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rosoBHI YMHHUKU ®OPMYBAHHSA TA AKTUBI3ALII FPABITALIIMHUX NPOLIECIB
Y MEXXAX KMIBCbKOIo NPUAHIMNPOB'A

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Konezil 0-poM 2eos.-miHepasio2. Hayk, npod. B.B. Lllee4yykom)

InmezpoeaHa ouiHka ma aHania ennuey 2paegimayiliHux 2e0/102i4HUX npouyecie Ha MexHO2eHHi 06'ekmu 30ilicHIEMbCSI Ha OCHOBI
cucmeMHo20 nidxody Ao aHasizy cmaHy 2e0s102i4H020 cepedogulla; CMBOPEHHS 2€0J102i4YHUX, MameMamuy4HUX i Ipocmoposux mMode-
s1eli i po3pobKu po3paxyHKoeo-aHanimuyHuUx 3acobie. KomnnekcHe 3acmocyeaHHsi 2e0/1020-2eoMopghosio2idyHux Memodie (cmpykmy-
PHO-MOPghoMempuUYHO20 aHasi3y, Memody MopieHsIILHOI MEKMOHIKU Ui cmpPyKMypHO20 aHasi3y), 0aHux AucmaHyiliHo2o 30HOyeaHHs
3emni ma INC-mexHornoeili Hadano MoxJuiugicmb nidmeepoumu 2eHemu4HuUll 38'I30K MiX nMpoyecamu 2eomopghozeHe3y ma meKmoaze-
He3y e mexax Kuiecbkoeo lpudHinpos’s, susHayumu ¢hakmopu ¢ghopmMyeaHHsI ma akmusi3ayii 2pagimauiliHux 2eosio2i4HuUxX rnpoyecis, a
makox nobydyeamu HU3Ky npocmoposux Moderiel, W0 Xxapakmepu3yromb 6rn/1ue 2e60MopghosI02iYHUX i MEKMOHIYHUX YUHHUKI8 Ha rno-
meHUyiliHuli po3eumok Heb6e3neyHuUx 2eosoeiYHux npouyecie. Ha ocHoei aHanisy cmpykmypHo-MopghoMempu4HUX MOKa3HuUKie 6yso 3a-
ghikcosaHO mMeKMoHi4Hi cmpykmypu, wo Halbinbw npunioHssmi e penbegi. 3a 00MOMO2010 Kapmu 3a/IUWKO8020 pesibeghy, WO eXUMb
suwe 6a3ucHUX Mo08epXoHb 8idnoeioHUX Mopsiokie, aUdiNeHo cCMpyKmMypHi 30HU, W0 8idobpaxkaromb 83a€MO38 'A30K MEKMOHIYHUX ma
OeHyOauiliHo-epo3iliHux i akymynssmueHux npouecie. Ljughpoei modesti 6a3ucHUX NoeepxoHs i 3aruwKoeo20 pesibeqhy, HanpaeseHi Ha
8USsIeJIEHHS1 JIOKaJIbHUX CMPYKMYyp i cripsimoeaHi Ha G0CIliOeHHs1 cxusioeux rnpouecie mepumopii, 00380s1usIU MPOCMeXUmu Heomekx-
MOHIYHI pyxu He MiNbKU JIOKaslbHO20, asie U pe2ioHa/lbHO20 Xxapakmepy. 3auwKo8uM pesibeghoM OKOHMypeHo o0amHi ¢hopmu pesib-
egby npuypoyeHi 00 aHMUuKINiHasIbHUX CKITadoK, sIKi Hasie)amb A0 MO3uMmueHUX aHoOMastill cunnu MspKiHHS.

Knroyoei criosa: Hebe3neyHi 2eosozivyHi npoyecu, npocmoposuli aHasi3 daHux, cCmpyKkmypHa Mopghomempisi, 3anuwikosuli pesbeg,

ducmaHuyjitiHe 30HOyeaHHs 3emii, 2eoiHghopmayiliHi cucmemu.

BcTtyn i noctaHoBka npo6bnemu. Teputopis YkpaiHn
XapaKTepu3yeTbCa 3Ha4yHOK naHAawadTHO-oporpadiyHo
OndepeHLiauieto Ta HasgBHICTIO PEriOHIB i3 Pi3HOKD reosoriy-
Hoto Gy0BOIO, O OGYMOBIOE CYTTEBY Pi3HULIO B iHTEHCU-
BHOCTi Ta EKCTEHCMBHOCTI MpPOsiIBY HU3KM HebesneyHux
reonoriyHmnx npouecis. Cepea HUX HanMkaTacTPOMIYHILLMMM
€ CeWCMiYHi npouecu, BOAHI, rpasiTauilHi, BOOHO-rpaBiTa-
LifHI, rpaBiTauiiHO-BOAHI siBUWA Ta npouecu KoMOiHOBa-
HOrO XapakTtepy, SKi 3[INCHIOWTb HeraTUBHWA BMSIMB Ha
TeXHOreHHi 06'exTu pisHoro npuaHaveHHs (Pyobko, 2015).

Y mexax CepegHboro MNpuaHinpos'ss cepen Hebeaneu-
HWX reonoriYHMX NpoLecis HaNGINbLIMIA PO3BUTOK OTPUMATK
rpaBiTauiHi npouecu, Wo 0O6YMOBMEHI Pi3HMMMK reonoro-
reoMoponoriYyHMMM Ta rigpOMETEOPONONYHUMN  YUHHU-
kammn (Menshov et al., 2010). 3aranbHuin aHania NpocTo-
pPOBO-4acoOBMX 3aKOHOMIPHOCTEN rpasiTaliiH1X npoueciB y
MeXxax Liboro perioHy niaTeepaxye 6aratocakTopHuin xapa-
KTep iXHbOro hOpMyBaHHSA, OAHaK, Ha NepLUNA NnaH BUXO-
OATb MUTaHHA NPIOPUTETHOCTI Aii KOXHOro 3 daktopis, a
TaKOX TXHA B3aEMO3anexHiCTb 3a NeBHWUX OOCTaBuWH i3 pis-
Hoto KoMbiHaLjeto niTonoro-crpaTurpadivyHMX yMOB TEpUTO-
pii, TEKTOHiYHMX npoueciB, reomopdonoriyHoi 6ynoBsw,
rigporeonoriyHoi cutyadii ToLo.

Mpobnemam nposiBy rpaeiTauinHnx sBuLy y mexax Ce-
peaHboro MNpuaHINPOB's MPUCBAYEHO HWM3KY HayKoBMX Myb-
nikauin, y SkMx BU3Ha4aloTbCA TUNK rpasiTaLiiHuX npouecis
Pi3HUX KnacudikaLuiiHUX KaTeropiv i rpyn, NPUYNHU IXHBOTO
(hopMyBaHHs1, a TakoX 0COBMMBOCTI iX MexaHiamy Ta anHa-
Mikn. OgHak Ui siBMLLa 3anuwaTbes Npobnemoto 3 HeBUpi-
LUEHUMMN MUTAHHSMU SIK TEOPETWUYHOTrO, TaK i MPaKTUYHOro
Hanpsmy. MNpoBeaeHHs OeTanbHUX AOCMIOKEHb i3 BUBYEHHS
CY4aCHOro PexXuMy, CTaTUYHMX i OMHaMIYHWX yMOB hopMy-
BaHHSA rpaBiTalinHuX sBUL, Y Mexax Kuiscbkoro Ta KaHiBcb-
Koro MpraHINpoB's 4ano MOXMBICTb BUSHAYUTU KOPENATUBHI
B3aEMO3B'A3KM MiX PisHMM bakTopaMmn po3BUTKY rpasiTauin-
HUX SIBULL, Ta 34iINCHMTM aHani3 IXHa BaroBnxX 3Ha4eHb npwu
Aii unx npouecis y pidHNX 30Hax. [pun LbOMY KOMNMeKcHe
3aCTOCYBaHHS reororiyHMX Ta reomopdonoriyHnx mMeToais

(CTPYKTYpHO-MOPOMETPUYHOrO aHanisy, Mmetody MopiBHSA-
NbHOT TEKTOHIKM Ta CTPYKTYPHOrO aHaniay), a Takox MeTozis
npocTtopoBoro [C-aHanisy Hagano MOXnuBICTb NigTBEpP-
OUTN reHeTUYHUIA 3B'I30K MiXK MpoLuecamMmu reomopcoreHesy
i TekToreHesy B Mmexax CepeaHboro NpuaHinpos's, Mix go-
pmMamMu 3eMHOI MOBEPXHi Ta CTPYKTypamu 3eMHoi kopu. 3a-
CTOCYBaHHsl [OaHWX OMCTaHLUINHOrO 30HAYyBaHHA 3emni
3abe3neynno skicHy iHTepnpeTauilo reonoro-reomopdoro-
riYHUX AaHUX Ta AO3BONUIO NobyayBaTh HA3KY reonoriYyHuX
i reoMopdonoriyHnx Moaernen, ski cnyxaTb OCHOBOK Ans
NPOrHO3yBaHHA HeOe3neyvyHNX reornoriYyHnX npoLecis y me-
Xax gocnigxeHoi Teputopii.

F'onoBHi YMHHKMKK hopMyBaHHA Ta akTUBI3aLjii rpaBiTa-
uinHMX npouecis. [pocTopoBUi Ta YacoBuiA NPOrHO3 PO3BU-
TKy TrpaBiTauiiHMX MPOLECIB BMKOHYETLCA 3@  Pi3HUMU
nigxogamu i MeToamyHum 3abesneveHHsM, e BpaxoBaHO YNH-
HMKM Ta 0COBNMBOCTI IXHBOrO POpMyBaHHS Ha perioHarbHOMy
Ta nokanbHoMy piBHi. Tak, TeopeTnyHi 0br'pyHTyBaHHS NporHo-
3iB i MexaHi3MiB 3CyBiB i3 BUKOPUCTAHHSAM Pi3HUX NPUHLMNMIB i
nigxodie po3rnsiHyto B pobotax I.l. Pygpka, I.C. 3onoTta-
pboBa, |.®. Epuiia, 1.K. domenka, €.0. Akosnesa Ta iH. Jocni-
[KeHHs1 Hebe3neyHux reonoriyHux npoueciB nigkpecntoe
edpekTunBHiCTb cyvacHux [NC-meToguk, iHTepnpeTadii gaHux
[OVCTaHLNHOro 30HaYBaHHs 3emrii Ta MOAEerntoBaHHs y nonepe-
[PKEHHI Ta NPOrHO3yBaHHI HeraTMBHOIO BMNMBY rpasiTaLinHUX
npoueci (Pelletier, 2008; Foster et al., 2008; Saha et al., 2005).
MeToau mopentoBaHHs Ta M'lC BUKOPUCTOBYHOTBECS ANs NPOrHO-
3HOrO KapTyBaHHs1, OTPUMAaHHSI OLIiHK/ AMOBIPHOTO PO3BUTKY He-
0e3neYHMx reonoridyHMx MpoueciB, CTBOPEHHS Mopaenei
HaraTodhakTopHOI NPoCTOpoBOT OLUiHKM ToLwo (Ivanik et al., 2018).

Y CepegHbomy [MpuaHinpos'i npouecu rpasiTauiiHol
NPMPOAM MaloTb 3HauYHi BigMiHHOCTI B KniBcbkoMy Ta KaHis-
cbkoMy pavioHax (becnianoea, 2003; PxaHiuuH, 1996; Knum-
4yyk ma JH., 2008). Y paHin cTaTTi ronoBHa YyBara
3BepTaeTbCA Ha (popMyBaHHS rpasiTauiiHMX Npouecis y Me-
xax Kniscekoro MNMpuaHinpoB's, TepuTopis SIKOro B TEKTOHIY-
HOMY BiHOLLEHHI po3TalloBaHa B Mexax binouepkiBcbkoro
(PacTiBCbKOro) 6noka Ha niBHIYHOMY Cxuni YkpaiHCbKoro
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wuta. B mexax Kuiscbkoro MNpuaHinpos'a 3akapTtoBaHo Ta
aocnigxeHo noHag 150 cyvacHux i AaBHix ctabinisoBaHmMx
3CyBiB, aKTUBI3aUia GinbwocTi 3 Akux Biabynacsa y 6epesHi
2013 poky (puc. 1).

AHanis aktopis ¢opMyBaHHS BOAHO-rpasiTaLiiHUX
npoLueciB i NPOCTOPOBUIN MPOrHO3 IXHBOrO BUHUKHEHHS MOT-
pebyBanu CTBOPEHHS pensuiiHoi 6a3n reogaHux, ska
MicTuna noegHaHy kapTorpadiyHy Ta aTpmbyTuBHY iHdOp-
MaLito LWOAO0 NPOrHO3HNX O3HAK BUHUKHEHHST 3CyBIB (puc. 1).
MopdomeTpuyHi napameTpu 3CyBHUX Tin 3 XapaKkTepucTu-
KaMun iXHbOi POPMU, LUMPUHK, OOBXWUHM, 06'€My 3CYBHUX
Mac, NMOoLi MOLMPEHHS, XapakTEepPUCTUK 3CyBHUX CXUMIB,
Yacy IXHbOro BUHUKHEHHS TOLLIO CTAHOBWN OCHOBY aTpuby-
TMBHOI Tabnuui AaHWX LWoJo 3cyBiB, CTBOPEHOI HA OCHOBI
BMACHMX MONbOBUX CMOCTepexeHb Ta hoHOOBUX MaTepia-
niB. [Ins BM3Ha4YeHHS MPOrHO3HO-ETarIOHHUX O3HaK 3CYBIB,
npiopuTeTHOCTI Ta iHOpMaTMBHOCTI hakTopiB iX dopmy-
BaHHs Byno BUKOPUCTAHO TEXHONOTrIii reoiHPopMaLinHNX cu-
cTem, Wo nepenbayanTs CTBOPEHHS iHopMauinHoi 6asu
KOHLleNTyarnbHOi Mogeni perioHy i3 CyKynHicTio kapTorpadi-
YHMX wapiB i 6a3 aTpmbyTuBHOI iHCbopMaUii, BianoBigHO0

¥

opraHizauieto JaHWX LWOoA0 MOXIUBUX (PakTopiB BUHUKHEHHS
CYYacCHMX €K30reHHMX HebesneyHnx reonoriyHMX NpPoLECiB.
[ns uboro BUKkopucTaHo nporpamHuii npoaykT ArcGIS cipmm
ESRI Ta noro cneuianisoBaHi Mogyni, nepesara sikux nonsirae
B 400Ope po3BMHYTOMY iIHCTPYMEHTapii CTBOPEHHSI Ta 06po6KM
pacTpoBUX | BEKTOPHUX MoZerNel AaHnX, 0cobnmneo B 06nacTi
3acobiB oBeprenHoro aHanisy Ta anrebpu kapT, ski 1 6ynu
BMKOPUCTaHI B f@aHWUX AOCTIIKEHHSIX.

Ha ocHoBi nornmbneHoro reonoriYyHoro aHanisy i3 3any-
YEHHAM HaTypHUX [daHuX [JOCMiAXeHO ponb fiTonoro-
cTpaTurpadiyHoro, CTPYKTYPHO-TEKTOHIYHOIO i reomopdo-
noriyHoro ¢pakTopiB hopMyBaHHs Ta akTuBi3aLii rpasiTaLini-
HMX npoueciB. OnA LbOro CTBOPEHO HU3KY MPOCTOPOBUX
Mozenen (reonoriyHnx, reomopdOonoriYHnX, CTPYKTYPHO-
MOPGOMETPUYHMX Ta iH.).

OpHuM i3 NpoBigHUX hakTopiB po3BUTKY HeGe3nevHux re-
ONOriYHWNX NPOLIECIB € JTiMoio2o-cmpamuegpagiyHuti YUHHUK.
30HM pO3BUTKY HEGE3MEYHNX FeONOrivYHMX NPOLECiB Npuypo-
YeHi 40 nNeBHMX hopmaLiiHMX KOMMIEKCIB, O MakoTb CKMna-
[JHY NPOCTOPOBO-4acoBY CTPYKTYPY 3 BiAMOBIAHUMM QDi3UKO-
MEXaHi4YHVMU BNacTUBOCTAMM MOPOAHUX KOMMNIIEKCIB.
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Puc. 1. KapTta nowmpeHHs 3cyBiB y mexax KuiBcbkoro NMpuaHinpos's
(kpankamu nokasaHo Micusi niokanisauii 3cyBiB)

Y ctpaturpacii parioHy BUAINAKTLCA Bigknagu naneo-
reHoBOI, HEOreHOBOI Ta YeTBEPTUMHHOI cucTeM. HasaBHICTb y
po3pi3i MepreniB KuiBCbKOI CBIiTWU, aneBpuTiB 0OYXiBCbKOI
CBiTK Ta nickiB 6epeKCbKOi Ta MEXUTiIPCbKOT CBIT NaneoreHy,
nickiB HOBOMETPIBCbKOI CBITU Ta CTPOKATUX [MIUH HEOTEHY,
HEeOreH-HWKHbOYETBEPTUHHMX BYpUX | YHePBOHO-OYpUX MVH,
a TakoX CYrMWHKIB nneconofibHmMx 4eTBepTUHHOIO BiKYy CTBO-
ptoe nepenymoBu Ansi (HOPMYBaHHSI CTPYKTYPHUX 3CYBIB Y
HeofgHopiagHOMY cepepoBuLli GaratosipycHoi 6ynosu. Ack-
paBu1M NPUKNagoM Takux Npouecis € 3cyBu y M. Kuis Ta 1ioro
okonuusix (puc. 2).

[oNoBHMMK xapakTepucTukamu pesbegy, Lo BNAMBaOTb
Ha PO3BUTOK rpaBiTaLiMHUX i BOQHO-TpaBITALiMHUX SABULL, €
Kpymicmb ma eucoma cxusig. [ins BU3HAYEHHS X napame-
TpiB 3acobamun ArcGIS npoBegeHo oundpyBaHHS penbedy
A0CniaXyBaHOro perioHy i BU3Ha4YeHo ixHi OCHOBHI Mopdome-
TPUYHi NokasHukn. MobynoBaHo KapTy TPUBUMIPHOrO 306pa-
XeHHS penbedyy, KapTy KyTiB Haxury 3eMHOI NOBEPXHi Ta

KapTy ekcno3uuii cxunis. BusHaueHo abcontoTHi BiAMITKM Mo-
NOXeHHs 3CyBHUX Tin. Hambinbw 3cyBoHebe3neyHnmmn €
CXvnu niBoeHHoI ekcno3uuii Ta kpyTicTio 15-20°, uen napa-
METP € OQHWM i3 BU3HAYaNbHUX ANS IXHbOro hOpMYBaHHS.

lidpozeonoeiyHi ymosu 3cyBoHebGE3NeYHUX CXuniB
noB'si3aHi i3 BOAOHOCHUMW FOPU30HTaMU Y BEPXHLO-, cepes-
HbOHEOMMEeNCTOLEHOBMX antoBianbHKX Bigknagax, y cepea-
HbO-HWXXHbOHEOMNSIENCTOLLEHOBNX Ta E€OMNNeicToLEeHOBUX
antoBianbHUX i 03epHUX Bidknagax, y cepeaHbOHeonnemnc-
TOLLEHOBUX BOAHO-NTbOJOBUKOBUX, O3€PHO-NIbOAOBUKOBUX
CyrfnnHKax, HWKHbOHEOMNENCTOLEHOBUX €0N0BO-AeNtoBia-
NbHUX CYrMUHKAaX, Y MEXMWripCcbko-6epeKCbKMX i HoBOMETpiB-
CbKMX Bigknagax, eoueHoBuMX Bigknagax. Jlitonoro-
cTpaturpacdiyHi, reomopdonoriyHi Ta rigporeonoriyHi yMosu
Yy NOEAHAHHI 3 TiApPOMETEOPONONiYHNUM YMHHUKOM 3YMOBHIHO-
I0Tb IHTEHCUMBHUIA PO3BUTOK E€K30TEHHWUX MPOLECIB, cepen
AKX NepeBakaloTb rpasiTaLiiHi Ta eposinHi npouecu.
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MpoBeaeHHs CTPYKTYPHUX JAoChiaXeHb y Mexax Kniscb-
koro lMpuaHinpos'sa, a Takox INC-aHani3 nigTBEpAnnmn Baro-
MUA  BNAMB CMPYKMYypPHO-MEKMOHiYHo20 dakTopa Ha
hopMyBaHHS rpasiTaLiiHNX MPOLIECIB. Y Mexax Lboro peri-
OHY KpUCTaniyHun yHaaMeHT po3bUTUI Cepielo po3rnomis
cybmepuaianbHOro, cyGLIMPOTHOrO, MiBHIYHO-CXiAHOTO Ta
NiBHIYHO-3aXiAHOrO NPOCTAraHHA. Y HEOTEKTOHIYHOMY MraHi
HaMaKTUBHILLMMWU € PerioHanbHi CTPYKTYpU 3 pisHULEeo no-
Ka3HWKIB CymMapHux amnnityg pyxis Ao 60 M. 3oHi Hanbinb-
woro, KniBcbKkoro po3nomy, BianoBigatoTe 3HAYHI MOKa3HUKM

cepefHix rpafieHTiB LBUAKOCTEN HEOTEKTOHIYHUX pyXiB —
noHag 0,01 (cm/km)/Tuc. pokis. I3 3acTtocyBaHHAM OYHKLT
BigcTaHe moayna Spatial Analyst nigTBepmxeHo Baromy
ponb PO3NOMHMX 30H Y (hOPMYBaHHi 3CyBiB Ta ixHiln 6e3no-
cepefHin 3B'A30K i3 TEKTOHIYHMMM Mpouecamun. YCTaHOB-
NeHO CniBBiAHOLLIEHHS 3CYBIB Ta 30H PO3M0OMiB, JOBEAEHO iX
NPOCTOPOBI CMiBBIAHOLEHHS, NOOyA0BaHO KapTy BiACTaHeN
NOoXeHHS 3CyBIiB BiQHOCHO PO3MOMIB.

Puc. 2. ®opmyBaHHSI KOHCEKBEHTHUX 3cyBiB (KuiB, o3epo MNMuHka)

HoBITHi Ta cydacHi pyxv 3eMHOI KOpX MatoTb YiTKy 30Harnb-
HiCTb nposiBy Yy penbedi Kuiscbkoro MpuaHinpos's Ta diTkui
BMNMMB Ha CTBOPEHHA NepeaymoB And iHTeHcudikauii Hecrnpu-
ATINBKX rEOMNON4YHMX ABMLLL. Y 3B'A3KY 3 LIMM OKpema yeara npu-
Ainanace  MPOBEAEHHIO  CIMPYKMYypPHO-MOPGOMEempPUYHUX
00Cr1id0XKeHb, L0 HafaTb MOXIMBICTb OLIHKW BNIMBY TEKTOHI-
YHOro dhakTopa Ha PO3BUTOK Ta aKTMBI3aLilO rpaBiTaLinHMX
npouecis. CTpyKTypHa MopdpomeTpis, Lo crnpsMoBaHa Ha Jo-
CrifXXeHHS1 Pi3HOMACLUAbHNX TEKTOHIYHUX CTPYKTYp i BUSB-
NEHHs BepTVKanbHUX pyXiB 3eMHOI KOpW, € iHCTPYMEHTOM
YCTaHOBMEHHSI FTEHETUYHOIO 3B'A3KY MiXk reoMopdonoriyHnmMm
Ta TEKTOHIYHUMM NpoLecamm, Mk pOpMaMmn 3eMHOI MOBEPXHi
Ta CTpyKTypamu 3eMHoi kopu. 3a metogumkoro B.IM. dinoco-
doBa (Punocoghos, 1975), Wwo nonsrae B rpadiyHOMy po3kna-
OaHHi penbedy Ha 6a3uCHI, 3anuLLKOBI, BEPLUMHHI A epo3iliHi
NOBEPXHI BiOMOBIAHO A0 NOPSAAKIB AONVH | BOAOAINBbHMX MiHiiA,
ans teputopii CepeaHboro MNpuaHinpos's nobyaoBaHo KapTy
NnopsiaKiB AONMWH | BOOOAINIB, KapTu 6a3nCHMX NOBEPXOHb Ae-
CATU MOPSQKIB Ta KapTW 3anULIKOBOrO penbeddy BignoBiaHNX
nopsigkis. OCHOBOK BCix NMOOyaoOB € KapTu MopsigkiB AOMUH
(puc. 3) i Bogoginie. KapTtn 6a3mcHux NoBepxoHb SABMSAOTb CO-
0ot cknagHi noBepxHi, siki 06'eaHyOTh MicLeBi 6a3ncy epoaii,

" o A

Pc 3.¢0arme|-rr'|(ap'm nopsiakiB AONUH pe

a KapTu BEPLUMHHMX NMOBEPXOHb € CKNaAHMMUN NOBEPXHAMM, LLIO
NpoXoaaTb Yepes BoAoAiNbHi NiHii. BasucHi noBepxHi Bupaxa-
I0Tb CyMapHi pyxu 3€MHOI KOpu 3a pi3Hi Npomixkm yacy. CTBo-
PEeHHs1 ©asnCHMX MOBEPXOHb AN TEepUTOPii AOCHIAKEHHS
3pjicHIoBanocs 3a MeToavko nobyaoByM MOHOGA3MCHMX Mo-
BEpXOHb. Ha ocHOBI kapTu nopsiakiB JonvH Oyno nobynoBaHo
MOHODAa3MCHI NOBEpPXHi AeCATM NOpsAKiB, @ HA OCHOBI KapT Mno-
psiaKiB BOAOAINBHUX MiHi Ans TepuTopii gocnigkeHb nobyno-
BaHO MOHOBEPLLMHHI NOBEPXHi CEMMN NOPSAKIB.

KapTta gonvH Buwmx nopsiakie Bigobpaxae Jo4eTBEpTUH-
HUI nepiog dopmyBaHHA naneopensedy CepenHboro MNpu-
OHINpoB's. [JonMHM BULLMX NOPSAKIB NMPUYPOYEHi [0 HMKHIX
CTPYKTYPHUX SIPYCIB | 3aKnagatoTbCA NepeBaxHO Mo PO3rioM-
HMX 30Hax Ta PO3pUBHKX NopyLUeHHsX. [JonuHn Poci Ta JHinpa
BianosigaloTb BOCbMOMY-AECATOMY nopsiakaM, rigporpadidHa
CiTka Mae BigLIEHTPOBUI XapaKTep, OKPECITIOIYN OKpeMi TEKTO-
HiYHi cTpykTypy. JonuHa Oxinpa B CepenHbomy MNpuaHinpos'i
Mae HamBumLLmiA 10-11 NOPSAAOK, LLO 3acBigyye it AOYETBEPTUHHE
hopmyBaHHs. Taki JONVHM MaloTb BEMUKY JOBXWHY Ta 36epi-
ratoTbCs NPOTSAroM TPMBAnNoro nepiogy.
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KapTun 6a3ncHMX NOBEPXOHb i KapTW BEPLLUMHHUX NOBEp-
XOHb € CTaTUYHMMM, LIO AaloTb MOXMMBICTb MpoaHanisy-
BaTU 3B'A30K MK MOP(OMETPUYHUMK MOBEPXHAMU Ta
TEKTOHIYHNMM CTPYKTYpamu.

HaibinbLw iHopMaTUBHMMM 3 TOYKM 30pY aHarni3y note-
HUiMHOro po3BUTKY HebGEe3neyHnx reosoriyHMX NpoueciB Ta
IXHbOro MPOrHO3Y € KapTW 3aNMLIKOBOro penbedy, 3a Aorno-
MOrot sikux cikcyeTbcsi 06'eM TipCbKMX Mopid, Lo MoXe
OyTn BuAaneHui y manbyTHbOMY AeHyaauiiHumm npoLe-
caMu 3a aHarnoriyHuMx reonoriyHux i gismko-reorpadivyHmx
yMOB. P03pi3HsaeTbCa hOHOBUI Ta MOKaNbHUIA 3anuLLKOBUIA
penbed (Skun moxe ByTn iBHUM i ckpuTuM). KapTu 3anmw-
KOBOro penbedy po3rnsfalTb TakoX AK KapTu BepTuKanb-
HOro pO34neHyBaHHSA penbedy. 3 MEeTO CTBOPEHHSI KapT
3anMLWIKOBOro penbedy Ta NoKanbHOro po3MMBY BUMKOPUC-
TaHo AaaHi SRTM. Ha ocHOBIi 3HiMKa ropusoHTani penbedy
nobyaoBaHi  LWMSXOM BUKOPUCTaHHSI  iHCTpyMeHTa 3D
Analyst (Raster Surface) B ArcGIS 10.4 3 kpokom 20 m.

KoxHa 6a3ncHa NnoBepxHs XapakTepu3yeTbCsl CBOIMU 3Ha-
YEeHHSMM 3a5MLLIKOBOro penbedy. Yum Buwmn nopsigok 6aswmc-
HOI MOBEpPXHi, TMM GinbLui 06'eMK riPCbKMX MOpPIA NepexoasiTe y

5-75
Em75-10
Wl 10-125

12,5-15
Bl 15-175
. 17.5-20

3anuwkoBi. KapTa 3anuwwkoBoro pensedy OyayeTbes Lnsxom
BiAHIMaHHs1 6a3MCHOI NOBEPXHI BiA NNCOMETPUYHOI 3a METOOW-
Kkoto 3anponoHosaHoto 1.0. Pvxosmm. BoHa nonsrae B rpadi-
YHOMY HaknagaHHi 6a3nCHOi MOBEpPXHi Ha TriNCOMETPUYHY,
0bBpaxyHKy B MiCLSIX MEPETUHY Pi3HML MK YMCITOBUM 3HAYEH-
HSIM rOpU3oHTanen Ta i3o6asuT. [lani ToukM 3 04HaKOBUMU 3Ha-
YeHHAMW 3'€QHYIOTb i30MIHIAMM 3anNULWKOBOro penbedy, Lo
Ha3MBalTbCSA i3orinconaxitTamu.

Ha ocHoBI kapTu nopsaKiB ONUH ANs JOCHiAXeHOoi Te-
putopii CepepHboro [NpuaHinpos's nobynoBaHO AecaTb
KapT 6a3nCHMUX NOBEPXOHb | AEB'ATb KapT 3anuLLIKOBOro pe-
needyy. Y xoai gocnimpkeHs 6yno npoaHanisoBaHo KapTu 3a-
NWLIKOBOrO penbedy CbOMOro-agpyroro nopsigkis (puc. 4), y
MeXax SKux 3adikcoBaHO HU3KY MOKanbHUX CTPYKTYp, pO3-
TaloBaHWX Y340BX NpaBoro cxuny gonuHn JHinpa, i3 Big-
HOCHOO BUCOTOIO (TOBLLMHOI) CKpUTOro pensedy Biag 10 o
25 M. KapTu 3anuwkoBoro pensedy BOCbMOro Ta AeB'ATOro
nopsaKkiB He aHanidyBanucb, OCKIMbKM Ha HWUX MpeacTas-
NEHO 3anuLLKOBUIA penbed, L0 MOKPUBAE BCIO TEPUTOPIIO i
He Bigpi3HAETbCA AndepeHLialieto 3HayYeHb.

ﬁ,ﬁg-m,s
ﬁ‘_ ) i

Puc 4. KapTn 6a3ucH1Mx noBepxoHb Ta 3anuLLKOBOro penbedy
7-ro (a), 6-ro (6), 5-ro (B), 4-ro (r), 3-ro (a) Ta 2-ro (e) nopspkisBKuiBcbkoro MpuaHinpoB's

Y mexax Kuiscbkoro MpugHinpos's HangasHiwot € 6a-
3MCHa NOBEPXHSA CbOMOrO MOPSAKY, LLO XapaKTepusye Heo-
TEKTOHIYHY CTafilo po3BUTKY penbedy. basuc [onvHu
[Hinpa Toro yacy ctaHoBuB 90 M, NEPEBULLIEHHST Y perbedi
cdarano 100 m i3 makcumansHumMmn BigmiTkamm 190 M, xapak-
TEPHUMW ANA INAHOK, WO po3TalloBaHi Ha NiBAEHHUI 3axig,

Bia Knesa. Kapta 6asncHoi noBepxHi CbOMOro NopsaKy 3acsi-
Ou4ye, Wo pycrno p. [JHiNpo po3TalluoByBanocsi CxigHille cyvac-
HOro, MIOTBEPMKEHHSIM LBbOMY € MopdhornoriyHuiA  abpuc
paroHy. 3a KapTo 3anULIKOBOro penbedy Lboro nopsaky
NPOCTEXYETLCA HEBENvKa NOTYXHiCTb mac (go 10 m), wo
XapaKTepHi ANsi CXMIMOBUX AIMNSHOK i3 BULMMWU BUCOTHUMM
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nokasHukamu. HeaHauHi TOBLLi 3anM1LLKOBOro penbedy 3 no-
TYXHICTIO 0O 4 M NOKpMBaKOTb Mawxe BClo Teputopito Kuis-
cbkoro 6roka.

Ha kapTi 6a3ncHoi noBepxHi WOCTOro nopsiaky dikcy-
I0TbCA He3HauyHi 3MiHM B TEKTOHIYHOMY nnaHi. TepuTopis
KuiBcbkoro 6roka cborogHi nigHiMaetbcs Ha 5 M. MpocTte-
XYOTbCA MIQHATTA 3 BUCOTHUMM MOKasHUKamu 125-148 m
Ha niBgeHHuX aingHkax m. Knis. Pasom i3 nigHatTam tepu-
TOpiT Bce Ginblle nopogHUx Mac (NOTyxHicTio Ao 20 m) ne-
pexogaTb y 3anuwikoBun penbed, Wo ikcyeTbes Y
NiBHIYHIM YacTuHI Kneea. MakcnmanbHi TOBLLi 3aNMLLKOBOro
penbedy € xapakTepHUMMN AN HWKYMX FiINCOMETPUYHMX Pi-
BHiB, 30epiratoum npu LUbOMYy Ti X cami MOTYXXHOCTI. Y Mexax
MOPOCTPYKTYpP i3 MakCUManbHUMU BUCOTHUMU MOKa3HU-
KaMu 36epiraloTbCa HEBEMUKI 3a NoLLetd (POpMM 3armLLKO-
BOro penbedy 3 NOTYXHICTIO A0 2 M.

Ha HactynHin cragii dpopmyBaHHs Kniscbkoro MpuaHin-
POB'A aKTUBHICTb TEKTOHIYHUX pyXiB 30epiraeTbes, Wo dik-
CyeTbCA Ha kapTi 0GasucHOi noBepxHi 5-ro nopsaky.
BinbyBaeTbcs 3HMKEHHS 6asucy eposii o 85 m Ta hopmy-
BaHHS OiNSHOK i3 BUCOTHUMU nokasHukamu go 200 m. 36e-
piraeTbCs TEHAEHLIA NIGHATTS NoKanbHUX CTPYKTYp (80 5 M)
y Mexax NiBHIYHUX i NiBAEHHUX cxuniB. KonvBanbHi TEKTOHI-
YHi pyxu Ta epo3inHo-AeHyaalinHi npolecu Npn3BoaaTb 40
pYVHYBaHHSI HELLiNbHMX ripcbkmnx nopia. Ha kaptax 6asuc-
HUX NOBEPXOHb i 3anMLIKOBOro penbedy Lboro nopsiaky B
Mexax ycboro npasobepexcks [Hinpa Ha BucoTax noHag
180 m 3adhikcoBaHO HM3KY BEMWKMX 3a NMOLLE CTPYKTYp i3
NOTYXXHICTIO CKpUTOro penbedy o 10 m.

Kapta 6a3ucHoi noBepxHi 4eTBEPTOro nopsiaKy AeMOHCT-
pye aKkTuBi3aLito BUCXiOHWX PYXiB, LLO BUPAXKAETLCS Y 3MiHi Ma-
KeumanbHux Bucot go 210 m. [lig BNAMBOM TEKTOHIYHOI
AiSNbHOCTI aKTUBI3YIOTLCA epo3inHO-AeHyaaLinHi npouecu. Bi-
00yBa€eTbCS Bpi3aHHS [OMNWH | po34neHyBaHHs penbedy Ha He-
BENVKi CTPYKTYPU 3 Pi3HOI0 KPYTM3HOIO CxuniB. Taki npouecu
XapakTepHi ans nisgeHHMX YactuH Knesa, ae gonvHa Bigokpe-
MuUna CTPYKTYpy, sika cchopmyBarnacs B OYETBEPTUHHUIA Yac
(kapTa 6a3nCHUX MOBEPXOHb LLOCTOrO NopsiaKy). Taki 3miHu Bi-
A0yBatoTbes | Ha niBHIY Big M. KniB. 3anuwkoBum penbedom
(piKCyOTbCS1 NOKanbHi CTPYKTYPU Ha HOBOYTBOPEHMX CXWrax
po34neHoBaHoro naneopernsedy 3 NOTYXHICTIO A0 15 M (Mic-
uamu go 20 m). BoHu xapakTepHi Ans niBHibYHMX cxvnis Knuesa
Ta niBAeHHoI YacTuHn Kuiscbkoro MNpuaHinpos's.

KapTa 6asucHoi noBepxHi TPETLOro MOpsiaKy BiooOpakae
CTabinbHICTb TEKTOHIYHMX pyXiB. Ha Ui cTagii BUCOTHI nokas-
HUKWN He 3MiHIOTBCSA, CNOCTEPIracTbCA NMLLE akTuBi3aLis epo-
3iMHMX npouecie. Becb niBaeHHMI cxmn gonuHn [Hinpa mae
po3sranyxeHy OpibHy epo3iliHy CiTKy, L0 pO34riEHOBYE BEMMKI
CTPYKTYpU Mix coboto. Lie dikcyeTbes Ha kapTax 3anmLIKOBOro
penbedy; Macu nNopia, Aki 3HaXoAMNUCH Ha CxXunax i Manu 3Ha-
YHY MOTYXHICTb Ha nonepegHin ctagii, aMeHWnnnesa 3a nno-
LLieto Ta 3MiHUMK CBOE TNCOMETPUYHE MONOXEHHsI. Ha OCHOBI
aHanisy KapTu 3anuLwKoBOro penbedy Ans uboro nepiogy Bu-
JiNeHo AiNsHKU 3 ManonoTyXKHUMW BigKnagamu, WO crocTepi-
ralTbCA NEPEBaKHO B MiAOHMOKAX CXUNIB.

Hanbinblwa BigHOCHa BMCOTa 3anMLLKOBOro penbedy —
8o 50 m, cnocTepiraeTbcs Ha kapTax 6a3vcHOT NoBepxHi Ta
3aNMLLIKOBOrO penbedy TPETHOro NOpsAKY B340BX NPaBoro
cxuny p. [Hinpo B parioHi M. Kues (niBHiYHi Ta niBgeHHi Ai-
NSHKKM) (puc. 4) Ta B panoHi NiBHIYHUX OKONMUUb M. Pxuwis,
i3 BigmiTkamn go 170 m. Lli gani 36iratoTbes i3 cydacHuMmU
OingHKaMu akTUBHOIO PO3BUTKY rpaBiTauinHUX NpoueciB.

MepepocTtaHHio cTagito opmyBaHHa KuiBcbkoro 6roka
(pikCytoTb KapT 6a3nCHOI NOBEPXHI Ta 3aNULLKOBOTO penbedy
Apyroro nopsiaky (puc. 4, c). BioHOBMIOETLCA TEKTOHIYHA aKTu-
BHiCTb palioHy, BiabyBaeTbcs nepedynosa gonvku [Hinpa, 6a-
3nc eposii 3HWKyeTbcs A0 80 M, 36iNbLUYIOTECA BUCOTHI
NOKa3HUKK Ha 5 M, MakcMMarnbHi BigMiTku caraotb 215 M. Ak-

TUBI3yETbCS epo3iiHO-AeHyaauiiHa AisanbHiCTb. [esiki cTpyk-
TypM, WO iCHyBanu Ha cxunax npasobepexcksa [Hinpa npoTts-
rom nonepeaHboi  CTafii  HEOTEKTOHIYHOrO  PO3BUTKY i
pO3TaLLOBYBanM1Cst Ha PisHNX BUCOTax, Oynun 3pynHOBaHI, iHLLI
3aiHANM NOHWKEHE NOMNOXEHHS | CNOCTepiralTbCs NEPEBaXKHO
B NiQHIMOKI CXUNIB i3 HE3HAYHOIO MOTYXKHICTIO 3anMLLKOBOTrO pe-
needpy go 10 m. Kaptu Lporo nopsigky 4atoTe NPOrHO3HY OLHKY
Cy4acHoOMy po3BUTKY Hebe3neyHrx reomnoriYHMX MpoLeciB
y Mexax npaBobepexxH1x cxunis JonuHu [Hinpa.

TeKTOHIYHI MOPYLUEHHS NiHIMHOIO TUMNY Y BUMMSAAI BUTAMHY-
TMX )OPM CKPUTOrO 3aNULLKOBOrO penbedy 3adikcoBaHo Ha
BCIX KapTax, BOHU pO3TaLLIOBaHi B34OBX MPaBOro cxurny Ao-
nuHu [Hinpa Ta BianoBigatoTb 30HI perioHanbHUX PO3pPUBHUX
nopyLueHb. AHani3 KapT 3anuLKOBOro pensedy niaTsepavs
iHTEHCUDIKALiO TEKTOHIYHMX MigHATE NPOTArOM HEOreH-4eT-
BEPTUHHOIO eTany Ta BUSIBUB flOKanbHi AiNsHKA 3 Makcuma-
NbHO aKTMBHOK epo3iHO-AeHyaalinHOW AisnbHicTio. Ha
OCHOBI MpoOBeAEeHMX OOCNIAKEHb YCTAHOBMEHO iHTerpanbHy
KapTUHY BMAUBY TEKTOHIYHMX PYXiB i NOKaNbHUX reonorivyHmMX
akTopiB Ha PO3BMTOK AeHyaauii Ta epoaii.

BucHoBku. Y mexax Kuicbkoro MpuaHinpos'a BusHa-
YeHO hakTopu popMyBaHHS Ta akTuBi3auil rpasiTauinHUX
npoueciB. CTBopeHo 6a3y reofaHux, sika NoeaHye KapTor-
pagidyHy Ta aTtpubyTuMBHY iH(OpPMAaLi0 LWOA0 MPOrHO3HUX
03HaK BUHWKHEHHS1 HeGe3neyHnx reonoridyHux npouecis. Ha
OCHOBI MOrNMGMEHOro reornoriyHoro aHanisy, CTPYKTYpHO-
MopdhoMeTpUYHUX gocrnigxeHsb, [NC-aHani3y, cuctemartumaa-
Uil hakTMYHOro marepiany i3 3any4yeHHAM HaTypPHUX AaHUX
[ocnigXXeHo porib NITONOrYHOro, crpaTurpadivyHoro, CTpykK-
TYPHO-TEKTOHIYHOro Ta reoMopdonoriyHoro pakropis y ¢o-
pMyBaHHi  pi3HOreHeTUYHUX Hebe3neyHux reonoriyHux
npoLeciB Yy Mexax 4aHoro perioHy. 30H1 pO3BUTKY LIMX Mpo-
LeciB NpUypoYeHi 40 NeBHUX (POpMaLiHUX KOMMMEKCIB, L0
MatoTb CKMagHy NpPOCTOPOBO-4aCOBY CTPYKTYpY 3 BiAMNOBIA-
HUMK (Pi3NKO-MEXaHIYHMY BIIACTUBOCTSAMU NOPOLHUX KOM-
nnekcie. Ak CBigYMTL aHani3 kapTorpadiyHux i HaTypHUX
OaHuX, Hanbinbw HebeaneyHi reonoriyHi NpoLecn xapakre-
PHi ANg 30H, e crnocTepiraeTbCa NOegHaHHA AeKiNbKOX da-
kTopiB. [lJoBeAeHO, O MPOSIB HECMIPUATIIMBUX ABULLY, Oyab-
SIKOro TUMy Ta KaTteropii noTpebye KOMMNNeKCHOI iHTerpanb-
HOT OLIHKM YMHHUKIB IXHBOrO POPMYBaHHS i3 BU3HAYEHHAM
Ba)XIIMBUX CKMaJHMX B3AEMO3B'A3KIB MiXk KOMNOHEHTaMU re-
OnOTiYHOro cepeaoBuULLIa Ta 3'sICyBaHHsi 0COBNMBOCTEN B3a-
€MO3anexHOCTeN MiX HUMW.
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Hapinwna no peakonerii 24.12.19

MAIN CAUSES OF GRAVITATION PROCESSES WITHIN THE MIDDLE DNIEPER REGION

Integrated assessment and analyses of gravitational geological processes impact on the technogene objects is based on a systematic approach
to the analysis of the geological environment; creation of geological, mathematical and spatial models of the geological environment, development
of analytical tools. The complex application of geological and geomorphological methods (structural-morphometric analysis, comparative tectonics
and structural analysis), remote sensing data and GIS technologies made it possible to identify the relationship between the processes of
geomorphogenesis and tectogenesis within the Middle Dnieper area, identify the causes of gravitational geological processes, and build a series of
spatial models. These models describe the impact of geomorphological and tectonic processes on the natural hazards. Based on the analysis of
structural and morphometric indices, the tectonic structures, which are most elevated in relief, were recorded. Using the residual relief map, located
above the baseline surfaces of the respective orders, structural zones are highlighted, reflecting the relationship of tectonic and erosion and reservoir
erosion processes. Digital models of base surfaces and residual topography are aimed at the detection of local structures and the study of slope
processes of the territory. Neotectonic movements of not only local but also regional character were allowed to follow. The residual relief outlines
the positive forms of relief confined to anticlinal folds, which refer to the positive anomalies of gravity.

Keywords: natural hazards, spatial data analysis, structural morphometry, residual terrain, remote sensing data, geoinformation systems.
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KuneBckui HaumoHanbHbIN yHUBepcuteT umeHu Tapaca LlleByeHko,

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, Kue, 03022, YkpauHa

FMABHBIE ®AKTOPbl dOPMNPOBAHUA U AKTUBU3ALUU TPABUTALUMOHHBIX NMPOLIECCOB
B NMPEAENAX KWEBCKOIO NPUAHENPOBDBLA

KomnnekcHas oyeHka u ModenupoeaHue 8/UsIHUSI 2pasumayuoHHbIX 2€0J102UYeCKUX MPOYEecco8 Ha MexHO2eHHbIe 06 beKkmbl ocyujecmersie-
mcsi Ha OCHo8e cuUCMeMHO20 Modxo0a K aHafu3y COCMOSsIHUSI 2eoslo2uYveckoli cpedbl; CO30aHUsI 2e0/102U4ECKUX, MameMamuy4yecKux U npocmpaHc-
meeHHbIX Modenel, a makkKe pa3pabomku pacyemHo-aHasumuyeckux cpedcme. KomniekcHoe npumeHeHue 2eoslo2u4ecKux U
2eomopghosiozudeckux Memodoe (CmpykmypHo-MopghoMempu4ecKko20 aHanusa, Memoda cpasHuUMesIbHOl MeKMOHUKU U CMPYKMYypHO20 aHanu3a),
OaHHbIX ducmaHUYUOHHO20 30HOUpoesaHusi 3emnu u MMC-mexHonoauli N0380/1UI0 NOOMeepPOUMb 2eHEMUYECKYHO C8513b MeXAy npoyeccamu 2eo-
mMopghozeHe3a u mekmozeHe3a e npedenax CpedHezo [pudHenpoebsi, onpedenums ¢hakmopsl hopMuUpPO8aHUsT U akmueu3ayuu 2pasumayuoHHbIX
2e0J102U4eCKUX MPoYEeccos, a makxe nocmpoums psid 2e0/102u4eCKUX U 2eoMopghosioauyeckux modenel, xapaKkmepu3syrouux eusiHue 2eomMmopgho-
J102UY4€eCKUX U MEeKMOHUYeCKUX ¢hakmopoe Ha momeHyuanbHoe pa3gumue ofacHbIX 2eos102u4eckux npoyeccos. Ha ocHoee aHanu3a cmpyKkmypHo-
Mopghomempuyeckux rnokazamesnel 6bi1u 3aghuKkcupo8aHbl MEKMOHUYECKUe cmpyKkmypbl, Haubosniee npunodHssmslie e penbegpe. C nomowibro
Kapmbl ocmamo4Ho20 penbegha, nexaujue ebiwe 6a3ucHbIX MosepxHocmeli coomeemcmeyrujux nopsiokoe ebiGesieHo CMPYKMypHble 30HbI, om-
paxarouwjue 83auMOCesi3b MeKMOHUYeCKUX U 0eHyO0ayUOHHO-3PO3UOHHbIX, @ MakKXe akKyMynsimueHbix npouyeccos. Lugpoenbie modenu 6a3ucHbIx
noeepxHocmeli u 0CMamoYHo20 pesibegha, HarnpaesieHHbIe Ha 8bisi8IIEHUE JIOKallbHbIX CMPYKMYP U Ha uccriedoeaHue CK/I0HO8bIX MPOoyeccoe mep-
pumopuu, no3eosusu npocsedums HeOMeKMoHuUYeckue d8UXeHUsI He MOJIbKO JIOKaJlbHO20, HO U pe2uoHaslbHO20 Xap pa. Oc OYHBLIM pe-
NTbeghoM OKOHMYPEHbI MosoKUMesbHble ¢opMbl penbegha, MNPUypoYeHHbIe K aHMUKIUHaNbHbIM CKiadkaM, KOmopbie OMHOCAMCS K
Mo10KUMesIbHbIM aHOMasusIM Cuslbl msxecmu.

Kntoyeenbie cnoea: onacHble 2eonoauyeckue npouecchl, NPoOcmMpaHCMeeHHbIl aHanu3 0aHHbIX, CMPYyKMypHasi Mopghomempusi, Kapmbi 6a3uc-
HbIX MogepxHocmeli, 0CMamoY4HbIl pesibegh, OrnosI3Heable NPoyecchl, OUCMaHYUOHHOE 30HOUpoeaHue 3eMsu, 2e0UHGOPMayUOHHbIE CUCMEMbI.
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AGE SPAN FORMATION IN GRANITOIDS OF UKRAINIAN SHIELD

(Mpedcmaenexo 4neHom pedakyiliHol konezii 3-pom 2eon. Hayk, npogh. O.B. MumpoxuHum )

The paper discusses Berdychiv type granitoids that have always stirred up interest among researchers of the Ukrainian Shield.
These rocks include minerals that are uncharacteristic of granites - cordierite, sillimanite, andalusite - and are closely related to
rocks of the supposed substratum. At the same time, there still remain questions about the genetic nature of Berdychiv granites.
Despite the fact that most researchers treat these granites as intrusive (anatectic) formations, there are other concepts according
to which these granites are considered to be the products of metasomatic transformation (magmatic replacement) of primarily
argillaceous and marly series of substratum.

The Stryzhavka open pit, which is located in the Upper Bug region of the Ukrainian Shield displays differently cataclised porphyry-like
plagiogranitoids (predominantly, garnet-bearing varieties in its southwestern area, locally rock-forming potassic feldspar varieties), and
garnet-bearing leucocratic granites similar to those of Berdychiv type granites.

The monazites of biotite-garnet granodiorite and biotite-garnet granite were dated by uranium-lead (U-Pb) isotopic dating method. The
monazite of granodiorites is dated 2049,3+3,5 million years based on the upper intersection of concordia with discordia. Significantly lower
values of age (about 15 million years younger) for the monazite selected from granite, approximating 2035,1%+1,9 million years were
established.

We assume it to be caused by prolonged crystallization of granitic melt and rather early crystallization of more basic granodioritic
magma in comparison with granitic one. Thus, the duration of the granitoid formation uncovered in the Stryzhavka open pit exceeds 15
million years, which correlates accurately with the estimates for occurrence duration of the granitic melts, which gave rise to various

granites of the Ukrainian Shield.

Keywords: Ukrainian Shield, Upper Bug, isotopic age, Berdychiv granite, monazite.

Introduction. Berdychiv type granitoids have always
generated considerable interest among researchers, for
these granites are closely associated with the rocks of the
supposed substratum and contain minerals uncharacteristic
of granites — cordierite, sillimanite, andalusite. Besides, the
likely genetic nature of these granites still remains topical
and poorly understood. Some researchers treat Berdychiv
type granites as typical intrusive (anatectic) formations,
while others consider them to be derived from metasomatic
alteration (magmatic replacement) of primary argillaceous
and marly depositions of the substratum. Also, surprising is
the fact that chemical composition of these rocks type
remains almost constant or similar over a large area of their
distribution within the Dniester-Bug mega-block of the
Ukrainian Shield. This can be treated as possible evidence
that PT-conditions for crystallization are consistent or similar
within various locations of Berdychiv type granites.

In 2013, the Stryzhavka open pit was ventured for field
geological excursions in the course of scientific conference
"Granitoids: conditions of formation and their ore-content".
This open pit fully exposes possible varieties of Berdychiv
type granitoids. During the conference run-up, rocks were
sampled for laboratory research and relations between the
established granite varieties were studies in detail. This
paper shares laboratory findings on the monazite age
obtained by uranium-lead dating of the monazites samples
from Berdychiv type granitoids. The Stryzhavka open pit and
its rock varieties outcropped are assumed to be attractive for
geological excursions.

Paper aim. This paper is aimed at estimation of age
span formation between early and evolved granitic varieties

of the Stryzhavka open pit, that typical of the most granitoid
complexes of Ukrainian Shield.

Objects and methods of research. To distinguish the
ages and time span formation in granitoid varieties that can
refer to Berdychiv type granitoids (also characterized as
garnet-bearing granitoids uncommon to the Ukrainian
Shield) uranium-lead isotopic systems are studied in the
monazites selected from the biotite-garnet granodiorite
(sample 14/13), which are outcropped at the western edge
of the Stryzhavka open pit, and those selected from the
biotite-garnet granite (sample P-2), which are located at the
open pit southern edge.

Age is dated according to classical and widely used
uranium-lead methodology. Accessory monazites are
studied by U-Pb isotopic method on the Ilaboratory
equipment at the Department of Radiogeochronology of
IGMOF, NAS of Ukraine. Multigrain fractions of monazite
grains are selected manually under optical binocular.
Selected samples (weighed amounts) are preliminary
treated by chemical reagents according to modified
technique published in papers (Krough, 1973; Scherbak et
al.,1989). Uranium and lead contents are determined by
using mixed (U235+Pb2%%) tracer.

Isotopic ratios are analyzed at multicollector static mode
on 8-collector mass spectrometer MI-1201AT. Mathematical
calculations are carried out applying Pb-DAT and ISOPLOT
programs (Ludwig, 1989; 1990). Normalized age is in error
by 20. To verify zircon metrological parameters standard,
"IGMOF-1" is used (Bartnitsky et al., 1995).

The Stryzhavka open pit is located to the east of
Zhytomyr-Vinnytsia motorway, to the south of Stryzhavka

© Stepanyuk L., Hrinchenko O., Dovbush T., Ziultsle O., Konoval N., Mironchuk T., 2020
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village (Fig. 1). Among the main varieties of rocks uncovered
by open mining, there are differently cataclised porhyry-like
plagiogranitoids (south-western edge of the open pit), which
predominantly include garnet and, rarely, potassic feldspar
as rock-forming minerals, and also garnet-bearing
leucocratic granites, which are very similar to Berdychiv type
granites. Granitoids vary in composition depending on the
content of quartz and garnet from pure granite to
granodiorite. They are also characterised by different
percentage of potassic feldspar and plagioclase presence.
The western edge of the Stryzhavka open pit indicates
the presence of separately layered zones of greenish-gray

5 ey -
1L g_'

plagiocharnokites, and garnet-biotite granitoids (vinnytsite-
like rocks). The latter include xenoliths of pyroxene-biotite
crystalloschists and garnet-biotite gneisses. Locally, there
occur Berdychiv type biotite-garnet granitoids - light gray,
medium-grained, gneissic and indistinctly porhyric rocks.
Among the granitoids, there are also found small-sized
pyroxene crystalloschists (within 12 m). Morphologically,
these are lens-shaped and rarely isometric bodies, which
constantly show sharp and distinct contacts with host rock.
In  composition, biotite-garnet and biotite-hypersthene
varieties are predominant among plagiogneisses.

Fig. 1. Stryzhava open pit, satellite image. Location of granitoid samples studied geochronologically:
1 — sample 14/13, western edge of open pit; 2 — sample P-2, southern edge of open pit

Berdychiv type biotite-garnet granites might also be found
at the southern edge of the open pit, but these varieties of
granites contain much less xenoliths and are more leucocratic
in appearance. The detailed description of the Stryzhavka open
pit and rock varieties distributed here might be found in the
Excursion Guide (Stepanyuk et al., 2013).

Biotite-garnet granodiorite (sample 14/13, the
Stryzhavka open pit) is gray unevenly granular cataclised
rock which includes (%): 40-45 % plagioclase, 15-20 %
quartz, 10-15 % potassic feldspar, about 10 % biotite, and
about 5 % garnet. Among accessory minerals there are
observed apatite, zircon, and monazite. The rock shows

Fig. 2. The Stryzhavka open pit, western edge. Location o sample 14/13

porhyry-like structure with fine-grained granoblastic and
local lepidogranoblastic groundmass. The texture is
massive and slightly directive (Fig. 3).

The plagioclases are presented by strongly
saussuritized porphyroblasts, small unaltered grains of
groundmass and single isometric grains of strongly
saussuritizated plagioclase that occur within potassic
feldspar agrregates.

Potassic feldspar may form both quite big (up to 4 cm in
size) porphyroblastic grains that are intensively pelitized and
rather small unaltered grains of rock groundmass.
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Fig. 3 Granodiorite. Sample 14/13:

a — polished section image; b — image under microscope at crossed nicols

Quartz commonly forms small grains (0,1-0,2 mm) in rock
groundmass. Rarely, mineral aggregates are composed of
small quartz grains (1-2 mm) or agregates which are supposed
to be formed as a result of large grains disintegration.

Garnet forms sizable grains (2-5 mm) and locally occurs
as intergrowths with biotite.

Biotite is presented by two varieties. The first one occurs as
highly deformed flakes which show brown-yellow pleochroism
and different degree of chloritization. The second variety occurs
as small flakes of green color. It commonly forms aggregates
with feldspars and quartz in rock groundmass which usually
look like schlieren, lenses or bands.

The rock has the following chemical composition (wt. %):
Si02-63,98, TiO2—-0,89, AlO3—15,27, Fe203—1,88,
FeO-5,15, MnO-0,13, MgO-2,03, CaO-2,28,
Naz20 - 3,41, K20 - 3,32, P205- 0,06, S— 0,13, H.0- 0,28,
LOI- 0,88, Total — 99,69.

Monazites form two types of crystals: green-yellow
transparent (about 5 %) and dark (almost black) non-
transparent ones (about 95 %). There are gradual
transitions between these two types. Black varieties of
crystals have complex structure with transparent core and
black opaque margin. Black crystals show cake-like
morphology and are characterized by rounded contours.
After treating monazites by weak solution of hydrochloric
acid black, pitch-black crystal varieties became covered with
white crusts.

In thin section the monazite crystals are found rather in rock
groundmass than as inclusions in quartz or potassic feldspar.

The age of biotite-garnet granodiorite is determined by
uranium-lead isotopic method on green-yellow crystals
selected manually under binocular. The contents of
uranium, lead and their isotopic ratio are determined by the
weighed amount of several multigrain fractions of monazite,
which are shown in Table 1.

Table 1
Uranium-lead content and isotopic composition of lead in monazites from Berdychiv type granitoids.
Sample 14/13, Stryzhavka open pit
Fraction Content (ppm) Isotopic ratios Age, Ma

an U Pb zgjpb 206Pb 206Pb ZOGPbr 207Pbr 206|:ybr 207Pbr 207|:>br
pb 207pb 208Pb 238U 235U 238U 235U ZOGPbr

1 5454 7881 1130 7,2474 0,37509 0,43260 7,5396 2317 2178 2048,5

2 6359 7879 9030 7,8413 0,38329 0,38215 6,6492 2086 2066 2045,6
2 6058 8097 16170 7,8548 0,34948 0,38638 6,7455 2106 2079 2051,6
3 5183 7922 10350 7,8345 0,28964 0,38438 6,7037 2097 2073 2049,7
3 5565 8329 11710 7,8431 0,29981 0,38643 6,7399 2106 2078 2049,9
2 5920 7863 7860 7,8174 0,34578 0,38054 6,6302 2079 2063 2048,0
2 4965 6826 28230 7,8753 0,34118 0,39076 6,8229 2126 2089 2051,8

Note. Correction in common lead according to Stacey and Kramers aged 2050 Ma. Monazite fractions: 1 — fine (0,04 mm) light green-
yellow transparent crystals of isometric shape; 2 — green-yellow transparent cake-like crystals (0,04—0,05 mm) with small black inclusions;
3 — green-yellow transparent and semi-translucent crystals with many small black inclusions.

The age of monazites from granodiorite determined on
top intersection of concordia with of regression line and

calculated on data shown in Table 1 makes 2049,3 +
3,5 Ma (Fig. 4).

206Ph

ZJSU

0.44 -

042 -

0.40 |-

038 |-

0.36 -

0.34

ZOTPb
235U

5 6 7 8 9 10
Fig. 4. U-Pb diagram with concordia for monazites from biotite-garnet granodiorite
Sample 14/13, the Stryzhavka open pit
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Biotite-garnet granite (sample P-2, the Stryzhavka
open pit) is light grey inequigranular rock which includes (%):
plagioclase — 35—40 %, quartz — 20-25 %, potassic feldspar
— 20-24 %, garnet — 10 % and biotite — 5 %. Among
accessory minerals, zircon, apatite and monazite are found.

Both granitoid varieties (samples) are quite similar in
mineral composition and textural-structural features. The
main difference is a proportion between rock-forming
minerals. The light variety of granite includes mostly quartz
and some biotite. Structurally, granitoids of both samples

look practically identical. Large porphyroblasts of feldspar,
which are intensively ultered by secondary processes,
evince against the fine-grained groundmass comprised
predominantly by quartz, feldspar, and locally green biotite.

Chemical composition is following (wt. %): SiO2— 69,42,
TiO2-0,10, AlOs— 14,99, Fe203-0,08, FeO-3,57,
MnO-0,04, MgO-1,20, CaO-1,61, Na20- 3,33,
K20 -4,70, P20s - 0,06, S < 0,02, H2O0- 0,06, LOI- 0,44,
Total — 99,60.

Table 2

Uranium and lead contents, and isotopic composition of lead in monazites from granite of the Stryzhavka
open pit. Sample P-2

. Content (ppm) Isotopic ratios Age, Ma
Fraction 206pp 206pp 206pp 206pp 207pp 206pp, 207pp 207pp
Mnz u Pb 204pp 207pp 208pp, 238 ' 235 ' 238 ' 235 ' zoepb:
1 2663 8024 34250 7,9536 0,12138 0,37050 6,4094 2032 2034 2035,4
2 2629 8390 22220 7,9504 0,11262 0,36719 6,3441 2016 2025 2033,2
3 2721 8518 30120 7,9466 0,11720 0,37324 6,4598 2045 2040 2036,2
4 2621 8015 23280 7,9498 0,11935 0,37045 6,4023 2032 2033 2033,7

Note. Correction on common lead according to Stacey and Kramers aged 2050 Ma. 1—4 — light yellow transparent crystals of cake-like
morphology size fractions. Fractions are selected by rolling down along oblique plane.

206py,
238
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1
64
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6.0 8.8
Fig. 5. U-Pb diagram with concordia for monazites from biotite-garnet granite
Sample P-2, the Stryzhava open pit

Monazites are generally presented by light yellow
transparent crystals that show cake-like and rarely flattened
morphology with lustrous surface and rounded edges.

The age of granite determined on monazite, which is
indicated by the upper intersection of concordia with the
regression line and quantified in Tabl. 2, makes 2035,1 +
1,9 Ma (Fig. 5). Weighted average value of the age calculated
according to isotopic ratio 2°’Pb/2%°Pb makes 2034,9 + 3,8 Ma.

Conclusion. Thus, two varieties (samples) of granitoids
collected in the Stryzhavka open pit have shown significantly
different age dating. Such difference unambiguously
specifies a fact that the monazites selected from
granodiorite crystallized a little earlier (2049 Ma) than the
monazites selected from granite (2035 Ma). This s
supposed to result from much earlier crystallization of
granodioritic melt or more prolonged evolution of granitic
melt in comparison with granodioritic one. The whole period
of granitoids crystallization (evolution) uncovered in the
Stryzhavka open pit exceeds 15 Ma. This age is in good
agreement with estimates on the possible period of granitic
melt crystallization (evolution) typical of the most granitoid
complexes in the Ukrainian Shield (Stepanyuk, 2017).
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BIKOBUW IHTEPBAIN ®OPMYBAHHSA MPAHITOIOIB YKPAIHCHKOIO LLIMTA

Po3sansidaembcs epaHimodu bepduyiecbko2o0 muny, siki 3aexdu euknukanu iHmepec 6azambox AocnliOHUKie YkpaiHcbko20 wjuma. ani nopodu
micmsimb Hemunoei Ans 2paHimie MiHepanu — kopouepum, cuniMaHim, aHdany3um i micHUM YuHOM noe'si3aHi 3 nopodamu Moxxnueoao cy6cmpamy.
Yce x we 3anuwarombcs €iOKpuMUM NuMaHHs w000 2eHemu4Hoi Npupodu 6epouyiecbKux 2paHimie. Hezeaxaroyu Ha mol ¢pakm, wjo 6inbwicms
docnidHukie eidHocsiMb 2paHimu 6epduyviecbko2o murny 00 iHMpPYy3ueHUX (aHaMeKMUYHUX) ymeopeHb, iCHytomb U iHWi npunyujeHHs, 32i0Ho 3
sAKUMU yi 2paHimu po3ansidarombcs siKk MPoOyKmu MemacoMamu4yHo20 epemeopeHHs (MacMamu4HO20 3aMiujeHHs1) Nep8uHHO 2/ITUHUCMO-Mepaenu-
cmux moeuw, cy6cmpamy.

CmpuiaecbKuM Kap'epom, sikuli po3mawoeaHuli y pe2ioHi BepxHboz2o lMobyxxs YkpaiHcbko20 ujuma, HepieHOMIPHO PO3KpuMi Kamakna3oeaHi
nopghiponodi6Hi nnazioepaHimoiou (2paHamemicHi piz3Hosudu — nepesaxxHo 8 nie0eHHO-3axiOHili YacmuHi kap'epy ma s10KkanbHO — Pi3HO8UOU 3 Mo-
podomeipHuM Kaniwnamom) i paHamemicHi nelikokpamosi epaHimu, siki € Nodi6HumMu do 2paHimie 6epduyiecbko2o0 muny.

YpaH-ceuHyesum izomonHum Memodom 6ysio eu3Ha4yeHo 8ik MOHayumie 3 6iomum-2paHamoeo2o 2paHodiopumy i 6iomum-zpaHamoeoz20 2pa-
Himy. Bik MoHayumy 3 2paHodiopumy, sikuli 6ye po3paxoeaHuli 3a 8epxHiM nepemuHom KoHKopdii 3 duckopdieto, cmaHosums 2049,3 * 3,5 mniH pokis.
IcmomHo meHwi 3HaYyeHHs1 eiKy (Malbke Ha 15 MsIH pokie Mmonoduwe) 6ys10 ompumaHo Onsi MOHayumy 3 2paHimy — 2035,1 * 1,9 msH pokie. Ljeii gpakm,
Ha Haw noansd, o6ymoesieHUli mpusasor Kpucmarniszayieto 2paHimHozo po3snnasy Ui 8i0HOCHO paHHbLOK Kpucmainizayiero 6inbw oCHOBHOI 2paHo-
diopimoeol MazMu nopieHsIHO 3 2paHimHoro. TakuM YuHOM, 3a2asibHuli nepiod (mpueanicms) ¢popmyeaHHss 2paHimoidie, po3kpumux Cmpuxaecb-
KuMm kap'epom, nepesuuyye 15 MnH pokie, ujo dobpe y3200)xyembcs 3 oyiHkamu mpueasniocmi icHyeaHHs1 2paHimoioHuUX po3nnaeie, ki cnpuyuHUNU
ghopmyeaHHs1 pi3HOMaHimMHux 2paHimoidie YkpaiHcbko20 wyuma.

Knroyoei cnoea: Ykpaincbkuli uyum, BepxHe [Mo6yxoksi, isomonHul eik, 6epduyiecbkull epaHim, MoHayum.
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2KueBCKUiA HALMOHaNbHLIN YHUBepcuTeT MMeHn Tapaca LLleBuyeHko,
YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

BO3PACTHOW UHTEPBAIlI ®OPMUPOBAHWA TPAHUTONOOB YKPAUHCKOIO LUUTA

Paccmampusatomcsi epaHumoudbi Bepduyeecko2o muna, Kkomopbie ecez20a 6bi3bléaslu UHMepec MHoa2ux uccredoeamereli YKpauHCcKo20
wuma. [JaHHble Nopodbl codep)xam Hemunu4yHble 07151 2paHUMO8 MUHepasibl — Kopouepum, CUIZIUMaHUmM, aHoay3um U mecHbIM 06pa3oM cesi3aHbl
¢ nopodamu npednonazaemoz0 cy6¢cmpama. B mo xe epemsi, ece ewe 0ocmaromcsi OmKpbIMbIMU 80MPOChLI OMHOCUMEsIbHO 2eHemu4ecKol npupodbl
6epduyeeckux epaHumoe. Hecmompsi Ha mom ¢ghakm, ymo 6osbwWUHcMeEo ucciedosamerieli omHocsim 2paHumsbi 6epdu4eecko20 muna K UHmpys3u-
8HbIMU (aHameKmu4eckum) obpa3sosaHusimM, cyujecmeyiom u dpyaue npedcmassieHusi, Co2/1acHO KOmopbIM 3Mu 2paHuUMbl paccMampuearomcsi Kak
npodykmbl Memacomamu4yecKo2o npeobpa3oeaHusi (Mazmamu4ecKo20 3aMeujeHus1) NepeuvyHoO 2/IUHUCMO-Mepaenucmbix monau, cy6cmpama.

CmpujxaeCKUM KapbepoM, KOmophbIl pacrosnoxeH e peauoHe BepxHezo [Mo6yxbsa YkpauHCKo20 ujuma, 8 pasu4yHol cmerneHu packpbimsbie Ka-
makna3upoeaHHbie nopguposudHbie nnazuoepaHumMoudbl (2paHamemMewjaroujue pa3Ho8UGHOCMU — MPEUMYW,eCME8EHHO 8 I020-3anadHol Yacmu
Kapbepa, u pa3HoeudHocmu ¢ Mopodoobpasyrowum Kaauwnamom — 10KasbHO) U 2paHameMeujaroujue selikokpamoebie 2paHUMbl, CXOOHbIE C 2pa-
Humamu 6epduyeacko2o muna.

YpaH-ceuHyo08bIM uzomonHbIM Memodom 6bi onpedesieH o3pacm MOHayumoe u3 6uomum-zpaHamogoz2o 2paHoduopuma u 6uomum-zpaHa-
moeozo epaHuma. Bo3pacm moHayuma u3 epaHoduopuma, Komopsli 6b11 pacc4umaH Mo eepxHeMmy rnepeceyeHuro KOHkopduu ¢ duckopaduel, coc-
maensiem 2049,3 * 3,5 mnH nem. CyujecmeeHHO MeHbuWuUe 3HaYyeHUs1 o3pacma (moYymu Ha 15 MnH nem monosxe) 6bi1u nony4YeHsbl O51s1 MOHayuma,
8bldesiIeHHo20 u3 2paHuma — 2035,1 * 1,9 maH nem. 3mo, Ha Haw 83251510, 06ycrioeneHo nNpodosmKumesibHOU Kpucmasnnu3sayuel 2paHUmMHo20 pacr-
J1aea u omHocumesibHO paHHel Kpucmannu3ayuel 6osiee 0CHOBHOU 2paHOOUOPUMOEOLU Ma2Mbl 10 CPABHEHUIO € 2paHuUmHoul. Takum o6pa3om, npo-
do/mKkumenbHOCMb hOPMUPOBaHUS 2paHUMoudos, packpbimbix CmpuxaécKuM Kapbepom, npesbiwaem 15 MJIH siem, 4mo Xopowo coaacyemcsi ¢
oueHkamu npodo/mKuUMenbHOCMU Cyuw,ecmeo8aHusi 2paHUMOUBHbIX pacrniasoe Komopbie 06ycrnosunu ¢hopmMuposaHue pasnuyHbIX 2paHumoudos
YkpauHckozo wuma.

Knroyeenie cnoea: YkpauHckuli uyum, BepxHee lMo6yxbe, usomonHsili eo3pacm, 6epAuyesckuli 2paHuUm, MoHayum.
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TOKCUYHI U NOTEHLIINHO TOKCUYHI ENEMEHTMU Y BYruuil MJACTA C;"
WAXTU "BNATOAATHA" NABJIOrPAACBKO-NETPONABJIBCBLKOIO
FEONIOro-nNPOMMUCIIOBOIr0O PAMOHY

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-poM 2eosl. Hayk, douy. LUHrokosum C.€.) B

TokcuyHi ennemeHmu y syeinsi € 00HUM 3 OCHOBHUX 3abpydHIo8ayie HasKoTUWHbLO20 cepedosuwia. IxHiti emicm y 8yeinni € docma-
MHBO 8UCOKUM, MOMY Cy4acHe nideuleHHs1 eKOJI02iYHUX 8UMO2 nompebye epaxyeaHHs eryiugy ayas1edo6yeHux nionpueMcme Ha cmaH
cepedosuuja. Lle, y ceoro yepay, obymoesntoe nompeby e Hoeux HayKkoeo obrpyHmoeaHux memodax rnpPo2Ho3y eMicmy MOKCUYHUX i
nomeHuyjitiHo mokcuyHux enemenmie (TillTE) y 2ipHudili maci, ujo esudobyeaemscsi waxmamu, a makox y eidxodax eudobymky ma eye-
ne36azayeHHsl.

Po3sansiHymo pesynbmamu docnidxenHs TilITE y eyeinni nnacma cg” nonsi waxmu "bnazodamua” Maenozpadceko-flemponaenie-
CbKO20 2e0J1020-1POMUCJI08020 palioHy [JoH6acy 3 Memoro 8cimaHoe/IeHHsI 3aKOHOMIpHOcmel IXHbO20 NPOCIMoPo8o20 po3nodiny. Bu-
3Ha4yeHO cepedHili emicm i namepanbHi eapiayii koHuenmpauii TilITE y eyzinni nnacma, no6ydoeaHo kapmu i3okoHuyeHmpam TillTE i
Kapmu pezioHanbHOI cki1ladoeoi 3MiHU iXHbo20 emicmy Onsi docnidxeHoi ninowyi. [To6ydoesaHi kapmu € ¢hakmosI02i4HOH OCHO80HO OJist
doe20cmpokK08o20 npoaHo3y koHyeHmpauit TilITE y eudobymiti waxmoro 2ipcbkiti Maci. [ns ybo20 po3paxoeaHo JiHilHI Pi@HAHHS
peepecil, siki xapakmepu3yromb 38 siI30K Mixk koHueHmpauissmu TilTTE i ocHoO8HUMU mexHOJsI02i4HUMU nNapaMempamu G0c1idXKeHOo20 nna-
cma. L|i pieHsiHHS1 MOXXymb 6ymu eukopucmaHi 05151 KOpoIMKOCMpPOKO8020 i cepedHboCcmpokogo2o rnpoaHo3y emicmy TillTE y eipcbkitl
Maci, wjo eudobyesaemscsi. Y ceoro yepay, makul po2HO3 Mae CJIY)KUmu OCHOBOHO OJIs1 IMEXHOJI02iYHUX pilleHb, CIIPSIMO8aHUX Ha 3HU-
xeHHs1 emicmy TillTE y npodykmax ma eidxodax eyane3bazayeHHs.

Kpim moezo, aHani3 pesysibmamie cmamucmu4Hoi 06po6bku 2eoximiyHoT iHghopmauii i 2e051020-cmpyKmypHoOI xapakmepucmuku nia-
cma cg” nosiss waxmu "bnacodamua” ceidyums, wo ¢popmyeaHHs1 acoyiayii Co-Ni-V-Pb-Cr-Mn noe'a3aHo i3 36a2a4eHHsIM yumu esieme-
Hmamu NPUKOHMaKmMoeux 30H 8Yy2inbHo20 nnacma nomyxdicmio 0,15-0,20 m. [JoeedeHo, wjo Be € eQuHUM esleMeHmMoM, NnepesaxHo
noe's;3aHuUM 3 op2aHi4HOr cknladoeoro eyzinns. Acouiauist Hg i As o6yMoesieHa ixHiM 2eHemuYyHUM 38 'SI3KOM i3 cynibghiOHOr MiHeparti-
3ayiero mpiwjuHyeamux 30H MeKMOHIYHOI NMpupodu.

Knroyosi cnoea: syzinbHUl nnacm, nomyHicms, 301a, Ccipka, MOKCUYHi i MOMEeHYiliHO MOKCUYHI esfleMeHmu, kapma i30KOHUeHm-

pam, kapma pe2ioHasnibHOI Cki1lado8ol, PieHsIHHSI pe2pecil.

Betyn. [locnigxyBaHa TepuTopis posTalloBaHa B Me-
Xax Masnorpagceko-INeTponaBniBCbKOro reonoro-npomMmc-
nosoro pavioHy 3axigHoro [oHbacy i agMiHicTpaTuMBHO
HanexwuTb o Nasnorpagcbkoro panoHy [HinponeTpoBCbKoi
obnacrti. 3pocTaHHs BUMOT 10 OXOPOHW HaBKOMNULLHLOTO Ce-
penosulia obymoBnioe NoTpeby B HOBMX HaykoBO OOrpyH-
TOBaHWX MeToAax NPOrHO3y BMICTY TOKCUYHMUX i MOTEHLIAHO
TokenyHmx enemenTis (TIMTE) y ripcbkini maci, wo snaoby-
BaETbCS LaxTamu, Bigxoaax BUAobyTKy i ByrnesbarayeHHs.
OcobnvBa akTyanbHiCTb AaHOoi nNpobnemMy BU3HAYaETbCS
B3akoHom Ykpainu "lMpo Hagpa", noctaHoBamu KabiHeTy Mi-
HicTpiB YkpaiHn Ne 22 Big 30.09.1995p. Ta Ne 688 Big
28.06.1997 p., a TakoXX HOpMaTUBHMMMK OoKymeHTamu [K3
(Knep, 1982).

Ornap nonepegHix gocnigxeHb. PaHiwe B. IlwkoBum,
cninbHo 3 A. YopHobyk, [. MuxansyoHok, B. [1Bopeubkum
(Mwkos, 1999; Nwikos u dp., 2001), po3rnsaHyTo 0cobnmneo-
cTi po3noginy aeskux TIMNTE y npoaykTax i Bioxogax 36ara-
YeHHs psgy ByrnesbaravyBanbHux dabpuk JoH6acy. Kpim
Toro, B. lwkoBum cninbHo 3 €. Kosili (lwkoe ma Koasit, 2017;
Kositi, 2018) pocnigyxeHo ocobnusocTi po3noginy TilMTE y
BYrinni nnacris geskux waxt MNasnorpaaceko-leTponasnis-
CbKOrO reosioro-npoMm1cIioBoro panoHy 3axigHoro [JoH6acy.
|. KypmenboBum BrBYanacb reoximis BYrrmeBMiCHMX nopig
YncTakoBO-CHIKHAHCBKOrO reonoro-npoOMUCIIOBOrO panoHy
HoHbacy (Kypmernbos, 2013). A. [JBOPHMKOB 3aiMaBcs BU-
BYEHHSIM PTYTOHOCHOCTI Byrinnga [oHeubkoro 6aceiiny
(deopHukos, 1987). TakoxX TOKCUYHUM eNleMeHTaM NocBsi-
yeHo GaraTto poGiT A.TopoBoro i H.[opoBoi (Ioposod,
2001; Noposoli u Noposasi, 2002). ExkonoriyHi acnektu reo-
ximii TIMNTE y ByrinbHUX nnactax 6araTbox pogoBuLL, CBITY
posrnaHyTo B pobotax [. Cyewvina (Godbeer et al., 1984;
Swaine, 1990). YucneHHi JOCniaXeHHSA PO3MNOBCIOMKEHHS

TilTTE y Byrinni pisHnX poaoBuLLY, AO3BOMWUNN BCTAHOBUTH,
LLIO cKNnag i BMICT LUMX eNfeMeHTIB Ta IXHi 0cobnmBoCTi po3no-
[iny BiOpI3HATBCA LWOA0 KOXKHOMO poAoBuMLIA, @ B MexXax
OKpeMUX poOoBULL 3anexuTb LWe 1 Big ctagil Byrnedikauii
(Martinez-Tarazona et al., 1992; Mercer et al., 1993; Pires
and Teixeira, 1992; Solari et al., 1989; Spears and Martinez-
Tarazona, 1993; Vassilev, 1994). BogHouac, po3rnsag i
aHani3 poanoginy TiMNTE y Byrinni nnacta cs" waxtu "bna-
rogatHa" [laBnorpagcbko-lleTponasniBCbkoro reomnoro-
NMPOMUCIIOBOrO PanoHy paHille He BUKOHYBaBCS.

MeTta po60TU: YCTAHOBUTU 3aKOHOMIPHOCTI B po3nogini
TiMTE y syrinni nnacta cs" nons waxtu "bnarogatHa" MNMAT
"OTEK Masnorpaasyrinns".

MeToauka pocnipkeHb. Posrnsaa posnoginy TiIMNTE y re-
onoriyHux o6'ekTax pi3Horo xapakrepy i macwutaby € Heobxia-
HUM ONs1 BCTAHOBMEHHS! 3aKOHIB iXHBOI Mirpaii, KoHueHTpadii
" poscitoBaHHsA. OCOGNMBICTb BUKOHAHMX OOCHIOKEHb NOMs-
rara B HEMOXIMBOCTI 6e3nocepegHLOro CnocTEPEXEHHS LIMX
npouecis. Y UbOMY BUNAOKY pPO3rnaa AMHAMIKM NpoLeciB Tpa-
OVLINHO BUKOHYETBLCS LUMSIXOM MOPIBHSIHHSA CTaTUCTUYHUX Aa-
HUX Ta aHanisy kaprtorparpadiyHux MaTepianis LWo40
po3noginy XiMi4HUX enemMeHTIB y po3rnsiHyTux ob'ektax. Mo-
TiM OTpUMaHi pe3ynbTaTi OCMUCTIIOIOTLCS 3 ypaxyBaHHAM i-
3UKO-XIMIYHMX | reonoriyHMX 0cobnMBOCTEN.

OTxe, oTpumaHHS iHdopMaLii NPo PO3NOAIN XiMiYHUX
ereMeHTIB Yy reosnoriyHmx ob'ekTax € nepmnm etanom oc-
NiJXKEeHHs, Wo nae Big ysaranbHeHHs hakTU4HOro martepi-
any, yepes oro TeopeTuyHe OCMMUCIEHHS, [0 MepPEBIpKM
BUSABMEHMX 3aKOHOMIPHOCTEN AOCHIOHUM LUISAXOM.

Mpobu Biobupanuca y ripcbkux BMpoOKax (nnacTosi
npobw, BiaibpaHi 6opo3HoBUM crniocobom (Yenu..., 1975) i 3
nybnikaTiB kepHa ocobrcTo aBTOpamu 3a y4acTio cniBpobi-
THWKIB reonoriyHux cnyx6 ByrnefobyBHMX NIQNPUEMCTB i

© HecTtepoBcbkun B., lwkoB B., Kosin €., 2020
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BUPOGHNYMX reonoropo3sigyBanbHMX OpraHisauin B nepiog
3 1981 p. no 2013 p. O6csAr KOHTPONBHOrO BUNPOOYBaHHS
cTaHoBMB 5 % Bif 3aranbHoro obcsAry npob. Yci aHaniTnyHi
poboTV BUKOHYBanucs B LieHTpanbHWUX cepTudikosaHmx na-
BopaTopisx BUPOOHUYMX reornoropo3BigyBarnbHNX OpraHiza-
Lin. Bmict Hg BU3Ha4aBcs aToMHO-abcopOUiHUM aHarni3omM,
As (Tornnueo..., 1993), iHwi TiMTE — KinbkicHUM eMiCiiHUM
cnekTpanbHUM aHanisom (Yenu..., 1991). Ha BHyTpiwHin na-
BopaTopHUIA KOHTPOMb HanpaeneHo 7 % aybnikaTis npob. 3o-
BHilULHbOMY nabopaTopHomy koHTponto nigaaHo 10 %
aybnikaTiB Nnpob. AkicTb pe3ynbTaTtiB aHanisie (NpaBUIbHICTb
i BiATBOpPIOBaHICTb) OUiHIOBaNacs ik 3Ha4YMMICTb cepeaHbol
CUCTEMATUYHOI NOXMOKK, Ska NepeBipseTbCA 32 JOMOMOrow
KpuTepito CTblogeHTa, i 3Ha4YMMICTb cepeaHbOi BMNagKOBOI
NoxmobKn, sika NepeBIPSETbLCA 3a AOMNOMOrow Kputepito Pi-
wepa. OcKinbKW BkasaHi BULLE NOXMOKN NpY PiBHI 3HAYNMOCTI
0,95 € He 3HaYMMKMMMU, SKICTb aHani3iB BU3HAHO 3a0BINbLHOL.

Ha noyatkoBoMy eTani 06pobky NEPBUHHOI FEOXIMIYHOI iH-
dopmalii 3a gonomoroto nporpam Excel 2016 i Statistica 6.0
pO3paxoByBanMCcs 3Ha4YEHHS OCHOBHUX OMUCOBUX CTaTUCTWY-
HMX MOKa3HWKIB (BMBIPKOBOrO cepedHbOro aputMETUYHOTO,
MOro cTaH4apTHOI MOMWIIKW, MefjiaHun, eKCLecy, MOAW, CTaHaa-
PTHOrO BiOXMNeHHs, aucnepcii BUGipkM, MiHIManbHOro i Makcu-
MarnbHOro 3Ha4YeHHsA BMICTY, KoedilieHTa BapiaLii, acumeTpil
BMOIpKM), BUKOHYBanacb nobyaoBa YacTOTHWUX FicTorpam BMi-
CTy i BCTaHOBMNEHHSA 3akoHy posnoginy TilTE.

3 MeTo BUABMEHHsSI CKnagy reoxiMiyHMX acouiauin
Oynn pospaxoBaHi koeiuieHTn kopensuii (r) Mk BMiCTOM
TiMTE. B eanHy reoximivyHy acouiadito 06'egHyBanucs ene-
MEHTW, Y SKUX 3B'A30K MiXK BMICTOM ONUCYETbCS KoediLlieH-
TOM Kopensuii, wo nepesuwye 0,5 3 piBHEM 3HAYMMOCTI He
MeHwe 95 %.

Mpw ouiHUi 3B'A3KY TOKCUYHUX i MOTEHLIHO TOKCUYHMX ene-
MEHTIB 3 OpraHi4yHo abo MiHepanbHOK YaCTUHOLO BYriNns BY-
KOPMCTOBYBanucst KOeiLiEHTN CMOpPIAHEHOCTi 3 OpraHivyHo
peyvoBuHOI0 Fo, LLIO NOKa3ye BiQHOLIEHHS BMICTY €NeMeHTIB Y
BYrinni 3 manoto (<1,6) i BUCOKOHO LWinbHICTIO (> 1,7), Koediuie-
HTW HaBedeHo! KoHueHTpauii Fu, WO nokasyloTb BigHOLUEHHS
BMICTY enemeHTiB y dpakuii / (Ci) 4o BMICTY Yy BUXiGHOMY BY-
rinni, koedilieHTV Kopensuii BMICTy AOCHiMKyBaHX ENeMEeHTIB
i 30MbHOCTI BYrinns Ta KoeiuieHTU HaBedeHOro BUITyYEeHHSsI
enemeHTa y dpakuii pi3HoT LLiNbLHOCTI.

Mpu NnoGynoBi BCix kapT BUKOpMCTOBYBanacs nporpama
Surfer 11. Y xoai nobyaoswu kapT, rpadikis i po3paxyHKy Ko-
eqilieHTiB kopensauii BCi 3Ha4yeHHs koHueHTpauin TiMTE Ho-
pmyBanucs 3a hopmyriot

XHopM = ()(/ - Xmin) / (Xmax - Xmin),
ae Xi — pe3ynbTaT OAMHUYHOTO BM3HAYEHHSI KOHLEHTpaLii
enemMeHnTa, Xmax Ta Xmin — MakcMmarbHa Ta MiHimanbHa KOH-
LeHTpaLii enemMeHTa BignoBigHO. HopMmyBaHHSA 3AiMicHIOBa-
nocs Ans yHidpikauii Wwkanu KoHUeHTpauii y Bubipkax.

OpepxaHi pe3ynbTatn Ta iXHE 0GroBopeHHs. 3ako-
HOMipHOCcMi 3MiHU emicmy muw'saKy. Bmict As y Byrinni
nnacta (puc. 1, a) xapakTepusyeTbCsi 3Ha4YHUMK Bapiali-
amMu. BiH 3miHOETbCA Y Mexax Big 5,46 r/T 0o 426,73 r/T i He
NoB'A3aHWIN 3 HanNPsIMKOM MagiHHSA, rMMOMHO Ta NOTYXXHi-
CTIO BYFiNbHOroO Nnacra, KoHueHTpadieto 3onu Byrinns. Cepe-
OHE 3HAYeHHs BMICTY MUW'SKy MO NNacty CTaHOBUTb
124,2 r/t. Hanbinblie 3Ha4yeHHst BMICTY As MICTUTBCSA B MiB-
[OEHHIN YacTuHI WaxTHoro nonsi. BoHo npocTtopoBo 36iraeTbes
i3 ceepanosuHoto Ne H32086. KapTta 3MmiHW perioHanbHoi
CKIadoBoOiI KOHUeHTpauii As, npeacraeneHa Ha (puc. 1, 6),
nokasye 36inbLUEHHS A0ro BMICTY Y BYrinni nnacra cs" y nie-
HiYHO-3axigHOMY HanpsaMKy. Muw'sk gopmye reoximivyHy
acoujauito i3 pTyTtTio (r = 0,94) Ta noB'A3aHWi i3 BMICTOM Y
BYrinni cipku 3araneHoi (r = 0,98). JliHiHI piBHSAHHA perpecii:
As =-0,1172 + 1,1079 x Hg; As =-0,0385 + 1,045 x Szar.

3akoHomipHocmi 3MmiHu emicmy 6epunir. Konu-
BaHHsS KOHUeHTpauii Be y Byrinni nnacta Big 1,33 r/T oo
5,94 r/T (puc. 2, a) Npu cepegHbOMY 3HaYeHHi — 3,63 r/T.
Hanbinbli 3Ha4yeHHs BMICTy 6epunito — y NiBHIYHO-CXIigHIN

YaCTVHI LWAaxXTHOro Nons Ha AinsHui ceepanoBuH Ne 7815,
Ne 7740, Ne 7752. KoHueHTpauis Be He 3anexuTb Big rnu-
OUHW, NOTYXXHOCTI Nnacta Ta BMICTY 3arasnbHOi Cipku y BY-
rinni. PerioHanbHa cknagoBa BMICTy LbOro efiemeHTta
3poCcTae B HanNpsAMKY nNagiHHA nnacTta B NiBHIYHO-CXigHOMY
HanpsiMKy (puc. 2, 6) y bik Big YKLL.

CnocTepiraetbCs TicHa 3BOPOTHA CTAaTUCTUYHA 3anexHICTb
Mix BMicToM Be i 3onoto (r = -0,94), dptopom (r = —-0,91). Jli-
HiMHI PIBHAHHSA perpecii:

Be =0,8771 - 0,8705 x A%, Be = 0,931 —0,9465 x F.

3akoHomipHOocmi 3miHU emicmy kobanbmy. BmicT ko-
GanbTy 3MmiHIOETbCS Yy Mexax Big 1,241/t po 12,1171/t
(puc. 3, a). CepegHe 3Ha4eHHHA KOHUeHTpauii kobanbTy no
nnacTty CTaHoBUTL 7,54 r/T. MakcumarbHi 3Ha4eHHs1 BCTaHO-
BJIEHO B 3axifHil i MiBHIYHO-3aXigHin YaCTUHI LLAXTHOro Nnons.
Hainbinbla nokauis kobaneTy MiCTUTLCS Ha MiBHIYHOMY 3a-
XopAi AinsHky i npuypoyeHa o ceepanosnHn Ne 4095. KoHue-
HTpauis Co He 3anexuTb Bif rMbuHW, BMICTY 3ararnbHOi CipKu
Ta 3omnu y Byrinni. PerioHanbHa cknagoBa BMicTy Co 3pocTtae
B NiBHIYHO-3axiZHOMY HanpsMKy (puc. 3, 6).

BcTaHoBReHo TiCHWIA 3BOPOTHIN 3B'A30K MiXK YMICTOM KO-
6anbTy i NOTYXHICTIO ByrinbHoro nnacta (r = —0,91), TicHui
NpsiM1IA 3B'A30K i3 Kymynsuieto mapranuto (r = 0,80), Hikento
(r= 0,78), cBuHuto (r= 0,85), xpomy (r= 0,88), BaHagito
(r = 0,88). liHinHI piBHAHHS perpecii:

Co =0,9954 — 0,8555 x m;
Co=0,182 + 00,7816 x Mn;
Co=0,2779 + 0,6913 x Ni;
Co=0,1806 + 0,8153 x Pb;
Co=0,1459 + 0,8812 x Cr;
Co=0,1231 + 0,8673 x V.
3akoHoMipHOCmi 3MiHU eMicmy Mapa2aHUro. KOHLEHT-
pauist mapraHuto Bapitoe Big 53,98 r/t oo 190,25 r/1. CepeaHe
3HaYeHHS BMICTY MapraHLto o nnacty ctaHoBuTb 123,29 /7.
Hanbinblwa nokauisi npuypoYveHa o AiNsHKY nnacTta B panoHi
ceepanoBuHn Ne 4095, sika po3TalloBaHa B NiBHIYHO-3axigHin
YaCTUHI WaxTHoro nons (puc. 4, a). Kymynsauis Mn He 3ane-
XUTb Bif, rMBUHKW, BMICTY 3aranbHOI Cipku Ta 30Mnu y BYTinni.
PerioHanbHa cknagoBa BMICTY LbOro enemeHTa 3pocTae B
NiBHIYHO-3axiaHOMY HanpsMKy (puvc. 4, 6).

BuasneHo TiCHUN 3BOPOTHUIN 3B'A30K MK BMICTOM Map-
raHuto i NoTyxHicTio ByrinbHoro nnacta (r = —0,86), TicHWi
NpsIMUIA 3B'A30K 3 KOHLLeHTpaLieto kobanbTy (r = 0,80), Hikento
(r= 0,75), ceuHuwo (r= 0,86), xpomy (r = 0,83), BaHagito
(r = 0,85). JliHinHi piBHAHHSA perpecii:

Mn = 0,9161 — 0,8383 x m;
Mn = 0,0295 + 0,8267 x Co;
Mn =0,2112 + 0,6817 x Ni;
Mn = 0,0933 + 0,8487x Pb;
Mn = 0,0885 + 0,8537 x Cr;
Mn = 0,053 + 0,8658 x V.
3akoHomipHocmi 3MiHU emicmy Hikesnro. Kymynauis Hi-
Keno konvBaeTbca y Mexax Big 13,041/t po 3851/t
(puc. 5, a). CepegHe 3HaYEHHS MO MNacTy CTaHOBUTL 24,15 1/T.
Hanbinblua nokauisi Hikento — y NiBHIYHO-3axiaHiA YacTuHI wa-
XTHOrO Mons i NoB'sA3aHa i3 ceepanosmHoo Ne 4106. Bmict Ni
He 3anexuTb Big rMuOMHW, KOHUEHTpaLii 3aranbHOI Cipku Ta
3omu y Byrinni. PerioHanbHa cknagosa BMICTY LbOrO enemMeHTa
3pocTae B NiBHIYHO-3axigHOMY HanpsiMKy (puc. 5, 6).

YCTaHOBMEHO TiICHUI 3BOPOTHWUI 3B'SA30K MiXK BMiICTOM Hi-
Kento i NoTyxHicTio ByrinbHoro nnacta (r = —0,88), TicHWR
npsMniA 3B'A30K 3 KOHLEHTpauieto kobanbTy (r = 0,78), map-
raHuto (r = 0,75), ceuHuto (r = 0,82), xpomy (r = 0,84), BaHa-
gito (r = 0,85). NiHinHi piBHAHHA perpeci:

Ni = 0,8903 — 0,9339 x m;
Ni =-0,0697 + 0,8731 x Co;
Ni = 0,0223 + 0,814 x Mn;
Ni = 0,0039 + 0,8838 x Pb;
Ni =—-0,0285 + 0,9446 x Cr;
Ni =-0,062 + 0,9471 x V.
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Puc. 3. KapTa i3okoHueHTpaT BMicTy Co (a) Ta kapTa 3MiHM perioHanbHOI CKNaaoBoi koHUeHTpauii Co (6)
y Byrinni nnacra cg"
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Puc. 4. KapTa i3okoHUeHTpaT BMicTy Mn (a) Ta KapTa 3MiHU perioHanbHOI CKNafoBoi KoHUeHTpauii Mn (6)
y Byrinni nnacra cg"

Q00 1000 1500 2000m
. |

T
=)
=
-

o

Puc. 5. KapTa isokoHueHTpaTt BmicTy Ni (a) Ta kapTa 3MiHM perioHanbHOI cknapgoBoi koHUeHTpauii Ni (6)
y Byrinni nnacra cg"

3akoHomipHOCcmi 3MiHU emicmy pmymi. 30Hy NigBu-
LLeHOro BMICTY PTYTi po3TalloBaHi B MiBHIYHIN i NiBAEHHIN
YacTuHi waxTHoro nonsi. KoHueHTpauia Hg Bapitoe B mexax
Big 0,0165 r/T go 0,6421 r/T (puc. 6, a). CepegHe 3Ha4YEHHs
no nnacty — 0,2418 r/r. Hanbinbwa nokauis Hg posTawlo-
BaHa B NiBOEHHIM YaCTUHI LWWAxXTHOro nons i npuypoveHa 4o
ceepanosmHn Ne H32083. Bmict Hg He 3anexuTb Big rmuv-
OWHW, NOTYXXHOCTI NnacTta Ta 3onu y Byrinni. PerioHanbHa
CKrnagoBa BMICTY LibOro enemeHTa 3pocTae B niBHiYHO-3axi-
OHOMY Hanpsimky (puc. 6, 6).

YCTaHOBMNEHO TiCHUIM NPSIMUI 3B'I30K MiDK BMICTOM PTYTi
M Cipku 3aranbHoi y Byrinni nnacta (r = 0,96) Ta 3 KOHLEHT-
pauieto muw'aky (r = 0,94). JTiHilHi piBHAHHS perpecii:
Hg =0,1017 + 0,8514 x Szar.; Hg =0,1338 + 0,8034 x As.

3akoHoMipHOCmi 3MiHU emMicmy ceuHUro. BwmicT cBu-
HUIO B MeXax nnacta 3MiHoeTbcs Big 66,85r1/T go
178,63 r/tT. CepegHe 3HayeHHA NO nnacTty CTaHOBUTb
121,54 r/1. HaiiGinblua nokauisi LbOro efieMeHTa BCTaHOB-
NeHa B NiBHIYHO-3axiAHil YaCTUHI LUAXTHOro Nons Ha AinsaHLi
ceepanosuHn Ne 4095 (puc. 7, a).

KoHueHTpauia Pb He 3anexuTb Big rmmnbuHun, BMICTY 3a-
ranbHOI Cipku Ta 3onu y Byrinni. PerioHanbHa cknagosa BMi-
cty Pb 3pocTae B niBHi4YHO-3axigHOMY HanpsiMky (puc. 7, 6).

YCTaHOBMEHO TIiCHWI 3BOPOTHIA 3B'SI30K MK BMICTOM
CBUHLIIO M NOTYXHICTIO BYrinbHOro nnacrta (r = —0,95), TicHui
nNpsiM1i 3B'A30K 3 Kymynsiuieto mapraHuto (r = 0,86), Hikento
(r= 0,82), kobanbety (r = 0,85), xpomy (r = 0,89), BaHagito
(r = 0,92). INiHinHI piBHAHHS perpecii:

Pb =0,6722 - 0,7165 x m;
Pb = 0,0421 + 0,8792 x Mn;
Pb =0,1548 + 0,7667 x Ni;
Pb =-0,0283 + 0,8933 x Co;
Pb = 0,025 + 0,9435 x Cr;
Pb =-0,013 + 0,9546 x V.
3akoHomMmipHOCMi 3MiHU emicmy d¢mopy. Bwmict
dTOpY 3MiIHIETLCA Y Mexax Big 26,27 r/T go 158,99 r/t1. Ce-
peaHe 3HadeHHsa no nnacty — 86,93 r/T. MakcumanbHa no-
Kauig dpTopy dikcyeTbCs y NiBAEHHIM YaCcTWHI AinsHKM 6ins
ceepanouHn Ne H32086 (puc. 8, a). Kymynsuia F He 3ane-
XWTb BiA rMWOWHK, BMICTY 3ararnbHOi Cipku Ta MOTYXHOCTI
nnacta. PerioHanbHa cknapgosa BMicTY F 3pocTae y nie-
[eHHo-3axigHoMmy Hanpsimky (puc. 8,6) y 6ik YKLL,.

BcTaHoBReHoO TiCHUI 3BOPOTHIM 3B'A30K MiXK BMICTOM
dTopy i 6epuniem (r = —0,91), TicHUA NPAMUIA 3B'A30K KOH-
ueHTpauii F 3 BmicTom 3onu ByrinebHoro nnacrta (r = 0,96).
JliHiHe piBHSIHHA perpecii:

F =0,0872 + 0,8501 x A% F =0,8879 — 0,8646 x Be.
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Puc. 8. KapTa i3okoHueHTpaT BMicTy F (a) Ta kapTa 3MiHM perioHanbHOI cknagaoBoi koHueHTpauii F (6)
y Byrinni nnacra cg"
3akoHoMipHOoCcmMi 3MiHU eéMicmy xpomy. BMicT xpomy nons Ha AinsHui 3i ceepanosuHoto Ne 4095 (puc. 9, a). Kon-
Bapitoe B Mexax Big 5,33 r/t go 38,56 r/t. CepenHe 3Ha- ueHTpauis Cr He 3anexuTb Big rmubuHM, BMICTY 3aranbHoi
YeHHs No nnacTy ctaHoBuTb 21,68 r/T. Hanbinblwa nokadia cipku Ta 3onu y Byrinni. PerioHanbHa cknagosa Bmicty Cr

CrocTepiraeTbCA y MNIBHIYHO-3aXi4HIN YaCTWHI  LLIAXTHOTO 3pocTae B MiBHIYHO-3axiAHOMY HanpsiMKy (puc. 9, 6).
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YCTaHOBMNEHO TiCHWIA 3BOPOTHUN 3B'A30K MiXK BMICTOM
XPOMY i NOTYXHICTIO ByrinbHoro nnacrta (r = —0,95), TicHui
npsmMuii 3B'A30K 3 Kymynsuieto Mmapranuto (r = 0,83), Hikento
(r = 0,84), cBuHuto (r = 0,89), kobanbTy (r = 0,88), BaHagito
(r = 0,90). NiHinHi piBHAHHSA perpecii:

Cr=0,9262 - 0,893 x m;
Cr=0,0856 + 0,7993 x Mn;
Cr=0,169 + 0,7405 x Ni;
Cr=0,0749 + 0,8526 x Pb;
Cr=-0,0136 + 0,8725 x Co;
Cr=0,0233 + 0,8909 x V.
3akoHomipHocmi 3MiHU emicmy eaHadiro. Kymynsuis
BaHafil0 KonvBaeTbcs y Mexax Big 1,56 r/t go 27,26 r/t
(puc. 10, a). CepeoHe 3Ha4eHHs MO nNnacTty CTaHOBUTb
15,08 r/T. AinsiHka 3 HanbinbLiow nokaduieto V — y niBHiYHO-
3axigHil  YacTuHi WwaxTHoro nons 6ins  cBepAnoBUHU
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Ne 4095. BmicT V He 3anexuTb Big rmMubuHW, KOHLEHTpauil
3aranbHoi Cipku Ta 3o0mu y Byrinni. PerionansHa cknagosa
BMICTYy LibOrO eneMeHTa 3pocTae B NiBHIYHO-3axigHOMY Ha-
npsiMky (puc. 10, 6).

YCTaHOBMEHO TiCHUA 3BOPOTHUM 3B'A30K MiXK BMICTOM
BaHagito i MoTYXHicTro ByrinbHoro nnacra (r = —0,93), TicHui
npsIMnUiA 3B'A30K 3 KOHLIEHTpauieto kobanbTy (r = 0,88), map-
raHuto (r = 0,85), ceuHuto (r = 0,92), xpomy (r = 0,90), Hikento
(r = 0,85). JliHinHi piBHAHHA perpecii:

V =0,9747 — 0,9227 x m;
V =0,0141 + 0,8836 x Co;
V =0,102 + 0,834 x Mn;
V =0,0918 + 0,8877 x Pb;
V =0,0751 + 0,9166 x Cr;
V =0,1929 + 0,7639 x Ni.

]

Puc. 9. Kapta i3okoHuUeHTpaT BmicTy Cr (a) Ta kapTa 3MiHM perioHanbHOI CKNagoBoi KOHLUeHTpauii Cr (6)
y Byrinni nnacra cg"
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Puc. 10. KapTa i3okoHueHTpaT BMicTy V (a) Ta kapTa 3MiHM perioHanbHOI cknagoBoi KOHUeHTpauii V (6) y Byrinni nnacra cg"

BucHoBKM. Ha OCHOBI OTpMMaHux pesynbTaTiB cTaTuc-
TWU4HOI 0OpO6KM reoximivyHOi iHdopmaLii Ta aHanidy nobyao-
BaHMX KapT i3okoHueHTpaT TiMTE i kapT perioHanbHOi
CKMafoBoi iXHbOrO BMICTY MOXHa ccpopmynoBaTh Taki oc-
HOBHi BUCHOBKM:

1. CninbHe HakonuyeHHsi Co, Ni, Pb, Cr, Vi Mn 3 yTBO-
PEHHSAM reoxiMivYHOI acouialii 1 TiCHUA HeraTMBHUI 3B'S30K
KOHLIEHTpaLi Unx eneMeHTIiB 3 NOTYXHICTIO BYriNbHOro nna-

cTa 06yMOBIEHI iXHIM CNiNbHUM HAKOMUYEHHSAM Y MPUKOHTa-
KTOBMX AiNsiHKax nnacrta 3 oopMyBaHHSAM CBOEPIOHWUX 30H
36araveHHs noTyxHictio 0,15 -0,2 m.

2. bepunivi € eaMHUM enemeHToM 3 ycix TIMNTE nepeBaxHo
MOB'A3aHMM 3 OpraHi4yHO CKIaoBOo BYTiNMs nnacra.

3. TicHuii KopensuiiHuiA 3B'A30k acouiauii Hg i As 3 Saar.
i aHani3 NpoCcTOpPOBOro po3TallyBaHHS aHOManin uux ene-
MEHTIB 3 reornoro-CTpyKTypHUMKU OCOBMBOCTAMMU LLIAXTO-
nnacta cBiguMTb MPO HaKOMUYEHHS LMX ENeMEHTIB Ha
nocrceanMeHTauiiHoOMy eTani oopMyBaHHsSI BYrNEeHOCHMUX
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BigKknagiB Ta IXHbOro reHeTUYHOro 3B'A3Ky 3 PO3PUBHUMU
cTpykTypamu. Mpuyomy SIKLLO BENUKI PO3PUBHI MOPYLUEHHS
BifirpaBanu B OCHOBHOMY POfib MNiABIAHMX | TPAH3UTHUX Ka-
Hanis, TO APiOHI NopyLleHHs i ocobnnBo onepsitodi X 30HM
TPILLMHYBATOCTi BUKOHYBaNu KOHTPOIIOYY (DYHKLHO.

4. ®1op € eanmHUM enemeHTom 3 ycix TIMNTE, nepeBaxHo
noB'a3aHMM 3 MiHeparnbHOIO CKIadoBo BYrinMs nnacta.

OcHOBHe HayKOBe 3Ha4YeHHSA OTPMMaHuX pe3ynbTaTis
nonsrae y BCTaHOBIEHHi reoximiyHmx acoudiauin TIilMTE
i reHeTUYHMX NPUYMH TXHBOI MIHMMBOCTI y BYrinni nnacra,
a TaKOoX Y BUSABMEHHI NOMIreHHOro i NOMiXPOHHOro Xapak-
Tepy IXHbOro HaKOMUYEHHS.

MpakTu4He 3Ha4YeHHSA OTPUMaHNX pe3ynbTaTiB nonsirae
B No6yaoBi kapT isokoHueHTpaT TIlMNTE y Byrinni nnacta i po-
3paxyHKy PiBHSAAHb perpecii Mix iXHiM BMICTOM i OCHOBHUMM
TEXHOMOTYHNUMW NapameTpamMu.

MNepcnekTuBu nogansworo BuB4YeHHsA TilTTE y Byrinni
JoHbacy mongratoTb y AOCMIOXEHi PO3MOBCIOOXEHHS LMX
enieMeHTIB Y BYrinni iHWKX NnacTiB, Y TOMY YMCAi 3 iHWWUMK
cTyneHamu Byrnedikadii Ta MeTamopdiamy, 3 METOK BCTa-
HOBJIEHHS 0COBNMMBOCTEN IXHBOrO HAKOMUYEHHS | pO3POOKM
Crnoco6iB i METOAIB 5K IXHBOro NPOrHO3y, TakK i MPOrHo3y Te-
XHOMOTYHMX NapameTpiB BYrinms, MiHANBOCTI TPIiLLMHYyBaTO-
CTi W NOTY>KHOCTI BYFifIbHUX NNacTiB.
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TOXIC AND POTENTIALLY TOXIC ELEMENTS IN THE COAL OF THE SEAM Cs"
OF THE "BLAGODATNA" MINE OF PAVLOHRAD-PETROPAVLIVKA GEOLOGICAL AND INDUSTRIAL AREA

Toxic elements in coal are one of the main sources of environmental pollution. Their content in coal is quite high, therefore the modern raising
of ecological requirements needs taking into account the influence of coal-mining enterprises on state of environment. This causes the need of new
scientifically grounded methods for forecasting the content of toxic and potentially toxic elements (TaPTE) in rock mass, as well as in mining waste
and coal enrichment.

In the article, the results of investigations of TaPTE in coal seam cs" of "Blagodatna” mine field of Paviohrad-Petropavlivka geological and
industrial area of Donbas are considered, for the purpose of establishing regularities in their spatial distribution. The average content and lateral
variations of TaPTE concentrations in coal seam were established, maps of the isoconcentrate of TaPTE and maps of the regional constituent of their
contents in the area were constructed. The constructed maps are the factual basis for the long-term forecast of the concentrations of TaPTE in the
rock mass extracted from mines. Linear regression equations are calculated, they characterize relationship between the concentrations of toxic and
potentially toxic elements and the main technological parameters of the investigated layer. These equations can be used for short-term and medium-
term forecasting of TaPTE content in the extracted rock mass. In its turn, such forecasts should serve as the basis for technological solutions aimed
at reducing their content in products and waste of coal enrichment.

In addition, analysis of the result of statistical processing of geochemical information and geological and structural characteristics of the seam
cs” of mine field of "Blagodatna” mine indicates that the formation of the association of Co-Ni-V-Pb-Cr-Mn is associated with the enrichment of contact
zones of the coal layer by these elements with thickness of 0,15-0,20m. The association of Hg and As is due to their genetic connection with the
sulfide mineralization of fractured zones of tectonic nature.

Keywords: coal seam, coal height, ash, sulfur, toxic and potentially toxic elements, map of isoconcentrate, map of regional component, regression
equation.
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TOKCWUYHbIE U MOTEHLUWUAIIBHO TOKCUYHbIE SNMIEMEHTbI B YITE MMACTA Cst 5
LWAXTbI "BJIIATOOATHAA" NABNOIPAACKO-METPOIMABJIOBCKOIO rEonoro-nPOMbILLIIEHHOINO PAOHA

Tokcu4Hble aneMeHmMbI 8 yaiie s18/1s1FoMcsi 0OHUM U3 OCHOBHbIX 3a2psi3Humerneli okpyxaroujeli cpedbl. x codepxxaHue e yane siensiemcsi 30cmamoyHo
8bICOKUM, 103MOMY CO8PEMEHHbIe 3Ko/To2u4eckue mpeboeaHusi 06s13aHbl y4umbieams enusiHue yarnedobblearoujux npednpussmuli Ha cocmosiHue cpedbl.
3mo, e ceoro o4yepeds, obycnaesiueaem nompeb6HOCMb 8 Ho8bIX Hay4YHO 060CHOBaHHbLIX Memodax MPo2Ho3a codep)KaHUsi MOKCUYHbIX U MomeHyuaabHO
mokcuyHbIx anemeHmos (TullT3) e 2opHoli Macce, komopasi 0obbleaemcsi, a maioke 8 omxodax Ao6bI4YU U y2reob02auleHust.

PaccmompeHbi pe3ynbmamsi uccnedosaHuli TullT3 e yane nnacma cs" nonsi waxmel "BnazodamHasn” lMaenozpadcko-llemponasnoeckozo 2e-
0/1020-NPoMbIWIIeHHO20 palioHa [JoHb6acca ¢ yesibio ycmaHOo8J IeHUs1 3aKOHOMEPHOCMel UX NMpocmpaHCcMeeHHo20 pacnpedesieHusl. YcmaHo8J/1eHo
cpedHee codepxaHue U lamepasibHble 8apuayuu KoHueHmpayuu TullTO e yene nnacma, nocmpoeHbl Kapmbl u3okoHueHmpam TullT3 u kapmbi
peauoHanbHolU cocmasnsarowel ux codepxaHuli 0nsi uccredosaHHol niowadu. llocmpoeHHble Kapmbl sensiromcsi hakmosioeu4eckoli ocHoeol
0ns1 os120cpPOYHO20 NPOo2HO3a KoHYeHmpauyul TullT3 e dob6bieaemoli waxmol 2opHol macce. s amoz2o paccyumaHbl IUHelHble YpaeHeHUsl pe-
2peccuu, Komopbie xapakmepu3ytom ces3b Mexdy KoHueHmpayusimu TullT3 u OCHOBHbLIMU MEXHO/I02U4YeCKUMU napaMempamu uccriedogaHHoO20
nnacma. 3mu ypaeHeHusi Mo2ym 6bimb UCMOIb308aHbl OIS KPamMKOCPOYHO20 U CpedHeCcCPOYHO20 Mnpoz2Ho3a codemxaHusi TullTI e dobbieaemoli
20pHoOU Macce. B ceoto oyepedb makoli Mpo2HO3 AO/IKEeH CIY)XUmb OCHO8aHUEM OJIsi MeXHOI02Uu4eCcKUX peweHul, HanpaeseHHbIX Ha CHUXeHue
codepxaHusi TullT3 e npodykmax u omxodax yaneobo2aujeHus.

Kpome amoezo, aHanu3 pesynomamoe cmamucmuyeckol o6pabomku 2eoxumuyeckoli UuHghopmayuu u 2e0s1020-cmpyKmypHoUl xapakmepuc-
muku nnacma cg' nonsi waxmsl "bnazodamHasn" ceudemenbcmeyem, Ymo ¢gpopmuposaHue accoyuayuu Co-Ni-V-Pb-Cr-Mn cesizaHo ¢ o602aueHuemM
amumu anemer I MPUKO 108bIX 30H Y20/1bHO20 nnacma moujHocmsto 0,15-0,20 m. [lokazaHo, ymo 6epunnuli ssensiemcsi eOUHCMEEeHHbIM
a51eMeHmoM, NpeuMyuijecmeeHHo cesi3aHHbIM ¢ op2aHuveckol cocmasnstouieli yans. Accoyuayusi Hg u As o6ycnoeneHa ux 2eHemu4yecKoli cesi3bio
¢ cynbgudHoli MuHepanusayuel mpeujuHoeambiX 30H MEKMOHUYecKol npupoosbl.

Kntoyeenie croga: y2osbHbIl niacm, MOWHOCMb, 30/1a, cepa, MOKCUYHbIE U MOMeHYualbHO MOKCUYHbIE 3/1eMeHMbI, Kapma U30KOHUeHmpam,
Kapma peauoHanbHoli cocmasnsitouell, ypasHeHue pespeccuu.
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®INbTPALIAHO-EMHICHI NAPAMETPU HUXHbOMNMEPMCbKUX KAPEOHATHUX NOPIA
3AXIAHOI YACTUHM MNUHCbKO-CONOXIBCbKOIro rA3SOHA®TOHOCHOIO PAUOHY
AHINPOBCbKO-AOHELIbKOI 3ANAQVHM

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npogh. O.M. Kapnerkom)

BuceimneHo pe3ynbmamu AocnidxeHHs1 ¢inbmpayiliHo-eMHiCHUX enlacmueocmell HUXHbOMNEPMCbKUX KapboHamHux rnopio
3axidHoi yacmuHu MuHcbKo-CosoxiecbK020 2a30HaghmMOHOCHO20 palioHy [JHinpoeckko-foHeybkol 3anaduHu. Mema docnidxeHb
nosisizana e oyiHyi nepcrnekmueHocmi Nopid, ik MOXJIueUX Koslekmopie eyarnieeodHie. [locnidxyeanuck maki pinbmpauyitiHo-eM-
HiCHI xapakmepucmuku 3pa3kKie nopiod, sik koegiyieHm sidkpumoi ma eghekmueHoi mopucmocmi, koegpiyieHm NPOHUKHocmi ma
KoegbiyieHm 3anuwkoeoz20 sodoHacu4eHHs. Ha ocHoei kaninsspomempu4Hux 0ocidkeHb 8UKOHaHO OUiHKY cCmpyKmypu nycmom-
Ho20 npocmopy nopid. Bueyascsi mako 38’30k 2ycmuHu nopid 3 ixHboro nopucmicmio. [JocnidxeHHss mopucmocmi UKOHyea-
Js10cs1 8 amMocghepHUX i mnacmosux ymogax.

YcmaHoerneHo, wjo 2ycmuHa cyxux 3paskie nopiod amiHoemscsi 6id 2212 do 2593 ke/m® (cepedHe — 2413 k2/MP), nopid, Hacu4YeHux
modenmo nnacmoeoi 0du — 6id 2442 do 2626 k2/m’ (cepedHe 2549 — k2/M°), HacuveHux 2acom — eid 2400 do 2622 kz/m’ (cepedHe —
2541 k2/m°), ysieHa MiHepanozidyHa 2ycmuHa — eid 2718 do 2828 k2/m’ (cepedHe — 2783 ka/m°).

KoedpiyieHm giokpumoi nopucmocmi docnidxeHux rnopid, Hacu4eHux Modesio n1acmoeoi eodu, 3mMiHremscs gid 0,045 do 0,181
(cepedue — 0,127), Hacu4yeHux 2acom — eid 0,049 do 0,184 (cepedHe — 0,128), HacuyeHux azomom (N,) — eid 0,063 do 0,217 (cepedHe —
0,149). KoegbiyieHm eghekmueHoi nopucmocmi nopio eapiroe e mexax eid 0,004 do 0,125 (cepedHe — 0,036), a koeghiyieHm 3anuwKkoeo20
eodoHacuy4eHHs1 — y Mexax eid 0,40 do 0,97 (cepedHe — 0,79). Y pe3ynbmami ModesiroeaHHs Ms1acmosux yMoe yCimaHoes1eHo, Wo Koegi-
yieHm nopucmocmi 3miHroembcst 8id 0,040 do 0,169 (cepedHe — 0,118). Yepe3 3akpummsi MiKpOMPIWUH, y pe3ysibmami Ha@aHMaXXeHHs1
nopid nid 4ac cmeopeHHs1 07151 HUX Myacmosux yMoe rnopucmicms nopid 3MeHWYembCsi MOPIieHSIHO 3 IXHLOIO Mmopucmicmto 8 ammoc-
ghepHUX yMoeax. BiOHOCHe 3HW)XeHHs KoedbiyieHma nopucmocmi pi3Hux rnopid, wjo nepoebysaromeb 8 0OHaKO8UX IJ1aCMO8UX yMOBaXx,
obepHeHo 3asexHe 8i0 KoeghiyieHma ixHboi mopucmocmi 8 ammocgepHuUx ymoeax i y 3Modesibo8aHuUX y1acmosgux yMoeax cmaHosumb
8id 1,5 % do 11 % (cepedHe — 5,3 %).

KaninspomempuyHumu docnidxeHHAMU MemodoM yeHmpudby2yeaHHs CmaHO8JIeHO, W0 KaninspHull npocmip docnidxeHux nopio
Mae maky cmpykmypy: emicm HalkaninsipHux rnop 3miHroemscs 6id 1 % 0o 22 % (cepedHe — 7 %); emicm kaninspHux nop — eid 2 % Ao
38 % (cepedHe 14 %); emicm cy6kaninspHux nop — 8id 40 % Ao 97 % (cepedHe 79 %).

3a pesynbmamamu s1abopamopHuUx eumiprogaHb KoeghiuieHm npoHUKHocmi Ansi docnioxeHuUx kapb6oHamHux rnopid 3axiOHoi Yac-
munHu FnuHckKo-CornoxiecbKko2o 2a3o0HaghmoHOCcHO20 patioHy A3 amiHoemscs eid 0,038 ¢hm? do 1,992 ¢pm? (cepedHe 0,323 hm?).

BukoHaHo knacugbikauyito KosleKmopcbKux enlacmueocmeli 3pa3kie nopid 3a koeghiyienmamu nopucmocmi, MPOHUKHOCMIi ma 3asu-
WK08020 8000HACUYEHHS.

lpoeedeHutli kopensayiliHuli aHani3 o3eosiue ompumamu psid eMnipuYHUX 3asexHocmel MiX hinbmpayitiHo-eMHICHUMU napame-
mpamu docnideHux rnopid — 2ycmuHoro, koegiyicHmom nopucmocmi, koegiyieHmoM NPoOHUKHOcmMi ma KoegiuyieHmMom 3auWKo8020
8000HaCUY€eHHS.

Knroyoei croea: ghinbmpayiliHo-eMHicHI napamempu, 2ycmuHa, nopucmicms, MPOHUKHICMb, 3anuuikoee 8000HaCU4YeHHSI, KopeJisi-
uitiHi 3anexxHocmi, eanHsiKu.

MNMoctaHoBKa Npo6nemn. Pe3ynbTaTy BUKOHAHWMX OCTaH-
HiM YacoM OocrimKeHb CBigYaTb, LLO MiBHIYHO-3axigHa 4ac-
TuHa [Hinposcbko-[oHeupkoi 3anaguHn (O003) € ogHum i3
HaMMNepCrnekTUBHILLMX PayoHIB Ha HasIBHICTb HETPaguLinHNX
nokrnagie BYrneBOAHIB (CNaHLUEBWI ras, ras yLinbHeHNX nopiga,
cnaHueBa HadTa), siki MOXKYTb Yy pasu NepeBLLYBaTN PECYPCU
TpaguuinHoro tuny (Muxadinos ma iH., 2014 a, b). Y mexax 3a-
XigHOT YacTuHM MMHCLKO-CONOXIBCHKOrO ra3oHadTOHOCHOMO
parioHy 13 WmMpoKo po3noBCHOMKEHI KapOoHaTHI Nopoan Hu-
XHBOI NepMi, SKi € NEPCNEKTUBHUMW Ha BYrNEBOAHI. 3a3HaveHi
nopoaw npeacraeneHi cnabogonomiTMoBaHUMM BanHsikamm 3
ManonoTyXHMMW MpoLLapkamu nilaHncTx abo anesponilla-
HUCTWX BaMHSKIB. XapaKTepucTuka neTpodianiHmxX BnacTneo-
CTe LMX MOpiA € OOHVMM i3 BaXkMBUX 3acObIiB  OLHKM
HagOTOra3oBOro MOTEHLiany NepcrneKTMBHMX TOBLL SIK Tpaaw-
LifHWX, TaK i HETPaAULLINHUX KOMNEKTOPIB, LLO 0OYMOBIHOE aKTy-
anbHICTb IXHBOTO NETPORI3NYHOIO BUBHEHHS.

AHani3 ny6nikauin 3a Temoto gocnigkeHb. BUB4eHHI0
disn4HUX BRacTMBOCTEN nopia HadTorazonepcnekTMBHUX
panoHiB YkpaiHu npuceayeHa Hu3Kka nyonikauin (Buxea ma iH.,
2010, 2012, 2013, 2014, 2016, 2017, 2018; Vyzhva, 2017;
KaprnieHko ma iH., 2014; Macroe ma iH., 2017; Muxadlrnos
ma iH., 2014 a, b; HecmepeHko, 2010, CadisHuk, 2013; Op-
ok ma iH., 2011, 2018; Orlyuk, 2018; ®edopuwuH, 2018
ma iH.). 3Ha4yHa yBara A0 BUBYEHHS NeTpodi3nyHUX Xapak-
TEPUCTUK reororiYHMX YyTBOPEHb 3yMOBIIEHA TUM, LLIO NETPO-
di3nyHi NnapameTpy NoOpia MalTb BaXNUBE 3HAYEHHsS AN
OLLiHKM TXHiX KONEKTOPCbKMUX BMAcTUBOCTEN 3a AaHUMU CBe-
POSNTOBYHHUX ENEKTPOMETPUYHUX Ta aKyCTUYHWUX [OCHi-
OxeHb. BopgHovac neTpodisnyHi napameTpu nopig i
KOpensAuinHi 3aneXxHOCTi MK HUMW MaloTb JOCUTb BUpaxe-
HWA iHOMBIOYanbHUIA XapakTep CTOCOBHO KOXHOI AiNsiHKM
pocnigkeHb. OTxe, nabopaTopHe BU3HAYEHHS LMX BracTu-
BOCTEN Ta BCTAHOBIEHHS BiAMOBIgHMX KOPENALMHNX 3B'A3KIB

© Buxea C., OHuwyk B., OHuwyk ., OninHuk O., PeBa M., La6aTypa O., 2020
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MiXX HAMMW ONS1 KOXHOI MepcrnekTMBHOI nnowi notpebyoTb
BMKOHAHHSA SK OKpeMmMX AOoCigXeHb, Tak i Okpemoro ny6niy-
HOro BUCBITNEHHS iXHiX pe3ynbTarTiB.

BuaineHHs Hepo3B'I3aHUX paHille YacTUH 3aranb-
Hoi npo6nemu. Npobnema NOLYKIB i BUBYEHHSA Tpaauuin-
HUX | HETpaguUiMHUX DXepen BYrNeBOAHIB — CnaHLEeBOro
rasy, cnaHueBoi HadTW, rasy yLifbHEHMUX KONEKTOpPIB Ta iH.
He BTpayae CBOET akTyanbHOCTI. [1ns OuiHKM NepcrnekTUBHO-
CTi Ha BYrneBOAHI reonoridyHMX CTPYKTYpP i KOMMNNEKCIB, KpiM
€KOHOMIYHMX i reornoro-reoMeTpM4yHUX napameTpis, BMICTY
OpraHi4yHOi PevyoBMHM N CTyMeHs ii TepMmivyHOi nepepobku,
BaXXITMBE 3HAYEHHSI MalOTb TakoX NeTpodianyHi BNacTneo-
CTi ripcbknx nopig. BoHW BUKOPUCTOBYHOTLCA ANS iHTeprpe-
Tauil martepianiB reodisavyHMX OOCNIAXEHb MOLUIYKOBO-
po3BigyBanbHUX CBEPASIOBUH. He3Baxkatoum Ha BEMUKY Kinb-
KicTb nyGnikauin, ons psigy nopia-KonekTopiB npakTUYHO
BiACYTHI AaHi pe3ynbTaTiB iXHiX nabopatopHux dinbTpa-
LiINHO-EMHICHUX, €NeKTPOMETPUYHUX, aKyCTUYHUX Aochi-
DKeHb  Ta  iXHIX  KOpensuiiHuX  3anexHocten 3
inbTpaUiNHO-EMHICHUMKW NapamMeTpamu.

MeTta pocnigxeHb. OuiHKa NepcnekTUBHOCTI Bigkna-
[iB Ha BYIrMeBOAHI BUKOHYETBLCS Yepe3 BU3HAYEHHS EMHICHO-
inbTPaUIHUX, enekTPUYHNX Ta akyCTUYHUX BracTUBOCTEWN
oKpeMux TUMIB i rpyn nopig Ta BCTaHOBIEHHS KOpensLinHUX
3B'A3KIB MixX HUMK. MaTepianu, oTpymaHi B pe3ynbTarti nabo-
paTopHUX AOCiAXeHb — MPO 3MiHW TYCTUHW Mnopig, iIXHbOro
NUTOMOTO EMEKTPUYHOrO ONopy, WBUAKOCTI NOLUMPEHHS NpY-
XHUX XBUMb Ta IXHIN KOPENALiINHWIA 3B'A30K i3 dinbTpaLinHo-
E€MHICHMMU NapameTpamMu BUKOPUCTOBYHOTLCS A1 iHTeprpe-
Tauii pe3ynbTaTiB eNeKTPOMETPUYHMX i aKyCTUYHUX METOAIB
JocnigXeHb CBEPAIOBUH, NOMNbOBOI €5TEKTPOPO3BIAKN i cenc-
Mopo3Bigku. MeToto gocnigkeHb, pesynbTaTi SKUX aHanisy-
I0TbCA Yy CTaTTi, € BWBYEHHA iNbTPaLiNnHO-EMHICHUX
napameTpiB MNepcrneKkTMBHUX Ha HeTpaguuinHi gxepena
BYIMEBOAHIB HWKHBbOMEPMCbKMX kapboHaTHWMX nopig Ha Te-
puTopii 3axigHoi YacTuHmu MuHcbko-ConoxiBCcbKOro raso-
HagTOHOCHOrO paroHy [O03.

KopoTka netporpacpivuHa xapakrepucTtuyka. JocnigxeHi
HIDKHBONEPMCbKI MOPoAM 3axigHoi YacTuHu MmuHckko-Cono-
XIBCbKOrO rasoHad)ToOHOCHOro parioHy [[3 HanexaTb 00
MIKPUTOBUX, CNApPUTOBMUX, MIKpUTO-CNApUTOBUX i AOFNIOMITU30-
BaHMX MiLLaHUCTUX BanHsikiB. CTpyKTypa TepUreHHoro mare-
piany pisHOMaHiTHa, OKkpeMi 3epHa JocsaralTb rpyboro
NncamiToBOro po3mipy, a NPUCYTHIN Y BanHsKax neniromopd-
HWI KBapL, € HEBIA'EMHOLO CKNaaoBo MIKPUTOBMX Pi3HOBUAIB
(y TomMy umcni n y cnaputax), Ae BiH acouitoe i3 rmMHUCTO
(cmekTMTOBOIO) CKMagoBoOK. [ONOBHOK O3HAKOK BKa3aHUX
nopig € 3abapBneHHs OKpeMMX LLAPIB | NPOLLAPKIB, SIKE KOHT-
POSOETLCS BMICTOM Y HUX CMEKTUTOBOI CKMafoBOi 3eMeHyBa-
TOoro Konebopy. BwuainstoTecsa cipi, iHogi 3nerka Oypysari
cnaputu, 3eneHyBaTo-Cipi MiKpUTO-CnapuTK, 3eneHi MikpuTu
Ta CBITNO-Cipi iXHi pisHOBMAMN.

[ns wapis i npoLlapkis xapakTepHi HenapanesbHi, XBu-
NACTi, XMaponoaidHi 1 niHzonoaibHi mexi. IHoai opma niH3
Mae enemeHTH MiaKpy4vyBaHHs, sKi NiAKPeCcnoTbLCSA npoLua-
pkamu i naHutoxKamn, 3darayeHumu niwaHuM maTepianom
Ta cynbigHoOW MiHepanisadieto.

HocnigxeHi nopoan MatoTb MiXXK3epHOBI, YaCTO HECMOony-
yysaHi Mix coboto nopu poamipom 0,01-0,03 mMm. TxHS BHY-
TPIWWHA NOBEPXHA | KOHTYpW NigNoOpsAKoBaHi  rpaHAM
He3poLLyBaHUX Mk coboto pomboeapis. Cnabka NpoHWK-
HICTb PI3HMX BarHsKiB NOB'A3YETbCA 3 HASBHICTIO NaBYyTUH-
HOT CUCTEMU MiXK3EPHOBUX TPILLMH, AyXKE YaCTO 3arOBHEHMX
aMOpdHOHO MMNHUCTOLO KOMOiA0reHHO pevoBrHoOLo, abo Te-
KTOHIYHMX TPILLMH, YAaCTKOBO BMNOBHEHWX NepesigknageHum
MIKPUTOM Y KipKamMK KanbuuTy.

MeTporpadivyHi 0cobnMBOCTI Mopig [03BONAIOTL 3PO-
OMTK NpuUNyLLEeHHs, Lo opMyBaHHA kapOoHaTHKX Bigkna-
AiB BigbyBanocs B cepegHbOrMMOUHHIN YacTuHi Wwenbdy, ae
OCiaB NMNaHKTOH, MPO WO cBigyaTb GIOMOPMHI peLuTkn, ki

CTaHOBNATb OCHOBY NEpeKpuCcTanizaoBaHWX CNaputoBMX Ta
MiKpUT-CNapuToBmX pisHOBUAIB. [JO 30HN POPMYyBaHHS TOH-
Ko3epHUcTMX BiomopdHMX kapboHaTHUX ocapkiB nepioau-
YHO MOTpannse TEepUreHHN HecopTOBaHUN MaTepian
(MoxnuBo LWTOpMiTM) abo 0caaku, NepeHeceHi MPUAOHHUMM
TevisiMn, siki NpMBHOCKM B BinbLu rMMOOKOBOAHI AiNSHKN pa-
30M i3 TEpUreHHUM MaTepianom parmeHTn crnabo KoHconi-
[0BaHMX (MOXNMBO BOAOPOCTAMMW) CMEKTUTOBMX KipOYOK.
Ocagkm HOCATb TPAHCIPECMBHUIA XapakTep: 3HU3y Bropy no
pPO3pi3y CNOCTEPIraeTbCA 3MEHLLEHHS MOTYXXHOCTI Ta KiflbKO-
CTi TepureHHuUX npoliapkis. B ocagkax HasiBHi TeKcTypu
ONMMBAaHHS, WO hopMyBanmcsa BCepeamHi NnacTiB 3a paxy-
HOK HEOZIHOPIAHOrO NMITOCTAaTUYHOrO TUCKY Ha AiareHeTUYHIN
cTagii nicns dopmyBaHHSA KpucTanis i MiKpOKOHKpeLii Cyrb-
digis. MpucyTHa gonomiTusadisi nopig Mae BMGIPKOBUIA xa-
paktep: 6inbw iHTEHCMBHA — no 6iomMopdHUX peLuTKax,
MiHIMarnbHa — No KanbLMTOBOMY MiKpuTy. MoxHa npunyc-
TWTWU, LLIO JONOMITM3aLis BanHsKiB BinbyBanacs Ha enireHe-
TUYHIN cTagii nicnga (abo nig yac) dopMyBaHHS KNiBaXXHOI
TpiwmHyBaTocTi. lNMpoTe gogaTkoBa NOPUCTICTb HE YTBOPIO-
Banaco y 3B'A3Ky 3 MOX/VBUM 3arikOBYBaHHSIM MOP i TPiLLMH
CMEKTMTOM i NeniToMopdHMM KapboHaToM.

EkcnepumeHTanbHi neTpodi3nyHi  gocnigXeHHs.
Komnnekc netpodisanyHux gocnigkeHb, BUkoHaHun B8 HOJ
TeopeTnyHoI i npuknagHoi reodisvkn HHI "lHcTuTyT reono-
rii" KniBCcbKOro HauioHanbHOro yHiBepcuteTy iMeHi Tapaca
LLleByeHKa, BKNOYaB BU3HAYEHHS: TYCTUHW NOPIA; BiOKPUTOI
Ta edEeKTUBHOI MOPUCTOCTI; CTPYKTYpPWU KamninsipHOro npoc-
TOPY; NUTOMOrO EMNEeKTPUYHOro OMopy; LUBUAKOCTI MPY>KHUX
XBUNb B aTMocepHUX i nnacToemx ymosax. Yci nabopato-
PHi OOCNIMXEHHS BUKOHYBamnm1Cb BiAMOBIOHO A0 Oi0YNX HOp-
MaTMBHUX JOKYMEHTIB.

Y faHii cTaTTi HaBegeHo pe3ynbTaT KOMMNNEKCHUX A0-
cnigXeHb NeTpodi3nyHUX BNacTUBOCTEN Konekuii i3 79 3pa-
3KiB  HWKHbOMEPMCbKMX BiOKNagiB  3axigHOI  4acTUHM
mMuHcbko-ConoxiBcbKoro rasoHadToHOCHOro pariony O03
(BanHsikiB B iHTepBani rmmbuH 1765—-1900 m).

MeToauka netpodpisanyHux gocnigkeHb. O6'emHa ry-
CTVWHa JOCHiMKEHUX Nopig y CyXoMy CTaHi BU3Ha4anacs Lns-
XOM 3BaXyBaHHSA Ta BMMIPIOBAHHA r€OMETPUYHMX PO3MIpIB
crneuianbHuXx nabopaTopHMX 3paskiB LMMiHOpUYHOI hopmu, a
B HacUM4eHOMY CTaHi — MEeTOAOM ri4pOCTaTUYHOro 3BaXy-
BaHHS 38 CTaHOAPTHO METOAMKOK NonepeaHbO HAaCUYEeHUX
3paskiB (Tuab u fJoHandcoH, 2009; Hcmpykyusi ..., 1977;
HopmmaHn, 1992a, b). [Ina BU3HAYEHHS1 Bary 3paskiB 3acTo-
coByBanucs uucposi aHanituuHi Barm WPS 360/c/2 (Tou-
HicTb +0,001 ).

KoediulieHT BiaKpWTOI NOPUCTOCTi BU3HAYABCH ra3oBOsto-
METPUYHUM CMOCOGOM i BaroBMM METOAOM 3riiHO i3 cTaHaa-
PTHOIO MeToaMKow. 3paskv TPCbKUX MOopig HacuvyBanucs
MoZenso nnactoBoi Bogn — po3vmHoMm NaCl 3 miHepanisa-
uieto 190 r/n Ta racom i 3BaxxyBanucs LMpoBMMU aHaniTny-
HuMu Baramm WPS 360/c/2. CepenHsi BigHOCHa noxubka
BM3Ha4eHb koediuieHTa nopuctocTi ctaHosuna 1,1 %.

KaninapomeTpuyHi JOCRIOXEHHS BUKOHYBanucs LWNs-
XOM LeHTpudpyryBaHHs 3paskiB mopig 3a [JOornoMoroio
ueHTpudyrm OC-6M ([Topodbi eopHbie, 1985; Pydsko,
2005). O6epToOBa LWBMAKICTL poTOpa LEeHTpUdyri 3miHoBa-
nacbk Big 1000 go 6000 o6/xB i3 kpokom 1000 06/xB, npu
LbOMY TUCK BUTICHEHHS 3MiHtoBaBcA Big 0,03 go 1,078 Ma.

[na BCTaHOBNEHHS KOPEensuinHOro 3B'A3Ky MK €EMHiC-
HUMU, ENEKTPUYHUMM Ta aKyCTUYHUMKU NapaMeTpamu nopig
B aTMOC(EpHMX i NNACTOBUX YMOBaxX BMKOHAHO KOMIMMEKC
neTpomi3nyHMX AochigKeHb i3 disUMHUM MOAESNOBAHHAM
nnacTtoBux ymoB (Temnepatypa t = 50 C; epekTUBHUIA TUCK
pes = 30 MMa; miHepanisauisa M = 190 r/n).

AHani3 paHux nabopaTtopHux gocnigaxeHb. Y pesynb-
TaTi BUKOHAHUX KOMMIEKCHMX NabopaTopHMX AOCNigKeHb BU-
3Ha4YeHO neTpodi3nyHi nNapamMeTpu  HUKHbOMEPMCBKMX
kapboHaTHUX Bigknagis. BigomocTi npo mexi 3MiH i cepeaHi
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3HaYeHHs1 NeTpodi3MyHUX NapamMmeTpiB Mopia, 3anexHo Bif
IXHBOI NniToNnorii, HaBe4eHo y BiANOBIAHNX TabNULAX.
F'ycmuna. PesynbTaT nabopaTtopHUX BU3HAYEHb ryc-
TVHW NMoKasanw, Lo ryCTMHa Cyxmx 3paskiB nopig 3MiHETbCA
Bin 2212 kr/m® go 2593 kr/m® 3a cepedHbOro 3Ha4YeHHs
2413 kr/m3. TycTUHa nopig, HacuYeHX MoAens o NacToBoi
BOAW, Bapitoe y Mexax Big 2442 no 2626 kr/m® 3a cepen-
HbOro 3HayeHHs 2549 kr/m2, a HacuyeHux racom — Big 2400

00 2622 kr/m3, cepefHe 3HayeHHs1 — 2541 kr/m3. YsBHa Mmi-
HepanoriyHa ryctMHa OOCHimMKeHUX nopig 3MiHIETbCS Bif
2718 po 2828 kr/m3, 3a cepedHbOro sHadeHHst 2783 kr/m3.
BigomocTi npo mexi 3MiH i cepeHi 3Ha4YeHHs ryCTUHHUX na-
pameTpiB MOpia 3anexHo Bif iXHbOI NiTonorii HaBeaeHo B
Tabn. 1. Wnpoki mexi 3amMiHM rycTuUHM cBig4aTb NPO MiHMKW-
BiCTb SIK NiTONOriYHOro cknagy 3paskis AOChiMKeHUX nopia,
Tak i BNacHe iXHbOI NOPUCTOCTI.

Ta6bnuys 1
Mexi 3MiH i cepeaHi 3Ha4YeHHSA rYCTMHHUX NapameTpiB nopia
3HayeHHsa | yctuHa (cyxi) lycruua rycruua YsiBHa ryctuHa
Mopona 3 ’ (Hacwuu. racom), | (Hacuu. NaCl), . : 3
napameTpa Kr/m K v MiHeparnoriyHa, Kr/m
MikpnTOBMI BanHsik; MiH. 2212 2400 2442 2718
CNapuToBMIN BanHsK; MakKc. 2593 2622 2626 2828
MIKpUTO-CNapuUTOBUI BanHsK;
[0NOMITU30BaHNN cep. 2413 2541 2549 2783
NiLL@HNCTUI BamHSK

TMopucmicmb. [ycTOTHWUI NPOCTip NoOpoan xapakTepu-
3y€eTbCS NOPUCTICTIO, @ 30aTHICTb MOPOAM NponyckaTu Yepes
cebe dnioigm — npoHukHicTio. Lli BhactmeocTi nopoan ons
KOXXHOro Tuny ¢nigy BU3HavaroTb Moro o6'eM, WBUAKICTb
pyxy i TexHormorito BUA0OYTKy. [HLWMMKY BaXnNMBnMK BNactu-
BOCTSIMM MOPIA-KONEKTOPIB € IXHA CTPYKTypa Ta BMICT BOAU
(3anexHo Big kaninspHOro TUCKY), a TaKOX 3BUMBMUCTICTb MO-
poBux kaHanis. CTpykTypa 0cafoBMX NOPi4 3HAYHOK MipOoto
BU3HA4Ya€eTbCA (HOPMOIO Ta OKATaHICTIO 3epeH, IXHIMU po3Mi-
pamMu, COpTyBaHHAM, OPIEHTYBAHHAM i TUMOM YMNakoBKM, a
TakoX XiMiyHMM cknagom (Tuab u [oHandcoH, 2009; UH-
cmpykuus ..., 1977; JopmmaH, 1992 a, b). KomnnekcHe Bu-
BYEHHS LUMX napameTpiB A03BOMSE oTpumaTi iHdopMadito
Npo AiareHeTWYHi 1 KaTareHeTU4Hi NpoLecK Ta NPo MexXaHi-
3MMU, SKi 4isinNu nig Yac TpaHCNopTyBaHHS i BigknageHHs oca-
AOBOro matepiany, YyLinbHeHHA Ta Aedopmauii ocaakis

(Tuab u foHandcoH, 2009). 3a CTPYKTYpOlo MOPOAN MOXHA
Bi3yarnbHO Ha SKICHOMY PiBHi OLiHUTK CTYNiHb Ti NMOPUCTOCTI
M MPOHUKHOCTI. 3MiHW NMPOHWMKHOCTI MOXHa MPOrHo3yBaTw,
BUXOAAYMN i3 3MiH PO3MIpY i (POPMM YACTUHOK, @ TaKoX PO3-
noAiny NycToTHMX KaHarnis y nopogi.

MopucTicTb Nopoayn — BaXKNMBUIN NapamMmeTp, SKMN BU3Ha-
Yae eMHICTb KornekTopa, TO6TO BMacTMBICTb NOPOAU BMiLLly-
BaTu cnoign (HadTy, ras i Bogy). Po3pisHa0Tb 3aranbHy,
BiOKpUTY Ta edekTuBHy nopucTictb (Tuab u [oHandcoH,
2009; UHcmpykuyus ..., 1977; JopmmaH, 1992 a, b).

JocnigxeHi BanHaKW 3aranom XxapakTepuayloTbCa HU3b-
KUMK | cepegHiMn 3HaYeHHAMKU nopucTocTi. BigomocTi npo
MeXi 3MiH i cepefiHi 3Ha4YeHHs KoediuieHTa nopucTocTi No-
pig, 3anexHo BiA iXHbOro BUAY HaBeaeHo B Tabn. 2.

Ta6bnuuys 2
MeXi 3MiH i cepeAiHi 3Ha4eHHA EMHICHUX NapameTpiB nopig
- . " . KoediuieHT echekTBHOI
Mopoaa 3HaueHHnA KoedpiuieHT BiakpuTOi nopucTocTi, k, nopucrocTi, k,
napameTpa
Hacuu. a3otoM | Hacuu. NaCl | Hacuy. racom | Hacu4. NaCl Hacu4. racom
MikpuTOBUMIA BanHsAK; cnapuToBui MiH. 0,063 0,045 0,049 0,004 0,008
BanHAK, MIKDUTO-CNapuUTOBUN Makc. 0,217 0,181 0,184 0,125 0,099
BanHsK; 4ONOMITU30BaHUM
MILAHNCTUI BaMHSAK cep. 0,149 0,127 0,128 0,036 0,031

KoedpiLlieHT BigKpWTOI NOPUCTOCTI Nopig, BU3HAYEHWI ra3o-
BOSIIOMETPUYHUM criocobom, 3miHtoeTbes Big, 0,063 o 0,217 3a
noro cepefHboro 3HaveHHst 0,149. Llen napameTp, Bu3Haye-
HUI METOOOM HacUYEeHHS BanHsKiB MOAENO NNacToBOi BOAU
(po3umHom NaCl), amiHtoeTbesa Big 0,045 go 0,181 3a noro ce-
peaHboro 3HaveHHs 0,127, a npu HacuM4YeHHi iX racom — Big
0,049 o 0,184 npu cepegHbOMyY 3Ha4eHHi 0,128.

Y pesynbTaTti BUKOHaHWX OOCHiMKeHb Oynu BCTAHOBIEHI
KOpensuiviHi 3aneXHocCTi MK koedilieHTaMn NopucToCTi, BU-
3Ha4YeHVMW ra3oBOSTIFOMETPUYHNM CMOCOOOM i METOAOM HacK-
YeHHs piguHoto (po3unmHom NaCl Ta racom). OTpumaHi
KOpensLiiHi 3aneXHOCTi ONUCYIOTLCSA MiHIMHUMK OYHKLSIMUA:

Kn,Naci = 0,816-kn,re + 0,0104, npum R?=0,85;

Kn,rac = 0,8739-kn,s - 0,0066, npu R2? = 0,846,
ae Knre, KnNacl, Knrac — KOeiLiEHTN BigKpUTOI NOPUCTOCTI,
BM3HAYEHi, BiAMOBIOHO, ra30BOSIIOMETPUYHMM CMOCOOOM,
HacnyeHHsM po3dynHom NaCl Ta HacudeHHam racom. pa-
dikKn LUMX 3anexHoCTen HaBeaeHo Ha puc. 1, 2.

AHani3 oTpuMaHnX AaHuX OO3BOSIMB YCTAaHOBUTU Kope-
NAUIRHI 3anNeXHOCTi MiX FYCTUHOI AOCRIAXEHUX BanHsKiB
(o) Ta ixHiMu KoediuieHTamu nopucTocTi. OTpuMaHi kopens-
LLiMHI 3aneXHOCTi, rpadikun SKnx HaBegeHo Ha puc. 3i4, onu-
CYIOTbCS TAKOX NiHIMHUMK PYHKLiSIMU:

kn,Naci = -0,0004-G¢ + 1,2012, npu R? = 0,882;

kn.rac = -0,0004-c + 1,2533, npu R? = 0,838.

3rigHo 3 icHyto4ot Knacudikalieto nopia-konekTopis 3a
BiakpuTOO NopucTicTio ([JaxHos, 1975) GyB oTpuUMaHuin Takui
posnoain 3paskiB 3a ixHiMu knacamu: go konektopis Il knacy
i3 cepenHboto nopucTticTio (10-20 %) HanexaTb 92,4 % poc-
nigpKeHux 3paskiB nopig; 4o konektopis IV knacy 3 HU3bKO
nopucrTicTio (5—10 %) — 5,1 % 3paskiB; 0o konekTopis V knacy
3 [yXXe HM3bKOI NopuCTiCcTHo (<5 %) — 2,5 % 3paskiB.

KaninspomempuyHi docnidXeHHs1 BUKOHYBanuChb LLNS-
XOM LIEHTpUYryBaHHS 3pa3kiB nopia 3a 4OMOMOroK LEHTPY-
dymm OC-6M. OGepToBa LIBUOKICTE poTOpa LEHTpUdYU
amiHoBanacs Big 1000 go 6000 06/xB i3 kpokom 1000 o6/xB,
Lo 3abesneyvyBarno 3MiHy TUCKy BUTICHEHHS y mexax Big 0,03
0o 1,078 Mla (ITopodkl eopHble, 1985; Pydsbko, 2005). Mig yac
nabopaTtopHUx NeTpodisnyHMX AOCHIMKEHb KOoedilieHTn 3a-
FULLKOBOrO BOAOHAacUYeHHs (kss) i racoHacuyeHHs (kai) Ta
CTPYKTypa NyCTOTHOrO NPOCTOPY BU3Ha4Yanmcsi Ha OCHOBI aHa-
nisy kpmBmx kaninspHoro Tucky (KKT), oTpuMaHux 3a pesyrnb-
TataMn  UeHTpudyryBaHHa  3paskie  nopig. HaHi  npo
KOeMILIEHTN 3aNNLLKOBOrO BOAOHACUYEHHS | CTPYKTYPY MyCTO-
THOTrO NPOCTOPY HaBedeHO B Tabn. 3.

Ha puc. 5 i 6 HaBeaeHO TMNOBI KPUBI KaMiNsPHOro TUCKY
[ocnigKeHnx BanHAKIB 3 PidHUMM PinbTpaLinHO-EMHICHUMM
BMacTUBOCTSIMMU.
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Koedinient mopucrocti, k, (Hac. azotom)

Puc. 1. 3anexHicTb Mix koedpiLieHTaMu BigkpuToi
NOPUCTOCTi, BU3HAYEHUMU Fa30BONIFOMETPUYHUM CMOCOGOM
(Kn,rs) i MeTOQOM HacuuyeHHs po3unHoM NaCl (k; naci)
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Puc. 3. 3anexHicTb KoediuieHTa BigkpuTOi NopucTocTi
nopig, BA3Ha4eHOro MeTogoM Hacu4yeHHs posunHom NaCl,
Bifl TYCTUHMU

KoedinmienT nopucrocTi, kK, (Hac. asoTomM)
Puc. 2. 3anexHicTb MiXx koecpilieHTaMu BigkpuToi
nopucTocTi, BU3HAYEeHUMM ra30BOJIFOMETPUYHUM CNOCOGOM
(Kn,rs) i MeTOAOM Hacu4yeHHS racoM (K rac)
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Puc. 4. 3anexHicTb koedilieHTa BigKpMUTOI NnopucTocTi nopia,
BM3HAa4Y€HOro MeTOAOM HacU4YeHHs racom, Bif, N'yCTUHU

Tabnuys 3

Mexi 3MiH i cepeaHi 3Ha4YeHHs NapamMeTpiB NYCTOTHOro NPOCTOPY AOCHiAXEeHUX nopia

3HauyeHHsA BwmicTt nop, % KoedpilieHTM 3anUILKOBOro HaCUYEHHs
Mopoaa - - - - - -
napameTpa |HagkaninspHi | kaninsApHi | cyokaninsapHi | Hacu4. NaCl, ks Hacuy. racom, K,
MikpuTOBWIA BanHsK; MiH. 1 2 40 0,40 0,46
CMIapUTOBMI BAIHAK; MaKC. 22 38 97 0,97 0,92
MiKpUTO-CNapuUTOBUI BanHsK;
[ONOMITU30BaHUI MilLlAHUCTUN cep. 7 14 79 079 0.79
BanHaAK ' '
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KoegiuieHt BogoHacHeHH, k,
i
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Puc. 5. TunoBa KpuBa KaninsipHoOro TUCKy ANA BanHAKiB
i3 cepeaHiMu cinbTpaUitHO-EMHICHUMKN BNacTMBOCTAMM

Y pesynbTati aHanidy nabopaTtopHux BU3HayYeHb Koedi-
LieHTa 3anuLLIKOBOrO BOOOHACUYEHHSI BEPXHLOMEPMCBLKMX
BarHsKiB YCTaHOBIIEHO, LLO Lier napaMeTp 3MiHIOETLCS Bif
0,40 go 0,97 3a noro cepefHbLOro 3HaveHHs 0,79. Koediui-
€HT 3anuLIKOBOrO0 HadTOHACMYEHHS OOCHIMKEHUX nopia
3MmiHoeTbes Big 0,46 o 0,92 3a cepeaHboro 3HadeHHs 0,77.
3a BM3HaYeHNMK KoedilieHTaM1 3arnuLIKOBOro BoAOHAaCK-
YEeHHS Mopig Ta iCHYYO BigNOBIAHOK Knacudikalie Ko-
NEKTOopiB  3a KrnacaMu KOMEKTOPCbKUX  BracTUBOCTEN
(HJaxHos, 1975) pocnigxeHi 3pasku nopig BigHOCATLCA: 40

KoedinieHT BogoHacimenns, k,
5 o 2 5 5 o o =
fa s wn (-3 -1 (-] w0 o

=
b

0.4 0.6 0.8 1.0 1,2

Tuck puticHenda, Mlla

0,0

Puc. 6. TunoBa KpuBa KaninApHOro TUCKy ANA BanHAKiB
3 HU3bKUMM (hiNbTPaULiNHO-EMHICHUMMN BNAaCTUBOCTAMM

Il knacy komnekTopiB (HadTorasoHaCUYeHHs cepenHe,
kse = 0,3-0,5) — 5,8 % 3paskis; go IV knacy (HadTorasoHa-
CUYEHHS HU3bke, kss = 0,5-0,7) — 23 %; oo V knacy (Hadpo-
rasoHacu4eHHs oyxe Husbke, kse>0,7) — 71,2 % 3pa3kis.

3 BUKOPUCTAHHAM KOeiliEHTIB 3anMLIKOBOro BOOOHa-
CUYEHHS Ta HadP TOHaCUYEHHS BU3HAYeHO KoedilieHTun ede-
KTMBHOI NopuCToCTi (Kned) AOCNimKeHnX nopig. KoediuieHT
eEKTUBHOT NOPUCTOCTI, BU3HAYEHWI 3a 3amMLLKOBMM BOLO-
Hacu4yeHHsaM, 3MmiHeTbea Big 0,004 go 0,125 3a 1oro
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cepenHboro 3HadeHHs 0,036, a 3a 3anvLIKOBMM HadToHacK-
YeHHam — Big 0,008 go 0,099 npu cepeaHbomy 3HayeHHi 0,031.

Ha ocHoBI BUKOHaHUX NeTpodi3nyHMX AocnigXeHb ycTa-
HOBIEHa KopernsuiiHa 3anexHicTb koedilieHTa edpekTUBHOI
NOpUCTOCTi Big KoediuieHTa BiakpuToi nopuctocTi. OTpu-
MaHa KopensiLinHa 3anexHiCTb onucyeTbCs NOMiHOMOM Apy-
roro NOpsiAKy:

kpeq = 9,0899 - k% —1,4008 - k, + 0,055, npu R?=0,817.

0.14 |

=
-

y =9.0899x* - 1.4008x + 0,055
Ri=(.5171

Koedinient edexTHBHOI MopHCTOCTI,

0.07 0.09 0.11 0.13 0.15 0,17

KoediuieHT pinkputoi mopucrocti. ki

0,19

Puc. 7. 3anexHicTb koediuieHTa echekTMBHOI nOpUCTOCTI
nopia (kneq) BiA KoediuieHTa Biakputoi nopucrocTi (kn)

3a pesynbratamu gocnigkeHb 3paskiB nopig 6yno BuKo-
HaHoO, BiOMOBIOHO [0 iCHYHOYOI KnacudikauinHoi cxemu (Jax-
Hog, 1975), TaKky ixHIO knacudikaujito 3a edeKTUBHOK
nopwucricTio: go Il knacy konekTopiB (edekTBHa MOPUCTICTb
cepenHs, knep = 515 %) HanexwuTb 6,4 % AocnimKeHnx 3pas-
kiB nopig; go IV knacy konektopie (edekTmBHa NOPUCTICTb HU-
3bKa, knep = 3—7,5 %) — 40,4 % 3paskiB; 8o V knacy (ecektmBHa
MOPUCTICTb AyXKe HU3bKA, Knep < 3 %) — 53,2 % 3paskiB.

KaninapomeTpuyHi  OOCMIMDKEHHS 3 BMKOPUCTaHHSM
LeHTpUdyrv O3BOMUIM OLHATU CTPYKTYPY MyCTOTHOIO NpoC-
TOpY 3paskiB BanHsKiB 3a po3MipoM kaninspis. Posnoain nyc-
TOTHOrO NPOCTOPY Nopia Ha cybkaninspHi (aiameTp < 0,2 MKm),
KaninsapHi (giametp 0,2—3 MkM) Ta HagkaninapHi (giameTtp 3—
100 mkm) nopu (Hecmepenko, 2010) HaBegeHo B Tabn. 3.

Y HagkaninsapHux i kaningpHUX NOpPOBKX KaHanax 3oce-
pemxeHi nian, Wo MoxyTb 6paTth yyacTb y dinbTpauin-
HUX npouecax. CybkaninapHi NOpoBi KaHanu, K NpPaswno,
3arnoBHEHI 3aNMLLKOBOIO BOAOK 1 yyacTi y dinbTpauii donto-
iniB BOHW He 6epyThb.

3a pesynbTatammn nabopatopHUX KamninspoMeTpUYHUX
JocnigXeHb METOAOM LIEHTPUYryBaHHS BCTAHOBIEHO, LU0
KaninsapHUA NpocTip AOCNIMKEHNX MNOPi4 Mae Taky CTPyk-
TYpy: BMICT HagkaningapHux nop 3MiHweTbea Big 1 % no
22 % 3a cepedHbOoro 3HayeHHs 7 %; BMICT KaninspHUx nop —

020 |
0,18 |
0,16 |
014 |
012 |
0,10 |
0,08 |

y =0.9898x- 0.0047
R3=10.994

(ruracToBi yMOBII)

KoediuieHt nopucrocti
2 2
2R

0,02 |

0 002 004 006 008 01 012 014 016 018 072

KoediuieHT mopuctocTi (aTMocdepHi yMoBir)
Puc. 9. KopensuiiHa 3anexHicTb Mix koedilieHTamu

NOPUCTOCTI AoCNiAXeHUX BanHAKIB y nnactoBuXx (K nn)
i atMmocdepHux (k,) ymoBax

Mixx koediulieHTOM 3anuLWKOBOro BoAoHacCUYeHHs (Kan)
i koediuieHToM edhekTUBHOT NopucToCTi Nopia (Kn,edp) TAKOX
OTpUMaHa KopensiliHa 3anexHiCTb, fka Mae NiHinHWuA
xapakrep:
kay = —5,1265 * kyy o, + 0,9356, npu R?=0,845.
"padbikm LUnx 3anexHocTen HaBeaeHo Ha puc. 7 i 8.

L0
09
0.8
0,7
0,6
0,5
0.4
0.3
0,2
0,1

0,0
0,00

¥ =-5,1265x+0,9356
° R?=0,8449

KoediuieHt 3ammmkoBoro
BOJOHACIeHHA, K.,

0,02 0,04 0,06 0,08 0,10 0,12
Koediuient edextierol mopuerocti. ko

0.14

Puc. 8. 3anexHicTb KoedilieHTa 3anuwIKoBOro
BoAoHacuyeHHs (kis) Bia koediuieHTa echekTMBHOI
nopucTtocTi nopia (Knes)

BiO 2 % 8o 38 % 3a cepeaHboro 3HavyeHHsi 14 %; BMicT cyb-
kaninspHux nop — Big 40 % po 97 % 3a cepefHbOro 3Ha-
YeHHs1 79 % (Tabn. 3).

Cnig Bia3HaunTw, L0 3a CTPYKTYPOIO MYCTOTHOTO NPOCTOPY
pocnigkeHi 3paskv nopig, y GinbLIocTi BUNaakis MakoTb OCUTb
HM3bKi (iNbTpaLiiHi BNaCTUBOCTI, 3a BUHSTKOM OKpEMMX 3pas-
KiB i3 cepegHiM1 GinbTpauiiHMMM napamMmeTpamu.

®di3MyHe MoaentoBaHHA NnacToBux yMoB. Jlabopato-
PHi BUMipIOBaHHS 3 BUKOPUCTAHHSIM YCTaHOBKM BUCOKOIO TU-
cky BCL-1000 posonunu OUiHUTK 3MiHY KoedilieHTa
NMOPUCTOCTI AOCNIAKEHNX NOPiA Y NNAacTOBMX yMOBaXx, KOmu
Hacu4yeHi po3dnHom NaCl 3pasku nepebyBanu nig TUCKOM
pep = 30 MMa i npu Temnepartypi t = 50°C. Onsa disuyHoro
MOZesoBaHHSA NNacToBnx YMOB BifgibpaHo 15 3pa3kis 3 pi3-
HOM MOPUCTICTIO. AHani3 pe3ynbTaTtiB nabopaTopHux Jocni-
[KeHb MOPUCTOCTI MOopiA4 Yy 3MOAEeNbOBaHWX MracToBUX
ymoBax Mnokasas, Lo LeW napameTp AN Pi3HMX BarHsKiB
3MiHoeTbes Big 0,040 oo 0,169 3a cepedHbLOro 3HaYEeHHs
0,118. BukoHaHi ekcnepuMeHTanbHi OOCNIAXEHHSA [03BO-
NN TakoxX OTpUMaTK KopensuiHy 3anexHicTb M Koedi-
uieHTamm nopuctocTi B atmocdepHux (kn) i nnactoBux
(kn,nn.) ymoBax. Lis 3anexHicTb AocuTb CTivika (MpPakTU4YHO
dyHKUioHanbHa) i Mae NiHinHWMM BUrnag (puc. 9):

kn.nn = 0,9898-kn — 0,0047, npn R? = 0,994.

Puc. 10. 3anexHicTb BigHOCHOro 3HWXeHHA (8) koedillieHTa
nopucTocTi BanHAKIB (kn ) Y NNAcToBUX yMOBax
Bif ixHboro koediuieHTa nopucrocrTi (k,) B aTmocdepHMX ymoBax
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YHacnigok 3akpuTTs MIKPOTPILLMH MPU HaBaHTaXXeHHSM
nopig nig 4Yac mMogentoBaHHs NNacToBMX YMOB MOPUCTICTb
nopig 3MEHLYETLCA MOPIBHAHO 3 iXHBOIO NMOPUCTICTIO B aT-
MocepHMX ymoBax. AHani3 JaHux nokasye, Wo Ans 4ochi-
KEHVX KapOOHaTHMX nopia BiAHOCHE 3HWXKEHHSA (J)
KoediuieHTa NOPUCTOCTI NP 3MiHi aTMOCEPHNX YMOB Ha
nnacToBi ctaHoBUTb Big 1,5 % 8o 11 % 3a cepeHbOro 3Ha-
yeHHs 5,3 %. ®PyHKUioHanNbHa 3anexHicTb BiJHOCHOMO 3HK-
XKEHHS1 NOpPUCTOCTI, WO BigNOBiAae 3a3HayeHin BuLle
KopensuinHii 3anexHocTi knnn BiA kn (puc. 9), mae Burnag

8 =(0,0102+0,0047/ kn)-100 %

i npegcraeneHa Ha puc. 10. I3 gaHoro cniBBigHOLEHHS | HaBe-
AeHoro rpadpika BUXOAMTb, LLO BiQHOCHE 3HKEHHS koediLlie-
HTa MOPMUCTOCTi 32 OQHAKOBMX MIAcToBMX yMOB nepebyBae B
0BepHeHin 3anexHOoCTi Big koedilieHTa NOpUCTOCTi B aTMoC-
hepHUX ymoBax. BigTak, BUKOHaHI JOCRIMpKEeHHS LO3BONSAI0TD
OiATV BUCHOBKY, LU0 ANt BUCOKOMOPUCTUX BanHsikiB (kn> 0,2)
KoeiLiEHT NOPUCTOCTi B PO3rNSHYTUX BULLE NAacTOBUX YMO-
Bax MeHLWMA Bif KoediuieHTa NOpUCTOCTi B aTMOCHEPHUX
ymoBax He GinbLue Hix Ha 3 %.

PesynbTaTv gocnimkeHHs 3paskis nopig y 3moaensoBsa-
HWUX MIIACTOBMX yMOBaxX JO3BOMMIN po3paxyBaTh KoedilieHT
3aMMLLIKOBOrO BOAOHACUYEHHS B NnactoBux ymoBax (Kssnn).
Taki po3paxyHku BUKOHaHI 3 BUKOPUCTAHHAM KoedillieHTa ne-
pepaxyHky o (OCTY 41-00032626-00-025-2000, 2001). ix
pesynbTaTy CBigYaThb, WO KoedilieHT 3anunLwKoBoro BogoHa-
CUYEHHS Pi3HMX BarHsKiB y MNacToBUX YMOBaX 3MIHETHLCS
Big 0,42 no 0,99 3a oro cepeaHbLOro 3HayeHHs 0,81.

lMpoHukHicmb. BnacTusicTb nopoau nponyckatu cnto-
iAM Ha3nBaeTbCA NPOHUKHICTIO. MNPOHUKHICTE NOPOAK 3ane-
XWTb Big Ti €PEeKTMBHOI MOPUCTOCTI, OTXeE, Ha Hei BNMBalTb
pO3Mip 3epeH nopoau, ixHa hopmMa, NPOCTOPOBMIA PO3NOAIN
3epeH 3a po3mMipamu (COpTyBaHHS), @ TAKOX IXHSA ynakoBkKa,
CTyniHb KOHconigauii  uemeHTauii. Tun rmuHucToro abo iH-
LLIOrO LLlEeMEHTYBaNbHOro MaTepiany Mix nillaHumm 3epHamMm
TaKoX BMNMMBAE Ha MPOHMKHICTb, 0COBNUBO B pasi NpUCyTHO-
cTi Boaun. [esiki rmuHUCTi MiHepanu, 3okpema cMeKTuT (6eH-
TOHITW) i MOHTMOPWIOHIT, po3byxaloTb y BOAi W MOXYTb
YacTKOBO abo MOBHICTIO 3aKynoproBaTy MNYCTOTHWUIA NPOCTIp
(Tuab u JoHandcoH, 2009; MNopodki 2opHbie, 1985).

AGCOoNOTHA NPOHNKHICTL (KOeMiLiEHT MPOHUKHOCTI Knp) —
Lue napameTp, SKUA XapaKTepu3ye NMPOHWUKHICTb MOpoau Y
BMNazaky, konu BoHa Ha 100 % HacuyeHa ogHUM ONOILOM
(dbasoto), Taknm sk ra3 (knpr), HadpTa (knpn) @60 BOAA (Knpe).
Y pasi npucyTHocTi B nopogi 6inblue ogHoro dontoigy npoHu-
KHICTb 451 KOXHOIO 3 HMX € (pa3oBoto, Npu LiboMy KoedilieHTn

NPOHWUKHOCTI Knpr, Knph, Knps XapakTepunaytoTb epeKkTuBHy ta-
30BY MPOHUKHICTb ANs rady, HadTh 1 Boam BignosigHo. Mig
Yyac pyxy nycTOTHMMM KaHanamu nracTosi prtoign B3aemo-
LiloTb Mk coboto, 3aBaxkaluM OOvH OOHOMY, TOMY cyma
eeKTUBHOT MPOHUKHOCTI BCiX TPbOX (ba3 3aBXauW MeHLa
abCcontoTHOT NPOHMKHOCTI.

3a HasBHOCTI B nopogi aekinbkox dntoigis (dhas) BigHo-
LUEHHS1 edPEKTUBHOI MPOHMKHOCTI Byab-akoi chasu fo abcontoT-
HOI MPOHWKHOCTI NOPOAM Ha3UBaOTb BiQHOCHOK MPOHUKHICTIO
(kr) ons uiei dbasn (JaxHos, 1975; Tuab u JoHandcoH, 2009).
Tak, BiQHOCHI NPOHMKHOCTI Ansa HadhTw, rasy i BoOAM BiAnNoBigHoO
6yayTb Kk = knpu/knp, Kir = Knpr/knp, Krs = Knpe/Knp.

HadpToBi 11 ra3oBi KONEKTOPU MOXYTb MaTW MNEPBUHHY i
BTOPVHHY NPOHWUKHOCTI. MNepBUHHA NPOHMKHICTb — Lie NPOHU-
KHiCTb MaTtpuui (MiHepanbHOro kapkacy) nopoau. BoHa
YTBOPIOETLCS Nif Yac BigknageHHs i nitodgikadii (koHconiaa-
Lii) ocagoBumx nopif. BTopMHHa NPOHUKHICTL € pe3ynbTaTtom
3MiHM MaTpuLi NOpoan 3a PaxyHOK YLUiNbHEHHS, LLeMeHTa-
Ui, YTBOPEHHS TPILWUH i BUNYroByBaHHS. YLUiNbHEHHS i Le-
MeHTaLid 3a3Buyanh 3MEHLWYHTb MPOHUKHICTb, TO4i $K
npoLecy YTBOPEHHS TPILLWH | BUNYroByBaHHSA NEPEBaXHO ii
36inbLyoTh. Y Aeskux nopogax, ocobnmeo B HU3bKONopUc-
TMX kapboHaTax i aprinitax, came 3a paxyHOK BTOPWHHOI
NPOHMKHOCTI BiAOyBaeTbCA OCHOBHA Mirpadisi ntoigis.

MpOHMKHICTb NOpia-KonekTopiB HadTU i rasy Moxe 3Mi-
HioBaTUCA B AianasoHi Big 0,1 go 1000 M2, iHkonu 1 Bi-
nblwe. AKicTb kornekTopa o6ymMoBreHa MOro MPOHUKHICTIO,
sIka AiNUTbCA Ha HU3bKY — Knp <1 pM?, 3300BINbHY — Knp = 1—
10 om?, cepeaHio — knp = 10-50 M2, BMCOKY — Knp = 50—
250 com? i myke BUCOKY — knp >250 pm? (JaxHos, 1975;
Tuab u [oHandcoH, 2009). KonekTopu i3 NPOHUKHICTIO HU-
x4e 1 M2 BBAXaKOTbCA YLLiNIbHEHUMM. Taka HU3bKa NpoHW-
KHICTb 3a3Bu4Yan BMacTMBa aprinitam, anesporsiTam,
LWiNbHMM Fa30HOCHMM MiCKOBUKaM, mMaTpuui BanHskiB. Taki
3axoam iHTeHcudikaLii NpoaYKTUBHMX TOBLL, 5K rigpopo3pus
i KucrnoTHa obpobka nnacrta, NigBULLYITb NPOHUKHICTL NO-
pif i 4O3BONATL BECTU BUAOOYTOK BYTNIEBOAHIB i3 KONEKTO-
piB, SKi paHille BBaXKanmca HEKOHONLINHUMUA.

Mig yac nabopaTtopHUX NeTPodi3nIHNX AoCnigKeHb Nopia
KoeiLieHT NPOHWKHOCTI 3pa3KiB kepHa BU3HA4YaBCSl METOLOM
cTauioHapHoi inbTpaLii a3oTy 3a 4ONOMOro0 crneLjansbHo po-
3pobneHoi yctaHoBku (MTopodsi 2opHble, 1985). CepenHs Bia-
HOocHa noxubka BU3HAYeHb KoediLiEHTa  MPOHUKHOCTI
craHoBuna 2,8 %. Moro mexi 3MiH | cepenHi 3HaueHHs ans
HIPKHBOMEPMCbLKUX KapboHaTHUX Nopig HaBeaeHo B Tabn. 4.

Ta6nuys 4

MeXi 3MiH i cepeaHi 3Ha4YeHHA NPOHUKHOCTI nopia

Mopopa 3HayeHHs napameTpa KoediuieHT NPOHMKHOCTI Kqp, M2
. N . . N MiH. 0,038
MikpuTOBUMIA BanHsK; CNapuToBWIA BamnHSK; MiKpUTO-CNapuUTOBUIA MaKC 1,992
BanHsK; 4ONOMITU30BaHWI NiLLAHUCTUIA BanHAK - ’
A i cep. 0,323

Y pesynbTati aHanidy nabopaTtopHux BU3HayYeHb Koedi-
LiEHTa NPOHUKHOCTI NOpif YCTaHOBIEHO, O Liev napameTp
amiHoeTbes Big 0,038 dm? oo 1,992 om? 3a noro cepea-
HbOTO 3HaueHHs 0,323 dpm2. 3rigHo 3 iCHYHYOI Knacudika-
Ljielo nopia-KonekTopiB 3a iXHbOK MPOHUKHICTIO ([JaxHos,
1975) 6yB oTpMMaHWI Takvin po3nodin gocnigXeHnx kapoo-
HaTHMX nopig 3a uMm napameTpoMm: ao IV knacy konekrtopis
(NPOHMKHICTb HU3bKA, knp = 1-10 pm?) HanexaTb 9,2 % 3pa-
3kiB nopia; A0 V Knacy KOnekTopiB (MPOHWUKHICTb AYXe Hu-
3bka, knp < 1 dm?) — 90,8 % 3paskis.

AHani3 pesynbTaTiB labopaTopHMX NeTpodisnyHUX aocri-
[PKeHb 3paskiB nopig 403BONMB OTPUMATU Psf, KOPEnsLUinHMX

3anexHocTen Mix KoediuieHTamy edeKTMBHOI MOPUCTOCTI
(Knep), 3anmwkoBoro BogoHacuyeHHs (k) Ta koedilieHTOM
npoHukHoCcTi (Knp). Lli 3anexHocTi, rpadikn skux HaBedeHi Ha
pvc. 11, 12, onncyroTbest NoNiHOMaMK APYroro NOpPsaKy:
kqp = 169,55 - kﬁ,e(b +0,7608 - ko, + 0,0407,
npu R?=0,819 ;
kup = 8,2977 - k2, — 14,327 - k., + 6,2583,
npu R?=0,759.
BoaHovac BapTo BigMITUTK, LLO TaKi 3aneXHoCTi 3 npu-

NHATHUMK KoedpilieHTamn kopensauii BOAETbCA OTpUMaTh
nuwie Ans oKpeEMMX NiTONOMNYHUX FOPU3OHTIB.
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y =169,55x% + 0,7608x + 0.0407
R?*=0,8197

KoediuieHT npomiksocri, K,

0,00 0,02 0.04 0,06 0,08 0.10
KoediuieHT edeKTHBHOT MOPHCTOCTI, K, 4
Puc. 11. 3anexHicTb koediLieHTa NPoHNUKHOCTI (Knp)
Bifg koediuieHTa edpekTMBHOT NopucTocTi Nopif (Knes)

BucHoBku. [Nopoan HMKXHBONEPMCbKOI cUcTeMn 3axia-
HOi YacTuHM [MuHCBLKO-COMNoXiBCbKOro rasoHadpTOHOCHOro
pavioHy [O03 HanexaTb [0 MIKPUTOBMX, CMapuTOBUX,
MIKPUTO-CNIapuUTOBMX Ta [JOSIOMITU30BaHUX MilLl@HUCTUX
BanHsKis. [0NOBHMMM O3HaKaMu 3a3HaYeHNX pPi3HOBMAIB Ba-
NHSKIB € 3abapBrneHHs OKPEMUX NPOLLAPKIB, sIKE KOHTPOIH0-
€TbCS BMICTOM Y HUX CMEKTUTOBOI CKIMaAoBOIl 3ereHyBaToro
Konbopy. BuainaioTbca 3eneHi mikpuTw, cipi, iHoAi 3nerka
OypyBaTi cnapuTu, 3eneHyBaTo-Cipi MikpUTO-CnapuTyh Ta CBi-
Tno-cipi ixHi pisHoBnan. Cnabka NPOHMKHICTb Pi3HUX BamnHs-
KiB MOB'A3YETbCA 3 HASIBHICTIO B HUX NaBYTUHHOI CUCTEMMU
MiXX3E€PHOBUX TPILLMH, AyXXe YacTO BUMOBHEHMX aMOpPdHOO
FMIMHUCTOK KOMOIAOrEHHOK PEYOBUMHOK, abo TEKTOHIYHUX
TPILLMH, YaCTKOBO BUMOBHEHUX NepeBiaKNaaeHNM MiKpUTOM
4K KipoYKaMU KanbuuTy.

l'ycTMHa nopig cyxux 3paskiB 3MiHETbCA Big 2212 go
2593 kr/m® 3a cepegHboro aHadeHHs 2413 kr/m3, nopia, Ha-
CUMYeHUX Mopenno nnactoBoi BoaM — Big 2442 po
2626 kr/m® (cepeaHe 3HaveHHa 2549 kr/m®), HacuueHux ra-
com — Big, 2400 go 2622 kr/m3 (cepeaHe— 2541 kr/m®). YaBHa
MiHepanoriyHa rycTuHa JocnimpKeHnX nopig 3amMiHIeTbCS Bif
2718 po 2828 kr/m® (cepenHe — 2783 kr/m®). LUnpoki mexi
3MiHM IYCTUHM AOCRIMKEeHNX Nopia CcBigYaTh NPO MiHMAMBICTb
IXHbOro neTporpacdivyHoro cknagy Ta NOpUCTOCTi.

Ha ocHoBI BUMiptOBaHHSA NOPWUCTOCTI NOpia ra3oBoniome-
TPUYHMM CNOCOOOM YCTaHOBIEHO, LLO iXHiW KoedilieHT Bia-
KpUTOT nopucTocTi 3MiHoeTbeA Big 0,063 oo 0,217 (cepenHe
3HayveHHs1 0,149). MNopucTicTb gocnigkeHnx nopig, BU3Ha-
YeHa HaCUYeHHSIM MOZENII0 MIacToBOi BOAM, 3MIHIOETLCS
Bin 0,045 oo 0,181 (cepenHe — 0,127), a HACUHEHHSAM racom —
Bia 0,049 o 0,184 (cepenHe — 0,128). KoediuieHT ecekTn-
BHOI NOpWUCTOCTI nopia Bapitoe B mexax Big 0,004 go 0,125
(cepenHe — 0,036), a kKoeiLieHT 3anMLLKOBOro BOAOHACU-
yeHHs — y mexax Big 0,40 go 0,97 (cepenHe — 0,79). Kope-
NAUINHI  3aneXHOCTi MK TyCTMHOI nopia Ta  iXHiMK
KoedilieHTamMn NOPUCTOCTI, BCTAHOBMEHI 3a pe3ynbTatamu
nabopaTopHUX AOCNifXEHb, € BiAHOCHO CTIKUMW N ONUCY-
I0TbCS NiHIMHUMUW PYHKLISIMU.

BukoHaHa knacudikauia nopig 3a BigkpuUTO Ta ehekTu-
BHOIO MOPUCTICTIO. 3a LMK XapaKTepucTUkammn JocnigxXeHi
nopoau HanexaTtb Ao V-lll knaciB KonekTopis — NOpUCTICTb
3MIHIOETBCA Big AyKe HU3bKOT 40 cepeaHboi. BcTaHoBMEHO,
LLIO 32 3HaYEeHHAMM KoedillieHTa BIAKPUTOI MOPUCTOCTI Nopig
4o V Kknacy KonekTopis (MOPUCTICTb AyXXe HU3bKa) Hanexarb
2,5 % 3paa3kis, 0o IV knacy konekTopiB (MOpUCTICTb HU3bKa) —
5,1 % 3paskiB Ta go Il knacy konektopis (MOPUCTICTb cepe-
aHa) — 92,4 % 3paskiB. 3a eeKTUBHO MNOPUCTICTIO A0
V knacy konektopis (MOPUCTICTb OyXe Hu3bka) Hanexatb
53,2 % pocnigxeHunx 3paskis nopia, Ao 1V knacy konekropis
(nopwucrTicTb Hu3bka) — 40,4 % 3paskis Ta go |l knacy kone-
KTopiB (MOpuUCTiCTb cepeaHs) — 6,4 % 3paskiB.

BusHayeHo, WO KoedilieHT 3anuLKOBOro BOAOHAcK-
YeHHs1 kapboHaTHUX Nopia 3MiHETbLCS B Mexax Big 0,40 oo

o

y=8.2077x? - 14.327x + 6,2583
R2=0,7596

t
i

Koediuient nponnkxoctL, k,,
o ;
(=3
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KoedilieHT 3ammKoBoro BOIOHACHIEHHA, k.,

Puc. 12. 3anexHicTb koediuieHTa NpoHUKHOCTI (Kqp)
Bifg koedpilieHTa 3anuwiKoBOro BogoHacu4veHHs nopip, (kss)

0,97 3a cepeaHboro 3HaveHHs 0,79. 3a uum napameTpom Jo-
cnigpkeHi nopoan Hanexatb o V-l knaciB konekTopis, i3 HUX
0o V knacy konektopie (HadpTorasoHacu4eHHs AyXe HU3bKE)
Hanexatb 71,2 % 3paski, 0o IV knacy konekTopis (HadTora-
30HacnYeHHs1 Hn3bke) — 23 % 3paskiB Ta o Il knacy konek-
TopiB (HadpTorasoHacuyeHHs cepenHe) — 5,8 % 3paskis.

CTpyKkTypa KaningpHoro npocTopy AocChigKeHUx nopia,
oTpMMaHa 3a pesyrnbTaTaMu iXHbOro KaninspoMeTpU4HOro
OOCrigXeHH MeTOAO0M LIeHTpUAYryBaHHS, Taka: BMICT Haa-
KaninsgpHux nop 3miHeTbes Big 1 % 00 22 % (cepenHe 3Ha-
YeHHs1 7 %); BMICT KaninspHux nop — Big 2% 8o 38 %
(cepenHe — 14 %), BmicT cybkaninspHux nop — Big 40 % o
97 % (cepenHe — 79 %).

BukoHaHi neTpodpiaunyHi JoCHiMKEeHHs MoKasanu, LWo nopu-
CTiCTb Nopia y 3MOAENbOBAHNUX NIIAaCTOBUX YMOBaX 3MiHIOETLCS
Bia 0,040 go 0,169 (cepeaHe 3HayeHHs 0,118). YcTaHoBneHa
KopensiiiHa 3anexHicTb Mk koedilieHTammn NopucTocCTi, BU-
MIpSIHUMW B @aTMOCEPHMX | NNAacTOBMX YMOBaxX CNocOOOM Ha-
CMYEHHS 3paskiB piavHON, € MPaKTUYHO (YHKLIOHANBHOK 1
ONUCYETBCA NIHIMHOIO (PYHKLjE0. Y NNacToBMX yMoBax yHacri-
[OK 3aKpUTTS MIKPOTPILWMH Mid HaBaHTaXXEHHsM Mopig iXHA
MOPUCTICTb 3MEHLLIYETLCSA MOPIBHSAHO 3 MOPUCTICTIO B aTMocde-
pHUX yMoBax. BigHOCHe 3HWxeHHSs koediljeHTa NopucToCTi no-
pig, wo nepebyBalTb B OOHAKOBMX MNMaCTOBUX YMOBaX,
ob6epHeHO 3anexHe iXHi NOpUCTOCTi B aTMOCHEPHUX YMOBAX
i ANS pisHnx 3paskis nopig craHoBuTb Big 1,5 % Ao 11 % (ce-
peoHe — 5,3 %). 3a pesynbTatoM OTPMMAaHOIO KOPENSLiHOTO
3B'A3KYy BM3HAYEHO, LWO AN BUCOKOMOPUCTMX BarHsiKiB
(kn> 0,2) koediLlieHT NOPUCTOCTI B 3MOAENBOBaHMX NIacTOBKX
YMOBax MeHLUMI Bif, KoediLlieHTa nopucToCTi B aTMOCdepHUX
yMoBax He 6inbLue Hix Ha 3 %.

JlabopaTopHi BUMiptOBaHHSA koedilieHTa MPOHUKHOCTI
nopig 3aceiguunu, Wo uen napameTp ANs Pi3HUX Nopig 3Mmi-
HIOETLCA B Mexxax Big 0,038 dm? oo 1,992 dm? (cepeaHe —
0,323 pm?). 3a MOro 3HaYEHHAMM JOCTiIKEHI 3pasku Kap-
OoHaTHMX nopig Hanexatb o V-IV knaciB konektopis, i3
HMX A0 V knacy (NPOHMKHICTb AyXe Husbka) — 90,8 % 3pas-
kiB, 0o IV knacy (MpOHUKHICTb H13bKa) — 9,2 % 3pa3kiB.

Cnig BiA3Ha4MTW, WO 3aranom AocnigXeHi BanHsakM Ma-
I0Tb NEPEBAXHO HU3bKI iNbTPALiMHO-EMHICHI BNacTUBOCTI,
3a BUHATKOM OKpeMUX 3paskiB.

MpoBeaeHu KopensuinHWI aHania 403BONNB OTPUMaTH
pag eMnipuyHMX 3anexHocTen MiX inbTpauiiHO-EMHIC-
HUMM NapaMeTpamMun 4OCAiIAKEHNX NOpPig — NYCTUHO, Koedi-
LLiEHTOM nOpUCTOCTI, KOediLieHTOM NPOHWKHOCTI Ta
KoeiLiEHTOM 3anu1LLIKOBOro BOAOHACUYEHHS.

ABTOpPM BMCIMOBIIOKOTL LUMPY NOASKY cTapLu. nabopaHTy
B.C. LlymaHy Ta ctyaeHTui O.0. KpacHvKoBI# 3a iXHIO ak-
TUBHY Ta BMCOKOMPOMECIiNHY y4acTb B eKcrepuMeHTanb-
HUX OOCNIOXKEHHSIX.
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LOWER PERMIAN CARBONATE DEPOSITS RESERVOIR PARAMETERS OF WESTERN PART
OF HLYNSKO-SOLOHIVSKA AREA OF DNIEPER-DONETS DEPRESSION GAS-OIL-BEARING DISTRICT

The paper concerns the researches of the Lower Permian carbonate deposits reservoir properties of western part of Hlynsko-Solohivska area of
gas-oil-bearing district of Dnieper-Donets depression. Such reservoir parameters as the open porosity factor, permeability coefficients and residual
water saturation factor have been used to assess the promising rocks for the possible hydrocarbon reservoirs. Void structure of rocks with
capillarimetric method and the correlation of rock density with their porosity were also studied. The porosity study was carried out in atmospheric
and reservoir conditions.

The bulk density of dry rock samples varies from 2212 kg/m® to 2593 kg/m® (mean 2413 kg/m®), water saturated rocks — from 2442 to 2642 kg/m’®
(mean 2549 kg/m®), kerosene saturated rocks — from 2400 to 2622 kg/m*® (mean 2541 kg/m°®); an apparent specific matrix density — from 2718 to
2828 kg/m® (mean 2783 kg/m°®).

The open porosity coefficient of study rocks, saturated with the synthetic brine, varies from 0.045 to 0.181 (mean 0.127), if samples are saturated with
kerosene then it varies from 0.049 to 0.184 (mean 0.128) and when N: is used - from 0.063 to 0.217 (mean 0.149). The effective porosity has following values:
0.004-0.125 (0.036), and the residual water saturation factor - 0.4-0.97 (0.79). Analysis of reservoir conditions modeling revealed that porosity coefficient varies
from 0.040 to 0.169 (mean 0.118). Due to the closure of microcracks under rock loading reduced to reservoir conditions the porosity decreases in comparison
with atmospheric conditions, which causes a relative decrease in the porosity coefficient from 1.5 % to 11 % (mean 9.0 %).

Capillar void of study rocks describes the prevalence of subcapillar pores (40-97 %, mean 79 %) while the overcapillars pores have range 1-22 %
(mean 7 %) and the capillar pores - 2-38 % (mean 14 %). The permeability coefficient varies from 0.038 fm? to 1.992 fm? (mean 0.323 fm?).

As result of petropysical researches the rocks have been classified with above mentioned reservoir parameters. The correlation analysis has
allowed to establish a series of empirical relationships between the reservoir parameters (density, porosity coefficient, permeability coefficient and
residual water saturation factor).

Keywords: filtration-capacitive parameters, density, porosity, permeability, residual water saturation, correlation dependencies, sandstones,
carbonates.
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KneBckMi HauMOHanNbHbLIN yHUBepcuTeT umenn Tapaca LeBuyeHko,

YHU "UHcTuTyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa
2A0 «Ykprasgo6biva», [lenapTaMeHT reousnkm,

yn. KynpsaBckas, 26/28, r. Kues, 04053, YkpavnHa

®UNbTPALIMOHHO-EMKOCTHBIE NMAPAMETPbI HWXXHENEPMCKNX KAPEOHATHbIX NMOPO 3vAI'IA,D,HOI7I YACTU
MNMWHCKO-COJTIOXNBCKOINO rASOHE®TEHOCHOIO PAMOHA OHEMPOBCKO-AOHELIKOU BNAOUHDbI

PaccmompeHbl pe3ynbmamsi uccnedoeaHull hunibmpayuoHHO-eMKOCMHbIX c80licMe HWXHeNnepMcKUX Kap6oHamHbIx nopod 3anadHol Yacmu
nuHcko-Conoxuecko2o 2a3oHeghmeHOCHO20 palioHa [JHenpoecko-[JoHeykol enaduHbl.

YcmaHoesieHo, Ymo niomHocme cyxux o6pa3yoe nopod usmeHsiemcsi om 2212 do 2593 ke/m* (cpedHee 3HavyeHue 2413 k2/M®), HaCbIUEHHbIX
modenbio nnacmoeoll 80dbl — om 2442 do 2626 ka/m® (cpedHee — 2549 Kk2/M°), HachbIUWEHHbIX KePOCUHOM — om 2400 do 2622 k2/M® (cpedHee —
2541 k2/M°), Kaxywasicss MuHepasio2uyeckasl n1omHocme — om 2718 do 2828 k2/m® (cpedHee — 2783 ka2/M°).

Koagpgpuyuenm omkpbimoli nopucmocmu uccredoeaHHbIX MOPOO MpuU UX HacblujeHUU Modesbio ninacmoeoli 800bl MeHsiemcsi om 0,045 do
0,181 (cpedHee — 0,127), npu HacbiweHUU kepocuHom — om 0,049 do 0,184 (cpedHee — 0,128), a npu HacbiwjeHuu N> — om 0,063 do 0,217 (cpedHee —
0,149). KoagpgpuyueHm aghgpekmueHoli nopucmocmu nopod usmeHsiemcsi om 0,004 do 0,125 (cpedHee — 0,036), a KoaghghuyueHm ocmamoyHo20
eodoHacblweHus1 eapbupyem e npedesiax om 0,40 do 0,97 (cpedHee 0,79). [Mpu ModenupoeaHuu nNacmoebIx ycrioeuli ycmaHoesieHo, Ymo Ko3aghgpu-
yueHm nopucmocmu usmeHsiemcsi om 0,040 do 0,169 (cpedHee — 0,118). Bcnedcmeue 3akpbimusi MUKpOMpPeWUH npu Hazpy3ke nopod (npusedeHue
K n1acmoebiM ycr108usiM) MopuCmMocmb yMeHbWaemcsi o CPagHeHUo C ammMocgepHbIMU yC/108USIMU, YMO 8bI3bI8aeMm OMHOCUMEesIbHOE CHUXeHUe
KoaghghuyueHma nopucmocmu npu nepexode om ammocgepHbIx ycnosuli k nnacmosebivm om 1,5 % do 11 % (cpedHee — 5,3 %).

Kanunnapomempuyeckumu uccrnedoeaHusiMu MemodoM yeHmpugyauposaHusi ycmaHo8JIeHO, YMO KanuJsisisipHoe pocmpaHcmeo uccriedoeaH-
HbIX NOpod umeem cnedyroulyto cmpykmypy: codepaHue HadkanunnsipHbix nop usmexHsiemcsi om 1 % 0o 22 % (cpedHee — 7 %), codepixaHue Ka-
nunnsipHbix nop —om 2 % 0o 38 % (cpedHee — 14 %), a codepxkaHue cybkanunnsipHbix nop — om 40 % 0o 97 % (cpedHee — 79 %).

BbInonHeHHbIMU uccriedoeaHusiMu onpedesieHo, 4Ymo Ko3ghguyueHm npoHuyaemocmu nopod usmeHsiemcsi om 0,038 ¢pm? o 1,992 ¢pm? (cped-
Hee — 0,323 pm?).

BbinonHeHa Knaccugbukayusi KoJIsIeKmopcKux ceolicme uccrnedoeaHHbIX 06pa3yoe o KoaghguyueHmam nopucmocmu, NPOHUYaeMocmu u oc-
mamoYyHo20 8000HaChIWEHUSI.

lMpoeedeHHbIl KOpPensiyUOHHbIU aHau3 Mo380/usl Noay4yums psid IMNUPUYECKUX 3agucumocmell Mex0dy punbmMpayuoHHO-eMKOCMHbLIMU Na-
pamempamu uccriedoeaHHbIX Mopoad (M10MHOCMbIO, KO3¢hghuyueHMoM nopucmocmu, Ko3ghghuyueHmom nMPoHUYyaeMocmu u Ko3ghghuyueHmom oc-
mamoYHo20 8000HacChIWeHUs).

Kntoyeenie cnoea: ¢hunbmpayuoHHoO-eMKOCMHbIe Napamempsl, N0MHOCMb, MOPUCMOCMb, MPOHUYaeMOCMb, OCMamo4Hoe 8000HachIUjeHUe,
KOppensiyuoHHbIe 3a8UCUMOCMU, U38E€CMHSIKU.
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MArHITHI AOCNIAXXEHHA NPUPOAHUX | TEXHONEHHUX NMPOLIECIB OB'EKTIB
KPUTUYHOI IHOPACTPYKTYPU HA NPUKNAAI ANAHKU "TNIUHKA"

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. C.A. Buxeoro)

Po3ansdarombcs pe3ynbmamu Ma2HimHux docidxeHb 2pyHmie i nidocmunaroqux nopid docnioHoi mepumopii no6nu3sy osepa
nuHka. Po6omu npoeodunucs sik ckiiadoea eue4YyeHHs 3cyeHoi Hebe3neku ypbaHizoeaHo20 cepedogulla MicbKoi azromepayii micma
Kueea 3 memoro MOHimopuH2y npupodHUX i MexHoe2HHUX fpouyecie, ki enuearomb Ha 06'cKmu Kpumu4Hoi iHgppacmpykmypu.
Y nonboeux ymoeax eumiproeasnacsi 06'eMHa MazHimHa cnpuiiimsinueicme 2pyHmie k (10° 00. Cl) i npoeoduecs €id6ip 3paskie.
Y na6opamopHux ymoeax 6ys10 UMipsIHO ma po3paxoeaHo NUMOMy Maz2HimHy cnpuliHasmnueicms x (1078 M*/k2), a makox ii yacmo-
mHy 3anexHicms XFD (%). FpyHmoeutli nokpue AociidHoi dinsiHku — cipuli nicoeul 3 o3Hakamu ypb6aHozemy. Maz2HimHi OoCiOKeHHsI
6yno nposedeHo 8 Mexax 080X YMOBHUX MIKpOIOJli20Hi8 Ha 8UCOKOMY 3Cy8oHebe3necHoMy 6epesi o3epa [NMuUHKa, a mako Ha npo-
musieXXHoMy HU3bKOMY. Y Mexax HU3bko2o 6epeaa 6ysio 3aknadeHO MiKpoKameHy ma eepmukanbHuUll 2pyHmosuli po3piz 3 Memoro
8UBYEHHS1 2eHeMU4YHUX 20pu3oHmie 2pyHmis. [To6ydoeaHi nosi2oHHi o6nacmi 3a MazHIMHUMU NapaMempamMu Ha OCHO8i KOCMO3HIMKY
3aeaHmaxeHo20 e cucmemi ArcGIS. Knacudpikauiss noniezoHHux o6nacmet nposedeHa 3a nNapaMempamMu Ma2HIimHoOI cnpuliHamnueocmi
ma i YacmomHoi 3anexHocmi. BudineHo nonizoH 3 HalleUWUMU 3Ha4eHHSIMU Maz2HimHoi cnputiHamnueocmi (x=54x10° mM*/ke) ma Hali-
HWKYUM 3Ha4YeHHSIM YacmomHoi 3anexHocmi (XFD = 3,6 %). Lje mexHo2eHHO 3MiHeHa YacmuHa rpyHmis. IdenmudbikoeaHo dea norni-
20HU i3 NOGIGHUMU 3HaYeHHSIMU Ma2HimHux napamempig: x = 25-35 x 10% m%/ke, XFD = 8-10 %, siki eiOHeceHO 0 yMOGHO Yucmux
rpyHmie. 3aghikcoeaHo mpu noni2oHu (Gea Ha HU3bKOMy 6epe3i i 0OUH Ha 8UCOKOMY 3cy80Hebe3rne4yHoMY) i3 cepedHiIMU 3HaYeHHSIMU
MazHimHux napamempie: x = 35-40 x 108 m%/ke, XFD = 6—7 %. Y Mexax eepmukasibHO20 POo3pi3y criocmepexeHo rnepepo3rnodin 2eHe-
MuyYyHuUX 20pu3oHmie, wo s8idbueaemucsi y po3nodini MacHimHuUx napamempie i ceioyums npo epositiHi npoyecu. MazHimui enacmu-
eocmi 2pyHmie pekoMeHOO8aHO epaxoeyeamu Mpu KOMMJIEKCHIl iHmepnpemauii 3 eflekmpu4Horo momozpadgbieto, 2eopadapHumu
eumiprogaHHsiMu ma I'IC aHanizom daHux HayioHanbHOI 6a3u 3cyeie YkpaiHu. Peaynibmamom cmaHe po3pobka onmumasibHO20 anz2o-

pummy MoHimopuHay mepumopili po3mauwyeaHHs1 06'ckmie Kpumu4Hoi iHgppacmpykmypu.
Knro4yoei croea: kpumuyHa iHghpacmpykmypa, npupoOHi ma mexHO2eHHi Npoyecu, 2pyHMu, MazHemu3M HaKoJIUWHbOo20 cepedo-

suuwja, MazHimHa cnputiHsmiusicms, IC.

Betyn. Cepen HU3KM NPUPOOHUX | TEXHOrEHHUX MPOLIECIB,
Wwo € Hebe3neyHMMK Ans ctanoro ¢yHKUioHyBaHHsI 06'exTiB
KPUTWUYHOI iHCppacTpyKTypu, chifg ypaxoByBaTn 3CyBU Ta reHe-
TUYHO MOB'A3aHi 3 HUMUK MpOLLeCU BOAHOI eposii I'PyHTOBOro
nokpuBy. OCTaHHi YacTo xapakTepHi Ansi ypbaHi3oBaHUX Tepu-
TOPIN MICbKMX arromepaldin, y Mexax skux posralioBaHa Be-
VKA KinbKiCTb 06'€KTiB KPUTUYHOI iHcbpacTpykTypu. 3po3ymino,
LLIO He € BUHSITKOM cTonuust YkpaiHm micto KuiB (ouB. nocta-
HoBy KMY Big 23 cepnHs 2016 p.).

PosrnsHemo geTanbHille ctaH npobnemy BUBYEHHS Hebe-
3MeYHMX TEXHOTEHHWX i MPUPOAHMX MPOLIECIB, SiKi MalOTb BMMMB
Ha KpUTWUYHY iHpacTpykTypy ypbaHizoBaHOro cepegoBuLLa.
BinsHavaeTtbes (Galbraith and luliani, 2019), Wwo ouiHka Hagin-
HOCTI KPUTUYHOI iHPPaCTPYKTypn Baxnvea Ans NPUAHATTS
NpaBuIbHUX YNPaBMiHCbKWX PillieHb i NiABULLEHHS PiBHSA Hagili-
HocTi. Cuctema KpUTUYHOI iIHPPaCTPYKTYpY € OCHOBOIO Cyyac-
HOI eKOHOMIKW, a ii CTIKICTb Mae BaXKnuMBe 3HayYeHHs Ons
[06pobyTy cycninbcTea Ta cTanoro po3snTky. OuiHka pusvkis,
LLIO NOB'A3aHi i3 BMNYBOM Ha HABKOMNMLLHE CepeaoBULLE KpUTH-
YHOI iHdbpacTpyKTypy B €BpONi, TAKOX € CKIMagHMM NpOLECcoM
(Karagiannis et al., 2019). Kattel and Aros-Vera (2019) po3spo-
6unn ocHoBy ANs igeHTUdikaLji Ta paHxXyBaHHsi 06'ekTiB Kpu-
TUYHOI  iH(DpacTpykTypy, LWO6  MakCcMmanbHO  MOBHO
BMKOPUCTOBYBATK CUCTEMY NIATPMMKM OB'EXTIB, Bif SKvX 3ane-
XUTb HOpMaribHe PYHKUiOHYBaHHSA. 3a OCTaHHE AeCATUNITTA
3aXMCT MICbKOI iH(ppaCTpyKTypu CTaB LIEHTPOM yBarv B HiMeLIb-
kit nonituui 6e3nekun (Monstadt and Schmidt, 2019). IcHytoTb
YWCMEHHI 30BHILLHI iIHPaCTPYKTYpPHI 3arpo3un, Hanpuknag, npu-
poaHi katacTtpodhu, TEPOPUCTUYHI Ta kibep-aTaku. BogHouac,
BaXIMBUM € BpaxXyBaHHs1 €HOOTEHHWX PU3MKIB, LLIO BUHMKAIOTb
yHacnigok B3aEMO3arnexHocCTi iHpacTpykTypu. Y 3B'A3ky i3
B32EMO3aneXHICTIO MiDK EeHEePreTUYHO Ta BOAOHEDOE3NeyYHO
iHppacTpykTypoOIO, Taki cuTyauii NoBMHHI 6yTK NpoaHanisoBaHi
3 ypaxyBaHHAM MOTEHLjiHNX NPoBremM, CPUYMHEHNX 3MIHOHO
KniMarty Ta iHwMmK pusnkammn (Thompson et al., 2019).

OcTaHHIM YacoM NPIoPUTETHUM HaNPSIMOM PO3BUTKY Ha-
YKW | TEXHIKM AK B YKpaiHi, Tak i y CBiTi € NOLYK eDEeKTUBHUX
eHepro3bepiralymx, HU3bKOBAPTICHMX TEXHOMOrN KOHT-
ponto goskinns (Falshtynskyi et al., 2018; Petlovanyi et al.,

2019). BignosiagHi 3aBaaHHA nocTatoTb i y cdepi eposiesHa-
BYMX OOCHIOXKEHDb i BMLUIYKYBaHb, NMOB'A3aHMX 3 KOHTPOMEM
3cyBoHebe3neyHux TepuTopin. OgHieto i3 nepLumnx, HaBiTb Bi-
3yarnbHO MOMITHUX, 03HaK hOpMyBaHHs 3CyBHOT HeGeaneku
€ NMPUCYTHICTb epOo3iNHMX NPOLIECiB Y NepLUOMY Bi MOBEPXHI
reonoriyHomy o6'ekTi — rpyHToBOMY nokpwmsi. Ocobnueo Le
NMOMITHO B MeXax TEPUTOPIN i3 BUCOKMMU KyTamMu yxuny, a
OTXXe CyTTEBMM BMSIMBOM BOAHOI epogsii. Mpu ubomMy gouinbs-
HMM € 3aCTOCYBaHHSI MarHiTHMX NapameTpiB I'PyHTOBOrO no-
KPUBY ONS pO3B'sI3aHHs 3ragaHux 3aBgaHb. Posrnsgaroun
€pOo3siiHi Npouecy r'pyHTOBOrO NOKPUBY B KOHTEKCTi 3CYBHOI
Hebe3nekn TepuTopili BNMMBY OBG'EKTIB KPUTUYHOI iHdpa-
CTPYKTYPW, PO3rMSIHEMO CY4YaCHUIM CTaH MarHiTHUX Aocni-
OXeHb Y uin coepi. Bigsnavaetsca (Ding et al., 2020), wo
6araTo panoHiB 3a3HaloTb BMAMBY 5K BITPOBOI, TaK i BOGHOI
€po3ii, Wo Np1M3BOAUTL OO CEpNO3HOI Aerpajadii 3emenb.
MarHiTHa CNpUMHATAMBICTD € e(PEeKTUBHUM IHCTPYMEHTOM
ONS KiNbKiICHOrO BU3HAYEeHHS MNepeposnoAinly FPYHTIB K
03HaKM 3CcyBHOi Hebesneku. IcHyo4i MeToan BUMIpIOBaHHS
epoasii, Ak NpaBuIo, BKMYalTb 3aKnagaHHs rpyHTOBKX pPo-
3pisiB, 3D-na3epHe ckaHyBaHHs, MOHITOPUHIOBI epo3ie3Ha-
BYI CriocTepexeHHs Ta 3axoau. Ha npaktuui Taki npouenypu
MaloTb Aesiki oOMexeHHs. Y poborTi (Liu et al., 2019) npea-
CTaBfneHa HoBa MeTOAMKa in Situ CNOCTEPEXEHb, L0 Ha3u-
BAE€TbCA METOAOM BUSBIEHHs MarHiTHoro wapy (MLD).
Pesynbtat pocnigHux pobit (Barbosa et al.,, 2019) manu
Ha MeTi OUiHKYy edEeKTUBHOCTI BUMIpOBAHHA MarHiTHOI
CMPUMHATIIMBOCTI SK iHAMKaTopa dhakTopiB epogoBaHOCTI
rpyHTiB (ans mogenen USLE ta WEPP) Ha npuknagi okcu-
301iB 3 Pi3HUM BMICTOM 3ariiza Ha NiBHIYHOMY CXOAi WwTaTy
Can-MNayny, bpasunisa. Eposis, nepepo3noain rpyHTis i Ha-
KOMUYEHHS BidirpatoTb BaXXnNuBy reoMopdonoriyHy 1a eko-
noriyHy ponb. Ravi et al. (2019) nepeBipunu npuaaTtHiCTb
HOBOI MeTogonorii, Wwo 6asyeTbca Ha dikcauii MeTaneBmx
YaCTUHOK, BUKOPWCTOBYIOYM MPOCTOPOBO-4aCOBi BUMIptO-
BaHHS1 HU3bKOYACTOTHOI MArHiTHOI CAPUIAHATAIMBOCTI.

Hu3ka cydacHux gocnigxeHb 6e3nocepeHbo i Hepo3pu-
BHO pO3rnsifae NoTeHuian MarHiTHAX MeToaiB ANnst ogHoYa-
CHOrO BUSIBMEHHS €PO3iNHKX i 3CYyBHUX npoueciB. Eso et al.
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(2019) BuBYann, AIK 3MIHIOIOTLCA MarHiTHi BMacTMBOCTI Ta
XiMiYHUI enemMeHTHUI cknag y rpyHToBoMy npodini Ha Ai-
NSHUI 3CyBY. Y MeXax TEPUTOPIN 3 IHTEHCUBHUMM KNiMaTuy-
HUMKM  3miHamu  (Ferrer et al., 2019) pns po3pobku
NPEBEHTMBHMX 3axofiB HeobXxiaHa iHdhopMaList Npo eposito
I'PYHTIB Mig Yac NOTYXHWUX onagis.

HocnigXeHHs noTeHuiany MarHiTHUX gocnigpkeHb 6yno
po3novaTto HaMun Ha Npuknagi TeCTOBUX MOMIrOHIB AiNAHOK
"PxuweB" Ta "IpebeHi" sk 00'ekTiB 3cyBOHEOE3NEYHOI KPU-
TWUYHOI iHppacTpykTypn (Menbwos, 2019). YactuHa pe-
3ynbTaTiB BuknageHa y 3BiTi (Buxea ma iH., 2019). Li
AocnigXeHHs BinbLIoo Mipoto Bynn cnpsmMoBaHi Ha igeHTu-
(hikaLito 3cyBoHebe3NeYHMX Ta epOo3iNHMX NPOLLECIB I'PYHTO-
BOrO MOKPMBY B MeXax BMIUBY MPUPOOHMX MpoLeciB Ha
06'eKTM KPUTUYHOT IHDPaCTPYKTYpW.

MeToto cTaTTi € TeCTyBaHHS MarHiTHMX MeTozis Ha 06'e-
KTaxX KPWUTWYHOI iHPpacTpyKTypu B Mexax TeXHOreHHoOro
BnnuBy. A came, B ymoBax ypbaHizoBaHOro cepegosuiia
LeHTpanbHOI YaCTUHU CTONMYHOI arnomepadii micta Knesa.

0O6'ekTn | MeToan. Ak gocnigHy TepuTopito ANS TecTy-
BaHHS MarHiTHMX MeTofiB Ha 06'ekTax KpUTMYHOI iHdpa-
CcTpykTypn 6yno obpaHo ainsHky "lMuHka". Lle osepo B
LeHTparnbHii YacTuHi Micta Knesa, HaBKONO HbOTO (PYHKLi-
OHYIOTb Pi3Hi 00'EKTM MiCbKOT iHppacTpyKTypu, y TOMY Ymcni
po3TalloBaHa Micbka 3abygoBa, a TakoX npoBoauTbes Oy-
OiBHMUTBO HOBUX 0O'eKTiB Ge3nocepeaHbO Ha BiACTaHi ae-
CATKIB MeTpiB Big o3epa. Teputopia HaBKpyrn o3epa
XapaKTepu3yeTbCa 3Ha4yLIOK 3CyBHOK Hebesnekow. Ha
puc. 1, a, 6 HaBoguTbLCS 3aranbHa cxema LOCHigHOT TepUTO-
pii Ta POTO3HIMOK Nig Yac AOCHiOKEHD.

Puc. 1. 3aranbHa noHopama gocnigHoi AinsiHku osepa MuHka:
a — cxemaTuyHUiA NnaH; 6 — PoTo3HIMOK Nif Yac JocnigkeHb

Osepo MwuHka posTalloBaHe B LEHTpi cydacHoro Kuesa,
Ha Mexi Meyepcbkoro Ta onociiBcbkoro paroHie. MMmbuHa
o3epa 6nmsbko 10 M. Hesaxatoun Ha Te, WO Hedaneko Big
LibOro Micusi Teve pidka JInbigb, 03epo XKMBUTLCS NuLLEe Nig3e-
MHUMM Dprkepenamu. ToMmy Boaa B 03epi Npo3opa i npoxoroaHa
HaBiTb y NiTHIO cneky. O3epo 3'aBunocd Ha kapTi Knesa Ha no-
yatky XIX cT. nig yac "6yaisensHoi nuxomaHku". Cama HasBa
o3epa [MuHKa BKasye Ha Te, Lo B LibOMY MiCLii MPOBOAMBCS B~
[0ByTOK rmuHW Ansa notpeb GyaiBHULTBA.

HocnigXeHHs Benocs Ha ABOX MpOTUNEXHUX Geperax
o3epa. [linsiHka 3cyBHOI HeOe3nekn po3TalloBaHa Ha BUCO-
KoMy 6epesi, y Hanpsimky 0o meTpo Opyx6u Hapogis. IHwuMiA
Geper HaBNpoTY € HU3bKMM, PO3TalloBaHWI B Gik 4O METPO
NuBiackka, noro BucoTa 1-2 M Haa piBHeM Boau. ['pyHTOBMIA
nokpue 6NM3bKNIA OO CiPOro-nicoBOro i NnepexoanTb 0 orne-
€HOro Ha piBHi BoaW.

Kpim TOro, y psiai BunagkiB rpyHTOBWIA MOKPWB HaBKPYTu
03epa, 0cobnmMBO B Mexax BMCOKOro 3cyBoHebe3neuyHoro
Gepera, HabyBae 03HaK MiCbKOro rpyHTY — ypbaHosemy (Jo-
6posornbckuti, 1997, WRB, 2014). Y micTax aHTPONOreHHun
BNMB CTa€ NEpeBaXHWM Hag NPUMPOAHMMK hakTopamm
I'PYHTOYTBOPEHHS, (DOPMYIOUM B HOBMX EKOMOTYHMX YMOBaX
cneumadiyHi TMNK rpyHTIB. MNpK LbOMY MICbKi 'PYHTW BUKOHY-
HOTb Pi3Hi €KONOriYHi pyHKUii, FONOBHI 3 AKUX: IXHS NpuaaT-
HICTb A5 BMPOLLYBAHHA 3efeHMX HacagXeHb, 34aTHICTb
agcopbysaTty y TOBLUi 3abpyaHIOBanbHi PEYOBMHM, a TakoX
YyTPUMYBaTH X Bid NPOHUKHEHHS Yy I'PYHTOBI BoAM i Big Had-
XO[PKEHHSA Y BUrNAAI nuny B Micbke nosiTps. OCHOBHOIO Bif-
MIHHICTIO MICbKMX T'PYHTIB BiA 30HanNbHUX € HasABHICTb
[iarHOCTUYHOrO ropu3oHTy "ypoik".

Komnnekc marHiTHUX gocnigkeHb, sikuid Oyno 3actoco-
BaHO HaMX B MeXax AochnigHoi AingHky "IMmuHka", Bkntovas
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nonbLoBwuiA i nabopaTopHUI eTanu BUMIpOBaHHS Ta aHani3iB.
Y nonbosux ymoBax 6yno npoBegeHO PEKOrHOCLMpPYBarbHi
poboTH, Ha OCHOBI Bi3yanbHOrO OOCTEXEHHS BU3HAYEHO
HanbinbL edpekTUBHI AINAHKKN 4118 NPOBEAEHHS BUMIPOBaHb
i BinOopy 3paskiB rpyHTiB. MpK LbOMy Gpanunca oo yBaru Ha-
SIBHI 3CYBHIi NpoLecy, TeEXHOreHHe 3abpyaHEHHS I'PYHTIB, MO-
XNMBICTb  BIACTEXEHHS MarHiTHUX napaMmeTpiB Yy3[40BX
I'PYHTO3HaBUYMX KaTeH, npoLuecu BogHOI epoaii. Y nonboBux
yMOBax BUMiptoBanacs ob'eMHa MarHiTHa CrpURHSTIMBICTb
K (1073 oa. Cl) 3a mornomoroto nonboBoro kanametpy MNMMB-M.
3a cncTeMolo KOHBEPT Y LMX e ToYKax MpoBOAMBCSA BiAbip
3paskiB rpyHTiB. Byno 3aknageHo rpyHTO3HaBuUMiA pO3pi3
AN [OCMIMKEHHS! TeHETUYHMX FOPU3OHTIB IPYHTIB No6nun3y
piBHSA BOAWN. 3pO3yMIrno, O I'PYHTOBUI NOKPUB He ByB npu-
POAHUM 3a PaxyHOK CYTTEBOrO BMIMBY aHTPOMOreHHUX YMH-
HUKiB. BogHoyac, Boanocs BUAINUTM BEPXHi YMOBHO ryMYCHI
rOPM3OHTW Ta OrfeeHy NiACTUNAaKYy CyrMHUCTY nopoay. Y
nabopaTopii BMMiptoBanaca Ta po3paxoByBarnacs nutoma
MarHiTHa cnpuinHATImMBICTL X (10 M3/kr) 3a monomoroto Ka-
namictka KLY-2. [Ina po3paxyHKy 4YacTOTHOI 3aneXHOCTi
marHiTHoi cnpuiiHaTnmeocTi XFD (%) 6yno BUMipsiHO HU3b-
koyacTtoTHy XLF Ta BucokouwactotHy XHF marHitHi cnpuinHs-
TNMBOCTI 3a [AOMNOMOroKw [ABOYaCTOTHOrO MarHitomeTtpa
MS2B. 3ayBaxumo, WO Mg Yac 3aniaHoBaHOro
HacTynHOro etany pocnimxeHb nepegbavaoTbCA MarHito-

MiHepanoriyHi BUMIploBaHHs, SiKi BKMOYaTUMYTb TepMoMar-
HITHWUI aHani3, BUMipIOBaHHA NapameTpiB NeTni ricTepesucy,
BU3HAYEHHS i30TepMidHOI Ta Besrictepe3ncHoi (igeanbHoi)
HamarHiYeHocTen.

Ona knacudikauii 3cyBoHebe3nevHnx Ta eposiiHnX npo-
LeciB OinsHku o3epa [MnHka Ha OCHOBI AaHWX NPO MarHiTHY
CNPUIAHSTNINBICTL Ta il YaCTOTHY 3anexHicTb Oyno 3actoco-
BaHo ['IC aHania 3a gonomoroto nporpamu ArcGis.

Pe3ynbTatn Ta ixHe obroBopeHHs. MarHiTHi gocni-
PKEHHS NPOBOANMNNCA B MeXax ABOX NPOTUnexHnx beperis
Ha NpuvKnagi yMOBHUX MIKPOMOSIrOHiB CNoCcTepexXeHb. Y Me-
)Kax MnoniroHy 1 Ha HMU3bkoMy 6epesi (OKOHTYPEHWIA CUHBOID
NiHIE0 Ha pyC. 2) BUMIPIOBAHHS MarHiTHOI CPUNAHATIMBOCTI
Ta Bigbip 3paskiB rpyHTiB Anst nabopaTopHUX OOCNIOKEHb
NPOBOAMBCS Y3[0BX MIKpOKaTEHWU Bi YMOBHOIO BOZOAINY
(HamBuWLWa ToYKa) y HaNPSIMKY PiBHS NOBEPXHi BOAW (HaWHU-
X4a Touka). 3aranbHui BUMMSAA Ciporo nicoBoro rpyHTOBOro
NMOKPUBY 3 0O3HaKaMm TEXHOreHHOro Bnnuey (ypbaHo3em) Ha-
BeAEHO Ha puc. 3, a.

[Opyrmn MikpononiroH CnocTepexxeHb po3TalloBaHW Y Bep-
XHilA YacTuHI B1Cokoro Gepera, Ae CrnocTepiracTbCsl 3CyBHUIM
npouec (OKOHTYPEHUIA YepBOHO MiHieto Ha puc. 2). [insHka
3acMiveHa, rpyHTOBUI MOKPWUB Mae O3HaKM Ciporo nicoBoro Ta
yp6aHo3eMy 3i BKIOYEHHSIMWM aHTPOMOreHHNUX peLUTok. 3ara-
NbHWUIA BUrNSA I'PYHTOBOIO NMOKPMBY HAaBeAEHO Ha puc. 3, 6.

/7 , 7 NoPs /

a

Puc. 3. BumiptoBaHHA MarHiTHOI CNPUUHATIUBOCTI I'PYHTIB TepuTopii "MuHka":
a — Ciporo nicoBoro rpyHTy 3 o3Hakamu ypbaHo3emy yMOBHOro BO4OAINy HU3bkoro 6epera (CMHE OKOHTYPEHHS Ha puc. 2); 6 — ciporo
NicoBOro rpyHTy 3 03Hakamu yp6aHo3eMy yMOBHOIO BOZAoZiNy BUCOKOro 3cyBoHebe3neyHoro 6epera (Y4epBoHe OKOHTYPEHHS Ha puc. 2)

PoarnsiHemo geTtanbHilwe AaHi, ki HaBegeHo Ha puc. 2.
3a OCHOBY MW BUKOPUCTaNM 3HIMOK, 3aBaHTaXXeHWl i3 cuc-
Temu ArcGIS. Ha Hbomy npoBefeHo knacudikauito 'pyHTIB

TepuTopil 4OCNIAXEHHS 32 MArHiTHOK CNPURHATAMBICTIO Ta
il YacTOTHOW 3anexHicTio. [na 3a3Ha4YeHnX BULLE B TEKCTI
MIKPOZINsIHOK 3a JOMOMOrOH MOMIrOHHMX O0'EKTIB KONbOPOM
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nokasaHo ix knacudgikauito. YepBOHUM KONbOPOM MO3Ha-
YeHO NOMIrOH 3 HaMBULLMMWN 3HAYEHHAMW MarHiTHOI Cnpun-
HATAMBOCTI (X = 54 x 1078 M3/kr) Ta HaHWKYUM 3HAYEHHSIM
yactoTHoi 3anexHocTi (XFD = 3,6 %). Lle TexHoreHHo 3mi-
HeHa YacTuHa rpyHTiB. 3eneHnm KONbopoM BuUAiNeHo Asa
noniroHx 3 No4ibHMMM 3HAa4YEHHAMU MarHiTHUX NapameTpiB:
X = 25-35 x 108 m3/kr, XFD =8-10 %. BiaoHecemo ix mo
YMOBHO YUCTUX IPYHTIB. XKOBTUI KONip Xapakrepusye Tpu
noniroHy (4Ba Ha HU3bkoMy Gepesi i OAUH Ha BUCOKOMY 3CY-
BOHebe3nevyHoMmy) i3 cepefHiMM 3Ha4YEHHAMW MarHiTHUX napa-
meTpiB: X = 3540 x 1078 m3/kr, XFD = 6-7 %.

Hani npoaHaniayeMo BepTuUKanbHi po3noginu MarHiTHuX
napameTpiB, L0 HaBeaeHo Ha puc. 4. Hamu 6yno BuaineHo
YOTUPW FrEHETUYHI rOpM30oHTU Ha piBHI 0 cMm, 50 cm, 100 cwm,
150 cM. XapakTepusyBaTu iX 3 TOYKU 30pYy ONUCY rEeHeTUY-
HWUX FOPU3OHTIB HE3aOPYAHEHMX CipUX NICOBUX I'PYHTIB ¥ Aa-
HOMY BUMaAKy He € AOLINMbHUM 3@ PaxyHOK aHTPOMNOreHHOro
BnnuBey. Ha pieHi noBepxHesoro wapy: X = 35 x 1078 m3/kr,
XFD = 7,4 %. Taki noKkasHWMKN MOXHa BigHECTN 0O (POHOBUKX
K anga cipux nicoeux rpyHTie KniswmHm (Menshov, 2016).
CnocTepiraeTbCa HaKOMWYEHHS MarHiTHoOro matepiany Ha
rnnbuHax 50 Ta 150 cm. Mpu ubOMYy YacTOTHa 3anexHicTb
3pocTae Ha HOHi AOBOMI HNU3bKUX 3HAYE€Hb HN3bKOYACTOTHOI

WHa, CWM

nub

a

MarHiTHOI CNPUUHATNNBOCTI. Tak, Ans ropusoHTy 50 cm 3adpi-
kcoBaHo 3HadeHHs X = 30 x 10-8 m3/kr, xFD = 2,4 %, a gns ro-
pu3oHTy 150 cm — x =22 x 10-8 m%/kr, xFD = 3,4 %. Jana
cuUTyaList NOACHIETLCA (0CO0NMBO ANns ropusoHTy 150 cm)
HaKOMUYEHHAM TEXHOreHHUX MarHiTHMX 4acToK y (hOHOBO
cnabKoMarHiTHUX NigCTUNaK4YMX CYrMUHUCTUX Mopoaax.
BogHouac, ropusoHT 100 cM XxapakTepusyeTbCs 3Ha4eH-
HAMK X = 44 x 108 m3/kr, XFD = 6,1 %, Wo € GrmkunmM oo
(POHOBOro MarHeTu3My aBTOMOPMHMX 30HAmNbHUX I'PYHTIB
KuniBwuHn. OTxe, cnocTepiraemo nepepos3noin reHeTny-
HWX FOPW3OHTIB, LLIO BiAOMBAETLCA y pO3noaini MarHiTHMX na-
pameTpiB i cBig4MTb Mpo eposinHi npouecw. Lle pa3s
3ayBaXVMO, LLIO B MeXax AOCHAHOI AiNsHKU HU3bkoro bepery
"IMuHka" BaXXNMBMM ANs iHTepnpeTadii € Te, wo MS cyrnunHu-
CTVX CrabKOMarHiTHUX reHETUYHNX TOPU3OHTIB MOONN3Yy piBHSA
BOAM € [O0BOMi HW3bKUMW, YacTOTHA 3anexHIiCTb MarHiTHOI
CNPUAHATIIMBOCTI TakoX € HU3bKoto (XFD = 2-3 %), Wwo BKasye
Ha OOMiHYBaHHS TEXHOTEHHMX MarHiTHMX MiHepanis. Bogo-
OinbHi AiNSHKM BUCOKOro 6epery 3aranioM xapaKTepusyrTbest
BULLMMMU (6rn3bknumm 40 POHOBMX) 3HAYEHHAMU MS rpyHTiB, a
3a XFD mu BigHOCMMO iX 0O He3abpyaHeHuX. Tomy ixHi 3Ha-
YeHHss MS pekomeHAylTbCA [0 BpaxyBaHHsi npu MoOyaoBi
KOMMIEeKCHOI Moeni 3cyBoHebe3neyHoi ainsHku "MnmnHka".

6

Puc. 4. BepTukanbHui po3noAin MarHiTHUX napameTpiB Yy MeXax MiKponosiroHy 1:
a — HM3bKOYacToTHa MarHiTHa CrpUNHATAMBICTL; 6 — YacTOTHA 3aneXHICTb MarHiTHOI CNPUNUHSTINBOCTI

MpoiHTepnpeTyeMo AeTarnbHille onucaHi BuLLE pesynb-
TaTy 3 YaCTKOBMM ypaxyBaHHSIM MarHiTHOI MiHepanorii r'py-
HTiB. 3rigHo (Lu et al, 2008) BaxnvBuM iHAMKATOPOM
TEXHOTEHHOrO MOXOMKEHHS MAarHeTuKiB y 'PYHTOBOMY MOK-
puBI € po3mip ixHix 3epeH. Tak, npu nepeBaxaHHi 6baratogo-
MeHHuXx (MD) abo ©Onu3bkMx OO0 HMX 3a pO3MipoMm
nceegooaHogomMeHHux (PSD) yacTnHoOK Haf cynepnapama-
rHITHUMK ynbTpagmcnepcHumu (SP) Ta ctabinbHUMK ogHo-
AoMeHHumMun (SD) 3epHamm 1MaeTbCa NpO  MPUCYTHICTb
TEXHOreHHOrO 3apaxeHHs r'pyHTiB. MNpu ubomy iHdopmaTu-
BHMM iHOUKaTOPOM JOMEHHOIO CTaHy € NapaMeTp YaCTOTHOI
3aNeXHOCTi MarHiTHOI cnpuHATNMBOCTI. HanvacTiwe, sKwo
XFD<4 %, rpyHTu € 3abpyaHeHMM, a NPeBantoloTb B iXHii
CTpyKTYypi MarHiToM'ski MD uvactunkun (Wang et al., 2000).
3ayBaxvmo, LU0 MOPOroBi 3HaYEHHS MOXYTb AeLLO BiApi3Hs-
TUCs 3a pisHUMK aBTopamu (Evans and Heller, 2003). Binb-
WICTb MarHiTHUX YacCTUHOK TEXHOTeHHOro MOXOMKEHHS €
MOPAOMOriYHO BiAMIHHUMY 3a PO3MIPOM 3epeH, a 0TxXe, Xa-
pakTepusyTbCa 0COBNMBOK NMOBEAIHKOK MarHiTHUX napa-
MeTpiB. Hanpuknapg, netka 3ona nepebysae B giana3oHi 20—
50 mKMm, WO BignoBigae crabinbHomy ogHogoMeHHoMY (SD)
Ta MynbTuAomMeHHomy ctany (MD) i3 3HayeHHAM XFD<2 %
(Blundell et al., 2009). Cnig 3ayBaxuTu, IO NMPUYNHOK HU-
3bKUX 3Ha4YeHHb XFD rpyHTiB MOXe GyTu 4 BNAvMB napamar-
HiTHOro abo aHTudepomarHiTHoro martepiany, Lo

reHeTU4HO MOB'A3aHO, HaMpuKNnaga, i3 npouecamm 3abonoyy-
BaHHSA, SKi BUKNUKAOTb BiAHOBMNEHHS i PO3YMHEHHST chbepo-
MarHiTHMX 3epeH. Kpim Toro, npu iHTepnpeTauii oTpyMaHmx
pe3ynbTaTiB Crnig ypaxoByBaTu N 3abpyOHEHHS OpraHiy-
HUMUW MaTepianamu, Hanpuknaza noniuMKNiYyHMMKM apomaTu-
YHUMU BYINEBOOHSIMU, OCOBMMBO B TOYKaxX CMOCTEPEXEHb
no6nu3y aBTomobineHMx gopir (Wawer et al., 2015).

TaKkuM YHOM, HaMK OTPUMaHi pEKOrHOCLMpPYBarbHi po3no-
iYW MarHiTHUX BNacTMBOCTEN OOCNIAHOI AinsHkM "InuHka".
BoHu OyayTb BMKOPUCTaHI NPU KOMMNIEKCYBaHHI 3 eneKkTpuy-
HOI TOMOrpadieto, reopagapHUMM BUMIPIOBAHHSIMU | JaHUMIN
HauioHanbHoi 6a3n 3cysiB (leaHik ma iH., 2019) npu noganb-
LIMX OOCNIMKEHHSAX Ta iHTepnpeTauii eposiiHnX npouecis, sk
HEepO3PUBHO 3B'A3aHi i3 3CYBHOI aKTUBHICTHO.

BucHoBKU. Pe3ynbtatv MarHiTHMX JOCigXeHb I'PYHTIB
ainsHkn "MnyHka" sk TectoBoro ob'ekta 3cyBHOI Hebe3neku
B Mexax ypbaHizoBaHOi TepuTopii Micbkoi armomepauii
Kuesa possonunu otpumatu Taky iHdopmauito. BugineHo
OBi NOMIroHHi obnacTi: HU3bKUI Ta MPOTUIEXHUIA BUCOKUN
6epern o3epa. Y mexax Bucokoro 6epery 3acikcoBaHa 3cy-
BoHebe3ne4vHa ginsiHka. MNpoBeaeHOo BUMIpIOBAHHSA MarHiT-
HOT CMPUNHATANBOCTI I'PYHTIB Ta 1 YAaCTOTHOI 3aNeXHOCTi Mo
natepani B340BX MIiKpOKaTeHU Ta BepTUKani B YMOBHUX re-
HETUYHWX rOPU3OHTaX. [ PyHTOBUIA MOKPUB BU3HAYEHO K Ci-
puiA  nicoBuin 3 o03HakamMu ypGaHosemy. [loGynoBaHi
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noniroHHi obnacti 3a MarHiTHUMKM NapameTpamMy Ha OCHOBI
KOCMO3HIMKY 3aBaHTaxeHoro B cuctemi ArcGIS. Knacudika-
st noniroHHMX obnacten npoesedeHa 3a napaMmeTpamm ma-
FHITHOI CMPUAHATNMBOCTI Ta 1i 4YaCTOTHOI 3aneXHOCTi.
BugineHo noniroH 3 HaMBULLMMMK 3HAYEHHAMWU MarHiTHOT
crpuiHaTAMBOCTI (X = 54 x 1078 M3/kr) Ta HaWHWKYMM 3Ha-
YeHHAM YacToTHOiI 3anexHocTi (XFD = 3,6 %). LUe TexHo-
reHHo 3MiHeHa 4acTuHa rpyHTiB. loeHTudikoBaHO ABa
noniroHn 3 NoAibHNMMKN 3HAYEHHAMM MarHiTHUX NapameTpiB —
X = 25-35 x 108 m3/kr, XFD =8-10 %, fki BiaHeceHO [0
YMOBHO YMCTUX I'PYHTIB. 3ad)ikcoBaHO Tpu NOMiroHu (4Ba Ha
HM3bKOMY Gepesi 1 0OQUH Ha BUCOKOMY 3CyBOHe6e3neyHoMy)
i3 cepegHiMN 3HAYEHHAMN MarHiTHUX napameTpisB — X = 35—
40 x 1078 mM3/kr, xFD = 67 %. Y mexax BepTuKansHoro po-
3pidy cnocrepiraeTbCa Nepepo3nogin reHeTUYHNX ropuU3oH-
TiB, IO BiAOMBAETLCA B PO3MOAINi MarHiTHMX napameTpis i
CBiAYUTb NPO epo3sifiHi Npouecu. Taknum YUNHOM, HAaMU OTpU-
MaHi peKorHoCUMpyBanbHi PO3NOAINY MarHiTHAX BNacTuBo-
cten pocnigHoi  AinsHkn "ITnuHka". OTpuMaHi  MarHiTHi
XapakTepUCTUKN PEKOMEHAOBaAHO BpaxOBYBaTW MpU KOM-
NMEKCHi iHTepnpeTauii pa3oM 3 eneKkTpU4HOK TOoMorpa-
ieto, reopagapHMMmn BuLyKyBaHHaMU Ta [C aHanizom
AaHux HauioHanbHoi 6a3u 3cyBiB YKpaiHM 3 MeTOl po3po-
OKM ONTMManbHOro anropuTMy MOHITOPUHIY TEPUTOPIN pO3-
TallyBaHHsi 00'EKTIB KPUTUYHOI iIHDPACTPYKTYPW.
NinTBepoXeHHA. PoboTa BUKOHaHa B Mexax Aepxoto-
oxeTHoi Temn Ne 18BIM049-01 "CyyacHi TexHomnorii MOHiTO-
PVHIY MPUPOOHWX i NPUPOAHO-TEXHOTEHHNX MPOLECIB ANs
OLJiHKM BNNMBY Ha 06'€KTU KPUTUYHOI iHdpacTpykTypu".
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MAGNETIC STUDIES OF NATURAL AND MAN-MADE PROCESSES
OF CRITICAL INFRASTRUCTURE OBJECTS AT THE AREA "GLINKA"

The results of magnetic soil and underlying rocks studies at the area near Lake Glinka are considered. This study was performed as a part of the
landslide investigation of the urban environment of the Kyiv agglomeration. The aim was to detect the natural and man-made processes affecting
critical infrastructure. Under field condition we measured the volume magnetic susceptibility of soil k (10°° Sl), and sampling was performed. Under
laboratory conditions we measured and then calculated the mass-specific magnetic susceptibility x (10 m*/kg), and its frequency dependence xFD
(%). The soil of the study area is gray forest (Greyic Phaeozems Albic in WRB) with signs of urban soil. Magnetic studies were conducted at two points
on the high landslide bank of the Lake Glinka, as well as on the opposite low bank. On the low bank, we organised measurements and sampling along
the micro-catena and at the vertical soil section to study the soil genetic horizons. Magnetic polygons were constructed based on cosmography
downloaded by ArcGIS. The classification of the polygons is made by the attracting the magnetic susceptibility and its frequency dependence. We
identified the polygon with the highest values of magnetic susceptibility (x=54x10° m°/kg) and the lowest value of frequency dependence (xFD =
3.6 %). This is the soil with man-made pollution. Two polygons with similar values of magnetic parameters were identified: x=25-35x10° m°/kg, xFD =
8-10 %. Such values are related to the natural soils. Three polygons (two on the the low bank and one on the high landslide bank of Glinka) have
average intensity values of magnetic parameters: x=35-40x10° m3/kg, xFD = 6-7 %. The vertical distribution of soil magnetic parameters in genetic
horizons was observed and the redistribution of magnetic matherial was detected. Such kind of the redistribution indicates the erosion processes.
The magnetic properties of soils are important for the joint interpretation with electric tomography, GPR measurements, and GIS analysis of the
national landslide database of Ukraine. The results are useful for the development of the algorithm for the environmental monitoring of the critical
infrastructure at the urban area.

Keywords: critical infrastructure, natural and man-made processes, soil, environmental magnetism, magnetic susceptibility, GIS.
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MAIrHUTHbIE NCCNEAOBAHUA NPUPOAHBLIX U TEXHOIMEHHbIX MPOLIECCOB OB BEKTOB
KPUTUHECKOU NUHOPACTPYKTYPbI HA MPUMEPE YYACTKA "TJIMHKA"

Paccmampueatomcs pe3ynbmambl Ma2aHUMHbIX uccredosaHuli no4ye u nodcmusarowux nopod mecmosoll meppumopuu e6nu3u osepa InuHka.
Pa6omsbi npoeodusiuck 8 paMkax uly4eHusl ornosi3Heeol onacHocmu yp6aHu3upoeaHHol cpedbl 20podckoll azrmomepayuu 2opoda Kueea c yesnbro mo-
HUMOpPUH2a NPUPOOHBIX U MEXHO2EHHbIX MPOUECcCo8s, 8/IUSIOWUX Ha 06beKkmbI Kpumuyveckol uHghpacmpykmypel. B nonesbix ycnoesusix usmepsinack
o6bemMHasi MazHUMHasl eocnpuumyueocms rnoye k (10° ed. CHU) u npoeodusncsi omb6op obpa3yoe. B na6opamopHbIx ycroeusix 6buIu UsMepeHs! u
paccyumatbl ydenbHasi MazHUMHasi eocrnipuumyueocms x (1078 M%/ke), a marxe ee yacmomrasi 3aeucumocms XFD (%). [oyeeHHbIl nokpoe AaHHO20
y4acmka cepbili iecHol ¢ npu3Hakamu yp6aHosema. MacHumHble uccrnedosaHusi Npoeodunuch 8 pamkax A8yX yC/108HbIX MUKPOIO/IU20HO8 Ha 8bICOKOM
ornonsHeonacHom 6epe2y o3epa [luHKa, @ makxe Ha NPOMUEONOI0KHOM HU3KoM. B npedenax Hu3kozo 6epeaa 6binlu 3a/10)KeHbl MUKPOKameHa u eep-
MuKanbHbIl MOYEEHHbIl pa3pe3 ¢ Yesibio U3y4yeHusi 2eHemu4YecKux 20pU30HMoe noyebl. bbulu NocmpoeHbl NonU2oHHbIE 061acmu Mo MazHUMHbLIM
napamempam Ha OCHO8e KOCMOCHUMKO8 3a2pyXeHHbIX u3 cucmembi ArcGIS. Knaccughukayusi nonu2oHHbIx obnacmeli npoeedeHa o napamempam ma-
2HUMHOU 80CMPUUMYUBOCMU U ee YacCMOomHoU 3agucuMocmu. BbidesieH Monu2oH ¢ caMbiMU 8bICOKUMU 3HaYeHUSIMU Ma2HUMHOU 80CrpuuM4yueocmu
(x = 54 x 1078 M°/k2) u HU3KUM 3HaYyeHuUemM yacmomHol 3aeucumocmu (XFD = 3,6 %). Imo mexHO2eHHO U3MeHeHHasi 4acmb MO04Y8EHHO20 rokpoea. MoeH-
mucbuyupoeanbl 0ea NMonu20Ha ¢ 6IUKUMU 3HAYeHUSIMU MazHUMHbIX napamempos: X = 25-35 x 107 m*/kz, xFD = 8-10 %, komopbie OmHeceHbl K
ycrnoeHo yucmsiM no4eam. 3aghukcuposaHbl mpu nosu2oHa (0ea Ha HU3Kom 6epezy u 0OUH Ha 8bICOKOM OIMOJI3HEONAacCHOM) CO CPeOHUMU 3HaYeHUSIMU
MazHUMHbIX napamempos: x = 35-40 x 10-% M*/ke, xFD = 6-7 %. B npedenax eepmukanbHO20 pa3pe3a 06HapyXeHo nepepacnpedesnieHue 2eHemu4ecKux
20pU30HMO8, YMo, 8 ceo o4epedb, ompaxaemcs 8 8e/IlU4UHaX Ma2cHUMHbIX NapaMempos u ceudemesibcmeayem o MPUCymMcmeuu 3p03UOHHbIX MPo-
yeccos. MazHumHble ceolicmea rno4ye pekoMeHAyemcsl y4umbieams Mpu KOMIJIEKCHOU UHMepnpemayuu eMecme ¢ asiekmpuyeckoli momozpagbued,
2eopadapHbiMu usmepeHusiMu u F'MC aHanu3om OaHHbIX HayUOHanbHOU 6a3bl onon3Hel YKkpauHbl. Pesynbmamom npednoxeHHbIx pabom cmaHem pa-
3pabomka onmuMasibHO20 asl20pummMa MOHUMOPUHa2a meppumMopuli pacrosioXKeHus1 06bLexmoe Kpumu4yeckol UHgppacmpyKkmypbI.

Knrouyeenie cnoea: kpumuyeckasi uHgppacmpykmypa, npupodHbie U MexXHO2eHHbIe MPOYECChI, M048bl, MazHemu3M OKpyxatoweli cpedbl, Maz-
HumHasi ocrnpuumyueocms, GIS.
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AHATNI3 NAPAMETPIB AKYCTUYHOI AHI3OTPONMIi NIPOKCEH-MAFHETUTOBMX MOPIAQ
NILAHCBLKOI CTPYKTYPM

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. C.A. Buxeoro)

lModaHo aHani3 pe3ynbmamie docnidxeHHs akycmu4yHuUx enacmueocmetli nopiod lMiujaHcbKoi 3ani3opydHoi cmpykmypu.

Memoro pobomu € ecmaHoeeHHs1 ocobriugocmeli po3nodiny akycmu4Hux eslacmueocmeli ma napaMempie aKycmu4Hoi aHizom-
ponii 8 3pa3kax nopiod kepHa, eidibpaHo2o 3i ceepdnosuHu Ne 3 MiwaHcbkoi cmpykmypu Onsi au3Ha4YeHHs1 NPUPOOU if BUHUKHEHHS.

Bub6ipka i3 35 3pa3kie 3 iHmepeany 2nubuH 144—273 m po3dineHa Ha 3 2pynu nopio, a came: MazHeMuUM-NiPOKCeHOoesI, Keapy-MazHe-
mum-nipokceHoei ma 6iomum-amgpi6onoei kpucmaniyxi cnaHui.

3ditlicHeHO psi@ nempoakycmuYyHuUX JlabopamopHUX eUMipro8aHb Ha 3pa3kax rnopid y ¢hopmi ky6opomb6ododekaedpa 3 eUKOPUCMaAH-
HSIM iH8apiaHmHo-nonspu3ayiliHoezo Memody. 3Ha4eHHs1 8UMIPsSIHUX ¢ha3osux weudkocmel "K8a3ino3d0oe)xHboi™ ma deox "keasinone-
peYyHuUx" xeusb wie Ha emarli eUMipro8aHb MoKa3sasiu cymmesy aKkycmuy4Hy aHizomponito nopio. [fianazoHu eumipsiHux weudkocmel
3pa3skie Konekyii cmaHoensimb 7661 + 5046 m/c Onisi N03006XKHIX xeusb i 4232 + 2648 m/c Ansi nonepeyvyHux. Pi3HUUs1 3Ha4YeHb 8UMIPSIHUX

0151 KOXKHOIT i3 nap epaHeli Ky6opomb6ododekaedpa cmaHosums 8id 100 do 800 m/c dnsi V,, ma 8id 0 do 500 m/c — Ans Vs.

Po3paxoeaHo napamempu aKkycmu4Ho20 eJlincoida, 3a cnieeiOHoweHHsIMU sikux 30ilicHeHOo nodin 3pa3kie Ha mpu OCHOBHI 2pynu 3a
aKycmu4HOI MeKCmypor: akyCMUYHO JliHiliHa, criaHyroeama ma pombiyHa.

lpoeedeHo aHani3 koegpiyieHmie aHi3omponii 3a pe3ysibmamamu euMipro8aHHs1 weudkocmel xeuslb: N03008XHLOI ma 8iGHOCHOT
akycmu4Hoi aHisomponii. Binswocmi 3pa3kie npumamaHHull HU3bKUl abo cepedHil pieeHb akycmu4Hoi aHi3omponnii (8id 2 do 7 %). Bu-
OKpeMIIeHO 2pyry eUcOoKoaHi3omponHux nopid (11-14 %), wo npedcmaeneHi 3pa3kamu 6iomum-amghibosrosux KpucmarsnocsaHuyie.

3a napamempamu akycmu4yHo20 meH3opa 6inbuwiocmi 3pa3kie npumamMaHHull nornepeYyHo-izomponHuli mun cumempii, wo enacmu-
euli 3pa3kam 3 iHmepeariie 2nubuH 174—-220 m ma 222-232 m, MeHWitl YacmuHi— pom6ivyHul. Po36ixxHocmi 3a napamempamu aHizomponii
3pa3kKie MO)KHa MosICHUIMU Cymmeegoro HeoOHOPIOHICMIo IXHIX mekcmyp, a came: MikpompiwuHamu, MiHepasiaMmu pi3HO20 Po3Mipy, ¢ho-

PMU ma opieHmauii.

Pe3ynbmamu docnioeHb nokasyromsb, W0 aKycmu4Hi erracmueocmi 3pa3kie eidpizHssrombcs 83006 iHmepeany anubuH, ujo doc-
nioxyeaecsi. Lje noe’a3aHo 3 pi3HUM MiHepasoziyHum ckriadoMm rnopid, a makox ceid4ums npo ckadHi yMoau ymeopeHHs rnopio Ha pi3-
Hux anubuHax i npucymHicms pi3Hux munie deghopmauiti, ujo cynpoeodxxyeanu ghopmyearHs liugaHcbKoi cmpykmypu.

Kmroyoei crioea: akycmuyHa aHizomponisi, mekcmypa, cumMempisi, meH3op.

Beryn. JocnigXeHHs WBWMAKICHUX BNACTUBOCTEWN ripCh-
KMX Nnopia i noganbLwni aHania npupoAun akyCTUYHOI aHi3oT-
ponii B Pi3HNX FEHETUYHUX TUNax ripCbKMX Mopig 403BOMNseE
BCTAHOBWUTU MPUYUHM BUMHWUKHEHHSI SBULL, HEOAHOPIAHOCTI
i3nYHMX BNAcTMBOCTEN. TaKMMM YUHHMKAMWN MOXYTb ByTH
MiHepanbHWU cknag, KpuctanorpacdivyHa opieHTauis 3epeH
MiHepanie, oopMa Ta opieHTaLisi MIKPOTPILLMH i Nop, TOHKa
LapyBaTiCTb, Hanpy>xeHui cTaH, BNNUB Ha cepeosuLLe di-
3u4HKMX nonis Ta iH. Came rnnboke ocnigXeHHs Liei npo-
6nematukvM | nopanblue BAOCKOHANEHHs anapatypu Ta
METOAMNKM BMMIPIOBaHHA aKyCTMYHOI aHi3oTponii Bigkpusae
BENMKI MOXINMBOCTI ONSA BM3HAYEHHS BHYTPILWHBbOI Gyg0BM
rpCbKUX Mopif, YCTaHOBMIEHHA reosioriYHUX YMHHUKIB, O
CrpUANN iXHbOMYy POPMYBaHHIO.

CTaH npo6nemu. [poTarom yciei ictopii gocnigkeHb aHi-
30Tponii WBUAKICHMX BMACTUBOCTEW TpCbKMX Nopia po3pos-
NEeHO HW3KY NiaXoAiB i 3HA4Hy mMeToponoriyHy 6asy iXHbol
AeTepMiHalii, noganbLIoro aHanidy Ta NosiCHEHHSA Kpuctarni-
YHOI, TEKTOHIYHOI 1 NITONOrYHOT NPUYNH BUHUKHEHHS JAHOro
aBvwa. [ocnimpKeHHs aKyCTMYHOI aHi3oTponii HEPO3PUBHO
NnoB'sA3aHi 3 MPY)XHOK aHI30TPONI€ELD, WO i 3HAaX0aUTb CBOE Bi-
[obpaxeHHs B ocobnmBocTsax MetogiB. JocnigkeHHaM Ta
pO3pOOKO TEOPETUYHUX Ha METOOOMOrMYHMX acnekTiB BU-
BYEHHS aKyCTUYHMX BNACTUBOCTEN MpCbKUX Nopif 3aiManuch
Taki BYeHi, sik K.C. Anekcangpos, B. Babyuika, |.M. bes-
pogHa, [O.A. Bespognwuia, T.B. Bepy, C.A. Buxea, ¢.0. Nop-
6auesuy, I. KepH, T. lNlokanyek, I'.T. Mpogarieoaa, 3. lNpoc,
@. Puxosa, T. Ceitek, €.5. Yepeneubka Ta iH.

BinblicTe MeToAiB MaloTb cninbHe NiarpyHTs Ta 0asy-
HOTbCS Ha TEH30PHOMY aHarnisi akyCTUYHNX NapameTpis. Bubip
anapatypuv Ta MeToAororii 4OCHiMKEHb 3aneXuTb Bif nocTas-
NeHnX 3aBAaHb Ta 0cobnMBOCTEN 06'ekTa BUBYEHHS, 30KPEMA,
[OOCTaTHS KiNbKiCTb MaTepianis, HasiBHICTb anpiopHoi iHdopMma-

uii Towo (AnekcaHdpos i lNpodatieoda, 2000). OTxe, TOMy OC-
HOBHi METOAU OOCMIMKEHHS MOXHA PO34inuTU 3a Kinbkoma
XapakTepucTrkamm, a came — 3a TUNOM XBWIb, LLO AOCHIOXKY-
HOTbCS, 3@ Pi3HMM PIBHEM BMBYEHHST aKyCTMYHOI aHi3oTponii Ta
HabopOM KOMMOHEHTIB, LLIO BU3HAYaOTHCS.

3okpema, meTop, cdep (Pros and Babuska, 1967), wo Ha
MOMEHT CBOrO 3arnovaTkyBaHHS JO3BOSMSIB BU3HAYaTH nuvLie
po3nogin No3noBXHIX XBUMBL Y 3pa3kax, HUHI NPOOOBXYE pO3-
BMBaTUCh i BOOCKOHaMoBaTUChk. OcTaHHi moaudikaLii 403BO-
NATb AeTanbHO OUHWTK aHi30TPOMilo MPYKHWUX XBWIb 3a
paxyHOK BUMiptoBaHHSA 3D po3noginy KBasino3aoBXHiX i KBa-
3inonepeyHnx XBunb y 3paskax 3a 132 Hanpsimkamu. LLe oa-
HIiE MepeBarold 4aHoro MeToay € MOXIMBICTb 3AIMCHEHHS
JocnigXeHb NapamMeTpiB akyCTUYHOI aHi3oTponil B ymoBax ri-
JpoctaTudHoro Tucky. Tak, y pobotax (Lokajicek et al, 2014;
Svitek et al. 2014) HaBefeHO pe3ynbTaT KOMGIHOBAHOIO BU-
BYEHHS HEOAHOPIAHOCTEN MipCbK1X Mopig 3 40OaTKOBUM 3a-
CTOCYBaHHAM TEPMOaKyCTUYHOI ycTaHoBku (Kern et al, 1997),
a TakoX meTody HemTpoHHoi audpakuii (Cobones u Huku-
muH, 2001).

AkycTtononsapusauinnunin metog (Mopbauesuy, 2002) wu-
POKO BUKOPUCTOBYETLCA AN BUSHAYEHHS aHi30TPOoNii akyCcTu-
YHMX BRacTMBOCTEN MaTepianiB, KifbKOCTI Ta opieHTauii
ereMeHTIB NPY>XHOI CMMETPIi, NPOTe TakoX A03BONSAE BCTAHO-
BMOBATU MiHINHY aKyCTUYHY aHi30TPONito NOrMMHAHHA Ta 3a-
ranbHy OLiHKY HEeOAHOpPIAHOCTEN 3paskiB ripcbkux nopig. e
OfHier0 0COBNUBICTIO 4AHOMO METOAY € MOXIMBICTb YCTaHOB-
JNIEHHs1 OKpeMo y3aranbHeHux koedpilieHTiB aHi3oTponii nos-
OOBXHIX Ta nonepeyHunx xeBwunb (TpuwuHa ma iH. 2007;
lopbauesuy ma iH, 2017, Kosanesckuti ma iH. 2012). MNpoTe
30iNCHEHHS BUMIPIB TiNbKW Y TPbOX OCHOBHWUX HanpsiMax po-
OUTb OLIIHKY aKyCTUYHMX BIACTMBOCTEN JOCUTL NPUOM3HOLO.

ICHye TakoX HM3Ka MeTogiB, LLO 3aCTOCOBYHOTLCS B METO-
Jax HepywmHIBHOrO KOHTPONIO martepianis (aedektockonis)

© Be3popgHa l., CBucrtoB B., BespogHun 1., 2020
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i 103BONSAIOTL YCTAHOBMIOBATM HEOOHOPIOHOCTI po3noainy
i3nYHMX BNACTMBOCTEW TFipCbKUX nopig | MiHepanis
(Grishchenko et al., 2017). Ha gymKy aBTOpiB, BapTO B1OK-
pPeEMUTU METOA NasepHOi yNbTPa3ByKOBOI CTEPeOCKonii, Lo
O03BONSAE 34iNCHIOBATI OLHKY aHi3oTponii ripCbkux nopig
Yepes (PyHKLiT YaCTOTHUX 3anexHoCcTen koedilieHTa 3aTy-
XaHHS Ta LWBUOKOCTEN MPYXXHWUX XBUIb AMsi TPbOX B3aEMHO
nepneHaukynsipHux HanpsiMkie. lNpote gaHun Metog 6i-
nblue NiaxoauTb Anst ApiGHO3EPHUCTMX NOpig, OCKINbKK ic-
HYE HU3KA BUMOr [0 ChiBBIOHOLEHb [OOBXUHW XBUIII,
reoMeTpuMYHNX PO3MIpiB 3epeH MiHepaniB: agXe TOYHICTb
BUMIPIB Y UbOMY METOAI CUIbHO 3aneXxuTb Big MOXMAMBOro
pO3CiloBaHHs curHany Big 60KOBMX CTIHOK 3pa3ka Ta Heoa-
HopigHocTten (Yepeneukas, 2005; JlbiceHko, 2013).

JocuTb YacTo Npu NPOBEeAEHHI AOCNiAXEHb NPYXXHUX Ta
aKyCTU4HUX BIIAaCTUBOCTEN SIK CYMDKHIN MeToq OLiHKWN TeKC-
TYp ripCbkux nopig Ta ixHboi akyCTUYHOI aHi3oTponii 3acTo-
COBYIOTb HENTPOHHY Audpakuito (MeaHkuHa u dp., 2004;
Ivankina et al., 2005). JaHnn meTon xapakTepusyeTbCcs BU-
COKOH MPOHMKHICTHO HEMTPOHHOIO MOTOKY Ta HM3bKOK abco-
pbuieto HENTPOHIB ANs GiNbLIOCTI eNeMeHTIB, WO Aae 3MOory
OTPUMYBATN 3HAYEHHS BUCOKOT TOYHOCTI.

3Ha4yHOo geTanbHilMM Ta iHOpMaTUBHILLUM € iHBapiaH-
THO-MonsipusalinHuin  meton (AnekcaHopoe ma [lpodad-
g8o0a, 2000; lNpodalisoda ma iH., 2011), akuin o3BONSE 3a
BiJCYTHOCTI anpiopHoi iHdopmaLii Npo CUMeTpito ripCcbKoi
NnopoAaM Ta 3a AOBINbHOI OpieHTaLii nabopaTopHOI cuctemm
KoopAvHaT AeTanbHO BCTaHOBUTWM MPOCTOPOBUI pO3nodin
aKyCTMYHUX BMACTUBOCTEN i OLiHUTU cepeaHboKBagpaTuny-
HUA KoediLiEHT aKyCTUYHOI aHi3oTponii Ta ii iHWi napame-
TpU, WO PO3paxoBYKTbCA 3a pesynbTaTaMu BU3HAYEHHS
KBa3iNno340BXHIX i ABOX KBasinonepevHux ha3oBumx LUBUAKO-
CTen y AeB'aTn Hanpsmkax. [JaHuin MeToa 3acTOCOBYETLCSH
AK Ang gocnigpxkeHb ocanoBux (Buxea ma iH., 2018), Tak i
Ans KpuctanivyHmx nopig (be3podHutli ma iH., 2014).

MeToto poboTn € BCTaHOBMNEHHsT 0COBNMBOCTEN PO3ro-
Ainy akyCTU4YHMX BracTMBOCTEN Ta napameTpiB aKyCTUYHOI
aHi3oTponii B 3pa3kax nopig kepHa, BigidpaHoro 3i cBepasio-
BuHM Ne 3 lilaHCbKoi CTPYKTYpU AN BU3Ha4YeHHsA NpUupoaun
11 YTBOPEHHS.

Onuc 06'ekTa gocnigkeHb. Y gaHin poboTi npoBeeHo
aHani3a 35 3paskiB kepHa NipoKCeH-MarHeTUTOBUX KpUCTano-
cnaHuiB BigibpaHux 3i ceepanosnHn Ne 3 lilaHceKoi cTpy-
KTypw B iHTepBani rmunbuH 144-273 m.

MiwaHcbka CTpyKTypa po3TalloBaHa Ha MiBHIYHIA OKO-
noui c. Miwaxe bantckoro panoHy Opecbkoi obnacTi. [a-
HWIA reonoriyHnin 06'eKT BHECEHUI A0 CNUCKY reodi3nyHmX
eHoMeHIB YkpaiHu. 3a pesynbTatamu nonepegHix gocni-
OXXeHb NPOrHO3Hi pecypcy MarHeTUTOBMX PYA A0 BiAMITOK
500 m ctaHoBnATL 6nm3bko 100 MNH T, @ 3a pesynbTaTtamu
TEXHOMOr4YHUX BUNPOOYyBaHb YCTAHOBMEHO, WO 3 AaHWX Py
MOXHa OTpuMaTK meTanisoBaHi okaTuwi (88,8 % BmicTy 3a-
nisa), WO MAYTb Ha BWUrOTOBIMIEHHSI BUCOKOSIKICHMX Mapok
crani (EHmun, 2012).

Ha ocHoBi neTporpaciuHoro onucy BurotosneHunx y HHI
"IHcTUTYT reonorii” 25 wWnidiB OCHOBHUX NeTporpadivHmnX
pisHOBMAIB Nopig, aBTopamMu NpPoBeAeHO aHani3 iXHbOoro Mi-
HeparoriyHoro cknagy Ta CTPYKTYPHO-TEKCTYPHUX 0cobnu-
BocTel. 3a neTtporpadiyHMMM JaHMMKU KOMeKLis 3paskiB
Oyna nogineHa Ha Tpu rpynu, 3oKkpema:

1. MarHeTuT-nipokceHoBi kpuctanivHi crnaHui (19 3paskis:
Mnc-7, NC-13 — NC-23, NC-29 — MNc-35). Npyna nopig ckna-
[A€eHa, B OCHOBHOMY, MiHepanamu nipokceHy (60—91 %) Ta ma-
rHeTuTy (7—40 %), 3 HE3Ha4YHMMM BKpansieHHsMK KBapLy Ta
nnarioknasy (8o 2 %). TekcTypu wnidiB nopia nepeBaxHO
OJHOPIgHI Ta CMyracTo LuapyBari, Y TPbOX 3pa3kiB — 6pekyie-
nogibHi. CTpykTypa 3paskiB KpucTanosepHucTa, ApibHo- Ta
cepedHbO3epHNCTa, OKpPeMi 3pas3km € Pi3HO3EPHUCTUMM.

Poamip 3epeH 3miHoeTbCA Big 0,15 Ao 6 MM, a dopma — Bif,
i30METPUYHOI 0 CUMbHO BUOOBXEHOI.

2. Ksapu-marHeTuT-nipoKCeHOBi  KpUCTaniyHi  cnaHui
(12 3paskis: MNC-2 - NC-3, NC-5, MNC-8 —MNC-9, NC-11, NC-12,
MC-24 — NC-28). MNopogn cknageHi nipokceHom (29-86 %),
marHeTntom (10-27 %) Ta 3epHamu KBapuy/nnarioknasy
(1-57 %). TekcTypa GinbLUOCTi 3paskiB cnaHulBaTa, cMyra-
CTo-CcraHutoBaTa, y ABox wnicax — OpekyienogibHa Ta
ofHopigHa. Y CTpyKTYpHOMY MnnaHi nepeBaxatoTb pi3HO3ep-
HWCTi 3pa3sku, TaKoX 3yCTpivaeTbCcsa ApibHO-cepeaHbO3epHU-
CTi CTpyKTYpW i3 3epHamum 0,1-5 mm.

3. BioTuT-amcibonosi kpucTaniyHi cnaHui (YoTupn 3pa-
3ku: MC-1, MC-4, NC-6, NC-10). Ansa gaHoi rpynu nputa-
MaHHa niHiNHO-cnaHutoBaTa TeKkcTypa Ta cepefHsi
3epHUCTICTb 3 po3mipamm 3epeH Big 0,35 0o 1,9 mm, i3 BMI-
cToM amdibony Ta 6iotuty Big 37 go 63 % Ta kBapuy 3 nna-
rioknasom Big 36 4o 63 %, 3 He3Ha4YHMM BMICTOM MarHeTuTy,
rpadity, TTaHiTy Ta anatuty (8o 4 % 3aranom)

MpoBeneHi nonepeaHi NETPOMArHiTHI 4OCNIAXEHHSA KOmNeK-
uii 3paskiB (Bezrodnyi et al., 2018) no3BoONMIN NPUMNYCTUTH, LLIO
CTPYKTypa MarHeTuTy B Nopoaax He € OQHOPIAHOI0, MOro 3epHa
B nopofi MiCTATb NEBHY KiNbKiCTb reMaTuTy; AaHi A03BONSI0TL
CTBEPKYBATU NPO HASIBHICTb YAaCTKN Maremity, sika CTaHOBUTb
y cepeaHboMmy Bif 2—3 % no noHag 10 %.

MeToauka. ABTopammn B neTpoqianyHin nabopaTopii
HHI "lHcTuTyT reonorii™ KniBcbkoro HauioHansHoOro yHisep-
cuteTy imeHi Tapaca LLleByeHka 3a LONOMOrow yrnbTpasBy-
koBoi yctaHoBku "KepH-4" Oynu nposefgeHi nabopaTopHi
BUMIPIOBaHHSA LUBMOKOCTEN NPYXHUX XBWIb 3paskiB. Ha oc-
HOBi MeToauKW iHBapiaHTHO-NoNApmM3auinHoro Metoaa
(Mpodatieoda ma iH., 2011) 3pas3ku, WO MaTb POPMY Ky-
6opomboaoaekaenpis, focnigXyBanucst B 4EB'ATU Hanpsim-
Kax, B sIkux 6ynu BuMipsiHi pa3oBi LUBUAKOCTI TPbOX NPYXXHMX
XBUIb (KBa3iN0340BXHbOI, "LWBMAKOI" 11 "NOBINLHOI" KBa3inone-
peyHux XBunb). 3a pesynbTaTtamMmv BUMipIOBaHb 3paskiB Mpo-
BEAEHO KiMnbKICHY OLiHKY IiXHbOI aKyCTM4HOI aHi3oTponil,
30iMCHEHO aHarni3 i NOPIBHAHHSA OTPUMaHUX AaHUX.

Ha ocHOBI BUMipSIHMX LLUBUOKOCTEN KBA3iNO340BXHbLOI Ta
KBasinonepeyHux xBunb Oynu pospaxoBaHi ([lpodatisoda
ma iH., 2011):

e NapameTpn aKyCTUYHOTO TeH3opa p;, WO BU3HAYa-

€TbCS 3 BENUYMH LUBUAKOCTEN MPYXXHUX XBUIb;
e KoediLieHT BIOHOCHOI cepeHbOoKBagpaTUYHOI aKyCcTu-
4Hoi aHisoTponii (A,):

1
EI:(HU —MHxn )2 +(“11 — M3 )2 +(sz —Hi; )2}
A =

' (1),

re (Kf), = uii + u3z + udss 1y, H32 15 — BAcH 3HAYeHHs
aKyCTUYHOrO TEeH30pa;

e NapaMeTpyn akyCTUYHOro enincoigy: akycTuyHa niHin-
HicTb L, = p,/p, Ta aKkycTuyHa cnaHutoBaticTb S, =
B,/ My (TyT Ky Hi o My = BiAMOBIAHO HaMbinbLIe, NPOMiXKHE
Ta HaiMeHLLIe BNACHi 3Ha4YeHHS aKyCTUYHOrO TeH30pa).

Knacuaikauito TEKCTYp 34iINCHEHO 3a CUMETPIEID aKyCTu-
yHoro TeHsopa p;; (Mpodalisoda ma iH., 2011).

¢ chepuyHa CUMETPIS, SKLLO BUKOHYETLCS PIiBHICTb |11 =
M2z = H33; . .

® MOMEPEeYHO-i30TPONHa CUMETPISA, SKLIO BUKOHYETLCH
OfHa 3 YMOB Ly1 # M3 = Hgz; @00 Wiy = Pap # Ha3; abo
Hi1 # M3z = Haz;

e pOMGiYHa CMMETPIsA, SKWO BUKOHYETLCA YMOBA |1 #
U2z # H3s.

Okpemo 3gincHeHo cnpoby MOPIBHAHHA BU3HaYEHHS
KoeqiLlieHTIB akyCTUYHOI aHi3oTporii 3a MeToANKo iHBapi-
aHTHO-MONSAPM3aLiNHOrO Ta akycTononspusauimHoro MeTo-
niB. 3okpema, ocTaHHii MeTod nepepbayae po3paxyHOK

-100%,
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ABOX KOe®iLiEHTIB aHi3oTponii Ha OCHOBI pe3ynbTaTiB Bu-
BUYEHHSI LUBUOKOCTEN NO3AOBXHIX | MONEPEYHUX XBUIb, BU-
MipSHMX Ha 3pa3kax KyBiuyHOi hopmu y TPbOX HanpsiMKax.

KoedpiuieHT aHizoTponii No3goBXHIX XBUIb PO3paxoBy-
BaBcs 3a hopmyrnoto (Mopbayesuy, 2002)

by = [0 = V)2 + (V= V) + (Vs = Vo,
aeVy, = (Vi +V, +V3)/3,a Vi, V1, V3 — WwBMAKOCTI posnos-
CIO[PKEHHSA NO3[O0BXHIX KONMMBaHb, WO BUMIPSHi 3@ TpboMa
OCHOBHVIMM rpaHsiMU 3paskiB.

PesynbTtaTtn. Ha ocHOBi HasBHUX maTepianis i cnupato-
YUCb Ha METOAMKY iHBapiaHTHO-MONAPM3aLINHOIO Ta akyc-
Tononspu3adiiHoro MeToAis, asTopamu 6yno gocnigXeHo
Ta npoaHanizoBaHO psA aKyCTUYHMX MapameTpiB 3paskis,
30KpeMa i napameTpiB akyCTUYHOI aHi3oTponii.

fAckpaBo BupaxeHa HeOA4HOPIAHICTb Mopig NposiBUnach
e Ha eTani ynbTpasByKOBUX OOCHIOAXEHb. YCTaAHOBMEHO,
LLIO 3HaYEHHS LUBMAKOCTEN NPYXHMUX XBUMb 3MIHIOIOTLCH 3a-
NEXHO Bif MiHEpanbHOro CKNaay Ta CTPYKTYPHO-TEKCTYPHUX

8000

7000
L 6000
s

N

> 5000
4000

3000

ocobnmBocTen nopia: MakcMMarnbHi 3HAYeHHS LUBWMOKOCTI
NO3A0BXHbLOI XBUMi CTaAHOBMNATb 7661 M/c, MiHiManbHi —
5046 m/c, WBMAOKOCTI MOMEpPeYHOi XBUNi — BIiAMNOBIOHO
4232 m/c Ta 2648 m/c.

[na aHanisy amiHy LWBWOKOCTEN NPYXHUX XBUIb Y 3paskax
6yno npoBeaeHo ycepedHeHHs AaHUX 3a AeB'ATbMa Hanpsm-
kamun. Ha puvc. 1 HaBedeHO pO3MoAiN ycepeaHeHUX LWBUOKOC-
TeW XBWInb (KBasino3aoBXHOI Ta ABOX KBa3iNONepeyvHmXx).

3aranom, Ans KOXHOro i3 3paskiB NpuUTamaHHi CyTTeBi po3-
OPKHOCTI Y BEMWYMHI LUBUAKOCTEN XBUIb, BUMIPAHWUX Ha KOXHIi
i3 AeB'aTV rpaHen 3paskis. [liana3oH 3MiHM 3HaYeHb LUBUAKOC-
TeWn no3noBXHIX XBUIMb (AVp) MK HanpsiMKamy BUMIiptOBaHHS
3MiHoeTbea Big 100 go 800 m/c Ta Big 0 go 500 m/c — ans wBK-
[AKocTew nonepeyHnx xsunb (AVs). Taka cyTTeBa pisHULA MOB's-
3aHa, Ha AyMKy aBTOpIB, SIK 3 TEKCTYPHUMM, TaK i 3i CTPYKTYPHUMM
0COBNMMBOCTSIMU KOXHOTO 3i 3paskiB, a Takox iXHIM MiHepanbHUM
cknagoM. Tak, GinbLUiCTb 3pa3kiB MatoTb CraHLoBaTy Ta cMyra-
CTO-CMaHLIoBaTy TEKCTYPY i3 YaCTUM YepryBaHHsIM MPOLLApKiB
3 Pi3HNM PO3MIPOM MiHEPanbHUX 3epeH.

o 4000 °

A
a8000% 4840000 L0,

0123 456 7 8 91011121314151617 1819202122 2324252627 2829303132333435

KBasinonepeyHa "nosinbHa"

Ne

A KBasinonepeuHa "wsunaka"

3paska
@ KBa3inoB340BXHA XBUAA

Puc. 1. YcepeaHeHi 3HaYeHHs BUMiPSIHUX LUBUAKOCTEN NPY)XXHUX XBUJIb Y 3pa3Kax

Cnig, 3a3HaumTK, LLO BEMUKWUIA Ojana3oH BMICTY MarHeTuTy
B nopogax (sig 0 go 40 %) cnabo kopenoeTbea (R? = 0,453)
i3 cCepeHbO3BaKEHNMM LLUBMOKOCTAMU aKyCTUYHUX XBUITb.

3a 3Ha4YeHHsIMU LUBMAKOCTEN MPY>KHUX XBUIb aBTOpaMu
pO3paxoBaHO MapameTpy aKyCTUYHOrO TEH30pa 3paskiB My

[aHi napameTpn 4ar0Tb MOXIUBICTb YCTAHOBUTW TUMKN aKyc-
TUYHOI CcMMETPIi 3paskiB. AHani3 po3paxoBaHMX napameTpis
aKyCTUYHOTO TeH30pa nokasas (puc. 2), Lo GinbLuicTb 3paskiB
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nc-18

MNonepeyHo-i30TpONHUM

(23) matoTb NonepeYHo-i30TPONHUIA TN cUMeTPIi. JaHun Tin
CMMETPIT NpUTamaHHWi GinbLIOCTi 3pa3kiB rpynu KBapL-mar-
HETUT-NIPOKCEHOBUX KpUCTAnocrnaHuiB, a TakoX YacTuHi
MarHeTUT-NiPOKCEHOBMX MiCKOBWKIB, HaWbinblue BOHA BUSIB-
NAETbCA Y YaCTWHM 3paskiB 3 iHTepBanis mMubuH 175-227 m
Ta 268-271 m (MC-30 — MNMC-32). Lle noscHETbCA IXHLO
CMaHLIoBaTOK Ta CMYracTo-CMnaHLoBaTOK TEKCTypamu, 30K-
pemMa HasiBHICTIO YITKO BUPaXKEHUX TPyN BUOOBXKEHMX 3epeH
MiHeparsiB 3 BUpPa3HO OpieHTaLieto B NEBHUX HaNpsIMKaXx.
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A POMOGiIYHMI TUN

Puc. 2. AHani3 napameTpiB aKyCTU4YHOrO TeH30pa 3pa3kKiB Ta iXHiX TUNiB cumeTpii
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PomGiuHMin TN cumeTpii MatoTb BioTuT-amdiGonosi Ta
TpeTUHa MarHeTUT-MiPOKCEHOBUX KpUCTanocnaHuiB i nuwe
ABa 3pa3sku (MNC-2 ta NC-27) kBapu-MarHeTUT-NIPOKCEHOBMX
KpucTanocnaHuie. 3okpema, 3pasku MNC-2 Ta MNC-27 xou i
MaloTb HEYITKO BUPaXKEHY CMYracTo-CraHLoBaTy TEKCTYpY,
npoTe iXHi MpoLlapku CYTTEBO Pi3HATLCA 3@ MiHepasnbHUM
CKnagoM i po3mipom 3epeH. HasBHiCTb poMOivHOro Tuny cu-
MeTpii roBOpuTb MPO CYTTEBY CTPYKTYPHY HEOOHOPIOHICTb
3paskiB, WO NiATBEPAXYETLCSA neTporpadiyHnMmM gaHnmu
(HasiBHICTb 3epeH pi3HOi dhopmm Ta po3Mipy: Big ApidHO3ep-
HUCTWX A0 KPYNMHO3EPHUCTUX).

[esiki iHTepBanu CBEPANOBVHN XapaKTepu3yoTbCs Yep-
ryBaHHsam 060X TvniB CMMETPIT 3paskiB, LLO MOXHa NOSACHUTM
CKNagHUMW TEKTOHIYHUMW YMOBaMM, CIIPUHUHEHNMU Yepry-
BaHHSAM Pi3HOBIYHMX TepMoaMHaMivyHNX yMoB. Llen dakT xa-
paKkTepusye ckragHi yMoBM YTBOPEHHA MOpia i AeLwo pisHi
ixHi gedpopmaliiHi NepeTBOpPEHHST Ha Pi3HUX TMubuHax.
MpoTe Ginblia YacTnHa 3pa3kiB [NilaHcbKoi CTpYKTYpu cho-
pmMoBaHa npu nepeBaxxaHHi 0QHOBIYHOIO TUCKY.

1,25
1.2
1,15
11

1,05

CTpyKTYPHO-TEKCTYpHi 0COBNMBOCTI 3HANLLNN CBOE Bifo-
OpaXeHHs1 i B pO3paxoBaHWX MapaMeTpax aKyCTUYHOro
enincoiga. MNpwu nopiBHAHHI 3Ha4eHb Sy Ta Ly (Ay = |Sp - Ly|)
YCTaHOBINEHO, WO HanbinbLi iXHi po36GiXKHOCTI NpUTaMaHHi
rpyni GiotTnt-amcpibonoBux cnaHuiB i BapitoloTbCA BOHU Bif,
0,75 po 0,108. MopidHe 3HayYeHHs Ay Mae | MarHeTUT-MiPOkK-
ceHoBui kpuctanocnaHeub MNC-22 (0,83). 3pasku MC-7-9,
[C-25 ta NC-30, wo HanexaTb A0 Pi3HUX NeTporpadivHnx
rpyn, xapaktepuayrotbcst Ay 6nmabko 0,05. [ns pewTn 3pa-
3KiB 3HA4YEeHHA Ay CTaHOBNATE MeHwe 0,04.

OTpumaHi 3HaveHHs1 Sy Ta Ly AatoTb MOXINMBICTb PO3AINUTK
JocCrifpKeHi 3paskn Ha YoTupu rpynu. INMpun aHanisi rpadiky 3a-
nexHocTi Ly = f(Sy) (pyc. 3) yacTuHa TOYOK po3TalloBaHa BULLE
BicekTprcy — Taki 3pa3ku MatoTb akcianbHy TeKCTypy. YacTuHa,
IO Hk4e — nnaHanbHy. Okpemo € 3HaveHHa Ly = f(Sy), wo
po3TaLloBaHi 65M3bKo 40 BGICEKTPUCU YK Ha Hili — TakuM 3pas-
Kam nputamaHHa pomOidHa TekcTypa.

Cnupatroumnck Ha po3nogin WBWUAKOCTEN y 3pa3kax, 6yno
po3paxoBaHO KoediLiEHTN akyCTUYHOI aHi3oTponii 3a ABoMa
MeToankamm (puc. 4).

1,2 1,25

Puc. 3. Po3nogin 3pa3kiB 3a napameTpamMu akyCTU4HOro enincoiga
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Ne 3paska

KoediuieHT aHi3oTpoNii NOB34,0BXKHIX XBU/b

CepeHbOKBaAPATUYHUI KoedilieHT aHi3oTponii

Puc. 4. CniBBigHOLWWeEHHA KoedilieHTIB aKkyCTUYHOI aHi3oTponil

[ianasoH 3MiHW BenuYMH iHTerpanbHOro akyCTUYHOro
cepeaHboKBaApaTUYHOro KoedilieHTa aHidoTponii cTaHo-
BUTb 2—14 %. Ha OCHOBi UMX AaHUX HaMW BUAINEHO Tpu
rpynu 3paskis:

® HU3bKOAHI30TPOMNHi, Ae A, < 5 %;

e CepeaHbOaHI30TPONHI, ae 5 % < A, <10 %;

 BUCOKO@Hi30TponHi, ae A, > 10 %.

Cepegn Tpbox neTporpadivyHux rpyn 3paskis, 6iotut-am-
(hibonosi KpucTanocnaHui € MOBHICTIO BWCOKOAHI30TpOnN-
HUMK, (HWI ABi rpynu MaloTb BenNUUMHY KoediuieHTa
anizoTponii Big 1 A0 7 %, WO xapakTepmnsye iX Sk HU3bKO- Ta
cepeaHboaHi3oTponHi. MNonpu Te, LWo 3a aHanizom wnidis y
rpyni 6ioTuT-amibonoBmnx cnaHLiB Y4iTKo BUpaXXEHOI CTPyK-
TYPHO-TEKCTYPHOI aHi3oTponii He cnocTepiraeTbes, 3a pe-
3ynbTataMu NeTpoakyCTUYHMX AOCHifAXeHb aHi3oTponis B
Hin € gyxe Bucokotw. Lle moxe GyTn 03HaKoW TOro, LU0
winicdon 6ynu 3pobneHi y nnowuHi cnaHutoBaTocTi nopia.

3aicHeHO po3paxyHoK KoedilieHTiB aHi3oTponii No3ao-
BXHiX xBUnb (puc. 4). 3a pesynbTatamm aHaniy BCTaHOB-
NEHO, WO iXHi Aiana3oH 3MiHK 3Ha4Ho Ginblini (4—22 %),
HiXX aKyCTUYHOro cepeHbOKBaapaTUYHOro KoedilieHTa aHi-
3otponii (2—14 %).

Cnig BigmiTuTn, wWo ana 6inbwocTi 3paskiB NpocTexy-
€TbCS KOpernsuig MK Luumu OBOMa MokasHukamu, ane € v
Taki, 4e cnocTepiralnTbcs CyTTEBI po3bixkHOCTI (3paskm 1C-
11, MC-14 ta MNMC-30), WO roBopnTb Npo CYTTEBY aHi30TPO-
nito NoONepeyYHNX XBUIb, BEMUYMHN SKMX BUKOPUCTOBYIOTHCS
npu po3paxyHKy cepeaHbOKBaapaTUYHOro koediljieHTa.

BucHoBku. MpoBeaeHi aBTopamu SOCNIAXKEHHS akyCTu-
YHMX BnacTMBocTel nopig MNiwaHcbkoi 3anisopyaHoi CTPykK-
Typu Ta aHarnisa po3paxoBaHWX MNapameTpiB aKyCTUYHOI
aHi3oTponii 4O3BONMAN 3pO6UTU HU3KY BUCHOBKIB.

MeTpoakyCTUYHi AOCNIMKEHHA MnoKasanu AOCUTb CyT-
TeBY pisHML0 (8o 800 m/c) MiX LWIBMAKOCTAMU, WO BUMIPIO-
Banucb 3a Pi3HMMMK HanpsiMKaMu OLHOro i TOro X 3paska



~44 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

(9 rpaneit). Lle obymoBneHo sik MiHepansHUM CKNagom no-
pig, TaK i iXHiM CTPYKTYPHO-TEKCTYPHUMM OCOBNMBOCTSMMU.

Ha ocHOBI BUMIpSIHUX LUBUAKOCTEN NPYXHUX XBUIb, aB-
Topamu Byno po3paxoBaHo KoedilieHT akyCTUYHOI aHi3oT-
ponii, 3a BENMYMHOI AK1X nopoam 6ynu posnodineHi Ha Tpu
rpynu. PospaxoBaHi 3a akycTononspusauinHuM MeTOAOoM
KoedilieHT aHi3oTponii NO3J0BXHIX XBUNb Nokasanu Oo-
CUTb BUCOKY KOPErsALi0 3 BEMUYNHOK iHTErpanbHoOro akyc-
TWUYHOrO KoedilieHTa aHisoTponii.

Ha ocHoBi aHanidy oTpumaHux gaHux go cnabo- Ta ce-
peAHbOaHI30TPOMNHMX Fpyn aBTOpU BigHOCATb GinMbLuy Yac-
TUHY 3paskiB (31) 3i 3Ha4yeHHAM KoediuieHTa aHi3oTponii
(AH) BiO 2 0o 7 %. BinbLwicTb LMX Nopig € cnaHuoBaTMmMm Ta
cmyracto-crnaHuyoBatumun. Okpemo BuainsoTecst GioTuT-
am@ibonoBi kpucTanocnaHui, Wo € BUCOKOaHI30TPONHUMM
nopogamu (A, = 10+14 %).

3aicHeHo noAin 3paskie 3a NapameTpaMu akyCTUYHOro
enincoiga. BuaineHo 3pasku 3 nnaHanbHOW, akcianbHOL,
pombiyHoto TekcTypamu. LLlogo akycTnyHoi TEKCTypu, TO Ha
OCHOBIi pO3paxoBaHMX MapaMeTpiB aKyCTUYHOro TeH30pa
BCTAHOBIEHO, WO 75 % 3paskiB MaTb NONepevyHo-i30Tpo-
MHY TEKCTYpYy, pewwTa — pombiyHy. 3a akyCTUYHOK TEKCTY-
po BUAINEHO TpU iHTepBanu rMUOWH CBEPANOBUHU, LLO
cdopMoBaHi B yMoBax ogHobiuHoro Tucky. PeluTa iHTepBa-
niB CBEpAJIOBUHM XapaKTEPU3YETLCS YacTUM YepryBaHHSAM
nnacrTiB, sIKi 3a3Hann pisHOBGIYHMX TepMOANHAMIYHUX BNNK-
BiB, L0 BKA3y€ Ha CYTTEBI 3MiHN NaneoTEeKTOHIYHUX YMOB Y
npoueci popmyBaHHs MiL@aHCLKOT CTPYKTYpMU.

3a pesynbTatamMu aHanisy BCTaHOBMEHO, L0 neTporpa-
diyHMI onuc WwnidiB He AaB 3MOrU YiTKO BM3HAYUTWU NpuU-
YMHU TaKMX BENWKUX 3HayeHb KoediuieHTIB aHi3oTponii.
ABTOpamMu NnaHyeTbCa AeTanbHille BUBYATM O0COBNMBOCTI
GioTuT-amdhibonoBux KpucTtanocnaHuie, 30kpema, 3 OLiH-
KOIO iXHiX MPYXXHNX BNAaCTUBOCTEN, a TaKoX NPOBECTM AOCHi-
IPKEHHS eNEeKTPUYHOI Ta MarHiTHOI aHi3oTponii.
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ANALYSIS OF ACOUSTIC ANISOTROPY PARAMETERS OF PYROXENE-MAGNETITE ROCKS
OF THE PISCHANKA STRUCTURE

The analysis of the results of acoustic properties of rocks study of Pischans ka iron-ore structure is presented.

The aim of the work is to establish the features of the distribution of acoustic properties and parameters of acoustic anisotropy in samples of
core rocks selected from the well No. 3 of the Pischans 'ka structure to determine the nature of its occurrence.

A sample of 35 samples from the depth range 144-273 m is divided into 3 groups of rocks, namely: magnetite-pyroxene, quartz-magnetite-
pyroxene and biotite-amphibole crystalline shales.

Based on an invariant polarization method, a number of acoustic laboratory measurements have been carried out. The values of the measured
phase velocities "quasi-longitudinal” and two "quasi-transverse" waves at the stage of measurements showed significant acoustic anisotropy of the
rocks. The ranges of the measured speeds of the collection samples are 7661 + 5046 m / s for longitudinal waves and 4232 + 2648 m/s for transverse
ones. The difference in values measured for each of the sides of the cubic rhombic dodecahedron is from 100 to 800 m / s and from 0 to 500 m/s for
Vp and Vs, respectively.

The parameters of an acoustic ellipsoid were calculated, on the basis of which the division of samples into 3 main groups has been performed,
according to the acoustic texture: acoustically linear, shale and rhombic. Separately, a group of samples with a more complex texture was discovered.

The analysis of coefficients of anisotropy by different methods is carried out: longitudinal, transverse and relative acoustic anisotropy. Most of
the samples are characterized by low or average acoustic anisotropy (from 2 to 7 %). A group of highly anisotropic rocks (11-14 %), represented by
samples of biotite-amphibole crystalline silicates, is singled out.

According to the parameters of the acoustic tensor of most samples, the transverse isotropic type of symmetry inherent to samples from the
depth intervals 174-220 m and 222-232 m, while the smaller part is rhombic, is inherent. Differences in the parameters of anisotropy of samples can
be explained by the significant heterogeneity of their textures, namely: micro cracks, minerals of various sizes, shapes and orientations.

The results of the research show that the acoustic properties of the samples are quite heterogeneously distributed along the investigated depth
range. This indicates the difficult conditions for the formation of rocks at different depths and the presence of different types of deformations, which
accompanied the formation of the Pischans’ka structure.

Keywords: acoustic anisotropy, texture, symmetry, tensor.
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AHATIN3 NAPAMETPOB AKYCTUYECKOM AHU3OTPOMNMUN NUPOKCEH-MATHETUTOBbLIX NOPOA
NECYAHCKOW CTPYKTYPbI

lMpedcmaeneH aHanu3 pesynbmamoe uccriedogaHusi akycmu4eckux ceolicme nopod llecyaHckol xene30pyOHOU cmpyKmypbl.

Lenbto pabomsi sienisiemcsi ycmaHoesieHue ocob6eHHocmeli pacnpedesieHusi akycmu4yecKux ceolicme u napamempoe aKkycmu4eckoli aHu3o0mpo-
nuu e obpasyax Nopod KepHa, omobpaHHo20 U3 ckeaxuHbl Ne 3 [TlecuaHckoli cmpykmypsbl, Onsi onpedesieHusi NPUPodbl ee 803HUKHOBEHUS.

Bbi6opka u3 35 o6pa3yoe u3 uHmepeana any6uH 144-273 m pasdeneHa Ha mpu 2pynnbi MOpPod, a UMEHHO: MazHemum-nuUPOKCeHo8ble, Keapy-
MazHemum-nupoKceHoeble u 6uomum-amegub0os108bie KpUCManIu4ecKue craaHybI.

Ha ocHoeaHuu uHeapuaHMHO-MONSAPU3aYUOHHO20 MeModa ocyuwecmesieH psid nempoakycmu4yHux nabopamopHbIX u3mepeHuli Ha obpa3syax
nopod e ghpopme ky6opomb6ododekaedpa. 3HayeHuUs1 U3MepeHHbIX ha308bix ckopocmel "Kea3unpodosbHol" u deyx "Keasunonepey4yHbix” 60JIH ewje
Ha amane u3mepeHull MoKa3asnu Cyw,ecmeeHHYI aKyCmu4yecKyto aHuzomponuto nopod. [luana3oHb! UsMepeHHbIX cKkopocmeli 06pa3y08 Kosnekyuu
cocmaensitom 7661 + 5046 mM/c Ans NpodosibHbIX 80JIH U 4232 + 2648 mM/c Ansa nonepeyYHbix. Pa3Huya 3HavyeHul, u3MepeHHbIX Onis1 Kaxdol u3 nap
2paHell Ky6opomb6ododekaedpa cocmaessiem om 100 do 800 m/c onsi V, u om 0 do 500 m/c - Ons Vs.

Paccyumarbl napamempbi akycmu4eckoz2o asnuncouda, o COOMHOWeHUsIM KOmopbIX ocyuwjecmesieHo pa3desieHue o6pa3y0e8 Ha MpPu OCHO.-
Hble 2pynnbl N0 aKkycmu4yeckoli mekcmype: aKycmu4ecku JluHeliHasi, crlaHyesamasi u pom6uyeckasi.

lMpoeedeHn aHanu3 KoaghghuyueHMos aHU3OMPONuuU Mo pesysbmamam U3MepPeHUsi CKopocmel 80JIH: MPOAJ0JIbHOU U OMHOCUMesIbHOU aKycmu-
4eckoll aHuzomponuu. BonbwuHcmey o6pa3yoe npucyw, HU3Kul unu cpedHull ypoeeHb akycmu4yeckol aHuzomponuu (om 2 do 7 %). BbideneHbl
2pynny ebICOKOaHU30mMpPOrHbIXx nopod (11-14 %), npedcmasneHHbIx o6pa3yamu 6uomum-ameubos108bIX KpUCMaIocaaHyes.

Mo napamempam aKycmu4ecko2o meH3opa 60/bWuHcMay 06pa3yoe npucyuy nornepe4yHo-u3ompOornHbIl Mun cUMMempuu, KOMopbIi xapakme-
peH 0151 o6pa3yoe u3 uHmepeanoe 21y6uH 174-220 m u 222-232 M, MeHbwel Yyacmu — poMmbuyeckuli. PazHoznacusi no napamempam aHu3omponuu
06pa3yoe MOXHO O6BSICHUMbL Cyuw,eCmeeHHol HeoOHOPOGHOCMbLIO UX MeKCmyp, @ UMEHHO: MUKpompewuHaMu, MUHepasamMmu pa3Ho20 pa3mMepa,
¢hopMbI U OpueHmMayuu.

Pe3ynbmamsi uccnedoeaHuli nokasbiearom, Ymo aKycmu4eckue ceolicmea o6pa3yoe omuyaromcsi e3onb UHmMepeaana 2/y6uH. dmo cesizaHo
C pa3nu4yHbIM MUHepao2u4yecKkuM cocimaeom nopod, a makxe ceudemesibcmeayem o C/I0XHbIX yc/108usix o6pa3oeaHusi Mopod Ha pa3HbIx 211y6uHax
u npucymcmeueMm pa3iu4yHbix munoe deghopmayuli, conposoxdaswux ghopmuposaHue llecyaHckol cmpyKmypbil.

Knrodeenie crioea: akycmuyeckasi aHU3omponus, mekcmypa, CUMMempusi, meH30p.
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KuiBcbkui HauioHanbHUIM yHiBepcuTteT iMmeHi Tapaca LlleByeHka,
HHI "lHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, M. KuiB, 03022, YkpaiHa

MT/MB AOCNIAXKEHHA B 30HI EHAOKOHTAKTY KOPHUHCBKOIro reAHITHOro MACuByY

(MpedcmaeneHo 4YneHoM pedakyiliHoi koneaii 0-pom 2eos. Hayk O.l. MeHbwoeuM ma kaHO. ¢piz.-mam. Hayk M.B. Peeoro)

Y 2018-2019 pokax nposodusnuck po6omu 3 eus4eHHs1 2JTUGUHHOI 2eoesleKmpuYHoi 6ydosu ck1laGHOI cucmemMu nepemuHy cybuwu-
POMHOI 30HU MiX AHOpywigcbkuM i MawepuHcbKuM po3sioMamu U cybmepudioHanbHUMU po3nioMamu Bpycuniecbkum i BinbwaHcbKum.
BukoHaHO rniiouy08i CUHXPOHHI criocmepeXeHHs1 HU3bKo4YacimomHo20 NpupodHO20 e/leKmpoMazHimHozo nosist 3emiii ioHocghepHo-Mae-
HimocghepHo20 NoxXodKeHHs 8 WUPOKoMy Jiana3oHi nepiodia.

Byno npoeedeHo ouyiHro8aHHs nepedasasibHuUx ornepamopie MT/MB nosnie 3a dornoMo20r0 3acmocyeaHHs1 Po2paMHO20 KOMIIJIeKCY
PRC-MTMV. OmpumaHo ouiHku munnepie dnsi nepiody 2eomazHimHux eapiayiti eid 50 do 3100 c, a makox Kpueux ro3ipHo20 onopy U
¢ha3 imnedaHcy eid 20 do 10000 c.

3a inmepnpemaujieto pesynbmamie mazHimomesypu4Hux dociidxeHb 6yro 4imko 3aghikcoeaHo Bpycuniecbkuli 2nu6UHHUU po3-
J10M y euansdi cyb6eepmukasibHOi MoeepxHea8oi HU3bKOOMHOI aHoMartil. AHani3yroqu yi ma nonepedHi po6omu, MoXXHa KOHCmamyeamu,
wo e mMexxax BonuHcbko20 mezabrnoka YL Bpycuniecbkull 2nmubuHHUL PO3/I0M NMPOSIeISIEMbCS aHOMaJIbHOK 8UCOKOIPOBIOHOHO (3 Io-
eepxHi) cmpykmyporo. Y mexxax PocuHcbko20 Me2abrioka bpycuniecbka 30Ha po3siomie He € MoeHiCMio aHOMaslbHORO, MiNbKU if OKpema
cknadoea (BenukoepyukiecbKuli po3/10M) Ma€ npoeioHicMb, sika 3MeHWYeEMbCsl Malbke 8 YOmupu pasu.

MeHw yimko eudinsiembcsi 8iOHOCHO erlekmporposioHa 3 mosepxHi 3axioHa Mexxa KopHUHCBbKO20 Macusy, sika, CKopill 3a ece, o8 ‘a3aHa
3 1o8epxHEe8OHo MPOE8IOHICMI0 MasTornomyxHux ocadosux eidkiadie abo mpiuyuHysamicmio ropid Kpucmarsni4yHo20 ghyHOameHmy.

Cnid 3a3Hayumu, wjo Ha nceedopo3pizax MazHimomesnypu4Hux napamempie nyHkm SUS (nikem 14 km) He nposisuecs sk aHOMaslb-
Hull, ane ocobnueocmi noeediHku Kpueux Osisl pi3HOI nonsipu3ayii ma docums HU3bKI MacHimoeapiayiliHi XxapakmepucmuKku MOXymb
ceid4umu npo me, wo 2nubuHHy 6ydoey patioHy HeobxidHO eidHecmu 0o HeoOHOpPidHoOI. Tum Ginbwe, wo yel NyHKM po3mawoeaHull
no6nusy 30HU MemacomMamu4HO 3MiHeHUX Mopiod 3 Pi3HOHarnpaesIeHOI CUCMEMOIO PO3/I0Mie HU3bKO20 paH2y. OOHUM i3 NMOsICHEHb
UYb020 MoXXe 6ymu me, wj0 Npoyecu 8MMOPUHHUX 3MiH y 2paHimoidax He nNpu3e00dsimb Ao Mid8UWeHHsT MOPUCMOCMI, OCKIIbKU PO34YUHU,

sIKi @idghinbmpoesyromncsi, 00pa3y Hacu4dyrombcs KanbyieM ma Jsiy2amu U 3aroeHormb Wiisixu migpayir gpriroidie.
Knto4oei crioea: MazHimomesnypuyHi ma macHimoeapiauiliHi Memodu, aHomanil erieKkmpornpoeioHocMi, 30HU PO3/IoOMie, 30HU Mema-

comamoay.

BceTyn. EnekTponpoBigHiCTb reonoriyHnx yTBopeHb 3a-
NeXnTb, No-nepLue, Big iXHBOro MiHEpPanbHOro 1 NIToNoriv-
HOro cknagy, MPOHWKHOCTI dopmMadii, MiHepanisoBaHOCTi
BOAHMX PO34YMHIB Y MUHYNOMY i CydacHuUX, a no-gpyre, Big
HasIBHOCTi B re0JIOrYHMX YTBOPEHHSIX BUCOKOMPOBIAHUX CY-
NbdigHUX MiHepanis, rpadiTy Ta iH.

MeTamopdoreHHi pogoBuLLa NOB'A3aHiI 3 BUAINEHHSM i3
BMiCHMX NOPiA enemeHTiB pygHOi peyoBMHM Mg Yac MeTa-
MopdpiaMy Ta MeTacomaTosy Mig BNAMBOM TepMOOMHaMIY-
HMX yMOB. TakoX MNEBHOK MIpOK0 Ha YTBOPEHHS
MaTaMopdOreHHUX POAOBULL, MOXYTb BMNUBATUM HasIBHI
¢roign po3UnHHUX 3'egHaHb PYAHUX eNeMEHTIB, WO Noka-
Ni3yl0TbCsl B3OOBX 30H MiABULLEHOI MPOHUKHOCTI (py4onpo-
BigHi kaHanu). BigknageHHs pygoHuUX i XnnbHUX matepianis
BiAOyBa€eTbCA Y pyAOnokanidylounx cmctemax nig BnivBoMm
iCHYHOYMX BUCOKUX TeMnepaTyp i TUCKy. Takui npouec xapa-
KTEPHWI ANst yMOB CKNaAKOYTBOPEHHS, TPILLMHOYTBOPEHHS,
3MMHaHHS Ta OpekYitoBaHHSA nopia.

MuToMUIA enekTpUYHUA onip (P) ripCbKUX NOpig TakoX 3a-
NexuTb Big TUNiB MeTaMopdivyHMX npoLeciB. Y mMexax oa-
HUX PYLOHOCHUX 30H PyAHi Tina BUAINSIOTLCA SK MEHLU
enekTponpoBiaHi (6inbLU BUCOKOOMHI) MOPIBHSAHO i3 BMICHUM
cepefoBuLLEM OO'EKTU, LLO MOSICHIOETLCA 3MEHLUEHHSIM Y
HWX BMICTY BYrneLeBoOi peYOBMHN Ta 30iMbLUEHHAM BMICTY
KBapuy. Y Mexax iHWNX PyAOHOCHMX 30H pyAHi Tina € GinbLu
€neKTPonpOBiAHMMM (BinbLU HU3LKOOMHUMM) 06'€EKTaMM, HiXK
BMiCHE CepefioBMLLE, L0 NOSACHIOETLCS 30iNbLUEHHAM Y HUX
BMiCTy cynbaigis. Tak, Hanpuknag, Ha bobpukiBcbkoMy po-
posuwi [loH6acy 3onoTe 3pyAeHiHHA 3a3Bu4an ikcyeTbcs
30HaMUN MaKCUMaIbHUX rpagieHTiB aHOMarbHO HN3bKUX 3Ha-
YeHb No3ipHoro onopy pn (benasckud u dp., 1999), ockinbku

B €NeKTPUYHOMY MOori MeTacomMaTuTh MNPOSBNSATLCA SK
NPOBIOHUKN 3 NIABULLEHOI eNeKTPONpPOBIAHICTIO. Y Mexax
KnuHuiBcbkoro 3onotopyaHoro pogosuia YKpaiHCbKOro
wuTa (YLW) nuTomnic eneKkTpuYHUIn onip NPOXUITKOBUX pya-
HUX 30H Ma€ 3HWXEHI 3HAYEHHSsI | 3MIHIOETLCA Yy MeXax Bif
50 go 100 Om-M, BogHOYacC KBapLOBi PyAHi 30HWU CYTTEBO
6inbL BUCOKOOMHI (p= 2000-2500 OM- ™).

3aranbHoto pucoto BinbLIOCTi MeTanoreHiYHUx 3o0H Ykpa-
THU 3 NPUCYTHICTIO B HNX 30510TOrO 3PYAEHIHHS, € HAsIBHICTb Y
3EMHil KOpi NPOHUKHWX €NEeKTPOMNPOBIAHMX KaHaniB, BUTAMHY-
TUX Ha BaraTto aecaTkiB kinomeTpiB (bensisckul u dp., 1999).
Tak, KipoBorpagcbka rmmbrHHa 3oHa poanomis (3P), y Mmexax
cxigHoro 6opTy skoi po3TalloBaHe KnuHuiBcbKke pyaHe none,
obmexye i3 3axony Binomy perioHansHy KipoBorpaacbky aHo-
Manito enektponposigHocTi. Takox CaBpaHCbke pyaHe nomne
po3TalloBaHe B HanbinbLl NPOHMKHIN Ta NPOBIOHIA LEeHTpa-
NbHIN YacTuHi MonoBaHiBCbKOI WOBHOI 30HM ([LW3), ae iHTer-
panbHa nNpoBiAHICTL Wwapis y kopi carae 2000 Cm.

YacTo pogoBuLLa i pyAOnpOsiBU KOPUCHWUX KONarnwvH LieH-
TpanbHOi 4actuHm YL postawoBaHi 6Ge3nocepeaHbL0
y Mexax MpUNoBEpPXHEBMX aHOMAallbHUX 30H EreKTponpo-
BigHoCTiI (rmMmbuHu 0—100 m). OcobnmBo sickpaBo Le BUSIB-
neHo B Cy66oTcbko-MowopuHeekin 3P Ta i 3axigHomy
NPOAOBXEHHI, LLO iKCYETbCA aHOManisiM1 enekTponpoBia-
HocTi B U3, y mexax skux nokaniaytoTbCs pogosuLla i py-
ponposisu rpacpity, ypaHy, 3onoTta (3okpema Maicbke
poaoBwuLLE), 3ani3a, Hikento, kobanbTy. 3a AaHumu (bypaxo-
8uy u 0p., 2016) nepcnekTUBHI KOHLeHTpaLii ypaHy i 3oroTa
4YacTo NPUYpPOYEHi A0 MiHIMHMX aHOManin enekTponpoBIAHO-
cTi Ha rmubuHax 0,1-2,5 km B IHrynbcbkomy merabnoui YL,
i NoB'A3aHi i3 30HaMK MeTacoMaTU4HO 3MiHeHuX nopia. Cnig

© InbeHko B., BypaxoBuy T., KywHip A., Monos. C., Omenbuyk O., 2020
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BUAINUTY 3B'A30K 30H MNigBULLEHOI enekTponpoBigHocTi — Ki-
poBorpagcbkoi, Nepsomaricbkoi, BobpuHeubkoi 3P 3 pogo-
BALLAMU | PYAONPOsiBAMU Pi3HUX KOPUCHUX KOMasuH.
MopibHi aHomanii BusBneHi 1 y MNU3, 3 HUMK TakoX NOB'A-
3aHi poaoBuLLa | pyaonposiBn 3050T1a, ypaHy, rpadity, niTito
B MNMepBomaricbkint 3P i nobnuay TanbHiBcbkoi 3P (CaBpaH-
Cbke pyaHe none).

3 HaBeOEeHOro BULLEe BUNMMBAE, LLIO ENEKTPUYHI, y 3ara-
nbHOMY, Ta MarHitotenypuyHi (MT) meToam, 3okpema, noci-
AalTb 3HayHe Micue cepen reodisavyHMX METOAIB Mpwu
noLuyKax pyaonposiBiB, AKi NOB'A3aHi 3 IHTEHCUBHUMW MeTa-
COMaTMYHMMU MEPETBOPEHHSAMMU, WO MPU3BENM OO YTBO-
PEHHS1 pOoAOBULL 30510Ta.

[o nepenyMoB Ans NOLWWYKY 3pyAeHiHb 30M10Ta, BU3Ha-
YeHuX 3rigHo 3 gaHumu (AHyugepos u dp., 2009), BigHO-
CSITb. HASIBHICTb MOTY>XHUX BUTAMHYTUX TEKTOHIYHMX 30H 3
iHTEHCMBHUM MPOSABMEHHAM Y HUX METAacoMaTto3y; 3HayHe

pO3MNOBCIOAXKEHHS (hopMaLin, 36aravyeHnx cynbdigamu, a
TakoX OCHOBHMX nopig (KkpucTtamnocnaHuis), y SKUX MOX-
nvBee rigpotepmansHe 3pyAeHiHHA 30M0Ta; Benuka Kinb-
KiICTb BUSIBIIEHMX Ha TepUTOPIi AOCNIAXEHb reoXiMiyHnX
aHoManin 3omoTa Ta iXHi YACMEHHI 3Haxigkn npu npoBe-
OeHHi wnidoBoro onpobyBaHHs.

3 ornsaay Ha 3a3HaveHi BuLLEe NnepeayMoBU OfHIE 3 ne-
PCNEKTUBHUX MIOLL ANs MOLWYKIB 30110TOro 3pyAeHiHHA € Ko-
PHUHCBKa (puc. 1), Ha K y nonepeHi poKn reoenekTpuYHi
OOCTiAKeHHs He npoBoaunucs. Y mexax uiel nnowi posra-
LoBaHui BpycuniBcbknin MUBMHHMI PO3NOM, KM Y MeXax
BonuHcebkoro merabnoka YL nposiBnseTbca aHomarnbHO
BMCOKOMPOBIAHOW (3 MOBEPXHi) CTpykTypoto. Kpim TOro, y
pavioHi c. KpuBe, KopHUHCBKOrO paiioHy y 6asansHoMmy Lwapi
OyyaLbkux Bigknaais 3HangeHo kBapl, i3 cynbgigHow MiHe-
panisadieto Ta BMicTom 3onota 0,24 r/T.

Macmrab 1:500 000

=N B B O E

I - I =

19 = Jio

Puc. 1. FeonoriyHa kapTa noBepxHi kpucTaniuyHoro poyHaamMeHTy (JepxaeHa..., 2003). YMOBHi NO3HA4YeHHS:
1 — rpanuui merabnokis (umdpm B kpyrax: 1 — BonmHcbkuiz; 2 — PocuHebkuin; 3 — MNoainbcbkuin); 2 — 6epaunyiBebki rpaHiTv i MirmatunTy;
3 — amiboniTn i rTHecK pOCUHCBLKO-TIKULBKOT Cepii; 4 — THENCK | KpUcTanocnaHLi BacuniBCbKOi CBITU; 5 — rHewcK i kpucTanocnaHui ropoa-
CbKOI CBITW; 6 — MacuBW rpaHiTiB XXMTOMUPCLKOTO | YMaHCLKOro KOMMIIEKCIB; 7 - MacuBM rpaHiTiB hacTiBCbKOro KOMMekcy; 8 — OCHOBHI po3-
nomu; 9 — oci aHTUKMiHaNbHUX CTPyKTyp; 10 — oci cnHKNiHanbHMX CTPYKTYp. (Lindpamn y kBagpatax no3HayeHo 6MOKu Apyroro nopsiaky:
1 — KopocTtuwiBcekuin; 2 — KouepiBcbkuin (CUHKMIHOPIN); 3 — ®epopiscbkuin). CMHIM NPSAMOKYTHUKOM BUAINEHO KOPHUHCBKMIA rpaHiTHUIA MacuB

MeTa po60TU: NpPOBEAEHHSI Cy4acHUX eKCrnepuMeHTa-
nbHUX gocnimxeHs MT/MB meTogamu, ob6pobka nonboBmx
OaHuX Ta iXHA iHTepnpeTauis Ana BUSIBNEHHS aHOManin ni-
OBULLEHOI eNeKTponpoBiAHOCTI, IMOBIPHO MOB'A3aHMX i3 Me-
Tacomatutamum i3 30110TUM  3pYOEHIHHAM Yy 30Hi
€HOOKOHTaKTy KOpPHWHCBLKOrO rpaHiTHOro mMacusy 3axigHoi
yactuHu YL (puc. 1). Cam macvB po3talloBaHuii Ha 060x
Beperax piku IpniHb, Mae nnoty 6mm3bko 60 KM? | BUTAHY-
T y cybmepuaioHanbHOMyY HanpsiMKy.

CyuacHi ekcnepumeHTanbHi MT/MB pgocnigxeHHs. 3
YNPOBaAXXeHHAM LMMPOBNX MarHiTOTENypUYHMUX CTaHUInA 3
BMCOKOTOYHOK  CUHXPOHi3auieto, Takmx gk LEMI-417
(https://lwwwe.isr.lviv.ua/lemi417ru.htm), npuiwno poasy-
MiHHSI BXKITMBOCTi CMHXPOHHKX CNOCTEpEeXeHb Ans nocrnab-
neHHst 3aBap Yy Tpagudiihux MT/MB  pocnimkeHHsX.
TexHonorii ABOTOYKOBUX 30HAYBaHb 3 BigaaneHotw 6asoro
("remote reference”, RR) ctanu notyxxHum 3aco6om 6opo-
TbbU i3 CMCTEMATUYHUMU CNIOTBOPEHHSIMU NOKarNbHUX Nepe-
AaBanbHWX onepaTopis — iMnegaHcy 1 Tunnepa.

Y 2018 poui 6ynu npoBegeHi reoenekTpuyHi 4OCNIIKEHHA
3 BMBYEHHSA MUOMHHOI recenekTpuyHoi Oya0BM CKIagHoi cn-
CTEMU MEePETUHY CYOLUMPOTHOI 30HM MiXK AHOPYLUIBCBKAM i
MaluepuHcbkuM posnomamu Ta cybmepuaioHansHummn Bpy-
cUniBCbKUM i BinbluaHcbknMm. BoHW Bkntovanu nnoLagHi cu-
HXPOHHi CMOCTEPEXEHHST HU3bKOYACTOTHOIO MPUPOLHOro
enekTpomMarHiTHoro nons 3emni ioHocepHo-MarHitocdep-
HOro NOXOPKEHHS B LUMPOKOMY AianasoHi nepiogis (T) Ha

psAai NYHKTIB y Mexax KOpHUHCLKOro rpaHiTHOro Macuey, po-
3TallyBaHHS SIKUX HaBeeHO Ha puc. 2. Ha 6a3oBoMy NyHKTI
Pyaoka (RDK), wo Ha 3axogi KOpHWHCBLKOro rpaHiTHoOro ma-
CMBY, CMOCTEPEXEHHSA TPUBANN NPoTSrom 7 Ai6. Y nonboBumx
nyHKTax Ha niBHoui macuey — Koponieka (KRL), po3TawioBa-
Horo 6ins KopHMHCBKOro rpaHiTHoro pogosuwa, Ta KopHuH
(KRN), Lo B 30Hi nepeTuHy MatuepuHcbkoro 3 bpycuniscb-
KMM po3rniomMamu, a Takox y nyHkti Cobonieka (SBL) Ha 3a-
XOAi 3a MexamMu Macusy, A€ PO3MNOBCIOMXeH 6epandiBChbKi
rpaHiTM W MirMmatuT 3 OCTaHuAMW nopig AHICTPOBCHLKO-
Oy3bkoi cepii (6iOTUTOBI KpucTanocnaHui), LOoCniaXeHHA
nposBoaunuck ogHy oby. BigctaHb Mix nyHKTamu crnocTe-
pexeHb y cepegHbOMY CTaHoBWmMa 3—4 KM.

Y 2019 poui 6ynu npoBeaeHi CNOCTEPEXEHHST 3a MEXaMN
KopHuHcbKOoro Mmacusy — Ha cxogi Big Bpycuniscekoro posnomy
B nyHkTax CywaHka (SUS) ta Crasuwle (STA), ki po3taLio-
BaHi B MeXax Kp1cTanocnaHLueBoro Ta rpaHiTHOro MacuBiB Bif-
nosigHo y ®epopiscbkomy 6noui PocuHebkoro merabnoka YL,
(pvc. 1). BigctaHb Mix MyHKTaMu cTaHoBUNa 7 KM.

OuiHoBaHHA nepegaBanbHux onepatopis MT/MB nonis
NpoOBOAMIIOCH i3 3aCTOCYBaHHAM MPOrpamMHOro KOMMIEKCy
PRC-MTMV (BapeHuos, 2013). Bynu oTpMMaHi ouiHKM TUN-
nepis aAns nepiogis (7) reomarHiTHUX Bapiauiv Big 50 oo
3100 c, a Takox kpvBKX No3ipHoro onopy (pn) Ta das imne-
AaHcy (¢) y mexax T Big 20 go 10000 c.
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Puc 2. TekToHi4YHa KapTa 3 NO3Ha4Y€HMMU Ha Hi MYHKTaMN BUMipHOBaHHA:
1 — mirmaTuTn rpaHaT 6i0TUTOBI; 2 — rHewcy; 3 — rpaHiTn; 4 — rpaHoAiopuTy; 5 — KpUcTanocnaHL;
posnomu: 6 — cknan; 7 — ocHoBHi; ® KRN — NnyHKTN cnocTepexeHb

Y mexax 3axigHoi yactunu YW (bensisckuti u dp., 2001;
Kynuk u bypaxosuy, 2007) 4iTKO CNOCTEPIraeTbCA 3MiHa opi-
eHTauii BekTopa Bize (W) Big niBaeHHo-3axigHoro Ha Bonu-
HCbKOMY Merabnoui, [0 niBHIYHO-3axigHOro — Ha
Moainbcbkomy. Jlvwe niBAeHHIWe WupoTKn, Ha SAKiA posTa-
woBaHo MicTo BiHHMuS, BekTop W po3BepTaeTbCca Ha nis-
AeHb. Moaynb Bektopa W y cepeaHbomy gopisHioe 0,3. Ha
OpieHTaUjlo iIHOYKLUINHUX NapaMeTpiB BNAMBalOTb TENYpPUYHI
CTPYMOBi CUCTEMMU, LIO BMHUKAKTb B ENEKTPONPOBIOHNX
ocagoBux Bigknagax [HiNpoBcbko-[OHeUbKOi 3anaguHu i
YepHiBeubKko-KOpoCTeHCbKiN, BiHHMUBKIA Ta PyXUHCbKIN
aHoManbHuX 30Hax. Ha YL cymapHa no3goBXHA nposia-
HicTb (S) ocagoBux yTBOpEHb y cepeaHbOMY 3MiHIOETLCS Bif,
0,25 — Ha BonuHcbkomy Ta PocuHcbkomy merabnokax, Ao
10 Cm Ha [Moginbcbkomy. AHania napameTpiB aHomaniin
€neKTponpoBIAHOCTI Ha OCHOBI NOGYA0BMU perioHanbHNX Mo-
aenen pisHoro paHry (2D, kBasi 3D Tta 3D) HaBegeHo Yy
ctatTi (InbeHko ma iH., 2019). TepuTopis, Ae BUKOHyBanucs
reocenekTpuyHi  JOCNIMKEHHA, SKMM MNpUcBsYeHa [faHa
cTaTTd, po3MillleHa B CKINagHi 30Hi YepryBaHHsi obnacrei 3
HopManbHUMK anst Teputopii YL 3HayeHHsMU nuTomoro
onopy (p=1000 Om-M), NPOCTOPOBO FOKarni3oBaHWX Yy 3eM-
Hil kopi Ha rMMbuHax Big 15 oo 30 km, | obnacTtel 3 BUCOKOIO
nposigHicTio (p= 20 Om-M), WO po3TalloBaHi B Mexax Yep-
HiBeLbko-KopoCcTeHCbKOI aHOManbHOI 30HW.

OTpuMaHi cy4acHi CnocTepexxeHHs KOMNNEKCHUX iHOYK-
LiNHWX napameTpiB He cynepeyvaTb AaHWM reoeneKkTpuyHmX
JocnigXeHb, oAep>XaHUM Y NonepeHi Poku, i JOMOBHIOKOTb
KapTUHY NPOCTOPOBOro po3noAiny Bektopie Bize. Maixe Ha
BCiX YacToTax Ansi BCiX MyHKTIB cnocTepexeHb (puc. 3) cro-
CTepiraeTbCa OpieHTauisd [AiACHOI KOMMOHEHTU Tunnepa
(ReW) 3axig — niBoeHHuI 3axig. Ha kopoTkmnx nepiogax Be-
nnymHm yaeHoi (ImMW) Ta ReW koMnoHeHT cniBmipHi. HeaHa-
YHWIM PO3BOPOT NIBHIYHOI KOMMNOHEHTUN CNOCTEPIraEeTbCs Mix
nyHktammn SBL 1a KRL, SUS 1a STA. Take He3HayHe Bapi-
IOBaHHS OpieHTaLii TMNNepiB MOXMBO MOB'A3aHO 3 TUM, LLO
NMYyHKTW CMOCTEPEXEHHS] PO3MILLEHO B MeXax pi3HUX 3a
CKIaZloM MO3aiyHO po3TalLOBaHNX KOMMIEKCcaXx ripCbKuX Mo-
pig. A came, nyHkT SBL po3TalloBaHui y rpaHaThioTUTOBMX
mirmatutax, KRL — y rHencax; SUS — y kpuctanocnaHusix,
STA - y rpaHiTax. MakCMMyM 4acTOTHOI XapakTepucTUKW,
BenuuunHo B cepedHbomy 0,35, 3HaxoguTbCsl Ha nepiogi
6nusbko 200 c. 3i 36inbweHHam T go 1000 ¢ kyT Mix ReW i
ImW 3HaxoauTbea B iHTepBani 90°-135°, BennunHa ImW y
2-3 pasu MeHLWa, WO MOXe CBIAYMTU MPO HEOLHOPIgHWUN
TPVBUMIPHWUIA TMUOUHHKI PO3MNO4in enekTponposigHocTi. Lle

OinbL yiTKO NiaTBEpAXYETLCA Ha nepiogax T > 1500 c: gin-
CHa KomnoHeHTa Tunnepa ReW poasepTaeTbCcsa Ha NiBHIY-
Hui-3axig, ocobnmeo y nyHkTax RDK Ta KRN, i ii 3Ha4eHHs
Habnmxkaetbca go 0 y nyHkTi SUS; opieHTauis yaBHOI KOM-
noHeHTn TUNNepa ImMW nepeBaxHo cxigHa, KyT Mk ReW i
ImW konmBa€eTbecs B Mexax 45°, 3a BENNUYNHOK KOMMOHEHTH
TMnnepa maxe O4HaKoBI.

AHani3 oTpuMaHnx amnniTyAHUX KPUBMX MarHiTotenypum-
YHMX 30HAYBaHb (MT3) cBigunTsb, Wo B NyHKTI SBL, posTa-
LIOBaHOMY 3a Mexamu KOPHMHCBKOro rpaHiTHOro macwsy,
amnnityaHi kpuei MT3 gns obox nonsipusadinn 4o nepiogy
T ~ 200 ¢ Ha ogHOMY piBHi 3Ha4YeHb NO3ipHOro onopy (pn) —
y cepegHboMy 300 Om-Mm (puc. 4). 3i 36inbleHHAM T KpuBi
Pn PO3X0OAATLCA i, SKWO ANA MepuaioHanbHOI nonspusauii
(MepuaioHanbHa xy-opieHTauis BMMiptoBanbHOI MiHii) 3Ha-
YeHHS MO3IPHOro Oropy Pnxy BapilolTb y Mexax 300-
200 OM-Mm, TO NO3ipHUI onip Ha kpueMx MT3 Ans LWMPOTHOI
nonsipusadii (pnyx) cnagae go 100 Om-m. 3 noganblumnm 36i-
NbLUEHHAM NepioAy KpUBA Pn.xy 30NMKYETLCA 3 KPUBOKO P yx
i Ha T ~ 8000 c 3Ha4YeHHs NO3ipHOro onopy Ha 060X KPUBMX
ctaHoBuUTb pn= 100 OmM'M. Ha uux KpmBMUX BIOCYTHS BU-
cXifHa rinka Ha KOpOoTKUX Nepiofax, Lo CBigYNTb MPo BiAcCy-
THICTb  MPOBIOHOTO  MOBEPXHEBOr0 0OCaAOBOro  LUApy.
HwusxigHa rinka Ha gosrmnx nepiogax T BUXOAUTb Ha piBEHb
rnobanbHUX gaHux, ane BOAHOYAC BOHA 3@ CBOIM HU3bKUM
piBHEM Pn He BignoBigae HopmManbHin kpuein MT3 ans YL
(pn~ 800—1000 OmM).

Kpuei MT3 ans pisHoi nonspusadii B mexax KopHUHCH-
KOro rpaHiTHOro macuey po36ixHi Ha Bcix nepiogax. Y nyHkTi
KRL piBeHb 3Ha4YeHb MO3ipHOro OMOpy Ha KPUBUX Pnyx CTa-
HoBWTb 10000 OM-M, a Ha KpuBMKX Pnxy — 1000 Om M. B iH-
TepBani goerux nepiogiB (7>8000 c) cnocTepiraeTbesn
TeHAEHUiA A0 30nKEHHsT KpMBKX MO3IPHOrO Onopy, Toai SK
IXHi piBeHb Mawxe Ha ABa NOpsaK/ NepeBuLLYE piBEHb MM10-
OanbHUX gaHuX.

Y nyHktax RDK ta KRN 0cobnvBocCTi kprBKX NO3ipHOrO
onopy Ans pisHMX nonspu3sauin nodibHi, xoya nosefiHka
KpUBMX, OCOBMMBO Prxy, AELLO BigpisHAETbCA. Po36ixHICTD
KpuBMX ANS pisHOi nonspuaadii 3poctae 3i 36inbLieHHam T
— Big meHwe Hix 0,5 go 1 nopsaaky B nyHkTi RDK i Big 1 oo
1,5 nopsagkie y nyHkTi KRN. MNo3sipHWiA onip Ha KPUBUX Pn,yx Y
BCbOMY YaCTOTHOMY [Jianas3oHi 3HaxoguTbCA Ha PpiBHI
1000 Om-™m 3 HecyTTeBUMU BapiauigsMu. Kpusi pnxy XapakTte-
pY3YIOTLCSA HAsIBHICTIO CNagHMX FiMok, y Mexax sikux nosip-
HWI onip 3MeHwyeTbea Big 700 go 100 Om-M y nyHkTi RDK
i Big 100 po 50 OM-m y nyHkTi KRN.
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Puc. 4. Kpusi cba3m imneaancy (o,) i nosipHoro onopy (p,) Ana pisHux nonspu3sauin MT-nons:

ﬂOﬂﬂpVI3aLliﬂ Xy NO3Ha4YeHa CUHIM KOJ1IbOpPOM, yX - YHepBOHUM

3a mexamn KopHuHcbkoro macuey B nyHktax SUS Ta
STA xapakTtep noeegiHku kpuBnux MT3 mano Bigpi3HseTbCs
BiJ 0COBNMBOCTEN KPUBUX, PO3IMSIHYTUX BULLE, @ cCame: po-
30iKHICTb KpMBUX 36iNMbLUYETLCS 3i 3pOCTaHHAM nepiogy Big
0-0,5 fo GinbLU Hi>XX 0QHOro NOPSAKY; PiBEHb 3HAYEHb MO3i-
PHOrO OMOpy Ha KPUBMX AMNS LWMPOTHOI nonspmaadii (Pnyx)
ctaHoBuTb 1000—-3000 OM-M; KpVBI Pn,xy XapaKTEPU3YyTbCS
HasAABHICTIO CNafHUX MoK, y Mexax SKUX NO3ipHUIA Onip 3HU-
xyetbea Big 300-500 go 100 Om-m. Y nyHkTi SUS Ha nepi-
ogax T>1000c cnocTtepiraeTbCA 3Ha4yHa HECTINKICTb
pPO3paxyHKOBUX 3HAYEHb Prixy-

P0o36ixkHiCTb NO3ipHMX onopiB, OTPUMaHMX 3a pesynbTa-
Tamy aHanisy Bapiauin pisHnx nonsipm3auin MT-nons (prxy #
Pn.yx), CBIAYNTL NPO HASIBHICTb Y FOPU3OHTamNbHO-LLApyBaTOMY
po3pisi enekTponpoBiAHMX HeogHopigHoCTEw (puc. 5), Aki Mo-
XyTb OYTV 5K NOKanbHi NOBEPXHEBI, TaK i MUOWHHI — y NyHK-
Tax SBL (niketn 0-2 km), KRN (niketn 6—9 km) Ta STA (niketn
18-20 km). BoHM KpalLie NposiBUNMCL Ha CyOLUMPOTHOMY Nce-
BAOPO3PI3i i MEHLLOK MipO — Ha CybMepuaioHansLHOMY.

Ha Bcii nnowwi poGit 3HaveHHs1 hasn Ha hasoBUX KPUBKX
@(T) B iHTepBani nepiogis 7<1000 c 3miHeTLCA Big —40° oo
—70°. 3i 36inbweHHAM T casa 3HMxyeTbest | B nyHkTax RDK,



~ 50 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

KRL, KRN i SUS (niketn 4-14 kM) ¢ Ansa nonspusauii Xy Ha
nepioai T = 10000 ¢ gocsarae 3HayeHb, MeHLWUX 3a —75°. Ha
nceBaopo3pisi hasm edpekTMBHOTO iMneaaHcy (Pedp) €NEKTPON-
POBIAHI HEOOHOPIAHOCTI NPaKTUYHO HE MPOSBUIMCS.
XapakTtepHi ocobnmeocTi kpuBnx MT3 cybmepuaioHans-
Horo npodpinto Papomuwne—®actiB (Hikornaee ma iH.,

SBL RDK KRL KRN

2019), posTalwloBaHoro nisHivHiwe, Ha BigctaHi 40 kM Big
npodcinto KOpHWHCLKUIA, CXOXi 3 AaHNMK CMOCTEpPEeXeHb Mo
KopHuHcbkomy npodinto B iHTepBani nikeTiB 6—9 kM (MyHKT
crnoctepexeHb KRN, puc. 5), Lo Moxe BkasyBaTh Ha OfHa-
KOBY reoenekTpuyHy o6CTaHOBKYy B 30HiI BpycuniBcbkoro
rMMOVHHOIO Po3nomy.

SuUS STA
18
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Puc 5. NceBpopo3pisn nosipHoro onopy (p.) AnNA nonspusauin xy Ta yx i asm epekTMBHOro imneaaHcy (Peq)
B3A0BX npodinto KopHUHCbKUM

O6roBopeHHs. eonoriyHo KopHUWHCBbKI rpaHiTM mano
BMBYEHi. Maixe eguHUIN iXHI onuc npeacTaBneHnin B po-
60Ti (bolyveHko, 2000). 3aHnyptotounch nig KouepiBcbkuii
CVHKMIHOPIN, BOHW MOXYTb SBNATU COGOI0 anikanbHy 4ac-
TUHY FpaHiTHOro macuBy. [pasiTauiiHe Ta MarHiTHe nons
Ha HUM Big'eMHi, ManoamnniTygHi 1 cnabo gudepeHuino-
BaHi. XapakTep nonie Bignosigae gisavyHNM BNaCTUBOCTAM
rpaHiTiB, SKi € CKNagoBUMN MACUBY: iXHS NYCTUHA OOPIBHIOE
2,8 rlcm®, marHiTHa cripuinHaTnmeicTs () (30-70)x1075 oga. Cl
Ans cipux rpaHiTie, i (70-150)x10-° og. Cl gna poxesux
rpaHiTiB 3 KaNiEBUMM NONBOBMMMU LLNATamu. 3 ornsay Ha ma-
FHITHI BNACTMBOCTI rpaHiTiB crnabo rpagieHTHe BUTpUMaHe
MarHiTHe nose CBiguYnTb NPO PO3BUTOK CIPUX FPaHITIB i NuLwe
B KparoBWUX YacTUHaX MacuBy 3'ABNAOTLCA MarHiTHi aHoma-
Nii, NoB'A3aHi 3 NOABOI POXEBUX FPAHITIB.

HeobxigHo BiOMITUTU Many KinbkicTb Ta 06MeXeHy pis-
HOBUWAHICTb XUrbHOI pa3n B KOPHUHCBKOMY rpaHiTHOMY Ma-
CMBi, WO BKadye Ha B'A3KUA CTaH PevyoBWHM Mig 4vac
dopmMyBaHHSA MacKBY Ta Manuin po3BUTOK PO3MNOMIB i TPILLUH
y noganbLioMy, L0 NPM3BeNno A0 CYTTEBOro nocrnabneHHs
npoueciB Mirpauii MeTacoMaTUYHUX PO3YMHIB.

Maike BCi rMMOMHHI pO3noMM MiBHIYHO-3axigHOT Yac-
TuHK YL xapakTepusyoTbCs NPUpO3NOMHUM MeTacomaro-
30M, SKUA MPOSIBAEHUN KBapu-Cynb®igHUMU Xunamu Yy
BMiCHMX nopofax, yTBOPEHHSAM MOJIbOBOLLNATOBUX MeTaco-
MaTuTIB | 30H rpernseHisaldlii.

3a npoBeAeHNMY MarHiToTeNypUYHUMM JOCHIOKEHHSIMM
YiTKO pikcyeTbCa Bpycuniscbknini rMMBUHHUIA PO3NOM Y BU-
rnsaai cybsepTukanbHOi NOBEPXHEBOI HU3bKOOMHOI aHOManii
i3 3HaYEHHAMM NO3iPHOro onopy pPn 6M3bko 50 OM M (MyHKT
crnoctepexeHHss KRN). OTxe, 3a uMmu i 3a nonepeaHimmn aa-
HUMK (Hikonaes ma iH., 2019) MoXHa KOHCTaTyBaTH, LLO B

mexax BonuHcbkoro merabnoka YL Bpycuniscbkuid rnu-
OUHHUI PO3MOM MPOSBMAETLCS aHOMANbHOK BUCOKOMPO-
BiAHOIO (3 MOBEpPXHi) CTPYKTYypol. Y Mexax PocuHcbkoro
merabnoka bpycuniscbka 30Ha pO3rOMiB HE MOBHICTIO aHo-
MarnbHa, nuile il oKpema cknagoBa, A0 SIKOi HanexuTb Be-
TNIMKOEPYMKIBCBKMIA PO3ITOM, € aHOMAarbHO. Y MeXax Liboro
pO3rnoMy NPOBIAHICTb 3MEHLLYETLCH Marxe B YOTUPU pasi i
pn AopiBHI0E 6nn3bko 200 Om-M. Buxogsum 3 LUboro, BUAOB-
XeHa 6inbLu Hixk Ha 150 kv cTpykTypa i3 WwupwuHoto Big 1 Ao
8 KM, y Mexax sKoi nosipHuMn onip 3MiHeETLEA Big 50 Ao
200 OM'M, He MOXe po3rnsgaTucs SK ABOBMMIpPHA i Mo-
BMHHa iHTepnpeTyBaTUCa B paMkax TPUBUMIPHUX MOZENeNn.

MeHLW 4iTko BUAINAETLCS BIOHOCHO enekTponpoBigHa (3
NMOBepPXHi) 3axiaHa rpaHnLs KOpHUHCBLKOro MacuBy, sika, CKo-
pill 3a BCe, NOB'A3aHa 3 NOBEPXHEBO MPOBIAHICTIO Mano-
NOTY>XHUX OCaoBKX Bigknaais abo 3 TpiluHyBaTicTio nopig,
KpucTaniyHoro oyHaameHTy.

HeobxigHo nigkpecnuTy, WO Ha NceBoopo3pisax MarHito-
Tenypu4HUX napameTpiB NyHKT SUS (nikeT 14 km) He nposisu-
BCS 5K aHOMarnbHWW, ane came NoBeAiHKa KPMBUX ANS Pi3HOI
nonsipm3aadii, a He iXHii piBeHb, Ta 0COBNMBO HWU3bKI MarHiToBa-
piauiiHi XxapakTepucTykn MOXYTb CBiOUUTM NpPO Te, WO rMu-
OuHHY GynoBYy palioHy HEOOXigHO BigHECTU OO HEOOHOPIAHOI.
Tvm BinbLue, WO Lie NYHKT po3TalloBaHWUiA MOBNmN3y 30HN Me-
TacoMaTUYHO 3MiIHEHMX MOpIg, i Pi3HOHaNpPaBEHMX PO3SOMIB
HU3bKOro paHry. Npouecu BTOPUHHWUX 3MiH Y rpaHiToigax He
NPU3BOAATL A0 NiABULLIEHHSA MOPUCTOCTI, OCKIMbKN PO34YMHM, SIKi
BiAINLTPOBYOTLCS, 0Opasy HacuYylTbCA KarbLieM Ta ny-
ramu i 3anoBHIOKOTb LUMAXM Mirpauii dontoiais.

Moganbli AocnigKeHHa cnig NpoBOAMTU 3a Mexamu
KopHUHCbKOro macuBy, y 30Hax NpUpoO3NoMHOro MmeTacoma-
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TO3y, ski OOpe po3BMHYTI i3 3axoaQy macuy. Takox nepc-
nekTuBHUM Ansa gocnigxeHHss MT/MB metogamu € AnOpy-
LWiBCbKa 30Ha PO3MOMIB, sika po3TalloBaHa Ha NiBAEHb Bif
rPaHiTHOroO MacumBy.

My6nikauia MicTUTb pe3ynbTaTu gochnioKeHb, NpoBese-
HUX 3a piHAHCOBOI MIATPUMKM 3a HAyKOBOK TEMOK |HCTu-
TyTy reogisvku im. C.I. Cy6b6otiHa HAH  YkpaiHu:
""eonoriyHa 6yaoBa Mo6y3bKOro ripCbKopyAHOro panoHy 3a
Cy4acHUMM reoisnyHNMK i reonoriyHMMM 4aHuMKn Ta oui-
HKa MOro nepcrnekTMB Ha CTpaTerivyHi MiHepanbHi pecypcu
2016 p. — 2020 p.", Ne gepx. peectpauii 0116U006203.
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MAGNETOTELURIC AND MAGNETOVARIATE RESEARCHES
IN THE ENDOCONTACT AREA OF KORNINSKY GRANITE ARRAY

In 2018-2019, work was carried out to study the deep geoelectric structure of a complex system of intersection of the sub-latitudinal zone between
the Andrushevsky and Masherinsky faults and the sub-meridional between Brusilovsky and Olshansky. Plane synchronous observations of the low-
frequency natural electromagnetic field of the Earth of ionospheric-magnetospheric origin in a wide range of periods are made.

The transmission operators of MT/MV fields were evaluated using the PRC-MTMV software package. The obtained tipper estimates for periods of
geomagnetic variations from 50 to 3100 s, curves of apparent resistance and impedance phases from 20 to 10000 s.

According to the interpretation of the results of magnetotelluric studies, the Brusilovsky deep fault in the form of a subvertical surface low-
resistance anomaly was clearly recorded. Analyzing these and previous works, it can be stated that within the Volyn megablock Ukrainian shield, the
Brusilovsky deep fault is manifested by an anomalous highly conductive structure from the surface. Within the framework of the Rosinsky megablock,
the Brusilov fault zone is not completely anomalous, and only its individual components (Velikoerchik fault) are anomalous, its conductivity decreases
almost four times.

The western border of the Korninsky massif is less clearly distinguished, as the relatively electrically conductive from the surface, which is most
likely associated with the surface conductivity of minor sedimentary deposits or fracturing of rocks in the crystalline basement.

It should also be emphasized that on pseudo-sections of magnetotelluric parameters, the SUS point (picket 14 km) did not appear to be
anomalous, but the behavior of the curves for different polarizations, and especially low magnetovariational characteristics, may indicate that the
deep structure of the region must be classified as heterogeneous. Moreover, this point is located near the zone of metasomatically altered rocks and
multidirectional faults of low rank. One explanation of this may be that the processes of secondary changes in granitoids do not lead to an increase
in porosity, the solutions which are filtered are immediately saturated with calcium and alkalis, filling the fluid flow paths.

Keywords: magnetoteluric and magnetovariate methods, conductivity anomalies, fault zones, metasomatic zones.
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MT/MB NCCNEAOBAHUA B 30HE EHOOKOHTAKTA KOPHUHCKOIO rPAHUTHOIO MACCUBA

B 2018-2019 20dax npoeodunuck pabomsl Mo uly4yeHuro 2s1y6UHHO20 2€03J1eKIMPUYECKO20 CMPOEHUSI CIIOXHOU cucmeMbl nepeceyeHusi cy6-
wupomHoii 30HbI Mexdy AHOpyweeckum u MawepuHcKkuMm pa3snomamu u cybmepuduoHanbHol — mexdy Bbpycunoeckum u OnbwaHCcKUM pa3sioMamu.
BbinonHeHsb! nnoujadHble CUHXPOHHbIe Hab1rodeHUs1 HU3K0YacmomHO20 ecmecmeeHHO20 3/1IeKMPOMa2HUMHO20 MoJis 3eMs1u UOHOCHepHO-MazHU-
mocgepHO20 MPOUCXOKOEHUsI 8 WUPOKOM duarna3oHe nepuodos.

Bbino npoeedeHo oyeHusaHue nepedaroujux onepamopoe MT/MB noneti, nocpedcmeom npumMeHeHusi npoepammMHo20 kommnnekca PRC-MTMV.
IMony4yeHHbIe oyeHKU munnepa 051 nepuodoe 2eoMa2HUMHbIX eapuayuli om 50 do 3100 c, a makxe Kpueble Kaxyuje20csi conpomueseHusi u ¢pa3
umnedaxca om 20 do 10000 c.

lMpu uHmepnpemayuu pesynbLmamos MazHuUmMomeJsTypuyecKkux ucciedosaHull 6b11 4emko 3agpukcupoeaH bpycunoeckuli 2ry6uHHbIU pa3sioMm
8 saude cybeepmukasibHOU M08epXHOCMHOU HU3KOOMHOU aHoMasuu. AHanu3upys amu u npedbidywjue pabomal, MOXXHO KOHCMamupoeamab, Ymo e
npedenax BonbiHcko2o mezabnoka YLl Bpycunosckul any6uHHbIl pa3sioM Mposiesisemcsi aHoMasbHoU, 8bICOKonpoeodsiuell ¢ nosepxHocmu,
cmpykmypoli. B pamkax PocuHcko2o Mme2abrnoka Bpycunoeckasi 30Ha pa3/sioMoe He siesisiemcsi Mo/IHOCMbIO aHOMaslbHOU — MOJIbKO ee omoesibHasi
cocmaensrowas (Benukoepyukoeckull pa3siom) siesisiemcsi aHomaslbHoU, ee MpPoeoduUMOCMb yMeHbWaemcsi NoYymu e 4Yemsipe pasa.

MeHee yemko ebidesnisiemcsi omHocumesibHO 37iekmponpoeodsuas ¢ nosepxHocmu 3anadHasi epaHuya KopHuHckoz2o maccuea, Komopasi cKo-
pee acez20 cesizaHa C 108epPXHOCMHOU MPo8odUMOCMbI0O MaJIOMOUWHbIX 0Ca00YHbIX OMJIOKEeHUU unu mpeu,uHo8amocmbio Mopod Kpucmannuye-
CcKo20 ¢hyHOaMeHma.

Takxe cnedyem nod4yepkHymb, Ymo Ha ncesdopaspesax MazHUMomesnnypu4eckux napamempos nyHkm SUS (nukem 14 km) He nposieusicsi Kak
aHoMarbHblIi, HO nogedeHue KpUBbIX O pa3nuUYHbIX NOMAsPU3ayull U 0CO6eHHO HU3KUe MazHUMo8apuayUoHHbIe XapaKmepucmuKu Mo2ym ceude-
menbcmeogams 0 MoM, Ymo 211y6uHHoe cmpoeHue palioHa Heo6xodumMo omHecmu K HeoOHOpPoOHoMy. Tem 6os1ee, YMo 3Mom NMyHKM PacrnosioxeH
86/1u3uU 30HbI MemacomMamu4yecKu U3MeHeHHbIX Mopod U pa3HOHanpaesieHHbIX Pa3/loMo8 HU3K020 paHza. OOHUM u3 06BbsICHeHUli 3Mo20 MoXxem
6bIMb MO, YMO NPoyeccbi 8MOPUYHbIX U3MEHeHUll 8 2paHUmMoudax He MPUEOAsIM K NOB8bLIWEHUIO MOPUCMOCMU, MOCKO/IbKY pacmeopbi, Komopble
unbmpyromcs, cpasy HacblWarOMcsi KalbUueM U wesiodamu, 3arnosiHss nymu npodeuxeHus ¢nroudos.

Knrouyeenie croea: MacHUMomennypuyeckue u Ma2cHUMo8apuayuoHHbIe Memodbl, aHOMauu 3/1eKmponpoeodHOCMU, 30HbI Pa3/sIoMO8, 30HbI
memacomamosa.
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NEPCNEKTUBU HETPAAULIIMHOI HA®TOIA30OHOCHOCTI
NIBAEHHOI NPUBOPTOBOI 30HU AHINPOBCbKO-AOHELIbKOI 3ANAQUHM

(MpedcmaesneHo 4neHoM pedakuyiliHoi Kosneaii 0-poM 2eos. Hayk, npog. B.B. Ozapem)

Ha ocHoei aHani3y 4YucneHHux pobim i nybnikayil, sus4yeHHs1 KepHa ceepOsI08UH, NepeiHmMepnpemayii daHux 2eogizu4Hux doci-
OXeHb ceepOsI08UH, OCITIOXeHHS1 2e0XiMiYHUX ocobriugocmell i cmyneHss mepmasbHOI nepepobku Haghmoeaa3oeMicHUX mMoew, 8U3Ha-
4eHO nepcrekmueu HempaduuyiliHoi Haghmoaa3oHOCHOCMI 2eosio2iYHUX cmpykmyp 3adenusiecbko-JlegeHyiecbko20 easy niedeHHoi
npu6opmoeoi 30Hu [Hinpoeckbko-[oHeubkoi 3anaduHu (4O3), sika eidnoeidae PydeHkiecbko-lponemapcbkoMy Haghmoaa3zoHOCHOMY
patioHy. Ha ocHoei npoeedeHux docioxeHb 008edeHO, W0 mepmasibHa 3pinicms nopid niedeHHOi Npu6opmoeoi 30HU 8 Mexax 3aye-
nuniecbko-JlieeHyiecbko20 easy € ekpall HepieHOMIPHOIO SIK 3a Nyiowero, Mak i y po3pisi, i nuwe Ha okpemux OinsiHkax (ceepOsIo8UHU
Bazamolicbka-25, KepHociecbka-2) abo Ha 2nnubuHax noHad 1500 m (ceepdnoeuHa 3aqenuniecbka-100), Yyu Hagimb 2700 M (ceepdrioguHa
YnsiHiecbka-18), csi2ae npuliHAMHUX eesluduH, docmamHix Ons 2a3oymeopeHHsi. ToMy, He3eaxkaroyu Ha oCmamHbO 8UCOKUU eMicm
Cope; SIKUL, SIK TPasUIIo, 3Ha4Ho nepesuwye 1-2 %, nepcnekmusHicme uiei dinsiHku nisdeHHoi npu6opmosoi 3oHu [/]3 ujodo eidkpumms
eesluKux rnoknadie criaHyeeo20 2a3y Yu 2a3y yuwjisibHeHuUx rnopio € eesibMu npobnemamuyHoro. Halibinbw nepcrnekmueHoro GinsiHKOO
yiei yacmuHu niedeHHOi NPU60pPMOB0oI 30HU W000 KOMIUIIEKCY MOKa3HUKi8, siKi Xxapakmepu3yromb MomeHUiliHO 2a308MiCHI criaHyesi rno-
poadu, € patioH ce. bazamolicbka-25 i KepHociecbka-2. [Ipo2HO3HI pecypcu cnaHyee8o20 2a3y yiei OinsgHKuU MoXXymbs 6ymu rnonepedHbo
ouiHeHi e 40-50 mnpd M. Lje mpe6a epaxoeyeamu npu niaHyeaHHi Nodasnbuux 2e0s1020p03eidysanibHUX pobim Ha craHyeeull 2as.
3 aHani3y daHux MoxHa eudinumu iHmepeasnu 2nubuH, Ha sikux 36a2a4eHi op2aHikoro nopodu 30amHi 2eHepyeamu Haghmy — &id 900 do

3100 m, xupHuli 2a3 3 koHOeHcamoM — i@ 2100 do 4000 m i cyxuti 2a3 — eid 2300 do 2nubwe 4000 m.
Knrouoei cnoea: cnaHyesull 2a3, ywinsHeHull Koriekmop, Haghmo2a3oHOoCHULU 6aceliH, pecypcu, 2eoghi3uyHi ociGKeHHs1 ceepOsIo8UH.

MocTtaHoBKa npo6nemu. Mpobnema nowuykie HeTpaau-
LiNHMX J)Xepen BYrneBOAHIB, Hacamnepes CraHLEeBoro rasy
i rasy ywinbHeHnx nopig-konekTopis, Nos'a3aHa 3 NOCTyno-
BUM BUCHAXXEHHSAM TpaanUinHMX poaosull HadTh i rasy. Yc-
nilWHi  JOCNimKeHHs Uiei npobnemun Bxe npu3Benu Ao
cyTTeBOro 36inbLueHHs BUAobyTKy npmupoaHoro rasy B CLUA
i Kanapi, gocnigxeHHst B Ui ccepi po3suBatoTbest y bara-
TbOX KpaiHax cBiTy (ABcTpanis, Kutan, Himewunna, Pocin-
cbka ®epepauis, Benuka Bputanis, Lsediq, MonbLia ToLwo)
(Ambrose et al., 2009; Castillo et al., 2012; EIA Analysis...,
2011; Hadro, 2010; Kuuskraa et al., 2011; Lainda, 2012;
U.S. Geological..., 2012). MNokn wo YkpaiHa 6arato B Yomy
3anuwanacs B CTOPOHi Bif UbOro npouecy, xo4da BXe 3
2010 p. HAK "Hadptoras YkpaiHn" npoBoanTb OOCTiAXEHHS
LoAo MOLWYyKiB CraHUeBoro rady Ta iHWWX HeTpaauuinHux
Jxepen ByrneBoAHiB B YKpaiHi 3 METOIO HapOLLlyBaHHS eHe-
preTuyHoi 6a3n HaLoi AepKaBu.

AHani3 ocTaHHix gocnigkeHb i ny6nikauin. Pesynb-
TaTu uMx poliT Bioa3epkaneHi B YACNEHHUX HayKOBO-BUPO-
OHMYKX 3BiTax i HaykoBuUx nybnikauisx (Buxea ma iH., 2014;
3azHimko ma Muxadinos, 2014; Jlykur, 20102, 2011; Mu-
xatnos ma iH., 2011, 2014; Muxatinos ma E€meub, 2014;
Muxatinoe ma 3aeHumko, 2015; HempaduuitHi dxepena...,
2014"-8; Viyzva and Mikhailov, 2013). Liumu foCRigKeHHAMM
BM3HA4YE€HO OCHOBHI reonorivyHi KpuTepii OUiHKW NepcnekTus
rasoHOCHOCTI CnaHueBux Mopiad, BWAINEHO NepCneKkTUBHI
cTpaturpadiyHi - KOMnnekcn HadTOrasaoHOCHMX PerioHiB
(HI'P) YkpaiHn, npoBefeHO OUiHKY pPecypcCiB CaHLEeBOro
rasy i cnaHueBoi HaTK B iXHIX Mexax, BUOINEHO OinsHKA
ONsi NPOBEAEHHS NoAanbLUMX reosioropo3sigyBarnbHUX po-
6it (FPP), po3pobneHo cTpaTerito NOLUYKiB CNaHLUEeBoro rasy
Ta iHWWX HEeTpagMLUiiHUX pecypciB BYrneBOAHIB B YKpaiHi.
PesynbTaty gocnigXeHb 3acBigyyloTb 3HaYHi NEPCNeKTUBU
BiOKPUTTS POAOBMULL, CMAHLEBOro rasy Ta iHLWnX HeTpaauuin-
HUX Kepen BYrneBOAHiB y Mexax CxigHoro, 3axigHoro Ta
MisgeHHoro HIP. Tlig yac nigrotoBku cTaTTi NpoBedeHO
aHani3 YncneHHux pobiT, NPUCBAYEHNX OCOBMBOCTSIM Freo-
noriyHoi 6ynoBu, ctpaturpadii, HadTorazoHocHocTi [Hin-
poBcbko-[loHeubkoi 3anaguHun (003), 3okpema ii niBaeHHOI
npnbopToBoi 30HM (beHbko u dp., 2005; Bepmiox, 2007,
2018; Kapnenrko, 2017, 2018; HeciHa ma iH., 2012).

BuaineHHA Hepo3'A3aHUX paHille YacTUH 3aranbHoOI
npo6nemu. HeBupilleHM 3anuUIAeTbCs MUTaHHS LWOAO
NPOTrHO3HOI OUiHKM TiEl YacTUHWM niBOAEHHOI NpubopToBOI
30HK 3, ska Bignosigae PyaeHkiBcbko-MNponetapcbkomy
HadTOrasoHOCHOMY panoHy CTOCOBHO HETpaguUINHUX CKy-
nyeHb HadTK i rasy.

®dopmyntoBaHHA Winen crarTi. O6'ekTOM JocnigKeHb
€ reonorivyHi CTpykTypu Ta copmalii niBaeHHO-CXiAHOro
naHry 3avenuniscbko-J1liBEHUIBCLKOro Bany, nepcrneKkTUBHi
Ha BUSBMNEHHSA HETpaguuiiHUX noknagis ByrrneBogHiB. Oc-
HOBHOI METOK poboTK ByNo OUIHUTY NEPCNEKTUBHICTb L€l
YacTuHM niBgeHHOT NpnbopToBoi 30HKM O3 Ha noknaau cna-
HLEBOro rasy i rasy yLinbHeHUx Nopig-KoneKkTopis.

FeonoriyHa 6ygoBa niBAeHHOI NPUOOPTOBOI 30HU
OA3. 003 € 4yacTMHO 0gHOVMEHHOT HadTOra3oHOCHOI ra-
nyai. Ii saransHa nnowa 101,8 Tuc. km2. Cepen HadpToraso-
HOCHUX CTPYKTyp YKpaiHM 3a pos3BigaHMMK 3anacamu,
noTeHLiMHMMK pecypcamu i BuaobyTkom ByrnesogHis (BB)
BOHa nocigae nposigHe micue. 3 BMNOBHEHA NOTYXHO
TOBLLEK 0CadoBWX MOpiA BiA cepeAHbOAEBOHCHKNX A0 YeT-
BEPTUHHMX. N5 HUX XapakKTepPHUIN Pi3HOMaHITHUI NiToNori-
YHWIA cknag i WMpokMin Habip dauianbHUX 06CTaHOBOK — Big
MOPCBKMX (apriniTi, aneeporiTh, NICKOBWKWU, BarHsKU) OO
naryHHux (BarnHsiku, Cinb, kperaa, aHrigput) i KOHTUHEHTa-
nNbHWX (BYyrinns, crpokaTobapsHi nopoau). MubnHu 3ans-
raHHS MigoLWBK 0CaAoBoi TOBLLi 30iMbLUYIOTLCA Y HANPSAMKY
3 NiBHIYHOrO 3axoAy Ha NiBAEHHWUI cXid, a TakoX Big OopTiB
00 il OCbOBOI YaCTWHM, WO NPU3BOAUTL A0 MOCTYNOBOro
3MEHLLUEHHS MOTY>KHOCTEN Nopid i YiTKO NPOCTEXYETbCA Ha
perioHanbHUX Npodinax. MakcumanbHa TOBLUMHA Bigknagis
y Hanbinbll 3aHYpeHUX YacTMHax 3anaguvHu gocsarae 15—
17 km. Y O3 ycTaHOBMNeHa NpoMMUCoOBa NPOOYKTUBHICTb
Nnaneo3onCbKMX i Me3030MCbKNX YyTBOpeHb. MNepeBaxHa Gi-
NbLWiCTb pOAOBULL, HATK | rasy 3ocepelxkeHa B Naneosomn-
cbknx Bigknagax. 03 xapakTtepun3yeTbCs NO300BXHBLOM i
NonepeyYHo0 30HANbHICTIO, OCHOBHMMU CTPYKTYPHUMW ene-
MeHTaMu € NO300BXHi 30HU: NPUOCLOBA, NiBAEHHA Ta NiBHi-
YHa NpubOPTOBI, MNiIBAEHHWIA Ta NiBHIYHWIA BOpPTU.

MpeomeTom gocnigkeHb € Ta YacTuHa NiBAeHHOI NpubopTo-
Boi 30HM [13, sika Bignosigae PyaeHkiscbko-MNponeTapcbkomy

© MuxawnnoB B., KapneHko O., 2020
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HapTorasoHOCHOMY parioHy. OCHOBHOIO CTPYKTYPOIO paloHy €
BavenuniBCcbKo-TIeBEeHLBCLKMIA  Barn, SKUA MPOCTEXYETLCA
B3[OBX KparoBOro po3riomMy Ha BigctaHb noHag 150 km, Big
3ayenuniBcbkoro HadpTorasokoHgeHcaTHoro Ao JleBeHLUiBCb-
KOrO rasoKOHAEHCaTHOro pofosuwa. [Jo HbOro MpuypoYeHi
Oinbw apibHi  cTpykTypn (Fopobuiecbka, 3advenuniBebka,
Jlumapcbka Ta iH.). Kpim Toro, BUainawTbca CTPYKTYpH, L0
npuypoyeHi go Muxainiscbko-lonybiscekoro Bany (Ho-
BOMUKonaiBcbka, [paTtiBcbka, [ynaniscbka, [lepelienuH-
cbka, baraToncbka Ta iH.), @ TakoX CTPYyKTypW, SKi
npuypodeHi 4o kpanosoro posnomy (HOp'iBcbka, YrbsiHiB-
cbka, JleBeHUiBCbKa Ta iH.).

CrpaturpadivyHnii po3pi3 pamoHy CKNageHWn YTBOPEH-
HSIMW [J€BOHCBKOrO, KaM'sIHOBYTiNbHOrO, NEepMCbKOro, Me3so-
30MCbKOrO i KaWHO30MCbKOrO BIKY, $Ki 3i CTPYKTYPHOIO
He3rigHicTI0 nepekpuBaoTb rmubokomeTamopdisoBaHi no-
poau KpuctaniyHoro cpyHaamMeHTy, Wo Gyno BCTAHOBIEHO B
psiai cBepAnoBuUH (Hanp., Ha 3avenuniBebkin nnowi dyHaa-
MEHT po3kpuTuii cB. Ne 412 Ha rmmnbuHi 4236 m, a cB. Ne 13 —
Ha rmunbuHi 1830 m).

Bigknagu HWkHBOro KapboHy NepeBaXkHO NPeACTaBIieHi
YOPHUMM i TEMHO-CIpUMM aprinitamn, rraMHamu, nicKoBU-
KaMu, IMUHUCTUMM BarnHsakamu. BBaxaeTbces, WO TypHENChKi

Ta Bi3eNCbKi Bigknagn opmyBanncs nepesaxHo B MOPCb-
KMX YMOBaX, a CEpPryXOBCbKi — B yMOBax y36epexxHO-MOopChb-
Knx 3a60noYeHnX pPiBHUH, 3aTOK i NpubepexxHoro Mops.

Ons BigknagiB cepegHbOro kapOboHYy XapaKTepHe 3poc-
TaHHS TOBLLMHM Big 60pTiB 10 OCbOBOI YacTWHM 3anagvHu. ba-
LLUKMPCBHKMN SIPYC Y HUXKHIN YacTUHI NpeacTaBneHun Maykoro
NiLLAHO-TMWHUCTUX BiOKMadiB, Nepekputoro noTyxHow (50—
400 M) rmMUHUCTO-KapOOHATHOK MOPCBLKOK ToBLUEHD ("GaLLKMp-
cbka nnuTa"), a y BepxHiri (100-1500 m) — umknivyHum nepetua-
pyBaHHAM MiCKOBMWKIB i MWH 3 KapboHaTHUMKM i BYIIMCTUMM
npowapkamu. Mockoscbkuii spyc (150—-1800 m) cknageHui ni-
CKOBMKaMM i aprifiiTamy 3 npoLuapkamm BanHsKiB i Byrinnsi.

Maneos3on nepekpuUTUn TeEpPUreHHMK BigKnagamm Tpiaco-
Boi (300—-600 m), topcbkoi (mo 365 m), kperaosoi (ao 140 m) cu-
cTeM i KaHo3omncbkumm Bigknagamu (100200 m).

HadptorazoHocHicTb niBOeHHOI NpuGOPTOBOI 30HM
OAO3. Y mexax HadpToraaoHocHoro panoHy Bigomo 30 pogo-
BVLL BYrMEeBOAHIB, NepeBaHO rasokoHgeHcaTHux (Amnac
podosuly..., 1998). NepeBaxHa BinbLUiCTbL NOKNagiB Byrmne-
BOAHIB NpuypoYeHa [0 BiAKNadiB HWKHbOrO KapboHy: Typ-
HENCbKUX, Bi3eNCbKMX, CEPMYXOBCbKMX, XO4a BCTaHOBIEHa
TakoXX HadTOra3oHOCHICTb BiAKMagiB AeBoHy, Oalukup-
CbKOrO Ta MOCKOBCBKOIO sIpyCiB cepefHboro kapboHy i Ha-
BiTb topu (Tabn. 1). MpoayKTUBHI rOPU3OHTU 3yCTpivalThLCA
Ha rnmmbuHax Big 500 go 6900 m.

Ta6bnuys 1
CrtpaTurpadivyHa npuypoyeHicTb NoknagiB ByrneBoAHiB niBAeHHOI Npu6opToBoi 30HU [IHinpoBCcbKo-[JoHeLbKOi 3anaguHun
Kap6oH
PopoBuie HeBoH HwxHin Bigain CepepgHin Bigain lOpa
mypHelicbkuli | eiselicbkuli | cepnyxoecbkuli | 6awkupcbKuii | MOCKOBCHKULU
Mauycbke 'K +
JInmancbke HI'K +
opobuiscbke K + +
3avenuniscbke HIK + + +
PeweTHukiBcbke MH + + +
Cyxogoniscbke HI'K + +
PyaeHkiscbke K + +
CrenHe MK + +
Hosorpuropiscbke HI'K + + + +
Posymiscbke 'K + + +
HaTiBCcbke HIK + +
HosomukonaiBcbke (MoB4aHiBcbke) K +
Muxanniscbke I +
HOp'iBcbke HI'K +
l'ynanisceke 'K +
Omyxanniscbke MK +
MycieHkiBcbke 'K +
KpemeHiscbke HI'K + + +
PsacbkiBcbke K +
BiHorpagiscbke 'K + +
HoBoceniscbke K + + +
CxigHo-HoBoceniscbke HI'K + + +
Jlnukiscbke HIK +
Mponetapcbke K + + + +
MepewenuHcbke K + + + +
ony6iscbke HI + +
CxigHo-lony6iscbke MK + +
Baratonceke K + + +
KartepuHiscbke K +
JleBeHuiBcbke K + +

Moknaaw ByrneBoaHiB, SK NPaBWIo, NNacToBi 1 NNacToBO-
CKMeniHHi, TEKTOHIYHO- Ta NITOMNOrMYHO eKpaHOBaHi, NOB'A3aHi 3
OpaxiaHTuKMiHaNAMK, e Haln4yacTile NpUypoYeHi A0 nnacTiB
niCKOBUKIB, piaLle kapboHaTiB. 3ycTpivyatoTbcs 6aratonnacTosi
noknaau, noB'aA3aHi i3 CONsIHMMU CTPYKTYpaMu.

LLlo cTocyeTbcs npobnemun HeTpaguLUiiHUX NoKNazis By-
rMeBOAHIB Y LIbOMY palnoHi, TO 3 Liei TOYKM 30py aBTopamMm

Oynu npoBefeHi AocnigkeHHst HagTorasoBMiCHUX ToBLY, 3a-
YenuniBCbKOi CTPYKTYpU (cBepAanoBuHK 3avenuniscbka-90,
100), a TakoX psAy CTPYKTYP 3a NpoCcTAraHHAM 3ayenunis-
CbkO-JleBeHUIBCbKOrO Bany (CBepAnoBuHM JlnBeHcbka-1, 3, 7;
JInykiBcbka-64; YnbsaHiBcbka-18; Baratoncbka-25; 3axigHo-
JleBeHuiBcbka-1, 2; KepHociBcbka-1, 2) (puc. 1).
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Puc. 1. Cxema po3mileHHs1 poaoBULY ByrneBoAHIB, HAaBeAeHUX Y CTaTTi.
MyHKTMpHa NiHia — rpannus nisgeHHoro 6opty A03. Pogosuwa: 1 — JlumaHcbke, 2 — 3ayenuniscbke,
3 — PyneHkiBcbke, 4 — JluBeHcbke, 5 — KOp'iBebke, 6 — JTnukiBebke, 7 — NponeTtapcbke, 8 — YNbsiHIBCbKE,
9 — baratoncbke, 10 — KepHociscbke, 11 — 3axigHo-JleBeHuiBcbke, 12 — JleBeHUiBCbKe

Hamu 6yno getaneHoO BUBYEHO OCOBNNBOCTI reonoriyHoi
Oynosu 3a4enuniBCbLKOrO poAoBuLLA, SIKE PO3MILLYETLCS Y
Mexax 3auvenuniBcbko-JlIeBeHLIBCbKOro Bany B MNiBAEHHIN
npnbopToBi YacTuHi 3. dopmyBaHHA Bany TiCHO NoOB's-
3aHo 3 [iBaeHHUM KpaioBMM nopyLUeHHAM. TMMbuHa 3ans-
raHHs  paHHbOLOKEMOpINCcbKoro  pyHoaMeHTy  pi3ko
36inblyeTbCs Yy MiBHIYHO-CXiAHOMY Hanpsimky Big 1,5 go
4,5 kM, Npu LbOMY aMnniTyaa KpanoBOro NOpyLUeHHS 3a Aa-
HUMK BypiHHA MoOxe nepesuuyBaTy 2,5 kM. 3aranom Ha
(hopMyBaHHsI CTPYKTYp OCaA0BOro Yoxna Bnnveanu sk 6no-
KOBi pyxu oyHOAMEHTY, TaK i CONSHOKYNOSIbHA TEKTOHIKA.

KpuctaniyHuin doyHaaMeHT npeacrasnieHmin meTamopdiso-
BaHUMM CMaHLI0BaTUMM NiICKOBUKAMU | XITOPUT-CEPULIUTOBUMM
CraHUsiMM paHHLOTrO JoKeMOpito. 3i CTPYKTYPHOR HE3TiOHICTHO
BOHW NepeKkpuTi Biaknagamm paHCbKoro i pamMeHCbKoro sipy-
CiB AEBOHY, Y CKNnafi SIKoro BUAINSAOTb FOPU3OHTK:

o gopoHe3sbkull (Ds fravr) — yepryBaHHs mickoBWKiB, apri-
niTiB, Meprenis, rMUHUCTUX BarnHsKIB (Ha CBibxOMy 3nami y
KepHax 4yacTo BigyyBaeTbcs 3anax BB) — 702 m;

e canaHigcbKo-nigeHcbKull (D3 frs ev-lv) (HxHS conboBa
TOBLUA) — ranit i3 npoLlapkamu LONOMITIB, apriniTis, anes-
poniTie, kapboHaTtis — 365 m;

¢ 3adoHcbKo-eneypkuli (D3 fmi1zd-el) — nepeluapyBaHHs ni-
CKOBMUKIB | KOHrNoMeparis, pifLle anesponiTie, rpaBeniTis, apri-
niTiB, ecpy3mBiB i BanHsKIB (MatoTb 3anax HadTn) — 290 m;

o enieuybko-nebedsHcokuli (D3 fmiel-Ib) — kam'aHa cinb i3
npoLuapkamu rivH, Mepresnis, aHrigpuTie, apriniTis, NickoBu-
KiB, JOJTOMITIB, JONOMITU30BaHUX BanHsikiB — 570 m;

o OaHkogo-nebedsiHebkull (D3 fmadn-Ib) — nepeBepcTBy-
BaHHSA CTpOKaTMX MiCKOBMWKIB, rpaBeniTiB, KOHrromeparis —
220 m;

e 03epcbKo-x08aHCkbKul (D3 fmzo0z-hv) (numaHcbKa i py-
OEHKIBCbKa CBiTM) — kapboHaTHa TOBLLA: MMMaHCbKI Lwapu —
BarHsKM i3 npoLlapkamun aprinitis; pyaeHKiBCbKi Lapu — Kpi-
HOIOHI BanHsAKM i NiCKoBUKK — 573 M.

Kam'saHoByrinbHa cuctema npegcraeneHa Bigknagamy Hu-
XKHBOrO i CepeaHbLOro BiAAINIB, Y CKNagi SkKMxX BUAINATb Apycu:

e mypHelicbkuli (C1t) — niwaHo-rnMHMCTa ToBLWA (NicKo-
BMKW, aneBponiTW, apriniti, BanHsku); kapboHaTHa (Ban-
HSKW i3 npowapKkaMu MiCKOBWKIB i BYFMUCTMX aprinitis) i
TepureHHa (MiCKOBUKM i3 NpoLLapkaMy aneBponiTiB i aprini-
TiB) nadkn — 380—450 m;

e giselicbkuli (C1v) — y cknagi nig'apycis:

- HWxHboBI3elcbko2o (C1v1) — TEMHO-Cipi OO YOPHMX
BYIIUCTi apriniTi, NiCKOBMKWN, YepryBaHHs BanHsKiB i BanHs-
KOBMX MICKOBUKIB, Y BEPXHI YacTUHi — 45-meTpoBui nnact
nickoBuka (MPOAYKTUBHWIA ropu3oHT B-15) — 59-275 wm;

- 8epxHboei3elicbkozo (C1v2) — YOpHi aprinitu, anes-
poniTu i3 NpoLluapkamu NiCKOBUKIB i BanHsKiB; nepeLlapy-
BaHHS MiCKOBWKIB, aneBponiTis, apriniTis — 235-366 wm;

e cepriyxoscbKuli (C1s) — y cknagi nig'apycis:

- HUXHbOcepryxoecbkoz2o (C1s1) — apriniTu Ta anespo-
Nt 3 BYIMUCTUMU i NIPUTU30BAHUMW POCITMHHUMM PELLIT-
KaMmu, pigKicHi nnacTu nickoBukiB i BanHakiB — 301425 w;

- 8epxHbocepriyxoacbkoeo (C1s2) — apriniti, npoLuapki
niCKOBMKiB, BanHAKiB, Meprenis, Gyporo Byrinns; 3sepxy ne-
peLluapyBaHHS NiCKOBWKIB, BYIMIMCTUX aneBporiTiB, apriniTis,
3pigka BanHskiB — 80—143 m;

e bawkupcbkuli (C2b) — apriniTn i3 npowwapkammn BanHsi-
KiB, BYrinns, nickoBukis — 149—-699 m.

Maneo3on nepekpuTnin TepUreHHUMK Bigknagamu Tpia-
coBoi (350-603 m), topcbkoi (oo 365 M), kpengoBoi (8o
140 m) cucTeM i KarHO30MCbkMMM Bigknagamm (120-210 m).

YctaHoBneHo, wWwo iHT. 955-983 M cepnyxoBCbKOro
sipycy B cB. 3auvenuniscbka-90 cknageHuii NepcrnekTMBHUMN
LLIOA0 CMaHLEBOro rady YopHUMKM cnaHusMu, ayxe 3barade-
HUMK  opraHiyHoto peyvosuHoo (TOC — 5,60-12,24 %)
(Tabn. 2), ane HN3bKUI CTYMiHb IXHBLOrO TEePMarnbLHOro nepe-
TBOpeHHS (Ro— 0,47-0,68) He no3BONSE OUiHIOBATU LEW iH-

TepBan sik nepcnekTuBHUM (Tabn. 3).

Tabnuys 2

Pe3ynbTaTtu TepmivyHOro aHanisy npo6 nopia niBaeHHoi npubopToBoi 30HU [HinpoBCcbLKO-[OHeLbKOI 3anaguHu

Ne n IHTEDBAN. M Bix TemnepaTtypHi mexi, C° TOC, %
2 np. pBarn, <120°C | 120-300°C | 300-390°C | 390-550 °C
CB.. 3ayenuniscbka-90
132 34 971-975 Cis 1,17248 0,63127 0,51075 4,46438 5,60640
13134 983-979 Cis 1,29302 0,98099 1,02651 10,22903 12,23653
Cs. 3avyenuniscbka-100
13334 1270-1278 Cis1 0,64059 0,13806 0,35412 2,71058 3,20276
134 34 1435-1443 Cqv 0,67054 0,20435 0,29333 2,62647 3,12415
21 3A Cqv 0,57614 0,35457 0,09007 1,43360 1,87824
22 3A 1590-1598 Cqv 1,59221 1,33701 0,87216 3,29415 5,50332
23 3A 1680-1688 Cqt 0,18679 0,43530 0,14467 1,56453 2,14450
23-13A 1680-1688 Cqt 0,03330 0,25087 0,10818 1,17542 1,53447
24 3A 1688-1695 Cqt 0,21222 0,48605 0,24631 1,31914 2,0515
25 3A 1750-1758 Cqt 0,33469 0,08502 0,12139 2,30255 2,50896
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Ta6bnuys 3

Pe3ynbTati BUMipy BiAOMBHOI 34aTHOCTI BiTPUHITY nopiA niBAeHHOI NpMbopToBoi 30HU [IHiNpoBcbKO-[loHeLbKOi 3anaguHu

CBepanoBuHa Mpo6Ga IHTepBan IHgekc Mopoaa KinbkicTb 3amipiB CepefHe

3avenuniscbka-90 13234 971-975 Cis CnaHeupb 17 0,68
131 34 983-979 Cis CnaHeupb 5 0,47

Bayenuniscbka-100 133 34 1270-1278 Ci84 Aprinit 8 0,61
134 34 1435-1443 Cv Aprinit 7 0,75
23-3A 1680-1688 Cqt Anesponit 14 1,10
24-3A 1688-1695 Cit Anesponit 12 1,74
25-3A 1750-1758 Cqt ** 7 1,29

JInBeHcbka-7 JIB-7 3120 Cqvq Aprinit 21 0,7
JlnBeHcbka-1 J1IB-8 1720-1728 Civy MickoBuK 30 0,5
J1IB-10 1999-2008 Dafm, [MickoBMK 17 0,5

JInykiecbka-64 JINY-1 2630-2638 Ci184 MickoBuKK 26 0,8
JINY-2 2885—2892 Cqv Anesponit 32 0,9

YnbsHiBcbka-18 Y1 2325-2340 Cy84 Aprinit 38 0,6
Yn-7 2544-2557 Ci181 Anesponit 31 0,8

YN-6 27152723 Cqvy Aprinit 49 1,2

Baratoncbka-25 BAl'-6 3708-3716 Cis2 Aprinit 24 1,2
BAI-3 3981-3989 Cis4 Aprinit 34 1,2

BAI-8 4335-4342 Civy Aprinit 33 1,4

3axigHo-J1eBeHuiBcbka-1 3-1-1 946-954 Aprinit 35 0,7
3-11-2 1540-1548 Ci181 IMickoBuWK 39 0,8

3axigHo-JleBeHUiBCbKa-2 3-11-5 1420-1428 C4S1 Aprinit 33 0,8
KepHociscbka-2 KEP-4 1779-1786 Cis Anesponit 20 0,9
KEP-5 2153-2158 Ci181 Aprinit 59 1,1

** [NepewapysaHHs YOpHUX apainimie, anesporimie i OpibHO3epHUCMUX MICKOBUKI8.

BogHouac y cB. 3ayenuniecbka-100 3a pesynstatamm Bu-
BYEHHS1 KEpHa, NPOBEAEHHA aHani3iB i nepeiHTepnpeTauii Aa-
HUX reoisnyHNX aocnimpkeHb ceepanosuH (MFOC) B iHTepeani
1400-1610 m BuaineHa notyxHa (210 M) ToBLUa TYpPHENCHKO-
Bi3eNCbKUX BiOKNagiB, NpPeacTaBfeHMX MNEePEBaXHO [MUHUC-
TMMW Nopogamu 3 nigsuLLeHUMK 3HadeHHsMu OP (TOC = 1,5—
5,5 %) i poctatHiM cTyneHem TepmiyHoi 3pinocTi nopia (Ro =
0,75-1,74). MNporHo3Hi pecypcu rasy kateropii [2 ouiHeHi B
210 mnpa M3 (Hempaduuitii dxepena..., 2014*8). 3sepTae
yBary, Wo i y cB. 3avenuniscbka-100 BEpXHA YacTUHA po3pisy
00 rmMnbuHm 6nmsbko 1500 M xapakTeprayeTbCsl HU3bKUM CTY-
neHem TepmarnbHoro nepetBopeHHsi (Ro = 0,50-0,84).

CTyniHb TepManbHoOi nepepobku nopia. OAns yTou-
HEHHs1 CTYNeHs1 TepmarbHOI Nepepobky nopig y mexax nie-
AeHHoi npmbopToBoi 30HM A3 6yno npoBeaeHO BUBYEHHS
BiAOVBHOI 34aTHOCTI BITPUHITY, OMMCaHO aHwnicdu nopig
cB. JluBeHcbka-1, 7, JluykiBcbka-64, YnbsHiBcbka-18, bara-
Tolcbka-25, 3axigHoneseHuiBcbka-1, 2, KepHociBcbka-2.
3rigHo i3 pesynbTatamu QOCniAXeHb BITPUHIT y naneo3omn-
CbKMX Bigknagax niegeHHoi npubopToBoi 3oHM [O03 npen-
cTaBneHun 30ebinblioro mailepanamu BiTPOOAETPUHITY —
TOHKO(PpPaArMEHTOBaHUMMW BiTPUHITU30BAHUMU POCIIUHHUMMU
peluTkamu, siki 3yCcTpi4arTbCs OKPEMO YU 3LEMEHTOBaHI
amMopdHMM BITPUHITOBMM MaTtepianoM. MeHLww po3noscto-

[DKEeHi Maueparnu KonoTeneHiTy, KOMNOoBITPUHITY, KonogeTtpu-
HITY, BITPUHITY, (PIO3€EHITY, OETPUHITY, 30BCIM 3piaKka — Teno-
BITPUHITY | renoBiTpuHITy (puc. 2—10).

Y cBepanoBuHax niBaeHHoi npnbopToBoi 30HN O3 3a-
(hikCOBaHO HEPIBHOMIpHUIA CTYNiHb TepMarnbHOi Nepepobkm
nopia. Y cB. JlnBeHcbka-1, 7 BigOMBHA 34aTHICTb BITPUHITY
He nepesuwlye 0,5-0,7 % Ans Bigknagie AeBOHY i Bi3e; Y
cB. 3axigHoneseHuiBcbka-1, 2 — 0,7-0,8 % ons Bigknagis
CepryxoBCbKoro spycy, y cB. Jlnukiscbka-64 — 0,9 % ans
Bigknagie Bisericbkoro apycy i 0,8 % gona Bigknagis cepny-
XOBCBLKOrO sIpyCy; Y CB. ¥YnbsiHiBCcbka-18 — 1,2 % ans Bigkna-
nis Bise i 0,6-0,8 % — onsa Bigknagis cepnyxosa. Pa3om i3
TUM, y cB. baraTolcbka-25 Bigknagu sk Bi3enMCbKOro, Tak i
CEepryxoBCbKOro sipyciB kapboHa MatoTb AOCTaTHINA CTyniHb
TepMiyHoi nepepobkmn (Ro 1,2—1,4), a y cB. KepHociscbka-2
BiaOMBHA 3aaTHICTb BiTpUHITY AopisHioe 0,9-1,1 % ana Big-
KnafiB CepnyxoBCbKOro spycy. Taknum YHOM, HanbinbLw ne-
PCNEKTUBHOI [AiNAHKOK NiBAEHHOI MpuMBOpTOBOI 30HM (i3
BMBYEHUX Hamu) € paroH cB. baraTtovicbka-25 i KepHocis-
cbka-2. Lle Tpeba BpaxoByBaTuK Npy NnaHyBaHHi NoganbLIMX
reonoropo3sigyBarnbsHUX pobiT Ha criaHLeBui ras.

3aranom, cepefHi 3Ha4yeHHs BiOOWTTS BITPUHITY B 3aMips-
HMX 3pa3kax niegeHHoi nNpmbopToBoi 3oHn O[3 konvBaoTLCS
Bia 0,5 %, Wwo Bignosigae Hepno3pinivi opraxiyi, Ao 1,4 %, wo
XapakTepuaye A03piny OpraHiyHy peyoBMHY.

Puc. 2. BitpuHit. AHwnid NIB-10,
cB. JluBeHcbka-1, iHT. 1999-2008,
Dsfm,, aprinit

Puc. 3. BitpoaeTpuHit. AHwnicp KEP-5,
cB. KepHociBcbka-2, iHT. 2153-2158,
Cis4, aprinir

Puc. 4. ®103€eHiT, KONnoTeniHiT,
nipuT. AHwmnid 3711-2,

cB. 3axigHoneBeHUiBCbKa-1,

iHT. 1540-1548, C;s4, NickoBUK
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Puc. 5. KonoreniHirt. AHwnicd BArI-3,
cB. bararoncbka-25, iHT. 3981-3989,
C1v,, BYFNMCTUW apriniT

Puc. 8. KonogeTpuHiT, BiTpOOETPUHIT.
Anuwnid 311-1,
cB. 3axigHo-JleBeHUiBCbKa-1,

iHT. 946-954, C,s4, aprinit

3 aHanisy gaHux MoXHa BUAINUTY iHTepBanu rmmubuvH, Ha
AKNX 30arayeHi OpraHikow nopoau 34aTtHi reHepyBaTu Ha-
¢dTY — Big 900 oo 3100 M, XXMpHWUIA ra3 3 KOHAEHCATOM — Bif
2100 po 4000 m i cyxun ras — Big 2300 go rmm6we 4000 m.

FeoximiyHi ocob6nuBocTi nopia i rasie. OCHOBHUMU
TMNaMmun nopig, Wo MICTATb YLWinbHEHW (CnaHueBuin) ras, €

leoximi4yHi oco6nuBocCTi Nopia niBAeHHOT NpUG0opPTOBOI 30HU [HiNPOBCLKO-OHELbLKOI 3anaguHu

Puc. 6. KonogetpuHit. AHwnic BAr-8,
cB. BaraToncbka-25, iHT. 4335-4342,

C1vy, aprinir

Puc. 9. ®ro3eHiT, BiTPOOAETPUHIT.

AHuwnidcp. 3J1-
cB. 3axigHo-JleBeHLy
iHT. 1420-1428, C;s,

HaTu,

5,
iBCbKa-2,
, aprinit

iHKONW  pyaHi

Puc. 7. KonogeTpwHiT, reniHir,

rno6ynsapHui niput. AHwnid 3J1-5,
cB. 3axigHoneBeHUiBCbKa-2,

iHT. 1420-1428, C,s4, aprinit

Puc. 10. OeTpuHiT, remaTuT.
AHxuwnid IB-8, cB. JluBeHcbka-1,
iHT. 1720-1728, C4Vv4, NicKOBUK

FMUWHUCTI Ta aneBpuUTOBI CraHui Pi3HOro MiHepanbHOro
cknagy. FonoBHMMM MiHepanamu Takvux Nopia € MOHTMOpK-
TIOHIT, KaOMIHIT, XIopuT, rigpocntoan, keapu, onarn, kapbo-
MiHepanu Ta OGiTymn. [eoximiyHi
ocob6nmBocTi nopig nieaeHHoi npubopToBoi 3oHM [1[13 HaBe-
neHo B Tabn. 4.

Tabnuys 4

Nenpo6u | Iutepan,M | IHgekc Mopoaa Copr. % | H0,% [ U104 % | COsaps., %o
CeepanosuHa 3ayenunicbka-90

13-3A 971975 Cis Aprinit 9,80 2,76 4,3 0,16

132-34 971-975 Cis CnaHeub 10,27 2,27 4,8 0,88

131-34 983-979 Css =" 23,74 2,53 6,1 0,88

CeepanosuHa 3adenuniscbka-100

133-34 1270-1278 Cis1 Aprinit 4,28 1,37 3,9 1,21

134-34 1435-1443 Cqv Aprinit 4,04 1,45 4,2 0,88

4-34 1680-1688 Ciqt BanHsik 4,58 2,76 2,5 4,95

CeepanosuHa JIuBeHcbka-3

JliB-15 1550-1558 Civp BanHsik 6,60 2,70 9,8 3,85

JliB-13 1640-1648 Civz =" 6,06 2,38 7,8 8,80
CeepanosuHa Jlnykiscbka-64

Nvy-3 | 28852892 | Cv [ Anesponit 470 | 164 ] 3,7 [ 0,41
CeepanoBuHa YrnbsHiBcbka-18

yn-2 | 23252340 | Ci;s;  |Aprinit | 1036 | 204 | 74 [ 0,16
CeepanosuHa baratovicbka-25

14* 3294-3301 Cis Aprinit 5,38 1,18 3,7 0,34

15* 3708-3712 Cis Anesponit 5,16 1,20 3,3 0,33

16 3825-3833 Civp Aprinit 3,94 0,80 3,1 0,05

Bar-5 3825-3833 Cis; "— 4,32 1,00 3,3 0,11

Bar-7 3825-3833 Cis2 =" 2,58 0,94 2,7 0,33

17 3981-3989 Civsp IMickoBuKK 1,38 0,24 1,9 0,14

18* 41574163 Civy Aprinit 3,02 0,52 2,8 0,05

19* 43354342 Civs Meprenb 4,82 1,10 9,8 6,32

20* 43784386 Civq BanHsik 2,84 0,84 4,9 16,64

Bar-11 43784386 Civq "= 2,60 1,68 52 2,75

Bar-13 4523-4531 Cit Aprinit 1,20 0,66 0,8 23,1
CeepanosuHa KepHociBcbka-1

31* 2954-2961 Civsp Aprinit 3,62 0,60 3,2 0,69

32* 3004-3011 Civp "— 2,72 0,64 3,0 0,05

33* 3270-3277 Civp "= 4,88 0,56 3,4 0,05

34* 3466-3472 Civp 7,90 2,12 4,6 2,75
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Ne npo6u IHTepBan, m IHaekc Mopoaa Copr. % H,O0", % U104 % COsaps., %o
35* 3472-3478 Civy BanHsik 6,92 1,30 7,1 7,15
Kep-13 3472-3478 Cqv Aprinit 7,12 1,88 52 4,40
Kep-16 3900-3903 Cit BanHsik 1,70 0,98 1,4 30,52
36* 3903-3906 Cit == 2,32 0,80 1,7 35,75
CeepanosuHa KepHociBcbka-2
Kep-2 1612-1619 Cisy Aprinit 3,48 1,46 3,8 1,10
Kep-6 2153-2158 Cis1 " 4,10 1,04 3,8 0,38
Kep-9 2609-2616 Cis4 BanHsik 5,20 1,04 5,1 0,41
Kep-11 3860-3864 ? "= 2,78 0,72 1,0 26,4
CeepanosuHa Beceniscbka-3006ic
21* 3617,8-3624,5 Com Aprinit 4,14 0,96 3,3 0,05
22* 3713-3717 Com " 5,64 1,58 5,2 < 0,05
23* 3758-3761 Com Anesponit 4,64 0,78 4,3 1,10
24* 3818-3824 Com "= 3,80 0,52 4,5 0,69
CeepanosuHa Komuwesacbka-4
37* 1442-1428 Cs Anesponit 2,86 1,22 4.3 0,05
38* 1448-1458 Cs —"— 4,64 1,24 4,9 0,05
39* 1937-1945 Com Aprinit 4,90 1,06 5,0 0,05
40* 2293-2302 Com "= 12,58 0,64 6,3 2,75
41* 2303-2307 Com == 2,56 1,04 3,7 < 0,05
42 2981-2988 Csob Anesponit 2,10 0,94 2,4 < 0,05
43 3380-3390 Cis Aprinit 6,44 0,76 3,7 0,22
44* 3390-3398 Cis == 5,26 0,96 3,0 0,05
45 3610-3620 Civs —"— 4,82 0,80 3,1 <0,05
46* 3620-3631 Civp Anesponit 4,48 0,76 3,0 0,33
47 3795-3807 Civq Aprinit 4,82 0,68 2,7 8,52
48* 3807-3816 Civq " 4,32 0,80 24 < 0,05
49* 3816-3822 Civ4 =" 4,46 0,68 2,1 <0,05
50* 43254332 D; == 5,54 0,80 2,5 0,22
51* 43414350 D; =" 3,88 0,58 2,3 0,05

* [pobu 3i 36imy B.B. Ozaps (2012 p.).

3BepTae yBary Ha ceGe 36arayeHicTb JOCNIAKEHUX MO-

pifg Copr. Ta Craps. [TepLUNI NOKA3HUK XapaKTepusye Banosun
BMICT KeporeHa, a Apyrumn — kapboHaTHUX MiHepanis. Ak Bu-
OHO 3 Tabnuui, BMICT KeporeHa, ik NpaBuIio, 3Ha4yHoO nepe-
BULLYE TPaHUYHi MokasHukM B 1-2 %, carawum B OesKuX
npobax 10—-12 % (3okpema y npobax 3adenuniscbkoi Ta Ko-
MuLLeBacbKoi nnow). U 4ocuTb MOHOTOHHO pO3MNoAineHni y

CnaHueBux TOBLLUAX i 3a3BUYal MiICTUTBLCS B KiflbKOCTSX, 3Ha-
YHO BULLMX 3@ HUXXHIO MEXY NOro BuUsiBNeHHs. [liana3oH BMi-
CTy ypaHy ctaHoBuTb Big 0,8 40 9,8 x 10~ %.

[ns BUBYEHHs cknagy rasiB 3paskiB NepCnekTUBHUX iH-
TepeaniB 3avenuniBcbkoi nnowi 6yno npoBeaeHoO rasoBo-
nipoxpomaTtorpadivyHnin aHania Ha rasaoBoMy xpomaTtorpadi
JIXM-8Mg 3 feTeKTopoM TENSIONPOBIAHOCTI; ras-Hocinh — re-
nin, copbeHT — nonicop6-1, Temnepatypa niponisy — 250,
450 i 650°C (Tabn. 5).

Ta6nuysa 5

Pe3ynbTaTu BU3Ha4YeHHA cknaay rasiB metogom niponisy. CBepanosuHa 3avenuniBcbka-90.
3pasok 132 34 (971-975 m). YopHun cnaHeub. HaBaxka 0,265 r

06'em npoAyKTiB M L . MacoBa yacTka
L Ir aca npoAaykTiB niponisy, MKr/r KOMMOHEHTIB. %
KomnoHeHTH niponisy, Mkn - - 1 2
TemnepaTypHi mexi, °C
50-850 50-250 250-450 450-650 650-850 50-850
H, 7164,45 - 6,95 193,36 444,50 644,80 0,064480
N, 11,25 12,09 - 1,98 - 14,08 0,001408
Cco 5731,44 15,85 293,21 1141,13 5714,11 7164,30 0,716430
CH, 4856,39 0,39 205,13 2140,39 1136,12 3482,03 0,348203
CO, 4958,82 349,50 1485,39 1258,21 6710,47 9803,58 0,980358
H,O 35,06 9419,83 11740,98 5990,94 7911,85 35063,61 3,506361
CoH,4 232,95 - 45,25 229,71 18,56 293,52 0,029352
CzHs 411,95 - 107,88 437,12 14,01 559,01 0,055901
NO - - - - - - -
H,S 1230,28 - 39,64 1268,37 585,40 1893,41 0,189341
SO, - - - - - - -
COS - - - - - - -
CS, 778,87 - 246,49 1025,40 - 1271,89 0,127189
C3Hs — — — — — — —
CsHs 54,34 - 109,71 - - 109,71 0,010971
CoHnm 25,66 - 69,28 - - 69,28 0,006928
Cyma 22757,41 9797,68 13731,66 10726,02 21917,05 56172,40 5,617240

He susisneHo: N,O, NH3, Fo, O,.

Oyxe rasoHacuyeHa npoba, 3okpema BiJHOBHUMU ra-
3amMu, 0cobnmBo BOAHEM i MeTaHOM (BMICT MeTaHy csirae
maike 0,35 % 3a macoto Bif KinNbKOCTi BCbOro Matepiany i

MawiXke TPETUHY Bif YCiX BiZHOBHUX rasiB), MiCTUTb AOCUTb BU-
COKY YacTKy BaXKMX, Y TOMY YMCITi MAQCNAHUCTMX FTOMOJIOriB,
O [03BOMSiE MPOrHO3yBaTWM BUCOKY NEPCMEKTUBHICTL SK
raso-, Tak i HQ)TOHOCHOCTi TaKuX TOBLL.
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BucHoBku. 3a pesynbTatammu NpOBELAEHOro aHanisy
hakTnyHOro matepiany nabopaTtopHux JocnigXeHb kepHa 3
NOTEHLIHO CrnaHuerasoByx TOBLL PO3pi3iB HadhTOrasoBux
pPOOOBMLL Y CBEPANOBUHAX MiBOEHHOI NpuOOPTOBOI 30HM
003 3acikcoBaHO HEPIBHOMIPHMIA CTYNiHb TepMarnbHOI ne-
pepobku nopia.

3okpema goBedeHo, WO TepmaribHa 3pinicTb nopig nie-
AeHHOI NpnboPTOBOI 30HN B Mexax 3a4enuniBcbko-JleBeH-
LiiBCbKOro Bany € BKkpan HEPiBHOMIPHOIO K 3a NioLeto, Tak
i B pO3pisi 1 nuLLe Ha okpeMux AinsHkax (cBepAnoBuHu ba-
ratonceka-25, KepHociBcbka-2) abo Ha rnmnbuHax noHag
1500 m (cBepgnoBuHu 3adenuniBcbka-100), u4M  HaBiTb
2700 m (cBepanoBvHa YnbsHiBCbka-18), csarae NpURHATHUX
BEINWYMH, JOCTaTHIX AN ra3oyTBOPEHHsl. ToMy, He3Baxa-
H0YM Ha [OCTaTHLO BUCOKWUIA BMICT Copr, SIKMIA, SIK MPaBUIo,
3Ha4yHO nepesuye 1-2 %, NEpCneKkTUBHICTL LiET AiNAHKA
nisgeHHoT npnbopToBoi 30HM 03 woao BiAKPUTTS BEMMUKMX
noknagais CrnaHLeBoro rasdy 4u rasy yLinbHeHnX nopig € se-
nemu npobnemaTnyHolo. Ckopiw 3a Bce, TYT He Cnif, o4iky-
BaTW BENUKMUX MOKMNajiB HeTpaguuinHOro rasy, ski MawTb
3HaYHY TOBLLMHY, XO4 JIOKarnbHi NiH30MoAibHi noknaan ToB-
LLMHOIO A0 AEKiNbKOX OecATKIB METPiB MOXYTb MaTW Micue.
OcobnnBo ue cTocyeTbCcs parioHy ceepanoBuH Barartoin-
cbka-25 i KepHociBcbka-2. MporHosHi pecypcu crniaHueBoro
rasy uiei AinsHKM 3a aHanorielo 3 NoAibHMMN CTPYKTYypamm
BiJOMMX craHLeBorazoBmx 6acenHiB cBiTy MOXyTb OyTu no-
nepeaHbo ouiHeHi B 40-50 mnpg m2.

TakvM YnHOM, HanbinbLL NEePCNEKTUBHOIO AiNSHKOK MiB-
OEHHOI MpUBOPTOBOI 30HM (i3 BUBYEHMX HAMM) LLLOAO KOMMIe-
KCY MOKa3HWKIB, SKi XapaKTepuayloTb MNOTEHUINHO ra3oBMiCHi
cnaHuesi nopoan, € panoH cB. baratonceka-25 i KepHocis-
cbka-2. Lle Tpeba BpaxoByBaTu Npu NnaHyBaHHi NnoganbLumX
reonoropo3sigyBarnbHNX PobiT Ha cnaHueBui ras. 3 aHanisy
OaHVX MOXHa BUAINUTY iHTEpBanu rMubuH, Ha sikux 3baradeHi
OpraHikol nopogu 3gatHi reHepyBatn Hadty — Big 900 oo
3100 ™, xupHUI ra3 3 koHgeHcaTom — Big 2100 go 4000 m i
cyxwuii ra3 — Big 2300 go rnmnbwe 4000 m.
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Hapinwna ao peakonerii 01.10.19

PROSPECTS OF UNCONVENTIONAL OIL AND GAS POTENTIAL
OF THE SOUTHERN ZONE OF DNIEPER-DONETSK DEPRESSION

Based on the analysis of numerous works and publications, the studying of core samples, the interpretation of well-logging data, the studying of
geochemical features and the degree of thermal processing of oil and gas strata, the prospects for unconventional oil and gas potential of geological
structures and formations of the Zachepiliv-Liventsivsk shaft of the southern zone of the Dnieper-Donetsk Depression (DDD) are determined, which
corresponds to the Rudenkivsko-Proletarsky oil and gas region. Based on the studies, it is proved that the thermal maturity of the rocks of the southern
zone within the Zachepiliv-Liventsivsk shaft is extremely uneven both in area and in section and only in certain areas (Bagatoyska-25, Kernosivska-2
wells), or at depths greater than 1500 m (well Zachepilsvska-100) or even 2700 m (well Ulyanivska-18), reaches favorable values sufficient for gas
generation. Therefore, despite the rather high content of TOC, which, as a rule, significantly exceeds 1-2 %, the prospects of this section of the southern
zone of the DDD with respect to the discovery of shale gas or gas of tight rocks are very problematic. According to the set of indicators characterizing
potentially gas-containing shale rocks, the most promising section of this part of the southern zone is the well area. Bagatoyska-25 and Kernosivska-2.
Predicted shale gas resources of this section can be preliminary estimated at 40-50 billion m®. This should be taken into account when planning further
exploration for shale gas. From the data analysis, one can distinguish depth intervals at which rocks enriched with organic matter can generate oil — from
900 to 3100 m, fatty gas with condensate — from 2100 to 4000 m and dry gas — from 2300 to deeper than 4000 m.

Keywords: shale gas, tight reservoir, oil and gas basin, resources, well logging.
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KneBckui HaumoHanbHbIW yHuBepcuteT umeHu Tapaca LlleByeHko,

YHU "UHcTuTyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

NEPCINEKTUBbI HE'!'PAHI/ILI,I/IOHHOVI HE®TETA3OHOCHOCTU
IOXXHOU NMPUBOPTOBOU 30HbI AHEMPOBCKO-AOHELIKON BNAOUHDbI

Ha ocHoee aHanu3sa MHo2o4uUcCneHHbIX pabom u ny6nukayull, u3y4YeHus KepHa CK8aXuH, nepeuHmepnpemayuu 0aHHbIX 2eoghu3udecKux ucce-
doeaHuli cKeaKuH, uccredogaHusi 2eoxumMu4ecKux ocobeHHocmell u cmeneHu mepmasibHoU nepepabomku HeghpmezasoemewjarowWux moJsuy onpe-
OesleHbl nepcrnekmuebl HempaduyUOHHOU Heghme2a3oHOCHOCMU 2eo0s102u4ecKux cmpykmyp 3a4qenunoecko-/lueeHy08CcKO20 easia HKHOU
npu6opmosoli 30HbI [JHenpoecko-LoHeykol enadunbi (4B), komopasi coomeemcmeyem PydeHkoecko-lIponiemapckomMy Heghmeaa3oHOCHOMY pau-
oHy. Ha ocHoee nposedeHbix uccnedosaHuli dokazaHo, Ymo mepMasibHasi 3pesiocmb nopoad roxHol npubopmoesoli 30HbI 8 npedenax 3ayenuso8cKo-
JlueeHyoeckozo eana siensiemcsi kpaliHe HepagdHOMepPHOU Kak Mo niaow,adu, mak u e paspese, U moJsibKo Ha omaAesibHbIX y4acmkax (CkeaxuHbl baza-
molickasi-25, KepHocoeckasi-2) unu Ha a2ny6uHax 6osiee 1500 M (ckeaxkuHa 3avenusnoeckas-100), unu daxe 2700 M (ckeaxkuHa YnbsiHoeckasi-18), doc-
muezaem 6n1a2onpusimHbIX 8eslu4uH, 00CmamoYHbix Onsi 2a3oobpa3oeaHusi. [Toamomy, HecMompsi Ha AocmamoYHO ebicokoe codepkaHue Cope,
Komopoe, KaK rnpaeusio, 3HayumeJsibHO npesbiwaem 1-2 %, nepcrneKmMueHOCMb 3MO20 yYyacmka FHol npubopmoeoli 30Hb! [[JB e omHoweHuu
OMKpbIMusi 3aexell c/1aHyee020 2a3a usu 2a3a yniaomHeHHbIX Nopod eecbMa npobnemamuyHa. Hau6onee nepcnekmueHbIM y4acmkoMm amol Ya-
cmu npu6opmoeoli 30HbI MO KOMIIEKCY nokazamersel, Xxapakmepu3yrouwux nomeHyuaabHO 2a3ocodepaujue criaHyeseble nopoodsbl, siessiemcsi
patioH cke. Bazamolickasi-25 u KepHocoeckas-2. [[po2HO3HbIe pecypcChbl C/laHye8020 2a3a 3Mo20 y4acmka Mo2ym 6bimb npedeapumesibHO OYeHeHbI
6 40-50 mMnpd M°. Imo Hado yyumbieame NpU NaaHUposaHuu AanbHelWux 2e0/1020pa3eedoyHbIX pabom Ha claHyeeblIl 2a3. M3 aHanu3sa daHHbIX
MOJXHO 8blOesiumb UHMepe8asbl 271y6uH, Ha KomopbIx o602aujeHHble op2aHUKol Nopodsbl cnocobHbl 2eHepupogamb Hegpbmb — om 900 Ao 3100 m,
JKUPHBIU 2a3 ¢ KoHOeHcamom — om 2100 Ao 4000 m u cyxoli 2a3 — om 2300 0o any6ixe 4000 m.

Knroyeenle crioea: cnaHyeenil 2a3, yniomHeHHbIU KosiieKmop, Heghme2a3oHOCHbIU 6acceliH, pecypcbl, 2eoghusuyecKue uccrieGo8aHusi CK8aXKUH.
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OHNOHUTOBBLIE AJAUKM BOCTOYHOIO KA3AXCTAHA
U CNELLMOUKA UX PYAOHOCHOCTMU

(MpedcmaeneHo 4YieHoM pedakyiliHoi Koneail 0-poM 2eos. Hayk, npogh. C.A. Buxxeoro)

Paccmampueaemcsi 2eomekmoHu4ecKasi mo3uyusi, 8o3pacimn, oco6eHHOCMuU 8eu,ecimeeHHo20 cocmaea u pydoHOocCHOCMu no3dHe-
naneo3otickux dalikoebix nosicoe BocmoyHozo Kazaxcmana. bonee paHHsisi 2pynna daek u 2unabuccarnbHbIx MasibiX UHMpYy3uli 2a66po-
duopum-zgpaHoduopum-nna2uozspaHumoegol cepuu, cghopMupo8aHHas 8 KO/I/IU3UOHHOU 2eoduHamuyeckoli o6cmaHoeke (C,.3-C3) Ha co-
4yneHeHuu KasaxcmaHcko2o u Cu6upcko20 MUKPOKOHMUHEHMo8, 06pa3yem npomsikeHHble UHMpYy3ueHo-0alikoenle rosica ceeepo-3a-
nadHo20 HanpaesieHusi u siesisiemcsi nNPodykmueHolU Ha Maz2mamuyveckoe MeOHO-HUKesiegoe, MeOHO-nopghuposoe u 30/10moe
opydeHeHue. Bmopasi 2pynna daek 2a66poduopum-z2paHummnopgupoeoli cepuu (P;) nocnebamosumoeozo muna obpa3soeasach e rnoc-
MKOJITU3UOHHBLIX 2600UHaMUYECKUX YC/I08UsIX Ha 3asepliaroujeli cmaduu 2epyUHCKO20 IMEeKMOHO-MazMamu4yecko20 Yukna, gpukcupy-
emcsi ceeepo-80CMOYHLIMU M0sICaMu, 8 COCImaee KOmopbIX MOJILKO MO30HsIs1 2eHepayusi daek Keapueebix Mopghupos u KeapyeebIx
anbbumoghupoe omHocumMcsi K OH2OHUMONoGO6HLIM 06Pa308aHUsIM.

lMpueodumcsi xapakmepucmuKka OH20HUMOMNOA06HbLIX MOMNa3oHOCHbIX 0aek Kan6a-HapbiMckol 30HbI U MpmbiwcKoUl 30HbI
cMsamusi, nod4epkusaemcsi MPOUCXoX0eHuUe Ux U3 OCMamoYHbIX 2/ly6UHHbIX MazMamu4yecKux o4a208 U 2eoxumuyeckasl crie-
yuanusayus Ha peokue memansnsi (Ta, Nb, Li. Sn, W u dp.). OH2zoHUmoeble daliku umerom o6bI4YHO ceexuli 061IuK, 8bI0epP)XaHHbIU
nempoezpaguyeckuli cocmae u He codepxxum opyOeHeHuUs1 npakmu4yeckol 3Hayumocmu. [fpocmpaHcmeeHHasi IPUypPoYeHHOCMb
ux K 2paHUMHbLIM Maccueam, WupoKoe pa3eumue Ha pyOHbIX MoJisiX u o6o2aujeHHocmb pyGOHOCHLIMU ¢hbilroudamu U peodKuMu
wesio4amu, Mo3eo0JIAH0M paccmMampueams OH20HUMbI 8 Ka4ecmee 671a20MPUsiMHO20 MOUCKO08020 Kpumepusi 07151 NPo2Ho3upoea-
HUs1 CKpbIMbIX peGKoMemasiu4ecKux Mecmopo)xoeHud.

Knroyeenle crioea: daliku, OH20HUMbI, 803pacm, cocmae, pedkue MemaJisbl, Mpo2Ho3uposaHue, BocmoyHbili Kazaxcman, Bonbwol

Anmadi.

BeepeHune. Tepputopma BocTtoyHoro KasaxcTaHa
00beanHaEeT repuuHcKMe reoniormyeckme CTpykTypbl bBonb-
woro Antas (PyaHbii Antan, Kanba-Hapbeimckas 3oHa, 3a-
nagHas Kanba u JKapma-Cayp), orpaHuWyeHHble
kanegoHugamu MopHoro AnTtas (Ha ceBepo-BOCTOKe) 1 Yn-
Hru3-Tapbaratas (Ha toro-zanage). Hebonblwylo nnowaab
3aHuMMatoT cTpykTypbl CeBepHoro Mpubanxalwbs. Paccmar-
pvBaeMbIi F€ONOrMYECKUI MOMUIOH, BXOAALWMA B 06LLYO
cuctemy LleHTpanbHo-A3matckoro nosica, 06beguHsieT
MHOTME KpYMHble U YHUKarnbHblE MECTOPOXAEHUS MeaMm,
CBUMHLUA, LUMHKa, 30M0Ta, cepebpa, 3BECTHbI Takke peako-
MeTannuyeckue n pegkos3emMernbHble 06beKTbl U Apyrne no-
nesHble UcKkonaemble, Ha ©0as3e KoTopbix paboTarT
NPeAnpUATHS rOpHOMETaNsyprMyeckoro KoMmnekca.

B HacToswee Bpemsa B BocTtoyHoM KasaxctaHe ocTpo
cTouT npobnema BOCNofHeHs1 MUHeparibHO-CbipbeBoN Gasbl
LBETHbIX, 6GnaropofHbIxX U pegkmx metannoB. OcoGeHHo ak-
TyaneH BOMPOC BO3POXAEHMS NPOrHO3HO-MOUCKOBLIX U reo-
noropassefoyHbIx paboT Ha pegkue meTannsl (Ta, Be, Li, Sn
W Op.) B CBA3N C OTpaboTKOW M KOHCepBauuen B KOHUE
90-x roadoB M3BECTHBLIX PEAKOMETANIMYECKO-NErMaTUTOBbIX
MecTopoxaeHun bakeHHoe, KO6unenHoe, Benasi Mopa u ap.

BaxHewwel 3agaden siensieTcs paspaboTtka pernoHarnbs-
HbIX W NOKanbHbIX KpUTEPUEB rMNyOUMHHOrO reoriorMyeckoro
NPOrHo3a CKPbITbIX PEAKOMETaNNNYECKUX MECTOPOXAEHNI B
Ka4yecTBe Hay4HOW OCHOBbI MOCTAHOBKM AarbHENLIMX reoro-
ropaseeoyHbIX paboT. B aTon cBsI3n ocTalTca HegocTaTo-
YHO W3YYEHHbIMU BOMPOCHI FEOTEKTOHWYECKOW MO3uLMU,
MaclTabHOCTVN pasBUTUS, BELLIECTBEHHOIO cocTaBa U pyao-
HOCHOCTWN OHFOHMTOBBLIX AaekK, MPOSIBMEHHbLIX B PasfIUYHbIX
panoHax BocTtouHoro KasaxctaHa. Llenbto uccnegosaHms sie-
NANOCb YTOYHEHWE rEONIorMYECKON NO3vuMM pasHOBO3pacT-
HblX [aiKoBbIX MOSICOB Ha OCHOBE COBPEMEHHbIX
reoTeKTOHUYECKUX KOHLEMUWIA, OOMNOMHUTENBHOE U3y4YeHue

BELLIECTBEHHOIO COCTaBa OHIOHUTOBLIX AA€EK C UCMONb30Ba-
HMEM MEeTOOO0B 3MEKTPOHHON MUKPOCKOMUKN 1 OLLEHKa cre-
uncpmkn  ux  pegkoMeTannuMyeckon  pyaoOHOCHOCTH,
UMeloLne HayyHoe 1 NpuKnagHoe 3HayYeHve.

MeTogonorua nccneqoBaHuie 3aknoyanach B KpUTuye-
CKOM aHanu3e MaTepuaroB reorioro-CbeMoYHbIX paboT Ma-
cwtaba 1:50 000 npownbiX feT C WCMNofb30BaHNEM
COBPEMEHHbBIX KOCMOCHUMKOB M NUTEPATYPHbLIX NCTOYHUKOB
pasHbIX NeT, NPOBEAEHWU NOMEBbIX 3KCNEANUMOHHBLIX paboT
Ha OCHOBHbIX peAKOMeTanInMyeckmx pyaHbix nonsix Kanobei
n WPTHILWCKON 30HbI, M3Yy4YeHUV BELLECTBEHHOro cocTaBa
OHroHWTOBbIX Aaek B nabopatopun IRGETAS BKI'TY meTo-
namu macc-cnektpomeTtpun (ICP MS Agilent 7500 cx), ane-
KTPOHHOM Mukpockonun (JSM—6390 LV). BbinonHsanuce
neTporpaguyeckme 1 NETPOXMMUYECKME NCCIEL0BaHNS.

BbIno ycTaHOBMNEHO, YTO rMaBHbIE TUMbI MECTOPOXAEHWIA
penkvMx MeTanrnoB B peroHe ccopmupoBanuncb B MOCT-
KOMMU3NOHHON (OpPOreHHON) BHYTPUMMUTHOW reoguHamMuye-
Ckov 06CTaHOBKE, CONPOBOXAABLUENCS MOLLHBIM Pa3BUTMEM
rPaHNUTONAHOrO MarmMaTnuama NepMCKOro BpEMeEHM, XapakTrep-
HOro Ay MHOTMX pavioHoB LleHTpanbHon Asuun. (Bnadumu-
pos u 0p., 2008; Lepzayes, 1989; Kyubuda u dp., 2009;
Mizernaya et al., 2017). TpoCTpaHCTBEHHO OHW pa3wve-
LLAIOTCH B rPaHUTOMAHBIX NOsICax CeBEpO-3anagHoro npocTu-
paHusl, KOHTPOSIMPYOTCS CUCTEMON FMYOUHHBLIX Pa3noMOB U
roKanu3oBaHbl NPEVMYLLIECTBEHHO B TEKTOHUYECKU Ocnab-
NEHHbIX 30HaX C CMaNUYeckMmM TUMOM pa3pes3a 3EMHOW KOpbl
(Bnadumupos u 0p., 2008; Han et al., 2014, Khromykh et al.,
2016; Lllepba u dp., 2000).

Kan6a-HapbIiMCkuii rpaHUTOMOHBINA NOSIC ABMSIETCA Be-
ayuwien pegkomeTannumyeckon cTpyktypon Bonbwioro An-
Tas, B KOTOPOW COCPEAOTOYEHBI MHOTME MECTOPOXAEHMUS U
pyoonposiBreHns pegkoMmeTannmyeckux nermatutos (Ta,
Nb, Be, Li, Cs, Sn), anbbutut-rpeiizeHoBble (Sn, Ta, Li),
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rpen3eHOBO-KBaApPLIEBOXUIBHLIE Y TMOPOTEPMAribHbIE KBap-
LueBoxunbHble (Sn, W), a Takke poccbiny TaHTanuTa, kaccu-
TepwTa, BonbdpamuTa, Weenita n MoHauuTa, B OCHOBHOM
oTpaboTaHHble (Bcero nopsaka 405 ob6bekToB) (Kyltibuda u
Op., 2009). OnpepeneHa NpPOCTPaHCTBEHHO-reHeTn4eckasi
CBSI3b [NaBHOrO peakomeTannunyeckoro opyaeHenus (Ta,
Nb, Be gp.) c rnaBHon cason KanbuHckoro komnnekca, co-
NOCTaBMSIEMOro C NErMaTUTOHOCHOW rPaHUTOBOM CUCTEMOMN
rpaHMTONAO0B HOpManbHONM WenovHocTn (beckuH u MapuH,
2017). YcTaHOBNEeHa pa3HOBO3PACTHOCTb A4alKOBbIX Nopos,
paHHME M3 KOTOPbIX B MPEXHUX CXeMax marmaTtuama
paccmaTtpvBanvcb kak gobaTtonuToBble  0bpasoBaHus
(kyHyLicknii komnnekc (Cs)), @ no3gHMe OTHOCUMCH K MOCT-
6aTonuToBbIM Aankam Il aTana (nocTkanOUHCKMI KOMMNIEKC)
(no O.C. KopxwuHckomy).

MocTkanGuHCKMIA [ANKOBbIA KOMMIEKC, LWMPOKO MPOSiB-
nNeHHbIn B Muponto6oBckOM rpaHUTHOM MaccuBe, BrnepBble
JetanbHO oxapaktepu3oBaH B paborte K.I'. BorgaHoson
(boedaHosa, 1960). Komnnekc npeacrasneH gankamu rab-
6po-guabasos, AManMpoBbIX NOpPgMPOB, KBapLEBbIX MOp-
UpoOB  CMOXHOMO  cocTaBa, CHOPMUPOBaHHLIX B
3aKIMIOYMTENbHbIA 3Tan FepUMHCKOro TEKTOHO-MarmaTtude-
ckoro umkna. Cpean HMX B BO3pacTHOM OTHOLLEHWMW Bblae-
NSTCA TpU NocnefoBaTenbHbIE TPYNMbl Aaek OCHOBHOIO
(5 %), cpepHero (70 %) v kucnoro (25 %) coctasos. lNpoc-
TupaHue gaek CB 30-75°, yrnbl nageHus kpynHele (75-85°),
MOLLHOCTb MX gocturaeT 1,5-6 M, a AnvHa cocTaBnseT co-
THU METPOB — NepBble KUMOMeTPbI. [laikn KBapLeBbIX nop-
upoB copepxaT BKpanieHHVWKM KBapua M KBapLeBOro
MoneBoro Lnarta 1 xapakrepuayloTcs (enb3nToBon, Nces-
[0eponNnTOBON 1 NOMKUIUTOBOW CTPyKTypamu 6asuca. B
NpoLLIbIE roAbl B NOCTKanGUHCKOM KOMMIIEKCE OHFOHUTHLI HE
BblaeNnsinuck. B ganbHenwem 6onee no3gHss rpynna nop-
(hbupoBbIX faek BbiaeneHa B rabbpoaunadas-rpaHntTonopdu-
poByto copmaumio  (Mupornobosckun - komnnekc  P2)
(Kytbuda u dp., 2009; LLlepba u dp., 2000).

BnepBble NnUTUn-cpTopuUcTble rpaHnT-nopdunpsl, Npeano-
naraemMble aHanoramu OHroHUToB, 6binn onucaHsbl (Mywko u
0p., 1978) B YeuekckoM aarikoBoM nosice pThILLCKON 30HbI
cMsTUA. o MX AaHHbBIM, 3TO NOPOAbI CBETIO-CEPOI OKPaCKu
C NopvpoBLIMU BKpanneHnkamu kBapLa, ansburta un kanu-
eBoro nonesoro wnaTta. OcHoBHas Macca MMeeT MUKPO3e-
PHUCTYIO, MUKPOANIoTPUOMOPMHO3EPHUCTYIO CTPYKTYPY.
CooTtHowweHne muHepanos (%): anbbut (40-50), kanuesbin
noneeon wnat (8o 15-20), kBapy (40 25), NMMTUEHOCHbIE
cntogbl (10-15). Anbbut (Ne2-5) npeactaBneH BKpanieHHn-
KaMu HenpaBurbHOM hopMbl, KOPPO3MPYETCA OCHOBHOWN Ma-
cco. KanveBbl MoneBoW LWNaT BCTpeyaeTcsa B Buae
BKPanieHHNKOB N30METPUYHON hOpMbl, COAEPXKUT MErKne
BKIOYeHMs anbbuTa n cntogbl. Keapl o6pasyeT BkpanneH-
HWKWN, HEPEOKO OrpaHEHHON (hOpMbI, U COOEPXUTCA B BUAE
MErKux 3epeH B OCHOBHOM Macce. Cnioabl npeacTaBrneHbl
6ecuUBETHbIMU YeLlynKaMm, CoOOEPXKALLMMUN BKITFOYEHWS anb-
6uTa, kanuwnata n anatuTa. 1o cocTaBy COOTBETCTBYIOT
NUTUEBBIM MYCKOBUTaM. AKLIECCOPHbIE MUHepansbl: droo-
pvT, TONa3, rpaHart, UIbMEHWUT, KACCUTEPUT, TypMarvH 1 ap.
Mo neTpoxummnyeckum AaHHbIM B HUX npucyTcTBytoT Na20
(5 %), K20 (3,62 %), F (1,31 %). Mo reoxumumyeckum aaH-
HbIM nopoabl oborawieHsl (r/T): Li (1196), Rb (1228), Sn
(150), Nb (60), Ta (20) n no aTum NpusHakam ConocTaBns-
t0TCs ¢ oHroHmTamu no B.N. Kosanerko (1977) v gpyrum aB-
Topam (AHmunuH u 0Op., 2009; [llouenyee u dp., 2008;
Cokornoea u dp., 2016). Kak n3BeCTHO, K OHFOHUTaM OTHO-
catcsa nopofbl ¢ cogepxaHnem Na20>K20. Bonee getanb-
HOoe wu3yyeHue OHroHuToB BoctouHoro KasaxcraHa
BbinonHunu C.B. Xpombix n E.H. CokonoBa Ha npumepe
Yeyekckoro n AXMMpOBCKOro AankoBbix nosicoB (Cokornosa
u dp., 2016; Xpombix u dp., 2018).

Pe3ynbTaTthl uccnegoBaHui. HawvmMu nccnegoBaHm-
AMWN YTOYHEHa reoTeKTOHMYecKasi No3nums 1 pyaoHOCHOCTb
[alikoBbIX NOACOB B 06LLen cTpykType Bonblioro AnTas.

B Kan6a-Hapbimckoli 30He BblgensatoTcs ABe Bo3pacT-
Hble rpynnbl AarkoBbix nopod: 1) nobatonutoBas konnu-
anonHoro  Tuna  (C23-C3) un  2) nocnebatonutosas
noctkonnuanoHHasa (P2). MepBas rpynna npencrtaeneHa
navikamm rab6poanabas-gnopuT-rpaHoguopuT-nnaruorpa-
HuTOBON cepumn (C2-3-C3) KOMMM3MOHHOrO Twna, obpasyto-
LWMMKW  NPEepbIBUCTbIE  pernoHarnbHble Mnosica CceBepo-
3anagHoro HanpaeneHus (KyHyLUCKUA KOMMEeKC U ero aHa-
noru). Vix Bo3pacTHas no3uunsi onpeenseTca TEM, YTO OHU
NMpopbLIBalOT OTNOXEHMS GyKOHbCKoOW (C2) 1 MaiTHBUHCKON
(C2-3) cBuT, a camu cpesarloTca U MeTamopduyrTcst rpa-
HUTHBIMU MHTPY3UsiMU KanbuHckoro komnnekca (P1). Mos-
[HEKaMEeHHOYTOmMbHLIN  BO3pacT [Jdaek MoATBeEpPXOaeTcs
HOBbIMW PaAMOreoXpoHonornyeckuMmn aaHHeiMu (Kytibuda
u Op., 2009). B npocTpaHCTBEHHO-TEHETUYECKON CBSI3N C
H/MW acCOLMMPYIOT NPOMBbILLNIEHHbIE 30M10TOPYAHbIE MecC-
Topoxaenus (Dyackov et al., 2017, Mizernaya et al.,2017;
Mizerny et al., 2017). Btopas rpynna ra66poguabas-rpa-
HUTNOPMPOBLIX Aaek chopmmpoBanachk B NOCTKOMN3NOH-
HoM (oporeHHon) reognHaMm4eckomn obcTaHoBKe,
KOHTPONMPYETCS CEeBEPO-BOCTOMHLIMW pasfiomamu, nepe-
cekaeT rpaHuTHble MaccuBbl kanbuHckoro (P+1) n MoHac-
TbIpckoro (P2) KOMMNeKcos.

Hanbonbluasi KOHLEHTpauus Aaek oTMevaeTcs B npege-
nax rpaHUTHbIX MaCCUBOB, B CITAHLIEBOW TOSLLIE MX KOMNMYECTBO
COKpaLLaeTcsl, oTAenbHble Aavikv MPOHUKAOT B VPThILLICKYIO
30Hy cmaTus. MNogvepkmBaeTcs roMogpoMHas nocrefosare-
NbHOCTb hOPMUPOBaHWS LAKOBOW CEPUM C 0Opa3oBaHNEM Ha
3aKMIOYNTENBHON CTauM OHMOHUTOB WM OHIOHWUTOMOAOGHbBIX
naek. ABTopamu CTaTbi NPOBOAMMIOCH MX M3ydeHue B Lynb-
OUHCKOM pYAHOM paroHe U Ha APYruX yYacTkax.

LynbbuHckul pyOHbIl palioH pacnorioXeH Ha ceBepo-
3anagHoM dnaHre Kanba-Hapbimckoro pegkometannuue-
CKOro nosica, B6rM3n poccumnckon Tepputopum (muct M-44-
IX). TpaHuueln panioHa Ha CeBepo-BOCTOKE SABMSETCA
MpTbilckasi 30Ha cMATUSA, Ha toro-3anage no cucreme Te-
PEKTUHCKOro rnyOuMHHOro pasrnoma OH OTAeNnseTcs oT 30J10-
TopygHoro nosica 3anagHon Kanbbl M B OCHOBHOM
nepekpbIT YEXIOM PbIXNbIX OTAOXeHU (puc. 1).

Mo maTepuanam reonoro-reouanyecknx paboT npoLu-
nbix net B LLyns6uHckoMm parioHe BblAensoTCs CKpbIThbIe rpa-
HWTOMOHbIE MacCuBbl, OTAErNbHblE anodusbl  KOTOPbIX
BbIXOAAT Ha [HEBHYH MoBepxHOocTb (puc. 1). MowHocTb
MaccuBOB AocTuUraeT 6onee 4 kM, NOBEPXHOCTb NX HEPOBHas
C nokarnbHbIMU rpebHeBUAHBIMU BbICTynaMmu. B rpeiseHmnsm-
POBaHHbIX FPaHNTaXx M crnaHuax HaaMHTPY3UBHON 30HbI ccho-
pMMpoBanucb rpenseHoBbIe 7 KBapLEBOXUIMbHbIE
pyAonposiBMeHns, NpeacTaBneHHble B OCHOBHOM MHOMOYUC-
NEHHbIMW KBapLEBbLIMY XUnamu 1 NpoXunkamu ¢ Bonbdpa-
MUTOBOM M KacCUTEPUTOBOWN MuHepanu3aumen (Kopoctenwu,
KoxaHkynb, CtenaHoBckoe, PxaBas Conka v gp.).

PydonposienieHue Pxasasi Corka npeAcTaBneHo Kpymn-
HOW AalnKkon KBapLueBbIX NOPGUPOB C KaccuTepuT-cynbuna-
HoW MUHepanusauuen, dukcnpyemon B BUae
rpebHeBnaHoro Beixoda (puc. 2, A). BeisBneHo pabotamu
M.W. MonTopbixvHa n ap. (1957-1959 rr.), B gansHenwem
ero nsyyanu B.H. Kanwmakos, B.®. Kawees, A.M. balukup-
ues, A.E. CtenaHoB u ap. [lanka BbITSHyTa B CEBepO-3ana-
OHOM HanpasneHun Ha 800 M npu mMowwHocTh Ao 10-20 m,
yrnbl nageHuns 75-80° Ha ceBepo-BocTok. Mo A.E. Ctena-
HOBY Ha 3TOM Y4acTKe BblAEnseTcs elle 8 aHanormyHbIxX
naek anuHon 80—-100 m, MowHocTbio 6—20 M 6e3 BMaAnMOM
pYyOHON MUHEepanuaauuu.

Hamu npu peBn3noHHbIX paboTax BGM3m conku Habnoga-
nmce HebonbLuMe BbIXOOb! NENKOKPATOBbLIX IPaHUTOB C BKpar-
NEHHOCTLI (PropUTa M NOBLILEHHLIMW COAEPXXaHNAMU B
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wrydpHbIX Npobax W, Sn, Bi, Cu, Pb, Zn. Mo neTtporpaduye-
CKOMY COCTaBy kBapLeBble Nopdupbl XapakTepusytoTCs BbICO-
KAM CcoAdepaHWeM KBapua, Tornasa W MOBbILLEHHON
OJIOBOHOCHOCTBI0. [MaBHbIN PYAHbIA MUHEpar — KaccuTeput
TOHKO3EePHMCTON MoAMMKaLIMM, COMYTCTBYOLLME — KBAPL,, My-
ckoBuT 1 Ap. OTMeyaeTcs Takke BKpanneHHOCTb LIMPKOHa, MO-
HaumMtTa M ypaHuTa. B U3MeHEHHbIX PasHOCTSX LUMPOKO

a) :

I s =
I nogorsk
Kazakhstan
] 200 L
! ' 80

NposiBreHbl MMAPOOKMCIbI XXene3a u MapraHua. o pesynbTa-
TaMm MacC-CreKTpOMETPUN KBapLeBble NOpdUpbLl CBETON
OKpacku OTMEeYalTCH KanMeBO-HaTPUEBOM  LLEMOYHOCTHIO
(Na/K=1,8), noBblLeHHbIM cogepxaHunem Ca (2,75 mac. %), P
(0,37 mac. %) v Hu3kuMK 3HaveHnamu Fe, Mg. Cpeam pegkunx
3NEMEHTOB BbisIBNEHbI aHOMarbHble coaepxanus Li, Rb, Sn,
a Takke BecoBble 3HaveHus Ta, Nb (tabn. 1). Cymma pegkux
3eMernb Hesbicokas (21,83 r/T).

Puc. 1. Feonoruyeckoe ctpoeHme Llynb6uHckoro panoHa Kan6a-HapbiMmckoro pyaHoro nosica:
a — ob3opHas cxema; 6 — 1 — kaliHO30MCKME PbIXIble OTMOXEHUS: CYTTIMHKK, CYyNnecu, Necku, rMuHbl, anesputhbl, rpasui (KZ);
2 — 3eneHble MeTamopdMyecKkme CriaHLpbl, NecHaHvku, aneBponuThl (Ds); 3 —YepHble criaHubl, NecHaHUKk, aneBpPONUTbI TakbIpckoi cBuUTbI (Dg);
4 — ynbTpabasntsl (PR?); 5 — rab6po-gnabasel, rabbpo-anoputsl, anabassl (C4); 6 — rpaHuTONabl KanbuHckoro komnnekca (Pq);
7 — cKpbITble MaccKBbl rpaHnToMaoB. MeTannoreHuyeckue 3oHbl: M — VpToilickas,
KH — Kan6a-Hapbimckas. PyaHble o6bekThl: 1 — CTenaHoBckuit, 2 — KomapoBsckuin, 3 — BnivkHuie, 4 — KopocTtenesckui,
5 — PxaBas Corika, 6 — KoxaHkynb

Monauur

Puc. 2. PynonposiBneHue PxaBasi conka, gavka kBapLeBoro nopdupa:
BKIMIOYEHNSI TaHTanNuUT-konymbuTa: a — BepeTeHoobpasHo 1 6 — ame6oBMAHON OPMbI B KBapLIE;
B — MAMOMOPMHOE 3ePHO NUPUTA 1 BKPANIEHHOCTb MUKPONUTA; I — MOHALMT C U3pe3aHHbIMU rPaHsIMU B KBapLe;
4 — 9apynTuBHble 6pekynn B rpeGHEBUAHOM BLICTYNE Aalikv KBapLEBOro nopdumpa; e — oTopoyka 6ypbix xernesHsikoB B obpasLie kBapLeBoro
nopdupa, MUKPOBKITIOYEHNS MUHEPAIIOB B KBapLEBbIX MOpdMpax CBETNOW OKPacku

Ta6nuuya 1
CopepxxaHue peAKuX 3NIeMEHTOB B KBapLieBbIx nopdupax pyaonpossneHus Pxasas Conka (r/T).
Pe3synbTatbl aHanusoB ICP-MS. AHanuTtuk C.H. NonexaeB

MNpo6Ga Ta Nb Be Li Rb Cs Sn w Mo
PC-3 2,11 21,39 1,14 318,6 164,2 4,88 12,07 0,65 0,88
PC-4 0,76 10,47 0,91 27,57 12,40 0,31 46,20 2,83 3,13
PC-6 0,28 4,85 1,11 19,52 8,80 0,24 46,22 0,70 1,67
PC-9 1,72 18,62 1,09 33,20 36,45 0,39 33,68 0,71 1,46
CpegHee 1,22 13,83 1,06 99,72 55,46 1,46 35,04 1,22 1,79
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Ha pacTpoBOM 9neKTPOHHOM MWKPOCKOME B HUX 3a-
(PUKCUPOBAHbI MWKPOBKITIOYEHUS TaHTanuT-konymbuTa (c
npumecbto W go 3,35-11,66 %), MmukponuTa, nuputa u Mo-
HauuTa (puc. 2, a-T).

PyaoHocHbIMK fiBMsitoTCA BpekypoBaHHbIe KBapLeBble
nopdupbl ¢ 06pa3oBaHMeEM IPYNTUBHBIX BPEKYNIA, ONTOBOHO-
CHbIX TOMa30BbIX [PEV3eHOB WM OHroHUTOB ([epzayes,
1989). Bpekunm cnoxeHbl yrinosatbiMnm 06noMKkaMmn M3MeHeH-
HbIX nnarmorpaHuToB, rabbpomgos, AnabasoB n Apyrux no-
poa pasMepoM OT MepBbiX CaHTUmMeTpoB Ao 1-1,5m
(puc. 2, ). B 30He okucneHus oHM NpeacTaBneHbl 6ypbiMu
XenesHsikamn pXxaBo-0ypol OKpacku, MOCTENEHHO CMEHso-
Lmmmcs 6onee CBETNbIMU Pa3HOCTAMM KBapLIEBbIX NOpdU-
poB (puc. 2, e).

2

Cnextp 1

SaccuTepur

Tona3s

Cnexrp 3

B 6pekumMpoBaHHbIX Y MIMMOHUTU3MPOBAHHbLIX KBapPLEBbLIX
nopdupax (bypoBaToO-KpacHOW OKpacku) CyLLECTBEHHO yBe-
nnyeHbl cogepxanua Fe, V, Cr, Sr, a Takke (B r/t) Cu (oo
160), Zn (go 260), As (8o 499,5) n Bi (40). B 6ypbIx xxenesHs-
Kax 3HaYNTENbHO MOBbILLIEHbI KOHLEHTPaLMN PEAKNX 3eMenb
nerkon rpynnel (obwas cymma 134,45 r/T), B MeHbLUEW cTe-
neHun yBenu4yeHbl 3HaveHus Li, Rb, W, Mo. XapakTtepHbl Be-
coBble 3HaveHusa In (go 2,95-11 r/T), BEPOSATHO TUNWUYHOMN
npuMecK kaccutepuTa (Mo aHanorum ¢ OrloBopyaHbLIM MECTO-
poxgeHnem Yepposk B Hapbime). Ha P3OM-u3obpaxkennm
YacTo BCTPEYaEeTCsl BKPAMIEHHOCTb KaccuTepuTa Henpasu-
nbHOM hopMbl (pasmepom o 300 MKM), acCCOLMMPYIOLLIETO C
reTMToM, KBapLem u Tornasom (puc. 3).

! T'etnr

KacenTepur

Crexrp &

50 mkm
—

Puc. 3. MMKpoBKIo4YeHMS MUHEPAnoB B OKUCIIEHHOM Janke KBapueBbIix nopdupoB pyaonposiBreHns PxaBas conka.
AHanuTuk C. CaamnbekoB: a — MUKpO3epHOKaccuTepuTa B kBapLe; 6 — BKpanneHHOCTb KaccuTepuTta B reTuTe;
B — BKpanieHHOCTb kaccuTepuTa B Tonase; r — CPOCTKM KaccuTeputa 1 reTuta B kBapLe

Mo pe3ynbTaTam NOMCKOBbLIX paboT (C NPOXOAKOM KaHaB U
OypOBbIX CKBaXXWH) coaepxaHne Sn B Jaiike N3MeHsSeTcs oT
0,01 go 0,6 %, a Bo BMeLatowmx nopogax gocturaet 0,3 %.
MporHo3Hble pecypcbl OroBa Ha OTAENbHbIX y4acTKax Aalku
coctaensoT 14 400 T (Cmenaros u dp., 2006). Nposenex-
Hble MCCneaoBaHNs MOKas3blBalOT, YTO Ha PyaonposiBIEHNM
PxaBas Conka pyaoHOCHbIMW SABNSIOTCA Opek4npoBaHHbIe U
rmapoTepManbHOM3MEHEHHbIE KBapLEBbIE NOPEUPbLI OHMOHK-
TOMOAOGHOro TUMa C KaccutepuT-cynbguaHoM MuHepanu-
3aumen. OnpegerneHa reoxummnyeckas cneumannsaums aTmnx
nopog Ha Sn, F, B MmeHbLUen cTteneHn Ha Li, Rb. Mo tuny opy-
[OEHeHNs paccMaTpuBaembii 06 bEKT CONOCTaBMSIETCS C MeC-
TopoxgeHvem HObunenHbln OKTSOpb, PacnoNoXeHHOM B
9k30KkoHTakTe [lenvbereteiickoro Maccua (3anagHas
Kan6a). Mo macwtabHoCTK OH Noka He MMeeT NPaKTU4eCKoro
3HAYEHUS, HO y4YnTbIBasi ero GNaronNpPUATHYIO NO3ULMIO Hag
Kyrnonamu rpaHUTHbIX MacCuBOB, SIBNSETCA WHAMKATOPOM
CKpbITOrO peAKOMETarIM4eckoro opyaeHeHNs 1 No3Tomy 3a-
CNyXUBaET LOMOMHUTENBHOIO U3YYeHus.

Muportobosckuti datikosbili KoMrekc chopMmnpoBarncst Ha
3aKMIOUMTENBHOM CTagM TEPLMHCKOTO TEKTOHO-MarmaTuye-
CKOro LKIa, B NOCTKOMNIM3NOHHOW reoAMHaMUYeCKon obcTaHo-
Bke. [lpeactaBneH MPOTSHKEHHbIMM  OANKOBBIMM — MOsiCaMu
CEeBEepPO-BOCTOMHOrO HarnpaeneHusi, nepecekaroLLmmm Bce 6onee
paHHVe UHTPY3vBHbIe 0bpa3oBaHus Kanba-HapbIMCKON 30HbI.
OT1anoHHbIM sinsieTcs Mnponto©oBckuiA farikoBbii nosic Bocto-
yHon Kanbbl (puc. 4), kotopbin usydancst K.I'. BorgaHoso u
ApyriMn nccnegosatensmm (Xomuyes, 2010).

PaccmatprBaeMbivi nosic nepecekaeT rpaHuTsl Mupo-
nobosckoro u MogropHeHcKoro MaccuBoB, Bonbdpa-
MUTOBbIE KBapLEBble XWnbl MecTopoxaeHus BonblueBuk
(puc. 4,61) un weenuToHOCHbIE rpen3eHbl (Manatupbl)
(puc. 4, 62) n panee NpoHukaeT B PTbILLCKYH 30HY CMATUSA
6e3 BUOMMOro U3MeHeHMsI.

Mo pagMoreoxpoHONorMyeckum AaHHbIM - M30TOMHOro
U/Pb meToaa BO3pacT Jaek COOTBETCTBYET NO3AHEN NepMu
(P2) — 267-279 mnH net (Xpombix u 0p., 2018). Komnnekc
ob6beanHaeT TpuU MPOCTPAHCTBEHHO COMNMXKEHHbIX TPymnnbl
[jaek OCHOBHOIO, CPEHENO M KICIIOro COCTaBa, a Takke Cro-
XHble obpa3oBaHusi (ganka B aavike). o reHesncy aTo oco-
Gas rpynna nopoa, npeanonaraeTtcs WX CBS3b  C
pa3HOYPOBHEBbLIMM  OCTaTOYHbIMU  AnddepeHLnpoBaH-
HbIMW oYaramy 6a3anbTOUAHOIO MarMaTu3Ma B HVXKHUX Ya-
ctax 3K (Cokonosa u 0p., 2016). K OHroHMTONO4OGHBIM
OTHOCATCS TOMbKO NO34HME Aaniku KBapLueBbiX MOPUPOB 1
KBapLEeBbIX anbbutogrpoB, reoXMMUYecKn cneumnanuanpo-
BaHHble Ha peakue anemeHThl (Ta, Nb, Be, Li, Sn).

B Mwuponio6GoBckoM nosice Takme Aaiku XapakTepu-
3YIOTCA MOBbILEHHON KpeMHEKUCNOoTHoCTblo (Q=+28,2) n
KanueBo-HaTpueBon LwenovHocTblo (K20+Na20=8,68 %,
oTHoweHne Na/K=1,5), BbICOKOM MNNIOMa3NTOBOW arnaut-
HocTblo (Ka=0,86) un H13kMM copgepxaHuem xeneso-marHe-
3narnbHbIX KOMMOHEHTOB. ['€oXuMMYeckun OHW oboralleHbl
peakumm wenodamm (3 Li+Rb+Cs=1864,6 r/T), peakummn
anemeHTammn (Ta-62,14; Nb-137; Be-30,48; Sn-39,06 r/T).
OTmevaroTca noBbllWEHHblE 3HadeHuss Ga — 31,32; Ag -
4,78;Sb - 3,59 r/Tn F - 0,25 mac. %.
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Puc. 4. Muponto60BcKkuin [ankoBbI KOMMIEKC:
a — CXema reornoruyeckoro ctpoeHus BoctouHon Kanbel. OcadoyHsie gpopmayuu: 1 — cepHoLlBeTHas pasHoobnomoyHas (Q);
2 — monaccoBas (TaybuHckas csuta Cy); 3—4 — rpayBakkoBas (3 — aneBponuToBas 1 4 — necHaHnKoBasi Naykn JanaHKapuHCKOW CBUTbI
Cis); 5 — 6 — dpnmwomnpaHas (5 — anesponuToBas 1 6 — TycdponecyaHnkosas nayku bypabavickon ceutbl Civz.3); 7-9 — acnugHas
(7 — necyaHo-aneBponuToBas, 8 — aneBpoONMTO-NecyaHNKoBas 1 9 — aneBponNUToBas Naykun Takbipckon cBuThbl D3); 10 — yrnepoaucTo-
M3BECTKOBUCTO-TEpPPUreHHas, KblcTaB-kypuyMckasi ceuta D,). MHmpy3ueHbie gpopmayuu: 11-12 — rpaHOAMOpUT-MNarnorpaHnToBas
(11 — rpaHoanopuTbl 1 12 — nopdrpoBble Aarikn KyHyLickoro komnnekca Cs); 13—-15 — rpannTtoBas (13 — rpanutoungs! | dasbl,
14 — cpenHe3epHUCTblE BUOTUTOBbIE, MYCKOBUTU3MPOBAHHBIE FPaHNTLI U 15 — MenkoaepHUCTble rpaHnTbl |l dhasbl kanbuHckoro komnnekca Py);
16 — nemnkorpaHnToBas (MOHacTbIpCKu koMmnnekc P,); 17 — rabbpognabas-rpaHntnopcmposas (MnpontoboBckuin komnneke Py).
PydHble chopmayuu: 18 — 6rokoBbIX MUKpoknunHoBbIX nermatutoB (Nb, Be); 19 — anbbuTtnT-rpenseHoBast onoBo-BonbgpamoBasi;
20 — rpei3eHOBO-KBapLIEBOXUNbHAA BONbpamMoBasi; 21 — KBapLEBO-XUIbHasi ONOBsIHHAsA; 22 — 0510BO-BoNbdpamoBast
n 23 — BonbpamoBasi; 24 — 30110TO-KBapLeBasi; 25 — rpen3eHoBO-KBapLIEBOXUIIbHAs ONOBO-BONbdpamMoBas
(HanoxeHHast Ha Aankn KyHYLLCKOro Komnnekca); 26 — pasnomsi (| — LieHTpanbHbein, |l — BypuHckun,
IIl = Muponto6osckuit, IV — Mamaickuit, V — TepekTuHckuin); 27 — ctpaTurpaduyeckoe Hecornacue;
28 — aneMeHTbI 3aneraHns KOHTaKTOBON MOBEPXHOCTM FPaHNTOB U 29 — 0cagoyHbIX nopod. HaseaHue maccugos: 1 — KoMCcoMOnbCKuin,
2 — Jlanbynakckui, 3 — MogropHeHckuin, 4 — MNecyaHckui, 5 — Mupontobosckuin, 6 — PazgonbHeHckmin. 61 — nonoxeHne aaek Mmnpornio6oBckoro
KOMnnekca u rpaHnTonaos; 62 — kBapLEBbIe XWUibl MECTOPOXAEeHNST BonbLUEBKK 1 LLIeennTOHOCHbIe rpeiideHbl (ManaTubl)

BbluMcneHHble MHOMKATOPHbIE OTHOLLEHMWSI 3NIEMEHTOB
OTpaxaroT cyLlecTBeHHOe npeobnagaHme B garikax HaTpus
1 Kanusa Hag pegkolenovHbiMu anemeHTamum (Na/Li — 54,6;
K/Li — 31,1) npn 6nunskmx 3HaveHunsax Rb/Li (1,2) n HeBbICO-
kom coaepxxanum Cs (36,90). Cpeamn peakux arieMeHTOB HU-
06usi HesHaunTenbHo Gonblie TaHTana (Nb/Ta — 2,2) npu
CoOTHoweHnn Ta/Sn — 1,6. B uenom nogyepkMBaeTcs reo-
XMMMYeckasi crneuwanu3aumsi kBapueBbiX MOpcUPOB Ha
pefkue meTannbl U pegkve Wwenovn. OgHako noTeHuuanb-
Hasi X PyAOHOCHOCTb He peanu3oBanacb B BUAe pyAHbIX
06bEKTOB, YTO, BEPOSITHO, 06 bACHSIETCS! KPUCTANTIOXMMUYE-
CKUM paccesiHNeM PeLKUX dNIEMEHTOB, crnabon nposiBneH-
HOCTbIO B HUX METacoMaTM4eCcKMX MPOLECCOB U HU3KUM
3HEepreTMYeckUmM  MOTEHUMANoM  ManoMOLLHbIX  Ten.
YunTbiBas 3aKOHOMEPHYIO TEHAEHLMIO UX MPUYPOYEHHOCTH
K pygHbIM MOMSIM, MOXHO CYUTaTb OHTOHUTbLI MHAUKATOPaMM
CKPbITOro peaKoMeTanM4yeckoro opyaeHeHus!.

AXMupo8cKuUll y4acmoK pacrosyioKeH Ha COYNeHeHuu
Kan6a-HapbiMckon 30HbI M WPTHIWCKON 30HbI CMATUS,
BOnm3n r. Yctb-KameHoropcka. naBHas ocobeHHoCTb 3a-
KrnoyaeTcs B TOM, YTO B 3TOM pawioHe BbiAenseTcs HeTpa-
OVILMOHHBIN BHEMErMaTUTOBBIN TUM pPeaKoMEeTarnim4eckoro
opyaeHeHus (Sn, Ta, Li u gp.), npeacraBneHHbIn ansoutu-
3MPOBaHHLIMU U FPEN3eHN3NPOBaHHLIMKU rpaHuTamm Hoso-
AxmupoBckoro nposiereHus. MocnegHee no reHesucy u
TUMNY OPYOEHEHUS1 COMOCTaBMSIETCS C MECTOPOXAEHUSMMN
Kapacy, Anaxa un gpyrummn obbvektamun (AHHUKosa u dp,
2016). To paHHbIM reonoro-reounsnyecknx pabor u
OypoBbIX ckBaxuH (Mo martepuanam B.W. Macrnosa u
A.H. EropoBa, 2014 r.) peakoMeTann4yeckne rpaHuTbl Npo-
cnexuBaloTca  Ha rmybuHy 6Gonee 300Mm, obpasys

LWTOKOOOpa3Hoe Temno, KOTOPOe 3acnyXMBaEeT OOMOSHUTE-
nbHon oueHkn. Ocoboe 3HadeHne uUMmeeT U3yyeHue aaek
KBapLeBbIX anbbuToupoB (OHFOHWUTOB), NTOKaNU30BaHHbIX
B rabbpoungax npunpTeilickoro kommnnekca (C1) Ha pygonpo-
aBneHunn Kapayaek.

PydonposienieHue Kapay3ek npeacTaBneHo KpynHbIM gaii-
koobpa3HbiM TeNOM rabbpomaoB ceBepo-3anagHoro Hanpas-
neHns (MowHocTteto  250-320 M), B CeBEPO-BOCTOYHOM
3HOOKOHTAKTE KOTOPOro pasBWTbl MOMepeYHble KBapLeBble
NPOXUNKM C anbOuT-hnioopuT-KacCUTEPUTOBOM MUHEpanu-
3aument (puc.5). PyooHoCHble KBapLeBble MPOXUIKU cOnu-
XeHbl Mexay coboi 1 06pasytoT LLITOKBEPK pa3MepPOM B NnaHe
700x280 m, paspabaTbiBanucb APEBHUMU PyAOKONAMM.

KBapLieBble NPOXUIIKN XapakTepu3yTcs COXHbLIM COC-
TaBOM W HEpPaBHOMEpPHbIM pacrnpefeneHnemM OpyaeHEHMS.
OTmevaeTcs oboraleHHOCTb MX anbOMTOM 1 KneBenaHam-
TOM. NaBHble pyaHble MUHEparnbl — kKaccutTeput, 6epunn u
BONbhpaMuT, conyTcTBytoLme — kBapL, anbbuT, knesenat-
OWUT, MYCKOBUT, ¢pritoopuT, Tonas n apyrie. B pyaHbIx kBap-
LieBbIX MPOXMUIIKax cogepxaHue Sn namexsetcsa ot 0,17 go
0,89 %, nHorpa 2,4 %, noBblweHa KoHueHTpaumsa F (0,43—
11,34 %). Mo macc-cnekTpomeTpun GpekunpoBaHHbIe KBap-
LeBble MPOXWIKN C KaccuTepuToM oboralleHbl peakMmMu
wenovamu (r/T): Li (960), Rb (637), Cs (544,7) n pegkmmm
anemeHTamu — Be (606), Nb (40,35), Sn (ao 504), W (88,54).
B coctaBe neTporeHHbIX KOMMNOHEHTOB HAaTPUI Pe3Ko Npeo-
6nagaet Hag kanvewm (B 3-5 pas). B kBapu-dniooput-ans-
6uTOBbLIX MeTacoMaTuTax OTMEeYalTCsl  aHoMalbHble
3Ha4veHusa (r/7): Li (1451), Rb (1275), B MeHbLUeN cTeNeHu
Cs (283,9), Sn (49,69) n Nb (27,03). B uncTbix anbbututax
HeCKombKO NoBbILEHO coaepxaHue Be (go 72,10 r/T1).



~ 66 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

sl e =7 Js o E‘;ﬁ'@_

e

Puc. 5. Feonornyeckoe cTpoeHne u MuHepanusaumsa yyactka Kapaysek:
a — cxema reosiorm4yeckoro CTpoeHus yyactka Kapaysek: 1 — oporoBrkoBaHHble kKapboHaTHO-TEPPUreHHblE MOPOAbI KbICTaB-Kyp4yMCKOM
cBuThbl (D2gv); 2 — rabbpo-guabasbl NnpumpThilckoro komnnekca (C1); 3 — gaiika kBapueBoro anbbutogupa (oHroHuTa);
4 — y4acTOK pa3BUTUSI KBapLI-KacCUTEPUTOBBIX PYAHbLIX NPOXWUIKOB; 5 — KBapLIEBbIE XWrbl; 6 — KOHTYPbI CKPBITOrO rPaHUTHOrO MaccuBa,
undpbl — rybuHa 3aneraHus, km; 7 — pasrniombl YCTaHOBIIEHHbIE U NpeAnonaraemble;
8 — 6ypoBble ckBaxuHbl. o maTtepuanam B.W. Macnosa, A.H. EropoBa, 2014; 6 — kBapL-kacCUTEPUTOBLIN NPOXUITOK B rabbpo;
B — TUNOMOpPHbIE MMHepanbl B pyaax pyaonposineHus Kapaysek: 1 — BKpanneHHOCTb KOPUYHEBOTO kaccutepuTa
B KBapL-anb6UTOBOM NPoXuIike; 2 — orloopyT CBETNO-CUPEHEBOW OKPacku B acCOLMaLMK € KNeBenaHanToM, NeNVAoNMTOM U TONa3om

Ha paHHOM pygonposiBneHWn duKeupyeTca Takke
NPepbIBUCTBIN MOAC CEeBEPO-BOCTOYHbLIX AaeK KBapLeBblX
anbbuTodMpoB (OHrOHMTOB), paccekarLlmnii rabbponaHble
Tena. 3To ManoMoLlHble NNMToobpasHble Aalku TONA30BbIX
anbbuTUTOB, NPOCIEXEHHbIE MO AaHHLIM BypeHus no nage-
HUI0 Ha COTHM MeTpoB. MakpoCKONUYeckn OHWU NpeacTaB-
naT cobon nopopbl Oenoro uBeTta enb3NTOBUOHOTO
o6nuka, CnoXxeHHbIE NPEUMYLLIECTBEHHO anbbuTom. Xapak-
TEpU3YyOTCH PE3KO BblPaXKEHHOW HaTPUEBOW LLEMNOYHOCTBIO
(no macc-cnektpomeTpun cpefgHee cogepxaHne Na —
57194, K — 220 r/1), 6egHbl Fe, Mg n pegkumu 3emnsamm

(>TR=8,9 r/T). B HMX HECKONbKO MOBbLILLEHbI 3HAYEHUS TH-
xenbix anemeHToB (Cr go 354,7 n Ni — 237,3 r/1). B ocHos.-
HOM BbISIBNSIETCA reoxMMmuyeckas cneuuanusaums gaek Ha
peakue anemenTsl (Ta, Nb, Sn) u peakune semnu (Li, Rb) npu
HepaBHOMEPHOM UX pacnpegenexHun (Tabn. 2).

B oTnuumne ot oHroHnTonoaobHbLIX Aaek Apyrnx paccma-
TpVBaeMbIX y4acTKOB 3[eCb OnpeferieHbl elle aHoMarb-
Hble 3Ha4yeHna W n Mo. Kpome Toro, noBbILEHbI 3HAYEHNSI
Cu (320,1), Zn (125,1), Pb (go 90,44 r/T) n oTMevatoTcs Be-
coBble cofepxanus As (12,22), Au (go 0,94), In (oo 1,19) n
Pd (0,36 r/T).

Ta6nuya 2
CopepxaHue peaKkux 3aneMeHTOB B KBapLieBbix anb6urtodupax (r/t). PesynbTaThl aHanusos ICP-MS.
Ananutuk C.H. Nonexaes
Mpo6a Ta Nb Be Li Rb Cs Sn w Mo
KP-1 18,77 31,42 1,54 31,58 25,63 3,49 23,61 414,40 6,80
KP-2 6,30 26,72 2,57 342,20 112,20 24,20 27,89 113,88 1,87
KP-3 19,68 63,05 3,20 80,20 28,26 6,00 10,96 112,02 32,28
KP-4 20,39 69,63 2,20 47,00 23,81 5,88 20,96 141,88 6,66
KP-5 8,97 31,87 3,31 21,10 81,36 15,97 6,37 7,16 2,34
KP-6 2,66 9,66 1,18 211,40 151,80 27,99 11,41 6,29 2,04
KP-7 14,60 41,66 2,43 60,30 36,40 5,99 12,82 141,48 3,87
CpegHee 13,5 39,14 2,35 141,97 65,64 12,79 16,29 133,87 7,98

B oHroHuTax B Oonbluen cTeneHn nposBreHa TaHTan-
HnobneBasi n BonbgpaMoBas reoxmMMmmyeckasi crieumanu-
3aumsa (Nb/Ta — 3, W/Sn — 8,2 pasa) npu npeobnagaHum Li
cpeam pegkux wenovei (Li:Rb:Cs=11,1:5,1:1).

Kak BugHo, Ha pynonposiBneHun Kapaysek B rabbpounaax
oKanM3oBanucb KBapL-KacCUTEPUTOBbLIE MPOXMITKA U OalKK
TOMAa30BbIX OHFOHUTOB, KOHTPONUPYEMbIE HANOXeHHON Tpe-
LLIMHHOM TEKTOHUKOW CEBEPO-BOCTOYMHOrO npoctupanus. o
NPOVCXOXKOEHMIO OHN Yyxabl rabbponaam n, BEpOATHO, CBS-
3aHbl C rMYOMHHBIMY OCTaTOYHLIMM MarmMaTU4eCKMM o4aramm.
B cBSA31 ¢ He3HaUUTENMBHBIMM pa3vepamy ONIOBOPYAHbIE KBa-
pLEBbIE XMWIbl U OHTOHUTOBBIE AWK HE UMEHT CamMOCTosITe-
NBHOTO MPAaKTUYECKOTO 3HAYEHWUs, HO, KaKk M Ha Apyrux
yyacTkax, SBMsOTCA BaXXHbIM UHOMKATOPOM CKPbITOrO peaKo-
MEeTannM4Yeckoro opyaeHeHus. Yunteisas 6nmsocts HoBo-Ax-
MUPOBCKOIO pPEAKOMETANNIMYECKOrO OOBEKTA U 3HAUUTENBHYHO
3aKpPbITOCTb TEPPUTOPUM PLIXITBIMM OTNOXKEHUSIMK, Ha MIo-
waan AXMMPOBCKOTO y4yacTka Heobxoguma NocTaHoBKa ry-
OMHHbBIX MONCKOBO-OLEHOYHBIX PaboT.

Heuekckul nosic B UpTbILWLCKOW 30HE CMATUSA 06beam-
HAET OHFOHUTOBbLIE AaWKW pegKoMeTanm4eckoro u ynbT-
papegkomeTannuyeckoro Tunos (Ljepba u dp., 2000).
Hawwumun nccnegoBaHuamMm B 3TUX Jankax no pesynbra-
Tam ICP-MS onpegeneHbl NOBLILIEHHbIE COAEPXKaHUS LLe-
noyen (K+Na=9,1 mac. %) wun peokmx  Luenoyen
(>Li+Rb+Cs=1671,5r), aHomanbHble 3HaveHus W (207,4),
Sn (18,23), Mo (8,35), U (8,78 r/1). Conepxanus Ta, Nb, P Ha
YPOBHE KIApKOB, CyMMa peakMx 3eMenb HeBbICOKas
(20,44 r/t). Ana AxMupoBCKOro n Yevekckoro 4anKoBbIX NOs-
COB TeMmnepartypa Kpuctannua3auuv pacniiaBoB OLiEHeHa B
560-605 °C npu pgaenenun 3,5-4,5 kbap (Cokornosa u dp.,
2016; Xpomnbix u dp., 2018).

BbiBoAabl. B HacTosiLLee BpeMsi BaXKHeNLas 3afaya 3a-
KrnoyaeTcst B pa3paboTke HOBbLIX TEXHOMOri rnyouHHOro
reoriorm4eckoro MporHo3a CKpbITbIX MECTOPOXOEHUMIN Kak
OLHOTO M3 rMaBHbIX PE3epBOB BOCMOMHEHUS MUHEPAIbHO-
cbipbeBoy 6asbl Ha pegkomeTannuyeckoe coipbe B Kasax-
cTaHe. B cooTBeTCTBUM C Uenbl AaHHbLIX UCCNEeLOBaHWUN
YTOYHEHbl  3aKOHOMEPHOCTU  (POPMMPOBAHMSA  KPYMHbIX
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nosicoB gaek nopdwuposoro obnuka B 06LleN CTpyKType
Bonbworo AnTtas, pasnuuaroLwmxcs no reoTEKTOHNYECKON
nosvuum, BO3pacTy, OCOBEHHOCTSIM BELLECTBEHHOTO COC-
TaBa 1 crneumduke pyaoHOCHOCTU.

B pesynbTaTe nccrnegoBaHuin, a Takke COMOCTaBEHUs
C ApPYrMMU pervoHamu, YCTaHOBIIEHO, YTO B re0normyeckmnx
cTpykTypax BoctouHoro KasaxcraHa, Bxogsiuero B obLuyto
cuctemy LleHTpanbHo-A3natckoro nosica, B repuUMHCKUIA
umkn ccopMMpoBanucb ABe Pa3HOBO3PAaCTHble Tpynnbl
AanKkoBbIX  MosicoB  rabbpo-anopuT-rpaHoguopuT-nna-
rmorpaHutToBon cepun: nobatonmTtoBoro (C2-3-C3) 1 noct6a-
TonuTosoro TunoB (P2). PaHHssa rpynna gaek obpasosanach
B KOMMM3NOHHOW reognHammnyeckon obctaHoBke, UKCU-
pyeTcs MNpPOTSAXEHHbIMW OaWKOBbIMW MOsiCaMu CeBepo-
3anafgHoOro HampasfeHusl, C KOTOPbIMW accouumpyloTcs
NPOMBILLIIEHHbIE 30M0TOPYAHbIE MecTopoxaeHus. Bropas
rpynna gaek ceBepo-BOCTOYHOIO HamnpasneHns copmMmnpo-
Banacb B MOCTKOMNMN3NOHHOW (OporeHHon) obcTaHoBke,
Cpean KOTOpbIX K OHFOHWTaM OTHOCSITCSI MO34HWE Aaiikv
KBapLieBbIX NOPMUPOB N KBapLeBbIX anbbnutodnpos Mnpo-
nobosckoro komnnekca (P2). Npegnonaraercs, YTO OHKM AB-
NATCA  MPOM3BOAHBIMW  OCTATOYHbIX — MarMaTU4ecKmnx
oyaroB. OHrOHWTBI XapakTepU3yTCA HAaTPOBOW LLENOYHOC-
Tblo 1 oboralleHbl PTOPOM, rMaBHbIe NOpPogoobpasyLme
MWHeparnbl — anbbuT, KBapL, 1 KanuesbI nonesow wnar. o
pe3ynbTtatam nabopaTopHbIX paboT ycTaHOBMNEHA reoXMMu-
Yyeckasl cneuuanuaaumsi OHrOHUTOB Ha peakvue MeTansbl U
peakue wenoun (Ta, Nb, Li, Sn, W gp.). ccnegoBanus no-
Kasanu, 4To OHroOHNTONOAO6HbIE AalKN UMEIOT MOCTPYAHbLIN
XapakTep, 4TO MOATBEPXAAETCH CEeKyLUMM WX Pacnoroxe-
HVMEM NO OTHOLUEHWIO K PYAHbIM Tenam u Apyrumm dakto-
pamu. Kpome Toro, B npegenax 3Tux Aaek He YCTaHOBMEHO
Hanuune peaKoMeTannIM4yeckoro OpYAEHeHWs npakTuye-
CKol 3Ha4ymmocTn. OgHako LUMpokoe pa3Butue rabbpo-guo-
pUT-TPaHOANOPUT-MNArvorpaHNToBLIX Aaek B npegenax
W3BECTHBIX W NpegnonaraemblX pygHbIX NOSen, a Takke reo-
XMMMYecKkas crneuyuanvsaums cnaraiowwmx ganku nopog nos-
BOMSieT paccmaTtpuBatb WX B KayecTBe MOMCKOBOIO
MHOMKaToOpa CKPbITbIX PeAKOMeTanImyeckmx obbeKToB, YTO
UMeeT 1 Hay4yHoe, U NpUKNagHoe 3HaveHune (Spmortok u dp.,
2016). N3y4yeHne nogobHbIX AankoBbix obpaszoBaHUii HEOO-
XOOMMO ANl PEKOHCTPYKLUUM reogmHamMmmyecknx o6CTaHOBOK,
npy COCTaBMIEHUN KOPPEMSLMOHHBIX CXEM FPaHUTOUAHOrO
MarmaTtuama n ulydeHun pygoobpasyrowmx npoueccos (Xo-
mudes, 2010; LLlep6a u dp., 2000). Bce 310, HECOMHEHHO, MO-
xet ObITb
MCnornb30BaHO B MPaKTMKE reonornyeckoro KapTMpoBaHus,
OCODEHHO Ha 3aKpbITbIX TEPPUTOPUSIX.
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ONGONITE DIKES OF EASTERN KAZAKHSTAN AND THE SPECIFICITY OF THEIR ORE CONTENT

Goal of the research is to study regularities, age, material composition and ore content of ongonite-like dike belts of East Kazakhstan.

Methods are field works carried out within Kalba-Narym shear zone where dike belts are developed. Geological and structural position of dikes
and their age ratio to granitoids of Kalba-Narym pluton and ore formations have been determined. The samples were selected from varieties of
ongonite dikes. Microprobe analyses have been carried out on a scanning election microscope JSM 6390 with an energy-dispersive add-on device,
besides, mass-spectrometer researches have been conducted on ICP-MS. The purpose of these is to identify mineralogical and geochemical
specialization of dike rocks.

Findings. The following has been found due to the conducted researches and comparison analysis with other regions: Two groups of heterochronous
dike belts were formed during Hercynian Period in geological structures of East Kazakhstan comprised in general system of Central Asian belt. The dike
belts belong to gabbro- diorite — granodiorite — plagiogranite series, and the groups are of pre-batholite (C2.>-C3) and post-batholite (P;) types. Late post-
batholite dikes of quartz porphyrites and quartz albitophyres of Mirolyubovsky complex (P2) refer to ongonites. Probably, they are derivatives of deep
residual magma chambers. In the course of the work, ongonites geochemical differentiation into rare metals(Ti, Nb, Li, Sn, W and other) and rare alkalies
has been established. The researches have shown that ongonite-like dikes are of post-mineral nature that is proved by their position in relation to ore
bodies and by other factors. Besides, no rare metal ore of practical significance has been found within these dikes.

Scientific novelty and practical application. It can be assumed that greater development of gabbro- diorite — granodiorite — plagiogranite dikes
within the known and supposed ore fields, as well as specialization of rocks that dikes are composed of, enable to consider them as prospecting
indicators of concealed rare metal objects. To study dike formations of this kind is very important for reconstruction of geodynamic environments,
for development of correlation patterns of granitoid magmatism and for studying ore formation processes. By all means, all this can be used in
geologic mapping practice, especially on the closed territories.

Keywords: dikes, ongonites, age, composition, rare metals, forecasting, East Kazakhstan, Bolshoi Altai (BA).
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OHIOHITOBI JAWUKN CXIAHOIO KASAXCTAHY TA CNELUU®IKA IXHbOI PYOOHOCHOCTI

Memoto daHux docnidxeHb € 8ug4eHHS 3aKOHOMipHOCcmel, 8iKy, MamepianbHOo20 cknady i pyOOHOCHOCMi OH20HIMonodibHuUx dalikosux nosicie
CxioHo20 KazaxcmaHy.

Memoduka po6im nonsizana y npoeedeHHi nosbosux AocidXeHb y MexXax po3eumky dalikosux nosicie y Kanba-Hapumcbkuli 30Hi 3MUHaHHS.
Bu3Ha4anacsi 2eo051020-cmpyKkmypHa no3uyisi 0aek ma ix sikoee cniegioHoweHHs1 3 2paHimoidamu Kanba-Hapumcbko20 niiymoHa i pyOHUMu ymeo-
peHHsmu. lposoduecsi 8id6ip nNpob 3 pisHosudie oH2oHIMosux OaeK. BukoHyeanucsi Mikpo30HO08i aHani3u Ha CKaHyl04YOMY €JIeKMPOHHOMY MiKpO-
ckoni (JSM 6390) 3 eHepz2oducnepciliHolo npucmaskor i Mac-cnekmpomempuyHi docnioxeHHs (ICP-MS) 3 memoro eusienieHHs1 MiHepasibHoI ma
2eoximMiyHOI cneyianisayii dalikoeux nopio.

Y pesynbmami aHanisy docnidxeHb, a maKox 3icmaesieHHs1 3 iHWUMU pe2ioHamu, 8CMaHOBJIEHO, WO y 2e0J102i4HUX cmpykmypax CxiOHo20
Kasaxcmany, sikuli exodums Ao 3a2anbHoi cucmemu LjeHmpanbHo-A3iamcbkoa20 nosica, y 2epyuHcbKull yukn cghopmyeanucs dei pisHoeikoei epynu
Oalikoeux nosicie 2ab6po-diopum-2paHodiopum-nnazioepaHimoeoi cepii: do6amosiimoeozo (C:-3.C3) i nocm6amosniimoeozo (Pz) munie. Ceped Hux do
OH20Himie Hanexxams ni3Hi nocmb6amosiimosi Aaliku keapyoeux nopgipie i keapyoeux anbb6imogpipie Muponrobiecbkozo komnnekcy (Pz). Moxnueo
B8OHU € NOXiOHUMU 2/TUGUHHUX 3aJIUWKOBUX MazMamu4yHuUx 8o2HUW,. Y xo0i pobim ycmaHoenieHo 2eoximiyHy crieyianizayito oH2o0Himie Ha pioKicHi
memanu ma pidkicHi nyau (T, Nb, Li, Sn, W ma in.).

HocnidxeHnHs nokasanu, wjo oH2oHiMonodi6Hi daliku Maromb nocmpyOoHUl xapakmep, wo nidmeepdxxyembcs iXHiM ciYHUM cmaHosuweM 8io-
HOCHO pyOHUX min ma inwumu ¢hakmopamu. Kpim mozo, y Mexax yux daek He eCmaHoO8JIeHO HasieHicmb pidkicHoOMemasiyHo20 3pyOeHiHHSI npakmu-
4HOI 3Ha4Yywocmi.

Llupokuii pozeumok 2abpo-diopum-z2paHodiopum-nnaziozpaHimosux Aaek y Mexax sidomux i nepedbayysaHux pyOHUX foJlie, a MaKoX 2eoXi-
MiyHa cneyiani3zayis, nopid, wo cknadaroms Oaliku, do38o0Jisie po3ansidamu ix siKk nowykosull iHOukamop npuxogaHux piOkoMemasnbHuUx o6'cekmis.
BueyeHHs1 10di6HuUx Aalikosux ymeopeHb Ma€ axsiuee 3Ha4eHHs1 ONisi PeKOHCMPYKYii 2e00uHaMidyHUX 06cmaHOBOK, NpuU cKnadaHHI KopensayilHux
cxeM 2paHimoidHo20 MazMamu3my i eueyeHHi pydoymeipHux npoyecie. Yce ye, 6e3cyMHiaHO, MOXe 6ymu euKopucmaHo & npakmuuyi 2e0/102i4H020
KapmyeaHHsi, 0co6/1U80 Ha 3aKpumux mepumopisix.

Knroyoei cnoea: daliku, oH2oHimu, eiK, cknad, piokicHi Memanu, npo2Ho3yeaHHs1, CxioHuli KasaxcmaH, Benukuii Anmadi.



ISSN 1728-2713

FEONOrIS. 1(88)/2020

~ 69 ~

YK 553:332.122.5(477)
DOI: http://doi.org/10.17721/1728-2713.88.10

B. BonkoB, A-p TexH. Hayk, npod.,

E-mail: volkovvp49@gmail.com;

J1. FopowikoBa, A-p €KOH. HaykK, npod.,

E-mail: goroshkova69@gmail.com;

3anopi3bkui HauioHanbHUI YHiBepcUuTerT,

Byn. XXykoBcbkoro, 66, M. 3anopixoks, 69600, YkpaiHa;

€. Xno6ucTos, A-p €KOH. HayK, npod.,

E-mail: ievgen.khlobystov@ukr.net;

HauioHanbHum yHiBepcuteT "Kueo-Morunsincbka akagemis™,
Byn. Mpuropis CkoBopoau, 2, m. Kuis, 04655, YkpaiHa

PO3BUTOK EKCMOPTHO-IMMOPTHUX ONEPALLIIN Y BYFiJibHIA FANY3I YKPAIHMU

(MpedcmaeneHo 4neHom pedakyiliHol konezii 3-pom 2eon.-MiHepanoa. Hayk, npog. B.M. 3azHimkom)
Y pesynbmami nposedeHux docnidxeHb cghopmosaHo cucmemHull nidxid do ynpaeniHH suG06yMKOM, 8UKOPUCMaHHSIM, €KCIop-

mom ma iMrnopmom 8y2inibHUX pecypcie KpaiHu.

lNopisHsiHHS ekcrmopmHuX ma iMNopmHuUx YiH Ha KOKcieHe 8yzinnsi ma aHmpayum do3eosnusio Oilimu 8UCHOBKY Mpo Heegekmus-
Hicmb eKcriopmHo-iMMnopmMHux onepayit, OCKifbKU eKCropmHi UiHu Ha aHmpayum € HUXX4YumMu 3a imnopmHi. [JoeedeHo, wjo 8 cumyayii
3HUXeHHs1 auG06YMKy 8y2innsi @ YkpaiHi ekcriopm 3a HU3LKUMU YiHamu 83a2ani € 36umkoeum OJ1s1 eKOHOMIKU KpaiHu.

Bye npoeedeHull aHasi3 2eozpaghiyHOi cmpykmypu ekcriopmy ma iMnopmy eyeinns kam'stHo2o, aHmpayumy (2701) ma kokcy i Hani-
B8KOKCY, 8yeinsnsi pemopmHo20 (2704). YcmaHoeneHo, uy0 0CHO8HUMU iMriopmepamu 8yeinsnsi kKaM'sHo2o, aHmpayumy € Pocilicbka Pe-
Odepauist ma CLUA, ekcriopmui nomoku 6ysiu 3ocepedxeHi Ao makux KpaiH, sik bonzapisi, TypeuyyuHa, benbeisi ma Pocilicbka ®edepayisi.

BcmaHoeseHo, W0 KOKc i HarieKoKc, syeinsnsi pemopmHe (2704) npomsizom 2011-2018 pp. imnopmysanock nepesaxHo 3 Pocilicbkoi
®edepauii, CLLA ma Monbwi. Ekcnopmui nomoku 6ynu HanpaesieHi do Pocilicbkoi ®edepauii.

3anponoHoeaHo 8UKOPUCMaHHSI cucmeMHo20 Nidxody do payioHanbHoO20 eUAO6YMKY, 8UKOPUCMAHHS MiHepaslbHO-CUPOBUHHOT
6a3u kpaiHu 3 00HOYacHUM 8paxy8aHHsIM eKCITOPMHO-IMIOPMHUX MOMOKi8 i YiHO80I KOH TOHKMYPU 308HIWUIHLO20 Ma 8HYMPiWHBL020

PUHKi8 3 ypaxyeaHHsIM PecypCHOI ckriadogoi 6e3neku depkasu.

Knro4yoei crnoea: miHepanbHo-cupoguHHa 6a3a, nanueHo-eHep2emuyYHi pecypcu, 8yeinns kaM'sHe, 8y2inns KokcieHe, anmpayum, ynn-

PaeJstiHHsI.

NocTtaHoBKa npoGnemu. 3aranbHogepXaBHa nNpo-
rpama po3BUTKY MiHepanbHo-cupoBUHHOI 6a3n (MCB) Ykpa-
iHM Ha nepiog oo 2030 p. € BaroMmm YMHHUKOM NOLONAHHS
KPM30BWX SBWLL, B EKOHOMILi YKpaiHu Ta 3abe3neyeHHs ymoB
il cTanoro po3BuUTKY, OCKINbKM B Hill pa3oM i3 BiATBOPEHHSAM
3anaciB  KOPUCHMX KoMamnuH nepeabdaveHo npoBedeHHA
reosioriYHNX AOoCnigXeHb, CNPSAMOBaHMX Ha IXHIN npupicT
(8akoH Ykpainu..., 2011). Byrinna B YkpaiHi — eauHa eHep-
reTdHa CMpOBUHA, 3anaciB SIKOI NOTEHUINHO AOCTaTHBLO Ans
3abe3neyeHHst eHepreTu4Hoi 6e3nekn aepxasu, ane Moro
BMAOBYTOK OCTaHHIMU pOKaMm B KpaiHi CyTTEBO 3HWKYETHCS
3 MONITUYHMX Ta EKOHOMIYHMX NPUYnH. Came ToMy iCHy€E He-
06XigHiCTb (hOpMYyBaHHA CUCTEMW ynpaBsniHHS 3abeane-
YEeHHs KpaiHu BYrinnsiM 3a yMOBM OLLAANIMBOrO CTaBIEHHSA
[0 noro BnaobyBaHHsi Ta BUKOPUCTaHHS, Y TOMY Yumchi dop-
MyBaHHs1 €(DEKTUBHUX EKCMOPTHO-IMMOPTHNX MOTOKIB.

AHani3 ocTtaHHix gocnigxeHb i nyonikauin. Mpobne-
MaM eKOHOMIKO-reOos1oriYHOro BUBYEHHS HAap, HaapOKOpUC-
TyBaHHS npucesayeHi pobotu |. AHgpiescbkoro, B. Boatoka,
C. fOoeroro, M. KopxHea, M. KocteHka, M. KpacHoxeHa,
€. Kyniwa, M. Kypuno, O. Jlucexka, B. Matioxu, B. Muxan-
noea, B. MiweHka Ta iH. (AHOpiiecbkuli ma iH., 2011; bop-
Ok, 2013; Hoszauli ma iH.,2007; KopxHee ma iH., 2006;
KpacHoxeH, 2014, 2015; JluceHko ma iH.,2017; Muxatinos
ma iH., 2006). Y umx nybnikauisx po3rnsgalTbCcs YMOBU
YTBOPEHHS Ta 6y40BU BYTiNbHUX NNACTIB i ByrneHocHuX o-
pmauin, NpupoaHi TMNK, SKICTb | BMacTMBOCTI BYrinng, goc-
NIMKYOTLCA NMUTAHHA reonoriyHoi 6yaoBKM, BYrMEHOCHOCTI,
AKOCTI BYTiNns, ripHU40-reonoriyHi yMoBmn po3pobku i pecy-
pcu ByrinbHUx GacerHiB i pogoBuw, YkpaiHn (HazopHud,
2005), nobygoBaHa 6anaHcoBoO-oNTUMI3aUiiHa Moaenb BU-
3HayeHHs1 06cAriB BNacHoro BMAOOYTKy BYrinmns Ta Moro im-
NnopTyBaHHA 3 ypaxyBaHHSM BMMMBY 3ax0fiB 3 TEXHiKo-
€KOHOMIYHOI MoaepHisauii Ta pekoHCTpyKuii (binaH, 2017).
Hu3ka pobiT npucBsiveHa oUiHLi pyU3nKiB OCBOEHHS POAOBULL,
BYrinns 3 HeaHayHMMu 3anacamu (Pydsko ma bana, 2017;
Pydbko ma iH., 2011). Kpim Toro, po3rnsgatoTsca npobnemum
OOI'PYHTYBaAHHSA LjiHM TOBApPHOI NPOAYKLii B reonoro-eKoHo-
MiYHil ouiHUi BYrinbHUX popoBuw, (Pydbko ma iH., 2018).

BuaineHHA Hepo3B'sA3aHUX paHille YacTuUH 3aranb-
HOI npo6nemu. 3 MmeTolo 3abe3neyvyeHHs MOXIMBOCTI BUKO-
HaHHSA 3aranbHoaepXaBHOI nporpamm pO3BUTKY
MiHepanbHO-CMPOBMHHOI 6a3n BaXnvMBUM € MOLUYK LUMSXiB
nigBULLEHHST piBHSI edbeKTUBHOCTI BUKopuctaHHsa MCB kpa-
THW Ta CTBOPEHHA CUCTEMM yMpaBniHHs 30anaHcoBaHNM BU-
[OOYTKOM, BMKOPUCTa@HHSIM, €KCMOpTOM Ta  iMMOpPTOM
KopucHux konanwvH. Lle, y nepuuy yepry, cTocyeTbCs BYrinb-
HUX pecypciB, ik ocHOBM Ge3nekn kpaiHu. Came Tomy, Ha
Hally AYMKY, AOLUINbHO 3AINCHIOBATY HE TifbKX NNaHyBaHHS
Ta NpOrHo3yBaHHSA BUAOOYTKY BYrifibHUX pecypciB YKpaiHn
SIK CKNagoBOi CUCTEMW YNPaBniHHA MiHepanbHO-CUPOBUWH-
Hoto 6a3010 kpaiHu, a i popmyBaTy ePEKTUBHY CUCTEMY Y-
paBniHHSA eKCNOPTHO-IMMOPTHUMY NMOTOKaMM.

®dopmyntoBaHHA Uinen ctatTi. MeToto cTatTi € pospobka
CUCTEMHOTO nigxoAy A0 ynpaBniHHA BUAOOYTKOM, BUKOPUC-
TaHHAM, eKCMopTOM Ta iMMNOPTOM BYriNbHUX pecypciB Yk-
paiHM Ha OCHOBIi €KOHOMIYHUX napaMeTpiB PO3BUTKY
KOH'IOHKTYpM CBIiTOBOrO Ta BiTYU3HAHOIO PUHKY.

Buknap ocHoBHOro martepiany pocnigkeHHs. By-
rinnsg — TBepAa roptoya ocagosa nopoaa POCMHHOIO NoXo-
KeHHs. BupinsioTte Byrinns Oype, Oitym (y Oypomy
OiTymBMiCHOMY BYyrinni) Ta Byrinns kam'sHe. YkpaiHa BOJo-
Ji€ 3HaYHMMM 3anacamu BYrinns BCiX FreHETUYHNUX CcTagin By-
rnedikauii — Big 6ypux 4o aHTpauuTiB.

3aranbHi pecypcu Byrinna  YkpaiHM CTaHOBRATH:
112,3 mnpg 1, po3BigaHi 3anacu — 51,9 Mnpa T; 3 HUX KOKCi-
BHoro Byrinna — 17,1 mnpa 1 (30,5 %), aHTpauutiB —
7,6 mnpa T (13,5 %). 3anacu Byrinnsa KOKCIBHOro Ta aHTpa-
umMTiB cTaHoBNATL BianosiaHo 31,5 % Ta 14,3 % Big 3anacie
Kam'sHoro Byrinns Ykpainm (Mpumywko, 2018).

Kam'siHe Byrinnsi 3ocepeaxeHe y Box 6aceriHax: [JoHe-
ubkomy Ta JlbBiBCbkO-BonuHcbkomy. ByrneHocHicTb 6acei-
HiB NpuypoYeHa Ao Biaknaais kapboHOBOTO BiKyY.

[oHeubkun GaceliH 3aimae Teputopito [JHinponeTpos-
cbkoi, [loHeupbkoi, JlyraHcbkoi Ta XapkiBCcbkoi obnacten Yk-
paiHu, a Takok PocTtoBcbkoi obnacti Pocii. 3aranbHa
KinbKicTb pob6oymx nnactiB 6acenHy gocsarae 120, 3 HUX eKc-
nnyatytoTbcs 65. MMMbuHa 3andraHHsa BYriNbHUMX MnacTiB
36inbLyeTbCcsA B MiBHIYHO-CXiAHOMY Hanpsmky Big 60—70 M
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80 1500—-1700 m. ByrinbHi nnactu 6aceinHy BigHeceHi 4o To-
HKMX, NOTYXXHICTb AKMX Maike He nepesuwye 1,2 m. Byrinns
pi3HOMaHITHE 3a AKICTIO: Big AOBronosyM'ssHoro 4o aHTpa-
umnTy 3rigHo 3 [ICTY 3472-96. MMnbuHa po3pobku BYrinbHMX
nnacTiB y 6acenHi konmeaetbea Big 200 go 1350 m i ctaHo-
BUTb y cepeaHboMy 730 M.

JIbBiBCbKO-BonuHcebkmin 6aceiiH nowmpeHuid y JbBiBCbKil
i BonuHcbkin obnactax i € niBoEHHO-CXiAHNM NPOAOBXEHHSIM
JTrobniHcbkoro 6aceriHy Monblui. MoTyXHICTb Kam'siHOBYTiNb-
HWX BiOKagiB 3aKOHOMIPHO 30inbLUyeTbes Big 600 M Ha niBHi-
YHoMy cxogi, 4o 1200 M Ha niBaeHHOMY 3axogi. HanbinbLu
3Ha4yHa NMPOMMICIIOBA BYITEHOCHICTb NPUypoYeHa A0 Bigkna-
[iB cepnyxiBCbKOro Apycy, Wwo Bmillye 50 ByrinbHUX NnacTiB i
npowuapkis. Po6o4y noTyxHiCTb MatoTb Bif TpboX (Ha cxofi)
[0 [eB'aTn (Ha 3axofi) ByrinbHWX nnacTiB. MNnactu xapakre-
pU3YyTbCA SIK TOHKI, MaloTb NOTYXHiCTb 0,7—1,2 M, ayxe
pigko gocsraoTb cepeaHboi noTyxHocTi 1,2—1,5 m. Y Bigkna-
Aax 6aLlkipcbKoro sipycy BMSIBNEHO NOHaA OECHATb BYTiNIbHUX
NnacTiB; 3 HUX YOTMPY MaKOTb MPOMUCIIOBE 3HAYEHHS. 3a Ma-
PKYBaHHSAM BYTinns JOBronoslyMm'ssHe ra3oBe, ra3oBe, XWpHe,
kokcieHe (IMpumywko, 2017).

BignosigHo oo odiuinHol knacudikauii [lepxxaBHoi cny-
X0u reonorii Ta Hagp, HaBegeHoi B ([lpumywko ma iH.,
2017), BMOKpeMnoloTe Bype Byrinns Ta kam'sHe Byrinns.
Y cBOI0 Yepry € Taki pi3HOBMAM KaM'SAHOro BYTiNns, sik KOKCi-
BHE BYrinnsi M aHTpauMT Ta iHWe Kam'aHe BYrinns. Y 3asHa-
YEHOMY BMOAHHI He HaBOAATLCH AaHi WoAo EKCMNOpPTHO-
iMNOPTHMX onepauin, WO YHEMOXIMBIIIOE iXHi aHani3 3a
AaHUMK came UbOro Jxepena.

OHBIM "OdepxaBHui iHOpMaLiMHUI reonoriYHNn hoHA
Ykpainn" (Mpumywko, 2018) i MiHicTepCTBO eHepreTukn Ta

BYrinbHOI npomwucroBocTi YkpaiHu (IHgopmauyitiHa dosi-
Oka..., 2016, 2017, 2018, 2019) HaBO4ATb AaHi LWLOA0 BMOO-
OyTKYy KaM'ssHOrO BYTinms, KOKCIBHOIO BYFiNms, aHTpauuTy Ta
iHLIOro kaM'siHOro BYrinns, siki, 40 pedi, He 36iralTbCs MiX
coboto (Bonkos u Nopowkosa, 2019). 3a3HadeHi po3bixkHO-
CTi CYTTEBO YCKNaAHIOOTb MPOLeC AOCNIMKEHHSA. Y Ha3Ba-
HUX OQILIMHUX BUAAHHAX BiACYTHI AaHi WOA0 eKCropTHO-
iMIOPTHMX onepauin.

Y 36ipHuky [epxaBHoi cnyxobu crtatuctukm YkpaiHu
(CmamucmuyHul wopidHUK YKpainu..., 2014, 2018) "Ma-
NBHO-EHepreTnyHi  pecypcn YkpaiHn" BUOKPEMIIIOTb
OaHi Woao BUpobHUUTBa Ta eKCNOPTHO-IMNOPTHUX onepa-
Lin 3a TakuMy MO3ULIAMW: KOKCIBHE BYrinns, Byrinns
iHWe/aHTpauuT, Kokc/aboroTtb. Obcsrn BMpobHMLUTBA Bigpi-
3HATbCA Bif 06cAriB BUOoOYyTKy Ha BeNMYMHY BTpaT pe-
cypciB y npoueci BuOobyTky.

MpoaHanizyemo paHi 3 nepepaxoBaHux mxepen (pe-
3ynbTaTu aHanisy npegcrasneHo B Tabn. 1-3).

OTpuMaHi pesynbTaT MOXMMBO MOACHUTU TakuM 4u-
Hom. Cnaa y BUpOOHMLITBI KaM'stHOrO BYTiNIst CNOCTepiraBcst
32014 p. Bin 6yB Hacnigkom novaTKky 60M0OBUX Al HA Tepu-
Topii [JoHeLbkoi Ta JlyraHcbkoi obnactei. 3 ixHiM noyaTkom
69 i3 148 yKkpaiHCbKMX LWaXT BUMYLLEHI Oyny NpUNuHUTY BU-
[obyTok Byrinns, 7 waxt 6yno 3pyiHoBaHO B XoAi 60MoBux
AN, OCTaHHI X PYHKUIOHYIOTb Yy peXxumi NiaTpUMKN XUTTELI-
AnbHOCTI. Ha waxTtn, ski cborogHi He PyHKUiIOHYIOTb, Y
2013 p. npunagano 40 % BuaoGyTKy Byrinns 3ararnom no
YkpaiHi (bobpo, 2018; oH4Yap ma iH, H.0.). AHanoriyHi TeH-
OeHUii xapaKTepHi 1 ons OMHaMIKM eKCMOPTHUX onepauin.
3MmeHLWweHHa obcariB BUaobyTky i BUpOOHMUTBA NpU3BENO
[0 NEBHOTO 3MEHLLEHHS EKCMOpTY.

Ta6bnuys 1
[dvHamika BUpoGHMLTBA, eKCNOoPTY, iMNOPTY KOKCiBHOro Byrinns B YKpaiHi npotsirom 2014-2017 pp.
Pik O6c¢csar BUpo6HMLUTBA O6c¢sar imnopty, | O6¢car ekcnopTy, | Temn 3poctaHHA | Temn 3pocTtaHHA | Temn 3pocTaHHsA
KOKCiBHOrO BYTiNnsi, MJIH T MITH T MITH T BUPOGHULUTBA, % imnopty, % ekcnopty, %
2014 12,022 9,706 1,448
2015 6,064 5,748 0,494 50,44 59,22 34,12
2016 6,509 8,109 0,336 107,34 141,08 68,02
2017 5,234 9,510 0,560 80,41 117,28 166,67
Tabnuys 2
[OnHamika BUpOOGHMLTBA, EKCMOPTY, iMNOPTY aHTpauuTy B YKpaiHi npotsarom 2014-2017 pp.
Pik O6csar Bupo6HuuTBa Byrinns | O6csAr imnopty, | O6¢car ekcnopTy, | Temn 3pocTaHHs | Temn 3pocTaHHA | Temn 3pocTaHHsA
iHLWIOro/aHTpauuTy, MIH T MITH T MIH T BUPOOHULTBA, % imMmnopty, % ekcnopty, %
2014 33,208 4,989 5,586
2015 23,853 8,850 0,000 71,83 177,39 -
2016 25,122 7,539 0,184 105,32 85,19 -
2017 18,933 10,268 0,076 75,36 136,20 41,30
Tabnuys 3
[dvHamika BUpoGHMLTBA, eKCNOPTY, iMNOPTY KOKcy B YKpaiHi BnpoaoBx 2014-2017 pp.
Pik O6csAr BUpo6bHMUTBA OGcar imnopty, | O6csarekcnopTty, | Temn 3poctaHHsi | Temn 3pocTaHHA | Temn 3pocTaHHsA
KOKCY/AbOITIO, MITH T MJIH T MITH T BUPOGHULUTBA, % imnopty, % ekcnopty, %
2014 14,644 1,636 1,158
2015 12,267 2,037 0,240 83,77 124,51 20,73
2016 13,442 1,612 0,257 109,58 79,14 107,08
2017 10,696 1,550 0,222 79,57 96,15 86,38

Y 30BHILULHBOEKOHOMIYHIl OisNbHOCTI 34iINCHIOETLCA KIa-
cudikaLis BYrinns BignoBigHO 40 TOBapHUX NO3ULiM 3a kKogamu
YKT3EL. BukopncToBytOTh Taki TOBapHi NO3uLji: Byrinns kam'-
siHe, aHTpaumuT (kog 2701); nirHiT, 6ype Byrinnsa (kog 2702);
KOKC i HaniBKOKC; BYrinns peTtopTHe (kog 2704).

MpoaHanidyemo auHamiky BuaobyTKy Ta ekcrnopTy-iMnopTy
3a3HayeHux Tunis Byrinns (tabn. 4-5).

Y 1abn. 4 HaBedeHo pe3ynbTaTy aHanidy eKCrnopTHO-IMMo-
PTHUX onepaLif LWo[o BYNASA Kam'sHOro, aHTpaumty. Ak 6a-
ymo, npotarom 2011-2017 pp.  3meHwyBanucb obcsrm
€KCMopTy, HAaTOMICTb 00csArv iMnopTy 36inbLwyBanuck. 3a3Ha-
YeHi TeHaeHuii uinkom 3b6iraloTbes 3 obcsramy BUOOOYTKY

KOPMCHOI KonanuHu B YKpaiHi. Ak 3a3HayeHO BULLE, OCHO-
BHa NPUYMHa — No4YaToK BiliCbKOBMX il Ha [loHbaci Ta 3me-
HLWeHHSA BUOoOyTKy B YKpaiHi. EKkCnopTHi WiHn Ha aHTpauuT
NPOTSIrOM ~ AOCTIf)KYBaHOro  Mepioly  3HWXKyBanuchb i3
110,875 pon CWA/T y 2011 p. go 85,984 pon CLUA/T
y 2016 p. 13 2016 p. uiHi Nnoyanu 3pocTaTv i CTaHOBUNN
B 2018 p. 135,569 pon CLUA/T. IMNOPTHI UiHM Takox
3HmKyBanuce — i3 217,243 pon CLWA/T (y 2011 p.) po
93,758 gon CLWA/T (y 2016 p.). MopiBHAHHA €KCNOPTHMX Ta
iMAOPTHMX LiH AO3BOMSE AiNTU BUCHOBKY NPO HeedeKTuB-
HICTb €KCMOPTHO-IMMOPTHMX Onepavwi, OCKINIbKM €KCMOPTHI
LUiHW Ha aHTpauuT € HWKYMMKM 3a iMNOopTHI. Y cutyauii
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3HKEHHS BUOOOYTKY konanuHu B YKpaiHi eKcnopT 3a HU3b-
KMMU UiHamu B3arani € 36UTKOBMM i TOMY, Ha Hally AYMKY,
AOro MOXIMBO BBaXXaTh EKOHOMIYHO HEeAOUINbHUM.

Y 1abn.5 HaBegeHo pes3ynbTaTu aHanidy eKCropTHO-
iMNOPTHMX Onepavuin Woao KOKCY, HaniBKOKCY, BYrinms peto-
pTHoro. Ak 6aummo, npotarom 2011-2017 pp. 3meHLyBa-
nMce  obcArm  ekcnopTy, HaToMicTb  0bcsirv iMMopTy
36inbLuyBanuck. 3azHaveHi TeHAeHLT Linkom 36iratoTbes 3 06-
csramy BAOOGYTKY KOPUCHOI KonanuHu B YKpaiHi. EkcnopTHi
LiHA NpoTAromM AOCNi4KyBaHOro nepiogy 3HWXKyBanuch i3

379,328 pon CWLUA/T B 2011 p. go 126,451 pon CWA/T y
2016 p. 3 2016 p. uiH1 noyanu 3poctaTu i ctaHosunm B 2018 p.
264,055 gon CLUA/T. IMNOPTHI LiHW TakoX 3HWXYBanucb —
3 385,781 gon CLUA/T (y 2011 p.) o 182,410 pon CLWIA/T
(y 2016 p.). MOpIBHAHHA €KCNOPTHUX Ta IMMOPTHUX LiH A0-
3BONSE AiNTU BUCHOBKY NP0 HeeEKTUBHICTb EKCMOPTHO-IM-
NOPTHUX onepaLii, OCKIfIbKM eKCNOPTHI LiHW € HXKYMMK 3a
iMNOPTHI. Y cuTyauii 3HWXKeHHs BUOOOYTKY KonanuHu B Yk-
paiHi eKcrnopT 3a HM3bKMMWU LiHamu B3arani € 36UTKOBUM Ans
€KOHOMIiKM KpaiHu.

Tabnuys 4
[OnHamika Noka3HMKIB eKCNopTy Ta iMNOPTY BYriNnA Kam'sstHOro, aHTpauuTy (Kog ToBapHoi no3uuii 2701)
O6cear O6cear BapricTb UiHa iMnopT O6car BapricTb Lina YacTtka ekcnopty
Poku | BUgoGyTky, | imnoprty, iMnopTy, onl'rp Y, eKcnopTy, eKcnopTy, eKcnopTy, y 3aran. obcasi
MIH T MIH T MIH gon A MITH T MIH Aaon aonlt BUAOOYTKY, %
2011 54,380 12,708782 | 2760,897000 | 217,243242 6,990843 775,109000 110,874897 12,8555
2012 55,553 14,764238 | 2637,028000 | 178,609150 6,114087 609,392000 99,670155 11,0059
2013 53,868 14,207715 | 1973,751000 | 138,921072 8,537365 737,009000 86,327456 15,8487
2014 39,135 14,697342 | 1773,195000 | 120,647325 7,046549 521,017000 73,939314 18,0057
2015 24,749 14,598166 | 1643,803000 | 112,603391 0,563131 53,651000 95,272681 2,2754
2016 26,838 15,647557 | 1467,091000 93,758470 0,520585 44,762000 85,984037 1,9397
2017 19,135 19,777741 | 2744,062000 | 138,744966 0,635760 105,494000 165,933686 3,3225
2018 21,387573 | 3035,349000 | 141,921152 0,063798 8,649000 135,568513
Tabnuys 5
[O1Hamika Noka3HMKIB eKCNOpTY Ta iMMOPTY KOKCY i HANiBKOKCY; BYTiNmns peTopTHOro (kog ToBapHoi no3uuii 2704)
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2011 23,010 19,6 0,157003 | 60,561 385,731483 | 1,986896 | 753,685 | 379,327856 | 10,137
2012 23,984 18,9 104,23 96,43 | 0,500768 | 145,984 | 291,520225 | 2,576740 | 626,052 | 242,962813 | 13,634
2013 23,791 17,6 99,20 93,12 | 0,702043 | 190,290 | 271,051773 | 1,982785 | 404,990 | 204,253109 | 11,266
2014 18,332 13,9 77,05 78,98 | 1,636185 | 354,259 | 216,515247 | 1,157696 | 191,990 | 165,838009 8,329
2015 12,251 11,6 66,83 83,45 | 2,037207 | 398,571 | 195,645803 | 0,239563 | 38,217 | 159,527974 2,065
2016 13,091 12,7 106,86 | 109,48 | 1,612092 | 294,061 | 182,409565 | 0,257356 | 32,543 | 126,451297 2,026
2017 11,819 10,1 90,28 79,53 | 1,549604 | 449,353 | 289,979246 | 0,224619 | 46,598 | 207,453510 2,224
2018 0,839757 | 251,724 | 299,758144 | 0,025578 | 6,754 | 264,055047

Y 1abn. 6 HaBegeHo pe3ynbTaTh aHanidy reorpadidyHoi
CTPYKTYpW eKCropTy Ta iMNopTy BYrinns kam'sHoro, aHTpa-
uuty (2701) Ta KOKCy i HaniBKOKCY, BYrinnsi peTopTHOro
(2704). Ak 6aummo, npoTtsarom 2011-2017 pp. kono kpaiH, 3
AKMX 30JNCHIOBABCS iMMOPT, 3anuLaeTbCsl NPaKTUYHO He-
3MiHHUM. Lle Pociicbka depepauin, CLIA, no 2015 poky
OyB KasaxcraH, i3 2015 — KaHaga. Tak, Byrinns kam'saHe, aH-
TpaumT (2701) imnoptyBanock 3 Pociicbkoi ®enepauii
(60-62 %) Ta CLUA (15-32 %). Ha noyatky 6owoBux gin y
HoHeLbki Ta JlyraHcbkin obnacTtax yactka imnopTy 3 Pociii-
cbkoi Pepepadii (y 2015 p.) s3Hn3unacs go 47,12 %, ane 3
2016 p. obcar iMnopTy 3pic A0 NonepeaHbLOro pPiBHS.

YkpaiHa ekcrnopTyBana BYrinnas kKam'aHe, aHTpauut
(2701) npotsarom 2011-2012 pokis go Bonrapii, TypedunHu
Ta Benbrii. 3 2013 p. — po3noyaTn ekcnopT Ao CnoBayynHu,
a 32014 p. — po Pocincekoi ®eaepadii. Mpuyomy npotsarom
3a3HayYeHuX pokiB ekcrnopT Ao Pociicbkoi Pepepaldii 3poc-
TaB 39 % 0o 53 % y 2018 p. SictaBneHHs reorpadii ekcno-
pTy Ta iMNopTy nigTBEpAXYy€E 3pobrneHuii BUCHOBOK LLOAO
€KOHOMIYHOI HeedeKTUBHOCTI, OCKiNbKK, Hanpuknag ekc-
nopT Ta iMNOpT B OAHY 1 Ty camy KkpaiHy (Pociiceky Pene-
padito), 3a yMOBW, LLO LiHW IMIOPTY BULLi 3a LiiHWU eKCropTY,
€KOHOMIYHO He € BUMpaBaaHuM.

Ak 6aunmo 3 Tabn. 6, iIMNOPT KOKCY i HaniBKOKCY, BYrinns
petopTHoro (2704) npotarom 2011-2018 pp. 3aincHoBaBCs

nepeBaxHo 3 Pocilicbkoi Pepepadii Ta Monbwi y npubnu-
3HO OofHaKoBIN nponopuii. BuHatkom ctas 2012 p., Konu ne-
peBaxHy binbLUicTb pecypcy imnopTysanu 3 MonbLwi (65 %).
3 2014 no 2017 piky YkpaiHa iMmnopTyBana KoKC i HaniBKOKC,
BYrinns petoptHe 3 Kutato, 3 2018 poky — i3 CLUA. Y 2011—
2013 pp. YkpaiHa ekcriopTyBana pecypcu Ao Ipany Ta IHaii,
y 2014, 2015 T1a 2018 pp. ekcnoptyBana go Pocincekoi de-
Aepadii. OTpumaHi pesynbTaTi WOAO eKCnopTy Ta iMnopTy
KOKCY i HaniBKOKCY, BYrinnsi petopTHoro (2704) ceigyatb Npo
Te, WO 3a3Ha4YeHVIn pecypc eKCrnopTyeTbCs i iMNOPTyeETbCA
[0 ofHiel i Tiel camol kpaiHn — Pocincbkoi Peaepadii. LliHa
eKCrnopTy Npu LbOMY HWXYa 3a UiHy iMnopTy. Taki onepadii,
Ha Hally AYMKY, € EKOHOMIYHO HeeeKTUBHNUMY NS KpaiHu,
TMM BinbLy, Wo cobiBapTicTb BUPOOHMUTBA KOKCY B YKpaiHi
[0CUTb BUCOKA.

HeoOxigHicTb 3any4eHHs 30BHILLHIX Axepen ans 3abes-
neyeHHst NoTpeb ekOHOMIKM y BYrinmni 3ymoBrneHa HegocTaT-
HiMM obcsaramy BnacHoOro BMAOOYTKY KOKCIBHOrO BYTinnAs i
BMCOKUM YMIiCTOM Cipk/ B HbOMY, @ Takox AediuuToMm BYy-
rinns rasoBoi rpynu Ans notpeb ykpaiHCbKUX TennoenekT-
pocTaHuin. Kpim Toro, Hectaya aHTpaLuTy 3yMOBMEHa TUM,
Lo BinbLiCTb WaXT ONMHUINNCE Ha HENIOKOHTPOIbHIN Tepu-
Topii [loHeupbkoi Ta JlyraHcbkoi ob6nacTen, LWo npuseeno 4o
3HWKEHHS 0bcariB noro BuaobyBaHHS.
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OTpumaHi pesynsTaTy cBig4aTb Npo Te, WO BITYUSHAHWUN
€KCnopT BYriNnsa kam'sHoro, aHTpaunty (2701) Ta Kokcy i Ha-
NiBKOKCY, BYrinns petoptHoro (2704) € He[oCTaTHLO €KOHO-
MIYHO e(PeKTUBHUM, OCKIfNIbKW LiiHa Ha eKCnopTOBaHi pecypcu
€ 3aHaaTo Hu3bkoto. Kpim Toro, 3Beptae Ha ceGe yBary Tou
dakT, Wwo YkpaiHa imnoptye 3 Pocincebkol ®epepadii Ti cami
pecypcu, ski ekcnopTye. BBaxaemo, o nosuuis Pocincbkol

depepadii nos'asaHa 3 HamaraHHsM BukopucTtoyBaT MCP
iHLLIMX KpaiH i GinbLU oWwaanmMBo CTaBUTUCh A0 BNacHUX. AHa-
noriyHa cuTyauis LWoao CUPOBUHHKX PECypCiB BigoMa B Me-
Tanyprii. CBiTOBi nigepn mMeTanyprinHoro BUpoOOHMLTBA BXe
npotarom 20 pokiB BigaalTb nepesary iMNopTy CUPOBUHHMX
CKIMagoBuX, a came pyam Ta KOKCIBHOrO BYrinIisi, HE BUKOPUC-
TOBYHOUM BMACHI NOKNaau.

Tabnuys 6

FeorpadhiuHa cTpyKTypa eKCnopTy Ta iMNopTy BYrinms KaM'AsHOro, aHTpauuTy (2701) Ta KOKcy i HaniBKOKCY,
BYrinns petopTHoro (2704)

Byrinns kam'siHe, aHTpaumT (2701) Kokc i HaniBKOKc, Byrinns peToptHe (2704)
Poku iMmnopT ekcnopTt iMmnopTt ekcnopTt
Kpaiisa I'IMTonga Bara, Kpaina I'IwTon:a Bara, Kpaina ﬂuTon:a Bara, Kpaina ﬂuTon:a Bara,
% %o % %
qP)OC'”C"K? 62,06  |Bonrapis 2044  [POCiNCEKA 37,25 IpaH 46,27
efepauis Depnepauis
2011  |CLIA 30,09 TypeuumnHa 17,22 MonbLya 35,34 IHais 12,52
KasaxctaH 6,10 Benebrig 9,03 Yexia 18,15 CLUA 8,03
IHWi 1,74 IHLWi 52,31 IHWi 9,25 IHWi 33,18
Z‘;ﬂg;gﬁ?ﬂ 61,44  |Bonrapis 17,90  [Monbwa 95,40 IHaist 41,29
Pocincbka Pocincbka
2012 |CLLA 30,09 TypeyunHa 14,21 denepalis 3,4 denepalis 18,54
KasaxcrtaH 6,22 Benbris 9,55 Yexia 1,16 IpaH 10,15
IHLL 2,25 IHLW 58,34 IHLL 0,04 IHLL 30,02
Z‘;ﬂ;‘g;ﬁ?ﬂ 65,81  [Typeuunna 15,28  [Monbla 75,58 IHais 37,67
Pocincbka
2013 |CWLA 25,23 CnoBay4nHa 11,54 denepais 18,76 IpaH 14,60
KasaxcraH 4,49 Bonrapis 8,89 KasaxctaH 5,09 TypeyynHa 10,23
IHWi 4,46 IHLWi 64,29 IHWi 0,57 IHWi 37,50
Z‘;‘:;';Z';?ﬂ 60,83  [Typeuunta 23,91 Monblua 48,28 IHaist 34,23
Pocincbka Pocincbka
5014 CLUA 17,97 CrnoBayymHa 9,77 denepalis 34,79 denepalis 10,56
KasaxcraH 7,59 Eg&;;‘c""a Pene 940 |kwrai 6,43 Mpyaisi 9,82
IHWi 13,61 IHLWi 57,21 IHWi 10,50 IHWi 45,40
POC'”C"K? 47,12 Crnoeay4ymHa 75,51 POCMC"K? 36,36 TypeyynHa 28,95
depepauis depepauis
5015 CLUA 24,36 TypeyunHa 6,72 Monbwa 35,25 pysis 18,35
KasaxcTa 7,91 Mpevis 5,23 KuTaii 21,33 qP)OC'”C"K? 11,42
efepadis
IHWi 20,61 IHWi 12,53 IHWi 7,06 IHWi 41,28
ZZ(;S;ZE?H 61,78 CroBayymHa 60,07 Monbla 45,90 pysis 27,75
Pociiicbka Pocincbka
2016 |CWLA 14,46 denepalls 16,72 denepalli 45,06 TypeyuunHa 21,93
KaHaga 6,43 TypeyunHa 15,87 Kutan 6,25 Bonrapis 14,20
IHWi 17,33 IHLWi 7,35 IHWi 2,79 IHLWi 36,12
CIP)ocuflcnzka 56,57 Poc_mcn;Ka depe- 5448 Pocmc_bKa Ode- 5538 TypeuumHa 25.26
efepauis pauis nepadis
5017 CLUA 24,85 Cnoeay4yuHa 39,36 Monbwa 36,81 IHgis 20,98
o MNisaeHHa
KaHapa 6,64 TypeyunHa 2,43 Kutan 3,61 Adppuika 16,15
IHLWi 11,94 IHLWi 3,72 IHWi 4,20 IHLWi 37,62
Pocincbka Pocincbka ®ene- Pocincbka Pocincbka
degepauis 60,02 pauis 53,15 degepauis 74,11 degepauis 46,54
b018 CLUA 29,89 CnoBay4ynHa 37,01 CLWA 9,86 Binopycb 31,85
Kanaaa 5,36 E;ggf”"‘a Mo 837  |Monbuwa 934  [Pymyis 12,53
IHWi 4,74 IHWi 1,47 IHWi 6,69 IHWi 9,09

OcHOBHMMK  3aBOaHHsAMM  3aranbHoAepKaBHOI

npo-

rpamu po3suTky MCB Ykpainu Ha nepiog go 2030 p. € BiaT-
BOPEHHS Ta NpUPICT 3anaciB KOPUCHMX KOMarnuH, i BUPILLNTH
Ui BaXnuBi 3aBAaHHA MOXIMBO He TifMbKU LUMSXOM NpoBe-
AeHHS reonoropo3ssigyBanbHMX pobiT, a nepL 3a BCe LUNs-
XOM CTBOPEHHS yMOB Ans 6inbLu pauioHansHoro BugobyTky
Ta BUKOPUCTAHHA MiHepanbHO-CUPOBUHHOI 6a3n kpaiHu Ta
ONTMMI3aLii eKCNopTHO-IMNOPTHMX onepauin (LLlegyeHko ma
Bopobtios, H. d.). Ha Hawy AymKy, BUYEPMnHICTb KOPUCHUX

KonanwvH i HeedeKTNBHI €KCMOPTHI onepaLii, CTBOPIOIOTL 3a-
rpo3y pecypcHiii cknagosii 6e3nekn gepxasu. Kpim Toro,
cepeq ONTUMI3aLINHUX 3ax0fiB MOXMMBO 3anporoHyBaTu
Taki: NPOBOAMTW LOPO3BiAKY POAOBULL, SIKi po3pobnstoTbes,
Ona NPOAOBXEHHA TepMiHy ekcnnyaTtauil h peKOHCTPYKUil
OilYMX NigNPUEMCTB; 34iMCHIOBATM MOLLYKOBO-OLHIOBAsbHI
Ta reosioropo3BigyBarbHi pOOOTN Ha HaMMNepPCneKTUBHILLNX
nnowax i pogosuwax Byrinnga. Taki 3axoan AO3BONATb
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36inbWNTK 06csArM BUAOOYTKY BNACHOMO BYTINMs 3MEHLLUTH
noro iMnopT.

OcobnuBoi yBarvu Habysae npobnema paLioHanbHOro Bu-
KOPUCTaHHs1 pecypciB B yMOBax AeleHTpanisauii ynpasniHHs
Ta pedopMyBaHHsl aAMiHICTpaTMBHO-TEPUTOPIANbHOrO YCT-
poto KpaiHu. Hamm HeoaHOPa30BO 3BEpTanach yBara Ha Bax-
NMBICTb PECYPCHOI CKIagoBOi PO3BUTKY K KpaiHW, TaK i
TepuTopianbHUX rpoMag Ta ixHix 06'egHaHb. Came 3abesne-
YeHiCTb pecypcamu € 4oAaTKOBUM MPIOPUTETOM LLIOAO CTBO-
PEHHS1 YMOB CTarioro po3BUTKYy rpoMap, OCKINlbKU HasiBHICTb
KOPVCHWX KOMamnuH Ha TepuTopii rpomaamn 3abesnevye Mox-
NMBICTb OTPUMAaHHS 4oxoAy Bif iXHBOI po3pobku (NogaTKoBi
HaaXomXeHHs 00 BrooKeTiB TepuTopianbHUX rpomag). Takum
YMHOM, HasBHICTb PECypCiB, iX paLjioHanbHWn BUAOOYTOK i BK-
KOPUCTaHHA € 3anopykoto ctabinbHoro i 36anaHcoBaHOro
€KOHOMIYHOro po3BUTKY KpaiHu Ta ii TepUTOpIl.

BucHoBkM i pekoMeHaauii. Y pesynbtaTi npoBeaeHnx
AocnigxeHb cHOpPMOBaHO CUCTEMHUI Niaxig A0 ynpasiHHA
BMAOOYTKOM, BUKOPUCTAHHSIM, EKCMIOPTOM Ta iMNOPTOM BY-
rinbHUX pecypciB KpaiHu.

3icTaBneHHs1 BUXigHNX AaHWX 3 Pi3HMX OILINHKX SKepen
[03BOMUIIO LifTU BUCHOBKY MPO HAsIBHICTb NEBHMX PO30iKHO-
CTeN, WO CYTTEBO YCKMAOHIOKTb Mpouec OOChimKEHHA. Y
3B'A3Ky i3 UMM noTpebye AoaaTkoBOi cmcTemaTusadis iHdop-
Mauisi, Lo HaBoAUTLCS B OiLllifiHIN 3BITHOCTI B YKpaiHi.

YcTaHoBMeHo, Wo cnaj y BUAobyTKy kKam'aHOro Byrinns
cnocrepiraescs y 2014 p. Bin 6yB Hacnigkom noyatky 6orio-
BMX Aii Ha TepuTopii [JoHeubkoi Ta JlyraHcbkoi obnacTen.
AHanoriyHi TeHAeHLii XxapakTepHi  Ans guHaMiku ekcrnopT-
HWUX onepaLiii, OCKINbKN 3MEHLLEHHSI BUAOOYTKY Npu3Beno
00 3MEHLLEHHs obcariB ekcrnopTy.

OTpuMmaHi pesynbTaTh CBigYaTh MPO Te, L0 eKCNOPTHI Ta
iMMOPTHI LiHW Ha aHTpauUMT NPOTAroM AOCHiAXYBaHOro nepi-
oay 3aranom 3HWXKyBanuck. MNMopiBHAHHSA eKCNOPTHUX Ta iM-
NOPTHUX LiiH AO3BOMSE OiNTN BUCHOBKY NPO HeedeKTUBHICTb
€KCMOPTHO-IMMNOPTHUX OMepaLiin, OCKIfbKM €KCMOPTHI LjiHK
Ha aHTpauuT € HWKYMMU 3a IMNOPTHI. Y cuTyauii 3HWXKEHHS
BMOOOYTKY KonanuvHu B YKpaiHi eKcnopT 3a HU3bKUMW Li-
Hamu B3arani € 30MTKOBUM I TOMY, Ha Hawy AYMKY, NOro
MOXXITMBO BBa)KaTW €KOHOMIYHO HEAOUINbHUM.

Pe3ynbTath aHanidy eKcrnopTHO-iIMMOPTHMX —oOnepauin
LLIOAO KOKCY, HaniBKOKCY, BYriNnsi peTOPTHOro cBigyaTb Mpo
3MeHLUEeHHS 0b6cAriB ekcnopTy Ta 36inbLUeHHst 0bcsriB iMNopTy.
LLloao uiH, TO SIK eKCnopTHI, Tak iMNOPTHI LiHK npoTarom 2011—
2015 pp. 3HnxyBanuce i novanu 3poctati 3 2016 p.

Bye npoBeaeHuit aHani3 reorpadivyHoi CTPYKTYypY eKcno-
pTy Ta iMNOPTY BYrinnsa kam'sHoro, aHTpaunty (2701) Ta ko-
KCy i HaniBkokcy, Byrinnsa petopTHoro (2704). OCHOBHVMM
iMmnopTepamn BYrinns kam'sHoro, aHTpauuty € Pociicbka
depepauin Ta CLUA. BuHatkom wopno Pociicbkoi ®enepadii
ctaB 2014 p., WO MOXNMNBO MNOB'A3aTH i3 no4YaTkom 6ooBmNx
ain. 3 2015 p. cutyauis 3amiHunace — imnopT 3 Pocii 36inkb-
wuecsi. EkcnopTHi noToku Gynu 3ocepemkeHi 0O Takux
KpaiH, sk bonrapis, TypeudnHa Ta Benbris. 3 2013 p. pos-
noyato ekcnopt go CnoeayvunHu, a 3 2014 p. — go Pocincb-
koi depnepadii. 3ictaBneHHs reorpadii ekcnopTy Ta iMnopTy
nigTBepAXye 3pobneHnin BUCHOBOK LLIOAO EKOHOMIYHOI Hee-
PEeKTUBHOCTI, OCKifIbKW, HaMpuKnag ekcrnopT Ta iMnopT o
OfHi€l i Tiel camoi kpaiHm (Pocincbkoi ®eaepadii) 3a ymosu,
IO UiHM iMAOPTY BULLI 32 LiiHW €KCropTy, EKOHOMIYHO He €
BUNpaBAaHNM.

BcTaHOBNEHO, WO KOKC i HamiBKOKC, BYrinns peTopTHe
(2704) npotarom 2011-2018 pp. iMnopTyBanocb nepesa-
XHO 3 Pocincekoi Pegepadii Ta MNonbui. OTpuMaHi pesynb-
TaTu cBigyatb MNpoO Te, WO 3a3HayYeHunn pecypc
EKCMOPTYETLCA Ta IMNOPTYETLCA OO OAHIET i TiET camoi Kpa-
THM — Pocincbkoi Pepepadii. LliHa ekcnopTy npy ubomMy Hu-
X4ya 3a uiHy imnopty. OTxe, Taki onepaujii € eKOHOMIYHO

HeeeKTUBHUMW ANst KpaiHW, TUM GinbLy, Wo cobiBapTicTb
BMPOOHULITBA KOKCY B YKpaiHi 4OCUTb BUCOKA.

3anponoHOBaHO BUKOPUCTAHHSA CUCTEMHOrO Nigxoay 40
pauioHanbHOro BUAOOYTKY, BWKOPUCTAHHS MiHepanbHO-
CUPOBMHHOI 6a3n kpaiHM 3 0QHOYACHUM ypaxyBaHHSAM €KC-
NOPTHO-IMMOPTHUX MOTOKIB i LIHOBOI KOH'HOHKTYPU 30BHiLL-
HbOrO Ta BHYTPILUHLOrO PUHKIB 3 ypaxyBaHHAM pecypCHOi
cknagoBoi 6e3nekun aepxasu.

Mopanblmnx gocnigxeHb notpebye npobnema onTUMi-
3auii BUoobyTKy Ta BUKOPUCTaAHHSA KOPUCHMX KOMNarnuH, Ta ix-
HbOr0 BMMMBY Ha PO3BUTOK TepuTopii Ta [o6pobyTy
TepuTopianbHMX rpomag.
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Hapivwna no peakonerii 16.09.19

DEVELOPMENT OF EXPORT AND IMPORT OPERATIONS IN THE COAL MINING INDUSTRY

As a result of the research, system approach to the management of mining, utilization, export and import of national coal resources has been

formed.

The comparison of export and import prices for metallurgical coal and anthracite led us to the conclusion that export-import operations are
ineffective, since export prices for anthracite are lower than import ones. It has been proved that it is unprofitable for the national economy to export

coal at low prices in situations of coal mining reduction in Ukraine.

Analysis of black coal, anthracite (2701), coke and semi-coke, retort carbon (2704) export and import's geographic structure has been made. It
has been found out that the Russian Federation and the USA are the main importers of black coal and anthracite, export flows were concentrated in

Bulgaria, Turkey, Belgium and the Russian Federation.

It has been specified that coke, semi-coke and retort carbon (2704) during 2011-2018s were imported mainly from the Russian Federation, the

USA and Poland. Export destination was the Russian Federation.

It has been proposed to use system approach to rational mining, use of the country's available mineral resources, taking into account export-
import flows, external and internal markets pricing, as well as the resource component of national security.
Keywords: mineral and raw materials base, fuel and energy resources, hard coal, coking coal, anthracite, management.



ISSN 1728-2713 FEONOris. 1(88)/2020 ~75~

B. BonkoB, A-p TexH. Hayk, npod.,

E-mail: volkovvp49@gmail.com;

J1. TopouikoBa, A-p 3KOH. Hayk, npod.,

E-mail: goroshkova69@gmail.com;

3anopoXCcKnin HaLMOHanbHbIA YHUBEpPCUTET,

yn. XykoBcbkoro, 66, r. 3anopoxbe, 69600, YkpauHa;

E. Xno6bicToB, A-p 3KOH. HayK, npod.,

E-mail: ievgen.khlobystov@ukr.net;

HaumoHanbHbIM yHuBepcutet "KueBo-Morunsinckas akagemms",
yn. Fpuropus CkoBopoabl, 2, r. Kues, 04655, YkpanHa

PA3BUTUE 3KCMOPTHO-UMMNOPTHbIX OMEPALIUA B YIONlbHOW OTPACIIN YKPAWUHbI

B pe3synbmame nposedeHHbIX uccredosaHuli cgpopmMuposaH cucmemMHbIl Modxo0 K ynpaessieHuro 0ob6bivel, Ucrnosib308aHUeM, 3KCIOPMOM U
UMMOPMOM y20/1bHbIX PECYPCO8 CMpPaHbI.

CpasHeHue 3KCNopMHbIX U UMMOPMHbIX YUEeH Ha KOKCyrowulicsi y20/b U aHmpayum rno3eoJsiusio npulimu K 8bieody o HeaghghekmueHocmu 3KCno-
PMHO-UMMOPMHBIX onepayuli, MOCKOMIbKY 3KCMOPMHbIe UYeHbl Ha aHmpayum Hu)e uUMnopmHbix. [JokazaHo, Ymo e cumyayuu CHUXeHUs1 006bIYU
yensi 8 YkpauHe 3KCriopm 1o HU3KUM yeHaMm saoobuwie siesisiemcsi y6bimoYHbIM Oisi 3KOHOMUKU CmpaHbl.

Bbin npoeedeH aHanu3 2eozpaghuyeckoli cmpyKkmypbl 3KCropma u uMrnopma yasisi KaMeHHo20, aHmpayuma (2701), kokca u nosykokca, yansi
pemopmHozo (2704). YcmaHoesieHo, Ymo OCHO8HbIMU UMMopmepamMu yasisi KaMeHHo20, aHmpayuma siensitomcesi Pocculickasi ®edepayusi u CLUA.
AkcnopmHble nomoku 6binu cocpedomoyeHbl 8 makue cmpanbl, kak Boneapus, Typyus, Benbausi u Pocculickasi ®edepayusi.

YcmaHoeneHo, Ymo KOKC U MONyKOKC, y20sb pemopmHbil (2704) Ha npomsikeHuu 2011-2018 22. uMnopmupoeascsi NPeuMyu,ecimeeHHo u3
Poccuiickoii ®edepayuu, CLUA u lMonbwu. SkcnopmHbie NOMOKU 6binu HanpaesneHbl 8 Pocculickyro ®edepayuro.

lMpednoxeHo ucnonb3oeaHue cucmeMHo20 Nodxoda K payuoHasbHolU 006bive, UCMo/Ib308aHUI0 MUHEPasbHO-Cbipbeaol 6a3bli cmpaHbl ¢ 00-
HOBPEMEHHbLIM y4emoM 3KCMOPMHO-UMIMOPMHbLIX MOMOKO8 U YeHO80U KOHBLIHKMYPbI 8HEWHE20 U 8HYMPEHHE20 PbIHKO8 C y4eImoM pecypCcHoU
cocmaensiroujeli 6esonacHocmu 2ocydapcmea.

Knroyesnie cnosa: MuHepanbHO-cbipbegasi 6a3a, MonueHo-3HepP2emMuUYeCcKUe pecypchl, y20sb KaMeHHbIU, Y20/lb KOKCYrou ulicsi, aHmpayum,
ynpaeseHue.
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EVALUATING THE DEGREE OF COMPLEXITY OF TIGHT OIL RECOVERY BASED
ON THE CLASSIFICATION OF OILS

(MpedcmaeneHo iHo3eMHUM 4YnieHoM pedakyitiHoi koneeii npog. I'. Kynieeum)

The article discusses the results of the use of cluster analysis in assessing the degree of oil recovery complexity and its impact
on the performance indicator. For this purpose, clustering was performed using a fuzzy cluster analysis algorithm. It should be noted
that along with the deposits of heavy and highly viscous oils, a large share of hard-to-recover reserves is also confined to conditions
with very low reservoir permeability values. Data on viscosity, oil density and oil permeability of in-situ conditions from various fields
of Kazakhstan are collected. Using the results of this classification, a statistical analysis of indicators of various types of hard-to-
recover oils was performed. In the process of analysis, a generalized characteristic was determined for each class of oil, including
viscosity, oil density and reservoir permeability. The generic characteristic is a linear transformation of the three characteristics. The
results were subjected to statistical processing. At the same time, an attempt was made to establish and analyze the relationship
between the degree of recovery complexity of hard-to-recover oils and oil recovery coefficient. In the course of the analysis, the
average values of the oil recovery coefficient and the index of the degree of recovery complexity of hard-to-recover oil within each
cluster were calculated and the relationship between them was plotted. The observed dependence, built on averaged points, is close
to a power law, and, as one would expect, with an increase in the degree of oil recovery complexity, the oil recovery coefficient falls.
The obtained estimates of the degree of oil recovery complexity allow us to rank different types of oils by their viscosity, density and
reservoir permeability, which can be used to compare types of hard-to-recover oils by the value of the quality indicator. Methods to
solve the problem of hard-to-remove high-viscosity and heavy oils should be aimed at reducing the viscosity of oil in the reservoir:
injection of hot water / steam into the reservoir, the use of electric heaters, etc.

Purpose. Assessment of the degree of oil recovery complexity and its impact on the efficiency of field development.

The technique. The solution of the tasks set in the work was carried out on the method of mathematical statistics and the theory
of fuzzy sets. In this case, the methods of processing the results, the correlation analysis, and the algorithm of fuzzy cluster
analysis were used.

Results. As a result of studies, 4 classes were obtained, each of which characterizes the degree of oil recovery complexity,
a parameter was proposed for quantifying the degree of complexity, including oil density and viscosity, reservoir permeability,
a relationship between this parameter and oil recovery coefficient was obtained.

Scientific novelty. A classification of hard-to-recover reserves based on a fuzzy cluster analysis has been performed, and a
parameter has been proposed for quantifying the degree of oil recovery complexity, a relationship has been obtained that allows
judging the oil recovery by the degree of oil recovery complexity.

Practical significance. The results obtained make it possible to classify hard-to-recover reserves and make decisions on the
choice of methods for influencing the reservoir in various geological conditions.

Keywords: density, viscosity, permeability, fuzzy cluster, hard-to-recover reserves, degree of recovery complexity, oil recovery.

Introduction. The oil industry has now reached a stage
when oil fields are being developed under increasingly
unfavorable conditions due to reserves deterioration and a
greater share of hard-to-recover (HTR) reserves. Large
number of prolific pools and fields are mature and plagued
by declining oil production and increasing water cut as well
as unfavorable qualitative characteristics of crude oil
reserves in pools that are once again brought on stream (Ax-
moHuadu u CaseHok, 2013; Heusyzs-bu u CaseHok, 2015;
HAwenko u MNonuwyk, 2016).

In order to give a clear and exhaustive definition of what
HTR reserves actually are, we need to analyze undeveloped
oil reserves and understand the reasons why they do not
contribute much to oil production. Among these reasons are
physical and chemical oil properties, description of settings
in which oil occurs and so on. In other words, the term ‘HTR
reserves' becomes applicable when there is a discrepancy
between available technological solutions and geological
aspects of crude oil occurrence as well as oil properties.

Thus, hard-to-recover reserves are reserves concealed
in pools (fields, development units) whose geological
settings of oil occurrence and (or) physical oil properties are
relatively unconducive to oil recovery and whose
development with existing technologies under the current
tax system is regarded as economically non-viable. The
term ‘hard-to-recover reserves' has been applied very

loosely because reserves can vary in the complexity of their
recovery. There is, therefore, a need to classify them and
evaluate the degree of recovery complexity. There is a wide
variety of object classifying techniques to select from. Before
applying a certain technique, we need to substantiate our
choice of classification criteria. Numerous studies are
consistent with factors that are responsible for the
complexity of oil recovery, i.e. indicators that determine oil
properties and settings in which oil occurs.

We also examined the results of HTR reserves
classification and revealed a need for dividing the whole set
into homogeneous groups according to a combination of
classification criteria. A cluster analysis is best suited for this
task (Efendiyev et al., 2018). In order to substantiate the
technique of choice this paper discusses the core concept
of the cluster analysis and the results of its application, and
evaluates the degree of oil recovery complexity and its effect
on performance.

The results are produced by applying clustering
techniques in examining geotechnical data. Over the recent
years, the issues of cluster analysis (sometimes also known
as the issues of automated classification) have been used
extensively in such spheres as economics, sociology,
medicine, geology, oilfield development and other
industries, where we deal with sets of objects of arbitrary
nature described as x = {x1, X2, ..., Xxn} vectors that have to

© Efendiyev G., Karazhanova M., Akhmetov D., Piriverdiyev ., 2020
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be automatically divided into groups of homogeneous
objects according to the criteria of similarities (within a
homogeneous object or a cluster) and differences between
these objects. Much has been published on psychological,
sociological, economic, G&G, well drilling, oil and gas field
development studies (Akhmetov et al., 2018; Koilybayev et
al., 2018; 3aliveHko u loH4ap, 2007).

As previously noted in different publications, there are
more than a hundred of different clustering algorithms, e.g.
hierarchical and non-hierarchical cluster analyses and fuzzy
clustering.

In recent years, these techniques have been widely
applied for collecting and processing data and mining
intellectual knowledge from data. Conventional cluster
analysis techniques are based on a clear-cut partition of an
initial set into several subsets. Each point (recognizable
object) belongs to one cluster only, i.e. the characteristic
function (the equivalent of a membership function in
conventional sets) amounts to one for this cluster and to
zero for the other clusters. If a point does not belong to any
cluster, then a new cluster is created. However, such a
restriction is not always true. More often than not partition
must be done in such a way as to determine the degree to
which each object belongs to each set. In this case, it makes
sense to use fuzzy methods of cluster analysis. Fuzzy
cluster analysis in particular and cluster analysis in general
(also known as automated classification) have been
extensively used over the last years in economics,
sociology, medicine, geology, oil field development and
other industries, where we deal with sets of objects of
arbitrary nature described as x = {x1, X2, ..., xn} vectors that
have to be automatically broken down into groups of objects
that are homogeneous in regards to specific criteria. Recent
years have seen these techniques being widely applied for
the purpose of data acquisition and analysis. As mentioned
above, conventional cluster analysis techniques are based
on a clear-cut partition of an initial set into subsets, and each
point can only be assigned to one cluster. Roughly speaking,
clustering means dividing a set of input indicators (vectors)
into groups or clusters that are homogeneous in terms of the
degree of their ‘similarity’ and heterogeneous in relation to
each other. In other words, each cluster represents a group
that contains homogeneous data (selected according to
certain clustering criteria), but separate clusters (groups) are
heterogeneous with respect to each other.

Thus, a cluster can be defined as a group of elements
that share common properties and similar values of
classification criteria.

The following two indicators can be regarded as a
cluster's characteristics:

¢ internal homogeneity;

» external isolation, i.e. heterogeneity in relation to other
such clusters.

The method elaborated in (Efendiyev et al., 2018) is
based on a fuzzy cluster analysis and allows predicting lost
circulation of any scale at an early stage of drilling
operations. A total of five classes were differentiated in the
course of this study, with each class defining the severity of
lost circulation expressed as linguistic variables. This
provided a basis for building fuzzy models that represent a
relationship between the estimates of petrophysical
properties and the volume of lost drilling mud. The results
obtained facilitate decision-making regarding lost circulation
prevention and a timely response to eliminate its
consequences. In most cases, specifically when it comes to
oilfield practices (Efendiyev et al., 2018; Akhmetov et al.,
2018; Koilybayev et al., 2018; 3atyeHko u oH4ap, 2007;
Bezdek et al., 1984), a partition must be done in such a way
as to determine the degree to which each object belongs to,
i.e. the degree of recognition. In this case, it makes sense to

opt for fuzzy cluster analysis methods. The application of the
K-means technique in classifying seismic data is discussed
in (Zhang, 2015). The essence of the problem was as
follows. The available seismic data were to be divided into
different classes or clusters and analyzed in such a way as
to ensure that further production costs will be decreased,
new oil-saturated beds will be discovered and the decisions
already taken will be scientifically grounded. It is
emphasized that the K-means algorithm is suitable for
clustering massive datasets and has been used for
clustering data collected during exploration. However, the
authors note that in this case it is necessary to identify the
k-means algorithm for the purpose of seismic data
clustering. This work is aimed at improving the conventional
K-means algorithm and establishing whether it can be
successful in examining legacy geological data. It has been
proven that by improving the K-means algorithm we can
enhance efficiency and feasibility. The article provides an
overview of the core theory behind the data mining
techniques and discusses the key principles and algorithms
of cluster analysis. Seismic data interpretation using cluster
analysis techniques is discussed in an article (Sabet and
Javaherian, 2009), which says that we can extract more
information about the structures and geology of subsurface
blocks by clustering seismic data. The paper singles out the
efficient K-means clustering algorithm as the clustering
technique of choice for classifying seismic facies based on
seismic data. By giving the k value (i.e. the number of
clusters), the k-means clustering algorithm uses an iterative
algorithm that minimizes the sum of distances from each
sample to its cluster centroid over all clusters. This algorithm
moves samples between clusters until the sum cannot be
decreased any further. The results is a set of clusters that
are as compact and well separated as possible. The authors
note that by applying the K-means clustering algorithm to a
real dataset it was shown that more seismic facies appear
by increasing the k value and this provides useful
information about subsurface deposits.

In (Qonuxcekud, 2017), the results of the use of cluster
analysis in the classification of geological objects are
presented. The methods of spatial clustering, as noted in the
work, and the spatial classification (selection of objects with
given characteristics in the geological body) are performed
by the components of the expert system when predicting
areas that are promising for oil and gas. The results of the
implementation of the algorithms created for this purpose
were tested on the data obtained in the course of drilling and
seismic exploration within the Sribnen depression located in
the zone of the Central Section of the Dnieper-Donetsk
depression. Examples of maps obtained from the results of
these calculations are presented, which demonstrate the
mutual arrangement of the clusters obtained.

For the purpose of classifying HTR reserves we ran
clustering using a fuzzy cluster algorithm and gathered data
on oil viscosity, oil density and oil permeability in-situ
conditions for the following Kazakstan's fields:
Karazhanbas, Kalamkas, Tasbulat, Komsomolskoye,
Turkmenoi, Aktas, Dolinnoye, Shinzhir, Zhylankabak, Matin,
Severnoye  Priozernoye, Tabynai, Arystanovskoye,
Kamenistoye, Zholdybai, Airankol', Botakhan, Zapadnaya
Prorva, Dosmukhambetovskoye, Zaburunye, Vostochny
Makat, Yuzhnoye Karatobe, Severnye Buzachi, Zhetibai,
and Dunga. The following three indicators were selected for
our cluster analysis: oil viscosity, oil density, and reservoir
permeability. The fuzzy cluster analysis produced in total
four classes, with each class reflecting the degree of oil
recovery complexity (Akhmetov et al., 2018):

e the formation is permeable, while the oil is highly
viscous and extra heavy;
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¢ the formation is moderately permeable, while the oil is
viscous and heavy;

¢ the formation is highly permeable, while the oil is of
moderate viscosity and density;

e the formation is poorly permeable, while the oil is light
and has low viscosity.

The results produced by the cluster analysis are
presented in Table 1.

Table 1
The results from fuzzy cluster analysis using data from Kazakhstan's fields with HTR reserves

PERM, mD u, MPa*s p, glcm® n M1 M2 M3 Ha
531 835 0,929 0,062419 0,9179 0,0339 0,0304 0,0178
166 378 0,928 0,11044 0,8965 0,0726 0,0175 0,0134
517 449 0,93 0,246132 0,9991 0,0005 0,0003 0,0001

567 500 0,933 0,047994 0,9997 0,0002 0,0001 0
54,3 1,6 0,792 0,486552 0,0025 0,5481 0,0043 0,4451
133 1,33 0,797 0,025344 0,002 0,7663 0,0038 0,228
302 7,115 0,829 0,308 0 0,9994 0,0001 0,0005
404 11,54 0,855 0,241 0,0001 0,9993 0,0003 0,0004
363 6,45 0,835 0,296 0 0,9996 0,0001 0,0003
299 8,74 0,831 0,510654 0 0,9996 0,0001 0,0003
2186 491 0,927 0,148263 0,4282 0,0739 0,4636 0,0343
2088 25,03 0,799 0,241 0,0275 0,0398 0,9094 0,0233
1232 54 0,877 0,171497 0,0003 0,001 0,9985 0,0002
1273 21,4 0,891 0,18184 0,0005 0,0015 0,9977 0,0002

81 2,08 0,73 0,102669 0 0 0 1

11 3,8 0,722 0,183775 0 0 0 1
127 3,3 0,776 0,102243 0,0015 0,2063 0,0029 0,7893
10 6,55 0,783 0,51087 0,0022 0,2804 0,0035 0,714
82,37 24 0,785 0,010098 0,0021 0,3894 0,0039 0,6046

Note. PERM is permeability of the formation, u is dynamic viscosity, p is oil density, n is the oil recovery factor, and p;is a function defining

the degree of membership to the i-th cluster.

The work (Akhmetov et al., 2018) gives a graphical
representation of boundaries separating classes-terms- sets
of oil density, oil viscosity and reservoir permeability. In this
case, light oil has density of 700-815 kg/m?, moderately
heavy oil has density of 800-890 kg/m?; heavy oil has
density of 892-910 kg/m3; and extra heavy oil has density
ranging between 910 and 933 kg/m® and low viscous is
(0,17-6,9) MPa.s; moderately viscous — (8,6-55) mPa.s;
viscous — (55-160) MPa.s; 160 MPa.s and higher.
Concerning permeability they are highly permeable (840—
2180) mD;  permeable  (480-800) mD;  moderately
permeable (130-690) mD; poorly permeable (less than
130) mD. The results produced by the c-means clustering
algorithm helped differentiate HTR reserves according to the
degree of complexity of their recovery. This algorithm was
proposed by an Australian scientist James Bezdek in 1981.
Each class is characterized by its own degree, category of
recovery complexity. Once these results are available, we
can now perform recognition of a certain oil with known
properties and geological setting by assigning it to one class
or another. Elements within a certain cluster must be close
to each other, while individual clusters must be as far apart
as possible. Figure 1 gives a 3D representation of how the
specified classes are positioned in relation to each other.
The axes shown in the figure represent in-situ oil
permeability, oil viscosity and density. Identical points
indicate the membership of the oil with certain geological
setting and properties (expressed by its coordinates) in a
homogeneous cluster.

It should be noted that a greater tight oil output observed
in the last few years has led to a variety of problems
associated with its production. Developing HTR oil reserves
such as highly viscous and heavy oil rich in sulfur, resins,
heavy metals etc. considerably deteriorates the quality of oil
reservoir resulting in a greater adverse effect on the
environment (AwenHko u MNonuwyk, 2016).

Statistical analysis and evaluating the degree of oil
recovery complexity. Recent years have seen an increase
in the amount of tight oil refinement. The degree of their
recovery is subject not only to anomalous properties of
crude oil but also to intricate geological setting in which such
oil occurs. These factors dictate the need for an analysis that
will produce generalized quantifiable values that define the
complexity of tight oil recovery. Aspects of physical and
chemical properties and geological setting in which HTR ol
occurs are discussed in (HweHko u MNMonuwyk, 2016; Makcy-
moe u 0p., 2005; Mycnumos, 2016; Slucosckuti u Xanumos,
2009). However, generalized quantifiable values interrelated
with fields' production performance has received insufficient
study, which hinders the solution of oil production problems
in general. In light of this, we examined performance
indicators of different types of HTR oils found in Kazakhstan
by using the results of their classification discussed above.

The analysis involved determining a generalized
characteristic for each differentiated class of oils (Table 1).
This characteristic included oil viscosity, oil density and in-
situ permeability. The generalized characteristic represents
a linear transformation of the three factors. The generalized
characteristic was initially expressed as:

InK =a;In10v + ayp — aslnKperm )

It follows that

__ (10v)%1 x*2 2

- 2)

Here «,,a,, a3 are parameters that honour a weight
contribution of each examined indicator. Their values are

computed using the following expressions:
Ziniov

A = e (3)
ZIn10v+Zp+ZinKperm
X
@y = st — (4)
ZIn10v+Zp+ZinKperm
ZinkK.
a3 perm (5)

= ZIn10v+Zp+ZinKperm
Kperm is in-situ permeability, v, p is oil viscosity and
density, respectively, X = e”.
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Fig. 1. The position of clusters (defining the degree of oil recovery complexity) in the 3D space

The results were subjected to statistical processing and
an attempt was made to establish a relationship between the
degree of complexity of tight oil recovery (K) and the oil
recovery factor. The analysis involved computing average
oil recovery factor values and the estimated degree of tight
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oil production complexity inside each cluster and generating
a relationship between them.

Fig. 2 shows a relationship between oil recovery factor
and description of the degree of oil recovery complexity.

Degree of ol recovery complexity, K

Fig. 2. A relationship between oil recovery factor and description of the degree of oil recovery complexity

The largest signs indicate the points that characterize
average values for analogous signs. As seen in Fig. 2, the
established relationship constructed on averaged points
shows a good match with the power-law relation. As the
degree of oil recovery complexity rises, the oil recovery factor
unsurprisingly decreases. The observed dependence was
built according to the mean values of the studied variables for
each cluster. Analytically, this relationship is as follows:

n=0,1729K1.05 (6)

The analysis of this dependence showed that it can be
traced quite clearly at the middle points, and the analysis of
the correlation coefficients of individual linear sections
showed that, with the exception of the first cluster, the links
within the other clusters are very weak, and at the same time
this approach, complementing the results of clustering, makes
it possible to specify the boundaries of homogeneous groups

(clusters). Such an approach based on the analysis of the
values of the correlation coefficient using the example of the
relationship between acoustic impedance and clay content in
relation to the differentiation of clay rocks by the porosity was
proposed in (Buxea ma iH., 2018). The results of applying this
approach allow to expand the possibility of statistical methods
in solving geological and technological problems.

Conclusion. The following problems arise in developing
tight oil reserves: low mobility of oil in reservoir, problems
associated with bringing crude oil to the surface and its
further transportation due to high oil viscosity and density,
which in turn requires heavy expenditure on specialized
costly technology and equipment.

By examining the methods and principles of the HTR
reserves classifications proposed, we have scientifically
substantiated the key concepts underlying the generation and
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practical application of an approach to classifying oil, oil-and-gas,
and gas fields according to a set of indicators. This technique
enables us to evaluate the degree of oil recovery complexity.

The presented classification of fields with HTR reserves
is based on examining and summarizing information about
a combination of indicators characterizing the subsurface
within several Kazakhstan's fields using a fuzzy cluster
analysis algorithm.

The results of this classification have shown that a large
share of HTR reserves is confined not only to heavy and
high-viscosity oil fields, but also to reservoirs with very low
permeability, that is why permeability was included among
the classification indicators.

Qualitative aspects of tight oil varying in viscosity, density
and occurrence were examined with the proposed criterion of
oil quality (tentatively referred to as the degree of oil recovery
complexity). We have found a reciprocal relationship between
this criterion and the results of tight oil classification, according
to which different oils were divided into four classes of quality.
We constructed a crossplot between the oil recovery factor and
the distinguished characteristics.

The obtained estimates of the degree of oil recovery
complexity enable us to rank different types of oil by their
viscosity, density and in-situ permeability. This could be
useful in comparing the types of tight oils according to the
magnitude of the quality indicator.

The approaches to tackling tight high-viscosity and
heavy oil issues should be aimed at decreasing oil viscosity
in the formation by injecting hot water/steam into the
formation, applying electric heaters and so on.

Moreover, it is common knowledge that at a mature
stage of field development wells tend to have low production
rates and high water cut. Some of these low-yield wells with
high water cut are loss-making while some economic
producing wells are often idle waiting for well servicing,
which in general adversely affects the company's efficiency.
In view of the above mentioned, we can conclude that there
is a need for a thorough analysis of fields' historical
performance and an assessment of well stock efficiency so
that we can make the most informed and grounded
decisions in future.
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OUIHKA CTYMNEHSA CKINAOHOCTI BUNYYEHHS BAXXKOBUAOBYBHUX HA®T HA OCHOBI IXHbOT KNACU®IKALIT

Po3sansinymo pe3ynbmamu 3acmocyeaHHs KilacmepHo20 aHasli3y npu oyiHyi cmyneHs cknadHocmi eusny4eHHs1 3anacie Hagpmu ma tio2o ennusy
Ha nokasHuk eghekmueHocmi. 3 yieto Memoro 8UKOHaHO K/lacmepu3ayito i3 3acmocyeaHHsIM af2opummy He4Yimkoz2o Knacmep-aHanisy. Cnid 3asHa-
qumu, wo nopsod 3 podosulaMu 8aXXKUX i 8UCOKO8 'A3KUX Haghm eesluka Yacmka eaxxkoeudobyeHuUX 3anacie npuypoyeHa makox i 0o ymos 3 dyxe
HU3bKUMU 3Ha4Ye€HHSsIMU NMPOHUKHOCMI Koslekmopis. 3i6paHi daHi npo 8 ’A3kocmi, 2ycmuHu Haghmu i NPOHUKHICMb Nopid 8 yMoeax 3asnsizaHHs1 Haghm
3 pi3Hux podoesuuw; Kazaxcmany. 3a pesynbsmamamu 0aHoi knacudpikayii npoeedeHo cmamucmuyHul aHani3 NokasHuUKie pi3HUX murnie eaxkKoeudo-
6yeHuUx Hagbm. Y npoueci aHanizy Onsi KOXXHO20 eudifnleHo20 Knacy Haghm eu3Hayasiacsl y3a2a/lbHeHa XxapaKmepucmuka, Wo 8KJIF0Yac 8'si3Kicmb,
winbHicmb Haghmu i NPOHUKHICMBb KOJSIeKMopie 8 yMoeax 3asisi2aHHsl. Y3az2anbHeHa xapakmepucmuka siesisic cobolo JiHiliHe nepemeopeHHs 3a3Ha-
4eHUX MpPbLOX xapakmepucmuk. Pesynsmamu 6ynu cmamucmu4yHo o6pob6ieHi. lpu yboMmy aemopu cnpobyeanu ecmaHosumu i npoaHasnizyeamu
83aeM038'130K MiXk cmyneHeM cknadHocmi eu0o6ymky eaxkoeudobyeHux Haghm i koegpiyieHmom Haghmoeiddayi. Y npoyeci aHanisy po3paxoeyea-
nucs cepedHi 3Ha4eHHs KoegbiyieHma Haghmoeiddayi i noka3HuUKa cmyneHsi cknadHocmi au0o6ymky eaxkoeudobyeHux Haghm ycepeduHi KOXXHO20
knacmepa i 6ydysanacs 3anexHicmb MiX HUMU. 3a3Ha4YeHa 3anexHicmb, nobydoeaHa o ocepedHeHUX mMoykax, 61u3bka 0o cmyneHegol, NIPUYOMY,
sk i cnid 6yno oyikyeamu, 3i 36inbWeHHsIM cmyrneHs1 cknadHocmi eudobyeaHHss Haghmu KoegbiyieHm Hagpmoeiddayi nadae. OmpumaHi oyiHKu cmy-
neHs1 cknadHocmi eudobyeaHHs1 Haghmu do3eonsiromb paHXyeamu pi3Hi munu Haghm 3a iXHbLOIO 8's3Kicmio, WinbHicmMio i NPOHUKHiCMIO Nopio e
yMoeax 3assi2zaHHsl, W0 MOXXHa euKopucmoesyeamu Osisi MopieHsIHHA munie eaxkosudobyeHux Haghm 3a ee/lUMUHOK Moka3Huka sikocmi. Memodu
po3e'A3aHHsA npobriemu, Noe's3aHol 3 8axXKoeuAobyeHUMU 8UCOKOB SI3KUMU i BaXKKUMU HaghmamMu, MO8UHHI 6ymu crnpsiMoeaHi Ha 3HUXEHHS 8 'A3Ko-
cmi Hagpbmu y nnacmi: 3akayyeaHHs1 2apsi4oi eodu/napu y nnacm, 3acmocyeaHHs1 elekKmpuYHuUx obicpieayie ma iH.

Mema. Ouyinka cmyneHsi cknadHocmi eusnyyveHHs1 3anacie i lio2o ennuey Ha eghekmueHicmb po3pobku podosuwy.

Memoduka. PiweHHs1 mocmasneHux y pobomi 3aedaHb 30ilicHro8anocsi Mmemodamu I4HOJ ¢ ICMUKU i meopii HeYimKux MHOXUH.
IMpu ybomy 6ynu eukopucmaHi: Memoduka 06po6Ku pe3ynbmamie, KopensuyiliHuli aHasi3, a maKoX asi2o0pumm He4yimKo20 Kracmep-aHaisy.

Pe3ynbmamu. Y pe3ynbmami docnidxeHb ompumaHO YOmupu Kiacu 3arnacie, KoXXeH 3 IKUX Xapakmepu3ye cmyniHb CKIadHOCMi eUsyYeHHs!
3anacie; 3anpornoHoeaHo napamemp Ol KiflbKiCHOT OyiHKU cmyneHs1 cknadHocmi, W0 eKoYae WinbHicms i 8'A3kicmb Haghmu, NPOHUKHICMb Kosle-
Kmopie 8 ymoeax 3assi2aHHsi; OmpuMaHo 3a1eXHicmb MiX yum napamempom i koegpiyicHmom Hagpmoeiddauyi.

Haykoea Hoeu3Ha. BukoHaHo knacudikayito eaxxkoeudobyeHux 3anacie, 3acHoeaHy Ha He4imKoMy Kracmep-aHanisi, 3arnponoHoeaHo napamemp
Ons KinbKiCHOT oyiHKU cmyneHsi cknadHoCcMi eusnly4eHHs1 3anacie; ompumaHo 3anexHicms, ujo do3eosisie oyiHroeamu Hagpmoeiddayy nnacma 3a
cmyneHeM ckiiaGHoOcmi ausly4yeHHs1 3anacis.

lMpakmuyHa 3HaYumicmb. Ompumani pesynbmamu do3eosisiromb nposecmu Knacudgikayito eaxkoesudobyeHux 3anacie i npuliMamu piweHHs
wo0do subopy Mmemodie ennuesy Ha niacm y pi3HUX 2e0/102iYHUX yMOBaXx.

Knroyoei cnoea: winbHicms, e 'A3kicmb, NPOHUKHiICMb, HeYimkKul knacmep, eaxkoeudobyeHi 3anacu, cmyniHb ckilaGHocmi eusly4yeHHs1, Haghmo-
eiddaya.
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OLEHKA CTEMEHW CNOXHOCTW U3BNEYEHUA TPYAHOU3BNEKAEMbIX HE®TEN
HA OCHOBE UX KITACCUDPUKALIUUN

PaccmompeHb! pe3ynbmamel MPUMEHEHUSsT KNacimepHO20 aHau3a npu oueHKe cmerneHu mpyGHOCMuU u3eJsieyeHus1 3arnacoe Heghmu u ee eJ1usiHUS Ha
nokasamenb aghghekmueHocmu. C amoli yesibio 8bINoIHEHa Kilacmepu3ayusi ¢ MpUMeHeHUeM an2opumma He4yemkoa20 Kiacmep-aHanu3a. Cnedyem omme-
mums, Ymo Hapsidy ¢ MeCMOPOXXOEHUSIMU MSDKe/bIX U 8bICOKOBSI3KUX Heghmell, 60bwasi dosnisi mpyOGHou3esieKkaeMbiX 3arnacoe npuypoYyeHa makxe u K
YCI108USIM C OYeHb HU3KUMU 3Ha4YeHUsIMU MPOHUYaeMocmu Kosiekmopos. CobpaHbl OaHHbIE O 8513KOCMU, MIIOMHOCMU Heghmu U nNpoHuyaeMocmu rnopod e
ycroeusix 3ane2aHusi Hegpmel U3 pa3nuyHbIx MecmopoxdeHull Kazaxcmana. Ha ocHoee pe3ynibmamoe 0aHHoU Knaccughukayuu npoeedeH cmamucmuye-
cKull aHanu3 rnokasamernel pa3/iuyHbIX munoe mpyodHou3esekaeMbix Hegpmel. B npoyecce aHanu3a Ansi kaxA020 ebi0esleHHO20 Kilacca Heghmel onpede-
nsinacb obobujeHHasi Xapakmepucmuka, eK/IloYarowasl es1I3Kocmb, MJIOMHOCMbL Hehmu U MPOHUUAeMOCmb KOJIJIEKINOPO8 8 YCII08UsiX 3asie2aHusl.
0606ueHHas xapakmepucmuka npedcmaessiem coboli siuHeliHoe npeobpa3osaHue omMe4YeHHbIX Mpex Xapakmepucmuk. Pe3ynbmamsi 6bu1u cmamuc-
muyecku o6pabomatsl. [pu amom aemopamu cdestaHa MoNbIMKa yCIMaHOBJIeHUsI U aHaslu3a 83auMOCesi3Uu MexAy cmerneHbIo CIIoKHOcMuU 3o6bi4u mpyo-
Hous3eJiekaeMbix Heghmel u ko3aghghuyueHmom HegpmeomaAayu. B npoyecce aHanu3a paccyumsbieasniuch cpedHUe 3Ha4YeHuUs1 KoaghghuyueHma Hegpmeomoayu
U noka3sameJisi cmereHu csIoXHocmu 8o6b14u mpyoHou3esiekaeMoll Heghmu eHympu Kaxdo20 Kiiacmepa U cmpousiacb 3a8UucuMocme Mexdy HUMU. [JaHHast
3asucuUMOCMb, MOCMPOEHHas! Mo ycpeOHeHHbIM MoYKaM, 651u3ka K cmeneHHoU, NpuYeM, Kak u criedoeasio oxudams, C yeesludeHueM cmerneHu CrIokHoCmu
u3eneyeHusi Heghmu Koaghgpuyuenm HegpmeomaAayu nadaem. [NonyyeHHbIe OUEHKU cmerneHuU C/I0XHOCMU U3esieYyeHus1 Heghmu ro3eosisirom paHxuposams
pasHble munbl Heghmed 1o UX 6513KOCMU, MJI0MHOCMU U NMPOHUYaeMocmu riopod 8 ycr1I08usiX 3asie2aHusi, 4imo MOXHO UCI0J1b308amb OJ1s1 CPagHeHUs1 muros
mpydHousesiekaeMbix Heghmel 110 eeslu4UHe rokasamersi ka4ecmea. MemoOdsi peweHusi npobiembl, cesi3aHHOU ¢ MPyOHOU36JIeKaeMbIMU 8bICOKO8A3KUMU
u msbxenbIMu HegbmsiMu, OOMKHLI 6bIMb HanpaesieHbl Ha CHWXeHUe 8s13KOCIMuU Heghmu e riacme: 3akayka 2opsiveli 6o0bi/napa e nnacm, npuMeHeHue se-
Kmpuy4eckux o6ozpesamernel u op.

Lenb. OyeHka cmeneHu c/10)KHOCMU u3eJIeYeHUs] 3anacoe U ee e/lusiHusl Ha 3ghghekmueHocmb pa3pabomku MmecmopoxdeHul.

Memoduka. PeweHue nocmaeseHHbix 8 pabome 3aday ocyu,ecmesisisiock npu noMouwyu Memoados 14ecKol ¢ ICmuKu u meopuu
He4Yemkux MHoxxecma. [Tpu amom 6b1nu ucnonb3oe8aHbl: Memoduka o6pabomku pe3ysibmamos, KoppessiyUOHHbIU aHanu3, a makxe an2opumm He-
4emkKo20 Knacmep-aHasnus3sa.

Pe3ynbemamesi. B pesynbmame uccnedogaHull nosiy4eHbl Yembipe Knacca 3anacos, Kaxobil u3 KomopbIX Xxapakmepu3syem cmerneHb CII0KHOCMU
u3esievyeHus 3anacos; npednoxeH napamemp Osisi KOJIU4YeCMeeHHOU OUeHKU CmerneHu C/I0KHOCMU, 8K/ToYalowuli MIOMHOCMb U 8513KOCMb Heghmu,
MPOHUYaeMocmb KOJI/IEKMOpPOE 8 yCI08UsIX 3ale2aHusi, MoJly4yeHa 3agucuMocmb MeXxAy amumM napaMmempom u KoagguyueHmom Hegpmeomaoayu.

Hay4Hasi Hosu3Ha. BbinonHeHa knaccucgukayusi mpydHousesiekaeMbiX 3anacoe, OCHo8aHHasi Ha HeYemKOM Kilacmep-aHanu3se, U npeodsioxeH
napamemp 05151 KONlU4eCME8eHHOU OUEHKU cmereHu C/I0KHOCMU U3eJIeYeHUs1 3anacoe; rnosyyeHa 3agucumMocms, o3eosouas cyoums o Hegpme-
omadadye nsacma no cmeneHu C/I0XHOCMU U36/1e4eHUs1 3arnacos.

lMpakmuyeckasi 3Ha4yumocmb. [lonyyeHHbIe pe3ysbmambl N0360JIsII0OM Mposecmu Knaccugukayuro mpydHousesiekaeMbiX 3anacos u npuHu-
Mameb peweHusi o ebi60py Memodoe go3delicmeusi Ha n1acm 6 pa3/lIudHbIX 2€0/102U4€CKUX YCII08USIX.

Kntoyeenie crioea: nnomHocms, 8513Kocmb, MPOHUYaeMoCcmb, HeYemkud Knacmep, mpyoHou3eJsieKkaeMble 3anachbl, cmerneHb CJI0KHOCMU u3eJie-
4YeHusi, He¢pmeomaOAaya.
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SUBSIDENCE HISTORY AND HYDROCARBON MIGRATION MODELING
IN SOUTH CASPIAN BASIN

(MpedcmaeneHo 4neHoM pedakyiliHol koneaii 0-pomM 2eos. Hayk, npogh. O.M. KapneHkom ma kaHO. 2eon. Hayk, doy. A.l1. TuweHkom)

We study the mechanisms of migration and spacial distribution of hydrocarbon deposits along a regional 1000 km long SW - NE
seismic cross section of the South Caspian Basin. A retrospective 2D geological simulation of basin subsidence and sediment filling
history is performed taking into account accompanying processes of thermal and catagenetic transformations of organic matter, and
subsequent migration and accumulation of hydrocarbons.

The start of the basin opening with accumulation of considerable sedimentary mass can be dated as middle Mesozoic (Triassic or
Jurassic), and hydrocarbon prone horizons can now be located at depths of 12 km. The hydrocarbon saturation of the Pliocene Productive
Series is of epigenetic (allochtonous) nature, which is also confirmed in literature by geochemical data from mud volcanoes and by other
facts. Geochemical age, depth of provenance and reworking degree of hydrocarbons point at generation sources in Mesozoic (gas) and
Paleogene-Miocene formations (oil) with only subordinate participation of the lower "Productive Series” Pliocene suites. The dominant
migration pattern of fluids is interformational (interstratal) intermittent injective subvertical flow along disjunctive planes, zones of
increased fracturing and loose rocks, diapir intrusion contacts, eruptives of mud volcanoes, lithofacial unconformities and other
structures, breaking the rocks continuity. This implies the possibility of commercial-scale accumulations of hydrocarbons at ultra high
depths, if trap structures of sufficiently large sizes are available, comparable with already discovered giant oil and gas fields (Shah-Deniz,

Azeri-Chirag-Gyuneshli etc).

Keywords: hydrocarbon migration, sedimentary basin modeling, backstripping, deep hydrocarbon potential, PETROMOD

Introduction. The South Caspian Basin (SCB) with up to
15-25 km thick sediment cover, especially in its central parts,
belongs to the deepest sedimentary basins of the world.
According to modern views, this is a backarc basin of Tertiary
age, closely related to Alpine orogenesis (Zonenshain and Le
Pichon, 1986; Khain et al., 2009). These values of sediment
thickness are confirmed mostly by gravimetry and seismic
surveys (Brunet et al., 2003). Characteristic features of SCB are
avalanche sedimentation, extremely high subsidence rate
during Pliocene and Quaternary, and anomally low subsurface
temperatures (Smith-Rouch, 2006; Kerimov et al., 2010;
Rachinkiy and Kerimov, 2015). This basin is one of the world
oldest oil exploration regions with unique oil and gas reserves
(proven reserves above 20 bin barrels of oil equivalent (Abrams
and Narimanov, 1997; Smith-Rouch, 2006; Klett et al., 2010).

Most oil bearing and prospective Azerbaijan regions
feature two hydrocarbon layers, of Pliocene and Mesozoic
age, respectively (Khain, 2005), separated by a thick
Paleogene-Miocene clayish formation. The lower HC level
in SCB is generally traced down to depths of ca. 6.5 km in
Upper Mesozoic and Lower Cenozoic sediments (Guliyev et al.,
2003). Cenozoic layers are essentially better explored, and
most basin simulation projects deal with these horizons
(depths to 2-3 km). The most explorable HC-generating
layer is the Maykop suite (Oligocene) and its overlying
"Productive Series" (Smith-Rouch, 2006; Vincent et al.,
2010; Bonini et al., 2013), which consists of Pliocene
sequences of varying lithology. The lower (Mesozoic) HC
layer is more complicated structurally, with multiple
sedimentation breaks and structural unconformities.
Mesozoic oil in Azerbaijan is still an unresolved challenge.
Exploration works nowadays tend at Mesozoic HC
prospecting (Guliyev et al., 2009). However, drilled
wellbores mostly pierce in Cenozoic sediments, they rarely
reach Upper Cretaceous strata. Information about the
underlying Mesozoic (Triassic and Jurassic) suites
originates from geophysical interpretations and simulations
(Glumov et al., 2004; Artyushkov, 2007; Golonka, 2007; Piip

et al,, 2012; Rachinskiy and Kerimov, 2015). Even more
hypothetic are inferences about possible underlying
Paleozoic layers, especially in view of the discussions about
the opening time of SCB (Berberian, 1983; Zonenshain and
Le Pichon, 1986; Abrams and Narimanov, 1997; Brunet et al.,
2003; Khain, 2005; Artyushkov, 2007; Golonka, 2007). The
unique Shah-Deniz gas condensate field has been recently
discovered at a depth of ca. 7 km in SCB. Similar deep-
laying oil and gas fields are known worldwide. The discovery
of major HC fields at ultra high depths poses the challenge
of exploring the structures and HC bearing capacities at
these depths, where common horizontal layered models for
shallow intervals appear inadequate.

There are two competitive views on the origin, migration
and accumulation of oil and gas in the area. The supporters
of the syngenetic origin of hydrocarbons argue that the bulk
of deposits was formed by a lateral migration of fluids from
the central part of the basin to its periphery (Yusifov and
Rabinowitz, 2014; Javanshir et al., 2015). Others support
rather secondary, or allochtonous HC saturation
mechanisms in the mid-Pliocene suites of Productive Series
in the western and southern parts of the basin (/nan et al.,
1997; Feyzullayev, 2013a). According to this view, most
hydrocarbons migrated from deep-seated underlying
Paleogene-Miocene and Mesozoic strata through a system
of penetrating faults, zones of contact of diapir intrusions
with adjacent reservoirs, mud volcanoes eruptives etc.
during periods of tectonic activation. A promising field of
research in favor of this concept would be mud volcanoes
and their relation (apparent, yet still unclear) with HC
sources distribution (Huseynov and Guliyev, 2004; Yusifov
and Rabinowitz, 2004; Feyzullayev, 2012; Bonini et al.,
2013). The supporters of this concept, however, admit the
generation of certain amount of HC from the Productive
Series in some areas of SCB.

Subsidence simulations and modeling in SCB region are
abundant (Inan et al., 1997; Tagiyev et al., 1997; Brunet et al.,
2003; Artyushkov, 2007; Green et al., 2009; Abdullayev et al.,
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2015; Kerimov et al., 2015; Rachinskiy and Kerimov, 2015;
Guliyev et al., 2017). Many authors conclude about the basin
initiation during Mesozoic, often relating it to the rift opening
in Later Jurassic (Abdullayev et al., 2015). However, there
are indications, in particular, 1D modeling on wellbores, that
trace back the recorded stages of tectonic subsidence to
earlier epochs, including Late Devonian (Brunet et al.,
2003). Such data are obtained in Alborz (Iran), southern part
of SCB. Studies of thermal conditions over multiple
wellbores show, that this is a cold basin compared to similar
fields worldwide. Low subsurface temperatures and
geothermal gradients are a consequence of the avalanche
sedimentation. As a result, rocks below 6 km can still remain
suitably cold to reside within the oil or gas generation
window. Together with indications of possible early formation
(basin as a whole or its parts), this can favor the conclusion
about HC producibility zone in SCB stretching essentially
below the deemed 6,5 km limit, and reaching 10-15 km. The
discovery of such fields at ultra high depths is probable in
young basins with rapid sedimentation (10-15 MA old)
(Kerimov et al., 2015), which is the exact case of SCB at its
modern stage. Therefore, justification of the lower boundary
of HC distribution in this sedimentary basin is of primary
importance. Confirmation of this assumption gives additional
arguments in favor of the secondary (allochtonous) HC
saturation of the Productive Series, hence, allows refining
local migration models as well.

To examine this, regional 2D modeling was performed
(Welte et al., 2000; Makhous and Galushkin, 2005; Kauerauf
and Hantschel, 2009) along several interpreted seismic
profiles. The principal attention is paid here to the results along
a ca. 1000 km profile with SW-NE trending, crossing major
regional tectonic structures in the direction of assumed tectonic
flow at Tethys closure and collision of Arabian and Eurasian
plates. The HC migration and accumulation modeling was also
performed along the profiles for several temporal snapshots,
including the moment of Pliocene Productive Series formation
and present time.

The aim of the work is the study of HC generation,
migration, accumulation mechanisms and their spatial
distribution along a section of the SCB depression. Section
2, continuing the Introduction, presents general knowledge
of the geology, lithology and stratigraphy of SCB sediments.
Principal HC generating suites are briefly described. A short
reference is given of the local stratigraphic nomenclature,
mostly for Neogene suites (Productive Series). In Section 3,
the computer modeling of the basin paleoreconstruction,
and HC migration and accumulation in PETROMOD software
is described. Section 4 presents the modeling results for the
Basin paleohistory and HC distribution along a regional profile
and locally (as case study of a giant field). Section 5 and
Conclusion present the results as compared to other
simulations and empirical wellbore data; possible reasons for
inconsistencies and ways of future model improvements are
discussed. General conclusions on the deep HC potential are
drawn and future researches are outlined.

Materials and methods: Geological settings. Caspian
region is a structure with complicated geology and tectonics,
featuring the conjugation of continental structures with
different ages: East European (pre-Cambrian) platform,
Skythian-Turanian platform and Alpine fold systems on the
South. Three major geological units are distinguished: North
Caspian, Middle Caspian and South Caspian (Guliyev et al.,
2003; Glumov et al., 2004, Khain et al., 2009; Rachinskiy
and Kerimov, 2015). The South Caspian depression is a
tectonic structure within Alpine-Himalayan mobile belt.
Modern tectonic setting of the South Caspian depression is
bound to the southern Caspian Sea and adjacent onshore

zones of Eastern Azerbaijan, Western Turkmenistan and
Northern Iran (Figure 1).

The prevailing point of view assumes the origin of SCB
as a post-rift basin with underlying (sub-)oceanic crust

(without a granite layer), featuring abnormally high
subsidence and avalanche sedimentation in Upper
Neogene-Holocene. Indicative sedimentation rate for

Mesozoic cycle is 40-90 m/MA (meters per million years),
for Paleogene-Miocene: 35-80 m/MA, and for Pliocene-
Holocene: 350-900 m/MA (Glumov et al., 2004; Kerimov et
al., 2015). The average thickness of the sedimentary cover
varies from 7—-8 km to 28—-30 km, reaching maximum in the
most subsided offshore parts of the South Absheron
depression and Baku Archipelago. Three formation layers
are distinguished, strongly differentiated by their lithofacial
composition (Aliyev and Aliyev, 2011):

1) Meso-Cenozoic terrigene and carbonate formation
(Lower and Middle Jurassic to Upper Cretaceous, 4—11 km
thick); 2) Paleogene-Miocene, predominantly clayish,
comprising Danian and Pontian (2,5-5,5km); and
3) Pliocene-Holocene, interleaved sand and clay facies with
thickness of 67 km.

The synthetic stratigraphic column in Fig. 2 summarizes
the geology of Miocene-Pliocene reservoir and source
rocks. The prospective Productive (or Redstone) Series is
composed of clastic terrigene material. Its nine suites are
clearly separated into two groups, divided by the Break (or
Fasila) Suite. The lower group is dominated by Quartz in
clastic sediments, and traced to the Paleo-Volga riverwash.
The upper group contains less Quartz compared to feldspar
etc, and clastic fragments relate to sedimentary and volcanic
rocks with provenance from Paleo-Kura river (Abrams et al.,
1997; Vincent et al., 2010). The underlying Maykop suite
(top Oligocene — lower Miocene) is an important regional
source rock horizon with analogs of the same age stretching
up to Carpathians. It is composed of dark clayish rocks with
abundant organics and sedimentation in anoxic
environment. To a lesser extent, the Diatom suite above
Maykop is also considered as a HC source rock (Smith-
Rouch, 2006; Javanshir et al., 2015).

Within SCB, several separated generation foci of HC
can be revealed in different Mesozoic-Cenozoic strata.
Five HC generation intervals are distinguished: two
Mesozoic (middle Jurassic, lower Cretaceous), Paleogene
— Upper Miocene (mostly Maykop), Middle and Upper
Miocene (Diatom) and Lower Pliocene (Kalinsk suite in the
lower part of the Productive Series) (Guliyev et al., 2001, b;
Guliyev et al., 2003).

The upper formations (Productive Series) are composed
of extended contiguous permeable layers, capable of lateral
fluid migration, that is they correspond to the custom
horizontal layered reservoir concept. However, deep
horizons feature block and block-layered structure (Guliyev
et al., 2017). In SCB, these depths are Paleogene-Miocene
and Mesozoic strata. As a consequence, there are no
favorable conditions for regional migration flows. A new type
of hydrodynamical systems with intermittent (pulsation)
injection dominates there, covering important ranges of
deposits and characterized by large-scale distribution of
vertical interformational flows over networks of high
amplitude faults (Feyzullayev, 2012). Deep fluids are
unloaded predominantly vertically. During tectonic activation
periods, the mixtures of gases and fluids can disrupt the
layers of the sedimentary cover and form interlayer
intrusions, and even reach the surface as mud volcanoes
(Yusifov and Rabinowitz, 2004; Davies and Stewart, 2005;
Feyzullayev, 2012; Guliyev et al., 2017). These particular
features at ultra high depths are crucial for modeling and
assessing of the HC potential of deep subsidence basins.
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Fig. 1. General layout of SCB, modeling profiles and major oil&gas fields. Red line (C-C'):
regional SW - NE profile, Figs. 4, 5; blue lines (inset, a-a', b-b'): profiles used in local migration model of ACG field, Fig.6, a, b

Principles of geological modeling in SCB. The key
technique for the exploration of the deep structure of SCB is
the basin simulation (Makhous and Galushkin, 2005;
Kauerauf and Hantschel, 2009), referenced to the modern
geological setting and certain independent indicators (e.g.,
location and composition of mud volcanoes, sedimentation
data and geochemical logging in ultradeep wellbores).

The computer simulation of the sedimentation history
and HC distribution at several time marks in SCB was
performed with PETROMOD (2D modeling over several
interpreted seismic sections). Most known 2D modeling
packages can also simulate fluid flow rates in (X,Z) plane.
PETROMOD package can simulate three-phase
displacement (system of oil+gas+water), secondary
migration and accumulation of hydrocarbons. The
distribution of HC saturated solution over section is
calculated from the application of Darcy law taking into
account capillary pressure, or with a hybrid FlowPath
technique (Welte, 2000). The cycle of 2D simulation runs
was designed for two groups of problems: 1) sedimentation
modeling over geological past (diachrony) and 2)HC
migration and distribution modeling over relatively short time
scale (for example, for the Productive Series deposition).

The regional SW-NE trending profile for PETROMOD 2D
simulation, about 1000 km long, is shown as C—C' line in Fig. 1.
It crosses Pre-Alborz, Lower Kura, South Absheron
depressions. The modeling of HC migration and accumulation
was also performed over other seismic sections at smaller
scale, in particular, across oil structures Kyanizadag,
Sangachal, Duvanny, Harya-Zirya and Bulla-Deniz (line A,

Fig. 1), and southwards, along the line B in the South Kura
depression (see Fig. 1). These smaller profiles were chosen to
cover large onshore and offshore fields with general direction
across dominating trends of tectonic structures. We give here
representative results mostly for the region-wide C-C' profile,
which crosses main Caspian structures from pre-Alborz
depression towards Turan plate.

Epoch Age Suite Lithology
Holocene Baku
Pleistocene Absheron
I Akchagy!
Upper -
" pp Surakhany LT
c 0 ?g Sabunchy ]
Y widdie || 3 Ea':kha"y
= asila
e @ -
E v Nadkirmaky cl. NKG |———
g Nadkirmaky sand NKP [ . * " - * .
Lower g % Kirmaky KS
3| 7 Podkirmaky PK
) e Kalinsk KaS
= 5
8 Pont, Meot., Sarmat.
° Diatom
= !
Maykop suite 1
Oligocene i
S PAAAAAN
Eocene
Paleocene
Cretaceous =—

Fig. 2. Synthetic local stratigraphic chart of SCB Neogene.
Lithology is schematically denoted by dots
(sandstone reservoirs), hatches (clay seals)

and by wavy hatching (source rocks)
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Principal parameters for the input of the basin
reconstruction simulations include: 1) initial state (geological
cross section at present time); 2)temperature-depth
dependence, including assumptions about its evolution in
the past; 3) sedimentation and subsidence rates for different
geological ages; 4)assumed reconstructions of the
thickness change due to horizontal tectonic movement
(backstripping) (Makhous and Galushkin, 2005, Mustayev,
2013; Kerimov et al., 2015).

We took interpreted geological sections from 2D seismic
as input data (starting point for backward modeling). The
initial cross section for the "main" regional profile C-C' in
Fig. 1 is given, for example, in (Glumov etal., 2004).
Similarly, recent interpreted 2D seismic data was used for
runs over other profiles.

Temperature is the principal factor of conversion of the
organics into hydrocarbons. Thermal regime of a basin with
its assumed evolution over time is a key input into modeling
programs. For SCB, over 4,500 measurements of formation
temperatures are available for depths over 5000 m (Tagiyev
et al., 1997; Guliyev et al., 2003; Guliyev et al., 2009;
Rachinskiy and Kerimov, 2015). Generalized temperature-
depth curves for SCB and similar giant world basins are

H.km

Gas Qil NGL Gas

T

given for reference in Figure 3. For a brief outline of the
geothermal conditions in SCB, see (Gahramanov et al.,
2019). The principal feature of SCB is its anomalously low
heating of Pliocene and Quaternary strata, which makes it
one of the "coldest" world basins. Such environment implies
the possibility for HC generation even for depths to 10 km.

For the temporal evolution of the geothermal regime, a
commonly used approach is adopted with simplified
assumptions for SCB (Green et al., 2009; Kerimov et al.
2010; Abdullaev et al., 2015). The supposed permanent
subsidence of SCB allows to assume that
paleotemperatures during sedimentation (Mesozoic-
Miocene) did not essentially differ from modern ones,
measured in wellbores at corresponding depths, and f(H)
dependences can be used as reference curves with
appropriate  recalculation of depth marks. The
paleotemperatures of already deposited formations in earlier
epochs (e.g., Mesozoic deposits in the period from
Paleogene to Miocene) are estimated by progressive
summation of temperature increments downwards from the
reference point, taken as the modern temperature at the
Productive Series base. These issues are comprehensively
described by (Kerimov et al., 2010).

Fig. 3. Geothermal environments in major basins. SCB (No.2) is marked with a red line.

Color bars schematically outline generation windows for HC fractions. The inset shows thermal gradients (in °C/100 m)

Other parameter inputs into the modeling algorithms
include sedimentation and subsidence rates. They are
obtained by backstripping analysis over ultradeep wellbores
and outcrops on flanges (Kerimov et al., 2015) and were
briefly described above. For a permanent subsidence of the
basin with ultradeep (up to 25 km) sedimentary deposits, a
natural conjecture for modeling is the compensation of these
two factors neglecting the contribution from other tectonic
movements (subduction, folding etc).

As an indicator of thermal maturity, the vitrinite
reflectance Ro is used. Hydrocarbon fractions are identified
by conventional limits of temperature windows for oil, gas
and condensate formation supported by wellbore data. The
obvious simplification is that catagenetic transformations are
the same across SCB and predominantly controlled by
temperature. HC generation and migration modeling in
PETROMOD is based on the kinetic schemes of kerogene
decomposition with account for lithology, thickness and
limiting saturation of the source rocks. The simulation of oil
and gas generation was performed according to the first
order kinetic scheme (Tissot et al., 1987, Burnham, 1989;
Burnham, 2015) with a number of parallel reactions. This
scheme is one of the two routines embedded in

PETROMOD. The maturity modeling in this work is
performed according to (Sweeney and Burnham, 1990). Six
maturity zones are defined and labeled by the maturity
parameter: undermature (below 0,5 % Ro), early oll
generation (from 0,5 to 0,7 % Ro), peak (middle) oil (0,7—
1,0 % Ro), late oil (1,0-1,3 % Ro), gas (1,3-2,6 % Ro) and
overmature (above 2,6 % Ro). In the simulation of HC
migration towards traps, pressure and lithology of rocks is
taken into account. The accumulation modeling considered
the properties of the overlying strata, and the presence of
faults, conducting HC to the surface.

Results: Basin evolution and HC migration in SCB at a
regional scale. The results of the computer simulation along
the profile C-C" in Fig. 1 are presented in Figs. 4 and 5 (SCB is
on the left part of the figures, corresponding to SW edge of the
profile). Fig. 4 outlines the basin evolution up to its present
state, and hydrocarbon content of stratigraphic intervals,
determined according to simplified assumptions, as described
above. The stratigraphic arrangement for the present time
moment (last panel in Fig. 4) is derived from the geological
interpretation of the corresponding seismic profile, and
constitutes the initial step for the lookback modeling. For clarity,
we stripped lithology and tectonic related layers (faults etc) to
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avoid overcrowding of panels in Figures; this information can
be retrieved from the next Fig. 5.

In the Late Devonian several areas of the future basin
(its south-western and northern edges) were filled with
considerable sedimentary masses from the Early Devonian,
already at the maturation stage, sufficient for HC generation.
At the beginning of Triassic, the maturation process
continued, and lower Devonian strata became overmature;
Permian sediments were still beyond the maturity window.

At the beginning of Cretaceous, Jurassic reservoirs had
already started to accumulate hydrocarbons. To that time,
source rocks were Triassic sediments at a depth of 3 km,

my

and the main gas generation window was located at
ca. 5 km. Before the beginning of Paleogene, available
hydrocarbons migrated towards surface without being
retained within the formations because of caprocks
lacking. Up to the Early Paleogene, traps had already been
formed as anticline structures, and caprock structures
appeared as well. Underlying reservoirs (Jurassic and
Cretaceous) mostly accumulated liquid HC fractions. Note
also the 17 km thick sedimentary cover at the south-
western margin of the depression to that time. However,
Carboniferous-Permian rocks had already left the
generation window, and became overmature.
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Fig. 4. HC generation models and basin evolution along C-C' profile from Devonian till present. Maturity stages are color marked.
Snapshots for: a) Late Devonian; b) Late Permian; c) Early Triassic; d) Early Jurassic; e) Early Cretaceous; f) Early Paleogene;
g) Early Neogene; h) beginning of Late Neogene; i) present

Legend:

W /mmature rock (0,25-0,55%Ro)

B Condensate (1,3-2% Ro)

W Larly oil (0,55-0,7% Ro)

B3 Dry gas (2-4% Ro)

B [ate oil (1,0-1,3% Ro)

B Main oil generation zone(0,7-1,0%)
3 Overmature oil >4% Ro
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By the beginning of Early Neogene, the main oil
generation zone was located at a depth of 2,5-3 km, and the
gas zone at 3,5—4 km. Till the beginning of the Late Neogene
the basin is distinguished by an avalanche subsidence with
deposition of up to 22 km thick sedimentary masses. This
process is ongoing.

The SCB simulation results for the actual time moment
(last panel in Fig. 4) indicate the oil and gas generation
zone, stretching for 8—15 km with upper boundary at 5-7 km
and lower boundary extending somewhat up to 18-20 km
downwards (in the most subsided parts of the depression).
Such localization of the generation window suggests that the
fluid generation zone spans rocks with ages from Mesozoic
till the beginning of Pliocene. The lower boundary of the gas
generation window refers to Paleogene and Mesozoic
sediments, and the upper boundary of the oil generation —
to Miocene. It is expected, that Mesozoic strata are
characterized by the predominant generation of mature gas,
and the whole spectrum of generated fluids can be
responsible for the formations of Paleogene-Miocene.

The simulation results on short profiles A and B (Fig. 1)
will be a subject of a more specialized contribution. The
results for the eastern edges of these profiles, which enter
SCB in the locations far from the regional C-C' profile, allow
us to independently confirm certain trends, revealed for the
"long" profile. Specifically, at the eastern margin of A profile
the Oligocene (Lower Maykop) rocks were in the gas
window during deposition of the Productive Series. At
present, Upper Maykop rocks are located within the gas
generation window. In contrast to the profile A, which
stretches close to the Northern flange of the basin, the
profile B crosses the depression of Kura river, and its
eastern edge runs into the most subsided parts of SCB close
to its center. At present time, the main oil generating window
at the eastern edge of this profile involves Oligocene-
Miocene rocks and is located at a depth of 3,5-5,5 km. The
gas generation zone is located at a depth of 6-9 km,
spanning across Cretaceous and Upper Jurassic strata.

The simulation of the basin history backwards in time
shows marked trends of separation and individualization of
SCB compared to the Turan platform in the north (right part
of Figs), which became emphasized in Cretaceous-
Paleogene. The snapshot at the beginning of Late Neogene
is a special moment of the basin history, since it corresponds
to the beginning of the Pliocene Productive Series
deposition. It is characterized by several extended layers of
caprocks, generally of clayish lithology (Kalinsk (KaS) clay
top, Nadkirmaky clay (NKG), clay top of the Fasila suite (SP)
etc), which were deposited relatively recently and formed
natural barriers for vertical HC migration from underlying
horizons, e.g., from Maykop and Diatom suites. The
availability of such regional wide caprocks at predominantly
horizontal layered tectonic setting of the upper formations (a
subordinate role of faults and other vertical migration
channels) resulted in the essential contribution of the lateral
HC migration in these layers. Results for the regional
distribution of HC along C-C' profile are exemplified in
Figure 5 for the present time moment, where oil (green
color) and gas (red) areas and migration routes are well
separated. For other simulation runs, reconstructed sections
for the beginning of Late Neogene and other time moments
were also considered as base.

As the migration models show, some hydrocarbons,
migrated from source rocks during Neogene, could not form
deposits due to the fact that by this time considerable
regional seals had not been formed yet, so a part of the
hydrocarbons had migrated upwards along fractures and

dissipated. This process must be still ongoing, as the
snapshot in Fig. 5 clearly indicates for the zones of deep
penetrating fractures. Some of already formed deposits
have been destroyed by high temperatures and pressures
at subsurface during intensive basin subsidence in
Cenozoic. The oil migration rates range from several to
several hundreds kilometers per 1 million years. The
formation time of the accumulated structures is from 1 to 100 MA.
It is controlled by both migration rates and path lengths.
Considerable thickness and volumes of sedimentary
masses in the main generation window, intense tectonics
and considerable geological time elapsed after the finishing
of HC generation favor the migration and displacement of
HC deposits upwards in the sedimentary cross-section from
the deep zones of catagenetic generation. The principal
element of the generation and accumulation scheme is the
stepwise pulsation and injective mechanism of migration.

Case study: HC migration and accumulation in ACG
structure. The giant ACG (Azeri-Chirag-Gyuneshli) oil field
is an extended SE trending 100 km long structure
associated with multiple dome-shaped risings in an anticline
fold, forming a trap for hydrocarbons. On the regional profile,
this is a short section at the "kink" of the profile line in its
middle part (Fig. 1). ACG field has both oil and gas
condensate deposits. The distribution of HC fractions over
the Productive Series reservoirs is in apparent contradiction
with the assumption of vertical migration mechanisms only.
The upper part of PS (Balakhany and Fasila suites — see
Fig. 2) contains oil, and the lower strata (Nadkirmaky,
Podkirmaky and Kalinsk) are mostly filled with gas. In case
of vertical migration, the cap rocks, which had let oil flows
pass through, would have transmitted gas as well, so upper
formations should be dominated by gas fractions, which is
exactly the case of the nearby Bakhar field. To explain this
inconsistency, a qualitative model for this deposit was
designed based on the regional simulation and general
scheme of conjectured HC migration. It combines both
vertical and intralayer migration mechanisms. It is
supposed, that generated hydrocarbons first migrate
vertically through clayish strata until they meet a first laterally
extended formation of permeable rocks. Then, HC distribute
laterally over that layer towards the trap. Depending on the
trap size and its sealing properties, HC would either fill up
the trap and start spilling into the adjacent structures, or
break the impermeable bed and flow into upper layers. As a
result, upper and lower formations of the Productive Series
are filled separately according to different mechanisms, that
is with different relative contributions from lateral and vertical
migration. So, the formation of the gas condensate layers at
the bottom of the Series (Fig. 6, a) occurred through the
predominately lateral mechanism by migration from a focus
on the east through reservoirs of the lower suites
(Podkirmaky, Kalinsk). The clay top of the Nadkirmaky suite
(NKG) is an excellent regional seal rock. This focus (Maykop
and Diatom rocks) is relatively sunken and fits partially the
gas generation window; therefore, gas partially displaces oil
in the lower formations of Productive Series in anticline traps
(Fig. 6, a). Vice versa, oil prone "tops" of the Productive
Series (Balakhany and Fasila suites) are formed through
another route, via Absheron structures, located to the south-
west (Fig. 6, b). Here, the seal rocks of NKG suite are less
dense because of increased sedimentation rate (towards
SCB center), so the anticline traps of Absheron host gas
fraction, breaking the NKG suite and displacing oil to
adjacent structures. Oil migrates laterally through Fasila and
Balakhany suites (upper part of PS) and rises along strata
in the north-eastern direction towards ACG traps.
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Fig. 5. Oil (green) and gas (red) migration model along the regional profile C-C'

Discussion. The key issue for the design of the HC
distribution models in SCB and one of disputable questions is
the basin opening time. Most authors agree on the point that
the start of the basin formation is related to the rift opening in
Mesozoic, during Cretaceous or Middle Jurassic (Zonenshain
and Le Pichon, 1986), or at the boundary of MZ and Pg
(Abrams et al., 1997). Some approaches directly postulate the
rift formation event, e.g., in Middle Jurassic, as a starting point
for simulations (Green et al., 2009; Abdullayev et al., 2015).
Several authors consider the possibility of multi-stage basin
opening (Golonka, 2007) with stage ages from early Mesozoic
to Miocene. The models are also known, suggesting more
early opening or formation according to pull-apart
mechanism. So, it is assumed (see (Berberian, 1983) and
references therein), that the basin can be a remnant of
PaleoTethys, captured during Kimmerian convergence, so the
crust age would reach Paleozoic or early Mesozoic. According
to our results, a considerable sedimentary cover appeared in
the SW and NE parts of the future SCB already in Devonian.
These points correspond to Alborz trog and Greater
Caucasus structure. On the one hand, this can be a
consequence of an unjustified extrapolation of sedimentation
data backwards in time. On the other hand, synthetic data on
two wells near Alborz (see Fig. 5 in (Brunet et al., 2003),
boreholes No. 5, 6), one of which is located close to our
profile, indicate at the start of sedimentation and subsidence
of these structures in Devonian, thus agreeing with our
results. The interpreted geological cross section by (Brunet et
al., 2003) in the NW-SE direction also points at the existence
of the Paleozoic crust near Alborz structures. At the same
time, (Brunet et al., 2003) disprove the existence of a
sedimentary cover with comparable thickness in the northern
part of the depression, suggested by our results. These areas,
according to (Brunet et al., 2003), are filled with Mesozoic
volcanic sediments, therefore it is possible, that the
extrapolation for these areas yielded an overestimated age
without account of this Mesozoic volcanism.

Next, the depression itself opens approximately in
Triassic, and the depth of the basin and the properties of
organic matter are comparable to the results in the NE part
of the profile (Middle Caspian depression). At the
corresponding snapshot (Fig. 4, panel ¢)), the SW part of the
basin close to Alborz structures already acquired the
thickest sedimentary cover in the area. These results agree
up to that point with models, dating the depression opening
back to Mesozoic (Zonenshain and Le Pichon, 1986; Brunet

et al., 2003; Green et al., 2009; Abdullayev et al., 2015),
rather than to Upper Mesozoic-Paleogene (Abrams et al.,
1997; Khain, 2005). The agreement of the timing results with
mentioned well data on Alborz structures suggests their
feasibility at least for the southern part of the depression.

The modeling states, that HC generation in Jurassic
sediments in the northern part of the basin started in Early
Cretaceous with gradual shift of the fluid generation foci
towards its western part and central part of the Absheron
peninsula. General trends of SCB evolution are confirmed by
the recent detailed 3D simulations of the Northern part of SCB
(Babayev and Gadiyev, 2006; Kerimov et al., 2015). In
particular, for sediments of several time snapshots (Jurassic,
Lower Cretaceous) in 2D modeling the tendency is marked of
the decrease in maturity in the direction from most subsided
central SCB areas towards north-east (Absheron rising in the
center of the profile line). This is markedly seen on the
corresponding 3D model graphs. This trend correlates with
the spatial distribution of °C isotope enrichment: HC isotope
composition becomes heavier in '3C towards the most sunken
parts of SCB (Guliyev et al., 2001 a; 2003). This general
conclusion is justified by the ages of oil and condensate (Inan
et al., 1997; Guliyev et al., 2001 a, b). The oil ages on the
western SCB flange vary in the range 94—175 MA, the ages
of condensates - within 80-115 MA (Kerimov et al., 2010 and
references therein). Geochemical studies of gases and
organic matter in mud volcanoes, associated with Pliocene
deposits, point at their deep provenance (5-15 km for gases
(Feyzullaev, 2012)) and profound reworking (Bonini et al.,
2013). The need for essential vertical migration to adequately
explain the HC composition from geochemical data is
stressed by (Katz et al., 2000; Glirgey, 2003). According to
(Katz et al., 2000), gas composition points at mixed biogenic
and thermogenic HC provenance from source rocks below the
Maykop suite. Multiple geochemical studies, especially earlier
ones (Glrgey, 2003; Abrams et al., 1997 and references
therein), adhere to more conservative concepts, claiming the
predominant HC formation in OI-Mi Maykop and Diatom
sediments with variety of opinions as to the role of vertical
migration. Finally, geochemical evidences of HC formation
mostly in nearshore and deltaic environments (for example,
by the fraction of '8C content in aromatic vs alkane
hydrocarbons - (Guliyev et al., 2001b; Guliyev et al., 2003)
argue in favor of the epigeneticity, since Pliocene reservoirs
are known to form in the environments of closed limnetic fresh
water pools.
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Fig. 6. Hydrocarbon migration model near ACG oil field (modified from (Guliyev et al., 2016)).
a — NW-SE profile (a-a'); formation of bottom (gas condensate) part of the Productive Series, eastern flow; b — NE-SW profile (b-b');
formation of top (oil prone) part — western flow

Geothermal data and stratigraphy show, that in most
SCB areas Mesozoic rocks (thickness 4,5-11 km, top and
bottom temperature 167-424 °C) now generate high
temperature carbon dioxide and Nitrogen; Paleogene-
Miocene (thickness 2,5-2,0 km, 76-237 °C) are donors of
oil, wet gas and condensate and partially — of late
catagenetic methane. Pliocene-Holocene rocks generate
early catagenetic methane and minor amounts of early
generation oils (Guliyev et al., 2001, a; Kerimov et al., 2010;
Feyzullayev, 2013, b). The results on short profiles A, B also
fall in this general pattern, indicating that in the most
subsided areas (continuation of B profile) the modern gas
generating zone is located within Mesozoic sediments
(depths about 10 km). As simulation suggests, and wellbore
data at moderate depths confirm, the oil and gas generation
zone in SCB can reach the depths of 8-10 km, the zone of
condensate and wet gas — up to 12-14 km, that is HC
generation processes are active mostly in sediments
underlying the Productive Series. This conclusion supports
the predominantly secondary nature of HC saturation of PS,
thus the results testify in favor of the allochtonous HC
concept (Inan et al., 1997; Bonini et al., 2013; Feyzullaey,
2013, a; Guliyev and Bagirov, 2016). An additional argument
for this mechanism is the anomalous formation pressure in
the Pliocene reservoirs. (Guliyev and Bagirov, 2016)
conjecture, that its principal cause are injections of high
pressure fluids from the underlying strata within local risings
and anticlines (cf. case study for the ACG field). The
estimates for HC potential depths were performed without
taking into account anomalous formation pressures. It is
commonly assumed, that overpressure plays merely a
subordinate role in HC transformation compared to
temperature and time, and numerous overpressure zones in
SCB (Feyzullayev, 2013, a) control first of all the HC flow
patterns. However, the general impact of the overpressure
on HC maturation is its retardation due to the formation of a
closed thermodynamical system with obstructed migration
outwards (see (Feyzullayev, 2013, b) and references
therein). This is a favorable factor for the preservation of the
HC generation ability at ultra high depths. This allows to
expect a further extension of the oil and gas windows
compared to the model. Refinements of model results
should embed the pressure factor into the Kkinetics

simulation. The HC distribution modeling shows, that both
vertical and lateral migration patterns matter. The balance of
migration types varies by horizons and areas and is
determined by the rigidity and rupture strength of the seal
rock and the availability of fractures, cracks and loosened
crust areas nearby. These latter can be revealed by the
concentration of mud volcanoes in this area (Huseynov and
Guliyev, 2004, Bonini et al., 2013). On the one hand, they
are additional prospecting indicators for verification of HC
migration and accumulation models. On the other hand, they
act as natural ultradeep wells providing information on the
deep structure. For example, intense mud volcanism in SCB
is mostly related to the lower hydrocarbon layer; vice versa,
many oil deposits show no genetic relations with HC of the
upper Productive Series (Aliyev and Aliyev, 2011). The ACG
field, like other major fields (Shah-Deniz etc), is a typical
example of a structure, associated with mud volcanism.
Such an association can be an additional argument for the
allochtonous hypothesis of migration.

Conclusions. The principal result of the work is the
confirmation of systematic character of lateral and vertical
HC migration patterns over the cross section of SCB, and of
the regular evolution of HC formation foci in time, generally
towards the central zone of South Caspian. The modeling
results suggest the expansion of the limits of the
hydrocarbon potential downwards to depths to ~12 km.
Prospecting works in the future should be designed taking
into account this observation.

The conjectured opening time of SCB is Triassic.
However, comparison with synthetic wellbore data and cross
sections indicates possible overestimation of structures age
in the northern part of the basin, qualitatively agreeing with
data for its southern part. To improve the
paleoreconstruction, it is necessary to refine the models of
paleotemperature and sedimentation/ subsidence rate
change, especially for the northern flange of the basin
(Absheron depression) taking into account Mesozoic
volcanism in this region.

The correlation of the modeling results with geochemical
ages, provenance depth and reworking degree for oils, gas
and condensate confirms their epigenetic character in the
hosting Pliocene-Holocene and Paleogene-Miocene series,
and, reciprocally, their qualitative coeval identity and
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physico-chemical correspondence to the thermobaric
conditions, characteristic of modern occurrence of the
underlying Mesozoic strata. The principal source rock for low
grade hydrocarbons (gases) are Mesozoic zones; for high
grade hydrocarbons (oil and condensate) - Paleogene and
Miocene sediments with only subordinate participation of the
lower formations of the Productive Series. The modeling
also supports geochemical data on the decrease of HC ages
from edges towards the center of depression.

Since HC migration over the area is epigenetic with
dominant vertical flows, structures to be discovered in the
future at ultra high depths in Mesozoic-Cenozoic
sedimentary cover will inherently have giant sizes and share
similar migration patterns. Thermobaric conditions suggest,
that source rocks for those formations are located even
deeper, and HC migration from sources should be initially
vertical, then continue laterally. This is already confirmed for
depths to 7000 m, so similar processes are to be expected
at 8-9 km. The poroperm properties of rocks at such depths
can allow accumulation of commercially interesting amounts
of HC, only if such structures have giant sizes, similar to
Shah-Deniz, ACG, Neft Dashlary, Kyapaz fields and so on.
At smaller scale structures these phases are prohibited,
since they can not preserve the necessary poroperm
properties of rocks due to high lithostatic pressure.

The HC hosting capacity of SCB at depths down to
12 km or more suggests the need for future research to
reveal factors, controlling the accumulation of commercial
deposits. The investigations should aim at the identification
of structural and tectonic patterns, favorable for deposit
formation, modeling of petrophycs of reservoir rocks beyond
6 km, and at recovering the geochronological scale for oil
and gas generation, migration and accumulation conditions
for discovered objects (prospective oil and gas fields). To
refine the lower boundary of the HC potential, it is necessary
to apply modern simulation schemes, taking into account the
overpressure factor in HC generation. Of special interest are
mechanisms of vertical migration of heavy hydrocarbons (oil
fraction) into subsurface horizons, the composition of C8 —
C10 and aromatic fractures. One of the unsolved challenges
is the paragenetic relation of HC generation foci with mud
volcanoes and their ejecta composition. The study of mud
volcanism in its relation to HC zones will give additional
reference points for the refinement of local migration
models. Geochemical studies should be oriented at the
relation between HC content in the explored fields and their
source rocks, to adjust and refine the hydrocarbon model of
the South Caspian Basin.

Cnucok BukopucTtanux maxepen / References

Abdullayev, N.A., Kadirov, F., Guliyev, |.S. (2015). Subsidence history and
basin-fill evolution in the South Caspian Basin from geophysical mapping,
flexural backstripping, forward lithospheric modelling and gravity modelling.
Geol Soc Spec Publ., 427(27). doi: 10.1144/SP427.5.

Abrams, M.A., Narimanov, A.A. (1997). Geochemical evaluation of
hydrocarbons and their potential sources in the western South Caspian
depression, Republic of Azerbaijan. Mar. Petrol Geol., 14(4), 451-468. doi
10.1016/S0264-8172(97)00011-1.

Aliyev, A.l., Aliyev, E.A. (2011). Deep oil potential. Baku, Azerbaijan: Nafta
Press.

Artyushkov, E.V. (2007). Formation of the superdeep South Caspian basin:
subsidence driven by phase change in continental crust. Russian Geology
and Geophysics, 48(12), 1002-1014. doi: 10.1016/j.rgg.2007.11.007.

Babayev, D.Kh., Gadjiyev, A.N. (2006). Deep structure and hydrocarbon
potential of the Caspian Sea basin. Baku, Azerbaijan: Nafta Press. [in
Russian with English abstract]

Berberian, M. (1983). The southern Caspian: a compressional depression
floored by a trapped, modified oceanic crust. Can. J. Earth Sci., 20, 163-183.

Bonini, M., Tassi, F., Feyzullayev, A.A., Aliyev, C.S., Capecchiacci, F.,
Minissale, A. (2013). Deep gases discharged from mud volcanoes of
Azerbaijan: New geochemical evidence. Mar. Petrol Geol., 43, 450—463.
doi:10.1016/j.marpetgeo.2012.12.003.

Brunet, M.F., Korotaev, M., Ershov, A.V., Nikishin, A.M. (2003). The South
Caspian basin: a review of its evolution from subsidence modelling. In:
Brunet, M-F. and Cloetingh, S. (Eds.). Integrated Peri-Tethyan basin studies

(Peri-Tethys  Programme). Sediment Geol, 156, 119-148. doi:
10.1016/S0037-0738(02)00285-3.

Burnham, A.K. (1989). A simple kinetic model of petroleum formation and
cracking. Technical Report. Lawrence Livermore National Lab., Livermore.

Burnham, A.K. (2015). A Simple Kinetic Model of Oil Generation,
Vaporization, Coking, and Cracking. Energy Fuels, 29(11), 7156-7167.
doi:10.1021/acs.energyfuels.5b02026.

Buryakovsky, L., Chilingar, G.V., Rieke, H.H., Shin, S. (2012).
Fundamentals of the Petrophysics of Oil and Gas Reservoirs. Wiley. doi:
10.1002/9781118472750.

Davies, R.J., Stewart, S.A. (2005). Emplacement of giant mud volcanoes
in the South Caspian Basin: three-dimensional seismic reflection imaging of
root zones. Journal of the Geological Society, 162 (1), 1-4. doi: 10.1144/0016-
764904-082.

Feyzullayev, A.A. (2012), Mud volcanoes in the South Caspian basin:
Nature and estimated depth of its products. Natural Science, 4, 445-453. doi:
10.4236/ns.2012.47060.

Feyzullayev, A.A. (2013a). Migration Pathways of Hydracarbons in South-
Caspian Basin. J. Geol. Geosci., 2, 127. doi:10.4172/2329-6755.1000127.

Feyzullayev, A.A. (2013b). The role of pressure in thermocatalytic
processes in the sedimentary complex of the South Caspian basin. Russian
Geology and Geophysics, 54 (2), 200— 205. doi:10.1016/j.rgg.2013.01.006.

Gahramanov, G.N., Babayev, M.S., Shpyrko, S.G., Mukhtarova, Kh.Z. (2019).
Geothermal conditions of hydrocarbon prospects of Meso-Cenozoic formations in
South Caspian Basin. Geophysical Journal, 41(5), 222-234. doi:
10.24028/gzh.0203-3100.v41i5.2019.183638 [in Russian with English abstract]

Glumov, I.F. et al. (Editors) (2004). Regional geology and oil and gas content of
Caspian Sea. Moscow, Russia: Nedra [in Russian with English abstract]

Golonka, J. (2007). Geodynamic evolution of the South Caspian Basin. In:
Yilmaz, P.O. and Isaksen, G.H. (Eds.) Oil and gas of the Greater Caspian
area. AAPG Studies in Geology, 55, 17-41. doi: 10.1306/E4FD36E9-1732-
11D7-8645000102C1865D

Green, T., Abdullayev, N., Hossack, J., Riley, G., Roberts, A . (2009).
Sedimentation and subsidence in the South Caspian Basin, Azerbaijan. In:
Brunet, M.-F., Wilmsen, M. and Granath, J. W. (Eds.) South Caspian to
Central Iran Basins. Geol. Soc. Spec. Publ., 312, 241-260,
doi:10.1144/SP312.12.

Guliyev, |.S., Feyzullayev, A.A., Huseynov, D.A. (2001a). Carbon isotopic
composition of the hydrocarbon fluids of the South Caspian megadepression.
Geochemistry International, 39(3), 237-243.

Guliyev, |.S., Feizulayev, A.A., Huseynov, D.A. (2001b). Isotope
geochemistry of oils from fields and mud volcanoes in the South Caspian
Basin,  Azerbaijan. Petroleum  Geoscience, 7, 201-209. doi:
10.1144/petgeo.7.2.201

Guliyev, I.S., Mamedov, P.Z., Feyzullayev, A.A. et al. (2003). Hydrocarbon
systems of the South Caspian Basin. Baku, Azerbaijan: Nafta-Press.

Guliyev, |.S., Fedorov, D.L., Kulakov, S.I. (2009). Hydrocarbon potential of
the Caspian region. Baku, Azerbaijan: Nafta-Press.

Guliyev, 1.S., Bagirov, E.S. (2016). Role of seal rocks in the formation of
hydrocarbon deposits in South Caspian basin and prognosis of
accumulations in the offshore Absheron section (part Il). Azerbaijan Oil
Industry Journal, 7-8, 3-10. [in Russian with English abstract]

Guliyev, 1.S., Kerimov, V.Yu., Osipov, A.V., Mustaev, R.N. (2017). Generation
and accumulation of hydrocarbons at great depths under the Earth's Crust.
SOCAR Proceedings, 1, 004-016. [in Russian with English abstract]

Glrgey, K. (2003). Correlation, alteration, and origin of hydrocarbons in the
GCA, Bahar, and Gum Adasi fields, western South Caspian Basin:
geochemical and multivariate statistical assessments. Mar. Petrol. Geol.,
20(10), 1119-1139. doi:10.1016/j.marpetgeo.2003.10.002.

Huseynov, D., Guliyev, I. (2004). Mud volcanic natural phenomena in the
South Caspian Basin: geology, fluid dynamics and environmental impact.
Environmental Geology, 46, 1012-1023. doi:10.1007/s00254-004-1088-y.

Inan, S., Yalcin, N., Guliev, |., Kuliev, K., Feizullaev, A. (1997). Deep
petroleum occurrences in the Lower Kura Depression, South Caspian Basin,
Azerbaijan: an organic geochemical and basin modelling study. Mar. Petrol
Geol., 14(7/8), 731-762. doi: 10.1016/S0264-8172(97)00058-5.

Javanshir, R., Riley, G., Duppenbecker, S., Abdullayev, N. (2015).
Validation of lateral fluid flow in an overpressured sand-shale sequence
during development of Azeri-Chirag-Gunashli oil field and Shah Deniz gas
field: South Caspian Basin, Azerbaijan. Mar. Petrol Geol., 59, 593-610. doi:
10.1016/j.marpetgeo.2014.07.019.

Katz, K.J., Richards, D., Long, D., Lawrence, W. (2000). A new look at the
components of the petroleum system of the South Caspian Basin. Journal of
Petroleum Science and Engineering, 28(4), 161-182. doi: 10.1016/S0920-
4105(00)00076-0.

Kauerauf, A., Hantschel, T. (2009). Fundamentals of Basin and Petroleum
Systems Modeling. Berlin-Heidelberg: Springer. doi:10.1007/978-3-540-72318-9.

Kerimov, V.Yu., Rachinskiy, M.Z., Kolushkina, O.V. (2010). Conditions of
oil and gas generation in South-Caspian basin. Proceedings of Gubkin
Russian State University of Oil and Gas, 2/259, 29-38. [in Russian with
English abstract]

Kerimov, V.Yu. et al. (Eds.). (2015). Prognosing hydrocarbon potential in
regions of complicated deep structure. Moscow, Russia: Nedra. ISBN: 978-
5-8365-0430-4.

Khain, V.E. (2001). Tectonics of continents and oceans (year 2000).
Moscow: Nauchnyj Mir [in Russian with English abstract]

Khain, V.E. (2005). The problem of the origin and the age of the South
Caspian Basin and its possible solutions. Geotectonics, 39(1), 34-38.



ISSN 1728-2713

FEONOrIS. 1(88)/2020

~091 ~

Khain, V.E. et al. (Eds.). (2009). Tectonics of the southern margins of East-
European platform (Explanatory note to the tectonic map of Black Sea and
Caspian region, Scale 1:2 500 000), Krasnodar [in Russian with English abstract]

Klett, T.R., Schenk, C.J., Charpentier, R.R., Gautier, D.L., Brownfield,
M.E., Pitman, J.K., Cook, T.A., Tennyson, M.E. (2010). Assessment of
undiscovered oil and gas resources of the North Caspian Basin, Middle
Caspian Basin, North Ustyurt Basin, and South Caspian Basin Provinces,
Caspian Sea Area. U.S.Geological Survey Fact Sheet 2010-3094, 4 p.

Makhous, M., Galushkin, Yu.l. (2005). Basin analysis and modeling of the
burial, thermal and maturation histories in sedimentary basins. Paris: Editions
Technip. ISBN 2-7108-0846-3.

Mustayev, R.N. (2013). Conditions for formation and hydrocarbon potential
prognosis at the western flange of the South Caspian depression. Extended
abstract ... Doctor's thesis in geology and mineralogy. Moscow. [in Russian
with English abstract]

Piip, V.B., Rodnikov, A.G. Buvaev, N.A. (2012). The Deep Structure of the
Lithosphere along the Caucasus—South Caspian Basin—-Apsheron Threshold—
Middle—Caspian Basin—Turan Plate Seismic Profile. Moscow University Geology
Bulletin, 67(5), 314-319. [in Russian with English abstract]

Rachinskiy, M.Z., Kerimov, V.Yu. (2015). Fluid Dynamics of Oil and Gas
Reservoirs. Scrivener Publishing LLC. doi: 10.1002/9781118999004.

Smith-Rouch, L.S. (2006). Oligocene—Miocene Maykop/Diatom Total
Petroleum System of the South Caspian Basin Province, Azerbaijan, Iran,
and Turkmenistan. U.S. Geological Survey Bulletin, 2201-1, 1-27.

K. KarpamaHoB, kaHa. reon. Hayk,
E-mail: gngahramanov@gmail.com,

Sweeney, J., Burnham, A. (1990). Evaluation of a Simple Model of Vitrinite
Reflectance Based on Chemical Kinetics (1). Am. Assoc. Petr. Geol. B.,
74(10), 1559— 1570.

Tagiyev, M.F., Nadirov, R.S., Bagirov, E.B., Lerche, I. (1997). Geohistory,
thermal history and hydrocarbon generation history of the north-west South
Caspian Basin. Mar. Petrol Geol., 14(4), 363-382. doi: 10.1016/S0264-
8172(96)00053-0.

Tissot, B.P., Pelet, R., Ungerer, P. (1987). Thermal history of sedimentary
basins, maturity indices and kinetics of oil and gas generation. Am. Assoc.
Petr. Geol. B., 71, 1445 — 1466.

Vincent, S.J., Davies, C.E., Richards, K., Aliyeva, E. (2010). Contrasting
Pliocene fluvial depositional systems within the rapidly subsiding South
Caspian Basin; a case study of the palaeo-Volga and palaeo-Kura river
systems in the Surakhany Suite, Upper Productive Series, onshore
Azerbaijan. Mar. Petrol Geol., 27(10), 2079-2106. doi:
10.1016/j.marpetgeo.2010.09.007.

Welte, D., Hantschel, T., Wygrala, B., Weissenburger, K., Carruthers, D.
(2000). Aspects of petroleum migration modelling. J. Geochem. Explor., 69,
711 —714. doi:10.1016/S0375-6742(00)00105-9.

Yusifov, M., Rabinowitz, P.D. (2004). Classification of mud volcanoes in
the South Caspian Basin, offshore Azerbaijan. Mar. Petrol Geol., 21(8), 965—
975. doi:10.1016/j.marpetgeo.2004.06.002.

Zonenshain, L.P., Le Pichon, X. (1986). Deep basins of the Black Sea and
Caspian Sea as remnants of Mesozoic back-arc basins. Tectonophysics,
123(1), 181-211. doi: 10.1016/0040-1951(86)90197-6.

Hapinwna ao peakonerii 29.09.19

AepxaBHa HacdhToBa KomnaHin Asep6anmxaHcbkoi Pecny6niku (SOCAR), Baky, Asep6anaxaH;

M. Ba6GaeB, kaHA. reon. Hayk,
E-mail: m.s.babayev@mail.ru;

AsepbangxaHcbkuii [lepxkaBHUA YHiBepcuTeT HachTM Ta npomucnoBocTi, Baky, Asep6angxaH;

C. lLinupko, kaHA. di3.-maT. HayK,

E-mail: sshpyrko@gmail.com,

BipaineHHs mopcbkoi reonorii HAH Ykpainu, KuiB, YkpaiHa;
X. MyxTapoBa, kaHA. reon. Hayk,

E-mail: mukhtarova.khuraman@mail.ru,

Azepb6anigxaHcbkui [lepxaBHuM yHiBepcuTeT HadhTh Ta npomucnoBocTi, Baky, Asep6anaxaH

MOJENIOBAHHS ICTOPII 3AHYPEHHA TA MIFPALIT BYTNMEBOAHIB Y NIBAEHHO-KACMIUCBKIA 3ANAOUHI

Bueyarombcsi MexaHi3aMu Migpauyii ma npocmoposuti po3nodin eyaneeo0Hes8uX CKyn4yeHb 83008 pe2ioHasibHO20 celicMonpoginto niedeHHo-
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IMo4yamok po3kpummsi 6aceliHy 3 HaKOMUYeHHSIM icmomHoi Macu eidknadie MoxHa eiOHecmu Ao cepedHbO20 Me3030t0 (mpiac abo ropa), a Hacu4yeHi
8y2/1e800HSIMU 20PU30HMU HUHI MOXXymb 6ymu Ha 2nu6uHax 0o 12 km. Hacu4eHHs1 ayaneeodHsimu nnioyeHoeoi [podykmueHoi moewi Mae enizeHemuy4Hul
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cybsepmukarbHa iH'ekyiliHa Mi2payisi Mix spycamu nynbcayiliHo2o xapakmepy, npu4omy 011s1 pyxy ¢hroidu uKopucmosyroms riIoWUHU po3pusie, 30HU
mpiwuHysamocmi ma po3ywjinbHeHHs1, KoHmakmu dianipie, KaHanu 2psi3bo8UX 8YJIKaHie, cmpyKkmypHi ma ¢hayianbHi Hez2ioHocmi mowo. Lje doseonse
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3icmaeHux i3 eidkpumumu 2izaHmcbkumu podoeuwjamu (Lax-AeHis, Asepi-Hupaz-IoHewini).
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MOAENUPOBAHUE UCTOPUU NOIPYXXEHUA U MUTPALIUN YTNIEBOAOPOOOB
B I0XXHO-KACTMTMNMCKOU BNAOUHE

N3yyaromcesi MexaHU3MbI MUu2payuu u npocmpaHcmeeHHoe pacrnpedesieHue y21e8000pPOOHbIX CKonsleHuli 800sIb pe2uoHasbHO20 celicMOomnpo-
uns re2o-3anadHozo npocmupaHusi Yepe3 FOxHo-Kacnutickyro enaduHy dnuHol okosio 1000 kM. BbinosnHeHO pempocnekmueHoe d8yMepPHOe 2e0-
noa2uyeckoe ModenuposaHue mnozpyxeHusi 6acceliHa u ucmopuu e20 ocadKo3arosIHeHUsi C y4YemoM COMymcmeylwux mepMu4yeckux u
KamazeHemu4ecKkux npeobpa3oeaHull op2aHU4YE€CKO20 8eujecmea, a makxe nocnedyowel Muspayuu u akKymynsyuu yareeodopodos.

Hayvano packpbimusi 6acceliHa ¢ HakonJleHUeM 3Ha4YumesibHOU Maccbl OMJI0XeHUli MOXXHO OmHecmu k cpedHeMy Me3030t0 (mpuac unu ropa), a
yaneeodopodoHachIUW,eHHble 20PU30HMbI 8 Hacmosiujee epeMsi Mo2ym HaxoOumbcsi Ha 251ybuHax do 12 km. HacbiwjeHue yaneeodopodamu niauoye-
Hoeol lpodykmueHoli monwu Hocum 3nu2eHemuyYeckull (aJlIOXMOHHbIU) xapakmep, Ymo makxe noomeepxdaemcsi OaHHbIMU 2e0XUMUYECKUX
uccnedoeaHuli epsizesbix 8ysikaHoe u dpyaumu ¢hakmamu. eoxumuydeckuli eo3pacm, 2ny6uHHOCMb U cmeneHb nepepabomku ya2neeodopodoe
YyKa3blearom Ha UCMOYHUKU UX 2eHepayuu 8 Me3030UCKuUX (2a3) U 8 nasneo2eH-MuoyeHo8bIX KoMriekcax (Hegpmb) ¢ MOGYUHEHHbIM yYacmuem HUX-
Hux 2opu3oHmoe nnuoyeHosol lpodykmueHoii monuwu. lMpu nepemewieHuu gpiroudoe npeobnadaem cyb6eepmukasibHasi UHbEKYUOHHasi Muzpayusi
Mmexdy sipycamu, HOCsIuast NnysIbCayUOHHbIU Xapakmep U Ucrosb3ytoujasi 0151 08UXeHUs1 N/IOCKOCMU pa3pbigos, 30HbI MPeWuHo8amocmu u pa3sy-
nnomHeHusi, KOHMakmbl Auanupos, KaHasbl 2psi3eeblX 8y/IKaHO8, CMPYKMYpPHbIe U (hayuanbHbie Hecoznacusi. 9mo noseosisiem pacc4yumbiéams Ha
akkymynsyuro YB npomMbiweHHo20 Mmacwmaba Ha ceepxebICOKUX 2J1y6uHax npu ycro8uu Hanu4usi cmpykmyp 60/1buwoz0 pa3mepa, cornocmasumbix
C OMKpbIMbIMU KPYNHbIMU MecmopoxxdeHusimu (Lax-QeHu3s, Azepu-Hupaz-oHewnu).

Knroyeenie cnoea: muepayus yeneeodopodos, MmodenuposaHue ocado4yHo2o 6acceliHa, pempocrnekmueHoe ModesiupogaHue, Heghmeaa3oHocC-
Hocmb ceepxebicokux 211y6uH, PETROMOD.
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FEATURES OF BERILLIUM AND RARE METAL MINERALIZATION
IN SYENITE OF THE PERGA DEPOSIT (UKRAINIAN SHIELD)

(MpedcmaesneHo 4reHoM pedakyiliHoi Kosezii 0-poM 2eosl.-miHepaoa. Hayk, npog. B.M. 3azHimkom)

The results of the ore and accessory minerals study in the syenite of the Perga beryllium deposit are discussed. Phenakite and
genthelvite are found among Be-bearing minerals. Genthelvite of this syenite, being compared to early published data on genthelvite of
the Perga deposit, is distinguished by the highest ZnO content which is close to the theoretical maximum) due to the alkaline nature of
studied rock ((Na + K)/Al = 1.09). Genthelvite occurs as later mineral to phenakite or is formed by phenakite replacement at rising the
alkalinity as a result of melt differentiation. Columbite with high-Mn content, Y-silicate (keiviite-(Y)?), rare-earth fluorocarbonate
(bastnesite) are also found among other minerals of rare metals. The presence of fluorite and rare-earth fluorocarbonate in association
with genthelvite or phenakite may indicate that Be and REE were transported in ore-bearing fluids as complex fluorine-carbonate
compounds. Considering the geochemical characteristics of rocks (meta-aluminous, subalkaline and alkaline series, deep negative Eu-
anomalies, low Sr, Ba, elevated — HFS elements) from the Sushcano-Perga region, enrichment of these rocks with rare metals and Be are
related to intensive feldspar fractionation of the primary melts and due to alkaline oversaturation, volatile and rare metals (Be, Li, REE, Y,
Nb, Ta) enrichment in the residual fractions of granitic or syenitic compositions. Postmagmatic alkaline solutions enriched in F and COz*
promote of Be concentration in fluid phase with its following migration and crystallization as genthelvite.

Keywords: genthelvite, phenakite, subalkaline granites, alkaline syenites, columbite, Perga deposit, Ukrainian shield.

Problem statement. Minerals of the helvine series
occur in rocks of different mineral composition and origin:
helvine is more typical in skarns, granite — pegmatites,
hydrothermal veins; danalite is mainly observed in skarns,
(alkaline) granitiods and high-T metasomatites; genthelvite
is associated with subalkaline and alkaline granites and
syenitic rocks, alkaline pegmatites (Dunn, 1976).

The first publications about genthelvite find in
siderophyllite greisen related to granites of the Sushchano-
Perga area (SPA) are dated to the 60s of the last century
(Gurvich et al., 1963). Despite the occurrence of genthelvite
mineralization in SPA is known for a long time, however,
there are no reliable explanations of the origin of ore-bearing
rocks as well as processes resulted in formation of such
specific beryllium mineralization.

Recent publications review. There are different
concepts about possible origin of genthelvite-bearing rocks
in SPA. Gurvich S.I. with co-authors (Gurvich et al., 1963)
has described these rocks as altered and enriched in quartz
(silicificated syenites, which occur as small elongated or
dike-like bodies in biotite granites. Based on the mineral
composition — they include (%): 50-70 perthitic microcline,
10-30 albite, 10—15 quartz, 3-5 biotite and 2—3 magnetite —
these rocks are interpreted to be microcline syenites similar
to alkaline varieties. Superimposed hydrothermal-
pneumatolithic alterations resulted in formation of quartz
veins and silicificated zones with associated genthelvite
crystallization. Although the nature of such Be-enrichment of
these fluids and Be concentration mainly in the genthelvite
are still uncompletelly resolved problem.

In  subsequent publications (Galetsky, 1966) the
occurrence of genthelvite mineralization is mostly interpreted
based on tectonic framework of the SPA that promote
subalkaline granitoids formation and subsequent intensive
auto- and metasomatic alterations with related rare metal
mineralization. According to L.S. Galetskiy, Be mineralization
itself should not be related to the specific syenitic (or granitic)
rocks, but it occurs as confined to zones of intense
metasomatic alteration formed in host granitoids by changing

their composition to quartz-K-feldspar, quartz-albite-K-feldspar,
quartz-K-feldspar-albite, mica-K-feldspar and quartz-
siderophyllite metasomatites. Increased concentrations of Ta,
Sn, W, Ag, Li, Rb, Cs, REE, Y, Fe, Zn, Mo, Pb in beryllium-
enriched rocks is interpreted to be a combined occurrence of
two mineral associations: Sn-W-Be and polymetallic
(Galetsky, 1966). According to this author, concentration of
Be in genthelvite and formation of ore concentration of such
unusual mineral association are treated to be a result of high
enrichment of ore-bearing fluids in S, Si, as well as Zn and Fe,
and depletion in Al. Nevertheless, the nature of such specific
solutions and mineral association as well as the relation
between genthelvite and phenakite (described by
L.S. Galetskiy for the first time) and possible sequence of their
appearance still remain uncertain.

In later publications (Bezpal'ko, 1970) the genthelvite-
bearing rocks were called as "perthosites" and considered
as metasomatic rocks (perthositic association), in spite of
the fact that "perthosite" (according to petrographic code) is
used for description of leucocratic variety of alkali feldspar
syenite that consists almost entirely of perthite. Thus this
term might be appropriate only in case of magmatic origin of
these rocks. So other researchers termed these rocks as K-
feldspar metasomatites based on their metasomatic origin.

According to V.T. Shatska (Ginzburg et al., 1975) review
that is based mainly on the results of V.M. Gorbunov,
S.V. Metalidy, R.A. Slysh observations the ore sites are
confined to the tectonic dislocation zones and adjacent
fractures formed in quartz-feldspar granitoids (gneiss-like
"granites"). Here granites are altered with formation of
metasomatites of various compositions — quartz-biotite-
microcline to quartz-siderophyllite.

Article aims. The authors hope that petrographic and
mineralogical studies of ore-bearing rocks of the Perga
beryllium deposit will promote clearer understanding of the
nature of ore mineralization and help to distinguish the
peculiarities of the geological processes that resulted in Be-
concentration as quite rare mineral species.

© Dubyna O., Kryvdik S., Belskyy V., Vyshnevskyi O., 2020



ISSN 1728-2713

FEONOrIS. 1(88)/2020

~ 93 ~

Methods. Genthelvite was analyzed using a JCXA-733
(JEOL) electron microprobe, equipped with three vertical
wavelength dispersive spectrometers, in the Institute of
Geochemistry, Mineralogy and Ore Formation, NAS of
Ukraine. Analytical conditions were as follows: beam
acceleration voltage of 15 kV, beam current 20 nA, and
beam diameter of 2 ym; counting times per analysis of 30 s
on peak positions and 10 s on two background positions.
Chemical composition of rare metal minerals was
determined using a JSM-6700F field emission scanning
electron microscope equipped with a JED-2300 energy-
dispersive spectrometer (JEOL) in the Institute of
Geochemistry, Mineralogy and Ore Formation, NAS of
Ukraine. Operating conditions were as follows: 20 kV
accelerating voltage, 1,0 nA beam current, 2 ym beam size
and a counting time of 90 seconds for one analysis. Pure
metals, synthetic compounds and natural minerals were
used for calibration. Raw counts were corrected for matrix
effects with the ZAF algorithm implemented by JEOL.

Petrography. Set of samples collected from the waste
dumps of the Perga mine is studied. Petrographic
descriptions have shown the most interesting rock according
to their mineralogy (almost completely consist of perthite
and minor albite, lattice microcline and quartz (10-15 %))
and chemical composition (SiO2 63,99, TiO2 0,11, Al2O3
16,64, Fe203 1,07, FeO 1,86, MnO 0,04, MgO 0,38, CaO
0,71, Na20 5,23, K20 8,87, P20s 0,04, Total 99.18) can be
classified as quartz alkali-feldspar syenite. Geochemical
investigation have shown the presence (in ppm): 5000 Ba,
200 Ba, 250 L, 100 Nb, 450 Zr, 500 Y, 60 La, 200 Ce, 100
Th. Large perthite grains which are found in the most
samples are characterized by simple twinning that together
with perthite have a "fir-like" shapes under crossed links
(Carlsbad twinning), which are more typical for orthoclase.
According to (Menert, 1971), such exsolution of primary K-
Na-feldspars can occur at solvus temperatures (660—
715°C), while crosshatched twinning of microcline formed as
a result of rearrangement of earlier monoclinic orthoclase, at
temperature not lower than 500°C. Based on the results of
homogenization of gas-liquid inclusions ore metasomatites
(with genthelvite and willemite) are formed at 400-500°C.

The amount of perthite intergrowths (30-50 %) in
porphyry-like  feldspar  indicates  high-temperature
crystallization environment of this rock. It is widely known
that at low temperature conditions albite and microcline that
occur in hydrothermal rocks and low-temperature
metasomatites are commonly crystallized as separate
grains. Microcline grains with typical microcline twinning are
smaller in size relative to grains of perthitic feldspar and can
be found in crushing zones in association with fine grained
quartz, that can indicate their formation at later stages.
Besides rock-forming minerals and above mentioned
genthelvite plus phenakite such ore and accessory minerals
as columbite, monazite, rare earth carbonate, zircon,

magnetite, tungstenite (series tungstenite-gubnerite), as
well as undiagnosed Y-silicate (keiviite-(Y)?) are found in
this sample.

The studied rock is slightly oversaturated in alkalis and
has increased agpaitic index ((Na+K)/Al = 1,09), although the
alkali minerals have not been found. At the same time early
publications (Ginzburg et al., 1975; Myckevych et al., 1986)
have presented analytical data on peralkaline "feldspar
metasomatites” ((Na+K)/Al = 0,98-1,10) found in SPA.
Agpaitic nature of this rock might be a result of partial entering
of Fe*? into tetrahedral position of feldspar with associated
decreasing in aluminum and resultant oversaturation in
alkalis. Based on the obtained data the studied syenite might
be considered as rock variety very similar to leucocratic
syenites of the Yastrubetsky massif, which is also situated
among granites of SPA. It should be noted that these syenites
are also characterized by increased Be (up to 33 ppm in
syenites and only up to 20 ppm in the Perga granites)
(Dubyna et al., 2014), as well as by Zr, REE, Nb, Y. Data
presented in this article taken together with results
observations made by N.A. Bezpal'ko, make it possible to
suppose that "perthosite" occurs as veins and might represent
the dyke swarm or vein facies of the Yastrubetsky massif or
syenites that are very similar to them.

Chemical composition of genthelvite. Earlier
investigations carried out in SPA distinguished several
generations of genthelvite from three (Ginzburg et al., 1975)
to four (Galetsky, 1966) and up to seven (Metalydy and
Nechaev, 1983). According to the early published data,
genthelvite crystals commonly show zonal structure with
various zones of different chemical composition (Tabl. 1). It
is possible that these zones might be erroneously
interpreted by early researchers as separate generations. In
one of publication (Remeshilo et al., 1977) has discussed
zonal crystal of genthelvite with up to 13 zones distinguished
based on rather variable content of Zn and Fe (but without
significant variations in Mn. Accordingly to (Metalid and
Nechaev, 1983), have made an assumption about higher Zn
and lower Fe contents in late generations but without
presenting any detailed analytical results. The highest
content of ZnO (53,3 %) was determined in the second
generation of this mineral.

By early investigation genthelvite is crystallized in
different rock varieties of SPA: syenites (perthosites),
greisens and silicified varieties of these rocks. Among
investigated samples leucocratic perthitic  syenites
characterized by the highest content of genthelvite. Our own
results and their comparison with data of previous
publication indicate that these varieties of genthelvite show
maximum enrichment in zinc (ZnO up to 55,6 %) (Fig. 1).
Separate genthelvite generation is not possible to be
distinguished however in some cores of zonal crystals
higher Zn contents are fixed in comparison to their rims.

Table 1
Chemical composition of genthelvite from syenites of the Perga deposit
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SiO, 28,94 (29,68 |29,49 |28,98|30,98|31,00)31,06 | 31,13 |31,03|31,01|30,95|30,62|30,67 | 30,96 | 31,02 | 31,02
BeOgac| 12,74 (12,66 | 12,45[12,43 (12,89 (12,90 12,92 |12,95]|12,91|12,90|12,88 12,74 12,76 12,88 12,91 [ 12,91
ZnO | 55,64 |52,29|52,18|53,02 53,37 | 52,84 | 45,46 | 45,54 | 45,17 | 51,79 | 49,31 | 51,93 | 52,61 | 51,94 | 50,27 | 48,25
FeO 147 11451192 1841083 |083|663|692 746|315 446|211 215|138 | 4,29 | 4,66
MnO | 0,23 - 0,25 | 0,03 | 1,43 [ 193 | 2,72 | 2,46 | 2,11 | 0,56 | 1,33 | 0,84 | 0,29 | 2,11 | 0,78 | 2,17
S 544 | 540 | 532|531 |550 | 551|552 ]|553]|551]|551|550]| 544|545 |5,50]|551]5,51
[Total |104,46/102,96/101,61|101,60|105,00/105,00{104,30[{104,53|104,19[104,91(104,42(103,67[103,94|104,76(104,78[104,51
-1/2S |101,74]100,26| 98,95 | 98,95 |102,25|102,24(101,55|101,77[101,44/102,16[101,68/100,95/101,21102,01/102,02|101,76|
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Fig. 1. Composition of genthelvite of the Perga deposit are plotted on triangle diagram
of helvite-danalite-genthelvite coordinates. Legend:
1 — (Remeshilo et al., 1977); 2 — (Metalid, Nechaev, 1983);
3 — (Ginzburg et al.,1977); 4 — (Galetsky, 1966); 5 — author's data published in this paper (Tabl. 1)

In our opinion, another feature of the beryllium-bearing
rocks of SPA, which is still obscure, concerns the
interrelation between two beryllium minerals — genthelvite
(abundant) and phenakite. Based on early publications
about SPA it is widely known that phenakite is confined to
the silicified zones of gneiss-like granites, greisens and
syenites (Ginzburg et al., 1975, 1977).

According to these investigations phenakite commonly
was found at the peripheral part of genthelvite enriched
areas, and phenakite being crystallized Ilater than
genthelvite at lower temperature (180-250°C) during of
metasomatic stage. As one of main of mentioned arguments
is presence of phenakite on the margin of genthelvite grains.
However, it should be mentioned that association of
phenakite and helvite series minerals is commonly observed
in metaluminous or peralkaline rocks, so alkaline Be-
silicates is more typical for alkaline rocks unsaturated with
silica. Phenakite is also observed (oral evidence from one of
author of this paper) in Perga porphyry granite (biotite and
oligoclase) i.e. without any presence of alkaline minerals.

The results of petrographic and mineralogical studies
made on quartz-alkali-feldspar syenite do not prove early
concept about crystallization sequence of beryllium
minerals, or, at least, indicate the ambiguity of the supposed
relation between genthelvite and phenakite. In addition, the
above mentioned low-temperature conditions of phenakite
crystallization disagree with experimental data on phenakite

and bertrandite stability at moderate pressures (0,5—
3,5kbar) and temperatures (up to ~350°C) where
bertrandite is more stable in comparison with phenakite
(Hsu, 1983).

In the studied samples (thin and polished sections) single
crystals of genthelvite and phenakite are commonly found.
Phenakite is generally larger in size and shows presence of
fissures filled with iron phase (hematite?) and rarely rare-earth-
fluorocarbonate. In thin sections, large phenakite crystals
(Fig. 2) are common. Sometimes in cracks and on the edges of
these crystals fine-grained (<0.1 mm) and tetrahedral
(triangular in shape) crystals of genthelvite are developed. In
addition, core parts of large triangular genthelvite crystals (by
transparent light) are filled with brownish aggregate where
small relics of phenakite are also discovered. Fine-grained
(< 10 pm) genthelvite rim around smaller (~ 100 pm) phenakite
crystals are found but they are more rare. It is possible to
suppose that phenakite is earlier mineral, at least in the
investigated syenite. At alkalinity increasing of granitoid melt or
ore-bearing solutions phenakite became unstable and was
replaced by genthelvite.

Other rare metal minerals. As mentioned above,
granitoids and studied syenite sampled in the Perga mine
are characterized by increased contents of LIL and HFS
elements too. Among minerals that contain these elements
columbite, ferropseudobrookite, monazite, bastnasite and
Y-silicate are studied (Tabl. 2).

Fig. 2. a — the large (~3 mm) grain of phenakite (Phe) with small (usually <100 pm, commonly triange in shape)
grains of genthelvite (Gn) (magnification 40%) in fractures; b — genthelvite grains of
(magnified part of A) image, magnification 100*). Photos in transparent light
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Table 2
Chemical composition of rare metal minerals from syenites of the Perga deposit
1 [ 2] 3] 4]5 716 7 [ 8 ] 9 [10* 11* 12 13 | 14 [ 15* [ 16*
Columbite Ferropseudobrookite | limenorutile | Monazite | Keiviite-(Y) REE-F-
carbonate

SiO, 2,06 | 1,63 | 2,58 2,12 3,22 4,17 1,69 40,98(39,12| 2,49 | 0,34
TiO, 3,652,388 293 |3,09 244|218 |69,78|58,27|70,26 (65,69 67,22 0,13 [ 0,01
FeO 15,21[13,75|14,34|15,41|16,64|13,71| 26,9 |26,03|27,25|25,72 19,12 2,34 | 3,05 18,1 (1,34
MnO 5,55 |6,03 | 588389259 ]|622]| 1,2 [12,63]| 2,49 | 1,04 0,2 0,05 ] 0,04
CaoO 5,01 | 4,46 | 2,05 | 0,67
F 2,67 (11,02
Nb,Os 73,52| 76,2 |74,27|72,41|75,94|76,33 2,99
Ta,0s 5,21 | 2,39 | 1,56
P,0s 29,75 0,01
Y20, 51,67|53,38(14,13| 1,45
La,04 16,06 4,14 [19,65
Cey0; 39,59 8,54 | 28,8
Nd,04 4,27 19,35
REE,O5™ 32,41(62,11
ThO, 12,92 0,54 | 0,25
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 100 100 100 | 100 |63,05|78,15

* Following elements are also determinedin presented analysis are: 8 — 3,07 ZnO; 10 — 4,34 ZrOz; 11 — 6,3 ZrO2; 15 — 3,02 Al,O3; 0,17
MgO; 0,66 SrO; 0,09 Naz20; 0,6 PbO2; 0,05 UO2; 0,91 Pr203; 0,28 Eu203; 0,14 Sm20s;, 16 — 0,89 SrO; 2,77 Pr203; 0,73 Eu203; 0,61 Sm203;

0,2 Th20s.

1-3 — analysis from different part of single grain; 4, 5 — fine-grained (about 60 um) irregularly shaped columbite; 6 — similar to previous
neighboring grain; 7-10 — analysis from different part of single elongated (about 0.6 mm) grain; 11— single grain in association with columbite;
12 — core (unaltered) part of small (about 140 um) elongated grain; 13, 14 — the most large (up to 15 um) grain in fine-grained segregation
around magnetite; 15 — small (up to 50 um) inclusion in core part of genthelvite; 16 — single grain (up to 250 um) next to zircon.

Columbite occurs as small (0,1 mm) crystals of irregular
shape with corroded faces. Locally at grain edges a thin rim
of secondary ferruginous phase (hematite?) is formed, though
some intergrowths between columbite, isometric
magnetite (?) and ilmenorutile are also found. The contents
and ratio of main components are consistent with columbite
analyses that were published earlier (Buchinskaya and
Nechaev, 1992) and point out to increased of Mn content. The
similar Mn-rich columbites are described by these authors in
the aegirine-biotite and siderophyllite granites of SPA.

Ferropseudobrookite forms elongated (0.6%0.15 mm)
crystal which sometimes shows presence of idiomorphic
faces. On back-scattered electron image, crystal looks like
homogeneous grains, with one single point showing
significant increase of MnO and ZnO (Tabl. 2, an. 8).

Keiviite-(Y) (?) is a secondary mineral which is most
commonly observed in cracks of quartz and fluorite from
"amazonite" pegmatite's. The minerals that might be
preliminarily diagnosed (by the ratios of main elements (Y:Si
= 1:1)) as keiviite-(Y) occur only as fine aggregates (<5 um)
that surround large magnetite grain. These aggregates
include larger grains (up to 15 pum) of irregular shape,
among which one single grain was analyzed. But more
detailed investigation is needed, because in analyzed grain
only Y is presented, whereas typical keiviite-(Y) should also
be enriched in HREE.

Bastndsit might be found as small inclusions in
genthelvite, in cracks of phenakite and single small grains.
The presence of rare-earth-fluorocarbonate and obvious
secondary (or late) nature of their occurrence as confined to
beryllium minerals as well as constant presence of fluorite
prove the conclusions of experimental studies. These
results testify that the main agents of postmagmatic or
hydrothermal fluids, which are responsible for the transfer
and concentration of Be, are not purely fluorine but F-CO3?
is in composition that is more typical for alkaline conditions.

Conclusions. It is known that subalkaline and
peralkaline magmas can concentrate Be in different rocks
ranging in composition from subalkaline biotite granites and
syenites to riebeckite-aegirine varieties. As a rule, magmatic
rocks similar to alkaline granites and quartz syenites show
rather high Be contents (Khaldzan-Buregtey, Mongolia),

although ore mineralization are mainly associated with
alkaline pegmatites (Strange Lake, Thor Lake, Canada)
formed at the final stages of granitoid melts differentiation.
According to published data (Esypchuk et al., 1993;
Dubyna and Kryvdik, 2014), chondrite-normalized REE
patterns of the Perga granites and syenites of the
Yastrubetsky massif are characterized by large negative Eu-
anomalies (Eu/Eu* = 0,05-0,11) and significant enrichment
in HREE ((La/Yb)n = 0,3—-20). Such REE distribution patterns
and other geochemical features (low Sr and Ba, high HFSE)
give us a reason to assert that at least the alkaline varieties
of the Perga granites and associated syenites, i.e. syenites
of the Yastrubetsky massif, are formed as a result of
intensive crystalline fractionation of granitic or syenitic melts.
Apparently, these processes of differentiation could be
responsible for formation of residual melts enriched in
volatile and alkaline elements with associated increasing of
fluorine and rare metal (Be, Li, REE, Y, Nb, Ta) contens.
Therefore, the main reason of increased concentration
of Be in SPA is likely to be explained by geochemical
characteristics of highly differentiated melts, namely,
reduced in aluminum content (metaluminous) and increased
alkalinity. It can be also proved by the fact of enrichment in
Be and rising of Zr, Nb, REE concentrations, which is typical
for the similar types of alkaline or subalkaline magmas. In
addition, low or reduced aluminum content and high
alkalinity can promote formation of phenakite instead of
beryl that is more typical for peraluminous granites. At
entering of these melts into hypabyssal environment and
their subsequent crystallization, volatile enriched solutions
could be separated, that adduce to increasing of Be
solubility and its accumulation in the fluid phase. Low activity
of SiOz2 in the syenite rocks could also enhance this effect.
The presence of fluids enriched in Be and other rare metals,
that are genetically associated with subalkaline or alkaline
granites and syenites, high oxygen fugacity and low sulfur
content, are favorable for transportation and subsequent
concentration of Be in genthelvite. Genthelvite can be
crystallized together with phenakite or by its replacement. At
the same time, genthelvite of alkaline syenites is
characterized by the ZnO content that is very similar to the
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theoretically calculated composition, which is related with
alkaline conditions of this mineral crystallization.

In our opinion, significant Zn enrichment of genthelvite
found in studied sample is caused by its elevated alkalinity.
As is known, genthelvite is the member of sodalite-danalite
series, which is characterized by entering of S (or SO42) in
additional anions, that is caused, on the one hand, by
reduced sulfur and elevated oxygen fugacity, and on the
other hand, by increased alkalinity of the melt where Fe and
Mn comprise oxides and other silicates (Burt, 1988).
Therefore, at crystallization of alkaline melts occurrence of
hydrothermal and sulfide mineralization is not typical, and S,
S042 and H20, together with Na, enter into silicate minerals
(sodalite, cancrinite, haliyne, nosean).

Experimentally studied relation between FeO and ZnO
solubility and pH of solution is also indicates that in range of
pH from 9 to 11, their solubility is practically the same. At
these condition Be and Zn migrate as similar complexes:
Be(OH)2 and Zn(OH)2, Be(OH)3® and Zn(OH)3, which
determines their occurrence in the same minerals
(Khodakovsky, 1975). In addition, the geochemical feature
of Be is formation of stable complexes with fluorine ([BeF4]%,
[BeF3]?%, [BeF2], [BeF]*), which prevail at low pH (2-5), while
mixed F-COs?complexes (such as BeCOsF) are
predominant at higher pH (5—7) (Wood, 1992). According to
experimental data (Kogarko et al., 1968), the fluorine
separation in the fluid phase rise with increased acidity of
the silicate melt and sharply decreases with increasing
alkalinity. Therefore, in agpaitic melts, F is not separated into
gas phase at all, subsequently silicate melt gradually passes
into the fluid-melt from which pegmatites with various
minerals (including soluble in water NaF, sodium
phosphates, soda and another rare earth minerals) are
crystallized. These pegmatites might be treated to certain
extent as similar to coarse-grained "perthosite".

Such crystallization enriched in Zn (and Mn) minerals
might be found in highly differentiated (residual) melts
represented by alkaline rocks. For example, Zn-kupletskite
(up to 7,86 % ZnO) and hendricksite (21,5-25,8 % ZnO) were
discovered in agpaitic phonolites of the Oktyabrsky massif
(Azov area), and high-Mn (up to 8,7 % MnQO) amphibole and
biotite (up to 3,52 ZnO and up to 14,3 % MnQ) are also known
in dike aegirine microphoyaites of this massif.

Possible influence of hydrothermal processes on the
ore-ability of Be deposits that are associated with granite
intrusions is still controversial, because sometimes both
primary magmatic (Miller, 1996) and hydrothermal
enrichments (Salvi and Williams-Jones, 1996) are treated to
be important even for the same deposits. The reviews of
published data show in spite of high Be content in pegmatoid
alkaline rocks, the highest Be concentrations are still
associated with later hydrothermal processes. Based on the
type of mineralization of the beryllium-bearing rocks of SPA
they are quite similar to fluorite-phenakite-helvite
mineralization of the Verhnee Espe district (Kazakhstan),
which occurs at the marginal zones of hydrothermally
altered porphyry alkaline (riebeckite) granites.

Cnuncok BUKOpUCTaHUX axepen

Besnaneko, H.A. (1970). MeTponoris i akLecopHi MiHepanu rpaHiTis Ta Me-
TacomatuTis lMiBHIYHOT BonuHi. Knis: Haykosa aymka.

ByuunHckas, K.M., Heuaes, C.B.(1994). TaHTan-Hmobvesas muHepanu-
3aumsa MepxkaHckoro pyaHoro yana (YkpauHckui wut). MuHepanoeudeckull
XKypHan, 1, 15-29.

laneukmn, J1.C. (1966). O HeoGbIYHOM MapareHe3uce reHTenbBMHA U Ka-
ceuteputa. MuHepanoeuyeckuli cbopHuk Jlbeosckoeo y-ma, 20, 46-52.

wH3bypr, A.WN., 3abonotHas, H.M., KynpusHosa, WN.W., Hosukosa, M.W.,
Waukas, B.T., Wnanos, E.M., WWypwura, T.H., FetmaHckas, T.WN. (1975). l'eHeTu-
Yeckue TUNbl IMapoTepMarnbHbIX MecTopoxaeHuin 6epunnus. Mocksa: Heapa.

mH3bypr, A.W., 3abonoTHas, H.M., KynpusHosa, U.W., Hoeukosa, M.U.,
Waukas, B.T., WnaHos., E.IM. (1977). 3akoHOMepHOCTN (hOPMMPOBAHKSA U-
ApoTepmManbHbIX MecTopoxaeHuin 6epunnusi. Mockea: Heapa.

I'ypsuy, C.WN., 3ybko, J1.B., Maneukuin, 11.C. (1963). MeHrenbBrH 13 okBap-
LIOBaHHbIX cueHnToB. [oknadsi AH CCCP, 5, 1123-1124.

[y6unHa, O.B., Kpugik, C.I'. (2014). leoximiuHi Ta neTponoriyHi ocobnu-
BOCTi MY>XXHWX rpaHiToigiB YkpaiHcbkoro wuta eonoaiyHul xypHarn, 3, 83-94.

Ecunuyk, K.E., Opca, B./., Lepbakos, W.B. n ap. (1993). MpaHuTonab! Ykpan-
Hckoro wuTa. MNeTpoxmmusi, reoxmmusi, pyaoHOCHOCTb. Knues: HaykoBa aymka.

Korapko, J1.H. (1977). MNpo6nema reHe3unca armauntosbix MarM. Mockea: Hayka.

MeHepr, K.P. (1971). MurmaTutbl 1 npovcxoxaeHue rpaHutoB. Mocksa: Mup.

Metanunam, C.B., Heuaes, C.B. (1983). CywaHo-lNepxaHckas 3oHa (reo-
norusl, MMHepanorusi, pyaoHocHocTb). Knes: HaykoBa gymka.

Mwuukesuy, B.®., Beananbko, H.A., Eropos, O.C. un ap. (1986). Peakue
anemMeHTbl YkpauHckoro wuta. Kues: HaykoBa aymka.

Pewmeluurio, B.I"., BeiHap, O.H., Opy4ok, J1.MN., Camoiinosuy, J1.I"., Cnbiww, P.A.
(1977). K ycnosusiM chopMmMpoBaH/s 30HaNbHbIX KPUCTaNOB reHTrenbBuHa.
Tesucel 0okn. pecn. cumnod. "MuHepanozuyeckue Kpumepuu rnouckos peo-
Kux Mmemarnos 8 npedenax YkpauHckoeo ujuma". Kne: HaykoBa gymka.

Xopakosckun, W.11. (1975). NccnegoBanus B 06nacT TepMOANHAMUKN BO-
[OHbIX pacTBOPOB MPWU BLICOKMX TemnepaTtypax u aasneHusx. Aemopec.
duc... 0-pa eeor. Hayk. Mocksa.

LWapsirvH, B.B., Kpuawk, C.I"., Mocnenosa, J1.H., Aybuxa, A.B. (2009). Zn-
KYMNMeTCKUT U XEHAPUKCUT B arnautoBbix hoHonmTax OkTsibpbckoro Maccuea,
Mpnasosbe, YkpanHa. fokn. AH PAH, 6, 810-815.

Barton, M.D., Young, S. (2002). Non-pegmatitic Deposits of Beryllium:
Mineralogy, Geology, Phase Equilibria and Origin. In Beryllium: Mineralogy,
Petrology, and Geochemistry. Ed. by E.S. Grew, de Gruyter. University of Maine.

Burt, D.M. (1988). Stability of genthelvite, Zn4(BeSiO4):S: an exercise in
chalcophilicity using exchange operators. American Mineralogist, 73, 1384-1394.

Dubyna, A.V., Kryvdik, S. G., Sharygin, V.V. (2014). Geochemistry of alkali
and nepheline syenites of the Ukrainian Shield: ICP-MS Data. Geochemistry
International, 842-856. https://doi.org/10.1134/S0016702914080023

Dunn, P.J. (1976). Genthelvite and the helvine group. Mineralogical
Magazine, 40, 627-636.

Hsu, L.C. (1983). Some phase relationships in the system BeO-Al20s3-
SiO2-H20 with comments on effects of HF. Memoir of the Geological Society
of China, 5, 33-46.

Miller, R.R. (1996) Structural and textural evolution of the Strange Lake
peralkaline rare-element (NYF) granitic pegmatite, Quebec-Labrador.
Canadian Mineralogist, 34, 349-371.

Whalen, J.B., Currie, K.L., Chappell, B.W. (1987). A-type granites:
geochemical characteristics, discrimination and petrogenesis. Contributions
to Mineralogy and Petrology, 95, 407-419.

Wood, S.A. (1992). Theoretical prediction of speciation and solubility of
beryllium in hydrothermal solution to 300°C at saturated varpor pressure:
application to bertrandite/phenakite deposits. Ore Geology Reviews, 7, 249-278.

Salvi, S., Williams-Jones, A.E. (1996). The role of hydrothermal processes
in concentrating high-field strength elements in the Strange Lake peralkaline
complex, northeastern Canada. Geochimica et Cosmochimica Acta, 60,
1917-1932.

Reference

Bezpal'ko, N.A. (1970). Petrology and accessory minerals of granites and
metasomatites of Northern Volhynia. Kyiv: Naukova dumka. [in Ukrainian]

Buchinskaya, K.M., Nechaev, S.V. (1994). Tantalum-niobium mineralization of
the Perzhansky ore cluster (Ukrainian shield). Mineralogical journal, 1, 15-29.
[in Russian]

Galetskiy, L.S. (1966). The unusual paragenesis of gentelvine and cassiterite.
Mineralogical digest of Lviv University, 20, 46-52. [in Russian]

Ginzburg, A.l, Zabolotnaya, N.P., Kupriyanova, l.I., Novikova, M.l
Shackaya, V.T., Shpanov, E.P., Shuriga, T.N., Getmanskaya, T.l. (1975).
Genetic types of beryllium hydrothermal deposits. Moscow: Nedra. [in Russian]

Ginzburg, A.l, Zabolotnaya, N.P., Kupriyanova, l.I., Novikova, M.l.,
Shackaya, V.T., Shpanov, E.P. (1977). Regularity of beryllium hydrothermal
deposits formation. Moscow: Nedra. [in Russian]

Gurvich, S.1., Zubko, L.B., Galetskiy, L.S. (1963). Gengelvine from silicified
syenites. Report ASUSSR, 5, 1123-1124. [in Russian]

Dubyna, O.V., Kryvdik, S.G. (2014). Geochemical and petrological
features of the alkaline granites of the Ukrainian Shield. Geological journal, 3,
83-94. https://doi.org/10.30836/igs.1025-6814.2014.3.138807 [in Ukrainian]

Dubyna, A.V., Kryvdik, S. G., Sharygin, V.V. (2014). Geochemistry of alkali
and nepheline syenites of the Ukrainian Shield: ICP-MS Data. Geochemistry
International, 842-856. https://doi.org/10.1134/S0016702914080023

Esypchuk, K.E., Orsa, V.l., Sherbakov, I.B. et al. (1993). Granitoids of the
Ukrainian shield. Petrochemistry, geochemistry, ore potential. Kyiv: Naukova
dumka. [in Ukrainian]

Kogarko, L.N. (1977). Problem of agpaitic magma genesis. Moscow: Nauka.
[in Russian]

Mehnert, K.R. (1971). Migmatites and the origin of granitic rocks. Moscow:
Mir. [in Russian]

Metalydy, S.V., Nechaev, S.V. (1983). Sushchano-Perga region (geology,
mineralogy, ore potential). Kyiv: Naukova dumka. [in Russian]

Myckevych, B.F., Bezpal'ko, N.A., Egorov, O.S. et al. (1986). Rare
elements of the Ukrainian Shield. Kyiv: Naukova dumka. [in Russian]

Remeshylo, B.G., Vynar, O.N., Druchok, L.P., Samoylovych, L.G., Slysh,
R.A. (1977). Conditions of zonal crystals of genthelviteformation. Abstract in
"Mineralogical criteria for rare metals prospecting in the Ukrainian shield”.
Kyiv: Naukova dumka. [in Russian]

Hodakovskiy, I.L. (1975). Research of the aqueous solutions
thermodynamics at high temperatures and pressures. Extended abstract ...
Doctor's thesis. Moscow. [in Russian]



ISSN 1728-2713

FEONOrIS. 1(88)/2020

~ 97 ~

Sharygin, V.V., Krivdik, S.G., Pospelova, L.N., Dubina, A.V. (2009). Zn-
Kupletskite and Hendricksite in the Agpaitic Phonolites of the Oktyabrskii
Massif, Azov Region, Ukraine. Doklady Earth Sciences, 3, 499-504.
https://doi: 10.1134/S1028334X09030349 [in Russian]

Barton, M.D., Young, S. (2002). Non-pegmatitic Deposits of Beryllium:
Mineralogy, Geology, Phase Equilibria and Origin. In Beryllium: Mineralogy,
Petrology, and Geochemistry. Ed. by E.S. Grew, de Gruyter. University of
Maine. http://doi: 10.2138/rmg.2202.50.01

Burt, D.M. (1988). Stability of genthelvite, Zn4(BeSiO4):S: an exercise in
chalcophilicity using exchange operators. American Mineralogist, 73,1384-1394.

Dunn, P.J. (1976). Genthelvite and the helvine group. Mineralogical
Magazine, 40, 627-636.

Hsu, L.C. (1983). Some phase relationships in the system BeO-Al,O3-
SiO2-H20 with comments on effects of HF. Memoir of the Geological Society
of China, 5, 33-46.

Miller, R.R. (1996) Structural and textural evolution of the Strange Lake
peralkaline rare-element (NYF) granitic pegmatite, Quebec-Labrador.
Canadian Mineralogist, 34, 349-371.

Whalen, J.B., Currie, K.L., and Chappell, B.W., 1987, A-type granites:
geochemical characteristics, discrimination and petrogenesis. Contributions
to Mineralogy and Petrology, 95, 407-419.

Wood, S.A. (1992). Theoretical prediction of speciation and solubility of
beryllium in hydrothermal solution to 300°C at saturated varpor pressure:
application to bertrandite/phenakite deposits. Ore Geology Reviews, 7, 249-
278. https://doi.org/10.1016/0169-1368(92)90012-A

Salvi, S., Williams-Jones, A.E. (1996). The role of hydrothermal processes
in concentrating high-field strength elements in the Strange Lake peralkaline
complex, northeastern Canada. Geochimica et Cosmochimica Acta, 60,
1917-1932. https://doi.org/10.1016/0016-7037(96)00071-3

Hapinwna no peakonerii 15.12.19

0. fly6uHa'?, a-p reon. Hayk, cTapiu. HayK. cnispo6.,

E-mail: dubyna_a@ukr.net;

C. KpuBgik?, g-p reon.-MiHeparnor. Hayk, npod.,

E-mail: kryvdik@ukr.net;

B. BenbCbKkuit?, KaHa. reos. Hayk,

E-mail: belskyi_vm@ukr.net;

O. BUIIHEBCbKMIA?, KaHA. reon.-MiHepanor. HayK, CTapL. HayK. cniepo6.,
E-mail: vyshnevskyy@i.ua;

KniBCcbKUI HaUioHanbLHWUIA yHiBepcuTeT imeHi Tapaca LUeBueHka,

HHI "IHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, m. Kuis, 03022, YkpaiHa;
2lHcTUTYT reoximii, MiHeparnorii Ta pyaoyTeopeHHsi iM. M.I. CemeHeHka HAH YkpaiHu,
np. Akaa. NMannagixa, 34, m. Kuie, 03680, YkpaiHa

OCOBNUBOCTI BEPMNIEBOI TA PID,KICHOMETAHE?O'I' MIHI§PAJ1I3AL|,I'I'
B CIEHITI NEPXXAHCBbKOIO POAOBULLA (YKPAIHCbKUM LLNT)

HaeedeHo pesynbmamu OocnidxeHHs1 pyOHUX ma aKyecopHux MiHepasie i3 cicHimy lMepxaHcbko2o podosuuja 6epunito. Ceped Be-eMicHUx
MiHepanie diazHocmoeaHo gheHakim i 2ceHmeenbeiH. OcmaHHil 8UpPIi3HSIEMbCS MaKCUMaslbHUM, NOPi8HSIHO 3 ony6nikoeaHuMu e nimepamypi aHani-
3amu 2eHmezbeiHy lNepxxaHcbko20 podosuwa, i 61u3bLKUM 00 MaKCuMasibHO20 meopemuy4Ho20 emicmom ZnO, w0 3yMOBJIEHO JTY)XKHUM XapaKmepom
docnidxyeaHoi nopodu ((Na+K)/Al=1,09). FeHmeenbeiH € 6inbw ni3HiM miHepanom eiOHOCHO ¢heHakimy abo ymeoproemncsi 3a paxyHOK lio2o 3ami-
weHHs1 8 pesynbmami nideuw,eHHs1 Iy)XHOocmi po3nnasy e npoueci dugpepeHyiayii. 3 iHWuUx miHepasie piOKicHUX Memarsiie eusiezieHo Kosym6im 3
nidsuwieHum emicmom Mn, Y-cunikam (ketigiim-(Y)?), piokicHozemenbHuli gpmopkap6oHam (6acmHe3um). HasieHicmb ¢priroopumy ma piokicHozeme-
NbHUX Kap6oHamie, azpe2amu sIKUX Yacmo npuypoyeHi o 2eHmzenbeiHy abo ¢gpeHakimy, Moxe ceidyumu, wjo 8 pyGoHocHux ¢pnroidax Be i REE
nepeHocunucs y auasnsidi KOMMIeKCHUX pmop-kap60oHamHux crosiyK. Ypaxoeyr4u 2eoximMiyHi xapakmepucmuku nopio (MemaznuHozemucmi, cy6-
JNy)KHO20 i ny)XKHo20 psidy, anuboki HecamueHi Eu-aHomanii, Hu3bkuli emicm Sr, Ba, nideuuwieHuti — HFS enemernmis) CywaHo-llepaHcbKo20 palioHy,
npuyuHu 36a2a4yeHHs1 Ha pidkicHi Memanu i Be noe'si3aHi 3 iHMeHcUsHUM MosIbO8OWINAaMOBUM (hpaKyioHyeaHHsIM euxiOHUX po3nsaeie, ujo 3ymoe-
N1108aslo nepecudeHHs yz2amu, 36a2a4eHHs1 IemKUMU KoMnoHeHmamu i piokichHumu memanamu (Be, Li, REE, Y, Nb, Ta) 3anuwkosux nopyiti mazma-
muyHux posnnaeie 2paHimoidHo20 abo cicHimoeozo cknady. [locmmazmamuyHi NyxHi po34uHu, 36a2ayveni F i COs*, cnpusinu KOoHueHmpyeaHHto Be
y ¢nroidHil ¢pasi 3 nodanbworo lio2o mizpayicto i Kpucmanisayiero 2eH2enbeiIHy.

Knrouoei cnoea: 2eHzenbeid, gpeHakim, cy6nyxHi epaHimu, nyxHi cicHimu, konym6im, lNep)xaHcbke podosuwie, YKpaiHcbKul wum.
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OCOBEHHOCTWU EEPUIINIMEBOW U PEOKOMETAJIIMYECKOMN MUHEPANU3ALIUK
B CUEHUTE NEPXXAHCKOIrO MECTOPOXAEHUA (YKPAMHCKWUW LLIAT)

lMpueederbl pe3ynbmamsbl uccredosaHusi PyOHbIX U aKyeCCOPHbIX MuHepasos u3 cueHuma llepxaHckol mecmopoxdeHusi 6epunnus. Cpedu
Be-codepxaujux MuHepasioe duacHocmupoeaH ¢heHakum u 2eHmeenbeuH. locnedHuli omnuvyaemcsi MaKcumMasbHbIM, M0 CPaBHEHUIo ¢ ony6ukKo-
8aHHbIM 8 lumepamype, aHanu3amu 2eHmaesibeuHa llepxaHcko20 MecmopoxAeHus, U 65TU3KUM K MaKCUMaslbHOMY meopemu4ecKkoMy codepxaHueM
ZnO, ymo o6yc10e/1eHO WesI0YHbIM Xxapakmepom uccriedyemoli nopodsl ((Na+K)/AlI=1,09). FenmaenseuH 6osee no30HuUli MUHepas omMHOCUMesIbHO ¢he-
Hakuma unu obpa3yemcsi 3a cyem e20 3amelWjeHusi 8 pe3y/ibmame MoebiWeHUs] WesI04HOCMU pacrnaea e npoyecce e2o ouggepeHyuayuu. U3
Opyaux MuHepasioe pedkux Memassio8 ob6HapyXeH Kosnymbum c noebiweHHbIM codepxaHuem Mn, Y-cunukam (kelisuum-(Y)?), pedko3emMesibHbIl
¢pmopkapb6oHam (6acmHe3zum). Hanu4ue ¢hnroopuma u pedkosemesnbHbIX Kap6OHamoe, azpezamsl KOMOPbIX YaCMO NMPUYPOYEHb! K 2eHM2e/Ib8UHY
unu ¢heHakumy, Moxxem ceudemesicmeogams 0 MoM, YmMo 8 pPyGOHOCHbIX ¢ghriroudax Be u REE nepeHocunuck 8 eude KOMMIEKCHbIX ghmop-kap6o-
HamHbIx coeQuHeHul. Y4umbieasi 2e0XuUMu4ecKue xapakmepucmuKu 2paHuUmoe U cueHumoe (MemazaauHo3eMucmale, Cybu,e/1Io4HO20 U Wes1o4H020
ps0da, anybokue HecamugHble Eu-aHomanuu, Hu3koe codep)xaHue Sr, Ba, noebiweHHoe — HFS anemeHmos) CyujaHo-lep)xaHcko20 palioHa, MPpUYUHbI
o6ozaujeHust amux nopod Ha pedkue memasnbi (REE, Y, Nb, Ta) u Be cesizaHHbI ¢ UHMEHCUBHbIM 0J/legownamossiM ¢hpaKyuoHUpog8aHueM ucxood-
HbIX pacrniagos, Ymo 8bI3bI18asio NpechbiujeHuUe weso4yamu, obo2aujeHue Iemy4uMu KOMIIOHEHMaMu U pedKuUMU MemarsjiaMu oCmamo4HbIX Mopyul
Maz2Mamu4ecKux pacrniagoe 2paHumoudHO20 Uslu CUEHUMOB020 COC . Mocm, IYecKue uiesroYHbIe pacmeopsbl, o6o2auieHHble F u COs%, cro-
cob6cmeosarsnu KoHyeHmpuposaHuro Be o ¢hriroudHoli ghasze ¢ nocnedyroujeli e2o Muepayuel u Kpucmannusayuel 2eHze/lb8UHa.

Knroyeenlie crosa: 2eHzenb8UH, heHakum, cy6uiesioyHble 2paHuUmMbI, Wje/I0YHbIe cueHUmsl, konyméum, llep)xaHckoe MecmopoxdeHue, YKpau-
HCKul wum.
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OBI'PYHTYBAHHSA AOUINIBHOCTI 3ACTOCYBAHHA FEOIH®OPMALIIMHUX CUCTEM
Y NJAHAWA®THO-EKOJIONYHOMY MOHITOPUHIY

(MpedcmaeneHo 4YneHoM pedakyiliHoi Konezil 0-poM 2eos1. Hayk, cmapul. HayK. crbiepob. O.J1. Lllee4eHkom)

HAnsi cydacHux micm xapakmepHi maki HeczamueHi HacniOku yueinizayii, sik ywinbHeHHs1 MicbKoi 3abydoeu, 3abpyOHeHHs1 noeimpsi,
eodu, r'pyHmy, 3pocmaroyuli piseHb wymy i ei6pauiti, "mennoesi ocmpoesu”, ensiue Ma2HiMHuUX, eJIeKMPUYHUX, iOHI3ayiliHux rnoJiie mowo.
He6yesanumu memMnamu 3pocmae eUKOPUCMaHHS Pi3HOMaHIiMHUX NpupodHuUx pecypcie i Macwmabu 3abpyOdHeHHs1 308HIWHbLO20 cepe-
dosuwa eidxodamu supobHULUMEa ma CrioXXueaHHs.

OO0HuM i3 diegux MexaHi3Mie 3HIMmMs Yyux He2amueHUX Hacliokie € naHOwaghmHo-ekosozi4Huli MoHimopuHe (JIEM) cmaHy icHyro4oi
eKoJsioei4Hoi iHghpacmpykmypu micm (criopy0d i 06'ekmis, npusHa4yeHuUx Osis1 OXOPOHU, 8i0MEOPEHHS i MOJIiNWeHHS] Ha8KOJTUWHBLO20 IMpu-
POOHO20 cepedosuu4a), sika NMOoK/UKaHa 3abesneyumu GeKoMreHCyrovy nNpomudito HaciokaM aHmMpPOro2eHHO20 Ha8aHMAa)KeHHS.

JIEM Heo6xiOHull dnisi po3pobKu Haykoeo-o6rpyHmoeaHoi MiCbKOI eKos102i4Hoi moslimuku ma onmumi3sayii cucmemu npupodoKopu-
cmyeaHHs. [ina npuliHammsi e¢hekmueHuUX KeasighikoeaHuX ynpaesiiHCbKuX pilieHb w000 rnosinuweHHs1 ekosio2id4Hoi cumyauii micm rno-
mpi6bHa noeHa i docmoeipHa iHghopmayisi NPo ocHOBHI NPuPoOHi ymoeu. Taki docnidxeHHs, crpsimoeaHi Ha cucmeMHul 36ip iHghopmauyit
npo mepumopito, Haliyacmiwe Hanexamb Ao cghepu sTaHOWaghMHO-eKOII02iYHO20 KapmozpaghyeaHHsI.

O6rpyHmoeaHo HeobxioHicmb 3acmocyeaHHs1 8 JIEM 2eoiHghopmauitinux cucmem (I'IC) i npedcmaeneHo Modesib ouiHKu npupocmy
iHghopmauyii, siky MoxkHa ompumamu e npoueci enpoesadxeHHsi I'IC e JIEM. 3anponoHoeaHa Moderib, 3a po3paxyHKaMu aemopis, 03e0-
Jlumb 3MeHWumu eHmporito (HeausHayeHicms) cucmemu maike 808idi, ujo ceidyums rpo HeobxidHicme sukopucmarHs 'IC npu aHo-
wagbmHo-eKo/102i4HOMY MOHIMOPUHay.

Knroyosi cnoea: 2eoiHghopmauyiliHa cucmema, naHOwaghmHo-eKos102i4HUli MOHIiMopuHe, iHghopMmamueHicmsb, 2eciHghopmauyitiHe Mo-

Oesro8aHHS.

BcTyn. lNocTiliHe 3pocTaHHsA eKOonoriYHOr0 HaBaHTAXKEHHS
B YkpaiHi BUKIMKa€e BENUKY CTypOOBaHICTb He TiNbku ¢axiBLyiB
i HayKoBLiB, arne 1 3Bu4anHoro HaceneHHsi. Ocobnmeo Le cTo-
CYETbCS BENUKUX MICT, Mepeaycim iHaycTpianbHuX, Ae nioauHa
aecopmye Giocdepy 3aranom i, Byayum i YacTMHO, rocTpo
BiguyBae Hacnigku uiei aedpopmadii Ha cobi.

MicTa xapakTepu3yloTbCsi BUCOKOK KOHLIEHTpaLEo Hace-
JIEHHS, LLIO MELLKae Ha oOMeXeHi TepuTopii. MNoaidHe 3ocepe-
PKEHHS NtoAel 3yMOBIOE M KOHLEHTPALto BCIiEi CyKyMHOCTI
rocrnoAapcbkyx i coujianbHWX BiHOLLEHb, SIKE CMIPUYUHSIE BUHW-
KHEHHS CKIagHol, HanyacTille cynepeynvBoi CUCTEMMU.

XapakTepH/UMK HeraTMBHMMM Hacnigkamu ypbaHisauii
cTanu: yulinbHeHHs Micbkoi 3abynoBK, 3poCTaHHsa 3abpya-
HEHHS MOBITPS, 'PYHTY, PYNHYBaHHSA MPUPOLHNX EKOCUCTEM,
NigBULLIEHHS PiBHSA WyMY i Bibpauii, BAHUKHEHHS "OCTpOBIB
Tenna" i napHMKOBOro epekTy, WKIANUBUA BASIMB MarHiTHUX,
€NeKTPUYHUX, IOHI3auiMHMX NosiB, BUCHAXXEHHS 030HOBOIO
wapy, 3HWKHEHHS HWM3ku GionoriyHmx BuaiB Towo. BogHi
06'exTu, siKi po3TalloBaHi Ha TepuTopii MicT, yce BinbLue no-
TepnatTb Bi HaAMIpPHOro aHTPoONoreHHoro Bnnuey. Nosep-
XHEBO-CXWUMOBUIA CTIK 3 Teputopii Micbkoi 3abynoBu,
aBTOLUNSAXIB i 3ani3HULb, PI3HOMaHITHI CMITHWKK, a TaKOX pe-
KpeauiiHi 30HU 3 NepecuYeHHsM BignoYnBanbHKKIB Cnpus-
I0Tb MOTPaNAsHHIO B 03epa 3HaYHOI KifbKOCTi XiMiYHMX
cnonyk (binsecekud, 2005). HebyBanummn Temnamm 3pocrae
BUKOPUCTAHHS Pi3HOMaHITHUX NPUPOAHUX pecypciB i MacLu-
TabiB 3abpyaHEHHsT 30BHILLHLOIO CepefoBMLLa Bigxogamm
BMPOOHULITBA | CMOXMBAHHSI.

Ha anb, HaceneHHs Ta ypsg YKpaiHu, siKLO A po3yMi-
I0Tb YBECH CMEKTP CBOIX NarybGHWX Aii Ha NpupoaHe cepe-
[oBULLE, yCe X Taku MNpOoAOBXylTb MOro 6GesxanicHo
pyviHyBaTu Ta BCiNsiko 3abpyaHtoBaTn. OparmMeHTapHi npu-
POAHI ekocucTEMU, L0 3anuwnnmcb B ypbaHisoBaHux cuc-
TeMax yxxe HECrPOMOXHi KOMMEHCYBaTW HEraTMBHWUIA BNAvB
aHTPOMOreHHNX YMHHUKIB, @ 3axoau, Lo NPUAMaOTLCS Mic-
LIEBOIO BIaolo Ta ypsaoM KpaiHu nviie YacTKOBO CTPUMY-
I0Tb  36iNblLUEHHA  arpecuMBHOrO  BMNAMBY  MNOOYTOBUX,
TPaHCNOPTHUX Ta iHOQYCTpianbHUX BiAXodiB Ha cepenoBuLle
MELLIKaHHS1 MiCbKOTO XUTENS.

Mepen cycninbCTBOM CTOITb HaA3BUYANMHO akTyanbHe
3aBAaHHA opraHisauii BUKOpUCTaHHA NPUPOAHUX pecypciB
Takum YMHOM, o6 NPUNNHUTK iXHIO Nodanbluy Aerpagadito
i 30INCHUTN peanbHi KPOKU A0 CYTTEBOrO MOMIMLIEHHS eKo-
NOriYyHOro cTaHy AoBKinns. Lle moxnuee nve 3a paxyHok
opraHisauii e(peKTUBHOro MOHITOPUHTY iCHYHOUOro eKOosoriy-
HOro CTaHy TepuUTOpIn, peKkpeauinHUX 30H i PO3LUMPEHHSM
nNpYpoaHO-3anoBiAHOrO POHAY.

MocTtaHoBKa npo6nemu. [lieBMMn MeXaHi3MaMm 3HATTSA
HeraTMBHUX HacnigkiB ypOaHi3auii €: nokanbHe YULLEeHHS
HaBKOJULLHLOrO CepeaoBuULLa; 30epexeHHsT HEMopyLLEHUX
rocrnoAapcbkol AifANbHICTIO TepuTopin 3 npupoaHo 6io-
TOW; po30yaoBa perioHanbHOI EKONOTiYHOT iHPaCTPyKTypu
MicT (cnopyg i 06'exTiB, NPU3HAYEHNX A1 OXOPOHMU, BiATBO-
PEHHS i MONIMNWEHHS HaBKONMLLIHLOIO NMPUPOAHOro cepeno-
BMLLA); pauioHanbHe BUKOPUCTaHHSA NMPUPOAHUX PECypCiB,
0Cc06nMBO BiHOBIIOBAHMX Ha OCHOBI iIHTEHCUMBHUX | edheKTun-
BHUX TEXHOMOri; CBOEYacHe BUSIBMEHHS i NMPOrHO3yBaHHS

© 3auepkoBHun B., Mniuko J1., Npuninko O., HikonaeHko O., MyxaHoBa T., 2020



ISSN 1728-2713

FEONOrIS. 1(88)/2020

~ 99 ~

rnobanbHUX (30BHILLHIX) i perioHanbHUX (BHYTPILLHIX) eKo-
NoriyHux 3arpo3 Ha 6asi HaykoBMX AOCMIOKEHb B €KONOriy-
Hin cdepi; MbkHapoaHe cniBpobITHULTBO Ta Koonepauis Ans
3anobiraHHs rnobanbHUM i TPaHCKOPAOHHUM €KONOriYHUM
3arpo3aM Ha OCHOBIi 3aXMCTYy 3aKOHHMX NpaB rpoOMajsiH; po-
3pobka edeKkTUBHUX MeToAiB 306epiraHHa Ta yTunizauii
036pOo€EHHS B1BEAEHOrO 3 OHOMOBOro cknaay; peKkynbTuBaLii
TepuTopii, NOB'A3aHNX 3 BINCbKOBOI AiSINbHICTIO, @ Takox
pafioakTMBHUM 3abpyaHEHHSIM; 3anobiraHHs 3aBE3eHHI0 Ha
TEepuTOpIlo AepXxaBun Ans nepepobku Ta 3aXOPOHEHHSA MaTe-
pianis Hebe3ne4yHux ONS HaceneHHs i HaBKOMULLHLOrO ce-
penoBuLLa TOLWO. YCi Ui MexaHiaMu noknvkaHi 3abeaneuntu
OEKOMMEHCYOYY MPOTUAII0 HacrigKkam eKOonoriYH1X 3arpoa.

EkonoriyHa 3Ha4MMICTb 3efeHUX HacagXeHb, Oepes i
POCNUH y MiCTax € HaA3BMYaNHO BUCOKOI. IxHi neTki Bugj-
NEeHHs — aepocTumynaTopu i diToHUMAN — CAPUATAMBO
BMMMBaOTb HA OPraHi3m, ioHi3yloTb i 030HYIOTb NOBITPS. a-
pKun, ckBepu, bynbBapu 36aradyloTb NOBITPS KMCHEM, pery-
TIOKTb BOMOTiCTb, 3HWXKYOTb MiCbkuin Wwym. Kpim Toro,
POCAVHU O4YMLLAI0TE MOBITPA Big MUY, MNOMMMHATL TOKCU-
YHi PEYOBUHM — KOMMOHEHTH BiANpaLUbOBaHUX rasiB aBTOMO-
6iniB i npomncnoBux BuUkMaiB. He Tinbku 36epexeHHs, ane i
nofanbLlUMin PO3BUTOK 3eMNEHUX HacaaXXeHb MICT € Haa3Bu-
YaHO BaXKIIMBMM €KOMOriYHMM 3aBaaHHsaM. OgHak i TyT y
KpaiHi € HeBupiLLleHi NUTaHHSA. Tak, 3 ypaxyBaHHSAM KoMnne-
KCHOI ririeHi4YHOT OLiHKM He BUSIBNIEHO BUAW AepeB, YarapHu-
KiB i TPaB'AHUCTUX POCMMH, Hambinbw ONTUManbHUX ANS
ymoB micta. O3eneHeHHs MicT 3aebinbLioro He Bignoeigae
Cy4acHUM BuMoram. Y cTapilt 4acTuHi MicTa Hepigko Biady-
BaETbCS CUMbHE 3aTiHEHHS XXWTNOBUX ByOuHKIB AepeBamu,
LLIO HECNPUATIIMBO BNMBAE Ha SKICTb BHYTPILLUHBOrO XWUTIO-
BOro cepefoBULLA i 340pPOB'S HaceneHHsi. HoBobynoBM X,
HaBMakW, sIKk NPaBWno, B3arasni He MalTb O3EfEHEHHS, a
AKWO i MatoTb, TO HegocTaTHe. OTxe, B yMOBax iHTEHCUB-
HOrO 3pPOCTaHHS i PO3BUTKY MICbKUX arnomepaLii o0cobnmso
rocTpo CTOITb NUTaHHA €(PeKTUBHOrO BUKOPUCTaHHA obme-
YKEHUX PecypciB MICbKOi pekpeauinHOi TepuTopii, 40 AKUX
BiHOCATb Pi3HOMaHITHI CUCTEMM pPecypco- Ta eHeprosdepe-
XEHHS, I'PYHTOBO-POCNNHHWI LWap MiCbKOT Ta npunernoi Te-
puUTOpIA, NPUPOAHO-3aNOBIOHUI (POHA, NAPKOBI Mepexi
MiCbKOI iHPPaCTPyKTypW, eKONOrivHi Kapkacu Ta Hilli MicT,
€KOMoriyHo pectaBpoBaHi NaHAwad T, yCi HasiBHIi NPUPOAHI
pecypcu Ta CnpUaTBI YMOBU XUTTS TOLLO.

AKTyanbHicTb TemMM i CTyniHb po3pobneHocTi TeMu
AocnigaXeHHs. YLWinbHEHHS MICbKOro NpoCTopy CNPUYMHIOE
3MEHLUEHHSI pekpeaLiiHnX 30H abo B3arani iXHe 3HWLLEHHS
3 HacTYMNHO Aerpagauieto 3eneHunx kapkacie MicT. CborogHi
HeobxigHi Taki doopmu i cnocobu B3aeMogaii NpupoaHOT i Te-
XHOrEeHHOI NiAcncTeM MicTa, 3a SKUX iIHTEHCUBHICTb BUKOpU-
CTaHHS, BiOHOBMNEHHsI i 30arayeHHst NpUPOOHUX PecypciB
6yne 3pocTaTu, a NPUPoAHi yMoBu — noninwysaTucst. Vine-
TbCA MPO YCBIiAOMIEHE YNpaBriHHA MPUPOAHMMMK MnpoLe-
camu i sBMamMmn B 6akaHOMy HaNpsIMKY Npu iHTeHcudikawii
MiCTOOYaiBHOI AisiNbHOCTI.

Tomy CcbOrogHi akTyanbHOK NPobnemoto € 3acTocyBaHHS
naHawadTHO-eKOMOorYHOro Nigxoay A0 BUBYEHHS MICLKOI Te-
pUTOPIi, MOHITOPUHI (OLiHKA) EKOMOriYHOro CTaHy pekpeaLii-
HUX pecypciB MiCTa, nig sIKUM pO3yMiloTb CKMagHy cuctema
360py, 06pobku, 306epexeHHs i nepeaadi iHgopmallii npo cTaH
cy0'ekTiB i 06'€KTIB pekpeaLinHoro NpMpoaoKOPUCTYBaHHSA Ta
IXHIO B3aEMOZi0 3 METOI HACTYMHOI OLHKM (KOHTPOIIO), Npo-
rHO3Y | KepyBaHHS. Y Xo4i MOHITOPUHIOBUX AOCHIOAXEHb BiacTe-
XKYETBCA MPOTIKAHHS  peKkpeauinHMX MNpoLeciB, 3MiHW Yy
BMKOPWCTaHHI 1 CTaHi NPUPOAHO-peKpeaLinHuX pecypciB, AKo-
CTi pekpeaLjinHOro cepenoBuLla, BUSIBASIETECA BMMMB PisHMX
dakTopiB Ha NcMxodidionoriyHnin CTaH pexkpeaHTis. JlaHawad-
THO-EKOIMOMYHWI aHani3 HeoOXigHUA Ans po3pobku HayKoBO-
06r'pyHTOBaHOI MICbKOI €KOMOriYHOI MOMITUKM Ta onTuMidauii
CUCTEMU MPUPOLOKOPUCTYBAHHS.

AHani3s nonepepgHix pocnigxeHb. Ekonoro-reorpaci-
YHi (reoekonorivHi) gocnigKeHHs B YKpaiHi yCnillHO po3Bu-
BatoTbcA B IHCTUTYTI reorpadii HAHY (O. . MapuHny,
JI.T. PygeHko, J1. M. lLesyeHko, B. . puHeBeUbKui,
B. M. MatueHko, B. C. JaBnguyk, . O. MapxomeHko,
B. O. LLeBueHko, B. A. BapaHoBcbkuin), Kuiscbkomy yHiBep-
cuTeTi imeHi Tapaca WesyeHka (M. . Wuwexko, M. [. I'po-
[3VHCBKUNA, J1. . Manuwesa, J1. M. WeBueHko),
JlbBiBCbKOMY (I". 1. Minnep, |. M. BonowwH, A. B. MenbHuK,
B M. MeTnuH), Ogecbkomy (I'. I. Weeb6e, O. I'. Tonuies), Ye-
pHiBeubkomy (B. M. IN'yuynsk, J1. . Boponan, M. |. >KynaHck-
ki, M. O. Kupuniok,  B. . KyHnust),  XapkiBcbkomy
(I. T. YepaHboB, B. lO. Hekoc, H. B. MakcumeHko) yHiBep-
cuteTax, IBaHo-®paHkiBcbkomy TYHI (O. A. AnameHko).
BuBueHHIO i onTuUMisauii GiIOTUYHUX KOMMOHEHTIB MiCbKUX
naHawadTiB NPUCBAYEHO YUCMEHHI Mpaui SK CXiQHOEBPO-
nencokux (KO. B. Xpomos, B. . Kyyepssuir, A.T1. Bepry-
HoB, A.H. BenkiH, C. A. A6nokos, O. O.JlanTteB), TaK i
3axigHOEBPONENCbKMX HayKOBLiB, MepeayciM HiMeLbKMX
(G. Richter, E.-M. Albertshauser, M. Leesch, U. Wilke,
K. Ermer, A. Paul). MpoTe, sk CBIAYMTb 3pOCTaHHSI €KOJOri-
YHOI Hanpyru y KpaiHi, JOCnigXeHHs Y Ui cdepi Wwe aaneki
Bif} 3aBEpLLEHHS.

O6'eKT gocnimaxeHHA — naHawadTHO-eKONoriYHNA Mo-
HiTOpuHr (JIEM).

MeToto po6oOTU € OuiHKa OOUiNbHOCTI BUKOPUCTAHHS
reociHcdopmauinHux cuctem B JIEM.

Buknap ocHoBHOro marepiany. [1ns npunHATTA edek-
TUBHMX KBasnipikoBaHUX yNpaBriHCbKMX pilleHb Woao no-
NINWEeHHs1 eKoNoriYHoi cuTyauii MiCT noTpidHa noBHa i
JOCTOBipHa iHbopMauis po OCHOBHI NpupoaHi ymosu. [loc-
NiQKEeHHs1, cnpsiMoBaHi Ha cucTeMHU 36ip iHdbopmauii npo
TepuTopilo, HanyacTile HanexaTtb A0 cdepun naHawagTHO-
eKororiyHoro kaptorpadyBaHHs1.

CyyacHun naHgwadT aBnse cobo NpUpogHO-aHTPO-
MOreHHU KOMMIIEKC, ¥ MeXax SAKOro MpuMpOoAHi, aHTpono-
reHHi, agemorpacdiydHi, eTHIYHI 1 COLIOKYNbTYPHI hakTopm
nepebyBatoThb y TiCHIl B3aeMOZii, yTBOPIOHOYM OOHOPIOHY 3a
ymMOBaMu PO3BUTKY, EOUHY, HEPO3PUBHY, NpUTamaHHy Aa-
HOMy perioHy abo MicueBoCTi cucTeMy — reoekocoLiocuc-
Temy (Makapos ma iH., 2002).

JlaHawadTHO-eKkonorivYHMA Nigxia A0 BUBYEHHSI MICbKOI Te-
pUTOPIT aKTMBHO BUKOPUCTOBYE METOLOSOTI0 CUCTEMHOIO aHa-
nizy, 3a 4SKOK MICTO pO3MSAAaeTbCsl  SK  CKNagHa,
NoniCTpyKTypHa, TepuTopianbHa, BiOKpWUTa, eHepreTU4Ho cy6-
cupoBaHa (Odymom, 1986), reoxiMiyHO akyMynsATUBHA ynpas-
niHcebka cuctema — ypboreocuctema (Makapos ma iH., 2002).

JTanpgwadTHo-eKonoriYHniA  nigxig (reoekonoriyHun) €
cMMbio3oM naHawadpTHoro Ta ekonoridHoro nigxopis. Oc-
HOBW reoekornoriyHoro nigxony 6ynu 3aknageHi HiMeLbkum
Gioreorpadom Kapnom Tponnem y ctatTi "Luftbildplan und
Okologische Bodenforschung" ("lMNnaH aepodoTokapTy-
BaHHS Ta eKosnoriyHe AocnimkeHHst rpyHTiB"). BiH gaB Take
BU3HAYEHHs1 NaHawadTHIA ekonorii — ue "gocnigkeHHs Li-
NICHOro KOMMIEKCY B3aEMO3B'A3KIB MiXK YrpynoOBaHHAMMU Xu-
BMX oOpraHiamis (bioueHo3iB) Ta iXHIMW €KOMOriYHMMMU
yMOBaMU, HasiBHUX Yy NEBHUX OOUHLSAX NnaHawadgTy. Y npo-
CTOpi Len B3aEMO3B'AI30K BiA0OpaxaeTbCA B NEBHUX NPOC-
TOPOBMX CTPYKTYpax UM MNPUPOAHUX TepuTopianbHUX
oOMHMLAX pisHMX MacwTtabis" (Troll, 1939).

JlaHgwadTHO-eKkonoriYHMI Nigxig nopsag i3 CMbHUMK B
€BPUCTUYHOMY BIiOHOLUEHHI OCOONMBOCTAMM, YcCnaAakoBa-
HUMK Big NaHawadTo3HaBCTBa (TepUTOpIanbHIiCTb, noniue-
HTPU3M MoJerni reocuctemu) Ta ekonorii  (KoHuenuii
CyKuecil, MeToau opauHadii, MOHOLEHTPMU3M Moaeni ekocu-
cTemu), Mae i BnacHi pucu. Ak i y Haykax, 3ragaHux BuLLe,
06'ekToM ekororii NnaHawadTiB BUCTyNaTb NOMIKOMMNOHEH-
THi NpMPOAHO-aHTponoreHHi cuctemun. OgHak Npu iXHLOMY
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AOcCnifXeHHi NnaHawadgTHO-eKONOriYHMIA NigXia 3HAYHO LWK-
pLU€e KOPUCTYETBCS Hacrigkamu, WO BUNMMBAIOTL i3 3aranb-
HOHayKOBOIO MPUHLMNY AoAaTKOBOCTI. BignosigHo 0o Lboro
NPUHLUMNY MOBHOLiHHE Mi3HaHHA cknagHoro ob'ekta abo
AIBMLLIA MOXHa AOCAITU 3a YMOBUW OOCHIOKEHHS MOro B pis-
HMX "npoekuisx” (To6To 3a A0MNOMOrow pi3HUX Mogenen),
3BECTM SKi 4O OAHIET NPUHLMNOBO HEMOXIUBO.

Buxogsauu i3 uboro, y cydvacHii ekonorii naHgwadgTis
cdopMyBarnoch Kinbka nocTynatiB i 06MexeHb Y BUKOpUC-
TaHHi nangwadTHo-ekonoriyHoro nigxony. Cepen HUX Haw-
OinbL iCTOTHUMK € Taki:

® PO3YMiHHSI TOTO, LLIO pearnbHICTb HEMOXIIMBO 3BECTU 10
opHiel mogeni (ekocuctemu abo reoekocmuctemu). MpakTuyHa
MeTa BM3HaA4yae ONTMMarnbHUIA cnocid Aekomnosuuii npupoa-
HMX cuctem (iXHi nogin Ha enemeHTV abo CTPYKTYpHi Yac-
TWHW), WO NPU3BOAMTL 40 6e3niyi TUMiB IXHiX CTPYKTYp;

® PO3YMiHHS MONILEHTPUYHOCTI reocucTeMn — LeHTpa-
NbHa METOAOMNOriYyHa YCTaHOBKA reO0eKOosIoriyHoro nigxoay
(Y LeHTp MOXHa NoCcTaBUTK He TinbkK BionorivHi, ane 1 iHwWi
KOMMOHEHTM, HaBiTb Uini nangwadtn). KoHuenuii reo- Ta
€KOCMCTEMU MaloTb CBOI NepeBarn. YSBMEHHS Npo reocuc-
TeMu GinbLlu HabnwxeHi 4o NpupoaHoi peanbHocTi. KoHuen-
Lig ekocucTtemMu AOBOMi KOpUCHA MNpW PO3B'sSi3aHHI HU3KK
KOHKPEeTHUX 3aBAaHb. TOMy ekonoria naHgawadTiB y cBOiX
[OCNIAXEHHAX BUKOPUCTOBYE 5K NOri- (rEOCUCTEMHUI), Tak
i MOHO- (ekocucTemMHuI) nigxogu. Mpuyomy Ha BiOMIHY Bif,
€Kororii y LLeHTP eKOCUCTEMHOI MOAenNi CTaBNATLCS (NoMmi-
LLYIOTBCSA) He TiNbKW BIOTUYHI, @ 7 iHLI KOMMOHEHTY;

® aKLUEHT Ha yHKUioHanbHOMY aHanisi reocucrtem, Ha
NPOCTOPOBICTb | reHe3nc reocuctTem. Y naHgwadTHin eko-
noril oCHoBHa yBara npuainsaeTbCca NPoLEeCcHOMY i yHKLio-
HanbHOMY aHanidy reocuctem. [lpuyomy reocuctemm
CnpuiiMatoTbCs He K TepuTopis abo 06'emu 3i cneundivHM
CKINagoM eneMeHTIB i CBOeto By10BOt0, a sk apeHu Ta ob'emu,
HaCUYeHi Pi3HMMM OMHaMIYHUMK nNpoLecamu, ki B3aeMoai-
H0Tb MiXk COOOI0 | HABKONULLHIM cepefoBuLLeM. Buxogaum i3
cneundikm LMx NpoLecis i BUAINAITLCA reocucTemu;

e BUBYEHHS napameTpiB OyHKLIOHYBaHHA Pi3HUX TuUMiB
nangwadTie (ypaxyBaHHSA BNnMBIB cepeaosuia). Ans exo-
norii naHaWwadTiB XapakTEPHOI € 3HAaYHa yBara 40 BNuBY
Ha reocncTemMu 30BHILLHIX (bakTopiB, 30KpeMa aHTPOMOreH-
HKX. [NopiBHAHO 3 NaHAWadTO3HAaBCTBOM LS HayKa po3rnsi-
[lae reocucteMmn K 3Ha4yHo Oinbll MOB'A3aHi i3 30BHILLHIM
cepefoBuLieM, TOGTO BoHM € BinbLu "Biakputumn';

e aJanTUBHICTb KOMMOHEHTIB NaHAawagTy;

e AKLEHT Ha LeHTpOBaHICTb Npobnemu B3aemogii nto-
OVHW 3 NpUpogHUMKN cuctemamu. Mpu ubomy ii TeopeTryHa
0asa po3pobrsaeTbCA Sk HaykoBa OCHOBA perfnamMmeHTaldii pa-
LioHanbHOI 3 €eKOJoriYyHoi no3uuii NoBediHKW NAUHU B
nangwadrTi;

e MpUKNagHi acnekTy reocekosoriyHoro nigxoay nonsra-
H0Tb Y BMBYEHHI CTIMKOCTI naHawagTy, HOPMyBaHHS aHTPO-
NMOreHHNX HaBaHTa)XxeHb Ha NnaHawad TN Towo.

Bnnue npupogHux Ta aHTponoreHHUx ¢akTopiB Ha Ha-
BKOJNUWLLUHE CepefoBuLLE NpeacTaBneHo B Tabn. 1.

Ta6bnuuys 1

BnnuvBe npupoaHux Ta aHTponoreHHNX pakTopiB Ha HaBKOJULIHE cepefoBULLE

dakTop |

3Ha4yeHHs Ta BNJIMB Ha HABKOJIULLIHE cepegoBuile

lpupodHi pakmopu

Knimat BusHayae cTyniHb KOMPOPTHOCTi MOroAHUX YMOB | OKPEMUX OCHOBHUX (haKTOPIB KNimMaTy (Tennosui
KOMOpT, BiTPOBUIA pexxunM, onaam Ta iH.). MikpoknimaT 3yMOBMIOE CTYNiHb MiKPOKMiMaTU4YHUX YMOB
(HOpMUM iHCOMALIT, BONOrocCTi, AONyCTUMa LUBWUAKICTb BITPY Ta iH.)

Penbed Yxunu 3abe3nevyloTb pidHUIA piBEHb iHCOMSLi, CTOKY NOBEPXHEBUX BOA, HAKOMUYEHHSI BOMOTrOCTi,
mMacwTtab rpyHToBOI eposii

Bopovimu HakonuyeHHs Ta BUNapoByBaHHSA BONOMU CMPUSE YTBOPEHHIO TENSIOBOI eHeprii, BNMBae

Ha TeMMnepaTypHUIA PeXnM, peryrtoe BOMoricTb NOBITPSA Ta iHTEHCUBHICTb pagiauii

3abornoyeHicTb i 3aTONNEHHS
PiYOK Y MiXKCE30HHMI nepioa

3abes3neuyloTb XUTTEQIANBHICTE OKPEMMUX EKOCUCTEM, CIPUSIIOTE HAKOMUYEHHIO BOSIOTU Ta XUBMEHHSA

PocnuHHicTb

HakonuyeHHs HeobXigHOT ANs XUTTEQIANbLHOCTI Giomacu, BINMB Ha CTyNiHb 3abpyaAHEHHs aTmocdepw,
pagiauiviHuin, TemnepaTypHUIA PEXMMU, BOMOTICTb NOBITPS, LUBUAKICTb BITPY

AHmponozeHHi ghakmopu

LinbHicTe 3abynosm

BusHavae pauioHanbHICTb BUKOPUCTAHHS MICbKOT TEPUTOPIi, BNIMBAE Ha MIKPOKITiIMaTUYHi MOKa3HWKN,
HasiBHICTb POCITMHHOIO NMOKPUBY, BITPOBWI PEXUM TEpUTOPIi

CucTtema TpaHcrnopTy

BusHavae LyMoBMI pexuM y MICTi, KOro cnekTparbHUii cknag, CTyniHb 3abpyaHeHHs aTMocdepu
11 3a0pyaQHEHHS I'PYHTY Ta POCANH TOKCUYMHUMW OTPYWHUMW PE4OBMHAMM

XapakTtep NpoOMUCIOBOCTi

3anexHo Bif Kracy LKiANMBOCTI MPOMUCIIOBICTb BNNMBAE Ha 3abpyaHEHHs aTMocdepy OTPYAHNMM
razamu, BU3Ha4ae KinbKiCTb MUy B NOBITPi 1 HA MOBEPXHI 'PYHTY

HaceJieHHA

PiBeHb Gnaro-yctpoto TepuTopii | BnnmBae Ha MikpokniMaT MiCbKoi TEpUTOPIi, CTYNiHb ii 03eNeHeHHS, KOMMOPTHI YMOBU XUTTEIANBHOCTI

YcebivHa oLiHka eKOoriYHOro CTaHy NPUPOOHNX PECYPCiB
i NPOrHO3yBaHHS iXHiX 3MiH Nig BNAMBOM aHTPOMOreHHMX hak-
TopiB ABNSe cobOK0 HaA3BMYarHO cknagHe 3asaaHHs. Lie oby-
MOBIEHO nepeyciM HeOOXIAHICTIO ypaxyBaHHS BCiX MPOLECB,
LLO BioOyBalOTbCS B MPUPOAHNX EKOCUCTEMAX, | PI3HO CTilKi-
CTIO eKocMcTeM A0 TuX abo iHLLMX TEXHOTEHHUX BNuBIB. AHa-
Ni3 yCKNagHIETLCA TUM, Lo AesKi hakTopw, siKi BNnMBatoTb Ha
PYHKLIIOHYBaHHS1 EKOCUCTEM, MOXYTb 4aCTKOBO KOMMEHCYBaTU
oavH ogHoro. [logaTkoBy CknafHICTb CTBOPHOE HECTIVKMI Xapa-
KTep NPOCTOPOBOI NlokanisaLii TEXHOreHHUX 3abpyaHeHb, 0by-
MOBIEHUI NepeHeceHHAM 3a0pyaHIOBaNbHNX PEYOBUH Yepes
aTMmocdepy, NOBEPXHEBI Ta I'PYHTOBI BOAW.

3eMHa MoBepxHs (BKMOYAOYM BEPXHi FOPU3OHTM NiTOC-
depu), a pa3om 3 Heto | PEHOBMHO-EHEPrETUYHI MOTOKM 3MiHH0-
I0TbC B pe3ynbTaTi TakMxX 3arafnbHUX Ha BCi MnaHeTi
npoLieciB, CNPSIMOBaHNX Ha 3a4,0BOSIEHHS NOTPED MIOAUHN, SK:
3HULLIEHHS NMPUPOOHOTO POCIIMHHOMO Ta I'PYHTOBOMO MOKPUBY

Ons po3pobku 3anacis MiHepanbHOI CUPOBWHW; PEryroBaHHS
CTOKY piK Ta iHLIMX BOOOTOKIB LUMSIXOM CTBOPEHHSI BOOOCXO-
BVLL; BUKOPUCTAHHA 3emni nig OydiBHULTBO LIMSAXIB Cnony-
YeHHS Ta ilKeHepHOI IHppacTPyKTypW; BiAYyXeHHS 3emenb nia
OYUCHI Cropyau i MicLsi 30epeXxeHHs1, yTunisaLlii 1 3aXOPOHEHHS
BiOXO[iB; CTBOPEHHSI LUTYYHOrO POCIIMHHOIO MOKPUBY B Cajax,
napkax, CopTUBHUX CriopyAax Ta iHLUMX MICLSX BiANMOYNHKY.

JlaHaWadTHO-eKOMOMNYHNIA MOHITOPUHI 34INCHIOETLCS Ha
OCHOBI pi3HNX MeToaiB. Kpim TpaguLinHUX METOAIB reoximii, axi
BMKOPUCTOBYHOTLCS MPU BUBYEHHI TEXHOMEHHMX CUCTEM, BPO-
BapKyIOTbCA Taki cneumdiyHi 3acobu, Sk aHani3u CHiry, Bepxo-
BOro Topdoy, BOMOCCS MOOVHU, BUKOPUCTOBYBAHHS LUTYYHUX
COpOEHTIB Ansi BU3HAYEHHS B I'PYHTAX | BOAAX BAXKKUX MeTariB,
aepoKoCMiYHa 3MoMKa (3a ii AOMOMOrot, Hanpuknag, y rip-
HMY0-3aBOACHKMX paloHax YCTaHOBMIOKTLCA  TEXHOTEHHI
Opeonu pos3citoBaHHs1), NaHaLadTHO-reoxiMiyHe kapTorpady-
BaHHS (@paHyyK, Kpaseup, 2013).
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Ockinbkn npakTuyHo BcsA iHdopmauia (80-90 %) npo
CTaH NeBHOI TepuTOpii JOCNIMKEHHS B npoueci naHawad-
THO-EKOJOMNYHOIO MOHITOPUHTY pPEerioHy Mae NpPOCTOPOBY
npuB'A3KY, TO LINIKOM 04eBMAHO, WO 6a30Bow iHGopmaLin-
HOO TexHororieto edpekTuHoro JIEM matoTb BUCTYNNUTM reo-
iHdpopmauiviHi TexHonorii (MT).

YnpoBagxeHHs [T, a came reoiHopMaLUinHNUX CUCTEM
(F1C), possonutk cyTTeBo noninwmnTy JIEM 3a paxyHok pos-
pobku Moaenei mirpauii 3abpyaHtoBadiB y reonoriyHoMy ce-
peposui, aTmocdepi 1 rigpocdepi; npyu [OCHIOKEHHI
eposii i gerpagadii r'pyHTiB; MOAENOBaHHI NaBOOAKOBUX CU-
Tyauin Ta po3BUTKY €K30reHHWX NpoueciB; NPOrHO3yBaHHI i
ouiHUi BUKMAiB B aTMocdepy Hebe3neyHnx XiMidHUX pevo-
BVH i NpW BUpILLEHHI 6araTboX iHLWMX 3aBAaHb.

Kpim Toro, I'C moxe ctatv B npurogi Ans CTBOPEHHS
GinbLU CKNagHWUX CUCTEM YNpaBniHHA TepuTopiamu. Hanpu-
Knapg, ons iHterpadii HakonuyeHoi iHpopMaLii B TeKCTOBOMY
i TabnuyHOMy NoAaHHi B €4MHY MPOCTOPOBO-OPIEHTOBAHY
6a3y AaHux, sika 403BONMUTb aBTOMAaTUYHO BUSBNSATU 3aKO-
HOMIPHOCTI MiXX NPUPOOHUMM KOMMOHEHTAMM i HaBIiTb OKpe-
MUMW  enemMeHTamuM  UMX  KOMMOHEHTIB, nogasaTtu
pesynbTaT¥ B HaoYHOMY rpadiyHomy Burnsai (3auyepkos-
Hul ma iH., 2016; bypa4yek ma iH., 2011; Kpacosckuli ma
locnenos, 1962).

3acTocyBaHHA MeTOAiB reoiHdopmauiiHoro Mogenio-
BaHHs1 [O3BOSISiE aBTOMaTU3yBaTh po3B'si3ok 6eanivi 3agay,
noynHaroun Big obuMcneHb BigcTaHen i NnoL, i 3akiHYyr4n
nobyaoBolo Moaenel cknagHnx reocucTeM i NpoLecis 3 me-
TOK ynpaBriHHA Ta NPOrHO3yBaHHA MabyTHIX CTaHIB.

BukopuctaHHsa reoiHdopmauinHMx cuctem [o3BOMnsSeE
onepaTtMBHO OTpMMYBaTW iHbOpMaLito 3a 3anuToMm i Bifo-
OpaxaTw ii Ha KapTi, oLiHIOBaTM CTaH eKoCUCTeMU Ta Mpo-
rHO3yBaTy ii PO3BUTOK.

OcCHOBHUMYK aHaniTU4HUMKM MoxnmBocTamu IC npu Ta-
KOMY MOZErtoBaHHI MOXHa BBaXaTW: aHaniTUYHI dyHKUii po-
6ot 3 6Gasamu panmx (BM); KapTOMeTpuuHi  dOyHKLT;
MOZENMIOBAHHS MOBEPXOHb Ta aHania pacTpoBUX 300paeHb;
nobynoea GydepHux 30H; OBEPNENHI onepallii; panoHyBaHHs
(30oHyBaHHS) (3ayepkosHuli ma iH., 2016; LLunyniH, 2012).

eomopentoBaHHA Moxe ByTu NpeacTaBneHo y BUrnagi
KOpTexXy:
<F,f,R,Sh,A..S;.FP, C,W [< OONOMIDICHI _ OaHi >] >,
ne F — meta (abo noctaHoBka 3ajadi) reoMofentoBaHHs;
f; — nokanbHi 3agadi — cknagoBi 3aranbHoi 3agadi Mogento-
BaHHA; R — BiOHOWEHHS Mix ob6'ekTamn Ha KapTi; Sh,—
wenn 3 ob'ekTamn naHawadTy (BiANOBiAaE NokanbHIn 3a-
favi f,), A, — atpubytmuBHa Tabnuusa k-ro ob'ekta i-ro
wenny; S, — Wwkana suMipis Ans atpubyTis BiANOBIAHNX Ha-
6opie paHux; P, —npouecy, siki noTpebyloTb MOAENIOBaHHS;
C,— kpuTepii NPUAHATTS ONTUMANbHOrO pilleHHs; W, —
Bara Habopy gaHux i.

MpeametHa obnactb reoiHdopmauiiHoro Mogento-
BaHHsa B JIEM npegcTtaeneHa Ha puc. 1.

|| FrEEOMOAOESTHOBAHHA ||
¥ L2 ¥ ¥
ModenoeaHHA CmeopeHHA CmeopeHHA Poze’AaaHHA
— 2eonpocmopy iHghopmayilinux KapmozpagivHux APUKAGAHUX
& yinomy modenel modenel zaday
! v
IHmepnpemauis ModenioearnHs ModenrosaHHs iug;i,::
| napamempie — GesnepepeHux —1 AUCKpemHux - Mamimamuunoi'
enincoida ob’exkmie ob’exkmis =
Kapmozpadii
’ il HHA Dopmani: in
Po3s’A3aHHA odal e e e opmanizay
- =T . HepezynapHux |- |l kapmoepaghivnozo
; e MOdemosaHHA .
enincoidi modenel aidoBpaxeHHs
bl HH. m, 'Kim
gge:rc:: a : flodei CemaHmuyHe ium?eﬂ;fm yﬁ:uux
ﬂﬂDC.‘(UXy ia HEOOHOBHO (UK £ MOBEeMOBaHHA "Nl «apmoz, ay;iquux
noeepxoHs — [z P
ne:gemums cucmem
Pospobra Tunonozia ModanHa
Ly npouedypHUX i ob'exkmia rKapmozpadghivHux
— SHaHL 2E0MOdento8aHHA 3HAOHL
Ccmeo HHA Buk UCMAaHHA
- e:,npnenux - [1o9disHA Ka r:gz aghivHux
ReeyApH cemMaHmuKu P! P
modeneli 3HOHbL
CmeopeHHA BuKopucmaHHa
L HepeayaapHux '»l| zeonpocmoposux
modenel 3HAHL

Puc. 1. MpeameTHa o6nacTtb reoiHopmauinHoro mogentoBaHHA

KomnoHeHTu i doyHKLji Takoi [C nogaHo B Tabn. 2. eoik-
dopmaLiriHi Mogerni KOMMOHEHTIB NaHawadTy BKIOYaoTb LUn-
dposi Mogeni penbedy, knimaty, dnopu, dayHu, ki
BOAHOYaC HecyTb iHGopMaLiito AN ModentoBaHHA naHawacd-
THOro KOMMNJIEKCY 3aranom Ta Aoro eBostoLlii.

O6'extamu gocnigxenHst T'IC y npoueci JIEM Buctyna-
I0Tb peanbHO iCHytoYi 06'ekTK (NpoLecu, sBuLa, cUcTeMM,
nonsi) NeBHOI TePUTOPIl, 3B'A3KN MiXX HUMU, @ TaKOX 3aKOHO-
MIpHOCTI, NpUTaMaHHi NeBHIN MHOXWHI (Knacy) Aocnigxysa-
HUX 06'eKTiB.
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Tabnuys 2

FeoiHdopMauiiHa cuctema naHgwadTHO-eKONOriYHOro MoHiTopuHry (JIEM)

Cucrema 360py i 36epiraHHA Cucrema o6po6ku
iHdopmauii (C33l) IHdopmauii (COI)
= O (@]
> = = = I [
2s 9 '8 § T - 2 E I .- E
: og, O 3¢ IT5 = 2:= O 8005 0G| M
Buan MoHiTopuHry © B £ sC g i g X g I 0= g g; < g R Miacuctema
I
(3a kKOMNoHeHTaMu naHAawadTy) © g z F g E: ‘; 5z H o ) 7 El s 8L 5 oat E naHpwadgTy
S9g = = o= o® Sl o® 0O oo @
o 3.2 cooQ ok oc 9 c O
PEIEY ERE | Se€8sx | 5928 S5c% SESZ
o ] ] O I I o c [ ox®
skt -g- S—- I ™= 5 o B Eoh ok
(&) I © © © x c 9 E ©
X ] o
CybCTaHUiNnHO-reoKOMNOHEHTHUI 610K (1)
aepo- + + + + + +
riopo- + + + + + +
ap MK
nego- + + + + + +
6io- + + + + + +
PDaKTOPHO-reOKOMMNOHEHTHUIM 6ok (11)
MeTeo- + + + + + MK
reoMaTn4Hnn + + + + +
TEXHOreHHWUI (AKepena 3abpyaHeHHs) + + + + + + T
coujianbHO-eKOHOMIMHWUIA + + + + + CE
MMNeKcHU (nanawadpTHuin) 6nok
Kol eKc a a onok (Il
naHawagTHO-reoximiyHmm + + + + + + JIrX
naHgwadgTHo-reodianyHuimn + + + + + + Jire
MpuknagHui (aemorpadivyHo-ekonoriyHmin) 6nok (IV)
MeMKO-eKOSOTiYHUI | + | + | + | + | + | + | il

lidcucmemu: K — npupodHux kommnoHeHmis; TIT — mexHozeHHa;, CE — couianbHo-ekoHoMiYyHa, JITX — naHOwaghmHo-2eoximiyHa;

JIr® — naHowagmHo-2eoisuyHa; [ — demozpagpivyHa.

MeToto gocnigXeHHs € oaepXaHHS AoAaTKoBoOi iHop-
Mmauii npo o6'ektn (Kouypos, 2003).

MartemaTtuuHi mogeni OO6'eKTiB MOHITOPWUHIY i BigHO-
LLIEHHS MK HUMK (Lo BukopucToBytoTees B MC), ski npuse-
O€EHi B cMCTeMy, YTBOPHOKOTb Te3aypyc L€l CUCTEMU, SKUN
ABMNse cCODO MHOXMHY MaTtemaTu4HUX Mogernewn, ynopsa-
KOBaHUX i knacudikoBaHMX 3a NEBHOI CUCTEMOIO O3HaK (3a-
uepkosHul ma iH., 2016).

Tesaypyc — Le "3anac" mogenen, siki € B pO3nopsmKeHHi
JocnigHvKa 3a JaHoro ctaHy TeEOPETUYHOro OBI'pYHTYBaHHS
IC, abo obpaHi Yn CTBOPEHi HNM, BUXOASYM i3 NPaKTUYHUX
MipKyBaHb, 3 ypaxyBaHHsIM HasiBHUX OOMEXeHb npoLecy yn-
paBniHHA (3auepkosHul, 2012).

Omxe, ang niaBuLLieHHs edpektnBHocTi JIEM 3a gonomo-
roto ['IC HeobxiaHO po3LWMpUTK Te3aypyc Liei cuctemu, LWo
BKItoyae B cebe mogeni focnimKyBaHUX 00'eKTiB, pesyrib-
TaTiB BUMIPIB, 30BHILLUHIX dhakTopiB BNUBY, BUMIpIOBanbHOI
cucTemu Ta Ti NigcMcTeM, roffoBHUMU 3 SIKMX € PO3PODBNEHHSsI
Mofeni OuiHKKW MpupocTy iHopmauii y npoueci Bnposa-
axenHs [1C B NNEM, po3pobneHHs moaeni ouiHK1 NpupocTol
iHpopmauii npu BnpoBamkeHHi NC y kaHan 3BOpPOTHOro
3B'A3Ky, PO3p06neHHs Moaeni iHTerpadii 6a3 gaHux, icHyto-
ynx IC y TMC, po3pobneHHsa moaeni NPUAHATTS pilleHb 3a
ponomoroto C, po3pobneHHs mogeni ynpaeniHHA npoLie-
com JIEM 3a gonomoroto IIC.

AHanizyloun npakTuky po3B'a3aHHsA 3agad JIEM 3a gono-
moroto ['IC, He MOXHa He 3BepHyTU yBarn Ha HedopMarb-
HiCTb nocTaHoBkM OGinbwocTi 3agay  (Kouypos, 2003).
EkcnepT-aHaniTuk, WO npautoe 3 gaHMMu iHopmaLinHoro
cepenoBuva NeBHOI TepuTopii abo 06'ekTa MOHITOPUHTY,
MaruM MpPOCTOPOBiI N aTpMOYTMBHI AaHi, 3BepTaeTbCca A0
KapT i cCXeM NeBHOT TepUTOPIi 4OCNIAXEHHS, Maloyn Hanyac-
Tile nuwe iHTYITUBHE YSBMEHHS Npo MraH HacTynHUX gin.
Lle 3ymMOBnIOETLCS sIK HECTaYeo BUXIOHMX AaHMX, TaK i po3-
MaiTTsIM peanbHUX CUTyauii, WO cknagalTbcs. ToMmy B
ymoBax ckrnagHoi cpopmanisauii 3agay JIEM 3aBgaHHaMUK
IC € He BMOaya roToBuMX pilleHb, @ HadaHHA NPOrpaMHOro
iHCTpyMeHTapito ans opmMyBaHHS pilleHb.

Mpouec JIEM 3a3Bunyain po3TArHyTUmM y 4aci Ta MOXe Be-
ctucs abo 6e3nepepBHO, ab0 AWCKPETHO 3 NMEBHOK YacTo-
TO 1/Th, SIka OBMPAETLCS 3 YMOBU AOCTATHOCTI Yacy ans

3MEHLLEHHs1 HEBM3HAYeHOCTi A0 3adaHoro piBHS 3a NeBHOI
IHTEHCMBHOCTI MOHITOPUHIY 11 ympasniHHA. Moro moxHa
po3rnsgaTu gk npouec BUkoHaHHs 'lC 3a neBHUM anropuT-
MOM [esKux cknagHux k icnuTie (BunpobyBaHb, Aocni-
oxeHb) Gj (i= 1,2, ..., k) (j=1,2. ...,I), wo He nepeBepLyOTb /
icnuTiB. Y npoueci 34iNCHEeHHA UUX iCNWTIB YacTuHa HEBU-
3HayeHocTi (eHTponis) 3amMiHAeTbCa iHopMmauieo, To6To
npouec JIEM 3BoauTbCA A0 OOHOYACHOro MapanenbHoro,
abo 3cyHyTOro B 4aci, nepesefeHHs1 baratomMipHoro Bektopa
X(x,,¢,7) B 6araToMipHui1 BEKTOP Y(yi,t,T)XaY(pmc. 2).

HesBaxatoum Ha HasBHICTb y Takili CUCTEMI He Tinbku di-
3UYHKX, ane 1 iHPOPMaLiNHNX, EKOMNOTiYHMX Ta iHLWKX Npo-
Lecis, obMexumocss po3rnsagoM  Tinbku  iHOpMaUiiHMX
B3aemogin. BnactneocTi Takoi cuctemn nepenbayatotb Ha-
SIBHICTb Y Hiil eneMeHTiB i 3B'A3KiB pi3HOI npupoaun. Biacte-
XKYHUM Ui 3B'A3KN, MOXHa No6aunTu pesynbTaT B3aeMogii He
TiNbKW eneMeHTIB, ane 1 yciei cMcTemMm 3aranom.
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Puc. 2. BxigHi n BuxigHi curhanu FiC y IEM

Y npoueci dpyHkuionyBaHHs [1C oo Hei HagxoaWTb iHo-
pmauis nNpo cTtaH 06'ekTiB MOHITOPUHIY, (hikcytoun TM ca-
MUM NEBHI BNACTUBOCTI 30BHILLHIX i BHYTPILLHIX NpoueciB Ta
siBML, WO BiaByBalTbcs Ha TepuTopii abo o6'ekTi gocni-
[PKEHHS | BNNMBaKOTh Ha HMX. Y 3B'A3KYy 3 UMM HeobxigHo
CTBOPUTU MOZENb OLHKM NPUPOCTOI iHghopMaLlii, Ky MOXHa
ouikyBaTu Big ynpoBamxeHHs [C y npouec JIEM. Bonogi-
04N MOXNUMBICTIO (hikcauii 3MiHM CTaHiB 06'eKTIB MOHITOpPU-
Hry, BMNAUB Ha HUX iHWIWX CUCTEM | NPUPOAHUX YNHHWMKIB, [IC
aHanisye Ui 3MiHuM i iHTepnpeTye X, Hagaw4M TUM caMuM
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aoaartkoBy iHopmaLito OO KaHany ynpaeniHHs, TOOTO ne- I(X->Y,tL1)=

peBoanTb 06'EKT MOHITOPUHIY B HOBUI anoCTEPIOPHUIA CTaH, 1
SIKUI BU3HaYaeTbCsi BeKTopoM Y (£, 1) . fXY.1,10) aAxXdy (1)

JouinbHO po3rnaHyTK nigxoau, Wono OLUiHKM NPUpoCTy
iHpopmalii. Bigomo fekinbka cnocobiB y BU3HAYEHH Kinb-
KOCTi iHcbopMalLlii: eHTpOoNiiHUIA; anropuTMIYHUIA; KOMGIHaTO-
PHUIA; CEeMaHTWYHWI | nparmatudHuin  (MoHmpsieuH ma
iH.,1983). Mepwwnii Nioxia ogepxaB 3acTOCyBaHHA B 3ada-
Yax KiflbKiCHOro BU3HaYeHHs1 CKNagHOCTi CUCTEMM i PiBHS 30-
BHILLHiX BNNMBIB, APYrvi i TpeTin — Ansa onucy (BioTBOPEHHS)
ob'ekTa, 4eTBEpTUIA — AN ONUCY 3MICTOBHOI YaCTKM MOBIAO-
MITEHHS, WO NepeaaeTbes il OTpumyBady, N'ATUN — akUEeHTYe
yBary Ha KOPUCHOCTI iHcbopmauii, ika nepefaeTbes.

Hanbinbl aouinsHMM ANns OLiHKM NpUpocTy iHdopMauii,
LLIO MOXHa OTpMMaTK 3a A0NOMOorow BnposagxeHHs [1C y
JIEM, € enTponinHun nigxig (3auepkosHud, 2012). EHTponis
Mae nepesaru nepes iMoBipHICHOI OLLIHKOKO NPUPOCTY Kifb-
KOCTi iHpOopMmaLLii, OCKifTbKM He NOB'siI3aHa i3 CTaTUCTUYHUMMN
3aKOHaMK po3nogainy sunagkosux BenuynH (lMpaHauwsunu,
2003). 3a BENMYMHOIO EHTPONii MOXXHa CyAUTW NPO PiBHI Ha-
AinHocTi kaHanie MNC npu BMGopi ontumManbHoro. Kinbkictb
iHdbopMmaLii, Wo OTpUMYETLCA B NpoLeci ynpaBniHHA Tepu-
TOpiAMK, OOPIBHIOE 3MiHi eHTpONiIi

IGU (X,t,7)= HO(X,t,r)—Hth (X,t,7),
he HG,., (X,t,7) = pGUHG” (X,t,0)+..+pg Hg (X,1,7) -
YMOBHA EHTPOMis CTaHy 00'eKTa ynpaBniHHA Npy 30iACHEHHI
CKMafHoro icnuty (gocnigpkeHHs) Gj, Wo cknagaetbes 3 / ni-
aicnuTis; Pq, — iMOBIpHICTb pe3ynbTtaTty icnuty Gj.

HanbinbLw uikaBMMu 4na NPaKTUKKM € BUNAOKW, KONN Mae
MicLle TOYHe, ane i3 3ani3HIBaHHAM Ha T,, BiATBOPEHHS
cTauioHapHOro BMnNaakoBoro npouecy (MoHmpsauH ma iH.,
1983): Y(y,,t,7) = X(x,,t —1,,T) abo KoM BUXiQHWIA Npo-
Lec BiaTBOPIOETLCS 63 3ani3HOBaHHS, ane gie BekTop 36y-
peHb U (puc. 2), Skuii He 3anexuTb Bif BXiAHOro npouecy

Y(yi’t”c) :X('xiat_T39T)+U(ujataT)a
aej=1,2..m.

Mpyu ubomy nepenbavaeTbes, Wwo sektop X (¢,T) xapak-
Tepu3ye anpiopHuii cTaH o6'ekta 6e3 ypaxyBaHHS panToBuX
BiAMOB (Haa3BU4arHUX abo aBapiiHMX) cUTyaLin.

CepegHto KinbkicTb iHcbopMmalLii, oTpuMyBaHy npu nepe-
BeAeHHi BekTopa X (¢,T) , MOXHa BU3HAYUTK 38 (DOPMYIIOHD
(Kouypos, 2003)

= :[C...Jf(X, Y,t1)log, XL D)

ae f(X,Y,t,T) — saranbHuin gudpepeHuianbHui 3akoH po-
anoginy sektopie Xi Y; f(X,t,7) — andepeHuiansHui 3a-
KOH posnoginy sektopa X; f(Y,t,1) — AudepeHuianbHuin

3aKOH po3noginy Bektopa Y.
BukoHaBLwn neBHi nepeTBopeHHs, dopmyny (1) npea-
CTaBMMO y BUrNAgj

I(X > Y,t,1)=H(X,t,1)-m, [H,(X,t,7)],
abo
I(X > Y,t,0)=H(Y,t,t)—m, [H,(Y,t,7)],

e H(X,m):—T...jf(x,t,r)logz f(X.,t,0)dx -

anpiopHa eHTponis BekTopa X; my[HY(X,t,t)]:

= —.[ ...If'(X,t,r, Y)log, f(X,Y,t,1)dXDY — ycepenHeHe

3a BUXigHUMW NapamMeTpamun 3Ha4YeHHs eHTponii nicnsa oae-
PKaHHS CUTHaniB Ha BUXOAI; f, (X,t,7) — YMOBHWIA Ande-

peHuianbHUA 3aKOH po3noAiny Bektopa X npu ogepXaHHi

BekTopa Y.
Mpu ubomy oTpmumyemo (Kouypos, 2003)
X,Y,t
fY(thy‘c):f( — ’T)'
SX.t,7)

Mpy HopManbHOMY 3aKOHi po3nodiny BUMNaAKOBUX BeK-
TopiB Ha Bxogi 1 Buxogdi NC y npoueci ynpaBniHHS Teputo-
pigsMn1 Maemo

(X_mx)z} ) (2)

1
f(X1,1) = exp
6, V21 265

1 Y -m,)’
f(Y,t,r)—Gy\/%exp{ 200 }

[ani 3Haxognmo

©)

log f(X,Y,t,’t) =10g 1 _r210g2€ (X_m)()z_Z(X_m)()(Y_mY)+(Y_mY)2 (4)
XL f(Y,1,7T) Pl 20-1 o 7G4 Oy o,
MipctasmBwm Bupasmn (2), (3) i (4) y opmyny (1), nicns ne
NeBHWX NepeTBOpPeHb M0>KH&11 mpwmaml R1XX Rl);x RIYY Rly,:
- - __ _ 2 XX XX YY Yy
I(X - Y,0,7) =log, N 210g2[1 (0], g | Ra e |R R
; wn o
Py (£,7) = j (X —m )Y —m,) f(X,Y,t,7)dXdY, Ry R, Ry Ry,
o , . R RMRY ORY
ae 1y, — koedilieHT kopensuii Bektopie X, Y; o, (f,1) —
ancnepcii Bektopis X, Y. -
EHTponis BunagkoBoro m-mipHoro Bektopa X(t, 1), Wo RYY = RW)ﬁY R,%Rl)fy RYY
nianopsiAKOBYETLCS HOpMaribHOMY 3aKOHY po3noginy, Jopi- RXY RXY pYY RYY
BHioe: H(X,1,7) =log, \/(2me)” RXX|. U o i
le Rmlem Rmm

CepepHs KinbkKicTb iHpopMauii npu nepepadvi X—Y mo-
YKHa BMPasnTK Yepes KopensaLinHi maTpuui

7]

I(X _)Y’I’T):_%IO&W’

®)

KOpernsuinHi BU3Ha4YHUKW, L0 BiANOBigaloTb KOpensuinHum
MaTpULSIM, CKIageHNM 3 KopensiLiiHUX MOMEHTIB

RY = m[(XV —my WX, —m, )} ;
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R =m] (¥, =my )Y, =m) ]

RY =[m(X, =m, )X, =m,)].
Mpun He3anexHnx koMnoHeHTax BekTopa X (t, T) Maemo
R _ o IpH v:u’
i 0 mpu v#v
a eHTponisa BeKTopa AOPIBHIOE
H(X,t,7)=1log, o,v2me +...+log, 5, V2me.

Bigomo, Wo cTyniHb 3B'A3KYy MiX BUNAAKOBMMU mpoLe-
caMu XxapakTepusyeTbCcs KopensuinHol dyHKLien. AKLWo
BUXigHUM BekTop Y(t, T ) He NOB'A3aHUN i3 BXiOHMM BEKTOPOM

X(t, t), T0 Rf( =0 ; To6TO KinbKicTb iHdOpMaLii, o Haja-
xoauTb y npoueci ynpasninusa, 1(X —» Y,1,1)=0.

Mpn BpaxyBaHHI BCiX xapakTepuctuk Bektopa X(t, T ) koe-
ivieHT kopensuii 7y, (¢,7) = 0, omxe, I(X - Y,t,1) > ©.
[nst ogHOMipHOro BUNaakoBoro npouecy dopmyna (5) nepet-

BOPOETLCA Y chopmyrny
1
I(x. > y,t,1) =—=log, | 1-r*(t,7) |,
(5, > ypt,0) == log, [ 1=,

R (t,7)

oy (1,10, (2,7)
PosrngHemo okpemi BMNagku OOHOBMMIPHOI nepepadi
iHdbopmaLlii.
Mpwn 3ani3HOBaHHI BiATBOPEHHS

y(t,7)=x(t —15,7);
r(t,r):—éI...I[x(t)—mx][x(t—13)—mx]f(x,y,t,r)dxdy,

abo ocTaTo4yHo

ae r(t,t)=— — KoeqiLieHT kopensuii.

B R(z,)
"~ R(0)’

ae R(t,) —kopensiiiiHa chyHKList LLeHTpoBaHOT BUNaAKOBOT

r(t,1)

sennunHy; R(0) = 6” — aucnepcis.
KinbkicTb iHdbopmMaLii y LbOMy BUNaAKy OOPIBHIOE:
_R®@)
R*(0)
0<R(t,)/R(0)<1 npwu
w>[(x—>y,t,1)>0.

I C B JIEM cnpomoyHa HagaTu CKinbku 3aBrogHo 6araTo
iHdopMmalii Nnpo ctaH 00'ekTa, KO BOHA NPEeACTaBNsE BU-
XiaHu BekTop Y(t, T ) 3a CKiNbKy 3aBrogHO Masior 3aTPUMKOH

7,1 npu T, —»0 R(t,)—01i, omxe, [(X = Y,t,1) >00.TIC
B JIEM npakTMyHO He Hagjae AOAAaTKOBOI iHchopmauii npo
cTaH 06'ekTa JOCNIMXKEHHS!, AKLLIO BOHA NpeCTaBnse BMXia-
HUI BekTOp Y(f, T,) 3 BENIMKOIO 3aTPUMKOIO T, MPU T, —%
R(t,)—0i,omxe, /(X >7Y,t,7)=0.

3a HasBHOCTI wWymiB u(t, T) i HOpManbHOro posnoainy
napameTpiB X, y MaeMo

y(t,t) = x(t,7) +u(t,1);

2 _ 2 2 .
Gy(t:‘[) - Gx(t,T)+Gu(t,T),

I(x > y,t,7) = —%log2

Ockinbku 7,>0, 7O

r(t,r):# | ...f(x—mx)(y—my)f(x,y,t,r)dxdy:
X y—®©

2
c \/(52+(52 02
xN"x u le U
02
b

CepepfHs KinbkicTb iHpopmaLii, iKy MOXHa oTpumatu 3a
HasBHOCTI LUYMiB, [OPIBHIOE

2 2
o _+0

X u
2
u

AKLlo TouHiCTb NepeBeAeHHs BxigHoro Bektopa X(t, 1)y
BUXigHUA BekTop Y(f, T) € HEBMCOKOK (MPUCYTHI MOMUIIKK),

TaK Wo o, >> G, TO

I(x > y,t,7) =—%log2(1—r2) =%log2

iotxe, I(X —> Y,t,t) > 0. TIC B JIEM cnpomoxHa Hagatu

CKinbkn 3aBrogHo 6arato iHopmauii npo ctaH ob'ekTa 3a
BMCOKOI TOYHOCTI NepeBeAeHHs BxigHoro Bektopa X(t, t)y
BuXxigHun BekTop Y(t, T ).
02
Mpu o, >>6, —-+1-—> 00 i, oTxe, I(x > y,t,71) > .
u

BucHoBKU. Taknm YMHOM, cepeaHs KinbKicTb iHdopMma-
uii, wo otpumyeTbes B npoueci JIEM npu BukopuctanHi INC
npv HopManbHOMY 3aKOHi po3noAiny napameTpis i MOMUIIOK,
3anexuTb Big ancnepcii nomunok i TouHocTi IM'lC, a Takox Big
CTyneHsa 3B'a3ky BekTopiB X i Y Ta 3aTpMMKU BiATBOPEHHS.
Mpu 3akoHax posnoginy BMXiAHWMX NapameTpiB i 3aBaf, ki
BifPI3HAOTLCA Bif HOpMarnbHUX, CepeaHa KinbKiCcTb iHop-
MaLlii, Lo OTPUMYETBCS B NPOLEC KOHTPOSIO, BU3HAYAETLCS
3a copmyrnoto (1).

3anponoHoBaHa Moaenb A03BOMSE OLiHUTU 3MEHLLEHHS
eHTponii cuctemun (MiABUWMUTM iIHCOPMATUBHICTL) ynpas-
NiHHA TepuTopIAMK 3a paxyHok BrnpoBamxeHHa [C. Ynpo-
BagkeHHs [C y npouec JNNEM, 3a po3paxyHkamu aBTopiB,
[003BONSIE 3MEHLUMTU eHTponito cuctemun o 50-65 %, wo
CBig4MTb NpPo HeobxigHicTe ynpoBamkeHHs [C y JIEM.
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SUBSTANTIATION OF THE APPROPRIATENESS OF APPLYING GEOGRAPHIC INFORMATION SYSTEMS
IN LANDSCAPE-ECOLOGICAL MONITORING

Modern cities are characterized by such negative effects of civilization as urban densification, the pollution of air, water, soil, increasing noise
and vibration pollution level, heat islands, the impact of magnetic, electric, ionization fields, etc. There is an unprecedented speed and scale of using
various natural resources and contaminating the environment with production and consumption wastes.

One of the efficient mechanisms of counteracting these negative effects is landscape-ecological monitoring (LEM) of the present urban ecological
infrastructure (constructions and objects designed for protection, restoration and improvement of the natural environment) which is meant to provide
the compensating resistance to the consequences of anthropogenic impact.

LEM is significant when developing the evidence-based urban environmental policy and optimizing the environmental management system.

Taking effective managerial decisions on the improvement of urban environmental situation requires complete and accurate information about basic
natural conditions. The research focused on systematic gathering of data on an area mostly belongs to the field of landscape-ecological mapping.

The authors have substantiated the necessity of using geographic information systems (GIS) in LEM and presented a model of assessing
information gain which can be obtained when applying GIS in LEM.

This model enables to assess the reduction of entropy (enhance information content) of LEM system by applying GIS. According to the authors’
estimation, the introduction of GIS to LEM will enable to reduce entropy (uncertainty) of a system almost by half, that indicates the need of applying
GIS in LEM.

Keywords: geographic information system, landscape-ecological monitoring, information content, geoinformation modeling.
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OBOCHOBAHUE LIENECOOBPA3HOCTU NPUMEHEHUA FTEOUH®OPMALIUOHHBLIX CACTEM
B NAHALWA®THO-3KOJIOMMYECKOM MOHUTOPUHTE

[Ans coepemeHHbIX 20p0008 XxapaKkmepHbl MaKue HezamueHble nocaedcmeus yueunusayuu, KaK yniomHeHue 20podckoll 3acmpoliku; 3a2psi3-
HeHue 8030dyxa, 800hbl, Mo4Yebl; pacmyujuli yposeHb wyma u subpayuli; "ocmpoea menna"; eussHUe Ma2HUMHbIX, 3JIEKMPUYECKUX, UOHU3AUYUOHHbIX
noneli u m. n. He6biganbiMu memnaMu pacmem o6beM UCMoIb308aHuUsi Pa3/Iu4dHbIX NMPUPOOHbLIX PECcypcos U Macwmaboe 3a2psi3HeHUs1 eHewHel
cpedbl omxodamu npouszeodcmea u nompebrneHus.

OOHuUM u3 OelicmeeHHbIX MeXaHU3MO8 CHSIMusi 3Mmux He2amueHbix nocsedcmeull siensiemcsi naHOwWaghmHO-3Ko102U4ecKuli MOHUMOPUH2
(JIEM) cocmosiHusi cywiecmeyrowjeli 3Kosio2uyeckoll UHghpacmpykmypbi 20p0008 (CoopyxeHuli u 06beKkmos, npedHa3HavyeHHbIX OJ1s1 OXpaHbl, 80-
cnpou3sodcmea u yny4weHusi okpyxaroujeli npupodHol cpedbl), Komopas npu3eaHa obecneyums deKoMneHcupogaHHoe npomueodelicmeaue rnoc-
nedcmeusiM aHmpono2eHHoU Ha2py3Ku.

JIEM Heo6xodum Ans paspabomku Hay4HO-060CHO8aHHOU 20pOACKOU 3KOI02U4eCcKol MoUMUKU U onMmuMu3ayuu cucmeMbl NPUPooonosb30-
eaHusi. [ina npuHsimus 3¢hghekmueHbIX K8 anuguyupoeaHHbIX yrpassieHYeCKUX peweHul o yay4yweHuro 3Koso02u4eckoli cumyayuu 20po008 HyXHa
nonHasi u docmoeepHasi UHghopmayusi 06 0OCHOBHbIX MPUPOOHbLIX ycnoeusix. MccnedoeaHusi, HanpaeseHHbIe Ha cucmeMHbIl c6op uHghopmayuu o
meppumopuu, Yyauje 8ce2o omHocsimcs K cgpepe s1aHOWaghmHO-3K0102UHECKO20 KapmoapaghuposaHusi.

O6ocHosaHa Heob6xodumocmb npumeHeHusi 8 JIEM eeouHgopmayuoHHbix cucmem (FTUC) u npedcmaesneHa Modesib OUEHKU nMpupocma uHgop-
Mayuu, KOmopyr MOXHO Nosy4yums 8 npoyecce eHedpeHusi FTNC e JIEM. lMpednoxeHHasi aemopamMu Modesib 10380J15em OUeHUMb YMeHbWeHue
3HmMponuu cucmemsl (Moebicums UHhopMamueHocms) npouyecca JIEM 3a cuem eHedpeHusi TUC.

Kntoyeenbie cnoea: 2eouHgpopmayuoHHasi cucmema, naHowagmHo-3Ko102u4ecKuli MOHUMOPUH2, UHHOPMamueHOCMb, 2e0UHhOPMayUOHHOE
modenupoeaHue.
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