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BiJl JTHS HAPOJKEHHS BUJIATHOTO YKPAiHCHKOTO Bue-
HorO, Tifporeojora Bikropa Onekcanmposuda Te-
pelieHka.

Biktop OiekcanapoBHy — KaHIHIAT TeOJIOro-
MIHEpaJIOTIYHKUX HayK, mpodecop kadeapu rigapore-
ororii XapKiBCHKOTO HAI[iOHAJHHOTO YHIBEPCUTETY
imeni B. H. Kapasina, HaropomxeHuil mouecHoIo
rpamototo imeHi B. H. Kapasina.

Haponugcs 26 uepsnst 1936 poky B micti Xap-
koBi. Y 1959 poui 3akiHYMB 3 Bi3HAKOI0 XapKiBCh-
KW JIep)KaBHUH YHIBEPCHUTET, OTPUMABIIU CIIelia-
JILHICTh 1HXEHepa-rigporeosiora. Binpa3sy micis 3a-
BEpIICHHS HaBYaHHs OyB NPHUHHATHIA Ha poOOTYy B
TUIBKU 1[0 CTBOPEHUN B XapkoBi YKpaiHChbKUH (i-
Jian MOCKOBCBKOIO I1HCTUTYTYy NPHUPOIHOTO Trasy.
@®akTUYHO BiH BBIWIIOB B MAJOYUCICHHY TPYIy
crenianicTiB HagTOrazoBoro npoginro, sKi cranu
3aCHOBHUKAMH IIPOBIJHOTO Tay3€BOr0 IHCTHUTYTY,
CTBOPEHOIr0 Ha 0a3i TIIBKH IO BIIKPUTOrO HaWOi-
npinoro y €sponi leGenuHCbKOro ra3oBoro pojo-
BHUIIIA.

3 mepmux pokiB poOOTH B IHCTHTYTI BikTop
OnekcaHapOBUY aKTUBHO 3aliMaBCs JOCIIKCHHIM

TiAPOreosyIoriyHMX yMOB T'a30HAKONIMYEHHS B HA(TO-
ra3oHocHux OaceitHax. JlocmikeHHs OyinH CIIpsiMO-
BaHI Ha BUPILICHHS NPOOJEM PO3BIIKH 1 PO3POOKH
ra30KOHACHCATHUX poaoBull J[HinpoBceko-/{oHens-
koi 3anmaguan. OcoOnuBa yBara npUAUIsUIacs JOCHi-
JOKEHHSIM Tizporeosioriyaux ymoB lllebenunchkoro,
XpecTUIIEHCHKOrO Ta IHMMX poAoBull. B ocHOBY
METOIUYHOTO Miaxony Oynu 3akiajeHi NPUHLUIH,
3a SKMMH TiJIPOre0JIOTIYHMI MaTepiall aHaJIi3yBaBCs
B TICHOMY 3B’SI3KY 3 3arajibHOI0 I'€OJIOTi€l0 Ta Had-
TO-Ta30HOCHICTIO. Pe3yibraTtoM IOCHiKEeHb TOTO
nepioay 3’sBUIAacS cepis myOuiKaiiid B MPOBIIHUX
BUIaHHIX Ykpainu Ta Pocii. OcobnuBa yBara B. O.
TepelnieHko NPUIIAB AOCTIKEHHIM XIMIYHOTO Ta
ra3oBOro CKIJIAAy IMiJ3€MHUX BOJ BUCOKOTEMIIEPATY-
pHUX TOpU30HTIB JIHIMPOBChKO-JIOHEIBKOI 3amaan-
HH. L{i poOoTH CcTanu 0CHOBOK HOT0 KaHIUIATCHKOT
nmuceprarii «['ixporeonoriydi yMOB MiBHIYHO-3aXi]1-
HOIT 1 HeHTpayibHOT YacTHH JIHINpOBCHKO-JoHEBKOT
3aMajguHl y 3B’SI3Ky 13 3aKOHOMIPHOCTSMH pPO3Mi-
IeHHS HAQTOBUX 1 Ta30BUX POJOBHUIY, siKa Oyna
3axuineHa y 1968 pori.

3a nepiox podotu B YrkpH/III"a3i BiH mpotiiios
IUISX B MMOCAJM iHXEHEpa JI0 3aBijyBaya CEKTOpPY



BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

MIPOMHUCITIOBOT Tifmporeosorii. Y 1982 pori mepeiios
Ha TOCTIHHY poOOTy B XapKiBCHKUI HaIllOHATLHUN
yniBepcuteT imeni B. H. Kapasina, 3 1986 no 1995
p.p. OyB 3aBigyBauem Kadepu riporeosnorii.

B ocraHHI poKM 3HAaYHO PO3MHPHIOCST KOJIO
HOTO MOCIIIKEHb B T1IPOTEOJIOTIYHOMY HAIPSIMKY.
Bin 3aiimaBcst mpoOneMaMy MUTHHUX 1 MiHEpaJIbHUX
BOI, EBONIONI€I0 cKiaay Boj CBITOBOrO OKeaHy.
B. O. Tepemenko po3BUBaE AOCTIIHKCHHS 3a JTBOMA
OCHOBHMMH HaIlpSMKaMH — perioHaJibHa TiApOreo-
noris Ta Hadrorazosa rigporeosnoris. OCHOBHI HOTO
poOOTH TIPUCBSIYCHI BUBYCHHIO Tiaporeoiorii Had-
TOBHX 1 Ta30BUX pojoBuil J[HinmpoBchko-JloHEBKOT
3aMaJIvHy Ta IHIIMX PETiOHiB, sIKi BiH moyas mie Oy-
nyuu criBpoOitHukoM YkpH/IIT'azy. 3okxpema, B. O.
TepemeHkoOM BHUKOHAHO Yy3arajJbHEHHS MarepialiB
Ta 3aIpONOHOBAHA CXEMa TiAPOJMHAMIYHOI 30HAIb-
HOCTi, 30HaJBHOCTI BOAOPO3YMHHHX Ta3iB. Hum
BIIEpIIIE CKJIa[ileHa KapTa paiioHyBaHHS J[HITPOBCH-
ko-JloHeIpKoi 3ama-JAMHA 33 YMOBaMHU PO3MOILTY
IJIACTOBUX THCKIB, B TOMY YHCIIi aHOMaJIbHO BHCO-
kux. Po3pobnena momens QGopMyBaHHS PO3CONIB
periony. 3amporoHOBaHI HUM PEKOMEH/AIlli 110 BH-
KOPHCTaHHIO TiAPOTEONIOTIYHUX KPHUTEPIiB MpH IO-
IIyKax, pO3BiAMI i po3po0Ili Ta30BUX POIOBHII] IITH-
POKO BHKOPHCTOBYETHCS B MPAKTHIN BUPOOHUUUX i
HAayKOBO-JIOCJIITHUX OpTaHi3allii.

[Nounnarouu 3 1991p. Ha xadenpi rigporeonorii
mig kepiBHANITBOM B. O. TeperieHka BUKOHYIOTHCS
TeMaTH4HI JepKOIOIKETHI HAYKOBO-AOCHiIHI po0o-
TH TI0 KOMILICKCHOMY BHUKOPHCTaHHIO [TiI36MHHUX
Boxt CioOOXKaHIIUHM 1 MIBHIYHOTO cXony YKpaiHnu. B
pe3ybTaTi MuX AOCTiKEHh BUSBICHO PETiKTOBUN
XapakTep MiJI3eMHUX BOJl CEHOMaH-HIKHBOKPEH -
HOTO BOJIOHOCHOTO TOPH30HTY, IO C(HOpMyBaBcCs B
enoxy ocraHHboro JlHirmpoBchkoro ipomoBuka. Lli
MiJ3eMHI BOJY MalOTh OCOOJHMBY CKOJIOTIYHY I[iH-

HICTh. 3a ITUM HaANpPSIMKOM BUBUCHHH PEKUM POy
BEITUKUX BO03a00piB pErioHy, BUBUEHI 3aKOHOMIp-
HOCTi ()OpMyBaHHS MiHEpPaJIbHUX BOI.

3a mepiox poboTH y XapKiBChbKOMY HaIl[iOHAb-
Homy yHiBepcureti iMeHi B. H. Kapaszina B. O. Te-
peleHko BUKJIanaB Kypcu «MiHepanbHI BOAW»,
«Hadrorazosa rigporeonoris», «[igporeonorist po-
JIOBHUII] KOPUCHUX Komanmy, «Herpagumiitai mxepe-
J1a BYyIJIEBOJHEBOI CHPOBHHM» Ta iHII. Omy0OiikoBa-
HUHM HaBYaJIbHUI NOCIOHMK «HeTpamuiiiiai mxepe-
JIa BYTJICBOIHEBOI CHPOBUHI.

B. O. Tepemenko aBTop i CHiBaBTOp OiIBIIE
200 HaykoBUX IyOmiKaliil, y TOMy YUCIi 5 MOHOT-
padiit. OcobnuBe 3HaueHHs Mae OImyOllikoBaHa Y
2015 pomi wmonorpadis «Immporeomornyeckue
yCIOBHS  Ta30HAaKoOIUICHHs B JIHENMpPOBCHKO-
JloHelkoil BHajiiHE», B KM y3arajJbHEHO HAKOIIH-
YeHHI 3a JOBTUH Tepio J9acy MpaKkTHIHUI Marepi-
an Harorazosoi rigporeosorii. B mepion icHyBaHHS
Ha Dakynereri reonorii, reorpadii, pekpearii i Ty-
pu3My crenianizoBaHoi BueHoi pamum mo 3axucry
muceprarii 3a crnemianbHOCTAMU «I'imporeonorisy,
ta «['eonorist HaTH 1 Ta3y» BUKOHYBAB 00OB’SI3KH ii
YYEHOTO CeKpeTapsl.

BuxiikaroTh BeNWKy moBary pi3HOMaHITHI iH-
Tepecu Bikropa OnekcanapoBnya 3a MeXaMu TiJl-
poreosiorii. BpaxkaioTe #ioro ¢yHzameHTaIbHI
3HAHHS 3 ICTOPii HAPOIIB, SKI 3aCEISUTH TEPUTOPIIO
€Bpazii. OgHe 3 WOro 3axOIieHh — BUPOIIYBaHHS
PLAKICHUX KaKTYCiB, IKE peati3yBajloCh B CTBOPEHHI
BEJIMKOT KOJICKIIIT IUX POCIIHH.

CriBpoOITHUKM (paKyabTeTy Treolnorii, reorpa-
¢ii, pekpearii i Typu3My NO3JOpPOBISAIOTE Bac 3
Juem Hapomxkenns. {upo 3u4MMO MIIHOTO 370-
POB’s, MyIPOCTI Ta III€ i TBOPUOi HACHATH, YCITIIITHO-
ro 3[iHCHEHHsS BCiX IUIAHIB i 3aayMiB, JIFOOOBI 10
KHUTTS, MUPY 1 Oaromosryyds B 1omi!

Cnispooimnuxu gaxyrememy I'TPT
ma
peoakyiiina konezis « BicHuky»
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HYDROGEN AS AN INDICATOR OF GEODYNAMIC PROCESSES IN COAL-BEARING STRATA

L JI. Baepiu, B. 1. Anvoxin, C. /I. Axcvom, 1. B. Bacunsesa, C. O. Kyzomenrxo. BOAEHb AK IHIHKATOP I'EO/HHAMI-
YHHUX IIPOLIECIB BYITIEHOCHHX TOBILL. IIpo6rema po3pobku ma enpo8addicenus nouyKo8oi mexuHonozii, aka 3abesneyums
3axucm 2ipHUYUX 8UPOOOK MA YHEMONCIUBUMb KAmacmpodu npu po3pooyi 8y2iibHUX pooosuy 0coONUB0 aKMydalbHA 3apas, Kou
nUManHs nPUPOOOOXOPOHHUX 3acobie ma nioguwents besneku npayi na 8yeilbHUX waxmax cmoims Oyduce cocmpo. Hoea pospobxa
6e3neunoi nouyko8oi mexHono2ii' 8yeibHUX po00sULY, WO 3aNPONOHOBAHA ABMOPAMU, 0360IUMb 3A6UACHO 8I0CIIOKO8Y8aAMU, GUQI-
JISMU MICY5T MONCTUBUX NPOABIE 2A300UHAMIYHUX 68U MA NPULLMAMU ONEPAMUSHI piuieHHs O iX YCYHeHHs. Aemopamu npogedero
AHANI3 CYHACHO20 CMAHY 8Y2nesudoOymKky 6 Ykpainu i 6 ceimi 6 yiiomy, 06IpYHMOBAHO OOYLIbHICMb SUKOPUCMAHHS Ge3neduHol no-
WYKOBOI MeXHON02TT 8 30HAX PO3GUMKY WAXMHUX NOJI6 015 GUOLTEHHS NePCNeKMUSHUX OLIAHOK KOHYEeHMpayiti 00HI0 6 MicYsx gyele-
8UOOOYMKY, WO CIY2YIOMb NPAMUMU OEMOHAMOPAMU 2A300UHAMIYHUX AGUWY, A MAKONC 008€0eHO OOYLIbHICMb BUNEPEONHCATLHUX
3ax0016, WO YHEMONCIUBUMD NOSABY 2A300UHAMIYHUX Auwy. Bnepuie 6 c6imosiil npaxmuyi 6y10 3anponoHO8aH0 HO8IMHI niOX00uU ujo-
00 3MiHU napaouemu besnexu uO0OYmMKY 8y2ilia, AKi nonepedsams Henpoenososawi I /I ma nog’azami 3 HUMU MamepianvHi ma 100-
coki empamu. Texnonoeis 6azyemuvcs Ha 3aCMOCY8AHHI ROULYKOBUX 2A302€0XIMIUHUX MemOoOig 05l KaPMYBaAHHS MICYb HAKONUYEHHS
2a3080-600HEBUX CKYNYEHb MA iX OUISIHOK | PA30M 3 KOMIJLEKCOM 2€0/1020-2e0Qi3UUHUX MemMOOIi8 00380/I8€ GUOLISAMU NILOWL MONCIUBUX
asapitiHux npoyecieé 8 30HAX PO3GUMKY uwaxmuux nous. Ha senuxomy macuei npogedenux noivosux pobim, niowosoi ma npo@pitbHoi
3UOMOK 006€0eHa OOYiNbHICMb 3ACMOCYSAHHS NOUWYKOBOT MEXHON02IL 05l 0OIPYHMYBANHS GUKOPUCIAHHS 3AKNAOAHHS UNEPeONCaAlb-
HUX 0e2asayitinux ceepoiogut Oisl 3anobieants HeKepoBaHux GubyxonebesneyHux npoyecie i mexuiyHux xamacmpog. 3anpononosa-
Ha MexHoN0z2ia 6yna anpobo8aHa HA YUCETLHUX 8UO0OYEHUX 00 €KMaAx @ npoyeci NOULYKO80-eKON02IYHUX OOCTIONCEHb 8 30HAX PO36lL-
MKy Oir04UX ma 8ionpaybo8aHUX WAXMHUX NOTIS.

Knrwwuoei cnosa: nouykosa mexHonozis, waxmui nois, 600eHs, 2a300UHAMIYHI asuwa, de2azayis, be3nexda.

HU. 1. bazpuii, B. H. Anéxun, C. /I. Axcém, H. B. Bacunveea, C. A. Kyzomenko. BOJOPO/J KAK HH/IHKATOP I'EO/H-
HAMHYECKHX ITPOLIECCOB YITIEHOCHOH TOJIIH. [Tpo6nema paspabomxu u 6Hedpenus nouckosoli mMexHoIo2Ull, Komo-
pas obecneuum 3auumy 2OpHbIX 8bIPAGOMOK U COENAem HeBO3MONCHbIMU KAMACmMpoduvl npu pazpabomke YeoibHbiX MeCmopodicoe-
HUll 0COOEHHO aKMyanbHa ceuyac, Ko20a 60NPoOc NPUPOOOOXPAHHBIX MEPORPUSMUL U NOGbIULEHUsI DE30NACHOCMU MPYOd HA Y2OTbHbIX
waxmax cmoum oyens ocmpo. Hoeas paspabomra 6e3onachoii nOUCKO80U MEXHOL02UU Y2ONbHBIX MECIOPONCOEHUL, NPEOL0NHCEHHAs.
agmopamu, nO3601UM 3a01A208PEMEHHO OMCILENCUBAMD, GbLOENAMb MECHA BO3MONCHBIX NPOAGLEHUL 2A300UHAMUYECKUX ABLEHULL U
NPUHUMAMDb ONepamugHble peulenus 018 UX YCmpaHeHus. Aemopamu nposedeH aHaIu3 CO8PeMEeHHO20 COCMOSHUS Venedobbluu 8
Yrpaune u 6 mupe 6 yenom; obocrnosana yenecoobpasHOCmsb UCNONL308AHUSL OE30NACHOU NOUCKOBOU MEXHOIO2UY 8 30HAX PA36UMUsL
WAXMHBIX noxel 0151 8blOeleHUs NEPCREKMUBHBIX YUACMKO8 KOHYEHMPayuil 6000po0a 8 mecmax yenedoduviyu, KOmopule CIyxHcam
NPSIMbIMU OCMOHAMOPAMU 2A300UHAMUYECKUX S6/LeHUL, d MAKdice OOKA3AHA YelecO0OPAZHOCHTb ONePediCarouux MeponpUsImull, 4mo
coenaem He8O3MONCHLIM B03HUKHOBEHUE 2A300UHAMUYECKUX A8NeHUl. Bnepavle 6 Mupoeoii npaxmuxe Obiiu npeonodcensl Hogble noo-
X0O0blL UMeHeHUst napaouemvl 6e3onacnocmu 000biuU y2iisl, Komopbsie npedomsepamsm nenpoznozupyemvie I/ u ceazannvie ¢ Humu
Mamepuanvhble U yerogeueckue nomepu. Texnonocuss 6asupyemcs Ha NPUMEHEHUU NOUCKOBLIX 2A302€0XUMUYECKUX MemO0008 Olsl
Kapmupoeauus Mecim HAKONIAeHUs. 2a3080-6000POOHBIX CKONJIEHUL U UX YYACMKO8 U 8Mecme ¢ KOMNAEKCOM 2e01020-2e0(DU3UYECKUX
MemMo008 N036015em 6blOEIANb HAOWAOU BO3MONCHBIX ABAPULIHBIX NPOYECCO8 68 30HAX pa3eumus waxmusix noieil. Ha 6onvuiom mac-
cuge NpoBeOeHHbIX NONEGLIX PAbOmM, NIOWAOHBIX U NPOPUIBLHOU CLEMOK OOKA3AHA Yereco0OPA3HOCHb NPUMEHEHUs. NOUCKOBOU meX-
Hono2uu 0151 0OOCHOBAHUSL UCNOTL3OBAHUS 3AKIAOKU ONEPENCAIOUUX 0e2A3aYUOHHBLX CKBANCUH 011 NPe0OmEpaujeHus Heynpaeise-
MbIX 63DbIGOONACHBIX NPOUECCO8 U MexXHuueckux kamacmpod. IIpeonodcennas mexnonocus 6ulia anpobuposana Ha MHO2OHUCLEH-

© Bagriy 1. D., Alokhin V. I., Vasylyeva I. V., Aksyom S. D., Kuzmenko S. O., 2021
https.//doi.org/10.26565/2410-7360-2021-54-01
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HbIX ()061716&}01,{414)6 obvexmax 6 npoyecce noucCKo80-3K0N102U4eCcKux UCCLeO08AHUIL 6 30HAX paseumus ()ezlcmey;oumx u 0mpa6omaH—

HBIX UWAXMHBIX NOJLEL.

Knrwuesvle cnoea: noucrosas MmexHos02UA, waxmmuvle noJis, 8000[700, 2a300uHamuvecKue A6JeHUA, 0eea3auu}z, bezonacHocmeo.

Formulation of the problem. One of the lead-
ing problems of today, hindering the development of
scientific progress, is the use of existing energy
sources, which carry irreversible destructive pro-
cesses in the environment and lead to global man-
made phenomena and natural disasters, despite ra-
ther costly environmental measures. In practice,
such processes are closely linked to the use of out-
dated technologies of energy production and their
operation, which does not meet today's demands of
the development of progress.

Today, most developed countries are on the
path of using alternative energy and renewable
sources and resources. It is obvious that the primary
problem is the development of hydrogen alternative
energy, as it is a prerequisite for solving all other
problems.

Thus, the hydrogen energy revolution can radi-
cally change the foundations of world energy and
the planetary ecological situation of the future. In
addition, the application of our proposed technology
for identifying geodynamic active zones, promising
for industrial hydrocarbon exploration, will allow to
determine the location of possible manifestations of
gas-dynamic phenomena for further operational de-
cisions on the safe conduct of mining operations. In
this regard, we substantiated and set tasks to assess
the prospects for detecting promising accumulations
of endogenous hydrogen in the lithosphere in the
framework of scientific academic developments,
environmental and mining aspects of oil and gas
structures and mine facilities of coal basins of
Ukraine.

The subject of research is the hydrogen of
coal-bearing strata, gas - dynamic phenomena in the
coal mines. The object of research - coal mines
O.F. Zasyadka mine and Krasnolimanska mineof the
Donetsk coal basin.

Analysis of recent research and publications.
The idea of degassing of the Earth as a global pro-
cess of its self-organization was developed by V.I.
Vernadsky in a number of works published in 1911,
1912, 1924 [1].

This concept has had and continues to have a
powerful growing influence on modern Earth sci-
ences. Suffice it to note the works of A.P. Vynohra-
dov on hydrosphere and atmosphere formation regu-
larities (comprehensive substantiation of the role of
aqueous-carbonic fluid as the final product of de-
gassing); D.S. Korzhynskyi — on "transmagmatic
solutions"; V.A. Sokolov — on geochemistry of natu-
ral gases; A.V. Sydorenko — on "breath" of ancient
sedimentary-metamorphic strata; V.I. Smyrnov, A.D.
Shchehlov and others — on participation of mantle

fluids in endogenous ore formation; O.A. Bohaty-
kov, N.L. Dobretsov, F.A. Letnykov, A.A. Maraku-
shev, [.D. Ryabchykov, L.N. Koharko, O.B. Usenko
and others — on fluid regime of magmatism and
metamorphism; V.K. Markhinin, G.S. Shteynberg,
V.I1. Kononov, S.V. Byelov, A.M. Portnov and others
— on the role of degassing processes in volcanism
(especially noteworthy are the works of E.F. Shnyu-
kov on mud volcanism — a bright and specific mani-
festation of the processes of Earth degassing); A.B.
Ronov, N.M. Strakhov, A.A. Makhnach, S.G. Neru-
chev, Ya.E. Yudovich and others — on the general
patterns of accumulation of carbonate and black
shale formations; [.K. Karpov, V.S. Zubkov, V.A.
Bychinskyi and others — on modeling the processes
of rising hydrocarbons (HC) from the mantle into
the earth's crust, the conditions of their metastability
and deep detonation [1, 3, 7].

The idea of the key role of hydrogen in degas-
sing of the Earth is developed in the works of V.M.
Larin, F.A. Letnykov, A.A. Marakushev, V.V.
Khmelyovska, A.V. Shcherbakov, N.D. Kozlova,
Yu.A. Kolyasnikov, V.M. Shestopalov, V.I. Staros-
tenko, A.N. Ponomarenko [4, 7].

At the same time, the Ukrainian school was
formed, which develops various aspects of fluid dy-
namics, degassing and deep foundations of abiogen-
ic naphthides formation. The innovative research of
E.B. Chekalyuk, works of V.B. Porfyryev, N.P. Se-
menenko, G.N. Dolenko, V.A. Krayushkin, A.Ye.
Babynets, M.P. Balukhovskyi, V.K. Havrysh, LI
Chebanenko, V.P. Klochko, M.I. Pavlyuk, .M.
Naumko are widely known [13].

The purpose of the article is the following:
analysis of the current state of coal mining in
Ukraine and in the world as a whole; substantiation
of feasibility of using a safe search technology in
the development zones of mine fields for allocation
of perspective sites of hydrogen concentrations in
the places of coal mining which serve as direct det-
onators of the gas-dynamic phenomena, and the fea-
sibility of precautionary measures that will prevent
gas-dynamic phenomena.

Presentation of the main research material.
Hydrogen anomalies mapped by hurricane concen-
trations within a wide range of research are of un-
doubted exploratory interest not only as energy
source phenomena, but also in terms of geoecologi-
cal forecasts for making decisions on safety in the
areas of development of exploration and oil and gas
works (Khrestyshche, Pryazovske, Gulf of Mexico,
where there were emissions that have led to signifi-
cant human losses), as well as in the area of operat-
ing mine fields.

-11 -
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In the course of the work the materials of world
experience were used and generalized, as well as
own long-term academic developments, which ulti-
mately gave grounds for scientific substantiation of
new approaches in research of gas-dynamic phe-
nomena (GDP) due to hydrogen component and
possibility of development and introduction of safe
mining technology in the coal industry.

The traditional point of view on the cause of
GDP is that a mine working approaches a gas-
saturated methane-bearing area under conditions of
degassing, metamorphism, and emergency process-
es. And very often powerful emissions occur in the
absence of appropriate gas methane concentrations,
which is not notified by specially tuned methane-
sensitive hardware devices. Such emergency pro-
cesses cannot be explained either from a geochemi-
cal or a technological point of view. So, after each
accidental tragic emission, they talk about the hu-
man factor, or about outdated equipment.

Sudden emissions of coal and gas with signifi-
cant human casualties since 1800 in France, Swit-
zerland (Agrap mine, about 300 people died), in
Russia since 1900 (Ulyanovska mine, Kemerovo
region, 2007 — 110 people died) man, Kuzbas, 2010
— 100 people died), are traditionally studied and
treated by almost only one version — sorption-
methane. Practically all other geological, geophysi-
cal, geochemical theories of the origin of GDP have
been subjected to significant criticism but were not
taken into account.

The tragic events associated with the manifes-
tation of gas-dynamic phenomena during coal min-
ing cover a wide geographical range: France, Bel-
gium, Germany, Russia, Turkey, Poland, Spain,
Bulgaria, Norway, Ukraine. In time — from the be-
ginning of the development of coal seams to the
present time. All this obliges to look for new ap-
proaches and interpretations to the solution of an
extremely acute problem — safety of production, and
most importantly, protection of human life and
health [1-4].

But, unfortunately, the official point of view
remains unchanged. Neither the state nor private
companies are interested in research, discussions,
concentration of efforts and funding of the necessary
environmental and industrial research.

In our opinion, many misunderstandings are
primarily due to the fact that the causes of explo-
sions continue to be considered traditional (sorption)
forms of methane in coal and its gas-dynamic emis-
sions (classic sudden emissions of coal and gas, for
which a lot of hypotheses and theories have been
developed and regularities have been established).
But all previous research has not led to the devel-
opment of effective technologies for safe coal
mining.

Under the general formulation of "methane ex-
plosions", explosions of other gases actually occur,
the role of which has not yet been taken into account
at all. According to the authors of numerous studies,
it is these gases that become the "detonator" and in-
volve the hydrogen component in the chain reaction.
According to G.G. Grytsko methane itself explodes
only in a fairly narrow concentration range of 4.5-
16% (maximum explosion hazard at 9.5%; at 1%,
electricity is cut off in the mine, at 2% people are
taken out of the mine).

Homologues of methane — heavy hydrocarbons
as propane, ethane, butane — are more explosive in a
much larger range than methane.

In case of accidents in coal mines, the possible
cause of hydrogen explosion is not taken into ac-
count. Although, most likely, according to our work
and the research of some scientists, this is the whole
point.

In the course of the authors' analytical, applied
and field studies of GDP, it was found that the ex-
plosion hazard threshold is significantly reduced if
methane is replaced by hydrogen or its mixture with
methane, propane or other homologues.

Multifactor interpretation of gas-geochemical
data and a complex of geological, geophysical, geo-
thermal and aerospace information allowed to create
the latest technology (patents: "Method for as-
sessing the forecast of gas accumulations with hy-
drogen in the bowels of the earth", "Method for cur-
rent forecast of sudden emissions of coal massif and
gas") mapping of diffuse gas-hydrogen flows from
their genetic sources to places of industrial accumu-
lations and areas of possible emergency processes in
the development zones of mine fields. The proposed
technology has been tested at numerous mining sites
in the process of exploratory and environmental re-
search in the development zones of operating and
worked-out mine fields in the presence of GDP with
human casualties. [5].

Detailed areal and profile atmo-gas-geo-
chemical surveys using SAGS search technology
(structural-atmo-geochemical studies) in the devel-
opment zones of mine fields made it possible to map
anomalous areas of hydrogen concentrations, which,
according to the results of numerous studies, serve
as direct detonators of GDP.

In the course of many years of study of GDP,
based on the latest technologies, we came to the
conclusion that explosions cause deep gas break-
throughs in mine workings, which are caused by
structural, local, regional and planetary processes
based on the hydrogen component — the main deto-
nator of emergency processes and GDP. This theory
opens up a relatively new direction and introduces
new multifaceted perspectives in the prediction and
prevention of catastrophic phenomena. [6, 7]
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The results of studies of hydrogen concentra-
tions directly in mine workings, as well as over the
projections of operating mines, by their hurricane
values, are of undoubted exploratory interest both in
terms of geoecological forecasts and for for making
decisions on the industrial safety of uncontrolled
explosive processes, which cause significant de-
struction in confined mine spaces, incurring material
losses, stopping production cycles for a long period,
and most importantly — leading to significant human
casualties [8].

Below we present in the original language the
statement of an outstanding scientist, corresponding
member of the RAS, full member of the Academy of
Mining Sciences, Doctor of Technical Sciences, Pro-
fessor, prominent specialist in geomechanics, rock
pressure, coal mining technology, technological de-
velopment of coal industry of the Russian Federa-
tion G.G. Gritsko:

“Are emissions and explosions in coal mines
sudden? The answer to this question, alas, is obvi-
ous. They are sudden — insofar as for more than 100
years knowledge about these processes has been
narrow-minded, fixated on purely mechanistic or
technological concepts.

And for decades it has been customary to inves-
tigate the causes of explosions in mines, find (or ap-
point?) "scapegoats" and wait for the next explo-
sion. And our "room" gas protection equipment real-
ly protects, but whom and from what? It is “looking
in the wrong direction”, and Aleksey Stakhanov be-
gan to turn off “it”, covering the coal with a tarpau-
lin, keeping methane in it.

In disasters in coal mines, the possible “fault”
of hydrogen is not taken into account. Although,
most likely, this is the whole point. It is my deep
conviction that in coal mining, ecology and safety,
there is a lack of scientific geological planetarity,
modern non-traditional approaches.

Structural, local, regional and planetary pro-
cesses not only consist of phenomena and mecha-
nisms that have not yet been taken into account, but
are also completely insufficiently studied. They rep-
resent a relatively new subject of research and open
new multilateral perspectives in predicting and pre-
venting catastrophic events”.

Below are the results of many years (since
2009) of detailed areal and profile studies in areas of
development of gas-dynamic phenomena of mine
fields in the coal basins of Donbas: operating O.F.
Zasyadko mines (Pivnichna and Pivdenna sections),
Krasnolymanska, and Lviv-Volyn coal basin —
Stepova and Lisova mines.

O. F. Zasyadka mine is one of the historical
mines of Donbass. The mine is located in the city of
Donetsk, has been in operation since 1958, and pro-
duces 1,200 to 1,500,000 tons of coal a year.

There were a number of major accidents with
human casualties at the mine: in May 1999, August
2001, June 2002, September 2006, December 2007,
January 2015. The biggest accident at the mine was
a major catastrophe. November 18, 2007.

On March 4, 2015, an explosion occurred at the
mine due to methane emissions. At the time of the
accident, there were 230 miners in the mine, 33 of
them were killed and 16 were injured.

The results of detailed profile and areal studies
in the North and South sections in the zones of man-
ifestations of gas-dynamic phenomena give every
reason to assert that the vast majority of emergency
processes took place in areas of high hydrogen con-
centrations (Fig. 1, 2).

The Krasnolymanska coal mine is a large coal
mine located in the south-east of Ukraine in Donetsk
Oblast. The Krasnolimanska mine field is located in
the Pokrovsky district of the Donetsk region of
Ukraine.

The mine was built according to the project of
the Dniprodiproshaht Institute in 1958 and produces
3370 thousand tons of coal per year.

The mine is dangerous due to sudden emissions
of coal and gas; dangerous for explosive coal dust.

Similar detailed areal studies were carried out
at the production areas of the Krasnolymanska mine
— hydrogen was identified in 32 observation points
(Fig. 3).

The most abnormally high gas concentrations
were found between the Fedorivskyi and Hlyboko-
yarskyi downthrow faults, as well as in the southern
wing of the Hrushivskyi fault, where accidental
emissions took place, which resulted in human cas-
ualties.

The spatial distribution of indicators of hydro-
gene content and other investigated gases in the sub-
soil air and the absence of geodynamic processes
(block stability) suggest that the most intensive hy-
drogen flow with possible gas-dynamic phenomena
occurs between the faults: Hlybokoyarskyi and Fe-
dorivskyi, Hrushivskyi and Hlyboyarskyi, as well as
on the continuation of the Fedorivskyi fault.

Stepova Mine is located in the Lviv-Volyn coal
basin, in the village of Hlukhiv, Sokal district, Lviv
region. The mine is super-category in terms of me-
thane, dangerous in terms of explosiveness of coal
dust.

There were accidents at the mine. The big acci-
dent was on April 2, 2008. The fire was extin-
guished for three months.

The big explosion occurred on March 2, 2017
on the horizon of 550 m, in 119 conveyor lanes. At
that time, 172 miners worked at the mine, including
34 miners at the emergency site. The methane ex-
plosion killed 8 and hospitalized 23 miners.

Lisova mine is located in the Lviv-Volyn coal
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Fig. 1. Results of hydrogen detailing profile and areal studies (O.F. Zasyadko mine — Pivnichna).
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Scheme of spatial arrangement of
the areas of gas-dynamic phe-
nomena

Fig. 2. Results of hydrogen detailing profile and areal studies (O.F. Zasyadko mine — Pivdenna)

basin, in the village of Silets, Sokal district, Lviv
region. Actual coal production in 2003 amounted to
120 thousand tons of coal. The maximum depth is
515 m.

On May 29, 2019, two miners died as a result
of a roof collapse.

This approach allowed to adjust the results of
surface surveys with data from coal mining, distri-
bution of gas saturation of rocks and mine workings,
reasonable interpretation of STAHGS data, as well
as to provide a forecast for safe mining by laying
advance degassing wells. Detailed area and profile
studies of hydrogen anomalies and geodynamic sit-

uation in the development zones of mine fields of
Mezhyrichanske and Zabuzke coal deposits of
Chervonohradskyi geological-industrial region and
Velykomostivske gas field within Lviv-Volyn coal
basin, in the areas of development of mine with
manifestations of GDP (human casualties) — "Stepo-
va", "Lisova" were carried out (Fig. 4).

Analysis of the results of the studies carried out
in the above areas revealed that the possible causes
of gas-dynamic phenomena were not the sudden
opening of methane-bearing reservoirs and the in-
flow of significant amounts of methane into mine
workings, but the passage by mine workings of are-
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Fig. 5. Scheme of cartographic display of indicators of hydrogen anomalies and geodynamic areas

as with abnormally high hydrogen concentrations,
which do not coincide with geodynamic zones and
increased methane values (Fig. 5).

Conclusions.

As result of the carried out works complex re-
searches carried out, the factual material was pro-
cessed and the following conclusions formulated:

1. The results of long-term (since 2009) detailed
area and profile researches in the zones of develop-
ment of gas-dynamic phenomena of mine fields of
coal basins were analyzed. Donetsk coal basin: op-
erating mines OF Zasyadka mine (North, South),
Krasnolimanska mine. Lviv-Volyn coal basin -
mines "Stepova" and "Lisova".

The results of detailed profile and area studies in
these areas in the areas of manifestations of gas-
dynamic phenomena give every reason to believe
that the vast majority of emergency processes took
place in areas of high concentrations of hydrogen.

2. For the first time in the world practice, new
approaches were proposed and substantiated to
change the safety paradigm of coal mining, which
will prevent the manifestations of unpredictable
GDP and the associated material and human losses.

3. Analysis of the results of a complex of fun-
damental and applied research at coal mining facili-

ties allows, according to the proposed technology, to
identify and map the studied areas of abnormal hy-
drogen concentrations, their characteristics and use
it as reliable markers for operational decisions for
safe mining by laying advance degassing wells,
which will ultimately make emergency GDP impos-
sible.

4. The expediency of application of the pro-
posed technology for substantiation and allocation
of geodynamic active and stable zones and blocks
promising for industrial exploration of hydrocar-
bons, determining the locations of possible manifes-
tations of GDP and complex making operative deci-
sions for safety of mining works is proved. And, un-
fortunately, the research carried out by scientists and
the results obtained have not yet found worthy sup-
port from the President of Ukraine, state line minis-
tries, commercial structures and the Academy of
Sciences.

Such conclusions were obtained by us during
the processing of significant factual material, as well
as the results of areal and detailed profile gas-
geochemical surveys both in the mine workings and
on the projections of mine fields (stope mine work-
ings) on the day surface.
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HYDROGEN AS AN INDICATOR OF GEODYNAMIC PROCESSES IN COAL-BEARING STRATA

Formulation of the problem. The problem of developing and implementing exploration technology
that will ensure the protection of mine workings and prevent catastrophes in the development of coal depos-
its is especially relevant now, when the issue of environmental protection and safety at coal mines is very
acute.

Analysis of recent research and publications. The idea of degassing of the Earth as a global process of
its self-organization was developed by V.I. Vernadsky in a number of works published in 1911, 1912, 1924.
This concept has had and continues to have a powerful growing influence on modern Earth sciences. The
idea of the key role of hydrogen in degassing of the Earth is developed in the works of V.M. Larin, F.A.
Letnykov, A.A. Marakushev, V.V. Khmelyovska, A.V. Shcherbakov, N.D. Kozlova, Yu.A. Kolyasnikov, V.M.
Shestopalov, V.I. Starostenko, A.N. Ponomarenko.

The purpose of the article is: analysis of the current state of coal mining in Ukraine and in the world
as a whole; substantiation of the possibility of using the technology of safe search for hydrogen in minefield
development zones.

Presentation of the main research material. The new development of safe exploration technology for
coal deposits, proposed by the authors, will allow to track in advance, to identify places of possible manifes-
tations of gas-dynamic phenomena and to make operational decisions to eliminate them. The technology is
based on the use of exploratory gas-geochemical methods for mapping the places of gas-hydrogen accumula-
tions and together with a set of geological and geophysical methods allows to allocate areas of possible
emergency processes in the development zones of mine fields. On a large massif of field work of areal and
profile surveys, the feasibility of using search technology has been proven to justify the use of advance de-
gassing wells to prevent uncontrolled explosive processes and technical disasters. The proposed technology
has been tested at numerous mining sites in the process of exploration and environmental research in areas of
operating and developed mine fields.

Conclusions. For the first time in the world practice, new approaches were proposed and substantiated
to change the safety paradigm of coal mining, which will prevent the manifestations of unpredictable GDP
and the associated material and human losses.

Analysis of the results of a complex of fundamental and applied research at coal mining facilities al-
lows, according to the proposed technology, to identify and map the studied areas of abnormal hydrogen
concentrations, their characteristics and use it as reliable markers for operational decisions for safe mining by
laying advance degassing wells, which will ultimately make emergency GDP impossible.

The expediency of application of the proposed technology for substantiation and allocation of geody-
namic active and stable zones and blocks promising for industrial exploration of hydrocarbons, determining
the locations of possible manifestations of GDP and complex making operative decisions for safety of min-
ing works is proved. And, unfortunately, the research carried out by scientists and the results obtained have
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not yet found worthy support from the President of Ukraine, state line ministries, commercial structures and
the Academy of Sciences.
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HAZARDOUS PHENOMENA IN THE SLIDES ZONE
OF THE UKRAINIAN SECTION IN AZOV SEA

M. A. Bepnincokuii, M. O. Cazaiioax. HEBE3ITEYHI ABHIIIA Y 3CYBHIH 30HI YKPAIHCHKOI JUITHKH A30B-
CbKOI'O MOPAL. Jloszompusani cnocmepesxicents 3a 3CY8HUMU npoyecamu 8 YKpaiui ceiouams npo cmadinbHi 3¢y8Hi npoyecu Ha
y36epexcoci Yoproeo i A306cbko20 Mopie 3 aKMugizayicto 8 0CiHHLO-8eCHAHUN Nepiod. Akmusgizayis 3cy8ié 6i06ysacmvca nio enu-
60M MEXHOLEHHUX MA NPUPOOHUX (PaKkmopis, 3 AKUX Hatbitbuw cymmeeum € abpasia bepecis. Cymov pobomu nonseae 6 oyinyi gax-
mopis, 8I0N0GIOANbHUX 3a 3MIHH IPUOEPEKHOT 30HU A306CbKO20 MOPsL 8 CYUACHULL Nepiod, MAKUM YUHOM, Mema pobomu - GU3HAYEH-
HSL NPUYUH POPMYBAHHS OUHAMIYHO HeCMAabiIbHUX OLIAHOK Gepe2ie | MOXCIUBOCmI 3axucniy bepeeie, npeomem - 3Cy6Hi npoyecu, K
pesyromam abpasii bepezie, 00'ckm - MIHAUBICMb RPUPOOHUX | AHMPONOLEHHUX YMO8 YKPAIHCbK020 V30epedcoicst A306cvkoeo mops. Y
bepezo6iii 301i A306CbK020 MODPA 6 YINOMY UAEILEHO YUKAIUHICIb Pi3HO20 cmynens weuokocmi abpasii 6id 1 0o 4 m200™ (y eunsam-
Kosux eunaokax 0o 15m 6 pix). Bucoxi weudkocmi pyiinyeanna Oepecie 3agixcosani 6 nepioou 2004-2005 ma 2013-2014 pp., wo
N08'13aH0 31 30i1bUIEHHAM NOBMOPIOBAHOCMI HASIHHUX 8IMPIE | X6UTI08AHb, KAMACMPOQIUHUX NiOtioMi6 Pi6HA HA NIBOeHHIll OLiaAHYI
Mops i nadindb piens — Ha nieHiunomy. CunbHi 320HU MA HA2OHU He MITLKU NOPYULYIOMb HOPMATLHY POOOMY Yino2o pAdy NPOMUCTOBUX
i 8upobHuuUX 00'ekmis, a 1l iHOOi Habysaroms xapakmepy CmMuXxiunux nux. Ilpu 3HayHux niotlomMax pigHa MOXNCIUBE 3aMONTeHHA Nop-
mis, 30Kpema npuuanie, pyuHy8aHHs 2iOpOMEexXHIYHUX CHOpyo, CKAAOCLKUX NPUMIUeHb, HCUumiosux 6yoigenv. Y cxXiOHux pationax
az06cvK020 y30epedxcorcs Ykpainu 6io3Hauaemvcs deghiyum HAHOCIE | 6IO3HAUEHA BUCOKA CMYNIHb MIHAUGICMb abpazitinii gopmu
NPUOEPENCHO-MOPCOKO20 Penbedy, a 8 3axXiOHUX [ NIGHIYHO-3aXIOHUX Popmyembest Haonuwox Harvocig. 3 2007 poxy no menepiwiniil
uac cepeOHbOPIUHI GeUYUHU NEpeduyeHHs PigHs A306cbKo20 mops Hao 3amokoro Cusawt 36inbuunucs 0o 10-13 cm.

Knrouoei cnosa: A308cvke mope, 3cy6Ha 30HA, abpasis i ceOUMeHmMayisn, MiHAUBICMb Pi6HA MOPA.

H. A. Bepnunckuii, M. A. Cazaiioax. OITACHBIE ABJIEHHA B OIIOJI3HEBOH 30HE YKPAHHCKOIO YYACTKA
A30BCKOI'O MOPAL. [loneospemennbie HAOMO0EHUA 3a ONON3HEBbIMU Npoyeccamu 8 YKpauHe ceudemenbCmeyiom 0 CmaduibHblx
onon3uesvix npoyeccax Ha nobepedcbe Yeprozo u A306cko20 mopeti ¢ akmuguzayuell 8 OCeHHUL U 8eCeHHUll Nepuoosl. Akmugusayus
ononsHell NPOUCXOOUM NOO BIUAHUEM MEXHOZEHHBIX U NPUPOOHBIX PAKMOPOS, U3 KOMOPLIX HAUbONee CYIeCmEeHHbIM ABNAemCs ab-
pasus bepezos. Cymob pabomul cocmoum 6 oyernke Qakmopos, OmeemcmeeHHbIX 3d USMeHeHUe NPUOPENCHOU 30HbL A306CK020 MOPA 8
COBpeMEHHbLIL NePUoo, Makum oopazom, yenb pabomsl — onpedenenue npUYUH GOopMUpoBanUs OUHAMUYECKU HECMAOUTbHBIX yUacm-
K08 bepe206 u 803mModNCHOCHU 3awumsl bepe2os. [Ipeomem - ononsnesvle npoyeccyl, KAk pesyivmam abpasuu bepezos, obvekm —
UBMEHYUBOCMb NPUPOOHBIX U AHMPONOLEHHBIX YCI08ULL YKPAUHCKO20 nobepedicbs A308cK020 MOpsl, 00beKm — U3MeH4UB0Cb NPUpoo-
HbIX U GHMPONO2EHHBIX YCI08UIL YKPAUHCKO20 nobepedicba A306ckozo mopsa. B bepezosoti 30ne A306cKk020 Mops 6 yenom evisgneHa
YUKTUYHOCMb PAZTUYHOL cmeneHu ckopocmu abpasuu om 1 00 4 m-200™ (6 uckmouumensuvix cayuasx 0o 15m 6 200). Bvicokue cko-
pocmu paspywenus bepe2os 3aguxcuposanst 6 nepuodvi 2004-2005 u 2013-2014 2e., umo céazano ¢ yseruyenuem nosmopaemocmu
HA2OHHBIX 6eMPO8 U BOTHEHUN, KAMACMPODUUECKUX NOOBEMO8 YPOBHS HA I0HCHOM YHACKE MODS U NAOEHULl YPOBHS — HA CEBEPHOM.
Cunbhbie c20Hbl U HA2OHBL He MONLKO HAPYWAIOM HOPMANLHYIO pabomy yeno2o psaoa NPOMbIULEHHBIX U NPOU3B00CMEEHHbIX 00beK-
moe, HO U UHO20a NPUOOPEMAIOM Xapakmep PO3HLIX CIUXUUHBIX 6eOCMBUl. Ycmanoeieno, umo 8 60CMOYHbIX PAUOHAX A306CKO20
nobepedicvs. Ykpaunvi ommeuaemcs Oeuyum HAHOCO8 U OMMeYeHd 6biCOKAsA CMeneHb USMEeHUU80CU abpasuorHol Gopmel npu-
OPedHCHO-MOPCKO20 penvedha, a 8 3anadHbIX U ceepo-3anaduvix gopmupyemcs uzdovimox Harocos. C 2007 200a no Hacmoswee epems
Ccpeone200086vle elUdUHbl NPpesblileHUs YPOo8Hs A306cko20 mops Hao 3anusom Cusaw yeeruuunucy 00 10—13 cm.

Knrouegvie cnosa: As3osckoe mope, ononsnesas 30na, abpasus u 0CAOKOHAKONIeHUe, USMEeHYUBOCTb YPOBHSI MOPAL.

Problem statement. According long-term data
analyses under the slides zone in Ukrainian part of
the Azov sea sustainable processes had been
marked. Landslides are most active in autumn and
spring. The activation of landslides occurs under the
influence of man-made and natural factors. The
most significant factor is coastal abrasion [1]. As a
result of landslide processes, the infrastructure of
the sea coast, civil buildings and port facilities are
destroyed, and the recreational zone is degraded.

The essence of the work is to evaluate the fac-
tors responsible for changing the coastal zone of the
Azov Sea in the modern period, therefore, the pur-
pose of the work is to determine the reasons for the

formation of dynamically unstable sectors and the
possibility of protecting the shores, the subject is
landslide processes, as the result of the abrasion of
the shores, the object is the variability of the natural
and anthropogenic conditions of the Ukrainian coast
of the Azov Sea in the area of interaction between
the sea and land, or, using ecological and biological
terminology, the so-called interstitial area of the sea,
which is also very important from the point of view
of preserving the native hydrobionts and the devel-
opment of hydrobiological processes.

The study of the current state of the Ukrainian
coast of the Sea of Azov is absolutely necessary. At
present, negative trends are developing in the pro-
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cess of deformation of the coastal part of the sea.
Understanding of their causes will prevent signifi-
cant damage to the infrastructure of the region by
natural factors, in particular climatic, and possible
man-made impacts. It is an important condition for
the development of the economy, the recreational
potential of the region and increasing the social lev-
el of the population.

Review of previous publications. The scien-
tific literature notes modern climate changes in the
atmosphere, which have led to changes in the ocean
climate also. These changes affected not only the air
temperature and precipitation, the temperature and
salinity of sea waters, but also the hydrometeorolog-
ical regime of the coastal zone and the water balance
in the Black and Azov Seas. The rise in sea level has
intensified over the past decades. All these changes
found a response in the coastal zone, which reacted
to them and acquired the corresponding trends. The
impact of anthropogenic and natural factors affected
to the composition of sea water of Ukraine and ul-
timately influenced to the nature of the flora and
fauna on the coastal zone. The native characteristics
of the coastal zone as an integral part of the World
Ocean and its subdivisions, including the Black and
Azov Seas, began to change. At the same time, long-
term observations of landslide processes in Ukraine
indicate to the development of stable landslide pro-
cesses on the coast of the Black and Azov Seas with
their activation in the autumn-spring period [1-4].

Since 2011 the annual reports "National Report
on Technogenic and Natural Safety in Ukraine" of
State Service of Ukraine for Emergency Situations
is published by landslides in the coastal zone of the
Azov Sea, the analysis of which was used in the
present work. In addition, the expeditionary studies
of the Black and Azov seas coastal zone are made
by the staff of the Department of Physical Geogra-
phy and Natural Management of the Odessa Nation-
al University and researchers of the Institute of Sci-
ences of the Earth of the Southern Federal Universi-
ty of Rostov on Don. The results of observations
indicate the need to seriously attract attention to the
problem of safety and rational use of the coastal
zone of the sea, in particular partial decision with
the help of artificial coastal hydroconstructions.

Previously unresolved parts of a common
problem. Methods. It should be noted that there has
been a sharp decline in thematic studies of the sea
coast in the last five years. This is most likely due to
economic reasons, i.e. reduction of targeted funding
and, and lack of modern equipment in local research
centers. In fact, this work is the first attempting to
analyze the available retrospective material using
modern satellite monitoring data to assess the pro-
spects for the development of special nodes on the
coast of the Azov Sea. To restore this gap, the physi-

co-geographical and geomorphological data of the
studying area were used, that including the adjacent
coast, which is under the direct influence of the
Azov Sea. A comparative analysis of modern hy-
drometeorological conditions, including the domi-
nant influence of wind activity and sea level fluctua-
tions, has been carried out. Images from Digital
Globe's Earth remote sensing satellites and GNSS
observations on the geodetic network were studied.
Retrospective data of bathymetric surveys, using
GIS technologies, standard methods of statistical
data processing and national reports on the state of
technogenic and natural safety in Ukraine were
used. For the analysis of sea level, data from the tide
gauge of the State Emergency Service of Ukraine
installed in the port of Mariupol were used. The
monitoring under the dynamics of landslides, a geo-
detic network was developed (points were laid for
centering the GNSS receivers) in order to identify
the exact values of the soil displacement.

Results and discussing. Among the techno-
genic factors influencing to the processes of sedi-
mentation in the Azov Sea at the present stage, it is
necessary to highlight the regulation of river runoff
and emissions of pollutants, which cause the restruc-
turing of the ecosystem of the reservoir. Industrial
and agricultural production, the activities of port
services, shipping and dredging, dumping, and rec-
reational using of the coastline also determine the
diverse and intensive input of man-made material
into the water area (fig. 1). The volumes of the in-
coming technogenic material are comparable to the
volumes of modern natural sedimentation, and
sometimes exceed it [5]. At the same time, the mod-
ern state of the shores of the Azov Sea, as well as
the Black Sea, is characterized by the predominance
of abrasion processes. The shores, which are com-
posed mainly of loess-like loams, underlain by
Scythian clays, Khaprovsky and Tanais sands, are
subject to destruction.

This is how the balance of flow and sedimenta-
tion is formed at present, an acute deficit of sedi-
ments, which developed during the Holocene, is be-
coming more and more evident [6-9]. As a result,
the main amount of wind-wave energy is spent not
on sediment movement, but on changing the abra-
sion forms of the coastal-sea relief.

On the other hand, the shores of Ukraine are
mainly composed of sedimentary rocks of the Neo-
gene-Paleogene age. They are represented by clayey
rocks, clays, loams and sandy loams, which noticea-
bly react to moisture, undergo disintegration and
dissolution. Some of the rocks are represented by
rock varieties, mainly limestones (shell, bryozoan,
oolitic), partially — sandstones, shales and igneous
rocks. They are subject to abrasion and dissolution.
In many areas, the rock layers are crumpled, diluvial
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ZONE OF EROSION, TRANSIT AND
ACCUMULATION OF BOTTOM SEDIMENTS

SEA OF
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[] Zone of weak accumulation and transit of materials

[] Active sedimentation zone

[[] Bottom areas dominated by erosion of the bedrock

Accumulative forms of terrigenous,
[] biogenic-terrigenous, biogenic,
alluvial- nutrition

[ Underwater shallows and shell banks

Fig. 1. Zones of erosion, transit and accumulation of bottom sediments, according to [7]

deposits are widespread [6, 7]. Therefore, it is nec-
essary to take into account that the strength of rocks
of IV-V classes prevails in terms of the degree of
abrasion resistance, on which not only the abrasion
rate depends, but also the lithodynamic abrasion
ability. In this regard, in reality, it was a typical nat-
ural process during the Holocene period of the for-
mation of the modern coastal zone (fig. 2). The
transgression was reflected unevenly along the sea
coast. Sea waters moved faster into river valleys and
into the bottoms of folds of the earth's crust. As a
result, ingression bays were formed, which later

turned into estuaries and lagoons. The watersheds
between them stood on the path of transgression and
were subjected to abrasion shear. In the Upper Hol-
ocene, an active leveling of the coast began due to
the cutting off of bays, estuaries and lagoons by bar-
rows, as well as due to the abrasion of cliffs. Such a
general abrasion cut mobilized a significant amount
of sedimentary material, which was spent on the
formation of barrows, spits and terraces of coastal-
marine origin. In some areas, these forms are com-
posed of shell material, in particular, the majority —
on the Azov Sea (Arabat Strelka, "Azov type" spits).

SHORE TYPES

Shores transformed by the sea:
Abrasive
Il abrasive (aligned and bay type)
:I abrasive detritus
Abrasion-accumulative

abrasion-accumulative

(. (aligned and bay type)

Byriuchyi Island

Accumulative
created by wave processes,
beach

created by wave processes,
L d lagoon type

- created by river mouth processes;
deltaic

Sea of Azov

Taganrog

elad
ALY UO(]

. Berdyansk
foreland

Primorsk
-Akhtarsk

Fig. 2. Types of banks. According to [7]
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The dynamics of the waters of the Azov Sea
forms marine accumulative landforms as a result of
the accumulation process, i.e. accumulation and sed-
imentation of suspended matter. These formations
include numerous spits of the Azov Sea. On the
coast, on the slopes of the valleys, detachment and
movement of rock masses occur, causing rock falls,
talus and landslides, which form gravitational land-
forms. They are typical for places where a large
height difference and the presence of an aquifer, as
well as mechanical loads, are combined. Landslides
lead to significant destruction and costs in the resto-
ration of various objects. By origin, the basin of the
Sea of Azov is a neotectonic depression on the bor-
der of the East European platform and the Mediter-
ranean mobile belt. Therefore, the relief of the bot-
tom of the sea and its bays is monotonous: the slope,
steep enough for the coast, turns into a flat bottom,
in the center of which the greatest depths are ob-
served. The strata of rocks prone to the development
of exogenous geological processes in them is com-
posed of Paleogene, Neogene and Quaternary de-
posits [9]. A large number of spits is a characteristic
feature of the shores of the Azov Sea. All braids of
this region are located in the zone of faults in the
earth's crust, and their direction coincides with the
direction of these faults. The zones of deep faults
were an important belief-forming factor, since they
contributed to the braking of the flow of the nanos
and the formation of accumulative forms. There are
braids in the east and south. However, there are spits
oriented deep into the Sea of Azov only on the
northern coast, this is the result of the long-term op-
eration of sea waves and currents that have washed
up shell rock along the coast (fig. 3). The velocities
of currents in the bottom layer of the sea, caused by
the action of storm winds, reaching values of 0.59
m's’!, can cause intense lithodynamic processes in
the coastal zone of the Sea of Azov (fig. 4) [10, 11].

Sea level rising from 1977 to 2002 was linked
with an increasing of the western component of the
winds, which led to an increase in the frequency of
surges, both in the Taganrog Bay and in the Azov
Sea itself, as well as an increase of the amount of
precipitation brought by western winds from the At-
lantic [13]. At the same time, the average annual
level of the Azov Sea tended to increase. The maxi-
mum average monthly levels were observed in June-
July, the minimum — in October-November. In the
coastal zone for the whole Azov Sea, a cyclicity of
varying degrees of abrasion rate from 1 to 4 m high
rates of coastal destruction were recorded in the pe-
riods of 2004-2005 and 2013-2014, which is linked
with an increasing of the frequency of surge winds
and waves, catastrophic level rises in the Southern
part of the Sea and level drops in the Northern one
[14, 15].

Fluctuations of the level of the Azov Sea are
caused by many factors acting simultaneously and,
in turn, are often reflected in abrasion processes. At
the Sea, two main types of level fluctuations can be
distinguished — volumetric perennial and displace-
ment (surge and seiche). The largest range of fluctu-
ations is linked with the upwelling and down well-
ing phenomena. Strong Westerly and Southwesterly
winds bring water from the Sea of Azov to the Ta-
ganrog Bay and create backwaters at the mouth of
the Don. Eastern and Northeastern winds, the most
likely in the Taganrog Bay, on the contrary, drive the
water away, reducing its volume in the bay. With
significant level rises, the flooding of ports, in par-
ticular, berths, destruction of hydraulic structures,
storage facilities, and residential buildings is possi-
ble. With a significant decreasing of the Sea level,
the depth in the approach channels decreases, which
disrupts the operation of the fleet. Oscillations near
the shores of the Taganrog Bay are the largest for
the entire Azov Sea. Strong wind surges disrupt the
normal operation of a number of industrial facili-
ties and sometimes they take on the character of
formidable natural disasters. As an example, private
landslides in the Donetsk region should be noted:
Mangush and Novoazovsky districts, Priazovsky
district in Zaporozhye region. It has become cata-
strophic phenomena in the area of the Azov Sea
coast in the last 10-12 years.

The average long-term sea level in the port of
Mariupol, calculated from 1923 to 2007, is 471 cm.
The average long-term level for the last 30 years
(1977-2007) is 480 cm. The registered maximum
level — 600 cm was 07/06/1985, and the minimum —
324 cm 11/11/1993 According to the Navigation of
the Black and Azov Seas: 540 cm — critical during
the water surge; 560 cm — dangerous during surge;
601 cm - spontaneous during the surge; 430 cm —
critical when water driving; 411 cm — dangerous
when water driven; 351 cm — spontaneous when wa-
ter driven. When considering monthly average lev-
els in the port of Mariupol from 1985 to 2016 and
plotting a trend line, an increasing in sea level in the
coastal area was noted (fig. 5).

In the figure 5, the value of the vertical axis is
referred to November 2010, when, according to the
State Emergency Service of Ukraine, the landslide
process intensified and a new landslide block was
formed. At the same time, from January to August
2010, an average monthly elevated sea level was
recorded from 486 to 508 cm, and in February and
March 2010, the maximum values of the level of
551 and 538 cm, respectively, were recorded, which
is practically a critical level during a surge wind.
Unfortunately, in the 80-90s of the last century,
modern, profile observations were not carried out,
and the geodetic network created in this research
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Fig. 5. Dynamics of sea level in the port of Mariupol

area and fixed on the ground by laying centers was
absent at that time, which does not allow studying
the dependence of processes in the previous terms.

As an example of the practical using and rele-
vance of research, analysis of direct measurements
data and graphic material in 2014 showed the sus-
tainable development of landslides, in particular in
the area of the village Melekino. At the same time,
no direct statistical relationship between surface
displacement and coastline erosion was noted. It is
quite obvious that the main influence on the devel-
opment of landslide processes in this area is deter-
mined by the erosion of the coastline, including by
wind waves with an increasing of the average sea
level, where the geodetic network of the Krymge-
ologiya enterprise was used. But after the events of
2014, these data were lost.

During the studying the images of Earth remote
sensing satellites by DigitalGlobe, USGS LandLook
and Sentinel, the following places with pronounced
coastal dynamic processes (fig. 6) on the Ukrainian
coast of the Sea of Azov can be identified, which
require special attention: 1). The mouth of the Ton-
kaya channel (Genichesk, Kherson region); 2). Head
of the Biryuchiy Island spit (Kherson region); 3).
Mouth of the Molochny liman (Zaporozhye region);
4). Orlovka coastal region (Zaporozhye region); 5).
Head of the Obitochnaya spit (Zaporozhye region);
6). Coastal region of Primorsk (Zaporozhye region);
7). Coastal region of Lunacharsky (Zaporozhye re-
gion); 8). Coastal region Babakh-Tarama (Donetsk
region); 9). Coastal region of Yuryevka (Donetsk
region); 10). Coastal region Melekino (Donetsk re-
gion); 11). Coastal region Bezymennoe (Donetsk
region).

Analyzing of satellite images in the region of
both branches (Tonky and Arabatsky), one can no-

tice a sharp increase of sediment input after 2014.
One of the possible reasons is the termination of ir-
rigated agriculture in Crimea since 2014 due to the
cancellation of water supply to Crimea through the
North Crimean Canal, as a result of which water
discharges into the

Sivash bay sharply decreased.

As for the Western Ukrainian coast, one should
pay attention to the Genichesky Strait, which con-
sists of two branches — Tonky and Arabatsky. In re-
cent years, there has been a stable shallowing of the
approach channel with the formation of a sediment
island along the channel. The depths in the area of
the Genichesk port are supported by the runoff from
the Sivash.

The decreasing of depths in the area of the
Genichesk and Arabat Strait began to be observed
after March 1970, since the formation of the Arabat
Strait. The current regime in the Genichesk Strait is
determined mainly by the longitudinal pressure gra-
dient due to the level difference at its boundaries
and the prevailing winds in the region. A feature of
the currents in the strait is their unidirectionality. An
analysis of the field observations data [17-20]
showed that the predominant water transport in the
strait is observed from the Azov Sea to the Sivash
bay. In April-May period characterized by elevated
sea level values, due to the flood of the Don and
Kuban, as well as fairly high average monthly wind
speeds, the frequency of the Azov currents for 1939-
2008 amounted to 61-67%, at average speeds of 23-
24 cms™! and water flow rates of 58-62 m*s™. Si-
vash currents are observed in the Tonkiy Strait under
the influence of winds from the West. For the period
1939-2008 their repeatability was 36% at an average
speed of 16 cm's™'. From 2007 to the present, the
average annual values of the sea level rise of the
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Azov Sea over the Sivash bay have increased to 10-
13 cm. The termination of irrigated agriculture in
Crimea after 2014 led to the salinization of the Si-
vash bay and its shallowing. The increasing of the
frequency of currents from the Azov Sea to the Si-
vash bay links with the transport of sediments in the
coastal zone. At the same time the morphology of
the shores and straits maintains the natural depths
for the given water area in the channel of the water-
course. East and North-east winds prevail for the
coast and the open part of the Azov Sea. In the ini-
tial period, under the action of a moderate North-
eastern direction of wind, the direction of the cur-
rents coincides with the direction of the wind
throughout the sea area. Then, with a prolonged
Northeastern wind near the Arabat Spit, a surge of
water is noted and two different flow patterns are
formed in the sea area. If over the whole Sea the
speed of the northeastern wind is uniform or in the
Northern part of the Sea it is higher than in the
Southern part, then in the Western part of the Sea a
cyclonic is formed. Observation of the coastline dy-
namic in the area of the head of the Biryuchiy Os-
trov spit also shows the growth of coastal sediments
because of the accumulation of shell rock.

Conclusions.

1. In the eastern regions of the Azov coast of
Ukraine, there is a deficit of sediment and a high
degree of variability of the abrasion form of the

coastal-sea relief is noted, and in the western and
north-western regions, an excess of sediment is
formed.

2. Sediments are formed by wind-wave currents
from the Taganrog Bay towards to the Arabat Spit
and then move counterclockwise to the Utlyutsky
Liman.

3. The increasing of the frequency of currents
from the Azov Sea to the Sivash Bay links with the
transport and deposition of sediments in the coastal
zone, where the morphology of the shores and
straits is a concomitant factor, i.e. maintains natural
depths in the stream bed for a given water area. Ob-
servation of the coastline dynamic in the area of the
head of the Biryuchiy Ostrov spit also shows the
growth of coastal sediments because of the accumu-
lation of shell rock.

4. Since 2007 to the present, the average annual
values of the sea level rise in the Azov Sea of over
the gulf Sivash increased to 10-13 cm, except for the
termination of the irrigated agriculture in Crimea
after 2014, the gulf became salinized and shallowed.

As for recommendations, one should take into
account the possibility of adjusting the regulated
factors of anthropogenic impact, dredging and
dumping, the expediency of which is based on the
materials of seasonal, after the flood wave, monitor-
ing of the investigated area.
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HAZARDOUS PHENOMENA IN THE SLIDES ZONE
OF THE UKRAINIAN SECTION IN AZOV SEA

Formulation of the problem. According long- term data analyses under the slides zone in Ukrainian
part of the Azov sea sustainable processes had been marked. Landslides are most active in autumn and
spring. The activation of landslides occurs under the influence of man-made and natural factors. The most
significant factor is coastal abrasion.

Review of previous publications. It was established that the air temperature and precipitation, the tem-
perature and salinity of sea waters and the hydrometeorological regime of the coastal zone and the water bal-
ance of the Black and Azov seas as well depends on climatic changes. The rising of the sea level has intensi-
fied over the past decades. These changes found a response in the coastal zone that reacted to them and ac-
quired corresponding trends.

Purpose is to determine the reasons for the formation of dynamically unstable sectors and the possibil-
ity of protecting the shores on the Ukrainian coast in the Azov Sea, the subject is landslide processes, as the
result of the abrasion of the shores, the object is the variability of the natural and anthropogenic conditions
of the Ukrainian coast of the Azov Sea in the area of interaction between the sea and land.

Methods. Analyses of images space and temporal dynamic of Earth remote sensing satellites by Digi-
talGlobe, USGS LandLook and Sentinel were used and also retrospective long term of hydrometeorological
data and standard statistical methods.

Results. The places (areas) with pronounced coastal dynamic processes on the Ukrainian coast of the
Azov Sea were identified, that require special attention: two in the Kherson region, five in the Zaporozhye
region and four in Donetsk. In the coastal zone of the Azov Sea the rate of abrasion from 1 to 4 m per year
(in exceptional cases up to 15 m per year) was marked. In a period of significant level rises, the flooding of
ports, berths, the destruction of hydraulic engineering structures, storage facilities, and residential buildings
is possible. Also, during the period of the significant decreasing of the sea level, the already limited depth of
the approach channels decreases again, that disrupts the operation of the fleet. Conclusions. Investigations of
the current state of the Ukrainian coastal zone of the Azov Sea, that is significant importance for the sustain-
able the economy development, the recreational region’s potential and the social level of the population.

It has been established that in the eastern regions of the Azov coast of Ukraine there are a deficit of sed-
iments and a high degree of variability of the abrasion form of the coastal-sea relief is noted, and an excess
of sediments are formed in the western and northwestern regions.

Keywords: Sea of Azov, landslide zone, abrasion and sedimentation, sea level variability.
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FEO®I3NYHA MOJEJIb HA®TOT'A30HOCHOCTI 30H PO3YINJIbBHEHHA
OYHIAMEHTY JHIITPOBCBKO-JOHELKOI 3AITIA/IMHBI

Pozeumox xonyenyii 2nobanvroi decazayii 3emui modrce npusecmu 00 KapOUHATLHOMY nepeisidy YCManieHux 0yMoK uwjooo npo-
2HO3YB8AHHSL MA NOWLYKY Hapmoeazoeux pooosuwy y rynoamenmi. Tlonepeoniii ananiz naseHoi ceonoeco-zeodizuunoi ingpopmayii 0o-
380/19€ GUABUMU 38'A30K MIXC HAAGHICMIO NEBHUX 2e01020-MEeKMOHIUHUX, MOPPONOIYHUX MA THUWUX O3HAK 2100aNbHOT decazayii 3i
cmynenem UMOBIPHOCMI 3aN0BHEHHA YUX POOOSUNY 8)2NIe800HAMU. 3 021140y Ha me, WO 3an08HeHH s 8i00)8AEMbCS NO 30HAX TMEKMOHI-
uHOI akxmueizayii, akymynamopamu (Racmkam) 8y2ieso0Hi8 MONCYymb 6ymu 30HU PO3VyiibHeHHs (hyHoamenmy. Ha éiominy 6i0 kna-
CUYHOT KapmMuHU HAS6HOCI KOLEKMOPY 8Vele800HI8 Y CKIENIHHAX AHMUKIIHANLEU 0CA008020 YOXd, 30HA PO3VUIIbHEHHS MOJICe 3HA-
X00umovcsi 8 6YOb-5KIl YaACMUHI CIMPYKNYPHO20 ONOKY (DYHOAMEHmMY i, NPAKMU4HO, He 3alexCumsv 6i0 peyosunHo2o ckaady. Tomy,
nepuiumM emanom 6UOileHHs 30H PO3YWiIbHEeHHS € NPOBEOEHHS 2PAGIMEMPUUHUX | MASHIMHUX 3UOMOK i3 3ACIMOCYBAHHAM PIZHUX Me-
MOOUK IHMepnpemayii MamemMamuiHoi MoOeli KapmuHu X6Uib08020 NOJIA 3 MEMOK BUSHAYEHH: 0xcepen tio2o anomaniil. Tlokasaro,
Wo cmpykmypa yHOAMeHmy 6 X6Uib08OMY NOMi QIKCYEMbCA HA 8CIX KAPMAX 3ANUMKOBUX AHOMAIN, A 30HA PO3YUITbHEHHS - MITbKU
Ha OOHIll. ¥ ybomy eunaoxy eona 30icacmvcs 3 30H00 mpancopmayii ocepeoHenHs y 6u2na0i MIHIMYMY HOBHO20 HOPMOBAHO20 2pa-
OIEHMY, 0OIAMOBAHO20 3 060X OOKI8 MAKCUMYMAMU, WO | 6KAZVE HA MONCIUBY HASABHICIb KONEKMOPY 8Y2le800HI8. Pesynomamom yux
00CNiONHCEHDb € CeUCMIYHUL PUCYHOK XBUTLOBO2O NOISL OEKOMNPECIUHUX 30HU (yHOamenmy. IIpoananizosano ma y3azaibHeno memo-
OUKU U000 BUSLELEHHSL 30H PO3YWITbHEHHS. MA CKIIAOEHO 2e0(Ii3UUHY MOOETb XGUNbOSUX NOJIE PEAbHUX POOOSULY 8Y2NeB00HIE 8 (yH-
damenmi, ik cmpykmyp-noniconis. Ha ocnogi ompumanux pesynomamis ¢ akocmi 06'ekma 00Cnio#ceHb 30H PO3YWIIbHEHHS NPOAHA-
2i308ano Pozcowencoky anmukninanony cmpykmypa nigniunoeo 6opmy J{/13.

Knrwuosi cnosa: ¢nioiou, gpynoamenm, nacmia, 30Ha po3ywiibHeHH S, X6UIbOGE NOLe, AHOMANISA, 2e0pIi3UUHA MOOeb, CeticMid-
HULL PUCYHOK, POOo8uLye.

A. JI. Bacunenxo. TEOPU3SHIECKAA MOJE/Ib HEQTETA30OHOCHOCTH 30H PA3YIIVIOTHEHHA ®YH/JIAMEH-
TA THEITPOBCKO-TOHELIKOH BITAJTHHBI. Passumue konyenyuu 2nobanshoti dezazayuit 3emiu Modjicem npusecmu K Kapou-
HANLHOMY NePecMompy YCMOAGUIUXCS MHEHUI NO NPOSHO3UPOBAHUIO U NOUCKAM Hepme2a308blX MECHOPOHNCOeHUI 8 yHOameHme.
IIpeosapumenvHviil AHANU3 UMEIOWENICS 2€01020-2e0PU3ULECKOU UHPOpMAYUU NO36OIIAEN GbIABUMb CE53b MEHCOY HATUYUEM Onpede-
JIEHHBIX 2€071020-MEKMOHUYECKUX, MOPPONOSUHECKUX U OPY2UX NPUSHAKOS 2N00ANbHOU 0e2a3ayuu U CMeneHbio 8eposimHOCIU 60C-
NOJHEHUs. SMUX MECMOPOAHCOEH U Y2TleB000POOaAMU. Yuumoleas, umo 0CHONHeHUe NPOUCXOOUM HO 30HAM MEKMOHUYECKOU aKmugu-
3ayuu, akKymynamopamu (108yuwkamiy) yeneeooopo0os Mo2ym Obins 30Hbl pa3yniomuenus gynoamenma. B omauuuu om knaccuve-
CKOU KapmuHbl HAUYUS KOLIEKMOPA Yene6o0opo008 6 c800axX AHMUKIUHALEN OCAOOYHO20 YeXd, 30Hd PA3yNJIOMHEHUs MOXcen
Haxooumcs 6 0601 4acmu CmpyKmypHo2o O10Kka @yHoamenma u, npakmuiecku, He 3aeuUcum om eeujecmeennoz2o cocmasa. Iloasmo-
MY, NEPBbIM IMANOM BbLOELEHUS 30H PA3YIIOMHEHUS ABNAEMCA NPOBEOEHUS 2PABUMEMPUHECKUX U MASHUNHBIX CHEMOK C NPUMEHEHUEe
PA3NUYHBIX MEMOOUK HO UHMEPNPEeMAayuy MameMamuyeckol MoOenu KapmuHsl 60THOB020 NOIS C YEIbl0 ONPeOeneHUs UCHOUHUKO8
ezo anomanui. I[loxazano, ymo cmpykmypa yHOAMeHma 6 60IHOBOM NoJie QUKCUPYEMCs HA 6CeX KaPmMax 0OCMAMOYHbIX AHOMANUM, d
30HA pA3YNIOMHENUs. — MONLKO HA 0OHOU. B smom ciyuae ona cosnadaem c 301010 mpancopmayuy 0cpeoHenus 6 Uoe MUHUMYMA
NONHO20 HOPMUPOBAHHO20 2pAdUeHmd, 0OPAMAEHHO20 NO KPAAM MAKCUMYMAMU, YMO U YKA3bI6Aem HA 603MONCHOE HANUYUE KOIEeK-
mopa yeneeo0opo0os. Pesynvmamom smux uccnedosanuii A61aemcs celicMuieckuli pUCyHOK 80IHOB020 NOJA OEKOMNPECCUOHHBIX 30H
gynoamenma. Ipoananuzuposanvl u 0600ujeHbL MEMOOUKU NO BbIAGLEHUIO 30H PA3YIIOMHEHUS U NPEOONHCEHA 2e0PuU3UiecKds Mo-
0ellb BONHOBYLIX NOJell PEabHbIX MECTNOPONCOEHUL Yele8000p0008 8 (hyHOameHme, KAk CmpyKkmyp-noaueonos. Ha ocnoee nonyuen-
HbIX pe3yibmamos 8 Kavecmee 00beKma UCCIed08anull 30H PA3ynIOMHEHUs NPOAHATUIUPOSaHa Po3coulenckas aHMUuKIUHAIbHAS
cmpykmypa ceeeprozo bopma JI/13.

Knrouesnvie cnosa: gnioudvl, pynoamenm, 108yuKa, 30Ha pasyniomHerus, 80IHO80€ NOJe, AHOMANUS, 2e0UIULECKAs MOOeb,
celicMu4ecKuti pucyHoK, Mecmopodicoenue.

Beryn. B pannit gac iHnTepec mo (yHIameHry,
K HaTOra3onpOMHUCIOBOrO 00'€KTY OCIIIHKEHb,
3Ha4yHO 3pocrtae [1, 2].

Lle moB's13aHO SIK 3 BiIKPHUTTSIM IPOMHCIOBUX
CKYITYeHb BYIVIEBOJHIB Y (YHJIAMEHTi, TaK i 3 BH-
CHa)KCHHSIM CTapHX PONOBHII B OCAJOBUX MOpPOJaxX
yoxja. Bapro Big3HauMTH, 110 B OCTaHHI POKHU
OTPHMaHO JlaHI 3 BEPTHKAIBHOI PO3MIAPYBATOCTI
PI3HOBIKOBOTO KPHCTANIYHOTO (YHIAMEHTY IjIaT-
¢opMHUX oOmacTeii i iCHYBaHHIO B HbOMY BEJTHKHX
30H posymuteHeHHs (3P), TpimmHyBaToCTi 1 icHY-
BaHHS TYT aKTUBHUX (IIIOTIHUX CUCTEM, IO CKIATy
sIKUX BXonATh ByrieBoaHi (BB) [3]. HoBa konmermis
r1o0anpHOI Aerasarnii 3eMini MoKe IIPUBECTH J0 Ka-

PAMHAIBHOTO TEeperisily YCTalleHHX JYMOK MIONO
BIIKPHUTTSI Ha(TOra30BUX POMOBHIN y (YHIAMEHTI
[4, 5, 6, 7]. Buxonsuu 3 1i€i KOHIIEMI1, pOOBHINA
Ha(TH 1 Ta3y 30H pO3YIIIbHEHHS (PyHIAMEHTY CIIil
po3nisagaru sk "gosrorpatoui” pomoeuma (long-
playing fields) mekomnpeciiinux 30H, ane He 3a Ki-
JIBKICTIO 3amaciB BYTJIEBOHIB, a 32 CHEMHUDIKOI ix
TEHE3UCy 1 IOCTIMHOIO IOTMOBHEHHS, IO 3HAYHO
301JIbIIY€E TEPMIH EKCILTyaTallil.

ITpomucnoBy HaTOra3oHOCHICTH (yHIAMEHTY
Ha CHOTOJHIIIHIA JIeHb JOCTOBIPHO BCTaHOBJICHO.
PonoBuiiia BYIJICBOAHIB B KPUCTATIYHUX IOPOIAX
BIIKPUTi 1 pO3pPOOISIOTHCS HAa BCiX KOHTHHEHTaxX. B
IaHuil Jac Bimomo Oimbiie 450 mpoMUCIOBUX IOK-
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namiB HadTH, razy Ta KOHICHCATYy B (pyHIaMEHTI
HaTOra30HOCHUX OaceiHiB.

3'sBUBCS Ps HAYKOBUX CTaTeH, MPHUCBIYECHUX
cKiafy, BiKy, OymoBi i HadTorasoHocHocti (yHaa-
meHTy. Cepern poOiT 3araipHOTO IUIaHy Tpeba 3raia-
T TpyHTOBHI myOmikamii P. I. T'apempkoro, A. E.
[nesinrepa, A. JI. SAnmmna [8], B. b. Ilopdip'esa i
B. I1. Kiouxka [9], B. A. Kparomkina [ 10], A. 1. Jle-
tagina [11], B. JI. lllycrepa [12, 13], T. Konunra (T.
Koning) [41, 42, 43] Ta iH.

Kpim Toro, omyGmikoBaHo Oararo poOit, 1m0
CTOCYIOTBCSI CKIIaAy 1 HadTorazoHOCHOCTI (yHIa-
MEHTY KOHKPETHUX TEpUTOpid, 3 SIKMX Tpeba BiA-
3HAUUTH yHiKaJbHe poxosuule binuit Turp Ha KoH-
THHEHTAIbHOMY IIenb(i miBaHsa B'etnamy [14].

Ponosumie bimuit Turp i pan iamux ([Ipaxown,
Yopuwuii JleB) Bigkputi y KiynoHsbkiii 3anaauHi me-
ne¢y IliBnenno-Kuraiicekoro mops. Y 1986 pori
OTPUMAHO TPOMHCIOBHU TPUILIHB HadTH i3 Me30-
30iicbkoro Kpucranigyaoro ¢ynaamenty. [lokmaan
HapTH 30CepeleHi B KaBEpPHO3HO-TPIlIMHYBaTHX,
PO3YIIUIFHEHUX pe3epByapax TPaHITHOTO MAacHUBY i
MOB'sI3aHi 3 BUCTYIAMHU KPUCTAIIYHOTO (DYHIaMEHTY,
YCKJIaJHEHUMH TCKTOHIYHUMU Tuciokaiismu. Hag-
TOTa30HOCHICTh MiATBEpKeHa 10 THOUHN 4350 M.
Hebit cBepmioBuH niepeBuirye 1000 1/mo0y. Hadra
BKimodae 157-211 m¥/r rasy [15, 16, 17].

3Beprae Ha cebe yBary Tou (hakt, 10 MOKIagH
HalOimemmx B cBiTI pomoBum BB B dyrmamenti
MPUYPOYCHI J0 TPAHITOIAHNX MOPiJI, BipHIIIe 70 30H
PO3YIIITBHEHHS [TUX TIOPiJ], BKIIOUAIOUN KOPY BHBI-
TPIOBAaHHSI.

I'paniToinu BusBieHi B (hyHIaMEHTax BCiX TLIa-
T(hopM, SIKi BOHHM i YTBOPIOIOTH CIIIBHO 3 1HITUMH
MOpOAaMH, a B AEAKHX OOJIacTAX BOHHM Maibke Lij-
KOM CKJIQIal0Th (PyHIaMEHT.

Amnani3 marepianis Outbin Hixk 100 pomoBuil
BB B ¢dyHgaMeHTi BKIIIOYHO 3 TpaHiToimamu Ta ix
KOpaMM BHUBITPIOBAaHHS I10Ka3aB, 110 HUX MPHypoUe-
HO 39,5 % mnoknaxiB. ¥ MeramopgiuHUX mopia ix
29 %, y kapboHaTHuX mopif iXx 14 % a y ByJakaHo-
reHHux — 12,5 % [18]. Skmo BpaxyBaTu oOCSI MOK-
JaaiB, TO BUHAE, IO 0 TPAHITOINIB MPUYPOUECHO
6inbin */4 3amacie BB B gynnamenti [19]. Tpu npo-
My MOKJIaAX B TPaHITOigaxX 4YacTO MalOTh BEJHUKY
oy i Bucoty. Tak, ponosuiie Xuorton-Ilanxemn
Mae oy 60 X 100 kM, a Ha pomoBuil bimuit
Turp ToBIIMHA TOBEPXY HA()TOHOCHOCTI MEPEBUIILYE
1,5 kM. 3 ornsay Ha 1ie, TPAHITOINM € HAWOLIBI Bi-
POTiIHOO TPYTIONO Mopia y GyHIaMEHTI, SIKi MOXKYTb
MICTHTH BENMKI CKymueHHS HapTh i razy. Takum
YHHOM, TOPOIU (QYyHIAMEHTY € 00'€KTOM IJIsl clie-
IU(IYHOrO HETPAIULIHOTO MOLTYKY 1 pO3BIAKH I0-
KJIaJ(iB BYIJICBOJIHIB.

He € BUHATKOM 1 CTPYKTYpPHO-TEKTOHIUHa Oy-
nosa IliBHiunoro 6opry [AninpoBchKo-/loHEenbKOro
aBnakoreny (/IJ1A), B Mexax SKOTO BCTAaHOBJICHA

IIPOMHUCIIOBA Ha(TOra30HOCHICTh apxeicko-
HIDKHBO-TIPOTEPO30MCHKOTO KpHCTaiuHOTrO (hyHma-
menty (K®) [20, 21, 22, 23, 24]. Tyt BiaKpuTO M0-
Haja 30 pomoBUI 3 TOKJIAJAaMH B HWKHIM YaCTHHI
pemyKoBaHOTO 0cafoBoro 4oxia. OgHak i TyT edek-
THUBHICTH ITHOOKOTO OypiHHS Ha HApTY 1 Ta3 B KO €
HEBENUKoIo. (s cBepAsoBUH, MO PO3KpUIN (yH-
JTAMEHT 3araJbHAN KOe(II€HT yCIMITHOCTI MONIYKY
BB ne nepepumrye 0,15, mist 0cagoBoro KOMIUIEKCY
JlHinpoBchKko-J{oHEbKOT 3amaJiiHu BiH CTaHOBUTh
0,33, a ans okpemux paiioHiB (30Kpema, B XapKiB-
cpKkoMy paifoni) mocsirae 0,5. Tyt mpomMucioBi npu-
TOKH Ha(TH, Ta3y 1 KOHJIEHCAaTy OTpPUMaHi 3 Pi3HUX
PO3YIIUTbHEHUX KPUCTATIYHUX MOpia Ha XyXpHHCH-
koMy, HOmiiBcrkoMy (mepeBaxkHo amdidomitn), Ha-
pixHIHCEKOMY, CKBOPIIIBCRKOMY Ta iH. (TIepeBakHO
TPaHITOIU 3 peIiKTaMH 3eJICHOKaM'SHUX TIOpia) po-
nmoBumax [25]. Hactinmeku Benukoro € pisHUIS ede-
KTUBHOCTI ITOIIIYKOBO-PO3BiAyBaIbHUX POOIT Ha Ha-
¢Ty i ra3 B moponax (QpyHIaMeHTY, 3a3BUYail mosc-
HIOIOTh BIJICYTHICTIO 3araJIbHONPHUHSATHX HAYKOBO
0OTpYHTOBaHUX YSIBIIEHb NP0 TE€HE3UC HAPTH 1 razy
(0OTPYHTYBaHHSM TOIIYKOBO-PO3BiAyBAILHUX POOIT
Ha HadTy 1 ra3 B KO 3aiimanucs TOCIiTHUKY, Cepe
SAKUX OyaM TpeNCTaBHUKKA MAaHTIHHO-a0l0reHHOT
KOHIIEMIii 1 TPUXWIBHUKH OCaJ0BO-MirpamiifHol
"reopii") [1].

[Ipote, He3BaKaIOUM Ha MPOTHIEKHICTH B IIUX
KOHIICTIIIH, EAMHUM 00'€JHYI0YNM (PAKTOPOM € Has-
BHICTh KOJIGKTOPY, HE B KJIACHYHOMY PO3YyMiHHI, a y
3B’S3KY 31 Crienu(iuHUM KOJICKTOPOM, IMOB'SI3aHUM 3
MacTKaMH 30H PO3yIIiIbHeHHS B QyHaamMeHTi [26, 27].

Haii6inbm nmepcrnekTHBHUM IIISAX TaKoTro IMif-
XOJly — BHBYEHHS CTPYKTYP-TIOJITOHIB 3 MPOMHMCIIO-
BUMH CKymueHHsMH BB y meBHOro tumy moponax
(yHIaMeHTy 3 HasSBHICTIO 30H PO3YIIUTbHEHHS 1
BCTAHOBJICHHSI XapaKTEPHOTO CEHCMIYHOTO PUCYHKY
aHoMaJii reo(i3UUHUX IOJIB 3 MOMAJBIIUM Tepe-
HECEHHSAM IMX 3aKOHOMIpHOCTEHl Ha JOCIiJDKyBa-
Huit 00'ext. Came TakuM 00'ekToM € PoscomeHchka
CTpyKTypa miBHiuHOTO O0pTY JI/13.

AHaJi3 nonepenHix gocaimkenb. Hadroraso-
HOCHICTb B ()yHIAMEHTY BU3HAYA€THCS, SIK IPaBUIIO,
TPbOMa OCHOBHMMH (DaKTOpaMH BHIICHHS 30H PO-
3yLIibHEHHS (YHAAMEHTY: CTPYKTYpHO-TEKTOHIY-
HUM, PEUOBUM i XBUIBOBUM. SIKIIO MEPIIUil BU3HA-
Ya€ThCS CTPYKTYPHUM PUCYHKOM, a JPYTHid — pedo-
BUM CKJIJIOM, TO TPETii (pakTop € HaWOUIbII CKIaI-
HUM JJs1 iHTepIpeTalii XBHIbOBOIO MOJS i OTpH-
MaHHS CEWCMIYHOIO PHCYHKY TazoHocHOi 3P®. Ha
BIIMIHY BiJl KTACHYHOI KApTHHU HAasBHOCTI KOJEK-
TOpa BYIVIEBOIHIB B CKJICTIHHIX aHTHKIIHANEH oca-
JIOBOTO 4OXJIa, 30HA PO3YLIIJIbHEHHS B (yHAaMEHTI
MOJKEe 3HAXOAWUTHUCS B Oyab-AKiil yacTHHI HOTo CTpY-
KTYpHOTO OJIOKY 1, NMPAaKTUYHO, HE 3aJIeKUTh BiJ
CKJaay KpUCTAJIYHUX MOpiA. AJie iX pedyOBHHHHMN
CKJIaJ1 Ty’Ke BIUTUBAE HA HAQTOTa30HOCHICTb.
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TaxkuM YMHOM, I 30HOI0 PO3VWINIbHEHHS QYH-
damenmy CIHiJl PO3yMITH TEBHUU OOCSAT BHYTPIII-
HBOTO MPOCTOPY (PyHIAMEHTY, SKUH MOBHICTIO abo
YaCTKOBO BTPATHB CBOI CTPYKTYPHO-TEKCTYpPHI OCO-
ONMMBOCTI BHACITIIOK T€OMWHAMIYHOTO BILTUBY 1 eITi-
TEHEeTUYHOIO IepeTBOpeHHs. BciM mmuM meperso-
PEHHSIM XapakTepHi 30HM MiABHILIEHOI TPIilIMHYBa-
TOCTI 1 KaBep3HOCTI, TOOTO BTpara IIIBHOCTI Ta, K
HacNiAOK, 3MiHAa XBWJIBOBOIO IOJISI HajJ LUMH 30-
HaMH.

Tomy, mepmmM eTanoM BUAUICHHS 30H PO3YIi-
JIEHCHHS € TPOBEICHHS TPaBIMETPUYHHMX 1 MarHiT-
HUX 3HOMOK 1 3aCTOCYBaHHsI Pi3HHX METOIUK IO iH-
TeprpeTanii OTpUMaHOi MaTeMaTH4HOi MOJeNi Kap-
TUHYU XBUJIOBOTO IIOJISL 3 METOIO JIOKaji3amii mke-
pen #ioro anomamiit [30]. IlporHo3yBaHHSI KOJNEKTO-
piB B KpHCTaJiYHUX YTBOPECHHSAX TIPYHTYETHCS Ha
XapakTepi  3aracaHHsS eHeprii B  TPINIMHU-
KaBEPHO3HMX MOPOAaxX. A 1Mo AUHAMIYHUX MapaMeT-
pax XBHJILOBUX IOJIiB 3 BUKOPUCTAHHSAM CEHCMIYHO-
TO PHCYHKY IepeadadaloThCsl AUISTHKH 3 PO3YIIiJIb-
HEHOIO MTOKPiBENEHOI0 YaCTHHOIO (QyHIaMEeHTy [24].

[Momyku QuroinHUX pe3epByapiB B KpHCTaTiy-
HUX MOPOJAaX BUMAaraloTh 3aCTOCYBaHHS OiibII M-
POKUX METOAWK MPOBENEHHS Teo(i3ndHuX poOiT 3
METOI0 MOJEIIOBAaHHA CTPYKTYPHO-XBHJIBOBUX Xa-
PaKTEPUCTUK 30H pO3YIIUIbHEHHS (yHAaMeHTy. |
SKIIO iX CTPYKTYpHUM TIOKa3HUKOM IOIIUPEHHS
3P® BucTynae CTpyKTypHUN PUCYHOK, TO B XBHJIbO-
Biif KapTHHI K IHJAMKATOP EHIICHTPY, CBOIO DPOIY
"ckJeniHHA" IMX 30H, Ji¢ K NpaBWIoO (iKCYIOTHCS
HaWBUII TIOKa3HUKH (PIIBTpaIlifHO-€EMHICHUX BIIac-
TUBOCTEH, BUCTYIIAE CEUCMIYHUL PUCYHOK. 3aCTOCY-
BaHHS MOJICJIIOBAHHS Ta aJrOPUTMIB OOYUCITIOBAJIb-
HOI MaTeMaTHK{ B TeOoQi3uIli MPU3BEIO 10 IMOSBH
HOBUX €()EeKTUBHUX i EKOHOMIYHUX METOAWK IIOIIY-
KiB PI3HUX POAOBUII KOPUCHHX KOIMAIHH, B TOMY
yrcai — HadTH 1 Ta3y. MeTomuKy MOIIYKiB JKepel
aHOMAaJTi Ha JICHHIH MTOBEPXHi 3a JIOTIOMOTOI PO3-
paxyHKy ToBHOro HopMoBaHoro rpazgieHty (ITHI)
rpaBiTalliiHOro a00 MarHiTHOTO TIOJS 3alpOIIOHO-
BaHO B pi3HUX poOorax [31, 32]. 3a3HavyeHu#t miaxif
€ OJHUM 3 HaWOUIBII TEPCIIEKTUBHUX HAIPSMKiB
MOIIMPEHHS IHTepnpeTanii JaHnx reodizuyHoi ae-
POPO3BIJIKK 32 JOMOMOTo0 (imbTpalifHUX mpoLe-
nyp. MeTtoauka 1ikaBa He TUTBKH CBOEK) €KOHOMid-
HICTIO, aJie 1 HE3HAYHOO (B MOPIBHSAHHI 3 MIAX0I0M
"3aJIMIIIKOBUX aHOMATIi'") anpiopHOIO 1H(pOpMAIIi€TO.
B pamkax Buxopucranus psagis @yp'e mis mores-
HIHHUX TI0JIIB, LIEH METON € BapiaHTOM CMYTOBOIO
(dinsTpa, HAJIAMITOBAHOIO BIANOBIIHO 10 3aJaHOl
KUTBKICTI TaHOK psiny. CyTHICTH HOTO MOJISITAE B TO-
My, 110 IOBHUI HOpMOBaHMii rpaxieHT B. M. bepes-
kina (1988) mocsirac MakCUManbHUX 3HAYEHb CaMe B
0COOJIMBHX TOYKAX MOTEHIIIMHOTO TIOJIS, SIKE PO3IO-
BCIOIDKYETBCS 3 JICHHOI TOBEPXHI B INTUOMHHMUN Ha-
miBnpoctip [33].

3acTocyBaHHs JAaHOI METONUKHU AJs BHUIAIKY
MAarHiTHOIO IOl J03BOJSIE BU3HAYaTH MarHiTHI
BKpaIjIeHHsS Y MPUIIOBEPXHEBOMY APl MOPix, sKi
1ICHTU(IKYIOTh MTOKJIAJ BYITICBOHIB.

KinpkicHa peamizariisi mpOro MigXOAy IPYHTY-
€TbCs HAa MeTonl "00'€eKT — MareMaTHyHa MOAEIb —
KIHIICBO-Pi3HUIIEBA APOKCUMAIlisl — OOYUCITIOBAIIb-
HUW aJITOPUTM — TIporpaMa — 0OUHCITIOBATBHANA €KC-
MEPUMEHT — aHai3 Pe3ynbTariB (ITo0ya0Ba CUCTEMHI
13omiHii Qinerpa)" [34, 35], ne po3mIAIarOTHCS JBO-
BUMIpHUI 1 TpUBUMIpHHUH BUNagku. DakTHYHO, 1€ €
HaKJIaJJaHHM 3BiCHO-PI3HUIEBOTO (DIIBTPY MOBHOTO
HOPMOBAHOTO TPAJi€HTy Ha MOTEHIilHe (rpaBiTa-
niiHe a0 Mar”iTHe) moJIe.

B mpormeci BuBYeHHSI 00'€KTIB CTPYKTYypHOTO
TATTYy METOAOM '"0coONMMBHX TOYOK", pO3pOOICHO
METOIUKY MPSAMHUX MOUIYKiB HAQTH 3a NaHUMHU Tpa-
BipO3BIJKM B CHPUSATINBUX YMOBax, IO 0a3yeThCs
Ha crioco0i HopmyBaHHs ¢yHKUid [31]. Ha puc. 1
300pakeHI KapTH 130JIiHIA IMOBHOIO HOPMOBAHOTO
rpajlieHTa HaJ MOJETSIMH SIK HEMPOAYKTHBHOI CTPY-
KTypH Tak i HadTorasoBoro pojowuiia. Hessaxato-
9YM Ha Te, MO Tpadiku MPUCKOPEHHS CHIU TSKIHHS
JUTSL IIUX MOJIENICH SIKICHO HE BIiAPI3HSAIOTHCSA OIUH
Bil OIHOIO, pE3yJAbTaTd 3aCTOCYBaHHS METOLY
"0coOMMBHX TOYOK" JUIS HUX ICTOTHO Pi3HATHCS. B
OJTHODIHIM HENPOAYKTHBHINA CTPYKTypi "ocobmuBa
TOYKa", IOKajJi30BaHa CIIOCOOOM HOPMOBaHHX (yH-
KIIiif, pO3TAIOBYIOTHCS MPUOIN3HO B i1 MEHTPi Mac.
Ji1s1 HEeOMHOPIAHOT CTPYKTYpPH, BEPXHS YacTHUHA SKOi
MicTHTh HadTy abo Ta3, po3yUIiILHEHHS MTOPiJI MPH-
3BOIUTHh JO 3MiHHM KapTH MOBHOIO HOPMOBAHOIO
TpaJieHTy B BEPTUKaJIbHOI IUIONIMHI. MiX ABOMa
MaKCHMyMaMH, IO XapaKTepH3yIOTh CTPYKTYpY,
3'SIBIIIETHCS. MiHIMYM, IIOB'SI3aHUN 3 30HOIO TPIlllHU-
HYyBaTOCTi. 3a3BWUaii 1ie SBHIIE MOXKe OyTH IOB'sI3a-
HE 1 3 HEOTHOPITHICTIO caMol CTPYKTYpH, IO MpaK-
TUYHO TIOBCIONHO TPU3BOAMTH JI0 YCKIIAJHCHHS
rpadika aHoMamii CHJIM TSOKIHHS JIOKQJIBHUM MiHi-
MyMOM. TakuM YHWHOM, NEPCTIEKTUBHUMHU Ha BHSIB-
JICHHSI POJIOBUII BYIJIEBOAHIB MOXYTh OyTH CTPYK-
TYpH, L0 BiJ3HAYAJIUCS JIOKAJIbHUMU MakCHUMyMaMH
MIPUCKOPEHHS CHIIM TSDKIHHS 1 MPOSBOM PO3YIILIh-
HEHHS B KapTax MOBHOTO HOPMOBAHOTO TPaJIi€HTA.

Ha pucynky 2 npencrasieHi pe3ysbTaT 3acTo-
CyBaHHsI JaHOI METOAMKH Ha Ha()TOra3oBOMY POJIO-
Buti XKernb6aii (Kazaxcran), ge mpu 4mcii rapMoHi-
ku N = 30 B 00sacTi MOKJIaay CIIOCTEPIra€ThCs Mi-
HIMYM HOBHOTO HOPMOBAHOTO Tpali€HTa, 10 00Is-
MOBaHUI TO Kpasx Makcumymamiu. lle Bkazye Ha
MOXIIUBY HasiBHICTh KOJIEKTOpa BYIJIEBOJHIB y BH-
DA 30H PO3YLIUIBHEHHS, JIIBOPYY BiJl SIKOT 3HAXO-
JUThCS TONiIOHa 001acTh, JIe BIKPUTO HOBE POJIO-
Butie — [liBnennuit XKerubaii [33].

st mokatizaiiii 30H po3yIIiIbHEHHS MOXe Oy-
TH BUKOPHCTAaHO KOPEJALINHMNA METOH MOy reo-
¢bi3ngHnX aHoMaiit [36], SKui € IPUPOTHUM y3a-
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Puc. 1. Aromautii cunu TSDKIHHS 1 KapTH 130J11HIH TOBHOTO HOPMOBAHOTO TpaieHTa Ag y BepTUKaIbHIH 110~
LIMHI: a — U OAHOPIAHOT HEMPOAYKTHUBHOT CTPYKTYPH, O — IJIsl CTPYKTYPH, BEPXHS YaCTHHA SKOT MiCTUTh
PO3YIILTEHEHHS 32 paXyHOK HadTorazoBoro poxosuiia (3a B. M. bepeskinnm, 1988)
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Puc. 2. Pesynbraru inTepnpeTanii rpaBiTalifHOT aHOMaii METOAOM HOpMOBaHUX QyHKUiH Ag Ha HadTOTa-
30BoMy pomoBwuii JKerubaii (3a B. M. bepeskinum, 1988): 1 — moxmay JKetubaii; 2 — i30:iHii MOBHOTO HOP-
MoBaHoro rpajienta npu GH > 1; 3 — i30JiHIT TOBHOTO HOPMOBaHOTO TpajieHTa pu GH < 1;

4 — moxnan IliBnennunii XKXerubai
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TallbHCHHSM  TPaIUIIfHOTO TpeHna-aHamsy [37].
AHali3 TpeH/iB CTPYKTYPHUX MOBEPXOHb, & TAKOK
BIIXWJICHD BiJl WX TPEHIIB MOXE YCIIIIIHO 3aCTO-
COBYBATHUCSl IJISi OKOHTYPIOBAHHSI MEPCHEKTUBHUX
nitstHOK Ha HadTy i ra3 [38], mo 103BOJIsSE BUIBUTU
€IMHY JIOKAIBHY CTPYKTYpY 32 KOMIUIEKCOM T'€0JIO-
ro-reoi3uvHUX OB,

Jlinii GoHOBUX TPEHIB JO3BOJISIOTH MPOBECTH
Mpoliec CBOEPiAHOI (inmpTpamii aHoMamii reodiznd-
HUX T0JNiB. B pe3ynbrari Ha QoHi "CTpyKTypHOTO"
¢dakTopy MokHa BUAUIMTH "HecTpykTypHuil". Lle
MTOB'SI3aHO 3 THM, IO ONITUMAJIbHA CyMapHa perpecis
MOJIIB Ma€ 3a3BHYail CTPYKTYPHY MPHPOAY, a HACTY-
IHi perpecii MOBUHHI MICTUTH Ty YaCTHHY IO, KA
He "BOHCYEThCA" B CTPYKTYPY 1, OTKe, Ma€ "HeCTpy-
KTYpHUH" XapakTep y BUDIALI CBOEPITHUX 30H PO-
3ymiinbHeHHS. CaMa X CTPYyKTypa MOXKe MaTH JIOKa-
JbHI 0COONMBOCTI NEKITBKOX MOPAIKIB, IO PO3Pi3-
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Puc. 3. Anomanii rpasitaniiftHoro nosst Ag B
YMOBHOMY DiBHi: II(ppamMu O3HAYCHI MIHIMYMH
(1 —2) 1 makcumymu (3 — 6) Ageep
(3a M. L. Puckkianm,2017)

ToHyBaHHS JOTIOMArae BiJJOKPEMHUTH JIJISTHKH 3
MIIBUICHAMH 1 3HWKCHUMH 3HaYCHHSMH HarpyxKe-
HocTi mons (puc. 3, 4) i BuminuTH HadTOrazonepc-
MEKTUBHUI 00'€KT, OCKIJIbKA BHUSBJIEHA CEHCMOPO3-
BIJIKOIO CTPYKTypa aJieKBaTHOTO BiJ0OpakeHHsS Hi B
O/IHOMY 3 IIUX NOJiB He Mae. KOHTyp 1i€l cTpyKTypH
po3TalloBaHuii B "CXWIIOBIH" YacTHHI OUIBIIOI aHO-
Mauii — mo3uTuBHOI 3a Ag 1 HeratuBHOI 3a AT. On-

HSIOTBCS 32 TOPH3OHTAIBHUMH po3Mipamu. Y Oara-
TO-BUMIPHOMY BapiaHTi JUIS MOMIYKY ONTHMAIBHOI
perpecii 3a3Buuaii BUKOPUCTOBYIOTBCSI OOHMIIBA T€0-
¢iznmunux nonst — Ag i T [37].

[pyHTYIOUMCh Ha IYacCOHIBCBKMX CIIiBBiJHO-
IICHHAX, 0 TOB'S3YIOTh TpaBiTAIlifHANA 1 MarHiT-
HUH MOTEeHIIaj, 332 HassBHOCTIO 3arajibHUX JDKEpen i
nmofiOHOCTI y BimoOpakeHHi cKymdeHs ¥YB B aHOMa-
misix Ag 1 AT: Han ckymuennsmu BB 3a3puyaii dik-
CyrThcs MiHIMyMH Ag [39], sSIKi IOSCHIOIOTHCS TUM,
o Je()eKTH MIUTLHOCTI B CKJICIIHHAX 30H PO3YIIli-
JTbHEHHSA (yHIAMEHTY OOYMOBIIOIOTH 3MEHIICHHS
CWJIM TSDKIHHS HaJl TOKNAZ0M (HECTPYKTYpHUH (ak-
Top) HaTH i Ta3y. B skocTi mpukiIamiB yCHinrHoi
moxkamizamii Ag i AT anomarniii HaBeZieHO aHi 3 MO-
JICJIIOBAaHHS 30H PO3YILUIBHEHHS M0 OOHOMY 3 Had-
TOra30HOCHUX paioHiB 3axigHoro Cubipy (puc. 3,
4) [40].

Puc. 4. Anomanii maraitHoro noist AT: mudpamu
Mo3HaueHi1 MiHIMYMH i MaKcUMYMH AT,
(3a M. . Pucekinnm,2017)

Hak, 3aMIIKOBI aHoMaltii ATeer 3 pamtiycom 2 X 2 kM
JIOKAI3YIOTh 16 00'€KT Ayke BIIEBHEHO (puc. 5).
Tpanchopmanis anomaiiid y mom Ag 3 pagiycamu 3
KM 1 5 KM HPOSBJISIETCS B KOHTYPI HiJIHATTS CTPYK-
TYpH, y MiBJICHHIH YaCTUHI SKOTO (PIKCY€EThCS YITKHH
MiHiMyM (puc. 6) [40]. Leit minimym moxe OyTu
HaHIEePCIEKTUBHIIIOW 00acTio "CKIIeiHHA" Y KO-
HTYPI TTHATTSA, JIe BIAIOCS BUIUTUTH 30HY PO3YIIli-
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Puc. 5. Anomanii AToer 3 po3MipamMu 1o
ocepeHeHHs 2 X 2 KM?
(3a M. 1. Pucekinum,2017)

JIHEHHS, 3 SKOIO MOB'A3aHE POJOBUILE BYIJICBOIHIB.

Mera i 3aBIaHHA 1OCJIiIZKEHbD.

MeTto10 poOOTH € BCTAaHOBJICHHS CEHCMIUHOTO PUCY-
HKy aHOMaJliii reo(i3M4HUX NOJIB 30H PO3YIIiJIb-
HEHHA (yHIAMEHTY 1 30KpeMa BUPILICHHS TaKHX
3ajau:

— BIOCKOHAJIMTH METOJMKY XBHIJIbOBOI JiarHOC-
TUKU 30H PO3YIIIJIbHEHHS (QyHIAMEHTY;

— BCTAQHOBUTH HASBHICTh CTPYKTYPH-TIOJITOHY
ra30HOCHOI 30HM pO3YIIUIbHEHHS (yHna-
MEHTY;

— BCTaHOBHUTH Teo]i3sMuHy MOAEIb 30HH PO3Y-
IIIBHEHHS. (PYHIaMEHTY Y BUDISAII celcMid-
HOTO PUCYHKY aHOMajiil TpaBIMETPHUYHOIO i
MAarHiTHOTO MOJIiB.

O6'exmom docniddcensy € 30HU PO3YNIUTEHEHHS
¢dbynnamenty miBHIYHOTO OopTy JIHINPOBCHKO-
JloHelbKo 3amajuHu.

Ilpeomemom Odocniodcerns € TIEPCIIEKTUBH Ha-
(TOra30HOCHOCTI 30H PO3YIIUIbHEHHS (QyHIaMEHTY
Ha NpUKIaai Po3commeHchkol CTpyKTypH.

Marepiaju Ta MeTOIH AOCTiIZKEHb.

ABTOpPOM BHKOPUCTAHO Pi3HI HEYHCIICHHI ITyO-
Jikarii 3 BusiBjieHHs Ta BuBueHHs 3P® B Hadrora-
30HOCHHX 0acelHaX CBITYy Ta 3aCTOCOBAHO T'€0JIOTi-
YHi 1 reo(i3nYHI METOIU JOCHIJHKEHb, cepel] SKUX:
a) CTPYKTYpHHIA, 0) KOMIUIEKCHUI aHalli3 TOTEHIIi-

Puc. 6. Anomanii CakcoBa-Hurapma 3 pagiycom
3 kM 15 kM (3a M. 1. Pucbkinum,2017)

-KOHTyp CTPYKTYpH;

HUX reo(i3uYHHUX MOJIB (IpaBIMETPUYHOIO, €NEeKT-
pUYHOTO, MAarHiTHOTO) Ta TOPIBHSUIBHUN aHaJi3
CEeMCMIYHOIO PUCYHKA.

M nocnimxenns 3P® Oyno BukopucTasi Kap-
TH JIOKAJIbHUX aHOMaJIill rpaBiTaniiHoro (Ag,) 1 Ma-
rHiTHOTO (AT) momnie (aBropu B. lllemert, B. OMens-
yenko, 2006-2008, 2009-2017).

Pe3yabTaTn qociitKkens.

ITnoma nocnimxens ([TiBuiyamii 6opt JJ/13) B
IJIOMY 3a CTYHNEHEM BHBYEHOCTI PO3MEXKOBYETHCS
Ha /IBl YaCTWHM — NiBAEHHY 1 NiBHiuHY. CyTTEBO Me-
HIIly MiBAEHHY YacTUHY, IO NMPUJISITa€e A0 MiBHIYHO-
T0 KpaiioBOTO PO3JIOMY, Maike Ha BCiil MPOTSHKHOCTI
3 pI3HUM CTYIIEHEM JETaJbHOCTI BHBYEHO IJIOMIO-
BOIO celicMoposBiakoro metomom CI'T [28, 29]. B
il YacTHHI TUIONI 30CEepPEeKEHO MPAKTHYHO BCI
00CsITM  TOUTYKOBO-PO3BiyBAILHOTO OypiHHS Ha
HadTy Ta ra3 i BIIKPUTO 3HAYHY KUIBKICTh POAOBHIL
BB. binbma miBHiyHa yactuHa [liBHIYHOTO OOpTY 3
TOBIIMHOIO 0CA/I0BOTO YOXJIA MEHIIE 2 KM HMpPaKTH4-
HO HE BUBYAJACh, Yepe3 Te, 10 BBAKAJIACh MaJoIle-
pcuexkTuBHOIO a0 Oe3mepcrneKTHBHOK. Xo4a Ha
CHOTONHINIHIN JIeHb MIBHIYHA TPAHUI MOXKIHBOTO
3HaxomkeHHs (popmyBanHs) nokianis BB IliBaiu-
HOro OOpTY JTIOCTOBIPHO HE BCTAHOBIIEHA, OCKLIBKH
mOOKe TIONIYKOBO-PO3BiIyBalibHEe OypiHHA Ha Ha-
GTy Ta ra3 MpoOBOAWIOCH JIMIIEC B MPWISTarodiil 10
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KpaioBOTO PO3JIOMY MiBACHHIN dacTuHi [1iBHIYHOTO
Oopty. B miBHIUHIN YacTHHI 00OpTy OypHUINCH TiTBKH
CTPYKTYPHO-TIOIIYKOBI Ha BYTUIbHI 1 KapTyBaibHi
CBEPUIOBMHU. B 3axifHiil yaCTHHI TUIOIII TaKi CBep-
JUTOBWHU TTOBHICTIO BiZICYTHI.

l'eonoriuni moOymoBH A MOKEMOPIHCHKHAX
yrBopeHb [liBHiyHOTO GOpTY /I/I3 BHKOHYBAIUCH,
TOJI0OBHUM 4yuHOM, B Macmmradi 1:200 000 (B. Ille-
meT, B. Omensaenko, 2006-2008, 2009-2017) na
OCHOBI TpaBiMar"iTHux 3iomok M-0y 1:200 000 i
Iy’Ke 0OMEXEHHUX AaHUX 10 CBEPJIOBHHAX.

VY 2012 poui y mexax PoscomeHChKOi CTpyK-
TypH OyJ0 MpoOypeHO MapaMeTpU4Hy CBEPIJIOBHHY
Ne 558 mubunoro 2231 M, mo poskpuia 329 M kpu-
cramygaux nopia. 3a manumu [JIC mokpisis ¢yH-
JaMEeHTy pOo3KpuTa Ha TmowmHi 1922 M, a mopomu
(dyHAaMeHTy TpeACTaBJICHI TPILIMHYBATHMHU TpaHi-
TO-THEWcaMH, SKi 3HAYHOIO MipOI0 TIEPETBOPEHI Me-
TaCOMaTHYHUMHE TIporiecamul. TpiluHI 30HU 3aIoB-
HEH1 YOPHUMH PYJHHMH MiHEpaIaMu.

[Mpu BumpoOysanui BIIT B intepBam 2080-
2162M B mopomax KpHUCTANIYHOTO (yHIAMEHTY
OTPUMaHO CIa0KUI MPUILIHMB (ilbTpaTy NpOMHBa-
JBHOI PIAMHM 3 TUIACTOBOK BOAOK B 00'emi
1,66 M*/100y, 1110 XapaKTepU3y€e NPOHUKHICTh IUX 30H.

BuxopurcToByroun oTpuMmaHi naHi, Oyiau Tpo-
aHaJi30BaHi MaTepiaiu rpaBiIMEeTpUYHOI 1 MarHiTHOT
31OMOK Ha Po3coleHchKil momi.

Po3comeHcbka aHTHKIIIHAJIBHA CTPYKTYpa Ha-
JISKHUTh 10 BOoromayxiBChbKoi 30HU TEKTOHIYHOT aKTH-
Bizailil, 1110 Lle 3yMOBHJIO PO3BUTOK KOHTPOJIFOIOUUX
il TEKTOHIYHUX MOpYIIeHb. Po3comeHchka aHTHKITI-
HaJb €, 10 CYTi, IPHUITITHATHM OIIOKOM, SIKHi 0OMe-
KEHUI TEKTOHIYHHMHU TOPYIICHHSIMH, HPUUIOMY 3
MiBHOYI BiH €KPaHYETHCS HE3T1THUM CKHJIOM (pHC. 7).

Po3commHCcbka aHTUKIIIHAJIL 3HAXOAMTHCS B
30HI MIEpeTHHY CyOIMPOTHOTO Po3comeHchkoro He-
3TiHOTO CKUJAY Ta TIMOMHHOrO BoromyxiBchbKOro
PO3TIOMY, SIKUM KOHTPOJIOETHCSI OJHA 3 HAWOUIbII
3HAYYIIMX Ta JOCHIKCHUX CyOMepHUIiOHAIBHUX
30H TEKTOHIYHOI akTHBi3alii. Cepes OCHOBHUX 0CO-
OnmuBocTel OymoBH JiHINHUX 30H TEKTOHIYHOI aKTH-
Bi3allil BUSBIIEHO aHOMaJbHICTh T€O(I3NYHHUX TTOJIB
Ta BCTAaHOBJIEHA HASBHICTH 30H JHHAMOMeTaMopdi-
3My, iIHTEHCHUBHOI NEPEepOOKH IMOpif riApoTepMalib-
HO-METacOMaTWUYHUMH Iporecamu. Lle Bkazye Ha Te,
mo Po3comeHchbka CTPYKTypa € ONTUMAIIbHOIO
CTPYKTYpOIO JJIsi BUSIBIICHHS Ta BHUBYEHHS 30H pO-
3YIIUTEHEHHS.

MeTonrka MpOBEACHHS HAMH XBUJIBOBOI Jliar-
HOCTHKHU 30H PO3YUIIJIbHEHHS (YHIAMEHTY IPYHTY-
Bajiacs Ha aHaji3i iHTepnperaniii rpaBiTauiiiHoro ta
MAarHiTHOTO TOJIiB, SKHW MPOBOAMBCS I10 JOKAIBHUX
3aJMIIKOBUX aHOMAJIisIX BiJl OCEpEeNHEHHS MO B
MeXKax KBaJpaTHUX MaJeTOK po3MipoM 9 X 9 Todok
(4 x 4 xm), 15 x 15 Touok (7 x 7 km) Ta 21 X 21 TO-
gky (10 x 10 xm).

Ha kaprax 3anummkoBux aHoOMallid Ag 3 pamiy-
com 10 x 10 xm (puc. 8) 1 7 x 7 kM (puc. 9) meit 06'-
€KT JIOKANI3YyEThCS Ty’Ke BIEBHEHO, PUUOMY OCHO-
BHa "aHOMaJIisl CKJICHiHHA" CTPYKTYpH YiTKO (iKcy-
€THCS B IMiBJIEHHO-3aX1/THIA YaCTHHI KOPIOHY CTPYK-
TYpH 3 XapakTepHUMU MiHIMaJbHUMHU 3HAYECHHSIMU
Ag. Ha celicMiuHOMY PHCYHKY JIOKaJbHUX aHOMail
ocepenHeHHs monst 9 X 9 Todok 3 pagiycom (4 x 4
kM) (puc. 10) crmoctepiraerbest po3IBOEHHS aHOMA-
nii Ha ABi Ounbm npiOHI ("MiHICKIEmiHHA" MiHIMa-
JHHUMH 3Ha4eHHSAMH Ag), 1m0 Iyxke cxoxe Ha 3PD
IT0 TPaHITOINaX, aje MBHUAIIE 33 BCE, O€3MEPCIICKTH-
BHAa B HA)TOTa30BOMY BiJHOLICHHI, TOMY IO HE Bi-
JNOBia€ BHUAIJICHOMY HaMH aHAJOTYy-CTPYKTYPH
30HU PO3YIIUTbHEHHS (PYHIaMEHTY.

AHanoriuHa KapTHHA CIIOCTEPIraeThCcs Ha Ceil-
cMmiyamx kaprtax anomainiidi AT. (puc. 11), ne "aHo-
Maniii ckimenmiHHA" o Ag BiOmoBimae i3oMeTpwyHa
a”anoriyna "anHomauisa cxienings" mo AT, TUIBKH 3
MPOsIBOM Jo7aTkoBoi aHoMauii AT Ha cXij BiJ OCHO-
BHOI cTpykrypu. Lle "minickneninus" no AT Haii-
O1ITBII "iTKO TPOSIBIISIETHCS Ha puc. 12. Takuii cefic-
MIYHUH PHCYHOK BiJIOBifa€e, Ha HAIIy TyMKY, 3MiHi
PEUOBHMHHOTO CKJIaly O0'€KTY JOCIIKEHHS 1 HasB-
HOCTI TaK 3BaHOI iHTEHCHUBHO-AMCIOKOBAHOI IPUPO-
3JI0MHO1 30HH, SIKA € 3aHAaATO Maja AJIsl YTBOPEHHS
MacTKy ByIieBoAHiIB. [loniOHN MPUPO3IIOMHI 30HU B
HIUTBHUX TOPOAAX MOXYTh OyTH HalOiNbLI mepcre-
KTUBHI 17151 (QOpMyBaHHS pPyAHHX IPOSBIB 1 pofo-
BUIIL

Pesynwratu Oypinns cBepmioBuHa Ne 558 rmo-
Kazanmy, 1o ii Oyno mpoOypeHO B HEONTUMAIbHUX
YMOBax 30HH PO3JIOMY. SIK BUJHO 3 CEHCMIYHUX pH-
CYHKIB, pO3TalllyBaHHS CBEP/JOBHHH HE BiJIIOBiAa€e
JKOTHOT JIOKAJIbHOT aHOMAJIi1 XBWJILOBOTO IIOJIS.

AHaJi3 rpaBiTamiifHOTO 1 MArHITHOTO TIOJIB Ha-
BK0JIO Po3coleHchkoi cTpyKTypH BUSIBHB HadTOTa-
30TepCIIeKTUBHAN 00'€KT, SIKHI 3a BCiMa XapaKTepH-
CTUKaMH BIAIOBiZa€ BHUIUICHOI paHille CTPYKTYpi-
ananory. Jlanuii 00'€eKT 3HAXOAUTHCA Ha CXiJ Bij
Po3comiencbkoi cTpykTypu (Ha KapTax JIOKQJIbHUX
aHoMaJiil BUIIIEHO 3eJeHnM oBajoM). Ha kaprax
3aIMIIKOBUX aHoMaliii Ag 3 pamiycom 10 x 10 km
(puc. 8) 1 7 x 7 xm (puc. 9) ueii 00'ekT PiKCyeThCS
Jy’e BIIEBHEHO, MPUUOMY KOHQIrypauisi HO3UTHB-
HOi aHOManii Ag NPaKkTUYHO iJEHTUYHA B Pi3HUX
ocepennenHsx. [loBHicTio 3P® poskpuBaeTbes Ha
KapTi aHoMalii Ag 3 po3MipoM majeTku 9 X 9 Toyok
(4 x 4 kM) (puc. 10). Tyt cnoctepiraeTbcs KiracudHa
KapTUHA CeluCMIiuH020 PUCYHKA 30HU PO3YWITbHEHHS
@ynoamenmy: B MeXax CTPYKTYPU HaJl CKYITUCHHSI-
mu BB 3a3Buuail ¢ikcyroTbcs MiHIMYM IO BifHO-
LICHHIO /10 OKOHTYPIOIOYOIO MAaKCMMyMy 3 JBOMa
"aHOMaJBPHUMH CKJICMIHHAMHU'. 3a PEUYOBHHHUM
CKJIQJIOM OO'€KT MPEICTaBICHUH OCTAHISIMH 3MiHe-
HUX 3eJICHOKaM'ssHUX 1opif cepen rpaHitoinis. Cruixn
3a3HAYMTH, IO B JAHOMY THII Topia PyHIaMEHTY
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Puc. 7. ®parmeHT CTpyKTYpPHO-T'€OJIOTIHHOT CXeMH JOKeMOpilicbkux yTBopeHs [liBHiuHOTO OopTy /13 (32
marepianamu JII'E "Ininporeodizuka”, 2017).

Ymosni nosnauenns: 1 — HeoapxeHChbKi 3eIeHOKaM'stHI CTPYKTYpH (CHH(GOPMH), CKITaJeHI MUXAITiBCHKOIO
cepiero (BUTATHYTI 30HU 1 OKpeMi BEITUKI TpaBiTalliiiHi MAKCHMYMH Pi3HOI IHTEHCHUBHOCTI Ha (hOoHI crabkoau-
(hepeHIiii0BaHOTO MAarHITHOTO 1OJIst 200 B KOPEJIsMii i3 MAarHITHUMU MaKCUMyMaMH); 2 — OCTaHIi (PeTiKTh)
3MIHEHHX 3€JIEHOKAM'sTHUX TTOPiJl Cepell TPaHiTOiNiB (JIOKaIbHI MAaKCUMYMH Ha (DOHI MOHMKEHOTO ab0 Tpai-
€HTHOTO IPaBiTAL[IITHOTO MOJIA, SIKi 1HOJI KOPENTIOIOTHCS 3 MAJIOIHTEHCUBHUMH JIOKAJIbBHUMH MarHiTHUMH Mak-
CUMyMaMH); 3 — HeoapXeHchKi TpaHiTHI (THeHCo-TpaHiTHI) KyIOJIH, CKIIJIeH] TiariorpaHiTaMu, rpaHiTaMu, a
B TiepuQepiiiHuX YyacTuHax-rHelicamu (130MeTpHYHI JIOKaJIbHI IpaBiTalliliHi 1 MArHITHI MIHIMyMH CepeliHiX 1
KPYITHUX pO3MipiB Ha (OHI MOHMKEHUX TOMiB); 4 — oA (IUIIHKK) PO3BIIKY YaCTKOBO MiKPOKIMHI30BaHUX
TUTAriorpaHiTiB CANITHKIBCHKOTO KOMILIEKCY 3 HESICHUME (hopMaMy 3asiraHHs (MpaIieHTHI 30HU Pi3HOT iHTeH-
CHUBHOCTI, OOIINPHI JIJISTHKH 3HUKEHOTO I'PaBITAIifHOTO 1 MATHITHOTO MOJMIB); 5 — MoJIst (MIJISTHKK) TPaHITOl-
JiB IPOTEPO30MCHKOTO BiKy 3 HEICHUMH (HOpMaMu 3aisiTaHHsl (AUITHKY MiHIMaJIbHUX 3HaU€Hb MPaBiTalliiiHO-
O 1 MarHiTHOTO MOJiB); 6 — IHTPY3il OCHOBHOTO cKJaxy (130METpUYHi, IO CHiBIIAAaI0Th B IIaH1, HEBEJIMKI 3a
pO3MipaMy iHTEHCHBHI JIOKaJIbHI MAKCUMYMH TPABITAI[IfHOTO 1 MArHITHOTO TOJIiB); 7 — am(}i0omiTH, rop-
HONEHUTH, piame — cianii amdidonosi, raeiicu 6ioTuT-ampicomnosi (o = 2,93-2,97, & = 50-400); 8 — miHil-
Hi 30HM TEKTOHIYHOI aKTHBi3awii (rpaHiTH3awisi, MirMaTH3aLlis, MiKpOKIMHI3aMis, TPIIWHOY TBOPEHHS, Mar-
Mari3M), TOB's3aHi 3 NMTMOMHHUME po3JioMaMH (TIPOTSKHI BY3bKi JIiHIIHI 30HH THTEHCHBHUX T'PaBiTAIMHUX i
MarHiTHUX MiHIMYMIB); 9 — DIMOMHHI PO3JIOMH, IO 0OMEXKYIOTh 200 BU3HAYAIOTH OKPEMi T€00JIOKH 1 KpYIIHI
TEKTOHI4Hi enneMeHTH; 10 — 1oKanpHi po3puBHI nopyiieHHs; 11 — npobypeni cBepanoBuHy; 12 — Mexa Pos-
COLIMHCBKOT CTPYKTYpH; 13 — MporHo3Ha 30Ha po3yiiibHeHHs pyHaameHTy (3PD)
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Puc. 10. JlokanpHi anoManii rpasitaniiiHoro moist (Ag ok = Ag 3. 3t - Ag 3m1. 91) 3 po3MipaMy IO
ocepenHeHHs 4 X 4 kM (3a Marepianamu JII'E "JIninporeodisuka”, 2017)

Puc. 11. Anomanii maruitHoro nonst AT (3a marepianamu JIT'E "Ininporeogizuka, 2017)
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Puc. 12. ®parment kaptu TokanbHAX aHOMamil MarHITHOTO MO ATuox = ATs 3T.- ATam 15T
3 po3mipamu 1ol ocepeqHerHs 7 X 7 kM (3a marepianamu AT'E " Ininporeodizmka")

BCTaHOBJIEHA Ta30HOCHICT, Ha CKBOPIIIBCHKOMY Ta
IOniiBchkoMy pomoBumax niBHiwHOTO OOpTY J/13.
BucHosku.
3amporoHoBaHa Teo(i3nYHa MOJENb 30HU PO-
3yMIUTEHEHHS (YHIaMeHTy Oyia BifoOpakeHa y BU-
ISl CEHCMIYHOTO PUCYHKY aHOMAJii rpaBiMETpH-
YHOTO 1 MarHiTHOTO TIOJNIiB: HaJ CKymueHHsMH BB
(hiKCyrOThCS MIHIMYMH TIO BiJTHOIIIEHHIO JI0 OKOHTY-
PIOIOUMX MaKCUMYMiB B MEXKax BHJILICHOI aHOMAJ].
Jlana mMeroauka Oyjia 3aCTOCOBaHa JIO JiarHoc-
THKH XBHJIBOBHX TONIB Ha Po3comeHchKiit CTpyKTypi.
BcTaHoBIIE€HO, 1110 B MEXKax CTPYKTYpH CIIOCTe-
piraeTbcsi 1HTEHCHUBHO-JAMCIOKOBaHA IIPUPO3JIOMHA

30Ha, SKa 32 00CSATOM 3aHAJTO Malla [T aKyMYJISIIii
BymeBoAHIB. OnHaK, mobmm3y OyB BUSBICHHI Had-
TOTa30MEePCIEKTUBHUN 00'€KT, SIKUH 3a BCiMa Xapax-
TEPUCTUKaMH BIJIOBiae BHIUICHIH CTPYKTYypi-
aHasory 3P®. 3a pedyoBHMHHUM CKJIaIoM O00'€KT
MPEACTaBICHUI OCTAHIIMHA 3MIHEHHX 3eJICHOKaM's-
HUX TIOPiJl cepe]] TPaHUTOI/iB.

Bussiienns 3P® mnossirae B IIOCHIIOBHIN 1HTE-
pripeTanii IUIONI OCEpeTHEeHHs BiJ OLIBIIOTO J0
MEHIIIOTO TIPH HEYXMIILHOMY JIOTPHMAHHI HACTYITHO-
ro NpaBWwia: JOCHIUKYBaHA 30HA PO3YWINTbHEHHS
¢yHOoamenmy TIOBUHHA BUABIISTHCS B YCiX aHOMAJIi-
X TPaBITAI[IIHOTO TIOJIS.
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TO THE ISSUE OF OIL AND GAS POTENTIAL IN THE DECOMPRESSION ZONES
OF THE DNIEPER-DONETS DEPRESSION

Formulation of the problem. Currently, interest in the foundation as a gas and oil field facility has in-
creased significantly. The low efficiency of oil and gas exploration in the basement rocks is usually explained
by the absence of a generally accepted hypothesis about the genesis of oil and gas and as a result of migra-
tion and accumulation of hydrocarbons. One of the main factors of accumulation is the presence of decom-
pression zones of the foundation, as potential hydrocarbon traps. The article is devoted to the problem of
identifying oil and gas bearing zones of foundation decompression.

Analysis of recent research and publications. A number of scientific articles on the composition, age,
structure and oil and gas potential of the foundation are analyzed. The first step in identifying decompression
zones is to conduct gravimetric and magnetic surveys and apply various techniques to interpret the resulting
mathematical model of the wave field pattern in order to localize the sources of its anomalies.

Identification of previously unresolved parts of a common problem. In order to save money when
conducting prospecting and exploration for oil and gas, the foundation proposes an improvement in the
methodology for separating gas-bearing “vaulted” parts of decompression zones.

Formation of the purpose of the article. The aim of the work is to establish a seismic pattern of anom-
alies in the geophysical fields of the base decompression zones. The object of research is the zone of decom-
pression of the foundation on the northern side of the Dnieper-Donets depression. The subject of the study is
a seismic drawing of the anomaly of the geophysical field of the gas-bearing zone of decompression of the
foundation of the Rozsoshinsk structure.
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Report of the main material. The article analyzes a few materials to identify areas of base decompac-
tion in various oil and gas regions. It was found that for localization of decompression zones, the Berezkin
“singular points” method and the correlation method of separation of geophysical anomalies are most effec-
tive. The essence of these methods is a kind of filtering of field anomalies, where against the background of
the "structural" factor, one can distinguish the "non-structural factor", i.e. decompression zone. This zone in
wave fields (Ag and AT) is fixed by a seismic pattern, where minima are usually fixed over hydrocarbon ac-
cumulations in relation to contouring maxima. Based on the results of the application of these methods, the
structure-testing ground of the gas-bearing decompression zone is established. As an illustrative example of
the successful localization of Ag and AT, data are presented on modeling the foundation softening zone in
one of the oil and gas regions of the northern side of the Dnieper-Donets depression.

Keywords: method, technique, foundation, decompression zone, wave field, anomaly, seismic pattern,
field.
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A0 IMTAHHSA ITPO I'EOJIOTTYHI NTEPEAYMOBU ®OPMYBAHHS ' IPOANHAMIYHUX
HACTOK Y JHIITPOBCBKO-AOHELIBKIN 3AITAIUHI

V Jlninpoecwvro-Loneywxiii 3anaduni ([/]3) pezynomamamu 2eogizuunux, 6yposux i HayKo80-00CIiOHUX pobim yMoeu hopmy-
BAHHS | 3AKOHOMIPHOCI NOWUPEHHST HECKTIENIHHUX NACMOK (MIMON02IYHUX, CIMPAMUSPAMIUHUX, OU3 TOHKMUGHO eKPAHOBAHUX | KOM-
6IHOBAHUX) MIEI0 YU THWOIO MIPOIO 8UPIULEH], MOJI SIK OCHOBHI 3ACAOHUYI NOJIONCEHHSL U000 NOWLYKI8 2iopodunamiunux nacmok (I'T1)
we 6 HeobxXioHomy 00cs3i He Oynu npeoMemom susyents. Pesyiomamu paniwie sukonanux pobim, 6a3ylouucs Ha NPUHYUNAX aAHAN02L]
3 pecionamu, 0e npodykmugui I'T1 wupoko ioomi dozeonunu okpemum agmopam (B. O. Kparowxin, 1972) eéionecmu /[/[3 0o yucna
BUCOKONEPCNEKMUBHUX Pe2iOHi6 01 noutyKie podosuwy BB y nacmxax yvozo muny. Cnpusmiausi 2eon02iuHi yMosu i HaaeHicmb gyere-
600Hegux ckynuenv Ha cxunax Copouuncekoi i Pyoenxiecvkoi monoxninanei nocayscunu niocmaegoio inuomy asmopy (0.0. [Tnommi-
k06,2001) 015 ananociunoeo sucHosky. OcHO8HOI0 3a0aueio 0aHoi pobomu nepedbauanoct UEUeHHs 2e0N02IUHUX nepedyMo8, K 0a-
suca gopmyeanns 'l y 6ionogionocmi 3 2e0@Pr0id00UHAMIYHOIO KOHYENYier N0Kani3ayii CKyniueHs 2a3y 8 niacmax MOHOKIIHAIbHO-
20 YU OIU3LKO20 00 HbO2O 3ANAAHHSA. Y Medncax 00CHiONCeH020 Pe2ioHy 00 HUCIA NePUIOUEP2OBUX NEPCREKMUGHUX OISl GUGHEHHS me-
PUMOPILL 8IOHECEHO NIGHIYHULL 6OPM 3aNAOUHU, 0€ NPOSHO3YVIOMbCS Si3IUHUL NePEeMOYHULL PENCUM 800000MIHY | enepuie HaMIYeHull
PEACUM CIUKYBAHHS 8 NALE030UCLKOMY KOMNIEKCI, d MaKodIC iHDIIbMpayiiHuii pejcum 600000MIiHY 8 Me3030UCbKOMY KOMIIEKCI, SIK
6a306i yMo6U 0151 hPOPMYBANHS NACMOK Yb020 Muny. Jpyeum nepuiouepeosum 06 €Kmom, oisl Yinecnpsamo8ano2o GUEHEHHsl GUSHAYEHA
mepumopisn Kanvmiyc-Topeyvkoi ynoeosunu Kpacnoapmiticokoi MOHOKAIHAI, 0e NPOSHO3YEMbCA QinbmpayitiHuil pexrcum 600000MIHy
8 CepeOHbOKAM SSHOBYIIbHUX 6I0KIA0aX. Bnepuie naneopiukogi cucmemu po3ensioaromvcs K NOMEHYIUHO NepcneKmueti ob exmu
0 6uUHUKHeHHs: yMo8 gpopmysanns Tl y antogianvhux i0KAA0AX HUNCHLO20 KAPOOHY, a NPOSHO3HI MPAcU NAeopycel NOEOHYIOMbCS
3 NPOSUHAMU NOBEPXHT KPUCTNATITYHO20 (DYHOAMEHNT).

3 memoio usnauenns nepulouepeosux 301, nepcnekmusHux 0is nouwlykie I'Tl, pexomenoyemvcs 30iUCHEeHHs KOMILEKCY O0CIi-
0JiCeHb, CRPAMOBAHUX OJisl NIOMBEPOICEHHS PEabHOCMI (DOPMYBAHHS HAMIYEHUX MeoPeMmUYHUX MOOeell, A MAKOIC GCMAHOBNEHHS
KOHMYPI6 aNI0GIANbHUX PIYKOGUX CUCTEM MA GUOLNEeHHs cnpusimausux 0as nowtykig I'TI 0insinox, wiisaxom nobyoosu Kapm nepemumy
i302INC NOKPIGILL NEPCNEKMUBHUX 20PUZOHMIB 3 2I0POTI30N €3aMu 0Nl 6CMAHOBNICHHS 2I0POOUHAMIYHUX MIHIMYMIS.

Knruoei cnosa: 2iopoounamixa, 600000MiH, MOHOKIIHALb, NACMKA, 243, eNi3itHUl, IHOITbMPAYIUHULL, PercuM.

U. B. Bvicouanckuii, I. E. Ceamenko, B.M. Abenenyes, E. E. Bonocuuk, A. O. Hekpacos, M. B. Kynuunckas, A. C. 3axa-
pos, 10. M. Cnuuarxoea. K BOIIPOCY O I'EOJIOTHYECKHX ITPEJIIOCBIIKAX ®OPMHPOBAHUA I'H/IPOTHHAMMH-
YECKHX JIOBYIIEK B JHEITIPOBCKO-JOHEIIKOH BITA/IHHE. B JI/IB pesynsmamanu 2eopusuueckux pabom, Gypenus u
HAY4HbIX UCCIEO08ANULL YCII08UST (DOPMUPOBANUS U 3AKOHOMEPHOCIU PACHPOCMPAHEHUs] HeC8000BbIX JIOBVULEK 8 MO ULU UHOU Che-
neHu peulersl, mo2od KaxK 0CHOBHbLE NOJLOJICEHUs OMHOCUmenbo nouckos IJ1 6 neobxooumom obveme ewé ne GuLaU nPeomMemom uc-
cneoosanuil. Pesynomamor panee blnonnennsbix padom, 0CHOBbIBAACH HA NPUHYUNAX AHALOSUU C PESUOHAMU, 20e npodykmugHble 111
WUPOKO u3gecmubl no3eonunu omoenvhvim asmopam (B. A. Kparowkun, 1972) omnecmu [JJ[B Kk uucny 6vicokonepcnekmusHuix pecu-
OHO8 071 NOUCK08 Mecmopodxcoenutl YB 6 nosywxax smoeo muna. braconpusmuvie eeonocuyeckiue yciogus u Hauuuue y2ie6000poo-
ubix ckonnenutl na ckaonax Copouunckotl u Pydenkoeckotl MOHOKUHALE NOCTYHCUIU OCHOBAHUEM Opy2omy asmopy (A. [liomHukos,

© BucouyaHceKuli . B., CeameHKo I. €., AbeneHyes B. M., BonocHUK €. €.,
Hekpacos A. O., KynyuHcoKka M. B., 3axapos A. C., Cnivakosa 0. M., 2021
https.//doi.org/10.26565/2410-7360-2021-54-04
-45 -


file:///C:/Users/АлександрЧуенко/AppData/Roaming/Microsoft/Word/visochansky_il@ukr.net
https://orcid.org/0000-0002-1583-1929
mailto:henryfirst@ukr.net
http://orcid.org/0000-0002-3117-2433
mailto:аbelentsev.vladimir@ndigas.com.ua
http://orcid.org/0000-0003-3490-6022
mailto:volosnyk.evgeniy@ndigas.com.ua
https://orcid.org/0000-0002-1404-2629
mailto:nekrasov.andrey@ndigas.com.ua
https://orcid.org/0000-0003-2181-1681
mailto:kupchinskaya%20maria@ndigas.com.ua
https://orcid.org/0000-0002-9319-8807
mailto:zakharov.artem@ndigas.com.ua
https://orcid.org/0000-0003-0877-8223
mailto:spichakova@ukr.net
https://orcid.org/0000-0003-0026-3989

Cepis «[eonozisi. [eozpapis. Exkonoziga», sunyck 54, 2021 p., ISSN 2410-7360

2001) ons ananoecuunoeo vieoda. 1naenoil 3a0aueti ObLIO U3YUEHUE 2€002UYECKUX NPEONOCHLIOK 8 pecuone, Kak basuca 0 gopmu-
posanus 7 6 coomeemcmeuu 3 2eoduioudoounamuyeckoli Konyenyuetl 10Kanu3ayuu cKonaeHull 2asa 6 naacmax MOHOKIUHANbHO20
U ONU3K020 K HeMy 3ane2anus i onpeoeieHue nymeil 05 peuleHus: Mol CLOMHCHOU 2e01020-NOUCKO80lU npobiemsl. B npedenax uc-
cnedyemMozo pecuoHa K 4ucy nepeoouepeoHbix NepCcneKmugHbIX Ois UsyYeHus meppumoputi OmHeceHo cesepHblll bopm 6NaduHvl, 20e
NPOCHO3UPYIOMCA INUSUOHHBLIL NEPEMOYHbILL PedcUM 800000MeHa U 6nepeble HAMEUEeHHbI PelCUM HA CMblKe 8 NAle030UCKOM KOM-
niekce, a maxce UHPUILMPAYUOHHBIL PEHCUM 800000OMEHA 8 ME3030UICKOM KoMNIeKce. Bnepauvie naneopeunvie cucmemvl paccmanm-
PUBAIOMCA KAK NOMEHYUATbHO NEPCNeKmusHble 00beKmbl Ol 603HUKHOGeHUs ycaosull Gopmuposanus 171 ¢ annosuanbhvix omuo-
JICEHUSAX HUIICHE20 KapOOHA, a NPOSHO3HbLE MPACCHL NALEOPYCeN COYeMAlOMCs 3 NPO2UDAMU NOBEPXHOCIU QYHOAMEHMA.

C yenvio svloenens nepeoouepeotbix 30H, nepcnekmueHblx 0 nouckoe 171, pexomendyemcs ocywecmenenue KOMNIeKca uc-
C1e006anull, HanPaGIeHHblX HA NOOMEEPI’COeHUe PedalbHOCMU (OPMUPOBAHU HAMEUEHHbIX Meopemuieckux mooenel, a makdice
ycmanoenenue KOHMypos aiio8UaIbHbIX PEeYHbIX cucmem u evloeneHue drazonpuamnuix 01 nouckog 171 yuacmkos, nymem nocmpo-
eHls Kapm nepeceyenus U302unc Kpoeu nepcnekmugHbIX 20pU30HmMoE ¢ 2UOPOU3ONbe3amu 0N YCMAH0BNeHUs 2UOPOOUHAMULECKUX
MUHUMYMOS.

Knroueswie cnosa: cuopoounamura, 600000MeH, MOHOKIUHANb, TOBVUIKA, 2A3, DNUSUOHHBIL, UHOUILIMPAYUOHHBIL, PEHCUM.

I[MocranoBka mpodieMu. Y Mexax Oararbox
HaTOra30HOCHHUX MPOBIHIIM BiOMI MOKJIaId BYT-
JIEBOJHIB y MacTKax TiApOAMHAMIYHOTO THITy. JlHir-
poBcbko-/lonenpka 3amamuHa (/J/13) BimHOCHTBHCS
JI0 YKCJIa PETIOHIB, JIe HECKIICTIHHI MACTKU MaiKe
BCIX THITIB 1 TTOB’s3aHi 3 HUMHY MTOKJIaIN BYTJICBOIHIB
(BB) matote 3HauHe mommpeHHs, BogHodac ['11 B
JJ13 moku-110 He € XapaKTepHUMH, X0ua 0COOJIMBO-
CTI TEOJIOTIYHOI OyJOBH pErioHy 3acBiAYYIOTH MPO
MOXJIUBICTP 1X (opmyBaHHA. OTXe, OOTpyHTYBaHHS
POl TEONIOTIYHUX TMEpeAyMOB B mpolecax (popmy-
BaHHS MACTOK TiJPOJUHAMIYHOTO THITy 1 € OCHOB-
HOIO 33/1a9€f0 pOOOTH.

AHaJli3 OCTaHHIX AOCHiI:KeHb i myOJsikamii.
B monorpadii O.0. [TnotHikosa [17] no umcna mep-
CHEeKTHBHHX perioHiB mus momykiB [Tl BigHecena
JJ3. IlimcTaBoro Ui MBOTO TOCTYXWIIN JIaHi TIPO
HasBHICTh B OKPEMHX IPOMYKTUBHHX TOPU30HTAX,
30kpeMa Ha CopounHcbkoMy i PyneHkiBcbkoMy po-
JIOBUIIIAX, TUIACTOBUX BOJ, SIKi 3aJISITAlOTh BHIIE ra-
30BUX TOKJIaJiB. BBaxkaerbcs mo y GopmyBaHHI
ra3oBUX CKYITYeHb Ha BKa3aHUX POJOBHUINAX MpPO-
BiJJHA POJIb HAJIKUTh TUIACTOBUM BOZIAM.

3a pesyabraraMd TeoJIoro-reo(i3uYHOro BH-
BUeHHS miBAeHHOro cxwry Kanemiyc-Topenbkoi
ynoroBuHHU 1 KpacHoapMilickkoi MOHOKIIIHAJI Y MTiB-
nenHo-cxigain gacturi /I3 (A.C. TepmosinoB Ta
in. [26], C.J. [laBnoB Ta iH. [27]) momepeaHboO
BCTaHOBJICHO CIPHSITIIMBI TEOJIOTIYHI TIepeyMOBH
s popmyBanas [Tl y maneo3oichbKuX BigkIamax.

Buninennss HeBWpimleHMX paHime 4YacTHH
3arajbHoi mpoOsaemu. 3arajgpHa MpoodiemMa MOomry-
kiB I'TI B JI/I3 B mijoMy 70 I[bOTO Yacy MPaKTHYHO
HE BHpIilIyBaJach.

@opmyaoBaHHA MeTH cTaTTi. OIiHKa MOX-
JUBOCTEH OOTIPYHTYBAaHHSI HOBOTO HAMPSIMKY TONIY-
KOBO-pO3BinyBajbHUX poOiT B /I3, a came Ha He-
TpaAUIliiiHI HECKJICTIHHI TTACTKU T1APOIUHAMIYHOTO
TUITY.

Bukiaa ocHOBHOro marepiajay J0CJiI:KeHb.
[IpakTuka reosoropo3BigyBajbHUX POOIT 3 MOLIYKY
HaTOBUX 1 Ta30BHX POAOBHIN y Oararhox Hadrora-
30BUX TPOBIHINSAX CBIMYUTH, IO TMOITYKOBUH MPO-
LEC YMOBHO MOMIISETHCS HA [IBa €Talu: HepIuil —
MOLIYKH BYIVIEBOIHEBUX CKyNY€Hb Y [acTKax,

MOB’s13a-HUX 3 AHTUKIIHAIBHUMH CTPYKTypamu, i
JOpyruii, Habarato CKIAJHIIMKA — MOLIYKHA TaKuX
CKyNYEHb Yy IaCTKaX, IPUYPOUYECHUX A0 HEAHTUKII-
HaJIBHUX CTPYKTYp. OCHOBHUMHM 3aAavyamu, IO MiA-
JSTal0Th BUPILICHHIO Ha JIPyroMy €Tarli, € po3poOKa
METOIUK HAyKOBOTO HPOTHO3YBAaHHS PEriOHaJILHUX
30H JITONOTIYHUX BHUKIWHIOBAaHb 1 3aMillleHb, CTpa-
TUTpadiuHIX HE3TiTHOCTEH i 3pi3aHb KOJIEKTYIOUUX
TOBII, BH3HAYEHHS 3aKOHOMIPHOCTEH MOIIUPEHHS
pudoreHHO-KapOOHATHUX YTBOPEHB 1 0COOTMBOCTEH
(dopMyBaHHS B HHX 30H pO3YIIIJIBHEHHS (B TOMY
YHUCIl y TOpOAax KPUCTANIYHOTO (yHIAMEHTY), a
TaKoX 1HIMUX (PAKTOPiB, MO 3a0E3MEUYIOTh CITPHSIT-
JIMB1 YMOBH U1 yTBOPEHb HECKJICHIIHHUX MACTOK.

Baxnueo BigzHaunty, mo B /113 pesynpratamu
poOIT YncIeHHNX MOCHigHuKIB [1-16] Ta B 6ararbox
IHITMX HAYKOBHIX TpalsX yMOBH ()OpPMYBaHHS i 3a-
KOHOMIPHOCTI TIOUIMPEHHS JITOJNOTIYHUX, CTPATUT-
padiyHuX, AU3’FOHKTHBHO €KPaHOBAaHUX 1 KOMOiIHO-
BaHUX IMACTOK TI€IO Y 1HIIIOIO MipOIO BUPIIICHI.

BonHouac, nie HeIOCTaTHO BUBYCHOKO 3ailH-
maetbes (3a tepminonoriero O.0. [Tnotnikosa [17])
reouIrOITOIMHAMIYHA KOHIETIIIS TiApOIUHAMIYHOT
JoKaizamii ra3y B miacti. Lleid, Ha nmepmuii morsiy
CKJIaTHHI TEPMiH, BiITBOPIOE KOMIUIEKC TIEPETyMOB,
0 CIPHUSIOTH (DOPMYBAHHIO Ta30BUX MOKJIAIIB TiJI-
POAMHAMIYHOTO THIly y pe3epByapax Ha MOHOKJIi-
HaJISIX.

Bucsitieni B MoHorpadii [17] pe3ynbratu je-
TaJIbHUX JOCIIDKEHD I(i€] CKJIaJHOI 1 OIHOYAaCHO
Ha/a3BUYaiHO akTyanbHOi (ocobmuBo miust JJ/13)
npoOieMu CBijyYarh, MO MONIYKOBI poOOTH, Crps-
MOBaHI Ha BUSBJICHHS TiIpOAWHAMIYHHMX IaCTOK,
PO3IISIAIOTBCA K MEPCHEeKTHBHI y Mexax CxigHo-
KybGancpkoi 3amaaman;  MupHEHCHKO-APTHU3BKOT
CTPYKTYpHOI 30HH; MypraOcbkoi 3amanunau; Tima-
Ho-Iledopcbkoi mpoBiHWii; B mporuHi AHiBa (miB-
nennnit Caxanin); y JJainpoBckko-JoHenpKil 3amna-
JUHI. B HaykoBHX Tpalsix I[bOr0 aBTOpa PO3IIIsjia-
I0TBCSI IPUKJIaJ POMHUCIOBOT Fa30HOCHOCTI «Bij-
KPUTHX» MOHOKIIHANEH, ISl SIKMX XapaKTepHOIO €
MPOMUTICTD HAJp 3 HASBHICTIO aKTHBHOTO BOJI000-
MiHy 3 obJiacTeil )KMBJIEHHS 10 obnacTed po3BaHTa-
JKEHHSI, 1 «3aKPUTHX» MOHOKIIIHaJIEH, Jie TPOMHUTICTD
HaJp BiACYTHSI.
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3ocepenuBIIN, IPUPOIHO, MEPIIOYESPIOBY yBa-
Iy Ha XapakTepUCTHI (QIIOITOAMHAMIYHUX YMOB
rigpoauHaMivHOi Jokamizanii razy B JJ13, nepr 3a
BCE BIAMITHMO, IO BHKJIJIeHI TEOPETUYHI OCHOBU
MexaHi3My ¢opmyBanHs [Tl i moB’sa3aHUX 3 HUMH
mokiaiB ByreBoAHiB (BB) MoxyTh posrmsmarucs
SK HaJiliHe MiATPYHTS IS IPOTHO3YBaHHS i PO3ILH-
PEHHS MOXKJIMBOCTEH TMONIYKiB MACTOK IBOTO THIY 1
B JI/I3.

[IpomucnoBa Ta30HOCHICTh B JAaHOMY pETiOHI
BUCBITIIIOETHCS B il poOOTi Ha MpPUKIaAi MOHOKII-
Hajei Ha COpOYMHCHKOMY PONOBHINI Ta Ha Pymen-
KIBCBKOMY DOJOBHIIIi, PO3TAlIOBAHUX Yy MiBICHHIN
npubOpTOBii 30HI. BBaxkaerscs, mo y ¢hopmyBaHHi
ra30BHX CKyIYEHb TYT MPOBIJHA POJIb HAJEKUThH
IJIaCTOBUM BomaM. Y cBepmioBuHI Ne 469, mpoOy-

MNa3
A 43 42 Papuenxiscoka 16

peniii Ha CopOYMHCHKIN MOHOKIIIHAM MK Pamuen-
KiB-ChKHM 1 KOIeBONCHKUM POTOBHUIIIAMH, 13 TOPH-
3oHTy B-19 (inT. 4000-4006 M) OTpUMaHO HPOMHC-
noBUH npuIUMB Tazy aeGitom 310 Tuc.M*/moby i
KOHJIeHcaTy 55 M*/mo0y, Toni sk y cB. Ne 109 pos-
TaIoOBaHIf HAa MOHOKIIHAJI 3HAYHO BHIIE, PO3pi3
Bi3€HCBHKUX BIJKIAIIB BOJOHOCHMH. OTpUMaHHS B
cB. Ne 109 mpurumBy BHCOKOMiHEPali30BaHOI BOIH
(ps=1,17-1,18 r/cm*) meBOHCHKOTO THITY i B 30Hi ITiI-
BUIICHUX IJIACTOBUX THCKIB PEriOHAIIBHOTO Xapak-
Tepy MOO3BOJIMIM JAOIMYCTHTH MOXIIUBICTH Mirpaii
BOJ 13 BUCOKOHAITIIPHOTO AEBOHCHKOTO KOMILIEKCY IO
pO3pUBHUX TopylieHHsX 1 ¢opmyBanns ['TI (puc.
1). Huxdesansraioui TOpU30HTH Y BiAKIanaxX HUXK-
HBOTO Bi3€, TYpHE 1 HAJCONBOBOTO JI€BOHY BUILIIS-
IOTBCS SIK MO>KJTMBO TIPOTYKTHBHI.

MHCx

109 469  CopoumnHceka
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Puc. 1. Copounncbka 1mionia. ['eonoriunuii mpodias 1mo JiiHii cBepioBuH 43-469

PynenkiBcbke ponoBwille, sIK BiJOMO, PO3TaLIO-
BaHO Ha MOHOKJIIHAJIBHOMY CXHIIi KOMIICHCAI[IITHOTO
nporuny HoBocanxapceko-MaitonepemenuHCbKoro
mToKy. [IpoayKTMBHI TOPH3OHTH NUPUYPOUEHi 10
MIIIaHUX TUTACTIB Y BIJKJIQJaX TypHEWCHKOTO 1 Bi-
3eHCHKOTO BIKY, SIKI pO3MEKOBaHI KPYITHUM TIepeIBi-
3el-CbKHM PO3MHUBOM (pucC. 2). Y PO3MUTIH TOBIIi
TYpPHEWUCHKOTO SIPYCY NPOAYKTHBHI ropu3zoHtd T-1 i
T-3 He3riIHO MEePEeKPUBAIOTHCS TIOPOJIAMH PAaHHBOTO
Bi3e, YTBOPIOIOUM cTpaTUrpadiyHO eKpaHOBaHi Iac-
KU [17].

V BHIIE3aIATalOYMX BI3€MCHKHX BIIKJIALax
MpOnyKTUBHI ropu3oHTH B-21-B-22, B-24 - B-26
MPOCTEKYIOTBCSI Y MEXKax POAOBHUILA IOBCIOIHO, a

MOB’sI3aHi 3 HUMH Ta30Bi CKYITYCHHS, K MPHUITYCKa-
€ThCSI, EKPAHYIOTHCS 3BEPXY IJIACTOBUMH BHCOKOMI-
HEpaJli30BaHUMHM BOJAMH, MPHUILIUBU SIKUX OTpHUMa-
HO B cBepaioBuHax NeNe 7, 12, 13.

Juist oniaku QurroinoMHAMIYHUX YMOB (OpMYy-
BaHHs [Tl BaknMBOrO 3HaYeHHs HAOYBAalOTh JIaHi
II0/I0 TIONTUPEHHS B OCAJI0BOMY YOXJIi BUCOKOHAITI-
PHUX BOJJOHOCHUX KOMIUIEKCIB Ta IX B3a€MOJIisl.

BuxopuctoBytoun omnvc, HaBenenui st /13 y
pobori [17], BimMiTUMO, MO0 AEBOHCHKUN BOIOHOC-
HUH KOMIUIEKC BMIIILy€E €Ji3iliHi BOIHU, JUIS SIKOTO Xa-
PaKTEpHUM € IIUPOKE PO3MOBCIOMKEHHS PO3COJIiB
BUJIYTOBYBaHHs 3 MiHepamizaiiero g0 370 r/in i Gi-
JIBIIIE, TA PO3BUTKOM SIK TiJPOCTAaTUYHHX, TAK 1 aHO-
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Puc. 2. PynenkiBcbke pomoBuiie. Po3pi3 mpoxyKTHBHOI YaCTHHU 32 JIiHIEI0 CBEPUIOBUH 4—16
(3a @.J. CaBuenkom, B.A. Jlemenkom, 1985 p.)

MaJIbHO BHCOKHUX IuTacToBuX THUCKIB (ABIIT) 3 xoe-
¢iniearTom aHomanpHOCTI 1,6-1,7, Ta BUCOKMX TLIAC-
TOBHUX TEMIIEpaTyp.

HwxHabOKaM’ THOBYT1THHHIMA BOJIOHAITI PHUH
KOMILIEKC XapaKTEePU3Y€EThCS CKIAHOK OyI0BOIO.
PerionansauM ¢umoigoynopom Ui HbOTO CITYKaTb
[JIMHUCTI TOBILI CEPITyXOBCBKOTO Ta OAIKHPCHKOTO
sapyciB. JInsi KOMIUIEKCY XapaKTePHUM € PO3BUTOK
PO3COJIB XJIOPKAIBLIEBOTO THUIY 3 MIHEPaJi3alliero
200-270 r/m i rycrumoro 1,13-1,18 r/em®, mpore
PO emi3iHOTO BOMOOOMIHY AENI0 3HWKYETHCS Y
MIBHIYHO-3aX1AHIA YaCTHHI 3allaJuHU, A€ ITOMITHUM
€ BIUIMB 1HQUIBTpOreHHUX BojA. Jl1s JaHOTO KOM-
IJICKCY XapaKTePHUM € PO3BHTOK OJU3bKHX JIO TiJ-
POCTAaTUYHUX TUIACTOBMX THCKIB, 2 30HH aHOMAJIBHO
MIJBUIICHUX TUCKIB MPHYPOUEHi O JIUISTHOK 3ara-
JUHY, JIe¢ Bi0yBa€ThCs MEPEeTIKaHHS IiJICOIbOBUX
JNEBOHCHKHUX BOJ. CHOCTEpIiraloThCsl 30HH TTOHIKE-
HMX 1 MIIBUILEHUX IIJJACTOBUX THCKIB, SIK1 K BBa)Ka€
0.0. IIn0THIKOB, 3yMOBJICH] TiIPOAMHAMIYHUM Iie-
PEPO3IIOIIOM TIACTOBHX BOJ i3 OOPTOBHUX 30H 3a-
MaJuHU A0 UEHTPaNbHUX ii YaCTUH. Y 3B’SI3KY 3 LIUM
MOKHA JIOMYCKAaTH, 110 Ha PsJii AUITHOK OOPTOBUX
30H JI/I3 B ymoBax emni3iiHOro BOI0OOMiHY BimOy-
BalOTHCS CIPSMOBAHI BHU3 3a MaJiHHIM TOPU30HTIB
MTOTOKH TUTIacTOBHUX Box [17].

BonooOmin y emiziitniit 3011 /113 peanizyerbes
IUIIXOM JIaTepaIbHO-BEPTHKAILHUX TiepeTokiB. [lo-
BCIOJIHHI PO3BUTOK JDKEPEN PO3BAHTAXKCHHS BOJ|
1aJI€03010 JI03BOJISIE BUCOKO OIIHIOBATH T1JIPOIMHA-
MIYHUA TIOTEHIiaJl HOro BOMOHAMPHUX CHCTEM 1
Jorryckary po3BUTOK B J1/13 mporeciB rimpoanHami-
YHOTO YJIOBJIIOBaHHs rasy. /o Takoro BHCHOBKY, B
pe3yibTaTi aHajlizy HasBHUX TiAPOre0orogdHami-
HUX MarepiajiiB, NIIAIIOB aBTOP BHILEBIIMIYEHOI
MoHorpadii [17].

[epcniekTHBY TMOMIYKIB MACTOK Ta3y TiJpoJu-
HaMiYHOTO THWITy OIliHEHI HHM JUIS HWXKHbBO-
KaM’SIHOBYTUIbHUX BiAKJIAiB Y MEXaX OKPEMHUX ya-

CTUH MOHOKIIHAJI TiBACHHOI MPHUOOPTOBOi 30HU 3
BUJUICHHSM CeMH JUITHOK (puc. 3), KOPOTKY Xapakx-
TEPUCTHUKY SIKUX HABOIAMMO HIDKYE.

I. BinoyciBcrko-UopHyXiHCHKA JiIsTHKA pO3Ta-
[IOBaHA Ha MOHOKJIIHAILHOMY 3aHYPEeHHI HW)KHBO-
KaM’sTHOBYT1JIbHOTO KOMIUIEKCY Ha miBHIY Bix bino-
YCIBCBKOTO (HWXKHIHN Bi3e) i YOpHYXiHCHKOTO (BEpX-
Hilf Bi3e) ra3oBux pomoBuml. Ha moHokmiHami 1€l
JUJISTHKY 13 HIXKHBOBI3EHCHKUX BIJKJIaliB OTPUMAHO
MPOMUCIIOBUM TPUIUIMB ra3y. [mOuHa 3aisraHHs
MPOAYKTUBHUX TOPU30HTIB KapOoHy 3500-4000 m.

II. CopounHchko-KaBepauHChKa [iNSHKA, 1€
MPOAYKTUBHUMH € BIJIKJIa M BEPXHHOTO Bi3e Ha IIIHU-
ouni 3900-4500 M, posramoBaHa Mix Maocopo-
YHHCHKUM 1 PaqdyeHKiBChKUM Ta30HaTOBUMH POIO-
BUI[aMK Ha MiBaHI Ta KoIIeBOHChKUM POOBHUIIIEM
Ha miBHOYI. Y cBepioBuHi Ne 469, npoOypeHili Ha
MOHOKJIIHAJI, IO PO3JIAE ABa OCTAHHI POIOBUINA,
BCTaHOBJICHA MTPOMHUCIIOBA Ta30HOCHICTh Bi3€HCHKUX
BIJIKJIAJIIB.

III. Caraiinakcbko-IoromiBcbka (THIIEHKIBCH-
Ka) JNiJsTHKa po3TallloBaHa Ha MOHOKiHam mix Ca-
raijiakcbkuM 1 [OrojgiBchbkuM ra3oHaTOBUMH PoO-
JIOBUILAMHU 3 TPOIYKTHBHICTIO B CEPIIYXOBCHKHX 1
OaIIKUPCHKUX BiIKIIAAAX.

IV. TopoOuiBceka JiisiHKa pO3TallOBaHA Ha
MOHOKIJIIHA/II Ha MBHIYHUN CXiJ BiJ 3a4enmiiBCbKO-
ro i Jlumancekoro razoHadroBux pomouil. Ha lo-
pOOIIBCLKOMY POJOBHIII i3 Bi3€HCHKUX BIIKIAIIB
(cB. Nel2) orpumaHO NMPOMUCIIOBHI NPHUILUIHB Ta3y
nebitom 227 tuc.m/no0y. [Mubuna 3aarands HIK-
HbOKaM STHOBYTUTbHUX BinkiamiB 3500-4900m.

V. CkapOHo-JlopomriBchKka JUISHKA IPUypoUe-
Ha J0 MOHOKJIIHAJI, PO3TAIlIOBaHOI HA IMIBHIYHHI
CXiJl BiJi PyneHKiBCHKOTO POIOBUIIA, 1€ IIPOMUCIIOBA
ra30HOCHICTh Bi3eHCHKUX TOPU30HTIB OB’ SI3YETHCS
3 eKpaHyBaHHSM IUIACTOBUMH BOJaMH.

VI. JInukiBchka MOHOKJIIHAJIbHA IIJISTHKA PO3-
TamoBana niBHiuHime [Iponerapcrkoro (BepxHil Bi-
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3€¢) Ta30BOr0 pomoBuia. [mOWHA 3amsITaHHs Kap-
6ony 3500 M.

VII. Boraroriceko-MakapiBchbka JiJISHKa PO3-
TallOBaHA MiBHIYHINIE BOTraToiChKOTO POJOBHIIA.
Ha boraroiicpkiii yacTHHI MOHOKJIIHAJI 13 TypHEH-
CHKHX BIIKJIQJiB OTPUMAaHO IMPOMHCIIOBHH ra3. [m-
OuHa 3ayiAraHHs HWKHLOTO KapOony 3000-3500 m.
MOoXIMBO Ia30HOCHUMM HAa MOHOKJIIHaJII JaHOi Ii-
JITHKA OyAyTh BEPXHBO-BI3€HCHKI BiIKIIA/IH.

OO0’ €KTUBHO OIIIHIOKYH T'€OJIOTIUHI Ta TiIpore-
OJIOTIYHI MapaMeTpu BUIUICHUX AUISHOK, iX aBTOp
3ayBaXKye, IO B Psi/i BUMAIKIB MEBHY poib y ¢dop-
MYyBaHHI MTACTOK Ha I[iil MOHOKJTIHAJII MOJIUBO BiJIi-
TpaloTh JITOJOTIYHUN YU AW3 IOHKTUBHHUN (aKTOpH,
MPOTE HEOOXITHUM € BpaxyBaHHS y BCIX BHIAJKaxX i
POITi TiAPOMMHAMIKY B JIOKAITI3aIlii Ta3y B IHX YMOBaX.

LinkoM 3po3ymino, IO CHPUSTINBI YMOBH IS
OIiHKKN BiporigHoro nommpeHHs [Tl He MOXyTh
00MeXyBaTuCs HAasSBHICTIO TaKMX YMOB TUTBKH Y
MeXKax MiBACHHOI MpUOOPTOBOi 30HHM, /i€ TPH BCil
BXJIMBOCTI HAaBEACHUX PE3yJbTaTiB, BUAUICHO BH-
menepeniuedi mepcrnektuBHi minsgHku. Hms /13
XapaKTEPHUMH € PO3JIOTT MOHOKJIIHAJIBHI CXHUIH
MiBHIYHOTO 1 MIBAEHHOTO OOPTIB, SIK i MOHOKJIIHAII
MpuOOPTOBHUX 30H Ta CXWIH KPYHMHHX Jempeciii, a
TaKOX YHCJICHHI HAIliB3aMKHYTI CTPYKTYpHi GopMu
— CTPYKTYpHI HOCH 1 TepacH, Kl TeX 3aCIyrOBYIOTh
cTatu 00’€KTaMM BUBYCHHsS. BapTo BiAMITHTH 11O B
MeXaX CTPYKTypHHX HOCIB, BUCTYIIiB, Tepac, a Ta-
KO Ha KpWiIax i MepUKIiHATbHUX YaCTUHAX CKIIAJI0K
MACTKH T1IPOJMHAMIYHOTO TUITY BUALISIOTHCS [17].

ABTOpH HaHOI CTarTi, y 3B 3Ky 3 LUM, 3iiic-
HWIH crpoOy MpoaHami3yBard (BipoTiIHO HE B IOB-
HOMY 00csi31) HasBHUH (pakTUUHUI Marepian came
i KyTOM 30py MOXJIMBOCTEH 3aCTOCYBaHHS Ie€o-
(droinonmuHaamivHoi KoHIemii dopmysanHs ['TI Ha
MOHOKJIIHAIAX B IHIIKX yacTuHax JIJ13.

Jlyis HaOJMMKEHHS IO BHPIIICHHS i€l BEIbMH
CKJIagHOT poOIeMH BBa)KAEMO JOLIUIBHUM PO3IVIS
OKpPEeMHUX IMUTaHb B TaKii MOCIIAOBHOCTI: 1) patio-
HyBaHHs J[/]3 3a BikOM JOMIHYHOUYOTO 3a 3aracamu
KOMIUIEKCY JJIs1 BU3HAYCHHS cepell IHIIMX Mpiopure-
THOCTiI 3aCTOCYBaHHS Teo(IroinambHOi KOHIEMIIiT
(dopmysanns I'Tl; 2) xapakTtep mporeciB ocajKoHa-
KOIIM-YEeHHS JUIs1 BUJUICHHS CIIPUATIMBUX 30H IIOJ0
¢opMyBaHHS  TepenyciM ~ TEpUTCHHHX  TOpPiA-
KOJICKTOPIB; 3) BUIIIIEHHS BOIOHAMIPHUX KOMILICK-
CIB Ta XapaKTepHCTHKa iX B3a€MOJIi Ha «3aKPUTHUX»
1 «PO3KPUTHX» MOHOKJIIHAJISX.

VY pesynbrari aHajdi3y pPO3MIIIEHHS I'€0JIOrid-
HUX 3amnaciB HaQ)TH 1 rasy no pogosuiax /13 [19],
B 0CaJI0BOMY YOXJIi aBTOpaMH LUX AOCITIKEHb BH-
JJIEHO TYpHEHCHKO-HIKHBOBI3EHChKU, BEPXHBOBI-
3eMCBKHI, CEepIIyXOBCHKHI, CepenHbOKaM SHOBY-
T'UIbHUIA, BEPXHBOKaM STHOBYT1IbHO-HUKHBOIIEPMCh-
KH{ TOMiHYI0Yi IPOAYKTHBHI KOMIUIEKCH, IO JISIIIO
B OCHOBY CKJIaJIaHHS BiJIIOBITHOI KapTH HadTOra3o-

TeoJIOTIYHOTO paioHyBaHHS perioHy (puc. 4). Bpa-
XOBYIOUH JIOMIHYIOUY 32 3allacaMy BYIJICBOIHIB 3Ha-
YUMICTh 1 HIJKUYEHABECHI apryMEHTH, NepUIOUepro-
BUM CTpaTUrpadiqyHUM KOMIUIEKCOM ISl LiJecrpsi-
MOBaHUX JOCIIDKEHb PO3IIATAEMO Bi3CHCHKHN
spyc. Jlo uucima apryMeHTiB BiTHOCATHCS:

1) Boepme (3rizno 3 yseiaenusmu O.0. ITnot-
HikoBa [17] ) y Bimkiagax mbOTO BiKy BHSBIICHO B
A3 CopounHchke i PyneHkiBchke pomoBHINa, Ta3o-
Bl MOKJaAW y Mexkax skux mos’sizani 3 I'Tl B mima-
HUX TOPH30HTAX;

2) JTONOTIYHUI pO3pi3 Bi3EHCHKOTO BIKY, ITO-
YMHAIOUH 3 IPOAYKTUBHOTO Topu30HTY B-23, xapax-
TEPU3Y€EThCSI ICTOTHUM 3POCTAHHSIM TEPUTEHHUX
YTBOpPEHb, B SKMX IIIIaHI KOJEKTOPH CKJIAJal0Th
abcomoTHy TmepeBary (puc. 5). Y CHpUATIMBUX
YMOBax, MPH HAsBHOCTI TPIIMHYBaTHX 30H B TOB-
max kKapOoHaris, yrBopeHHs [Tl Texx He BUKIIOUa-
€THCS;

3) sSK BiAMIYANOCH BUINE, Bi3eHCHKUI BOIOHA-
MipHUH KOMILIEKC Y MEXKax IEHTPabHOTO IrpadeHa
J/13 3HaxoguThCS HAKONIKYEC IO IMiJCOILOBUX BH-
COKOHAIPHUX BOJ JCBOHY, SIKi IIISXOM BEPTHKAJb-
HOTO PO3BAaHTAXKCHHS MO PO3pPUBaX 3JIaTHi CTBOPIO-
BaTl CHOPUSATIUBI yMOBH Ul (OpPMYyBaHHS YHHU3
CIPSIMOBAHHUX MOTOKIB IUIACTOBUX BOJ IIEPEBAYKHO Y
MiIaHUX TOPU30HTAX Bi3€HCHKOTO BIKY.

Jnd KOpOTKOi XapaKTEpUCTUKHU MPOLECY ocal-
KOHAKOTIMYEHHsI 00paHOTO ISl AOCHTIKEHb Bi3eHCh-
KOTO SIpyCy, BIIMITUMO HACTYITHE: Mi3HbOTYpPHEWUCHKI
BIJIKJIQJIM, 1O IX IMiJICTEJIAI0Th, HA TEPUTOPIT MiBHIY-
Ho-3axifgHoi wactuan [IJI3, skxa mpexncrapisuia co-
000 mpubOepekHy aKyMYISITHBHY —aJIOBialbHO-
03epHO/ICTBTOBY PpiBHUHY, ropuszontd T-1 1 T-3
npeacTaBieHi nepeBaxkHo mickoBukamu (80%) 3
npomapkamMu cyxapHux mmH (10%) 1 aprimitis
(10%). Ha 6inpiii yacTuHI 3aaluHA YEpryBaIUCh
MOPCHKI YMOBH MIJIKOBOJHOTO MIieib(y Ta mnpude-
pexHoi 30HU. TiTbKkH y HAWOLIBI 3aHYPEHUX 30HAX
MiBJIGHHOTO CXOJly iCHYBQJIM YMOBH O1ITbII TITHOOKO-
ro mensdy [16]. ABropamu 11iei MmoHorpadii Ha 12
KapTax BCiX NMPOAYKTHBHUX FOPHU30HTIB Bi3€HCHKOIO
sapycy (B-27+B-26 — B-14) BigTBOpHIN MTOCITIJOBHY
3MiHy majeoreorpadiyHuX 00CTaHOBOK, B SIKHX Bij-
OyBaJOCh OCAJKOHAKONMYEHHS BiAKJIAAIB KOKHOTO
MPOAYKTUBHOTO TOPH30HTY, a 1e: | — piBHHHA TOp-
Oucra; 2 — HM3WHHA 03€PHO-ATIOBiaIbHA 3a001109e-
Ha PiBHMHA; 3 — MPUMOPCHKA 03€pPHO-00JOTHA PiB-
HUHA, sSKa 4YacoM 3ajluBajlacb MopeMm; 4 — Mope,
npudepexHa 30Ha; 5 — Mope, MIIKOBOJHHIN 1enb®;
6 — Mope, aenpeciiiHa 30Ha. Jlis mepioi — xapakre-
pHEMHU OyJin TpouecH AeHyHawlii; 1y Apyroi i Tpe-
THOI — TPAHCIIOPTYBAHHS IPOAYKTIB PO3MHUBY 1 4acT-
KOBE HAKOIHUYEHHS y BUIVISIII alllOBII0 B Majicopyc-
JlaX 1 IEJIBTOBUX MPOTOKAX; /IS YETBEPTOI 1 I1°ATOT —
MOBCIOIHE HAKOMIMYEHHS MEPEBAXHO TEPUTCHHUX 1
JaCTKOBO KapOOHATHHUX BiAKIaAiB. [ paHuIll mormm-
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peHHs TajeoreorpadivHIX 30H Ha MPOTsI3i Bi3eHCh-
KOTO BiKy 3a3HaBaJI CYTTEBUX 3MiH. B Mipy 3men-
LICHHS! TIMOMHU 3aHypeHHs rpabeHa TpaHMLs HU-
3MHHOI O3EpPHO-aTIOBiabHOT 3a00JI04€HOI piBHUHU
MPOCyBaJIaCh Ha CXij, 30UTBIIYIOYN TEPHUTOPIO, Ie
POJIb KOHTHHEHTAILHOTO OCAJIKOHAKO-TIMYCHHS 3PO-
crana. [Ipu 30inblIeHH] TMOWHU 3aHYPEHHS] BUHU-
Kalli YMOBH HACTyMHOI majneorpadidHoi oOCTaHOB-
KH, TOOTO MPUMOPCHKOI PIBHHHHM, SKa JacOM 3ajIH-
BaJach MOpEM, 3aBASIKM YOMY CTUMYITIOBa-J0Ch 30e-
PEKEHHS aJIOBiaIbHUX YTBOPEHb HIISXOM II€PEK-
PUTTS iX MIMIaHO-aJIEBPUTO- TNIMHACTAMHU BiJKJIama-

1.
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MH. SICKpaBHM TIPUKIAZAOM BIiAMIYCHOI CHTYyartii
CIIYXHUThb PHC. 6, IKWIA BIATBOPIOE YMOBHU OCaJKOHA-
KOIMYCHHSI TMPOAYKTUBHOTO TOpU30HTY B-23 —
ckianoBoi yactuau Xlla m.¢.T.

[IpocrexxeHnnM 3a maHUME OYpiHHS YHCIEHHUX
CBEpIJIOBUH XapakTep MOomUpeHHS BimkmamiB Xlla
M.¢.r. [11], BiATBOpeHO B MUIaHi cUCTeMy Haieopi-
YOK 3 HampsIMKaMH Tedil, BiJIMTOBIAHO, BiJl CyXOHOIy
II0 meah(GOBOi 30HHU 1 THM CaMHM CTBOPEHO B IIiJIO-
My y3arajbHIOIOYY MOJENb BiIKIAQTIB IIbOTO TOPH-
30HTY Ha TEPUTOPii MiBHIYHO-3aXiTHOI YAaCTUHU

A3 (puc. 7).

100 200 30U\
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ogonoaocooeoool
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Puc. 6. Jlitonoro-¢ariansHa cxemMa 0CcaJKOHAKOITMICHHsI TPOYKTHBHOTO TOpU30HTY B-23
Ha JlynenkiBcbko-CBUpHAIBCHKIM AisHI (32 [16])
1 — i30miHi1 TOBII MIITAHKUX TOPIJT; 2 — CBEPAJIOBHHA: HOMEP cBepiIoBuHH, ruioma (JI — JlyneHnkiBcbka, M —
MexeniBcbka, C — CBUpUIIBCHKA) / TOBIIMHA MIl[AHKUX TUIACTIB; 3 — Oeperosa JiiHis MOPCHKOTo OaceiiHy;

4 — nminsiHKa JIOKaJi3allii JeIbTOBOT CUCTEMH; 5 — OCHOBHI HANPSIMKH MEPEHOCY MIlaHOTO Marepiaiy; 6 — ka-
pOonarni Bigknagu XIII M®I'; 7 — kopOoHaTHO-IIIMHKCTI GITYMiHO3HI BiJIKJIa i MOPCHKOTO OaceiiHy i3 3a-
CTIHHMM T1APOJMHAMIYHUM PEXKUMOM; § — aJIEBPUTOBO-IIIIIAHI BiIKJIaIX MiABOJHUX BHHOCIB PiK; 9 — arnes-
PHUTOBO-TIIIAHI BiKJIAIH IPUOEPEKHO-MOPCHKI Ta JAEIBTOBO JaryHHi; 10 — mimaHo-aneBpUTOBO-TIIMHHUCTI
BIJIKJIaZM Pi3HUX 30H MPHOEPEKHOI AeIBTOBOI piBHUHM; 11 — milani BiAKJIAAKW Pycel Ta IeIBTOBUX MPOTOK;

12 — ninis mpoginro
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Ha MOHOKIIHANBHUX CXMIaX 3alaiuHH, e Jie-
BOHCHKHH KOMIUIEKC, O1IBIITOI0 YaCTHHOIO, BIACY-
THiH, popMyBaHHs BOJOHAMIPHUX CUCTEM OOIPYHTO-
BaHO B po0OoTi [12], B siKili, HA MpUKIAi y3araib-
HEHHS MarepiaJiB 1O IMiBAESHHO-CXITHIA YacTHHI
JJ13, 3pobneHo BUCHOBKH PO HASBHICTH IBOX Tif-
POXiMIYHHMX TIOBEpPXiB. 3 BEpXHIM MOBEPXOM, B SKHI
BXOISATH BOJOHOCHI KOMIUIEKCH KalHO30HCHKOTO,
ME30301ChKOTO, @ Ha TAaK 3BAHUX «BIAKPUTHX)» IIa-
JIE030MCHKUX CTPYKTYpax, YacTKOBO, - KaM’ STHOBY-
TJIBHOTO BiKY, OB’ sI3aHi TIepeBayKHO TPIcHI 1 cimad-
KOMiHepasli3oBaHi BoAWd. Y HI)KHBOMY TiJIpOTeOXi-

MIYHOMY TIOBEpCi, IO OXOIUTIOE BITKIAAW TEpMi,
KapOOHY 1 JCBOHY, ITiI3¢MHI BOAM MPEICTABICH] BU-
COKOMiHEpani30BaHUMH PO3COJIAMH.

[TixzemMHi BOAM BEPXHBOTO TiAPOTreOXiMiYHOTO
MOBEpXY, V BEPXHIM YacCTHHI, 32 CBOIM T€HE3UCOM €
IHQITBTpaitHIMA 1 XapaKTepU3yIOTh 30HY aKTHB-
HOTO BOZOOOMIHY; y HIDKHIM 4acTuHi, Ae BigOyBa-
€THCS BIUTMB BHCOKOMIHEPAJi30BaHMX BOJI HIKHBO-
TO MOBEPXY, MICTATHCA BOAW 3MIMIAHOTO THUMY 1 Xa-
PaKTEpU3yIOTh 30HY YIOBIJIBHEHOTO BOIOOOMIHY

(puc. 8).

0*/7*/7 +(r ], ~—

—.———4il +

- 4+ %
=137 s
=13
annng
TRFIZS 5
90%70:%,

Puc. 8. Cxema pyXy i po3BaHTaKE€HHS ITiI36MHHUX BOJ MiBACHHO-cXiaHO01 yactuam /13 [12].
Hampsimku pyxy Boa: 1 — arMocdepHOro moxomkeHHs (30Ha aKTHBHOTO BOJIOOOMiHY); 2 — MeTamopdizoBa-
HUX CEAMMEHTAI[IHOTO, TaBHBOIH(UIBTPAIIHOTO 1 NTMOMHHOTO MTOXO/KCHHS (30HA 3HAYHO YIOBUILHEHOTO
BOJIOOOMiHY) 3 — 3MIIIIAHOTO MTOXOMKEHHS (30Ha YIOBUTFHEHOTO BOZOOOMIHY); 4 — 007acTh MAaKCUMAITbHUX
TiAPOCTATUYIHUX THUCKIB (MAKCHMAJILHUX MIPUBEICHHUX PiBHIB); 5 — perioHaIbHO ra30-BOIOHETIPOHUKHI
Mopoay (COJICHOCHA TOBIIIA HIYKHBOT ITepMi)

Pyx Bon y BepxHiii BofoHammipHii crucTeMi Bif-
OyBaeThcs BHACIIZIOK Pi3HHUII HAMoOpiB MK oOnac-
TSMH KUBJICHHS (a0COIOTHI BiIMITKH TIOBEPXHI BO-
nopo3niny BopoHi3pkoro mMacuBy ckianaroTh 280-
300m) i po3BaHTaKeHHS (piukoBi cuctemu JlHinpa i
Cis. Hinng). Le Tumosuii iHQiNBETpaiiHUN peskuM
BOZIOOOMIHY.

3a IOXOKEHHSIM MII3€MHI BOJIW HUXHBOIO Ti-
JPOXIMIYHOTO TMOBEPXY € CEIUMEHTAIIMHUMU, JaB-
HBOIH(DIIBTPAIfHUMY, 10 3aXOPOHEHI pa3oM 3
OCaJKaMH 1 3a CTYNEHEM LUPKYJLil Xapakrepusy-
I0Th 30HY YNOBIJIBHEHOTO BOJIOOOMIHY.

BimnoBigHny ponb y OanaHci Mil3eMHUX BOI
HIJKHBOTO TIOBEPXY BIIIrparoTh BOAW TIMOMHHOTO
MOXO/PKEHHS, SKI IPOHUKAIOTH B OCA/I0BY TOBIILY IO
po3nioMax y KpuctanigHomy ¢yHaamenti. YncieHHi
MOJIIMETaNiuHl 3pYJEHIHHS TiIPOTepMaIbHOTO TIO-
XOJDKEHHS y Mexax Binkpuroro [lonbacy i Ha wino-
My psizi ctpykTyp /13 CIyryroTh sICKpaBUM I[bOMY
CBITUEHHSM.

Pyx Bon y HWKHBOMY TIOBEpCi CIIPUUIMHIOETHCS
PI3HUIIEI0 T€OCTATUYHOTO HABAHTAXKCHHS, BUKJIMKA-
HOTO TMEPEeBaXalOUMMHU TOBIIMHAMH OCaJIOBHX yTBO-
PEHb y LEHTpPalbHI YacTHHI MOPIBHAHO 3 MPHOOp-
TOBMMH 30HaMH, Pi3HHULEIO IJIACTOBHUX THCKIB, 1 Ha-
MpaBJIeHU# 3 00acTel MiIBUIIEHUX THUCKIB B 00Jia-

cTi 3HIWKeHUX. OCHOBHUI HAPSIMOK PYXy BOJ — BH-
cxigauid. [nsgxamu X mirpaiii € po3puBH 1 TPIlH-
HHU, OCja0iaeHl 30HM COJNSHHX INTOKIB Ta MOMKJIHBI
JITONOTIYHI BiKHA, SIKi CIIPHUSIFOTh BEPTHUKAIBHINA Mi-
rpamii 3HU3Y BBEpPX, 1 MPOHUKJII IUIACTH, MO SKUX
narepajbHO BiZIOYBAETHCS PYX BOJ BiJl IEHTPAIBHOT
30HM [0 TiBHIYHOTO 1 miBmeHHoro OoptiB /I3
(puc. 8). Lle TumoBuii eniziiHAN peXUM BOITOOOMIHY
B I[IJIOMY JUISI HIDKHBOTO TIOBEPXY.

Otxe, miBHiuHME Oopt JI/I3 HaiiBiporimHimie
MpeJICTaBIsie cOOOK THUN MOHOKITIHAII, A€ BinOyBa-
€TBCSI CIIOJYYCHHS CAaMOCTIHHUX emi3iitHoro 1 iH}i-
JBTPALiIfHOTO PEKUMIB BOmo0OMiHY. [lo mepmroro
BiJTHOCHTHCS BHIICONHCAHA CHCTEMA BOIOOOMIHY B
NaJIC030MCHKOMY KOMIUIEKCI TOpiJ 3 MHEepeBaKHUM
PYXOM BHCOKOMIHEpaNi30BaHUX BOJA 3 IIBAHS Ha
MiBHIY («3aKPUTHID» TUIT MOHOKJIIHAMI), & PYTHI, ¥
ME3030HCHbKOMY KOMILIEKCI, IO XapaKTepH3YETbCS
3BOPOTHUM HAIPSIMKOM X pyXy, TOOTO 3 MiBHOYI Ha
MiB/IEHb, YOCOOINIIOIOYM THM CaMHUM iHQIIBTpaIiii-
HUH peXUM BOIOOOMIHY («PO3KPUTHIN» THUII MOHOK-
JiHami), B SKOMY OCHOBHY DOJIb BiIirparoTh INpicHi
abo ciaboMiHepasi3oBaHi BOAU IEPEBaXKHO aTMOC-
(hepHOTO MOXOHKEHHS.

3naBanocs 0, Ha TEPIIHA OIS, M0 HEOOXia-
Hi ymoBu mis dopmyBanHsa [Tl indinerpariitanoro
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BOMOOOMIHY y BifKJIaJax MaJ€030l0 HasBHI, TPOTE
3yCTpiYHE TOETHAHHS BHUIIEBIAMIYCHUX PIi3HOCIH-
psAMoBa-

HUX PYyXiB BOJ € JEI0 NpoOIeMaTHUHIM.

Po3’emuyrounM (akTopoM pO3MIIHYTHX BOJIO-
HaIlIpHUX CHCTEM MOXKE BHSBHUTHCS pETiOHAIbHHA
¢moigoynop — IMHUCTI TOBIII Tpiacy, 1o Oesmnoce-
pPEeIHBO NEPEKPUBAIOTH IIOBEPXHIO PO3MUBY IAJEO-
3010. TpaH3uTHUMH TOULIXaMHA 1HQLIETPAIiHHOTO
pPYXy Ha TIBICHb PO3MISAAIOTHCS TEPUTOPIAIBEHO
BUTPUMaHI MilllaHI TOPU30HTH ME30KOMHO30HCHKOTO
KOMILJIEKCY.

MOHOKTIHAILHUIN CXWJI TIBISHHOTO OOPTY, II0-
JI0 peKUMY BOAOOOMIiHY, CYyTTEBO BiAPi3HSAETHCS BiJ
MBHIYHOTO, OCKUTBKY HAMIPSIMH PYXY BOJ SIK y T1ajie-
030MCHKOMY, TaK 1 B Me3030HCHKOMY KOMILIEKCaX
30iratoThCsl.

Cyry0o mpoOneMaTnyHiM MOXKHA PO3TIISIaTH
BIJIKJIQ/TH CEPIIYXOBCHKOTO BiKy Ha MiBIEHHOMY OOp-
1y JJ13 (y miBOSHHO-CXiHIi HOro YacTHHi), B MPO-
1eci HaKOMTMYEHHS SIKUX TIEBHY POJIb, OUEBUIHO, Bi-
nirpaBamu KaxoBceka, Memnitononbscbka i Hikormonms-
ChKa piukoBi cuctemu [20].

KiHnesi pesynbrati nepeHOCy Ha3BaHUMH Ta-
JIEOpIiYKaMH  YIaMKOBOTO  Marepialy  JIOTI9HO
OB’ SI3YIOTHCS 3 BUAUICHUMH CEHCMOPO3BIIKOIO TO-
TY)KHUMHU JIH30BUIHUMHU Tinamu [21], mpore mu-
TaHHS IIOJ0 YYacTi aIOBIAJIbHUX BIIKJIAIIB IMX
PIYOK, SIK Cy4aCHHX IUIAXiB BOJOTOKY B MiBHIYHOMY
HampsiMi Ta CTBOPEHHsI B I[bOMY KOMIUIEKCI TOPIil
THOUIBTpAIIfHOTO THITY BOJOOOMIHY Ha MiBACHHOMY
0OpTy MOKH II0 HE BUBYAJIMCHh. MOXXHA TUIBKH J10-
MyCTUTH, L0 Y BUNAAKY PYXy B JaHHH Yac 1o mpo-
HUKHHUX TOPH30HTAX Majeo3010 (BKIIOYAIOYH Ha3Ba-
Hi maneopycia) iH(iTeTpaiiHUX BOA HA MIBHIY i
3yCTPIYHOTO PyXy B IHX € BIIKIagaxX ei3iiHuX
BOJ| 13 3aHYpPEHHX YacTUH PETiOHY, CTBOPIOIOTHCS
YMOBH I OPMYBaHHS CUCTEMH CTHKYIOUOTO BO-
JOOOMiHY, IO JAeTajbHille PO3MISIHYTO HIDKYE Ha
MpUKIIai miBHIYHOTO 6OpTy JIJ13.

Jemio BijokpemiieHOW (B I[JIOMY Bij IMiBICH-
HOTO OOpTY) CIif po3rIsAaTH miBAeHHe Kpmio Ka-
nemiyc-Topenpkoi yiaorosunu pazoMm 3 Kpacnoap-
MIHCHKOIO MOHOKJIIHAJITIO, TEPUTOPIsS SKUX JOCUTH
CTPIMKO 3aHYPIOETHCSI B MiBHIYHO-CXiTHOMY HaIlpsi-
MKY.

V miBAeHHIN 4acTUHI Li€l 30HU IICKOBHKH Ce-
peaHboro kapoony (tormmHo Big 20 M 10 100 M)
BUXOASTH Ha JICHHY MOBEPXHIO, INEPEKPUBAIOYUCH
KaWHO30MCbKUMHM BOJOHOCHMMM Bimkiiagamu. llic-
KOBHKH TIONIMPEHI Yy BUIIISI KPYITHUX JIH3 1 MMOJIoC
JOBXKHMHOIO BiJl JIECATKIB /0 COTE€Hb KUIOMETPIB i
mmprHoIo 16-60 kimomerpiB. JocmiukeHHSIMHA T1a-
cropunpoOyBauem KII-65 BusiBieHo y Oararbox BH-
najikax iX MpOAyKTUBHICTH [26]. 3a pe3ymbraTramu
reoyoro-reo(iznYHOr0 BUBYEHHSI BCTAHOBJICHO, IO
3 TO3HMILIT OIIHKKA I'€OJIOTTYHUX IMEepPeayMoB s (o-

pmyBanHs 'l 111 TepuTOpisi, HaBITh 0€3 0COOTMBUX
3aBUIIEHUX OYiKyBaHb, IPEACTABISAE IOLIYKOBUIN
IHTEepeC 1 MOXKe PO3MIAAAaTUCS B YKCII MEepHIOUepro-
BUX JJI5 TIOJANBIIOTO BUBUCHHS.

PozrmsHeMo mporHo3HUN BapiaHT BUHUKHCHHS
crpusTuBux yMoB s GopmyBanns [Tl y maneo-
30iCbKOMY KOMILJIEKCI MOpiJ Ha MiBHIYHOMY OOpTY
J3. Buxomsun i3 mpukinaxy COpoYHHCEKOTO POIO-
BHUIIA, JIe, 3TIHO 3 OMyOmiKOBaHUMH JaHUMH [17]
pOJNb TiAPOAMHAMIYHOTO YHMHHUKA Y (OpMyBaHHI
MACTKH, MOXKIIMBO, BiJlirpajia BUCOKOMiHEpalli30BaHa
BOJIa, IO MITpyBaja i3 IEBOHCHKOTO KOMILJIEKCY IO
PO3PUBHUX MOPYIICHHSX, AOMYCKAEMO aHaJOTTUHUHA
MEXaHi3M MPOHUKHEHHS BOJ 3 OUIBIIMX TIHOWH Yy
TUTACTH 3 JIaTepajbHOI0 MITpali€l0 BYIIIEBOIHIB i
(hopMyBaHHI iX CKym4eHb (puc. 9).

CyKyIHICTh 3aJIEKHOCTI MOMJIHUBOTO (HOpMY-
BaHHS BYIVICBOIHEBHX CKYHUYEHb Y ME3030HCHKOMY
KOMIUIEKCI TMOJSira€ B TOMY UM IPOHHUKAIOThH
JIN3’FOHKTUBHI MOPYIICHHS, B 1Or0 MEXi, sIKi cTanu
0 nusixamum BepTHKanbHOI Mirpanii BB. Hassuuit
(akTHYHAN MaTepian J03BONIIE HAa 1€ 3alUTaHHS
JIaTH TIO3UTHBHY BIAMOBI/Ib.

[MpuHnMmoBHii MeXaHi3M MOXJIHBOTO yTBO-
pennst I'Il gns razy, sKuii Mirpye mo TeKTOHIYHOMY
MOPYIIEHHIO 13 Male030UChKUX BIIKIAMIB 1 JOCATAE
TIacTa-KoJeKTopa B 30HI iHQiIBTpamii Me3030HCh-
KOTO KOMIUICKCY LTIOCTPYEThCs Ha puc. 10.

HaBeneni cxemm mepen0adyBaHUX MeXaHI3MiB
YTBOPEHHS CIIPUATIUBUX YMOB sl popmyBanus ['T1
CTOCYIOThCS OKpeMO (DYHKIIIOHYFOUHUX €JTI31HHOTO Ta
1HDITBTpAIiTHOTO PEXXUMIB BOJIOOOMIHY.

BogHouac anst kpailHbOT MHIiBHIYHOI YacTHHU
niBHiuHOTO OOpTY /I3 B 30HI aKTHBHOTO BOA000-
MiHY B KaM STHOBYTUJIBHUX BiJKJIa/aX, 10 BUXOISTh
Ha JICHHY TIOBEPXHIO Ha cxwiii BopoHi3bkoi aHTeKITi-
3M, HaIPSIM PyXy MiJ3eMHUX BOJI HA MEBHINM YaCTHHI
MOHOKJIIHA/II TEX CTac MBICHHUM, TOMI SK IS Ia-
JIE030MCHKOT0 KOMIUIEKCY XapaKTEPHUM € TiBHIYHUN
HanpsM Mirpanii ¢rroinis. OTke JOriYHUM 1 001py-
HTOBaHHMM TMepen0adacTbcs CTUKYBaHHS €Ni3iiHOTO
Ta 1HQUIBTPAIMHOTO PEXUMIB BOAOOOMIHY (pHC.
11), mo IiNKOM BUAIMSETHCA SIK CAMOCTIHHHIA pe-
KHM.

Pesynbrati aHamizy XiMiuHOTO CKJIagy BOZ
(Tabmuusg 1) 3acBigdylOTh, 110 B IOMY paioOH,
SIKUI 3HaXOMUTHCS Ha 3HAYHINM BIZCTaHI Bij LEHTpa-
JILHOTO TpabeHy, Boau (pyHIAMEHTY 1 Nae030MCh-
KHX BIIKJIAIiB MalOTh O3HAKW NIMOMHHUX BOA (XJI0-
punHuil ). Husbki 3Ha4eHHs MiHepasizanii Bka-
3yI0Th Ha PO30aBJICHICTh MiA3EMHUX BOJ MPICHUMH
iH(inBTpaLiiiHIMK, ajle He Ha MOBHY iX 3amiHy. OT-
K€ HasiBHA UTIOCTpAIlisl 3MIllTyBaHHS THIIOBUX O3HAK
BOJ DJIMOMHHOTO 1 aTMOC(EpPHOrO IOXO/KEHHS.
3BiZICH BUILUIMBAE BUCHOBOK, 110 MacITaOu mirparii
¢moigiB i3 rpabeny Ha 60pT (puc. 8) Oynu 3HAYHH-
MH 1, MOXKJIMBO, 31HCHIOIOTHCS B JaHUH Yac.
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PZ

Puc. 9. CxemaTnaHM po3pi3 MOHOKITIHAII 3 €Ti31HHUM MTEPETIKAIOYUM PEXXIMOM BOIOOOMIHY
y HaJle030MChKHX BiaKIagax niBHigHOTO O00pTY /13 («3aKpUTHID THI MOHOKITIHAII)

MZ

Puc. 10. CxemarudHu#t po3pi3 MOHOKITIHAMI 3 IH(IIBTPAIiHIM PEXUMOM BOIOOOMIHY
B ME3030HChKUX BifKiIanax miBHigHOTO 60pTy /13 («pO3KpUTHID» THIT MOHOKJIIiHAI)

Puc. 11. CxemaruuHuii po3pi3 MOHOKJIIHAJ HA CTUKYBAaHHS €Mi31iMHOr0 Ta iH(pUIBTPaliifHOTO peXXUMIB
BOIIOOOMIHY Yy MAJIC030MChKHX BifiKIaax miBHIgYHOTO OopTy JI/13 1 MiBACHHOTO CXHITY
BopoHi3bKoi aHTeKITi31 («3aKPUTHID» THIT MOHOKITIHAII)

[IpoBeneHi qoCHiKEHHS! KOMIUIEKCHOTO CKJia-
Ny PO3YMHHOTO Ta3zy B mpoOax Boj padiony KMA
(Tabnuis 2) mMoKa3yloTh, 0 BYyTJICBOJIHEBA YaCTKA B
okpemux npo0Oax csarae 34,35 — 38,43%. BpaxoByto-
YH Te, IO OJHA i3 IUX MPOO BOIW B3ATa i3 IITPEKY
SIKOBIIBCBKOTO PYAHMKA, MOXHA 3pOOUTH BUCHOBOK
PO CyyacHe iCHyBaHHS Mirpaniinux npouecis. [o-
JIOBHUM JDKEPEJIOM PYXY IIacTOBHX (MIIOIIB € reo-
JMHAMIYHI TIPOIIECH, SIKi MATPUMYIOTh TiIpOAUHA-
MIYHYy CHUCTEMY B CTaHi BHUCOKOi €HEPreTW4HOI Ha-
MIPY>KEHOCTI.

CriB3ByYHHM JI0 BUKJIQJIEHOI TOYKH 30pY MOXKeE
posmsgarucs BucHoBOK B.O. Tepemenka [25],
SIKUI BUCBITIIIOE TIOJIOKEHHSI TPO Te, 10 Ha ei3il-
HUX eTarax PO3BUTKY Bi0yBallaCh KPYITHOMACIIITa-
OHa Mirpaiisi THepeHaCHYCHHX TI'a30M CEIUMEHTO-
TeHHUX BOJl i3 MPHUOCHOBOI YaCTUHHU pUTOreHa 10
fioro 60opToBUX YacTUH. B Taknx ymoBax BCi macTKu
Oy/Ib-SIKUX THITIB MOXKYTh OyTH 3aIIOBHEHI Ta30M.

CyuacHul cTaH PO3NOBCIOKEHHS TeHETUIHUX
TUMIB MiJ3€MHHUX BOJl Y BEPXHBOBI3EHCHKOMY KOM-
miekci mopix (puc. 12) Bkasye 110 Ha MiBHITHOMY
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OOPTY CITOCTEPIraeThCS 3aKOHOMIpHA 3MiHA iX THIIIB:
30Ha MOIIUPEHHS 1H(UIBTPOreHHUX BOJ TPAHHYHUTH
31 CMyTO 3MilIaHuX 1HQIIBETPOreHHHUX 1 CEAUMEHTO-
TeHHUX BOJ, SIKa MIEPEXOJUTH B 30HY CEIMMEHTOTEH-
HHX BOJ (3 Pi3HOIO CTAMI€I0 OCOJIOHEHHS). 3HIKEH-
HS IIBUAKOCTI PyXy iH(ITBTPOTEHHUX BOX 10 BKpait
HE3HAYHHUX BEJMYUH MMOBHHHO TPAKTYBaTHCh SIK TH-
MIOBE SIBUIIE JUTSA «3aKPUTHX» MOHOKIIHANEH, y Me-
XKax SKHUX BiOYyIOCH yCTaJleHHS pIBHOBaru MiXk Ha-
MopoM 1H(DITBTPOTEHHUX BOJ 1 MPOTHAIEIO ENNi3IHHUX
¢moigiB, 0 MirpyBajid BBEpX JaTepajbHO UM BEp-
THUKAJbHO [¥3 IOHKTUBHUMH mopymeHHsmMu. Came
Taka piBHOBAara € HEBiJ €EMHOIO 3allOPYKOI CTBO-

pEHHS YMOB Uil TiAPOTUHAMIYHOTO ITACTKOYTBO-
PEHHS, IO 1 MPOTHO3YEThCS HA CXEMAaTHYHOMY PO3-
pisi (puc. 11).

30epiratoun dopmar iHpopmarlii MO0 MOIIH-
pPEHHSI Pi3HOBUIIB PEXUMIB BOJOOOMIHY Ha MiBHIY-
HoMy Oopty /13, ciix BiAMITHTH HACTyIHE: Bpaxo-
BYIOYM MAacCIITaOHICTh PO3MHBY TaJICO30MCHKUX Bij-
KJIaJiB y KpalloBUX YacTHHAX MOHOKIIIHAMI Ta Tepe-
KPUTTS 1X BOJOHOCHHUM ME30KalHO30MCHKUM KOM-
riekcoM (puc. 13) cTBOPIOIOTbCS YMOBH AJsT PyHK-
HitoBaHHS 1H(IIBTpalifHOTO PEXHUMIB BOAOOOMI-
Hy, cnpustimBoro st popmyBanss [Tl y cepii mia-
CTiB IAJICO30MCHKOTO BIKY.

e e

Puc. 13. CxemarnaHu#t po3pi3 MOHOKITIHAMI 3 IH(IIBTPAIiHIM PEXXUMOM BOIOOOMIHY
B ME€3030MChKHUX BifKiIanax miBHigHOTO O60pTy /13

OTxe, B MEKax MiBHIYHOTO OOPTY CTa€ MOXK-
JIUBUM BIEpIIE BUAUICHHS TPHOX PEXKUMIB BOJ000-
MiHy: iH(inBTpaniitHoro, emisiiiHoro i1 3a [17] pe-
KUMY CTUKYBaHHS.

[IpakTHKOIO TEOIOTrOpPO3BiAYBATBHUX POOIT Y
PI3HHX perioHaxX MiTBePKYETbCA HASBHICTh THX
pizHoBuaiB I'Tl i OB’ sI3aHNUX 3 HUMH TOKJIAJIiB BYT-
JICBOJ/IHIB, SIKI IPOTHO3YIOThCSI HaMH B Mexax [1J13.
B 30Hi iH}inpTpamnii BusBieHi Bitomi ManakaHChKe,
Apmagipcbke, CoOKOJIOBChbKe, XbIOTOTOH, I[lpaaxo-
Beit, bicti Ta iH.; B 30Hi emizii — TomHes, PyneHkis-
cpke, /IBneraban Ta iH.; Ha CTUKaHHI i1HQIIBTpaIlii-
HOTO Ta eni3iifiHoro Bonoodminy — 3ap3a-Itin, bapa-
kaiBceke, Kar-benk Tta in. [17].

OxpemMo, 3 IPUHIMIIOBO HOBUX IO3MULIH, 100
(hopMyBaHHS pexuUMy BOAOOOMiHY Ha MOHOKIIiHA-
JMBHHUX CXWJIax OOPTOBHX 30H, a TAKOXK YaCTKOBO Y
MIBHIYHO-3aX1IHIH YacTHHI 3amajiH, PO3IJsiia-
IOTBCSI YMOBH, sIKi Ha NPOTHO3HOMY PiBHI BIepIIe
OB SI3YyIOTHCSL 3 PO3TANTYKEHOI CHCTEMOIO Iajeo-
pivok (puc. 14, 6, 7).

HeranbHe BUBYEHHS yMOB ()OPMYBaHHS PYCIO-
BHX TIIIAHUX TUT BUKIAQJCHO B CHEMialbHINA HayKO-
Bill mpari [28], ge cepen MIECTH TUMIB BHIUIIETHCS
30KpeMa «Bpi3 i 3aIIOBHEHHS MICHsl YIIIBHEHHS 110~
pial M0Xa», BUIIOBHEHI MINIAHUMHU BiAKJIATaMHU, 110
MAaloTh TIOCKO-0myKiy (opmy. Cri BIAMITHTH, 10
neil HalOLIbII, OYEBHJIHO, TMOIIUPEHHUN Pi3HOBHI
3HAXOAWTH CBOIO aHAJIOTII0 Ha THIIOBOMY IPHKJIai
maneopycen i B JIJ13 (puc. 6).

HageneHi B 3a3Ha4eHii poOOTI OKpeMi MPHUKIIa-
I TIOB’SI3aHUX 3 PYCJIIOBHMH ITICKOBHKaMH POJOBHILL
HadTH i razy (puc. 15-18 ) imocTpyoTh 0cOOIHBOC-
Ti reosoriuHoi Oy/OBH paiioHy, J€ IMiJ MOHOKJI-
HQJUTIO TIPOJIATAOTh TPAcH PycIOBUX yTBOpeHb. Ha
puc.17, 30kpeMa, y pe3ynbTaTi HacTyIHOro po30y-
PIOBaHHS BCTAHOBJICHO, 110 MOKIamd X i Y Crojiy-
Yal0ThCs, (POPMYIOUHU NMPOTSHKHE POLOBHILIE.

Tpaca pycrnoBux mickoBukiB Yepoki (puc. 17),
IO BKJIIOYAE MPOMYKTUBHI HAPTOTa30HOCHI rOpU30-
HTH (TIOTIepeYHHi iX po3pi3 HaBeJeHUH 1O JIiHiT A-
A') cBiTUMTH TIPO MacITaOHICTh PO3BUTKY IUX IIO-
IIYKOBUX 00 €KTIB, MiIKPECIIOIOYN aKTyaJbHICTD i
MEPCIEKTUBHICTD iX BUBUCHHS.

Kondiryparis amoBianmkHUX pycell MOXe
YCKJIQJHIOBATHCS, NPUIMAIOUN PO3ralyXeHUil BH-
IS IETBTH, 3 OKPEMHUMH Taly3KaMU SIKOT OB’ si3aHi
HadTOBI 1 razoBi noknamu (puc. 18). Posmsmaroun
npukian OyJoBU TUIOBOI AENBTH 3 BMICTOM B ii py-
cmax mickoBukiB  byd (cxigma Oxiaxoma) i
MOB’s13aHUX 3 HUMHU HaQTOBHUX Moknamis, [. A. Bym
[28] cTBepmKye, 110 Hi ONWH i3 NOKIJIAJIB HE MOB'S-
3aHUH 31 CTPYKTypamu. IX yTBOpEHHs, iMOBIpHO,
3yMOBIICHO HAsIBHICTIO HENPOHWUKHUX Oap’epiB, MmO
130JII0I0Th OLIBLI MOPUCTI Ta MPOHMKIMBI IIISTHKH
pycioBoro mickoBuka. MoKnuBUi BIUIMB Teodioi-
JIOIMHAMIYHUX YMHHHKIB Ha (OpMYyBaHHS MOKIAJIiB
BB y mactkax maneopiukoBUX CHUCTEM Yy 3rajaHii
po0OTi HE PO3TISIIAETHCS.
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Puc. 15. CtpykrypHa kapTa mokpismi BamHska 2 (Ha puc. 16)
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Puc. 16. Cxemarnunuii npodiib Yyepe3 TOBILY PYCIOBHX MICKOBUKIB A i B iist paiiony, nokazanoro Ha puc. 15
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160} HaarigHicTs

160 Mpdhink, CKNAAEHIA 3@ JAHUMU rama-kapoTaxy

Puc. 17. Kapra izonaxit ToBiii GIS, 110 Bxirouae HahTOHOCHI pyciioBi mickoBukH (i3 [28])
3axapmosanuii inmepsan noxazanuii Ha npoghini cama-kapomaoicy no ainii A-A'. Illepemun izonaxim 10 ¢hymie
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HadbTosuii noknag
["a3oBui noknag

—
"

{mMuns

Puc. 18. Kapra i3onaxit rpynu Uepoki (HIKHIM EHCUTbBaHIN) 3 TOKJIaAaMu HAdTH 1 ra3y
B BEPXHIN YaCTHHI MMCKOBHUKIB UepoKi.
IIpocmseanns yux eumacHymux nokaiaoie 30icacmvcs 3 8y3bKUMU 30HAMU 30I1bUEHUX MOBUWUH 8I0KNA0IE
epynu Yepoxi. Toukosumu aiHisMu NOKA3aHO 6ici mpendie niosuuyeHoi moswuru 8ioxiadie Yepoxi

VY 30HaxX pO3BUTKY MaleOPiYKOBUX CHUCTEM
JJ13, mo Braganm y Bizeiicbke Mope (Ii3HBOTYIIBCh-
KU, aJJeKCHHCHKHUA, MUXaWIiBCHKUH dJac), cXxeMaTH-
YHO BIATBOPEHO BIpOTiTHI JKepena 3HOCY Ta Ha-
MPSMKH TPAaHCTIOPTYBaHHS POJYKTIB pO3MHUBY (pHC.
14). Bapto po3ymitu, 1o HaBeIeHa cXxeMa CUMBOITi-
3y€e cOOOFO JIHIIe BUCXiHI YMOBU I HEOOX1THOCTI
MOJIANIBIIIOTO TIOTIMOJIEHOTO aHasli3y (DaKTUYHHX Jia-
HUX, SAKi O JO3BOJIMJIM HAOIWU3UTUCH IO CTBOPEHHS
peasibHOI KapTUHH MOIIUPEHHS aJIOBiaJIbHUX YTBO-
PEHb LLOTO BiKY JUIs BU3HAYEHHS POJIi iX y Ipole-
cax TMACTKOYTBOPEHHs 1 JIOKami3allii KOHKPETHHUX
MOITYKOBUX 00’ €KTiB. BogHouac BimMiTUMO, 10 HO-
BOIO 1 MPAKTUYHO HEBUBUYCHOIO CKJIAJOBOIO YaCTH-
HOIO 1€l MaciTabHoOl 3a7a4di € MUTAaHHS T'eosIoriy-
HuX niepeayMoB (GopmyBanHs '], moB’si3aHux came
3 aIIOBIaJIbHUMHU YTBOPEeHHSIMHU. CIPUSTINBI YMOBH
JUIE yTBOpEHHS 1H(QLIBTpaIifHOr0 BOMOOOMIHY B
najeopyciiax BUHUKAIOTh BKE Ha IOYaTKOBIH crafil
HOTO 3apOIKeHHs, KOJIM aTMOC(HEpHUMHU ITOTOKaMHU
13 JDKepeN JieHyaalii MepeHoc MPOAYKTIB PO3MHBY
BiJIOYBa€ThCSl PIYKOBHMHU CHUCTEMaMH. YXHUII OOpTO-
BUX YacTHH y Oik rpalOeHy mpocifgaHHsi 30epiraBcs
Ha TPOTs3i Bciel icTopil pO3BUTKY OCTaHHBOTO, a
3HaUUTH 30epiraach MOXKIUBICTD JaTePaIbHOI Mir-
parii atMocepHUX BOJ IO Tpacax MajieopiuKOBHX
cucreM y Oik iX 3aHypeHHs. PeanbHicTh 3ramaHoi
Mirparii JerepMiHoBaHa Oe3MOCepeHIM KOHTAKTOM
B 30HI PO3MHBY 3 TIEPEKPUBAIOYNMHU BOJOHOCHUMU
ropuszoHTamMu. BomHovac i3 3aHypeHHMX YacTHH LUX
Tpac pyx ¢mioiniB BigOyBaBCcs y 3BOPOTHOMY Ha-
MPSMKY, TOOTO i3 30H BUCOKOTO THUCKY y BHUIIIE3aJIs-
raro4i TOpPU30HTH, A€ THCK 3aKOHOMIpDHO 3MEHIIe-
HUH, 10 1 3yMOBJIOBAJIO MIrpawito QioifiB y ToMy

9HCl 1 ByIIEBOAHIB. B 30HI 3ycTpiui MPOTHIIEKHO
cnpsiMoBaHOi Mirpatii (uroiniB pi3HOTO I'eHE3UCy B
aJIoBiaJbHIM  CIIOPYAl CTBOPIOBAJIaCh  OCOOJMBA
¢dmoinomuHaMigHa 00CTAaHOBKA, CIPHUSATINBA LIS
¢dopmysanns ['T1.

HaiiBaxInBIIIOro 3Ha4YeHHS U1 OLIHKH MOX-
muBocter popmyBanus [Tl B maneopiukoBux cuc-
temax OoprtiB /IJI3 HaOyBae MpoOrHO3yBaHHS, a 3T0-
JIOM 1 BUJUIEHHS Tpac mux cucreM. OJHUM i3 Ha-
IiHHUX (PaKTOpiB MPOTHO3YBaHHS HWMOBIPHUX Tpac
najeopycels po3niaaeTbea OynoBa Joxa, ToOTO 1mo-
BEpXHI KpHCTaliyHOTO (QyHIamMeHTy. Ha 3HauHii
yacTuHi niBHiYHOTO OoOpTy /I3 (Bim MepuniaHiB M.
Cym 1o m. CBaroBe) Ha CXeMaTHUHIM CTPYKTYpHiH
KapTi moBepxHi GyHAaMeHTy, BUAlIseThes [Icenbenb-
kuif, [lomsHChKMiA, MepniBchko-BopcKISTHCHKUH,
Mypomcbkuii, Benuko-Bypiyupkuii, Ockonbcbkuit i
KpacHOpiYMHCHKUI IPOTHHH, SIKi YEPTYIOThCS 3 Ce-
piero OIM3BKHUX 10 criBpo3MipHOCTI BHCTymiB bo-
pomisiHCBKUM, [ oTHsAHCBHKMM, XapKiBchKo-binro-
poacbkuM, MoomoBChKUM, AHAPITBCHKUM, Tpoilib-
kuM 1 bionyupkum [24].

AHasioriyHa XBWJISICTa CTPYKTypa IOBEpPXHI
(GyHIaMEHTy BCTaHOBIIEHA CIELiAIbBHUMH CEHCMO-
po3BiayBaibaHuMu podotamu KM3X (B.O. Illuman-
ceKkuil Ta iH., 1989) y IliBHiuHO-OXTUpPCHKOMY paii-
OHi, Je BHUSBICHO bymHOBChKHN, MUKHTIBCHKUH,
TpocrsHeupkuii, [IpaBnuHCBEKME Ta BockpeceHiB-
CHKUU BHCTYITH, PO3/UICHI BIJIOBIHO CEPi€0 Mpo-
T'MHIB. 3a CBOIMHU MapaMeTpaMH PO3IISIHYTI TEPUTO-
pii € HaxTO pi3HUMH, aje 3a OyHIOBOIO € XapakTep-
HUMH, SIK JUII MaKpo-, TaK 1 JIIsl ME30CTPYKTYPHOTO
piBHS OOPTOBHX MOHOKIJTiHAJIEH.

O0’€eKTOM 3alliKaBICHHS MOXE CTAaTH Te, IO 3
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a0COJTIOTHOIO OUTBIIICTIO MPOTHHIB TaK YW 1HAKIIE
IOB’s13aHI Cy4JacHi PiYKOBI CHCTEMH, IO CBIAYHTH 1
Mpo TemnepinHe (QyHKIIOHYBaHHS 1X B3a€MO3B’SI3KY.
Takuii 3B'S30K Ha paHHIX eTamax OCaJKOHAKOIH-
YeHHsI, 30KpeMa y Bi3eWChKHl Yac, BCTAaHOBJIECHO
rmapaMeTPUIHIMH CBEpUIOBHHAMHU 676-J/BopiuHa Ta
663-MoonoBchKa.

CeepanoBuHOIO 676-JIBOpiuHa, MPOOYPEHOIO Y
Mexax OCKOIBCHKOTO MPOTHHY, 3 TiIOIIOBHOI Yac-
THUHH Bi3€HCHKOTO APYCY, 3 TOPU30HTIB, YMOBHO BiJ-
HECCHUX JI0 perioHajpbHMX madok B-17-21, sxi Ha
il TUTOMIi CKIIAAAr0Th 0a3alibHy TOBIIY OCaOBOTO
YOXJIa, PO3KpUTA ITadyKa alfOBiaJIbHUX ITICKOBUKIB. B
inTepBani 1140-1175 m B kepHi, Bigibpanoro 6e3mo-
CepeiHbO 3 IIPUKOHTAKTOBOI 30HH 3 MopoAaMu (pyH-
JAMEHTY, TiTHATI KOPUIHEBO-Cipi 1 CBITIIO-Cipi TIic-
KOBUKH 3 BHUCOKHMH KOJIEKTOPCHKIUMH BIIACTHBOC-
TSIMM: TIOPUCTICTh iX Bapiloe B Mexax 7,6-26,0 %
npu nponukrocti (18,6-795,0)-101 M2, ITickoBuku
KBapIOBi, CepelHBO-APiOHO3EPHNUCTI, PI3HOTO CTY-
MMHIO LIeMeHTalli, cJIa0KO DIMHUCTI Ta BAITHIKOBHC-
Ti, BIJIOMY HEYIiTKOLIApYBaTi, TEKCTypa MiCISIMH
I IKPECITIOETRCS.  TIPOIIapKaMu  KPYITHO-Tpy0o3ep-
HUCTHX TICKOBUKIB Ta BYIJIE(iKOBAHUM POCIMHHUM
neTputoM. KOHTakT 3 MiACTENSIOU0I0 TIOBEPXHEIO
BUBITPUIOTO TPaHITO-THEHWCY YiTKWH, MOIOTOXBHIIS-
CTHH, OpieHTOBaHMH miJ KyToM 87-90° mo Bici kep-
Hy, IO KOHTaKTy PO3BHHEHI JIIH30MOAI0HI KOHKpEIIil
MIPHTY.

B napamerpuuHiit cBepuioBuHi 663-MomnogoB-
ChKa, IpoOypeHiit Ha cxuiii MOJIOIOBCHKOTO BUCTY-
my, B iHTepBaimi 1260-1268 ™M migHATI CBITIO-
KOPUYHEBO-CIpi MICKOBUKH Bi3eHCHKOTO sipycy. Bonu
TOHKO-/IpiOHO3epHHCTI, MaloTh 3anax BB, mopwuc-
ticte 19,1-24,8 %, nponukHicTs (46,88-95,25)-1071°
Mm% B inrepsani 1300-1308 m (C,v, GazanbHuii ro-
PHU30HT 4OXJIa) MiHATHH KepH, MPECTaBIECHUN CBi-
TIO-CipO-KOPUYHEBUMH APIOHO3EPHIUCTUMH CIIa0KO-
3IIEMEHTOBAaHUMH KapOOHATHOK PEYOBHHOO MICKO-
Bukamu 3 mopucrictio 20,4-30,5 %, IpOHUKHICTIO
(90,63-3014,85)-10> M2, (C.®. Ilosepennuii, B.M.
Byxraruii, 2004-05 pp).

HaBeneni naHi [1arOTh IMiJACTAaBYy HaMITHUTH B
MeXKax BHJIUICHUX TPOTHHIB TPacH MajeopidyKOBHUX
CHUCTEM 1 BBaXKaTH 1X 00’ €KTaMM MMONAJIBIINX IlJIEC-
MPSMOBAHUX JIOCHIJKEHb 3 METOI0 YTOYHEHHSI KOH-
TypiB, JITOJOTIYHOTO CKJIaAy, JUCIIOKOBAHOCTI,
(II0igHOTO 3a1IOBHEHHSI Ta 1H.

VY niBHiyHO-3axiqHi# vacturi /(3 (puc. 7) Ha
miacTaei 6aratoro (hakTUYHOrO MaTepiany BiATBO-
peHa cxeMa PO3BUTKY NajieopiukoBux cuctem Xlla
M.p.. CxemMa OXOIUIIOE TEPUTOPII0 PO3TALTyBaHHS
3HAYHOI KIJBKOCTI POMOBHIN HAPTH i1 Tazy, e CKyI-
yeHHss BB noB’s3ani 3 TpaguIifHUMU B TOMY YHCJI
HECKJICTIIHHUMHU TMacTKaMyd. MOJIMBa pojib Tinpo-
nuHamivyHOrO (hakTropa B JioKaizarii mokianis BB
e He po3niiAaiachk. BomaHouac ciif 3ayBakuTH,

110 B i YaCTHHI PETiIOHY, BPaXxOBYIOUN HAIIPSM PY-
Xy 1HQUIBTpamiMHUX BOM, SIKWWA 3TiTHO 3 pe3ylbTa-
tamu nociimpkens JLIL. [Bas [22-23] BinOyBaBes i3
3ax0ly Ha cXill, a ByIIeBOIHEBI (uioiam i3 3aHype-
HUX CXiTHUX YaCTHH JIATepaibHO MITPyBaliil B 3axi-
JHOMY HAaIpPsSMKy, HE BUKJIIOYA€THCS MOXIIUBICTDH
BUHHUKHEHHS CIPHUSTIMBUX YMOB IJisi ()OPMYBaHHS
I'TL, ax y Mexax MOHOKJIIHAJIEH B IIJIOMY, TaK 1 0co-
OMMBO B aIOBIAIbHUX BIOKIAZaX IaJecOPIIKOBUX
CHUCTEM.

BucHoBkm.

I3 po3rmany BukiIageHOro Marepially BUIUIMBA-
I0Th BaXKJTUB1 BUCHOBKH:

1. ¥V mexax /I3 nepcrnekTUBHUMHU I TOLIY-
kiB I'Tl, okpim Bumimenux O.O. ITnotHikoBuM [17]
CeMH MOHOKJIIHAIGHUX MIJSHOK Yy MiBASHHIH TpH-
OOpTOBil 30HI, 10 YHCIa MEPUIOYEPrOBUX JJISI BH-
BUYCHHS IMEPCIIEKTUBHUX TEPUTOPIA BiHECEHO TiB-
HiYHHUIA OOPT, 1€ TMPOTHO3YETHCS ENi3IHHUI TepeTi-
Kalouuii pe>kuM BOJOOOMIHY 1 BIEpILE PEeXUM CTH-
KyBaHHS B MAJICO30HCHKOMY KOMILIEKCI Ta 1H(IIBT-
pamiiiHuii pexuM BOTOOOMIHY B ME3030HCHKOMY
KOMILJICKC, sIK 0a30Bi yMOBH Jyist (pOopMyBaHHsI mac-
TOK IBOTO TUIY. J[pyruM nepuiouyeproBuM 06’ €KTOM
JUIS TIOAAJIBILIOTO BUBUCHHS CIiJl BBO)XaTH TEPUTO-
pito miBaenHoro kpuna Kampmiyc-Topenpkoi ymoro-
BuHM 1 KpacHoapMilichKoT MOHOKJTiHA, /Ie TPOTHO-
3y€ThCsl IHQINBTPAifHUN PeKUM BOZOOOMIHY B Ce-
pemHbOKaM STHOBYTUIBHUX BifkIamax [26-27].

2. Y niBHIYHO-3aXiJIHIA YaCTHHI PErioHy pe-
3yJlBTaTd JIiSUTBHOCTI TAJICOPIYKOBUX CHUCTEM Y BH-
IJISI/11 aMFOBialIbHUX YTBOPEHb BCTAHOBIIEHO Ha 0asi
(hakTUYHUX NaHUX OYpiHHSA, TOINI SK HA MIBHIYHOMY
OopTy BIEpIIe Tpacw Majeopycel HMPOTHO3YIOTHCS
Y37I0BXK MPOTHHIB TIOBEPXHI KpUCTamigyHOTO (pyHHIa-
MeHTy. CTabifibHICTE B PO3BUTKY OCTaHHIX Y daci
(Bil HIDKHBOKAM SIHOBYTUILHOI €MOXH 1 JI0 ChOTO-
JICHHST) MiATBEP/KYETHCS POZKPHTTIM AITFOBIaIBHUX
BIIKIAIiB y Bi3eiicbkoMy sipyci (B OCKOJNBCBKOMY
MPOTHHI) Ta MPUYPOUEHICTh 0 TPOTHHIB Cy4acHOT
PIYKOBOT MEpexi.

3. HesBaxaroun Ha MPHUHIMIIOBY BiJIMIiHHICTh
BOJOOOMIHIB y MeXax «3aKpUTHX» YU «PO3KPUTHX»
MOHOKJIIHAJIEH, BIIEepIIe  PO3IVISNAETBCS — B3ae-
Mo3B’s130K [Tl y anroBiabHUX MageopiyKOBUX CHC-
TeMax, SIK He3aJeKHUH, 0 MoXe (YHKIIOHYBaTH
napaneiabHO 3 IporHo3Humu (puc. 9-11), 6azyrounch
Ha TEHETHYHO CTabiIbHOMY 3B’SI3Ky BHUKIIIOYHO 3
1HQINBTpaiftHUM BOIOOOMIHOM.

4. JIOUiJIBbHICTh 1 HEOOXIAHICTD MPOIOBKEHHSI
JIOCITII/DKEeHDb 3 MPOOJeMH Teo(IIIoiI0MHAMIKH a3y
B /I3 0oOrpyHTOBYETHCS HASBHICTIO PO3MISHYTHX
MO3UTUBHHUX TEPEIYMOB i1 (POPMYyBaHHS IMACTOK
LILOTO THITY. Y CBill 4ac, 31CTaBUBILH TiAPOIUHAMIY-
Hi YMOBU OOpPTOBHMX YacTWH PETiIOHY 3 MOHOKJIiHa-
mpHUME cxmiiamu CxinHo-Benecyenbcbkoro, 3axin-
Ho-Kanancekoro, periony Iond Koct Ta in., B.O.
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Kparomkin [18] mifimos BucHOBKY, mo B JI/13 «Mo-
JKHA OYIKyBaTH BIAKPHUTTS TITAaHTCHKHUX 1 HaATITaHT-
CHKHUX T'a30BHX 1 HAQTOBUX CKyIT4eHb». Taka OIiHKa,
CKOpiIII 3a Bce, € MPOOJIeMaTHYHOO 1, MaOyTh, SIBHO
nepeOiIbIIEHO0, IPOTE BiTHECEHHSI PETIOHY IO Tie-
PCHEKTHBHUX € IIUTKOM OOTPYHTOBAHHM 1 MTPaBOMIp-
HUM. B HeckJlemiHHUX MacTKax BMIIIYEThCS OlbIIe
25% cBitoBux 3amaciB BB [30], a B I/I3 cmiBBizn-
HOIIIEHHS BEIMYMHH PECYPCIB HECKICTHHUX ITaCTOK
JI0 TIPOTHO3HUX pecypciB BiuioMy Kareropii Di+D»
cknanae 63,8% [31]. Omxke aoms 3amaciB ByIJIEBOI-
HiB y ['Tl B mpoMy perioHi Mo)ke BHUSIBUTHCS 3HA4-
HOIO, IO 1 CTMOHYKae MPUIUIMTH Wil mpoOnemi mo-
JabIly HAJICXKHY YBary.

5. Jlns HaOmmKeHHS OO BHUPIIICHHS INi€l Hai-
MEHIII JOCTIDKEHOT y TIOpPiBHSHHI 3 IHITUMH He-
CKJICTIIHHMMH TaCTKaMU TeOJIOTO-TIONIYKOBOI MpO-
Os1eMH, HEOOX1IHO 3M1HCHUTH KOMIUIEKC IOCIIIIKEHD
SIKi B 3aTalIbHUX pricax chopMyIIboBaHi paHimre [29].
Jetanmizyroun 1mi 3aja4i BiAMITUMO HEOOXIiTHICTb

NPOBE/ICHHS y3arajJbHeHb, CIIPIMOBAaHNX Ha BH3Ha-
YeHHS: a) XapakTepy IIOEMHAHHA  IUTACTiB-
KOJIEKTOPIB B 30HaX iX PO3MHBY i MEPEKPUTTSIM BO-
JIOHOCHUMH Me30KaifHO30MChKUMHU TOPU3OHTaMHU; O)
paIioOHaTBPHOTO KOMIDIEKCY Teo(i3MIHUX, Te0I0rid-
HUX, TiAPOTEONOTIYHNX 1 TCOXIMIYHUX METOIIB JOC-
JDKEHb IS MiATBEPIDKEHHS PEallbHOCTI (hopMy-
BaHHS HaMIYCHHX TCOPETUIHHX MOIEIeH BOM000-
MiHY, 8 TAKO)K BCTAHOBJICHHSI KOHTYPiB aJTfOBIaIbHAX
PIYKOBHX CHCTEM, CTYNEHS iX IHCIIOKOBAHOCTI, SIK
OJTHOTO i3 00’ €KTiB JAJIsI MEPIIOUEProBOTO LiJeCIIpsi-
MOBAHOTO BUBUEHHS 3 mo3ullii nomykis I'Tl; B) Bu-
JUEHHS COPUSATINBHUX JUIS BUBUCHHS AUISTHOK IIIIS-
XOM NOOYIOBH KapT MEPETUHY i30TiIC MOKPiBIIi mep-
CIICKTHMBHUX TOPH30HTIB 3 TiApoi3on’e3aMu (3a po3-
poOieHoro Mertoawkor [17]), Ans BCTaHOBIIGHHS
T1IpONIMHAMIYHUX MIiHIMyMiB, Y MeXaxX SIKUX 1 Bij-
OyBaeTbcs ckymueHHs BB.

Pesynbrar 3armiaHoOBaHUX JOCHIPKEHB HEepen-
0adaeTbCcsl BUCBITIIMTH B HACTYITHIHM CTaTTi.
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ON THE QUESTION OF GEOLOGICAL PREREQUISITES
OF DNIEPER-DONETS DEPRESSION HYDRODYNAMIC TRAPS FORMATION

Formulation of the problem. Hydrocarbon pools in hydrodynamic traps are known within many oil
and gas provinces. The Dnieper-Donets basin is one of the regions where non-vault traps of almost all types
and associated with them hydrocarbon pools are widespread, while HT in DDD are not yet typical, although
the geological structure of the region indicates the possibility of their formation. Thus, substantiation of the
role of geological preconditions in the processes of hydrodynamic type traps formation is the main task of
the work.

Analysis of recent research and publications. In the monograph of O. Plotnikov (2001) among the
promising regions for the search for HT defined DDD. The reason for this was the data on the presence in
some productive horizons, in particular in the Sorochinsky and Rudenkivsky fields, of formation waters that
lie above gas-bearing deposits. It is believed by some researchers, that the leading role in the formation of
gas accumulations at these fields belongs to formation waters. According to the results of geological and ge-
ophysical study of the southern slope of the Kalmius-Torets depression and the Krasnoarmijska monocline in
the south-eastern part of the DDD (A. Terdovidov (2000), S. Pavlov (2004), favorable geological prerequi-
sites for the formation of HT in Paleozoic sediments established.

Selection of previously unsolved parts of the overall problem. The general problem of searching for
HT in the DDD as a whole task has not been solved so far.

Formulation of the purpose of the article. Estimation of possibilities of a new direction of search and
reconnaissance works in DDD, namely on non-traditional non-vault traps of hydrodynamic type substantia-
tion.

Results. The Visean dominant productive complex, regionally extended on the monocline slopes of the
northern and southern sides of the depression and lithologically represented mainly by sandy horizons, was
selected for priority research.

The significant content of alluvial sandstones in Visean sediments section allowed the authors to consid-
er them as special reservoirs of fluids, and paleoalluvial systems to study in the rank of independent search
objects. Their territorial location is logically related to the existing deflections of the surface of the crystal-
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line basement, most of which are associated with modern river systems, which indicates the current function-
ing of their relationship. The authors made an attempt to substantiate within the northern side of the DDD the
following forecast water exchange systems: 1) expultional overflowing; 2) docking regime (both in the ter-
minology of O. Plotnikov) in Paleozoic sediments; 3) infiltration water exchange in Mesozoic sediments, as
necessary conditions for catching migrating upward hydrocarbons. The decrease in the infiltration waters
velocity to insignificant values is interpreted by the authors as a typical phenomenon for "closed" mono-
clines, within which there was an equilibrium between the pressure of infiltrative waters and the resistance of
expultional fluids. This equilibrium is seen as a term of creating conditions for hydrodynamic trapping. The
conclusions emphasize the need for comprehensive research to confirm the predictive models of water ex-
change and obtain data for mapping piezometric minimums, where there is an presumable accumulation of
hydrocarbons.
Keywords: hydrodynamics, water exchange, monocline, trap, gas, expultional, infiltrational, condition.
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ECTETUYHO-IIPUBABJINBI MICIHEBOCTI XAPKIBIIMHU SIK OB’€EKTU TEOTYPU3MY

Poszenanymo uyo0o6i 3a kpacor micyeeocmi, AKi MICMAMb 8aHCIUGI 2€0102I14HT nam amKu npupoou. Biosioyeanns maxux micye-
gocmell 0ae ecmemuyHy HACHAzY i CIMBOPIOE 00OPULL HACMPIl, WO CNPUAE CnOCMeEPeXCceHHAM Y npupoodi. OOTPYHMOBAHO OOYiNbHICMb
iX euKopucmanis @ akocmi 06 '€Kmie 2eomypusmy — KOMHIEKCHO20 KPAE3HABYO20 3aX00Y 3 AKYEHMOM HA 2e0N02TYHUX 0COONUBOCMAX
mepumopii manopis. Hatikpawumu ons yvoeo na Xapriewuni € maxi micyegocmi: eopa Kpemineyws, [lpomoniecoka 6anka, nonusss p.
I'pexiska na Izromwuni; ypouuwe Kpyui, Topoouwencorka i Kozaua eopu na 3miiewuni; ekzomuuna kpetioosa ckeis y KOTUUHbO20
xymopa batioaxu nobnusy c. [lpomononiexa banakniticbko2o paiiony, Kkpeiidosi eopu y donunax pivox Ockin i Boeua y J{sopiuance-
Komy i Bosuancvromy pationax; ypouuwe Kpymuii Jloe y c. Pycoki Tuwuxu Xapkiscokoeo pauiony. JJoknaorno posensauymi ceomypuc-
muyni 06 ' ekmu [3rOMWUHY — WUPOKO 8IOOMI RAM SMKU NPUPOOU, WO VEIUULIU 00 CKIAdy 2eono2iunol cnadwunu Yxpainu. Bonu do-
36071AI0Mb O3HAUOMUMUCS 3 BANCAUSUMU Y HAYKOBOMY | NI3HABANLHOMY 8IOHOWEHHT 8APMUMU Y8a2U 06 €EKMamu, 3 NPoAGAMU CyHAC-
HUX 2e0102TYHUX NPOYECT8, A MAKONC 3 MEMOPIATbHUMY 00 €Kmamu 3 iCmopii 0C80€HHA HAOP I HAYKOBUX O0CAiOdCeHb. 30Kkpema, ye
Kepi6Hi ckam AHINOCMI, peumKy meapu i pOCIuH K cei0oymea po3UniKy Op2aHiyHO20 C8Imy, HOCIi naneozeozpadiunoi ingopmayii, Kone-
Kyitinutl mamepian. Haubinvwi ckynuenHs ayHicmuunux 3a1uKie 6CmaHnosieHi y kapooHamuil moewji opu (Kenoeeli-HUXdCHitl Ku-
Mepuorc), 8I0OUMKI6 POCIUH - 6 PEMCLKOMY APYCL. Bascausumu cmpamuepa@iuHumu KOMROHEHMAaMU i3I0MCbKUX 00 €Kmie 2eonty-
PUBMY 6TIOMbCS CIMPAMOMUnY ¢8im, Ki € sanionumu 015 JJHinposcvko-J{oneyvroi 3anaounu (/[/13), a came npomoniecorol (kapmiii-
CbKULL I HOPILICLKULL APy ClL), 1310MCbKOI (Kenogell, OKCHopO I HUNCHIL KUMEPUOIC), OOHEYbKOT (GePXHILL KUMEPUOIC | MUMOH), KpeMiHeyb-
KoL (HUMCHILL CCHOMAH) | PUIBIOMCHKOL c8lmu (6ePXHs YaCMUHA 6EPXHbO2O CEHOMAHY). Bapmi yeazu 06 ’exmu, wjo posensioaiomoc,
00CcmMamHb0 NOBHO XAPAKmMepu3yms me3030i cxionoi yacmunu /3.

Knruoegi cnosa: zeonoziuni nam ’amxu npupoou, eapmi yeazu 2eono2iuni 06 €ekmu, npueabnusi Micyegocni, 2eomypusm.

B. I Kocmaues, M. B. Kocmauesa. SAMEYATE/IBHBIE MECTHOCTH XAPbKOBIIITUHBI KAK OB bEKTbBI 'EOTY-
PU3MA. Paccmompenvt dcusonuchvie, npueiekamenbhvle O MypusmMa MecmHOCMU, cooepicaujue 2eoiocuieckue NAMamHuKu
npupoosl. Hx nocewenue daem scmemuieckoe y0081emeoperue i co30den xopouiee HacmpoeHue, cnocoocmayroujee nPo6eoeHuUIo
Habnodenuti 6 npupode. OOOCHOBAHA YenecoobPA3ZHOCMb UX UCHONL306AHUA 6 Kauecmee 0ObeKmo8 2eomypusma - KOMNIEKCHO20
Kpaegeouecko2o Meponpusmus, ¢ aKyeHmoM Ha 2e0N02UYeCKUX 0CODeHHOCmAX meppumopuu noxooos. Ha Xapuvroswune naubonvuiuii
unmepec 02151 2e0nypusmMa npeocmasiaom credyioujue mecmuocmu: copa Kpemeney, Ilpomonuseckas 6anka, nuzosve 0onunvt p. I pe-
Kosxa na Msomwune; ypouuwje Kpyuu, I'opoouwencrkas u Kazauvsa 2opel na 3mueguune; JK30muieckas Menoeas ckand y 0viguieco
xymopa baiioaxu 6nus c. [Ipomononosxa banaxnetickozo paiiona; menosuvie 2opbl 6 donunax pex Ockon u Bonuws 6 J]gypevancrkom u
Bonuancxom paiionax; ypouuwe Kpymoti Jloe 6 c. Pycckue Tuwku Xapvkosckozo pationa. [1odpodno paccmompennvl ceomypucmuye-
ckue 00vexmbl M310MuuHbl - WUPOKO U3BECHHbIE NAMAMHUKY NPUPOObL, BOULeOuiUe 8 COCIMAG 2e0N02UYeCcKo20 Hacieous YKpaunoi.
OHu no3601410Mm 03HAKOMUMBCA C 6AJICHBIMU 6 HAYYHOM U NO3HABAMETbHOM OMHOUIEHUU 0OCMONpUMedamenbHbIMu 00beKmamu, ¢
NPOSABNIEHUAMU COBPEMEHHBIX 2E0N02UYECKUX NPOYECCOs, a MAKlce ¢ MEMOPUATIbHBIMU 00BEKMami UCHOPUU 0CBOeHUs HeOp U HaAYY-
HBIX UCCTe008aHUll pecuona. B yacmuocmu, amo pykogoosuyue uckonaemvie, OKAMEHeN0Cm KaK C6UOemenbCmed paseumus opeau-
Yecko20 Mupa, Hocumenu naneozeospaguueckoli ungopmayuu u Koniekyuonnvill mamepuan. Haubonee boeama gaynucmuyeckumu
ocmamxamu 10pcKas KapooHamuas moaua (Kenioeeti-HudCHUL KUmMepuoic), Omneyamrxamu pacmeruil - pamckuil apyc. Basicuvimu
cmpamuzpaghuieckumu KOMROHEHMAMU USIOMCKUX 00BbEKMO8 2e0nypusma A6IAI0mMcsa eanruonvle 01 [{nenposcko-/Joneykoii anaoumsl
(AB) cmpamomunvt céum - NPOMONUBCKOU (KAPHUNICKULL U HOPULICKULL APYCh), USIOMCKOU (Kelnosetll, OKCOpO U HUNCHULL KuMe-
puodic), OoHeyKoll (BepXHULL KUMEPUONHC U MUMOH), KDeMEHeYKOU (HUMNCHULL CEHOMAH) U NPUUSIOMCKOU C8UMbL (6EPXHSS YACTb 8epX-
Hezo ceHomana). Paccmampusaemvie docmonpumesamensHoOCmu 00CMAmo4Ho NOTHO XapaKmepuzyiom me303oti gocmourou yacmu J{/[B.

Knrouegvie cnosa: zeonocuueckue namamuuku npupoosbl, 2eonocuyeckue 00CmonpumMedamensHoCuy, 3amedamernsHsle MecnHo-
cmu, 2e0mypusM.

Beryn. Uynosi mMicueBoCTi 3aBKIM PUBAOIIO-
FOTh JIIOJIEH 1 YacTO BUKIIMKAIOTh HAyKOBHI 1HTEpEC.
[IpuknamoM NpUCBSIYEHUX HUM HAyKOBUX ITyOJika-
il MO)KHA BBa)KaTu Ay’Ke LIKaBy CTarTIO [5], B sAKii
JIaHO 3aXOIUICHUI HapUC MAJIbOBHUYHMX MICIIEBOCTEH
MIBHIYHOTO CXOJy YKpaiHU 3 METO MPUBEPHYTH JI0
HUX yBary TypucTiB. Ll indopmanis nae ysBaeHHs
MEepeBaXHO Mpo reorpadiuHi 03HAKM 1 KpacoTH Te-
puropii. ['eonoriuHi crocTepeKeHHs Mij] 4ac MojIo-
pOXe# 3HAYHO IMiJ[BUIIATh HAYKOBICTH IOXOMIB 1
CIPUATUMYThH 1HTEPECY TYPUCTIB 10 HAyK MPHUPOJ-

HUYOTO 3MicTy. ToOTO, KO MalbOBHUYI MiCIIEBOC-
TI mle ¥ MICTATh BH3HAYHI TE€OJOTIYHI IIaM’SITKH
MPUPOJM, TO BOHH CTAIOTh JYXE NPUBAOIUBUMH
00’€KTaMy TEOTYPHU3MY - TTOJIOPOKEH 3 CYTTEBOIO PO-
JUTIO T€OJIOTTYHHX CITOCTEPEKEHb.

AKTyanbHicTh. [Ipobiema reotyprusmy ocrtaH-
HiM yacoM Halyia MiKHapoaHOTro 3HaueHH [8, 18].
I'eotypu 3a0e3neuyoTh He TUIBKM €MOILHHE 3a10-
BOJICHHSI €KCKYPCAHTIB BiJl KpacoT JIaHAaTiB, ane
1ie 1 JO3BOJISIFOTH M TIIHOIIIE Mi3HATH TPUPOAY, OCO-
OJIMBO TeOJIOrYHY OyIOBY 1 IPOLECH, SIKI BJIACTHBI
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MICIICBOCTI JI¢ BOHH TIOJOPOXKYIOTE. [ €oTypH He BH-
KJIIOYaloTh 3HAMOMCTBA 3 KyJBTYpPHO-ICTOPHUYHOIO
CHAJIIUHOIO, K 1 POBEICHHS OiooriYHuX 1 (heHOo-
JIOTTYHUX CIIOCTEPEKEHB 1 SIBISIFOTHCS KOMILIEKCHUMHU
Kpae3HaBUMMH 3axomamH. leonoriuna iHdopmarris,
SKy  ONepXXyIOTh TYPHCTH  BiJf  KepiBHHKa-
eKCKypcoBoa Mae OyTH aJanToBaHOIO A0 X piBHSA
KyJIBTYpH 3 BpaxyBaHHAM iX IHTEpecy A0 HayKOBHX
IpooIeM.

Bukaan ocHoBHOro wmarepiamy. IlpuBaGnu-
BiCTh 0ararb0X MICIIEBOCTEH XapKiBIIMHUA BU3HAYa-
€TBCSI CTIOKIHOIO MPUPOAOI0 BOMOMUIIB 1 AUHAMIY-
HOIO - KPYTHX CXWIiB AoNuH pidok CiBepchkuii Jo-
Henb, OcKia 1 iH., po30UTHX YHCICHHUMH SIPaAMH;
HAasIBHICTIO CBOEPITHUX KAPCTOBHX 1 CKEIILHUX (HOPM
penbedy Ha IOPCHKUX BaITHAKAX 1 BUXOAAX BEPXHBOI
Kpeiau. Bennke BpakeHHsI BUKITUKAIOTh HABUCAKOYi
OW BamHAKIB 1 BEMWYE3Hi iX ymamku y sipax Be-
nuknx Kam’sHCBKHX BifciioHeHb 1 momuHi p. XKypa-
Bka (Cyxa Kam’siHKa), sika y HWKHIHM cBOii 4acTHHI
Ma€ BUDIAJ Tipchkoi piuku. YynoBi KpaeBUAW BijK-
puBatoThes 3 ropu Kpeminens, Kam’ssacpkoro 1 Cy-
XOKaM’sTHCbKoTO marop6iB Ha I3tommuHi, 3 Kozauoi
ropu Ta MicueBocti Kpydi Ha 3wmiiBmunHi. Benuky
ponb y crhipuiiMaHHi JaHmmadTy Bimirpae pociuH-
HICTB, sIKa € MIPUKPACOI0 0araTh0X MicIlb OCOOIUBO Y
nonuHi p. CiBepcbkuii JloHels. 3 1ikaBUX SIBUILL, 1110
CYNPOBOMXKYIOTh CHpUAMaHHsS JaHmmadTy, 3a3Ha-
YIMO CBOEPITHUM TYPKIT Ha PIYKOBOMY TEpeKaTi y
M. I3t0M, STKHIi MiCIIE€BI MEIIKAHIl TaK 1 HA3UBAIOTH -
"lym". Kpacotn XapKiBIIMHM 3HaWILIA BioOpa-
JKEHHs y XyJOXkHii siteparypi (Maiik Moraucen) i

obpaszorBopuyomy mucrentsi (C. I. BacunbkiBchbKui,
3. €. Cepebpsikora i iH.). OTXe, B IKOCTI TIpUBaOTH-
BUX MU PO3IIISAAEMO MICIIEBOCTI, SIKi CBOEIO KPACOIO
BUKJIMKAIOTh E€CTETUYHY HACOJIOAY 1 MO3UTHUBHHNA
EMOITIHHNN HACTpiH, MO BaXKJIMBO IS MTPOBEICHHS
TyPUCTHYHUX 3aXOIiB.

Jlo 4mcna HalBaXJIMBINIUX 1 32 KPacoTolo, 1 3a
HAayKOBHM 3Ha4YE€HHSM MapuipyTiB Ha XapKiBIIHHI
BiTHECEHI TEOTypH y TaKWX MICIIEBOCTIX: Topa
Kpewminenp, [IporomiBchka 0anika, MOHU33s TOTUHU
p- I'pexiBka Ha I3tommuni; ypounme Kpyui, Topo-
numeHckka 1 Ko3zada ropu Ha 3MiiBITuHI; Kpeiimosa
ckenst y baiimakax 6ins c. [IporomomiBka banmaxmiii-
CBKOTO paiioHy; KpelmoBi ropu y noiuHi p. Ockin y
JIBopiuaHCEKOMY paiiOHi; CX0Xi 00’€KTH y TOJHHI P.
Borua y BoBuancekomy paitoni; Kpyruit Jlor y c.
Pycobki Tumku XapKiBCbKOTO paioHy.

Hwmxue, sk npuknan, maemo iHGopMaIio mpo
TEOJIOTIYHUH 3MICT HAWOINBII I[iIKaBUX T€OTYpiB Ha
I3romimHi. JIJIg IHIIHX MICIIEBOCTEH T'€OJIOTiYHI Aa-
Hi MOJKHA MTOYEPIHYTH 3 TyOmikamii [2, 10-12].

Topa Kpemineus y M. I310M € HaiOLIbII 3Mic-
TOBHOIO T€OJIOTIUHOIO 1aM’SITKO0 TIPUPOJH PETiOHY,
AKy BKJIIOYCHO B MEpeNiK HalBaKIMBIIIUX T'€0JIOTi-
yHUX 00'exTiB YKpainu [7]. Lle mmpoxo Bimomi Bij-
CJIOHEHHS IOpH Y MiTHDKXKI 1 HIDKHIN 9acTHHI TOpH i
BUXOAM KpeWau y i BepXHill 4aCTHHI.

3 BepIIMHM TOpH, KA BUCOUI€ HAJ PIBHEM P.
CiBepcrkuii [lonens Maibke Ha 150 M, BiIKpHBa€Th-
Cs YyIOBHI KpaeBuJ Ha M. [3toM, HOTo OKOJMIN i
nonuny p. CiBepcbkuii Jlonens (puc. 1), 1110 KpyTor
JTyTOI0 OTMHAE i1 3 3aXO0.Ty, IMBHOYI 1 CXOJY.

Puc. 1. Bunisag nonunm p. CiBepebkuii JoHens 3 3axigHoi 0poku ropu Kpeminens

3 OpoBkM 3axigHoro cxuiy Kpeminms no0pe
HNPONIAAETHCS BEIMKUI [3F0MCBKHMI 3aKpyT HaBKO-
10 CriBakiBChbKOTO TiHATTS 3 POMOBUINEM MPUPOI-

HOTO ra3sy, sike 0y/0 Biakpute y 1954 p. 3a3Haumnmo,
mo 1e miaHATTs me y 1936 p. npod. XapkiBcbKoro
yHiBepcuteTy BuarHuii reosor [I. M. Cobones po3-
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DIAaB y YHCH MEepPCIeKTHBHUX Ha BYIJICBOXHI
CTPYKTYp, HAIOJSATalodd Ha TPOBEICHHI HAa HHX
MOIIYKOBOTO OypiHHs. 3BIiICIIA Tako Ao0Ope crio-
cTepiraeTbcs Oynosa gonuau p. CiBepcbkuii JloHenb
- 3aIUIaBa 3 YHCICHHUMH CTapUYHUMH 03epaMH, 0o-
poBa 1 iH. aKyMyJISTHBHI YeTBEpTHHHI TepacH. Y
HWKHINA 4acTHHI CXWMJIy TOPH 3HAXOASATHCS epo3iiHi
TepacH Ha KOPIHHHMX BiJTHOCHO MIIIHUX BaITHAKax
BEPXHBOI IOpH. YOAIWHI MPOIVISIAETHCS TUIOCKA BO-
JIO/IiSIbHA MTOBEPXHS, sIKa MPUOIU3HO Ha 20 M € HIK-
yoro 3a moBepxHio Kpeminng. Ilobmmsy y camoi
OpOBKHM CXITy 3HAXOISATHCS PYIHH OOMATIOBAEHUX
reveld 3 MepepoOKM Ha BallHO MHCAILHOI Kpeuy,
SIKY BUAOOYBAIIM TYT K€ Y HEBEIMKOMY Kap’epi.
Hosruit yac BixcioneHHs ropu Kpeminenp 3a-
JUIIAIOTHCS B YMCII OTMOPHUX VIS JOCIiIKeHHS re-
oJiorii XapKiBIIMHM 1 00’ €KTOM YUCJICHHUX TeOJIOTi-
YHHUX 1 Kpae3HaBUMX eKcKypcii. Ilepmm myOmikarii,
SIK1 MICTSATh Te0JIOTi4Hy 1H(OpMaLio Mpo L0 Micle-
BicTh, Aaryrotbes XVIII ct. i moB’s3aHi 3 ekcnenu-
misMu akageMika 1. A. TronbaeHIrenra Ha MiBIAECHD
Pocii (B I3tomi Bin moOyBaB y 1774 p.). B nonans-
IOMY TYT MpaIOBAIX Taki BUAaTHi BueHi sik €. 1.
Kosanescwkuii, b. K. bnene, P. . Mypuucon, H. 1.
Bopucsk, 1. ®. Jlesakiscrkuii, O. B. I'ypos, B. O.
Hamniskin, M. B. I'purop’es, O. O. bopucsk, A. .
Apxanrenschkuii, M. C. Illarcekuii i iH. Y mepii
TPETHHI MUHYJIOTO CTOMITTS Topa Kpeminens aociti-
ToKyBanacst psaoM (axiBLiB B 3B 513Ky 3 IPOOIEMOIO
CEHOMaHCHKUX (OCHOPUTIB, SKI HABITH YaCOM PO3-

pobusuncst B oMy poxosuii 1o 1941 p. Ioxans-
11 poOOTH 3HAYHOKO MipOI0 OYIM MOB’s3aHi 3 OCITi-
JDKCHHsIM cTpaturpadii 1 maneoreorpadii periony y
KpeiaoBuii 1 Fopchbkuid nepioau (2, 3, 9 ta iH.].

Kpeminens Bimomuii BiACIOHEHHSMH IOpU Ta
Kpenau.

Biocnounennsa ropcokoi cucmemu na 2opi Kpe-
Mineup.

Hatikpaiiie 3 BiZICIOHEHb IOpU MICTHUTBCS B IIi-
JIOUIBI 3aXiHOTO CXWJIy TOpH, HA CTUKY BYJIHIb
Kpeminenskuii kBapran i Haponna. Bono siBnse co-
0010 IOKMHYTY BUPOOKY BamHAKiIB (puc. 2).

Puc. 2. BigcnoneHHs 1opu y miomBsi 3axigHoro cxuity ropu Kpeminenp

TyT BiACIIOHEHO Takuii po3pi3 (3HU3Y yBepx): 1
- KEJIOBEUCBHKUU ApYC (HUNCHbOIZIOMCbKA NidCceima)
- MCOK Cipuil TpyOO3epHUCTHH 1 KOPUUHEBO-OypHid
NpiOHO3EPHUCTUH TIMHUCTUI 3 TOHKUMH IpOIIap-

KaM{ Cipoi DIIMHHA 1 MOOAMHOKUMH 3aJli3UCTUMH
CTSDKIHHSIMH, @ TaKOX IICKOBUKM KOPUYHEBO-Oypi
KBapLOBi Pi3HO- 1 rpy003epHUCTI 3 10Ope oOKaTaHUM
KBapI[OBUM TpaBieEM i TIPOIIAPKAMU CHIIHHO 3aJTi3HC-
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TOro mickoBuka - 10 M; 2-5 - okchopacekuit sApyc i
HIDKHBOKMUMEPHUDKCHKUH I spyC  (8epxHboiziom-
cbKka nidceima): 2 - MICKOBUK Cipuil rpyOo3epHHUC-
THH 3 0a3aIbHUM KapOOHATHUM LEMEHTOM 3 3aJIHII-
KaM{d JIBOCTYJIKOBHX MOJIIOCKIB 1 aMOHITIB
Cardioceras cordatum Sow. 1 iH. - 0,95-1,75 M;
3 - mmHa cipa 1 OOJITOBI MiCKH 3 BEITMKUMH Yepe-
MaIIKaM# JIBOCTYIIKOBHX MOIIOCKIB pomiB Pecten,
Ostrea, Gryphaea 1 Opaxionogamu (Cyclothyris
moiseevi Makrid.), 3 ycTpuyHuMu OaHKaMH, Hace-
JCHUMH  JPIOHUMH  YCTPHUIIMH,  MOPCBKUMH
4yepB’sIKaMu pomy Serpula, MOPCBKUMH DKakaMu
pony Nucleolites, BAMHUCTUMU BOIOPOCTSIMH, a Ta-
KO TPOIIaPKaMH OOJITOBHX BAalHSKIB, B SKUX
3HANICHI 3aJIUITKA aMOHITIB Perisphinctes plicatilis
Sow. 1 iH. - 2,5-3,4 M; BuIle - IepemapyBaHHs Ball-
HSIKIB OOJITOBHX CipHX 0e3 (hayHICTHYHMX 3aJUILIKiB
3 TAKWMHU K, TIEPETIOBHEHIMH BiAOUTKAMHU 1 sSiApaMu
BEJINKUX JIBOCTYJIKOBHX MOJIOCKIB 1 HEUHUCICHHIMHU
amoHitamu Perisphinctes biplex Lor. - 9 m; 4 - mic-

KOBUK CipHi BalTHAKOBHN ITyXKHH 3 3aJIUITKAMH
MOPCHKHMX DKaKiB 1 yJlaMKaMH dYeperainiok Opaxio-
non Terebratula bauchini nalivkini Makrid. - 0,3 M;
BUIIIC - BamHSAKUA OUi 1 CBITJIO-Cipi BOIOPOCTEBO-
KOpaJoBi, IO YTBOPIOIOTH Oiorepmu, sKi CKiana-
FOTBCSI TIEPEBAKHO KOPKOITOMIOHUMH TIONIITHIAKAMHA
Thamnasteria concinna (Goldf.) i otoueni gerputo-
BAMH TIMHUCTHMH BaITHAKAMH, MEPTeJIsiMH 1 TIIMHA-
MH CIpUMH 3 YUCIICHHUMH 3JTHIIKAMH TBapUH - 6 M;
5 - mMHU 1 aneBpONITH TIMHHCTI Cipi BamHHCTI 3
MpOoIIapKaMy MEPTeIIiB 1 OOJTITOBUX IIIMHUCTHUX Ball-
HAKIB 3 3ajduImKamMu Opaxiomon Septaliphoria
inconstans Sim. 1 iH. - 4,6 M; BHIIIC - BAITHIK CIpHii 1
POXKEBO-CipUil APIOHO3EPHUCTUH 3 AApPaMH YePeBO-
HOTHX MOJTFOCKIB - 0,4 M; 6 - BepXHbOKUMEPHIKCh-
KW i ApyC-TUTOHCEKHI sIpyC (JoHeybka ceima) -
IJIMHU YEPBOHI 1 Cipo-poXkKeBi HIUTBHI B’SI3K 1 ajeB-
pomitu (puc. 3). [lopomu 3ansiraroTh MOXWIO - 3 a3H-
MyToM magiHag 80° i kyTom nmaainHs 6au3sko 10°.

>  CXifg

. .
3 -
_— e b

Puc. 3. Cxemarnunuii po3pi3 ropu y migomsi ropu Kpeminens: 1 - kenoBeli (HIXKHBOI3IOMChKa ITiJICBITA),
2-5 — okcdopa 1 HUKHIN KUMEPUIK (BEpXHBOI3IOMCBKa ITiACBITa), 6 — BEpXHHOKUMEPUIKCHKUH i’ sIpyc 1
TUTOHCHKHH SIpyC (JIOHEIbKa CBiTa)

3a3HauuMo, L0 IyXe JOKIAAHUN OMHC IOpPCh-
KOro po3pizy ropu KpewmiHelp maHo y myOmikariii
[14], sixa crpusiia BUAUICHHIO TYT JEKUIBKOX CBIT.
i Buxoau 1opu 3100y MIUPOKOI BiJOMOCTI y Hay-
KOBOMY CBITI 3aBASKH iH(opMauii mpo HUX B myOdi-
KallisiX BUAATHOIO aHMIilicekoro reosora P. I. Myp-
YKCOHA 1 MOT0 CHIBBITYM3HUKA BIJIOMOTO JIOCJIIHU-
ka B. JI. Apxemna [1].

P. I. Mypuucon y 1841 p. micns pobit Ha Ypaui
1 [Ipuypamni mocnimkysas JloHenbkuii OaceiiH, reo-
norii sikoro Oyio MpHJiieHa BeNMKa yBara B HOTO
BcecBiTHBO Bifomiii Monorpadii "The Geology of
Russia in Europe and the Ural Mountains". Lli moc-
JIDKEHHS 3aBEPIINIIMCSA BUBUCHHSIM ME303010 y Oa-
ceitai CiBepcbkoro Jlonus - y CBITHX ropax i oko-
mugx [3toma. Posmisimaioun okcOpACEKY TOBILY
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"noHenpkoi kapbonaTHol ropu" KpemiHIis i Bifcio-
Hens Kam’gHkHM, BiH 3iCTaBiasAB ii 3 BIANOBIZHUMHA
Binknagamu LleHTpanpHoi €Bpormu.

B tenepimrHiii yac 3HaYHa YaCTHHA BiJICIIOHCH-

HSl CHJIBHO 3aJICPHOBaHA, HAHOINbIN BiJICIOHECHI HU-
JKHBOI3IOMChKA TIJICBITA 1 BEPCTBH 3 BOJOPOCTEBO-
KOpaJIOBUM 0iOTepMOM BEPXHBOI3FOMCHKOI IMiJICBITH

(puc. 4).

Puc. 4. BincnoHneHHs BOAOPOCTEBO-KOPAIOBOTO OiorepMa B IMiAONIBI 3aXiTHOTO cXuily ropu KpemiHenpb

Biocnonennsa Kpeiiooeoi cucmemu na 2opi
Kpemineys.

Buxonu 3HaxXomATeCs y BEpXHil YacTHHI 3aXif-
HOTO cXwiTy 1 Ha BepimHi ropu Kpeminens. Tyt Bia-
CIIOHEHO (3HHU3Y yBepX): 1 - HIKHBOKPEUOBUH Bij-
i1, aIbOCBKUI SpyC (3a600cbka ceima) - TCKU Ol
KBapLOBi ApiOHO- i KPyNHO3EPHHUCTI 3 KBapLOBUM
IPaBi€M 1 TraJbKOIO 1 IOMILIKOIO KAOJIHITY - BiAKpH-
10 Oist 10 M; 2-6 - BEpXHBOKPEHI0BHIA Bifaia: 2-4
- CCHOMAHCBKUH sApycC: 2 - kpemineybka ceima - Tic-
KOBHUKH 3€JIEHyBaTO-Cipi KPEMEHHCTI, XaJIIeA0HOBI
CIIOHTOJITH 1 TPOILIAPKU TIJ1ayKOHITOBO-KBapIIOBHX
MICKIB - 4 M; 3 - cexmeniscoka ceima - aleBPOJIITH 1
JPiOHO3EPHUCTI MICKOBHUKHU 3€JICHYBaTO-Cipi, IJIayKOHi-
TOBO-KBapLIOBi, MicIsIMUA Boxpucti - 10 m; 4 - npui-
3I0MCbKA c8Ima - CXOXI IMOPOJIH, aJie BAIHUCTI, 3 (o-
chopuToBUMHU CTSDKIHHSIMU - 0,5 M; 5-6 - TypoHCH-
KUl gpyc: 5 - BamHsK Oinmi KpeinomoniOHu# Bin-
HOCHO MIIIHUH, IIOPCTKUH Ha JIOTHK - 1 M; 6 - Kpei-
na Oijla mucalibHa 3 KPEeMEHEBHUMH KOHKPEIisIMH -
Bigkpuro Onmu3bko 20 M; 7 - KallHO30M - CYIJIMHOK
OypyBaro-4epBOHHMI Ta I'PYHTOBO-POCIMHHHI IIap
(puc. 5). ToBIa Kpeay 3aIsArae 3 a3UMyTOM T IiHHS
60° 1 KyTOM Ta iHHS OJIM3bKO 5°.

Haiikpaiii BiJICJIOHCHHS MUCANIBHOI KPeHIu - y
O0oproBuX BHiMKax moce Ha Bepxy Kpeminmg. Tyt
no0pe crocTepiraroThess KapcToBi (Gopmu (puc. 6).
Bonu npeacrasiieHi BOPOHKAMH 1 KOJIOAS3SIMU JliaMe-
TpoM 110 6 M. Lli popmu BUHHMKIHM Ha TIOYATKY Maeo-
TeHy, KOJM OiJIbIN JIaBHI Bimkiaau Oyiid BUBEICHI Ha
JICHHY MOBEPXHIO 1 IPOTATOM MajIeOIeHy BinOyBao-
csi (popMyBaHHS KOpHU BHUBITPIOBaHHS, a KapOOHAaTHi
nopoay 3a3Hanym Kapety. [IponykTu 1i€i Kopu BUBIT-

proBaHHS 30epermmcsi caMe y KapCcToBUX Qopmax i
MPEJICTaBIICH] SICKPABO-UYEPBOHUMH TIIIAHUM, aJleB-
PUTOBUM 1 ITTMHUCTHM MaTepiajioM.

Ille mBa reotypu mpoxonsaTe y c. Kam’sHKa, y
7-10 kM Ha miBAEHb Big M. [3r0M.

KM

Biocnonenna mpiacoeoi cucmemu 6 Ilpomo-
niscovKiil Oanui.

3Haxo#AThCcs HAa  MIBAGHHIN  okoimmi  C.
Kawm’siaka. Tpiac BifcloHEHO B cepenHiil i HWXKHIN
yacTUHAX Oanku, e B ii mpaBoMy OOpTi MiCTHUTHCS
ija HU3Ka spiB (puc. 7). Halikpaie BiACIOHEHHS
posramoBano y 0,8 kM Big ycTs Oanku y HE Jyxe
BEJIMKOMY SIpi.

TyT BiziciOHEHO (3HM3Y YBEpX): BEpXHil Tpiac:
1-4 - Hopilicekuii sspyc (npomoniecvka ceima): 1 -
IJIMHU CTPOKaToOapBHi, MEPEBAKHO YEPBOHI, 3 OKH-
CJICHHMH JI0 CTaHy JIIMOHITY HEBEJIUKUMHU CHICPHU-
TOBUMH CTSDKIHHSIMU - BITKpUTO Oinist 3 M (periira mie-
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Puc. 5. Cxemarnunuii po3pi3 Kpelau y BepxHii yactuHi ropu Kpeminers: 1 - a0 (3aBonchka CBiTa);
CEeHOMaH: 2 - KpeMiHeIlbKa CBiTa, 3 - CCKMEHIBChKA CBiTa, 4 - IPUI3IOMCHKa CBIiTa; 5, 6 - TYpOH,
7 - KaifHO30MChKi BiAKIa 1

PEKpHTa OCHUIIOM); 2 - IICKOBUKH 1 TpaBesiTH CBITIIO-
cipi KBaplOBi KOCOIIapyBaTi 3 CKYU€HHSIMU I'paBito
B OCHOBI KOCHX CEpiii Ta IICKOBUK CBITJIO-CIpHIl Mi-
CIISIMH BOXPHMCTHH KBapIOBHH JPIOHO3EPHUCTHH - 5
M; 3 - TIMOHITOBHUI MPOIIAPOK TEMHUHA KOPUYHEBO-
Oypuii (OKHCJIEHHH CHUICPUT) 3 IIKApaylOBaTOO
okpemictio - 0,3 M; 4 - mIMHA cipa 1 KOBTYBarT0-Cipa,
BUILE - CTPOKAaTo0apBHa - YEpPBOHA, MAaJIMHOBO-
4yepBOHa, Oypa, JKOBTO-3€JIeHa, 3€JIeHYBaTO- 1 CHHIO-

Puc. 6. lllTydne BifcnoHeHH NHUCAIBHOT Kpelan Ha BepXy ropu KpemiHens

Baro-cipa, OidyBara - 3 JIMOHITM30BaHUMHU CHIEPH-
TOBMMH CTSDKIHHAIMH - 10 12 M; S - peTcbkuil sipyc
(nHosopaiicbka ceéima) - TIWHU Cipi, SKI B HYDKHIH
YaCTHHI MICTATh BeuKi (10 0,7 M y IMONEPEUHHKY )
OKpyDJIi B Pi3HIM Mipi JTIMOHITH30BaHI CHIEPUTOBI
KOHKpellii 3 3anumikamu nanoporeit Clathropteris
meniscioides Brongn., Dictyophillum exile (Brauns)
1 1H. - BIZKpHUTO ONU3BKO 4 M; 6 - Katino301 - YepBOHI
CYIIMHKHY 3 0a3aJIbHUM IIapoM YIIaMKiB KPEMEHIB i
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IpyHTOBO-pocnuHHMi 1rap (puc. 8). Tpiac ckiangae
sapo Kam’ssHChKOT aHTHKITIHATI 1 CKIIQTHO JIUCIIOKO-

BaHMA. B 11bOMY BiJICJIOHEHHI BiH Ma€ KyTH TaJiHHS
Oonmm3pKo 20° Ha MIBHIYHHUMA CXif.

Puc. 8. Cxemarnunuii po3pi3 TpiacoBux Biaknanis 6anku [Ipotonisebka: 1-4 — Hopiiicbkuid sipyc
(mpoToTmiBChKA CBiTA), 5 - PETCHKUIL sipyc (HOBOpaichka cBiTa), 6 - KaHO30MCHKI BiKIIa M

Po3msiHyTi BificIOHEHHS BHeplie Oyny OonucaHi
y 1882 p. O. B. I'ypoBum. Ilopansuri pobotu npo-
Bommwnu M. B. I'purop’es, 1899, 1900, O. O. bopu-
csk, 1905, A. 1. Apxanrenschkuii Ta iH., 1924. JI.
@. JlyHrepcray3eH y Tpiaci perioHy BHAIJIMB P
cBiT [13]. BepxHbhoMy Tpiacy BiAIOBIJAIOTH MPOTO-
MiBChKA 1 HOBOPAWChKa CBITH, 1[0 1 CIIOCTEPIralOThCs
B IlporomiBchkiii Oani, sSika € CTPaTOTHUIIOBOIO Mic-
LIEBICTIO MIPOTOMIBCHKOI CBiTH. Ha mijcTaBi BUBUEH-
Hs pociuHHuX 3aiumkie ®. A. CraHicIaBCbKUI
JIOBIB HOPiMCHKMI BiK BEPXHBOI YaCTHHHU MPOTOIMIB-
CHKO1 CBITH 1 peTchkuli - HoBoOpaiicekoi [15]. Lli Bia-
CJIOHEHHS BiZIOMi B fKOCTI cTparurpadiuHoi
nam’atku [7] 1 po3misganucs Sk 00’€KTH MaiOyT-
HBOTO reonapky [19].

KM

Biocnonenns ropcovkoi cucmemu y nonu3s3i 0o-
aunu p. I'pexiexa (Benuxi Kam’ancoki giocnonenns)
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Ile omuu 3 HaWOIIBII BAKIMBHX TEONOTIYHHMX
00’€KTIB perioHy. 3HAXOAUTHCS V 7 KM Ha IiBICHb
Big M. I3toM, Ha miBHIuHINA okomumi ¢. Kam’sHka.
IcTopist mocmigkeHb I0pH PErioHy moyanacsi HacaM-
repen 3 BUBYCHHS MuX BimcimoHeHb. O. O. bopucsk
MHCaB 10 "... PEIIUTENHLHO, KAXKETCs, BCE UCCIEIO-
BaTeJIM JOHEIKOH IOpBI, KTO TOJNBKO M3ydall ee Ha
MeCTe, a He 10 JIMTePaTypPHbIM JaHHBIM, ITOCEIAIN
9TH Kiaccumueckne oOHaxenws..." ([4], c. 290).
CrpaBa B TOMY, IO Y TOW Yac I BiJICIIOHCHHS SIBJIsI-
71 co00I0 YyJOBUI CYLINBHUNA BUXiJ IOPH Ha MpPO-
15131 Tpoxu Oinmbmre 1 kM. Ilicis TepacyBaHHS CXUITY
HaNpHUKiHII MHUHYJIOTO CTOJITTS 1 OTr0 3aKpirmieHHs
JIICOM BiJICJIOHEHICTh 3HAYHO TMOTIPIINIACS.

IIupoxkii BiMOMOCTI ITi€l MaM’ATKH, SK 1 Bijc-
nmoHeHb ropu Kpeminenp, cnpusiia iHpopMallis mpo
FOPCBHKI BIZIKJIATH PETiOHY, 10 MICTUTHCS B MOHOT-
padisx P. I. Mypuucona i B. JI. Apkenna [1]. Benn-
ki KaM’sHCBKI BifCIIOHEHHSA ITOMIOHI OO BHUXOIIB
topu y migHDKKI Topu Kpeminenp [14], ame Tyt
Kpallle BiJICJIOHCHAa TOBIIA OOJITOBUX BAaITHSKIB 1
OimpIl ~ SICKpaBO  TPOsIBIEHI  reoMopdooTivHI
00’extu. Haiibinbm iHpopMaTuBHUM € Sp, 1O 3HA-
XOJIUTHCS B LICHTPAJIbHIN YAaCTHHI 1i€T MiCIIEBOCTI.

TyT BigcnoHeHo (3HU3Y yBepX): 1 - KenoBeHCh-
KHH SPYC (HUNCHBOIZIOMCHKA NIOC8ImMa) - CKH cipi 1
KOPHYHIOBaTO-0ypi KBaploBi pi3HO3EPHUCTI 3 HO-
MIIIKOIO TPaBio, SIKMH MiJKPECIIOE KPYIHY Mepex-
pEeCHY IIapyBaTicTbh, a TAKOXK IMICKOBUKH 1 TPaBEIiTH
PI3HOT MIIHOCTI - BiJl CJIJAOKUX JIO MILHUX, 03aJ1i3-
HEHMX; BEPXHIH HIap TOBIIMHOI 5 CM yTBOPEHHI
IPaBeJiTOM IUIIMUACTOTO - OypoTO 1 CBITIIO-)KOBTYBa-

ToTO 3a0apBieHHS; - 10 M; 2-6 - okcpopAChHKHUii ApyC
1 HIKHBOKHUMEPHDKCHKUN A Apyc (8epxHboizrom-
cbKka niocgima): 2 - BalHSAK KOPUYHEBO-KOBTHIA 00JTi-
TOBHWH TpyIKyBaToi OyIOBU Majioi MIIIHOCTI, 3 uepe-
MTaITKOBUM JETPHUTOM, BIIOMTKAMH, SIpaMH 1 depe-
ManTkaMyd MOJFOCKIB, 3aIUIKaMH KOpaiiB 1 iH.; BH-
e - 4YepryBaHHs BaIHAKIB OOJITOBUX CBITIIO-
KOBTHX 1 CipuX MIiHUX 0e3 (payHICTUIHHX 3ajIHIl-
KiB 3 TAaKUMH K, TIEPETIOBHCHUMH BiTONTKAMH 1 3JTi-
MKaMH BHYTPIIIHIX fJep MEPEBaXKHO ABOCTYIKOBHX
MOJTIOCKIB 1 HEYHMCICHHUMH 3aJIMIIKAMH aMOHITIB
Perisphinctes biplex Lor. - 10 m; 3 - BalTHAKH 00JTi-
TOBI CBITJIO-Cipi cabo31eMeHTOBaHi (X 10 0OJIITO-
BUX TICKiB) - 6 M; 4 - BanmHsAKK Oi1i 1 poXkeBi BOAO-
POCTEBO-KOPAJIOBi, IO YTBOPIOIOTH OiorepMH, SIKi
CKIIQAlOTECA ~ KOPKOMIOMIOHMMH  TIOJIITHSKAMHU
Thamnasteria concinna (Goldf)) - 4 m; 5 - mmuHa
TEMHO-Cipa 3 KpHCTalIaMu Tifncy - 1 M; 6 - uepryBan-
HS TUIACTIB OOJITOBHX BAaITHSAKIB PI3HOI MIIHOCTI
toBurHOIO 0,2-0,4 M Ta BalHIK POXKEBO-CipUil Map-
MYpOIOAIOHUHI MICLSIMU 3 YUCICHHUMH 3aJIMIITKAMH
YEepEeBOHOTMX  MONIOCKIB  (30kpeMa  Nerinea
ursicinensis Lor., Nerinella gurovi Lapk. - "HepiHe-
eBuil" BamHAK) - 6 M.; 7 - BEpXHbOKHUMEPHIKCHKUI
i’ sipyc 1 TUTOHCBKUU sipyc (OoHeyvka ceima) -
TJIMHY 9ePBOHI TUTaCTH4HI - 10 15 M; 8, 9 - kaifHo-
30i: 8 - cymMHOK OypyBaTO-uepBOHUH 3 0a3aIbHUM
rapoM ciabooOKaTaHUX yIaMKiB KPEMEHUCTHX ITic-
KOBHIKIB 1 KpeMeHiB - 4 M, 9 - IPyHTOBO-POCIUHHUI
map - 1 M. Ycs ropchbka TOBIIA MAa€ a3UMYT A iHHS
34° i xkyT maainas 6mu3bko 12° (puc. 9).

—_—————— NiBHIYHHN CXiJI

Puc. 9. Cxemarmunuii po3piz Benukux Kam’sHCBKHX BifIcIOHEHb: | — KeloBel (HMKHBOI3I0MChKA ITi/ICBITA),
2-6 — okcopa 1 HUKHIN KUMEPUK (BEpXHBOI3IOMCBKA MiZICBITa), 7 — BEPXHiil KUMEPUIXK 1 THTOH
(moHerpKa cBiTa), 8-9 — KalHHO30WCHKI BiJIKIAIH
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Cpoepianictio Benukux Kam’SIHCBKHX BiACIIO-
HEHb € YyI0BO MPOsBJICHI reoMOopOJIOTiUHI 00’ €KTH
- 00BaJIbLHO-OCHUIIHI CXHJIH 1 TpyOOyTaMKOBi SPYKH1
HAKOMMYCHHS, a TAKOXK TIMOOKI SpU 31 CKEILHUMH
BUCTYIaMH, SIKi YTBOPIOIOTh HAJI3BHYANHO JKUBOITH-

cuuit manamadr (puc. 10). Benmuky ecteTnuHy HacHa-
Ty Jla€ 9yOBHI KPA€BUJ, IO BiIKPHBAETHCS 3 BEp-
man Kam’stHChKOTO TOpOa Ha monmuHu p. CiBepch-
kuit [lonens i p. ['pekiBka. Lleli 00’ exT po3misgaBcs B
SIKOCTI CTpaTurpadivHoi i KOMIDIEKCHOI Te0IOTigHOL

Puc. 10. Buxonu kap6onaroi ropu y Benukux Kam’ssHCBKHX BiICTOHEHHSIX

nam’sITKU npuposu [7, 12].

BucnoBku. Po3rnsiHyTi ekcKypcii 1aloTh ysSBy
PO iCTOPIIO TEONOTIYHOTO PO3BUTKY TEPUTOPIi Mpo-
TATOM Me3030HchKoro Tiepiony. L indopmarrisi, Ba-
KJIMBa B HAYKOBOMY BiIHOIIIEHHI, MOXe OyTH IliKa-
BOIO JUIA 3BHYAWHUX TYpHUCTiB. PO3misiHyTI Teoori-
YHi BiJICIIOHEHHS BiJIOMBArOTh MOMIi, SIKi TYT BimOy-
Bajucs npotsrom 220 MiH. pokiB [16]. Y TpiacoBuit
repiog TepuTopis sABIsIa cO00I0 PIBHUHHUM CyXO-
T B yMOBaX apwIHOTO KJIiMary, IO ITiITBEPKY-
€TbCS HAKOIMYCHHSIM MEPEBAKHO CTPOKATHX IJIMH
(mpoTomiBCchKa CBiTa). 3 MOYATKOM IOPCHKOTO IEpio-
ny (205 muH. p., [2]) OB’ s3aHO TAHSTTS TEPUTOPIi,
[0 3YMOBHJIO BiJICYTHICTh OLIBIINOT YaCTHHHU HMIK-
HBOI IOpH Y PO3pi3i, SIKHH MOYHHAETHCS 3BUYAWHO
TOAPCHKUM SIPYCOM - OCTaHHIM B 00’€Mi IIbOTO Bif-
niny. IloTiM TepuTopis 3a yacH I0pU 3a3Haia HU3KY
TPaHCTPECii, OCTaHHS 3 SIKUX Jalia IOCHTh TIOTYKHY
kapOoHarHy ToBHIy (i3tOMChKa cBita). Perpecis
npu3Besa 10 HaKOIMYEHHs JaryHHHUX, a MOTIM KOH-
TUHEHTAJIBHUX BIAKIAAIB (H0oHEIbKa cBiTa). Ha py-
Oexi ropu 1 kpetiau (6:1m3bpK0 135 MITH. p.) 3HOB BijI-
Oymocs MiAHATTA TEPUTOPIi, TaK IO HIKHS YaCTHHA
HWKHBOI Kpelnu B po3pisi BifcyTHs. Jlami ocaako-
HAKONIMYECHHS BiJI0yBajocs B KOHTHHEHTAILHUX TY-
MIZHUX yMOBax, KOJH (popMyBanacsi 3aBOACHKA CBi-
Ta, sIKa MICTUTh TJIMHU, aJIEBPOJITH 1 MICKOBHKH 3

CYTTEBOIO JIOMIIIIKOIO KAOJIHITY - THIIOBOTO MiHepa-
Ty TYMIIHUX Kip BHBiTproBaHHS. [loyarok mi3qHbO-
KpeioBoi emoxu (96 MITH. p.) 0O3HAMEHYBAaBCA JTyKe
BEJIMKOIO TPaHCTpecic€lo 3 (OpMyBaHHSIM CHOYATKY
yIaMKOBHX TOpiJl (KpeMiHelbKa, CEeKMEHiBChbKa 1
MPHUI3IOMChKa CBITH, SIKi BiAIIOBiTalOTh CEHOMAHCH-
KOMY ApYCY), a IOYMHAIOYH 3 TYPOHCHKOTO BiKY (91
MJIH. P.) - IOTYKHOT TOBIIIi MUACANTBHOT Kpeau 1 Me-
preniB. Ha mouarky kaiftHO30t0 (65 MIH. p.) TepUTO-
pis 3a3HaNa MiTHATH 1 ABJsUIA COOOKO TYMIIHUH Cy-
XOJIJT 3 PO3BUTKOM KapCTOBHX MpOIECiB Ha KapOo-
HaTHUX MOpoAax (KapCTOBi BOPOHKHU Y Kpei BepX-
HbO1 yacTuHU ropu Kpeminenp). 3 cydacHuX reoso-
TIYHUX MPOIIECiB, 30KpeMa, BETUKUI 1HTEpEC MaIOTh
BUCXiZHI pyxu CHiBaKiBChKOi CTPYKTYPH, IIIO0 3yMO-
BWIN yTBOpeHHS I[3tomcbkoi nyku p. CiBepcbkuit
JloHelb, SKuii MPUMYIIICHHI OOTWHATH 1€ ITiTHATTS.
CyuacHe migHsTTs Topu KpewmiHelns MiATBEpIKY-
€THCS TIEPEBUILECHHSAM TOPH HaJ OTOYYIOYMM BOZIO-
IUTBHUM MIPOCTOPOM Maitke Ha 20 M.

Po3ristHyTI T€0Typy J03BOJISIFOTh O3HAHOMUTH-
Csl 3 YUCIIEHHUMH BapTUMH YBaru CHEMialicTiB i Ty-
PHCTIB TEOJIOTIYHUMH 00’ €KTaMM, a TaKoX 3 Ipo-
sIBAMUA CyYaCHUX T€OJIONTYHHUX IPOLECIB, MeMopia-
JIbHUMH JaHUMHU 3 ICTOPIl OCBOEHHS HAJp 1 HAYKO-
BUX JOCHIDKEHb TepUTOpii. BcTaHOBNEHO Taki Haii-
BAKJIMBILI BapTi yBaru KOMIIOHEHTH: NAJ1€OHMON0-
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2iyHi — CKaM SHUIOCTI SK HOcii maneoreorpadidqHol
iHdopMarIil, KOJEKIIHHUNA MaTepiall, a TaKOK KepiBHI
CKaM’SH1IOCTi, BaKIUBI A7t cTparurpadii 1 reoxpo-
HOJIOT{ - Y BEpXHBOI3FOMCBKIN MiACBITI, 3aJIMIIKH
pPOCIHH Yy HOBOPAHCBHKIi CBITI (PETCHKUI SpYC);
cmpamuepaghiuni - Bamigai mag 3 crparoTumnm
MPOTOMIBCHKOI, 13F0MCHKO1, JIOHEIIbKOI, KPEMIHEIIBKOT 1
TIPHI3IOMCEKOI CBIT [3, 6, 13]; minepanociuni - xanye-
Odon - KonoMop(dHi BUIIJICHHS B TOPOKHUHAX ITiCKO-
BUKIB KpPEMIHCI[bKOI CBITH, KOHKpEIl KpeHIoBo-
MEPTreNbHOT TOBII; 2IOPOKCUOU 3Aai3a — BUILICHHS
TeTUTY TUITy Oypoi CKIISTHOI TOJIOBH, JIIMOHITOBI TICe-
BIOMOP(]O3U MO KOHKpeUisM IUCYIb}imiB 3ajii3a B
HWKHIN 4acTHUHI TYPOHCBKOTO SIPYyCy; Kaibyum — iH-
KpycTalii CTIHOK ITyCTOT BHJIYTOBYBaHHSI KOpajiB i
CTYJIOK MOITIOCKIB y BaITHSKaX 13FOMCBKOI CBITH; cude-
pum - KOHKpellii B NMIMHUCTUX TOpoJax HOBOPaiCh-
KOI CBITH; Kypcvkim — y ckinani pochopuroBux crsi-
XKIiHB 1 y BUNIALI 1iceBaqoMopdo3 mo nepeBy (Tpui-
3IOMCbKa CBITa); nempoepaghiuni (nimonoeiumi) —
MOpOJIH, 10 BiAOWBaIOThH (alliaibHi 1 majeoreorpa-
(biuH1 YMOBM CeMMEHTAIIII - cnOH2ONiMY KPEMiHEIIb-
KOi CBITH, OeHMOHIMU anononeivii y BUDIAIL MPO-
mapkiB TOBIMHOK 10 10 cM y KpelaoBo-
MEpreNbHOI TOBII, KOpPAI08i 6anHaAxku Oi0TepMiB
BEPXHBOI3IOMCHKOI Ti/ICBITH; MeKMOHIYHI - CTPATUT-
padiuHi epepBy, KyTOBI HE3TIAHOCTI, 0COOJIUBO TO-
MITHI MK TpiacoM i I0pOO; HACIiAKH HEOTEKTOHIY-
HUX PYyXIB, IO MPOSIBISIOTHECS, 30KpeMa, B ILIAHO-
BOMY PO3MillleHHI PIYKOBHX JIOJIMH; TIOPOIH 3 TTOXH-

JIUM 3JISITAHHSM, PO3PHUBHI MOPYIIEHHS 1 T. IL.; na-
Jneoceozpagpiuni -  HANPHUKIAL, IJIAyKOHITOBO-
KBapIIOBi MOPOAN CEHOMAHY SIK TUIIOBI HAKONTMYCHHS
menb(MOBUX TPOXOJOTHUX OACCHHIB TYMITHOI 30HU;
CTPOKaroOapBHI IIMHUCTI TOPOAM Tpiacy AK YTBO-
PEHHS, BIaCTHBI yMOBAM apiJHOTO TEIUIOTO KJIiMaTy;
KOpaJIoBi ¥ iHIII BamHSKW OiorepMiB BEPXHBOI IOPH,
mo ¢opMyBaics B TPOMIYHIA 30HI IPH HOPMAIb-
Hil COJIOHOCTI MOPS 1 Ha HEBENMKiH TTHOWMHI; Ta iH.;
2eoMop@honoziuni — eK30TUYHI 1 MaIbOBHUYI (hOpMH
3eMHOI TIOBEpXHi, 30KpeMa, IpH KaHbOHOIOIIOHi Y
BEPXHBOIOPCHKUX BAITHSIKaX, 00BATEHO-OCHITHI CXHIH
1 TpyOOynamMKoBi SIpY>KHI HAKOTIMYEHHST; 3CYBH; Kapc-
TOBI BOPOHKH 1 KOJOASA31 y KpEHI0BO-MeprenbHii
TOBIIi; OPOHBOBAaHI CXWJIN, 3yMOBII€HI CTIHKIMH KO-
PIHHUMHE TTOPOIaMH; TEXHOTEHHI (POpMH - 30Kpema,

TEepacoBaHl CXWIIH; 2i0p02eonociuni — JDKepela Sk
MMyHKTH PO3BAaHTAKEHHSI BEPXHBOIOPCHKOTO 1 Tpiaco-
BOTO  BOJOHOCHUX  KOMIUIECIB,  MIHEPAIbHO-

CUpPOBUHHI — TIICKOBUKM KPEMEHHUCTI (KpeMmiHelbKa
CBiTA) Ta OOJIITOBI BamHSAKH SK OyJiBeJbHE Ka-
MiHHS, CEHOMaHCBbKi (pocopuTH SK MiHEpaibHE
JIOOPUBO Ta 1H.; iCIMOPUKO-2OPHOMEXHIUHI - TIOKUHY-
Ti Kap’epy 3 BUIOOYTKY OyZiBeJIbHHUX MarepialliB, pyiHH
BUIAIOBAIGHAX TeYel Ui OJEprKaHHS BalHa 1 T.
iH.; MemopianbHi — MICHA 3HaXiJOK YHIKaJIbHUX
CKaM’SIHIJIOCTEH, 30KpeMa, Miclle €IMHOI B YKpaiHi
3HAXIJIKK 3aJIMIIKIB (XpeOlli, KiICTKH JacTOMoAIOHIX
KIHIIIBOK) CEHOMAaHCHKOTO IIIe3i03aBpa Ha Tropi
Kpewminens B 1899 p. (puc. 11), a Takox JOCIIIHKEHb

Puc. 11. 3amumku Cimoliosaurus bernardi Owen 3 ceHomaHy ropu KpemiHels.
Excrionar Myseto nipuporu XHY imeni B. H. Kapasina

BUAATHUX BueHuX, nmounHaroun 3 X VIII ctT. [9].

B xoni ekckypciii MOXKHA CIIOCTEpIiraTH cydacHi
reOJIOTYHI MPOLECH, TaKi SK BUBITPIOBAHHS — JE3-
iHTerpawis nopin, po3OyxaHHs W OIUIMBAHHS TJIMHH-
CTHX TIOpiJl, OKHUCIICHHSI MiHEpaJliB JIBOXBAJICHTHOTO
3amiza (IIPUT, CUJIEPHT, IVIAYKOHIT); SPOYTBOPEHHS,
poboTa piuok, BiTpY, rpaBiTaliliHi MpoLecH Ha CXH-
nax — o0Baiu, OCUIIN, 3CYBH 1 MEPEKPUTTS CXUITIB

JIENIIOBIEM 3 BOAOAUIIB 1 T. 1H.

3 reosioriuHO0 Oy10BOIO OKOJHUIlL ¢. Kam’sHka
JIOIJILHO O3HAaHOMUTHUCH B HAaBUAJIbHOMY KJIaci 6a3u
npaktuk XHY, sika po3ramosaHa B usomy cemi. Tyt
npeacTaBieHi rpadiydi Marepiagu 1 KoJekiii, 3i0-
paHi Oe3nocepeaHbO Ha BiacaoHeHHAX Kam’siHChKOT
wiomti. Excrio3uiiist BigOuBae CBOEPiHICTh OyIOBH
i€l TePUTOPIi, TOJIOBHUM CTPYKTYPHUM €IEMEHTOM
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sikoi € Kam’stHChKa aHTHKIIHAIG 3 TpiacoM y spi,
IOpOI0 Ha KpWiax i KpeHmow y mempecisx, mo ii
OTOUyIOTb. BOHa camMa Moxe po3mIsSAaTHCS SIK
00’€KT TreoTypiB.

OTXe, PO3MISTHYTI TE€OCAUTH MICTATHCS B AyXKe
MaJbOBHUYHX MICIIEBOCTSX, SIKI NAIOTh €CTETUYHY
HACOJOy, 3yMOBIIOIOTH A00puil HAcTpil 1 3a0xo-
9yIOTh 710 O3HAHOMIJICHHS 3 TPHPONOI0 TEPUTOPIl
MMOJOPOXKEH, y TOMYy HHCHI 3 1 TeONOTiYHUMHU

00’ektamu. B manomy BHMIAAKy Iie TeojoridHa Oy-
JIOBa 1 ME3030HMChKI BiTKJIaau Hamoro periony. Ta-
KO 3MICTOBHUMH SIBJISIOTHCSI TEOTYypH 3 MaJic030H-
CBhKMMHU 1 KalHO30MCHKMUMU 00’ €KTaMH, SKi IPOXO-
IITh B TaKOX Yy[JOBUX MICHEBOCTSIX XapKiBIIHMHA
[10-12]. Po3BHUTOK reoTypu3My B PETiOHI 3 BUKOPHC-
TaHHSIM TEOJIOTIYHUX ITaM’ITOK MPUPOIIU MOCITYKUTh
MOy PH3AaIlii Te0JIOTiYHOI CIaIINHY 1 CIIPHATHME
il oxopoHi sk 11e Trepeadadeno ProGEO [17, 20].
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AESTHETIC-REMARKABLE LOCALITIES OF KHARKIV REGION
AS GEOTOURISM OBJECTS

Formulation of the problem. The aim of work is to prove the expedience of using the beautiful locali-
ties with valuable geosites of the Kharkiv region as geotourism objects.

Presentation of the main material. The most interesting objects of geotourism in the Kharkiv region
are Izyum district, Gorodishhenska and Kozacha mountains, locality Kruchi in Zmijov district, Bajdaki cre-
taceous rock near Protopopivka village in Balakliya district, cretaceous mountains in Oskil and the Volcha
river valleys in Dvorichna and Volchansk districts, locality Krutyj Log near Ruski Tyshki village in Kharkiv
district. The objects of Izyum district are described in details. They are located in the south-east of the
Kharkiv region near Izyum town, at the distance of 130 km from Kharkiv. Apart from picturesque land-
scapes, there are 3 remarkable geosites in this locality: Kremenec mountain, Protopivska ravine and lower
part of the Grekivka river valley, which is also called the Big Kamenka outcrops. Kremenec mountain is sit-
uated on the territory of the Izyum town. The outcrops are located on the crest and western slope of this up-
land and are composed of Jurassic and Cretaceous deposits. The Big Kamenka outcrops and Protopivska ra-
vine are located on the territory of the Kamenka village. The Big Kamenka outcrops are composed of Juras-
sic gritstones, sandstones, aleurolites, clay deposits and limestones. The Protopivska ravine is located in the
core of Kamenka anticline and is composed of Triassic deposits.

In the Izyum district different types of valuable geological objects have been discovered, namely: pale-
ontological — Triassic flora, Jurassic fauna; stratigraphical — the stratotypes of regional suites of Triassic, Juras-
sic, Cretaceous sediments — Protopivska, Izyumska, Kremenecka, Priizyumska suites; mineralogical — quartz, chal-
cedony, calcite, limonite; petrographical — non-ordinary rocks as coral limestones etc.; tectonic — are visible
folds and faults — for example, Kamenska anticline; paleogeographical — consists of geological evidences of
different conditions of sedimentation — for example, the Oxfordian bioherms, Kimmeridgian lagoonal depos-
its; geomorphological — remarkable forms of surface, such as limestone rocky outcrops of Iziumska Suites; Aydro-
geological — the Jurassic springs (Big Kamenka outcrops); raw materials — Turonian chalk, phosphorite concre-
tions in the Cenomanian sediments, which have practical value; mining history — remainders of chalk quarry
on the summit of the Kremenec hill; memorial — prominent geologists' work-places and spots of findings of
valuable geological materials, such as Cenomanian plesiosaur Cimoliosaurus bernardi Owen in Kremenec and
others.

Conclusion. The Izyum area contains numerous remarkable geological objects, beautiful landscapes
and can be successfully used for geotourism.

Keywords: remarkable localities, objects of geological value, geosites, geotourism.
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MOJIEJTIOBAHHSI TPAHC®OPMAIIII KEPOI'EHY I TA 111 TUIIIB
METOAOM MAKCUMI3ALII EHTPOIIII

Y emammi 3a donomozoro 3acobie mepmoouHamMiuHo20 MOOEN08ANHSA, 3ACHOBAHUX Ha Gopmanizmi [ocelinca, 6cmanosieni
mpenou mpaucghopmayii 2eoximiunoi cucmemu, aKka ckiaoaemucs 3 kepozeny I-A ma Il1I-A muny ma iHOU8iOyanbHUX KOMHOHEHMIE.
Haeseoeni xapaxmepucmuxu xepozeny I ma Il munie ma nooano gioomocmi w000 iXHb020 NOWUPEHHS 8 MEICAX OCHOBHUX Hadmoea-
30HOCHUX pecionie Yrpainu. IIposedena oyinka OCHOBHUX peaKyiil KOHOeHCayii, Wo CYNnpO8oONCYIOMb NEPEMBEOPEHHsL PeUOGUHU, KA
nooonana 6iodespadayiinuil 6ap’ep ma NOKA3aHA iXHA HAO36UYAUHA CKIAOHICMb MA, K HACTIOOK, HEMOMCIUBICIMb 00CMOBIPHO20
PO3paxyHKy Kinemuunux napamempis. [loxkazani pesyibmamu pospaxyHKy 3aeanvhol enmponii ma ewnepeii 1i66ca sciei cucmemu.
Ananiz 3min 3aeanvHoi enmponii cucmemu 3 2IUOUHON 3AC8I0YUS, WO KOHCOMIOYIOUULL BNIUE MUCKY € 8A20MUM (DAKMOPOM, WO 6NIU-
8a€ Ha cKAA0 2eoXiMiuHOil cucmemu y Oianasoni enubun 6-13 km. CkaaoHuil Xapakmep 3a1eXHCHOCHI 3a2albHOi eHmponii cucmemu i
2IUOUHU OEMOHCMPYE HAABHICIMb 0COONUBUX 30H MpaHcgopmayii 0na enubun 6 ma 12 km. Aunaniz ounamixu 3minu enepeii 1i66ca 3a
2NIUOUHOIO CBIOUUMb NPO HAAGHICTNG OLIAHKU, AKA 8I0N06ioae dehiniyii «Hagdmosoco ikHay, 8 mexcax nubun 4-7 KM, ys 30Ha 3mi-
WYEMbCSL 3ANIENHCHO 8I0 MENL06020 NOMOKY. B pobomi ésedeno xoeiyicnm, saxuil 6i003epKANIOE PIZHOMAHIMMS [30MEPHUX (popm a-
Kauig. AHaniz 1020 3anencHocmi 6i0 enUOUHU CEI0YUMb NPO PIZHOHANPAGIEHICMb NPoYecia i3oMmepusayii 0 2eononimepy ma iHougi-
0yanbHUXx KOMROHeHmIg 2eoximiunol cucmemu. Takooie, y pobomi eéedena Koncmanma pieHosazu oeciopamayii, sKa 6i003ePKaNIOe
CKAAOHUIL npoyec de2iopamayii Kepoceny i3 3aHyPEeHHIM I3 00HOUACHUM NPOYECOM MEMUNIOBAHHS apOMAMUYHOL CKIA0080T 1imoba-
3u. OOYUCIeHHA 2A302eHEPAMUBHO20 NOMEHYIATY 3ACBI0UIUNO0, WO HAUOILTbUL NPOOYKMUBHUM € KepozeH I muny, natimenwe — 11 muny,
w0 niomeepoicyemvcs excnepumenmanvhumy oanumu. Ipogedeno obuucrenns koncmanmu pisnogazu peaxyii Konvbe-Ilmimma. Ii
AHATI3 30C8I0YUB, WO HE3ALEHCHO IO MENI08020 NOMOKY, I3 3DOCNAHHAM 2IUOUHU MeMnU 0eKapOOKCUNi3ayii Kepo2eHy 3MEeHULYOMb-
€51 BHACTIOOK 3CY8Y PiBHOBALU 61I60, A CAM BHECOK Yi€i peakyii y nepemeopents Kepo2eHy € He3HAYHUM.

Knwwuosi cnosa: opeaniuna peuosuna, xepozen I ma Il munis, pienosasicna mepmoounamira, gopmanizm /icetinca, eazoeene-
PamusHuil NOMeHYia, HAQMOo2a30HOCHICMb, HAPMO2A30HOCHI pecionu Ykpainu.

A. B. /Tioouak, M. H. Ilasniok, I0. B. Xoxa, M. b. Axosenxo. MOJE/IHPOBAHUE TPAHC®OPMAILIHH KEPOI'EHA 1
H III THIIOB METO/OM MAKCHMH3AILIHH DHTPOITHH. B cmamve ¢ nomMowbio cpeocms mepmMoOUHaAMU4ecko20 Mooeu-
POBaHUs, OCHOBAHHLIX HA opmanusme [dicelinca, NOKA3aHbl MPeHObl MPAHCHOPMAYUY 2e0XUMUYECKOU CUCEMbl, COCMOosawel U3
Kepocena I-A u Il1I-A muna u uHOUBUOYATLHBIX KOMNOHeHmo8. [Ipusedenvl ocHoguble coticmea kepocena I u Il munos u npedcmag-
JIeHbl c8e0eHUsl 00 UX paAcnpOCMpPAHEHHOCIU 8 NPedelax OCHOBHLIX Hepme2a30HOCHbIX pecuonos Ykpaune. Ilposedena oyenka oc-
HOBHBIX peaKyuil KOHOEHCAyUU, CONPOBOHCOAIOUUX NPeobpazosanue eewecmasa, npeodoiesueo 6uodezpadayuoHHblll bapvep u no-
KA3aHa UX 4pe3BblyaliHas CIOAICHOCMb U, KAK C1e0CmEUe, HeB03MONCHOCHb 00CMOBEPHO20 pAcCiemd KUHEeMUYeCKUx napamempos.
Ipeocmasnenvt pesyibmamul pacuema odweti snmponuu u snepeuu [ubdca éceil cucmemvl. AHanu3 usmenenutl odowetl SIHMPoOnuUU
cucmembl ¢ 21yOUHOL NOKA3AIL, YMO KOHCOTUOUPYIOWULL BKAA0 0A6IeHUs SIGISEMC s 6eCOMbIM (PAKMOPOM, GIUSIOWUM HA COCMAB 2e0-
Xumuyeckou cucmemvl 8 ouanasome 2nyoun 6-13 km. Crodcnulil xapaxmep 3a8ucumocmu o0wel SJHMPONUYU CUCeMbl Om 21yOuHbl
OeMOHCmpUpyem Haaudue ocoobix 301 mpancgopmayuu 015 2nyour 6 u 12 km. Anaruz ounamuxu usmenenus suepeuu 1 uboca c eny-
OUHOIW CcUdemenbCmEyem 0 HAIUYUY Y4ACmKd, KOMopblil omeeuden OnpeoeieHur0 «HepmsaHo2o OKHay, 8 npedenax anyoun 4-7 km,
9Ma 30HA CMeWaemcst 8 3a8UCUMOCTU O MEN08020 NOMOKA. B pabome ésedennbiil koaghduyuenm, Komopwiii ompasicaem MHO20-
obpasue u3oMepHbIX PopM ATKaHo08. AHAIU3 €20 3a8UCUMOCIU OM 2IYOUHBL CEUOEMETbCMBYeN O PAZHOHANPABIEHHOCU NPOYECCO8
usomepusayuy O0Jis 2eONOIUMEPA U UHOUBUOYATLHBIX KOMNOHEHMO8 2eoxumudeckoli cucmemvl. Taxoice 8 pabome 68edena KOHCMAHMA
pagrogecust 0ecudpamayuy, KOmopasi Ompaxcaem ClOACHbIL NPOYecc 0ecUopamayu Kepo2eHa ¢ NOZPYICeHUEM U ¢ 0O0HOBPEMEHHbIM
npoyeccom MemuiupoB8anus. apoOMamuieckou cocmagisirouel 1umobasvl. Buluucienus 2azocenepamusio20 nOMeHyuaia noKkas3ao,
umo Haubonee npoOyKmuenvim aeusiemcs kepozen I muna, naumenee - Il muna, umo noomeepacoaemcs IKCHepUMEHMATbHLIMU OaH-
Hoimu. IIposedens sviuucienus koncmanmol pasnosecus peakyuu Konvoe-ILlImumma. Ee ananus nokasai, 4mo He3a8UCUMO Om men-
7108020 NOMOKA, C POCMOM 2YOUHBL MeMNbl 0eKapOOKCUTUIAYUU KEPOLEHA YMEHbUUAIOMCSL 6CIe0CEUE CMEWeHUsl PABHOBECUS. 81e60,
a cam 8K1a0 Mol peakyuu 8 NPeodPaA308aHUU KePOLeHA HEe3HAUUMETEH.

Knrwueswie cnosa: opeanuueckoe seujecmeo, kepozen 1 u 11 munos, pasnogecnas mepmoounamura, popmanusm [orcetinca, 2a-
302eHePAYUOHHDIL NOMEHYUAT, HeMe2a30HOCHOCMb, Hepme2a30HOCHbLE Pe2UOHbL YKpauHbl.

IlocranoBka mpodsemu. XiMmidxi TpaHcop-  0ioTH, 110 HpoinumM OGlojerpamaiiinuit oap’ep, xa-
Mallii, Kl CYIIPOBOIKYIOTh IIEPETBOPEHHS 3AIUIIKIB  PAKTEPU3YIOTHCA IIPOrHO30BAHOIO CKIIAAHICTIO Ta
© /liobyak O. B., Masntok M. I., Xoxa lO. B., AkoseHko M. b., 2021
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PI3HOMAHITTSAM. 3arajbHi YSBICHHS IPO HAIMPSIMKH
Ta 4YEproBiCTh LHUX TpaHChOpMalliif, KIHIIEBUM pe-
3yJBTaTOM SKHX € YTBOPEHHS HU3KH TeONOTIMEpiB,
MOJISITaloTh Y MOCTIIOBHOCTI IECTPYKTUBHHUX MOMAIN
Ha MMOYaTKy Ipolecy Ta KOHAeHcamii Harmpukiami [ 1,
2]. iz mecTpykiiiero Hacammepea MalOTh Ha yBasi
rizponiz OionomiMepiB (TonicaxapuaiB, OiNKiB) Ta
IHAVBITyaIbHUX PEUOBHH (CKJIaIHI €CTepH MOHO- Ta
0araroaroOMHHX CIHPTIB Ta XHPHUX KuciaoT). Ha
MOAANBIINX CTaAiAX MPOTHO3YETHCS BiIHOBICHHS
KHCHEBOBMICHHUX Tpyn Ta apomarmsauis. Cmix 3a-
YBXHTH, IO apoMaTu3allis 3a MOMIpHHAX TeMIiepa-
Typ MOXe BiIOyBaTuCh B OKUCHOMY CEPEIOBHILI, 3a
YMOBHM HAasBHOCTI OKCHIIB MEPEXiAHUX METaJiB Y
SIKOCTI Karali3aTtopy i3 BIACTHBOCTSIMHU TEPEHOCHH-
Ka eJICKTPOHY.

3a3HaueHi BHIIE Ta iHII JECTPYKTHUBHI MpoOIe-
CH € HeoOXiJHOIO JIAaHKOK0 B IEPEXO/i IO CTajii Ha-
POIIyBaHHS MOJICKYJISIPHOI Macu B HU3II pPEaKIii,
KIHLIEBUM TPOAYKTOM SKHX OyayTb TyMaTH, Ta, Y
MOAAIBIIIOMY, KEPOTCHHU.

[omynsipHOIO B OpraHivHii reoxXiMii € peakmis
Maiisipa, 1m0 BiiOyBa€ThCsI M’k aMiHOKHCIOTaMH Ta
yKpaMH-BITHOBHUKAMH Ta TPU3BOAMUTH IO YyTBO-
PEHHS CKJIaJHHUX CTPYKTYP HEperyasipHoi OymoBH.
Peakmis Maiispa BinOyBaerhes i3 yrBopeHHsIM CO»
B BOJIi Y IIMPOKOMY TeMIleparypHoMy miama3zoni 30-
100 °C. TIlomamein AOCHIMKEHHS ITOKa3alad, IO
BHACJI/IOK peaxilii YTBOPIOETbCA HE TITbKU BYTIIe-
KUCJIH ra3, a il Bojga. 3 4acoM KUIBKICTh KOHIEHCO-
BaHMX CITOJYK 3pOCTA€, i B pEaKIifHOMY CepeIoBU-
Il MOCTYIOBO yTBOPIOIOTHCSA CHOYATKy HEPO3UMHHI
Yy BOAI JKOBTi, IOTIM — KOPUYHEBI Ta TEMHO-
KOPHYHEBI CHONYKH, IO OTPUMAaJH Ha3By «MeEJaHO-
ima» [3, 4]. YacTo MOCTITHHUKH IOSCHIOIOTH €0
peakmiero TeMHe 3a0apBieHHS TPUPOAHOI Ha(TH,
BTIM y CKJIaal HaTU MEJIaHOIIMHOBI CTPYKTYpH HE
nomupeHi. [loganeim OCHiHKeHHS BUSBUIIN, 110 B
KOHJICHCAI[If0 BCTYIAIOTh Pi3HI aMIHOKHCIOTH Ta
HIIMPOKUHN CHEKTP IYKPIB, sIKi MalOTh BiJJTHOBHI BIIac-
THUBOCTI (MICTATh aJIbACTIAHY a00 KETOHOBY TPYITY).
Binbm Toro, kKoHaeHcaris BigOyBasiacsi mapaiellbHO
3 T1POITI30M TOMINENTHAIB Ta HEUTPAIEHUX IYKPIB.
3ayBaxuMO, IO MOIIUPEHICTh i€l peakiii Ha TpH-
POJHE CEpEeOBUIIE BUKJIMKAE TIEBHI CYMHIBH — Bi-
JbHI aMiHOKHCIIOTH CKJIQIAI0Th BKpail mamy ¢pak-
1ito (10 4%) Bij 3arajbHUX aMIHOKHCIIOT, SIKUX 1 0e3
TOTO HEBEJIMKA KUIBKICTH SIK B MOPCHKHX Ta 1 HA3eM-
HUX 00CTaHOBKaXx.

YTBOpPEHHSI T'€ONONIMEPIB TAKOXK IMOSCHIOIOThH
HU3KOIO THIIUX PeaKIliid, TaKUX K OKUCHE 3IMBaH-
HS TIONIIHEHACHYEHHUX JKUPHHUX KHUCIOT [5], ecTepH-
¢ikamiss MK KMUPHUMH KHCJIOTaMH Ta (heHOoIaMu
[6], oxucirOBaNbHA KOHAEHCAIli€ss ()EHOJIB TOLIO.
Peaxii 3 ¢peHonamu € qyxe BaKIMBAMH JUIS TIOSIC-
HEHHS YTBOPEHHS T'eoloiliMepiB, ajxe 11 mpeKypcop
— MPUPOAHI TTOJTi(DEHONH, CKIANal0Th 3HAYHY YaCTKy

JKUBOI PEYOBMHHM HA3eMHOI OIOTH 1 XapaKTepu3sy-
FOThCSI BUCOKOIO 3JIAaTHICTIO JOJAaTH Oioferpamariii-
Huit Oap’ep [1]. PeHomu BONOMIIOTH 3ATHICTIO
BCTYIIaTH B HU3KY peaKiili KOHICHCALI1, HallpHUKIIa
3 aMiHOKHCIIOTaMH, SKi HaIxomaTh 3 Oiomerpamartii
MPOTETHIB Ta YTBOPIOIOTH 3 (P€HOIAMH CKIIaTHI apo-
MaTH4HI a30TOBMICHI CTPYKTypH [7].

Bech KoMIUTEKC TIepenTiueHuX BUIIE PeakIii Bi-
OyBa€eThCs (PAaKTUIHO BOJHOYAC, CYTPOBOMKYETHCS
MaJIOBUBYEHUM BIUIMBOM MiHEpalbHOI KOMIOHEHTH
0CaJIOBUX TOPIJ] Ta 3aJICXKUTh BiJl HASIBHOCTI BOJU Ta
OKHCHO-BITHOBHOTO TIOTEHIlIa]ly CHCTeMH. laka
CKJIaJHICTh TpOLIECY HE J03BOJISIE BUPOOUTH aleK-
BarHOi Mofienti epeTBopeHs OP B mocT-giarenesi Ha
0a31 po3yMiHHS KIHETHKH OKPEMHX PEaKIliii Ta TPy
peaxii.

Mu BBa)kaeMo, IO AJISI ONUCY TAKUX CKIIQJIHUX
CHCTEM HalKpalluM YMHOM 3aCTOCYBaTH CTATHUCTH-
YHY MEXaHiKy, IPEACTaBIeHy aHATITHIHAMH 3aCO-
O0amu TepmonuHamiku [8, 9]. Lli 3aco0u Bke BHKO-
PHUCTOBYIOTHCSI JJIsl OIUCY €BONIONIi CUCTEM pedo-
BUH B UIMPOKHX MEXAaX YMOB - BiJl 0CaJlOBHX TOBIL
10 BepXHbOI MaHTii 3emuti. BMicT KOMIIOHEHTH B
CTaHi TEPMOAUHAMIYHOI PIBHOBAard BU3HAYAETHCS 32
iX TepMOIWHAMIYHUM TMOTEHIIANIOM, IJIsl PO3paxyH-
Ky SIKOTO HasBHA HHU3Ka TMEPEBIPEHUX METOIIB, SIKi
CIIMPAIOTHCS HA PIBHAHHS CTaHYy PEUYOBHHHU.

Cepen 3aco0iB, SKUMHU BOJIOJI€ TEPMOAMHAMI-
Ka, 0COOJIUBY yBary NpUBEPTarOTb METOIH, 3aCHO-
BaHI Ha BHKOPUCTAaHHI MaTeMaTHYHOTO arapary,
KA HaJa€ MOXKITUBICTh BU3HAYUTHCH 3 YACIOBHUMU
3HaYCHHAMHU (QYHKUIH cucTemu, AJs MOBHOTO PO3-
PaxyHKy SKHX 32 KJIACUYHOIO MOJEJUII0 HE BHCTayae
JaHux. SIKmo posmisimaru mnporecu Tpancdopmarrii
OP Ha cranii miareHedy Ta KaTareHesy, TO cepexn
BXiIHUX JaHMX JOCTYIIHI JIMIIE YCEPEAHEHUH CKIlaa
OP mo aromax abo QYHKIIOHAIPHUX Tpymax Ta
TepMoOapuyHi YMOBH, B SIKMX BiJIOyBalOTHCS TPaHC-
¢dopmartii. BomHowac, nis po3ymiHHS TPEeHIIB mepe-
TBOPEHb HEOOXIJTHO OJIep KaTH BiJIOMOCTI MPO CKIIaJ
KOMIIOHEHTIB CHCTeMHU Ta cTpykTypy OP micns me-
PEepO3IOALTY aTOMIB MiXK (D)YHKIIOHATEHIMH TPYTIaMU.

VY 1957 poui E. T. dxeitnc [10] 3po6uB BUCHO-
BOK, 1[0 METOJIM CTaTHCTUYHOI MEXaHIKH, sIKi € OC-
HOBOIO TEPMOIMHAMIKH, SIBIISIOTH COOOI0 OKpeMHI
BUNAQJIOK 3arajbHOi METOIMKH MONEPEIKEHHS II0-
Muiiok 3a llleHHOHOM, Ta pO3pOOMB METOIUKY, SKa
orpumMana Ha3By «popmanizm Jxeitacay. 3a [len-
HOHOM JUIsI CUCTEMH BHU3HA4YaroTh (yHKIII0 HMOBIp-
HOCTI Ha OCHOBI 33JJaHUX CEPEIHIX 3HaYCHb, Ta PO3-
PaxoByIOTh OKpeMi HMOBIPHOCTI, B POJI SKUX y Ha-
IIOMY PpO3paxyHKy BHCTYNAalOTh MOJIbHI YacTKH
KOMIIOHEHTIB CHCTeMH. SIKIO 3acTOCYBaTH IIOJIO-
xeHHs (opmanizmy JxkeliHca O CUCTEMH Kepo-
TeH/Ta3HW, a caM KEepOTeH YSIBUTU Y BHIVISII CyMH
AIUTUBHUX CKJIaJOBUX, TO 32 PE3YJIBTaTOM PO3paxy-
HKY MOXXHa BCTaHOBWUTHU HAWMEHINl CYNepeUIuBUM
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(oTke, HAMOLTBITT IMOBIPHMIA) PO3MOALT aTOMapHHUX
TPyI y CTaHl TEPMOIMHAMIYHOI PIBHOBArH IS TIapH
THUCK-TEMIIeparypa.

Meta po0oTH: i3 3aCTOCYBaHHSM 3aCO0iB Tep-
MOIWHAMIYHOTO MOJEIIOBAaHHS IPOCIIIKYyBaTH Ta
TIOPIBHATH TPEHIW IEPETBOPEHb OPTraHivHOI pedo-
BUHM KeporeHiB [-A ta [II-A TumiB B KOHTaKTi 3 Op-
TaHIYHUMHU Ta HEOPTaHIYHMMH Ta3aMH B TIpoOIIeci
3aHYPEHHS OPTaHOBMIIIIYIOUUX TTOPi.

O0’eKT 0CHiIKeHb: UIsI MOAESIIOBAHHI HaMU
oOpanmii kepored | ta III TumiB 3 MiHIMaTBHOO
«3pimicTion, ki mo3HadeHo [-A Ta III-A BimmoBigHO.
Ix MOXHA BBaXaTH IPaHMUYHUMM MOJENSAMH TeOMo-

1,0 4

0,5 4

JIiMepiB 3a 3AATHICTIO 0 TEHEPYBAaHHSI BYTJICBOHIB,
10 CIPUYMHEHO OCOOJIMBOCTSIMH IXHBOTO €JIEMEHT-
HOTO CKJIaNy:

Keporen III Tumy xapakTepu3yeTbesi BiTHOCHO
MaJIiMU 3HAaYCHHAMHA aToMapHoro BimgHomeHHs H/C,
SKE TIePEeBKHO MeHIe 3a 1, Ta BUCOKMMH 3HAYEH-
Hsamu BigHomenHns O/C, sike monekyau csrae 0,3. B
TOW caMWil Yac TMepIInid THII KePOTeHY Cepen ycix
IHIINX XapaKTePU3y€EThCS HAWOUIBIINM ITOYaTKOBIM
3Ha4YeHHsAM cmiBBigHOIIeHHss H/C, sike mepesurnye
1,5 Ta MaaUM CTyIIEHEM OKHCIICHHS, SIKS MPEJICTaB-
neHo criBBigHomenHsM O/C Ta CTaHOBHTH MEHIIIE
0,1 (puc. 1).

[-A

\ none keporesy tuny |

[-A

none keporeny tuny Il

[-A

BIAXUNEHHA BIA NPaHUYHUX 3Ha4YeHb

Puc. 1. Jliarpama Ban Kpesenena (aganrroBano 3 [1])

[MpyrumHa Takoi BiMIHHOCTI moJsirae y OyJoBi
FIOTEeTUYHUX TPOAYIEHTIB TIEPBUHHOTO OioMarepi-
anmy misi ixHporo ytBopeHHs. I[lpumyckaerbes, mo
keporeH III Tuy yTBOpeHO KOMIIOHEHTaMM BHIIUX
Ha3eMHHX POCIHMH. BOHM MicTSTh 3HAaUHY KiJIbKICTb
MOJIiapOMaTHYHUX (PEHONBHUX CTPYKTYp, SIKI Bimir-
paroTh poJib KapKacy, MPUKINKAHOTO KOMIICHCYBATH
BILIMB IPaBITALIHOI CHJIM, MAJIOTIOMITHOI Y BOJIHO-
My CEpEeIOBHIL, 32 PaxyHOK KOMIICHCALil CHJIOIO
Apxumena. BonHouac, mxepeno marepiaidy Kepore-
Hy | Tamy muckyTyerbesi. bararo gocimiHUKIB TpH-
MyCKalOTh, MO EH TUI KePOTeHY CKIIAJIAEThCS 3 Ma-
Tepiay JiMiJHOTO MOXOMHKEHHS; 1I€ MiATBEPIKY€Th-
Csl CIIEKTPOCKOMIYHUMH METOIAMH JIOCIiIKEeHb, SKi
(IKCYIOTh HAsSBHICTh QJIKAHOBUX CTPYKTYp [1, 2, 11].
Kpim Toro, 3amponoHOBaHO MeXaHi3M HOro yTBO-
PEHHS BHACIIZOK BKpail mmmbOokoi TpaHcdopmanii
HEBU3HAYCHOI TIEPBUHHOI PEYOBMHU MIiKpOOHHMU
crmiBroBapucTBaMH [1], BHUCIIOBIIOIOTBCS — TaKOXK
MPUIYLICHHS, 10 II€ CYMilll T€ONONIMEpPIB Pi3HOTO

MOXO/PKEHHSA. Bci aBTOpM BKa3yrOThb Ha BiTHOCHO
HU3bKE MOIIUPEHHS KeporeHy Tuiy | mopiBHSHO 3
IHIIMMU TUOAMH. 3a OLHKaMU OKPEMHX aBTODIB,
POJIOBHIIIA BYIICBOAHIB C(HOPMOBaHI KeporeHoMm I
THUITY CKJIQAAI0Th Juiie 2,7% BiJ BCIX pa3oM B3STHX.

Keporen Il Tumy Takox He sBiIsIE COOOIO ONTHA-
KOBOT KapTHHHU Ui BCiX 3paskiB. B peskux Buman-
kax OP keporeny Il tuny Ha crazii niarenesy Tta
MOYATKOBUX CTaisiX KarareHe3ly HpPOXOJHUThH IIJISIX
mOoKoi TpaHcopMalii B OKHCHOMY CEpeloBHIIi
BEPXHIX CAHTUMETPIB IPYHTY, ICISl YOTO TTOBTOPHO
CEJIMMEHTYEThCS Y BUIVIAJI IPYHTOBOTO TYMiHY Ta
YaCTUHOK TUIy iHepTeHuTy [1]. Came 3 miei mpuyn-
HU JesiKi 3pa3ku keporeny III Tumy BuxomsTh 3a
rpaHull, nepeadadeHi Uisi bOTO0 THUITY JiarpamMoro
BaH Kpeenena (nuB. puc. 1).

BiamoBigHO 10 MEpBUHHOTO Marepiaty, Kepo-
reH tuny Il cknageHo mepeBakHO 3 MoiapoMaTny-
HUX siiep, MOETHAHUX ETEPHUMHU, alie He €CTePHUMH
3B’sI3KaMHU. ApOMaTHYHi SApa MIiCTATh YUCIICHHI Ka-

-85 -



Cepis «[eonozisi. [eozpapis. Exkonoziga», sunyck 54, 2021 p., ISSN 2410-7360

POOKCHITBbHI, T1IPOKCHIIbHI, KETOHOBI Ta METOKCHIIh-
Hi TPYIIH, HA YTBOPECHHS SKUX PO3IMOMIIAETHCS 3HAY-
Ha yacTka okcureHy. Kpim Toro, B CTpyKTypi LbOTO
KEepPOTeHY BUSIBIICHI ai)aTU4yHi JTOBTOJAHIIFOTOBI
CTPYKTYPH, SIKi yCIIaKOBaHI BiJ JIMIAIB pi3HOI MpH-
POy — TPUIIIIEPHUIIB KUPHUX KUCIOT, edipiB BH-
IIUX CIUPTIB Ta }KUPHUX KUCIIOT (BOCKY) TOIIIO.

B xeporeni | Tumy, BiamoBigHO 10 3pocTaHHS
BMICTy HACHYEHHX CKIIQIHHKIB, 3MEHIITYETHCS BMICT
MOJiapOMaTUYHUX SIIEP Ta T'eTEPOaTOMHHX CTPYK-
Typ, Hacamrepea KHCHEBOBMIIYIOUMX — TiAPOKCH-
TBHUHN, KapOOKCHIBHHX, €CTEPHUX, ETEPHUX, Qypa-
HOBHX TOII0. KNCEHb KOHLIEHTPYETHCS IEPEBAYKHO B
ecTepHuX rpynax [12] 3 Maiorw XiMi4YHOI aKTHUBHI-
CTIO. 3 OIVISTy HAa BUCOKE BHUXiJHE CIiBBITHOIICHHS
H/C, exctpaktn Ta mpomykTu mipoiizy keporeHy I
TUIy Oararti Ha JTOBTOJIAHIIFOTOBI H-aJIKaHH (IOBXKH-
Ha 10 40 aTomiB Bymieto), 6e3 MOMITHOTO HETIapHO-
ro xapakrepy [2].

Keporen Il Tuny gacTo 3ycTpidaeTbes B JIeNb-
TOBHX YMOBaX 1 XapaKTepU3YEThCS BUCOKUM CTyIIe-
HeM TpaHcdopmarii TepBUHHOI PEYOBHHH BHACITI-
JIOK OKHWCIICHHS TiJ] 9ac TPaHCIIOPTYBaHHS MEPBUH-
Horo Marepiany [13]. Jlume HalicTaOUIBHIIIT KOM-
MTOHEHTH Ha3eMHOI POCIMHHOCTI JOCATAIOTh 00JACTi
CeIMMEHTALll, 16 BOHM IIBUAKO IEPEKPUBAIOTHCS
0CaJIOBUMH TOPOJAMH, 3TiTHO 3 YMOBAMH JICTETOBO-
ro ocaJkoHarpoMajpkeHHs. HacwyeHi cTpykTypu
CKJIa[al0Th HEBENHKY 4YacTuHy Keporeny III turmy,
0 HEe JyXe 100pe KOPEeIHEThes 13 BUCOKomapadi-
HOBHMH CITONTYKaMHU, sIKi HUIM T€HEPYIOThCS.

I'eoxiMiuHI MOCHIKEHHS OCAaJIOBUX MAaTepHH-
CBKHUX IIOpiJ] 3 MPOMHUCIIOBUX POIOBUIL HA()TH, IPO-
BEJICHI B JICJIETOBUX paliOHaX 3a OCTaHHI JECITKH
POKiB, MoKa3an, mo po3cisaa OP, cknagena 3 kepo-
reny turty I, He3amexHO Bix TOTO, MOB'sI3aHA BOHA
3 TYMiHOBUM BYTUIISIM YH Hi, mofAiOHa 1o tumy 11, Ta
SIBJISIE COOOI0 OHOPIIHUM 1 XIMIYHO YiTKO BHU3HA4E-
Huil Tun OP, Ha BinMiHy Bix keporeny I tumy [13].

Keporen III Tumy nocTarHpo NOMIMPEHUNA B
0CaJIOBUX TOBIIAX KOHTWHEHTAIBHUX OKpaiH Ta, pa-
30M 13 keporeHoM Il Tumy, ckiagae Baromy 4acTky
KeporeHy Ha(TOra3oHOCHHMX OaceifHiB YKpaiHM.
Hanpuxinaz, 3a aHamizoM poCcTOPOBOTO MONTHUPEHHS
TUNIB KeporeHy B Mexax JHinpoBchKo-/loHenbkol
3anaauHy [14] BUsBIEHO, 110 Y BUIUIEHUX 3pa3kax
OP mnepepaxae keporer 111 Tumy, sikui, BiIOBITHO
710 iCHYroUMX Kiacu(ikaliif, yTBOpeHUH nepeBaKHO
i3 peITOK Ha3eMHOI POCIMHHOCTI B IajeoymMoOBax
KOHTHHEHTAIILHUX OKPAiH 1 JIENbT.

3HauHy TommpeHicTh Mae keporeH III Tumy B
Mexax [liBmeHHOro HAdTOra30HOCHOTO PETiOHY.
OpraniyHa pe4oBHHA NPOAYKTUBHOI MaMKOICBHKOT
cBiTH 32 nanumu [15, 16] Biamosinae keporeny III
THUILY, Ma€ BHUCOKHUI MOTEHIIIaJ JI0 Ta30TeHepyBaHHS
Ta HU3bKHUU 10 YTBOPEHHS HA(TH, HACHUYEHHUH MaJIi-
HOoMOphaMH Ta CKJIAAAETbCA K 3 OPraHONCHHOTO

(ITOIUTAHKTOHY, TaK 1 3 aJOXTOHOI YACTHHH, IO
MIPEICTABIICHA CITIOPAMH 1 TTHMJIKOM XBOWHHUX 1 BITpH-
HITH30BaHMMHU YacTKaMH POCIMHHUX TKaHWH; Y
BEPXHil YaCTHHI PO3pi3y 3'SIBISETHCS IHEPTHUHIT.

B mexax 3axigHOro HaTOra3oHOCHOTO PETio-
Hy YKpaiHH LIeil THUTI KepOTeHY 3yCTPIda€eThCs Heda-
CTO, IEPEBAYKHO K KOMIIOHEHT CyMillli 3 KEpOTCHOM
II Twmmy, HampuKIam B MOpPOAax MIMIOTCHKOI 1 CIIach-
KOT CBIT, sIKi ITUPOKO PO3IMOBCIOMKEHI B MeXKaxX 30B-
HimHix Kapnar i, Oymyun 30arayeHUMHU PO3CiSTHOIO
OpraHiYHOI0 PEUYOBHHOIO, SBJISIFOTH 3HAYHUH 1HTEpeC
3 TOYKH 30py IXHBOTO HaTOTEHEepaIiifHOTO MOTEH-
miany [17].

Ha Bigminy Bin keporeny Il Tumy, I Tum B oca-
IOBUX KOMILTEKCAX IMOpia HadTOra30HOCHUX PETio-
HiB YKpaiHU 3ycTpivdaeThCs JOBOJI piAko. 3a JaHu-
MU [17] B Mexax 3aximHOTo HaTOra30HOCHOTO pe-
riOHy LeH TUI KepOreHy NPOCTEXYETHCS B IOPOJax
MeH1TiTOBOI cBiTH boprciaBchkoro Ta CokoIoBeIb-
KOTO HaTOra30HOCHMX paioHiB YkpaiHcekux Kapmar.

B mexax CxigHOro HahTOra3oHOCHOTO PErioHy
KeporeH | Tumy mpocTexyeTbcs B BigKiIagax Typ-
HEHCHKHUX, BEPXHBOBI3EHCHKHX 1 CEPIyXOBCHKHX
0CaJloBUX KOMIUIEKCIB B Meax MadycbKOro raso-
Boro ponoswuiia PynenkiBceko-IIponerapcrkoro Ha-
(rorazoHocHoro paitoHy Ta KuciBCbKOTO ra3okoH-
JICHCAaTHOTO pojoBuila B PsaOyxiHckko-IliBHIUHO-
rony6iBCbKOMY Ha(pTOra30HOCHOMY paiioHi [ 14].

B mexax [liBnerrOT0 Ha)TOTa30HOCHOTO PeTi-
OHY HaWNOUIMPEHINHMM KeporeH | Tumy € y Bepx-
HBOEOIICHOBUX (KyMCHKMX) BiIKIaJax 3axijHo-
Ky6ancpkoro nporuny (pa3om 3 keporeHoM I Tury)
[16, 18].

Metoanka. OCHOBOIO pO3paxyHKIB TpEHJIB
Tpancdopmarii keporeny | ta Il tumiB OyB anro-
pUTM, po3poOieHui Ha 0a3i amapary ¢dopmaizmy
JxeiiHca, 3acTOCYBaHHS SIKOTO JIO3BOJIMJIO BCTaHO-
BUTH HaiMEHINI CYNEpEWwINBUI PO3MO/IN aTOMapHUX
TPyl Ta KOMIIOHEHTIB JOBUTRHOI CHCTEMHU y CTaHi
TEPMOJMHAMIYHOI piBHOBaru Juisi OOpaHUX TEPMO-
OapuuHUX yMOB [19]. AJroput™ nojsraB y BCTaHO-
BJICHI BHUIAJAKOBHMHU YHCJIAM{ IOYaTKOBUX 3HAYECHb
MTOTCHITIAMB KOXKHOTO 3 eneMeHTiB cuctemu (C, H,
O, N, S) Ta moganpmIoro po3paxyHKy METOJIOM Mak-
cumizanii eHTpomnii (QYHKIIOHANBHUX TPYI, 3 SIKHX
CKJIaJCHO HeperyssipHuid reonomiMep [20] Ta iHIIMX
KOMITOHEHTIB, 1110 3HaXOAATHCS 3 HUM y PiBHOBA3i.
O6uucenns 3aiiicHoBanock o 10000 pasis, micis
YOro 3 OIEPXKaHOTO MAacHuBy pe3yJbTaTiB oOWpaBcs
TaKWi, 110 BOJIOJIB HAWMEHIIIMM 3HAYCHHIM €Hepril
I'i06ca Bciel cuctemu. B Takuit criocio Oyna peajti-
30BaHa cxeMa Monte-Kapio 1y 6araTokoMIioHeHT-
HOI CHCTEMH, 110 3HAXOAbCS B CTaHi TEPMOIUHAMIY-
HO1 piBHOBary.

st po3paxyHKy, KpiM ITOYaTKOBOIO CIIiBBiJI-
HOLICHHS €JIEMEHTIB y CUCTEMI Ta NPUIYLICHHS PO
CKJIaJ] 1HIAWBIyaTbHUX KOMIIOHCHTIB, HEOOXITHI Ta-
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KO’X BIJIOMOCTI TPO IXHIH XiMIYHUH TOTEHIIIAJ, TKAHA
MO)KHA BUpaxyBaTH 31 3HaueHL eHeprii ['160ca yTBo-
PEHHS KO)KHOTO KOMIOHEHTY. Takuil po3paxyHOK
MpU CTAaHAAPTHOMY THCKY MOXKHA MPOBECTHU 3a JI0-
[IOMOTOI0 KBAHTOBO-XIMIYHMX METOZIB. SIKIIO THUCK
Biapi3HAEThCS Bif crarmaptHoro (0,1 MIla B mii
po0oTi), HEOOXiTHO MaTH BiAOMOCTI MPO PiBHSIHHS
CTaHy, SIKE€ Bpaxye HOro KOHCONIIyIOUWil BILTUB Ha
CHJIA MIXKMOJIEKYIISIPHOT B3a€MOII.

JJ1s1 KOKHOTO 3 Tra30moAi0HINX KOMIIOHEHTIB CH-
CTeMH OOpaHO HaliliHe PIBHAHHS CTaHy, PEKOMEH-
noane NIST. SIkmo mexi 3acTocyBaHHS PIBHSHHS
CTaHy MEHII, HiX TUCK abo TeMIeparypa po3paxy-
HKY, TO HaMH MPOBOAMIIACH SKCTPAIOJISLIs 3TiIHO 3
pexomermamismu NIST. [letanpHuit ommc Ta anro-
PUTM 3aCTOCYBaHHS TONOXKEHb (opmanizmy J[xei-
HCa JUIS PO3PaxyHKy T€OXIMiYHHX CHCTEM HaBe[le-
HUH y [19].

BuxigauMmu naHuM# I pO3paxyHKiB € eeMe-
HTHUU ckian keporeny I ta III tumy, a Takox Tem-
neparypa i TUCK, 3a SIKHX BigOyBaeThCsl HOrO TpaHC-
(dopmaris. [lependavdaeTscsi, MO0 TPHUBATICTh TaKOi
TpaHcdopmallii € JOCTaTHBOK ISl JTOCSTHEHHS
TEPMOJMHAMIYHOI PiBHOBArk, TOOTO Yac MPsAMYE 10
0e3MeXHOCTi, a TepMOOapHIHi YMOBH € HE3MiHHU-
Mu. EneMeHTHMI CKJIaJ OTPUMAHO YCEpPEIHECHHSAM
JEKIIbKOX JocmiukeHb [1, 11, 21] i3 ypaxyBaHHSIM

79 8.2 83 8,4 85 8,6 87

nmaHux [22]. Ha po3paxyHOK HaaXOQUB TaKUW CKJIa
keporeny III tumy (y mac. %): C — 73,77, H — 5,64,
0-17,45,N-2,16,S - 0,98; I tuny: C — 77,84, H
-10,09,0-7,83,N-1,83,S - 2.41.

OOunciaeHHsT 3OIHCHIOBAIINCh B CEPEIOBHIII
MS Excel; anroputm Oys0 MpeACTaBICHO Yy BHITISAL
MOAYJS KJlacy, OETHAHOMY i3 3arajlbHUMH MOMYJIs-
MH, ISl BU3HAYCHHA TepMOAWHAMIYHUX (QyHKITii
KOMITOHEHTIB CHUCTEMH Y PiJKii Ta ra3omomiOoHii
(hazi 3acTocoBaHe MpPOrpaMHe 3a0E3MCUCHHS 3 BiJIK-
putu kogoM CoolProp [23].

Pesyabratu. Pesymeratamm obumcieHp € Mo-
JSIpHI 4acTKu 44 aAUTUBHHUX CKIIAJOBHX, SIKi OMU-
cyroTh TBepay (azy keporeHiB I Ta Il mis koskHOT
mouHU 10 20 KM BKITIOYHO, Ta OPTaHIYHHUX 1 HEOp-
TaHIYHAX 1HAWBIIyallbHUX pedoBHH, a came: H)O,
COz, st, NH3, CH4, Csz, C3Hg, l’l-C4H1o, i-C4H1o,
n-CsHi», i-CsHi2, neo-CsHi». KpiMm MonmbHUX 9acToK,
CYMOIO SIKMX TIepeBipsUlach TOYHICTH Ta JOCTOBIip-
HICTh PO3paxyHKy, HAMHU OILIIHIOBAJIMCh BaXJIUBI (y-
HKIIiT BCi€l CHCTEMH — 3arajibHa €HTPOIIisi, eHepris
I'100ca, enTanbiis, noTeHiany I1Ianka eJJeMeHTIB.

OCHOBHMMHU TIapameTpamMu, L0 OMUCYIOTh Of-
HOYACHO BCIO CHCTEMY, € eHTpormis Ta eHepris [1i-
06ca. Tenpenmii 3MiHM eHTpoIii 31 3MIHOIO PiBHO-
BaxHOI rmuOwHM 1715 keporeHiB [ Ta Il TumiB moka-
3aHa Ha puc. 2:

82 8,4 86 8,8 9,2 94

S, kx/(monb-K)

niis
iHBepcii

KeporeH Ill Tuny

20

h, km

KeporeH | Tuny

N
v 7B wmBTM2Y

Puc. 2. 3aranpHa eHTpOIIiS CUCTEMH KepOTeH/IHAMBIAyanbHi KOMIIOHEHTH, SIK (DYHKLis [TTMOMHN

3 omsAqy Ha BaXKIUBICTh TPEHIIB 3MiHH abco-
JIOTHUX 3HA4YeHb €HTpOIIii, At 0OpaHoi mozeni do-
pMalti3My, HeOOXiTHO MpoaHaNi3yBaTH 3MiHH ii Xa-
pakTepy 3 DIMOMHOIO ISl BCHOTO Jliara3oHy map
TUCK-TEMIIeparypa, 10 Pealli3yroThcsi Ha MPOMIKKY
mmbuH 1-20 kM. OOpaHi rpaHUYHI MEXI TEIUIOBUX
norokie 40-100 MBt/mM?> fgocratHi s ommcy BCix
Ha(TOTa30BUX PETiOHIB YKpaiHu.

I3 3aranpHUX MipKyBaHb BUILTUBAE, IO THCK Ta
TeMIleparypa YdHATh Pi3HOCHIPSIMOBAaHMUN BIUIMB Ha
CHCTEMY — KOHCOJIIYIOUHMi Ta A€CTPYKTUBHUMH, Bij-
MOBIJTHO. 32 YMOBH TIepEBaKaHHSI BIUIMBY TUCKY HaJl
TEMIIEPATYPOI0 BiJ0OYBAa€ThCS 3POCTAHHS MOJIBHOT
MacH NMPOAYKTiB TpaHcdopmalii i HaBmaku — HaaMi-
pHHI BIUTMB TEMIIEPAaTypy IPH3BOAUTH JO 3MEH-
IICHHS MOJIEKYJIIPHOT MacH iHJMBITyalbHUX KOM-
MOHEHTIB CUCTEMH.

3 puc. 2. BUIUIMBAE, 1110 EJIEMEHTHUN CKJIAJ] CH-
CTEMH CYTTEBO BIUIMBA€ Ha XapakTep 3aJICKHOCTI

eHTpomii BiJ mIMOWH, BOIHOYAC 115 3aJIeKHICTh 30e-
pirae MOHOTOHHICTh Ta 3arajibHy NOmiIOHICTh. Jlyst
keporeny Il Tumy, 6araroro Ha KuceHb Ta 0iHOTO
Ha BOJIEHb, CIIOCTEPIra€TbCs MaKCUMYM EHTPOITii i3
MOJAJNBIIOK 1HBEPCi€r0, a /I BUCOKMX 3HAYCHb Te-
IJIOBUX TIOTOKIB — JBOMa IHBEPCISIMH B OOpaHOMY
niamazoni mmbuH. Keporen 1 tumy daxtnyno nHe
JEMOHCTPYE 1HBEpCii, JIMIIe Ha MaJIOMy TEIJIOBOMY
MOTOII TIOMITHUM € HE3HAUHUIH MaKCHMYM.

CknaiHuil XapakTep 3aJIe)KHOCTI 3arajibHOl eH-
Tpomii cuCTeMHU BiJf MTUOWHU JEMOHCTPY€E HasBHICTD
0COOJIMBUX 30H TpaHchopmarlii a1 ruduH 6 ta 12
KM. 3pocTaHHs a0CONIOTHUX 3HAYEHb EHTPOINi CBi-
JIUUTH PO MOCTiliHE MepeBakaHHs JeCTPYKTUBHOTO
(dakTopy TemIeparypu, IO ITKOM KOPEIIOEThCS 3
VSIBIICHHSIMU TIPO TEHE3WC BHUKOIHUX BYIJICBOJIHIB
LUISIXOM TEPMOJECTPYKLii IreonoaiMepiB.

Ha puc. 3 nokazana 3miHa eneprii ['i60ca cuc-
TeMH KeporeH | Tuny / iHauBiAyaabHI KOMIIOHEHTH
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JUTS TEIUIOBUX ITOTOKIB B Mexax muoOuH 1-20 kM.
st 060X THITiB KeporeHy eHepris ['i66ca po3-
[JISHYTOI CHCTEMU Mae€ MOHOTOHHUH XapakTep 3

€KCTPEMyMOM B JTiara3oHi IMOWH 2-7 KM, SIKHH CBi-
YUTH TPO CTaOUIBHICTL BYIJIICBOJHEBUX CHCTEM Ca-
Me B 1IbOMY fiama3oni. Ha puc. 3 qis keporeny | tu-

-1800 -1600 -1400 -1200 -1000
0
AG (MOx/kr) -,
P T 30Ha cTabinbHocTi

niHis MiHiMymy eHeprii [N66ca 5

MoTik, MBT/M2
"""" 10
15
20

h, km

Puc. 3. 3mina eneprii ['i60ca cucremu xeporeH | Turmy / ra3u sk (GyHKIIisI ITHOWHU Ta TEIUIOBOTO TIOTOKY

Iy BHJIJICHa 30Ha cTallLIbHOCTI (a00 KOHCepBarlii)
CUCTEM KEPOTeH/Ta3u Ta TMO3HadeHa JIiHis MiHIMyMy
eHeprii ['i00ca, sika BiAIOBigae MakCHMaIbHO Tep-
MOJIMHAMIYHO «BHTiIHUMI» YMOBaM IepeOyBaHHs
cuctemu. [lonioHo o keporenis II Ta Il Tuny, ana-
73 auHaMiku 3MiHM eHeprii [100ca 3a muOMHOIO
JUIsl KeporeHy | THITy CBiIYMTH MPO HASBHICTH MAiJs-
HKH, sIKa BiAnoBigae nediHiii «HagTOBOro BikHaY,
MPUHHATOI B OpTaHivYHIA reoximii. AOCONIOTHI 3Ha-
4yeHHs eHepriii [i00ca cucreM 3 y4acTio keporeny [
ta Il Tumy € OGAM3BKUMU, BTIM CHCTEMH, 1110 0a3y-
10Thcsl Ha keporedi 11 Tumy y piBHOBa3i 3 razamu €
OLITBIN «BUT1THUMEIY 3 TTO3UIIIH TEPMOIUHAMIKH.
st OLiHKH cIIpsIMOBaHOCTI meperBoperb OP
PI3HOTO THITY i3 3aHYPEHHSIM MH TPOIIOHYEMO BBEC-
TH KOEQIIiEHT, SIKUH BiII3EPKAIOE PI3HOMAaHITTS

0,3 0,4 0,5 0,6 0,7 0,8

13omepHHX (opM ankaHiB. Lleit koedilieHT Ha3BaHO
«koe(ili€HT PO3TATYKEHHS», IMO3HAYEHO MAaJok0
JTEporo «r». BiH SBJs€ BiMHOMIEHHS CYyM pO3raiy-
JKEHHMX 130MEpiB aJIKaHIB JI0 HEPO3rally:KeHUX (HOp-
MaJIbHHX) Ta OOUUCITIOETHCSA 33 (HOPMYIIOHO:

5 .
r= L=2(l5 1)VL; (1)
23V
JIe V — MOJIbHA YacTKa i-r0 KOMIIOHEHTY, I KOMIIO-
HEHTOM MAa€ThCS Ha yBa3l IHIUBIAyalbHHUN alNKaH, a
i — KUTBKICTh po3raiyxeHb (y merani — 0, etan — 1,
mpornad —2 i T.4.). Hanpuknan, koedimieHT posra-
y>XeHHs TBepAoi (pa3u, sikoro € keporeH I Ta III tu-
miB, B CTaHI PIBHOBAardW i3 razamu, OOYMCIICHHH 3a

(1):

0,2 0,3 0,4 0,5 0,6

100 MBT/MZY\, . >

KeporeH Ill Tuny 375 MBT/M2 4
' 20

TUe<. 40 MBT/M2
N
Y
\
“75 MBT/M2 I
\ !
; d
1

KeporeH | Tuny \

100 mMBT1/M2 /

h, Km

Puc. 4. Koediuient posranysxeHns TBepaoi ¢asu amns keporeny I ta Il Tumis

Sk cBimuuTh aHami3 puc. 4, koediwieHT posra-
Jy>KEHHSI MOHOTOHHO 3pPOCTa€ i3 301IbIICHHSM TITHU-
OWHU, 110 BKa3y€e HA MOCTYIIOBE HAPOIILYBAaHHS Kijlb-
KOCTi allkaHiB, BIIMIHHHX BiJ] HOpManbHUX. Jluie
JUTSL JIUISHOK HaWMEHIIIOT MPOTPITOCTI B MEXax M-
OouH 12-15 KM criocTepiraeThcsi He3HAYHA 1HBEPCis B
0iK 3MeHIeHHs. 3pOCTaHHS KiJbKOCTI 130MEpHHUX
¢dopM i3 30UIBIICHHSIM THCKY Ta TeMIIEpaTypH € Bi-
JnoMuM (aKkToM 3 raiy3i HagToXimil, HAPHUKIAT B
mporieci pudopminry. Keporen I turry Bin3Ha4aeTh-

cs OUIBIIUMU AOCONFOTHUMH 3HAUEHHSMH F, IO €
HACJIiIKOM BHCOKOTO BiTHOCHOTO BMICTy BOJIHIO. Mu
BB2)KAEMO, IO 30UIBIICHHS 3HAYEHHS F JUIS 000X
TUMIB KEpOreHy CBITYMTH NMpo (ocuiizamiio mnep-
BuHHOT OP 1 miATBepIKY€ 3araaTbHOTEOPETHYHI Mip-
KyBaHHS PO CIPSIMOBAHICTh MPOLECiB TpaHchop-
Mallii KeporeHy i3 3aHYpEeHHSM, IO ONOCEPEIKOBa-
HO JIOBOAUTHCSA YHUCEJIbHUMHU IOCHIAAMHUA 3 HOro Iii-
pomizsy [2].

Bonnouac, 3MiHa r 'y ra3o-pianaHoMy ¢mroizi,
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SIKAW 3HaXOAWTHCS Y TEPMOMWHAMIUHIA PiBHOBA3I 13
KEpOT€HOM, MAalOTh 3BOPOTHHUH XapakTep — i3 3aHy-
peHHSM Koe]ilieHT po3rainy>KeHHs 3MEHIIY€EThCH,

0,05 0,1

0,15

SIK TIOKAa3aHO Ha pucC. 3.
[ToBeminka ankaHiB, sSKa LTFOCTPYETHCS KPHUBH-
MU Ha PUC. 5 CBITYUTH, BOUCBUb, TPO AaKTUBHUM

0,2 0,25 0,3

151

20" h, kKm

KeporeH | Tuny

Puc. 5. KoeinieHT posramyskeHHs razo-pinuHaoro ¢uioiny amst keporenis I ta I tumy

mpoliec JenomiMepu3altii, Sk BiOyBaeTbes 13 3a-
HYpPEHHSIM BHACIHIJIOK TepeBakaHHs (pakTopy Tem-
nepaTypu HaJl THUCKOM, SIK i€ HPUILYyCKaJIOCh BHILE.
BunATKOM € NiNSHKA HAWMEHIIOi MPOTPITOCTI ISt
keporeny III Tumy, me cmocrepiraeTbcsi He3HAYHA
1HBepCis B AUISHIN NOMIPHUX TIUOWH i3 MaKCHMY-
MOM 2 KM.

OrmiHKa 37aTHOCTI TeONoIiMepy 10 TeHEepyBaH-
HSl HU3BKOMOIIEKYIISIPHUX BYIJICBOJIHIB 0e3 3acTocy-
BaHHS BapTiCHUX JIa0OpPATOPHUX JOCIHIJKEHb BiJir-
pae BaXJIMBY pOJib NPU BU3HAYECHHI MOTEHLIMHUX
MEPCHEeKTUBHUX JISHOK MOMYKY HadTOra3oBUX
ponosuil. B it podoTi 3narHicts OP (/2) 10 rexe-
PYBAaHHS Ta3y BU3HAYAEMO Yy HM’/KI Ha CyXy Macy
KEpOTeHY, Ta 00YHCITIOEMO 32 POPMYIIOIO:

oV TR VG,
?;1'1 Ml-v(pa(). )i ’

(2)

Jie vV — MOJIbHA YacTKa KOMIIOHEHTY, M; — Monsi-
pHa Maca i-TO KOMIIOHEHTY B I/MOJb, V,— 00’eM
MOJISI PEYOBMHH y Ta30BOMY CTaHi (mpuitHsro 22.4
IM>/MOJIB), i.K. — iHJEKC, 10 BiANOBigae iHAUBiTya-
JBHOMY KOMIIOHEHTY CHUCTEMH, pad. — 1HAEKC, IO
BKa3ye Ha paguKal 3 afuTHBHOI Mozei 3a BaH Kpe-
BEJICHOM.

Pesynbrati BU3HaYEHHS ra30reHepaTuBHOI 3/1a-
THOCTi KeporeHy I ta IIl TumiB mis BCix TemIoBUX
MOTOKIB 32 (hopMyoro (2) HaBeJleHO Ha puc. 6.

3 puc. 6 BUILUIMBAE, 1110 JJIs BCIX TEIUIOBUX I10-
TOKIB 13 3arIMOJIEHHSIM CIIOCTEPIraeTbcsi HE3HAYHE,
aJie OYeBHIHE 3MEHIICHHS I'a30Te¢HEpaTHBHOI 3ar-

HocTi keporeny III Tumy. 3aramom, 1ie sBUIe BiAmO-
BiJjae ySBICHHSM TPO «3pUTICTB» KeporeHy [2], 3i
3pOCTaHHSAM $KOI BiOyBaeThcsi KapOOHi3allis, BTpa-
Ta BOIHIO Ta, BIAIOBIIHO, 3MEHIIIEHHS 31aTHOCTI 10
MPOAYKYBaHHS Ta30MOAIOHUX BYTNIeBOAHIB. s Ke-
poreHy | Tumy crHocrepiraroThCsi BiIXHJICHHS Bif
TEHJIEHLIi JO MOHOTOHHOTO 3MEHIIEHHS B MeXKax
mwbuH 10-12 KM, IO MOXE CBITYUTH TPO HAasB-
HICTh JBTEPHATUBHUX MPOIECIB, SIKi MPU3BOIATH JI0
TUMYAacOBOTO MOCUIIEHHS ra3orenepauii. [lopiBHsaH-
HSl Ta30T€HEPAaTHBHOI 34AaTHOCTI KEpOTEHIB 3acBif-
ynia, mo | TUM 37aTeH YTBOPUTH 3HAYHO Olyiblie
BymeBOAHIB, Hixk 111, mo 11isikoM 30iraeThcs 3 mipo-
JITUYHUMHA JOCITIIaMHU.

B Hammx monepenHix podorax [24] Oyno moka-
3aHO, 1110 MoJeIoBaHHs TpaHcgopmaiii OP dopma-
mizMom JlkeliHCa a€ MOMIIMBICTH JOCTOBIPHO BH-
3HAYaTH KUIBKICTh HEOPraHiYHUX KOMIIOHEHTIB, Y
TOMY YMCJII BOIH, SIKI 3HAXOIATHCSA y PIBHOBa3i i3
reononiMepoM. st 000X THUIIB KEpOT€HIB NPOBE-
JICHO aHali3 CIiBBiJHOIIEHHS MacH BOAM, IO TeHe-
PYETBCSL TiJI Yac €BOMIONii (aBTOXTOHHOI BOIH) JIO
MacH 3aJIUITKOBOTO KeporeHy (TBepmoi aszm). Lls
3aJIeKHICTh TIOKa3aHa Ha pHc 7.

Bona, KiIbKIiCTh sIKOi 00paxoBaHa 3a po3podiie-
HOI0 MOJIEJUTIO, € MPOAYKTOM JIECTPYKINI KEepOoTreHy
III Tumy, To6TO HE HaeThCs MPO «MOKpHID Hipoii3
a00 TiIpoNiTHYHE AUCHPONIOPLIOHYBaHHS 32 XeIre-
coHOM [22].

[ToniOHO 110 amOMOCHIIIKATHUX MOPiJ i3 3aHy-
pennsim OP reHepye Boxy, ajne 1ei nporec, K CBif-
YUTH pUC. 7, HE € HECKIHUEHHUM, 1 TIPH BUYCPITaHH]
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Puc. 6. 'azoreneparuBuuii motrenuian keporeny I ta Il tumy, obuncnenux 3a (2)
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Puc. 7. CniBBigHOIIEHHS Macy BOAX 10 KEPOTEHY SIK (GYHKIIisI ITMOMHU Ta TETIOBOTO TIOTOKY

pecypcy BOIHIO TeHEpYBaHHS BOIU PEUOBHHOIO Ke-
poreny Il Tumy npunuHSAETHCS 32 BiTHOMICHHSIM
Bona/keporeH ~ 0,3. Llinkom JorigHo, 1m0 TIpH OiTb-
[IOMY TETTIOBOMY TIOTOIII B IMTOPOJHUX MAaCHBaxX Bifl-
OyBaerbcst mBuama nerigparaiiss OP. [TopiBHsHO 3
acUMITOTOIO nerimparaitii keporeny III Twmy, sxa
ckinagae 0,3, y keporeHa I Tumy BoHa Jemo mepe-
pumrye 0,16. Ile € oueBMAHUM HACTIKOM MAaJoro
MOYAaTKOBOTO BMICTY KHCHIO Y CHCTEMi 3arajioMm Ta
BijloMocCTe# 3 OynoBu keporeHy | Tumy, ae 3acBigue-
HO TNiepeOyBaHHS KUCHIO BUKITFOYHO B MAJIOAKTHBHUX
€CTepHUX TpymHax. 3ayBaXUMO, IO Il pe3yabTar
OZIEP>KaHO BHUKJIFOYHO MOJENIOBaHHIM, O€3 BBEICH-
Hs1 Oy/Ib-SIKMX TPUITYIIEHb PO OyA0BY BCix (as.

JJist KiTBKICHOTO OTHCY Mpollecy TeHepyBaHHS
BOJIM JIITO0A3010 TE€ONONMIMEPiB HAMHU 3alPOIIOHOBA-
Ha KOHCTaHTa piBHOBary Jerinparanii (Kd), sky po-
3paxoBY€EMO TaK:

VH,0 " V—cH
Kd = z 3

(3)

Ven, V—on + V_coon)’

Jie v — MOJIbHA YacTKa KOMIIOHEHTY, a HasBHICTb B
1HAEKCI cuMBOITY «—» (Hampukiiag —CH;) Bkasye, 1110
L€ aJuTHBHA CKIazoBa TBepaoi ¢azu keporeny. Lls
KOHCTaHTa ONHCY€ CKJIaJHWHA XiMIYHMH mpouec, B
SKOMY TIPEKYpCOpaMHU yTBOPEHHSI BOJAHM € KHUCHEBO-
BMICHI pajuKaiau (TiIPOKCHIIbHA Ta KapOOKCHIIbHA
IpyIn), WO MpeAcTaBieHi y TBepaiid ¢asi B HanOi-
JBIIINA KUTbKOCTI. 3a3Ha4eHi KHCHEBOBMICHI TpyIH
BIJIIICIUIIOIOTLCS BiJ MaKpPOMOJICKYIH KEPOIeHy i3
3aXOIUICHHSIM J0JIaTKOBOTO BOJHIO, [HKEPEIIOM SIKOTO
€ MeTaH. BrpaTta BoAHIO PU3BOAUTH A0 MOSBU APY-
TOT0 MPOAYKTY — METWJIBHOTO PaJHKaNy, OTKE MU
MPUIYCKaEMO METHIIIOBAHHA JIITOOA3H KEPOTEHY B

Mpolieci Aeriaparartii.

I'padivuHo 3aJI€KHICTD TECATKOBOTO JIOTapUPMy
KOHCTaHTH peakIlii xerimparariii Big TIHOWHU IS
PO3MISIHYTHX TETJIOBHX IMOTOKIB HaBeeHa Ha puc. 8.

Ha BigmiHy BiJ mpocTOl OI[IHKK KIJIBKOCTI 3re-
HepoBaHOi BoAM (puC. 7) KOHCTAHTA peakxifii Jeris-
pararii JeMOHCTPY€E CKIIQHY 3alieKHICTh BiJ| TIH-
OWHU Ta TEMJIOBOTO MOTOKY. 3arajoM HasBHA TEHJe-
HIlisA 10 3pOCTaHHs 3HaueHHs Kd B miamazoni 6-10
KM JUIS BCiX TEIUIOBHX TOTOKIB 1 THIIIB KEpOTEHIB,
10 03HAYA€ NePEBAKAHHS MTPOLIECY BUJILJICHHS BOIM
Haj i XiMiuHUM 3B’si3yBaHHsAM. [licis nocsrHeHHs
MaKCUMYyMYy JeTifparaimii mpu JOCTaTHbOMY TEIUIO-
BOMY TIOTOIIi BiJIOYBA€THCS 3BOPOTHIHN IMpOIIEC, SKHii
MOSICHIOETHCSI 3HAYHUM 3POCTaHHSM XIMIYHOI aKTH-
BHOCTI BOJIM Ha BEJIMKHUX IMOMHAX [8] Ta mojsirae y
MepPepOo3NOALTI BOJHIO Ta KUCHIO MK IHIIMMH KOM-
MMOHEHTAMHU CUCTEMH, K (IIOITHUM TaK 1 TBEPIOIO
¢azoro. BuHATKOM € cabKonporpiTi 30HH, IS SIKUX
noxiOHa iHBepcis He crocrepiranack. Ha puc. 8 Ta-
KOXX HaBeJleHa IITPUXOBa JIiHis iHBepcii, sika oOme-
JKEHa acCUMITOTOI0 13 3HaueHHsM Kd =~ 2500 (Log
Kd = 2,4). Jlinis iHBepcii Ta acMMITOTa JUIS BCIiX
THUIIIB KEPOTEHIB 30iraeThes, M0 HO3HAYAE HE3aJIEK-
HICTh I[LOTO MPOILECY BiJl OYATKOBOI'O CKJIAIy I'eO-
oJIiMepy.

JL1st OIiHKK TIPOTMOPIIIITHOTO CKIIay BYTJIEBOMI-
HEBUX ra3iB y piBHOBa3i 3 KEpPOr€HOM OOYHCIICHO
KOE(QIIIEHT )KUPHOCTI Ta30B01 (a3u, AUl SABJISE Bi-
JTHOIIIEHHS CyMH BYTJIEBOJHIB BiJ] €TaHy JI0 IICHTaHY,
BKIIIOYHO i3 i3omepamu 10 MeraHy. KoedimieHTH
JKUPHOCTI Ta3iB, IO TeHEPYIOThCS KeporeHoM | Tu-
ny, K (QyHKUis MUOMHMU Ta TEIJIOBOTO MOTOKY Ha-
BEJICHO Ha pHC. 9; Taka cama 3aJeXHICTh IS Kepo-
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Puc. 8. Koncranra peakiiii nerigparaiiii keporeHy, oouucieHa 3a (3)
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Puc. 9. KoedimieHT XMpHOCTI Ta3iB, M0 TEHEPYIOTHCS KeporeHoM | Tury,
K (YHKIIIS TTHOWHY Ta TETIOBOTO IMTOTOKY

reny Il Tumy Mae imeHTHYHY CHOpPSMOBAaHICTH Ta
OnM3bKi a0COMIOTHI 3HAUYEHHSL.

Sk cBimuuTh puc. 9, i3 3aHypeHHAM KOe(ilieHT
KHUPHOCTI CIIOYaTKy CTPIMKO 3pOCTa€, MO CBIAYUTH
npo 30UTbIICHHS] MPOMOPIIHHOTO BMICTY ajKaHiB,
Ba)XYMX 3a MeTaH. Lle 3pocTaHHs cArae MakCuMyMy
B MeXax 2-3 KM JJIs BCIX PO3IISHYTHX TEIUIOBUX
MOTOKIB, MIC/S YOr0 TaK CaMO CTPIMKO KOe(illieHT
XKHUPHOCTI 3MeHIIyeThcs. sl MEHIIMX 3HAa4YeHb Te-
IUIOBUX TIOTOKIB I 3aKOHOMIPHICTh BHpa)keHa
OUTBII OYEBHHO, TPOTE BOHA CIPABIKYETHCS Y
BCbOMY niana3oHi. OUueBUIHUM € BiJIOBITHICTh Ma-
KCUMyMy KoedilieHTa KUPHOCTI «HA()TOBOMY BiK-
Hy» Ta IHIIMM MapamMeTpaM CHUCTEMH KepOTeH/Ta3H,
IO PO3MISTHYTO BUIIIE.

Cepen peaxuiii, 10 NPU3BOAATH A0 3POCTAHHS
MOJIEKYJIsIpHOi Macu TBeproi (azu, HaMH PO3IVISIHY-
Tuii cuHte3 3a KonbOe-1lImitrom. CyTh peaxiiii mo-
JsiTa€e y 3BOPOTHOMY npHueaHaHHi monekyan CO2 1o
apOMaTUYHOTO KapOOHY i3 YTBOPEHHSIM KapOOKCH-
npHOT Tpymu [25]. JIns omucy peakmii KombOe-
[IMmiTTa A7s1 KEPOreHiB HAaMU OOYHCIIEHA KOHCTaHTa
piBHOBaru Kk 3a hopmyioro 4:

V_ vV
Kk = COOH VAr (4)

’
Vco, " Var-H

JIe V — MOJIbHa YacTKa KOMIIOHEHTY, a 1HJEeKCH BiJ-
noBigarTe: —COOH — kapOOKCWIIBHA TpyIa Kepo-
TeHy, Ar — ByDJiellb B apOMaTUYHOMY KiJIbIli, CIIONY-
YCHMI 3 PaJIiKajoM, BIIMIHHUM BijJ BOIHIO, ajie HE
TpeTuHHUHN, Ar—H — ByTJIEIh B apOMaTHIHOMY KijTh-

), e s Kx

40 _______

i crionydeHuit 3 BonneMm, CO, — BUIbHUIN ByTJIEKHUC-
i ra3 (auB. Taou. 1).

3a pe3ynbTaraMyd OOYHMCIIEHb MMOOYTOBaHO Tpa-
¢iku 3anexxHocTi Kk BiJl IMUOWHHU Ta TETJIOBOTO I0-
TOKY, IpUKJIaJ sikoro juist keporeny III tuny nogaso
Ha puc. 10.

3 puc. 10 BUIUIMBAE, 10 B MEXKaX IIHMOUH 710 5
KM JIJISl CUCTEMH KEpOTeH / ra3 XapaKkTepHOIO € pea-
KIIisl iekapOoKcuItizamii 13 yTBOPEHHSM BYTIIEKHACIIO-
ro rasy. I3 3pocTaHHsIM ITMOMHM BIUIMB THCKY CTa€
BaroMiIluM, TEMITM JeKapOOKCHIII3allil CIOBIIbHIO-
I0ThCS, a JUTsl AUTSTHOK HAaWMEHIo1 POTPIiTOCTI CIIo-
CTepiraerbcs 3BOPOTHHUH Iponec. Maji 3HaueHHsS
KOoHCTaHTU Kk CBijuaTh Mpo HE3HAYHWI BHECOK pe-
akuii Konpoe-1lImiTra y HapollyBaHHS MOJIEKYIISp-
HOI MacH OpraHi4Hol pedoBuHU keporeny Il Tumy B
MOCT-CeJUMEHTaLiIHHIX TpoLecax.

BucHoBkun. MeToau TepMOIUHAMIYHOTO MOJIC-
JIIOBaHHS, 3acHoBaHI Ha Qopmainizmi [keitHca, na-
I0Th MOXJIMBICTh KiJIbKICHO BU3HAYaTH KOMIOHEHTH
CKJIaJHUX CHCTEM THITy TBepJa pedOBHUHA/(IOIN
JUTSL BUTIQJIKIB, KOJIM TBEPJIOI0 PEYOBHUHOIO € KEPOTCH
IIT a6o I Tumis, a GpmoigoM — cyMill ByIJIEeBOAHEBUX
Ta HEOPTaHIYHUX CIIONYK, SIKI 3HAXOMSATHCS B PiJIKO-
My, ra3onoJiOHOMYy Ta HAaJKPUTUYHOMY CTaHi, 3a-
JISKHO BiJl TEpMOOApUUHHX YMOB, SIKUMH KEpye
MOMHA 3aJIATaHHS.

Haii0inbin npoayKTHBHMM 3a Tra30reHEepaTHB-
HUM TIOTEHLaJIOM, PO3PAaxOBaHUM TEepPMOAMHAMIY-
HUMH MeToAaMH, € keporeH | tumy, HaliMenme — 11
TUIY, IO MiITBEPIKYEThCS EKCIEPUMEHTAIbHUMHU
JIAHUMH, a 3aIPOIIOHOBaHI KOS(ILIEHTH PO3raayKe-
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Puc. 10. KoncranTa piBHOBaru peakiii Koms6e-1MiTTa sk GyHKIIsS ruOuHY 11 keporeny 11 tumy

HocTi anst TBepnoi (keporenu I ta 11l Tumis) Ta razo-
(roinHOT a3u MATBEPIKYIOTH PE3yIbTaTH eKCIle-
PUMEHTIB 3 OIIIHKHM CIPSIMOBAHOCTI IPOIECIB TpaH-
chopmaliii keporeHy i3 3aHypEeHHSIM OPraHOBMIILY-
FOUHX TIOPiJ.

AHami3 3MiH 3aragpHOi EHTpOIii CHUCTeMH 3
[JTMOMHOI0 3aCBIMYMB, 110 KOHCOJITYFOUUH BILIUB
THUCKY € BaroMuM (hakTopom, IO BIUTMBAE Ha CKIIaJ
TeOXiMiYHOI CHCTEMH, IO BKIIIOYA€ KEPOTEH, y Jia-

(opMyBaHHS ByTJIEBOAHEBOTO (IIIOTNY.
Bceranopnennii CKkIagHUN XapakTep piBHOBArd
MDXK KOHCTUTYIIHHOIO BOJOI0 Ta KEPOTCHOM, 3aJIeK-
HO BiJI TEMJIOBOTO MOTOKY Ta rubOuHu. s ananizy
i€l piBHOBarud 3ampoTOHOBaHA MPOCTa KOHCTaHTA
piBHOBaru Jerigparaiii, sika y3arajibHIOE IEPETBO-
PEHHSI BOIU B MaTpHKci keporeHiB. OdunciieHa KoH-
cranTta piBHoBaru peakuii Konpbe-llImiTTa mokasa-
Ja, 10 HE3aJIeKHO Bif TEIUIOBOTO MOTOKY, i3 3pOcC-

ma3oni mmbuH 6-13 KM, B TOM caMMi Yac i3 moja-
JBIIUM 3aHYPEHHSIM TIEPEeBaXKae JeCTPYyKTUBHHUM
(hakTop Temmeparypu. 3a HTPOITIE€I0 BCTAHOBICHO,
110 JTiara30H MUOWH Bix 6 70 15 KM 3 MaKCHMyMOM
7,5 KM MOXKHa BBa)KaTH HaMOUIBII NMPUIATHUM IS

TaHHSIM DIMOMHU TeMIH JieKapOoKcuIiizamii kepore-
HY 3MEHIIYIOTHCS BHACHIJOK 3CYBY PiBHOBAaru BIIiBO,
a caMm BHECOK IIi€l peakiii y mepeTBOpeHHs Kepore-
HYy € HE3HAYHUM, 3 ONJIANY Ha il HOPSAIOK.
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MODELING THE TRANSFORMATION OF I AND 111 TYPES KEROGEN
BY THE METHOD OF ENTROPY MAXIMIZATION

Purpose, methods and research methodology. The aim of the work is to calculate and compare the
trends of transformation of organic matter of I-A and III-A type kerogen, which is in contact with organic
and inorganic gases in the process of immersion of organ-containing rocks. The calculations were performed
for I and III type kerogen and a mixture of organic and inorganic gases within depths of 1-20 km and heat
flows from 40 to 100 mW / m2.

Results, scientific novelty and practical significance of research. A comparison and analysis of
changes in the total entropy of the system was performed for I and III type kerogen, which showed the com-
plex nature of the total entropy functional dependence on depth. It was revealed that the entropy has two re-
versible sections, the maxima of which are at a depth of 6 and 12 km.

The analysis of changes in the Gibbs energy during the immersion of the geochemical system unambig-
uously indicates the presence of a stability zone for the hydrocarbon component. The maximum of this zone
corresponds to the minimum value of the Gibbs energy, depends on the kerogen type and heat flow, is in the
range of 4-7 km and indicates the area of stability, or "oil window".

The complex nature of the balance between constitutional water and kerogen, depending on the heat
flow and depth, has been established. To analyze this equilibrium, a simple dehydration equilibrium constant
(Kd) was proposed, which generalizes the transformations of water in the kerogen matrix. Thermodynamic
methods were used to calculate and compare the gas-generating capacity of I and III type kerogen for all heat
flows, which showed that I type kerogen is the most productive with gas-generating potential, and III type is
the least productive.

To estimate the proportional composition of hydrocarbon gases in equilibrium with kerogen, the fat con-
tent coefficient of the gas generated by I and III type kerogen was calculated. It is shown that with immer-
sion, the fat content coefficient first increases rapidly, which indicates an increase in the proportional content
of alkanes heavier than methane. This growth reaches a maximum within 2-3 km for all considered heat
flows, after which the fat content coefficient decreases.

The equilibrium constant of the Kolbe-Schmitt reaction is calculated, which showed that regardless of
the heat flow, the rate of kerosene decarboxylation decreases with increasing depth due to the shift of equilib-
rium to the left, and the contribution of this reaction to kerogen conversion is insignificant.

Keywords: organic matter, I and III type kerogen, equilibrium thermodynamics, Jane’s formalism, gas-
generating potential, oil and gas potential, Ukraine oil and gas regions.
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DISTRIBUTION PECULIARITIES OF BASIC ORE COMPONENTS IN GOSHGARCHAY
PORPHYROUS COPPER DEPOSIT (LESSER CAUCASUS, AZERBAIJAN)

Mamoit Iopazim o2nu Mancypos. OCOBIHBOCTI PO30OAIIY I'OJIOBHHX PY/ITHUX KOMIIOHEHTIB KOIIIKA-
PYAHCKOTO MITHO-IIOP@IPOBOI'O POJOBHIIA (MAJTHH KABKA3, ASEPBAHJIKAH). Y cmammi suguanucs ocobnu-
80cmi po3Nooiny 20106HUX PYOHUX Komnouenmis. [lpu npoeedenni pobomu no GUSHAYEHHIO XIMIUHUX eleMeHMi8, aHANIMUu4Hi Oami
00pobneni Memooamu mMamemamuyHoi cmamucmuxy. 3a eudipxoio enemenmia Oyau obUUCTeHi KOpenayiiHa Mampuys, Gaxmophi
HABAHMAJICEHHS, GNIACHI 3HAYeHH: | 6acu ¢hakmopie. Bcmanoeneno, wo 3nauenns pakmopa @1 kopenorwms 3 KilbKIiCHO XAAbKONi-
pumy, 6opuimy i nipumy, wo oae niocmasy nog'szamu eeoximiuny acoyiayito Cu (Mo, Pb, Sb) ¢ natibinbw panHboro Xanvkonipum-
60pHIM-Nipumosor Minepanizayicio nopgiposo2o emany opmysants pyOoHOCHOI cmpykmypu. 3nHavenus gpakmopa D2, wjo 6iono-
sioaroms acoyiayii Mo (Cu, Pb, Co), cmamucmuuno noe's3ani 3 ympumanHam XaibKonipumy i Monib0eHimy, wo ymeoprioms 0CHO-
BHULl MIHEPANbHULL NAPA2EHE3UC MiOb-MORID0eH-Nophip08oeo 3pyoeHinHA. 3a pe3yrvmamamu QaKmopHo2o aHaizy 0aHUx c8epoio-
BUH BUABNIEHI 2e0XIMIYHI acoyiayii, o 003601A10Mb TOKANIZYEAMU 0OnACMI PO3GUMKY MiHepanizayii pisHux cmaoiti opmysanus
nop@ipogo-enimepmanvuoi cucmemu. s 3'9Cy8anHa NOGHOI CIMAMUCMUYHOL XAPAKMEPUCTIUKY 2e0XIMii PYOHUX KOMNOHEHMI8 podo-
suwa 6y0ysanu moykosi diacpamu 3anexCHocmi. 3 aHanizie diazpam MouKo80i 3A1eHCHOCI MidC emicmamu PyOHUX eleMeHmie Mo-
JHCHA NPULIMU 00 BUCHOBKY, WO NepesadcHa OiIbUICb GUEYEHUX XIMIUHUX eleMeHMI8 No8'a3aHa NOSUMUBHUM KOPeNAYIUHUL 36'33-
KoM. Busieneno, wo xopenayis misxc enemenmamu MiOHo-nop@ipo6o2o 3pyOeHinHs XapaKmepu3yemvcs WupoKum Olana3oHom eneme-
umuux oomiuox. Croou exoosamo sk xanvkoginoni (4s, Sb, Cu, Bi, Cd, Ga, In, Ge, Au, Ag, Te), max i cioepogpinwni (Co, Ni, Mo, Fe,
Cr) enemenmu. Hasedeni 0ani 003601510mb 2080pumu npo PisHi yMoeu miepayii ma KoHyeHmpayii Moniooeny i Mioi @ 20106HUX pY-
00YMBOPIOIYUX NPOYECAX.

Knwwuoei cnoea: Kowrxapuail, miono-nopgipoge 3pyoeHinHs, CmMpyKmypHO-MOPp@ON02iuHi ocodnugocmi, MiHepanvbHull cKiao,
2eoxXiMiuHi 0coOIUB0CMI, PYOHI KOMNOHEHMU, YAKMOPHUL AHAI3, TNOYKOBA 3AIeHCHICMb, KOPETAYIUHULL 38'A30K.

Mamoit Hopazum o2nvr Mancypos. OCOBEHHOCTH PACIHIIPEJAEJIEHUA ITIABHBIX PY/[HbIX KOMIIOHEHTOB
KOIIIKAPYAHCKOI'O ME/THO-IIOP@HPOBOIO MECTOPOKIEHHA (MAJIBIH KABKA3, A3EPEAH/I/KAH). B cmamve
UBYYANUCH OCODEHHOCU pacnpeoeneHus 2NAsHbIX PYOHbIX KOMHOHenmos. [Ipu nposedenuu pabomel no onpeoeneHuro Xumuieckux
2NeMEHmMOs, aHalumuyecKue OanHvle 0opabomanvl Memooamu mamemamuyeckol cmamucmuku. Ilo evlb60poke s1emenmos Oviau
BbIYUCTEHbL KOPDETAYUOHHAS MAMPUya, QakmopHule HAzpy3Ku, cOOCMeeHHble 3HAUeHUs. U 8eca PaKmopos. YcmaHoenieHo, Ymo 31a-
yenus axmopa D1 Koppenupyiom ¢ KOIUHeCmeoM XaNbKOnUupuma, OOpHUMA u nupuma, 4mo 0aem OCHOBAHUE CBA3AMb 2e0XUMUYe-
ckyro accoyuayuro Cu (Mo, Pb, Sb) ¢ naubonee panneil XanbKonupum-60pHUmM-nupumosou Munepaiuzayuell nopupoeozo smana
gopmuposanus pyoonocroii cmpykmypul. 3navenus gakmopa D2, omseuarowue accoyuayuu Mo (Cu, Pb, Co), cmamucmuuecku
CBA3AHBL C COOEPIUCAHUEM XATbKONUPUMA U MOIUOOeHUmMa, o0pa3yrouux OCHOBHOU MUHEPATbHbIN NaApdzeHe3uc mMedb-MoauboeH-
nopguposozo opyoenenus. Ilo pezynemamam GaxmoprHozo ananu3a OGHHbIX CKEAICUH BbIAGIEHbL 2e0XUMUYECKUE acCoyuayull, nos-
sonAIOWUE TOKATU08AMb 0ONACMU PA3SUIMUSL MUHEPATUSAYUU PASTULHBIX CIAOUL] (POPMUPOBAHUA NOPPUPOBO-INUMEPMATLHOU CU-
cmembl. [{ia BbIACHEHUS NOAHOU CIMAMUCMUYECKOU XAPAKMEPUCIIUKY 2eOXUMUU DYOHBIX KOMNOHEHMO8 MeCMOPOHCOEHUs CIMPOUNU
moueynvle Ouazpammul 3asucumocmu. M3 ananzos ouazpammol MoveuHol 3a8UCUMOCTU MENCOY COOEPHCAHUAMU PYOHBIX DNeMEH-
MO8 MOJMCHO NPUTIMU K 6b1600Y, MO NOOAsIAIouee DONLUUHCIBO U3YHEHHBIX XUMUYECKUX NeMEHMO8 CEA3AHO NONONCUMENbHOL
KOppenAyuoHHblll C643v10. Bviasneno, umo koppensiyus medxicoy snemenmami MeOHo-nophupoeo2o opyoeHeHus Xapakmepuzyemcs
WUpOKUM OuanazoHom snemenmuuix npumeceti. Crooa 6xoosam xkax xanvkoguavhsie (4s, Sb, Cu, Bi, Cd, Ga, In, Ge, Au, Ag, Te), max
u cudepogpunvrvie (Co, Ni, Mo, Fe, Cr) anemenmot. [Ipugedennvle Oanuble NO360AAIOM 2080PUNDb O PAZTUYHBIX YCIOBUAX MUSDAYUU U
KOHYEeHmMpayuy Moaub0era u meou 8 2asHbiX pyoooopasyiouux npoyeccax.

Knrouesvie cnosa: Kowrxapuaii, meono-nopuposoe opyoenenue, cmpyKmypHo-mopgonocuveckue ocob6eHHoCmu, MuHepaib-
HBIUL COCMAs, 2eoxumuieckue 0Cob6eHHOCH, PYOHble KOMNOHEHMbL, QaKMOPHbILL AHAU3, MOYEUHAS 3A8UCUMOCTIb, KOPPENAYUOHHAS
C6A30b.

Scientific novelty and practical importance.
To solve the problem, the author studied behavior of
chemical elements in ore-bearing rocks and mineral
associations, building a series of dependency dot
plots, showing dependency relationships between
the elements. As one can see from the analysis, the
scatter plots of dependence repeat in pairs
symmetrically about the diagonal. In order to study
the characteristics of the indicator elements, the
author clarified relationships between them and
statistically analyzed geochemical properties of the
field. The obtained geochemical information on the
main ore components in porphyry copper ores and

ore-hosting rocks can be used in the improved
technological scheme for ore processing. The
scheme is aimed at a complete complex extraction
of the main and accompanying elements, copper and
molybdenum, other valuable components of the
studied deposits.

Introduction. Porphyry copper deposits are
among the main sources of Cu, Mo, Au, Ag, Sn with
accompanying Re, W, In, Pt, Pd, and Se. They ac-
count for 50 to 60% of world copper production and
more than 95% of world Mo production. Numerous
studies of porphyry copper deposits are aimed pri-
marily at identifying the features of their formation
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in different geodynamic settings, creating descrip-
tive and genetic models as the basis for effective
forecasting, prospecting and assessment of territo-
ries with economically important mineral deposits
[1-8].

The problem of forecasting, studying and eval-
uating copper-molybdenum-porphyry deposits in the
volcanogenic belts of the Azerbaijani part of the
Lesser Caucasus is one of the most urgent. It is ex-
tremely important for solving the issue of expanding
the mineral resource base not only of copper and
molybdenum, but also gold and silver, platinum
group eclements, poly-metals, rare and rare- earth
elements. In the Lesser Caucasus, copper deposits
and ore occurrences are widespread in all metallo-
genic zones. They belong to three genetic types of
industrial importance: copper-porphyry, copper-
pyrite, and copper-polymetallic. All of them are as-
sociated with volcano-intrusive and plutonic com-
plexes of the Lesser Caucasus [2]. Porphyry copper
mineralization associated with plutonic granitoid
massifs of the Murovdag ore region is the most
promising. There are also several deposits and ore
occurrences of copper-porphyry type, in which cop-
per ores can be classified as large deposits. The
Goshgarchay deposit is the most well- studied and
explored, and this makes it a very promising one.
Thus, using the example of this deposit, we consider
the distribution features of the main ore components
of this ore region.

Analysis of previous studies. Large sizes and
large reserves, as well as the possibility of using ra-
tional methods of metal extraction predetermined an
increased interest in porphyry copper deposits,
which are currently the main raw material base for
Cu, Mo. Deposits often contain a number of associ-
ated components in industrial quantities among
which Au, Ag, Bi, Te, Re and Se play a leading role.
Their accounting significantly increases the total
value of ores [2, 4-8]. They are accompanied by
numerous polymetallic, gold-silver, pyrite satellite
deposits and placers. The study of porphyry copper
mineralization of the Murovdag ore region began
during the period of intensive exploration of
porphyry deposits in the Lesser Caucasus [1, 2, 23].
Endogenous deposits of the Lesser Caucasus are
represented by a wide range of genetic and forma-
tional types. At present, there is sufficiently substan-
tiated opinion that these deposits form a complex
polygenic group with pronounced features of poly-
cyclic development, a variety of tectonic conditions
and forms of magmatism manifestations. [2, 4, 5, 7].

A significant amount of the research as well as
their wide geography is devoted to the problems of
endogenous ore deposits of the Murovdag ore re-
gion. Deposits of different age and different for-
mations of various ores are concentrated there.

The features of these deposits are highlighted in
monographic summaries, numerous publications [1-
3, 12,13, 23], such as monographs by Baba-zade and
others [1], Baba-zade and others [2]. They include
articles on geology, mineralogy, geochemistry, for-
mation parameters, isotopic studies of objects of the
Goshgarchay ore field [3, 12, 13]. In the work on
the Porphyry Copper Formation of Azerbaijan, V.G.
Ramazanov touched upon a number of geological
and geochemical features of the Goshgarchay
porphyry copper deposit, its connection with mag-
matism and other issues. Later, we conducted re-
search in this area and published a number of arti-
cles in various journals [2, 12, 13, 15]. At the same
time, studies devoted to the compilation of geologi-
cal-genetic models of porphyry copper and
polymetallic deposits were incomplete. This is ex-
plained by their rather large diversity, the idea of
their formational affiliation, connection with mag-
matism and peculiarities of ore components and im-
purity elements distribution [2, 4, 10]. The results,
presented in the works, indicate the exceptional rel-
evance of this issue. When processing the materials,
the author used both classical literature [1, 2, 9, 11,
23] and modern publications [3,12,13,15, 19]. The
distribution features of the main ore components in
the host rocks and ores of the Goshgarchay deposit
have not been sufficiently studied in these works.

The value of porphyry copper deposits primari-
ly lies in the fact that they have been discovered in
geologically well-studied areas. The ores, with a
relatively low content of the main (Cu, Mo) and as-
sociated components (Au, Ag, Bi, Re, Se, Te), in
them, are characterized by more areal distribution
and significant reserves. These features of porphyry
copper deposits make them potentially promising.
Therefore, a comprehensive geological study of
them, including the distribution features of the main
ore components of the Goshgarchay deposit, is very
relevant. Our goal here was to study these distribu-
tion features of ore-generating components by
means of mathematical - statistical calculation of
analytical data. The obtained e results can form the
basis for geochemical criteria for direct prospecting
and forecasting of hidden porphyry copper ores.

Subject and object of the research. The sub-
ject of this research is the study of distribution regu-
larities of ore and nonmetallic components in ores;
the object is geochemical features of trace elements
distribution and behavior of chemical elements of
ores during the Goshgarchay deposit formation.

Features of the geological structure of the
field. Features of the geological structure of the
Goshgarchay porphyry copper deposit are detailed
in previously published works [1-3, 9]. The
Murovdag ore region, which includes the Goshgar-
chay deposit, being an integral part of the Lok-
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Karabakh island arc [9] (Fig. 1), occupies the NW
uplifted part of the Murovdag anticlinorium of
asymmetric structure, composed of rocks of the
Lower Bayossky volcanogenic strata in the core and
the Upper Bathyesian Basalite and -ryolite sequen-
tially differentiated formation on the wings [10].
The intrusive components of the ore region are the
Goshgarchay complex of granitoid intrusions Gosh-
gardag, Ojagdag, Baladzha Goshgardag) and their
dike formations, which break through a powerful
complex of effusive-pyroclastic formations, exerting
a contact effect on them. Geological and petrologi-
cal features of intrusive complexes with porphyry
copper mineralization belong to the Late Jurassic-
Early Cretaceous gabbro-diorite-granodiorite for-
mation [9, 11].

In the ore region, porphyry copper mineraliza-
tion encompasses the Goshgarchay, Goshgardag,
Kyzylarkhach, Kechaldag, Erik-Manuks and other

deposits and ore occurrences, where it is in close
spatial and genetic connection with the Murovdag
granitoid massifs [2, 10]. According to their geolog-
ical position and spatial distribution, the intrusive
formations of the Murovdag group are divided into
the Goshgardag and Kyzylarkhach groups [11].

Intrusive formations are represented mainly by
quartz diorite, gabbro-diorite and slightly diorite,
gabbro, banatite. When approaching the endocon-
tact, the rocks acquire a more basic character. Gab-
bronorites are medium-grained almost black rocks,
consisting of plagioclase, pyroxenes, small amounts
of biotite, hornblende, olivine, as well as secondary
and accessory minerals. Quartz diorites are fine-
medium-grained, full-crystalline rocks, represented
mainly by plagioclases, hornblende, biotite, quartz,
sometimes with an admixture of pyroxene, potassi-
um feldspar, and albite [2, 11].
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Fig. 1. Tectonic map of the Arabian-Eurasian collision zones. The location of the Goshgarchay deposit is
shown by a circle. (Sosson et al., 2010). Abbreviations: GC-Greater Caucasus; LC-Lesser Caucasus;
AT-Achara-Trialeti; R-Rioni; Dz-Jirula; K-Kura; MB - Mus Basin; EP - Eastern Pontids; KM - Kirsehir
massif; EAF - Eastern Anatolian Fault; NAF - North Anatolian Fault; IAES-Izmir-Ankara-Erzincan seam;
MM- Menderes Massif

The spatial distribution of porphyry copper
mineralization is controlled by faults of various di-
rections, which determine the block structure of the
ore region [3]. Many of them are accompanied by
hydrothermal alteration of rocks: silicification, se-

ricitization, chloritization, and epidotization. Hydro-
thermal-metasomatic alterations are also developed
along the contacts of intrusive rocks, selvages, dikes
and veins. The original rocks transformed into meta-
somatites are both intrusive and host volcanic for-
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mations [13, 14]. Metasomatites and host igneous
rocks of the studied deposits have similar distribu-
tion parameters, which may indicate that similar ig-
neous rocks have become a substrate for metasoma-
tism [15].

Structural and morphological features and
mineral composition of the deposit. The deposit is
dominated by vein-disseminated stockwork ores.
The vein type of mineralization is of subordinate
importance and is confined to zones of crushing and
zones of hydrothermal alteration among diabase
porphyrites. The named type of mineralization is
represented by quartz and carbonate veins and veins
impregnated with pyrite, chalcopyrite and molybde-
nite [1,2].

The stockwork body, occupying the central part
of the Goshgarchay deposit, is confined to the apical
and peripheral parts of the intrusion of the same
name, more precisely, to its endo- and exo-contact
strip and in the sub-latitudinal direction occupies an
area of about 0.8 km?2.

Copper content of 0.4% and 10 ore pillars were
identified within the stockwork on the surface. In-
terpretation of the analysis results of core materials
allows us to consider these enriched areas as merg-
ing at depth into a single ore body, forming a stock-
work with a complex morphology. The surface of
the stockwork body is especially complex. In the
stockwork, cracks of the northwestern (280-3200),
submeridional (345-100) and sublatitudinal direc-
tions are developed, filled with no ore and quartz-
sulfide matter [2, 12]. The veins, represented by
quartz-carbonate fillers, have sub-latitudinal spread.
They are confined to crushing zones with a thick-
ness of 30-60 m among diabase porphyrites.

The main useful component is copper. Its con-
tent within the stockwork body is unstable and fluc-
tuates in a wide range - from 0.2 to 2.5%, averaging
0.41%. Molybdenum and precious metals should be
noted among a number of ore minerals that signifi-
cantly affect the importance of the deposit. In some
intervals, the average gold grade is 2.0 g/t and more.
Along with gold, an increased silver content has al-
so been established, its value reaching 30-45 g/t,
which can positively affect the overall value of the
deposit.

We can say that based on the structural and
morphological features, mineralization of the Gosh-
garchay deposit is a stockwork-vein disseminated
type, in which dissemination prevails over veinlets
and veins.

In deposits, mineral composition of ores is not
very diverse and is characterized mainly by the
small size of ore minerals, their close intergrowths.
As a result of the study of polished sections in ores,
the author identified the following ore minerals: py-
rite, chalcopyrite, sphalerite, arsenopyrite, melni-

kovite - pyrite, marcasite-pyrite, marcasite, fahlore,
cobalt-pyrite, enargite, galena, cobaltin, molybde-
nite, bismuthin, boronite ilmenite, hematite, chrome
spinelite, chalcocite, covellite, malachite, azurite,
limonite, etc. Of these, the main ore minerals of the
deposit are chalcopyrite, bornite, pyrite, molybde-
nite, tenantite, chalcosine, enargite, native copper,
gold and rutile. Vein minerals are represented by
quartz, calcite, epidote, kaolinite, sericite, chlorite,
biotite, muscovite, etc. [2, 3].

The purpose and objectives of the research.
The aim of the research is to study the distribution
features of the main ore components in the Gosh-
garchay porphyry copper deposit. To achieve the set
goal of the study, the author considered statistical
distribution of chemical elements content in ores
and host rocks as well as the possibility of using
them as geochemical indicators for the detection of
hidden ore bodies.

Materials and research methods. The basis
for the factual material was a collection of samples
(about 150 pieces) taken inside and around the
stockwork with vein-disseminated mineralization
and on its flank to a depth of more than 500 m from
the surface. Data from geochemical sampling of ore-
hosting rocks and ores in mine workings and core
samples from boreholes were used for this along
sections directed perpendicular to the strike of ore-
concentrating structures. The collection includes
samples taken from gabbroids, quartz diorites,
quartz veins with galena-sphalerite-chalcopyrite
mineralization. Atomic absorption analysis on a
Perkin Elmer device allowed to quantitatively de-
termine such elements as Cu, Mo, Au, Ag, Se, Te,
Cr, Ni, Co, Pb, Zn, Sr, Cd, As, Bi. The geochemical
data for the wells were processed in the STATISTI-
KA program, using the factor analysis of the main
components. Methods of semi-quantitative spectral
analysis were applied to study the contents of chem-
ical elements in the host rocks and porphyry copper
ores. The main ore samples were taken from the
vein-disseminated stockwork type ores. The rock
samples were examined by inductively coupled
plasma mass spectroscopy (ISP-MS). Silicate chem-
ical analysis was carried out in the laboratory of Iz-
mir University, Turkey. The rock samples were ex-
amined by inductively coupled plasma mass spec-
troscopy (ISP-MS). Analytical studies were per-
formed at the USGS Analytical Laboratory of the
United States Geological Survey (Denver).

Results of the research. Geochemical features
of ore-forming systems. The study of geochemical
features of the porphyry copper systems in the
Murovdag ore region was based on the results of the
chemical analysis of core samples from wells at a
depth of up to 280 m on average. The geochemical
data for the wells were processed in the STATICTI-

-99 -



Cepis «[eonozisi. [eozpapis. Exkonoziga», sunyck 54, 2021 p., ISSN 2410-7360

KA program by the method of factor analysis of the
main components [16,17]. Chemical elements in the
ores of the Goshgarchay deposit were studied, using
different analytical methods. Semi-quantitative
analysis studied the content of 14 chemical ele-
ments, focusing on the geochemistry of the deposit
ores itself. To study peculiarities of the main ore
components distribution, the author used the meth-
ods of factor analysis and the matrix of graphs, re-
flecting the correlations between the ore elements.
As a result of the processing, we obtained three fac-
tors, reflecting the correlations between the fourteen
ore elements.

According to the weights, the elements are
grouped into factors or geochemical associations
that can be compared with the mineral parageneses
of the main stages of ore deposition [8,16]. The cor-

relation of geochemical and mineral associations is
confirmed by the correlation coefficients between
the factor analysis of elements and the sulfide con-
tent according to the data from well core sampling.

The F1 values correlate with the amount of
chalcopyrite, bornite, and pyrite, which gives
grounds to associate the geochemical association of
Cu (Mo, Pb, Sb) with the earliest chalcopyrite-
bornite-pyrite mineralization of the porphyry stage
of the ore-bearing structure formation. The F2 val-
ues, corresponding to the Mo (Cu, Pb, Co) associa-
tions, are statistically related to the content of chal-
copyrite and molybdenite, which form the main
mineral paragenesis of copper-molybdenum-
porphyry mineralization [8, 16]. The plots of de-
pendence F1 and F2 based on the results of factor
analysis are shown in Figure 2.
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Fig. 2. Dependence of F1 and F2 based on the result of factor analysis

Based on the results of a factorial analysis of
well testing data, the author has identified geochem-
ical associations, which made it possible to localize
the areas of mineralization development at various
stages of the porphyry-epithermal system formation.
The range of vertical geochemical zoning values for
individual sections of the field makes it possible to

assess the level of the erosional section in the
porphyry-epithermal system [8,17].

To clarify the complete statistical characteris-
tics of the geochemistry of the ore components in
the deposit, we built point dependence diagrams.
Scatter plots of the dependence are repeated in pairs
symmetrically about the diagonal. The vertical axis
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is the dependent variable, the horizontal axis is in-
dependent. Figures 3 and 4 show well-correlated
variables. Close correlation between Cu and Ag, As,
Bi, Cd, Ce, Co, Cr, Cs, La, Li, Mo is much more
interesting. Here the scatter of points near the re-
gression line is larger and the correlation coefficient
is rather high (r = 0.73). The analysis of scatter dia-
grams shows that all the elements of this graph are

interconnected by a direct positive relationship [18].
In this diagram, three point clouds are highlighted
and the largest compact point cloud corresponds to
the primary sulphide ores of the deposit. Two more
clouds with a small number of points are character-
ized by anomalous contents of ore-forming ele-
ments. The clouds of these points with anomalous
contents correspond to the oxide ores of the deposit.

Scatterplot of Cu vs Ag, As, Bi, Cd, Ce, Co, Cr, Cs, ...
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Fig 3. Diagram of the point relationship between Cu contents and other basic ore elements

Fig. 4 shows dot diagrams of the relationship
between Mo contents with other elements (Pb, Sb,
Cu, Rb, P, Se, Sr, Th, Ti, Zn, Ni, V, Cr, etc.).

These diagrams unambiguously show that the
point cloud is stretched in a completely clear
direction for individual elements, and the red
straight line, which should follow exactly along the
axis of this elongated cloud. In our diagram, copper
in the Goshgarchay deposit in the upper part of the
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ore body has undergone dramatic enrichment due to
oxidation and secondary sulfide enrichment
processes. Large Cu contents as well as newly
formed sulfides (chalcocite, bornite, covellite) and
even native copper appeared because of this. This
shows that our sample includes products of both the
hypogenic and hypergene mineral formation stages
[5, 7].

We can conclude from the analyses of the dia-

Scatterplot of Mo vs Ag, As, Bi, Cd, Ce, Co, Cr, Cs; ...
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Fig.4. Diagram of the point relationship between Mo contents and other basic ore elements

gram of the point dependence between the contents
of ore elements that the overwhelming majority of
the studied chemical elements are associated with a
positive correlation. As you can see, in the diagram

of the connection of Cu and Mo with other compo-
nents, the overwhelming majority of all point clouds
are located along a straight line, and some are out-
side this line. This is normal in defining elements
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when high and low values of the elements do not
deviate too much from the straight line. This shows
that all the elements were formed in a single geo-
chemical process.

As we see from the correlation between the el-
ements, the porphyry copper mineralization is char-
acterized by a wide range of elemental impurities.
This includes both chalcophilous (As, Sb, Cu, Bi,
Cd, Ga, In, Ge, Au, Ag, Te) and siderophilous (Co,
Ni, Mo, Fe, Cr) elements. Determination of ele-
mental impurities is not the same in different types
of ores and mineral associations, their amount is
thousand times higher than the clark amount and the
concentration coefficient. Three different mineral
associations coexist in the ore body: 1-primary sul-
fide-chalcopyrite and bornite-chalcopyrite ore; 2-
oxidized ore and secondary sulphide concentration
zones; 3-primary sulfide ores, significantly enriched
in copper [8].

One can find a similar picture in a number of
deposits of the porphyry copper proper type in the
Lesser Caucasus. That is, along the main ore zones,
characterized by a good correlation of all ore ele-
ments, there are distinguished local essentially
monometallic areas with high copper and molyb-
denum contents [4]. In large deposits, this corre-
sponds to a frequent spatial discrepancy between
zones of maximum concentration of copper, gold,
silver and molybdenum, usually distributed in ac-
cordance with the typical ore-geochemical zoning
(molybdenum-copper-base metals, silver upward
and laterally) [5].

As follows from the analysis of the above re-
sults, elements that are of little character for hydro-
thermal solutions (Cr, Ni, V, Co, Mn, Ti) retain their
independence in all rock groups. Presence of their
groups is most likely associated with the process of
crystallization differentiation of magma. Such ele-
ments as Cu, Pb, Zn, Ag and, partly, Mo, do not
have their specific places. Therefore, their presence
in one or another group is associated with the degree
of rocks exposure to hydrothermal effects, which is
the source of these elements [19, 20].

These data allow us to speak about different
conditions of migration and concentration of mo-
lybdenum and copper in the main ore-forming pro-
cesses. However, these do not exclude the possibil-
ity of finding copper in molybdenum-containing,
and molybdenum in copper-containing mineralizing
solutions. Elucidation of these conditions, along
with the study of the solubility of molybdenum and
copper natural sulphides, is important for clarifying
the concepts of transport forms , as well as under-
standing the features of the redistribution and re-
moval of molybdenum and copper when the late
hydrothermal-metasomatic formations are superim-
posed on earlier ones [21, 22, 23 ].

Conclusions. 1. From the point of view of
structure and morphology, mineralization of the
Goshgarchay deposit belongs to the stockwork-vein
disseminated type, in which disseminations prevail
over streaks and veins.

2. The values of F1 factor correlate with the
amount of chalcopyrite, bornite and pyrite, and the
values of F2 factor are statistically related to the
content of chalcopyrite and molybdenite.

3. There is a close positive correlation between
the chemical elements of mineralization, indicating
the fact that they are the product of a single geo-
chemical process.

4. Geochemically, the porphyry copper miner-
alization of the Goshgarchay deposit is character-
ized by a wide range of various elemental impuri-
ties, including both chalcophilous (As, Sb, Cu, Bi,
Cd, Ga, In, Ge, Au, Ag, Te) and siderophilous (Co,
Ni, Mo, Fe, Cr) elements.

5. Ore mineralization contains three different
mineral associations: 1-primary sulfide-chalcopyrite
and bornite-chalcopyrite ore; 2-oxidized ore and
secondary sulphide concentration zones; 3-primary
sulphide ores, significantly enriched in copper.

6. The revealed regularities in the distribution
of Cu and Mo can become a direct geochemical cri-
terion for prospecting for hidden porphyry copper
ores in the region.
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DISTRIBUTION PECULIARITIES OF BASIC ORE COMPONENTS IN GOSHGARCHAY
PORPHYROUS COPPER DEPOSIT (LESSER CAUCASUS, AZERBAIJAN)

Formulation of the problem. Large size and great reserves, as well as the possibility to apply rational
methods of metals extraction predetermined the increasing interest to the copper-porphyry deposits. Today,
they are the main raw material based on Cu, Mo, accompanying metals all over the world. The value of these
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deposits lie in the fact that they are in located in geologically well-studied regions. However, their ores in
basic and associated components have relatively small content of Cu, Mo, Au, Ag, Bi, Re, Se, Te, spreading
in large area.

The purpose of the article. The main objective of the research is to study distribution peculiarities of
basic ore components of Goshgarchay deposits, to detect geochemical features and behaviour of elements in
the process of sedimentation by developing geochemical criteria of the search and the prognosis of hidden
mineralization.

Methods. The author studied the distribution problem of basic ore components of copper-porphyry
mineralization, carried out field investigations (field researches), documented and tested underground mine
working and core samples of over seventy well bores.

When choosing the type of analysis, a special attention was paid to the sensitivity and exactness of the
determination method. Analytical work was conducted according to the definition of chemical elements. The
following types of analytical methods were used: chemical, atomic-absorption, spectral-chemical, etc. The
analytical data were processed by the method of mathematical statistics.

Results. As follows from the analysis of the above-mentioned results, the elements flaccid for hydro-
thermal solutions (Cr, Ni, V, Co, Mn, Ti) keep their independence in all groups of rocks. Their grouping is
probably associated with the process of crystallized differentiation of magma. The elements Cu, Pb, Zn, Ag
and partly Mo, don’t have specific place. Their presence is likely associated with the degree of rocks suscep-
tibility, hydrothermal interaction being the source of these elements. In various types of ores and mineral as-
sociations the definition of elemental impurities is different. Their amount increases the amount (quantity) of
clarke and coefficient of concentration a thousand times. Three different mineral associations coexist in the
ore body: 1-primary sulphide-chalcopyrite and bornite-chalcopyrite ore. 2-oxidized ore and zone of second-
ary enrichment. 3-primary sulphide ore, significantly enriched in copper.

Scientific novelty. Based on existing analytical data, the author studied distribution of basic ore and
admixture components (gangue) and basic sulphide minerals. The concentration in series of elemental impu-
rities were detailed in ore-bearing rocks of copper-porphyry deposits of Goshgarchay. The primary geochem-
ical zonality was revealed in the distribution of basic ore-containing components in the ore body of copper-
porphyry deposits of Goshgarchay ore field.

Practical significance. The revealed peculiarities of the distribution of basic ore components in the ore
body and host rocks (wallrock), the factors contributing to the accumulation of indicated elemental impuri-
ties can be used as geochemical criteria for the prognosis of copper-porphyry mineralization , supporting the
effective directions of the research.

Keywords: Goshgarchay, copper-porphyry mineralization, structural-morphological, mineral composi-
tion, geochemical features, ore components, factoral analysis, pointed dependence, correlation relationship.
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BUKOHAHHS CHEHIAJIBHUX IHHKEHEPHO-T'EOJIOTTYHUX JOC/II?KEHD
HA TEPUTOPIAX ITIPOMUC/IOBO-MICBKHUX ATYTOMEPAIIIN

Y cmammi onucani mosicnugocmi UKOpUCMAaHHsL CReyianbHux 2e0@i3uUHUX 00CTIONCEHb NPU GUEYEHHI HeOEe3NEUHUX 2e0N0214-
HUX npoyecis i 01 8USHAYEHHA QI3UKO-MeXAHIUHUX gracmueocmetl IpyHmie nio ghynoamenmamu 6y0igens 8 yMosax wiibHoi MicbKoi
3a6y008U NPOMUCTIOBO-MICLKUX aziomepayiti. B axocmi npukaady UKOHAHHSA MAKUX 2e0DI3UUHUX OOCTIOHCEHb PO3LTAHYMI IHHCEHED-
HO-2€010214HT 8UWYKYBAHHA Ha Oinanyi asapitinozo yexy Ne 22 T10 «Kpacumenvy 6 m. Pybiscne Jlyeancwvroi obracmi ma va Oinanyi
peKoHcmpyKyii 2ypmoosicumky no 8yi. Cmyoenmcokill, 4 ¢ m. Xapkogi. [{ns docnioxcenna pynmis nio oynoamenmamu 6yoisens euro-
PUCAHA YCMAHOBKA 20PU30HMANbHO20 30HOY8aHHs | kapomaoicy (VI'3K-1).

Jlna 3'acyeanns npuuunu aeapiiinoi degpopmayii cnopyou asapiiinozo yexy Ne 22 110 «Kpacumenvy uKoHAHO 00CTIONCEHHSA
IpYHmMie MemoooM padioakmuerozo kapomascy. Ompumani pe3yiomamu npeOCmasieHi y eueiaodi cxemu [30WiIIbHOCMEN PYHMIG
gynoamenmy. Buseneno ma oKoHmypeHo 30Hy po3ywitbHenns IpyHmie gynoamennty. IpyHmylouucs Ha yux pesyibmamax, 6UKOHaHo
3asipoune OypiHHA, NPOXoOKa wypqhi, sunpobysants i 1a00PAMOPHI 00CTIONHCEHHA IPYHMIB, NONbOSI V0CHiOHi pobomu. Ha niocmasi
OMPUMAHUX MAMePIanie 3p0OeHO 8UCHOBOK, WO OCHOBHOIW NPUYUHOI 0084y Yacmunu 6y0ieni € 000amKko8a npocadka yHoameH-
mie 6 pe3ynbmami MexauiyHo20 6UHOCY TPYHMIE 8 3PYUHOBAHUN KAHANI3AYIIHULL KOJIEKIMOp, PO3MAWO8AHUL HUXCYe Ni0owsu (hyHoa-
menmig. Ha dinanyi pexoncmpykyii 2ypmoxcumky no @yi. Cmyoenmcokitl, 4 6 m. Xaproei 30iliCHeHO 8USHAYEHHA WiTbHOCMI IPYHMIE
nio gyynoamenmamu icHyl04oi Oy0ieni MemoooM 2amma-2amma Kapomasicy. Becmarnoeneno, wo nio pyHoameHmamu 6 30Hi pO36UMKY
Hanpyscenb QIikcyemucs 30iIbWeHHs WITbHOCME Yux IPYHmie. 3a medxcamu HanpysiceHol 30Hu (Mixc (yHOamenmamu) winoHicme
IPYHMIG ICMOMHO 3HUNICYEMBCSL [ ION0GI0AE POHOBUM 3HAUCHHSIM.

Taxum wuHOM, NPOBEOEHI IHMCEHEPHO-2€0NI02IUHI OOCIIONCEHHS NIOMEEPOUNTU NPABOMOYHICHbL GUKOPUCIANHS 2e0QI3UYHUX Me-
Mo0i8 8 NPAKMuYi BUULYKYBATbHUX POOIM HAPIBHI 3 MPAOUYIIHO GUKOPUCTOBY8AHUM OONAOHAHHAM.

Kniouogi cnosa: npupoono-mexnozenne ceonociune cepedoguuje, iHjiceHepHo-2eon02iuni sUUyKyeanis, besneka 6yoienuymaea,
Hebe3neuni 2e0102IYHi npoyecu, Kapomasic, NPOMUCTO80-MICbKA A2IOMepayis.

B.A. Cokonos, H.B. Yoanos, A.B. Kononenxo. BbIIIO/IHEHHE CIHEIHAJIbBHbIX HHXEHEPHO-
TEOJTOTHYECKHX HCCJIEJOBAHHH HA TEPPHTOPHAX ITPOMBIIITEHHO-TOPOJICKHX AITTOMEPAIIHH. B
cmambe ONUCAHbL BOIMONCHOCHIU UCNONb308AHUS CREYUATLHBIX 2e0PUSULECKUX UCCIE008ANUT NPU USYYEHUU ONACHBIX 2€0102UYECKUX
npoyeccos u 05 onpedenenus Pu3UKO-MeXanuueckux CEoUCme epyHmos noo GyHoamenmamu 30aHuil 6 YCa06Uusx niomHoU 20poo-
CKOUL 3aCMPOTIKU NPOMBIULEHHO-20POOCKUX aziomepayuii. B kauecmee npumepa ebinonnenus maKux 2eopuuyeckux uccie0o8anuti
PACCMOMPEHbL UHICEHEPHO-2e0N02UYECKUE UbICKAHUS Ha yuacmke asaputinozo yexa Ne 22 T10 «Kpacumenvy 6 2. Pybesicnoe Jlyean-
CKoll obnacmu u Ha yyacmie pekoHcmpykyuu oowexcumus no yi. Cmyoenuecxotl, 4 ¢ 2. Xapvkose. /[na ucciedosanusn epyHmog noo
Gynoamenmamu 30anull UCNONBL308AHA YCIMAHOBKA 20PU3OHMATLHO20 30HOUposanus u kapomaoica (YI3K-1).

s svischHenus npuuunsl asaputinoi degopmayuu coopyscenus asaputinozo yexa Ne 22 110 «Kpacumenvy svinonneno uccie-
odoganue epyHmos Menmooom paduoakmuenozo kapomabdica. Ilonyuennvie pe3ynomamul npeoCcmagiensl 8 8uoe cxemvl U30N10mHocmetl
2PYHMO6 OCHO6AHUs. Bviaenena u okonmypena 301a pazyniomuenus 2pyHmos octosanus. OCHOGbI6AACy HA IMUX Pe3yTbmamax, Gul-
NOIHEHO 3a8epouHoe Oypenus, NPoxXooKa ulypghos, UCNLIMANUA U 1AO0PaAmopHble UCCIe008ANUsA SPYHIMOS, NOlesble UCCe008aAMmeb-
cKkue pabomvl. Ha ocnoeanuu noiyyeHHbix Mamepuanos coendan 6bl800, Ymo OCHO8HOU NPUYUHOU 0OPYUeHUs Yacmu 30aHUs A6TAem-
€Sl OONOTHUMENbHASL 0CAOKA PYHOAMEHMOS 8 Pe3yibmanme MeXaHU4ecko20 8bIHOCA PYHMO8 8 PA3PYULEHHbLI KAHATUIAYUOHHbII KO-
JIeKMOop, pacnonodcertvlil nudice nodowssl gynoamenmos. Ha yuacmxe pexoncmpykyuu obwexcumus no yi. Cmydenueckoti, 4 6
2. Xapuvrose npoussedeno onpeoenenue niomMHOCMU 2PYHINO8 NOO PYHOAMEHMAMU CYUeCmByIouje2o 30aHus MEmoooM 2amMmMa-2amma
Kapomaoica. Ycmanosneno, 4mo noo QynoameHmamu 8 30He pazeumusl HanpsAsCeHuti uUKCUpyemcs yeenuuerue RIomHoCmuy 2pyHmoe
ocHoganus. 3a npedenamu HAnNPANCEHHOU 30Hbl (MedCOy GYHOAMeHmami) nIOMHOCMb SPYHIMOE CYUWeCMBEHHO CHUICACMCS U COOM-
semcmeyen YOHOBbIM SHAYEHUAM.

Takum 00pazom, NposeoeHHble UHHCEHEPHO-2e0N02UYeCKUe UCCIe008aAHUSL NOOMBEPOULU NPABOMOUHOCHL UCHONb308AHUS 2€0-
Qusuyeckux Memooos 6 nPaKmuKe U3blCKAMenbCKux pabom Hapaghe ¢ mpaouyuoHHO UCHOTb3YeMbIM 000PYOOBAHUEM.

Knrouegvie cnoga: npupoono-mexnozennas 2eonozuieckas cpeod, UHIICEHEPHO-2e0N02UNeCKUe U3bICKAHUA, Oe30nacHOCHb
CmMpoumenscmed, ONAcHble 2e0102U4ecKie NPOYeccybl, KAPOMadic, NPOMbIULIEHHO-20POOCKAS A2IOMEPAYUL.

IlocranoBka mnpodaemu. Ha cohorogimHiii — peKOHCTPYKWid Bxe icHyrounx OyniBenb. besmeka
JIeHb OCHOBHHI 00cAT HOBOrO OyliBHUITBAa BUKOHY-  OyNiBHHMIITBA Ta EKCIUTyaTalii criopysl, OLiHKa PiBHS
€TbCS B MEXax MICBKUX arjiomepariiii, B yMOBax  €KOJIOT14HOi HeOe3NeKH TMOBHUHHI IPYHTYBAaTHCS Ha
LIipHOI 3a0ymoBH. Takok 3HA4YHO 3pociia yacTKa  JOCTOBIpHiH iH(opMauii mpo cTaH i TMHAMIKy MpH-
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POAHO-TEXHOI'€HHOI'O T'€OJIOTIYHOTO CEPEAOBUILA.
OtpumManHs Takoi iH(pOpMaIlil € TOJOBHUM 3aBIaH-
HSIM 1HKEHEPHO-TEOJIOT1YHUX BUITYKYBaHb.

OCHOBHOIO 0COOJHBICTIO iH)KEHEPHO-TEO0IOTiY-
HUX BUIIYKyBaHb B YMOBaX IMIJIHHOI 3a0ymMOBH 1 ISt
PEKOHCTPYKIIii ICHYIOUMX CHOPYZ HEOOXiTHO BBa)a-
TH Te, 110 BOHM BUKOHYIOTHCSI HA MailaHUMKaXx, sKi
B OUIBIIM UM MEHIIIH Mipi 3a3HAIN TEXHOTEHHOTO
BIUTHBY. Jpyroro BaKIIMBOIO OCOONHMBICTIO € HEOO-
XigHicTh oTpumanHs iHGopManii mpo  Pi3uKo-
MeXaHiuHi BJIACTUBOCTI IPYHTIB (PyHIAMEHTY, MpO
IMOWHY 3alIsiTaHHA, KOHCTPYKIIIO 1 cTaH QyHmame-
HTIB CHOPYJ, IO PEKOHCTPYIOIOTHCSA, a TAKOXK CIIO-
PyH, 10 3HAXOMATHCS B O€3MOCEpeNHil ONMM3BKOCTI
BiJl AiNSHOK HOBOro OymiBHHMITBA. OcobiwBe 3Ha-
YeHHs I1e HaOyBa€ MpH BUBYCHHI NpUIHH aAedopma-
1ii OymiBesb 1 Criopy.

st BupimmeHHs moniOHNX 3aBAaHb BUKOHYIOTh
CHeIiabHI JOCIiKEHHS, SKi TAI0Th 3MOTy OTpHMa-
TH JOCTOBiIpHY iH(opMamio Mpo CTaH MPUPOIHO-
TEXHOTCHHOTO T€0JIOT1YHOTO CepeIOBHIIA, MEXaHi3M
PO3BUTKY HEOE3MEYHUX TeOJOTIYHUX TPOIECiB Ta
iH. OTpumaHna iHpoOpMaIis, B CBOIO 4epry, JA03BO-
JIUTh BXHUTH HEOOXITHUX MPOEKTHHX PIIICHb, IO
3a0e3revars Oe3MeKy HOBUX 1 PEKOHCTPYHOBAHUX
CIIOpYA.

Crenuiky iHXEHEPHO-TEONOTIYHUX BHIIYKY-
BaHb B YMOBaXx HIIJIbHOT 3a0y0BH 1 AJIST PEKOHCTPY-
KIIii iICHyIOUMX CHOPY[ BU3HAYAIOTh YWHHUKH, SKi
MOXHA PO3AUTUTHA Ha PSJI TPYI: MPHUPOAHI, TEXHO-
TeHHI, 1H)KCHEPHIi, KOHCTPYKTHBHI, CHTyaIiiiHi, op-
ranizamiiiai. Lle, mepmr 3a Bce, pi3HOMaHITHICTH i
CKJIIQJIHICTh 1H)KEHEPHO-TEOJIOTIYHUX YMOB, HasB-
HICTh 1 CTYIiHb TEXHOT€HHOTO BIUIMBY Ha IPYHTH
(hyHIameHTy, Bech CrieKTp iHdopmaiiii, Ky HeoOXxi-
JTHO OTPUMATH B MPOLEC] IHKEHEPHUX BUILYKYBaHb,
3HAYHI CKJIaJIHOCTI B OpraHi3allii Ta mpoBeJIeHHI po-
0iT [18]. Cronu * MO)KHA BiJTHECTH 1 BIZICYTHICTH B
JaHW 9ac B TIOBHOMY 00CSI3i HOPMaTHUBHHX 1 METO-
JUYHUX JIOKYMEHTIB, 110 PErIaMEHTYIOTh IMOi0OHI
1H)KEHEPHO-TEOJIOT1YHI BUIITYKYBaHHSI.

[TuTanHst OTpUMaHHS MOBHOI 1 JOCTOBIPHOI iH-
(dopmariii mpo MPUPOTHO-TEXHOTEHHE TEOJIOTIYHE
CEPEIOBHIIE, & TAKOXK PO KOHCTPYKIIIO 1 cTaH ¢y-
HAAaMEHTIB iCHYIOUMX OyIiBesb, CTAHOBIATH 3HaY-
HUH iHTEpec i 3a0e3nedeHHs Oe3neku Oy/IiBHULIT-
Ba 1 eKcruTyarailii OyniBenb 1 CropyJ Ha TepHTOPIsIX
MTPOMHCIIOBO-MICBKHX aryIOMeparlii.

Ictopiss nmocuimkenns mpodnemu. Ilpenmer
JOCIIJIKEHb «iHXEHEPHO-TEOJIOT1UHI BHUIIYKYBaHHS
B MEXKax IIIIBHOI MiCbKOI 3a0y0BH 1 JJIsi PEKOHC-
TPYKUi» € MDKAUCUUIUTIHAPHUAM 1 00'€IHY€E 3HAHHS
LJIOTO Psily HAYKOBHUX HANPSMKIB 1 HABYAIBHUX JTU-
CIMIUIIH. Y 3B'SI3KYy 3 IUM TEMY JIOCIIHKEHHS IpPO-
MOHYETHCSI PO3IVISIATH 32 TPHOMA CKIIaJIOBUMH:

— BUBYEHICTh BIUIMBY MICBKHMX arjioMeparii i
MIPOMHUCIIOBUX KOMIUICKCIB Ha T€0JIOTIYHE Cepeo-

BUIIIE;

— THUTAHHS CIUTBHOTO BUBYCHHS CHCTEMH «OC-
HOBa - (yHIaMEHT»;

— KOHKpETHI npobieMu 1H)KEHEepHO-
TeOJIOTIYHMX BUIIYKYBaHb B MeXKax IIIJTFHOI MiCBKO1
3a0yIOBH 1 U1l PEKOHCTPYKIIii.

[Ipobnemam iHKeHEPHOT reoorii i rigporeosno-
rii TEPUTOPiM MICHKHX ariioMepallii, 3MiHaM T'eoJIo-
TIYHOTO CEPEeJOBHINA ITiJ] BILTMBOM MisUTbHOCTI JIFO-
IuHM TpucBsdeHi poboru @. B. Kotmoma, C. A.
Aximniesa, I JI. Kododi, B. 1. IllepbakoBa, B. A.
Kopoo6eitankosa, I. I. Crpmxensanka, @. ®. Kpae-
Ba, B. H. Emna tain. [3, 4,8 — 12, 16, 17, 20 — 22].

VY cneuianeHiil nepionuuHiil JiTeparypi ooro-
BOpIOBaJsiacsi mpobiemMa mpo HEeOOXiTHICTh MOEAHY-
BaTW B €AMHOMY MiAXOJi MPH iHKEHEPHUX BHIIYKY-
BaHHSX 1 MPOCKTYBaHHI: BHUIVIA, BiIIMOBIAAILHICTD
o0'ekta OymIBHUIITBA 1 CKJIATHICTh iHXEHEPHO-
reoorivHUX yMoB. lle mutanHs obroBoproBamu B.
I. Immivos, B. I1. Ilerpyxin, B. B. Mixees, 1O. T.
Tpodumenkos, JI. I. Mapiynonscekuii, 10. K. 3ape-
upkuii, A. B. Komiuko, B. I. Kpyros, A. A. Karas,
H. ®. Kpusonorosa, M. A. ConoxyxuH [5, 6, 13].

s 3apyOixHuX (haxiBiiB-reorexHikiB Brandl
H., Clayton C. R. L., Dunnicliff L., Nichols R. W. ta
iH. [24 — 30] momiOHMi miaxin oueBMAHUN. Bonwu
BiJI3HAYAOTh, 110 CEpell BCiX 00acTeil TEXHIKH LHU-
BUTBbHE OYIiBHHUIITBO, i OCOOIIMBO T'eOTEXHIKa, MOB'S-
3aHi 3 HaAWOIIBII BHCOKHUM piBHEM MpodeciitHOTo
pu3uKy. HesBakarounm Ha JeTajbHE JOCIHIIKCHHS
IPYHTIB, CKJIaJ{HI OOYHCIICHHS, MOHITOPHHT MaiinaH-
YHKiB OyJiBHUIITBA, aBapii BCe OJJHO BiOyBAIOTHCS —
BOHHM HEMUHYYi, OCKUIbKH TIPUpOJa IPYHTY 1 Tij3e-
MHHX BOJI JIy’K€ CKJIaJlHa.

[IpoGmema OLIHKH PU3UKYy B TEOTEXHIYHOMY
OyHIBHHMIITBI OCTaHHIM YacOM CTa€ OCHOBHOIO Te-
MOIO, 1[0 OOTOBOPIOETHCS HA 0ararbox KOH(MEepeHTIIi-
ax. Sk mpuxman, B 2000 p. B ABcTpadnii BimOynacs
MDKHapoaHa KOH(EPEHIIis 10 TeOTEeXHilll i Teoorii,
Jie ollHa i3 JOTOBiJell Oyna mpucBsveHa MpooOiIeMi
OIIHKA PH3HWKY B TEOTEXHIYHOMY OymiBHHUITBI. Y
2001 p. Ha Mansti BitOyBCs Mi>XKHAPOIHUN KOHTPEC
3 0e3meku, pU3UKy 1 HaaiiHOCTI B OyIiBHUITBI. Y
2002 p. B M. [laccay (Himeuunna) na XII /lynaiice-
Ko-€Bpomneiicekii KoH(epeHLii OCHOBHUMH pPO0O-
YMMH TEMaM{ BiJ3HAY€HI HACTYIHi: YIPaBIiHHS
TFEOTEXHIYHUMHU PU3UKAMHU 1 3ar00iraHHs KatacTpod
y Oy/iBHHIITBI.

I3 ocTaHHIX MOCHIKEHB CITiJ BiAMITUTH po0O-
™ B. M. Vaumpekoro, K. M. A6enesa, H. H. PakiTi-
Ha, [. B. Jlannosa Ta iu. [1, 7, 15, 23]. ABropu ak-
LEHTYIOTh CBOIO yBary Ha TOMY, III0 B OCTaHHiH 4ac
301IBINYIOTHCS 00CATH OyAiBHHIITBA OY/IiBE/b 1 CIIO-
pyn Ha 3a0ymoBaHUX TepuTopisix MicT. [Ipu oMy
HOBi OyZiBii, SK MpPaBWIIO, MPUJIAIITOBYIOTHCA [0
BKE€ ICHYIOUHMX OyaiBeJb, SIKi MAIOTh Pi3HI TEpMiHU
eKCInTyarallii 1 pi3Hui TeXHIYHUHN cTaH, a B QyHma-
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MEHTI Tak”X CIOpY[ 3ajiraloTh CIa0Ki TPYHTH
(TMMHKUCTI BOMOHACHYEHI, HACUITHI 1 T. 1I.). ToMmy cy-
YaCHHUM 3aBJaHHSAM (paxiBIliB-T€OTEXHIKIB € PO3po0-
Ka e()eKTHBHUX TEXHOJOTI{ BIAIITYBaHHS MaTbOBUX
(yHmamMeHTiB HOBUX OyiBeNb, MPHUOYIOBAaHHUX [0
icHyrounx OyziBellb B 0OMEXEHNX MICBKHX YMOBaX.
Taki TexHOMNOTri] TO3BONAIOTH BPaxyBaTH TEXHIYHHUN
CTaH IicHyro4Hmx OymiBeNlb, 3MiHY XapaKTepPHCTHK
IpyHTIB (pyHIaMEHTY B pe3yNIbTaTi pi3HUX BILIUBIB i
3a0€3MEYUTH BUCOKY POAYKTHBHICTH POOIT.

B mitoMy BUBYEHICTh TEMH JOCIIIPKEHb MOXHA
OLIIHUTH TaKUM YMHOM:!

— JOCUTH HIMPOKO MpPEACTaBICH] TEOPETUYHI Ta
MPaKTUYHI JOCTIIKEHHS PO BIUIUB MICBKUX aryo-
Meparliif Ha IPUPOIHE TEOJIOTIYHE CEPEIOBHIIIE;

— HaBEJCHO YHCJICHHI MPUKJIAANA HACHTIJKIB Te-
XHOTEHHOTO BILTUBY Ha IPYHTH (pyHIAMEHTY: CTaTH-
YHi 1 MWHAMIYHI HAaBaHTa)XCHHS, 3aMOYYBAHHS BO-
JIOF0 1 XIMIYHUMU PO3YHHAMH, IPOMOPOKEHHS 1 T.1I.;

— MUTaHHS 1HXEHEPHO-TEOJOTIYHUX BHUIIYKY-
BaHb B YMOBaXxX HIUJIbHOT 3a0y0BH 1 AJISl PEKOHCTPY-
KIIii BUCBITJIEHI HEJOCTaTHHO — OLIBIIICTH aBTOPIB,
HE 3YMUHSIIOUUCh HA MHUTAaHHAX CIOCOOIB 1 MOXIIHU-
BOCTi OTpUMaHHs MOBHOI 1 AOCTOBipHOI iHpOpMaIIii,
00OMEXYIOTHCSI TIOCTAHOBKOIO 3aB/IaHb, SKi ITOBHUHHI
OyTH BUpIIICHI IPX iH)KEHEPHUX BHUITYKYBaHHSX.

MeTta cTaTTi — MOKa3aTH MOXIIMBOCTI crielia-
JTBHUX TeO(I3UYHUX TOCIiIKEHb NP BUBUCHHI He-
0e3neyHuX TeoJIOTIYHNX TPOIIeCiB 1 BU3HAUEHHI ¢i-
3MKO-MEXaHIYHUX BIACTUBOCTEH IPYHTIB Mia (yH-
JaMEeHTaMu OyJliBeJb B yMOBaX IIUILHOI MIChKOI 3a-
OyIOBH.

Marepianu i MmeToau gocaigxensb. g nocs-
THEHHS TOCTaBJIeHOI METH B POOOTI BHKOPUCTOBY-
€TbCSl CHeUialbHe OONaJHAHHA — YCTaHOBKAa TOPH-
30HTaJBHOTO 30HAYBaHHS 1 kaporaxy (YI'3K-1).
Bona po3pobieHa aBTOPCHKOIO TPyIoro (haxiBiiiB
VYikpBoctok['TIHTI3 (M. XapkiB) Ta npu3HadeHa Jyis
MacoBOTO 1 HaWOUIBII JTOCTOBIPHOTO IOCIiIKEHHS
BJIACTUBOCTEH TIPYHTIB B (yHAaMEHTaX ICHYIOUHX
OyniBenb i copya [19]. 3 11 gonomMoror MoXXHa BU-
pilllyBaTH Taki 3aBJaHHS:

— OypiHHS TOPU30OHTAIILHUX CBEPIOBHUH;

— BiJI0ip MOHOIITIB IPYHTY;

— CTaTWYHE 30HAYBaHHS 3 BUKOPUCTAHHIM ara-
patypu «Ilikay;

— paliOaKTHBHUHM KapoTaX 3 BUKOPUCTAHHIM
amaparypu «Ilika» abo «IIIIT'P» i «BIIIPy;

— IpecioMeTpUYHE JIOCIIKEHHS IPYHTIB;

— 3aHypeHHA iH'€KTOpiB Ul 3aKpilJIeHHs TPYH-
TiB.

Vcranoska YI'3K-1 ckinagaeTbest 3 IBOX IIUTIB,
Ha OJTHOMY 3 IIUTIB KPIIJIATHCS ABa AoMKpata. Llei
e IUT CIIY>KUTh YIIOPOM IIPH Tiepeadi 3yCHilb BiJl
JOMKpartiB. JIpyruil mMUT € HANpsIMHUM JJIsl 33]1aB-
JIIOBAHHA B TPYHT LITAHT, @ TAKOX CIYXHTh YIIOPOM
npu iX BUTATaHHI. 3B'A30K MK IIUTaMH BCTaHOB-

JIIOETHCS 32 JJONIOMOTO0 TBUHTOBUX po3mipok. IlTa-
HI'Y, 110 33JaBJIIOIOTECS B IPYHT 3aKJIalal0ThCs MK
JIOMKpaTaMH B 3aTHCKHUH mpucTpiil. JloMKpaT cu-
CTEMOIO LIJIAHT 3B'SI3YIOTHCS 3 HACOCHOIO CTaHIIEIO.
[Ipu cTBOpeHHI THCKY B CHCTEMI, TTOPIITHI TOMKpATa,
NEepeMilllal0YNCh, CTBOPIOIOTh YE€Pe3 3aTUCKHHUN
npucTpid THCK Ha wTanrd. llicns 3amaBiroBaHHA
cekmii mTaHr B IpyHT (6mu3bko 30 cM) 3aTUCKHUI
MIPUCTPIA 3BITBHSAETHCSA, 1 TOPITHI JOMKpaTta Iepe-
BOJSTHCSL B TOYAaTKOBe TosiokeHHs. [licnsa mpuen-
HaHHA HOBOI CEKUil IITaHr MpOLEC 3aJaBIIOBaHHS
noBToproeTbesa. Ha ¢oto 1 — ycranoska YI'3K-1 B
3MOHTOBaHOMY CTaHi B mIypdi A7 3AiliCHEHHS pa-
JI0aKTUBHOTO KapOTaXy B TOPH3OHTaJbHINM CBEpI-
JIOBHHI.

YcraHoBKa TOPU30HTANBHOTO 30HAYBAaHHS 1
KapoTay Mpoiuuia BUMNPOOYBaHHA B TIOJBOBHX
YMOBax, a MOTIM Ha MalJaHYMKax, A€ PEKOHCTpY-
IOFOTHCS CIIOPY/TM B MicTaX XapKiB Ta 3amOpiKKsI.

PesynbTatn gocaimxkens. [Ipu mpoBeneHHi
IH)KEHEPHO-TEOJIOTIYHUX BHUINYKYBaHb B yMOBax
IIUTBHOT 320yMOBH 3 OOMEKEHOI0 MOXIIUBICTIO Op-
rafizarii po0iT B HEOOXITHUX TOYKAX JOCIIHKCHHS,
JIOCUTB 4acTO HAiOLIbII iHPOPMATHBHUMHU 1 €KOHO-
MIYHO BHUIPABIaHUMU € Teoi3ndHi MeTonn. Y 3B's-
3Ky 3 HAaCHYEHICTIO TPOMHUCIOBUX MaWJaHUYUKIB i
ypOaHi30BaHUX TEPUTOPIH MiJ3eMHIUMU KOMYHIKaIli-
SAMH 1 ENEKTPUYHUMH KaOelsiMH, HasBHICTH BiOpa-
MIHHUX TIEPENIKO, 3aCTOCYBAaHHS METOMIB eNEKTPO-
1 CeHCMOpO3BiIKM 3HAYHO YCKIAJHEHO. MoKiu-
BIiCTh MPOBEICHHS I[MX BHIIB JIOCIIIKCHHS BUPIIITY-
€THCS B KOXKHOMY KOHKPETHOMY BUIAIKY. Y 3B'S3KY
3 UM, MiJ 4ac NPOBEACHHS BUIIYKYBaHb Ha IPOMH-
CJIOBHX MalilaHunKkax 1 ypOaHi30BaHUX TEPHUTOPIsLX
PEKOMEHAYETHCS 3aCTOCYBAaHHS Te0(i3HUHUX METO-
IIiB JIOCJIKEHHS TPYHTIB B CBEPUIOBMHAX 1 MeTo-
JB, SIKi HEUYTJIMBI JO €IeKTpo- 1 BiOpamiliHux me-
petkon (paioakTUBHI 1 aKyCTHYHI KapoTaxi, METOJ
3apsIIDKEHOTO Tija, JOCIDKEHHS eJIeKTPOMarHiTHO-
ro moJjist 3emJii, eMaHalliliHa i ra30Ba 3HOMKH Ta 1H.).
BaxnuBolo yMOBOIO 3acTOCYBaHHS Te0(i3HUHUX
METO/IIB € iX KOMITJIEKCHICTD (HEe MEHIIIEe TBOX Pi3HUX
METOJIB), IO 3a0e3Iedye BiATBOPIOBAHICTh PE3yIlb-
TarTiB.

st BUBUEHHS CTaHy I'PYHTIB B aKTHUBHil 30HI
nig pyHIaMEHTaMH iCHYIOUMX CIIOPYI MOXHA BHKO-
HYBaTH PaJlilOaKTHBHUI KapoTaK B TOPU3OHTAIBHUX
BUPOOKax (MPOKOJIN), MPOHIEHUX 3 MypQiB, HA BCIO
mmpuHy ¢yHaaMeHTty. B minomy 3aBpanHs reodisu-
YHHX JOCIIKEHb Ha 3a0yJ0BaHUX TEPUTOPISX, CTO-
COBHO JI0 BHJIIB 00'€KTiB OyIiBHHUIITBA 1 CTBOPIOBa-
HOTO HUMH TEXHOT€HHOTO BIUIUBY, HaBe/IeHi B Ta0M. 1.

JocuTh yacTo B TEXHOJOTIYHOMY JIAHIFOXKKY
BUKOHAHHS IMOJILOBUX JOCIIPKEHb Teodhi3nyHi a0c-
JDKSHHS] BUKOHYIOTBCS, BUIIEPEKAIOUH 1HII BUIH
poOit. Lle no3Bosisie oTpumarH MOBHY iH(OpMaio
PO CTaH I'PYHTIB, OKOHTYPUTH JUISHKH, IO HAIiJIe-
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®oto 1. 3niiicuenns pagioaktiuBHoro kaporaxy (I1I'K- minpHicHUIT) B rOpU30HTaIbHINA CBEPIIOBUHI
3 BUKOpHCTaHHAM ycTaHoBKH YI'3K-1

Hi cienu(iyHIMHA 0COONMHMBOCTAMH 1 PO3BUTKOM He-
0e3neyHnX 1HKEHEPHO-TEONOTIYHUX MPOIECIB, IO-
MEepeAHbO BUAUINTH 1HKCHEPHO-TEOJIOTIUH] eJIeMeH-
THU 1 Ha 1[Il OCHOBI BHOpATH MICIIA 1 NIMOMHU JTOCITi-
JDKEHHS TpYHTIB. Oco0iMBO 1€ BaXKJIMBO IIPH BH-
BUECHHI mpuuuH nedopmauiil OyniBens i cHopyn,
MPOTHO3y PO3BUTKY HEOE3MEYHHX 1HKECHEPHO-
T€OJIOTIYHUX TPOIIECiB (3CYBH, CY(O3is, KapCT TOIIO).

[IpuknazgoM BUmepeKaIOIOT0 BUKOHAHHS I'€O-
(GI3MYHUX  JIOCII/DKEHb  CIIy)KaTh  1H)KEHEPHO-
TEeOJIOTIUHI BUINYKYBaHHS Ha JiJISHIN aBapiiiHOTO
uexy Ne 22 T10 «Kpacurens» B M. Py6ixkne Jlyran-
cpkoi oOmacti [2]. MeToro IOCHTIIKEHb € BCTaHOB-
JICHHSI IPUYHMH 00Bay cXifHOI YacTuHU OyniBii. B
nporeci o0cTekeHHs aBapiiiHO1 OyaiBii Ta BUBYEH-
HS apXiBHUX MarepianiB BCTAHOBIECHO:

— OyniBist aBapiiiHoro 1exy 3-moBepxosa Il
KJIacy, Ha CTPIYKOBHUX 1 CTOBITYACTHX (PyHIaMEHTaxX 3
DIMOMHOIO 3aKJIaieHHs mpuoau3Ho 2,0 M;

— B MPOLIECI eKCILTyaTallii exy Majio Miciie mo-
PYIICHHSI TEXHOJIOTIi, 10 MPHU3BOJAUTH A0 CHCTEMa-
TUYHUX BUTOKIB BOJU 1 arpeCUBHUX KOMIIOHEHTIB
BUPOOHHYOTO IMPOLIECY;

— B TeoMOp(dOJIOTIYHOMY BiJIHOLICHHI JTiISHKA
npuypodeHa o 3amiaBu piuku Ciseperkuii Jonenp,
Oe3nocepenHbOI0 OCHOBOIO (pyHIAMEHTIB OymiBii
CIIy’)kaTh JPiOHO3EPHUCTI 1 NHJIYBaTi ajtoBiajibHI
MICKM 1 HACHITHI MilIaHi IPYHTH TOTO X KOJIbOpY 1
CKJIaTy.

VY nomiOHuX yMOBaX IPOXOJKa PIBHOMIPHO po-
3TaIIOBAHUX T'€OJIOTIYHMX BUPOOOK (11ypdiB, cBep-
JUIOBHH), 3 BiIOOpPOM HpoO I'PYHTIB 3 3aJaHUM iHTe-
pBaJIOM, MOIJIa HE BIAMOBICTH Ha MUTAHHSA — YU €

IpyHTH (GYHAAMEHTY OIHI€I0 3 HPUYUH aBapiiHOi
nedopmartii copyau. IlpuitHaTo pimmeHHS mepen
MPOXONKOI0 MIYpP(iB 1 CBEpAJOBUH BUKOHATH BUIIE-
peKaNbHe TOCIHIHKEHHS ITPYHTIB METOIOM pajioa-
KTHBHOTO KapOTaXy 3 METOI0 MOBHOTO BH3HAYECHHS
iX (i3MYHMX XapaKTEepUCTUK, OKOHTYPEHHs aHOMa-
JHHUX 30H, BUOOPY JUISHOK 1 MIMOMH 1X 3aBipOYHO-
ro BuIpoOyBaHHs. Pe3ynpratu pagioakTUBHOTO Ka-
POTaXy MPEACTaBJIeHI y BUIVIII CXEMH i30LIiIIbHO-
CTell IPYyHTIB OCHOBU. Tako)X BHSIBJICHA Ta OKOHTY-
peHa 30Ha pO3yIIUILHEHHS IPYHTIB OCHOBH (puc. 1).
[pyHTYIOUMCH HA [UX pe3yJbTarax, Oyjio BUKOHAHO
3aBipovHe OypiHHS, Tpoxofka mrypdis, BUIPOOY-
BaHHS 1 1a0OpaTopHi JOCTIKEHHS TPYHTIB, MOJILOBI
JOCITiTHI po0OOoTH.

Amnamiz MarepiajiB  iHXEHEPHO-T'€0JIOTYHUX
BUIIYKYBaHb 1 T€OJIE3UYHOI 3HOMKH, MPHUIIETIIUX JIO
OymiBii BOJOTIHHMX KOMYHIKAIid TO3BOJIUB 3pOOH-
TH BHCHOBOK, III0 OCHOBHOIO NPUYMHOIO0 00Bajly ya-
cTtuHM OyniBii € TOJaTKOBa Ocajka (yHIaMEHTIB B
pe3ysbraTi  MexaHiyHoro (cy(¢o3ifiHOro) BHHOCY
IPYHTIB B 3pyHHOBaHMI KaHaJIi3aliiHUN KOJIEKTOP,
pO3TallIOBaHUK HIDKYE MiAONIBH (QyHmIaMeHTIB. By-
niBist mexy Ne 22 oTodeHa r'yCTOI MEPEKEr BOJO-
TiHHMX KOMYHIKalliii — MiHiMaJbHa BiJICTaHb BiJ Oy-
nmiBmi — 2,5 M. I'muOvHa 3akimajeHHs KOMYHiKaIlii
pi3Ha i craHoBuTh Bix 2,0 10 6,0 M. B 5,0 M Bix cxi-
IHOI (aBapiitHoi) cTopoHU OyniBIi NPOXOAUTH KaHa-
Ji3alis YMOBHO YHCTHUX BOJ, TTTMOWHA 3asraHHs
sxoi 2,0 M. Kanamizariiss MicusMu 3pyidHOBaHa 1 sB-
Jisi€ CO0O0I0 BIIKPUTY KaHaBy. Bomu, 1110 CKMIAIOTHCS
GinbTpyIOThCs O€3MmocepeHbO B HACHIHI IPYHTH.
[Tin xanamizamiero Ha ruOuHI 4,0 M po3TalIOBaHU
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Tabnuys 1

3agaqi reodi3MUHUX AOCIIIKEHb Ha JUISHKAX ILTBHOI 3a0yI0BH 1 U1l pEKOHCTPYKIIii

Bunu ciopyq Ta moB'si3aHi 3 HUIMH TIPOIECH Ha JITHKAX
OymiBHUITBA Ta PEKOHCTPYKIIi

3aga4i reoi3UIHAX JTOCIiKESHD

1

2

A. I'iparao100yBHI 1 IPOMHUCIIOBI T ATIPUEMCTBA!

1) BuuTydeHHS 1 IepeMIIIeHHs BEIMKIX Mac TIPCHKHX T0-
pix;

2) aKTHBI3allis TEKTOHIYHUX TOPYIICHb;

3) CTBOpEHHS MTEPEeIyMOB JIJIsl TEXHOT€HHOTO KapcTy;

4) cTBOpEHHSI TEXHOT€HHOTO penbedy;

5) 3MiHa TiAPOAUHAMIYHOTO peXXUMY (TIITOIUICHHS TEPH-
TOPii, 3HWKECHHSI PIBHS ITA3¢MHUX BOJ HA TIITHKAX
JIPEHaXIB 1 BOI03a00PiB);

6) TiIpoi3ouALlis IPYHTIB ac(abTOBUM 1 OSTOHHUM ITOK-
PHUTTAM;

7) 3a0pyIHEHHS TiA3EMHIX BOJI;

8) 3aMouyBaHHsI IPYHTIB, B TOMY YHCIi i XIMIYHO aKTHB-
HUMH PO3YNHAMH;

9) BIUIMB Ha TPYHTU CTATUYHUMU 1 TUHAMIYHAMHU HaBaH-
TaXKCHHIMH;

10) TepMiuHUit BIUIMB Ha IPYHTH;

11) 3Ha4Ha KOpO3iifHa aKTUBHICTH 32 PAXYHOK ONYKaIOdnx

CTPYMIiB;
12) mpoBokyBaHHS cy(o3iHHMX i 3CYBHUX MPOIIECIB.

BuBueHHst 3MiH reo()i3nYHUX MOJIB B MPOCTOPI 1
B Yaci 3 BUSIBJIICHHSIM aHOMAJIiH 1 MPOrHO3yBaH-
HSIM PO3BHUTKY IPHPOIHUX 1 TEXHOTEHHHX IIPO-
neciB. MacoBe BUBUEHHSI CTaHy IPYHTIB B PO3-
pi3i Ta ruiaHi. OiHKa HAMPYKEHOTO CTaHy B
CHCTEeMIi «OCHOBa - ()yHIaMeHT». BupueHHS pe-
30HAHCHUX BIUIMBIB. KapTyBaHHS aHOMAaIBHUX
30H. [Tomyk noxoBaHux ()yHJaMEHTIB, KOHC-
TPYKIiii, mycToT. BuzHaueHHs crany pyHmame-
HTIB 1 KOHCTPYKIIiil.

B. XKutnosi OyuHKN Ta 00'€KTH COIKYIBTIOOYTY:
1) rimpoizonsmis rpyHTIB acharTbTOBUM MOKPUTTSIM;
2) nokanbHe 3aMOYYBaHHA IPYHTIB yHIaMEHTY B pe-
3yJIBTaTI BUTOKIB;
3) BIUIMB Ha IPYHTH CTaTUYHUMH HaBaHTA)KCHHSAMU;
4) nnaHyBaHHS IPUPOTHOTO pesbedy.

MacoBe BUBYEHHSI CTaHy IPYHTIB.

KapryBaHHs aHOMaJIEHUX 30H.

[Tporuo3yBaHHs PO3BUTKY NPUPOIHUX 1 TEXHO-
TeHHHUX IMPOIICCIB.

BusHauenHs crany (hyHIaMEHTIB.

B. O0'exTH CLIIBCHKOTOCTIONAPCHKOTO MPU3HAYCHHS:
1) IpOHWKHEHHS IKIUTMBUX PEYOBUH B IOBEPXHEBI BOMIH;
2) 3acoNeHHs IPYHTIB;
3) oOBoHEHHSI (OCYIIICHHS) Ha BEJIMKHUX IUIOIIAX BEPX-
HbOT TOBIIII TPCHKHUX MOPIJI.

OwiHKa CTyHeHs 3MiHH eJIEKTPONPOBITHOCTI
MiJ36MHUX 1 TOBEPXHEBUX BOJI, IPYHTIB.
Ominka cTyneHs 3MiHu QUIBTpaliiHuX i Audy-
3HO-aJICOPOIIITHUX BIACTHUBOCTEH IPYHTIB.

I'. TpancopTHI cOpyAH, KaHAJH, JIiHil eleKTpoIepe-
nad:

1) BUpiBHIOBaHHS 3€MHOI IOBEPXHi, 1110 CYyHIPOBOKY€ETh-
Csl IepeMIlIeHHIM BEJIMKHUX Mac TIPChKUX TOPi;

2) BUHMKHEHHS IHTEHCUBHUX OJyKarouMX eJIeKTPUIHUX
CTPYMIiB Y3JI0BX Tpac eJIeKTpH(PiKOBaHMX 3aTi3HUALb 1
JIEII,

3) migBUINEHHS KOPO3iHHOT aKTUBHOCTI TPYHTIB.

OriHKa 3MiHHM HaNpYKEHOTO CTaHy MacHUBIiB
TPCHKUX TIOPiJ, EMeKTPOMArHiTHUX 1 TemMIepa-
TYPHUX TIOJIiB Ha JITHKAX Tpac, 10 PEKOHCT-
PYIOIOTBCHL.

BusiBiieHHS KBa3iMOCTIMHUX i 3MIHHUX €JIEKT-
POMAarHiTHUX MOJIB B CMY3i BIUIUBY JIIHIHHHX
CIIOpYI.

KojekTop giamerpom 1500 MM, 3aKimaneHuid 10 M-
CHUIIKH TEPHUTOPIi, SKUH CIY>KUTh MICIIEM HaKOIIH-
YeHHsI MaTepialy, o BUHOCHThC. Cxema cydo3iii-
HOTO BUHOCY Ha JIISHII aBapiiiHOro 1exy HaBeldeHa
Ha puc. 2.

[licas npoBeAeHHS KOMIUJIEKCY AOCHIIKEHB
MpeACTaBIeHi KOHKPETHI MPOEKTHI MPOMNO3ULIT II0-
710 JIKBizamii NpuUYMH HEPiBHOMIPHUX (aBapiliHHX)
0CaJoK OyIiBji, CIIOCOOIB 1 METOAUKHU 3MII[HCHHS
IPYHTIB GYHJAMEHTY 3 3a3HAYEHHSM JIIJISTHOK Iep-

LIOYEProBUX POOIT.

Takox ycranoBka YI'3K-1 BukopuctoByBaiacs
MpH  1H)KEHEPHO-TEOJOTIYHUX BHINYKYBaHHAX Ha
JUISHII peKOHCTPYKLIT TYPTOKUTKY 1o ByA. Cryne-
HTCBKil, 4 B M. XapkoBi [14]. MeTorw AociKeHHS
OyJio BH3HaUEHHS NIUTBHOCTI IPYHTIB mij pyHIame-
HTaMU icHyr040i Oyximi. s nboro Ha BiacraHi 1,2
M BiJ ctiHu OyxiBmi OyB mpoiineHui mypd rmmou-
HOM 2,9 M (HWX4e TIMOWHY 3aKiIajieHHs] QyHIaMeH-
TiB Ha 1,5 m). [lepetun mypdy 1,2 x 2,2 M. Ha u-
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O

YMOBHI ITO3Ha4EeHHS
[ Kowurtypu icHyrouux nexis
B2l Ainsinku aBapiiinoro oGBaneHHs yacTHHH 1exy Ne 22

— s — BonoHecy4i kOMyHiKarlii

TH)XK€HEepHO-Te0IOTiYHI CBEPIIOBUHH

Touku pagioaKTUBHOTO KapOTaXKy

£ 7 ) Mexi ginstHkn ¢y 031 HHOTO pO3yLIiJIbHEHHS MiIIAHUX TPYHTIB

Puc. 1. 3oHa cy¢o3iiiHOro po3yIuibHEHHS MTIIaHUX IPYHTIB Ha AUISHLI aBapiiHoro mexy Ne 22
HITO «Kpacutens» B M. PyOikne, Jlyrancekoi o0acTi

ouni 1,9 M B cTiaky mypdy mix pyHaameHT OyaiBii
OyJIM TOPU3OHTAIBHO 3aJaBlieHI TPYOH JdiaMeTpoM
50 mm. Tlpu 3amaBmoBaHHI TpYyO, dyepe3 koxHi 10
CM, TI0O MaHOMETpY 3alHCyBaJlOCs 3YCHIUIL 3a1aB-
moBaHHA. [y BH3HAa4YeHHS WIUJIBHOCTI TPYHTIB B
Tpy0ax, BHKOHAHUI raMMa-raMma KapoTax. 3BeJIeHi
pe3yNbTaTH NOCIiAiB HaBeneHi Ha puc. 3. 3a pe-
3yJbTaTaMu TaMMa-raMMa KapoTaxy Mif QpyHaame-
HTaMH B 30HI PO3BUTKY HANpPYKEHb YITKO (IKCY€ETh-
csi 30UMbIICHHS IIUIBHOCTI TPYHTIB (DyHIaMEHTY.
[inbHICTH TPYHTIB B 30HI OOTHCKY CTaHOBHTH p =
19,1 xH/m® minbHicTH Cyxoro rpyHTy (cKkesera)
CTaHOBUTH ps = 16,9 kKH/M®. 3a Mexamu HanpykeHoOi
30HM (MK (pyHIaMEHTaMM) IIBHICTH IPYHTIB iCTO-
THO 3HW)KYETHCS 1 BiINOB11a€ POHOBUM 3HAYCHHIM

p = 18,2 kH/™M>, ps = 15,5 kH/M®.

BucHoBku. TakuM 4YMHOM, BUKOHAHI 1HXKCHEP-
HO-TEOJIOT1YHI BUIYKYBaHHS Ha JUISHII aBapiitHOTO
nexy Ne 22 T1O «Kpacurens» B M. Pybixue Jlyran-
ChKOi 00MacTi Ta Ha JUISHII PEKOHCTPYKLIi TypTO-
XUTKY TI0 Byl1. CTyIeHTChKii, 4 B M. XapKoBi MMOKa-
3aJIM MOXKJIMBOCTI BUKOPHCTAHHSI CIICLiaJIbHUX T€0-
¢GI3MYHUX TOCHIPKEHb B YMOBaxX IPOMHCIOBO-
MICBhKMX arnoMmepaiiiii. Takoxk mpoBeneHi I0CIIi-
JOKEHHSI MiJTBEPIUIN TPABOMOYHICTh BHKOPHCTAH-
HSl TeO(i3UYHUX METONIB B MPAKTHULI BHUIIYKYBajlb-
HUX pOOIT HapiBHI 3 TPagULIHHO BHKOPHCTOBYBA-
HUM oOnajgHaHHsAM. Jl0NMaTKOBUM IUTFOCOM BHKOPHC-
TaHHsS reo(i3UYHUX METOMIB B TaKUX YMOBax € iX
1H(OPMAaTHBHICTH 1 EKOHOMiIYHA BUNIPABAAHICTb.
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B pe3ymprari  mpoBeAcHWX — IH)KEHEPHO-
TeoJIoTiYHNX POoOIT 3p00ICHO HACTYITHI BUCHOBKHU:

1. Ha ninsHii aeapiiiHoro mexy Ne 22 TIO
«Kpacurens» B M. PyGixkne Jlyrancekoi obnacti oc-
HOBHOIO TIPUYHHOIO 00BaTy YacTWHU OyIiBIi € J0-
JaTKOBa mpocaaka (yHJaMEHTIB B pe3yibTaTi Mexa-
HIYHOTO BHHOCY IPYHTIB B 3pyHHOBaHHI KaHaji3a-
MIMHAHA KOJIEKTOP, PO3TANIOBAHUN HIKYE TTiJOIIBH

(hyHIaMEHTIB.

2. Ha minsHIll peKOHCTPYKINi T'ypTOKUTKY IO
Bynl. CrynmeHTChKild, 4 B M. XapKOBi BCTaHOBJICHO,
o mix GyHaaMeHTaMuy B 30H1 pO3BUTKY HaIlpy>KeHb
(ikcyeThcs 30UTBIICHHS MUTFHOCTI X IPYHTIB. 3a
MeXaMH HampyxXeHol 30HH (MK (yHIaMEeHTaMu)
UIUTBHICTH TPYHTIB iCTOTHO 3HMKYETHCS 1 BiATOBI-
na€e hOHOBUM 3HAYCHHSM.
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PERFORMANCE OF SPECIAL ENGINEERING AND GEOLOGICAL RESEARCHES
IN THE TERRITORIES OF INDUSTRIAL AND URBAN AGGLOMERATIONS

Formulation of the problem. The article is devoted to the description of the implementation of special
engineering-geological researches in the territories of industrial and urban agglomerations.

The purpose of the article is to show the possibilities of special geophysical researches while studying
hazardous geological processes and the determination of the physical and mechanical properties of soils un-
der the foundations of buildings in conditions of dense urban development.

Materials and methods. To achieve the main goal, special equipment was used in the work — a hori-
zontal sounding and logging unit. It is intended for mass and most reliable research of soil properties at the
base of existing buildings and structures. Using this installation, the following tasks are solved:
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— drilling horizontal wells;

— selection of soil monoliths;

— static sounding using «Pika» equipment;

— radioactive logging;

— pressiometric researches of soils;

— immersion of injectors to consolidate the soil.

Results. Analysis of the performed engineering and geological surveys at the site of the emergency
workshop Ne 22 of PA «Krasitel» in the city of Rubezhnoye, Lugansk region and at the site of reconstruction
of the hostel on the street Studencheskaya, 4 in Kharkov showed the possibility of using special geophysical
research in the conditions of industrial and urban agglomerations.

To find out the cause of the emergency deformation of the structure of the emergency workshop Ne 22
of PA «Krasitel», a study of soils was carried out using the method of radioactive logging. Obtained results
are presented in the form of a diagram of the isodensity of the base soils. Zone of decompaction of the base
soils has been identified and delineated. Based on the materials obtained, it was concluded that the main rea-
son for the collapse of a part of the building is the additional subsidence of the foundations as a result of me-
chanical removal of soils into the destroyed sewer collector located below the base of the foundations.

On the site of reconstruction of the hostel on the street Studencheskaya, 4 in Kharkov, the density of
soils under the foundations of the existing building was determined by the method of gamma-gamma log-
ging. It was found that under the foundations in the zone of stress development, an increase in the density of
the foundation soils is recorded. Outside the stressed zone (between foundations), the density of soils is sig-
nificantly reduced and corresponds to the background values.

Scientific novelty and practical significance. Scientific novelty — the choice of a complex of special
geophysical studies in researches of hazardous geological processes and to determine the physical and me-
chanical properties of soils under the foundations of buildings in conditions of dense urban development of
industrial and urban agglomerations is scientifically substantiated.

Practical application of the proposed results — the validity of the use of geophysical methods in the prac-
tice of exploration work on a par with the traditionally used equipment has been confirmed.

Keywords: natural and technogenic geological environment, engineering and geological surveys, con-
struction safety, hazardous geological processes, logging, industrial and urban agglomeration.
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T'EOJIOT'TYHI KPI/!‘TEPIi TA METOAH NIABUINEHHSI KOHAEHCATOBAJTYYEHHS
HA III3HIN CTAAII PO3POBKH I'A3OKOHAEHCATHUX POJOBHIIY

Poboma cnpamosana na 00CaioxHceH s nepCcneKkmue nioguieHHs KOHOCHCAMOBUTYYeHHs 13 2a30KOHOEHCamHux pooosuwy Yxpa-
iHU 3 BUCOKUM BMICTNOM KOHOEHcamy, fAKI 3HAX00AmvCa Ha NisHil cmadii excnayamayii. Pozenaoaromucs kpumepii ma mexHonoeii
30LnbUIeHHs 8UOOOYMKY KOHOEHCamy 5K Ha NOYAMKOSUX CMAdisx po3poOKu, max i Ha nizHix cmaodiax. Pozensnymo memoou niompu-
MAHHSL NIACMOB020 MUCKY HA NOYAMKOGUX CMAOIAX PO3POOKU 2A30KOHOCHCAMHUX POOOSULY, 0CODIUBO — PO HOBUX MOOUDIKayiil
CaliKNiHT-npoyecy, AKi 00360410Mb CYMMEBO NIOBUWUMU BUTLYYEHHSA KOHOEHCany, NOKA3AHO epadiute 300padicents HageoeHUx mex-
HON02Il PO3POOKU 2A30KOHOEHCAMHUX NOKAAOI8 OJIA PI3HUX 2e0N1020-NPOMUCTIOBUX YMO6. 10106HY Y6azy npudineno ananizy emopuH-
HUX MemoOig 8UOOOYMKY KOHOeHcamy, wo 6unas y niacmi, Ha NisHix cmaodisx po3poOKu 2a30KOHOEHCAmHUx pooosuwy. B axocmi
06 ’exmie docriddcens eubpani 2asokondencammi podosuwa Yipainu 3 eucokum emicmom konoencamy (nonad 200 2/m’). Hasedeni
NpuKIaou egeKmusHocmi po3pooKU 2a30KOHOEHCAMHUX NOKAAOI8 HA OKpeMux pooosuwjax Yxpainu. AHani3 noKasHukie po3pooxu
Tumoghiiscvroeo nagpmoezazoxondencamuoz2o pooosuwa ma Po3nauniecbkoeo 2a30K0HOeHCamHo20 po0oBUA NOKA3AS, WO 3 PO32Iis-
HYMUX n’simu meopemuuHo MOMCIUBUX 6aPIAHMIE NIOBUWEHHA eHep20eqheKMUEHOCHI PO3POOKU 2A30KOHOEHCAMHUX POO0SULY 05
NPAKMUYHO20 UKOPUCTAHHA MOXICYMb OYMU PEeKOMEHO08AHT 064 NEPEeNyCK 2a3y (3ad HAABHOCMI BIONOGIOHUX 2€002IUHUX Md MeXHO-
JO2IYHUX YMOB) MA NPOOOBICEHHS BUCHANCEHHS NOKAAOIE 6 YMOBAX HUZLKUX NIACMOBUX MUCKIE MeHue MUCKY MAKCUMATbHOI KOH-
Oencayii. Opeanizayisi nepenycky 2azy 3 Memor NiOGUWEHHS GUTYYEHHS KOHOEHCAMY 3 6UCHANCEHUX NAACMIE MONCIUBA 3d YMOGU
HU3bKO2O 8Micnty KOHOeHcany ma Oilbul 8UCOKO20 NAACMOBO20 MUCKY Y NOKAAOI, 3 AKO20 NAAHYEmMbCa 30ilicHiosamu nepenyck. Ha-
8€0€HO NPUHYUNOBY CXEMY OAHO20 CHOCOOY PO3POOKU 2A30KOHOCHCAMHUX NOKAA0ie. Ha nisuiti cmadii excniyamayii nokaaou 3 euco-
KUM 8MICIMOM KOHOeHCamy npu NAACMOBUX MUCKAX MEHUIUX 3a MUCK MAKCUMATbHOI KoHOencayii 0oyinbHo po3poonamu Ha 8UCHA-
orcenns. Hageoeno mamemamuunuii anapam, saxutli mModice Oymu 6UKOPUCIAHULL O NPOSHO3Y PO3POOKU 080X NOKIAOI8 8 pexcumi
nepenycky 2azy 3 6USHA4EHHAM 4ACY GUDIGHIOBAHHS NAACHOGUX MUCKIG NPU IX GUCHAJICEHHI.

Knrwwuoei cnosa: 2azoxonoencamui pooosuwya, pooosuwya Ha nizHitl cmaoii ekcniyamayii, 2a30KOHOSHCAMHI CUCTEMU, 3ATUUL-
K0Gi 3anacu, KOHOEHCamoBUILYYeHHS, 2e01020-NPOMUCTIO8] YMOBU.

H. M. ®ux, E. II. Bapasuna, E. H. Xpunxo. TEO/IOTHYECKHE KPUTEPHH H METO/bI IIOBBIIIIEHHA KOH-
JEHCATOOTAAYH HA ITO3JHAH CTAJIHH PA3PABOTKH TA30KOHJEHCATHBIX MECTOPOXKAEHHH. Paboma
Hanpaenena Ha ucciedo8anue nepcneKmus noebllenus KOHOeHCamoomoauu Ha 2a30KOHOEHCAMHBIX MeCMOPOICOeHUAX YKpaunsl ¢
8bICOKUM COOepIIcanieM KOHOeHCama, Haxo0AuWuxcs na no3onell cmaouu sxkenayamayuu. Paccmampusaromes kpumepuu u mexmono-
2ul yeenuderus: 000bIyu KOHOeHcama Kax Ha HAYanbHblX CIAOUsAX paspabomxuy, max u Ha no30Hux cmaousx. Paccmompervl memoowl
nooodepcanus NIACMo8020 0A6leHUs Ha HAYANbHBIX CAOUAX PA3PAOOMKU 2A30KOHOEHCAMHBIX MECTOPOHCOEH UL, 8 0OCODEHHOCHU -
PAO HOBLIX MOOUPUKAYUTL CATIKTUHS-NPOYeCcCd, KOMOopble NO360IAION CYUeCMEEeHHO NOBbICUMb U36TleueHie KOHOeHcamd, 0aHo epa-
Quueckoe uzobpadicenue NPUSCOEHHLIX MEXHONOUL PA3PAOOMKU  2A30KOHOEHCAMHbIX 3anexceti 0N  PA3IUYHBIX  2€0]1020-
npoMbICI08bIX yenoeuil. 1agnoe eHuManue yoeneHo aHanu3y 6MopuUiHbIX Memooos 000Ul 6bINABULE20 6 Nlacme KOHOeHcama Ha
NO30HUX CIAOUAX PA3pAOOMKU 2A30KOHOEHCAMHBIX MeCmopoxcOenull. B kauecmee 06vbekmos ucciedo8anuti 6b10panvl 2a30KOHOEH-
cammple Mecmoposcoenus Ykpaunsl ¢ 6blcokuM cooepaicanuem konoencama (6onee 200 2/m3). Ipusedenst npumepsl spgexmuero-
cmu paspabomxu 2a30KOHOEHCAMHBIX 3anedceli Ha OMOeIbHbIX Mecmopodicoenusx Ykpaunvl. Ananus paspabomixu Tumogeesckozo
Hegpme2a30KoOHOeHCAmH020 MecmopodicOerus u Pacnaumnogcko2o 2a30KoH0eHCAmHO20 MeCIMOPOJICOeHUs NOKA3AIL, YMO U3 paccmMom-
PEHHbIX NAMU Meopemuieck 803MONCHbIX 6aPUAHMO8 NOBLIUEHUs dHeP2oIPhexmusHocmu paspabomxu 2a30KOHOEHCAMHbBIX Me-
CMOPOACOEHUIl OIS NPAKMUYECKO20 UCHONb308ANUS MO2YM OblMb PEKOMEHO08ANbL 08A. NEPENyCK 2a3a (Npu HaTU4UU COOMBEemcmes)-
IOWUX 2€0N02UHECKUX U MEXHOIO02UYECKUX YCI08UIL) U NPOOOTIJICeHUe UCIOWeHUs 3anedceli 8 YCILOGUAX HUKUX NIACMOBbIX 0aBIeHUll
MeHbule 0a6leHus MakcumanbHou kondencayuu. Opeanuzayus nepenycka 2a3a ¢ yensvlo NoGbIULeHUs U3GNeYeHUs. KOHOGHCAmMa U3 Uc-
MOWEHHBIX NIACIO8 603MONCHA NPU YCIOBUU HUSKO20 COOEPHCAHU KOHOEHCama u 6oee 8biCOKO20 NIACMO8020 OABNEHUSA 6 3ANEHCU,
U3 KOMopou NIaHupyemcs ocywecmeiims nepenyck. Ilpugedena npunyunuanvbhas cxema 0aHHO20 cnocoba paspabomku 2a30KoH-
Odencamubvix 3anedxceil. Ha nosouneil cmaouu dKCHayamayuu 3a1excu ¢ blCOKUM COOepIicanuemM KOHOeHCama npu niacmosbix 0aeie-
HUSIX MEHbUUX, YeM OdeleHue MAKCUMAbHOU KOHOeHcayuu, yernecoobpasuo paspabamoeieams Ha ucmowjenue. Ilpuseden mamema-
muueckuti annapam, KOmopulil Modicem Ovimb UCNONL308AH 011 NPOSHO3A PA3PAOOMKU 08YX MECMOPOACOEHUIL 8 pedicume nepenycka
2asa ¢ onpeodenenuem 6peMeri BbipagHUEAHUSA NIACIMOBLIX 0ABIEHU NPU UX UCIOWeHUU.

Knwouesvie cnosa: zazoxonoencammoie MeCmopoicoeHus, MeCmoporcoeHus Ha no30Hel cmaouu SKCRIyamayuy, 2a30KoH0eH-
camuvle cucmembl, OCIMAMOUHbIE 3aNACHL, KOHOEHCAMOOMAayd, 2e01020-NPOMbICNIOBbLE YCIOBUSL.
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Beryn. Ykpaina — ogHa 3 HaicTapimmx HadTO-
ra3oBUI00yYBHUX Jep)kaB y CBITi. ['a30Ba mpommuciio-
BicTh YKpaiHu modana OypXJMBO pO3BHBAaTHCH y 60-
70 pOKHM MHHYJIOTO CTOJITTS MicJsl BIAKPUTTS 1 BBeE-
JICHHS B €KCIUTyaTallil0 TaKUX BEJIMKHX Ia30BUX PO-
moBum sk IlleGenmnHchbKe, XpecTUIICHChKe, Mei-
xeBcbke, €¢pemiBebke, KernviBcbke Ta iHmmMX. Y
1975-1978 pokax BuAoOyBaHHS Ta3y B JepKaBi CAT-
HYJIO CBOTO arorero - 68 Mipa. M> Ha piK, MiCIs 90ro
novaBcs cnaja 00’ emiB BunoOyBaHHA. Binkpusanuch
HEBEJIMKI POAOBUILA, SIK MPABHUIIO 3 HEBEIMKUMH 3a-
racaMmu, BHUIOOyBaHHS rasy 3 SIKHX HE BCTHUIAJIO
KOMIICHCYBaTH NpPUPOAHE MaAiHHSA BUIOOYBaHHS 3
Takux Benukux pomosull sik Lllebennncrke, Xpec-
TUIIeHChKe, MenixiBebke Ta iHmmx. Tak, BuIoOyTOK
razy B JIK «VYkpra3sunoOyBaHHs» (TOJIOBHOI Ta3o-
BUA0OYBHOT KOMIaHii AepkaBu, sika BumoOyBana 80
% ra3y B Ykpaini) B 1998-2001 pokax crabinizyBas-
cs Ha pieHi 13,5-13,6 mapa. M°. B uinomy B Vkpaini
Ha TOM uyac BMHOOyBanoch 10 17 mupa. M> rasy Ha
pik. 3a 2019 pik Bugo6yTO Ginst 18 mMup. M>.

[loctano nuTaHHS BHUBYEHHS MOMKJIMBOCTI 1
MOIIYKY HUISXiB 301IbIIEHHS PiYHUX 00’ €MiB BUJIO-
OyTKy raszy Ta KOHAEHCATY i3 CTapuX POIOBHIL, CY-
MapHi 3aJIMIIKOBI 3aMacy AKUX OIliHeHi y monas 200
mipa. M° i BilHECEH] 10 BaXKKO BUIOOYBHHUX.

AHaJii3 monepexHix 10CHiIzKeHb. AKTHUBI3AIIIS
BUJIYUYCHHsI 3aJIMIIIKOBUX 3allaciB Ha Mi3HIM crafil
PO3pOOKHM Ta30KOHACHCATHUX IOKJIANiB MoTpeOyBa-
Ja BIPOBAKEHHS HOBHX TEXHOJOTIH pPO3pOOKH,
MEPEeOCHAIIEHHSI Ta30BUX TPOMUCIIB, TMEPersiay
ra3oBu100yBHUX MOXKIIMBOCTEH pomoswui [1, 2, 3].

Byno Bu3HaueHO HaWBaXIMBIMI HAYKOBO-
TEXHIYHi, BAPOOHHUYI, OpraHi3alliifHi Ta iHBECTHIIIH-
Hi 3aX0/d, CIPSIMOBaHi Ha 301NbIIeHHs BHI00YBaH-
HS ra3y 1 KOHAEHcaTy 31 CTapuX Ta BUCHAXXEHHUX PO-
JIOBHIII, 3 SIKUX 1 HMHI BUJOOYBAEThCS Maibke MoJo-
BHUHA 00cCsTiB ra3y B Ykpaini. Ili 3axomu Oyno 3rpy-
MOBaHO 32 HACTYITHUMHU HAIPSIMKaMHU:

- OypiHHS JIOaTKOBHUX EKCILTyaTalliiHUX CBEpJ-
JIOBMH B HE33IpEHOBAHMX 30HAX POJIOBHIII,

- TepeBeleHHs CBEPAJIOBUH 3 BUCHAKEHHX IMOK-
Ja/liB Ha TPOIYLICHI 3a pe3yjbTaTaMH J0pO3-
BigKwM;

- 3HWKEHHS poOOYMX THUCKIB EKCIUTyaTamiiHuX
CBEPJIOBHH Ha PsIJIi POJOBHILL, 110 JOCSATAETHCS
NUISIXOM PEKOHCTPYKINIA KOMIIPECOPHHUX CTaH-
il a00 1mojayi ra3y MICIIEBHM CIIO)KHMBavyaM;

- OyAiBHHLTBO HACHUIHUX AaM0 y 3amjaBax piuoK
3 METOK BWJIyYEHHS paHillle HEeJIOCTYITHUX
Ba)XKKO BHJIOOYBHHX 3amaciB ra3y i KOHJIEHCaTy,
3 OJIHOYACHUM BHPILIEHHSIM €KOJIOT1YHUX MpO-
OneM, MOXWJIO CIPSMOBAaHE EKCIUTyaTalliiiHe
OypiHHS;

- 3MEHIIeHHS HeNil4Yoro (oHIy CBEpUIOBHH,
aKTHBI3allis iX KaliTaJIbHOTO PEMOHTY;

- BIPOBADKEHHS KOMIUICKCY 3aXOIiB 3 IHTCHCH-
¢ikamii BumoOyBaHHs rasy i KOHAeHcCaTy Ha 0a-
31 HOBUX TEXHOJIOT1i, TAPOPO3PHUBH IIACTIB;

- BUKOPHCTaHHS HOBHX TEXHOJIOTiH pO3poOKU
Ta30KOHIEHCATHUX POJOBHI (B TOMY YHCIi 3
HapToBUMH OOJIAMIBKAMH) 3 TMIATPUMAHHIM
TIaCTOBOTO THCKY;

- TepMiHOBa mepemada BUCOKOJEOITHUX PO3Bimy-
BaJIbHUX CBEPIJIOBHUH B €KCILTyaTaLlilo;

- BIOPOBAKCHHS HA Mi3HiHM cTamii po3poOku ras-
TmipTHOI eKcIulyaTalii CBEpAJIOBUH HAa POAOBH-
13X 3 BUCOKMM BMICTOM KOHJICHCATY.

OaHuM 13 HaHOLIbII BaXKJIUBUX IUTAHbL IIOCTAE
MUTaHHS 301bIICHAS BUAOOYTKY PIAKHX BYTJIEBO-
HIB 13 Ta30KOHICHCATHUX POJIOBHUII 3 BUCOKHM BMi-
CTOM KOHJIEHCATY, SIKi 3HAXOIATHCS Ha IMi3HINA cTafil
ekcrryatalfii. OCHOBHHMH 3 TaKUX POJIOBHII B YK-
paini e: Korenercoke, TumodiiBcpke, Kynmnaixinch-
ke, HoBoTpoinpke, bepesischke, Caxaminceke, Ko-
MUIIHSIHCBKE, AHApisIBChke, ['oromiBceke, Pymis-
cbKO-UepBOHO3aBOICHKE Ta IHIIII.

Bimomi TexHoorii 1 crtocoOu ImiIBUIIIEHHS BYT-
neBogHeBuiydeHHs [1,2,3.4,21] MoxxHa 3rpymyBaTH
3a TAKMMH HarpsIMKaMu:

- TiABUILEHHS BYIJICBOAHEBWIYYCHHS IPU PO3-
poOIli Ta30KOHIEHCATHUX POJIOBUIN Ha BHCHA-
JKEHHSI, 3aJIS)KHO BiJl THUIY MOKJIaIy, reojoro-
MPOMHCIIOBUX 1 TEPMOOAPHUYHHUX YMOB, aKTHB-
HOCTI IIACTOBUX BOJ, (DI3MKO-XIMIYHUX BIIac-
TUBOCTEH (QUIIOiNIB (MACUBHI TEXHOJOTIT Mif-
BUIICHHS BYTJICBOAHECBUITYUCHHS);

- TiABUIIEHHS KOHICHCATOBWIYYEHHS HpPU PO3-
poOIli Ta30KOHJEHCATHUX POJOBUII 3 MiJTPH-
MaHHSM TUIACTOBOT'O THCKY (CaKIiHr-TIpoliec,
3aBOJIHEHHS, MEPEIyCcK rasy, 3aKadyyBaHHS i1H-
MIMX pOoOOYHX areHTIB);

- BUIOOYTOK KOHJIGHCATy, IO BHIAB Yy TUIACTI, B
pe3yJbTaTi MoNepeHb0i PO3POOKH Ha BHCHA-
JKCHHS;

- MIJBUIICHHS KoedillieHTa Ha(QTOBWIyYCHHS 3
Ha)TOBUX OOJIAMIBOK Ta30KOHJICHCATHHX PO-
JIOBHIII.
bixmanom €.C. B [8] mokazaHO TUHAMIKY ITH-

TOMOTO BMICTY KOHJIGHCATy B TNIACTOBOMY rasi B 3a-

JISKHOCTI BiJ] TJIACTOBOTO THCKY Ha POJOBHIIAX YK-

paiHM 3 BHCOKMM HOIO ITOYaTKOBUM 3HAauCHHAM

(puc. 1). Aprop poOoTH Bif3HAYaE, 110 TA30KOH/ICH-

carHi cucteMd TOKianiB rop. B-20 Pymiechbko-

Yepaonozasoacekoro I'KP ta rop. B-22 Caxaninch-

koro HI'KP xapakrepusyroThcsi «00BaIbHOI0» KOH-

JICHCAIII€I0 PIAKKX BYIVIEBOIHIB B palOHI THUCKY IIO-

yaTKy KoHzaeHcauii Ha piBHi 31 Ta 48 MlIla mpu no-

YaTKOBOMY IOTEHLIHHOMY BMICTi KOHJEHCATy Ha

piBai 900 r/m>. IHIII BUCOKOKOHIGHCATHI POIOBHILA

Korenescoke, Tumodiiscbke, Kymiunxinceke, [oro-

niBcbke (puc. 1) XapakTepu3ylOTbCS MEHIIMMHU 3Ha-
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Puc. 1. JIlunamika TUTOMOTO BMiCTy KOHJIEHCATY B IIACTOBOMY Ta3i B 3aJIEKHOCTI BiJl THCKY Ha POAOBHUIIAX
YKpa'l'HI/I 3 BUCOKUM ITOYaTKOBUM IIUTOMHWMHU BMiCTOM KOHACHCATy

YeHHSMH MTUTOMOTO BMICTy KOHAEHCATy - Ha PiBHI
300-500 r/m? [8].

3a3HayaeTbCsd TAKOXK, 10 B TUIACTOBHX YMOBaxX
KOHJIGHCY€EThCS CHpHil KOHJIeHcaT. Voro 06’eM mpu
MOYATKOBUX ITACTOBHX YMOBAaX 3HAUYHO OUTBIIMIT 32
00’eM cTabibHOTO KOHEHcaTy. [3 3HMKEHHIM THC-
Ky BiH JIera3yeThCsl B IOPOBOMY CEPEAOBUII MOKJIIa-
1y, B Pe3yNbTaTi 4Oro 3aJIMIIAETHCS MPAKTHYHO CTa-
OUTBHMI KOHJCHCAT Y BUIVISII 3aJIUIIKOBOI KOHJICH-
caroHacuueHocTi. Tak, B yMOBax MOYaTKOBOI 3ajIH-
IIKOBOI BOJOHACUYEHOCT] JUIA OUIBIIOCTI KOJIEKTO-
piB /13 =a piBHi 9-20 % HacH4eHICTb MOPOBOTO
MPOCTOPY 3a PaXyHOK BUMAIIHHS KOHICHCATY MOXeE
30inplryBatuch B cepenHboMy Ha 10-12 %, mo
CTBOPUTH 3arajibHy HaCHYEHICTh pinkoi (a3u Ha pi-
BHi 19-30 %, TOOTO Ha MEXi TEOPETUUHOT PyXOMOC-
Ti piguan. e i 3yMOBIIOE BTpaTH BaXKKUX BYTJIEBO-
JHIB B MPOIIECi BUCHAXKEHHS TaKOTO THUITY POJOBHIILL.
Jliist oK IiB, Ta30KOHICHCATHI CUCTEMU SIKUX Xa-
PaKTEepH3YIOThCS OOBAILHOI KOHJICHCAII€I0, HACH-
YEHICTh MOPOBOTO MpocTopy Moxe carati 30-40 %,
1 Oinplie MO MEpPeBHIIYE KPUTHYHY HACHYEHICTH,
3a0e3rneuye HOro pyxomicTh Ta 301IblIye BHUIOOY-
TOK. J[Jsl Ta30KOHJEHCATHUX POJOBHII 3 MOYATKO-
BMM IIUTOMUM BMiCTOM KOHeHcary MeHmie 500 r/m?
TaKi yMOBH MalOTh MicCIle B 0OMEXeHill TpUBUOIHHIH
30Hi miacra (I1311).

VY poborax [1, 2, 3, 4, 5] BiaMiUaeThC, IO Ta-
30KOH/ICHCATHI PONOBHIIA 3 BHCOKHM ITOYaTKOBUM

BMICTOM KOHJICHCATy B IUIACTOBOMY Ta3i cIif po3-
pOOIATH 3 MIATPUMYBAHHSIM IUIACTOBOTO THUCKY Ha
PiBHI BHUIIIOMY 3a THCK MOYaTKy KOHJeHcarlil. Jluiie
y TaKOMY BUIAJIKy MOKe OyTH TOCATHYTO MaKcHMa-
JBHOTO KOH/IEHCATOBHJIYYEHHS 32 YMOBH ONTHMa-
JILHOTO BIUIMBY iHIINX (PAKTOPIB Ha TIPOLIEC PO3POOKH.

Jo iHmmx ¢akTopis, BiJ IKHX 3aJ€KHUTh BEIU-
ypHa 30UTBIIEHHS KoedillieHTa KOHJIEHCATOBHITY-
YeHHS TPU CaWKJIHI-TIPOIIECi 1 SIKi MOKHA PEryIIo-
BaTH, CJIiJ BigHeCTH [6]:

- MojaudiKallisi CAalKIIiHT-TIPOIIeCy cama 1o co0i;

- KUIBKICTh 1 CHCTEMa PO3MIIIEHHS HATrHITaIb-
HUX 1 BUJIOOYBHUX CBEPJIOBUH;

- CHCTeMa PO3KpHUTTS ILIACTIB repdoparliero;

- 00’eMH 3aKauyBaHOTO CyXOr'o rasy;

- 00’emu BigOOpy razy Ta ae0iTH BHIOOYBHHX
CBEP/UIOBVIH;

- penpecii i genpecii Ha 11acT;

- poOoui TUCKM i THCKW HATHITaHHS CyXOro Ta-
3y Ha TUpJIax CBEPUIOBUH;

- (hi3MKO-XIMIYHI BIACTUBOCTI 1 CKIIaJ] Ta3y, 0
3aKaqyeThCsl.

Haiibinpme Ha  eQeKTHBHICTh  CAMKIIHI-
nporecy BIUIMBaE KOE(IIIEHT OXOIUICHHS BHUTIC-
HEHHSIM CHPOTO Ta3y CyXUM, KU Ma€ TPH CKJIaJI0Bi:

- 3a IJIOMIEI0 MOKJIay;
- 332 PO3pi30M ILIACTIB;
- 32 CTPYKTYpOIO [IOPOBOTO IpocTopy [7].
3 METO¥O MiIBUINECHHS Koe(hillieHTa 0XOIUICH-
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HS BUTICHEHHSM CHpOTO a3y CyXuM B pobortax [,
4, 6] 3ampoITOHOBAaHO 3MIHIOBATH HAIPSMKH (iIbT-
pauiifHuX MOTOKIB Y TUIACTI HUISIXOM 3MIHH PEXKHUMIB
3aKkayyBaHHs Ta BigOopy rasy, BHOIpKOBOTO BiAK-
JIIOYEHHS Ta BKJIIOYEHHS CBEPAJIOBUH, IIEPEBEICHHS
OKpEeMHUX BUIOO0YBHUX CBEPAJIOBHH Y HarHITaIbHI (B
TOMY YHCJIi Ha Mi3HIH cTaaii po3poOKH).

Jns mifBUIIEHHS BYIJICBOAHEBUIIYYEHHSI Ta-
30KOHJCHCATHUX POJOBHII MOXKHA WTH [BOMa
OUISIXaMU: MEepUIMd — 1€ BUKOPHCTAaHHS METOJIB
MiATPUMAaHHS TIACTOBOTO THCKY Ha MOYaTKOBHX
CTamigx iX pO3pOOKH, i APYTHH — BUKOPHUCTAHHS
BTOPUHHUX METOMAIB BUAOOYTKY KOHIEHCATY, IIO
BUIIAB Y IJIACTI, HA OUIBII Mi3HIX CTaIisgX.

[linTpMaHHs IaCTOBOTO THCKY B Ia30KOH-
JCHCATHUX TOKJIaJax MOXe 3MIHCHIOBAaTHCS IJIs-
XOM:

- 3BOPOTHOI'O 3aKadyyBaHHS BiJICEMapOBAHOTO
(cyxoro) mpupoaHOTO ra3y (CalKIiHT-TIPOIIEC);

- 3aKaudyBaHHs BOAM (IITy4HE 3aBOJHEHHS);

- 3aKavyyBaHHS B IUIACT IITYYHOTO BYTJIEBOJHE-
BOTO rasy;

- 3aKavyyBaHHS HEBYTJICBOJHEBUX ra3iB (BYyTJe-
KHCIIUIA Ta3, a30T, IMMOBI 1 BUXJIOTHI Ta3H, MOBITPS);

- TO€THAHHS MEePesiYeHNX METOIIB.

VY Teopii Ta mpakTUI PO3pOOKH Ta30KOHIEHCA-
THUX TIOKJIJiB IIUISIXOM 3aKauyBaHHS CYXOro rasy
BUUISIOTH KUJIbKA PI3HOBHUIIB CalKITiHT-TIpoIieCy [4]:

- TIOBHHU CAMKITIHT-TIPOIIEC, KOIW B IJIACT 3a-
KauyeThCsl BECh BiJICEMapoBaHWi Ta3 i B Mpolieci
PO3pOOKH MIATPUMYETHCS TOCTIMHUH TUIACTOBHIA
THCK;

- YacTKOBUH CaMKIIHI-TIPOLEC, KOJIU B IJIAcT
3aKauyyeThCs JIUIIE YaCTHHA BiJICEIapOBAHOTO Ta3y i
po3po0Ka MOKIJIAAy 3OIMCHIOETBCS 3 HMOHMKEHHIM
IUTaCTOBOT'O TUCKY, IPH LIbOMY YacTHHA ra3y noja-
€TBCS CIIOJKHMBAYEBI,;

- TIOBHMH Ta YaCTKOBUU CaHKJIIHT-TIPOIEC 3
MOTIEPEIHIM 3HIDKEHHSM IUIaCTOBOTO THCKY B IOK-
nai.

Bimomi pi3HOBHAM CalKIIIHT-TIpOLIECy 3a0e3rie-
YyIOTh 301UIbIIEHH Koe(illieHTa KOHJIEHCATOBUITY-
YEHHS y MOPIBHSIHHI 3 BUCHAXXCHHSM, aJleé BOHH Ma-
10T OOMEXEHHs, 00yMOBIICHI PSIJIOM YNHHHKIB, TO-
JIOBHUMH 3 KUX € [6]:

- TIomepenHid BimOip Tra3y 3 MOKIAAy Iepen
CAMKIIIHT-TIPOIIECOM B YMOBaX, KOIM IIOYaTKOBUH
TUTACTOBUE THUCK PIBHUU THUCKOBI TOYATKy KOHJICH-
carii;

- HU3bKUH KOe(]ILi€HT OXOIJICHHS BUTICHEHHAM
TUTACTOBOTO ra3y CyXUM SIK IO TUIOIII, TaK 1 O po3-
pi3y, 0cOONMMBO B MOKJIagax 3 HEOIXHOPIIHUMH KOJie-
KTOpaMu;

- BUIIQJIaHHS KOHJCHCATy B JCMPECIHHMX JIiii-
Kax 1 IpUBUOIHHIX 30HAX CBEPJIOBUH;

- HEJOCTaTHS MiATOTOBKA TI'a30KOHAEHCATHHX
POIOBHII] T€OJIOTOPO3BiTyBaTLHUMH POOOTAMY;

- BIJICYTHICTH TIIIOPSIKYBAaHHS 1 aanTaiii Te-
XHOJIOTii pO3pOOKH IO CTaHy i peallbHUX TeO0JIOTO-
MPOMHUCIIOBHX YMOB T'a30KOH/ICHCATHOTO MOKJIAAy Ha
MOMEHT BIPOBAKEHHS CUCTEMHU PO3POOKH 3 MiIT-
PUMYBaHHSM IIJIACTOBOTO THCKY.

3acmyroBye Ha yBary 3alponoHoBaHuWid y [8]
HOBHH BapiaHT CalKIIHI-TIpoIiecy 3 IBOMa MOIU]i-
KamisiMu. BiamoBigHO 10 mepmoi — 3aidCHIOEThCS
3aKauyyBaHHS y IIacT CyXOro rasy A0 YTBOPEHHS
00JsIMIBKH 3 HBOTO y po3Mmipi 0,4-0,6 razoHacu4YeHO-
ro 00’emy noknafay. [Ticis 1poro 3MiHCHIOETHCS ITi/I-
TPUMaHHSI IUIACTOBOTO THCKY 33 PaXyHOK 3aBOIHEH-
HS 1acTa. Taka TEXHOJOris PO3pOOKH Ta30KOH ICH-
CaTHOTO TIOKJIaly BHPI3HAETHCS MEHIIMMHU CHEpre-
THYHUMH BUTPAaTaMH B TIOPIBHSHHI 3 TPaIdIliHHAM
cadkiiHT-miporiecoM. Bona 3a0e3nedye Ha Mi3HIH
cTanii po3poOKH BHIIAPOBYBAHHS BHIIABIIOTO KOH-
JIEHCaTy B Ta3 Ta HOTO BUTICHEHHS 13 YaCTWHU TIOK-
Jany, o0 3aBOJHIOETHCSI.

[HmmMit  pi3HOBUA TEXHOJOTIi BiAPI3HAETHCA
TUM, IO JO MOYATKy 3aKadyBaHHS Y IJIACT CyXOTO
ra3y uepe3 HarHiTaJbHI CBEPAJIOBHHU 3aKAYYETHCS
Boza y kumekocti 0,05-0,1 Big mo4aTkoBOTO MOPOBO-
ro 00’emy nmoknaay. Boaa nepin 3a Bce nmoTparisie y
BHCOKO TIPOHHKHI Tpimuan. Taka momaTrkoBa cTafist
JTAa€ MOXJIMBICTH IO TIEpINE - TMOTIPIIATH TIPOBIM-
HICTh CHCTEMH TPIlIMH, MO JApyre - 30iIbIIUTH Y
TIacTi KoeQillieHT OXOIUICHHS BHUTICHEHHSM ILIAC-
TOBOTO razy cyxum [9].

KoxHwmil pi3HOBH] CAHKITIHT-TIPOIIECY Ma€ CBOL
nepeBaru 1 A7 KOHKPETHOTO Ta30KOHIEHCATHOTO
POIOBHIIA BUOUPAETHCS 3aJIEKHO BiJl HOTO TE0JI0T0-
MTPOMUCIIOBUX, (PI3UKO-XIMIYHUX 1 TEPMOOAPUIHUX
ocoOmuBocTreil. OnHAaK HE 3aBXAW 11 0COOJIMBOCTIL
BU3HAYAIOTh TEXHOJIOTII0 CaWKIIHI-TIpoiecy. Tak
HaNpHKIaA, CalKIiHr-npornec Ha HoBorpoinbkomy
POMOBUILI TMOYANH IMICJIA MOHMXKEHHS IJIACTOBOTO
THCKY 3 35,6 mo 28,6 Mma. Ilpu momy nuTommii
BMICT KOHZ€eHcary 3Hu3uBcs 3 417 r/m> 1o 317 r/ms.
[IpuumHa — BigCyTHICTH KOMTpecopiB Ha TUCK 40
MIla. OnTrManbHi BapiaHTH PO3POOKH T'a30KOHIEH-
CaTHUX POJOBUIN BHOMPAIOTH TiJl Yac MPOEKTYBaH-
HSl, IPUYOMY TOJIOBHUMH TIOKa3HUKAMH € SIK BEJIH-
9YrHa 301IbLICHHS! KOHACHCAaTOBUIYYEHHS 1 ByIJIEBO-
JHEBUITYYCHHS B3araji, Tak i €eKOHOMIUHI pe3yJibTa-
Td. [Ipy 1IbOMY T€OJIOTO-IIPOMHCIIOBI YMOBH, SIK
NPaBUIIO, HE BU3HAYAIOTH PI3HOBHJ 1 MOAM]IKALi0
CalKITiHT-TIpo1IeCYy.

JUisl MiIBUINEHHS KOH/ICHCATOBWIIYYEHHS CYT-
TEBUM € 301JIbIICHHS KOe(]ilieHTa OXOIUICHHS BUTI-
CHEHHSIM IUIaCTOBOTO T'a3y CyXHM IIO TUIOMI 1 po3pi-
3y MOKJIaMY, 10 CTPYKTYpi MOPOBOTO MPOCTOPY MpH
PO3po0I1Ii 3 MATPUMAHHIM I1JIACTOBOIO THCKY.

ABtopamu po6it [1, 2, 6, 7] Oyi0 3anponoHo-
BaHO Psil HOBUX MoAudiKalliii calKIiHI-IPOLIECY:

- CaWKIIHI-TIpoIieC 3 TONEpPEeTHIM YaCTKOBUM
BUCHa)KCHHSIM HU3bKOIIPOHUKHHUX IUIACTIB;
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- CaWKIJIIHT-TIPOIIEC 3 MTOCiAOBHUM ITiIKJTFOUCH-
HAM IUTACTIB y TPOIEC BUTICHEHHS, IMOYWHAIOYH 3
HU3BKOTIPOHUKHUX;

- CTYMIHYaCTUH CAMKIIIHT-TIPOIIEC, IKHI BKITIO-
yae KOMOIHAIll TOBHOTO 1 YAacTKOBOTO CAMKIIiHI-
TIPOIIECIB 3 BUCHAKEHHSIM;

- CaWKJIHT-TIPOLIEC 3 TOMEPEAHIM MiTHITTAM
IJTACTOBOTO THCKY Yy TTOKJIAI;

- CAWKJIIHT-TIPOIIEC 3 TOMEPEAHIM ITiIHATTIM
IUTACTOBOTO THUCKY, BigOopoM HapTH 3 HapTOBHX
OOJISIMIBOK 1 TIEPEXO/IOM Ha CTYMIHYACTHHN CAMKIIiHI-
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Puc. 2. Cxemu 37aiiicHeHHA HOBUX Mo ]iKamiid CaKIIIHI-TIPOLIECY: a — 3 IIOHIKEHHSIM IIaCTOBOTO THUCKY
B HU3BKOIIPOHUKHOMY IIACTi; O — 3 MOCHiIOBHUM BKJIFOUESHHSIM IIJIACTIB Y IPOLIEC BUTICHEHHS;
— 13 CTIEIAJIBHOIO CITKOIO CBEPITIOBIH
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|
-
S -t— -t —
-
[Tnacr 2 -
-3 -+ —
]
-
- - -+ - L]
-
[Thacr | =
-
6 - nosmopHuil catiknine-npoyec nicas po3pooKu Ha BUCHAICEHHS
- NEPBHUHHHUI - BTOPUHHHUIT NIEPepo3NnoaiieHHi

CUpHii ra3 1o 000X riactax CHpHii ra3

l I- cyxuii ra3

Puc. 3. Cxema po3poOKy IBOX Pi3HONMPOHUKHUX ra30JUHAMIYHO KOHTAKTYIOUMX TUIACTIB NUISXOM MEepeTi-
KaHHS Ta3y, HACHYEHOTO KOHJICHCATOM, 3 HU3bKOIIPOHUKHOTO Tu1acta (2) y BUCOKONPOHUKHHH mtacT (1), 1e
NPOUIILIO 3aMIIIEHHS] CUPOT0 ra3y CyXUM, 3 HACTYITHHUM IIOBTOPHHM BHKOPHCTAHHSM CaiKIIIHI-TIPOIIECY

I3 pucyHKiB BUIHO, IO 3aIPONIOHOBAHI TEXHO-
yorii BUCOKOe(EeKTHBHI 1 MOXYTh BHKOPHCTOBYBa-
THCh, B OCHOBHOMY, Ha HOBHX Ta30KOHJCHCATHUX
POIOBHIIAX 3 0ararorjacTOBUMH IMOKJIAJaMHU 3 Pi3-
HUMH 3HAYE€HHSIMU SK IJIACTOBHX THCKIB, TaK 1 IO-
TEHIIIHOTO BMICTY KOH/IGHCATY B IJIACTOBOMY rasi.

Onnak HaWOLIBIIMKA TEOPETWYHUH 1 MPaKTHY-
HUH iHTepec MaloTh ra30KOHACHCATHI POJOBHILA Ha
Mi3HIA cTajaii eKCIuTyaralii K pe3epB IIiABHUIIECHHS
eHeproe(eKTUBHOCTI 3a paxyHOK BHJIOOYBaHHS BH-
MaBIIOr0 B IUIACTI KOHjAeHcary. BumoOyBaHHS Tako-
r0 BaXKO BHIOOYBHOIO KOHAEHCATy 3 HaAp MOXe
OyTH MOXIUBHM TPH BHKOPHCTaHHI CIEIiaIbHUX
TEXHOJIOT1H PO3POOKHU MOKIIAIIB.

Merta poGOTH: JOCTIIUTH TMEPCIEKTUBH IIij-
BUIIECHHS KOH/ICHCATOBMIIYYEHHS 13 Ta30KOHJICHCAT-
HUX POJMOBHIN YKpaiHU 3 BUCOKHM BMICTOM KOHJICH-
cary, sIKi 3HaxXO[AThCs Ha Mi3HIN cTaii eKcITyarariii.

Buksan ocHOBHOro Martepiaay H0CTiIAKeHHS.
B poborax [4, 6, 8, 9, 10, 11] nokazaHo, o 4um Oi-
JBIIUI BMICT PI3HUX BYIIIEBOAHIB Y TUIACTOBOMY
rasi, THM KpyTILIOIO € KpHUBa MOTCHLIHHOTO BMICTY
KOHJIEHCATy, 1 TUM OUTbIIEe HOr0 BUMAJA€ B TUIACTI.
Tak, nanpukian, ans Tumodiicekoro HI'KP, me
NOYATKOBHI BMICT KOHJEHCATy ckinagas 456 r/m°,
po3poOKa Ha BHCHaKEHHs 3ale3nevyyBana BHIO0Y-
Tok nume 20 % Horo mMo4aTKOBHX 3aIlaciB.

3 METOIO MIiIBUINCHHS BUITYYCHHS KOHICHCATy
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B YKpaiHi Ha YOTHUPHOX Ta30KOHICHCATHUX POIOBU-
ax 3 BUCOKUM HOTO BMICTOM, TakuX sK: HoBOTpOi-
upke, TumodiiBcobke, Kyniunxinceke Ta Korenesch-
Ke, OyJ0 MpoBeIeHO po3pOOKy B PEKUMI MIATPUMY-

Buo0yBHa
CBEpP/JIOBHHA

BaHHS IJJACTOBOTO THUCKY. B pe3ynbrari KoedilieHT
BIJTYYCHHS KOHIEHCATy i3 OKPEeMHX ITOKJIadiB, e
MPOBOAMBCS CalKITIHI-TIPOLEC, 301IBIINBCS B cepe-
nueomy 3 0,2-0,25 mo 0,30-0,40. Ane mompu Take

Harnitansna
CBEp/UIIOBHHA

s

30Ha BHUIAIaHHs KOHICHCATY
B IJIACTi NIPU CAUKJIIHT-TIPOLIEC]

e ot ey |1+ 2+ A
Jtutut e e e o | miacToBOMY THCKY o ) ./K‘m
. . . . . . . . . . . . . . ..'Q.l.. -'o.u a.c.l.. *n.--

Puc. 4. CxeMa po3noaiiay THCKY MiX BUJOOYBHUMH 1 HATHITAILHUMH CBEPJIOBUHAMHM: KpHBa | — Ipu 3BU-
YaifHOMY CalIKJIMHT-IIPOLIeCi; KpHUBa 2 — PU CalKIIIHI-TIPOLIEC MiciIst HATHITAHHS TUIACTOBOTO THCKY

301IBLICHHS] HABITh TIPU CAaHKJIIHI-TIPOLIEC] Yy TUIACTi
3aJTUIIUIOCH MTOHA Bl TPETHHH BUIABIIOTO B Pifl-
Ky a3y konpaeHcary. BimHocHO HeBemnmKke 30ib-
IICHHS BUJIYYCHHS KOHJCHCATy IOB’si3aHe i3 IoIe-
PEIHIM BiZOOPOM ra3sy i3 X POIAOBHIIL.

SIKIO PO3MISHYTH yCi Ta30KOHACHCATHI POO-
BHUIIIAa B YKpaiHi, SKi po3poO0IIsUINCh HA BUCHAKEHHS,
TO YacTKa BHIIABIIOTO Yy IIACTaX KOHJICHCATY CKJa-
nae tpubmmzao 0,5-0,6 Bijg MMOYaTKOBHX 3amacis,
TOOTO KUJTbKICTh KOHJIGHCATY, 110 3JIUIIUBCS y TUIa-
CTax y BUDISAII PiKOi (a3u, MPaKTUYHO JOPiIBHIOE
KUJIBKOCTI BHIOOYTOTO.

Takum 4MHOM, MIPEIMETOM HAIIUX TMONATBIITNX
JOCIII/PKEHb € BHMCHAXEHI Ta30KOHICHCATHI Pojo-
BHUIIA 13 3HAYHUMH 00 €MaMM BHIIABIIOIO B HUX
KOHJICHCATy, Ta MOXJIHMBICTh HOTO BUAOOYyBaHHS Ha
Mi3HIH cTaaii po3poOKH.

Bu3HauMMOCHh 13 HanpsMKamMH CHCTEM PO3po0-
KH, SIKi MO)KHA 3aCTOCYBaTH i 3a0€3NeUeHHs BU-
J0OYTKY BHITABIIIOTO B TUIACTI KOHICHCATY.

[eprmmii — po3irpiTH MIIACT 1 TEPEBECTH PIAKHIA
KOHJIeHcaT y ra3omnoionuit cran. Lleit crioci6 € cyto
TEOPETUYHUM, aje NPaKTUIHO Hee(EKTUBHUM I10
MPUYHHI 3HAYHUX 3aTpaT eHeprii Ha Horo 37iiicHeH-
HSL

Jpyruii — migHATH 1aCTOBUI TUCK B MOKJAI 1
MEPEeBECTH PIAKUI KOHAEHcCAT B ra3oBy (azy. Llei
Croci0 BUINISAIAE SK HEAOIUIBHUN uYepe3 HeoOXi-
HICTh 3aKa4yBaTU B IUIACT TOM OOCST rasy, sKuil yxe
OyB Bu0OyTHii, Ta KOHCEpBaLlii Ha TOBIHH Yac 3Ha-
YHHUX 00’ EMIB «4y>KOTOY rasy.

TpeTiit — 3acTocyBaTH MEPENycK rasy i3 mokjia-
JIiB 3 BUCOKUM THCKOM i HU3bKHM BMICTOM KOHJICH-
caTy B TMOKIaJi 3 OLIbII HU3BKUM ILIACTOBUM THC-
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KOM Ta BHCOKHM BMICTOM KOHJEHCATy, SIK CHCTEMY
PO3pOOKH 1 BUAOOYBaHHS YaCTHHU BUIIABIIOIO KOH-
JICHCATY.

UYeTBepTHii - 3HU3UTH MJIACTOBUN THUCK HUXKYE
TACKY MaKCHUMAaJIbHOI KOHJeHcamii, 3abe3meunBim
3BOPOTHE BHUIIAPOBYBAHHS PIJKOTO KOHJEHCATY, 30i-
JBLICHHS HOTO MUTOMOTO BMIiCTy B 3aJINIIKOBOMY
IJIACTOBOMY Ta3i i3 HAaCTYyIHUM BUIOOYBaHHSIM.

[’ sTrit — po3poOka ra30KOHAEHCATHUX TOKJIa-
JiB 3 BUKOPUCTAHHS CaMKIIiHI-IPOIIeCy NPH IIACTO-
BUX THCKaX HIKYMX THCKY MaKCHMAJIbHOI KOHIEH-
caii.

PosmnsitHemo Tpetili, yeTBepTHil 1 M’ SATUH cIio-
co0u pO3pOOKH IS Ta30KOHJICHCATHUX POIOBUIIL
VKpaiHH 3 TOYKH 30py MOXIIMBOTO BHIOOYBaHHS
BUITABIIIOTO B IUIACTI KOHJICHCATY.

OnHuM 3 HampsIMKIB PO3B’SI3aHHS MPOOJIEMH €
BUKOPHCTAHHS MEPEITyCKy rasy 3a HasiBHOCTI BiATO-
BIJIHUX TEOJIOTIYHHUX Ta TEXHOJOTIYHUX yMoB. [Ipu
oMy ()i3MYHOI0 OCHOBOKO BTOPHHHOTO BHIO0Y-
BaHHsI KOHJICHCATY € TIepeBe/IcHHS YaCTUHHN KOHJICH-
cary, IO BWIIaB Yy TUIACTI, B Ta30MOAIOHUI CTaH 3a
PaxyHOK MiIHSTTS MJIaCTOBOTO TUCKY Y BUCHAKEHO-
My mokiani [ 6, 19, 20 |.

[lin HasSBHICTIO TE€OJOTIYHUX YMOB PO3YyMI€MO
BIZKPUTTS HOBOTO Ta30BOTO IIOKJIAAy 3 HH3BKUM
BMICTOM KOHJEHCAaTy Ha OifbIIMX MMHOWHAX MpH
30iry CTPYKTYPHOTO IUIaHY 3 BUCHA)KCHUM Ta30KOH-
JICHCATHUM TOKJIaJ0M a00 BIIKPHUTTS Ia30BOrO MOK-
Najy HEMoAANiK BiJi BUCHAXKEHOTO Ta30KOHIEHCAT-
HOTO TOKJIJTy KU PO3POOIIIETHCS.

TexHONOTIYHI YMOBH MOXYTh OyTH CTBOpPEHI
IITYYHO, HAPHUKIIAJ, SKIIO 3 JAEKIJIBKOX T'a30KOHIe-
HCaTHUX TOKJIa/iB OJUH PO3pPOOJISETHCS Ha BHUCHA-

JKEHHS, a 1HII — B pexXuMi caikiir-mporecy. [lpu-
KJIaJ TakKhuX YMOB Bike MaeMo Ha TuModiiBCbkOMY
ponoBuili, amke noknaaun B-16, B-17 po3po0is-
IOTBCSI HA BUCHAXCHHS, a mokyax T-1 po3pobisieTs-
csa y pexumi caikiinr-mporecy [20]. Came sBuie
HIHATTS IUTACTOBOTO THCKY Y BHCHAKEHUX Ta30Ko-
HJICHCATHUX IOKJaNax BiJoMe, OJHaK HeBijoMi Oy-
JIY TIUISIXY H0TO 3MIMCHEHHS, 110 i 3aITpOIIOHOBAHO B
pobotax aBropiB [ 1,2, 3,6 ].

I'pymoro aBropiB i3 inctutyTy YkpH/lIras Gyno
JOCTIKEHO NHUTaHHS TOBTOPHOTO BHUKOPHCTAHHS
€Heprii Cyxoro rasy IMOKJIay, IO MPONIIOB CTaIilo
CAMKIIHT-TIPOLECY, LUISIXOM TEPernycKy HOro y BH-
CHa)KeHI ra30KOHACHCcaTHI okiIaau [ 6, 3, 19, 20 ].

[lepemyck cyxoro ra3y i HiAHATTS THCKY y BH-
CHaXCHHX IUIACTaX MPHU3BOJHUTH IO BUIAPOBYBAHHS
KOHJICHCATy, 1IO paHillle BUMAaB y IJIacTi, 1 MiJBH-
IIEHHS KOH/IEHCATOHACHMYEHOCTI IUIACTOBOi CHCTe-
mu [12].

[loBTOpHE BHICHAXXEHHSI Ta30KOHJICHCATHOTO
MOKJIay TICHsA MiTHATTS THCKY a00 BUCHAKCHHSI
000X TOKIIafiB Yepe3 BEepXHiil iCTOTHO IiIBHIUTH
KiHLEBUH KOe(DillieHT KOHIIEHCATOBWITYUEHHS 1 30i-
JBIIUTH 3arajibHy €KOHOMIYHY e(eKTHUBHICTh pO3-
pOOKH Ta30KOH IeHCAaTHOTO poxoBumia [ 6, 19 ].

Ha puc. 5 HaBeaeHO NPUHLMIIOBY CXEMY PO3-
POOKHM Ta30KOHJEHCATHOTO MOKIAAy 3 TepeIryCKOM
BHCOKOHAITIPHOTO Ta3y 3a CIoco0aMu: a — y CBEpI-
JIOBHHI; 0 — Yepe3 MOBEPXHIO; B — Yepe3 IMOBEPXHIO 3
IHIIOTO POJIOBHIIIA.

[lepiog mepemycky raszy 3 TOKIaay, IO
MPOUIIOB CTaMil0 CAHKJIIHT-TIPOIECY, B IHIIUH, BU-
CHAOXEHUH TOKJaNa, 1 MpUONM3HE BUPIBHIOBAHHS B
HUX IJIACTOBUX THUCKIB 3aJI€)KaTh BIJI sy Iapamer-
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A - cenaparop BHCOKOIro THCKY

3 IHIIOrO POAOBHILA

Puc. 5. IIpuHIIATIOBI cXeMHU PO3POOKH Ta30KOHACHCATHUX TIOKIIAIIB 3 TIEPEITyCKOM BUCOKOHAITIPHOTO Ta3y
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piB TIOKJIAAiB 1 BU3HAYAIOTHCSA CHCTEMOIO PiBHSIHE (1)

[6, 19]:

Pu _ 5 _ Pali

Zn Zi a€y e

o B _Puly g )

Z, Z, a,Q, frep 2z (1)
1

Onep = | qdt, q=di,—';ep,
0

Pl2 _P22 = Aq ,

ne P.,,P,P,,P, - TOYaTKOBHH i IOTOYHUH

IUTACTOBI TUCKH Yy BepXHbOMY (1) 1 HIKHBOMY (2)
MOKJIaJIax;

Zn.Z,.Z
BOCTI Ta3y IMOYaTKOBI Ta MOTOYHI ¥ BepxHbOMY (1) 1
HIKHBOMY (2) MOKIIaaax;

Par - armocdepHuii TUCK;

tq, t, - TEeMIepaTypHi MOMPaBKH;

a,,a, - Koe(IIMiEHTH Ta30HACHICHOCTI;

Z, - KOC(IIliEHTH CTHCITU-

al > 2 >

Q,,Q, - NOPOBi 00'€EMHU MOKJIAIIB;

Quep - 00'€M T3y, IO MEPEITYCKAETHCS;

¢ - n06oBuil 00'eM rasy, 110 MEPENYCKAETHCS;

A - cymapumii koediuieHT (igpTpaniitHOTO
OTOpy TpH TEPeIycKy rasy 3 ypaxyBaHHIM 000X
OKJamdiB (A1 + Az).

I3 rpadika BumHO, 1110 JOAATKOBUN BUIO00YTOK
KOHJICHCATy TPH TakKid cHCTeMi PO3POOKH MOKe
301TBIIUTUCH HA 25 %.

Koedimient ¢inprpamniiinoro onopy B Bu3Haua-

MIla
40

T
. ey

=

N

N\

An

0,2

0,4 n

Puc. 6. I'padik 3ane:xHOCTI KoedillieHTa KOHICHCATOBUIYUYSHHS 1| BiJl IJIACTOBOIO THCKY IIPH PO3pO0IIi Ha
BucHaxkeHHs (1) rop. B-16 1 B-17 TumodiiBChbKOTro pooBHIIIa Ta i3 3aCTOCYBaHHSIM HepemnycKy (2);
An - 30inbmIeHHS KOe(illieHTa KOHIEHCATOBIITYYEHHS 32 PaXyHOK MEPEITyCKY

€ThCS TAKOK) CUCTEMOIO PIBHSIHB (2):

d(P, | Z,) Pt
—— =-Bq, By =—",
dt aIQI (2)
d(P, | Z,) Pt
#:_quz B, = att
dt a,Q,

BpaxoBytoun He3HauHy 3MiHY Z, 3 piBHSIHHS (2)
OZIEPKHMO:

| B.Z

= = 7D Lepq
4 B,Z
dt - 2 ZCepq

CknaBmm o0uiBa piBHAHHS cuctemu (2) i BH-
xoJsuu 3 yMOB (3), micTaHeMo:

d(P— P)
T = _(Blzlcep + BZZZmp)q =
(Blzlcep + BZZpr)
P+ Py)(P,— P 4
J P+ PP = P) ()

SIKIIO JOMYCTUTH, 10 CePENHINA THCK Yy TOKJIa-
nax ommspkuit (P + P, = 2P = const), To MOXKHA
3aIiCaTH:

_(Blzlcep + BZZZt:ep)
A t
= AR e7 (5)

AP = AP e

(PL+ Pt =

* A
ae

_ - Xapakre-
(P + P)(BZy + ByZ,)

pHUi yac;

AP =P -P Ta AP, = P,, - P, - MMOTOYHHUH 1
[IOYATKOBUI THUCKM B IOkiamax 1 1 2 1 BIAIIOBIIHI
Teperay THCKIB.

SIKII0 MOYaTKOBE CIIIBBITHOIICHHS THCKIB Y
MoKJTajiax He Oinmbire 3-8 pasis, JicTaHEMO, IO Yac
OCHOBHOT'O NepioAly BUPIBHIOBAHHS THUCKIB y MOKJIa-
nax (t;) CTAHOBUTUME:

t,=(1-2)t", (6)

2
Il 3HAYHUTh, 11O AP CKJIage e—e’, e e - OCHOBA
I1

HaTypaJIbHOTO Jlorapudma.
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3a 1ie#t mepiox (¢;) MUIAXOM TEPEyCcKy rasy (B
OCHOBHOMY) Oyze 3a0e3IedueHO BUPIBHIOBAHHS ILTa-
CTOBHX THCKIB y MIOKJIa/1axX.

HaBenennii MaremarnuHuil anapar Moxe OyTu
BUKOPHUCTaHUN AJISI IPOTHO3Y PO3POOKH IBOX IOK-
JMAAiB B PEXUMI TNEpenycKy 3 BH3HAYCHHSM dYacy
BUPIBHIOBaHHS IUIACTOBMX THCKIiB NpU iX BHCHa-
JKCHHI.

Crioci6 migBUIEHHS KOHIEHCATOBWIIYYEHHS
LUISIXOM TIEPEenyCKy ra3y y BUCHaKEHUH MOKIa] Po-
3MISIHYTO Ha mpukiaai TumodiiBcskoro HagToraso-
KOHJICHCAaTHOTO POIOBHIIA, B PO3pi3i SIKOTO BHIiJIC-
HO JIBa OCHOBHI 00'ekTH po3podku B-16 + B-17 1 T-
1, ra3 SKMX XapakTepU3YEThCS BHUCOKHM BMICTOM
konencary (monan 400 r/m?).

ABTOpamMH BHBYCHA MOXKJIMBICTh BUKOPUCTaHHS
nepenycky rasy i3 ropusonty T-1 B rop. B-16 + B-
17 B CyyacHUX TI€OJIOrO-IPOMUCIOBUX YMOBax IIO
CKJIaJIHCA.

[Moxnax T-1 po3poOisiBCs B pEKUMI YaCTKOBO-
To CalKIiHTI-npolecy, moknaau B-16 + B-17- na Bu-
CHa)kKeHHs. 3JHaYHa yacTWHA 00'eMy KoHAeHcaTy (69
% 3amaciB) y nmoknagax B-16 + B-17 Bunaino y mia-
CT1 y BUIVIAI PiAWHMU.

Cranom Ha 01.01.2019 poxy miiacToBUi THUCK B
moxazi ropu3oHTty T-1 ckina 20 Mlla, B mokmamgax
B-16, B-17 — 8 MIla. ToOto 3a paxyHOK pO3pOoOKH
noknaaiB T-1 B pexkuMi caiKIiHT-TIpoIiecy, a MOK-
naniB B-16, B-17 Ha BHCHa)KeHHS CKJanach I'€0JIo-
TO-IIPOMHKCIIOBA CUTYallis, 32 SKOi MEepenycK rasy i
MiATPUMYBAHHS TUIACTOBOTO THUCKY Y BHCHA)KEHOMY
nokyaai crae MoxJyiuBuUM. OIHAK, CIIif 3ayBaXKUTH,
o 3rifHO TpadikiB MOTEHIIIHHOTO BMICTY KOHJIEH-
cary B mjactoBoMy rasi (puc. 1), THCK y TOKiIagax
ropu3oHTiB B-16, B-17 cTaB MeHmUM THCKY Mak-
cuMaibHOl koHAeHcauil. [lpyu npoMy KOHIOEHCATHUI
(akrop crabimisyBaBcs Ha piBHI 36 r/M° i, 3rigHO
MPOTHO3Y, Ma€ YTPUMYBaTHCh Ha IIbOMY piBHI JIO
KiHIISI po3poOKH TOKNIAiB TOpr3oHTIB B-16, B-17.
Onnak, B oknajai ropuzoHty T-1 cepenHiit KoHIIeH-
caramii pakrop B 2019 poui ckmas 100 r/m® i 1o ki-
HII pO3pOOKM TpW BUCHAaXKEHHI Oyne migTpuMyBa-
THCh Ha piBHI He MeHme 50 r/M°, MO 3HAYHO Oisb-
mie, Hixk B Tropu3oHTi B-16, B-17. To6To mepemnyck
rasy i3 nokJjiay ropu3oHty T-1 B HOKJIaau rOpu30H-
Ty B-16, B-17 B reonoro-npoMucioBiii cutyarii, o
CKJIayiacs, cTae Hee(PeKTHBHHM.

Cria 3ayBakKMTH, 10 BUCOKHUH TMOTOYHUH KOH-
JeHCcaTHUH (akTop B MOKJIanax ropu3oHTy T-1 oOy-
MOBJICHHH 3BOPOTHIM BUIAPOBYBAaHHSIM BHITABIIIOTO
KOHJICHCATy B ra3 3aKauyke IMPH CAMKIiHI-TIPOIECi
(ue3Baxaroun, mo 70% BumOOYBHOTO 3 TOPH3OHTY
T-1 razy — ne «cyxui» ra3 i3 BMICTOM KOHJAEHCATY
10 30 r/m?).

Buxojsuu 13 BHKIIAZICHOTO, € OYEBHIHHM, IO
nokyiaau ropu3oHTy T-1 chix mpomoBxuTH po3po0-
JIATH B PEXKUMI CAWKITIHT-TIPOIIECY, KpaIle - i3 3aKad-

KOIO a30Ty B HarHiTaimbHI cBepmioBuHM [13]. 30116-
IICHHS eHeproeeKTUBHOCTI mpHu IboMy Oyae 3a-
Oe3nedyBaTHCh MEPEBEACHHSM BUIIABILIOTO KOHJCH-
cary B CyXHH Ta3 3aKayKu.

[omo nmokmaxy ropuzonty B-16, B-17, T0 TIpo-
MOBKEHHsSI HOTO BHCHAKEHHS IPU3BEAE M0 301b-
LICHHS MOTEHLIHHOTO BMICTY KOHJIEHCATY B IJIACTO-
BOMY Ta3i, TOMY CJiJ O4iKyBaTH HOTO 30iJIbIIEHHS,
K 1 301TbIIeHHS BHIOOYTKY KOHJIEHCATy Ha OWHU-
IF0 BUJOOYTKY rasy.

[TizBuienHs: BUAOOYTKY KOHAEHCATy i3 Ta3o-
KOHJICHCAaTHUX POMOBUII, IO PO3POOIIAIOTHCS, pea-
JHHO MOXe OyTH BIIPOBa/KEHUI 3a paxyHOK mepe-
nycky ra3zy Ha KortenmeBcbkomy Ta bepesiBchkomy
I'KP.

KoreneBcbke pomoBuIe MpoNnuIo cTaito caii-
KIIIHT-TIPOIIeCy 1 MPOMIOBXKYE pO3pOONIATHUCH HA BU-
cHakeHHsA. Ha MOMEHT 3akiHYeHHS CaWKIIIHT-
mporiecy Koe(illieHT OXOIUICHHS BUTICHEHHSM «CH-
poro» razy «cyxum» cknas 0.5, cepeqHiit KoHIeHCa-
THUH (akrop — 100 r/M°, IIACTOBUIA THCK y CepITy-
XOBCBhKHX mokianax (H-5) ckmas 25 Mlla.

BpaxoBytoun, mo y Bizelicbkux moknaaax Ko-
teneBcbkoro I'KP mpofoBxkyroTh BiKpUBaTUCH Ta-
30KOHJIEHCATHI TOKJIAAW 3 HU3BKUM MOTEHI[IHHIM
BMICTOM KOHJIEHCATy ((x) Ta BUCOKHMH TIACTOBUMH
tuckamu (1o 70.0 MIla), To Ha HBOMY pPOJOBHUIII
MOXKIIMBA OpraHi3alisi CHCTEMH PO3POOKH 3 Mepery-
CKOM Ta3y, MiOMOM BHWITaBIIOTO KOHIEHCATy i B
iJIOMY 30UIBIIICHHS €HEPrOC(PEKTUBHOCTI PO3POOKH
POIOBUIIA.

Ha Bepe3siBcbkoMy pofOBUIII €O iHIA CUTY-
aIfis: TOKJIAaad CePIyXOBCHKUX TOPU3OHTIB PO3p00-
JISUTMCh B PEXMMI BUCHaXeHHsS. [LacToBi THCKH
3HM3UIKCh 10 15,0 MIla, a muTOMUi BMICT KOH/IEH-
cary B miactoBomy rasi - 1o 100 r/m’. V 2000 poui
y MOKJIaJiaX CEePIIyXOBChKUX TOPU30HTIB bepe3iBch-
koro I'KP Oysno 3milicHeHO ekcrepuMeHT (3a iHilia-
tuBM bixmana €.C.) o nepemnycky rasy i3 BizeHcb-
kux noknazaiB (mwacrosuii Tuck 60,0 MIla, q« — 40
/M%) y CcepIyxoBChbKi i3 IIIACTOBUMH TUCKAMH Ha
pisni 35,0 MIla Ta g« — 350 r/m*. 3a nepiox excre-
PUMEHTY JOAATKOBHN BHIOOYTOK KOHJIEHCATy CKJIaB
moHazx 12 tuc. T.

BpaxoByioun TpOIOBXKEHHS BIIKPUTTS HOBHX
ra30BUX MOKJAAiB y NIMOOKO 3aATal0qux TOPHU30H-
Tax bepes3iBChKOro poMOBHINA 1 3HAYHY KIIBKICTh
BUTIABIIIOTO KOHJIEHCATY B CEPITyXOBCHKUX TOPH30H-
Tax, BIJIHOBJICHHS IIEPENyCKy ra3y MOXE 3HauHO
MIJBUIIATH eHEeproeheKTUBHICTh po3podku bepe-
3iBcekoro I'KP.

ono m’sitoro croco0y po3poOKu ra30KoH/Ie-
HCAaTHUX MOKJIAAiB 3 BUCOKHM BMICTOM KOHJIEHCa-
Ty, & came: po3po0Ka Ha BUCHAKEHHSI Ta 3 BUKOPH-
CTaHHSM CaWKJIHI-TIPOLIECY TPH TUIACTOBUX THC-
Kax HWKYE THCKYy MaKCHMaJIbHOi KOHJAEHcamii, To
BiH PO3MISHYTHHA B pPeaIbHOMY 4aci po3poOKH Ha
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npukiani ropm3ontiB I1-1 ta K-1-2 Po3mamHiBch-
koro I'KP.

Posmammnisceke 'KP posramoBane Ha Teputo-
pii Kapniscekoro paiiony IlonraBcekoi obaacti, po-
noswile Binkputo B 1973 p., BBeeHO B po3poOKy B
1976 p., BOHO TPHUYpPOUEHO 10 MOHOKIIIHANI ITiBHIY-
HO-3aXiJJHOTO TPOCTSATaHHsS, 3 IMiBHOYI OOMEXEHOT
HDKKOIO comnsiHoro miamipy. IlpommcnoBa ra3oHoc-
HICTh BCTaHOBJIEHA Y BIOKJIanax HIDKHBOI Iepmi
BEPXHBOTO KapOOHY 1 y KpyTONaJalouux HOoponax
CEpelHBOTO Ta HIKHBOTO KapOony. CraHOM Ha
01.01.2019 p. mouarkoBi 3amacu Ta3y MO Kareropii
C, cknanu 55 195 mun. M® konzencary — 2 636 Tuc.
T, y ToMy umcii rop. I1-1 + K-1,2 — 51 214 mun. v>.
[TouarkoBHi1 BMiCT KOHAEHCATy B IUIACTOBOMY Tasi
KoJmBaBcs B Mexax 40-60 r/m’.

Ha puc. 7 mokazaHo KpHBi MOTEHIIaJIbHOTO
BMicCTy KoHAeHcaTy 1o ropu3oHTy I[1-1 + K-1-2 Pos-
namHiBcbkoro ['KP B 3amexxHOCTI Bif miacToBOTO

TcKy. CepenHiil MOYaTKOBHH IUIACTOBHU THCK IIO
BKa3aHUM Topu30oHTaM ckiaB 3,9 Mlla. 3 puc. 7
CHiIy€e, M0 TUIACTOBA Ta30KOHACHCATHA CUCTEMA IIi-
CJsl JTOCSATHEHHS 3HAYCHHS TUCKY MaKCUMAaJIbHOI
koHmeHcarii (10 Mlla) Gyne 3HaxomWTHCh B 30HI
3BOPOTHOTO BHITAPOBYBAHHS PIJKOTO BHIIABIIOTO
KOHJICHCATy B IJIACTOBHII ras.

CraroMm Ha 2019 pik MIacCTOBHHA THCK B TOPH-
3oHTax II-1 + K-1-2 ckmaB 3,7 Mlla, To6T0 po3po0-
Ka TIOKJIAJIB TPOJIOBXKYETHCS B 30HI THUCKIB HIKYEC
THUCKY MaKCUMaJIbHOI KOHICHCAIII.

3rigHo HaBeAeHHUX AaHHUX BMICT Cs+ B IIac-
ToBOMY Ta3i ropu3oHTiB I1-1 + K-1-2 PosnaniHiBchb-
KOTO POIOBHINA MOXKe 30i1bimyBaruchk 10 30 r/m® Ha
Mi3HINA cTafii eKcIuTyararii.

Po3paxyHKr IpOTHO3HUX MTOKa3HUKIB PO3POOKH
ropuzonty I1-1 + K-1-2 Po3namniscekoro 'KP Ha
nepiox 2018-2030 poxwu, BukoHani YkpH/lIra3, Ha-
BeneHi B Ta0mmmi 1.
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Puc. 7. lunamika Bmicty ByrieBonHiB Cs+ B miactoBoMy rasi ropusonris I1-1 ta K-1-2
Posnammniscekoro I'KP (3a marepianamu YxkpH/IIra3)

I3 Tabn. 1 BuagHO, 110 3a nepiox 3 2018 o 2030
POKM Ha 3araibHOMY (DOHI 3MEHIIEHHS BUAOOYTKY
rasy 1o pokam 3 238.128 mun. m® g0 102.363 muH.
M’ , BMIiCT KOHZIEHCATy y BHI0OYBHOMY Ia3i 3pocTae
315,16 r/m® 1o 18,9 r/m® npu NMOHMKEHH] IIIACTOBO-
ro tucky 3,88 MlIla no 2,42 MIla. [Ipu npomy npo-
THO3YEThCS 30INBIICHHS PIYHOTO BUAOOYTKY KOH-
JICHCaTy Ha YCTaHOBKAaX KOMIUIEKCHOI MiJITOTOBKU
razy (YKIII') six y BanmoBoMy BupakeHHi 3 390 T y
2019 poui no 527 Ty 2030 poui, Tak i BiZHOCHOMY
(ma 1 M BugoGyroro rasy) - 3 1,51 r/M® mo 5,15
r/M®. CymapHe BuiydeHHs koHzaencary Ha YKIIT
MOXKe OyTH CYTTEBO 30UIBIIEHE IIIISXOM BHKOPHC-
TaHHS aBTOMAaTU30BAaHUX YCTAHOBOK KOMIIJIEKCHOL

MiZATOTOBKY a3y, 0 BUKOPUCTOBYIOTH TypOO/IETaH-
JepHi arperatd s oxonomkenHs razy (THA) - 3
9,66 /M y 2018 poui 10 13,3 r/m® y 2030 poi.

TakuM YMHOM e(PEeKTUBHICTH PO3POOKHU Ta30KOH ICH-
CaTHHUX POJIOBHUIII Ha ITi3HIM cTail eKCIuTyaralli mpu
Py < Puax xonn MIBUIIYETHCS 32 paXyHOK BHUIIAPOBY-
BaHHS BHIABIIOT pikoi (a3u KoHJeHcaTry B ra3. I3
BUKOHAHOTO aHai3y IMOKa3HHUKIB PO3POOKH BHUILIH-
Bae, M0 POJOBHINA HA Mi3HINA CTajdii eKcIuTyararii 3
KPYTUMH XapaKTEepUCTUKAaMH MOTCHLIHHOTO BMICTY
KOHJICHCATy B IJIACTOBOMY Tra3i MOXYTbh JaBaTu SiK
CyTTe€Be 30iNbIIEHHS BHUIOOYTKY KOHAEHCAaTy Ha
OJMHHUIIIO BUAOOYTKY Ta3y, Tak 1 30iIbLICHHS B Ii-
oMy BUIOOYTKY KOHIEHCATY, 0COOIUBO 3 BUKOPHC-
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Tabnuys 1

JleTanbHu# po3paxyHOK BUIOOYTKY KOHAEHcaTy [-ro 06’ exta PosmanniBcbkoro ['KP

IImacToBuii Ipomucriosi pecy- Bumo0yTok KOHICH- Cymaphe Buty-

THCK Buno0yTox pcu Kouzencary cary na VKTIT (- HEHHS! KOH/IeH-

Poxu (Ha kiHeUb rasy (].SMICT BYLICBOs- TUYHAN BUAOOYTOK) cary Ha YKIIT' 1

(piuHuif) HiB Cs+ y BUm0OY- o XIIVIIT 3 THA

POKY) BHOMY ra3i) (piuHi) (pinuid) (piuHHiA)
MIla MJIH. M KI/THC.M> Kr/Tuc.m? THUC. T Kr/THC.M>
1 2 3 4 5 6 7
ITouarox 3.98

2018 3,88 238.128 15.16 1.51 0.360 9.66
2019 3.70 222.453 15.41 1.75 0.390 9.90
2020 3.54 209.376 15.74 2.08 0.435 10.22
2021 3.39 195.223 16.07 2.40 0.468 10.54
2022 3.25 181.558 16.40 2.72 0.494 10.87
2023 3.12 168.669 16.74 3.04 0.513 11.19
2024 3.00 156.892 17.06 3.36 0.527 11.51
2025 2.88 145.307 17.39 3.68 0.535 11.83
2026 2.78 135.132 17.71 3.99 0.539 12.14
2027 2.68 125.836 18.02 4.29 0.539 12.43
2028 2.59 117.645 18.32 4.58 0.539 12.73
2029 2.50 109.518 18.62 4.87 0.533 13.02
2030 2.42 102.363 18.91 5.15 0.527 13.30

TaHHAM miaroToBku rasy Ha YIII' 3 THA.

Momo po3podku I'KP B pexmmi calkiTiHI-
MpoIiecy, NPOBEACHO PETPOCIICKTUBHUN aHATi3 MPo-
THO3HHUX TOKa3HHKIB po3poOku PosmaniHiBChKOTO
ponoBwuia. SKmo crabimi3yBaTy MIACTOBHI THCK B
ropuzonrax [I-1, K-1-2 y 2021 poui Ha piBHi 3.39
MIla , Toni BUAOOYTOK KOHJIEHCATY CKJIaJe JIHIIe Ha
VYKIII" 468 T, y HacTtynHOMY, Hanpukian 2025 poui
BUJ00YTOK ra3dy Ta KOHJICHCATy 3aJIUIIUTHCS HA TO-
My X piBHI, 32 YMOBH JOIPOPHBHOI €KCILTyaTarii.
OnHak, SIKIIO MOBEPHYTHUCH 10 PO3POOKH Ha BHUCHA-
KEHHS, TO 3a TOH ke nepios BUAOOYTOK rasy Blaje
3 enmuuHn 195,223 mutH. M 110 Benmuunm 145,307
MJIH. M, ajte BUI0OYTOK KOH/IEHCATY 301IbIIMBCS 110
535 1, To6TO Npu BucHaxkeHHi Jume Ha YKIII™ Oyne
OTPHMaHO KOHJIEHCATy OiJbllle, HiX TMPU BHKOPHC-
TaHHI CalKJIIHI-TTPOIIECY.

BucHoBKH. I3 pO3NISIHYTHX II'SITH TEOPETHUYHO
MOXJIMBUX BapiaHTiB MiABUILEHHS €HEProe(exkThs-
HOCTI PO3pPOOKH T'a30KOHIACHCATHUX POJOBHUII JIS
MPAaKTUYHOTO BUKOPUCTAHHS MOXYTh OyTH peKoMme-
HIOBaHi JIMIIE ABa:

- TIEpeMyCK Tasy;

- TIPOJZIOBKEHHSI BUCHA)XEHHSI TIOKJIA/IiB B YMO-
BaX HU3bKHX IUIACTOBUX THUCKIB MEHIIE THUCKY MakK-
CUMAJILHOI KOHIeH callil.

Oprasizaliisi epenycKy rasy 3 METOIO ITiJ[BUIIIE-

HHSI BUIYYEHHSI KOHJICHCATy 3 BUCHA)XCHUX IIJIACTIB
MOJKJIFBA 32 YMOBU HHU3BKOTO BMICTY KOHJEHCATy Ta
OUTBIII BHUCOKOTO ILIACTOBOIO THUCKY Y TOKJIami, 3
SKOTO TUTAHYETHCS 3MIMCHIOBATH TMEPEIyCK Tra3y.
[linBumienHs eHeproeeKTUBHOCTI PO3POOKH POJIO-
BUIIIa MOXKIHBa Ha Kotmiescbkomy Ta bepesichko-
MY Ta30KOHJICHCATHHX POIOBHIIAX, JIe BUCOKA MMO-
BIpHICTh BiJTKPUTTS HOBUX T'a30BHX IOKJIAJIiB Y TIH-
0OKkMX Bi3eHChbKHMX ropu3oHTax. llepemyck rasy i3
MOKJIaay 3 OUIBIIMMHU 3HAYEHHSIMU CEPETHHOTO KOH-
JIEHCAIITHOTO (PaKTOpy Y MOKIIA] 3 MEHIIUMHU HOTO
3HAYCHHSMU € Hee(eKTUBHUM (SK, HAMPHUKIAJ, Ha
Tumodiiscekomy HI'KP).

I3 mporHo3HoTO aHamizy po3podku PosnamrHis-
cekoro ['KP BummBae, 1o BUKOPUCTaHHS CAWKITIHT-
MPOLIECy Ha Mi3HIM cTajil ekcIulyarallii ra30KOH/IeH-
CaTHUX POJOBHI TPH TUIACTOBHX THCKaX MEHIIUX
3a THCK MakcuMalbHOi KoHAeHcaMil (Puy < Pmay) Ha-
BITh Y MOKJIa/aX 3 BUCOKHM BMICTOM KOHJCHCATYy €
HEMOIUIbHUM. TaKuM YHHOM, TaKi POJOBHIIA Tpeba
MIPOJOBXKYBAaTH PO3POOIISTH HA BUCHAKEHHS.

HaBenenuii MaremaTuuHuil anapar Moxe OyTu
BUKOPHUCTaHHUW JIJISI TIPOTHO3Y PO3POOKHU JIBOX TOK-
JaaiB 3 BIINOBIAHUMH TI'€OJOrO-TIPOMUCIOBUMU
YMOBaMH B PEXHMi MEPEMyCKy 3 BU3HAYCHHIM 4acy
BUPIBHIOBaHHS TUIACTOBUX THCKIB TIPU iX BHCHa-
JKEHHI.
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GEOLOGICAL CRITERIA AND METHODS TO INCREASE CONDENSATE EXTRACTION
AT THE LATE STAGE OF GAS CONDENSATE DEPOSITS' DEVELOPMENT

Formulation of the problem. Ukraine is one of the oldest oil and gas producing countries in the world.
Maximum volumes of gas (68 billion m? per year) were extracted in 1975-1978. After this period, production
began to decline. About 18 billion m? of gas was extracted in 2019 in Ukraine. The question arose of study-
ing ways to increase the annual production of gas and condensate from old fields. The total residual reserves
of deposits in late operation are estimated at more than 200 billion m*® and are classified as difficult to
extract.

Review of previous publications and studies. Scientific publications consider technologies and ways
to increase hydrocarbon extraction. Bikman E. S showed the dynamics of the specific condensate content in
gas formation depending on the formation pressure at the fields of Ukraine. Reducing pressure during the
development of gas condensate deposits with a high initial content of condensate in the formation gas to the
condensation start pressure leads to "avalanche" condensation of liquid hydrocarbons.This causes the loss of
heavy hydrocarbons in the depletion process of this type of field.

There are two ways to increase hydrocarbon recovery of gas condensate fields:to use methods to main-
tain reservoir pressure in the initial stages of their development, and to use secondary methods of condensate
extraction that fell in the reservoir at the later stages.

Object of research: gas-condensate fields with significant volumes of condensate that have fallen into
them, and the possibility of its extraction at a later stage of development.

Results. In this study, the authors identified systems of gas-condensate fields development to ensure the
extraction of condensate in the formation. The article considers five theoretically possible options to improve
the energy efficiency of gas condensate fields. For practical use, two methods are recommended: gas bypass
from deposits with high pressure and low condensate content in deposits with lower formation pressure and
high condensate content; continued depletion of deposits at low formation pressures less than the maximum
condensation pressure.

The organization of gas bypass in order to increase the extraction of condensate from depleted for-
mations is possible under the condition of low condensate content and higher formation pressure in the de-
posit from which it is planned to carry out gas bypass. The transfer of gas from a deposit with higher values
of the average condensation factor to a deposit with lower values is inefficient. The authors apply a mathe-
matical device which can be used to forecast development of two deposits in the mode of gas bypass with
definition of alignment time of formation pressures in their depletion.

It is established that the use of the cycling process at the late stage of gas-condensate fields operation at
formation pressures less than the maximum condensation pressure (P reservoir <Pmax) 18 impractical even in de-
posits with high condensate content. Thus, such deposits should continue to be developed for depletion.

We analyzed the efficiency of gas condensate deposits development on the example of separate deposits
of Ukraine.

Keywords: gas-condensate fields, fields at a late stage of operation, gas condensate systems, residual
reserves, condensate extraction, geological conditions.
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KPUTEPII OIHKHU BYTJIEBOJJHEHACUYEHHS YIIIJIBHEHUX
HIITTAHO-AJIEBPUTOBUX IIOPIJ B YMOBAX J1/13

Cxnaouna cumyayis 3 emepeemudHUMU HOCIAMU 8 YKpaini sMycuna 36epHymu y8azy Ha 6UGHeHHs Hempaouyitinux KojieKmopis,
ceped AKUX Badicaugy pone Gioieparomv YwinbHeHi niwano-aneepumosi nopoou. Ilpuuunoro, wo 3mycuna 36epHymu yeazy Ha
VWinbHeHi NOpoOU € BUCHAXCEHHSA, 6 3HAYHIL Mipi, mpaouyilinux noxnadis. Bnepuie ywjinoHeHi niujanHo-anespumosi pisHosuou &
JIninposcvko-oneywkiil 3anaduni Oyau po3ensanymi npu 00CILONCeHHI 2a3y YyeHmpanibHobacelino8o2o muny. IIposedeni 0ocnioxiceHHs
003601UU GUOLTUMU OCHOGHI Kpumepii GUSBNIEHHS 8V2N€800HEHACUYCHHS VIUYITbHEHUX NOPIO, SKI CYNPOBOONCYIOMbCs NEeGHUMU
NOKA3HUKAMU. 3anponoHoeani Kpumepii HaKOnuyeHHa ma 30epedcents 6yeie600Hi6 6 VUINbHEHUX NilyaHO-aNespUmosUx moeujax
0arms MONCIUGICMb OYIHIO8AMU NEePCReKMUSU HAPMOo2a3oHocHocmi yux 6ioknadie Hacuuenns ywjintoHeHux nopio nos'sisano 3
BUCXIOHOIO Mizpayicio 2azy, wo Npu3gooums 00 NIOSUWEHHS MeMnepamypu, a ye, 8 6ol uepzy, 00 akmusizayii npoyecy
nepemeopentss OpeanHiuHOi peuosuHY. YMpUManus 6y2neeo0Hie 6 YWiibHeHuX NiuWaHo-anespumosux nopooax cynpo8oolCyEmbCs
DPO3BUMKOM MANOB0OHOCMI, NOEOHAHHAM HU3bKOI WINbHOCMI i 8UCOKOI npoHUKHOCmI nopio, in. Takuii nodin Hocumv yMOGHUL
Xapaxkmep, max AK 2e0102iuHi Kpumepii ma NOKA3HUKU 4ACMO 83AE€MOOiI0Mb i 00N06HIOIOMb 00U 00H020. B pobomi poszenanymo
KooiceH 3 Kpumepiie okpemo. B axocmi 06’ekmy 0ocniodceHv 0yia poseisHyma nie0eHHa npudopmosoeo 30Ha [[Hinposcvko-
Joneywbkoi 3anadunu, 6 AKitl 3a 3a2a1bHUMU O3HAKaM OV BUAGNEH] 30HU NOWUDEHHSA YIYINbHEHUX NiWaHO-aneepumosux nopio. Ipu
6UOIIEHHI 30H NEPCNEeKMUBHOCII  8Y2Ne600HEHACUYEHUX YWIIbHEHUX NilyaHO-alespUmMosux nopio 0yna 63ama 3a OCHOBY
memnepamypHa  Xapakmepucmuka 3 Ypaxy8amusm @axmuunoco mamepiany. Ha nepwiomy emani oyinku nepcnekmus
HagmMo2a30HOCHOCMI YWITbHEHUX NIUAHO-ANIE6PUMOBUX NOPIO GUOLIEHT OLISHKU 3 AHOMAbHO NIOGULEHUMY MEMNEPAMYPaMU, d Ha
Opyeomy emani 3acmoco8yemocs 0emanvHe 00CIONCeHHSA 3anPONOHOBAHUX NOKAZHUKIG.

Knrwuoei cnosa: ywinvreni niwano-anespumosi nopoou, 6y2le600HEeHACUYEeHHS, 2e0102iuHi Kpumepii; npoyecu, miepayis,
memnepamypa,; YmpumanHa, Ha0xXo0dHCeHHsL.

B. B. Xpons, A. H. JIypve. KPHTEPHH OLIEHKH YIJIEBO/JOPOAOHACBIIEHUA YIVIOTHEHHBIX ITECYAHO-
AJIEBPUTOBBIX IIOPO/] B YCJIOBHAX JU/IB. Cnooichas cumyayusi ¢ dHepeemuyeckumy Hocumensimu 6 Ykpaune 3acmasuia
obpamums 6HUMAHUE HA U3YHeHUe HeMPAOUYUOHHBIX KOIIEKMOPOS, CPeOl KOMOPLIX BANCHYIO PO USPAIOM YRIOMHEHHbIE NeCUAHO-
anespumosvie nopoovl. [Ipuyunoi, 3acmasuswiei obpamumes 6HUMAHUE HA YNIOMHEHHble NOPOObL ASNAEMCA UCMOUjeHue, 6
3HAYUMENLHOU Cmeneny, MpaouyUoHHbIX 3anedcell. Bnepsvle yniomuensl necuano-anespumosvle pasnoguonocmu 6 [nenposcko-
JloHeyxoii 6nadune OvlIU pACCMOMPEHbL NPU UCCTE008AHUU 2A3a YeHMPATbHODAccelinogo2o muna. [Iposedennvle ucciedoanus
NO38ONUNU BbIOETUML OCHOBHblE KPUMEPUU GbIABNICHUs Y21e6000PO0OHACLIUEHHBIX YHIOMHEHHbIX NOpPOO0, CONPOBOAICOAIOUUECS
onpeoenennvimu nokasamenamu. Ilpeonodicennvie Kpumepuu HAKONJIEHU U COXPAHEHUS Y21eB000PO008 8 YNIOMHEHHbIX NeCUaHo-
anespumogblX MOIUAX OAlOM 603MOICHOCHL OYEHUBAMb NepCneKmuebl Hegme2asoHoCHOCmMU dmux omaodcenutl Hacviyenue
VNIOMHEHHBIX NOPOO CEA3AHO C 80CXO0AUEN MUSpayuell 2asa, Ymo nPUBOOUM K NOGbIUEHUIO MEMNEPAMYPbL, d IMO, 8 C60I0 04epedd,
K axmugusayuu npoyecca npeobpasosanus opeanuyeckozo eewecmesa. Codepiicanue yene6000po008 6 YNIOMHEHHbIX NecuaHo-
anespumosblx  NOpPOOax —CONPOBONCOAEMcs  paA3GUMUeM MAl0800HOCHU, —COYeMAaHueM HUSKOU HIOMHOCMU U GbICOKOU
nponuyaemocmu nopoo, op. Taxoe paszdenenue Hocum YCIOGHUIN Xapaxmep, Max KAK 2e0i02udecKue Kpumepuu u noKazamenu
yacmo 83aumooelicmsayiom u OonoaHawm opye opyea. B pabome paccmompenvi xadicowiti uz xpumepues 8 omoenvHocmu. B
Kayecmee 00bekma ucciedosanuii Ovlia paccmMompena WiCHAA npubopmosas 30ua [JHenposcko-/JoHeykoil 6nadumsvl, 8 KOMopoi no
00WUM NPU3HAKAM ObLIU OOHAPYIICEHbL 30HbI PACNPOCMPAHEHUs YNIOMHEHHBIX NeCYaH0-aneepumosblx nopoo. Ilpu evioenenuu 301
NnepcneKmuGHOCmU  y2neB000POOOHACHIUEeHHbIX — YNIOMHEHHbIX — NeCcYaHOo-alespumogslx nopoo Oviid  63AMa 3d  OCHOBY
memnepamypHas. Xapakmepucmuka ¢ ydemom paxmuueckoco mamepuana. Ha nepeom smane oyenku nepcnekmus
He@pme2a30HOCHOCMU  YNIIOMHEHHbIX — NEeCHAHO-ANeBPUMOBbIX  NOPOO  8blOEIeHbl  YUACMKU € AHOMAIbHO — NOBbIUEHHBIMU
memnepamypamu, a Ha 6Mopom Smane npumMeHsemcs 0emanibHoe UCCIe008anue NPeONoICeHHbIX NOKa3amenel.

Kniouesvie cnosa: ynnommuennvie necuano-anespumosvie nopoobvi, yene6000pO0OHACLIWeHUe; 2e0N02UecKUe Kpumepuu,;
npoyeccol; Muspayus,; memnepamypa, yoepicanue; noCmynieHue.

Beryn. B cyvacHwmii niepiof] 301bIIEHHS pecy-
pcHOT 06a3u 3HaUHOIO MIpOIO MOB'SI3aHUH 3 JJOPO3Bil-
KOO pOJIOBHIN, 5IKi MepedyBaloTh B PO3poOIIi.
OcrTaHnHiii nporiec BKIOYaE B ceOe BUBYCHHS HETpa-
JTUIIIAHUX KOJICKTOPIB, Cepell AKMX 3HAYHUN 1HTEpeC
MPEACTaBIAIOTh YIIUIbHEHI MiIIaHO-aJIeBPUTOBI I10-
ponu.

Jo HemaBHbOrO Yacy, KpaiHa 3HAXOJWJIACh
OCTOpPOHB IIbOTO BaXKIHMBOro mporecy. Heyxunbhe
3pocTaHHs 00CSTIB CHOKMBAaHHA CUPOBHHH NPH3BE-

JIO IO TIOUIYKY allbTePHATUBHUX JDKEPEJ BYIJIEBOMI-
HiB. Po3BHTOK rairy3i cripssMOBaHUII B CTOPOHY BH-
BUYCHHS ICHYIOYHMX POJIOBHUII 3 BIPOBADKCHHAM Ta
3aJydeHHSIM HOBITHIX, YIOCKOHAJICHUX TEXHOJOT1MH.
B nanomy BumajxKy HeoOXiJHO aKIEHTYBaTH yBary
Ha BUBYCHHI TOKJIA/IiB BYIJICBOJIHIB HETPAIHUIIIITHOTO
TUIY B YIIIJIBHEHUX TOPOJaxX, SKi paHilie HelocTa-
THBO PO3IISLIATKMCS SIK JDKepeia ByIeBomHiB [1].
PesynbsraTi mpoBeACHUX MOCIIKEHb CBiIYaTh, IO
PECYpCH Ta3y VINIIBHEHUX MIlIaHO-aJIEBPUTOBUX
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TOPiA MOXYTh TEPEBHUINYBATH PECYPCH TPaIdHIliii-
HUX TIOKJIamiB [2]. Y 3B’SI3Ky 3 IMM, PO3BUTOK JIaHO-
rO HampsIMKy SIBJSIETHCSI akTyanbHUM. besmepeuHo,
MOLIYK BYIIEBOAHIB B  YUIUIbHEHHWX MILIaHO-
QJIEBPUTOBUX MOpoZax B Mexax JIHIIPOBCHKO-
Honernwkoi 3amaguan ([I/13) 6yne HaOyBaTn po3BUT-
Ky. ¥ 3B’S3Ky 3 4MM, BCceOiYHa BHBYCHICTh Ma€ Be-
JIMKE TEOPETUYHE Ta MPAKTUYHE 3HAYCHHS IS Ipa-
BHJIFHOI Opi€HTAIll B IOMIYIli YIIITFHEHUX BYTJIEBO-
JHEHACHYEHHUX TIOPiJl OCaJOBHX YTBOpEHb. bib-
LICTh TPaIULiIHHUX KoJeKTopiB B Mexax /I3 noo-
pe BHBYEHi, TOMY MOIJIbHO BUKOPHUCTOBYBaTH pa-
Hillle OTpUMaHi TEOPETHYHI Ta MPAaKTUYHI 3HAHHS
3aCTOCOBYIOYH iX MPH BUBYECHHI YIIIJIBHEHUX TOPIiA.
Ha ocHOBI ocTaHHIX CTBOPUTH MOIENb, fKa Oyie
CIpsMOBaHa Ha iIHTEHCU(]IKAIlil0 Ta BUIYYCHHS BYT-
JICBOJHIB 3 YUIUIBHEHUX MilIaHO-aJICBPUTOBUX I10-
piI Ha TpamroYWX POJOBUINAX ab0 MONIYKOBO-
PO3BiAyBaJbHUX 00’ €KTaX.

OCHOBHOIO TMPOOJEMOIO CITiJ] BBaYKaTH HEIO-
CTaTHIO BUBUEHICTh, YMOB Ta TEPUTOPIIO PO3MOBCIO-
JOKEHHS Ta3y YHIUTFHEHHX Mopin B YkpaiHi. Panimre,
y 3B’S13Ky 3 BEJIMKOIO KiJIbKICTIO 3alaciB ra3y B Tpa-
JTUIIAHUX TIOKJIaJaX, BYIVICBOIHI YIIUILHEHUX MOPI
HE PO3MIAJAINCS SIK MEpCHeKTHBHE mkepeno. On-
HOIO 3 IPUYHMH, 1[0 3MyCHJa IOHOBUTH iHTEpeC N0
VIIUIBHEHUX TIOpPiJ — 1€ BHCHaKCHHS, B 3HAYHIN
Mipi, TpaAULIHHUX MOKIAAIB. YCHIIIHE 3aCTOCYBaH-
HSI METOAWKH BHI00YTKY BYTJIEBOIHIB 3 YIIITHHEHUX
nopij B 3apyOiKHUX KpaiHax MiJIITOBXHYJIO YKpai-
HY /IO PO3BUTKY IIbOTO HANpsMKy. Pi3HOMaHiTHHI
JITONOTIYHUHN CKIIaJ, MUPOKUN QamiansHui Habip
Ta 1HII TeOJIOTIYHI 0OCTAaBUHU CTBOPIOIOTH CIIPHSAT-
TUBI yMOBH 7151 (POPMYBaHHSI 00’ €KTIB YIIIILHEHHX
ByIJIEBOJHEHACHYCHHX TTOpi B Mexax [1J13.

Merta poGoru: 3anpornoHyBaTH OCHOBHI I€o-
JIOT14HI KpHUTEpii BUSIBJICHHS BYIJIEBOIHEHACHUCHHS
VIIUIBHEHUX TIOPiJ], IKi CYMPOBOMKYIOTHCS TEBHU-
MU ITOKa3HUKaMHU.

AHaJi3 nonepenHix po0iT. /o HeraBHBOTO Ya-
cy iHdopMmallist 1o yIIiJJbHEHUM BYIJICBOIHEHACHYE-
HUM IIiIaHO-JIEBPUTOBUM [OpOJaM Haivacrimie
3yCTpivanace Juile B 3apyOi’KHUX BUAaHHAX. Mac-
mrTabHi poOOTH, CIPSIMOBAHI Ha 3MIITHEHHSI eHepre-
TUYHOTO BIUIMBY 338 PaXyHOK BHAOOYTKY BYITIEBOI-
HiB B yIIUIbHEHUX HOponax, nposousithes B CLIA,
Kanani, KHP [2]. Ha Tepenax YkpaiHu BUBUEHHSM
JAHOTO HAIPSIMKY Maiibke He 3aitmanmcsa. B 60-1 pp.
XXct mpauiBauku YkpH/lIrazy cnpoOysanu neta-
JBHO JIOCHIJUTH YIIUTBHEHI BYIJIEBOJHEHACHYEHI
TIOPOIH, ajie B TOM Yac JaHWil HampsMOK He HalOyB
po3BuTKy. Lli mocmimkeHHs TOB'A3aHi 3 IMEHaAMU
Myxapuncskoi 1.0., Xapuenxo C./., Jlarytina A.A.
ta iH. [lepcnekruBHicts [1JI3 Ha ra3 yIiijbHEHHX
MII[aHO-aJIEBPUTOBUX IMOPiJl OOIPYHTOBAaHO B POOO-
tax B.Il. Kabumesa [9]. Hanpukinoi 90-x pp XX
CTOJITTS IHTEpPEC A0 YUIUTPHEHUX Topia OyB IMOHOB-

nmeHo. Bmepmre Oynma mpoBemeHa KiTbKICHA OITHKA
pecypciB ra3y «eHTpanbHOOaceiinoro Tumy»[2]. B
omHil 13 cBoix pobit O.FO. JlykiH cTBepmkye, 110
HU3BKONPOHWKHI TEPUTeHHI MOPOAU TICHO MOB’s3aHi
3 IHIIUMY HETPAIUIIHHIMA KEepesaMHu BYTJIEBOI-
HiB (ByTUTPHHUI METaH, CIAHIICBUH Ta3). Y BUKIae-
HOMY Marepiajii TpPOCIHiKOBYEThCSI X TE€HETHYHA
CIUIBHICTh, /1€ OCHOBHY pOJb BIJiTpa€ MOCTiiHE
ITONIOBHEHHS TOBIITI Ta30M 3 Pi3HHX pKepeir. B iHmin
cBoiit podoti O.1O. JlykiH [7] migkpecatoe po3BUTOK
«cmiabHUX (aKTOpiB (OPMYBaHHS HETPATULIHHIX
pecypciB ra3zy...» DIHOMHHOI Mirpamii Ta pO3BHTKY
KaTareHeTHYHHUX IMponeciB. Bin B cBoix poboTax
HEOIHOPAa30BO BiJMidae pPi3HOMAHITHICTh MPOLECY
HAKOIMYECHHSA Ta3y SK 332 paXyHOK IITHOWHHOI Mirpa-
1ii BYITIEBOAHIB, TaK 1 3aBISKW TEPETBOPEHHIO BIIa-
cHoi opraniku. Ha mpuxmani CIIA O.1O. Jlykin mo-
Ka3aB IEPCIECKTUBH PO3BUTKY Ta CYYaCHUH CTaH
MpoOIIeMH TIOIYKIB Ta3y HIUTBHHUX TIOpin B YKpaiHi [8].

B po6ori I.B. Bucouyanckkoro 3 criBaBTOpamu
[10] mpuBoauThCs Oe33amepedHi J0Ka3u CTOCOBHO
MEPCIIEKTUBHOCTI HEAHTHKIIIHATHHHUX MMACTOK HAPTH
1Ta3y y TepuIeHHUX Biakiaaax. Bin Haromomrye npo
icHyBaHHs B JIJI3 IIMPOKOTO CHEKTPY CHPUSTIUBUX
TeHeTUYHUX (DAaKTOpPIB PO3BUTKY BYTJIEBOJHEHACH-
YeHHS B YIIUIbHEHUX IMIIAHO-AJIEBPUTOBUX TIO-
ponax.

B po6oti B.I. Cyspko 3 cmiBaBropamu [14]
MIPUBO/NTH aHAJI3 pe3yJbTaTiB HaTOra30MONIIyKO-
BUX poOIT y cxinHill wacTuHi JJHINpoBchKO-/{oHEIH-
Koro naneopudTy. BiH cxuisieTbest 0 TOTO, IO Po-
3MIIIEHHS CKyTYeHb BYIVIEBOJHIB y MACTKax Pi3HUX
TUTIB OOYMOBIIOETHCS CTPYKTYp