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®PUKLIIMHI ABULUA Y BYFiIJIbHUX WAXTAX:
MPUYUHUN, HACHNIOAKU TA BNNUB HA TASOAMHAMIYHI ABULLA

(MpedcmaeneHo 4neHom pedakuyiliHol konezii 3-pom 2eon. Hayk, npogh. O.M. leaHik)

ByezinbHi waxmu € 06'ekmamu nidsuwjeHoi Heb6e3rneKu, OcKinbKu 8 Hux eidbyearombcsi OUHaMIYHI, 2a300uHaMi4Hi ma mepmidHi
sAeuwa. Lji seuwja npuseodssmb Ao nopyweHb po604020 pexumy, sugedeHHs1 3 1ady 2ipHuU4020 obnadHaHHS, 3a2uberni 2ipHukis, 36inb-
weHHs1 sumpam Ha eudobymok 8yzinns ma iHwux Hacnidkie. Mema cmammi — eukniacmu pe3ynibmamu GociOXeHb YMO8 YMEOPEHHS
mepMidHUX eghekmis y 8yainbHUX wiaxmax ma fnpuYuH ix nosieu, W0 Mae siKk Haykosy, mak i npuknnadHy akmyasnbHicms. [poeedeHi doc-
nidKeHHs1 Ganu 3po3yMimu, Wo iCKpiHHS MOXe auHUKamu nio dieto K MexHOo2eHHUX, MakK i MPUPOOHUX YUHHUKIe. PPUKyiliHi seuwa, wo
npu3seodsimb do mepmModuHamiyHUX eghekmie, 3aghikcoeaHi @ 6aezambox waxmax i kpaiHax ceimy. OcHoeHa YacmuHa eubyxie i cnanaxie
MemaHy eidbyeaembcsi Npu hpukyiliHomy iCKpiHHI Nopid, wjo Micmsimb cynbghiou, moMy Wo ocmaHHi NPoOdyKyromsb ickpu docums eu-
Ccokoi memnepamypu, 30amHoi npuzeodumu 0o 3aliMaHHs1 20PrOYUX 2a3ie, @ MaKoX eudirleHHs1 CipKO8OOHIO, WO Mae Masly memrnepa-
mypy 3alimaHHs1. Y ceimoeili npakmuyi onucaHo eunadku 3aliMaHHs1 20PIOYUX Mamepiasnie nid Yac nocadku rokpiesi 3a eidcymHocmi
eyeinns. AHanilicbki GoCTiOHUKU 3po6busiu 8UCHOBOK, WO CYyMilu MemaH-rnoeimpsi MoXe crnasiaxyeamu eid icKkpu, wjo ymeoproemacsi 1io
Yac mepms nickosuky o6 nickoeuk abo apzinimy o nickoeuk. 3a slimepamypHuUMu 0aHUMU, 3aliMaHHsI 20PHOYUX Mamepiarie i eyeinnsa
Moxe eidbyeamucs: eHacnidok eukudie ma eubyxie, iHiyiliosaHux ob6easieHHsIM nopid npu nocaduyi; Kosu ickposull Ppo3psi0 eUHUKae
y Keapui npu mpubo- abo n'ezoeghekmi; 4Yepe3 npucymricmb nipumy y eyeinni abo nopodax; npu nipoeghekmi; y pa3i 6UHUKHEHHS
enlekmpekmHocmi 8yzinnsi. Ha mikpopieHi y keapyoeux 3epHax MicKo8UKie ycmaHO8/IeHO YMEOPEeHHs1 cmamuy4yHuXx 3apsidie duciokayismu,
sKi dexopyrombcsi nunom. Ocobs1ueo cusnbHUl egheKm Moxe 8UHUKamu 3a HasieHOCMI & roeimpi KpiM MemaHy MOHOOKcudy 8yareyto,
800HI0, Cipk080OHI0 ma ayemurieHy. BcmaHoeneHo 36inbuweHHs1 iCKpiHHS npu ¢hpukyiliHoMy mepmi keapuy y npucymHocmi ey2inbHo2o
nuny. HasieHicmb 2a3o8ux eK/IH04eHb Y MICKOBUKY y pa3i 3cyeHuUx deghopmaditi npuseodums Ao rnosieu 6o0amKosux KOHUeHmpauili eyane-

800Hie. YHacnidok KoHmakmy makoi cymiwi 3 po3izpimoro obsacmro euHUKae KOpomkovyacHuUl Manuli crnanax, Wo i € ickporo.

Knwo4yoBi cnoBa:ickpoymeopeHHsi, 8y2ins, nickoeuku, cnanax, cmamuyHul 3apsi0, NopyuweHHs1 nopio.

locmaHoeka npobsieMu ma mema OOCHiOKeHHS.
PoboTa y ByrinbHMX WaxTax 3aBxan Mnos'sA3anHa i3 nigeuLle-
Holo Hebesnekoto. [MoBCOOHO, Y Pi3HMX KpaiHax Ha LiaxTax
BiAOyBalOTLCA AMHAMIYHI, ra304uHaMIYHi Ta TEpMiYHI ABMLLA,
Ha nikBigaLito HacnigKiB AKUX BUTPaYarOTbCs 3HAYHI KOLUTHK.
MeTa gaHoi poboTu nonsirae B Tomy, LO6 BU3HAYUTU YMOBU
Ta NPUYMHN ICKPOYTBOPEHHS Ta NOAANbLLLIONO cCaMo3aliMaHHs
roptoymx mMaTepianis 3a BigCyTHOCTI NPSIMOr0 TEXHOTEHHOTO
BTPYYaHHS. AKTyanbHUMM € MOLLYK 3aKOHOMIpHOCTEN i 3'Acy-
BaHHSI NMPUPOAM iCKPOYTBOPEHHS ANs noAanbLioro niasu-
LeHHs 6e3neku pobiT y BYriNbHUX LWaxTax.

AHani3 ocmaHHix docnidxeHsb i ny6nikayid. BuHn-
KHEHHS1 iCKOp Y LIAXTHUX YMOBaX FipHU4YMX NiANPUEMCTB
MOXe BifOyBaTuCSs 3 Pi3HMX MPUYMH, ane BCi BOHU nogi-
NSATLCA Ha ABi KaTeropii: NPUPoAHi i TeXHoreHHi. TexHo-
reHHa gis Ha nopogy npu po3pobui ByrinbHUX poaoBuLy,
4YacTo NPU3BOAUTL A0 Pi3HOPIAHMX TEPMiYHUX edpekTiB.
Mig yac poboTH NPOXIAHULBLKOrO YM OYMCHOrO KoMbainHa
BUHUKae ppukuiiHe ickpiHHS (BoTBeHko 2012). ®pukuiniHi
ABMLLA, WO NPU3BOAATL 4O TEPMOAUHAMIYHUX edekTiB,
3adpikcoBaHi B 6araTbox LWaxTax no BCboMy CBiTy. Hanpu-
knag, nuwe B oaHin HimevumHi 3a 20 pokiB 3 1965 no
1985 p. ctanocs 426 BubyxiB, 3 skux 111 BUNagkis BUHK-
Knu yepes dpukuinHe TepTts (Jonsson et al., 1998).

3a gaHumu (3abypases, 2005), ocHOBHa YacTuHa BUOY-
XiB Me€TaHy Ta 3aropsiHHs BiAOyBaeTbCs Mig Yac PUKLIin-
HOrO iCKpPiHHA nopig, Wo Mictate cynbdign. LUe
BiAOyBaeTbCA TOMY, LLO NIPUT 30aTHUI OKUCTOBATUCS i AOTO
YaCTUHKU cranaxyTb Y NoBiTpi. 3a NeBHUX yMOB cynbdian
30aTHI BUAINSATM cipkoBoAeHb Ta MWUMONOAiIOHY CipKy, siki

MalTb Many TemnepaTypy camMo3alMaHHs. 3BaXeHun Yy
NOBITPI NN CipKkM NoXxexxoHebe3nevyHun. HmxkHs KoOHUEeHTpa-
uiiHa mexa 3anmaHHs — 17 r/m3; Temnepartypa camo3aii-
MaHHs1 — 190° C. 3reHepoBaHu1IA PiaKoH CipKO CipKOBOAEHb
Bnbyxae npu ob6'emHin koHueHTpauii Bia 4,3 o 45 %; Tem-
nepatypa camosanmaHHsa — 260° C (AHumdepoB u ap.,
2004). lckpu, Lo BUHUKaIOTb, 34aTHI iHiLitoBaTK BUOyX raso-
NOBITPSAHOI CyMillli, WO MICTUTb LOCTATHIO KOHLEHTpaLito
CipKOBOZHIO, MOHOOKCMAY BYrMeLu Ta MeTaHy. Y Takomy
pasi 3a/iMaHHs MeTaHy BigbyBaeTbca MuTTeEBO (Llokenb-
Bepr, 1931). Kpim upboro, Benuke 3Ha4yeHHs Mae  TUCK rasy —
Temnepartypa 3aiMaHHsi MeTaHy 3HUXKYETbCS MPOMOpPLIAHO
[0 36iNbLUEHHS TUCKY.

EnizoduyHi 3pyweHHs1 8 nopodax. Y CBITOBIl npaKkTuLi
Oyno onucaHo BMNagKku 3aiMaHHS ropoumnx martepianis nig
Yac nocaakv NoKpiBni 3a BiACyTHOCTI Byrinng. Hannepvm
OOKYMeHTanbHO 3adikcoBaHUM BUMAOKOM € BMOYX, Lo CTa-
BcsA 8 nuctonaga 1896 p B AHrnii Ha pygHuky "MaiHai Mit".
Micna uboro nofibHi BUNagku peecTpyBanucs i Ha iHWKNX
waxTax. Y 3B'a3Ky i3 uum y 1913 p anrniniyi Ctipninr i Kag-
MaH NPOBENN eKCNEPUMEHTH 3i 3pa3kamu NiCKOBKKY, AOCTa-
BNeHnMn 3 konaneHi "Bennesw”, y sikomy paHiwe 6yno
3achikcoBaHO MNOAIOHUIA BUNAAOK 3alMaHHsl. Y KOXHOMY
eKkcrnepyMeHTi nig vac TepTs nopoam o6 nopoady BAaBanocs
[0BOAMTM cnanax CyMmiLli MeTaHy 3 NMoBITPSM Pi3HOI KOHLEHTpa-
Lji. 3a oTpMMaHuMn gaHumm 0yno 3pobrneHo BUCHOBOK, LLO
CyMill MeTaH-MoBIiTPA MOXe cnanaxysaTu Bif iCKpu, LLO
YTBOPIOETLCA MNif 4ac TepTa nickoBuky o6 mnickoBuk abo
aprinity o6 nickoBuk (LlokenbBepr, 1931).

© bapaHoB Bonogumup, AHtinoBu4 AHa, CtecaHko Ceprin, 2023
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OkpiM UbOro, BiJOMI BMNaAKM BUMHATKOBO FeONOriyHOro
(MpupoaHoro) BNMBY Ha BMHUKHEHHST noxex. Ocobnveuii
TUN pPyXiB, WO 3anexuTb Bid BNacTUBOCTEN 0CaA0BUX ripCb-
Kux nopig, 6yB paHniwe Buainenni A. KisniHrepom i Ha3Ba-
HUA MeTaTeKTOHIYHUM nopyweHHsM (Hukonaes, 1988).
MopyLUeHHS NPOSIBNAIOTLCS B NMOBEPXHEBUX NEPEMILLEHHSX
oKpeMux 6rokiB KOPiHHMX Nopig, 3yMOBMEHUX 3aHYPEHHSAMU
i nigHATTAMKM, Wo BiabyBawTbCA B AaHMM yac. BHacnigok
LbOro 3'ABMAOTLCH BIiAKPUTI TPILMHW, reonoriYHi nopy-
LWeHHs, kniBax. Oedopmalii BiabyBalTbCs 3i LIBUAKICTIO
1-2 MM Ha piKk i MOXYTb NPOBOKYBaTN 0OBaneHHs nopig y
ripHUYi BUpoOKu, LLIO NPM3BOASTL 4O crnanaxis.

Ha cborogHi BigoMi Ta onucaHi NpU4nHU NEPIogUYHNX TeK-
TOHIYHKX AedopMaLii B ocagoBmx Bigknagax JoHbacy. Tomy
3aropaHHsi Fopro4Mx MaTepianie Ta Byrinms Moxe Bigbysatucs:
BHACNiAoOK BUKUAIB i BUOYXiB, iHILiOBaHNX 0GBanNeHHsM nopig
npy NocafLij; KOnu iCKPOBUIN pO3psa BUHUKAE Y KBapLi npu
Tpnbo-abo n'e3oedpekTi; Yepe3 MPUCYTHICTb MNIPUTY Yy BYTiNNi
abo nopoaax; npu nipoedexTi; y pasi BAHUKHEHHS €IEKTPEKT-
HocTi Byrinns (bapaHos, 2000; bynat u gp., 1989).

EnekmpuyHi seuwa y nopodax. OkpiM METaTEKTOHIY-
HUX NOPYLUEHb, BUAINEHNX HA MaKPOPIBHI, iCHYIOTb i MiKpO-
NnopyLUEeHHs Y MiHepanax, onucani y 50—60-x pp. MUHynoro
cronitta  A. Kottpernom (1969), H.Jl. Kaptepom Ta iH.
(1964). MaeTbca Ha yBasi AMcnokauinHa Teopis TpaHcdop-
MaLii MiLHOCTi pe4yoBMHK, po3pobrneHa BYEHUMU Micns Bu-
Haxogy B. K. 3BopukiHMM enekTpoHHOro Mikpockona Ha
novatky 40-X pp. MUHYSOro CTOMITTS.

Y 80-x pp. muHyrnoro ctonitts (bapaHos, 2000) 3a gono-
MOTOI0 eNEeKTPOHHOro Mikpockona Tuny EOM-10011, wo npo-
cBivye, Oynu JocnimKeHi CBixXi CKOnMM KBapuy 3 MNiCKOBUKIB
BYriNbHOI Waxtn. Tam Gynu BCTaHOBMNEHI CUCTEMU NIOLUMH
KOB3aHHS, 3 AKUMW NOB'AI3aHE YTBOPEHHS CTaTUYHOI eNeKT-
pukn. Ha puc. 1 npegctaeneHo cdoTorpadito ckony kBapLo-
BOr0O 3epHa i3 nnactudHuMmn gedopmauisMmn, 00 SKUX
"npununnun" YyacTuHkm nuny. NpeacrasneHi CMyru KOB3aHHS
cchopmyBanucsa 'y npoueci TEKTOHIYHMX AedopMauint i €,
BrnacHe, Mikpo3cyBaMu. YTBOPEHHSI CTaTUYHUX 3apsgiB 3a-
3HaYeHUMK AedopmauisiMi AEKOPYETLCS NUMOM, SKUIA NpK-
TArYETbCA came A0 30H KOHLUEHTpaLii TakMx 3apsiais.

Puc. 1. Cmyru KOB3aHHs B 3epHi KBapuy 3 NiCKOBUKY
BYFiNbHOI WAaXTW, WO AeKopylTbcsa nunom (bapaHoe, 2000)

3aranom enekTpuyHi sAiBMLWa y nopogax BiaoMi AaBHO 1
onucaHi B lipcbkint eHumknonegii (FopHas aHUmMkNoneaus,
1989). o TakmMx HanexaTb N'€30eneKTPUYHi BracTUBOCTI
ripCbkMx nopig (N'e30T1CK) — 34aTHICTb KPUCTaNiYHMX peyo-
BVMH CTBOPIOBaTW €NEKTPUYHY Monsdpu3aiio nig 4yac ctuc-
KaHHsi abo po3TAryBaHHs iX y NEBHMX HanpsiMKax. 3anexHo
BiJ, BracTuBocTeln MiHepanis i Nopig MOXyTb Hakonuvysa-
TUCS AK MO3UTUBHI, Tak i HeraTuBHi 3apsaan. OCTaHHI MOXYTb
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peanisoByBaTUCH y BUMNSAAI enekTpuydHmnx pospsagis. MNpuk-
nagom € TpuboenekTpuka, BnacTMee AesK1M nopogam i mi-
Hepanam — SIBULLE BUHMKHEHHS eNeKTPUYHUX 3apsaiB nig
yac TepTs. Kpim Toro, y ripcbkux nopogax MoxXyTb iCHyBaTu
TaKi siBULLA, SIK eneKTponi3, nipoenekTpuka Towo, SKi Mo-
XyTb NPU3BOAUTM [0 HAKOMUYEHHST JOCTAaTHIX enekTpocTa-
TUYHUX 3apagiB | NOAAnbLIOr0 BUHUKHEHHST ENEKTPUYHNX
pO3pSAIB Y BUrNSAAI ICKPIHHS.

Benvky ponb y nosiBi TepMiyHMX edekTiB MOXe Bigirpa-
BaTM cTaTuyHa enektpusadia. 3a paHuvmun (3abypases,
2005), ue aBuLEe Moxe ByTn npnynHoto BMOyXiB abo cnana-
XiB ra3oBUX CyMilLIEW, L0 MICTATLCSA B NPUBMUBINHIA YaCTUHI.
AsTop (J1e6, 1963) 3a3Havae, WO cTaTuyHa enekTpusauis
OXOMJKE BCi NpoLecH, Lo BeayTh A0 YTBOPEHHS Ta Noainy
NO3UTMBHMUX | HEFATUBHUX ENEKTPUYHUX 3apsidiB Y pe3ynb-
TaTi MexaHiuHoi gedopmadii (y AaHOMY BUMaAKy BHacmigok
AVCnepryBaHHs BoAM Ta PyWHYBaHHSA BYrifIbHOrO MacuBy).
Y pasi gucnepryBaHHsA TBEpPAUX YaCTUHOK BYTinns abo pianH
CyMilli Takmx 3apsgXeHuUX YacTUHOK 3 NOBITPAM 3a3Bu4an
BMOyXxoHebe3neyHi. EnektpuyHnic 3apsig, yHacnigok MexaHiy-
HOi fgedhopmadii nerwe BWHUKAE Yy MPUCYTHOCTI Kpanenb
BOAW, HiXX Y MPUCYTHOCTI BYFiNbHOIO Nuny.

ExcnepumenmanbHi 0ocnidxeHHs1. Bio6ip npob.
[ns getanbHOro AOCHIAXEHHS iICKPOYTBOPEHHS B MPCbKUX
nopogax Ha kinbkox wwaxrtax [JoHbacy 6yno BigibpaHo pisHi
3pasku nopig (NiCKoOBMKK, BamnHsK, aprifiT, TOHWTENH). 3pa3sku
Marnu pisHi bopmu: Kinbka nickoBuKiB BigiGpaHo 3 kepHa npo-
OypeHux nia3eMHUX CBEPASIOBVH; aprifiTOBUMA KEPH 3 iHLWOT
LIaxTW, pO3AiNEeHUIA NO NIOLWMWHI HAaLapyBaHHS Ha NNacTUHK
00 [EeKinbKoX O4eCATKIB MifliMeTpiB 3aBTOBLUKM; peLuTa Manu
dopmy WTydpiB. KEpH NicKOBMKY 3 NiA3€eMHUX CBEPANOBUH
OyB BigibpaHuii y WwaxTi, Ae 3acikcoBaHO BUNAgoK caMo3ai-
MaHHSl rOpHYMX MaTepianiB Ha BigNpauUbOBaHIN AiNAHLI.
3 oTpyMaHmx Npob BUrOTOBMEHO LMW, NPOBEAEHO KOMMNMEKC
€KCMEepVIMEHTIB, pe3ynbTaTh SKUX BUKNaAeHo Hwxkye. Yac-
TMHa pe3ynbTaTiB paHiwe Oyna onybnikoBaHa B poOGOTI
(BapaHoB u gp., 2019). MpoTe 3'aBUNMCbL HOBI AaHi, oTpu-
MaHi 3aBAAKM NPOBEAEHHIO [OAATKOBUX EKCNIEPUMEHTIB, SIKi
npeacTasneHi B Ui cTaTTi.

ExkcnepumeHm i3 2eHepauii enekmpuku. lNepliy ce-
pito nabopaTopHux gocnimxkeHb Gyno nposeaeHo y cnpobi
OTpMMAaTK SK SKIiCHi, Tak i KiNMbKiCHi XapaKTepuCTUKN Benu-
YMHW CTaTUYHOI eNeKTPUKK 3 HasiBHUX Npob nickoBuKy. MeTa
€KCMepyMeHTy nondrana B ToMy, o6 BM3HAYUTU MOXMKW-
BiCTb BUHMKHEHHS Ta BENIMYUHU CTaTUYHOIO 3apsigy B NOpo-
pax. Ob'ekTom gocnigXeHHst 6ynn OUCKM MiCKOBUKY pi3HOT
CTPYKTYpW, BUpi3aHi 3 kepHa. Juckn 3a3HaBanu 30BHILLHIX
OVHaMIYHUX BNNMBIB, O NPU3BENO 4O BUHUKHEHHS Y CTPY-
KTYpi 3CyBHMX AedopmaLin. 3aBoaku 3aCTOCyBaHHIO cneLi-
anbHUX YyTRMBKX FeornoriYHMX MeToaiB nobnusy nosBepxHi
3paskiB 0yno 3adikcoBaHO HasiBHICTb Cnabkoro craTuyHoOro
3apsagy. OgHak 4aHUM MEeTOAOM HEMOXKIMBO BU3HAYMTH Be-
NYMHY 3apsiay B LMPOBOMY BUPaXKEHHI, NULLE HASBHICTb
abo BigCyTHICTb CTaTUYHOrO 3apsiay.

Y npoueci npoBeeHHst EKCNEPUMEHTY 41151 LOCATHEHHS
KinbkicHMX pesynbTaTtiB Oyna cnpoba BMKOPUCTOBYBaTU
uncpposuii  BumiptoBaneHuin  npunag  (CM80DIGITAL
CLAMP METER), 3aBasiku skoMy MOXHa pikcyBaTh enekrpo-
MarHiTHI XBUIi, BU3Ha4aTu NOTY>XHICTb, CUY CTPYMY, BENU-
YMHY Hamnpyru, y TOMy YMCni cTaTuyHOi enekTpuku. OgHak
y LbOMY pasi oro 4yTnmeicTe 6yna HegocTaTHLO BUCOKOLO,
o6 BMKOHATW KinbKicHi BUMipK. OTxe, Ons BU3HAYEHHS
BENNYMHN CTATUCTUYHOTO 3apsgy B TiPCbKMX Mnopoaax
noTpibHi JOCUTbL TO4YHI [OCMIAXEHHS! i3 3aCTOCYBaHHSAM
YyTNUBMX NpuUnagis.

Excnepumenmu 3 ¢ppukyiliHo2o ickpiHHs1. HactynHa
cepis eKCMepyMMEHTIB CrpAMOBaHa Ha OTPUMaHHSA iCKop
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yHacnigok pukuinHoro tepta. O6'eKkToM NOCNYXWUK Kinbka
3paskiB YOTMPLOX TUNIB MPCBbKUX NOpIg BYTiNbHUX POOOBULL.
Mix 3paskamu cTBOpIOBANocs TepTd SK i3 HAHECEHHAM BYTi-
NBHOrO MUy Ha MNOBEPXHIO, Tak i 6e3 Hboro. ByrinbHU nun
Jae 3Mory BigTBOpUTU  pMKUiAHI  npouecn, GinbL

HabnwxkeHi 0O WaxTHUX YMOB. Takox Oyno BUKOHAHO NETPor-
pacpiyHi gocnigXXeHHa OesKuX MICKOBUKIB AN 3'sCyBaHHSA
ocobnuBocTen MiHepanoriyHoro ckrnagy. Pesynbtat dopuk-
LiHOro TepTsa NpeacTaBneHo B Tabn. 1.

Ta6nuys 1

Pe3ynbTaTtu gocnigkeHHs iCKpiHHA BHAacnigokK 3cyBHUX AedopmaLin nickoBUKY

w. MokpoBcbka d4Sds

HarmeHyBaHHSA 3pas3kiB IcKpiHHA IHTEeHCUBHICTb iCKpPiHHSA
[MickoBuk api6Ho3epHucTui (d. — 0,13-0,18 mm)
. MoKpOBChKa d.Sds MpucyTHsa yxe cnabka
MickoBWK APIBHO3EPHUCTWI NOKPUTWIA BYTINIBHUM MUMOM MpucyTHa Crabka

[MickoBumk ApiGHo3epHMCcTUI W. KoTnsipescbka 11Sl,

He BusiBneHo -

lMickoBWK APIBHO3EPHUCTUIA, MOKPUTUIA BYTINIBHUM MUIIOM
w. Kotnsipeecbka 1Sl

He BusiBneHo -

[MickoBuWK kpynHO3epHMCTUIA L. MNokpoBcbka d4Sds

MpucyTHs Buwa 3a cepegHtio

[MickoBWK KPYNHO3EPHUCTUIA, MOKPUTUIA BYTINIbHUM MUIIOM
w. MokpoBscbka d4Sds

MpucyTHA CunbHa

TOHLITENH

He BusiBneHo —

TOHLITEWNH, NOKPUTUI BYTiNIbHUM NUIOM

He BusBneHo —

BanHsik w. LleHTpanbHa lgLl;

He BusiBneHo -

BanHsK, nokpuTui ByrinbHUM nunom w. LieHTpanbHa leLl;

He BusiBneHo —

Aprinit

He BusiBneHo -

ApriniT, NOKPUTUI BYTiNbHUM NUITOM

He BusiBneHo -

HocnigxeHHa nokasanu, Wo BHacnigoK 3cyBHUX Aedop-
MaUin geski nickoBMKKW 3aaTHi reHepyBaTu ickpu. Llen ecbekT
BAanocs Bigobpasntn Ha puc. 2. 3HIMOK 3pobreHo y Tem-
psBi, AN Kpawoi AeMOoHCTpaUii edekTy iCKpiHHA. HeBaxko
NpunycTUTU, WO NiABULLEHHS NnoLli PUKLINHOT NOBEPXHi
HeMUHyYe 36inbLUyBaTUME NOTYXXHICTb iCKpiHHS. 3a nonepea-
HiIMW pO3paxyHKaMM NOTYXXHICTb Takoro iCKPiHHSA B pearnbHuX
YyMOBaX, y NOLLMHI CEPeAHBbOro NMOPYLUEHHS YMOB LLAXTH,
Oyae Ha Kinbka nopsakiB CUmbHILLOK. TakoX 3a pesynbTa-
TaMu NPOCTEXYETLCA 3aKOHOMIPHICTb — IHTEHCUBHICTb iICKpO-
YTBOPEHHS 3anexuTb Bif KPYMHOCTi YNamMKOBWX 3€peH.
EkcnepumeHTV i3 3acTocyBaHHSAM BYriflbHOTO MMy [J03BO-
K 3pobUTY TakuMiA BUCHOBOK: BYTINIbHUIA NN MoXe ByTu Ka-
TanisaatopoM 4acToTu MOSIBM Ta IHTEHCMBHOCTI ICKPiHHSA, ane
nvwe Ans nopia, Skum i 6e3 Toro BnacTmee iCKPOYTBOPEHHS.

Puc. 2. IckpiHHA KBapLOBUX NiICKOBMKOBUX WTYiB Yy npoueci
3cyBHoI gedopmauii

Mig yac netporpadiyHoro gocnigkeHHs Gyno BiasHa-
YeHO HasiBHICTb MpoLUapKiB y MiCKOBMKAX i3 CYyTTEBUM BMiC-
TOM ynamkoBoro ksapuy >70 %. Pa3om 3 ynamkamu nopig,
NonbLOBMMU LLNAaTamMn O0BCAr )KOPCTKOro CKerneTa Takux npo-
wapkis carae 90 %. Y pesynbTarti 3icTaBNeHHA OTPUMaHNX
eKcnepuMeHTiB i3 AaHMMK neTporpadivyHoro aHanisy Bcra-
HOBMEHO, L0 BUHMKHEHHS iCKOp 3anexuTb Big BMICTY KBa-
puy AocnimkyBaHux nopig. Yum Ginblue y cknagi i 6inbLwi 3a
PO3MipOM KBapLIOBi 3epHa y MOPOAi, TUM XXOPCTKiLUMA ckeneT
i CUnNbHiwe BUABNAETLCA AaHMIN edhekT. SMEHLLEHHST BMICTY
KBapLly B MOpOZAi Ta 3MEHLLUEHHSI PO3MipiB yNIaMKOBUX 3€PeH
i 36iNbLUEHHs] BMICTY LEMEHTY MiCKOBUKIB NMpU3BOANTb 40
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3MEHLUEHHS IHTEHCMBHOCTI iCKpiHHSA. [poLuapku KpynHo3ep-
HWCTOrO KBapLOBOro MiCKOBMKY MOXYTb 3aiiMaTy He3HauHi
o6cArv 3a MipkaMu LaxTy Ta NPOBOKYBaTW SBMULLA iCKPIHHSA,
a oTXe, 1 iHWi HeraTuBHI NpouecK y BiaNpaLboBaHUX FipHU-
4Ynx BUpOOKax.

IHmepnpemauis ompumaHux pe3synbmamis. Sk pa-
HilLe 3ragyBarnocs — y LWaxTHUX YMOBaX iCKpY MOXYTb BUHU-
KaTu B yMOBax CUMbHOIO TePTS AEeSKMX BKIOYEHb, 30KpeMa
nipuTy. Ane sik nokasas neTporpadiyHunii aHanis, y CTpyKTypi
AOCNiAXyBaHOro NiCKOBWKY AaHWX BKITHOYEHb NipUTy He BU-
aBneHo. OgHak aeski 3pasky MakTb CUNbHUIA edeKT ick-
piHHA. TpyumHn  MOXyTb OyTM  pi3Hi:  ocobnusicTb
MiKpOBKITHO4eHb abo noMiHecueHLUis kBapuy. MNpoTe oaHUM
3 NOSICHEHb LIbOoro Moxe ByTu paHile gocnigxeHa 3akpuTa
3epHoBa MOpUCTiCTb nickosukie (bapaHos, 2000).

3akpuTa NOpUCTICTb MICKOBUKIB 30€06inbLIOoro NpakTU4HO
He po3rnsgaeTbCs, OCKINMbKU BBaXKaETbCH, WO Len napa-
MeTp Mnopig He CTaHOBUTb BaroMoro iHTepecy 3 nornsgy Bu-
[o0yTKy rady abo BupilLleHHs Npobrnem BUKMOOHeGe3neku.
OpHak Wwono npobrem TeEpPMIYHUX | ra3oguHaMIYHUX SBULL,
Ha WaxTax cnig npuainsatyu ocobnuey yBary AOCHIOXEHHO
Lboro dakTopy.

3aranbHoBigOMMI cnocib BU3HAYeHHSA 3aKpUTOI nopuc-
TOCTi pO3paxyHKOBUM METOAOM, SIK Pi3HULi MiXK 3aranbHoOIO i
BiJKPUTOIO NMOPUCTICTIO, A€ 3MOry OTPUMATK 3HAYEHHS ne-
peBaXkHO TOro 0OCAry 3aKpuTMX Mop, KU MiCTUTbCS B Lie-
MeHTi nopoau. Hanpuknag, ons nickoBukiB [JoHOacy uew
nokasHuk 3assuyvaii He nepesuwye 1-3 % (3aburanno
n ap., 1983). ocnigXeHHs ra3oHOCHMX NiCKOBUKIB [loHeLb-
Koro 6aceliHy Ha MiKpOpiBHi 32 JONOMOroK ONTUYHOIO MiK-
pockona [03BONMUIO YMOBHO BWUZINUTU OKPEMWA  Tun
3aKpPUTOT MOPUCTOCTi — 3€PHOBUI. Takui TUN paHille Hikonu
He BpaxoByBanu. Bigomo, Lo 3akpuTy 3epHOBY NOPUCTICTb
CTBOPIOKOTb Pi3Hi TUMW ra3oBuX BKIOYEHb Y KBApLIOBMX 3€p-
Hax MickoBWKiB. BOHW NpeAcTaBneHi y BUrNagi 3akputux Mmi-
Kpornop Ta TpiwmH nig Tuckom go 50 MMa (Baranov and
Antipovich, 2018). "a3 y BkntoveHHax nepebysae nig Benu-
KMM TUCKOM B i301bOBaHUX nopax abo y BUrMs4i CMY>OK
Bboma, noganblua TpaHchopMalLlist SKUX YTBOPIOE Tak 3BaHy
rybuacty ctpyktypy (BapaHos, 2000). 3a cknagom rasosi
BKIIOYEHHA MpeacTaBreHi MepeBaXHO MeTaHoM, 3
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AOMiLLKaMW BYFNEeK1cnoro ragy, a3oTy, aueTuneHy Ta iHLWmnX
(BapaHos, 2000; Haymos n Haymos, 1980).

IMickOBMK SIK OCHOBHUI KOMNEKTOP HaKOMWYYE ra3 y Bigk-
puUTKX Nopax, ane y pasi NigBuLLEHHS TUCKY Ha Nopoay Yac-
TUHa rasy Mirpye B Mikpogedopmalii KBapLOBUX 3epeH, Lo
opMyIOTECA 3a NEBHMX HaMpyr, ski Nicns 3anikoByBaHHA
YTBOPIOIOTb 3E€PHOBY 3aKpUTY NOPUCTICTb. Moxnueuii 3so-
POTHMI npouec, KONW nig 4Yac TEKTOHIYHOro po3BaHTa-
XEHHSA YacTuHa rasy MirpyBatMme 3 Mikpogedopmadin
yNamMKOBUX 3epeH MOopia y MiK3epHOBWUIA NPOCTIp nopoau.
BpaxoBytoun, Wwo o6csar ra3oBmx BKIKOYEHb Y KBapLi MOXe

36. 1200 3 imece

csaratn 4-10 cm3 Ha 100 r kBapuy (AkwwH, 1975) Ta goaar-
KOBWIA TUCK FiPCBKOrO MacvBy, y SIKOMY pO3TallOBaHWIA Mic-
KOBWK, ra3oBi BKMOYEHHS MOXYTb CTAHOBUTW OAATKOBUMN
iMnNynbc razoguHamiyHMx nNpossis (puc. 3).

O6c¢csArn 3akpuToi MOPUCTOCTI, SIKi MOXHa oTpUMaTK 3a
JOMOMOro 3anpornoHOBaHOI METOAMKU, € abCOMOTHUMN.
JocnigpxeHHs nig onTUYHUM MiKPOCKOMOM 3i 36iNbLUEHHSAM
1200 kpaT 3 imepcieto AaTb 3MOry NoGayunTN BKIMIOYEHHS
3 MiHimansHuMm po3mipom 0,1 MKM. AKWO NPOBOAUTM
AOCTigKeHHs Mia we 6inbLlumm 36inbLUEeHHAM, Ha HaLly OyMKY,
MOXXIMBO BCTAHOBUTY | MEHLUMIA PO3MIpP BKIOYEHD.

Puc. 3. Na3oBi BkNoYeHHs1 B 3epHax kKBapuy nickoBukiB [loH6acy (BapaHoB, 2000; BapaHoB u gp., 2019)

MpUCyTHICTb rasoBUX BKIIOYEHb Y 3epHaxX NiCKOBUKY Nig,
Yyac 3CyBHUX AedhopmaLii NpM3BOANTL A0 NOSBW BHYTPILL-
HbOI Hanpyru B MiHepani, Wo NPOBOKYE NPUPOAHY Aekpeni-
Tauito rasosux BknoveHb (Péopep, 1987). binbwe TOroO,
TepTa pyNHYE YacTuHy MiHepaniB y NMoLUi 3iTKHEHHS. Yce ue
pasom NpU3BOAWTL A0 BUBINIbHEHHSA ra30BUX BKIOYEHb. Ta-
KW Npouec pisko 36inbLuye KOHLEHTpaLio MeTaHy Ha gins-
HUi 3iTKHEHHS. Y pesynbTaTi KOHTaKTy Takoi cymilli 3
po3irpiTolo 06nacTio BUHMKAE KOPOTKOYACHWI Manuii cna-
nax, wo i € ickpoto. MiagTBepaXXeHHSM LbOro € N 3anexHiCTb
MiX IHTEHCMBHICTIO iCKPIHHA Ta KinbKiCTIO BMICTY KBapuy,
agpke y nickoBmkax 6inbLUO0 MipOK KBapL, € OCHOBHUM HO-
CiEM onucaHnX ra3oBuX BKITHOYEHb.

BucHoBku

Ha cborogHi BigOMO, LU0 NpUYMHAMU BUHUKHEHHS iCK-
PiHHA Nig Yac BigNpautoBaHHA BYriMbHUX MMacTiB MOXYTb
6yTw pi3Hi dbakTopm, rONOBHUM 3 AKMX € yaap abo TepTs rip-
CbKkuMx nopia, abo dpuKUiiHe TepTS MeTarny 0 XXOPCTKY CTpY-
KTypy nopogu. be3 npsAMoro TeXHOreHHOro BTPyYaHHA
BaroMvmMu haktopamu CTaloTb Taki, SK: Pi3Ki 3pyLUEHHS Mic-
KOBWKY Nif, 4Yac Mmocagku MOKpiBMi, WO Npu3BoasTb A0 iX
TepTa, abo cTaTMyHa enekTpuka, HakonuyeHa y KsBapLi.
lMpoBeaeHi ekcnepuMeHTU Nokasanu, LWo Taki SBuLla y rip-
CbKMX nopojax 3a NeBHMX YMOB MOXYTb BUHMKaTU. Ocob-
nuBo HebesneuyHi BOHM B LUAXTHUX yMOBax — A€ 4acTo
NPUCYTHIN ocinuin abo y BUrNaAi cycnexsii B NOBITpi BYrinb-
HWUIA MU, KOMMNMNEKC Pi3HMX roproYmMX rasis, SK y LWaxTHIN aT-
Mocdepi, Tak i y CTPYKTYpi NiCKOBKKY, NAOC FPCbKUA TUCK.
£K roprodi rasav MOXyTb BUCTYNaTh CipKkOBOAEHb, aLeTureH
i meTaH. MepLi oBa MalOTb AOCUTb HM3bKY TEMnepaTypy 3a-
ropaHHs, TOMYy iCKpw, LU0 3'ABUNUCSA, 34aTHI iHiLiloBaTK 3aro-
paHHA  BYrnMeBOAHIB, 3anuWKiB  BYrinNns, AepeBHOro
OMOpHOro mMarepiany Ta iHLUX NanuBHO-MaCTUIbHUX MaTe-
pianiB y ripHnumMx Bupobkax. AKWO Len npouec peanisy-
€TbCA NPOTArOM [OecATKIB roguvH, BiApPi3HUTM 1Oro Big
camo3anMaHHs cknagHo. Taki ABuLLa MOXYTb BUSBMASTUCS Y
BYFiNbHUX LWaxTax Ta W iHWWX FipHUYMX NignpuemMcTeax.
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FRICTIONAL PHENOMENA IN COAL MINES:
REASONS, CONSEQUENCES AND INFLUENCE ON GAS DYNAMIC AND THERMAL PHENOMENA

Coal mines are objects of increased danger, since dynamic, gas-dynamic and thermal phenomena occur in them. These phenomena lead to violations
of the operating regime, the failure of mining equipment, the death of miners, an increase in the cost of coal mining and other consequences. The purpose
of the article is to present the results of studies of the conditions for the formation of thermal effects in coal mines and the reasons for their occurrence,
which has both scientific and applied relevance. The conducted studies made it clear that sparking can occur under the influence of both man-made and
natural factors. Friction phenomena leading to thermodynamic effects have been recorded in many mines and countries of the world. The main part of
explosions and fires of methane occurs during frictional sparking of rocks containing sulfides. The latter produce sparks of a sufficiently high temperature,
which can lead to the ignition of combustible gases, as well as the release of hydrogen sulfide, which has a low ignition temperature. In world practice,
cases of ignition of combustible materials during the landing of the roof in the absence of coal have been described. British researchers concluded that
the methane-air mixture can be ignited by a spark generated by the friction of sandstone against sandstone or mudstone against sandstone. According
to the literature data, the ignition of combustible materials and coals can occur as a result of: emissions and explosions, rock collapse during landing,
when a spark discharge occurs in quartz during a tribo- or piezoelectric effect; the presence of sulfides in coals or rocks, pyroelectric effect; electrification
of coals. At the micro level, in quartz grains of sandstones, the formation of static charges by dislocations, which are decorated with dust, has been
established. A particularly strong effect can occur if, in addition to methane, carbon monoxide, hydrogen, hydrogen sulfide, and acetylene are present in
the air. An increase in sparking during frictional friction of quartz in the presence of coal dust has been established. The presence of gas inclusions in
sandstone minerals during shear deformations leads to the appearance of additional concentrations of hydrocarbons. As a result of contact of such a
mixture with a heated area, a short-term small flash occurs, which is a spark.

Keywords: sparking, coals, sandstones, fire, static charge, rock disturbances.
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A NEW LASER APPROACH FOR SEISMIC RISK ASSESSMENT

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

In Europe, many countries have territories with the seismotectonic active areas — Italy, Greece, Romania etc. As we know, the special
government and commercial organizations made many attempts to solve the seismic risk assessment problems in these countries using
many different devices for solving these problems by estimating the seismic risk. All popular in all European countries specific devices
are divided into two basic groups for solving the seismic risk assessment — accelerometers and velocimeters. For solving scientifically
important tasks of the seismic risk assessment, there are no other high sensitivity devices for measurement of the displacements in
countries with high level of the seismicity.

These problems are based on difficulty for business to produce effective devices for measuring the displacement. These problems
are based on influences of the temperature on mechanical and electronics instabilities of systems for measurement of the displacement.
The cost of devices for measurement of the displacement with temperature stabilization may be higher than for devices of measurement
of velocity or acceleration. Broadband seismometers with very high exactness of measurements of seismic events of any type can be
afforded by the countries with high financial achievements only. However, there are other more important problems for measurements of
the displacement beside acceleration or velocity for any places where there are seismic active zones.

Keywords: laser devices, seismicity, risk assessment, hazard areas, building, statistical estimation.

Background endorsed as a demonstration program in the framework of
For saving of any building in seismic dangerous areas in the United Nations International Decade for Natural Disaster
Europe the Global Seismic Hazard Assessment Program Reduction (UN/IDNDR) (United Nations International

(GSHAP) was developed. It was launched in 1992 by the Decade ..., n.d.). Fig. 1 shows the map of the Global
International Lithosphere Program (ILP) with the support of Seismic Hazard Assessment since 1992.
the International Council of Scientific Unions (ICSU), and

Fig. 1. Global seismic hazard map since 1992

© Britsky Oleksander, Shcherbyna Serhii, Pigulevskiy Petro, Lisoviy Yurii, Cherevko Iryna, 2023
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This map was developed many years ago and the
seismic intensity has significantly grown in all countries of
Europe that are placed on seismotectonic active areas for
the last five years. For example, fig. 2 shows a graph of
seismic activity in Romania. All significant Romanian
earthquakes with magnitude M > 5.0 happened within five
years — from 2011 to 2015.

In the case of such growing seismic activity many new
construction sites must be subjected to the processes of
measurement of seismic waves and study of all properties
of seismic intensity. For receiving of these significant
results in Europe and other counties around it there are
more popular devices as accelerometers and velocimeters

(The Effectiveness ..., n.d.). Only one calculated parameter
as acceleration for estimations of all properties of seismic
intensity is not enough for receiving all full results of seismic
risk assessment. From physical point of view for estimating
the properties of seismic hazard assessment for any building
in dangerous seismic places there should be given three
parameters as basic results — acceleration, velocity and
displacement. For real evidence of significance of this
difficult situation it is very important to remember dangerous
event in China, where one high building was destroyed after
dangerous technical preparatory works around it
(http://truthfrequencyradio.com ...) fig. 3.
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Fig. 2. The quantity of the earthquakes in Romania from 2005 to 2015 years

Fig. 3. Dangerous events with building in China with very low values of the frequency of their realization

In this case all the received values of accelerometers or
velocimeters will be smaller by amplitude then amplitude of
the displacement. It is the first problem with using of the
acceleration or velocity only. Second problem is as results
of numerical calculation velocity and displacement from
acceleration (fig. 4). Fig. 4 shows a problem of the numerical
computer calculation of the displacement from measured
acceleration. As we see in fig. 4, the value of the
displacement has 3000 millimeters as maximum and -1000
millimeters as minimum. Full amplitude of these calculated

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

displacements will be 4000 millimeters or 4 meters. The
cause of this significant error is a problem with traditional
numerical calculations of different sums that are used for
displacement calculation. For removing these difficult
problems it is more suitable to use special devices for real
measurements of the real displacements.

The new digital vertical laser seismometer and its
properties. For realization of compact system for
measurement of the displacement on different floors of the
"Kyiv-Pechersk Bell Tower" the Mikelson's laser interferometer
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for measurement of the displacement was proposed to use.
Note that the construction of laser interferometers may be
different by approaches concerning the use of the mono-
light optical systems for measurement of significantly
limited displacements. Note that the design of the
interferometer can be different. One of the options is
shown in fig. 5. One from different variants is shown in
fig. 5. In this proposed variant the principal scheme is

gil ] Foa BRI BRI £ LB —FLEad
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based on the special scheme for generation and analyzing
of optical information. The scheme of laser information
processing is fundamental. This is the subject of the
invention and distinguishes the proposed interferometer
from the analogue (Yerazunis, Brinkman, 2009). Exactly
this system is an item of invention and it has significant
difference from analogue (Yerazunis, Brinkman, 2009).
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Fig. 5. Fragment of the equivalent mechanical circuit of the SL210 seismometer with built-in digital laser interferometer:
1 — body of the interferometer; 2, 3 — optical corner reflectors; 4 — pendulum suspension spring. A — SL210 seismometer;
B — the lower part of the seismometer body, on which the main elements of its design are fixed (Britsky et al., 2015)

There is a variant of working with the main causes of
displacement measurement errors by a compact
semiconductor digital laser interferometer and ways to
overcome them. It follows from the scheme of information
processing of quadrature signals of the interferometer
(fig. 5) that the relative displacement is defined as:

ALk =P*ZB+Xk,
where: P — the number of segments A2 in the measured
displacement; B — the bits depth of digitization of quadrature
signals of the interferometer and elements of the
correspondence matrix in fig. 5.

Thus, for example, at B=9 the displacement in A/2,
regardless of the laser wavelength, is represented by the
number 511. This means that in this case the real
displacement will be represented as:

AL =5£1/2,
where A — is the length of the light wave in the space of the

measurement.

ISSN 1728-3817

Therefore, the main contribution to the measurement
error of the relative displacement is made by the instability
of the wavelength of the laser light in the measured space.
The main reasons for this instability are as follows:

1. Influence of the temperature of a semiconductor laser
on the wavelength of the light flux.

2. Influence of the parameters of the measurement
medium on the wavelength of the light flux emitted by a
semiconductor laser.

In addition, the relative displacement measurement error
is affected by temperature changes in the dimensions of the
measuring system structural elements.

Regarding the first factor, it can be argued that, firstly,
the laser temperature must be kept within one mode, for
example, in the proximity to one temperature T =20°C
(fig. 6). In this case, roughly, the wavelength of laser optic
waves will be 636 nm.
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Fig. 6. Block diagram of information processing in a digital interferometer (Britsky et al., 2015)

However, within this mode, the relative instability of the

generation frequency will have the next value:

Af

r =~ adT,
where a — is the coefficient of linear thermal expansion of
the laser crystal (Gorelik, Lebedev, 2013). With regard to
GaAs, we obtain 0,573*10° per 0,01°C, which indicates the
need for even more accurate stabilization of the crystal
temperature.

It is difficult to take into account temperature changes in
seismometer structural elements, since they are made of
different materials. It seems simpler to stabilize the
temperature of the instrument case as a whole. At the same
time, from the point of view of technical implementation, it is
preferable to heat the instrument case to a stable
temperature, above the ambient temperature, rather than
cooling to a certain temperature. From fig. 6 it follows that
the chosen laser has stable and wide modes at
temperatures, for example, 34°C and 38°C. Naturally, the
ambient temperature will be lower or it will be possible to
shield the device from direct sunlight. As final form, from
preliminary investigations of the properties of the laser
seismometer the advantages and disadvantages of using
digital laser interferometers in seismological instruments are
noted. The advantages include the following:

1. Extended low-frequency measurement range down to
almost 0 Hz. This allows vertical seismometers to be used
as delta gravimeters.

2. It has been experimentally proven that horizontal
seismometers can be used as tiltmeters with a resolution of
10" rad. sec.

3. Open software allows to use digital laser interferometers
not only for measurements, but also for control in closed
systems.

The disadvantages include the need for precise
stabilization of the temperature of the semiconductor laser,
which complicates the operational using of seismometers.
At the same time, theoretical and experimental studies have
confirmed the possibility of a significant increase in the
accuracy of temperature stabilization of a semiconductor
laser by increasing the order of astatism of the temperature
stabilization system to the second.

The results of our research have shown that digital laser
interferometers can be used not only for measurements, but
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also when creating a broadband vibration platform for the
purpose of metrological certification of geophysical
instruments (fig. 7, 8).

The high accuracy of displacement measurement and
open source software made it possible to create a
broadband vibration platform for metrological certification of
geophysical instruments. Fig. 7 has shown a fragment of the
state metrological certification of the vibration platform itself
using the linear measuring system ZL-80 (Renishaw), and
fig. 8 shows an example of using a vibrating platform to
obtain the frequency response of a vertical seismometer
with a digital laser interferometer. The use of digital laser
interferometers in seismometers made it possible to obtain
new knowledge about geophysical processes in cultural and
protected monuments of Ukraine.

The real displacement and calculated velocity and
acceleration. "Kyiv-Pechersk Bell Tower" is a part of
famous historic Orthodox Christian monastery what is
registered in UNESCO (https://en.wikipedia.org/ ...).
Morphologically bell tower is located on the right bank of the
Dnieper River outcrops within the plateau, which limited the
valleys of the Dnieper and Lybid and cruciform ravine. The
height of the plateau at the point of the bell tower is
190 meters above sea level. East of the bell tower in the
direction of the Dnieper River plateau breaks almost directly.

"Kyiv-Pechersk Bell Tower" as a building object has an
individual set of dynamic parameters with its own
characteristics, which change, in consequence of the
properties and effects of the environment (microseismic
background). Methodical measurement microseismic
background action in time for the controlled object using a
laser seismometer is able to present a number of diagnostic
parameters, namely natural frequencies and forms of
fluctuations object spectral data values vibration
displacement, vibration velocity and vibration acceleration of
individual points of the object, logarithmic decrement of
oscillations etc. It is based on the measured parameters
obtained for effective and fairly rapid diagnosis of global
technical condition of the object and its basic elements
(fig. 9a, b). Fig. 9a, b have presented the original external
appearance of bell tower and its architectural design.

For processing of measurement of the displacement it is
very important to do the fixing of the temperature of
environment for analyzing of the influences external
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condition on behavior of laser devices. The values has Fig. 10, 11 have presented the laser records of measured
presented in table 1 of the Celsius temperature by points of real displacement (top) and calculated from it velocity (middle)
the measurements and values of altitude these areas in and acceleration (bottom) for different floors of the bell tower
meters and arranged by time. (0.00 meters and 12.56 meters, respectively).

decibels
5

1 D ' i
]

frequency, Hz

Phase-frequency characteristics Amplitude-frequency characteristics

m
15
1%
0
[}
L
-l
[}
By 0
= = frequency, Hz . .
Fig. 7. General view of the main unit Fig. 8. Amplitude-frequency (a)
of the measuring system ZL-80 and phase-frequency (b) characteristics

of new vertical laser seismometer

Table 1
The Celsius temperature by points of the measurements
N floor Date GMT +0 Altitude Temperature
(fig. 9b) (d-m-y h:m:s) (m) (C)
1 29-10-2015 08:42:16 +00.00 no data
2 29-10-2015 09:57:11 +11.50 16.81
3 29-10-2015 10:58:58 +30.80 16.68
4 29-10-2015 11:38:34 +33.60 18.06
1a 29-10-2015 13:02:55 -05.00 10.68

+50.9 (5)

+33.6 (4)

L & I=G=—! +30.8 (3)

+11.5 (2)
00(1) 4 (1)
&
10m

Fig. 9. The appearance (a) of the bell tower and its architecture construction (b)
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Fig. 10. The measured laser vertical displacement (a) and calculated from it velocity (b) and acceleration (c)
in garden of the Lavra. The altitude of this point is equal 0.00 meters
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Fig. 11. The measured laser vertical displacement (a) and calculated from it velocity (b) and acceleration (c)
for second floor "Kyiv-Pechersk Bell Tower". The altitude of this point is equal 12.56 meters

In the same figures we can see some short external
influences that have external technical origins or sources
and aren't own microseismic sources of bell tower that has
a complicated architecture constructions.

The initial visual and short empirical analysis of all real
measured and calculated records shows the availability of
random behavior of it in time in case of changing by time of
amplitudes all real and calculated records. For receiving of
high quality estimates of the random properties of all real
and calculated records there must be provided the results of
some statistical estimations for receiving of reliable
information about their properties. Because the seismic
records have a random behavior in time for more effective
investigation of this task the middle values of displacement
must be calculated, velocity and acceleration for all temporal
records, that were made on different floors of the bell tower.

For calculation of the middle values of the amplitudes
microseismic record for vertical channel Z on different floors
of bell tower (fig. 12) the arrays of real data of displacemen
were used, calculated velocity and accelerations with quantity
more than 10 000 counts, that were measured in nanometers
units. The quantity of data more than 10 000 counts in
arrays of laser data for different floors bell tower for
calculation any statistical parameters is very important
because low values of these values may lead to an
insignificance of calculated results (table 2). This approach
for comparison of significances between different kinds of
measurements of microseismic vibrations displacement,
velocity and acceleration is very important for successful

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

building in seismic dangerous areas, because we found that
the acceleration significantly exceeds (fig. 12) the values of
displacement or velocity for all points that are distributed on
different angles for different floors.

For calculation of the variance S of the displacement on
different floors of "Kyiv-Pechersk Bell Tower" was used next
formula, where X is array of values of displacement:

§2 = 2(X—-X)?

N-1

However, we should remember that the ordinary seismic
events are not only ones that can destroy the building. As an
example, man-made earthquakes may lead to dangerous
situations, for example, as it happened in China with fully
new building (http://truthfrequencyradio.com/...), fig. 3. For
receiving successful results of measurements in defined area,
we must select necessary type of basic devices that are more
optimal for receiving effective results in areas of researching.

In fig. 4 we can see that the recalculation into new kind
type of records may produce unexpected results with negative
properties where the forms of calculated records of velocity
and acceleration have spoiled numerical forms. Because the
new developed laser seismic device that has been presented
in this article is a first device, some statistical estimations of
the properties for a measured and calculated microseismic
records should be provided. The basic variants for this
approach may be presented as two next methods:

a) spectral analysis of real laser records of the
displacement and calculated from it velocity and acceleration
and comparison of them with other real calibrated and
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sertificated geophysical devices, that were used in this area
for ~measurements: accelerometer and velocimeter
simultaneously (Kenasepa, 2015). Some example of spectral
researching of vertical laser microseismic records on different
floors of "Kyiv-Pechersk Bell Tower" are presented in fig. 13.
On third bottom parts of these FFT results for vertical laser we

900.00

can see (a) some dominating frequencies that are based on
architectural properties of this historical building.

b) special mathematical statistical estimation of real laser
microseismic records that were made on different floors (1, 2,
3, 4, 1a) of "Kyiv-Pechersk Bell Tower" (fig. 9b) for determing
the properties of randomly made seismic records.
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Fig. 12. First empirical statistical estimation of laser seismic records of various types as middle values
of it for measured displacement and calculated velocity and acceleration

Table 2
Mean and variance values of measured laser displacements on different values of height
Ne Height (m) Mean (m) Variance Largest Smallest
1 -0.5 1.79080e-07 1.90047e-14 1.14967e-06 2.14348e-11
2 +0.0 7.68555e-08 3.62683e-15 4.84445e-07 1.82450e-11
3 +11.5 2.82260e-07 4.73211e-14 1.43698e-06 2.29618e-11
4 +30.8 4.14021e-07 1.03988e-13 1.43698e-06 3.06668e-11
5 +33.6 3.38872e-07 6.66760e-14 1.60067e-06 2.60505e-11
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Fig. 13. The spectra of vertical laser measured displacement (a) and calculated acceleration (b) records
on 1-3 floors of "Kyiv-Pechersk Bell Tower" and in garden.
On second and third floors have presented specific frequencies that all are equal about 1.0 Hz

As is known, the statistical temporal distribution of
microseismic records in any area of Earth has the normal or
Gaussian distribution (Maxwell, 2010), that is a very common
continuous probability distribution. Normal distributions are
important in statistics and are often used in the natural and

ISSN 1728-3817

social sciences to represent real-valued random variables
which distributions are not known. In successful case of using
of these methods for statistical estimation of laser records it is
more suitable to have the experimental evidence that new
developed interferometrical laser is a new device with
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important scientific properties that may be used in many
technical or scientific areas for new approaches for receiving
necessary information for seismic hazard assessment for
places where there are the buildings in areas with dangerous
geological cavities. (http://truthfrequencyradio.com/...). After
application of several new numerical methods that were
developed on base of using C software (GNU Scientific

Library, 2015) and scientific software SCILAB with Opened
GNU License (Urroz, n.d.) for calculation and receiving of
necessary statistical parameters middle values of the
displacement, velocity and acceleration (fig. 11) and
calculated histograms (fig. 14) for measured and calculated
values of the microseismic vibrations on all areas of
measurements "Kyiv-Pechersk Bell Tower" were received.
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Fig. 14. The histograms for really measured displacement (a) and calculated velocity (b) and acceleration (c)

For higher exactness of evidence of existence of normal
(or Gaussian) statistical distributions in time of all measured
and calculated values of displacement, velocity and
acceleration is more suitable to calculate the cumulative
values of the probability for these measured or calculated
numerical values. The results of cumulative probabilities of
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the values of measured displacement and calculated
velocity have been presented in fig. 15. In fig. 15 of
statistical estimations for measured displacement (fig. 15a)
and calculated velocity (fig. 15b) and acceleration (fig. 15c)
we see that they have a significant disturbances of it with
different values for these calculated results.

Normally Distributed variable of the velocity on second floor
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°
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Normally Distributed variable of the acceleration on second floor

0a+00
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Fig. 15. Statistical estimation of measured displacement and calculated velocity and acceleration on second floor
of "Kyiv-Pechersk Bell Tower" as cumulative probabilities of normal distribution of them:
a — for measured displacement; b — for calculated velocity; ¢ — for calculated acceleration
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Both these unexpected variances may be based on the
limited possibilities of numerical calculations. If we look at
fig. 13-a and 13-b we find the zones with randomity of
amplitudes for these calculated FFT results on spectral
graphs for accelerations. The chaos of amplitude in FFT
transforms of calculated acceleration from originally regular
signal of displacement may be based on insufficient intervals
for digitizing of their values, because the acceleration must
be calculated not on frequency 100 Hz but more, and it must
be no less than in case of digitization of basic signal of
displacement about 1000 Hz.

Conclusions

According to the results of our research, we obtained:

¢ an extended measurement range in the low-frequency
region to almost 0Hz, which allows using vertical
seismometers as delta gravimeters;

 horizontal seismometers can be used as tiltmeters with
a resolution of 104 rad.sec.;

e open software allows the use of digital laser
interferometers not only for measurements, but also for
control in closed systems;

e a broadband vibration platform for metrological
certification of geophysical instruments was created;

o the staistical estimations all received data by different
points had shown that the laser displacement has optimal
possibilities to estimate seismic hazard assessment.
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SHauioHanbHuit Kueso-Teyepcbkuii icTOpUKO-KynNbLTYPHUI 3anoBigHuK, Kuis, YkpaiHa

HOBUW NA3EPHUM NMiAXio ans ouiHKU CEACMIYHOIO PU3UKY

Bazamo kpaiH e €eponi Matomb mepumopii i3 celicMOmeKMoHIYHO akmueHuMu 30Hamu — Imanisi, [peyisi, PymyHis ma iHwi. 5lk eidomo, cneyiansHi
ypsidoei ma komepuiliHi opaaHisayii pobunu 6azamo cnpo6 po3e'szamu npobremu oyiHKU celicMi4HO20 PU3UKY 8 Yux KpaiHax 3a A0roMOo20t0 8UKO-
pucmaHHs eesniukoi Kinnbkocmi pisHux npunadie. Bci nonynspHi e eeponelicbKux KpaiHax cneyianbHi npunadu 0ns eupiweHHs 3ae0aHb OUiHKuU celc-
Mi4YHO20 pu3uKy nodinsiromscsi Ha 0ei OCHOBHI 2pynu: akcerepoMempu ma eesiocumempu. Ha cb0200Hi Ans eupiweHHs1 HayKoeo saueux 3ae0aHb
OUiHKU celicMi4HO20 pu3uKy He iCHy€ iHWUX 8ucoKko4Yymueux npusadie O eUMIpPIO8aHHS pyxie rpyHmy.

Li npo6nemu ocHoeaHi Ha mpyOHouwjax egpeKmueHo20 8upobHUYymMea npucmpoie Osis1 sUMipro8aHHs1 3miujeHb rpyHmy. Hedoniku yux npunadie
nossi2alomsb y ensuei memMnepamypu Ha MexaHiyHi ma efleKmpPOHHi KOMIMOHEHMU cucmeM 8UMIPHO8aHHs NepeMiujeHHs1 ma ixXHo HecmabinbHicme.
Bapmicmb npunadie 0nsi eumiproeaHHs 3mMileHb r'pyHmy, siki Matomb cmabinizayiro memnepamypu, Moxe 6ymu euujoro, Hix Onsa npunadie, wo
sumiproroms weudkicmb abo npuckopeHHs. LLlupokocmyzoei celicMomempu 3 AyKe 8UCOKOHO IMOYHiCMI0 8UMipIO8aHb celicMiyHux nodili 6yOb-siKo20
muny Moxyms Ao3eosiumu cobi Mamu i eupobsissmu nuwe KpaiHu 3 po3e8UHymor eKoHOMiKoro. Takox icHye 6azamo nepeesa2 Osisi Heob6xidHocmi
8UMIipIo8aHHs1 3MiuwjeHb rpyHmMy 3amicme NPUCKOPEeHHs abo weudkocmi Ansi 6ydb-sikux MicUyb, 0e HasieHi celicMOaKmMueHi 30HU.

KnwuyoBi cnoBa: nasepHi npucmpoi, celicmiyHicmb, oyiHka pu3uky, He6e3neyHi 30Hu, 6ydieHuUymMeo, cmamucmuyYyHa ouyiHKa.
ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMIIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi AocnigxXeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrnikaLilo pe3ynbTaris.
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of data; in the writing of the manuscript; in the decision to publish the results.
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OLLIHKM TPILMHYBATOCTI TA NPOHUKHOCTI NOPIQ
Y PO3PI3AX CBEPAJTOBMH 3A MPOrHO3HOIKO METOAUKOIO

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

Po3ansiHymo crnocobu eug4eHHs1 nempogi3u4yHUX Xxapakmepucmuk nopiod i3 3acmocyeaHHsIM po3po6bsieHoi meopemuKo-eMipuYyHoT
MemoOuKu rnpoaHo3yeaHHs1 Haghmoaa3oHOCHOCMI po3pi3ie ceepdsi08UH Ma pe3y/ibmamu ii BUKOPUCMaHHSI.

Y pamkax npo2Ho3HOi Memoduku do0amkoeo po3pobrieHo crrocobu 8u3Ha4eHHs1 Psdy eaxiueux nempogizuyHUX xapakmepucmuk
nopid y po3pizax ceepdnosuH. 3okpema, 3a iHOUKamopoM po3kpumocmi mpiwuH (napamemp Qsiq;) OYiHEHO MpiuwjuHyeamicmes ma npo-
HUKHiCMBb OpI0, 3a 06'€MHOIO 2yCMUHOI Ma WeUOKOCMSIMU NMPYXXHUX 06'eMHUX X8Usb — MiyHicmb rnopid, 3a Ha6opom nempoghizudHuUx
napamempie, éKITIOYHO 3 2yCMUHOK Mmeepdoi ¢ha3u Nopiod, y npowapkax eusHavyeHo ix munu. HasedeHo i kKopomko npoaHasnizoeaHo
pe3ynbmamu eu3HavyeHHs1 Yux rnapamempie y po3pisax ceepdnosuH 1-JliujuHcbkoi ma 4-llieHiyHo-3apiyHsHCBKOI.

Kno4yoBi cnoBa: po3pi3ceepdnoguHu, Mpo2HO3y8aHHs1 Haghmo2a30HOCHOCMI, meopemuKko-eMnipu4Ha Memoduka, mur ro-
poOuU npowapKy, weudKocmi NPYXHUX 06'€MHUX Xx8uJib, MiHicmb rMopid, mpiwjuHyeamicma, MPOHUKHICMb.

Bctyn

OpHieto 3 MOXINMBOCTEN HAPOLLYBaHHS EHEPreTUYHOro
noteHuiany VYkpaiH4 € TMOWYKUW HOBUX  POAOBULL
BYIMEBOAHIB, Y TOMY YMCHi pOOOBULL, rady YLUiNIbHEHUX MO-
pig, rasokoHAeHcaTy, cnaHueBuX rasy i HagTu, MeTaHy
BYrinbHWX pogoBsuLy Ta iH. (Kpyncekuii Ta iH., 2019; Muxaiinos
Ta iH., 2022; HoBa eHepris, 2022). Y HanpsAMKy BUPILLEHHS
LbOro 3aBAaHHA MU pPO3pobuMnn TEOPETUKO-EMMIPUYHY Me-
TOAMKY MPOrHO3yBaHHA HAahTOra3oHOCHOCTI PO3pisiB cBepa-
JNIOBMH 3a AaHuMu akycTtuyHoro (AK) Ta iHWKUX kapoTaxis.
Mopganblunin po3BUTOK CTBOPEHOI METOAMKU Aa€ 3MOry Bu-
3HayaTu psig BaXNUBUX NETPORI3NYHMX XapakTepuUCTUK no-
pio y pospisax cBepanoBuH. 3okpema, po3pobreHo
cnocobu: ouUiHKM TPILMHYBATOCTI Ta NPOHUKHOCTI nopig, 3a
iHOMKaATOPOM PO3KPUTOCTI TPILLMH — napameTpoM Qside, BU-
3HaYeHHs TUMIB NOpIg Y NpoLLapkax po3pisiB — 3a ryCTUHO
ix TBepaoi ¢asu, MiLHOCTI nopig — 3a 06'€éMHOI TYCTUHOK
Ta LWBMAKOCTAMU NPYXXHMX 00'eMHNX xBUnb (Vs, Vp). Tak, 3a-
NPOMOHOBAHMI CMOCIO OLiHKM TPILWMHYBATOCTi Ta MPOHUKHO-
CTi nopig 3a iHAMKAaTOPOM PO3KPUTOCTI TPILLMH (MapamMeTp
Qside) HE BUMarae 4oOaTkoBUX creuianbHUX JocnigXKeHb, SK
psag iHwmx BigoMmux meTogdis (Buxkea Ta iH., 2006; Mpogan-
Boda Ta iH., 2011; Macemu, Batok, 2018; KapneHko, 2005),
a [la€ MOXIUBICTb OLIHUTU Ui BaXXNMBI ANsi NOAAnbLUOI edhek-
TMBHOI eKkcnryartauii AOoCnimKeHNX CBEPANOBMH MapamMeTpu
3a AaHVMMWU CTaHOApPTHOrO aKyCTUYHOrO KapoTaxy B pamkax
CTBOPEHOI HaMun NporHo3Hoi Metoaukn (Ckakanbcbka, 2014,
2021; Ckakanbcbka, Hasapesny, 2015, 2016; Ckakanbcbka
Ta iH., 2017, 2018; Skakalska et al., 2021).

Memoduka. Po3pobneHa HaMu TeopeTUKo-eMnipuyHa
MeToAuKa NPOrHo3yBaHHA HadhTOrasoHOCHOCTI Nopifg po3pi-
3iB CBEPANIOBMH 3a AaHUMW KapoTaxy Ta KepHOBMX OOCHi-
oxeHb  (Ckakanbcbka, 2014, 2021; CkakanbCbka,
Hasapesuy, 2015, 2016; Ckakanbcbka Ta iH., 2017, 2018;
Skakalska et al., 2021) nobynoBaHa sik cuctema TeopeTuy-
HUX Ta eMnipuyHMX ChiBBiOHOLWLEHb i3 3any4YeHHAM OaHuX
aKyCTUYHOTO KapoTaxy Ta KepHOBMX AOCHiOXeHb, Wwo ob'ea-
HaHO Y BiQNOBIAHWI MPOrHO3HUIA OyHKUiOHan. TeopeTuyHi
3anexHOCTi MK NPY>XHUMW nNapaMmeTpamu TipCbkux nopig
BMBEAEHO 3 ypaxyBaHHAM BNAMBY TUCKY (FMnBWHW), nopuc-
TOCTi, HEniHINHOI MNPYXHOCTi, CTPYKTYPHO-AUCNEPCINHNX

0cobnMBOCTEN TipCbknx nopig (LapyBaTocTi, Mikpornopuc-
TOCTI) 3 BUKOPUCTaAHHAM TEOPEeTUYHWUX HanpautoBaHb [ac-
MaHa, Ewen6i, Bepbuubkoro Ta iHWWX OOCRIAHUKIB.
3okpema, B nobyaoBi matemaTtMyHOro anapaTty MeTOAMKW
B3ATO 3a OCHOBY Mogenb ripcbkoi nopoan T.3. Bepbuub-
KOro, B sIKil BUKOHYIOTbCS 6a30Bi yMOBU Teopii ehekTUBHMX
cepeaoByLLl, MeXaHiku ripCbKUX Nopig, 3akoHW Teopii Npyx-
HOCTi, TOGTO BOHa € HafiiHOK OCHOBOKW Ans nobynosu
hisanko-maTeMaTUYHOrO anapary Halloi METOAMKM MPOrHo-
3yBaHHSA HaTOrasoHOCHOCTI po3pi3iB CBEPASIOBUH 3a Aa-
HuUMmM AK i kKepHOBMX AOChiAXeHb, OCKINbKA adeKkBaTHO
onucye ripcbki nopoau.

EmnipnyHi 3anexxHoCTi MiX (PisiHUMK Ta KONEKTOPChKMMMU
XapaKTepuCTMKaMM TipCbKux nopig nobyaoBaHo 3 BUKOPUCTaH-
HSIM NapameTpuyHMX 6a3 AaHUX NMOpPif-KONEKTopiB KOHKPETHNUX
TEPUTOPIl Ta reonoriYHMX CTPYKTYp, a came, 3axigHoro HagTo-
rasoHocHoro perioHy Ykpaitu (3HIP). Tun dontoigy-3anoBHto-
Baya nop (Boaa, HadTa, ras) y KOXHOMY OOCHiZKyBaHOMY
npoLuapKy MOPOAN MPOrHO3YETbCA MOPIBHAHHSAM pe3ynbTarTiB
064MCneHHs LBMAKOCTEN 3a MOOYA0BaHUMM TEOPETUYHUMU Ta
eMMipUYHMMKN 3anexXHOCTAMU 3 dpakTuiHUMKM gaHumm AK, 3a
BM3HAYEHOO 3a METOAMKOK NYCTUHOKO 3arnoBHIOBa4a nop abo
3a CTUCIUBICTIO Nopoau. Takox po3pobneHo BapiaHTV NPOrHo-
3HOI METOAMKM 3 BUKOPWUCTaHHAM [aHWX raMMa-KapoTaxy,
€IEKTPUYHOrO kapoTaxy abo odoceTHUX AaHux. [ns peanisauii
NPOrHO3HOI MeToAMKM NoOyaoBaHO 3ararbHi anropuTMn pos-
paxyHKiB Ta anropuTMu poboTn OKpeMUX NPorpamMHMX Moaynis,
po3pobrieHo BianoBigHe nNporpamHe 3abe3neyeHHs B cepeo-
Buwax Fortran, C# ta Excel (Ckakanbcbka Ta iH., 2017;
Ckakanbcbka, 2021).

Y po3pobneHin aBTopamu NPOrHO3Hin metToauLi nepea-
6ayeHO po3paxyHOK MOPMUCTOCTi, LWBUAKOCTEN OO'€MHUX
XBUIb Ta Habopy NPY>XHWX NapamMeTpiB AN KOXHOro JOCHi-
[OXXyBaHOro npoLuapKy po3pidy ceepafioBuHu (Ckakanbcbka,
2014, 2021; Ckakanbcbka, Hasapesu4, 2015, 2016; Cka-
Karnbcbka Ta iH., 2017, 2018; Skakalska et al., 2021). Mig 4yac
NPaKkTUYHOrO 3aCTOCYBaHHS METOAMKM [0 pPO3paxyHKiB
3anyyaeTbCs 3HaYHUIA 0bCAr anpiopHoi NeTpodi3nyHOI iH-
dopmalii — gaHi KepHOBUX OOCTiAXEHb MO KOHKPETHI cBe-
pPAONOBUMHI (332 HAsIBHOCTI), MO CyCiOHIX CBepAnoBMHax i3
BpaxyBaHHSAM  MDKCBEPONOBUHHOI  Kpockopensuii, no

© Ckakanbcbka Jliogmuna, Hasapesu4y AHgpin, KocapunH Bonogumup, 2023
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AocnigxXyBsaHiv nnoLi, pogosuily, TepuTopii. JogaTkoso, y
pasi notpebwu, 40 AOCNiMKeHb 3aryyaloTbCa AaHi iHWKX Ka-
POTaXXHUX METOZIB MO Ll CBEPASIOBUHI | Pi3Hi NeTpogisnyHi
Ta CTaTUCTWUYHI (KopensuiviHi) 3anexHocTi (Ckakanbcbka,
2021; Ckakanbcbka Ta iH., 2018; Skakalska et al., 2021).
TecTyBaHHsi METOAMKM | MpPOrpaMHo-anropuTMi4HOro
KOMMMEeKCy NpoBeAeHO Ha peanbHUX OaHWX po3pisiB pagy
CcBepanoBMH HadpTorazoHocHUx cTpyktyp 3HIP — Byvaup-
Koi, 3anyxaHcbkoi. 3apivyHsaHcbKoi, OpxoBuLbKOi, Hrknosu-
ubkoi, JliwuHebkoi Ta iH. (puc. 1). OTpuUMaHo 3HaveHHs

NPY>XHUX i KONEKTOPCbKUX XapaKTEPUCTMK i3 XOPOLLMM Y3ro-
OXKEHHAM 3 AaHUMM iHLLWX AOCHiAXEeHb, Hanpuknag, Ans Ko-
editieHTa nopuctocTi nopia — A0 94 %; BiAXWUNEHHS
BEIMYMH, PO3paxoBaHNX 3acobamm METOOUKN LUBUOKOCTEN
NPYXHUX XBWIb Big AaHux AK, oTpyMaHo B cepefHboMy
4,73 %; TMN 3anoBHIOBa4a Nop y KOXHOMY NpoLuapKy nopig
y po3pisax TecToBaHWX CBepAasoBuH 36irca 3 gaHumu IOC
(Ckakanbcbka, 2021; KypoBeup Ta iH., 2009, 2010, 2014).

|
0

'-‘1' FIBHE:

e

Puc. 1. lokanisauis gocnigXeHnx cBepANOBUH Ha KapTi-CXeMi TEKTOHIKM
3axigHoro HadhTorazoHocHoro perioHy YkpaiHu 3a aaHumu JIB YkpArPI

3a [onoMorow BU3HAYEHMX BENWYUH MOPUCTOCTI AN
LapiB i NpoLlapkKiB i3 cNporHo3oBaHMM hrigomM nop BUXO-
AVMO Ha NOTEHUiMHY OUIHKY NPOAYKTUBHOCTI TaKOro iHTep-
Barny pospisy cBepAnoBuNHU.

[o uboro 3ayBaxumo, LLO OTpUMaHi 3a pesynbTatamu
HaLMX OOCNiMKEHb BEMNVKI BENMYMHU MOPUCTOCTI OKPEMMX
npoLlapkie BigobpaxatoTb TPILMUHM Y Me3omacLuTabHi Tpi-
LUMHYBaTI 30HM (YacTo cybropmsoHTanbHi). Lle € ogHum i3
LiHHUX Ona noganbliol edeKkTUBHOI ekcnnyaTtadil gocni-
OXXEHWNX CBEPAJIOBUH pe3ynbTaTiB 3aCTOCYBaHHS HaLLUX Me-
ToAMK i nigxopiB 3 po3GWUTTAM po3pidy CBEPANOBMHM Ha
YMOBHIi NpOLLapKuX BiAMNOBIAHO A0 KPOKY 3a rMUBMHOK gaHKX
AK, Wwo gae MoxXnuBiCTb AudbepeHLinoBaHO BU3HaAYaTU xa-
PaKTEPUCTMKN KOXHOMO MpoLUapKy, He HIBENYM ix 3a pa-
XYHOK BMNIVBY XapakTepUCTUK CYCiAHIX NpoLLapkKiB.

Takox cnig, BiA3HauMTH, Lo NEBHi TPYAHOLLUI Nig Yac iH-
TepnpeTauii gaHux AK Buknvkae npobrnema HagilnHoro Bpa-
XyBaHHA BMMAMBY Ha pe3ynbTaTM  KapoTaxy  30HU
NPOHWKHEHHSI MPOMUBHOI piAnHW. He 3arnmbniooumch TyT y
uto npobnemaTtuky, sika BMMarae creuianbHOro OKpemoro
AeTanbHOro posrnsagy, BKaXeMmo, Lo CTBOpeHa aBTopamu
nporHo3Ha meTtoanka ob6'egHye Kinbka cnocobiB yTOYHEHOTO
BM3HAYEHHs1 MOPUCTOCTI NOPiA | NPOrHO3yBaHHA TUMy drnio-
idy — 3anoBHOBaya Mnop 3 ypaxyBaHHSAM BiAnoBigHWX

ISSN 1728-3817

nonpaBoK (3a pi3HUL0 MiXk NabopaToOpHUMK BUBHAYEHHSMMW
nopucTocTi nopig i nopucTicTio iX 3a AK, 3a rMUHUCTICTb No-
pig Ta iH.), i Aae 3Mory HaginHO pPo3pi3HATK TN drtoifosa-
MOBHEHHS, HaBiTb 3a BIAHOCHO HeBeNnuKoi "aKTUBHOI"
(3anoBHeHOI "pigHMM" nNepBWHHMM riAOM) NOPUCTOCTI,
SK-TO Y BUNAAKY 3aMilLleHHs1 AN 3Ha4YHOT YaCTUHM BiOKPUTUX
nop "pigHoro" nepeBuHHOrO hroigy NMPOMMBHOK PiAMHOLO.
Lle pocaraeTbcsa 3aBAsikM TOMY, LLIO aKyCTUYHI XBWMi MPOXO-
OSiTb Yepes BeCb 30HA0BaHU 06'eM nopoawn i HecyTb iHgo-
pMauito Npo Tvn rig03anoBHEHHSA BCiX 3YCTPIHYTMX Ha
CBOEMY LLUNSAXY NOp (30KpeMa, i TUX, y AKMX 3anuLumecs "pia-
HUA" NepBUHHWUIA ONIOIA).

Y npoueci noganbLIoro po3BUTKY NPOrHO3HOI METOANKN
po3po6reHo cnocobu BU3HAYEHHS pSAY BaXKNMBUX NETPO-
i3NYHMX XapaKTepUCTMK NOpia y po3pidax CBepAOBUH, AKi
BVKIAAEHO HUXKYeE.

Ockinbkun y MeToAmMLi po3paxoByOTbCA 3HA4YEHHS napa-
meTpa Vs/Vp Ta koediuieHTa [MyaccoHa (Ckakanbcbka,
HasapeBuy4, 2016; Skakalska et al., 2021), To, 3 BUKopuc-
TaHHAM nigxodis A. Timypsiesa (Tumypsaues, 1991), ui pe-
3ynbTaTu [O04aTKOBO 3aCTOCOBAHO Afsl  pO3paxyHKy
KoedilieHTa pO3KpUTOCTI TpilWMH — napameTpa Qsice, a,
oTXe, Aani, 3a 3Ha4yeHHAMMU Qside MAEMO MOXIMBICTb OLLiHIO-
BaTU TPILLMHHY MOPUCTICTb Ta MPOHMKHICTb NOPig, NPOLIapKiB
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pospidy ceepanosuHu (LWaweHko Ta iH., 2003), Hanpuknaga,
npoLUapku 3 3aKpUBaHHAM TPILLMH BM3HAYaeMo 3a nepena-
OOM TuckiB, ocobnmeocTaMKn nepexony (TpaHcdopmauii)
ripcbKoro TUcky B GOKOBUIA.

Cnoci® BM3HAYEHHS TPILLMHYBATOCTi Ta NMPOHUKHOCTI MO-
pig 3a iHAMKaTOPOM PO3KPUTOCTI TPILLMH — NapameTpoM Qside.

KoediuieHT 6okoBoro posnopy Qside BU3Ha4Ya€eTbCHA 5K
KoediuieHT NponopUiNHOCTI y BigHOLIEHHI BOKOBOro TUCKY
[0 Tipcbkoro, TO6TO € IHAMKATOPOM PO3KPUTOCTI TPILLMH
(Tumypaues, 1991; LWaweHko Ta iH., 2003; Monos, 2013):

Qside =P 6borosuil / p 2ipcokuil *

3a dopmynoro A.H. OvHHuka (WaweHko Ta iH., 2003)

KoediLieHT GOKOBOro po3nopy BM3HaA4YaETbCs Tak:

Qe = V/(l—V) ’
e v — koediuieHT NyaccoHa, noro oTpuMyemMo B pesynbTarTi
po3paxyHkKiB 3a METOAMKOLO.

OUiHKN TPILLMHHOT NOPUCTOCTI — OCHOBM (PiNbTpaLiiHOl
CUCTEMW MOPIA-KONEKTOPIB — BUKOHYIOTLCA aHarmniTM4HoO Ta
Ha rpadikax 3a 3miHo napameTpa Vs/Vp, 3a BUCOKMM Koe-
iLieHTOM NOPUCTOCTI Y TOHKUX MpoLLAapKax Nnopoau Ta Bu-
COKOI CTWUCNUBICTIO, OCKiNbKM Ui (Pi3NYHI XapakTepuCTuKn
cepepnoBuLa B3aemonos'adaHi (Ckakanbcbka, 2021):

2 2
Vv —
—5 = O’S—V, V= 0’5_ K 1- K ,
v, \l-v v, v,
Qside

V=—"
1+Qside

Togpi, 3a pospaxoBaHumu 3acoGamm NPOrHO3HOI MeTo-
OVKK 3HadYeHHAMK koedpilieHTa NyaccoHa v un napameTtpa
Vs/Vp (CnporHo3oBaHnMK AaHWMK LIBUAKOCTEN 06'€MHMX
xBunb) oopmyny A.H. MHHMKa onst po3paxyHKy koediljeHTa
Qside OTPUMYEMO TaKy:

2

v
Qside 21_2 7

V4

3a3HauMMo, LLIO OLLiHKM 38 ONMcaHnM Crnocobom BEMNUYNHA
BiAKPUTOI MOPUCTOCTI Aal0Tb 3MOry NEBHUM YMHOM PO3B'A3aTh
3ragany BuLe npobnemy BnnmBy Ha pesynbtaty AK 30HM npo-
HWKHEHHS NPOMMBHOI pigvHN. 3aBasiky ouiHKaM (pa3om 3 Bu-
3HaYeHHAMM 33 MEeTOOMKOK 3ararnbHoi MOPWUCTOCTI nopig
NpoLUapKiB) MOXHa OLHATWA MPOTHO3HUIA CTYMiHb 3aMiLLEeHHS
nepBUHHOro dontoigy NPOMUBHOKO PiAVHOIO | BBECTW BiAMNOBIAHI
KOpEeKTYyBarbHi KoediLliEHTU — MOMpaBkX MpWU MPOrHO3YyBaHHI
UMy nOigoHACU4EHHS SK 3a CTUCIUBICTIO Nopia, Tak i 3a
LUBMAOKOCTAMW MPY>KHUX XBWMb YW PO3PAXOBaHOK YCTUHOK
iy, WO 3anoBHIOE nopu. MornubneHe BUBYEHHS LMX M-
TaHb Byae NpeaMeToM HaLlumX NoAanbLUMX SOCIIMKEHD.

Cnoci6 BM3Ha4YeHHsI TUMY NOPOAM 3a N'yCTUHOLO i TBEpAOT
¢asun pr Ta OUiIHKM MiLHOCTI nopig,.

Haragaemo, Wwo gns martemaTtM4yHOro anaparty Halloi
NPOrHO3HOT MEeTOAMKM OYyAYTbCS KOHKPETHI eMnipuyHi
CMiBBIAHOLIEHHS 3B'A3KY XapaKTepuCTUYHWX napameTpiB
nopia-konekTopiB 3a eKkcnepvMeHTanbHUMKU JaHUMU ANS
KOHKPETHUX OOCrigKyBaHUX TepuTopin. Y npoueci gocni-
AXeHb ANS OCHOBHOrO AOCNIAXXYBAHOro y MeToauui napa-
MeTpa — CTUCMMBOCTI — NOOYAOBAHO YTOYHEHI eMMiPUYHI
3anexHOCTi Bil NOPUCTOCTi Ta AikYoro TUCKY (rmmMbuHn) 3
MYnbTUNMIKATUBHOIO CKNagoBOK ANs TUCKY i MOPUCTOCTI.
Lie pano 3amory oTpyMyBaTu yTOYHEHi 3Ha4Y€HHS CTUCINBO-
CTi Ta MOPWCTOCTi AN NOPOAX KOXHOIo AOCHiAXyBaHOro
npowapky (Ckakanbcbka, 2021; Skakalska et al., 2021),
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a TUM camMnM — CTUCMMBOCTI Ta ryCTUHW TBepAoi ha3un ang
nopoAmn NpoLuapky.
3HaudeHHs rycTuHu TBepaoi dasm nopig pr, BUXOASUM 3
OaHUX MPOrHo3yBaHHS, BU3Ha4YaEMo 3a hopMyrio
¢
[

P =100 P

¢ b
100
Ae p°, pr—ryctuHu: ob'eMHa Ta cprioigy nop, ¢ — NOPUCTICTb
nopoau nNpoLuapky.

3a rycTuHoto TBepaoi hasm nopoau, a 'y CKrnagHux Buna-
AKkax — 3a HabopoMm po3paxoBaHUX napameTpiB (MOpMUCTi-
CTH0, 00'€MHOI0 N'YCTUHOIO Ta rYCTMHOW TBEepaoi dasu), Ans
nopig npowapkisa BU3HAYaEMO iX TUMNW MOPIBHAHHAM 3
AaHuMK nabopaTopHUX NeTpodisuyHUX gochnimkeHs. Ons
KOHKPETHUX CBEPANIOBUH OTPUMAHO Y3ro[KEHHSI HALUKX pe-
ynbTaTiB (y T. 4. HaBedeHux Hwxk4de) 3 daHumn FOC
(Kyposeup, 2010; Kyposeup Ta iH., 2014).

[ns ouiHkn MiLHOCTI nopig pPo3pisiB CBEPANOBUH BUKO-
pPUCTOBYEMO MOAYMb 3CYBY [: L = Vf -p°, NOPIBHIOKOYM OTO
3HAYeHHs1, OTPMMaHi 3a METOAMKOI, 3 MaKCUManbHUMU 3Ha-
YEeHHsIMM NabopaTopHUX BU3HAYEHb TUCKY NPOPUBY BYrne-
BO[HIB Yepe3 BoOOHACUYEHi MOPOAN ONs YMOB 3ansiraHHs
BiANOBIAHOrO NpoLuapky B po3pisi (rM1buH, TUCKIB, TEMNepa-
Typ). PesynbTaty umx gocnigpkeHb € BaXnNMBumu, 3okpema
y 3aCTOCYBaHHi METOAMK rigpopo3puBy nnacra.

Mpuknadu eusHa4eHHs1 Nempoghi3uyHUX Xxapakme-
pucmuk nopid po3pisie ceepd108uUH.

1. CeepdnosuHa 1-fliwjuHcbkKa, iHmepsan po3pisy 2020-
3540 m. Onsa pocnimkeHoro iHTepBany rmMmubuH BUKOPUCTaHO
AaHi AK ansa 308 npoLuapkis (3 pi3HUM KPOKOM 3a MUBKHOL0).
3a  TEOpEeTUKO-eMMIPUYHOK  MPOrHO3HOK  METOAMKOH
iHTepean 2020-2150 M BU3HAYEHO $K MPAKTUYHO HEMnpo-
HUkHWIA. 3 2150 m nopucTicTb 3pocTae 3 1,5 % 1o 6—7 %, wo
CBiQUNTb NPO HasABHICTb TYyT MAaromnopucTUX KOMEKTopiB
(puc. 2). IHTepean 2500—-3540 M cnporHo30BaHO NPOAYKTUB-
HUM ra3oHacuyeHum (nopucTticTb 6nm3bko 10 % i BuLe).
3adikcoBaHO psif BUCOKOMOPUCTUX (3 MOPUCTICTIO BULLE
25 %) npowiapkis, NEPCNEKTUBHWNX NS BUCOKOTO MPUMnBY
BYrneBoAHiB. 3aranom cnporHo3oBaHo 286 npoLlapkis 3
rasom (57 wapiB 3aBTOBLUKM Big 1 40 25 M), oecaTb wapis 3
Bogow (ToBwmHa Big 3 go 15m) Ta 17 npakTUyHO
HEMPOHWUKHUX, 3 nopucTicTio Ao 1,5 %.

Y3aranbHeHi pesynbTaT po3paxyHKy neTpodi3nyHuX
XapaKTepucTUK nopig po3pidy cB. 1-JliluMHCbka HaBedeHo B
Tabn. 1 i rpadivyHo nogaHo Ha puc. 2.

BusHayeHi BenuunHM ryCTuH nopia y npoLuapkax nexartb
y mexax 1581,7+2678,6 kr/M3, ryCTUHW, XapaKkTepHi ans
anespuTiB — Big 1581,7+2600 kr/m3, a 2250+2678,6 kr/m® —
XapaKTepHi AN MiCKOBUKIB. 3HaYeHHs LIBUAOKOCTEN (KOMo-
HKkM 2 i 3 Tabn. 1 — nexartb y mexax 2830+6731 m/c ansa Vp,
1748+3826 m/c ona Vs) Ta ryctuH TBepAoi dasv nopig npo-
wapkie (konoHkn 5 i 6 Tabn.1 — nexaTb y Mexax
2669,51+2699,12 kr/m®) niaTeepaXy0Th TMMK nopig — apri-
niTn / NiCKOBMKM Ha LOCNIfKEHOMY iHTEpBani po3piay.

BusiBneHo 3HauHy 3anexHicTb Moaynsi 3cyBy Big nopuc-
TOCTi: MOAYMb 3CYBY (5K i MiLHICTb NOPOAM) 3HAYHO 3pOCTae
3i 3MEHLLEHHAM NOPUCTOCTI, 30KpemMa, A5 NpoLlapKiB-eKpaHiB
(puc. 2). KopentotoTb BENNYMHM KoediLieHTa PO3KPUTOCTI
TpilWKMH Ta koeditieHTa MyaccoHa (puc. 2, B); TakoX aHani3
pesynbTaTiB MOKa3as, L0 HasiBHWUI 0OAATKOBWI BMMMB Ha
Ui BENUYMHK iHLIKX, BpaxoBaHWX y MeToauui napameTpis
(TUCKM — HaBaHTaXeHHS, N'YyCTUHW — TUM NOpoaw).

Pr =
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Puc. 2. MporHo3 3a MeToAMKOO ANsi NpoLIapKiB po3pidy cBepAnoBuHM 1-JliLmHebka:
TUNY 3anNoBHIOBa4ya Nop (NMpPakTUYHO HEMPOHMKHI Nopoau — 6inuM, i3 3anoBHIOBa4YeM NoOp ra3om — XOBTUM, 3 BOAOI — rony6um),

wBuAKocTen 06'eMHmx xBunb (Vs T1a V) i rycTuH 06'emHoi Ta TBepaoi ¢asm nopoaum (p° Ta pr) (a);

nopucTocTi (@) (6); moaynsa 3cyBy u, koediuieHTa MyaccoHa v, koedilieHTa po3KpUTOCTi TPILWMH Qgige (8)

Ta6nuys 1
Y3aranbHeHi pe3ynbTaTv po3paxyHKy neTpodisnyHnx xapakTepucTyK nopig po3pisy cB. 1-JlilmMHcbkKa
1-NiwmHcbka | @, % V,, Mlc V,, Mlc b | p° Krim® pr krim® | u, Ma-10" | Quige v Tun nopoam
MakcumanbHe | 40,75 | 6741,57 3826,18 0,64 2678,60 2699,12 0,39 0,36 0,26 ApriniTi
MiHimanbHe 0,09 2830,19 1748,35 0,57 1581,70 2669,51 0,07 0,19 0,16 HICKOBMKA
CepeaHe 9,57 4396,54 2550,81 0,58 2423,59 2679,95 0,16 0,32 0,24
2. CeepodnosuHa 4-lligHiuHO-3apidyHsIHCbKa, HMepesar pe3ynbTaT Po3paxyHKy NeTpodisndHUX XapaKTepucTuk

po3pizy 3-1190 m. Ons pocnigXeHoro iHTepBany rmnbuH
BUKOPWUCTAHO AaHi 3 las-cpanniB — gaHi MK, Takox gaHi me-
Topy MNC i aaHi odceTiB — Tpn BapiaHTy gaHux anst 429 npo-

nopig pospisy cB. 4-NiBHIYHO-3apiYHsAHCEKa 3a TEOPETUKO-
€MMipMYHOIO MPOTrHO3HOK METOAMKOK HaBedeHo B Tabn. 2
i rpachiyHO NogaHo Ha puc. 3.

LWapkKiB (3 Pi3HAM KpPOKOM 3a rnubuHOK). Y3aranbHeHi
Ta6nuys 2
Y3aranbHeHi pe3ynbTaTi po3paxyHKy neTpodi3zuvyHUX xapakrepuk nopig po3pisy cB. 4-MiBHiYHO-3apiYHsAHCbKaA
4-MiBHi4HO- o o 3 3 101 )
JapiunancLEa @, % Vo, Mlc Vs, mlc Vs/Vp | p° Kkrim Pr, Krim M, Na-10 Qsige v Tun nopoau
MakcumanbsHe 41,73 | 472119 2751,74 0,69 2681,70 3113,90 8,87 0,94 0,49 i
MikimanbHe 8,97 | 71352 362,81 | 0,30 | 1861,70 | 2429,62 0,43 021 047 | 1o
CepenHe 27,28 3819,26 2259,41 0,60 2552,26 2762,40 3,72 0,67 0,40 P
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Puc. 3 Po3paxyHoOK 3a NPOrHO3HOI0 MeTOAMKOI ANA nNpolwapkiB po3pisy ceBepanoBuHu 4-lMiBHiYHO-3apivyHAHCbKa:
TUNy 3anoBHIOBa4ya nop, NOpucTocTi (¢), wBuAKocTen 06'eMHNX xBUnb (Vs Ta V), napametpa Vi/V,, ryctuH o6'eMHOI Ta TBEepAOi
cha3u nopoau (p° Ta pr) (a); nopucTocTi (p), moayns 3cyBy U, koediuieHTa MyaccoHa v, koediLlieHTa po3KPUTOCTI TPILWMUH Qsige (6)

IHTepean 3+1099 M BM3HayeHO 06BOAHEHWM, iHTepBan
1099,5+1190 M — 3 NPOrHO3HUM rOIAOM-3aMNOBHIOBAYEM
nop — HadgTow/razokoHaeHcaTtom (12 npowapkis). BusHa-
YyeHa 3aranbHa [MOPUCTICTb 3MIHIOETBCA B  Mexax
8,97+41,73 %, WO CBiguYNTb NPO HAsIBHICTb TYT KONEKTOPIB.

BusHaueHi BennunHM ryCTuH nopia y npoLuapkax nexartb
y Mexax 1861,7+2681,7 kr/M® i xapakTepHi A5 anesponiTis
Ta NiCKOBUKIB. 3HAYEHHS LLIBMAKOCTEN (KOMOHKM 2 i 3 Tabn. 2)
nexatb y Mexax 713+4721 m/c ansa Vp, 362+2751 m/c ansa Vs,
rycTVH TBepZoi dasu nopia npoLuapkie (KonoHku 5 i 6 Tabn. 2),
B OCHOBHOMY fexathb y Mexax 2429,62+2762,40 kr/m3 i nig-
TBEPAKYIOTb TN NOPIA — aneBponiTv / NiCKOBMKW.

[ns nopig po3pidy CNporHO30BaHO KOMMBAHHS 3HAYeHb
moaynsa 3cysy B mexax 0,43-10''+8,87-10"" Ma, 3a cepea-
HbOro 3HadeHHs — 3,72 -10"" Ma, koediuieHTa lMyaccoHa
0,17+0,49, koedpidieHTa po3kpuTocTi TpiwmH 0,21+0,94; ons
NpoLLApKiB 3i CNPOrHO30BaHUM 3aMOBHIOBAYeM MOp — raso-
KOHOEHCATOM, NOPUCTICTb OTPMMaHO B cepefHboMY Gnun3b-
kKoo Ao 29 %. BwuaBneHo, wWwo y npowapkax 3 rasom
koedpiuieHT MNyaccoHa 3Ha4yHO (Manxke yABidi) MEHWNA Bif,
Takoro y npoLuapkax i3 3anoBHBa4YeM Nnop — BOAOH0.

BucHoBku

B pamkax po3BuUTKY CTBOPEHOI TeOpeTUKO-eMMipUYHOIT Me-
TOOMKN NPOrHO3yBaHHS HadTOrasoHOCHOCTI Mopig po3pisiB

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

CBepASIOBMH PO3pobrieHO Ccnocobu BU3HAYEHHS psigy BaKIv-
BWX NETPOIi3NYHNX XapaKTePUCTUK Nopia y Lmnx pospidax. 30-
Kpema, 3a iHOMKaTOpOM PO3KPUTOCTI TPILLMH — NapameTpoMm
Qside, OLHEHO TPILLMHYBATICTb Ta MPOHMKHICTL Nopia, 3a 06'eM-
HO NYCTUHOIO Ta LUBMOKOCTAMU MPYXXHUX 06'€EMHMX XBWIb —
MiLHICTb nopig, 3a HabopoM NeTpogi3nyHMX MNapameTpiB
BKITFOYHO 3 FYCTUHOIO TBepAoi dhasun nopig y npoluapkax Bu-
3Ha4eHo X TMNW. HaBedeHo i KOPOTKO NpoOaHani3oBaHo pe-
3ynbTaTh BM3HAYEHHS LMX MapameTpiB y pospizax ABOX
ceepanosuH: 1-JilmHcbkoi Ta 4-MNiBHiYHO-3apiYHAHCHKO.

MokasaHo, Wo 3acobamy TeopeTUKO-eMMipUYHOI MEeTOo-
OVIKA MOXITMBO OL|iHIOBaTW PO3KPUTICTb TPILLMH, @ OTXe, Npo-
HUKHICTb Mopig po3pidy cBepanosuHu. Lle pae 3mory
OLiHIOBATK NOTEHUIMHY NPOOYKTUBHICTb KOHKPETHUX iHTEpBa-
niB po3pi3iB CBEPAMOBVH, a TAKOX MOXIMBICTb BiJHOBEHHS
NPOOYKTMBHOCTI 3a paxyHOK HafXOOXEHHS BYrNeBOAHIB 3
rMMBUHN, BPaxoBYHOYM BUSIBIIEHI BIPOLOBX OCTaHHIX AeCATU-
piy BUNagKu BigHOBMNEHHSA 3anaciB Ha HM3Li BignpauboBaHNX
poaoBuL, WO NiaTBEpOXKye rinotedy 6e3nepepBHOro "raso-
Boro aunxaHHsa 3emni" (Neniros Ta iH., 2012).

OagHMM i3 noganbluMX HanpsiMiB HawwmMx [OChigKeHb
Oyae BpaxyBaHHS BNNMBY MMUOUHHUX TemnepaTtyp Ha neT-
podi3nyHi XapakTepUCTUKN Nopig po3pisiB CBEPLTIOBMH.



~24 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Cnuncok BUKOPUCTaHUX axepen

Bwxsa, C.A., lMpopareoaa, I'.T., be3pogHa, I.M. (2006). MeTpodianyHi go-
CnifXeHHs ik OCHOBa AN po3pobkn Moaeni CTPYKTYpy NyCTOTHOrO NPOCTOpy
cknagHonobyaoBaHux kapboHaTHUX nopid-konekTopie. 36. Hayk. npaub
"lMepcriekmusu HapouwlysaHHsI ma 36epexeHHsI eHepa2emuyHUX pecypcie
Ykpainu". daken, 110-121.

[acemn, M.®., Batok, 1.0. (2018). MNeTpoynpyroe moaenvposaHve kap6o-
HaTHbIX NOPOL-KONNEKTOPOB C UCMONb30BAHWEM MOAENV ABOWHON NOPUCTO-
ctun. Okenosuyus Hegpme as, 65, 5, 21-25.

KapneHko, O.M. (2005). HaykoBo-MeToANYHI 3acaam OLiHKM EMHICHWX Bna-
CTMBOCTEW MOpig TOHKOLIApyBaTWUX PO3pi3iB POAOBMLL BYrNEBOAHIB 3a Aa-
HUMUW reodi3nyHMX JocnimkeHb. Juc ... a-pa reon. Hayk: 04.00.22. IBaHo-
PpaHKiBCbKMI HALLiOHANbHWUI TEXHIYHUIA YH-T HAdTK i rasy.

Kpyncbkuin, H0.3., Mapycsik, B.IM. (2019). MuHyni pesyneTaTv i nogansLui
nepcnekT1BY 3axigHOro HagpToraaoHOCHOrO perioHy YkpaiHn. Haghmozasosa
2any3b Ykpainu, 4, 6-10.

KyposeLp, I.M. (2010). l'eonoro-neTpodisznyHa xapakrepucTuka 6acenHo-
BUX APIGHO3EPHUCTUX Mopig cunypy niBAEHHO-3axiaHoro kpaw CxigHoeBpo-
nevicekoi nnatdgopmm. 36ipHuK Haykosux npaub IFH HAHY, 3, 287-293.

KyposeLp, |.M., Mputynka, /., lnpa, A.l., Wydnsk, F0.€. (2009). 3aransHa
XapakTepucTka neTpodi3uyHNX BRacTUBOCTEN MOpiA AOHEOreHOBOI OCHOBW
30BHILHbOI 30HM [NepeakapnaTcbkoro nporuHy. eoiHgpopmamuka, 48-55.

Kyposeup, .M., CeHbkoBcbkuid, .M., Muxaiinos, B.A., [OpwuranT, O.M.,
Kpyncekun, 0.3, napyH, B.B., Yeninb, MN.M., 'yniii, B.M., Kypoeeup, C.C.,
LWnaniHcekui, B.C., LWnaniHcekuid, KO.B., KonTyh, t0.B., Yenins, B.M., boa-
nak, B.IN. (2014). HetpaguuiniHi mxepena ByrneBogHiB Ykpainu. Knura Il. 3a-
XiOHWIA HadhTora3oHoCcHMI perioH. Hika-LieHTp.

Jleniros, I'., Myniw, B., NNokTes, A., MaHtok, M., Montapboga, I". (2012). Hadbta
MepepnkapnatTs. leonoe Ykpaivu, 3, 66—77.

Mwuxaiinos, B.A., Buxaa, C.A., Kpyncekui, HO.3., Kyposeup, |.M., Koanb, A.M.,
KacsiHuyk, C.B., Bakapuyk, C.I"., XapueHko, M.B. (2022). MNepcnekTvBu Hapo-
LLlyBaHHSI pecypcHOi 6a3n ByrmeBOAHIB YKpaiHM 3a paxyHOK HETPaamLuiiHMX
mxepen.  http://mww.kdpu-nt.gov.ua/uk/content/perspektyvy-naroshchuvannya-
resursnoyi-bazy-vuglevodniv-ukrayiny-za-rahunok-netradyciynyh

HoBa eHeprisi. (2022). MNoka3Hukn HoBUX BisHec-HanpsmieB ansa 3abeane-
YeHHs1 nepexopy BiA BMAODOYBHOI KOMNaHii 40 HauioHanbHOI eHepreTuyHoil
nnatopmu. [Mokasnukm 3a 2021 pik. OtpumanHo 19.09.2022 3
https://www.naftogaz.com/business/new-energy-business-unit

Monos, A.H., NonoekuHa, H.H., Ucmakos, P.A., Monos, M.A. (2013). Cno-
cob onpeaeneHns CTaTUCTUHECKNX XapaKTepucTuk koadduLmeHTa 6okoBoro
pacnopa nnacta nopucTon ropHow nopoael. [lamenm P® 184232.

Mpopansopa, .T., Bwkea, C.A., Be3spogHa, |.M., MNpopaisopa, T.I.
(2011). M'eodianyHi MeTOAM OLHKM NPOAYKTUBHOCTI KONEKTOpiB HadhTH i rasy.
BIML, "KviBcbkuin yHiBepeuteT".

Ckakanbcbka, J1.B. (2014). MNporHo3avposaHve hn3nYecknx 1 KonnekTopc-
KX CBOWCTB MOPO/-KONNEKTOPOB Ansi Moucka HeTpaanLIMOHHOrO rasa. Exe-
mecsiyHbIl  HayyHbIl  xypHan "SOCAR Proceedings”, 1, 4-10. DOI:
10.5510/0GP 20140100182.

Ckakanbcbka, J1.B., Hasapesuy, A.B. (2015). MNporHo3dyBaHHS HadhTorasoso-
[OHacMYeHOCTi Nopig, Pi3HOT MiTonorii Ta reognHamivyHOro reHesucy y pospisax
cBepanosuH. [eoduHamika, 1(18), 102—119. DOI: 10.23939/jgd2015.01.099.

Ckakanbcbka, J1.B., Hasapesu4, A.B. (2016). Y3aranbHeHi cniBBigHO-
LIeHHA Ans MeTOAMKWN MPOrHO3yBaHHA BOoAOHadTOrasoHacuyeHoCTi nopig
po3pi3iB cBepAnoBuH. BicHuk Kuigcbko2o HauioHarbHO20 yHigeepcumemy
imeHi Tapaca Llles4eHka. [eonoeisi, 1(72), 60—-69.

Ckakanbcbka, J1.B., Hasapesuy, A.B., Ctpyk, €.C. (2017). Anroputmu Ta npo-
rpamMu o6pobku KapoTaxHWUX AAHUX Y MPOrHO3yBaHHi HAadhTOra3aoHOCHOCTI Nopif
po3pi3iB CBEPASIOBUH. BicHuk HaujioHarbHO20 yHisepcumemy "Jlbeigcbka ronime-
xHika" "Komn'tomepHi Hayku ma iHgbopmauitiHi mexHornoeii", 864, 210-221.

Ckakanbcbka, J1.B., Hazapesuy, A.B., KocapuuH, B.1. (2018). TeopeTtuko-
eMnipuyHa MeToamka NpPOrHo3yBaHHs BYrMeBOOHIB y pO3pi3ax CBEPANOBUH 3
6a30BVIM NapameTpoM — CTUCIBICTIO. MiHeparnbHi pecypcu YkpaiHu, 4, 18-25.
DOI: 10.31996/mru.2018.4.18-25.

Ckakanbcbka, J1.B. (2021). MporHo3yBaHHA NPYXHUX XapakTepUCTVK Ta
HadTOrazoBO4OHACMYEHOCTI NOpif Y po3pi3ax CBepANOBUH 3a JaHUMK aKyC-
TUYHOrO KapoTaxy | KEPHOBMX AocnigkeHb. ABToped. AuC. ... KaHa. i3.-maT.
Hayk. IF® HAH YkpaiHu.

Tumypaunes, A.W. (1991). Cnocob oLEeHKN 3KpaHMPYHOLLMX CBOWCTB FOPHbIX
nopog. lMamexm AC CCCP 1676359. Knacc G 01V1/40. 3apernctpupoBaHo
B [ocpeecTtpe n3obpeTeHmin 08.05.1991. MpuroputeT n3obpeteHus 26.09.88.

LWawetko, A.H., MyctosonteHko, B.M. (2003). MexaHnka ropHbix nopop.
Hosui gpyk.

Skakalska, L., Nazarevych, A., Kosarchyn, V. (2021). The theoretical-empirical
technique of hydrocarbons prediction in wells sections. New aspects. eogu3suy-
Huli xypHar, 43, 1, 160-180. DOI: 10.24028/gzh.0203-3100.v43i1.2021.225545.

References

Hasemy, M.F., Bayuk, I.O. (2018). Petroelastic modeling of carbonate res-
ervoir rocks using the dual porosity model. Ekspozitja Neft Gaz, 65, 5, 21-25
[in Russian].

ISSN 1728-3817

Karpenko, O.M. (2005). Scientific and methodological principles of
estimating the capacity properties of rocks of thin-layered sections of
hydrocarbon deposits according to the data of geophysical studies. Thesis ...
Dr. Sci. (Geol.): 04.00.22. Ivano-Frankivsk National Technical University of
Oil and Gas [in Ukrainian].

Krupskyi, Y.Z., Marusiak, V.P. (2019). Past results and future prospects of
the Western Oil and Gas Region of Ukraine. Oil and gas industry of Ukraine,
4, 6-10 [in Ukrainian].

Kurovets, I. M. (2010). Geological-petrophysical characteristics of the
Silurian fine-grained rocks of the south-western margin of the East European
Platform. Collection of Scientific Papers of the NAS of Ukraine, 3, 287-293
[in Ukrainian].

Kurovets, I. M., Prytulka, G.Y., Shira, A.l., Shuflyak, Yu.E. (2009). General
characteristics of petrophysical properties of rocks to the Neogene base of the
Outer Zone of the Precarpathian Trough. Geoinformatics, 48-55 [in Ukrainian].

Kurovets, .M., Senkovskyi, V.A., Mykhaylov, D.M., Drygant, Y.Z., Krupskyi, V.V.,
Gladun, P.M., Chepil, V.M., Gulii, V.M., Kurovets, S.S., Shlapinsky, V.S,
Shlapinsky, Yu.V.,  Koltun, Yu.V.,  Chepil, V.P.,, Bodlak, V.P.  (2014).
Unconventional sources of hydrocarbons of Ukraine. Monograph in eight books.
Book VIII. Theoretical substantiation of unconventional hydrocarbon resources
in sedimentary basins of Ukraine. Nika-Center [in Ukrainian].

Lepigov, G., Gulii, V., Loktev, A., Manyuk, M., Goptaryova, G. (2012).
Precarpathian oil. Geologist of Ukraine, 3, 66—77 [in Ukrainian].

Mykhaylov, V.A., Vyzhva, S.A., Krupskyi, Y.Z., Kurovets, |.M., Koval, A.M.,
Kasyanchuk, S.V., Vakarchuk, S.G., Kharchenko, M.V. (2022). Prospects
increasing the resource base of hydrocarbons of Ukraine due to non-traditional
sources.  http://www.kdpu-nt.gov.ua/uk/content/perspektyvy-naroshchuvannya-
resursnoyi-bazy-vuglevodniv-ukrayiny-za-rahunok-netradyciynyh [in Ukrainian].

New energy. (2022). Indicators of new business directions to ensure the
transition from an extractive company to a national energy platform. Indicators
for 2021. Retrieved 09/19/2022 from https://www.naftogaz.com/business/
new-energy-business-unit [in Ukrainian].

Popov, A.N., Golovkina, N.N., Ismakov, R.A., Popov, M.A. (2013). The
method of determining the statistical characteristics of the coefficient of lateral
expansion of a layer of porous rock. Patent of the Russian Federation
2184232 [in Russian].

Prodaivoda, G.T., Vyzhva, S.A., Bezrodna, |.M., Prodaivoda, T.G. (2011).
Geophysical methods of assessing the productivity of oil and gas reservoirs.
Kyiv University Publishing and Printing Center [in Ukrainian]..

Shashenko, A.N., Pustovoytenko, V.P. (2003). Mechanics of rocks. Novy
Druk [in Ukrainian].

Skakalska, L., Nazarevych, A., Kosarchyn, V. (2021). The theoretical-empirical
technique of hydrocarbons prediction in well sections. New aspects. Geophys.
Journal, 43, 1, 160-180. DOI: 10.24028/gzh.0203-3100.v43i1.2021.225545.

Skakalska, L.V. (2014). Prediction of physical and reservoir properties of
reservoir rocks for the search for unconventional gas. Monthly scientific journal
"SOCAR Proceedings", 1, 4-10. DOI: 10.5510/OGP 20140100182 [in Russian].

Skakalska, L.V. (2021). Prediction of the elastic properties and oil-gaz-
water-saturation of rocks in wells sections according to data of acoustic
logging and core' researches. Extended abstract of candidate's thesis (Phys.-
Math.). IGF of NAS of Ukraine [in Ukrainian].

Skakalska, L.V., Nazarevich, A.V. (2015). Prediction of oil and gas
oversaturation of rocks of different lithology and geodynamic genesis in well
sections. Geodynamics, 1(18), 102-119. DOI: 10.23939/jgd2015.01.099
[in Ukrainian].

Skakalska, L.V., Nazarevich, A.\V. (2016). Generalized relations for the
method of Predicting the water-oil-gas saturation of rocks of well' sections.
Visnyk of Taras Shevchenko National University of Kyiv. Geology, 1(72), 60—69
[in Ukrainian].

Skakalska, L.V., Nazarevich, A.V., Kosarchyn, V.I. (2018). Theoretical-
empirical tecnique for predicting hydrocarbons in well sections with the basic
parameter — compressibility. Mineral resources of Ukraine, 4, 18-25.
DOI: 10.31996/mru.2018. 4.18-25 [in Ukrainian].

Skakalska, L.V., Nazarevich, A.V., Struk, E.S. (2017). Algorithms and programs
for processing logging data in predicting the oil and gas bearing capacity of well
sections. Bulletin of Lviv Polytechnic National University "Computer Sciences and
Information Technologies", 864, 210-221 [in Ukrainian).

Timurziev, A.l. (1991). Method of estimating shielding properties of rocks.
Patent AS USSR 1676359. Class G 01V1/40. 3. Applicable to the State
Register, invented on 05.08.1991. Priority of invention 26.09.88 [in Russian].

Vyzhva, S.A., Prodayvoda, G.T., Bezrodna, .M. (2006). Petrophysical
studies as a basis for developing a model of the void space structure of
complex carbonate reservoir rocks. Collection of science works "Prospects
for increasing and preserving the energy resources of Ukraine". Fakel, 110—
121 [in Ukrainian].

OTpumaHo pepakuiet xypHany / Received: 04.03.23
NMpopeueHzoBaHo / Revised: 16.06.23
CxBaneHo po apyky / Accepted: 31.08.23



FEOJNOris. 3(102)/2023 ~ 25~

Ludmyla SKAKALSKA, PhD (Phys. & Math.), Junior Researcher

e-mail: Skakalska.sbigph@gmail.com

Carpathian Branch of S. Subbotin Institute of Geophysics of the National Academy of Sciences of Ukraine, Lviv, Ukraine
Andriy NAZAREVICH, PhD (Phys. & Math.), Senior Researcher

e-mail: nazarevych.a@gmail.com

Carpathian Branch of S. Subbotin Institute of Geophysics of the National Academy of Sciences of Ukraine, Lviv, Ukraine
Volodymyr KOSARCHYN, PhD (Phys. & Math.), Assoc. Prof.

e-mail: volcos@ukr.net

Lviv National University of Nature Management, Dublyany, Ukraine

ESTIMATES OF FRACTURE AND PERMEABILITY OF ROCKS IN WELL SECTIONS
ACCORDING TO THE PREDICTING METHOD

The article is devoted to highlighting the methods of studying the petrophysical characteristics of rocks using the developed theoretical-empirical
method for predicting the oil and gas capacity of well sections and their results.

As a part of the predictive method, methods for determining a number of important petrophysical characteristics of rocks in well sections were
additionally developed. In particular, cracking and permeability of rocks is estimated by the indicator of crack opening — the Qsisze parameter, the
strength of rocks is estimated by volume density and velocities of elastic bulk waves, and the types of rocks in layers are determined by a set of
petrophysical parameters, including the density of the solid phase of rocks.

The determining results of these parameters in sections for wells 4-North-Zarichnyans'ka and 1-Lishchyns'ka, are given.

Keywords: well section, predicting of oil and gas capacity, the theoretical-empirical technique, a layer rock type, elastic bulk wave velocities,
rock strength, fracturing, permeability.
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(MpedcmaeneHo 4YneHoM pedakyiliHol Koneaii 0-poM 2eos. Hayk, cm. docnidHukom O.l. MeHbwoesum)

Po3ymiHHsI npuYuH ma npuHyurnie aHisomponii 2ipcbKux nopid eiokpueae wisix Ao oyiHKU 2e00UHaMIYHUX NMpoyecie pezioHie, dac
3Mo2y npocmexyeamu 3MiHU 2eos102idYHUX ¢hakmopie, wio ii gpopmyroms, ompumysamu iHghopMauilo Mpo cmpykmypy ma HanpsiMKu
OuHaMiKu 2ipcbKux nopid mouwjo.

Memotro pobomu € sugyeHHs1 Npupodu MazHimHoi aHi3omponii konekyii 3 26 3pa3kie, eidibpaHux 3i ceepdnosuHu "CynymHuk-2"
(490-2720 m) Kpueopisbkoi Had2nub6okoi ceepdnosuHu. 3pa3ku npedcmassieHi makumu rnopodamu: craHyi 6iomumosi, eHelicu, 3ani3u-
cmi Keapyumu, Keapyumu MycKoegimoei, 2paHimu MiKpokIiH-nnaziokna3soei. fJocnidxeHo Ma2HimMHy crnpuliHamnueicms 3pas3kie y ¢ghopmi
Kyb6opomb6ododekaedpie 3a donomozoro anapamypu cepii KLY-2 ma aukoHaHo nepeauHHy o6pobKy pe3ynbmamie eumiprogaHs i po3pa-
XYHOK napamempie aHizomponii e npoepami ANIZO10.

Y pe3ynbmami aHanisy eusHa4yeHO maki napamempu: 3Ha4eHHs1 Ma2HimHoi crpulHamausocmi (y); cmamucmu4yHa eeslu4uHa cmax-
0apmHO20 8iOXUJIEHHSI; HOPMallbHi 3Ha4YeHHsI Ma2HImHOI crpuliHIMIUeocmi Mo Mpbox ocsx; KoegiyieHmu, Wo xapakmepusyroms
maeHimHy aHizomponito (H1 - H6); kym macHimHozo cxunexHsi (D) ma Kym mazHimHo20 HaxuneHHs (1).

Ha ocHoei npakmu4Hoi cxemu 06po6ku AaHUX 8UKOHaHO roYamkosy Knacudikayiro nopid. I1i0 Yac aHanisy po3paxyHkie 3a ¢popMoro
enincoidy mazHimHoI cripuliHsimsaueocmi ompumMaHo Yyomupu kKnacu rnopio: y euansdi cepepu (12 %), cnnoweHozo (46 %), mpugicHo20
(23 %) i enincoida cknadHoi hopmu (19 %). Lje 2060pumb Npo KOMIIIEKCHI 2e0/102i4Hi yMo8u, y SIKUX ymeoprosasuck nopodu 3i ceepod-
noeuHu "CynymHuk-2", ujo 3a nonepedHimu nempoezpagidyHuMu i akycmuyHumu GoclioXXeHHsIMU aemopie nidmeepAXXxyembCsi MuM, W0
3pa3sku Hanexams 0o VII-X mekmoHodpauyiti.

3anponoHoeaHo docidxeHHs1 koegbiyieHma dughepeHyianbHOI Ma2HIMHOI aHizomponii, sskuli po3paxoeaHull 3a aHaslo2iero 3 aKyc-
Mu4HOI0 aHizomponieto. 3a pesynibmamamMu po3paxyHKie ycmaHO8JIeHO, W0 3pa3Kie 3 HU3LKOI0 Ma2HIMmHOIO0 aHi3omponieto € Misibku
3,8 % eid yciei kinbkocmi 3pa3kie, y ceoro Yepay, 8UCOKOAHI30MpPOIHUX 3pa3kie y cknadi konekuyii— 53,8 % eid 3a2anbHOI Kinbkocmi, Wo
2080pumb Npo pizHoMaHimHicmb Npoyecie, Wio enyueasu Ha NMopPodu mniod Yac ix ymeopeHHs.

Koegbiyienm akycmuyHoi aHizomponii 3pa3kie ceepdsioeuHu 3a nonepedHiMu docnideHHIMU asmopie makox eapiroe eid 2,8 do
24,9 %, cumempisi akycmu4Ho20 meH3opy 6inbwocmi mekcmyp rnopio € poM6i4Horo.

®inanbHUM y nopieHsIHHI pe3ynibmamie docnidxeHb Napamempie akycmuy4Hol i MaeHimHoi aHizomponii cmae mekmoHogayianbHul
aHasniz ompumaHux daHux. BcmaHoeneHo, wo sk Ma2HimHi, mak i akycmuyHi koegbiyieHmu aHizomponii, po3paxoeaHi 3 8ionoeioHux

meH3opie, sidobpaxkatomb 3MiHU MekmoHogayiasibHUX yMo8 ymeopeHHs1 G0CTiOXeHUX Mopio.

Knwo4yoBi cnoBa: mazHimHa aHizomponisi, kKybopomb6ododekaedp, knacugpikayiss, akycmu4Ha aHizomponisi.

Beryn

BuBYEHHA MarHiTHOT aHi3oTponii ripCbknx nopig mae ic-
TOTHe 3HayeHHs B reonorii i reodisnui. MarHiTHa aHisoTpo-
nis € BaXMBUM iHCTPYMEHTOM AN BUBYEHHSI CTPYKTYpU
3€MHOI KOpY Ta MaHTii.

CmaH npobniemu. Tipcbki nopoau, sk BigOMO, MatoTb
MarHiTHy aHi30TpOonito, MPUYMHOI SIKOI € HASIBHICTb Y MOpPO-
Aax MarHiTHOI TEKCTYpW — yNOPSIAKOBAHOrO po3TallyBaHHS
B MOPOAI MarHiTHUX MiHepanis, WO BWUHWKAW Nig BNJMBOM
reonoriYyHNX YMHHUKIB Y peanbHili reonoriyHii 06CTaHoBL.
Po3yMiHHS NpuynMH Ta NpUHUMMIB MarHiTHOI aHisoTponii rip-
CbKMX MOpig BiAKPMBAE LUMASX 40 BUBYEHHS reO4MHAMIYHMX
NpOoLECIB Y CKNagHWUX reornoriyHnx perioHax; fae amory npo-
CTexyBaTV 3MiHW reonoriyHnx i isnyHnx paktopis, WO ii
hopMytoTh; OTPMMYBaTH iHpopmaLiito MPO CTPYKTYpPY ripCh-
Knx nopig. TeopeTnyHOK OCHOBOK MEeTOAYy AOCHiAKEHHS
MarHiTHOI aHi3oTponii MeTaMopgiyHMX Nopig € KoHLuenuis ix
MarHiTHOI TeKCTYpW SIK XapaKTepuCTUKU, WO dikCcye yMOBU
IXHbOro yTBOpEeHHs Ta 6aratodasHoOro NepeTBOPEHHSI.

lpcbki nopoamn 3a Yac CBOro iCHyBaHHS BHAcnigok Ais-
NbHOCTI Pi3HMX TEKTOHIYHUX MPOLECIB MOXYTb NigAaBaTucs
AK NPY>XHUM, Tak i nnactuyHum gedpopmauism. BogHouac
3MiHa MarHiTHOI TEKCTYpW CUIbHO 3anexuTb Big peornoriy-
HUX BACTMBOCTEN MiHEpPAnbHOI MaTpuLi.

3poCTaHHs ynopsakoBaHOCTI MarHiTHMX 3epeH MoB's-
3aHe TaKoX i3 BNIIMBOM MeXaHi4YH1X Hanpyr y npoLeci meTa-
Mopdiamy. [lig Agieto Hampyr BWHWKaOTb Pi3Hi  TUNK
Aedopmadin nopia, Ski CynpoBOAXKYIOTLCA 3MIHOIO OPIEHTY-
BaHHsi hepoMarHiTHMX 3epeH. 3a OinbLl BUCOKUX CTYNeEHIB
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MeTamopdiaMy MarHiTHa aHi3oTponisa 3anuaeTbCs Maxe
HEe3MiHHO, a 3a [JyXXe BMCOKMX CTYMEHsIX CroCcTepiraeTbes
i1 3meHweHHs (Mysin, 1999; Lanza, Meloni, 2006; Tarling,
Hrouda, 1993; Stacey, Banerjee, 1974 1a iH.).

Tak, BpaxyBaHHS1 0COBNMBOCTEN HamarHidyBaHHs i "Be-
NMKOI CTPYKTYPHOI HEOAHOPIAHOCTI ripcbkvMx nopia" Aanu
3MOry BYEHUM BUAINUTM TPY BUAU MarHiTHOI aHi3oTponii:

1) npypogHy aHi3oTponito, 3yMOBIEHy Kpuctanorpadiy-
HO TEKCTYPOI MiHeparnis;

2) aHizoTponito dopmMu Tina, 3ymoBreHy eeKkTom pos-
MarHivyBaHHs (LLO BUABMAETLCA Mg Yac HamarHidyBaHHS B
3€MHOMY MarHiTHOMy Moni pyaHUX Tin, cKknageHux CuUrbHo-
MarHiTHUMK nopoaamu);

3) aHi3oTponito, 3yMOBMEHY BEMMKOK CTPYKTYPHOK He-
OOHOPIAHICTIO (TEKCTYPOIO NOPOAU B LiNOMY).

Y ripcbkii nopoai ChiBiCHYOTb ABi CKIa40Bi YaCTUHN Ma-
FHITHOI TEKCTYPU: TEKCTYPa LOMEHIB | TEKCTypa OCeW NErkoro
HamarHivyyBaHHs1. [eplwa 3 HMX BM3HA4YaEe HasABHICTb Yy MO-
pofi 3anu1LIKOBOT HaMarHi4eHoCTi i € "M'aKo" YaCTUHO Ma-
FHITHOI TekCTypu B TOMYy nMnaHi, WO BoHa Moxe O6yTu
3pyNHOBaHa CUMbHUMU MarHiTHUMK nonamu. [pyra € "“xop-
CTKOK" YaCTUHOK MarHiTHOI TEKCTYpu i Moxe ByTu nepeby-
AOBaHa TiNbKW LWNSXOM 3MiHW NOMNOXEHHA hepoMarHiTHUX
3epeH y nopoai abo 3MiHOK camMuX 3epeH.

Omxe, hyHOaMeHTanbHOK 0COOMMBICTIO MPCBHKMX Nopig
€ HasiBHICTb MarHiTHOI TeKCTypu — 3aKOHOMIPHOrO po3TaLly-
BaHHSsI XapaKTepHWUX MarHiTHUX eNeMeHTIB y NopoZi, Lo BU-
HUKNWX Nig BNAMBOM [EONOriYHMX MpPOLECiB Yy peanbHin
reodianyHin obcraHoBui (Mysin, 1999).

© Bbe3popgHa lpuHa, BespogHuuin OmuTtpo, 2023
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lpcbkum nopogamM MpuTamaHHi, OKpiM TEKCTYpHUX, Ta-
KOX Pi3HOMaHITHi HaBeOeHi KOMNOHEHTU MarHiTHOI aHi3oT-
ponii. HaBegeHa marHiTHa aHi30Tponisa € pe3ynbLTaToM Aii Ha
hepoMarHeTuk pisHNX JoOaTKoBMX (hakTopis, LLO 3MIHIOTb
X MarHiTHUNM CTaH.

Memoto po6omu € BYBHEHHS NPUPOAY MarHiTHOI aHi3oTpo-
nii konekujii 3paskiB, BigibpaHnx 3i ceepanosuHU "CynyTHUK-2"
(490-2720 m) KpunBopisbkoi HaarnmboKoi cBeparioBUHN.

PerioH gocnigkeHb NpUypoYeHUin 40 LEHTpanbHOI Yac-
TUHW [@HHIBCLKOI CMHKIiIHaMI, sika NpeAcTaBneHa nopogamu
HOBOKPMBOPI3bKOi, CKeneBaTCbKOI, CakcaraHCbKoi, roaHLeB-
CbKOI Ta rnelBaTCbKOI CBIiT. Y reonorivHoMy pospisi ceepa-
NOBUHU "CynyTHUK-2" MPUCYTHI MOTYXXHI MaYku THEWCIB i
cnaHuiB 6iotutoBux, amdibon-6ioTutoBMX, Aioncua-6ioTn-
TOBMX, rpadpiToBuX i rpadiT-6ioTUTOBUX, MEHLL NOTY>XHi Npo-
LLIAPKK 3ani3auCTUX KBapUMTIB i CUMiKaTHUX CNaHuiB, a Takox
KBapLMTW, KBapUMTO-MICKOBMKN aHOany3vT-MyCKOBITOBI Ta
CTaBpoOfiT-aHaany3nT-MyCcKoBITOBI, amciboniTn Ta HeBenuki
3a po3MipamMu Tifla MiKpOKIiH-NNarioknasoBuUx rpaHiTiB i anb-
6iTM30BaHUX i MiKpPOKNIHM30BaHMX MNnariorpaxiTiB GaraTok-
paTHO KaTaknasoBaHWX (MO apxencbknx nnariorpaHitoigax)
(Bespoanwuia, 2008, MNpoaariBoaa Ta iH., 2011).

3a nonepegHiMu OOCNIIKEHHAMM aBTOPIB 3pa3ku cBepa-
nosuHU "CynyTHuK-2" npeAcTaBneHi Hanbinbll BUcokobanb-
HUMK TekToHodauismmn VII-X me3030HM, Ae TekToHodbauis X
MapKye MIMOHITOBUA OB, a TekToHodauisa VII — aingHku
BiOHOCHO HawbinbLl rpyboro ApobneHHs nopig. Ha HesHauHnx
iHTepBanax Nopoau 3a3Hanu BNMBY KPUXKO-B'A3KOI Ta KPUXKOT
TEKTOHIKM BTOpWHHOI enizoHu (MNpoaarvisoga Ta iH., 2011).

O6'exToM pocnigxeHHs B poboTi € MeTaMmopdiyHi no-
poawm, 3okpema rHeincu, 6ioTMToBI, MyCKOBITOBI, MArHeTUTOBI
KBapUMTW Ta craHui y dopMi kybopomboaoaekaeapis Ta ix
MarHiTHi BNacTUBOCTiI.

MeTtoau

ABTOpPY Jocniannn MarHiTHy CNpUAHATAMBICTb 26 3pas-
KiB y dhopmi kybopomboaonekaeapis Ta BUKOHaNM NEPBUHHY
06pobKy pe3ynbTaTiB BUMIpIOBaHb, a TakoX po3paxyHoK na-
pameTpiB aHizoTponii B nporpami ANIZO10.

[ns peanisauii BUMipioBaHb MarHiTHOI CPUNHATANBOCTI
3paskiB Oyno BukopucTtaHo anapatypy cepii KLY-2. MicT
KLY BuMMiploe Tak 3BaHy CrpsMOBaHy MOBHY MarHiTHy
CMPUNHATAMBICTb, WO 3anexuTb Bif CNPUAHATANBOCTI 3pa-
3ka B HanpsMKy Bumipy, 1oro ob'emy Ta akTopy
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po3MarHivyBaHHs1. 3pa3ku BUMIptoBanucs y BignoBigHNM 4u-
HOM OOpaHili cucTemi HanpsIMKiB, TakMM YMHOM OTPUMaHO
BiANOBIAHO CNPSIMOBAHi MOBHi MarHiTHi CNPURHATAMBOCTI MO-
pia.

3a pesynbTatamu aHaniay BU3Ha4yeHo Taki napameTpu:

® 3HaYEHHsI MarHiTHOI CNPUNHATANBOCTI ();

e CTATUCTUYHA BENMMYMHA CTAHAAPTHOIO BiAXWMNEHHS;

® HOpManbHi 3HAY€HHS MarHiTHOI CMPUWHATAMBOCTI MO
TPbOX OCSIX;

e KoeilieHTH, O XapakTepun3ytoTb MarHiTHy aHi3oTpo-
nito (H1 — HB6);

® KyT MarHiTHOro cxuneHHsi (D) Ta KyT MarHiTHOro Haxu-
nenHs (1).

ABTOpM Ha OCHOBI BUMiptOBaHb po3paxyBanu BnacHi na-
pameTpu TeH3opa cnpunHaTnmeocTi (K1, Kz, K3), Wwo moxyTb
YT\ BUKOPUCTaHI Ansi ONUCY MarHiTHOI NpMpoam nopig.

Pesynbtatu

3HaueHHs MarHiTHOI CNPUAHATAMBOCTI 3paskiB (puc. 1,a)
3ararom Bifpi3HAITbLCSA HECYTTEBO, HE 3MiHIOOUNCH Y BEMK-
KMX MexXax Anst 3paskiB pisHoi nitonorii. Ha obmexeHomy
AianasoHi 3MiHW MarHiTHOI cnpUNHATNMBOCTI (6e3 aHomarnb-
HUX MiHIManNbHUX | MaKCMManbHUX 3HA4YeHb napameTpa)
NpoBeAEeHO YTOYHEHHSI CTAaTUCTUYHOI MIHNMBOCTI napame-
Tpa (puc. 1,6). Ha rictorpami npointoctpoBaHo niey acvume-
TPUYHICTb 3HaYeHb Ta HasiIBHICTb OKPeMOi rpynu 3paskiB i3
NiABULLEHOK MarHiTHOK CNPUNHATIIMBICTIO.

Mig yac oOpoGKM OTPMMaHMX MarHiTHUX napamMeTpiB
Oyno po3paxoBaHO MapaMeTpy MarHiTHOI aHi3oTponii, Bu-
3HaYEHHs SIKOT 3YMOBIEHO pO3paxyHkamu TeH3opa Cnpui-
HATMMBOCTI, CUCTEMU OCHOBHWUX CMNPUNHATIMBOCTEN i
CMCTEMM OCHOBHMX HanpsiMKiB. Cructema HanpsMKiB 3aBxXan
BM3HaYeHa B TaK 3BaHii CUCTEMi KOOpAMHaT 3paska
X1, X2, X3, LLIO MOB'sI3aHi 3 BaXXMMBMMM HanpsiMKamu B reome-
TPUYHI dpopmi 3paska.

Ha ocHoBi npakTn4Hoi cxemu (Lanza, Meloni, 2006) aB-
TOPW BUKOHaNu noyaTkoBy KnacudikaLito nopig 3a dopmMoto
enincoigy aHisoTponii MarHiTHOI CNPUAHATINMBOCTI, A& BUKO-
pucTaHi Taki npasuna:

e popma € cepoto npu (K1 = K2 = Kas);

e enincoig cnnoweHun npun (K1 = K2> Ks);

e opma enincoigy sutarHyta npu (Ki> Kz = Ks);

e erincoif anisoTponii € TpueicHMM npu (K1> K2> Ka).
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Puc. 1. Tictorpama po3nogineHHs NOBHOI MarHiTHOI CNPUMAHATINBOCTI 3pa3KiB KONeKLii:
a — NoBHWI fianas3oH 3aMiHK NapamMeTpa; 6 — obMexeHWIn fiana3oH

Y npoueci aHanidy po3paxyHKiB OTPUMaHO YOTUPW Knacu
nopig (puc. 2):

o TiNbKu TpY 3pasky mMatoTb QOpMy enincoigy y BUrnsai
cchepu: Ne 19(78), 91(84), 99(91) (3 — Ha puc. 2);

e enincoig MarHiTHOI CNPUNHATIIMBOCTI TPUBICHWN — Y LLECTU
3paaskis: 14(90), 20(90), 19(58), 21(67), 91(29) (2 — Ha puc. 2);
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e chopma enincoigy y GinbLocTi 3paskis (12) mae cnnto-
weHunn Burnsaa (1 — Ha puc. 2);

e 3pa3ku 26(02), 91(39), 92(15), 9990(131) matoTb ckna-
OHy cbopmy enincoigy (4 — Ha puc. 2).
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21(67)

26(02)

Puc. 2. Knacudikauis nopia 3a chopmoto enincoigy aHisoTponii MmarHiTHOI CIPUNHATAMBOCTI

Lle roBopuTb Npo cknagHi reornoriyHi ymMoBu, Y SIKUX YTBO-
proBanuce nopoau 3i ceepanosuHn "CynyTHuK-2" KpuBopi3bKoi
HaarmmboKoi CBEPAOBMHM, LWLO 3a nonepeaHiMm neTporpadiv-
HAMW Ta aKyCTUYHVMMW OOCHIMKEHHAMU aBTOPIB NiATBEPOXKY-
€TbCA TUM, Lo 3pa3ku HanexaTtb Ao VII-X TektoHodauin.

3anponoHoBaHO OOoCMiaXeHHs koedilieHTa iHTerpanb-
HOI MarHiTHoOI aHisoTponii (puc. 3), AK1A 3a aHanorieto 3 aky-
CTUYHOIO aHisoTponieto (Bezrodna et al., 2017; Npopansoaa
Ta iH., 2011), pospaxoByBaBcs 3a opmMynoko

1
1/3[(K)=(K2 )2+ (K1) =(K3)* + (K2)—(K3)*)2
Ak = { (K2 (K )2+ (I } 100 %.

Knacudikauis nopig 3a uMMm napameTpoM 34iNCHIoBa-
nacsa TakMMm YvmHoM: Ax < 5 % — HU3bKOAHI3O0TPOMHi, 5 % <
Ag < 10 % — cepeaHbOaHI30TPOMHI, Ax > 10 % — BUCOKOaHi-
30TPONMHI MarHiTHi nopoau.

3a pesynbTatamu po3paxyHKiB yCTaHOBMNEHO, LU0 3pas-
KiB 3 HU3bKOK MarHiTHOK aHizoTponieto € Tinbkn 3,8 % BiA
YCI€l KinbKOCTi 3pas3kiB, y CBOIO Yepry, BUCOKOAHI30TPONHUX
3paskiB y cknagi konekuii — 53,8 % Big 3aranbHOi KinbKocTi,
LLIO roBOpPUTb MPO Pi3HOMAHITHICTb NMPOLECIB, SKi BNnMBanmu
Ha Mopoaw Mig Yac iX yTBOPEHHSI.

10

YactoTta

Y0812 407 15,35
’ 19,96
’ IHLL.
AK, %
Puc. 3. 3miHa koediuieHTa
iHTerpanbHoOi MarHiTHOI aHi3oTponii 3pa3kiB

MMig yac nonepegHix gocnigxeHbs 6yno BUBYEHO napa-
MeTpU aKyCTUYHOI aHi3oTponii 3paskiB CBepANOBUHMU
"CynyTHuk-2" (490-2720 m). Y pobotax asTopiB (bespoga-
Huin, 2008; NpopariBoaa Ta iH, 2011) BcTaHOBMEHO, WO ANd
nopia, ski 6ynun npoaHanisoBaHi, Big4yTHa pisHUUA Yy WBna-
KOCTSIX NMOLUMPEHHS KBA3IMONEPEYHMX XBUIb Y 3paskax CBia-
YWTb MPO IHTEHCUBHI NpoLEecH NonApu3aLii Ta po3sLLenieHHs
nonepeYyHnx Mog, Lo NiATBEPAXYETLCH BUCOKUMW PIBHAMMU
TeKkToHodhauin  npeactaBneHnx  3paskiB.  KoediuieHT
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aKyCTWUYHOI aHi3oTponii 3paskiB CBEPANIOBUHU 3MIHIOETLCA
Big 2,8 0o 24,9 %, cuMeTpia akyCTUYHOro TeH30py BinbLUOCTi
TEKCTyp nopia € poMmbiyHoto. 3a pesynbTaTaMun NOpiBHAHHSA
pO3paxoBaHWX akyCTUYHOI NiHIMHOCTI (L,) Ta aKyCTUYHOI
CraHuoBarocTi (S,) napameTpu akycTU4HOro enincoigy
TiNbKN OeAKMX Nopia MaroTb HEBEMVKI BiAXMIEHHS Bif KOOp-
ONHaTHUX OCeN, WO CBiAYUTb NPO BIACYTHICTb TEKCTYp
NonepeYHo-i30TPOMHOI CUMETPI.

AHI30TpONist aKyCTUYHUX BIACTUBOCTEN € XapaKTEePHO
03Hakolo ripcbkux nopig. OgHak, Ha BiAMiHY Bif iHLWINX maTe-
pianis, ripcbki NOPOAN MaroTb CKNagHy HEOOHOPIAHY CTPYK-
Typy, LU0 BKIOYaE pi3Hi MiHeparnbHi acouialii, 3okpema n
3anisucTi. Y uncneHHux pobotax (auB., Hanpuknag, Kern,
1982; Wenk end Van Houtte, 2004; Be3pogHun, 2008; Bes-
poaHa Ta iH., 2017) 6yno nokasaHo, L0 OCHOBHUMU CTPYK-
TYpHUMK  akTopamu,  SKi  KOHTPOMIOTb  MPYXHY
aHi3oTponito, € NepeBaxHi OpiEHTYBaHHA KpucTanis 3epeH
(kpucTtanorpadiyHa TekcTypa), dpopma 3epeH, YnopsaKo-
BaHe X po3TallyBaHHS B MOpofi (Hanpuknag, cMyracTicTb,
CNaHLUoBaTICTb TOLWO), Pi3Hi BUAW TPILLMHYBATOCTI i MiKpO-
TPILWMHYBATOCTIi, Y TOMY YMCMi CUCTEMU OPIEHTOBaHUX TPi-
LWH, BUTATHYTUX MNYCTOT TOLLO. Ti€l0 Yn iHLIOK MipOK KOXEH
i3 nepeniyeHux BuLLe (hakTopiB OKPEMO BMNSIMBAE Ha aHi30-
TPOMil0 MPYXXHUX BrAcCTUBOCTEN, TOMY 4acTO HEMOXIMBO
30BCiM 6e3nepeyHo BCTAHOBUTU BMNIMB KOXXHOMO ¢hakTopy.

Akwo y cknagi ripcbkoi nopoam 6epyTb y4acTb MarHiTHi Mi-
Hepanu 3 BUpaxeHoto KpucTanorpadivyHoo aHi3oTponieto, TO X
ynopsiakoBaHe po3TallyBaHHS MOXe CTBOpIOBaTV edhekt mar-
HITHOI aHi3oTponii, SKa BUKNNKaHa ynopsAKyBaHHSM:

® 10BIMX ocert pepoMarHiTHUX MiHepanis;

e KpucTanorpadivyHmx ocen;

e JOMeHiB y 6HaraTofOMEHHNX 3epHaXx;

® TEKCTYPHOro ynopsiAKyBaHHsI, LLO € OKpeMUM BUNad-
KOM aHizoTponii oopmu.

Ponb KOXHOro 3 YMHHWKIB y (POPMYBaHHI MarHiTHOI
aHi3oTponii MOXe SK 3aBrogHoO BapiloBaTW, CTBOPIOIOYM
nepeaymoBu Ans knacudikauii reonoriyHux o6'ekTiB 3a
LIiEt0 O3HAaKOoH.

Be3ymMoBHO, NOPIBHAHHA NapameTpiB akyCTUYHOT | MarHi-
THOI aHi3oTponii TeopeTu4yHO 06rpyHTOBaHO ANst MeTamop-
diyHMx nopig KpuBopisbkoro perioHy y 3B'A3ky 3
NPUCYTHICTIO B NOpoAax MarHiTHUX MiHepanis 3i cBOiMu oco-
OnMBOCTAMU TEKCTYPW.



FEONOTIA. 3(102)/2023

~ 29 ~

MigpcymkoBMM eTanom y MopiBHAHHI pe3ynbTaTiB AoCHi-
KEeHb NapaMeTpiB aKyCTUYHOI i MarHiTHOI aHi3oTponii cTaB
TekToHOodauUianbHUn aHarni3 oTpMMaHuX gaHux (puc. 4).

BcTaHOBMEHO, LU0 SK MarHiTHI, TaK i aKyCTUYHI koedilieHTu
aHi3oTponii, WO po3paxoBYyTbCA 3 BigMOBIAHUX TEH30pIB,
BigoOpaxatoTb 3MiHWM TekToHOdaUianbHNUX YMOB YTBOPEHHS
pocnigpkeHnx nopig,.
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Puc. 4. B3aemo3B'sizok 6aniB TekToHodauin nopia 3 MarHiTHOK i aKkyCTMYHOKO aHi3oTponielo
BucHOBKU the effect of the rock micro-structure. In: W. Schreyer (Ed.), High-Pressure

Mig yac gocnigXeHHs Konekuii 3paskiB CcBepASIOBUHM
"CynyTHuk-2" (490-2720 m) KpuBopi3bkoi Hagrnnbokoi
CBepASioBMHU BMBYEHO MapamMeTpy MarHiTHOI aHi3oTponii,
AKi KOPenITLCA 3 NapameTpamy akyCTUYHOI aHi3oTponii,
BCTaHOBNEHUMW aBTOpamMm paHiwe. [aHi ceig4aTb npo Te,
IO BHACMIAOK BMSIMBY Pi3HMX TEKTOHIYHMX YMOB, 30Kpema
ME3030HM | KPUXKO-B'A3KOT Ta KPUXKOT BTOPMHHOI €Mi30HMN, Bi-
pbyBanacsi 3MiHa TEKCTYpPHO-CTPYKTYpHUX ocobnuBocTen
3paskiB, WO BNAWHYMNO Ha napamMeTpu IXHbOI MarHiTHOI Ta
aKyCcTM4YHOI aHi3oTponii. 3okpema, 3a JoCniAKEHHSIMU Mar-
HITHOI aHi3oTponii BCTaHOBMNEHO YOTUPY Fpynu nopig nogi-
6HO po 4otupbox (VII-X) akycTuyHux TekToHodaLin,
BM3HAYEHUX aBTOpPaMu B nonepeaHix poboTax.

MpoBeneHi gocnimkeHHA MaloTb OyTv NPoOAOBXKEeHi Ans
BCTAHOBIIEHHS BinbLU rMMOOKUX 3B'A3KIB reonoriYHmnx i gisny-
HUX (hpakTopiB, LLLO BNAMHYMM HA BUSIBMEHI MarHiTHy Ta akycTu-
YHY aHi3oTponito 3paskiB. [Ons Takux gocnigkeHb HeobxiaHo
BMBYUTY 3paskn 3 HAsIBHICTIO BUCOKOMArHiTHUX MiHepanis.
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ANALYSIS OF MAGNETIC ANISOTROPY OF ROCK SAMPLES FROM THE POLIGON
OF THE KRIVORIZKA EXTREMELY DEEP WELL

Understanding the reasons and principles of anisotropy of geological rocks opens the way to assess geodynamic processes in regions, enables to
track changes of geological factors that form them, provides information about the structure and directions of the dynamics of geological rocks and etc.

The aim of this study is the investigation of the nature of magnetic anisotropy of a collection of 26 samples that were taken from the well
"Suputnyk-2" (490-2720 m) of the Kryvorizka extremely deep well. The samples consist of the following rocks: biotite schists, gneisses, ferruginous
quartzites, muscovite quartzites, microcline-plagioclase granites. The authors used equipment of the KLY-2 series to measure the magnetic
susceptibility of samples having the shape of cuberhombic decahedron. The authors have performed primary processing of measurement results
and calculation of anisotropy parameters in the ANIZO10 program.

The following parameters were determined as a result of the analysis: value of magnetic susceptibility (y); statistical value of the standard
deviation; normal values of magnetic susceptibility along three axes; coefficients characterizing magnetic anisotropy (H1 — H6); magnetic inclination
angle (D) and magnetic inclination angle (I).

The authors performed an initial classification of rocks based on the practical data processing scheme. Analyzing the calculations based on the
ellipsoid of magnetic susceptibility, four rock classes were obtained: the shape of a sphere (12 %), a flattened shape (46 %), triaxial (23 %) and a
complex ellipsoid shape (19 %). This indicates the complex geological conditions where rocks from the well "Suputnyk-2" (490-2720 m) were formed.
It is confirmed that the samples belong to the VII-X tectonofacies according to the authors' previous research.

The authors have investigated the coefficient of differential magnetic anisotropy, such as acoustic anisotropy. According to the results of the
calculations, it was established that samples with low magnetic anisotropy are only 3.8 % of the total number of samples. Highly anisotropic samples
of the collection comprise 53.8 % of the total number. It indicates the variety of processes that affected the rocks during their formation.

According to the previous research of the authors, the coefficient of acoustic anisotropy of the well samples also varies from 2.8 to 24.9 %.
The symmetry of the acoustic tensor in the majority of rock textures is rhombic.

The final step in comparing the research results of the parameters of acoustic and magnetic anisotropy involved a tectonofacial analysis of the
obtained data. It was determined that both magnetic and acoustic anisotropy coefficients, calculated from their respective tensors, reflect changes
in tectonofacial conditions during the formation of the studied rocks.

Keywords: magnetic anisotropy, cuberhombic decahedron, classification, acoustic and anisotropy.
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COMPREHENSIVE ANALYSIS OF MAGNETIC AND GRAVITY DATA BASED
ON VOLUMETRIC GRAVITY-MAGNETIC MODELING ALONG THE GEOTRAVERSE
IN THE SHU-SARYSU SEDIMENTARY BASIN

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 8-poM 2eos. Hayk, npogh. O.M. KapneHkom)

The purpose of the studies presented in the article is to obtain the information of the deep structures along the Shu-Sarysu geotrav-
erse, to determine the regularities in the distribution of mineral deposits and predictive assessment of the research area prospects for
searching for hydrocarbons and other minerals. To achieve this purpose, a complex of high-precision gravitational and magnetometric
measurements was used. There was shown a high efficiency of the integrated interpretation of 3D gravimagnetic modeling when studying
the geological structure of the crystalline basement (assessment of the morphology of its surface, material-petrophysical mapping of the
rocks that make up the basement) and the sedimentary cover (assessment of the morphology of the reference horizons, studying their
material composition); when identifying and clarifying the position of discontinuous faults, conducting lineament analysis in order to
decipher the block structure of the studied areas; when building 3D volumetric models of geophysical parameters; when substantiating
predictive and search geophysical criteria for detecting oil and gas geological structures, both in the thickness of sedimentary formations
and in the rocks of the crystalline basement. The progress of these methods is conditioned by the widespread introduction into practice
of modern computer technologies for processing and interpreting data.

Keywords: geotraverse, gravity data, aeromagnetic, density properties of rocks, geomagnetic model, field transformations, gas,

3D modeling of potential fields.

Background

The results of a systematic study by a complex of
geological and geophysical methods in combination with
regional studies have always served as the basis for the
development of many topical problems of formation,
localization of various industrial-genetic types of deposits
and reassessment of prospects for mineral deposits at a
new level. A large radius of study characterizes geophysical
methods, and the main result of their application is three-
dimensional representations of the earth's crust structure
with its differentiation according to certain physical
parameters: density, magnetic and electrical properties,
velocity of elastic vibration propagation, etc. The use of
geophysics leads to reducing the cost of the work. However,
the use of one method does not provide an unambiguous
solution to the tasks set, therefore, in order to achieve the
goals, it is necessary to develop and to improve the complex
of geophysical methods. As a result, a modern geophysical
basis is formed that is obtained with high-tech and high-
precision equipment and advanced software, which is the
basis for building high-quality geological models of mineral
deposits. The study area belongs to the little-studied, almost
completely closed areas. As a result of the development of
the geological exploration program for sedimentary basins,
it was decided to study the Shu-Sarysu sedimentary basin
by carrying out works along the Shu-Sarysu geotraverse.

According to the results of more than 40 years of
exploration history, the Shu-Sarysu basin has a very
complex geological structure, a tense geodynamic history,
and the degree of geological and geophysical exploration of
the basin does not allow assessing reasonably its

generation potential in relation to hydrocarbons (Daukeev
etal, 2002). All these data substantiate a complex of
geophysical surveys along the Shu-Sarysu geotraverse.
The proximity of the Shu-Sarysu basin to a number of large
cities and industrial centers of Central and Southern
Kazakhstan will make it an ideal source of Kazakhstan gas
supply if sufficient reserves are discovered. Finally,
according to the statistical calculations of specialists, the
potential of the Shu-Sarysu basin is quite high. However,
their reliability requires confirmation through a significant
amount of complex geophysical work with the delineation of
local objects and setting oil and gas prospecting drilling
within them. All these facts substantiate the relevance of the
studies presented in the article.

The information of studying the geological and tectonic
structure, prospects for gas content along the Shu-Sarysu
geotraverse, as well as the possibilities of modern
aeromagnetic exploration and the range of geological tasks
to be solved during regional work were considered in the
article "Geoelectrical model of the Earth's crust along the
Shu-Sarysu geotraverse according to magnetotelluric
soundings" (Tleubergenova et al., 2023).

The purpose of this work is to study the deep structure
of the basin, to identify structural and material complexes in
the sedimentary cover and to assess the regional
hydrocarbon potential of the territory based on the
interpretation of gravimagnetic data using modern
technologies of 3D modeling of potential fields.

The scientific significance of the presented studies is
substantiated by the development of a modern three-
dimensional geophysical model of the area, which makes it
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possible to clarify the geological structure of the Shu-Sarysu
sedimentary basin, to change ideas of the tectonic activity of
rocks and to find out the conditions for the formation of
hydrocarbon deposits.

The practical significance lies in the use of complex
3D modeling technology for various regions, which makes it
possible to compare models obtained at the early stages of
research; building complex geodensity and geomagnetic
models of the earth's crust on specific reference profiles; the
possibility of regional forecasting of areas favorable for the
accumulation of hydrocarbons in the redistribution of
sedimentary basins and solid minerals within ancient
platforms (Galuev, 2008).

The set goals were achieved through the solution of the
following tasks:

e generalizing and integrating geological and
geophysical criteria based on the features of the Shu-Sarysu
sedimentary basin geological structure for a comprehensive
interpretation of gravity and magnetic anomalies;

e studying the characteristic behavior of the gravitational
field in order to separate the gravitational effects from
various geological structures occurring in depth;

e identifying intrusive bodies lying at depth, tracing
numerous faults using lineament analysis based on
geodensity and geomagnetic models;

¢ predictive assessing the geological structures for
prospects for hydrocarbons.

A full range of geophysics was performed on the Shu-
Sarysu geotraverse, but this article shows a comprehensive
analysis of magnetic and gravity data based on the results
of the volumetric gravimagnetic modeling, since it is three-
dimensional geological models that integrate all geological
and geophysical information. The contours of the main
elements of the structural-tectonic structure of the area
obtained on the basis of generalizing stock materials of
previously performed geological and geophysical studies
are plotted on maps of horizontal sections of excess density
and magnetization.

Materials and research methods. Here there is a brief
description of the results of aeromagnetic reconnaissance.
The observed magnetic field is associated with
magnetization of the crystalline basement rocks of
predominantly basic and ultramafic composition, and
sedimentary rocks, as a rule, do not contain magnetized
rocks in their composition (Tleubergenova et al., 2023).

The qualitative interpretation of the magnetic field is
based on the following basic principles for interpreting
magnetic anomalies:

e the areas of positive magnetic field are caused by
magnetic basement rocks (Cambrian porphyrites) and large
intrusions of medium-acidic composition;

¢ the Upper Ordovician granodiorites and diorites, as well
as the Devonian volcanics, have anomalously high values of
magnetic susceptibility and are characterized by positive
magnetic anomalies with intensity up to 600—700 nT;

e the group of weakly magnetic granitoids and
sedimentary-metamorphic rocks is marked by low magnetic
fields with an intensity of 100—200 nT;

¢ the mosaic structure of the magnetic field corresponds
to the vaults of structural elements with a shallow foundation;

o deep depressions are reflected in the magnetic field as
low-gradient isometric anomalies;

e tectonic disturbances are expressed by zones of high
magnetic field gradient. Deep basement faults that control
the placement of structures in the sedimentary cover are
characterized by linear chains of anomalies.

ISSN 1728-3817

It is noted that under the platform conditions, the structures
of the sedimentary cover correspond to the relief of the
basement, therefore, it follows that by studying the structure of
the basement by magnetic prospecting, it is possible to identify
objects promising for oil and gas in the sedimentary cover.

As a result of the aeromagnetic survey we:

e characterized the relief of the Paleozoic base;

e identified intrusive bodies of different sizes and
composition;

e traced tectonic faults. The most important deep faults
include the Tastin and the Shusky ones that separate the
Tasbulak trough from the Tastin uplift, the Tastin uplift from
the Nizhne-Shu uplift and the Sozak-Baikadam trough;

e according to the characteristics of the magnetic field,
the zoning of the territory was carried out;

¢ a buried part of the North Karatau anticlinorium was
traced, and under the Syrdarya syneclise a continuation of
the Turlan brachysynclinorium was found;

o the fold-block nature of the structures of the region, as
well as the stepped structure of the basement surface, was
confirmed;

¢ within the Leontief graben, where droplet oil was
discovered in 2017, there is a linear decrease in the
magnetic field values from plus 50 nT to minus 150 nT;

o identified local structures that are of interest for searching
for a whole range of minerals (Tleubergenova et al., 2023).

The results of gravimetric studies carried out in
potentially oil and gas areas testify to the high efficiency of
using gravity exploration together with seismic exploration
and other methods of geophysics in studying sedimentary
basins, solving problems of petroleum geology at the
regional-zonal and local level (Babayanc et al., 2003). The
structural-tectonic structure of the sedimentary cover, the
morphology of the basement surface are very clearly and
reliably manifested in the gravitational field. Modern
technologies of analyzing gravity measurements make it
possible to identify new elements of the structural-tectonic
structure, to supplement significantly the interpretation of
seismic data, to expand existing ideas of the region
geological structure features, to help clarify the structural
position of areas, and to increase reliability of predictive
estimates (Babayanc et al., 2004).

The gravimeters CG-6 AutoGrav Scintrex (Canada)
were used during field gravity exploration along the Shu-
Sarysu geotraverse. They are by far the most advanced
instruments in the world for high-precision ground gravity
surveys (Nazirova et al., 2019). In order to bring the
gravimetric survey to the level of the State gravimetric
network, as well as to take into account the offset of the zero
point of the instruments in ordinary cruises, 4 points of the
field reference gravimetric network were used. Ordinary
gravimetric measurements were carried out according to a
single method, flights began and ended at field strongholds.

The root-mean-square error in determining the observed
values of gravity was +0.02 mGal, the gravity anomalies in
the Bouguer reduction were +0.02 mGal.

The office processing of gravity data was performed
using the Gravity and Terrain Correction module of the
Geosoft Oasis MontajTM software package. The system
includes all the functions of processing and reduction of
gravity survey data, including the input of corrections for
relief using digital elevation models (Nazirova et.al., 2016).

Based on the obtained materials, a digital model of the
gravity field of 100 km of the Shu-Sarysu regional profile strip
and its framing along a 500x500 m network was developed.
Processing, interpretation and conditional visualization of
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gravity data were performed using modern specialized
software packages: the ArcGIS/ArcMap (ESRI, USA), the
Didger (Golden Software, USA), the Surfer (Golden Software,
USA), the Geosoft Oasis MontajTM, COSCAD 3D, the
SIGMA-3D, the GM-SYS 2D, the ZONDGM2D.

The analysis of a priori information collected from the
experience of geophysical research and the results of the
geological interpretation of the gravity field in the region
made it possible to form the following geological and
geophysical criteria.

1. The gravity minima can be caused by deflections in the
roof of the ancient folded basement made by thick strata of
the platform cover and an intermediate structural stage, in the
section of which low-density salt-bearing formations are likely.

2. The local gravity minima and maxima can be caused
respectively by salt domes and local uplifts of dense rocks
(P41, Civ, Cat, Dsfm).

3. The gravity maxima are usually associated with
uplifted blocks of the ancient basement, which are
characterized by a reduced thickness of the intermediate
structural stage, loss of some strata, including salt-bearing
ones, from the section of the latter.

4. The anomaly-forming gravity field objects are the
Middle Carboniferous, the Middle-Late Devonian, the Middle
Devonian intrusive complexes. Basic and ultrabasic
intrusions cause contrasting positive anomalies. Medium
composition  objects  (diorites, granodiorites) are
characterized by an increased gravity field. Acid intrusions
are displayed in the gravity field as negative anomalies.

5. Tectonic disturbances are expressed by zones of a
high gradient of the gravitational field. Correlating bends of
isoanomalies, a sharp change in the strike of anomalies and
linear boundaries of changing the nature of the field can
correspond to them. On the map of local anomalies, they are
fixed by steps of high gradients; on the map of the vertical
gradient of gravity anomalies by chains of isolated, linearly
elongated small negative anomalies stretching from the
northwest to the southeast.

Results and discussion

To analyze the gravitational field, a map of gravity
anomalies in the Bouguer reduction was used. The initial
field (fig. 1,a) reflects the total gravitational influence of both
the geological structures of the upper tiers (fig. 1,b) and the
deep structures of the earth's crust and upper mantle. To
separate gravitational effects from surface and deep
structures, regional and residual gravity anomalies are
calculated by means of recalculating the initial field into the
upper half-space at different heights.

The observed gravitational field of the region is difficult to
differentiate; its intensity varies from minus 215 mGal to plus
20 mGal. In the regional component, the range of anomaly
intensity values is from minus 150 mGal to minus 15 mGal.

Decreasing of the intensity of the field from the northwest
to the southeast characterizes the strike of structural
elements in the regional plan. The complex nature of the
gravity field of the region is caused by significant variations
in the thickness of the sedimentary cover, presumably due
to the density heterogeneity of the basement of the
considered parts of the Shu-Sarysu sedimentary basin. The
main largest and most distinct elements of the gravity field
(from north to south along the geotraverse) are the Shu
block, the Tasbulak trough, the Lower Shu uplift, the Tastin
uplift, the Talas uplifted block, the Sozak-Baikadam trough,
the Moiynkum trough, the Leontief graben, the Karatau ridge
and the Arys trough (the latter is part of the Syrdarya basin).

Based on the gravi-magnetic data, the transformants
were calculated and a three-dimensional geodensity
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model (fig. 2) and a magnetic magnetization model were built,
which made it possible to interpret gravity and magnetic field
anomalies along the entire Shu-Sarysu geotraverse strip.

A decisive role in the region structure is played by the
Main Karatau Fault (MKF), the longest one, established
according to geological data and well traced in physical
fields along the gradient zones and a sharp change in the
direction of isoanomalies. This Precambrian fault is a
complex system of subparallel faults, which in all geological
epochs served as a supply channel for magma and
hydrothermal solutions. The MKF displacement plane has a
southwest dip at an angle of 80°, the maximum amplitude is
1.5-2.0 km (Akchulakov et al., 2014).

The northern end of the Shu-Sarysu regional profile
extends beyond the boundaries of the sedimentary basin
and is limited by the Shu block.

The residual field calculated as the difference between
the initial and recalculated upwards to the height of 15 km,
is characterized by a strong irregularity of isoanomalies
and reflects the structure of the upper tiers of the
distinguished structures (fig. 3,a). Residual gravity
anomalies are compared with the magnetic field
normalized to the pole (fig. 3,b).

The use of the procedure makes it possible to carry out
the automatic tracing of linearly elongated anomalous
zones, to identify the epicenters of local anomalies, and to
designate their axial lines. The obtained solution testifies
to the high efficiency of this algorithm for detecting
lineaments practically regardless of the intensity of
anomalous manifestations in the initial field (fig. 4 and 5)
(Bezukladnov et al., 2007).

The carried out gravimetric studies confirmed large
blocks of the earth's crust, contoured the distribution areas
of rocks of different composition, revealed intrusive bodies
lying at depth, traced numerous faults of various directions,
lengths and depths.

Based on the conducted gravity survey in the 100 km
strip of the Shu-Sarysu regional profile:

e the block nature of the foundation structure was
confirmed;

¢ the explanation of the gravitational effect within the
limits of the Tastin and Nizhne-Shu uplifts, the Tasbulak and
Moiynkum troughs was given;

e the development of anticlines and horsts with an
increased thickness of the Carboniferous limestones and
intrusive bodies of basic and felsic composition on the Tastin
uplift was predicted.

Conclusions

The gravimetric work allowed obtaining additional
information of the geological and tectonic structure of the
almost completely closed region. Large blocks of the earth's
crust differing in the history of development and geological
structure were identified, the areas of distribution of rocks of
different compositions, intrusive bodies occurring at depth
were outlined. Local uplifts in the roof of the Paleozoic and
its individual horizons were identified. Numerous
discontinuous disturbances of various directions, lengths,
depths and various roles in the formation of the structural
plan of the region were traced.

As a result of gravity exploration in the 100-kilometer
corridor of the Shu-Sarysu regional profile, the following
conclusions were made:

1. The existing views on the block nature of the region
structures that differ in the depth of the foundation, were
confirmed.

The intense indentation of the gravity field, a lot of correlated
bends of isoanomalies carry the information of the block
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structure of the brachisynclinorium and trough submerged part.
The blocks are bounded by small rapidly wedged-out faults of
predominantly submeridional and northeast strike that feature
extended faults of the northwest direction.

2. In the Tasbulak and Moiynkum troughs and within the
areas of the Tastin and Nizhne-Shu uplifts, the gravitational
effect uncompensated by the sedimentary cover is
explained by the probable presence of lenticular layers of
the Upper Devonian rock salt and acidic intrusions in the
basement (in some areas, their total influence).

- - -
Ot S0ma 100w 150am 2000
Designations

Sedimentary basin

boundaries

.. Regional structural
elements boundaries
Higher order structural
elements boundaries

Regional structures o
| — Karatau 5 — Syrdarya geoblock

2~ Talas-Tasta uplift 6 —Kyzylkiin geoblock

3 — Sozak-Baikadam trough 7 — Tasbulak trough
4 — Shu block 8 — Nizhne-Shu uplift

The development of anticlines and horsts with an
increased thickness of the Carboniferous limestones and
intrusive bodies of basic and felsic composition is expected
on the Tastin uplift.

3. The Baikadam, the Kokshui, the Shabdan and the
Moiynkum troughs can be of interest in the search for oil and gas.

Minor anticlinal structures and uplifts in the section of the
cover can be of interest for exploration. All the presented
figures serve as an illustration of the spatial confinement of
the gas fields of the Shu-Sarysu sedimentary basin to local
positive gravity anomalies.
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2nd order structures ||

I — North Karatau anticlinorium
2 — North Karatau synclinorium
3 — Turlan brachisynclinorium

4 — Kokzhot anticlinorium

5 — Boroldai brachisynclinorium
6 — Tyulkubas brachisynclinorium
7 — Dzhahabagly anticlinorium
8 — Moiynkum trough

9 — Tastin uplift

10 — Ozhirai-Tube uplift

11 — Sozak trough

12 — Sarykemer rampart

13 — Karatau slope

14 — Arys trough

15 — Shulak (Shulin) uplift

16 — Boltakol-Bosaga rampart
17 — Shaulder trough

18 — Baidakam trough

19 — Byurtusken depression
20 — Koskuduk depression

21 — Isykyr rampart

Higher order structures

1 — Leontief graben

2 — Shabdan mould

3 — Moiynkum mould

4 — Zhana-Arys uplift

5 — Toguzken uplift

6 - Koskuduk uplift

7 — Magbal ledge

8 — Zhamkeles- Akzhan trough
9 — Arandy uplift

10 — Kyzymshek graben-syncline
11 — Uvanas horst

12 — Sandy local structure

13 — Orkazgan uplift (rampart)
14 — Zhuantobe anticlinorium

Fig. 1. Gravity survey results:
a — map of gravity anomalies in the Bouguer reduction;
b — local component of gravity anomalies in terms of the upper half-space at 15 km
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15 — Arystandy uplift

16 — Timur uplift

17 — Akozek uplift

18 — Kabulsai trough

19 — Kungur trough

20 — Lenger-Urtabas rampart
21 — Asarchi uplift

22 — Aidar rampart

23 — Dazhailau intrusion

24 — Kokshu mould

25 — Kanzhugan rampart

26 — Tantai salt structure
27 — Kazangap salt structure
28 — Bestobe salt structure
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Fig. 4. Schemes of lineaments against the background of a horizontal cut
to the depth of 7 km geodensity (a) and geomagnetic (b) models
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Fig. 5. Elements of interpretation schemes for the density (a) and magnetic (b) models
and their comparison (c)
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Designations to schemes of gravi-magnetic model interpretation

- generalized contour of the Shu-Sarysu sedimentary basin
o 2 boundan‘e_s and names of structural tectonic elements
Tantai 3 - gas deposits

- salt-dome structures

- the axis line of the regional reference profile

- external boundary of 100 km geotraverse strip

- boundary of 60 km geotraverse strip

3D density model elements:

- negative density anomalies contours at the 15-20 km depth
equated to the granitoid intrusive massifs

- axes of positive linear anomalies at the 2-3 km depth equated to
the anticlinal folds, ramparts of the Upper Paleozoic formations

- axes of negative anomalies at the 7-10 km depth equated to the
maximum trough depths of the quasi-platform tier of the Upper
Paleozoic age

- axes of negative anomalies chains at the 10-15 km depth

- axes of the disturbance zone of the density anomalies correlation
at the 3-5 km depths equated to tectonic violations in the quasi-
platform tier stratum of the Upper Paleozoic

3D magnetization model elements:

- magnetization positive anomalies contours at the 10 km depth
equated to the intrusive massifs of the medium composition
------ - axes of positive linear anomalies at the 2-3 km depths
- axes of magnetization positive chains at the 10 km depth, magntic
anomalies trend
- axes of the disturbance zone of the magnetization anomalies
correlation at the 5-7 km depths

Fig. 5. (ending) Elements of interpretation schemes for the density (a) and magnetic (b) models and
their comparison (c)

References

Akchulakov, U., Zholtaev, G.G., Kuandykov, B.M., Iskaziev, K. (2014).
Atlas of oil and gas bearing and prospective sedimentary basins of the
Republic of Kazakhstan.

Babayanc, P.S., Blokh, Yu.l., Trusov, A.A. (2004). Possibilities of structural-
material mapping according to magnetic and gravity survey data in the
SIGMA-ZB software package. Geofizicheskij vestnik, 3, 11-15.

Babayanc, P.S., Blokh, Yu.l., Trusov, A.A. (2003). Study of the relief of the
crystalline basement of platform areas based on magnetic and gravity survey
data. Geophysics, 6, 55-58.

Bezukladnov, V.A., Kalinin, D.F., Kalinina, T.B. (2007). Technique for
constructing and using three-dimensional stochastic FGM objects of different
ranks in solving problems of geological and geophysical forecasting.
Geophysics, 5, 55-61.

Daukeev, S.Zh., Vocalevskii, E.S., Paragulkov, Ch.Ch., Shlygin, D.A.,
Pilifosov, V.M., Kolomiec, V.P., Komarov, V.P. (2002). Deep structure and
mineral resources of Kazakhstan. Vol. 3. Oil and gas.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

Galuev, V.I. (2008). Geophysical models of the earth's crust based on a
fragment of the reference profile 1-SB. Geophysics, 5, 33—40.

Nazirova, A.B., Abdoldina, F.N., Aymahanov, M., Umirova, G.K.,
Muhamedyev, R.I. (2016). An automated system for gravimetric monitoring
of oil and gas deposits.74th International Conference on Digital Transformation
and Global Society, 585-595.

Nazirova, A.B., Abdoldina, F.N., Dubovenko, Y.l., Umirova, G.K.
(2019). Development of GIS subsystems for gravity monitoring data analysis
of the subsoil conditions for oil and gas fields. 18th International Conference
on Geoinformatics — Theoretical and Applied Aspects, 1-5.

Tleubergenova, A.K., Umirova, G.K., Karpenko, A.N., Maussymbayeva, A.D.
(2023). Geoelectrical model of the Earth's crust along the Shu-Sarysu
geotraverse according to magnetotelluric soundings. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 3, 5-10.

OTpumaHo pepakuiet xypHany / Received: 21.04.23
NMpopeueH3zoBaHo / Revised: 16.05.23
CxBaneHo po apyky / Accepted: 31.08.23



~ 38 ~ B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Auirepum TNEYBEPIEHOBA', noktopaHT
ORCID ID: 0000-0003-0483-2798
e-mail: abdullinakrg@gmail.com

l'ynb3apa YMIPOBA'2, kaHg. reon. HayK, Aow.
ORCID ID: 0000-0001-5185-3132
e-mail: umirova.gulzada@gmail.com

Anis MAYCUMBAEBA', kaHg. reon. HaykK, AoL.
ORCID ID: 0000-0002-7214-8026

e-mail: aliya_maussym@mail.ru

Bacwunin MOPTHOB', a-p is.-maT. Hayk, npod.
ORCID ID: 0000-0002-4940-3156

e-mail: vs_portnov@mail.ru

'KaparaHauHCbKMit TexHiYHUI YHiBepcuTeT, Kaparanga, Pecny6nika KasaxcraH
2KazaxCbKuil HaLiOHanNbLHUI AOCHIAHULLKMIA TEXHIYHWIA YHiIBepcuTeT, AnmaTtu, Pecny6nika KasaxcraH

KOMMNEKCHUIA AHANI3 JAHUX MATHITOPO3BIAKI TA TPABIPO3BIOKM
HA OCHOBI OB'€EMHOI'O N’PABIMAIHITHOIO MOLAENIOBAHHA B3AOBX FrEOTPABEPCA LLY-CAPUCY
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GEOCHEMICAL CHARACTERISTICS OF THE MAIN ORE COMPONENTS
IN THE GOSHGARCHAY PORPHYRY-EPITHERMAL SYSTEM
(LESSER CAUCASUS, AZERBAIJAN)

(lMpedcmaeneHo YneHom pedakuiliHoi konezii 0-pom 2eoJ1. Hayk, doy. C.€. LLHoKosuMm)

The article deals with the determining characteristics of ore elements in the Goshgarchay porphyry-epithermal system. The
genetic and geochemical characteristics of the main ore components were studied, and close positive and negative relationships
between pairs of elements were determined by correlation analysis on the selected elements. According to the results of the cluster
analysis, the geochemical associations that allow the localization of the development area of mineralization at different stages of
formation of the porphyry-epithermal system were analyzed. The following series of stable elements, which are typical for hydro-
thermal deposits, are distinguished among the ore elements of the host and ore-bearing intrusive rocks: Cu, Mo, Pb, Zn, Ag, Ni,
Co, Mn, Ti, Cr, V, Sr, etc. This group of elements is considered to be the indicator elements of the copper-porphyry deposit within
the porphyry-epithermal system. It has been determined that correlations between elements in copper-porphyry mineralization are
characterized by a wide range of element impurities. It includes both chalcophile (As, Sb, Cu, Bi, Cd, Ga, In, Ge, Au, Ag, Te) and
siderophile (Co, Ni, Mo, Fe, Cr) elements. The range of values of vertical geochemical zonality on individual sections of the deposit
allows to assess the level of the erosion truncation of occurrences in the porphyry-epithermal system.

Keywords: Goshgarchay, porphyry-epithermal, geochemical, main ore components, correlation relationship, genetic

characteristics.

Introduction. Porphyry-epithermal systems that contain
copper-porphyry deposits are formed in the conditions of
continental margins and island arcs. These deposits are
associated with postcollision volcanism on the frontal part of
the island arc adapted to the I-type granitoid massif and
belong to the magnetite series in individual cases. The back
part of the arc is related to diorite massifs and subvolcanic
bodies of shoshonites (fig. 1) (Sillitoe, 210). Most of the
known copper-porphyry deposits are of Mesozoic and
Cenozoic age. Most of them are adapted to the system of
regional divisions that create conditions for local expansions
and ensure free movement of fluids. Cu-Mo, Cu-Mo-Au and
Cu-Au subspecies are distinguished among copper-
porphyry systems (Titley et al., 1984; Sillitoe, 2010).

Copper-porphyry deposits are the product of complex
interactions of some processes and are characterized by the
following features (Berger et al., 2008): 1) the presence of
ore bodies with a stockwork structure adapted to a complex
veinlet network and related to rich copper-sulphide
mineralization; 2) genetic relationship of metasomatic
changes and mineralization with the magmatic basin at a
depth of 1-4 km. The predominance of medium and acidic
magma adapted to the subduction zone where multiphase
focuses with complex structures are formed; 3) the direct
occurence of intrusive complexes led to the formation of
porphyry deposits and the dominance of vertical contact
stocks and dyke systems; 4)presence of large-scale
metasomatic alteration zonation. Here, chlorite-sericite
metasomatite zones, secondary quartzites and marginal
propylite zones cover or surround the internal potassium
metasomatites (Sillitoe, 210; Titley and Bean, 1984).

The main mass of copper ores is extracted from copper-
porphyry deposits by the countries of the world, and these
deposits are also considered the main sources of
molybdenum, gold, silver, rhenium, tellurium and platinum
group elements. Copper-porphyry and copper-molybdenum-
porphyry deposits and occurrences related to volcanic-
plutonic complexes have been developed in most
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metallogenic zones of the Azerbaijan part of the Lesser
Caucasus. Copper-porphyry mineralization related to plutonic
granitoid massif of Murovdag ore field is considered more
promising. There are some copper-porphyry types of deposits
and occurrences (Goshgarchay, Goshgardag, etc.) here that
can be included in the group of large deposits of copper
reserves (fig. 1) (Babazadeh et al., 1990; Mansurov, 2013).

The Goshgarchay porphyry-epithermal system is a part
of the Lok-Aghdam island arc and covers the uplifted
northwestern part of the Murovdag anticlinorium with an
asymmetric structure, which includes a Lower Bajocian
volcanogenic layer in its core, and a layer of Upper
Bajocian and Bathonian successively differentiated basalt-
andesite-rhyolite formations in its wings. The intrusive
complexes of the porphyry-epithermal system were
represented by the Goshgarchay granitoid intrusions
(Goshgardag, Ojagdag, Balaja Goshgardag) and their
dyke formations, which intersected the thick effusive
complexes. Intrusive complexes with copper-porphyry
mineralization belong to the Late Jurassic-Early
Cretaceous gabbro-diorite-granodiorite formation
according to their geological and petrological
characteristics (Abdullayev et al., 1988; Geology of
Azerbaijan, 2003). The main part of copper and
molybdenum mineralization in copper-porphyry deposits
within the porphyry-epithermal system is related to various
ore-bearing hydrothermal-metasomatic formations.
Copper mineralization is associated with quartz-sericite-
chalcopyrite, and molybdenum mineralization with
feldspar-quartz-molybdenite formation (Babazadeh et al.,
1990; Mansurov, 2014).

The Goshgarchay copper-porphyry deposit is a well-
studied, explored and promising deposit within porphyry-
epithermal system of the same name. Correlation between
the main components of copper-porphyry mineralization
within the porphyry-epithermal system has been
investigated in this article.

© Mansurov Mamoy, 2023
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Fig. 1. Porphyry Cu, Au, Mo, Ag deposits in the Tethys metallogenic belt
(http://www. angloasianmining.com/operations/overview, 2018)

Factual materials and research methods. The basis
of the factual material was a collection of samples (about
150 pieces) taken inside and around the stockwork with
vein- impregnated mineralization and on its flank to a depth
of more than 500 m from the surface. The collection includes
samples collected from gabbroids, quartz diorites, quartz
veins with galena-sphalerite-chalcopyrite mineralization.
The samples were used to make petrographic thin sections
and plates polished on both sides for the study of fluid
inclusions, and the rest of these samples were clustered and
dispersed on sieves. Atomic absorption spectrometry on a
PerkinElmer instrument allowed to quantify elements such
as Cu, Mo, Cr, Ni, Co, Pb, Zn, Sr, As, Bi. Rock samples
were studied by inductively coupled plasma mass
spectroscopy (ISP-MS) (Turkey, Izmir). Analytical studies
were performed at the USGS Analytical Laboratory of the
US Geological Survey (Denver).

The results of spectral, atomic absorption and chemical
analyzes were used when solving the issues of determining
the main ore components and its genetic and geochemical
properties in the Goshgarchay porphyry-epithermal system.
The number of testing points within the porphyry-epithermal
system was up to 1000. Their distribution was equal within
the area. Rooty exposures were tested by natural outcrops
and exploratory mountain excavations (trenches, pits,
wells). All testing points were accompanied by geological-
petrographic descriptions. Tests were conducted on Ag, Au,
As, Bi, Ca, Cd, Cr, Cu, K, Mg, Mn, Mo, Na, Ni, P, Pb, Se, Sr,
Ti, V and other elements. The solution of the issues is based
on the primary materials of the results of the analyses of the
host rocks and minerals. The processing of the statistical
results of the geochemical data on the results was carried
out by the "STATISTICA" and "MINITAB-16" programs
(Belonin et al., 1982). SPSS statistical package was used to
calculate the factor analysis.

Determining characteristics of the main ore
components in the Goshgarchay porphyry-epithermal
system. The method of factor analysis was used when
solving the determining issues of the main ore components,
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its genetic and geochemical characteristics in the
Goshgarchay ore-magmatic system. As it is well known, the
factor analysis method is considered one of the modern
multivariate statistical methods and is widely used in solving
a number of statistical problems in various fields of geology,
including ore geology (Belonin, 1982). The method of factor
analysis allows a deep understanding of its importance and
is considered very important when developing the geological
basis of prospecting and exploration of mineral deposits.

The results of the chemical analyzes of well cores, which
were dug up to an average of 180 m in the studied area, and
surface mountain excavations were used in order to clarify
the geochemical and genetic characteristics of the copper-
porphyry system in the Goshgarchay ore-magmatic system.
Correlation matrix, load factor, factor weight and specific
value were calculated by the use of factor analysis for the
selected elements (Mansurov, 2018). The main ore
elements are combined into two groups to solve the issue.
Elements such as Cu, Pb, Zn, Sb, As belong to the first
group, and elements such as Ni, Co, Ti, V, Cr, Bi belong to
the second group. As a result of the processing, two factors
reflecting the correlation relationship between the six ore
components were obtained (Table 1).

All factors are considered ore-bearing, or rather, the
elements characterized by the maximum charge in these
factors took part in the process of ore formation.

The load factor, specific value and factor weight shown
in Tables 2 and 3 show that the characteristics of Cu, Pb,
Zn, Sb and As elements are determined by the F1 factor.
The analysis of the main components of the F1 factor
shows that there is a significant positive correlation
between this load factor and Cu (0.819067), Mo
(0.694623), Sb (0.927197) and As (0.87989), a significant
negative correlation with Zn (—-0.24141), and a weaker but
positive correlation with Pb (0.097005). Such a selection of
the main components and their behavioral characteristics
allow to conclude that the F1 factor reflects the process of
ore deposition by introducing Cu, Mo, Sb and As elements
(Belonin, 1982; Mansurov, 2018).



FEONOTIA. 3(102)/2023

~41 ~

Table 1
Amount of Cu, Mo, Pb, Zn, Sb and As elements in Goshgarchay porphyry-epithermal system
Sinag-Lar | G-72 | G-73 | G-74 | G-79 | G-80 | G-82 | G-75 | G-76 | G-77 | G-78 | G-84 G-85 G-86 G-87
Koordinatlar 40.414 | 40.415 | 40.415 | 40.412 | 40.25 | 40.411 | 40.414 | 40.414 | 40.414 | 40.412 | 40.410 | 40.410 | 40.409 | 40.409
45.929 | 45.929 | 45.929 | 45.929 | 45.93 | 45.932 | 45.929 | 45.929 | 45.929 | 4.928 | 45.934 | 45.934 | 45.936 | 45.936
Cu 105 248 149 116 214 | 496 88.4 104 66.2 334 | 15000 | 10900 | 20300 | 1350
Mo 0.9 0.83 0.77 0.67 21 1.0 2.8 2 21 1.6 4.6 4.5 4.2 7.2
Pb 1.1 5.52 3.68 3.08 | 13.0 | 7.91 51.8 3.64 3.88 68.1 6.71 9.5 6.93 6.78
Zn 83.7 1120 130 68.8 90 60.1 173 77.2 124 636 106 49.6 79.3 35.3
Sb 0.59 0.42 0.45 0.26 1.1 0.22 0.95 0.21 0.2 0.88 1.0 2.1 1.2 0.52
As 1.9 1.4 2.0 2.2 5.6 4.9 2.0 4.1 <1 4.6 5.9 12.6 7.5 1.3

Note: G-72-74-gabbro; G-75-77-andesite; G-79-gabbro; G-80-diorite; G-82-basalt; G-78-secondary quartzites;

secondary quartzites; G-85-copper-porphyry ores; G-86-87 ore-bearing secondary quartzites

G-84-ore-bearing

Table 2
Load factors of elements

No. of samples F4 F,
G-72 —0,58899 0,243737
G-73 —0,89294 -1,201
G-74 —-0,72568 0,451854
G-75 —0,00621 —1,26353
G-76 -0,70914 0,581864
G-77 -1,01748 0,57006
G-78 0,142963 —2,60776
G-79 —-0,83928 0,638302
G-80 0,253752 —0,01659
G-82 —0,5422 0,490929
G-84 1,06751 0,608548
G-85 2,28486 —0,02201
G-86 1,531631 0,604217
G-87 0,041206 0,92138

Note: in bold background — the significant value of the load factor is shown

Table 3
Load factor, specific value and factor weight on elements
Elements F4 F2

Cu 0,819067 0,24515
Mo 0,694623 0,253405
Pb 0,097005 —0,85986
Zn -0,24141 -0,71234
Sb 0,927197 —0,20243
As 0,87989 0,018338
Special price 2,854961 1,41241
Factor jack 0,475827 0,235402

Note: in bold background — the significant value of the load factor is shown

The analysis of F2 load factor shows that it has a
significant positive relationship with the elements Cu
(0.24515) and Mo (0.253405), a negative relationship with
the elements Pb (-0.85986), Zn (—0.71234) and Sb (-0.20243),
and a weaker but positive relationship with the element
As (0.018338). Such a state of the F2 factor suggests that
the migration and concentration of Cu and Mo elements in

the main mineralization process took place under different
conditions (fig. 2). The data of the behavior of Mo and Cu
under different physico-chemical conditions suggest the
presence of small amounts of Cu in molybdenum-bearing
ore solutions and Mo in copper-bearing solutions
(Nikolayev, 2016; Mansurov, 2018).

y =-0,1288x + 0,5307
R?=0,128

-2 -1
y =-2,2396x - 1,6213
2 =0,6047
2

-3
Fig. 2. Dependency graph of factors F; and F on the results of factor analysis (on Cu, Mo, Pb, Zn, Sb and As elements)
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The importance of factor F1, which corresponds to Cu
(Mo) association, is statistically related to the retention of
chalcopyrite and molybdenite in Cu-Mo porphyry
mineralization (chalcopyrite-molybdenite) (Belonin, 1982;
Nikolayev, 2016). The positive correlation between the F2
factor and the amount of Pb, Zn, Sb and As elements confirms
indirectly the overlay of copper-porphyry mineralization on the
porphyry and subepithermal stage of the ore deposition
process (Belonin, 1982, Mansurov, 2021).

14 of the samples taken from the host rocks within the
Goshgarchay copper-porphyry deposit were analyzed in
order to determine the amount of elements such as Ni, Co,
Ti, V, Cr and Bi in the ore-magmatic system of the same
name. As a result of processing the analysis results of these
samples, 3 factors reflecting the correlation relationship
between 6 ore elements were obtained (fig.3). The

concentration of these elements in the samples is shown in
table 4, and the load factor, specific value and factor weight
are shown in Table 5.

As can be seen from Table 5, the F1 load factor has a
complex character and there is a significant positive
correlation between the F1 factor and Ni (0.94983), Co
(0.959018), Cr (0.903098) and a significant negative
correlation between Ti (-0.30861) and Bi (-0.61712).

There is a significant positive correlation between the F2
factor and Ni (0.94983), Bi (0.555844), a negative
correlation between Ti (-0.30861) and a weaker but positive
correlation with Co (0.042407), V (0.007864) elements.

The results of the correlation matrix of the elements are
shown in Table 7 and the following positive and negative
correlation relationship between the elements is determined.

Table 4
Amount of Ni, Co, Ti, V, Cr and Bi elements in the Goshgarchay porphyry-epithermal system
Trials G-72 | G-73 | G-74 | G-79 | G-80 | G-82 | G-75 | G-76 | G-77 | G-78 | G-84 | G-85 | G-86 | G-87
Coordinates 40.414 | 40.415 | 40.415 | 40.412 | 40.25 | 40.411 | 40.414 | 40.414 | 40.414 | 40.412 | 40.410 | 40.410 | 40.409 | 40.409
45.929 | 45.929 | 45.929 | 45.929 | 45.93 | 45.932 | 45.929 | 45.929 | 45.929 | 4.928 | 45.934 | 45.934 | 45.936 | 45.936
Ni 2.2 20.8 534 492 17.9 26.8 321 519 539 597 34.9 34.8 46.4 15.0
Co 0.61 21 84.9 83.7 17.4 20.2 59.2 85.6 88.7 95.2 9.5 8.4 13.2 10
Ti 667 891 3.68 990 6750 | 2520 | 1230 886 949 770 1300 819 1090 | 1160
V 127 120 151 196 120 323 202 161 156 159 180 123 158 92.2
Cr 1260 | 1340 | 1530 | 2360 261 203 1520 | 1780 | 2210 | 2260 719 738 251 421
Bi 0.12 0.06 0.07 0.06 0.14 0.06 0.13 0.06 0.06 0.1 0.88 0.44 0.32 0.08
Table 5
Results of factor analyzes of elements
No. of samples Factor 1 Factor 2 Factor 3
G-72 —0,49629 0,284595 —0,7402
G-73 —-0,2031 0,113155 -0,84754
G-74 0,976721 0,0241 —-0,13388
G-75 0,400452 0,033848 0,685826
G-76 1,060658 0,05588 —0,00529
G-77 1,263956 0,121979 —0,15025
G-78 1,359442 0,311581 —0,07493
G-79 1,194637 0,13958 0,497577
G-80 —0,77459 -2,781 -0,87924
G-82 —0,75298 -1,01647 2,852318
G-84 —1,49069 1,745758 0,530589
G-85 —0,94606 0,882604 —0,60155
G-86 —0,95203 0,335893 0,055853
G-87 —-0,64012 -0,2515 -1,1893
Table 6
Load factor, specific value and factor weight of elements
Elements F4 F, F3
Ni 0,94983 0,123226 0,088395
Co 0,959018 0,042407 0,129709
Ti —0,30861 —0,84415 0,003185
V 0,057914 0,007864 0,994674
Cr 0,903098 0,29171 -0,07573
Bi -0,61712 0,555844 0,042269
Special price 3,116917 1,123695 1,021545
Factor jack 0,519486 0,187282 0,170258
Table 7
Correlation matrix
Elements Ni Co Ti \ Cr Bi
Ni 1 0,990867 —0,30908 0,121217 0,859261 -0,38713
Co 0,990867 1 —0,24878 0,164289 0,846999 —0,44446
Ti —0,30908 —0,24878 1 —0,04683 -0,47416 —0,03899
Vv 0,121217 0,164289 —0,04683 1 —0,01001 —-0,02715
Cr 0,859261 0,846999 -0,47416 —0,01001 1 -0,36232
Bi -0,38713 —0,44446 —0,03899 —-0,02715 —-0,36232 1

ISSN 1728-3817



FEONOTIA. 3(102)/2023

~43 ~

3 .
2 4
y =-0,0217x + 0,1506
1 R =0,02
@ &
-2 1,5 4 0,5 05 1 1,5 2
1
y = -3,6986x - 3,606
R2 = 0,4945
_2 4
_3 4
4

Fig. 3. Dependency graph of factors F, and F on the resu

A positive relationship was determined between Ni-Co
(r=10.990867), Ni-V (r=0.121217), Ni-Cr (r= 0.859261), Co-V
(r=0.164289), Co-Cr (r=0.46999) pairs, and a negative
relationship was determined between Ni-Ti (r=—-0.30908), Ni-Bi
(r=-0.38713), Co-Ti (r=-0.24878), Co-Bi (r = —-0.44446), Ti-V
(r=-0.04683), Ti-Cr (r=-0.47416), Ti-Cr (r=-0.03899),

Its of factor analysis (on Ni, Co, Ti, V, Cr and Bi elements)

V-Cr (r=-0.01001), V-Bi (r=-0.02715) pairs during
correlation analysis (R 5 %).

The analysis of the correlation matrix of the elements
allows to clarify the interrelationship of the elements and this
is shown graphically (fig. 4).

Tree Diagram for 6 Variables
Single Linkage
Euclidean distances
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Fig. 4. Dendrogram of cluster analysis of elements

As can be seen from the results of the analysis shown in
Table 7 and the dendrogram of the correlation coefficient
and cluster analysis in fig. 3, the elements are concentrated
in two groups: 1) Ni-Co-Bi; 2) Cr-Ti.

It can be concluded from the abovementioned materials
that the elements are grouped in factors or geochemical
associations comparable to the mineral paragenesis of the
main ore deposition stage. According to M.D. Belonin et al.,
this grouping is confirmed by the correlation coefficient
between geochemical and mineral properties, factor
importance and main ore elements (Grabejev et al., 1985).

The results of the factor analysis, correlation matrix and
load factor on elements Ba, Sr, Rb, Li and Cs are shown in
tables 8, 9 and 10. As it can be seen from here, a positive
relationship was determined between Ba-Sr (r=0.718825),
Ba-Rb (r=0.597813), Sr-Rb (r = 0.410724), Sr-Cs (r = 0.49621),
Rb-Li (r=0.207225), Rb-Cs (r=0.00467), Li-Cs (r=0.4801)
pairs, and a negative relationship was determined between
Ba-Li (r=—-0.36623), Ba-Cs (r = — 0.27263), Sr-Li (r= —0.6264),
Sr-Cs (r=-0.49621) pairs during the correlation analysis
(R5 %).

Table 8
Results of factor analysis on Ba, Sr, Rb, Li and Cs elements
Trials G-72 G-73 | G-74 | G-79 | G-80 G-82 | G-75 | G-76 | G-77 | G-78 G-84 | G-85 | G-86 | G-87
Coordinates 40.414 | 40.415 | 40.415 | 40.412 | 40.25 | 40.411 | 40.414 | 40.414 | 40.414 | 40.412 | 40.410 | 40.410 | 40.409 | 40.409
45.929 | 45.929 | 45.929 | 45.929 | 45.93 | 45.932 | 45.929 | 45.929 | 45.929 | 4.928 | 45.934 | 45.934 | 45.936 | 45.936
Ba 50.2 170 57 120 864 26.8 106 59.2 93.5 48.8 456 95.7 46.4 112
Sr 39.9 42.4 35.6 33.7 699 50 69.7 29.9 30.6 411 240 249 196 290
Rb 9.1 8.2 12.4 7.5 23.6 0.73 1.9 8.2 12.3 14 3.3 3.5 2.6 3.0
Li 6.9 7.0 151 10.9 2.4 3.7 3.8 11.5 121 7.4 5.5 3.9 4.9 0.23
Cs 0.75 0.68 1530 0.14 0.08 0.31 14 1.7 1.4 1.1 0.44 0.33 3.4 0.42
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Table 9
Correlation matrix
Elements Ba Sr Rb LI Cs
Ba 1 0,718225 0,597813 -0,36623 -0,27263
Sr 0,718225 1 0,410724 -0,6264 -0,49621
Rb 0,597813 0,410724 1 0,207225 0,004672
Li -0,36623 -0,6264 0,207225 1 0,4801
Cs —-0,27263 —-0,49621 0,004672 0,4801 1
Table 10
Load factor, specific value and factor weight
No. of samples Factor 1 Factor 2
G-72 -0,45585 -0,01598
G-73 -0,29831 -0,02739
G-74 —-0,37886 -0,41237
G-75 -0,57507 0,616692
G-76 -1,28333 -1,13431
G-77 -1,0357 -1,45335
G-78 0,169205 -1,32235
G-79 —-0,46452 -0,0926
G-80 2,919129 —1,24843
G-82 -0,21838 1,472201
G-84 0,539637 0,477966
G-85 0,275756 1,118647
G-86 0,445845 0,862301
G-87 0,360446 1,158973
2 .
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Fig. 5. Dependency graph of factors F, and F; on the results of factor analysis (on Ba, Sr, Rb, Li and Cs elements)

A geochemical mineral association, which provides

conditions for the localization of the development area of
mineralization at different stages of the formation of the
copper-porphyry system based on the results of factor
analysis, was found. The Goshgarchay copper-porphyry
deposit is characterized by an upper ore erosional
truncation, and a significant amount of copper-porphyry
mineralization is predicted to the depth (Mansurov, 2014).
It can be noted on the basis of the abovementioned data
that according to (Rekharsky et al., 1983), elements (Ni, Co,
Bi, Cr, Ti) that are less typical for hydrothermal solutions
retain their independence in all rocks, and their grouping is
probably related to the differentiation of magma
crystallization (Khitarov, 1977). Also, the elements such as
Cu, Pb, Zn, Ag and Mo have specific places in the
mineralization process, and their presence in one or another
group is related to the degree of hydrothermal activity of the

ISSN 1728-3817

rocks, which are considered as sources of these elements
(Khitarov, 1977; Mansurov, 2021).

Conclusions

1) The investigation of the cluster analysis results shows
that the elements (Mn, Ti, Cr, V, Sr) that are less typical for
hydrothermal solutions retain their independence in all host
rocks, and the presence of their grouping is most likely
related to their transport processes from the host basic-
intermediate silicate rocks.

2) The total of all analyzed tests represents two combinations
of determination of major ore components: normal determination
in ores and lognormal determination in host rocks.

3) As it can be seen from the analysis, correlation
relationships  between elements in  copper-porphyry
mineralization are characterized by a wide range of element
impurities. This includes chalcophile (As, Sb, Cu, Bi, Cd, Ga, In,
Ge, Au, Ag, Te) and siderophile (Co, Ni, Mo, Fe, Cr) elements.
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4) The analysis of the main components of the F1 factor
shows that this load factor is determined by a significant positive
correlation between the values of Cu, Mo, Sb and As factors.

5) The positive correlation relationship between the F2
factor and the amount of Pb, Zn, Sb and As elements
confirms indirectly the overlay of copper-porphyry
mineralization on the porphyry and subepithermal stage of
the ore deposition process.

6) The elements are grouped in factors or geochemical
associations comparable to the mineral paragenesis of the
main ore deposition stage. Geochemical and mineralogical
characteristics are confirmed by factor importance and
correlation coefficient between main ore elements.

7) The element-indicators for various factors are
following: 1 — Zn, Cu, Co, Ni — for the composition factor of
rocks; 2 — Cu, Mo, Co, Ni — for geochemical specialization
and primary magma type factors; 3 — Mo — for the depth
factor; 4 — Pb, Mo, Zn and Cu - for ore-bearing factor.
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FEOXIMIYHA XAPAKTEPUCTUKA OCHOBHUX PYOHUX KOMIMOHEHTIB
rOLUrAPYANCBHKOI I:IOPCDIPOBO-EI'IITEBMAHbHO'I' CUCTEMU
(MAINUN KABKA3, ASEPBAUIXAH)

Po3ansinymo eu3HayanbHi xapakmepucmuku pyAHux eniemeHmie MNowzapyalicbkoi nopgpipo-enimepmanbHoi cucmemu. BugyeHo 2eHemuyHi ma
2eoxiMiYyHi xapakmepucmuKu OCHOBHUX PyOHUX KOMITOHEeHMI8, a MaKo)X eu3Ha4YeHO MiCHi MO3umueHi ma HezamueHi 38 'A3KuU MiX NapamMu efieMeHmie
3a 00rMoMo20H0 KopersiyiliHo20 aHasli3y Ha eU3HaYeHUX esleMeHmax. 3a pesysibmamamu KJlacmepHO20 aHari3y npoaHasizoeaHo 2eoximiyHi acoyiayil,
wio daroms 3MoR2y sl0Kasizyeamu 30Hy pO38UMKY MiHepanisayil Ha pi3HUxX emanax ¢gphopmyeaHHs1 nopgipo-enimepmanbHoi cucmemu. Ceped pyOHux
esremeHmie eMicHux i pydoemicHux iHmpy3ueHux nopid eudinsgromb maki psidu cmilikux enemeHmie, xapakmepHux 01151 2iGpomepMasibHUX podosuuy:
Cu, Mo, Pb, Zn, Ag, Ni, Co, Mn, Ti, Cr, V, Sr ma iH. Ljto 2pyny enemeHmie eeaxaromsb eneMeHmamu-iHoukamopamu MidHo-nopgipoeozo podosuuwsa
nopgipo-enimepmanbHoi cucmemu. BcmaHoenieHo, Wo Kopensiyii Mix ennemeHmamu 8 MiOHo-nopghiposili MiHepanizayii xapakmepu3yrombcsi WuUpo-
KuM cnekmpom Oomiwok eiemenmie. BiH eknoyae sik xanbkogpinbHi (As, Sb, Cu, Bi, Cd, Ga, In, Ge, Au, Ag, Te), mak i cudepogpinsHi (Co, Ni, Mo, Fe,
Cr) enemeHmu. [liana3oH 3Ha4eHb 8epmuKasibHOi 2e0XiMiYHOI 30HaIbHOCMI Ha okpemux dinsiHkax podosuuja dae 3Mo2y oyiHUMu pieeHb epo3iliHoT
3pizaHocmi nposieie nopgipo-enimepmanbHoi cucmemu.

Knio4yoBi cnoBa: lMNoweap4al, nopgipo-enimepmanbHi, 2e0xiMiyHi, OCHOBHi pyOHi KOMMOHeHMU, KopensAyiliHuUll 38'130K, 2eHeMUuYHi xa-
pakmepucmuku.

ABTOp 3asABNsi€ Npo BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopn He Bpanu y4yacTi B po3pobneHHi JocnimkeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrnikaLilo pe3ynbTaris.
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(MpedcmaeneHo 4neHom pedakyiliHol konezii 3-pom 2eon.-MiHepanoa. Hayk, npog. B.M. 3azHimkom)

lpoeedeHo nopieHsIIbLHY xapakmepucmuky 2eosio2iyHoi 6ydoeu YcneHcbkozo (enmpanbHuli KazaxcmaH) i Bepeziecbko20
(3akapnammsi) pyOHux palioHie Onsi 3'cyeaHHsi ghakmopie ma kKpumepiie ceUHUe80-UUHKO8020 3PYyOeHiHHsI, 3aKOHOMipHOocmel
po3mauwyeaHHsi, ocobniueocmell ghpopMmyeaHHs1 ma Jiokanisayii podosuuy nonimemarnie. BcmaHoesneHo, uo 205108 HUMU ¢hakmopamu
nosiiMmemaniyHoi MiHepani3zauii cnyxames cmpyKkmypHi, jlimoso2o-cmpamuzpadgivyHi, MazaMamuy4Hi, MemacomamuyHi, NpPosiesieHi Ha
Pi3HUX pieHsIX op2aHi3ayii pyOHOIi pe4oeuHuU, y pi3HUl Yac, y pi3HUX 2e051020-cmpyKmypHux ymoeax. [TpoeedeHi docnidxeHHs1 003680-
Nisilomb peKkoMeHOyeamu ompuMaHi UCHOBKU W,000 ¢ghakmopie ma Kpumepiie nonimemasi4yHo20 3pyOeHiHHs1 ik HayKo80-MemoOuUYHi
3acadu npo2HO3y ma noulykie ceuHUeeo-yUHKo8UX podoeuly 8 iHwux pezioHax ceimy. OmpumaHi Hoei OaHi NpPo amacylcbKkuli mun
podoesuw KazaxcmaHy Garomb 3Mo_2y ycniwHo eupiuwlyeamu 6azamo numaHb 2eHe3ucy nodibHux nonimemarsnidyHux podoeul, Noka-
3yroms ixHill 83aeM038'A30K i 3aKOHOMIPHOCMIi ¢hopMyeaHHs y 383Ky i3 cybMapuHHOIO 8yriKaHi4HOo disinbHicmio. Ui daHi 3a ceoim
3HaYyeHHsIM OasneKo suxodsimb 3a MexXi YcneHcbKkoz2o nosicy i LleHmpanbHozao KazaxcmaHy ma 36nuxyrombcsi 3 iHWUMu Mamepianamu

nonimemaniyHux podosuuy ceimy.

Knwo4yoBi cnoBa: nonivemaniyHa miHepanizayisi, pyOHutli palioH, ghakmopu ma Kpumepii 3pyOeHiHHS.

lMocmaHoeka npo6bnemu. CBUHeUb i UMHK MatoTb Be-
NKe 3HAYEeHHs AN €KOHOMIKM PO3BUHEHUX KpaiH CBITy.
CBUHeLlb, 3aBAsKM XiMiYHilA CTIMKOCTi, KOBKOCTi Ta M'AIKOCTI,
BenuvKii NUTOMIN Basi Ta HU3bKiA TemnepaTypi NNaBAEeHHS,
LLUMPOKO 3aCTOCOBYETLCA ANst BUPOOHMLUTBA akymynsaTopis,
aHTMAETOHATOPHOI AOMiIWKN Ao 6eH3nHy, o6onoHok kabe-
niB, BUrOTOBMNEHHS LUpanHeri Ta cepaeYvHUKIB Kyrb, eKpaHiB
ONs 3axucTy BiO pagioakTUBHOIO BUMPOMIHIOBAHHS Ta iH.
LIMHK, 3aBOSKM aHTMKOPO3iiHUM BNacTMBOCTAM, 3aCTOCOBY-
€TbCA ONS OUMHKYBaHHS 3arnisHWx nucTiB, Tpy6, ApoTy,
BUIOTOBIMEHHS Pi3HMX CNNaBiB, LLMHKOBMX Binwur, akymynsarto-
pHUX OaTapei, HaMoBHIOBaYiB rymun Ta iH. KazaxctaH BXxo-
OWTb 00 NPOBIAHMX KpaiH CBiTY 3a 3anacamu i BUAoOYTKOM

CBUMHLIO i UMHKY (Tabn. 1), ae Bigomi Benvki pyaHi panoHu 3
nosnimMeTaniyHow MiHeparnisadi€eto, y ToMy Ynchi YCneHCbKun
pyaHui pavioH (YPP) y LieHTpansHomy KasaxctaHi. CB1HUEBO-
LIMHKOBa MiHepanisauis Bigoma i B YKpaiHi, 30KpeMa XurbHe
3pyaeHiHHA BeperiBcbkoro pyaHoro panoHy B 3akapnarrTi,
xou4a ii po3aMax 3HayHoO MeHLWUI. MNMopiBHANbHA XapakTepu-
CTMKa LUMX PYAHUX PaioHiB MOXe MaTu BENWKE 3HAYEHHS
He TiNbKN ANS BUPILEHHS NUTaHb MPO 3aKOHOMIPHOCTI
opmMyBaHHA, hakTopn Ta KpuUTepii CBUHLIEBO-LIMHKOBOI
MiHepanisauii, ane W ana 0O6'€éKTUBHOI OUIHKM PyOHOro
noTeHuiany umx Ta noAidbHMx noniMeTaniyHuMx panoHiB
Ta BM3HAYEHHS HanpsiMKiB nofanbLlUnX reonoropo3sigy-
BanbHUX pPobiT.

Ta6bnuys 1
CgiToBi 3anacu i BUAoOGYTOK CBMHLIO i LMHKY B 2019 p. (Tuc. 1) (Mineral Commodity Summaries, 2020)
Kpaina CBuHeUb LinHk

BupoGyTtok 3anacu BupoGyTtok 3anacu
CLIA 280 5000 780 11 000
ABcTpanis 430 36 000 1300 68 000
Bonisist 100 1600 460 4 800
Kutan 2100 18 000 4 300 44 000
IHais 190 2500 800 7 500
KasaxctaH 90 2000 290 12 000
Mekcuka 240 5600 690 22 000
Mepy 290 6 300 1400 19 000
Pocis 220 6 400 300 22 000
Leuis 60 1100 230 3600
TypeyuunHa 70 860 ? ?
KaHaga ? ? 300 2 200
IHWi kpaiHn 430 5000 1900 34 000
BCbOIro 4500 90 000 13 000 250 000

AHani3 nonepedHix docnidxeHb. BuBYeHHs1 YcneHch-
KOro pyAHoro pamoHy Mae Tpusany ictopito. [naHomipHe
BMBYeHHSA YPP noyanocsa HanpukiHui 20-x pokis XX cT. MNe-
pwuMu gocnigHukamyn mMoxHa BBaxatu |.C. AroBkiHa Ta
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M. T. PycakoBa (1928-1933 pp.), ski pakTU4HO BCTaHO-
BUIM HAsABHICTb TEKTOHIYHOT 30HM Ta BKa3anu Ha HalBaXxnu-
Bily ponb uiei cTpykTypu. LUnpoki komnnekcHi po6otu 3
BMBYEHHS KOMbOPOBUX, YOPHMX Ta pPigkicHMX meTtanis 6yno
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posnoyato y 1962 p. nig kepisHuutBom K. |. Catnaesa. Y
pes3ynbTaTi NpoBeAeHuX pobiT Byno BUAINEeHO YcneHcbknii
pyOHWIA MOSIC, NIAroTOBIEHO KaniTarnbHy MoHorpadito (Lepba
n ap., 1968), y skin onmMcaHo OCHOBHi OCOOMMBOCTI MOro
reornoriyHoi 6ynoBu Ta MeTanoreHii. Y H13Li HegaBHix pobiT
3HaYHy yBary npuaineHo aHanisy reoguHamiyHmx obcraHo-
BOK (DOpPMYBaHHSI MeTarioreHiyHMx KOMMIEKCIB SIK OCHOBM
NPOrHO3yBaHHSA Ta NEePCreKTUBHOI OLIHKN MiHepanbHUX pe-
cypcis Kazaxcrany (Masypos, 2005 Ta iH.).

CBWHLIEBO-LIMHKOBI pogoBuLa B YKpaiHi Bigomi 1 po3pob-
natTteca 3 XVl ct. B MepeakapnatTi (TpyckaBeubke), Ha
mexi XIX—XX cT1. — y HaroneHomy kpsixi [oHbacy (Haronbua-
Hcbke | HaronbHo-Tapaciscbke) i B Kapnatax (PaxiBcbke), a B
XX cT. — pogoBuLla BbeperiBcbkoro pygHoro paroHy. [u-
TaHHS CTBOPEHHS BMAacCHOi MiHeparbHO-CUPOBUHHOI 6a3u
CBUHLIO | LMHKY € HaA3BUYaAMHO aKTyanbHUM, OCKiNbkM Ykpa-
THa CBOro yacy Mana 3Hau4Hi NOTY>KHOCTi o0 BUpOobHMLTBA
CBUHLEBOI i UMHKOBOI Mpoaykuii (KOCTAHTMHIBCBLKMIA 3aBOg
"YKpUMHK", akymynsTopHuii 3aBog ICTA B [JHINponeTpoBChKY,
"AzoBcTanb" B Mapiynoni, "Monirpadptexnika" B OnekcaHapii,
"MiBaeHbkabenb" B XapkoBi Ta iH.), ki 3abe3nevyBanucst ekc-
NOPTHOIO NpoaykLieto. Ix BinHoBNeHHs, 6esnepeyHo, 6yae ya-
CTUHOIO BiJHOBIEHHS €KOHOMIKM Haloi KpaiHW. 3BedeHHs
npo reonoriyHy 6yaoBy i Aeski ocobnmeocTi noniMeTaniyHoi
MiHepanisauii Biga3epkaneHi B psgi HaykoBux pobiT (Mypcbk-
Kui Ta iH., 2006; MNypcbknia, 2008; 3aumxa v ap., 1984; Nasa-
peHko u gp., 1968; Cactok, 2001; TpeTbskoB, CanbHUKOB,
1998; Mykhailov et al., 2022 Ta iH.).

BudineHHs1 Hepo38'sA3aHUX YacmuH 3a2aJibHoi npo-
6nemu. TpoBefeHHA NofanblUMX AOCHiAXeHb 3yMOBIEHE

+ o+ o+ o+

G + o + + +
+ o =+ + +
+ + + + + +
+ + C . o +
+ + + + + +
+
7 + * + + +
+ + + + + + +
P % + + (‘,A\E]-Z'K-).TPAH:-EAHLLECEW TIOAC
+ + +
+ + +
+ + +

CXLTHOEBPOMEACEEA
+  mnateorsa

+ _ 4+
TAPHMCKHIA MACHE
-+ +

BAJIEPIAHO-BEJITAY-KYPAMIHCBKHI TIOAC

nosc

+  *
CHBIPCBEKA TLTAT®OPMA
+ + + +

KAIANCTAHO-MOHT O/TBCBRHIE

HeOoOXifHICTIO PO3pOOKN Ta BAOCKOHANEHHSI HAyKOBO-MeTO-
OVYHMX OCHOB MPOrHO3y Ta MOLUYKIB CBMHLIEBO-LIMHKOBUX
POAOBKLL, PO3BMHEHMX Y Pi3HOBIKOBKX CTPYKTYpHO-chopMma-
LiMHMX KOMMMeKcax gaBHiX i Monogux nnatdopm, cepeamH-
HUX MacuBiB (MIKPOKOHTUHEHTIB), CTPYKTypax TEKTOHO-
MarmaTW4HOT akTUBi3aLii, BUSIBNEHHS 3HaYyLLOCTi PO3rnsiHy-
TOro cimencTsa pogoBuL, Yy CTPYKTYpi MiHepanbHO-CUPOBUH-
HOi 6231 CBUHLIKO Ta LIMHKY.

®dopmynroeaHHs yineli cmammi. MeTtowo cTaTtTi € no-
piBHSANBbHA XapakTepucTvka ABOX BaXIMBWUX PYAHUX pamno-
HiB 3 Pi3HOI reosnoriyHow Oya0BOK, BIKOM Ta CTPYKTYPHO-
TEKTOHIYHUMW YMOBaMU (popMyBaHHS MoriMeTaniyHoi MiHe-
panisauii Ta, Ha OCHOBI LibOro, — 3'AcyBaHHsA haKTopiB i Kpu-
TepiiB CBUHLIEBO-LIMHKOBOrO 3pYyAEHiIHHSA, 3aKOHOMIPHOCTEN
po3TallyBaHHs1, 0cobnmnBocTen hopMyBaHHs Ta nokanisauii
noniMmeTaniyHMx pogoBuLL.

YCNneHCbKMN pyaHWI panoH po3TalloBaHWM y CXia-
HiM YacTuHi LleHTpanbHoro KasaxcrtaHy, y Mexax AnTance-
koro Ta 3abavikanbCbko-MOHroNbLCLKOro OPOreHHOrO KOMaxy
abo LleHTpanbHoasilicbkkoro oporeHHoro mnosicy (LLAOIMT)
(puc. 1). 3rigHO i3 cy4acHUMMW YSABMEHHAMMW Usi FiraHTCbKa
CTPYKTYpa € JOBrOXMBYYMM OPOTEHHUM KOMNaXKeM, SIKUIA pO3BU-
BaBCH 3 KiHLSA Me30npoTepo30t0 A0 Me3030t0 LUMSAXOM akpewijl
MarMaTU4HUX Ayr, NacTuH odpioniTiB, MIKDOKOHTUHEHTIB i akpe-
LinHMX knuHiB (Seltmann, Porter, 2005). Konax cknagaetbca
3 (hparmMeHTIB 0Caf0BMX BACENHIB, OCTPIBHUX YT, aKpPeLiiHNX
KIMMHIB | TEKTOHIYHO OBMEXEHNX TeppPENHIB, CKNageHux He-
ONpOTEPO30NCHKUMY | TaNeo30MCbKUMM NOPOAaMU, LLIO BUHW-
Knu B pe3ynbTaTti cybaykuii, konisii, TpaHCKypaHTHUX pyXiB,
iHLINX iIHTEHCMBHNX TEKTOHIYHMX NPOLECIB.
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Puc. 1. CxemaTn4yHa TeKTOHiYHa kapTa AnTancbKkoro Ta 3abankanbCcbko-MOHronbCbKOro OpOreHHOro Komnaxy:
1 — HegudepeHLUinoBaHi akpeLiiHi KoMnnekcy; 2 — akpeLiiHi KOMMNEKCH B LLIOBHMX 3a4yroBux i gyroBux 6acerHax;

3 — Ni3HbOME3030MCbKUIA AIHLIAHCLKUI MarmaTuam; 4 — MisHboNaneo3oncbko-cepegHboMe3o3omncbka CeneHra-Irobincbko-XaHKnHCbKa
marmaTtuyHa ayra; 5 — cepeHbo-nisHbonaneosolicbka CasHo-3abavikanbcbka Ayra; 6 — cepeaHbO-Ni3HbONaneo3onceka Banep'aHiBCbKo-
BenbTay-KypamuHcbka gyra; 7—8 — cepefiHbo-nisHbonaneo3omncbka Kasaxcbko-MoHronbcbka ayra, y T. 4. CUyp-AEBOHCHKUI CermeHT (7),

9 — cepegHbonaneosonicbka PygHo-AnTaricbka gyra; 10 — cepegHbonaneosoicbka Ypano->XapMmiHcbka ayra; 11 — HeonpoTeposoncbka-
paHHbonaneosoicbka Kunyaubka ayra; 12 — HeonpoTepo3oncKka-paHHbonaneo3oncbka TyBMHCbKO-MOHronbcbka ayra;

13 — npoTepo3oickki Npeaypanign i npegbarikanian; 14 — nokemMOpiicbki KPAaTOHM | MiIKPOKOHTUHEHTU; 15 — WoBHa 30Ha; 16 — 3cyBY;

17 — Cu-Mo-nopdipoBi pogosuLLa. YepBOHOIO 3ipO4KOK0 NO3HAYEHO poaoBMLLEe Ananrup
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

YPP postawosaHuin y mexax banxaw-Iniicbkoro nosicy
cepenHbOo-ni3Hbonaneo3oncbkoi  Kaszaxcbko-MoHronbcbKoi
ayrm LAOT, sikmid BKINoMae 0cagoBi TOBLL, AYroBi BYJKaHIYHI
Ta iHTPY3MBHi NOPOAM NEPEBaXHO AEBOHCLKOrO Ta kapboHo-
BOro BiKy, AedopMOBaHi Mg 4Yac NepMCbKoro "repumHCb-
Koro" oporeHesy. Y LbOMYy OyroBoMy MOSICi po3TalloBaHe
Takox riraHTcbke KoyHpaacbke nopdipoBe MigHO-3oroTe
poposuile (230 km Ha niBaeHb Big 03epa banxalw). Y cTpyk-
TYPHOMY BIiQHOLWEHHI panoH HanexuTb [0 cuctemmu
LleHTpanbHOKa3axCTaHCbKOro repLMHCBKOro ckrnag4yactoro
nosicy, CNpAMOBAHOrO B LbOMY pPavOHi Ha CXia-MiBHIYHUN
cxif. OCHOBHUMM perioHanbHUMW CTPYKTYpaMu TyT € BENUKi
aHTMKNiHOpii — TekTypmac Ha niBHoui i »KamaH-Capuc Ha
niBAHi, cknageHi B OCHOBHOMY CUMYpPINCbKUMK BigKNagamu.
Mi>k HAMK po3TaLloBaHWIA 4OCUTb BY3bKUI | CUNBHO CTUCHY-
TUIA YCNEHCbKUIA CUHKMIHOPIN, WO MICTUTb NEePBaXXHO OEBO-
HCbKi Ta HWXKHbOKaM'SIHOBYTIiMbHI BigKnaaw.

MiBHIYHa YacTMHa YCneHCbKOro CUHKMIHOPI | npunerna
nisgeHHa 4YactnHa TeKTypMacbKoro aHTUKITIHOPIO iHTpYyAo-
BaHi YNCMEHHUMU TPAHITOIAHUMU IHTPY3iAMU, cepen SKUX
nepeBaxarTb NoCT-cepeHbOoKaM ' sHOBYiNIbHO-NEPMCbKI iH-
Tpys3ii, Lo YTBOPIOIOTb Tak 3BaHUN KanampmiHcbko-Kapkapa-
NIHCbKMIN  IHTPY3MBHWUIA nosic. Ha niBgHi, napanensHo
rpaHiTHOMY MOSICY | B MeXaxX YCMEeHCbKOro CUHKMIHOPIO, Ha
CXif-niBHIYHWIA CXif NPOXOAUTb perioHanbHa 30Ha AUCroka-
Lin Ta metamopdismy, BigoMa SIK 30Ha YCMEHCbKOro pos3-
noMmy. 30Ha  pO3NOMYy  BUWHMKNA B pe3ynbrari
Ni3HLOMNEPMCBLKMUX Ta PaHHbOTPIaCoBMX MiBO3CYBOBUX 3Mi-
LeHb Ha 3axig Big LleHTpanbHOoKa3zaxcTaHCbKOI 30HM po3ro-
MiB, L0 Mae cyOmepuaioHansHUA HanpPsIMOK.

YPP 3a KinbKiCTIo, Pi3HOMaHITHICTIO Ta NPOMMUCIIOBOIO LjiH-
HICTIO POAOBMLL, BXOAWUTb OO YMCMa HaNBaX MBILLMX PYOHUX
panoHiB Pecnybnikn Kasaxctan (Bavbatwa, 2008; MNapwunos,
2012; YxkeHoB v ap., 2004). Ak BiGOMO, OAHUM i3 BaXIMBUX
CTPYKTYPHVX ENIEMEHTIB 3€MHOI KOPY € IMUOUHHI PyXInBi 30HM,
LLIO NMPOSIBNSIIOTECA SIK 30HM aKTUBI3aLji, Siki BU3Ha4atoTb PO3BU-
TOK CEAMMEHTaLiNHMX dhaLlii, CcKnag4acTnx nosicie, KOHTPOSO-
I0Tb PO3MILLEHHSI MarMaTU3My i MOB'A3aHOr0 3 HUM 3pYAEHIHHS.
o Takux 30H y LieHTpanbHomy KasaxcTaHi HanexuTtb YcneH-
Cbka, BUAineHa sik 3oHa 3MuHaHH4 e y 1928 p. M.I1. Pycako-
Bum Ta |.C. AroskiHuM, g0 skoi npuypodeHuni YPP. BoHa
npoctexyeTbest Ha 400 km 3a wunpuHy 60—100 kM Ha NIBHIYHWIA
cxig Big ATacymcbKoro pyaHOro pamoHy Ha 3axofi i 4O panoHy
pogoBuLla Kaparannu Ha cxogi. B YPP Bigomo 179 MigHux py-
OHNX 06'ekTiB Ta 215 CBMHLEBO-LIMHKOBUX. OCHOBHY LIiHHICTb B
YPP cTaHoBRATb CTPaTMdOPMHI KOMMNIIEKCHI pogoBuLLa 3ari3o-
MapraHLEeBMX, CBUHLIEBO-LIMHKOBMX | GapuToBux pya 6arato-
eTanHoro hopMyBaHHs. 3a psiIOM reonorivYHMX XapaKTepUCTMK
pyAHi poAoByLLA panoHy BMAINEHO B CAMOCTINHWUIA aTacynchb-
KU FTEHETUYHWIA TUM.

HanaxnuBilwy pyooKOHTpOMoBanbHy porb BigirpaloTb
TPILWMHKU, NOB'A3aHi 3 po3noMamMu rMUMBOKOro 3aknagaHHs,
AKUM Yy BEPXHiX ropn3oHTax BignoBigatoTb MeXi ropCT-aHTu-
KniHanen Ta rpabeH-cuHKNiHanewn, cnekcypHi nepervHu,
iHLWI NnikaTUBHI CTPYKTYpW. JTiHINHUIA XapakTep TPILUH 3yMo-
BMB CTpi4YkonoAibHy dhopMy pyaHMX NOKNazis, LWo po3TaLlo-
BaHi Hag HuMKU. PyaHi Tina npuypoyeHi A0 MiHiHO-
BUTAMHYTUX CKNagyacTuX €NeMEeHTIB: Kpun CKagok, drek-
CYPHUX NMeperunHiB Ta iH.

BikoBuin pgianasoH nopig, WO MICTATb 3pYyAEHIHHS,
B YCNEHCbKOMY MOSCI LWMPOKUI — Bif, HUXKHLOrO pudeto Jo
BEpXHbOro kapboHy-nepMi. MakcumarnbHa KinbKicTb pyao-
nposBiB 3acpikcoBaHa B 0Ca0BUX Ta BYJIKAHOrEHHO-OCa0BUX
nopoax BEPXHbLOro AEBOHY Ta HWMXKXHBLOrO kKapOoHy. Hinkue
i BULE 3a po3pi30OM 3yCTPiYalOTbCS TOMIOBHUM YMHOM
OpiOHI pyaonposien, NnepeBaxHO KBapLOBO-XMUIbHOTO TUMY.
BepxHboaeBOHCbKI edy3nBHI MOPOAM MICTATb MNiOBULLEHI
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BMICTM 3ani3a, MapraHuto, CBUHLIIO, LIMHKY, TOGTO TUX erne-
MEHTIB, SIKi € NPOBIAHNMU B pydax aTacyMCbKUX POAOBMLL,.
Lle, nMoBipHO, CBigYMTbL NPO cneujianisauito MarmMaTUYHUX
ocepefkiB BEPXHbOAEBOHCLKOrO BYIKaHi3aMy, LLO reHepy-
Barnu pyaOHOCHI PO34MHM.

B YPP Bigomi nonimeTaniyHi pogosulia ABOX reonoro-
reHeTU4HMX Tunis: 1) ByrnkaHOreHHo-ocafoBi 3 HaknageHuM
rigpoTepMarnbHUM 3pyAeHiHHAM (aTacymcbkuid Tun); 2) rig-
poTepmarnbHi (ananrMpcbkuii Tvn).

[ns nepwioeo mury (amacylicbko20) xapakTepHi: 1) npuy-
POYEHICTb 3pYAEHIHHA [0 BYMMUCTO-TMMHUCTO-KPEMEHNCTO-
KapboHaTHMX Mopig Ni3HbOAEBOHCHKOrO BiKy, siKi 3a3Bu4ai ne-
pebyBatoTb y TOHKOMY NepeLuapyBaHHi; 2) cTpaTudikoBaHiCTb
pyAa; 3) NpocTopoBe NOEAHaAHHS 3ani30-MapraHLeBoro Ta noni-
MeTaniyHoro 3pyaeHiHHS; 4) HaknageHHs Ha cMyracTi cTpaTu-
(hikoBaHi NNacToBi 3anido-mapraHuesi Ta ybori LMHKOBI pyau
LIMHKOBO-CBUHLIEBO-0apWTOBOTO riApoTEPMaribHOTO 3pyAeHIHHS,
IXHE MPOCTOPOBE NOEAHAHHS.

3ycTpivyaetbesa gBa niatunu pya. Mepwuiin npeacraene-
HUA NNacToBMMU Tinamu LuapyBaTUX ICTOTHO LIMHKOBMX
nipuT-cdhanepuTtoBmX pyad, YTBOPEHHST SKMX BIM3bKO CUHX-
POHHO 3 YTBOPEHHSM 3ani3HMX i MapraHUueBUX pyA i Hakonu-
YeHHsIM MaTepiany 0cafoBMX i BYJIKAHOrEHHO-0CaLoBMX
nopia, Wo iX BMIlLYyOTb, 3 SKMMW BOHU 3ansraloTb 3rigHo.
Opyruin npeacraBneHnii NiH3onogibH1MM noknagamu, 4acTto
yCKnagHeHuMn anodisamu, nnactonogibHmm Tinamm B nes-
HUX cTpaTurpadgiyHNX ropusoHTax, NpUypoyeHnMn 4O TeK-
TOHIYHO yCKNagHeHuX QOinsHOK (30H ApoOneHHs, By3niB
34rieHyBaHHS CKNazok) LIMHKOBO-CBMHLEBO-6apuUTOBUX rif-
poTepMarnbHUX pya, HaknageHUX Ha BMICHI nopoau i pyau
nepLuoro Tvny. BoHn cynpoBoaXytoTbCsi OpeorniaMm HaBKo-
nopyaHux 3miHeHux nopig. Llen Tun pogosuLy, BUAINEHO SiK
aTacyvcbkun (Lepba n gp., 1964). Y mexax YPP BiH mae
rofloBHe 3HAYEHHS, BKMYae pogosulla YwkatuH, Kan-
pewm, BecTiobe, ATaban-[yryny Ta iH. (puc. 2).

YwkamuHcbKke pyOHe nose po3tawoBaHe 3a 13 km
Ha niBHIYHOMY cxofj Big cenuwia XKanpewm, y cknagHockna-
A4vacTomy By3ni Ha niBHIYHOMY 3akiHYeHHi XKainbMiHCLKOT
cuHkniHani. TyT Ha nnowi 20 KM? CKOHLIEHTPOBaHi 3anisoma-
praHuesi nonimeTaniyHi pogosuwa YwkatuH-1 i YwkatuH-3,
MapraHuesi YwkaTtuH-2 i NepctHeBcbke. MapraHuese 3py-
OEeHiHHA Ha nnowwi pygHoro nons susemB Y 1961 p. y npoueci
reonoriyHoi 3romkm M-6y 1:50 000 O.l. ByamakoB, konu
©Oyno BigKkpuTO pogosuLLe YwkaTuH-1. Y 1962 p. Aragupcbka
reogianyHa ekcnegmuia (O. A. IrHaToBMY Ta iH.) Bigkpuna
pofoBuwa YuwkatmH-ll Ta YwkatuH-1ll. Ha pogosuwax 3
1963 p. npoBoasiTbCs po3BigdyBanbHi poboTn. Ha pogosu-
Lwax YLWKaTUHCbKOro pyAHOro Nomnsi B MexXax oAHiel nnowwi
noegHaHi NNacToBi Tina 3anisomapraHueBux pya, rigporep-
ManbHO-MeTacoMaTU4Hi Ta rigpoTepManbHO-0cafoBi noni-
MeTanivHi pyaw.

Podosuwe YwkamuH-11l po3TawoBaHe 3a 2,5 KM Ha
nisgeHHUN 3axig Big pogosuwia YwkaTuH-l. BoHo npuypo-
YeHe [0 BY3bKOI, MMOOKOI CUHKNIHAMNBHOT CKNagkn mepugi-
OHanbHOrO  MpocTAraHHA.  3anisomapraHuesi  pyau
nokaniaoBaHi B 3axigHOMy Kpuni cknagku, 6aput-cBuHUEBE
3pYAEHIHHA — Y cxigHOMY. 3axigHe Kpuno cknagkv mMae Ha-
xun 70-90°, cxigHe BepTuUKarnbHe i HaBiTb MEPEKNHYTO Ha
3axig. 3i cxony i NiBHOYI cknagka obMeXXeHa CMCTEMOIO Kpy-
TOCnagHUX BENMKOAMMIiTYAHMX po3noMiB (puc. 3). | 3anizo-
MapraHLeBi, i 6apuT-cBMHLIEBI pyau NpUypoYeHi 4O O4HOro
cTpaTUrpadiyHoOro ropu3oHTY — YepBOHOKOSLOPOBOI NaYku
(ToBwwmHa 130 m) BepxHboro chamery (Dsfmzb), ane pisHum
dauiansHuM pisHoBuaam. Popgosuile dopmyBanocs Ha
CTUKY dhauii MynoBux 3anaguH Ta dauii opraHoreHHuX Barn-
HsikiB (6ap'epHoro pudy).
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Puc. 2. NaneodauiansHa cxema pameHy ATacyMCbKOro pamoHy i poaoBuLLa aTacyMCcbKOro Tuny:
1 — nonimeTaniyHi pogosuLla (a — Benuki, 6 — cepedHi i ApiOHI, B — NposiBM); 2 — KOMMNIIEKCHI 3anisoMapraHuesi i monimeTaniyHi pogosuLla
(a — Benuki, 6 — api6Hi); 3 — 3anisomapraHueBi poaoBuLla (a — Benuki, 6 — cepedHi i ApiGHI, B — NposiBn);
4 — koHTYp >KainbMiHCbKOro naneopudTy; 5 — Bicb NaneopudTy; 6 — TPAHCHOPMHUIN PO3NOM;
7 — obriacTi HaKONMYeHHS rMUHNCTO-KapboHaTHNX ocaAiB (a), opraHoreHHUxX BanHskie (6); 8 — hameHcbki BynkaHu

3
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Puc. 3. NeonoriyHui po3pis pogosuwia Ywkatun-lll (3a matepianamu AT "Xanipemcbkui M3K", 2011):
1 — nyxki Bigknagw, nicku, rmuHu, cyrnukn (KZ); 2 — BanHsiku cipi xBunscto- Ta By3nyeaTto-wwapysari (Cqt);
3 — BamnHsiKku Ccipi i YepBOHi OpraHoOreHHO-AeTPUTOBI, ToHKowapyBaTi (Dsfm,);
4 — BanHsKoBI Gpekuii BULLIHEBO-CIpi Ta Cipo-3eneHi 3 aneBpo-neniToBum LuemeHTom (Dsfm,);
5 — puoBi OpraHOreHHO-BOA40POCTEBI BYpPO-4EPBOHI BanHSAKN 3 NPOXMUIIKOBO-BKpanseHnm 6apuT-CBMHLIEBUM 3PYAEHIHHAM;
6 — 3anisHi pyau; 7 — MapraHueBi pyau; 8 — BarnHsiku1 3 TOHKMMM NpoLLapkamy MapraHUueBvx pyf; 9 — aneBporniTv Ta nickoBuku BULWHEBI (Dsfr);
10 — po3puBHI NOpYyLLEHHST; 11 — HMKHSA MeXa 30HW OKUCHEHHS; 12 — npodink kap'epy (2010 p.); 13 — npoekuii 6ypoBux cBepasioBuH

3axigHe Kpuno pyAoBMICHOI CUHKMiHaNi CKnageHe By3-
nyBaTo-llapyBaTUMU YEPBOHMMM BarnHAKamun, BYIMUCTO-
rMAHUCTMMUW BanHAKaMuy, anesponiTaMu 3 npollapkamm 3a-
Ni3HKX i MapraHuesux pya. lNonimeTaniyHe 3pyaeHiHHS Bia-
MiYaeTbCA nuule B NiACTUNBHIN cipobapBHi nayui Dafmz y
BUrMsAI NpoLwapkiB i NiH3 MENbHUKOBIT-NIpUTY i cchaneputy
(ToBwwmHa 0,5-1,0 cm). CxigHe Kpuno cknagku cknageHe
OPIOHOKPUCTanNIYHUMUN POXEBUMU BarHsSIKaMu i3 XBUISICTO-
LapyBaTol | CTUNONITOBOK TEKCTYPOIO, SKi BMILLYOTb Npo-
XWUIKOBeE i rHi3goBe 6apuT-CBUHLIEBE 3pYAEHIHHSA rigpoTep-
MarnbHO-METacoOMaTU4HOrO reHe3uncy.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

Moknag 3anizoMapraHueBnx pya BUTATHYTUA Y Mepuai-
OHanbHomy HanpsMky Ha 1900 m 3a ToBwmHo Big 90 oo
130 m. Y noknagi HanivyoTbea noHag 20 nnactonofioHux i
NiH30MoAiOHMX pyoHUX TiNn, po3aineHnx 6e3pyaHMMmM BanHs-
kamu. TOBLUMHA pPyAHMX NnacTiB KonmBaeTbcs Big 1-2 0o
25-40 m, ToBLMHa Be3pyaHMx BanHskiB — Big 0,5 o 30 m.
PyaHi nnactn npoctexeHi 3a nagiHHam Big 50 go 600 m.

Ha popgoBuLLi BUAINAOTLCS Taki TMNW pya: 3anisHi, 3aniso-
MapraHLueBi Ta MapraHuesi. [Ins 3anisHnx pyg XxapakTtepHuii
NPOCTUIA MiHEpPAnNbHUIA CKMNaz, 3HayHa MIHNUBICTb TOBLLMHU
nnacTtis. lMnactn 3anisHux pya (ToBwMHa go 6-7 M) i3
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BMiCTOM 3ani3a 0o 50 % 3ansaratoTb y NiBHIYHIN YaCTUHI poao-
BULLA. Y HAanpsiMKy Ha NiBOEHb BOHW BUKIHIOKOTLCS | 3aMiLLy-
H0TbCA MapraHueBopyaHUMM nractamu. MapraHuesi pyau
3anMaloTb NPOBIOHE MOSIOXKEHHSA Ha niBAHI pogoBuwa. Ons
HUX XapaKTepHUI CKIagHU MiHepanbHWUIA cknag,.

3anizomapraHuesi pyau Ha pogosuLi YwkatuH-III nogi-
nsThCs Ha AkobcuToBi Ta GpayHiTo-remaTuToBI. BMiCT 3a-
ni3a i MmapraHuio B uux pyaax npubnmaHo ogHakosui. Pyan
MalTb MacuBHY, LIApyBaTy, NISMUCTY, OONITOBY TEKCTYPY.
3ycTpivyaloTbcs OpekyienonidbHa Ta KOHKpeLiiHa TeKCTypu.
Ha pomoBuuli LIMPOKO pO3BMHEHa Kopa BMBITPIOBAHHA. i
HWXHS MeXa HepiBHa, 3 KnwweHamu. TosLumHa kopu Big 20 go
200 M, y cepegHbomMy 90-100 M. Pyau B KoOpi BUBITPIOBAHHS
okucHeHi. OCHOBHI pyAHi MiHepanu 3anisHuX pya: remaTur i
MarHeTuUT, MapraHueBux — BpayHiT, rayCMaHiT, y 30Hi oKuc-
HEHHS — MCUMOMernaH, Nipon3nT, MaHraHiT. Y pygax € rep-
MaHi, y MapraHueBux pygax — Tani, uuHk. PogoBuiie
HaneXxuTb 0O BYIIKAHOTE€HHO-0CaA0BUNX 3 HaKIaAeHUM rigpo-
TepMarbHUM 3pYAEHIHHAM.

Xalpemcbke pydHe none posTalloBaHe Ha MiBHIY-
HOMY 3axofi panoHy i npuypoveHe O OOHONMEHHOT aHTUK-
niHani, sika ycknagHeHa cCKrnagkamy BULLMX MOPSAKIB.
Y Mexax py4HOro nonsi po3TalloBaHi noniMeTaniyHi pogo-
Buwa CxigHun XXarpem, 3axigHun XKanpewm i laneko3axig-
HUA  JKarpem. CBMHUEBO-UMHKOBI  pyan  pOAOBULL

rnokanisoBaHi y BYrMMCTO-TIIMHUCTO-KPEMEHNCTUX BanHsiKax
HWKHBbOaMEHCLKOro Mia'sapycy, YacTKOBO — Y CipobapBHil
nauyui BepxHboro cpameHry (CxigHun XKanpem). 3anisHi pyan
poaoBuL XKaripemMcbKoro pyHoro rnorsi He MarTb NPOMUC-
TNOBOro 3Ha4YeHHA Yepes HM3bKi BMICTM 3anisa B pygax i Ma-
noi ToBWMHM nnacTiB. Hanbinbwi 3anacu 3anisHux pya
npuypodeHi oo pogosuila CxigHun Xavipem, ane BMICT 3a-
niza Tyt y cepegHsomy 29 %. Lli pyam y manbytHeomy, 3 po-
3BUTKOM TexHomnorii 36arayeHHs, MOXyTb NepenTtu Ao
po3psiAy NPOMMUCITOBUX.

Podosuwe [HanbHoszaxiOHul Xalpewm npuypo-
YeHe po [anekosaxigHoi GpaxicuHkMiHanbHOI cknagku. [os-
XKMHa pya0BMICHOI CvHKNiHanMi 6rnabko 2 kv, wyprHa 800 m. Y
il agpi 3ansraloTb BUBITPINi By3nyBaTo-LLapyBaTi BanHAKY Cipo-
GapBHOI Maykn BEPXHLOro haMeHy, Kpuna ckrnafeHi Byrnmc-
TUMM  BanHAKamy PUTMIYHO-LLapyBaToi  OrtiAHOI  NaYkm
HDKHBOTO baMeHy. Y LieHTparibHil YacTuHI poAoBYLLIE yCKNa-
OHeHe KpyTocnaaHUM CKUAOM, LLO po3ainse NiBaeHHUA i NiBHi-
YHUA pygHi noknagyn  (puc.4). 3 noBepxHi  poaoBuLLe
nepekpuTe YOXIIOM KalHO30MCBbKUX Bigknadie (TOBLUMHA OO
40 m). CB/HLIEBO-LIMHKOBI pyay 3ansraloTb Y pUTMiYHO-LIapy-
BaTill Ta B HWXHI YacTuHi doritoigHoi naqok, nnact 6igHux 3a-
Ni3HNX pya — Y BEPXHIN YacTuHi onioigHOI Nayvkyu B rOPU3OHTI
BY3ryBaTo-LuapyBaTux BanHskie (Dsfm1Ca).
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Puc. 4. l'eonoriyHui po3pi3 pogoBuila [laneko3axigHui Xanpem:
1 — muHK, nicku; 2 — ropm3oHT 3anisHux pya Dsfm4Cy4; 3 — kBapLOBI | KBapU-NipuTOBI MeTacomatutu; 4 — 6apuToBi pyau;

5 — cBMHLUEBO-6apuTOBi pyau; 6 — 6apuT-CBUHLEBO-LIMHKOBI pyau; 7 — CBMHLIEBO-LIMHKOBI pyau 3i crniabkoto bapuTtusadieto;
8 — UMHKOBO-MNIPMTOBI pyan; 9 — po3pMBHI NopyLueHHs; 10 — rpaHULS KOPU BUBITPIOBAHHS

BugineHo pyau Tpbox eTanie. PyaHi Tina nepLuoro etany
NpeacTaBreHi NnactaMmn LUMHKOBUX (CdanepuT-mMenbHUKOBIT-
nipuUTOBKX) PyA, LLIO YTBOPHOKOTL MOLLAPOBY BKpanseHicTb i npo-
Lwapk1 cynbdigis (ToBLUMHA Big, YacTok MiniMeTpy Ao 25 cm).
BMicCT LIMHKY 3MEHLLYETLCA Bif LIEHTPY podosuLLa Ao nepude-
pii. o gpyroi rpyny BXoaaTb Tina rigpotepmarbHo-MeTacoma-
TUYHUX raneHiT-baputoBnx, GapuToBMX, KBapL-GapUTOBMX
pyA. PyaHi Tina uporo Tuny ckrnagHo nobyaosaHi cyoarigHi, ma-
H0Tb OOpMY iH3, LUTOKIB, pyAHUX CTOBNIB. TpeTi TMN npeacTa-
BMEHWUIA PYOHVMU XWUINamu, Lo CiYyTb pyamn SK NepLioro, Tak i
Opyroro eTany, CKnageHi MOHOMIHeparnbHUM rarneHiTom, rane-
HIT-GapuToBMMK | Xxanbkoniput-6aputoBuMK pygamu. YiTko
nposiBrieHa rigpotepMarnbHa 30HanbHICTb, BUAINATLECA N'ATb
30H (Big UeHTpy): 1) kpemeHucto-b6apuToBa, 2) raneHir-
6apuTtoBa, 3) 6araTnx CBMHLEBO-LIMHKOBWX pya, 4) CBUHLIEBO-
LIMHKOBUWX PYA, 5) NEPBUHHMX LIMHKOBO-MIPUTOBUX pya.

Ha poposuwi nig 4ac noro ¢oopMyBaHHS iCHyBanu gBa
PYLOKOHTPOMOBANbHUX LIEHTPY | TOMY YTBOPUINCS ABa OK-
pemMux pyaHuxX noknagu: cxigHum ta saxigHui. Mik Humu 3a-
nsrawoTe GapuToBi pyau, KBapu-MipuTOBi, KBapUoBi Ta
anbbiT-kBapLOBi MeTacoMaTUTW. [OpPU3OHT rigpoTepmarnbHUX
0CafoBUX pya CKMageHun nnactamu canepuT-nipuToBmx
pya (ToBwmHa Big 5 go 70 m). BiH yTBOpIOE CMYry LUMPOT-
HOro npocTtsraHHs 3aswupwkn 800-900 M i 3aBAOBXKM
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2000 m. Hanbinblwa TOBLMHA PYOHUX TiN Yy LEHTparnbHin
yacTuHi pogosuwa — 130 M. Y BepxHii 4YacTuHi pogosuLa
pO3BMHEHA MOTY)XXHA KOpa BMBITPIOBaHHS, IO Ocsirae rnu-
6u1HM 300 M. CBMHLIEBO-LIMHKOBI PyAM TYT OKUCHEHI Ta ckna-
OEHi LepyCUTOM i CMIiTCOHITOM.

Apyauli mun (anaticupcbkuli) npeacTaBneHUn poaoBu-
LiaMy CBUHLIEBOI BYIKaHOreHHO-rigpoTepMarnsHOi hopma-
Lji, 4o siKoi HanexaTtb 11 pogoBMLLY Ta pyAoNposBIB, y TOMY
yucni pogosuie Ananrnp. BoHn nokanisoBaHi nepesBaxxHO
B pioniTax, henb3uTtax Ta ix Tydax >XMBeTCbKO-ppaHCbKOro
ApYCy, KOHTPOIIOKTBCA KpyTOCMagHMMKM 30Hamu Opob-
NEHHs1 Y CKMeniHHMX YacTuHax OpaxiaHTukniHanbHMX abo
BynkaHokynonbHUx cknagok Il i Il nopagkis. XapaktepHa
HasIBHICTb 30H OKBapLIOBaHUX Ta CEPULUMUTM3OBAHUX Mopia.
dopma pyaHuX Tin — KpyTocnagHi, pigwe nonorosanerni
NiH3M B 30Hax ApobneHHs. MowmpeHnm pyaHnm miHepanom
€ raneHiT, Wo acoujtoe 3 kBapuoM. IHWi cynbdign (cpane-
pUT, XanbKoMipuT, NipUT) TPaNNsTLCS B Pi3KO NiANOpPSaKO-
BaHiW  KinbkocTi. PyaHi MiHepanu BMAINATLCA  AK
BKpanieHuKk1 y 3MiHEHUX Nopoaax.

Podosuwe Analizup € HanbinbWMM y Mexax YcreH-
CbKOI TEKTOHIYHOT 30HW. BOHO po3TaluoBaHe B LeHTpanbHii
yacTuHi YPP, B 30Hi po3BMTKY OEBOHCbKMX i KapOOHOBMX
0CafoBMX i  BYIMKaHiYHMX  opmauin,  npopBaHKX
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cybBynKkaHiYHUMH | [aWKOBUMU IHTPY3iaMK. [ONOBHI cTpaTy-
rpaddiyHi nigpo3ainu (3Hu3y):

e TOBLLA TEPUrEHHO-KapOOHaTHMX 0CaaoBKX NOPIA, AEBOHY;

® CNiniT-KPEMEHUCTO-TEPUreHHi BYNKaHOreHHO-0CaaoBi
nopoau nisHLOro AeBOHY-PaHHLOIO KAapOOoHY;

e BYyrfeHocHa popmauis Bise;

e pioniTK Ni3HBOBI3ENCHKO-CEPNYXIBCLKOrO BiKY;

e cyOnyxHi pionitTm paHHLONEPMCBLKOrO BiKY, LIO YTBO-
ptolOTb BEMUKI CyOBYNKaHivHI Tina Ta iHTpya3il.

OCHOBHOIO CTPYKTYpOK AnanirmpcbKoro pyaHoro nons €
ctucna 6paxiaHTukniHanbHa cknagka cyOLIMPOTHOro npo-
CTAraHHs. Y Kpunax aHTukniHani nopoamn marTb KpyTe (65—
85°) nagiHHs, MicusiMM Big3HAYaeTbCs NepeknaaHHs Kpun
Ha MiBHiY i Ha niBaeHb. CybByrnkaHi4He Tino pionitie, ge no-
KanisoBaHe CBUHLEBe 3pYyAEHiHHSA, po3TalloBaHe B MiBHIY-
HOMY Kpuni Ui€i CTpYKTypu. Y Mexax poposula nopoau
MaloTb MOHOKIHANbHE 3ansiraHHs 3 NagiHHAM Ha NiBHIY i
NiBHIYHUIA 3axia, yckNagHeHe cknagkamy BULLIOro MOpPSAKY.
MpocTaraHHA nopig 3MIHIETLCA Big NIBHIYHO-CXIQHOrO Ha
3axigHoMy ¢hnaHsi pogosuLla oo cxigHoro Ha CxigHin ginsi-
HUi 3 KyTamu nagiHHA Big 40° oo 85°, iHo4i BCTAHOBMNIOETLCS
nepeknHyTe Ha niBaeHb (80—85°) 3ansaraHHs.

HaigaBHiluMMK pO3PUBHYMU MOPYLLEHHSAMMU, WO YCKnag-
HIOKOTb CKIMaayacTy CTPYKTYPY, € 3riHi No300BXHi (CyOLUMPOTHI)
MOPYLLUEHHsT TUMY HacysiB abo MixnnactoBux 3pueiB. Mopy-
LLIEHHS! LIbOro TUMY XapakTepHi Ans BCIET YCNEHCLKOI 30HW 3MU-
HaHHs. BrM3bkuMK OO0 HYX 3@ TUMOM € CUCTEMU MO3AOBXHIX
BHYTPMLUHLOMNMACTOBMX 30H APOOMNEHHs i TpilmMHyBaToOCTi B
cybByrkaHiYHoMYy Tini pioniTie. Monogwmmm y Mmexax pyaHoro
nons € MopyLUEHHS TUMNY CKMOO-3CYBIiB MIBHIYHO-CXIAHOMO Ta
NiBHIYHO-3axigHOro NpocTAraHHs. [o nopylleHb Uboro Tuny
npuypodeHi fanku aioputie i giadasie. IHTpY3uBHI yTBOPEHHSI
NPeACTaBneHi repuUmMHCBLKUMK FpaHiToigamMy 3 nignopsakosa-
HUM PO3BUTKOM MPOMIKHUX Ta MadivHWX IHTPY3in. Buainsaiote
Tpu cTagii iIHTPY3MBHOrO MarMaTusmy:

® paHHbOrepumMHcbka — HeBenuki MadiyHi Macusu y
niBAeHHO-3axigHin YacTuHi pogoBuLLa, CKNageHi Benuko- Ta
cepefHbO3epPHUCTMMM rabpogioputamu, rpaHogioputamu
Ta KBapLOBMMU diopuTamu;

e cepeHbOrepUMHCbKka — AIOpUTU, PioniTW, rpaHomio-
puTK, WO POPMYIOTb HEBENMUKI LLUTOKOMOAIOHI MacuBy;

® Mi3HbOrepLUMHCLKA — LUMPOKO PO3BUHEHI B paloHi Ma-
CVBW NENKOKpaTOBUX APiGHO- i cepeaHb03ePHUCTUX FPaHITIB
i rpaHiT-nopdipie, 6ioTMTOBMX i BIOTUT-POroBOOGMAHKOBMX
rpaHiTiB, WO MNPOPMBaOTL MNaneo30MCbKy BYIKaHOreHHO-
0cajoBy TOBLLY, 4acTO NPUYpPOYEHi 10 30HU cybMmepugioHa-
NBHOTO YCNEHCHKOro po3rnomy.

PynoBmicHi nopoaun 3asHanu rigpotepmarnbsHO-MeTaco-
MaTUYHUX 3MiH; BUAINATb Tpu dpauii: nponinitoBy, ka-
niwnaTtoBy Ta 6epeautoBy. PydHi Tina popoBuwa TiCHO
noB'si3aHi 3 NNacToBUMK CyOBYNKaHIYHMMM Tinamu pioniTis,
KOH(POPMHUMU iHWNM cTpaTurpadivH1mM nigpo3ginam.

PynoHe none poposuila cknafeHe edhy3vBHO-NIPOKNacTY-
Hoto ToBlleto AeBoHy (D2-Ds). Y komnnekci ByfikaHOreHHo-
ocafoBux nopig dameHy BUAineHo JavikonogibHi Tina cyosyrn-
KaHIYHUX pIoNiTiB, LU0 3aiMatoTb 3ridHe i CiYHe nomnoxeHHs. Bi-
JoMmi Hesenuki fankv nopdpipuTie. Y 6esnocepenHin 6rmMabKoCTi
BiJ pogoBvLLa € ABa Benviki rpaHiTHi Macuen. PogosuiLe noka-
ni3oBaHe y cyoByrkaHiYHOMY Tini pioniTie. Ockinbku pyaHa MiHe-
panisauis 3a NpOCTAraHHsiIM Mae Nepepsy, POOOBULLIE YMOBHO
nogineHo Ha Tpu ginaHku: 3axigHy, CepegHto Ta CxigHy.

Ha 3axigHi ginsHui ocHoBHa pyAHa 30Ha npeacTas-
neHa 6e3nepepBHNUM po3rany>XeHUM pygHUM Tinom i cepieto
HEBENMKNX NapanenbHuX MiH3 i XXMnonogioHux Tin, Wwo 3a-
narawTb 3rigHo 3 pionitamm (puc. 5). MNMosopoT 6nokie no
LapHipax nonepevyHmx cKMao-3CyBiB 3yMOBMB BiAMIHHICTb Y
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nagiHHi pygHux Tin — Big cybBepTuMKanbHOro Ha 3axigHin gi-
naHui (70-85°) go BigHocHO nonororo Ha CxigHin (30-35°).

BHyTpilwHA OyaoBa oKpemMuyx pyaHuX Tin 4OCUTb cKnagHa.
HinsHkn BigHOro BKpanneHoro 3pyAeHiHHSA MOEAHYIOTLCSA 3
NpoXunkamu, rHisgamu Ta 6inbwrmMmn BigocobneHHsamn 6ara-
TUX pyA Ta cyuinbHKUX cynbdigie. Ha rmunbuHi pyaHi tina ma-
I0Tb LWe cknagHiwy OynoBy, posnajakyuch Ha cucTemy
30nVKEHNX Tin Pi3HOI MOTYXXHOCTI. Y 3ararnbHili CBOIM Maci
BOHW € MOHOMIHEPANBHUMW, FaneHITOBMMM | NuLle B OESKNX
BMNagkax HalyBalTb MipuT-ranexitoBuin abo cdaneput-
raneHiToBui ckrag. PyaHi Tina oToveHi LULMPOKMMK opeosiamun
pOo3citoBaHHs CBUHLO, Gapito, cpibna, MeHLLe Mifj, LMHKY Ta iH.
3pyaeHiHHA nokarnisoBaHe B Mexax ToBLUi edpy3MBHUX pioni-
TiB Ta iX TydiB, A€ KOHTPOMNIOETLCS 30HaMK APOBNeHHs i nia-
BULLIEHOI TPiLYMHYBaTOCTi. 3a IHTEHCUBHICTIO 3pYAEHiHHS
BUAINAETLCA OCHOBHA pyAHa 30HA, BIQHOCHO MNOTYXHa i BU-
TPUMaHa, fKka CyrnpOBOMKYETbCA MapanenbHUMM 30HaMu 3
MEHLU iHTEHCUBHUM 3pYOEHIHHAM.

OcHoBHa 30Ha TsXie OO nexxadoro Ooky pionitie. Bnvkde
[o Bucsavoro 6oky, napaneneHo i, npoxoauTb [liBHiYHA
pyaHa 3oHa. BoHa BigokpemneHa Big lNiBgeHHoT niH3onoai-
OHUMK NpoLuapkamu Tydie Ta kapboHaTHUX nopia. Mo6nuay
nexavoro 60Ky, 0cob6nmBo y rMMBOKUX ropusoHTax, Bia3Ha-
YalTbCA HEBUTPUMAHI, YacTo cnini pyaHi Tina (3axigHa gi-
nsHka). Ha BcbOMy npoTs3i pyAHi Tina posTalloBaHi
KyniconogidHo, rpynytoTbCa B MapanesnbHi 30HU, MicusiMU
BOHM 30MvKeHi, MicLAMU po3xoasTbes. 3arariom pyaoHOCHa
cMmyra B pioniTax Mae AOBXUHY 61M3bKo 3 KM.

Ha pogosuwi BuaineHo Tpu TMnu pyAa: cynbdigHi, 3mi-
LaHi Ta oKuUCHeHiI. [NepeBaxaloTb cynbdigHi pyan, OCHOBHa
YacTka 3anaciB skux ctaHoBuTb 59 %. OCHOBHUM MiHeparnom-
HOCIEM € raneHiT, 3 kMM noB'a3aHo noHaa 85 % cBuHLULO,
3 HE3HaYHMMU JOMilLKaMu MipUTY, XanbKonipuTy Ta cdane-
puty. 3miwaHi pyan ctaHoenate 15,5 % Big 3aranbHux 3a-
nacie pyau. OCHOBHi pyaHi MiHepanu npeacTaBneHi
ranieHiToM i LepycuTom.

OkucHeHi pyamn ctaHoBnATb 25,5 % Big 3aranesHux 3ana-
ciB, 3andAraloTb Y BEPXHiX YacTuHaxX pyaHOI 30HU, CKNnageHi
nepeBaxHO LepycuToM. 30Ha OKUCHEHHSI PO3BUHEHA HePIB-
HomipHo. Ti rMnbuHa amiHoeTbea Big 50 Ao 220 M Ha 3axia-
Hin ginsHui i@ Biga 80 g0 190 M Ha CxigHin, gocsarakoumn
MaKCUMarnbHUX 3HaYEHb Y LieHTparbHilA YacTWHI poaoBULLA.
Mexi 30HN OKUCHEHHS i3 CynbMigHO0 PYAO AYXe HEPIBHI i
HeuiTKi, 3a3BU4an igeHTUMIKYITLCA NyLle 3a pesyrbTaTtamu
aszoBoro aHanidy. Ok1cHeHa 30Ha XapakTepu3yeTbCs iHTe-
HCUBHMM PO3BUTKOM MnceBaonopdipoBoro LepycuTy Ta nia-
NopsiAKOBAHOIO KINbKICTIO aHrNe3nTy nicns raneHity. Fanexit
TpannseTbCs y BUMNAAi penikToBMx cerperauin i ApibHux yac-
TUHOK y LepycuTi. MNepexiaHa 30Ha XxapakTepu3yeTbes YacT-
KOBUM 3aMilLleHHSAM TaneHiTy LepycUTOM, aHrne3nToMm;
yacTo sBnsie cobok cynbigHi arperatu i3 3oHamMu nNigBu-
LLIEHOI TPILMHYBATOCTI, e BOHA CKNAAaeTbCsA 3 OKMCHEHMWX
MiHepanie CBUHLLO i rigpokcuais 3anisa.

3a gaHuMKM ximiYHOro cknagy BUSIBMEHO, O NiTOMiNbHi
KOMMOHEHTU Yy cknagi BCiX TUNIB pya poaoBuLa iCTOTHO ne-
peBaxatoTb Hag pyAHUMU. OCHOBHMM 3 HUX € KPEMHE3EM,
BMICT SIKOro ctaHoBuTb 68,8-72,5 %. YacTka iHwux nito-
iNbHMX KOMMOHEHTIB Bapitoe Y LUMPOKOMY Aiana3oHi. 3 HKX
nepeBaxawTb anioMmiHin Ta kanin (5,15-7,3 % T1a 2,62—
6,93 % BignoBigHo). PyaHi enemeHTU npeacTtasneHi 3ani-
30M, CBUHLIEM, LIMHKOM (Tabn. 2).

BikoBi cniBBigHOLWEHHS 3pyAEeHIHHA 3 IHTPY3UBHUM i Aan-
KOBWM KOMMJSIEKCaMu Nopid, Noro BENNKMN BEPTUKANbHUA gj-
anasoH Yy pasi CTanocTi pevYoBUHHOrO cknagy pyg AakoTb
3Mory npunyckaTi, Lo JXKEPENOM rigpoTepManbHUX pyaoHO-
CHWUX PO34MHIB Bynu rMmnbuHHI MarmaTuyHi ocepeku abo ce-
pii mManux iHTpy3ii, iIMOBIPHO MOB'A3aHNX 3 Ocepeakamm
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nonepeaHLOro ByIkaHi3my, siki akTMBI3yBanucs 3a ymoBu no-
CUNEHHS TEKTOHIYHUX npoLecis. MpocTopoBa NpUypoYeEHIiCTb
3pYAEHiHHS [0 BYIKAHOMEHHUX YTBOpPEHb, MabyTb, 3yMOB-
neHa TUM, O PYLOOHOCHI PO3YMHU BMKOPUCTOBYBanM $iK

NiaBIgHI KaHanw TPILWMHHI CTPYKTYPW BYFNKaHIYHOro anapary.
Kpim Toro, Benuka xiMiyHa akTMBHICTb KUCIMX edy3uMBiB Ha
poaoBuLi, iX i3MKo-MexaHiyHi BNacTUBOCTI 3@ HasIBHOCTI
CNpVSATNINBOI CTPYKTYpU CTBOPWIN YMOBMW PYAOBIOKTAAEHHS.

[Q ]
B2

——
7 ]«
X x5
KX
T
[Fnls

9
10
R 1

X &YX

Puc. 5. CxemaTM4HUI reonoriyHUN Nnax i reonoriyHi po3pisu 3axigHoi AinsHkM poaosuwa Ananrup:
1 — YeTBepTUHHI BigknaaK; 2 — dhameHcbki cnaHLi, TYdOoniCKOBUKM, BanHsKK; 3—8 — XXMBETCbKO-(PpaHChKi Bigknagu: nilaHucTi BanHskuM (3),
Tycpm pioniTis (4), pionitn (5), anbbitodipu (6), TydiTh (7), nopdipoiam (8);
9 — cy6BynkaHiyHi pionitu; 10 — nopdiposi favikv giopuTis; 11 — pyaHi Tina

Ta6bnuys 2
XiMmiyHU# cknag pya

KoMMOHEHT CynbdigHi 3miwaHi OKUCHeHI KoMNOHeHT CynbdigHi 3MmiwaHi OKUCHEHI

pyAu pyau pyau pyAau pyAu pyAu
SiOy, % 67,84 68,91 70,32 Se, /T <5 <5 <5
TiO,, % 0,19 0,19 0,25 Cd, rit <10-20 H/BU3H. <10
AlL,O3, % 11,33 10,8 12,19 Te, r/T <2 <1 <2,0-3,9
Fe;0s, % 2,22 1,72 1,86 Hg, rit 1,67 4,22 0,88
MnO, % 0,06 0,03 0,05 Sb, rit <20-37 47 30
MgO, % 0,41 0,27 0,45 Ga, 1/t 137 15 17
Ca0, % 2,12 0,80 0,44 Ge, /T 2,0 H/BU3H. 1,0-1,1
Na,O, % 0,54 0,34 0,29 Au, /T - - -
K20, % 7,50 7,41 8,60 F, r/in 0,05-0,2 H/BW3H. 0,05
P20s, % 0,042 0,0042 0,055 As, 1/t <50 50 <50-85
Pb, % 2,66 4,05 2,13 In, r/T <0,001 <0,5 <1,0
Zn, % 0,099 0,06 0,023 Re, it <0,04 <0,04 <0,04
Cu, % 0,013 0,011 0,028 Tl r/T 1,40 1,32 1,57
BaSO4, % 1,37 3,38 1,42 Co, it <40 H/BW3H. <40
S, % 1,13 0,82 0,40 Ni, r/T 16,0 12,0 11,0
Ag, 1t 14,4 21,59 10,73 Cyma 97,52 98,83 98,51

®akmopu KoHmposto 3pyoeHiHHSA YPP. OcHOBHUMU
YNMHHMKaAMWN KOHTPONMO 3pyAeHiHHA YPP € CTpyKTypHi, mar-
MaTW4Hi, MeTacoMaTUYHi i NiTonoro-cTpaTurpadiyHi.

mo6anbHUM CTPYKTYPHUM (haKTOPOM € NMPUYPOYEHICTb
YPP 00 eHCMMaTuU4HMX Ta eHcianiYHUX OCTPIBHOOY>KHUX
naneocuctem KasaxcTtaHy, wo Bigobpaxae 3aranbHonna-
HeTapHy 3aKOHOMIPHICTb Y pPOo3nofini poAoOBML, KOPUCHUX
konanuH (Masypos, 2005; MetannoreHunss KasaxcraHa...,
1983; Mutuen, MapcoH, 1984).

PerioHanbHUM CTPYKTYpHUM (DaKTOPOM € HasBHICTb
YcneHcbkoi ocnabneHoi 30HK, sika € AyXe AaBHbOIO i cdop-
MyBanacsi B3OBX TUX MMUOUHHUX PO3NOMIB, 3apOOXKEHHSI
Ta PO3BUTOK SIKMX 3YMOBMITO NOSBY AiNsIHOK 3eMHOT KOpy, Lo
3a3HaBanu y noganbLlUOMy CKNagHWX nepeTBopeHsb. Lli pos-
NIOMM MOCIY>XUNW NiABOAHVMMU KaHanamy Ons BKOPIHEHHS
Marmu, npo Lo CBigYaTb YACMEHHI Tina iHTPY3MBHUX NOpig i
edy3nBHI YTBOPEHHS, nowmpeHi B ix mexax. Kpim Toro, ui
pPO3MoMMU 3HAYHO Mocnabunm MiLHICTb 34reHyBaHHsSI OKpe-
MUX YaCTUH OaBHbLOro PyHOAAMEHTY cknagdacToi obnacri.
Tomy Hagani came B34OBX HUX HaWOINbLL IHTEHCUBHO Npo-
ABUIUCHA TEKTOHIYHI HaMpy>XeHHS, WO 3yMOBUMNW BUHUK-
HEHHS TyCTOi Mepexi O0OaTKOBMX PO3NoMmiB i ApiOHMX
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TpiwwmH. OgHovacHo BigbyBanocs iHTEHCUBHE CTUCHEHHS,
LLIO MPUBENO A0 YTBOPEHHS CKIagHMX CKnag4acTux i pospu-
BHMX MOPYLUEHb | CTAno CNpUATAMBOK YMOBOK BUHUKHEHHS
noniMmeTaniyHMx pogoBuLL,.

PynoHocHi dpopmaLii cknageHi gonomitamu, BanHskamm
3 ropM3oHTaMu BYrneLeBO-rMMHUCTUX, BYrneLeBo-KpeMeHm-
CTUX nopig, sWwm, anesponiTiB i TydiTiB. EnisoguyHo B HUX
(PiKCylOTbCS1 BUCOKOKAanieBi ByrKkaHiTu 6asanbT-Tpaxibasa-
NbTOBOrO CKknagy Ta ApibHi rabpo-cieHiToBi iHTPY3ii. Y po3pi-
3aX NPOAYKTMBHMX TOBLY 3aKOHOMIpHE  MONOXEHHS
CBUHLEBO-LIMHKOBMX FOPU3OHTIB HUXYe 3ani3HuX Ta mapra-
HueBux. Pyan CBMHLIEBO-LMHKOBMX POLOBULL, 3HAYHO LIMH-
koBi. CymMapHi BMIiCTU CBMHUIO Ta LMHKY Onusbko 4 %.
36arayeHHs (0o 7-8 %) noB'sA3aHe 3 NepeTBOPEHHSAM CTpa-
TUOPMHMX pya Yy 30HaxX MeTacomaTu4HOi nepepobku
(>Kanpem), TekToHo-MeTamopdiamy (Tekeni) Ta B HAQiHTPY-
3MBHUX o06nacTsx i3 3anoBHeHHAM Garatumu pygamu
TepmokapcTiB (Aokarn). [Jo KOHTUHEHTanbLHUX pUTIB NPUYpPo-
YeHi HanbinbLi Ha €BPOasiNnCbKOMY KOHTUHEHTI CKyn4YeHHS
MapraHuesux pyn ATacyncbkoro pavioHy (Ywkatu-lll,
BaxigHun Kapaxan) (Pysaes, 2005).
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lNpopotepmanbHe pyooBigknageHHA B nepeBadkHi Binb-
LLIOCTi BUNaAKiB BUMNEpeaXanocs, CynpoBOAXyBanocs i 3a-
BepLuyBanoca 3MiHamu BMICHUX nopig. Tak, Ha poaoBuMLLi
>KanpeM HaBkornopygHi 3MiHW BMICHUX Mopig nposiBUNUCS
TiNbKW y 3B'A3KY 3 rigpoTepmarbHUM eTarnoM MiHepanoyTBo-
peHHs1. [NoyaTok rigpoTepmMarnbHOro NpoLecy CynpoBoaXyBa-
BCS1 iIHTEHCUBHOI Nepepobkoto BMiCHUX nopig. MpOHWKHEHHST
nepLUMX NopLii PO34MHIB Yepes BYrneLeBO-TMNHNCTO-Kpeme-
HUCTI BamMHsKW CMPUYMMHUNO IXHE NEPETBOPEHHS: BUHUKaNW
30HM 3MiHHMX NOPIA, L0 YaCTKOBO NEPEKPUBAIOTL OAHA OAHY.
Lle 30HM OCBITNEHMX i NepeKkpucTanizoBaHNX BanHsikiB, anbobi-
TM30BaHMX BarHsKiB, anbOiT-40NOMITOBUX Mopid, KpeMeHuc-
TUX MmeTacomaTuTie. Mano Micle ogHovacHe yTBOPEHHS! 30H,
LLIO CyNPOBOKYBaNocsi PO3pOCTaHHSM | YHaCTKOBUM iX Hakra-
[AEHHSIM OHa Ha OfHYy.

KsapuosBi, niput-kBapuosi Ta 6aputosi meTacomaTunTy,
AKi YTBOPUNWCS B HACTYMHi CTaAii npouecy, posaineHi Tek-
TOHIYHMMUM nopyweHHaMK. OgHoyacHo Biabysanocs 3anos-
HEHHA TPIWWH Ta MNOPOXHUH. HanbinbWw IHTEHCMBHO
nposiBunacsa 6aputnsauis, Wo npussena 40 YTBOPEHHSA Ha
MOPIBHSAHO BENWKMX nrowax 6aputnsosaHux nopig i 6apu-
TOBMX MeTacomaTtuTiB. HesHayHo il nocTynaeTbca oKkBap-
LyBaHHs, Y TOW 4Yac sk anbbiTusauis Ta [ornomitusauis
NposiBIEHi NoKarnsHO.

Ha pogosuwi Yiwkatun-Ill HaBkonopyaHi 3MiHWM NPosiBrieHi
cnabo. bapuTtnsauis posBrHeHa nuLLe y 30HaxX AN3'IOHKTUBHUX
nopyweHbs. bnuabki 4O onucaHUX i HaBKOMOPYAHI 3MiHU
BMiCHUX MOpi4 Ha poposuLlax keapu-6apuToBoi rigpoTep-
MarbHO-MeTacoMaTU4Hoi cybdopmallii.

OTxe, ANa UnX podoBUILL, HAWTUMNOBILLMMUN HaBKOMOPYA-
HMMK 3MiHamMK € oKBapLyBaHHsi Ta bapuTu3auis. Ha pogo-
BULLi CBUHLIEBOI ByrKaHOreHHo-rigpotepmMarnbHoi dpapmaLii
Ananrvp HaBKkonopygHUM 3MiHaM nigaanTbCs B OCHOBHOMY
py£oBMicCHI edpysuBm (pioniTi, henb3nTn Ta ix Tydm).

B YkpaiHi CBMHUEBO-UMHKOBI pyau BigOMi B NiBAEHHO-
CXigHi YacTuHi [HiNpoBCbKO-[JOHELIbKOT 3anaauHu i B 3akap-
natti. Y [epxaBHomy GanaHci 3anaciB KOPUCHMX KOmnamnuH
Ykpainu obnikoBaHo 3anacu beperiscbkoro, MyxiiBcbkoro, Bi-
raHCLKOro KOMMMEKCHUX pogosul, ctaHoM Ha 01.01.2020 p.
po3pobnsieTbesa biraHcbke (cneuiansHuiA 403BiN Ha BUAOOY-
BaHHSA 6apuTOBKX pyA i3 CynyTHIM BUNyYEHHSIM nonimeTanis
Ta cpibna) (MiHepanbHi pecypcu Ykpainu..., 2020).

[o KapnaTtcbkoi MeTanoreHiyHoi npoBiHLii BXOASATb
3akapnaTCbkuin BHYTPILLHIA NPOruH, cknagyacti Kapnatu i
MepenkapnaTCbknii KpanoBmun NPorvH. B ii Mexax ocHoBHa
Maca rigpoTepMarnbHUX pPOAOBULL i NEPCNEKTUBHUX PyAon-
pOSiBiB CBUHLIIO i LIMHKY NokanisyeTbCA B 3akapnaTcbKoMy
BHYTPILLHBOMY MPOrUHi i NoB'A3aHa 3 anbniNnCbKUM BYMKaHi-
3MOM aHAe3naaumT-pioniToBoi hopmadlii.

KomnnekcHi 3onoTo-noniMeTaniyHi pogosulla, NoB's-
3aHi 3 HEOreHoOBMM BYIKaHi3aMomMm, BidoMi B o6pamneHHi Nakx-
HOHCbKOrO MacuBy He Tinbku B YKpaiHi, ane n B PymyHii
(pyaHi paioHn basi-ne-Apiew, Cekapumb i bpag) i B Crio-
BavuuHi (pygHi parioHn Kpemuuus i MNykaHeub). Bei 06'exTu
MatoTb psig nogibHux puc (puc. 6): gBosipycHy 6Gynosy 3
edy3nBHO-0CafoBUM YK KapOOHATHO-TEPUTEHHUM JOHeore-
HOBMM (byHOAMEHTOM, MEPEKPUTUM aHAe3UT-pioniToBUMM
BYIKaHITaMn HEOTEHY, 3 YNCMEHHUMUN EKCTPY3iMU, HEKaMMu,
XepnosuHamu, CyoOBYNKaHiYHUMKW  IHTPY3iAMM  KMCMOrO
cKnapgy, siKi 4YacTo KOHTPOMIOTb PO3MILLEHHS PYAHWX Tin
(popmoBuwa Masapi, Xa-Hew, Bbasi-Cnpie, Xepxa, BanHs-
Pouuie, Hariar B PymyHii); 3oHanbHicTb 3pyAeHiHHSA 3 BHYTpI-
WHiMn 30Hamn 3 Cu-Pb-Zn miHepanisaui€to i 30BHiWHIMKU 3
Au-Ag; BepTUKanbHy NPOTSXHICTb 3pyaeHiHHA Ao 500-800 m
(AnyceHi, Bas-Cnpie, Powwea-MoHTaHa); pyaHi Tina npegcra-
BMNeHi ManocynbigH1MMm KBapLOBUMM | KBapL-aaynsapoBnuMm
Xunamu, KBapLoBUMU BpekyisMu, KaoniHiT-kBapLOB1MM MPo-
XUIKOBO-BKpPANneHUMn 30HaMu, MOKari3oBaHUMK B CUCTe-
Max PYOOHOCHUX TPILLMH B OKPEMEHINMX, NPoniniTM30BaHuX i
niputTnsoBaHnx nopogax. BoHn Hanexatb Ao 3onoTo-agynsp-
KBapL-xaregoHOBOI ManornmMouHHOI dhopmalii, xapaktepu-
3ylOTbCA BUCOKMM BMICTOM cpibna (Au:Ag — 1:3) i BigHOCHO
HM3bKOIO NPOoBHicTio 3onoTa (600—-800).

Tak, Ha pygHomy noni LWTasHuusa-Mogpywa B LieHTpans-
Hin CnoBay4yuHi BHYTpPIWHS 30Ha (LUTABHMUA) npeacTas-
neHa >wnamu nonimetaniyHoi (Cu, Pb, Zn) dopmadii,
nokaniaoBaHUMK B aHAE3UTaxX HEOreHy, a TakoXK NPOXUIKOBO-
BKpanmeHumy rigpoTepMasibHO-MeTacoMaTuYHNMN  pya-
HMMW 30HamMu B TPiacoBUX MeprefibHo-kapboHaTHMX Mopo-
Aax, a 30BHiWHs (FogpyLw) — cpibno-30n10TOHOCHOK 30HOH.
30M0TOHOCHI, YacTo i3 cpibnom i CTUBHITOM KBapLOBi Xunn
3HaYHO MOLUMPEHI TaKoX Ha pyaHux nonsx KpemHuus, Hosa
BaHs, MykaHeup y LieHTpanbHin CrnoBayvyuHi.

Puc. 6. Cxemu 6yaoBu 3onoTto-nonimertaniyHux popgoBuwy, PymyHii (Muxannos, ®epuyk, 2008):
Poposuwa: a — Masapi, 6 — XaHew, 8 — bas-Cnpue, e — Xepxa, 0 — Banes-Powe;
1 — cy6BynKaHiYHi Tina KMCNoro i cepeAHbOro cknaay; 2 — BMICHi ByNikaHOreHHi (a) i ocaposi (6) nopoau; 3 — pyaHi Tina
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Puc. 7. l'eonoriyHa kapta BeperiBcbkoro pyaHoro panoHy (FC'ypcbkui Ta iH., 2006):
1 — rMWHK, NICKM iINbHULIBKOT CBITW NEBaHTUHY; 2 — IMUHM 3 NpOLLIapKamu MICKOBUKIB KOXXENIBCbKOI Ta i30BCbKOI CBIT MaHHOHY;
3 — nnioueHoBi aHAe3nTW; 4 — IMUHK, MICKX, Mepreni anmacbKoi CBiTU cepeaHbOoro capmary;
5-6 — Tychm (5) i apriniti (6) NyKIBCLKOI CBITW HKHBOTO capmarty; 7 — pioniti; 8 — irkim6puTy; 9 — naew i Ty aHAesuTIB i pioniTis;
10 — BepxHi TydoBUI FOPUSOHT HUXKHBLOTO capmMarty; 11 — BepxHSA 0cafoBa TOBLLA HKHLOTO capMmary;
12 — cepepiHilt TychoBWI FOPU3OHT cepeHbOro 6afeHito; 13 — HKHSI OCaloBa TOBLLA refbBETY | HUXHBOTO BafeHito;
14 — HYXHIN TychoBMIA FOPUSBOHT KapnarTito; 15 — KoHrmomepaTy i rpaeeniT BypkaniBCbKOI CBITH; 16 — cknaaky;
17—19 — po3nomu, Lo KOHTPOIIOKTL NPOSIBM PIONITOBOrO ByrnkaHiamy (17), aHae3uToBoro BynkaHismy (18), HackpisHi (19);
20-22 —BynkaHu aHge3wTosi (20), 3amiaHoro ckragy (21), pionitosi (22); 23 — kanbaepw;
24 — poposuuLa i pyoonposieu (1 — biraHcbke, 2 — beperiBebke, 3 — MyxiiBebke, 4 — Jlonockke, 5 — KBacoBcbke)

BeperiBCbkMin pyaHWI panoH po3TalloBaHWn y ni-
BAEHHIM 4acTuHi 3akapnatcbkoi obnacTti Ha niBHIYHOMY
cxogi MpuayHancbkoi HM30BUHK (pyc. 7). MnoLua pyaHoro pa-
OHy 36iraeTbcs 3 BeperiBcbkvMum Harip'siMu, Lo CTaHOBNSITb CO-
OOl HEBUCOKI BYIKaHiYHI OCTpIBHI ropn cepen  pPiBHUHM.
Cy4acHa CTpyKTypa parioHy 3yMOBIIEHa TEKTOHIMHUMU pyXamu,
AKi BigbyBanvcs B nnioueHi B nepiog cdopmyBaHHs Benukoi
YropcbKoi 3anaguHm i ropcToBoi 30HU. B paiioHi BypiHHAM po3-
KpWTi NOpOAM JOHEOreHOBOro (pyHAAMEHTY (Maneo3oncbki di-
NiTW, BanHsKK i Tpiac-topcbki BanHsiku, giabasu, awmm). HeoreH
NpeacTaBreHnin 0CafoBO-BYITKAHOrEHHO TOBLLEHD, LLO CKIa-
Oa€EeTbCA 3 NepeLlapoByBaHHSA FOPU3OHTIB PioNiTOBMX TydiB i ni-
LLIAHO-TIIMHUCTUX NOopia,.

Bcs ToBWa 3im'ATa B Gpaxicknagkm cybmepuaioHans-
HOro MPOCTAraHHs i po3dbuta Ha okpemi 6roku posnomamu
pi3HMX HanmpsaMkiB i amnnitya. Y Beperiscbkomy pyaHomy
palrioHi po3sBigaHi pogoBuLa anyHity, kaonidy, 6apur-noni-
MeTaniyHux pya, pPo3pobnsTbCs 30M0TO-NomniMeTaniyHi
pyan. B mexax panoHy BUAINATb TpU pyaHux nons: biraH-
CbKe 3 0HOMMEHHUM cpibno-nonimeTaniyHMM pogoBULLEM;
Beperiscbke 3 beperiBcbkuM i MyxiiBCbkMM 30M0TO-MoniMe-
TaniyHumu pogosuamu; Keaciscbke 3 KBaciBcbkum i llono-
LWaHCbkMM  cpibno-noniMetaniyHimn i Kenuewcbkum
3onoTo-noniMeTaniyHnum pygonposasamu (puc. 8).

Gepeeiscbke 3on1omo-noniMemarniyHe podosuwe
npuypoyeHe A0 MiBAEHHOro 3aMUKaHHA cybmepuaioHanb-
HOro G6paxiaHTMKNIHANBLHOrO NIAHATTS i po3TalloBaHe B Of-
HOMMEHHI Kanbdepi, CcknageHin MioueHoBUMU Tydamu
pioniTis. PygHi Tina B Mexax pogosuLia nokanisosaHi nepe-
Ba)XHO B TY(DOreHHi ToBLLi HeoreHy. OCHOBHUM pyLOBMiC-
HUM TOPU3OHTOM CnyXaTb pioniToBi Tydu cepeaHbOI
YaCTUHW pO3pi3y, YaCTKOBO 3pYAEHIHHSA 3yCTPIYAETLCS B HU-
XHI YacTuHi ocagoBoi ToBLwi. Mopoan posciveHi oBoma cu-
cTemamu TPILLMH, Pi3HMX 3a HanpsmoMm i Bikom. [Mepa
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cuctemMa Mae 3axig-niBHiyHo-3axigHe NpOCTAraHHs i 3 Heto
noe'a3aHa 3onoTo-noniMeTaniyHa MiHepanisadia. [dpyra
cucTemMa — niBHIY-NIBHIYHO-CXiAHA — NnepeTvHae nonimeTanivHi
XWUNW i 3 HEto NoB'si3aHe YTBOPEHHS KaoNiHOBUX i anyHITOBUX
noknagis (puc. 9).

3onoTo-nonimeTaniyHa MiHepanisauis npeacTasneHa vo-
TMpMa MopdOnoriYHUMK TUNamu pyaHux Tin: 1) cknagHo no-
OyaoBaHi pyAHi >XUMKW i XXWMbHI 30HW B PO3NoMax NiBHIYHO-
3axigHOro i MiBHIYHO-CXIQHOTO HAaMPSMKIB; 2) MPOXWUIKOBO-
BKparnneHe 3pyAeHiHHA B 30HaX NigBULLEHOI TPILLMHYBATOCTI;
3) cybnnacTtosi Tina B wapyBaTuMX BYIKaHOT€HHO-OCaf0BUX
Biaknagax; 4) pyaHi LUTOKBEPKM Ha AinsiHkax nigBuLLEHOI Tpi-
wimHyBatocTi. CiuHi i 3rigHi KBapL-CynbigHi Xnnm i npoxun-
KOBO-BKpanneHi pydaHi Tina (ToBwmHa Ao 3-5 M, OOBXMHA
350—450 m) npocTsaratoTbest A0 rmMubuHK 350 M.

MiHepanbHWi cknag pyA pojoBuLla AOCUTb PI3HOMaHIT-
HWR, IXHIO 3aranbHy MiHEpanoriYHy XapakTepucTUKy HaBeAeHo
B Tabn. 3. OCHOBHI pyaHi MiHepanu: cdhaneput, MipuT, raneHiT,
MapKasuT, XarnbKomMipuT; APYropsiaHi: reMaTtvT, TeTpaeapwT, 30-
1oTo, cpibno, enekTpyMm, BIOPLWT, MENBbHUKOBIT. Ha BEpXHIiX ro-
pv3oHTax Oinblue nowmpeHi 6apuT, MapKasuT, MEMbHMKOBIT.
B3HayHo YacTille TYT TpannseTbCs i 30510T0, 0OCOBNMBO B LUTOK-
BEpKOMNoAibHKX KBapLi-aaynspoBuX MeTacomaTuTax y BUMMsii
BiMbHMX 3€pEH PO3MIPOM 1 MM B NOMEPEYHMKY.

BmicT meTaniB y pyaHivi 30Hi 3MiHIOETbCS B FOPU3OHTarb-
HOMY i BEpPTUKANbHOMY HanpsiMkax. CepeaHinn BMICT cymun
CBMHLIO | UMHKY Y LUTOKBEPKOBOMY 3pYAEHiHHI Ha hnaHrax
MEHLUWIA, HiX y 1T LeHTpanbHi YacTuHi. 3 rmunbuHoto 36inb-
LYEeTbCA KinbKicHe cniBBigHOLWEHHA cdaneputy OO rane-
HITY, CyMW CBUWHLIO i UMHKY A0 3omoTa i cpibna. OcTaHHi
MICTATbCHA B pyAax B MpsIMO MPOMNOPLINHIA 3anexHOCTi Big
3MiHM BMICTY CBMHLIO i LMHKY. BMIiCT CBMHLIO B cepefHbOMY
no pyaHin 30Hi ctaHoBUTb 2,09%, unHky — 5,08 %. BigsHa-
YEeHO BUCOKUIA BMICT KaAMit0, HU3bKMUI CYypMU | MULLI'AKY.
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Puc. 8. CxematnuHa reonoriyHa kapta Beperiscbkoro pyaHoro nons (Fypcbkuu Ta iH., 2006):
1 — pioniTh; 2 — BepxHs TydoBa TOBLUA; 3 — BEPXHS 0CafoBa TOBLLA; 4 — cepeAHs TydoBa TOBLUA; 5 — HUKHA OCafoBa TOBLUA;
6 — BTOpPUHHI kBapuuTy; 7 — cnabo mMiHepanizoBaHi po3noMHi 30HW; 8 — pyaHi 30HU; 9 — LUTOKBEPKOBI PyAHi TiNna;
10 — fiaroHanbHa po3nomMHa 30Ha; 11 — papianbHi i kinbueBi posnomu; 12 — iHTPy3is MiKporpaHoaiopuTy Ha rnmMbuHi
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Puc. 9. Po3pis Beperiscbkoro pogosuila (MuxannoB Ta iH., 2007):

1 — pioniTn, 2 — Tym pioniTiB HNKHBOIO rOPU3OHTY, 3 — apriniTM BEPXHbLOI 0Caf0BOI TOBLLi, 4 — aprifiTM HWKHBOI 0Cag0BOI TOBLL,
5 — BYNKaHOreHHO-0CafoBi YTBOPEHHS Me3030t0, 6 — 30Ha MyxiiBCcbKkoro posnomy, 7 — pyAHi Tina, 8 — poanomu
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Ta6bnuys 3

MiHepanbHui cknapg pya BeperiBcbkoro pogosuiwa (3auuxa un gp., 1984)

PyaHi miHepanu

Fonosni Opyropaasi PiaKicHi HepyaHi miHepanu lFinepreHHi miHepanu
canepur, remMaTtut, Tetpaeaput, | nonibasut, GypHOHIT, KBapL, KaoniHit, 6aput, agynsp, aHrnesunT, NiMOHIT, LiepycuT,
nipuT, ranexirt, 3011070, cpibno, XarnbKO3WH, NipapripuT, | MOHTMOPWIOHIT, anbbiT, KanbumT, APO3UT, XanueaoH, CMITCOHIT,
MapKasurT, eneKkTpyM, BIOPLMT, eHapriT, KiHoBap, CUAaepUT, OUKIT, rigpocnioau, KOBeniH, a3ypuT, Manaxit, cipka,
xanekoniput MENbHUKOBIT dpevicnebeHiT, oBiXiiT HOHTPOHIT, rapMOTOM, rinc, GPOHaHTUT, KynpuT
HaTponiT, AONOMIT

BuaineHo 4otupm cragii miHepanoyTeopeHHs: 1) cynbdi-
OHa (BKkpanneHi pyau): nipoTuH, kapboHaT, niput+mMapkasuT,
chanepuT, raneHit, cynbgoconi cpibna, xanskoniput, TeHa-
HTUT, enekTpym; 2)kBapu-baputoBa (macuBHi ©apuToBi i
KBapu-6apuToBi xunu): dnoput, keapy, |, 6aput |, aHrne-
3uT+nipuT; 3) KBapu-kapboHaTHa (kapboHaTHi i KBapLIOBI
Xunu i npoxunku): kapoonar I, ksapuy Il, remaTut, kBapu lll,
cpidno, akaHTuT, 6aput ll; 4) kapboHaT-reTutoBa (kapOoHa-
THO-KBapLIOBi, aMETUCTOBI, KBapL-XanueAoHOBi MNPOXMITKM,
Apo3uT-rematutoBi Ta GapwuToBi arperatu): kap6oHat lll,

kBapy IV, spo3uT, rematuT, 3omnoTo, kiHoBap, Gaput Il
3onoTo Bigknaganocs HanpukiHui 1 ctagii i B cepeauHi 4.
BaraTtocTaginHui npouec opmyBaHHS pya, WO Cynpo-
BO/PKYBaBCH 30HaNbHUM PO3noginom MiHepariis, HOBUM Bif-
KPpUTTAM TpiwmMH | OpobneHHAM paHiwe  BigknageHux
MiHepaniB, a TakoX NPOLECH OKUCHEHHS | BUBITPIOBAHHS 3y-
MOBWIN HAsIBHICTb Ha POAOBULLI PiIBHOMaHITHUX MOpdonoriv-
HUX TUNIB TEKCTYpP i CTPYKTYp pya, SKi HaBeaeHo B Tabn. 4.
MeBHOMY TUMY TEKCTYp i CTPYKTYP PYA BNacTuBa BU3HayeHa

MiHepanbHa acouiauisq.

Tabnuys 4

FeHeTU4Hi TMNK TeKCTyp i CTPYKTYP pya BeperiBcbkoro pogosuwa (3aumnxa v ap., 1984)

TekcTypm

CrpykTypu

EHAOreHHi EK30reHHi

MepBUHHI

BTOpPWHHI

BurnoeHeHHsI MOPOXHUH
(cdbanepuT, raneHit, ksapu,
nipuT, MapKasuT): NPOXMIKoBa,
cMyracTa, BKpanneHa,
KokapAosa, Apy3oBa, MacueHa,
KonomopdHo-meTakonoigHa

BunyzoeyeaHHs1 (NipuT,
cthaneput, remaTuT, KBapL,
rigpokcuan Fe i Mn):
yrnamKoBa, NopoLUKyBaTa,
BOXpUCTa, rybyacTa,
ALIMKOBA

3epHucmi (kBapu, NipwT, raneHit,
XxanbKkoniput, ccpaneput, 3010TOo,
TeTpaegpuT): inioMmopdHo-

i rininiomopdHo3epHucTa,
nopdiponogibHa, nownkinitoa

Po3nad meepdoz2o po34yuHy
(xanbkonipuT, MipoTUH,
chanepur, kybaHiT):
eMyrnbCiliHa, NnacTuHYyacTa,
30HanbHa

KopogitiHi (chanepwuT, raneHit,
nipuT, KBapL): NPOXMINKOBA,
cybrpadiyHa, BkpanneHa,
o6nsmyBaHHS

KopoaitiHi (xoBeniH,
CMITCOHIT, LiepycuT,
aHrnesuT, remaTur):
obnamyBaHHs1, 30HanbHa,
penikToBa

Apo6neHHs (cchanepuT, nipuT,
raneHit): 6pekdienogibHa

Kopoa3itiHi (cchaneput, raneHit,
KBapL, niput): cybrpadiyHa,
po3'igaHHs, 3anuiikosa

Bif 3aMilleHHs

MemacomamudyHi (cchanepuT,
rarneHit, niput, KBapL): igioMopdHo-
i rinigioMopdHO3epHUCTI

MemakosnoidHi (chanepwT,
BIOPLUT, raneHiT, XxanbKonipur):
NPOMEHUCTA, KOHLEHTPUYHO-
30HarnbHa

KonoidHi (cchanepwT, raneir,
BIOPLWT, MapKasuT, MESbHUKOBIT);
KONomMopdoHa, ckeneTHa

KamaknacmudyHi (nipur,
rarneHit, cdanepuT, Xxanbkonipur),
3iM'ATTA, APOBNEHHS

HaskonopyaHO 3MiHeHi mopoan pogoBuLLa HanexaTb A0
dopmaLii HU3bLKoTEMMepaTypHUX BTOPUHHUX KBapuMUTIB, Ha-
KnafeHnx Ha perioHanbHo-meTamopdiyvHi nponinity (LLepbaHb
n ap., 1988). Po3BuHeHa sik ropusoHTanbHa, Tak i BepTukanbHa
30HaANbHICTb  (3BEpXy):  MOHOKBapL-anyHiT-KaomniHiT(auKIT)-
rigpocnioancTo-(MOHTMOPINOHITOBO)-KanilunaToBa i ansbitoBa
30HU. BepTukanbHii 30HaNbHOCTI MeTacoMaTuTIB BignoBigae
pyAHa 30HanbHICTb — A0 BEPXHIX 30H PO3BWTKY KBapLy, any-
HITY, FMMHUCTUX MiHEepaniB NpWypodeHa 3o510Ta MiHepanisauis,
a [10 30H anbOIT-KBapLOBMX | aAynsap-KBapLOBMX MeTacomaTu-
TiB — CBUHLEBO-LIHKOBE 3PYAEHIHHSI.

30Ha OKMCHEHHS Ha POJOBWLLI PO3BMHEHA JOCUTL HEPIBHO-
MipHO, i MOTYXHICTb 3aneXunTb Big NOTY>XHOCTI Nayku aprini-
TiB, HUXKYe SKOI 3anaraloTb cynbdigHi pyau. MNayka aprinitis
€ BOOOTPVBOM, SIKU KOHTPOMIOBAB MPOHUKHEHHSA Ha rnu-
OVIHY KMCHIO aTMocdepy i 'PYHTOBMX BOA | B AKOMY MOTYX-
HICTb 30HM OKMCHEHHS Pi3ko 3MeHLWyeTbest (10—15 m). 3oHa
OKVCHEHHS! NPOHUKAE Ha 3Ha4Hi rmMunbuHn (oo 250 m).

PyaHi MmiHepanu kBapu-CynbMigHUX XK 3aMiHIOTbCA
BTOPUHHMMU MiHepanamu 3 yTBOPEHHSIM CBOEPIAHUX TEKC-
Typ 3aMmilLeHHs. Iig yac iHTEHCUBHOrO OKMCHEHHS | BUMYro-
ByBaHHA CcdanepuTy YTBOPIOKTLCS SALMKOBI | KapKacHi
TEKCTYpU MIMOHITY. Y BKpanneHux pyaax Ha Micui rHisa cy-
NbgifiB yTBOPKOTLCA CUMKI arperatv ApibHMX KpucTanis
aHrnesunTy, Spo3uTy, rincy, Manaxity. Y Ksapu-agynspoBux
nopogax, e nepeBaxae XanbKonipuT, 3ycTpivaTbCs HOBO-
YTBOPEHHS KOBEMiHY, a3ypuUTy, Manaxity, Kynpury.

ISSN 1728-3817

Beperiscbke poaoBuLLe HaNeXuTb 4O 30M0To-NoniMeTani-
YHOI pyaHoi popMalLlii, rofioBHI KOPUCHI KOMMOHEHTU CBUHELLD,
LIMHK, 30r10TO i cpibno. MiHepanbHuiA cknag pya 4OCUTb pi3HO-
MaHITHWUIM, BUAINAOTb Taki MiHepanbHi TUNW: 30M0TO-MNipUT-
raneHiT-cpanepmMToBui, 30M0TO-KBapL-reMaTUToBUiA, 30110TO-
agynsp-KBapLoBui,  30M0TO-Cpibno-6apuT-rigpocnioancTui.
eHeTYHUIA TN POAOBKLLEA — BYNKAHOMEHHWI rigpoTepmanb-
HUIA. 3anacu anyHiToBux pya ctaHoensTe 51,4 mnH 1. Cyma
BMicTY Pb i Zn — 4,1-13,6 %, Au 1 /1, Ag 20 r/T. BigHOLIEHHS
Zn/Pb 2:1. Banacu cBuHUO 3a KkaTeropieto Ci cdraoTb
5,41 TUC. T, MNpPOrHO3Hi pecypcu 3a KaTeropieto P11 —
298,8 Tc. 1, P2 — 44,0 TuC. T; 3anacu UMHKY 3a KaTeropieto
C1 — 14,4 T1C. T, NpPOrHO3Hi pecypcn 3a karteropieto P1 —
726,8 Tnc. T, 3a kateropieto P2 — 106 Tuc. T (Mypcbkuia, 2008).

GizaHcbke podosuuwe KOMMIEKCHUX anyHiT-6aput-
nonimeTaniyHux pya mae nogibHy 6ygosy. BoHo nokaniso-
BaHE Y MPOXMUITKOBO-XWIbHIN 30HI 3aBwmplukn 200-250 m
(puc. 10), y SKin BUAINATL NokanbHi pyaHi 3oHn (TpaBHeBa,
BepecHeBa, XKosTHeBa, Ctapo- i HoBokBiTHeBa, BesimeHHa)
npoTskHicTio 4o 1950 m 3a npocTaraHHaM i o 600 m 3a na-
AiHHAM (ToBLKMHa Big 7—10 go 20-25 m). CepefHin BMICT Un-
HKy B pyAi 3,83 %, cBuHU0 — 1,22 %. 3pyaeHiHHA HanexuTb
[0 30roTo-noniMeTanivyHol pyaHoi chopmalii 3 MiHepanbHUMU
TMNamu: 6apuTOBMM 3 JOMILLKOK CyrbgiaiB — Ha BEPXHIX ro-
pu30OHTaX; 30MoTo-GapuT-raneHit-cpanepuToBM i 30510TO-
KBapu-afynspoBUM — Ha cepefHiX; 30MoTo-NipuT-raneHir-
chanepuToBUM i 30/10TO-KBaPLI-reMaTUTOBUM — Ha HIDKHIX.
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PopoBuile € KOMNMNEeKCHWM anyHiT-6apuT-30n0TO-Cpi-
6r0-CBUHLEBO-LIMHKOBUM, XapaKTepU3YETLCS YiTKO BUpaxe-
HOW BepTuKarnbHOW 30HanbHICTIO. BepxHs 4yactuHa
ckrnajieHa oKBapLOBaHWMMU, arnyHiTM30BaHNMM, KaoniHi3oBa-
HUMK pioniToBUMY Tycpamu. Cepen HUX BUAINSIOTLCA nnac-
TOBi NOKMaau anyHity 3aBToBwWkM Big 1-2 go 200 m,
3aBaoBxkn 500-2000 M. CepepfHin BMICT anyHiTy csarae
35,0 %, 3anacu 3a kateropiamu C1+C2 195 MnH T anyHito-
Bux pya (MCypcekuia Ta iH., 2006). PyaHi )unu i 30H1 TyT ma-
10Tb nepeBaxHo GaputoBuw cknag (16-70 % 6Gaputy, y
cepegHboMy 33,5 %), ronoBHi MiHepanu: 6apwuT, KBapy, Ka-
OMiHIT, reMaTuT, hepuranyasur.

Ha rnnbuHax 130-180 m cepep 6apuToBux pya, 3'ABns-
I0TbCS Cynbdian — raneHit, caneput, NipuT, MapKaswuT,
AKAMU  cknageHi 3miwaHi  GapuT-nonimeTaniyHi  pyau

cepeaHbOoi 30HM 3 BUCOKMM BMICTOM cpibna (ao 50—-250 r/T).
B3anacu 6aputoBux pyg (B+C1) craHoBnATth 4,1 MInH T, 3a-
nacwu cpibna 3HauHi.

Hwxye nowmpeHi nonimeTanivyHi pyau 3 niputoM, Mapka-
3UTOM, ChanepuTomMm, rarneHiToM, XanbKonipuTom, 6Grnaknumm
pygamu, xanbKo3vHOM, KOBEMiHOM, mipapripuToM, npyctu-
TOM, apreHTUTOM, TFpUHOKITOM. BmicT cpibna csrae po
300 r/T, 3onota — go 0,5-1,6 r/r. 3anacu cTaHOBNATb
501,3 Tmc. T (umHky — 381,1 TC. T 3a CepeaHbOro BMICTY
3,83 %, cBuHUto — 120,2 TMC. T 3a CepeaHbOro BMICTY
1,22 %) (Cypcbkuii Ta iH., 2006). MNporHosHi pecypcu cBu-
HUIO i UMHKY MOXYTb csraT 1 MIH T 32 paxyHOK onaHris i
rMnboKNX ropu3OHTIB poJdoBuLa, 3oroTa (K CynyTHbOro
KOMMOHEHTY) — Kiflbka AeCATKIB TOHH.

Puc. 10. l'eonoriuyHa cxema i po3pi3 biraHcbkoro pogoBuia (Cactok, 2001):
1-3 — popobparTiBcbKa cBiTa: 1 — BEPXHill FOPU3OHT: PioNiTOBI Tydu, KCEHOTY(K; 2 — cepeHili FOPU3OHT: apriniTv, anesBponiTu, MiCKOBKKY,
TydiT, TYdONICKOBUKM 3 NpoLIapkamMu pioniToBMX TydiB; 3 — HVXHIN FOPU3OHT: PiONITOBI Tydu; 4 — BTOPUHHI KBapLnTK;
5-6 — 3pyaeHiHHA (5 — bapuToBe; 6 — nonimeTaniyHe)

Myxiiecbke podosuuje xapaKTepu3yeTbCs OBOSPY-
CHoto 6yaoBoi0. HkHIl sipyc cknageHuii cepieto kpyTocna-
OHUX cynbdigHuX, KBapL-cynbdiaHuX, kBapu-6apuToBuXx i
KBapLUOBMX Xun i npoxwunkis 3asToBlky Big 0,5 go 50 m
(Hanvacriwe 1-5 m) npotspkHicTio o 600—-1300 M 3 NpoXuMI-
KOBO-BKpareHo MnoniMeTaniyHol i CynyTHbO CPIiOHOH0 i
30M10TO0 MiHepanisauieto. BepxHin sipyc (Ha rmubuHi 60—
150 M) npegctaeneHun amebonogibHMM  LUTOKBEPKOM
(50x50 m) TOHKOBKpanneHoi 305m0Toi MiHepanisauii cepeq
MeTacomaTuTiB hopmaLlii BTOPMHHUX KBapLMTIB i aprinianTis
no Tycpax i 6pekyisx HeoreHoBUx pioniTie (puc. 11).

PopoBuile Hanexutb 40 BYNKaHOreHHo-rigpoTepMarb-
HOro Tuny, 30M0To-KBapLU-cynbdiaHOI dopmadii. PyaHi Tina
He BUXOOATb HA MOBEPXHH, 30CepemkeHi Ha rmmnbuHi 60—
150 M. PyaHi miHepanu: cchaneput, raneHiT, nipuT, XxanbKo-
nipuT, NIPOTUH, 30510TO, ENEKTPYM; TPannsTbLCA NPYyCTUT,
nonibasnT, apreHTUT, camopoaHe cpibno; xunbHi — KBapL,
agynsap, pigwe  xanuedoH, KaomiHiT, rigpocntogn. 3
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rMnBVHOLO KinbKicTb cynbaifiB 3poctae. 30Mn0To BinbHe, Bif,
TOHKOro A0 Benukoro, npo6bHicTb 500-900 (nepesaxae 720—
760), noro Bmict 4,5-15 r/1, BigHoweHHA Au/Ag 1:3.

CepegHit BMicT cBuHUO 1,62 %, unHky — 2,01 %. 3a-
nacu cBuHLIo 3a kateropiamy C1+Cz ctaHOBNATL 295 TUC. T,
LMHKY — 621,6 TUC. T; NPOrHO3Hi pecypcu 3a kateropieto P2:
cBuHUt0 — 480 Tnc. T, uuHky 960 Tuc. T (M'ypcbkun, 2008).
Poposuwe pospobnse 3AT "MMonimetanu Ykpainu", ane
0CO0nMBOCTI po3NoAiny 3050Ta y po3pisi pogosuLLa, a came
3MEHLLEHHS MOro BMICTY 3 IMUOMHO, 3MiHa hOpMK 3HaXO-
OXKEHHS 1 iHLUNX XapaKTEPUCTUK MOXYTb BXE B HeJarnekomy
ManbyTHbOMY CMPUYMHMTM Npobnemu NpupocTy 3anaciB
LbOro MeTany i TEXHOMOTii MOro BUNYyYEHHS.

3aranom 3anacu ceBuHUI0 BeperiBcbkoro pyaHoro pam-
OHy AopiBHIoOTb 404,4 TUC. T, NPOrHO3HI pecypcu — NoHaz
1670 Tuc. T; 3anacu umHky — 971,0 Tuc. T, pecypcm — GinbLue
2,5 mrH T (Mypcbkuin, 2008).
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Puc. 11. Cxema 6ynoBu MyxiiBcbkoro pogoBuiya (Muxannos, ®enuyk, 2008):
1 — Tydpobpekuii; 2 — Tydu pioniTie; 3 — XnnbHi cynbigHi Tina; 4 — 30N0TOPYAHWUIA LUTOKBEPK

®akmopu kKoHmMposr 3pyodeHiHHs bBepeziecbko20
pyoHoz0 palioHy. PynHe HaBaHTaxeHHsi BeperiBcbkoro
pyOHOro pawioHy 3yMOBIIEHE CMPUSITIIMBUM MOEOHAHHAM
GaraTopiBHEBOI CUCTEMY MEeTaroreHiYHNX akTopiB KOHTPOIHO
3PYAEHIHHS: CTPYKTYPHUX, MiTonoro-crparturpadivyHmx, mar-
MaTUYHUX, METAaCOMaTUYHUX, SKi MPOSABNEHI Ha Pi3HNX PIBHSAX
opraHisadii pyaHoi peyoBuHU. [Jo 3aranbHOMeTanoreHiyHnx
¢akTopiB MOXHa BIiQHECTW MOMNOXEHHS1 PyOHOro pawoHy B
3aranbHii TEKTOHIYHIN CTPYKTYpi perioHy, reoanMHamiyHi,
NaneoTeKTOHIYHI Ta NaneoBynKaHOMOriYHi 06cTaHOoBKU hop-
MyBaHHSI MeTanoreHiYHnMx MarmMaTMyHMX acouiaLin, ByrKaHiy-
HUX Ta AedopMaLiHUX TEKTOHIYHUX CTPYKTYP.

BeperiBCbkuii pyaHWUIA pavioH po3TallOBaHWA Ha OKpaiHi
lMaHHOHCBLKOro cepeanMHHOro MacuBy, Ha Moro mexi 3i Cknag-
yactumu Kapnatamu, Big skux BiH BigdineHui rMUOUHHUM
TpaHckapnaTcbknum po3rnioMoM. Moro akTuBisauisi B HeOreHi
npussena 4o opMyBaHHsI BOX BENUKUX BYIKAHIYHUX CTPYK-
Typ: Beperiscbkoro Harip's, CKrnageHoro nepeBaxHo KUCIUMK
BynkaHiTamu i Buropnat-l'yTmHcekoro nacva, ckrnageHoro ne-
peBaXKHO cepefHiMM i OCHOBHUMM BYJIKaHITaMu.

CTpyKTYpHi hakTopy KOHTPOSO 3pyAEeHIHHSA MPOSIBMEHI
Ha BCiX piBHAX opraHi3auii pygHo-mMarMaTU4HOro npouecy.
HansaxnumBiluMmMn 3 HUX € PyAOKOHTPOMIOBaNbHI PO3NomMM
Buworo, |, Il panry Ta pygosmicHi posnomu Il panry. o po-
31OMIB BULLIOTO paHry HanexwTb TpaHcKapnaTCbKui rnu-
O6uHHKMI posnom, fkuiA po3ainse Cknagdacti Kapnaty i
MaHHOHCBKMIN MacuB. Po3nomm | paHry KOHTPOIOKTL PO3Mi-
LLeHHs1 BYnKaHOCTPyKTyp Beperiscbkoro Harip'a i Buropnart-
l'yTuHCbKOro nacma. [lo pyaoKOHTPOMOBaNbHUX PO3NOMIB
Il paHry HamnexaTb pO3pWBHI MOPYLUEHHS, Y 30HaX BNMBY
SIKMX pO3TalLoBaHi pyaHi nonsi pogoeuw,. Cepea HUX 0co6-
NVBO CNPUSATIIMBUMW € 30HW NEPETUHY Pi3HOCNPSMOBAaHNX
posnomiB. PygoBmicHi poanomu Il paHry 6esnocepefHbo
KOHTPOINIOKTb po3TallyBaHHSA pPyAHUX Tin.

JliTonoro-ctpaTturpadiyHi i MarmaTnyHi chakTopu NposiB-
NeHi B Np1ypoYeHOCTi 3pyAEHIHHA 40 BynKaHO-CTPyKTyp be-
periBCbKOro Harip'si, CKnageHux HeoreHoOBUMU BYIKaHiTamMu
KMCMOoro cknagy

Ponb meTacomaTyHMX chakTopiB NPOSBMSETLCS B MPUYPO-
YEeHOCTi eHOOreHHOro 3pyAEHiHHS 40 MONiB MeTacoMaTUYHO
3MiHEHMX Mopig, cepen  SKMX nepesBaxae dopmauis
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HU3bKOTEMMNEPaTYPHNX BTOPUHHUX KBapUMTIB i apriniantis
30HarnbHOI 6yg0BW, LLIO 3yMOBIIIOE 30HarbHE po3TallyBaHHS
pyAHUX dopmMaLin i3 NPUypoYEeHiCTIO 30M10TOr0 3pYyAeHIHHA
00 BEPXHiX 30H KBapL-anyHiT-riapocniogucTux mMetacoma-
TWUTIB, a NOMiIMETAaniyYHOro — 40 HWKHIX 30H anbbiT-KBapLO-
BWX | agynsip-KBapLOBUX METacoMaTUTIB.

BucHoBku

MopiBHsINbHA XapakTepucTUKa OBOX BaKMUBUX PYOHWX
panoHiB i3 nonimeTaniyHol MiHepanisaujeto — YCrneHCbKoro B
LleHTpansHoMy KasaxcTaHi i Beperiscbkoro B 3akapnatTi — no-
Kasye, L0, He3BaXKatoUM Ha iCTOTHI BIAMIHHOCTI B reosorivHin
©OynoBi, BiLli, cknagi pyaHyX Tin, iCHytTb 3aranbHi 3aKoHOMIpHO-
CcTi popMyBaHHs1, NoAiGHI hakTopu Ta KpUTEpIi CBUHLIEBO-LIMH-
KOBOi MiHepanisauii. BogHoyac ronosBHUMK dbakTopammu
noniMeTaniyHoi MiHepanisauii crny>xaTb CTPYKTYpPHi, NiTomnoro-
cTpaturpadivHi, MarMaTuyHi Ta MeETacoMaTWYHI, NPOSIBNEHI Ha
pi3HUX piBHSAX opraHisavii pygHoi pevosuHW. MNpoBeaeHi gocni-
DXXEHHS [03BOMA0TL PEKOMEeHOyBaTh OTPYMaHi BUCHOBKM
Loao hakTopiB Ta KpUTEPIiB NoniMeTaniyHoro 3pyaeHiHHS 5K
HayKOBO-METOAMYHI 3acagy MpOrHo3y Ta MOLUYKIB CBMHLEBO-
LIMHKOBMX pOOOBULL, B iHLUMX PErioHax CBITY.

OTpumaHi HOBI AaHi Npo atacyvcbkuin Tun poaosuLy, Ka-
3axcTaHy [arTb 3MOry YCnilHoO BupiWwyBaTy GaraTo nuTaHb
reHesucy nofibHVx nonimeTaniyHux poaoBUILL, MOKa3YHTh iX-
Hill B3aEMO3B'AA30K | 3aKOHOMIPHOCTI (HOPMYBaHHS Y 3B'A3KY i3
cyOMapUuHHOK BYIKaHiYHOW AisinbHicTio. Lli gaHi 3a cBoim
3Ha4YeHHAM 6e3CYMHIBHO Aaneko BUXOAATb 32 MeXi YCneHCb-
Koro noscy i LleHtpanbHoro KasaxcraHy i 36nuxyeTbcs 3 iH-
WMMK MaTepianamu noniMeTaniyHMx pogoBuLL, CBITY.

B YkpaiHi HeBenuki pogosuLLa i IPOSBU CBUHLIO | LIMHKY,
noB'sa3aHi 3 HeoreHoBUMW ByrnkaHiTamu 3akapnatTs, 3a
cBoiM MacwTabom He BignosigatoTb pogosBuwam LieHTpa-
nbHoro KasaxcTaHy, Lo, BOYEeBWAb, NOB'A3aHE 3 Pi3HOI re-
ornoriyHoto 6y0BOI LMX PErioHiB, Hacamnepes 06MeXeHnM
NOLUMPEHHAM B YKpaiHi akpeLiiHUX i OCTPIBHOOY>KHUX KOM-
NMekcis MaclwTabHUX PyxnuBMX MOSACIB i NOCTaKpeuinHuX
acouiauin BynKkaHo-nnyTOHIYHNX NOSCIB. TOMY OviKyBaTh Ha
BiOKPUTTA BENVKUX POAOBWLY, MoriMeTaniB B YkpaiHi He
BapTO, Xo4a 3any4yeHHs! BigomMunx 06'exTiB 4O NPOMUCIIOBOro
BiANpautoBaHHsi, 6e3yMOBHO, € BaXXNMBUM 3aBAaHHSIM reo-
noropo3BigyBarnbHOI ranysi YkpaiHu.
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COMPARATIVE CHARACTERISTICS OF THE GEOLOGICAL STRUCTURE AND LEAD-ZINC MINERALIZATION
OF THE USPENSKY (CENTRAL KAZAKHSTAN) AND BEREGIVSKY (TRANSCARPATHIAN) ORE REGIONS

The purpose of the article is to conduct a comparative description of the Uspensky in Central Kazakhstan and Beregivsky in Transcarpathian ore
regions in order to clarify the factors and criteria for lead-zinc mineralization, patterns of location, formation and localization of polymetallic deposits.
The study used general geological methods of research, in particular, methods of geological survey, prospecting and exploration of deposits, a
comparative analysis of areas with different geological structures, etc. As a result, it was found that the main factors of polymetallic mineralization
are structural, lithological-stratigraphic, magmatic and metasomatic, manifested at different levels of organization of ore matter, at different times, in
different geological and structural conditions. The scientific novelty lies in the fact that the conducted studies allow us to recommend the findings
regarding the factors and criteria of polymetallic mineralization as scientific and methodological foundations for forecasting and prospecting for lead-
zinc deposits in other regions of the world, including Ukraine. The practical significance lies in the fact that the new data obtained on the Atasu type
of deposits in Kazakhstan allow us to successfully solve many issues of the genesis of such polymetallic deposits, show their relationship and
patterns of formation in connection with submarine volcanic activity. These data, in their significance, undoubtedly go far beyond the limits of the
Uspensky belt and Central Kazakhstan and are close to other materials of polymetallic deposits of the world.

Keywords: polymetallic mineralization, ore region, factors and criteria of mineralization.
ABTOpPU 3as8BMAOTL NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi JocnigkeHHs; y 300pi, aHanisi um
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKonucy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.

The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation
of data; in the writing of the manuscript; in the decision to publish the results.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)



~ 60 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

YOK 553.048
DOI: http://doi.org/10.17721/1728-2713.102.08

Cranicnas JINTBUHIOK', kaHa. reon. Hayk
e-mail: lytvyniuksf@gmail.com

Mapist KYPUINO?, a-p reon. Hayk, aou,.
e-mail: kurilo@univ.kiev.ua

Iean BIPLLUUNO?3, kaHa. reon. HayK, Aow,.
e-mail: ivirshylo@gmail.com

Muxaitno BPATAX?, kaHA. TeXH. HayK
e-mail: mykhailo.bratakh@ugv.com.ua

'OepxaBHa Komicis YKpaiHu no 3anacax KOpUCcHuX KonanuH, Kuis, YkpaiHa
2KniBCcbKuit HauioHanbHWUI yHiBepcuTeT iMeHi Tapaca LUesyeHka, Kuis, YkpaiHa

3YkpHAIras, AT "YkprazsngobysaHHs", Kuis, YkpaiHa

BA30BI O3HAKU KNACUBIKALIMHUX CUCTEM SIK IHCTPYMEHT YMNPABJIHHA
TA IHBECTULIIMHOIO AHANI3Y NPOEKTIB HAAPOKOPUCTYBAHHSA

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

Mosiea knacudgbikayitinux cucmem 3anacie i pecypcie miHepanbHOI cuposuHu damyemsbcsi noyamkom XX cmonimmsi, W0 CUHXPOHI-
3yembcsi 3 pO38UMKOM 2ipHu4oi cnpaeu Benukoi Bpumarii, Hime4yuHu ma CLUA. Po3po6ka ma e 00CKOHasleHHs1 Cy4acHUX Knacugbikauyii
MiHepanbHOI CUPOBUHU Ma eHep2emuYHUX pecypcie, iXHLOI mepMiHooeil, BU3Ha4YeHb i MOHSIMb Maromb iCMopito PO38UMKY exe oHad
40 pokie. BidokpemiieHuli po3eumok HallyxueaHiwux knacugikayiti npueie Ao nosieu pizHux eiHiyiti ma eusHayeHb XapaKmepucmuku
odHakosux abo cX0OXux kamez2opili 3anacie i pecypcie KOpUcHUX KornasluH 3a 2e0J102iYHUMU ma MexHiKo-eKOHOMIYHUMU O3HakaMmu. 3a-
npornoHoeaHo MemoduYHi ridxodu "ornepamueHoi 2apMoHi3auii” (yHieepcanbHull knacudgikamop) sik iHcmpymeHmapit 0ns ynpaeniHHs
pecypcamu ma iHeecmuy,iliHo2o aHaniy podosuw, (0inssHoK Hadp) meepdux (MemasiiyHUX ma HemMemarsli4HUX) KOPUCHUX KOMasluH.

lMpoeedeHo aHani3 i knacugbikauyiro pecypcie KOMMIEKCHO20 MPOEKMY KOpUCMmyeaHHs1 HadpaMu, y Mexax s1Ko20 nepedbayeHo 8uUKo-
pucmaHHs1 2eomepmalibHUX pecypcie, 3anacie cosii ma cynymHb020 8UJITy4eHHsI KOPUCHUX KOMITOHEeHMI8 i3 cyrnymHix nnacmoesux 6od,
sKi 8iOMiHHI 3a cmyneHeMm sug4yeHHs i peanizayii. Qnsi npoekmy "ConomeuHo" ghikcyembcsi noeHe epaxyeaHHs 8Cix KnacugikayitiHux
O3HaK sIK OKpeMuXx cKk/1adoeux pecypcie, mak i Mpoekmy 3az2asioM suwe rnid 4ac 3acmocyeaHHs knacudpikayii UNFC.

Knw4yoBi cnoBa: knacugikayisi, 3anacu, ynpaesiHHsi pecypcamMu, Kameaopii, 03HaKu knacudikayid.

AkmyanbHicmb 0ocideHHs. AKTyanbHICTb [AaHOro
OOCTNIKEHHS NOB'A3aHa 3 iHTerpauieto BiTYM3HSAHOI reonori-
YHOI ranysi Ta BugobyBaHHA B MiXKHapoAHi Ta perioHanbHi
ranysesi opraHisauii, Lo BKMOYa€e reonoriyHnmn, TeXHonori-
YHWUA, EKOHOMIYHMI Ta eKONOrMYHUIN acnekTn iHBeCTyBaHHS.
BiTun3HsHa MiHepanbHO-cMpoBUHHA Gasa MicTuTb Garato
NYHKTIB i3 Nepeniky KpUTUYHNX BUAIB KOPUCHUX KONanuH Ang
CWA, Kanagwn, Anonii, Asctpanii Ta €C. BukopuctaHHa
MiKHapogHWX CTaHZapTiB Ta knacudikauin nig Yac nigroto-
BKM reosioriyHoi iHgopmalii, sika CTOCyeTbCA Hawwmx 06'ek-
TiB, NPUCKOPUTb NPUIAHATTS pilleHb LWOoA0 iX iIHBECTYBaHHS
Ta peanisauilo NPOEKTIB HaOPOKOPUCTYBaHHA. PO3yMiHHS
BMMOI MDKHapoAHUX CTaHO4apTiB [0 PO3BiOKM pOOOBULL,
4acTb 3MOry HaMm LUBUIKO Ta SIKICHO BUBYATU BNacHi 06'ektu
Ta Bigbupatu LikaBi iHO3eMHi NPOEKTH.

MocmaHoeka npo6nemu e 3a2anbHoMy euansidi ma ii
38'M130K i3 8aXX/IUBUMU HayKOBUMU YU MPaKkmMu4yHUMU 3a-
e0aHHsIMU. MiHepanbHO-CMpOBVMHHA Gasa YkpaiHu Hanidye
TUCAYI OMOLUYKOBaHWX i PO3BigaHuX OiNSHOK Haap, YacTuHa 3
AKUX BXE 3aryyeHa y NMPOMUCIIOBE OCBOEHHS, @ YacTWMHa NoT-
pebye NoLUyKy iHBECTWLA AN NoAarnbLIoro OCBOEHHS. IHBec-
TyBaHHS1 OB'eKTiB HapOKOPUCTYBaHHS CbOrodHi € cdepoto
MiXHapoaHoro Gi3Hecy 11 noTpebye BUKOPUCTaHHS BUMOT Ta 03-
HaK MiXHapOAHWX CTaHAapTIB i knacudikauiiHix cucTeMm, Lo
3HaYHO nornerLuye NiAroTOBKY i PO3yMiHHS reornoriyHoi iHop-
Madii. Mi>xkHapogHi cTaHgapTV reonoriYyHOrO BUBYEHHS, OLIIHKK
3anacis i pecypciB, a TakoX BITYN3HAHI HOPMATUBHI JOKYMEHTU
MicTATb knacudikauii 06'ekTiB 3a 6a30BMMKN 03HaKaMK, siKi Bi-
pobpaxaloTb perioHanbHi Tpagwmuii po3BUTKY reororiYHol Ta
[00yBHOI ranysi. Y 6inbLlUocTi BUNaakiB knacudikauii MicTaTb
O3HaKW reornoriYHOro BUBYEHHS | MiArOTOBNEHOCTI AiNsSHOK
Hagp A0 NPOMMUCIIOBOrO OCBOEHHS, PiBEHb EKOHOMIYHOT edbek-
TUBHOCTI NMPOEKTY, @ TaKoX iHLUi 03HaKM, siKi MOXYTb ByTW KOM-
NNEeKCHUMK | BKMtoYaTn BaraTo akTopiB  NPOMUCHOBOI
LliHHOCTI pofoBuLL, abo AiNsHOK Haap.

AHani3 ocmaHHix docnidxeHb i ny6nikayit, y skux
3ano4aTKoBaHO pO3B'A3aHHA AaHoi Npobnemu i Ha fAki cnu-
palTbCa aBTOPW, BUAINEHHS HEBUPILLEHUX paHille YacTuH
3aranbHoi npobnemu.

Ockinbkn PamkoBa knacudikauis ctBopeHa ans rapmo-
Hi3auii BCix MOXNuBMX HauioHanbHux cuctem (UNFC, 2019),
TO B OCTaHHE AECATUNITTA 3'ABUNUCH OOOATKOBI iHCTpyMe-
HTK "nepeknagy", ski BigobpaxeHi y Tak 3BaHux Bridging
Documents (Bridging Document, 2013, 2015). BinbwicTb
nybnikauin onucyloTb perioHanbHi 0COBNMBOCTI BUKOPUC-
TaHHA cTaHgapTiB ouiHkn (Bapsiubka, CadgpoHosa, 2020;
Pyaobko, 2017; Pyabko Ta iH., 2018; Camisani-Calzolari,
2002; Wagner et al., 2019; Minventory..., 2023).

@dopmysnroeaHHs yineli cmammi. Y poboTi NpoBOANTLCS
aHani3 i 3icTaBneHHs knacudikaLlinHMX 03HaK Pi3HUX CUCTEM —
PamkoBa knacudpikauis OOH /UNFC United Nations
Framework Classification for Resources (UNFC, 2019), MixHa-
POAHI CTaHdapTu 3BiTHOCTI KomiTeTy MiHepanbHux pecypcis /
The Committee for Mineral Reserves International Reporting
Standards CRIRSCO (CRIRSCO, 2019) — 3 MeTOH BCTaHOB-
NEHHS1 03HaK, siKi JO3BONSAOTb NPOBOAUTY OMepaTUBHE yrpas-
NiHHA MiHepanbHUMKM pecypcamu. Y poboTi 3anponoHoBaHO
MeToauyHI niaxoau "onepaTyMBHOI rapMoHisauii” (yHiBepcarnb-
HWI KnacudikaTop) SK iIHCTPYMEHTapIn Ans ynpaeniHHA pecyp-
caMu Ta iHBECTMUIHOro aHanidy poAaoBMLL (AiNsHOK Hagp)
TBEPAUX (MeTani4YHMX Ta HEMETar4YHMX) KOPUCHMX KOMarmH.

Buknad ocHoeHo2o Mamepiany OOC/iOXKeHHS.
Y CBITi, B pi3HMX IOPUCAMKLIAX, Ai€ 3Ha4Ha KinbKiCTb (MOHag
100) knacudikauin 3anaciB i pecypciB KOPUCHUX KOManuH,
AKi BAKOPUCTOBYIOTb BMACHi TEPMiHM | BU3HAYEHHS, WO ra-
nbmye iHopMaUiHWi 0BMiH Ta iCTOTHO YCKNagHIE Oisnb-
HICTb  MDKHApOAHUX ripHM4o4obyBHUX Ta  (DiHAHCOBMX
KoMnaHin. KpiMm TOro, BUKOPUCTaHHA Pi3HUX Knacudikauin-
HWX CUCTEM He CMpUSE CTarnomy PO3BUTKY Ta yMpaBIiHHIO
pecypcamu Ha rnobanbHOMy Ta perioHaribHOMY PiBHSIX.
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MpoaHanizyBaBLUM CBIiTOBUIA TipHUYOLOOYBHUIA CEKTOP
MiHepanbHux pecypcis (Reichl, Schatz, 2022), o6'ekTuBHO
BUAINAETLCA AeKinbka rpyn KnacudikauinHux cucTem, Lo
MICTATb iAEHTUYHUIA aD0O CXOXMI Nepenik 03HaK KaTeropmaa-
LT, TEpMiHiB, BU3HA4Y€Hb Ta MNOHATb.

Cepeg knacuaikauin 3anacis i pecypcis TBepanx Kopuc-
HUX KONanwuH cnig BuainuTu:

e Cuctema knacudikauii 3anacis i pecypciB KOPUCHUX
konanuH CnisgpyxHocTi HesanexHnx Oepxas (gani — CHO)
(8 ocHoBi Knacudikauis CPCP 1981 p.);

¢ Cucrema knacvdpikauii MAFATE (NEA/IAEA Classification);

¢ PamkoBa knacudikauis pecypcis Opranisauii O6'egHa-
Hux Hauin (UNFC);

e LLlabnoH KomiTeTy 3 MixkHapogHWX cTaHaapTiB 3BITHOCTI
no 3anacax (CRIRSCO).

BpaxoBytoum By3bKy ypaHOBY criewianisauito knacudika-
uinHoi cnctemm MATATE, aBTopy ons noganblumx AocChi-
OXXeHb 3acTtocyBanu knacudikadiiHi cuctemmn UNFC (UNFC,
2019), CRIRSCO (CRIRSCO, 2019) Ta Knacudikauito kpaiH
CHL (Knacudpikauis..., 1981).

KorkHa i3 3a3HayveHnx KnacudgikaLiiHux cuctem mMae CBo
icTOpito pO3BMTKY Ta CTAHOBMEHHs. Y 2019 p. BUALLNM OHOB-
neHi BapiaHTM UNFC ta CRIRSCO wopgo knacudikauiiHnx
Cuctewm kpaiH CHJI Ta CxigHoi €sponu. Cnig 3HaunTK, Lo BCi
BOHM 6asytoTb Ha Knacudikauii CPCP 1981 p. Ta matoTb He-
3Ha4Hi 3MiHK, SAKi NOB'A3aHi 3 aganTalieo 40 HalioHaNbHOro
3aKOHOAaBCTBa y chepi HAAPOKOPUCTYBAHHS.

UNFC. CtBopeHHsi UNFC iHiuiioBaHe Pobouoto rpynoto
no Byrinno €sponenceukoi ekoHoMivHoi komicii OOH (gani —
€EK OOH) 3 ypaxyBaHHSIM TOro, WO B MpOLECi nepexoay
KpaiH LleHTpanbHoi i CxigHoi €Bponn 4O PUHKOBOI €KOHO-
MiKW, PO3YMiHHS BaXKITMBOCTi i HEOOXIAHOCTI PO3POOKM MiX-
HapoOHO NPUWHATHOI  knacudikauii  3anacis/pecypcis
HabyBae o0cobnuBoi akTyanbHoCTi. OHOBMEHUN BapiaHT
UNFC noknukaHuii 3ag0oBOSIbHUTU NOTPeOU B Pi3HMX CUMPO-
BMHHKX CeKTopax i cdepax 3acTOCyBaHHS, a TakoX npuee-
CTM Knacudikauito y MOBHY BiANOBIAHICTb OO NPWHUMNIB
cTanoro ynpaeniHHS pecypcamu BignosigHo Ao [Nopsgky
OEHHOro y cgpepi ctanoro po3suTtky Ha nepiog o 2030 p.
Llein oHoBNeHWIn BapiaHT He nepeabayae 3amiH cuctemm kna-
cudpikauii i, oTKe, He CTOCYETbCH HUHILLHIX KOPUCTyBauiB
UNFC. OHoBneHun TEeKCT Mae CnpoCTUTU 3acTOCyBaHHS
UNFC ans i kopuctyBauis.

UNFC yHiBepcanbHa cuctema rnobanbHoro piBHs, Yy
AKIM 3anacu knacudikyloTb Ha OCHOBI TPbOX PyHOAMEHTa-
NbHUX KpUTEPIiB: 1) EKOHOMIYHOI | coLianbHOT XUTTE3AaTHO-
CTi MpOeKTy; 2)cTtatycy W OBIpYHTOBAHOCTI MPOEKTY
OCBOEHHSA POAOBMLLA; 3) reonoriYHOT BUBYEHOCTi 3 BUKOPUC-
TaHHAM UMdpoBoi cnuctemu koais. KombiHauii umx kputepiie
CTBOPIOKOTb TPUBMMIPHY CUCTEMY KOAIB. YHacnigok nogans-
IO perynaTopHoi i LinecnpsiMoBaHoi po3'sacHIOBanbHOI po-
6otn €EK OOH i HauioHanbHux pobGounx rpyn UNFC
Habyna noganbLIOro nowmvpeHHs i Bu3HaHHs. Huni UNFC
3aCTOCOBYIOTb sIk OcHOBHY Knacudikadito (Kutaw, IHgis, Yk-
paiHa, PymyHisa Mekcuka Ta iH.) abo mMatoTe agantoBaHi (ra-
PMOHI30BaHi) OOKYMEHTM 3i CBOiMM  HauUioHanbHUMUK
Knacudikauiamu. HuHi rpyna ekcnepTis 3 ynpasniHHA pecy-
pcamu KomiTeTy ctanoi eHepreTuku po3pobnsitote Cucremy
ynpaeniHHa pecypcamu OOH (UNRMS) Ha 6a3i 0CHOBHUX
npuHumnie UNFC (UNFC and Social..., 2019).

CRIRSCO. HansactocoByBaHiLlow Ansi TBEpAUX KOpUc-
HMX KOMamnuH € kracudikauiiHa cuctemMa LWwabnoHy
CRIRSCO anst ny6niyHoi 3BITHOCTI OO0 pe3ynbTaTiB reo-
noropo3BiayBarnbHUX pobiT, pecypciB i 3anaciB TakmMx kopu-
CHMX konanuH. OCHOBHUM [OKYMEHTOM, LU0 BW3Ha4ae
OUiIHKY CTaHy MiHepanbHO-CUPOBMHHUX AaKTUBIB TipHUYNX
nignpuemcTB y pasi ix Buxogy Ha IPO (Initial Public Offering),
KOTUPYBaHHSA aKLii, 3000yTTa 6aHKIBCbKNX KpeauTiB i TOLLO,
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€ 3BiTM NP0 MiHepanbHi pecypcu i 3anacu, o nepebyBatoTb
Y pO3nopsigKeHHi ripHU4o400yBHMUX KOMMaHIN.

LLlabnoH nogaHHsA 3BITHOCTI NPO pe3ynbTaTh reonioropos-
BigyBanbHUX pobiT, MiHepanbHi pecypcy i 3anacu TBepanx
KOPVICHMX KOMaruH iHTerpye MiHimanbHO HeobxigHi ctaHaap-
THi BUMOTW, NPUAHATI B HaLiOHanNbHWX cTaH4apTax 3BiTHOCTI
OKpeMux KpaiH CBiTy, 3 pekomeHAauisMu i pos'scHioBanb-
H/MW KepiBHMMUW BKa3iBKaMW LIOOO CKradaHHa ny6niyHoi
3BITHOCTI MpO pe3ynbTaTu reosioropo3sigyBanbHUX pooiT,
MiHepanbHi pecypcu i 3anacu TBEpAMX KOPUCHUX KOMaruH.
FonoBHMMM NpuHUMNamu dii i 3actocyBaHHs LLabnoHy € npo-
30piCTb, MaTepianbHiCTb (iICTOTHICTb) | KOMMETEHTHICTb
(transparency, materiality and competence). My6niyHmn 3BiT
npo pe3ynbTaTh reosioropo3eigyBanbHUX pobiT, MiHeparnbHi
pecypcy i 3anacu KOpUCHMX KOnanuH NoBUHEH ByTW niaroto-
BNeHu ocobncto abo nig KepiBHULTBOM i NiAMMCAHWIA KOM-
neTeHTHoo ocoborw. Ha cborogHi Komiter CRIRSCO
o6'egHye 14 HaujioHanbHMX KogekciB (Knacudikauin), siki pos-
pobrnieHi BignosigHo Ao MiHiManbHux ctangapTie CRIRSCO:
JORC (Australasia), CBRR (Brazil), CIM (Canada), Comision
Minera (Chile), CCRR (Colombia), PERC (Europe), NACRI
(India), KCMI (Indonesia), KAZRC (Kazakhstan), MPIGM
(Mongolia), OERN (russia), SAMCODES (South Africa),
UMREK (Turkey), SME (United States of America).

Knacudpikauii CHL ma Oesikux KpaiH CxiOHOT
€eponu. Knacugikauito CPCP 1981 p. B3ann 3a OCHOBY i
BUKOPUCTOBYIOTb Barato kpaiH CH[I Ta CxigHoi €Bponu.
Cuctema knacudikauii 3anacis i pecypciB KOpUcHuX Kona-
nunH konuwHeoro CPCP BcTaHoBnoBana eauHi NpuHUmMnu
ANs nigpaxyHKy i AepxaBHOro obriky 3anacis KOPUCHUX KO-
nanuH y Hagpax 3a CTyrneHeM iXHbOro BUBYEHHSI, a TaKoX
OCHOBHi NMPVHUMMKU OLHKM NMPOrHO3HUX pecypciB. Cnig 3a-
3HauMTK, WO Knacuadikauia cTBoproBanacs Ansi BUpiLLEeHHS
nepeayciMm Aep>xaBHUX 3aBAaHb B YMOBAX NIIAaHOBO| AUPEK-
TUBHOI EKOHOMIKM. Y 3B'A3KY i3 UMM ANS Hel XxapakTepHi Taki
ocobnmBocTi, ik cnabka onpauboBaHICTb EKOHOMIYHMX ac-
NeKTiB OCBOEHHSA POLOBULL, KOPUCHUX KOManuH — 3 OHOro
60Ky, a 3 iHLIOoro — 3HaYyHa yBara npuainsnacb pecypcam Ko-
pUCHUX KonanuH (To6TO HaMMeHLU BUBYEHI YacTUHI 3anacis
KOPUCHMX KOMaruH), K nepcrnekTMBaM AN HapoLlyBaHHS
MiHepanbHO-CUPOBUHHOT BGa3u.

BuknadeHHs1 0CHO8HO20 Mamepiay

1. OcHoeHi uini knacugpikayitiHux cucmem. lig vac
BUAINEHHs1 Ta hopMyBaHHS KracudikauiiHMX 03HaK Y iXHiX
rpyn cnig 3BepHyTU yBary Ha rofioBHy MeTy CUCTEMMU OL|iHKM
3anaciB i pecypcis Ta ynpasniHHS HUMU. AHani3yrouu icTo-
pito po3BUTKY, npouecu Ta cdepu 3acTocyBaHHS (OUiHKa,
3BITHICTb Ta ynpaeniHHA), KnacudikauinHi cuCTeMn BUKOHY-
I0Tb CBOi 3aBOaHHSA Ha AepXaBHOMY (OepxaBa, CrniBAopYyX-
HiCTb [gepxaB) Ta "kopnopaTuBHOMY" (NMPOMUCIOBO-
(hbiHaHCOBI rpynu, ripHM4o806yBHI KOMNAHIT) piBHI.

HepxasHuli piseHb. Cuctema ouiHkM nepeadadae aepxa-
BHULIbKMI Migxig — 4e OCHOBHUM PerynsitopoM y capepi 3acto-
CyBaHHS KracudikauiiHux cucteM € opraHisauii gepxxaBHol
dopmu NpaeniHHs. F0NOBHUMYK 3aBOAHHAMMW TaKUX PETYNsiTO-
piB € PO3BMTOK MiHEPabHO-CUPOBUHHOI 6a3un, hopmyBaHHS i
ynpaeniHHs JepxaBHum 6anaHcom pogoBuLy Ta pyoonpos-
BiB KOPUCHUX KOManuH, MOro [OCTOBIPHICTb, pauioHarnbHe
Ta e(hekTnBHE BUKOPUCTAHHS Haap. Taki nigxoan BUKOPUCTO-
BYIOTb KpaiHW, $ki MaloTb MiHepanbHO-CUPOBUHHY Gas3y
3 MOTYXHUM MPOMMCIIOBUM NOTEHLianoMm i pO3BUHYTUMM reo-
JIOMYHUMMU IHCTUTYTaMM PI3HOTO YNPaBMIHCLKOrO PaHry.

XapaKTepHOK O3HaKOK Takoro niaxody € noro "pe.isiin-
HIiCTB", TOGTO KOMMNEKCHUI 06NiK HAasiBHUX pecypciB i 3ana-
CiB MPOEKTIB Pi3HUX CTafil OCBOEHHS | BMBYEHHS. Takui
nigxig 3agoBonbHsiE NoTpebu BrnacHyka Haap (aepasa, Ha-
poA) Ta cryrye OCHOBOI AN CUCTEMM YNpaBniHHSA pecyp-
camu. 3a nepernivyeHMn KpUTEPIIMU, Takin MeTi y MOBHOMY
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

o6casi Bignosigae UNFC Ta B yacTuHi nigxodis nigpaxyHky
i 06niky — Knacudikauis CPCP 1981 p.

"KopriopamuseHull" pieeHb. [pyra cucrtema pOo3BUTKY
CcTaHgapTiB 3BITHOCTI 3anaciB i pecypciB KOPUCHUX KonanuH
3abe3neyvyeTbCs AiNbHICTIO MPOMUCIOBO-(iHAHCOBUX Py
(komnaHii, iHTerpoBaHi ciHaHCOBI rpynu), Yui akujii KOTy-
H0TbCH Ha MiXXHapoAHUX Gip>koBUX MangaH4mkax abo komna-
HisiMK, Wo nnaHytoTb BMxig Ha IPO (Initial Public Offering).

3 MeTOI0 3anyyeHHs KoLTiB abo NPUNHATTS IHBECTULIAHMX
pilleHb LLOA0 NPOEKTIB ripHMY0400YBHMX aKTUBIB KOMMaHii, Bif-
MoBIAHO [0 BUMOT perynsitopa, BUKOPUCTOBYIOTb MOSOXKEHHS
TOrO YU iHLIOrO HaLioHanNbLHOro (PerioHansHOro) KoAeKcy 3BiT-
HOCTi, WO BXOAsTb [0 KopekciB "cimenctea" LLaGnony
CRIRSCO i BignoBigaoTb 0ro NONIOKEHHSIM Ta NPUHLMMNAM.

Ha BigmiHy Big nonepegHbOro nigxody perynsatopom y
cchepi 3acTocyBaHHs KnacuadikauinHux cuctem € bipxosi
ycTaHoBW abo BigNoBIAHWI OpraH, K1 perynioe onepadiii 3
akuisiMu ripHnyoao6yBHMX KoMMaHin. Takui niaxig nepen-
6ayae OujiHKy aKkTVWBY KOMMNaHii 3 MEeTO MPUIAHATTSA Hagii-
HOrO pilleHHS oo noganblumnx iHBecTuuin B npoekT (MPP,
TEO, ekcnnyaTtauisi). lMig Yyac Takoro npoLecy ronoBHUM
npiopuTETOM € NPOrHO3N BUPOOHMLTBA Ta BU3HAYEHHS YNC-
TOro AMCKOHTOBAHOro rpoLlosoro notoky (NPV).

2. KnacudpikayiliHi o3Haku. AHanis knacudikauinHmx
O3HaK pi3HMX CUCTEM, NOMpPU CTPYKTYPHI (BidyarnbHi) BigMiH-
HOCTI, AOBOMi NOFYHO rpynyeTbCA 3a reonoriYHUMM, FipHUYO-
TEXHOMOrYHMMM Ta coLianbHO-EKOHOMIYHUMU KpUTEPIAMU.

leonoeiyHi. [o uiel rpynu HanexuTb CyKYMNHICTb NPUPOAHIX
ocobnmBocTeln 3anacis i pecypciB. Kateropusauis sanacis i pe-
cypciB BiaOyBa€eTbCA 32 NEBHUM PIBHEM JOCTOBIPHOCTi OKOHTY-
PeHHA | BW3HaYeHHs KinbkicHUx (obcarn, rmubuHa Ta
Mopdponoris 3andraHHs, PIBHOMIPHICTL Po3noainy mMiHepanisa-
il i T. iH.) Ta SKICHNX (BMICT KOPUCHUX i LLKIANUBUX KOMMOHEH-
TiB, MiHEpanbHWUIA cknag, isnyHi i XiMmiuHi BMacTMBOCTi pyau Ta
BMiCHMX MOpig, TOLLO.) XapakTepucTuk. MONoBHUM YMHHUKOM
BM3HAYEHHS PiBHS AOCTOBIPHOCTI OTPUMAHUX XapaKTePUCTUK i,
BiQNOBIOHO, BIAHECEHHS OO0 MEBHMX Pyn Ta KaTeropin, € me-
pexa i AeTanbHICTb ONPOByBaHHSA ripHNYMX BUPOOOK (CBEpAIIO-
BWHA, LWYpd, TPAHLESN i T. iH.).

lipHU4Yo-mexHornoaiyHi. 3a o3HaKkamu Liel rpynu xapak-
TEPU3YHTLCS MPHUYO-TEXHIYHI YMOBW pO3po0KM (BiOKPUTOT,
nig3eMHoi Ta KOMBIHOBaHOI) Ta TEXHOMOTIYHI CXeMU Nepepo-
Oku Ta 36arayeHHs1 MiHepanbHOi CUPOBUHW. B1M3HavanbHo
KrnacudikauinHOK O3HaKOK € CTafid MPOEKTHUX BULLYKY-
BaHb (NepeanpoeKkTHi pIlleHHs, 3aTBEpPKEHUIN MPOEKT,
NPOEKT PO3pOOKN) Ta TEXHOMNOrYHUX AocnigxeHb (nabopa-
TOPHi, HaNiBNPOMMUCNOBI, NPOMUCIIOBI).

CoujanbHo-ekoHoMiYHI. Knacudikauia 3a o3Hakamu uiel
rpynn OXonme BU3HAYEHHS €KOHOMIYHOI AOUINbHOCTI Ta
edekTMBHOCTI (NoTpeba Ta UiHM Ha MiHepanbHy CUPOBUHY,
noaaTKkoBUI PEXNM, peHTabenbHICTb, PUHOK 30YyTy i T. iH.)
BNOo0yTKy, nepepobku, 36aradeHHs Ta peanisauii ToBapHoi
npoaykuii nignpmvemctea. OkpiM CyTO EKOHOMIYHUX 0COBNK-
BOCTEW, BaXNMBY POIb BiAirpatoTb couianbHi Ta eKOMNoriyHi
dakTopw, SKi NOB'A3aHi 3 4O3BINbEHUMM NpoLeaypaMn Pi3HNX
PiBHIB i MPMPOLOOXOPOHHMM 3aKOHOL4ABCTBOM.

Cnig Big3HauuTh, WO npsiMe BigobpaXkeHHs1 BCiX TPbOX
rpyn € Tinbkn y knacudikauinnin cuctemi UNFC, BignosigHi
rpynu kateropii — E (ekoHOMIYHa i couianbHa XuTTesgat-
HiCTb NpoekTy), F (TexHiyHa OBrpyHTOBaHICTbL NPOEKTY),
G (OOCTOBIpHICTb re0NoriYHOro BUBYEHHS).

Ons Wa6bnoHy CRIRSCO rpynu ripHU40-TEXHOMOFYHMX
Ta couianbHO-EKOHOMIYHMX O3HAK HE BM3HAYatTb OKPEMUX
KaTeropin, a CykynHo € kputepisMmu ("mMogudikytodi dak-
Topn") nNepeBedeHHs  kaTeropin  pecypciB  (inferred,
indicated, measured), ski BUAinNeHi 3a reonoriYyHNMM O3Ha-
Kamu, A0 KkaTeropin 3anacis (probable, proved).
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Y Knacugikanii CPCP 3a reonoriyHMmMmn o3Hakamu Bugi-
neHo kareropii possigaHux (A, B, C1), nonepeaHbo possiga-
Hux (Cz) 3anaciB Ta NPOrHO3HWUX i NEPCMNEKTUBHUX PECypCiB
(P41, P2, P3). CouianbHO-eKOHOMIYHI O3HaKu € BUpiLlansHUM
nig Yac BuaineHHsa 6anaHcoBuX i no3abanaHcoBuX 3anacis.
pHUYO-TEXHOMOrYHI 03HaKW BPaxXoBYIOTb Y NPOLIECi TEXHIKO-
€KOHOMIYHOrO O0r'pyHTYBaHHSA NapameTpiB KOHAWULI Ha MiHe-
parnbHy CYPOBUHY.

3. Kamezopii, knacu ma epynu 3anacie i pecypcis. fk
CBiguMTb iHOpMaLis, BUKNaZeHa BuLLe, KOXHa knacudika-
LinHa cuctema Mae neBHUM Habip 03Hak, KpUTepiiB, BU3HA-
YeHb | NpUHUMMIB, 3a SKUMK BiOOYBaETLCA BiAHECEHHSA
3arnacie Ta pecypciB 4o NEeBHUX kaTeropin i knacis abo Bu-
3HAY€eHHs iX PiBHSA AOCTOBIPHOCTI.

Ak 3asHavanoco Buwe, UNFC — yHiBepcanbHa cuctema, y
AKIM 3anacy KnacudikyloTb Ha OCHOBI TPbOX PyHAAMEHTanb-
HUX KpuTepiiB: 1) EKOHOMIYHOI i couianbHOI XWUTTE3AATHOCTI
npoekTy (Bicb E); 2) cTaTycy 11 0brpyHTOBaHOCTi NPOEKTY OCBO-
€HHs pogoBuLLa (Bick F); 3) reonoriyHoi BuBYeHocTi (Bicb G)
3 BUKOPUCTaHHAM LMdpoBoi cuctemun kogiB. KombGiHauji mx
KpUTEPIiB CTBOPIOKOTL TPUBUMIPHY CUCTEMY KopiB (puc. 1).

Mepwa rpyna kateropi (Bicb E1, E2, E3) BU3Hauae cTy-
NiHb CNPUATAMBOCTI coLjianbHUX Ta EKOHOMIYHMX YMOB Ansi
3abe3neyeHHss KOMEepUIVHOI XWUTTE3[ATHOCTI MPOEKTY, SAKi
BKMOYAOTb PUHKOBI LiHW, BigNOBIAHI HOPUAWYHI, HOpMaTK-
BHi, NPMPOOOOXOPOHHI | KOHTPaKTHI ymoBu. [pyra rpyna ka-
Teropin (Bicb F1, F2, F3) Bu3Hayae pesynbTatu
onpautoBaHHS TEXHONOriN, OOCMiaXeHb i B3ATUX 3000B's-
3aHb, NOTPIOHMX ANgA peanisauii npoekTy. BoHn oxonntooTb
NaHKy Bi NOYaTKOBMX AOCHiAXeHb A0 OnpaLboBaHOro (YMH-
HOro) NPOEKTY i BigobpaxaloTb CTaHAAPTHI NPUHLUMNK Kepy-
BaHHs BMPOOHMYO-36yTOBMM naHutoroMm. TpeTtd rpyna
kateropin (Bicb G1, G2, G3, G4) Bu3Ha4ae cTyniHb JOCTOBI-
PHOCTI OLiHKK 06'eMy NpoayKLii, Lo OTpMMYIOTb Mig Yac pe-
anisauii npoekty. KomGiHauia kaTeropin BusHavae knac
NpoeKTy (CTaAilo Ta NePCNeKTUBHICTD).

3 MeToto BinbLLOoT NPO30pPOCTi 3a rNobdanbHOro 0OMiHy iH-
dopmadieto B UNFC BM3HauYeHO AoaaTKoBi TMMOBI nigknacwy,
O 3acCHOBaHi Ha MOBHIM AeTani3auii 3a 4o4aTKoOBUMM Nig-
kaTteropisimu (Tabn. 1).

IMig yac xapaktepucTuku knacis Ta kateropin UNFC cnig
3a3HaunTW, WO B [AaHin poboTi aHanisyeTbca BapiaHT
2019 p. (cepis nybnikauin Ne 61, ECE/ENERGY/125). 3a-
3HaYeHU BapiaHT € OHoBMeHHAM BapiaHTy 2009 p. (cepis
ny6nikauin Ne 42, ECE/ENERGY/94), wo 6y po3pobneHui
ANsi BUKOMHUX eHepreTMyHUX i MiHeparnbH1X 3anacis Ta pe-
CypcCiB. Y 3B'I3Ky 3 PO3LUMPEHHSM CEepU 3acTOCyBaHHS
(BigHOBNOBarbHI Ta aHTPOMNOreHHi Axepena pecypciB) i yHi-
BepcaneHicTio knacudikadii, UNFC-2019 p. 3miHioe Ha3By
Ha "PamkoBa knacudikauia pecypciB OpraHisauii O6'eaHa-
HuXx Hauin". NMoTo4YHMIA OHOBNEHWI BapiaHT He 3MIHIOE CUC-
TemMu  knacucpikauii i BignNOBIAHO He  CTOCYETbCSA
kopuctysayis UNFC-2009.

OcHoBy cuctemu Labnony CRIRSCO ang knacudikadii
OLIHOK KiNbKOCTi Ta AKOCTi KOPUCHOI KonmanuHu B Hagpax 3
METO BCTAHOBJIEHHS Pi3HMX PiBHIB reonoridyHol JOCTOBIp-
HOCTi i pi3HOro cTyneHst (rmMMBWHM) TEXHIKO-eKOHOMIYHOI
OUiHKM intocTpye puc. 2.

Y KOXHOMY KOHKPETHOMY BMWMagKy BiOHECEHHs 3ana-
cis/pecypcis 4o Tx abo iHLWKNX KaTeropivi BUKOHyOTb Komne-
TEHTHi ocobu  (komneTeHTHi  ekcneptu). 3rigHO 3
yCTaHOBNEHUMU BUMOramu, KomMrnemeHmHa ocoba Hece 8i0-
riogiGanbHicmb 3a 8Cto He0bXiOHy OOKyMeHmaujito, rnos'a3aHy
3 nidezomoskoro nybniyHUX 38imie, WO BUMycKarombCcs 3a
cmaxOapmamu 38imHocmi KpaiH cimeticmea CRIRSCO.
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Mpopaka abo
BHKOPUCTaHA
npogykuia N ELY
@ RN N . XurTespatHi npoekTH
E 2 N - Ey' N
i § & . MoTeHuilHO KMTTE3AATHI NPOEKTM
i
'g' 3 g . HexwurTesnartHi npoekTv
g i E E oL Ry RS
= §- - o . MepcnekTHBHI NPOEKTH
8 o Tk
Q 3anuwkoBi HeBiANpaUubLOBaHi NPOAYKTU
Megm“::ﬂ“‘;:g:a"a ‘ IHWi kKomBiHauil
abo BUKOpWMCTaHa i Hac o W a0, LY
OCBOEHHA NPOEKTY
Es { o BupobneHi kinbkocTi
0, F'
O;b Fz %,
“'4', % Koaudikauin
g, F,
. -
% F,
%o
o% G G, G, G,
CryniHe gocroeipHocTi
Puc. 1. Kateropii UNFC i npuknagm knacis
Ta6bnuysa 1
Knacu UNFC, wo Bu3Ha4eHi kateropisimMu i nigkareropisamm
BupobyTa / NMponaHa abo BUKkopucTaHa NpoAayKuis
BupobneHa MpopaykKuis, ska He BUKOPUCTOBYETLCA a60 BUKOpPUCTaHa nif Yac pobiT (BMao6yTKy)
. Kareropii
Knac Migknac E F G
x
El YuHHI 1 1.1 1,2,3
Z XKuttespgaTtHi npoekTn 3aTBepaXkeHi o po3pobku 1 1.2 1,2,3
8 . ) OB6r'pyHTOBaHI AN po3po6KM 1 1.3 1,2,3
= Bigomi n - 0
© . . B ouikyBaHHi po3pobku 2 21 1,2,3
o nxepena [MOTEHLINHO XNTTE34aTHI NPOEKTH = 5 > 52 123
& | (ponosmwa) 03pobka 3aTpumaHa . , 2,
g HexvTTEanaTH NDOSKTH Pospobka He 3'scoBaHa 3.2 22 11,23
5‘ 'D' P Po3pobka HexuTTesgaTHa 3.3 2.3 1,2,3
3anukoBi NPOAYKTH, LU0 HEe po3pobnsoTbCsl B paMKax BUSIBNEHUX MPOEKTIB 3.3 4 1,2,3
MoTeHuinHI I'IepcneK_TMBHl MpoeKT! [Miaknacw He BuaHadeHi] 32 4
Oxepena (reonoropoassigyBarnbHi NPOEKTH)
(pogosuiua) 3anuLIKoBi NPOAYKTH, L0 HEe po3pobnsioTbCsi B pamMKkax NepCcrnekTMBHUX NPOEKTIB 3.3 4 4

"Tpoekmu, Wo ouikyroms Ha po3pobKy, Moxyms eidrnosidamu eumozam kamezopii E1.

Exploration

Results
MINERAL MINERAL
RESOURCES RESERVES
Inferred
Increasing level of
geological
knowledgeand | | Indicated Probable
Measured Proved

Consideration of mining, processing, metallurgical, economic,
marketing, legal, environmental, infrastructure, social,

and governmental factors
(the “Modifying Factors™).

Puc. 2. 3aranbHe cniBBiAHOLWEHHSA MiX pe3ynbTaTamMu reosioropo3BifgyBanbHUX pobiT,
MiHepanbHMMM pecypcamm i 3anacamm KOPUCHUX KonanuH

BignosigHo fo kogekci 3BiTHOCTI cimericTBa CRIRSCO pe-
cypcy cnig, knacugikyBaTti B MOPSiAKY 3pOCTaHHS CTYMEHS reo-
NOriYHOI BUBYEHOCTI 1 JOCTOBIPHOCTI 3@ TPbOMa KaTeropisimu:

1) moxnusi (nepenbavysani) (inferred) pecypcu;

2) obuucneHi (indicated) pecypcy;

3) BUMipsiHi (measured) pecypcu.

3anacu pos3noginsTe 3a ABOMa KaTeropisimMm B MOpsAAKy
3pPOCTaHHs AeTanbHOCTI X OLiHKM — reosioriYHOro BUBYEHHS i
CTyneHs AeTanbHocTi  obniky  MOAUMIKYIOUMX  YUHHKKIB

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

(ripHNYOTEXHIYHI, TEXHOMOTiYHI, EKOHOMIYHI, KOH'OHKTYPHI, Npa-
BOBI, €KOMOTiYHi, coLlianbHi Ta aaAMiHICTpaTMBHI 0COBNMBOCTI):

1) nmoBipHi (probable) 3anacw;

2) posepeHi (proved) 3anacu.

BignosigHo go WabnoHy CRIRSCO ob6r'pyHTyBaHHS "3ana-
ciB" noTpedye BpaxyBaHHs MOOUGIKYro4UX ¢hakmopie — iHTerpa-
JNIbHUX TEPMIHIB, LLO OXOMNMOITL MPHUYOTEXHIYHI, TEXHOONiYHI,
€KOHOMIiYHi, KOH'IOHKTYPHI, NpaBoBi, eKOmorivHi, coLianbHi, agmi-
HiCTPaTMBHO-YNPaBMiHCLKi aCMeKTW aHanisy Ta OLiHKM.
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

OcHoBHi TepmiHn Ta Bu3HadveHHa Knacudikauii CPCP
1981 p., Sk 3a3Ha4anocb BULE, LUMPOKO BUKOPUCTOBYIOTb
KpaiHu konuwHboro PagsHcekoro Cotosy. [1ns BUCBITNEHHS
Ta Kpaworo po3ymiHHsA cneumdikm 03Hak, Ha Akux nobyno-
BaHa knacudikauis, 6yae BUKopycTaHo knacudikauiiHy cu-
cremy Pocincekoi ®epepalii, ska Ha gepXaBHOMY pPiBHI
nposena rapmoHisadito 3 CRIRSCO T1a UNFC.

Knacudikauisi i MeToguyHi pekoMmeHaadii wopo ii 3acto-
CyBaHHA — L& OOCUTb MOBHUIA CUCTEMHUIA OMUC YCiX OCHOB-
HUX METOAMYHMX MNPUHUMNIB  BEOEHHS  reosyloropos-
BigyBanbHUX pobiT, ouiHKK 3anacie/pecypciB i ix kaTeropu-
3auii 3a CTyneHem reosnoriyHol BMBYEHOCTi, €KOHOMIYHOI
3Ha4yLOCTi 1 NiAroTOBNEHOCTi 4O NPOMMUCIIOBOIO OCBOEHHS.
Knacudikauis BM3Ha4Yae equHi NpuHLMNM OepxXaBHOro ob-
Niky 3anaciB, KinbKiCTb | SIKICTb SIKMX, €KOHOMiYHa 3Hauvy-
WiCTb, TPHUYOTEXHIYHI, TEXHOMOriYHi, riaPOreonoriyHi,
€KOroriYHi Ta iHWi yMoBM BUOOOYTKY NigTBEpAXEHi AepaB-
HO eKCNepTU30L0.

3rigHo 3 uieto Knacndikauieto BU3Ha4aloTh 3anacu kate-
ropini A, B, C1 i C2 — 3a cTyneHem po3BifaHOCTi, i NPOrHO3Hi
pecypcu kateropin P1, P2 (P3) — 3a cTyneHem obrpyHToBa-
HOCTI, @ TaKoX rpynu pogoBsuLL (4iNsiHOK) 3a CTyneHeM ckna-
OHOCTI reonoriyHoi 6yoBu, wWwo 6e3nocepeHLO BNAMBAE Ha
BUAINEHHS KaTeropin 3anacis. 3a NPOMUCIIOBUM 3HaYEHHAM
BUAINATL 6anaHcoBi Ta no3abanaHcosi 3anacu.

3anacu 3a eKOHOMiIYHMM 3HaAYEeHHSM BUPI3HATLCA 3a
ABOMa kaTeropismu/rpynamm — "6anaHcosi" (EKOHOMIYHO
edeKkTUBHI 4N BignpautoBaHHs) i "nosabanaHcos™ (Mapxu-
HanbHi abo MOTeHUiNHO ekoHOoMiYHi). BogHouyac 3anacu
06ox rpyn po3BigaHocTi nepeknacudikoByoTb y GanaHcoBsi
3anacu abo nosabanaHcoBsi, Nuwe 3a pesynsTatamu aep-
)KaBHOI eKcrnepTuan, Nicrs Yoro BOHW NiansrawTb obniky B
HepxxaBHoMy GanaHci.

4. 3icmaeneHHs1 (2apMoHi3ayis). OxapakTepu3oBaHi
knacucdikauiiHi cucteMm matoTb CBOI BiAMIHHOCTI, LLIO 3yMO-
BSIEHO iCTOpIE0 PO3BUTKY Knacudikalin, MeTow, HpUCanK-
Li€el0 MOLUMPEHHS Ta 3acTocyBaHHsM. HesBaxkaroum Ha
BiJMIHHOCTi, aHani3 CcTagiNHOCTi reonoropo3sigyBaribHUX
pobiT, TEXHOMOrYHOro Ta OLIHOYHOrO Mpouecy Aae 3mory
BUAINUTW CMiNbHI 03HaKM Ta KpUTepii ANA KOPEKTHOro Nopis-
HSHHS Ta rapMOHi3aLiji.

Po6oTu 3 rapmoHisauii Ta sicTaBneHHs pisHMX krnacudika-
LIMHNX CUCTEM 30INCHIOTLCA Ha MKHapOAHOMY Ta eKkcrnepT-
HOMY piBHAX. [MoKa3oBUMWM [OCHIKEHHAMU € CTBOPEHi B
pamMkax AisaneHocTi 'pynu ekcnepTiB 3 ynpaBniHHA pecypcamm
Kowmitety cranoi eHepretukn €EEK OOH y3romxyBanbHi [OKy-
MEHTW 3iCTaBreHHs1 i rapMoHi3auii NpoBigHUX KnacudikauinHnx
cuctem (Bridging Document). I3 BpaxyBaHHsiM Linx pobit, a Ta-
KOX BMACHWX OOCNigKeHb aBTOPWY BMKOHAmNW 3iCTaBleHHs Oc-
HOBHWX KaTeropin, knacis Ta rpyn pisHWX KnacudikalinHnx
CYCTEM 3a BiAnoBiAHUMM O3HaKamu (Tabn. 2—4).

Ta6nuys 2
3aranbHa cxema 3icTaBneHHA knacudikauiiHux cuctem
. UNFC CRIRSCO Knacudikauis CPCP
P'B?Hb . Kateropii BanaHcoBi | Mo3abanaHcoBi
AOCTOBIPHOCTI Knac Mipknac E F G 3anacu | Pecypcu 2anacu 2anacy Pecypcu
HanBMLMNA KuTTeanathi SaT::HH)IKeHi 1 1 1 proved 2 g 81
NPOEKTK PA 1 1 2 | probable e
[0 po3pobku (iHogi Cy)
é) (g) 1 measured A B, C4
MoTeHuinHo . .
. B ouikyBaHHi 2 2 - C,
XKUTTE3AATHI 2 indicated . :
po3pobku B) | 3 (iHogi C4)
NPOEKTH
2 2 3 inferred P
@) 3 '
HexutTtesnaTtHi PoI3po6Ka 3 3 3.4 P, (Ps)
HAHVKUMTA NPOEKTU He 3'acoBaHa

Cnig Big3HauMTK OOBONI HafiMHE 3iCTaBMNEHHS 3a reoso-
rYHMMM O3HaKkamu BCiX KrnacudikauiiHUX CUCTEM, LLUO
NOB'A3aHO 3i CXOXMMM CTadigsMN BMBYEHHSI Ta METOAMKO
reonoropossigyBansHoro npouecy. oo iHwmx knacudi-
KaUiHMX 03HaK, TO iXHE 3iCTaBneHHsa noTpebye obepexHo-
CTi Ta [oOOATKOBOI AeTanisauii, 0cobnmeo rpyn Karteropiu
Knacudikauii CPCP.

TpyaHoLlli 3icTaBneHHsA nos'a3aHi 3 baratbma pakTo-
pamu, cepeq SIKUX He TiNbKU pisHUUA B AediHiliax, ane ny
BMMOrax (KpuTepisx) BidHECEHHSA A0 TiEl YM iHWOI KaTeropii
(rpynu kaTeropin). Ana npuknagy KpuTepii BU3Ha4YeHHS 3a-
naciB i pecypciB pi3HATbCA ANS BCiX KnacudikauinHux cuc-
Tem. Ans WabnoHy CRIRSCO BupiwanbHUM € BpaxyBaHHsI
Mopamaikytoumx cpaktopis, Toai sk ana Knacudikauii CPCP
— CTynMiHb reororiYyHoro BMBYEHHS (po3BidaHicTb). B ocTtak-
Hin Bepcii UNFC Bu3Ha4yeHHs MOHSITTS 3anaciB i pecypcis
BUKOPWUCTOBYIOTb Y 3aranbHOMY CeHCi (pecypc SK KinbKiCTb
npoaykty). Kpim Toro, we ogHa obcTaBuHa, Ha siKy crif 3Be-
pHYTK yBary, ue Te, Wo "peBisinHicTb" knacudikauiniHux cu-
ctem UNFC Tta CPCP pae 3mory Buginatum [oOaTkoBi
KaTeropii Ansi pesynbTaTiB reonoropo3sigyBasnbHuX poobiT. Y
Bunagky LLabnoHy CRIRSCO BM3Ha4yeHO HENpUNYCTUMICTb

ISSN 1728-3817

BM3HAYEHHS KiNbKOCTI Ta AKOCTi (BMICTY) 3a pesynbTatamu
reonoropossigyBarnbsHux pobit (puc. 3).

[ns sictaBneHHsa knacudikauiiHMx O3HaK PO3rNAHYTUX
CUCTEM HaNIMKCTPATUBHILLMM € aHani3 KOMMIEKCHMX 00'ek-
TiB KOPUCTYBaHHA Hagpamu, y MexXax SKUX OAWMH MPOEKT
BKMOYaE Kiflbka pecypciB, SKi BiAMiHHI 3a CTyneHeM BU-
BYEHHSA | peanisauii.

Mpuknagom Takoro KOMMIEKCHOrO NMPOEKTY € MiNOTHUN
reotepmarnbHuin NpPoekT "ConoTBuHO" (puc. 4), 9K BKIHO-
Yyae Taki Cknagosi:

e razoBe poJOBULLE 3 BENMWKAM BMICTOM CYMyTHIX rasis
(10-25 % CO2), ane HM3bKoIO NpoaykTusHicTio (0,3 Tne.m3/a);

e MigBULLIEHNI TennoBuiA NoTiK (80 MBT/M?);

e HasIBHICTb COJTOHMX NIAcToBMX BOA + chrtoigoynop co-
NbOBUX KyMonis;

¢ NpUKopAoHHa obnacTb 3 €C;

¢ HasIBHICTb NPOBYpPEHNX CBEPAMOBUH, O MOXYTb ByTH
3anyyeHi B iHLY TEXHOMOTIYHY CXemy;

® MOXINMBICTb KOMGiHYBaHHS 3 MPOEKTOM METaHyBaHHS
COa.
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Puc. 3. OuiHka KOPUCHUX KONasnuH 3a pPi3HMMU KnacudikalitHuMmM cucteMamm

OcobnuBICTIO MPOEKTY € BiAMiIHHICTb OCHOBHOIO BMAY KO-
PWCHOI KoNanuHu i 6a3oBoro BUAY KOPUCTYBaHHSA Hagpamu,
a TaKoX iX Pi3HWMIN CTyMiHb BUBYEHOCTi i OCBOEHHA. OCHOB-
HAM BMOOM KOPWUCTYBaHHSA Hagpamu TYT MPUAHATO OCBO-
€HHS reotepmarnbHuX pecypcis ConoTBMHCLKOrO
poAoOBHMLLA, BOAHOYAC HA CbOrOAHI BUKOHYETHCS NULLE OLli-
HKa MOro fIk NOTEHUIMHOro MiNOTHOrO NPOEKTY ANSA BUNY-
YeHHS TennoBoi eHeprii NnacToBmx BoA. BTopmHHOW MeTot0
peanisauii NPOEKTY € OLiHKa NOPOBOro NPOCTOPY POAOBULLA

3BepgeHa iHopmauia npo pecypcum i Bugn

(oKpemMmnx ropusoHTIB) SIK MOTEHUINHOrO CxoBULLA Aiokcuay
BYrMeLo, L0 BUYyYaETbCA AK CynyTHIM ra3 abo nocrtaya-
€TbCS i3 30BHiWHIX mAxepen. CynyTHIMX BUOaMU KOPUCTY-
BaHHS Hagpamu € BuOOOYyBaHHS CONi Ta BWITYYEHHS
KOPUCHMX KOMMOHEHTIB, SKi MiCTATLCA B CyMNyTHIX NIacToBUX
Bofax. 3BefeHa iHpopmaLis npo pecypcu i BUAM KOPUCTY-
BaHHA HagpaMu, a TaKoX CTYMiHb iX BUBYEHHS i OCBOEHHSA
HaBepeHo B Tabn. 3.

Tabnuys 3

KOPUCTYBaHHA Hagpamu npoekty "ConoTrBuHo"

Pecypcu, . HasiBHicTb OCHOBHUX
Buau kopuctyBaHHA CTyniHb 3anacu .
Ne Lo 3any4yarTbCcs . . 3acobiB Ans OCBOEHHSA
I Hagpamu BUBYEHOCTI i pecypcu
npuv peanisauii NPoekTy pecypcy
. . . . HasiBHi cBepanoBuHu
Pecypcu Tennosoi eHeprii ["eonoriyHe BUBYEHHS, MouaTkoBa oujiHka MporHosHi BIOBY Ty ras
1 NnacToBMX BOA — OCHOBHUU y TOMY 4uchi gocnigHo- npoekTy / i nepcnekTuBHi . YTKY rasy,
: SIKi YaCTKOBO MOXYTb
8u0 KopucmysaHHs1 Hadpamu npomucriosa pospobka Scoping Study pecypcu
3anyyaTucsi B OCBOEHHS
["eonoriyHe BMBYEHHS,
y TOMy 4ucni AOoCrigHO-
MNoposwui npocTip hopmain npomucriosa po3pobka. MoyaTkoBa ouiHka [MpOrHo3Hi
2 K NOTEHLiIHEe CXOBULLE ByaiBHMLTBO Ta ekcnnyaTauis npoekTy / i nepcnekTnBHi BigcyTHi
niokcuay ByrneLo nia3eMHux cnopya, Scoping Study pecypcu
He MoB'A3aHNX 3 BUA0OYBaHHSIM
KOPWCHUX KOMasnwH
PosBigaHi . .
. . HasiBHi 3akoHCcepBOBaHi
, . MepennpoekTHi i nonepeaHLo .
3 Kam'aHa cinb BupobyBaHHs ; . . BUPOOGKM, siKi YacTKOBO
pilLEHHs posBigaHi
MOXYTb 3any4vatucs
3anacu
BunyyeHHs kopncHUx ["eonoriyHe BUBYEHHS, [MoyaTkoBa OUiHKa . . .
. o . ) lMepcnekTuBHi BigcyTHi
4 KOMTOHEHTIB, sIKi MiCTATbCS y TOMYy 4umcni AocnigHo- npoekTy / .
: . pecypcu (kpim BULLLEHaBEOEHNX)
B CYMYTHiX N1acTOBMX BOAAX npomMu1crioBa po3pobka Scoping Study

[nsa pnaHoro o6'ekTa (OiNsitHKM Hagp) BCi nepeniyeHi pe-
CypCv [OUNbHO po3rnsifaTv B paMKax OCBOEHHSI OOHOMO
NPOEKTY, WO A030MS€ NiABULLMTU CTYNiHb YCMILLIHOCTI NOro

pea

nisauii.

3a piBHEM €KOHOMIYHOI i couianbHOI XUTTE3AATHOCTI

BMCOKi 3HAYEeHHS MaloTb pecypcu TennoBoi eHeprii nnac-
TOBMX BOA, AKi po3rnsaaatTbCs ik OCHOBHA KOpUCHa Kona-
NIMHA, a TaKoX KPUTUYHI KOPMUCHI KOMMOHEHTU, SKi
MICTATbCA B CynyTHiX nnactoeux Bogax. Lli obnasa pecy-
pcu BiA3Ha4YalOTbCA BMCOKOK MiKBIQHICTIO Ha MOMEHT

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

OUiHKM npoekTy. Pecypcu i 3anacu kam'sHoi coni MakTb
HaMBULLMIA CTYNiHb EKOHOMIYHOI i couianbHOT XUTTE3aaT-
HOCTi, L0 MOSICHIETLCA HAsIBHICTIO 3aKOHCEPBOBaHUX
06'exTiB coneBnaobyTKy Ha AaHin TepuTopii i obmexeHoMy
JocTyni o BMOOOYBHMX MOTY>XHOCTEN Ha ApTeMiBCbKOMY
pogosuLli, sike Byno eguMHumMm o6'ekToM coneBugobyTKy
NPOTArOM OCTaHHbLOrO AeCATUPIYYA B YKpaiHi.

3a ripHUYO-TEXHONOrYHMMM O3HaKamK BinbLUICTb CKkna-
OOBUX MPOEKTY KacudikyroTbCH SK Knac NoYaTKoBOI OLHKU
abo 4acTKOBMX NepennpoeKTHUX pilleHb, WO Bignosigae
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

knacam F2 ta F3 3a UNFC. 3aranbHui npoekT xapakrepu-
3YETLCS TEXHIYHOK MOXIMBICTIO pO3pO0KM, sika nignsrae
noganbLii OuiHUi, X04a 4YacTuMHa pecypciB (MOTEHUiNHe

cxosue CO2) moxe ByTu knacugikoBaHa sk Taka, e "Tex-
HiYHY 30iNCHEHHICTb MPOEKTY PO3POOKU HEMOXITUBO OLHUTK
yepes obMeXeHIiCTb AaHnx".
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Puc. 4. ConoTBuHCbKa nnowya. NeonoriyHum po3spis.
1-7 — cBiTU: 1 — TepeCBUHCbKA, 2 — CONOTBUHCLKA, 3 — TepebnsiHebka, 4 — HoBoCenuubka, 5 — Tepellynbebka, 6 — GypkaniBcbka,
7 — rpywiiBcbka; 8 — eoueHOBI Bigknaau; 9 — 3rigHi reonoriyHi mexi; 10 — He3rigHi reonoriyHi Mexi; 11 — po3puBHI NOPYLLEHHS;
12 — HaHkiBCbKUIA Tydd; 13 — HOMep cBepAfIoBWHM Ta i pakTUyHi rmubuHmn, m (SlosuHsik, 2009)

Ta6nuys 4

Knacudikauis pecypciB npoekTty "ConoTBmMHO" 3a 0CHOBHMMM KnacudikauiiHUMKM cuctemamm

UNFC CRIRSCO Knacudikauis CPCP
BanaHcoBi Mo3a-
Bup pecypcis . Karteropii | 3anacu | Pecypcu 6anaHcoBi |Pecypcu
Knac Miaknac 3anacu
3anacu
E|F|G
.. | Potentially Commercial
Zﬁ:”ﬁfﬁ;sgf:;;; Project / Bouikysawi | 2 |2 | 2| _ |Exploration _ _ P,
P 8O MoTeHuinHo po3pobkun 3[13(3 Results P,
A XKUTTE3AATHI NPOEKTU
MNoTeHujinHe Exglg;(:;tﬁgfgﬁict / Po3pobka 3034 _ Exploration _ _
cxosuwe CO, I'IpO(-:KfIl/I He 3'scoBaHa Results P,
Kam'sHa Ginb Commercial Project/ | 3atBepoxeHi 112 1 | proved | Measured AB C ABC
XKutTesgaTtHi NnpoekT | Ao po3pobku 2 | probable | Indicated P P
anzsﬁ:x(ﬁﬁgc”mx Potentially Commercial
A ! Project / B ouikyBaHHi | 2 | 2
K MICTATBCS MoTeHiiHo P03p06KM 313 2 - Inferred C, P4
Y CYnyTHIX XUTTE3OATHI NPOEKTU
nnacToBMx Bodax
3aranbHWii NPoeKT Potentially Commercial
KOMMIEKCHOro PI’OJeC_t/ B ouikyBaHHi 213 2
BUAKODUCTAHHS Ha MoTeHLiHO po3pobkun 3
P AP XKUTTE3OATHI NPOEKTU

3a 03HaKoW 2e0/102iYHO020 8UBYEHHS HaMbINbLUMA CTy-

NiHb MaKTb 3anacy kam'saHOI Cori, AKi po3rnsaaTbes B Aa-
HOMY MPOEKTi SIK CYMyTHsi KOpUCHa komanuHa, ska byae
BupgobyBaTncs nig yac nNpoxodku BMpPoOOK i cBepAnoBWMH
ONs BUNYYEHHS reoTepmarnbHux pecypciB. Cami pecypcu
TENnoBOi eHeprii NNacToBMX BOA KNacudikylTbCs SK nepc-
NEKTUBHI, OCKiNbKn 6a30Bi napameTpu iXHbOi OLiHKW BU3Ha-
YeHO 3a pesynbTaTamy po3BigyBanbHWX POGIT y npoueci
OCBOEHHS BYTTEBOAHIB.

Ona HaBegeHoro npuknagy ikCyeTbCs MOBHE Bpaxy-
BaHHs BCiX KrnacudikauiiHux o3HaK SIk OKPEMMX CKITadoBUX,
TaK i NPOEKTY KOMMIIEKCHOTO BMKOPUCTAHHS Haap 3aranom,
nig yac 3actocyBaHHs knacudikauii UNFC. BukopuctaHHs
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iHWNX KnacudikauinHX cMcTemM Aae po3yMiHHS CTYNeHs reo-
NOriYHOrO BUBYEHHS, are HeJoCTaTHbO BPaxOBYE HASIBHICTb
TMPHUYO-TEXHIYHMX PillEHb i MPOMMCITOBOrO 3HAYEHHS NMPOEKTY
3aranoM 4epes3 BiOMIHHICTb y BUMOrax A0 BCTaHOBMEHHSA
OKpeMMX KIaciB i kaTeropivi 3anacis i pecypcis.

BucHoBKku

IHdopMauinHa cknagoBa ripHMYo4o6yBHOI ranysi CBiTy
MICTUTb BeNnuYesHuin ob'em aHaniTM4HMX 3BiTiB, banaHciB i
KadacTpiB pi3HOro piBHA LOAO KiNbKICHOI Ta SIKICHOI Xxapak-
TEPUCTUKM BUKOMHKX Ta BiAHOBMOBaNbHUX pecypcis. Ckna-
OaHHsA, O0dOpPMIEHHs, knacudikauis Takoi iHdopmauii
BiAbyBa€eTbCA BigNOBIAHO 4O HOPMATMBHOIO MNOSA KpaiHW Ym
perioHy (agMiHiCTpaTMBHOrO, MOMITUYHOro, chiHaHCOBOrO),
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Je 3anpoBafpKeHi pi3Hi MeToAMYHI Ta puandHi nigxoam
oo knacudikauii 3anacie Ta pecypciB KOPUCHMX KOMasnuH.
3a3HayeHi 06CTaBMHM BHOCATb YCKMagHEeHHs nig Yac cop-
MYyBaHHs1 CTpaTerii (CucTem) pi3HOro piBHS AN yrnpaBniHHs
pecypcamu.

BuknageHun pesynbTaTt gochigKeHb WOAO 3iCTaBNeHHs
Ta rapMoHi3auii pisHUX KnacudikauinHux CUCTEM, NOKIMKa-
HWA 3anponoHyBaTK YHi(bikoBaHi Ta cTaHOapTU30BaHi Kpu-
Tepii (03HaKW, MOHATTS, TEPMiHW), ANt METOAUYHMX NIAXO0AIB
rapmoHisauii, siK iHCTpyMeHTapin Ans ynpaBniHHA pecyp-
caMu Ta iHBECTULIMHOro aHanisy pofoBuLy (OiNAHOK Haap)
TBEpAMX (MeTaniyHnx Ta HemeTani4yHMX) KOPUCHUX KONanwH.

BukoHaHwWIn aHani3 3Ha4yeHb rofloBHUX KaTeropin (knacis,
rpyn) pisHuMx knacudikaliinHUx cMcTeM LO3BONWUB BUAINUTU
Ta oxapakTepu3yBaTu O3HaKu (KpuTepii), Wo MatTb JocTa-
THi piBeHb 3iCTaBMNeHHs Ta rapMoHi3aLlii.

"onoBHi BigMiHHOCTI kKnacudikaLuinHUX CUCTEM NOB'A3aHi
3 MeTol Ta cdepoto iIXHbOro 3acTocyBaHHs, Lo Bigobpa-
XeHe B KINbKOCTi KaTeropin Ta ixHix AediHiuisx, i BumMor
LLOAO HasIBHOCTI AO03BiNbHOI OOKYMEHTaUii pi3HOro piBHA
(3aTBEpPIKEHUI NPOEKT, 3€MIIS1, €KONOrid i T. iH.).

MposegeHun aHania UNFC BusiBuB, W0 3a3HayveHa kna-
cuikaLinHa cuctema MICTUTb HaNMOBHILLMIA Nepenik Knacis,
nigknacis i kateropii MiHepanbHUX Ta iHWKWX pecypcis. Lle
possonsie UNFC 6yTu y3rogyBanbHUM iHCTPYMEHTOM Afis
3iCTaBnNeHHa Ta rapMoOHi3aLii pidHMX KnacudikalinHux cuc-
TeMm. Be3ymoBHO Le noTpebye KOMMMIEKCHOro ManbyTHBOro
nigxody LWoOO0 KOpWUryBaHHA TepMiHornorii Ta gediHiuin cuc-
TeMm, WO 3iCTaBnATLCA. Takui WNSxX npyueeae 40 CTBOPEHHS
yHiBepcanbHOi KrnacudikauiiHoi cuctemu, 3posyminoi Ans
BCiX 3aLikaBneHnX CTOPiH (aepxasa, iHBeCTOp, CyCcninbLCTBO),
3 ONTUMAarbHOIO AETanbHICTIO ANA NPURHATTS pilleHb y cdepi
ynpasrniHHA pecypcamu Ha BCiX PiBHSX.

lMpoaHani3oBaHO MPOEKT KOMMMEKCHOrO KOPUCTYBaHHS
Hagpamu, y Mexax gkoro nepegbadyeHo BUKOPUCTaHHSA reo-
TepmanbHUX pecypciB, 3anaciB cofi Ta CynyTHbOro BUWITy-
YEHHSI KOPMCHWX KOMTMOHEHTIB i3 CYMyTHiX NnacTtoBmx BOA,
AKi BiAMiHHI 32 CTyneHeM BUBYEHHS i peanisauii. ina HaBe-
AeHoro npoekty "ConoTBuHO" (hiKCYeTbCA MOBHE Bpaxy-
BaHHS BCiX KrnacudikauiiHnx 03HaK Sk OKpeMuX CKNagoBuXx,
TaK i NPOEKTY KOMMIMEKCHOIO BMKOPUCTAHHA HaAp 3aranom
nifg, Yac 3actocyBaHHs knacudikauii UNFC.
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BASIC CLASSIFICATION SYSTEMS FEATURES AS A TOOL
FOR MANAGEMENT AND INVESTMENT ANALYSIS OF SUBSOIL USE PROJECTS

First classification systems of mineral reserves and resources appeared in the beginning of the 20th century, which coincided with the mining
development in the UK, Germany and the USA. Modern classifications of mineral raw materials and energy resources, their terminology, definitions and
concepts have been developed and improved for more than 40 years. Separate development of the most commonly used classifications has led to the
emergence of various definitions and determinations of characteristics of the same or similar categories of mineral reserves and resources according to
geological and technical-economic characteristics. The article proposes methodological approaches of "operational harmonization” (universal classifier)
as a toolkit for resource management and investment analysis of deposits (subsoil areas) of solid (metallic and non-metallic) minerals.

The analysis and classification of the resources of the complex subsoil use project, which includes the use of geothermal resources, salt reserves,
and the accompanying extraction of useful components from the associated reservoir waters, which differ in the degree of study and implementation,
have been carried out. For this Solotvino project, full consideration of all classification features of both individual component resources and the
project as a whole is recorded, only when applying the UNFC classification.

Keywords: Classification, reserves, resource management, categories, classifications features.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi JocniaXeHHs; y 36opi, aHanisi um
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MOPIBHAJNIbHA F'EOJIOF0-EKOHOMIYHA OLUIHKA POAOBULL TUTAHY YKPAIHU
HA NPUKNAAI HOBOMUProOPOACbLKOIO PO3CUMHOINO PAUOHY

(lMpedcmaeneHo YneHom pedakyiliHoi kosezii 0-pom 2eos. Hayk, npog. B.A. Muxatinoeum)

Po32nsiHymo o0uH i3 Memodie 2e0s/1020-eKOHOMIYHOI OUiHKU — paH)XyeaHHSs1 3a 6asibHOK WKao podosul, mumaHosux pyo
Ha npuknadi Hoeomup2opodcbko020 Po3cunHo20 patioHy, do siko2o exodsimb Bip3yniecbke podosuuwe, Jlikapiecbkuli, AHOpiigch-
kuti, Banyeecbkuli, Hoeomupzaopodcbkuli po3cunu, a makox CxioHa ma 3axiOHa 3anuwkosi dinssHku. HageedeHo KOpomKy 2eoJio-
2i4Hy xapakmepucmuKy mumaHoeux o6'ckmie, w0 rnopieHro8asnIUCsl; oxapaKmepu308aHO 2€0J102i4YHi, sIKICHi ma eKOHOMIiYHi
noka3HUKuU, 3a SKUMU rnpoeoduriacsi NopieHsiIbHa 2e0/1020-eKOHOMiYHa oyiHka docnidxyeaHux podoeuuw, ma po3cunie. Bukopuc-
maHHs 6anbHOT wkanu dae 3mMo2y rnopieHr8amu 06'ekmu 3 pi3HUM cmyneHeM eaug4eHocmi i Mo)ke 3acmocoeyeamuch 0151 U3Ha-
YeHHs1 nepcrnekmueHocmi 6ydb-siko2o podoeuuia ceped HU3KU 06'ekmie y pa3i o6MexeHoI Kinbkocmi iHghopmauyii.

Knw4yoBi cnoBa: mumaHoei podoeuua, pelimuHzoea ouyiHka, Hoeomupa2opodcbkuli po3cunHuli palioH.

lMocmaHoeka npobsiemu. Po3BUTOK BITYN3HSIHOI MiHe-
panbHO-CUPOBUHHO| 633K rPyHTYETLCS Ha 3any4veHHi iHBecC-
TULIN 9K y POAOBMLLA, L0 pO3pobnsaTbes, Tak i B 06'ekTn,
Lo nepebyBaloTb Ha CTagii reonoropo3eigyBanbHUX pooiT.
MepLioyeproBicTb TakMx 06'eKTiB ANs iIHBECTULiA AOUINBbHO
BM3HA4YaTu 3a pesynbTaTamy Bi4NOBIOHOI OLHKM (paHXy-
BaHHs1) 3@ MPUPOSHMMM Ta NPOMMUCITOBUMU KPUTEPIAMM, SKi
BU3Ha4al0Tb EKOHOMIYHY LiHHICTb POAOBULL Ta NPOSBIB KOH-
KPeTHOro TUny KopucHux konanuH (Mmnxannos Ta iH., 2017).

PanxyBaHHs1 pogoBuLl, OOLINBHO NPOBOAWTW 3@ TOMoB-
HVUMW chbakTopamm, SKi BU3HaYatoTb IXHIO MPOMMUCIIOBY LIHHICTb.
MepenycimM Le KinbKiCTb Ta AKICTb 3anaciB KOPUCHUX KONarnuH i
peLuTa ripHUYO-reonoriYHMUX Ta TEXHIKO-TEXHOMOMYHUX YUHHN-
KiB, SIKi B pesynbTaTi BU3Ha4aloTb EKOHOMIYHY edEKTUBHICTb
ocBOeHHs poposuL (Kypuno, AHopeesa, 2014).

OCHOBHOI METOH MPOBEAEHHS MOPIBHSAMBHOI reonoro-
€KOHOMIYHOI OLiHKM € BUSIBNEHHS iHBECTULNHO-NpBabnu-
BUX [ANSA OCBOEHHS reorioriYHMX 06'eKTiB, BCTAHOBMEHHS iX
NPOMUCIIOBOrO 3HaYeHHs Ta EKOHOMIYHOI edeKTUBHOCTI
eKkcnnyaTtauii 3 ypaxyBaHHsIM Cy4acHUX peanin.

MeTa gaHoro JoCnimKeHHs Nonsarae y paHxyBaHHi 00'ek-
TiB BITYN3HAHOI MiHEpanbHO-CUPOBUHHOI 6a3n TUTaHy Ha
npvKnagi OAHOro i3 PO3CUMHUX TUTAHOHOCHUX PaNoHIB 3a re-
ONOrYHUMWN, FIPHUYO-TEXHIYHUMN Ta EKOHOMIYHUMM KpUTEPI-
AMU  ONsi  BCTAHOBMIEHHS  HAWNEPCNEKTUBHILLMX — Ans
OCBOEHHS 06'eKTiB, sIKi MOXXHa pekoMeHayBaTh Ans noganb-
LLIOrO reonoriyHoro BuByeHHs (MB), y Tomy uucni gocnigHo-
npomwucnosoi po3pobku (ANP).

06'ekm 0docidxeHHsI — MiHepanbHO-CUPOBMHHA Gasa
TUTaHOBMX po3cuniB HOBOMUPropoACbLKOro panoHy.

TMpedmem — reonoro-eKOHOMiYHi KpUTEPIi OLIHKNA.

AHaniz ocmaHHix docnidxeHb ma nyb6nikayid. Pen-
TMHrOBa MOPIBHSAMbHA re0NOro-eKOHOMIYHA OLHKA € OfHUM
i3 MeToAiB €eKOHOMIYHOIT reonorii, sika pO3BMBAETHLCA LLE 3 NO-
YaTKy MUHYNoro cTonitta. 3a pagsHCbKMX YaciB BiTYM3HSHA
reonorisi He BMAINSANa €KOHOMIYHWUIA HanpsM AOCHiAKEHb B
OKpeMy Hayky, HaTOMICTb BUKOPUCTOBYBaBCS TEPMIH "eKo-
HOMiKa MiHepanbHOi CUPOBUHK".

3 OTpPMMaHHSAM He3aneXxHoCTi YKpaiHu eKoHOMiYHa reo-
rorisi MoYMHae CTPIMKO po3BuBaTuCs | HabyBae Bce Ginb-
LIOr0 3HAYeHHs1 B pPO3BUTKY HaykM Ta MPOMMCIOBOCTI.
3HayHU BHECOK Y LibOMY HanpsiMi 3pobunu BiTUM3HSAHI Hay-
koBLi (KopxHeB Ta iH., 2006; Pygbko Ta iH., 2011; Muxai-
nos, 2023). Okpim y3aranbHeHux pobiT, cnig sragaty npadi,
NPUCBSIYEHI KOHKPETHUM HanpsiMam. Tak, pobotu I".l. Pygbka
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NPUCBSIYEHI Feonoro-eKOHOMIYHOMY aHanidy Ta BapTiCHI
OLjiHLi pogoBULL, HadhTO-ra3oBMX NOKMNAAiB, 3ani3anCTUX KBap-
UMTIB, KaoniHy, OYpWTUHY Ta iHWWX KOPWUCHMX KOManwuH.
Y poboTi (Muxannos Ta iH., 2011) npoBeAeHO paHXyBaHHS
reosioriyHmMx nam'stok BonuHo-lMoainnsa 3 MeTor BUAiNeHHS
HannepcnekTMBHILLUX NS NoJanbLUIoro OCBOEHHS. Meornoro-
€KOHOMIYHE NepeoL|iHioBaHHSA MiAHUX POAOBWLY, NPOBEAEHO
Ha npuknagi nposisy Kupudi (Muxarinos Ta iH., 2022). MNopi-
BHSINIbHY r€0S0ro-NpPOMMCIIOBY OLiHKY 32 JOMOMOrow 6anb-
HOI WKanu ana poposuLy rpadity YkpaiHu BUCBITNEHO B
npausax (Jmkayenko, 2012; AHgpeeBa, lNnxkadeHko, 2014;
JnxkaueHko, 2021), ana popoeuw, GeHTOHITY (AHApEEBa,
2009; AHppeeBa, JlmxkadeHko, 2012). Y poboTi (Muxainos,
Kypwurno, 2010) npoBeAeHO reonoro-eKOHOMIYHY OLLIHKY nep-
CMEKTUBHUX A5si OCBOEHHS 00'eKTIB hn0COBOT CUPOBUHM i3
BpaxyBaHHSAM CTYMEHSA I1XHbOro reorioriyHoro i TeXHiKo-
€KOHOMIYHOr0 BUBYEHHSI.

OTmxe, NOpIBHANBHA reonoro-eKOHOMiYHa OLliHKa NPOBOAU-
nacs anst 6aratboX BUAIB KOPUCHMX KOMAmnuH, sk pyaHoI, Tak i
HepyaAHOi CUpPOBWHW. NS pofoBwLL, TUTAHOBWX pyA BriepLue
Taka poboTa 6yna onybnikoBaHa y 2013 p. Ha npuknaai Bonu-
HCbKOrO TUTAaHOHOCHTO paioHy (CeuBanbHeBa, 2013).

Mamepianu i Memodu. B ocHOBY focrigeHb NoKnageHo
marepianu reonoro-anoMoyHnx pobit MacwTaby 1:200 000,
1:50 000, faHi rMMBUHHOTO reosoriYHOro KapTyBaHHS Ta MoLUy-
KOBO-OLiHIOBanbHuX pobiT (PepopeHko, 1970; Ckopobay Ta iH.,
1979; Ckopobau Ta iH., 1983, OywweHko, 2006) ToLLo.

MeToamKy penTUHrOBOI OLHKM POAOBULL TUTaHY paHille
3aCTOCOBAHO Mig Yac paHXyBaHHA 00'ekTiB BonvHcbkoro
TUTAHOHOCHOTO panoHy i onucaHo B paai nyénikauin (Ceu-
BanbHeBa, 2012, 2013).

[ns pemrTUHroBOI OLiHKM pOoAOBULL, TUTAHY B MexXax
HoBoMMpPropoacbkoro po3cUMnHOro pamoHy npoaHanizoBaHo
JaHi wono ciMox ob'exTiB: Bip3yniBcbke po3cunHe pogo-
Buwe, JlikapiBcbkui, AHgpiiBcbkuin, BanyiBcbkun Ta Ho-
BOMWProOpoACbKMA po3cunun, a Takox CxigHa Ta 3axigHa
AiNSHKM 3anuwkoBoro Tuny. byno nigibpaHo koMnnekc napa-
MeTpiB, BiOOMMX Ans BCiX 06'eKTiB, siki € HaMbiNbL Nokaso-
BUMW Ta BaXXNMBUMM 41151 EKOHOMIYHOI OLiIHKM pOSOBULL,.

[nsi KOXXHOro nokasHWka yMOBHO MpoBeAeHO rpagadito
3a TpubanbHow Lwkanot. KoxHomy podoBully Ta MposiBy
npuceotooTbes 6ann 3a BUbpaHMMK nokasHukamu. [Micns
LbOro nigpaxoByeTbCca cyMa banis, 3a KO BM3HA4YaETLCS
NEepPCNeKTUBHICTb TOro Yu iHworo ob'ekta. binbla KinbkicTb
OaniB BU3Ha4ae BinbLly NepcrneKkTUBHICTb 06'ekTa.

© OxoniHa TeTsiHa, KyabmaHeHko ManuHa, 2023
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Buknad ocHoeHO20 mMamepiany. 3azanbHa eeosoei-
YHa xapakmepucmuka 0b6'ekmig, Wo rMopieH8asIUCS.

PanoH pocnigxkeHb po3TalloBaHUi y Mexax MiBHIYHO-
CXiQHOrO CXWUny YKpaiHCbKOro LWuTa B MIBAEHHIN YacTuHI
KopcyHb-HoBoMumpropoacekoro nnyToHy. [o 1roro cknagy
BXoadATb bip3yniscbke pogosue, JlikapiBCcbkuil, AHOpPIIBCb-
kuin, BanyiBcbkuii Ta HoBOMMpropoacekuii poscunu, a Ta-
ko CxigHa Ta 3axigHa ginsiHKku 3anuwikoBoro tuny. PanoH
3ocepeaxeHnn y mexax lebeanH-banakniiscbkoi genpe-
Cii, WO € OgHiel0 3 HMKHBbOKPENOOBMX PiYKOBUX Naneono-
JINH Ha MiBHIYHO-CXIQHOMY CXWMi LEHTPanbHOI YacTUHU
wuTa, sKi poskpusarTbesa y [HiNpoBcbKko-[oHeLbKy 3ana-
AvHy. PiykoBa naneogonunHa cTBopuna CBOE PYcrio B KOpi
BUBITPIOBAHHA KpUCTanivyHUX nopia pyHaamMeHTy i BUNOB-
HeHa NpoayKTamu nepesigknageHHs entosio. Mesoson-
Cbka Kopa BWBITPOBaHHA Oyna OCHOBHWM OKepernom
mMaTepiany ans opMyBaHHS HWKHbOKPEWAOBUX KOHTUHE-
HTanbHWUX BiAKNaaiB i NOB'A3aHMUX 3 HAMU KOPUCHWUX KONanuH,
30kpeMa inbmeHiTy (Kpowko, 2016).

BipsyniBcbke popoBulle sABnsie cobo ocobnmemn
napareHeTUYHUIN psg 3 PYAOHOCHOK ME3030MCHKOK KOPOH
BMBITPIOBAHHSA Ta anT-HWXHbOANbOCLKMMMN KOHTUHEHTArb-
HUMU (antoBianbHUMK) i BEPXHbOANbOCLKMMU NpnbepexHo-
Mopcbkumm Bigknagamu (Jywenko, 2006). YTBopeHHs Bipsynie-
CbKOro po3cuny Hanpsimy noe'adaHe 3 JlebeaunH-banakniiscbkoto
€PO3iNHO-TEKTOHIYHOI NaneofoNMHOK Ta AIANbHICTIO donto-
BianbHMX NOTOKIB Y ii Mexax.

KoHTVMHeHTanbHi Bigknaan HWXHbLOI kpenan 3bepernucs
y BUMMA4i OKpemMmnx By3bkux cMmyr. ToBLLMHa nickiB — Big 1,5
0o 8,9 M, y cepeaHbomy — 3,0 M. BMicT inbmeHiTy B antoBia-
NbHUX BigKNagax HepiBHOMIPHUI, NO OKPEMUX CBEpaSioBU-
Hax 3MiHIOETLCA Bif AEKINbKOX Kirorpamis Ha KyGidHui MeTp
a0 343 kr/m® (Kpowko, 2016). MakcuManbHWUin BMICT inbMe-
HiTy cTaHOBUTL 75,8 kr/M3. HaitbinbLu 36aradeHi inbMeHiTom
niwani nopoau, SKi NpuypoYeHi 4o TanbBery naneogosiHu.
BMicT inbMeHiTy Y BTOPMHHUX KaomiHax B OKpeMUX BUNadKax
csrae 300 kr/m2.

MpubepekHO-MOPChKi  rMayKoHIT-KBaApLOBi MICKN  HUX-
HbOI Kpenau B mexax bipayniBcbkoro poscuny npeacras-
neHi mMinkoBogHUMK bauisiMM BEpXHLOro ansby, TOBLUMHA
aknx gocsrae 12,0 m. JoBxuHa po3cuny — 4 kM, WnpuHa —
2 kM. HainGinbw 36araveHa iNnbMeEHITOM LieHTparnbHa 4ac-
TuHa (cepeqHin BmicT 173 kr/m3) poscuny. BMicT inbmeHity
nocarae 598 kr/m3. Y BepTuKansHOMY po3pisi BMICT inbMe-
HITy 30iNbLUYETLCS BiA NOKPiBMi 4O NiJOLIBM po3cury.

MoBclogHO Ha KpUcTaniyHMx nopodax yHAaMeHTy 3a-
nsirae kopa BUBITPIOBaHHS, LLIO chOpMOBaHa B yMOBaXx ryMig-
HOro KkniMaTy Ta neHenneHisauii penbedy. ToBWMHA Kopu
BUBITPIOBAHHA 3MIHIOETLCSA B LUMPOKMX Mexax — Big 8 Oo
36 M, y cepegHboMy 23 M.

BMICT inbMeHiTy y Kopi BMBITPIOBAHHSA OCHOBHWUX MOpig
HEepiBHOMIpHMIA, MiOBULLYETBCS Bropy 3a po3pisoMm Ao
138 kr/m3. BMICT inbMeHiTy B KOpi BUBITPIOBaAHHS rpaHiTie He-
3HaYHuit — 0,5-25 kr/m® (depopeHko, 1970).

JlikapiBCbKkU po3cun npuypoveHUn 40 OOHOrO 3 py-
kaBiB JlebegunH-BanakniiBcbkoi naneogonuHW. Y reonoridHin
OynoBi 6epyTb y4acTb OCHOBHI i KUCNi NOPOAW KOPOCTEHCLKOrO
KOMMIEKCY, iXHA KOpa BMBITPIOBaHHA Ta OCagoBi YTBOPEHHS
KpenaoBoi, NaneoreHoBoi, HEOreHOBOI Ta YETBEPTUHHOI CUC-
TeM. NpoaykTneHa ToBLLa JlikapiBCbKOro poscuny npeacras-
neHa HWKHbOKPENOOBUMM KOHTUHEHTaNbHUMK, entoBiaribHo-
JentoBianbHUMK BigKnagamu, Lo 3arnoBHIOKTE OABHIO MOX0-
BaHy JonuHy. KOHTMHeHTanbHi BigKNaauM HWKHLOI Kpenam
npeacTaBrieHi CBITNO-CipUMM KaoniHUCTUMU MiCKaMU | BTOPUH-
HUMK KaoniHamu. ToBLUMHA BigKNadiB KONMBAETLCA Big nep-
wmx MeTpie 4o 15 M, BMICT inbmeHiTy — Big 40 go 300 kr/ms.
ToBLUMHA PO3KPMBHMX NOPiZ CTAaHOBUTL 79 M.

ISSN 1728-3817

AHapiiBCbkni po3scun npunsrae Ao Jlikapiscbkoro B
aonvHi p. Benuka Bucb. Y reonorivnin 6ygosi 6epyTb
y4yacTb rpaHiTu-panakiBi KOPOCTEHCBbKOrO KOMMMEKCY, iXHS
Kopa BUBITPIOBAHHS, iNMbMEHITOHOCHI HUXKHLOKPENAOBI KOH-
TUHEHTanbHI BigKNagn, a TakoX YEeTBEPTUHHI Bigknagw.
MpoaykTMBHa TOBLLA NpeAcTaBreHa antoBianbHO-AentoBiarns-
HUMMK BigKNagaMu HWXHBOI Kpenaw, YacTKOBO YeTBepTUH-
HUM arntoBiEM, Y CEPeaHIl YaCTUHI QiNAHKU HUXKHBbOKPENao-
BMMM NpnbepexHo-mopcbkumu nickamn. CepeaHs TOBLUUHA
BigKnagiB carae 6,3 M, CepefHin BMICT ifbMEHITY —
57,5 kr/M3. TMnMbuHa 3ansaraHHs TosLwi — 11,5 M.

BanyiBCcbkui po3cun postawioBaHui y 4 KM niBAeH-
Hiwe Big Bip3yniBcbkoro pogosuLLa, NpUypoYeHnin 4o Bep-
xig's JlebeamH-banakniiBcbkoi genpecii, y Tii YacTuHi, e
BOHA 3aMuKaeTbcsl. PyHOAMEHT CKNageHW OCHOBHUMM
(aHopTO3MTamu, rabpo-aHopTo3uTamu, rabpo) i kucnumm
nopogamu. OcTaHHi TpannaTbCA Ha NiBAEHHO-3axigHin Yya-
CTWHI AinaHku. Kpim Toro, NoBCOOHO PO3BMHEHA KOpa BUBIT-
ptoBaHHA. ToBLMHA ii 3MiHIOETLCA Big 1 4o 25 m. Bwmict
inbmeHiTy carae Big 10 oo 40 kr/m3.

Bigknagun HWKHBOI Kpenagm MatoTb ABa (hauianbHi pisHO-
BUAMN: KOHTUHEHTanbHi Ta NpMbepexxHO-MopCbki. KOHTUHEH-
TanbHi Bigknagu nowwupeHi B NiBHIYHO-3aXiAHIN YacTUHI
Banyiscbkoro poscuny i npeacTaBneHi antoBianbHUMN yTBO-
PEeHHSIMM PYCMOBOI Ta 3annaBHoi hauiin. ToBLUMHA KOHTUHE-
HTanbHUx nopig — Bia 1,6 go 8,0 m (y cepegHbomy — 2,3 M).
BMicT inbmeHiTy 36inblyeTbesa Big 60pTiB 40 LeHTparnbHOI
YyacTuHu genpecii | gocsrae 99 kr/m® (Penopenko, 1970).

MprbepexxHO-MOpChkKi BiAKNaan NPeacTaBrieHi rMayKoHIT-
KBapLOBMMM nickamn BepxHLOro anbby. IxHa ToBLiMHA
y cepefHbOMY CTaHOBWUTb 5,7 M. BMIiCT inbMeHiTy HepiBHO-
MipHuiA — Big 25 fo 136 kr/m® (GepopeHko, 1970).

Y Kopi BMBIiTptoBaHHs (ToBLUMHA Big 3 0o 17 M, y cepea-
HbOoMy 10 M) BMICT inbMeHITy HEPIBHOMIPHWI i 36inbLUYETLCS
Bropy 3a pospizom Bia 79 ao 112 kr/m3 (denopeHko, 1970).

HoBOMWPropoACbKMUI pPO3CKN pO3TaLIOBaHUA y O0-
nuHi p. Benuka Buck. N'eonoriyHa 6yaosa poscuny npocTa. NMo-
poanM 0CagoBOrO 4Yoxna MpPakTUYHO POo3MUTI pivkoto. Big
YETBEPTUHHOTO PO3MUBY 3aNULLMIIMCS HEPO34SIEHOBaHI BYrIe-
HOCHi  MILL@HO-MWHUCTI  BIiOKNaaM  HWXHBOrO-CepeaHbLOro
€oLleHy, npuypodeHi o HoBomumpropoachbkoi naneogonuHu.
Y NOKpiBMi BYrNMEHOCHOI TOBLLj 3ansarae YeTBEPTUHHMI antoBii,
y NigoLWBi — KOpa BUBITPIOBAHHA rpaHiTiB-panakisi. BMicT inbme-
HITY B NPOAYKTUBHMX MiCKax HMKHBbOrO-cepeaHboro eoeHy 20—
70, iHogi ao 100 kr/m3, cepeaHii no poscuny — 64,2 kr/mS.

CxigHa ginsAHKa 3anuwKoBOro Tuny. Y reonoriy-
Hiln 6ynoBi 6epyTb y4acTb OCHOBHiI MOPOAM KOPOCTEHCHKOrO
KOMMMEKCY, IXHS Kopa BUBITPIOBAHHS, OCaAoBi YTBOPEHHSA
naneoreHoBOi Ta YeTBepTUHHOI cmucTeM. OCHOBHI nMopoam
npeacTaBneHi aHopTo3uTamu, rabpo-aHopTosuTamu, rabpo,
rabpo-HopuTamm, Hoputamu. Bmict TiO2 B aHopTo3nTax
crtaHoBuTb 0,4-1,2 %, P20s5 — 0,5 %. Ha kpuctaniyHux no-
poAax NoBCIOAHO PO3BUHEHA KOpa BUBITPIOBAHHS. Y KOpi BU-
BiTPIOBAHHA BUSIBNIEHO TPV MOPSA PpO3TalloBaHi nnouli 3
NiABULLLEHNUM BMICTOM inbMeHiTy. CepefHint BMICT iNbMEHITY
no Cxianin ainsHui — 107,4 kr/m3. ToswwuHa Bigknagais 15 m,
poskpuBy — 38,7 M.

3axigHa ginaHka 3anunwkosoro Tuny. Kopa BuBi-
TPHOBaHHSA PO3BMHEHA MEPEBaXHO MO rabpo, 4YacTKOBO MO
rabpo-mMoHLOHITaMm i rabpo-nabpagoputam. MNnowa 3 niasu-
LLIEHNUM BMICTOM iNbMEHITY BUTArHYTa B CyOLUIMPOTHOMY Ha-
NPSIMKY B 30Hi EHOOKOHTAKTy MacuBy 3 rpaHiTamu KopcyHb-
HoBomupropoacbkoro nnyToHy. mMubuHa 3ansiraHHsa Kopu
BUBITPIOBaHHA csirae 48,8 m, ToBLMHa Bigknagis — 7,4 m,
cepepHiit BMIcT inbMeHiTy — 112,4 kr/m3.
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PaH)xyeaHHs1 06'ekmie

leonoeiyHi nokasHuku. OQHUM i3 TONOBHMX bakTopiB,
LLIO BM3HAYaloTb MPOMUCIIOBY LiHHICTb 00'ekTa, € yMOBH 3a-
NAraHHg noknagy KopucHoi konanuHu. Iig yac nposegeHHs
NOPIBHANBHOT OLIHKWU BMKOPUCTOBYIOTLCS Taki reonoriyHi no-
Ka3HWKN, SIK TOBLLMHA NPOAYKTUBHOI TOBLLi, KOediLlieHT po3s-
KpUBY Ta CKMagHiCTb reonoriyHoi 6yanosu.

Buainsatoun 6anun gns Takux nokasHuKiB, ik rnmbuHa 3a-
NAraHHs Ta TOBLLUMHA MOKMaAiB KOPUCHOI KONanuHu, Bpaxo-
BYIOTb iXHi FpaHUYHi 3Ha4YeHHs (ans nokasHuka "rmmMbuHa
3andraHHa" BpaxoBylOTb [MUOMHY 3ansraHHs KOPUCHOI

KonanuHu ans Buao0yBaHHs BIAKPUTUM cnocobom) Ta nogi-
NATb Ha PiBHOMIpHI Npomikkn (AHOpeeBa, JlwkayeHko,
2014). binbwe 6aniB OTPUMYOTb POAOBULLA, LLO MatoTb Bi-
NbLUy TOBLUMHY NPOAYKTUBHOI TOBLL.

KoediuieHT posKkpuBy BU3HAYaE TiPHUYO-TEXHIYHI YMOBU
nia Yac po3pobku pogosuLla. [Ins LbOro NokasHWKa BpaxoBy-
H0Tb MMMOWHY 3ansiraHHs KOPUCHOT KoNanuHy Anst BUA0OyBaHHS
BiAKPUTM CNOCoBoM. Hnm MeHLLIMIA KoedilieHT po3KpuBY, TUM
KpaLLi nokasHvkn Ta binbLie 6anis oTpumye 06'exT.

[ns paHxyBaHHS pPOAOBMLL 3a CKMaQHICTIO reonoriyHol
OynoBM BMKOPUCTOBYBanacsi Taka rpagauis (tadn. 1).

Ta6bnuys 1

Fpagauin 3a cknagHicTO reonorivyHoi 6yA0BU AN poAoBuULY TBEPANX KOPUCHUX KonanuH (Xmapa, 1999)

CknagHicTb reonori4yHoi 6ynosu

Banu

pyna 4 (pogoBuLLa BKpal cknagHoi reonoriyHoi 6ygosu) 0

pyna 3 (pogoBuLLa Ayxe cknagHoi reonorivyHoi 6ygosu)

pyna 2 (pogoBuLLa CKNagHoI reonoriyHoi 6ygosu)

pyna 1 (pogoBuLLa NpocToi reonoriyHoi 6ynosu)

1
2
3

Yci po3rnaHyTi pogosuLLa MatoTb Apyry rpyny ckrnagHo-
CTi Ta 3a 6anbHUMK KPUTEPISIMU OTPUMYIOTL 2 Banu.

SKicHi moka3Huku. [ns reonoro-eKoOHOMIYHOI OLiHKM po-
OOBMULL, KPiM FreosioriyHmX, BaXMBUMM € SIKICHI MOKa3HUKM.
OuiHouM SKICTb TiET UM iHWOI MiHEpanbHOI CMPOBMHM, Nig-
OuMpaloTb NOKa3HWKW, XapaKTepHi ANs KOHKPETHOro BUAyY Cu-
poBuHUW. Tak, Ana TUTaHOBUX POAOBULL SKICTb BU3HAYalTh
rOSIOBHMM YMHOM 33 BMICTOM iNbMeEHITy B nickax (B Kr/m3).
Buwuin 6an oTpumyioTb pogoBULLA 3 BULLUM BMICTOM inb-
MEHITY B Mickax.

LLle ogHMM Ayxe BaXXnUBMM KpPUTEPIEM, LLO XapaKkTepu-
3y€ SKICTb CUPOBWUHW, € HASIBHICTb LUKIANMBUX OOMILLIOK,
BMICT SIKMX BM3HA4a€e MiHiManbHy abo MakcumarbHy Kinb-
Kictb 6anis. OTxke, MiHiMym 6aniB oTpuMylTb pyau, LIO
MicTaTb gomiwwkn P20s n Cr203, makcumyM 6anis — pyan 6e3
LKiOIMBUX OOMILLOK.

AHani3 pogoBuLL 3a 3MiHHICTIO iNbMEHITY NPOBOAUBCS 3
ypaxyBaHHsIM CepeaHbOro BMiCTy B HbOMY AioKCUay TUTaHY.
Akwo nepenbayaeTbCst BAKOPUCTAHHS iNbMEHITY B MirMeHT-
Hil NPOMMCNOBOCTI, TO Hanbinbwuin 6an Mae pogosuLle 3
MEHLUMMM MOKa3HMKaMmM 3MiHHOCTI iNbMEHITY. Y HalloMy BU-
nagky TUTAHOHOCHWIA paroH crneuiani3yeTbCa Ha meTaniy-
HUA TUTaH — YM Binblua 3MIHHICTb iINbMEHITY, TM Oinblue
6anis oTpMMye pogoBuLLe.

EkoHomiuHi noka3Huku. BenunynHa 3anacis uu pecypcis
KOPUCHOI KOMarnuHW € FOfIOBHUMW YMHHMKaMW OOUINbHOCTI
OCBOEHHS Ta po3pobku poaoBwLLa, TOMY HaNbINbLLY KiNbKICTb
6aniB NpMCBOEHO pofoBuaM 3 OGinbLIOD KINbKICTIO Ta
BULLIOKO KaTeropieto 3anacis i pecypcie. Ockinbku 3a cTaHaapT-
Hot knacugikauieto (Kpetimep, 1973) GinbluiicTb pO3rnsHy-
TUX TUTAHOHOCHUX O6'EKTIB HaNeXunTb A0 ApiOHUX, Ansa GinbLu
afeKBaTHOI OLiHK/ aBTOpPW BBENM CBOK rpafaLiito pO4OBMULLL:
3a 3anacamu pyau, iNbMeHiTy Ta giokeuay TUTaHy.

[ns po3paxyHKy OCHOBHMX EKOHOMIYHUX MOKA3HWKIB Bax-
NBO BM3HAYUTU TEPMiH eKcnryaTaLii pogoBuLLa, OCKiNbKK Y
po3paxyHkax BUPOBHUYMX BUTPAT BUXiA NPOAYKLi HA OQVHNLIO
Yacy TaKoX MOBWMHEH BpaxoByBaTUCb. Ynm GinbLumin Buxig y
AeHb abo Ha pik, TUM HWKYi BATPaTU Ha TOHHY pyaw.

Ona nigpaxyHKy onTMManbHOro TepMiHy ekcnnyarauii B
cydyacHi niTepaTypi HaWdacTilwe BMKOPUCTOBYIOTb Op-
myny Tennopa (Kopx+es ma iH., 2006)

CE =6, 5‘\‘/ MOHHAIC, MIH M.

MoTyXHicTb nignpuemcTBa xapakTepusye onTumasnbHO
MOXTMNNBUIA BUMYCK NPOAYKLUiT 3a pik 3@ YMOBU SAKHaNNOBHi-
LIOrO BUKOPWUCTaHHSA YCTaTKyBaHHS i BUPOOHUYMX MIIOLL,
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3acToCyBaHHSA MPOrpecunBHOI TEXHONOrIT Ta opraHisauii BUpo-
OHMUTBa. ONTUManbHa NPoayKTMBHA NOTYXKHICTb NianpUeMC-
TBa BM3HAYaETLCA LUNAXOM noginy ob6'eMy reonoriyHmnx
3anaciB "nickis" Ha oNTMManbHWI TEPMIH ekcnnyaTtauii pogo-
BuWa (Tuc. M3/pik). [na KOXHOro poJoBuULLA BOHA Ma€E PisHi
nokasHukn. Hambinbly Kinbkictb 6aniB oTpMMyHOTb pPoOQo-
BULLA, SKi MalOTb HanBInbLLYy NPOAYKTUBHY MOTY>KHICTb, OCKINbKM
B TakoMy pasi WweugLle peanisyeTbCca TepMiH OKynHOCTI nia-
npueMcTBa i BoHO Byae BinbLl eKOHOMIYHO ePeKTUBHUM.

MpomuncrnoBe 3HavyeHHs 06'ekTa BU3HaAYaeTbCS 3a op-
MYyFol0, SIKy OTPMMYIOTb K YacTKy Big Oo0OyTKy, Ae Bpaxo-
BaHi HavBaromili gaHi 3 nornsgy aesTopiB, a came, 6anu,
OTpMMaHi B pesynbTaTi OUiHKA POAOBML, PO3CUMHMX pano-
HiB: 06'em 2eornoeiuHuUX 3anacie diokcudy mumaHy + emicm
diokcudy mumaHy + MPOMUCII08€ 3Ha4YeHHS CyymHix Kopu-
CHUX KonanuH + KoegbiuieHm po3kpummes.

Y T1abn. 2 nokasaHo paHxyBaHHS 06'ekTiB HoBOMUpro-
POACLKOro TUTAHOHOCHOTO parioHy, e BPaxOBaHO OCHOBHI
nokasHWKK, 3a SK1MMK nposogunack 6anbHa ouiHka.

BucHoBku

lMopiBHANBHY reonoro-eKOHOMIYHY OLLHKY POAOBULL, TUTa-
HOBMX pyA HOBOMUWPropodchbkoro po3cMMHOrO pavioHy HaBse-
[A€EHO Ha puc. 1. Buxoasaum 3 meTognky NOpIiBHAMNBHOI reororo-
€KOHOMIYHOI OLiHKM, HanbinbLLy KinbKicTb 6anis, a oTKe i Npo-
MUCIOBY LiHHICTb, MatoTk CxigHa Ta 3axigHa AinsHkW 3anuiu-
KoBoro Tuny. Ha cborogHi YkpaiHa He Mae [JocKOHanoi
TeXHOrorii 0CBOEHHS pOAOBWLL, 3arMLLKOBOrO Tuny. Pogosuiia
PO3CUMHOrO TWUMY MEHLL 3aTpaTHi y po3pobui, ToMy cnif 3sep-
HYTW yBary came Ha Hvx. Hannpusabnusiwmm cepen poscunis
i3 KinbKicTio 6anie 24 € bip3yniBcbke pogoBuLLe, sike 3 2012 p.
po3pobnsie TOB BK® "BenTa", a 3 2019 BoHa BONOAiE TaKOX
TikapiBCbkUM po3cunom, sikuin oTpumae 17 6aniB. AHOpIiBCb-
KW po3cun i3 cymoto 6anis 19 € Binblw npneabnmeumM, Tomy
BapTO peKoMeHayBaTy MOro Ans nepLIoYeproBoro Bignpawo-
BaHHs nicnsa bipayniscbkoro pogosuila. Banyescbkun Ta Ho-
BOMVPropoACbKMIA  po3cunn  otpumanm 15 T1a 8 6Ganis
BiANOBIAHO. X MOXHa pekomMeHayBaTu SK pe3epBHi Ans Bian-
pautoBaHHs icHytodoro M3K.

BukopucTaHHst GanbHOI LWKanvM gae 3Mory MopiBHIOBAaTH
06'eKTU 3 pi3HMM CTyNeHEeM BMBYEHOCTI i MOXe 3acTOCOBYBa-
TUCb ANs BUSHAYEHHS NEPCNEKTMBHOCTI Oyab-AKOro pogoBuLLa
cepepn HK13ky 00'exTiB 3a 0BMeXeHOT KinbkocTi iHdopmali. Mig
Yac nofanblUmMx AOCHigKeHb POAOBULL, | MPOSIBIB Ta 3 NOSIBOKO
HOBWX r€OMnOoriYyHMX Ta EKOHOMIYHUX JAHUX MOXITMBO MepeoLli-
HioBaTK 06'eKTM | NPOBOAUTU Taki pekomeHaaLlji.
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Puc. 1. NopiBHANbLHa reonoro-eKOHOMi4yHa ouliHka HOBOMUPropoacbKoro TMTAHOHOCHOIO PO3CUMNHOIO PaNoHy

Mopasikn, mxepena diHaHcyBaHHsA. PoboTy npodiHaHcoBaHo
3a paxyHok nporpamu "HaykoBi i HayKOBO-TEeXHiYHi (eKcrnepumeHTa-
NbHi) poboTK 3a NpiOPUTETHUM HanpssMom "TexHonorii noLyky,
BMOOGYTKY, Nnepepobku Ta BUKOPUCTAHHSI KPUTUYHUX KOPUCHUX KO-
nanuvH, Npobrnemu ouiHIBaHHS, 36epeXeHHs Ta NOBOEHHOTO BigHO-
BrneHHst poBkinnsa" Ha 2023-2024 pp. "CTtpaTteriyHa MiHepanbHa
CUpOBUHA ANs BiQHOBMNEHHS €KOHOMIKM YKpaiHu: aHani3 pecypcis
Ta 3anacis, po3pobka KpuTepiiB NoLyKy ANs HAapOLLyBaHHS iX MiHe-
parnbHO-CUPOBUHHOT 6a3n”" [lepxaBHWI peecTpauiHuin HoMep:
0123U100855.
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COMPARATIVE GEOLOGICAL AND ECONOMIC ASSESSMENT OF THE TITANIUM DEPOSITS
OF UKRAINE USING THE EXAMPLE OF THE NOVOMYRHOROD PLACERS DISTRICT

The article considers one of the methods of geological and economic assessment — ranking of titanium ore deposits on a point scale on the
example of the Novomyrhorod placer district, which includes the Birzulivske deposit, Likarivske, Andriivske, Valuivske, Novomyrhorod placers, as
well as the Eastern and Western residual areas. A brief geological description of the compared titanium objects is given, as well as the geological,
qualitative and economic indicators are used to make a comparative geological and economic assessment of the studied deposits and placers. The
use of a scoring scale allows comparing objects with different degrees of exploration and can be used to determine the prospects of any deposit
among a number of objects with a limited amount of information.

Keywords: titanium deposits, rating assessment, Novomyrhorod placer district.
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'NepxaBHa HayKoBa ycTaHoBa "LleHTp npo6nem MopcbKoi reonorii,

reoekonorii Ta ocagosoro pynoytBopeHHsi HAH Ykpainun", KuiB, YkpaiHa

lucTuTyT reonoriydnx Hayk HAH Ykpainu, Kuis, Ykpaina

30epxaBHa ycTaHoBa "HaykoBun rigpodisnunmnin ueHtp HAH Ykpaiuu”, Kvis, Ykpaina

“lHcTUTYT reoximii, MiHepanorii Ta pyaoyTsopeHHs imeHi M.M. CemeHeHka HAH Ykpainn, Kuie, YkpaiHa

3ACTOCYBAHHA rinAPOAKYCTUYHMX METOAIB NI YAC rEOXIMIMHUX OQOCNIAXKEHDb
Po3noainy 3A6EPYAHIOBAUYIB Y NOBEPXHEBOMY WAPI AOHHUX BIAKNAALIB

(MpedcmaeneHo 4YieHOM pedakuyiliHoi Koneail 0-poM 2eos1. HaykK, cm. Hayk. crniepob. O.J1. LLleeyeHkom)

lpedcmaeneHo pe3ysibmamu, ompuMaHi 8 xo0i mpueasniux HamypHux docnideHb ocobsiueocmel po3nodinny MemasnoeMicHOI KOM-
MoHeHMU 0cado8oi PEYOBUHU 8 Mexax mepumopiii MpoMuciosux Micm, 3okpema 3anopixoks. [ pyHMyYUCL Ha KOHMaKmMHUx ma ouc-
maHuitiHux JdocnioXeHHsix, eue4yeHo OOUH 3 acrnekmie npobrniemu, a came ocobnueocmi po3nodiny KoHUeHMpauil 3aniza e
nosepxHesomy wapi OoHHUX eidknadie [Hinpa. OkpecsieHO KO0 npaKkmu4HuUx nidxodie Ao 3acmocyeaHHs1 HO8020 KOMIMJIEKCHO20 Me-
mody NosIbO8UX CMOCMepPEeXeHb, W0 NMOeGHYE MOXXIIUBOCMI eKCPeCHOI NIOUWUHHOI 3UIOMKU 3 8U3HaY€HHSIM 2€0XiMiYHUX XapaKmepuc-
muk pi4kosux ocadkie. O6rpyHmoeaHo Memodosiozito MoedOHaHHs KOHMAaKmMHuX 2eoXiMiyHux docinidxeHb po3nodiny 3aniza e
nosepxHeeux OOHHUX 8iOki1adax 3 8UKOHAHHSIM 6i4HO20 02/1siI0y AUCMaHYiltiHOI NTIOWUHHOT 3UOMKU 3a G0NOMO20H0 2idpoJsioKamopa.
BoodHou4ac nepedbadaembCcsi MOXJIUBICMb 8U3HaYeHHs JTimosio2iYyHUX 8iOMiHHOCMell noeepxHeao2o0 wapy GOHHUX eidknadie 3a ymoe
8U3Ha4eHHs1 cepedHix KOHUeHmpauili 3asiza 019 OCHO8HUX pe4Yo8UHHUX munie ocadkie. Pe3ynsmamu deopiyHux docidxeHb Ha OCHO8I
OaHux nonbosux pobim eusieusiu NeeHi nepcrnekmMueu Po3eUMmKy INako20 KOMIMJIEKCY cCrocmepexeHb y pa3i cucmemamu3ayii HarpsiMKy,
dodamkoeoi anpobayii mexHos02i4HOI ck1adoeoi Ha pi3HUX mecmoeux OiNIsIHKax akeamopil, a MaKo) HanpayroeaHHsl 8i0noeioHo20

MemoduYyHo20 nidrpyHmsi.

Kno4yoBi cnoBa: 2eoekosnoeisi, O0HHI 8idknadu, ducmaHyiliHa MNIOWUHHa 3UOMKa, 2i0poakycmu4Hi Memodou, KOHMaKmHi

2€e0xiMiYyHi O0CliO)KeHHs.

lMocmaHoeka npo6nemu. MornnbneHHs NOOCLKOI Aisi-
NBHOCTI B yCiX cdhepax NpUpoaoKOPUCTYBaHHS, CTBOPHOHOYM
pi3HOMaHITHI ekonorivyHi Npobnemu, ogHOYacHO BW3HAYae
HOBi 06'eKTV AOCNioKEHb | PO3BUTOK OOCMIAHWLBKUX TEXHO-
norin. OgHieto 3 Takux nNpobnem, WO Mae ctany OCHOBY Ta
CTIVIKUI TPEHA 00 YCKNafgHEeHHs, € 3abpyaHeHHs 06'exTiB Ha-
BKONWLLUHLOIO cepeaoBula nobivyHUMK NpoaykTamu npove-
ciB NepepobkM KOPUCHUX KOManwuH, 30KpeMa 3anisHux i
KonbopoBux pya. baraTopiyHOMy BUBYEHHIO NUTAHHSA NPUB-
HECEHHs1 3 MPOMUCIIOBUX TepUTOpIi 3abpyaHoBaYiB, 30K-
peMa B Mexax MeTanyprilHMx ocepefkiB, MPUCBSYEHO
CninNbHi HaTYPHi AOCNIMKEHHSA IHCTUTYTY reonoriYHnx Hayk
HAH Ykpainn, [lepxaBHux HaykoBux yctaHoB "LieHTp npo-
©nem MopCbKOi reornorii, reoekonorii Ta 0cagoBoro pyaoyT-
BopeHHss HAH Ykpainn" Ta "HaykoBui rigpogisnyHumi LeHTp
HauioHanbHoi akagemii Hayk YkpaiHn" y mexax micta 3ano-
pixoks. JocnigKeHHs po3noAiny 3anisa Ta HU3KW BaXKKUX Me-
TaniB y cknagi pisHMX KOMMOHEHTIB AOBKINNs BigbyBaeTbcs
Ha OCHOBI MOCTINHOrO BifGOPY PeYOBUHN CEeAMMEHTALINHMX
NoTOKiB 3 aTMOCHEPHOro Ta BOOHOIO cepeaoBULLIa, BMBYa-
I0TbCS HAa NpeameT 3abpyaHEHHS BaXXKUMU MeTanamm noee-
PXHEBI I'PYHTU TepuTopii 3anopixoks Ta OOHHI Bigknaam
[OHinpa B Mmexax micta (Mutpononbcbkuii Ta iH., 2017).

[ns nepiognyHnx gocnigxeHb CTaHy OOHHUX Bigknagis
Oyno CTBOPEHO eKcriepuMeHTanbHWI NoniroH — obpaHo fo-
BiNbHY OinsHKy akBaTopii [Hinpa B Mexax niBAeHHOT YacTuHU
MiCTa, WO MeXye 3 TepuTopito npuyany [epxaBHOI ycTaHOBM
"HaykoBuia rigpocpiavyHuii ueHTp HauioHanbHoi akagemii Hayk

Ykpainn" (FToHyap Ta PepoceexkoB, 2016, 2017). Binnane-
HiCTb BiA HaWbInNbLIMX ocepenkiB 3abpyaHEHHs (TepuTopii
nignpuemcte AT "3anopixctane”, [MpAT "OHinpocneuc-
Tanb" TOLWO) AiNSHKM CTAHOBUTb OECHTh KiNTIOMETPIB, LLO YHe-
MOXIUBIIIOE MPAMUIA BNAMB iX (PYHKLIOHYBaHHA Ha CTaH
OOHHUX BigKnagiB Ta 3a00BOMbHSAE BUMOTM NPOBEAEHHS EKC-
nepumMeHTy. Buxoasum 3 aHanisy piuykoBux kapT, obpaHa ons
crnocTepexeHb finsiHka akBaTopii BKNoYae oparMeHTn gHa 3
O3Hakamu akyMynsuii AOHHUX BigKnaais Ta ix po3muBY i BUPI3-
HSIETBCS CYTTEBMMM Nepenagamu rmubuH, Lo BU3HAYaEe npu-
CYTHICTb Pi3HWX TMNIB 0Ca0BOI pe4YOBUHU Y CKNai BEPXHLOro
Lapy OOHHWX Bigknagis.

EkcnepyMeHTanbHo CKMagoBOK KOMMEKCY MOSbOBUX
CNOCTEPEeXeHb, L0 Ha TEXHIYHO JOCSXKHOMY piBHi 0O3BONSE
NPOBOANTW AUCTaHLIMHY MIOLMHHY 3MOMKY PO3MnoAiny 3aniso-
BMICHOI KOMMOHEHTU MOBEPXHEBWMX AOHHMX BigKnagis, crano
3any4eHHs rigporiokatopa GOKOBOro Ornsay [0 FeoXiMiYHWUX
pocnimkeHs (EMenbaHoB Ta iH., 2019). MNepuwi aaHi, oTpumaHi
B X0Zi NONbOBMX POGIT, BUSIBUINM NEBHI NEPCMNEKTUBU PO3BUTKY
TaKoro KOMMMEKCY CrnocTepexeHb y pasi peanisauii gocrar-
HbOro 06CAry NONLOBMX i NAGOPaTOPHNX JOCHIAKEHD.

AHani3 ny6nikayit 3a memoro docnidxeHb. OcTaH-
HiMW pokamu 3'ABUMOCS YUMArO BiTUYM3HSHUX | 3aKOPOOHHMX
ny6nikauin, NpucBAYeHMX 3aCTOCYBaHHIO MAPOaKyCTUYHUX
METOAIB ANS BMWBYEHHS OOHHUX BiAKMNagiB MOBEPXHEBUX
BoaHux ob'ekTiB (Ostrovsky and Tegowski, 2010; Anderson
and Pacheco, 2011; TloHuap u gp., 2012, 2014;
Mytropolskyi et al., 2016; lN'oHuyap Ta PegoceeHkos, 2016,
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2017; MutpononbCbkuii Ta iH., 2017; €EmMenbsaHOB Ta iH.,
2019; Papenmeier et al., 2020). NpoTe B NiTepatypi mano
yBaru npuainsaeTbca KOMMIEKCHUM €KOMNOro-reoxiMiYHUM Joc-
NioKEeHHAM, 34iICHEHNM i3 3aCTOCYBaHHAM AMCTaHLIAHOI MIo-
LWMHHOI  3AOMKMW. Kpim  Toro, 3asBmyam  dpaxiBui
npeacTaBnsAlTe  pe3ynbTaTu  KOPOTKOCTPOKOBMX 0bCTe-
XeHb, O He Aae 3MOM1 OLHUTM 3aKOHOMIPHOCTI po3noginy
XiMIYHUX enemMeHTIB Yy BOAHOMY CepefoBuLLi Ta ocagoBin
PEYOBVHI PiYOK Ta 03ep y baraTopiyHOMY po3pisi.

Mema JdocnidxeHb — po3pobUT METOONYHY OCHOBY Ta
00r'pyHTYBaTM MOEQHAHHSA KOHTAKTHUX reoXiMiyHMX Jochi-
OPKEeHb PO3MNOAiNy METaNoBMICHOI KOMMOHEHTU B NOBEPXHEBMX
OOHHMX Biknagax 3 BUKOHaHHAM Bi4HOro ornsgy AMCTaHUIHOI
NMOLLMHHOI 3MOMKM 32 JOMOMOrOH0 rigposiokaTopa.

Y cTaTTi HaBefeHo pe3ynbTaTu TPUBANMX HAaTYPHUX Cro-
cTepexeHb 3a 0CObnMBOCTSIMM po3noainy 3arnisa B 0cago-
Bill peyoBMHiI [JHiNpa B Mexax Micta 3anopixoks.

MemoduyHe obrpyHmyeaHHs1 3acmocyeaHHs1 2i0po-
aKycmu4yHux memodie. [eoekornoeidHa ma eeoxiMidHa
cknadosi. [eoxiMiYHi KOHTaKTHI [OCNIMKEHHSA 3acsig4vnu
HM3Ky ocobnmeocTen nepebyBaHHA MNOBIYHUX NPOAYKTIB
MeTanyprinHoro BUPOGHMLTBA y CKadi NOBEPXHEBOIO LLapy
OOHHMX Bigknagis [Hinpa B Mexax micta 3anopixks. Y ui-
nomy, 3aranbHW BMICT 3ani3a y ckrnafi KOMNOHEHTIB BOOHOIro
cepeoBuLLa CArae BUCOKUX 3HAYEHb, 3HAYHO MEPEBULLYIOUU
cepeHi NoKasHWKK Ans POHOBUX iNSHOK OHINPOBCHKMX BOS,
y cepeHin Tedii pivkn (MuTpononbcbkuii Ta iH., 2017). 3a pe-
3ynbTaTaMu MOHITOPWHIY €KOMOrYHOro CTaHy MOBEPXHEBUX
BOA Yy Mexax AOCHiAxXyBaHOi TepuTopii, Wwo 3aincHioe 3anopi-
3bKe perioHanbHe ynpasniHHA BOOHUX PecypciB, BMICT 3anisa
y Bogij csarae B cepeaHbomy 0,25 r/m3, nepesuLLyoum puboro-
cnofapcbki opieHTOBHO Ge3nevHi piBHi BNnvBy y 2,5 pasa.
OcepefHEHHs1 OTPUMaHNX HaMW JaHKX LWOAO po3noginy oc-
HOBHWX KOMMOHEHTIB BEPXHLOro Luapy AOHHWX BiAKnagis y
[Hinpi Ha BM3HaYeHin gingHui B Mexax MicTa 3acsigumno, LWo
BMICT OKCWAy 3ani3a TakoX € A0CUTb 3HayHuM — o 13 % B
3aranbHOMY pO3Mofifni OCHOBHMX OKCWUAIB AN CyXOl peyo-
BMHM Npo6. BogHo4yac konvBaHHS po3noginy 3HadeHb MeTa-
NOBMICHOI KOMMOHEHTU CAralTb ICTOTHUX 3Ha4YeHb Ans
Pi3HMX MepiodiB Bigbopy HAaTYPHOI PEYOBMHW, LLO NPUB's3aHi
[0 CE30HHOTO LK.

Y3aranbHeHHsi pe3ynbTaTiB enekTPOHHOMIKPOCKOMNIYHMX
OocCnifXeHb Ta XiMiYHOro aHanisy npob 3a nepiog cnocrepe-
XKEHb 3aCBi4YMIN MOMITHY POSflb METANOBMICHUX YAaCTUHOK Y
dopMyBaHHiI OCHOBHOI ha3n MiHepanbHOi KOMMOHEHTU A0H-
HUX ocagkiB ApibHoaneBpUTOBOI Ta NeMniToBOI PO3MiPHOCTI.

OcHoBHUM gxepenoM nepecyBaHHs Fe2O3 € noToku apio-
HOOMCNEPCHOI 3aBUCMOI PEYOBUHN, SKi (DOPMYIOTb BEPXHIN
Lap ocagKiB Ha NeBHWUX AinsHKax BignosigHO 4O NiABOAHOIO

* 100pm )
Puc. 1. EnekTpoHHOMIKpPOCKONiYHMI 3HIMOK Ta XiMiYHMW cKnap 3pa3ka Bigknagis,
npeAcTaBneHUx 36arayeHoro 3anisom ApiGbHoAMCNepCHOK aneBpUTO-NeNiToOBO Pe4OBUHOK

Electron Image 1
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penbedy 3a YMOB MiHiManbHOI rigpognHamMiyHOT akTUBHOCTI
BOAHOIO LWapy akeBaTopii. Y Ton caMmuii Yac OinsiHkM gHa, B
Mexax sIKMx BOAHMM MOTOKaM BRacTuBi Tevii Ta rigpoavHa-
MiYHi 30ypeHHs, BU3Ha4YalTbCA NepPeBaXKHOI MPUCYTHICTIO
ncamiToBOI CKNafgoBOoi 0caakiB Ha CBOI NoBepxHi. 3a3Buyai
y Mexax pavioHy AOoChigKeHb TaKi QinsiHKK npeacTaBneHi mi-
HeparnbHOK KOMMOHEHTOIO KBapLIOBMX MIiCKiB Pi3HOI po3Mmip-
HOCTi 3 MiHIManbHOK MPUCYTHICTIO ApibHOAMCNEepCHOT
3anisoBMicHoi cknagosoi (Mytropolskyi et al., 2016).

OTxe, ocobnuBocTi po3noginy B AOHHWUX Bigknagax
Fe203, 3a neBHWX y3aranbHeHb Ta MpuNyLleHb, BU3HaYa-
I0TbCS HAsIBHICTIO ABOX OCHOBHMUX NITOMOTYHUX TUMIB ocaa-
KiB MOBEPXHEBOrO LUapy:

1. Bigknaawu, npeacTaeneHi 36ara4yeHoo MeTaroBMiCHUM
KOMMOHEHTOM  ApiOHOAUCMEPCHOK  aneBpUTO-MNENITOBOD
PEYOBMHOIO, L0 CKNadaeTbes 3i 3MillaHoLapyBaTuX yTBO-
PEeHb XNOPUT-INIT-MOHTMOPUIOHITY Ta CKENEeTHUX 3arnuLLUKiB
KpEeMEHUCTMX MiKpoBoAopocTen. EnekTpoHHOMIKpocKomiy-
HUIM 3HIMOK 3paska LuX Bigknagis Ta Noro XimivHWin cknag
306paxeHo Ha puc. 1.

2. Bigknagwm, npeacrasneHi obkataHMMm ynamkamm ksapLy
Ta chparmeHTamm NOrbOBUX LUMATIB NiLL@HOi PO3MIPHOCTI 3 He-
3HAYHOH JOMILLKOK arperoBaHoi NemniToBoi CKNagoBoi (3mila-
HoLlapyBari YTBOPEHHS XINOPUT-INIT-MOHTMOPUIOHITY).
EneKkTpOHHOMIKPOCKONIYHMIA 3HIMOK 3paska uMx Bigknagis Ta
MOro XiMiYHUIA cKnag 300paxxeHo Ha puc. 2.

Tabnuui ximiyHoro cknagy npo6 BkasylTb Ha CyTTeEBE
36arayeHHs1 HU3KOK MeTaniB pe4oBMHK, NpeacTaBneHoi apid-
HOOMCNEPCHOK KOMMOHEHTOHO, i 3HWXKEHHS X BMICTY Y Bigkna-
Aax niwaHoi po3mipHocTi. 3aranom Taki 0cobnmMBOCTi BigoOMi
3 nitepatypHux mxepen (MuTtpononsckuin u gp., 1982) ans
Pi3HMX MITOMOrMYHMX Ta PEYOBMHHO-TEHETUYHUX TUMIB LOH-
HUX Bigknagis YopHoro mopsi. 3a onybnikoBaHuMu niTepa-
TYPHUMX OaHMMK, LUe MOB'A3aHO 3 MEBHMM MiHepanbHUM
CKIagoM, a TakoX NPUPOAHUMW BMACTUBOCTSMM Pi3HWX rpa-
HYNOMETPUYHUX BiAMIHHOCTEN LOHHUX BigKNagiB Hakonmyy-
BaTh B cobi 3 BOOHOro cepefoBuLLa HU3KY MiKDOENEMEHTIB.
KoHTaKTHi ocniopkeHHS BEPXHBbOrO LWapy AOHHUX Bigknaais
Ha AiNsgHUI cnocTepexeHb Yy Mexax aksaTopii [Hinpa, Lo
Crnyrye ekcrnepvMeHTanbHUM MOMiroHOM Anis NpOBeAEeHHS
3a3Ha4YeHMX TreoxiMiYHMX | reodi3nyHUX CnocTepexeHb
(puc. 3), ganu 3Mory BUSIBUTU (DaKTOP 3anexHoCTi po3no-
Ainy MeTanoBMICHOI KOMMOHEHTW Bif rpaHyrioMeTpuU4HOro
ckragy ocagkis. Lle, y cBoto 4epry, 403BONMUMNO po3rmsagaTu
pPO3MNOoAiN NITONOoriYHMX TUNIB CydacHUX OOHHUX Bigknagis y
MeXax NoKanbHUX AiNsHOK akBaToOpPIN SK OAMH 3 NMOKa3HUKIB
HakonuyeHHsi Ta posnoginy Fe203 — Big MiHIManbHMX Noka-
3HUKIB Y KBapLOBMX NiCKax 40 MakCUManbHWUX — Y MYMUCTUX
OpibHoaMCcnepcHMX Bioknagax.

Element Weight% Atomic% Compd% Formula
Mg K 0.87 0.81 1.44 MgO
AlK 3.58 3.02 6.76 AI203
SiK 27.86 2259 '59.61 si02
KK 1.07 0.62 1.29 K20
CakK 5.49 3.12 7.68 ca0
Mn K 4.55 1.89 5.87 'Mno
FeK 10.84 4.42 15.49 Fe203
Cuk 1.49 0.53 1.86 Cuo
0 4426 63.00

Totals 100.00
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Element Weight%  Atomic% ' Compd% Formula
AlK 5.86 4.57 11,07 Al203
SiK 35.36 26.48 75,64 Si02
KK 1.99 1.07 2,39 K20
CakK 2.88 1.51 4,03 Ca0
FeK 4.80 1.81 6.86 Fe203
0 49.11 64.57

Totals 100.00

Puc. 2. EneKTpOHHOMIKpPOCKOMI4YHMI 3HIMOK Ta XiMiYHMI cKnapj 3pa3Ka Bigknagis, npeAcTaBreHnX o6KkaTaHUMM ynamkamm
3epeH KBapuy Ta pparMeHTaMu NonboBUX LWINATIB NillaHoi PO3MipHOCTI

MU JOCITHRE M
Tivoonry mostiroxd

Puc. 3. EkcnepumeHTanbHWi NoniroH
a — pavioH NpoBeAeHHS AUCTaHLIMHNX reodi3NYHNX Ta KOHTaKTHUX reoXiMiYHMX AoCnimpKeHb B akBaTopii [lHinpa B Mexax micta 3anopixoks;
6 — JOoCniAHMLBKMIA NOMIFOH Y MeXax akBaTopii 3 MOMiTKaMM TOHOK NpoboBiAGopy BEPXHLOrO LWapy AOHHWX BiAKNaAis;
8 — I'PYHTOBa NpsiIMOTOYHA TpyOKa Ta ob6oviMa BKknaauLwiB Ans BiAOOPY KONOHOK I'PYHTY; & — NPOoLeC BiJOKPEMIIEHHS 3pa3ka NoBEPXHEBOrO
Lwapy AoHHMX Biaknaaie (0—1 cm) 3 konMoHKK, 3adhikcoBaHoi BKNaguLLeMm i3 r'pyHToBOI TPYOKM

MpoTarom nepiogy pocnigkeHb Oyno NpoBefeHO Aeki-
nbKa KOHTAKTHMX TPYHTOBMX 3MOMOK, YyCEepegHEHO AaHi
Lodo BMICTY 3ani3a B NEBHUX TUMNax AOHHUX Bigknagis Ta
BM3HAYEHO KopensuiviHi 3B'A3KN MiX reoximivyHuMu Bnactu-
BOCTSIMM Ta rpaHynoMeTpUYHUM CKNagoM MOBEpPXHEBOro
Liapy pivykoBMX OCadKiB.

MemoduyHe o6rpyHmyeaHHs1 3acmocyeaHHs 2idpo-
aKycmu4yHux memodis. eogpizuyHa cknadosa. Ha cborogHi
PO3BUTOK AUCTAHLINHMX BE3KOHTAKTHUX MeToAiB HabyB LuK-
POKOro 3aCTOCYBaHHS Maiixe B YCix cpepax noacekoi Aisnb-
HOCTi — Bif 3acobiB Meau4HOI AiarHOCTUKM A0 AOCHIOKEeHb
Aaneknx KocMivHMX o0'ekTiB. IcTOpis 3acTocyBaHHSA OUCTaH-
LiNHAX MeTOodiB Yy BMBYEHHI 3eMHWX Hagp csarae noHag
100 pokiB, NOYMHAKOUM Bif, NEPLLOrO BUKOPUCTAHHS reodi3ny-
HUX CUCTEM Mig Yac NonboBUX AOCHIMKEHb ANS BU3HAYEHHA
NiA3€MHUX reonoriYHMX CTPYKTYP, 30Kpema NpupogHuX nac-
TOK Anst HadTH i rasy. HWHI CTBOPIOIOTHCS HOBI METOOVKM Ta
TEXHOOriYHi pilleHHsl, Ha 6asi SIKMX BMPILYIOTLCA CKMagHi
3aBdaHHs OOCnigpkeHb, 30iNbLUyeTbCa po3dinbHa 30aTHICTb,
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OVCTaHLi, nnowa CrnocTepPeXeHb, KOMMMEKCHICTb 3acToCy-
BaHHSs reodpianyHux metoais (MoHyap ta ®epoceeHkos, 2017).

OpaHuM i3 HanedeKTMBHILLIMX 3acobiB AUCTaHUINHOIo Ao-
CnifpKeHHs1 reomopdonorii AHa akBaTopi Ta BU3HAYEHHS
NITONOrYHUX TUMIB NOBEPXHEBUX LLAPIB AOHHUX BigKkNagis €
CUCTEMU BUCOKOYACTOTHOI rigponokadii (FToHyap ta depgo-
ceeHkoB, 2016). Y depxaBHin yctaHosi "HaykoBuii rigpodi-
3UYHMIA LUeHTp HauioHanbHoi akagemii Hayk YkpaiHu" 6yno
CTBOPEHO aBTOMaTN30BaHU MOAYNbHO-6NoYHMI iHdopMa-
LiiNHO-BUMIpIOBarbHUI F€0aKyCTUYHWUIA KOMMMeKc (puc. 4),
SKWUIA i3 NPUB'A3KOI0 [0 KOOPAMHAT i Yacy 34iNCHIOE:

e feTanbHe OOoCnigXeHHA penbedy OHa akBaTopin (3a
nnoLwiern) 3 BUKOPUCTAHHAM rigporokatopa OGOKOBOro
ornsagy (MBO) 3 yactotamu Big 29 'y, ao 470 k'y Ha rMnbu-
Hax go 500 wm;

e cTpaTudikalito wapiB AOHHMX BigknadiB 3a JOMOMO-
rol rigpoakycTMyHoro npodpinorpady 3 4actotamu Big
3 k'Y go 29 kl'y Ha rmmnbunHax go 800 m;

e OOCTEXEHHA AHa Ta 3HangeHux oO6'ekTiB NiaBOOHOM
Kamepolo.
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[na oTpuMaHHs reoakyCTMYHUX MNapameTpiB MOpCb-
KOro Ta piykoBoro gHa 6yno po3pobneHo MaTemMaTUYHUNA
anapart Ta nporpamHe 3abeaneyeHHs ans o6pobku iHdop-
Mauiil rigporeoakyCTM4yHoro KkKomnnekcy. Po3pobneHa
MeToamKa OUCTaHUINHOI NPOdinbHOT reoakyCTUYHOI 3NOMKN
OHa nepepbayae oTpyMaHHs iHdopMalii wono 6esnepeps-
HUX npodinie wWapiB AOHHWX BiAkNagiB, a Ha OCHOBI

aHani3y akyCTU4YHMX Tpac — WOoA0 reoakyCTUYHMX BNacTu-
BOCTeW ocagkis. LUnsxom o6pobku BigbuTux rigpoakyctuny-
HWX CUTHaniB BU3HavyalTbCA TaKi reoakyCTUYHi napameTpu
AOHHMX BiAKMAAiB, AK rycTUHA, LWBWAKICTb MOLUMPEHHS
NPY>XHUX KONMUBaHb (LIBUAKICTb 3BYKY), koedilieHTu Bia-
OUTTA, NOrMUHaHHA aKyCTUYHUX CUrHanis y Bigknagax,
AoHHa peBepbepauis.

EOM 06pobxu,

peecTpauii indopmatii

L
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BIAEOKAMEPA 3
UMOPOBMM MOHITOPOM

Puc. 4. CTpyKTypa Ta KOMNOHEHTU re0aKyCTUM4HOro aBTOMaTM30BaHOro
MoAynbHO-6no4Horo iHhopMaLiiHO-BUMipIOBanbHOIro KOMMeKcy

MpoTtarom nepiogy gocnigXeHs 6yno nobyaosBaHoO crnek-
TpM BiAOUTUX cUrHariB Ta CTBOPEHO €TaNOHHY TabnumLo KO-
pensauinHUX 3anexHOCTel reoakyCTUYHUX napameTpisB
OOHHMX BigknagiB 3a XapakTepUCTMKOK CMeKTpa, Lo Aano
3MOry BMpiLLyBaTK 3BOPOTHI 3aadyi — BU3Ha4aTuH NiTONOrivHi
TUNW AOHHMX BigkNaais 3a BigOUTUM CUTHANOM.

Po3pobrneHa reoakyctMyHa cuctemMa 3abesneyuna on-
TUMarbHe BUKOHAHHSA KOMMIIEKCHOrO 06CTEXEHHS NMOMIroHy,
y Mpoueci SIKoro npoBOAUTbLCA OAHOYACHO AUCTaHUiiHa
31MomMKa AHa Ta Bigbip npob AoHHUX Bigknagie. 3a gaHumu
npoBeAeHoro NpodintoBaHHA AUCTaHUINHUM MeToaoM Oyro
BM3HAYEHO reoakyCTUYHi napameTpu MOBEPXHEBOro LUapy
ocagkiB obpaHoi TepuTopii Ta knacudgikoBaHO HeoOHOPIOHi
LUIapu 3 BiACOTKOBMMM NOKa3HMKaMM NOEAHAHHS AeKiNbKoX Ni-
TonoriyHunx knacie. BogHoyac, 3 meToto 3anobiraHHA MOXnu-
BUM Moxubkam, MOB'A3aHMM i3 CE30HHUMM 3MiHaMu B
npotiecax ocagkoHakonuyeHHsi (MoHyap v ap., 2012), gocni-
DXKEHHs1 aKyCTUYHWX BNACTMBOCTEW MNOBEPXHEBUX OOHHUX
BiKNagiB NpoOBOAMNUCA B TENSUIA | XONOAHWIN NEPIOAM POKY.
Lle fano amory BU3Ha4MTH, O LWiNbHICTb BEPXHLOTO LWapy
[OHHUX Bigknagis ynitky cradHosuna 1440-1890 kr/m3
3i CTaHOAPTHMM BiOXUMEHHAM LWiNbHOCTI Bif cepefHix 3Ha-
yeHb 91 kr/m3 Ta koedpilieHToM Bapiauii 4,97 %, a BoceHu,
BignosigHo, 1390—1730 kr/m3 3i cTaHOAPTHUM BiOXUNEHHAM
88 kr/m® Ta koediuieHToMm Bapiauii 5,04 %. 3aBasku gocri-
OXKEHHIO MPOCTEXEHO HE3HAYHY 3MiHY reoaKkyCTUYHUX napa-
METPIB BEPXHbLOrO LWApy AOHHMX Bigknagis obcTexeHoro
nomniroHy B Pi3Hi CE30HWM 3a paxyHOK 3MiHW KOHUeHTpauii
MYSiB Y BEPXHbOMY LUAPi AOHHMX BigKnagis.

Pe3ynbmamu docnidxeHb. BuxkopucTaHHs rigpo-
aKycTuUyHoro npodinorpady gano 3amory oTpumaTtu npo-
ohini AHa o6CcTexeHOro NoniroHy 3 BUCOKOK PO3pi3HioBasb-
HOW 3[aTHICTI0O Yy BepTUKanbHin npoekuii. BogHovac
napameTpu anapaTtypu BU3HaUMUIM sIKiCHe 30HAYyBaHHS Yoxna
0CaoBOro LWapy [0 KOpPIHHUX nopig, npeacTaBneHux
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rpaHiTamm YKkpaiHCbKoro wmuta, a obpobka oTpMmaHux
npocpinorpam 3a AOMOMOrow po3pobreHnx anroputmis
Ta nporpamHoro 3abe3neyvyeHHsl — OTPUMAHHA [aHuX
LWoAo WinbHOCTI, NOTY>KHOCTI i NiTONOriYHNX po3pisiB Wa-
piB LOHHMX OcafiB obcTexeHoro moniroHy (puc. 5). Mig
yac BMAiNeHHs TuniB ocagkis 6yno BMKOPUCTAHO Knacwu-
dikauito TM.J1. BespykoBa i A.l. JliciunHa (BespykoB
n JlncuupbiH, 1960), 3a AKOK KK OCHOBHI MOKa3HUKK rpaHy-
NOMETPUYHOro cknagy NpUNHATI BMICT nepeBaxHoi gpa-
Kuii i cepegHivi giameTp 4acTUHOK. 'paHynoMeTpuUYHUN i
XiMiYHMI aHani3an npob [OHHMX Bigknagie, BigibpaHux
Marnotw [rpyHTOBOKO TpybOKow, 3abe3aneyunu KOHTpOrb
ONCTaHLINHUX MeToaiB i JONOBHEHHSA MOJenen, Lo CTBO-
proBanucb Ha OCHOBI AUCTaHLINHUX AaHUX.

MpakTnyHi pe3ynbTaTn 4OCNigKEHb Taki: 0cagKoHaKoMu-
YEHHH B MeXax MOoiroHy KOHTPOSETLCA MAPONOriYHUMHU i
reosioro-reomoponoriYHMMn paktopamm — Ha AinsHkax 3
GinbLU BMPIBHAHUM penbedoM, 0O SKUX HANEXWUTb BEPXHS
3a TeJielo YacTuHa NoniroHy 3 rmmbuHoto 8—10 M, NoLmMpeHi
OAHOMaHITHI 32 pO3MipHICTIO ocagku. [1o unx AiNsSHOK npuy-
poyeHi Jobpe copToBaHi KBapLOBI NiCKK, LLLO MICTSATb 3a3BU-
ya 90-95% uyacTmHok po3mipHicTio 1-0,1Mm 3
He3Ha4YHMMU [oMilkamu OpibHO-aneBpUTOBUX YaCTUHOK
(0,05-0,01 mm). BogHo4ac BMICT 3ani3a y BEpXHbOMY LUapi
Takux AiNsHOK He nepeBuwye 5 %, He3Ha4yHO KONMBal4MCh
Yy Mexax LibOro 3Ha4eHHs.

Ons iHWMX YaCTWMH NOMIroHy xapakTepHuin Ginblu cknag-
HWUIA penbed OHa, Lo NO3HAYAETHLCSA | HAa PO3MOoAini 0CagoBOro
mMaTepiany. Y HWXHIN YacTuHi OiNsHKX cnocTepiraloTbes BU-
XOAM KOPIHHUX NOpif, NePEKPUTUX MATIONOTYXHUM (80 5 cm)
LapoM anioBianbHUX BigknagiB, NpoTe aHania posnoginy
rpaHynomeTpuyHMX ppakuin ocagoBoro maTepiany Ha AHi
Jae JOCUTb MOBHE YSBIEHHSI MPO fokanisauito Ta MiHnu-
BiCTb BEPXHbOro Llapy [OOHHUX Bigknagis y Mexax
noniroHy (puc. 6).
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3aranbHuii xapakTtep po3noginy maTepiany ncamitToBoi
PO3MIpHOCTI NPOABMAAETLCA AOCUTL YiTKO — NOro Makcuma-
NbHi KOHUEHTpaLii noB'a3aHi 6e3nocepeaHbo 3 AinsiHKaMu
posmuBy Oepera o.XopTuusa, Ae rmbuHa BOAM He

JLOBAIHA NPOPIIK., M
26" pot 280

nepesuye 1-3 M. [locTaTHbO siKicHa COpPTOBAHICTb MiLla-
HUX BidKragiB TakoX BM3HA4ae BiACOTOK BMICTY oKcuay 3a-
ni3a, wo crtaHoBuUTb 4,56 %.
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Puc. 6. Cxemm noluMpeHHs rpaHynomMeTpu4yHux dpakLin noBepxHeBUX AOHHUX ocaakiB
y Mexax gocnifxyBaHoro noniroHy p. IHinpo B Mexax M. 3anopixxa:
a — KpynHo-cepegHboniwanuin matepian (1,0-0,5 mm); 6 — gpibHo-niwannin matepian (0,25-0,1 mm);
8 — maTepian anesputosoi po3mipHocTi (0,1-0,01 mm); 2 — maTepian nenitoBoi po3mipHocTi (MeHwwe 0,01 mMm)

Y pasi BiogaaneHHs Big umx AiNsHOK i 3i 36iNbLUEeHHAM rmu-
OUWHM KINbKICTb MaTepiany NOopiBHAHO LWBUAKO 3MEHLLYETHCS.
Posnogin gpibHo-niwaHoro maTepiany xapakTepHui s 30H,
Ae pyX BOOHUX Mac HaWakTUBHilLEe BNMBAE Ha BUHECEHHS
6inbL ApiGHMX YaCTMHOK, ane HeJoOCTaTHI AN COPTyBaHHS
niwanux dpakuin. OpibHo-niwaHun maTtepian xapaktepHui
TakoX Ans nigBogHoro 6eperosoro cxwny. Y 6ik 6eperooi
NiHiT KiNbKicTb 3epeH po3MipHicTio 0,25-0,1 MM noctynoso
3MeHLuyeTbes. TyT Aiana3oH BMICTY 3arni3a y BEPXHbOMY Luapi

ISSN 1728-3817

BigKNagiB 3Ha4yHO 36iNbLUYETbCHA, ane CepefHi MOKa3HWKK
cBigyaTh, Lo MOro BiACOTOK CTAaHOBUTb 8—9 NyHKTIB y 3ararnb-
HOMY pO3rMoaini MakpOKOMMOHEHTIB.

Bucokuin BMICT aneBpMTOBOro Martepiany B Mexax noni-
rOHy XapakTepHuUii Ansi rMnboKOBOAHUX YacTUH BOAOWMU, a
TakoX AN MINKOBOOHWMX 3aTOK, 3aXULLEHUX Big CUITbHOro
XBUMOBaHHSA. 3aranom aneBpuUTOBUIA MaTtepian npeacras-
NEeHWN A0CUTb LLUMPOKO, NPOTE MOro BMICT 3piaka nepesuLLye
10 %, 3BOASAYM rpaHynomeTpuyHy dpakuio 0,1-0,01 mm o
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poni gomiwkun. Ak i gns apibHoniwaHmx Bigknagie, BMIiCT 3a-
nisa B ocagkax, 36aravyeHnx anesBpuUTOBOID CKIaAoBO, KO-
NBaTLCA B LUMPOKOMY AianasoHi, ane cepefHi NokasHMku
Takox caratoTb 40 9-10 % 3aranbHOro BMICTy.

MeniToBuin MmaTepian TpannseTbCA B NOBEPXHEBUX OCaj-
Kax nomniroHy 3assuyait Y HEBEMNUKUX KiNbKOCTSAX, BMICT AOro
noHap 20 % BNacTyBMN HEBENWKUM MsiMam, NpuypodeHUM
00 AINSHOK 3 NacuBHOLO rigpoanHamikoto. BogHovac reoxiMiyHi
BOCNimMKeHHs BigidbpaHux Npob 3 MakCUManbHNUMKU KOHLEHTpa-
UMM  rpaHynomeTpuyHoi dpakuii, meHwoi 3a 0,001 mm,
cBig4aTb NPO MakCMMarnbHi KOHUEHTpaLii 3ani3a, WO MOXYTb
nepesulyBat 13 % Big pe4oBUHHOIO cknagy npoo.

BusBneHnn TiCHUA 3B'A30K MK rpaHyrnomMeTpu4HuM
CKNagoM, reoaKkyCTUYHMMK MapaMeTpaMu Ta MNUTOMOKO
LWiNBHICTIO Aae 3MOry BUMKOPWUCTOBYBATM KoediuieHTu Bia-
OVTTA AK iHOMKATOP 3MiH NITONOrMYHOro ckragy AOHHUX Oca-
OKiB Mg 4ac pguctaHuinHmx pgocnigkeHb. Kpim  TOro,
3aKOHOMIPHOCTI pO3MogAiny 3aranbHoi KinbKoCTi 3anisa B pis-
HUX TMNax AOHHMX BiKNaaiB i 4OCTATHLO YiTKa NpMB'aA3ka ixX
[0 NeniToBoi CKIagoBOoi BU3HAYaTb MOXITUBICTb MPOrHO3Y-
BaHHs BMiCTY MeTany Ans pisH1x fiTonoriYHMX Kknacis nose-
PXHEBOTO LWapy AOHHMX ocagkiB (FoHyap 1 ap., 2012).

DaKTUYHO pesynbTaTu KopensuinHoro aHanisy ans goc-
NigpKyBaHOi TepuTopii BUABUNU BiAHOCHO CTINKMN 3B'A30K
Mi>K AUCTaHLINHO BU3HAYEHUM AiNsiHKkamMu 3 MakCUMarbHUM
BMICTOM MEMITOBOI, @ TaKkoX NillaHOi CKNagoBoi NOBEPXHe-
BUX ocagkiB. 3a 06pobKoto pesynbTaTiB rigpoakyCTUYHOI au-
CTaHUiMHOI Ta TreoxXiMiYHOI KOHTaKTHOI 3MOMOK, Lo
NpoBOAUNUCS NPOTArOM ABOX CE30HIB, NMOKa3HUK kopensuii
MiXX pO3noginoM 30H 3 MakcumarnbHMM BMICTOM apiGHoauc-
NepPCHOI CKNaaoBOi NOBEPXHEBMX OCAAKIB Ta MigBULEHUMUN
KOHLIEHTpaLUisiMmM 3ani3a csaratoTb 3HaveHHs 0,68, makcuma-
NbHUM BMICTOM NcaMiToBOi dpakLii Ta MiHiManbHUM KOHLIe-
HTpauismu Fe — 0,62 BignosigHo.

Be3yMoBHO, iCHYIOTb NEBHi 3ayBaXX€HHS Ta HU3Ka HEBU-
3HAYEHOCTEN LIOAO 3aCTOCYBaHHA TakMx MeTOoAWK ANs iH-
WnX OINAHOK akBaTopii, MOB'A3aHUX i3 NPUPOOHUMMK Ta
TEXHOreHHUMU 0COBNMBOCTAMM IXHBOTO CTaHy, A€ PO3MNoAin
KOHLIEHTpaUihi meTaniB BM3HAYaTUMETbLCH iHLWMMM (PaKTO-
pamu BnnuBy. 30Kkpema, y Mexax 3anopiioks okpemi ains-
HKM [gHa [Hinpa, npeacTtaBrieHi Bigknagamu niwaHoi
po3MipHOCTi, 36arayeHi 3anizom 3a paxyHoK NpsiMoro npue-
HEeCEeHHs1 NPOAYKTIB BUKMAIB Pi3HWX LMKMIB MeTanypriiHoro
BUPOOHULTBA aneBpmuTOBOI Ta NCaMiTOBOI PO3MipHOCTI. Ane
po3noain Taknux 3oH o6MexeHU i3nYHMMM 3aKOHOMIPHOC-
TAMU NPAMOro aTtMoctepHOro Y BOAHOIO HaAXOMXKEHHS
YacTUHOK pyau abo 3anisoBMiCHUX cdhepyn nillaHoi po3mi-
PHOCTI Ta iX akyMynsuii B Mexax Takux opeoriB BUHOCY.

IHWKM cyTTEBUM OOMEXEHHAM € Te, L0 BU3HAYEHHS
KOHLEHTpaLiin 3ani3a 3a TUNoM NOBEPXHEBOTO Lapy AOHHMX
BiKNagiB MOXNMBE NWLIE 3a NPUMNYLLEHHS, WO TepuTopis
pocnigxeHbs € OHOBO, i hakTopy posnoginy metany Ans
BCiX ii AiNSHOK BU3HA4YaloTbCA CYTO MPUPOAHMMU 3aKOHOMIp-
HOCTAMW (POPMYyBaHHS CEAUMEHTALIMHMX NOTOKIB.

MpoTe, He3BaxaluM Ha 3a3HaveHi 0OMeXeHHs!, npoBe-
O€eHi OOCnifpKeHHs Aanu 3Mory nonepeaHbo o6rpyHTyBaTtu
MOXIUBICTb 3anyyYeHHs 40 NoMnbOoBMX POBIT reoeKkonoriYyHoro
CrpsiMyBaHHS reopisnyHy cknagoBy. Y pasi Benukmx obcsris
KapTyBaHHS pO3roginy MeTanoBMICHOI CKNagoBOi MOBEPXHE-
BOro LWapy AOHHUX BigKnafiB Taki AMCTaHLUiIMHI BU3HAYEHHA
MOXYTb 3HAYHO CKOPOTUTM Yac JOCNiMKeHb Ta iXHi0 cobiBap-
TicTb. BogHoyac 060B'sI3KOBOIO YMOBOK Oyae 30epexeHHs
ONTUMAnbHOrO MiHIMyMYy KOHTaKTHMX KOHTPOJSIbHMX [JOCHi-
[XXeHb 32 BU3HAYEHVMU reodi3nyHNMM METOA4aMKN KapTamu
po3noainy NoBepxXHeBUX TUMIB AOHHUX OCaAKIB.

BapTo Big3HauMTy, WO 3aBAsKM NPOBEAEHMM OOCHIOKEH-
HSIM Y MeXax eKCrnepuMeHTarnbHOro NoniroHy BUSIBIIEHO TaKy
3aKOHOMIpHICTb: po3nogin OGinbWOoCTi BaXkux MeTanis y

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

CKnagi piYkoBOi 3aBUCI Ta NOBEPXHEBOMY LUAPi JOHHMX BigK-
nagiB BM3HaAYae 3HaYHy BenuuuHy koedpiuieHTa kopensuii
ANa NeBHWX iX rpyn Ta 3anisa (3okpema, ons rpynyi migp-
CBUHeLb-3ani30 BiH NepesuLye BenuunHy 0,8). Lle BiakprBae
NOTEHUIHY MOXIMBICTb ANCTaHUINHOIO BU3HAYEHHSA BMICTY
HU3KN BaXXKUX MeTaniB y NOBEPXHEBUX OCaKax.

BucHoBKku

lMpoBeaeHi 4OCNiAXEHHS 3acBigyunu, WO KOMMEKCHUN
niaxig Ha OCHOBI aHani3y ANCTaHUIMHUX | KOHTAKTHUX MeTOo-
[iB BiOKpMBaEe HOBi MOXIMBOCTI eheKTMBHOIMO Ta MaroBu-
TPaTHOrO MOHITOPUHIY CTaHy AOHHWUX Bigknagie, Aae 3mMory
HanbinbLL NOBHO BMKOPWCTOBYBATK BCH HasiBHY iHCpopma-
Lil0 reoxiMiyHoro Ta reodianyHOro xapaktepy. 3aBAsku
BUKOPWUCTAHHIO TEXHOMOri rigpoakyCTUYHUX OOChiOXeHb
MOXHa OTPUMYBaTWU BiAOMOCTI MpPO CTaH AOCHiAXYBaHOro
cepefoByLla Ha BEMWKUX NIOLax, 3HA4YHO CKOPOTUTU Yac
Ha NpoBefeHHs pobiT, 3aMeHLWnTH iX cobiBapTicTb Ta MiaBK-
LNTN ePEKTUBHICTD.

OCHOBHi 3aKOHOMIPHOCTI MOLUMPEHHSI NITONOMNYHUX TUNIB
[OOHHUKX Bigknagis Aobpe Bigomi — ainsHku, ae BiabyBaeTbes
aKTMBHE HaKOMUYEHHs MNeniToBOro marepiany, Bignosiga-
I0Tb parioHaM MiHIManbHOI riAPOAMHAMIYHOI aKTUBHOCTI, a
TaKOX Y MOHWXEHHSAX penbedy, HaBiTb Y Mexax dapBaTepy —
BOHW MpaLoTh SIK NacTKW, CTBOPIOKYM YMOBUM Ans Bigkna-
AaHHa apibHogmcnepcHoi 3aBucrnoi pedoBuHU. BogHouac
reoXimiyHi 4OCniaKEeHHSA 3paskiB BEPXHbOro LWapy AOHHMX
Bigknagis (0,5—-1 cm), BigibpaHMx 3a BU3HAYEHOK MEPEXKELD,
BKa3ylOTb Ha CTiliky TeHAeHLUilo 00 30inblIeHHs BMICTy 3a-
OpyaHoBadiB, 30Kkpema 3aniza, MaHraHy Ta AesKUX BaXKuUX
MeTaniB y padi nilaHnx Bigknagie — Big 3amyneHux Ta gpidHo-
OUCNEepCHUX MiCcKiB 40 aneBpuUTO-NeniToBUX Ta NenitToBux
Bigknagis. OcTaHHe, sk Oyno 3a3HayeHo BuLLe, MoXe OyTu
noe'sizaHe i3 COpOULINHOI EMHICTIO Pi3HWUX rpaHynoMeTpuy-
HUX | MiHepanoriYyHMX TMNIB BigKaAiB, WO BU3HAYaOThb Pi3Hi
TUNU JOHHMX OCAAKIB.

MpoBeaeHi gocnigXeHHs ganu 3Mory OKpecnuTu Ta no-
nepegHbL0 OOGI'PYHTYBaTM HOBMI HanpsiM MONbOBUX POOIT
reoeKosoriyHoro cnpsiMyBaHHs, Lo noegHye B cobi reodi-
3M4YHi Ta reoximivyHi metTogun gocnigxeHb akBaTtopii [Hinpa,
KOHTAKTHY Ta ANCTaHLiAHY 3MOMKY BEPXHbOIO LLIAapPy OOHHMX
Bigknagis. BogHo4yac cy4acHiCTb i NEPCNEKTUBHICTb TaKUx
OOCnNidXeHb BU3HAYAETbCSH MOXIUBICTIO NPOBEAEHHS AMC-
TaHUIMHOT OLHKM €KONOTYHNX XapakTepUCTUK BEPXHLOro
wapy OOHHUX BiAKNadiB 3 BUKOPUCTAHHAM reodi3nyHoro
KOMMJIEKCY, OCHOBHMMM efleMeHTaMu sIKOro € rigpornokaTop
©0oKOBOro ornsay, exonoT Ta cuctema rnobanbHOro no3suui-
OHyBaHHS1. BuaHauyeHHs1 pi3nko-MexaHiYHNX Ta akyCTUYHUX
BNACTUBOCTEN OHA aKBaTOPi 3a METOAMKOK aBTOMAaTU30-
BaHOI AMCTaHUiNHOT NPoinbHOI I'PYHTOBOI 3AIOMKU MOPCb-
KOro [dHa 3a BigbuUTUM CcurHanom  rigpoakyCTUYHOIO
npodinorpada 3 oLiHKOK NMOBIPHOCTI KNacudikaLii 4o3Bonse
ooepxyBaTu iHopMaLito LWoao NiTOMOrivYHOI CKNaaoBoi NoBe-
PXHEBUX AOHHMX BigKknagis. Y ToM camuii Yac NpuB'sa3ka posno-
Jiny KOHUEHTpaLiii 3abpyaHoBaYiB 40 penepHMX MiTONOrYHNX
KnaciB AOHHMX OCaKiB BiOKPUBAE MOXIMBICTb NPOBOAUTU reo-
XiMi4HY 3MOMKY eKOMOrYHOro CTaHy NoBEpPXHEBUX OOHHUX Bia-
Knagie 3a [OMOMOrol OUCTAHUINHWUX  TigpoaKyCTUYHMX
meTogiB. Mpn LbOMY FOMOBHOK MOTEHLUINHOK BUrOOOK €
CYTTEBE 3MEHLUEHHS BUTPAT Ha BUKOHaHHSA pobiT, a Takox
NiABULLEHHS X NPOAYKTUBHOCTI.
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APPLICATION OF HYDROACOUSTIC METHODS IN GEOCHEMICAL RESEARCH
OF POLLUTANTS DISTRIBUTION IN THE SURFACE LAYER OF BOTTOM SEDIMENTS

The article presents the results obtained during the long-term field studies of the characteristics of the sedimentary matter metal-containing
component distribution within the territories of industrial cities, in particular, Zaporizhia city. Based on field contact and remote studies, one of the
aspects of the problem was studied, namely the peculiarities of iron concentrations distribution in the surface layer of bottom sediments of the Dnipro
river. Key practical approaches to the application of a new complex method of field observations are outlined, which combine the possibilities
of express planar surveying with the determination of geochemical characteristics of river sediments. The methodology of combining contact
geochemical studies of iron distribution in surface bottom sediments with the performance of a side view of a remote route survey using sonar is
substantiated. Herewith, the possibility of determining the lithological differences of the surface layer of bottom sediments under the conditions of
determining the average concentrations of iron for the main material types of sediments is assumed. The results of two-year research based on the
data of fieldwork revealed promising perspectives for the development of such a complex of observations in the case of systematization of the
direction, additional testing of the technological component in various test areas of the water area, as well as the development of an appropriate
methodological foundation.

Keywords: environmental geology, bottom sediments, remote route survey, hydroacoustic methods, contact geochemical studies.
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THE STATISTICAL SIMULATION OF RANDOM FIELDS WITH THE GAUSSIAN TYPE
CORRELATION FUNCTION BY THE INVESTIGATION OF THE MAGNETOMETRY DATA

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, cm. docnidHukom O.l. MeHbwosum)

In the article, universal methods of statistical modeling (Monte Carlo methods) of geophysical data using the Gaussian correlation
function have been developed, which make it possible to solve the problems of generating adequate realizations of random fields on a
grid in three-dimensional space of required regularity and detail. Since in geophysics, most of the results of object research are presented
in digital form, the accuracy of which depends on various random influences, the problem of the condition of the maps arises in the case
when the data cannot be obtained with the specified detail in some observation areas. It is proposed to apply statistical simulation of
random fields methods, to solve the problems of conditional maps, supplement the required detail of research results with additional data,
to achieve the required accuracy of observations, and other similar problems in geophysics. An algorithm for numerical modeling of
realizations of homogeneous isotropic random fields in three-dimensional space with a Gaussian correlation function is formulated on
the basis of the theorem on estimation of the mean-square approximation of such random fields by the partial sum of the "spectral
decomposition” series. Using the example of data from aeromagnetic surveying in the area of the Ovruch depression, the proposed
algorithm for statistical modeling of random fields is implemented in solving the problems of map fitness by supplementing the data with
simulated adequate implementations to the required level of detail. When analyzing data by profiles, they are divided into deterministic
(trend) and random components. The trend is proposed to approximate by cubic splines and the homogeneous isotropic random
component is proposed to modeling on the basis "spectral decomposition” of random fields on 3-D space in the Ovruch depression.
According to the algorithm, authors received random component implementations on the study area with twice detail for each profile.
When checking their adequacy, authors made the conclusions that the relevant random components histogram has Gaussian distribution.
The built variogram of these implementations has the best approximation by theoretical variogram which is connected to the Gaussian
type correlation function. As a result of superimposing the simulated array of the random component on the spline approximation of the
real data, a more detailed implementation was obtained for the data of geomagnetic observations in the selected area. A comparative
analysis of the results of modeling realizations random fields with the Gaussian correlation function with other correlation functions is
carried out. Therefore, the method of statistical modeling of realizations of random fields in three-dimensional space with the Gaussian
correlation function makes it possible to supplement the results of measurements of the full magnetic field intensity vector with data with
a given detail as much as possible.

Keywords: Statistical simulation, spectral decomposition, a Gaussian correlation function, conditional maps.

Background

The tasks of random fields statistical simulation arise
solving the actual geophysics problems. The statistical
simulation of random fields method is used to solve the
problems of conditional maps, supplement the required
detail of research results with additional data, to achieve the

approximate by cubic splines. The stationary random
component of magnetometry data to modeling on the basis
of spectral decomposition" of 3-D random fields with the
Gaussian correlation function is proposed in this paper.
The algorithm of statistical simulation of homogeneous
isotropic random fields with this type correlation function

required accuracy of observations, and other. A special care
is necessary for reduction of calculations, amount of which
rapidly grow together with the dimension of the argument of
the random field in this case. Many different approaches
related to the solving of problems of random fields statistical
simulation were described in a lot of papers, for example
(Chiles, Delfiner, 2012; Vyzhva, 2011, 2021; Vyzhva et al.,
2020a, 2020b, 2020c; Tolosana-Delgado, Mueller, 2021;
Wackernagel, 2003).

It is proposed in the papers (Vyzhva et al., 2012, 2010;
Vyzhva, Z., Vyzhva, A., 2016) to apply methods of
statistical simulation of realizations of random fields on the
plane (2-D space), to solve the problems of conditional
maps, adding of data to achieve the necessary precision,
and other similar problems in geophysics. Example for
modeling is magnetometry data in those works. But the
magnetometry data was investigated on 3-D space. It is
divided into deterministic (trend) and random components
for 3-D data analysis. The trend is proposed to

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

on the 3-D space using approximations theorems is
considered. Applying the above method makes it possible
to supplement the missing magnetometry data in the study
area with greater accuracy than in the paper (Vyzhva et al.,
2018a) with the Bessel type correlation function.

There has been an introduced random field statistical
simulation based on spectral representation in order to
enhance map accuracy by the example of aeromagnetic
survey data in the Ovruch depression.

Denote, that methods of statistical simulation of random
field on 3-D space based on representation of it by
stochastic sums was considered in papers example (Chiles,
Delfiner, 2012; Vyzhva, 2003, 2011; Vyzhva et al., 2013,
2018a) and other.

The spectral representation of homogeneous isotropic
random fields on 3-D space.

A real-valued homogeneous isotropic random field
&(r, 0, @) authors consider on 3-D space (r, 6, ¢ — spherical
coordinates). On 3-D Euclidean space R3, square-mean
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homogeneous isotropic random field &(r, 8, @), which is
continuous real-valued admit the spectral decomposition by
spherical harmonics this result was obtained earlier
(Yadrenko,1983; Vyzhva, 2003, 2011). This "spectral
decomposition” is the sum:

§r, 8, @) = c3¥m=o Zitom Sm(M) Sw(6, @), (1)
where the constant c; = v2m, random processes ¢, (1) are

integrals:

[ee] ]m+% (?\T)

SHGOENR

Zpn(d), )

;
where J,  1(Ar) is the Bessel function of the first kind of order
2

m +% and {Z},(.)} are the sequence of orthogonal random
measures on Borel subsets from the interval [0,+), i. e.
EZn(51) Zp(S;) = 8 83 @510 Sy),
for any Borel subsets S; and S,, here Sm' is Kronecker
symbol, ®(A) is the bounded nondecreasing function
(so-called "spectral function") and the spherical harmonics
Sk (x) are the product of functions:
S(0,9) = Emy Py | (cos B)el®,
where PL,(x) are associated Legendre functions of degree m,

~ 1 (m-=n!

ey = 2 \/g mo2 @m+1), 3)
, _{1, 1#0,
712, 1=0.

On 3-D area authors are considering the correlation
function B(p) of the homogeneous isotropic random field
&(r, 0, @) which depends on distance p between the vectors

XYy ER:x=(r;,01,91), y=(20,0),),
p=ry 2(1— cosy) =rsin(P/2),
where cos { is angular distance between vectors x, y € R3:
cosy = cosB,cos0; + sinB;sinb,cos (@, — @7).
It may by presented (Vyzhva, 2003) as an integral:

= o J1(Ap)
Be) = [3I7 Lo, @

where J1(z) is the Bessel function of the first kind of order

1/2, ®(1) is "spectral function”, p is distance between the
points x,y € R®: x = (11,01, @1), ¥ = (13,02, @2).
Authors obtain the variances of random processes ¢l, (") as:
by (r) = Var ¢k,(r) = E|ck,(r) |2, l=1,2,..,h(m,3).
Then authors have the formulas for coefficients b, (r) as
an integral:
J2 1)

0 “miz

Authors will call the coefficients b,,(r) (which depends on
spherical radius r) as
"spectral coefficients". These coefficients are defined by the
correlation function B(p) of the homogeneous isotropic
random field in the way:
by,(r) =2m f;B(p) Py, (cos §) sinys di. (6)

The variance of random field (r, 0, ¢) authors obtain by this
as the sum:

EEZ(T, e! (P) =Var E(T, er (P) = T[/Z Z‘;.;)l:()(zm + 1)bm(T) (7)

However, is used the "spectral decomposition" of
homogeneous isotropic random field on 3-D space by
solution statistical simulation problems of those random
field's realizations and in this sum figurate real-valued
random processes, which are real-valued random variables
by fixed spherical radius r. Let adduce that decomposition
in the Theorem 1. The following statement is true.

Theorem 1. Let {(r, 6, @) is a mean square continuous
realvalued homogeneous isotropic random field in 3-D
space with zero mean. Then this random field admits
(Vyzhva, 2011) the following "spectral decomposition":

§(r,6,0) =
= Ym=0 Li%oCm1 Pr(cos®) s, 1(r) cosle + 6y, 5 (r) sinle] (8)
where P.(x) are associated Legendre functions of degree
m, {¢h, x(M}, k=1,2 are random velues sequences of
random processes ¢, (r) as an integral (2), such that
satisfying the following conditions:
My, i (r) = 0; 9)
M 1 (1) G 1o () = 81 87 8 bm(r). (10
In (10) 65’ is Kronecker symbol, €,; are constants
sequences, which calculated by the formula (3), and b,,(r)
are the "spectral coefficients" (5).

Authors note, that the statement of Theorem 1 was proved
in a number of works (Yadrenko,1983; Vyzhva, 2003).

Remark. If authors consider this theorem for the
homogeneous isotropic random fields &(r, 6, ¢) with Gaussian
distribution, then random values sequences {c}, ,(r)} in
decomposition (8) are sequences of independent random
values (by fixed spherical radius r) with Gaussian distribution.

The model, approximation theorems and procedure of
the statistical simulation of homogeneous isotropic random
fields on 3-D space.

The statistical simulation of realizations of homogeneous
isotropic random fields on 3-D space on the basis of
"spectral decomposition" (8) is considered.

The approximation model of homogeneous isotropic

bm(r)zfo . ®(dr), m=0,1,.... (5) randc_nm fields.E(r,e,cp) is built u_sing series (8) which
consists of partial sums, and looks like:
En(r,8,0) = Xho Ty Cy Ph(cos8)[ T 1 (r) cosle + Tk ,(r) sinlg], N € N. (11)

The mean square approximation of random field §(p, 6, @) by model (11) is the sum:

T3y

MIE(r, 8, ¢) — En (.6, )| < nf

m=N+1

e o J2
z @m+ 1)J ]’”“)/\# dd Q).
0

m=N+1

EIE(r,0,9) = e (7, 6, @)I? < 2w T3y (m +3) b () (12)

Authors need this mean square approximation in the
convenient form for the constructing statistical simulation
of realizations of homogeneous isotropic random fields on
3-D space algorithm. The estimates of this mean square
approximation were received in the following theorems.

Authors denote the integrals as:

e = [7ND@N), k=0,1,2,.... (13)

Theorem 2. Let a mean square continuous realvalued
homogeneous isotropic random field (p, 8, ¢) on 3-D space

ISSN 1728-3817

with zero mean. If p; < +oo, then the mean square
approximation of this random field by model (11) is such
expression:

MEET0,¢0) ~ Gy 8@ < Tou,  (14)

where iz = 7 A®(dA). (15)

Authors note, that the statement of Theorem 2 was
proved in the article (Vyzhva et al., 2018a).

Further authors consider another estimate of the mean
square approximation of homogeneous isotropic random
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fields on 3-D space, where the "spectral function" ®(1) is

sutisfy the following condition:
+00

Hoy+2 = MN*2D(dD) < +oo.

0
Theorem 3. Let a mean square continuous realvalued
homogeneous isotropic random field on 3-D space with zero
mean. If p,y,, < 400, then the mean square approximation
of this random field by model &y(r,6,¢) (11) is such
ineguality:

2N+2 2N+2 N+1)!
MIE(r,6,0) = & (r,0,0)]2 < Tl o, (16)
where
Mowsz = Jy - AZN¥20(dD). (17)

Authors note, that the statement of Theorem 3 was
proved in the article (Vyzhva et al., 2018a).

The algorithm of the statistical simulation of
homogeneous isotropic random fields realizations on 3-D space
may be formulated by using the approximation theorems 2
and 3, which authors were considered before. Now authors
formulate the procedure of such kind, which based on the
"spectral decomposition" of realvalued homogeneous
isotropic random field on 3-D space (Theorem 1). For the
first time this type algorithm is called "spectral coefficients
algorithm" by Vyzhva Z.0. in (Vyzhva, Fedorenko, 2013a).

Below authors describe the procedure for the statistical
simulation of Gaussian homogeneous isotropic random fields
E(r, 6, @) realizations on 3-D space, which was constructed on
the basis of model (11) and estimates (14) and (16).

Algorithm

1. The natural number N, which is summation limit, is
chosen according to necessary accuracy &>0
approximation of the model (11) by means of one of the
inequalities (14) or (16). Those conditions for N, which must
be fulfilled, are listed below:

5mr3
SNz S
where ps is (15), or
N+2,.2N+2 |
i At U 2 (TZN+3()1:I+1)' Han+2 S €,
where 4 is (17).

2. The spectral coefficients by, (r), m=0,1,..,N are
calculated by formula (6) as the integral (r — fixed spherical
radius).

53

200 400 600 800 1000 1200 1400 1600 4800 2000 2200 2400
Fig. 1. The map of aeromagnetic survey data AT, in the Ovruch depression (built in Surfer)
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3. Let's simulate the sequences of independent
Gaussian random variables(r — fixed spherical radius):

{hxM} k=12m=012..N1l=1,.., m
that satisfy the conditions (9) and (10).

4. Let's calculate the realization of the stochastic random
field &(r,0,¢) by formula for model (11) in given point
(1.8, 9p), i=12,...,1;j=12,...,G;p=12,...,P  on
3-D space by means of substituting in it values from the
previous items 1, 2 and 3, numbers N and sequences of
Gaussin random variables.

5. Check whether the realization of the random field
§(r,0,p) generated in step 3 fits the data by testing the
corresponding  statistical characteristics  (distribution,
correlation function B(p)).

The statistical simulation of the Gaussian homogeneous
isotropic random fields realizations on 3-D space can be done by
means of this algorithm. By this authors must have information
about correlation function and distribution of this field. If the
random field have another type of distribution (not Gaussian),
then authors simulate the sequences of independent random
variables in step 2 with corresponding distribution.

The statistical simulation methods of random fields by
the aircraft magnetometry data on 3-D space.

The map accuracy problem occurs in geophysical
research, when the data cannot be obtained with a given
detail in some areas of investigation. The statistical
modeling methods of random fields realizations are
recommended (Vyzhva, 2003, 2011; Vyzhva et al., 2010,
2012, 2018a; Vyzhva, Fedorenko, 2013a, 2013b; Vyzhva Z.,
Vyzhva A., 2016) to supplement data missing in such cases.

In the presented work, the data of aeromagnetic surveys for
the Ovruch depression were studied, in order to improve the
accuracy of maps, on which the authors carried out statistical
modeling of random fields based on the "spectral representation”.
The object of geophysical research was the data of aeromagnetic
survey of 1:10,000 scale on the area of size 2500 x 2500 m?,
that was conducted during period 1996—2002.

The full magnetic field intensity vector T was investigated
(see the map on fig. 1). The work was carried out on
25 profiles with a distance of 100 meters between them
(X from 0 to 2500 m and Y from 0 to 2500 m) and authors
have for statistical analyses 625 points of investigation.
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Further authors translate the Cartesian coordinates
(x,y, z) of the three-dimensional space, which are tied to the
points of measurement, into spherical coordinates (r, 6, ¢)
for using our random fields statistical modeling method.

Authors did the data analysis, while constructing data
graphs for input data of each profile and authors think
that it is expedient to distinguish deterministic and
random components. The deterministic function (trend
fi(r,8,¢9),i =1,2,..,25 — profile numbers) can be selected
in different ways. One determination method was considered
in (Vyzhva et al., 2012). But there is a more accurate way to
select deterministic component — approximation by cubic spline
data (Vyzhva et al., 2010, 2018a; Vyzhva, Z., Vyzhva A,
2016). The difference between spline approximation of data
and input data is a random process that is frequently stationary
for most profiles of investigation.

140

Authors use the notation of the input data on the profile

as a random field n;(, 6, @), where i is profile numbers. The
stationary random component &;(r, 6, ¢) (random fields) for
input data and trend f;(r,8, ) as determined cubic spline
function were selected for each profile (i = 1,2, ..., 25). Thus,
the input data on profiles is a random field in the form of a sum:

M:(56,0) = fi(r,0,90) +&(,0,¢9), i =7,...,20. (18)

Now authors introduce the notation of spline
approximation for input data in the profile number i as
Si(l)(r, 0, @), built by means of the MathCad software for PRi
(profile Ne i) data. Parameters defined by the data were
determined for such spline in the profile.

Based on observations (values) of random component
&(r,8,¢9), i =7,...,20 in all 13 profiles authors created array
that frequently represents isotropic random field £(r, 8, ¢) on
3-D space with zero mathematical expectation and
approximately Gaussian distribution (fig. 2).

Number of random
components

-0,025 -0,020 -0,015 -0,010 -0,005

0,000 0,005 0.010 0.015 0,020 0,025

Fig. 2. Histogram for observed values of random component for input aeromagnetic survey data in all 13 profiles
(for PR7-PR20) in the Ovruch depression. The red line indicates the density of the Gaussian distribution

By availability of such properties of input data, authors
can apply the method of statistical simulation of random
fields on 3-D space based on their "spectral decomposition”
(8) for aeromagnetic survey data, which allows finding the
perfect image of entire observations field for their certain
implementation values. So, authors generate additional
random component data in the points from investigation
areas on 3-D space where geomagnetic measurements
were not carried out, for example, with double precision
intervals of 50 compare to 100 meters or between profiles.
Authors can impose this modeling data on the spline curve
trend Si(l)(r, 6,9),i =7,...,20 for each profile and obtain
more detailed aeromagnetic survey data in the field of
observations. This method differs from the traditional
interpolation method, which uses the average of neighboring
measured points for the calculation point. Our method takes
into account the statistical distribution of airborne magnetic
survey data and the correlation between data points. Using
the above method makes it possible to supplement the
missing data in the study area with greater accuracy than in
(Vyzhva, Fedorenko, 2013b). (the mean square deviation is
0, 225) and then in (Vyzhva et al., 2018a) with Bessel type
correlation function (the mean square deviation is 0, 195),
taking into account their statistical nature.
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The built variogram of these implementations
§(r,0,0),i =7,...,20 has the best approximation (the mean
square deviation is 0,011) by theoretical variogram which is
connected to the Gaussian type correlation function
(Vyzhva, 2003) for parameter c ~ 4,2 * 1073, In this case,
the Gaussian type correlation function has form:

B(p) =exp {—c p?},c>0. (19)

This confirms the adequacy of simulated implementations
to the real research data.

Based on this article, the authors have built an
improved algorithm for the statistical simulation of
Gaussian isotropic random fields on 3-D space with
Gaussian type correlation function.

The "spectral density" is obtained by Gaussian type
correlation function (19) as foIIowmg formula:

}\2
09 =G (=13 (20)
According to formula:

by (r) = (g)z 2—1rexp { —2rc2}1m+% (2cr?) (21)
are calculated the "spectral coefficients", which correspond
to the Gaussian type correlation function (19) and spectral
density (20) formula of random field §(, 6, @), where I,,,(2)
is the modified Bessel function of the first kind of order m.
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These "spectral coefficients" authors used in proposed
above algorithm. The statistical simulation of realizations of the
homogeneous isotropic random fields &, (r,6,¢),i =7,...,20 on

3-D space with Gaussian type correlation function can be done
by means of constructed algorithm.

Earlier, based on the estimate from (Vyzhva et al.,
2018b), and model (11), an algorithm for statistical modeling
of realizations of Gaussian homogeneous isotropic random
fields was described. In the case of the Bessel-type
correlation function, this algorithm was constructed in
following (Vyzhva et al., 2018a, 2018b). In the articles
(Vyzhva et al., 2019, 2020) the considered algorithm was
constructed for the spherical correlation function and in the
paper (Vyzhva et al., 2020b) this algorithm was constructed
for "cubic" correlation function.

Below authors describe the procedure for the statistical
simulation of Gaussian homogeneous isotropic random
fields &(r, 6, @) realizations on 3-D space for random fields
with Gaussian type correlation function.

The algorithm for random fields with Gaussian type
correlation function.

1. The natural number N, which is summation limit, is
chosen according to the required accuracy € > 0 of the
approximation of the model (11). In this case, for the
Gaussian type correlation function "spectral coefficients"
(21) of the model (11), the condition is fulfilled:

5 3
SCEE (22)

where
o) 2
Mg = 1/2vVmed [~ Mexp (— :—c)dl.
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Empirical and simulated variogram y(p)

Correlation distance

0.0

0 1 2 3 4 5
Fig. 3. Empirical (black line) and simulated
(red crosses) variograms of input data arrays ATan
for PR7-PR20, which corresponding to Gaussian type
correlation function B(p) = exp {—cp?} (c ~ 4,2 +x1073)

The variograms of input and simulated data arrays ATan
for PR7-PR20, corresponding to Gaussian type correlation
function (25) at the value of the parameter c ~ 4,2 * 1073 are
shown in fig. 3 and fig. 4 respectively. This confirms the
adequacy of simulated by this algorithm implementations to
the real aeromagnetic survey research data. So, authors
generated the adequate random component
implementations on the study area in the Ovruch depression
with twice detail for each profile, according to this algorithm.

The final stage of our method was the superimposing of
realizations array &;(r,6,¢), i =7,...,20, that we got by
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2. For the Gaussian type correlation function (19), the
"spectral coefficients" b,,(r), m =0,1,2,...N are calculated
as the integral (21).

3. Let's model the sequences of independent Gaussian
normal random variables which have the form {c}, ()},
k=12, m=012,... N; lL=1,..., m; which satisfying
the conditions (22) with "spectral coefficients" (21).

4. By substituting the calculating number N, "spectral
coefficients" values b,,(r), m=0,1,2,...N, for the Gaussian
type correlation function {ci, (1)}, k =1,2; m=0,12,..N;
l= 1,..., m; and obtained in the previous items 3 sequences
of Gaussian random variables into formula (11) for the
model, authors calculate the realization value of the random
field £(r, 0, ¢) at the given point on 3-D space: (r;,6;,¢,),
i=12,...,1;j=12,...,G; p=1.2,...,P.

5. Authors check whether the realization of the random
field £(r, 6, @) generated in step 4 fits the data by testing the
corresponding statistical characteristics (distribution and
Gaussian type correlation function).

The implementation of the above algorithm makes it
possible to more accurately fill in the missing aeromagnetic
survey data in the study area in the Ovruch depression. The
authors generate additional data realizations of the random
component in the points from investigation areas where
geomagnetic measurements were not carried out (with a
double precision interval of 50 meters compared to 100 meters
between profiles). Next, a statistical analysis of
implementations modeled according to this algorithm is
carried out. For this purpose, semivariograms of arrays of
input and simulated data were constructed.

fir FHhdE g
A nr ity
b S AR R,
w47
&y ++E+
- u*a:'*‘ oy e
= £, E s 2
s

06

04

Empirical and simulated varioaram v(o)

Correlation distance p

T T T T T T

0 1 2 3 4 5

Fig. 4. Empirical (black line) and simulated (red crosses) variograms
of simulated data arrays ATan for PR7-PR20, which corresponding
to Gaussian type correlation corresponding to Gaussian type

correlation function B(p) = exp {—cp?} (c = 4,2 «1073)

statistical simulation, on the spline approximation

Si(l) (r,8,¢9), i =7,...,20 of real aeromagnetic survey data.
Finally, authors received more detailed implementation for
the geomagnetic observation data in the Ovruch depression
selected area as a result of our modeling work. Authors built
the map (a) of aeromagnetic survey data ATan (general map)
and the map (b) of aeromagnetic survey data ATan with
generated by the Gaussian type correlation function
additional data in the points with double precision intervals
in the Ovruch depression (fig. 5).
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Fig. 5. a) The map of aeromagnetic survey data AT,, (general map) M 1:10 000, (PR 7-20);
b) the map of aeromagnetic survey data AT,, plus generated with the Gaussian type correlation function additional data
in the points with double precision intervals in the Ovruch depression M 1:10 000 (built in Surfer)

Conclusions

The method of statistical simulation of a random field on
spatial three-dimensional realizations makes it possible to
supplement the measurement results of the full vector of the
magnetic field over a great square area in the Ovruch
depression with a given detail.

The built variogram of random component for
aeromagnetic survey data has the best approximation by
theoretical variogram which is connected to the Gaussian
type correlation function (the mean square deviation is
0,011), then in (Vyzhva et al., 2010; Vyzhva, Z., Vyzhva A.,
2016) which is connected to the Bessel type correlation
function (the mean square deviation is 0,225).

The algorithm for statistical simulation of realizations of
Gaussian homogeneous isotropic random fields in three-
dimensional space with a Gaussian-type correlation function
proposed for use in this paper is an important addition to the
Monte Carlo method used in geophysics. It can also be used
to detect abnormal areas.
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CTATUCTUYHE MOOENIOBAHHSA BUNAAKOBUX MONIB I3 FTAYCCIBCbKOIO KOPENALIAHOIO ®YHKLIEIO
Ona [OCNIAKEHHSA OAHUX MATHITOMETPIT

Po3po6neHo yHieepcanbHi Memodu cmamucmu4Ho20 ModesitoeaHHs1 (Memodu MoHme-Kapiio) 2eoghisuyHux daHux i3 3acmocyeaHHsm aycciecbkol
KopensyiliHoi gpyHKyiT, siki datomb 3Mo2y po3e’s3amu npobrieMu 2eHepyeaHHs1 adekeamHux peanizayili eurnadkoeux nosiie Ha cimyi 8 mpusumipHomy
npocmopi 6ydb-sikoi peaynspHocmi ma demansHocmi. Ockinbku e 2eoghizuyi 6inbwicms pe3ynbsmamie docnidxeHb 06'ckmie nodaembcs y yugposil
ghopmi, moyHicmb sIKOT 3anexums eid pi3HUX eurnadkoeux ernueie, Mo npu YbLoOMy 8UHUKae npobriemMa KOHOUUilIHocmi kapm y eunadKy, konu AaHi He-
MOXJIueo ompumamu i3 3adaHoro demasnbHicmio e desikux OinsiHkax criocmepexeHb. [ns po3e'a3aHHs npobrieM KOHOUUilIHOcmi Kapm, OOMNO8HEeHHs
dodamkoeumMu OaHUMU Nompi6Hoi demanbHocmi pe3ynbmamie AocnidxeHb, Onsi docsi2HeHHs1 Heob6XiOHOi MoYHOCMi crnocmepeXxeHb ma iHWUX MpPo-
651eM Nodi6bHo20 pody e 2eohizuyHUX 3adayax NMPOMNOHYeMbCS 3acmocoeyeamu Memodu cmamucmu4YHo20 MoOesIro8aHHs1 eunadkoeux rnoisiis.

CohopmynboeaHo an2opumm HYucesibHO20 MOOest08aHHs peanizayili 0OHOPiGHUX i3omponHUX eunadkosux rnoJsie y mpueumipHoMy npocmopi 3
laycciecbkoto KopensyiliHor hyHKYieto Ha OCHO8I meopeMu rpo oyiHKy cepeOHbOKeadpPamuYyHoOI anpokKcumayii makux eunadKoguXx roJlie Yacmko-
800 cyMoro psidy "cnekmpasibHo20 po3knady”. Ha npuknadi daHux aepomazHimHoI 3lioMku e palioHi Oepyubkoi 3anaduHu ernpoeadkeHo 3anpomno-
HOoBaHUU asl20pumM cmamucmu4Ho20 MoOesIto8aHHs 8UNadKo8UX roJlie y po3e’'sa3aHHi npobnem koHAUYiliIHOCMI Kapm wsixoM A0MO8HEHHS 0aHuUX
3Modesibo8aHUMU adekeamHuUMu pearnisayissmu do HeobxidHoi demanbHocmi. 1id yac aHanizy daHux no npoginsix ix po3dineHo Ha demepmiHogaHy
(mpeHd) ma sunadkosy cknadosi. TpeHd daHUX NMPOMNOHyemMbCs Habnuxamu KybiyHumu cnnaliHamu, OOHOPiOHY i3omponHy eunadkosy cknadosy —
modentoeamu Ha ocHoei "cnekmpasnbHo20 po3knady” eunadkoeux rnosie y mpusumMipHomy npocmopi. ModenbHuli npuknad — 0aHi aepoma2HimHoi
3loMKu Ha mepumopii Oepyybkoi 3anaduHu. 3a HaeéedeHUM asizopummom 6ys10 ompumaHo peasni3auii eunadkoeoi cknadoeoi 8 o6nacmi dociii-
O)xeHHs1 i3 nodeoeHo0 AemasibHicmio Mo KoxxHomy npogpinto. lMepesipsiroyu ix Ha adekeamHicmb, 3po6sIeHO UCHOBKU, W0 eidnoesidHa 2zicmozpama
sunadkoeoi cknadoeoi Mae 2aycciecbkuli po3nodin. [lo6ydoeaHa eapiocpama yux peanizayili Mae Halikpauye HabrIuXXxeHHs1 meopemuYyHolo eapioe-
pamoro, sika noe 'a3aHa 3 kopesnsyiliHoto ¢pyHKyiero Maycciecbko2o muny. Y pe3ynsmami HaknadeHHs1 3M00esIb08aHO20 Macuey eunadKoeoi ckiado-
80i Ha cnnaliHosy anpokcumayiro peanbHuUx 0aHUX ompumaHo 6inbw demanbHy peaniszayito 0ns 0aHUX 2eoMa2HimMHUX criocmepexeHb y audineHil
o6nacmi. [poeedeHo nopieHsNbHUL aHani3 pe3ynsmamie ModesiroeaHHsl peanisayili eunadkoeux noJiie i3 [aycciecbkoro KopensuiliHor yHKyieo
3 iHwumu KopensiyiliHumu gpyHkyissmu. Omixe, Memod cmamucmu4YyHo20 MOOest08aHHS peanisayili aunadKoeux rosiie y mpueumipHoMy npocmopi 3
laycciecbkoto kopensyiliHoro yHKYiero 0ae MOXIusicmb MakcuMasibHO adekeamHo AonosHUMU 0aHUMU i3 3adaHoro demarnbHicmio pe3ynbmamu
euMiprogaHb M0BHO20 8€KMOPa Harpy)XeHocmi Ma2HimHO20 MnoJis.

Knw4yoBi cnoBa: cmamucmuyHe Modesiro8aHHsI, cnekmpasnbHuli po3knad, Maycciecbka kopensyiliHa ¢pyHKuUiss, KOHOUUiliHicmb kapm.
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BUBYEHHSA HAMPYXXEHO-OE®OPMOBAHOIO CTAHY I'PYHTIB
HABAHTAXEHUX MOCTOIHXEHEPHUX crioPya

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

lMpedcmaeneHo npuknadu eukopucmaHHs MeEMOOUKU MOOEJTFO8aHHS 8IIIUBY €KOJ1020-2e0(hi3UYHO20 cmaHy rpyHmie Ha 06'ekmu
MOCImMog8o20 mury 3 UKOPUCIMaHHSIM Memody CKiH4eHHUX erlemeHmis. [[poeedeHo 0211510 nybnikauiti ModesroeaHHs HanpyXxeHo-0ego-
pMO8aHO20 cmaHy ck/1ladHO NnobydosaHUX MOCMOBUX KOHCMPYKYill 8 yMO8ax MexXHO2eHHO20 8MM/IU8y HaBKOJUWHBLO20 cepedosuuya.
Po3ansiHymo npuknadu eug4yeHHsi cmaHy HagaHMa)eHux rpyHmie y ocHoei Mocmie, nobydoeaHux y HacesieHuUX nyHkmax. slk npuknad
npoeedeHo MOOeJIH08aHHSI HarnpyxeHo-0eghopMoeaHO20 cmaHy rpyHmie nid deoma ckiraGHUMU MOCMOBUMU KOHCmMpYKUisimu. lMoka3aHo
3MiHU HanpyxeHb-0e¢ghopmayili makux rpyHmie y pasi 36inbweHHs1 HagaHMa)xeHb Ha MOCMU ma 3MiHi UGy MOCMO8UX KOHCMPYKUiUl.
IidmeepdxeHo eghekmueHicmb 3acmocyeaHHs1 MemoQdy CKiHYeHHUX esleMeHmie Arsi MoOesto8aHHs NPoyecie sUBYEHHsI ma 3MiHU Ha-
npyxeHb i deghopmauiti y nopodax nid cknadHo nobydoeaHUMU KOHCMPYKUisIMU ma eusiesieHHs] IMuUnosux rposigie 3MiHu Harpy»eHo-
deghopmMogaHO20 cmaHy, siKi eaxuei O weuodKoi OYiHKU cmaHy rpyHmis.

Knwo4yoBi cnoBa: HanpyxeHo-OeghopmoeaHuli cmaH, I'pyHmMuU, HaeaHMaxeHi iHxeHepHi 06'ekmu.

Bctyn

Ha cborogHi, 3a iHopmadieto MiHictepcTsa iHppacTpy-
KTypW, B YKpaiHi 3aranom ¢yHkuioHye noHaa 16 Tnucsay moc-
TiB Pi3HUX TUNIB Ta KOHCTPYKTUBHUX pilleHb. BoaHouac, 3a
daHumn  "YkpasTogopy", nuvwe 6nmsbko 7,5 TUC. 3 HKX
(To6T0 Make 50 %) BignNoBIAaIOTL YUHHUM HOPMaM i CTaH-
AapTam, To4j Sk iHLwa YacTuHa 06'eKTiB nignarae pekoHCTpy-
kuii. lMpoTe, 3rigHO 3  OOCTEXEHHsIM  MOCTOBOIO
rocrogapcTtea, 3aiicHeHoro gepxareHuieto B 2019 p., He-
raiHoro pemoHTy notpebye 895 mocTiB (3 HUX 169 nepeby-
BalOTb Yy nNepedaBapiiHOMy  CTaHi), WO  3Ha4HO
BiApi3HAETbCA BiA AaHux "YkpasTtopopy". Taka 3HayHa pis-
HULSA B OUiHKax Moxe OyTu 3ymoBneHa HeaobGpOoCOBiCHOK
nepeBipKolo Lmx cnopyd abo HenosHOW iHpopmalieo npo
IXHi cTaH. 3po3yMino, WO B CbOrOAHILIHIX yMOBaX BiiHN Ki-
NBKICTb MOCTOIHXEHEPHMX CMopyA, LLO NiANAraloTb PEMOHTY
abo peKOHCTPYKLUIi, HEBMMHHO 3pOCTaE.

HepocTtaTHs iHdopMauis Npo iCHYHYi ONMOPHI KOHCTPYKLT
Ta dhyHOAMEHTU MOCTIB CTBOPIOE 3HAYHI Mpobnemu ans oui-
HKW CTaHy KOHCTPYKLIii Ta MOXe CMPUYUHUTY 3HaYHY HEBU3HA-
YeHicTb Woao Ge3snekn Ta  iXHLOI  Npaue3naTHOCTI.
XapakTepuctuka Ta OuiHKa CTaHy OMOPHOI KOHCTPYKLUii Ta
byHAAMEHTY MOCTIB He TiMbKu1 JONOMOXE 3HU3UTW iX Bpa3nu-
BiCTb O MPUPOAHMX Hebesnek, ane n HagacTb MOXIMBOCTI
ANs iX NTOBTOPHOIO BUKOPUCTAHHS i3 3HAYHMMW BUTO4AMMU.

locmaHoeka npobnemu. 3apadi BUBYEHHSA 'PYHTOBUX
MacuBiB 3€MHOT KOPW B paiOHi MOCTOIHXXEHEPHMX KOHCTPYK-
Uih MmeTtogaMmm KOMM'toTEPHOrO0 MOAENIOBAHHA TIiCHO NOB's-
3aHi 3 BMOOpOM MeTody iXHbOro po3B'sA3aHHs. OguH 3
e(eKkTMBHMX METOAIB BUPILLEHHS AaHWX 3agady — MeTod
ckiHYeHHux enemeHTiB (MCE), kM mae wmpoke 3acTo-
CyBaHHS i BMKOPUCTOBYBaBCH aBTopamu B NonepeaHix
aocnigpkeHHsax (Ctapogy6 Ta iH., 2007, 2020) gns BU3Ha-
YEHHSI HanpyxeHo-4edOpPMOBaHOro CTaHy MPOCTUX KOHC-
TpyKkui. [poTe edeKTUBHICTb 3acToCyBaHHA [OaHOro
MeToAy Mif Yac BUBYEHHS cknagHonobyaoBaHux 3anizobe-
TOHHMX IHXXEHEePHUX CNopya aBTOpPWU He JOCHiaXyBanw.

MeToto cTaTTi € MogentoBaHHSA (064ncneHHs ) aedopma-
Lin i HanpyXeHb y cknagHonobyaoBaHMX MOCTOIHXKEHEPHUX
crnopygax 3anisobeToHHOro TuMy BHACMILOK 3O0BHILLHIX

ISSN 1728-3817

BM/IMBIB HABAHTaXXEHHS1 HA KOHCTPYKL,ii Ta iX BNMB Ha Npu-
poay r'pyHTiB y onopax mocta. HeobxigHo gocnignTw ix reo-
isnyHy npupoay: BnnmB 3MiHM Moaynis KOHra i MyaccoHa,
BiQNOBIAHO LUBMAKOCTEN NO3AOBXHBOI XBWUMI | XBUIi 3CYyBY,
3HaYEHHs1 HaBaHTaXeHb, L0 NPM3BOAATL 40 3MiHM Aedop-
MaLjii i Hanpy>XeHb Ha OCHOBI IHTEPaKTMBHOrO Komn'toTep-
HOro MOAENI0BaHHS.

Memotro po6omu € 3anobiraHHs BUHWKHEHHIO HaO3BU-
YanMHUX CUTyaLi HA MOCTOIHXXEHEePHUX cropygax LUASaxXom
YAOCKOHAINEHHS 3aXUCTy Ha OCHOBI MOZENIOBaHHA Ta Teo-
PETUYHOrO BW3HAYEHHS KPUTMYHO [OMYCTUMMUX 3HaAYeHb
Hanpy»eHo-0eopMOBaHOro cTaHy I'pyHTOBOrO MacuBy nig,
Jiel0 HaBaHTaXeHb iHXEHEPHMX Cropya MOCTOBOrO TuMy.
Taki BOCNimKEHHs1, 30KpeMa, TaKoX BaXKNMBI A1S1 MOHITOpU-
Hry nNpodinbHO-ANdEPEHLINOBaHNX I'PYHTIB Ha AinsHKax
TEXHOJTOMYHOro BMAMBY Ha HaBaHTaxeHi 06'ektn (Buxaa,
2004; Buxea Ta iH., 2008; Karabyn et al., 2019).

AHaniz ocmaHHix OJdocnidxeHb ma ny6nikayil.
Y crarTi (Mlzel et al., 2020) 6yno gocnigxeHo BNacTUBOCTI
KOMMO3ULINHNX MaTepianis, Lo noyanu LWMpOKO BUKOPUCTO-
BYBATUCS Y CMOPYIKEHHI OyaAiBENbHUX KOHCTPYKLINA, y TOMY
4Yncni MOCTOIHXEHEePHUX. ABTOpM BUKOpUCTanyM MeTof CKiH-
YEHHMX eNIEMEHTIB SIK CNOCIO aHani3y KOMMO3ULiNHNX maTe-
pianis, niggaHWUX pisHOMaHITHOMY BMAUBY 3anexHo Big
OYHKLIOHaNbHOro npusHayeHHda. Bci gocnigkeHHs npose-
[OEHO Ha MiKpopiBHi 63 NpakTN4YHMX BUNpobyBaHb i komn'to-
TEPHOro MOAENOBAaHHS Ha crnopyaax.

Y po6orTi (Mao et al., 2019) gocnigxyeTbca QOLINbHICTb
BUKOPWUCTaHHSA METOoAiB iaeHTudikauii KOHCTpYKUii Anga xa-
pakTepucTuk i doyHaaMeHTiB mMocTiB 3a gonomoroo MCE.
ABTOpPWU [oOCnigXyBanu BCi OCHOBHI (hakTopw, LIO CTaHOB-
NATb iHTEpec AN XapakTePUCTKK OLiHKM OMOPHOT KOHCTPYK-
Lii MOCTIB, BKIOYaUM rMUOUHY 3aknageHHs yHOamMeHTy,
TMN pyHOaMeHTy, MaTepian, reomeTpito pyHaameHTy, uini-
CHICTb MiAKOHCTPYKLUIT, rPaHNYHWUIA CTaH, T Hecyyy 34aTHICTb,
Bpa3nuBicTb NiOKOHCTPYKUiT 40 Aedopmalii Ta TepMiH cny-
X0u, Wo 3anuwmnecs. [ina ouiHkK Lux napameTpis 6yno go-
cnigpkeHo GaraTto iHCTPYMEHTIB i TEXHOMOriN, Takux sk
HepymMHiBHa OLiHKa, PYWHIBHWIA KOHTPONb, BUNPOOYBaHHS
HaBaHTAXXEHHAM, YMCeNbHE MOAEMOBAHHS, reOTEXHIYHE Ta
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reocpisanyHe OOCNISKEHHST MiCLs, aHani3 Ha OCHOBI PU3NKY
Ta cTaTUCTMuYHI npouepypu. [MpoTe 3a gocnigxyBaHun
B3ipeLub aBTOPU B3ASM TPUNPOriHHUI MICT 3 MPOCTOK OMo-
poto 6e3 NoegHaHHA MeTano-apMoBaHNX KOHCTPYKLN.

Y crartTi (Shah et al., 2018) npoBeaeHo gocnimKeHHS
npaue3faTHOCTI KOHCTPYKUI 3 BWKOPUCTaHHSAM MeToady
CKIHYEHHUX eNeMEHTIB, Ha Npuknagi sk HemnoLKoaXKyBasb-
HOrO, TakK i MOLLKOMAXYBarbHOro TECTY MOCTIB, SKi MalTb 04-
HakoBi pisnyHi napameTpu. MeTtoro 6yno npoaHanizyBaTtu
HEniHINHY 3MiHY NoBeLiHKN NOLUKOAXKEHHS, SKe YTBOPIOETHLCS
Ha NpuKnagi TeCTOBOro MOCTa, KOnu AesKi yMOBW HaBaHTa-
XeHHs1 mogentoloTbesa 3a gonomoroto MCE. 3a cnoBamu aB-
TOpiB, ABa TECTOBI MOCTW NPEACTaBNSATbL MOAENi peanbHUX
MOCTIB, $iKi BMKOPWUCTOBYKTbLCS B MOBCSIKAEHHOMY JKMTTI.
OTxe, y peanbHOMy BUNazKy, sik Lii 4Ba TECTOBIi MOCTU, MOAe-
NoBaHHA (hakTUYHO LINAXOM MOpPiBHAHHS. [poTe, sk BU3Ha-
I0Tb caMi aBTOpW CTaTTi, Y pasi BMKOPWUCTaHHS [aHOro
OOCTiOKEHHS Ha peanbHUX CNopyaax MOXIMBa Noxmoka.

AsTopun poboTn (Aydin, Ozkaya, 2018) gocnimpkysanu
cyyacHi MeToaum, Siki BUKOPUCTOBYIOTLCS NS OLHKW HaBaH-
TaXeHb Ha 0OpYLUEHHS KNaAKOBUX apoYHMX MOCTIB, Ta Npo-
BOAMNW  OOCNIOKEHHS, CMPsSIMOBaHE Ha  pO3paxyHoK
NOBeAIHKN OAHOMPOriHHNX MYpPOBaHWX apKOBWUX MOCTIB 3a
NEBHUX HABAaHTaXeHb METOAOM CTaTU4HOro aHanisy. Mo-
Aenb JocnifxyBanu 3a [OMOMOroK nporpaMu naketa
ANSYS Ha npuknagi ictopnyHoro mocty Capngepe. Pe-
3ynbTaTV JOCAIMKEHHA NIATBEPAMAN iICTOPUYHI NiTepaTypHi
AaHi. NpoTe BUKOPUCTaHHS AaHNX METOAIB Ha Cy4acHUX MO-
CTOIHXEHEPHUX criopyaax He po3rnsganocs i € npeaMeToM
[OoCnigpKEHHS aBTOpPIB CTaTTI.

Y po6orTi (Lu et al., 2020) 3anponoHOBaHO BUKOPUCTAHHS
HoBOI Mogeni — moaeni KpiriHra, Lo BUKOPUCTOBYETLCA ANA
iHTenekTyanbHOro aHanidy Ta MnpOrHO3yBaHHS (PaKTUYHOI
XOPCTKOCTi ICHYOUYMX MOCTIB, @ TaKOX AN BUCOKOTOYHOrO
NPOrHO3yBaHHA eKCMepuMeHTanbHUX pe3ynbTaTiB cTaTu-
YHOTO HaBaHTaxeHHs. [nd MopenoBaHHA Ta aHarnisy
OTPMMaHKX AaHUX aBTOpU BUKOpUCTanu nporpamHe 3abes-
neyeHHss ANSYS, wo 6asyetbcsi Ha BukopucTaHHi MCE.
ToMy apekBaTHICTb NepeBipKM AaHOT MoZeni noTpibHo fo-
0aTKOBO JOCMiAWMTU 3 NOMNsAY BUKOPUCTAHHS OBOX Pi3HUX
Mogernen ansa aHaniay.

Astopu crarTi (Diez et al., 2016) 3anponoHyBanu HOBWN
niaxia, oCHoBaHWIA Ha KnacTepuaalii, 4O rpynoBMX MiACTPYKTYP
abo 3'egHaHb MOCTY 3 NogarnblUMM BUSIBIIEHHSIM aHOMarlbHUX
ab0 NOLLKOMKEHNX CTPYKTYP MOCTOIHXEHEPHMX cropya,. 3rigHo
3 JOCNiIKeHHAM Lien niaxig 6a3yeTbcst Ha komOGiHauii noBepx-
HEBOro aHaridy O3HaK YLUKOKEHb Ta BUBHAYEHHST KPUTUYHKX
3'egHaHb, Ha siki BNnvBae Bibpauis Big TpPaHCNoPTY, LU0 NPOiX-
)Kae, 3a JONOMOror TPMOCLOBKX akcenepomeTpi. MpoTe aa-
HWI MigXig He BpaxoBye A0OATKOBI HABAHTAXEHHS, SIKi MOXYTb
OiSTN Ha MIiCT Yepe3 BMnMB reodisnyHMX sBULL (Hanpukniag,
3eMIeTPYCiB) Ta NOEAHAHHS iX 3 iHLWMMM BibpauiiHMMm npoue-
Camu 30BHILLHBOrO CepefoBMLLA.

Y pobori (Morave;j et al., 2019) 3anponoHoBaHO 3acTocy-
BaTM MoOAynbHWIA GaneciBCbkuiA nigxig ons kaniopyBaHHs
CKiH4YEHO-eneMeHTHoI Moaeni 6eToHHOro kopobyacToro MocTa
B nabopaTtopHoMy Mmacwitabi. ABTOpM BriepLue BUKOpUCTanu
TakMA nigxig Ansa OUiHKM  CKIHYEeHO-enemMeHTHOI mogeni
pearnbHOi KOHCTPYKLT Ans OBOX CTaHIB — HEYLUKOMXKEHOrO i
MOLLKOOKEHOTO (MOLLKODKEHNIA CTaH ABMSAE COOO 3MiHN CTPYK-
TYPHMX NapameTpiB BHacNigoK cTapiHHA abo nepeBaHTa-
XeHHs1).  PyHKUiT  po3BiKHOCTI  BUKOPWUCTOBYIOTBCA  AMNs
BM3HAYEHHSI BIOXUMNEHHSI MK pe3yrnbTaTamy eKcrnepuMmeHTarb-
HOI Ta uyucenbHOI Mofenew, Lo B noganbloMy 3aMiHeHO
raycoB/vMW MpoLiecaMun Ans MOMereHHst oGUMCNeHHs. Xo4a
OaHni MeToq A0CUTb iHGOpMAaTUBHMI, NpoTe cnocobu 3acTo-
CyBaHHs1 10ro NoTpebyoTb NOAANbLLOrO aHariay.
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Memodonoeisa. Y 3apavax MOOentOBaHHsI HanpyXeHo-
AedOpMOBaHOro CTaHy y 3eMHOMY CepefoBULLi CKNagHol
CTPYKTYpPU NOpia PO3B'A3Yy0Th ANHAMIYHY 3ada4vy Teopii Npyx-
HOCTI, BpaxoBY4M HeniHiHi siBnwa. CepenoBuile YMOBHO
po361BaloTb HA ENEMEHTM CKIHYEHHOTO PO3MIpY, SIKi BpaxoBy-
I0Tb BaXknuBi 3MiHW Y CTpyKTypax. [JocnigxeHHs noBediHKu
CTPYKTYP 3 JOMOMOIOl0 BUBYEHHSI PYXiB NMEBHUX CKiIHYEHHMX
enemMeHTiB i ONTMMI3aLii pyXiB enemeHTiB, Ha SKi YMOBHO
po36vBaloTb HenepepBsHi Pi3NYHI BENUYMHW, anpoKCUMYOTb
KyCKOBO-HENEPEPBHUMN (PYHKLISIMU Ha CKIHYEHHIN KiNbKOCTI
enemeHTiB. BurigHo npeacTaenat Taki oyHKLUii noniHoMamu,
SIKi BU3HA4alOTbCs1 ANS KOXHOro enemeHTa. 3okpema, opmu
eneMeHTiB BCTAHOBIMIOTb MOPSAOK NoniHoMa, siki BU3Haya-
I0Tb NepeMilLleHHs1 MeTo4oM CKiHYeHHUX enemeHTiB (Bathe,
1996). 3agayva 3BOANTLCS A0 PO3B'A3aHHA MATPUYHOTO piB-
HAHHA abo cucTeMM MiHIMHUX PiBHAHb, 3aranbHUA BUMNSL
AKOI MOXHa NpeAcTaBuTW y BUrMAai

MU +CU+KU =f, 1)
ae U, U, U— sekTop BignoBsiaHo nepemillieHb, LBUAKOCTEN
nepemillieHb i NPUCKOPEHb Y By3rax enemeHTiB CTPYKTYpW;
f — BEKTOP CyMM KOHLIEHTPOBAHMX CUI Y By3nax i cun Ha no-
BEPXHEBUX MPaHULSX CTPYKTYp, SKi MOXYTb 3anexaTtu Bif
yacy; K — matpuus )OopCTKOCTi CUCTEMMU, SKa BU3HAYaETbLCA
3anexHicTio HanpyXeHb Big nepemilleHb i gedopmadin;
M — maTpuus Mac enemeHTiB CTPYKTYpW, 3 SKUX cknapa-
€TbCA Tino. PiBHAHHS (1) € MaTpUYHUM BUPA30OM, SIKUA BU-
paxae y3aranbHeHW BUrnag Opyroro 3akoHy HetoToHa, ae
maTpuusa C BpaxoBye AeMndpyBaHHSA NepeMilLEHb.

Akwo nepeHecTn nepLunn i Apyruin AOAaHKU PiBHAHHS
(1) B npaBy 4acTuHy, oTpumyemo opmMyny

KU=R, 2)
e wmatpumua R BuM3HavaeTbca Ak R= f— (MU + CU).
OcTaHHsA dhopmyna BpaxoBye Y Mpasii YaCTUHI MOXIUBI Au-
HaMiyHi i KBa3igMHaMiyHi (NOBIMbHI) pyxu B cUCTEMI, SKi BU-
3HAYalTbCA pyXaMu eneMeHTiB CTPYKTYpM.

B (2) R — matpuus-ctoBnYMK, — BpaxoByeE HaBaHTa-
XKEHHS, MPeACTaBNAETbCS y BUNAAi

N,
R=) [N

e=1 ple

ne £ — Bektop HaBaHTaxeHHs Ha enemeHT (e) Tina;

N — maTtpuusa dyHKUill (OPMMX BCTAHOBMIOE 3aNeXHICTb
MiXX BEKTOPOM mnepeMiwieHb u(r) i ysaranbHeHuXx nepemi-
weHb U:

u(r)= N@9U.

MaTtemaTtnyHa mMopensb, L0 BUKOPUCTOBYETLCS, OMNUCYE
HanpyXeHo-4edOopMOBaHUA CTaH y I'PYHTOBOMY MacuBi nig
HaBaHTaXXEHHAM KOHCTPYKLii MocToBOro Tuny. And BusHa-
YEHHsI CUNM BUKOPWUCTOBYIOTb KpUTEpin HabnmkeHHa Mopa—
KynoHa, 3rigHO 3 SKMM OTPUMYEMO CriBBIAHOLLEHHA AN
CUNWN HaBAHTaXXEHHS AN TPMBMMIPHOrO BMNAAKy (Mopenb
Opykepa—-Tparepa (Doltsinis, 2018):

f9=3006,+0,, —k,

1 .
fe ©, =§(Gx +0,+G.) — rigpocTaTuuHe HamnpyxeHHs;

o, =\/0.5\/(5X2 +s.+52)/2+(0,, +0.. +0.,) — AesiaTopHe
Hanpy>XeHHsi, xapaktepusye 3miHy dopmu 6e3 3MiHn 1oro
ob'emy, 3 napametpamu: s =06, -0,

_ 2x/§~sin(p
3(3-sin @)’

s,=0,-0,,
_ 2\/§-c~cosq) VT Q
(3—-sin¢g)

k — koedbiuieHTM Ons oGYMCNEHHS CUMK 9.y dopmyni

s, =06,—0C,,; O

m>?
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¢ — KOeMILEHT, SIKNN BU3HAYAE NUTOME 34YErNEHHS; @ — KyT

BHYTPILLHBOrO TepTsa B pamkax mogeni Opykepa—llparepa
(B KyTOBUX rpagycax).

MaTpuuto xopcTkocTi K BU3HayarTb y Takomy BUrnsai
(Crapoayb Ta iH., 2007):

Ne
K = Z .[erD(C)B'C) dv® . (3)

e=1 pe
Matpuus BY BM3HauaeTbCs i3 3aneXHOCTI Mk BeKTOpamu
d Ju av Ju
. € € =—

aedopmadii ez[sn €, = 3 8 w T o
Yy X

aV . . (€)
g, = a—l y3aranbHeHoro nepemiweHHs ¢ =B“U, ge mat-
y

pvus gechopmalii y po3rnsiHyTOMY BUMaAKy 3anucyeTbes y
MaTPUYHO-BEKTOPHIN (HOPMi AN KOMMOHEHT u(r) i v nepemi-
LeHHSA BignosigHo no ocax X i Y [JekapToBi cuctemm Koopam-
Hat, DY — MaTpuusa HanpyXeHb-gedopmalin maTepiany,
BU3HAYaETLCA 3aKkoHOM yka Ans HanpyxeHHs 6 = D¢

Pesynbmamu modemntoeaHHsi. OnucaHum MeToaoM
MOZEMBaHHSI HanpyXeHo-4eOpPMOBaHOro CTaHy cepeno-
BMLIa, 0OpaHO HaTypHy MoAenb, siky NpeAcTaBlieHO Ha
puc. 1: micT 6ins cena KanuHiBka FBOpiBCbKOro panoHy
JlbBiBCbKOI 0bOnacTi (1a — 3aranbHun Burnag, 16 — surnsag
apK1 MOCTa i3 CUMETPUYHUM HaBaHTaXXEHHAM Ha onopu).

3 MeTOK BUBYEHHS 30iNblUEHHST BNIMBY HAaBAHTAXKEHHS
Ha I'PYHT Nig CKNagHoK MOCTOBOK KOHCTPYKLUIELD, Big nova-
TKy 6yno posrnsHyTo Moenb, KONu I'pyHT MoAentoBaBcs
CTUCHYTMM aprenitToBUM BanHsSKOM i3 LUBUAKICTIO NO300BX-
HiX xBUNb 6nm3bko 2300 M/c, ANA TUNOBOrO 3HAYEHHS

O,

a

koediuieHTa MNyaccoHa npmubnusHo 0,3 i rycTnHM nopoau
18000 kr/m3. BopgHoyac nUTOMe  34YenfieHHs  B3siTe
¢ =108 Ma, KyT BHYTPiWHbLOro Teptsa nopoan ¢ = 35 rpag.
Onsa npy>XHWX BNacTUBOCTEN MeTaneBoi KOHCTPYKLiT MocTa
NpUNMAEMO 3HaYEeHHS Ans No3[oBXHIX xBunb 3150 m/c, ry-
CTUHY matepiany — 2550 Kr/m3.

3apaloumn rpaHuyHi YMOBM, BpaxyeMO >KOPCTKE 3akpir-
NEHHSA HWXHBOI rpaHuLi y ModenbHUX npuknagax. 3 MeTot
€KOHOMIi Nam'aTi B Mmogeni NnpoBoaMMO BiCb CMMETPIi No npa-
BOMY 1i Kpato — Take NpuMyLLEeHHS BignoBigae Burnsgy Moaeni
Ha puc. 16. OgHak 0OMEXEHHST Ha pyX Y rOpU3OHTarlbHOMY
HanpsiIMKy He 3abOpOHSIE pyXxiB y BepTMKarnbHOMY, 30Kpema
B3[0BX OCi cCMMeTpil. HaBaHTaXXeHHs 3aBOAKM CuUIi Barn Ha-
NpsAMIeHi y BepTUKanbHOMY HanpsiMKY (Bif'€MHOMY HanpsiMKy
B30BX OCi Y). BepxHs rpaHuus mogeni — BinbHa, npasa — Mae
POMUVKOBI BMACTMBOCTI (MOXNMBUIA PyX BBEPX-BHU3, BiANOBi-
Aae BepTuKkanbHoMy pyxy). [Ina mogeni HanpyxeHo-Aedop-
MOBaHOro craHy cepegosuvwa [pykepa—llparepa npyxHa
noeefiHka rpyHTy NMopoan BUpaXKaeTbCs Yepes KoedilieHT
MyaccoHa v i06'eMHy rycTuHy 7y , SiKi MaloTb BUMMNSA,

v
(1-v)

BnactuBocTi matepiany mogeni Taki: 'pyHTy — MOAynb
KOHra gnsa rpyHTy i MeTaneBoi KOHCTpyKLUii MocTa, Bigno-
BioHo, E = 10%Ma Ta 10° MNa; koediuieHT MyaccoHa ans
I'PpyHTY i MeTaneBoi KOHCTpykuii mocta v =0,3; nuToma
Bara, signosigHo, <y =18*10° H/m® Ta 56*10° H/m3; gns
IPYHTOBOrO MacvBy nuTOMe 34enneHHa ¢ =10°Ma, kyT
BHYTPILLUHBbOrO TepTs nopoan ¢ =35°.

(4)

G, =AC,, O, ==Y, A=

Puc. 1. Mict 6ins c. KanuHiBka fiBopiBcbkoro paroHy JlbBiBcbKoi o6nacri.
Y ropusoHTanbHOMY HanpsMKy po3mip mogeni — 45 M BignoBigae oci X,
BepTUKanbHU1 po3mip Moaeni BignoBigae oci Y (macwitab ogHakoBUN):

a — 3aranbHui BUrnag, 6 — BUrnsa apkv MocTa 3 HaBaHTaXEHHSIM

Ak BMAHO 3 puc. 2 a-a agedopmadis rpyHTy nig onopoto
MOCTa 3pOCTa€ y pasi 3poCTaHHs HaBaHTaXEHHs Big
10 go 50000 1. MpakTnyHo 100-BigcoTkoBa Aedopmadis
NOLUNPIOETLCA MO BCI HWKHIN MOAENbOoBaHiN YacTuHi rpy-
HTy. Lle npnsBoanTb A0 36inblIeHHA HanpyxeHb (AKWo
NopiBHIOBATK i3 CYCigHIMM YacTMHaMu obnacTi mogento-
BaHHS I'PYHTY Mig ONopol MOCTa), sike NPOSBMSIETbCS Y
3pOCTaHHi HanpyXeHb Ta KOHLEeHTpauii i3oniHin Hanpy-
XXEHb B OKOMi JOTMKY ONOpM MOCTa A0 I'PYHTY. 3HaUYeHHs
HanpyXeHHs Ha i30MiHiAX Mogeni 3pocTtalwTb Y Micui
onopu MocTa npubnmaHo y n'aTb pas3iB — Big
1,7*105 H/m2go  5,6*10°% H/M2.  Moxnusi  pyiHyBaHHsS
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nopoan B yMOBax AOTWMKY KOHCTPYKLUIi AO OCHOBW LUyKa-
emo y [epxaBHux byaiBenbHux Hopmax, a came "[BH
B.1.2-6:2021: OcHoBHi BUMoru go 6yaisens i cnopys. Me-
XaHiyHWW onip Ta cTinkicte" (OBH B.1.2-6:2021, 2021).
YTOYHEHI faHi OTPMMYEMO 3 HaTYpPHMX CMOCTEPEXEHD.

3rigHo 3 [1B6H B.1.2-14:2018 (6e3ne4HMMM BBaXKatoTbCSA
I'PYHTU, HaBaHTaXeHHA akux y 100 pasiB MeHLe 3a rpaHuYHi
3HayeHHs) (ABH B.1.2-14:2018, 2018) Ta 3 HaTypHWUX cnoc-
TepexeHb MOXHa CTBEPAXYBaTH, O 3MOAENbOBaHi HaBaH-
TaxeHHs o 50000t ana mocty 6ina c. KanuHiBka
#ABopiBcbkoro paoHy JIbBiBCbKOi 06nacTi CTBOPHOOTb MOX-
NMBICTb aBapinHOi cuTyauii.
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Puc. 2. Po3nopain aecdhopmadiit rpyHTy y Konbopax Bif KOpu4YHeBOro (MakcumarnbHa gecdopmadis)
A0 CUHbOro (MiHimanbHa) Ta po3noAin i3oniHii HanpyXeHb (aHaNori4yHi KonbLopwu)
B MogAeni 3a 36inblieHHA HaBaHTaXeHHs Ha apKy mocTa Big 10 T Ao 50 kT
a-10T,6-1000 T, 8-10000 T, 2 — 15000 T, 0 —50000 T

HacTtynHoto mogennio, sKy OOCRiOXEHO LWOAO BMMMBY
BMAOY KOHCTPYKUII Ha po3nogin HanpyxeHb i gedopmalin,
Oyna mopenb MocTta y MicTi YepBoHorpag ABOPIBCLKOrO
palioHy J1bBiBCbKOi 06nacTi, (puc. 3). [laHy KOHCTPYKLiO BXXe
poarnsaHyTo y ctatTi (Ctapoany6 Ta iH., 2020), npoTe B oMy
BMNAAKy 3MIHIOETLCA TUM I'PYHTY Ta Bara MOCTOIHXEHEPHO!
crnopyau, Lo Aae 3MOry NMOpPIBHSTY BXE iCHYHOYi pe3ynbTaTi
3 HOBUMW. A came: 3 BU3HaYEHUM HanpyxeHo-gedopMoBa-
HWM CTaHOM I'PYHTOBOrO MacuBy, NUTOMa Bara iKoro CTaHo-
BUTL 18 kH/M3, nutome 34yennenns 10 kMa, wWwo Bignosigae
i3nKO-MEXaHIYHMM  XapaKTepucTuKaM MyxKoi  niwaHo-
FMIWHUCTOI 0CaAoBOI FiPCbKOI Nopoaun IPYHTY — cynicky. Mu-
TOMa Bara MOCTOIHXXEHEPHOI CNopyaun cTaHoBUTb 56 kH/M3,
BiANOBIAHO 4O XapakTepucTKK 3anisobeToHy.

XapakTepuctuku mogeni Taki: moaynb FOHra ans rpyHTy
i MeTaneBoi KOHCTPYKUii mocTa BignosigHo E =108 Ma,
10° Na; koediuieHT MyaccoHa Ana rpyHTY i MeTaneBoi KOHC-
TPpyKUii mocTa v = 0,3; nMTOMa Bara I'pyHTy i 3anisao6eToHHOI
KOHCTpPYKLUii MocTa BignosigHo Y = 15*10% H/m3, 60*103 H/wm;
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nutome 34enneHHs ¢ = 10% MMa, KyT BHYTPILIHBOrO TepTs
nopoau @ = 35°.

Ha npvknagi mogeni, ska NnoBTOPHOE KOHCTPYKLiO MOCTa,
6aymmo, Lo B HEHANpPY>XeHOMY BuUNaaky — nig Aieto nuwe
HanpyXeHb BiA Barm MocTa, i30niHil Hanpy>xeHb, Ha BiOMiIHY
BiJ, nonepeaHbOl KOHCTPYKLi, 3pOCTaloTb B HANPSAMKY, Npo-
TUMNEXHOMY A0 AEHHOI NOBEepXHi. AHaNoriYHMm eekT 3poc-
TaHHA HaMpPYXeHb Mae Micue 3 rmubuHoto — Big 2,5*108 H/m?
[0 2,8*10% H/m?2, Wwo crnocTtepiraemo i 4ns HaBaHTaXkeHoi Mo-
aeni (earoH Baroto 35 T). O6nactb MakcMMarnbHuUx gedop-
MaLii pPO3LMPIOETLCA | MPOHMKAE Ha rMuMbMHY, OAHak
Hanpy>XeHHs1 3pocTatoTb NpubnmaHo Ha 10 %, wo 3rigHo 3
OBH B.1.2-6:2021 (OBH B.1.2-6:2021, 2021) He cTBOpIOE
KaTacTpodiuHoi cutyalulii.

Pe3ynbTaT HOBOro MOAEMOBaHHSI MPaKTUYHO BiATBO-
PIOOTb NIACYMKN MONEPeaHiX po3paxyHKiB, WO Moxe 6yTu
noe'a3aHe 3i 36inNblIEHHAM NUTOMOI Baru OOCNiAXYBaHOI
KOHCTPYKLU,i i 3MiHOIO TUMy 'PYyHTY Ha cynicok. Lle npoBoauTb
NPaBWIbHICTb METOAY MOZEMIOBaHHA ONA Pi3HUX MOCTOIH-
XXEHePHUX KOHCTPYKLUIN 3i 3MIHHUMK napameTpamu.
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Puc.3. MicT no Byn. JIbBiBCbKili B M. YepBoHorpap f1BopiBcbkoro parnoHy JlbBiBCbKoi o6nacri:
a — 3aranbHun Burnag 6e3 HaBaHTaxeHHs1; 6 — BUrNsa4 3anisao6eTOHHOT KOHCTPYKLIT MOCTY.
Pe3ynbTatn MogentoBaHHA HanpyXeHo-Ae(hOpMOBAHOro CTaHy ripcbKUX Nopia y dyHAaMeHTax KOHCTPYKLIiA KapKacHOro TUmy:
8 — PO3paxyHOK AN HeHaBaHTaXeHOI MoAeni; & — Mofernb HaBaHTaXeHa NoTArom

BucHoeku ma nepcriekKmueu po3euUmKy po32JisiHYy-
moeo HanpsiMKy. Ha 0CHOBi MOAentoBaHHS HanpyXeHo-ae-
dopMoOBaHOro CTaHy [pyHTOBOro MacuBy nig Aieto
HaBaHTaXeHb iHXEHEepHWX CnopyA MOCTOBOrO Tuny Ans
ABOX peanbHNx Mmoaenen, 6yno BCTaHOBNEHO:

e AN MocTy 6ins c. KanvHiBka ABOpIBCbKOro panoHy
JlbBiBCbKOI 0BMacTi nomiTHa Aedopmalis NoWMPIOETLCSA MO
BCill HVXHIN 3MOAENbOBaHiN YacTuHI I'PYHTY i MPU3BOAUTL
[0 36inblUeHHA HanpyXeHb B OKOMi AOTUKY OMopu MocTa A0
I'PYHTY. 3HaYEHHs1 HanNpPy>XeHHs1 Ha i30NiHiAX Mogeni 3pocTa-
I0Tb Y Micui ornopy MocTa npubnM3HO Yy N'ATb pasiB —
Big 1,7*105 H/M200 5,6 *10° H/Mm2.

3rigHo 3 [IBH Ta HaTypHUMM COCTEPEXEHHAMMN MOXHA CKa-
3aTu, WO 3MoAeNboBaHi HaBaHTaxeHHs o 50000 T 4ns mocTo-
BOI CMOpYAW CTBOPHOOTE MOXIIUBICTb aBapiliHOI cUTyaLlji.

e An MOCTY B M. YepBoHorpag £1BOPIBCbKOrO panoHy
JIbBiBCbKOI 0BnacTi edeKT 3poCTaHHA HanpyxeHb Mae
micue 3 rmmbuHolo — Big 2,5*10% H/m2 no 2,8*10% H/M2, wo
crnocTepiraeMo i Ang HaBaHTaXeHOoI BaroHom 35 T moaeni.
O6nactb MakcumanbHux aedopmaii po3LLUMPIETLCH i
npoHvkae Ha rnubuHy, ane srigHo 3 (OBH B.1.2-6:2021,
2021) He cTBOptOE KaTacTpodivHOi cuTyalii.

BukopucTaHHsa 3acTocoBaHoro B poboTi MeToay CKiHYEeH-
HWX eNeMEHTIB Aa€ 3MOry MOZENoBaTH NPOLECU BUBYEHHS
HanpyxeHb i AedopmaLin y cknagHonobyaoBaHMX KOHCTPYK-
LisiX, WO € BaXMMBUM ANS WBUOKOT OLHKMA TXHBOTO CTaHy,
0cob6NMBO y BUNAAKy HanpyXeHb, siki MOXyTb OYTU B pi3HOrO
pody KaTacTpodiyHMX cuTyalisix, NoB'A3aHMX 3 npupoa-
HUMM | TEXHOFE€HHUMU BUHATKOBUMMW CUTyaLisiMu, 30Kpema,
npu BpaxyBaHHi HaMWripwnX eKCTpaopAMHApPHUX MNPOLIECIB.
OcobnmBo akTyanbHUM Lie CTa€ HYHI, KONy BENKKa KiNbKiCTb
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MOCTOIHXXEHEPHUX crnopyn Yy 30Hi BICbKOBUX Aii 3a3Hae
BMMUBY HaBaHTaXeHb, CNPUYMHEHUX BUOYXOBUMU XBUISIMU.

Y BCiX Ha3BaHUX BUNagKax MeToA LUBUAKOI OLHKM CTaHy
HaBKONMULUHBOIO CEepefoBULLa, 3 MOXIMBICTO MNPOrHO3y-
BaHHS NOro CTaHOBULLA LUNIAXOM MaTeMaTUYHOro MoAgerto-
BaHHA 3 BWKOPWUCTAHHAM KOMM'IOTEPHUX anropuTmie i
MeTogiB, ogHuM 3 sikuM € MCE, Ha cyyacHux EOM e Baxnu-
BUM i HE3aMIHHUM.
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STUDY OF THE STRESS-DEFORMED STATE OF SOILS OF LOADED ENGINEERING OBJECTS

The article presents examples of the use of the method of modelling the influence of the ecological and geophysical state of the soil on bridge-
type objects using the finite element method. A review of publications on modelling the stress-strain state of complex bridge structures under man-
made environmental influences was conducted. Examples of studying the state of loaded soils at the base of bridges built in populated areas are
considered. As an example, modeling of the stress-strain state of soils under two complex bridge structures was carried out. Changes in stress-strain
of such soils are shown when the loads on bridges increase and when the type of bridge structures changes. The effectiveness of using the finite
element method for modelling the processes of studying and changing stresses and deformations in rocks under complex structures and identifying
typical manifestations of changes in the stress-strain state, which are important for a quick assessment of the soil condition, has been confirmed.

Keywords: stress-strain state, soils, loaded engineering objects.
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KOHLIENTYANbHUMX NIAXIA 4O CTBOPEHHA CUCTEMMU
IHOOPMALIIMHOIO 3ABE3MNEYEHHA POBIT
Woao NOBOMXKEHHA 3 rEONOrNrYHNM CEPEAOBULLEM
Y KOHTEKCTI NNIOKANI3AL|lIi TBEPOAUX NOBYTOBUX BIAXOAIB

(MpedcmasneHo 4neHoM pedakyiliHoi Kosneaii 0-poM mexH. HayK, npod. B.l. 3ayepkogHum)

Po3ansiHymo cy4acHi ceimoei nidxodu do noeodxxeHHs1 3 meepoumMu nobymoesumu gioxodamu (TI1B). Oxapakmepu3oeaHo dea kracu
o6'ekmie ix flokanisauyii — HecaHKUioHo8aHi 38anuuja ma rnoJsli2oHU 3aXopPOHEeHHs, WO eidizparomb pi3Hy PYHKUiOHaIbHY poslb ¥ Noeo-
OXeHHi 3 eidxodamu. Pa3oM i3 eMiCHUMU i Ha8KONMUWHIMU KOMIIOHEeHMamu OO08KiN/s NnoJsi2oHu i 38anuua siensirome co60ro0 ceoePiOHY
npupodHo-mexHo(aHmporo)2eHHy cucmemy. OckinbKu enacHe 8idxodu sudasnsirtombscsi do 2eosio2iyHo20 cepedosuuya (I'C), mo e pam-
Kax 3a2asioM yiei cucmemu po3arisi0aembCcsi MeXHO2eHHO-2eos102i4Ha nidcucmema, sika Moxke 6ymu eidobpaxkeHa 8iOnoeioHo0 hyHKU -
OHanbHOH ModesuTo abo X iHghozeoghpeliMom 3a NpU3HavYeHHAM (Yinboeum).

KoHuenmyanbHO 3arnpornoHoeaHo MemoOduYHUl KoMmrsiekc iHghopmMayiliHo2o 3abe3neyeHHs1 AocnidxeHb i pobim w040 NoeoCKeHHs
3 I'C, y sixomy TI1B nokanizyromscsi. Komniekc nosuHeH eximoyamu dea 6J10KU: CMEOPEHHS MPO2HO3HO-TIa/Ie0PeKOHCMPYKMUEHOI pe-
mpocrnekmueHo-cmamu4Hoi modeni I'C i cmeopeHHs1 KOMIJIEKCHOI eKoJ1020-2e0s102i4HOT Modesli mexHO2eHHO-2e0/102i4H020 06'ekma.
Omxe, OCHOBHUM po60YuUM iHCMpPYMeHmMoM iHghopmayitiHo2o 3abe3neyeHHs pi3HoOMaHimHuXx dili CMmoCcO8HO MOBOOJXKEeHHST 3 06'ekmamu
nokanizayii TINB y I'C € HadaHHs1 iHghopMauitiHux modesiell KOHKpemHux iHghozeogbpetimiae. 3Micm makux eKkos1020-2eos1o2i4HuUxX modesnel
8U3Ha4YaembCs YinsiMu i 3ae0aHHsIMU M0BOOXKEHHS 3 peghepeHmMHUM Krnacom o6'ekmie (abcmpakmHum iHghozeogppelimom). HasedeHo
npuknad HanoeHeHHs1 desikumu AaHUMU iHghopmayiliHoi modeni | enpoeadeHHs it Onsi Kuiecbko2o nonizoHa 3axopoHeHHs1 TIB Ne 5.

Bu3Ha4eHO OCHOBHI HanpsiMu ModasibWoa0 po3eumkKy iHghopmauiliHo2o ModesTroeaHHs1 Po32s19HymMoi cghepu GOCITiOXKeHb.

Knwo4yoBi cnoBa: meepdi nobymoei eidxodu, 3sanuwja, nosi2oHuU, mexHo2eHHoO-2eos102iyHa (nid)cucmema, iHghopmayiliHe

3abe3neyeHHs1 pobim.

Betyn

BaranbHa maca €8imogoz2o nomoky rnobymosux eidxodie
CTaHOBMTb LLOPIYHO 6rinsbko 2 mnpa T (Chen et al., 2020), 3 HUX
70 % 3HULLYETBCA LUMSAXOM CKMafyBaHHSA Ha noniroHax (Kaza
et al., 2018). Pasom 3 Tvm cborogHi GinbLua YyactnHa nobyToBux
BiAXOAiB HAKOMMYYETLCA Ha 3BanULLAX, BEMNuKa KirnbKiCTb 3 SIKUX
€ HECaHKLOHOBaHNMM (CAMOYUHHUMM).

B Ykpai+i wopo nobytoBux i nogibHMx Ao HKX Bigxoais
(MrB) Bia3HavyalTb HeyxurnbHe 3pocTaHHA obcariB X
360py. 3rigHO 3 YNHHUM 3aKOHOA4ABCTBOM YKpaiHM 00'ekTu,
IO HEraTMBHO BMIIMBAKTb Ha CTaH AOBKINNSA, nignsrawTb
aepxxaBHoMy 00niky (3akoH..., 1991, cT. 24). BkntoyeHH0O
[0 peecTpy Takmx 00'ekTiB i iXHii macnopTM3adii nignarawTb
TaKoX MicLs BUOaneHHs Bigxois, a came: giesi, 3akpuTi, 3a-
KOHCEepBOBaHi, NOCTiliHi abo TuMyacoBi. Tak, B OCTaHHil ne-
pioZ WOpOKy B HaLlii fepxasi 36upanocs Big 10 oo maiixe
12 mnH T MNMNB (6e3 ypaxyBaHHS TUMYacOBO OKYNOBaHWX Te-
putopii y [JoHeubkin Ta JlyraHcbkin o6nactax Ta ABTOHOM-
Hoi Pecny6nikn Kpum i m. CeBactonons) (Biaxoan, 2021;
CraH..., 2021) (puc. 1). 3 Hux Big 4,2 0o 5,2 MIH T BUAanNs-
nocs Ha cneuianbHo obnagHaHi 3Banuvuia (rosieoHu).
MpoTe, Sk i 3aranom y CBiTi, Ha PYHKUiOHANBHO HWKX KNa-
cax (abo Tvnax) o6'ekTiB Nokanisauii — HecaHKUiOHO8aHUX
3ganuujax — BinbyBanocsi HAKOMWYEHHSI NEBOBOT YacTKM Bi-
AXoAiB y KpaiHi, i Hacamnepen — TBepAnX NOBGYTOBUX BiAXO-
ais (TMB). Ui oBa BiamiHHMX knacu 06'ekTiB BuganeHHsa TMNB
Bipi3HATLCA 3a HU3KOK KPUTEPIIB, cepen HUX CTYMiHb iH-
YKeHepHoro obnawTyBaHHsI reonoriyHoro cepegosuwa (MC),
[0 SIKOTO BOHW [EMNOHYITbCS, TEXHOIMOrYHA NOCHiAOBHICTb
IX cKnagyBaHHS, HasiBHICTb €KOMoriYyHO-MOHITOPUHIOBOro
KOHTPONIO 3a iX eKkcrnyaTauieto ToLwo.

locmaHoeka npo6nemu, uini i 3ada4yi cmammi.
OTxe, 3Baxaluun Ha MaclTaby Ta guHamiKy HaKoOMMYEHHS
TrMNB B YKpaiHi Ta B YyCbOMY CBITi, @ TakoX Ha KOMMIIEKC
NoB'A3aHMX 3 HUMW EKOSIOMYHUX Ta COLIOEKOHOMIYHUX
npobnem y Mexax MicLb i paioHiB ix nokanisaduii Ha HecaH-
KUIOHOBaHMX 3Banuwax i nomiroHax, oxapaKkTepu3oBaHWX
y umcneHHux nybnikauisx (AHTOwkiHa Ta iH., 2003;
Stomczynska, Stomczynski, 2004; Mor et al., 2006; Oygard,
Gjengedal, 2009; LeByeHko, Meaeeaesa, 2010; Adeolu et
al., 2011; WepbuHa, 2012; BoHgap Ta iH., 2013; KonHoBea,
2015; Hosoxaubka, Kpeta, 2015; Azimov et al., 2018,
2019, a, ¢, 2020, d, e; AsimoB Ta iH., 2019, b, 2020, a-c, f;
LLeBsikiHa Ta iH., 2019; Jimoh et al., 2019; deneraH-Kokanko
Ta iH., 2020; Azimov, Shevchuk, 2020, a, b; Chen et al.,
2020; Shevchuk et al., 2021 Ta iH.), akmyanbHOO € pO3po-
Oka Ta BNpOBaKEHHS CUCTEMM iHChOpMaLiAHOT NigTPUMKN
NOBOMKEHHST 3 06'eKTaMu BuOaneHHs MyHiuunanbHUX Big-
xogiB. Cucrema noBuHHa 3abe3neyyBaTty anpiopHow 1 age-
KBaATHOK pPi3HOPIAHOW iHopMaLliero TeXHOMNOrYHOro (Npo
Krnacu, MpOEKTHI MOTYXHOCTi 3Banuu, 06CArn MpPUAHATUX
HUMM BiAXOAiB, NPo CcTaH inbTpaTy Ta 6iorady B ix Mexax
TOLLO), reonoriyHoro (reomopdonorisi, 6ygoBa YeTBEpPTUH-
HUX BigKNagi., rigponoro-riaporeonoriyHi yMoBu, HEOTEKTO-
Hika Ta iH. XapakTepuCTMKU panoHiB cknagyBaHHA TI1B),
eKomnoriyHoro (Wwoao 3abpyaHEHHst KOMMOHEHTIB AOBKINMs
TOKCUMKaHTamu, MoB'si3aHnMK 3 BiAXo4amu), COLiONOriYyHOro
(po3TallyBaHHS 3BanuLy, CTOCOBHO HAacCereHux MyHKTIB, na-
COBMLL, CiNlbCbKOrocnoAapcbkunx yrigb i T. iH.) 3MicTy pi3HOT
MacLuTabHoi iepapxii BignoBiaHi opraHn ynpasniHHA # roc-
nogaproBaHHS HaLuioHanbHOro, perioHanbHOro i MicLeBoro
piBHS Ta iXHi CTPYKTYpHI Nigpo3ainu, wo cnpustume 3abes-
NEeYEHHIO CTanoro po3BUTKY NEBHUX TepUTOpii. CTBOPEHHS
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Takoi cuctemu iHdopMauinHoro 3abesneyeHHs pobiT LWwoao
noBomkeHHst 3 TMNB (abo reociHdopmauinHOi iX NigTPUMKN)
cnif po3rnsgaTtu sik 3a2anbHy npobriemy, Ha YoMy MU Ya-
CTKOBO akueHTyBanu yBary B pobotax (Trofymchuk et al.,
2019; Azimov et al., 2021 Ta iH.).

Y KOHTEKCTi 3a3Ha4yeHOro BaXkMMBUM € PO3B'SI3aHHSAM
YyacmuHU BKa3aHoi npobsiemu: po3pobneHHs KoHLenLil,
po3bynoBa i 3anpoBagXeHHS METOAMYHOro KOMMIEKCY
iHpopmauinHoro 3abe3nedyeHHs gocnigXeHb i pobiT cTo-
coBHO nosomxeHHs 3 C, wo sBnsie coboto nNpupogHuii
cybcTpart, y akomy TIB n nokanisytotbcsa. OTOX, y cTaTTi

pPETPOCNEKTUBHO-CTAaTUYHOMY |  €KOMOro-reosioriYyHomy
aHanisi mogernen o6'ekTiB MOTEHUiIHOI Nokanisauii MyHium-
nanbHWX BiAXOAIB, SIKi € CBOEPIAHNMM NPUPOSHO-AHTPOMNO-
reHHUMMU (NMPUPOJHO-TEXHOTEHHNMM) YTBOPEHHSIMU. ToBTO
PO3rnsiHEMO paloHW HaKOMWYEHHS BiAXOAIB Y LbOMY acrne-
KTi Ha nokanbHOMy MaclTabHoMy piBHi (Ha piBHi Tak 3Ba-
HoOro iHporeopenmy, Ha YoMy MW 3YMUHUMOCH HUXYE),
o Bu3Havyae memy cmammi. BogHouyac 1i ocHoBHe
3ae0aHHs1 BGa4aeMOo Yy xapaKTepuCTULLi NaneopekoHCTPYK-
TMBHOI Ta MPOrHo3Hoi yHkUin mMogenen MC gna OBox
pisHOBMOHUX KnaciB 06'ekTiB BuganeHHs TIB: noniroHis

3ocepegnmo yBary nepe,qyciM Ha O6'€KTHOMy 3aXOPOHEHHA i HeCaHKLiOHOBaHMX 3BasMuLL.
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Puc. 1. QuHamika 36opy nob6yToBMX Ta NoAiOHMX A0 HUX BigxoaiB B YKpaiHi 3a nepiog 20142020 pp.
(cknageHo 3 BUKOPUCTaHHAM AaHUX 3 mxkepena (Biaxoawm, 2021))

JoriyHnm BUrnsigae, Wob koMnekc iHgpopmaLuinHoro 3a-
6e3neyeHHs AiAnbHOCTI Woao noBoaxeHHs 3 C Hacamne-
pen peanisoByBaTW Ha npukKnagi NOMIroHiB 3aXOPOHEHHSs!
BiAXoniB, fIK BXe MOCTiIMHMX OO'eKTiB BiJHOCHO BENMKOro
NnpocTopoBOro MacwTtaby (reoMeTpuyHi napameTpy —
nnowla, o6'em, 3aranbHa TOBLUMHA LUapy HaAKOMMYEHWX Bia-
X0fiB; rMubuHa NPOHWKHEHHS MOB'A3aHMX 3 HUMW €KOMori-
YHO Hebe3neyHMx PEeyvYOBWMH TOLLO) i BXEe MEBHOK Mipoto
BUBYEHUX 3 BMKOPUCTAHHAM Pi3HUX METOAIB i TEXHOSOrIN.
ApanTauis KoMnnekcy Mae BpaxoByBaTWM naHAawadTHO-
reornoriyHi yMOBU KOHKPETHOro noniroHa.

Xapakmepucmuka o06'ekmie nokanisauii TI1B. MeTtogo-
TNOrivyHO i MEeTOAMYHO Nigxoau A0 MoB80OXKeHHS 3 Ha3BaHUMM
ob'ekTamun OBOX KNaciB BiApi3HAKTLCA. Tak, Ha HecaHKUio-
HOBaHUX 38anuujax yci npouecu NpakTMyHO BigbyBaloTbCA
CTUXIHO, HEKOHTPONBbOBAHO. HaTOMICTb Ha ogilinHO 3ape-
€CTPOBaHWUX, iHXEHEepPHO 0OnalTOBaHMX r1osli20Hax mnochi-
OOBHICTb 3aXxOpOHeHHs1, 36epiraHHa TMB Ta nos'sidaHi 3
HUMUK Npouecy 3a3Bnyal BiabyBaloTbLCS TAKUM YNMHOM:

1) Bioxogu 3aBO3uTb Ha MOMIrOH cheujianbHWUA TpaHc-
nopT. Yci 6e3 BUHATKY TPaHCMNOPTHI 3acobu NpoxoasTb 3Ba-
XyBaHHSA Ta NepeBipKy Ha pagionoriyHy 6e3neky Ha Barosiin.
MoTim Biaxoam noTpannsawTb Ha pobouy KapTy (Yepry, main-
OaHYKK), Oe iX pO3BaHTaXyoTh.

2) Bigxoam kapTu nakylTb Ha Hii Baxki Oynbao3epun Ta
yLWiNbHIOTE cneuianbHi komnakTtopu. Wapw Biaxoais nepe-
CUNaKtTbCs IHEPTHUM I'PYHTOM.

3) Mig yac po3knagaHHS BiOX0AiB YTBOPKOTLCHA iNbT-
part Ta 6iora3 (Mor et al., 2006; Adeolu et al., 2011 Ta iH.).

4) ®inbmpam NPOCOYYETLCA B HUXHIO YaCTUHY KapTw,
noTpannsae y ApeHaxHy CMCTeMY Ta BifKayyeTbCs HACOCHO
CTaHuieto B ouncHi cnopyan. Y umx cnopygax o 80 %
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inbTpaTy OYMLLYETLCA AO YMCTOI BOOW Ta 3NMBAETLCA B
poBkinns. 3anuwkosi 20 % HeOo4YMLLIEHOTO KOHLIEHTpaTY ne-
pekaydytoTbCs y BIACTIMHUK Ta B Tifo NoniroHa.

5) Bioeas i3 BiAxopAiB BiaKavyeTbCs 3 KapT NOMiroHy, Npo-
XOAMWTb crewiansHy niaroToBKy i nogaeTbes y Giorasosi no-
PLUHEBI ABUTYHW, SIKi NPUBOAATL Y PYX €neKTporeHepaTopu
(yci npouecmn BinbyBalTbCs Ha TepuTopii noniroHy). Oani
€neKTpUYHa eHeprisi NOAaETbLCA B 3aranbHy eHeprocnucTeMy
(3pebinbLioro 3a 3eneHnm Tapmudom).

MoniroHn 1 3BanuLa BiAXOAIB, BUKOHYIOYM POSb NPUPO-
[OOXOPOHHMX CMOPYZ LUMSAXOM 3aXOPOHEHHS Ta biogerpa-
dauii, cami € [gxepenamm HesamueHO20 8ruU8y Ha
008Kinns, siki TMM caMUM CTaHOBIATb 3arpo3y Ans 300poB'a
nogewn, 0cobnmeo TuUX, LLO NPOXMBaKOTbL Nopsag 3 ob'ektamm
nokanisavuii TMNB (KonHoea, 2015; OeneraH-Kokanko Ta iH.,
2020 Ta iH.). [lo HeraTMBHMX BMAIB BNUBY Crig BigHECTU BU-
BeAEHHS 3HAYHUX 3eMeITbHMX MNIoLY, i3 rocnoaapcbKoro Bu-
KOPUCTaHHS Ha [OBroCTPOKOBWMA TEpMiH, 3abpyaHeHHsi
I'PYHTIB Ta NOPYLUEHHS iX CTPYKTYpW, 3abpyaHEHHS NOBEPX-
HEBUX, I'PYHTOBUX i MiA3€MHMX BOA, 3a0pyaHEHHSI POCMWH-
HOrO MOKpMBY, aTtMocdepHoro noBiTps, nigBuLeHa
noxexoHebesneyHictb Towo (Mor et al., 2006; Adeolu et al.,
2011; Azimov et al., 2018, 2019, a, ¢, 2020, d, e; AsimoB
TaiH., 2019, b, 2020, a-c, f; Azimov, Shevchuk, 2020, a Ta iH.).

Ha nigcTasi aHanisy BnnAuBy 3Banuiy i NOsiroHiB 3axopo-
HeHHs1 TTB Ha poskinng suainsoTb (LepbuHa, 2012) Taci
8uOu 3abpyOHeHHST: i3nyHe, TeNoBe, XiMiYHe, Mikpobionori-
YHe, a B [esiKuX BUMNaaKkax — pafioaktneHe. PisnyHe 3abpya-
HEHHs1 3yMOBIEHEe MOXIMBICTIO 3aCMiYeHHS1 OOBKOMMULLHBOI
TepuTopii Biaxogamu i NUNOM, TENnoBe — 3MiHOK TENSIOBOro
pexumy 'C y pesynbTarti NigBULLEHHS TemnepaTypu B TOBLLi
BigXxoAiB, XiMiYyHEe — HaOXOMKEHHAM OO0 AOBKINNSA XiMiYHMX



~ 96 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

crnonyk. bakrepiiHe 3abpygHeHHsA NoB'a3aHe 3 PO3BUTKOM
naToreHHMX opraHiamis.

Y toBuwji TIB BigbyBatTbCA Npouecu GioXiMiYHOro Po3K-
NafaHHsa opraHivyHoi cknagosoi TI1B, ski MOXXHa NOPIBHATY 3
poboToto "GionoriyHoro peakTopa”. YHacnigok umx npouecis
YTBOPHOIOTLCSA Gioras i inbTpar, LWo MiCTATb TOKCUYHI KOMMO-
HeHTW. Y 3B'A3KYy 3 TUM, L0 KOMNOHEHTHWI cknag TIB yckna-
OHIOETBCS, a TaKoX i3 TMM, LIO BIiANOBIOHO OO0 YMHHMX
HOPMAaTMBHMX OOKYMEHTIB Ha noniroHn TIB ponyckaeTbcs
BMBO3UTM npomucnosi Biaxoau Il i IV knaciB Hebesneku,
TOKCUYHICTb (PinbTpaTy 3pocTae, y HbOMY 3'9BNATLCS KOMMO-
HEHTW, ki paHilLe 6ynn BincyTHi. MaconepeHeceHHs LKIAnMBUX
PEeYOBYH, LLIO YTBOPIOKOTLCS B MICLIAX PO3MILLEHHS BiAXOAiB, Bia-
OyBaETLCS LUNAXOM B3aEMOZl 3aneXHUX i He3anexHUX OauH
Bif, ogHoro enemeHTiB ekocuctemu (LLep6uHa, 2012).

Memodonoeisi nosodxeHHs1 3 06'ekmamu rnokanizauii Tl1B.
MigcymoByloun BuKNageHe, MOXHa CTBepAXyBaTu, LWO
MeToAosoriYHa CyTHiCTb 00'ekTiB nokanizadii TMB moxe
dopmynoBaTUC K IIPUPOOHO-MEXHO(aHMpOMo)2eHHa
cucmema. Lia cuctema BkMoyae neBHy macy BigxofiB i B-
nsie coboro giese abo NOTEHUNHE OXKepeno HaaXOMKEHHS
Hebe3neyvHnx (3okpema, TOKCUYHKX) 3abpyaHoBadiB 40 A0-
Bkinns (y Tomy uucni — go 'C). AkLIo B NeBHii aBTOHOMHOCTI
BiJ iHLUMX reocdpep po3rnagaTy nitocdepy Ta ii B3aEMogito 3
MicusmMu  poamiwieHHss TMB, Toai MaemMo mexHo(aH-
mporo)eeHHo-2e0s10eidHy midcucmemMy B paMKax NpupoaHoO-
TEXHO(AHTPOMO)reHHoI cucTtemMn 3aranom. 3a BU3HAYEHHSM
(XpyLuoB u ap., 2019) TexHoreHHo-reonorivyHa (nig)cmcrtema —
yacTtuHa 'C, Wo BMilLlye TEXHOreHHi 00'ekTH; BOHa obmexy-
€TbCA MeXaMW 30H BMMMBY reonoriyHoil AisnbHOCTI.

Ons  nonieoHie 3axopOHEeHHs1 NPUPOAHO-TEXHOTEHHA
cucTema BKItoYae Tpu yHKUIOHanbHI enemeHTn: macy TI1B,
iHXeHepHi 6ap'epy i KOMMNOHEHTW HaBKONMULLHLOTO NPUPOA-
HOro cepegoBuLLa, A0 cknagy skoro Bxoautsb i [C. To6To B
LbOMY BWMaAKy cuctema BONOAIE NPUPOOHUMU Ta iHXKEeHep-
HUMK Bap'epamMu i PYHKLIOHYE Ha OCHOBI MPUHLIMMNY HeobXia-
HOro i JOCTaTHLOro CTyNeHs i3onsuii pisHUMKU reocdepamm
(Hacamnepep, reonoriyHNM cepenoBuLLEM) BUxody Hebeane-
YHWX 3abpyaHIOBaYiB 3a Mexi 06'eKTa 3aXOPOHEHHS.

HaTomicTb Ans HecaHKUioHo8aHUX 38asull, L0 HAKoMu-
yytoTb TlB, aHTponoreHHo-reonoriyHa (nig)cmcrtema oxor-
MNE nuwe ABa OCHOBHI (PYHKUIOHAaNbHIi enemMeHTu: macy
TMB i 'C, wo ix Bmiwwye. PyHKUiOHYBaHHS ii nonsirae B noc-
TINHOMY HaaXOMXKeHHi 3abpygHioBadiB, WO MICTATbCA Y
dinbTpati, go C. BogHouac 3aebinbworo npupoaHo-
TEeXHOreHHa cucTemMa 3arasioM icHye B yMOBax NnocnijoBHOIO
3pocTaHHs 3aransHoi macu TT1B.

OTmxe, NONIroHM 3axopoHeHHs i 3Banuwa TI1B i BignoBiaHi
iM T€XHOreHHO-reonorivHi (nig)cuctemmn BOMNOAIOTL BigMiH-
HUMUW PYHKLIOHaNbHUMKN BNacTUBOCTAMMU | SBASOTL COB0t0
dyHKUioHanbHI Mogeni 06'ekTiB pi3HMX knacie. 3a uMx 00-
CTaBMH BMXOAUMO i3 3aranbHOr0 BM3HAYEHHSs!, WO Mooesib
reorioriYHoro (MMexHo2eHHo-2e0/102i4H020) ob'ekma — ue cop-
MarnbHe, afleKBaTHe oro BinobpaxeHHs (aHanorose, Lnd-
poBe), Wo 3bepirae NeBHY 4aCTUHY WOro BNacTUBOCTEW,
03HaK, XapaKTEPUCTUK, sIke CTBOPIOETLCS 3 METOH WMOro ni-
3HAHHS, AOCMIMKEHHS | CNPSIMYBaHHS YNPaBMiHCbKNUX LWOA0
HbOro Ain. 3Biacn @yHKUiOHanbHa MOOeslb TEXHOTEHHO-
reonoriyHoro o6'ekta — Le popmanbHe agekBaTHe MOoro Bi-
O0OpaXeHHs!, WO BKMYAE MOro CTPYKTYPHI 1 sikicHi (abo
NOro CTPYKTYPHUX ENEMEHTIB) BNAaCTUBOCTI, siKi BU3Ha4yaTb
MOXMUBICTb Ail i3 noBomkeHHs 3 ['C AK Moro cknagoBuMm
dYHKUiOHaNbHUM eneMeHTOM.

3aranom ob'ekTn gBox knacie nokanisauii TMNB (3Ba-
nuwa i NnoniroHW) Hanexatb 00 Tuny iHghozeogppelivie 3a
MPU3Ha4YeHHsIM, a B MeXax LbOoro Tuny — Ao rpynu LUinboBmux
iHporeodpenmis (3rigHo 3 knacudikauieto 3a npaueto
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(Khrushchov et al., 2020)). Y sunagky isonsuii TMNB y I'C,
O po3rnsaaaeTbes, iHghoceogppelim — Le reoiHdopmadinHe
CTPYKTYPHO-PEYOBUHHE NPOrHO3HO-PETPOCMEKTUBHO-CTATUYHE
BifoOpaxeHHs (06pa3) NeBHOro Kracy reonoriyHnx 06'exTiB
(260 KOHKpPETHOro reonoriyHoro 06'ekta), ke MOXe BMKO-
puUcToBYyBaTUCS NS LiNbOBOro AocnigXeHHs i (abo) npose-
[eHHs ain 3 noBoakeHHs 3 C.

3Banuua i noniroHn 3axopoHeHHs TIB sk knacu 06'ek-
TiB, LLO PO3PIi3HSOTBLCS, Y CBOK Yepry BUMaraTb PO3pobku
i 3acTocyBaHHs pi3HMX MeToauk (reo)iHpopmauiiHoro 3a-
©e3neyeHHs Pi3HOro poay AisNbHOCTI AK y iX Mexax, Tak i Ha
npunernMx 4o HUX TepuTopisx.

Memoduka iHgbopmauitiHo2o 3abe3rnedyeHHs1 pobim Ha
06'ekmax rokanizayii Tl1B. 3Baxxatoun Ha TEOPETUYHI PO3-
pobku (Xpywos u ap., 2019; Khruschov et al., 2019; Azimov
et al., 2021), meTognyHuin Komriiekc iHgpopmauitiHoeo 3abes-
reyeHHs1 AOCNioKeHb | POBIT 3 MOBOMKEHHS 3 280/102IYHUM Ce-
pedosuwiem, sk cybctpatoMm nokanisauii TIB, noBuHeH
BKIoYaTn aBa 6noku:

e CTBOPEHHHA MNPOrHO3HO-MAanNeopPeKOHCTPYKTMBHOI peT-
pocnekTuBHO-cTaTu4HOi mogeni I'C;

e CTBOPEHHS KOMMMEKCHOI eKOMNoro-reonoriyHoi Mmoaeni
TEXHOreHHOo-reonoriYyHoro ob'ekTa.

CTBOpIOKOYN MPO2HO3HO-(1aneo)pekoHCMPYKMUBHY MO-
Oenb 2eonoeiyHoz2o0 cepedosuuja, MaKTb Ha YyBasi ABi
pyHKUIT MOOesnoeaHHsT. — NMPOrHO3HY i PEKOHCTPYKTUBHY.
lMpoeHo3Ha ¢hyHKYiss MOOEMOBaHHS OXOMNIOE TPU acnekTu:

e NPOrHO3yBaHHSA NepcneKkTBHUX Ang nokanisawii TMNB
reonoriyHnx o6'ekTiB (pi3HOI NPEAMETHOCTI, B Pi3HNX MacLu-
Tabax);

e MPOrHO3yBaHHA PYHKUiOHanbHUX Bnactnesocten C y
Mexax nokanbHux o0'ekTiB isonauii TIMNB;

® MNPOrHO3yBaHHS PO3BUTKY reororiYHMX NPOLECIB Y Yaci
B MeXax rnokanbHux o6'ekTiB isonsauii TIB.

PexoHcmpykmueHa yHkuyisi mogentoBaHHs ['C y pano-
Hax, nepcnekTMBHUX Ang isonadii TlB, mae Ha yBasi BCTa-
HOBMNEHHHA CTPYKTYPHUX | MniTonoriyHnx (netpodpisnyHnx)
(a BigNoBiAHO i YHKLIOHANBbHNX) XapaKTepUCTUK reosoriy-
HUX 06'eKTiB (Pi3HMX MacLTabHO-POPMaLINHNX paHriB), sK
rOfIoBHOTO 3aBAaHHS LiNbOBOro CTaTMYHOrO MOAENIOBaHHS,
i BOOHOYacC — sIK NapamMeTpiB 40 iHCTPYMEHTY AN BCTaHOB-
TNEeHHS reonoriyHMX NPoLEeCiB Cy4acHOCTI M PEKOHCTPYKLUIT TX
Yy MUHYIIOMY.

KomrinexkcHa exonozo-geonoziyHa mModesi MexXHO2EHHO-
2eosnociyHo2o ob'ekma nokanizauii TMNB — ue uinbosa
MoZenb BUCOKOrO MOPSAAKY, SiKka MOXe CKnaaaTucs OeKinb-
KOMa npeaMeTHUMU MOZENsIMU NiANOPSAKOBaHMX PaHriB,
Lo 6a3yTbCA Ha CTPYKTYPHO-MNITONOro-neTpodianyHin mo-
aeni I'C ak matpuyHin. Cknag komnnekcy npegMeTHUX Mo-
Aenen BW3HA4YaeTbCd NpeaMeToM (CUCTEMOI 3axoAiB)
NOBOXXEHHS 3 HaMiYeHUM reonoriyHMM o6'ekTom. 3a aHa-
norieto 3 o6'ektamu i3onALUii pagioakTMBHMX BiaxodiB (CXo-
BuL, reomnoriyHoro Tuny) (Xpywos un ap., 1993 T1a iH.) y
CKnagi TeOopeTWYHOi KOMIMIIEKCHOI  eKONOoro-reosoriyHoi
mogeni NC ansa posmiweHHs o6'ekTiB nokanisauii TIMNB
OepyTb y4yacTb CiM OCHOBHWX MNpPEeOMETHUX MoAeneu:
CTPYKTYPHO-TEKTOHIYHa, niTonoriyHa (abo neTponorivyHa),
reoMexaHiyHa i iHxxeHepHOo-reosnoriyHa, reoximiyHa, Tennodi-
3uM4Ha, rigporeonoriyHa (rigpoguHamMivHa, rigpoximidyHa)
i rigporeonoriyHa mirpauiniHa.

OTxe, OCHOBHUM POBOYMM iHCTPYMEHTOM iHdOpMaLin-
Horo 3abesneyeHHs i 3 NOBOMKEHHS 3 06'eKTamMu foKani-
sauii TNB y 'C € HapaHHA iHbopmauiliHux modenel
KOHKPETHUX iHdoreodpermiB. 3MiCT Takmx mogenemn
(exonoro-reonoriyHMx Mopenen) BU3HAYAETLCA ULINsSMU
i 3aBO@HHSIMM MOBOOXKEHHSI 3 pedEepeHTHUM Kracom
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o6'exTiB (abcTpakTHMM iHdoreodpenmom). Buxoasum 3 Ta-
KUX nepeaymoB, Lini n 3aBaaHHs iHopMaUinHOro Mogerto-
BaHHA ANA TMOMIrOHIB  3axOpoHeHHs | 3Banuw, TI1B
pisHATbCA. Tak, ons nosnieoHie 3axopoHeHHs TIB memoro
MoOerntoeaHHs1 € 3abe3neyveHHs1 ekonoriyHoi 6e3neku gyHk-
LLiOHYBaHHS1 TEXHOMEHHO-reororiyHOI NigcMcTeMU, BKMOYa-
toun cTagito pyHkUioHyBaHHSA 06'ekTa nicns Moro 3akpuTTs i
pekynbTuBaLii (3 [OOBrOCTPOKOBOK OLiHKOW 6e3neku).
3aedaHHs BGa4alOTbCs Taki: OBrpyHTYBaHHSA CUCTEMU Teo-
MOHITOPUHIY TEXHOTreHHO-reonoriYyHoro o6'ekta; po3pobka
LiNTbOBOT KOMMJIEKCHOT €KOMoro-reonoriyHoi noro moaeni ta
il ekcrinyaTauis Sk NOCTINHOT (B yMOBax pO3LUUPEHHS, YKPY-
NMHEHHS, PEKOHCTPYKLIT, NikBiaaLii, pekynbTueadii Towo).

Onsa HecaHKyioHO8aHUX 38auUl, | paloHIB HAKOMUYEHHSA
TMNB mema iHdopmaLiiHoro modersitosaHHs Nonsarae B 3a-
6e3neyeHHi 6e3nekn KOMMNMeKCcy 3axoaiB LWOAO NOBOAXKEHHS
3 HUMK, a 3a80aHHs — B OOI'pyHTYBaHHI 1 BUOOpI nepeyciMm
TEXHIYHUX pillieHb 3 NOBOMKEHHS i3 UMMM 06'ekTamu (cTabi-
nisauis Ha Micui, nikBigauisa i T. iH.).

Ak 6aunmo, ansa ob6ox knaciB fiokanizadii TINB komnnekcHa
€KOSI0ro-reonoriyHa Mofenb Mae igeHTUYHY CTPYKTYpy, LWO
BKMOYae nignopsigkoBaHi nigMoaeni: LmdpoBy CTPYKTYpPHO-
NITONOrYHY (CTPYKTYPHO-NETPOSOrivHYy), WO € MaTpUYHO
ANs BCiX iHWKWX noByaoB; rigporeonorivyny (rigpoguHamiyHy
i rigpoximiyHy), MirpauinHy (ans ekonoriyHo HebesneyHmx
€ereMeHTIB i cnonyk); imxeHepHo-reonoriyHy Ta iH. Mpote
3MICT UMX Moaenewn Bigpi3HAETbLCS BiAMOBIAHO A0 3aBAaHb
NPOEKTYBaHHA. Buxoasum 3 pesynbraTiB MOOEMIOBAHHS,
BMKOHYETbLCS1 aHani3 6e3nekn — NOTOYHOI ANS 3annaHoBa-
HUX 3axofiB i AOBroCTPOKOBOI ANnsi 06'eKTIB 3aXOPOHEHHS!
TMB (noniroHiB), WO NPOEKTYIOTLCS.

OTxe, BpaxoByouM i y3ararnbHio4M BULLEBUKNAAeHe, MO-
XHa BM3HauMTK o6'emun iHdoreodperiMiB AN MOAEMNOBaHHS
KOHKPETHMX 06'eKTIB 3 uMcna ABOX knacis nokanisadwii TMB:

e Ans NorniroHiB 3axopoHeHHs TI1B:

= TiINO BNacHe cxoBulla BigxoAis (kapTa, uyepra,
MaWdaH4uK MOJiroHy) 3 ICHYHUYUMW iHXEHEePHUMU
bap'epamu;

= ONWXKHA 0O HbOro 30Ha BMmicHoro I'C, wo 3a3Hae
6e3nocepeHbLOro BNAMBY CXOBMLLA 3a LUTATHOMO pe-
XUMY MOro dOyHKLIOHYBaHHS;

e 11151 HECaHKL,ioHoBaHUX 06'eKTiB flokanisauii Biaxoais:

= maca TT1B y 3sanuuj;

= 30Ha BMxoay inbTtpartiB go NC (ycTtaHOBNOETLCSA
nig Yac CTBOPEHHS CUCTEMU FEOMOHITOPUHTY).

B obox Bunagkax, sk AN NosiroHiB, Tak i Ansa 3BanuLy,
TrB, ogHWM i3 BaXMMBMX IHCTPYMEHTIB X MOHITOPUHIY Mno-
PS4 3 OOCHIAKEHHAMW MO perynsapHin Mepexi HaseMHoro
onpobyBaHHsa (niTo-, rigpo- i GioreoxiMmiyHOro) € 3acrtocy-
BaHHS reoiHopmauiiHuX TEXHOMOTIN, WO BKMYalTb Me-
TOAM [AMWCTaHUinMHOro 3oHayBaHHA 3emni (O33) (puc. 2).
Mo3nTMBHI pe3ynbTaTh iX BNIPOBaAXEHHSA B Pi3HMX KpaiHax
CBITY BifobpaxeHo B pagi nybnikauin (Ahmed et al., 2006;
KoxaH, MockaneHko, 2009; lacoboaea and Petrescu, 2013;
HoBoxaubka, Tpodumuyk, 2014; Demesouka et al., 2014;
Khan and Samadder, 2014; HoBoxaupka, KpeTta, 2015; Deblina
and Goel, 2017; Azimov et al., 2018, 2019, a, b, 2020, d, €;
LWesskiHa Ta iH., 2019; Jimoh et al., 2019; Mussa and
Suryabhagavan, 2019; Singh, 2019; Trofymchuk et al., 2019;
AsimoB Ta iH., 2020, c,f; Asefi et al., 2020; Azimov and
Shevchuk, 2020, a, b; Shevchuk et al., 2021 Ta iH.).

lMpuknad. Ak npuknag Aesikux CKnagoBux puc iHghozeo-
¢pelima TEXHOTeHHO-reosoriyHoro ob'ekTa 3axOPOHEHHS
TrB HaBegemo gaHi no Kuiscbkomy nonizoHy Ne 5 3aranb-
Hoto rtowero 63,7 ra. BiH cknadaembcsi 3 ABOX KapT ckna-
aysaHHa ("A" Ta "B") i [onoMmiXHOI iHbpacTpyKTypu:
OPeHaxHoi  cuctemu,  gamb, HacoCHMUX  CTaHLiN,
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BOAOOYMNCHOI CUCTEMW, BIACTIMHWKA inbTpaTy, cuctemu
BigkayyBaHHs Giorasy. MpuHUMMianbHUIA CXeMaTUYHWUIA PO3-
pi3 ofHi€ei 3 KapT NoniroHa NpeAcTaBneHo Ha puc. 3.

e

Puc. 2. MepcnekTMBHe AUCTaHLiliHe 306paXKeHHsA
niBHiYHO-3axigHoi YacTuHU KuiBcbkoro noniroHa
3axopoHeHHs TMNB Ne 5, 3po6neHe 3 6e3ninoTHoro nitanbHoro
anapara 31.05.2019 p., Ha AKOMY NPOCTEXYITLCA MicLs
BMCOYYBaHHA ¢inbTpaTy (YOPHO-KOPUYHEBUI KoMip)

3 "tina" cmiTresBanuuwa (kapta "A"), cTikaHHA Woro no cxuny
i HAKOMUYEHHA y NOro MiAHIXKI

Biaxoan

Tpy6bw ans
BifKauyBaHHA
Giorazy

IHepTHMIA
I'PYHT

JApeHaxHi
Tpy6mu

Lle6iHb

3axucHa
nnieka

MmuHa

I'pyHT

Puc. 3. MpuHUMNoBUiA cxeMaTU4YHUI PO3pi3
KapTu noniroHy 3axopoHeHHs TMNB

BnacHe wicyernonoxeHHs1 noniroHa npuypoyeHe Jo
Kpar BOOOAINbHOro nacMa (nigHATTA), sike 3a 2eo0Mopghorio-
2i4HUM patioHysaHHsM (HauioHanbHuiA..., 2007) HanexmnTb
80 KuiBCbKOro akyMynsTUBHO-AEeHyOauiiHO-XBUMASCTOrO,
cepefiHbO- Ta CUIIbHOPO34SIEHOBAHOIo MnaTo Ha narneore-
HoBux (P) i HeoreHoBux (N) Binknagax. TINB Ha o6'ekTi ckna-
OYIOTbCSl B MEXaX KOMULLHIX, 3aNOBHEHMX HUMW OBOX NiBUX
NpUTOK (sipiB cybMepuaioHansHOro cnpsiMyBaHHs1) Xogocis-
cbkoi 6ankun ypoumnwia Mapycun Ap. Y paiioHi noniroHa ¢o-
HOBUMW € TEMHO-Cipi Ni430MMUCTi rpyHMU, WO 3a CBOIMU
03HakaMu 6rm3bKi 4O YOPHO3EMIB TUMOBWX, SKi NEPEBaXKHO
cdopMyBanmca Ha necoBux Bigknagax Oysbkoro w4acy
(HauioHnanbHwi..., 2007).

BaranbHuii 06'em Hakornu4yeHux TI1B Ha noniroHi nepe-
Bullye 35 mnH M3, ix mMaca — 6nm3bko 7 MAH T. Xova 3a
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NepBMHHMM MPOEKTOM 3 JOTPUMAHHAM YMOB 6€3neKkm BiH Mir
npunHATA 19,1 MiH M3 Bigxoais. MepeBuLLEHHS! MOTYKHOC-
Ten noniroHa pasom 3 BUnagkaMu HeperynsapHoi pobotm yc-
TaHOBKM 3 nepepobkn inbTpaTy Npu3BENO A0 3HAYHWX
MEeXHO2eHHUX 3MiH I'PYHTOBUX YTBOPEHb, MOBEPXHEBUX BOJ
i 'PYHTOBMX BOA, HErMMOOKOro 3ansraHHsi, 40 3MiH POCMMWH-
HUX YrpynoBaHb Ik BnacHe Ha o06'exTi 3axopoHeHHs TIB,
Tak i Ha npunernux Ao Heoro AinsHkax (Azimov et al., 2018,
2019, a, ¢, 2020, d, e; AsimoB Ta iH., 2019, b, 2020, a—c, f;
Azimov, Shevchuk, 2020, a Ta iH.).

3asHaveHi ocobnmBoCTi noniroHa Oynu BpaxoBaHi nig
Yac NpoBeAEeHHS OOCNIMKEHb, pe3ynbTaTu SKUX BUKMaOEHi
B HaBeaeHuX nybnikauisax.

BriposadxeHHsi  HayKOBO-MEXHIYHUX  pe3yrbmamis.
3anponoHoBaHy KOHLenLito METOAMKM reoiHcopmaLinHoro
3abes3nedeHHs gocnigkeHb i pobiT Ha o6'ekTax nokanisauii
TrMB BnNpoBamkeHO B HAyKOBO-MeAaroriyHMm npouec
HaBuanbHo-HaykoBoro iHcTuTyTy (HHI) ekobesnekn Ta yn-
pasniHHa depxaBHoro 3aknaay "[epasHa ekonoriyHa aka-
Aemis nicnsamMnnomMHoil ocsiTK Ta ynpasniHHA" MiHicTepcTBa
3axUCTy LOBKINMSA Ta NPUPOOHMX pecypciB YkpaiHu (AKT
BMPOBaAXEHHA-NPUAMaHHS-Nepegadi matepianis HaykoBo-
pocnigHux po3po6ok Big 02.11.2021 p.). BignosigHa "MeTo-
ONYHa peKoMeHOaUisi CTOCOBHO 3arpOBaDKEHHS KOMMIIEKCY
reoiHcpopmauiiHoro 3abe3neyeHHs pocnigkeHb i pobIT
LLIOA0 MOBOOXKEHHS 3 reONoriYHUM cepefoBuLLEM, SK CyOCT-
paToM rfokanisauii TBepaux nodyToBmx Biaxoais" BUKOPUC-
ToByBaTtMMeTbcsl HHI ekobesnekn Ta ynpaBniHHA nig yac
BMKOHaHHS 3axopiB 3 OpMyBaHHsi pecypcoedeKTUBHMX Te-
XHOMOriM Ha eTanax Po3BUTKY CTpaTeriyHoro noTeHuiany
ekororivyHoi 6e3neku Ta NobyaoBI iIHTErpoBaHoi cucTeMm yn-
paBniHHS eKONoriYHo 6e3neKoto 3a JOMOMOrOK TEXHOSOTIN
reorpadiyHmx iHOPMaLINHNX CUCTEM i3 3aCTOCYBaHHAM
KOCMiyHMX 3acobiB [133, a Takox sK iHOpMaTMBHMI MaTe-
pian y npoueci nonynspusauii ekonoriYyHoi OCBiTK Mig 4ac
nepexoay 40 CUCTEMW iIHTErPOBaHOIO yrpaBriHHSA NpUpoao-
OXOPOHHOK CKIaJoBOK B ranysi ekoHomiku. Lle Bu3Havae
rpakmu4yHe 3Ha4eHHs1 aBTOPCbKOro 40poOKy.

BucHoBku

OTxe, 3anponoHOBaHWI Yy pobOTi METOAUYHWUIA KOM-
nnekc iHgopmadinHoro 3abe3neyeHHs JOCNiAXeHb i pobiT 3
nosoaxeHHs 3 'C, ak cybcTpaTom nokanisadii TINB, € akTy-
anbHuM. Lle aprymeHTyeTbCs TUM, LLIO NepeBaXkHa YacTuHa
BiAXOAIB LbOro TUMNy B YKpaiHi He nepepobnseTbes, a i3o-
NIOETLCS CaMe Ha HeCaHKLioHOBaHMX 3BanuiLax Ta nomiro-
Hax. Komnnekc Bkntovae aBa 6moku: CTBOPEHHS MPOrHO3HO-
naneopeKoHCTPYKTUBHOI PeTPOCNEeKTUBHO-CTAaTUYHOI MO-
aeni 'C i cTBOpEHHS KOMMMEKCHOI eKONOoro-reonoriyHoi Mo-
aeni  TexXHOreHHo-reomnoriyHoro  ob'ekta.  OCHOBHUM
pobo4MM iHCTPYMEHTOM KOMMMEKCY € HadaHHs iHdopma-
LiIMHO-OYHKUIOHaNbHNX MoAenen KOHKPETHUX o6'ekTiB fo-
kanizadii TMB (abo iHdoreodperimis).

MpencraBneHo AEMOHCTpaLito HaNOBHEHHS AEeSKMMU
OaHuMK ana edekTMBHOro reoiHopmauinHoro Moaento-
BaHHS OAHOro 3 HaMBMBYEHILUMX MOMIFOHIB 3aXOPOHEHHS
TrB, po3TawwoBaHOro B Mexax Micbkoi arnomepadii M. Ku-
eBa. Hagani otpumana mogens ctaHoBuTuUMe 6a3y anga go-
cnimkeHb | pobiT, cnpsMoBaHMX Ha 3abes3nedyeHHs
ekororiyHoi 6e3nekmn ob'ekTa.

Komnnekc reoiHcopmauiiHoro 3abesneveHHsi, nogio-
HUA 0O OXapakTepu3oBaHOro, pPekoMeHOyembCs BrpoBa-
OXyBaTu y npouec aocnigXeHb i pobiT 3 noBogXeHHst 3 'C,
Hacamnepepn, Ha TepuTopisx Hanbinbwmx B YkpaiHi noniro-
HiB 3aXOPOHEHHS TBepAuX MyHiuunanbHuX Bigxoais. BogHo-
yac nig vYac po3pobku i 3acTocyBaHHsI KOMMIEKCY HEOOXiaHO
BPaxoBYBaTU KOHKPETHi NaHALWadgTHO-reonorivyHi yMmoBU Ko-
XHOro 3 noniroHiB. [ns 3'acyBaHHA MexaHiamy Mirpauii

ISSN 1728-3817

3abpyaHioBaYiB Y KOMMOHEHTaxX A0BKINASA (FPYHTU—NPUPOAHI
BOAV—POCIIMHHICTb) MOJIrOHIB Ta MPUNEernux 4o HUX AinsgHoK
pasom 3 MOHITOPUHIOBMMW Ha3EMHUMW TeOnoro-eKosoriy-
HUMW [OCHiXeHHAMN 060B'A3K0BO MOTPIOHO MpoBOAUTM
aHanorivHi gocnigpkeHHs 3a gaHumun [33. [ina aHanisy npo-
CTOPOBO PO3rofineHoi pisHopigHoi iHhopmaLii HeobxigHO
BUKOPWUCTOBYBATK CydacHi TexHonorii reorpadivyHux iHdop-
MaUiHUX CUCTEM.

[ng 6inbw NOBHOrO OXOMNMEHHS 3a NoLel TepuTopin
NoNiroHiB i Mpunernux pawoHiB MNoTpidHO niabupatn
OTPMMYBaTU 3pO6eHi CyGCMHXPOHHO 3 HA3EMHUMU OCTIiMKEH-
HAMM iHOpMAaTUBHI (NPOCTOPOBE, CnekTpanbHe, pagiomeT-
pyYHe po3pi3HEHHS) MaTepiany 6araTo3oHanbHUX KOCMIYHMX
3HiMaHb, BUKOHYBATU rinepcrnekTparbHi 3omkmu 3 6opTie Ge3-
NiNOTHUX NiTanbHWX anapaTiB NO AOCTATHIN KiNbKOCTi Npodi-
niB i Toyok cnocTtepexeHb. OTpUMaHi TakumM  YUMHOM
reTeporeHHi AaHi y NepcrnekTuBi € CeHc iHTerpansHo obpo-
©6uTK, 3aCTOCOBYIOYM BiAMNOBiAHE NporpaMHe 3abe3neyeHHs..

OTxe, cBOEYacHe BNPOBaXXEHHS KOMMIEKCY reoiHdgop-
MaLiiHoro 3abesneyeHHs1 pi3HOMaHITHUX pobiT 3 noBso-
oxeHHs 3 ['C, gk cybectpaTtom isonauii TMNB, nigBuwnTb
3aranbHy pesynbTaTUBHICTb AOCHiAXEHb 3 BUOOPY panoHiB,
AiNSHOK | NoKanbHUX NMoL, NOTEHUINHO CNpUATANBUX ANs
PO3MiLLLEHHS B iXHIX Mexax 00'eKTiB 3aXOpPOHEHHS BigxoaiB
Ha MoYaTKOBOMY €eTani iX NPOEKTYBaHHA. Takox 3any4eHHs
KOMMJIEKCY Ha HACTYNHUX CTagigx "“KuUTTa" noniroHis niasu-
LNTb ePeKTUBHICTb iX MOAanbLUOi ekcrnyaTauii Ta pekynb-
TMBaUii, [OMOMOXe MiHIMi3yBaTu pPU3UKA BUHUKHEHHSI
HaA3BMYaANHNX CUTYaLR, L0 MOXYTb BYTH 3 HUMM NOB'A3aHi,
Ta BignoBigHi hiHaHCcoBO-MaTepianbHi 30UTKK.

lModanbwuli po3sumok Hanpsamy iHopMaLuifiHOroO Mo-
OentoBaHHsA po3rnsHyToi cdepu B6a4aeTbCsa Y ABOX acnek-
Tax: iIH-TEHCUBHOMY — YAOCKOHaNeHHs MeTohonorii i Metoais
Ha OCHOBI iHGOreonoriYyHMX MiaxoaiB, Ta €KCTEHCUBHOMY —
NMOLUMPEHHS NMPONOHOBAHOI PO3POOKMN Ha iHLWI 06'EKTN Noka-
nisauii TMB.

Y cTpateriyHOMy nnaHi cnig matv Ha yBasi, Wo BuAaa-
nenHst TMNB po cxosuwy, npunoeepxHesoro Tuny (landfill) €
nve anbTepHaTUBOIO MOPIBHSHO i3 CTpaTerisiMM po3BUHe-
HWX KpaiH CBITOBOI CNifbHOTU, OPIEHTOBaHWNX Ha yTunisawio
i nikBigauito Bioxogis. [NpoTe peanicTMyHWIA aHani3 cy4yacHoil
eHepreTu4Hoi 3abe3nedeHocTi YKpaiHu niaTBepaxye npa-
BOMIPHICTb L€l anbTepHaTUBM Ha HAWONVKYI ecATUNITTS.
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A CONCEPTUAL APPROACH TO THE CREATION OF AN INFORMATION SUPPORT SYSTEM
FOR THE WORKS RELATED TO THE MANAGEMENT OF THE GEOLOGICAL ENVIRONMENT
IN THE CONTEXT OF THE LOCALIZATION OF MUNICIPAL SOLID WASTE

The article considers the recent world approaches to municipal solid waste (MSW) management, describes two classes of the objects for
their localization such as the unauthorized dumps and disposal landfills which play different functional roles in waste management. Together
with the host and surrounding components of the environment the landfills and the dumps are represented as a special environmental-
techno(anthropo)genic system. Since the waste itself is deposited into the geological environment (GE), within the framework of this system in
a whole, the technogenic-geological subsystem is considered, which can be represented by certain functional model or an infogeoframe for
specified application (i.e. target-oriented).

Conceptually, a methodical complex of information support is proposed for the researches and works on the management of GE, where MSW is
located. This complex should include two blocks: a prognostic-retrospective-static model for the GE and an integrated ecological-geological model
for the technogenic-geological object. Therefore, the main service tool of the information support for the MSW management of the objects of
localization in the GE is a provision of the information-functional models for the certain infogeoframes. Completeness of these ecological-geological
models is specified by the goals and problems of the management of reference class of the objects (an abstract infogeoframe). An illustration of the
filling the information model by some data and its implementation into the Kyiv's Landfill area No 5 is present.

The main directions of further research are outlined.

Keywords: municipal solid waste, dumps, landfills, technogenic-geological subsystem, information support for the management.
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