsax u o0pazosanuio oOumymo-
2UOPOMEPMATILHBIX ACCOYUAYULL 8 2OPHBIX NOPOOAX.

Buisicneno nexomopule 3aKOHOMEPHOCMU COOEPICANUS MANCENbIX MEMALI08 6 HeQMSX, CA3aAHHbLE C 0CO6EeHHOCMAMU Gopmu-
posaHus 3anexcell 8 npedenax pasuyHblX 2e0N02ULEeCKUX CIPYKMYyp.
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Onpeodenena 2eoxumuieckds 3aKOHOMEPHOCHIb Y8eNUeHUs KOHYEHMPAYUll MANCENbIX MEMAN08 C 2IYOUHOU 3ane2anus Heghmu.
Omo céA3aHO ¢ BLICOKUM COOEPHCAHUEM CEPHUCBIX COCOUHEHUL 8 8U0e 2UOPOMEPMATIbHBIX CYIbHUOHBIX MUHEPANOB, KOMOpble aK-
MUBHO SUOPOTUZVIOMCSA 8 YCILOBUAX 8bICOKUX MEMNepamyp U NPUeoosam K GbliyelauUBaHUIo MEMAio8 U NOCMyNIeHUuIo ux 6 Guiouo-
Hble cucmembl, 20e 06pasyiomcs ycmouuussle cephvle Komniexcol. Takum o6pasom, Ha KOHMAKMe MEmaiioCcoOepHCAuUX U yieso-
00POOHBIX DAIOUO08, UMEWUX 00WUe NYMU MUSPAYUY, BNOTHE B03MONCHO 0002alyeHIe Hedhmell MAHCETbIMU MEMATIAMU.

TIpusedenvi 603MOACHOCMU NPAKIMUYECKO20 UCNONb30BAHUA PE3YIbIMANOS UCCIE008AHUA Ol NPOSHOZUPOBAHUS U NOUCKA Me-

CMOPOACOEHULl NONE3HBIX UCKONAEMBIX.

Knrouesvie cnosa: msicenvie memanivl, Heghmov, OUMYMO-2UOPOMEPMATbHBIE ACCOYUAYUU, NATEOPUPM, PATOMb, BOCXOOAUULL

MEeNnIoMAaAcconeperoc, Garuobl.

Introduction. The problem of hydrocarbons
and heavy metals’ coexistence in geological space is
interesting, given its theoretical and practical signif-
icance. This has been highlighted in many works of
domestic and foreign scientists from different posi-
tions due to the lack of unambiguity in the explana-
tion of this phenomenon.

Heavy metals are not only found in most oils,
but also occur with bitumens in bitumen-
hydrothermal mineral associations of ore deposits.
The main issue in solving this problem is the study
of genetic, spatial and temporal relationships of
heavy metals and hydrocarbons. Based on practical
material, the authors have tried to highlight geologi-
cal and geochemical processes of the hydrothermal-
hydrocarbon natural systems’ formation, using case
study of the Dnieper-Donetsk Paleorift (DDP) with-
in the Dnieper-Donetsk Depression (DDD) and Do-
netsk Folded Structure (DFS), allowing us to offer
our vision of this geological phenomenon.

The conclusions of the research will be useful
for modeling the processes of hydrocarbon accumu-
lations’ formation and ore hydrothermal fields.

The subject of the research is oil and bitu-
men-hydrothermal mineral associations.

The object of the research is geochemical sys-
tems of hydrocarbons and heavy metals.

The main material. The Dnieper-Donetsk
(Dono-Dnieper) paleorift (avlakogen) is an ancient
Paleozoic rift of the Eastern European platform
[7,26], which within Ukraine consists of two geo-
logical structures: the Dnieper-Donetsk depression
(DDD) and the Donetsk folded structure (DFS). The
paleorift filled with terrigenous-carbonate-carbona-
ceous sedimentary rocks, up to 10-20 km thick,
sometimes larger, is characterized by high oil and
gas bearing capacity, and DFS is characterized by
industrial hydrothermal mineralization [4, 16]. This
is because the geological structure of the paleorift as
well as the processes that occur in its geostructure
during geological development.

Rifts as tensile structures, together with com-
pression structures — orogens, play the leading role
in the functioning of the processes of ascending heat
and mass transfer, associated with the migration of
deep fluids in the lithosphere. This, in turn, pro-
motes the transfer of gas-liquid fluids through faults
and the formation of various oil and gas and hydro-
thermal (including ore) mineral deposits in zones of

tectonic decomposition of sedimentary strata.

In our opinion, the intensity of heat and mass
transfer in riftogens is caused by the influence of
heat flux from the mantle diapir under the crystal
bed. Its excitation during periods of tectonic activa-
tion not only determines the directions and veloci-
ties of individual lithosphere plates that limit riftho-
gens, but also causes a periodic increase in the man-
tle thermal field, which is the major factor in the
formation of both hydrocarbon-metal fluid systems
and hydrocarbon deposits [2,3,23].

Riftogens by internal structure are divided into
symmetrical and asymmetric. The Dnieper-Donetsk
paleorift belongs to the first type and consists of
separate tectonic ridge-like segments, which are di-
vided by transform transverse faults [31,34,2]. With-
in these ridge-like depressions, which are in fact
separate Paleozoic lithospheric blocks, younger sed-
imentary Mesozoic-Alpine folded anticline struc-
tures characterized by hydrothermal-hydrocarbon
fluid dynamics were formed in the sedimentary stra-
tum. This, in particular, led to the formation of hy-
drocarbon-hydrothermal systems in the fault zones,
which affected not only the presence of heavy met-
als such as Hg, V, Co, Ni, Pb and others in the oils
of the region, but also the formation of ore hydro-
thermal mineralization zones in the form of ore
manifestations and deposits of mercury and mercu-
ry-polymetallic specialization with accessories in
the form of minerals such as Cu, Ni, Co, Fe, etc. [16].

Among the deposits of hydrocarbons of DDD,
in the rocks of which there is hydrothermal mineral-
ization (among which there is ore mineralization),
there should be noted: Khurinskoe, Yuliivskoe, Ma-
chukhskoe, Yablunovskoe, Kotelevskoe, and others
[17]. Instead, methane gases and naphthenes (bitu-
mens and asphaltenes) constantly accompany the
DFS hydrothermal ore fields such as Mykytivske,
Druzhkivsko-Kostiantynivske, Slovyanske [11] in
the process of ascending unloading along the faults
of deep hydrocarbon-hydrothermal streams from the
generalized core to the depths structures. In the
near-surface layer of sedimentary rocks this led to
the formation of strong geochemical barriers, within
which there was, first of all, hydrothermal mineral
formation [26,31,37,12], as well as oil and gas ac-
cumulation [21]. Most productively, these processes
took place in the region in the Laramian phase of
alpine tectogenesis, which is associated with the
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formation of mercury and mercury-polymetallic de-
posits [29] with bitumen-hydrothermal mineral as-
sociations in which some hydrocarbons and hydro-
thermalites may, in our opinion, have a paragenetic
relation [3,7,11,10].

Hydrocarbons and metal-containing fluids are
transported in the earth's crust with the obligatory
participation of H>O in gaseous and liquid forms. In
the process of migration through the zones of open
faults, they all form fluid systems '"water-
hydrocarbons-hydrothermal vents", which at differ-
ent stages of tectonic activation of faults carry out
"injection intrusion" into the sedimentary layer [17].
Groundwater and brines play a huge role in the
emergence of physico-chemical barriers (t°, pH)
within which the processes of hydrothermal mineral
formation take place [26,38,24]. Within the lower
hydrodynamic floor at the depth of 5-6 km, these
solutions exist in the region in the form of strong
brines with mineralization up to 320.00 g/dm? and
are characterized by temperatures >150-200°C, high
pH values (>9), CO, CO,, CHa4, He, H, with mercury
vapor saturation, and the presence of wide range of
trace elements, including various heavy metals, in
its composition [19,26,33].

At present, the ascending unloading of high-
pressure deep waters and brines under the action of
heat and mass transfer processes within hydrother-
mal ore fields and hydrocarbon deposits causes the
formation of complex geothermal, hydrogeochemi-
cal and hydrogeothermal anomalies. Spatially they
coincide with areas of modern upward tectonic
movements (up to 5.0-10.0 mm per year) [38]. The
formation of such complex hydrodynamic-gas-
dynamic-geothermal-geochemical anomalies is the
evidence of heat and mass transfer processes that
occurred in areas of modern tectonic activation of
faults [20,38]. The fluid flows discharged here differ
in the phase and geochemical diversity of chemical
elements and their compounds in the form of gases,
vapors, liquids and suspensions. Within the ore
fields of the region, these streams contain carbon
monoxide and dioxide, methane, mercury vapor, and
various ions and complexes of heavy metals in lig-
uid solutions [27,37].

Most oil and gas-oil fields, in the oil of which
the presence of heavy metals has been analytically
determined, are confined to anticlinal structures that
accompany the zones of deep faults [9]. This also
applies to bitumen-hydrothermal mineral associa-
tions of DFS [37]. Hydrothermalites in quartz, the
composition of gaseous-liquid inclusions of which
constantly include methane and its homologues, also
control the faults in the region [6].

These factors may indicate the formation of
end-to-end interformational fluid systems, which are
favorable for the migration in the earth's crust of

both hydrocarbon compounds and heavy metals, in
fluid-dynamically active areas of faults [20,24,38].

Hydrocarbons are of both biogenic and abio-
genic origin, and the source of heavy metals can be
mantle excalates of the weathering crust of the
foundation, ore mineralization of sedimentary rocks,
as well as fluids of posthydrothermal activation of
alpine (laramian) hydrothermal systems [26,38].

The interaction of hydrocarbons with heavy
metals in natural geochemical systems is difficult to
understand without realizing the possibility of pres-
ence of certain amount of abiogenic (synthesized)
hydrocarbon compounds in oils. Their presence in
bitumen is evidenced by the results of isotopic stud-
ies of carbon [24]. In such circumstances, the prob-
lem is solved much easier, because it involves the
presence of abiogenic hydrocarbons in oils together
with heavy metals of mantle-metamorphogenic gen-
esis. The process of generating the synthesized hy-
drocarbons takes place at a temperature of ~1000°C
according to the scheme (Fischer-Tropsch syn-
thesis):

HC02+(2H+ 1 )H24>CHH2n+2+nH2O .

The same reaction in the presence of catalysts
in the form of heavy metals (Co, Ni, Fe, V, etc.) can
occur at much lower temperatures such as 400-
200°C, which on average corresponds to both litho-
spheric depths up to 1000 m and medium-
temperature hydrothermal vents. That is, the natural
synthesis of hydrocarbons and, in particular, naph-
thenes is quite possible not only in the mantle, but
also in the lithosphere. Although the question of
presence of biomarkers in abiogenic oil, it would
seem, is debatable [13,14]. In our opinion, the gene-
sis of oil, which has signs of organic and inorganic
genesis together, is caused by the multiphase of
naphthidogenesis [13]. This gives grounds to claim
that all hydrocarbons from gases and oils to bitumen
and asphaltenes are polygenic. This approach to the
genesis, in particular of heavy hydrocarbons, makes
it possible to satisfactorily explain both the presence
of heavy metals in petroleum and the existence of
bitumen-hydrothermal mineral associations.

Heavy metals in DDD oils have been found [9]
within various deposits.

Determination of V, Cr was performed on an
energy-dispersion spectrometer "SPRUT" SEF 01.
Spectrum accumulation time was 600 seconds.

Determination of chemical elements Mn, Fe,
Co, Ni, Zn, Hg was performed on a wave-dispersion
spectrometer "SPRUT" SEF 01M1 (Ne703-96 in the
State Register) by calibration method (the analyst —
Ph.D. O. O. Baturyn). The measurement time at the
peak was 60 x 4 = 240 s, and against the back-
ground — 60 x 8 = 480 s. The value of the pulse-
statistical coefficient of variation did not exceed
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0.5% of the measured value [9]. The concentrations

of these elements are shown in table 1:

Table 1
Concentration of heavy metals in the oils of various DDD deposits
Depths of Concentrations of heavy metals, ppm

Ne Deposit the dleé)osn, V | Mn | Al Hg Cr Fe Zn Co Ni
1 Bakhmachske 3600-3610 | 0,6 - [ 1,53] 0,02 |0,14] 446 | 1,16 | 0,06 | 32,7
2 Krasnozayarske | 4200-4500 | 0,09 | - - 0,16 |0,45]221,0( 3,29 | 0,03 | 2,17
3 Kremenivske 2287-2303 | 0,82 | 0,21 | 1,37 - 0,01 | 1,48 | 0,23 | 0,005 | 1,20
4 Khukhryanske 3266-3291 (3,18 | - 243 | 0,20 |390]| 1,42 | 1,51 | 0,002 | 38,1
5 Lipovodolinske | 4648-4650 | 0,07 | 0,21 | - 0,01 0,14 | 4,13 | 0,41 | 0,004 | -
6 | Malosorochynske | 2303-2319 | 2,17 - 2,741 0,01 |0,04| 0,12 | 0,25 - 2,72
7 | Prokopenkivske | 2516-2523 | 132 | - - 0,05 10,14 9,19 | 1,04 | 0,02 | 31,4
8 Raspashnivske 4037-4259 | 1,75 | 0,25 | 3,52 - 0,01 | 48,5 | 560 | 0,03 | 17,6
9 Quiver 1048-1050 | 2,3 10,09 | 4,50 0,30 [0,71| 1,35 [ 0,52 ] 0,13 | 0,23
10 Solontsivske 1193-1198 | 0,16 | 0,21 | - 0,03 0,13 ] 28,7 | 2,34 { 0,003 | 1,50
11 Talalaivske 3507-3522 | 122 | - - 10,0007 10,39 ] 31,0 | 1,40 | 0,02 | 2,90
12 Perekopivske 4440-4450 [ 0,13 | - - 0,03 10,25 6,22 | 0,81 - 0,50
13 Yuryivske 1617-1625 | 9,50 | 1,60 | 27,1 - 0,04 | 0,69 | 0,35 ] 0,006 | 4,22

According to our data, the concentrations of
heavy metals in oils correlate with their structural
composition and, in particular, with high-
temperature fractions of oils [9]. It has been experi-
mentally established that the content of heavy met-
als is directly proportional to the density and depth
of oil, which, in our opinion, can be explained by
the physicochemical features of the processes of
metal accumulation in porphyrin complexes of
heavy-boiling oil fractions. According to our calcu-
lations, one of the natural sources of some heavy
metals in hydrocarbon fluid systems could be not
only mineral-forming hydrothermal vents, but also
hydrothermal sulfide minerals. It is binary sulfide
compounds that are actively hydrolyzed under con-
ditions of high (over 700°C) temperatures, which
lead to leaching of metals with their subsequent en-
try into fluid systems according to the scheme:

2MeS+2HOH«(MeOH),S+H,S1

As a result, the enrichment of oils with heavy
metals at the contact of metal-containing and hydro-
carbon fluids that have common migration routes is
quite possible. Their migration in oils most often
occurs in the form of organometallic complexes or
complexes with sulfur. The latter contain hydrocar-
bon radicals in the form of two unshared pairs of
sulfur atoms. This allows them to form complex
compounds of the donor-acceptor type with salts of
heavy metals having vacant orbits (Ag, Pb, Hg, Cu,
Ti, Ni, etc.) [9].

Another source of heavy metals in naphthoids
may be the so-called "dark-colored pelitomorphic

polymineral substance" [17] from the Precambrian,
Devonian and Coal seams of DDD and other regions
of the world. It contains anomalous (100-1000 times
higher than Clark) concentrations of rare earths (Ce,
La, Nd) and other elements: Zr, Ga, Th, Ti, Cr, V, Sr,
Ba, B, U, Hg , Li, Rb, Cs, Zn, Cu, Mn, Au, Pd, etc.
[19], which have deep origin and are associated with
mantle excalates [21].

The isotopic composition of carbon of this sub-
stance (8'3C) from - 19.6 to - 23.7 %o is much heavi-
er than "organic" in sedimentary rocks, which clear-
ly indicates the influence of mantle fluids during the
formation of pelitomorphic substance [16].

Analysis of the distribution of concentrations of
heavy metals in oils depending on the depth of sam-
pling from different deposits in the region allowed
to establish a clear interrelation between the increase
in their concentrations in metals and depth (fig. 1).

To depict the dependence of the depth of the
hydrocarbon fluid on its microelement content, the
average data on the depths of the deposits, which
were approximated graphically by the first approxi-
mation, were used. This allowed us to qualitatively
illustrate the interrelation between the depth and
concentrations of metals in oils [8,9].

Another factor in the natural interaction of hy-
drocarbons and heavy metals is the formation of
"bitumen-hydrothermal mineral associations" in the
rocks of DDP that are paragenesis of hydrothermal
minerals and natural bitumen in the rocks of ore
fields. Bitumens are represented by solid, viscous,
and viscous-liquid varieties, which consist of high
molecular weight structured hydrocarbons and het-
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Fig. 1. Dependence of heavy metal concentrations in oils on depth

eroatomic (oxygen, sulfur, nitrogen, metal) com-
pounds. Ore minerals are represented by sulfides of
such heavy metals as mercury, lead, zinc [16,10,11].

Bitumen-hydrothermal mineral associations are
a global phenomenon observed within hydrothermal
ore fields associated with alpine tectonic activation
[22,23,30,35,36,38].

The energetic and material basis of bitumen-
hydrothermal mineral formation is fluid heat and
mass transfer [15,38]. This process occurred most
intensively during the periods of alpine tectonic ac-

tivation (Laramian and Attic phases) [24]. Analysis
of the isotopic composition of bitumen carbon from
Druzhkivsko-Kostiantynivsky, Mykytivsky and Slo-
vyansky ore fields, performed on mass spectrome-
ters MI 1305 MV (the analysts — V. S. Moroz and
L. I. Proskurko) and MI-1201-AG (the analyst —
A. M. Erofeev), indicates that along with the pre-
dominance of organic carbon enriched in ’C, they
also have an increased amount of heavy isotope
(**C), which may indicate its abiogenic origin (table 2):

Table 2
Carbon isotope composition in bitumen of hydrothermal ore fields of Donbass
Sample Mineral Sampline point 513C, %o
Ne substance PUNE P (PDB standard)
1 bitumen Druzhkivsko-Kostiantynivske ore field -18.27
2 bitumen Druzhkivsko-Kostiantynivske ore field -21.73
3 bitumen Druzhkivsko-Kostiantynivske ore field -18.71
4 bitumen Druzhkivsko-Kostiantynivske ore field -19.19
5 bitumen Mykytiv ore field -22.22
6 bitumen Mykytiv ore field -18.71
7 bitumen Mykytiv ore field -22.48
8 bitumen Mykytiv ore field -22.62
9 bitumen Mykytiv ore field -25.16
10 bitumen Slovyanske ore field -19.19
11 bitumen Slovyanske ore field -27.07

Inorganic synthesis of carbon and hydrogen at-
oms in endogenous fluid streams can take place at
temperatures of about 1000°C with the formation of
compounds of the C,Ha, type [24,32], which togeth-
er with mantle-crustal exglates were transferred to
the densification zones in anticlinal structures. Due
to the temperature of the process of hydrothermal
mineral formation (500°-150°C), light hydrocarbons
(gases) left the natural hydrocarbon-hydrothermal

system, and the heaviest hydrocarbons, in the form
of heavy oils, which were converted into bitumen,
took part in mineral formation.

The front of hydrothermal vents in the process
of ascending movement through the underlying tec-
tonic channels passed through a large (>10 km) ter-
rigenous-carbonaceous stratum, capturing not only
kerogen scattered in the rocks, but also mobilizing
huge masses of organic hydrocarbon compounds
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from coal seams, which eventually led to a signifi-
cant reduction of the specific content of synthesized
hydrocarbon compounds at the final stage of for-
mation of bitumen-hydrothermal mineral associa-
tions [24]. This indicates not only that the bitumens
of bitumen-hydrothermal mineral associations of
hydrothermal ore fields of the region have a poly-
genic biogenic-abiogenic genesis, but also the for-
mation of such geochemical systems in which they
together with heavy metals can enter common fluid
flows.

The established features of the interaction of
hydrocarbon and metal-containing fluids allow, first
of all, to predict oil deposits in the structures of the
anticlinal type at great depths. They also make it
possible to determine not only the sources of oil
generation, but also the ways in which hydrocarbons
enter the deposit. In particular, this applies to the
explanation of how there is a constant natural re-
plenishment of hydrocarbon accumulations in oil
and gas deposits (such as in Shebelinsky deposit).

Conclusions.

1. Concentrations of heavy metals in oils nat-
urally increase with the depth of their occurrence
and their density. Their entry into hydrocarbon
streams takes place due to endogenous fluid flows
or ore-forming hydrothermal vents, at the stages of
alpine tectonic activation of the Dnieper-Donetsk
paleorift.

2. The energy-material basis for the formation
of fluid hydrocarbon-hydrothermal systems in the
rocks of the Dnieper-Donetsk paleorift is the global
process of ascending heat and mass transfer in the
earth's crust, which occurs along fault zones during
alpine tectonic activation (Laramian and Attic
phases).

3. Formation of fluid systems in the deep parts
of the earth's crust of the region occurs with the par-
ticipation of synthesized and organic hydrocarbons
and mantle exhallates and hydrothermal vents.
While these systems are cooling, liquid hydrocarbon
frctions (oils) are being enriched with heavy metals,
and hydrothermal vents are being enriched with bi-
tumen-forming naphthides.

4. Practical conclusions on the problem of
finding heavy metals in oils and the formation of
bitumen-hydrothermal mineral associations in hy-
drothermal ore fields are grounded in reasonable
modeling of the processes of formation of hydrocar-
bon accumulations and hydrothermal ore minerali-
zation. They can significantly increase the efficiency
of forecasting and searching for these types of min-
erals.

The results of the study have not only theoreti-
cal but also practical significance and can be used
for prediction and search for hydrocarbon accumula-
tions.
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HEAVY METALS IN OILS AND FORMATION OF BITUMEN-HYDROTHERMAL
ASSOCIATIONS IN THE ROCKS OF THE DNIEPER-DONETSK PALEORIFT

Formulation of the problem of the article. The problem of common finding of hydrocarbons and
heavy metals in the geological space is very interesting from the point of view of theoretical and practical
meaning. It was discussed in many works of domestic and foreign scientists from different positions, stipu-
lated by the absence of ambiguity in the explanation of this fact. It is important that heavy metals are present
not only in oils, but also in bitumen of bituminous-hydrothermal mineral associations of ore fields in the re-
gion.

The main aim of the article is to research the genetic, spatial and temporal correlation of heavy metals
and hydrocarbons.

Research Methods. The processes adducting to the accumulation of heavy metals in oils and the for-
mation of bituminous-hydrothermal associations in rocks have been researched. In particular, the definition
of heavy metals in oils from various deposits of the Dnieper-Donetsk basin was performed using the X-ray
fluorescence method and the definition of the isotopic composition of carbon of solid bitumen - by mass
spectrometric methods.

Results. The processes adducting to the accumulation of heavy metals in oils and the formation of bi-
tuminous-hydrothermal associations in rocks have been researched. These processes are associated with as-
cending heat and mass transfer, which adduct to the unloading of fluid streams, which contained a variety of
chemical elements, including compounds of carbon dioxide, methane, mercury vapor, and complexes of
heavy metal. Spatially, that process coincides with the anticlannel structures which accompany the zones of
deep faults.

It has been found that the concentrations of heavy metals in oils are associated with the peculiarities of
deposits formation within different geological structures. Physical-chemical conditions for the formation of
hydrocarbon-hydrothermal fluid systems, which involve both biogenic and abiogenic (synthesized) hydro-
carbons, were determined. The established geochemical regularity of increasing concentrations of heavy
metals with the depth of oil occurrence is associated with high contents of sulfur compounds in the form of
hydrothermal sulfide minerals, which are actively hydrolyzed at high temperatures and lead to leaching of
metals and their entry into fluid's systems where stable sulfur complexes are formed.

Scientific novelty and practical importance. The formation of hydrocarbon-heavy metal systems
within the Dnieper-Donetsk basin occurs with the participation of synthesized and organic hydrocarbons, as
well as mantle exhalates and hydrothermal vent. The result is cooling of these systems. Hydrocarbon frac-
tions (oil) are enriched with heavy metals, and hydrothermal vents are enriched with bitumen-forming naph-
thides. The practical importance of this research is increase in the efficiency of forecasting and prospecting
of hydrocarbon deposits at the expense of theoretical modeling of the bituminous-hydrothermal mineral as-
sociations formation in ore fields.
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TEOIH®OPMAIIAHE MOJEJIOBAHHS ITPOIIECIB 3ABPYJIJHEHHSI IPYHTIB
MHNPUABTOMATI'ICTPAJIBHUX TEOCUCTEM CIIOJIYKAMUW CBUHIIIO

Poboma npucesuena nepesipyi nonosxcenb memoouku 2e0iHpOpMayilino20 MOOeN08AHHA AKMYalbHO20 DI6HA 3a0pyOHeHHs
CHONYKAMU CBUHYIO TPYHMIE NPUABMOMARICIMPANbHUX 2eocucmeM. Memoouxka euKopucmosye 2eoinoOpMayiiini ma mamemamuymi
MoOeni, 3a AKUMU ONUCYEMbCA NOGEOIHKA CHONYK CEUHYI0 npu @Qopmysanni nois 3abpyouenns. Lle modeni npocmoposozo
DO3NOBCIOONHCEHHS 6ANCKUX MEMANi6 6 ammochepHoMmy noeimpi, IpyHmi, cucmemi «epyum-pociunay. Bionpaylosanns nonoscens
Memoouxu 8i00Ysanocy 8 mexucax mecmosoi OUAHKU, WO MAE Munosi 01 NpupooHol 30HU MIUWAHUX JICI8 PIGHUHHUL (rI08io-
2nAYianbHull. ma QuiosianvHull pervegh, Onusbke 00 NOBEPXHI 3ANA2AHHA IPYHMOBUX 600, HAAGHICMb 3a00104eHUXx mepumopill,
HAsAGHICMb TPYHMIE NEPesadcHO N1e2K020 MEeXAHIYHO20 CKAady 3 KUCIOl0 peakyiclo ma gyrveamuum munom eymycy. B npoyeci
MOOen8anHs 0Y10 BUSHAYEHO 3A2ANIbHY KIIbKICMb CHOIYK COUHYI0, WO HAOX0OUMb 3a OOUHUYIO HACy 6 2eocucmeMmy. 3a MoOeLo
PO3Cit08aHHA OOMIWOK 8 ammocghepi OY10 OompuMaHo Kapmozpagiune 8i000paiceHHs: pO3NOOLTY CNOIVK CGUHYIO Y NPUSEMHUX WAPAX
ammocgepu. Busnaueno KinbKicmb CHOYK C6UHYIO, WO NOMPANIIAE HA NOBEPXHIO IPYHMY 3 NPUSEMHUX wapie ammocepu. Ha ocnosi
noby008anoi noeepxui 6y10 GUHAUEHO KIMbKICMb CEUHYIO, WO SUHOCAMbCS 3 I[PYHMIE 6 Npoyeci 1amepanvHol, padiaibHoi ma
6iocennol micpayii. B pezynomami moodeniosanhss 6y710 SUHAYEHO NPOCMOPOGi napamempu NOAs 3a0pYOHeHHs MA WEUOKICb
npoyecy 3a6pyonenns (abo, HABNAKU, CAMOOYUW/EHHS) TPYHMIE 34 OCHOBHUMU 2eOXiMiuHuMu cyenapismu. Bcemanoeneno, wo 6
eeocucmemax mecmosoi OUIAHKY HAUGUWY UMOBIDHICIb aKYMYIAYil 34 CyeHapiem 1amepanbHOi Miepayii Maioms 3aMKHeHT 8i0 €MHI
Gopmu penvedhy. Busnauenns inmencuenocmi mizpayii po3uuHHUX hopm C8UHYIO Y TPYHMAX 8 npoyeci padianbHoi Mizpayii, nokazano,
Wo yepez npogedene GANHYBAHHA IPYHMIB, NuUMe HA HeGENUKIl YACMUHI Mecmogoi OLAHKU NPOCMENCYEMbCs « 0ydice C1adbKay
inmencusnicme Micpayii memany, ma, 6iOnosioHo, «cirabra» nebesnexa 3adpyonenns pocaun. Ilepesadicno ye cmocyemuvcs
HAKONUYEHHS, POSYUHHUX CHOLYK COUHYIO 8 POCIUHAX KOHYeHmpamopax. [ana memoouka modice 6ymu 3acmocosana 0is 6y0b-aKo2o
8ADICKO20 MEMALY MaA IHUUX I3UKO-2e0epadiunux yMos, wjo 00360/15€ peanizo8yeamu make MOOENO8AHHA 8 NPOEKMAX eKOA02IYHO20
MEHeOJCMEHMY, BUHAYAIOWU ONMUMANbHULL PiGeHb AHMPONO2EHHO20 HABAHMAJICEHHA ) MediCax NpuasmomazicmpanbHux
azpoexocucmen.

Knrouogi cnosa: zeoingopmayiiine mooento8anis, 3a0pyOHeHHs IPYHMIG, CNOIYKU CBUHYIO, NPUABIMOMAZICIPANbHI 2e0Cuce-
Mu, 1amepanvHa Miepayis, padianvHa miepayis.

A. A. I'anazan, H. I1. Kopozooa, M. /1. I'poosunckuii, A. I. Ob6000eckuii. TEOUH®OPMAI[HOHHOE MO/ E/IHPOBA-
HUE ITIPOLIECCOB 3ATI'PA3HEHUA I1049B IIPUABTOMAT'HCTPAJIBHBIX TEOCHCTEM COEJTHHEHHUAMH CBHH-
L{A. Paboma noceswena nposepke MemoouKu 2eouH@opmMayuoHHo20 MOOEIUPOBAHUA AKMYALHO2O YPOBHS 3A2PAHEHUs COeOUHe-
HUAMU CEUHYA NOUE NPUABIMOMASUCPATILHBIX 2eocucmeM. B memoouke ucnonb3yiomes 2eounopmayuontsie u mamemamuieckue
MOOenU, ¢ NOMOWbIO KOMOPLIX ONUCLIBAEMCS NOBEOEHUEe COCOUHEHUL CEUHYA NPU HOPMUPOBAHUU NONA 3aepA3HEHUA. MO Mooeu
NPOCMPAHCMBEHHO20 PACHPEOeNeHUs MANXCENbIX MEMALI08 8 AMMOChepHom 8030yXe, nouge, cucmeme «novsa-pacmenuey. Ompa-
b6omKa noaodHceHUl MemoOUKU NPOUCXO0UId 8 Npedenax mecmoso20 Y4acmid, KOmopblil umeem munuuHvle 0as NPUPOOHOU 30Hbl
CMEUANHBIX 1eCO8 PASHUHHDLI (DII0BUO-TAYUATLHBIU U PII0GUATLHBIL penbed, OuU3K0e K NOBEPXHOCIU 3a1e2aHue 2PDYHMOBLIX 800,
Hanuyue 3a60104eHHbIX MepPUMOpUll, Hatuyue No48 NPeUMyWecmeeHHO20 1e2K020 MeXaHU1ecKo20 cOCmaga ¢ KUcaoll peakyuetl u
Gyrveamuvin munom eymyca. B npoyecce mooeruposanust 6110 onpedeneHo odujee KOIULeCmseo coeOuHeHUll C8UHYa, nonaoarnujee
3a eQuHUYY 6pemenu 8 npedenvl ceocucmemvl. Mcnonwv3ys modens pacceusanus npumeceli 8 ammocgepe, 6bLI0 NOIYHEHO KApMOospa-
Puueckoe omobpadcenue pacnpedenenus COeOUHEHUT CEUHYA 8 NPUZEMHBIX CLOSAX ammocdepbl. Onpedeneno Koauuecmeo coeoute-
HUTL céuHYa, nonaoaowee Ha NOBEPXHOCMb NOYEbL U3 NPU3EMHBIX Cloes ammocdepbl. Ha ocnose nocmpoennoii nosepxnocmu pac-
CUUMbBIBATIOCH KONUYECMBO CEUHYA, bIHOCAUEECs U3 Nous, 8 npoyecce 1amepaibHol, paouanbiou u buozennoli muepayuu. B pe-

© I'anazan O.0., Kopoeooa H.II., I'poosunceruii M /., Oboooscvkuii O.1I.
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3yIbmame MoOeauposanus OblIU ONPedeneHbl NPOCMPAHCIEEHHbBIE NAPAMEMPLL NOIA 3A2PAIHEHUSL U CKOPOCHb NPOYECca 3a2pA3He-
HUsL (U, HAOOOPOM, CAMOOUUEHUS) NOYE NO OCHOBHBIM 2COXUMUYCCKUM CYCHAPUAM. YCMAHOBNCHO, YMO 6 2e0CUCeMAX Mecmo-
6020 YUACMKA HAUBLICULYIO BEPOSIMHOCb AKKYMYIAYUU NO CYCHAPUIO TAMEPATbHOU MUSDAYUU UMECIOM 3AMKHYMble OMPUYAMENbHbLE
Gopmul pervea. Onpedenenie UHMEHCUBHOCU MUSPAYUL DACMEOPUMBIX POPM CEUHYA 8 NOUBAX 8 NPOYecce PAOUANIbHOU MUuspd-
Yuu NOKA3AN0, MO U3-3d NPOBEOCHHO20 PAHEe U36ECMKOBAHUS HOUS, IUUb HA HeOOLbUWOU YaAChiL MECO8020 YUACMKA NPOCIEHCU-
6aemcs «OueHb Ciabasy UHMEHCUBHOCb MUSPAyuU Memauid, U COOMEEeNMCMEEHHO «CIabasy ONACHOCHb 3A2PAZHEHUS PACHEHUL.
TpeumyuecmeeHHo 3mo Kacaemcs HAKONIEHUs. PACMEOPUMBIX COCOUHEHUT CEUHYA 8 PACMEeHUX-KOHYyeHmpamopax. [lannas memo-
OUKA MOJHCem NPUMEHAMbCS 015 TIOObIX MANCENLIX Memalios u Opyeux Qusuxo-eeoepapuyueckux ycioeutl, Ymo no360asem peaiuso-
6b16AMb NOOOOHOE MOOETUPOBAHUE 8 NPOEKMAX IKONOSUUECKO20 MEHEONCMEHMA, ONpedeisisi ONMUMANbHYIL YPOBEHb AHMPONO2EH-
HOU HAZPY3KU 6 NPedeiax NpuasmomMacucCmpaibHblX a2pOIKOCUCTIEM.

Knrouesnle cnosa: zeoungopmayuontoe mMooemuposanue, 3a2pasHenue noye, COeOUHeHUs. CEUHYA, NPUABTOMASUCIPATbHDLE

ceocucmemsl, tamepailbHas Muepayusl, paouaﬂbna}z Muepayus.

Beryn. IlinTpumanHs cTa0inipHOTO — CTaHy
MaHmmmadTiB € OJHUM i3 TOJIOBHUX 3aBIaHb €BpO-
rreticbkoi nmauamadTHOi kKoHBeHmii [35]. Ommiero 3
npo0ieM, M0 BUHHUKAE y JOCITHEHHI L€l METH €
CKJIQJIHICTh BU3HAYECHHS CTYTICHS Ta MIBHIKOCTI 3Mi-
HU XapaKTepUCTHK JaHAmadTy abo HOTO OKpeMHx
KOMIOHEHTiB. HeoOXimHiCTh 4iTKOi, mepeayciM Ki-
JIBKICHOT, OLIHKU CTaHy Ta MIBHIKOCTI 3MiH Yy KOM-
MMOHEHTaxX JaHAmMAa(Ty, B TOMY YHCIH iX 3a0pymHEeH-
HS, @ TAKOXX MPOCTOPOBUX XaAPAKTEPHCTHUK JAHOTO
MPOIIeCy € HaraJbHUM MUTAaHHSIM ChOTOJICHHSI.

OmHUM 3 YMHHUKIB aHTPONOT€HHOTO BIUIUBY
Ha JaHAmMAPTH € aBTOMOOUTEHUN TPAaHCIIOPT, PO
SKOTO y 3a0pyIHEeHHI aTMoc(epHOro TOBITPS TOC-
TiiHO 3pocrtae. Hampuknan y KwuiBcbkiii obnacti
KITBKICTh 3a0pyIHIOIOYUX PEYOBUH BiJl aBTOTpPaHC-
nopty 3a 20 pokiB (1994-2014 pp.) 3pocna Ha 57 %
3 93,9 no 147,6 tuc. T. [21]. Cepen iHIIUX MOTIOTA-
HTiB, aBTOTPAHCIIOPT BHUCTYIAE 1 JHKEPEIIOM eMicii
cnonyk Bakkux metaliB (BM): Zn, Cu, Ni, Cd. [Ipu
bOMY, He3BaKarouu Ha mnpuitHari B €C BUMOrH
[33], Ha choroaHi BiamparboBaHi ra3u 3 JBUTYHIB
JHMIIAIOTHCS JUKEPEIOM HAJIXOKEHHS CIOJIYK CBH-
HITIO B TEOCUCTEMU TIOOJIU3Y aBTOOPIT.

[pyHTH € OIHUM 3 THX F'€OKOMIIOHEHTIB, Xapak-
TEPUCTUKA SKUX € HaiOibll iHPOPMATUBHOKO MPHU
BHU3HAYCHI crany jganamadtis. Lle oOymorneHo ne-
KUTbKOMa MPUYHUHAMU: TIO-TIEpIe y TPYHTax 30cepe-
JOKYIOTBCSI TIOTOKH XiMIYHUX €JIEMEHTIB, MO-JIpyTe -
TPYHT € TIEBHUM NpUpOAHUM Oydepom, BIaCTUBOCTI
SIKOTO BU3HAYAIOTh MOMJIMBICTH Ta IMBUJKICTh TIepe-
HECEHHS XIMIYHHX €JIEMEHTIB, 30KpeMa BaXKKUX Me-
TaJiB, B 1HII FT€OKOMIIOHEHTH.

AKTyanbHICTh JTOCITIJDKEHHS 3a0pyaHEHHS TIPY-
HTIB criojiykamu BM mosnsrae nepin 3a Bce y Biiac-
TUBOCTSX caMux BM, TOJI0OBHOIO 3 SIKHX € 34aTHICTb
JI0 HaJTPUBAJIOTO TepeOyBaHHS B IPYHTax, B pe-
3yJbTaTi 4oro Bif0yBaeThcs 1X HakonmuueHHs. Ha-
NpUKIaA, TepioA HamiBBUBEICHHS 3 IPYHTY Zn
cknanae 500 pokiB, Cd — 1100, Cu — 1500, Pb —
5900 poxkie [14]. lle mosicHIOE MaiiKe IOBCIOJHE
MiZBUINEHHST KOHIIeHTpamii cioyk BM ta dopmy-
BaHHsI JIOKAJIbHUX T€OXIMIYHUX aHOMAail y IpyHTax
MPUABTOMATiCTPAITBHUX T€OCHUCTEM.

Cnonyku BM, cepen SKuX 1 CBUHEIh, 3aJI€KHO
BiJ (i3UKO-XIMIYHUX BIACTHBOCTEW IPYHTY MArOTh

MOXIIUBICTh MITPyBaTH y POCIWHH, B TOMY YHUCHI i
MPOAYKIIF0 POCTMHHMIITBA, OCKUIBKA YacTo B 0e3-
MTOCEPEIHIN OIM3BKOCTI IO aBTONIIAXIB PO3TAIIOBA-
Hi cilbChbKOTOCTIONAapCchKi yrimas. Taka mpomykuis
MOXKE CTaTH JDKEPEeNIOM HEOE3MeKH ISl 370pOB’S
HaceneHHs. ToxX BUSBICHHS HUHINIHIX 1 MalOyTHIX
IOTEHIIIHHO HEOE3MEUHUX» MiNSHOK, 10 BHHUKA-
I0Th SIK 32 pPaxyHOK ocapkeHHs BM 3 armocgepHoro
MOBITPS, TaK 1 IX MEepepo3MOIiTy B IPYHTaX 3a paxy-
HOK TEOXiIMIiYHOI Mirpaii, € akTyaJbHHM HampsM-
KOM y T€OEKOJIOTIUHUX JIOCIIHPKSHHX.

AHaJi3 ocTaHHIX AOCTiKeHb i myOsikauniii.
Ha crorosHi icHye 3HaYHHI HAYKOBHI JOPOOOK, 110
CTOCYETbCA OI[IHKH YMOB II€PEPO3MOMALTY Ba)KKHX
MeTaniB y naHamadrax, 30KpemMa J0CIHiIKyBaIiCh
3aKOHOMIPHOCTI TOMIMPEHHA Ta akyMmyismii BM y
pi3HMX THMax IpyHTiB: [4, 22-24, 34]. [leransHO
JIOCHIDKYBAIIUCH penbedo3aekHi (akTopu Mirpa-
1ii, 3’COBAaHO TIPOCTOPOBUH PO3IIOMAIT BMICTY BaX-
KHX METaNiB B MIOBEPXHEBOMY IIapi IPYHTIB epo3iii-
HUX JaHamadTHO-reoxiMiuHuX cucteM [4, 32] To-
mo. IcHye TakoX HU3Ka JIOCHTIPKEHb, MPUCBIYCHA
Oe3nocepeqHO0 TPOOIEMi 3a0pyIHEHHS IPYHTIB
MPUABTOMATICTPATEHUX  TEOCHUCTEM  CIIOJIyKaMH
ceuHmo. [Ipemr 3a Bce e pobOTH, MO CTOCYIOTHCS
NHUTaHb: (POPMYBaHHS 3arajbHOTO MOJIs 3a0pyTHEH-
HS B3JIOBXK aBToMmarictpaneit [8, 39], 30kpema Ha
Teputopii mMicT [34], 3B’s13Ky MiX CTynieHeM 3a0py -
HEHOCTI IPYHTy Ta pocimHHOro TokpuBy [19, 40,
41], y ToMy 4mcIii 00yMOBJIEHOCTI CTYyTIEHs 3a0py -
HEHOCT1 CIIbCHKOTOCIIOJIAPCHKUX KYJIBTYP pPiBHEM
3abpyaHeHocTi rpyHTy [38] Ta iH.

besymoBHO, onHUM 3 HaiOinbLI iHGOpPMATHB-
HUX CIOCOOIB JOCIIHKEHHS MIrpaliiHUuX MpPOIECiB
€ MojemoBaHHsA. Hapasi icHye psig mojenei, 3a
SAKHMH 30KpeMa OIHUCYIOThCA MpoLecH Mirpamii pe-
YOBHH y IpyHTaX. 30KpeMa MaTeMaTH4Hi, CTATUCTH-
4Hi, (i3uKo-XiMidHi, epo3iiiHi Momeai Tomo[8, 13,
25, 29, 31, 32, 37].

Bisyamnizamisi pe3ynsraTiB MOJENIOBAaHHS, 3BU-
YaiHO BiJ0OPaKAETHCS NP CKJIAJaHHI BiIMOBIIHUAX
KapT. MeToauuHi OCHOBH JiaHAMA(GTHOTO, JIAH/IIIIA-
(THO-TEOXIMIYHOTO Ta EKOJIOTro-TeOXiMIYHOrO Ha-
npssMy KapTtorpadyBaHHS TIpe/ICTaBlIeH] Y poOoTax:
M.A. I'mazoBcekoi, O.1. Ilepensmana, B.B. Jlo6po-
Bonbebkoro; K.T. T'epenuyka, A.A. Biginoi, I
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Mimnepa Tta in.; B.C. JlaBumuyka, JI.FO. Copokinoi
ta i.; JLJI. Mamumeoi; Caera Ta in. [11, 18, 23].
Lli MeTomuy4HI MiAX0MU, € OCHOBOIO TeoiH(opMaItiii-
HOTO MOJIEJIIOBaHHsI Mirpamii XiMiYHUX €IeMEHTIB B
reocuctemax. [eoirndopmariiiine MomeIIOBaHHS, Ha
BiIMIHY BiJ iHIIHX, TO3BOJISE, 32 JUCKPETHUMH J1a-
HUMH, BH3HAUaTH MPOCTOPOBI MapaMeTpu IMOJis 3a-
OpyAHEHHS, PO3PaxOBYBATH «IIITHHICTH SIBUINA» HA
TOCIIKYBaHIN TEpUTOPIT, 8 TAKOXK 3AIEKHICTh MK
JIeKiIbKoMa TeomnapaMeTpaMu. Y Husli poOiT, nepe-
aycim y [3-5, 11, 15-17, 26, 27] y3araibHeHO i
MIPEACTABICHO OCHOBHI METOIWYHI ITiXOTH, a TAKOXK
MaremMartuyHi i reoindopmamiiiHi Momemi, SKi Mo-
KYTh cTaTH €()EKTUBHUMH AJIsl reoiH(pOpMaIiitHoro
MOJICITIOBaHHS 3a0pyTHEHHS MTPHABTOMAriCTPaTbHIX
r€0CHCTEM BaXXKUMH METaJIaMH.

Buninennss HeBMpilleHMX paHille 4YacTHH
3arajabHoi mpodaemu. AHami3 myOmikariii, 3acBif-
qye, 10 3arajJbHOI0 TEHICHLIEIO € 3MEHILIECHHS KiJlb-
KOCTI TIONIOTAHTIB B IPyHTaxX NpW BiIAalieHHI Bix
Jokepena emicii. BTim, AocuTh WacTto, TepuTOpii,
pO3TaIIoBaHi Ha 3HAYHIN BIJICTaHI BiJl JKepela eMi-
cii, MalOTh BUILi KOHIEHTPALlii MOJIOTAHTIB HIX Ti,
IO 3HAXONIATHCSA B Oe3mocepenHid OMU3BKOCTI 10
Hboro. OCcTaHHE BiOYBAETHCS BHACTIIOK Mirpartii-
HUX TIPOIIECIB TONIOTAHTIB B IpyHTI [36]. Came moc-
TIHHO TPHUBAIOYMH MPOIEC MEPEPO3NOIiTy HAsIBHUX
MOJIFOTAHTIB, a TAaKOXK NMEPMaHEHTHHUI XapakTep eMi-
cii «HOBHX» B MPHABTOMATiCTpPaJbHI TEOCHCTEMH,
0OYMOBITIOIOTH CKJIQJHICTh TIPY BU3HAYEHH] CTYTCHS
3a0pyIHEHHS IPYHTIB T€OCUCTEM Ta IIBUAKOCTI I1bO-
ro mnpouecy. Tox HEBHpIIIEHUMH HA CHOTOIHI JIHU-
LIAIOTHCSl MPOOJIEMH: a) BHU3HAYEHHS NPOCTOPOBUX
XapaKTEepPUCTHK 1CHYIOYOTO IMOJs 3a0pyaHEeHHS, 3a]1-
NS BUSABJICHHS «OE3MEUHUX TEPUTOPiN» BEIEHHS
CLTBCBKOTO TOCIIOApCTBA; ©) BU3HAUEHHS MICIh
pO3TallyBaHHs TaKWX TEPUTOPIH y MaiOyTHbOMY,
3BaKAIOYM HA OCHOBHI I'€OXiMIiuHI CIICHApil MmoBeIi-
HKU TIOJIIOTAHTIB Y IPYHTI Ta CUIIy aHTPOIIOTCHHOTO
THUCKY.

®opmyaoBaHHs MeTH cTarTi. Ha3Bani mpo-
OneMu MOXYTh OyTH BHPIIIEHI TpPHU 3aCTOCYBaHHI
I'IC-iHcTpyMeHTapio y mporeci MOAETIOBAHHS Mir-
pauiifHuxX crueHapiiB noseninku BM y 1pyHTI. Y
HaIlMX TomepeaHix podorax [5-8] Oyna mpeacras-
JIeHa METOIMKa TeoiH(OPMaLifHOI0 MOJETIOBAHHS
MIPY BU3HAYCHHI 3a0py/IHEHHS IPYHTIB IPHABTOMAr'i-
CTpAJIbHUX TEOCHCTEM BaXXKMMH MeTanamu. [laHa
MeTOIMKa JJ03BOJIsi€ BU3HAYMTU Oananc BM, sk pi3-
HUIFO MK «3a0pyIHEHHSM» 1 «OUUINCHHAM» Ta
BCTAaHOBUTH aKTyaJbHUN piBeHb 3a0pyaHeHHs (AP3)
MPUABTOMAricTPaIbHUX TEOCUCTEM.

3 omrsily Ha HEOOXiAHICTh KOMIUIEKCHOTO ITiJI-
XOJIy TIPH aHaji31 IHTerpalbHUX 3aJIe)KHOCTEH 1 B3a-
€MOJII# ITOJIFOTAHTIB 1 KOMIIOHEHTIB I'€OCHUCTEMH, Ta
BUKOPHCTOBYIOUH aKTyaJibHI MiAXOOU B T€OEKOJIOTii,
JOTUTPHAM BBa)Ka€MO NTPOBEICHHS OIIHKH CTaHY Ta

MOJICTIIOBAHHS MIrparlifiHuX CIICHAPiiB TTOBEIIHKH
cnonyk BM B Mexax npuasmomazicmpansnux 2eo-
cucmem, 1O BU3HAYAIOTHCS SIK MPUPOJHO-TEXHIYHI
T€OCHCTEMH, SIKi 3HaXOAAThCSA B 30HI BIUIUBY IOPO-
*HiX 00’ekTiB I Ta Il exonoriyauX Ki1aciB (OCKIIBKH
32 CBOIMH XapaKTEPHCTHKaMH TaKi 00 €KTH € IOTe-
HIIHHO HaWOiIbIn HeOe3neunumu [28]). BiamosigHo
0 MacmTady AOCIiHKEHHS, TeOCHCTEMH TECTOBOI
TUISTHKY  PO3IVISIAUCS Ha PIBHI YPOUHIN, IPOTE
MEXi caMe MPHUABTOMAaricTpaJbHUX T'€OCHCTEM BH-
3HAYAJIMCSl HAMH 32 PiBHEM 3a0pyIHEHHS IPYHTIB,
OCKIUJIBKH OCTaHHI € X04a H BITKPUTOIO, ajie TOCHUTH
KOHCEPBAaTHBHOIO CKIIQJIOBOIO T'€OCHUCTEMH, 1€ Bij-
OyBalOThCsI BiATEpPMiHOBaHi y 4aci mpouecu ¢i3ud-
HOI1, XiMigHO{ Ta 610JIOT1YHOT aKTUBHOCTI pEUOBHHH,
B TOMY YHCIIi MirpamiiiHi mporecu. BiqnoimHo 3wmi-
HU, sKi BifOyBalOThCA B IPyHTaX, HaWOIbII iHPOP-
MaTHBHO BiJ/I3epKaJIOIOTh CHUTYaIlil0 B T€OCHUCTEMI
3arajoM. TakuM YHHOM IpHAaBTOMaricTpaJbHUMU
reocrucTeMaMy MU BBaXkalll ypouwmiia (abo iX uac-
TUHH) piBEHb 3a0pYyIHEHHS IPYHTIB SKHX, 33 Koe]i-
[[IEHTOM TEXHOTEHHOi KOHIEHTpalii (KoedilieHToM
AHOMAaJIFHOCTI) BU3HAYAETHCS SIK «TTOMipHHID [12].

[Ipote, mponec MozenroBaHHS MOTpeOye CBOET
MEPEBIPKA ISl peabHUX TEPUTOPIN 3 PI3HUMH T'eo-
XIMIYHAMH CIIEHAPIsIMHA TIEPEPO3ONITY BAKKHX Me-
taniB. Tox, MeTOl0 PoOOTH CcTajia TIepeBipKa BHIIE-
3rajlaHoi METOAMKH B YMOBaX MPHPOAHOI 30HH Mi-
MIAaHKUX JICIB, IO CKJIANalTh Oau3bko 18% miommi
PIBHUHHOI 4YacTWHU YKpainu. BignmoBigHO 10 moc-
TaBJIEHOI METH, Y JIaHiii poOOTi BUPINIYETHCS HU3KA
3aBIaHb!

1. suxnaoenns nonoxcerv 32a40aH0i MeMOOUKU,

2. enacHe MOOenio8amnHs aKmMyauibHo20 pi6Hs
3a0pyOHer s Ha NPUKIAOi Mecmosoi OLIAHKU, 36d-
Jrcarouu Ha ocobrueocmi nogedinku BM 6 ymosax,
MUNOBUX O 30HU MIUAHUX JIICI8.

Buknag ocHOBHOro marepiajay aoc/iIKeH-
Hel. BiamomigHo 3aBmaHe poOOTH, IO-TIepIe HaBe-
JIEMO MemoOu4Hi achnekmu peanizayii mooenio-
eéannsn. TeputopiadbHHUI PO3MOAIT Ta IOBEIiHKA
BOXKHX METaJIB, IO MICTIATHCS Y BUKHIAX aBTOTpa-
HCIIOPTY, BU3HAYAIOTHCSI HE JIMIIE BIACTHUBOCTSIMU
caMuX TIONIOTAHTIB, a i ymMoBaMu Tepuropii. Tak,
M.A. [1a30BCHKOIO ITPY BUBUEHHI CTIHKOCTI reocuc-
TeM, SIK iX 31aTHOCTI JI0 CaMOOUMILEHHsI, OyJI0 BHpi-
3HEHO JaHmmadTHI, JTaHAIAa(THO-TEOXIMIYHI Ta
na"amadTHO-reoi3udHI (aKTOpH, M0 BU3HAYAIOTH
MOXIJIMBOCTI BHHOCY 1 PO3CISTHHS XIMIYHHX €JeMeH-
TiB 1 Bi10OpaXkarOTh MIrpaliiiiti crieHapii, xapakrep-
Hi s cionyk BM [10]. Tak, Hanpukia, Mix ¢i3u-
KO-XIMIYHHMH BJIACTUBOCTSIMH IPYHTY Ta pyXoMic-
TIO BXXKUX METaJiB BCTAHOBIICHA TiCHA KOPEIALiN-
Ha 3anexHicts [30]. Tox, mo-nepie, Oyny BU3HaUe-
Hi BIIACTHUBOCTI TPYHTIB, 1110 CTBOPIOIOTH YMOBHU MiT-
pauii. TakuMu BIaCTUBOCTSIMU €:
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1. Jlyxuo-kucnotHi (pH). Ile moscHIoeThCS
THM, IO TPHUCYTHICTH KapOOHATHOTO, Timapokapbo-
HaTHOTO Ta CYJb(aTHOTO i0HIB B IPYHTOBOMY pO3-
YHMHI TPU3BOJUTH A0 YTBOPEHHS HEPO3YMHHUX CIIO-
nyk BM 3 myxxno3emensHumu Metanamu (Ca, Mg,
Sr, Ba) i nmpusynwHeHHS X XiMigHOi MirpariitHoi
AKTUBHOCTI, X JI0 TIOBHOTO BUBEJCHHS 3 Mirpariii-
HUX TIOTOKIB. Byke mpu c1abomyKHUX 3HAYCHHAX Y
BepxHbOMY Tmapi TpyHTIB (0—5cM) BigOyBaeThCs
aKyMYJALis BAXKKHX MeTajdiB. HaTtomicTs y kuciaomy
CEpeIOBHILI 3a3HaueHi elNeMeHTH € OIblI PyXJH-
BHMHU 1 BiZiOyBa€ThCS X BHIIYTOBYBaHHS 4epe3 Mpo-
(Ginb NEerkoAPEeHOBAHUX TPYHTIB 3 1HOIIBTPYIOUHMMU
MOTOKaMHU.

2. OxucHo-BigHoBHMH moteHIian (Eh) - mpu
3MiHI OKHCHO-BITHOBHOI OOCTaHOBKH B CTOpPOHY
BiTHOBHOI BHHUKAIOTh YMOBH JJISI TIiIBUIICHHS PyX-
JUBOCTI OLIBLIOCTI METAIIB.

3. BumicT Ta ckian rymycy — HOBeJiHKa METalliB
B I'PYHTI BU3HAYAETHCS 1X 3aKPIIJICHHSM T'yMYyCOBOIO
PEUYOBHHOIO B MPOIIECi OOMIHHOT afcopOIlii Ha oBe-
PXHI TYyMyCy 1 4epe3 QOopMyBaHHS 3 TyMyCOM KOM-
TUIEKCHUX CIIONYK. ToMy, TONEKYyIH, MPOTOHYEThCS
BUKOPHCTaHHS TYMIiHOBHX CHOJNYK (TyMaTy Harpiio),
SK OOWH 31 crmoco0iB oOmexxeHHs Mirpamii BM.
[IpoTre, HasgBHICTHP B CKIaAi TYMYCOBOi pPEYOBHHHU
(YITBBOKHCIIOT, 3 SIKUMH METajl YTBOPIOIOTH BOJIO-
PO3YMHHI KOMITJIEKCHI CIIONYKH, MPU3BOIUTH 10 aK-
TUBI3amii TMpoIeciB pamiadbHOI Mirpamii ocraH-
Hix [1].

4. €MHICTh KaTiOHHOTO OOMiHY TPYHTY, IO KO-
HTPOJIFOE MBHKICTH Mirpamii BM mo npodinro, Bu-
3HA4YaIOTh HACTYIIHI BIACTUBOCTI:

- MiHepaJOriuyHui CKJIaJ], a came BMIicT KapOo-
HaTiB Ta TINCy, MO0 00yMOBIIOE aOCcopOIiiHy 31aT-
HICTB TPYHTY;

- KUIBKICTh IIMHHCTHUX MIHEpaiB, 110 € CHUJIb-
HUM COpOCHTOM, 3JIaTHUM MII[HO 3aKpiILUIIOBATH
€JIEMEHTH 32 PaxXyHOK OOMiHHOi ajcopOrii moBepx-
HEIO TJINH;

- CIIIBBIJIHOIIEHHS KUJIKOCTI KBapIly Ta MOJbO-
BOTO IIIMATy - MiHEPaJIiB, sIKi Maie HE YTPUMYIOTh
XiMi4HI €JIeMEHTH, J0 KiJbKOCTI MOHTMOPHIIOHITY
Ta BEPMUKYIIITY, TOOTO MiHEpaJiB 3 BEIHKOIO COpPO-
LiHHOIO EMHICTIO;

- MeXaHiYHUH abo IpaHyIOMETPUYHHUM CKIag,
30KpeMa HasiBHICTh Ta KUTBKICTh MYyJTyBaroi (pakiiii,
OCKIUIBKY BiJ| HEl 3aJIeXKUTh COpOIiliHA EMHICTD TPY-
HTY, @ TaKOXX HOTO MIUJIBHICTB, a OTKe, (inbTpaliini
BJacTUBOCTI. HasBHICTH Ta KiNBKICTh TIMHHCTOI
(dpakiii Mae npsIMHUIA BILIMB Ha 3aKPIIJICHHS BaXKKUX
MeTaniB. Ha rpyHTax 3 BaKKUM MEXaHIYHUM CKJia-
JoM Hebesneka HaaxokeHHs: BM B pociuHM € HU-
Kuoro (Ha#OLIbIIy 37aTHICTH A0 (ikcaiii MaroTh
Ba)XKKi CYTTIHKH);

- CTyniHb HacuueHocTi Karionamu (Ca*", Mg,
K", Na") Bu3Hauae mOmMHAIBHY 3AaTHICTh IPYHTIB i

iX CIIPOMO’KHICTH YTPUMYBATH CIIOTYKH BM.

[HmmMM BaromMuM (hakTOpoM Iepepo3noaLTy Ho-
JIIOTAHTIB, € penbed Teputopii. 30KkpeMa iCTOTHOIO €
poib penbedy, sk oporpadiuHoro G6ap’epy, IO BU-
3Haya€ HampsAMOK (OPMYBaHHSA Ta LIMPHHY 30HU
PO3CIIOBaHHS; HAMPSAMOK Ta CTPIMKICTH CXHJIIB, IO
BU3HAYAIOTh MMapaMeTpu MOBEPXHEBOIO CTOKY Ta
€pO3iIHAX TPOIIECiB, CHIBBIAHOMICHHS aKyMYJIATH-
BHHX, TPAaH3UTHUX Ta CIMOBiaTbHUX reocuctem [17,
32]; TONOXKEHHS TeoCUCTeMH B JaHAmadTHO-
TeOXiMIYHOMY CHpSDKEHHI, aJkeé BOHO BH3HA4ae
MIPOIIECH JIaTepajbHOI MIrparlii, B pe3yibTaTi SIKuX
reoxiMivHOMIer T JanmmadT nenpeciii penbedy
MOXYTh MaTH OUTBII BHCOKI MOKa3HUKW KOHLEHTpPa-
ii BM, Hi>k aBToHOMHI JTagmmadTu [10, 22].

HazBaHi daxTopu, cTaam TaKuMH, sIKi MA TIepe-
JyCiM BpaxoBYBaJM IPH BU3HAYCHHI aKTyalbHOTO
piBHs 3a0pynHeHHs (AP3) rpyHTIB BaXXKHUMH MeTa-
namu. PiBens AP3 no3Bojsie BCTaHOBUTH HE JIMILIE
KUIBKICHI, a i «4acOBi» mapaMeTpu Mpoliecy 3a0py-
nHEHHs (200 OYHMINCHHS), 0 3aJICKHUTh 5K Bij Be-
JUYAHU aHTPOIOTEHHOTO THUCKY (MTOTYXKHOCTI JDKe-
pena emicii), Tak i JaHAMAa(THO-TEOXIMIYHIX YMOB
MICHEBOCTI. A CKIaJCHI B PE3yJbTaTi MOJCIBHUX
nmoOymoB 3a momomorow ['IC-iHCTpyMeHTapito Mo-
HOENIEMEHTHI Ta/ab0 ToJieneMeHTHI KapTu 3a0py/I-
HEHHS TPYHTIB PUABTOMATiCTPAIbHUX TEOCUCTEM, a
TaKOXX TEPUTOPIH, 10 HEe MOTPAIUIAIOTH B Oe3moce-
PEIHIO 30HY BIUIMBY aBTOLLISAXY, IPOTE MAIOTh Mif-
BUIICHY KOHIICHTPAIII0 IOJIIOTAHTIB, 3a pPaxyHOK
MIrpamiifHuX TeOXiMIYHUX TPOIECIiB, T03BOJISIOTH
BCTAHOBHTH 1 TPOCTOPOBI MapaMeTpyu o 3a0py -
HEHHS.

3auia pearizaiii METOJMKH BeCh MPOIIEC Teoi-
H(OpMaIlifHOTO MOJENIOBaHHS MOJMINSABCA Ha JBa
eTanu:

1. BU3HAUEHHs KUIbKOCTI MpuBHeceHnx BM 3a
MEeBHUH TIepio] yacy;

2. BH3HAYEHHS KIIBKOCTI BHHECEHHX, Ta/a0bo0
BUJIYYEHHUX 3 MIrpalifHuX IUISIXiB METalliB 32 TOH
caMuii 4aCOBUH MPOMIKOK.

Ha xo’xHOMY eTami BIIACHUMH MOJEISIMHM 1 3a-
co0aMu MiATPUMYBAIOCS OTpUMAaHHS, 30€peKeHHS
MacHUBY JaHMX, a TAKOX aHaji3 1 BiIoOpakeHHs pe-
3yJIbTaTiB MOZEIIOBaHHA. BTiM edekTUBHICTH OyIb-
SKOT'O MOJICJIIOBAHHSI BU3HAYAETHCS SKICTIO «BXif-
HUX JaHuX». [i 3a0e3Hedye MpOBENEHHS MOJIbOBHX
Ta J1abOpaTOPHUX JOCIHIPKEHb IPYHTIB Ha MpeIMET
BUBYEHHS OCHOBHHUX YMOB Mirparii CHONyK CBWH-
0. 30KpeMa, 3a/js MepPeBipKH Pe3ysIbTaTiB MoJie-
JIIOBaHHS, B JaHii poOOTI HaMH, I Yac IOJbOBHX
JOCHiDKeHb Oynu BimiOpaHi mpodu rpyHTy Ha 83
toukax. [IpoOoBinbip BinOyBaBca y HaiOinbII pe-
MIPE3CHTATUBHUX TOYKAX TECTOBOI IiJISHKH, NI¢ ic-
HYIOTh JIaHAMAa(THI YMOBH JUIS 3MiHH HAalpsIMKY
Ta/ab0 IBUAKOCTI MirpauiiiHux mnpoueciB. 3aao0Bi-
JbHE CIHIBMAAiHHSA TPH CITIBCTABJICHHI PE3yJIbTATIB

- 106 -



BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

J1Ta0OPAaTOPHUX JOCHIKEHb IPYHTIB 13 MOOYI0Ba-
HOIO B pe3yibTaTi MOMACITIOBAaHHS KapToo 3a0pya-
HEHHS CTIOJIyKaMH CBHHIIO IPYHTIB TECTOBOT AiSH-
KM J1aJI0 TMiACTaBH AJs BUCHOBKIB IPO Pe3yIbTaTHB-
HICTb METOIUKHU.

I'pyHT BinOupascs 3 BepXHix ropu3oHTis (10 20
cm). [lig yac maGopaTtopHHUX AOCHIIKEHb Oynu BH-
3HAa4YeHI TO-TIepIle XapaKTePUCTUKH TPYHTIB IO
BH3HAYAIOTh YMOBH Mirparii CIoJyK CBHHINO: pH;
TpaHyJIOMETPUYHHHI CKJIAT; BMIicT rymycy. [lo-npyre
— MPOBEACHO JOCHTIPKEHHsI IPYHTIB Ha BMICT CITONYK
CBHHI[IO, METOJaMH PEHTIeH-(IyOpeceHTHOTO Ta
aTOMHO0A0COPOIIIITHOTO aHaMi3y.

3amns eEeKTHBHOTO Ipolecy TeoiHdopma-
[IHHOTO MOJIEITIOBAHHS PO TECTOBY AUISHKY OYIIH
ctBopeHi 0a3m ganux (bJl). s Bcix pimeHs 3acto-
COBYETHCSl €JUHUN pOOOYMIA MPOTPaMHUM I1HCTPY-
MEHTapii yHIBepCalbHOI MOBHO(YHKIIIOHAIBHOT
I'IC Maplnfo Professional. ITpu 3anuTax go BJI aust
reoiHQOpPMAaIiifHOT0 MOJIENILHOTO aHajli3y BUKOPHC-
TOBYBAJIUCS SIK CTaHAAPTHI, BOYJOBaHi 1 JOJaTKOBO
YKOMIUTIEKTOBaHi, PyHKIIOHATBEHI MOyJli 00paHOTo
iHcTpymenrapito I'IC, Tak i pe3ynpTaTi aganrtamii ix
JUIl TIEBHUX HECTaHIAPTHHUX MPOLENyp, a TaKoX
CHeIiaTbHO CTBOPEHI JIOIaTKH.

B mporieci pobotu Hamu Oyiu MOOYI0BaHi, Te-
MaTH4HI E€JEKTPOHHI KapTH, BUXIAHOTO MacmTaly
1:10000 (ranmmadTHa Kapra, KapTa IPyHTIB TOIIO).
Pa3oM 3 THM BHKOpPHCTOBYBAJIHCh OKpPEMi Ieompoc-
TopoBi aaHi 3 6a3u OpenStreetMap (3a0ynoBa, Tpa-
HCIIOPTHA MEPEeKa Ta iH.).

Baranom BbJ] mictute Onoku: «HamxomkeHHs
BM», «OuniieHHs reocuctem», siki € reoindopma-
IAHUM BTUICHHSM BIAIIOBIAHUX €TamiB MOIEIIO-
BaHHSI.

VY mpoueci MoAenoBaHHS OyiaM BHKOPHUCTaHI
reoinopMalliiHi Ta MaTeMaTU4YHI MOJIEIII, 32 SIKHMHU
onucyeThes: noBeAinka BM mpu dopmyBaHHi miep-
BUHHOTO TI0JIs1 3a0pyaHenHs. Lle moneni mpocropo-
BOT'O PO3MOBCIO/KEHHS JIOMIIIOK B aTMOC(epHOMY
MOBITPi, 30KpeMa Mozenb M.€.bepnsHna, mo 6azy-
€THhCSI HA PIBHAHHAX TypOyneHtHoi mudysii [2]. [Ha-
Ha MOJieNb Oylla BUKOpUCTaHa Tipy GOpPMYBaHHI Ka-
pTH TpocTopoBoTO posnoairy BM B mpuzemMHOMY
mapi armocgepHoro mositpa. Taka monens Oyna
o0paHa, OCKUTBKH BPaxOBYE SIK TOTYXKHICTb JDKEpe-
na emicii, Tak i Qizuko-reorpadivyni GakTopu po3-
MOy JOMIIIOK, 30KpeMa pelibed) MICIEBOCTI Ta
MIKpPOKJIIMAaTH4HI XapaKTePUCTUKU TepuTopii. Tox
noOy/J0BaHa TaKUM YHMHOM IIOBEpXHs BimoOpaxae
MIPOCTOPOBI XapaKTEPUCTHKH Ta IHTEHCUBHICTb TIep-
BUHHOTO TIOJIs1 320pyJHEHHSL.

HactynHum ertamoM MOZENBHUX PO3paxyHKiB
OyJI0 BH3HAYCHHS KUILKOCTI CIIOJIYK CBHHIJIO, IO
MOTPAIUISIE HA TOBEPXHIO IPYHTY 3 TPU3EMHHUX Ia-
piB atmocdepu. Lli po3paxyHku 6a3yBanuch Ha piB-
HSHHI perpecii, mo BigoOpakae 3aJeKHICTh MiX

BMICTOM METAJIiB B MMPU3EMHOMY ITIapi TMOBITPS Ta iX
KOHIICHTPAITIEI0 ¥ BEPXHHOMY Imapi rpyHTy. ToOXK, 3
noOyJOBaHOI TMOBEpPXHi 3a0pyIHEHHS MPH3EMHOTO
nrapy arMoc(epHOro MOBITPs, NPU 3acTOCYBaHHI
PiBHSIHB TI€pexXOo.ly TOJIOTAHTIB B IHIII JETIOHYIOUH
Cepe/IoBUINA, 30KpeMa B MOBEPXHEBUIT Iap IPYHTIB,
Oysio copMOBaHO KapTy MEPBUHHOTO MOJs 3a0py-
JHEHHSI IPYHTIB IPUAaBTOMAriCTPaIbHUX T€OCHCTEM.

Ille omuuM «mxepernoM mnoctadyaHHs BM» B
IPYHTH MOXYTh BHUCTYNATH i IPYHTH CYCIIHIX Teo-
CHUCTEM, TepeayCiM THX, IO 3HAXOAATHCS BUILE B
KaTeHapHOMY CHpsDKEHHi. TOMy, TIPU PO3PaxyHKY
KUTBKOCTI METaJIiB, O HAJIXOJSATh B IPYHTH I'€OCHUC-
TEM 3a TaKHM CIICHApiEM, MH BUKOPHCTOBYBAIH MO-
JIeJTi BTpaT IPYHTY 3a PaxyHOK €pO3iiHHX IpOoIeciB
[15, 20].

L1i » Mojeni BUKOPUCTOBYBAIKCH 1 PH BU3HA-
YeHHI KIJIBKOCTI METAJB, 1[0 BHHOCUTHCS 3a MEXKI1
TEOCUCTEMH 32 paxyHOK MIrpamidHuX TpOIIECiB
(To0TO mpyroMy erari MOJCIIOBaHHS). 3arajiom, y
BIJITOBITHOCTI 10 OCHOBHMX I'€OXIMIYHHX CILIEHApIiB
noBeniHku BM y IpyHTi, JaHUN eTan MOJISTIOBaHHS
BKJIFOYaB ()OPMYyBaHHsI HACTYITHUX CyOOIIOKiB [5]:

1. «Ounmenns rpyHTIB Big BM y mpomeci ja-
TepaJbHOI Mirparii», iHpopMallisl 3 SIKOTO CTBOPIOE
MOXIIMBICTh Ha OCHOBI aHaJli3y OCHOBHUX (haKTOpiB
Mirpartiii, BU3HaYUTH KiIbKicTb BM, 1110 BUHOCSTBCS
3a MeXi reocucrem [25].

2. «Ounmienns rpyHriB Bix BM y mporeci pa-
JiabHOI Mirparii», SKui 1a€ MOXKIIUBICTh BU3HAUH-
TH (Ha OCHOBI MeTonukH [37] Ta Momenei [29]):

- JIIJISHKW, Ha SKUAX BiIOYBA€ThCS Mirpartis
po3urHHUX popm BM,

- IHTEHCHBHICTh MITPaIiifHAX MPOLECIB,

- HEOE3MEeYHICTh MUISHKK T JUIsS Tocromap-
CBKOTO BUKOPHCTAHHSL.

3. «Ounmienns rpyHTiB Bix BM y mporeci 3a-
KPITUICHHS Ha TEOXIMIYHHX 0ap’€epax», MO CTBOPIOE
MOXIIMBICTh BU3HAYECHHS KinbkocTi BM, siki OymyTh
BUBEJICHI 3 MIrpaliifHAX MTOTOKIB.

4. «OunmienHs 1pyHTiB Bix BM 3a paxyHok
010reoXiMiYHHX TIPOLIECIBY», B SIKOMY CTa€ MOXJIH-
BHMM BU3HA4YeHHS KiIbKOCTI BM, BUHECEHHX 33 MEXKi
reocucTeM (HaIpUKIIAL 3 YPOXKAEM).

[Mo-nepmre oOpaxoByBanach KiIBKICTh CIOIYK
CBHUHIIIO, 1110 BUHOCSTHCS 3 IPYHTIB B IPOIIECi Jiare-
pasibHOI Mirpamii. JlaHWii MexaHi3M OCHOBaHMU Ha
MEXaHIYHOMY TIepPEeMIllleHHI HEPO3YMHHUX (QOpM
CBUHIIIO. YMOBaMHU YTBOPEHHS HEPO3YHMHHUX (QOpM
CBUHIIO € ()i3UKO-XIMi4HI BIACTUBOCTI IPYHTY [37].
30KpemMa KUCIIOTHICTh, MEXaHIYHHIA CKJIaJl, BMICT Ta
CKJIaJl TYMYCY B IPYHTaX MOXYTh JIIMITYBaTl MOX-
JUBOCTI YTBOPEHHSI PO3YMHHUX (QOPM, OTKE BIAIO-
BiJJHI BJIaCTHUBOCTI IPYHTIB, CTajau arpuOyTamu Ha-
moi B/I.

3amis po3paxyHKIiB OyJIM BUKOPUCTAHI METOIH-
YHI TiIXOAHW, WO IO3BOJISAIOTH BHU3HAYUTU BTPATY
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TPYHTY 3 IOUISHKH 3a PaxyHOK €pO3iMHHX IpPOIIECiB
[15, 16, 20, 25].

[MapameTrpamu anst po3paxyHkiB Oynmu: 1. KoH-
LeHTpamuii CoMyK CBHHIIO y IOBEPXHEBOMY Iapi
TPYHTY; 2. MEXaHIYHWHA CKJIaJ, BOJOIPOHUKHICTB,
CTPYKTYpa, BMICT TYMyCy, TOOTO BIIaCTHBOCTI IPyH-
TiB, 10 BU3HAYAIOTH X MPOTHEPO3iHHY CTIHKICTB; 3.
(hopma cxmity, HOT0 JOBXKHHA Ta YXHUJI — Tororpadi-
9HUN (QaKTOp MICIIEBOCTI, SKWH BU3HAYA€E IIBHU-
KiCTh MPOXOKEHHSI €pO3IMHUX MpoUeciB; 4. KiJib-
KiCTh OMafiB MPOTATOM POKYy Ta iX Xapakrtep, IO
BH3HAYAIOTH 1X epO3iiHy 3AaTHICTH; 5. HASBHICTH Ta
BUJ POCIMHHOTO MOKPUBY Ha TepuTopii. Haszmawi
arpuOyTH, JO3BOJIWIN 00paxyBaTu KiJIbKiCTh IPYHTY,
0 BUHOCHWJIACH 3 [IJISHKHA 3a TEBHHHA TPOMIKOK
qacy.

MojgenmoBaHHsI TIPOIECIiB BUHECEHHsI (ITPUBHE-
CEHHS) TPYHTy BifOyBasoCsi HACTYIHHM YWHOM: Ha
ocHOBI mu(poBoi Kaptu penbedy, Oyaa CTBOpeHA
nuppoBa MOJENb pelibedy TEPUTOPIi Y BUIVISIAL HE-
perymnsipHoi Tpianryssmiiinoi mepexi (TIN) 3a anro-
putMoM Tpianryismii lenone [8]. ToO6To 3 Habopy
TOYOK 3 BiJIOMUMH BHCOTHHUMH TO3HaYKamH, OyJI0
MoOyI0BaHO TPUKYTHHKH, MAaKCUMaJIbHO OJHM3BKi 10
piBHOCTOPOHHIX (iryp. Jms TecToBOi AiNSHKA KilTb-
KiCTh TPUKYTHUKIB ckyana 159505. KoxeH TpuKyT-
HUK y Takiid Mepexi siBisie co0O0I0 YacTHHY TOBEPX-
Hi 3 yHIKaJbHHMHU 1 OfHOpiZHUMH MopdomeTpuy-
HUMH XapaKTepUCTUKaMHM, 110 BHU3HAYAIOTh Hampsi-
MOK Ta IIBHJKICTh HPOTIKAHHS MPOIECIB Jarepalib-
Hoi Mirpamii. Po3paxyHoKk BciXx mapaMmeTpiB MpOBO-
IMBCS B 3a3HAYEHUX TPUKYTHHKaX. 3HAYEHHS K BH-
HECEHHS IPYHTY 3 T€OCHCTEMH OOpaxoByBaJIOCH SIK
CepeIHbOBUBAXKEHE 32 TUIONIAMHU TPUKYTHUKIB. TOK,
BiJIMOBiTHO, Oylla BU3HAUEHA 1 KiJbKICTh HEPO3UWH-
HUX CIIOJIyK CBHHIIIO, III0 BUHOCHUTBCS 32 MEXI Ieo-
CHCTEM 3 3arajibHOI0 Maco0 IPYHTY B MPOLIEC] J1aTe-
pasbHOi Mirpaiii. TakuM YuHOM, B IIporieci podboTH
Hamu Oynu BW3HadYeHi reocucremu (Ta/abo ix dac-

TUHM), B SIKMX IIE€PEBAKAIOTh IPOLIECH BUHECCHHS
HEPO3UMHHUX CIIOJYK CBMHIIIO, LII0 BH3HAuae€ X pi-
BEHb MOXJIMBOCTEH /0 CAaMOOYMIICHHS BiJ] CHOIYK
CBUHIIIO B Mpoleci JarepanbHOi mirpanii. Ieocuc-
TE€MaMH{ 3 BUCOKHUM PIBHEM TaKUX MOXJIMBOCTEH MU
BBA)KAJIM Ti, B SIKUX LIBUJKICTh BUHECEHHS CIOIYK
CBUHIIIO MEPEBUIIYE IMBUAKICTh X MPUBHECEHHS, a
HU3BKAW — HABNAKH, JUTHKAMHU 3 CEPEIHIM piBHEM
BBKAJIMCS TaKi, /Ie MBUIKICTh MIPUBHECECHHS 1 BH-
HeceHHs1 Oyna IpuOIU3HO OJHAKOBOIO.

[Ipote, 3rinHo MeToauKH [8] BU3HAUCHHS aKTY-
aTbHOTO pIBHSA 3a0pyAHEHHS TPYHTIB TEOCHCTEM,
MOJKJIMBO JIMIIEC 32 YMOBH KOMIUIEKCHOTO aHaNi3y
JIATEPATBHOTO Ta PalliaIbHOTO MEPEePO3MOIUTY CIO-
YK CBUHIIO. BiIMOBiAHO, HACTYITHUM KPOKOM CTa-
JI0 BU3HAYCHHS IHTEHCHBHOCTI Mirparii po3drmHHAX
(hopM CBHHIIIO y TPYHTaxX B IPOLIEC] pagiabHOT Mir-
pamii. Lle cTocyBammchk IMIIe HEBENHKOI YaCTHHHU
JOCIIAHOT JIISHKY, JIe TTIOTEHI[IHO MOJIMBUM OYB
Takui crieHapiil (3a MoKa3HWKaMU KUCIOTHOCTI IPy-
HTiB (quB. BuIe)). Ha mBuaKicTs mpouecy pamia-
TBHOI Mirpartii, KpiM Moka3HuKiB pH rpyHTY, BIUH-
BalOTh Horo iHmi (i3uko-ximiuHi 0co0IMBOCTI, Ha-
NpUKIIaA JIETKH MEXaHIYHWH ckiaja, (ynbBaTHHUHA
THTI TYMYCY, BIICYTHICTh KapOoHariB Ta iH. Tox Bci
i ¢akTopu OyNW MpOaHATI30BaHI Mij Yac MOJEIIO-
BaHHs. |1 Oro, Ha OCHOBI MeTOAMKHU [37], s
IpyHTIB pH CONBOBOT BUTSKKM SIKUX MeEHIIE abo
JTIOPIBHIOBAB JIIMITYIOUMM 3Ha4eHHAM (mist Pb mimi-
TyrouuM € 3HaueHHs1 pH 4,2), Oyno Bu3HaYeHO Oanu
3B’s13yBaHHsI 00yMOBIICHI BMiCTOM Tymycy (Tabi. 1),
TpaHyJIOMETPHUYHUM CKIIAZIOM IPYHTIB (TabI. 2)

B pesymbrari Bu3HaueHHs cymu OaiiB 3 Taod-
b 1-2, 119 KOKHOTO TUITY IPYHTY, OyJIo oTprMa-
HO aTpuOyT, 0 XapaKTepHu3yBaB BiTHOCHUH CTYIiHb
3B’s3yBaHHA (Bgomy) T2 1HTEHCHUBHICTH pajiallbHOL
Mirparii CHoJyK CBHHIIIO, TAKUM YHHOM BH3HAUYaro-
4y HEOE3MEUHICTh MUISIHKU JUISl CLIbCHKOTOCIOAAp-
CHKOTO BUKOPHUCTaHHSA (TalII. 3).

Tabnuys 1

banu 3B’ si3yBanHs U1 cionyk Pb, o0ymoBieHi BMicToM ryMycy, Ha OCHOBI [37]

Bwmict rymycy (%) ban 38’s3yBanss By Mirpauist po3unnaux ¢popm Pb
<2 [IBuaKa
>2-8 YcknagHeHa
> 8 1,0 'YMOBHO BiJICYTHS
Tabruysa 2
banu 3B’ si3yBanHs i crionyk Pb, 00yMOBieHI rpaHyIOMETPUYHNM CKIIAJIOM TPYHTIB, HAa OCHOBI [37]
I'panynoMeTpuyHMii CKIaj ban 3B’ s3yBaHHs B Mirpauist po3unnaux ¢popm Pb
ITimani 0 IBunxa
Cyrmimiani, IeTko-, CepeIHbO-, BAXKKO-
YA, > CePeAL ’ 0,5 HopmanbHa
CYIVIMHKOBI
I'nmunucTi 1,0 VekmagHaena
I'muna 1,5 YMOBHO BiJICYyTHS
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Tabnuys 3
MosmBocTi pagianeHOi Mirpanii Pb, 00yMoBIeHi XapakTepuCTUKaMH IPYHTY
InTencus-
ban . .
38713y~ HICTB Mirpa-
— 1ii po34MH- Heb6e3meka Hacmigku 1t rocrmogapchkoi MisiTbHOCTI
HHUX (opM
(Bitotan)
MeTany
NOBHE PyWHYBaHHS POCIMHHOI CKJIQ[IOBOi T€OCHCTEMH, MTOBHA
0 Iy’Ke CUJIbHA | Ay)Ke CHJIbHA
BTpara BPOXKaro
KOMIUJIEKCHE 3HMKEHHSI SIKOCTI IPYHTIB (MPUTHIUYEHHS (epme-
1 CHJIbHA CHJIbHA HTaTUBHUX IIPOLECIB); MOKJIMBUI aKTUBHUM Nepexif B
POCIIMHH Yepe3 IX KOPEHEBY CHCTEMY
. MOXKJIMBUH aKTHUBHUI TEpeXiZi B POCIMHU 4Yepe3 iX KOPEHEBY
2 IIOMIpHa cepenss
CUCTEMY
3 cnadka nocnallieHa | MOXKJIMBUH MepexiJ B POCIHHH Uepe3 iX KOPEHEBY CHCTEMY
4 Iy’Ke cimadka cradka HAKOITMYCHHS B POCIMHAX KOHIIEHTPATOpax
. MOBHO HeOe3Ieka Ui IPUPOTHHUX Ta arpOre0CUCTEM YMOBHO
Oinpre 4 M nyxe cradka . pHp p y
BiJICYTHS BiJICYTHS

HactynHuM KpOKOM METOOMKHM € BH3HAYCHHS
KIJIBKOCTi CHOIYK CBUHITIO, IO BHBOAATHCS 13 pedo-
BUHHO-CHEPIeTUYHUX TOTOKIB 4epe3 3aKpilieHHs
Ha na”amadTHo-reoximMiuaux Oap’epax. Taki Oap’e-
pu A pO3YMHHHUX (HOPM CBUHIIO (HOPMYIOTHCA Y
MICIISIX PI3KOi 3MIHM XapaKTEepUCTHK IpyHTY. Buse-
JICHHS X HEpO3UYMHHHX crnoiyk BM i3 moTokiB pe-
YOBHHHU YaCTKOBO MOXKE BiIOyBaTHCS y 3aMKHEHHX
Bi’eMHHX (opmax perbedy. Tomy peamizaris qaHo-
TO 3aB/IaHHS TPOBOJIWIIACH TIPY BUKOHAHHI MTOTIEPE/I-
HIX eTalliB MOIEITIOBAHHS.

Ha HactynmHoMy erami 3acTOCOBYBaJIUCh MOJiE-
JIi, 110 OTHMCYIOTh OioreHHy mirpaiiro BM y reocuc-
Temi [19]. 3a HUMH poO3paxoByBaslach KiJIbKiCTb
cnonyk BM, mo nepexoauTs 3 IPyHTY B POCIIHHU,
Ta MOXKe OyTHM BHHECEHa 3a MEXi I'€OCHCTeMH, Ha-
MIPUKJIAT 3 ypoXkaeM. 3aaiisi 1bOro OyI0 CTBOPEHO
6nok B/l «Ounmienns rpyHriB Bix BM 3a paxyHok
OioreoxiMiYHMX MPOIECIB» 1 BU3HAYEHO KUIBKICTh
CTOJIYK CBHHINIO, IO MEPEXOAUTh B POCIWHH 3a X
koedimientom Gionmoriunoro mormuHanHs (KBIT).

BiamosigHa, MOKpoOKOBa peaizaiisi METOIUKH
MOJICTIIOBAaHHS JI03BOJIMJIA BHU3HAYUTH aKTyallbHUH
piBeHb 3a0pyaHeHHs (AP3) rpyHTIB puaBTOMaricT-
panpHHUX arpoiaHamadTiB HA TECTOBIH AUISHIN SK
PI3HHUINI0 MK KUTBKICTIO CHOJYK CBHUHIIIO, IO HAJ-
XOJIiJIa B TPYHTH Ta KUTBKICTIO, O Oyiia BUBEIEHA 3
IPYHTIB 3a IX MeXi Ta/abo BUBelIEHA 3 PEUOBHUHHO-
SHEePreTHYHMUX MOTOKIB. 3a3HAYMMO TaKOX, II0 Taka
MeTOoAMKa MOKe OyTH 3acTocoBaHa s Bcix BM Ta
PI3HUX TPUPOJTHUX YMOB.

Hdpyrum 3amanHsM pobotu Oyna peanizayin
Memoouku Ha mecmogiii Oinanyi. 3aiis Bianpa-
LIOBaHHS IIOJIOKCHh METOIMKH Ta Bizyasizaiii pe-
3yJbTaTiB MOJEIIOBAHHA 3a MpUKIax Oyao oOpaHO
CTHOJIYKH CBHHLIO. 32 TECTOBY AUISHKY, B MeXax
sIKOT BiIOYBalOTHCS OCHOBHI CIIEHApii MOBEIIHKH
CTHOJIYK CBHUHIIO XapakTepHi AJS MPUPOXHOI 30HU

MilIaHuX JIiciB, Oyna oOpaHa MiISHKA, MO 3HAXO-
muThes B (izuko-reorpacdivyniii oomacti Kuichkoro
[Momicest Ha cTuky nBOX (pi3uKo-reorpadiuHux paii-
oniB HwmxHbpoTeTepiBcbkoro Ta 3aBH3bKO-IpriH-
ChKOTO. JlaHa IiIsHKa, po3TamoBaHa B3JOBXK aBTOT-
pacu perionansHoro 3HadeHHs1 P-02 «Kuis-OBpyu»
Mix 52 Ta 58 KijJoMeTpaMu, Ma€e TUIOBI JUIs TIPUPO-
MHOI 30HUW: pPIBHUHHMIA (IIIOBIO-TIAMIaTbHUN Ta
(uroBianbHUN penbed, ONMM3bKe JO TOBEPXHI 3ais-
TaHHSl TPYHTOBUX BOJI, HasBHICTh 3a00JIOUEHHX Te-
PUTOPIil, HASBHICTh TPYHTIB IEPEBAKHO JIETKOTO
MEXaHIYHOTO CKJIaay 3 KHCIIOK PEaKIi€l0 Ta rymy-
coM (QynbBaTHOTO THITY. J{J1s1 IPUPOAHOT POCIMHHO-
CTI TECTOBOI JIJITHKU XapaKTepPHE NepeBakaHHs 00-
piB  Ha mMmImAHUX TIpPyHTaX, TrpaboBO-IyO0BO-
COCHOBHX JICiB, sIKi ()OPMYIOTBCS Ha CYIIIIaHUX
IpyHTax Tomo. Ha 3aruaBax mommupeHi BiJIbXOBi
JCH, YarapHUKOBa, TifipoMopdHa JyIHO-OOJIOTHA
POCIMHHICTD. bBiNbllly 4YacTHHY TECTOBOI IiISHKH
3aliMarOTh arpore0CUcTeMH, MEPEBAKHO OPHI 3eMJIi.

B mporeci MozenroBaHHS aKTyaJbHOTO PiBHA
3a0pyqHEHHS IPYHTIB CIIOJYKAMH CBUHIIO OyIo
MEepII 32 BCEe BH3HAUEHO 3arajibHy KUIbKICTh CHONYK
CBUHIIIO, 1[0 HAJXOJUTH 33 OJMHUIIIO Yacy B FeOCH-
creMy. Meroanka po3paxyHKy JaHOTO MOAEIBHOTO
MOKa3HUKA Ta YTOUHEHHS X KIBKOCTI 3BaXKar0uu Ha
OCHOBHI IUISXHU 1X HAJXOMKEHHs Oysia mpeacTaBliie-
Ha y Hawiil po6oti [9]. Ha mozenbHil AinsHLi, ce-
pell BCixX MOTEHUIMHUX JDKEpes eMicii MOJI0TaHTIB,
aBTOTpaHCIIOPT OyJIO BH3HAUEHO TaKuM, 1o Gopmye
1oJie TIEPBUHHOTO 3a0PYAHEHHS, BiANOBIIHO, KiJib-
KIiCTh CIIOJYK CBHHIIIO, IO HAJIXOAMUTH BiJl aBTOTpaH-
CropTy 1 mpuiManacs 3a BHX1JIHI KUJIbKICHI Mapame-
TPH MEPBUHHOTO TOJIsl 3a0pyaHeHHs. [Ipu mpomy, B
npoleci MoAeTIOBaHHS OyJl0 MPOBEJCHO YTOUHEHHS
KUIBKOCTI TOJIIOTAaHTIB, 1O (OPMYIOTH TEpBUHHE
nojie 3a0py/JHEHHS, 32 METOJHMKOI, HABEJCHOI Y
BHUIIe3a3HaueHii poboti. HeoOXiqHICTh JaHOTO KpO-
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Ky 3yMOBITIOIOTh TIPUPOJIHI Ta aHTPOIIOTEHHI (PaKTO-
PH, IO BIUTUBAIOTH Ha KUTHKICTh MAJMBA, IO BHKO-
PHUCTOBY€ETBHCSI aBTOMOOUISAMHU MPU MPOXOMXKEHH1 Ii-
JISHKWA aBTOIUISAXY, @ OTKE 1 KUIBKICTh IMOJIIOTAHTIB,
10 HAJIXOMUTH Bil aBTOTpaHcnopTy. Lle Taki ¢axto-
pH SK: THIT Ta KUTBKICTH TAJNBa, MO0 BUKOPUCTOBY-
€THCSI TPAHCIIOPTHUM TOTOKOM, PEIbE] Ta MiKpPOK-
JiMaTHYHI YMOBH TEpUTOPIl Ta iH.

BH3HaUUBIIN KiJIBKICTh CIOJYK CBHHINO, IO
HA/IXOJUTh Y TPU3EMHI Mapu arMocdepu BiJl aBTOT-
paHCIOPTy, BUKOPUCTOBYIOYM MOZAEH PO3CIIOBAaHHS
JoMmimok B armocdepi [5] Oymo oTpuMaHo Kapror-
padiyHy TOBEPXHIO PO3MOUTY CIIONYK CBUHIIIO Y
NpPU3EeMHUX IIapax arMocep, IpH HeOe3MeuHuX
HIBUKOCTSIX BITPY ISl TECTOBOI AUTSHKH (puc 1) [6].

3 puc. 1 BUAHO, M0 HAa TECTOBIN MUISHII, B Me-

0,025

KM

KOHLeHTpauia

0,018 0,01

(MKrst )

Aopora

Puc. 1. 3a0pynHeHHS TPU3EMHOTO LIapy aTMOC(EPHOro MOBITPSI CIIOTYKaMHU CBHUHIIIO
py HeOe3MEeUHNX MBUAKOCTSX BITPY

KoHueHTpauis cBUHLIO
(™mr / kr)

' Ginbwe 30

26 - 29

22-25

MeHLwe 22

aopora
BOAOUMM

nicoBi Macuem

JIy4YHa POCIIMHHICTb
JNYYHO-6051I0THa POCNUHHICTb

HaceneHi NyHKTn

TOYKM NpoboBiadopy

Puc. 2. 3a0pyaHEHHS MOBEPXHEBOTO APy IPYHTY
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’Kax PIBHUHHOTO penbedy 3 HE3HAYHUMHU Tepernajia-
MU BHCOT, CIIOCTEPIra€ThCsl JIOCTaTHHO IIMPOKa
CMyTa pO3MOBCIO/DKEHHS CIIONYK CBHHILIIO, IO BKa-
3y€ Ha MPSIMUH BIUTUB pelbedy MiCIEBOCTI.

B pesynprari reoindopmariiitHoro MoieiIroBaH-
Hf, @ caMe MPOBIBIIN OBEPJICHHI omeparii 3 mudpo-
BUMH KapTamMH «3a0pyJHEHHS MPHU3EMHOIO IIapy
armMocdeproro noBitps» (puc. 1) i «IpyHTa» Gyio
moOynoBaHo Kapty «3a0pyqHEHHS ITOBEPXHEBOTO-
mapy IpyHTY 3 atMochepHOro moBiTps». B pesyns-
TaTi MH OTPUMAJIM BiJJOOpaKCHHS MPOCTOPOBUX I1a-
paMeTpiB Ta KiTbKICHHX XapaKTePUCTHK ITEPBUHHO-
ro nons 3a0pyJHeHHs] TTOBEPXHEBOTO LIapy IPYHTIB
CTIOJIyKaMH CBHHIIIO (pHC. 2).

CTBOpeHa TaKUM YHHOM TOBEPXHS CTajla OCHO-
BOIO JUI MOJENIOBAHHS TIEPEPO3MOAUTY CIHONYK
CBUHII0 B IPyHTaXx 3a OCHOBHMMHU MIrpalliiHUMU
CIIEHapisMH, a caMe MPOIeCaMH JIaTepabHO, pai-
anpHOI Ta OiorenHoi mirpamii. Toxk Hamu Oynmu 3Mo-
JICJIbOBaHI BC1 BIAMOBIAHI ClieHapii, 3a METOIHU-
Koro [8].

IlepeBakatounMy TpyHTAMH Ha TECTOBIM iNs-
HII € JEepPHOBO-CEPETHBOMII30IUCTI Ta JEPHOBO-
CJ1a00MII30JIMCTI CYTIIIaHi IPYHTH, THIIOBI JUIs 30HA
MiIIAHUX JTiCiB. IX KMCIOTHI BIACTHBOCTI € TaKUMH,
IO CTBOPIOIOTH TMEPEIYMOBH JJIsl TIEPEXOY CHOIYK
CBHUHIIIO B po3unHHI popmu. [Ipore, mpoBeneHe Ha

JaHId TIISHII BalTHyBaHHS TPYHTIB, 3MIHWIO TIPH-
POIHI TTOKa3HUKH KUCIOTHOCTI (puc. 3). Ha croron-
Hi KUCJIOTHA pPeaKilis TOCHTI)KyBaHUX IPYHTIB Tiepe-
BRXHO HEHTpanbHa, KpiM HE3HAYHOI TUIONI Yy TMiB-
JIEHHO-CX1qHI# yacTHI AUIAHKH. ToX depes mTydHO
CTBOpPEHI YMOBH, JUII OCHOBHOI YaCTHHH TECTOBOI
IUISHKA, PO3PaxyHKH MPOBOIMINCS 332 MOJICIISIMH,
10 BimoOpaskaroTh MEXaHi3MH JIaTepanbHOI Mirpartii
HEPO3UYMHHUX CIIOIYK CBHHIIIO.

l'eocucremMu TeCTOBOi MINSHKH, HAa PIBHI Ypo-
YHII, TPEICTABIICHI IEPEBAKHO MEKUPIYHUMHU PiB-
HUHAMHU Ha BOAHOJBOAOBUKOBHX ITiCKax 3 MpoLIap-
KaM{d ODIIMHEHUX TMICKIB 3 JEPHOBO-CEPEIAHBO-
MiA30IUCTUMHU Ta JAEPHOBO-CIA0O0MIJ30JUCTUMH CY-
MIIAHAMA TPYHTaMH, IO € TIePEeBaXHO PO30paHi;
piBHUHAMHM Ha BOJHOIBOJOBHUKOBHX ITICKaxX 3 IPO-
[IapKaMH OTIMHEHHX IICKiB 3 JEPHOBO-CEPEIHBO-
MiA30IUCTUMHU TIIEHOBUMH I'PyHTaMH, IO € po3opa-
Hi; pIBHUHAMH Ha BOTHOJBOJOBHKOBHX IIiCKax 3
MpoIIapKaMy OTIMHEHUX MICKIB 3 JEPHOBO-CEpE-
HBOITII30JIMCTUMH TJICFOBATUMH TPYHTAMHU [ Jyd-
HOIO POCITWHHICTIO. TakoX TMpencTaBieHi MOJIOTi
CXWJIU Ha JICNIOBIAJIbHUX ITICKaX Ta CyICKax 3 Jep-
HOBO-CEPEAHBOIIA30JUCTUMHU CYIIIIIIAHUMHU TPYHTa-
MH, PO30paHi; yJIOTOBUHHU Ha JENIOBIATbHUX IHTY-
BaTHX IIICKaX Ta CYMICKaX 3 JepHOBO-CEPEIHBO-
MiJ30JUCTHMH TIICIOBATUMH IPYHTaMH, PO30PaHi Ta

0 5,759
 :
,,,,,,,,,,, 574 2T
3 5,8 4,6
4,6
B ' o
— B sl
, 47 55
B - &8 5,4
? 5,2 ‘5’2.\\\._2__
o 5,2 5,1
. 51 52 45
\ 8% i
10 51 5144, 5 48
11 | 6,4 4,8 452
12 ‘ 475 4,9 4’2
g B 45 A7
~—— popora 58 L7 47 A3
.................................. M N D AR
| | | KM
0 1 2

Puc. 3. pH rpyHTiB TecTOBOI AiISHKHY,
ne: 1 — nepHOBO-CIIa0O0ITi A30UCT] TMHUCTO-IIIIAHI, 2 — IEPHOBO-CEPEIHBOITI T30JUCTI TNTUHUCTO-IIIIAH],
3 — IEpHOBO-CEPEIHBOIII30JIMCTI CyIilaHi, 4 — JePHOBO-CEPEAHBOIIA30IMCTI CITA003MUTI CYTIIIaHi,
5 — IepHOBO-CEPEIHBOITI A30IMUCTI cI1a003MHUTi, 6 — IEPHOBO-CEPEAHBOMIJ30IIMCTI TIICIOBaTi, 7 — IEPHOBO-
CEPEeIHBOITI30JIUCTI TICER], 8§ — AEPHOBI ITICHOBI HEMTMOOKI ITIMHUCTO-TIIIIAHI, 9 — OOJOTHI CcymilaHi,
10 — TophoBO-00JI0THI CHIIBHOPO3KJIAICHI CEPEAHBO30JIbHI OCYIIICHI CyIimiani, 11 — 1epHOBI IIeHOBI
TITHOOKI B TTOETHAHHI 3 OOJIOTHUMH CYTIiIIaHi, 12 — pO3MHTI IPYHTH SIPiB Ta OAIOK TiIIaH1
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1H., 110 € TUTIOBUMH JIJISI TIPUPOIHOI 30HU MIITaHUX
JICiB.

Pesynbrati MopenroBaHHS OKa3aId HACTYITHE:
3arajioM B TEOCHCTEMax TECTOBOI AUISHKH MPUPOIHI
0CcoOMMBOCTI (30KpeMa TepeBaKaHHS PiBHUHHOTO
penbedy) CTBOPIOIOTH YMOBU TOBUIBHOTO TEMITY
MIPOXOKEHHS JIaTepalibHO1 Mirparmii. [ eocucreMamu
3 HaWBHUIIIOI0 WMOBIPHICTIO aKyMYJIAIiT (HAHHIKINM
piBHEM CaMOOYMIICHHS) HAa TECTOBIM JISHIN BH-
SIBUJIMCh 3aMKHEHI Bin’eMHi dopmu penbedy (puc.
4). B ix Mexxax BimOyBa€TbCcs HAKOMHYEHHS HEPO3-
YHHHUX CIIONYK CBHHIIIO, 4epe3 IepMaHeHTHe iX
MPUBHECEHHS 31 CIPSDKEHUX TEOCHUCTEM 1 BiACYT-
HICTh BHHECEHHS 32 PaxXyHOK IUIONIMHHOTO 3MUBY.
[IposiBK OrNeeHOCTI TPYHTIB Ta MiABHUINEHHS BMICTY
IMHUCTOT (ppakiii TakoK MOSCHIOIOTH IMpoIlec Ha-
KOITMYEHHSI CTIOTYK CBHHINO. CXUJIOBI TEOCHCTEMH €
HaWAMHAMIYHIIIAMHA 3 TOYKH 30py TEMITB JiaTepa-
JpHOT Mirpamii. BoHHM BHCTYyNaroTh SIK 30HHU BUHE-
ceHHs (y BEpXHil YacTUHI), TPaH3UTY a00 aKyMyJIsi-
mii (B HIDKHIM YaCTHHI) ITOJIFOTAHTIB, IO 3aJCKHUTh
BiJ yXwWiy, TUIy Ta ()a3u PO3BUTKY POCIMHHOCTI,
rOCTIOAPChKOTO BUKOPUCTaHHs Tomo. [eocucremu
€pO3iiHOI Mepexi € 3Me0ITBII0 TpaH3UTHUMU. |eo-
CHCTEMH 3aIljIaB MEPEBAKHO aKYMYIIOIOTh CIOTYKU
BM, 110 BUHOCSTBCSA 13 CIPSIKEHUX TEOCUCTEM.

om0 po3paxyHKIB IHTCHCHMBHOCTI IIPOXO-
JDKEHHS TIPOLIECIB pafiaibHOi Mirparii po3YrmHHUX
(hOopM CBHHITIO 3a3HAUYUMO, 1110 PE3yJIBTaTH OBEpIIeii-
HOTO aHaJli3y TeMaTHYHUX IapiB «3a0pyIHEHHS T0-

BEPXHEBUX MIapiB IPYHTY» (puc. 2) Ta 1udpoBoi
KapTu IPYHTIB (3HaueHHsI aTpuOyTy Bowmy) 3acBif-
YUIM, MI0 Y IUX IPYHTaX HPOCTEXKYETHCSA «IyXKe
cnabka» IHTEHCHUBHICTH Mirpamii MeTany, Ta, BiImo-
BiJTHO, «clla0Ka» HeOe3meka 3a0pyAHEHHS POCIUH
(tabm. 3). [lepeBaxxHO e CTOCYETHCS HAKOIIMYCHHS
PO3UMHHUX CHOJYK CBUHITIO B POCIHHAX KOHIICHT-
paropax.

Po3paxyHOK KiTBKOCTI CHOJYK CBHHIIO, IO
BUBOJSITBCS 3 MIrpalliifHAX MOTOKIB 3a paxyHOK 3a-
KpIIUIEHHS Ha JaHAmadTHO-TeOXIMIYHNX Oap’epax,
€ HACTYITHUM HEOOXiJTHUM KPOKOM B TIPOIIECi MoJIe-
JMOBaHHS (nuB. BuINE). BTiM, Ha AaHiid AUIAHII,
MaiKe BCi IPYHTH, 32 PaXyHOK CBOiX BIIaCTHBOCTEH,
00yMOBITIOIOTH HasIBHICTh TEOXIMIYHHAX Oap’€piB IS
po3unHHUX (PopM croiyk cBUHIIO. /s HEepo3unH-
HUX (OpM - IIISTHKAMH, e BOHA MOXYTh JIOKaJi3y-
BaTHUCS, 1 BiJIMOBITHO BUBOIHUTHCS 3 TPOIECIB Mir-
parii 3 IUIONMHHUM 3MHBOM, € 3aMKHEHI Bij €MHi
¢dopmu penbedy. Takum duHOM, IPUPOAHI 0CcOOIH-
BOCTI TEPHUTOpIi TECTOBOI MUISHKA 3yMOBHJIH MOX-
JUBICTh OKPEMO HE BUKOHYBATH 1€ KPOK, a po3pa-
XYBaTH KIJIbKICTh «BHBEICHHX» CIIOJIyK BUHIIO Ha
MOTIEPE/THIX JIBOX eTarax.

OgepreitHuii aHaMI3 KapTH POCIWHHOCTI TE€PH-
Topii Ta KapTu «3a0pyaHEHHsI TTOBEPXHEBOTO IIapy
IPYHTY...» (puUC. 2) IO3BOJMB BH3HAUUTH, IO Ha
TUJISTHIN, 1€ BiIOYBAEThCA «IyXe ClIa0Kay 1HTEHCHUB-
HICTh MIrparii Crojayk CBUHINO, (Buowny) TOTCHINIHHY
3IaTHICTH JI0 Mirpaiii B pocinuu MarTh 10 100%

KM

PiBeHb MOXNUBOCTEN
[0 CAaMOOYMLUEHHA
B npoueci narepanbHoi Mirpauii

HU3bKUIA

cepenHin

BUCOKUWN

popora

BOAOWUMMU

nicosi macusu

JNy4Ha POCIUHHICTb
Ny4YHO-GONOTHA POCIIUHHICTL

HaceneHi NyHKTH

MeXi reocuctem

Puc. 4. PiBeHb MOXKIIMBOCTEH CAMOOYHUIIICHHS BiJ| CIIOJIYK CBUHIIIO IPYHTIB ITPHABTOMAriCTPaTbHIX
arporeocrucTeM TECTOBOI JUISTHKU B TIPOIIEC JaTepaabHOI Mirpartii
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AKTyanbHui piBeHb 3abpyaHeHHsA
(wBMAKiCTb ounwWweHHs (%))

popora

BOAOWMMU

nicoi Mmacuem

- JIy4YHa POCITIUHHICTb

- JIY4YHO-60NOTHA POCIIUHHICTL

‘ HaceneHi NyHKTH

l | |
0 1 2

Puc. 5. AxtyanpHWUiA piBeHb 3a0pyJHEHHS I'PYHTIB CIIOTYKaMH CBUHITIO

MOJIFOTAHTIB. B TOM ke Yac, Ha periti TepuTopii, 1e
Taka Mirpauisi yMOBHO BiACyTHS, yepe3 piBeHb pH
IPYHTIB, 3IaTHICTh A0 MEPEXOAy Y POCIMHU BCE Of-
HO criocTepiraerbes y 10% MetaniB, yepe3 3axom-
JICHHS. HEPO3YMHHHX CIIONYK METalny KOPEHEBOIO
cucremoro pociuH [19]. Takum umHOM, Yepe3 Bif-
MOBiAHO copMoBaHi 3anmuTH a0 0a3u JaHuX, OyJo
PO3paxoBaHO KiIBKICTh CHONYK CBHHIIIO, IIO Hepe-
XOJUTh 3 IPYHTY B POCIIMHH B MEXKaX CiIbCHKOTOC-
MOAAPCHKUX YTi/Ib.

B pesynbrari mMopentoBaHHS Oyllo BH3HAYEHO
ninsHkM 3 pisHMM piBHeM AP3, mo BimoGpaxkae
HIBUJIKICTh CaMOOUHILIEHHS (200 3a0pyIHEHHS) Ipy-
HTiB (puc. 5). 30KkpemMa BH3HAYCHO [UISHKHU, €
MIBUJIKICTh HAKOMUYEHHS, TepeBaka€ IIBUIKICTh
BUHECEHHS 32 OCHOBHUMH TE€OXIMIYHUMU CIIeHapisi-
mu. [IBunkicts npouecy popmysanus AP3 (puc. 5)
MpeJICTaBlIeHa Y BiTHOCHUX Moka3Hukax (%) pizHu-
ITi, JJISl HAOUHOCTI, MPOTE PO3PAXyHKU MPOBOAUIHCS
B abCOMOTHHUX BenumuuHax (r/mM%*/pik). OTpumani pe-
3yJBTaTH MOJIENIOBAHHS, 3aJI0OBUILHO CITiBIAIH 3
pe3yibraTaMu J1Ta0OpaTOpHUX JOCHIKEHHSIX TIPYH-
TiB Ha BMICT CITOJIYK CBHUHIIIO, 1[0 3aCBiauye 00'ek-
THUBHICTh IMIJXOMIB JO MOJIC/IIOBAHHS Y BHU3HAYCHHI
MPOCTOPOBHX MapaMeTpiB MOJis 3a0pyAHEHHS IPYH-
TiB arpOCKOCHCTEM BOKKUMH METajJaMH 3a JTOTIOMO-
rOI0 TeoiH(pOPMALIIHHUX TEXHOJIOTIH.

BucHoBkn. B nporieci po6oTu, Ha TeCTOBIH mi-
nsgHOi Oysa0 BiAMpanbOBaHO TOJIOKEHHS 3arajibHOL
METOAMKH TeoiH(popMaliiiHoro mMoxaetoBanus AP3,
CTBOPEHO cepito IU(PPOBUX KapT, Ta BU3HAYCHO Te-
pUTOpIi, 37aTHI 10 CAMOOYHMINCHHS @ TAKOXK IIBUJI-

KICTh JJAHOTO IMPOIIECY MPH ICHYIOYOMY piBHI aHTpPO-
MOr€HHOTO HaBAaHTA)KCHHS, 3Ba)KAI0UN HA 0COOIMBO-
CTi TIOBEIIIHKHU CIIONYK CBHUHIIIO B YMOBaX, THITIOBHX
JUIS. TIPUPOIHOT 30HU MIlIaHUX JIICiB.

VY npuaBTOMaricTpajJbHUX I€OCUCTEMaX TECTO-
BOI IUIAHKKA OyJlO BHOKPEMIJIEHO TEpUTOpii, IO €
MOTEHIIHHO HEOE3NMeYHUMH JUIi  BHPOIIYBaHHS
CLIbCHKOTOCIIONAPCHKOT MPOAYKLIi, 3 TOYKH 30pY
3a0pyAHEHHs IPYHTIB CHOJIyKaMH CBHHIO. JlocUTh
4acTo IIe AUISHKY BiJJalieHl BiJl Opory, e 3a0py-
HEHHS TPYHTIB BiJIOyBa€ThCs 3a PaxyHOK JiaTepalib-
HOro mepepo3noainy noiroranTiB. [anmii mpouec
00YMOBIIIOETHCS  JIAHIIAYTHUME  OCOOIMBOCTIMH
TEPUTOPIi, MepeayciM XapakTepoM peibedy Ta ¢i-
3UKO-XIMIYHMMHU XapakTEpPUCTHKAMU IPYHTIB, a He
«0e3nocepeHiM BIFTMBOM aBTOLIISXY». 3a3HAYUMO,
o Ha 35% TuIomi TECTOBOI UISTHKU TPYHTH MarOTh
JIOCTaTHBO BHMCOKI MOKa3HUKH CAMOOUYMILEHHS, Te-
PEBAKHO IIe €JIOBiaJibHI Ta TpaHCENIOBialbHI Ieo-
CHCTEMH, MIBUAKICTh OYMIIECHHS SKUX IIEPEBUILYE
HIBHJIKICTh HaJXomKkeHHs: MeTainiB. Ha 60% Ttepurto-
pii rpyHTH MaioTh cepenHi nmokasHuku AP3 (Tobrto
MIBUJIKICTh HAJIXO/KEHHS NPUOIM3HO Taka K SK
HIBUAKICTh ouuitieHHs). OueBUIHO, 1Ie 00yMOBIIIO-
€ThCS K KITBKICTIO IONIIOTAHTIB, TAK 1 0COOIUBOC-
TAMH 1X MEpepo3NOALTY B F€0CHCTEMAX, IO JO3BO-
JISI€ TOBOPUTH MPO MPHOJIM3HO TaKi K KOHIEHTpAIT
MOJIIOTAHTIB B I'PyHTaxX B MaiOyTHHOMY, 32 YMOBH
30epeXeHHs ICHYI0YOTO PiBHSI aHTPOIIOTEHHOTO Ha-
BaHTa)XCHHS. TakuM 4HMHOM, I TEPUTOPisS Mae Mo-
3UTUBHUH IPOTHO3, IOA0 MOKIMBOCTEN MOAAIIBIIIO-
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TO BUPOIIYBaHHS 0€3MEYHOI CITbCHKOTOCIIONAPCHKOI  T1YHOTO MEHEIKMEHTY, BH3HAYAIOUU ONTHMAaIbHUN
TPOIYKIIIi. pIBEHb AHTPOIIOTEHHOTO HABAaHTAKEHHS Yy MeEXKax

Hana Meromuka Moxe OyTH 3acTOCOBaHa Ui — MPUABTOMAriCTPalbHUX arpoeKOCHUCTEM, 3aiisl Mif-
OyIb-SIKOTO Ba)KKOTO MeTajdy Ta iHmUWX (i3MKOo-  TpUMaHHS iX y CTIMKOMY CTaHi 3 TOUKH 30py 3a0py-
reorpagiYHAX yMOB, IO JO3BOJISIE PEalli30BYBaTH  JHEHHS BAXKUMH METajlaMH Ta BEACHHS Oe3MedHo-
reoingopmMariiiiie MOACIIOBaHHS B MPOEKTaX €KOJI0O-  TO POCIMHHHUIITBA.
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GEOINFORMATION MODELING OF SOIL POLLUTION PROCESSES
BY LEAD COMPOUNDS IN HIGHWAY GEOSYSTEMS

In this paper, we have worked out a method of geoinformation modeling of soil pollution by heavy
metals in highway geosystems. Permanent process of contamination and redistribution of pollutants in
highway geosystems causes difficulties in determining the degree of soil pollution and the speed of this
process. This problem can be solved when using the method of geoinformation modeling of pollution by
heavy metals compounds of soil. The method allows you to set the spatial parameters of the contamination
field and the speed of the contamination process. The goal of the work is to test the method on the examples
of lead compounds in the soils of the mixed forest zone.

The methodology uses geoinformation and mathematical models. These models describe the behavior
of lead compounds when forming the contamination field. These are models of spatial distribution of heavy
metals in the atmospheric air, soil, «soil-plant systemy.

Results: working out the provisions of the methodology took place at the test area. This area has plain
fluvio-glacial and fluvial relief, close to the surface of the groundwater, the presence of wetlands, the soils
are preferably of light mechanical composition with acid reaction and fulvatic type of humus, that are typical
for the mixed forest zone. The modeling process is divided into two stages: 1. determining the amount of
lead compounds brought in over a period of time and 2. determination of the number of lead compounds that
have been removed from soil or removed from migration flows the same time period.

At each stage, models and tools supported obtaining, storing data, analyzing and displaying results of
modeling. During the modeling process, we determined the total number of lead compounds coming per unit
of time into the geosystem. First of all, we have identified the number of lead compounds entering the at-
mospheric surface from vehicles as the main source of emissions. We used an atmospheric impurity scatter-
ing model and obtained a mapping of the distribution of lead compounds in the near-earth layers of atmos-
pheric air at dangerous wind speeds. In the next step, we determined the amount of lead compounds that
reach the soil surface. The constructed surface, reflecting the spatial characteristics and intensities of the
primary contamination field, became the basis for modeling the “soil cleaning processes”, following the
main migration scenarios: lateral, radial and biogenic migration processes. For next step of modeling, we
used a method that calculates soil loss (and, accordingly, lead compounds) from the site due to erosion pro-
cesses. The number of lead compounds recovered from soils during lateral migration was determined. The
results showed that in the test site geosystems, natural factors create conditions for the slow lateral migration.
Closed negative landforms were geosystems with the highest probability of accumulation. The next step was
to determine the migration intensity of soluble forms of lead in soils during radial migration. We determined
that due to the liming, these soils show a "very low" intensity of metal migration and, accordingly, a "low"
risk of contamination of plants. Preferably this relates to the accumulation of soluble lead compounds in con-
centrator plants.

In the next step, the amount of lead compounds that were transferred from soil to plants within the
farmland was calculated.
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Scientific novelty: as a result of the step-by-step implementation of the methodology of modeling, a
series of digital maps were created and areas with different levels of soil contamination (or self-cleaning)
speed were determined. We have identified areas that can be self-cleaning under conditions typical of the
mixed forest zone with the existing level of anthropogenic loading. We have identified areas that are
potentially dangerous for agricultural production by lead contamination.

Practical importance. This method can be applied to any heavy metal and other physical and
geographical conditions. It allows to implement modeling in projects of ecological management, to
determine the optimum level of anthropogenic load within highway geosystems.

Keywords: geoinformation modeling, soil pollution, lead compounds, highway geosystems, lateral mi-
gration, radial migration
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LANDSCAPE APPROACH TO REGIONAL FEATURES ORGANIZATION
OF ENVIRONMENTAL MANAGEMENT OF THE PROTECTED AREA

A. B. Iyosesuu, B. € JTwéuenxo, JI. ®. bponnirosa, JI. C. Iyozesuu. TAHAUIADTHHH ITIJIXIT 10 BPAXYBAHHA
PETTOHAJTBHHX OCOBJIHBOCTEH OPIAHI3AIIII ITPHPOJOKOPHCTYBAHHA ITPHPOJOOXOPOHHOI TEPH-
TOPII. Posensinymo euKopucmanis 1anouapmnozo ananizy 6 aKoCmi iHCIMpyMeHmy 01 6UAGIEHHs PeiOHaTbHUX ocobnusocmeil
MepumopianbHoi Opeanizayii npupoOOKOPUCHTY8AHHS RPUPOOOOXOPOHHOT MepUmopii pieHI HAYIOHATLHO20 NPUPoOHo20 napky. Tloka-
3AHO MONCTUBOCE GUKOPUCTIAHHS IAHOWAGMHOT OCHOBU 8 OYIHYI MA GU3HAYEHHI Yinell npu NePCReKMUEHOMY NIAHYEAHHI NPUPOOO-
0XOPOHHOI JiANLHOCMI, 30KpeMa Ha MePUMOpPIsX, AKi AcOYiloEMbCA i3 3eMAAMU 3aNACy Ma Malomby Yinne NPUpoOOOOXOPOHHE 3HAYEHHS
il nepebyeaiomev ni0 NOCMILHOIO 3A2P03010 [HMEHCUBHO20 HE2AMUBHO20 AHMPONO2EHHO20 6naugy. Pezynemamom 3acmocysanis
JAHOWAPMHO20 AHANIZY € BCMAHOBLEHHA 8eNuKOi pisHomanimuocmi pienunnux CxioHoesponelicokux aanowagmis Ilpasobepesicro-
20 Jicocmeny, AKi Ougepenyirniomvcsa He milbKy 3a MUnAMY ma ix WupomHuMu (30HAIbHUMUY) U AUUPOMHUMU (IHINPA3OHATLHUMU)
sapianmamu, aie il 3 6pAxy8aHHAM iX MPUSAI020 20CNO0APCHLKO20 OCB0EHHA. Bukopucmano noeonanns munono2iunoeo i pecionanb-
HO020 RIOX00I8 00 NOKA3Y HUNCHIX PI6HI6 NAHOWAMMHOI CMpYKmMypu i3 CKAAOAHHIM JAHOWADMHOL XAPAKMEPUCmuKy mepumopii,
NPOEKmMosanol 00 poswupenHs ma nepedayi 6 nocmitihe Kopucmyeants 0o cxknady HIIIT «Kapmeniokose [looinisy ma it eidobpa-
JicenHst Ha nanowagmuii kapmi. Haseoena nanowagmua xapma 0eMOoHCMPYe 3aKOHOMIPHOCMI mepumopianvhol oughepenyiayii
20CN00aPCHKOT 30HU NPUPOOOOXOPOHHO20 cepedosunia i idobpadicae pisui hopmu it cmpykmypu 3a aHmMpONO2eHHO-1AHOUADMHON
piznomanimuicmio. Ha uiil 3a¢hikcosano. 3amiweHHs wupomHo-munosux 1icocmenosux 1aHoua@mis pisHoO2eHe3UCHUMU AHMPONO-
2EHHUMU 8APIAHMAMU — CLILCLKO20CNO0APCLKO20, NiCO20CN00aPCbKO20, 800020CNO0APCHKO20, NPUPOOOOXOPOHHO20 MA UWIAXOB020
K1acié aHmMpOno2eHHUX TaHOWagdmis; OKpimM Munoio2idHux niopo3oinie eucoxkozo piensa (kiacie i munie 1anowaghmis), npedcmagie-
Ho 33 6udu ypouuw, sKi € Hapazi HAUOLILUW MUNOBUMU BUOLIAMU TAHOWAGMIE OUIAHOK 00CHiOMNCeHHs. Bioomocmi npo mepumopia-
AbHY cmpyKmypy i QizioHomiuni puct 1aHOWAGMHUX KOMNIIEKCI8 HAYIOHANLHO20 NPUPOOHO20 NAPKY, OMPUMAHI NPU TAHOWADMHOMY
Kapmoepagyseanni, Mojicyms 6ymu iIHMepnpemosani 3 NO3UYiti NPUKIAOHOL 2e02paghii WIsaXom 3acmocy8anHs Memooie TaHoOuagpn-
HO20 NAAHY8AHHA HAUOTUICUUM YACOM.

Knrwwuoei cnosa: nanowapmuuil ananis, HayioHATbHUL NRPUPOOHULL NAPK, TAHOWADMHA Kapmd, aHMpono2eHHti n1anowagdmu,
ypouuwa munie Micyesocmi.

A. B. I'yosesuu, B. E. JTiw6uenxo, JI. @. bponnuxosa, JI. C. I'yozeeuu. TAHJIITA®THBIH ITOJXOT K YYETY PETHO-
HAJIBHBIX OCOBEHHOCTEH OPTAHH3AIIHH IIPHPOJOIIO/Ib30BAHHUA IIPHPOJOOXPAHHOH TEPPHTOPHEH.
Paccmompeno ucnonvzosanue n1aHOuadmuozo anaiu3a 6 Kkavecmee UHCMpPYMeHma OJisi GblAGNEHUS PESUOHATIbHBIX 0CODeHHOCmell
MeppumopuUaIbHOU Op2anu3ayuL NPUPOOONONb308AHUA NPUPOOOOXPAHHOU MEPPUMOPUL YPOBHS HAYUOHATLHO20 NPUPOOHO20 NAPKA.
IToxaszamvl 803MONCHOCIU UCNOTBL30BAHUA JTAHOWADMHOT OCHOBbI 6 OYeHKe U onpedeneHuu yeiell npu nepcneKmueHoOM nIAHUPOsa-
HUY NPUPOOOOXPAHHOU 0eAMENbHOCU, 6 YACMHOCU HA MEPPUMOPUSAX, KOMOPbLe ACCOYUUPYIOMCA C 3EMIAMU 3ANACa, UMEIOm YeH-
HOe npupoO0ooXpanHoe 3HaueHue U HAXOOAMCA NOO NOCMOSHHOU Y2pO30li UHMEHCUBHO2O0 He2AMUBHO20 AHMPONO2EHHO20 6030ell-
cmeus. Pesynemamom npumenenus 1anowagdmmo2o aHanusa a6naemcs ycmanosienue 0o1buo20 pazHooopasus pagHUHHbIX 80CMOY-
Hoesponetickux nanowagmos Ipasobepesicnoii necocmenu, komopuie Oup@epeHyupylomcs He moabko HO MURAM U UX WUUPO MHLIMU
(30HanbHLIMU) U AUUPOMHBIMU (UHMPAZOHATLHBIMU) BAPUAHIMAMU, HO U C Y4EeMOM UX OTUMETbHO20 XO3AUCMBeHH020 ocgoenus. Hc-
NOB306aAHO COUEMAanue MUNOI0SUYECKO20 U PeCUOHANTbHO20 NOOX0008 K HOKA3Y HUMCHUX YPOGHel NaHOuAadmMHOl CIMPYKIMypbl ¢ co-
cmasnenuem 1aHOWAGmHOU XapaKmepucmuxy Mmeppumopull, nPOeKmupyemoti K pacuupenuio u nepedai 8 nOCHOoAHHOe NoNb306d-
nue ¢ cocmas HIIIT «Kapmentoxoso ITodonve» u ee omobpadicenus na nanowagmuoti kapme. IIpusedennas ranowagpmuas kapma
O0eMoHCmpupyem 3aKOHOMEPHOCIU MEPPUMOPUATLHOU Ouddepenyuayuu Xo3alicmeenHOU 30Hbl NPUPOOOOXPAHHO20 Cpedbl U Ompa-
Jrcaem pasnuunvie GopMbl ee CMpPYKmMypbl ¢ aHmponozenHo-1anowmapmusim pasioobpasuem. Ha neii 3agpuxcuposano: samewenue
WUPOMHO-MUNUYECKUX JIeCOCIMENHbIX TaHOWADMO8 PA3HO20 2eHe3UCA AHMPONOLEHHLIMU BAPUAHMAMU - CETbCKOXO3AUCNBEHHO20,
J1eCOXO03AUCMBEHHO20, B00OXO3AUCMEEHHO20, NPUPOOOOXPAHHO20 U OOPOICHO20 KAACCO8 AHMPONOEHHBIX 1AHOWADMO8, KpomMe mu-
nono2UYeCcKUX NOOPAa30eneHuUll 8bICOKO20 YPOSHA (KIACCO8 U munog ianouiagpmos), npeocmasneno 33 euda ypouuuy, KOmopwvle A67s-
jomces cetivac Haubonee MURUYHLIMU TAHOWAGMHBIMU 00pa308anusmMy yuacmkog ucciedoganus. Ceedenus 0 meppumopuanrbHol
cmpykmype u QusuoHomMuyeckue uepmol IAHOUADYMHLIX KOMNIEKCO8 HAYUOHATLHO20 NPUPOOHO20 NAPKA, NOTYyYeHHble NPU JaAHO-
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waghmuom kapmozpaghuposanuuy, mo2ym Ovims UHMEPNPEMUPOBAHbL C NO3UYUL NPUKIAOHOU 2eocpaduu nymem npumeHenus Memo-

008 1aHOWAPMHO20 NAAHUPOBAHU 8 ONuUdCaliulee 8PeMsL.

Knrouesvie cnosa: nanowagpmuelii anaius, HAYUOHALLHLII NPUPOOHBLI NAPK, JAHOWADMHASL KAPMA, AHMPONO2EHHbIE IAHO-

de)mbl, ypoduuwia munog mMecmHocmu.

Problem Statement. For the first time in the
half-century of Davos Economic Forum, it has been
identified that the world's five largest risks are envi-
ronmental. It is about climate disasters, loss of bio-
diversity and the destruction of terrestrial and aquat-
ic ecosystems [1, 2]. According to the United Na-
tions Environment Program, UNEP, more than 12%
of the land surface is now protected. In the EU
countries, the most valuable territories are protected
by the Nature 2000 network, which is formed by
27393 sites with a total area of 1 106 612.96 km?,
including terrestrial 788 487.39 km? or 18% of the
EU land area [3]. The highest indicator of nature
conservation areas of the European community is in
Poland — more than 33%. The current overall indica-
tor of nature protection of Ukraine — 6.73% is sig-
nificantly inferior to the European norm. Ukraine,
taking a course to bring the state of the environment
in line with European standards, also requires the
expansion of the NCF (nature conservation fund).
The estimated area of the NCF of Ukraine should
reach 15% from the state area [4].

Within the regions, the percentage of land con-
servation is in the range of 0.9% to 14.8% [5]. In
particular, in Vinnytsia region as of 01.01.2020 there
were 427 territories and objects with a total area of
more than 66 thousand hectares. The NCF consists
of 43 territories of national importance, of which 1
is a national nature park and 381 of local im-
portance, of which 4 are regional landscapes. But
despite the significant number of nature conserva-
tion areas and sites, Vinnytsia Oblast occupies only
2.5% of the area and one of the last places in
Ukraine by conservation area. The urgent issue of
expanding the PFP area can be solved in two ways:
by creating new objects and territories or by joining
existing conservation areas. Let us note the prospect
of the second option, in particular, the expansion of
the area of the PZF region by joining valuable terri-
tories adjacent to the only one in the area of the
«Karmelyukovo Podillya» National Nature Park
(NNP).

Analysis of recent research and publications.

Awareness of the territorial planning im-
portance in terms of landscape approach was the
adoption in 2000 of the European Landscape Con-
vention (entered into force on 1 March 2004) [6]. It
legally enshrines the term "landscape", indicates the
particular value of landscapes to ensure conditions
for transition to sustainable development, and the
quality and diversity of landscapes are considered a
valuable pan-European resource that defines the

quality of life of the population, are the basis of cul-
tural heritage and social well-being.

Landscape approach, in the current state of ge-
ographic studies, is defined as a basic operation and
an algorithmic method of research in determining
the territorial organization of land [7].

Its main essence is determined in the orienta-
tion to rank taxonomic and individual-typological
diversity and complex representativeness [8], which
by means of mapping makes it possible to obtain
detailed information about the spatial structure of
the nature management of the study region [9-11].

Particular attention is paid to the work of
Ukrainian geographers, which justifies the selection
of specific structural and geographical directions —
landscape-ecological and regional landscape plan-
ning, as a system of measures aimed at environmen-
tally balanced organization of nature management in
the territories of different local levels of organiza-
tion of the environmental [12-13].

There is some experience in identifying fea-
tures of the processes of anthropogenic transfor-
mation of modern landscapes of Ukraine, which
makes it possible to carry out geo-ecological sub-
stantiation of the system of environmental measures
[14] and to conduct a regional analysis of the as-
sessment of existing conditions for the creation of
nature protection territories.

In particular, for the purpose of development
and improvement of the existing network of nature
reserves of the region in 1997 by the employees of
the interdepartmental complex laboratory of scien-
tific bases of the NAS and Ministry of ekosecurity
of Ukraine (Doctor of Biological Sciences T.L. An-
drienko, Y.P. Didukh and Candidate of Biological
Sciences G.A. Chorna, M.M. Fedorochuk) a pre-
liminary scientific substantiation was made regard-
ing the feasibility of establishing in the southeast of
the Vinnytsia region of the Chechelnitsky National
Natural Park a total area of about 52 thousand hec-
tares [15].

In 1998 employees of the departments of phys-
ical geography and natural sciences of Mykhailo
Kotsyubynsky Vinnitsa State Pedagogical Universi-
ty and Vinnytsia Cartographic Factory under the
direction of Candidate of Geographic Sciences A.V.
Gudzevich continued research work to ensure prepa-
ration of materials for creation of multifunctional
nature reserve in the specified territory [16]. The
personification of the territory of the projected NNP
of the South Podillya, which they noted, gave the
basis for fixing the name "South Podillya" or "South
Podilsky" for this nature-protected object [17].
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From 2006 till now the scientific surveys of the
territory have continued: botanical — Ph.D. A.A.
Kuzemko, V.I. Melnyk, Ph.D. 1.O. Skoroplyas, O.O.
Shinder, N.A. Pashkevich, O.Z. Petrovich, A.S.
Drapaluk, E.O. Vorobyova and biologists Ya-
vorskaya O.G., Vorona E.IL.; zoological — Ph.D. V.A.
Gorobchishin, Yu.O. Google, P.C. Svitin, O.D. Ne-
krasova, O.A. Matviychuk, M.Yu. Rusin, O.0O. Cho-
van, D.I. Ocheretnyy. Instead, geographical and car-
tographic studies were carried out sporadically
[15,18,19]. The problem of establishing the land-
scape structure of both, the park area, and the adja-
cent, above all valuable in nature protection plan is
an urgent task of today. It should be noted that the
optimization of the Park territory with the extension
of its borders is carried out in accordance with the
Project of the territory organization of the «Kar-
melyukovo Podillya» National Nature Park [20],
whose main task is to increase the area of the NNP
territory at the expense of valuable adjacent lands.

Aim, object and methods of research. The
purpose of the study is to use landscape analysis as a
tool for identifying regional features of the territorial
organization of nature conservation of the level of
the national nature park as a future basis for the
long-term planning of environmental activities.
Landscape analysis, characterized by complexity,
and therefore allows to establish the specificity of
landscapes, their structural features to form the most

Legend

:I The territory of NNP "Karmelyukov
Podillia »
Borders:
— = districts "%, The «Vyshenka»
w—_s= region ,r=1 ' tract and the
:-..‘o\\surrounding area

Scale 1:200 000

complete idea of the territory as a complex [21,
22-25].

The object of study is Vyshenka tract and adja-
cent lands, mostly associated with stock lands,
which are of environmental value and are under
constant threat of intense negative anthropogenic
influence (fig. 1).

Field observations [26, 27] were used to form a
general picture of landscape cognition and to identi-
fy the specific nature of the region, while for the
visualization of the data obtained — mapping [28,
29] and spatial-graphical modeling [30-32].

Exposition of the main research material.
National Natural Park «Karmelyukove Podillyay is
one of 55 in Ukraine of this type. It is located on the
territory of the southeastern part of Vinnytsia region,
covers the south of Chechelnytsky and Trostyanets
districts, and borders the Kodyma and Balta regions
of Odeschyna [5].

The total area of the NNP is 20203.4 hectares
of state-owned land, including 16.518 hectares of
land of the state-owned enterprise Chechelnytsky
Forestry, which is provided to the Park for perma-
nent use and 3,685.4 hectares of land that is includ-
ed in it without deletion from land users.

There are a number of adjacent valuable sites in
the area of Karmelyukovo Podillya NNP, which re-
mained in a relatively untouched natural state,
where forest, steppe, meadow and wetland vegeta-
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Fig. 1. The «Vyshenkay tract and adjacent territories against the background
of the Karmelyukove Podillya National Park
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tion with a sufficiently rich fauna gene pool is repre-
sented. These territories are of particular value for
the protection of the environment, the conservation
of, first and foremost, the species of plants and ani-
mals included in the Red Book of Ukraine and plant
communities included in the Green Paper of
Ukraine.

Among the promising territories that are envis-
aged to be included in the NNP with the right of
permanent use, are the terrain within the Chechelny-
tsia settlement council of the Chechelnytsia district
of Vinnytsia region. In local land users, it is known
as the "Vyshenka" tract, covering an area of 46.2 ha.
Its peculiarity is that it is surrounded by intensively
used agrocenoses and is part of the economic zone
of the NNP with a total area of 110.9 hectares within
the Chechelnytsia settlement council (fig. 2). The
lands are included, according to functional zoning
[17] and the project of creation of NNP "Kar-
melyukovo Podillya" without its removal from the
user (Decree of the President of Ukraine of Decem-
ber 16, 2009 No. 1057/2009). At present, 18.3 hec-

Legend

I - NNP "Karmelyukovo Podillya" the
tract «Vyshenka» , lands of
reserve fund

II - Ornithological reserve of the
local value of "Stakes", the lands
of water fund

111 - Lands of historical and cultural
purpose

IV - Plantation of pine, lands of
reserve fund

V - Pasture, lands of reserve fund

VI - Shrub, lands of reserve fund
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tares of the designated area is in constant use of the
state enterprise Chechelnytsky Forestry [20].

Belonging to the economic zone of the NNP
presupposes the traditional management of the
economy in compliance with environmental legisla-
tion. Currently, there are a number of violations:
poaching, burning of grass and tree vegetation, ille-
gal felling of trees, contamination of the territory
with household waste, plowing of meadow-steppe
areas for crops of agro-crops, destruction of plants
and plant communities included in the Red (Carlina
onopordifolia Besser ex Szafer, Kulcz. et Pawt,
Stipa capillata L. and Sorbus torminalis (L.) Crantz)
and Green Book Ukraine (Festuco valesiacae-
Stipetum capillatae Sillinger 1930). In addition, the
proximity of the tract «Vyshenka» to the village of
urban type Chechelnyk, which leads to its constant
use as a resting place of the population, is marked
by constantly increasing negative anthropogenic
influence and there is a threat of impoverishment of
the biodiversity of this territory.

According to the physical-geographical zoning
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E 29°20'2,55"
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o

N 48°10'27,8;
E 29°21'6,9",

N 48°10'27.4"
E 29°20'38.5"

48.174272, 29.344018

Fig. 2. Land use structure of promising territory for inclusion in NNP "Karmelyukovo Podillya"

of Ukraine the territory of the Vyshenka tract and
the surrounding lands is included in the Balt-Savran
district of the South Podilsky upland region of the
Podilsky-Prydniprovsky region, which is part of the
Forest-steppe zone of Ukraine [33].

In geostructural terms, this site belongs to the
southwestern slope of the Ukrainian Crystal Shield.
According to the geobotanical zoning of Ukraine it
belongs to Podilsky-Seredneprydniprovsky sub-
province of the Eastern European province of the
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European-Siberian forest-steppe region and is locat-
ed in the Kodymo-Savransky district of rocky oak
and common oak forests, southern variant of mead-
ow steppes of the Yampil'-Ananiv district , meadow
steppes and vegetation of limestone outcrops [15].
Structurally and typologically, the territory of
the Karmelyukove Podillya National Park, which is
promising to be expanded, belongs to the class of
flat Eastern European landscapes [33], which are
differentiated by types and their latitudinal (zonal)
and no-latitudinal (intrazonal) variants. According to
the latitudinal and typological aspect, the territory is
forest-steppe. General background of the forest-
steppe complexes is formed by landscapes of elevat-
ed forest plains, strongly indented by ravines and
gullies, with black podzoil soil. This type of land-
scapes is a consequence of the active development
of erosion-denudation processes within the most
hypsometrically elevated in the studied territory of
the south-eastern spurs of the Podolsk upland. Wide-
undulating longitudinal watershed and slope, mainly
ploughed types of terrain, are dominant among the
landscapes of this species. There are also weakly
wavy finite-watershed and flat-plan watershed types
of subordinate importance. They only outline the
study area. The forest-steppe type includes three
subtypes of landscapes: broad-leaved forest, low-
density forest of forest steppe, and meadow-step-

pe [34].

The basis of the territory under analysis is two
long, wide and deep enough (30-50 m) gullies,
which merge to give the surface of a bumpy-gully
view and provide dominance in their composition of
the bumpy-gully watershed type of the terrain with
podzolic chernozems on gully under the meadow-
shrub and forest vegetation.

The peculiarity of the manifestation and distri-
bution of landscapes types is caused by the fact that
the areas of their location are intersected by intra-
zonal anthropogenic landscape complexes (LC).
Formation of anthropogenic LC is mainly related to
nature uses such as forestry and agriculture (foresta-
tion, gardening, crop rotation fields and grassland).
Other areas, such as transportation, agriculture and
environmental protection, are of ancillary character.

The consequence of age-old human activity is
the complete replacement of latitudinal vegetation
type (deciduous forests and meadow steppes),
change of soil cover and its physicochemical proper-
ties and formation of different classes of anthropo-
genic agricultural landscapes with subclasses (field,
meadow-pasture, orchard or perennial plantings),
forestry, water economic nature conservation and
road (fig. 3).

Rural landscapes or agricultural landscapes.
There are several subclasses — field, meadow-pastu-

Anthropogenic:

Legend:

The Class of agricultural landscapes:
The field subclass:
[T 1— tracts of gentle plowed slope declines with lightly loamy chernozem soils on loess-like loam;
[ 2 — the bottom of the gullie is slightly curved. composed by modern diluvia, with chernozems
alluvial.
The subclass of meadow-pasture. Tracts:
[ 3 —the top of gullies with grassy vegetation and turf-alluvial easy-loamy soils on deluvial
deposits;
[T 4 — slopes of small-sloping gullies (4.0° - 6.0°), composed of loess and loess-like rocks
with chemozems podzolized low-humus, weak-blurred loamy with many grasses-cereal
vegetation and solitary xerophytic bushs; !
1 5— slopes of small-sioping gullies (4.0° - 6.0°), composed of loess-like rocks with i
chernozems of podzolized under shrubs; 1
[ 6 — the slopes of the gullies are steeply sloping (6,5° - 8.0°), filled with modern diluvial 1
alluvial-deluvial deposits. in the lower parts swampy, with meadows deep deposited soils under “
the gullie meadows; i
7 — steep (20-25 *) slope of a gullie with depth under with many grasses-cereal 0
vegetation and xerophytic shrubs and a complex of ravine-gullie soils; ,
1 8 — the bottoms of the hollows flat, turf, with black earths low humus highly washed away e
and covered, under the pastures;
9 — the bottoms of the gullies are slightly curved, composed by modern deluvia, with
chernozems covered with sandy-loamy wellands, under meadow with various kinds grasses of
vegetation;
[l 10— the bottoms of gullies moist, composed of diluvial deposits, with meadow-ct
and chernozem-meadow-covered soils under meadow vegetation with sparse mesotrophic
thickets and outcrops of groundwater;
I 11 — bottoms of gullies slightly concave. wet, with meadow-bog and bog soils on the gullie
deluvia;
[ 12 — the bottoms of the gullie are flat, dry, filled with deluvial deposits, with chernozems
podzolized under the xerophytic and mesothermophilic thickets;
B 13 — gullies, mostly sloping, with poorly turf and not turf steep slopes, with blurred and
alluvial soils;
14 — linear sections of soil washed with water with steep slopes, with blurred soails,
The class of garden landscapes. Tracts:
71 15 — gentle-sloping uncultivated slopes occupied by remnants of perennial plantations

with rich steppe grasses and xerophytic shrubs;

== 16 — perennial (more than 50 years), little fruitful plantations of |, i

apple, pear, plum, cherry on eroded chernozem podzolic soils overgrown

with hawthorn, blackthorn, birch, hazel and grasses. 317
The class of forestry landscapes. Tracts: )

[T 17 — steep slopes of gullies (more than 10 °), with linear sections of 19/

soil washed with water and gullies up to 6 m deep, with chemozems 31/

podzolized with low-humus and deep, heavily washed away, with outcrops | 'y

of loess-like loams and blurred soils under oak-ash-horngullie vegetation; J:,T‘\)

[ 18 — slopes of gullies steep (more than 10 °), slightly concave,
concave at the boltom, with alluvial soils, trapped of turf;
= 19 — steep (20-25 °) slopes of the gullie with a complex of gullies-
%& soils under mesothermophilic thickets;

20 — slopes of ravines steep (15,0 * — 35,0 °), drained, with fresh

Bl 26 — low, sometimes
boggy bottoms of anhydrous
ponds, with meadow-bog
soils, moistened under
ruderally wet meadows,
lowlands in some places.
swampy grasslands (Rumex
confertus Willd., Poa palustris
L., Equisetum palustre L.,
Urtica dioica L.);

[ 27 — bulk earth dams-
shafts {length more than 100
m; width up to 2.5 m; height -
up to 3 m) with thickets of
willows, acacia, maple;

= 28 — bulk earth dams
{length over 30 m; width up to
3 m; height - up to 3 m) with
thickets of shrubs;

Bl 29 — weakly concave
bottom of the gullie filled with
deluvial and alluvial deposits
under xerophytic and
mesothermophilic thickets;
The class of road
landscapes. Tracts:

30 — field road 2.5-3 m wide
on slopes of gullies different
steepness:

31 — forestroad 2.5-3 m
wide on slopes of gullies
different steepness;

32 — highways with hard

N\ | coating;

} 33 — meadow-steppe and
“|forest paths 0.5-1.0 m wide.

25 Landscape number
— - = Field, forest roads
--Paths
e Dams, barrage
_~# Ravines
The baundary of the
territory transferred 1o the
= * = Park with the extension
for permanent use

wwm Forest strips

and dry broad-deciduous trees; ~

21 — small-sloping (3-5 *), at the gullie with podzolic chernozems = R
slightly washed away under pine plantations; At S i e, ~ X

22 — the bottoms of gullies flat, up to 100 m wide, composed of &~ '-'\T/ I“ ~ '2‘ S
deluvial and alluvial-deluvial deposits, places with exits of groundwater, N ‘\ 14 AN .
with meado zem and cher dow-covered alluvial soils Th: ';Tl,:ss of‘watlelr rzanagemznt"lands;:fxes. lTl_rac'ts. L 1 b
under gullies meadow and leafy stand; 21116 NAtira. angscapos horomor se gusios. 5 0 A \/‘
B 23 — gentle slopes of gullies with podzolized chernozems slightly 24 — bottom of a gullies with reed-sedge vegetation and swampy “ Macurad 1:6000 Y
sahiag Sy ANGEEIHG ple stand with well pedia humus-peat bogs lowland light-loamy soils on the loess-like loam soils; ! oy 6D s
undergrowth of shrub; [F71 25 — sedge-ruderal bottom of the gullies on alluvial deposits; O B0 20 c80 240 H00m

2 Lo <L L

Fig. 3. Structural organization and diversity of typological landscapes perspective territory
for inclusion in the Karmelyukove Podillya National Park prospective territory for inclusion
in Karmelyukove Podillya National Park
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re, orchard.

The fields are represented by inclined ploughed
sloping slopes with lightly loamy chernozem soils
on woody loam on either side of the gullie (see fig.
3). In fact, they are a kind of ecotone of the sur-
rounding land, according to their intended purpose

The meadows-pastures in the most holistic
form are confined to the reserve lands (25.5 ha), the
bottoms of gullies, as well as the southeast slope of
the «Vyshenka» tract. The tracts dominate:

1 — Tops of gullies with grasses-cereal vegeta-
tion and turf-alluvial light loamy soils on deluvial
deposits;

2 —slopes of slightly sloping gullies (4.0° - 6.0°),
composed of loess and loess-like soil types with
black soil of podzolized and low-humus and scantily
washed away loam and of the light loam;

3 — the slopes of the gullies are steeply sloping
(6,5 ° — 8,0 °), filled with modern deluvial, alluvial-
deluvial deposits, in the lower parts swampy in
some places, with meadow deep alluvial soils under
the gully meadows;

4 — steep slope of the gully (20—25 °) with mul-
tifaceted grasses-cereal vegetation and a complex of
ravine-gully soils;

5 — the bottoms of the hollows flat, turf, with
black earths with low humus, highly washed away
and covered, under the pastures;

6 — the bottoms of the gullies are slightly
curved, composed by modern deluvial, with cherno-
zems covered with sandy-loamy wetlands, under
meadow with various kinds grasses of vegetation;

7 — the bottoms of gullies moist, composed of
deluvial deposits, with meadow-chernozem and
chernozem-meadow-covered soils under meadow
vegetation with sparse mesotrophic thickets and
outcrops of groundwater;

8 — bottoms of gullies slightly concave, wet,
with meadow-bog and bog soils on the gullies
deluvia;

9 — the bottoms of the gullies are flat, dry, filled
with deluvial deposits, with chernozems podzolized
under the xerophytic and mesothermophilic thickets;

10 — gullies, mostly sloping, with poorly turf
and not turf steep slopes, with blurred and alluvial
soils;

11 — linear sections of soil washed with water
with steep slopes, with blurred soils.

Garden landscapes of the study area are con-
fined to the lower slopes of the left side of the gul-
lies. The tracts dominate:

1 — gentle-sloping uncultivated slopes occupied
by remnants of perennial plantations with rich
steppe grasses and xerophytic shrubs;

2 — perennial (more than 50 years), little fruit
ful plantations of apple, pear, plum, cherry on erod-
ed chernozem podzolic soils overgrown with haw-

thorn (Crataegus monogyna Jacg.), blackthorn
(Prunus spinosa L.), birch (Betula pendula Roth),
hazel (Corylus avellana L.) and grasses;

Class of forestry landscapes. The conditions
of plowing (slope surfaces, gully-ravine network),
complicated by the relief, determined the relatively
high afforestation of the studied landscape. Forest
crops created in deforestation and previously deforested
areas occupy large areas (about 50 hectares) within the
«Vyshenkay tract and on the left slope of the gullies,
near the old garden. In some cases, logging areas pre-
ceded by newly created forest landscapes are cov-
ered with steppe vegetation or low-value tree spe-
cies, most commonly acacia (Acacia). The variety of
ways of creating self-healing forest landscapes re-
quires the development of a classification scheme
for their genesis, which may be one of the tasks of
scientific knowledge of the area in the future. All
modern forest complexes are represented by two
subclasses: conditionally natural, renaturalized and
anthropogenic forest landscapes.

The first subclass includes self-healing over-
growths and seed landscapes. The second is forestry
and primary-derived landscapes.

The tracts dominate:

1 — steep slopes of gullies (more than 10 °),
with linear sections of soil washed with water and
gullies up to 6 m deep, with chernozems podzolized
with low-humus and deep, heavily washed away,
with outcrops of loess-like loams and blurred soils
under oak-ash-horngullie vegetation;

2 — slopes of gullies steep (more than 10 °),
slightly concave, concave at the bottom, with alluvi-
al soils, trapped of turf;

3 — slopes of ravines steep (15,0 °— 35,0 °),
drained, with fresh and dry broad-deciduous trees;

4 — small-sloping (3-5 °), at the gullie with
podzolic chernozems slightly washed away under
pine (Pinus L.) plantations;

5 — the bottoms of gullies flat, up to 100 m
wide, composed of deluvial and alluvial-deluvial
deposits, places with exits of groundwater, with
meadow-chernozem  and  chernozem-meadow-
covered alluvial soils under gullies meadow and
leafy stand;

Class of water management landscapes oc-
cupies more than 10 hectares and are represented by
forested, meadow-stepped and meadow-swamp
complexes within the ornithological reserve of the
local pond (6.9 hectares; see fig. 2) and the north-
eastern suburbs of the «Vyshenka» tract.

Typical types of tracts are the bottoms of gul-
lies with ruderal and wetland vegetation and sod-
covered silt-loamy soils on the deluvial deposits.
The surface of the tract is flat, complicated by artifi-
cial shafts and dikes. There are streams of temporary
watercourses, near which the bottoms are heavily
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wetland. Tracts outside the reserve are most com-
monly used under pastures. The vegetation is domi-
nated by sedge-ruderal and shrub-sedge associa-
tions, there are small thickets of willow (Salix ciner-
ea L., S. caprea L., S. viminalis L., S. acutifolia
Willd.), acacia yellow (Caragana arborescens
Lam.) and white (Robinia pseudoacacia L.), maple
(Acer negundo L.).

The tracts dominate:

The Natural landscapes bottom of the gullies:

1 — the bottom of a gully with reed-sedge vege-
tation and swampy humus-peat bogs lowland light-
loamy soils on the loess-like loam soils;

2 — sedge-ruderal bottom of the gullies on allu-
vial deposits;

Anthropogenic transformed landscapes:

1 — low, sometimes boggy bottoms of anhy-
drous ponds, with meadow-bog soils, moistened
under ruderally wet meadows, lowlands in some
places, swampy grasslands (horse sorrel Rumex con-
fertus Willd., thin-footed marsh Poa palustris L.,
marsh horsetail Equisetum palustre L., nettle Urtica
dioica L.);

2 — bulk earth dams-shafts (length more than
100 m; width up to 2.5 m; height — up to 3 m) with
thickets of willows (Salix acutifolia Willd., S.
caprea L., S. cinerea L., S. viminalis L.), acacia yel-
low (Caragana arborescens Lam.) and white (Ro-
binia pseudoacacia L.), maple (Acer negundo L.).

3 — bulk earth dams (length over 30 m; width
up to 3 m; height — up to 3 m) with thickets of
shrubs;

Naturally, hydrotechnical landscapes are artifi-
cial entities and require human monitoring and in-
tervention to maintain such landscapes in a stable
state. Now artificial reservoirs are subject to cover
with silt, overgrowning.

Class of road landscapes.

Forest-steppe (natural landscapes) and forest-
field and forest-pasture (anthropogenic landscapes)
types of road landscapes are presented.

The tracts dominate:

1 — field road 2.5-3 m wide on slopes of gullies
with different steepness

2 — forest road 2.5-3 m wide on slopes of gul-
lies different steepness

3 — highways with hard coating

4 — meadow-steppe and forest paths 0.5-1.0 m
wide.

Environmental protection landscape is repre-
sented by an ornithological reserve of the local val-
ue of the «Ponds» (6.9 ha). The most common in
their composition is the undrained type of terrain of
wetted (wetland) parts of the bottom of the gully.
The slightly drained terrain type of low periodically
flooded floodplains is slightly less represented and
only a small proportion (about 5%) is the drained

terrain type of high floodplains and dams. In the
structure of vegetation of meadow floodplains,
floodplain meadows dominate: cereals, grasses and
sedges; forest subtypes of the landscape are charac-
terized by willows (Salix cinerea L., S. caprea L., S.
viminalis L., S. acutifolia Willd.), acacia yellow
(Caragana arborescens Lam.) and white (Robinia
pseudoacacia L.), maple (Acer negundo L.). In the
moistened reductions in the relief of development,
grass, sedge, hypno-sedge and reed-sedge swamps
acquired. The list of dominant tracts is given when
characterizing water management landscapes.

Conclusions. Karmelyukove Podillya NNP is
located in the southeastern part of Vinnytsia region.
Within its economic zone and adjacent lands there
are a number of valuable sites that are of particular
conservation value.

The research confirmed the need to organize ra-
tional use of nature and protection of landscape and
biodiversity of the territory, which, according to the
project of creation of the Park, was included in the
NNP "Karmelyukovo Podillya" without removal
from the user, in order to preserve it and balanced
development as a complete landscape system. Land-
scape-cartographic approach, carried out by the ap-
plication of the expedition method, allowed to fix
the replacement of latitudinal-typical forest-steppe
landscapes with different genesis anthropogenic var-
iants — agricultural, forestry, water management na-
ture and road landscapes of anthropogenic land-
scapes.

Application of the regional-typological princi-
ple of research and the allocation of tracts in the ob-
jects mapping helps to visualise in the imagery-
iconic shape, morphological features, structural and
genetic homogeneity of the research area and is an
important and effective tool for the implementation
of landscape diagnosis. The results of determination
and analysis of the territorial organization promising
to expand the areas of NNP, given the characteristics
of the investigated landscape-typological units, is
the most compelling basis in the planning and de-
velopment of effective conservation of functional-
territorial structure.

Selected as a result of mapping, landscape
complexes of tracts are the most typical for the
study area, but the information does not exhaust all
their landscape diversity and is both the basis and
prerequisite for further detailed landscape studies,
first of all the dynamics, development and evolution
of landscapes. Given the limitations of the expedi-
tionary method in collecting information from these
areas of study, it would be logical to propose to con-
sider planning, organizing, and conducting semi-
stationary and stationary studies of the area to pro-
duce deeper and more detailed results.
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LANDSCAPE APPROACH TO REGIONAL FEATURES ORGANIZATION
OF ENVIRONMENTAL MANAGEMENT OF THE PROTECTED AREA

Formulation of the problem. The nature protection territories of Ukraine and Vinnytsia region in par-
ticular are experiencing the not best period of their development. This is reflected in the low indicators and
the rate of development of the Nature Reserve Fund, which are lagging behind those declared in the pro-
gramming documents and European norms.

Substantial expansion of already existent nature protection territories can help the decision of not simple
problem and before everything level of national natural park.

The purpose of the article. The use of landscape analysis to form an idea of the territorial structure and
physiognomic features of the landscape complexes of an economic area of a national nature park and adja-
cent areas to prevent the loss of their landscape and biodiversity. Research methods included field-based ob-
servations and mapping.

Results. The area under study for the extension of the Karmelyukove Podillya National Park belongs to
the class of plain Eastern European landscapes. The general background of the forest-steppe complexes is
formed by landscapes of elevated forest plains, strongly indented by ravines and gullies, with chernozems of
podzolized. This type of landscapes is a consequence of the active development of erosion-denudation pro-
cesses within the most hypsometrically elevated in the studied territory of the southeastern spurs of the Po-
dolsk hills. The forest-steppe type includes three subtypes of landscapes: broad-leaved forest, rare-forested
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forest steppe, and meadow-steppe. The peculiarity of the manifestation and distribution of types of land-
scapes is caused by the fact that the areas of their location are intersected by intrasonal anthropogenic land-
scape complexes, the formation of which is caused by such types of nature management as forestry and agri-
culture. The consequence of age-old human activity is the formation of different classes of anthropogenic
landscapes of agricultural, forestry, water management nature and road. The results of the research were used
to create a map of the landscapes of the prospective territory for inclusion in the Karmelyukove Podillya Na-
tional Park. Apart from high-level typological units (classes and types of landscapes), it presents 33 types of
tracts, which are currently the most typical landscapes of the study sites. The information presented on the
map does not exhaust their entire landscape diversity and is the basis for further detailed landscape studies.

The scientific novelty of the research is determined by the originality and detail of the information
about the landscape structure of the national nature park, and its practical importance is determined by the
possibility of using the results of landscape-cartographic analysis for the needs of optimizing the functioning
of high-level nature protection institutions. Landscape justification for the expediency of including the stud-
ied area (text and map of landscapes of the «Vyshenka» tract and adjacent territory) was submitted to the
Park administration for permanent use.

Keywords: landscape analysis, national nature park, landscape map, anthropogenic landscapes, tracts of
terrain types.
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T'EOTI'PA®IA NOBCAKAEHHS: IIPOCTOPOBE PIBHOMAHITTSA HOBCAKAEHHOI'O ) KUTTS

Y cmammi noxasarno, wo po3eumok H06020 HANPAMY 2e02papiuHUX 0OCTIONCEHb HA NOCMPAOSHCLKOMY NPOCMOPI 3yMOGAEHUL
HeOOXIOHICMIO NI3HAHHA NPOCMOPOBO20 PIZHOMAHIMMA NOBCAKOEHHOI HCUMMEIIATbHOCMI T00ell ma 8UpIuenHs iX Micyesux npo-
bnem. Biomiuaemovcs, wo y baeamvox unaokax pisHOMAHImms NOBCAKOEHHs GNIUBAE He Juue HA YMOBU dHCUmms, ane i popmye
N0BeOiHKY, NPaKmuK, 36udai micyego2o Hacenents. AKuo npeocmasHuku eymMaHimapHux HayK po3snouanu aKxmusHo 00Ccaioxcyeamu
NoBCAKOeHHe dcumms arooetll, mo y NOCMpAaodaHCbKill eeocpaghii ys npobrema noku ujo Hedooyinena. Ilonepeowi docniodxcenHs noka-
3yI0mb, WO NISHAHHA 2e02pAdiuHUX 0CcOONUBOCTEU NOBCAKOEHHOI HCUMMEDIATLHOCII H00€U € AKMYANbHUM | npusgede 00 8UOKpeM-
JIeHH5L HOB8020 OPUZIHATIbHO20 HANPAMY 00CTIOdCeHb — 2eoepaqpii noscsaxoentss. I1i0 no6caKOeHHUM JHCummsm Maromovcst Ha Y6asi 36u-
yaiini, OyOenui Oii, nepexcusants, N0GediHKa nooel, ix 63aemMo0is 3 HABKOTUWHIM cepedosuwem. T106csaKOeHHicmb — ye uacosull
(00606uLl, MiCAYHUL, PIYHUL) 3DI3 JHCUMMEBO20 (TOOUHU, 2POMAOU, CYCNIILCMEA) CepedosUYd Y MENCAX KOHKPemHOoi mepumopii.
3ocepedicenns ysaeu eeoepaghie Ha nogcakOeHHOMY dcummi Tooell 0ac 2nubuie po3YMIHH NPOMIKAHHA MA HACHIOKIE PIZHOMAHINM-
HUX COYIANbHUX T KVIbIMYPHUX NPOYECi8, eKONOSTUHO20 CINAHY CYYACHO20 0ecmadini308an020 cepedosuiyd.

Y ecmammi 30iiicneno ananis c8imogo2o OUcKypcy ujoo0o npocmopogo2o pisHoOMAHIiMms NOBCAKOEHHO20 HCUTNMSL MA KOHYenmy-
anizayii emoyitiHoi, agekmusHoi, HepenpesenmamusHoi, animamugnoi, o6yoennoi ma iHwux ceoepaii. Ocobausy ysacy npuodiieHo
KAI0UOBUM NOHAMMAM 2e02padii NO8CAKOEHHO20 HCUMMS — NOBCAKOEHHUM NPOCMOPAM, HpaKmukam ma nooiam. Poszensanymo nepc-
NeKMUBHI HANPAMU NOOANLUIUX O0CTIOdNHCEHb 2e02papii NOBCAKOEHHS (ceped AKUX NPOCMOpPOBO-4ACO8ULL, XYOOXUCHbO-2eoepadiunuil,
NOBCAKOEHHO-MYPUCIUYHULL NIOXOOU), A MAKOHC NPAKMUYHE 3HAYEHHA 00CHIONCEHb NPOCIMOPOBO2O DIZHOMAHIMMA NOBCAKOEHHO20
Jlcummsi 1100etl 015 MmepumopianbHo20 YNPAGiiHHSL.

Knrouogi cnoga: zeocpais noscakoennozo dcumms, 2eoepaqis NOBCAKOEHHs, PO3EUMOK, NPOCMOPO8e PISHOMAHIMMSL, No-
8CAKOEHHT NPOCOPU, NOBCAKOCHHT NPAKMUKU.

I H. Jlenucuk, K. B. Mezenues, E. A. Aumunoea, A. I Kuzion. TEOI'PA®HA I[IOBCE/JHEBHOCTH: ITPOCTPAH-
CTBEHHOE PA3HOOBPA3HE ITOBCE/IHEBHOH JKH3HH. B cmamve nokazano, umo pazeumue HOB020 HANPABLEHUS 2€0-
epagpuueckux uccnedo8anull Ha NOCMCOBEMCKOM HPOCMPAHCHEEe 00YCN06eHO HeOOXOOUMOCMbIO U3VYeHUs NPOCMPAHCMEEHHO20
DPa3HO0OPA3US NOBCEOHEGHOT HCUSHEOEAMENbHOCU 00l U Petlenuem ux mecmuulx npobnem. Ommeuaemcs, ymo 60 MHOGUX CIyYa-
AX pazHoobpasue NOBCEOHeBHOCU 6lUsAEM He MONbKO HA YCI0BUS HCUSHU, HO U hopMupyem nosedenue, npaKmuxy, oo0bluau MecmHo-
20 nacenenus. Ecau npedcmagumen 2yMaHumapHlx HAyK HA4an akmusHoO U3y4ams NOBCEOHEBHYIO HCU3Hb, MO 6 NOCHCOBEMCKOU
2eoepaghuu sma npobrema noka ymo nedooyenena. Ipedvioyuue uccaedo8anus NOKA3LIEAION, MO UsyueHue 2e0epaphuyecKux oco-
bennocmeti NOBCeOHEBHOU JICUZHEOEAMENbHOCIU TH00ell ABIAeMC AKMYANbHbIM U npUsedem K 6bl0eNeHUI0 HO8020 OPUSUHATILHOO
Hanpasnenus ucciedo8anutl — eeoepaghuu nogceonegHocmu. 1100 no6ceOHe8HOU JHCUZHBIO NOOPAYMEBAOMCS 0DbIUHbIe, OYOHUUHbIE
Oelicmeust, Nepexcusanis, nogederue nooetl, ux eaumodelicmeaue ¢ okpycaroueli cpedot. Iloscednesnocms — 3mo 8pemeHHoU (cy-
TMOYHbLU, MECAUHBII, 200UYHDBILL) CPe3 JHCUSHEHHOU (0MOETbHO20 Yen08eKd, 0OuUHbL, 00ulecmea) cpedsl 8 npedenax KOHKpemHoul mep-
pumopuu. Konyenmpayus enumanus 2eoepaghos na no6ceOHesHoll Hu3Hy 1100eil 0aen 803MONCHOCMb 21yboce NOHUMAMb NPOmeKa-
Hue U pe3ynomamsl pasHo0OPA3HLIX COYUANbHBIX U KYIILIMYPHBIX NPOYECCO8, IKON02UHECKO20 COCMOAHUS COBPEMEHHOU Oecmabunu3u-
POBAHHOU OKpYJicaioujeli cpeobi.

B cmamve npoananusuposan Mupoeoti OUCKypC KacamenbHo npocmpancmeeHHo20 pasHooOpasus NOBCEOHEEHOU HCUSHU NI00ell
U KOHYenmyanuayuu >MOYUOHANLHOU, AQ@eKMuUGHOU, Hepenpe3eHmMamuHol, aHUMAYUoHHOU, OYOHUYHOU U Opyeux 2eocpauil.
Ocoboe sHumanue yoeneHo Kao4esbiM NOHAMUAM 2e02pagdhuu NOBCEOHEeBHOU HCUSHU — NOBCEOHEGHBIM NPOCMPAHCMEAM, NPAKMUKAM
u cobvimusm. Paccmompenvl nepcnekmugnvle HanpasieHus OaIbHelumux Ucciedo8anull ceoepaduu nosceOHesHocmu (cpedu Komo-
PBIX NPOCMPAHCMEEHHO-BPEMEHHOIL, XY00JicecBeHH0-2eoepaduieckuti, no8CeOHe8HO-MYPUCIMUYECKUL), a MAaKdce NPpaKmuyeckoe
3HAYeHUe UCCIed08aHUI NPOCMPAHCINEEHHO20 PA3HOOOPA3US NOBCEOHEGHOT HCUSHU NI00el Ol MEPPUMOPUATLHO0 YNPABIEHUSL.

Knrouesvie cnosa: ceozpaghus nosceonesnoil scusnu, ceoepadus no6ceOHesHOCMuU, pazsumie, NPOCMPAHCMEEHHOe pazHoo0pa-
3ue, nogceoHegHble NPOCMPAHCMEA, NOBCEOHEEHbIE NPAKMUKU.

© fenucux I'.1., Mezenyes K.B., Auminosa €.A., Kizion A.T". https://doi.org/10.26565/2410-7360-2020-52-10
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BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

IlocranoBka npoodaemu. Ha mouatky XXI cT.
reorpadiydi JOCHIIKEHHS Ha IOCTPaASHCHKOMY
MPOCTOpI TIOYAJIM YiTKillle BioOpakaTd HasBHI
npoOiIeMu JKUTTEMISIIBHOCTI Jofei. Y mepuomy
JOECATUPIYYl TaKUMH OyiIM EKOJIOTidHI MpoOIeMu
(xoua reorpadis 3aBxau Opama ydacTe y iX BHpi-
LICHH1), y IpyroMy — MUTaHHS peKpealii, Typu3my,
MPOBENCHHA MO3BULIA. € ¥ 1HII IiKaBl HapsSIMH
reorpadiyHUX TOCITIIKEHb, IO MOTPeOyIOTh He
MEHIIIe yBaru 3 OOKy HaykoBIliB-reorpadiB. Cepen
HUX — CBOEPITHMN HAmNpsM, SKUHA JIMIIE 3apOKY-
€TBCS, ONHAK OE3MepeuHo Ma€ TapHi MEePCHEKTUBU
PO3BHTKY, HAMIPSIM, OCHOBOIO SIKOTO € Mi3HaHHS TPO-
CTOPOBUX OCOOJIMBOCTEH PI3HOMAHITTS MOBCSKIICH-
HOTO XUTTS moaei. 110BCSIKACHHICTh HAJIEXKUTh 110
cdep, sAKi momomararoTh cpopMyBaTH IUTICHY Kap-
TUHY peajiii MEeBHOTO OCTIIKYBaHOTO MPOMIKKY
yacy — JHS, TIXKHS, MICALS, POKY, MEPioay >KHUTTS
JIOMHY, CIIIBHOTH (TPOMaJH), CYCHIJICTBA ¥ Me-
JKaxX BU3HAYCHOT TepUTOPii. Y MOBCIAKIACHHI BilOyBa-
€ThCS 1HIIUBIyalbHa MPOCTOPOBO-YACOBA aJAMTAaIlis
JONWHU JI0 MaTepiaJbHOTO 1 TyXOBHOTO CBITY, pe-
3yJIBTaTH SIKOi, y CBOIO YEpry, 4acTo 3aliekaTh Bix
npuponHoro cepepoBuma. [Ipore moku mo reorpa-
(biuHl  JOCTiKEHHS TPOCTOPOBOTO PI3HOMAHITTS
MOBCSKACHHA (y TONAJBIIOMY «reorpadis MOBCSK-
JICHHSD)) Ha TIOCTPAASIHCHKOMY MIPOCTOpPI HE OTpUMa-
JIM HAJIEXKHOI yBaru.

AHaJi3 momepeaHix AoCTiIKeHb i myOsika-
uiii. [ToBcsaknenns 3amikaBuiio (HaxiBI(iB pi3HUX Ha-
YK, OCOOJIMBO iCTOPHKIB, (iocod)iB, €THONOTIB, KY-
JIBTYPOIIOTIB, COIIIOJIOTIB, MOJITONOTIB T4, YaCTKOBO,
reorpadiB-cycninibHUKIB. OCHOBHHUM pE3yJbTaTOM
JOCHIJIKeHb OCTAHHIX MOXKHA BBaYKaTH TBEPKECHHSI,
10 YUM OiNIbIIa KiJbKICTh 3HAaHb 3 Oy/Ib-IKO1 HayKH,
30KpeMa i corianpHol reorpadii, cTae «OmoBCsKIe-
HEHOIO», TUM OiJIbIly pOJb IS Taly3b 3HAHb BUKO-
HY€ Yy TIPaKTHIIi XKUTTEMISIIBHOCTI HAaceNeHHs. Y 3a-
pyOikHINi Teorpadii K OTUH i3 TPOSBIB «KYIBTYP-
HOTO TIOBOPOTY» («cultural turn») po3nISmarOTh
«TOBOPOT JI0 TIOBCSIKACHHOTO» («a turn towards the
everyday» [1], sike 4acTO 3aJHIAETHCS 11032 YBArOK0
nocnigaukiB. Tak, 3a3Buuail y reorpadpiqaux A0CITi-
JOKEHHSX KYJIBTYPHHUX JaHAmadTiB HEJ0CTaTHBO
yBard NPUALTSIETHCS JIIOISM, SIKI MEIIKAIOTh B HUX Y
KOHKPETHI MOMEHTH; MPU JOCIIIKEHH]1 TPaHCIOPT-
HUX MEpEX HEJOCTaTHhO YBarW MPUALISETHCS MIO-
JCHHUM KOPHUCTyBayaM, a P JOCITIIKSHHI HIOIMiH-
Iy 3a3BMYail yBara KOHIEHTPYETbCS Ha MoJax, a He
MICIIeBHX Mara3wHax, JIO SIKMX JIFOIA XOMATH 32 I0-
BCSAKJICHHUMH pEUaMHM; MPH JOCIIKEHH] pekpearii
OinpIue mpaup npucBsueHo JucHeinenay abo momi-
OHMM 00’€KTaMM, HDK MICSIEIM, J€ JIFOAU LIOHHSA
MPOBOJIATH BIIbHUH Yac [2].

®DaKTUYHO TEPUIUH 3aKIMK M0 CYCIUIBHO-
reorpaiB 3BEpHYTH yBary Ha IMOBCAKIEHHE >KUTTS
Hampukiam 1980-x pokiB 3pobuB J[[xon Eiimic,

SIKUH TAKPECITIOBAB, 110 Yepe3 PYyTHHHUN XapakTep
Hebararo XTo 3 Hac B3arali JOCTaTHRO 0araro Jxymae
Mpo Haie NmoBcskaeHHs kutTs [3]. [ligkpecmtoeTs-
csl, O 30Cepe/KEHHsI yBark Ha MOBCSKACHHIH Teo-
rpadii Moxke mard IHOIIEe PO3yMIHHS MPOTIKAHHSI
HACIIJIKIiB PI3HOMAHITHAX COIIaJbHUX Ta KYJIBTYp-
Hux npoueciB. [locuneHHs yBaru 10 NOBCSKACHHUX
aCMeKTIB TPaAHWIIMHUX JUIA CYCIIBHOI reorpadii
00’€KTIB TOCHIKEHHS — BUPOOHHUIITBA, CTIOKHBAH-
Hsl, BIIMOYMHKY, IICHTUYHOCTI — MOXXE BUSBUTH Jie-
sIKi TX OCHOBHI, aJjie J0Ci mpuxoBaHi jaerani. besme-
pedHo, 10 10 TeorpadiB-CyCIiIECTBOSHABIIB MIPHE-
JTHYIOTbCA 1 reorpa@u-npupOTHHYHUKH, OHAK J0C-
JKEHb CTOCOBHO Mi3HAaHHS TeorpadidHuX 0co0u-
BOCTEH MOBCAKIEHHOCTI y MpUPOAHMYiil Teorpadii
TTOKH III0 HEMAE.

BuninenHsi HeBHWpilleHWMX paHille YacCTHH
3arajabHOi mpodaemMu. Y 3B’SI3Ky 3 THUM, IO JOCITi-
JOKSHHSI TIOBCSIKIIEHHS TeorpadamMu Ha TOCTPasH-
CBKOMY IPOCTOPI JIMIIE PO3MOYHHAIOTHCS, BUHUKAE
HEOOXiMHICTh pPO3MISAAY HEBUpimIeHWX abo Jwire
YaCTKOBO PO3KPHUTUX IMHTaHb, TAKUX SK KOHKPETH-
3al1ist reorpadivyHoi CyTHOCTI MOBCSIKACHHS, aHATi3y
3apyOi’>KHOTO JIOCBiay MHOro KOHIeNTyasi3alii, 00-
IPYHTYBaHHS MOXKIIMBOCTEW Ta HEOOXiTHOCTI PO3BU-
TKy JOCIiKEHb IMPOCTOPOBOTO PI3HOMAHITTS TO-
BCSIKJICHHOTO JKUTTS HACEJCHHS Y MUHYIOMY, HHHI
Ta B MallOyTHBOMY.

Meta poGOTH — PO3MITHYTH MOMJIMBI TUIIXHU
CTaHOBJICHHsI W pO3BHTKY TreorpadiuyHux mocii-
JOKEHb TOBCSKIEHHOTO JKUTTA JIIOAEH YIPOIOBXK
MEBHOTO TIPOMIKKY 4Yacy, PO3KPHUTU TIEPCHEKTHBH
BHOKpEMJIEHHSI HOBOTO HampsiMy reorpadiyHux mo-
CJi/DKEHb Ha TMOCTPAASTHCBKOMY MPOCTOPI — reorpa-
(ii TOBCAKICHHSI.

Pesyabratun pocuimskenns. Iling moBcskaeH-
HUM JKHTTSAM PO3yMieMO 3BUYalHI, OyleHHI aii, re-
PeKHMBaHHS, B3a€EMO/IIT JIFOAUHU. Y HAyKOBIi JliTepa-
Typi MOBCSAKACHHICTh MPAKTUKYETHCSA (3 TOCHIIAH-
HsMm Ha A. liona) sk yBeCh COLIOKYIBTYpHHI CBIT,
Jie JIFOJIMHA ICHY€E TaK caMo, sSIK W IHIII JIFOIH, B3ae-
MOIIIOYA 3 HUMH I 00’ €KTaMU HABKOIWIIIHBOTO CBi-
Ty, BIUTUBAIOYH HA HUX, 3MIHIOIOUH X, 3a3HAYAI0UYH Y
CBOIO Yepry iXHiX BIUIMBIB i1 3MiH [4]. 30kpema, 1mo-
Ka3aHo, 110 TOBCSAKICHHICTh — LIe 4acoBH (1000-
BUM, MICSIYHUH, PIYHUIN) 3pi3 KUTTEBOTO (JIFONWHH,
TpOMaH, CyCIIBCTBA) CEPEIOBHUINA Y MeXaX KOH-
KpeTHOi Tepuropii. [loBcskaeHHiCTh (opmye Oy-
JICHHE JKUTTSl — MOCTiHHI MPOLECH «OMOBCSAKIIEHIO-
BaHHS» JISUTLHOCTI JIIONEH Y BUIVISII CITIJIKYBaHHS 3
JIOBKIJUTSIM, HaBYaHHS, 3aCBOEHHS TpajJMIiA Ta 3a-
KpIiIUICHHS HOPM 1 MpaBWJI MOBEIIHKHM, ONaHyBaHHS
TOTO YU 1HIIOTO CTIOCO0Y JKUTTS, 3aCO0IB JTOCSATHEH-
Ha el Tormo. OmHAK MOBCAKIACHHICTH IMOCTIHHO
MOPYUIYETHCS. 1HHOBAILISIMK, TOSBOK HE3BHYHOTO,
BIIXWJIGHHSM BiJ CTEPEOTUIIB, TpaauLid i Gpopmy-
BaHHSM HOBHX MpaBwi. He3BW4yHE BIPOJOBXK MEB-
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HOTO TPOMDKKY 4Yacy JJONyYaeThCcsl M0 TPOIECy
«OTIOBCSIKICHIOBAHHS» 1, TEPETBOPIOIOYNCH Ha IIO-
BCSKJICHHE, po3muproe chepy OymenHoro [4]. Sck-
paBUil MPHUKIAJ MPOSBY I[LOTO MPOIECY — CIPHIA-
HATTS HAllMMHA TIPEAKAMHA EKCTPEMAIbHUX SIBHII]
MIPUPOIHN: COHSYHOTO 3aTeMHEHHS, OypeBiiB, 3IUB,
MaBOJIKiB, 3a(iKCOBAHUX Y JIITOMHCAX, 10 37eO1Thb-
IIOTO BiTOOPaKAIOTh MOBCAKICHHS JKUATTS BiIIOBI-
JTHOTO TIepiofy y Mekax KOHKpeTHOi tepuropii. Lli
HOBI TIPUPOJHUYI 3HAHHS BUCTYIAIOTH SK CJIEMEHT
«TIOMTOJIAaHHS TIOBCSAKIICHHOCTI», SIK IIIOCh HOBE 1 He-
OyneHHe. 3romoM BOHH TEPETBOPIOIOTHCS HA IIO-
BCSIKJICHHE, PO3BUBAIOYH TIPH [IbOMY HE JIUIIE CBITO-
IJIST JIFOIMHY, @ W BUCTYIAIOTh CTUMYJTIOFOYMM YHH-
HHUKOM TBOPEHHS HOBO{ MIIHCHOCTI.

I'eorpadis TOBCAKIEHHOTO JKUTTS IOCIHIIKYE
KOHKPETHI peakilii Jfofeil y KOHKPETHUX Ta MPOCTO-
poBux ymoBax [3]. IloBcskneHHE PO3MIAAAOTH SIK
«HOpMAJbHE», «Te, M0 caMo po3yMieThCs» («taken
for granted»), «Bce-HaBKONO-Hac-HICTHY («all-
around-us-ness») [1]. IloBcskaeHHS € CKpi3b, TOCITi-
JTHUKA BUBYAIOTH IOBCSAKICHHI TMOMITHYHI MPaKTH-
KW», «MOBCSKICHHUN CIPOTHUBY», «IOBCSKICHHI Mi-
CBbKi MOAOPOXKI», CIIOBCAKICHHE XapuyBaHHsI», «IO-
BCAK/ICHHY TONITHKY» 1, IIHPIIE — IOBCAKICHHE
KUTTSA» Ta «IIOBCAKACHHY Teorpadito» [5]. [lpum
[IbOMY TOBCSKICHHE JXUTTS HE CIPUHUMAETHCSA SK
€ITHICTh, BOHA CKIIQIAETHCS 3 MHOXKUH THITOBHX, aJIe
He 000B’SI3KOBO OB’ SI3aHUX MIXK CO0O0I0 [IiH, KO)KHA
3 SKUX MPUAMAETHhCS YYaCHUKAMH sIK HaliexkHe (po-
0orta, cimeliHe ®UTTs, 103BULIsI ToIO) [3]. [eorpa-
(his MOBCAKACHHOTO XUTTS TepeaycimM pokycyeTbes
Ha JIOCJIKeHHI TTOBCAKIEHHUX MPOCTOPIB, MOBCSIK-
JICHHHX TPAKTUK Ta MOBCAKICHHUX TOMIM.

Toscsxdenni npocmopu — 3BWYaliHI, OpAUHAP-
Hi, OaHaJIbHI, HEMOMITHI MTPOCTOPH, B SKUX BinOyBa-
€THCS TIOBCIKIACHHE JXHUTTA. Lle micis, ki He € «sc-
KpaBUMH MICTaMH CBiTYy», PeryasipHo He (irypyroTh
y po0oTax MpOBiTHUX TEOPETHKIB, HE BiJ3HAYAIOTH-
Csl «MOCTMOJIEPHOIO apXiTEKTYPOIO, aBaHTapHOIO
KyJBTYpOIO YM PaJUKAJbHUMH COI[IaJIbHUMHU pyXa-
Mm» [1]. OgHak came B TakuUX MICISX TPOKHUBAE
OLIBIIICTh HACEJIEHHS, 1 BOHM YacTO 3aJIUIIAIOThCS
103a yBarok JIOCHiAHUKIB. [IpUKIIaoM MOBCSKIEH-
HOTO TIPOCTOPY € BHYTpIlUIHiM ABip OyOAMHKY 4H Ka-
B'ApHA, A€ BiIOyBalOThCS 3yCTpidi, KOMYHiKalii,
CHITKyBaHHS, CIIOCTEPEIKEHHS Ta iHII, HA MEPIIAN
TOTISIL, IPYTOPSITHI aKTUBHOCTI.

OkpeMO BHIUISIOTH TaKy KaTeropitd IOBCSK-
JCHHHUX MPOCTOPIB, € HE BiIOYBAETHCS MPAKTUUHO
HISIKOT aKTUBHOCTI, «J€ MM HE POOMMO HIYOro, OK-
piM TOTO, 0 YEKAEMOY, aJie caMe TaM «BiJI0OYBaETh-
Cs» 3HAYHA 4YacTUHA TOBCAKACHHOTO XUTTA. [lis
HUX TPONOHYETbCS TEPMIH  «HE-MicIs»(«non-
places»), TOOTO MicLIs, «SIKi HE MO)KHA BU3HAUUTH SIK
pesiiiiHi, icTopuyHi abo MOB’sI3aHi 3 iACHTUYHIC-
TIO»[6]. Lle MicIis, 1o SKUX HeMae SKOICh 0COOIMBOT

MIPUB’S3aHOCTI, SKi, HE MalOTh BJIACHOI 3HAYMMOI
icTopii, HE BIAIrpalOTh 0COOMUBOI pom y (opmy-
BaHHI KyJBTYPHOTO KHTTS, imeHTHuHOCTi. Hampu-
KJIaJ, 3yMMHKA aBTOOYCIB, BECTHOIOMI TOTEMIB, BiJl-
IiJIeHHST OaHKIB, a TAKOXK aBTOMAricTpai, acporop-
TH 9M iHmI iHQpacTpyKTypHi 00’€KTH, TaK 3BaHi
«TPOCTOPH OYiKYBaHHS Ta HYIbI'YBaHHD» [7].

[ToBcsKneHHI TPOCTOPU MOXKYTH OyTH IOCTYIH-
HAMH Ta Oe3MpOOIEMHUMH IS OIIBIIOCTI JIIOACH,
ajie BOAHOYAC EKCKIIIO3UBHUMU 1 IPOOIIEMHUMH IS
NEBHUX COLIANBHUX TPYyIN, HAaOpWKiIaJ, >KIHOK YH
ocib 3 okpemumu morpedamu [8, 9, 10]. Oxpemi 1o-
BCSAKICHHI TPOCTOPH CIELiaJbHO CTBOPEHI JIHIIIE
a00 TmepeBaXKHO IJISl YOJIOBIKIB YW kKiHOK. Crpwuii-
HATTS TTOBCSAKICHHHUX MPOCTOPIB TaKOXK JOBOJI T'eH-
nepHo-opieHToBaHe. OKpeMi MOBCAKICHHI MPOCTOPH
(HanpuKiIan, OKpemi BYJUII, MapKH, iHII MyOmiuHi
MpoCcTOpH) Oarato KIHOK YacTO CIPUHAMAIOTh SK
MICIISl TPHBOTH Ta CTPaxYy, TOMIL SIK YOJOBIKH MOXKYTh
iX BBa)KaTH HEMPHUMITHUMHU a00 HABITh MPUEMHUAMH.
MokHa BECTH MOBY NpO TOBCSAKIEHHY reorpadiro
VHUKHEHHS YM NPUXWIBHOCTI OO IEBHHUX MICIb,
MPOCTOPIB.

Toscaxoenni npaxmuxu — 3BU4aiiHi, OpAMHAPHI
IIOICHHI TIPAaKTUKH, PYTUHHI i, «IKi MU BCi poOu-
MO, Y 9YOMy OepeMo y4acTh», «pyTHHHI aKTUBHOCTI
OpAMHApHUX IIONIEH, SIK BOHH MPOXHBAIOTH CBOE
MOBCSKICHHE KUTTs» [11], «hopMu KUTTA, sKI MH
3a3BUYail BBAYKAEMO HEMPUMITHUMH 1 TOMY TIpHiiMa-
€MO K HanexxHe» [12], mpaktuku, ski MU poOUMO
moaHs, He aymarodu mpo 1ie [1]. Hampuxman, mo-
BCSKJ/ICHHI TPAKTUKHU TIOI3IKKH HAa POOOTY Ta 3 podo-
TH, TIPAaKTUKA TTOBCIKIACHHOT KYITiBIIi MPOMYKTIB Xa-
pUyBaHHS, BUTYJy COOaKH Y MPOBEACHHS JTO3BLILIS.
BaxinBo 3a3HAYMTH, 11O OJHI M Ti K HNOBCSAKIEHHI
NPaKTUKH NpH X AETAIBHOMY pPO3DISLII MOXYTb
CYTTEBO BiIPI3HATHCS B PI3HHUX MICIAX, a [Ie aKTya-
JIi3y€ NOUIIBHICTD X reorpad)iuHOro BUBUCHHS.

BaxuinBoro pHCcOI0 MOBCAKACHHUX HPAKTHK €
ixHst MiHnmBicTh. Tak, ypOaHizaliiiHi mporecH cyT-
TEBO BIUIMBAIOTh HA CIIOCIO KUTTS JIFOACH 3 TIOTISAY
MMOCHUJICHHST Pi3HOMAHITHOCTI Ta HAJaHHA OLTBIIOL
cBobomu y BHOOpi opM Ta BUAIB MOBCAKICHHOI
MOBE/IIHKH Y Pi3HUX cepax KUTTemismbHOCTI. [1o-
BCSIKJCHHI MPAKTUKH MOXYTh CYTTEBO 3MiHIOBATHCS
a00 TpaHc(hOpMyBaTHCS BHACTIJOK IIEBHUX NMPUYHH,
HaNpHUKIAI, 3MIHA MiCIlsl TPOXKUBAHHS, MiCIsl PoOo-
TH, 3HIKCHHSI YM 301IbIICHHS JOXO/IB, 3MIHH Cepe-
JIOBHIIIA TPOXXMBAaHHS SIK y reorpadiuHomy, Tak i
comiagsHOMY ceHci Toro [13, 14].

Toscaxoenni noodii — e YUCIIEHHI, 3BHYAMHI,
HEMOMITHI,  HE3Ha4yHi, IIBHUAKOIUIMHHI  MOMii
(«commonplace», «low eventsy), 10 XapaKTepusy-
I0Th TOBCSKIIEHHE XUTTA. Lle Bce Te, 1Mo «He 3amu-
CaHO B ICTOPIIO, sIKa CKJIAZA€ThCSA 3 BAXKJIMBHUX II0-
nitt» [15]. Hanpuknax, KymiBis kKaBU 4 TOi3/1Ka B
TpamBai. IToBcskaeHHi nomii GOpMyIOTh CepeioBH-
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i€, B AKOMY «IIOAM HaclpaBli *XKUBYTbY», iTydu Ha
po0OTYy, BUKOHYIOUH CBOIO POOOTY BIOMa, Ha (had-
puii abo B odici UM TOProBOMy LEHTPi, XOASIYH B
KiHO, KYIIY}04H MPOAYKTH, CIIKYIOUUCH abo He CIi-
JIKYIOUUCh, CKJIAAI0uN TEPesIiK TOTro, M0 MOTPiOHO
3pobuTtH, Tomo [16].

besnepeuno, mo ans po3BUTKy reorpadii, 30k-
peMa H Ha HOCTPaISIHCBKOMY HPOCTOpi, CYTTEBE
3HAYEHHS MAlOTh SK MPUPOTHUYHM, TaK 1 COIiaihb-
HUI aHai3 MOBCAKICHHOTO YKUTTS 1, B IIEPILY YepTy,
(hopMyBaHHSI TEPMIHOJIOTIYHOTO amapary B MpoLeci
momiOHNX nociimkeHb. OCTaHHE 3yMOBJIEHO THM,
mo reorpadgu MOKM MmO He CHOPMYIIOBAIN Ha3BY
HampsiMy JOCIHiKEHb, SIKUM BHBYAE IOBCAKIICH-
HICTh. 30KpeMa reorpadu-CyCriIbCTBO3HABII PO3T-
JSAaI0Th NOAIOH] AOCHIHKEHHS SIK MOXJIUBICTD 3a-
CTOCYBaHHSI TCOPETHYHHX 3HAHb COLIANBHOI (KyJb-
TypHOi) reorpadii y mpaxTHili XUTTEMISUTHHOCTI Ha-
ceneHHs. llpu 1bOMy «HEOLiHEHEe 3HAYCHHA Mae
COIIIOJIOTIYHUK aHali3 IOBCIKACHHOIO JKHTTS,
SIKUM Ma€e OyTH 30CepePKEHUI HacaMIIepe ] Ha COLli-
ANMhHUX 3HAYCHHSX, SKI KOHCTPYIOIOTHh 1 SKUMH 00-
MIHIOIOTbCS YJIEHHM CYCHIJIbCTBA Y Tpoleci IxXHiX
OyJCHHUX B3aEMOJiH, 1 Ha COMIAJBHUX IiIX —
00’ekTHBI3aIlil 1UX Cy0 €KTHUBHHX 3Ha4eHb» [17,
18]. BripoBakeHHs TaKuX 3HAaHP 1 TOCBiAY y Mpak-
TUKY JKUTTENISTIBHOCTI KOXKHOT JIFOMUHH JJACTh 3MOTY
KOHKPETHIH 0c00i MpUIiMaTH yCBiIOMJICHI PillIEHHS,
IO CTOCYIOTBCS MPUBATHOI KUTTEIISUTBHOCTI, TTOJIe-
TIIUTH TPOCYBaHHS Ha NIISIXY Kap’ €pH, YCBITOMUTH
CBOIO Miciro Ha 3emii.

3 reorpadi€r0 TOBCSAKAEHHOTO MHUTTS TiCHO
OB’ s13aHa eMoyitina 2eoepaisi, Ky TaKOX 1HKOIN
PO3MISIAIOTH SIK «EMOLIHHUN TTOBOpOT» («emotional
turny») B cycniyibHil reorpadii B paMKax OijbII IIH-
POKOTO «KYJIBTYpHOTO MMOBOpoTy» [19]. EmMomii Bu-
CTYNAIOTh SIK «aJbTEPHATUBHI JKepela 3HaHbY, 10
JIAf0Th MOXIIUBICTH IMO-IHIIOMY TONISIHYTH Ha TO-
BeskaeHHe XUTTs [20]. [ToBCAKIeHHI MTPaKTHKH Jie-
SIKOKO MIPOFO 3aBXJIM €MOIIiiiHI — «Jie 0 Mu HE OyIH,
0 0 MU HE POOMJITH, MM 3aBXK/IH IIIOCh BiT1yBAEMOY
[1]. Xoua HH3Ka aBTOPIB BiA3HAYAIOTH, IO CYCHiNIb-
HO-Teorpady 4acTO CXWIIBHI HEHOOIIHIOBATH BaX-
JUBICTh «EeMOIIii» y Teorpadii MOBCIKIACHHOTO KUT-
TS, «3alepeuyloTh, YHHUKAIOTh, NPHUIYIIYIOTH abo
npuMeHIyoTe» [19], «3amoBuyroTe» [21] emorii.

3 emomiiiHor0  reorpadi€r0  HEPO3PUBHO
MOB’si3aHa agexmusna 2eoepaghis. SIKIO0 TOHATTS
«EeMOLIHHUI» CTOCYETHCS €MOLIH JIIONWHH, BiguyT-
TiB, SIKi MOXYTh OyTH BHpaXXeHi, BiJ0OpakeHi, MOBi-
JOMJICHI I1HIIMM (30KpeMa y BHUIVISIII COIlATbHHUX
KOHCTPYKILIiH, KyIbTYpHHX IHTepHpeTauiid), TO Mo-
HATTA «a(eKTUBHHUI» CTOCYETHCS HACTPOIB, IO-
YYTTIB, CTaBJICHHS, CAMOIO MPOILECY BIAYYTTS, IO
HE MOKe OyTH YiTKO BUPAKEHO, BiI0OOpaKeHO.

«Bcs reorpadis € emouniiiHo-agexTuBHOIO» [1],
MPAKTHYHO BCI MUTaHHSI, IO JOCIIIKY€E reorpadis,

MIEBHOIO MIpOI0 MAalOTh €MOIIIHI HACIiIKHA, HABITH
Ti, Ki HA TMEPITUN OIS 3AI0THCS «CIpUMI», Oe-
3eMouiiHuMu. Hanpukian, BexyTb MOBY MpoO IO-
BCSKJICHHI €MOIIHO-a)eKTHBHI HACIIIKA TII00aJTi-
3aIii, eKOHOMIYHOTO PO3BUTKY, 30pOMHUX KOH(]ITIK-
TiB, CTUXIHHUX JIMX, COIIAIBHOTO BiMUyXEeHHA, OiJ-
HOCTI 44 TOIINPEHHS eMiieMill y pi3HUX KOHTEKCTax
[1, 21], HACHiOKH, IO TPOSIBISIOTHECA y «PYTHHHHX
MIPaKTHUKAX Ta MOMISX TOBCAKACHHOTO XUTTD» [22].
VY pamkax agexTuBHOI reorpadii TOCIiIKYyIOTh, Ha-
NpUKIaa, «BUPOOHHLTBO Oa)kaHb» y CylepMapke-
TaX, CTBOPEHHS «IPOCTOPIB TypOOTH» Y MEAWIHUX
3aKJalaX Y «IOAIH CTpaxy» depe3 MONITHYHY PH-
Topuky [1]. BuB4atoTecsi pi3HOMaHiTHI adeKTHBHI
HepeKUBaHHA, TaKi sIK TpaBMa, CTpax, TPUBOTra, I10-
TpsICiHHS, TypOoTa, OakaHHS TOIIO. SIK OKpeMi Ha-
NpSMHU JTOCIIiIPKEHb PO3BUBAETHCS 2eozpagis cmpa-
xie (fearful geographies), eceoepaghin mpaem
(geographies of trauma) Tomo. Hampuxian, gocii-
JOKEHHSI «BHPOOHHIITBY Pi3HOMaHITHHX (opMm TpH-
BOTM, HEBJOBOJICHHS Ta THIBY y 3aco0ax MacoBoi
iHopMaIlii CTOCOBHO OKPEMHUX COIlialbHHUX TPYII,
30KpeMa, MIrPaHTIiB, ODKEHIIIB, €THIYHUX MEHIIIVH,
0e3XaT4eHKiB Ta iHIIMX COLIaJbHO BPA3NUBUX TPYIl
(KoM, HaNPHKIIAJl, 3aTOJIOBKHU Ta3eT «JIIKAIOTh» €T-
HIYHAMHA MIiTpaHTaMH Ta ODKSHIISIMH).

AKTHBHUI pO3BUTOK Ha moyarky XXI cT. my-
pucmuunoi chepu W BIATOBITHUX AOCIIIKEHD MPH-
3BEIM 10 BUOKPEMIICHHsI TaK 3BAaHOI «QHIMAMUBHOL
eeoepadhiiy [23, 24]. TIoHATTS «aHIMaIlisD» JIATHHCH-
KOTO TOXO/DKEHHsI (anima — BiTep, MOBITPS, AyIIa;
animatus — OIyXOTBOpPEHHs) i O3HAYa€ HATXHEHHS,
CTUMYITIOBaHHS KHUTTEBUX CHJI, 3a0XOYECHHS 1O aK-
TUBHUX Nik [4, 23]. AHIMAILlA B TypU3Mi SIBJISE CO-
00F0 LIJTICHUIA Mpoliec B3aEMOIii aHIMaTOPIB 3 TypH-
cramu y cepi mossius. Ilo cyTi, e pizHOBHUA TY-
PUCTHUYHOI JiSUTBHOCTI Y MEXax OKPEMOi TYpUCTHY-
HOi YCTaHOBH, IO JO3BOJISIE 33JJOBOJILHUTH Pi3HO-
MaHITHI MOTpeOH Ta IHTEPECU TYPHUCTIB i CTBOPIOE
YMOBH Ui (POPMYBaHHS COIiaJIbHO aKTUBHOI 0CO-
oucrocTi, 3MaTHOi 0 TIepeOy/I0BH HABKOJMIIHBOTO
cepenoBuIa i cedbe y HboMy. OOMEKEeHICTh «aHiMa-
THUBHOI Teorpadii» oueBHIHA; BOHA CIIPHSE Ii3HAH-
HIO TMOBCSIKIIEHHOCTI JIMIIE Y TPOIECT TYPUCTHYHOT
JISUIBHOCTI.

bnusbkoro 10 «aHiMatuBHOI reorpadii» € Tak
3BaHa «KpUTHYHa OyneHHa reorpadis», B OCHOBI
SKOT TIONTYKH IiKaBUX SIBHIL, IO BUIHO «HEO30poe-
HUM OKOM» [23]. V 3B’S13Ky 3 THM, 11O Y KPUTUYHIN
OyneHHil reorpadii yBara 30CepeIKy€eThCs nepeBa-
’KHO Ha ONTUYHUX 1 aKyCTHYHHX CHPUHHSATTIX I0-
BCSIKIEHHOCTI, 00 €KTH JIOACHKOI IISUIBHOCTI CTH-
MYIIOIOTh «JOCTIJUKEHHS», sIKi He 000B’S3KOBO MO-
KHa Ha3uBaTH «reorpadiunmmu». [onoBHe, m00 y
HUX OyJIu 3alliKaBJIeHI TYyPHUCTH.

[omo cymikaux 3 reorpadiero, 0codIHMBO cyc-
MJIBHOIO, HAayK, CYTTEBUX YCIIIXIB y IPOCTOPOBO-
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YaCOBOMY IIi3HAHHI TOBCSKICHHOCTI JOCSTIIH iCTO-
pukH, ¢igocodhu ¥ comionoru. 30KpemMa, iCTOPUKH
TPHUBAJIHMA Yac PO3MISAAIOTH 1CTOPil0 MOBCSKICHHO-
CTi sIK 00’€KT iCTOPUYHOTO JOCTIIKEHHS, TOPIBHS-
HO YiTKO BH3HAYWJIMCH i3 TOHATTSAM «IIOBCSKICH-
HICTBY» Ta OOTPYHTYBalI MeXi «ICTOpPii MOBCSAKIEH-
HOCTI» [25, ¢.65-80]. ITocTynoBo 11e#t HanpsM icTo-
PUYHHAX JOCIHIPKEHb IIEPepOCTaE B OPHUTIHAIBHY
HayKy — ICTOpIiI0 MOBCSKACHHA [24, 25].

HaiicknagnimmuM € muTaHHA 0OpoO Te, SIK Ha
MPaKTHIll €(PEKTHBHO JOCIIKYBAaTH, KOHIICTITYaJTi-
3yBaTW Ta TPEICTABIATH IOBCAKIACHHE XXHUTTIL. Y
3axifHil cycniibHIM reorpadii BegyTh MOBY Mpo
KpHU3y penpe3eHTallii, KOJIi, YaCTHHY MOBCSAKICHHO-
0 XHUTTS MU YITyCKa€EMO 3 BHIY BHACIIIOK TOTO, IO
HE MOXXeMO HOro BijoOpa3uTH 3BHYaiiHIMH 3aco0a-
MU penpeseHTanii. «[loBcsSkIeHHE >KUTTA BTIKAE;
BOHO OinbIe, HiXX MU BioOpakaeMo 3BUYaWHUMHU
3acobamm» [26]; «TUCHMOBA PEMPE3CHTAIIT MOXKE
OyTH TOPOXKHBOIO, HEaIEKBaTHOWO, MEBHOIO MipoIo
OC3KUTTEBOIO BEPCI€I0 TOBCIKACHHOTO KHUTTS»
[27]. s nomomaHHs i€l mpoOi1eMu IpONOHY€EThCS
BUKOPHCTOBYBATH «(HEPENPE3eHMAMUGHY Meopiion
(«non-representational theories»). Hepenpesenraru-
BHa TeOpis — Ie MBUIIIE HEe Teopis, a crocid Muc-
JICHHSI, 1[0 HaJa€ 3HAYCHHS MPAKTHKaM, HaMaraeTh-
csi Opard y4acTh «y TEYil» NOBCSKICHHOTO >KHTT,
MOB’s13aHe HE BIACHE i3 Cy0’€KTaMH, a «IPaKTHKaMU
cy0’exTudikamii», CKOHIIEHTPOBaHa Ha «IOBCSK-
JICHHUX TPaKTHKAaX, SIKi (OPMYIOTh TOBEIIHKY JIIO-
JUHM IOJ0 IHIIMX Ta CaMHX ce0e y NEeBHHX Mic-
wax» [27], crocyeThes mepPOpPMATHBHOI «IIPE3eH-
Tamii», «IOKa3iB» Ta «IPOSBIBY» MOBCIKICHHOTO
KuTTs [28]. OquH 13 METOIIB AOCIIIKEHHS ITOBCSK-
JEHHOTO JKHUTTSI € «IIPOTyIsiHKa MicTom». Tak, y
npoekTi «Moi MpOrynsHKH» YYaCHUKIB IPOCHIIN
MOJIMBUTUCST HA CBOE TIOBCSIKICHHE CEpENIOBHUIIE
MIPOKUBAHHS (SIK Take, M0 came 1o co0i pO3yMi€Th-
Cs1), IPOTYIIOIOYHCH BYIUIIMHU Ta pOOJISYN aymio i
BiJICO3AMKCH TOTO, 1110 BUKIIUKAE MIPUEMHI BIAUYTTH,
Jparye 9u po3daposye [29].

[Tonepenni AOCIHIIKEHHS MOBCSIKACHHS MOKa-
3YI0Th, 110 Teorpadu, K CyCHiIBbHUKH, TaK 1 IPUPO-
JHUYHHUKH, YCIIIIHO MOXYTh HOTO Ii3HaBaTH y pa-
MKaX KiJTBKOX TTiIXOJIiB:

®  npocmoposo-uacoeozo. I'eorpadiyHe Mi3HAHHS

MOBCSAKIICHHS HEMOXJINBE 0€3 CyMiCHHUX JOCIIi-

JUKEHb 3 HayKOBIISIMH TYMaHITapHUX HayK, 30K-

pema icropukamu. OnHaK, yCTaJI€HUH pPUTM

MOBCSAKICHHS, AK HIlO iHIIe, 3a0e3reuyBaB 3a-

TOCTPEHHS YBaru JIOJECH, OCOOIWBO MaHJpIiB-

HUKIB, XPOHICTIB, JIITOMKCIIB, a Y MOJAJIBIIOMY

i HayKOBLIB, 1O BUKJIIOYHOTO, EKCTPAOpAUHAP-

HOTO, YHiKanbHOrO. Lle Oynu He nuiie exkcTpe-

MaJbHi SIBHIA TIPUPOJIH, aje 1 SAKich rocroaap-

ChKi il abo Tpamuiiii. Bonu mo0pe cxapakre-

PHU30BaHi y YHCICHHUX TMpaLsx, 30Kpema, JIiTo-
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nmucax (Hampuxiany «CioBi o monky Irope-
BiM», XII ct.). 3rajani B HbOMY YIIPOIOBXK O7-
HOTO TOJIFOBaHHSI YMCIICHH] PiYKH, 3Bipi 1 mTaxu
JAI0Th MOMJIMBICTH TeorpadaMm 4iTKO OXapak-
Tepu3yBaTH Oarary Jicamu, pPi3HOTPAaBHUMH
cTenmaMu W TBAapUHHUM CBITOM JIiICOCTEIIOBY
npupony TonimHboi IlpaBoGepexHoi Ykpainu
[30, 31]. 3a MuHYII TPH AECATHPITUS CyTTEBO
aKTHBI3YBAJINCh aMaTOPCHKi JAOCIIIKEHHS Mic-
LIEBMM HACEJICHHSIM CBOIX CiJ, MICTEYOK 1 MICT
Ta IX HalOMMKYMX okojuib. Lle He perioHanb-
Hi, a MiCIIEBi TOCIIKEHHS, Ki TOCTYHOBO (o-
PMYIOTh TaK 3BaHy «OVOeHHY 2eoepaqhitoy;
XYy002tcHbO-2e02paghiuno2o. be3 IOBCAKIEHHOTO
/4, 30KpeMa i OMMCiB MPUPOAM Ta BHUKIUKA-
HHUX HEIO MEePEXHBaHb, XyI0XKHI TBOPH HE € 3a-
BepireHuMU. [lnckmMeHHHKIB 1 TeorpadiB moea-
HY€ Kpaca ¥ OpUTiHAIBHICTh TPUPOTHOTO Ta
KyIBTypHOTO  cepemoBuia.  BimoOpakaroun
JUHACHICTD PI3HUMH BHUAAMH JIFOACHKOI TBOPUOC-
Ti, BOHH, BPEUITi-PElIT, Pa30oM CTBOPIOIOTH I'€0-
rpadiuni o6pa3u. Hampuknaz, aHTpOIIOreHHMHA
maHAmadT JTITHHOTO MOBCAKAeHHS CepeaHboro
[Mpuaninpos’ss Tak 300pakeHO Yy pOMaHi
M. Crenbmaxa «Yotupu Opomm»: «I 3HOBY
TMIIIICHUIII Ta JKWUTA, OUTOMIHHI TPeYKH Ta rydari
COHSIITHUKY, 1 TIOTONIYBaHHS MICSYHUX HEBO-
IIiB, 1 3araJKOBICTh JOJMHUA. A OCh 1 JAPIMIIMBI
BepOM TO3HAYAIOTH NIISX APIMOTHOI PiveUKH, 1
KJIaJKa, IO MOTHCKYE, K B'FOH 1 TUKI ITIBHUKH,
SIKI TaK TapHO MiJBEJU JKOBTI CBiUaja IBITY, 1
OIIATHI B HaMarTAaHWX CHIJHHYKAX KOIHMIN, 1
MPUB'SUIEHUN CMYTOK Tarapchbkoro 3unist». Ilo-
€IHaHHS JTOCIIHKEHB 3 Teorpadil MOBCSIKACHHS
3 HOTO ONMMCaMK METOJaMH XYIIOXKHBOI reorpa-
¢ii, 7acTh MOXIUBICTH HE JIHINE CXapakTe-
pusyBatu crenudivyHi O3HAKM TIOBCAKIEHHS,
ane ¥ BimoOpa3utu Horo cBOepigHy Kpacy. He
MEHIII I[iKaBi reorpadivHi BiIOMOCTI Cy4acHOTO
MOBCSIKIACHHS MOXXHA OTpPHMAaTH 3 O1m0opmiB,
0COONMBO TPHUIOPOKHIX, PI3HOMAHITHUX PEK-
JaM, CTEHJIB, MypaiiB i, HaBiThb, HaIKCIB Ha
cTiHax OyJIMHKIB, OrOpoXkax Ta MapkaHax. Ix
Jjermie i cxopimie 3anaM’sIToBytoTbh. Lli Bimomo-
cti (opMmyroTh OymeHHI reorpadivHi 3HAHHS
3HAYHOI YACTMHM HACeNeHHS. IX HeoOXiaHOo
aHaJli3yBaTH, KOPEryBaTd W CYTTEBO MOJIIIIY-
BaTH;

NOBCAKOEHHO-MYPUCTUYHOZO. CyKynHiCTb
YMOB JKUTTS Y MICTi a00 CUIbCHKIM MICIIEBOCTI
— BUXIJIHUW TIOCTYyJaT JOCIiTHUIBKOL JisIIbHO-
cti (iHKONMHM 6e3 cnpo0 TMOSICHEHHS KOMILIEKC-
HOCTI Takoi cyKymHocTi). Hanpuknazn, TypucTu,
0 BiJIBiMyrOTh BiHHMINO, Ji3HAIOTHCS PO TE,
110 1€ HAWKOM(OPTHIIIE Al KUTTEMISTBHOCTI
MicTO B YKpaiHi He JHIle 3 TYPUCTUYHUX JI0-
BiJJTHHKIB Ta 3ac00iB MacoBoi iHpopMaLii (IKuM
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BOHU HE 3aBXIIH JIOBIPSIOTH), a i 13 3aXOILIIOI0-
YUX PO3MOBIACH «BCE3HAIOUMX» MICTSH, SKi
MOXYTh BHUKJIACTH reorpadiuni «IpiOHHLI», He
3aBXKIM BiIOMI i HayKOBLSIM, O3HAHOMHTH 3
0COOJIMBOCTAMU MOBCAKICHHOTO KUTTS MICIIe-
BHUX MemkaHIiB. [loBcskaeHHe XUTTS BinOyBa-
€TBCS HE TINBKH y MOBCAKICHHUX IMPOCTOpaX.
Hanpuknazn, y BaKIMBHUX TypUCTHYHUX LEHT-
pax YW JUTOBHUX paioHaX MicTa TaKOXK 3IiHcC-
HIOIOTBCS PI3HOMAHITHI TOBCSKICHHI MPaKTH-
Kd. Y paMKax «EKCTpaopAWHapHOi reorpadii»
sk Teorpadii exkcTpaopAMHApHUX MicCIh [32]
BUBYAETHCA (EHOMEH EKCTPaOpAMHAPHOCTI
MPOCTOPIB, 110 BUPOOIAIOTECS B MpOLECi B3ae-
MOHAKJIaJlaHHA Ta B3Aa€EMOICPETHHAHHA IIO-
BCSAKICHHUX INPAKTUK MICHEBUX MEILUKAHIIB Ta
TYpHUCTIB, «BHOIPKOBE TOEIHAHHS MOBCSK/ICH-
HUX Ta «BUIOBHUIIHUX» MPaKTUK» [32].
[IpakTryHa 3HAYMMICTH 3a3HAYEHUX IMiIXOIIB
70 Ti3HaHHA Treorpadii MOBCSKICHHS HE BUKIIMKAE
cymHiBiB. Lle cTtocyeTbcs He muIlle MHHYIOTO (Taki
JOCIIPKEHHST TIEpeBaKar0Th B ICTOPWKIB), ane it
ChOTOJICHHSI, HE MEHIII HATOBHEHOTO reorpadiyHuMu
HecIoiBaHKaMu. MaOyTh, HEMa€e HUHI JIIOAUHU, SKa
0 He 3HAaJAa, 110 TaKe IMBHIY, MIBIAEHb, CXiJ 1 3aXiJ.
[Ipote Bakxue BHU3HAYMTH Wi CTOPOHHU TOPU3OHTY Y
MPaKTHIIl TOBCAKIECHHOI aKTUBHOCTI. Hampukan,
I[IKaBO CIIOCTEPIraTv 3a MOBEIIHKOK IMacaKUpPIiB Ha
HenTtpansHoMy i IliBneHHOMY 3ali3HWYHHX BOK3a-
nax KueBa, konn iM HEOOXiJHO MEPEHTH 3 OIHOTO
MOTATY JIO 1HIIIOTO Yepe3 IpyTuil MOBepX BOK3aly 3a
00OMeXeHUH TEepPMiH Yacy, Opi€HTYIOUHCHh Ha OTOJO-
LICHHS, U0 TIOTPauTH HAa HEOOX1AHUH MOTAT MOXKHA
yepe3 «3axiiHMH Tepexia», a HyMmepallis BaroHiB
MOYMHAETHCS 31 «CXIAHOT CTOPOHI» BOK3aJIy.

Hocmimkenus reorpadii MOBCAKICHHS MarOTh
CYTT€EBY NPAKTUYHY CIPSIMOBAHICTh. BHUBUEHHS 3MiH
MOBCSKICHHUX MPAKTHK y TPOCTOPi 1 Yaci, Xymoxk-
HBO-TeorpadiuHUX MPOSBIB MOBCSIKACHHOI aKTUBHO-
CTi Ta BpaxyBaHHS B3a€EMOHAKJIAJAHHS IOBCSKICH-
HOCTI Ta HEOPAUHAPHOCTI, MOXXYTh BUCTYIIaTH BaXK-
JIMBHUM MIATPYHTAM JUIs ONTUMI3allii mpoLeciB TepH-
TOpiaJbHOTO YIPaBIiHHS.

BucHoBKkH. AKTHBHE TMi3HAHHS PI3HOMAaHITTS
MOBCSIKJICHHS MIPEACTaBHUKAMU T'YMaHITapHUX HayK
Ta sIBHA MPAaKTU4YHA 3HAYUMICTD PE3YyNbTaTiB LUX
JIOCHIKEHb Tal0Th MOXIIMBICTH 3pOOWTH BHCHOBOK,
10 i B IHIIMX HayKaX, 0COOJIHMBO NOTUYHHUX O TY-
MaHITapHUX HayK, BULIYKYBaHHs y HaOpsMi Mi3HaH-
HS TIOBCSIKIEHHS € 1 OymyTh aktyanpamMu. Cepen
TakuX Hayk i reorpadis. bimeme Toro, mpoctopoBe
PI3HOMAHITTS MOBCIKACHHS HEOOX1IHO JOCIiIKYBa-
TH Ha PiBHI iICTOPUYHOTO Pi3HOMAHITTS MOBCSK/ICH-
Hs, @ B OKpEMUX BHUIMAJKaX 1 BHIIEPEDKATH MPOILEC
Mi3HAHHS MOBCAKICHHS NMPEICTaBHUKAMH T'yMaHITa-
pHux Hayk. Lle He camorine reorpadii moBcsKaEH-
Hf, a YiTKe PO3YMiHHSA TOTO, IO TMPHUpPOma Oy/b-
SIKOTO PETioHY, IPH OyAb-SKOMY CYCIIJIBHOMY YCTPOi
Oyna, € i Oylae OCHOBOI PO3BUTKY TOCIOAApPCTBA,
YMOB JXUTTS JIFOfIel, BOHA 9acTo GopMye X HaCTpOi,
3BHMYal, BIAHOIIEHHS OAWH IO OJHOIO Ta Oararo iH-
moro. Po3BUTOK JOCIHIIKEHb MPOCTOPOBOTO Pi3HO-
MaHITTSl TMOBCSIKAECHHSI HEMHHYYE MpHU3BEAEC y Maii-
OyTHBOMY II0 CyMIiCHUX IOCTIKEHb IMOBCIKICHHS
reorpadamMu Ta icTopukamu. KO Taki JOCIIi-
JOKEHHsI TIPOBOAMTH OKPEMO, BOHU OyIyTh He3aBep-
meHUMH. [IpocTOpoBO-4acoBHiA aHali3 ITOBCAKICH-
HSl — OCHOBA HOTO PEaybHOTO IMi3HAHHS Ta BUOKPEM-
JIeHHs1 Y reorpadii HOBOTO OpPHUTiHAILHOTO HAyKOBO-
TO HAIIPAMY — 2eo2paghii NOBCAKOEHHS.
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space is caused by the necessity to understand spatial diversity of everyday life and to solve related issues at
the local level. In many cases the diversity of everyday life affects not only the living conditions, but also
shapes behavior, practices and habits of the local population. If in humanitarian sciences everyday life is ac-
tively studied, in geography this topic is still overlooked. Previous spatial studies of everyday life show that
research results are actually relevant and lead to the emergence of a new research direction — an everyday
geography.

The purpose of the article: based on the analysis of the world discourse and the results of own studies
of the spatial diversity of everyday life, to reveal possible ways of formation and development of a new geo-
graphical research direction in post-Soviet space — everyday geography. There is no universally accepted
methodology for the study of geography of everyday life, but experience shows that both traditional geo-
graphical and specific methods from social sciences, representational and non-representational methods can
be successfully applied.

Results. The world geography gives much more attention to the studies of the spatial diversity of every-
day life in comparison with post-Soviet countries, and as a result emotional, affective, animated geographies
are developed, as well as geography of fear, geography of trauma, etc. Everyday life refers to ordinary, mun-
dane activities, experiences, behavior, and interaction with the environment. Everydayness is considered as a
temporal (daily, monthly, annual) cross-section of living (personal, communal, societal) environment within
a particular territory. Everyday life is practiced as a socio-cultural world, where particular person exists just
like other people, interacting with them and non-human objects, influencing them, changing them, and sim-
ultaneously is affected and changed by them. Everydayness shapes daily life — the constant processes of
‘everydaying’ human activities in the form of communication with the environment, learning the traditions
and consolidation of behavior rules, ‘mastering’ a lifestyle, tools to achieve goals, etc. However, everyday
life is constantly disturbed by innovations, appearance of the unusual, deviation from stereotypes, traditions
and the formation of new rules. Unusual for a certain period participates in the process of ‘everydaying’ and
then becoming everyday, mundane, taken-for-granted, extends the scope of everyday life.

The everyday geography explores particular reactions of people in particular spatial conditions. Every-
dayness is everywhere, and researchers study everyday spaces, everyday practices, everyday mobilities, eve-
ryday conflicts and resistance, even everyday geopolitics and, more broadly, everyday life and everyday ge-
ographies. However, everyday life is not perceived as a unity. It consists of many typical but not necessarily
interrelated activities, each of them is taken for granted by participants (work, family life, leisure, etc.), but
spatially diverse.

The studies of the spatial diversity of everyday life focuses mainly on the investigation of everyday
spaces within which everyday life occurs, everyday practices — the routine activities we do every day without
thinking about it, and a number of everyday events. Geographers can explore the diversity of everyday life in
several ways: using spatial-temporal, art-geographical, everyday-tourist approaches. So far, individual stud-
ies of the spatial diversity of everyday life will inevitably transformed into the broad band of post-Soviet ge-
ography — the everyday geography.

Scientific novelty and practical significance. Focusing of geographers on the everyday life gives a
deeper understanding of the tendencies and consequences of various social and cultural processes, the state
of the contemporary destabilized environment. The paper deals with the discourse on spatial diversity of eve-
ryday life and conceptualization of emotional, affective, non-representational, animative, everyday and other
geographies. Particular attention is paid to the key concepts of the everyday life geographies — everyday
spaces, practices and events. Prospective directions of the further studies of the everydayness (including spa-
tial-temporal, art-geographical, everyday-tourist approaches), as well as the practical importance of everyday
life spatial diversity researches for territorial management are discussed.

Keywords: everyday geography, geography of everyday life, development, spatial diversity, everyday
spaces, everyday practices.
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FORCED MIGRATIONS OF GEORGIA AND UKRAINE: REASONS FOR THE EMERGENCE,
PROCESS FEATURES, IMPLICATIONS FOR COUNTRIES

H. Enizoapawseini, JI. M. Hemeun, I. Menaose, K. IO. Cezioa, M. O. Jlozéunosa, M. Menaose, /I. Cioamonioze. BUMY-
IIEHT MITPALII TPY3II TA YKPAIHH: IPHYHHH BHHHKHEHHS, OCOB/IMBOCTI ITPOIIECY, HACIIIKH JIVIA
KPAIH. YV emammi posensoaiomucs sumyweni mispayii, nos'ssamni 3 sificbkogumi Kongnikmamu na npuxiadi Ypainu ma Ipysii.
Mema oanoi cmammi — ananiz nPUYUH, CYYACHUX peaniil i HACTIOKI8 sumywenux miepayit I pysii ma Yxpainu 3 memoro euzHayenns
KIIOYO8UX cmpamezitl UpiuleHHs COYiaIbHO-eKOHOMIYHUX npobieM GHYMPIUHbO nepemiujerux ocib i nepemeopents ix 3 «npobiem-
HOI' 8pazIue6oi epynu» 6 IHOUKAMOP COYIAIbHO-eKOHOMIYHO20 pO36uUmKy Kpainu. Ha ocrogi enubokoeo ananizy MischapooHoi ma éim-
YUSHAHOL TiMepamypu 8UABILEHO, WO SUMYWEH] Mizpayii 8 000X Kpainax noe's3ani 3i 30poliHuMU KOHGIIKMamu Ha mepumopii 3 noni-
HAYIOHATbHUM CKAA0OM HAceleHHs. B 0b6ox kpainax yeil Kouguixm niompumyeascs cenapamucmcbKumu HACMPOSMU HACETEeHHs 3d
NIOMPUMKU MICYeBUX NOTIMUYHUX elim, 2POMAOCLKUX OP2aHI3ayill @ YMOBAX MACO80i IHGOpMayitiHoi amaxu.

YV pesynomami 36poiinoco xonghnikmy 6 I'pysii 1989-1992 pp. 6 []xineanscoxomy pecioni (Iliedenna Ocemin), y 1992-1993 pp. 6
Abxaszii, y 2008 p. kongnixmy misxne I'pysieio, Pocicio i cenapamucmcokumu yepynosanusmu Ilieoennoi Ocemii, enympiuinoo nepemi-
wenumu ocobamu (BI1O) cmanu comui mucsiu oci6. Mauvidice 1,8 man. sHympiuinbo nepemiuyenux ocié ymeopuiocs yepes KoHQikm
na Jonbaci ¢ Yxpaini. Aesmopamu 3po6neno nopiensnvhuil ananiz cmpykmyphux ocobnusocmei BIIO, euokpemneno npocmopogi
ocobnueocmi ix poscenenns. 1 6 Ipysii, i ¢ Yrpaini BIIO po3censitombcsi 6Kpatl HEPI6HOMIPHO, 6eUKA IX YACMUHA UOUPAIOMb 6EUKI
Micma 6 pauloHax, npuie2iux 0o ix nonepedHbo2o micys npoocusanus. Taxe poscenenns BIIO npuzsodums 00 enuxozo Hasanma-
JICEHHS HA COYIANbHY ma eKOHOMIUHY chepu.

s obox kpain nossa BIIO cmana cnpasoicnim suxaukom. Heseaxcarouu na oagnicmo npoonemu BIIO 6 I'pysii, ixni npobnemu
doci 3anuwaiomocs nesupiwenumu. Ax i 6 Ipysii, mak i 6 Yxpaini ocnosnoro npobnemoio BIIO € giocymuicme éractoeo dcumia,
HAO0AHO20 0epiHcasoio 63aMiH HA NOWKoOxdceHe abo 3pyinosane. Kpim moeo, ona Yxpainu axmyansnoio npobnemoto wooo BIIO ¢
BUBHAYEHHSL IX CIAMYCY, C60EHACHO20 OMPUMAHHSL COYIAIbHUX 8UNIAm, npobiema npayegiauimysanns nepecenenyie. Hanonseacmo
Ha NOWLYKY WIISIXI6 gupiuients 0anux npobnem ma oepcasnii niompumyi BITO. Ienopyeanus npoonem BIIO mooice npuszeecmu 0o ix
NOBMOPHO20 NEPEMIWYEHHS, A MAKOIC 00 KOHQNIKMIE HA TIOKATLHOMY, PECIOHANLHOMY Md 0ePUCABHOMY DIGHSIX.

Knrwwuosi cnoea: sumywena miepayis, enympiunsvo nepemiugeni ocoou (BI10), enympiwine nepemiujerus HaceienHs, GiliCbKo-
sutl kouuixm, I'pysis, Ykpaiua.

H. Dnuszbapaweunu, JI. H. Hemeuy, I. Menaose, E. IO. Cezuoa, M. A. Jlozéunosa, M. Menaoze, /I. Cuoamonuose. Bbl-
HY>X/IEHHBIE MUT'PALIHHU I'PY3HU H YKPAHHbI: IPHYHHbI BOSHUKHOBEHHA, OCOBEHHOCTH IIPOLIECCA,
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TIOCIIEJCTBHA JIVIA CTPAH. B cmambe paccmampusaromcs 6bIHYICOCHHbIE MUSPAYUU, CEA3AHHbIE C BOCHHbIMU KOHDAUKMAMU
na npumepe Yrkpaunvt u I pysuu. Lleny dannoii cmamovu — ananu3 npULUH, cOBPEMEHHbIX Peanuli U NOCIe0CMEULl GbIHYICOEHHBIX MU-
epayuii I'pysuu u Yxpaunel c yenvio onpeoenenus Kaouegblx cmpameuii peuenis coyuanbHo-2KOHOMUYECKUX npooiem eHympeHHe
nepemeujeHHbIX Uy U npeepawjenue ux u3z «npooreMHol YA36UMOU SpYNnuly 8 UHOUKAMOP COYUANbHO-IKOHOMUUECKO20 PA3GUMUS
cmpansl. Ha ocnoge 2nyb6okozo ananuza mejcoyHapooHoll u 0meuecmeeH ol Jumepanypul 6bla1€HO, YO BbIHYICOCHHbIE MUSPAYUL
6 0Deux cmpaHax CeA3aHvl C 600PYIHCEHHLIMU KOHPAUKMAMU HA MEPPUMOPUL C NONUHAYUOHATILHBIM COCIMAGBOM Hacerenus. B obeux
CMPAHAax 3mom KOHQGIUKM NOOOEPHCUBANCS CENapamucmcKUMy HACMPOEHUAMU HACENeHUs. NPU NOOOEPIICKe MECHHbIX NOAUmuYe-
CKUX 27U, 00UeCMBEEHHbIX OP2AHU3AYULL 8 YCTIOBUSX MACCOBOU UHDOPMAYUOHHOU AMAKU.

B pesynomame soopyocénnozo xongnuxma 6 Ipysuu 1989-1992 ze. 6 Lxunsanvckom peeuone (FOocnas Ocemus), ¢ 1992-1993
ee. 8 Abxazuu, 6 2008 2. konghruxma mexcoy I pysueii, Poccueii u cenapamucmckumu epynnuposxamu FOsxcnoii Ocemuu, HympenHe
nepemewénnvimu auyamu (BIIJI) cmanu comnu moicsay yenosex. Ioumu 1,8 man. enympenne nepemewéHubix 1uy 06pazo8anocs us-
3a kougauxkma na [Jounbacce 8 Ykpaurne. Asmopamu coenran cpasHumenbHulil aHaius cmpykmypHoix ocobennocmeti BIJI, evioenennl
npocmpancmeennvle ocobennocmu ux paccenenusn. M e Ipysuu, u 6 Yxpaune BIIJI paccenaiomcesa kpaiine nepasnomepno, 60161uas
UX yacmv GulOUPAOM KPYNHule 20p00d 6 PALloHAX, NPULe2aioWux K ux npeovloywemy mecny scumenvcmea. Taxoe paccenenue BIIJT
npueooum K 601bU0N HaASpy3Ke HA COYUATbHYIO U IKOHOMUYECKVIO Chepbl.

Jlna obeux cmpan nosignenue BIIJI cmano nacmoswum evizo6om. Hecmomps na oagnocmov npobnemor BILI ¢ I'pyzuu, ux npo-
6nemvl 00 cux nop ocmaromes Hepewénnvimu. Kax u ¢ Ipyzuu, max u ¢ Yxpaure ocrnogrotl npobnemoti BIIJI sgisemces omcymemaue
COOCMBEHH020 JICUNBSL, NPEOOCMABNIEHHO20 20CY0aPCMEOM 63aMeH Ha NospedlcoénHoe unu paspyutenroe. Kpome mozo, ona Yepaumot
axkmyanvHotl npobnemoti 6 omuowenuu BI1JI agnaemcs onpedenenue ux cmamycd, c60€8peMeHHO20 NOYYEHUA COYUATbHBIX BbINLAMN,
npobnema mpyooycmpoiicmea nepecenenyes. Hacmaugaem Ha noucke nymeu peuleHuss OAHHbIX NPoOLeM U 20CyOapCmeeH Ol noo-
Oepoicke BIIJI.  Henopuposanue npobrem BIIJI mooicem npugecmu K ux nosmopHOMY nepemMeujeruro, a maxice K KOHQOIUKMAM Ha

JIOKAJIbHOM, PECUOHATIbHOM U eocy()apcmeeHHOM YPOBHAIX.

Knrouesvle cnosa: svinyscoennas muepayus, enympenne nepemewsénnvie nuya (BI1JI), énympennee nepemewjenue nacenenus,

6oeHnblil KoHpauxm, I pysus, Ykpauna.

Relevance of research. The end of the XXth
century and the beginning of the XXI century are
characterized by massive population displacement
both within countries and beyond. Such displace-
ments are caused by the major geopolitical events,
like the collapse of the Soviet Union (1991), which
led to important social and economic restructuring
processes [27], with severe impact on migration and
demographic trends. For instance, the major eco-
nomic transformation involved especially the indus-
try, the process that generated large numbers of
abandoned industrial areas [26] and high unem-
ployment. The unemployment further influenced the
migration trends, an important part of the popula-
tion, especially the young active population, migrat-
ed either to Western Europe, or to the affluent cities
from the region. These urban areas are emerging as
magnets for migrants, as they overpassed their tradi-
tional role of generating potential economic oppor-
tunities. These cities tend to be attractive as they
experienced a series of urban renewal processes,
based on new and innovative concepts like smart
transformation [29], geoinformatic approaches [20],
or advances in technologies. In addition, education,
culture and history [43] are part of a modern urban
lifestyle, which considers sustainability and well-
being.

Millions of people around the world are forced
to leave their homes in order to protect their lives
from violence, war, natural disasters and catastro-
phes, negative socio-economic factors and climate
change, etc. According to the Office of the United
Nations High Commissioner for Refugees (UN-
HCR), there are more than 25 million refugees [16]
in the world, 40% of them live in organized, sponta-
neous or transit camps or collective centers, mainly

in African countries. Military conflicts have led to
the emergence of 41.3 million internally displaced
persons (IDPs), mainly in Africa and the Middle
East. In 2008, hundreds of thousands people became
internally displaced as a result of hostilities between
Georgia, the self-proclaimed Republics of Ossetia,
Abkhazia, and Russia. Internally displaced persons
also appeared on the “calm” European continent. As
a result of Russia's military aggression in the Don-
bass, annexation of the Autonomous Republic of
Crimea in 2014, more than 1.8 million people be-
came IDPs in Ukraine. Both Georgia and Ukraine
are interested in resolving the socio-economic prob-
lems of IDPs, which will enable to use the immi-
grants’ economic, intellectual, financial potential
qualitatively. Therefore, the primary task for scien-
tists is to search for the causes of the IDPs emer-
gence, the features of the course of forced migra-
tions in both countries, as well as the consequences
for states. The solution of this problem should be
accompanied with a comprehensive socio-
geographical study of the realities of forced mi-
grants in Georgia and Ukraine.

Setting goals and objectives of the study. The
purpose of this paper is to analyze the causes, cur-
rent realities and consequences of forced migrations
of Georgia and Ukraine in order to identify key
strategies for solving the socio-economic problems
of internally displaced persons and transforming
them from a “problem vulnerable group” into an
indicator of the country's socio-economic develop-
ment. The achievement of this goal is accompanied
by the following tasks: identifying the causes of mil-
itary conflicts in Georgia and Ukraine, entailed
forced mass migrations; analysis of the dynamic,
structural, regional characteristics of IDPs in both
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countries; disclosure of the impact of forced migra-
tions on the socio-economic situation in Georgia and
Ukraine; proposal of measures to turn IDPs into an
engine of socio-economic development of countries.

Research Methods. Since internally displaced
persons are a socially vulnerable category of the
population, their detailed study is possible only
through the use of the complex of interdisciplinary
approaches and methods. Philosophical (dialectic,
induction and deduction), general scientific and
concrete scientific research methods were used in
the paper. Among them: analysis and synthesis
methods (to identify demographic and structural
features of IDPs); comparative geographic method
(to identify regional characteristics of IDPs in Geor-
gia and Ukraine); mathematical-statistical (for pro-
cessing statistical information and the mathematical
representation of the object of study), graphical
method (for presenting data in the form of in-
fographics: charts, graphs, maps), problematic
method and some others.

The study is based on the high-quality original
statistical materials from Ukraine and Georgia,
which carries high reliability. The statistical base of
the study was the data of the National Statistical
Office of Georgia (Geostat), the data of the Ministry
of Social Policy of Ukraine, the Ministry of Tempo-
rarily Occupied Territories and Internally Displaced
Persons of Ukraine, annual statistical compilations
and bulletins, as well as data from the 2001 All-
Ukrainian Population Census of Ukraine, Georgia
Censuses 1989, 2002 and 2014.

Analysis of previous research. As noted earli-
er, the study of forced migration is necessary in a
comprehensive manner, confirmed by the fact that
internally displaced persons, being a component of
migration processes, are a complex phenomenon;
therefore, they are a subject of research by special-
ists from many scientific areas: economists, lawyers,
sociologists, political scientists, demographers, and
social geographers. The latter traditionally investi-
gate the spatio-temporal features of IDP placement,
which is one of the goals of our paper.

Georgia has rich experience in the study of
IDPs, associated with their earlier appearance than
in Ukraine. However, J. Kharashvili in his work “20
years of internal displacement in Georgia: the inter-
national and the personal” notes that despite the
long-standing problems of IDPs in Georgia, inter-
nally displaced persons continue to demand interna-
tional assistance and attention, since their security is
at risk in the border areas, and the IDPs still do not
have access to decent education, employment oppor-
tunities and decent living conditions [18].

E. Mooney in his paper “From Solidarity to So-
lutions: The Government Response to Internal Dis-
placement in Georgia” describes the characteristics

of migrants suffered as a result of the so-called “fro-
zen conflicts” in Georgia (Abkhazia, South Ossetia),
as well as Russian-Georgian war. The main message
of the author is the need to fully consolidate the ef-
forts of the government and international organiza-
tions to solve the socio-economic problems of IDPs
[25].

D. Gogishvili calls IDPs as a vulnerable group
because of violent ethno-political conflicts in the
territories of the Autonomous Republic of Abkhazia
and South Ossetia. Despite the resettlement of IDPs
mainly in cities, they are highly isolated from the
local population, which leads to spatial segregation
[14]. The geographic approach to the study of IDPs
in Georgia was used by P. Kabachnik, B. Mitchneck,
O. Mayorova, J. Regulska. Analyzing spatial pro-
cesses, scientists distinguish “displacement spaces”
— urban areas where IDPs are mainly concentrated
[17].

N. Kaurshitashvili argues that the socio-
economic policies regarding IDPs of the 1990s were
ineffective and cannot be adapted to address the
problems of the so-called “new migrants” of 2008.
The resettlement of IDPs in the most remote rural
areas of Georgia provided the IDPs with housing
and land, but did not solve the problem of employ-
ment [21]. G. Tarkhan-Mouravi and N. Sumbadze
doubt that the conflict in Abkhazia will be resolved
in the near future, therefore, they advise the authori-
ties to focus on issues of economic and humanitari-
an cooperation to solve the basic problems of IDPs
[37-38].

Since 2014, the problem of IDPs has been
sharply posed for Ukraine, which is reflected in the
papers of scientists from various scientific fields.
Representatives of the Institute of Industrial Eco-
nomics of the National Academy of Sciences of
Ukraine pay great attention to the study of IDPs in
Ukraine. They have released several fundamental
papers: “Internally Displaced Persons: From Over-
coming Obstacles to the Success Strategy” [2], “In-
tegration of Internally Displaced Persons in Territo-
rial Communities: Diagnosing the Status and Sup-
port Mechanisms”. A wide field of research is the
problems of socio-economic development of the
Donbass, the causes and consequences of the mili-
tary conflict, issues of forced displacement of resi-
dents of Donetsk and Luhansk regions. They devel-
oped theoretical and methodological approaches to
the formation of the concept of restoring the Eastern
regions of Ukraine, substantiating the use of the la-
bor potential of IDPs as a driving force for the de-
velopment of territorial communities, and possibili-
ties of solving their housing problems. V. Smal in-
vestigated the spatio-temporal features of the reset-
tlement of internally displaced persons from the
East of Ukraine, their numbers and structural fea-
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tures, as well as their impact on the communities,
local labor markets, and social infrastructure of the
regions of the settlement [7].

Socio-geographical studies of internal popula-
tion movements are carried out by representatives of
the Kharkiv human-geographical scientific school:
L. Niemets, N. Husieva, L. Kliuchko, M. Lohvyno-
va, K. Sehida, the authors carried out a structural-
dynamic and regional analysis of IDPs in Kharkov
region, identified factors affecting to choose
Kharkiv region as a region for IDPs’ residence in the
paper “Forced Internal Migrations in the Kharkiv
Region: Structural-Dynamic and Regional Fea-
tures”. In the paper “Forced Internal Displacement
In Ukraine: Realities, Socio-Economic Problems,
Perspectives” based on the analysis of numerous
studies of forced migrations of foreign and Ukraini-
an scientists, the main problems of IDPs in Ukraine
were identified and possible solutions were pro-
posed, taking into account the characteristics of in-
dividual regions and international lessons experi-
ence. The authors distinguish three groups of IDP
problems in Ukraine: socio-economic, institutional-
legal, socio-psychological [28]. The paper “Migra-
tion Challenges of the 21st Century: Experience of
Ukraine” analyzes the structural-dynamic and spa-
tial features of the internal displacement of the pop-
ulation in Ukraine, identifies the factors affecting
the choice of the region of residence among IDPs
[31].

Despite the existing publications, there are cer-
tain gaps in the study of certain aspects of IDPs in
both Georgia and Ukraine, in particular, their study
from the perspective of various approaches and sci-
entific areas: legal, sociological, political, economic.
We draw attention to the problem of a small number
of scientific papers on IDPs from the perspective of
human geographers and insist on further compre-
hensive, interdisciplinary studies of internally dis-
placed persons, since processes, somehow related to
this phenomenon today, have not only theoretical,
but also practical dimensions. And experience in
solving problems may be applicable in Ukraine.

Statement of the main research material. Rea-
sons for the emergence of internally displaced per-
sons in Georgia and Ukraine. The military conflict
in Georgia started back in the 1980s at the same
time as the national liberation struggle began, when
the separatist movement was activated in Abkhazia
and the South Ossetian Autonomous Region (the
latter was created on April 20, 1922 at the initiative
of the Bolshevik government). It was significantly
strengthened by the reform launched in the USSR in
1985, which emphasized the unresolved territorial,
ethnic, historical and socio-economic problems.

In response to the actions and armed conflict
against the state of Georgia started in South Osse-

tian Autonomous Oblast in 1989, on December 10,
1990, the Supreme Council of Georgia abolished the
status of the Autonomous Oblast and the territory of
South Ossetia was distributed among Akhalgori,
Gori, Java and Kareli and Oni and Sachkhere Re-
gions. According to the present-day administrative-
territorial division of Georgia, the territory of the
former Autonomous Oblast of South Ossetia is a
part of Shida Kartli and Mtskheta-Mtianeti Regions.
The name of the region is referred to as “The former
South Ossetian Autonomous Oblast” in the Consti-
tution of Georgia and as “Tskhinvali Region” (for-
mer South Ossetian Autonomous Oblast) in other
official documents.

As a result of the military opposition, Tskhinva-
li Region was almost totally cleaned of the Georgian
population in 1991. According to the 1998 data, the
number of refugees from this region was 12 thou-
sand. The military actions of 1992 initiated with the
support of the Russian Federation, aiming at cleans-
ing Abkhazia from the Georgians, resulted in more
than 260 thousand refugees in the country [15].

As for the Russo-Georgian War of 2008, it re-
sulted in 15.9 thousand local refugees [34]. The
mass exile of the population deteriorated the demo-
graphic situation in the occupied regions, which re-
mained with less than half of their original popula-
tion [41].

According to the data of the Ministry of Inter-
nally Displaced Persons from the Occupied Territo-
ries, Labour, Health and Social Affairs of Georgia,
nowadays the total number of refugees is 283.3
thousand making 7.6% of the country population
[36].

It should be noted that the above-listed con-
flicts are referred to as “Ossetian-Georgian” and
“Abkhaz-Georgian” conflicts. In accordance with
the common view, ultimately these were the con-
flicts between Georgia and its former metropolitan
country — Russia, masked with diplomatic rhetoric.
The first wished to apply its total sovereignty to its
internationally recognized territory, while the latter
wanted to keep its former colony, the neighbor with
recently recognized independence under its influ-
ence, and for this purpose, used the weakness of the
new state — the ethnically mixed border provinces
with conflict of interests of different ethnoses [13].
Similar prerequisites were in Ukraine.

Tragic occasions in the east of Ukraine 2014 —
to this day is a consequence of internal contradic-
tions and external aggression. On the one hand, they
became a logical continuation of the Revolution of
Dignity, its ideas, due to the specifics of sociocul-
tural characteristics, were not positively accepted by
the majority of the population of Donetsk and
Luhansk regions; on the other hand, there is an ex-
ternal aggression of Russia associated with the de-
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sire to restore political unity between the former
Soviet republics as part of the unification of post-
Soviet countries into the Customs Union [2].

The conflict in the Donbass arose with the sup-
port a certain part of the Russian-speaking popula-
tion, as well as pro-Russian organizations in the
Donbass, which shook civilian calm and propagan-
dized the separatist mood of the region. The pres-
ence of unresolved socio-economic problems of the
industrial Donbass’s inhabitants, support of trade
relations with the Russian Federation, the infor-
mation war began long before the conflict, the pre-
vailing opinion that Donbass feeds Ukraine, while
it’s deprived of political and electoral rights, “split”
the inhabitants of Donbass into two vectors: pro-
Ukrainian and pro-Russian. Despite the fact that
Ukrainians accounted for 77.8% of the national
composition of Ukraine, the largest share of Rus-
sians among other regions of Ukraine was observed
in the Donbas (Luhansk region — 58.0% — Ukraini-
ans, 39.0% — Russians; Donetsk region — 56.9 % —
Ukrainians, 38.2% — Russians). In the Donbass, a
significant part of the population speaks Russian.
Territorially Russian-speaking prevail in urban ag-
glomerations of Donetsk and Luhansk regions.
Ukrainian-speaking areas are located primarily in
the north and west of the region, more in agricultur-
al areas [2,4].

The armed aggression of Russia against
Ukraine began on February 20, 2014. This date is
recognized as the start of the confrontation by both
the Ukrainian and Russian sides. The annexation of
Crimea in April 2014 was unfolded in Donetsk and
Luhansk regions, where it is being continued nowa-
days. As a result of the armed confrontation and oc-
cupation of part of the Donbass, Donetsk and

Luhansk regions, as well as Ukraine on the whole,
suffered significant economic and human losses.
The economic potential of the eastern regions of
Ukraine was lost due to hostilities and aggression,
more than a million people became internally dis-
placed persons [2].

Spatio-temporal features of forced migrations
in countries. Prior to the armed conflicts, according
to the data of 1989 Union population census, 239.9
thousand Georgians lived in Abkhazia [24] and 28.5
thousand Georgians lived in Tskhinvali Region [33].
As a result of the ethnic cleansing, according to the
2015 data, there were 43.5 thousand Georgians and
4.0 thousand Georgians living in Abkhazia and
Tskhinvali Region, respectively (Fig. 1, 2) [15, 36].

In terms of regional distribution, the majority
of IDPs from Abkhazia are concentrated in either
Thilisi or Samegrelo-Zemo Svaneti, the region adja-
cent to the Autonomous Republic of Abkhazia. In
the case of internally displaced persons from Tskh-
invali Region/South Ossetia, they are primarily re-
settled in the Mtskheta Mtianeti region, as well as
the Shida [15].

In accordance with the data of the Ministry of
IDPs from the Occupied Territories, Labour, Health
and Social Affairs of Georgia, nowadays most refu-
gees live in Thilisi (110.5 thousand people) making
almost 39% of the total number of refugees. The
capital of the country is followed by its bordering
Samegrelo-Zemo Svaneti Region with 89.5 thou-
sand refugees. More than a half of the refugees liv-
ing there (55%) live in the city of Zugdidi, the ad-
ministrative center of the Region. Imereti, Shida
Kartli, Kvemo Kartli and Mtskheta-Mtianeti Re-
gions are also distinguished for high concentration
of refugees (Fig. 3) [36].

a . N N
© Russians, 1989 [ Other, . [ Other, 432 2015 B Georgians,
2128 1639 B Georgians, . 3966
( ) (L.7%) (29.0%) @ Russians (075
610 (1.1%)
B Armenians,
378 (0.7%)
B Armenians,
984 (1.0%) W Ossetians,
I Ossetians, 48146
65232 (89.9%)
(66.2%)
o AN )

Fig. 1. Distribution of the population of the Tskhinvali region by ethnic groups
(built by the authors according to the Ministry of Internally Displaced Persons from the Occupied Territories,
Labour, Health and Social Affairs of Georgia) [36]
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(14.3%) - (45.5%) (©i2%9) (17.9%)
. W Abkhazia W Armenians,
L] A;b';gazzggn s, 124115 41925
g B Armenians, 51.0% 9
(17.8%) 76541 ki G
(14.6%)
\ AN J
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Despite the fact that Tbilisi has the highest
number of refugees, with the load index per thou-
sand residents, the capital falls much back Samegre-
lo-Zemo Svaneti and Mtskheta-Mtianeti Regions.
The load index is also high in Shida Kartli and
Imereti Regions (Fig. 4) [12]. It should be noted that
the social-economic situation is more or less grave
in all regional units of Georgia. Particularly grave is
the situation in the mountainous regions showing
high migration rates of the local people. Such re-
gions are Racha-Lechkhumi and Kvemo Svaneti
[40], with 25 IDPs per 1000 residents what is quite a

high index. In such a situation, adaptation is even
more difficult for forced displaced persons.
Regarding the resettlement system, there is great
difference between different regions of Georgia [12].
As a result of negative social-economic state and a
high number of forced displaced persons in the coun-
try, the urban population increased significantly. In
2019, almost 60% of the country population lived in
the cities. It should be noted that 77,6% of the forced
displaced persons live in eight cities of the country
(Thilisi, Zugdidi, Kutaisi, Poti, Gori, Mtskheta,
Rustavi and Batumi). Such a situation contributes to
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(constructed by the authors according to Ministry of Internally Displaced Persons
from the Occupied Territories, Accommodation and Refugees of Georgia) [36]

the misbalance of the resettlement system [19].

As the data of the most recent population cen-
sus (2014) suggest, 45.8% of the total number of
refugees are men and 54.2% are women. 73.9% of
them live in the cities and 26.1% live in rural areas.
According to the same source, approximately one-
fifth of the refugees are children aged 0-14. The
share of the demographically aged population (>65
years) is 12%. It is noteworthy that the share of
children in urban areas a bit exceeded (by 0.7
points) their share in rural areas. A similar fact was
fixed with working-age refugees (15-64). As for the
refugees aged 65 or older, their number was more in
rural areas (Fig. 5) [32].

According to our calculations, a median of the
refugees in 2014 was 35.3 years what is 4.4 years
less the same indicator of the population.

In 2019, the number of IDPs in Ukraine
amounted to 1 million 364 thousand people (3.55%
of the total population) and their number decreases
every month (Fig. 6) [5]. The reason for the change
in the number of IDPs is subjective reasons, such as
return of immigrants to their places of former resi-
dence due to the cessation of hostilities in the re-
spective territories, as well as imperfection of the
legal framework, which complicates the procedure
for obtaining IDPs certificates and forces IDPs to
abandon the identification procedure to obtain or
confirm the IDPs status [4].

In 2018-2019 forced internal population
movement resembles seasonal migration: the spring-
summer period is characterized by the intensive re-
turn of IDPs to the temporarily occupied territories
and the so-called Separate districts of Donetsk and

Luhansk regions for field work, caring for personal
plots and own housing. Therefore, difficulties arise
in calculating the actual number of internally dis-
placed persons, because a large proportion of IDPs
do not have the corresponding status [28].

The main age group of IDPs is people of re-
tirement age, whose share in 2019 is more than
50%, but the number of persons of retirement age is
decreasing, which is explained by the linking of
pension payments to the IDP status. Compared to
the end of 2014, as of September 2019, the share of
pensioners among IDPs decreased from 59.8% to
50.0%. The largest share of pensioners prevails
among the population of Luhansk, Donetsk,
Kharkiv, Zaporizhia, Dnipropetrovsk, Poltava re-
gions, as close as possible to the Separate districts of
Donetsk and Luhansk regions, in order to receive
pension payments in the territory controlled by
Ukraine as quickly as possible [5,6].

In the sexual structure of IDPs, women pre-
dominate significantly — 58.8%, the male population
is 41.2% (Fig. 7). Such predominance of women
over men in the sexual structure of IDPs is observed
in all regions of Ukraine, especially in Kiev, Odessa,
Luhansk, Donetsk, Kiev regions [8].

Internally displaced persons are dispersed
throughout Ukraine extremely unevenly, which
leads to a certain burden on host communities, local
labor markets, social sphere, etc. The closest regions
where IDPs are located in Ukraine are the regions
located in the territorial proximity to the so-called
Separate districts of Donetsk and Luhansk regions.
Most of the IDPs live in cities; some of them live in
rural areas. Promising for the resettlement of IDPs
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Fig. 5. Sex and age structure of IDPs according to the 2014 census
(constructed by the authors according to the Ministry of Internally Displaced Persons
from the Occupied Territories, Accommodation and Refugees of Georgia) [36]

are suburban areas with wide transport access to
cities and all types of resources concentrated in
them [28]. Internally displaced persons choose large
industrialized regional centers — Kiev, Kharkiv,
Dnipropetrovsk, Odessa, Zaporizhia, Lviv with de-
veloped labor markets, great opportunities for find-
ing housing and employment, and developed infra-
structure. In addition, due to IDPs, the population of
the “new” administrative centers of Donetsk and
Luhansk regions — the cities of Kramatorsk and
Sievierodonetsk has significantly increased [9].

The leaders in the placement of IDPs in
Ukraine are Donetsk (35.2% of the total number of
IDPs in Ukraine) and Luhansk (19.5%) regions, the
city of Kiev (10.85%), Kharkiv (9.33%), and
Dnipropetrovsk (4.96%), Kiev (4.2%), Zaporizhia
(3.93%) regions. In these regions, the largest burden
of immigrants on the local population is observed:
in Luhansk (128 people per 1000 inhabitants of the
region), Donetsk (120 people), the city of Kiev (52
people), Kharkiv (49 people), Kiev (33 people) and
Zaporizhia (33 people) regions [5].

The western Ukraine regions remained the least
attractive for IDPs in September 2019: Ternopil
(0.15% of the total number of IDPs in Ukraine),

Chernivtsi (0.17%, respectively), Rivne (0.22%),
Volyn (0, 22%), Zakarpattia (0.24%) and Ivano-
Frankivsk (0.26%) regions [5] (Fig. 8).

Comparing Georgia and Ukraine, a tendency to
decrease in the number of internally displaced per-
sons and refugees should be noted, but such changes
are associated not with the cessation of hostilities (in
Ukraine), but with adaptation of IDPs to new living
conditions in new places of residence, as well as
with targeted state policy in regarding IDPs (Geor-
gia) aimed at solving their socio-economic prob-
lems. Both in Georgia and Ukraine, the majority of
IDPs live in cities, which puts a considerable burden
on the local population, regional labor markets, in-
stitutions of pre-school, secondary and higher edu-
cation, social welfare and protection departments,
medical institutions, and banking institutions.

Consequences of forced migrations for coun-
tries. High proportion of the refugees in the first half
of the 1990s caused grave social-economic prob-
lems in Georgia, as the newly formed independent
state was not ready to act in such an unusual situa-
tion. The country had no legal base or mechanisms
to protect the refugees. It is important that the coun-
try had a grave social-economic crisis in the same
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Fig. 6. The dynamics of the number of IDPs in Ukraine from December 2014 to September 2019
(calculated and constructed by the authors according to the Ministry of Social Policy of Ukraine [5])
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Fig. 7. Age structure of IDPs of Ukraine in 2014 and 2019
(calculated and constructed according to the Ministry of Social Policy of Ukraine [5])

period. Unfortunately, Georgia did not succeed in
evolutionary transformation of its political and eco-
nomic space [35].

At the beginning of the 1990s, the evolutionary
course of the economic development in the country

and its adaptation of the economy to the laws of the
market economy were expected in Georgia. The
newly initiated modernization of the Post-Socialist
country was hampered by gravest problems. As a
result of the overwhelming crisis and dramatic polit-
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ical events, the economy of the country necessitated
radical changes [10].

Despite the difficult situation, the Ministry of
Labour and Social Affairs of the Republic of Geor-
gia was charged with registering the refugees and
giving status to them by the decision of the country
authority. On November 24, 1992, a Committee of
Refugees and Resettlement of Georgia (the Ministry
of Refugees and Resettlement of Georgia since
1995) was established, charged with solving the ref-
ugees’ issue at the state level. Nowadays, these is-
sues are solved by the Ministry of Internally Dis-
placed Persons from the Occupied Territories, La-
bour, Health and Social Affairs of Georgia.

In 1996, the Law “On Internally Displaced Per-
sons from the Occupied Territories of Georgia” was
adopted [22]. On March 1, 2014, a new Law “On
Internally Displaced Persons from the Occupied Ter-
ritories of Georgia” was enforced [23]. The Law
take effect due to various circumstances, in particu-
lar, the Law acted before March did not envisage the
state policy in respect to refugees and did not meet
the international standards any more. As soon as this
Law was enforced, the Law “On Internally Dis-
placed Persons from the Occupied Territories of
Georgia” adopted of June 28, 1996 was abolished.

The society of refugees faces the same challen-

ges as the population of Georgia. At the same time,
the refugees have specific problems needing special
approaches. In solving the refugees’ problems, it is
important: 1. to return the internally displaced peo-
ple to their original residential places and 2. to inte-
grate them with their residential places.

A significant portion of the internally displaced
people lives at collective centers (most of them are
located in the abandoned buildings), temporary
houses or informal settlements, without any relevant
guarantees or access to relevant services Besides
their inadequate housing conditions, sometimes the
refugees have a limited access to healthcare ser-
vices, education and employment. Many of them are
traumatized or vulnerable [11].

On February 23, 2006, a governmental com-
mission was established in Georgia, which was
charged with working out the proposals to develop
the state strategy and policy for internally displaced
people, i.e. the refugees, and organizing and coordi-
nating the developed strategy.

The state strategy approved on February 2,
2007, which is the approach of the government of
Georgia to the internally displaced persons, refu-
gees, defines two main goals of the state: creating
conditions for dignified and safe returning of refu-
gees and supporting the refugees having returned to
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the places of their permanent residence spontane-
ously; supporting the dignified living conditions of
the refugees and their integration into public life.

Poverty is the biggest problem of the IDPs, as
well as for the significant portion of Georgia’s popu-
lation in general. The main cause of poverty both
among internally displaced persons and the general
population is unemployment, or in some cases what
can be called underemployment [39]. According to
the sociological research, 36 per cent of the unem-
ployed has been without jobs for more than 3 year
[40]. One of the most pressing problems according
to IDP respondents is the inability to visit family
members, relatives, friends and acquaintances who
live in the area of origin. Half of interviewed fami-
lies (50.9%) do not own a house, apartment or plot
of land on the territory controlled by Georgia.
73.4% of internally displaced persons wish to return
to their places of residence where they lived before
becoming refugees and only one-fifth (20.7%) wish
to remain on their present places of residence [16].

The problem of determining the number of
Ukrainian IDPs is that it is impossible to name their
exact number, since some of the forced migrants
were not registered as IDPs, which is associated
with the need to constantly confirm this status, and
the certainty that the state still can't solve their prob-
lems. Of course, internally displaced persons have
become a real challenge for Ukraine, since Ukraine
has not been associated with massive forced migra-
tions during the period of independence. However,
do not forget that almost all internal migrants (with
rare exceptions) are citizens of Ukraine, respective-
ly, they have the same rights as other citizens of
Ukraine, including the right to freedom, protection
from violence, freedom of speech, protection against
discrimination. Therefore, forced displacement re-
quires the Ukrainian government to address these
and other complex problems, to seek additional
sources of financing, provide vulnerable groups
with social services, solve housing problems and
employment problems.

The main problem of the “early” displacement
of IDPs (2014-2016) was their non-acceptance by
local communities, however, forced displacement as
a result of occupation or war is a traumatic and even
tragic situation for migrants. IDPs are people who
were not going to leave their homes, but were forced
to do it, saving themselves and their loved ones. Of
course, forced migration in the east of Ukraine led
to the concentration of IDPs in the regions adjacent
to the temporarily occupied territories. Local com-
munities that have adopted IDPs are faced with
problems of job cuts in key sectors of the economy
due to the conflict, and higher rental prices due to
the influx of IDPs. Host communities believe that
IDPs receiving social assistance from the state nega-

tively impacted their own situation and created
competition for them. Very often, both IDPs and
members of the host communities face similar chal-
lenges and problems that need to be addressed.
However, given the specific protection problems,
IDPs are more vulnerable, which largely determines
their relationship with host communities. An in-
crease in the cost of living, as well as a lack of ac-
cess to adequate housing, work and social benefits,
exacerbates the situation, which in some cases can
lead to secondary displacement within the country,
and in other cases, increase tension [2,8].

In conditions of prolonged internal displace-
ment, centers of compact residence for IDPs are
gradually losing the status of “temporary” housing
and they are increasingly depleting their resources.
Quite often, IDPs are allocated buildings and institu-
tions intended for other purposes (for example, insti-
tutions for homeless people, nursing homes, summer
camps, etc.). Lack of medical care, unsatisfactory
living conditions and isolation are the main prob-
lems faced by IDPs living in common areas (prem-
ises of general use). In many centers of compact
residence, people are threatened with eviction, and
some of them have already had to evict. Many of
these centers are located far from cities and, accord-
ingly, far from healthcare and educational institu-
tions, as well as places of potential employment
[8,9].

Subject to a well-considered state and regional
policy aimed at solving the socio-economic prob-
lems of IDPs, migrants will be able to become a
stimulator of the socio-economic development of
the regions, since many of them have a high educa-
tional and qualification level. This indicates a signif-
icant accumulated human capital, which can be an
important factor in the development of high-tech
industries and services with intensive use of
knowledge in regions where IDPs are concentra-
ted [1].

In the socio-economic sphere, the emergence of
IDPs leads to an increase in the number of enter-
prises due to the transfer of enterprises and organi-
zations from the temporarily occupied territory to
the territory controlled by the Ukrainian govern-
ment. Opening their own business by IDPs leads to
an increase in the number of jobs for the population
of the host communities. In addition, thanks to
IDPs, vacancies in the labor market that are least
popular for the population of the host communities
are filled, which leads to reduction in the cost of
goods, and increased requirements are introduced to
the assortment and quality of goods and services.

Conclusions. The internal displacement of the
population in Georgia and Ukraine was associated
with armed conflicts in their territory with a “mot-
ley” ethno-linguistic composition of the population,
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separatist intentions of the region’s inhabitants with
the support of local political elites, public organiza-
tions in the context of the mass information attack.
The center of the military confrontation in Georgia
was the Tskhinvali region (South Ossetia) in 1989-
1992, and Abkhazia in 1992-1993. In 2008, the
armed conflict arose between Georgia, Russia and
the separatist groups of South Ossetia, referred to as
the Russian-Georgian war. In 2014, the center of
hostilities was the East of Ukraine, referred to as the
Donbass. The concept of “uncontrolled territories”
(parts of Donetsk and Luhansk regions) appeared.
As a result of the conflict, millions of people be-
came internally displaced persons — a socially vul-
nerable category of the population requiring state
support.

Analyzing the structural features of internally
displaced persons in Ukraine and Georgia, it should
be noted that their resettlement is extremely uneven:
IDPs choose large cities and ignore the countryside
more. In Ukraine internally displaced persons who
intend to return to their previous places of residence
are resettled in large cities and suburban areas near
the military zone in order to have territorial access
to the temporarily occupied Ukrainian territories.
So, as a result of the IDPs displacement, a large load
on the social and economic spheres is observed in
parts of Donetsk and Luhansk, as well as Kharkiv
regions, the city of Kiev. A similar picture is ob-
served in Georgia: IDPs are settled closer to the oc-
cupied regions of Abkhazia and the Tskhinvali re-
gion, in large cities and districts of Tbilisi, Samegre-
lo-Zemo, Svaneti and Imereti.

It should be noted that, IDPs have become a re-
al challenge for Georgia and Ukraine that the gov-
ernment of both countries still has not been able to
fully cope with. Despite the fact that the first IDPs
in Georgia appeared almost 30 years ago, most of

them still remain with unresolved problems, espe-
cially with regard to the lack of their own housing
provided by the state in exchange for the destroyed
one as a result of the conflict. In Ukraine, in addi-
tion to the housing problem, IDPs face acute prob-
lems with determining their status, social benefits,
and employment. Since ignoring these problems
leads to increased tension in society, conflicts at the
local level between forced migrants and the local
population, and, as a consequence, to repeated inter-
nal displacement. Therefore, local governments
need to implement a regional migration policy
aimed at considering IDPs as a potential for the de-
velopment of territories, taking into account the la-
bor and intellectual potential of forced migrants.
The priority directions of the regional policy in rela-
tion to IDPs should be long-term solutions aimed at
providing housing, employment, social integration
of forced migrants, realizing the positive potential of
forced internal migration of the population, taking
into account the characteristics of individual regions
and international experience.

A comprehensive analysis of the forced internal
displacement of the population of Georgia and
Ukraine indicates the general prerequisites, devel-
opmental features and consequences of such dis-
placement for host communities and the state on the
whole. Studying the joint experience of countries in
solving the socio-economic problems of IDPs, the
features of their integration and adaptation will con-
tribute to a deeper analysis of these processes, en-
suring the erasing of borders between such a catego-
ry as “migrants” and “ordinary population”. This
paper is only a part of the comprehensive study of
the problems of IDPs, so the next step will be a
study of the features of IDP integration in the host
communities of Georgia and the implementation of
this experience for Ukraine.
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FORCED MIGRATIONS OF GEORGIA AND UKRAINE: REASONS FOR THE EMERGENCE,
PROCESS FEATURES, IMPLICATIONS FOR COUNTRIES

The purpose of this paper is to analyze the causes, current realities and consequences of forced mi-
grations of Georgia and Ukraine in order to identify key strategies for resolving the socio-economic prob-
lems of internally displaced persons and transforming them from a “problem vulnerable group” into an indi-
cator of socio-economic development of the countries.

Methodology. The study was conducted using a set of multidisciplinary approaches and methods. The
paper was used philosophical, general scientific and concrete scientific research methods. Among them:
methods of analysis and synthesis, comparative geographical method, mathematical and statistical, graphical
method, problem method and some others.

Results. Forced migration in Georgia and Ukraine is associated with armed conflicts, which were sup-
ported by the separatist sentiments of the part of the population. The center of the military confrontation in
Georgia in 1989-1992 was the Tskhinvali region (South Ossetia), and in 1992-1993 — Abkhazia. In 2008, an
armed conflict arose between Georgia, Russia and the separatist groups of South Ossetia, referred to as the
Russian-Georgian war. In 2014, the Donbass (Donetsk and Luhansk regions) became a center of hostilities in
Ukraine. Because of such military conflicts, millions of people have become internally displaced persons — a
socially vulnerable category of the population.

Analysis of the structural features of the IDPs of Georgia and Ukraine shows the unevenness of their
territorial distribution: IDPs are settled in large cities close to their previous homes and almost completely
ignore the countryside. Such resettlement speaks about possible intentions to return to their previous places
of residence. As a result of the displacement of IDPs, a large burden on the social and economic spheres is
observed in parts of Donetsk and Luhansk, as well as Kharkiv regions, the city of Kiev. A similar picture is
observed in Georgia: IDPs are settled closer to the occupied regions of Abkhazia and the Tskhinvali region,
in large cities and districts of Tbilisi, Samegrelo-Zemo, Svaneti and Imereti.

IDPs have become a real challenge for both countries, with which the government could not finally
cope. Unresolved in both countries are the housing problems of IDPs. In Ukraine, in addition to the housing
problem, IDPs face acute problems with determining their status, social benefits, and employment. Ignoring
the solution of these problems leads to increased tension in society, conflicts at the local level between the
migrants and the local population, and, as a consequence, to repeated internal displacement. Resolving the
problems of forced migrants should be the first line of policy with IDPs.

Scientific novelty. a comprehensive comparative analysis of forced migration of Georgia and Ukraine
related to military conflicts in the paper was carried out for the first time. The methodology of human-
geographical research of migration processes, in particular forced migration, has been improved. The appli-
cation of the joint experience of Georgia and Ukraine in solving the problems of IDPs was further developed.

Practical significance. Studying the joint experience of countries in solving the socio-economic prob-
lems of IDPs, the features of their integration and adaptation will contribute to a deeper analysis of these
processes at all levels of territorial organization, ensuring the erasing of borders between such a category as
"migrants" and "ordinary population". This paper is only a part of the comprehensive study of the problems
of IDPs, so the next step will be a study of the features of IDP integration in the host communities of Georgia
and the implementation of this experience for Ukraine.

Keywords: forced migration, internally displaced persons (IDPs), internally population displacement,
military conflict, Georgia, Ukraine.
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URBAN ENVIRONMENT 3D STUDIES BY AUTOMATED FEATURE EXTRACTION
FROM LiDAR POINT CLOUDS

C. B. Kocmpixos, /. €. Byénos, P. A. Ilyono. /JOCAI/IPKEHHA TPUHBUMIPHOI'O ITPOCTOPY MIChKOI' O CEPE/IO-
BHIIIA YEPE3 ABTOMATH30BAHE BHOKPEMJ/IEHHA OB’EKTIB I3 XMAP JII/TAPHUX TOYOK. Cmamms posenidae
b6acamopyHKYIOHATbHY MemoO0a02io | NPAKMUYHY MEMOOUKY 2e000p0OKU OAHUX OUCMAHYITIHO20 1A3ePHO20 (TI0aPHO20) 30HOVEAH-
HSL MICbK020 Cepedosuna y yiisux 1o2o nooaivulo20 MOOEIbHO20 8i0MEopeHHs ma 0ocniodcents. OKkpemo niOKpecioomsvcs K Cy-
YACHI 3anUMU HA 3ATYYEHHs] HOGIMHIX MeXHON02I 00 YuX 00CHIONCeHb, MAK | GUKIUKU, WO NOOIOHE 3aNyUeHHS CYNPOBOONCYIOMDb.
Jloxknaonuii niimepamypuuii 02130 HAOAE NPUHYUNOBE POZYMIHHS 20I08HUX NOLONCEHb AGMOMAMUZ0BAHO20 BUOKPEMICHHSL Y OaHi3ipo-
sanux 06 ’ekmig (ABYO) ax 20106H0I ck1a0060i 2e000podKu xmap aidapHux moyox. Onucytomvca okpemi kpoxku ABYO ax-mo «eu-
SHAYEHHAY, «KAACUDIKayisny, «cecMeHmayisy ma «peKOHCMPYKYIay.

Ilpedcmasnene agmopcvke npozpamue 3abesneuenus (113) y euenaoi eeo-I'1C-3acmocysanus, npusHauenozo 0is inmezpayii pi-
SHOMAHIMHUX TIOAPHUX OAHUX i3 HACHIYNHOO 8I3YANI3AYIEI0 NPOMINCHUX MA KiHYegux pe3yivmamis ix 06pobku. Kopomko pozenanymi
apximexkmypHa cxema ybo2o 8e0-3aCmoCy8anHs K pO3nooiieHol iIHpopmayitiHoi cucmemu ma tio2o 20106Hi QyHKYiOHAbHOCMI.: Buo-
Kpemnents 6yoieens,; Buokpemnenns 6ydisens y cinbeobkill micyesocmi, Busnauenns 3min y apximexmypHhii mopgonozii micma, I'ene-
payis monozpagiunoi noeepxHi. /lemanvHo po3ensioaromecs 08i agmopcybKi Moougikayii anbmeprHamugnux nioxooie y pamrkax ABYO
— BUCOKONONI2OHANbHE MA HUZLKONOLI2OHANbHE MOOENIOBAHHS 3i CINBOPEHHAM «BENUKOBA20BUXY MA «HUZLKOBALOBUX» Mooenell, 8i0-
nogiono.

30Kpema, nponoHyeEmvbCsa HU3bKA OPUSTHATLHUX PileHb 3a 00NOMO20t0 no6y0osu diazpamu Boponozo Ha emani pekoncmpykyii
MoOernetl 6ydigensv. [Ipedcmasneno 6eb-nopman — ceonopmain agmopcwvkozo 113, axuil Hadae docmyn K 00 NPOEeKmia i3 6i0meopeHuMm
MicbKUM cepedosuujem o pisHUX Kpainax, max i 00 6i0N0GIOHUX THCMPYMeHmie 00pOOKU NEPEUHHUX TIOAPHUX OAHUX KOPUCTYBAYA.
V axocmi npaxmuunux npuxnadie Ha3u8aemvca OEKiNbKA MOJNCIUBUX CYEHAPIi8 Kopucmysaya (use-cases — anel.) wooo peanizayii
GynryionanpbHocmi ceonopmary.

Knrwuoei cnosa: nioap, nioapui oaui, micvre cepedosuwe, ABYO, mooeni 6ydisens, se6-I'IC-3acmocysanns, ceonopmai.

C. B. Kocmpuxos, JI. E. Byénos, P. A. ITyono. HCCJIEJOBAHHA TPEXMEPHOI'O ITPOCTPAHCTBA I'OPOJICKOH
CPE/]bl ITOCPE/ICTBOM ABTOMATH3HPOBAHHOI'O BBIJIEJIEHUA OBbBEKTOB H3 OB/IAKOB JIHJJAPHbIX TO-
YEK. Cmambvs paccmampusaem MHO2OQYHKYUOHATLHYIO MEMOOON02U0 U NPAKMUYECKYI0 MEMOOUKY 2e000pabomKu OaHHbIX Ou-
CIMAHYUOHHO20 N1A3ePHO20 (TUOAPHO20) 30HOUPOBAHUL 20POOCKOL Cpedbl 6 Yenax ee OdalbHelule20 MOOeTbHO20 NpedCcmasieHus U
uccnedosarus. OmoenvHo noOYEPKUBAIOMCA KAK COBPEMEHHble 3anpochl HA UCNONb308AHUE HOBEUWUX MeXHON02Ull 8 YKA3AHHBIX
UCCne0o8anusax, max u 6vl308bl, KOMopvie 6y0ym conpogoicoams 3mo ucnonvzosauue. [lpocmpannviii aumepamypHuiii 0630p obec-
neuusaem NPUHYUNUATLHOE NOHUMAHUE OCHOBHBIX NOLONCEHUN ABMOMAMUIUPOBAHHO20 BGbIOENEHUsl YPOAHUSUPOBAHHBIX 00BLEKMOG
(ABYO) kax ocHnoenoil cocmasHoil 2eoobpabomku obnaxos audapuvix mouek. Onucwvieaiomess omoenvhvie wiacu ABYO kax-mo
«onpeoenenuey, «KAacCuBurayusny, «CecMeHmayusy u «PeKOHCMpPYKYUsy.

Ipeocmasneno asmopckoe npoepammuoe obecneuenue (I10) 6 sude 6e6-1 UC-npunosicenust, npeoHasHAuenHo2o 01 UHMezpa-
Yuu pasHOOOPA3HBIX TUOAPHBIX OAHHBIX C NOCeOYIUell BU3YaIu3ayuell NPOMENCYMOUHbIX U OKOHUAMETbHBIX Pe3yIbmamos ux oopa-
bomxu. Bkpamye paccmompervl apXumexkmypHas cxema 9mo20 8e0-NpUioNceHuss Kak pacnpeoeieHHol UHGOPMAYUOHHOU cucmembl
u e2o ocHosHble yHKyuoHanvHocmu: Mzenevenue 30anuil; Mszeneuenue 30anuil @ cenvckoll mecmuocmu,; Onpedenenue usmeHerul 6
apxumexmypHot mopgonozii copooa; Ienepayus monocpaguueckoii nogepxHocmu. [JemanbHo paccmampuaomcs 0ée asmopcKue
MOOUpUKAYUY anbMepHAMUEHbIX N00X0008 8 pamkax ABYO — evicokononueonanvhoe u HU3KONONUSOHATbHOE MOOEIUPOBAHUE C CO-
30AHUEM (MSAACELOBECHBIXY U (JIE2KOBECHBIXY» MOOelell, COOmEemcmeenHo. B uacmuocmu, npeonazaemcsi pso OpusUHAIbHLIX peule-
HULl ¢ NOMOWbIO NOCMpPOeHUs: ouazpammsl Bopornoeo na smane pexoncmpyxyuu modeneu 30anuil. [Ipedcmasnen éeb-nopman — ze-
onopman asmopcroeo 110, komopwiil obecneuusaem 00CMyn Kaxk K NPOEKmMam co CMOOEIUPOBAHHOU 20POOCKOU Cpedoll NO PA3HbIM
CMPAHam, max u K COOMEEeMCmeyiouum UHCIMpyMenmam oopabomku nepeuyHvlX IUOAPHbIX OAHHBIX noab3osamens. B xkauecmee
NPAKMUYECKUX NPUMEPOB BO3MONCHBIX CYEHAPUe8 NONb308ames 018 pearu3ayuu QYHKYUOHATbHOCIU 2e0Nopmad.

Knioueswie cnosa: nudap, nuoaphvie oannvie, 20poockas cpeoa, ABYO, modenu 30anuii, 6eo-I' HC-npunodicenue, ceonopman.

Research problem introduction. The continu-  Urban Studies, which primarily means to involve
ing significant growth of urban population all over  innovative approaches and techniques in the Infor-
the world and, first of all, in Africa, Asia and Latin = mation Technology and Remote Sensing domains.
America forces scientists to seek new advances in  Thus, it seems evident that remote sensing data pro-
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cessing and modeling tools, which may assist in ur-
ban studies, can hardly be overvalued. Contempo-
rary global urban mapping, using Earth Observation
systems is the only possible approach that guaran-
tees getting rid of the shortage of reliable spatial
information of urban areas throughout the Earth
[1,2].

We have already emphasized recently that the
key issues of the contemporary urban development
had caused a number of challengers that would re-
quire the innovative technological introductions in
the Urban Studies domain. These challengers and
the innovations can be summarized like follows [3,
4], and they are outlined in the first visual of this
text, as those ones that can be resolved and provided
with indispensable Urban Remote Sensing (URS)
tools (Fig. 1): 1) with prompt development and dras-
tic changes in urbanization processes, the explora-
tions of city areas have to become the studies of ur-
ban systems, which are also becoming more and
more sophisticated; 2) the number of cities in-
creased and the urban areas are being enlarged ex-
tremely promptly, especially in developing coun-
tries; 3) the regions with extensive urban construc-
tions not only become more and more numerous,
but also they grow fast in different countries; 4) a
necessity for terrain models of high accuracy for
urban planning and other related sophisticated spa-
tial data processing become quite understandable
and can be applicable for different subject domains
beyond straightforward urban planning and munici-
pal management; 5) a necessity for effective auto-
mated buildings survey to determine quantitative
and qualitative characteristics of architectural
changes over time is accepted as a mandatory com-
ponent of city alterations monitoring; 6) high accu-
racy environmental surveys over the key cities in the
area-of-interest (AOI) with extensive remote sensing
data analysis should be regularly provided. There-
fore, a geographer-urbanist seeks for both a reliable
research approach, and the mentioned above ad-
vanced tools to understand the nature and spatial
phenomena of the urbanization processes in a given
area. The relevant theory and its derivative applied
solutions meet the necessity for more efficient urban
mapping, city understanding, and municipal man-
agement. All three mentioned domains may be com-
bined in one innovative development — 3D City Ca-
daster, that is intended to resolve those complex
property and infrastructural situations, in which a
traditional 2D digital cadaster is rather limited [5].

A Geographical Information System (GIS) is
another key definition in our text. Nowadays a GIS
is broadly employed every day by various special-
ists for both routine, and complicated procedures
with spatial information formats: digital elevation
models and digital surface models; raster datasets -

satellite / airborne images and derivative results of
their processing; vector datasets — roads, other infra-
structural networks rivers, contours; raster map data
— aerial photos, satellite images; 3D objects — build-
ings, geobodies; CAD (Computer Aided Design)
data — surfaces and subsurface, volumetric geomet-
ric figures, etc.; LIDAR (Light Detection and Rang-
ing) and orthophoto point clouds [6-10]. By and
large, a GIS is merely a part of a general tradition of
digital data handling and spatial representation in
different scales — global, national, regional, and lo-
cal extents. What is more, there has been rapid
growth of both remote sensing, and GIS tools in-
volvement in monitoring urbanization and relevant
environmental changes and in urban management
over past few decades. These techniques and tech-
nologies have been developed with simultaneous
elaboration of the city simulation capabilities pro-
vided by the methods / rules / interfaces created for
various modeling-visualizing software products [1,
2, 11-15].

We may consider a 3D object / feature model as
a core entity of the GIS output made from the input
outlined above. Such a statement becomes even
more evident, while the discrete objects of urban
environment are considered, when we are speaking
about a 3D city model. In general, three-dimensional
modeling appeared to be a key approach within the
common geoinformation concept, especially, taking
into account the applied perspectives of this concept
[5, 16-23]. We have already outlined our under-
standing of a 3D city models in some papers pub-
lished before [3, 4, 24, 25]. We do understand the
three-dimensional city model of urbanized environ-
ment as an entity, which natural analog is located
within 3D urban space characterized by usual ur-
ban features and structures with buildings as the
dominant features among them.

The Automated Feature Extraction (AFE) from
satellite images of high resolution and from datasets
resulted from LiDAR surveys, which are obtained
by strips and finally combined as 3D Point Clouds,
is the key tool that generates 3D city models. Meth-
ods and techniques that extract building models in
any alternative ways are an insignificant research
field. The AFE from LiDAR point clouds is a re-
search and development topic of great interest as it
is very profitable for various applications of 3D city
models such as urban planning, urban disaster man-
agement, energy sector, infrastructure network plan-
ning, different Smart City projects, and solutions
with 3D city models in some other domains. This
automated procedure is an extremely challenging
task for surveyors and researchers, since it means
3D automatic mapping of the urban environment,
which is of the high complexity. What is more, ex-
actly LiDAR data have become for two recent deca-
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des a reliable alternative (to satellite remote sensing)
data source for building detection, extraction and
reconstruction using different R&D approaches and
algorithms [20, 26-30]. Therefore, the automated
building and other anthropogenic feature extraction
from LiDAR point clouds simultaneously with the
relevant digital elevation model (DEM) generation
is one of the most challenging research and devel-
opment goals for urban studies as well as for sup-
port the urban environment by means of digital
technologies and information networks.

The key research goal of this text is to outline
our original contribution to the algorithmic content
of the automated feature extraction upon the urban
environment modeling, as well as to represent the
original web-software for urban studies.

AFE methods in the building detection, ex-
traction and 3D reconstruction within the LIDAR
pipeline: a thematic overview. The overall AFE
algorithmic approach. Almost all LIDAR devices
are either Airborne lidars (ALS, Aircraft Laser
Scanning), or Terrestrial (vehicle based) ones [24,
25, 31]. The latter is also named Mobile Laser
Scanning (MLS) devices. Commonly LiDAR remote
sensing is the set of techniques used to obtain initial
information for further processing due to the topo-
graphic surface, vegetation, and various human fea-

tures at certain distance from scanning sensors
(buildings, bridges, roads, powerlines, etc.). One of
the key contributions of LiDAR data and its pro-
cessing results is to increase human knowledge of
the natural landscape and the mentioned human in-
frastructural features and hence to improve their
usability and increase their profitability. The feature
extraction from raw lidar data, LiDAR Point Cloud
segmentation, and rooftop modeling, all have been
one of the main topics of discussions in relevant
thematic domain during a couple of last decades
[31-39]. Now, AFE is still a vitally crucial part of
what is being done and what professionals are trying
to do better within the international LiDAR com-
munity. How have specialists further progressed
with AFE in recent years?

It is widely accepted that a key issue for auto-
mated feature extraction is to provide a bridge be-
tween the mobile LiDAR and the airborne LiDAR,
and vice-versa. Since we are not completing an ex-
tended overview paper by this text, but otherwise
only looking through several works of the recent ten
years, we have only to express a single quite trivial
idea proceeding from our own R&D efforts, that the
composite models of urban extracted features may
be accepted as the most advanced ones (Fig. 2 from

[25]):

Detailed roof
surfaces
extracted from
AL data

Composite urban feature
extracted from both
AL and MSL data

Detailed facade
surfaces
extracted from
MSL data

N

Fig. 2. A composite model (ALS+MLS) of urban features extracted from a LiDAR Point Cloud
of the downtown of Ottawa [24, 25]

Just according to ALS / MLS joint surveying
technique the automated derivative data extraction
for 3D urban models has become a crucial research
topic beyond the Photogrammetry. The case is, that
additionally to aerial images Photogrammetry tradi-
tionally deals with 3D building model generation
from airborne-mobile photogrammetric  point
clouds, just as LiDAR surveying technique does
with similar datasets. After all, the innovative sensor

technology and its lower cost in comparison with its
predecessors has expedited LiDAR involvement in
research of urban environment. Probably, the key
reason of this fact is that circumstance, according to
which ALS / MLS scanners can deliver point clouds
with density values of tremendous range (from 1 up
to several hundred points per sq. meter). Even with
such point density of this lower edge of the range, it
may be possible to detect buildings, their approxi-
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mate boundaries, and other urban man-made fea-
tures. It is possible to generate those models that
correctly resemble both facade, and roof structures.
Corresponding methods of ALS / MLS surveyed
data processing for building detection and recon-
struction have been proposed [38, 40-47].

The complete algorithmic content of AFE is-
sues with ground and vegetation detection, and man-
made feature extraction has to employ either single-,
or multi-return ALS / MSL range and intensity in-
formation. So called hierarchical terrain recovery
algorithm can reliably be distinguished between
ground and non-ground points by the “adaptive and
robust filtering” approach [48]. It is necessary to
consider the whole range of initial data to estimate
high quality DEM for further AFE procedures using
this so-called hierarchical strategy. Road lines can
be identified by classifying signal intensity and ele-
vation data. Not only buildings, but also network
features can be extracted then. For example, such
man-made features as the road networks can be de-
rived using a special transformation technique, and
then verified with road lines and DEMs obtained
from a LiDAR point cloud. Further we can obtain
the attributes of road links such as their width,
length and slope by computing some derivative in-
formation. Other man-made features as building
models normally should be created with the higher
level of accuracy.

The general work-flow of the building model
creation can be supposed as follows on the base of
those literature sources we have already referred to.
At its first stage, the building footprints (building
base boundaries) should be detected by segmenting
elevation data obtained from LiDAR for two general
classes: ground class and non-ground ones. The bare
ground as a grid is delineated upon this step. A well-
known, so called “sequential linking technique” is
often suggested to reconstruct building footprints
into regular polygons. These polygons then should
be improved to reach the cartographical quality
[49-51].

At the second stage, the prismatic models
should be generated for those buildings which roofs
are flat, and polyhedral models should be generated
for those buildings which roofs are non-flat.

At the third stage, the vertical wall rectification
procedures should be applied if there are enough
MSL or other correcting data in the relevant LIDAR
geodatabases. These three stages would overlap al-
most any LiDAR data processing workflow. Most
urban attributes of these building models are ob-
tained from ASL-MSL data. All corresponding algo-
rithms, that conclude the three stages workflow out-
lined above, should be tested using several geodata-
bases of varying earth surface type, vegetation cov-
erage type, urban area type and LiDAR point density.

We completed below the general summary of
these few overviewed algorithmic results. This
summary demonstrates that in many urban areas the
derivative digital elevation models accumulate most
topographic details and remove non-ground features
reliably. The road network features are depicted well
enough even in densely built-up areas. The extracted
building footprints are appeared to have enough po-
sitioning accuracy. This value may be equal to the
accuracy obtained from data surveyed in field trips,
and this surveying technique in some cases is a rou-
tine procedure of LiDAR data accuracy evaluation
[31, 52, 53].

The overall algorithmic approach described
above according to the literature review already
made may be summarized like follows (Fig. 3).

One issue is quite evident for now from that
part of the literature review, that has been already
done: if the ALS automated procedures and tech-
niques did ground their efficiency quite a few years
ago, the MSL tools still have to pass a certain way in
developing automated procedures to prove their
AFE efficiency. Our own experience of MSL data
processing outlines, that it is possible to obtain quite
impressive results by the proper arrangement of the
MSL algorithmic pipeline — two visuals of Fig. 4
represent both urban (A), and natural (B) environ-
ments with buildings and infrastructures.

Finalizing general AFE issues considered
above, it is necessary to emphasize that despite Li-
DAR data are usually dense, quite accurate, and rep-
resentative, because of their limited accuracy the
segments of a relevant point cloud do not precisely
lie on a geometric plane, but are scattered within
some plain near the building facets (roof and walls).
The point deviations from the mentioned mathemat-
ical plane conform to a Gaussian distribution, which
is centered at zero. That is why, a separate building
with a multi-facet roof and numerous wall planes
can be represented by a 3D Gaussian mixture model
(3D GMM) [54]. There are references in the litera-
ture that 3D GMM can more successfully do with
roof-plane intersections, than any other approach
(e.g., RANSAC algorithm) can do [31].

All mentioned in this brief literature review ap-
proaches normally supply a 3D city model with rela-
tively satisfying reconstruction at its roof and wall
levels. These models can be generally divided for
two significant classes: either high-polyhedral mod-
els, or low polyhedral ones. A model sample, which
belongs to the first class has been already represent-
ed in our text above (see Fig. 2).

Feature detection, classification, and segmen-
tation. From our point of view, most feature detec-
tion, segmentation, and classification algorithms use
only a few basic procedures described below, some
of these procedures have no definitive frameworks,
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Fig. 3. The overall algorithmic approach for automated feature extraction
(the visual originally completed by the authors of this paper)

Fig. 4A. Urban survey with MSL: 1% visual — scanning reconstruction of the route of President Obama’s visit
to Ottawa; 2" visual — reconstructed MSL facades of the Canadian parliament building.
Original illustration of this paper authors

PPOOY

ez iENiE-Decvomcndis

Fig. 4B. Environmental survey with MSL processed results: ground cover, low and high vegetation belt,
surface human infrastructure — roads in the countryside. Original illustration of this paper authors
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until there are some specific data processing proce-

dures for them to be involved. All procedures, we

refer here to, are outlined in our visual above (see

Fig. 3), and these procedures are as follows:

e Filtering / distinguishing technique normally
provides eliminating unwanted measurements,
and detecting bare ground surfaces from a mix-
ture of ground and upper-above-ground meas-
urements. To distinguish points located on
buildings, trees, and a lower vegetation belt
from those that should be on the ground, nor-
mally applied order statistics, morphological
filtering algorithms (we have already men-
tioned above), and statistical weighting func-
tions [55]. Additionally, raw .LAS files may be
processed to remove rough outliers, but none-
theless preserving the discontinuities between
the generated surfaces [56, 57];

e Detection and Classification. The algorithmic
procedures search to detect the best mathemati-
cal approximations of discrete features in 3D
point clouds, for example, the best mathemati-
cal plane, which, what is significant, cannot be
always a roof plane. We can only detect those
building properties that can be detectable by
LiDAR sensors. In this meaning the buildings
should be considered as the constructed fea-
tures located above the bare ground with verti-
cal walls extending over some height and cov-
ering some area. Their external surfaces are
complicated, but always distinctive from cov-
erages of nonbuilding features. Usual difficul-
ties of the above-ground point detection are
normally caused by the topographic surface
natural complexity. With LiDAR point data de-
tecting 3D planes becomes crucially necessary.
In this aspect, the Hough transformation detec-
tion has been extended to 3D data arrays [58,
59]. The main idea is that the procedures of the
2D Hough transformation is outlining a point
set, defined initially in the Euclidian space, in
another space. This transform allows detecting
the points composing both basic specific geo-
metric primitives.

Classification is normally used to distinguish
among various types of ground features (e.g., build-
ings, other human features: roads, bridges; grass-
lands, shrubs and trees) to group them into different
cluster classes of points by, for example, applying to
them pattern recognition algorithms, such as k-
means, ISODATA, Bayes classifier, and other [60-
62]. Shape parameters measured can be applied to
distinguish between buildings [63, 64]. Providing
adequate separation of lower and higher vegetation
belts from buildings may be the most challenging
problem in LiDAR-based classifying research. Quite
a few potential solutions have been suggested, in-

cluding applying NDVI thresholds [65], the first and
the last returns differences identification [66], apply-
ing roughness metrics [67], and using the intrinsic

dimension [68].

The procedures on the detection step can be
summarized well enough by the following descrip-
tion [69]. Raw points are classified into two catego-
ries: ground points — where are ground itself, infra-
structural networks (that ones, which are above the
surface) and low vegetation belt (bushes) that are
below an altitude threshold, and non-ground points,
which represent upper-elevation features (such as
buildings, trees, and some bridges) above this para-
metric threshold. The “ground mask”, that is actual-
ly a building mask — a footprint - is generated by the
ground points. Separate buildings and trees are re-
ceived as clusters of pixels black colored in the
building footprint. Those trees, which are with low
density canopies should be eliminated. The point
coplanarity should be evaluated on this step. This
value for each individual non-ground LIDAR point
with its neighbors is estimated basing on its Delau-
nay neighborhood. The plane segments are extracted
from the non-ground points on both separate build-
ings, and trees. The segments extracted are refined
then with a conventionally proposed procedure. At
the end, the false planes on trees are eliminated on
the base of metric and topological information, such
as area, and supplementary neighborhood character-
istics, such as the out-of-plane points presence with-
in the single planar boundary.

e It is possible to refer to the complicated seg-
mentation methods based on neural networks
[70], but, nonetheless, there are more tradition-
al and straightforward ones against them. Seg-
mentation usually means the separation of Li-
DAR data array into homographic patches by
the way of outlining different topologic, geo-
metric, or texture structures (e.g., roads, bridg-
es, buildings, and vegetation) by applying
threshold introduction, clustering technique,
limit detection or so-called perceptual organiza-
tion algorithms [26, 71, 72]. The segmentation
procedures can be clearly demonstrated with
the next example of their involvement into the
building roof extraction [26, 65]. Basing on the
topography altitude recorded in a DEM, the
raw .LAS points are separated into two catego-
ries. The first category contains the ground
points forming a “building mask”. The second
category contains non-ground points that are
grouped with this building mask. A point clus-
ter should represent a single building or a tree.
By segmentation procedure, the planar roof
segments are derived from each cluster and
refined proceeding from the coplanarity of
points and their localization. Planar surfaces
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that cut trees are removed using characteristics,

such as a parcel area and point altitude differ-

ence.

Feature extraction and reconstruction. Build-
ing detection and extraction can be considered as
two sub-procedures that go before finalizing sub-
procedure of feature reconstruction.

Building detection for consequent extraction:

e Direct building detection. As we showed in the
text building detection before its extraction de-
fines the placement of building footprints,
which are employed by subsequent reconstruc-
tion. This step should distinguish buildings
from vegetated regions either of a high vegeta-
tion belt, or low one. For the time being, gen-
eral building footprints can hardly be detected
completely automatically with high precision.
Building constructions can be detected by lay-
ering range data and examining the hierarchy of
consecutive feature segments [73]. The range
data can also be relatively easily employed to
improve the analysis of image data for detect-
ing buildings in urban territories and assist to
detect the objects covered by shadows [74].
Nonetheless, this method is applicable in flat
urban areas only;

e Building footprint reconstruction may be a key
step for the final successful output, but most
existing relevant algorithms work, as a rule,
with vague assumptions only. These assump-
tions restrict footprints to simple geometric
shapes, for instance, rectangles or the polygons
of low quality [58, 74]. Another algorithmic
class does not make such assumptions, instead
it often gets distorted boundaries on the base of
edges detected by DEMs generated from raw
.LAS [75]. Nonetheless, these boundaries can
be refined, normally - by applying so-called
“set of geometric regularity constraints” [57,
76]. We have to mention the solid algorithms
are not available for this processing stage —
footprint reconstructions. It may be some pos-
sible solutions in developing robust and effi-
cient methods based on Hough transformation
mentioned in the text above;

e Distinguishing building footprints from vege-
tated regions. In such a case the classification
deals shape measures taking into account the
geometric regularity constraints [74] or the raw
LiDAR data roughness. These measures also
are not very reliable either for complicated 3D
urban scenes, or for densely forested areas, be-
cause they limit the detectable buildings to a
narrower spectrum. In general case, shape
measures normally make use of simple geomet-
ric properties such as area and perimeter. None-
theless. In a case of the complex building roofs

we may need to calculate the roughness
measures. We have to take into account, that
since the building roofs must be solid surface,
the application of multi-return range infor-
mation can benefit in distinguishing of build-
ings and vegetation. Moreover, it is a well-
known fact that LiDAR cannot pass through
solid surfaces, therefore it gets for them a sin-
gle return only. What is more, the first and the
last returns are equal in altitude at solid surfac-
es, but these returns are different at vegetated
regions. Nonetheless, LiDAR obtains rather
similar effect at building boundaries, and we
can compare it with that one at vegetated areas.
e  Building reconstruction. By default, the build-
ing reconstruction procedure recovers the geo-
metrical characteristics of the roof and walls of

a single building allocated precisely [26]. Quite

often this term “building reconstruction’ means

recovering some building elements, first of all

— roofs, which are reconstructed most often at

first recovering attempts.

When classified, extracted, and reconstructed
from raw data, a set of building footprints usually
includes numerous buildings. For reconstruction 3D
modeling outputs, individual buildings should be
segmented, as we already outlined above. For these
aims, the widely used segmentation techniques can
be applied, which is based on clustering approach
[77]. Quite a few cluster models (for example, con-
nectivity, centroid, and distribution ones) as well as
clustering algorithms (for example, hierarchical
clustering, k-means and expectation maximization)
are widely applied [78]. Thus, a region growing ap-
proach was proposed once to cluster similar points
into the same building through iteratively collecting
these points within a sliding window [79]. The con-
vex hull algorithm applied in this case [79] was
modified later in two following examples [62, 80]. It
derived individual building hypotheses with traced
boundaries using this modified algorithm. Nonethe-
less, all these methods outlined above are consid-
ered as sensitive to noise and quite expensive to im-
plement [77].

The non-building features can be misclassified
as buildings at the stage of detection. Many algo-
rithms apply supplementary data, for instance,
ground plans and maps of large scales to improve
the reliability of building footprint boundaries [19,
20, 57].

EOS LiDAR Tool (ELiT) and our key origi-
nal algorithmic approaches to the AFE issues. In
general scope, dominant advantages of the AFE ap-
proach, which can be outlined from the thematic
overview provided above, may be summarized as
the following ones [4]:
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1) High accuracy of the geospatial information
gathered by a LiDAR survey. Collected Point
Clouds illustrate a spatial location of real natural /
technogenic features in minute details, while even
an extremely small peculiarity may make difference,
and it can drastically change the whole view of a 3D
Scene in a GIS interface;

2) Within this approach geospatial data can be
collected promptly within a certain AOI, and these
data are expected to be highly attractive from the
point of view of its cost; In this way, it is possible to
provide a quite accurate geospatial monitoring of
any large areas; consequently, this circumstance al-
lows to identify various urban change detection op-
erations from multitemporal LiDAR data sets;

3) LiDAR data processing technique may be
the only one, that represents a composite view of the
environmental modeled picture, because it deals
with a collection of raw data concerning all the fea-
tures on the earth ground, that generally can be di-
vided for three feature sets: inanimate static nature,
vegetation cover, and man-made constructions,
mainly — buildings.

All authors of this paper lead the algorithmic
elaboration and software development due to Li-
DAR data geoprocessing at the EOS Data Analytics
company (https://eos.com) [81, 82]. While con-
structing and linking all necessary algorithmic steps
for extracting features and reconstructing buildings,
we do accept according to those key points of the
thematic overview made above, that the LiDAR re-
mote sensing mainly is the approach employed for
geoprocessing the information about the topographic
surface, vegetation, and mentioned technogenic fea-
tures of the human infrastructure scanned at the cer-
tain distance from a surveying point. Normal data
resolution of our geoprocessing lies between 5 and
140 LiDAR points per m?.

The software developed on the base of our al-
ready published multifunctional research approach
[4, 24, 25, 81, 82] - ELiT (EOS LiDAR Tool) Serv-
er, as a web-based application (WBA) with a cloud
platform support, implies implementation of the fol-
lowing basic ELiT functionalities within the distrib-
uted information system (Fig. 5):

e Building Extraction tool (BE- a sub-page
Building Extraction of the Tools page) provides
building detection and extraction as various
sub-procedures that go towards finalizing sub-
procedure of building reconstruction for high-
rise buildings of urban areas; BE-functionality
provides the High Polyhedral Modeling (HPM)
approach, what implies the generation of build-
ing models consisting of numerous polyhe-
drons, and due to this fact, the relevant models
can be considered as “heavy-weight ones”; this
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building model may be generated from up to
one hundred and forty thousand of points;

The Building Extraction Rural Area tool (BE-
RA - a sub-page Building Extraction Rural Ar-
ea, which is on the 7ools page) provides the
Point Cloud segmentation and clustering pro-
cedures of building detection and extraction of
low-rise buildings through rural areas and sub-
urbs; the BERA tool implements the Low Poly-
hedral Modeling (LPM) approach, which is
based on procedures of planar segmentation
and clustering of LiDAR point clouds rather,
than on their classification (the case of HPM);
building models produced are composed of not
many facets, and the number of points intended
for a single model generation is limited by a
number of five thousand; such a number may
be obtained by adaptive thinning at the cost of
details;

The Change Detection tool (CD) is normally
implemented by a sub-page Change Detection
of the Tools page. It is a software technique,
which automatically detects block-, district-,
and city- scope alterations. These changes nor-
mally happen through urban areas over some
period of time. This technique detects locations
of changes in positions and shapes of buildings
as 3D models with additional spatial infor-
mation. Normally two Point Clouds (the tempo-
rally primary, and the temporally secondary
ones) are compared, and the difference between
them is outlined as a BE-model — a result of the
high polyhedral modeling;

The DEM Generation Tool (DEM-G as a sub-
page of the Tools page) provides a regular ma-
trix creation of topographic height, in this way
it makes a grid. In other words, a series of ir-
regularly spaced elevation points are acquired,
from which uniformly spaced elevation mark-
ers are interpolated. Hence a DEM is created,
which we understand as a synonym of a digital
terrain model, which represents the bare earth
terrain with uniformly spaced z-values;

The relevant web-API has been created and a
user-friendly web-interface has been designed
for uploading, storing, processing, analyzing
and downloading geodata;

Modeled results can be directly exported to 3D
visualization models in .KML, .COLLADA, and
.gITF formats. These results are displayed
through ELiT Viewer, if processed by ELIT
Server, and are visualized at ELiT Geoportal, if
they are resulted from cloud computing with
Amazon Web Services;

A tiling visualizing strategy is employed with
Cesium 3DTiles library, which allows to visual-
ize almost any large 3D city all over the world
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with backgrounds like, e.g., Open Street Maps

of digital virtual globes like Google Earth or

Cesium Virtual Globe.

High Polyhedral Modeling provided by the
ELIT Building Extraction (BE) tool. Some basics
of this technique have been already introduced by
the authors of this paper in their earlier publications
[4, 24, 25, 83]. Until now the most detailed intro-
duction of our original HPM frameworks has been
presented with an explanatory flowchart in [25]. In

this text below we have placed some other, more
simplified representation of the HPM algorithmic
pipeline in comparison with [25] — Fig. 6.

It is reasonable to add to those summarizing
remarks made in the previous section of this paper
(a thematic overview) a statement about earlier in-
troduction of HPM methods in comparison of LPM
ones into a variety of AFE solutions. With increas-
ing availability of LiDAR data with various density
and improved accuracy many methods of 3D build-

ALS Range and
Intensity data

Ground detection and DEM
generation

Footprint boundary detection:
Identify oriented boundaries;
Define candidate footprints;

Building footprint boundary
reconstruction:
Reconstruct footprint rectangles;

Reconstruct footprint polygons;
Simplify complex footprint
boundaries;

Vertical walls drawing (without MLS)

Building roof reconstruction and wall remediation:
e Prnsmatic modeling — flat roof reconstruction;
e Polyhedral modeling: non-flat roof reconstruction;
e Remedy building walls.

Models of 3D buildings
with many polyhedrons

Fig. 6. ELiT algorithmic flowchart of building detection, extraction, and reconstruction within the HPM
frameworks, while MLS data processing is not involved
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ing reconstruction have been proposed as a tech-
nique that fits in the HPM outline [26-28, 43, 44, 64,
84]. These HPM-methods, and this follows from our
thematic overview made above, can be fulfilled by
three sub-procedures, 1.e., building detection, build-
ing extraction, and building reconstruction [48, 55,
85]. All three sub-procedure may not be evidently
distinguishable. Complete automated process of
building extraction only within HPM-frameworks
may not be reliable yet for practical applications in
majority of cases, because of the great complexity of
actual architecture in urban downtowns, which is
resulted in simultaneously dense and scarce point
clouds a LiDAR survey ended in a given AOL.

Both an operational sequence, in general, and our
original algorithmic flow-chart outlined above are to
a certain extent a summarization of those HPM-
implementations, we have referred to above. We
have to emphasize once again, that suggested flow-
chart differs from one published before [25] by that,
it does not involve MLS data processing. Several
preliminary classifying steps should be implied (De-
tection of basic classes according to the standard-
ized lidar Point Cloud classes, if they are in a given
cloud, or not; Classification based on point copla-
narity; Delineation of preliminary footprints, which
differ from “candidate footprints” mentioned in the
third block of a flow-chart).

Then, after necessary preprocessing (a block of
ALS Range and Intensity data), all points are ulti-
mately separated for ground and non-ground ones (a
block of Ground detection and DEM generation),
what is finalized by both a digital surface model
(heights of a ground + features) (DSM), and a DEM
(only ground heights) generated.

The whole building extraction with following
reconstruction pipeline actually starts from detection
of feature footprints on a generated DEM (a block of
Footprint boundary detection). This procedure is
normally completed in two steps: an identification
of oriented footprint boundaries and a definition of
candidate footprints (they are another entity in
comparison with “preliminary footprints” drawn on
the preprocessing steps). The candidate footprints
are extracted as No Data holes in an obtained topo-
graphic grid.

Through further processing building footprints
are reconstructed as quadrangles, rectangles, or reg-
ular polygons (a block of Building footprint bound-
ary reconstruction).

“Artificial” walls are extrapolated from foot-
print boundaries (a block of Vertical walls drawing
(without MLS)).

Building roofs may be raised from these foot-
prints outlined and corrected supplementary by the
same ALS point cloud data. If a building has a flat
roof, it should be modeled as prismatic shapes,

while a building with some complicated shape
should be modeled as a polyhedron (a block of
Building roof reconstruction and wall remediation).
As already emphasized above “High Polyhedral
Modeling” means that primarily reconstructed
building facets and components (roofs, walls, out-
houses) consist of many polyhedrons in comparison
with that, while building models can be combined
from few polygons only [20, 41, 86]. According to
understandable reasons, these models are normally
extracted and visualized as the heavyweight entities
(from up to 20 to 150 thousand of points processed
per a model of buildings). Therefore, necessary
smoothing and noise removing should be mandatory
provided. For these purposes our update of a Delau-
nay refinement algorithm [87] has been used. The
relevant “covering Delaunay TIN” is involved in
algorithmic sub-blocks of Polyhedral modeling:
non-flat roof reconstruction and Remedy building
walls.

All algorithmic blocks and sub-blocks men-
tioned in this paper section are provided for pro-
cessing ALS data only and reconstructing only key
building components (roofs, walls, outhouses, etc.).
A typical HPM-model has been visualized on Fig. 2
in the text above.

Low Polyhedral Modeling provided by the
ELiT Building Extraction Rural Area (BERA)
tool. Main basics of this technique also have been
already introduced by the authors of this paper in
two previous publications [25, 82]. We are develop-
ing further and optimizing the approach with this
text. Introducing an applied implementation of the
LPM technique above as the ELiT BERA tool, we
have emphasized, that this technique is grounded on
procedures of the point cloud planar segmentation
and clustering instead of the point cloud classifica-
tion, which is basic preliminary procedure in the
case of the HPM technique.

Both segmentation and clustering significantly
decrease a number of polyhedrons, which pile of a
LPM model extracted, in comparison with a HPM
model. Therefore, this model is defined as a "low
polyhedral” one. Such models are extracted and dis-
played as lightweight ones (a number of points in a
relevant point cloud differs from 5 to 40 thousand of
points per a model). Commonly, the low polyhedral
modeling frameworks proceed from a number of
seminal papers in segmentation and reconstruction
of polyhedral building roofs from lidar data pub-
lished by A. Sampath, J. Shan [32, 33, 79, 88, 89],
that is why we named this approach as the SaS-
methodology. Thus, both segmentation and recon-
struction are two key procedures in obtaining the
lightweight polyhedron surface models of buildings,
what has been proved more than once not only by
the authors of the SaS approach, but also in other
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various publications [90-92].

The first step of the SaS implementing pipeline
is related to the point cloud segmentation, and it is
the eigenvalue analysis provided for each point
cloud point within the boundaries of its Voronoi
neighborhood. This step both produces the surface
normal for every point, and divides all points for
two sets — planar points, and non-planar ones. Upon
the further algorithmic step, the surface normals re-
lated to all planar points should be clustered by us-
ing the selected efficient methods. This clustering
procedure is being optimized by decreasing a num-
ber of clusters through usage of both topological,
and geometrical methods for the cluster similarity
definition. The building roof segmentation is con-
cluded by a separation of the parallel and coplanar
segments using firstly distances between segments,
then — their connectivity. Building roof reconstruc-
tion within the SaS pipeline begins with composing
an adjacency matrix, that outlines the connectivity
of delineated planar segments. Building external and
internal vertex are determined then by intersecting
all roof planar segments and vertical walls that are
both external and internal ones. The boundary regu-
larization approach, which finalizes the reconstruc-
tion step, helps to obtain building models, which are
coherent in their topology and correct in geometry.

The SaS-adjacency matrix is a key issue for de-
lineation of adjacent planar segments within a build-
ing model. We have provided the extensive usage of
the Voronoi neighborhood for cluster adjacency on
the finalizing modeling stage, while the traditional
SaS-method implies using the Voronoi diagram on
the preliminary surface reconstruction step only. Our
key updating contributions to the SaS-methodology
are represented in few following subsections of this
paper.

Applying the Voronoi diagram for the roof clus-
ter adjacency determination. Exactly one of our
most significant updating contributions to the tradi-
tional SaS approach lies in the obtainment of opti-
mized adjacency of planar segments, which have
been delineated. The original authors employ Voro-
noi neighborhood for providing eigenvalue analysis,
while each point neighbors are being determined.
Nonetheless upon computing the cluster adjacency
these authors apply a routine distance between all
pairs of points using the following formula [33, P.
1562]:

d (P,Q) =min (d (piq;)) Vpi € P; Vq; €Q, (1)

where: d(piq;) is a distance between any pair of
points p; and ¢; from clusters P and @ correspond-
ingly.

The problematic issues of the SaS approach
like introduced with (1) arise in a case of nonhomo-
geneous point density of an initial point could, that

has to be clustered and segmented. For instance, a
sparse point cloud, that also worsened by the faults
of surveying technique, causes the situation, when
clustered points may lie far from a cluster boundary,
then a distance value (from (1)) fails to be taken into
account, while it is checked with a threshold pa-
rameter. Consequently, this causes the errored adja-
cency determination and the wrong model recon-
struction. Nonetheless, it may be not so difficult to
conclude, that because there are no other lidar points
between two delineated planar segments, which
would belong to other clusters, these two segments
are rather adjacent and their seeming ‘“non-
connectivity” has been reasoned by data gaps only.
This challenge can be met by the adjacency deter-
mination with Voronoi diagram.

This solution content is like follows. Even if
two points are far one from another, and there are no
“other (the third one) clusters” lidar points between
them, their Voronoi cells do possess common edges,
then these two points can be determined by their
neighbors. In an opposite case — when there are the
third cluster points between this pair of points, the
points of this pair are not accepted as adjacent ones
even with applying a threshold parameter, which is
large enough.

Proceeding from all stated above following to
existing references [93, 94], we accept as adjacent
ones only those clusters, which points are neighbors
of Voronoi diagram, that is their Voronoi cells pos-
sess a common edge. By this way, on the one hand,
we solve a problem of data scarcity, data gaps and
meet a challenge of a sparse point cloud, on the oth-
er hand, we obviate a necessity of a necessary
threshold value interpolation. By the way, this value
has to be both big enough (so that not to remove the
actual adjacent clusters), and small enough (so that
not to mark non-adjacent clusters as adjacent ones).
In this way we increase the applicability of our ap-
proach, and decrease its dependency, in particular —
from the point density and from the equitability of
their spatial distribution. What is more, the search of
the Voronoi neighbors can be provided faster with
our approach, because each point has a computed
list of neighbors to be checked for their spatial suit-
ability.

Applying the Voronoi diagram for a separation
of the coplanar clusters. Another case of applying
the Voronoi diagram is a separation of the coplanar
clusters. Once again, the substitution of a search by
a distance between a pair of lidar points for a search
through the Voronoi diagram allows us determine
two dispersed across a space point sets as a single
cluster, only if there are no the third cluster points
between these two sets of points.

In this way we can process various environ-
mental situation, e.g., that one, when a tree with a
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dense canopy is hanging on a building roof and
splitting a roof point cluster for two segments by its
shadow. Owing to our approach, we reconstruct one
entire plane, what generally improves the finalized
results of roof modeling. Moreover, we can effi-
ciently separate adjacent clusters with our approach,
even if there are the third cluster points between
them. Once again, it saves us from the necessity to
customize a threshold parameter manually for the
mentioned separation.

Applying the limited Voronoi diagram for
avoiding side effects of the adjacency determination.
For determining if a pair of one cluster points be-
longs to one connectivity component, checking is
provided, if there is the availability of a common
edge for Voronoi cells of these two points. We have
to take into account, that in some referred cases this
mentioned checking can produce wrong results for
those points, which lie on a building boundary [93,
94]. These errored results are caused by characteris-
tics of the Voronoi diagram end cells. For example,
the extreme light-colored point (the last point on the
right) on the Fig. 7A can be determined as that one,
which has the neighbors within the main light-
colored cluster, and therefore it has to belong to the
same connectivity component, but evidently it is a
wrong solution. The case is, that limiting Voronoi
diagram by a building footprint, we are cutting off
some Voronoi cells, which lie out of this building
boundary. For resolving a situation like this, we in-
troduce so-called limited Voronoi diagram, where
the solitary light-colored point, which does not cor-
rectly have light-colored neighbors, is determined as
an outlier and removed as a noise (Fig. 7B).

In this way, this cluster boundaries are not ex-
panded out of their true position, and false adjacen-
cy with other clusters is not generated.

Applying the Voronoi diagram for the awning /
overhand identification. A traditional building archi-
tectural constituent is either awning, or overhang, as
well as both of them. A distinguishing feature of this
constituent is a presence of one, or more clusters not
vertically adjacent with neighboring roof segments.
Thus, there is a necessity to fill this existing rupture,
while generating a mandatory closed model. A verti-
cal wall can be added to the model in a similar way
it has been done for footprint edges. First of all, be-
fore providing this procedure we have to identify the
mentioned ruptures.

This identification can be completed through
respective Voronoi cells, which lie on both sides of a
boundary between two clusters — the light-colored
and the dark-colored one (refer to Fig. 7A,B. If a
significant difference exists between Z-coordinate
values (the heights) of two points, which are the
centers of these two clusters, then common edges of
two respective Voronoi cells are added to a list of

ruptures. By tracing through boundaries of all clus-
ters, we obtain a list of all Voronoi diagram edges,
which separate points with significant height differ-
ences. A set of continuous lines — nominees for in-
ternal walls — can be generated from the mentioned
cell edges. The obtained segments are delineated
and smoothed, then they can be used for wall gener-
ation just as it is normally done with the footprint
segments.

Other LPM approaches intended to be imple-
mented. There are various other approaches than
SaS approach within the frameworks of the low pol-
yhedral modeling, and we are going to implement
one the most promising of them — the PolyFit ap-
proach [95, 96]. This approach does make emphasis
on intersecting the building planes already segment-
ed, then seeking for a necessary combination of in-
tersected planes, so that to get a manifold polygonal
surface model, which is boundless and watertight.
Therefore, constructing a whole pipeline for the
PolyFit implementation in the software, we attempt-
ed to employ on a segmentation step the advances of
the SaS approach. At that very time, we are taking
into account, that the PolyFit authors prove the ef-
fective generation of the light-weighted polyhedron
models within this technique. Since our practical
PolyFit updates, if described in this text may make it
become too lengthy, we are planning to present the
description of our PolyFit updates in another paper.

ELIT Geoportal. In our previous publications
we have already referred to such robust solution for
web-software and on-line services as a web-portal
or a Geoportal [82]. The ELIT Geoportal (EGP) is a
type of web portal normally used to find, access,
and process geographic information (or geospatial
information, and LiDAR data referred to AFE is
geospatial information too), as well as it is intended
to provide the associated geographic services (dis-
play, editing, analysis, etc.) via the Internet. The ul-
timate goal for any geoportal with respect to soft-
ware marketing is to convert occasional visitors of
this internet resource to its warm leads, while in
general the geoportals are considered the key appli-
cation of a distributed geoinformation technology
[97, 98]. We have completed the EGP for this recent
year by accomplishing the following various tasks:

v Asa Client’s issues (a front-end — FE):

= EGP FE design, including Ul options for a
processing request;

= Friendly Ul of Scenes (including the Global
Scene) and Projects (as an example, urban
environment of NYC is visualized on Fig. 8
in CityGML LOD1 models);

= Primary (point clouds) and secondary (fea-
tures) data display on FE together with at-
tributive information;

*= Advanced FE-visualization with Cesium
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Fig. 7A. A mistaken definition of an extreme point as the one, which has neighbors in the main light-colored
cluster. The illustration is made in the picture editor of the programming environment
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Fig. 7B. A solution of the problem illustrated on Fig. 7A by applying the limited Voronoi diagram
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3DTiles;
v' As a Server’s issues (a back-end — BE):
= An architecture of a Geoportal:

o PostGIS database for data storage on BE;

o Web API (Django as a high-level Python
web-framework) as an access interface
for data usage due to the tasks set;

o Python celery workers employed for
lengthy processing operations and for the
task parallel implementations for pro-
cessing acceleration;

= Hosting of LIiDAR data;
= Huge projects of urban environment
throughout the world located on several

A ELIT Geoportal

’,\»
® e

Request free processing for the
visible area

Any questions?

.
()
J

<

servers and consist of terabytes of geospatial
information.

We have uploaded to the EGP (https:/elit-
portal.eos.com) both HPM, and LPM modeled re-
sults, in particular, a number of projects stored in the
AWS Public Dataset of ALS .LAS files for numerous
urban environments. In particular, Fig. 9 represents
the results of the LPM feature extraction as light-
weighted polyhedral models, which display urban
environment of not a big city (Lubliniec, Poland)
with the complicated rooftops efficiently simulated
by the approach presented in the previous section of
this paper:

,,,,,,,,

‘

')‘ﬂo;[,,x Y

y

A

Fig. 9. The thinned urban environment of Lubliniec (Poland) visualized on the ELIT Geoportal in CityGML
LOD2 models (retrieved from https://elit-portal.eos.com)

Conclusion and future works. The authors
summarized existing advances made within a couple
of recent decades in the AFE domain and presented
their own updates in two the most large-scale seg-
ments of this subject area — the high-polyhedral
modeling and the low-polyhedral one on the base of
lidar datasets. The overall automated feature extrac-
tion technique has been proved to be considered as a
highly promising solution for the multicomponent
simulation of urban environment, that can be used
for various applications, taking into account a num-
ber of hot issues requiring the innovative research
and technological introductions in urban studies. In
this paper, systematic frameworks have been intro-
duced for a number of the following issues:

v'In general, a thematic overview of AFE
methods concerning building detection, extraction
and 3D reconstruction within a LiDAR pipeline; in
particular, a summarized flow-chart of the overall
AFE algorithmic approach;

v' Feature detection, classification, segmenta-
tion and reconstruction as the key AFE procedures;

v" Web-based multifunctional software, EOS
LiDAR Tool elaborated by the paper authors as ELIT
Server and ELIiT Geoportal,

v" Comparison of high- and low polyhedral
modeling as somewhat alternative techniques with
some details of our contribution to the SaS approach
of the LPM through using the VVoronoi diagram;

v' EGP as an applied service-oriented web-
technology for the ELIT software promotion.
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A number of use-cases are being planned to be
implemented on the EGP as the nearest future
works, and there are only few of them as follows.
Population estimation with building geometries: A
simplified EGP-building model with bounded at-
tributive information according to a number of
flows is a key factor of a resident number in a build-
ing. A set of these models within an outlined neigh-
borhood produces a population estimation for an
AOL. Energy demand for heating and cooling can be
estimated on the similar to the previous use-case
approach. Building geometries serve as an interface
for processing building energy demand (Fig. 10).
Visibility analysis may allow a Geoportal visitor

visually connected. With the EGP it will be possible
to provide simple computation that shows those ur-
ban environment parcels, that are visible from an
observer’s point, and those ones, which are invisi-
ble. What is more, this viewshed analysis results
show by how much the feature height must be
changed for the feature to become just visible.

Both these EGP use-cases and other possible
ones can hardly be overvalued after moving most of
ELIT Server functionalities to the Geoportal, while
we get a chance to complete urban modelling proce-
dures not only in a block, and district scales, but in a
whole city are as well up to a huge megapolis terri-
tory (refer to Fig. 8 as to an example).

determine, which areas in urban environment are
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URBAN ENVIRONMENT 3D STUDIES BY AUTOMATED FEATURE EXTRACTION
FROM LiDAR POINT CLOUDS

Research problem introduction. Both a number of necessities that require the novel technological in-
troductions in urban studies and the challengers corresponding to these introductions have been outlined with
the emphasis on the urban remote sensing tools. The research goal of this text is to outline the authors’ orig-
inal contribution to the algorithmic content of the automated feature extraction upon the urban environment
modeling, as well as to represent the original web-software for urban studies.

AFE methods in the building detection, extraction and 3D reconstruction within the LiDAR pipe-
line: a thematic overview. The overall AFE algorithmic approach has been summarized proceeding from an
extensional literature review due to the feature extraction from raw lidar data. A sample of the composite
model of an urban feature extracted, the overall AFE algorithmic flowchart, and few MSL processed results
have been visualized. Feature detection, classification, segmentation and reconstruction have been presented
as constituents of the united LiDAR pipeline.

EOS LiDAR Tool (ELIT) and our key original algorithmic approaches to the AFE issues. The web-
software has been developed on the base of the outlined multifunctional research approach. This software
has several basic functionalities within the distributed information system: building extraction, building ex-
traction in rural areas, change detection, and digital elevation model generation. Two basic algorithmic ap-
proaches implemented in the software have been explained in details: High Polyhedral Modeling provided
by the Building Extraction tool, and Low Polyhedral Modeling provided by the Building Extraction Rural
Area tool. The extensive usage of the VVoronoi diagram for cluster adjacency on the finalizing modeling stage
has been provided as our original update of the existing LPM methodology: its applying for the roof cluster
adjacency determination and for separation of coplanar clusters, applying limited diagram for avoiding side
effects of adjacency determination, its applying for the awning / overhand identification.

ELIT Geoportal. The EGP has been depicted as a type of web portal used to find, access, and process
LiDAR geospatial both primary, and derivative information, as well as to provide the associated geographic
services (display, editing, analysis, etc.) via the Internet. The key characteristics of our Geoportal have been
listed as well as some illustrations provided for the uploaded projects.

Conclusion and future works. The automated feature extraction from lidar data technique has been
presented with the authors’ updates as a highly promising solution for the multicomponent simulation of ur-
ban environment, that can be used for different applications for cities. The use-cases for the EGP have been
outlined as hot issues: Population estimation with building geometries; Energy demand for heating and cool-
ing; Visibility analysis in urban environment.

Keywords: LiDAR, lidar data, urban environment, AFE, building model, web-GIS-application, geo-
portal.
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MPOCTPAHCTBEHHO-BPEMEHHASI UBSMEHYUBOCTb 3SUMHEI'O MUHUMAJIBHOT'O
MECAYHOI'O CTOKA B PEKAX BACCEUHA O3EPA CEBAH (APMEHUS)

B pabome paccmampusaemcs npocmpancmeenno-6peMeHHAs USMEHYUBOCTNG SUMHUX MUHUMATLHBIX MECAYHBIX PACX0008 800bl
pek bacceiina osepa Cesana. MunumanvHwili Mok A613emcs 00HOU U3 OCHOGHBIX XaPAKMEPUCMUK, KOMOPbLL HYHCHO YYUMbIEams
npu nPOeKMUpOsanuu 2uOpomexHuyeckux coopyxcenuti. Mcxoos us @usuxko-zeoepaguueckux ocobennocmeti MeCmMHOCMU, 3UMHUE
MecAuHble MUHUMATbHBIE pacxoobl pek baccetina osepa Cesana OMaUNAIOMcs HePAGHOMEPHLIM NPOCMPAHCEEHHBIM pacnpeoere-
Huem u konebniomes 6 wiupokux npedenax om 0,015 oo 1,68 m’/c.

Ha pexax uccnedyemoti meppumopuu npooondicumensHOCy 3UMHell MedCeHU COCMagasaem npumepHo 3—5 mecayes — ¢ HoAops-
Oexabps no pespanv-mapm. Munumanvrvle pacxoosl npeumyuecmeeHHo Habno0armcsa 8 aHeape-gespaie, a 6 omoeibHbie 2006l - 8
HosAOpe unu mapme.

Tonyuenvr mechvie KoppersyuoHHble C6A3U MEHCOY SUMHUMU MUHUMATLHBIMU MECAUHBIMU PACXOOAMU U CPEOHEMECTUHBIM CIO-
Kom Oexabps, aneaps u gegpans. C nomowpio smux cesazeil, umes OauHble 0 CPEOHEMECAUHOM CHOKe, MOJICHO 3apanee CHpPOSHO3UPO-
6amb 3UMHUE MUHUMATbHBIE MECAUHbIE PACX00bl 6006l pek baccelina 03epa Ha KaieHOapublii 200. Hanuvue 0oeonvho-maxu mecHot
C6A3U MeNHCOY HUMU CEUOEMeNbCmEyen O MOM, YO HACKOTLKO MAA MUHUMANLHBIL MECAUHbIU CIMOK, HACHONLKO Jice MAl CPeOHUll
CMOK 3a 3UMHULL Repuood U Haobopom.

Ha uccnedyemoii meppumopuu nabnooaemcs 3aKoOHOMepHOe NOBbIULEHUE MUHUMATLHO20 CIOKA C YBeludeHueM niowaoei 60-
00cO0pO8 U ¢ ygenuueHuem cpeoHes836eUeH Ol 8biCOMbl 8000COOPOS.

Ha meppumopuu 6acceiina osepa Cesan xodgp@uyuenm eapuayuu 3uMHUX MUHUMATLHBIX MECAUHBIX PACXO008 COCMABIiem
0,15-0,60, a koagpgpuyuenm acummempuu — om -0,64 0o 1,77. [lonyuena KopperayuorHas npamo nponopyuoHaIbHAas C53b MeXHCOY
8eNUYUHAMY KOIPDUYUEHMO8 8apuayul U ACUMMEMPULU 3UMHE20 CPeOHe20 MUHUMATLHO20 MECAUHO20 CIMOKA.

Bvino maxoce yemarnosneno, umo y bonvuiuncmea pek, snadaiowux 6 ozepo Cesan (uz 12 nocmoeé na 7) nabaodaemcs men-
OeHYUsL pOCMA 3UMHUX CPEOHe)EeKAOHbIX MUHUMATLHBIX PACX0006 600bl. Hckniouenue cocmasnsiom pexu Macpux, Mapmynu, bax-
max, Jluux u I'asapazem.

Knrouesvle cnoea: usmenuugocmv, npoCmMpaHCmMEEeHHO-8peMEHHOe pAchpedeleHue, MUHUMATbHbIE MeCAuHble pacxoobl,
Ko3puyuenmol sapuayuu u acummempuu, éaccetin ozepa Cesat, ApmeHus.

B. I Mapzapan, B. I. Knumenxo, T. I. Tkauenxo. IIPOCTOPOBO-YACOBA MIHJIUBICTh 3HMOBOI' O MIHIMAJIb-
HOI'o0 MICA9HOI'O CTOKY Y PIYKAX BACEHHY O3EPA CEBAH (BIPMEHIA). B poGomi posensdacmucs npocmoposo-
4aAc08a MIHAUBICMb 3UMOBUX MIHIMATLHUX MICAYHUX sumpam 600u pivok baceuiny ozepa Cesan. MinimanvHuii cmix € OOHIEI 3 OCHO-
GHUX XAPAKMEPUCMUK, AKUL NOMPIOHO 8PAXOBYBAMU NPU NPOEKMYBAHHI 2I0pomexHiunux cnopyo. Buxoosuu 3 @izuxo-ceoepaghiunux
ocobnusocmeri Micyesocmi, 3UMOGL MICAYUHT MIHIMAIbHI eumpamu pivox bacetiny ozepa Cegan GIOPI3HAIOMbCSA HEPIGHOMIPHUM NPOC-
MOPOSUM PO3N0iNLOM i KOMUBaoMbCs 6 wupokux mexcax 6io 0,015 0o 1,68 M/ c.

Ha piukax 0ocniooicysanoi mepumopii mpusanicms 3uMo80i Mediceni cmanosums npudnusno 3-5 micsayis - 3 aucmonaoa-epyoHsi
no aromuii-oepesensb. MiHIMATbHI 6UMpamu nepesadcHo CHOCMEPIeaiombCs @ CIUHI-TIOMOMY, d 8 OKpeMi POKU - 6 JUCmonadi abo
bepesHi.

Ompumano michi Kopenayitini 36'A3Ku MidC 3UMOBUMU MIHIMATLHUMU MICAYHUMU BUMPAMamMy i cepeOHbOMICAYHUM CHOKOM
2PYOHA, CiuHs i 11omo2o. 3a 00nomMo2010 yux 36's3Ki6, Maioyu OaHi npo CepeOHbOMICAUHUL CIIK, MOJICHA 3a30a1e2i0b CHPOSHO3Y8AMU
3UMOBI MIHIMAbHI MICAYHI sumpamu 600U pivok baceiiny ozepa na xanenoapnuii pix. Hasenicmo documb-maxu micnoeo 363Ky
MIDIC HUMU CEIOYUMb NPO Me, W0 HACKIIbKU MATULL MIHIMATbHUT MICAYHUL CMIK, HACMIIbKU JHC MAIUL CepeOniil CMiK 3a 3UMOGUL
nepioo i Hagnaxu.

Ha oocnidoicysanivi mepumopii cnocmepieacmocsi 3aKOHOMIpHE NIOGUWEHHS MIHIMALLHO20 CMOKY 31 30IIbULEHHAM N0 60003~
6opie ma 3i 30i1bUEHHAM CEPEOHbO3BANCEHOL 8UCOMU 8000300DI6.

Ha mepumopii baceiiny ozepa Cesan koegiyicum sapiayii 3umogux mMinimanbHux micaunux eumpam cmanosums 0,15-0,60, a
Koeghiyiecum acumempii - 6i0 -0,64 0o 1,77. Ompumano xKopenayitinuii RPAMo nponopyiHuil 36’130k Midc eeauduHamMu Koepiyicnmis
sapiayii ma acumempii 3UM06020 CEPEOHbO2O MIHIMATLHO2O MICAUHO20 CHOK).

Byno maxooic scmanosneno, wo y dinvuwocmi pivok, wo enadaioms 6 03epo Cesan (3 12 nocmie na 7) cnocmepicacmvcs meu-
Oenyisi 3pOCManta 3UMOBUX CepeOHbOOEKAOHUX MIHIMATbHUX umpam 600u. Bunamok cmanoename piuxu Macpix, Mapmyni, bax-
mak, Jluuxo i I'asapazem.
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Knrouogi cnoea: minaugicms, npocmopo8o-4acosuti po3nooin, MiHIManbHi MicAuni sumpamu, Koediyicnmu eapiayii ma acu-

mempii, bacetin ozepa Cesan, Bipmenis.

Beenenne. MUHUMaNIBHBINA CTOK SIBISIETCS Of-
HOH U3 OCHOBHBIX XaPAaKTEPUCTHUK, KOTOPHIA HYXKHO
YYUTBIBaTh TPU TPOSKTUPOBAHUU THUIAPOTCXHUYEC-
CKHMX coopyxeHui. HemanoBaxHO 3HATH €ro 3Hade-
HUSL B MEXKEHHBIA TEPUOI, PACCMaTpUBATh PEKUM
MUHUMAaJIBHOTO CTOKa B MEPUOJ MEepexofa peK Ha
noazeMHoe nurtanue. Kpome toro, aTo mmeer Bax-
HOE 3HA4YEeHHE TPY MCCIENOBAHUN APYTUX UCTOUHH-
KOB THTaHUS PeK, U3yYeHHH BHYTPUTOIOBOTO pac-
npeaeseHus cToka. MUHUMAIBHBIM CTOK MpEACTaB-
nseT co0o OWMH W3 JTUMHTHPYIOMMX (aKTOpPOB,
KOTOpBI HMEET MpaKTUYeCKoe MNpUMeHeHue. Tak
P TPOCKTUPOBAHUU THUIPOIIEKTPOCTAHIINM, BO-
JOXPaHWINII, CO3aHUH TPYAOB IJsl peiOOpa3Bese-
HUS BaXKHBI MUHUMAaIILHBIE CPEHNAE MECSIYHBIE pac-
XoAbl BOIEI 75 — 95 % o0ccIedeHHOCTH, TOra Kak
JUIS BOAOMNOTpEONIeHNsT — cpeAHne (JIeTHUE U 3UM-
HHUE) CyTOYHBbIE MHHAMAJBHBIE PacXobl BOIBI 95 %
obecrieueHHOCTH. J[aHHBIE O MHHHMAJIBLHOM CTOKE
HY>KHBI TaKXe JJI OPOLICHHUs, TOCKOJIbKY aHTpOIIO-
TeHHas Harpy3ka B IOCJEJHEE BpeMsl 3HAUUTENbHO
BO3pOCTA.

N3zyyenne GpopMUpOBaHUS MUHUMAIBHOTO CTO-
Ka peK TpeOyeT MpoBeIeHHS IeTalbHBIX HCCIeoBa-
HUU pacnpencsieHus MOAYlIed MUHUMAIBHOTO CTOKA
pa3HOW O00ECTIIEYCeHHOCTH B OTIEIbHBIE MECSIIBI
JIETHE-OCEHHEN W 3MMHEW MexeHU. bonee Ttoro
HeoOxoauMo Ooliee TIyOOKO M3y4arh BiHsHHUE (U-
3uKO-Treorpaduyeckux (akTopoB Ha (hOpMHUpOBAHHE
MUHUMAaJIBHOTO CTOKA PeK.

Bynyun ClOXXHBIM TPUPOTHBIM MPOIIECCOM, KO-
TOpBI (opMHUpyeTcss B Treorpaduyeckoll cpere,
B2)XHO OMNpPEJETUTh CTENEeHb BIUSHHUS (QU3HKO-
reorpaduyecknx (pakTopoB, a UMEHHO: KIHMAaTa,
penbeda, pazHOOOpa3wWs TOYB, PACTUTEIHHOCTH,
03EPHOCTH, 3a00JIOYEHHOCTH, KapCTa, BIVSHHUS XO-
35IICTBEHHOM AEATENBHOCTH YEJIOBEKa U T. 1. Pa3zHo-
BHUTHOCTB TTOJICTHJIAIONIEH ITOBEPXHOCTH 00ECTIeUnT
(hopMupoBaHNE MUHHMAJIBHOTO CTOKA 32 CUET ITO[I-
3eMHOI0 TIMTaHMsI, 4acTh KOTOPOTO MOXKET OBbITh
pa3Hoi.

W3yveHne MUHUMAIBHOTO CTOKA PEK SIBISETCS
AKTyaJbHBIM, TaK KaK B MUPE MPOJIOKAETCS MPOSIB-
JSAThCS TEHJCHIUS TIIOOANLHOTO TOoTeruieHus. B
ATOT TIEPUOJ] BaXKEH CTAaTUCTUYECKUN aHAJIN3 JHHA-
MUKH pachpefielieHUus] 3UMHEr0 W JISTHETO MHHHU-
MaJIbHOTO CTOKA pEK.

MeToaMKH Hcc/IeT0OBAaHUIT U UCXOAHbIE JaH-
Hble. J[J1s1 perieHns mocTaBIeHHbBIX 3a/1a4 B padote
OBUIM MCIOJIB30BAHbI JAHHBIE MHOTOJIETHUX HaOIfo-
JIEHUH pacxoloB BOIBI HAa 12 THAPOIOTHYECKUX TI0-
CTax HU3y4yaeMOW TEPpPUTOPUHU, UMEIOLIUX IPOAOI-
KUTENbHBbIC psabl HaOmoneHuit (40 et m Gonee).
OcHoBaHueEM JJIs1 N3yYEHUs] 3MMHETO MHHHUMAJIbHO-

TO pacxojia BOABI B JAHHOW CTaThe MOCITYXHIO TO,
YTO BO MHOTHX BOIOXO3SHCTBEHHBIX OPTaHH3AITUIX
ApMEHUH OHHM HUMEIOT UIUPOKOE NMPUMEHEHHUE, UMHU
OTNEPUPYIOT MIPHU TUIPOJOTUUECKUX pacuerax u Mmpo-
SKTHBIX pa3paboTKax.

B cTaThe ucmonp30BaHbBl METOIBI: MaTEMaTHKO-
CTAaTUCTUYECKUHN, SKCTPAIOSALUYA, HHTESPIIOJSIINY,
aHaJn3a, aHAJIOTHH, KOPPEIISITHOHHBIH.

Heabi0 maHHON pabOTHl SBISAECTCS aHAU3 M
OIICHKA 3aKOHOMEPHOCTEH BPEMEHHOIO U MPOCTpaH-
CTBEHHOTO M3MCHEHHH 3UMHHMX MHHUMAJIBHBIX Me-
CAYHBIX PACXOIOB BOOBI B pSAIC MHOTOJIETHHX
HAOJIONEHUI A1 pEK, KOTOPBIC BMANAlOT B 03€pO
CeBaH.

Pesyabrartsl uccienopanuii. Ha pexax uccre-
lyeMoll TeppuTOpuH HaOIIOJaeTCss XOpPOIIO BEIpa-
JKeHa YCTOMYMBOCTh CTOKA B 3UMHHI MepHon. 3UM-
Hee MaJlOBO/IbE YCTaHABIIMBAETCS C KOHIA HOSAOpS-
JekaOpst 1o ¢eBpallb-MapT W TPONOIDKAETCS TpPHU-
MepHO 3—4-5 MecsieB (puc. 1). 3umMHEE MECSIYHBIC
MUHUMAJIBHBIC PACXOJbI IPEUMYIIIECTBEHHO HaOJI0-
JaroTcsl B stHBape-Qespane. OmHAKo, B OTAETHHBIE
TOJIbI PACXOJIbI HAOJIIONAIUCH B HOSIOPE WM MapTe U
MMOATOMY 3MMHHE MECSYHBIE MHHHMAJIBHBIE PacXo-
nel Habronanwucsk 3a nepron XI-1II mecsmpr. B atot
ITePHOJ] PACcXOIbl BOABI HA peKax M3ydyaeMOoH TeppH-
Topun pe3ko moHmkarTcs (13—40% oT BenMYUHBI
CpEIIHETO TOMOBOTO CTOKA), YTO OOYCIIOBJICHO ITHTAa-
HUEM PeK MoA3eMHBIMU Bomamu. [lo mpoBeneHHBIM
pacderaMm CTOK 3UMHEH MEXKEHHU ISl peK C IMOA3eM-
HBIM TUTaHUEM MOXKeT cocTaBisATh 35-40% ot ro-
JIOBOTO CTOKa, a JIISl PeK, YTO WMEIOT NpenMyIie-
CTBEHHO TMOBEpXHOCTHOE nuTanue — 13-22%. B pe-
3yabTare MCCIECNOBAaHUS YCTAHOBICHO, YTO CTOK
JIeTHEe-OCEHHeTo ManoBogHoro mepuoxa (VII-IX)
ycTynaeT (Ha HECKOIbKHX peKax — 3HAYUTEIhHO)
CTOKYy 3WMHeEMY MaioBogHomy mnepuony (XI-III).
OOBIYHO JIETHUI MaJIOBOIIHBIN TTEPHOJ JIOJDKEH TIpe-
BEHIINIATh 3UMHHN, TIO3TOMY BO3MOXKHO HapyIlIeHUE
3TON 3aKOHOMEPHOCTH, KOTOPOE 00YCJIOBJIEHO BOIO-
MoTpedIeHnEM.

Bogp! pek, Bnagarommx B 03ep0o, HCIOIb3YIOTCS
B TUTHEBBIX, OBITOBBIX, OPOCUTEIHHBIX, MMPOMBIIII-
JIEHHBIX, TUAPOIHEPTETUUCCKUAX IEIIAX, & TAKXKE B
PBIOHOM XO3SHCTBE, B IIENIIX OOBONHEHUS. 3HAYU-
TeJbHast 4acTh Bomonorpednenus (57,1 %), mpuxo-
JIATCS Ha JOJIO CEIHCKOTO, PRIOHOTO U JIECHOTO XO-
3siicTB. [IpruyeM, U3 MOJA3EMHBIX BOJHBIX MCTOYHHU-
KOB BOZI03a00p COCTaBISET 3HAYUTEIHHYIO YacTh
obmero Bomo3abopa — 64,6-79,9%. OnHako u3-3a
OTCYTCTBHsI JaHHBIX BOI03a00pa W3 peK, B padoTe
WCTIOJb30BAHbl TOJIBKO PE3yAbTaThl (PAKTHUYECKUX
HaoOmoneHuit. C Ipyroi CTOPOHBI, HYy’)KHO OTMETHTH,
910 00CY’KTaeMBIi 332 3UMHUAN MTEPHO] CTOK MOYKHO
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Puc. 1. BHyTpuronoBsie pacipeaeneHus pacxomoB BOAbl HA OCHOBHBIX pekax OacceifHa 03. CeBaH

MNPUHATH OJIM3KUM K €CTECTBEHHOMY, TaK KaK B 3TO
BpeMs HET OpPOIICHHS, a 3TO, KaK ObUI0 OTMEYCHO,
SIBTISICTCS TVIABHBIM MOTPEOUTENIeM BOJBI U3y4acMOM
TEPPUTOPHUH.

MuHMMabHBINA CTOK peKk OacceliHa o3epa ¢op-
MUPYETCSl B CJIOKHBIX MPHUPOIHBIX YCIOBHAX, Ona-
rofapsi CIOKHOCTH TOPHOTO penbeda U reojornye-
CKOTO CTPOEHHsI, pa3HOOOpasusi KIMMaTHYECKUX
YCIIOBHH M psiia IPyTUX NMPUPOIHBIX (akTopoB. Ux
BJIMSIHUEC HAIDIO OTPaXCHHE B HEPABHOMEPHOCTHU
MPOCTPAHCTBEHHOTO paclpesieeHnus] MUHIUMAJIbHO-
ro JeKaJIHOTO CTOKa. Tak, Ha M3y4aeMoOW TeppuTo-
pHH, JHAMAa30H 3MMHUX MECSYHBIX MHHHMAITbHBIX
PacxooB B cpeTHEM KoJeONeTCs B ITMPOKUX TPe/ie-
nax — ot 0,066 (p. Hpaxtuk — n. [paxtuk) no 2,73
m*/c (p. Taaparer — 1. Hoparyc) (ta6u. 1). Makcu-
MaJIbHbIC 3HAYCHUS MECSYHBIX MHHUMAIBHBIX pac-
X0l0B Haxonarcsa B amamazone or 0,12 m/c (p.
[Mambak — . INambak) no 4,61 (p. Apruum — . [e-
TalleH), a MUHUManbHbIe 3HadeHus — ot 0,015 (p.
Jpaxtuk — 1. [lpaxtux) g0 1,68 m*/c (p. TaBaparer —
. Hoparyc). Benuunnsl cpeiHero pacxoaa 3MMHET0
nepuona (XI-III) konebmrores or 0,10 o 3,02 m¥/c.
dopMUpOBaHUE YCTOHYMBOIO CHEIKHOTO TOKPOBA B
OacceifHe o3epa B XOJIOMHBIN MTEPUOJ] TOJA W 3aMep-
3aHUE OTHENBHBIX YYacTKOB pPEK 00yCIOBIMBAaET
MEHBIIINE 3HAYCHHUS 3UMHUX MHHHUMAJBHBIX MECSd-
HBIX pacxolloB. MeHbIIINE 3HAYCHUSI ITUX PACXOJOB
XapaKkTepHbl TAKXKe H JIJISI PEK C TOBEPXHOCTHBIM
MUTaHUEM, a CPAaBHUTEIBHO OOJIbIINE 3HAYCHUS —
JUTSL pek OacceliHa ¢ TIOJ[36MHBIM ITUTAHUEM.

B xome wmccienoBaHmii OBLIM IMPOBEICHBI, a
TaKKe MOJYYEHBl TECHbIE KOPPESILHMOHHBIEC CBS3H
MEXy 3UMHIUMH MUHHMAaJIbHBIMH MECSIYHBIMU pac-
XOJJaAMH W  CpPEJHEMECSYHBIM CTOKOM  JIeKaOps
(puc. 2. a), stuaps (puc. 2. 0) u ¢pespans (puc. 2. B).

C nomouipi0 3THX CBsI3eH, UMes OaHHBIE O
CPEIHEMECSIYHOM CTOKE, MOXKHO 3apaHee CIIPOTHO-

3UpOBaTh 3UMHHE MHHHUMAaJbHbIE MECSUHBIE Pacxo-
Il YKa3aHHBIX peK OacceifHa o3epa Ha KaJeHOap-
HbIH roj. 13 3TOrO Cleayer, 4To Ha yKa3aHHBIX pe-
Kax 3UMHHME MUHUMAaJIbHBIE JEKaJHbIE pPacXoJlbl
HaOTIOAI0TCsl TPEUMYIIIECTBEHHO B SIHBape.

B pesynbrare ncciaemoBaHUs TMONMYYEHBI TaKKe
TECHbIE KOPPEJSIMOHHBIE CBS3H MEXIy 3UMHUM
MUHUMAaJIbHBIM MECSIYHBIM CTOKOM U CPEIHHM CTO-
KOM 3uMHero nepuoza (puc. 3. a) U MeXAy 3UMHUM
CpPeTHUM MHUHHMAJHHBIM MECSYHBIM CTOKOM H
CpEIHUM TOJI0BBIM CTOKOM (puc. 3. 0) Ha pekax Oac-
ceifHa o3epa CeBaH. OTH CBA3M MOXKHO HCIIOJIB30-
BaTh JUISl TONyYeHUS 3MMHUX MHUHHMAJbHBIX Me-
CSYHBIX PACXOZ0B HEM3YYEHHBIX U MAJIO U3yUEHHBIX
PEK ucclieayeMor TEPPUTOPUH 3a KaJIeHJaPHBIH rof.
Hanwume TecHO# CBSI3M MEXAy HUMH CBHIETEIb-
CTBYET O TOM, HACKOJIbKO Mall MHHUMAJbHEIN Me-
CAYHBIN CTOK, HACTOJIBKO )K€ MaJl M CPEIHUI CTOK 3a
3MMHUH Tepuoa ¥ HaoOopoT. B kauecTtBe MHHU-
MaJbHOTO MECSYHOTO CTOKa BBIOPaHO HaWMMEHEBIIEe
3Ha4YE€HHE MECSYHBIX CTOKOB 3MMHETO MEpHOAa, IO-
3TOMY, MHWHUMAJIbHBIM MECSYHBIA CTOK HaMHOTO
MEHbIIIE, YeM CPEeIHHUH CTOK 3MMHETO IepHopa. Jrta
TECHasl CBsA3b OOYCJIOBJIIEHA TEM, YTO B 3UMHUU Tie-
PHOA B II€TIOM U3MEHYHNBOCTH CTOKA HEOOIBIIIast, YTO
CBSI3aHO B OCHOBHOM C IO/I3¢MHBIM ITUTaHUEM PEK B
3TOT MEPHOJ rofia.

B pabote paccMoTpeHBI 3aKOHOMEPHOCTH U3-
MEHEHHS 3MMHEr0 MUHUMAJIFHOTO MECSIIHOTO CTOKa
0T (aKTOpOB MOACTHJIAIOIIEH MOBEPXHOCTH — IUIO-
manei BomocObopoB M MX CPeTHUX BBICOT. AHAJIN3U-
pys TONMy4YeHHBIE 3aBUCUMOCTH (puc. 4) MOXHO OT-
METUTh, 4YTO JUI1 pPAacCMarpuBacMod TEPPUTOPUHU
HaOMIoMaeTcsl 3aKOHOMEPHOE IIOBBIICHWE MUHH-
MaJbHOTO CTOKa C YBEIMYEHHWEM ILIOMAAeH BOMIO-
cOOpOB, 3aBUCMOCTH HOCST JIMHEHHBIH XapakTep U
MOATBEPKAAIOTCS  3HAYMMBIMU KO3 PULMEHTaMU
KOPPETSAIIH.
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Tabruya 1
OCHOBHBIE THIPOMETPHUYECKUE XaPAKTEPUCTHKH BOJOCOOPOB M XapaKTEPHCTHKU
MUHUMAJILHBIX MECSYHBIX pacxozoB 3a XI-III nepuon pek 6acceitna o. CeBaH
3UMHHE MUHUMAJIbHbIC .
oy g 2 MECSYHBIE PACXOJIbI, M/C § %
= 2 " [lepuon 8 g
2o 5 5 = a2
Peka — myHkT § § ; § HaOJIIOJICHUIA, TOJ1bI = § 5 = g
S| 3 8 = Tz o
2E|8¢8 S| g5 | i% |fig
E 8|08 & s E S2 o8
p. A3bikHarer — 1. 1936-39, 194144,
' — 82,6 | 2220 1947-2017 0,17 0,52 0,017 0,35
p. ApaxTuk — 1. 1958-63, 1972-92,
) 39,2 | 2270 1999-2017 0,066 0,17 0,015 0,12
it — i 1947-50, 1952-53,
%’a 6a ’ 20,4 | 2540 | 1955-68, 1970-89, 0,076 0,12 0,031 0,10
= 1998-2017
. Macpus —1. 673 | 2310 | 19532017 234 | 339 | 099 | 273
[{oBak
p. Kapuaxmop — 1. 1952-63, 1965-94,
o —— 116 | 2650 1998-2017 0,89 1,31 0,27 0,99

1935-38, 194043,

p. Bapemmc 1, 117 | 2760 | 1945-46, 1949-94, 0.54 092 | 0,098 0,69

Baprenis 1998-2017
D Mapryss-—s. 84,5 | 2760 | 1963-2017 0,66 1,31 0,19 0,77
I'exoBur
e S 366 | 2470 | 1935-2017 2.10 4,61 0,90 2,46
["eTamien
p. Llaxkaien — 1. 1971-99,
Baraen 024 | 2570 | sia opim 0.48 0,72 0.16 0,66
p. Jmux — . Jlmax | 33,0 | 2060 iggg:gg’l ;976‘94’ 162 | 28 | 092 | 182
e 144 | 2570 | 1951-2017 0,13 043 | 0023 | 021
Llakkap
Plomersy o 1936-44, 194748,
1131'0 o ‘; ' 467 | 2430 | 1950, 1952-92, 273 3,70 1,68 3,02
PATY 1998-2017
18 18 r 18
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03 r / 0.3 /0 y=051x-0,11 03 | ;0 y=051x-0,12
Y y :182,4:93 —9;),11 Xg R2=0,93 /§ R2=10,93
0,0 / " N ) 0 o' . . ) 0 <o d . . )
0,0 1,0 2,0 3,0 0,0 1,0 2,0 3,0 0,0 1,0 2,0 3,0
Pacxon nexabps, m%/c Pacxop suBaps, M%/c Pacxon pespais, M%/c

Puc. 2. KoppensuuoHHas CBsi3b MEX/y BETHIMHAMH 3MMHETO MUHUMAJILHOTO MECSIYHOTO CTOKA U CPEJHETO
MECSIYHOTO CTOKa AeKaOps (a), CpeIHEr0 MECSIYHOTO CTOKa stHBapst (0),
CPEHETr0 MECSYHOTO cTOKa (heBpas (B)
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Puc. 3. KoppensiuonHas CBsi3b MEXTy BETUIMHAMH 3UIMHET0 MUHUMAIILHOTO MECSIYHOTO CTOKA U CPETHETO
CTOKa 3MMHCTO I€puoaa (a), MECKAY BCIIMUYMHAMU 3UMHETO CPEAHCTO MUHHUMAJIBHOI'O MECAYHOI'O CTOKA U
CpEeIHero roloBOT0 CTOKA (0)
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[Mnomans BogocGopa, Km?

Puc. 4. 3aBHCHMOCTb 3UMHETO CPEJHETO MHHUMAJILHOIO MECSYHOIO CTOKa (M>/C)
oT wIomaau Bogocbopa (km?) B Gacceiine ozepa Cepan

C npyroii CTOpOHBI, yUUTHIBAS, YTO pACCMaTPH-
BalOTCS TOPHBIC PErHMOHBI, OBUIM MMOCTPOCHBI U I'pa-
(UKH 3aBUCHMMOCTH HCCIIEAYeMOH BEJIMYHUHBI OT
cpemHuX BBICOT BojmocOopoB. Ha puc. 5 mpencras-
JIeHa 3aBUCHMOCTh MEXIY MOIYJIEM 3UMHETO Me-
CAYHOTO MMHHMMAJILHOTO cTOKa (1/(c kM%) U cpenHe-
B3BEIIIEHHOW BBICOTOW BomocObopa (M) mist pek Oac-
ceiina o3epa CeBaH. OOBIYHO, KaK TIPABHIIO, C BHICO-
TOM pacTeT MOAY/JIb CPEIHEr0 MUHHUMAJIBHOTO Me-
CSIYHOTO 3UMHero croka. OHaKo, KaKk B cliydyae 3a-
BUCHUMOCTH 3MMHETO CPEIHEr0 MUHHMAIBLHOTO Me-
CSIYHOTO CTOKAa OT IUIOMQJU BOAOCOOpa, Tak W B
clly4ae ¢ BBICOTOM BomocOopa B 0OacceiiHe o3epa
CeBaH HaOIIONAIOTCS HEKOTOPBIE OTKIIOHCHUS OT

3aKOHOMEPHOCTEN Ha JBYyX mnocrax p. baxrak — [lax-
kap (0,90 n/(c'xkm?)) u p. Jmuk — Jlmux (49,1
1/(c'xkm?)). Tlo HameMy MHEHHUIO, 5TH OTKJIOHEHHS
o0yciioBnieHbl  (pU3HKO-TeorpaguyeckuMu  0coOeH-
HOCTSIMH DPEYHBIX 0acCeiHOB, OCOOCHHOCTSMHU IH-
tanms. [lomydeHHble 3aBucuMocTH (puc. 4, puc.5)
MOYHO HCIIONIb30BaTh IS MIPEABAPUTENBHBIX pacue-
TOB 3UMHET0 CPEIHEr0 MUHHMAaJbHOTO MECSYHOTO
CTOKa HEU3YYCHHBIX PEK paccMaTpHBacMOHN TeppH-
TOPHH.

Ha wuccnenyemoii Ttepputopun ko3d¢uuueHT
BapuaIiy 3MMHUX MUHUMAJIbHBIX MECSYHBIX PacXo-
noB cocrapisier 0,15-0,60, a cpeqHee ero 3HAYCHHE
—0,34. Kak npaBuiio, HeOOIbIIIME 3HAYCHUS N3MCH-
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Puc. 5. 3aBHCHMOCTb MOJIYJISl 3MMHETO CPEIHETO MECAYHOTO MUHUMAILHOTO CTOKa (J1/(C KM?))
OT CPEIHEB3BEIIICHHOM BBICOTHI BOOCOOpa (M) /i pek OacceitHa o3epa CeBaH

YUBOCTH HAOIIONAIOTCA Ha peKax, KOTOPbIM CBOM-
CTBEHHA ECTECTBCHHAsI 3apETyJIMPOBAHHOCTH CTOKa
u OounblIasi AOJIsE TOA3EMHOTrO MHUTaHHA. Tak, ¢ OT-
HOCHUTEJIBHO OOJNBIINM TOA3EMHBIM NMUTaHUEM (Ha
70% wu OoJsiee TIPEBBIIACT MOBEPXHOCTHOE) HA HC-
CIIelyeMOIl TEpPPUTOPUH BBIACTSIOTCS TaKUE PEKU
kak Macpuk, Kapuaxmop, ['aBaparer. CpaBHUTENB-
HO Oompime Kod(h(UIMEHTH Bapualiy HaOIoma-
IOTCSl M Ha PeKaXx C JIOXKICBbIM MMUTAHUEM U TaJIbIMU
BOJAMH, a TAaKXe Ha MaJIbIX pekax. PacuerHole 3Ha-

yeHUs ko3(punreHTa acCuMMeTpuu 3UMHAX MUHU-
MaJbHBIX MECSYHBIX PAcX0J0B HAXOAATCS B Ipere-
max ot — 0,64 no 1,77, a cpegHee ero 3HAYCHHE —
0,34. HccnemoBaHusi CBUAETENHCTBYIOT, 9TO KO-
¢unHMeHTs Bapuanuu 1 KodQPHUIUEHTH acuMMeT-
pUH 3MMHUX MHHHAMAIBHBIX JEKAJTHBIX PacXoJ0B
YBEJIMYUBAIOTCSA C BBICOTOM.

CrarucTudeckre XapakTepUCTHUKH MHUHUMAJIb-
HBIX MECSYHBIX PacXoJi0B BOJIbI peK OacceitHa o3epa
Cesan 3a XI-III meprons! mpuBeneHs! B TA0M. 2.

Tabnuya 2
CrarucTuyeckue XapakKTepUCTUKU MUHUMAIIbHBIX MECSIUHBIX PACXOJ0B BOIBI PEK
Oacceiina o3epa Cean 3a XI-III nepron
Peka — nmyHKT
<
=
: 5
2 & = & = = = g B
£ g E = = 5 o () < <
s =) * v = § = o = 5 = ol
& = s = 2 = 5 g @ > 2
2 K = = =) : S & 5 Y “ iz T
= = = = = = m . it = = = K
S [ = : ; ' = = ! ; e = =
3 5 [ o = 5‘ [ ' H - = = i
L | | = | > : E
2 s | E | % |2 |E |8 |E |5 |8 |7 |« |5
5 & 2 o =) = 5] & = 2 ” s <
2 = = = Q o = o = % = & <
= 5 2, s S s = s a. = = % a
s = = = = o @ = < = = 7 o
O o a, a, g, =9 o o, o, o, o, a. a,
Koaddu -
LUEHT 0,46 | 0,49 | 0,31 | 0,21 | 0,25 | 0,37 | 0,32 | 0,27 | 0,26 | 0,33 | 0,60 | 0,15
BapHaLHH
Koaddu-
LHEHT 1,77 | 0,84 | 0,15 | -0,20 | -0,64 | -0,31 | 0,49 | 1,02 | -0,56 | 0,68 | 1,06 | -0,24
ACUMMETPHH
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B pabGote Takke uWcciaenoBaHBl 3aKOHOMEPHO-
CTH M3MEHEHHS KOX(QQHIMEHTa BapHalliil 3UMHETO
MUHHMAJIBHOTO CTOKa OT IUJIOMIafei BomocOOpoB
(puc. 6, a) u ot Ko3(pduIHeHTa acUMMETpUH (pHC.
6, 0). Amnamm3umpys TOlydYeHHBIE 3aBHUCHMOCTH,
MOXHO OTMETHUTbh, YTO JIJISI paccMarprBacMon Tep-
pUTOpUM HAOIIOAAETCS 3aKOHOMEPHOE YMEHBIICHHUE
MUHHMAJIBHOTO CTOKAa C YBEJIWYCHHEM IUIOIIaaeh
BOTOCOOPOB. 3aBUCUMOCTH HOCST KPHBOJIMHEHHBIN
XapakTep, YTO TOATBEP)KAACTCS 3HAYUTEIbHBIMU
kod¢p¢unmenTamu koppemsiuun. [lomydyenHas kop-
pENSIUOHHAS CBA3b MEXIy BeImdnHaAMH Kod(pdu-
LUEHTOB BapHallUl U aCUMMETPUHU 3UMHETO Cpe/IHe-
0 MHUHHMAaJIBHOTO MECAYHOTO CTOKa OKa3aJoch
MPSAMO MPOMOPIIUOHATBHOM.

06 r
a)

= 0,5 e}
=t o
£

04 |
o, f
g ~._©
E 03 |8 O =<,
g Rt )
g % Tl
2 o2t ~-ell O
= o)
o
4 0,1 y = 0,37¢-0.001x

R2=0,51
0 1 1 1 J
0 200 400 600 800

IMnomans BogocOopa, KM?

bbun Takke M3ydeHbl BPEMEHHbIE M3MEHEHUs
3MMHMX MUHHMMAJbHBIX JEKaJHBIX PAacXOlJOB peK
OacceiiHa o3epa Ha OTICTBHBIX THAPOJIOTHYECKHX
noctax. Pe3ynbrarsl Mccien0BaHUM MOKa3ail, YTo y
OONBLIMHCTBA pPEK  HCCIEAyeMOl  TeppuTOpuu
HaOII0faeTCsl yBEINUEHUE 3UMHUX CPEIHHUX ACKal-
HBIX MUHUMAaNbHBIX pacxofoB (puc.7). Tak, cpeau
12 nccnemyempix moctoB Ha 7 (58 %) Habmromaercs
YBEJIMYEHHE 3MMHUX CPEAHUX JEKaJHBIX MHUHH-
MaJbHBIX 3HAYEHUH, a Ha 5 mocTax (pekax Macpuk,
Maptynu, baxrak, JInuk u ['aBaparer), uTo cocTaB-
asiet 42 % mpoucXoouT yMeHblIeHue. B pesynsrare
WCCJIEZIOBAaHUN MOXHO CJeJaTh BBIBOJ, YTO B pedy-
HBIX OacceiHax, HAa KOTOPBIX MPOMCXOAMIIN HCCIie-
JIOBaHUs, HAOMIONAETCS YMEHBIICHUE 3alacoB I01-
3€MHBIX BOI.
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Puc. 6. KoppensuoHHas CBsi3b MEX/ly BeIMIHMHAME KOA(GHUIIMEHTa BapUallid 3MMHETO MUHIUMAJIBHOTO
MECSIYHOTO CTOKA OT IUIOMIaAeH BOJOCOOPOB (a), MeX Iy BeTMUYMHAMH Kod((uimenTa Bapuauu u
K02 GUIMEHTa ACHMMETPUH 3UMHETO CPEAHET0 MUHUMAIBHOTO MECSTYHOTO CTOKA (0)
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Puc. 7. BpeMeHHbIE H3MEHYMBOCTH 3UMHHX MUHHUMAJIbHBIX MECSIUHBIX PACXOZ0B PEeK OacceiiHa o3epa;
a— p. Apruun — 1. [eramen, 6 — p. baxrak — n. [{akkap

Takue ke pe3ynbTarel OBUIM TONYyYEHBI W B
OpyTUX cTpaHax Hameid mmaHetsl [1, 12-15]. Taxk,
Juist OONBIIMHCTBA pek bemapycu xapakTepHO yBe-
JYeHue JeTHe-oceHHUX (73% ucciienyeMsIx pek) u
3umMHUX (80%) MUHUMATBHBIX PACXOJOB BOMBI, HO
Ha OoJbILIEH 4acTH peK rPaMEHT U3MEHEHUS CTOKa

B 3UMHUI TEpUOJ| JOCTUTAeT OOJNBIINX 3HAYCHUH,
4yeM B JieTHe-oceHHUI niepuon [5]. [IpakTuueckn Ha
Bceil Tepputopun ETP ormeuaercs yBenunueHue
HOPMBI MHUHUMAJIBHOTO cToKa. HamOGompmmii poct
OTMEYAETCS B IOKHBIX YaCTIX 0aCCEHOB, B CTEITHOM
u necocrenHoi 30Hax [10]. Tak, bonros M.B. u mp.
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[2] ompenenum, dto s OoybIel 4acTH pek Oac-
ceifHa p. Bonra MOXXHO BBIIECTUTH ABE (ha3bl — M-
TEJIbHBIA TMEPUOJ TMOHWKCHHOW BOMHOCTH (MHHH-
MaJbHBIA pacxol 3a 3MMHHUH TEPHON) CMEHSIETCS
MEePUOAOM TOBBIIIIEHHONW BOJHOCTH, KOTOPBIM Mpo-
JoJDKaeTcsl Mo Hacrosmiee BpeMs. [lokazaHo, 4To
perynupoBaHue cToka Bombl Bepxne-UpThimckum
KacKaJoM BOJIOXPaHWIHI TPUBEJIO K CYIIECTBEH-
HOMY YBEIMYCHHUIO 3UMHETO MUHHUMAIIBHOTO PacXo-
na (aa 78 %) [1].

st pek ¢ yMEHBIIICHHEM 3UMHHX JCKaHBIX
MUHUMAJBHBIX PacX0JI0B, PEYHBIE SKOCHCTEMBI CTa-
HOBSTCSI 00JI€E YA3BUMBIMH, YTO TIPUBOIUT K PE3KO-
My BO3PaCTaHUIO CTEIIEHU PUCKa BOJAONOTPEOICHUS.
B peunbix OacceifHax, Ha KOTOPHIX HHTCHCHUBHO
pa3BUTa TUAPOIHEPTETHKA, B HACTOAIIEE BpEMs
HaOIoMaeTcss  HEeONAaronpusTHOE  JKOJOTHYECKOES

Temrieparypa npu3eMHOTO CIIos Bo3ayxa, °C

CeBan
_12 J

1920 1940 1960 2000 2020
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COCTOSIHUE, KOTOPOE XapaKTepPHO U JJIs APYTHX ped-
HBIX OacceiHoB m3yuaeMoil Tepputopun. C apyroi
CTOPOHBI, CTOK MAJIBIX PEK YacTO TMOYTH MOJIHOCTHIO
pacxomyeTcst Onmaromaps HeaddekTuBHOMY BOIO3a-
0Opy M3 peK W B pe3yJbTare 4ero 4acTh peKk 3UMOU
MOJTHOCTHIO 3aMEP3afOT.

bbina Tarxke M3yucHa OLICHKA BIUSIHUS KIIMMa-
THYECKHX (PaKTOPOB HA CTOK peK, a UMEHHO Bpe-
MEHHOM XOJl CpPEeJHHX TeMIeparyp U arMochepHbIX
0CaJIKOB B 3UMHUI TIEpHOJ ISl OacceifHa pek, BIia-
nmaromux B ozepo CesaH (puc. 8). AHanmu3 NUHUHA
TPEH/IOB TOKA3bIBACT, YTO HA BCEX METCOCTAHIIUAX
OacceiiHa HaOMIOmaeTCsl POCT TEMIIEPaTyphl BO3IY-
Xa, aTMOC(EPHBIX 0CAIKOB, KOTOPbIC 00YCIIaBINBA-
10T MOJOKUTEIBHYIO JTUHAMHUKY U3MEHEHUH 3MMHUX
MUHHMAJBHBIX JICKaIHBIX PACXOA0B OacceiiHa o3epa
CegaH.

AtmocdepHBIe ocagku, MM
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Puc. 8. JIuauM TpeH1a MEKTOIOBOTO X0JIa CPETHUX TEMIIEpaTyp MPU3EMHOTO CIIOS BO3yXa U
arMoc(epHBIX 0CaIKOB 32 3UMHUI Neproj B 6acceitne 03. CeBan

BoiBoabl. TakuM 00pa3oM HcciIeIOBaHUS IIO-
Ka3alld, YT0 B MHUHUMAJIbHOM CTOKE PEK BBISBICHBI
pa3u4HbIe TPEeH[bl, 0OYCIOBICHHBIC CITy4YalHBIMU
M3MEHEHUSIMH, OTPaKAIOUINE KIMMAaTHYeCKHE U3Me-
HeHus. Tak, TeHIEeHIUs TMOBBIIICHNS 3UMHIX MUHU-
MaJbHBIX MECSYHBIX pacXoloB peK OOyCIIOBIIEHa
[TOJIOKUTETLHOW HW3MEHYMBOCTBIO PpacIpeeIeHUs
TEeMIIepaTyp BO3lyXa M aTMOC(EpPHBIX OCaIKOB 3a
3UMHUI [IEpUOJ B BUJE€ YCTOMYNBOIO CHEKHOIO I10-
KpOBa, 3aMEp3aHusl OTAEIbHBIX YYaCTKOB pPEK. 3UM-
HUI MUHHMAaJbHBIM MECSYHBIA pacxon Komediercs
ot 0,015 (p. dpaxtuk) no 1,68 m*/c (p. IaBaparer).
Bonpmmx 3Ha4eHni 3MMHUX MHHHAMAJIbHBIX MeECSd-
HBIX PacXoflOB BOJBI JOCTUTAIOT MPEUMYIIIECTBEHHO
peKy, IMEIOIINE MTOI3eMHOE MUTaHKE.

VY OonbImmHCTBA pek, Brnagaromux B o3epo Ce-
BaH (13 12 mocToB Ha 7) HaONIOMAETCS TEHIACHIIMS
pocTa 3WMHHX CpeaHENEKaTHbIX MHHHUMAJIBHBIX
pacxooB Boabl . VICKIIOUEHUE COCTaBISAIOT PEKU
Macpuk, Maprynu, baxrak, JIuuk u I"aBaparet.

[TomydeHsl TakXe TECHBIE KOPPEISAIIMOHHBIC
CBSI3U MEX]Y 3UMHUM MHHUMAJIbHBIM MECSYHBIM
CTOKOM M CpEJHUM CTOKOM 3HMMHEr0 Nepuoaa, a
TaKXe CPEIHUM TOIOBBIM CTOKOM Ha pekax Oacceii-
Ha o3epa CeBaH. DTU JaHHBIE MOXKHO HCIIOJIb30BATh
MpU W3YYEHUH 3MMHHUX MHHHMAJIbHBIX MECSUHBIX
pacxoloB HEWU3YYCHHBIX M MaJI0 H3YYCHHBIX PEK
HCCIIEMYEMOU TEPPUTOPHH 32 KaJICHIAPHBIN T/,

HccaenoBanus moka3ajin, YTO C BRICOTOM BOHO-
cOOpOB pacTeT MOAYJIb MUHHUMaJIbHOTO cToka. O-
HaKo OBIBAIOT OTKJIOHECHHS OT ITHX 3aKOHOMEPHO-
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creit. [Ipumepom mMoryT ObITh peku baxrak u JInuk,  pek. Takwe TEHIEHIINM W3MEHEHMsI 3UMHUX MUHU-
(dbopMHpOBaHHE THUAPOJIOTUYECKOTO pEeXHMa KOTO-  MaJbHBIX MECSYHBIX PAacXOZ0B BOIBI B OacceifHax
pBIX, OOYCIIOBIIGHO MECTHhIMH (pu3uKo-reorpadu-  pek, Bnajarommx B o3epo CeBaH, HY)KHO YYUTHIBATh
YECKUMHU (PAKTOpaMU M OCOOCHHOCTSAMH IUTAHHUS  TPU PEHICHUH BOJOXO3IHCTBESHHBIX MTPOOJIEM.
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SPATIAL-TEMPORARY VARIABILITY OF THE WINTER MINIMUM MONTHLY RUNOFF
IN THE RIVERS OF LAKE SEVAN BASIN (ARMENIA)

Formulation of the problem. The paper considers spatial-temporary variability of the winter minimum
monthly flow rates of the rivers in the basin of Lake Sevan, as well as air temperature and atmospheric pre-
cipitation of the basin. The values of hydrological and statistical characteristics of the winter minimum
monthly expenditure have been calculated.

Purpose of the work is: to analyze and evaluate the patterns of temporal and spatial changes in the win-
ter minimum monthly water discharge in a number of long-term observations for rivers that flow into Lake
Sevan.

Methods. The study is based on observation data from 12 hydrological posts of the “Service for Hy-
drometeorology and Active Impact on Atmospheric Phenomena” of the Ministry of Emergencies of the Re-
public of Armenia. The following methods were used for this purpose: mathematical-statistical, extrapola-
tion, interpolation, analysis, analogy, correlation.

Results. Minimum runoff is one of the main characteristics to be considered when designing hydraulic
structures. Duration of winter low-water period is approximately 3-4—5 months on the rivers of the studied
territory. It is established from late November — December to February — March. Minimum consumption is
mainly found in January-February. However, in some years it is possible in November or March.

Based on physical and geographical features of the area, the monthly winter minimum flow rates of the
rivers of the Lake Sevan basin are characterized by uneven spatial distribution. Winter monthly minimum
consumption ranges widely from 0.015 to 1.68 m%/s.

Close correlations between the winter minimum monthly and the average runoff of the winter period
and between the winter average minimum monthly runoff and the average annual runoff were also obtained.
These relations can be used to obtain the winter minimum monthly consumption of unexplored and little
studied rivers of the territory under discussion for a calendar year. A close relationship between them indi-
cates that depending on the low minimum monthly runoff, the average runoff during the winter period is just
as low, and vice versa.

In the study area, there is a regular increase in the minimum runoff with an increase in catchment areas,
as well as with an increase in the weighted average height of the catchment.

The variation coefficient of winter minimum monthly consumption is 0.15-0.60 on the territory of the
Lake Sevan basin and the asymmetry coefficient is from -0.64 to 1.77. As a rule, there is a regular decrease
in the minimum runoff with an increase in catchment areas. The correlation directly proportional relationship
has been obtained between the coefficients values of variation and asymmetry of the winter average mini-
mum monthly flow.

There is a tendency to an increase in winter average decade decimal consumption in most rivers flowing
into Lake Sevan (7 out of 12 studied posts, that is, in 58% of cases) and an increase in air temperatures and
precipitation at all currently operating meteorological stations in the basin.

Keywords: variability, spatial-temporary distribution, minimum monthly consumption, variation and
asymmetry coefficients, Lake Sevan basin, Armenia.
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METOIAYHI X011 10 BUSHAUYEHHS MEXI IIPUMICBKOI 30HU MICTA OJIECA

B cmammi eucsimneno akmyanvhicms 00Ci0HCEHH W00 NUMAHHA BUSHAYUEHHS MedXHC NPUMICLKUX 30H. Posenanymo eapianmu
Odenimimayii medxc 3a iCHyIOUUMU 3aKOHOOaguumu akmamu. Kpim moeo ananiz oocuioscenv i nyonikayiil yueHux 0as MONCIUBICb
oKkpecumu i iHwi niOX00u 00 GUIHAYEHHS MeNC NPUMICHLKOL 30HU T NOPIGHAMU PE3VIbIMAMU 3 3A3HAYEHO) MEXCEH) NPUMICHKOL 30HU 8
Tenepanvromy naani m. Odecu. Takum 4uHOM, NPOBEOEHO POIPAXYHKU MA BI3YANI308AHO, 3a OONOMOL0I0 NPOSPAMHOO 3aDe3neyeHHs
ArcGIS Pro, xinbka sapianmie suznaueHHs medxici npumicvkoi 3onu micma Odeca, a came 3aCmoco8aH0 MemoOudHull nioxio 3 po3pa-
XYHKY HOeKCY KOHYeHmpayii HacereHHs, pe3yibmamu AKo20 niomeepouny Haui npunyweHHs wooo KOHYeHmpayii Hacelents 6 npu-
Micokill 30HI. [[pyeuil MemoouyHutl nioxio 3 po3paxyHKy epasimayitinoi Mooeni Ha OCHO8I napamempy 6i0CMani 0a8 MONCIUBICID
3PO6UMU BUCHOBOK NPO BUPIUATLHY PO OOCHYNHOCTI HACEeHUX NYHKMI8 00 Micma-yenmpy. B mpemvomy nioxodi, 3a 0onomozoro
epasimayiiinoi mooeni I Kapeema, saxa noeonye napamemp giocmani ma 0emospaghiunuii nomenyianr yeHmpis 00CIiOHCeHHs, 8U3HA-
Yy medici npumicbkoi 30nu micma Oodecu, KL MAKCUMATIbHO KOPETIOMb 3 3A3HAYEHOI0 Medxceto 6 I enepanbHoMy naaHi.

Omoice npogedeHi O0CHIONCEHI 0aromb MONCIUBICMb CINEEPOICYEAMU, WO OOHUM i3 BANCIUBUX NOKAZHUKIE Y GUSHAUEHHT MeXNCI
NPUMICbKOI 30HU € 4aAco8a i30XPOHA, MoOOMOo OOCHYNnHICMb 00 MICMA, KA, 8 OLIbWocmi 6UNAJKi8, opmye 6a2amoacnekmui 36 s3Ku
Mmicma i npumicbkoi 30Hu. Jlenimimayis Mexc nPUMICbKUX 30H MICI 0ACmb MONCIUGICb YILECAPAMOBAHO20 NAAHY8AHHS MEPUMOPIL,
opeaHizayii epekmusHoi cucmemu 20CNOOAPIOBANHS, 6CIMAHOBIEHHA 202PAPIUHUX 0COONUBOCEU PO3BUMKY MICA, BUKOPUCTNAHHSA
01 MicbKOi 3a6)008U MEPUMOPIATLHUX PecYPCi6 nepeomicms, 83AEMO38 130K POZBUMKY MICIA Ma U020 NPUMICLKOT 30HU.

Knwwuoei cnosa: npumicvka 30Ha, MemoouyHi nioxoou, napamemp 8i0cmari, O0OCHynHicmv, NOKA3HUK, NIAHYB8AHH.

B. JI. Oneiinux, H. B. Cmaonuroea. METOIWYECKHE MMOAXO/bI ONPEAEJEHHUS I'PAHHULIBI TIPUTOPOJIHOM
30HbI 'OPOJA OAECCA. B cmambe ocseujena akmyaibHOCHb UCCIe008AHUS OMHOCUMETbHO 60NPOCA ONPEOeeHUsl 2PAHUY
npueopooHvix 30H. Paccmompenul eapuanmol denumumayuu epanuy no cyuecmayrouum 3akonooamensrvimu akmamu. Kpome moeo,
AHAU3 UCCTIe008AHULL U NYOIUKAYULL YUEHbIX 0l BO3MONCHOCb 6bl0CTUMb U OpyeUe N0OX00bl K ONPeOeleHUio SPanuy npueopooHoll
30HbL U CPAGHUMb PE3YILMANbL ¢ YKA3AHHOU epanuyeli npuzopooHoil 301l 6 1 enepanvrom naane 2. Odeccoi. Takum obpasom, npose-
Oenbl pacuemvl U 6U3YANUIUPOBAHBL PE3YIbIMAMbI, € NOMOWbIO npocpammnozo obecnevenusi ArcGIS Pro, necxonvko eapuanmos
onpeoenenus epanuy npueopooHotl 30Hbl 2o0poda Odecca, a UMEHHO.! NPUMEHEeH MemooudecKuti n00xXo0 o pacuemy UHOeKca KOHYeH-
mpayuu HaceleHus, pe3yibmamsl KOmopo2o noOmeepoUn Hauy nPpeonoioNceHus OMHOCUMETbHO KOHYEHMPAayull HaceleHus 6 npu-
20p0oOHOU 30He. Bmopoil memoouyeckuii nooxo0 npedcmagisiem coboll paciem 2pasumayuoHHOl MOOeIu HA OCHO8e napamempad
paccmosiHus. Pezynomamut nosgonunu coenams b1600 0 peuiaroujeli poau OOCHYRHOCHU HACELEeHHbIX NYHKMO8 K 20po0y-yeHmpy. B
mpemvem nooxode, ¢ nomowbio epagumayuonnoii mooenu I. Kapeema, komopas couemaem napamemp paccmosinus u 0emozpagu-
YecKull NOMEHYUAN YEeHMPO8 UCCLe008ANUs, ONPeOeleHbl SPaHuybl NpueopooHoll 30Hbl 2opoda Odeccol, KOmopwvle MAKCUMATLHO
Koppenupylom ¢ ykasannvimu epanuyamu 6 I'enepanvrhom niane.

Hmak, nposedennvle ucciedo8anusi 0arom 603MONCHOCb YMEEPICOANtb, YUMo OOHUM U3 BAJICHBIX NOKazamelell 8 onpeoelenuu
2PAHUYBL NPULOPOOHOTL 30HbI AGIACC BPEMEHHAS U30XPOHA, MOecb 00CMYNHOCb K 20p00y, Ymo, 8 DOIbUUHCIEe cyYaes, Gop-
Mupyem MHO20ACHEKMHble C8:3U 20po0d U NPUu2OpoOHOll 30HbL. [lerumumayus epanuy npueopooOHbIX 30H 20p0008 0ACH B03MOAMC-
HOCMb YeleHANPAIeHHO20 NIAHUPOSAHUS MEPPUMOPUL, OPLAHU3AYUY IPHEKMUBHOU CUCEMb] XO3AUCMBOB8AHUSA, YCMAHOGIEHUe
2eoepapuyeckux ocobeHnocmell pazgumus 20pood, UCNONBL30BAHUS 01 20POOCKOU 3ACMPOUKU MEPPUMOPUATLHBIX PECYPCO8 NPU2o-
pooa, 83auMOCEs3U pa3gUMLs 20p00d U e20 NPUSOPOOHOU 30Hb.

Knrouesvle cnosa: npucopoonas 3ona, memoouueckue nooxoovl, NApamemp paccmosnusl, OOCHYNHOCHb, NOKA3amens, NiaHu-
posatnue.

AKTya/IbHiCTh TeMHU. 3HaYCHHS MICT B PO3BH-
TKY €KOHOMIKH KpailHH B MUHYJIOMY, i Hapasi, Ma€e
CTepkHeBe 3HaueHHS. [Ipy boMy BakIIMBa poOJb SIK
B PO3BUTKY €KOHOMIYHHX, COLIaJIbHUX, iHPpACTpPY-
KTypHHX TPOIECIB CAMUX MICT, TaK i KpaiHW B IIi-
JIOMy, BiJirpae MOTEHIial, PO3BUTOK TNPHMICHKUX
30H. €AMHOI TOYKH 30py Ha TPaKTYBaHHS HOHSTTS
«TIPUMIChKa 30HA» Hapasi He Mae, sIK 1 HE Ma€ YiTKO-
IO PO3MEXKYBAHHS TOHATH «IIEPEIMICTSD), «IPUMI-
CbKa TEPUTOPIs», «IpuUMicbka 30Ha». Kpim Toro
Ba)XKJTUBE 3HAUYEHHS Ma€ BU3HAYCHHS MEX MicTa Ta
MPUMICHKOI 30HH, TaK SIK MiCTa MalOTh TEHICHIIIO
70 «PO3POCTAHHI» W «3aXOIUICHHS» MPHJIETIINX Te-
purtopiii. Mexi MicT 3a octanHiX 20 POKiB iCTOTHO

3MIHHIMCH, 1[0 BHMAara€ 1 BIANOBIZHOTO OCIIi-
JKCHHSI MEXK IPUMICHKOT 30HH, TOMY TeMa POOOTH €
aKTyaJbHOO.

IlocTanoBka npo0aemu. /1o BUBHaYEHHI MEX
MPUMICHKOI 30HHU € KiJIbKa IMiIXOMIB, SIKI MarOTh 3a-
KOHOJIaBUe, €KOHOMIYHE MiATPYHTS, IPOTE B Opra-
Hax BJIaJy, HAYKOBHX KOJax, 1 HUHI HAyTh 00roBo-
PEHHSI OO0 JeiMiTaIlil MeX IMPUMICHKOT 30HH, SKa
0 mana OaraTo()yHKI[IOHAIbHI MOXKJIMBOCTI IepcIie-
KTUBHOT'O PO3BUTKY MICT.

AHaJIi3 OCTAaHHIX JOCHiIKeHb I mMyOJikamii.
JocnimxkenHs nporeciB ypOaHnizaiii Ta cyOypoaHi-
3aIlii, SKi TICHO MOB'SI3aHi 3 PO3BUTKOM IPHMICHKOT
30HM, BHUCBITJICHI Y Mpansx YKpaiHCBKHUX Ta POCiii-
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CHKHUX yYCHHX, TakuX sK: I. AHmpieBcrkoro [4], FO.
binoxons [5, 6], [. boropama [7], O. I'magkoro [9,
10], H. HuictpsHchkoi, M. JlHicTpsiHChKOTO [12],
L. I6arynina [13], C. Imyxka [14], I. Jlanmo [15,16],
10O. ITamexu [18, 19.], O. Tongiea [22] Ta iH.

Hacammepen, po3risHeMO 3aKOHOAABYI AaKTH
LIOA0 JaHOTO NMUTaHHS: 3akoH Ykpainu «IIpo pery-
JIFOBaHHS MICTOOYIIBHOI MisIIFHOCTI» BHU3HAYaE, IO
MpUMiCchKa 30Ha — TEPHUTOPIs, M0 3a0e3Medye mpoc-
TOPOBUH Ta COLIaIbHO-€KOHOMIYHUH PO3BUTOK MicC-
Ta [1, c. 2] maHe BU3HAUCHHS HE JA€ MOKJIMBOCTI
YiTKO JIENiMITyBaTH MeXi MpUMIichKol 30HU. [HIIMi
3akonofaunii akt JIBH «IlnanyBanns i 3a0ymoBa
TepuTopiit» 3a3Hadae, mo «[Ipumiceki 30HM BHU3HA-
YarOThCS VIS MICT 13 YHCEJIBbHICTIO HACEJICHHS IIOHA
100 Tuc. oci6. s iHIUX HaceIeHUX IMyHKTIiB MPH-
MICBKI 30HHM BHU3HAYAIOTHCI B 3aJIEKHOCTI BiJ KOHK-
pETHUX MiCTOOYMIBHHX YMOB Ta BHMOT COIiaJIbHO-
€KOHOMIYHOTO PO3BUTKY. MicTo-IleHTp 1 Horo mpu-
MiChKa 30Ha € B3a€EMOTIOB’SI3aHUMHU 00’ €KTaMU JI0-
KyMEHTaIlii 3 MPOCTOPOBOTO IUIAHYBAaHHS Ha CTaJisX
PO3pOOICHHS TeHEePAIBHUX IIaHIB HaceleHNX MyH-
KTiB. 30BHIIIHBOI0 MEXEI MPHUMIChKOi 30HW Hali-
KpYITHIIUX 1 KPYITHUX MICT € i30xpoHa 45-60 xBu-
JUHHOI JTOCTYMHOCTI TPaHCIOPTOM 3arajibHOTO KO-
PHUCTYBaHHS 110 MexXi mictay [2, c. 13-14].

3a YMORBH, SIKIIIO MICTO 3 MPOCKTHOIO KUIbKICTIO
nacenenus 100 Tuc. 4oIOBIK 1 OIIBIIE, a TAKOXK MicC-
Ta-KypOpTH, BUKJIHKAIOTh HEOOXiMHICTH CTBOPEHHS
€JIMHOTO MPOEKTHOTO KOMILIEKCY 31 CXEMOIO 3eMIIey-
cTporo mpwuiiernoi Teputopii. Ilpoextu po3pobiis-
I0Th, 000B’SI3KOBO Y3TO/DKYIOUH iX 3 T€HEPaJTbHUM
IJIAHOM MICTa Ta CXeMaMHU 3eMIICyCTPOI0, OCHOBHH-
MU TPaAHCIOPTHUMH apTepisMHU, MICISIMH MacoBOi
pekpearii, aaMiHICTPaTUBHO-TEPUTOPIATHHAM PO3-
noAiIoM YKpaiHH TOIIO.

SIKIIO0 4YHMCeNBbHICTh HACEJIEHHS MicTa IoHan 1
MJTH. XHTENIB — Pajiyc NPUMIChKOI 30HU CTAaHOBHUTH
monay 50-60 kM., mpu KinmekocTi HaceneHHs Big 500
THC. X)uTeaiB 10 1 muH. — 40 kM., Big 250 mo 500
tHC. 40i. —30 kM., Bix 100 1o 250 — 20 xm. [24].

Exonoriuna onrtumanbHa oOpraHizailis TUTaHy-
BaHHS MPUMICEKUX TepuTopil, Ha mymKy I. [loraeBa
Mae Taki Mexi: Wi Mict i3 HaceneHHsaM Big 100 no
500 Tuc. oci6 — 20-25 kM., s MICT 13 HACEIEHHIM
Bixg 500 Tuc. 1o 1 MitH. 0ci6 — 25-30 kM., 11 MICT 13
HaceneHHsM moHaa 1 mutH. ocio — 35-50 xkm. [20].

Takox ICHYIOTh HalpaioBaHHS YYSHUX IIOJIO
BU3HAYEHHS MEX NMPHUMIChKOi 30HH 38 €KOHOMIUHH-
MU PO3paxyHKaMH, arJioMepamiiHiuM eQeKToM, Io-
Ka3HUKOM dacy. Tak, mHanpukian, B. O. fienko Bu-
JIUTSIE TI30HU B MIPUMICHKil 30HI 3 3a3HAYCHHSIM iX
MEX: BHYTPIIIHA — 10 25 KM., cepenHs — 10 50 kM.,
30BHIIIHSA — 10 100 kM., TOOTO Mexa MPUMICHKOT
30HU MPOXoauTHUME Ha Bizcrani 100 kM. Big Mexi
Micra [23].

Cepen 3apyOiKHUX YUCHHX, SKI pPO3TIISAIAIN

JesIKi TEOPETUYHI Ta MPAKTUYIHI aCHEKTH MPUMICh-
KHX 30H, CIiJl BHAUIMTA pobotu k. Binmbsmcona
[28], M. Hunuua [26; 27], Hx. Kypuua [26], Tx.
Bancki [25], JI. Mapdopna [30], I1. MitkoBuua [27],
3. HenoBuu-bynnua [33], K. Craninosa [31; 32], JI.
Cuxopy [32], C. Lenkosy [33]. Ix mpaui mictars
NpaKTUYHE MiATPYHTS BUBYCHHS NMPHUMICHKHUX 30H,
[IPOTE, METOAMKA BU3HAYCHHS MEX MPHUMICHKUX 30H
MPAKTHYHO BiJICYTHSI.

VY cBiTOBilf HayKoBiHl jiTepaTypi OiLTbII aKTya-
JHHUM € TMTaHHS BU3HAUYEHHS MEX aromepauiid. B
OULTBIIOCTI €BPOMEHCHKMX KpaiH 30BHINIHSA MeEKa
armoMepallii BU3HAYa€TbCS IYHKTOM 3aBEPILCHHS
Oe3nepepBHOI MichKoi 3a0ynoBu. Y kpaiHax IliBHiu-
HO1 AMepukw, 30kpema CIIIA ta Kanazi, armomepa-
mii MaroTe (¢opmamizoBaHuil craryc. B kpainax
CTBOPIOIOTBCSL  ypsad  amioMepaiid  (metro
government), TPy IIbOMY, OKpeMa aaMiHICTpaTHBHO-
TepUTOpiadbHa OMUHUII He hopMyeThes. Y DpaHiiii
Ta [Tamii ocoOnuBHiA cTaTyc arioMeparliii perinaMeH-
TY€TbCS 3aKOHOAABCTBOM.

B minmomMy, ¢ BUIUTATH ABA MiIXOIH: TEPIIANA
OCHOBYETHCS HA BHU3HAYCHI TPAHCIIOPTHOI JOCTYI-
HOCTI IIEHTa MIiCTa A0 MICT-CyMyTHHUKIB, TIPH I[LOMY
BiJICYTHS MIPUB’sI3Ka IO aIMiHICTPaTUBHUX MEX BiJl-
MOBITHUX TEPUTOPIabHUX OMUHUIG. [pyruit miaxin
IPYHTY€ThCS Ha YHCEIBHOCTI HACEJICHHS Ta TOTOKaxX
TPYAOBUX Mirpamiidi MiX IEHTpaJbHUM MICTOM Ta
MPUMICHKUMHE TEPUTOPISIMHU.

MeTo10 HaIOro JOCHIKEHHS € aHalli3 MiJXo-
IIiB JI0 BCTAHOBJIGHHS MEX IPHUMICBKOT 30HH, Ha
npukiani micra Opecu, Ta CIIiBCTaBICHHS Pe3y/bTa-
TiB JTOCIIJDKEHHS 3 iICHYIOUMME MEXaMH 3a TeHepa-
JILHUM IIJIAHOM MiCTa.

Bukiaax ocHOBHOro Martepiaity JOCITIKEHHS
PO3MOYHEMO 3 MPEICTaBJICHHS ICHYIOUHMX Marepia-
nmiB. B renepanpHOoMy tuiaHi wmicta Onecu Mexi
MPUMICHKOI 30HU BU3HAUCHI HA OCHOBI PEHTHHIOBO-
TO paH)KyBaHHS aJMiHICTPAaTHBHUX PaiiOHIB 00JacTi
MO TJIAHYBAJIBHUX TOKAa3HWKaX B3a€EMHOTO BILUIMBY
MicCTa 1 MPUJIETJIOl TEPUTOPIi y CITiBCTABICHHI 3 MaK-
CUMaJIbHUMHU NapaMeTpaMu TPaHCIIOPTHOI JOCTYI-
HOCTI JI0 €TIEMEHTIB IPUMICHKOI 30HHU 110 TPY/IOBHX,
peKpeariifHiX Ta KyJbTypHO-TIOOYTOBUX IMOi3/IKaX,
a TaKoX BPaxOBYIOCA iHIII CTPYKTYPHI €JIeMEHTH,
AK1 BIUIMBAIOTHh Ta BU3HAYAIOTH (QPYHKII] MPUMICHKOT
30HH.

B gKocTi TIIaHyBaJIbHUX TMOKA3HUKIB OyJH BH-
KOPHUCTaHi: WiJIbHICTh HACENEHHS; MIUIBHICT Mepe-
K1 aBTOMOOUILHOTO TPAHCIIOPTY; IUTBHICTh MEPEKI
3aJI3HMYHOTO TPAHCIOPTY; piBeHb ypOaHizallii;
LIUTBHICTB JKUTIIOBOTO (OHAY; PiBEHb MasTHUKOBOT
Mirparii.

[Ticnst po3paxyHKy BiTHOCHHX 3Ha4eHb KOXKHO-
ro MOKa3HUKa J0 CEPeIHBOr0 3HAYEHHA MO 00JIacTi
BinOyBanach ix OaqbHa OLHKA Ta paH)XyBaHHS IO 5
KaTeropisx: HAWBHUIIE Ta HAWHIWKYE 3HAYCHHS, CE-
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peIHe, BUINE Ta HIDKYE 3a cepeaHe [8].

Isxom Bukopuctanus ['IC-texHoorii 3miii-
CHEHa ycepeJHEHa iHTerpajbHa OLiHKa BCiX MOKa3-
HUKIB Ta TUMi3alig aAMIHICTpATUBHUX pPalOHIB
IIJSIXOM TI0OYJOBM KOMIUIEKCHOI Kaprorpamu. Pe-
3yJIBTaTH MPOBEICHOI THITi3aMii J03BOIMIN BUSBUTH

bepesisebruii

IBanischRuii

Mukomaisenia
obnacth

Moazosa

Biaropoa-/uicrposeskuii paiion :

TpyITy aAMIHICTPaTHBHUX paiOHIB, SKi MalOTh Haii-
BHIIWN PEHTHHT IHTETPaJLHOTO MMOKa3HUKA — biiro-
pon-JlHicTpoBchkuid, OBimionoNbChkuid, binsgiBch-
kuit, JIumancekuit, Po3ginpHAHCEKHMI Ta MicTa 00-
JACHOTO  MiAMOpsAAKyBaHHA binropon-/{HicTpoB-
cekuii, Immigiseek, HOxue, Temmonap (puc. 1).

OOECA

FEHEPANBHUA MNAH

MOLIESIb NEFCNEKTUBHOTO PO3BUTKY MICTA

Puc. 1. Ilpumiceka 30Ha M. Oztecy 3riTHO TEHEPAITBHOTO TUIAHY

VY Takmx mMexax npumicbka 30Ha Onecu 3aiimae
miomty 61am3bko 3,0 THc. KM? (110 CTaHOBUTH 9 %
Tepuropii Omecbkoi 0671acTi), 3 KITbKICTIO HaCEIeH-
Hs 347,3 tuc. oci6 (14,5% nHaceneHHs perioHy), B
T.4. Mickke — 166,7 THC. 90i., ciibebke — 180,7 THC.
4oJoBiK. B 30HY cminbHUX iHTEpeciB BBiHmuio 125
aJIMiHICTPAaTHBHO-TEPUTOPIaTbHIX OJUHUIIL, B TOMY
yrcni 4 micta: 3 3 SKAX — MicTa 00JACHOTO MiIO-
pAAKyBaHHS, 9 — cenmuir MichKoro tumy Ta 112 cim.
[ToxasHuk ypbaHizamii TepUTOpPii JOCUTH BUCOKUH —
48%, 1m0 maibke Ha 6% OUIBIIEC HIX B ILIJIOMY IO
obnacTi, MiIbHICTL HacenaeHHs — 116 oci6/km? mpu
cepenniii 41,4 oci6/km?,

Jlo mpuMiCBKOi 30HU 3TiHO TE€HIUIaHy BXOISTh
HACTyNHI HaceneHi myHktH: Taipoe, Cyxuit Jlu-
MaH, MizikeBuua, [Ipuimmanceke, Ycartose, Hepy-
Oaiicbke, Bemmka banka, KotoBka, HaOepexwe,
[Iporomoniska, KpacHocinka, Kopcynmi, Cgitie,
Dnniuieka, Onekcanzpieka, Jlicku, ®oHTanka, Ban-
uspka, Hoa Modwuniska, CsepasioBe, bymnnunka,
Hogi Binsipu, ['puropiska, ['Bapmilicke.

[{onenna TpymoBa Mirpaiis i3 MPUMICHKOI 30-
HU ckianae noHasa 30 THc. 4OJOBIK. 3HAUHY YacCTKY
iX 4KMCEeNBbHOCTI YTBOPIOIOTH CTYJICHTH, aliTypieHTH
i Bigpsani. [To KynbTypHO-OOYTOBHX MHUTaHHIX
moHs npuiKpKae ommu3pko 100 Thc. YonoBik [8,
c. 20].

ABTOpPChKE JTOCII/PKEHHS Ma€ Ha METiI BH3Ha-
YCHHSI MEXI MPHUMICHKOI 30HH 3a E€KOHOMIUHHUMH
MiIX0/1aMU Ta i HiIBEIIOBaHHS 3 TEHEPAJIHHUM ILIa-
HOM. O0’€KTOM JOCTIIXKSHHS CTaJli HACEJICH] ITyHK-
TH 3-X IpuUMIChKHX paiioHiB M. Omecn: OBiiONOTE-

cekoro, binsiscekoro Ta Jlumancekoro. Ha Teputo-
pii OBigiononbceKoro pailoHy 3HaxoaaThes 21 ceno
1 5 cenum, Ha Tepurtopii bingiBcekoro paiiony — 2
Micra, 7 cenunl, 43 cena, Ha TepuTOpii JIMMaHCHKO-
ro paiiony — 6 cenu, 60 cii.

HaceneHHs mpuMiChKHUX HACEIEHHUX ITYHKTIB Ma€
HU3KY TIepeBar B MOPIBHAHHI 3 YKHUTEISIMH, SKi MPO-
KHUBAIOTh Ha nepudepii aMiHICTpAaTUBHUX PalOHIB
Ta y BiJaJCHOCTI BiJl MICTa-IIEHTPY, 3aBASKH IHO-
My B TIPUMICHKHX HACEIEHUX IYHKTax CIocTepira-
€ThCS TIO3UTHBHA MIrpallisi HaCEJCHHS, BUILA IIiJIb-
HICTh HACEJICHHs y MOpPIBHSIHHI 3 1HIIMMH Hacelie-
HUMH ITyHKTaM#, TOMY IIPOIIOHYEMO TPOBECTH JOC-
Ji/PKeHHST 3 BU3HAYEHHsI MeXi MPHUMICHKOI 30HU 3a
IHJICKCOM KOHIICHTpallli HacejaeHHs. Po3paxyHok
IHJIEKCY KOHIICHTpAIlii HACEJICHHS 3IIMCHIOETHCS 3a
(hopmyIoF0:

. [xi-yi
Ikg=—"7"7"—
2

ne:

IkH — IHJEKC KOHIIEHTpALIIi HACeJICHHS;

X1 - % KIJIbKOCTI HACEIICHHS Ceja/CelnIa/MicTa;

yi - % mwiommi cesa/cenurina/micra [21].

PesynpTatu Bizyamizamii oTpUMaHHX pe3yJbTa-
TiB 3a JIONMIOMOTOI0 TPOTPaMHOTO 3a0e3MeueHHs
ArcGIS pro npencrasneHo puc. 2, 3.

3a JaHMM METOJOM B MEXI IPUMICHKOI 30HH M.
Opeca yBIMIUIM HACTYNHI TEPUTOPiajbHI TpOMau:
MononixHeHcbka, bapaOoiickka, BemukomonmHCh-
ka, CyxonumaHnceka, [Ipunmumancbka, ABaHrapiB-
coka, TaipoBcbka, YcartiBcbka, Ximi0Oomapcbka, Xo-
nonnobankiBceka Hepy6aiiceka, JlauneHcbka, AB-
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paiion

Po3aisibHsIHCBKHI paiion

Mo.inoBa

Binropoa-/luicTpoBeskuii paiion

IBaniBCHKHIT

Muko.1aiBecbKa
obuactb

Yopue mope

VMOouMi 103HACHHN

Iipramancuxe- e

Puc. 2. [Ipumiceka 30Ha M. Oecu 3a iHIEKCOM KOHIICHTpAIlil HACEICHHS B PO3pi3i HACEJICHUX IYHKTIB.
Pozpob6eno aBropamu

paiion

Po3aisbHsiHCbKHIT paiion

Mo.ioBa

Biaropoa-/lnicrpoBcbkuii paiion

IBaniBcbKHil

MukosaiBCbKa
00JacTh

Yopue mope
VYMoBRi nosHavenns

MANERRE- TTEI58 TIACETETIES TIYINTIS

[:I. Tepmopa s Oacen

- MO CPIMICHKOI omTy

0,07

Puc. 3. IIpumiceka 30Ha M. Oztecu 3a iHIEKCOM KOHIIEHTPALllT HACEJCHHS B PO3Pi3i TEPUTOPiaIbHUX TPOMA.
Po3pobraeno aBropamu

rycriBebka, KpacHocinbebka, Kpmkanisebka, ®oH-
TaHcbka, OnexcanapiBebka. [lnomia mpuMichbkoi 30-
HH 3a JJaHUM METOJOM BiamoBigae Bumoram JIBH
360-92**, ane 3HAYHO MEPEBUILYE BU3HAYCHY 3a
reHEpaJIbHUM IUTAHOM (CIIOCTEPIra€ThCst 301IbIICH-
HsI IUIONII IPUMICHKOI 30HH 32 PaxXyHOK BiJIOBIIHO-
ro 30LJbIIEHHS IUIOIII TEPUTOPIATBHUX TPOMAS;
Bemukononmuacekoi, Ilpuimmancekoi, Cyxonnman-

cbkoi, ABrycriBeskoi, Hepy0aticekoi, KpacHocisib-
cpKkoi Ta KpmkaHBCBKOT).

Jlanuii MeTox MiATBEPAUB HAIIl TPUITYIICHHS
II0JI0 KOHIIEHTPAIlii HACEJICHHS B MPHUMICBHKIN 30HI,
MPOTE B AAHOMY JOCJIDKEHHI OKPECIMINCh W 1HIII
HACEJICHHI MYHKTH 3 IiJIBUIICHOI0 KOHIICHTPAIIE0
HACeJIeHHs, IO TIOSICHIOEThCS IX CTaTycom, Iie —
LIEHTPHU aJIMiHICTPATUBHUX PAlOHIB.
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OCHOBHUM ITOKa3HUKOM y BUIUICHHI TPUMIiCh-
KO 30HU € ii 6e3mocepeIHe po3TallyBaHHI Ha MEXi
3 MICTOM.

PosrnsHeMo miaxia momo JemiMitariii mpumi-
CHKOI 30HM Ha OCHOBI 3aCTOCYBaHHS TpaBiTalliifHOI
Mojeni, sika 6a3yeThCsl Ha IIOJIOKEHHI, IO MicTa €
TOJIOBHUMHU (POKycaMu, JKepesiaMH BIUIUBY Ha OTO-
qyloue COIiaIbHE CEPeOBHIIE, 1 TOJOBHUM YWH-
HHUKOM B JTaHIi MOJEJI € mapaMeTp BiJCTaHi, SKAN
BHU3HAYA€ IHTCHCUBHICTH 3B’s3KiB. Po3paxyHOK rpa-
BiTaliifHOI MOJeNi Ha OCHOBI MapaMeTpy BiACTaHi
3IIACHIOETHCS 32 (hOPMYIIOFO:

1
e

ne:

V — 0e3po3MipHHii Koe(illieHT, MOKa3HUK iH-
TEHCUBHOCTI 3B’S3KiB MK IBOMA LIEHTPaMHU;

D - Biacrane MK NEHTpaMHU IOCIIIKEH-
ma [11].

Pesynbrartu Bi3yaumizalii OTpUMaHUX pe3yJbTa-
TiB 3a JIOTIOMOTOI0 MPOTPaMHOTO 3a0€3MeUeHHS
ArcGIS Pro npeacrasneHo Ha puc. 4, 5.

3a 1aHUM METOJIOM B MEXI PUMICHKOT 30HH M.
Opnecu yBIHIIIM HACTYIHI TEPUTOPiabHI TpOMau:
MononixHeHcbka, bapaboiickka, BemnkomonnHCh-
ka, Cyxonmumanceka, [lpuinmancbka, ABaHrapiB-
cvka, TaipoBchbka, BenmukonanpHHIIbKA, Y CaTiBChbKa,
Xmibomapcrka, XonomgHoOankiBchka HepyOaiichka,
Jagnencrka, ABrycriBcbka, KpacHocinscbka, Kpu-
aHiBcbKa, DoHTaHCchKa, OsekcanapiBepka. [Tnomra
MPUMICBKO 30HHM 3a JaHUM METOJIOM BiJIIIOBiIa€
BumoraMm JIBH 360-92**  Ta wacTkoBO KOpeIoe 3
MPUMICBKOI0 30HOK BU3HAYCHOIO 33 TeHEepalbHUM
IJIAHOM. (CIIOCTEPIraeThes 301IbIICHHS TUIONI PH-
MICBKOI 30HH 32 PaXyHOK BiJAIOBIHOTO 301IbIICHHS
IJION] TEPUTOPIAIbHUX IrpoMa] BelnkomoIMHChKOT,
[punumancekoi, CyXoaMMaHChKOi, ABIyCTiBCBKOT,
Hepyoaiicbkoi, KpacHocimbchkoi Ta KpmkxaHBChKOT
Benmukononuucrkoi, Ilpumumancekoi, CyxonnMas-
cbKoi, ABrycriBcbkoi, Hepy0aticekoi, KpacHocinb-
cpKoi Ta KprkaHBCHKOI).

Janwii Meton 03BOJISE JOCUTH YITKO BH3HA-
YUTH MEXI MPUMICHKOT 30HH Ha OCHOBI IOKa3HHKa
Bignanenocti Big M. Oneca.

PosrnsHyBIIM MiIXOAW 0 BU3HAYCHHS MEXI
npuMicekoi 30HM Micta Opmecu, B OCHOBI SIKMX Jie-
JKaTh MOKAa3HUKH KIJBKOCTI HACEJIEHHS Ta BiACTaHi,
HaMU TMPOTIOHYETHCS PO3TIITHYTHU 1€ OJWH BapiaHT,
SIKUH O TMOENHYBaB I JBa BAXKIIUBI MOKa3HUKU.
PesynbTaTom Takoro noejaHaHHS € 3aNPOBaPKEHA T.
Kapeem B cycninbHO-Teorpadidfi JJTOCIIHDKEHHS
rpaBiTalliiHa MOJENb, SKa BKJIIOYAE SK IapaMerp
BiJICTaHi, Tak 1 AemMorpadiyHui MOTEHIial IEHTPIB
JIOCITIJPKEHHSL.

Po3paxyHok TpaBiTamiiiHoi Mojeni Ha OCHOBI
30HH BIUIMBY 3JiHCHIOETHCS 32 (POPMYIIOIO:

nie:

| — KoedilieHT 30HH BILIUBY;

Pi — uncensHicTs Hacenenns M. Oneca;

Pj — duCeNnbHICT HACEICHHS B HACEICHOMY
MyHKTI;

Dij — Bigcranp Mk M. Ofeca i HACEICHUM M-
HKTOM, KM.

Pesynbratin  Bi3yamizamii
puc. 6, 7.

3a JaHUM METOJIOM B MEKI PUMICHKOI 30HH M.
Opeca yBiMIUIM HACTYIHI TePUTOPiaIbHI TPOMAIH:
MononixHeHcbka, bapaOotickka, BemukomonvHCh-
ka, Cyxonmumancbka, [IpunnManceka, ABaHTapiiB-
ceka, TaipoBchka, BenmukomanpHuIbKa, Y CcaTiBChKa,
Xnibogapcerka, XonogHoOankiBcbka HepyOarichka,
Jaunenceka, ABrycriBebka, KpacHocinbebka, Kpu-
kaHiBchka, DoHTaHchKka, OnexcanapiBcrka, HoBo-
noduHiBcbka. [loma mpuMichKOi 30HM 3a JaHUM
MetonoM BigmoBigae Bumoram JIBH 360-92** ta
KOPEIIoE 3 BU3HAYEHOK) 33 TeHEPAIbHHUM IIJIAHOM.
(cmocTepiraeTscsi 30iMBIIEHHS IUIOMI MPHMIiCHKOT
30HM 32 PaXxyHOK BiATOBIIHOTO 30UTBIIECHHS IUIOL]
TEepUTOpiaTbHUX TpoMman: BemmkomonmHChKOi, Be-
TUKOMaIbHUIBKOI, Momnomixaencskoi, llpumiman-
cekoi, CyxonumaHchkoi, ABrycriBcbkoi, HepyOaii-
cekoi, KpacHocinbcbkoi Ta KprkanBcbkofi).

Jlanuit MeTo, TakoX, JTO3BOIISE JOCUTH TOYHO
BU3HAYUTH MEXIi PUMICHKOT 30HU i 30Hy MaKcuMa-
JILHOTO BIUIMBY MiCTa Ha TIPUIIETITY TEPUTOPIIO.

BucnoBku. [Tutanus pemimiraiii Mex micra i
MPUMICBKOI 30HM Ma€ BaXIWBE COIiaTbHO-
E€KOHOMIUHE, aJMIHICTpaTHBHE, CTpaTeridyHe 3Ha-
yeHHs. [IpoBeneHi MOCIHIDKEHHS alOTh ITiJCTaBH
CTBEP/KYBaTH, 110 MICTO i MPUMIChKa 30HA € IIiJic-
HUM KOHIJIOMEPAaTOM 3 IHTCHCHBHUMHU B3a€EMHUMH
Oararo¢yHKIIIOHAJILHUMU 3B’ s3KkamMu. MicTa, po3Bu-
BalOYHCh, BiIUYBAaOTh MOTpPeOy B HOBUX pecypcax:
TEPUTOPIAX, JDKEperax BOIOIOCTauaHHs, iHGpa-
CTPYKTYpi MpOTEe B MeXaxX MiChKOi TEPUTOPii BOHH
BUSIBIISIIOTHCS BUUEPIIAHUMHU 200 OJNM3BKUMH 10 BU-
yepriaHHsa. ToMy LEHTp Barum PO3BUTKY, 00’ €KTUBHO
nepeMilly€eThCsl B MPUMICHKY 30HY [17]. Micto, s
MPUMICHKOT 30HHU, € TEPUTOPIEIO IPallEBIAlITYBaH-
HSl, HABYaHHSI, pUHKOM 30yTy MPOIYKIii, coliaabHO-
KyJBTYpHUM LeHTpoM. B pesymbrari dopmyerbes
LIJTICHA CHUCTEMa «MICTO — IPHUMIChKa 30Ha», sKa
notpedye MOJaNbIIOr0 AOCHiIKEHHS 3 TUTaHHS Me-
TOJIUKHU BUIIEHHS MEX MPUMiCHKUX 30H, 0COOIHBO,
Ha HaIly JAYMKY, CJIil IPUIUIMTH YBary BU3HAYCHHS
MEXi MPUMICBKUX 30H Ul MICT 3 KUIBKICTIO Hace-
JICHHS] MUTEHOH Ta OLIbIIe, i HE 0OMEXyBaTH pajiyc
MPUMIChKOT 30HH 35-50 KM, a 3aCTOCOBYBATH Pi3HO-
CTOPOHHI IiAXOAX, B TOMY YMCIII W 1HAMBIAyalbHUH.

mpeaACTaBJICHO Ha
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Puc. 4. Mexi npumickkoi 3001 M. OJiec Ha OCHOBI MapaMeTpy BiICTaHi B po3pi3i HACEJICHUX MYHKTIB.
Po3pobrneno aBropamu
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Puc. 5. Mexi npumicekoi 30uu M. OJIeCH Ha OCHOBI IIapaMeTPy BiJICTaHi B PO3Pi3l TEPUTOPiaIbHUX TPOMA.
Po3pobaeno aBropamu
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Po3aimHsaHCbKHIT paiioHn
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IBaniBCbKMIA
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Muko1aiBcbKa
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Yopue Mope
YMoBHI no3HAYICHHES

TIPRIMANCLRE w55 HICCHICHIN 11VHKTIR

[:]. Tepmopin v Ozeca

Puc. 6. [lpumiceka 30Ha M. Ofecy 3 ypaxyBaHHSM 30HHU BIUTUBY B pO3pi3i HACEJIEHUX MYHKTIB.
Pozpob6eno aBropamu

Po3aimbHsIHCHKHIT paiioH

MotoBa

Biaropoa-/lnicTpoBebKHii paiion
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£1216666,68

Puc. 7. Ilpumiceka 30Ha M. Oziecu 3 ypaxyBaHHIM 30HH BIUIMBY B pPO3Pi3i TEPUTOPIaIbHUX IPOMAT.
Po3pobrneno aBropamu

JenmiMiTalliss MeX MPUMICHKUX 30H MICT JacThb
MOXIIUBICTD IUIECTIPSIMOBAHOTO TUIAHYBAHHS TEPH-
TOpiH, opraHizanii eQeKTUBHOI CHCTEMH TOCIOA-
PIOBaHHS, BCTAHOBJIECHHS reorpad)iyHuX 0coOIMBOC-
Tel PO3BHUTKY MICTa, BHUKOPUCTAHHS JUIsI MiCBKOT
3a0yI0BH TEPUTOPIAUIBHUX PECypCiB IEepPEaMICTS,

B32€MO3B 513Ky PO3BUTKY MicTa Ta HOTO IMPHUMiCHKOL
30HH.

JlocnipkeHHsT POBeeHI B POOOTI Iaal MOXK-
JIUBICTh BCTAHOBUTH, 110 [eHEpanbHUI TUIaH MicTa
Onecu 3 aeNiMITAIEI0 MEX PUMICHKOI 30HHU € Hay-
KOBO OOIpYHTOBaHHM ¥ B ILIJIOMY CIIBIAJa€E 3 aB-
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TOPCHKUMHU OCTIKeHHIMA. OCHOBHUMH TIOKa3HU-  CTYIIa€ MapaMeTp BiICTaHb Ta YacoBa JOCTYITHICTh
KaM®l Ui BU3HAYCHHsSI MEXi NMPUMICHKOI 30HH BH-  JIO MiCTa.
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METHODOLOGICAL APPROACHES TO DETERMINING THE BORDER
OF THE SUBURBAN ZONE OF THE CITY OF ODESSA

The purpose of this paper is aimed at defining the border of the suburban zone behind economic ap-
proaches and leveling (comparing) the results with certain borders in the General plan. The development of
suburban areas is one of the elements of the transformation of the economy of the city and region, determines
the pace of their development. Though even today there is no common point of view on the interpretation of
the concept of "suburban zone", there is no clear distinction between the definitions of "suburb", "suburban
territory", "suburban area". In addition, it is important to define the boundaries of the city and suburban area,
since cities tend to "expand" and "capture" adjacent territories. The boundaries of cities change significantly,
which requires a corresponding study of the boundaries of the suburban zone, thus, the topic of work is re-
levant.

Methodology. The article considers options for delineating borders according to existing legislative acts
that define the outer border of the suburban zone of large cities with an isochronous 45-60-minute accessibil-
ity by public transport to the city. In addition, the analysis of research and publications of scientists made it
possible to identify other approaches to determining the boundaries of the suburban zone and compare the
results with the specified border of the suburban zone in the General plan of Odessa. Thus, calculations were
made and the results were visualized, using the ArcGIS Pro software, several options for determining the
boundaries of the suburban zone of the city of Odessa, namely: a methodological approach was applied to
calculate the population concentration index, the results of which confirmed our assumptions about the con-
centration of the population in the suburban zone to the place of employment, study, cultural and social de-
velopment. The second methodological approach is the calculation of the gravitational model based on the
distance parameter. The results allowed us to conclude that accessibility of localities to the city center is cru-
cial. In the third approach, using the gravity model of Kareem that combines distance and demographic po-
tential centers of research, defines the borders of suburban zone of the city of Odessa, which are maximally
correlated with the specified bounds in the General plan.

Practical significance. Therefore, the conducted research makes it possible to assert that one of the im-
portant indicators in determining the border of a suburban zone is the temporary isochrone, that is accessibil-
ity to the city, which, in most cases, forms a multidimensional relationship between the city and the suburban
zone. The delimitation of the borders of suburban areas of cities will allow for targeted planning of the terri-
tory, organization of an effective management system, establishment of geographical features of the city de-
velopment, use of the suburban territorial resources for urban development, and the relationship between the
development of the city and its suburban zone. The city center and its suburban area are interconnected ob-
jects of spatial planning documentation at the stages of development of master plans for localities.

Keywords: suburban zone, methodological approaches, distance parameter, accessibility, indicator,
planning.
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BIJHOBJIEHHS 3ABPYJHEHOI'O BA’)KKUMU METAJIAMU TA PANIOHYKJIIIAMU _
IPYHTOBOI'O NIOKPUTTS 3 BACTOCYBAHHSIM CYYACHUX EKOJIOTTYHUX TEXHOJIOTTUA

Cmamms npucesuena yOOCKOHANCHHIO ICHYIOUUX MEeXHONO02Il GIOHOBNEeHHA CMAHY TPYHMIE, 3a0pYOHEHUX BANCKUMU MeMATAMU
(BM) memooom gpimopemediayii 3 UKOPUCIIAHHAM WMYUHO cmeoperux 2eoximiunux o6ap epie (I'b). /{na oocaenenna nocmaeneHoi
Memu npo8edeHo MOOeIbHUL eKCnepuMenm Ha noaieowi 6 bopisecvkomy nicnuymei Xapkiecokoi obaacmi. Excnepumenm cknadagca 3
060X emanis: nideomoguozo i gimopemediayii. Ha nepuiomy emani 30iiCHEHO 2OXIMINHY 3UOMKY MEPUMOPIL RONIZOHY 00 BHECEHHS.
3a6pyontosauie; cmeopeno wmyunuil I'b i3 mamepianie npomuciosux 6ioxodig Ximnpomy (m. Cymu) — 3aniznoco kynopocy (FeSQq -
NH20); nposedeno idenmughixayiio 3a6pyOHeHUX OLIAHOK NOMI2OHY, WASAXOM 8I060PY 3pA3KI6 TPYHMY OAs aHanizy ix emicmy Ha BM.
Ananis pesynsmamie noxkasas, wo HatbinbuL penpeseHmamuerHumu 3a6pyoniosaiamu JinaHok nonicony € — Cu ma Zn.

Ha opyzomy emani excnepumenmy 8usHaueHo Xapakmepucmuku CmeopeHux na mooensHomy noniconi wmyunux I'b ma euxo-
HAaHO 0ocniodcenHs npoyecie gimopemediayii IpyHmMi6 3 BUKOPUCIMAHHAM CNEYIanIbHUX a2poyeHo3ie. [na excnepumenmy ubpano
pOCaunU, AKI HAUOITbW eeKmUeHO HaKONUYYOms y 3elleHiti maci penpeszenmamusti enemenmu — CU i Zn. 3a nimepamyprumu da-
HUMU, Ye Kanenoynd NiKapcoKa, AIONUH OOHONIMHIL MA COHAUWHUK KAPAUKOBUN. AHANI3 pe3yibmamie CnekmpomMempuiHo2o 00Cii-
Oxcenns emicmy CU ma ZN 'y nosimpsano-cyxux npobax Kanenoyiu, JIONUHY md COHAWMHUKA NOKA3A6, WO HAOINbW MAKCUMANbHEe
naxonuuenns CU 3aikcogano y mxkanunax cOHswHUKA, a ZN y mKanunax kaienoyiu ma mionuny. Ilpome, iomiveno, wjo maxuii
pe3yabmam mooice 6ymu 00yMO6AeHULl SHAUHO SUUUM SHAUEHHAM KOHYeHmpayii ZN y [pyHmMo8omy noKpusi.

3aknounoio wacmuHolo excnepumenny Cmana JiKeioayis azpoyenosy Ha Kinyesil cmaodii eecemayii, o HAKONUYUE Y CBOEMY
cknaoi eucoxi konyenmpayii CuU i Zn. Ilpoerosyemubces, wo 3a 0eKiibKa Yyukiie aikeioayii maxux azpoyeHosie, emicm 3a0pyoH08ayie
Y IpYHmMi Ma€ 00cAmu NPUNYCMUMOo20 pigHs.

Knrwouoei cnoea: tpynmu, ceoximiunuil 06ap’€p, MoKCUUHI peuoBUHU, 8aXCKI Memanu, (imopemediayis, azpoyeHos.

O. B. [lonesuu, H. B. Yoanos, A. B. Kononenro, ®. B. Yomxo. BOCCTAHOBJIEHHE 3AI' PASHEHHOI' O TAKEJIBIMH
METAJUVIAMH H PA/THOHYKIIH/IAMH IIOYBEHHOI O IIOKPBITHA C HCIIOJIbB3OBAHHUEM COBPEMEHHBIX KO-
JOI'HYECKHX TEXHOJIOTHH. Cmambs nocesuena co8epuieHCmeosanuio cyujecmseylomux mexHono2uii 60CCmanosileHus co-
CMOAHUA NOY8, 3a2PA3HeHHbIX maxcenvimu memaniamu (TM) memooom umopemeduayuu ¢ UCHOTL30BAHUEM UCKYCCNBEHHO CO30AH-
Hblx eeoxumuyeckux o6apwvepos (I'b). [na docmudicenusi nocmagnienoll yenu nposeder MoOenbhblll IKCNepUMeHm Ha noausoue 6 bo-
posckom nechuiecmee XapbKogckoul oonacmu. DKcnepumenm coCmosin u3 08yX d9manog: no020mosUmensHo20 U Gumopemeouayuil.
Ha nepeom smane ocyujecmeneno 2eoxuMuyeckylo CbeMKy meppumopuu noiueoHa 00 6HeCeHUsl 3azpsasHumencii; co30aH UCKYC-
cmeennviii I'B ¢ mamepuanog npomviuinennvix omxo0oe Xumnpoma (2. Cymet) - ocenesnozo xynopoca (FeSOq4 - nH20); nposedena
udenmughurayls 3azpA3HeHHbIX YUACMKO8 NOIUSOHA, nymem ombopa npob epynma ons ananuza e2o cooepicumozo va TM. Ananus
De3yIbmamos noKasai, Ymo Hauboinee penpe3eHmamusHbiMU 3a2pA3HUMENAMU YuacmKkos noanueona aenaomes Cu u Zn.

Ha emopom smane skcnepumenma onpeoenenvl Xapaxmepucmuky cO30aHHbIX HA MOOETbHOM nonueone uckyccmeenuwvix I'b u
BbINONIHEHbL UCCTE008AHUA NPOYECCO8 Qumopemeouayuy no48 ¢ UCNONb308AHUEM CREYUANbHBIX azpoyeno306. i sKchepumenma
8bIOPAHbL pacmeniis, KOmopvie Hauboree dPPeKMusHo HaKanIUearOm 8 3eleHoli macce penpesenmamuenvie dnemenmsl — Cu u Zn.
Tlo numepamypnviym OaHHbIM, SO KALEHOYIA 1eKapCMBeHHas, TIONUH 0OHONEMHUL U NOOCOTHEYHUK KapIuKogylll. Ananus pe3ynvma-
mos chnekmpomempuieckoeo ucciedosanus cooepicanus Cu u Zn 6 8030yUWHO-CYXuXx npobax Kanenoyvl, JONUHA U NOOCOTHEUHUKA
nokasan, umo naubonee maxkcumanvroe naxonienue Cu 3aQpuKcupo8ano 8 MKAHAX NOOCONHEUHUKA, d Zn 8 MKAHAX KaleHOyIbl U J0-
nuna. Oonaxo, ommeueHo, 4mo maxou pe3yibmam modicem Oblmb 00YCl081eH 8bICOKUMU KOHYEHMpayusmu Zn 6 noygeHHoM Nno-
Kpoge.

© IMonesuu O.B., Yoanoe I.B., Kononenko A.B., Yomxo @.B. https://doi.org/10.26565/2410-7360-2020-52-15
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3aknouumenvroil vacmpio IKCNEPUMEHMA CIMANA IUKEUOAYUs A2POYeHO3d HA KOHEUHOU Cmaouu ecemayuil, KOmopulii HaKo-
nun 6 ceoem cocmase gvicokue konyenmpayuu Cu u Zn. Ilpoenosupyemcs, umo uepe3 HeCKOIbKO YUKI08 JUKEUOAYUU MAKUX azpoye-
H0308, cooepacanue 3azpsasHumernetl 8 nouse OOIHCHO OOCUYL OONYCIMUMO20 YPOBHSL.

Knrouesnvie cnosa: nousw, ceoxumuueckuii 6apbep, MoKCUUHblE Bewecmad, madjcenble Memauisl, umopemeduayus, azpo-

YeHO3.

IlocranoBka mpobaemu. [IIBuakuii po3BUTOK
CY4acHOTO CYyCIiJIbCTBA CYNPOBOIKYETHCSI 30111b-
LICHHSM MaciiTabiB TEXHOT'€HHOI'O BIUIMBY Ha KOM-
MOHEHTH HAaBKOJIHUIIHLOTO MPUPOIHOTO CEePEeJOBUIIA
(HIIC). Sk mnoka3yrwTh AOCTIDKSHHS, OTHUM i3
HaHOUTBII KPUTHYHUX 3HAYEHb TaKOTO BILTUBY 3adi-
KCOBaHO Ha IpyHTH. B YKkpaiHi 3a octanHi 25 pokiB
BiIMiYeHA CTiliKa Jerpanallis IpyHTOBOTO IOKPHBY:
BMICT T'yMycCy B IPyHTI 3mMeHmmBcs 3 3,5 no 3,2 %,
IJIOMI KUCIUX TPYHTIB 301IpIIMINCh Ha 1,8 MITH Ta
(25 %), a o 3aconeHux — Ha 0,6 muH ra (24 %)
[4]. Kpim Toro, B ckiiaji IpyHTIB 3aikcoBaHO Mif-
BHIIICHI KOHIIEHTpAIIil pi3HUX BHIIIB 3a0pyIHIOBAYIB:
BaXKHX MeTaniB (BM), CTiMKHX OpraHidyHHUX pedo-
BUH 1 HOBUX 3a0pyIHIOBaYiB, TAKUX 5K, HAIPUKIIA],
(hapmanieBTHUHI TIpemnapard. [3 miTepaTypHHX mKe-
pea BioMo, IO cepen 3a0pydHIOBaviB IPYHTIB Ta
inmmx komrioHeHTiB HIIC HaliOinbinry HeOe3neky
MPEJICTABIAIOTh TOKCHYHI peYoBHHU. HanOimbmn
npiopuretHuME cepen sskux € BM 1 kmacy mebesre-
ku — Hg, Cd, Pb, Se Ta in. Cnig npuainstu ysary
Takok TakuM eiaemenTam sk Cr, Co, Cu, Ni, V, Zn
Ta iH., TexHOTeHHe HaaxomkeHHa skux y HIIC, sk
MPaBWIO, 3HAYHO TIEPEBHIIYE MPUPONHI TTOTOKH.
[Ipu upoMy, IpyHTH 37aTHI KOHIIEHTPYBaTH y CBOE-
My ckiani BM mpotsrom 6ararbox pokiB. Sk pe-
3ynbTat, BM MOXYTb BXOIUTH 10 XapuOBHX JIAHLIIO-
B 3yMOBJIOIOYH, TAKUM YHHOM, TPUBATY [0 TOK-
cukauTiB [1]. Hamu BujieHO ABI HEraTUBHI CTOPO-
HU 1poro mpouecy. Ilo-nepmie, npu 3abpynHeHHi
rpyaTy BM noTpiGHO BpaxoByBartu He TiNBKH HeOe-
3MEKy, SIKy BiH MpPEICTaBIsAE MpU Oe3mocepenHii
B3aeMoii, aje i, TOJIOBHUM YMHOM, HACHiJKH BTO-
PUHHOTO 3a0pyOHEHHS KOHTAKTYyIOUMX 3 HUM Cepe-
JIOBUIII: BOJHOTO, TIOBITPSHOTO Ta pocinHHOTO. Ha-
IXOASYM IO XapyOBUM JIAHLIOTAM B OPraHi3M JIto-
muHE BM BUKIHMKaOTH cepiio3Hi ¢iziomoriydi mo-
PYIICHHS, aJeprito, OHKOJOTiIUHI 3aXBOPIOBAaHHS,
HETaTHBHO BIUIMBAIOTh HA 3apOJIOK, TCHETHYHY CIia-
IKoBicTh Ta iH. KpiM Toro, 3HMKYyeThCs 3arajbHa
KUTBKICTh Ta SKICTh BPOXKaiB CIIbCHKOTOCTIONAPCHKOT
npoaykiii. I1py nepeBuIieHHI TOKCHYHUX KOHIICHT-
pauiii BMicty BM y pocnuHax BinOyBatoTscs ¢izio-
JIOT14HI TOpYIIEHHA: 3aTpUMKa iX POCTY, NPHUTHi-
YCHHsI MaroHiB, KOPEHIB, 3HMKEHHS IHTCHCHBHOCTI
(orocuntesy Tta iH. [2, 3]. CTrocoBHO npyroi Hera-
TUBHOI CTOPOHHM HakonuyeHHs BM 3a3znHaummo, 1110
X BHCOKI KOHIIEHTpAIlil 3aTHI 3MiHIOBAaTH BJIaCTH-
BOCTI IPYHTY. 30KpeMa, BOHU MOXYTb TIPU3BECTH JIO
YTBOPEHHsI KUCIOi ab0 JIy>KHOI peakuii IpyHTOBOTO
MMOKPHBY, 3MiHU IIIJIBHOCTI, MOPUCTOCTI, 3HIDKESHHS
0OMIHHOI €MHOCTI KaTiOHiB, BTpaTH IMOKHBHHUX pe-

YOBMH Ta iH. BomHOYac Ba)KJIMBOIO XapaKTEPUCTH-
KOO IPYHTIB Ta iX BIIMIHHICTIO BiJ] iHIIMX KOMIIO-
HenTiB HIIC € BimcyTHiCTH mpoliecy MIBUIKOTO ca-
MOOUHILEHHS. SIK HAcTiIOK YacTKOBa, a B Pl BH-
MajKiB 1 MOBHA BTpara pOAIOYOCTi IpyHTIB [2]. Ak
MO3UTHBHHUM MOMEHT, BIAMITHMO 3[aTHICTb AEIKHX
pocnuH 110 akymyssiii BM, 1mo mo3Bosisie BHKOpHC-
TOBYBAaTd IO OCOOJIMBICTH TpU PO3poOIli (iTOTeX-
HOJIOTi# 0 peMemiamii rpyHTIB Bix BM.

[Tigkpecnmnmo, mo ocobnuBy HeOe3meKy HEKOH-
TpOJILOBAHOTO HakonmuueHHs BM y rpyHTax mnpen-
CTaBIsIOTH TpoMuciioBi Biaxomu (I1B). 3arampHuii
00’em HakonmueHUX B YkpaiHi [IB ckimamgae 6mu3pko
35 muipn T, a tutorna tepuropii I1B — 180 tuc. ra. [1B
po3MillieHi y BijBajaX, IUIAMOHAKOIMYYBa4ax, Te-
pUKOHAX, TIONIrOHaX 1 T.II. Sk mpuKIaa, aHali3 KOH-
neHTpanii BM B rpyHrax JloHeupko-MakiiBchKO1
MIPOMHCIIOBOI aryioMepallii moka3aB 3HauHi TEPEBU-
menns 3Ha4deHb [ J[K, 3okpema o Zn (mo 135 /1K),
As (mo 100 TIK), Pb (56 I'IK), Cd (mo 125 I'’IK) Ta
iH. [4]. Pe3toMytouu BHILlEC HaBelIEHE 3a3HAYUMO, 1110
OXOpOHa IPYHTIB Ta iX palioHaJIbHE BHKOPUCTAHHS
MalOTh CTAaTH OIHUM 13 HaWOLIBII TPIOPUTETHHUX
HampsiMiB 3a0€3MEYCHHSI CTAJIOTO0 EKOHOMIYHOTO 1
COILIIATBHOTO PO3BUTKY Oy/Ib-KOi JiepiKaBy.

AHaJi3 nonepeaHix gociigxenb. barato kpa-
im cpity Takux, sk CIIA, Himeuunna, ®panis,
Kanana, Kutaii Ta iH. 1aBHO NpUHILIH 10 PO3yMiH-
Hs TOTO, III0 OXOPOHY IPYHTIB, 00pOTHOY 3 1X Jerpa-
Jariero 1 3a0pymHEeHHSIM MO)KHA e€(eKTHBHO 3Jilic-
HIOBaTH TUTBKK Ha JepkaBHOMY piBHI. KitouoBum
MPUHIAIIOM 3aKOPJIOHHOTO 3aKOHOABCTBA € HEMPH-
MYCTUMICTh TAaKOTO BIUIMBY Ha IPYHTH, SKHH MPHU3-
BOJIUTh IO TIOTIPIIEHHS iX SIKOCTi, IO Jerpajarii,
3a0pynHeHHd 1 pyiiHyBanHs. HaBiTh y pilneHHi Bce-
cBiTHbO1 KoHpepenuii 3 HIIC (1992 p., Pio-ne-
JKaneiipo) BH3HAYEHO, 10 OXOPOHA 1 paliOHAIbEHE
BUKOPHCTaHHS TPYHTIB TIOBUHHI CTaTd TOJOBHHUM
3aBIaHHAM JIepKaBHOT MOMITUKHA. OCKIJIBKH CTaH
IPYHTIB BU3HA4Ya€ XapakTep >KUTTEIISUIBHOCTI JIO-
JIUHH 1 BUPIMIAJILHUM YHHOM BILJIBA€ HA 1HII KOM-
mornenTn HIIC. ¥V Gararbox KpaiHax CBITYy CTBOpEHA
1ina iHAycTpis mo pemeniauii TEpUTOPIH, iICHYIOTbH
¢bipMu 3 OuHMIIEHHS IPYHTIB, mepepodui 3adpyaHe-
HUX MarepiaiiB, po3poOli TeXHONorid Ta iH. [5,
8, 25].

I3 niteparypaux mxepen Bizomo [21, 24], mo
TEXHOJIOTi peMeianii IpyHTiB MOXKHA PO3JUIATH Ha
JICKIJIbKA BHJIIB B 3aJIEKHOCTI Bij ClIOCOOY 3acTOCY-
BaHHA: 1. 00poOKa IPYHTIB 32 MeXaMHu 3a0pyIHEHOT
JUISHKY, SIKa TOB'A3aHa 3 BUJIYUYECHHSM, SIK MIPaBUIIO,
BEITUKUX OOCATIB 3a0pyIHEHOTO TPYHTY 1 Mepepoo-
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KOIO MOT0 Ha CTaIliOHApHUX YCTaHOBKaX; 2. 00poOKa
in siti (Ha MicIIi) 1HKEKTYBaHHSM, IO BKJIFOYAE BHE-
CCHHs Ha 3a0pyAHEHY IUISHKY BiAMOBIAHUX XiMid-
HUX areHTIiB 1 MOmaNblly yTWIi3aliro (pakiiii 3a-
OpyAHIOBaYiB, IO BHAUIAIOTHECS; 3. 00poOKa BHITY-
YeHOTO TPYHTY (K TpaBUiIO, HEBEITHUKUX OOCATIB)
noOnu3y 3a0pynHEHOl AIISHKH 3 MOJANBIINM TOBe-
PHEHHSIM OYHIIIEHOTO MaTepially Ha MicIle TepBHH-
HOTO 3ajsraHHs; 4. JoKai3amis 3a0pyIHIOBadiB B
MeXKax JUISTHKH 3a TOTIOMOTOIO MPOBeNeHHs (Pi3uKo-
xiMiuHO1 ctabumizamii. [lo TenepimHboro yacy pos-
poOIeHi i BIPOBADKEHI B MPAKTUKY (i3wdHi, Gizn-
KO-XIMi4Hi, XiMi4HI Ta OIOJOTiYHI METOAM peMeia-
ii. 3 TOYKH 30py aBTOPiB UBOTO AOCHIHKEHHSI, Haii-
O1JIBII €KOJIOTTYHO 1 €KOHOMIYHO AOLIJIBHOI TEXHO-
Joriero peMexiamii € gitopeMeniaris. AMEpUKaHCH-
Ki BYCHI MiZpaxyBaiv, IO BiJHOBJICHHS 3BHYAHHUM
cnocobom omHoro akpy (0,4 ra) rpyHTy, 3a0pynHe-
wuM Hg y cepemnpomy xomrye Bing 400 tuc. mo 1
miaH 700 tuc. gomapis CIIA, Toxmi sk 3aCTOCYBaHHS
(itopemeniariinoi Texuonorii — Big 60 g0 100 Tuc.
nonapis [6].

Oitopemeniamis 0a3zyeTbcss HAa BUKOPHCTaHHI
POCIMH 1 acoliiOBaHUX 3 HUMH MIKPOOpPraHi3MiB
JUIsS. OUMINEHHS cKitagoBuXx kKommoHeHTiB HIIC. Ila
TEXHOIIOTiS OMUPAETHCS Ha MPHUPOAHI TPOIECH, 3a
JIOTIOMOTOI0 SIKMX POCIHHH 1 pU30ChEpHI MiKpPOOp-
TaHi3MU aKyMYJIIOIOTh Pi3HI BHIIM 3a0py/JHIOBAYiB, B
TOMY YHCHi 1 TOKCHYHI. BiamosigHo, mpu BHKOpHC-
TaHHI TexHoJorii ditopemeniamii TpyHTIB Bix BM,
OCHOBHA yBara MpHIUISETbCS BHOOPY POCIHUH, IO
3gatHi TpancdopmyBarn BM, mnepeBomsum ix B
MEHIII pyXJHUBY i akTuBHY (popmy [10, 20, 22, 23].
BigMituMo, 1110 J0TENep 3arajbHONPHHHITOTO Me-
XaHi3My TI0 BHOOpY pociuH He icHye. Lli mipky-
BaHHS CIIOHYKAIOTh JI0 TOIIYKY TaKUX HPUPOIHUX
MEXaHi3MiB, IO 3[aTHI SKIIO 1 HE 3aMIHIOBATH TEX-
HiYHI 3aX0J¥ 13 BiJTHOBJICHHS TPYHTIB, TO X04a O J10-
MOBHIOBATH iX. BBaXkaemo, 110 MOLTyK TakuxX Mexa-
HI3MIB TIOBHHEH 0a3yBatucs Ha Teopii I'b [9]. ABTo-
pamu CTarTi 3AIHCHEHO Psj MyOmiKarii Ta po3poo-
nero «Croci6 nokanizauii BM, siki MirpyioTs y Te-
XHOTCHHHX TIOTOKaX 3a0pyIHEHHs», IO IPYHTYIOTh-
csl caMe Ha 11iif Teopii [12, 17, 18, 19].

[lepui HaykoBi JOCHIIKEHHS Y HampsiMi pos3-
BUTKY TEXHOJIOTiH (iTopemenianii Oyny NpoBeaeHi y
50-x pp. XX crt. B [3paini. OgHak akTHBHUN pO3BH-
TOK TO04YaBcs TUTbKH 3 80-x pp. 1 HE MepecTae Brpa-
YaTH CBO€i TOMYJSIPHOCTI 1 CHOTOAHI. 30Kpema,
ATEHIII€I0 10 OXOPOHI HABKOJHIITHHOTO CepPeIOBUIIIA
y CHIA 3 2000 p. 3aTBepKeHO TTporpaMy BHKOPHC-
TaHHs POCJMH JAJIsl OUHMILEHHS cepenoBHia Big BM
[1]. ¥ Kutai BUKOHYIOTBCS AOCTIKEHHS (hiTOpeme-
niamii 3a0pyaHenux BM rpyHTIB 3a J10IIOMOToI0 po-
ciuH-rinepakymyistopie [8]. Kpim toro, 3ailicHio-
FOTBCSL JOCIIDKEHHS 10 (DiTOGKCTpaKIii, Mo € Of-
HUM 3 OCHOBHHUX MiJIXOMiB 10 IpobieM (iToBUIIy-

YeHHS Ta (PITOOUHINEHHS TPYHTIB 3 MTONAJBIINM BH-
3HAYCHHSIM POCIIMH-HakomuayBadiB BM Tta iX rene-
THYHOTO BinoOopy [7]. B Pocii BemyThcst pobotu mo
BUKOPHCTaHHIO B SIKOCTi (piToMeniopaHTiB 11st Oio-
JIOT1YHOTO OYMIIEHHS IPYHTIB IPEYUXU Ta KOPMOBUX
000iB [3]. B Ykpaini mociimkeHHIMH TIporieciB (i-
TopeMenianii Ta po3poOKOI €KOOE3NMEYHHX TEXHO-
JIOTiH, 30KpeMa, GiTocTabimizali, 3aiMarOThCI B
IncturyTti arpoexomnorii YAAH, IucturyTti rpyHTO-
3HaBcTBa Ta arpoximii iMmeni O. H. CokosoBchKoro,
InctutyTy dizionorii pocaun i renetnkn HAH Yk-
painmn, HamionansHOMY yHiBepcuTeTi 6iopecypciB i
MPUPONOKOPUCTYBAaHHS YKpaiHU Ta iH. AHaJi3 3amna-
TEHTOBAaHUX clocobiB diTopemenianii 3a0pygHEHNX
IPYHTIB CBIOYNTH TIPO BUKOPHCTAHHS MIHPOKOTO
CIEKTPY POCIMHHOIO apceHaly YKpaiHH, 30KpeMa
aMOpo3ii, Ky 30MparoTh A0 HAOYTTA MOBHOI (hazu
uBiTiHHA [14], X09a 1i BUKOPUCTaHHS Ma€ OOMEKEH-
HSI BHACJI/IOK aJiepriyHol Ail Ha JIOAEH; TeXHITHUX
ONIHUX KYJBTYp — pinaky abo cypinuii, THQOHY SIK
pocauH-akymynsitopie BM [13], BuciB i Bupomy-
BaHHS KYKypyI3u abo MIICHHIll, CKOITyBaHHA iX ¢i-
ToMacu Ta ii yrumizanito [16]; BUponryBaHHS ama-
paHTy Ta COJIOJKH TOJIOI, 3 OAAJBILIOI X yTHIIi3a-
miero Ta iH. [15]. O1xke, MOXKHA 3pOOUTH BHCHOBOK,
0 BIAHOBJIEHHA TEXHOTCHHO-3a0pymHeHNX BM
IPYHTIB PH BUKOPUCTAHHI TEXHOIOTiN piTopemeni-
arii € IepCrIeKTUBHUM HAMpPSMOM, 10 aKTUBHO PO3-
BUBA€ThCS. L[pOMYy CHpHSIOTH YHUCICHHI IepeBaru
BUKOPHUCTaHHS TEXHOJIOTIi: €KOJIOTiYHa YHUCTOTa W
Oe3reka BUKOPHCTaHHSA, MiHIMalbHE TOPYIICHHS
(i3MgHOTO W XIMIYHOTO CKIIQAy TPYHTIB; €KOHOMiY-
Ha BUTINHICTh; BHCOKA €(PEKTHBHICTh 32 HHU3BKUX
KOHIICHTPAIIii 3a0pyIHIOBaYiB.

MeTtoro podOTH € YIOCKOHAJEHHS 1CHYIOYHUX
TEXHOJIOTil BiTHOBIIEHHS CTaHy IPYHTIB 3a0pymHe-
HuUX BM Metonom diTopemenianii 3 BUKOPHCTAaHHIM
WTYy4HO cTBOpeHux I'b. [yt qOCSrHEHHs oCcTaBe-
HOI METH HeOOXi/THO BUPIIINTH HACTYIIHI 3aBJaHHS:

— PpO3pOOHTH Ta YINOCKOHAJHMTH iCHYrOYi (iTo-
TEXHOJIOT1i OYHILIEHHS IPYHTIB 32 PaXyHOK BHKOPHC-
TaHaA ['B;

— BU3HAYUTU KYJIBTYPH arpoLeHo3iB Ui OIl-
TUMaJIHUX BapiaHTiB (itopeMenianii IPyHTIB BiX
KOHKpeTHuX BM.

Marepianau i MeTonm gociaigxkenb. s nocs-
THEHHSI METH JIOCIIJKEHb, B SKOCTI OCHOBHOTO PO-
004010 IHCTPYMEHTY BUKOPHCTOBYIOThCS CIICLiajIbHI
arpoIieHo3u, 110 3a0e3MeuyroTh mporec QiTtopeme-
miamii rpyHTIB. [HTEeHCHiKaMig nponeciB diTopeMe-
Jarii JTocsIracThesl NUISTXOM CTBOPEHHS Ha MapIipy-
Tax TeXHOreHHOoi Mirpauii BM yMoB aj1st iX KOHLIEH-
Tpauii — dopmyBaHHA mWTyyHHX (iHXkeHepHUX) ['B.
Ilpu oOpanHiI Marepiaiy JUisi CTBOpPEHHs Oap’epiB
KepyBallUCs TAKUMH OCHOBHUMH KPUTEPISIMH:

- 0Oap’ep noBUHEH e(EeKTUBHO NEPEXOILIIOBA-

TH 3a0pyaHIOBAYl 1 yTpUMyBaTH iX MPOTS-
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IOM pPO3paxyHKOBOI'O MEpiojly eKCILIyaTa-
10ii;

- oOpaHwuii MaTepiaJl IOBUHEH MaTH BiJHOCHO

HEBUCOKY BapTiCTh;
- MaTepian He TOBHHEH OYTH IOJaTKOBHM
JOKepesoM 3a0py THEHHS.

Texnonorist piropemeniauii 3adpynHenoro BM
I'PYHTOBOI'O MIOKPUBY BKJIIOYaJa ABA €Taly: MiArOTO-
BuMii 1 cam mporec (itopemeniarii. Ha mepmomy
eTami 3AilicHIOBaIacs igeHTUdiKauis 3a0pynHeHOT
JUISTHKY, IUIIXOM BiIOOpY 3pa3KiB IPYHTY IUIsl aHa-
73y Ha BMicT BM 1 3icTaBneHHs pe3ynbTariB aHai-
3y 3 ['JIK. Bin6ip 3pa3kiB 3iliCHIOBaBCS 32 METOJIOM
koHBeptTy. KokHa ninsHKa, a TakoK TpaHIIEs BBa-
JKajacs AociigHuM MaiinarunkoM. OO0’ emxHaHi 3pas-
Ku TpyHTYy MarepiamiB mrydynux I'b makyBamucs,
MapKyBaJIMCsl Ta BIJNPAaBSUIMCSA HA aHAJI3 JUIsl BU-
3Ha4eHHs BMicTy BM. I[lpu mpomy ocoOmuBy yBary
MIPUIITISUTA aHaJi3y BMICTy pyxomoi popmu BM. Lle
¢dopma, sika JOCTYIHA ISl POCIUH Ta BUMIipPIOETHCS
HUISIXOM OTPUMAaHHS 31 3pa3KiB IPYHTY BiANOBIIHUX
BuTsOKOK. KinbkicHe Bu3HaueHHsa BMicTy BM y Bimi-
OpaHMx 3pa3kax BHKOHyBanu Ha P®-cnexTpomerpi
CPM-25 BiAMmoBigHO A0 METOAMYHUX BKa3iBOK [11,
17, 18, 19].

Ha npyromy ertari mpoBeIeHHS €KCIICPUMEHTY
BU3HAYAINCS XapaKTEPUCTUKU CTBOPEHUX Ha MOJie-
npHOMY monironi mryunux ['b Ta BukonyBamucs

IOCHIDKEHHS TIporieciB (itopemeniamii 3 BUKOPHC-
TaHHSIM POCIWH-(hiTOBMIyYyBadiB BM. BinGip 3pa-
3KiB POCIMHHOTO Marepiany 3IiHCHIOBAaBCS Ha THX
JKe JiNSHKax, Mo 1 rpyHriB. s oOTpuMaHHA
00’eTHaHOTO 3pa3ka POCIMH Macolo ~ | Kr npupoa-
HOI BOJIOTOCTI 37iiicHeHO BigoOip 8-10 ToukoBUX 3pa-
3KiB Ha KO)KHOMY JTOCITITHOMY MaiaHUHKY.

Hns anamizy BMicty BM y pocnuHHEX 3pa3kax
P®-cnekromMeTpoM, pOCIMHHHN Marepiajd BUCYILY-
BaBCA /IO TMOBITPSIHO-CYXOTO CTaHy, TOAPIOHIOBABCS
JI0 TIOPOIIKOMOAIOHOTO CTaHy Ta TabieTyBaBCs Mix
npecoM. BuzHadenns: Bmicty BM BukoHyBajnocs 3a
MeTonukoro [18]. B skocTi 3pa3kiB uIsl MOPIBHSHHS
BUKOPHUCTOBYBAJINCS CTAHIAPTHI 3pa3Ku CKIaIy 37a-
koBoi TpaBocymimi CEMT-01 ta CEMT-02.

Ha kinHmeBi# craaii Bererailii pociuH, arpoiie-
HO3 ITIIKBiIOBYBaBcs. SIK pe3ynbTar, 3a JAeKiTbKa -
KIIiB JIKBIJAIil TakUX arpoueHo3iB, BMICT 3a0pya-
HIOBaYiB y IPYHTI Ma€ JOCATTH MPUIYCTHMOTO
piBHSL

PesyabraTtn nociigxenb. 1 y1oCKOHaNIECHHS
TEXHOJIOTiH (iTopemeniamnii IPyHTIB 3 BUKOPHCTaH-
HAM WITy4HUX ['B mpoBeneHo MoJeIbHUI eKCIepH-
MeHT. Bin TpuBaB 2 poxwu, 3 2017 mo 2018 pp. i mpo-
BOJIMBCS Ha 3eMEJbHIN JUIAHII y BopiBchkomy Jric-
HUNTBI XapkiBcbkoi obOnacti (mosmiron). Ilosiron
BKIIFOYAaB TPH KOHTPOIBHI TECTOBI AUISHKU, PO3Mi-
poM 3x10 M koxxHa (puc. 1).

~SM 0.5m ~3M l
a) pi <
7
1
v
8
0)
2 N/2 5
9
B)
3 N/10 6
r)
20 0.3 M

Puc. 1. Cxema HOJ'IiI‘OHy AJI1 TPpOBEACHHS MOACIIBHOIO CKCIICPUMCHTY
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TTocepen xoxHOI MUISHKH BUKOITYBaJIUCS Tpa-
el mmpuHoo 05 M 1 mmmbuHoo 03M. Tpanmrei
3aloBHIOBaJMCS Marepiajdamu BigsaniB [1B Xiwm-
npomy (M. Cymn), siKi IpeACTaBISIOTH COOOI0 3ai3-
Hi kynopocu FeSOs4 - nH>O, e n — cTymins rigpara-
mii (n<7). TakuM YHHOM, INTYYHO CTBOPIOBAJIN-
calb.

Tpanmes Ha mepriit gustHIN a) (prc. 1) 3amoB-
HIOBaJIacsl 3aJi3HUM KyTOpOCOM IOBHICTIO. TpaH-
mes Ha JApyriil auisHII 0) 3alOBHIOBAJIACS CYMIiIll-
LIF0 Marepiany BiABaJiB 3 IPYHTOM, BHJIYYECHUM 3
TpaHieH, y criBBigHomenHi 1:1. Tpanmes Ha Tpe-
Til JUISHITI B) 3aITOBHIOBAJIACS CYMIIIIIIO MaTepiaity
BiJIBaJIiB 3 TPYHTOM, BHIIyYCHUM 3 TpaHIICH, y CHiB-
BimHomeHHi 1:10. CepenHiif yxun MaliJjaHUINKy TO-
JITOHY CKJIafaB MpuOIN3HO 2°. 3a3HaYMMO, IO TaKi
OCOOJIMBOCT] PO3TAlllyBaHHS IOJITOHY 3BOISATH [0
MIiHIMyMY MOXXJIHBICTh 3MHBY JIHBHEBO-JIOIIOBUMHU
MOTOKaMH INTYYHO BHECEHUX JI0 IPYHTY 3a0pyIHIO-
BauiB i pusuk ix posnoscromkenns B HIIC. Bogno-
Yac ONM3BKICTh MOJITOHY A0 KPYIHHUX MOTEHIIMHUX
3a0pyaHIOBaUiB, IKUMH € TPOMHUCIIOBI MiAMIPHEMCTBA
XapkiBcbkoi Ta JoHEnbKoi 00JacTei, CTBOpIOBaja
YMOBH sl 00 €KTHBHOI OLIHKW MIrpamiiiHuX mpo-
1eciB 3a0pyIHIOBaUiB, IO XapaKTepHi Ui celiTeo-
HUX TEPUTOPIH.

OCHOBHMMHU TOKa3HWKaMH SKHMH KepyBaHCs
npu BuGopi BM-3a0pynHioBayiB [UIsl OWIHKK iX
BIUIMBY Ha TIPYHTH € PO3MNOBCIOKCHICTH ITaHOTO
€JIEMEHTY; WOTO TOKCHYHICTB; JOCTYIHICTH BOJO-
po3unHHOl coji Metany [11]. Ilum noka3Hukam Bi-
nnosinatots Cr, Mn, Co, Cu Ta Zn, BOTOPO3YHHHA-
mu comamu  akpx  €:  CrCl;, MnCl*4H0,
CoCl3-6H,0, CuCly, ZnCly. Ockinbku nependadcHe
MIEPEHECeHHs JaHNX 3a0pyAHIOBA4YiB MeXaHi3MaMHu

BOMHOI Mirparlii, mry4ae 3a0pyaHeHHass BM 3miiic-
HIOBAJIOCS TUTBKHU Ha MinsHKax NeNe 4, 5, 6 (puc. 1).
[Ipn mpoBemeHHI eKCHEPUMEHTY, 3 MipKyBaHb 00-
MEXKEHOCT] Yacy, Ha OTPHMaHHS PErpe3eHTATHBHUX
pe3yibTaTiB IHTEHCUBHOCTI MITPAIlifHIX TPOIECiB
BM Ta ¢yHKIiOHYBaHHSA CTBOpeHHX MTYy4HUX D,
BUPILIEHO, A0 IPYHTY LUX AUSHOK (puc. 1) pasom 3
ITOYaTKOBMM BHECEHHSM PO3YMHIB coneii BM BHO-
CUTH IIIe JOAATKOBI po3paxoBaHi KoHIeHTparlii BM:
Co — 100 mr/kr i Cu — 200 mr/kr (200 % I'JIK); Cr —
150 mr/xr, Mn — 2000 mr/kr, Zn — 300 mr/kr (150 %
I'71K).

Ha mepmomy eramni exciepumenty (2017 pik)
reoximMiuHa 3{OMKa MONITOHY Il BU3HAYEHHSI BJIAC-
THBOCTEW WITy4yHO cTBOpeHuX I'b mpoBomuiacs 3a
TAKOIO CXEMOIO:

1. «HynboBuii nukm» — Bigdip 3pasKiB IPYHTY
3 yCiX IUISHOK 0 BHECEeHHs 3abpymHiorounx BM
(20.05.17 — 30.05.17).

2. Buecenns 3abpynHroBauiB (coseit BM) no
rpyHTy ninssHok NeNe 4, 5,6 (10.06.17 — 14.06.17).

3. Binbip 3pa3kiB IpyHTY 3 ycCiX IUISTHOK (TO-
pusont 0 — 10 cm) (01.07.17 — 05.07.17).

4. Bingbip 3pa3kiB IpyHTY 3 YCiX AUISHOK (TO-
puzoHT 0 — 10 cM) Ta 3pa3KiB MaTepialy MTYYHHX
I'b 3 Tpanmeit (ropuzont 0 — 10 cM) mpoTsrom
tphox Micsmi: (01.08.17 — 10.08.17), (01.09.17 —
10.09.17) ta (01.10.17 — 10.10.17).

Pesynsratin BumiptoBanHs BMicTy BM y 3pas-
Kax TIPyHTY JOCITIJDKYBaHUX JIJITHOK IOJITOHY Ha-
BeJICHO y Tabi1. 1-6.

Ha mactymaux eranmax anamidy mryyaux I'b
BiZIOIp 3pa3KiB 3/[IHCHIOBABCS 3 BUKOPUCTAHHSIM Ma-
tepiany Tpanmeir ['b Ha ginsakax NeNe 7, 8, 9, mo
BijoOpakeHo y Tabm. 4-6.

Tabnuys 1
Bwmict BM y 3pa3kax rpyHTy JUISTHOK TIOJITOHY JI0 BHECEHHS 3a0pyIHIOBAYiB, MI/KT
(Bimbip mpo6 20.05.17 — 30.05.17)
EeMeHT Howmepa ninstHOK
3 4 5 6
Cr 71 68 69 70 69 74
Mn 617 622 614 620 621 616
Co 20 16 18 27 24 28
Cu 19 24 20 17 16 22
Zn 60 56 59 66 64 63
Tabnuys 2

Bwmict BM y 3pa3kax IpyHTY AUISHOK MOJIiroHy, ropu3onT 0—10 cm, mr/kr (BigOip npo6 01.07.17 — 05.07.17)

Homepa misstHOK
Enement 3 4 6
Cr 72 70 71 218 226 216
Mn 618 620 618 2610 2616 2614
Co 21 17 18 124 119 121
Cu 21 22 21 224 218 221
Zn 61 58 58 349 361 356
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Tabnuys 3
Bumict BM y 3paskax rpyHTy IUISIHOK mofiirony, ropu3oHT 0—10 cM, mr/kr (Bin6ip mpo6 01.08.17 — 05.08.17)
Howmepa npinstHOK
Enevient 1 3 4 5 6 7 8 9
Cr 73 72 73 216 222 214 46 42 43
Mn 622 624 621 2605 2611 2609 580 595 588
Co 22 19 19 115 117 114 21 20 17
Cu 22 24 21 218 214 216 42 46 38
Zn 64 62 61 342 346 346 80 84 79
Tabnuus 4

Bwmict BM y 3pa3kax 1pyHTy OUISTHOK ToJtirony, ropm3oHT 0—10 cm, mr/kr (Bia6ip mpo6 01.09.17 — 10.09.17)

Homepa ninstHOK
Enement 1 2 3 4 5 6 7 8 9
Cr 86 96 128 206 203 176 50 52 61
Mn 735 832 1094 2486 2391 2150 635 673 836
Co 27 25 33 111 107 94 23 23 24
Cu 26 32 37 208 196 178 46 52 54
Zn 76 83 107 326 317 284 88 95 112
Tabnuys 5

Bwmict BM y 3pa3kax rpyHTy IUISHOK moJtirony, ropu3oHT 0—10 cm, mr/kr (Bia6ip mpo6 01.10.17 — 08.10.17)

FEleMeHT Howmepa minstHOK
1 2 3 4 5 6 7 8 9
Cr 89 101 138 202 194 168 56 62 72
Mn 745 864 1212 2450 2334 1892 642 689 924
Co 29 32 44 106 102 86 24 28 30
Cu 28 36 45 196 184 172 49 57 72
Zn 79 87 115 312 290 268 97 103 126

3a pesyabraraMu KiHIIEBUX BUMipIOBaHb BMICTY
BM Ha pinsHKax MOJIrOHY PO3PaxoBaHO 3HAYEHHS
rpajieHTiB 6ap’epiB I AOCTIKYBaHUX €JICMEHTIB:

G k _ Cil - Ci2
' l

ne i — ingexc enemenry (Cr, Mn, Co, Cu, Zn); 1
— notyxHictb O6ap’epy (1 = 0,5 m); ingekcu 1 — me-
pen 6ap’epom, 2 — micns 6ap’epy; k (k =1, I, III): 1
— Oap’ep mixk Mainanunkamu 1, 4; 11 — Gap’ep Mixk
Maiganunkamu 2, 5; I — 6ap’ep mixk malinaHunKa-
mu 3, 6.

Pesysnbratd po3paxyHKiB 3HaueHb Oap’€piB Ha
»koBTeHB 2017 p. mpeAcTaBieHo y Tad. 6.

Ha npyromy erani (2018 p.) MonensHOTO eKcrie-
pUMEHTY Oyia mpoBejieHa IeoXiMiyHa 3HOMKa THX

JKe TUISTHOK eKCIIEPUMEHTAIBHOTO HOMIroHyY, ane 0e3
JTIOJIATKOBOTO BHEeCeHHs 3a0pynHtorounx BM. i 3a-
XOIU Oya0 3MIMCHEHO ISl BU3HAUCHHS JMHAMIKH
Mirparnii BM y 3umoBuit nepiog 2017-2018 pp. Pe-
3yJABTaTH TeOXiMiuHOT 3HHOMKHM HaBeeHi y Tabm. 7—8.

3 Tabn. 7, 8 BUAHO, IO MiC/s 3MMOBOTO TIEPio-
JIy CIIOCTEPIraeThCsl MEBHA CTa0Li3aIls JUHAMIKA
Mirpanii BM wmix mpupogHuMy 1 3a0pymHEHUMH
IIJISTHKAMHM, Ta HakKoNMW4YeHHsM BM Ha KOXHOMY
okpemomy Tumi tmrydnoro ['b. Tomy pospaxyHok
BEJIMYMHU T'PaieHTy 0ap’epy AJsl KOKHOTO €IEeMEH-
Ta-3a0pyJHIOBa4Ya MPOBEAEHO 32 KiHLIEBUMH BHUMi-
pIOBaHHSMU KOHIIeHTpaiii BM, To0To 3a pe3ynbra-
TaMH, HaBeJeHUMH y Ta0i. 8. Po3paxoBaHi 3HaueHHS
rpajieHTiB Oap’epiB HaBeIEHO y Tao. 9.

Tabauys 6
3HaueHHs rpaaieHTiB Oap’epiB Ha MaiiaHYMKaXx NoJIiroHy (okoBTeHb 2017 p.)
BenuunHa rpagienTy 0ap’epy
Enement G GH Gl
Cr 2,26:10% m! 1,86:10% m! 6:10° m!
Mn 3.41-103 m! 2,94-107 m! 1,36:103 m!
Co 1,54-10% m’! 1,40-10* m! 8,4-10° m™!
Cu 3,36:10% m! 2,96:10* m’! 2,54-10% m’!
Zn 4,66:10* m’! 4,06:10* m™! 3,06:10% m’!
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Tabnuya 7
Buict BM y 3pa3kax IpyHTy IUISTHOK MOJiroHy, ropu3oHT 0—10 cM, Mr/kr
(BixOip mpo6 01.04.2018 — 08.04.2018)
Homepa ninstHOK
Enevient 1 2 3 4 5 6 7 8 9
Cr 91 104 142 184 182 152 68 74 98
Mn 750 871 1221 2380 2291 1812 762 824 1220
Co 30 34 48 101 94 74 29 33 41
Cu 29 40 49 184 170 160 56 68 96
Zn 81 92 122 294 277 246 112 123 169
Tabnuys 8
Bwmict BM y 3pa3kax IpyHTY AUISIHOK MOJTOHY, TOpu30HT 0—10 cM, Mr/kr
(BimbGip mpo6 03.05.2018 — 07.05.2018)
Howmepa ninstHOK
Eneviert 1 2 3 4 5 6 7 8 9
Cr 92 103 145 181 177 148 68 75 99
Mn 758 872 1224 2360 2280 1770 770 844 1280
Co 30 35 52 99 92 72 33 39 44
Cu 29 42 53 184 168 152 58 70 101
Zn 80 93 126 292 274 239 112 125 174
Tabnuys 9
3HaueHHs rpaaieHTiB Oap’epiB Ha MaiinaHYMKax Nodirony (tpasess 2018 p.)
EeMert Benwnunna rpanienty 6ap’epy
GI GH GIII
Cr 1,78:10* m’! 1,48:10* m’! 6,0-10° m™!
Mn 3,20-10° m! 2,82:107° m! 1,04:10° m!
Co 1,38:10* m! 1,14:10% m! 4,0-10° m’!
Cu 3,01-10* m™! 2,52:10* M 1,48:10* m’!
Zn 4,24:10* m’! 3,62:10* M 2,26:10* m™!

[Ticnst 0OpoOKHM pe3ynbTaTiB TEOXIMIUHOI 3HOM-
ku (TpaBeHb 2018 p.) Ta BU3HAUYEHHS XapaKTEPUCTHK
I'b Ha minsHKax EKCIEePUMEHTAILHOTO MOAEIBHOTO
MOJITOHY, JOCHI/DKEHHS MpoleciB Qitopemesiamnii
BUKOHYBAJIOCS Y TAKOMY MOPSIJIKY:

1. BusHauyaBcs ONTHMAJIBHUM CKJIaJ POCIHH,
SIKMH JTO3BOJISIB OTPUMATH PENPE3CHTATHBHI Pe3yib-
TaTd MOA0 €()EeKTHMBHOCTI (DITOBMIIYYEHHS JOCIIi-
JokyBaHux BM.

2. IlpoBoaninocsi BUAIJICHHS pPENpPE3eHTAaTHB-
HuX BM 3 umucia mTy4yHux 3a0pyaHIOBAYiB eKCIIe-
PUMEHTAIBHOTO TOJIITOHY.

3. 3aciBayncsi 0OpaHUMHU KyJIbTypaMH JTiUISTHKA
nonirony (01.06.2018 p.).

4. 3nilicHIOBaBCs BiI0ip 3pa3KiB IPyHTY Ta po-
CJIMHHOCTI TIPOTSTOM 3-X MICSIIB 3 IHTEPBAJIOM BiJI-
6opy 10 nmmis: (01.07.2018 p. — 10.07.2018 p.),
(10.08.2018 p. — 20.08.2018 p.), (20.09.2018 p. —
30.09.2018 p.).

5. Bunyuennst 3a0pynHeHoi pociuHHOCTI (¢i-
TOpEMe/IiaHTiB) Ta BifOip 3pa3kiB IPYHTOBOI'O ITOK-
puBy (15.10.2018 p. —30.10.2018 p.).

B pamkax MomenbHOTO EKCIepUMEHTY 3aciB
MOJIITOHY POCIMHHICTIO 3IIMICHIOBAaBCS Ha AIISTHKAX
NeNe 1, 2, 3, 7, 8, 9. AHani3 pe3ynbTariB JOCITi-
JOKEHb MTO0Ka3aB, 110 HAHOUIbII perpe3eHTaTHBHIMHU
3a0pyaHIOBaYaMH JTJISTHOK mojiirony € — Cu Ta Zn. B
MONANBIINX JOCIIDKEHHAX PO3MISAAINCS TUIBKHU X
KOHIICHTpAIIii.

Jlis MozenbHHUX JOCHIKeHb 0yJIo 00paHo po-
CJIMIHH, 5IKi, 32 JITEPaTypHHUMH AHUMH, HAHOIIbIIT
e(eKTUBHO HAKOMMUYYIOTh Yy 3eJeHid maci Cu i Zn:
kanenayna Jyikapcbka (Calendula officinalis), mro-
nuH ofHouniTHIA (Lupinus angustifolius), consmHuK
kapiukoBuid (Helianthus sp.) [2]. Pesynsraru Bumi-
proBanHs BMicTy Cu Ta Zn y MOBITPSIHO-CYXHUX 3pa3-
Kax KaJCHJyJU, JIOMMHY Ta COHSITHHUKA 33 JaHUMH
CHEKTPOMETPUYHOIO aHaNli3y MPEACTaBICHO Ha Irpa-
¢ikax 2-7.

Amnaniz rpadikiB ToOKa3ye, OO0 MaKCUMallbHe
HakonnmueHHs1 Cu BigMIYaeThCs Yy TKAHUHAX COHSII-
HuKa. JlocTaTHhO €()EeKTUBHO TKAHMHAMH KaJeHIY-
T Ta JIIONMHY BUITY4YaroThes Zn 'y nopiBHsHHI 3 Cu,
aje 1e, MOXKJIMBO, OOyMOBJICHO 3HAYHO BHILIUM 3Ha-
YEeHHSIM KOHLIEHTpalii Zn y IpyHTOBOMY ITOKPHBI.
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BucHoBkH. AHami3 CydyacHUX TEHICHIIH po3-
BHUTKY JTOCII/DKEHBb 3 BUKOPUCTAHHS TEXHOIOTiH (i-
Topemeianii J03BOJIsiE BIIEBHEHO KOHCTATYBATH, IO
HaAHOIBII MPIOPUTETHUM HANPSIMOM € TIO€THAHHS
TEXHOJIOTIH (iTopeMerialii 3 MPUIHHEHHIM Mirpa-
mii Ta koHmeHTpamii BM 3a momomororo I'b. B pe-
3yABTaTi TPOBEACHUX JIOCHIDKCHb OTPUMAHO TakKi
pe3yibTaTh:

— YIOCKOHAJICHO iCHYI0Yi (hITOTEXHOIOTIi O4H-
IICHHS TPYHTIB 332 PaXyHOK BHKOPUCTAHHS IITYYHO
crtBopenux I'b;

— BCTAHOBJICHO, IO HAWOIIBIN perpe3eHTAaTHB-
HAMH 3a0pyIHIOBaYaMH TIPYHTIB momirony € — Cu
Ta Zn;

— BU3HAUEHO ONTHUMAJIBHHUN CKJIaJl arpolcHO31B
JUTSL TIpoBenieHHs (hiTopemeniariii TpyHTIB: KaJeHITy-
JIa, JIFOITUH OJHOJITHINA Ta COHSIIIHUK KapJIUKOBHUH,
SKi JO3BOJISIOTH OTPUMATd PEIPE3CHTATHBHI pe-
3yABTaTH MO0 ePeKTHBHOCTI ¢iToBmaydeHHs Cu i
Zn. MakcumanbHi koHIeHTpamii Cu 3adikcoBaHo y
TKaHWHAX COHSIIHUKA; BUCOKI KOHICHTpallii Zn, y
nopiBHsAHHI 3 Cu — y TKaHWHAX KaJCHAYJIH Ta JIFO-

MIUHY.
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REMEDIATION OF CONTAMINATED HEAVY METALS AND RADIONUCLIDES OF SOIL
COVERING WITH THE APPLICATION OF MODERN ENVIRONMENTAL TECHNOLOGIES

Formulation of the problem. The article is dedicated to the improvement of existing technologies for
the restoration of soil contaminated with heavy metals (HM) by phytoremediation using artificially created
geochemical barriers (GB).

The purpose of the article includes 2 aspects: to develop and improve existing phytotechnology of soil
purification through the use of GB; determine agrocenosis cultures for optimal phytoremediation of soil con-
tamination by specific HM.

Materials and methods. The ability of special agrocenoses to provide soil phytoremediation is used as
the main working tool. Phytoremediation technology of contaminated VM soils involves two stages: prepara-
tory and phytoremediation. In the first stage, geochemical survey of the territory of the landfill is carried out
before the pollutants are introduced; an artificial GB is created from materials of industrial waste — iron sul-
fate (FeSO4 - nH,0); the contaminated sites of the landfill are identified by sampling soil for analysis of the
contents of HM.

In the second stage of the experiment, the characteristics of the artificial artificial GB are determined
and the process of soil phytoremediation using special agrocenoses is investigated. Quantitative determina-
tion of the content of HM in the selected samples is performed on a SRM-25 RF spectrometer. To analyze the
content of HM, the plant material is dried to air-dry state, ground to a powdered state and pelleted under a
press.

Results. The analysis of the performed researches of phytoremediation technologies makes it possible
to state with confidence that the most priority is the combination of phytoremediation technologies with the
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cessation of migration and concentration of HM with artificial GB. As a result of the conducted research the
following results are obtained:

— existing phytotechnologies of soil purification are being improved due to the combination of artificial-
ly created GBs with selected agrocenoses;

— it is established that the most representative pollutants of landfill soils are — Cu and Zn;

— the optimal composition of agrocenoses for soil phytoremediation is determined: calendula, annual lu-
pine and dwarf sunflower, which allow to obtain representative results on the efficiency of Cu and Zn phyto-
chemical extraction. Maximum concentrations of Cu are recorded in sunflower tissues; high concentrations
of Zn compared to Cu — in the tissues of calendula and lupine. The final part of the experiment is the elimina-
tion of agrocenosis at the final stage of vegetation, which accumulates in its composition high concentrations
of Cu and Zn. It is estimated that in several cycles of elimination of such agrocenoses, the content of soil
contaminants should reach acceptable levels.

Scientific novelty and practical significance. Scientific novelty — the process of restoration of ecologi-
cal properties of soils due to the improvement of phytoremediation technology is scientifically substantiated.

The practical application of the obtained results is the implementation of the proposed technology of
soil restoration in territories contaminated mainly by Cu and Zn.

Keywords: soils, geochemical barrier, toxic substances, heavy metals, phytoremediation, agrocenosis.
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ECOLOGICAL ASSESSMENT OF THE TERRITORIAL COMPLEXES
OF TATARBUNARS’KYI DISTRICT OF ODESSA REGION

€. B. Coxonos, P. I. Illlesuenko, M. M. Maoani. EKO/IOI'TYHA OLIIHKA TEPUTOPIA/IbHUX KOMIIVIEKCIB TATAP-
BYHAPChKKOI'O PAHOHY OJECCBKOI OBJIACTL. Iposedena ceoexonoziuna oyinka nanouadhmmo-20cnodapcukoi cmpyk-
mypu TamapOyHapcvro2o paiiony Ha OCHOBI NPOCMOPOBO2O 2e0IHPOPMAYITIHO20 AHANIZY OAHUX OUCAHYINIHO2O 30HOYBAHHS 3eMii.
Ipoananizosaruii po3nooin npocpigy pisHUX munie yeiob pationy ma amnaimydy ix KoIUeaHv Ha OCHO8L mepManibHux ckanepie - TIRS
(Thermal InfraRed Sensor) cynymuuxa Landsat8. Tlposedenuti ce30uHutl ananiz OUHAMIKU POCIUHHO20 NOKPUBY 34 3HAYEHHAMU Ge-
ecemayitinoeo indexcy NDVI. Jlana npocmoposa xapakmepucmuka 360104CeHOCMI PIZHUX MuUnis yeiob mepumopii pationy Ha 0CHOGI
inoexcy NDMI. 3a yumu noxasHuxamu npooemMoHCMpPO8aHo, Wo CLlbCbKO2OCHOOAPCHKI OPHI 3eMli MAOMb 3HAYHO OilbULY 2emepo-
2EHHICMb MA CEe30HHY OUHAMIKY, HIdC THWE Mmunu HaseMHux yeios. Ha Oinanyi pinni pailony 3 3acianumu ma po3opanumu 3emiimu 6ys
npoeedeHUll NOPIGHANbHUL PespeCiuHO-KOpenaAyiliHUll aHani3 QYHKYIOHATbHUX NOKA3HUKIG: NPOSPIgY, pO3GUMKY POCAIUHHOCMI ma
380100(CEHOCI, BCMAHOBNEHUL  CINAMUCTNUYHO-3HAYYWULl 368’130k  Mixc Humu. I[Iposedena ingemmapusayia aaHowapmHo-
20CN00apPCLKOT CMPYKMypu paiony 3a munom y2iob, NPOAHAII308AHA eKOI02IUHA 30ANAHCOBAHICMb MA PIGEHb AHMPONO2EHHO! MPAH-
chopmayii npupoOHo-mepumopianbHUX KOMIIEKCis. 3anponoHoeana eKoN02iMHO-30a1aHCO8AHA MEPUMOPIATbHA CIMPYKIMYPA OP2aHi-
3ayii yeiob ma 3axo0u 3 Ni08UWEHHs eKON02IYHOT cmabiibHocmi azponandwaghmis pationy. Ha ocnosi ananizy eeomopponociunux
ocobnueocmeil pationy 3 BUKOPUCIAHHAM yugdposux modeneti penvedy SRTM sudineni dinsinku, sKi 6 neputy uepay Maroms Haoib-
wull eKON02IYHULL PUUK eK302eHHUX NPOYecié ma 6Nausy aHmpono2eHHUX YuHHUKIG. bBys nob6yodosarnuil po3nodin HacereHux nyHKmie
ma wineHocmi Hacenenwns Ha mepumopii TamapOyHapcvro2o paiiony, AKUul NPO0eMOHCmpPY8as, Wo DITbUICMb 3 HUX PO3MIleHa came
Ha yux oinanxax. llposedene ciopozpagiune pationysants 3 6UOLIeHHAM 8600030ipHUX bacelinie ma cybbacelinis paiiony. Ilposedenuil
Odemanvruil 2i0por02oMoponoziunuil ananiz 600030ipHo2o bacelny 1. Kapauayc axuil nanexcums 00 Ty3108cbko20 KOMIIEKCY, HA
niocmasi ko020 Oyu 3anPOnOHO8AHI PeKYIbMUSAYItHI Ma NPUPOOOOXOPOHHI 3AXO0U.

Knrwuoei cnosa: Tamapbynapcokuii paiion, niguiuno-3axione Ilpuvoprnomop s, I'lC ananis, oucmanyiiine 30HOY8aHHs, AHMPO-
nozenHe HABAHMAICEHHS!, RPUPOOHO-MEPUMOPIANbHI KOMIIEKCU, eKOI020-20CN00apCbKUll OANANC, eKONOSIYHULL MEHEOHCMEHM.

E. B. Cokonos, P. H. Illeéuenko, M. M. Maoanu. IKOJIOTHYECKAA OI[EHKA TEPPUTOPHA/IbBHBIX KOMIIIEK-
COB C HCIIOJIb30BAHHEM T'HC HA IIPHUMEPE TATAPEYHAPCKOI'O PAHOHA. ITposedena 2eosxonozudeckas oyenKa
aaunowagpmuo-xossaicmeentol cmpykmypsl Tamapbynapckoeo pailoHa Ha 0CHO8e NPOCMPAHCIMEEHHO20 2e0UHPOPMAYUOHHO20 AHA-
U3A U OAHHBIX OUCAHYUOHHO20 30HOUposanus 3emau. [Ilpoananusuposano pacnpeoenenue npocpesa pasiutdHblX MUnoe y2oouil
paiiona u amnaumyoa ux Konebanuil Ha ocHoge mepmanvHuix ckanepos - TIRS (Thermal InfraRed Sensor) cnymuuxa Landsat8. Ilpo-
6€0€H CE30HHbLI AHANU3 OUHAMUKU DPACMUMETbHO20 NOKPOBA NO 3HAYEHUIM 6ecemayuonno2o unoexca NDVI. Jlana npocmpan-
CMBEHHAsl XaPaAKMEPUCIMUKA YEIANICHEHHOCMU PA3TUYHbIX MUNO08 Y200uti meppumopuu paiiona na octose unoexca NDMI. Tlo smum
noKasamensim npoOeMoOHCIMPUPOBAHO, YMO CElbCKOXO3SUCMBEHHbIE NAXOMHbIE 3eMAU UMEIOM 3HAYUMENIbHO OONbLULYIO 2emepo2eH-
HOCMb U CE30HHYI0 OUHAMUKY deM Opyaue munvl Ha3eMHulX yeooul. Ha yuacmke naxomnozo nous ¢ 3aceaHHbiMu U pacnaxaHnblmu
3eMAAMU OBl NPOGEOEH CPABHUMENbHBIU PecPecCUOHHO-KOPPENAYUOHHBIN AHATU3 (PYHKYUOHATbHBIX NOKA3ameell: npozpesd, pa3eu-
Must pACMUmMenbHOCMU U YEIANCHEHHOCU, YCIMAHOBLEHA CMAMUCTNUYECKU 3HAYUMAS C8A3b MedcOoy Humu. TIposedena uneenmapu-
3ayus 1aHOUADMHO-XO3AUCMEEHHOU CIMPYKIMYPbL PALIOHA NO MUNY Y20OUll, NPOAHATUSUPOBAHA IKOTOSUYECKAS COANAHCUPOBAHHOCTIb
U ypo8eHb aHMPONOSEHHOU MPAHCHOPMAYUYU NPUPOOHO-MEPPUMOPUATLHBIX KoMNLeKkcos. TIpednodcena sxonoeuyecku coOaniancupo-
BAHHASL MEPPUMOPUATLHASL CIMPYKIMYPA OP2AHU3AYUU Y2OOUll U MEPONPUAMUSL NO NOBBIULEHUIO IKOTOSUYECKOU CMADUTLHOCIU A2po-
aanowagpmos pationa. Ha ocnose ananusza zeomopgonocuveckux ocobenHocmell patioHa ¢ UCHONb308aHUeM YUPposvix mooenell
penvegha SRTM svioenenvt yuacmru, Komopbvie 8 nepayio ouepedb UMeIom HaubOALUUT YKOLO2UHECKULL PUCK IK302EHHBIX NPOYECCO8 U
GIUSIHUSL AHMPONO2EHHBIX pakmopos. Bviio nocmpoeno pacnpedeienue HAceNeHHbIX NYHKIMOE U NIOMHOCMU HACENeHUs. Hd meppu-
mopuu TamapOynapckozo pationa, Komopoe nokasano, 4mo OONbUWUHCIMEO U3 HUX PA3MEueHo UMEHHO Ha dmux yyacmxkax. Ilposede-
HO 2uopozpagpuyeckoe patioHupoeanus ¢ evloereHuem 8000COOPHbIX baccelinog u cybbaccelinog pationa. Ilposeden demanvrulil 2uo-
ponocomopghonozuneckutl aHanus 8000cooprozo bacceiina 1. Kapauayc xomopwiii omuocumes k Ty3n06ckomy KoMIIeKcy, Ha OCHOBA-
HULU KOMOPO20 ObLIU NPEONOANCEHBl PEKYTbMUBAYUOHHbLE U RPUPOOOOXPAHHbIE MEPONPUSINUSL.

Knioueswvie cnosa: Tamapbynapckuil paiion, cegepo-3anaonoe Ilpuuepnomopve, I'MC ananus, oucmanyuonnoe 30HOuposanue,
aHmMpONo2enHHas Hazpys3Ka, NPUupoOHO-MEPPUMOPUATbHbIE KOMNIEKCbI, IKOL020-XO3AUCMBEHHbIN OANAHC, IKONO2UYECKULI MEeHeO -
MeHm.
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Formulation of the problem. Tatarbunars’kyi
District is located in the southwestern part of Odessa
region and reflects the main landscape and econom-
ic features of the region: aquatic, agricultural, resort
resources, and nature conservation areas. On the
other hand, it is a typical District with extensive
land plowing, with a dominant anthropogenic influ-
ence in the form of agricultural activities which con-
sist of 91% of the total area of agricultural territories
that are presented by arable land, while 4.16% of the
arable land is degraded [8]. That information alone
is enough to come to a conclusion that such land
structure and resource management has a complex
negative impact on ecological and economic pro-
cesses, and cannot ensure sustainable development
of the region, it is particularly antagonistic to the
unique transitional wetland ecosystems of interna-
tional importance [20], located within the area (deg-
radation of watercourses, siltation, xenobiotic con-
tamination, eutrophication, reduction of biological
diversity, etc.)

Earth remote sensing (ERS) data - spectrozonal
satellite images, digital terrain models, and geoin-
formation systems (GIS) - can be involved in ad-
dressing the region's balanced environmental man-
agement problems, as it provides simultaneous cov-
erage of the whole region under study, regular
monitoring and significant reduction of the cost of
expensive expedition work, allowing to obtain a
large array of characteristics of the status of territo-
rial complexes of the area. Remote methods are
based on the ability of spatial objects to emit, scat-
ter, and absorb electromagnetic waves of varying
intensity. The value of environmental indicators
based on ERS is found like a function of the amount
of reflected or absorbed radiation, which contributes
to its remote identification [29].

Analysis of recent research and publications.
Quantitative methods, based on the ratio of natural
and anthropogenic elements [27], for estimating an-
thropogenic changes of landscapes have become the
most prevalent for assessing the level of transform-
ability of natural-territorial complexes. Methods of
landscape and ecological optimization, as well as
estimation of economic and ecological balance of
the region based on the inventory of the areas with
their ranking according to the degree of anthropo-
genic changes are presented in the works of B.I. Ko-
churov (1999) [11] and L.P. Tsaryk (2009) [33]. An
integrated approach to the sustainable management
of the usage of administrative territorial units is dis-
cussed in the following works [39, 40, 41, 42, 45,
51, 55].

Several issues regarding Ukraine’s planning of
the land-usage structure were addressed with the
consideration of international experience, natural
and economic features [17, 47, 48, 50].

In the works of the Institute of Plant Physiolo-
gy and Genetics of the NAS of Ukraine and the
Space Research Institute of the NASU-SSAU (in-
cluding joint ones) methods for assessing the char-
acteristics of terrestrial plant biomass from spectra
reflection (spectral signatures) were developed and
proposed, issues of satellite data validation using
spectrometric field measurements were considered
[10, 7, 18, 35].

In the monograph of V.I. Lyalko and M.O. Po-
pov the following issues of multispectral space in-
formation application for solving nature manage-
ment problems were considered: establishment of
forests’ species composition; forecasting of grain
yields; determination of the geo-ecological status of
natural technogenic systems, etc.; materials, meth-
ods, and models of interpretation of Earth remote
sensing data for environmental monitoring were out-
lined [12].

The use of spectroradiometer data, the Landsat
and MODIS series of satellites in particular, in the
assessment of thermal fields and the moisture con-
tent of artificial and natural terrestrial surfaces (terri-
torial complexes) is reviewed in the works [9,
26, 32].

Adaptive-landscape principles of applying
field-protecting forest cultivation, including the area
of required field-protecting forest areas [5], were
reviewed in Odesa region, including Tatarbu-
nars’kyi District.

The environmental status of land resources of
the mentioned District has been estimated based on
plowing indicators, humic matter content, environ-
mental sustainability, erosion, and others, including
integral indices [28]. It is clearly demonstrated that
the land resources of the area do not meet the re-
quirements of rational natural use due to, first of all,
the violation of the ratio of arable land.

Recommendations for the location of agricul-
tural crops are proposed, and so is the use of ERS
data for the quantitative assessment of vegetation of
Tatarbunars’kyi District [2]. An assessment of the
recreational potential of the administrative regions
of Odesa region by the integral characteristics of the
resource, ecological, infrastructural, and consumer
factors is carried out in [6], where it is shown that
Tatarbunars’kyi District is very promising for stud-
ies of ecological tourism, balneology, and recreation
at the expense of a large number of objects of nature
conservation fund, firth and estuary natural com-
plexes. Structural features of the eco-network, in-
cluding the objects of the nature conservation fund,
their territories and prospects for expansion [20], are
also taken into consideration. An analysis of nature-
protecting regime of coastal protection lanes (CPL)
of Tatarbunars’kyi District's hydro-ecosystems and
their structures has been reviewed in [25] and it is
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noted that the District is characterized by a very lit-
tle amount of CPLs with corresponding project doc-
umentation. In the very same work, there is an anal-
ysis of the problems of efficient and integrated use
of the Sasyk estuary that was desalinated as a result
of river water transmission from the Danube-Sasyk
channel. Collective works [1, 27], with a considera-
tion of anthropogenic influence, have analyzed the
peculiarities of hydrological, hydro-chemical and
hydro-biological regimes of the ecosystems of estu-
ary complexes located within the area, estuaries of
the «Tuzlov group» (Shagany, Alibey, Burnas) in
particular. The morphometry and toponymy of the
water bodies of the «Tuzlovs'kyi estuaries» national
park were also discussed in [19]. For these objects, a
comparative classification according to morphomet-
ric and hydrological characteristics, as well as their
natural resistance, has been conducted [14, 31].
Highlighting previously unresolved parts of
the general problem. Certain possibilities of using
the Earth remote sensing data for functional estima-
tion of the lands that were changed by anthropogen-
ic activities are carried out in this work. First of all,
arable land, with an analysis of the ecological and
economic balance of the area based on geo-
ecological coefficients, and then emphasis on the
areas that are primarily exposed to ecological risks
of exogenous processes and the influence of anthro-
pogenic factors based on geomorphological features
using digital terrain models. Measures to improve
the ecological stability of agro-landscapes and the
landscape-anthropogenic structure of the area's
lands are proposed. Hydrographic zoning and
catchment areas of Tatarbunars’kyi District were
conducted. For one of them - the catchment area of
the Karachaus estuary, hydrologic-morphological
features were analyzed, and an improved scheme for
nature management was developed. The presented
cartographic material of the aforementioned compo-
nents, and despite the fact that the materials of the
article are primarily demonstrative and methodolog-
ical, can be used for further, deeper spatiotemporal
assessment of the ecological status of territorial
complexes of the region, aimed at developing new
management plans for sustainable nature usage.
Formulating the purpose of the article. The
purpose of the work is: functional assessment of the
ecological status of the economic landscape struc-
ture, and development of recommendations for pro-
tecting natural territorial complexes of Tatarbu-
nars’kyi District in Odesa region based on the use of
GIS and ERS data.
The main tasks aimed at achieving the goal
were:
— estimation of ecological parameters (tempera-
ture of warming of the territorial complexes,
aridity, condition of plant-based biomass), and

their interrelation in spatial and temporal dy-

namics simultaneously in the whole District;

— assessment of the state of nature management
and its balance;

— terrain analysis and emphasis on the areas that
are primarily the most at environmental risk of
exogenous processes and influence of anthro-
pogenic factors;

— hydrographic zoning and measure development
for sustainable use of nature, for natural con-
servation of the catchment area of the Karach-
aus estuary at the «Tuzlovs'kyi Complex».
Materials and methods. The Landsat8 satellite

images with OLI and TIRS sensors [52], as well as

30m digital terrain relief models obtained from the
international «Shuttle radar topographic mission»

(SRTM30), radar image [43] were used as an out-

put. Spatial distribution of the population was car-

ried out on the basis of «OpenStreetMap» data [44],

using automatic IDW (inversely-weighted distance)

interpolation. Spatial analysis and data processing
were performed in QGIS v 3.4.6 software software
package with integrated SAGAGIS and GRASSGIS
tools, namely: vector and raster data processing,
spectral index calculation, morphometric and topo-
graphic terrain analysis, hydrographic zoning, densi-
ty calculation and construction of interpolation sur-
faces, visualization and design of cartographic mate-
rials. Radiometric calibration and atmospheric cor-
rection of the Landsat8 satellite images were carried
out on the basis of the use of the additional «Semi-

Automatic Classification Plugin» geo-information

module also in QGIS v 3.4.6.

To calculate the spectral brightness of distant
infrared radiation in a unit of temperature, the values
of the calculated coefficients were used according to
the calculation method from the metadata file at-
tached to the satellite images [53].

The Normalized Difference Vegetation Index —
NDVI [36, 38, 46], which is one of the most com-
mon indices for the quantification of vegetation, has
been calculated for its main purpose.

The watershed distribution was estimated using
the modified Normalized Differential Moisture In-
dex (NDMI), which is derived from the near and
short-wave infrared parts of the wavelength spec-
trum and characterizes the aridity level of landscape
complexes [54].

The analysis of land use structure and determi-
nation of the anthropogenic load was conducted
based on ranking and consolidation of territorial
objects into homogeneous groups. The coefficients
of anthropogenic transformation of the landscape
structure of natural territorial complexes were calcu-
lated according to the methodology [11].

LS-factor (length and slope factor) was used to
calculate areas with planar erosion potential, which
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combines the influence of the slope and bevel length
of the terrain, calculated according to a correspond-
ing methodology based on the digital terrain mo-
del [42].

As a basis for the data of remote sensing of the
development of recommendations for the catchment
basin of the Karachaus estuary, in addition to the
relief data, a Sentinel2B satellite image was us-
ed [49].

Results and their analysis. One of the most
important physical characteristics in environmental
studies is the surface temperature, which character-
izes the intensity of processes in natural environ-
ments and the degree of their homogeneity. An
analysis of the temperature distribution of Tatarbu-
nars’kyi District’s territorial complexes based on the
Landsat8 satellite has revealed a high amplitude of
the indicator. For example, according to the Land-
sat8 (2015.09.22) satellite imagery, the maximum
temperature of territorial complexes was 28.50 °C,
while the lowest figure was 16.41°C, the standard
deviation of temperature was 3.88 °C, the coefficient
of variation of 24% was fairly homogeneous, mainly
due to plowed soils without any vegetation (Fig. 1),
a share of which at this date has amounted to 78%

29.;500

of the total land area of the District. These areas
have the highest surface warming (Fig. 2).

In general, the area with the highest frequency
distribution of temperature values is found on
plowed land and water bodies (Fig. 3).

The amplitude of fluctuations in terrestrial
temperature in the territory of the District was
9.81 °C for the same period of time, meaning that
the warming of plowed soil is higher than the warm-
ing under plant cover by almost 10 °C even in au-
tumn, which certainly affects the hydrological, geo-
chemical and biological processes of the area, espe-
cially in summer.

The spatial distribution of NDVI over time in
the area allowed to detect a significant change of the
figure within just one month. For example, the cal-
culation of NDVI on 24.05.2015 has showed that
the maximum figures in the range of 0.5-0.81 —
dense plant cover (Table 1) had a land area of
341.66 km? (Fig. 4), at the end of summer - on
26.08.2015 — lands with maximum index values in
the range of 0.5-0.79 occupied an area of 55.45 km?
(Fig. 5), and a month later plant cover with an index
value in the range of more than 0.5 decreased to an
area of 13.641 km? (Fig. 6), which is 25 times more
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45.600
1

T
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T
45.600

T
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Fig. 1. Color-synthesized image of natural territorial complexes of Tatarbunars'kyi District based on the
spectral channels of the Landsat 8 satellite: B7 - average (SWIR-2); B5 - near infrared (NIR); B3 - green;
data for 2015.09.22
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Fig. 2. Land surface temperature (LST) distribution of Tatarbunars’kyi District natural and territorial
complexes from 2015.09.22 according to the thermal channel B10 of the Landsat8 satellite
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Fig. 3. Histogram of land surface temperature (LST) distribution values of Tatarbunars’kyi District’s
territorial complexes from 2015.09.22 according to Landsat8

compared to May, which is primarily related to har-
vesting and the formation of «bare» land in its place.

A characteristic feature of agricultural land-
scapes, namely arable land, in comparison with oth-
er natural territorial complexes (landscapes) is the

presence of significant seasonal dynamics of the
amount and density of plant biomass, according to
the values of the NDVI index, especially in the
May-October period. This feature is associated with
the process of treatment and cultivation of this type
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of land. However, the corresponding values of plant
biomass of other types of land during the same peri-
od do not change that significantly (Table 2).

Assessment of the water supply of the territory
is an important feature in the field of water man-
agement and development of rational water re-
sources usage principles of the region. Spectrozone
satellite imaging data, along with field and meteoro-
logical studies, provide additional information on
soil moisture content and soil cover with the help of,
for example, the Normalized Differential Humidity
Index (NDMI). High moisture content is inherent in
healthy vegetation, which grows faster and is more
resistant to fires.

As follows from the distribution of the index on
2015.09.22, its smallest figures are found in plowed
soils, the highest figures are found in plant-covered
and coastal areas (Fig. 7).

A comparative analysis of raster surfaces of
Tatarbunars’kyi District’s functional indicators —
warming, vegetation development, and humidity of
territorial complexes, calculated on the basis of the
spectroscopic satellite images from 2015.09.22,
even visually reveal the correlation between them.

The temperature gradient is at its biggest in
areas between the vegetation cover and bare soil,
which also indicates the relationship between the
plant cover and temperature. For the quantitative
characterization of these processes, a test area of
arable land in a region with sown and plowed
grounds was selected.

The calculation of the correlation relationship
between LST surface temperature, the NDVI vege-
tation index, and the NDMI moisture index showed
a statistically significant correlation (Fig. 8).

Table 1

NDVI index figures for different objects [36]

Type of land cover

NDVI (scale from -1 to 1)

NDVI (scale from: 0 to 255)

Dense vegetation

0.500<=NDVI<=1

210<=NDVI<=255

Sparse vegetation

0.140<=NDVI<0.500

118<=NDVI<210

Poor vegetation

0.090<=NDVI<0.140

105<=NDVI<118

Bare land 0.025<=NDVI1<0.090 88<=NDVI<105
Clouds 0.002<=NDVI<0.025 83<=NDVI<88
Snow and ice -0.046<=NDV<0.002 70<=NDVI<83
Water -1<=NDVI<-0.046 0<=NDVI<70
2015.07.20 015 20km ——T T

NDVI max=0.878
NDVI mean=0.161
NDVI min=-0.914

NDVI stdev=0.379

BN NDVI 0.5-1.0 0.174
F=341.66 km2  0.24

03
. -0.42 m 0.438
B -0.354

B 0.504
B -0.288 —G
- -0-222 - 0'636
. -0.09 BN 0.768
B -0.024 m 0534
B 0.042 —K:

0.108
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Fig. 4. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 20.07.2015
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Fig. 5. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 26.08.2015
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Fig. 6. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 22.09.2015
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Table 2
NDVI index figures for Tatarbunars’kyi District
Type of land 2015.05.24 2015.07.20 2015.09.22
Mid. Max. [Min. | Mid. Max. Min. Mid. Max. | Min.
Arable land | 0.57 0.81 0.11 0.51 0.77 0.08 |0.14 0.69 0.05
Meadows 0.53 0.79 0.40 0.46 0.70 031 |0.33 0.56 0.22
Reed beds 0,57 0.81 0.43 0,58 0.79 0.50 |0.42 0.62 0.31
Forests 0.75 0.81 0.53 0.74 0.81 0.49 |0.55 0.64 0.34
-1}
oy |
f bl | l‘1 \
NDMI [70.143

mm 033 ™0.234
mm -0.324 W 0.326
-0 2>3 M 0417
-0.131 ™ 0.509
1-0.040 W06
0.0516

10 15 20 km

I I ]

In terms of the coefficient of determination (R?)
between these characteristics, the distribution of
values is the most dense for plowed soils. The dis-
tribution of isotherms indicates the largest gradient
in the boundary zone between soils and the vegeta-
tion cover.

Analysis of the land use structure on the territo-
ry of Tatarbunars’kyi District ,according to the eco-
logical passport of the Odesa region [8], has showed
that, in general, its territory is characterized by a
large area of the nature reservation fund (Fig. 9),
due to wetlands of the «Tuzlovs'kyi complex» —
unique coastal estuarine and lagoon water bodies
formed under the influence of transgression of the
sea in the geological past.

The percentage of NRFs (nature reservation
funds) in the region is at 16.5% (including both land
areas and water bodies), while in the majority of
administrative regions of the Black Sea NRF facili-

Fig. 7. NDMI Index Distribution for Tatarbunars’kyi District from 2015.09.22 according to Landsat8

ties are either completely absent, or make up less
than 2%.

Despite the significant percentage of the total
area of NRF objects and the Ramsar wetlands of
international importance, which form the eco-
network of the Odesa region, the land use structure
of the area is extremely unbalanced. A large part of
the District’s territories is occupied by arable land —
61.44%, or 81.61% solely of the land area (Table 3),
however, more than 4% of them completely degrad-
ed. Such land use structure of the area is unbal-
anced, since «In case of a violation of sustainable
environmental ties by more than 40% the system
depreciates and degrades» [16].

In accordance with the methodology [11], and
the classification of land by the degree of anthropo-
genic load (AL), coefficients of anthropogenic trans-
formation of the territory (Table 4), which charac-
terize the ecological economic balance (EEB) of the
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Table 3

Both land and water bodies structure of Tatarbunars’kyi District

(according to ecological passports and satellite measurements)

Percentage, %
The name of the objects tho'l?sr:r?a ha _ _ Not including water
Including water bodies bodies
General area 174.30 100.00 100.00
NRF objects (reserve lands) 5.45 3.13 4.16
Foresrs under the NRF 0.54 0.31 0.41
Ater bodies under the NRF 22.90 13.13 -
Other water bodies 20.21 11.59 -
Reed beds and wetlands 3.18 1.82 2.42
Forests 3.60 2.06 2.74
Pastures, hayfields 5.40 3.10 412
Recreational areas 0.10 0.06 0.08
Coastal protection lanes 0.27 0.15 0.21
Perennial plantings 0.62 0.36 0.47
Sandy open lands 0.74 0.43 0.56
Arable grounds with degraded land 4.23 2.46 3.26
Arable land 102.80 58.98 78.35
Area of domestic solid waste (DSW) 0.059 0.03 0.04
Urban settlements 2.85 1.64 2.17
Rural settlements 1.37 0.79 1.04
Table 4
Calculation of ecological and economic balance coefficients for Tatarbunars’kyi District
Territory of the District
Geoecological coefficients of the EEB Land only

Including water bodies

Absolute pressure coefficient (Ka) 0.30 1.35
Relative pressure coefficient (Kr) 1.77 5.59
Area of land with resource-stabilizing functions (RSF,

thousand ha) 68.66 29.66
Natural protection ratio (Knp) 0.39 0.23
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territory of Tatarbunars'kyi District, were calculated.

The calculation of ecological and economic
balance coefficients of the territory of Tatarbu-
nars'kyi District has also showed the lack of bal-
ance, and low environment-protective function of
the ecological structure of the territorial complexes.

High values of the relative pressure coefficient
Kr (more than 1), indicate the ecological and eco-
nomic imbalance of the territory. From the absolute
pressure coefficient Ka it can be concluded that the
number of anthropogenically transformed lands in
relation to nature conservation and unused land is
much smaller. The natural protection ratio (Knp) of
the catchment area is low - less than 0.5, which, ac-
cording to the methodology, indicates a critical level
of the territory’s protection [11].

The formation of sustainable ecological infra-
structure requires improvement of the land man-
agement structure in accordance with the criteria of
ecological and economic balance (Table 5).

On arable land, it is recommended to increase
the protective forest cover of the territory by sup-
plementing the existing network of nature-protective
forest lanes. The optimum length between forest
strips in the southern black earths should be no more
than 400 m, with an area of up to 60 - 70 ha on a
plateau and up to 30 - 40 ha on a slope. It is advisa-
ble to move away from the practice of creating
fields with an area of 150 - 200 hectares or more,
where the role of biological regulating mechanisms
of field protective lanes is poorly noticeable [3, 15].

Table 5

Ecological parameters of a balanced territorial organization in the steppe zone

Exponent

Limit value,% Optimal value,%

Natural landscapes

no less than 35 — 40 [23]

no less than 60 [30]

Arable land no more than 60 [24] 40 — 45 [24, 30]
Perennial grasses from an arable area no less than 30 [13] 30-50 [13]
Forest plantations 10-15[21] 15-20 [21]
Field protection forest lanes from an arable

area 4-5[19] 7-10[19]
Irrigated land from a farmland area Up to 15 in an arid zone [22] 10 [22]
Residential areas no more than 10 [23, 24] 1-3[13]

Based on the analysis of the geomorphological
features of Tatarbunars’kyi District, which stipulate
geochemical flows of terrigenous matter transfer,
soil erosion, and other processes, sections with a
slope of more than 3° have been highlighted using
SRTM3O0 digital terrain models, which, according to
literary data [15], are at the greatest ecological risk
of exogenous processes and influence of anthropo-
genic factors (Fig. 10).

The location of such sites is inherent in the
ridge-girder structures, river valleys and slopes of
the estuaries. These areas are recommended to be
used in the «natural» state (hayfields, pastures, per-
ennial plantations, recreation and tourism areas)
with the removal of arable lands. By their location,
almost all of them are part of coastal protection
lanes and lands of the water fund in accordance with
the Water Code of Ukraine [4], where a full project
documentation hasn’t been developed yet. From the
point of view of ecological and economic balance of
the territory, it is most expedient to carry out an in-

ventory of landscape and economic structure, espe-
cially in these areas, with their submission to cadas-
tral schemes and land management plans, with the
formation of an appropriate environmental regime.

The distribution of settlements and population
density in Tatarbunars’kyi District indicates that a
large number of them are located precisely on the
grounds of river valleys and in places with a slope
of more than 3° (Fig. 11), which also leads to inten-
sification of exogenous processes and pollution of
water bodies. The aggravating fact is that many of
them do not have a centralized sewer system. In
general, the territory is characterized by the absence
of large cities and low population density.

Another approach to forming a balanced land
use structure, ecological network, and sustainable
development of the area is hydrographic zoning.
According to the requirements of the EU Water
Framework Directive [37], which are currently be-
ing implemented in national legislation, manage-
ment of the ecological status of water bodies is
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based on a basin approach with the development of
appropriate management plans and the formation of
basin management administration. Small rivers,
catchment parts of the Tuzlovs'kyi complex, the
Sasik estuary, etc. are located on the District’s terri-
tories (Fig. 12).

For further hydrologic morphometric analysis
and development of environmental measures, a Ka-
rachaus catchment area was selected (a subsidiary
estuary with a developed gully-girder system) from

29.500

the Tuzlovs’kyi complex, within the boundaries of
the District. Current capabilities of GIS analysis
have made it possible to calculate a number of hy-
drologically-morphological indicators of the catch-
ment area (Fig. 13), which allow to determine places
of the greatest manifestation of exogenous and an-
thropogenic processes (slope sites, direction and
intensity of surface runoff, displays of linear and
planar erosion).

Areas with a slope >3°

45,600
1

L]

29,500

T
30.000

Fig. 10. The distribution of sites with a >3° slope on the territory of Tatarbunars’kyi District according to
SRTM30 digital terrain models superimposed over a Landsat8 satellite image from 22.09.2015

» Settlements
Distribution

T
»0.000

Fig. 11. Population density distribution in Tatarbunars’kyi District, built according to
OpenStreetMaps data in the QGIS software package
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Fig. 12. Hydrographic network of Tatarbunars’kyi District and its watershed boundaries
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Fig. 13. Hydrologic and morphological features of part of the catchment area of the Tuzlovs’kyi estuary
complex within the borders of Tatarbunars’kyi District: a — terrain heights; b — biases; ¢ — flow vectors; d —
linear erosion structures and density; e — the risk of plane erosion; f — the drain direction of each raster cell

As evidenced by careful hydrologic morpho- intensive use of nature, as it has a developed gully-
logical analysis, this area does not imply widespread  girder system and terrain fragmentation. It is clear
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that environmental management in such conditions
must be differentiated in spatial, intensity-based,
landscape and settlement-balanced terms, taking the
functions of the ecological network into account.
Moving on to the proposed sustainable environmen-
tal management measures for the further develop-
ment of an ecological management plan, one should
also mention the legally stipulated environmental
measures for the water fund lands, and their intro-
duction into nature, especially the nature protection
lanes (NPLs) along the watercourses. The principles
of their establishment, structure and nature protec-
tion regime are determined in accordance with the
law of direct action in this field - Water Code of
Ukraine (Articles 88-90), which includes NPLs
along watercourses, NPLs along seas and estuaries
(with beach area allocations) [4].

29.840
|

At present, nature management in the form of
ubiquitous plowing of land, unauthorized rural set-
tlement development on the territory of the catch-
ment area is conducted without taking terrain and
gully-girder structure into account, without observ-
ing agro-technical land protection norms, resulting
in both deep and planar erosion (Fig. 14 a), in addi-
tion to that, windbreaks are not enough to protect
against wind (deflation), and water erosion of soils,
as well as the associated reduction of the ecological
status of water bodies. Given the hydrological and
morphological conditions, state of the lands, regula-
tion of watercourses and environmental legislation,
it is proposed to reorient the structure of land use, to
increase the number of environmental protection
areas, to allocate sites with extensive form of land
use, which is certainly going to be ecologically ben-
eficial (Fig. 14 b).
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Fig. 14. The existing and recommended structure of land use of the Karachaus catchment area within the
boundaries of Tatarbunars’kyi District: a — full-color satellite Sentinel2B image from 2019.09.15 from the
combination of NIR-Green-Blue channels (vegetation is red); b — a scheme of reclamation and
environmental measures (management plan at its first approximation) [49]

First of all, it is necessary to transfer the water
fund lands to the «nature» of applying them to land
management plans of settlements and land cadas-
ters. Furthermore, proper agro-technical measures
were not met throughout the whole District, among
other things agricultural territories are insufficiently
countered by protective windbreaks. The existing
structure of windbreaks consists of 80.9 km, about
one third of the fields do not have any windbreaks at
all, the distance between the windbreaks is 1 km on
average, the corresponding edging area - 200 ha.
This windbreak structure does not fulfill its envi-
ronmental function, so it is recommended to in-

crease it by 3 times. At the same time it should at
least include additional wind protection (92.1 km),
stock regulation (124.7 km), coastal and riparian
(30.8 km). Additional windbreaks were plotted as
follows: windproof, taking into account prevailing
wind directions with a cell size of 500 per 1000 m;
stock regulation windbreaks were placed on slope
sections along the horizontal lines at a distance of
400 - 300 m, depending on the slope; coastal and
riparian windbreaks along eroded girders 3 - 5 m
from the shorelines. As a prevention of land erosion
spread, it is also recommended that some of them
(on the slopes of gully-girder systems) carry out
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sedimentation, conservation, and exploitative reori-
entation (use in a quasi-natural state - perennial
crops, pastures, hayfields, etc.). In order to control
the quality and colmatage (mudding) of the orga-
nized runoff of ravines and girders, it is proposed to
create biological filters in their mouths along the
estuary - biological plateaus (artificial ecosystems
with sinusoidal filtration biocenoses). Small local
rivers from the basin were basically destroyed as a
result of a rupture of the hydrographic network and
pond overregulation. It is recommended to either
completely eliminate unauthorized ponds, or to al-
low their operation solely in case of proper envi-
ronmental documentation and operating modes de-
pending on the water content of the year.

It is advisable to use arable land on planar
grounds and based on the principles of adaptive ag-
riculture, with the introduction of soil protective
crop rotations and the use of unconventional agro-
technical measures (minimization of soil cultivation,
optimization of rotation, improved irrigation sys-
tems etc.).

Conclusions

The results of GIS thermal channels analysis of
Landsat8 satellite images revealed a significant am-
plitude of temperature fluctuations of Tatarbu-
nars’kyi District’s territorial complexes. The warm-
ing of plowed soil is higher by 10 °C than under
plant cover in the summer period, which certainly
influences the hydrological, geochemical and bio-
logical processes of the area at the current level of
agricultural development of arable land.

The distribution of vegetation dynamics by
NDVI across the area revealed a significant value
change seasonally and even within one month. Ter-
ritories with the maximum index values correspond-
ing with the dense vegetation cover occupied an ar-
ea of 341.66 km? on May 24, 2015, at the end of
summer - August 26, 2015, - 55.45 km? respective-
ly, and a month later the area of vegetation in this
index range decreased to 13.64 km?, which is more
by 25 times compared to May, primarily due to har-
vesting and tillage in the form of arable land.

The calculation results of the complex geo-
ecological indicators also showed ecological imbal-
ance of the lands’ structure. Irrational farming has
led to degradation of the hydrographic network of
small rivers in the area, formation of soil erosion,
trenching, reduction of the ecological status of water
bodies, including nature protection areas with an
international status of Ramsar lands.

The distribution of settlements and population
in Tatarbunars’kyi District indicates that a large
number of them are located on the grounds of river
valleys and in places with a slope of more than 3°,
which also leads to intensification of exogenous
processes and pollution of water bodies.

Management plan of the Karachaus estuary (its
first approximation), which is developed on the ba-
sis of a hydrologic morphological analysis of the
catchment area and land use structure, includes the
application of natural protection lanes to the settle-
ments’ land management plans and land cadasters,
conducting appropriate agro-technical measures,
particularly increasing the length of the windbreak
system by 3 times with their respective functional
purpose. As a prevention of land erosion spread, it is
also recommended that some of them (ones on the
slopes of gully-girder systems) carry out sedimenta-
tion, conservation and operational reorientation (use
in a quasi-natural state - perennial crops, pastures,
hayfields, etc.). For the possibility of quality control
and mudding of the organized runoff, it is proposed
to create biological filters (bio-plateaus) in the
mouths along the estuary. It is recommended to ei-
ther complete eliminate unauthorized ponds, or to
operate them solely in case of proper environmental
documentation and operating modes depending on
the water content of the year. Placement and use of
arable land is proposed to be based on the principles
of adaptive agriculture.

The result of the GIS assessment is geo-
information databases in the form of raster and vec-
tor layers that can be used by executives and other
stakeholders for further development of the sustain-
able development strategy of Tatarbunars’kyi area.
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ECOLOGICAL ASSESSMENT OF THE TERRITORIAL COMPLEXES OF TATARBUNARS’KYI
DISTRICT OF ODESSA REGION

Formulation of the problem. The Tatarbunars’kyi District is located in the southwestern part of Odessa
region and reflects the main features of the landscape-economic structure of the region: water, agricultural,
resort and environmental areas. On the other hand, the form of land use is characterized by widespread plow-
ing of land with degradation and erosion of soil cover.

Land structure and use patterns have a complex negative impact on ecological and economic processes
and cannot ensure the sustainable development of the region, in particular it is antagonistic to the unique
transitional wetland ecosystems of international importance located within the area.

To solve the issues of balanced environmental management and zoning of the landscape and economic
structure of the region, Earth remote sensing (ERS) data can be used - spectrozonal satellite imagery and ge-
ographic information systems (GIS), which can simultaneously cover the research area as a whole, carry out
regular monitoring and significantly reduce costs by expensive expeditionary work. Using space monitoring
data allows you to get a large array of characteristics of the state of the territorial complexes of the region.

Purpose of the work is: assessment of the ecological state of the landscape economic structure and de-
velopment of recommendations for the protection of natural and territorial complexes of the Tatarbunar’skyi
District of Odessa region based on the use of GIS and remote sensing data.

Methods. Landsat8 satellite images with OLI and TIRS sensors, digital terrain models (SRTM) with a
spatial resolution of 30 m were used as initial data. The spatial distribution of the population was carried out
on the basis of OpenStreetMap data using automatic interpolation using the IDW method. Spatial analysis
and data processing were carried out in the QGIS v3.4.6 software package. To quantify the vegetation cover,
the Normalized Difference Vegetation Index - NDVI was calculated. Waterlog distribution was estimated
using a modified normalized differential moisture index (NDMI). The analysis of the structure of land use
and anthropogenic load was carried out on the basis of ranking of territorial objects into homogeneous
groups to calculate geoecological coefficients.

Results. The article discusses the possibilities of using Earth remote sensing data for a functional as-
sessment of land changes as a result of anthropogenic activities, primarily arable land, analyzes the ecologi-
cal and economic equilibrium of the region based on geoecological coefficients, identifies areas that are pri-
marily exposed to environmental risks, exogenous processes and the impact anthropogenic factors. Measures
are proposed to increase the environmental sustainability of agrolandscapes and the landscape-anthropogenic
structure of the region’s lands. A detailed hydrological and morphometric analysis of the catchment basin
was carried out. Karachaus within the boundaries of the District. For the catchment estuary, remediation and
nature conservation measures based on GIS are proposed and designed

Keywords: Tatarbunars’kyi District, northwestern Black Sea region, GIS analysis, remote sensing, an-
thropogenic load, ecological and economic balance.
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ENVIRONMENTAL ASSESSMENT OF WATER QUALITY IN VARIOUS LAKES
OF THE VOLYN REGION, WHICH IS INTENSIVELY USED IN RECREATION

B. O. ®ecwk, J1. B. Invin, 1. A. Mopo3, O. B. Invina. EKOJIOI'TYHA OLIIHKA AKOCTI BOJAH PI3HOTHIIHHX O3EP
BOJIHHCBKOI OBJIACTI, II[O IHTEHCHBHO BHKOPHCTOBYIOThCA B PEKPEAIIL. Osepa Bonuncvroi obracmi ma-
10Mb 8adNCIUBEe NPUPOOHE | 20CNO0APCHKE 3HAUEHHS. Y30epeicicsi 03ep IHMEHCUBHO BUKOPUCTOBYIOMb ) peKpeayitititi OisIbHOC,
wo npu3800Ums 00 3a6pYOHeHHsT 6000UM Ma NOZIPULEHHS AKOCmi 600u. Y po6omi 30iiCHeHa eKoNo2iuHa OYiHKA AKOCMI 800U 03ep
Bonuncvroi obnacmi, axi HauOiibw iHMEHCUBHO BUKOPUCMOBYIOMbCS 6 pekpeayii. Bubip came yux o3ep 3yMosieHuil po3eumkom
peKkpeayitinol ingpacmpykmypu, wopiuHUM 3POCMAHHAM KIIbKOCMI DeKpeanmis, 8euKUMU PO3MIpAMU 03ep, 3HAYHOIO peKpeayiil-
HOIO EMHICTIO | ROMEHYIANOM, POZMIWEHHAM BOOOUM V PIZHUX 03epHUX epynax. Exonoeciuna oyinka sskocmi 03eproi 600u 30ilicHIO8A-
2ACb BION0BIOHO 00 Memoouku oyiHKU SKOCMI NOBEPXHesUX 800 3ad 8IONOGIOHUMU Kame2opiamu. AHani3 sKICHUX NOKA3HUKIE 03ep
Csimasv, Benuxe 32opancoke i Comun 3ac8iouug eucoxy axicme 600u. 3a nepiod 2015-2019 pp. na écix o3epax axkicmv 600U 8i0HO-
cunace 0o Il knacy «006piy, 3a cmynenem yucmomu «4ucmiy, 3a kamezopismu — 00 Il kamezopii «dysice 006piy, 3a cmynenem vuc-
momu «uucmiy. /s 03. Benuxe 32opancvke 3a yi poxu éenuyuna Ie smintosanace 6 inmepsani 1,81-2,44, ons ozepa Ceéimsnzo — 1,66—
2,07, ons ozepa Comun — 2,56-2,96. Ha eenuuuny exkono2iuHo2o iHOeKcy sKkoCmi 600u Haubinbwuil eniue mac iHoexc Iz (exonoeo-
canimapui noxasnuku). Bcmanosneno nepesuwjents epanuyno-00nyCmuMux KOHYeHmpayii 3a okpemumu komnonenmamu. He oue-
JIAYUCH HA YI nepesuyeris, 8 YLiomy, AKiCb 800U 00360JIA€ BUKOPUCMAHHSA 03ep 8 PI3HUX 2dly3sx cocnodapcmed. Komniexcha oyi-
HKa AKOCMI 03ePHUX 600 HEOOXIOHA O/ BUBHAUEHHS 20JI08HUX HANPAMIE 80000XOPOHHOT OIATbHOCHI, NOINUIEHHSA eKOJI02IUH020 Cma-
HY 03ep ma ixHix 6000360pie. Lle 003601UuMb OLNbLUL PAYIOHATILHO BUKOPUCIOBY8AMU 03€pPd, NEPUL 3a 8ce y peKpeayii, 3a6e3nequms
ehexmueHull MOHIMOPUHZ 03ep 3 MEMOK CBOEYACHO20 THPOPMYBAHHA BIONOUUBANLHUKIE NPO AKICMb 800U MA NOS SA3AHUX 3 HEH
nomeHyitiHux Hebe3nek O ix 300po8 3.

Knrwuosi cnosa: ozepo, sikicmv 600U, 2paHUHO-00NYCIMUMA KOHYEHMpayis, 6JI0K08I IHOeKCU SKOCMI 800U, IHMEeZPantbHUll eKo-
JOSTYHULL THOEKC KOCMI 800U, eKOJIO2IUHA OYIHKA AKOCMI 800U, KIACU SIKOCMI 600U, Kame2opii sKkocmi 600U.

B. A. ®@ecwk, JI. B. Hnvun, H. A. Mopo3, O. B. Hnvuna. 3KOJIOTHYECKAA OLIEHKA KAYECTBA BO/Ibl PA3HO-
THITHBIX O3EP BOJIBIHCKOH OBJIACTH, KOTOPBIE HHTEHCHBHO HCIIOJIB3YIOTCSA B PEKPEAIIHH. Osepa
Bonvinckou obracmu umerom 8axcrHoe npupooHoe u xossiicmeentoe 3naderue. [lobepescve 03ep UHMEHCUBHO UCNOIL3YIOM 8 PeKpe-
AYUOHHOU OesIMeNTbHOCMU, YO NPUBOOUM K 3A2PAIHEHUI0 6000€MO08 U YXYOUleHUI0 Kayecmsa 800bl. B pabome ocywecmenena sxo-
J02U4ecKas OYeHKa Kauecmea 600l 03ep Borvinckoil obaiacmu, Komopsle Haubonee UHMEHCUBHO UCNOTb3YIOMCS 68 pekpeayuu. Boi-
60p umenHo smux o3ep 06YCI06IeH PA3GUMUEM PEKPEAYUOHHOU UHGPACMPYKMYPbL, eACe200HbIM POCMOM KOIUYeCmEd PEeKPeanmos,
60MbUUMU PAZMEPaMU 03€p, 3HAYUMENbHOU PEKPeayuoOHHOU eMKOCHbIO U NOMEHYUANIOM, PA3MeuweHuemM 8000eM08 8 DA3IUYHBIX
03epHbIX epYNnax. DKOI02UHeCKas OYeHKA Kavyecmea 03epHOll 800bl OCYWecCmenanacy ¢ coomeemcmesuu ¢ Memoouxoi oyenku kave-
CcmMea NOBEPXHOCMHBIX 800 NO COOMBEMCMEYIOWUM Kame2opusim. Ananuz xauecmeennvix nokazameneu ozep Ceumsizo, boivuioe
3eopanckoe u Comvin nokaszan 8vicoxoe kauecmeao 600ul. 3a nepuod 2015-2019 ee. kauecmso 600vl 6cex ozep omnocunoce k Il knac-
¢y «000pbie», NO CMeneHu YUCmomyl «yucmuley, no kamezopusam — k Il kamezopuu «ouenb xopouiue», o CmeneHu YUCmomsl «4u-
cmuiey. [[na 03. boavwoe 3eopanckoe 3a smu 200vt eenuuuna I mensanace ¢ unmepsgane 1,81-2,44, ona ozepa Ceumsze — 1,66-2,07,
ona ozepa Comein — 2,56-2,96. Ha senuuumny sxonocuseckoeo unoekca kaiecmea 600bl Haubonvulee enusanue umeem urnoexc Iz (axo-
J1020-CAHUMAapHble NOKA3amenu). YcmanosneHo npegvluieHue npeoeibHo-00nYCMUMbIX KOHYEHMPAyUuti no OmoeIbHbIM KOMHOHEH-
mam. Hecmomps na smu npegviuienus, 8 yeiom, Kavecmeo 600bl NO3GOSEN UCNOIb308AHUE 03€D 8 PAZIUYHbIX OMPACISIX X035~
cmea. Komnnexchas oyenxa kauecmea 03epHuIX 600 HE0OX00UMA O/ ONPeOeleus OCHOBHBIX HANPAGLEHUL 60000XPAHHOU 0esmeb-
HOCMU, VIYYUEHUs IKOIOSUUECKO20 COCTOANUA 03ep U UX 8000c60pos. Dmo no3eonum 6onee payuoHaibHO UCHOIb308aMb 03€pd,
npeacoe 6cezo 6 pekpeayuu, obecnedum QPexmueHvitl MOHUMOPUHE 03ED C YENbIO C80EBPEMEHHO20 UHPOPMUPOBAHUS OMObIXAIO-
WuUx 0 Kavecmee 800bl U CEA3AHHBIX C Hell NOMEHYUATbHbIX ONACHOCMEN 0151 UX 300P08bSL.

Knroueewie cnosa: osepo, kauecmso 600vl, npedenbHO-00NYCMUMAs KOHYeHmpayus, O104Hble UHOEKCbl Kauecmaea 600bl, UHMe-
2PANbHYLLL IKOTOSUUECKULL UHOEKC Ka4ecmaa 800bl, IKON0SUYECKAsl OYeHKA Kauecmsea 600bl, KIACChl Ka4ecmeaa 800bl, Kame2opuu Kaye-
cmea 600bl.
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Introduction. There is a close link between the
health status of the population and the environmen-
tal factors that affect it. One such factor is surface
water bodies, used to meet economic, domestic and
other human needs. Human health largely depends
on the water status of the lakes used for recreational
activities. New types of contaminants, that have not
previously existed, emerge and are continuing to
emerge: radioactive, toxic, biological, etc. They can
cause significant damage to not only lake ecosys-
tems, but also to human health. Considering the
above, assessing the ecological status of lakes and
their protection against pollution is essential for the
conservation and promotion of recreants’ health.

The urgency of the lakes study is due to their
significant share in the spatial structure of land-
scapes, enhanced anthropogenic and natural trans-
formation of natural reservoirs of local and regional
levels, poor understanding of the laws of the func-
tioning of reservoirs and the need for gaining under-
standing to solve problems of scientific and eco-
nomic importance. Development of protection
measures and rehabilitation of the aquatic environ-
ment takes an important place in rational use of re-
sources, while taking into account economic activi-
ties in the catchment area and within the reservoirs.
The detailed study and forecast of variants of an-
thropogenic loads on lakes serves as a basis for the
development of water conservation measures. Mod-
ern understanding of the rationalization problem of
nature management and nature conservation, the
need to introduce intensive forms of resource use in
combination with resource-saving technology, all
lead to considerable attention to the assessment of
the quality status of lakes.

Purpose of the article. The purpose of the arti-
cle is ecological assessment of water quality in vari-
ous lakes of Volyn Region, which are most inten-
sively used in recreation.

Analysis of recent research and publications.
A considerable amount of work is devoted to the
problem of lake water quality assessment. It is car-
ried out in three directions, combining the following
indicators: factors related to the physical, geograph-
ical and hydrological characteristics of the reservoir
as a whole object [10, 15, 21, 25-26]; controlled
indicators of the composition and properties of the
aquatic environment, which provide an assessment
of water quality and its compliance with current
standards [1-3, 6-7, 11-14, 19-20, 2324, 29-30];
set of criteria that determine the specifics of struc-
tural and functional organization and dynamics of
the limnosystem [8-9, 22]. The suitability of reser-
voirs for certain types of recreational use for a cer-
tain set of indicators (radiological, hydrochemical,
climatic, sanitary and hygienic, etc.) is considered in
the works [5, 27, 31-33]. Methodological aspects of

surface water quality assessment are proposed in [4,
14, 16-18, 28]. However, the issue of lake water
quality assessment requires detailed research and is
an important prerequisite for assessing the recrea-
tional potential of water bodies.

Materials and methods. The materials of ex-
peditionary studies on the assessment of the natural
and economic status of lakes, as well as the results
of the chemical analysis of water by the Laboratory
for Monitoring of Waters and Soils of the Regional
Office of Water Resources in Volyn Region and the
Complex Laboratory for Observation of the Envi-
ronmental Pollution Center hydrometeorology
(CGM) were used during the research. Research
methods are expeditionary (for lake status assess-
ment), methods of mathematical statistics (to statis-
tically process the results of monitoring) and envi-
ronmental assessment of water quality. Ecological
assessment of lake water quality was carried out in
accordance with the Methodology of surface water
quality assessment in the respective categories. The
system of ecological classifications forms the basis
for the assessment of lake waters based on three
blocks of indicators: salt composition of water;
trophic-saprobiological (ecological-sanitary) indica-
tors of water; specific water substances of toxic ef-
fect [18].

The block of indicators of water salt composi-
tion (block index /;) includes specialized classifica-
tions of water quality according to the following
criteria: mineralization, ionic composition (hydro-
chemical type of water), contamination with com-
ponents of salt composition of water (chlorides, sul-
fates, mineralization) [18].

Tropho-saprobiological  (ecological-sanitary)
block (block index I») includes the following groups
of indicators: hydrophysical, hydrochemical (sus-
pended substances, pH, ammonium nitrogen, nitrite
nitrogen, nitrate nitrogen, phosphates, dissolved ox-
ygen, biochemical consumption of oxegen) hydro-
biological, bacteriological, etc.

The block of specific substances of toxic action
(block index /3) includes specialized classifications
of water quality according to the content of specific
substances of water (copper, iron, manganese, nick-
el, chromium) and toxicity level [18].

In general, the environmental assessment lies in
determining the block water quality indexes for each
of the three blocks (/;, I, I5). An integrated envi-
ronmental index of /z (average of the sum of /; + I»
+ I3) was calculated for a comprehensive assessment
of water quality [18].

Results. The lakes and their coast lines are the
main objects of recreational activity in Volyn Re-
gion. Resort and recreational development of reser-
voirs is a special type of water use. Although the
amount of water used in this industry for drinking
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and medical purposes in sanatoriums, holiday
homes, boarding houses, camp sites is relatively
small, the development of a spa and recreational
facilities requires significant additional volumes of
fresh water to maintain the depth of water in the
bathing area, certain sanitary facilities and tempera-
ture regimes of reservoirs. The limiting factors are
the sanitary and hygienic indicators of water. First
of all, high quality of water should be provided for
the organization of contact types of recreation (bath-
ing, scuba diving, water skiing, etc.).

In our opinion, there are three most recreation-
ally developed lakes of Volyn Region: Svitiaz,
Somyn and Velyke Zgoranske (Fig. 1). The choice
of these lakes may be explained by the following
factors: development of recreational infrastructure
and a significant annual increase in the number of
recreation; large sizes of lakes; significant recrea-
tional capacity and potential; placement of reser-

flly1bMO.

Svitiaz Lake
Relaxed site for
swimming & boating

Buzhnya Bay
ok Eyxid

Lake Svitiaz refers to the lake type of moderate lati-
tudes with pronounced direct stratification in the
summer, reverse — in winter and homothermia in
spring and late autumn. Maximum surface water
temperature occurs in July-August and reaches

Scale: 1:43290

voirs in different lake groups (Lake Svitiaz — Shatsk
lakes, Lake Velyke Zgoranske — Zgoransk group of
lakes, Lake Somyn — Turiysk group of lakes).

Lake Svitiaz (51.4966478 N, 23.8461256 E) —
the deepest lake and one of the largest lakes in
Ukraine; it is part of the Shatsk National Nature
Park. It is inferior in area to only a few Danube
lakes. The lake area is 2750.2 ha, maximum length
is 9283 m, width is 4822 m. The coastline is undi-
vided. The bottom of the lake can be divided into
two hollows — west and east, which are separated by
rising above the water surface — the island. There
are the largest cavities and the greatest depth of the
lake (58.4 m) in the western part of the lake. In the
eastern part, the entire bottom area, starting from the
southern shores, is a gentle slope to the center of the
lake with a marked decrease in depths to the east
and west.

According to the nature of the thermal regime,

Somyne Lake
»3epo ComuHe

b. Scale: 1:13642

Fig. 1. Lake shots from space
(based on map service
Google Maps):

a. Lake Velyke Zgoranske
b. Lake Somyn
c. Lake Svitiaz

24.5 °C, in the central part of the lake the tempera-
ture is slightly lower (19-20 °).

The lake water level is characterized by spring
and autumn rise. In the spring, the rise of the level is
associated with the melting of snow, at the end of
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May the level reaches its maximum, afterwards —
the level decreases and its fall lasts until October.
Starting in October, there is a rise, which is influ-
enced by autumn rainy floods. This rise peaks early
in the winter, and then gradually decreases to a pre-
emptive minimum. The height of the rise on average
is 0.3—1.0 m. The decline of its levels occurs gradu-
ally, as high levels are maintained by the June-July
rains. The reservoir is fed by atmospheric precipita-
tion and groundwater. In addition to atmospheric
precipitation, the lake's waters are accompanied by
groundwater, with a water-resistant chalky surface
layer, as well as the waters of the Cretaceous and
underlying horizons below, which contributes to the
considerable depth of the lake.

In the summer of 2019, the water level of Lake
Svitiaz has been anomalously decreased by 0.38 m
(the water receded from the shores by 60—90 m).
This has raised national concern about the status of
the lake ecosystem of this unique site. In our opin-
ion, this is due to the abnormally low rainfall and
hot summers, as well as the intensification of the use
of groundwater in the catchment area as a result of
the massive construction of wells at a depth of 30—
50 m (Fig. 2).

The content of water-soluble oxygen in the
summer is up to 13.2 mg/dm?>. Oxygen deficiency is
not observed in the bottom layers. The amount of
organic matter and biogenic elements is negligible
in the lake water. Oxidation ranges from 7.8 to

Fig. 2. Abnormal decrease in water level of lake Svitiaz (Summer 2019)

12 mg O,/dm? in different areas in July-August.

Lake Somyn (51.1964602 N, 24.3234086 E) is
located in the east of village Somyn of Turiysk dis-
trict. Water body is of karst origin. The lake area is
123.8 ha and the catchment area is 39.5 km?2. The
maximum depth is 56.9 m, the average depth is
12.77 m. The maximum length is 1.28 km. The
maximum width is 1 km. The volume of the lake is
13100000 m3. Its water is very clean, transparent
and its quality may compete with the water of Lake
Svityaz.

There are numerous recreation areas of various
degrees of equipment on the southern shore. The
lake has been very heavily used in recreational ac-
tivities lately. The number of recreational facilities
and vacationers is increasing every year. This is fa-
cilitated by a shorter distance from Lutsk than for
Lake Svityaz and such factors as good transport ac-
cessibility, clean water and attractiveness of the res-
ervoir.

Lake Velyke Zgoranske (51.3727783 N,
23.9797211 E) — the largest lake based on the area
of all Zgoransk lakes and it is located in the north of
village Zgoriyany Luboml district. Length is 1.5 km,
average width — 1 km, area — 148.5 ha, average
depth — 10 m, maximum — 20 m, basin is of oval
shape, height of the water cut in the lake — 168 m.
The shores are located on lowland, are sandy and

sometimes swampy. It is fed by groundwater and
precipitation. The lake bottom is sandy, covered
with a layer of sapropel (reserves are 1511.2 tons).
The shores are swampy, sometimes overgrown with
mixed forest (mainly north and west shores). There
are numerous recreational areas of various levels of
equipment on the southern shore.

When assessing the ecological status of lakes,
comprehensive indicator is usually sought that takes
combined effect of a variety of factors into account.
Developing such an indicator causes many compli-
cations even for an individual reservoir. However,
the use of a comprehensive indicator of its environ-
mental status is very important and requires careful
study in order to determine the efficiency of region-
al lake resources usage. On the basis of comparison,
the categories and classes of water quality were de-
termined according to separate indicators that were
taken for a single assessment. The results are pre-
sented as a single environmental assessment, which
is based on the final conclusions of the three blocks.

An indispensable condition for performing eco-
logical assessment of surface water quality utilizing
both ways is strict adherence to generally accepted
methods of the composition analysis and the proper-
ties of water in selected samples by many indicators or
techniques developed by authoritative experts in their
fields of expertise and their long-term testing [18].
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Environmental assessment of water quality of
Lake Velyke Zgoranske for the years of 2015-2019,
which was carried out as a result of observations of

the state and chemical analysis of the water compo-
sition and conducted by the Laboratory for Monitor-
ing Waters and Soils of the Regional Office of Water

Table 1
Classes and categories of surface water quality by ecological classification [18]
Water
Quality I II I v A%
Classes
Water
Quality 1 2 3 4 5 6 7
Categories
Name of Excellent Good Satisfactory Bad Very Bad
water
quality
classes
gggecsa;i- Excellent gg?& Good Eigsgh Mediocre Bad Very Bad
cording to
their natu-
ral state
Name of Very Clean Clean Polluted Dirty Very Dirty
classes
and cate-
gories of
water
quality .
accprding Very Clean Clean E(Ijlloelj;lh }Skl)ll%l}ll:}g}(li M;(j?;iézly Dirty Very Dirty
to its de-
gree of
cleanliness
(pollution)
Tropho- Oligotrophic Mesotrophic Eutrophic tfo(;)ll}llic }tlr}(l)%iriz
lytic Oligotrophic- Meso- Meso- . . Poly- Hypero-
oligo?nesofrophic trophic | eutrophic Eutrophic | Euplytrophic trop}}llic tr}(I)II))hic
Oligosaprobic [-mesosaprobic a-mesosaprobic Polysaprobic
Sapro- . o - o'
bilit 3-oligo- L f"-meso- | p’-meso- o-meso- i Poly-
Y saprobic oligo saprobic | saprobic saprobic meso saprobic
saprobic saprobic

Resources in Volyn Region for the years of 2015-19
according to the materials of the Water and Soil
Monitoring Laboratory of the Regional Water Re-
sources Office in Volyn Region and the Integrated
Laboratory for Observation of Natural Pollution of
Volyn CGM, Lake Somyn for the years of 2015-18
according to the materials of the Water and Soil
Monitoring Laboratory of the Regional Water Re-
sources Office in Volyn Region. The assessment was
carried out according to the full program with an
indicative purpose — to assess the current natural and
economic status of the lake, based on ecological
assessment of the lake water quality, to identify the
main problems and to suggest ways of their so-
lution.

According to the results of the analysis of the
chemical composition of water in Lake Velyke
Zgoranske in 2019, the concentration of ammonium
saline was exceeded above the limited concentration
of substance by 60%, and the total iron content was
doubled (Fig. 3). The same exceedances occurred
for ammonium saline in 2018 (by 68%), in 2017 (by
56%), in 2016 (by 2.4 times), in 2015 (4%). In
2018, total iron amount — was exceeded by twice, in
2017 — 2.3 times, in 2016 — 1.9 times; chemical ox-
ygen consumption in 2018 — 2.85 times; manganese
in 2018 — 1.5 times, in 2017 — 10 times, in 2016 — 4
times, in 2015 — 12 times, copper in 2015 — twice.

Limited concentration of substance was ex-
ceeded by iron content (by 20%), copper (by 2.9
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times), chromium (VI) (by 80%) in the waters of
Lake Svitiaz in July 12, 2019. On the other hand,
excess was not identified in the content of organic
substances as well as nitrogen (ammonium, nitrite

3

and nitrate). Therefore, despite the problem of the
Svitiaz shallowing, the content of pollutants in the
lake water was exceeded by only a few indicators
during the summer of 2019.

18 -
16

14

0.8

0.6

04

Ca2+

(
S0O42-
PO43-

NO2-
NO3-

NH4+

Fe2+,Fe3+

Chemical oxygen demand

Smell

Na+
K+
Mg2+
Cro+
Cr3+
Ni2+
Mn2+
Cu2+

Dry residue

Biological oxygen demand

Fig. 3. Multiplicity of exceedance of the maximum permissible concentrations of pollutants in the water of
the Lake Velyke Zgoranske (August 1, 2019) (summarized from materials from the Water and
Soil Monitoring Laboratory of the Regional Water Resources Office in Volyn Region)

Results of ecological assessment of lake water
quality of Velyke Zgoranske are provided in table 2.
The water of the lake belongs to water quality class
— ,,good”, in terms of purity — ,,pure”. In terms of
quality category — ,,very good”, ,,clean” for the peri-
od of observations (2015-2019) by the magnitude of
the ecological index. However, there were some dif-
ferences in the subcategories in some years: for ex-
ample, lake water quality had a tendency of ap-
proaching the ,,excellent”, ,,very clean” categories in

2019, 2017, 2016, and referred to categories ,,good”,
»clean enough” in 2015 and 2018. Fig. 4 shows that
these years are characterized by the highest values
of the Ecological Water Quality Index (7).
Therefore, the most significant value of the
ecological water quality index (/g) in Lake Velyke
Zgoranske is affected by the indexes of /; (trophic-
saprobiological or ecological-sanitary indicators).
They vary in the interval from 2.6 to 4. The block
index, which takes into account the specific indica-

Table 2
Lake water quality assessment. Velyke Zgoranske (2015-2019 yrs.)
Evaluation
Sampling | Value

Year date )i State by | Degree of | Condition by The degree

£ Category | Class . of purity by

Class class purity category
category

2019 01.08 1,81 2 2 Good Clean Very good Clean
2018 30.05 2,44 2 2 Good Clean Very good Clean
2017 | 09.08 2,1 2 2 Good Clean Very good Clean
2016 15.08 2,06 2 2 Good Clean Very good Clean
2015 17.08 2,34 2 2 Good Clean Very good Clean
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Fig. 4. Dynamics of ecological index of water quality (/) and its components in the Lake Velyke Zgoranske

tors of toxic and radiation action (/3), does not
change by year and corresponds to 1. In some years,
there was deterioration of the block index of salt
composition (/;). Thus lake waters were assigned to
the second category of quality, in particular, in 2018
by chloride and sulphate content and in 2017 — by
sulphate content (Table 2).

For the period of our research (2015-2019),
Svitiaz belongs to the class of water quality —
,»good”, in terms of purity — ,,pure” by the magni-
tude of the ecological water index of lake. In terms
of quality category — ,,very good”, ,.clean”. But in
the sub-categories, there were some differences in
some years. For example, for all years except 2017,
the waters are in transition from ,excellent, very
clean” to ,,very good, clean”. In 2017, sub-category
of water quality was rated as ,,very good, clean”.
Results of ecological assessment of water quality of
Lake Svitiaz are shown in table 3.

A similar trend is observed in the structure of
the ecological water quality index, as for the Lake
Velyke Zgoranske. The most significant value of the
ecological water quality index (/¢) in Lake Svitiaz is
influenced by the indexes I, (trophic-saprobiological
or ecological-sanitary indices). They vary in differ-
ent years in the range from 1.625 to 2.875, which is

much lower than for Lake Velyke Zgoranske. The
block index, which takes into account the specific
indicators of toxic and radiation action (/3), changes
much less over the years — from 1.6 to 2.2. The dete-
rioration of the block index of salt composition (/;)
was also observed in some years (Fig. 5). Thus, lake
waters were classified as second quality category in
2018 by chloride content (20.8 mg/dm?).

Results of ecological assessment of water
quality of Lake Somyn are given in table 4. Based
on the table, it can be seen that in all the years the
water quality of the lake is evaluated by the class
"good", the degree of purity by the class - "pure".
The Ecological Water Quality Index ranged from
2.56 to 2.96. In the category of quality —,,good”, the
purity category — ,.fairly pure”. There were some
differences in the subcategories in some years: for
example, in 2017, 2016, lake waters were rated as
transient in quality from ,,very good”, ,clean” to
,»good”, . fairly pure”. And in 2015 and 2018 — the
categories of ,,good”, ,.fairly clean” gravitate to the
category of ,,very good”, ,.clean”. Based on Figure
6, it can be seen that these years are characterized by
the highest values of the Ecological Water Quality
Index (7g).

There is no longer a rigid dependence of the

Table 3
Water quality assessment of Lake Svitiaz (2015-2019 yrs)
Evaluation
Year Sagpling Value State Degree of Condition The dggree of
ate Ie Categoty | Class class purity | by Category purity by
Class category
2019 12.07 1,54 2 2 Good Clean Very good Clean
2018 30.05 1,79 2 2 Good Clean Very good Clean
2017 | 09.08 2,07 2 2 Good Clean Very good Clean
2016 15.08 1,99 2 2 Good Clean Very good Clean
2015 10.06 1,66 2 2 Good Clean Very good Clean
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Fig. 5. Dynamics of ecological index of water quality (/) and its components in Lake Svitiaz
Table 4
Water quality assessment of Lake Somyn (2015-2019 yrs)
Evaluation
Year Sampling | Value State of | Degree of | Condition The d.egr cc of
Date Iz Category | Class Class | class puri by Catego purity by
purity | by gory category
2018 26.06 2,83 2 3 Good Clean Good Clean enough
2017 09.08 2,56 2 3 Good Clean Good Clean enough
2016 24.05 2,71 2 3 Good Clean Good Clean enough
2015 26.05 2,96 2 3 Good Clean Good Clean enough
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Fig. 6. Dynamics of ecological index of water quality (/£) and its components in Lake Somyn

environmental index of water quality /r on I,
(trophic-saprobiological or ecological-sanitary indi-
cators) for Lake Velyke Zgoranske, Lake Svitiaz,
and Lake Somyn. However, I, is still quite influen-
tial. The numerical values of this index vary from 3
to 3.87 in different years. The block index, which
takes into account the specific indicators of toxic
and radiation action (/3), varies annually in the range
of 2.2-2.8. I is the least affected by the block index

of salt composition. In some years, its deterioration
is also noted. Thus, lake waters were classified as
second quality category in 2017 by chloride content
(34.7 mg/dm®).

An important component of our study is the
comparison of the results of environmental assess-
ment of water quality of various lakes, which are
intensively used in recreation (Table 5, Fig. 7). In
2018, water quality was classified as ,,good” and
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Table 5
Comparison of results of ecological assessment of water quality of the studied lakes (2018)
Value Evaluation |
Year Sampling State | Degree of | Condition The degree of
date I Category Class of class by purity by
Class purity Category category
Lake Velyke Zgoranske
2018 | 3005 | 244 | 2 2 Good | Clean Very Clean
Good
Lake Svitiaz
2018 | 3005 | 1,79 | 2 2 Good | Clean Very Clean
Good
Lake Somyn
Very
2018 25.06 2,49 2 2 Good Clean Clean
Good
45
-l 3.88
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3
2,5 2.44
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Fig. 7. Water quality indices of the studied lakes (2018)

referred to class I, cleanliness degree as ,,clean”, by
category — category II that are ,very good” and
,clean” according cleanliness level.

The Environmental Water Quality Index (/)
was the lowest for the Lake Svitiaz (1.79). Indexes
were slightly higher — 2.44 and 2.49 for lakes
Velyke Zgoranske and Somyn, respectively. The
results of the analysis show that Lake Svitiaz is one
of the purest recreational natural reservoirs of Volyn.
In the context of sub-categories Iz of lake Svitiaz
belongs to the category ,,very good”, ,.clean” with
inclination to the categories ,.excellent”, ,very
clean” according to water quality while the index is
similar for the other studied lakes and their water

quality corresponds to ,,very good”, ,.clean” with a
tendency to approach the category of ,,good”, ,fairly
clean”.

According to the indicators of partial indexes,
fluctuations in environmental assessment occurred.
The most significant value of the ecological index of
water quality (/g) in the lakes is affected by the in-
dexes [ (trophic-saprobiological or ecological-
sanitary indicators). The value of this block index
did not go beyond the boundaries of the category II
for Lake Svitiaz (I = 2.25) and refers to ,,very
good”, ,.clean” water, while this characteristic refers
to quality class III for the Lake Velyke Zgoranske
(3.63) and Lake Somyn (3.88) and refers to ,,satis-
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factory”, ,,contaminated” and category IV — ,,good
enough”, ,,slightly contaminated”.

According to the criterion of salt composition,
the environmental assessment has several other fea-
tures: the smallest index /; that is found in Lake
Somyn (1), in Svitiaz (1.33), and in Lake Velyke
Zgoranske where the index value was maximum —
1.77. The content of toxic substances (/3) for the
lake Velyke Zgoranske is similar to Lake Svitiaz.
The value of this index for the waters of these lakes
are compared: 2 and 1.8, and this is the second cate-
gory — ,,very good”, ,.clean” water. Instead, the val-
ue of /3 is 2.6 in the waters of the Somyn Lake,
which indicates that it belongs to the third category
—,,good”, ,.fairly clean” water.

It is noteworthy that a comparative environ-
mental assessment of the water quality of the stud-

ied lakes in 2019 has been constantly mentioned in
the media about catastrophic shallowing of Lake
Svitiaz. The question is: how did lake water level
lowering affect water quality? It should be noted
that the lakes Somyn and the Velyke Zgoranske did
not suffer a significant decrease in water level in hot
and dry summer of 2019, however, this is a very
significant problem for Lake Svitiaz. This necessi-
tated a comparative assessment of the water quality
of the studied reservoirs for 2019 (Table 6).

According to the results of the study, the water
quality in 2019 of Svitiaz and Velyke Zgoranske
lakes belongs to the second class — ,,good”, by the
degree of purity — ,,pure”, by categories — to the II
category ,,very good”, by the degree of purity ,,pure”
(Table 6, Fig. 8).

Table 6
Comparison of the results of the ecological assessment of water quality
in the Lake Velyke Zgoranske and Lake Svitiaz (2019)
Evaluation
Year Sampling | Value State | Degree qf Condition The d_egree
date Ig Category | Class of class puri- by Cateso of purity by
Class ty Y gory category
Lake Velyke Zgoranske
2019 | 01.08 | 1,81 | 2 | 2 | Good | Clean | VeryGood | Clean
Lake Svitiaz
2019 1207 | 1,54 | 2 | 2 | Good | Clean | VeryGood | Clean
3
2,625
2.5
2 | 18— 1.81
1,625 1.54
1.5
1 1
1
0.5
0
Il 12 I3 IE

OLake Velvke Zzoranske

OLake Svitiaz

Fig. 8. Comparison of results of ecological assessment of water quality
in the lakes of Velyke Zgoranske and Svitiaz (2019)

The Environmental Water Quality Index (/)
was lower for the Lake Svitiaz (1.54). This index
has been slightly higher for Lake Velyke Zgoranske
— 1.81, despite the considerable shallowing of the
lake. In the sub-categories of /5 for Lake Svitiaz, the
water quality is defined as transitional from the cat-

egory ,.excellent”, ,very pure” to ,very good”,
»pure” while at that time for the Lake Velyke
Zgoranske sub-category is defined as ,,very good”,
»clean” with an approximation to the category ,,ex-
cellent”, ,,very clean”.

According to the values of partial indexes, chan-
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ges in the ecological status of water occurred. Ac-
cording to the criterion of salt composition, lake
water has the same high score (1.0), which corre-
sponds to the first class. Index /I, (trophic-
saprobiological or ecological-sanitary indicators) is
significantly higher for Lakes Velyke Zgoranske
(2.6). This testifies belonging to the third category —
the waters are transient in quality from ,,very good”,
»pure” to ,,good”, ,,quite pure”. The value of this
block index is estimated as water for Svitiaz (/=
1.625), which transitions in quality from ,.excel-
lent”, ,,very pure” to ,,very good”, ,,pure”. Accord-
ing to the criterion of the content of substances of
toxic effect (/3), the water of Lake Velyke Zgoranske
(1.8) is of better quality than in the Lake Svitiaz
(2.0). Both reservoirs are categorized as ,very
good”, ,,clean” waters.

Conclusions. The ecological assessment of the
water quality of the lakes showed that for the period
2015-2019, the water quality was classified as
,»good” class II, by degree of purity ,,clean”, by cat-
egories — refers to category II ,,very good”, by de-
gree of purity ,clean” for all lakes. During these
years, [g varied in the range of 1.81-2.44 for the
Lake Velyke Zgoranske, in the range of 1.66-2.07
for the lake Svitiaz, and in the range of 2.56-2.96
for the Lake Somyn.

The water quality of the studied lakes is very
high even given the impact of global climate change
and the shallowing of some of the lakes. This allows
the use of lakes for a variety of economic needs.
Among these, of course, the most preferred type is
recreational use. At the same time, the development

of recreation, and especially the natural one, can
worsen the ecological status of the lake. Therefore,
recreational use should be made subject to proper
hydro-environmental monitoring. In addition, a set
of conservation measures should be implemented to
protect the investigated lake ecosystems from sew-
age, field and farm runoff, shoreline contamination,
recreational digression, and the negative impact of
drainage land reclamation.

The economic use of lakes is differentiated and
depends on several determining factors: their loca-
tion and accessibility, availability of necessary re-
serves and quality of coastal resources of reservoirs
and coasts (water, fishery, mineral, recreational),
development of coasts and catchments (availability
near settlements).

An important area of optimization of lakes is
their reclamation — restoration of lakes and devel-
opment of scientifically grounded limnosystem
management measures.

It should also be taken into account, that in ad-
dition to the general remediation paths, for each
case, the development of specific measures is need-
ed, that take into account local features of a small
catchment area, genetic degree of its stability, capac-
ity and composition of sediments, sources of eu-
trophication or pollution.

Promising areas for further research are the def-
inition of criteria that will allow us to evaluate the
quality of lake waters, taking into account optimiza-
tion measures as well as a predictive assessment of
changes in water levels due to changes in lake water
due to climate change already occurring today.
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ENVIRONMENTAL ASSESSMENT OF WATER QUALITY IN VARIOUS LAKES
OF THE VOLYN REGION, WHICH IS INTENSIVELY USED IN RECREATION

Introduction. Assessment of the ecological status of lakes is important for their conservation and pro-
tection. Many lakes are intensively used in recreation in Volyn Region. The development of the resort and
recreational facilities requires significant additional volumes of fresh water to maintain the depth of the res-
ervoirs in the bathing area, certain sanitary and temperature regimes of the reservoirs. The limiting factors
are the sanitary and hygienic indicators of water. First and foremost, high quality of water should be provided
for the organization of contact types of recreation (bathing, diving, water skiing, etc.).

The purpose of article. The purpose of the article is ecological assessment of water quality in various
lakes of Volyn Region, which are most intensively used in recreation.

Methods. Research methods are expeditionary, methods of mathematical statistics and environmental
assessment of water quality, which were carried out in accordance with the methodology for assessing the
quality of surface water in the respective categories. During the preparation of the article, materials from
their own expeditionary studies of the natural-economic state of the lakes were used, as well as the results of
chemical analysis of the water composition conducted by the Water and Soil Monitoring Laboratory of the
Regional Water Resources Office in Volyn Region and the Complex Laboratory for Observation of the Envi-
ronmental Environmental Center.

Results. The analysis of the qualitative indicators of the lakes Svitiaz, Velyke Zgoranske and Somyn
showed the high quality of water in the lakes. For the period of 2015-2019, water quality was classified as
,»good” class II, by degree of cleanliness ,,clean”, by category as ,,very good”, by degree of cleanliness
»clean” on all lakes. The value of Ig for the Lake Velyke Zgoranske varied in the range of 1.81-2.44, in the
range of 1.66-2.07 for the Lake Svitiaz, and in the range of 2.56-2.96 for the Lake Somyn. Index I, (ecolog-
ical and sanitary indicators) has the most influence on the magnitude of the ecological index of water quality.

The scientific novelty lies in establishing block and integral indexes of ecological assessment of water
quality, classes and categories of water quality of the most recreationally-developed lakes of Volyn Region,
as well as in assessment of the dynamics of indicators of water quality of lakes during the years of 2015—19.

Practical significance is defined with the opportunity of development of a set of measures for the ra-
tional use and protection of lakes.

Keywords: lake, water quality, maximum permissible concentration, block water quality indexes, inte-
grated ecological water quality index, environmental water quality assessment, water quality classes, water
quality categories.
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OCOBJIMBOCTI 3ABPYJIHEHHA ATMOC®EPHOI'O ITIOBITPA
MICT HIBHIYHO-3AXIITHOTI'O IPUYOPHOMOP’sA

YV 6acamvox pezionax Yxpainu eonosnuil 6necox y popmysants 3a2anbHo2o pieHs 3a6pyOHeHHs ammoc@hepHo20 nosimps 6HO-
cAMb nepecysHi 0Jcepend, Wo Cymmego 8NnauUeac Ha POPMYBAHHs GUCOKUX PiBHIG 3a0pyOHeHHs nogimpanozo baceliny. /Jo maxkux pe-
2ionie sionocamuvca Odecvka, Muxonaiscovka i Xepconcvra oonacmi Ilisniuno-3axionoeo Ilpuuopromop ’sa. Tepumopis yux obnacmei
Xapakmepuzyemvcsi YHIKANbHUM NPUPOOHO-pecypchum nomenyiaiom. [lpome uepes po3sumox npoyecie ypoauizayii, 6niue npomuc-
106020, MENNIOEHEePLeMUYHO20, MPAHCROPIHO20 MA A2PAPHO20 CEKMOPI6 NOZIPULYEMbCS 3A2AbHA eKOL02IUHA CUNYayis, 8 momy
yucni i cman ammocgheprozo nogimpa. Y pecionax Ilieniuno-3axionoeo Ilpuuopromop’s, aKi mawomv 6UCOKUU peKpeayiiHo-
0300p0o8UULI NOMEHYIAT, 00 CMAHY I AKOCMI AMMOCHEPHO20 NOGIMPSL BUCYBAIOMbCL DINbLU HCOPCMKT CAHIMAPHO-2ICIEHIYHI BUMO2U.

Ha oanuti wac nocmiiini cnocmepedsicenisi 3a CmaHoM nogimpsano2o 6acetiny npogoosmcs y micmax Ooeca, Izmain, Muxonais i
Xepcon. Memoio pobomu € oyinka i ananiz pigHs 3a0pyoHeHHs ammocpeprozo nogimps okpemux micm Ilisniuno-3axionoeo Ipuuo-
PHOMOP 51 3a 6acamopiunuil nepiod. /s oyinku 6yiu 3acmocoeani KOMIJIEKCHI IHOeKCU 3a6pyOHeHHs. amMocgepu.

B pesynomami nposedenux 0ocuioxrcenb ompumMano, wo pisens 3a0pyoHenHs ammocgeprozo nosimpsa m. Odeca y nepesasrcHiil
Oinvuiocmi 8uNaoKie K1acupikyemoca Kamezopicio « CUNbHO 3a0pyonenay, M. 13main — kamezopito «crabko 3adpyonenay. Maxcuma-
JIbHI KOHYenmpayii' y nogimpanomy baceiini 6i03Hauaromucs 3a emicmom opmanvoezioy. Y m. Muxonaie maxcumanvHi Konyenmpayii
3i 3naunumu nepesuwennamu I {Kco 6ioznauaiomvcsa 3a émicmom gopmanvoecioy. Pigenv 3abpyonenns ammocgepnozo nogimps
KIacu@ixysascst Kame2opisaimu «ciabko 3a6pyoHeHay — «3aopyouenay. ¥ m. Xepcon naubinbuiuil emicm 6i03HAUABCS NO MAKUX 3A-
6PYOHIOIOUUX PeHosUHAX, SIK hopmanboe2io i Oiokcud azomy. Pisenv 3a0pyouenns, ax iy m. Muxonais, knacugixyeascs kameeopiamu
«cnabko 3abpyonenay — «3abpyonenay. Ooeca 3a 6MIiCMOM NEPEBANCHOT OLIbULOCT 3aOPYOHIOIOUUX PEHOGUH 6X00UNb 00 Kame2opii
Micm 3 niosuujeHuM pigHem 3a6pyonents ammocgepu, Muxonais, Xepcon i Iamain — 0o kamezopii 3 donycmumum piguem. Ompumari
pe3yibmamu € 0CHO8010 0151 pO3POOOK NPUPOOOOXOPOHHUX PEKOMEHOAYill 8IOHOCHO 3MEHUIeHHS UKUOI8 3A0PYOHIOIOYUX PEeUOBUH 6
ammocghepre nogimpsi pe2iony, 8 neputy uepey, 8i0 nepecygHUx 0dcepei.

Knrwwuoei cnosa: ammocgepue nogimps, 3a6pyonioroua pewosuna, inoekc 3a0pyoHeHHs ammocgepu, Kiacugixayis, pieens 3a-
OpYOHEHHS1.

A. B. Yyzait, T. A. Cagppanos. OCOBEHHOCTH 3AT'PASHEHHA ATMOC®EPHOI'O BO3/1YXA I'OPO/10B CEBEPO-
3AITA/THOI' O IIPHYEPHOMOPBA. Bo muocux pecuonax Ykpaumvl enaenbvlil 6K1a0 6 Gopmuposanue obueco yposHs 3azpsizHe-
HUSL ammocepHo2o 8030yXa GHOCAM NEPEOBGUICHBIE UCMOYHUKU, YMO CYWECMEEHHO 6IUslem HA (OPMUPOBAHUE 8bICOKUX YPOGHEl
3aepaznenust 8030yuinoco 6accetina. K maxum pecuonam ommocames Odecckas, Huxonaeecxkas u Xepconckas obnacmu Cegepo-
3anaonoeo Ipuuepromopws. Jannas meppumopusi XapaKxmepusyemcsi YHUKAIbHbIM NPUPOOHO-pecypcHblm nomenyuarom. OOHaxo
U3-3a pazeumusi NPOYECcco8 YpOanu3ayuy, noo GIUsSHUEM APOMBIULLIEHHO20, MENI0IHEPLeMULEeCKO20, MPAHCROPMHO20 U A2PAPHO20
CeKmopog yxyoulaemesi 06uas HKOL02UHecKdst CUMyayusl, 6 MoMm 4ucie u coCmosiHue ammocpepnozo o3dyxa. B pecuonax, Cesepo-
3anaonozo Ipuuepnomopos, Xapakmepusyliomuxcst 6blCOKUM PeKPeayUuoHHO-0300POSUMELbHBIM NOMEHYUAIOM, K COCMOSIHUIO U Ka-
uecmey ammochepHo2o 6030yxa npedvasnsomcst 6oiee JcecnKue CAaHUMapHO-2USUeHUYeCKUe mpebo8anusl.

B nacmosiwyee epems nocmosiunvie HAOMOOEHUs 3a COCMOSHUEM 8030VULHO20 baccelina npogodsamcs 6 2opodax Odecca, Hzma-
un, Huxonaee u Xepcon. Llenvio pabomel s615emcs OYeHKa u anaiu3 ypoeHs 3a2psa3HeHust ammochepHoco 8030yXa OmoeibHbIX 20p 0-
006 Cegepo-3anadnoeo IIpuuepromopos 3a muozonemuutl nepuod. /s oyenxku Obliu npuMeHeHbl KOMIIEeKCHble UHOEKC bl 3a2psi3He-
Hus ammocgepbol.

B pesynbmame nposedennuix ucciedosanuli Noay4eHo, umo yposeHs 3azpa3Henus ammocgepro2o 8o3oyxa 2. Odeca 8 nooasns-
owem bonbuUHCmEe CyYaes KiacCUQuUyupyemcst kame2opuell « CUIbHO 3aepssHenHasy, 2. Mavaun — kamezopuetl «c1abo 3a2pss-
Hennasy. Maxcumanvhble KOHYeHmMpayuu 8 6030YWHOM Oacceline OMMedaomces no cooepicanuio gopmaivoecuda. B 2. Huxoraes
MAKCUMATbHbIE KOHYEHMPAyUuL o 3Hauumenbibimu npesviuienusmu IJKce ommeuaromes no cooepoicanuio gpopmanvoecuoa. Ypo-
6€Hb 3A2PA3HEHUS. AMMOCPHEPHO20 8030YXA KAACCUPUYUPOBAIICS KAME2OPUAMU «CAO0 3a2ps3HeHHasy — «3azpasnennasny. B . Xep-
COH HauboIbULee COOEPIHCANUE OMMEUATIOCH NO MAKUM 3AZPAHAIOWUM BeUjecmeam, KaKk opmarboecud u OUOKCUo azoma. Ypoeens
3aepsaznenust, Kak u ¢ 2. Hukonaes, knaccuguyuposancs kamezopusmu «ciabo 3azpszHennasy — «3azpaznennasy. Odecca no cooep-
JHCAHUIO NOOABIAIOWE20 OONBUUHCIMGEA 3A2PAZHAIOUWUX BEUECE BXOOUM 8 KAMe2opuio 20p0008 ¢ NOGLIUEHHBIM YPOGHEM 3a2ps3He-
nust ammocgheput, Huxonaes, Xepcon u Hzmaun — ¢ kamezopuio ¢ donycmumviym yposrem. Tlonyuennvie pezynomamot s6as10mes oc-
HOGOIL 015 pa3pabomox npupoOOOXPAHHBIX PEKOMEHOAYUL OMHOCUMENbHO YMEHbULEHUS! BbLOPOCO8 3A2PAHAIOUUX BEUIeCE 8 AMMO-
chepHbill 8030yX pecuoHa, 8 NepyIo ouepeddb, OMm NePeOSUICHBIX UCHOYHUKOS.

Knrouessle cnosa: ammocghepvlil 6030yx, 3aepsasHsioujee euecmao, UHOeKC 3a2psa3HeHUs. ammocgepsl, Kiaccugurayus, ypo-
6€Hb 3A2PSAZHEHUSL.

Beryn. 3a nanuMu oQimiifHOI CTaTHCTUKU OK-  CTalllOHAPHUX JDKepell. Asie y 0araTrbox o0macTsx
peMmi perioHn YKpaiHU XapakTepu3ylOThCs 3HAUHUM  JOMIHYIOUM BHECOK y ()OPMYBaHHS 3arajJbHOTO
o0csirom BUKHIIB 3a0pynHioounx pedoBuH (3P) Binm  piBHS 3a0pyaHEeHHS aTMOC(EpPHOTOo MOBITPS BHOCATH
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TIepeCyBHI JDKEpenia, Mo CyTTEBO BIUTMBAE Ha (op-
MyBaHHSI BUCOKHX PIBHIB 3a0pyqHEHHS MTOBITPSHOTO
Oaceiiny. [lo Takux perioHiB BimHOCSTBCS OfeChbKa,
MuxonaiBcbka 1 Xepconceka obmacti [liBHiuHO-
3axigaoro IIpwaopromop’s (I13I1). Kpim Toro, 3a
manuMy HartioHabHOI JOTOBIZMI TIPO CTaH HAaBKO-
JUIIHBOTO MPHUPONHOTO cepenoBuina B Ykpaini [1]
M. Opneca mocigae 5 wmicue y meperniky HalOUIbII
3a0pyaHEHHNX MIiCT YKpaiHm.

Perionu I13I1 3 ogHOTO OOKY XapaKTepU3yIOTh-
sl JOCTaTHBO BHCOKUM PiBHEM TEXHOT'€HHOTO HaBa-
HT@XEHHS, a 3 IHIIOTO MAarOTh BHCOKHM peKpeartiii-
HO-037I0pOBYMIi MOTEHIiak. JlaHa TepuTopis xapak-
TEPU3YETHCSI  YHIKANBHUM  TPUPOJHO-PECYPCHUM
noteHmianoM. [Ipore yepe3 po3BUTOK TPOIIECiB yp-
Oamizarllii, BIUIMB TPOMHCIOBOTO, TEIIOCHEPTeTHY-
HOTO, TPAaHCIIOPTHOTO Ta arpapHOro CEKTOPIB MOTi-
PIIYETBhCS 3arajbHa EKOJIOTiYHA CHTYyaIlis, B TOMY
gucii 1 ctan arMocdeproro nositps. [lpu oMy
cmin 3a3HauuTH, mo y perionax [I3I1, ski mMarTh
BHUCOKHH PEKpealiiHO-030pOBUYMN IOTCHIIIAN, JI0
CTaHy 1 AKOCTi aTMOC(EPHOTO TOBITPST BUCYBAIOTHCA
OLITBIII )KOPCTKI CaHITAPHO-TITi€HIYHI BUMOTH.

[IpencraBnena po0OOTa BiAIOBia€ OCHOBHHM
HanpsMKaM €KOJIOTIYHOI MONITHKH YKpaiHu BiAro-
BimHO 10 3akoHy Ykpainu «lIpo OcHoBHI 3acamm
(cTparerio) AepKaBHOI €KOJIOTIYHOT MOJITHKH YK-
painm Ha niepion 1o 2030 poky» [2].

AHagi3 ocTaHHIX AocCHiTxKeHb i myOsikamiii.
3a3HauMMo, 0 HAa JIAHWH Yac MOCTIHHI crocTepe-
KEHHS IpoBOIsAThCs y Mictax Opeca, [3main, Muko-
naiB i XepcoH. [lutaHHAM OIiHKK piBHS 3a0pyIHEH-
Hs1 armoc¢eproro noBitps Mict 1311 npucesdeni
pobotu Oarareox aBropiB (Cadpanos T.A., ['ycesa
K., Hemsaenko O.B., Manees B.O. Ta in.). Tak,
[Ie € TIPeAMETOM JIOCIiKEHb aBTOPiB poOOTH Ta iX
criBaBTOpiB. Y poborax [3 — 7] HafaHO pe3y/IbTaTH
OIIIHKK 1 JUHAMIKK 3MIiHM SIKOCTI arMoc(epHOro
nositps perioniB 1311 3a Gararopiunuil nepiox sk
OCHOBHMMH, Tak i cnenupigvanmu 3P. Takox meB-
HUI iHTepec mpeacTaBisie podoTa [8], mpucBsIYeHa
aHamizy o0coONMBOCTEH 3a0pyOHEHHS TMPUPOIHUX
CEPEIOBHII, B TOMY YHCIIi 1 aTMOC(EepHOTO MOBITPS,
3 ypaxyBaHHAM MOpPQOJOTiYHOI CTPYKTYpH JaH[I-
madriB y mexax M. Opeca. 3arampHuit SWOT-
aHaJIi3 eKoJIoriYHol cxiramoBoi M. Oxeca, SIKUH Mic-
TUTh XapaKTEPUCTUKY OCHOBHUX MPUPOIHHX 1 aH-
TPONOTCHHUX (AKTOPIB, SKI € MPUYUHOI (OpPMY-
BaHHsI EKOJIOTIYHOI CHUTYyallii, HaBeJeHUH aBTOpaMu
pobotu [9]. 3 ypaxyBaHHSAM PEKpealiiHOrO MOTCH-
miany M. Oneca 1ikaBoro € pobora [10], mpucBsucHa
XapaxkTepuCcTULi O10KJIIMaTHYHUX CKIIAJ0BHX pPeKpe-
amiiHoro  moteHumiany Onechkoi  MPOMHCIIOBO-
Michkoi aromMepaiiii. ¥ po0oti [11] npoaHanizoBaHo
CTaH piBHS 3a0pyAHEHHS aTMOC(EPHOTO MOBITPS M.
XepcoH, npoaHaizoBaHo BMicT 3P y HOBiTpsHOMY
Oaceitni. B mimomy 3a manumu omsany LleHTpanbHOT

reodiznunoi o0cepraropii iM. b. Cpe3neBcbkoro 3a |
miBpiuus 2019 p. [12] 3a piBHEM 3a0pyaHEHHS art-
Mochepu M. Opeca nocigae 3 Micuie, M. MukomnaiB —
4 1 M. XepcoH — 7 MicIe cepe iHInX MicT YKpaiHH.

Binpmricte poOiT iHIIMX aBTOPIB € KOMIDIEKC-
HUMH JOCIIIPKEHHSIMH DPIiBHS 3a0pyJHEHHS aTMOcC-
¢epu perioniB Ykpainu B minomy. Tak, y poboTax
[13, 14] BukoHAHO 3arajbHy OIIHKY CTaHy 3a0pya-
HEHHs aTMOC(EpPHOTO TOBITPS 32 BMICTOM OKPEMHX
3P i kmacudikarito Mict Ykpainu 3a piBHeM 3a0py/i-
HeHHs atMocdepu. Takox mpencTaBisIOTh iHTEpecC
IOCHIDKEHHS, SIKI TPHUCBSIYCHI OIIHIN PHU3UKIB Bif
3a0pynHeHHS aTMocdepu i BIUIMBY Ha CTaH 3J0-
poB’s HaceneHHs [15, 16]. ABropamu pobortu [15]
3a pe3ynbTaraMy OIIHKM HaJaHO PeKOMEHJAIii 1mo-
JIO TOIITEHOCTI BKJTFOUEHHS OLIHKHM PU3WKIB Ha 3710-
POB’S HACEJICHHS JI0 CHCTEMH MOHITOPUHTY aTMoOC-
¢depu. 3a piBHEM BIUIMBY 3a0pyOHEHHS arMocdepu
Ha 3/I0pOB’sl HaceJeHHs MuKonaiBcbka i XepCoHCh-
Ka obmacTi yBiiinum 1o 6e3pu3ukoBoi 300U, Onech-
Ka — JI0 30HU KPUTUYHOTO pU3UKY [16].

Oxpemi poOOTH MPUCBIYEHI OIHIT PIiBHS TEX-
HOTCHHOTO HAaBaHTA)KEHHsI HA HABKOJIUIIHE CEepeNo-
BUIlle perioHiB Ykpainu. Tak, I[ikaBUM € JOCIIi-
JOKEHHS aBTOpiB podotu [17], B sIKiii mpencTaBiIeHO
pe3yIbTaTH KJIACTEPHOTO aHalli3y perioHiB YKpaiHu
3a piBHEM aHTPOIIOTEHHOTO HABAHTAXXCHHS, B TOMY
yuci 1 3a oocsaramu BukuzAiB 3P. Tak, MukomaiBchb-
Ka 00NacTh YBIHMIIUIA IO TIEPENiKy PETiOHIB 3 HHU3b-
KUM piBHeM HaBaHTaxkeHHs, Ofechka 1 XepcoHChKa
— 3 cepenHim piBHeM. Takox aBTopamu podoTH [18]
OyJll0 TIPOBEACHO OLIHKY TEXHOI'€HHOI0 HaBaHTa-
JKeHHS1 Ha TOBIiTpAHuil Oaceiin perioni II3II Bin
CTaIliOHAPHHX 1 IEPECYBHUX JKepel 3a0pyAHEHHSI

OTxe, aHaJli3 OCTAaHHIX JOCIIIKEHb IT0Ka3asB,
10 TIepeBaXkHa OLTBIIICTh POOIT MPUCBSIYEHA perio-
HaMm Ykpainu B minomy. Takox nepenik 3P i mepion
MOCIIDKEHHS € JIOCHTh OOMEXEHMMHM. 3a3BHYAld,
aHami3yeThcsl BMIiCT OCHOBHMX 3P (mwm, miokcup
CIpKH, JIOKCH]I a30Ty 1 OKcu Byrieno). [Ipu mpomy
B perionax I13I1 3Hauy ponb y popMyBaHHI BUCOKUX
piBHIB 3a0pyaHEeHHsI atMocdepH Billirpae BMICT Jie-
saxux cnerudivaux 3P [5].

@opMyTIOBAHHS MeTH cTaTTi. MeToro maHoi
poOOTH € OLliHKA 1 aHaMi3 PiBHA 3a0pyAHEHHS aTMO-
chepHoro moBiTps okpemux Mmict IliBHi4HO-
3axignoro [TpudopHoMop’s 3a GararopiuHuil epion
(2000 — 2018 pp.).

JLJ1s1 OLliHKYM 3aCTOCOBaHMH 1HIAEKC 3a0pyIHEHHS
armMocdepu (I34) 1 komrutekcHuii 134 (KI3A4), sxi Ha
JIAaHUW Yac € OMHUMHU 3 OCHOBHHX ITOKa3HHKIB SIKOCTI
armMocdepHoro moBiTps. s xmacudikamii piBHA
3a0pyIHEHHS] BUKOPUCTAHO iHAEKC [5 sk KI3A, sxuit
BpaxoBye jaHi 1po 5 3P, mist SIKUX 3HAYCHHS OIUHU-
yuux /34 HanOinpmi. Benmnunna Is menmie 2,5 Bi-
MOBi/Ia€ BiIHOCHO YHUCTiH armocdepi; Bix 2,5 o 7,5
— cimabko 3abpynHeHii; Bix 7,6 mo 12,5 — 3abpynHe-
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Hiit; Bix 12,6 no 22,5 — cuiabHO 3a0pyaHEHid; Bix
22,6 no 52,5 — BUCOKO 3a0py/mHeHi; Oubine 52,5 —
eKCTpeMaJbHO 3a0pyaHeHii armocdepi [19].

Buxiaa ocHOBHOT0 MaTepiaty J0CTiAKeHHS.
Juig oniHKH 1 aHAMI3y piBHSA 3a0pyqHEHHS aTMocde-
pHoro moBiTpa M. Ozxeca 1 M. [3Main BuUKopucTaHi
(hOHIOBI MaTepiaii TaHHUX crocTepexeHs [ixpome-
TeopolnoriyHoro 1meHTpa YopHOro Tta A30BCHKOTO
MOpIB 3a SKICTIO arMocdepHoro moBiTps M. Opxeca
(2003 — 2007 pp.), a Takox PerioHanpbHHX JOTOBI-
neit 1 Exomoriyamx mnacmoptiB Opeckkoi obOnacti
(2008 — 2018 pp.) [20]. Y M. Oneca mepexa crario-
HapHUX IMyHKTIB CIIOCTEPEXEHb BKIIOUAE 8 IOCTIB,
y M. I3main — 1 nocr.

VY M. Oneca criocTepexeHHsT BEIyThCs 3a BMic-
tom 11 3P. Hamu Gyno Bukopuctano iHdopmariio
mpo BmicT 7 3P (mmn, okcu ByIIICITIO, TIOKCHT a30-
Ty, QeHoin, caxa, QTOpUCTHIA BOAEHb i PopMambie-
Tigx), OCKUIBKH BMICT iHmmMX 4 3P 3HaYHO HIKYE
IJIK 1 He BIUIMBa€e CyTTEBO Ha JOPMYBaHHS 3arajb-
HorO piBHA 3a0pyaHeHHs arMocdepu B micti. [Tome-
penHiil aHami3 IUHAMIKM 3MiHH CEPEIHbOPIYHUX
KoHIleHTpamii 3P mokasaB, 10 BMICT MalXe BCIX
pedoBuH nepesuiye I /[K.o B cepenupomy B 1,5 — 2
pa3u. MakcumanpHi KOHLEHTpaLii BiA3HAYAIOTHCS
3a BMicToM ¢opmanbueriny (3,3 I /[K.o i 6inbiue). 3a
BMicTOM (eHoITy, caxi, GToprcToro BogHio i Gop-
MaJbJIETiy BiJI3HAYAETHCS TEHACHIIIS 10 3HIKCHHS
KOHLEHTpaLil, 32 BMICTOM OKCHAY BYIJICLIFO — JESIKE
301IBLICHHSI.

Y M. I3Maln CIOCTEpEKEHHSI IPOBOAATHCS 3a
BMmicToM 6 3P. Hamu posmispanock 5 pedoBHH: mui,
TIOKCHUJI CIPKH, TIOKCHJI a30Ty, OKCHJ ByDJIELO i (ho-
pMalbierii. MakcuMalibHI 3HAUE€HHS KOHIICHTpAIlii

3 mocTiitHUM TiepeBuieHHsM [ /[K.y Bija3Ha4aIvch
3a BMICTOM JIOKCHJIY a30Ty, MiHIMAJILHUA pIBEHb
3a0pyIHEHHS BiZ3HA4aBCS 32 BMICTOM OKCHAY BYT-
jerro. MoxkHa BIA3HAYNUTH TEHAEHIIIO O 3MEHIIEH-
Hs1 3a0pyAHEHHS aTMOc(epH MUIIoM 1 hopMalberi-
JTOM 1 301TBIIIEHHS] OKCHIOM BYTIIEITIO.

Bynu pospaxoBani komrmekcHi /34 mist 000X
Mict (puc. 1 — 2). lna m. Oneca HaBeneHO pe3yiib-
Tatu po3paxyHkiB K134 ta Is. Tak, y 2003 — 2017
pp. TpH pO3paxyHKy [5 TOCTIHHO BpaxoByBaBCS
BMicT 4 3P, a came miokcuay azoty, ¢eHomny, Gropu-
CTOTO BOAHIO 1 popmanperiny. I1’ssTum mokazHIKOM
OyB BMICT caxi (Halvacrime) abo mury. Y 2018 p. Is
PO3paxoByBaBCs 332 BMICTOM IHITY, OKCHILY BYTJIELIIO,
IoKcHIy a3oTy, penomy i popmampaerimy. Jdms m.
I3main po3paxoBaHo /5, OCKIIBKH ATl aHAJI3y BHKO-
puctaso suuie 5 3P.

3a mepioA AOCHTIHKEHHs BiI3HAYA€THCS 3arajb-
Ha TEHJICHLIs 3MEHLICHHS PIiBHA 3a0pyIHEHHS aT-
MocdepHoro mositps M. Oneca. MakCUMyMH TOKa-
3HUKIB BifgzHaueHo y 2004, 2006 — 2007 pp. 3a pa-
XyHOK 3011blIeHHs! BMicTy (opmanpaeriny. ¥ 2017
— 2018 pp. Bi3HAYA€THCS HE3HAYHE 3MEHIIICHHS
3arajJibHOTO PiBHS 3a0pyaHeHHS M. [3Main 3a paxy-
HOK 3MCEHIICHHS KOHLIEHTpaLiil nuiy i ¢popmanbae-
rigy. ¥ 2010 — 2014 pp. 3HaueHHs [5 Oyno maiixe
HE3MIHHUM.

BukoHaHi po3paxyHKH JO3BOJSIOTH MPOBECTH
pamKyBaHHsS piBHIB 3a0pygHeHHs armocdepHOro
noBiTps M. Oxeca 1 M. I3main (tabn. 1). Sk BugHO,
piBeHb 3a0pyJHEHHS arMoCc(epHOro TMOBITPS M.
Opneca y nepeBakHid OUTBIIOCTI BUMAIKIB KilacHpi-
Ky€TBCSI KaTeropiero «CHIIbHO 3a0pyaHeHa», M. [3ma-
i1 — €JIMHOIO KaTEropit0 «CJIA0KO 3a0pyIHEHAY.

25
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Puc. 1. lunamika 3minu K134 1 Is m. Oneca 'y 2003 — 2018 pp.
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Puc. 2. JIlunamika 3miau /5 M. [3main y 2010 — 2018 pp.

CriocrepekeHHs 32 SIKICTIO aTMOc(epHOTro Mo-
BITpst B M. MuKoJaiB BUKOHYIOTbCS Ha 4 cTalioHap-
HHUX IYHKTaX CIIOCTepekeHb. J[Isl OliHKU piBHSA 3a-
OpynHeHHs1 aTMoc(epy BHKOPHCTaHI AaHi MOHITO-
PUHTY aTMocgepHOro MoBITps MicTa, HagaHi Yo-
PaBIiHHIM €KOJIOTil Ta MPUPOAHUX pecypciB Muko-
naiBcbkoi OJIA, a Takox Mmarepianm PerioHanpHuX
nonosifneit 3a 2002 — 2018 pp. [20].

Ha nanuit yac BUKOHYIOTBCS CIIOCTEPEKEHHS 3a
BMicToM 7 3P: mui1, TIOKCHJ CIPKH, OKCH/T BYTJIEITIO,
JUOKCH]T a30Ty, OKCHJ a30Ty, ()TOPUCTUH BOJCHB 1

(dopmanberia. B okpemi poku Takox aHasi3yBaBCs
BMICT OeH3(a)mipeHy, ajie i AaHi HE € CUCTEeMaTny-
HUMHU 1 Y pO3paxyHKaxX HE BPaXOBYBaJIHCh.

AHani3 BuXiHOI iH(OpMaIliil moKa3as, 110 MakK-
CHUMaJIbHI KOHLEHTpauii 31 3HAYHUMH NEPEBHUILECH-
Hsamu 1 /[K., Big3Hayanuch 3a BMicTOM (opManbie-
rigy. Takox 3HauHI KOHIGHTpAIlil 3 OKPEMHUMH IIe-
pesuieHHsIME [ /[K.o BiI3HAYAINCh 32 BMICTOM J1i0-
KCUAy a30Ty. Mo)kHa BiJI3HAYMTH HE3HAYHE 301JTb-
HICHHS BMICTY B aTMOC(EpHOMY TMOBITPi MHITY, JTiOK-
CUJY CIPKH, OKCHJy BYTJICI[IO 1 JOpMaIbACTI Y.

Tabnuys 1

PamxyBanHs piBHS 3a0pyaHeHHs arMocdepHoro noBitps M. Oneca i M. [3main 3a 3HaueHHSIMU [5

M. Oxeca

2003

Byno po3paxosano xomruiekcHi /34 s M. Mu-
kojaiB (puc. 3). [Ipu po3paxyHky /s y BCi pOKU Bpa-
xoByBaBcs BMicT 4 3P: muy, miokcuny azorty, ¢To-

M. I3main

puctoro BozxHIO 1 dopmanbaeriny. B sxocti m’saroi
PEUOBHHHU BHKOPHCTOBYBAJIMCS MOKa3HUKU 3a BMic-
TOM OKCHIy ByIJIeLio (B OUIBIIOCTI BUIAIKiB) abo
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okcuay asory. Tak, 3HaueHHs K34 i [5 He Binpi3Hs-
I0ThCS CyTTEBO. TOOTO PEUOBHHH, SIKI HE BpaxoBaHi
MIpU pO3paxyHKy /s, HE BIUTUBAIOTH CYTTEBO Ha (op-
MyBaHHS 3arajbHOTO piBHS 3a0pyIHEHHs aTMocde-
pu M. MukomaiB. MakcuManbHi 3HAYEHHS KOMIUICK-
CHUX TOKa3HWKiB BiazHaueHi y 2015 p. Takox y mo-
piBHsHHI 3 2002 p. Ha HaHW Yac BiI3HAYAETHCS He-
3Ha4HE 301TbIIeHHS PiBHS 3a0pyAHEHHS 332 PaXyHOK,

B TIEpIIIy Yepry, 30iIbIIeHHS BMICTY (hopMaitbaerimy,
a TaKOXX B OKPEMI POKH JIIOKCUY a30Ty.

Amnani3 piBHs 3a0pyaHEHHsI aTMOC(EpPHOTo TOo-
BiTpst M. MuxonaiB (Tabin. 2) nokasas, mo y 2005 —
2007 pp. piBeHb 3a0pyaHEHHsS Knacu]ikyBaBcs Ka-
Teropiero «cmabko 3a0pygHEeHa», y BCl 1HIII POKH
JOCTIIKECHHS — KaTeropiero «3a0pyaHeHay.

CriocTepexeHHs 3a SKICTI0 aTMOC(epHOro Io-

12

[EEN
o

KI3A (I5)
» [00]

S

Puc. 3. Jlunamika 3minu K134 i Is M. Muxonais y 2002 — 2018 pp.

Tabnuys 2

PanxyBaHHs piBHS 3a0pyIHEHHS aTMOC(HEPHOTo MOBITPSI M. MUKOJIAIB 332 3HAUCHHSIMH /5

Pik PiBenb 3a0pyr
2002
2003
2004
2005
2006
2007
2008
2009
2010

BITpsI POBOJSITECSL Y M. XEPCOH Ha 4 cTalliOHapHUX
nyHkTax. [{jist OmiHKK OyJid BUKOPUCTaHI MaTepiaan
npo cepeanpopiunuii Bmict 7 3P B armocdepHOMY
MOBITPI MicTa, HaBeJeHI y PerioHalbHUX JOMOBIIAX
3a 2000 — 2017 pp. (i, DIOKCHIT CIPKH, OKCHJ] BYT-
JIEITIO0, TIOKCH]T a30TY, OKCHUIT a30Ty, peHou i popma-
npgerin) [20].

3a mepiog AOCHIDKEHHS HAHOUIBIIMKA BMICT
BiJ3HAYaBCA [0 TAKUX PEUOBHHAX, K (HOpMaIbAETi
i miokcuna a3oty. Takox 3Ha4HI KOHIIEHTparlii Bif-
3HAYAJIUCh 10 (PEHOJY 1 OKCHUIY a30Ty B OKpeMi po-
KH. 32 BMICTOM NIy CepeTHbOPIUHI KOHIICHTpAITIT 3

Pik PiBeHE 320pyaHEeHHS

2008 p. HOCTIHHO 3MEHIIYBAJIUCh, @ 32 BMICTOM J1i0-
KCHUJIy a30Ty, OKCHJy a30Ty, ¢peHoy i popmainbieri-
Iy — 30UIbLITYBaJINCE.

[Ipu po3paxyHky [s TMOCTIHHO BpaxXOBYBaBCS
BMICT Jliokcuay a3oty i ¢opmanpieriay. [lepemik
iammx 3 3P nocriliHo 3MiHIOBaBCs. Pesynbraru pos-
pPaxyHKiB KOMILJICKCHUX TOKa3HHKIB HABEICHO Ha
puc. 4. BcraHornieHo, 1o sk i s M. Mukojais,
3HaueHHs K34 i [s M. XepcoH CyTTEBO HE Biapi3-
HstO0ThCsA. ToOTO 3aranbHUiA piBeHb 3a0pyIHEHHS
¢dopmyernest BeiMa 3P, 3a AKMMU BEIyThCS CIIOCTE-
PEXEHHS Ha TaHUH Yac.
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Puc. 4. Iunamika 3minu K134 i Is m. Xepcon y 2000 — 2017 pp.

Amnamni3 3a0pynHeHHS arMoc(epHOTro MOBITPS
M. XepcoH (Tabin. 3) mokas3as, IO BiJ3HAYaJINCh Ka-
Teropii «cnabko 3a0pyaHeHa» — «3a0pyIHEHAY.

[IpoBenennii MOPIBHAJILHUN aHami3 piBHS 3a-
OpyIHEeHHsT aTMOC()EPHOTO MOBITPS OKPEMHX MiCT
1311 3a 3Ha4enHsaM /s (puc. 5, Tadn. 4). Bcranosne-
HO, IO MaKCHMaJbHUH PiBeHb 3a0pyIHEHHS Bi/I3HA-
qaeTbest y M. Ogneca (mepeBaxkaroda KaTeropist «CH-
JIBHO 3a0pyIHEeHa»), MiHIManbHUH — y M. [3main (ka-
Teropist «ciabko 3a0pyaHeHa»). 3a0pyIHEHHS TOBi-
TpstHOTO OaceiiHy M. MuxonaiB i M. XepcoH B
OCTaHHI POKU XapaKTepU3YIOThCS MOPIBHIHUMH IO-
ka3aukamu [5. CtocoBHO obOmacHmx meHTpiB [I3I1,
TO piBeHb 3a0pyaHeHHs atMocdepu y M. Oneca B 2
pasu BuLIe, HiXXK Y Mukoiaesi 1 XepcoHi.

Y pob6orti [14] aBTOpamu, BUXO4H i3 3HAYECHB
nepesuitieHHst / /[K, 3anponoHoBaHo 4 TpyIH piBHIB
3a0pyaHeHHs: 1) TOMyCTUMHN PIBeHb 3a0pyIHEHHS
(< 1 IIK); 2) nigBuieHuil piBeHb 3a0pyTHEHHS
(1 =2 I'JIK); 3) Bucokui piBeHb 3a0pyaHeHHs (2 — 3

I'/IK); 4) ekcTpeManbHO BHCOKHI piBeHb 3a0pyn-
Henns (3 — 6 I /[K).

Hamu npoBenenmii nogiOHMi aHami3 CTOCOBHO
micT II3I1 Ha ocHOBI cepenmHiXx OaraTopiuHUX KOH-
ueHtpauii okpemux 3P (talm. 4).

AHaJti3 OTpUMaHUX PEe3yJIbTaTiB MOKa3ye, 10 M.
Opneca 3a Ginbrictio 3P (67 %) BXOIUTH 10 Karero-
pii MicT 3 TiIBUIIEHUM piBHEM 3a0pyIHEHHS aTMO-
ctepu, M. [3Main — no kareropii 3 JOMYCTUMUM PiB-
HeM (80 % 3P), M. MukosnaiB — 710 kateropii 3 J10my-
ctumuM piBHeM (71 % 3P), m. Xepcon — takox 110
kareropii 3 nomyctumum piBHem (57 % 3P). [o
TPyNHY 3 BUCOKUM piBHEM 3a0pyIHEHHS YBIHILIO M.
XepcoH 3a BMICTOM JIIOKCHIY a30Ty i opMalibieri-
1y, 10 TPYIIH 3 €KCTpeMajbHO BHCOKMUM DiBHEM 3a-
OpyaaenHs — M. Ogpeca i M. MuKoaiB 3a BMIiCTOM
(dopmanberiny.

BucHoBku. Y po00oTi BUKOHAHO OIIHKY, aHaJIi3
1 knacugikamito mict I13I1 3 piBHeM 3a0pynHEeHHS
armMocdepHoro noBiTps. B pe3ynbrari npoBeaeHnx

Tabnuys 3

PamxyBaHHs piBHS 3a0pyaHEHHS aTMOC(EPHOro HOBITPsIM. XEPCOH 3a 3HAYCHHIMH /5

Pik
2000
2001
2002
2003
2004
2005
2006
2007
2008

PiBenn 3a0pyniHeHHs

Pik
2009 |

PiBenn 3a0pyniHeHHs
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20
= 2003
18 = 2004
16 = 2005
= 2006
14 = 2007
12 ® 2008
=10 = 2009
= 2010
8 w2011
6 2012
= 2013
4 = 2014
2 22015
0 2016
Oneca Ismain Muxkoiais XepcoH 2017
Puc. 5. lunamika 3minu /5 okpemux mict 1311y 2003 — 2017 pp.
Tabnuys 4
PamxyBanHs piBH# 3a0pyaHeHHs aTMocepHoro moBiTps mict [1311
Pik M. Opneca M. Izmain M. MukoJ1ais M. Xepcon
2000 -
2001 —
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

JOCIIPKEHb MOYKHA 3pOOMTH TaKi BUCHOBKHU:

1) piBenb 3a0pyaHeHHs aTMOC(EPHOTO MOBITPS
M. Oneca y mepeBaKHIN OiMBIIOCTI BUMAJKIB Kila-
CU(IKYETbCS KaTEropiel0 «CUJIBHO 3a0pyqHEHa», M.
I3main — eanHO0O Kareropito «cnaOko 3a0pyaHEHa»
(MakcuMaJbHI KOHLEHTpaLii y MOBITPSIHOMY Oaceii-
HI BiJ{3HAYaIOThLCS 3a BMICTOM (popMaibaeriay);

2) y M. MukonaiB MakcHMajibHI KOHIIGHTpaLlii
31 3HaYHUMU niepeBUIIeHHIMH [ [K.o TaKkoX Bin3Ha-
YalThCS 3a BMICTOM (OpMallbAeriny, a piBeHb 3a-
OpymHEeHHsT aTMOC(EPHOTO MOBITPs Kiacu(ikyBaBcs

KaTeropisiMu  «cllabKo 3a0pydaHeHa» — «3a0pya-
HEHay;

3) y M. XepcoH HalOUIBIINI BMICT BiJ[3Ha4aBCS
M0 TaKUX PEYOBHMHAX, SIK (hOpMalIbICTia 1 JIOKCHI
azory. PiBenp 3a0pyaHeHHs, sK 1 y M. Mukonais,
Kiacu(ikyBaBcs KaTeropisiMu «ciadko 3a0pyaHeHa
— «3a0pynHEHaY;

4) MOpIBHSJIBHUM aHali3 PiBHSA 3a0pyIHEHHS
armMocgepHoro mnoBiTpa okpemux Mict II3I1 moxka-
3aB, 110 MakCHUMaJIbHUH piBeHb 3a0pyAHEHHs Bif-
3HauaeThes y M. Ofeca (mepeBakaroua Kareropis
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Tabnuys 4
Pamxysanns mict 11311 3a piBaem nepesutienns [ /[K., (2000 — 2018 pp.)

Honyctumuii piBeHb [ligBuiennii piBeHb Bucoxkwii piBens (2 —3 | EkcTpemalbHO BUCOKUI
(<117K) (1 -21JIK) T/IK) piBens (3 — 6 I'/IK)
nu
I3main, Mukonais,
Opneca - -
XepcoH
diokcud cipku
Ogneca, I3main, Muxko- _ _ _
JaiB, XepcoH
OKCUO gyzrieyio
I3main, Mukomnais,
Opneca - -
XepcoH
diokcuo azomy
Ouneca, I3main Mukosa-
- N XepcoH -
iB,
OKCUO azomy
Oneca, Muxonais, B _ _
XepcoH
caxyea
- | Oneca | - | -
¢enon
- | Opeca, XepcoH | - | -
¢mopucmuii eodens
MukonaiB | Oneca | - | -
dopmanvoezio
[3Main | - | XepcoH | Opeca, Muxkonais

«CHJIBHO 3a0pynHEHa»), MiHIMAIBHUN — y M. [3Mmain

(xareropist «ciabko 3a0pynHeHa);

4) M. Ozneca 3a BMICTOM TepeBa)XKHOI OLIBIIOCTI
3P BXOAMTH J0 Kareropii MicT 3 MiJBHIIECHUM piB-
HeM 3a0pynHeHHs arMocdepu, MukonaiB, XepcoH i

I3main — 1o kareropii 3 AOMYCTUMHUM PiBHEM.

OTpuMaHi TIpH JOCHIPKEHHI Pe3ylbTaTH € 0C-

HOBOIO Uil pO3p00OK MPUPOJOOXOPOHHUX PEKOMeE-

BHUX JIKEpE.

HAALIN BIJTHOCHO 3MEHIIEHHS BUKUIIB 3P B armoc-
(epHe TOBITPS peTioHy, B MEPIIy Yepry BiJ mepecy-
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FEATURES OF AIR POLLUTION THE CITIES
OF THE NORTH-WESTERN BLACK SEA REGION

Introduction. According to official statistics, regions of Ukraine are characterized by a significant
amount of pollutant emissions from stationary sources. But in many areas the dominant contribution to the
formation of general levels of air pollution is made by mobile sources. Such regions include the Odessa, My-
kolaiv and Kherson regions of the North-Western Black Sea. Regions of the North-Western Black Sea are
characterized by a sufficiently high level of technogenic load and have a high recreational potential. This
territory is characterized by unique natural resource potential. However, due to the development of urbaniza-
tion processes, the impact of industrial, transport and agrarian sectors is worsening the overall environmental
situation, including the state of the atmospheric air.

Review of previous publications. The work of many authors is devoted to the question of the level of
air pollution in the cities of the North-Western Black Sea. Most of the works are complex studies of the level
of pollution of the regions of Ukraine as a whole. Some works are devoted to the assessment of the techno-
genic load on the environment of the regions of Ukraine. An analysis of recent research has shown that the
vast majority of work is devoted to the regions of Ukraine as a whole. Also, the list of pollutants and the
study period are quite limited. Usually, the content of the main pollutants is analyzed. At the same time, the
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content of specific pollutants is very important in the regions of the North-Western Black Sea in the for-
mation of high levels of atmospheric pollution.

Purpose. The purpose of this work is to evaluate and analyze the level of air pollution of individual cit-
ies of the North-Western Black Sea over a multi-year period. The complex atmospheric pollution index,
which are currently one of the main indicators of atmospheric air quality, were used for the assessment.

Results. The level of air pollution in Odessa is in most cases classified as "heavily polluted", Izmail —
the only category "slightly polluted" (maximum concentrations in the air pool are marked by the content of
formaldehyde). In Mykolayiv maximum concentrations with significant exceedances of the maximum per-
missible concentration are also noted for formaldehyde content, and the level of atmospheric air pollution
was classified as "poorly polluted" — "contaminated". In Kherson, the highest content was observed for sub-
stances such as formaldehyde and nitrogen dioxide. The level of pollution, as in the city of Mykolaiv, was
classified as "poorly contaminated" — "contaminated".

Conclusions. Odessa, by the content of the vast majority of the pollutants, is in the category of cities
with high levels of atmospheric pollution, Mykolaiv, Kherson and Izmail — in the category with the permissi-
ble level. The results of the study are the basis for the development of environmental recommendations for
reducing the emissions of pollutants into the atmospheric air of the region, primarily from mobile sources.

Keywords: atmospheric air, pollutant, atmospheric pollution index, classification, pollution level.
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BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

ITPABUJIA OD®OPMJIEHHSA MATEPIAJIIB,
O INOJAKOTBHCA 1O «BICHUKA XAPKIBCBKOI'O YHIBEPCUTETY»

Ho ,,Bicanka XapkiBcpkoro HamioHanpHOTO yHiBepcureTy iMeHi B.H. Kapazina”, cepis ,,I'eonoris. I'eo-
rpadis. Exonoriss”, mpuiiMatoThCsl HayKoBi cTarTi 0bcarom Oinst 40 Trc. 3HAKIB, MPUCBSIYEHI JOCTIHKEHHIM Y
ramy3sx reoiorii, reoximii, rizporeosorii, reorpadgii, eKOHOMIYHOI Ta comianbHOI reorpadii, exosnorii, a Ta-
KOXX CYMDKHHX IUCIUILTIH. Matepiaidn MOXyTh OyTH IpeNCTaBlIeHI YKPaiHCHKOIO, POCIHCHKOI0 a00 aHTIii-
ChKOI0 MoBaMU. [lepeBara HagaeThCsA aHITIOMOBHHM CTATTSIM. PirieHHA Tpo myOumiKaliito mpuiiMaeTbes peaa-
KLIHHOIO KoJeTi€lo ,,BicHUKa”, MpH 1IbOMY KOXKHA CTaTTs PELEH3YEThCs TBOMA BUCHUMHU — (paxiBUsAMHU y Aa-
HIA TEMAaTHuIl.

Marepianu NOAAOTECS y IPYKOBAHOMY a00 B €IEKTPOHHOMY BUIVISZI Ta HAJCHJIAIOTHCSA HA €JIEKTPOHHY
nomry geoeco-series@karazin.ua. EnexrponHa Bepcis opopmiroerscst y hopmari Microsoft Word, mpudt
Times New Roman, po3mip 14, mixpsaakoBuit inTepsan 1,5, Bci mons mmo 2 oM, Biactyn st ad3airy — 0,75 cm.
Kupuum mpudToM BUAUISIOTHCS MiA3aroNI0BKY y cTarTi. lmocTparii, BKiIouaroun rpadike i cXeMu, MaroTh
OyTH pO3MillleHi 0e3MoCcepeIHhO B TEKCTI, a TAKOXK MoNaHi okpemumu Qaitiamu. CKpisb, JIe MOKIHMBO, JOITi-
TBHIIIE BUKOPHUCTOBYBaTH Tpadiku, a He Tabmuili. OpieHTallisl CTOPIHOK — KHIKKOBA. BUpIBHIOBaHHA CIIij
POOHTH TIO IIUPHHI CTOPIHKH.

3rigao Bumor JJAK Ykpainu opuriHanbsHa cTarTst y paxoBoMy BHIAHHI Ma€ CKJIAAATHCS 3 TAKKX PO3JIiTiB:

1. IlocTanoBKa NMpoGjieMH y 3aralbHOMY BUIIISIII Ta ii 3B 30K i3 BXKJIIMBUMH HAYKOBHUMH UM TIPAKTHY-
HUMH 3aBJaHHIMH.

2. AHaJi3 ocTaHHIX JOCaiIxkeHb i myOJikamii, B SKUX 3alI0YaTKOBAHO PO3B’SI3aHHS MOPYIICHOI MpO-
Onemu, Ha SIKi CIUPAETHCS aBTOP; BHUIIIJICHHS HEBHUPIIICHUX PaHIIlle YaCTHH 3arajbHOI MPOOIEeMH, SIKUM TIPH-
CBSIYY€TBCSI CTATTSI.

3. BuaijieHHsl HeBUPIlIeHUX paHillle YACTHH 3arajJbHOI MPo06JeMH, IKUM IPUCBIIYETHCS CTATTS;

4. ®opMyTIOBaHHS METH CTATTi (TOCTAHOBKA 3aBIAHH).

5. BUKJIal OCHOBHOTO MaTepiajy AOCJTiI:KeHHsI 3 TOBHUM OOTPYHTYBaHHSM OTPUMaHUX HAyKOBHX pe-
3yJIBTATIB.

6. BUCHOBKM 3 TOCII/[)KeHHS 1 IEPCIEKTUBH MOJATBIITNX PO3BIIOK Y IEOMY HAITPSIMI.

s crareit HeoOxinHo Bkazatn YJIK, mogarn Haspy (n0 10 ciiB), aHoTamio (He meHIe Hix 1800 3HaKiB)
Ta KIII04O0BI cyioBa (8-10) ykpaTlHCHKOIO i pOCIHCHKOI0 MOBaMHU.

Ha oxpemomy apkymri HamaeTbes iHGopMallist Ipo aBTopiB (TIpi3BHILE, iM’ S Ta MMO-0AaTHKOBI, TOBHA Ha3Ba
oprasizaiiii, mocajaa, BUYeHUH CTYIiHb 1 3BaHHs, MOIITOBA aapeca, Tenedon, e-mail, ORCID) ykpainchkoro,
POCIHiCBKOIO ¥ aHITIHChKOI0 MOBaMU. KiJIbKiCTh aBTOPiB HE IOBUHHA MEPEBUIIYBATH 3 (SIK BUKIIOYEHHS — 70
5). Ilepenik nocunaub opopmitoerses 3rigno 3 ACTY I'OCT 7.1:2006. Ho nepeniky 000B’s13K0BO OBUHHA
OyTH BKIIIOUEHA JIiTepaTypa 3a OCTaHHi I’ SITh POKIB, y TOMY YHCIi 3aKOpJOHHA, a caM Mepeilik NOBUHEH Mic-
TUTH HE MEHIIe HixK 20 MOCHIIaHb.

Takox € HEOOXiTHUM pO3rOpHYTHH pedepar aHDIIHCHKOI MOBOIO, OGOPMIIEHUH 3TiTHO MIXHApPOIHHX
BHMOT JI0 HAyKOBHX BHJaHb. Pedpepar moBuHeH MaTH:

— o0csr ue menire Hix 2500 3HaKIB,

— iHpOpPMATUBHICTH (HE MICTUTH 3arajJbHUX CIIiB),

— OpUTiHAJIBHICTh (He OyTH KaJIbKOIO POCiiichkoi a00 yKpaiHChKOT aHOTAaIliT),

— 3MICTOBHICTb (BioOpaskaTu TOJIOBHHUHI 3MICT CTATTi Ta pE3yJIbTaTH JOCTIHKEHb ),

— CTPYKTYPOBaHICTh (HasIBHICTH OOOB’SI3KOBUX €JIEMEHTIB: Memd, Memoouxa, pe3yibmamu, HayKoea HOGU-
3HA, NPAKMUYHA 3HAYUMICb, KIIOHUO8I CNI06Q).

[licna pedepary HeoOxigHo HaBecTH References — nepexiaieHU aHITIHCHKOIO CITUCOK BHKOPHCTAHUX
JpKepen, sKuid Mae OyTH odopmuteHui 3rinHo MikHapogHoro cranaaptry APA (American Psychological
Association). /Io CIIUCKIB BUKOPUCTAHOT JITEpaTypH y CTarTsax HeoOxigHo momasatu DOI mxepen (3a HasB-
HOCTI).

Pyxonucu, He odopMIieHi HASKHUM YMHOM, HE IPUIMAIOThCS A0 MyOmiKarii.

Penakiiis 3anuinae 3a co00r0 MpaBo MPOBOIUTH PEIAKIIHHY ITPABKY PYKOIIUCY.

V pasi nepepoOKH CTATTi aBTOpaMH JaTOI0 HAAXOMKEHHS PYKOIHCY CTaTTi B pelakLilo NpuilMaeThes Aata
il MOBTOPHOTO Ha/ICHIAHHA. 3a BiIMOBH y MyOikauii poOOTH pyKOIIMCH CTaTeil aBTOpaM HE TOBEPTAIOTHCS.

[pu migTBepKEHH] MO3UTHBHOTO PIllICHHS HA MYOJIKAIlil0 CTarTi, aBTOp Mae O(OPMHUTH Ta HaJicIaTH
3rojly Ha MyOJiKaLio Ta ONPHIIOIHEHHS IEPCOHATIBHUX JaHUX.
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CUCTEMHA OPTAHI3AIIA JU3'FOHKTUBHOI TEKTOHIKHA KOHCOJIIJIOBAHOI'O
OYHIAMEHTY JHIITPOBCBKO-JOHELBKOI'O ITAJIEOPUDTY.

Cmamms € 3aKIIOYHOI0 YACMUHOIO MPUNO2il, WO BUCBIMIIOE CUCMEMHY OP2AHI3aYil0 POIOMHOI MEKMOHIKU KPUCTATIYHO20
gynoamenmy JIninposcoko-l{oneyvroco naneopugpmy ([AAI1). Ilpu pecionanrvHux 2e0mMeKmMOHIMHUX OOCHIONCEHHAX CIMPYKMYDHUX
PUCYHKI6 DO3NOMHUX cucmeM OOKeMOPIlicbKo2o QyHOaMenny enepuie 8UABLeHO AHCAMONi cmpyKmyp 00 €MHOI meKmoHiuHoi meuii,
AKI 3yMOBIeH] 308U208UMU 0eOPMAYIAMU KPUCIATTYHUX 2IPCLKUX NOPIO | 20PUSOHMATIbHUMU NePeMileHHAMU 2e0MACUBIE 8 MeXHCax
yiei pugpmorennoi sHympiwnvonaummuoi ceocmpykmypu Capmamcwvkoi niumu. ...

Kniouogi cnoga: oepopmayii 2opuzonmansvio2o 306u2y, CmMpyKmypHuti pucyHoK, MexaHizmy mexkmoHiunoi meuii, cmpykmypHo-
KiHeMamu4Huli naparexes.

A.B. Bapmauwiyx. CHCTEMHAA OPTAHH3AIIHA JTH3BIOHKTHBHONW TEKTOHHKH KOHCOJIHTHPOBAHHOI'O
OYH/IAMEHTA /JTHEITPOBCKO-/IOHEILIKOI'O IIAJIEOPUH®TA. Cmambs s611emcs 3aKIOYUMENbHOU YACMbI0 MPUNLOSUU,
ocgewaroweli. CUCMEMHYIO OP2AHU3AYUIO PAZIOMHOU MEeKMOHUKY KPUCALIuuecko2o @ynoamenma [nenposcko-/loneykozo na-
neopugpma (/I1). IIpu pe2uonanbHbix 2e0MEeKMOHUYECKUX UCCIE008AHUAX CIPYKIMYPHBIX PUCYHKOE PAOMHbIX CUCHEM 00KeMOpuii-
CK020 QhyHOameHm 6nepevie 8biAGIEHbl AHCAMONU CMPYKIYP MEKMOHUYECKO20 medeHUs, KOmopble 8bl36aHbl CO8U208bIMU Oedopma-
YUAMU KPUCMALTULECKUX 20PHBIX NOPOO U 2OPUSOHIMATLHBIMU NepeMeujeHUsMU 2eOMACCUB08, 8 npedelax Mol pughmo2eHHOU GHym-
punaumot ceocmpykmypvl Capmamckoi niumal. ...

Kniouesvle cnosa: degpopmayuu 20pu30HmanibHo20 co8ued, CMpyKmypHulll pUCyHOK, MexanusMbl MeKmoHU4ecko20 medeHus,
CMPYKMYPHO-KUHEMAMUYECKUL NapazeHes.

Beryn. BeranosieHo, 1o BHYTpIIIHS KiHEMAaTHKa JIITOCHEPH MPOSBISETHCS Y BEPTUKAIBHUX 1 TOPH30-
HTAJTBHHUX TEPEMIIICHHAX reoMac. BigOuTkamu mepmmux € giamipyd Ta MarMarudHi OCepeiKd Pi3HOTO pedo-
BUHHOTO CKJIaay 1 TTMOWHHU NMpOHUKHEHHS. CTPYKTYPHUMH MPOSBAMH TOPU30HTAIBHUX MEPEMillleHb TipCh-
KuX mopif € aedopmaniiini crpykrypu TekToHiuHOi Tewii (CTT). Tomy, npu BUBUEHHI TEKTOHIUHOI OymOBU
TEOCTPYKTYP CIIiJ] BpaXxOBYBaTd WMOBIpHICTh KOMOIHOBAHOTO €()eKTy JBOX TOJIOBHUX CTPYKTYPOYTBOPIOIOUNX
(hakTOpiB — MarMaTUYHOTO Ta TEKTOHIYHOTO, SIKUI pealli3yeThbcs 3a MeXaHi3MaMu 00'€éMHOi Tedil TipChKHUX
MopiI. ...
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SYSTEM ORGANIZATION OF DISJUNCTIVE TECTONICS OF
CONSOLIDATED BASEMENT IN DNIPRO-DONETS PALEORIFT

Formulation of the problem. Getting knowledge of the processes and mechanisms of the rocks tecton-
ic flow is important both for geotectonics and for oil and gas geology as horizontal displacements and rota-
tion of geological blocks in creep dislocations form secondary deformation structures. ...

Keywords: horizontal strike-slip deformation, structural pattern, tectonic flow structure, structural kin-
ematic paragenesis.
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