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Pestome: AKTyanbHOCTb paboTbl. Ha COBPEMEHHOM 3Tane pa3BuTie HeddTAHON NPOMbILLNEHHOCTM Poccuit-
ckon ®efepaunuy HeBO3MOXHO 6€3 MOMOSIHEHUS PECYPCHOR 6asbl 1 NOITOMY aKTyanbHOW 3afayeil ABnseTcs
MOUCK HOBbIX METOANK OLIEHKU 11 aHaNIn3a HedpTerasoHOCHOCTM NepCneKTUBHBIX y4acTKOB. Lienb uccneposanmii:
aHann3 eMKOCTHO-OUMbTPALMOHHBIX CBOACTB MOPOJ KONIIEKTOPOB NPUKAMCKOr0 roprn3oHTa B npefenax HxHo-
XapOuXMHCKOro y4acTka, C Lenbto NPOrHo3a eMKOCTHO-(PUBTPALMOHHBIX NapaMeTPOB Ha y4acTke BOCTOYHbI.
MeToauka nccnepoBanuit. [ BbINOSHEHUSA aHANN3 EMKOCTHO-(DUITBTPALMOHHBIX U Fe00ro-reouanyeckmnx
napameTpoB Nopof KONNeKTOPOoB KYMCKOM CBUTbI HOXXHO-XapOuXMHCKOr0 y4acTka, 6blsin NOCTPOeHbI rpadiu-
KN U3MEHYUBOCTN €MKOCTHO-(PUIBTPALIMOHHBIX W Fe00ro-reoPuU3nyecknx napameTpoB 1 NPOBEAEH UX Kop-
PEeNALMOHHbIN aHanua. [na atoro 6biny NCnonb3oBaHbl AaHHble MG 1 aaHHbIE NabopaToOPHbIX UCCNE0BaHMIA
KONNEKTOPOB, MOoMy4YeHHbIe npu 6ypeHun ckBaxuHbl Ne88-P. OueHka KoadduumeHTa nopucTocTn, 06bEMHON
MI0THOCTW, MUHEPAJIOrMYECKOM NAOTHOCTU U NNOTHOCTU HACBILLEHHOCTW NOPOJ ONpefesfieHa Ha CTafumn OLEeHKM
MecTopoXaeHuin no metoamkam A.M. Heyas n 5.10. BengenbwwiteiiHa, H.B. MaHuyeBoli, 6a3mpytowwumecs Ha Kom-
nnekcHon uHtepnpetauun bK (bK3) — HIK n BK (BK3) — HIK — T1C. Pe3ynbTatbl nccnegoBaHuii. 3Ha41moin no-
NOXNUTENbHOW KOPPENALUOHHON CBA3bIO 00/1aat0T CredytoLne napbl NapameTpoB: KO3 MULMEHT NOPUCTOCTM
1 yoenbHOe COnpoTUBIIEHUE NOPoS, KO3(MULMNEHT NOPUCTOCTM U OTHOCWUTENbHOE COMNPOTMBIIEHME NMOPOA, KO-
3DMULMEHT NOPUCTOCTUA U 06BEMHAR NNOTHOCTb, KO3 AULNEHT NOPUCTOCTU W NNOTHOCTb MUHEPANOrnyeckas,
KO3 PULIMEHT MOPUCTOCTM M NAOTHOCTb HACBILLEHHbIX MOPOA, YAESIbHOE CONPOTUBIIEHNE NOPOL U OTHOCUTESTb-
HOE CONPOTUBIIEHIE NOPOS, YAeNbHOE CONPOTUBIIEHIE NOPOA 1 06bEMHAs NOTHOCTb, YAeNbHOe CONPOTUBEHNE
nopoj4 W NI0THOCTb MUHEPAIOrnyeckas, yaenbHOe CONPOTUBIIEHNE NOPOL W NNOTHOCTb HACBILLEHHbBIX MOPOJ,
OTHOCUTESIbHOE COMPOTUBIIEHIE NOPOL 1 06beMHasA NNOTHOCTb, OTHOCUTESIbHOE CONPOTUBEHNE MOPOS W NNOT-
HOCTb MUHEPAIOrnyeckas, OTHOCUTESIbHOE CONPOTUBIEHWE NOPOA U NNOTHOCTb HACHILLEHHbIX NOPOA, 06beMHast
MIOTHOCTb U NNOTHOCTb MUHEpaNiornyeckas, 06beMHas NA0THOCTb W MIOTHOCTb HACBILEHHbIX MOPOJ, NnoT-
HOCTb MUHEPASIOrM4ecKas 1 NiI0THOCTb HACBILLEHHbIX NOPOA. HabnoaaeTcs 3aBUCMMOCTb NOPUCTOCTU OT COMPO-
TUBNEHMS, YTO YKa3bIBAET HA HaNN4Me B NOPOJAX KOSINIEKTOPA YrNeBOA0POLOB, T.e. C YBESIMYEHNEM NMOPUCTOCTM
YBENNYMBABTCA COMPOTUBIIEHMNE, YTO TaKXe HabN0gaeTcs Ha rpadukax./idy4ms pacnpefeneHune nokasareneii Ha
HOXXHO-XapOuXMHCKOM y4acTKe N0 0JHOMY FOPU30OHTY MOXHO CL1eNaThb BbIBOA, YTO 3TW NOKa3aTeny pasnmnyaT-
€S 04eHb €nabo, YTO CBMETENbCTBYET 06 OAHOPOAHOCTM CBOMCTB NnacTa. Ka4ecTBeHHbIe NMokasaTeny 0cTaoTes
6e3 n3meHeHuns. Ha BocTo4HOM y4acTke MOXHO OXMATb CX0XWe nokKasaTtesnn. Hanuyue npoMbILLSIEHHbIX CKO-
MIIEHUIA YrIeBoLOPOAHOIO Chipbs OLIEHUBAETCH KakK BECbMa BEPOSTHOE.
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Kniouesble cnioBa: HeTErasoHOCHOCTb, KOPPENALMOHHbLIA  aHanu3, KOMMeKTop Yrresofopofos,
NOPUCTOCTb,06bEMHAsA MIOTHOCTb, YAENbHOE 1 OTHOCUTENbHOE CONPOTUBIIEHUE NOPOA.
Ins uutuposanus: bocukos .., Kntoes P.B., FaBpuHa 0.A. AHann3 reonoro-reouanyecknx mateprnanos

1 Ka4eCTBEHHAs OLIEHKA NepcnekTiB HedhTera3aoHOCHOCTU HOXHO-XapbukMHCKoro yqacTka (CeBepHbin KaBkas).
leonorus n reogpmanka Hra Poccun. 2021. 11(1): 6-21. DOI: 10.46698/VNC.2021.36.47.001.

GENERAL AND REGIONAL GEOLOGY
DOI:10.46698/VNC.2021.36.47.001

Original paper

Analysis of geological-geophysical materials

and qualitative assessment of the oil and gas

perspectives of the Yuzhno-Kharbizhinsky area
(Northern Caucasus)

I.I1. Bosikov'21,R.V. Klyuev'22, O.A. Gavrina">1

"North Caucasian institute of Mining and Metallurgy (State Technological University) (NCIMM),
44 Nikolaeva Str., Vladikavkaz 362021, Russian Federation;

2Moscow Polytechnic University, 38 Bolshaya Semenovskaya Str., Moscow 107203, Russian
Federation, e-mail: kluev-roman@rambler.ru

Reseived: 15.01.2021, revised: 10.02.2021, accepted.: 24.02.2021

Abstract: Relevance. At the present stage, the development of the oil industry of the Russian
Federationisimpossible without replenishing the resource base, and therefore an urgent task is to search
for new methods for assessing and analyzing the oil and gas content of promising areas. Aim. Analysis of
the reservoir-filtration properties of reservoir rocks of the Kama horizon within the Yuzhno-Kharbizhinsky
area, in order to predict the reservoir-filtration parameters for the Vostochny area. Methods. To analyze
the reservoir-filtration and geological-geophysical parameters of the reservoir rocks of the Kuma suite
of the Yuzhno-Kharbizhinsky area, graphs of the variability of the reservoir-filtration and geological-
geophysical parameters were constructed and their correlation analysis was carried out. For this, well
logging data and data from laboratory studies of reservoirs obtained during drilling of well No. 88-RD
were used. The estimation of the porosity coefficient, bulk density, mineralogical density and saturation
density of rocks were determined at the stage of assessing deposits according to the methods of A.M.
Nechaya and B.Yu. Wendelstein, N.V. Mancheva, based on a comprehensive interpretation of BK (BKZ)
- NGK and BK (BKZ) - NGK - PS. Results. The following pairs of parameters have a significant positive
correlation: porosity coefficient and resistivity of rocks, porosity coefficient and relative resistivity of
rocks, porosity coefficient and bulk density, porosity coefficient and mineralogical density, porosity
coefficient and density of saturated rocks, rock resistivity and relative rock resistance, rock resistivity
and bulk density, rock resistivity and mineralogical density, rock resistivity and saturated rock density,
rock relative resistivity and bulk density, rock relative resistivity and mineralogical density, rock relative
resistivity and saturated rock density, bulk density and mineralogical density, bulk density and density
of saturated rocks, mineralogical density and density of saturated rocks.A dependence of porosity on
resistance is observed, which indicates the presence of hydrocarbons in the reservoir rocks, i.e. with
an increase in porosity, resistance increases, which is also observed in the graphs.Having studied the
distribution of indicators in the Yuzhno-Kharbizhinsky area along one horizon, it can be concluded
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that these indicators differ very slightly, which indicates the homogeneity of the reservoir properties.
Qualitative indicators remain unchanged. Similar performance can be expected in the Eastern section.
The presence of industrial accumulations of hydrocarbon raw materials is assessed as highly probable.

Keywords: oil and gas content, correlation analysis, hydrocarbon reservoir, porosity, bulk density,
specific and relative resistivity of rocks.

For citation: Bosikov I.I., Klyuev R.V., Gavrina 0.A. Analysis of geological-geophysical materialsand
qualitative assessment of the oil and gas perspectives of the Yuzhno-Kharbizhinsky area (Northern
Caucasus).Geologiya | Geofizika Yuga Rossii = Geology and Geophysics of Russian South. (in Russ.).
2021.11(1): 6-21. DOI:10.46698/VNC.2021.36.47.001.

BesepeHve

Ha coBpeMenHnom stane pa3zButre HedTIHON poMbIliuIeHHOCTH Poccuiickont Dene-
panyy HEBO3MOXKHO 0€3 IMOIIOIHEHHSI PECYPCHON 0a3bl M TIOITOMY aKTyaJIbHOU 3aj1adueid
SBJISIETCSl TOMCK HOBBIX METOJUK OIICHKH M aHaln3a He(Tera3oHOCHOCTH MEepPCIEKTUB-
HBIX yYaCTKOB.

Leb10 McceI0BAHMI SBISETCS aHAIN3 €MKOCTHO-(UIIBTPAIIMOHHBIX CBOMCTB I10-
POl KOJUIEKTOPOB KYMCKO# CBHTHI B npeaeiax KxHo-XapOnKUHCKOTO ydacTKa, C IeIbI0
MIPOrHO3a €MKOCTHO-()MUIBTPALIMOHHBIX TAPaMETPOB Ha yyacTke BoCTOUHBIN.

HcxonupiMU JTaHHBIMU TOCITYKUJIM €MKOCTHO-(DUIBTPAIIMOHHBIE U T€0JI0ro-reo(u-
3UYECKHE MapaMeTphl B Mpeenax BCKPBITHIX MOPOJ KOJUIEKTOPOB HUKHEro MaiKora,
KYMCKOHM CBHTHI J01IeHa, HIKHETO Mesano ckBaknue Ne 88-PJI: koaddunment nopucro-
CTH, yAEIbHOE COMPOTUBIIEHUE MOPOJIbI, OTHOCUTEILHOE CONPOTUBIIEHUE MTOPOAbI, 00b-
€MHasl IIOTHOCTh, INIOTHOCTh MUHEPAJIOrH4ecKasi, IJIOTHOCTh HACHIIIIEHHOCTH MTOPO/bI.

MeToAMKO NCCAEeAOBOHMS

J17is BBIMOTHEHUS aHAIN3a eMKOCTHO-(UIBTPAIIMOHHBIX M T€0JIOT0-TeO(PU3NIECKUX
napaMeTpoB MOPOJ KOJUIEKTOPOB MO KPOBJIE HUKHETO MalKoIa, KyMCKOI CBUTHI 20IEHa,
HIKHETO Mena FOxHOo-XapOmKUHCKOTO y4acTka, ObUIM MOCTPOCHBI IpaUKu U3MEHUYH-
BOCTH €MKOCTHO-(DUIBTPAIIMOHHBIX U T€0JI0r0-Te0(PU3NIECKUX MapaMeTPOB U MPOBEICH
UX KOPPENALUOHHBINA aHAIIN3.

Jl5is 5TOrO OBLIM HMCMONB30BaHbI JaHHble reonH(popmannoHHbix cuctem ([TMC) u
JaHHbIE JT1a00paTOPHBIX MCCIEAOBAHUN KOJUIEKTOPOB, MOMyYEHHBIC NMPU OypEeHUU CKBa-
>kuHbl No 88-PJI.

3navyeHust Kod(p UIMEeHTa TOPUCTOCTH, 00BEMHON MIOTHOCTH, MUHEPAIOTHYECKOM
IUIOTHOCTU M TUIOTHOCTH HACBHIIIEHHOCTH IMOPOJ OMpeAeNieHbl Ha CTaJuu OLEHKU Me-
cropoxkaeHuid no merogukam A.M. Heuas u b.10. Bennenwsmreitna, H. B. ManueBoi,
6a3upyrolMMcs Ha KOMIUIEKCHOW MHTepnperauuu OokoBoi kaporax (BK) — GokoBoe
kapoTtaxHoe 3ouaupoBanue (bK3) — neiirponnsiit kapotaxx (HI'K) u BK (bK3) — HI'K —
KapoTa)k METOJIOM ecTecTBEHHOro anekrpuueckoro nous (I1C).

[TpoayKTHUBHBII TOPU3OHT XOPOIIO OCBEIIEH KEPHOBBIM Marepuayiom. s Bcex 00-
pasIoB B TaOOPATOPHBIX YCIOBUAX OMpeAeNeHbl: KOA(h(GUIIMEHT TOPUCTOCTH, 0OBEMHAS
IUIOTHOCTh, MUHEPAJIOTHYeCKasl IIIOTHOCTh U MJIOTHOCTH HACBIIIEHHOCTH TIOpo/1. Pe3ymb-
TaThl TA0OPATOPHBIX UCCIIEIOBAaHUI KepHA MpeACTaBlIeHbI B Tabnuie 1.

O6beKT NCCAeAOBOHNN

[TponyKkTHBHBII HePTETra30HOCHBIN TOPU3OHT TpeacTaBieH Ha FOxHO-XapOmKuH-
CKOM Y4aCTKE U3BECTHSKOM TEMHO-CEPBIM, HEOTHOPOAHBIM, NINHUCTBIM, KPEIIKUM, C HE-
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Tabnuya 1/ Table 1

Pe3yabTarsl ucciieqopanmii mo ckpaxkune Ne 88-PJ1 /
Research results for well No. 88-RD
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5 1,3 | 21 961 | 1,47 | 1,44 | 1,18 | 105 | 4805 6,5 7,35 7,2 59 1978
6 1,2 127 | 1245 11,23 (1,49 [ 1,22 | 162 | 7470 | 7,2 7,38 8,94 7,32 | 1984
6 2,5133 11023 11,35 | 1,5 | 1,27 | 198 | 6138 15 8,1 9 7,62 | 1990
8 1,2 1 25 | 1030 | 1,15 [ 1,25 | 1,43 | 200 | 8240 | 9.6 9,2 10 11,44 | 1998
5 1,3 | 21 961 1,47 | 1,44 1 1,18 | 105 | 4805 6,5 7,35 7,2 5,9 1978
6 1,2 | 27 112451123 1149 (1,22 | 162 7470 7,2 7,38 8,94 7,32 1984
6 2,533 1023 (1,35 | 1,5 [ 1,27 | 198 | 6138 15 8,1 9 7,62 | 1990
8 1,2 1 25 11030 | 1,15 | 1,25 | 1,43 | 200 | 8240 9,6 9,2 10 11,44 | 1998
11 53|37 | 1423|247 2,61 2,52 | 407 | 15653 | 58,3 | 27,17 | 28,71 | 27,72 | 2009
6 9,7 | 124 14769 | 2,47 | 5,58 | 2,51 | 744 | 28614 | 58,2 | 14,82 | 33,48 | 15,06 | 2015
5 8,8 1 90 [3461 | 2,1 |[2,32 12,19 | 450 | 17305 | 44 10,5 11,6 10,95 | 2020
6 9,8 | 142 | 5461 | 2,13 | 2,25 2,18 | 852 | 32766 | 58,8 | 12,78 13,5 13,08 | 2026
7 55 133 | 5115|225 [2,68 ] 2,2 | 931 | 35805 | 38,5 | 15,75 | 18,76 15,4 | 2031
6 6,2 | 186 | 7154 | 2,35 | 2,7 2,34 | 1116 | 42924 | 37,2 | 14,1 16,2 | 14,04 | 2037
5 5 1653500 | 2,36 | 2,68 | 2,45 | 825 | 17500 | 25 11,8 13,4 | 12,25 | 2042
6 43 | 1151|4423 | 2,41 2,66 | 2,47 | 690 |26538 25,8 | 14,46 | 15,96 | 14,82 | 2048
4 4,3 [169 | 6500 | 2,33 | 2,73 12,36 | 676 | 26000 | 17,2 | 9,32 | 10,92 | 9,44 | 2052
12 4 1234730 | 2,35 | 2,6 2,51 | 1476 | 56760 | 48 28,2 31,2 | 30,12 | 2064
9 48 1238 191541 2,24 12,68 (2,31 |2142 | 82386 |43,2 | 20,16 | 24,12 | 20,79 | 2073
8 5 | 1154423 | 2,35 | 2,66 [ 2,22 | 920 | 35384 | 40 18,8 | 21,28 | 17,76 | 2081
9 5,3 | 118 [ 3000 | 2,24 | 2,68 | 2,49 | 1062 | 27000 | 47,7 | 20,16 | 24,12 | 22,41 | 2092
19 5,5 1132|5077 | 2,26 | 2,73 | 2,43 | 2508 | 96463 [104,5| 42,94 | 51,87 | 46,17 | 2111
9 55| 55 (2115 | 2,36 2,73 12,19 | 495 | 19035 | 49,5 | 21,24 | 24,57 | 19,71 | 2120
15 6,2 | 96 | 3692 | 2,36 |2,73 | 2,2 | 1440 | 55380 | 93 35,4 40,95 33 2135
3 1,31 3511346 | 1,78 [ 1,56 | 1,17 | 105 | 4038 3,9 5,34 4,68 3,51 2138
5 22126 | 875 | 1,46 1,62 | 1,24 | 130 | 4375 11 7,3 8,1 6,2 | 2143
4 1,4 | 21 | 808 | 1,28 [ 1,37 | 1,41 | 84 3232 | 5,6 5,12 5,48 5,64 | 2147
3 1,3 128 | 981 | 1,29 [ 1,24 | 1,36 | 84 2943 | 3,9 3,87 3,72 4,08 | 2150
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pPaBHOMEPHBIMU BKJIFOUEHUSIMU apTUJUINTA TEMHO-CEPOrO U MaJIOMOILIHBIMU MPOCIIOSMHU
TOHKOIUIMTYATOrO aprujuiuTa. B obpa3nax kepHa HaOIr0qa0TCA BEpTHUKAIbHBIE TPEIU-
HBI, BBIIIOJIHEHHBIE KaJIbLUTOM. TaKke BCTPEYArOTCs MPOCIIOU NECYaHHUKA, Pa3HO3EPHU-
CTOrO, CIFOAUCTOTO, C PEAKUMH BKIIIOUEHHUAMH IVIayKOHUTA U YIIMCTOTO MaTepuasa.

W3BECTHAKN B OCHOBHOM, MUKPO3EPHHUCTOM CTPYKTYPbl C HEPOBHBIM PAKOBHUCTBHIM
uznomoM [bponckosa, 2016; KocreneBuu, 2017; Maptsinos, 2004; TpyaHou3BiekaeMble
3amacsl. .., 2012]. BerpeuatoTcest BkitoueHust c(hepoBbIX OPraHOTeHHBIX 00pa30BaHui, KO-
JMYECTBO KOTOPBIX Pa3IMUHO Ha Pa3InyHbIX yyacTtkax —oT 10-15% no 25-70%. Chepo-
Bble 00pa30BaHMs OKPYIJION M OBaJIbHOM (POPM, MHOTHE HEKOHIICHTPHUUECKOTO CTPOCHHUS.
Pasmepsr chep xonedmores B mpenenax 0,04-0,2 mm, otaensubie 0,25-0,3 mm. [Ipumecs
TEpPPUTeHHOTO0 MaTepuasia HezHauuTenbHa (1-3%). [IpencraBineH TeppureHHbId Mare-
pHaig B OCHOBHOM, OOJIOMOYHBIM KBapleM, 3e€pHa KOTOPOTO OBaJIbHO-OKPYIVION (OPMBI
pasmepom 0,03-0,05 mm. HabmronatoTcst peikue BTOPUYHBIE ITyCTOTHI BbIIIETaYMBAHUS,
HEPaBHOMEPHO PaCIOJIOKEHHbIE B TOPOJIE, MEXKLy cO00i He CBI3aHHBIE, OBAIbHO-OKPY-
1o opmel, pazmepom 0,02-0,3 MM, 0Opa3oBaBIInECs 3a CUET PACTBOPEHUS KAIBIUTA.

Pesynbrarel onpoboBaHMs NMPOAYKTUBHOTO TOpu30HTa Mo ckBakuHe Ne88-PJI yka-
3bIBAIOT HA TO, YTO JKCIUTyaTallMOHHBIN OOBEKT OAHOPOJIEH 110 CBOUM €MKOCTHBIM CBOM-
CTBaM U 110 paspe3y u 1o miouiaau [Kiny6kos, 2015; Xy3un, 2012].

Pe3yAbTATbl ICCAEAOBAHUI

[ToMumo uccienoBaHUsI KEPHOB, SISl OIEHKH KOJUIEKTOPCKUX CBOMCTB HUCHOJIB30-
BaJIUCh PE3yabTaThl 00PA0OTKU MPOMBICIOBO-TEO(DHU3NISCKUX MaTEpPHAIOB, JaHHBIC
TUAPOJAMHAMUYECKUX HccienoBannii CkBakuHbl Noe 88-PJ[ FOxHO-XapOMKUHCKOTO
yJacTka.
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Puc. 1. I'pagux usmenuusocmu xoa¢h@uyuenma nopucmocmu no ckeasicurne Ne 88-FPI[ /
Fig. 1. Graph of porosity coefficient variability for well No. 88-RD
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Puc. 2. I'pagux usmenuusocmu yoenosrnoeo conpomusiienust nopoo no cxkeavicure Ne88-FPI[ /

Fig. 2. Graph of variability of rock resistivity for well No. 88-RD

JUJis OLIEHKH €MKOCTHBIX CBOMCTB MOPOJ HCIIOIB30BAIUCH PE3YIBTAaThl 00pabOTKH
uHANKaTopHbIX auarpamm [Kosanenko, Coxomiko, 2018; Mensenes, 1997; Ghorbani et

al., 2016].

beutn nmocTpoens! rpaduKu U3MEHYMBOCTH (pUCYHKHU 1-12) 1o pe3ynpraram ucclie-
JIOBaHUH KOJUIEKTOPCKUX CBOMCTB.
Ha rpaduxe xorddunmenta HopucToCTy MOPosl HAOIIOAAeTCs YBEINYCHNE 3Haue-
HUS B MHTEpBaJIe MPOIyKTUBHOTO ropuzoHTa (0T 2000 10 2140). MakcumanbHOe 3Haue-
Hue HaOmonaercs B uHtepnane 2015 u 2025.
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Puc. 3. I'paux usmenuusocmu omnocumenbHo2o0 conpomusiielus nopoo no ckeasicure Ne 88-PI[ /
Fig. 3. Graph of variability of the relative resistivity of rocks for well No. 88-RD
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Puc. 4. Ipaux usmenuusocmu odvemno nromuocmu no ckeaxcure Ne 88-PI /
Fig. 4. Graph of bulk density variability for well No. 88-RD

Ha rpaduke yneapHOro conpoTuBIEHUS MOPOJ HAOMIOAAETCS YBEIMUYEHHE 3Haue-
Hu#t B unrepsaiie ot 2000 M 1o 2140 M. MakcumanbHOE 3HaYEHHUE 3aMEYEHO Ha IIyOuHe
2070 m.

Ha rpaguke 0THOCUTEIBHOTO CONIPOTUBIICHUS IIOPOJL HAOIIONAETCsl yBEIUUYEHHUE 3HA-
yeHuit B uurepsaiie ot 2000m o 2140 M. MakcumainbHO€E 3HaYEHHE 3aMEYEHO Ha TI1yOu-

He 2070 m.
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Puc. 5. I'pagux usmenuusocmu niomnocmu HacvliyeHHOCmu nopoo no ckeéaxcure No 88-FPI] /
Fig. 5. Graph of variability of density of rock saturation for well No. 88-RD



Geology and Geophysics of Russian South 11(1) 2021 ['eonorus u reogumanka fOra Poccim 13

1960
1980 >
| :
= 2020
[="
< 2040 ﬁ
= 2060 <
£ 2080 ¢
& 2100
Z \
= 2120 B
2140 ——=
2160 T T T T T 1
0 0,5 1 1,5 2 2,5 3
IL10THOCTH MEHEPATOTHYECKAS
r/cm3 /Mineralogical density g / cm?

Puc. 6. I'pagux usmenuusocmu munepaniocuieckol niomrocmu no ckeaxcune Ne 88-PIj /
Fig. 6. Graph of mineralogical density variability for well No. 88-RD

Ha rpaduke 00beMHOI MIOTHOCTH TOPOA HAOIIONAeTCs yBEIUUECHUE TIOKa3aTeNei B

untepsaie ot 2000m g0 2140 m.
Ha rpa¢uke niaoTHOCTH HACBHIIIIEHHOCTH MOPOJT HAOIONAETCsl yBEIMUEHHUE ITOKa3are-

neit B u"tepsaie ot 2000 m 1o 2140 m.
Ha rpaduke MuHepasornyeckoi mioTHOCTH MOPOJ HAOIIOIaeTCs yBEIHMUEHHE 3Ha-

yeHuil B uarepsaiie ot 2000m 1o 2140 m.

1960
1980 t
2000 2
2020 %
2040 5
7
N

2060

2080

rayomaa, M / depth, m

2100 B

2120 —-——\
2140 5

2160 T T T T T 1
0 20 40 60 80 100 120

3aBMCUMMOCTb KO3 bULIMEeHTa NOPUCTOCTH OT
mowHocTu / Dependence of the porosity coefficient
on power

Puc. 7. I'paghux 3asucumoi usmenuugocmu Ko3QhGUYUeHma noOpucmocmu Om MOUHOCMU N0 CKEANCUHE
Ne88-PI]/
Fig. 7. Graph of the dependent variability of the porosity coefficient on the power for well No. 88-RD
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Fig. 8. Graph of dependent variability of resistivity on power for well No. 88-RD

Ha rpaduke 3aBucumoit m3MeHYnBOCTH K03(h(PUIIMeHTa TOPHUCTOCTH OT MOIIHOCTH
HaOmonaeTcs ypenuuenue 3HadeHnid B uaTepBasie ot 2000 M o 2140 M. MakcumanbHOE
3Ha4YeHHE 3aMe4yeHO Ha nryouHe 2110 m.
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Fig. 9. Graph of the dependent variability of the relative resistance from power for well No. 88-RD
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Fig. 10. Graph of the dependent variability of volumetric density on power for well No. 88-RD
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Ha rpaduke 3aBucHUMON M3MEHUYMBOCTH YACIBHOTO COMPOTUBICHHS OT MOIIHOCTH
HabmoaeTcs yBenuueHue 3naueHuit B unrepsaie ot 2000m go 2140 M. MakcumanbHoe
3Ha4YeHHE 3aMe4yeHO Ha ryouHe 2110 m.

Ha rpaduke 3aBUCHMON M3MEHYMBOCTH OTHOCHUTEIBLHOTO COIPOTHBIICHUS OT MOIII-
HOCTH HaOIoaeTcs yBeludeHne 3HaueHuid B uurepsaie ot 2000m go 2140 M. Makcu-

MaJIbHOC 3HAQYCHHUEC 3aMCUYCHO

Ha riryOune 2110 m.
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Fig. 11. Graph of the dependent variability of mineralogical density from power for well No. 88-RD
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Fig. 12. Graph of the dependent variability of the density of the saturation of rocks on the thickness of the
well No. 88-RD

Ha rpaduke 3aBuCMMON H3MEHUYUBOCTH 0OBEMHOM TUIOTHOCTH OT MOIIHOCTH HAOIIO-
JTaeTcsl yBeIMueHue 3HaueHuil B uHTepsaie ot 2000 M 1o 2140 M. MakcumanbHOE 3Hade-
HUE 3aMe4eHO Ha TiryouHe 2110 M.

Ha rpaduke 3aBucuMoil HI3MEHUNBOCTH MUHEPATIOTUYECKON TNIOTHOCTH OT MOIIIHO-
cTH HaOJto/1aeTCs yBenuueHue 3HaueHui B uarepsaie ot 2000 m 1o 2140 M. Makcumarb-
HOE 3HauYeHHUe 3aMe4eHO Ha TiryouHe 2110 M.

Ha rpaduxke 3aBUCHMMOI H3MEHYMBOCTH TUIOTHOCTH HACBIIIEHHOCTH IOPOJ] OT MOIII-
HOCTH HaOIOaeTCsl yBenuueHue 3HaueHnit B uurepsaie ot 2000m go 2140 m. Makcu-
MaJIbHOE 3HaYe€HHUE 3aMeUeHO Ha TiryouHe 2110 m.

ITo pesynmpratam ananmu3a TpadUKOB pacHpeiesieHHs IOoKa3aTeliell B CKBAKUHE
Neo 88-PJl MOxkHO clienaTh BBIBOJ, UTO IUIACT HE OJHOPOJICH, BCTPEUAIOTCS MPOCIION ap-
THJUIUTOB C JPYTUMH €MKOCTHO-(DUIBTPALIMOHHBIMU U T€0(PU3NIECKUMHU XapaKTepPUCTHU-
kamu. MuatepBan 2000-2040 M sBiisieTcsl Ta30HOCHBIM TOPU30HTOM, HA YTO YKa3bIBAIOT
MOBBIILIEHHBIE 3HAYEHUSI OTHOCUTEIILHOTO CONIPOTUBIICHUS.

3HAYNMO TIOJOKUTEIFHONW KOPPENSIIUOHHON CBSI3bI0 00Ja/1al0T CIIEAYIONINE Taphl
napaMeTpoB: k03(h(GUIIHEHT TOPUCTOCTHU U YIIEIbHOE COMPOTHBIECHHE TOPO, K03 duiu-
€HT MOPUCTOCTH M OTHOCUTEIIFHOE COMPOTUBIIEHUE TOPOJ, KOI(D(DUIIMEHT MOPUCTOCTH
1 00beMHasi MIIOTHOCTh, KOA(PPHUIIMEHT MOPUCTOCTH M IUIOTHOCTh MUHEpAJIOrHyecKasi,
K09()(PUIIMEHT MOPUCTOCTH U TUIOTHOCTH HACHIIIEHHBIX TIOPOJI, YASTHLHOE COMPOTUBIICHUE
MOPOJ M OTHOCHUTEJIBHOE COITPOTHBIICHHE TTOPO/I, YAECTHHOE CONPOTUBIIEHUE TIOPOJ U 00B-
€MHas IUIOTHOCTb, YJEJIbHOE COMPOTHUBIEHUE MOPOJ U IJIOTHOCTh MUHEpAJOruyeckKas,
YAEIBHOE CONPOTUBIIEHNE TIOPOJ] U IIJIOTHOCTh HACBIILEHHBIX IOPO, OTHOCUTEIBHOE CO-
MPOTHUBJICHUE TIOPO M 00BEMHAsl TNIOTHOCTh, OTHOCUTENILHOE CONPOTHBICHHE TIOPOJ U
IJIOTHOCTh MUHEPAJIOTUYECKAsl, OTHOCUTEIBbHOE CONPOTUBIIEHUE ITOPOJI U IIJIOTHOCTh Ha-
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Tabnuya 2 / Table 2

Pe3yibTaThl KOPPEJIALHOHHOIO AHAJIN3A Pe3yJIbTATOB UCCJIeJ0BAHMIT
no ckBaxkune Ne 88-PJ1 / Results of the correlation analysis of the survey
results for well No. 88-RD

=
~ \, o ~ - — \. 3 =
2 s s [¢g/EE |3E | B
- S 2 = 2 S w = o z = 5
= 2 (= 2 = a 8 2 = =]
ST |2 a2 EB|E=SE 2 B2 =
- - g- gl 2 = 2| 8 =2 g g 2 5 « © <
=l g8 E5csmi| 28|23 & E
= ° %z & s s|5 & 5 £ S
= S E: |28|22 |2% |
- K C w = =~ = @ [
a
(h), M/ (h), m 1 {025]022| 025 0,41 0,27 0,47 0,13
K,/ Kp 1 0,60 0,59 0,75 0,75 0,75 0,16
Ya. comnp. nop. /
e P- ; I,’t 1 096 | 072 | 057 075 | 0,06
ock resistivity
On. conp. op. / 1 068 | 0,56 070 | 0,07
Strength ratio of rocks ’ ’ ’ ’
IInoTrHOCTH 00. / ! 0.77 0.93 0.02
Spatial density ’ ’ ’
Il1oTHOCTH MHH. / ! 076 011
Mineralogical density ' ’
[noTHOCTH H. I / ! 0.06
Density of saturated rocks ’
I'nyouna / Depth 1

CBILIEHHBIX MOPOJ, 00BbEMHAs MJIOTHOCTh U IJIOTHOCTh MUHEpajiornyeckasi, 00beMHast
IUIOTHOCTh U IIOTHOCTh HACBIIIEHHBIX MOPOJ, IJIOTHOCTh MUHEpAJIOruueckasi U IioT-
HOCTb HACBIEHHBIX opoj [bemOens u ap., 2012; [laykaes, 2010; Hedranas mpomsbiii-
nenHocts Poccun, 2013; [lanukapoBckuii u ap., 2019; [Monuebecurix, 2017; De Oliveira
et al., 2014; Sinclair, Thompson, 2013; Stoll et al., 2009].

[IpoBeneHHble MCCIEA0BaHUS MOTYT OBITh UCIOJIB30BaHbI B XOZ€ aHAJIN3a MPUPO-
HO-IIPOMBIIJICHHBIX CUCTEM B FTOpHBIX TeppuTopusix [['onuk u np., 2018; Yoruaes u ap.,
2020; Klyuev et al., 2020a, b, 2021; Svalova et al., 2018; Zaalishvili, Rogozhin, 2011;
Zaalishvili et al., 2016].

3AKAKOYEHMEe

N3yuuB pacnpenenenue nokaszareneit Ha KOxxHo-XapOMKMHCKOM y4yacTKe 10 OJJHO-
MY TOPU30HTY MOXHO CJIeJIaTh BBIBOJI, YTO TH MOKA3aTeNId pa3inyaroTcs O4eHb ciado,
YTO CBHUJETEILCTBYET 00 OIHOPOJHOCTH CBOMCTB IutacTa. KauecTBeHHBIE MOKazaTenu
ocratorcs 6e3 n3mMeHeHus. Ha BocTouHOM ydacTke MOXKHO O’KUAATh CXOXKHE MTOKA3aTeIH.
Hanuune npoMBIIITIEHHBIX CKOIJIEHUH YITIEBOJOPOJHOTO CHIPhs OLIEHUBAETCS KaK BECh-
Ma BeposiTHoe. [IpoBeieHHbIe HCCiIeJOBaHUS MOTYT OBITh UCIIOJIb30BaHbI B X0J1€ aHAJIU-
3a MPUPOJHO-TIIPOMBILIUIEHHBIX CHCTEM B ropHbIX Tepputopusix [Klyuev et al., 2020a, b,
2021; Svalova et al., 2018; Zaalishvili, Rogozhin, 2011; Zaalishvili et al., 2016].

Io Bceli BEpOATHOCTH, JTAaHHBIE T10 IPOBEAEHHBIM UCCIIEJOBAHUAM MOYKHO UCIIOIb30-
BaTh IPU MPOBEICHUN TOUCKOBO-OIICHOYHBIX Pa0OT Ha JaHHOM TepPUTOPUH.
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Pestome: Ctatbs NOCBALLEHA OMpPeeSIeHN0 ONTUMANTbHBIX NpoLiefyp 06paboTKu U pasfenieHns NoTeHuu-
aNbHbIX NOMEN Ha )OHOBYIO, OCTATOYHYIO 11 NIOKANbHYH) COCTABMSIOLLME, @ TAKXKe 06CYKAEHNIO HEKOTOPbIX pe-
3ynbTaToB. AKTYanbHOCTb PaboTbl onpeaenseTcs He06X0AUMOCTbIO Pa3paboTKN reoU3n4eckoi 0CHOBbI Ans
MWUHEPareHn4Yeckoro aHanmsa cuctemMsl [JOHELUKOro cknagyatoro coopyxeHus. Llenb uccnegosanus. Boibop on-
TUManbHbIX NpoLeayp 06paboTki reoPU3NYecKnX AaHHbIX 1 pa3fesieHne NnoTeHuUmanbHbIX Nofen Ha GOHOBYIO,
OCTaTO4HYIO W JIOKaNbHYK COCTaBNAOLLME, OLEHKA BO3MOXHOCTW MCMOMb30BAHMSA MOJSTYYEHHbIX Pe3ynbTaToB
ONS MUHepareHn4eckoro aHanusa [loHeukoro cknagyaroro coopyeHus. Merogbl ucenegosanums. /1CxoaHbI-
MW MaTepuanamu Ons UCCnefoBaHNs NOCAYXWUNIU pe3ynbTaTbl a3POCbEMOYHbIX PaboT B LUPoOBOM hopmarte,
npoBefeHHbIx B 2011 rogy KomnaHuein «Aaporeomsnka» ¢ UCMONb30BaHWEM COBPEMEHHbIX BbICOKOTOYHbIX
npu6opos. A AN NPUrPaHNYHOA NONOCkl C YKpauHON — MaTtepuarbl aHanoroBbIX asporeonu3nMyeckmx Che-
MOK, npoBefeHHbIx g0 2000 r. MoapasaeneHne UCXOAHbIX MOEN HA COCTAaBMAOLNE KOMMOHEHTbI NPOBeEHO
C UCMONb30BaHNeM METOA0B MaTeMaTU4eCcKoro Npeodpa3oBaHns UCXOAHbIX JaHHbIX C UCMOMb30BAHUEM OTeYe-
CTBEHHOro nporpammHoro komnnekca MNC NuTerpo. OueHka MHKOPMATUBHOCTI NPeobpa3oBaHns KOMMIeKca
MCXOAHbIX AAHHbIX PeLlanach ¢ NPUBIeYEHNEM TeXHONOMM CTaTUCTMYECKOro 30HAMpoBaHus reononeit COSCAD
3D, a TaKxe TEXHONOrMK peLeHns o6paTHOM 3afjaqn rpaBMpasBeakn U MarHUTopasseaku. PesynbTatbl Uccne-
noBaHus. PaspaboTtaHa TexHonorns, 06ecneymBaioLlas COCTaBIEHNE CBOAHbIX KapT MOTEHUMaNnbHbIX MoJei ¢
CMNONb30BaHNMEM MaTepuanoB Pa3HOBLICOTHLIX a9POCHEMOK HA OCHOBE OTEYECTBEHHOI reOUHMOPMALMOHHO
cuctembl TIC NHTerpo. YeTaHoBMEHbl ONTUMAbHbIE NPOLEAYPbl U OCYLLECTBNEHO NoApasfeSieHne NCXOOHbIX
MarHUTHOrO W rPaBUTALMOHHOMO NOJIei HA PErMOHAIIbHY0, 0CTATOYHYIO M NIOKANTbHYH KOMMOHEHTLI. [Tpu Bbife-
NEHNN NOKaNbHOM COCTaBNAOLLEA aHOMANIMA MarHUTHOTO NONS BMEPBbIe A1 UCCNeayeMOro paiioHa BblAeNeHsbl
1 NPOCNEXEHbI NPOTSKEHHbIE 30HbI CNA6ONHTEHCUBHBIX NOSTOXMUTENTbHbIX MAarHUTHbIX aHOManuii. YCTaHOBNEHO,
YTO 3TW aHOMaNUM CBA3AHbI C PA3NoOMamu, NPUYPOHEHHbIMI K OCEBbIM MIOCKOCTAM JIMHENHbIX aHTUKUHANEN
1 OTPAXatT YBENNYEHNe HAMarHUYeHHOCTI FOPHbLIX MOPOJ B CBA3U C rMApPOTepMaNibHO-METacoMaTUHECKUMU
npeobpas3oBaHusMU. PacnpocTpaHeHue BbISBEHHbIX paHee 30/10TOPYAHbIX NPOSBAEHNII B CYLLIECTBEHHON Mepe
KOHTPOSIMPYETCS BHOBb OOHAPY)XXEHHbIMW 30HAMMW CIABOMHTEHCUBHBIX MArHUTHBIX aHOMaNiMiA. 3TO NO3BONSET
npuaaTh BbICOKYIO 3HAYNMOCTb BbIAENSAEMbIX IMHEAHbIX aHOMAMbHbIX 30H KaK KPUTEPMEB AMs PELUeHNs 3aaad
MWHEPareHn4eckoro paioHUpPoBaHNA.

Kntouesbie cnosa: [loH6acc, NoTeHUManbHbIe Nons, TpaHcqopmanum, reoou3n4eckme aHomannuu, KapTbl
MarHWUTHbIX aHOMaNWii, KapTbl FPABUMETPUYECKNX aHOMAITUI, MUHEPATEHNS.
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Abstract: The article is devoted to determining the optimal procedures for processing and dividing potential
fields into background, residual, and local components, as well as discussing some of the results. The relevance
of the work is determined by the need to develop a geophysical basis for the mineralogical analysis of the Donetsk
folded structure system. Aim. To select the optimal procedures for processing geophysical data and to divide
potential fields into background, residual and local components, to evaluate the possibility of using the results
obtained for mineragenic analysis of the Donetsk folded structure. Methods. The initial materials for the study were
the results of aerial surveys in digital format conducted in 2011 by the company “Aerogeofizika” using modern
high-precision instruments. And for the border strip with Ukraine — the materials of analog aerogeophysical
surveys conducted before 2000. The division of the source fields into components was carried out using the
methods of mathematical transformation of the source data using the domestic GIS Integro software package.
The evaluation of the informativeness of the transformation of the source data complex was solved using the
COSCAD 3D statistical sounding of geofields, as well as the technology for solving the inverse problem of gravity
and magnetic exploration. Results. A technology has been developed that provides the compilation of summary
maps of potential fields using materials from different-altitude aerial surveys based on the domestic GIS Integro
geoinformation system. Optimal procedures were established and the initial magnetic and gravitational fields
were divided into regional, residual, and local components. When identifying the local component of magnetic
field anomalies, extended zones of low-intensity positive magnetic anomalies were identified and traced for the
first time in the study area. It is established that these anomalies are associated with faults confined to the axial
planes of linear anticlines and reflect an increase in the magnetization of rocks due to hydrothermal-metasomatic
transformations. The spread of previously identified gold-ore manifestations is significantly controlled by newly
discovered zones of low-intensity magnetic anomalies. This makes it possible to attach high importance to the
identified linear anomalous zones as criteria for solving problems of mineragenic zoning.
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BeseapeHve

[Ipn MuHEpareHHYeCcKHX HCCIEI0BaHUSX Bce OoIbllee 3HAYCHHE MPUOOPETArOT
reousnueckre MeToabl. OHU MO3BOJSIOT YTOUHATH OCOOCHHOCTH TITyOMHHOTO CTpOe-
HUS, MarMaTH3Ma M CKJIaJ4aTo-pa3pbIBHON TEKTOHUKHU PYAOHOCHBIX paiioHOB. OmHAaKO
UHTepIpeTanus reopu3nYecKux TaHHBIX YacTO BBI3BIBACT 3aTPYAHEHHUS, MOCKOIBKY
HAOJIIOIEHHBIE TOTEHIMAIbHBIE TOJS MPEACTABISIOT COOON CIOXKHYIO CyMMY TMOJEH,
CO3/IaHHBIX PA3IMYHBIMU T'€OJIOTHUYECKUMH OOBEKTaMU, PACIOIIOKEHHBIMU Ha Pa3HBIX
m1yOuHax. B o0mux yeprax MOXHO Tojararh, 4YTo Haubosee TyOMHHbIE OOBEKTHI CBS-
3aHHBIE, B OCHOBHOM, C INTyOOKMMU TOPU30HTaAMH (PyHIAMEHTA, CO3/Ial0T PETUOHAIBHYIO
COCTABIIAIOILYIO MOTEHIMABHBIX ToJei. KoMIuIeke reonornueckiux HeOAHOPOAHOCTEH B
COCTaBe 0CaJIOUHOM TOJIIIN U BEPXHUX TOPU30HTOB (PyHIaMEHTa MOKHO pacCcMaTpuBaTh
KaK CpelHerTyOMHHbIE aHOoMaineoOpasyrole o0bekThl. [eonoro-reopusnyeckue He-
OJTHOPOJTHOCTH MPHUIOBEPXHOCTHBIX TOPU30HTOB JTUTOC(EPHI COOTBETCTBYIOT TPEThHEMY
(BepxHEMY) YPOBHIO, U CO3JIAIOT JIOKaJbHbIe aHOMauu. [loaToMy paznenenne noTeHIu-
aIbHBIX MOJIEH Ha perHOHaIbHYI0, OCTATOYHYIO U JIOKAJIBHYIO COCTABIISIONINE HEOOX0IH-
MO s 00Jiee TOUHOM re0JIOTHYEeCKON MHTEPIPETALIUU.

Jou6acc ([loHerkuii yroyibHblil 6acceiiH) B TEKTOHMUYECKOM OTHOIICHUU MPEACTaB-
asiet coboit Jlonenkoe nopuarue. Camo nonHsATue sBisieTcss yacTthio [Ipunsrtcko-/lne-
poBCKO-/lOHENKOro aBIakoreHa, KOTOPhI paccekaeT I0kHYI 4acTb Boctouno-EBpo-
nerckoi miathopMbl C CeBepo-3armajia Ha Iro-Boctok 6onee yem Ha 2000 KM mpu mIu-
pune 70-120 kM, paznensa benopycckyto, YkpauHckyto 1 BopoHexckyro aHTekin3bl. B
MPOIOJILHOM CEUYEHUH OH CETMEHTHPOBAH Ha MPOTUObI-BNaauHbl — [Ipunsarckuii mporud
u cobctBeHHo JlHempoBcko-/loHelnkyto BhagauHy, pasaeneHHsie bparuncko-JloeBckoit
CEeNTIOBHHOM, a Takxke [loHelkoe moaHaTHe ¢ morpeOeHHBIM MPOoAOIDKeHHEM Kpsika Kap-
nuHckoro [Lobkovsky et al., 2011; Jlesun u ap., 2011; Bush, 2014; Arees u ap., 2015].

B nanHoM uccrienoBaHuM HaMH paccMmarpuBaeTcs JloHelkoe mogHsATHe (CKJIaq4aToe
COOpY>KE€HHE) KaK IIeHTpajbHas 4acTh aBlakoreHa, HauOoJee MepCrleKTUBHAS Ha TPOsIB-
JIEHUsI [IBETHBIX MeTaJUI0B U 30J10Ta [I1apana, 2017; Tpomenko, 2019; JlaBbiaeHko u ap.,
2019].

[lenTpanbHas yacth [JoHenkoro ckiaguaroro coopyxenus ([lonbacca) mpencranisi-
eT co0oii rpalGeH, BHIMOIHEHHBIN B OCHOBHOM OTJIOXKEHUSMU JIpEBHEE KapOOHa, BEPOATHO
BIUJIOTH 10 pudesi, KoTopble Ha GopTax mporuda He UMEIOT IIUPOKOTO PACTIPOCTPAHEHUSI.
Haubonee kpymnHbie pa3pbiBbl — TaKk Ha3blBaeMble kpaeBble HaaBuru Jonbacca — Cese-
po-Zlonenkuii Ha ceBepe, U [lepcuaHoBCckHil Ha ore. DTU Pa3pbIBbI, OTPAHUYUBAIOLINE
o0nacTh HauOOIBIINX MOIIIHOCTEH OTI0KEHHI B Iporude, UMEI0T TITyOUHHBIHN XapakTep,
YCTaHOBJICHHBI Ha TEPPUTOPUHU YKpauHCKoM yacTu [lonOacca mo ceCMUYECKUM JaH-
HeiM [Maystrenko et al., 2003; I'punb, 2020]. FOxHas rpanuma nporuda MpoOXOAUT IO
ManbIucKOMy pasfioMmy, HaJl KOTOPBIM, KpOME TOTO, pa3BUBAaeTCs cucTeMa MaHBIUCKUX
ME30301CKO-KalfHO30MCKHUX TPabeHOB.
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B npenenax uccienyemMoi TEPPUTOPUN BBISABIICHBI PYAOIPOABICHUS U IIYHKTHI 30-
noropyaHoi MmuHepanusauuu. K HuM otHocarcs Kepunkckoe, bapuno-Kpenunckoe, I'a-
JIyTHHCKOE, YepHopedueHckoe U ap. pyaonpossieHus 3oio0ta. Ha Kepunkckom pynormpo-
SIBJICHUM TIOJCYUTAHBI IIPOTHO3HBIE PECYPCHI 30JI0Ta B KOJIMYECTBE, COOTBETCTBYIOLLEM
KPYITHOMY MECTOPOXKJICHHIO, MOJIOKUTEIBHO OLEHEHbl 000raTUMOCTh PYI U BO3MOXK-
HOCTb MIX PEHTa0EIbHOM T00bIYH.

B ocHoOBy TekTOHHYECKOTO paiioHnpoBaHus JJoHerkoro 6acceiina mojaokeHbl 0COOEH-
HOCTH CKJIaT4aTO-Pa3phIBHBIX JUCIOKAILMNA TEPIIMHCKOTO CTPYKTYpPHOTo 3Taxa (puc. 1).
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Puc. 1. Texkmonuueckoe pationuposanue J[oneyko2o CKAaduamozo Coopylcenus ¢ 0moopadlicenuem
Haubonee KPYNHvlX paziomos U CK1a0oK:

1 — epanuybl mexmoHUHECKUX CMPYKMYP NEPEo2o NopsoKd, 8 Mom uucie ¢ ceeepa Ha 102 Bopouescckas
aumerxauza, J{ono-/{nenpogckuil naneo3otuckuil npoeud, Yekpauncrkuil wum, 2 — epanuybl MeKmoHUYeCcKux
paiionos, 6 mom uucie Joneyxoe ckaraduamoe coopyoicenue (1) u FOcno-onbacckas cknaouamo-
O10K08as MOHOKIUNANL (2); 3 — epanuybl mexkmonuueckux 30u. 1.1 — Llenmpanvuas 30na Kpynuwix
JIUHEUHBIX CKAA0OK, 1. 2 — Bocmounas 30na menxux quHelnvlx ckiadok, 1. 3 — Cesepras unetinas
AHMUKTIUHATILHASL 30HA MENKUX CKAOOK, 1. 4 — obocobnennvle Opaxucunxkiunanu (Jlyeancko-
Kpacnoooncras, Beroxanumeenckas, Kpacnoooneyxas, Kuprnosckas), 1. 5 — Cesepras medxchaogueoeast
30Ha nono2ux ckaadok, 1. 6 — FOoicuwiil epaben; 5 — ocu anmuxaunanei, 6 — ocu Cunkiuxanel, 7 —
consinble Kynona, 8 — eocyoapcmeennas epanuya. Jlunuu cetimuyeckux npoguier DOBRE u Mopososck-
Kamencxas /

Fig. 1. Tectonic zoning of the Donetsk folded structure with the display of the largest faults and folds
1 — boundaries of first-order tectonic structures, including from north to south: the Voronezh anteclise, the
Don-Dnieper Paleozoic trough, the Ukrainian shield; 2 — boundaries of tectonic regions, including the
Donetsk fold structure (1) and the South Donbass fold-block monocline (2); 3 — tectonic zone boundaries:
1.1 — Central zone of large linear folds, 1. 2 — Eastern zone of small linear folds, 1. 3 — Northern linear
anticline zone of small folds, 1. 4 — isolated brachysynclines (Luhansk-Krasnodon, Belokalitvenskaya,
Krasnodonetskaya, Zhirnovskaya), 1. 5 — Northern inter-thrust zone of shallow folds, 1. 6 — Southern
graben; 5 — axes of anticlines; 6 — axes of synclines; 7 — salt domes; 8-state border. DOBRE and
Morozovsk-Kamenskaya seismic profile lines
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B cknaguarom [lonGacce BhIIENSAIOTCS 1BE Hanboee KPyIHbIe IUIMKAaTUBHbBIE CTPYK-
Typbl — Cynuno-Canxunckas u Illaxtuncko-HecBeTaeBckas CHHKIIMHAIM, pPa3/elIeHHbIE
I'maBHOW aHTHKIMHANBIO, U OOJiee MENKUEe CTPYKTYpbl, 0ObennHsieMble Ha ceBepe Jlo-
Henkoro nporu6a B CeBepHy0 30HY MEJKOH ckiiaayarocTu. B roxHo# yactu JloHenKoro
CKJIaJI4aToro coopyxeHus Bolaensercs KOkHas 30Ha MENKMX CKIIAJOK, II€ CKIaaJyarbli
KapOOH NEePEKPHIT ME30301CKO-KaiHO30MCKUM 4eXJI0M MOIIHOCTHIO 10 500 M u 6osee.

Jlonasieo3oiickue MarmMaTudeckue U Meramopduyeckue oOpa3oBaHMs, COCTABISIO-
M€ KpUCTAIUTMYECKUH (PyHIaMEHT BCEX CTPYKTYPHBIX asieMeHTOB BocTounoro Jlonbac-
ca, U MOKPHIBAIOLIUE UX BYJKaHOT€HHO-0CAJ04YHbIE IIOPOBI IEBOHA HA TOBEPXHOCTH HU-
IJIE HE BBIXOJAT, KaK U IIEPMCKHE OTIIOKEHMSI, U3BECTHBIE HA CEBEPO-BOCTOKE TOJIBKO I10
JTAHHBIM MaJIOYUCIICHHBIX CKBaXHH.

MaTtepraAbl 1 METOADI

HcxonupIMu MaTepraliaMu ISl UCCIIEI0BAHUS MTOCITY KN Pe3yJbTaThl a9pOCheMOY-
HBIX paboT, nmpoBeneHHBIX B 2011 rogy xommanueit «Asporeodusnka». OCHOBHBIE TEX-
HUYECKHUE MTapaMeTPBbI MOJIyYE€HUs ITUX MAaTEPUATIOB CBOASATCS K ClEeIyIoIIeMy. Apoche-
MOYHbIE Pa0OTBHI, 110 PE3YJIbTaTaM KOTOPBIX TOCTPOEHBI 0a30BbI€ KapThl MOTEHLUATBHBIX
HOJIeH JUI UCCIIEAYEMOro PErMoHa, XapaKTepU3yIOTCsl 3HAUUTEIbHONW BBICOTOM I10JIETOB
(450 M HAg ypoBHEM MOps) U YAAJIEHHOCTBIO MEXAYy coceaHUMU Mapipytamu (500 m).
Hcnonp3yemblil B IIpoliecce CbeMKH a3pOMarHUTOMETP SBJISIETCS COBPEMEHHBIM BBICOKO-
TOYHBIM MPUOOPOM JUTSI K3MEPEHHUST MATHUTHOTO TOJIST 3eMJIH C TMAITa30HOM M3MEPEeHUi
15000-130000 uTn. Pa3zpemaromas ciocodHocTh ero ot 0,001 uTn mpu 10 oTcuerax B
cekynay u 10 0,01 #Tn npu 100 orcuerax B CEKyHIY, 4YTO 00ECIEUMBAET BO3MOXKHOCTh
HOCTPOEHUS KapT U30JIMHMM JTOKAJIbHBIX AHOMAJIMK MarHUTHOTO TOJISl C CEYEHUEM B IEp-
Bbl€ eMHULBI HTJI. MarHuTOMETp XapaKTepu3yeTcs BBICOKOM 3alUTON OT IIOMEX U BU-
OpoycroitunBoCThIO. Bee 3T mapameTpsl 00eCreunBarOT BHICOKYIO TEXHUYECKYIO TOU-
HOCTb U3MEPEHHUM.

AbspomeTon U3MEpEeHHs MOl CUIIBI TSHKECTH CTall aKTUBHO BHEIPSITHCS B MPAKTH-
Ky reo(pu3N4IeCcKiX MCCIeIOBAaHNH B MTOCIEAHNUE AECATUICTUS. ADPOTPAaBUMETPHS UMEET
pA oNpeneNeHHbIX TPEUMYIIECTB NEPe]] TPAAULIMOHHBIMU Ha3€MHBIMU ChEMKaMH (MoO-
OMIIBHOCTH, BBICOKAs SKOHOMHUYECKast 3(h(HEeKTUBHOCTh U BO3MOXKHOCTh M3YyYEHUS TIOJIS
CHWJIBI TSDKECTH B TPEXMEPHOM MPOCTPAHCTBE — HA PA3HBIX BHICOTHBIX YPOBH:X). OHAKO
METOAMKHU U CPEJCTB ATAJIOHUPOBAHUS a’3pOTrpaBUMETPUUYECKON amrmaparypbl B HaCTOS-
niee BpeMs He cyuiecTByeT. [loaToMy B nepBble ToJbl MPUMEHEHUS a3pOrpaBUMETPUU
IpeyCMaTpUBAJIOCh BKIIOYATh B KOHTYPBI UCCIIEYEMBIX IIOLIa/IeH YYaCTKH C BBICOKO-
TOYHBIMU Ha3€MHBIMU ChE€MKaMU B KadecTBe 3TasioHOB. Ilo pesynmpraram comocrtaBie-
HUS a3pOCHEMOUHBIX Pa0OT C 3TUMH 3TAJIOHAMM CJIEJIaH BBIBOJ O TOM, YTO BEJIMYUHA I10-
IPEUIHOCTH OTPEAEIECHUS AHOMAJIUN CHIIBI TSYKECTH 110 IaHHBIM a3pOrpaBUMETPUYECKOM
cheMKH coctaiiseT nopsiaka 0,4-0,5 mI"an. Bennuunbel aHoManuii ”TOrOBOM KapThl CHITBI
TSDKECTH SBIISTIOTCSI CPETHUMH apu(METHUECKUMHU 3HAYCHUSMH TI0JIS TI0 Pa3pesKeHHBIM
cetu, uMeroT norpemnocts 0,41 mI'an u npeacrasiensl B ycnoBHOM ypoBHE. [lonoOHas
TOYHOCTH CHEMKH 00€CTIeYBAET BO3MOKHOCTD PEIICHHUS 33/1a4 PETHOHAIBHBIX UCCIIE0-
BaHUM.

BmecTte ¢ TeM TeppuUTOpHS 3TUX a3pOCHEMOK HE PACIIPOCTPAHSAETCS HAa MPUTPaHUY-
HyI0 ¢ YKpauHOil nojocy mmpuHoii 60 kM u Oornee. B CBsI3M ¢ 3TUM BO3HUKIA HEOOXO-
JUMOCTb HCIIOJIb30BAaHUSI aHAJIOTOBBIX a3POCHEMOUHBIX MaTepHasioB, BBIIIOJIHEHHBIX /10
2000 rona (BeicoThl 150-200 M), uT0 00YCIOBUIIO HEOOXOIUMOCTh Pa3pabOTKU TEXHOJIO-
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TMUYECKOM CXEMBI, KOTOpasi MOriia Obl 00ECIeYUTh COCTABICHUE CBOJHBIX KapT MOTEHIIU-
aJIbHBIX I1OJIEH C MCIIOJIb30BAHUEM MaTEpUAIOB PA3HOBBICOTHBIX a9POCHEMOK.

VcxoqHbIMHA aHHBIMM Ul HapalMBaHUS KapT MOTEHLUAJIbHBIX IOJIEH OCHOBHOM
YacTH IJIOLIA/IM MCCIIEJOBAaHUI B 3alaJIHOM HalpaBlieHUH (B MPUTPAHUYHYIO TOJIOCY C
VYKpauHOii) SBJIAIOTCS MaTepualbl a3pPOMAarHUTHBIX ChEMOK, MpoBefeHHbIX 10 2000 1.
[IpenmymiecTBEHHO 3TO a’poMarHuTHeIe cheMku MacimrTaba 1:25000 (1968-91 rr.), 3a-
Jadeil KOTOPBIX ObUIO M3YYEHUE T'€0JIOTHUECKOrO CTPOCHMS CTPYKTYphl (DyHIaMEHTa U
0CaJIOYHOI0 YexXJia, a TAKXKe BbIJEJIEHUE MEepPCHEKTUBHBIX YYaCTKOB Ha He(Th U ras u
OlLIEHKa HE()TEHOCHOCTH. AMMapaTypHas TOYHOCTh ChEMOK B IpeJieslax OCHOBHOM 4acTH
IPUTrPAHUYHON TI0JI0CkI cocTaisaeT 2,5 HTi1. Bricora nonetos 200 M, paccTosIHME MEXTY
mapmpytamu 150-200 M. Marepuanisl 0 3TUM CheMKaM paHee ObUIM 00001IeHbI U PH-
BEICHBI K HOPMAJIBHOMY MO0 3eMiH dnoxu cepeaussl 1990 r., yto Ha 60 HTn BhIIE,
4yeM MPUHATO Ui 6a30Boro Maccupa. Hemocrarkamu BceX 3TUX ChEMOK SIBIISIETCS HEBBI-
COKO€ KayeCTBO BHYTpeHHEH yBs3kU. OHaKo MH()OPMATUBHOCTh ChEMOK, B LIEJIOM, KaK
0Ka3aJ10Ch, BBICOKAsl, U HE UCUEPIIBIBAECTCS TEMH BBIBOJIAMH, KOTOPBIE C/EJIaHbl aBTOPaMU
OTYETOB IIPU aHAJIM3€ MAarHUTHOTO MOJIS IO KAKIAOMY OT/IEIbHOMY Y4aCTKY.

Pe3yAbTaTbl 1 OBCYXKAESHME

®opMHpoOBaHKe CBOAHBIX KAPT MOTEHIUAJIbHBIX 10JIei

Kak yrmanoce ycTaHOBHUTB, B pe3yJbTaTe MPOBEJCHHOTO aHaN3a OCHOBHOM mpooiie-
MOM JUIsl COCTaBJIEHUSI CBOJHBIX KapT MOTEHLUATIbHBIX MOJEH SIBISETCS CYIIECTBEHHOE
pasnuyure B BBICOTHBIX YPOBHSX IPEIIIECTBYIOLIUX ChEMOK. BpIlle yke yrnoMuHanioch,
4YTO cheMOuHble paboThl 2011 r. BeIMOMHSUIMCH TpU BeIcOTE NosieTa 450 M Haja ypoBHEM
MOps, @ Cb€MKH BOCBMUJECSTBIX I'O/I0B BBINOJHEHBI Ha ypoBHE 200M. DTH pa3nnyus
110 BBICOTE€ CHEMOYHBIX PaOOT MPHUBEIN K TOMY, YTO MPH OOIIEM COBMAICHUU CTPYKTY-
pbl aHoManuii 6a3oBoro mosst (2011 1) ¥ CTPYKTYpBI aHOMAIIUI TIO Pe3yJIbTaTaM ChbEMOK
IPEIIIECTBYIOLIET0 NEPHUO/ia, UHTEHCUBHOCTH HX B IUIAHE MOTYT CYIIECTBEHHO OTJIH-
yarecs. [Ipuannamu momo0HOTO A deKTa SBISIOTCS pa3Iuuus B CKOPOCTHU «3aTyXaHUsD»
MHTEHCUBHOCTH aHOMAJIUIl HaJl T€0JIOTUYECKUMU 00pa30BaHUSIMH Pa3IMYHON TITyOUHBI
3asieranys (IepeMeHHbIN BEpTUKAJIbHBIN IpaiueHT). B pe3ynprare BBeieHNE KaKUX-THO0
MOCTOSTHHBIX ITONPAaBOK B MACCHUB JJaHHBIX, KOTOPBIM MpHCOEANHSIETCS K Oa30BOMY Mac-
CHBY, He 00€CTIeYMBAJIO TUIABHOTO CIMSIHUSA 3TUX JAHHBIX. B 2Toii CBsI3u ObLIa MpUHSATA
CJIeyIoIas TEXHOJIOIHsS MO3TAIHOr0 (POPMUPOBAHUS CBOJIHBIX KapT (ONMHUCHIBAETCS Ha
npUMepe MarHUTHOTO mojisi). Bece paboThl ¢ nM(POBBIMU MaTpulaMH BBIIOIHSUIUCH C
ucnoiab3oBaHueM nporpammuoro komiuiekca I'MC Unterpo [anyes u ap., 2001, 2004;
JHassienko, 2006].

Ilepssii mar. «CkiaenBaHUE» JaHHBIX 0230BOTO0 MacCUBA C JONOJHUTENIBHO MPUBJIE-
KaeMbIMH JTaHHBIMU. DTa MPOLEAypa OCYIIECTBIAIACH C MCIIOJIB30BAHUEM JIOTMUECKOM
¢bynkuuu, npegycMmorpernoit B moayne 'MIC MHTterpo «apupmeTnkay:

if (mag-baz) = TosIndef then (mag-swod):= (mag-dop-60) else (mag-swod):= (mag-
baz), uTo 0o3Ha4yaeT: ecau 3HaueHHs] 0A30BOTO MAaCCHUBAa HE OINPEENIECHBI, TO CBOAHOMY
MacCHBY IIPHCBOUTH 3HAYEHUS JIOMOJIHUTEIbHOrO MaccuBa MuHyc 60 HTn (pa3sHOCTb B
YPOBHSX HOPMAJILHOTO I10JIs1), UHAY€ CBOJJHOMY MAaCCHUBY IPUCBOUTH 3HAUEHUS 0a30BOr0O
MaccHBa.

Bropoii mar. Tlocie «ckiienBaHHsS» BCEX TOMOJHUTEIBHBIX MAcCHBOB C 0a30BBIM
I10JIy4aeM CBOJHBINA MACCHUB U1 HCCIEAYEMOH IUIOIIAAA. B 3TOM CBOHOM MaccHBeE He-
00X0IMMO 00€CTIEUNTH TUTABHBIE TIEPEXO/IbI OT JOMOTHUTEIBHBIX MACCHBOB K 0a30BOMY.
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C 5Toi1 Lenbl0 U3 CBOJHOIO MAacCHBA MOCIEIOBATEIBHO BBIPE3AIOTCS YYACTKU MPSAMOY-
roJIbHOW (hOpMBI (MCIIONB3YyeTCsl MpOoLEeAypa «(pparMeHTalMs») TaKUM 00pa3oM, YTOObI
KpaeBasl 4acTh 3TUX YYaCTKOB BKIIIOYaJa Y3KyI0 Hosnocy (4-5km) 6a30Boil miiomam.

Tperuit mar. B npeaenax MaccuBOB BbIpe3aHHBIX (DParMEHTOB OCYIIECTBISETCS
CIVIQ)KMBAHUE MAarHUTHOTO MOJIS 110 «CKOJb3SILEH» KPYTrOBOW MaleTKe 1UaMeTpoM 2 UiIH
3 KM B 3aBUCUMOCTH OT CJIOKHOCTH TTOJIS.

Yersepreiii mar. [Ipouenypa «BkienTb» B MMeroleMcs y asropa Bapuante ['MC
HHTerpo k cokaneHuto He npeaycMoTrpeHa. [lostomy paHee Bbipe3aHHbIE (pparMeHThI C
pe3yJibTaTaMy CIIIa)KMBAaHUS IPUXOJUTCS BO3BpAIlaTh B CBOJHbII MacCUB, paCKpbIBas He-
HOCPEJICTBEHHO BCIO MAaTPUILy CBOAHOTO MacCHBa U BBIIIOIHSS ONEpalui «KOUPOBATh —
BKJICHTbY». YUUTBIBasi BMEIIATEIbCTBO B MAaTPHUILy CBOJHOIO MAacCHBa Ha MOCJIEIHEM JTa-
1€, BBINOJIHEHO CIIa)KUBAaHKUE M0 KPYTOBOW MasleTKe JUaMeTPpOM 2 KM JJIsl BCeH IIoIaau
uccnenoBanuil. Tak kak MexmnpoduibHoe paccrosHue it cbeMku 2011 . coctaBnsieT
0,5 KM, TO 3TO AOCTAaTOYHO IIASIIEe CIIaKUBaHHE.

dopMupoBaHHE CBOAHOM KapThl MOJISL CHIIBI TSHKECTH OCYLIECTBISIIOCH 0 aHAJIOTHH
C KapTOil MAarHUTHOTO TOJIA.

Bb100p mapameTpoB npeodpa3oBaHusl HCXOAHBIX AHOMAJIMI HA KOMIIOHEHTbI

Bomnpoc 0 KoppeKkTUpOBKE MOJENH MOAPA3AEICHUS TPAaBUTALMOHHOTO U MarHUTHO-
rO IOJIEH Ha COCTAaBIAIOLIUE CBS3aH, MPEXKJIE BCETO, C CYyLIECTBEHHBIM M3MEHEHHEM B
LIEJIOM CTPYKTYPBl UCXOAHBIX IMOJIEH, 4TO 00YCIIOBJICHO BKJIIOUEHUEM B MpEJIeIIbl UcCie-
JlyEMOTI'0 pervoHa IUIOIIAJeN Ha 3alajie ¥ CEBEpO-3amajie UCCIEeLyeMOH MIomagu. OTo
HE CTOJIb 3HAYMTEJIbHOE N3MEHEHHUE IIOAAHBIX PAa3MEPOB CYIIECTBEHHO CKAa3aJ0Ch Ha
U3MEHEHUU 00IIeH CTPYKTYypbl aHOMAJIbHBIX IOJICH, B MpeJenax MPUHATHIX MPaHUIl UC-
cienyeMoil riomanu. Tak Ha KapTe JIOKaabHBIX aHOMAIMK CHUJIbI TSKECTH 3aMETHO yBe-
JUYWICS Yy4YacTOK, B Mpe/ieax KOTOPOro pa3BUTHI JIMHEHHbIE aHOMAJIMH CyOIINPOTHON
OpUEeHTUPOBKU. Ha KapTax MarHUTHOTO MOJISl MOBBICUIICS MPOLEHT IUIONIaeH ¢ npeoo-
JaJlaHueM OOBEKTOB, KOTOPBIE COIPOBOXKAAIOTCS BHICOKOMHTEHCUBHBIMU aHOMAJIMSMHU.
[TocnenHue cBsi3aHbI HE TOJIBKO C MHTPY3UBHBIMHU 00pa30BaHUSIMU B COCTaBE OCAI0OYHOM
tonu [Granovsky, 2018], HO 1 ¢ MarMaTH4eCKMMH MOPOAAMHU HETITyOOKO MOrpy>KEHHO-
ro KpUCTAJTMYECKOTO (PyH/IaMEeHTa B Mpejienax CKIoHOB JloHerkoro nmporuda, a Takxe B
npezesnax norpy>xeHHoro ceBepHoro npoaosnkenus (Enanunnckuii roper) Ipuazosckoro
Omoka YKpanHCKOTO KpUCTAITUYEeCKOro MaccuBa [bakapkuesa, 2016].

B cBsi3u ¢ oTCyTCTBHEM JaHHBIX O (PU3MYECKUX CBOMCTBAX Ie0JIOTMUECKUX 00pa3o-
BaHUI CyAUTbH O IPUPOJE MArHUTHBIX AHOMAJIMHA M AaHOMAJIUH CUJIBI TSYKECTHU IPUXOJUTCS
TOJIBKO 10 (paKTaM MPOCTPAHCTBEHHOT'O COBMA/ICHUS UX C T€0JOrMYECKUMHU 00pa30BaHuU-
amu. OHaKo 00JIbILas YaCTh 0OBEKTOB, COMPOBOKIAIOIIMXCS AHOMAJIMSIMU, HE BBIXOAUT
Ha MMOBEPXHOCTb. [ [pUunHBI YKa3aHHOTO HEPEJIKO CBsI3aHbl HE TOJILKO C IITYOUHOM 3pO3UH
B Pa3JIMYHbIX CTPYKTYPHBIX pallOHaxX pernoHa, HO TAKXKeE U € IUPOKUM PACIIPOCTPAaHEHU-
€M HaJBHUroBbIX nuciokanuid [Popkov, 2009; Tekronuka..., 2009], koTopble MACKHPYIOT
BBIXO/1bI HA MIOBEPXHOCTh OOBEKTOB C MOBBIIIEHHON HaMarHU4E€HHOCTBIO.

YnoMsHyTbIE BBILIE PA3IAYUSA CTPYKTYpPbl aHOMAJIbHBIX IIOJIEH 3alagHbIX U BOCTOY-
HBIX TUIOIIA/Iel peruoHa He TpeOyroT U3MEHEHHs paHee IPUHUMAEMON HaMU TPEXypOB-
HEBOM MOJIENM TPaBUMArHUTHBIX aHOMAJINEOoOpa3yrommx OOBEKTOB aHAIU3UPYEMOTO
reoJIoruueckoro npocrpancrsa [Jlasbiaenko u ap., 2019]. Huxuuit u3 atux ypoBHEH —
9TO IIyOUMHHBIE 00Pa30BaHMsl, CBA3bIBAEMbIC, B OCHOBHOM, C INTyOOKUMHU TOPU30HTAMHU
¢ynaamenTa. Komruiekc MarHUTOBO3MYIIAOMIUX 0OBEKTOB U IUIOTHOCTHBIX HEOIHOPO/I-
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HOCTEH B COCTaBe OCAJ0YHON TONIIM U BEPXHUX FOPU30HTOB (yHIAAMEHTa paccMaTpu-
BaeM Kak cpeHenTyOuHHbIe aHOMaineoOpasytommue 00beKThl. I'eonoro-reodpuznueckue
HEOJHOPOJHOCTHU MPHUIOBEPXHOCTHBIX TOPU30HTOB JUTOC(HEPHI COOTBETCTBYIOT TPEThE-
My (BEpXHEMY) YPOBHIO.

C KaXIbIM U3 3THX 2JIEMEHTOB TI'€OJOIMYECKOT0 IMPOCTPAHCTBA CONOCTABISAIOTCS
COOTBETCTBYIOLIUE KOMIIOHEHTBl aHOMAJIBHOTO IOJIsI, UMEHYEMbIE B JajbHEMIIEM Kak
(oHOBasi COCTABJIAIONIAs, OCTATOUYHbIE M JIOKAJIbHbIE aHOMAJIUH. BhiaeneHue TpeThero
YPOBHS C OJTHOM CTOPOHBI YCIIOBHO, a C IPYyTroil O4eHb BaKkHO. DaKTHUUECKU KOMIIOHEHTA
OCTaTOYHBIX aHOMAJIUK 00YyCIIOBJIEHAa COBOKYITHOCTBIO BCEX 00OBEKTOB, PACHOI0KEHHBIX
BBIIIE YCJIOBHOIO «IIyOMHHOro» ypoBHs. OHa BKJIOYAaET B TOM YMCJE M aHOMAaJbHbBIN
3G HEeKT OT MPUITOBEPXHOCTHBIX TOPU30HTOB. OIHAKO B MHTEHCUBHOCTH aHOMAJIUi OcTa-
TOYHOM KOMIIOHEHTBI BCE e Oosblast 107151 00ycaoBIeHa IITyOOKMMH TOPU30HTAMU U3Y-
4aeMOro IeoJIOTHYeCcKOro MpOCTPAaHCTBA, @ HE MAIONTyOMHHBIMU 00beKTaMH. BaxHOCTh
BBIJICJICHUS JIOKAJIbHOM KOMIIOHEHTBI CBS3aHAa UMEHHO C TEM 00CTOSATEIBCTBOM, YTO 3Ta
COCTaBJISIIOIIAS XapaKTepu3yeT (pu3ndecKrue HEeOJHOPOIHOCTH TOM YaCTH re0I0TnYeCKo-
r0 MPOCTPAHCTBA, JJIS1 KOTOPOH MBI PA3IMYHBIMU CIIOCOOAMHU MOTydaeM WH(POPMALIUIO O
BELIIECTBEHHOM COCTABE U CTPYKTYpPE re0I0ruueckoro paspesa. Ilpu nposenennn npous-
BOJICTBEHHBIX Pa0OT yallle BCEro MCIOJb3YIOT JABYXYPOBHEBYIO MOJIENb pa3/eeHusl Ha
KOMIIOHEHTHI ((pOH U OCTaTOUHBIE AaHOMAJINH).

ITonpasneneHre UCXONHBIX MOJIEH HA COCTABIISAIONIME KOMIIOHEHTHI IIPOBEIECHO C UC-
M0JIb30BAHUEM METOJ0B MaTeMaTH4eCcKOro mpeoOpa3oBaHMs UCXOAHBIX AaHHBIX. OOpa-
00TKa OCYIIECTBIsIACh € UCMONIb30BaHUEM nporpaMmmHoro komiiekca 'MC UHTEIPO.
[Ton0op pa3zmepoB UCMONB3YEMOM MANETKH («CKOJIB3SIIIET0 OKHAa») OCYLIECTBIISUICS I10
pe3yabrataM aHajlu3a MarepualioB, NOJY4YaeMbIX IPU I0CIEI0BAaTEIbHOM H3MEHEHUU
BXOJIHBIX JTaHHBIX. 3aja4a OLIEHKH MH(POPMATHUBHOCTH MPeoOpa30BaHUsl KOMILIEKCA HC-
XOJIHBIX JIaHHBIX pEIlajach ¢ MPUBICYEHUEM TEXHOJIOTUU CTaTUCTHYECKOTO 30HINPOBA-
Hus reononeit COSCAD 3D [Ilerpos u ap., 2000, 2010], a Taxke TEXHOJIOTUU PELIECHUS
o0OparHoii 3a1a4uu rpaBupa3Beku U Mmaruutopasseaku [[Ipuesxaes, 2010]. Oxonuyaremns-
HO MPUHATHIE TapaMeTPhl MPeoOpa30BaHuil MPUBEICHBI IPU OMMCAHUU MOJTYUYESHHBIX pe-
3yJIBTaTOB.
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Puc. 2. l'ucmoepamma 3Hauenuil noas cuivl msicecmu (YpoGeHs YCl08HbIlL) /
Fig. 2. Histogram of gravity field values (conditional level)
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Puc. 3. Kapma uzonunuii nonst Ag (yposens ycioerwlii) /
Fig. 3. Map of the isolines of the field Ag (conditional level)

Pa3nesienne mojsi CHJIbI TAKECTH HA COCTABJISIONINE KOMIIOHEHTHI

AHOMaIbHBIC 3HAYEHUS TPABUTAIMOHHOTO OIS (YPOBEHB YCIOBHBIN) XapaKTepusy-
I0TCS IIUPOKON aMITUTYI0M U3MEHEHUM, KoTopasi cocTaniseT moutu 100 mIm. D1o cie-
NyeT U3 JIaHHBIX, MPEICTABICHHBIX HA pUCYHKE 2. OTHOCUTEIHHO HMIMPOKUN MaKCUMyM
YacTOTHl BCTPEYAEMOCTH TO3BOJSET OTMETUTh MPeoOiajaHue Ha IJIOMAAN aHOMAaTUi
noJist Ag Majiol U cpeiHel HHTeHCUBHOCTU. KapTa n30MMHUN N0 CHITBI TSKECTH MPE-
CTaBJICHA HA PUCYHKE 3.

B nenom momaasm JIoHEKOTO KpsiKa COOTBETCTBYIOT MOBBIIICHHBIC 3HAYCHUS Ag.
Camble BBICOKHE 3HAYCHHS] aHOMAJIMI XapaKTepHBI ISl CEBEPO-3anaHON YacTH ILUIOMIA-
IIM, TAE OCeBas 30HA aBIAKOTEHA COBMAJIaeT C MIyOWHHBIM OOBEKTOM (B (yHIaMEHTE)
MOBBIIIEHHON MIOTHOCTH. OTHOCUTENHHO ITUPOKOE PACIPOCTPAHEHUE OTPUIATEIBHBIX
aHoOMaJuii Ag B mpeienax MUCCIEeTyeMOH MIIOMAAN CBSI3aHO C YBEIMYCHHEM MOIIHOCTH
pBIXIIbIX oTokeHu# B Ty3noB-Manbrackom nporude Ha tore 1 TopMOCHHCKOM Tporude
Ha ceBepe.

Ha pucynke 4 mpencraBieHa TUCTOrpaMMa 3HAYSHHM OCTATOUHBIX aHOMAJIHH OIS
CWJIBI TsDKeCTH. Hannuue IByX MakCMMyMOB BapUaIllMOHHON KpHUBOM OOYCIIOBIEHO pac-
MPOCTPAHEHUEM B PETHOHE KPYMHBIX OOBEKTOB JIByX TUIIOB — BINAJAWH (0TOOpakaeTcs Ha
TUCTOTpaMMe B BUJE MEHEE€ MHTEHCUBHBIX 3HAYCHUN) U MOJOKHUTEIBHBIX (opM (COOT-
BETCTBYIOT 00Jie€ HHTEHCHUBHBIM 3HAUYEHUSM OCTATOYHBIX AaHOMAJIUH).

Bri6upast BapuaHT BbieIeHHs (POHOBOI KOMIIOHEHTHI paHee ISl PEelIeHus! dTO! 3a-
nauu Obla MPUHSATA KBaJpaTHas MayieTka (CKonb3simas) co croporoi 190 km. @oHoBoe
3HAYEHHE PACCUUTHIBAIOCH JUISI IEHTPATBHOM TOUKH ATOH IUIOMIAJKU KaK pe3ylbTar ar-
MIPOKCUMAIIUU UCXOTHOTO TOJIsl Ag TOTUHOMOM TIEpBOTro nopsiika. CormocTaBieHue MoTy-
YEHHBIX PaHEEe Pe3yJIbTaTOB C KAPTOW H30JUHUI UCXOJHBIX aHOMAJHN B Mpeiesiax HOBOTO
KOHTYypa (pHc. 3) moKa3ano 1eaecoo0pa3sHOCTh MOTYEPKHYTH OOIIYI0 CUMMETPUIO aBlia-
KOT€Ha, 3aMEHUB TOJIMHOM TEPBOW CTETEHU MOJIMHOMOM BTOpOW cTemeHu. M3omuuum
paccuMTaHHOTO MONOOHBIM 00pa3oM (OHA MOKa3aHbI HA KapTe€ OCTATOYHBIX aHOMAIIUN
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Puc. 4. Tucmozpamma 3nauenuii 0CmamoyHbiX GHOMAIUL NOJSL CULbL MANCeCmU (YPO8eHb YCI06HbIIL) /
Fig. 4. Histogram of the values of the residual anomalies of the gravity field (conditional level)

TIOJIsL CHJTBI TsDKeCTH (puc. 5). B memoM m3onmHUM TOMydeHHOW (DOHOBOW KOMITOHEHTHI
KaK ObI OKOHTYPHBAIOT OOBEKT MIUIMIICOUAATBLHON Gopmbl. [Ipu 3TOM SmHUIIeHTpaIhHAs
YacTh JJUIAIICA TIPUMEPHO COOTBETCTBYET POBEHENKOMY MOTHATHUIO, KOTOPOE SIBISETCS
CaMoil MPUNOJHATON CTPYKTYpOil JIOHEIIKOro CKIIa{4aToOro COOPYKEHHUS.

Yka3aHHOE MOXHO paccMaTpHBaTh Kak oToOpakeHHWE B (POHOBOW KOMITOHEHTE aHa-
JTM3UPYEMOTO PErHOHa CTPYKTYpPHO-BEIIECTBEHHOTO 00BEKTa IIepBOro nopsiaka — JloHe-
KOTO KpsDKa, 4TO COOTBETCTBYET mpexactabieHusM [Saintot, 2003; Bush et al., 2008] u,
COOTBETCTBEHHO, KaK MOJATBEPIKICHHUE MTPABMIBHOCTH BBIOPAHHON CXEMBI ONPEICTICHUS
¢dona.

OcTarouHble aHOMAJIUH TTOJISI CHITBI TSDKECTH PErHOHA CBSI3aHbI ¢ NIYOMHHBIME (ppar-
MEHTaMH CTPYKTYPHO-BEIIECTBEHHBIX 00pa30BaHUil BTOPOTo mopska. OCHOBHBIMH U3
HUX SIBJISTFOTCSI TIPOTSDKCHHBIE TIOJIOKHUTEILHBIC aHOMAITUHU, COOTBETCTBYIOIIHE TITYOOKHUM
TOPU30HTaM TPEX KPYIHBIX JTUHEUHBIX CKIaJ0K JJOHEIKOTO KpsikKa, a TAaKkKe KPYITHAsI 10
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Puc. 5. Kapma uzonunuii ocmamounoii komnowenmol noist Ag (yposenv 3Hauenutl yeioeHulil) /
Fig. 5. Map of the isolines of the residual component of the field Ag (the level of values is conditional)
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Puc. 6. l'ucmoepamma 3HaueHutl 10KATbHbIX AHOMATUL NOJSL CULbL MAACECTU (YPOBEHb YCI06HDIIL) /
Fig. 6. Histogram of values of local anomalies of the gravity field (conditional level)

IJIOLIAIHBIM pa3MepaM MOJI0KUTEIbHAS aHOMaIHsL, 00yCIIOBIIEHHAs TUIOTHOCTHOM HEOI-
HOPOAHOCTHIO PyHIaMeHTa (PacroIoKeHa Ha CEBEPHOM Kpbluie POBEHEITKOTO TMTOTHATHS ).

Ha pucynke 6 npuBeaeHa rucTorpaMma 3Ha4€HUM JIOKAIbHBIX aHOMAJIMM 10Ji Ag.

AMIUIUTY]a U3MEHEHHSI BETMYMH HTOTO MapaMeTpa B MOJABISIONIEM OOJBIINHCTBE
CJIy4aeB COOTBETCTBYET UHTEPBaILY OT —5 A0 S5 MIJ1, XOTs 3HAYEHHUSI HEKOTOPHIX AHOMAJIHI
npesbimaroT 20 MIT. [lomoOHbIe aHOManUU CBsI3aHBl ¢ OOBEKTAMH KPUCTAJTMYECKOTO
(dbynmamenTa. MuHuMabHbIE BeMUYUHBI JOoCTHTaOT —10 MI7T 1 00ycioBieHbI TTy00KH-
MU BIIaJMHAMH ME3030MCKOT0 BO3pacTa.

JI71s1 OLIEHKW BEJTWYHMH JIOKAJIbHBIX aHOMaJIMi OmpoOOBaHbI 4 BapuaHTa WX OMpee-
nenusi. Bo Bcex 3TUX cllydasix OHU PacCUUTHIBATIUCH KaK Pa3HOCTh MEXK/IY CPEIHUM 3Ha-
YEHHEM 10 KPYTrOBOM IUIOIIAJIKE M BEJIMYMHON OCTATOYHOM aHOMAJIMU ISl ATOW TOYKH.
[Ipu sTOM pacueTsl OBLTN BBITIOJHEHBI I TUIOMIAA0K ¢ nuamerpamu 10, 20, 30 u 40 kM.
[TomyuenHbie pe3yabTaThl IOKa3aid, 4TO B BapuanTe 20 kM Oosiee 4eTKO, YeM B JPYTHX
CIIy4asiX, OTOOpa)KaroTcsl B CTPYKTYPE aHOMaJIbHOTO MOJIsl pErMOHAIbHbIE AJIEMEHThI aHa-
JTU3UpyeMoi tomany — 3 nuHeiHbie antukinuHanmu (FOxnas, I'maBnas u CeBepHas).

0 40 50 km

Puc. 7. Kapma uzonunuil 10Ka16HOU KOMROHEHMbL NOJsL Ag (Ypo6eHb 3HAUeHUIl YC06HbIL) /
Fig. 7. Isoline map of the local component of the field Ag (conditional value level)
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VYKka3zaHHOE 4eTKO 0TOOpakaeTcst Ha KapTe JIOKaIbHbIX aHomanuii (puc. 7). Ilpu ver-
KOW CTPYKTYPHOH BBIPQ)KEHHOCTHU 3THX 00BEKTOB HHTEHCUBHOCTH aHOMAJIMI B UX Mpejie-
J1aX U3MEHSIOTCA B OCTATOYHO HIMpokoM uHTepBasie (ot 0,5 Ml o 4,5 mIm). Beicokue
3HA4YEHMs paccMaTpuBaeMoro napaMerpa Ao 4,5 mIn xapakrepHsl 1 [aBHOW aHTH-
KJIMHAJIM Ha I0r0-BOCTOKE U B HeMasiol mepe 11 FOKHOM [UIsl OTAENIBHBIX OTPE3KOB Ha
BCEM IPOTsHKCHUU. HanMeHblMe 3HaueHHst COOTBETCTBYIOT [71aBHOM aHTUKIIMHAIU Ha
yudacTke BOJIM3M 1Jiomiaieil PoBeHekoro nofHATHs U, 0COOEHHO, B MpeJiesiax MmocieIHe-
ro (10 0,5 mI'm). Bropas FOxHas aHTUKIMHAIb, B 3HAYUTEIBHOM Mepe MepeKphITas Me30-
30MCKUMU OTIIOXKECHUAMU U IPAKTUYECKU TpaHnyalias ¢ KOHTypoM PocToBckoro csoaa, B
LIEJIOM 1200 U3yUyeHa B T€0JIOTHYECKOM OTHOLICHUH.

Pa3nesienne MArHMTHOTO 110JISI HA COCTABJISAIOIME KOMIIOHCHTBI
MHTEHCUBHOCTDh MCXOIHBIX 3HAYEHUH MarHUTHOTO IIOJI B NpEAeIax HUCCIIEeLyEeMbIX
mwiouanen usmensercs B uarepsane ot —350 vl no 1330 HTn, yTo KeMoHCTpUpyeETCs
Ha pucyHke 8. [llupokoe pa3BuTHe OTpULIATEIbHBIX 3HAYEHU MAarHUTHOT'O 10JIs1 CBSA3aHO
C MMOHMXCHHBIMU 3HAYEHUAMHU (POHOBOI KOMIOHEHTHI B IIpeeiax IIolaiel apiIakoreHa
u cocrasisieT nopsaka —160 1.
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Puc. 8. T'ucmoepamma snavenuti nons ATa (3navenusn npueedenvt 6 nln) /
Fig. 8. Histogram of the values of the field ATa (the values are given in nTl)

[Ipu BbIENEHUH JIOKATBHBIX AHOMAIMI MAarHUTHOTO MOJIS JUJIsl UCCIIEAYEMOTO peru-
OHA BaXKHYIO POJb ChIFpajia ONTUMM3AIMs BbIOOpa BCell JIMHEHKU MmapaMeTpoB Mpeod-
pa3zoBaHMs KCXOAHOW MHpopMaluu. B pesynbrare 3TUX nmpeoOpa3oBaHUil BIIEPBBIE IS
ronaaen JoHeIKoro Kpska BBIJICICHBI U POCIIEKEHbl TMHEWHbBIE 30HbI CITA00MHTEH-
CUBHBIX MOJOXKHUTEIBHBIX aHOMaNUM (puc. 9).

JIBe W3 3THUX 30H B LI€JIOM cOBNanarT ¢ [naBHOW 1 CeBepHON JIMHEHHBIMU aHTH-
KiIuHaIsIMHU. Bo3amoxkHo, 1 FOKHOM aHTHKIMHAIM TaKKe€ COOTBETCTBYET MOI00HAS aHO-
MajbHas 30HA, HO OHA TOJHOCTHIO MAaCKHPYETCsS I'PYNNONW MHTEHCHBHBIX MAarHUTHBIX
aHOMAaJIMH HaJ KOMIIJIEKCOM MarMaTu4eckKux o0pa3oBaHMil, CKOHLIEHTPUPOBAHHBIX BAOJb
9TOM cKkianku U llepcusiHOBCKOrO pasznoMa. YIOMSHYThIE aHTUKIMHAIN TPUYPOUYEHBI K
KPYIHBIM Pa3JIOMHBIM CHCTEMaM, OHU COTPOBOXKAAIOTCS TUAPOTEpMATbHO-METaCOMaTH-
YECKUMHU MPeo0pa3oBaHUsIMU OCAJ0YHBIX MOPOJI, a TaKXkKe, yBEJIUYEeHNEeM HaMarHU4eH-
HOCTH 00pa30BaHMil BELIECTBEHHO-CTPYKTYPHBIX KOMIUIEKCOB, C(QOPMHUPOBAHHBIX B TIPU-
Pa3JIOMHBIX 30HaX, YTO U SBJSETCS MPUYMHAMM MMOBBIIIEHUH MarHUTHOTO 1oJis. B cBs3u
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Fig. 9. Map of isolines of local anomalies of the field ATa

C YKa3aHHBIM, OOHAPYy>KEHHbIE MPOTSHKEHHbIE MAaTHUTHBIC aHOMAJIMU JIMHEHHON (OpMBI
MMEHYEM TaK)Ke KaK U JMHEIHbIC aHTUKIMHAIN Ha pucyHke 9: I — I'nmaBnas, II — Cesep-
Has u Il — Anmasnas. [locnenHss Ha3BaHa B COOTBETCTBUU C IITyOMHHBIM Pa3JIOMOM, K
KOTOPOMY OHA TATOTEET.

CrenyeT OTIENbHO OTMETUTh BO3MOXKHOCTH (hopmupoBaHusi CeBepHOIl 30HBI B pe-
3yJbTaTe COBMECTHOIO BIIMSHUS Pa3jioMa, COOTBETCTBYOIEro CeBEpHON aHTUKINHAIIN,
a TaKxke CONMKEHHOTO ¢ HUM pa3iioMa, CBA3aHHOTro ¢ CeBepHOW TMHEHHOM aHTUKIIMHAIIb-
HOM 30HOM MEJIKMX CKJIaJIOK. Ilnomannoe pacrnpocTpaHeHUE BBIABICHHBIX PAHEE 30J10-
TOPYAHBIX U NOJUMETAIIIMYECKUX MPOSIBIICHUIN B CYLIECTBEHHONW MEpE KOHTPOJIUPYETCS
BHOBb OOHApY>KEHHBIMU 30HAMH CTA00MHTEHCUBHBIX MArHUTHBIX AaHOMAJIMH. YKazaHHOE
II03BOJISET IPOTHO3UPOBATH BHICOKYIO 3HAUMMOCTb BBIACIISIEMBIX IMHEHHBIX 30H KAK KPH-
TEPUEB IS PELICHU 3a/1a4 MUHEPAreHUYECKOr0 palOHUPOBAHMS IIIOIIAEH UCCIIELye-
MOI'O PETrHOHa.

3AKAKOYEHME

1. PazpaGorana TexHojorus, o0GecreunBaromasl COCTaBICHUE CBOIHBIX KapT IO-
TEHIMAJIbHBIX MOJIEW C MCIOJIb30BAHUEM MAaTEpHUajOB Pa3HOBBICOTHBIX a3POCHEMOK Ha
OCHOBE OTe4deCTBeHHOH reonH(popmaronHoi cucrembl [ MC UnTerpo. OHa BKIIOUaeT
YeTbIpe CTaJAuu: | — BCTaBKa M COCTHIKOBKA pa3HOBBICOTHBIX KapT B ['IC Murerpo; 2 —
BBIPE3Ka y3KOH MOJIOCHI COCTBIKOBAHHOM YacTH KapThl; 3 — CIVIa)KMBaHUE JaHHBIX J10 J10-
CTIDKEHHS IPUEMIIEMOTO pe3yibraTa; 4 — yca)kuBaHUe CIIAXEHHOTO ()parMeHTa B KapTy.

2. Pacmmpenue aHaIu3upyeMoii IO Iu CIOCOOCTBOBAJIO ONTUMU3AINHU IPOLIEAYP
MOJIpa3/IeJICHUs] UCXO/IHBIX TOJIE€M Ha COCTaBISAIOLIME KOMIIOHEHTHI. Tak mpu onpenerne-
HUM (POHOBOW KOMIIOHEHTHI CTAJI0O BOSMOXKHBIM MCIIOJIb30BaTh BHIYHUCICHNE TAPAaMETPOB
B IIpeJIeax CKOIb3ALIEH IO KU METOAOM alMNpPOKCUMAIIMH UCXOIHBIX aHOMAJIMH 11o-
JMHOMOM BTOPOH CTENEHH. JTO MO3BOJIMIIO OCYLIECTBUTH 0OJIee BBHICOKYIO aalTaIUIo
MoJIeNT (POHOBOM KOMITOHEHTHI K CTPYKTYpe JlOHEIIKOTO CKIIa9aToro COOPY>KEeHHS.
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3. IIpu BbIIEIEHUM JIOKAIBHBIX AHOMAJIMA MarHUTHOTO NOJIS [T UCCIIENYEMOrO pe-
THOHA BYKHYIO POJIb ChIrpajla ONTHMM3AlKs BbIOOpa BCEeH TMHEWKH MapaMeTpoB Ipeood-
pa3zoBanmii ucxonHoi nHdopmarnuu. B pesynprare BriepBbie IS mIomany J{oHenkoro
CKJIa{4aTOro COOPYKEHMsI BBIJICJIEHBI M MIPOCIIEKEHbI JTUHEHHbIC 30HbI CIA00MHTEHCHB-
HBIX ITOJIOKUTEJIBHBIX MArHUTHBIX aHOMAJIMK. [IBE U3 3TUX aHOMAaJIMM B LIE€JIOM COBIIa(a-
10T ¢ NPOTSHKEHHbIMU [1aBHOM 1 CeBepHON aHTUKIMHAJIBHBIMM 30HaMu. IIpennonara-
ercsl, uTo ¥ HO»HOW aHTUKIMHAIBHON 30HE TaKXKEe COOTBETCTBYET 110100HAsI MArHUTHAsI
aHOMAJIMsl, HO OHA MOJHOCTBIO MACKUPYETCs TPYIIION MHTEHCUBHBIX MarHUTHBIX aHOMa-
JMHA HaJ KOMIJIEKCOM MarMaTu4ecKux o0pa3oBaHM, CKOHIICHTPUPOBAHHBIX BIOJIb ITOM
CKJIJIKH.

4. YnoMsHyTbl€ MarHUTHbIE aHOMAJIMU CBS3aHBI C KPYIHBIM Pa3jIOMHBIMU CHUCTE-
MaMH, IPUYPOYCHHBIMU K OCEBBIM IIOBEPXHOCTSAM HA3BAaHHBIX aHTHUKJIMHaieH. OHU co-
HPOBOXJIAIOTCS THIPOTEPMATIbHO-METACOMAaTUYECKUMH MTPE0OPa30BaHUSAMH 0CaI0YHBIX
MOpOJ, a TAaKXKe, yBETUUYEHHEM HAaMarHMUYEHHOCTH OOpa30BaHUI BEIECTBEHHO-CTPYK-
TYPHBIX KOMIUIEKCOB, CPOPMHUPOBAHHBIX B MPUPA3IOMHBIX 30HAX, YTO U SIBIISETCS MpPHU-
YMHAMM [TOBBIIIEHUI MATHUTHOTO MOJIS.

5. IliomangHoe pacipOCTPAHEHHUE BBISBICHHBIX PaHEEe 30JI0TOPYAHBIX U ITOJIMMETAI-
JMYECKUX MPOSBICHUH B CYIIECTBEHHON Mepe KOHTPOJIMPYETCS BHOBb OOHAPYKEHHBIMHU
30HaMU CJIA0OMHTEHCUBHBIX MATHUTHBIX aHOMAJIMK. DTO MO3BOJISET MPUAATH BBICOKYIO
3HAYMMOCTD BBIICIISIEMBIX JIMHEHHBIX aHOMAJIbHBIX 30H KaK KPUTEPUEB Ui PEILICHUS 3a-
Jlad MUHEPAreHM4eCKoro panoOHMpPOBaHUs UCCIIELYyEMOIO PETHOHA.
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Pe3stome: AKTyanbHOCTb paboTbl. PAf KNt04eBbIX BOMPOCOB re00ruu CeprneHTUHUTOBLIX MacCuBOB bosb-
woro KaBkasa 0CTaeTcs AMCKYCCUOHHbIM. K MX YMCNy OTHOCATCS hOpMaLMOHHAs NMPUHALIEKHOCTb U reonHa-
MuYecKas TUnusawus npotonuta anornnep6asnTos. Heo6XxoANMbIM (DaKTUHECKM MaTepranom Ans 06CyxaeHns
9TWX BOMPOCOB CNYXXaT CBELEHNS 0 MUHEPaNTbHOM cocTaBe. O6bEKTOM UCCNEA0BAHNI ABNAOTCA CEPNEHTUHUTBI
KWWKHCKOro Maccuea, 3anerarLero B 0CHOBaHMM K3nnKonbCKOro TEKTOHNYECKOro NokpoBa B 30He Mepefo-
Boro xpe6Ta bonbworo Kaskasa. Lienb paboTbl — nony4eHne JaHHbIX 0 MUHEpPanbHOM COCTaBe CepreHTUHUTOB
KnwmHckoro maccusa, aHann3 0CO6GEHHOCTEN COCTaBa 30HANbHbIX XPOMLUMUHENA0B, NOMyYeHne AaHHbIX 06
ycnosuax opMMpoBaHus 1 npeobpasosanus anorunep6asutos. Metoabl uccnefoBanus. PeHTreHo(asoBsbii
aHanu3, 3NeKTPOHHO-30HA0BbLIA MUKPOAHAN3 11 3NIEKTPOHHAA MUUKPOCKOMNSA, CTATUCTUYECKMIA aHANU3 pesyribTa-
TOB U3MepeHuin. Pe3ynbTartbl paboTbl. /13y4aemble CEPNEHTUHUTbI MHTEHCUBHO LUCNOLMPOBAHDI. B Lenom oHu
UMEIOT XPU30TUN-aHTUTOPUTOBBIA COCTAB. B COCTaBE «TEKTOHWYECKNX OKATbILIEH» BHYTPEHHNE YaCTU CIOXEHbI
AHTUrOPMTOBbLIMU (C HEBOJbLUUM KOMMYECTBOM XpU30TUNA) ¢ 6PYCUTOM Pa3HOBUAHOCTAMMU, BHELLUHWE HacTu —
XPU30TUN-AHTUTOPUTOBBLIMM C KITMHOXNIOPOM. 10 pasfniomam 0TMeYaeTcs M’MApOTepManbHOe OTanbKoBaHue, OK-
BapLieBaHue 1 kapboHaTM3aums. B cepneHTUHUTaX NPUCYTCTBYIOT 30HANbHbIE XPOMLUMUHENNAbI, ALEPHbIE Y4acTH
KOTOPbIX NPeSCTABMEHbI AIOMOXPOMUTOM C PEINKTaMM XPOMIKOTUTA, KaliMbl — (DEPPUXPOMUTOM — XpOMMar-
HETUTOM; JI0KaNbHO OTMEYAKTCH TOHKINE 0TOPOYKN MarHeTuTa. MeTacomaTnyeckne 3ameLLeHns B XpOMLUNuHe-
nnupax conpoBoXAanucb NPMBHOCOM Fe (3amMeLLaBLIero Kak LBYX-, TaK U TpexsaneHTHble KatuoHbl), Mn, Niun
BbiHocom Mg, Al, Cr, V. Mpeo6pa3oBaHns nopos NpoucxXonunu B YCIIOBUAX BbICOKOTEMMNEPATYPHOI 30HbI 3ene-
HOCNaHLEBOM (haunm C y4acTUeM BOCCTAHOBUTENTbHBIX (DNONLOB NPU OTHOCUTESTIbHO NOHKEHHOM OTHOLLIEHNN
thrroua/nopoga. Ans agep sHaveHns Cr# coctasnsiot ~0,5-0,7, Mg# ~0,4-0,6, 4T0 0TBEYaeT 0651aCTU COCTABOB
NEePBUYHbLIX MarmaTnyeckux wnuHenen. Cyas no coctaBy XpOMLUMHENNLOB, anorunepbasnTbl CBA3aHbI ¢ 0gu-
0/INTOBOW accoLyaLmin n 6IM3KK ynbTpamauTam 0CTPOBOLYKHbIX 06CTaHOBOK, B TOM YMC/1e CEPNIEHTUHUTOBbLIM
Aananupam (PPOHTaNbHbIX 4acTen OCTPOBHbIX Ayr. [1pn CpaBHEHUM C CEPREHTUHUTAMU PACMON0XEHHOI0 CeBep-
Hee [1axOBCKOr0 BbICTYNa YCTAHABMMBAETCA (DOPMALMOHHOE CXOACTBO — NPUHAANEXHOCTL K 0(MONUTaM, HO B
TO Xe Bpems npossnserTcs otnnyne P-T napameTpoB ycnoBuii MeTaMopdnyeckux TpaHcopmaLi.

KnioueBble cnoBa: KnlnMHCKNiA MaccuB, CePNEHTUHUTOBbIA MeNaHX, CEPNeHTUHUT, XPOMLLMUHENNbI, M-
HepanbHbIA COCTaB.
Ona uutuposaunus: Monos H).B., MyctoBut O.E., Hukynue A.H0. MuHepanbHblii COCTaB CEPNEHTUHU-

ToB KuwimHekoro maccuBa (bonbwon Kaekas). feosnorna n leogusuka HOra Poccun. 2021. 11 (1): 38 — 51.
DOI: 10.46698/VNC. 2021.91.98.004.
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Abstract: Relevance. Several key issues in the geology of the serpentinite massifs of the Greater Caucasus
remain debatable. These include formational and geodynamic typing the protolith of apohyperbasites. The
necessary factual material for discussing these issues is information about the mineral composition. The object
of research is the serpentinites of the Kishinsky massif, which lies at the base of the Kizilkol tectonic cover in the
zone of the Peredovoy Range of the Greater Caucasus. The aim of this study was to gather data on serpentinites
of Kishinsky massif mineral composition; characteristics analysis of the zonal composition of chromespinelides;
to obtain data on the formation conditions and transformation of apohyperbasites. Methods. X-ray phase analysis,
electron microprobe analysis and electron microscopy, statistical analysis of measured results. Results. The
studied serpentinites are intensively dislocated. Generally, they are of chrysotile-antigorite composition. As part
of the “tectonic pellets”, the inner parts are composed of antigorite (with a small amount of chrysotile) and
brucite varieties, the outer parts are chrysotile — antigorite with clinochlore. Presence of hydrothermal talcose,
silicification and carbonatization is noted in the observed faults. There are zonal chromespinelides in serpentinites
where nuclear part is represented by chromohercynite with relics of chromepicotite; the edges — ferrochromium
and chromemagnetite; locally observed thin rims of magnetite. Metasomatic substitutions in chromespinelides
were accompanied by the addition of Fe (which replaced both di-and trivalent cations), Mn, Ni, and the removal
of Mg, Al, Cr, and V. Rock transformations occurred in the high-temperature zone of the greenschist facies with
reducing fluids at a relatively low fluid/rock ratio. The values of Cr# are ~0.5-0.7, Mg# ~0.4-0.6 for the cores which
corresponds to the primary magmatic spinels composition area. Based on the composition of chromespinelides it
is established the apohyperbasites are associated with the ophiolite’s association and close to ultramafic rocks of
island-arc environments, including serpentinite diapires in the front parts of island arcs. A formational similarity
is established — belonging to ophiolites, but there is a difference — in the P-T parameters of the conditions of
metamorphic transformations when compared with serpentinites located to the north of the Dakhovsky shield.

Keywords: Kishinsky massif, serpentinite melange, serpentinite, chromespinelides, chrome spinels, mineral
composition.

For citation: Popov Yu. V., Pustovit 0. E., Nikulin A. Yu. Mineral composition of serpentinites of the Kishinskij
protrusion (Greater Caucasus). Geologiya i Geofizika Yuga Rossii = Geology and Geophysics of Russian South (In
Russ.). 2021. 11 (1): 38 — 51. DOI: 10.46698/VNC. 2021.91.98.004.

BeseapeHre

AHOFI/IHep6a3I/ITOBLIC MaccuBbl bombmioro KaBkasza SBISIOTCS BeCbMa CIOXKHBIM
00BEKTOM HUCCIICAOBAaHUA B CUJIY YTparbl HICPBUYHOI'O MHUHCPAJIBHOI'O COCTaBa, 3aJICra-
HUS B (bopMe TEKTOHMYECKHUX IIACTHH U CIa00M O0XapaKTCPHU30BaHHOCTHU PE3YJIbTaTaMU
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MIPELU3UOHHBIX aHAIUTUYECKUX UCCIenoBaHui. Jl0 HACTOSIIEro BPEMEHH HET €JMHOIO
MHEeHMs 00 MX Bo3pacTe, JOPMAIIMOHHON U Fe0IMHAMUYECKON NPUHAUIEKHOCTH. B3rs-
JIbl HAa 9TH BOIPOCHI MEHSJIUCH B 3aBUCUMOCTHU OT IOCIIO/ICTBOBABLIMX MIPEICTABICHUN O
TEKTOHUYECKOW 3BOJIIOLIMYU CKJIaauaTtoi obmactu. IIpu reosiornueckoM KapTUPOBAHUU B
1950-70 IT. cepneHTUHUTHI pacCMaTpPUBAINCh KaK IPOU3BOJHBIE IEPUIOTUTOBONH MarMbl
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Puc. 1. Ilonoscenue u zeonozuueckoe cmpoenue meppumopuu: 1 — nonosicenue meppumopuu, 2 —
2eonoeuieckoe cmpoenue 3anaoHo2o okoHuanus 30uul [lepedosoeo xpebma; 3 — cxema mekmMoOHUUECKO20
cmpoenus paiiona Kuwiunckoeo maccusa; 4 — KOHMAakm cepneHmuHumos u nopood Kusunkonsckozo
MEKMOHUYECKO20 NOKPO8A; 5 — PACCIAHYOBAHHbIE CEPREHMUHUMDBL, 6 — (MEKMOHUYecKUe
oKamuluUy cepnenmuHumos (npupyciogas wacme p. Kuwa); ykazanet mecma ombopa obpasyog ons
penmeenodasosozo ananusa. Yciosuvie obosnavenus:: 1 — anasuvie pazpuienvie napywenus (11T —
Twexuw-Toipuviayzckuii, XM — Xamviuxunckuil, 3 — 3axanckui, C — CesepHulil paziomvl); 2 — Hao8ueu:
a — oocmogepHvie, O — npednonazaemvie; 3 — cosueu. a — 00cmogepHvie, O — npednonazaemvie; 4 —
SPaHUYbl CMPYKMyp: a — coenachule, 6 — Hecoenachvle. I'eonozuueckue cmpykmypul, 0003nauennvle
na cxeme: 1 — Cegepo-Kagraszckas monoxkaunans: 1.1 — obnacmo pazeumusi Keiiosell — 6epXHeIopCKux
nopoo, 1.2 — obnacme pazeumus menogvix nopoo; 2-7 — Jlabuno-Mankunckas 30Ha npepuléucmoi
cknaouamocmu: 2 — Jlozyakckas nokposHo-ckaaouamas 30ua (J,_,), 3 — Caxpaiickas 30Ha cO8u2080-

Haogu2o8wvIx oucioxkayutl (J; ,), 4 — Pyghabeunckuii eicmyn (epanumoudnsiii maccus, PZ, ;; ocadoynwiii
xkomnaexc, T); 5 — Haxoeckas anmuraunans, 6 — Jaxosckuil evicmyn: 6.1 — epanumoudnuiii maccus (PZ,.
3), 0.2. — memamopuueckuii 6arkanckuil kouniexc (PR,?), 6.3 — cepnenmunumul anosunepbazumosvie
(PR,?); 7 — Iyoyeywickasa cunknunans, 8-9 — [wekuw-Teiprvlaysckas wiosHas 30na. 8 — Huexuu-
Bambaxckuii 6nok: 8.1 — Ayeapunckuii mekmonudeckuti NOKpos (ayeapuHcKuil memamopuyeckui
xomnaexc, PR,?), 8.2 — Kuwunckuil napaasmoxmon, cepoysemuas monacca (C;); 8.3 — Kuwunckuii
napaasmoxmou, Kpacroysemuas monacca (P ,); 8.4 — cepnenmunumul anocunepbaszumossie (PR,?);
8.5 — memamopghuueckuii apmosckuti komniexc (PR,?)); 8.6 — Kuzunkonsckuili mekmouuueckuii NOKpog
(8ynxanozeHHo-ocadounslil komniexc (D, 3)); 9 — Apxwis-Iyzepunivckas oenpeccus. 9.1 — I'vzepunivckas
CUHKIUHANG (J,.,), 9.2 — mekmonuueckutl nokpos (J;); 10 — ckraduyamo-envibosoe nonamue Iasnoco
xpeoma, Ilceawxunckas oenpeccus (J;5) /
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Fig. 1. The location and geological structure of the territory: 1 — the position of the territory; 2 —
geological structure of the western end of the Peredovoy Ridge zone; 3 — diagram of the tectonic structure
of the Kishinskij protrusion region; 4 — contact of serpentinites and rocks of the Kizilkol tectonic cover;
5 —tectonically fractured serpentinites; 6 — fault breccia of serpentinites (the riverbed part of the
river Kisha), the locations of sampling for X-ray phase analysis are indicated. Legend: 1- main faults
(IIT — Pschekish-Tyrnyauz, XM — Khamishnkinskiy, 3 — Zakanskiy, C — North faults); 2 — thrust-faults:
a — veracious ones, 0 — estimated ones,; 3 — strike-slip faults: a — veracious ones, 6 — estimated ones;

4 — structure boundaries: a — concordant; 6 — discordant. Geological structures: 1 — Norh Caucasian
monocline: 1.1 — Callovian-Upper Jurassic rock development area, 1.2 — Cretaceous rock development
area, 2-7 — Labino-Malkinsky intermittent folding zone: 2 — Doguakskaya integumentary folding zone, 3
— Sakhrayskaya shear-thrust dislocation zone; 4 — Rufabginskiy ledge (granitoid diastrophic block, PZ, ;,
sedimentary complex, T); 5 — Dakhovksaya anticline; 6 — Dakhovskiy ledge: 6.1 — granitoid diastrophic
block (PZ,;); 6.2 — metamorphic series of Balkan complex (PR,?), 6.3 — apogiperbasite serpentines
(PR,?); 7 — Dudugush syncline; 8-9 — Pschekish-Tyrnyauz suture area: 8 — Pschekish-Bambakskiy
block: 8.1 — Azgara cover, 8.2 — Kishinskiy paraatochtone cover, gray molasses (C3); 8.3 — Kishinskiy
paraatochtone cover, red molasses (P, ,); 8.4 — apogiperbasite serpentines (PR,?); 9 — Arhyz-Guzeripl
depression: 9.1 — Guzeriplsincline (J,.,), 9.2 — tectonic cover (J,),; 10 — the folded-block elevation of the
Main Ridge, Pseashikhinsk depression (J,_,)

1 OTHOCWJIHMCH K MPOJIYKTaM CpeAHenaneo3oickoro Mmarmarusma [Muxees, [lotanenko,
1973], nubo B uX cocTaBe BBIIEISUIUCH PaHHE- U CpPEAHENaIeo30icKue 00pa3oBaHUs
[leomorust CCCP..., 1968]. C pazButremM MOOMIMCTHYECKUX TPEICTABICHUM OHU CTaTH
paccmarpuBarbes Kak (pparMeHThl TEKTOHMYECKUX MEJTaHKel U 4acTh OPUOIUTOBOM ac-
conmaruu [bapanos u ap., 1980]. Janusie K-Ar natuposanus [JIebenpko, 1980] (Becrma
HEOJJTHO3HAYHbIE U HEPEKO MPOTHUBOPEYAILIME ITOJTyYEHHBIM BIIOCIEICTBUU 00JIee HAJIEK-
HBIMHU METOJIaMU JaHHBIM [Somin et al., 2007]) «yapeBHUIN» BO3PACT 0 MO3IHETO MPO-
TEPO30s1, IPH TOM BCE BBIXO/IbI OBLIIM OTHECEHBI K €IMHOMY O€EHCKOMY KOMILIEKCY, YTO
HaIUIO OTpakeHHe Ha reosorndecknx kaprax 2000-x rogoB uzganus [[ocymapcTBeHHas
reojoruyeckas kapra..., 2004].

BbIx01bl CEPIIEHTUHUTOB CBSA3aHbI IPEUMYLIECTBEHHO C TEKTOHUYECKOi 30HOM [le-
penoBoro xpe0ta, IJie OHU JIOKAJIM30BaHbl B (hOpME JIMH3 B 30HAX KPYIHBIX Pa3IOMOB
TFepLUUHCKOI0 KPUCTAJNIMHUKYMa, PacCMaTpUBAaEMOr0 Kak OCHOBaHHUE JOBEpPXHEIaJeo-
30MCKOro rpabeH-CUHKIMHOPHUS, INO0 00pa3yoT TEKTOHUUECKHE IUIACTUHBI Pa3HOTO pa3-
Mepa, ePEeKPHIThIE BEPXHENATIE030MCKUMHU WIH FOPCKUMHU TOJIIAMHU.

OnMH U3 MpencTaBUTEIbHBIX BBIXOJOB PACIONIOKEH B AoiuHe p. Kuma B ~6,5 kM
OT yCTbsl, IJIe TUIACTUHA CEPIIEHTUHUTOB 3aJIeraeT Ha rpaHule 0J0Ka KpUCTAJUIMHUKYMa,
CJIO)KEHHOT0 MeTaMop(UYeCcKUM apMOBCKUM KoMmIuiekcoM (PR,), ciioxeHHbIM CITtosIHbI-
MU THEWCaMH U claHamMu, 1 Ku3nikoibCKOTo TEKTOHUYECKOTO TIOKPOBa, 00pa3oBaHHO-
IO JIEBOHCKUM BYJIKaHOT€HHO-0CaJ0uHbIM KomIuiekcoM (D, ;) (puc. 1). CepneHTUHUTHI
pasznuHoBaHkI (puc. 1.5) mpeBpailieHbl B TEKTOHHYECKHUE OpPEeKINU («TEKTOHMYECKUE OKa-
TBILLINY ), BHYyTPEHHUE YAaCTH KOTOPBIX CIIOXKEHbI TEMHO-CEPbIMHU, BHEILIHUE — 3€JICHOBA-
TO-CepbIMU ceprieHTUHUTamMu (puc. 1.6); mo pasjaoMaMm HaOIIOAACTCS Pa3BUTHE KBapIl-
KapOOHATHBIX MTPOXKHIIKOB.

MeTtoabl NCCAEAOBOHUN

N3yueHne MUKpPOCTPOECHHSI U MUHEPAJIBHOTO COCTAaBa CEPIIEHTUHUTOB BBINOJIHEHO
METOJaMH AJIEKTPOHHO-30H/I0BBIX MCCIIEOBAHUN U PEHTIeHO(a30BOTO aHanu3a. JJeK-
TPOHHO-30H/JIOBbIE HUCCIIEAOBAHMS MPOBEAECHBI HA PACTPOBOM 3JIEKTPOHHOM MHUKPOCKO-
ne Tescan VEGA II LMU, ocHalieHHOM CUCTEMaMU 3HEProJMCIEPCUOHHOTO MUKPO-
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ananu3a INCA ENERGY 450/XT u BonnogucnepcuonHoro ananuza INCA Wave 700
npu yckopsitouieM HanpsbkeHuu 20 kV ¢ ucnions3oBanueM ctannapros «Micro-Analysis
Consultants Ltd.». FI3MepeHHs BBIOTHEHBI C YYETOM METOIMYECKUX PEKOMEHAINN, 13-
JoxeHHbIX B pabote [Reed, 2005]. s XpOMIIIHHEINIOB TPOBEIEH KOJUYECTBEHHBIN
aHaJIU3 B TOUKAX U AJIEMEHTHOE KapTUPOBAHUE C LIEJIbIO BBISBICHUS 30HAJIbHOCTH.

Pentreno¢a3oBblii aHAIN3 BBIIOJIHEH Ha OTpakeHHE ¢ (OoKycupoBkoil mo bperry-
Bpenrano Ha qudpakromerpe «ARLX TRA», ncnonp3yomemM KHHEMaTHYECKYI0 CXEMY
©-0O ¢ ropU30HTAIBLHBIM PACIIONOKEHUEM TUIOCKOT0 00pasia. Mcrnonp30BaHO XapakTepu-
CTHUECKOE U3JTyueHHe MeaHoro anoaa (auuusl BonH CuKa, 1,5406 A, CuKa, 1,5444 A).
@Da30BbIi aHATU3 BBHIIOIHEH C MOMOMIBIO 0a3bl MOPOIIKOBBIX JTU(MPAKIIMOHHBIX TaHHBIX
PDF-2, Boimyck 2006.

Pacuer Fe*" BBINOJHEH WCXOIsl M3 CTEXMOMETPMYECKUX COOOPAKEHHMH COITIACHO
[Droop, 1987]. YuutsiBas Masblii 00bEM BHIOOPKH M OTINYUS paclpeesIeHUil BeTnYUH
OT HOPMaJIbHOTO, CTaTUCTHUYECKass 00paboTKa pe3yJabTaToB AJIEMEHTHOTO aHalu3a Mpo-
BEJICHA METOJJaMH HENIapaMeTPUYECKON CTaTUCTUKH.

Pe3yAbTaThI

KummHckne cepreHTHHUTH CHITBHO KaTaKJIa3upOBaHbl, HMEIOT CITyTaHHOBOJIOKHU-
CTYIO WJIH IJACTHMHYATYI0 MHUKPOCTPYKTYpy (puc. 3-1, 2). B nenom uMeroT Xpu3oTHII-
AQHTUTOPUTOBBIN cocTaB. [1o JaHHBIM peHTreHO(a30BOTO aHAIN3a BHYTPEHHUE O0JIACTH
«TEKTOHMYECKHX OKaTBIIICH» MPeICTaBIeHbl aHTUTOPUTOBOM ¢ OPYCHUTOM acCoIMaIueii;
BHEIIHUE — XPU30THII-AaHTUTOPUTOBOM C XJIOPUTOM, OJTM3KUM K KIMHOXJIOPY (puc. 2); Ta-
KO COCTaB TUIIMUEH I OCHOBHOM Macchl mopol. [1o pasiomam pa3BuBaeTCst THAPOTEP-
MaJIbHOE OTaJbKOBaHUE, OKBapIleBaHUE U KapOoHm3amus (puc. 3-3); Haubonee Macmrao-
HO 3TH TPOIIECCHI pa3BUTHI BOJIM3H TEKTOHUYECKOTO KOHTAKTA.

B cocTaBe cepneHTHHUTOB MPUCYTCTBYIOT XPOMIIIIUHEIUABI, OOBIYHO 30HAJIBHBIE.
Xapakrep 30HAJIBHOCTH (puC. 3) OTpa)kaeT MPUCYTCTBUE OOOTAIIEHHBIX AJTIOMUHUEM
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Puc. 2. Pesynomamul penmeenogpazosoco ananuza. Ilonosxcenue odbpasyos ykasano na puc. 1.4-1.6.
Vxaszanvl pegpnexcol ¢pas: 1 — anmueopum; 2 — xpuzomun, 3 — manvk, 4 — keapy, 5 — karoyum, 6 —
Odonomum; 7 — maznemum, 8 — bpycum, 9 — KiuHoxiop /

Fig. 2. Results of X-ray phase analysis. The position of the samples is shown in Fig. 1.4-1.6. Reflexes of
phases are indicated: 1 — antigorite; 2 — chrysotile; 3 — talc; 4 — quartz;, 5 — calcite; 6 — dolomite; 7 —
magnetite; 8 — brucite; 9 — clinochlore
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1, 2 — munuunoe cmpoenue cepnenmuHuma, 3 — pazeumue KapoOHamos u Keapya 6 cepneHmunume,
4 — Mukposepna xpomnuxomuma, 5-9 — peHmeeHo8CKUe Kapmvl pacnpedeneHius anOMUHUSI, Jcenesd
u mapeanya (usnyuenue Ka,). Hzobpasicenue BE. Vkazanvl mecma nposedeHusi MUKpOAHANU3A.
Obosnauenus munepanog: Dol — donomum, Qz — keapy, Srp — cepnenmun /

Fig. 3. Structure of serpentinites and chrome spinels: 1, 2 — typical texture of serpentinite,3 — development
of carbonates and quartz in serpentinite, 4 — micrograin of chromepicotite, 5-9 — X-ray distribution maps
of aluminum, iron, and manganese (Ko, radiation). Image of BE. The locations of the microanalysis are
indicated. Mineral designations: Dol — dolomite, Qz — quartz, Srp — serpentine

YUYacTKOB S/Iep M Iporpeccupyromniee odoramienue xene3om. Kaiimbr oOpazoBansl (ep-
PUXPOMUTOM — XPOMMArHETUTOM, AIpa — ATIFOMOXPOMUTOM (pHuc. 3; Tabi. 1) ¢ penukramu
XpoMnuKoTUTa (pUC. 3-4; B Tabn. 1 aHanu3sl 1-2); peKo 0TMEYArOTCsl TOHKUE OTOPOYKHU
MarHeTHTa M €ro OTAEIbHbIC 3¢pHa. BO BHYTPEHHUX YaCTSIX HEKOTOPHIX IINMUHENEH Ha-
OJTIO/TAt0TCSI MOPUCTHIC SIpa ¢ PETUKTOBBIMU oborameHHbIMU Al,O; 1 MgO ocTtpoBkamu
(M3BECTHBIE KaK «aTOJJIOBBIE CTPYKTYPhI»); COCTAB TAKUX LIMHHENEH OTINYaeTcs Mpu-
cyrctBueM SiO,, BUANMO, CBSI3aHHOTO C TOHYANIIIMMH KPHCTAUTUKAMH XJIOPHUTA, CEPIICH-
THUHA ¥ TIPOYNX CHIIMKATHBIX MUKpo(da3 (puc. 3-6). CTaTHCTUYECKHI aHATTN3 PE3yIIBTaTOB
U3MEPEHMSI COCTaBa sJIep OTPakaeT METaCOMaTHUECKHE 3aMEIIeHHUs, [JIaBHBIM 00pa3oM,
BBI3BAHHBIC IIPUBHOCOM JKeJIe3a, HUKEJIS, MapraHila ¥ BBIHOCOM MarHusi, allOMUHHS, XPO-
Ma U BaHaJus, MPOSBIEHHBIE B pe3ysbTaTax KOPpEIsSLUOHHOIO aHanu3a (Tabi. 2) u Ha-
rpy3ke I ¢pakTopa B pe3ynbraTtax (pakToOpHOTO aHAIN3a, BRITIOJTHEHHOTO METO/IOM TJIABHBIX
KOMIOHEHT (puc. 4). BTopoii (hakTtop oTpaskaeT nmepepacnpeaeseHne MajblX 3JIEMEHTOB
(puc. 4) — npuBHOC HUKENS (IOCTYNAIOUIET0 COBMECTHO C KEJIE30M) U JIOKAIbHOE KOH-
[EHTPUPOBAHUE B SIIPax IIUHKA, BAHAIUS M MapTraHIa; B aJJFOMOXPOMHUTAX — XPOMITHKO-
TuTax conepxkanue MnO cocrasinser 10 ~2 Mac.%, ZnO no ~1mac.%.

Tabnuya 1/ Table 1

CocTaB XpOMIININHEJINAO0B U3 CepneHTHHNTOB KnmmnHckoro maccusa (B Mac.%).
MecTta npoBeieHusi MUKPOAHAJIH30B YKa3aHbl Ha pucyHke 3 / The composition
of chrome spinels from serpentinites of the Kishinskij protrusion (in wt.%). he

microanalysis sites are indicated in Fig. 3

MgO | ALO; | SiO, | TiO, | V,05 | Cr,0; [MnO| FeO | CoO | NiO | ZnO | Hror | Cr# | Mg#
1113,86(2750 | - | 0,00 0,18 | 3830 | 0,78 | 1821 | 026 | 021 | - | 99,40 | 0,48 | 0,64
2112,76]26,80 | - | 0040243709089 21,37 |027]0,15]| 020 | 99.81 | 0,48 | 0,59
31793 |1454| - |0,07]028]|51,42|1,74|21,78 | 0,27 | 0,04 | 0,81 | 98,88 | 0,70 | 0,42
4 110,65 15,69 | 1,88 | 0,06 | 0,29 | 47,51 | 1,79 | 19,97 | 0,32 | - | 0,65 | 98,81 | 0,67 | 0,51
S 113212049 | 1,53 | 0,08 | 0.20 | 43,82 | 0,82 | 18,51 | 0,24 | 0,03 | 0,57 | 99,50 | 0,59 | 0,60
6 112,69]20,99 | 1,43 | 0,01 | 0.23 | 4247 | 0,87 | 19,32 | 0,37 | 0,04 | 1,33 | 99,75 | 0,58 | 0,59
71528 0,17 | 1,06 | 0,07 | 0,16 | 30,79 | 1,08 | 59,81 | 0,36 | 0,68 | 0,46 | 99.92 | 0,99 | 0,28
81511 018 | 1,22 0,13 ]0,13 {3298 | 1,17 | 57,58 | 0,52 | 0,31 | 0,41 | 99,74 | 0,99 | 0,27
91240009 | - ]003]005] 997 | 0,76 | 84,33 | 0,63 093 | 022 | 9941 | 0,99 | 0,13
10842 (1693 | - | 0,11 | 0,18 | 49,18 | 1,59 | 21,82 | 0,19 | 0,02 | 1,13 | 99,57 | 66 | 044
1] 1311022 | - | 031006 | 1419 [ 111 | 80,78 | 0,37 | 0,58 | 042 | 99,35 | 0,98 | 0,07
121831 [1402] - ]002]034]5396|0,79| 21,26 | 032]0,16 | 032 | 99,50 | 0,72 | 0,43
131882 14,14 | - [003]034 | 5285 | 1,08 | 20,98 | 0,19 [ 0,09 | 0,37 | 98,89 | 0,71 | 0.45
1412550023 | - ]008|0,19 24,16 | 1,98 | 68,93 | 0,56 | 0,60 | 0,40 | 99,68 | 0,99 | 0,15
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Tabnuya 2 / Table 2

Ko3¢ppunueHTsl KOppeJiunu 3J1IeMEeHTOB B SAPaX XPOMIINUHEIU/I0B — 3HAYEHU S
PaHIoBbIX Koppeasiuuii CnupMeHa; oTMe4eHHbIe KOPPeIsiiii 3HAYMMbI HA
ypoBHe p <0,05 (N = 36) / The correlation coefficients of elements in the cores

of chrome spinels are meanings of Spearman’s rank correlations; marked
correlations are significant at the level p <0.05

MgO | ALO; | TiO, | V,05 | Cr,0s | MnO | FeO | CoO [ NiO | ZnO

MgO 1,00 | 089 | 0,01 038 | 079 | -0,52 | 0,91 | 0,17 | 0,70 | —0,01

AL O; 0,89 1,00 0,00 0,42 0,81 -0,44 | 0,91 | -0,20 | 0,75 0,10

TiO, 0,01 0,00 1,00 -0,09 | -0,01 0,18 0,14 —0,28 0,13 -0,22

V,054 0,38 0,42 -0,09 1,00 0,66 -0,06 | —0,41 0,01 -0,57 0,56

Cr,0s4 0,79 0,81 -0,01 0,66 1,00 -0,33 | 0,83 | —0,04 | —0,82 0,22

MnO -0,52 | 0,44 0,18 -0,06 | -0,33 1,00 0,49 0,35 0,35 0,32

FeO 0,91 | 091 | 0,14 | 041 | 0,83 | 0,49 | 1,00 | 0,12 | 0,76 | 0,02
CoO | 017 | =020 | 028 | 0,01 | —0,04 | 035 | 0,12 | 1,00 | 021 | 0,04
NiO 0,70 | 0,75 | 0,13 | -0,57 | 0,82 | 0,35 | 0,76 | 021 | 1,00 | 0,23
ZnO | 001 | 0,10 | 022 ] 056 | 022 | 032 | 0,02 | —0,04 | 023 | 1,00

05

00

F2:2559%

05t

-1,0 0,5 0,0 05 1.0
F1:45,84%

Puc. 4. Pe3ynomamul 00pabomru OaHHbIX MUKPOAHANUZA XPOMULNUHETUOO8 MEMOOOM 2lLABHbIX
KOMROHEHM (NPOeKyUsi NePEMEHHbIX HA (haKMOPHYIO NIOCKOCHb, UCNONb308AHbl NEPEBILL U BMOPO
gaxmoper — F1 u F2) /

Fig. 4. Results of statisticalprocessing the data of microanalysis of chrome spinelsby the principal
component method (projection of variables onto the factor plane; the first and second factors — F1 and F2)

Jns sinep 3nauenus Cr# cocrapmusitor ~0,5-0,7, Mg# ~0,4-0,6, uTo oTBeyaeT obmaactu
COCTaBOB MEPBUYHBIX MarMaTuueckux mmnuHenei [Merlini et al., 2009; Grieco, Merlini,
2012].

Ob6CyXAEHME PE3YABTATOB

[TonmyyeHnHsie AaHHBIE MO3BOJISIIOT MPOBECTH COMOCTABJICHHE C JPYTMMU CEpIeH-
TUHUTAMH paiiOHa, OTPEACIUTh YCIOBHS MeTaMOpPUIEeCcKol TpaHchopManuu mopoa u
(hopMUPOBaHUS PEITUKTOBBIX YIACTKOB XPOMIITTUHEIIAIOB.
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Puc. 5. Ionoscenue cocmasos Xpomununeauoos (6nympennue oonacmu) na ouacpammax Al — Cr —
Fe*': 1.1 — nona cocmasoe na kaiaccu@uxayuonnoti ouazpamme (8 coomsemcmeun ¢ HOMEHKAAMypol,
paspabomannou H. B. I[lasnosvim: 1 — xpomumul, 2 — cybgheppuxpomumst, 3 — anioMOXpoOMUmsl,

4 — cybpeppuaniomoxpomumol, 5 — peppuantomoxpomumsl, 6 — cybanomodeppuxpomumet, 7 —
Geppuxpomumot, 8§ — xpomnukomumul, 9 — cybpheppuxpomnukomumol); cmaouu Memamophusma:

GS — zenenocnanyesas, LA — nuskomemnepamypnas amgpubonumosast, UA — epicokomemnepanypHdast
am@uoborumosas, GR — epanynumosas (no [Saumur, Hattori, 2012; Hodel et al., 2017]); 2-3 —
COCMaBbl XPOMUNUHETUOO8 U3 NOPOO PAZHBIX 2e00UHaMUYecKux oocmanogoxk (no [Barnes, Roeder,
2001, Dick, Bullen, 1984, Ghazi et al., 2011; Zaeimnia et al., 2017, Kamenetsky et al., 2001] u op.):
2.1 — nepudomumsi ocmposHeix 0ye, 2.2 — abuccanvhvle nepuoomumol, 2.3 — ynempamagpumer COX,
2.4 — ynompamaghumoi 21y60K0800HbIX 2#ce10008, 2.5 — Kcenonumol yibmpamapumos uz 6azaiemos, 3.1
— abuccanvHvle nepudomumsl, 3.2 — oxeanuveckoe 0Ho, 3.3 — okeanuveckue ocmposa, 3.4 — ocmpognvie
oyeu; 3.5 — ynempamagumossie Maccugvl cpeOuHnvlx xpeobmos Amianmuueckozo u MHouiicko2o okearnos,
3.6 — koHuuecKue no08oOHbIE 20pbl (CEPREHMUHUMOBble Ouanupsl) Gpormanvhulx ywacmei Mapuanckoil u
Ho3y-Bonunckoii ocmpoguvix 0ye, 4-cocmas adep (d) u eneutHux 301 (e) KUUMUHCKUX XPOMUUNUHETUOO8 HA
ouaepamme Al,O; — TiO,. Yenosuvie 0b6o3nauenus: 1 — cocmaswl 6HYMpeHHUX YaACmel XPOMUNUHETUO08
cepnenmunumog Jlaxosckoeo noousmusi (cyogeppuxpomumut), 2 — usmeneHuvie 4acmu 3epen
Xpomununenuoos [laxosckoco noousmusi, 3-10pa xpomwnunenudos Kuwuncko2o maccusa /

Fig. 5. The position of the compositions of chrome spinels (internal parts) on the diagrams Al
— Cr—Fé’+: 1.1 — fields of compositions in the classification diagram (in accordance with the
nomenclature developed by N. In. Paviov: 1 — chromites, 2 — subferrichromites, 3 — alumochromite,

4 — subferrialumochromite, 5 — ferrialumochromite, 6 — subalumoferrichromite, 7 — ferrichromite,

8 — chromepicotite, 9 — subferrichromepicotite,); 1.2 — metamorphic grade: GS — green, LA — low-
temperature amphibolite, UA — high temperature amphibolite, GR — granulite (at [Saumur, Hattori, 2012;
Hodel et al., 2017]), 2-3 — the compositions of chrome spinels from rocks of different geodynamic settings

(for [Barnes, Roeder, 2001, Dick, Bullen, 1984, Ghazi et al., 2011; Zaeimnia et al., 2017, Kamenetsky
etal, 2001] et al.): 2.1 — forearc peridotites, 2.2 — abyssal peridotites, 2.3 — ultramafites of MOR, 2.4
— ultramafitesdeepwater trenches, 2.5 — xenoliths of ultramafites from basalts, 3.1 — abyssal peridotites,
3.2 — ocean bottom, 3.3 — oceanic islands, 3.4 — island arcs; 3.5 — ultramafic massifs of the median ridges
of the Atlantic and Indian oceans, 3.6 — conical seamounts (serpentinite diapirs) of frontal parts of the
Mariana and Izu-Buninskoy island arcs; 4 — composition of cores (d) and outer zones (e) of chrome
spinels of the Kishinskij protrusionon the diagramsAl,O; — TiO,. Legend: 1 — the compositions of the
inner parts of chrome spinels of serpentinite Dakhov Uplift (subferrichromites), 2 — modified parts of the
grainsof chrome spinels of serpentinite Dakhov Uplift, 3-core of chrome spinels of Kishinskij protrusion

brmxaiinme BBIXOIBI CEPIIEHTHHUTOB PACIOJIOKEHBI ceBepHee Ha (uanre J[axoB-
CKOTO KPUCTaJUTMYECKOTOo BhICTYyMa (puc. 1.1), Tme o0pasyroT ceprio MaJTOMOITHBIX TEK-
TOHMYECKUX IIACTHH, IPOPBAaHHBIX MMO3IHETEPIHMHCKUMH TpaHuTaMu. [y HUX THITUY-
HBI JIM3apPIUT-XPU30THIOBBIE ACCOIMALMH C TBUICBUIHBIM MarHETUTOM (CBS3aHHBIM C
B-mu3apAUTOM) M XPOMIITTMHETHIAMH, BHYTPEHHHE YacTH SI€P KOTOPBIX COOTBETCTBYIOT
cyodeppuxpomutam (¢ Cr# ~0,8, Mg# ~0,3-0,4), nepudepuueckue — XpoMuTaMm, a BHEII-
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HUE KaeMKU — MarHetutaM (c conepxkanuem Cr,O; 1o ~4 mac.%) [IlomoB u mp., 2019,
2020]. KumuHckue cepneHTHHUTBI HECYT NMpU3HaKu TpaHchopmaluii B 0ojiee BBICOKO-
TEeMIIEpaTypHBIX YCIOBHSX, HA YTO YKa3bIBaeT KaK aHTUTOPUTOBBINA COCTaB (AaHTUTOPUT
OTHOCHTEJIBHO JIM3apJuTa M XpHU30THIIA CTAOMIM3UPYETCsl C MOBBIILICHUEM TeMIepary-
PBI U 1aBJICHUS Ha TBepJIble (a3bl U B YCIOBUAX MOHMKEHHOT'O NMapLHaIbHOTO JaBICHUS
BOJIbl BCJIEZICTBHE BOCCTAHOBICHHOCTH (pmronnoB [Mapakyies, boopos, 2005]), Tak u
COCTaBbl XPOMILIIIMHEIUIOB (pHc. 5.1), B TOM uucie 3HaueHne Mg# (11s1 3eJeHocnaHIe-
BOi1 daruu ono cocrasinset 0,4-0,7, nis ampudonurosoit <0,35 [Gervilla et al., 2012]).
Hanuuue xopomio oopmiieHHbIX (HeppUXPOMHUTOBBIX KaEMOK BOKPYT OOTaThIX alOMU-
HUEM SJIEp SBISAETCS CIENCTBUEM JJIUTENIBHOIO MPOrpeBa MOpoA MOCie Mmpolecca cep-
nentuHu3anuu [Kapsiotis, 2014], a ”HTEHCUBHOE 3aMEIICHHE KeJIe30M KaK TpeX-, TaK U
JIBYXBaJICHTHBIX KATHOHOB — BOCCTAHOBUTEIbHBIX YCIOBUH BO (utonHOM cucteme. [lpu
9TOM HAJIMYUE PEITMKTOBBIX XPOMIHMKOTUTOBBIX YUACTKOB OOBSICHSAETCS YCIOBUSAMHU, NPU
KOTOPBIX Pypr0<Pq, [Candia, Gaspar, 1997], o6pa3oBaHne XxpoMMarHeTura, a HeXpoMu-
Ta, — IOHWXEHHBIM OTHOIIeHUeM (mtoua/mopoaa [Gervilla et al., 2012]. ITocnenyromiee
OpexunpoBaHue MOpoJ (BUAUMO, COMPOBOXKIABILEE IKCTYMAIUIO U (POPMUPOBAHUE Tep-
[IUHCKUX TEKTOHWYECKUX HAJIBUIOB), IPOUCXOAMIIO B YCIOBUSX CHIKEHHs TeMIepary-
pbl, MHTEHCUBHOW LIUPKYJISILIMK PACTBOPOB, CMEHBI YCIOBUI Ha 0ojiee OKUCIUTEIbHBIE,
YTO OTPa3HJIOCh B 00OPAa30BaHUM XPHU30THI-AaHTUTOPUTOBBIX C XJIOPUTOM BHELIHHX 30H
«TEKTOHMYECKHMX OKAThIIIeH» U B (POPMHUPOBAHUU TOHKUX HAPY)KHBIX OTOPOYEK XPOM-
MarHeTUTOBOIO COCTaBa, a MpH OoJsiee MO3AHUX XPYNKUX AeGopManusax — B OTaJIbKOBa-
HUM, KBapI-KapOOHATOM MPOXKUIKOBAHUH, PA3BUTUN MAarHeTUTA.

CocraBbl s7ep KHMIIMHCKUX XPOMILIIMHEINIOB COOTBETCTBYIOT COCTaBaM, CBOMi-
CTBEHHBIM O(HOJIMTAM, U, B YACTHOCTH, yabTpamaduTaM OCTPOBHBIX AYT (pHc. 5.2) u
KOHHUYECKHMX MOABOIHBIX TOp (CEpIEHTUHUTOBBIX AUAMUPOB) PPOHTAIBHBIX yacTeld Ma-
puanckoit 1 Un3y-boHuHckol ocTpoBHBIX AyT (puc. 5.3, 5.4). Takas peKOHCTPYKLUS CO-
OTBETCTBYET U paHee MOJYy4YEHHBIM JaHHBIM Ul XpPOMIIMIHUHEINI0B (raHra J[axoBcKoro
BeicTyna [[lonos u ap., 2020].

BbiBOADI

O06pa3zyrolmire TEeKTOHUYECKUE TOKPOBHI B 3a11aTHON yacTh 30HHI [lepenoBoro xpedra
CEPIIEHTUHUTHI, CyAsl IO COCTaBY XPOMIINHUHEIUA0B — €AMHCTBEHHBIX Ha JaHHBIH MO-
MEHT YCTaHOBJIEHHBIX MUHEPAJIBHBIX UHAUKATOPOB I'€0IMHAMUYECKON IPUYPOUEHHOCTH
Pa3BUTHIX 3/I€Ch HAIENI0 CEPIIEHTHHU3MPOBAHHBIX KOMIUIEKCOB — SIBIISIFOTCS (hparMeH-
TaMH O(UOJIUTOBON acCOIMALNK, OTHOCUMOW K TUIY O(QHOIUTOB CyNpa- WIH HAACyO-
JTYKIIMOHHBIX 30H (SSZ), acCOLMUPYIOLIUX C OCTPOBOAYXHBIMU KoMIulekcamu [Pearce
et al., 1984]. OOxyxkius anorunep6a3uToB U HOPMUPOBAHNE METAHKEBBIX KOMIIEKCOB
MPOMCXOIWIIN B YCIIOBUAX 3€JICHOCIIAHIEBON (anun Metamopdu3ma, HO MPH BapUaIiH
B TeKTOoHMUYeckol 30He [lepemoBoro xpebTa P-T mapameTrpoB u xapakrepa (IIOUIHBIX
cucreM. [t ceprieHTHHUTOB (raHra J[axoBCKOTO BBICTYIA YCTaHABIMBACTCS 00pa3oBa-
HUE B HU3KOTEMIIEPATyPHBIX YCIOBHSIX (C COXpAaHEHUEM TEKCTYP 3aMEILeHUs IEPBUYHBIX
OJIMBHHOB JIM3apAMTOM) MPU MOBBIIICHHOM OTHOMIEHWH (DIIOH]/TIOPO/A, CBA3aHHBIM C
BJIMSIHUEM TPaHUTOUJIHBIX MarMarudeckux ouaroB [[lomos u ap., 2020]. Jlns ceprieHTH-
HUTOB KMIIMHCKOrO MaccuBa, 3aJIeTarollero B acCOMAlMU ¢ TepUUHCKUM KH3uikomb-
CKUM TEKTOHHYECKUM ITOKPOBOM, YCTAHABIMBAIOTCS OTHOCHUTEIBHO MOBbINIEHHbIE P-T
YCIIOBHS W TOHIKEHHOE OTHOIICHHE (IIIonA/moposa (C y4acTHEM BOCCTaHOBJIEHHBIX
¢ronoB). DuKCUpyeMblid B 000MX paccMaTpUBAEMbIX MaccuBaxX MU(QYy3UOHHBINA BbI-
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HOC Al 1 Mg 1 XpOMIIITTMHENUIOB U 00pa30BaHUE XJIOPHUTA B KX OTOPOYKAX COOTBETCTBY-
eT u3BectHoil peakuu (Mg, Fe) (Al, Cr) ,0, + dmroun — MgsAISi;0,, (OH) ¢+ (Fe,
Mg) (Cr, Al) ,0O, [Kimball, 1990], B ycinoBusx 3eneHOCIAHIIEBON (ariu peaan3yeMoit
TOJBKO TIPU COBMECTHOW CEPIIEHTHHU3ALMK OJMBUHA M MUpokceHa [Bach et al., 2006].
JlaHHOE 3aKJIFOUE€HUE COOTBETCTBYET MOJYYEHHOMY Ha OCHOBAHUHU aHAJIHM3a METPOXUMHU-
YECKUX JAHHBIX M PEITUKTOBBIX CTPYKTYPHBIX OCOOCHHOCTEH BBIBOLY O MEPUIOTUTOBOM
coctage nporonuta [Cobones, 1952].

Taxum 00pa3zom, ceprieHTUHUTHI KHUIIMHCKOTO MaccuBa MpUHAJIkKAT, HAPSTY C APY-
TUMH BbIXoAamu anorurnep6asutoB [lepenoBoro xpedra, kK 0(hUOIUTOBON acCOIMAIINU,
CBSI3aHHOHM C OCTPOBOAYXHOH OOCTaHOBKOW. AHTHTOPUTOBBIE CEPIIEHTUHUTHI MacCHBa
00pa30BaJIuCh B OTHOCUTENHHO MOBBIMIEHHBIX P-T ycnoBusax u mperepnenu audaropes
npu (GOPMUPOBAHUY TEKTOHUYECKUX MENIaHKEH.
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Pestome: AKTyanbHOCTb paboTbl. B JaHHON paboTe aHaNM3UPYETCH OAHO U3 KPYMHEMLWMX N0 KONYeCTBY
XepTB (Norn6no 0kono 230 ThiC. 4e/10BEK) 3EMNETPACEHNIA B UICTOPUM YesloBeYecTBa, nponsowepLlee 30 CeHTs-
6psa 1139 r. Bropofe MHaxa (Ha toro-3anafe Asepbankara). IHTEHCMBHOCTb JaHHOTO 3eMAETPACEHNS JOCTUT-
na 9 6anos. B cTaTbe NpuBeAeHbI UCTOPUYECKME [aHHbIe, NPeSCTaABIIEHHbIE B PA3/INYHbIX aTiacax W Katanorax,
pykonucsx u netonucsax. G TeKTOHUYECKON TOUKU 3peHNs TAHIKMHCKOe 3eMIIeTpsCeHne NPoU30LW0 Ha CTbIKe
lenya-AkepuHckon n Jlok-Kapabaxckoii 30HbI ApTBIUH-Kapabaxckoi Mera3oHbl, KOTopasi 0XBaTbIBAeT CEBEPHbIE
xpe6Tbl Manoro Kaekasa. Lienb pa6oTtbl. C Lenbio UcCneaoBaHns CeiicMUYHOCTM U COBPEMEHHOW reoauHaMu-
Ki Tepputopun MHIKMHCKOro o4ara 6bin NocTpoeH rpadiuk noBTopseMocTy 3a nocnegHue 1500 net u npo-
aHaNN3nMpPOBaHbl MeXaHU3Mbl 4-0X 04aroB 3eMIIETPACEHU KOOPAMHATLI KOTOPbIX COBMAAAKT C UCCAEayeMbIM
UCTOPUYECKUM 3eMNIeTPACeHNEM. BepoATHOCTb MOBTOPEHUS CUNbHOMO MAHIKMHCKOro 3emneTpsacerns 1139 r.
B 6nvxanwne 800 net coctasuna 0,30. MeToabl uccnefoBanus. [1ns BbI4UCIEHUS MEXaHU3MOB 04ara 6bln Uc-
MoSIb30BaH aropuT™M Mo MEeTOLY MHBEPCUM BOMHOBBLIX (DOPM, HA OCHOBE KOTOPOr0 ObINN MOYYeHbl PeLleHus
TEH30pa MOMEHTa U MOMEHTHbIe MarHuTyabl Mw ans 4-x Bbi6paHHbIX 3eMNeTpsAceHnin nponsoLeawnx 30 ceH-
T96ps 2012 ., 2 tona 2015 . 1 6 mapta 2017 r. B npouecce paboTbl U3HA4YANLHO ObINN ONpPeAeNneHbl PYHKLUUM
prHa, KOTOPbIE MCMOMB3YIOTCSA NPU MHBEPCUU HABSIOAAEMbIX TPEXKOMMOHEHTHbIX LLIKPOKOMOM0CHBIX CUrHANIOB
(20-100 c) ¢ nocneayroLWMUM PA3NOXKEHNEM HA CKaNAPHbIA CeiCMUYeCKUit MOMEHT MO M OCHOBHbIE napameTpbl
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noJ AeNCTBUEM CXMUMAOLLMX HANPSHKEHNI opueHTMpoBaHHbIx GB-H03-om Hanpasnexnu.
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Abstract. Relevance. This work analyzes one of the largest earthquakes in terms of the number of victims
(about 230 thousand people died) in the history of mankind, which occurred on September 30, 1139 in the city
of Ganja (in the south-west of Azerbaijan). The intensity of this earthquake reached 9 points. The article contains
historical data presented in various atlases and catalogs, manuscripts and annals. From a tectonic point of view,
the Ganja earthquake occurred at the junction of the Goycha-Akerin and Lok-Karabakh zones of the Artvin-
Karabakh megazone, which covers the northern ridges of the Lesser Caucasus. The aim. In order to study the
seismicity and modern geodynamics of the territory of the Ganja source, a recurrence graph was constructed
for the last 1500 years. The mechanisms of four sources of earthquakes whose coordinates coincide with the
studiedhistorical earthquake were analyzed. The probability of a repeat for the strong Ganja earthquake of 1139
in the next 800 years was 0.30. Research methods. To calculate the focal mechanisms, an algorithm was used
according to the waveform inversion method, on the basis of which the solutions of the moment tensor and
moment magnitudes Mw were obtained for 4 selected earthquakes that occurred on September 30, 2012, July 2,
2015, and March 6, 2017. In the course of work, the Green’s functions were initially determined, which are used
for inversion of the observed three-component broadband signals (20-100 s) with subsequent decomposition
into scalar seismic moment Mo and the main parameters of the orientation of the pair of forces — azimuthal angle,
angle of incidence and angle of grazing. Results. Comparison of the strike of the nodal planes with the fault lines
showed the agreement of the first nodal plane with the longitudinal Murovdag upthrust fault, and the second
nodal plane with the transverse Murovdag-Zod strike-slip fault. As a result, all of the above indicates that the
analyzed modern Ganja earthquakes, or rather their focal zones in the geodynamic respect, occurred under the
action of compressive stresses oriented NE-SW direction.

Keywords: Ganja earthquake, Khaleb earthquake, recurrence graph, mechanisms of earthquake sources,
tectonic structure, left-lateral fault.

For citation: Kazimova S.E. Ganja earthquake of 1139. Geologiya | Geofizika Yuga Rossii = Geology and
Geophysics of Russian South. (in Russ.). 2021. 11 (1): 52 — 68. DOI: 10.46698/VNC. 2021.42.74.005.

BeseapeHre

Ha npotskeHnn MHOTHX JIeT TeppuTopust A3zepOaiiiaHcKkoi pecyOauKy Xapakre-
pHU30BaIach BHICOKOM ceCMUYECKON aKTUBHOCTBIO. C TEKTOHMYECKON TOUKH 3PEHUs ITO
CBSI3aHO ¢ IMHaMuKoW KaBKa3CcKoro pernona, HaxXoAsIerocs noj BIUsHUEM ApaBUICKOI
u EBpasuiickoii nutocdepnbix miuT. [lepsoie cBenenus o karactpopuueckux (M>6) zem-
JETPSICCHUAX KOTOPBIE MPOMCXOIMIN Ha TEPPUTOPUH A3epOaiipkaHa U3BeCTHHI ¢ 427 T.

3a UCTOPUYECKUI NMEPHOJ HAa TEPPUTOPUU PECIyOINUKH U COINPENEIIbHBIX TEPPUTO-
PUSIX TIPOMCXOMIIN CHIIBHBIE M KaTacTPO(QUIECKIE 3eMIICTPSICEHHUS C MATHUTYI0H M>6.

OOmmpHas nHpopManus JOMHCTPYMEHTAIBHOIO MEpHoJia BOILIA B pa3IUYHbIC aT-
Jachkl U KaTajlord, HauOoJjee 3HaYMTeIbHBIM U3 KOTOPBIX sBisieTcs «Karanor 3emiuerps-
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cenuii Poccuiickoit Umnepun» U. B. Mymikerosa u A.Il. OpioBa, onyOIMKOBaHHBIN B
1893 rony. BriepBble BbICKa3aHHbIE HJIEU O CBSI3U 3€MIIETPSCEHHUM ¢ TEKTOHMYECKUMHU Ha-
PYUICHHUSIMH SIBJISIFOTCSI O4EBUIHBIM JOCTOMHCTBOM ITHX MyOnMHKaiuii [ ATiaac 3eMieTps-
cenuii B CCCP, 1962; MyuikeroB u ap., 1893].

Psig opurnHanbHbBIX paboT MO MCCIEAOBAHUIO CEHCMUYHOCTH OTJEIbHBIX PETHUOHOB
Azep0aiikana npuHaaiexar H. B. Manunosckomy (1935, 1939, 1940), koTopbIM B Xpo-
HOJIOTMYECKOM MOPSIIKE OMKMCaHbl BCE OLyTUMBbIE 3eMiieTpsiceHns Ha KaBka3e; Ha OCHO-
BaHUU BCEX MMEIOIIMXCS JAHHBIX BbIJEJIEHbI CECMUYECKHE OYaru, MpOsSBUBIINE CBOIO
aKTUBHOCTH B mocienHee croierue [ManuHoBckuid, 1940].

3eMIeTpsiceHUsI Ha TEppUTOpHH A3sepOaiipkaHa, NPOHCIISANINE 32 TEPUON
1139-1950 rr. orpaxensl B padote E. . broca «CelicMuueckue yciaoBusi 3aKaBKa3bsi»
[Broc, 1948]. 3neck ke mpencTaBieHbl 00IaCTH 3aKaBKa3bsl, UCIIBITABIINE CHIIbHBIE 3EM-
netpscenus no HabmroneHusm 10 1951 . B mpenenax AszepOaiimkaHa BbIIEICHBI BOCh-
mubanbHbIe 30HbI Lllemaxu, ['sumku, AGepoHa, 10KHOM rpaHulibl (ApaeOub), a Tak-
e cemu OannpHbIe 30HbI 3akaransl, [lleku, [llymia, CanbsiH, JIeHkopaHs.

Haubonee 3HaunMble 3eMIIETPSICEHUS, YHECIIHNE MHOTOYHCICHHBIC YEIOBEUECKHE
KU3HM, 3T0: MamTaruackoe npowusouieauiee B 1842 r, 3emueTpsiceHus: IpOU30LIEAIINE
B [llamaxuHckoMm paiione B 1192, 1828, 1868, 1872, 1902 rr. Kpome TOro, Hy>kHO OTMe-
TUTh, YTO U B KacnuiickoM pernoHe HEOJHOKPATHO MPOUCXOJUIIN CUIIbHBIE 3eMIIETpsCE-
Hus [babdaxanos, 2017; Konnopckas u ap., 1977, Muxanesckuii, 1926] Hy>KHO OTMETHUT,
4yt0o uMeHHo nocne lllemaxunckoro 3emnerpscenus 1902 r., Ha Tepputopun Azepoaiis-
»kaHa ObllIa yCTaHOBJICHA MepBasi CeiicMUUecKasi CTaHIIMs, TOJOKUBIIIAsE HAYAJI0 HHCTPY-
MEHTAJIbHOMY MEPUO.Y.

B nanHo# cTaThe MbI OBl XOTENN 3aTPOHYTh COOBITHE, CHITPABILIEE HE MAIOBAKHYIO
pOJIb B UCTOPUHU HAIlIE CTpaHbl, YHECIIEE THICAYHU KU3HEH U MPEBPATUBLICE B PYUHBI T.
I'aaKy.

Hapsany ¢ Tebpusom, Apnebunom, Maparoii, HaxusiBanom, Jlep6enaom, Kabana,
Hlamaxsl u baky, ['stHKa sBIsSeTCSl OAHUM U3 ApeBHEUIINX ropooB Aszepbaiikana. C
TEKTOHMYECKOM TOUKU 3peHus [HKa pacnosaraeTcsi Ha I0ro-3amaje CTpaHsbl, B Ipeje-
nax [samxuHcko-I"azaxckoit Hm3mennoctu Manoro Kaskasa (puc. 1).

Puc. 1. anoorcunckas kpenocmo eémopoti nonosunst XVI eexa (https://m. zerkalo. az/ukradennye-vrata-raya/). /
Fig. 1. Gyandzha fortress of the second half of the XVI century (https://m. zerkalo. az/ukradennye-vrata-raya/).
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MaTepuaAbl NEPBONCTOYHNKOB

JlaHHBIE IEPBOMCTOYHUKOB 00 3TOM Pa3pyLIMTEIHHOM 3eMJIETPSCEHHH COOpaHbI BO-
€IMHO U3 OOJIBIIOTO KOJIMYECTBA PA3IMYHBIX UICTOYHHKOB, C COOTBETCTBYIOIIMMHU CCHLJI-
KaMU Ha HUX. [ THIDKUHCKOE 3eMIIETPSICEHUE CTAJIO MEPBBIM CEHCMUYECKUM COOBITHEM B
Azep0aiikane, MOCIEACTBUS KOTOPOTO M3y4ajlCh HA IOCTAaTOYHO BBICOKOM ypoBHE. B
SMHIIEHTPE UHTEHCUBHOCTH COTPSICEHHUS TOCTUTAJA, IO COBPEMEHHBIM OIIeHKaM, 9 Oail-
n0B. JleronucHele naHHble, puBeaeHHbIE B Karanore 3emnerpscenuit Poccuiickon M-
nepuu [MyiketoB u ap., 1893] ormeuaror cuiibHOE 3emuieTpsicenue B ['sinmxke (Ennca-
BeTIOJB), poun3oeamee B 1139 r.: «Ilpu rycrom Tymane ropa Anrapax (HpiHe Ksamnsz)
OOpyIINIACh U 3allOJHIIIA TOJTUHY; Y TIOAHOXKHS 00pa30Bajoch 03€poy.

JlarHOE 3eMiteTpsiceHue ObLIO TOPOOHO OMUCAHO B padOTaX MBICIUTEINS U OOTOCIIO-
Ba Mxwutap lomra, apadckoro ucropuka Mou an-Acupa, ucropuka Kupakoc I'annzakenu
[U6H an-Acwup, 1940].

T'opon I'sHmka ObICTPO pa3BUBAJICS BO BpeMsl MPABICHUS JUHACTHH DJIbJICHU30B B
Azepoaitmkane (1136-1225 rr.). B XII Beke ['sHaka cTana OMHUM U3 CaMbIX BEJTHKOJIETI-
HBIX roponoB bimxnero Bocroka.

brarogaps TakoMy BEJIUYHUIO U U3BECTHOCTH, BEICOKUN YPOBEHb YKOHOMUYECKOH, CO-
UAIBHOW U KyJBTYpHOU KHU3HH OBbLI OonucaH apaOckuM ucTopukoM MOH anb-Acupom
(1160-1223 rr.) m upaHCKUM HCTOpPUKOM-y4eHbIM Pammp an-/{unom (1247-1318 rr). B
CBOUX JIETOMMCSX OH MHUCaJ, KaKk BelW4yalmii u3 ropogoB Apana ropon ['stHmxka, moju-
BEprcsl yKacHOMY 3eMIIeTpsiceHuIo B nepBoii monoBuHe XII Beka, a Tounee 30 ceHTAOps
1139 roga. U6H anb-Acup nucan: «B 534 1. xumxkps! (1139 1) npousonuio 3emierpsice-
Hue B ['HKe, ¥ Ipyrux NpoBUHIUAX ApaHa. OZHAKO caMO€ CHIIBHOE 3eMIIETPSICEHUE
npousonuio B I'tHmke. buto pa3pyieHo MHOTO JOMOB, TIOTHOJIO OECYHCICHHOE KOJTYe-
ctBO Jrogeit. CooolIaeTcst, 4To Yucao morudmmux cocrtasuito 230000 uemoBex».

Ucropux Kupakoc ['annzakenu (1200-1272 rr.) nucan: «[Ipou3zornuio cTpaniHoe 3em-
aerpsicernue, ropoa [stHmka oOpymmics, ero 3aaHus oOpyIIWINCh Ha HaceJIeHHue, 3eMle-
TpsICEHHE TaKXKe B30pBajo ropy Ksmas u 3akpplio 10JMHY MEXKIY FOpamMH, B pe3yabTare
yero obpaszoBainack [ €itrensy. 1o ero cmoBam, mocine 3eMIETPSICEHUs] TPY3UHCKHNA 11aph
Humutpuit [ (1125-1156 rr.) Hanan Ha TopoA ¥ 3a0paJi TOPOJICKHE BOPOTa CBOEH CTpaHbI
B Ka4e€CTBE BOGHHOU OOBIUM. ITO OBLIM BOPOTA, MOCTPOCHHBIE MacTepoM Mbparumom B
1063 rony Bo Bpems npasienus npasutesns langnanu [Hasypa I (1049-1067 rr).

Artabeii I'apa Cynryp Obl1 mpaBuTenem ApaHa BO Bpems 3emierpsiceHus. Ero pe-
3ujeHIus Haxonuaack B ke, Korga mpounsonuio 3eminerpscenue, ['apa CyHrypa He
6bu10 B Appane. Victounuk numeT: «Atadeit I'apa CyHTryp X0OTes MOMOUb CeNbIKYKCKO-
My ILIaxy, HO, Y3HaB O CHUJIbHOM 3€MJIETPACEHUU B I'STHIKE, BEpHYJICS B CBOIO CTOJIMILY,
I'samxy». B To Bpems B I'siH ke pogomkanuck HeOobLIe 3emieTpsiceHus. Bes cembst
I'apaconrypa noru6mia B pe3ynbrare [ THIKHHCKOTO 3eMIIETPSICEHHUS.

Wutepecen ToT (akxt, 4to 3a rof 10 [SHIKUHCKOTO 3emieTpsiceHus, 11 oxTa0ps
1138 . B . Anenimio (Cupust) MpOU30IIUTO0THO M3 CaMbIX CHIIBHBIX 3eMiieTpsiceHuil (60-
nee 230 ThIc. ’KepTB), MArHUTYAAa KOTOPOTO ObUIa paBHA §-MU. 3emiieTpsceHue ObLIo Ha-
CTOJIKO MOIIIHBIM, YTO €r0 OLIYTWJIN Ha Tepputopun Mpana, Typruu u AzepbaiimkaHna.
VYuursiBas, To 4To TeppuTopus CHUpUN B TEKTOHUYECKOM IIAHE PACIIOIOXKEHA B Mpeie-
nax ApaBUICKOH MIIUTHI, MOXXHO TPEATNIONIOKHUT, 4YTO 00a ATUX 3eMJICTPSCEHUS CBSI3aHbI
C TOPU3OHTAJIBHBIMY JIBUJKEHUSIMU J1TaHHOM 1inThl B CB HanpasneHuu.

I'opa Ksnas, nauBbicmias Touka Ksmaszckoro xpe6rta, BbICOTa KOTOPOH COCTaBIISET
3066 M Ham ypoBHeM Mopsi. LopHbrii xpeber Ksmas siBisisich yacTbio MypoBIarckoro
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Puc. 2. Snuyenmp Ianoswcurcroeo semnempscenus, npousoweouwezo 30 cenmsaops 1139 e. ¢ maenumyoou M=6,7. /
Fig. 2. Epicenter of the Gyandzhaearthquake occurred on September 30, 1139 with a magnitude of M = 6.7.

xpebta npoctupaercs ¢ C3 HanpasieHuu Ha 34 kM. Bo Bpemst [ IHIpKHHCKOTO 3eMieTpsi-
CEHMsI TOpaodpyLIMIach HOOIOMKH TOPBI MEPEKPBLIN TE€UEHUE PEKU AXCY B HECKOJIBKUX
MeCTax, B pe3y/bTare yero o0pazoBajloch CEMb 03€p, SBISIOIIUECS HAIIMOHAIBHBIM J10-
cTosiHueM pecnyonuku. Camoe 3HauuTENbHOE U3 3TUX 03ep — ['€itréns (I'omyboe 03epo)
pacToNIOKEHO B IIEHTpe ayTH (puc. 3).

VYpoxkenen I. [SIHIKM, KpynHEHIIWN 1MOAT cBoel coBpeMeHHOCTH A0y Myxammen
Wnbsic u6H KOcyd, nzBectHrlil Bo BceM Mupe kak Huzamu I'iHpkeBU B cBOel mosme
«HMckennep-name» HanucanHas Mexay 1194 u 1202 rogamu, Tak onucan I sHIKMHCKOE
3eMJIETPSICECHUE:

Bcsa 3emnsa compsacnacy, myu memuynace epaoa.
Compscenve 3emau ynecno 2opooa.

Tax 63vepowiuncs 00, MaK 6CKIOKOUUIUCH 20Pbl,
UYmo noxpwin mémmnwiii npax éceii 1a3ypu NPOCmMopbl.
3axpymunace 3eman. Mo npuwén eé cpox?
Cman eé Kysvipkamo pasviepaguiuiics pox.
Bocmpybun Cepaghum, cop nuzeepeHysuiu nviowi,
U nanyeannwiti boik omwammuyncs om Polovl.

Bce okosbl Hebec pazsomKkHymbcs mo2iu.

Cesén paseyn compscenvs cycmasbl 3emiu.
3aepaoun 6 eé scunax mexyyue 600uvl,
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Top nopanun xpebem, 8 HUX 3aKPbLT OH HPOXOObI.

On FOcyghos cpasxcan. He nyzasco nomepe.

Cuneti Kpackou oKpacui OH Kaxcoyio 08epb.

Bce anaza on noogén msocroii ckopou cypomoro,

Lenviii mup on 00en 6e3HadEHCHOCMU MbMOIO.

Corcan on 6eonyto 3emnio 8 maxue mucku,

Ymo oepomHble cKkanbl pazoun Ha KYCKU.

Bcé cnoman on cmekno. M noo nebom yepromvim

ComHu 6blcmynog cmeH Hazemv PYXHYIU C ULYMOM.

Toma coxkposuwy nponana. Ho nomnum, opoorca:

B smy nouwv na cybbomy ucuesna Isanooxca.
(oTpsIBOK U3 o3MbI «Mckennep-name») [Huzamu 'asamxesu, 2007]

Puc. 3. Topuwiii xpebem Kanaz — a; ozepo I éueéns (Ionyboe ozepo) — 6. /
Fig. 3. Mountain range Kyapaz — a; G6ygol Lake (Blue Lake) — b.
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[IpuBeneHHbIE BhIIIE JaHHBIE TTO3BOJISIIOT YTBEPK1aTh, YTO 3eMJIeTpsiceHue B [ THIKe
npousonuio30 centaops 1139 r ¢ uHTeHCUBHOCTRIO 9 GansioB. B pesynbrare katacTpodsl
noru6so oxono 230 ThIC. 4eTOBEK, B 00111e# cinokHOCTH ocTpagano 300 Thic. YeNOBEK,
paspyuiero 6omiee 1000 nomoB (puc. 2).

[To nanHBIM TpHUBeNEHHBIC B padoTax [AliBasumBuiy, [lananamsunu, 1973; Mxu-
tap, 1960; Ergin, 1971; Cynrtanosa, 1959; broc, 1948] koopauHaThl 3eMIETPSICEHHSI CO-
ctaBwin 40,30 u 46,30 +0,2, rmy6una 15 km (7-30), marautyna 6,8 £ 0,7. Tak kak B paii-
OHE TOpbl Alrapak MPOMCXOAAT CHIIbHBIE 00Basbl, 00paszyeTcs o3epo [eiirens. B cBsi3u ¢
STHUM JMHIEHTP JAHHOTO 3eMJIETPSACEHHUS OTHECEH K pailoHy o3epa, U B psijie paboT aaH-
HOE 3eMJICTPSICCHHE HA3bIBAIOT TeUreIbCKUM. Y UUThIBast 00BaJIbI, OMOJI3HU M KOJTMYECTBO
JKEPTB cUJia B dMHULIEHTpe olleHeHaB 9+1 GamnoB. OTMETHUM, YTO MO JaHHBIM HUCTOYHHUKA
[Guidoboni et al., 1994; Guidoboni, Comastri, 2004] B 1122 I. B TO#1 e dIHUIIEHTPATHHON
30HE MMPOU30ILI0 3eMIIETpACEHUE ¢ MarHUTyao0i 4,7+1,0 1 HHTEHCUBHOCTHIO § OaJIOB.
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HOHO-KaBKkasckaa mukponauTa / South Caucasian microplate

| HOHO-A3epbaiigManckuil cermeHT MpaHCKoro MUKPOKOHTUHeHTa /
South Azerbaijan segment of the Iranian microcontinent

Puc. 4a. Cxema mexkmoHuuecko2o paloHuposanus 020-3anadnou yacmu Azepoatiosxcana [Keneepiu u
op., 2012]. 3ouet Apmeun-Kapabaxckou meea 3onet: LQ — Jlok-Kapabaxckas;, GH — ['etiua-Axepunckasi;
Of — l'agpanckasn; Kb — Kanvbaoocapckas; AA — Huocne-Apasckas /

Fig. 4a. Scheme of tectonic zoning of the southwestern part of Azerbaijan [Kengerli et al., 2012]. Zones
of the Artvin-Karabakh mega zone: LQ — Lok-Karabakh;, GH — Goycha-Hakary; Qf — Gafan; Kb —
Kalbajar; AA — Lower Araz
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Puc. 46. Texmonuueckas kapma 1020-3anaonotl wacmu Azepdaiodicana
(Cocm. no mamepuanam Aeabexosa M. I, Anuxanosa 3. H., Axmeobeiinu @. C., I'acanosa U. C.,

Keneepnu T. H., luxanubetinu D. I, Xauna B. E.).
Venosuvie obosnauenus: 1 — kpaesvie paziomvl, 2 — nocpebennvie pasnomul, 3 — cOpocogvie paziomul;

4 — mexmoHuueckue cmpykmypol; 5 — SNUYEHMpP SAHONCUHCKO20 3emaempscenus. Paziomvl: 1-Kypunckuii;
2 — Ulamkup-Anuabaockuii; 3 — Myposoaeckuii; 4 — Kapabaxckuii, 5-Mypoeoae-300ckuii; 6 — Jlauun-
Bawnubenvcxuil, 7 — Xauunyatickuu,; 8 — Yemyn-I'uppamaxcrkuii; 9 — Haxuuesancxuii, 10 — Apasckuii
Opoy6aockuii; 11 — Jlebaxnunckuii, 12-Opuxoap-bozoae-Iladapcui; 13-Ilpeomanoxasrasckuil /
Fig. 4b. Tectonic map of the southwestern part of Azerbaijan (Compiled on the basis of materials of
Agabekov M. G., Alikhanov E. N., Akhmedbeyli F.S., Hasanov I.S., Kengerli T. N., Shikhalibeyli E. Sh.,
Khain V.E.).
Legend: 1 — edge faults; 2 — buried faults; 3 — thrust faults, 4 — tectonic structures; 5 — the epicenter of
the Gyandzha earthquake. Faults: 1 — Kura; 2 — Shamkir-Aliabad; 3 — Murovdag; 4 — Karabakh; 5 —

Murovdag-Zodsky, 6 — Lachin-Baslibel; 7 — Khachinchai; 8 — Ustup-Girratakh,; 9 — Nakhichevan; 10—
Araz Ordubad; 11 — Debaklinsky, 12 — Erikdar-Bozdag-Padarsiy, 13 — Pre-Lesser Caucasian

TekToHn4yeckoe CTpoeHne permoHa
C TEeKTOHMYECKOU TOUKH 3peHUsl [ STHIKMHCKOE 3eMIIETPSICEHUE MPOU3O0IIIIO Ha CTHIKE

I'eitua-Akepunckoit u Jlok-Kapabaxckoii 30061 ApTBUH-Kapabaxckoli Mera3oHsl, KOTO-
past oxBaThIBaeT ceBepHble XpeOThl Manoro KaBkasa u sBIsieTCs F0XKHBIM IPUOOPTOBBIM
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CTPYKTYpHBIM 31eMeHTOM FOkHO-KaBka3ckoil MUKPOIUIMTHI, pa3BUBABLIMMCS Ha ajlb-
IUICKOM 3Tare TEKTOreHe3a B I'eOJMHAMUYECKOM PEeXHMME BYIKAHWYECKOH OCTPOBHOM
nyru (puc. 4a, 0) [[eonorus AzepOaiimxkana, 2005].

Kak Bu1HO Ha puyHKe40 SMHUIEHTp JaHHOTO 3eMJIETPSICEHUs paclioyiaraeTcs Ha nepe-
CEUEHHUH MPOJ0IBHOr0 MypOBIarckoro U nonepedHoro Myposaar-30/CKOro pas3jioMoB.
MypoBaarckuii pasjaoM sBIIAETCS KpalHEH CeBepo-3amajHoi rpaHuued rpanuna [ek-
ya-AKepuHCKoil oronuToBoii n ocTpoBHOM ayru Jlok-Kapabaxckux 30H, ¢ mepepbiBOM
npoTtaruBaroumiics ¢ gonuHsl p. Hopox (Typrus) K 10:KHBIM OKpanHaM AXaJIKaJaKCKOTo
Harophbs ¥ jiajee Ha BOCTOK HENmpepbIBHO J10 OacceiiHa p. Teprep. 3aech ¢ mocpeacTBoM
nonepeuHbix TepTepuait u XaunHYalCKUX pa3IOMOB CMEIEH K FOr0-3amaay 1 NepexoauT
Ha 10XHbIN ckiloH Kapabaxckoro xpe6ra (Kapabaxckoro HaBura).

MypoBaar-30Ackuii pa3ioM MpeAcTaBiIsgeT cOO0H CUCTEMY MONEPEeuHO OPUEHTHUPO-
BaHHBIX Pa3JIOMOB MPOTATUBAIOIINXCS C CEBEPO-BOCTOUHOIO CKJIoHa I. Myposaar B OB
HarpaBJIeHHH 110 JieBoMy Oepery p. Teprep uepes cpenHee TeueHue pp. Meliganuail u
JleBuaii, nanee nepexoas mpeaessl 30/ckoro nepesana B O3 HampaBieHUU B CTOPOHY
Apmadasi. B ceBepo-BOoCcTOUHOE HanpaBlieHHE pa3joMa CKPbITO IO/ YeTBEPTUYHBIMHU OT-
noxeHusiMu CpeHeKypuHCKOM BrHaauHbl. 1o cymiecTBy pas3ioMm sBISETCS 3araHbIM
YCTYNOM WM (DIaHTOM, NMPOTSKEHHOM pU(TOreHHO# CTPYKTYyphl, co3nanHblii Apna-Ca-
MYPCKHUM IONEPEYHBIM TPAHCKABKA3CKUM JIMHEAMEHTOM.

PAdPUK MOBTORSIEMOCTN U MEXOHM3MbI O4Ara
[STHAXKMHCKUX 3EMAETPSICEHUNN

CBeneHus 0 mapameTpax O4aroB 3eMIJIETPSICEHUH, COMEPIKAINXCS B PA3IMYHBIX Ka-
Tanorax, a Takxke B otyetax PIICC HAHA, cuctemaTu3upoBaHbl U CBEJICHBI B €UHBIN
KaTaJor pernoHa, KyJa ObLTH BKJIIOUEHBI 3eMJICTPSICEHHS] TOMHCTPYMEHTAIBHOTO TepH-
ona (¢ 427 mo 1902 rr.) [Anmnaxsepauesa, 2014; Kazimova, 2020]. YpoBHU npeacTaBu-
TETLHOCTHU 3emileTpsiceHnit AzepOaiikana obutn B 20-30-¢ romer 20 Beka — MLH>4,5
nmm K>12; 1951-1970-¢ rogsr — MLH>4,0 unu K>11; 1971-2002 — MLH>3,5umu K>10.
[TpencTaBUTENBHOCT, MUHUMATBHON MarHUTY/bl B TJAHHOW CTaThe OlleHHBajIach rpadu-
yeckuM criocoboM. [1pu moctpoenuu rpaduka NOBTOPSIEMOCTH 3EMIIETPSICEHUH B IIUPO-
KOM JTMaria3oHe MarHUTY/l, B JIEBOM ee yacTu HabmronaeTcst oTkiioHeHue Touek N (M) ot
JUHUM OKUJaHUs. DTO OOBACHAETCS MPOIMYCKOM YacTH 3eMIIETPSICEHUI OIMpeeIeHHON
MarHuTyAbl Mpu 00pabOTKe HAOMIONACHUMN, YTO CBSI3aHO C YYBCTBUTEIBHOCTH CHCTEMBI
PETUCTPHUPYIOMIUX ceCMUYecKUX cTaHIuil. [IpeacTaBuTenbHOM cunTaeTcss MarHUTyaa
(M=3.,0), cnenyromas ¢ mpasa OT IEPBOTO JIEBOCTOPOHHETO YKIOHEHHS TOUKH Ha Tpadu-
K€ TIOBTOPSIEMOCTH.

Jlis OLleHKHM 3aBUCUMOCTH MEX]y JIOKaJbHOW MarHUTYION U KOIUYECTBOM 3€M-
JIETPSICEHUH, MPOU3ONICAIINX B Mpeenax uccieayemoro peruona (9=39,90°—40,60°;
A=45,80°-47,00°) namu ObLT UcTioNb30BaH 3akoH ['yrenOepra — Puxrepa, KOTOpBIi Tia-
CHUT, YTO MAarHUTYbI 3eMJIETPACEHUN PACTIPEAETIAIOTCS IKCIIOHEHITUATBHO!

logN = a-bM

rae M — 310 MarHuTyzaa 3emierpsicenus, N — KOJIMYeCTBO 3eMileTpsacenuii 3a 1 rox, a
U b— onoXXUTENbHBIE TapaMeTPhl, YKa3bIBAIOIINE YPOBEHB U XapaKTep CEMCMUYHOCTH B
paccmarpuBaemoM paiione [Gutenberg, Richter, 1944]. KonctanTa b 00bIYHO paBHSETCS
1,0 1t ceficMUYeCcKH aKTUBHBIX PETMOHOB. DTO 03HAYAET, YTO JJISl KaXKI0TO COOBITHSA C
marHutynoi 4,0 o0bruHO mpuxomutcst 10 3emnerpsicenuit ¢ marautynoit 3,0 u 100 — ¢
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Puc. 5. I'paghux nosmopsiemocmu 3emiempscerutl ucciedyemozo pecuona 3a nocieonue 1500 rem. /
Fig. 5. Graphof earthquake recurrence in the region under study for the last 1500 years.

Marautyaou 2,0.

Ha pucynke 5 npencrasien rpaduk moBTOps€MOCTH UCCIETYEMOT0 PETHOHA, MOJTY-
yeHHBIH 3a mocieauaue 1500 net. Takum o6pazom, eciu 3a oauH rog ¢ ml=3,0 mpouzoiiner
1000 3emneTpsiceHuii, TO B IIpeAeiax 3TOro )K€ palloHa B TEYEHHE OJTHOTO I'0J1a IPOU30M-
net 300 3emnerpsicenuit ¢ ml=4,0, a ¢ ml=5,0 npubnauzurensao 100 coowrthii. [To Kas-
Ka3y HaKJIOH yria noBropsemMoctd paBeH —0,45. [{ns ['STHIHKUHCKOTO pernoHa 3HaYeHUe
HaKJIOHA yTJia TOBTOPSAEMOCTH cocTaBuiio —0,28. DTO BO3MOXKHO JIUIIH TIPU aHOMAIBHO
HU3KHUX TOBTOPSEMOCTSIX CJIa0BIX U MPOSIBICHUNOO0JIee CUIIbHBIX 3€MJIETPICEHUM, YTO U
BBIPAYKAETCS B HU3KOM 3HaY€HUU HAKJIOHA rpadrKa MOBTOPSIEMOCTH.

VYuuTbIBas BbIllIE€ CKa3aHHOE MO)KHO OTMETUTh, YTO BEPOSTHOCTH TTOBTOPEHUS CUITb-
Horo ['sumxunckoro 3emnerpsicerust 1139 r. B omkaiimme 800 et cocrasuia 0,30.

OcoOeHHOCThIO CHIIBHBIX 3€MIIETPSICEHUH, MPOUCXOAUBIINX HA TEPpUTOpUH A3ep-
OaifpkaHa B UCTOPUYECKUN MEPHOJ, ABISETCS UX KopoBas mpupona. Ouaru 3emierps-
CEeHUIl B KOHTHHEHTAJIbHOW YaCTU HAaXONAATCS, TIaBHBIM 00pa3oM, B Mpejesax IIyOouH
10-15 kM, MoryT noxoauth 10 20 kM. B mpenenax akBaropusi TMIIOLUEHTPHI 3€MIIETpsICE-
HUM, KaK TIPaBUIJIO, pacrojararoTcs Oosee rmy0oko, B mpeaenax nryoud 30-35 kM, pac-
MIPOCTPAHSSACH HA HIDKHUE Pa3JieNbl KOPbl. DTUM BO MHOTOM OOBbSCHSETCS CEHCMUYECKUIt
3¢ }EeKT oT AITUX 3eMIIETPSICEHUI HA TTIOBEPXHOCTH 3€MIJIH.

Jlnig onpeneneHus MexaHu3ma odara ['SSHIPKMHCKOTO 3eMJIETPSICEHHSI TPOU30LIe IIIe-
ro B 1139 . B 1OMHCTpYMEHTaJIbHBIN Mepro]] ObLIT UCIIOJIb30BaH 3aKOH MOA00MS 04aroB
3emnerpsicernii [Coskun et al. 2017; Coskun, 2015; Stich et al., 2005; Fukushima et al.,
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Tabnuyal / Table 1

ITapameTpbl 3eMJiIeTPSACEHUI, MPOU30OLIEAIIHNX B ['THIKHUHCKOM peruoHe 3a nepuos
2000-2020 rr. ¢ maruutynoii mi>3,0. / Parameters of the earthquakes occurred in
the Gyandzha region for the period 2000-2020 with a magnitude mI> 3.0

Jlokanvuasn
oo var et Lo i) e o | e
Magnitude
2012 9 30 | 05-14-52.20 40.37 46.39 12 3,85
2012 9 30 | 05-18-27.05 40.36 46.38 12 3,61
2015 7 02 | 12-27-30.30 40.35 46.31 10 3,01
2017 3 06 | 06-24-00.67 40.24 46.28 10 3,73
IM'napxunckoe 3emierpsicenne / Ganja earthquake
1139 9 30 - 40.30 46.30 15 6,7

1989]. YuureBast TOT (akT, 4T0 KOOPAWHATHI AMHUIEHTPA JAHHOTO 3€MJICTPSICEHUS T10
JTaHHBIM MCTOPUYECKUX JIETONKMCEN MpuOIn3uTeabHo paBHbl: mupora —40,30 u nonrora
— 46,30, a yOmHa ouara coctaBuia 15 kM, HaMu ObLUTO BBIOPAHO 4 3eMIICTPSICEHHUS ITPO-
U30IICIINE B ITpeieax anHoro odara 3a rmepuoa 2000-2020 rr. (ta6u. 1) [Yetirmishli et
al., 2017; Telesca et al., 2017].

JInisi BBIYMCIIEHUSI MEXaHU3MOB O4ara ObUI MCIIOJIB30BaH AJITOPUTM IO METOIY WH-
Bepcuu BONHOBBIX (hopM — Time-DomainMomentTensorINVerseCode (TDMTINVC)
[Dreger, 2002; Etupmunuin u ap., 2019]. Ha ocHoBe naHHOro meTona Mbl MOITYYHIN
peleHusi TeH30pa MOMEHTa ¥ MOMEHTHBIE MarHUTYIbl MW 11151 4-0X BBIOpaHHBIX 3€M-
nerpscenuit, npousomenmux 30 centsOps 2012 ., 2 urons 2015 r. u 6 mapra 2017 .
(puc. 6-9). B nporiecce paboThl H3HAYAIBHO ObUTH ompeesieHbl GyHKuu [ puHa, KoTo-
pbI€ UCHOIB3YIOTCS TIPU WHBEPCUU HAOIIOAAEMBIX TPEXKOMIIOHEHTHBIX IIHPOKOIOJIOC-
HbIX curHaios (20-100 c) ¢ mocnenyomuM pa3iokeHueM Ha CKaJIIpHbIA CeCMUYECKUil
MOMEHT MO U OCHOBHBIE ITAPaMETPhl OPUEHTAIINH MAPHI CHIT — A3UMYTaJIbHBINA YTOJI, yTOJ
naJieHus] U yroji CKoJbkkeHus. B mporecce 00paboTku ObLIM MCHIOIB30BAHBI BOJTHOBBIC
3aIUCH, TIOYYEeHHBIC Ha MU(PPOBBIX CTAHIMAX C MMULEHTPATBHBIM paccTossHueM oT 20
10 350 kM. PemenusiM TeH30pa MOMEHTOB TPUCBAMBAJICS KOAPPHUIMEHT Ka4ecTBa, 3aBU-
CSIIUI OT KOJIMYECTBA CTAHIMI B MHBEPCHU U CTETICHU COOTBETCTBUSI CHHTETHUECKUX H
HaOMIONEHHBIX TaHHBIX. Kpome Toro, ObIIH MepeonpeieeHbl IITyOHHbBI 04aroB.

AHanu3 MexaHU3MOB oyara 3emierpsiceHuil npousomenmux 30 centsiops 2012 . ¢
marautyaoi ml=3,9, 30 cenrsiops 2012 r. ¢ marautygoit ml=3,6 u 2 urons 2015 . ¢
ml=3,0 xapakrepu3yoTcsi OJU3rOPU30HTAIBHBIMU C)KUMAIONIMMU U PACTATUBAIOIIUMHU
HaNPSLKEHUAMH. Tun aBrkenus 1o ooeum KpyTeiM (DP) ,=70-88°) MIOCKOCTAM — CIBHI.
ComnocraiieHne IpOCTUPAHUS HOAJIbHBIX INIOCKOCTENW ¢ TEKTOHUYECKOU KapTo pasio-
MOB Ha pucyHke 10 moka3sIBaeT cornacue ¢ JUHUSIMHA CUCTEMBI Pa3JIOMOB JICBOCTOPOHHE-
ro MypoBzaar-30/1cKoro rnonepeyHoro paioma.
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30.09.2012 t=05:14, M=3.9 Mw= 3.6 Ganja
40.370 46.390 12.000

‘v

Puc. 6. Mexanusm ouaza I'aHOMCUHCKO20 3eMAEMPACEHUS, NPOUZOULEOULE20
30 cenmabpa 2012 . ¢ macnumyoot ml=3,9. /
Fig. 6. Focal mechanism of the Gyandzha earthquake occurred on September 30,
2012 with a magnitude ml = 3.9.

30.09.2012 t=05.18, M=3.6, Ganja
40.370 46.380 12.000

Puc. 7. Mexanusm ouaea I[HONCUHCKO20 3emuempscers, NPoU30ueoueco
30 cenmsbpa 2012 2. ¢ macnumyoou ml=3,6. /
Fig. 7. Focal mechanism of the Gyandzha earthquake occurred on September 30,
2012 with a magnitude ml = 3.6.

02.07.2015 t=12:27, M=3.0, Ganja
40.350 46.310 10.000

Puc. 8. Mexanusm ouaea IHONCUHCKO20 3emuempsicerus, NPOU30ULeOuLe2o
2 urons 2015 e. ¢ maenumyoou ml=3,0. /
Fig. 8. Focal mechanism of the Gyandzha earthquake occurred on July2,
2015 with a magnitude ml = 3.0.

06.03.2017 t=06.24, M=3.7, Ganja

40.240 46.280 10.000

Puc. 9. Mexanusm ouaza I'sHOMCUHCKO20 3eMAEMPACEHUS, NPOU3OUEOULE20
6 mapma 2017 2. ¢ macnumyoou ml=3,7. /
Fig. 9. Focal mechanism of the Gyandzha earthquake occurred on Marcho,
2017 with a magnitude ml = 3.7.
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Tabnuya 2 / Table 2
ITapaMeTpbl MeXaHU3MOB 04ara 3eMJIeTPSICeHNH, pou3omeamux B ['THIKUHCKOM

peruone 3a nepuoa 2000-2020 ¢ maruurtynoii mi>3,0 / Parameters of the focal
mechanisms of earthquakes occurred in the Gyandzha region for the period
2000-2020 with a magnitude ml> 3.0

Mupora /| Josarora / LayounaH
Hara / Date Latitude | Longitude Strk | Dp | Slip | Strk | Dp | Slip | Ml |(xm)/Depth H
(km)
2012.09.30| 40.37 46.39 |356.7|86.3|-18.4| 88.0 | 71.6 [-176.1| 3,9 12
2012.09.30| 40.37 46.38 | 243 |80.4| 15.3 |291.7|74.9|170.1| 3,6 12
2015.07.02| 40.35 46.31 83.2 189.0|179.5[173.2| 89.5| 0.96 | 3,0 10
2017.03.06| 40.24 46.28 | 73.7 126.8|109.9|231.5|64.9| 80.2 | 3,7 10
[’e / Sheki \«;
}}:}/ E'- ;"\
////, e
— //
30.09.2012 t=05:14, M=3.9

rd /ﬁ

| 30.09.2012 t=05.18, M=3.6

1
i
'~ i
o K'/ /7 g \
7\ -.' = ‘I
”~ ///‘\ o1 Qf\‘ B 1
N \ + '
//;\\ O E i
S - e \
7 2N R e (|40
13N e )
\\l_ll‘yum / BN ?(:“Q '(.
s \Shushal “Z &
\ AN > |
- \\ a -~ \" By
Z g P s i ’?/a’ ™
i " el N i /' '
- s %
6, Ny F, /,
) E- - \\- ] 1
,// Y F-\u)‘ ’J_‘//
% /
06.03.2017 t=06.24, M=3.7 s /%\ Z , * Mllﬂd“/ Zangilan G
-
45 ==g5| -# 48

Puc. 10. Tun noodsudicku — nesocmoponnuil cosue. /
Fig. 10. Type of the adjustment movement — lefi-lateral fault
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BbiBOADI

AHanu3 UCTOpHUEcKoro karactpoduueckoro ['THIKUHCKOTO 3eMIIETPSICEHHSI MPO-
nzomenamero 30 centadpsa 1139 r. mokazan, 4To 3eMIIETPSICEHUE TPOM3OILIO MOJ JeH-
CTBUEM CIKUMAIOIUX HAMPSKEHUH.

OCHOBBIBasICh Ha 3aKOHE MONO00USI 0YaroB 3eMJIETPSICEHHI, a TaKKe yYUTHIBAs TOT
(akT, 9YTO KOOPAWHATHI SMUILEHTPa [FIHIKUHCKOTO 3eMIIETPSCEHUS MPHUOIU3UTENHHO
paBubl: mmpora — 40,30 u gonrora — 46,30, a mIyOMHA ovara cocTaBwiIa 15KM, HaMU
OBLI0 BEIOpAHO 4 3eMJIETPSCEHHUS MTPOU3OLIE/IINE B IpeesiaX JaHHOTO oyara 3a mepuoj
2000-2020 rr. Takum 06pa3oM, ObUT YCTAHOBIIEH THII TTOJIBUKKH JIEBOCTOPOHHUIN CIBHT,
COOTBETCTBYIOIIUH JIMHUSAM CUCTEMBI Pa3JIOMOB JIEBOCTOPOHHETO MypoBaar-307CKOro
nonepevHoro pasiaoma. Ock cxarus Obuia opueHTHupoBaHa B CB-F03-om HanpaBnenuu, a
ock pactspkenus B C3-IOB nanpasnenun. st 3emieTpsicenus, Tponu3oueanero 6 Map-
ta 2017 . ¢ MmarauTy0# ml=3,7 O6bUT yCTaHOBJIEH TUII IMOJBUKKH T10 TIEPBON TUIOCKOCTH
— HAJIBUT, IO BTOPOIl TNIOCKOCTH — B30POC C 3JIEMEHTaMH JIEBOCTOPOHHETO CIBUTA COOT-
BETCTBYIOIINN IWHAMHKE IPOI0JILHOr0 MypoBaarckorop3opoco-uaasura. [yobuna oua-
ra konieonercs B mpenenax 10-12 kM. MomeHTHass MarHuTya JiIs 3eMJICTPSICEHUH, TIPO-
m3omenmux 30 ceHTsOps cocraBmiia Mw=3,6-3,4, nns 3emnerpsicenust 2 urons 2015 .
Mw=2,7 nnsa 3emnerpsacenus 6 mapra 2017 r. Mw=3 4.

Ananu3 rpaduka moBTOPSIEMOCTH TOKA3aJl, YTO BEPOSITHOCTH MOBTOPEHHS CUIIBHOTO
I'samxuHCcKoTO 3emnetpsicenus 1139 1. B ommwkarinmue 800 et cocraBmia 0,30.
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OCOBEHHOCTM CBSI3M MEXAY MPOCTPAHCTBEHHO-
BPEMEHHbLIM pACpeAEAEHNEM CENCMUYHOCTH,
YPOBHEM r€OAVMHAOMMYECKOTO MOTEHLIMOAQ OAOKOB
3€MHOWN KOPbI M PA3AOMHO-OAOKOBOW TEKTOHNKOW
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Crarbs noctynuna; 21.01.2021, nocne peveHanposarms: 18.02.2021, npursita k ny6avkatmm: 10.03.2021

Pe3tome: AKTyanbHOCTb paboTbl. Bo3pocLuni HTEPEC K CENCMOaKTMBHOMY peruoHy BoctoyHoro Kaekasa
BK/OYas CaMylo CelicMOaKTWUBHYIO B €BPOMECKON YacT Poccum 06nactb AUKTYETCS TeM, 4TO B CADEpy MOBbI-
LUEHHBIX CEMCMUYECKNX BO3AGICTBIIA NONaAatoT KPYMnHble SHepreTuyeckne 06bekTbl Cynakckoro kackaga M3C, a
TaKXXe CTPOosLLEecs MHOXeCTBO Masbix 3G, 0CHOBHbIE TPAHCMOPTHbIE KOMMYHMUKALLW, BbICOKOBOIBTHbIE NAHUK
anekTponepeay, HedpTe-razonposofsl PesepanbHoro 1 pecnybnnkaHCcKoro 3Ha4eHmin, a3po- 1 MOPCKOi NopThl
1 KPYMNHble, Pa3pocLuMecs ropoaa v nocenku pernoHa. OTCyTCTBME UCCef0BaHNA NO Npo6eme OLEHKM reo-
JNHAMUYECKOI 1 re0TEKTOHUYECKON CUTYaLMN C MPUBIIEYEHNEM MaTepmara no UCTopum reonornieckoro passu-
TNS CUCTEMbI MOXKET NPUBECTM K HEXXeNaTesbHbIM 3KOI0rM4YecKuM nocneAcTBusam. 1o cBOUM paspyLIMTeNbHbIM
JeNCTBNAM, KOJIMHECTBY XKePTB, MaTepuanibHOMy yLiep6y 1 AeCTPYKTMBHOMY BO3LECTBMIO HA CPedy 06UTaHms
4enoBeKa, 3eMETPACEHUS 3aHUMAtOT OIHO U3 MEPBbIX MECT CPeaN APYriX BUAOB NPUPOAHbIX KatacTpod. 3T
rPO3HbIE ABMEHUS NPUPOLbI ONACHbI, NMPEX[e BCEro, NOTOMY, Y4TO NPOUCXOAAT TaMm, re Yer0BEK XXMBET 1 pabo-
Taet. /IcTopuYecku TaK CroXXunock, 410 MoLAM 6bIN0 YA06HO U 3KOHOMUYECKM BbIFO4HO CENUTLCH UMEHHO TaM,
rfe Bpems OT BPEMEeHU BO3HUKAKOT 3eMNieTpsiceHus. BOCTO4HbIN KaBkas B 3TOM MyiaHe He ABNIAETCHA UCKITHYe-
Huem. COBpPEMEHHbIe re0ANHAMUYECKM aKTUBHbIE 30HbI PErOHa B YCMOBMAX NO3JHEANbMUACKOrO TEKTOreHe-
33 XapaKTepM3yTCA UHbIMW Te0ANHAMUYECKUMU YCIIOBUAMU MO CPABHEHUIO C FEPLMUHCKONA 1 KNMMEPUNCKOMN.
AnbnuICKUIA 3Tan TEKTOreHe3a xapakTepu3yeTca 3Ha4nTeSIbHbIM MaKCUMyMOM CBOEi akTUBU3aLMK, C KOTOPbIM
CBSI3aHbl COBPEMEHHbIE re0IMHAMUYECKIE NPOLIECCH! U MOBbILLEHHAA COBPEMEHHAs CENCMUYECKas aKTUBHOCTb
pernona. Llenb uccnepoBanusa. YCTaHOBNEHWE OCOGEHHOCTEN CBA3M MEXOYy MPOCTPAHCTBEHHO-BPEMEHHbIM
pacrnpefiefieHieM CENCMUYHOCTI, YPOBHEM re0HaMM4eCcKOro noTeHumana 6/10K0B 3eMHOM KOPbl 11 pasfioM-
HO-6/10K0BOW TEKTOHUKOI pernoHa. Metoabl uccnegoBanus. OCHOBHbIMU MeTOaMU UCCIE0BaHNA ABNAOTCS
nasieocencMoreonorM4eckunii, CTPYKTYPHO-TEKTOHNYECKUA C YHETOM Te0AMHAMMYeCcKOro noTeHuuana 6/10K0B
PeruoHa 1 aHann3 NPoCTPaHCTBEHHO-BPEMEHHOIO pacnpefesneHns CEMCMUYHOCTM 32 UHCTPYMEHTASIbHbIA Mne-
puog HabnoaeHuin. PesynbTatbl UCCneaoBaHUs. YCTaHOBMNEHbI 0COOEHHOCTU CBA3W MEXAY NPOCTPAHCTBEHHO-
BPEMEHHbIM pacnpejeneHnem CeMCMUYHOCTM, YPOBHEM re0AMHAMINYECKOr0 NOTEHLMana 610KOB 3EMHOI KOPbI 1
Pa3nOMHO-6JI0KOBOW TEKTOHMKOM PEroHa 3aknioyatoLLecs B TOM, 4T0 06/1aCTH C NOBbILLEHHON COBPEMEHHON
CEeNCMNYeCKON aKTUBHOCTHHO XOPOLUO KOPPENUPYIOTCA C re0ANHAMUYECKUMI 30HaMK1, UMEOLLMMIN KPUTUYECKII
reoauHaMM4ecknin NOTeHUNan n UCTOPUYECKYIO aKTUBHOCTb. COCTaBNEHbl COOTBETCTBYIOLLMNE CEMCMOTEKTOHM-
Yeckune CXeMbl. BbifiBNIeHbl TPW CYOLUMPOTHBIE 30HbI NOBbILLIEHHON TEKTOHUYECKON aKTUBHOCTU B 1pearopHoi u
TOPHOI 4aCTAX PErmoHa, KOHTPONMPYEMble U3BECTHbIMM CyOKaBKa3CKUMM pasnomami. CocTaBfieHa npensapu-
TenbHas cxema 30H BO3 pernoHa.

KntoueBbie €n0Ba: reosiorn4eckoe CTPOeHMe, pernoHanbHas re0TeKTOHUKA, re0AuHaMIKa, naneoTekToHN-
Ka, COBPEMEHHAs CeICMUYHOCTb, NaneoCceinCMU4YHOCTb, COBPEMEHHBIE BMKEHUSA 38MHOI KOPbI, 04ar 3eMyeTps-
ceHus, 30Ha BO3.
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BeeapeHme

B pabote caenaHa MONbITKAa yCTAaHOBJIEHMS CBA3M MEXAY MPOCTPAaHCTBEHHO-BpE-
MEHHBIM pacIlpeielIeHHEM CEHCMHUUYHOCTH, YPOBHEM I€OJMHAMHUUYECKOIO MOTEHIMaa
0JI0KOB 36MHOM KOPBI U pa3IOMHO-010k0BOH TekTOHMKOI Boctounoro KaBkaza. CoBpe-
MEHHBIE T€OJMHAMUYCCKH aKTUBHBIC 30HBI PETHOHA B YCIOBUSX MMO3IHEATBITHICKOTO
TEKTOI'€HE3a XapaKTEepPU3YIOTCS HHBIMU I€0INHAMUUYECKUMU YCIOBUSMH 110 CPABHEHUIO
¢ repuuHckoil u kumMmepuiickoil [Koponosckuit, 1994; Munanosckuii, 1968; Xaun,
1973 u np.]. Anbnuiickuil Tan TEKTOTE€HE3a XapaKTEpU3YETCS 3HAYUTEIbHBIM MaK-
CUMYMOM CBOEM aKTHUBU3AIMH, C KOTOPBIM CBSI3aHbI COBPEMEHHBIE T€OJMHAMUYECKHUE
IIPOLIECCHI U TOBBIIICHHAs! COBPEMEHHAs celicMHUUYecKasi akTUBHOCTh peruoHa. l'eonu-
HAMUYECKH aKTUBHBIE 30HBI Pa3BUBAIOTCS, ITIABHBIM 00pa3oM, B yCIOBHSIX COMpsDKE-
HUS HEOTEKTOHUYECKUX CTPYKTYp, UMEIONIUX Pa3IUYHbIC TeOIMHAMHYECKHE YCIOBUS,
U UMEIOT TEKTOHUYECKOE MPOUCXOXKIEHUE. B pernone 3to — npearopHas yacthb (30Ha
kommu3nn KaBka3zckoro ckimamguaToro coopyxenus ¢ EBpoasuarckoit (Cxkudcekoii u Ty-
PAHCKOM) IIIUTOM).

Hccnenyemblit perTnoH B Ire0J10ro-reo(pu3nueckoM OTHOIIEHUU CUUTAETCSI XOPOIIIO
n3y4yeHHbIM [ApTiomkoB, 1979; bpox, 1938; byropun, I'anun, 1972; I'eonornueckas u3-
yaerHocTs CCCP, 1989; I'eonorus u HedTerazonocHocts Boctounoro [IpenkaBkasps,
1958; T'eonorust u HedrerazonocHocts ora CCCP, 1959; Koponosckuii, 1994; Kpac-
HomeBleBa u Ap., 1966; Kpusonuukuii, 1954; Mapkyc, 1986; Munanosckuii, 1968;
MunanoBckuii, XauH, 1963; Bachmanov at el., 2017; Imaeva at el., 2017; Bornyakov
at el., 2017 u ap.]. [lockonpky Hanbonee U3yUYeH U JOCTATOYHO XOPOIIO MOJKPEIUICH
(aKkTHYEeCKUM MaTepHalioM CEBEpO-BOCTOUYHBIA cermMeHT Bocrounoro Kaskasa, B pa-
00Te ynop nenaeTcss MMEHHO Ha 3TOT Y4acTOK, KaKk OOBEKT Hallero uccienoBaHus. B
OCHOBY M3y4eHHs ITyOMHHOTO cTpoeHHsi BocTounoro KaBkasa monoxeHsl npeacras-
JeHust 0 OJIOKOBOM CTPOEHHUH cyOcTpaTa B TOPHO-CKIIA4aThIX 00JIacTAX, KOTopoe ¢op-
MHUpPYETCS B pe3yJIbTaTe MOABMKEK 10 CUCTEME INTyOMHHBIX Pa3JIOMOB Pa3HOIO 3aJI0kKe-
HUSL.

LleAb UCCAEAOBOHUSI

Bocrounsiit KaBka3s npezacrasisieT co00i SHeproHachIIIEHHbIN 00K 36MHON KOpBI,
KOTOPBI B CBOIO OY€pe/lb COCTOUT U3 OJOKOB MEHBIIErO MOpsAKa, CPeIu KOTOPBIX
UMeIOTCs OJIOKM ¢ aHOMaJIbHBIMH 110 HHTEHCUBHOCTH (aMIUIUTY/IE) U UMITYJIbCUBHOCTH
(CKOpPOCTH) MPOSBICHUSMU T€OJUHAMUYECKHUX MPOIECCOB (C BHICOKUM reoJuHaMUYe-
CKMM NOTEHLHANIOM). ['eonnHaMuuecKuil moTeHuan o01aaaeT NpoCcTpaHCTBEHHO-Bpe-
MEHHON HECTaOWJIbHOCTBIO, KOTOpasi MpOSBISETCS B KBA3UIIEPUOJUYHOCTH Pa3HOIO
MIPOCTPAHCTBEHHO-BpeMeHHOro Maciutada [Maromenos, 2014 u np.; Maromenos, Ma-
MaeB, 2019]. Ha ¢one BbIpakeHHON pernoHajabHON AU(EepeHIIMPOBAHHOCTH HAIPS-
JKEHHOT'O COCTOSIHUSI 3€MHBIX HEJIp UMEIOT MECTO JIOKAJIbHbBIE AaHOMAJIbHBIE ITPOSIBICHUS
COBPEMEHHBIX M€OJJUHAMUYECKHUX MPOLECCOB (reoquHaMuyeckue anomanun). OTmeya-
FOTCSI IPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHBIE CBS3M MEXJYy N€OIMHAMUYECKUM
u (pIrouI0IMHAMUYECKUM peXXUMaMu ocafouHoro uexna (Bapransn, 1979; Bapranss,
Kynuxos, 1983; Kapakun, 1990; Kaceanosa, 1994; Kuccun, 1985; Maromenos, 2001 u
Ip.) ¥ T. 4. Llenbio 1aHHOTO HCcClieI0BaHus SBISUIOCH YCTAaHOBJIEHHE 0COOEHHOCTEN CBS-
34 MEXJYy NPOCTPAHCTBEHHO-BPEMEHHBIM PACHPENEICHUEM CEHCMHYHOCTH, YPOBHEM
reoMHaMUYeCKOro MoTeHIata 0J10KOB 3eMHOU KOPHI M pa3IoMHO-0JIOKOBOM TEKTOHU-
KO peruoHa.
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K=16
M~6.6-7.2

Puc. 1. Cybuupomnuie 30Hbl NOGLIUEHHON MEKMOHUYECKOU AKMUBHOCTU HA CE8EPO-60CIIOUHOM
ceamenme Bocmounozo Kaskasa.
Venosnvie 0603nauenus: 3omvl nogviuennoi mekmonuyeckou akmusnocmu. I — Ilpedeopnas, 11 —
Lenmpanvnas, 11l — I'opnas. Dnuyenmpul 3emaempscenuil ¢ SHepeemu4eckoll XapaKxmepucmurxot
(6 xporonocuueckom nopsoke): 1960-69 ce. (puoremoswiii ysem), 1970-1979 22. (kpacrouii yeem,),
1980-1990 ze. (kopuunesoiii ysem), 1991-2001 ze. (3enenviii yeem), 2002-2010 2e. (ocenmotii yeem),
2011-2020 ee. (cunui yeem) /
Fig. 1. Sublatitudinal zones of increased tectonic activity in the northeastern segment of the Eastern
Caucasus.
Legend: Zones of increased tectonic activity: 1 — Foothill, II-Central, IlI-Mountain. Earthquake
epicenters with energy characteristics (in chronological order): 1960-1969 (purple), 1970-1979 (red),
1980-1990 (brown), 1991-2001 (green), 2002-2010 (yellow), 2011-2020 (blue color)
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MeToAbl UCCAEAOBOHUS

CTpyKTYpHO-TEKTOHUYECKHUI aHaJ M3 MOKa3all 4YTo, CYLIECTBEHHas poyib B (HopMu-
POBaHUM COBPEMEHHOTO CTPYKTypHOTO miaHa Boctounoro KaBkaza npuHauiexxur pas-
PBIBHBIM HapyIICHUSM CyOIIMPOTHOTO M CYOMEpUAMOHAJIBHOTO HAIPaBJICHHHA YETKO
BBIpQ)KEHHBIM B penbede (pyHIaMeHTa U ONpeNeNsonmx ero 6aokoBoe crpoenue. Oc-
HOBHBIMH METOJIAMH UCCIIEI0BAaHUS SIBUIIHCH 11aJIE0CEHCMOT€0IOTHUECKHA, CTPYKTYPHO-
TEKTOHHUUYECKUH C y4eTOM Ire0IMHAMUYECKOT0 IIOTeHIInaa OI0KoB pernona [Maromennos,
2020] 1 aHanM3 MIPOCTPAHCTBEHHO-BPEMEHHOI'O PACIIPENEICHUS] CEHCMUYHOCTH 33 UH-
CTpyMEeHTaJIbHBIN Tiepuoa Habmronenuit (http:// www. ceme. gsras. ru).

Pe3yAbTATbl MCCAEAOBAHUI

B pe3synbrare npoBeAeHHBIX HCCIEAOBAHMM, HA CEBEPO-BOCTOYHOM cerMeHTe Boc-
toyHoro KaBkaza Hamu BblzieieHbl 9 KBa3MOJHOPOJHBIX OJIOKOB MECTHOTO MOPSIJIKA, a B
npeenax Kaxaoro — no 4 61oka HaMMEHbILEro MOPsIKa U ONPEeNIeHbl UX Fe€OAMHAMU-
YeCKHe MOTEHITMAJBI B YCIIOBHBIX equHuIax [Maromenos, 2020]. YcioBHBIN reoInHaMHU-
YECKHI MOTEHIIUAJ — YHEPTUS, HeoOXoaumasi i1t 00pa3oBaHUs 0JI0KAa 36MHOM KOPBI TOTO
pa3Mepa u GopMbl, KOTOPBIH OH UMEET B HacTosIlee Bpems B JaHHOH cTpykType. [lon
3HAYEHHEM Ie0JUHAMHYECKOT0 MOTEHIMala MOHUMaeTcsl PyHKLHUs, OTpa)karolias SHep-
reTuyeckoe coctosiHue O10koB nuTocdepnl. Ha crnenyromem sTane uccieqoBaHU CTO-
AJa 3a/1a4a onpeeNieHUs] 0COOCHHOCTEH CBS3M MEXIY IMPOCTPaHCTBEHHO-BPEMEHHBIM
pacnpeziesieHneM CeHCMUYHOCTU M Pa3IOMHO-0JIOKOBOM TEKTOHUKOM pPErMoHa, a TaKxKe,
YPOBHEM I'€0IMHAMUYECKOT0 TIOTEHIMaIa OJIOKOB 3€MHOI KOPbI peruoHa.

AHanus pacnpeneneHusi CEHCMUYHOCTH 32 MHCTPYMEHTAIbHbBIN EepHO1 HAOIIOAeHUM
(1960-2020 rr.) BBISIBHIT 3 CyOIIUPOTHBIE 30HBI TOBBIMICHHONW TEKTOHHYECKOW aKTHBHO-
ctu B [IpearopHoit u I'opHOM YacTAX peruoHa, KOHTPOJIUPYEMbIE N3BECTHBIMU KPYITHBI-
MU pazioMaMu cyOmmpoTHoro (kaBkasckoro) npoctupanus (I — [Ipearopnas, I1 — Len-
tpasibHag, 11 — [opnas) (puc. 1).

[TepBas, nHanbonee akTuBHAsE — KOHTposupyeTcs: Tepckum (CpeauHHBIM) pa3iIioMoM,
MEepEeXOsIIUM B FOT0-BOCTOYHOM HampasiieHuu Ha [IpuGpexnsiii u JlepbenTckuii pas-
oMb, a Takxke, [lmekpi-TeIpHbIay3CKUM Pa3ioMOM, KOTOPBIA OPUEHTHPOBAH Mapal-
JIEIBHO MIEPBOMY.

Bropas 30Ha koHTponupyeTcs: YHIYKyJIb-MyruOckuM npeamnonaraeMbiM [TyOUHHBIM
Pa3IoMOM C MPOJIOJIKEHHEM B I0T0-BOCTOUHOM HAIpaBJIEHUU B CTOpOHY A3zepOaiimkaHa
n [lorpaHrYHBIM pa3IOMOM, KOTOPBIM TAKXKE OPUEHTUPOBAH M1APAJUIEIIBHO IEPBOMY.

TpeTbst 30Ha KOHTpPOIUPYETCS Tak Ha3blBaeMbIM [ TaBHBIM KaBka3ckuM pazioMoM.

Bce Tpu 30HBI OTMEUYEHBI BBICOKOW COBPEMEHHON TEKTOHUYECKOW M CEMCMHUYECKOU
aKTUBHOCTBIO (puUC. 1) U cOmTacyroTcsi ¢ HCTOPUUECKON aKTUBHOCTBIO (pHC. 2).

Ha 3ToM 0OCHOBaHMM 30HAM IOBBIIIEHHOW TEKTOHMYECKOW AKTUBHOCTH MPHUCBOCHA
MOTEHIMAIbHAs CEHCMHMYECKasi aKTUBHOCTh U COCTABIIEHbI CEHCMOTEKTOHMYECKHE CXe-
MBI B COOTBETCTBYIOLIEM MaciiTade. Pe3ynprarel MpUMEHEHHS METO/1a CEHCMOTEKTOHU-
YECKHUX aHAJIOTH JIJIsl pETHOHA TIPEICTABICHBI B TAOMUYHOM opme (Tabdm. 1).

[Ipoekiuy runmoneHTPOB COBPEMEHHBIX U UCTOPUYECKUX 3EMIIETPICEHNN C MarHu-
TyAamu Oosiee 5 Ha THEBHYIO MOBEPXHOCTh OTPAXAIOT UX IMPOCTPAHCTBEHHbIE MOJIOKE-
HUS Ha CMECHUTEJISIX NIYOMHHBIX Pa3ioMOB IpH IyOuHax oT ~ 20 1o 80 kM, 4TO COOT-
BETCTBYET MHCTPYMEHTAJIbHBIM JAHHBIM U MojelsaiM cowieHeHus: Ckugceko-TypaHckoit
muThl 1 KaBkaszckoro ckiamgatoro coopykenusi [MunanoBckuit, 1968, 1987; Xaun,
1973; uT.1.].
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Puc. 2. Kapma snuyenmpog ucmopuyeckux 3eMiempsiceHuti ¢ MazHumyoamu bonee 5 na paziomHo-
6110K0601 CMPYKMype ce6epo-60CmouH020 ceemenma Bocmounozo Kaskasa.
Yenosnvie 06o3nauenusi:

1 — enybunnvie paziomvl (a — 0ocmosepHule, 6 — npeononazaemvie), 2 — paspléHvle HAPYULEHUSL 6
ocadounom uexie (a — docmogepuvie, 6 — npeononazaemvie), 3 — gppaecmenm Aepaxano-Tounuccko-
Jlesanmuiickoii 1e60c06u20601 30HbL 1-20 nopsioka, 4 — nanpasienue cmeujenust 610Kk08. dnuyenmpol
ucmopuueckux zemuempscenuti; I — semnempsicenus XVII-XIX 66. (naonuce: 66epxy — macHumyod, 6Hu3y
—oama), Il — semnempsicenus XVII eéexa, I — zemnempsicenus VII-XIII eexos /

Fig. 2. Map of epicenters of historical earthquakes with magnitudes greater than 5 on the fault-block
structure of the north-eastern segment of the Eastern Caucasus.

Legend:

1 —deep faults (a — true, b -inferred), 2 — faults in the sedimentary cover (a — true, b — perceived) 3 —
fragment Agrahara Thilisi Levantine levaldigi zone of the Ist order, 4 — direction displacement of the
blocks. Epicenters of historical earthquakes: I — earthquakes of the XVIII-XIX centuries (inscription:
above-magnitude, below-date), Il — earthquakes of the XVII century, 11l — earthquakes of the VII-XIII
centuries
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Tabnuya 1/ Table 1

CyOmmpoTHbIe 30HbI NOBLILICHHOH TEKTOHHMYECKO akTUBHOCTH CB cermenTa
Bocrounoro Kaskasa / Sublatitudinal zones of increased tectonic activity
of the NE segment of the Eastern Caucasus

30HbI IOBBIIEHHOM HNurtepBan riyoun | CelicMHMYHOCTD,
naon obser.
TEKTOHHYECKO M max | Mooy ouaroB, xv / Depth | 6ann / Seismicity,
akTuBHocTH / Zones of interval of point
increased foci, km
tectonic activity
I — Ilpenropnas / Piedmont 6,6 (1970) 8-17,25-40 9
I — Lenrpanbnas / Central 5,8 (1988) 10-33, 50, 60 8
Il — l'opras / Mountain 5,8 (1988, 2012) 10-80 9

[Mpumeuanwue: [Ipu BIIENCHUN 30H MaKCHMaJbHAs HAOMIONCHHAS B 30HE MarHUTYyAa MpU-
HHUMaJlach B KauecTBe M, .. / Note: When identifying zones, the maximum observed magnitude
in the zone was taken as M,,,,,.

IIepBas 30Ha NOBBIIIEHHON TEKTOHUYECKOW AKTUBHOCTH BBIJIEIAETCSA CPEAU OCTalb-
HBIX CBOEH aKTHBHOCTBIO M YPOBHEM I'€0JIMHAMUYECKOI0 MOTEHIMaa. 31eCh OTMEYAeT-
csl HanOOoJIbIIIee KOJMYECTBO ITYOMHHBIX MOTIEPEUYHBIX aKTUBHBIX PA3JIOMOB, TaKUX Kak
Uupkeii-Okulynakckuil, Axamibl-Kymropkanunckuii, Kakaroprosckuii, [lupaysckuit,
3ypamakentckuid, Wckanaepon-Maxaukanuuckuid, ['yonenbckuii, ['ampu-O3eHbCKUI,
HepOentckuii (monepeunsiii), Kacymkentckuii, Camypckuil U 1p. DNULEHTPHI 3eMile-
TPSICEHUI C MarHUTyZamMH Oosiee 5 TATOTEIOT K 30HAM IEPECEUEHHM 3TUX Pa3joMOB C
CyOITMPOTHBIMH.

Bricokasi KOHIIEHTpalusl AMULEHTPOB 3emiieTpsiceHuit ¢ M 6onee 5 oTmeuaeTcst Ha
CThIKe reoguHaMuueckoro onoka (Yupkeii-byitnHakck-MaxaukanuHckas 30Ha), UMeolLe-
TO HAauOOJBIIUN TEOIMHAMUYECKUN MOTEHITMAT U COBPEMEHHYIO0 aKTUBHOCThH [Marome-
108, 2020]. 310 BEICOKOCEHCMUYHBIN palioH K 3amaay oT Maxaukasbl 1 IPUYPOYEH OH K
BEPIIHMHE MONEPEYHOro NOJHATHS JlarecTaHCcKOro BHICTYIIA U OJHOBPEMEHHO K BEpOAT-
HOMY nponospkeHuto [mexkuin-TeipHBIay3CKOM MIOBHOM 30HBI. JTa 30HA COBPEMEHHOM
CEHCMHUYECKON aKTHBHOCTHU TAaK)K€ OJTHOBPEMEHHO MpUYypoUYeHa K 30He cowieHeHus Cy-
nakckoro BeicTyma ¢ Kamuyraiickum rpadenoM no Yupkei-DKknOynakcKoMy ITyOMHHOMY
pasnomy. 311ech K€ MPOCTUPAIOTCS y3KHE (IIUPUHON HECKOJIBKO KM) JIMHEHHO-BBITSHY-
ThI€ B CyOKaBKa3CKOM HalpaBiIeHUH, MEKOIOKOBbIE 30HbI (Y4aCTKH HOBEHILINX MOJHATUI
Y ONYCKaHWI 3€MHOW KOpbI) — paiioH Mwuamios, lllamxan-bynaka n Dxubynaka, rae B
MaMKOIICKOE BpEeMsI OTMEYaJIOCh MHTEHCHBHOE TpabeHo00pa3oBaHUe, B KOTOPHIX MOII-
HOCTb OCAJIKOB B 2 1 0oJjiee pa3 npeBbliliajia 3HAYeHUsI B CONPSHKEHHBIX O10Kax. [1yOuHbI
TUIOLEHTPOB B TOPCTax B CPEIHEM COCTABIISIOT 25 KM, @ B CMEKHBIX I'pabeHax — OKOJIO
10 kM, 4TO OTHO3HAYHO CBUIETEILCTBYET 00 UX MPUHA/IEKHOCTH K HAKIIOHHBIM CECcMO-
(OKaTBHBIM IIACTUHAM, O YeM CBUICTEIBCTBYET U HHTEHCHBHOCTH COTPSICAEMOCTH 10 9
0aJIJI0B MPH pa3HbIX IyOMHAaX TMIIOLEHTPOB.

Takum 00pa3oM, BBIIICH3IIOKEHHOE, a TaKXKe, pacIpeesieHne COBPEMEHHOH ceic-
MUYHOCTH ¥ YPOBEHb I€OJMHAMMYECKOT0 OTEHIMaNa 0J10Ka 56 O3BOJSET HaM MPUHSATh
3Ty 00J1aCTh 3a nmoTeHMansHyto 300y BO3 (puc. 3).
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Puc. 3. Kapma snuyenmpos semnempsicenuii ¢ MazHumyoamu 6oiee 5 HaniodceHHAsl Ha CXemy
2€00UHAMUYECKUX OIIOKO8 C PA3IOMHO-0]I0KOBOU CINPYKMYPOTL CE6ePO-60CIMOUHO20 Ce2MEeHMA

L ]

Bocmounozo Kaskasza ¢ gvluucienuvimu 2eoounamuyeckumu nomenyuanamu (¢ 1960 no 2020 2z.).
Venosnvie obosnauenus: 1 — nomenyuanbhvie 30Hbl OAHCUOAHUS BOIMONCHBIX OUA206 CUTLHBIX
3eMAemPACeHUl, UMeIouUe CyMMAapHble 3HAYeHUs 2e00UHAMULECKO20 NOMEHYUAd, 8 YCI0BHbIX
eounuyax, ¢ npedenax om 3,8 00 5,8. 2 — 610K, umerowulli HaubOIbUUL 2e00UHAMUYECKUT NOMEHYUAT
(5,8) u coepemennyio akmugenocms. 3 — 610KU, umerowue kpumudeckuti (bonee 2,9 ed. — 50% 6apwvep)
2eo0uHamuyeckull nomenyuai. 4 — npouue 610KU, UMeuUe 2e00UHAMUYECKUL NOMEHYUAT HUICE
Kpumuueckoeo. OcmanvHule ycio06Hble 0003HAUeHUs — KaK Ha pucyHke 1 /
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Fig. 3. Map of earthquake epicenters with magnitudes greater than 5 superimposed on a diagram of
geodynamic blocks with a fault-block structure of the north-eastern segment of the Eastern Caucasus with
calculated geodynamic potentials (from 1960 to 2020).

Legend: 1 — potential waiting zones for possible foci of strong earthquakes, having the total values of
the geodynamic potential, in conventional units, ranging from 3.8 to 5.8. 2 — the block with the highest
geodynamic potential (5.8) and current activity. 3 — blocks that have a critical (more than 2.9 units — 50%
barrier) geodynamic potential. 4 — other blocks that have a geodynamic potential below the critical one.
The remaining symbols are as shown in Figure |

Crnenytouieit akTUBHOM 30HOM siBiisieTcs JlepOeHTckas, ¢ mpurpaHuyHoi ¢ AzepOai-
KaHOM 00JIacThIO, TJIEe TaKKEe OTMEUYAETCs TOBBIIICHHAS COBPEMEHHAs U MCTOpPUYECKAst
ceficMuUecKasi aKTUBHOCTb W KPUTHUYECKHH ypOBEHb I'€OJMHAMHUYECKOTO MOTEHIIMANA.
[ToMrMO OTMEYEHHBIX 30H BBIICISIFOTCS €Il JIBe MOTeHIMa bHbIe 30H6I BO3: Jlarome-
xu-benokansi-3akaranuuckas u Yeuenckas (ApryH-I'ynepmec-XacaBlopToBckasi), e
TaK)Ke OTMEYASTCS BHICOKAsi COBPEMEHHAS U ICTOPHUYECKAst CEHCMUIECKasi aKTUBHOCTb.

Crnenyer oOpaTuTh BHIMaHHE U Ha oOnacTh nepecedeHus ['ampu-O3eHbCKOTO TITy-
OuHHOTO pasnoma ¢ YHIyKyab-Myruockum (Jleiioyk-XapOyk-Ypkapaxckas 30Ha), /e
KOHIICHTPUPYIOTCSI aKTUBHBIC PA3JIOMbI OCAJOYHOTO Y€XJIa U OTMEYACTCs MOBBIIICHHAS
ceficMuYecKasi akTUBHOCTh B MHCTPYMEHTAJIbHBIN Nepruo/ HaOMI0NeHNH, KoTopasi He Ha-
Orofanach, M0 UCTOPUUYECKUM JaHHBIM, 3a mociennue 400 et (30Ha ceHCMUYECKOTO
3aruiibs) [Mawmaes u 1p., 2009].

B pesynbrare npoBeieHHBIX HCCIIeI0BaHUM COCTaBIIeHA ITpe/IBApUTENbHAS CXeMa 30H
BO3 peruona (puc. 4).

3AKAKOYEHME

B pesynbrare npoBeeHHbBIX UCCAEA0BAHMIM:

1. BoisgBiensl 3 cyOIIMpPOTHBIE 30HBI MOBBIIIEHHON TEKTOHUYECKONW aKTHBHOCTHU B
[IpenropHoii u 'opHO# yacTAX peruoHa, KOHTPOJIUPYEMbIE U3BECTHBIMHU CYyOKaBKa3CKU-
MH pa3jiOMaMH.

2. YcTaHOBJIEHBI OCOOCHHOCTH CBSI3U MEXKIY HPOCTPAHCTBEHHO-BPEMEHHBIM pac-
MpeieJIeHueM CeHCMUYHOCTH, YPOBHEM I'€OIMHAMUYECKOTO TTOTEHIHaIa OIOKOB 3eMHOI
KOpBI U pa3IOMHO-0JIOKOBOM TEKTOHHUKOM perruoHa 3aKJIIo4aroifecst B TOM, 4TO 00JIacTH
C MOBBIIIEHHON COBPEMEHHON CEMCMMUYECKON aKTUBHOCTBIO XOPOLIO KOPPEIUPYIOTCS C
reoIMHaMUYeCKUMHU 30HaMu, umeromumu kputndeckuid (50%-it 6appep u BbllIE) reo-
JUHAMHYECKUI MOTEHIIMA U UCTOPUYECKYIO AKTUBHOCTb.

3. IlpeaBapurenbHO, B C€BEPO-BOCTOUHOM cerMeHTe Boctounoro KaBkasa, Beijerne-
HbI noTeHmanbHbie 30861 BO3. CoctaBnena npeaBapurenbHas cxema 30H BO3 peruona.

KoHeuHo, MHOTHE y3710BBIE BOIIPOCHI TEOTEKTOHUKHM PETMOHA 10 CUX IOp SABISIOTCA
JMCKYCCUOHHBIMHU. BO3HMKHOBEHNE 04aroB 3eMIIETPACEHUIN B PETHOHE, IO PE3yJbTaTaM
HaIlIUX UCCJEIOBAHUMN, SIBISICTCS CIEJACTBUEM IOBBIIICHHOW HOBEHIIEH (TOJIOIEHOBOM)
TEKTOHUYECKON aKTUBHOCTH, CIIEACTBUEM KOTOPOU SIBISETCS HAKOIUICHUE TEKTOHUYE-
CKHX HalpspKEeHUH, BO3HUKAIOIIUX KaK B/I0JIb OCHOBHBIX pasziioMoB ([Tmexkumi-ToipHbla-
y3ckuid, Tepckuii unu CpeauHsbii, YepHOTOpCKHii U Ap.), TaK U CIBUTOB BHYTPHU CaMUX
OJIOKOB BJIOJIb TTOTIEPEUHBIX pa3ioMoB (Uupken-Oxubynakckuii, Mckanaepon-Maxauka-
muHCcKuH, ['yonenckuii, 'ampu-O3enbckuii, Arpaxano-Towmmmccko-JleBantuiickuii 1-ro
TopsIJIKa | JIp. ).

[IpenBapuTenbHO BblAEIEHHBIE MOTEHIMAIbHBIE 30HB BO3 B yTOUHEHHOM BapHuaH-
T€, MOT'YT [TOCITY>KUTh OCHOBAHUEM JIs [IOCTAHOBKHU JIOTIOJIHUTENbHBIX T€0O(PHU3NUECKUX U
GPS (I'TTOHAC) — nabmofenuit, a Takxe reoe(opMallMOHHBIX HAOMIOIEHUH (COBMECT-
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Puc. 4. Ilpeosapumenvuas cxema 30n BO3 cegepo-6ocmounoeo cecuenma Bocmounozo Kasxkasa.
Venosnvie obosnauenus: 3onvt BO3: A — Yupketi-byunaxck-Maxauxanuncxas, B — Jlepbenmckas, C —
Yeuencras, D — Jlacooexu-benokanvi-3axamanunckas, E — Jletioyk-Xapoyx-Yprapaxckas. 5 — uzonunuu
K par Ocmanvivle ycnognvle 0603navenusi — Kaxk Ha pucynxe 3 /

Fig. 4. Preliminary map of WHO zones in the north-eastern segment of the Eastern Caucasus.
Legend: WHO zones: A — Chirkei-Buinaksk-Makhachkala, B — Derbent, C-Chechen, D-Lagodekhi-
Belokany-Zakatala, E — Deibuk-Harbuk-Urkarakh. 5 — K,,,,, isolines. The remaining symbols are as

shown in Figure 3
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HO ¢ HabmoneHueM 3a ['T/I-nonem) B peskuMe MOHMUTOPUHTA U TIOJIEBBIX pabOT MO KapTu-
pPOBaHMIO NajeoceicMoanciIokauii u naneoaedopmanwmii [ Taitmasos u np., 2019].

[TpuMeHeHHe JONOTHUTENbHBIX T'€0JI0r0-reo(pu3nIeCKuX METO0B U MOUCK MpU3Ha-
KOB IAJIEOCEICMUYHOCTH MO3BOJIUT YTOUHUTH MPEABAPUTEILHO BBIJECICHHBIE TOTEHIIN-
anbHble 30HbI BO3, 011eHUTh MaKCUMaJIbHO BO3MO)KHBIE MArHUTY/bI 1 CHU3UTB PUCK KO-
JIOTUYECKUX MOCJIEICTBUI COBPEMEHHON CEHCMUYHOCTH.
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Pestome: AKTyanbHOCTb PaboTbl. [€OTEKTOHWYeCKWe, NUTONOrMYecKue W naHfLwadyTHo-mopdosnoruye-
CKMe 0COGEHHOCTU TEPPUTOPURA, PYHKLMOHUPYIOLLNX TYPUCTCKO-pPeKpeaLmoHHbIX KOMMIEKCOB LieHTpanbHOoro
KaBkasa, onpefenstoT nnatopMeHHbIR Xapaktep pa3suTs CKMGCKORA NANTbI, FXKHON OKPAUHOI BOBMEYEHHO
COBMECTHO C MPUYSIeHEHHbIMU MUKponnuTamn-TeppeiHamn (Mpeakaskasckas, bevacbiHckas, BocTouHo-Kas-
Ka3ckas) B ropoo6pa3oBaresibHblii npouecc bonblioro Kaekasa. VIHO xapakTep reofiorM4yeckoro passuTus npe-
Teprnesin TeppuToOpPUI KXXHOTO CKNIOHA bonbluoro KaBkasa, BOBNEYeHHbIe B FOP006Pa30BaTebHbIA NPOLECC KakK
OKeaHU4eckue NauTbl — TeppeiHbl (3akaBkasckas nnuta, K>xkHas MUKPONIUTA — CIIOXKEHHbIe TOMLLE Yepeayto-
Lerocs oimwa raHNUCTbIX CRaHLEB ¢ MPOCOAMUN NeCYaHNKOB, Meprefei, U3BECTHAKOB). MpuxaTtas K XKeCTKOl
Ckudpckoir nuTe € tora 3akaBkascKoil niuToi, noanupaemMon Apasuiickon nnatcopmoint, KxxHas mukponnuTa
NOABEPrnach MHTEHCMBHON AedhopmMauine, ryOUHHBIM TEKTOHUYECKM NPOSBMEHUAM CyOLUIMPOTHON OPUEHTU-
POBKW, SBNSAOLMMCS KaHanamm akTMBHOr0 NPOABAEHNS 3HAOMEHHbIX reouHamMn4yeckux npoueccos. CosaaHue
TYPUCTCKO-PEeKpeaLoHHOro Komnekca Ha HOxxHoM cknoHe LieHTpanbHoro KaBkasa npeanonaraet nporH03 Tem-
MOB re03KONIOrMYECKO 3BOSTIOLIMN B YCIOBUAX aKTUBHON re0MHaMUKN U UHTEHCWBHOIO NPOSIBIIEHUS ONACHbIX
reonornyecknx npoueccos. Lienb uccnenosanuii - 30HUPOBAHNE UHTEHCUBHOCTEN YPOBHEI re03KOoI0rmyeckux
Harpy30K reofiMHaMU4Yecknx 1 KIMMaTu4eckux Bo3eMCTBUA Ans AUepeHLMPOBAHHOM0 LieSIeBOr0 UCMosib-
30BaHMs COOTBETCTBYHOLLUMX NNOLaze. B npouecce nccnefoBaHuin BbIsiBNEHbI Fe0AUHAMUYECKIUE W KITUMATU-
yeckue pakTopbl, XapakTepHble AN TEPPUTOPUM U PEanM30BaHO PaHXMPOBAHME UHTErPabHbIX BO3AENCTBUN
Ha uccnepyemoii Tepputopui. MeToamMka 3akntoyanach B paséueHn TeppuToprui Ha ANeMeHTbI NNoLWAAN pas-
mepamu 4x4 KB. KM, y4eTe 3Ha4uMMbIX (DakTOPOB BO3JENCTBUS HA 3N1EMEHT Nowwans n CyMMUPOBAHUMN UHTEH-
CWBHOCTEN, ONpefessemMblX 3KCNepTHbIMI OLeHKaMI PaHXUPOBAHUS, 00YCIIOBIIEHHbIX KaX/bIM U3 MPUPOLHbIX
BO3/ENCTBUIA. B npoLiecce pewleHns 3agay Obinn onpefieSieHbl reoANHaMUYecKue U KInumaTudeckne ¢haktopsl,
XapakTepHble AN TeppuTopum; anddepeHLUnpoBaHbl re0TEKTOHUYECKME U reOMOPONOrYECKIUe YCIO0BUA UX
NpPOSB/IEHNS; NPOBEJEHa 3KCNepTHas OLieHKa UHTEHCUBHOCTY BO3LENCTBUSA KXA0r0 (hakTopa no natnbansibHoii
CWCTEME 1 YCTAHOBJIEH CYMMapHbIii MakCUMasibHO BO3MOXXHBIA NOTeHUMan Bo3aencTeus. PesynbTarbl nccneno-
BaHWIA CTanu 0CHOBOWM COCTaB/EHNS COOTBETCTBYHOLLEN KapThl — CXeMbl 30HUPOBAHUS UCCNeSyeMOi TeppUTOpUn
Ha 30HbI C MHTEHCUBHOCTAMM, XapaKTePM3YHOLLMMU Pa3finyHble YPOBHU re03K0SI0rMYeCKo HarpysKu.

Kntouesblie cnosa: HOXHbIN CKNOH, LieHTpanbHbIi KaBka3, onacHble reoanHamMmnyeckune npoLecchbl, reo3ko-
NOrYecKas Harpyska, 30H1POBaHMe.

Ina yutuposanus: HYotyaes X. 0., bypasuesa 0.T., 3aanuwsunu B.b. 30HNpOBaHME BbICOKOrOPHbIX TEp-
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Abstract: Relevance. The geotectonic, lithological and landscape-morphological features of the territories
where tourist and recreational complexes are functioning in the Central Caucasus determine the platform nature
of the development of the Scythian plate. The southern margin of this plate is involved, together with the attached
microplate-terranes (Ciscaucasia, Bechasynskaya, East Caucasian), in the mountain-forming process of the
Greater Caucasus. The territories of the southern slope of the Greater Caucasus, involved in the mountain-forming
process as oceanic plates — terranes (Transcaucasian plate, South microplate — folded by a layer of alternating
flysch of clay shales with interlayers of sandstones, marls, limestones) have undergone a different character of
geological development. The Southern microplate is pressed against the rigid Scythian plate from the south by
the Transcaucasian plate, supported by the Arabian platform. It has undergone intense deformation, deep tectonic
manifestations of sublatitudinal orientation, which are channels for the active manifestation of endogenous
geodynamic processes. The creation of a tourist and recreational complex on the southern slope of the Central
Caucasus presupposes a forecast of the geoecological evolution rate in conditions of active geodynamics and
intensive manifestation of dangerous geological processes. The Aim of the study is the zoning of the intensity
levels of the geoecological loads of geodynamic and climatic influences for the differentiated target use of the
corresponding areas. In the course of research, geodynamic and climatic factors characteristic for the territory
were identified and the ranking of integral impacts on the studied territory was implemented. The methods
consisted in dividing the territory into area elements of 4x4 square km., taking into account the significant
factors of influence on the element of the area and summing up the intensities determined by expert estimates of
the ranking caused by each of the natural impacts. In the process of solving the problems, the geodynamic and
climatic factors characteristic for the territory were determined; differentiated geotectonic and geomorphological
conditions of their manifestation; an expert assessment of the intensity of the impact of each factor was carried
out according to a five-point system and the total maximum possible impact potential was established. Results of
the study became the basis for the compilation of the corresponding map — the zoning scheme of the study area
into zones with intensities characterizing different levels of geoecological load.

Keywords: Southern slope, Central Caucasus, dangerous geodynamic processes, geoecological load, zoning.
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BeseapeHre

PaccMmarpuBas 3eMHYI0 TOBEPXHOCTHYIO 000JIOYKY HE TOJIBKO KaK Cpely TeHepHpy-
IOIIYI0 SHEPTHUIO 3a CYET OMOJIOTHYecKoil nestenbHocTH [BepHaackuii, 1967], Ho U Kak
o0nacTh BO3JEHCTBUSI AaKTUBHBIX HEOPTaHWYECKUX areHTOB DHJIOTEHHOW MpPUPOAbI, He-
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TPYAHO OOBSCHUTH MPUPOAY, MACIITA0Bl M TEMIIbl BOSHUKHOBEHHSI COBPEMEHHON KOPbI
BBIBETPUBAHUS, IIMPOKOE PA3BUTUE YETBEPTUYHBIX 00pPa30BaHMA, COCTABIIAIOIIUX OCHO-
By OOJIBIIIMHCTBA OMACHBIX [€OJIOIMYECKUX POLECCOB.

JlnuTenpHOE paspyliaoliee BO3ICHCTBIE CTATUYECKUX HANPSHKEHUN U (PU3UKO-XU-
MUYECKHUX TOJIEW Ha MOPOJbl ONPEAENISIOT IPUYMHHO-CIEACTBEHHYIO 3aBUCUMOCTD JH-
JIOTEHHBIX U SK30T€HHBIX F'€OIMHAMUYECKUX MPOIECCOB, MOATBEPKICHUEM YET0 CIY>KUT
[IOBCEMECTHAs MPUYPOUYEHHOCTh OYaroB OINACHBIX 3K30M€HHBIX MPOILIECCOB K AaKTUBHBIM
TEKTOHMYECKUM HapyIICHUSM U UX JIMHEaMEHTaM. AKTHUBHbIE TEKTOHMUYECKHE Hapyllle-
HUs 0071a/1al0T K TOMY kK€ OMOJIOTMUECKUM JEeHCTBUEM depe3 (PU3NYecKue MoJisi-uHIu-
KaTOpbl, BIUAIOIINE HE TOJBKO HAa T€OJKOJIOTHIO TEPPUTOPUH, HO M HA SKOJOTHUYECKYIO
spomonuto [Cesnulevicius, 2005; Gentili et al., 2010; Pope et al., 2010].

NHTEHCHBHOCTD F€OIMHAMUYECKOTO BO3AEHCTBUS 3aBUCUT OT FEOIMHAMUYECKON aK-
TUBHOCTH JINTOC(eps! (IHAOreHHas! TeOAMHAMUKA), JIUTOJIOIMYECKOT0 COCTaBa 0Cai0u-
HOTO 4YeXJjia, YCIOBUN B3aUMOJICHCTBUS T€OJIOTUUECKON cpeibl ¢ aTMOC(epoi, KIIMMaTH-
YECKUX M3MEHEHMH (PK30reHHas reojuHamuka). [eonnHamMuyeckue M KIMMaTHYECKUE
MIPOIIECCHI OMPEACISAIOT TE€OIKOIOTUIECKOE COCTOSIHME CPEAbl OOMTAHUS M HBOJIOIHIO
3emiu B 1enoM. KputepusiMu Takol OLIEHKH PaccMaTpUBaIOTCs CEHCMUYHOCTH (penKo
U TEeKTOHUYECKHE TMOBMKKH) U TIOPAXKEHHOCTh TEPPUTOPHUH IK30T€HHBIMU MPOIIeCCaMu
[Abamaxos, 2007; CnuBak, Kumkuna, 2004; SAponkuii, Hotuaes, 2016] kak gpakTops! 110-
CTYIIHBIE YEJIOBEKY I uccienoBanus. Ho cBs3p naxe 3TUX ABYX IPOSBICHUM 36MHOMN
HBOJIIOIIMM Ha TOHKOM YPOBHE (KOMIUIEKCa (pU3NYecKuX nosei — 1eopMaluoHHbIX, AUC-
JIOKAIIMOHHBIX, SIEKTPOMArHUTHBIX, FTEOXUMUYECKHX, TETIJIOBBIX) OCTACTCS HESICHOM.

AHanu3 100010 3K30reHHOr0 MPUPOAHOIO Fe0I0rHuYecKoro npouecca, He3aBUCUMO
OT areHTa BO3/CUCTBUS, MOKA3bIBACT, YTO OOBEKT K COOBITHIO ATUTEIHHO MOATOTABINBA-
€TCSl DHJIOTEHHBIM T€OJAMHAMUYECKUM BO3JCHCTBHEM, BHIPAKEHHBIM Pa3IHMUHbIME (ak-
topamu [Persaud, Pfiffner, 2004].

OnHUM U3 TIIaBHBIX (PAaKTOPOB IIUPOKOTO PA3BUTHS YETBEPTUUHBIX OTIOKEHUN SBIISI-
€TCsI JUINTENIbHOE BO3/ICHCTBHIE YHIOTCHHBIX IPOIIECCOB HA KOPEHHBIE OPOABI B (hOpMU-
pOBaHNE COBPEMEHHOM KOPbI BEIBETPUBAHHUS. [{ariee HaYMHAEeTCs SK30T€HHBIN IPOLIECC €€
paspymienus u nepeotnoxkenus [Dill, 1994; [Txapoe, EBgokumos, 2020].

VYpoBeHb BO3/1€HCTBHUS HA TE0IKOJIOTMUECKYIO CPEy IHIOT€HHBIX U 9K30I'€HHBIX T€0-
JMHAMHYECKHUX MPOLIECCOB XapaKTEPU3YIOT LIMPOKO Pa3BUTHIE 10 IUIOLIAAN PA3IUYHbIE
TEHETHUYECKHUE THUIIbl YETBEPTUUHBIX OOpa30BaHMU, (OPMHUPYIOIIME MHOIOYHCICHHbIC
oyard OINacHbBIX 3K30T€HHBIX mporeccoB [Guzzetti et al., 1999].

DHJOTeHHAas] aKTUBHOCTH SIBIIIETCA MPUYMHHBIM (AKTOPOM aKTHUBU3ALUU SK30TCH-
HBIX MPOLIECCOB U OJHUM M3 MPU3HAKOB ITOTO SIBJISETCS YCTOMUYMBAs MPUYPOUEHHOCTh
MOCJIEAHUX K TEKTOHUYECKUM HapyIICHUSM U y3JIaM pa3HOPAHIOBBIX Pa3pbIBHBIX CTPYK-
TYp, O4aroBbIM 30HAM CEHCMUYECKOW U BYJIKAHOIUIyTOHHYECKOW akTuBHOCTH [lllemme-
neB, 2007; [lemnenes u ap., 2015], ormeuaemast Ha BCeM IPOCTPAHCTBE pa3BUTHsI AJlb-
IMUNCKON CKJIaq4aTOCTH.

BnusiHueM SHIOTEHHBIX MPOLECCOB MOXXHO OOBSCHUTH HE TOJBKO AKTHUBU3ALUIO
9K30I'€HHBIX T€0JIOTHYECKUX IIPOLIECCOB, HO U MHOTHE KIMMaTHYECKHE U3MEHEHUs (J10-
KaJIbHbIE MapHUKOBBIE 3((EKThI, anbOe0, SKCIO3UIHKSA, MOMIOIIEHHE, PAaCCeuBaHUe U
MHoroe apyroe) [Folguera et al., 2004]. Kornenius KTuMaTH4eCKUX U3MEHEHHH 3a CUeT
030HOBBIX JIbIP, BO3HUKAIOIIUX M3-3a BbIOpOCca B aTMochepy Xiop- U pTopcoaepKainx
(peoHOB, BHIIISAUT YK€ HE CTOJb JOTMAaTHYHO, U MapajlIeIbHO pacCMaTPHUBAIOTCS T€0-
JMHaMU4eckue (hakTopbl KIMMaTHYeCKol 3aBUcUMOCTH [be3epxuuii, 2019].

OOBeKThI, MPEACTABISAIONINE OYard OMACHBIX T€0JIOTMYECKHX MPOIIECCOB, CBSI3aHHBIC
C JIEIHWKAMHU | JIEOBOKAMEHHBIMH TJIeTYEpPaMH THUIIMYHBI JJI BBICOKOTOPHBIX PaiiOHOB
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COBpEMEHHBIX anblul. OHU B T€0IKOJIOTHYECKUX TPE0OPa30BAHUSIX UTPAIOT 3HAYUTEIb-
HYIO POJIb TMHAMUYECKUM BO3JEHCTBUEM Pa3pyIIUTEIHHOTO Xapakrepa (TTyOoKue phiT-
BUHBI, OTOJICHHBIE CKJIOHBI, CKYYHBaHHE KPYITHOOOJIOMOYHOTO Marepuaa).

[TocTneHUKOBBIN 3TaN aKTUBHOTO T€OAMHAMUYECKOTO BO3/IEUCTBHS OTYETIMBO MPO-
SIBIISIETCS HA y4acTKaxX aOINslny JICTHUKOB, T/Ie OOHAKAIOTCS aKTHUBHBIC TTyOMHHBIC pa3-
JoMbl. B ux npezgenax, B BUJe KOPOTKUX Pa3pbIBOB TPEIIMHHOIO TUIA, BO3HUKAIOT Ha-
PYLICHHSI, KYIHUCOOOPa3HO PACHOJIOKEHHbIE K IITyOMHHOMY pas3lioMy, M COCTaBISIOLIUE
C HUMHM €/IMHbIC JINHEAMEHThI, OPUEHTUPOBAHHBIE COITIACHO OPOTEHY. DTH HapyLICHUs
BO3HUKAIOT HE 32 CYET 3eMJICTPSCEHUI, a KaK OCTaTOYHbIE e(hopMalliu B IEPUOJIBI Ceiic-
mMudeckoro 3atuiibsi. Habmonenus B LlBeiiniapckux Anbnax mokasajid, 9T0 MaKCUMallb-
HOM CKOpOCTH MoabEMa MoBepxHOCTH (1,6 MM/TOIT), TOJBEPKEHBI YYACTKHU MOCISTHUMHI
cOpocuBIme neasHon nanuups [Newsome et al., 2013].

HogefitimMu nposiBIEHUSMU TITYOMHHBIX T€OJUHAMUYECKUX MPOIIECCOB SBISIOTCS U
CEHCMOTEKTOHUUYECKUE Pa3pPbIBbl, KOTOPBIE, KaK MPABUIIO, TATOTEIOT K KPYIHEHIIIUM TEKTO-
HUUYECKUM pa3pbiBaM. MakcuMalibHast X KOHIeHTpalus pukcupyercs o Tudckomy u Hap-
ckomy paznomam. [o npoTskeHHOCTH M IMpUHE NoJ0Ckl pa3BuTUa Hapckas 30Ha HOBeM-
IIUX CEHCMOTEKTOHMYECKHX Pa3phIBOB HE NMeeT ceOe paBHbIX Ha BceM CeBepHoM KaBkase.

OCHOBHblE reoAMHAOMMYECKME GAKTOPLI Y MHTEHCKMBHOCTL
X BANSIHNSG HO TEOSKOAOTNYHECKYIKO CUTYALUUIO

JIJi KOMMYEeCTBEHHON OIIEHKH T€03KOJIOIMYECKOTO BO3JAEHCTBHUS T€OIMHAMUYECKUX
(akTopoB caenaHa BHIOOPKA BCEX MPOSBISIFOIIMXCS T€OJUHAMHYECKUX U KIMMaThye-
ckux (hakTopoB [Masek et al., 1994; Sobel, Strecker, 2003; Hilley, Coutand, 2010; Varga
et al., 2011; Yang, Eitel, 2016], UHTEeHCUBHOCTH BO3JEHCTBUS KaXJOT0 M3 KOTOPBIX Ha
OKPY’KaIOIIyI0 Cpedy OlleHeHa Mo NATHOaubHOM cucteMe. [Ipu 3ToM B 0CHOBE Gab-
HOCTH paccMaTpHUBAeTCs HE CUjla COTPSCEHHs, a CIOCOOHOCTh Te0IMHAMUYECKOTO (ak-
TOpa K YCKOPEHHIO IEHYAAIUU TIOPOJ, OCIIa0IEHUIO NX HH)KEHEPHBIX CBOMCTB, Pa3BUTHIO
YETBEPTUYHBIX OTIOKEHUMN, OMACHBIX T€OJOTHUYECKUX MPOIECCOB U, B KOHEUHOM CUETE,
YCKOPEHHOMY M3MEHEHHUIO T€0IKOJIOTMUECKO CUTYallHH.

MaxkcumanbHbBIN paHr BO3IEHCTBUS OTIEIHHOTO (PaKTOpa yCTaHABIUBAJICS HA OCHOBE
METOAO0JOTHH IKCIEPTHHIX O1leHOK [[onbiman, 1976, 1980] B Buae yuera macconepeHo-
ca (0OBaJIBI-OCHITH, CEJTH, OTIOJI3HHU U T.11.) JaHAMA(PTHO-TeOMOPPOTOTHUSCKUX U3MEHE-
HUM (OABMKKYU JIETHUKOB, CXOJ] JJAaBUH) OXKHUJIA€MbIX JITUTEIbHBIX WU KPATKOCPOYHBIX
MOCIIEACTBUM (TEKTOHMUYECKHE, BYJIKAHO-ILTyTOHUYECKUE MPOSBICHUS, 3eMIICTPSICEHUS,
ceficmaucnokanuu). [IpuHATO, 4TO BO3IEHCTBHE HA T€OAKOJIOTHMYECKYI0 CUTyalnuio N
(hakTOpOB KakJasi MHTEHCUBHOCTHIO B OJIMH PAHT WJIH €IMHUYHBIA PAHT COOTBETCTBYET
HaUMEHbBIIIEMY BIHUSHUIO TaHHOTO (PAKTOpa Ha T€0IKOJIOTHYECKOE COCTOSIHHE, & YPOBEHD
5 panra — HauOOIbIIEMY.

Heo0xomumo 0TMETHUTD, YTO MIPU paHXKHUPOBAHUH T€OJMHAMHUECKHUX (DAKTOPOB MpH-
CYTCTBYET 3JIEMEHT CYOBEKTUBU3MA, HO C YBEIMUEHUEM UX YHCIIa, CyMMapHasi ollnoKa 3a
CyOBbEKTUBH3M MPUOIUKAECTCS K MUHUMYMY.

Jlna pacueta pucka R peanuzanuu Bo3AecTBHSI HCIIONB30BAIOCH CIIEAYIOIIEE COOT-
HOILICHUE:

R=WxD (1)

rae: W — cyMMapHOe, MaKCUMallbHO BO3MOXKHOE BO3/IEHCTBUE BCEX YUTEHHBIX (hak-
TopoB W=2X W_ ... paHr;
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D — yA3BUMOCTbh WJIM I€03KOJOIMUYECKOE COCTOSIHME KOHKPETHOW JIOKAaJbHOM ILIO-
I1aJIKH, PAHT.

Ri — puck nposiBiaeHus: Bo3eicTBUA OTAeIbHOTrO Gakropa Wi 1 peakuus JOKaIbHOM
IUTOIIAJIKU Ha BO3/IeHCTBHE AaHHOTO (hakTopa Di, COOTBETCTBEHHO,

Ri= Wi x Di, panr.

R=ZXRi 2)

Heo6xonumMo OTMETUTh, UTO TPU PAHKUPOBAHWU T€OIMHAMHYECKOTO (haKTopa Ipu-
CYTCTBYET 3JIEMEHT CyOBEKTHBH3Ma, HO C YBETMUEHUEM HX YHCIIa, CyMMapHast olIioKa 3a
CYOBEKTHBH3M MPHUOIMKACTCS K MUHUMYMY.

Ha ocHoBe reoprHamMuueckux (pakTopoB, pacpOCTPAaHEHHBIX Ha UCCIIEIYEeMOH Tep-
PUTOpPUH, COCTABJICHBI 1B TaOMuUIbl. B Tabmuie 1 nmpuBeaeHbl KOTMYECTBEHHBIE Xapak-
TEPUCTUKH BO3AEUCTBUN €0 JUHAMHYECKHUX MPOLIECCOB Ha F€0IKOIOTMUYECKOE COCTOSHUE
TUTOIIAIKH, 00YCIOBICHHBIX JTUTOJIOTHYECKUMHU, TeOMOP(OIOrHYECKUMHE, SHAOT€HHBIMH,
HK30TE€HHBIMH T€0JIOTHUECKUMU U IPUPOJHO-KIMMATHYeCKUMH (akTopamu. B Tabnure 2
MIPUBEICHBI PE3yJIbTaThl PacueToB pucKka Ri mposiBieHus: BO3AEHCTBUS OTAEIHHOTO (hak-
TOpa ¢ moTeHagtoM Wi Ha TUIOIIAAKY U €€ Te0KOJIOTHYECKON ya3BUMOCThI0 Di Ha co-
OTBETCTBYIOIIUH (PaKTop.

Tabnuya 1/ Table 1

dakTopbl BO31EIHCTBUS NeOAUHAMUYECKUX H KJIMMATHYECKHX NPOLIECCOB
HA re03K0JI0THYeCKoe COCTOSIHNE BLICOKOTOPHBIX TeppuTtopuii / Factors of
geodynamic and climatic processes influence on the geoecological state
of high-mountainous territories

No VYporenb Bo3aelicTus / Influence level

Buap! Bo3neiictsust / Types of influence Perpec-

Cna6wrii / | Cpenauit | Beicokuit

No. Weak / Mean / High CHBHHP.I/
Regressive
1 2 3 4 5 6
1 |3emrerpsicerns B OmmkHer 30He (R=50KM), ceiic-
MHUYecKas HHTCHCUBHOCTH B Oaitax / Earthquakes in <6 6-7 7-8 8-9

the near zone (R = 50 km), seismic intensity in points

2 |30Ha aKTMBHOTO HapyIIeHUS (IUIOTHOCTh Hapy-
wenuii B kM/kM%) / Active rupture zone (density of | 0,01 0,02 0,03 0,04
ruptures in km/km?)

3 |3oHa mepecedeHust CyOIIMPOTHBIX M CyOMepHIu-
OHAJIBHBIX HAPYIICHHH OT OJHOTO JI0 YETHIpeX H
BhIe (mepecedeHne) / Zone of intersection of sub- 1 2 3 4
latitudinal and sub-meridional ruptures from one to
four and above (intersection)

4 |3oHa pa3BUTHA TPEIIMHHON TEKTOHUKH Pa3INYHOM
IUIOTHOCTH B KM/KM? / Zone of fractural tectonics of| 0,03 0,05 0,07 0,09
different density propagation in km/km?

5 |30HBI, MOABEP)KEHHBIC BO3ICHCTBHIO CTATHYECKHUX
reou3nIecKnX, TCOXUMHUYECKHX IOJed B pajau-
yce medcTBHsl coObITHI MO0 S0KM, paccTosHHE B
km:10-20; 20-30; 30-40; 40-50 / Zones exposed to 3 4 5 6
static geophysical, geochemical fields within the
range of events up to 50 km, distance in km: 10-20;
20-30; 30-40; 40-50
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6 | 30HBI IIPOSIBIICHHS OT OTHOTO JI0 TPEX 1 O0J1ee COOBITHS
CeHCMO/IMCIIOKAINY B TIPE/ieNiax CTPYKTYpPHOTO OJIoKa 1 ) 3 3
/ Zones of one to three or more seismic dislocation
events manifestation within a structural block
7 |PacmpocTpaHeHue YETBEPTUYHBIX O0Opa3oBaHUI
Ha wuHTepBanax BbicoT: 1700-2000; 2000-2300;
2300-2600; 2600 u oIt / Distribution of Quaternary 122%%' 22%%%' 2236%%' >2600
formations at the altitude intervals: 1700-2000;
2000-2300; 2300-2600; 2600 and higher
8 | Kopennsie nmopoast msrkue (1o 50 MIla), oOHaxeH-
HOCTh 40%); 50%; 60%; 70% u 601¢ee / Soft bedrock
(up to 50 MPa) with the exposure 40%; 50%; 60 %; 40% S0% 60% 70% =
70% and more
9 |basuc apo3un 1000M u Oonee, Ha BbicoTax oT 2000
U BbILIE, C yueToM ojesenenus / Baselevel is 1000 m|  2000- 2500- 3300- 3500-
and more, at an altitude of 2000 and higher, taking| 2500 3000 3500 4000
glaciation into account
10 |Basuc spo3uu 500M Ha BeicOoTax OT 1500 m BBIIE /|  1500- 1700- 1800- 1900-
Baselevel is 500 m at an altitude of 1500 and higher 1700 1800 1900 2000
11 |basuc sposun mo 500m Ha BeicoTax oT 1500M u 1300- 1100- 1000-
ke / Baselevel is 500 m at an altitude of 1500 and 1500 1300 1100 >1000
lower
12 | Pesibed ¢ yrmamMu HakJIOHA MOBEPXHOCTH 70 15° mo| o0Bajib- | MOpeH-
) ! OIIOJI3HE-
reneTndyeckuM turam rpyHtoB / Relief with surface | Ho-ockin- | HbIe oTIIO- | ceneBble /
slope angles up to 15 ° according to genetic soil types | Hble / JKEHHMs / BhIc/
13 |Penped ¢ yrmamu HaKJIOHa TOBEpXHOCTH 15-20°mo | oOBamb- | oOBaib-
) . OIIOJI3HE-
reHeTHdeckuM Tunam rpyHToB / Relief with surface | Ho-ochIn- | HO-OCHIM- | ceneBbIe /
slope angles of 15-20° according to genetic soil types| HbIe / HEBIE / BeIc /
14 |Penbed c yrmiamu HakioHa moBepxHocTH >20° mo| oOBajb- | 0OBaub-
. . OIOJI3HE-
reHeTnyeckuM tuiam rpyHrtoB / Relief with surface | Ho-ockIn- | HO-OCHIII- | cerneBble /
slope angles > 20° according to genetic types of soils | Hbie / HbIC / BbIc /
15 |MomHOCTh YeTBEPTUYHBIX OTIMKEHHH 0-5M, mpu
pa3nmuuHBIX yriax HakimoHa, rpan. / Thickness of
Quaternary sediments 0-5 m at different slope angles, 1215 15-20 20-25 25m>
degrees
16 | MoIHOCTh 4eTBEPTUUHBIX OTIOKEHHH 5-12M mnpu
pa3uyHbIX yriax HakioHa, rpan. / Thickness of
the Quaternary sediments 5-12 m at different slope 12-15 15-20 20-25 25m>
angles, degrees
17 |MomHOCTh YeTBEPTUYHBIX OTIOKEHHUN Oomee 12 M,
MIPH pa3IMYHBIX yIIax HakioHa, rpad. / Thickness
of the Quaternary sediments more than 12 m, at 1215 15-20 20-25 25m>
different slope angles, degrees
18 | Cenn, OT OMHOTO 10 5 U BBIIIE 32 CE30H, 00HEMOM OT
10 thIc. M 1 Gonee / Mudflows, from one to 5 and ) 3 4 5
more per season, with a volume of 10 thousand m?
and more
19 | Onon3uu B 061em oobeme 3a rox ot 10 Teic. M3 10 2
muH M/ Landslides in total volume for the year from 50 75 100 150
10 thousand m? to 2 million m?
20 | O6Banbl — ocwimu 10 5000 M3 Teic. M* / Landslides —
debris streams up to 5000 thousand m? 75 100 150 200
21 |IInockocTHOM cMbIB, uomaabio ot 0,05 1o 0,10 km?
u BbIlIe Ha KM? mioniaau / Sheet wash, with an area 0,05 0,06 0,07 >0,1

0f 0.05 to 0.10 km? and more per km? of area
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22 | Dpo3nOHHast IESATENbHOCTh PeK oT 1 10 5M/4 Ooko-
Boit apo3un / Erosivity of rivers from 1 to 5 m/h of 1,0 2,5 4,0 5,0
lateral erosion
23 | ConudumioKIiys MpH MOIIHOCTH 3aXBaTa MpoIeccoM
Mo BepTukanu ot 1-ro g0 4-x merpos / Solifluction 1,0 2,0 3,0 4,0
with a vertical capture thickness from 1 to 4 meters
24 CprHHaﬂ spo3us Ha ckioHax 20° u 6oxee / Channel 20 25 30 35>
erosion on the slopes of 20° or more
25 |KapcrooOpa3oBaHHe, OT OJHOTO 10 TPEX M BBIIIC
nposieiennid na km? mromanu / Karstification from 1 2 3 >3
one to three and more events per km? area
26 |JlaBuHbl, 10 4-Xx W Ooyee CXOIOB 3a CE30H /
1 2 3 4
Avalanches, up to 4 and more falls per season
27 |JlegHUKH W TJIETYEPHI JO TPEeX W BBIIIE COOBITHI
MaBOAKOBOrO Thma Ha Teppurtopuio / Glaciers and | ) 3 -3
gletchers up to three and more flood-type events per
territory
Tabnuya 2 / Table 2
PaH)KI/IPOBaHI/Ie BO3I[eﬁCTBHﬁ reoIMHAMHUYECCKUX KIIMMATUYECCKHUX IPOoIeCcCoB
HA re03K0J10TnYecKoe COCTOSTHHE BbICOKOTOPHBbIX Tepputopuii / Ranking the
influences of geodynamic climatic processes on the geoecological state
of high-mountainous areas
Becosoii Yposens BozaeticTust / Influence level
pelTHHr
Ne coObITHS, . . . Perpec-
n/n Bunsl Bo3neiictsus / Wi/ | CaObI, | Cpenunit, | Betcokuit, |
/ Types of influence Weight | WixDi/ | WixDi/ | WixDi/ | g .7
No. rating of Weak, .W1 Mean, 'W1 High, Wl Regressive
an event, x Di x Di x Di Wix Di ’
Wmaxi
1 2 3 4 5 6 7
I ®akropsl 3ng0renHoro Bosneiicteus / Factors of the endogenous influence
1 3emuteTpsiceHus B ONKHEH 30HE
(R=50kmMm), ceficMmuueckast HHTE€H-
cuBHOCTH B Oayutax / Earthquakes 5 1 2 3,5 5
in the near zone (R = 50 km),
seismic intensity in points
2 30Ha aKTUBHOTO HAPYLICHUS
(MUIOTHOCTD HAPYIIEHUH B KM/KM?)
. . 3 1 1,5 1 3
/ Active rupture zone (density of
ruptures in km/km?)
3 30Ha nepecedeHus CyOIMPOTHBIX
U CyOMepHANOHANBHBIX Hapy-
IICHUIT OT OJJHOTO 10 YETHIPEX U
BhIIIE (Iepecedenue) / Zone of 4 1 2 3 4
intersection of sub-latitudinal and
sub-meridional ruptures from one
to four and above (intersection)
4 30Ha pa3BUTHs TPELIMHHON TEK-
tonuku 0,03 g0 0,10 km/kM? u
Boliie / Zone of fractural tectonics 5 1 2 3,5 5
of different density propagation in
km/km?
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30HbI, OJIBEP)KEHHBIE BO3EH-
CTBUIO CTaTHYCCKUX TeO(H3HIUe-
CKHX, TEOXUMHUYECKHUX TTOJIeH B
pannyce AeUCTBUS COOBITHH IO
50kMm, pacctosinue B kM: 10-20;
20-30; 30-40; 40-50 / Zones
exposed to static geophysical,
geochemical fields within the
range of events up to 50 km,
distance in km: 10-20; 20-30;
30-40; 40-50

30HBI IPOSIBICHHUS OT OAHOTO 10
Tpex u 6osee COOBITHS ceficMO-
JIICTIOKAIIMY B TIPEJIENIaX CTPYK-
TypHoro 0Onoka / Zones of one to
three or more seismic dislocation
events manifestation within a
structural block

II JIntosiormueckue ¢paxkro

poi / Lithological factors

Kopennsie mopoas! Msarkue (10 50
MITa), ooraxxenHOCTH 40 %); 50 %);
60%; 70% u 6oiee / Soft bedrock
(up to 50 MPa) with the exposure
40%; 50%; 60%; 70% and more

1,5

bazuc spo3un 1000 M u Gosee,

Ha BeicoTax ot 2000 u BEIIIE, C
yueToM oneneHenus / Baselevel is
1000 m and more, at an altitude of
2000 and higher, taking glaciation
into account

1,5

111 T'eomopdostornueckne pakto

bl / Geomorphological factors

Bazwuc spo3mn 1o 500 M Ha BBICO-
Tax oT 1500 M u Hmke / Baselevel
is 500 m at an altitude of 1500 and
lower

1,5

10

Penbed ¢ yrmamu HakIiIoHa 110-
BEPXHOCTH /10 15° mo reneruye-
ckuM Tunam rpyHToB / Relief with
surface slope angles up to 15 °
according to genetic soil types

1,5

11

Penped ¢ yrmamu HaKIIoHa TIO-
BepxHOCTH 15-20° 1o reHeTHYe-
cknM TrmaM rpyHToB / Relief with
surface slope angles of 15-20°
according to genetic soil types

1,5

12

Penbed ¢ yrmamu HakiioHa mo-
BepxHOCTH >20° 1o reHeTnye-
ckuM THraM rpyHToB / Relief
with surface slope angles > 20°
according to genetic types of
soils

13

Penbed ¢ yrmamu mHakiona mo-
BepxHOCTH >20° 110 TeHeTHIe-
ckuM TrmaM rpyaToB / Relief
with surface slope angles > 20°
according to genetic types of soils

1,5

2,5
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14

30Ha aKTHBHOTO HapyIICHHS
(MUIOTHOCTD HAPYIIEHUH B KM/KM?)
/ Active rupture zone (density of
ruptures in km/km?)

4 2 2,5 3 4

v

DakTopbl IK30TeHHOT0 U MPHUPOTHO-KJIUMATHYECKOr0 XapakTepa / Factors of exogenous and
natural-climatic character

15

MOHIHOCTI) YCTBEPTUYHBIX OTJIO-
skeHuit 0-5 M, Ipu yIiax HakJIoHa
12-25°u 6onee / Thickness of
Quaternary sediments 0-5 m at
slope angles of 12-25° and more

16

MoImHOCTh YETBEPTHYHBIX OTIIO-
JKeHUl 5-12 M, npu yIiiax HaKJIoHa
12-25°u 6onee / Thickness of
Quaternary sediments 5-12 m at
slope angles of 12-25° and more

17

MOHIHOCTI) YCTBEPTUYHBIX OTJIO-
JKeHui Oosiee 12 M, Tipu yriiax Ha-
kioHa 12-25° u 6omnee / Thickness
of Quaternary sediments over 12
m at slope angles of 12-25° and
more

18

Cenu, OT OJHOTO 10 5 M BBIIIE 3a
ce30H, oobeMam ot 10 TeIC. M3

u 0onee / Mudflows, from one

to 5 and more per season, with

a volume of 10 thousand m?® and
more

19

Ornon3au B 0011eM 00beMeE 3a
rog ot 10 Thic. M? 10 2 MJIH. M
/ Landslides in total volume for
the year from 10 thousand m? to 2
million m?

3

20

O6Babl — ockinu 10 5000 M3
tic. M° / Landslides — debris
streams up to 5000 thousand m?

21

[[10CKOCTHOM CMBIB, TIIOIIAIBIO
ot 0,05 1o 0,10 km? 1 BBIILIE HA
km? mnomaay / Sheet wash, with
an area of 0.05 to 0.10 km? and
more per km? of area

22

DpO3UOHHAsS IS TETBHOCT PEK OT
1 o 5m /gac 60KOBO¥i dpo3nu /

23

ConuurroKIust Mpu MOIIHOCTH
3axBara MpoIECCOM IO BEPTH-
Kaju oT 1-ro 10 4-X MeTpOB /
Solifluction with a vertical capture
thickness from 1 to 4 meters

24

CrpyiiHas 5po3us Ha ckioHax 20°
n 6onee / Channel erosion on the
slopes of 20° or more

25

Kapcroo6pasoBaHue, OT OHOTO
J10 TPEX U BBIIIEC HpOﬂBJ’[eHI/Iﬁ Ha
km? wiomau / Karstification from
one to three and more events per
km? area
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26 |JlaBuHBI, 10 4-X U OoJiee CXO0B
3a ce30H / Avalanches, up to 4 and 5 2 3 4 5
more falls per season

27 |JlegHWKHU ¥ TIETYEPHI IO TPEX
U BBIILIE COOBITHH MTaBOJAKOBOTO
Tuna Ha Tepputoputo / Glaciers 4 1,5 2,5 3 4
and gletchers up to three and more
flood-type events per territory
CymMMa MakCHMalbHBIX BO3ACHCTBUIA
¢daxtopoB W=XW, .. U CyMMBI PHCKOB
R=XRi, panr / The sum of the maximum 95 34,5 48,0 64,0 91,5
impacts of factors W=XW, . and the
sum of the risks R = ZRi, rank
Vazsumocte D = R/W wmiu reosko-
JIOTHYECKOE COCTOSIHUE IUIOLIAJKH /
Vulnerability D = R/W or geoecological
state of the site

1 0,363 0,505 0,674 0,964

30HHUPOBaHKE T€OIKOIOTHUECKOM Harpy3ku (puc. 1) mpoBeaeHO Ha OCHOBE BECOBOTO
BKJIaJia KaXKI0ro U3 (haKTOpOB, KOTOPHIE COCTABUIN 4 LEHTPOUAHBIC IPYMIbI: HATPY3-
ka cnabast, 30-40%; Harpyska cpenuss, 40-55%; narpyska Bbicokas, 55-70%; Harpyska
perpeccuBHas, Bbitie 70%. Pacuers Beimonusmuce 11t 105 takconoB (4x4km) B TUC-
texHonorusx [Zaalishvili, 2020a, 2020b].

Google Earth

|

Puc. 1. Cxema 30HUposanus UHMeHCUBHOCIU 2e0IKON0SUYECKOU HACPY3KU HA BbICOKO2OPHOU
meppumopuu.
Ypoesnu ceosxonozuneckoii naspysku om ceoounamuieckux eosoevcmeuil: 1 — crabwiii, 2— cpeonuii; 3 —
svicokuil; 4 — peepeccugnulii /
Fig. 1. Zoning scheme of the intensity of the geoecological load in the high-mountainous territories.
Levels of geoecological load from geodynamic influences: 1 — weak; 2 — mean, 3 — high, 4 — regressive
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IIpu 30HMpPOBaHUM TEPPUTOPUHU IO CTEMEHH I'€OIKOJIOTMYECKOW HArpy3KH MCIONb-
30BaHbl JIaHHbIE OJI0KOBOH U depeHIaluy TEPPUTOPUU U PA3BUTUS aKTUBHBIX TEKTO-
Hu4eckux Hapyuenuit [Hecmesnos, 2003] Kaz6ekckoro cermenTa meracBojia bosnbloro
KaBkaza u coBpeMeHHasi HEOTEKTOHMKA, BBISIBJIEHHAS I10]] [IOKPOBOM YETBEPTUYHBIX OT-
JOXKEHUH reopusnyeckuMu uccienoBanusmu [Yoruaes, 2020].

BbiBOADI

1. YcroliunBas mpuypOYEHHOCTh POSBICHUI OMACHBIX AK30T€HHBIX F€OJIOTMYECKUX
MPOIIECCOB K aKTUBHBIM ITyOMHHBIM TEKTOHUYECKHM HApYIICHHUSIM U CBSI3aHHON C HUMHU
TPELIMHHOW TEKTOHHKE MOCTIEAHUKOBOIO ITPOSBICHHUS] HEOTEKTOHUYECKOM aKTUBHOCTH
MIOATBEPKIAACT ONPENEISIONLIYIO POJIb SHIOICHHBIX IPOLECCOB B aKTUBHU3ALMU DK30ICH-
HBIX TPOLIECCOB U B MHTEHCH(PHUKALIMHU T€0IKOTIOTUIECKOM IBOIIOIIH.

2. 30HBI aKTUBHBIX PA3JIOMOB TEPPUTOPUHU MIPEACTABIISIIOT COOO0H OCNabIeHHbIE 30HbBI
13-32 TMOBBIIICHHON Pa3IpOOICHHOCTH, TPEIIMHOBATOCTH, (MIIFOUOTIPOHUIIAEMOCTH, pa3-
YIUIOTHEHUsS TOPHBIX MOPOJI 33 CUET MAaCCONEPEHOCA IBUKYIIIUMUCS BOJIAMH, BBIIIIEIIa4H-
BaHWUs, B IIpeJiejax KOTOPBIX AKTUBHO Pa3BHBAIOTCA MPOLECCH AIPO3MOHHOIO paspylle-
Husl. TpeluHbl 1 0COOEHHO 30HbI TOBBIILIEHHOW UX KOHIIEHTPALMH, KaK U pa3JIoMbl, CHU-
K0T IIPOYHOCTHBIE CBOMCTBA U ITOBBIIIAIOT IPOHUIIAEMOCTh PACCEKAEMBIX UMH ITIOPOJ U
10 ATOM MpUYKHE OIATONPHUATCTBYIOT Pa3BUTHIO B0 HUX IEJIOT0 TEHETHUECKOTO psia
9K30T€HHBIX IIPOLIECCOB U, KaK CIEACTBUE, 3HAUUTEIBHBIX I€0IKOJIOTHYECKUX HArpy30K.

3. B tabmiuHOM popmare pazpaboTaH KOMIUIEKC TUITUYHBIX JUIS TEPPUTOPUHN TeOINHA-
MHUYECKHUX (PaKTOPOB IHIOTEHHOTO, YK30I'€HHOTO TUTIOB F'€0JIOTMIECKOM MPUPO/IBI U KITUMa-
THYECKOTO XapaKTepa, KJIacCU(HUIMPOBAHHBIX 10 MX MaKCUMAaJIbHBIM pacdeTHBIM BO3JICH-
CTBMSIM Ha T€0IKOJIOTUUECKYIO CUTYALIMIO B ITHOAJIIBHOM cHCTEME, CyMMa KOTOPBIX Mpe/I-
CTaBJISIECT IIOTEHIMAII BO3MOKHOM I€02KOJIOTMYECKOM Harpy3KU Ha OIPEEIICHHBIA TAKCOH.

4. s xaxnoro u3 105 TakcoHOB (4%4 KB. KM) TEpPPUTOPUU HA OCHOBE 3KCIIEPTHBIX
OLICHOK pacCYyuTaHa CyMMapHas MHTEHCHUBHOCTb I€03KOJIOTHYECKOM HArpy3KH IO BO3-
JeCTBUEM IreOIMHAMHYECKUX MIPOIIECCOB C YUYETOM I'€0JIOTHIECKUX U TeoMOophoornye-
CKUX YCJIOBHH pa3Butusi. OObeTMHEHNE TAKCOHOB C OJM3KUMHU BEIMYHMHAMU MTO3BOJIHIIO
IIOCTPOUTH KAPTY — CXEMY, BKJIFOUAIOIIYIO YETHIPE 30HbI C PAa3JINYHON MHTEHCUBHOCTBIO
T€0KOJIOTHYECKO Harpy3ku. Oco00 BBIIENSETCS 30Ha C PErPECCHBHBIM MPOSBICHUEM
BO3/ICHCTBHUS, TJI€ YPOBEHb I'€0KOJIOIMYECKOW HArpy3KH 3HAYUTEIBHO BO3pACTaeT B pe-
3yJbTaTe OIHOBPEMEHHOT'O BO3/I€HCTBUS I€0JOTUUECKUX (PaKTOPOB PA3IUYHON PUPOABI.
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Pe3stome: AKTyanbHOCTb paboTbl. 3aaHne CeiCMUYECKMX BO3EACTBUA B OTEYECTBEHHBIX CTPOUTENbHbIX
HOpMax MpaKTUYeCKN He MeHseTcs B TeveHue nocnefHux 60 net. HakonneHHble 3MNUPUYECKUE AaHHbIE MO
CUJTbHBIM [IBUXXEHUAM MO3BONAOT KOPEHHbIM 06pa30M YCOBEPLUEHCTBOBATbL METOAMKY pacyeTa 3[aHUN 1 Co-
OPYXXEHWIA Ha CelicMOCTONKOCTb. OXKNAETCS CHIDKEHME MOTPELIHOCTEN pacyeTa npumepHo Bagoe. Lienb pa6oTbl.
B nocnefHee BpeMs MHOr0 BHUMaHWA yoenserca npo6iaemam nOCTPOEHWS KapT CENCMUYECKOA OMacHOCTW B
yckopeHusx. OAHAKO N0 TPAAULIMM B HALLEIi CTPAHE TaKKe KapTbl OLEHMBAOT CEACMINYECKYH OMACHOCTb B Bannax
LUKaNbl CEICMUYECKO UHTEHCUBHOCTU. B 60NbLUMHCTBE CTpaH CEMCMUYeCcKas ONacHOCTb OLEHNBAETCS UMEHHO
B yCKopeHusix. CTpounuch Takne KapTbl 1 B Hallel ctpaHe. B yactHocTh, kapTbl OCP-97 n OCP-2012 umenn Ba-
PUAHT U B YCKOPEHUsX. MoCTPOEHNE KapT CEMCMUYECKON ONacHOCTI B YCKOPEHUAX HE UMEET NPUHLUNUANbHBIX
TpyAHocTei. [po6nema B TOM, Y4TO YCKOPEHMS He SBNAKOTCA afieKBATHOM MepOI CENCMMUYECKNX BO3LENCTBUIA.
bonee nonoBuHLI BeKa TOMY Ha3aj aMepuKaHCKNe Y4eHble Ha 3MNUPUYECKOM MaTepuane nokasanu, 4to cBsb
YCKOPEHWUI ¢ 6annamu, a, CiefoBaTesibHO, U C MOBPEXAAeMOCTb0 3AaHNil HEOHO3HAYHA: LLUKalbl CEAICMIYECKON
VHTEHCUBHOCTW Pa3fINyHbI ANS PasdHbiX PacCTOSHUIA 1 rpyHTOB. OwnbKa B OLEHKE MOCNEACTBUA 3EMNETPACEHUS
Mo YCKOPEHMAM rPyHTa MOXKET BOCTUraTh 2 6annos. CnegoBatenbHO, pacyeT 0XKnaaembiX BO3LENCTBII CriefyeT
NPOM3BOAUTL C Y4ETOM JPYruxX XapakTepucTuK CENCMUYECKUX BOMH. K TOMY )Ke, MONbITKM NOCTPOEHUS KapT
CEeNCMNYECKON ONacHOCTM CTPOUINCH 63 y4eTa AaHHbIX MHXEHEPHON CEiICMONOrnK U C HapyLIeHUAMN Npasun
Teopun BEPOSATHOCTEI 1 No3TOMY 06/11aJat0T HE TOSIbKO ONpefeneHHbIMU JOCTOMHCTBAMMW, HO U CEPbe3HbIMM
HefocTaTtkamMu. HeKOTOpbIe UCCIef0BaTeNN CYUTAIOT, YTO CKOPOCTM KONebaHWii NiyyLle KOppenupytoTes ¢ no-
BPEXIEHUAMU COOPYXXEHUI, N0 KpailHeid Mepe, MHOTO3TaXXHBIX 34aHWIA U NoA3eMHbIX Tpy6onposoos. MeTtogbl
pa6otbl. OfHAKO aHann3 3MNUPUYECKMX AAHHbIX NMOKa3an, YTO MCMOb30BaHNE YCKOPEHWIA, CKOPOCTEil N CMe-
LLIEHNI XapaKTepru3yeTcs NPUMepHO OAUHAKOBOM TOYHOCTLHD. PacCMOTpeHbI CNoCco6bI MOCTPOEHUS KapT 06LLero
CENCMINYECKOr0 paiioHMpoBaHUS. B [eiCTBYIOLLEN LUKane ceiicMuyeckoin nHTeHcnsHoctn FOCT P 57546.2017
MPUBEAEHbI OLIEHKIN KOPPENALMM NOBPEXAAEMOCTI 3[4aHNIA C Pa3NUYHbIMK NapamMeTpaMu CEMCMUYECKNX KOme-
GaHNii; yCKOPEHNAMM, CKOPOCTAMM, CMELLEHNAMN, MOLLHOCTBIO Kone6aHwnii rpyHTa. OLeHEHO BAKUSIHWE NPOAON-
XKUTENbHOCTY kone6aHuii. Pe3ynbTartbl paboTbl. [10Ka3aHo, YTO AaNbHENMLLIEe NOBbILEHNE HAAEXHOCTYN PacyeToB
06bEKTOB Ha CECMOCTOMKOCTb CBA3aHA C NPEACTaBIEHNEM CEiICMUYECKUX BO3ENCTBUA He C aMmiuTydamm
Kone6aHuin, a C 3HePreTUHECKUMU XapakTepUCTUKaMn CENCMUYECKNX BOJTH.

KnioueBble cnoBa: CTpouUTeNibHbIE HOPMbI, CEACMUYECKNE BO3AECTBUS, CEACMINYECKAs MHTEHCUBHOCTb,
YCKOPEHME, CKOPOCTb, CMELLEHNE, MOLLHOCTb, 3HEPrus ceiicMuyecknx konebanui, kaptel OCP B yCKOpEHUSX.

Ona umtupoBanus: Antukaes ®.®. O kaptax OCP B yckopeHusx. feonorna u reogpusuka Hra Poccun.
2021.11 (1): 95-103. DOI: 10.46698/VNC. 2021.24.94.008.
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Abstract: Relevance. The specification of seismic effects in domestic building codes has remained practically
unchanged over the past 60 years. The accumulated empirical data on strong ground notions make it possible
to radically improve the methodology for calculating buildings and other structures for seismic resistance. It is
expected that the calculation errors will be reduced by about half. Aim. Recently, much attention has been paid
to the problems of developing seismic hazard maps in accelerations. However, by tradition in our country, such
maps assess the seismic hazard in terms of the seismic intensity scale. In most countries, seismic hazard is
assessed in terms of accelerations. Such maps were also built in our country. In particular, 0SR-97 maps also
had a variant in acceleration. The construction of seismic hazard maps in accelerations has no fundamental
difficulties. The problem is that accelerations are not an adequate measure of seismic effects. More than half a
century ago, American scientists, using empirical material, showed that the relationship between accelerations
and points, and, consequently, with the damage to buildings, is ambiguous: the seismic intensity scales are
different for different distances and grounds. The error in assessing the consequences of an earthquake in
terms of ground acceleration can reach 2 points. Therefore, the calculation of the expected impacts should be
based on other characteristics of the seismic waves. In addition, attempts to construct seismic hazard maps
were built without taking into account the data of engineering seismology and with violations of the rules of
probability theory and therefore have not only certain advantages, but also serious drawbacks. Some researchers
believe that vibration velocities correlate better with structural damage, at least in multi-storey buildings and
underground pipelines. However, the analysis of empirical data showed that the use of accelerations, velocities
and displacements is characterized by approximately the same accuracy. Methods. Methods for constructing
maps of general seismic zoning, which have a higher accuracy in comparison with existing maps, are considered.
In the current scale of seismic intensity GOST R 57546.2017 estimates of the correlation of damage to buildings
with various parameters of seismic vibrations are given: accelerations, velocities, displacements, power of ground
vibrations. The influence of the duration of the oscillations is estimated. Results. It is shown that a further increase
in the reliability of calculations of objects for seismic resistance is associated with the representation of seismic
effects not with vibration amplitudes, but with the energy characteristics of seismic waves.

Keywords: Building codes, seismic effects, seismic intensity, acceleration, velocity, displacement, power,
seismic vibration energy, OGP maps in accelerations.
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BeepeHve

Po30BOi1 MeuTOl MPOEKTUPOBIIMKOB SIBJISIETCA KapTa CEMCMHYECKONM OMAacHOCTH B
yckoperusix. OlHako Mo TpaJuIMK B Hallell cTpaHe MapaMeTpoM TaKUX KapT SIBIISIOT-
cs1 0aJuIBl MIKAJIBI CEMCMUYECKOW MHTEHCUBHOCTU. B Hacrosiee Bpemst KapTa B yCKOpe-
HUSX MOocTpoeHa /i Tepputopun Pecnybnuku Kazaxcran. DTo BOCHPUHATO Kak KpyIi-
Heliee AocTxkeHne U npumep s usbickareneid B CHI. Crpounuck Takue KapThl U B
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Haiei ctpane. B 1996 r. meronamu 1eTanbHOro CeCMUYECKOro pailoHMpOBaHUs Oblia
IIOCTpOEHa KapTa B yckopeHusax st CraBpononbekoro kpas [Cocrasnenue..., 1999].
Kapra OCP-97 Bomuuia coctaBHOW 4acThlO B OmMyOiauKoBaHHYIO 1o srunoii OOH mu-
poByto KapTy cericMudeckort onacHoctu (Global Seismic Hazard Project). [Tockonbky
kapra GSHAP crtpounace B yckopenusix, To u kapra OCP-97-A umena takoil BapuaHT
[Ulomov, 1999]. 3ametum, uto i1t epecueta 6ayu10B B yckopeHus mkana MSK-64 ne
MIOJIOIILIA, TIOCKOJIBKY B ATOM ILIKaJI€ YyCKOPEHUs CONOCTABIIIOTCS C HUKHUMU I'PaHULIAMU
COOTBETCTBYIOILIUX JUANa30HOB celicMuueckoil MHTeHCUBHOCTU [Mensenes, 1978; Yno-
MOB, 1994, 2012]. B utore 1 nepecuera 6ajijioB B yCKOPEHHsI UCTIOJIb30BAINCH COOTHO-
meHus u3 [Anrukaes, [lleGanun, 1988]. [Tocnennue cOOTHOIIEHUS TPAKTUYECKU BOILTH
B JICHCTBYIOIYIO 1IKany ceicMuueckod matencusHoctu ['OCT P, 2017]. B 2012 . B
Wnucturyre dpusuku 3emin 6b11 cocTaBieH koMIuiekT kapt OCP-97* B yckopeHusx ams
nepuosioB nosropsiemoctu 100, 500, 1000, 2500, 5000 u 10000 ner [Ynomos, 2012].
Kapter OCP-2016 Taxxe uMenu BapuaHThl U B 6ajuiaX U B YCKOPEHUAX [3aBbsUIOB U Jp.,
2018]. IloctpoeHne KapT CENCMUYECKONW OMACHOCTU B YCKOPEHUSX MJIM JIPYIMX Xapak-
TEPUCTHKAX BO3ACHCTBHI HE MMEET MPUHIMIHUAIBHBIX TpyaHocTeil. [Ipobnema B ToM,
YTO YCKOPEHHUS HE SIBJISIIOTCA a1eKBaTHOM Mepoii celicMuueckux Bo3aeicTuid [Neumann,
1954; Murphy, O’Brien, 1977; Nuttly, 1976; Antukaes, 2012; Kyp6auxkuii, Kocaypos,
2016; 'OCT P, 2017; Tanun, 2019; Huang et al., 2020]. OmMnupuyeckue JaHHbBIE TOKa3a-
JIM, YTO CBSI3b YCKOPEHUH ¢ OaiiaMM LIKabl, a, CIeJ0BAaTEeIbHO, U C IOBPEKIAEMOCTbHIO
3JaHUH HEOJHO3HauHa. B 3Tux paboTax Ha SMIMPUYECKOM MaTepualie MoKa3aHo, 4TO
CBSI3b YCKOPEHUH ¢ OayiaMM IIKalIbl CeHCMUYECKON MHTEHCUBHOCTH pa3iinyHa JJIs pa3-
HBIX PAcCTOSHUM U IpyHTOB. M3 MarepuanoB paborsl HelomaHa cienyer, 4yTo npu ¢Guk-
CHUPOBAHHOW MHTEHCUBHOCTH B 0ajlaX ypOBEHb YCKOPEHUH U3MEHSIETCS C PACCTOSHUEM
o 3akony Ylg PGA = 0,36 Jlg R. CnegoBarenbHo, pu OAMHAKOBOW MHTEHCUBHOCTH aM-
IUTUTY/Ibl YCKOPEHUI MOTYT pa3inyarhes B TpH pasa u Oonee. Pasymeercs, Hetoman otna-
BaJI cebe OTYET, YTO PACCTOSIHUE OKA3bIBAET BIMSHUE HAa CEHICMUYECKYIO HHTEHCUBHOCTD
He camo 1o cebe. Kpome yckopeHMii CylecTBYIOT U Apyrue mapameTpsl, BIUSIONUE Ha
CENCMHUYECKYI0 HHTEHCUBHOCTb, POJIb KOTOPBIX YCUIIMBAETCS € paccTosiHueM. M3 npyrux
¢akTopoB HbptomaH oTmeyasl TpyHTOBbIE yciaoBuUs. [Ipy 3TOM posib IPYHTOB OTHIONb HE
CBOAMJIACH TOJIBKO K M3MEHEHUIO ypOBHs KosiebaHui. [lonckom napamerpos, onpeaess-
IOLUX MTOBPEKIAEMOCTD 3[JaHUI U JPYTUX coopykeHul, Hproman He 3aHnMMarcs us-3a
orpaHu4eHHocTH Marepuaina. B pabore Mepdu n O’bpaiiena no 900 3anucsim cUIbHBIX
JIBMOKEHUM HEOJHO3HAYHOCTh CBSI3U 0AJJIOB U YCKOPEHUH ObliIa MOATBEPKACHA.

Cnocobbl noctpoeHus KapTt OCP B YCKOPEHUSIX

OneHKy 0’KHaeMBIX YCKOPEHHH 0oJiee HaIe)KHO MOXKHO TIPOBOJIUTE HE ITyTEM Iepe-
cdera 0aJJIOB B YCKOPEHUS, a IMyTEM MCIIOJIb30BaHUs [TapaMeTPOB oyara u cpenl. Bxon-
HBIMU JIaHHBIMU OyJIyT MarHuTy/a 3eMJICTPSICEHUSI, TUI TOABUKKUA MO pasjoMy (IMoj-
JIBUT, B30OpOC, CABHT, cOpOC), KpaTyaniee pacCTOSHUE JI0 TIOBEPXHOCTH pa3iioMa, IPyH-
TOBBIE yCIIOBUS. [Ipy 7TOM HEOAHO3HAYHOCTH OIICHOK HE OyJeT. DMIUpPUUISCKUES JaHHBIS
MOKAa3bIBAIOT, YTO MOTPEITHOCTH OIEHOK BCE PABHO OCTAIOTCSI HEIOMYCTUMO OOJBIIH-
MHu. Kiaccuyeckum IpUMEpOM TOrO, YTO YCKOPEHUsS HE SBIIAIOTCS aJI€KBAaTHOW MEpou
CEICMUYECKUX BO3ICHUCTBUH, SIBISIOTCSA MOCIEACTBUS MEKCUKAHCKOTO 3€MIIETPSICEHUS
1985 1. m adrepioka TamkeHTcKOTO 3eMiteTpsicenust 1966 r. [lpu cemubamipHOM adrep-
moke TamkeHTckoro 3emierpsacenus: 1966 rona yckopenue cocrasuiio 0,69 g. [pu Mek-
CHUKAaHCKOM 3emJieTpsiceHnn B Mexuko npu 9 Oannax yckopenus He npesbimanu 0,175 g.
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KaxkoBo!? lnTencuBHOCTh B MexuKo Ha ABa Oaa Bbilie, 4eM B TalllkeHTe, a yCKOpEeHUe
no4TH B 4 paza HIKE. 3aMEeTHM, YTO CKOPOCTH Konebanuii u npu adrepuioke TamkeHT-
CKOTO 3eMJIETPSICeHUsI U MPU MEKCHKaHCKOM 3eMJIETPACEHUU OoJiee COOTBETCTBOBAIHU
Ha0II0MaeMoil MHTEHCUBHOCTU B Oasutax. JleficTBUTENbHO, B psAlE CIy4yaeB, CKOPOCTH
KoJieOaHUH JIydllie KOPPETUPYIOTCS ¢ TOBPEXKIaeMOCThIO 3Aanuii. [loaTomy B mocienHee
BpeMsi MHOTHE MPOECKTUPOBILIMKN HAYMHAIOT OTAABaTh MPEANOYTEHUE HE YCKOPEHUSIM,
a cCKopocTsM KoseOaHuil, Hanpumep, [ Yin-Min Wu et al., 2003; Akkar, Bommer, 2007;
Lanzano et al., 2013]. 1o sMnupu4ecKkuM JaHHBIM TOYHOCTH 3aJaHUS BO3ACHCTBHI B
CKOpPOCTSIX HE HAMHOTO JIy4llle, YeM B YCKOPEHUsIX. MOXKHO CUMTaTh, YTO MOIPEIIHOCTH
IIPU UCIIOJIb30BAaHUU YCKOPEHHUM, CKOPOCTEM M CMEILEHUN MPUMEPHO OJMHAKOBHI [All-
tukaes, 2012]. Ho OlleHKM MHTEHCUBHOCTHU O YCKOPEHHUSIM, CKOPOCTSIM U CMELIECHUSIM
B 00IIIeM cyyae He COBMaJaloT. BaxHbIM (aKTOPOM, BIMSIIOIIMM HA MOBPEXKIAEMOCTh
00BEKTOB, SABISIETCS MPOAOKUTENBHOCTD KoieOaHui, (pakTop, B HAIIMX HOPMax HE y4u-
ThIBa€MbIi. 3a pyOeKoM JUTMTENBbHOCTh KoslebaHuil yuntbsiBaercs [Arias, 1970]. dakrop
JUTUTEILHOCTH KOJICOAHUM TOKE BHOCUT CBOM BKJIAJl B HEOAHO3HAYHOCTH CBSI3H 0aJIJIOB U
amruTya [Anrtukaes, 2012].

B CIIIA mpakthyecku Juisi BCeX CEMCMOAKTUBHBIX 30H MMEIOTCS 3alUCU CUJIbHBIX
3emueTpsiceHnii. TakuMm 00pa3oM, B TaKUX CIydasx JUIsi KaXKIOTO paiioHa MPUBOMSATCS
peanbHbIe (WK Cllerka MacIITabupPOBaHHBIE) aKCEIePOrpaMMBbI. 3aMETHUM, YTO aKCEJIepo-
TPaMMBbl XapaKTEPU3YIOTCSI HE TOJIBKO aMIUIUTY/IOM, HO U CIEKTPOM, MPOJOJIKUTEIBHO-
CTBIO KoJIeOaHU U IPYTUMU mapameTpaMu. IToT MeTof ocymectsieH B CILIA 6narona-
PS HAJIMYKIO OKOJIO THICSYH CTAHIIUHN CUIIBHBIX JBMKCHUN U TIEpUOy HAOIIOIEHU I TOUTH
100 net. ITo MOHATHBIM NPUYMHAM JJIS HAlIEH CTPAHbI 3TOT IMYTh NTOKA HETOCTYIEH, XOTS
B HAIIMX HOPMaX PEKOMEHIYEeTCsI UMETh 3alMCH HE TO, YTOOBI JIsI K&KJIO0TO PETHOHA, HO
U U1 KaXKJ1I0M CTPOUTEIBHOM TUIONIAAKH.

BTopoii nyTh — NOCTpOEHHE KAPT Ha OCHOBAHMM TEOPETUYECKUX MOJIEJEH 04aroB
3emMileTpsceHUi U cpenibl. TOYHOCTh 3TOr0 METO/1a MOKa HU3KA, MOCKOJIbKY 3TOT METO/
OasupyeTcs Ha psjie JOMYIICHUI U TPEANOI0KESHHI, MHOTHUE U3 KOTOPBIX IPOTHBOPEUYAT
SMIUPUYECKUM JAaHHBIM. J1J1 MPUMEHEHHS TEOPETUIECKOTO METO/Ia BCE paBHO TpedyeTcs
MMETh 3alUCH CUJIbHBIX JBM)KCHHUI B UCCIEAYEMOM peruoHe. Pa3BuTue TeopeTuyecKux
METOJIOB pacyeTa CBSI3aHO C MEPEXOJIOM OT JBYMEPHOM MOJENM ouara K TPEXMEPHOM.
[Ipu noctpoenun kaptr OCP B Haleil cTpaHe OLEHUBAJIUCh MAaKCUMAJIbHO BO3MOXKHbBIE
MarHuTy/bl, IPUYEM MPUBOJATCS OLEHKH, OKpYyIJIeHHbIE A0 0,5 MarHUTYIHbBIX €IUHULI.
Tonbko 3a cueT OKpYIVICHHs OIMOKa OLIEHKH aMIUTUTY/ yCKopeHui nmpesbitaet 30% s
OmkHel 30HbI U 6oee 50% g nanpHel 30Hb1. Jla 1 cama OlleHKa MarHUTY/IbI B BUJE
M=M=0,2, roBOpUT O TOM, UTO Ucnonb3yercs 50% BEpPOATHOCTH AJI MPUBEACHHOTO 3HA-
YEHUS] MarHUTY/IbI.

K tperpemy cmocoby MOXKHO OTHECTH HauOoliee 4acTO HCIOJIb3yeMbI B HaIIeH
CTpaHe — MepecyeT OLIEHOK OMACHOCTH B Oauiax B 3HaueHus yckopeHuid. O HeocTaTkax
3TOTO METO/Ia TOBOPUIIOCH paHee. DUKCHPOBAHHBIM MHTEHCUBHOCTSIM B Oajiax COOTBET-
CTBYET JIMana3oH YCKOPEHHi, 00Jiee BBICOKOTO MOPSAKA.

OUEHKO HOAEXKHOCTM KAPT B OMMOAUTYAOX
CEeNCMNYECKNX KOAeDBAHNN

OreHKaMH HaJIS)KHOCTH KapT B YCKOPEHHSIX HUKTO He 3aHMMaiics. Jljis kapT B Oai-
JaX TPHUHSITO CYUTATh, YTO BEPOSITHOCTH IIPEBBIIICHNUS YPOBHS BO3JICHCTBUI COCTABIISET
10%, 5% u 1% nns xkapt OCP A, B u C cOOTBETCTBEHHO. 3aMETUM, UTO MPU ITOM JJIsI
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pacueToB mpuHATa JUCKpeTHas [1-o0pasHas Moaens pacnpeaeneHuss HHTEHCUBHOCTH. B
NEHCTBUTENFHOCTH HAOIONAETCS HOPMAIBbHOE pPacCIpe/eieHne OLIEHOK CeHCMHYecKOit
unTeHcuBHocTU [Kynues, lebanun 1970; [llebanun, 1975; Kynycos, 1990; [{unentox,
1987; Opapiackas, 2010; T'OCT P, 2017]. CrangapTHOE OTKJIOHEHHE MakpoOcercMHuue-
CKHX OIICHOK cocTaBisieT okoio 0,4 6amna. [lo sMmupuueckuMm JaHHBIM CTaHIAPTHOE
OTKJIOHEHHE aMIUTUTY/bl YCKOPEHUi B OnmkHel 30He coctasisier 0,17 exunui norapud-
Ma, 4T0 cooTBeTCcTBYeT 0,425 Ganna. ONeHKH MOTPEIIHOCTH, OTYyUYeHHbIE PAa3TUYHBIMU
criocob0amu, He COOTBETCTBYIOT OlLIEHKaM IMpeBbIleHHs Bo3aeicTBui B 10 %.

Comnocrasnenue (HopMbl peabHOTO PACIPEIEICHUs AMILTUTY/l MMKOBBIX YCKOPEHUN
B AnanaszoHe 7-9 0annoB, MOKa3aHo Ha PUCYHKE 1.

XOpoIIo BUAHO, YTO PEAIIBHOE PACIIPEAEIIEHUE TUIOX0 COMIACYETCS ¢ JUCKPETHBIMU
mopaensmu. Jlus 50% MaHHBIX MONAAa0T B Mpeelbl Juana3oHa, OTBEACHHOTO 001e-
MPUHATON AUCKPETHON MOJEINBIO I 3aJaHHON CeHCMUYEeCKOM MHTEHCUBHOCTH B Oajuiax
mkaisl MSK-64. U ato He pesynbrar okpymieHus. [1pu 3a1aHHOM HHTEHCUBHOCTH yCKO-
pEeHHEe rPyHTa B MH)KEHEPHOM JTMANla30HE MOXKET U3MEHATHCS OoJiee 4ueM Ha TOPSIOK.

100
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AlgPGA

Puc. 1. @opma unmezpanvhvix pacnpedenenuti yeKopeHutl 2pynma 0jis PUKCUPOBAHHOU UHIMEHCUBHOCU!
npamas aunus — 0 ouckpemuou I1-oopasnou mooenu wikanvt 'OCT P 57546.2017,
KPYICKU — IMAUpUYecKue 3nadenus no 488 sanucam cunbhvlx 0gudicerHuil /
Fig. 1. Form of integral distributions of ground accelerations for a fixed intensity: straight line is for a
discrete U-shaped model of the GOST R 57546.2017 scale; circles are empirical values from 488 strong
movement records
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Ceiicmnueckas mkana 'OCT P 57546.2017 B uH>kxeHEpHOM 1Mana3oHe OCHOBaHA Ha
OLlIEHKax crerneHel nospexacHus. llkana creneneil noBpexIeHN HACUUTHIBAET 6 Ipa-
JIalUii, BKJIOYasi HyJEBYI0. 3aMETUM, YTO IPAaJallii CTEIIEHU OBPEXKIEHUS IPEACTABIISA-
10T cOOOM TOXKe He YMCIIa, a HAMMEHOBaHUs rpajanuil. CelicMuyecKue nKaibl ceMencTBa
MepxkaJiian MOKHO OTHECTH K KaTEerOpUH IIKaJl MHTepBaioB [AnTukaes u ap., 2008]. s
TaKUX LIKaJl UCTIOJIb30BaHKE APOOHBIX 3HaUE€HUH OasljI0B BHoJHE AonmycTumo. [Ipobiema
COCTOUT TOJILKO B TOYHOCTH OIICHOK. Ha MHKeHepHBIH Juana3oH UHTEHCUBHOCTH (7-9
0aJuI0B) MPUXOIUTCS 6 CTeleHel MOBPEeXICHHUs, BKJIIOYas HyleByro. Takum oOpas3om,
TOYHOCTh MHXCHEPHBIX 00CIIEJ0BaHUI MOCIEACTBUN 3eMIIETPSICEHUs MTO3BOJISIET BECTH
rpaganuio ceiicMuyeckoro 3¢ dekra yepes nondania. 3aMeTUM, YTO MPU MHKECHEPHOM
00cCIIeZIOBaHUM TTOCJIEACTBUN 3eMIIETPSICEHUS, KaK MPaBUJIO, CTATUCTUYECKU IOTy4YaroT
JpOOHBIE 3HAUEHHSI CPETHUX CTEICHEH MOBPEXICHUM.

IToctpoenue kapt OCP ¢ rpaganueii B nosndana CylecTBEHHO YMEHBIIUT MOTpel-
HOCTb, CBA3aHHYIO C OKPYIVIECHHEM OLICHOK MHTEHCUBHOCTH [0 LIEJIOYMCIEHHBIX 3Haue-
HUL. Bripouewm, eciu olileHKa pe3ynbTaToB CEHCMHUYECKUX BO3/ICHCTBHM B Oasiax BIIOJIHE
a/ICKBaTHO ONMCHIBAET MOCIEIACTBUS 3EMIICTPACEHUI, TO aMIUINTY/Ibl KOJICOAHUN THM
KaueCTBOM He 0011a1at0T.

IIpu ucnionezoBanuu mkansl MSK-64 npebliieHne yckopeHuid cocTaBuT 0koi1o 33 %,
a IPH UCTIO0JIb30BAHUH HOBOH LIIKaJIbl (M3MEHEHHE aMIUTUTY/IbI B 2,5 pa3a Ha 6aun) 28 %. Ota
HOTPEIIHOCTh CBA3aHa TOJBKO C MPUHATON MOJIEINBIO PACIPEIeICHHS aMILTUTY/ U (PHK-
CHPOBAaHHOM MHTEHCUBHOCTH B Oayutax. CelicMudeckuil 3 QeKT ornpeaesnsercss He TOIbKO
YPOBHEM YCKOPEHHUI, HO U YPOBHSIMU CKOPOCTEHN M CMEILEHUH, a OLEHKHU IIOBPEXKIAEMOCTH
371aHUI U COOPYKEHMH 110 3TUM MapaMeTpaM OyayT B OOILEM CITydae He COBMAATh.

BAUSIHME MPOAOAKNTEABHOCTN KOAEOAHUI
HO CENCMUNYECKYHO MHTEHCUBHOCTb

Ha ceiicMuueckyto HHTEHCUBHOCTH OOJBIIIOE BIMSHUE OKA3bIBAET U MPOJOKUTEb-
HOCTb KosieOaHui. 3a pyOeoM 3TOT (aKTOp YUUTHIBACTCS IPU HCIIONIB30BAHUN MOJIETU
Apmaca [Arias, 1970]. B mkane TOCT P 57546.2017 umeeTcss aHajIor TaKOTO BO3JICH-
CTBUS. YUeT UIMTEIbHOCTHU KOJIeOaHUH CYyIIECTBEHHO CHHXKAET MOTPEHIHOCTh OIEHOK.
B pa6ore [AnTukaes, 2012] npuBOAATCS CTaHIAPTHBIC OTKIOHEHHS KOPPEISINHA CEHC-
MUYECKUX BO3ICHCTBHI B OayljlaXx C pa3IUYHBIMH MapamMeTpaMu CEHCMHUYECKOro IBU-
KeHusl TpyHTa. [y morapumMoB MUKOBBIX YCKOPEHHH CTaHIapTHOE OTKJIOHEHHE PaBHO
0,6 6amta. Bapuanuu cBsi3aHbI ¢ HOTPEITHOCTSIMH OIICHOK YCKOPEHUI U HHTEHCHUBHOCTH.
Jlnst ckopocTy KoJieOaHWM aHAJIOTMYHAsI OlleHKa cocTaBisier 0,55 6amra. [[ns BemuauHbI
(g PGA + 0,51g 1) — ananora ¢gyHkuuu Apuaca — cTaHZapTHOE OTKJIOHeHue paBHO 0,35
Oaa. 31ech T — MPOIOIKUTENLHOCTH KoeOaHu, onpenensemMas Kak UHTEpBaJl BpeMe-
HU, B T€YEHHE KOTOPOTrO aMIUIUTY/AA MPEBBIIIAET MOJIOBUHY MAKCHUMAalbHOTO 3HAYCHHUS.
Hakonet, ecnmu koppenupoBaTh CTENEHb MOBPEXKACHUS C IOTapU(PMOM MOIIHOCTH BOJI-
Hel (Ig PGA + 1g PGV) crannapthHoe otkinonenue coctaBuT 0,26 6amna. Hamo nmymarts,
YTO HAUBBICIIYI0 TOYHOCTH OyJeT UMeTh 3Heprus ceiicMuyeckoid BonHbI (1g PGA + Ig
PGV + Ig 1). D10 cnenyer u3 3akoHOB MexaHUKU. HeoOXonuMocCTh 3a1aHus ceiicMuye-
CKHX BO3ICHCTBUH B dHEepreTnueckux napamerpax ormedanu C. W. Housner, J. A. Blume,
N.M. Newmark, V.V. Bertero, u apyrue yuensie CIIIA, Utanuu, SInonnn, a B Haien
ctpane — A. A. Jlonras, M. A. Knsuko, 1. JI. Kopuunckuii, A. A. Iletpos, FO.JI. Pyrman,
A.M. V3aun, u apyrue. be3 pemenus 3Toi mpoOnIeMbl 0XXHIATh CYIIIECTBEHHOTO IPO-
rpecca B 001acTi CeHCMOCTONKOTO CTPOUTENBCTBA HE MPUXOIUTCS.
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Abstract: Relevance. The article reasonably shows that the uppermost layer of the Earth’s crust up to 25
kilometers is seismogenic. Aim. The article provides the evidence that crustal seismicity is generated not by
regional stress fields of a homogeneous shear, as it was adopted in the strategy for solving the problem of
earthquake forecast, but by local fields of exponential elastic stress. Such fields arise in one or another section
of a seismogenic fault due to the occurrence of a stress concentrator in this section. According to the Saint
Venant principle, such a stress concentrator (an additional load in the system) generates a local stress field of
an exponential form. In this field the maximum stress is localized in the areas of an increment load application
(in the fault) and decreases very quickly (exponentially) on both sides of the fault. Such stress concentrators
arise in those areas of a seismogenic fault, where displacements along the fault stop due to various reasons.
G.A. Gamburtsev foresaw this situation and very precisely called such concentrators as “seams”. The origin of a
local stress field at the place, where a seam appears, is caused by the following fact: the power impulse generated
by the seam is small compared to the linear momentum of the entire system of blocks of the considered fault
and, therefore, it will stop the displacement of blocks only within the seam; but the displacements of blocks
outside the seam will continue in the same mode. One can single out the following reasons causing stress
concentrators in the fault: variations in different stress fields, changing the value of the friction coefficient in the
fault; variations in fluid processes; the influence of temperature and pressure; mechanical “hooks” of blocks due
to irregularities of their contacting surfaces, etc. Methods. The fact of the existence of the considered local stress
fields is confirmed by geodetic studies, i. e. the results of repeated geodetic measurements in the epicentral
zones of strong earthquakes. Results. These results allow drawing the following conclusions: 1) the sign of the
preparation of a crustal earthquake source was reliably determined. This sign means the increasing deformation
of the elastic bending of rocks in the source in the course of time; 2) from the standpoint of solving the problem of
earthquake forecast, the main and decisive result of these studies is that the deformation processes occurring in
the impending source also capture the Earth’s surface, because this is precisely what opens up great opportunities
in solving this problem; 3) with the help of special geodetic systems (forecast profiles), one can detect the
places of the impending earthquake source preparation, i. e. make an accurate forecast of the site of a future
earthquake; 4) since the energy of the earthquake source is functionally related to its size, one can realize the
correct prediction of the maximum possible intensity of the future earthquake by determining the length of the
seismogenic fault section, elastically deformed by the preparation of the earthquake using the forecast profiles.

Keywords: regional and local stress fields, Saint Venant principle, elastic bending, geodetic monitoring,
earthquake forecast.
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Pe3stome: AKTyanbHOCTb paboTbl. B cTaThe 060CHOBAHHO MOKA3aHO, YTO CEICMOreHHbIM SIBASETCS CaMblii
BEPXHWIA IO 3EMHOM KOPbI MOLLHOCTBIO [0 25 KunomeTpoB. Lienb pa6oTel. B cTatbe NpuBefeHbl JoKasaTenb-
CTBA TOrO, YTO KOPOBAst CENCMUYHOCTb NOPOXAETCSH BOBCE HE PErMOHAIIbHBIMU NOSAMW HANPSXXeHWA OJHOPOA-
HOr0 CABUIa, Kak 37O BbIN0 NPUHATO B CTPaTErny pelleHns npo6aemMbl MPOrHo3a 3eMIeTPSACEHMIA, a NOKabHbI-
MM NONIAMM YNPYTX HANPSHXKEHUA 3KCMOHEHUNaNbHOro Buaa. Takue noss BOSHUKAKT B TOM UM UHOM Y4acTKe
CEMCMOreHHOr0 pasiomMa 13-3a nosiBEHNS Ha 9TOM Y4aCTKe KOHLEHTPATopa HanpsXxeHuid. COrnacHo npuHuuny
CeH-BeHaHa Takoi KOHLEHTPATOP HaNpshKeHWA (JONONHNTENbHAA HArpy3Ka B CUCTEME) MOPOXAAET JI0KaNbHOE
noJsie HanpsHKeHUN SKCNOHeHUManbHoro snaa. MakcumanbHas Benn4nHa HanpskeHns B 3TOM nosie pacnosioxe-
Ha B MECTE NPUN0XEHNS JONOSTHUTESIbHON Harpy3ku (B passioMe) U 04eHb BbICTPO (3KCMOHEHLNaNbHO) yobiBaeT
B 066 CTOPOHbI OT pasnoma. Takue KOHLEHTPATopbl HaNPsXKeHWA BO3HUKAKOT HA TEX y4acTKax CelicCMOreHHoro
pasnoma, Ha KOTOPbIX B CUIY TEX WK MHBIX NPUYNH NpekpaLlaloTes cMmeLleHns no pasnomy. . A. FambypLes
NPOBUAYECKU NPeABUAEN AaHHYIO CUTYaLIMI0 N 04eHb METKO Takie KOHLEHTPATOPbI Ha3Basl «cnankamm»», Bos-
HUKHOBEHWE NI0KASTbHOr0 NOJIA HANPSHKEHUA B MECTe NOABNEHNA Cnaiku 06YCOBMIEHO TEM, Y4TO UMMYNLC CUSbI,
NOPOXAAEMbIi CNaiKoi Man no CPaBHEHMIO C KOMUYECTBOM [BUXXEHWUA BCEl CUCTeMbl 6I0KOB paccmarpusae-
MOro pasnoma W, crefjoBatensHo, OH OCTAHOBUT CMELLEeHWe 6/10KOB JIULLb B NPejeniax Cnanku, Ho CMeLLeHus
6/10K0B BHe cnamku 6yayT NPOLOSHKATLCA B NPEXHEM pexxume. Cpean NpuynH, NopoXXaatoLLMX KOHLEHTPATOpPbI
HanNPsXXeHWin B pasfioMe MOXHO Ha3BaTb CreAytoLLne: BapuaLmm pasnuyHbIX nosiei HanpsHXKeHNN, USMEeHAoLLNe
BENUYNHY KO3 ULMEHTA TPEHNA B Pa3NOMe; BUSHNE TEMNePaTypbl U AaBNeHNs; Bapuauumn nongHbIx npo-
LLeCCOB; MEXaHWYecKue «3aLenbl» 6JI0KOB M3-3a HEPOBHOCTEN X COMpuUKacatoLuxcs nosepxHoctei u ap. Me-
ToAbl uccnepoBanus. OakT CyLLECTBOBAHUS paccMaTpuUBaeMblX JIOKaNbHbIX NONEN HanpsXKeHWid NoLTBEPXeH
reofie3n4eckuMn NCCefoBaHNAMMN — pe3ynsTaTamMi NOBTOPHbIX re01e3U4eCKIX U3MEPEHMNIA B ANMINLIEHTPANbHBIX
30HAX CUIbHBIX 3eMeTPACEHNIA. Pe3ynbTaTbl paboTbl. 3TU pe3ynbTaThl NO3BONAOT CAENATb CNEAYIOLLME BbIBO-
Obl: 1) BOCTOBEPHO ONpefesieH Npu3Hak noLroToBKM 04ara KOPOBOro 3eMETPSACEHUS, KOTOPLIM ABNSETCS Ha-
pacTatoLLas BO BpeMeHu fedhopmalins ynpyroro U3rnba ropHbIX Nopog B ero oyare; 2) ¢ no3uLmin peLeHmns npo-
611eMbl NPOTrHO3a 3eMJIETPACEHNIA TNaBHbIM 1 ONPefensoWmnM pes3ynbTaToM 3TUX UCCe0BaHIUiA ABASETCS TO,
4TO NPOUCXOLALLME B FOTOBALLEMCS 04are JeDOpPMaLIMOHHbIE NPOLECChI 3aXBATLIBAIOT U 3EMHYIO NOBEPXHOCTD,
160 UMEHHO 3TO OTKPbIBAET 6OJIbLIME BO3MOXHOCTM B PELUEHIN 3TON NPo6/iembl; 3) C NOMOLLBH CreLmnanbHbIX
reofie3nyeckux cucTem (MPOrHO3HbIX NPOnIIen) MOXXHO 06HapPYXMBaTb MeCTa NOArOTOBKM 04aroB rOTOBSALLMX-
Sl 3eMJIETPACEHWNIA, T. €. OCYLLECTBNATL TOYHbIA NPOrHO3 MecTa OyayLLero 3emMeTpaceHus; 4) Tak Kak SHeprus
oyara 3emneTpsAceHns yHKLMOHANBHO CBA3AHA C er0 pa3mMepamu, T0 Onpesenus ¢ NOMOLLLH NPOrHO3HbLIX NPO-
tbuneit LNUHY y4acTKa CEiCMOTeHHOro passioma, ynpyro 4eopmMUMpOBaHHOr0 MOATOTOBKONA 3eMITETPACEHNS,
MOXHO OCYLLECTBUTb U TOYHbIA NPOTrHO3 MaKCMManbHO BOSMOXHOM CUJTbl BYYLLEro 3eMIIETPSACEHMS.

KnioueBble cnoBa: pervoHanbHble 1 NOKaNbHbIE MO HanpsXKeHui, npuHumn CeH-Benawa, ynpyruil n3ru6,
re0fe3nNyecKnii MOHUTOPUHT, MPOTrHO3 3eMJIETPACEHNIA.
Ina yutupoBaunus: MesHeB A.K. O60CHOBaHME OCHOBHbIX MOMOXEHUA Aed)OPMaLMOHHOA MOAenK Noa-

rOTOBKW 04ara KOpoBOro 3emnetpscenus. feonorus v leogmsuka HOra Pocemn. 2021. 11 (1): 104 - 120.
DOI: 10.46698/VNC. 2021.53.34.009
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Intfroduction

Regarding the issue of earthquake forecast, one ought to bear in mind that the Earth
is exposed to the crustal and the deep-focus seismicity. The earthquakes of the first type
occur in the Earth’s crust, and the second ones take place in the Earth’s mantle which is
located under the Earth’s crust. This article deals with the forecast of crustal earthquakes.

Taking considerations of G.A. Gamburtsev into account, one have a reason to be-
lieve that the crustal type of seismicity is a consequence of the Earth tectonic activity,
caused by deep endogenous processes that are displayed on the surface of the Earth in its
continuous movement. Due to these processes energy the mountains and depressions are
forming and the continents and vast areas of the deep-sea floor are moving. They split the
lithosphere into a lot of blocks and make these blocks move relative to each other along
the deep faults separating them. The velocities of block systems’ relative displacements
along the mentioned faults have significant differences for various tectonic structures of
the Earth. The highest displacement velocity is observed in the blocks in orogens, i. e.
in tectonically active mountain structures of the Earth. These velocities are measured in
centimeters per year. Thus, this velocity on the San Andreas Fault in California (Fig. 1) is
5 cm/year, and in Pamir and Tien Shan conjunction zone (Vakhsh thrust) is 2.5 cm/year.
The Pacific Ocean bed is shifting with the maximum, measured by geodetic methods,
speed which is equal to 10 cm/year.

The blocks of the Earth’s crust have much lower displacement velocities in tectoni-
cally less active structures of the Earth. Platforms, i. e. large plain areas of the Earth’s
crust, are referred to such structures. The displacement velocities of blocks on platforms
are by an order lower than in orogens. They are measured in millimeters and even tenths
of a millimeter per year.

Structures with high displacement velocities in faults are considered as the most seis-
mically hazardous. And tectonically low-active structures are less seismically hazard-
ous. G.A. Gamburtsev foresaw it: “Relatively slow young and modern movements of
the Earth’s crustal blocks may not be accompanied by strong earthquakes” [Gamburt-
sev G.A., 1960, p. 431].

= e j :
Fig. 1. The San Andreas Fault, like a giant scar, crosses the Carrizo Plain
in California, according to: [Bolt, 1981]
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Thus, one can draw a conclusion about the direct correlation between the tecton-
ic structures’ seismic activity and the displacement velocities of crustal blocks in these
structures. Therefore, the reason of seismicity should be sought in the features of the
behavior of these velocities. The type of velocity variations at which the initiation of
an earthquake source is possible in a particular section of the fault is determined quite
simple. The case when the block surfaces, which are separated by the fault, hinder their
movement (i. . the blocks seem to “slide” relative to each other) excludes the possibility
of the origination of a strong crustal earthquake in this segment of the fault. However, if
a stress concentrator arises in any section of a seismogenic fault, which prevents the free
movement of blocks in this section of the fault, then conditions arise for the initiation of
an earthquake source. G.A. Gamburtsev very precisely called such stress concentrators as
“seams” [Gamburtsev, 1982, p. 306].

In the theory of elasticity, such situations correspond to the following Saint Venant
principle: “If a balanced system of forces is applied in any small part of the body, then it
causes stresses in the body that very quickly decrease with distance from this part (expo-
nential decay of stresses)” [Bezukhov, Luzhin, 1974, p. 6].

The origin of a local stress field at the place, where a seam appears, is caused by the
following fact: the power impulse generated by the seam is small compared to the linear
momentum of the entire system of blocks of the considered fault and, therefore, it will
stop the displacement of blocks only within the seam, but the displacements of blocks
outside the seam will continue in the same mode.

Variations in different stress fields, changing the value of the friction coefficient in the
fault; variations in fluid processes; the influence of temperature and pressure; mechanical
“hooks” of blocks due to irregularities of their contacting surfaces, etc. can be considered
as the reasons causing stress concentrators in the fault.

Thus, studying the possible reasons of the earthquake source initiation, i. e. the start
of the process of seismogenic deformations™ accumulation in this source, it is suggested
that the beginning of these processes is due to tectonic movement stop in a certain section
of the seismogenic fault.

Theoretical considerations about the reality of the occurrence of sections of displace-
ment delays in seismogenic faults are as follows: a tectonic crustal earthquake is the rapid
destruction of a certain volume of rocks (an earthquake source) that generates seismic
waves, caused by the ultimate elastic deformations (stresses) accumulated in this source.

Thus, a required condition for the earthquake source preparation is the existence in the
fault zone of a mechanically strong, consolidated medium (rigid inclusion). This medium
has elastic properties and due to this it is capable of potential elastic energy accumulation.

So, an earthquake source in the phase of initiation (i. e. at the stage of potential elastic
energy accumulation) has to be a stable, plastically slightly deformable inclusion in the
seismogenic layer of the Earth’s crust.

Thus, it can be considered that the main condition for the initiation of the crustal
earthquake source is the occurrence of a stress concentrator (seam), which prevents tec-
tonic displacements in the place of its formation.

This seam, which means the stopping of block displacements in one or another sec-
tion of the fault, with the permanent motion of two extended, mutually displacing systems
of blocks, will generate an elastic stress field in this section, 1. e. this area will be the nu-
cleus of the earthquake focus.
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The following condition is necessary and sufficient for the formation of a strong
earthquake source: the source, initially or at the stage of formation, must be a body, the
predominant deformations of which are elastic seismogenic deformations. This is the way
of origination and formation of the source of a crustal earthquake.

The existence of “Gamburtsev’s seams” can also be considered according to the vari-
ations of the seismic regime in the earthquake source during its preparation and immedi-
ately after the destruction (strong earthquake). During the preparation of the source, it is
either completely aseismic or generates rare seismic impulses, the so-called foreshocks
(weak earthquakes that occur before a strong earthquake). Previously, scientists hoped to
use the foreshocks in the problem of forecasting earthquakes; however, they did not come
true, since it was not possible to find a logical connection between the preparing source
and the so-called foreshocks. And this is not surprising, since foreshocks do not differ
from ordinary weak earthquakes and they are recognized only after strong earthquakes.

After a strong earthquake, the seismic regime in the source changes very sharply:
it is accompanied by a trail of aftershocks (weak earthquakes), which can last for many
months or more decreasing with time.

This abrupt change in the seismic regime after a strong earthquake in the source is an
objective indicator that the source of the impending earthquake was a consolidated vol-
ume of rocks with one modulus of elasticity — in the case of mechanically homogeneous
rocks in the earthquake source, this will be their natural modulus of elasticity. As for the
modulus of elasticity in the impending source with mechanically heterogeneous rocks, it
can be assumed that an effective modulus of elasticity arises in such a source.

The modulus of elasticity, which is common in the rocks of the source, allows accu-
mulating ultimate elastic stresses in the entire volume of the source, and that is why, dur-
ing the accumulation of these stresses, it either doesn't emit or emits weakly this energy.
After the discharge of the main part of the accumulated energy (strong earthquake), this
consolidated body returns to its original state and in it, in the form of aftershocks, the final
discharge of the seismic energy accumulated in the focus occurs.

Considering the question of possible reasons for the occurrence of an effective elastic
modulus in an incipient source, in which there are blocks of rocks with different elastic
moduli, one can bear in mind the following. During the earthquake source initiation, its
entire volume is in the local field of compressive stresses, which compact the rocks. It can
be believed that due to this compaction, an effective modulus of elasticity arises.

The occurrence of strong earthquakes in the upper layer of the crust indicates that in
seismogenic faults of this layer, in certain parts of them, conditions for the accumulation
of ultimate elastic seismogenic deformations in a particular volume of rocks arise for one
or another reason.

Thus, it can be considered that the main condition for the origin of a crustal earth-
quake source is the occurrence of a stress concentrator, which prevents tectonic displace-
ments in the place of its formation and leads to the formation of a mechanically strong,
consolidated volume of rocks (seam) in a particular fault zone.

So, one can conclude that the reason for the crustal seismicity, which is caused by
mutual tectonic displacements of blocks of the Earth’s crust, is a delay in these displace-
ments of blocks in one or another section of the seismogenic fault.

It is necessary to notice that the seismic energy emitted in the course of earthquakes
is a very insignificant fraction of the tectonic energy, which is spent on tectonic dis-
placements of block systems along the faults separating them. Considering the studies of
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Yu. V. Riznichenko [Riznichenko, 1985], this share does not exceed 1% for the Caucasus
region. It is hardly to imagine what would happen on Earth in case of this share were
equal, for example, 40-60%. It is reputed that, fortunately for us, the system of tectonic
displacements of the blocks of the Earth’s crust works with a small “defect”, which, nev-
ertheless, is very tangible for the Earth.

Methods

The type and size of real deformation fields generated by local fields of elastic
stresses of the exponential form. Deformation precursor of the preparation of the
crustal earthquake source

According to the above considered Saint Venant principle, due to the stress concen-
trator (seam), a local elastic stress field arises, being maximum at the place where the
seam originates (in the fault) and exponentially decreasing with distance from this section
of the fault.

It is quite obvious that a local elastic stress field with exponential decay of stresses
should generate an exponential field of elastic deformation of rocks in the impending
earthquake source, i. e. rocks must be elastically bent.

Thus, we have obtained a theoretical basis for the type of deformation precursor of a
crustal earthquake — this is the elastic bending of rocks in the impending earthquake
source.

With the help of the existing geodetic experimental data one can check the rightness
of these theoretical considerations. These data are the results of recurrent geodetic meas-
urements that have been performed before and after strong crustal earthquakes in their
epicentral zones (Fig. 2) [Gamburtsev, 1960; Kasahara, 1985].

The data of repeated triangulations carried out in the epicentral zones after the strong
earthquakes are shown in the Fig. 2. Vertical lines denote seismogenic faults, along which
horizontal movements occurred in the process of the earthquakes. The dots are fixed off-
sets of triangulation points; the scale of displacements is shown on the vertical axis. The
abscissa denotes the location of these points from the certain fault.

According to the figure, the same pattern is traced for all the five earthquakes given
above. The displacements are maximum in the vicinity of the fault and rapidly (expo-
nentially) decrease with distance from it. For different earthquakes, these displacements
become minimal (zero) at distances from 20 to 40 km from the fault. This suggests that
the exponential distribution of the displacements of geodetic points on the curved lines in
Figure 2, as well as the manifestation of these displacements no further than 40 km from
the fault, reflect the actual form of stress fields and their sizes, caused by the earthquakes,
that generated them. The validity of this assumption is substantiated below (see Fig. 3).

These data and other sources [Kanamori et al., 2006; Ohta et al., 2012; Tong et al.,
2012; Wang et al., 2013, 2020; Zeng, Shen, 2017; Zeng et al., 2018; Liu, Rogozhin, 2018;
Bulut et al., 2019; Toulkeridis et al., 2019; Kazimova, Kazimov, 2020; Li et al., 2020]
also convincingly indicate that the displacements of geodetic points which take place in
the course of strong earthquakes carry the information about the unified mechanism for
the preparation of these earthquakes. It should also be noted the fact that this mechanism
is the same for different continents. It can be believed that it is universal.

They also confirmed the previously expressed theoretical considerations that the pro-
cess of crustal earthquake preparation is the accumulation of elastic bending seismogenic
deformations in its source, and therefore the deformation sign (precursor) of preparation
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Fig. 2. Actual distribution of displacements of triangulation points (d) in zones of seismogenic faults
during strong crustal earthquakes depending on the distance of geodetic points from faults, according to
[Gamburtsev, 1960; Kasahara, 1985]
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and maturation of the crustal earthquake source is the elastic bending of rocks in this
source.

One should note that according to the information of this figure, one can determine the
width of the earthquake source, which can be considered equal to the width of the zones
of penetration of elastic displacements into the bodies of the crustal blocks contacting
along the fault. In order to realize this, it is necessary to determine the interval between
the points of these blocks exponential curves exit to the asymptotes. These distances are
evaluated in several tens of kilometers (from 40 to 60m) agreeably the data in Fig. 2.

However, in the light of the problem under discussion, the main importance of these
data lies in the fact that they contribute to the real forecast of earthquakes as they confirm
the participation of the Earth’s surface in the process of the earthquake source prepara-
tion.

Local stress fields generating sources of crustal earthquakes arise due to the appear-
ance of stress concentrators in a seismogenic fault, which are fault sections in which
displacements along the fault have ceased for one or another reason. As noted above,
such stress concentrators G.A. Gamburtsev called “seams”. According to the Saint Ve-
nant principle, “seams” represent additional loads in the system of shifting blocks of the
Earth’s crust. It is they that generate local fields of elastic stresses of an exponential type,
which is confirmed by geodetic studies.

So, based on the analysis of geodetic data in Fig. 2, the following conclusions can be
drawn:

1. Crustal seismicity is generated by local exponential stress fields ranging in size
from 20 to 40 km.

2. The similarity of the identified displacements of geodetic points for all five earth-
quakes convincingly suggests that these data carry information about a single mechanism
for the preparation of these earthquakes.

3. The process of crustal earthquake preparing is the accumulation of elastic bending
seismogenic deformations in its source. The deformation sign of the preparation of the
crustal earthquake source is the elastic bending of rocks in this source.

4. The process of preparing the earthquake source also captures the Earth’s surface,
which is the upper surface of the impending earthquake focus, and this is what makes it
possible to track this process directly on this surface.

5. The process of preparation of earthquake sources can be monitored only by geo-
detic methods, which allow determining the elastic displacements of the Earth’s surface at
bases of tens of kilometers, thereby determining the actual shape of the curve of the line
of these displacements.

For better understanding the above-mentioned considerations, we should consider the
reason for the appearance of regular displacements of triangulation points during earth-
quakes (Fig. 2). It is clearly demonstrated in Fig. 3.

Vertical line in figure 3A shows the same section of a seismogenic fault at times t,,
t;, and t,, which correspond to different stress states of rocks. The directions of tectonic
displacements on the fault are denoted by arrows. Moment t, — there are no seismogenic
stresses in the rocks, which is shown by the straight line ab. Moment t; — rocks are ex-
tremely stressed by a local field of exponential elastic stresses (elastic bending): curve
ab. Moment t, — the position of rocks after the earthquake, in which the following events
occurred: the main rupture of rocks in the source; displacement of rocks along this rupture
and, due to this, the discharge of the previously accumulated flexural seismogenic defor-
mations — straight line segments a and b.
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Fig. 3. An explanation of the phenomenon of the exponential distribution of displacements of geodetic
points in the epicentral zones of strong crustal earthquakes

Now let’s turn to Figure 3B. This figure has only one difference compared to the Fig-
ure 3A: it has a straight line ek, which means a rectilinear geodetic construction (geodesic
profile) formed at time t;, over the maturating earthquake source. At first glance it seems
that the view of the rectilinear geodesic profile is characterized by paradoxical changes
after the earthquake, changing into two curved segments that are displaced relative to
each other. But it is easily explained by the following. Due to the conditions of the prob-
lem, we know that the profile was formed over the rocks that already have been distorted
by elastic bending of the impending earthquake source. It appears from this that the rocks
have been displaced along the fault and straightened at the same time in the course of the
elastic stress release. As for the rectilinear geodesic profile above the source, it turned into
two curved segments. They have retained the curvature of the ab curve.

E and k curved segments are a mirror image of two halves of the ab elastic curve. It
is explained by the fact that the curve ab and the straight line ek exchanged their shapes
due to the earthquake. Hence these curved segments kept the information about the elastic
deformations magnitude that have been accumulated in the source to the moment of this
geodetic profile formation.

According to this conclusion, there is a reason to believe that in all the cases shown in
Fig. 1, the initial triangulation measurements were performed over the already impending
earthquake sources, i. e. they have already accumulated, by the time of the initial (per-
formed before the earthquake) triangulation, seismogenic stresses. If it was otherwise,
then in the course of an earthquake, initially rectilinear geodesic profile would only be
broken at the fault line but did not experience any bending. It would be represented by
two rectilinear segments similar to the behavior of rocks at the moment t,. This indicates
the fact that strong earthquakes are being prepared for many tens and more years.

Thus, we successfully explained the mysterious occurrence of the curves in Figure 2.
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Seismogenic layer of the Earth’s crust

Taking the considered by us problem into account, it is essential to know whether the
entire thickness of the Earth’s crust is seismic. It is very important as the probability of
the impending source detection is greater the shallower it is located in the Earth’s crust.

It is traditionally assumed in seismology that crustal earthquakes take place at depths
of up to 70 km. However, this does not correspond to reality, since not the entire crust is
seismically active, but only its upper horizons [New catalog..., 1977; Rogozhin, 2013].

The rheological heterogeneity of the rocks of the Earth’s crust along the vertical is
the explanation of this phenomenon. According to [Bott, 1974; Sherman, 1977; Zharkov,
1983; Pavlenkova, 1988; Pevnev, 1988, 2014, 2020] the Earth’s crust can be divided in
the first approximation into elastic and plastic layers.

The upper layer of the Earth’s crust, which is considered as conditionally cold and has
a thickness of 10-25 km, is seismogenic, i. e. elastic, capable of accumulating significant
elastic deformations and brittle fracture when the accumulated elastic stresses reach the
ultimate strength of rocks. If we consider the rocks of the plastic, conditionally hotter
layer, which do not have elastic properties, then this layer is considered as aseismic. It is
explained by the fact that such rocks are plastic or viscoplastic.

Let's present the existing theoretical considerations and experimental data to substan-
tiate this statement.

The English geophysicist M. Bott writes about the state of rocks in the upper part of
the Earth’s crust in his book:

“The results of experimental studies have shown that the mechanical properties of
rocks at a depth of 10-25 km undergo two significant changes. First, there is a transition
from a brittle state to a plastic one; Griggs, Turner and Hird... did not observe sudden
cracks in any rocks except quartzite at pressures above 5 kbar and temperatures above
500° C, which corresponds to the conditions at a depth of about 20 km. Second, the com-
pressive strength should be expected to decrease with depth under the dominant influence
of temperature; for example, the tensile strength of dunite, pyroxenite and granite under
all-round compression of 5 kbar decreases from 20 kbar at 25° C to 10 kbar at 500° C and
to 7 kbar at 800° C” [Bott, 1974, p. 280].

“There is reason to believe that the lower part of the crust under the condition of a
sufficiently high temperature and large stress differences can experience noticeable defor-
mations in the form of unstationary and stationary creep” [Bott, 1974, p. 281].

The division of the lithosphere material into layers with different elastic characteris-
tics in a vertical section is also confirmed by the distribution of mechanical quality factor
(Q,) init. Now let's quote the work of V.N. Zharkov:

“The quantity O, can also be considered as a “measure of ideality” of the elasticity
of the medium. The larger the value of Q,, the smaller part of the mechanical energy dis-
sipates during vibrations and turns into heat, the closer the medium is to ideally elastic”
[Zharkov, 1983, p. 90].

“The outer hard layer of the Earth (its lithosphere) is divided into three zones: high-
quality factor (0-19 km), O, ~ 600; medium quality factor (19-38 km) O, ~ 300, and low-
quality factor (38-90 km), O, ~ 150” [Zharkov, 1983, p. 92] (Fig. 4).

It is worth mentioning the good agreement between the proved by Bott boundary of
the transition of crustal rocks into a plastic state at a depth of about 20 km, and the thick-
ness of the layer of the Earth’s crust with the highest quality factor, equal to 0-19 km. It
should be noted that this is the maximum figure of merit not only in the lithosphere but
also in the Earth’s mantle (Fig. 4).
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Fig. 4. Distribution of mechanical quality factor Qu (1) in the crust and mantle of the Earth. A (0-38 km)
— Ist zone of high Qu (elastic lithosphere),; B (38-90 km) — inelastic lithosphere; C (90-450 km) — 1st zone
of low Qu; D (450-1600 km) — Ist zone of intermediate Qu, E (1600-2400 km) — 2nd zone of high Qu, F
(2400-2600 km) — 2nd zone of intermediate Qu, G (2600-2885 km) — 2nd zone of low Qu. 1 — modified
distribution Qu obtained by V. M. Dorofeev and V. N. Zharkov (1978),; 2 — model SL8 (Anderson, Hart,
1978), according to [Zharkov, 1983]

It is very interesting to consider the diagram of the fault structure in Figure 5, pro-
posed by D. 1. Sherman in relation to the considered problem.

According to D.I. Sherman crustal rocks in the fault retain elastic properties (to one
degree or another) only in the first three horizons shown in Figure 7 (I, II and III). The
total thickness of these horizons is approximately 25 km. Within these 25 km, with in-
creasing depth, there is a transition from brittle fracture (Hookian solid) — an approximate
depth interval of 0-5 km — to quasi-brittle fracture (Burgers viscoelastic body) at approxi-
mately 5-10 km depths and, finally, to a quasi-plastic flow (Maxwell viscoelastic body) at
depths of about 10-25 km. At greater depths (horizons IV and V), only plastic deforma-
tions take place: plastic flow (Saint-Venant plastic body) in horizon IV transforms into a
viscous flow (Bingham viscoplastic body) in horizon V.

Data on the distribution of the depths of aftershocks of strong crustal earthquakes
confirm and vividly illustrate the division of the Earth’s crust into two layers by rheologi-
cal parameters, the reliability of the location of the most elastic layer in its uppermost part
and the reality of the above-mentioned thickness of this layer. Aftershocks are weaker
earthquakes that occur in the source zone of a strong earthquake. Actually, aftershocks
remove the elastic stresses remaining in the source after a strong earthquake, i. e. “finish
off” what the main seismic shock did not do. Consequently, aftershocks can occur only
in a medium capable of accumulating elastic seismogenic deformations (stresses). There-
fore, one can determine the thickness of the seismogenic layer in the area under study
with the help of studying the aftershocks™ distribution in the depth. Racha earthquake of
1991 can be considered as the typical example of such data (Fig. 6).
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II

11

v

Type of deformation and destruction

Fig. 5. Scheme of the structure of the general fault along the vertical section (I — brittle fracture, Il —
quasi-brittle fracture, 11l — quasi-plastic flow, IV — plastic injection, V — viscous flow), according to
[Sherman, 1977]

Figure 6 clearly shows that after the earthquake the elastic stresses were relieved
in the Earth’s crust with the thickness of 0-25 km. Nevertheless, the most homogene-
ous aftershock field occupies only the 0 to 10 km depth interval. The number of after-
shocks drastically decreases with the depth, and only single aftershocks are recorded at
the maximum depth, equal to 25 km. Based on the information about such a distribution
of aftershocks one can assume that this layer of the Earth’s crust is responsible for crustal
seismicity, i. e. it is the very layer, that can be considered as seismogenic.

Thus, we can assume that the thickness of the seismogenic layer is 10-15 km in the
studying area. It cannot be doubted that such investigations of aftershocks are the most
reliable method for determining the seismogenic layer thickness in those areas where the
existing seismic grid allows recording weak earthquakes and determining the depths of
earthquake hypocenters with sufficient accuracy within 1-5 km.

As it is known, there is a dense network of seismic stations at the San Andreas Fault
in California with the help of which it is possible to record even very weak earthquakes
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Fig. 6. Map of the epicenters of the Racha earthquake (a) and a vertical section along the 5-5" line (b),
according to [Arefiev et al., 1993].
All seismic events for the aftershock period are projected onto the cutting plane. The depth of the main
shock is 10 km, the source is about 100 km long, and the magnitude is 7.3
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Fig. 7. Seismic profile in the Los Angeles area, according to [Koronovskiy et al., 2001].
Thick lines are the Moho and other interfaces, thin lines are reflectors. Diagonal shading denotes
abnormally high-velocity upper mantle according to seismic tomography. Points are hypocenters of
earthquakes for the period from 1981 to 1998
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and determine with high accuracy the depths of the hypocenters of all local earthquakes.
Field seismological observations in the San Andreas Fault confirm the above concepts
about the thickness of the seismogenic layer of the Earth’s crust. Figure 7 illustrates some
of such observations results.

Based on the data of Figure 7 it can be reliably indicated that the seismicity of the San
Andreas Fault is presented only to the depth of 15 km.

The fact that the thickness of the seismogenic layer of the Earth’s crust is indeed
10-25 km is confirmed both by theoretical considerations, and experimental laboratory
studies, and field seismological observations. It is also defined that seismogenic, elastic
stresses accumulate in the entire thickness of the mentioned layer. And the main conclu-
sion is that the crustal earthquakes sources originate, mature and are realized exactly
in the seismogenic layer.

Apparently, the wrong ideas about the seismicity of the entire layer of the Earth’s
crust were formed because of the significant errors (up to tens of kilometers) in deter-
mining the depth of earthquake hypocenters. A rare seismic grid was the cause of these
errors. One have to take into account the fact that the larger the distance of the seismic
stations from the earthquake epicenter, the greater the error in the depth of the hypocenter
determining.

Conclusions

The issues of geodesy possibilities for the crustal earthquake forecast

Taking the above-mentioned concepts and analysis as well as the information about
the recurrence geodetic measurements in the epicentral zones of strong earthquakes into
account we can draw the following important conclusions for the considered problem.

1. Crustal seismicity is caused by the delay of tectonic displacements in certain areas
of seismogenic faults.

2. A deformation sign of the preparation of an earthquake source is the accumulated
elastic bending in the rocks of this source.

3. The specified elastic bending is satisfactorily described by the curves d = Ae*;
where d is the value of the elastic displacement of the considered point on the Earth’s
surface; x is the removal of this point from the fault; A is the value of the maximum dis-
placement of the sides of the fault during an earthquake, a is an integral characteristic of
the elastic properties of rocks in the earthquake source.

4. Being the upper boundary of the seismogenic layer the Earth’s surface above the
source of the impending earthquake take part in this source preparation.

5. The fact that elastic deformations penetrate into the bodies of blocks contacting
along the fault at a distance of 20-30 km in the course of an earthquake preparation, al-
lows evaluating the total width of a strong earthquake source equal to 40-60 km.

6. It is possible to determine reliably the shape of the elastic curve on such bases (tens
of kilometers) i. e. to track the preparation process of the earthquake source, only with
the help of the geodetic method: using geodetic forecast profiles — geodetic straight-line
constructions orthogonal to the seismogenic fault (Fig. 8). This is the way to predict the
location of the maturing earthquake source.

7. Since the intensity of a future earthquake is determined by the size of its source
[see tab. 1], then to predict this intensity, it is sufficient to use one or another number of
predicted profiles, sufficient to determine the length of the elastically deformable section
of the Earth’s surface (L, Fig. 9).
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Fig. 8. Geodetic profile for the implementation of the forecast of the source of the impending earthquake

In this figure vertical lines denote seismogenic fault, displacements along which are
shown by arrows; #, is the moment of creating a straight-line geodetic forecast profile aob,
black dots on the profile are geodetic points. #; is the moment of repeated measurements
on the profile. If a rectilinear profile was created over an already preparing source of an
earthquake, or the preparation of the source began in the interval between ¢, and #;, then
the points of the geodetic profile at time ¢, will be located on the exponential curve aob.
This curve is the only reliable sign that indicates the accumulation of elastic seismogenic
deformations, take place in the studied segment of a seismogenic fault.

Exactly such use of the geodetic method will encourage the prediction of the impend-
ing earthquake source.

Yu. V. Riznichenko [Riznichenko, 1985] has determined the functional relationships
between the earthquake intensity (magnitude M), the length of the source (L) and the
maximum accumulated elastic deformation in the source (D) (see table. 1).

Table 1

Dependence of the earthquake intensity (M) on the source length (L) and
displacement in the source (D) according to Yu. V. Riznichenko

M L, km D, sm
3 1.1 0.11
4 3.0 0.62
5 8.3 3.5
6 23 20
7 62 120
8 170 660
9 470 3800

So, if we know the length L of the impending earthquake source, it is possible to fore-
cast the maximum intensity (M), which can be generated by the impending earthquake
source. It is quite obvious that this can be realized with the help of the geodesic method.

So, the research results made it possible to construct a model of elastic deforma-
tion of the Earth’s surface above the source of an impending earthquake at time ¢, and a
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Fig. 9. Model of elastic deformation of the Earth's surface above the source of the impending earthquake
(at time t;) and a scheme of the geodetic forecasting system designed to predict its intensity

scheme for implementing forecasts of the location and intensity of an impending earth-
quake (Fig. 8)

Lines (1-1,... 8-8) are geodetic forecast profiles, which were solid straight lines at
the moment of origin of the source (t,). In the process of the source preparation they were
broken and displaced along the fault (1-1 and 8-8), deformed and displaced (2-2 and 7-7)
and elastically deformed over the source (3-3,... 6-6). I — compression zone; II — stretch
zone; L — line of termination of displacements along the fault (length of the “seam”); x
is the width of the earthquake source; arrows denote directions of compressive fields of
local stresses generated by the seam.
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Pe3stome: AKTyanbHOCTb paboTbl. KpacHOAAPCKMIA Kpaii — OAMH U3 OCHOBHbIX LIEHTPOB pekpeaun u Ty-
pusma B Poccun, a HepHomopckoe nobepexxbe ABNSETCS rMaBHON KYPOPTHOM 30HOM. HOXHas 4acTb KpacHo-
Japckoro Kpas B nonoce wupuHoii fo 200km oTHocuTCA K KpbIMCKO-KaBka3ckoMy CeNcMUYeCcKoMy nosicy u
ABNSAETCA CENCMOOMACHON TePPUTOPUEN, 3AECh C PA3IIMYHON CTENEHbI0 BEPOSTHOCTI BOSMOXHbI CECMUYECKMe
COTPSACEHMS UHTEHCUBHOCTBIO 8-9 6an0B. Yrpody Ans 6e30MacHOCTM PermoHa NpeACcTaBNAtoT SHLOMEHHbIE reo-
N0rnYeckne NpoLecchbl, NPexzae BCero CBA3aHHble C CENCMUYHOCTBIO PETOHA, U 3K30TeHHbIE NPUPOLHbIE Me0s10-
rUYecKue NpoLecchl. B cBA3W € 3TUM OCTPO CTOMT NPO6sieMa OLEHKM UHTErpasbHbIX re03KO00rM4ecknx pUCKoB
B 30HaX PacnonoXeHns KypopToB M PeKpeaunoHHON feaTensHocT. OAHUM M3 nyTeil ynpasneHus reoakonoru-
YECKUMU PUCKAMN ABASETCA KOMMJIEKCHBIN aHaN3 NpUYNH 1 (DAKTOPOB UX BOZHUKHOBEHUS KaK OCHOBbI pas-
paboTKI NPUPOAOOXPAHHBIX MEPONpUATUIA. K nepBooYepeHbIM BONPOCAM AaHHOI NPo6MieMbl Ans TeppuTopui
KpacHogapckoro kpas criefyet OTHECTW OLeHKY (DakTOpoB OMACHOCTW WHTErpanbHOro CeicMUYecKoro pucka
1 3K30TEeHHbIX MPUPOAHbIX NMPOLECCOB HA PErNOHANbHOM 1 IOKANIbHOM YPOBHSAX. Llenb pa6oTbl — uHTErpans-
Has OLieHKA Ha PernoHanbHOM YPOBHE CTENEHW SHAOMEHHbIX U 3K30reHHbIX re0Nnornyeckux onacHoctein Kpac-
Hofapckoro kpas. Metofbl uccnefoBanusa. MeToabl MCCNEA0BAHMS BKITHOYANN aHANN3 U CUHTE3 Teosoro-reo-
(br3n4ecKNx MaTepranos 1 UHXEHEPHO-TE0NOrNYECKIX JAHHbIX C BbIAENIEHNEM HAanb0see 3Ha4MMbIX (DaKTOPOB
re03Kosornyeckoro pucka KpacHogapckoro kpas. Metofuka OLeHKN CTeNneHW 0nacHOCTU UHTErpasibHOro reo-
9KOJIOTMYECKOr0 pucKa A0HKHA Y4NTbIBATH (DAKTOPbI, 00YCNOBEHHbIE KaK HENOCPELCTBEHHO CEACMUYECKUMN
BO3[EACTBUAMM, TaK U BbI3BAHHLIMW UMW MOCNEAYIOLMMI YTPO3aMU 3K30TEHHbIX Fe0N0rnYecKux npoLeccos.
B cBA3M C 3TUM paccmaTpuBatoTCs BONPOCHI KAPTUPOBAHMS OTAENbHbIX (DAKTOPOB M UHTErpanbHOM OLEHKM No-
TeHUMaNbHbIX re03KONOrNYeckx puckos. PesynbTatel paboTbl. B pa6ote npusefeHbl pa3paboTaHHble KapTa
OLIEHKM MHTErpanbHOro pucka nposBeHUs OnacHbIX 9K30reHHbIX re0nornyeckmnx NpoLeccoB 1 KapTa UHTerpasb-
HOI1 OLIEHKM NOTEHLMANIBHOrO PUCKA SHLOTEHHBIX U 3K30T€HHbIX NPOLLECCOB TeppuTopumn KpacHogapckoro Kpas.
MpuBeneHa Tabnuua KpUTepues 1 6aNIbHOM OLEHKN Fe03KONIOrMYeCKMX SHOOTEHHBIX U 3K30TEHHbIX PUCKOB.
HanMeHbLUNM NOTEHUNANbHbIM PUCKOM NMPUPOLHbLIX OMACHOCTER XapakTepu3ylTCs CeBEpHbIe PanoHbl. 30HbI
BbICOKOIO M 04Y€Hb BbICOKOr0 NMOTEHLMANbLHOr0 pucka nokann3oBaHsl B npegenax Cesepo-3anagHoro Kaskasa
1 YepHoMOpCKOro nobepexxos KpacHogapckoro kpas. [ns atux tepputopuin TpebyeTcs nepeooyepesHas pas-
paboTka MeponpuUATIA N0 YNPABSIEHNIO PUCKAMM.

KnioueBble €510Ba: re03KoNorus, 3HLOTEHHbIE W 3K30TEHHbIE Te0siorMyeckne NpoLecesl, CeriCMOreHHbIN
puck, KpacHoaapckui Kpai.
Ins uutuposaunus: CtorHui B.B., Ctornuni I A., Jllo6umosa T.B. [e03Kon0rn4yeckne puckn Tepputopumn

KpacHofapckoro Kpasi: npo6nema WHTerpanbHoi OLEHKM CTENEH reonornyecknx onacHoCTeil. [eosorus u reo-
usnka tOra Poccnn. 2021. 11 (1): 121 - 133. DOI: 10.46698/VNC. 2021.40.95.010.
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Abstract: Relevance. Krasnodar Region is one of the main centers of recreation and tourism in Russia, and
the Black Sea coast is the main resort area. The southern part of the Krasnodar Region, in a strip up to 200 km
wide, belongs to the Crimean-Caucasian seismic belt and is an earthquake-prone area, here seismic shocks with
an intensity of 8-9 are possible with varying degrees of probability. Endogenous geological processes, primarily
associated with the seismicity of the region, and exogenous natural geological processes pose a threat to the
security of the region. In this regard, there is an acute problem of assessing the integral geoecological risks
in the zones of the resorts location and recreational activities. One of the ways to manage geoecological risks
is a comprehensive analysis of the causes and factors of their occurrence as the basis for the development of
environmental protection measures. The priority issues of this problem for the territory of Krasnodar Region include
the assessment of the hazard factors of integral seismic risk and exogenous natural processes at the regional and
local levels. The aim of the work is an integral assessment at the regional level of the endogenous degree and
exogenous geological hazards in the Krasnodar Region. Methods. The research methods included the analysis
and synthesis of geological and geophysical materials and geology-engineering data with the identification of the
most significant factors of the Krasnodar Region geoecological risk. The methodology for assessing the degree
of the integral geoecological risk danger should take into account the factors caused both directly by seismic
influences and the subsequent threats of exogenous geological processes caused by them. In this regard, the
issues of mapping individual factors and an integral assessment of potential geoecological risks are considered.
Results. The paper presents the developed map for assessing the integral risk of manifestation of hazardous
exogenous geological processes and the map for the integrated assessment of the potential risk of endogenous
and exogenous processes in the territory of Krasnodar Region. A table of criteria for the scoring of geoecological
endogenous and exogenous risks is presented. The northern regions are characterized by the lowest potential
risk of natural hazards. Areas of high and very high potential risk are localized within the Northwestern Caucasus
and the Black Sea coast of the Krasnodar Region. For these territories, priority development of risk management
measures is required.

Keywords: geoecology, endogenous and exogenous geological processes, seismogenic risk, Krasnodar
Region.
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BeseapeHre

Cucremaruyeckue HMCCIEJOBAHUS IO aHAJIM3Y PHUCKA, HANpPABICHHbIE HA OLICHKY
OIMACHOCTH MPHUPOJIHBIX SIBICHUN U MPOLECCOB Havajduch B KoHUe 1960-x rogos. O030p
COBPEMEHHBIX B3IVISA0B Ha MPOOIEMY OLIEHKH SKOJOTMYECKUX PUCKOB, KaK B 3apyOex-
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HOI1, Tak 1 oTedyecTBeHHOM nuTeparype [Kocunosa, Kycrosa, 2008; Ocumnos u ap., 2017]
IIOKa3bIBAET, YTO O HACTOSIIETO0 BPEMEHM OTCYTCTBYET €IMHAs METOAOJIOTHS OLICHKH
pHUCKa T€03KOJIOTMUECKHUX IIPOLECCOB, a U3-3a CJIO0XKHOIO U MHOIOACIEKTHOTO HMOHATHS,
OIIPENIENIEHUE «PUCKa» BCE €IE 0CTAETCA HEOAHO3HAYHBIM. OTEUECTBEHHBIN OMBIT OLIEH-
KM CEeHCMUYECKOTO pUCKa M HK30T€HHBIX ONTACHOCTEH Ha ypOaHU3UPOBAHHBIX TEPPUTOPU-
AX MpeacTasiieH B paborax [byposa, 2019; 3aukanos u ap., 2019; Jlapuonos u ap., 2017;
Ocumnos u ap., 2015]. IIpennoxeHbl pa3IuyHbIe MOAXO0AbI U METOJUKU OLIEHKU CyMMap-
HOTO JICUCTBUS IPUPOJHBIX U TEXHOTEHHBIX (DAKTOPOB.

KpacHonapckuii kpail — OIMH U3 OCHOBHBIX LIEHTPOB peKpeanuu U Typusma B Poccun.
PexpealinoHHBIN KOMIIJIEKC UTPAET B PETHOHE OIPOMHYIO poiib. YepHOMOpCKoe modepe-
*be KpacHomapckoro kpas siBisieTcsl ITIaBHOW KypopTHOM 30HOoM Poccuu. B cBs3u ¢ aTum
peleHre BOIPOCOB Fe0IKOJIOTNYECKOM O€30MaCHOCTH B 30HAX PACHOI0KEHHs KypOpTOB,
OLICHKA BJIMSHUS NIPUPOJIHBIX MTPOLIECCOB HA COCTOSHUE 3[aHUM M COOPY’KEHUH BBIXOAST
Ha IIEPBOE MECTO, HapsALy C PELIEHUEM BOIIPOCOB PEAIN3ALMH PEKPEALIMOHHON JEATENb-
HOCTH.

I'eoskonornueckue ycnosust KpacHomapckoro kpast Ha permoHajJIbHOM YPOBHE CBsI-
3aHbl C €r0 TEKTOHMYECKHM IIOJIOKEHUEM B IPEesiax METaaHTUKIMHOPHS boibiioro
KaBkaza u Ckudckoit minThl, KOTOPbIE ONMPEIESTUIN XapaKTep NPOsIBICHHS HIOT€HHBIX
U DK30T€HHBIX OINACHBIX IPUPOJHBIX MPOLECCOB. DHAOTEHHBIE T€0IKOIOIMUECKHE TPO-
LIECChI, BBI3BAaHHBIE BBICOKON CEHCMUYHOCTBIO, AKTUBHBIMUA TEKTOHUYECKUMU HapyIIEHU-
SIMU, HEOTEKTOHUYECKUMHU JIe(hopMalUsIMU CKIaT4aThIX CTPYKTYP U JIBH)KEHUEM OJIOKOB
BEPXHEH 4aCTHU 36 MHOM KOPBI B YCIIOBUSAX HAPSYKEHHOTO COCTOSHUS 36MHOM KOPBI Xapak-
tepHbl 11 CeBepo-3amagHoro Kaskasza. bonbnryto yrpo3y ans 6e30macHOCTH peruoHa
MIPECTABIISAIOT SK30I'€HHbIE IPUPOIHBIE T€0JIOTHYECKHE MPOLIECChI (OMOI3HH, OOKOBas U
JIOHHast 3po3us, abpaszus u zp.). Hanbonee 3Ha4MMBIMH U3 HUX MO PACIIPOCTPAHEHHOCTH
U HETaTHBHOMY BIIMSHUIO HA TIPUPOAHYIO CPEAY SBIISIOTCS OINOJI3HEBBIE MTPOLIECCHI, IIIH-
POKO pacpoCTpaHEHHbIE BO MHOTUX PETMOHAX MUPA, B TOM UUCIIE B IIpeenax boupmioro
Kagkaza [CsaznoBa u 1p., 2019]. Ha otnenbHbeIX yyacTkax UepHOMOPCKOTO 1moOepexbs
MOPaXEHHOCTh OMOJI3HEBBIMM Ipoueccamu cocrasiseT 10-20%, a mpu TEXHOrEHHOM
BO3€MCTBUM MOXET Bo3pacTarhb 10 50%. AHTpONIOreHHOE BO3IEHCTBHE HA I'e0JIOrHYe-
CKYIO Cpely NpHUBEI0 K MacCOBOMY DPa3BHTHIO OIOJ3HEBBIX IpoueccoB. Hanbonbiiee
YHCIIO TAaKUX MPOSBICHUI HAOMI0AeTCsl BAOIb TOPHBIX JOPOT. J{JIsl CTENHBIX CEeIbCKOXO-
3511ICTBEHHBIX pailoHOB KpacHOomapcKoro kpas akTyallbHbl BOIIPOCHI OATOIUICHHUS.

OnHUM U3 ITyTeH yIIpaBIIEHUS TE0IKOJOTMYECKUMU PUCKAMHU SIBISIETCS] KOMIIJIEKCHBIN
aHaJu3 MPUYUH U (PAaKTOPOB UX BOZHUKHOBEHUS KaK OCHOBBI Pa3pabOTKH MTPUPOAOOXPaH-
HBIX MeponpusaTuil. K Hanbosnee BaKHBIM BOIIPOCaM JTaHHON MPOOIEMBI ISl TEPPUTOPUHU
KpacHonapckoro kpasi ciielyeT OTHECTH OLIEHKY (paKTOpOB ONACHOCTU HMHTETPajbHOIO
CEHCMHUYECKOT0 PUCKA M 3K30T€HHBIX IMPUPOJHBIX ITPOLECCOB HA PETMOHAIBHOM M JIO-
KaJIbHOM YPOBHSIX.

OUEHKA UHTETNPAABHOITO CENCMOIreHHOro prucka

IOxnass uacte (CeBepo-3amanubii  KaBkaz u  UepHomopckoe mobOepexnbe)
Kpacnomapckoro kpass B mosoce mupuHodt 10 200kM otHOcutcss kK Kpbimcko-
KaBka3ckoMy celicCMHUECKOMY TI0SCY U SIBIIIETCSI CEHCMOOIIACHON TEPPUTOPHUEH, 31ECH C
Pa3IMYHOMN CTENEHBIO BEPOSITHOCTH BO3MOXKHBI CEHCMUYECKHE COTPSICEHHSI HHTEHCUBHO-
cThio 8-9 GainoB [YnomoB u jap., 2007]. OOmuit xapakTep CECMUYHOCTH TEPPUTOPHH
Kpacnomapckoro kpas B MCTOpUYECKOM acmekTe oxapakrepusoBaH B [Croruuid, 2020].



124 Geology and Geophysics of Russian South 11(1) 2021 ['eonorvs n reogmanka KOra Poccim

Jl1 naHHOM TEPPUTOPUM UMEIOTCSI KapThl AMMLIEHTPOB 3eMIIETpsAceHuid ¢ M > 4.5, Hop-
MaTUBHBIE KapThl 00111ero ceficmuueckoro paiionuposanust OCP-97 u OCP-2015, cxemsl
NOTEHIMAIbHBIX CEICMUUYECKHUX 0YaroB C OLIEHKOM MaKCUMaJIbHO BO3MOKHON MarHUTY/Ibl
3emuierpsiceHuil. [Ipu oueHke celicMuyeckol onacHocTH Tepputopun KpacHomapckoro
Kpasi peaJin30BaHbl pa3IMyHbIC MOIXObl U METOJAMKH: Ha OCHOBE pa3paboTKu ceiicMo-
TEKTOHMYECKOM CXEMBI; 110 UICTOPUYECKUM U apXE€O0CEHCMUUECKUM MaTepualiaM; 1o pe-
KOHCTPYKIIMM MAaKpOCEHCMUYECKHX IMOJIeH 3eMileTpsiceHnit; MOp(pOCTPYKTYpHOTO paiio-
HUPOBAHUS ¥ MOJCIIMPOBAHMS JUHAMUKHU OJIOKOBOM CTPYKTYpPbI U CEICMUYHOCTH; METO
CEHCMHUYECKON YHTPOINH; ITOJXO0J HA OCHOBE MHTEIUIEKTYaIbHOM CUCTEMBI KJ1acTepHU3a-
LIMY; Ha OCHOBE CEHCMOI€OJUHAMHYECKON MOJENH, YUUTHIBAIOLIEH 3aBUCUMOCTD IIpe-
JIEJIBHON MarHUTyZbl BO3MOXKHBIX 3€MJIETPSICEHUH OT IUIOIIAIU CEHCMOTE€HEPUPYIOILEro
0J10Ka 3eMHOMN KOPBI.

O1eHKy ceilicMUYeCKOro pUcKa ONpeesisitoT GakTopbl MOTEHIIMATIbHON OMACHOCTH U
(akTOpbI BO3MOXKHOTO yIiepOa (3KOHOMHUYECKUH, YI3BUMOCTb CTPOESHUH U COLIUAIIbHBIN).
K mpaktuuecku He pazpaboTaHHOMY HampaBieHUIO JUIsl Tepputopuun KpacHomapckoro
Kpasi CIEAyeT OTHECTHU OLIEHKY MHTEIPAJBbHOIO CEHCMOTEHHOIO PUCKA, BKJIHOUAIOLIETO
(akTOpHI OMACHOCTH, 00YCIOBICHHBIE KaK HEMOCPEICTBEHHO CEHCMUYECKUMU BO3JIEH-
CTBUSIMHU, TaK M BBI3BAHHBIMM IOCJIEAYIOIIMMHU YIPO3aMHU 3K30I€HHBIX I'€0JIOTMYECKUX
IPOLIECCOB AMULIEHTPAIbHON obnacTu 3emierpsicenus. K yrpo3am 3Toro miasa ciemayet
OTHECTH c(POPMUPOBABIINECS AKTUBHBIC PAa3JIOMbl, 00BaJbl, IPOBAJIBI 3€MHOM MOBEpPX-
HOCTH, U3MEHEHHME pycesl BOIOTOKOB. [y ceficMUYecKH aKTUBHBIX PETMOHOB Haubo-
jJee aKkTyajibHa IpoOieMa OLICHKM CEMCMOTeHHBIX OMOJI3HEBBIX M CKJIOHOBBIX INpoLec-
coB [Kpomotkun, 2020; Yepnos, 2019; Sharma, 2006; Vranken et al., 2015]. B pa6ote
[Munaes, ®anees, 2009] Takue sBIEHUS U IPOLIECCH] TYPUCTKO-PEKPEALIMOHHBIX TEPPU-
TOpUI Ha3BaHBI «MEIJICHHON» KaTacTpodoii.

I'moGanbHblii  ypoBeHb (POPMUPOBaHMS CEHCMOICHEPUPYIOUIMX  HaNpsDKEHUH
I0KHOH 4Yactu KpacHomapckoro kpasi ONpelensieTcss €ro IMOJOKEHHEM B Ipefesax
Cpenn3eMHOMOPCKOTO TOABMIKHOTO T0sica. PerMoHanbHBI YPOBEHb XapaKTEpU3YHOT
IpOIIeCChl BOBHUKHOBEHUS 0UaroB 3eMJICTPSICEHUI B Mpejienax reo0I0KOB 3eMHON KOPBI,
a JIOKaJIbHBIA ypoBeHb omnpenesnstor 61oku | u Il mopsaka, KoTopele BO MHOTOM CO3Ja0T
KaK YCJIOBMs HAKOIUIEHHs DHEPIuu ouara, Tak u ee paccensanus [Crornuii, Ctoruui,
2017]. T'eonuHamuyeckue ycioBusi (pOpMUPOBaHMS CEHMCMUYHOCTH COOTBETCTBYIOT B
OosblIel cTeneHn OOCTaHOBKE KOJJIM3UM, YTO MOAYEPKHUBACT XapaKTep OPUEHTUPOBKH
0CEil MAaKCUMAJIbHOTO C)KAaTUSl TEKTOHMUYECKHX IOJIEN HANPSKEHUI PETMOHAIIBHOIO paH-
ra, IpuBeICHHBIX B padote [PacuBeraes u ap., 2010] ns 3anagnoro Kaskasa (puc. 1).

Ha nokaiabHOM ypOBHE COBPEMEHHYIO CEHCMUYHOCTh YEepHOMOPCKOro MmoOepexbs
Kpacnonapckoro kpast GopMHUPYIOT TJIaBHBIM 00pa3oM peBEpCHbIEC IBUKEHUS, CO3/1aBae-
Mble celicMoreHepupyommMu AHanckuM 1 COYMHCKUM OJIOKaMHM KOHCOJIMIUPOBAHHOM
KOpbl (puc. 1). AHanM3 pe3ynbTaToB OLEHKH CKOPOCTH JIBUXKEHUS TOJIOKEHHS CIYyTHH-
koBbIX TeoquHamuueckux myHkToB (CI'TI) [baGemko u ap., 2016; Benuuko u ap., 2016;
I'massipus u np., 2017] u >neMeHTOB 6JI0KOBOTO CTPOEHUS 3eMHOU KOpbl YepHOMOPCKOTO
no0epexbs MO3BOJIAET OTMETUTb, YTO MMYHKThI ¢ HAMOOJIBIIUMHI CKOPOCTSIMH JABHIKEHHS
cOOTBETCTBYIOT AHanickomy (5,15+0,3 mm/ron) u Counnckomy (3,73+0,1 mm/ron) — Hau-
6osiee )KECTKUM U BBICOKOTJIOTHBIM CEHCMOI€HHBIM OJI0KaM KOHCOJIMIMPOBAHHOM KOPBI,
KOHTPOJMPYIOIIMM COOTBETCTBEHHO AHanckuii 1 COYMHCKHI celicMMUYecKHe panOHbI
[Crornuii, Ctornuii, 2019]. Ilpu 3tom, BekTop ckopoctu AHarnckoro CI'TI nmpumepHo
OpPTOrOHaJIEH 3alaJHOKaBKAa3CKOMY MEXIUIMTHOMY pa3jioMy, NOIYUHSACH TEHIEHLUU
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«BIABIMBaHMUs» AHATCKOro 61o0ka B ¢pyHaaMeHT CKU(CKOM IUIUTHI, a BEKTOP CKOPOCTH
Counnckoro CI'Tl cybnapauieneH 3anaJHOKAaBKa3CKOMY MEXIUIMTHOMY pas3jioMy, OT-
pakasi, MO-BUJUMOMY, BIHMsHHME Ae(OopMallMOHHBIX BOJIH PaumHCKUX 3emileTpsceHuit
1991 r. ITnomane Ananckoro 1 COYMHCKOTO CEHCMOTeHEPUPYIOLIUX OJIOKOB HE MPEBbI-
maet 4 ThIC. KB. KM, YTO OTPAaHUYMBACT MpEeSbHbIe pa3Mephl o4ara i MaKCUMAaJIbHYIO
(6,0) marauTyny 3emierpsiceHuil. BaxHbIM (haKTOPOM KOHTPOJIS pacipeieieHusl 04aron
3eMJICTPSICEHUI M MX MarHUTY/bI sABJIseTcs peonorndeckuil. Tak, OOIBIIMHCTBO OYaroB
3eMJIeTpsiceHui ¢ M > 5 JOKaJu30BaHbl B MHTEpBaje NIyOMH BEPXHErO CJIOs 3€MHOM
Kopbl (5+15 kM) HanbobIIEH 000OMIEHHOM TPOYHOCTU XPYIIKOTO pa3pyIICHUS.

OCHOBHBIE 33/1a4l OLIEHKH WHTETPaJIbHOrO ceCMOreHHoro pucka KpacHomapckoro
Kpasi CBOJIATCS K CIIEYIOIINM:

1. Pa3paboTka METOAMKH OLEHKH (PaKTOPOB OMACHOCTH MHTETPAIbHOTO CEHCMOIeH-
HOTO pHUCKa, O0YCIIOBJICHHBIX KaK HEMOCPEICTBEHHO CEMCMUYECKMMM BO3JCHCTBUSAMH,
TaK 1 BbI3BAHHBIMU UMHU «MEJIECHHBIMIY YIPO3aMH 3K30T€HHBIX Fe€0JIOrHYeCKUX MpoLec-

A30BCKOE MOPE

NI N1 [ [Z]« [2]5

Puc. 1. Ceticmomexmonuueckas cxema Yeprnomopcrozo nobepesicvs Kpacnooapckozo kpas no
Pe3VIbMamam anaiu3d u CUHMe3sa 2e0s1020-2e0Pu3UIecKux Mamepuaios.
1 — medxcnaummusie paziomsl, pasepanuuusaiowue Bocmouno-Yepuomopckyio u Crughcxyio niumeot (K
— Kpwivckuii, 3 — 3anaonokaskasckutl); 2 — mekmonuueckue napyuienus,; 3 — ceicmozenepupyiowue
onoku; 4 — pecuonanvHbvle meKmoHuyeckue Hanpsaxcenus no [Pacysemaes u op., 2010]; 5 — ocnosHoli
MpeHo MeKMOHULECKUX HaANPAAICEH U, CO30a8aeMblii npoyeccom é3aumodelicmeus Bocmouno-
Yepromopckou u Crughckoti nium. Inuyenmpsl 3eMaAempsceHutl: OOUHCMPYMEHMANbHbIX — Cepblll Yeen,
UHCPYMEHMATbHBIX — YEPHBIU Yeem /
Fig. 1. Seismotectonic scheme of the Krasnodar Region Black Sea coast based on the results of analysis
and synthesis of geological and geophysical materials.

1 — interplate faults delimiting the East Black Sea and Scythian plates (K — Crimean, W — West
Caucasian), 2 — tectonic disturbances; 3 — seismic generating blocks; 4 — regional tectonic stresses afier
[Rastsvetaev et al., 2010]; 5 — the main trend of tectonic stresses created by the interaction of the East
Black Sea and Scythian plates. Epicenters of earthquakes: pre-instrumental — gray, instrumental — black
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coB (yu€T 0coOEHHOCTEH CTPOEHUS BEPXHEH YacTH pa3pe3oB 3eMHOM KOpbl, reoMopdo-
JIOTUYECKUX U UHKEHEPHO-TEOJOTUYECKUX YCIOBHH, a TAKKE TUKCOTPOIHH).

2. CocraBneHnue 1 000CHOBaHUE KapThl (PAKTOPOB OMACHOCTH MHTETPALHOTO Ceiic-
MOTEHHOTO pucKka YepHOMOpcKoro nmodepexbs KpacHomapckoro kpasi Ha peruoHaJIbHOM
U JICTaIbHOM YPOBHSX C YYETOM KOHKPETHBIX (DU3UKO-T€OIOTUYECKUX YCIOBUN PEeTHnoHa
UCCJICJIOBAHUI U a/IalTalluy pa3padaTbIBAeMbIX MOJIETICH K 3TUM yCIOBUSIM.

3. BeiO0Op MOAENbHBIX 3aKOHOB, @ TaKK€ METOAOB KOPPEJSIMOHHON CBS3H 4acTO-
ThI TIPOSIBJICHUS 3€MJIETPSICEHUN Pa3IMYHOW MAarHUTY/bl 1 UHTEHCUBHOCTH COTPSICEHUM
C YaCTOTOM MPOSBIICHUS CEMCMOTE€HHBIX PUCKOB Pa3IMYHOMN MPUPObL, B 3aBUCUMOCTH OT
T€0JIOTMYECKOT0 U TEKTOHUYECKOTO CTPOCHUS AMHUIIEHTPATbHON 001acTH.

4. OreHKa CeiCMOT€HHOTO pUCKa U MOJIEIHpOBaHHE O€30MacCHOCTH TYypPUCTCKO-pe-
KpEarmoHHbIX TeppuTopuil Yepromopckoro nodepexns n CeBepo-3anagHoro Kapkasa c
BBICOKHM YPOBHEM Pa3BUTHS PEKPEAMOHHON CEpHI.

Jlnis oueHku (akTOpOB MOTEHIMATIBHOTO CEMCMHUYECKOTO PUCKA TYPHUCTCKO-pEKpe-
AllMOHHOM TEPPUTOPUHU, C YUETOM KapT AECTAIbHOTO CEHCMUYECKOr0 pallOHMPOBAHUS U
(akTOpOB BOZMOXKHOTO y1iepOa, HE0OX0IUMO MOCTPOSHUE BEPOSITHOCTHBIX MaTeMaTuye-
CKUX Mojeiel ux peanusauuu. [lonHas BeposiTHOCTh P(B;) OMacHOTO MPUPOAHOTO WU
MPUPOAHO-TEXHOTEHHOTO MPOLEcca C i-bIM UCXOJIOM Ha pacCMaTpPUBAEMOI HA PErMOHAIb-
HOM H JIOKaJTbHOM YPOBHSIX MOXKET BBIYHCIATHCS 10 popmyne (1) monHoi BepOITHOCTH
[Munaes, ®anees, 2009, c. 245]:

P(B) = LP(4,)P(B/ ), 0
e (] = 1, ceey m) — BO3MO)KHBIC OITIACHBIC HpI/IpOI[HBIC nu HpI/IpOI[HO—TeXHOFCHHLIe

npoueccel Ha paccMarpuBaeMoit TPT; P (A;/B;) — ycloBHbIE BEPOITHOCTH HACTYIIEHHUS
CTUXUUHOTO OEICTBUS MPH YCIOBUH PEAM3allUU j-TO OMACHOTO MPUPOAHOTO (WK MpH-
POIHO-TEXHOTEHHOT0) Tpoliecca.

OUEHKA MHTETPAABHOTO PUCKA MPOSIBAEHUS
OK30reHHbIX reOAOITM4yeCKnX rnpoLeccos

AHanu3 KomIuiekca (hakTopoB, BIUSIONIUX HA Pa3BUTHE SK30I'€HHBIX MPOIECCOB, MO-
3BOJISICT BBIJICIUTH Hanbosee 3HaunMble [JIrooumosa u 1p., 2017]:

— HHTEHCUBHOCTHh HEOTEKTOHUYECKUX JIBUKCHHIA;

— CTemneHb pacuieHEHHOCTH penbeda (3eMHOI TOBEPXHOCTH);

— pacnpoCTpPaHEHHOCTh M HUHTEHCUBHOCTH OIMOJ3HEBHIX MPOIIECCOB;

— pacnpoCTpaHEHHOCTH cenn(PUUECKUX TPYHTOB (HaOyXarolnuX U MPOCaI0YHBIX);

— XapakTep U UHTEHCUBHOCTh Pa3BUTHUS HA TEPPUTOPUU IPOCATOUHBIX (HOPM pebe-
(ha, 00BaTBLHO-OCHIMTHBIX MPOIECCOB U OBPAKHO-0AT0YHOM 3PO3UH.

B nanHo#i paboTe MCMONB30BaH METOJ OLIEHKH OTAEIbHBIX (PAaKTOPOB IO OajiaM B
3aBUCHUMOCTHU OT MX BaXHOCTU. MeToa OaiipHOM (MJIM paHTOBOI) OLIEHKH MO3BOJIIET B
3HAYUTETHFHOM CTEMEHU MPEOI0NIETh CI0KHOCTh OIEHUBAHUS, BBI3BAHHYIO HEOIHOPO/I-
HOCTBIO CPaBHHMBAaEMBbIX MTOKa3aTemnei.

Koadpdunuentsr (K) nans orpakeHus xapakrepa U1 MHTEHCUBHOCTHU MPOSIBICHHS Ha
Tepputopun KpacHomapckoro kpasi TOro WJid HHOTO MPOIecca PACCUUTHIBATUCH UCXOS
U3 Beca KpuTepus B 0aliax ¥ CyMMapHOMW TUIOIIAIM TEPPUTOPUA, TIIe ITOT MpoLiece mpo-
SBJICH, BBIPAXXCHHOH B MpolleHTaXx. B Tabnuie 1 npuBeaeHbl KOINYECTBEHHBIE XapaKTe-
PUCTHKH pacCMaTpuBaeMBbIX MOKa3aTemnei.
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Tabnuya 1/ Table 1

Tabdnuua kpuTepues sl 0a/UIbHOI OLEHKH I'e03K0J0THYeCKUX YCJIOBH A
Kpacnonapckoro kpas / Criteria table for point rating of the geoecological
conditions of the Krasnodar Territory

Kpurepuii onenxu / Evaluation criterion

Xapaxrepuctuka / Characteristic

Bec kpure-
pus, B bayiax
/ Criterion
weight, in points

1 2 3
MHTEHCUBHOCThH T€0TEKTOHUYECKUX Cna0bie / Weak 0
nBwxeHui / Intensity of geotectonic ‘Ymepennsie / Moderate 1
movements Wurencusnbie / Intensive 2
WuBepcust HanpaBieHUs IBU-
skenwust / Inversion of movement 2
direction
CeticmuunocTb 1o kapre OCP-2016A*, |6 0
0asut / Seismicity according to the map of |7 1
GSZ-2016A*, point 8 n Oosiee / 8 and more 2
PacnipocTpanenne npocanodHsx rpyHTOB | He pactpoctpanenst / Not 0
/ Spreading of the subsiding soils spreaded
I tunt npocagounoctu / I type of 1
subsidence
II tun npocamounoctu / 11 type
. 2
of subsidence
Pacnpocrpanenue HaOyxatomux rpyHToB | He pacnpoctpanensl / Not 0
/ Spreading of the swelling soils spreaded
Pacnpocrpanenst / Spreaded 1
PacuneneHHOCTH 3eMHOM MTOBEPXHO- 0,0-0,10 1
cru, km/km? / Roughness of the ground 0,10-0,50 2
surface, km/km? 0,50-1,00 3
Cspimze 1,00 / Over 1,00
[TopaskeHHOCTH TIPOCamOUHBIMHU Popma- | 0<K<10 1
Mmu penbeda / Incidence by subsidental 10<K<25 2
landforms 25<K<35 3
[TopaxeHHOCTh BOIHO-3PO3HOHHBIMHU Menee 3% / Less than 3% 0
nponeccamu, % / Incidence by water- 3-25% 1
erosion processes, % bonee 25% / Over 25% 2
[TopaskeHHOCTb 00BaJILHO-OCHIMHBI- Menee 3% / Less than 3% 0
MU (TPaBUTALMOHHBIMHK) TIpOIleCcCa- 3-25% 1
Mmu, % / Incidence by avalanche-talus Bonee 25% / Over 25% )
(gravitational) processes, %
[TopaxxeHHOCTH ONOI3HEBBIMHU Tiporiecca- | Menee 3% / Less than 3% 0
mu / Incidence by landslide processes 3-25% 1
Bornee 25% / Over 25% 2

CrnoxeHre pUCKOB KaXKJIOTO M3 PACCMOTPEHHBIX ITAPAMETPOB IyTEM CYMMHUPOBAHUS
KapT HHTEHCUBHOCTH MPOSIBIICHUS TTOPAYKEHHOCTH TOTO HJIM MHOTO TIPOIECCca MO3BOIUIO
MIPOBECTH PaHKUPOBAHHUE TEPPUTOPUH KpacHOmapcKoro kpas Mo CTEIeHH HHTErPaIbHO-
IO PUCKa MPOSIBICHUS SK30TEHHBIX MPOIIECCOB (puc. 2).
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Puc. 2. Kapma oyenku unmezpanbHo20 pucka nposasieHus 9K302eHHbIX 2e0N02UYECKUX NPOYECCOs8
Kpacnooapcrozo kpas u Pecnyonuxu Aoviees.

1-3 — epanuywr: 1 — Kpacnooapckoeo kpas, 2 — pationos u meppumoputi Kpacnooapckoeo kpas, 3 —
obnacmeti u pecnyonux Poccutickoti @edepayuu; 4 — 20poda Kpaegozo u pecnyOIuKaHCKO20 NOOYUHEHUS,
5 — paiionnvie yenmpoi. [llxana unmencusnocmu ypogHell pucka ONACHuIX IK302EHHbIX 2€0N0SUYECKUX
npoyeccog: 1 — nuskuil, 2 — cpeorutl, 3 — 8bICOKUl, 4 — OueHb 8bICOKUU /

Fig. 2. Map for assessing the integral risk of exogenous geological processes manifestation in the
Krasnodar Region and the Republic of Adygea.

1-3 — borders: 1 — Krasnodar Region, 2 — districts and territories of Krasnodar Region, 3 — regions and
republics of the Russian Federation, 4 — cities of regional and republican subordination; 5 — regional
centers. The scale of the intensity of the risk levels of hazardous exogenous geological processes: 1 — low,
2 — medium, 3 — high, 4 — very high

OUEHKA UHTETNPAABHOTO PUCKA MNP OSIBAEHWMST ONACHbIX
OHAOIEeHHbIX N SK30reHHbIX TeOAOTNMYeCKMX npouecCcoB

PaiionupoBanue npupoaHbIX (AKTOPOB Ha OTHOCUTEIHHO OJIHOPOJHbBIE YACTH C HC-
NI0JIb30BaHUEM UHTETPAJIBHBIX OLIEHOK MOTEHINAIbHBIX PUCKOB OIIACHBIX T€0JIOTUYECKUX
IPOIIECCOB OBLIO BHIMOJIHEHO C pa30MEeHUEM KPUTEPUEB Ha KJIACChl. YUYACTKH CO CXOXKHUM
XapaKTepoM T'€03KOJIOTHYECKUX YCIOBUH ObUIM OObEIMHEHBI B UEThIpE paiioHa (30HBI)
110 YPOBHIO IOTEHIIMAJIBHOIO PUCKA ONACHBIX dHIOTEHHBIX M JK30T€HHBIX IPOLECCOB:

HU3KH, CPeTHUH, BBICOKUH, OY€Hb BBICOKHI (puc. 3).
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Puc. 3. Kapma unmezpansroil oyenku nOmeHyudibHo20 pUCKa IHOO2EHHbIX U IK302EHHBIX NPOYECCO8
Kpacnooapcrozo kpas u Pecnyonuxu Aovieest.
1-3 — epanuywl: 1 — Kpacnooapckoeo kpasi u Pecnyonuku Aoviees, 2 — paiionos u meppumopuii
Kpacnooapcroeo kpas, 3 — obracmeit u pecnyonux Poccuiickou @edepayuu, 4 — 2copooa kpaeeozo
U pecnyonuKaHcKo2o NOOYUHeHusl, 5 — pationnuvle yenmpul. Lllkara unmencusnocmu yposnei
HOMEHYUATLHO20 PUCKA ONACHBIX 2€09KON0SUUECKUX npoyeccog: 1 — nuskutl, 2 — cpednutl, 3 — 8blcoKuUl,
4 — ouenv gvicoxuil /
Fig. 3. Map of the integrated assessment of the potential risk of endogenous and exogenous processes in
the Krasnodar Region and the Republic of Adygea.

1-3 — borders: 1 — Krasnodar Region and the Republic of Adygea, 2 — districts and territories of
Krasnodar Region, 3 — regions and republics of the Russian Federation; 4 — cities of regional and
republican subordination; 5 — regional centers. The scale of the intensity of the levels of potential risk of
hazardous geoecological processes: 1 — low, 2 — medium, 3 — high, 4 — very high

[IpoBeneHHbIE HCCIENOBaHUS IO pPa3paboTKe W ONMPOOOBAHWIO METOIAMKH HHTE-
IPAJIBHOM OLIEHKM ONACHBIX SHIOTEHHBIX M 3K30T€HHBIX I'€OJOTMYECKHX IMPOLECCOB
JAI0T BO3MOYKHOCTB OXAapaKTEpU30BATH I'€0IKOJOTMYECKOE COCTOSTHUE MPUPOAHOU Cpe-
el KpacHogapckoro xpasi Ha perMOHajabHOM ypoBHE. HammeHbIIMM NOTEHIMAIBHBIM
PUCKOM IPHUPOIHBIX OMACHOCTEM XapaKTEPU3YIOTCsS CEBEPHBIE PAMOHBI, JJII KOTOPBIX
XapakTepHa HHU3Kasg BEPOSTHOCTh BO3SHUKHOBEHMSI OMACHOTO coObITHS. s TeppuTo-
pUii CpEIHEro pucKa, HalIEAIINX OTPAKEHHE HA KapTe€ MHTErPaJbHOM OLIEHKH ITOTECH-
[AAJIBHOTO PUCKA OMNAaCHBIX 3HJIOT€HHBIX M DK30I'€HHBIX MPOLECCOB, YUYET BO3MOMKHBIX
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NOTEHIMAIbHBIX PUCKOB U MEPONPUATUN IO UX MUHUMU3ALMU JOJKEH MPOBOJUTHCS
Ha 6oJiee BHICOKOM YpOBHE. 30HBI BBICOKOTO M OYEHb BBICOKOTO IMOTEHIIMAIBHOTO pUCKa
JIOKAJIM30BaHbl B IPEJENIaX CEBEPHOrO U FOKHOro ckJIoHOB CeBepo-3amanHoro Kaskasza
u YepHomopckoro nodepexbst KpacHonapckoro kpas. /s atux tepputopuii Tpedyercs
nepBoouepeHast pa3paboTka MEpONPHUATUI 110 YIPABICHUIO PUCKaMU (HA YPOBHSX 00-
JacTh — paiioH — y4actok 1o [byposa, 2019]), mockonbky mMacmTad NOTEeHIUAIbHBIX TO-
CJIEZICTBUI MOXET MOTPeOOBATh 3HAUYUTEIbHBIX MAaTePHAIIbHBIX 3aTpaT U BPEMEHU Ha UX
nuKBUanuio. [loTeHnanbHO OYEHb BBICOKHMM PUCK OMACHBIX T€0JIOTMYECKUX ITPOLIECCOB
JUISL caMbIX BBICOKOTOPHBIX TeppuTOpuil KpacHomapckoro kpasi onpenenser nepBoode-
peIHyo 3a/1auy pa3paboTKU U BHEAPEHHS MEp IO YIPABICHUIO PUCKAMHU Ha Pa3IMYHBIX
YPOBHSIX.

3AKAKOYEHNE

I'eoskonorunueckue ycnosust KpacHomapckoro kpast Ha perioHajabHOM YPOBHE OIpe-
JIEJISIOT XapaKTep U CTENEHb MPOSBIEHUS OMACHBIX SHAOTCHHBIX U SK30I'€HHBIX NPUPOJI-
HBIX IPOLIECCOB. DHAOT€HHbIE F€0IKOJIOTMUYECKHUE ITPOLIECCHI, BBI3BAHHBIE BHICOKOM celic-
MHUYHOCTBIO, aKTUBHBIMH TEKTOHHUYECKUMHU HAPYIICHUSIMH, HEOTEKTOHUYECKUMHU JIeop-
MalMsAMHU CKJIAUaThIX CTPYKTYp M JBM)KEHHEM OJIOKOB BEPXHEH 4acTh 3€MHOM KOpHI B
YCIJIOBUSIX HAIIPSDKEHHOTO COCTOSHUS 36MHOM KOpBI, XapakTepHsbl st CeBepo-3anagHoro
KaBkaza u UepHOMOpPCKOTO MOOEpexbsi. Yrpo3y Ui 0€30MacHOCTH PETHOHA MPEICTaB-
JSIFOT TAKXKe OTACHBIE AK30TEHHBIE IPUPOHBIE TEOJIOTUIECKUE MPOLECCH (OMOI3HH, 00-
KOBasi M JIOHHAs 9po3usi, abpasus u 1p.). Tak, Ha OTIENbHBIX ydacTKax UepHOMOPCKOTO
no0epexbs MOpakEHHOCTh OMOI3HEBBIMU Tporieccamu coctasisier 10-20%, a mpu Tex-
HOTEHHOM BO3/ICHCTBUU MOXKET Bo3pactarh 710 50 %.

K nanbonee axTyanbHBIM BOIpOCaM TI€0IKOJIOTMHM Teppuropun KpacHomapckoro
Kpasi OTHECEHA OIIEHKA CTEIIEHU OIMACHOCTH MHTETPAILHOTO CEMCMOT€HHOIO PUCKA U K-
30T€HHBIX MPUPOJHBIX MpoleccoB. Pa3paboTka METOAMKHN OLIEHKHU CTENEHU OMACHOCTH
MHTETPaAJIbHOTO CEHCMOTE€HHOTO PUCKA JOJKHA BKIIIOUATh (PAKTOPHI, 00YCIOBIEHHBIE KaK
HEIOCPEACTBEHHO CEHCMUYECKUMU BO3JIEHCTBUAMHU, TaK U BbI3BAHHBIMU MU N1OCIEYIO-
MU YTPO3aMHU SK30TE€HHBIX T€0JOIMYECKUX MPOLIECCOB AMULIEHTPATBHOM 00/1aCTH 3eM-
nerpscenus. K yrposam 3toro raHa ciaenyeT OTHECTH c(hOpMHUPOBABIINECS AKTHBHbIE
pa3oMbl, 00BaJIbI, TPOBAJIbI 36MHOM MTOBEPXHOCTH, U3MEHEHHE PYCE BOAOTOKOB.

B paGore mpuBeneHsl pa3paboTaHHbIE KapThl OLIEHKW HMHTETPAILHOTO PUCKA IPO-
SIBIGHUSI K30T€HHBIX T'€0JIOTMYECKUX MPOLECCOB M HMHTErpajbHON OLEHKU IOTEHIIU-
aJIbHOTO PUCKA OINACHBIX 3HJOTCHHBIX U 3K30T€HHBIX IpoleccoB KpacHogapckoro kpas
u PecriyOnuku Anpires. HauMeHbIINM MTOTEHLIMAIBHBIM PUCKOM BO3HHMKHOBEHHUS IpH-
POJHBIX OMACHOCTEHN XapaKTepu3yoTcsl ceBepHble pailoHbl KpacHomapckoro kpas. 30HbI
BBICOKOTO M OYE€Hb BBICOKOT'O OTEHIIMAIBHOIO PHUCKA JIOKAJIM30BAHbI B IIpe/ieax ceBep-
HOTo U 0KHOro ckiioHoB CeBepo-3amagHoro Kaskaza m YepHOMOpPCKOro mnodepexbst
Kpacnonapckoro kpas. [nst aTux Teppuropuii Tpedyercs nepBoodepenHas pazpadboTka
MEPOIPUITUH 110 YIPABIECHUIO PUCKAMH Ha PA3IMYHBIX YPOBHSIX.
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MAMATb

TAMA3 BAPAAMOBUY TMOPITOBUAHU
1939 - 2021

Tama3z BapnamoBuu ['noproouanu poauscs B I'py3un, B . Kyraucu 2 suBapst 19391,
B cembe BoeHHocuyxkamero. Orenr — Bapnam IlerpoBuu ['moproOuanu, MOIKOBHUK,
y4yacTHUK DHUHCKON U BelnkKol OTeUEeCTBEHHOW BOMH MMEJ MHOTHE TOCYIapCTBEHHBIE
Harpajbl. Mars — Mapuam HectopoBHa HoxoHenuna3e — 3acity:keHHbIl negaror ['pysuu.

ITocne oxonuanust B 1957 1. cpenneii mxonsl B I. Kyraucu, T. B. I'mopro6uanu mno-
crynun B I'py3unckuii [lonmurexanueckuit MTHCTUTYT Ha reonorndeckuil pakymnbTeT, Ko-
TOpBIM OH OKOHUYMI B 1962 I. 110 CHEMAIbHOCTH «TOPHBIM MHKEHEP-Te0JI0N. 3aTeM 110
pacnpenenenuto Tama3 Bapiaamosuu 0bu1 HanpaBieH B Kazaxcran u B 1962-1967 . pa-
6otan B BocTouno-KazaxcTaHCKOM TEpPUTOPUATBHOM I'€0JIOTUYECKOM YTIPaBICHUH, UH-
YKEHEPOM-T€0JI0TOM T'€0JI0r0-MOUCKOBBIX Naptuid. B 1967-1969 rr. paboran Hay4YHbIM pa-
OOTHHMKOM M CTapIIUM HHXeHEepoM B Ka3axckoM HayyHO-UCCIEI0BATEIILCKOM HHCTUTYTE
MuHepaibHOro celpbs. C 1969 roga Tamas BapinamoBuu paboTtai cTapiiuM Hay4HbBIM CO-
TPYIHUKOM B MHCTUTYTE I'€0JIorndeckux Hayk Kazaxckoil akagemuu Hayk, rae B 1975 .
OH YCIEIIHO 3alUTHI KaHIUAATCKYI0 TUccCepTaLnio Ha TeMy «CKJIaauaToCTh U KIMBaX
KaJIeIOHCKOTo CTpyKTypHOro 3taxka Cesepo-3anagHoro Kaparay».

[Tocne 3amuTel quccepranuu Tama3 Bapinamosuu BepHyiics B ['py3uto u Hayan pa-
6otars B ['eonornueckom nactutyTe Akagemuu Hayk [ py3un, B oT/iee TEKTOHUKH U pe-
TMOHAJIbHOW reosoruy, cHadaua miaaamum (1976-1979 rr.), a 3atem crapuium Hay4HbIM
COTPYIHUKOM.

Best tpynoBas nearensHocTs T.B. 'moproouanu B I'eosornueckoM MHCTUTYTE CBsI-
3aHa CO CTPYKTYPHBIMHU HcCcliefioBaHusMU KaBka3ckoil ckiagdaToi o0nacTv, B IEPBYIO
ouepens teppuropun [pysun: «M3yueHue reonoro-cTpykrypHoro npoduist bombiioro
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Cogmecmmbie ucciedoganus ¢ compyonuxamu I eoguzuueckoeo uncmumyma
BHI] PAH, okmsbps 2019 2.

KaBka3a Bnonbs pex Aparsu u Tepru» (1997-1999); «3yueHne TeKTOHUYECKOTO CTPO-
€HUS M reofMHaMHuuecKkas sBomtonus Teppuropun [pysun» (2000-2001); «eogunamu-
YyecKkasl BOJIIOLUSA U MeXaHU3M (OPMUPOBAHUS TEKTOHHYECKUX CTPYKTYp TEPPUTOPHUU
I'py3un» (2002-2003); «oanpnuiickas U ajabluiickas reofnHaMuKa TeppuTopun Ipy-
3um» (2004-2005); «M3ydeHne OeTanbHOTO Te0JIOro-CTPYKTYpHOTO paspesa bonbioro
KaBka3a u conpenenbHbIX TEKTOHUYECKUX €IMHUILL BIO0JIb BoeHHO-I py3uHCKON 1OpOoru»
(2006-2009); «TpexmepHas moaenb MTyOMHHOTO TeOJOr0-re0(U3NYECKOro CTPOCHHUS
I'py3un» (2010-2012).

T.B. I'moprobuanu siBisieTcs aBTOPOM M COaBTOpPOM 0Koj0 200 Hay4HBIX TPYAOB,
B TOM 4YHCIIe TpeX MOHOTrpaduii, NOCBSIIEHHBIX MpoOiIeMaM CTPYKTYPHOTO aHalIHu3a U
MexaHu3Ma GhopMupoBaHus JTuHetHON ckiamgyaroctu Kazaxcrana u CeBepo-3anagHoro
KaBka3za, a Taxke nyOMHHOMY reoJoruueckoMy ctpoenuto ['py3uu no reodusnueckum
nanHbIM. Tama3 BapnamoBuu ydacTBoBai 6osee 4yeM B 50-U MEXKITyHaApOAHBIX HAYUHBIX
KOH(EepPEHIUAX, COBEIIAHUAX, CHMIIO3UYyMaxX M KOHTPECCax.

Xors Hamr MHCTUTYT CTponTensHon Mexanuku u Celicmoctoiikocty AH I'pysun,
rae g paboran, 011 pacnonoxen BOmu3n Muctutyra reonorun AH I'pysun, ¢ cotpya-
HUKAaMH KOTOPOT'O Mbl aKTUBHO COTPYAHMYANH, JIMYHO 51 3HAKOM C HUM He ObU1. Tak yx
MOJTyYHJIOCh, YTO 5 MO3HAKOMMUJICS ¢ TIyOoKoyBaskaeMbIM Tamazom BaprmamoBuuem mo3-
xe. 1 moznakomun Hac akageMuk AH I'py3un Tama3 Jlykuu Yenuaze. [lepBas ke Haia
BcTpeua npuszonia B 2017 roqy Ha MexayHaponHo# koHdepeHiuu B . Bnaaukaskase,
KyJla Mbl €r0 MPUTTACUITH.

MpI cpa3zy oOpaTuiu BHUMaHHE Ha OOJbIIOE, TOJYEPKHYTOE YBaXKEHHE, C KOTOPHIM
OTHECIUCh MACTUThIe, BCEMUPHO H3BECTHBIC Teojior B Juie npodeccopa Hukomnas
BrnagumupoBuua KopoHOBCKOTO M KOJUIET U3 APYTMX PErMOHOB, Ha MosiBieHne Tamaza
BapnamoBuya ['noproduanu. OH npoyuTan BeIUKOJIEIHbIE JOKIIAbI, TOKa3al MPU ITOM
BKJIaJl POCCHUMCKUX U TPY3UHCKHUX I'€OJOrOB B Pa3BUTUE MHOTUX I'€OJOTHUECKHX UCCIIe-
nosanuii Ha CeBepHoM 1 HOxxHoMm KaBkaze. Mol noapyxunuce. [lo Hameit npocs0e oH
MIPOYEIl HECKOJIBKO KOPOTKUX, HO BECbMa CO/IEP KATEIbHBIX, JIEKIIHH, Ha BHIC3THOM MOJIO-
JIeKHOM CEMHHApE B ropax.

Lenblit psin cTarei, a 3To 9 crareit, HaunHast ¢ 2017 roga, oH onmyOIMKOBAJ B HAIIEM
xypHaiue «l'eonorus u reopusuka fOra Poccun», BKIIOUSHHOM B MEXIyHapOAHYIO 0azy
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Cosmecmmvie ucciedogarus ¢ compyonukamu I eogusuueckoeo uncmumyma
BHI] PAH, okmsbps 2019 2.

nanHbix Ckomyc. U Bcerna perieH3eHThl €MHOITIACHO OTMEYald BHICOKHM YPOBEHb OpHU-
TMHAJIBHOCTH €T0 MyOINKAIUH.

Tama3z BapniMaMoBU4 ObLT OT3BIBYMBBIM, SMOLIMOHAIBHBIM U OTKPBITHIM YEJIOBEKOM.
Ero tennas ynpiOka corpeBajia OKpyKaroux.

B 3aBepiieHne xoTenock Obl cka3zaTh HECKOJIBKO CJIOB Ha TPY3UHCKOM sI3bIKE: 050G Mbo
0585% gmofamodnsbo bagomo3zgmmb ghogymaoa d3noamo nym /yBaxkaemsrit Tamas ['u-
opro6uanu ObLIT BEpHBIM cbiHOM [ py3un/.

Bech Hail KoIeKTuB ITy00KO CKOPOUT O HEBOCIIOTHUMOMN yTpaTe, U BHIPAXKaAET IITy-
00okoe cob0Ie3HOBaHKNE ceMbe U OMU3KHUM JIpy3bsiM Tamaza BapnamoBuua, a Takxke Bcem
corpynHukam [‘eoornueckoro nHcTutyTa AKageMun Hayk [ pys3un.

['maBHBIN pegakTop KypHaia
«I'eonorus u reopusuka KOra Poccun»

I. ¢.-M. H., mpoeccop B.b. 3aanumuBuim
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NHOOPMALLNS AN ABTOPOB

B xypnane «I'eonorus u reopusuka KOra Poccumy myOnmKyroTcsi OpUrdHaIbHBIE CTa-
ThU TEOPETUYECKOIO M METOJUYECKOTO XapaKTepa IO BOIPOCAaM TIeOJOrHH, TeOpU3UKU U
TFEOXHMUH, Pe3yJbTaThl U3yUYEHUsI COCTABA U CTPOEHUS KOPbl U MAHTUU 3€MJIH, IIPOLIECCOB
(hopMupoBaHUS U OOMIMX 3aKOHOMEPHOCTEN pa3MeIIeHHs MOJE3HBIX UCKOMAEMbIX, a TAaKKe
pe3ynbTaThl pa3paboTKH M MPUMEHEHUS Te0JI0ro-reo(pu3nuecKux METOJOB HUX BBISBICHUS.
Tematuka *ypHasla COOTBETCTBYET CIEAYIOIIMM O0JIACTAM 3HAHUMN O IeHCTBYIOLIEH HOMEH-
kimarype BAK: 25.00.03 — I'eotekTonuka u reoguHamuka; 25.00.10 — I'eodusuka, reodu-
3UYECKUE METOJIbI MTOMCKOB MOJIe3HbIX HcKomaembix; 25.00.11 — ['eonmorusi, moucku u pas-
BEJIKa TBEPJBIX TOJE3HBIX HCKOMaeMbIX, MuHepareHus; 25.00.23 — dusudeckas reorpadus
u 6uoreorpadus, reorpadus nmous u reoxumus ganamadros; 25.00.35 — I'eoundopmaruka;
25.00.36 — ['eoskoiorusi, a Tak)Ke CMEKHBIM HAyYHBIM HAIMTPABICHUSIM.

s paboT pernoHasbHOrO Xapakrepa MPeArovYTeHHue OTAACTCSl CTaThiIM, PaCKpbIBAIO-
LIMM pa3IUYHbIE BOIIPOCHI reojorndeckoro crpoenus Ora Poccun u nmpuneraromux reppu-
TOPUH.

B cootBercTBUM C rpajanueil HayK, IPUHATON B MEXIyHApOIHBIX CUCTEMAaxX LIMTUPOBA-
Hust Scopus u Web of Science crarbu ns nmyOGnukanuu B )xypHaie «[eonorust u reopusuka
IOra Pocun» npuHUMaroTCs 10 CAEAYIOLIMM OTPACsIM U FPyNIaM HaykK:

1. Earth and Planetary Sciences (Hayku 0 3emJie U IUIaHeTApPHbIE HAYKH);

2. Environmental Science (Hayka 00 okpy:karouieii cpene).

B xypnane «I'eonorus u reopusuka FOra Poccun» newararorcs:

— CTaTbU C M3JI0KEHUEM HOBBIX HAyUHBIX PE3yNbTaToB, 00beMoM He Oonee 10 mammHo-
MUCHBIX CTPAHUIL, BKJIIOYAsi MJUTFOCTPALIUH U TAOIUIIBL;

— KpaTK#e cOoOoOIIeHHsI, cojiepKanie HHPOPMAIMIO O BaKHBIX pe3yibTarax HpeaBapu-
TEJNbHBIX UCCIIEAOBAaHUM, 00beMOM 3-5 cTpaHull (3T MaTepuabl BIOCIEICTBUU MOTYT HC-
I10JIb30BaThCs B TEKCTE MOJIHOM CTaThH);

— 0030pHI MeYaTHBIX pabOT MO AKTYyaJIbHBIM Ie0JI0r0-reo(pU3nIecKuM U HKOJIOTHYECKUM
npobiemam FOra Poccuu u mpuneraroniux tepputopuii, oobemom 20-25 cTpaHuI] IO 3aKa3y
penaKIuu.

Bce paboTbl JOMKHBI COOTBETCTBOBATh TeMaTHKe KypHana. IIpegocraBieHHbIe pyKo-
MUCHU TIPOXOJAT ATAlbl MPEIBAPUTEIHLHOIO U UTOTOBOIO PEILEH3UPOBAaHUS, U B Cllydyae He-
00X0IMMOCTH, HATIPABIIAIOTCS] aBTOPaM Ha MCIIpaBiIeHNE U 10paboTKy. Pykomnucu B sxypHae
myOJIHUKYIOTCSL HA PYyCCKOM JTHOO0 aHITIMICKOM SI3bIKaX, aHHOTALIUK HA PYCCKOM U aHTJIMHCKOM
si3pIKax. JKypHan myOiauKyeT UCKITIOUYUTEIbHO OPUTHHAIIBHBIE CTaThbU. ABTOpP HECET MOJHYIO
OTBETCTBEHHOCTH 3a COOIIOAICHHE 3TOr0 TpeboBaHus. Pykonucu, He MPUHATHIE K OMYyOIUKO-
BaHUIO, aBTOPaM He BO3BpallaroTcs. Penakius Takke He BO3BPALLAET IPUCHUIAEMbIE MATEPHU-
anbl. Penakius octaBisieT 3a cOO0H MpaBo MPOU3BOJUTH COKPALLIEHUE U PEAAKTOPCKYIO MpaB-
Ky TEKCTa cTaTbU. McrpaBiieHus B TEKCTE M WIIIKOCTPALUAX aBTOPbI MOT'YT BHOCUTH TOJIBKO
Ha CTQJIMM TIOJITOTOBKHU CTaThu K HaOopy. HecoOmronenue mpaBui opopMIICHUST PYKOITUCH
MIPUBEZET K OTKJIOHEHUIO cTarbu. [TyOnukamms O6ecruiaTHa 171l aBTOPOB CTaTel, HalMCaHHBIX
0 3aKa3y peldaKiuu, u JUis acnupanToB. [lepeneuarka 10mycKaeTcsi TOJIBKO C pa3pelieHus
pEeNaKIyu 1 ¢ 00sI3aTeIbHON CChUTKOM Ha )KypHan «l eomorus u reodusuka FOra Poccumy.

VIHCTPYKLUMS AASI OBTOPOB

[Tprem mMaTepranoB K pacCCMOTPEHHIO OCYIIECTBIISIETCS TOCPEICTBOM IIEKTPOHHOTO CEep-
Buca http://www.geosouth.ru wm o moute Ha ajgpec UznarensctBa: 362002, Poccus, . Bia-
JMKaBKa3, yn. Mapkosa 93a, penakims xxypHana «[eonorus u reopusuxa FOra Poccum».
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B penakiyo He0OX0AUMO NPENOCTABUTH CIIEAYIONINE MaTepHAIbL:

— cTarbs (CTPYKTYpy U IpaBuiia 0hOPMIIEHHS CM. HUXKE);

— Ha OTIENBbHOM CTpaHHLE: CBeJIeHNs 00 aBTOpax, cojepxkaiiue haMuiInio, UMs, oTde-
CTBO, YYECHYIO CTEIIE€Hb, 3BaHKE, HA3BaHHE OpPraHU3alluy, CIIyKeOHBIN U JOMALIHUN ajpec U
Tese(hoHbl, e-mail ¥ yka3aHue, ¢ KeM U3 aBTOPOB MPEANOYTUTEIbHEE BECTH NEPEIHCKY;

— HalpaBJIeHHE OT OpPraHU3alllM, €CIIU IPEelOCTABISAEMbIE MaTepHallbl SABIAIOTCS pe-
3ylbTaToM paloThI, BHIMOJIHEHHOM B ATOM OpraHW3alyy; B HAIpPABIECHUH CIEIyeT yKa3aTb
Ha3BaHME PyOPUKHU XKypHaNa;

— DKCHEPTHOE 3aKJIIOUEHHME WM IPYroil JOKYMEHT, pa3pellaroliuii ormyOIiMKoBaHHE B
OTKPBITON I€YaT, YTBEPXKIECHHbIC PYKOBOAUTENIEM OpPTraHU3allMM U 3aBEPEHHBbIE repOOoBOH
neyarslo (MPeaCTaBIAI0T TOIBKO aBTOphI U3 Poccun).

Ecnu marepuansl moAaroTCsl MOCPEACTBOM IEKTPOHHOIO CEpBUCA, OyMasKHbIE JK3EM-
IUIPBI PYKOIMCH B PEAAKIINIO MIPEOCTaBIATh He TpeOyercs. [Ipu oHmnaiin perucrpanuu He-
00X0IMMO PYKOBOJICTBOBAThCs MOIIATOBBIMU MHCTPYKLUAMHU 10 3arpy3ke ¢ainos. Ilpu or-
IpaBKe MaTepuasoB MOYTONH HEOOXOJMMO MPHIIOKHUTH JBa OyMa)KHBIX SK3€MIUIIpa CTaTbH,
HOANUCAHHBIX BCEMH aBTOpaMu. [10Ar0TOBIEHHBINH B COOTBETCTBUM € OOIIUMH TEXHUYECKH-
MH TpeOOBaHUSMM TEKCT I€YaTaeTCsi Ha OHOW cTOpoHe nucta ¢popmara A4. AHHOTAIUS C
NPUBE/ICHHBIM B Hauasle Ha3BaHUEM, aBTOpaMH, UX aduiaranueil neyaraercst Ha OTIEIbHOM
mucre. [loanucn K puCyHKaM TakXke MPeIoCTaBIAI0TCS oTAenbHO. Kaxnas Tabnuma u pucy-
HOK JIOJIXKHBI ObITh HalleuaTaHbl Ha OTJEJIBHOM JIHCTe. BHU3Y CTpaHuUIBI ¢ MIUTIOCTpALUe He-
00X0IMMO yKa3aTh HOMEp pUCyHKa. Taxke He0OXOIMMO IPUIIOKUTH IEKTPOHHBIN BapHaHT
Ha JIF0OOM MOPTATUBHOM HAKOIIUTEJIE WIN MO CONIACOBAHUIO C PEAAaKLUEl HAlIPABUTh COOT-
BETCTBYIOIME MAaT€PHAJIbI 10 3JIEKTPOHHON TOUTE.

[MpaBUAQ OPOPMAEHUS CTATLA

Ha nepBoii cTpanute 1omkHbl 06Tk YKazanbl: YJK; Ha3BaHMe CTaThU HAa PyCCKOM SI3BIKE
(cTpouHbIMU OyKBaMHM € KalMTadu3alueill HayalbHON OyKBbI TOJIBKO NIEPBOIO CJIOBA B MpEJ-
JIO)KEHUH U UMEH COOCTBEHHBIX, 0€3 KaBbIYEK, IEPEHOCHl HE JOITyCKAIOTCs, TOYKA B KOHIIE
HE CTaBUTCS, IOIYEPKUBAHUE HE UCIIOIb3YeTCs), Kerlib 20 MoyKUpHBIN, BBIpaBHUBAHHUE 110
LEHTPY; MHULMAJIBI U (PaMUIINU aBTOPOB, yUCHAasl CTENEHb U 3BaHKE (Kerib 14 mosryKupHbIi
KypCHUB, BBIDABHUBAHUE 110 LIEHTPY ), HA3BaHUE YUPEKIACHUS, [IOYTOBBIN aJJpec, rOpoJl, CTpaHa
HPEACTABIIAIONINX PYKOIUCH JJIs OIYOJIMKOBaHUA. YKa3aTh e-mail [y mepenuckun oTBeT-
CTBEHHOTI'0 aBTOpA.

AnHoTanus AowkHa ObITh 00beMoM 250-300 croB. B Heli HE pekOMEeHIyeTCsl HCTIOJb-
30BaTh (YOPMYIIBI U CCBUIKM Ha JUTEpaTypy. Ecim pykomuch momaercs Ha pyCCKOM SI3BIKE,
TO aHHOTALUS JOJDKHA OBITH NMPOAYOIMpOBaHA HA aHIIMICKOM C yKa3aHHWEM Ha3BaHUs CTa-
ThH, (haMUINI 1 MTHULIMAIOB aBTOPOB Ha ATHX sI3bIKax. Eciu pykonmuch nmogaercs Ha aHTIINI-
CKOM $I3bIKE, HEOOXOJMMO NPUBECTHU TAK)KE AaHHOTAIMIO HA PYCCKOM. AHHOTALUS I1e4aTaeTcs
mpudpTom Times New Roman (12 keris). B koHIIe aHHOTAaMK 00S3aTEILHO YKA3hIBAIOTCS
KJIIOUeBbIe ciI0Ba (5-8), KOTOpbIE OTPAXKAIOT TEMATHKY CTAThH.

Tekct cratbu Habupaetcs mpudTom Times New Roman pazmepom 14 nit uepes oguHap-
HBII MHTEpBaJl, BBIpaBHUBaHME 10 Gopmary. [1oa3aronoBok — mpudT KypCcUBHBIHN, BEIpaBHU-
BaHUE 110 JIeBOMY Kpato. [Ipy HamucaHuy CTaThbu UCIOJIB3YIOTCS OOLENPUHSATHIE TEPMUHBI,
€IMHMIIBI U3MEPEHHUs U yCIOBHBIE 0003HAYEHUS, €JMHOOOpa3HbIe 0 Beel cTarke. Pacimd-
POBKa BCEX HUCIIOJIb3YEMBIX aBTOpaMHU O00O3HAYEHHUH JaeTcsl MpU MEPBOM YIMOTPEOICHHH B
TeKcTe. ByKBBI JIAaTUHCKOTO ajdaBuTa HaOUPAIOTCST KypCUBOM, OyKBBI I'peuecKoro angasu-
Ta — npsAMbeIM mpudrom. Maremarnueckue cumMBodb! lim, 1g, In, arg, const, sin, cos, min, max
U T.1I. HabuparoTcs npsMbeIM mpudroM. CUMBOJI HE JOJKEH CIUBATHCS C HAJICUMBOJIBHBIM
SIEMEHTOM B XuMuueckux snementax (H,0) u enunnnax usmepenuii (MBT/cM?) — psMbiM
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(o6brunBIM) mipudToM. He cremyer cMemmBaTh OAMHAKOBBIE 0 HANIMCAHUIO OYKBBI JIATHH-
CKOI'0, TPEYECKOT0 U PYCCKOro ajn(aBUTOB, UCHOIb30BaTh COOCTBEHHBIE MAaKpOChl. byksbl |
nlJ,vuv,eul,hun,qug, VuU, O (Oyksa) u 0 (HyJIb) TOJDKHBI Pa3IA4aThCs MO HAUEpTa-
HUI0. Mexy 1M(pOBbIM 3HAYEHNEM BEJIMYMHBI U €€ Pa3MEPHOCTBIO CIIEAYET CTaBUTh 3HAK
Hepas3pbeIBHOTO mpoberna. [lepeHock! B ciioBax MO0 He yrnoTpednsaTh. He ncnons3oBare B TEK-
cte a1 (opMaTHPOBaHUs 3HaKU npodena. DopMyIibl CO34a0TCS ¢ MOMOIIBIO BCTPOEHHOTO
penakropa gopmyn Microsoft Equation ¢ Hymepanuei B KpyiiblX ckoOkax — (2), BRIpaBHH-
BAlOTCA MO MPaBOMY Kparo, paciiuppoBka Bcex o00o3HaueHui (OykB) B hopMynax maercs B
nopsijike yrmoMuHaHus B ¢popmyse. Bo nzbexanue HenopasyMeHHH U OMIMOOK peakius pe-
KOMEH]IyeT aBTOpaM UCIOJIb30BaTh B JOpMysax OyKBbI JATUHCKOTO, IPEYECKOro U APYTHX (He
pycckux) angaBuToB; pu Habope HopMysT HEOOXOAMMO COOTIOCTH Pa3MephI TI0 YMOTYAHHUIO.
bonbimne popmyiel He0OX0AMMO pa30UBaTh Ha OTAENbHbIE PparMeHThl. DparMeHTs! popMyI
10 BO3MOYKHOCTH JIOJI’KHBI ObITh HE3aBUCHUMBI (IIPU HCIIOIBb30BaHUU (POPMYIIBHOTO pelakTopa
KaX/1asi CTpOKa — OTAeNIbHBIN 00beKT). Hymepanuio 1 no BO3MOXXHOCTU 3HAKH NPENUHAHUS
CIJIe/lyeT CTaBUTh OTAEIBHO OT GOPMYS OOBIYHBIM TEKCTOM. TalmuIsl, pucyHkH, potorpadun
pa3MelaTcsa BHYTPH TEKCTa U UIMEIOT CKBO3HYIO HyMEpalMIo [0 CcTaThe (He 1o paszaenam!)
u coOcTBeHHbIE 3aronoBku. HasBanus Bcex pUCYyHKOB, (hororpaduii u Tabauil IpUBOIATCS
Ha pycckoM s3bike 11 kereMm, kypcuBoMm. Hymepanus 0603HaueHH Ha pUCYHKaX JaeTcs Mo
TIOPSIIKY HOMEPOB T10 YaCOBOW CTPEIIKEe WM CBepXy BHHU3. PucyHKH HE00X0AMMO 10 BO3MOXK-
HOCTH BBINOJIHATH B BEKTOPHOM (popMaTe BHJIE, >kenaTenbHo B nporpamme Corel Draw nim
aHaJjorax o CJeIyIOUINM IIpaBUjIaM: IIUpUHA pUCYHKa He Oosee 16,5 cM; TONIIUHA JTMHUMI:
OCHOBHBIX — | IIT, BcnomorarenbHbIX — 0,5 0T; 47151 0003HaUEHUH B TI0JI€ PUCYHKA HCIIOIb30-
Bathb mpudT Times New Roman pazmepom — 9 nt. BekTopHBIE pUCYHKH 3alIUCBIBAIOTCS B OT-
JeNbHbIE (ailabl JOKyMEHTOB. DOTOCHUMKH JOJIKHBI ObITh KOHTPACTHBIMH U BBINIOJIHEHHbI-
MU Ha MaToBoil Oymare. OTckaHHpOBaHHbIE (oTOrpad UK 3aNHMChIBAIOTCS B (aiiisl B popmare
TIFF, JPEG. CxanupoBars uzo0paxenue cienyer c¢ pazpemearuem 300 dpi s KOHTpaCTHBIX
yepHO-0enbix pucyHkoB u 600 dpi — i nomyToHOBBIX. L[BeTHBIE MiIIOCTpauy J0MmycKa-
I0TCS1 IO COMIACOBaHMIO ¢ pefakuueil. O003HaueHusl, TEpMUHBI, WIITIOCTPAaTUBHBINA MaTepua,
CITMCOK JIUTEPATYPhI JIOJKHBI COOTBETCTBOBATH JieHcTByomM ['OCTam.

[lepeuenb nUTEpaTYpHBIX MCTOYHUKOB MPUBOAMTCS OOLIUM CHMCKOM B KOHIIE CTaTbU
(Harvard Style). Criucok cocrapisiercs 1o andaBHTy, CHayaa ClIeAyl0T HICTOYHUKN Ha pyc-
CKOM, 3aTeM — Ha aHmMiickoM. Jluteparypa nomxHa ObITh odopmiieHa coracHo ['OCT P
7.0.5-2008. OTCBIIKY HA TUTEPATypPy B TEKCTE MPUBOIATCSA B KBAJAPATHBIX CKOOKAX B CTPOKY
C TEKCTOM JJOKyMeHTa. Eciiu cChIIKY NPUBOSAT HA JOKYMEHT, CO3/1aHHBIN OTHUM, AByMs WIN
TpeMsl aBTOPaMU B OTCBHUIKE YKa3bIBAIOT (haMHUIIMIO NIEPBOTO aBTOPA U COKPAILCHHUE «H JP.»
(«et al.» 17151 TOKyMEHTOB, Ha sI3bIKaX, MIPUMEHSIOLINX JIATUHCKYIO Tpa(UKy); €CIIU aBTOPBI
HE yKa3aHbl — yKa3bIBAIOT Ha3BaHHE JIOKYMEHTA; Jlajee YKa3bIBalOT IO M3/IaHUS U NPH He-
00XOIMMOCTH CBEIEHUs JONONHAIOT yKa3aHUeM cTpaHull. CBeeHUs B OTCBUIKE pa3/ieisioT
3anaToi. Eciu oTChIIIKa COMEPIKUT CBEIEHUS O HECKOJIBKUX CCBUIKAX, TPYIIIBI CBEACHUH pas-
JEISI0T 3HaKOM TOYKa C 3aliToi. B oTchuUIKe MOMycKaeTcst COKpallaTh JUIMHHBIE 3arilaBus,
0003Hayas OIlycKaeMble CI0Ba MHOTOTOYHEM C MPOOETIOM /10 U MOCIIE 3TOTO NMPEIIHCAHHOTO
3HaKa.

AApPEC PeAaKLNN:

Poccus, PCO-Ananus, 362002, Poccus, . Bianukaskas, yin. Mapkosa 93a, ['eoduznue-
ckuit nunctutyt BHIL PAH, Penakmust xypnana «I'eonorus u reopusuka FOra Poccuny. Ten:
8 (8672) 76-19-28; daxc: 8 (8672) 76-40-56, e-mail: southgeo@mail. ru
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INFORMATION FOR AUTHORS

The journal “Geology and Geophysics of Russian South” publishes original articles of
theoretical and methodological nature on geology, geophysics and geochemistry, the results of
studying the composition and structure of the Earth’s crust and mantle, the formation processes
and the general patterns of mineral resources, geophysical methods for their detection. The
subject of the journal corresponds to the current nomenclature areas of knowledge of the
Higher Attestation Commission of the Ministry of Education and Science of the Russian
Federation: 25.00.03 — Geotectonics and geodynamics; 25.00.10 — Geophysics, geophysical
methods of mineral exploration; 25.00.11 — Geology, prospecting and exploration of solid
minerals, minerageny; 25.00.23 — Physical geography and biogeography, soil geography and
landscape geochemistry; 25.00.35 — Geoinformatics; 25.00.36 — Geoecology and related
scientific directions..

For works of a regional nature, preference is given to articles that reveal the various
issues of the geological structure of the South of Russia and adjacent territories.

According to the gradation of Sciences accepted in the international citation systems
Scopus and Web of Science articles for publication in the journal “Geology and Geophysics
of the South of Russia” are accepted by the following branches and groups of Sciences:

1. Earth and Planetary Sciences;

2. Environmental Science.

The journal “Geology and Geophysics of Russian South” publishes:

— articles interpreting the new scientific research results of volume not more than 10
typewritten pages including illustrations and tables;

— brief messages containing information on the important results of the preliminary
research of volume 3-5 pages (these materials can be used in the full article text);

— reviews of the typewritten articles on the actual problems on current geological,
geophysical and environmental problems of the South of Russia and adjacent territories,
volume 20-25 pages by the editor’s order.

All papers must correspond to the journal theme. The presented manuscripts pass the
preliminary and total reading stages and if necessary are sent back to the authors for the
correction and finishing. The manuscripts are published in Russian and in English, the abstracts
in Russian and in English as well. The journal publishes only the original articles. The author
is fully responsible for the requirement. The manuscripts are not returned to the authors in
case of being rejected in publication. The editor also does not return the materials sent. The
editor has a right to make reductions and corrections of the article text. All corrections in the
text and figures can be done by the authors only at the stage of the typesetting preparations.
The infringement of the manuscript submission guidelines will lead to the article rejection.
The publication is free of charge for authors of papers written by request of the publisher,
and for graduate students. Reprinting is allowed only with the editorship permission with the
obligatory references to the journal “Geology and Geophysics of Russian South”.

Instructions for the authors

Acceptance of materials for consideration is carried out through the electronic service
http://www. geosouth. ru or by mail to the Publisher address: 93a, Markova Street,
Vladikavkaz, Russia 362002, Geophysical Institute of VSC RAS, the editorial office of the
journal “Geology and Geophysics of Russian South”.

The following materials should be presented:

— an article (structure and rules see below),
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— a separate sheet with the information about the authors: surname, name, patronymic
name, scientific degree, rank, a name of the organization, office and home address and
telephone number, e-mail (if exists) and the reference to the author to contact with;

— a confirmation from the organization if the presented materials are the result of the
work carried out in that organization; the journal heading (section) should be pointed out in
the confirmation;

— an expert conclusion or any other document allowing the publication in the open press
confirmed by the organization head and proved with the stamped seal; the expert conclusion
is presented only by the authors from Russia.

If materials are submitted by electronic service, paper copies of the manuscript are not
required to be submitted to the editorial office. When registering online, you must follow the
step-by-step instructions for uploading files. When sending materials by regular mail, you
must attach two paper copies of the article, signed by all authors. Text prepared in accordance
with the general technical requirements is printed on one side of an A4 sheet. An annotation
with the title, authors and their affiliation given at the beginning is printed on a separate
sheet. Signatures to the figures are also provided separately. Each table and figure should be
printed on a separate sheet. At the bottom of the page with an illustration, you must specify
the number of the picture. It is also necessary to attach an electronic version on any portable
storage device or, in agreement with the editors, send the relevant materials by e-mail.

The article lay-out rules (submission guidelines)

The following information should be pointed out on the first page: universal decimal
classification, the article heading (title) in Russian (Sentence Case, without quotation marks,
without division of a word, without a full stop at the end, underlining isn’t used), point 20
semi bold, centre aligning; the authors surnames, academic degrees and titles (point 14 semi
bold type, the right-edge aligning), the organization name, post address, town, country and
e-mail of corresponding author.

The abstract should be 250-300 words without formulas and literature references. In
case a manuscript is presented in Russian, the abstract should be repeated in English with the
article heading (title), surnames and names in this language. In case a manuscript is presented
in English, the Russian variant must be supplied. The abstracts are typed in Times New
Roman (12 point) in one file in the following order: the article heading (title), the authors, the
name of the organization, the abstract text in Russian with the further information in 2 lines
in the same sequence in English. The abstracts are also published in the journal site www.
naukagor. ru (in Russian and in English). Keywords (5-8) that reflect the theme of the article
must be specified at the end of the abstract.

The article text is typed in Times New Roman (14 pt) through an ordinary interval
aligning along the format. A subtitle is typed in italics, aligning along the left edge. The
common terms, measurement units and conventional symbols similar to the whole article
are used. The decoding of all symbols is given for the first text use. The Latin alphabet
letters are typed in the italics while the Greek letters in the straight type. The mathematical
symbols lim, lg, In, arg, const, sin, cos, min, max, etc. are typed in the straight type. The
symbol shouldn’t coincide with the over symbol element in the chemical elements (H,O)
and measurement units (MW/cm?) and must be of the straight (ordinary) type. One shouldn’t
mix similar written letters of the Latin, Greek and Russian alphabets and should use the
proper macros. The letters  and J, vand v, e and I, h and n, q and g, V and U, O (letter) and 0
(zero) must differ in inscribing. There must be a sign of the continuous gap between a value
figure meaning and its dimension. The hyphen is not used; the gap character also mustn’t
be used in the text for the lay-out. The formulas are designed with the help of the built-in
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formulas processor (Microsoft Equation), the enumeration being done in the round brackets
(2), aligned along the right edge; the decoding of all signs (letters) in the formulas is given in
the order of the formula reference. To avoid the errors and misunderstandings, the editorial
staff recommends the authors to use the Latin, Greek and other (not Russian) alphabet letters
in the formulas and to keep to the omission sizes while the formulas printing. Large formulas
must be divided into separate fragments. If possible, the fragments must be independent;
each line is a separate object. The enumeration and punctuation marks should be put into
an ordinary text separately from the formulas. The tables, pictures and photos are placed
inside the text and must have a through numeration along the text (not by the sections!) and
their own headings. The titles of all tables, pictures and photos are presented in Russian (11
point, italics). The numeration of the picture symbols is given in clockwise order or from
up to down. The pictures should be done in the computer form, preferably in Corel Draw or
compatible program using the following rules: a picture width — not more than 16.5 cm, a
line thickness: the main — 1 pt, auxiliary — 0,5 pt; for the symbols in the picture area — «Times
New Roman» type of 9 pt must be used. The vector pictures are written into the separate
documentary files. The photo pictures must be contrast and performed on the mat paper. The
scanned photos are written into the files of TIFF and JPEG format. To scan the image one
should use the resolution of 300 dpi for the contrast black-white pictures and 600 dpi for
semitone ones. The colour illustrations are admitted on the editorial agreement. All symbols,
terms and illustrations should correspond to the operative standards.

The list of references is given in the general list at the end of the article. The list is
compiled alphabetically (Harvard style); sources in Russian follow first, then in English.
Literature in Russian should be issued in accordance with GOST R 7.0.5-2008. References to
the literature in the text are given in square brackets in a line with the text of the document.
If a link is given to a document created by one, two or three authors, in the reference indicate
the name of the first author and the abbreviation “et al.”; if authors are not specified, the name
of the document is indicated; further the year of publication is indicated and, if necessary,
the information is supplemented with the indication of the pages. The information in the
reference is separated by a comma. If the reference contains information about multiple links,
the information groups are separated by a semicolon. It is allowed to abbreviate in a reference
long titles, denoting dropped words with an ellipsis with space before and after this prescribed
sign.

The editorial office address:

93a, Markova street, Vladikavkaz, Russia 362002, Geophysical Institute of VSC RAS,
the editorial office of the journal «Geology and Geophysics of the South of Russia». Phone
+7 (8672) 76-19-28; fax: +7 (8672) 76-40-56, e-mail: southgeo@mail. ru
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