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OBLLASA N PETMIOHAJIbHAA TEOCJ10T A

VK 552.323.5
DOI:

OpuruHanbHas ctaTbs

PaHHENOAeO30MCKME TaBBPOUNAbI APXBIBCKOTO
MHTPY3MBHOIo KoMnAekca (CeepHbli KOBKA3):
reOAMHOMMYECKAS TUMM3ALNS N MUHEPRATEHUS]

B.M. lazees'”"2 A.T. l'yp6aHoB 212

"MUHMCTEPCTBO HayKu 1 BbicLLero o6pasosaHus Poccuiickolnt depnepauumn depepansHoe
rocygapCTBEHHOE BIOIKETHOE yUpexaeHne Haykm VIHCTUTYT reonormm pygHbix
MECTOPOXAEHUN NeTporpadunn, MMHEpPaNorm n reoxmmmm Poccuinckon akageMmmm Hayk
(MF'EM PAH), Poccusa, 119017, r. MockBa, CTapoOMOHETHBIN nep., 35;

2MUWHMCTEPCTBO HayKKM U BbicLLEro o6pasoBaHus Poccuiickoii Pepepaumnmn dOepeparnbHoe
rocyaapCTBEHHOE BI0IKETHOE yUpexaeHne Haykn «BnaamkaBka3ckuim Hay4HbIA LeHTp PAH»,
Poccua, 362027, PCO-Ananus, r. Bnagukaekas, yn. Mapkyca, 22,
e-mail: gazeev@igem. ru, ag. gurbanov@yandex. ru

Cratbs noctynuna: 03.08.2020, nopabotana; 25.08.2020, onobpeHa B nevatb; 27.082020

Pe3stome: AKTyanbHOCTb pa6oTbl. Ha bonbliom KaBkase M3BECTHbI ME3030MCKME W paHHenaneo3omckne
ANNOXTOHHbIE OOMONNTOBbIE KOMMJIEKCHI, MPUYPOYEHHbIE K pasHbiM CTPYKTYPHO-GHOPMALMOHHBIM 30HaM. W3-
y4eHue nopog cnaraioLnx opMonnToBbLIE pas3pesbl NPOBOLUTCA B Pa3fINYHbIX PernoHax 3eMHoro wapa. OgHako
reOXMMUYECKIUX MCCNEe0BAHNIT HA OCHOBE aHanK3a pacnpeaeneHns peaKknx U peaKo3eMeNbHbIX ANEMEHTOB BCe
eLLie HeJ0CTaTO4HO W, B NEPBYIO 04epeab, 9TO KacaeTcs paHHenaneo3oicknx obpas3oBaHnii Cesepo-KaBkasckoro
pernoHa. Llenbio uccnegoBaHus sBISeTCA NOSy4eHNE (KONMYECTBEHHbIX) aHANMTUYECKMX AAHHbIX M pacumd-
POBKa Ha X OCHOBE re0AMHAMNYECKNX NPOLLECCOB, MMEBLLMX MECTO B paHHeM naneo3oe. O6beKTOM NS uccne-
[I0BaHMI BbINK BbIGPaHbI CPeHEeOPA0BMKCKME rabbpomabl apXbI3CKOro KOMMEKca, pacnpocTpaHeHHble B npe-
nenax Mapyxckoro 0ouonuToBOro NoKpoBa B CTPYKTYPHO-(hOpMaLMOHHO 30He lMepeaoBoro xpedTa bonbLioro
KaBka3za. MeTofbl HCCNE0BaHUA BKNOYANW: NeTporpapuyeckoe onucaHne nopoa, KONNYeCTBEHHbIE aHANK3bI
meTogamn RFA, ICP-MS; pacyeTbl reOXMMUYECKUX XapPakKTEPUCTUK; aHann3 AMCKPUMUHALMOHHBLIX Anarpamm;
CPaBHEHME BEJINYMH YCPEeHEHHbIX COAEPXXaHUN 3NEMEHTOB C UX COLEepXXaHWeM B Nopoax (3TanoHax) 6113koro
NeTPOXUMMUYECKOr0 TUNA M3 Pa3NNYHbIX reoduHaMU4ecknx 06CTaHOBOK. PesynbTatbl. B pesynbrate n3ydeHus
YCTAHOB/IEHO, 4TO rab6ponibl SBAAIOTCA BbICOKOTMMHO3EMUCTBIMI, HU3KOTUTAHUCTbIMKU, YMEPEHHOMArHe3u-
anbHbIMKM, HU3KOKATMEBLIMW MOPOJAMI C HATPOBBLIM TUMOM LLENOYHOCTH. [peanonaraeTcs, Y4T0 OHW ABNAKOTCS
NPOM3BOAHLIMW pacniaBa 06pa30BaBLUErocs NPW NAaBNeHUM AeNNeTUPOBAHHBIX LUMNUHENEBbIX NepUAOTUTOB.
[MonoxutensHble aHoManuu esponus Eu/Eu* =1,27-2,65, 1 Sr [ONYyCKaOT M3HAYaNbHYI0 aKKyMYNAUMIO nnaru-
0KJla3a B UCXOAHOM pacnniase. HecoBmecTumMble anemeHTsl U REE, HopmupoBaHHble no N-MORB v xoHgpuTy,
06pa3yroT cnekTpbl NUHWIA, 6nn3kux kK N-MORB, HO B LENOM, C CYLLIECTBEHHO 60/16€ HU3KUMM KOHLIEHTPaLUAMM
6onblUMHCTBA 3nemeHTOB. 2. REE B ra66po =10,5-21,5 r/T. OTMeYaloTCs: He3Ha4YUTeNIbHOE MOBbILLIEHUE cofep-
XKaHUIA rnapomarmaToqunbHbIX, KPYMHOUOHHBIX 311EMEHTOB Rb, Ba, K, Sr u oTpuuaTesibHble aHOManun BbICOKO
3apanHbIx anemeHToB Nb, P, Zr, Hf. AHann3 neTporeHeTUYecKnx anarpamMm nokasas, 4To QUrypatuBHbIe TOYKU
rab6pouaoB rpynnupytoTca B NonsxX 0CTPOBOAYKHbIX TONEWUTOB. VX cpaBHeHMe ¢ nopofamu 6iU3KUX NeTpo-
reoXMMUYECKUX TUMOB, MOKa3bIBAET, YTO OHU Hambosee COMOCTaBUMbI C MOPOAAMU HOHbIX OCTPOBHbLIX Ayr. Co-
nyTcTBYytOLLEe rab6ponaam opyLeHeHue nojpasaensierca Ha 06pasoBaHNA MarMaT4eckoil CTagun (TUTaH-mar-
HETUTOBbIE W MArHeTUTOBbIE PYAHblE KOHLEHTPAUMUKM) 1 NOCTMarMaTieckon ctaaumn (KapboHaTHbIE NPOXUIKY
C MUPUTOM, XanbKonuputom). 10 COBOKYMHOCTM MOJYYEHHbIX PE3YNLTAaTOB NPEANONAraeTcs, YTO aniOXTOHHAS
CTPYKTYpa, n3BecTHas Kak «Mapyxckuii nokpos» [epeaoBoro xpeoTa, He ABNAETCA KNAcCU4ecKon 0pronToBoiA
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accouuaumen, a cchopMupoBaHa B pesynsrate CepUn HafBUroB, B KOTOPbIX Y4acTBYIOT 06pa3oBaHus nutocdep-
HOW MaHTUW W KOHON OCTPOBHOM AYTH.

Kniouesble cnosa: 0(ononuThbl, rabépounbl, NeTporpadus, reofgMHaMuyeckas Tunu3auns, 0CTPOBHbIe ayru,
MUHEpareHus.

bnaropapHocTi: PaGota noAroToBfieHa NpU MOAAGPXKKE [0C. TeMbl PErucTpauyoHHbIA  Homep
AAAA-A19-119040190054-8 B KHINO BHL| PAH.

Insa yutuposanua: a3ees B. M., [yp6aHoB A.T. PaHHenaneo3oickue rabbpounasl apxbl3cKoro MHTPY3UBHO-
ro komnnekca (CeBepHblit KaBka3): reoguHaMmuyeckas Tunnu3aumnsa U MuHeparesus. feonorus v reoghmsnka rora
Poccun. 2020. 10 (3): 6 — 22. DO XX. XXXXX/XXX-XXXX-XXXX-X-X.

GENERAL AND REGIONAL GEOLOGY

DOl
Original paper
Early Paleozoic gabbroids of the Arkhyz

intrusive complex (North Caucasus):
geodynamic typification and mineralogy

V.M. Gazeev -2, A.G. Gurbanov''1?2

'Institute of geology of ore deposits, petrography, mineralogy and geochemistry
RAS, 35 Staromonetny Lane, Moscow 119017, Russian Federation;

2Vladikavkaz Scientific Center of the Russian Academy of Sciences,
22 Markusa Str., Vladikavkaz 362027, Russian Federation,
e-mail: gazeev@igem. ru, ag. gurbanov@yandex. ru

Reseived: 03.08.2020, revised: 25.08.2020, accepted.: 27.08.2020

Abstract. Relevance. The Mesozoic and Early Paleozoic allochthonousophiolite complexes, confined to
different structural and formation zones are known in the Greater Caucasus. The study of rocks composing
ophiolite sections is carried out in various regions of the globe However, geochemical studies based on an analysis
of the distribution of rare and rare-earth elements are still insufficient and, first of all, this concerns the Early
Paleozoic formations of the North Caucasus region. The aim of the study is to obtain (quantitative) analytical data
and decipher the geodynamic processes that took place in the Early Paleozoic. The Middle Ordovician gabbroids
of the Arkhyz complex, which were distributed within the Marukhophiolite cover in the structural and formation
zone of the Front Range of the Greater Caucasus, were chosen as the object of research. Research methods
included: petrographic description of rocks, quantitative analyzes by RFA, ICP-MS; calculations of geochemical
characteristics; analysis of discriminatory charts; comparing the values of the average contents of elements with
their content in rocks (standards) of a close petrochemical type from various geodynamic settings. Results.
As a result of the study, it was found that gabbroids are high alumina, low titanium, moderately magnesian,
low potassium rocks with a sodium type of alkalinity. It is assumed that they are derivatives of the melt formed
during the melting of depleted spinel peridotites. The positive europium anomalies Eu / Eu * = 1.27-2.65, and
Sr allow the initial accumulation of plagioclase in the initial melt. Incompatible elements and REE normalized to
N-MORB and chondrite form line spectra close to N-MORB, but in general, with significantly lower concentrations
of most elements. > REE in gabbro = 10.5-21.5 g / t. The following are noted: a slight increase in the contents
of hydromagmatophilic, coarse-ionic elements Rb, Ba, K, Sr and negative anomalies of highly charged elements
Nb, P, Zr, Hf. The analysis of petrogenetic diagrams showed that the figurative points of gabbroids are grouped
in the fields of island-arc tholeiites. Their comparison with the rocks of close petro-geochemical types shows
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that they are most comparable with the rocks of young island arcs. The mineralization associated with gabroids
is subdivided into the formation of the magmatic stage — titanium-magnetite and magnetite ore concentrations
and the post-magmatic stage — carbonate veins with pyrite and chalcopyrite. Based on the totality of the results
obtained, it is assumed that the allochthonous structure, known as the “Marukh Veil” of the Front Ridge, is not a
classical ophiolite association, but is formed as a result of a series of overthrusts in which the lithospheric mantle
and young island arc formations.

Keywords: ophioliyes, gabbro, petrography, geodynamical typification, arc islandes and minerageny.
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BesepeHve

Bbonbmoit KaBka3 (bK) — o6nacts ¢ Oalikanbsckoii (?), mo3aHenaneo30ickoil (repiut-
CKOI1), paHHEMe3030MCKOil (MTO3IHUI TpUAC — TeTTAHT) U MO3HEKaTHO30MCKOM (O3 qHUI
J0LIEeH — KBapTep) OCHOBHBIMU oporeHusmMu. C mo3anero naneo3os BK ¢opmuposancs
B cocraBe Ckugcko-KaBkazcko-UepHomopckoro pernoHa. Ero ceBepHas rpaHuna npo-
XOJuJIa Mo 0KHOMY Kpato Boctouno-EBponeiickoii miardopmsl ¢ gopudeiickoit Kopoi,
a I0KHas TpPaHMIla HAXOAUIAch B pailoHeoduoauToBoro nosica Mamup-Ankapa — Ip3uH-
mxaH-CeBaH-3aHre3yp, KOTOPbIi ObLT peanbHOM rpanulieit Bocrouno-EBponelickoro na-
JeOKOHTHHEHTa (koHTHHeHTa bantuka) [Hukumms u ap., 2005].B pesynsrare 6onee yem
BEKOBOT0 n3yueHust BK BbIeIeHbI 1ECATKH Pa3HOBO3PACTHBIX CTPYKTYPHO — BEIIECTBEH-
HBIX KOMILJIEKCOB, HAXOJSAUIUXCA B CIIOKHBIX TEKTOHUYECKUX B3aUMOOTHOIICHUSIX U Ya-
CTO BKJIFOUAIOIIMX XapaKTEepPHbIE TOJBKO JIJIsl HUX MpPOsBIeHUa Marmaru3ma. Hampumep:
paHHEeane030MCKIe U ME3030MCK1e aJUIOXTOHHBIE 0(PHONIUTOBBIE KOMILIEKCHI. M3yuenue
HOPOJI, ClararoIuxX O(pHUOIUTOBBIE pa3pe3bl, MPOBOAUTCSA B Pa3IMYHBIX PETHOHAX 3EM-
HOTO 1mapa. OJHAaKO NT€OXUMHUYECKUX UCCIIEI0BAaHNI Ha OCHOBE aHAJIM3a paclpeaeaeHus
PENKHX U PEIKO3EMENIBHBIX JJIEMEHTOB BCE €I1I€ HEJOCTAaTOYHO U, B IIEPBYIO OYEPED, ITO
KacaeTcs paHHenaseo3oickux oopasoBanuii CeBepo-KaBka3ckoro permosa.

LleAb nccaepAOBAHUS

Ilenbto MccnenoBaHus SIBISETCA NOJMYy4YEHHE (KOJMYECTBEHHBIX) AHAIUTUYECKUX
JAHHBIX, U HAa UX OCHOBE IMPOBEACHUE PACHIM(PPOBKH T'€OIUHAMHYECKUX IPOILIECCOB
NPOSIBIISIBIIMXCSA B paHHEM maneo3oe. OObEeKTOM Ui TaHHOTO MCCIICOBaHHS ObUTH BbI-
OpaHbl CpeTHEOPJOBUKCKHE rab0pOH B, pacipoCTpaHEeHHbIE B Mpeaenax MapyXcKoro
0(HOIUTOBOTO AJIIOXTOHA B CTPYKTypHO-(hopmarimorHoi 30He [lepemoBoro xpedra BK.
BriepBbie apXbI3CKU MHTPY3UBHBIN KOMILIEKC OBLIT OMKMCAH B JIUTEPAType MO 3TUM Ha-
3BarneM 1O. H. XuabTOBBIM, KOTOPBI B €r0 COCTaB BKIIIOYAN yIbTpada3uThl, rabopou-
JIbI, KBAPIIEBBIC IMOPUTHI, CIIECCAPTUTHI, CHEHUTO-TUOPUTHI U TUIATUOTPAHUTHI [ XUITBTOB,
1959]. B paznbie rogsl XX Beka 3T 00pa3oBanus (puc. 1) U3yyanuch ¢ LEIbI0 yTOUHE-
HUS BO3pacTa, TEKTOHUUYECKOM MMO3ULIUMH, OpYAEHEHMS, U ObLIN OMHUCAaHbl B MHOTOYHCIIEH-
HBIX TEOJOTMYeCKUX oTdeTrax u myonukanusx [Kanenckuit, 1956; Muxees, [loTtamnenko,
1972; Axrupeit u ap., 1976; Xaun, 1984].

B HacTosimee BpeMs mopo/sl, 00bEHMHABIINECS paHee B €IWHBIA KOMIUIEKC, ceifuac
BXOJSIT B COCTaB PA3JIMYHBIX KOMIUIEKCOB: PAaHHEOPIAOBUKCKOTO Ksi(hapcKoro yisTpada-
3UTOBOTO; CPEIHEOPAOBUKCKOTO apXbI3CKOr0 Iab0po-rabOopoaHopuTOBOTO; CpenHene-
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Puc. 1. I'eonoeuyeckas kapma ¢ uHmpy3usamu apxvi3cKo20 KOMNIeKca 8 8epxoevax pek borvuioil
3enenuyx u Kagap-Azyp (no mamepuanam ®I'VITI «Kaskazeeoncvemray nucmor K-37-VI, XII2008 2.
Obsopnas kapma: [Adamia et al., 2010]. /

Fig. 1. Geological map with intrusions of arkhizskogo complex in river head Big Zelenchuk and Kyafar-
Agur (from data of FGUGP “Kavkazgeols’emka”, maps K-37-VI, XII 2008 year. Reviewi an map:
[Adamia et al., 2010]

BOHCKOTO 03€pO-Ksi(hapcKOro MiIarnorpaHuTHOrO U HUKHEKapOOHOBOTO 3aKaHCKOTO MOH-
LOJMOPUTOBOTO. ApXBbI3CKUN rab0po-rabopOoIUOPUTOBBIN IIIYTOHUYECKHH KOMILIEKC
(AI'TK) npeacraBneH gaiikaMu M rUNaOUCCAlbHBIMU UHTPY3USMHU, KOTOPBIE SBISIOTCS
COCTaBHOM 4acThl0 OPHONUTOBON accouuanuu, Mapyxckoro nmokposa. Cuutaercs, 4to
B COBPEMEHHOM, OIIPOKMHYTOM 3ajIeraHuU, rabOpOM/Ibl PacIoNOKEHbI 0] paHHEOPAO-
BUKCKHMHU TUNepOa3suTaMy U HaJl CPeIHEOPAOBUKCKUME Oazutamu Kapabekckoi CBUTHI,
B KOTOpBIX OTMEYAIOTCS UX AAilKOBbIE U KUJbHBbIE Tena. [Cemenyxa u np., 2009].Bo3-
pacT apxbI3CKOT0 KOMILJIEKCa cunuTaeTcs cpeaHeopaoBukckuM. K/Ar 457+13, 493+15 Ma
[Xaun, 1984]; Sm-Nd 470+96 Ma [Cemenyxa u ap., 2009]. B nactoseit myonukanuu
IIPUBENIEHBI pe3yabpTarhl reoxumuueckoro usyyenus nopog AI'TK, paccMorpena ux reo-
JUHAMHUYECKasi TUIIN3ALNs U MUHEPAreHMsL.
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Puc. 2-1. Coccropumosoe — Puc. 2-2. MonoxnunHbll RUPOKCEH ¢ OUanazo8ou
amgubdonusuposantoe 2abopo. /I-1,5 mm. / omodenvhocmoro. /]-1,5 mm. / Monoclinic pyroxene
Saussurite-amphibolized gabbro. D-1,5 mm. with dialagic detachment. D-1,5 mm.

Puc. 2-3. Ilupoxcen kopooupyembiii Puc. 2-4. Pozcosas obmanxa ¢ 8KnoueHusMU
KpUCmaiamu po2oeou oomanxu. J-1,5 mm. / naazuokaaza. J-1,5 mm. / Hornblende with
Pyroxene corroded with hornblende crystals. plagioclase inclusions. D-1,5 mm.

D-1,5 mm.

Puc. 2-5. 3amewenue nupoxcena akmunonumom.  Puc. 2-6. ['abbpo-neemamum. /I-1,5 mum. / Gabbro-
I-1,5mm. / Replacement of pyroxene with pegmatite. D-1,5 mm.
actinolite. D-1,5 mm.

Puc. 2. Muxpogomoepaguu nopoo ([ — ouaconane chumkos). /
Fig. 2. Microphoto of rocks (D — diagonal of photo)
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MaTepUnaAbl U METOAbBI MICCAEAOBOHMS

Marepuaiom AJis UCCIeTOBaHMS TOCTY>KUIa KOJUIEKIus nmpob u oo6pasios, coOpaH-
Has B 2018 ., mpu nocemenun maccuBoB AI'TK B nonunax pp. bonbmoit 3eneHuyk u
Tebepna. 13 00pa3ioB U3roToBiIeHB! NUTM(BI U MPOBEICHO UX METporpaduieckoe u3-
yuenue. AHanurudeckue padotsl BeinonHeHs! B LIKIT «M'EM — Ananutuka»: B 13 mpo-
6ax MpOBEIEHO OIpe/esieHue KOHIEHTPAIM METPOTeHHBIX U MHUKPOXJIEMEHTOB PEHT-
reHo-QIroopeciieHHbIM aHann3oM (XRF) Ha criektpomerpe «Pecrekt-100»; B 7 mpobax
— PYIAHBIX, PEAKUX U PEIKO3EMENBHBIX 3JIEMEHTOB, — METOJIOM CIIEKTPOCKOIIUYU C UHIYK-
LIMOHHO CBSI3aHHOW IUIa3MOM C Macc-CIEKTpOMETpHYecKUM okoHuaHueM (/CP-MS) na
Mmacc-cnekTpomerpe X-Seriesll. Micronbp30BaHbl METONUKY U YCIOBUS aHAJIU30B, IPUHS-
Teie B LUKII «MI'EM — Ananutuka» u ®I'BYH UT'EM PAH. TounocTs aHanu3a KOHTPO-
JMPOBAIACh IyTEM U3MEPEHUS POCCUHCKHUX M MEXIYHAPOAHBIX CTaHAAPTHBIX 00pa3LOB.
Ha ocHoBaHMH pe3yNIbTaTOB MOCTPOEHBI KIACCU(PUKAIIMOHHBIE, TUCKPUMUHAIIMOHHbIE
JIrarpaMMbl ¥ TpaduKy, KOTOPBIE MCIIOIB30BAIUCH JJISI YTOUHEHHS T€OJUHAMUYECKON
00CTaHOBKH, BIUsBIIEH Ha (opMHpOBaHUE MOPOA. JOMOIHUTENHFHO MPU MOCTPOCHUH
YacTH JHarpaMM HCIOJIb30BAINCh ONMYOJMKOBAaHHbIE CHIIMKATHBIE aHATIM3bl rab0pOHI0B
[Kapenckuit, 1956; Axrupeit u np., 1976; Xaun, 1984].

[MOAYyYEHHbIE PE3YALTATHI

N3ydenHple Tena rab0ponI0B MpeCTaBIeHbl CPEIHE3EPHUCTHIMU, HEPABHOMEPHO-
3€pHUCTBIMU MOPOJIaMHU 3€JIEHOBATO-CEPOTO LIBETA, PA3IMYaIOIIUMUCS MO0 CTPYKTYPHO-
TEKCTYPHBIM MPU3HAKaM M KOJIMUYECTBY TEMHOLIBETHBIX MUHEpaJIOB. MecTaMu OHU HpHU-
o0peTaroT THEHCOBUAHBIA, TAKCUTOBBIM W TEeTMaTOMIHBIN oOmuk. [Ipeobramarorumu
nerporpadguyeckuMy pa3HOBUAHOCTSMU SIBJISIIOTCS: COCCIOPUTOBBIE aM(pUOOTU3NPOBaH-
HbIe TaO0OpOUIBI U Ta00OPO-TIErMaTUTHI, PEKE BCTpeUaroTcs radbopo-auoputhl. Coccropu-
TOBBIC aM(PUOOTM3UPOBAaHHBIE TAOOPOUIBI UMEIOT IPEUMYIIIECTBEHHO 0J1acTOTadb0pOBYIO
MHUKPOCTPYKTYPY U COCTOAT U3 PEIMKTOBBIX MUHEPATIOB, OTMEYAEMbIX HE BO BCEX 00pa3-
1ax, ¥ MpeoodyagaroniuX BTOPUYHBIX MUHEPAJIOB. PeIMKTOBBINM MUHEpaJIbHBIN MapareHe-
3MC MPEACTaBIEH MOHOKIMHHBIM MTUPOKCEHOM, J1JaOpaJopoM U TUTaHOMarHeTutoM. Mo-
HOKJIMHHBIN MUPOKCEH (IUOICH) MO nepudepun 3epeH 3aMelIaeTcs poropoil 0OMaHkoi
u OoJiee MO3AHUM aKTUHOJIUTOM, HHOTJIA B €r0 KpUCTalJIax OTMEYaeTcs uajgaronas oT-
nenbHOCTh. JlJabpaaop mpUCyTCTBYET B BUJIE BKIIIOUEHUH B POrOBOIl 0OMaHKe U PEJIMKTOB
B coccropuToBoi Macce. Cpeu BTOPUYHBIX MUHEPAJIOB BbIIEISIOTCS INIaBHbIE MUHEpa-
JIbL: poroBasi 0OMaHKa, COCCIOPUTOBBIN arperar o IIaruokiiasy, akKTHHOIUT, SMUJOT, 110-
W3UT U BTOPOCTENIEHHBIE —~TPEMOJIUT, XJIOPUT, KAJILIUT, aIbOUT NHOTA ChEH, JTEHKOKCEH,
MIPEHUT, alaTUT, MUPUT, KBapll. ['abOpo-AMOPUTHI OTIINYAIOTCS OT ra00POUA0B MEHBIINUM
KOJIMYECTBOM TEMHOIIBETHBIX MHHEpaioB. ['ab0po-nermaruthl BCTpedaroTcsi B rabopou-
JlaX B BUJIE YYaCTKOB HEMIPaBUIbHOMN (DOPMBI C KPYITHO- U TUTAHTO3EPHUCTOM CTPYKTYpOit
1 kw1 MomHOCTHIO 0T 0,01-0,02 mo 1-2 meTpoB. [1o MuHEepaapHOMY COCTaBY OHH OJIM3KH
C BMEIIAIIMMH Tab0pONIaMH U COCTOSIT U3 pOrOBOM OOMaHKH, KIIMHOITUPOKCEHA, COC-
CIOPUTOBOTO arperara, oOJIMrokjasa, KBapua, LloM3uTa, KIMHOLIOU3UTA, U IPUMECH XJIOpH-
Ta, cpeHa, kapOoHaTa, anaTura.

Ha xnaccuukanmonHsix auarpammax (puc. 3), YYUTHIBAIOIIMX OTHOIICHUS METPO-
TeHHBIX OKCHUJIOB, (puryparuBHble TOUKU cocTaBoB (DTC) n3yyeHHbIX MOPOJ PACIIONIOKE-
uel: Ha (Na?+K20) — SiO2 (puc. 3-1) B nosie rab6po, pexe rabopo-aMOPUTOB U JUOPUTOB
HOpMaJIbHOMU 11esI0uHOCTH; Ha ADM — KOMIakTHO, BOJU3U CTOPOHBI TpeyroiabHuKaFeOt
—MgO (puc. 3-2); na FeOt/MgO — SiO2 — B nosie n3BeCTKOBO-11eJI0UHOM cepuu (puc. 3-3).
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ITopoast AITKB OONBIIMHCTBE CITydyaeB HU3KO-TUTAHUCTBIE, BBICOKO-TJIMHO3EMU-
cteie AI'=0,75-1,46 (¥/n=1,03), ymepenHo-maruesuanbabie Mg#=0,44-0,77 (¥/n= 0,68)
WHU3KOKAJIHMEBbIE C HATPOBBIM TUIIOM IneiouHocTu Na,O0/K,0=7,3-25,3. U/Th= 0,3-0,5,
YKa3bIBa€T Ha HEM3MEHEHHOCTb COCTaBOB IOPOJ, HAJIOKEHHBIMM Ipoueccamu. OTMe-
YalOIMECs YMEPEHHO-TUTAHUCTbIE Pa3HOBUIHOCTH OTHOCSTCS K raOOpo-merMaruty u
ra00po ¢ MOBBIILIEHHBIM KOJIMYECTBOM PYIHOIO MHHepaja. Bricokas Marae3naabHOCTh
HEKOTOPBIX 00pa3lioB, BO3MOXHO, CBA3aHA CHMX KOHTaMMHAIMEH pPaHHEOPIOBUKCKUMHU
yAbTpaba3uTamMM, KpyIHbIE Tella KOTOPBIX M3BECTHbI B rabOpougax. Ha nmarpammax
SiO, — neTporeHHble 1eMeHTHI (puc. 4; Tabi. 1) oTMeUyaroTCs KOPPENALMOHHbIE TPEH/IbI:
orpunarensusie 11 CaO nu MgO u nonoxurensHele 11 Na,O.

Ha nerporeHermuyeckux M AMCKPUMHHALMOHHBIX JAMarpamMmax Ma@HUuecKux Io-
pon (puc. 5) ®TCAITK, xoHueHTpupyores B ciaenyronmx noisax: La/10 —Y/15 — Nb/8
[Cabanis, Lecolle, 1989] — toneuros Bynkanuueckux ayr; Hf/3 — Th — Nb/16 [Wood,
1980] — ToneuroB ocTpoBHbIX 1nyT; Ti — Zr [Pearce, Cann, 1973] — ocTpoBOaYXHBIX TO-
neutoB; V — Ti/1000 [Shervais, 1982] —ocTpoBony:xHbIX ToneutoB [ CxisipoBuap., 2001].
Ha nuarpamme pasrpannueHus MaHTUHHBIX HICTOUHUKOB Nb/Y — Zr/Y [Condie, 2005] — B
nosne 6a3ansToB N-MORB THna Bonusu ¢ Toukamu JIEP (komMmoHeHTa JemieTupoBaH-
HOU m1yOMHHOM MaHTuHM) U JIM (KOMIIOHEHTa BEpXHeH AerieTupoBaHHOi MaHTun). Ha
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Fig. 3. Composition of rocks on the classificational diagrams.
Legend: 1 — XRF analysis from CCU; 2 — analysis from literature.
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Fig. 4. Diagrames of petrogenic components concentration (in wt. %)

nuarpamme Sm/Yb-La/Sm @TC rpynnupyroTcst BIOIb TPEH 1A IJIABJICHUS IITHHEIEBBIX
nepunotutoB [llkonbauk u ap., 2009]. Crenens miaBnenus cocrapuser 7-15%.Ni/Co
OTHOIIEHHUE B rabopounngax= 3,3-7,2 (¥/n =4,5), a 118 MAaHTHIHBIX BBILIABOK JTOT ITOKa-
3arenb B mpeaenax 2,5-5,0.

Penxozemenwsubie amemeHTsl (Tabn. 1, 2), HOpMUpOBaHHBIE TO XOHAPUTY [Sun,
McDonough,1989], 06pa3yroT ciektp Jmauid, mogo0HIXN-MORB, HO ¢ 6oJiee HU3KUMHU
koHIeHTparmsaMu. Ha npodumnsax radb6po 3ameTHa c1abo BbhIpaKCHHAS TOJIOKUTEIbHAS
aHomayist esponus (puc. 6). La,/Yb, oTHomeHue (IoKaszareiab CTENEeHH (paKIMOHU-
poBanus REE) Bapeupyet ot 0,57 no 0,92; La,/Sm, — B npenenax0,57-0,96; Gd,/Yb, —
0,9-0,99. Bennuuna Eu/Eu* tne (Eu*= (Sm,+Gd,)/2) cocrasmsier 1,27-2,65. V3BecTHO,
YTO OTKJIOHEHHE HOPMHUPOBAHHOTO 110 XOHJIPUTY coziepkanus Eu B koHkpeTHOM o0Opasie
OT 0XH/Ia€MOTI'0, BHIYUCIISIEMOTO MHTEPIONALMENH HOPMUPOBAHHBIX COJIEPKaHUN cocel-
Hux P30 (Sm u Gd), cBs3aHO ¢ pa3NIUyYUsSIMH B MMOBEJICHUN B T€OJOTUYECKUX Tpolieccax
aToMOB Eu ¢ pa3HOii BaJIeHTHOCTHI0. Mepa oOenHeHusI uitu o0oramieHus Eu BeIpakaeTcst
otHomeHueM Eu/Eu*. 3nauenus otHomenus Fu/Eu* < 0,95 yka3pBaloT Ha 00€IHEHUE,
a Eu/Eu*> 1,05 — Ha oboramenue eBpornueM. CUYUTaeTCs, 4TO OTpUIATEeNIbHAs Fu aHOMa-
JUsl, KaK IPaBUIIO, XapaKTepHa JIsl BEepXHEeH KOHTMHEHTaJIbHOU KOPBI, 8 OJOKHUTEIbHAs
— JUIsl HUJKHEW Kopbl U BepxHer ManTuu [ Teitnop, Mak-Jlennon, 1988].
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Fig. 5. The compositions of gabbros nitrogenetics and discriminatory diagrams.

Eu-anomaiusi 10BOJIBHO 4acTo BCTPEYAETCsl B MUHEpaiax — B IUIarMOKIIa3aX OHa I0-
JIOKUTENBHAS, B IPYTUX TOPOI000Pa3yOIIMX MUHEpAIaX, a TAKKe B MOPOAAX, KaK IMpa-
BUJIO, HaOIrOaeTcst orpuiiarensHas Eu-anomanus. Eu?* sBIsieTCst BBICOKO COBMECTHMBIM
KaTHOHOM I10 OTHOILICHHMIO K TUIATHOKJIIa3y, a €ro BXOX/ICHHE B TUIaruokia3 Ha mecro Ca,
IOMHUMO OJIM30CTH HOHHOTO paauyca Eu?'u pasmepa mosunuu, 00J1er4aercst COBMECTHBIM
n3oMoppu3MoM (KamydauposanueM) co Sr2*. T103ToMy /1j1s IIOPOJL CO 3HAUUTENBHBIM KO-
JMYECTBOM IIJIAaruokKiasa (JeikorabOpo, aHOPTO3UTHI) XapaKTepHa MoJIoKHUTeIbHas Eu-
anomanus. Y REE t/t: B ra66po = 10,5-21,5%/n16,3; B ra66po — nermarute 30,8-40,62/

n=35.7.
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Tabnuya 1./ Table 1.

Pesyabrarsl RFA radb6pouaioB u rab0po-nerMaTuToB apxXbI3CKOro KOMILJIEKCA
(oxcuabl B macc.%; 3sieMmeHThIBI/T). / RFA results for gabbroids and gabbro-
pegmatites of the Arkhyz complex (oxides, wt. %; elements, g/t).

35/18|36/18 | 37/18|38/18 |40/18 | 41/18 |42/18 | 43/18 | 44/18 | 54/18 | 55/18 | 56/18 | 58/18
Si0, |50,05(47,61(56,1647,74|46,30 |49,83 (46,76 | 45,36 | 49,89 | 49,06 | 47,84 | 48,65 | 50,34
TiO, | 031 | 0,40 | 0,78 | 0,46 | 0,24 | 1,26 | 0,29 | 1,68 | 0,50 | 0,39 | 0,55 | 0,55 | 0,33
ALO; [17,15(17,30|13,58| 14,43 | 18,16 14,30 | 17,95 16,73 | 17,79 19,14| 17,49 | 17,60 | 16,10
Fe,0, | 5,74 | 7,22 | 6,62 | 9,09 | 6,55 | 7,97 | 6,19 |13,85| 7,49 | 5,64 | 7,95 | 8,10 | 6,50
MnO | 0,12 [ 0,13 | 0,12 | 0,16 | 0,13 | 0,13 | 0,11 | 0,14 | 0,15 | 0,10 | 0,14 | 0,14 | 0,13
MgO | 8,80 | 9,04 | 7,91 [10,34| 9,84 [10,25/10,37| 5,59 | 7,65 | 7,46 | 8,61 | 8,09 | 9,21
CaO |[11,6813,20] 9,25 | 12,78 (14,42 | 11,09 13,4510,19| 9,72 | 12,15[12,13[10,33 | 12,30
Na,O | 3,04 | 1,80 | 3,36 | 1,47 | 0,66 | 2,76 | 1,74 | 2,45 | 3,66 | 3,04 | 2,37 | 3,21 | 2,39
K,O |0,12]0,09 0,16 | 0,20 | 0,05 | 0,20 | 0,11 [ 0,22 | 0,26 | 0,12 | 0,10 | 0,35 | 0,27
P,0; | 0,03 | 0,02 0,07 | 0,02 0,02 |0,12 003 | 0,04]|005|0,01| 003 |0,04] 0,02
oo | 2,76 | 3,02 | 1,81 | 3,15 | 3,49 | 1,86 | 2,81 | 3,58 | 2,68 | 2,73 | 2,60 | 2,73 | 2,22
fgﬁf” 99,8 99,83 99,82(99,84 99,86 99,77 99,81 (99,83 | 99,84 (99,84 99,81 [99,79| 99,81
Cr 555 | 100 | 340 | 195 | 155 | 483 | 386 | 44 | 102 | 322 | 295 | 359 | 522
\% 119 | 160 | 204 | 213 | 120 | 264 | 103 | 424 | 127 | 82 | 195 | 181 | 134
Co 26 | 30 | 24 | 36 | 30 | 34 | 32 | 46 | 32 | 21 | 33 | 28 | 25
Ni 141 | 130 | 105 | 122 | 165 | 202 | 211 | 28 | 62 | 153 | 113 | 115 | 164
Cu | <10|173| 29 | 65 | 113 |<10| 79 | 64 | 74 | 55 | 88 | 37 | <10
Zn 40 | 46 | 48 | 52 | 48 | 47 | 38 | 60 | 50 | 40 | 52 | 56 | 46
Pb <10 | <10 | 12 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | 81 | <10 | <10
Rb | <10 [<10|<10|<10|<10| 10 |<10| 10 | 11 | <10 | <10 | 15 | 11
Sr 206 | 205 | 144 | 188 | 180 | 195 | 189 | 242 | 208 | 253 | 232 | 226 | 190
Ba 61 | 58 | 69 | 96 | 51 | 94 | 22 | 55 | 197 | 63 | 58 | 106 | 96
Nb <5 | <5 | <5 | <5|<5|<5|<5|<5|<5]<5|<5]<5]| <5
Zr 23 | 16 | 81 | 15 | 16 | 54 | 20 | 31 | 47 | 9 | 20 | 32 | 25
Y |14 | 1223|107 3|7 [20|18]9|13]17] 12

[Ipumeduanne: p. bomeimoii 3enenayk: 35, 36, 38, 40, 42, 43, 44/18 — rad6po; 37, 41/18 —
rabopo-mrermarurt; p. Tebepma 54, 55, 56, 58/18 — rab6po. / Note: river Bol’shoi Zelenchuk: 35,
36, 38, 40, 42, 43, 44/18 — gabbro; 37, 41/18 — gabbro-pegmatite; river Teberda 54, 55, 56, 58/18

— gabbro.
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Tabnuya 2. / Table 2.

Pesyabrarsl ICP-MS anajiu3a rab0opounaoB 1 radbopo-nerMmaTuToB apXbI3CKOI0
koMIuiekca. / Results of ICP-MS analysis of gabbroids and gabbro-pegmatites of

the Arkhyz complex.
ONEeMEHTHI Homepa npo6 / Sample numbers

Brr/ 35/18 37/18 38/18 41/18 43/18 54/18 56/18
Elements. g/t
Li 8,1 6,5 10,2 2,9 12,5 9,0 9,2
Be 0,2 0,2 0,1 0,2 0,3 0,2 0,2
Sc 48,9 51,5 60,6 62,3 49,2 36,2 449
Ti 2290 5482 3103 8368 11560 2783 3790
\Y 189,4 292.8 333,0 363,2 640,6 121,3 262,1
Cr 561,5 357,2 181,6 502,4 46,4 324,2 323,0
Mn 1060 1033 1407 1123 1179 879 1163
Co 34,1 32,1 47,0 40,7 40,7 27,4 31,4
Ni 152,0 114,3 117,5 200,0 27,0 1529 106,7
Cu 11,6 31,8 66,5 19,3 69,2 54,6 38,6
Zn 43,4 54,1 54,0 57,3 69,4 38,9 61,5
Rb 3,2 3,1 4,5 52 4.8 3,3 9,7
Sr 263 170 221 223 269 309 262
Y 10,0 16,9 8,9 24,6 12,4 5,8 11,2
Zr 19,4 24,6 12,4 25,7 25,4 8,7 24,0
Nb 0,3 1,0 0,1 1,2 0,6 0,5 0,6
Mo 1,0 1,0 0,6 0,7 1,1 2,7 1,5
Ag 0,2 0,2 0,1 0,2 0,2 0,2 0,2
Cd 0,1 0,1 0,1 0,2 0,1 0,1 0,2
Cs 0,1 0,2 0,3 0,1 0,3 0,1 0,3
Ba 45,2 55,3 71,7 97,6 44,0 48,5 71,7
La 1,1 2,8 0,8 3,1 1,5 0,9 1,5
Ce 3,4 7,3 2,3 8,8 43 2,2 4,7
Pr 0,5 1,1 0,4 1,4 0,7 0,3 0,7
Nd 3,1 5,8 2,3 7,8 43 1,9 4,1
Sm 1,1 2,0 0,9 2,8 1,5 0,6 1,3
Eu 0,5 0,8 0,5 0,9 0,7 0,6 0,6
Gd 1,3 2.4 1,1 3.4 1,8 0,8 1,6
Tb 0,3 0,5 0,3 0,7 0,4 0,2 0,3
Dy 1,8 3,1 1,6 4,6 2,5 1,1 2,1
Ho 0,4 0,7 0,4 1,0 0,5 0,3 0,5
Er 1,2 2,0 1,1 2,8 1,6 0,7 1,4
Tm 0,2 0,3 0,2 0,4 0,2 0,1 0,2
Yb 1,1 1,8 1,0 2,5 1,5 0,7 1,4
Lu 0,2 0,3 0,2 0,4 0,2 0,1 0,2
Hf 0,7 1,0 0,4 1,1 0,9 0,3 0,9
Ta 0,1 0,1 0,0 0,1 0,0 0,2 0,1
Y 0,5 0,9 0,4 0,6 0,5 1,0 0,7
Pb 9,9 18,2 9,0 9,5 23,2 17,3 17,3
Th 0,1 0,2 0,1 0,3 0,1 0,0 0,2
U 0,0 0,1 0,0 0,1 0,0 0,0 0,1
>REE 16,1 30,8 12,9 40,6 21,5 10,5 20,7
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KonrenTpauu HECOBMECTUMBIX 3J€MEHTOB, HOpMHUpOBaHHbIE 110 N-MORB [Sun,
McDonough, 1989], 06pa3ytoT ciekTp KpUBOJTUHEWHBIX JIMHHUMA, PACHOIAraOIIUXCSl BIOJIb
npodunss N-MORB. B rab6po oTMeuaroTcs: He3HAUYUTEIbHOE MOBBIIICHUE COACPKAHUI
TUIpOMarMaToQuiIbHBIX, KPYITHOMOHHBIX 3JeMEeHTOB Rb, Ba, K, Sr u orpunareiabHble
AHOMAJIMU BBICOKO3APSIHBIX dneMeHTOB Nb, P, ZrmHf — a1eMeHTa MHIUKaTopa y4acTHs
CYOIyKIIMOHHOTO Ocajika B marmareHe3uce [MapteiHoB, 2010].AHanoru4nas kapTuHa,
3a uckiroueHueM Qocedopa, moBropsieTcs u B radbopo-nermatutax. (st yrouHeHus reo-
xumuyeckor cnenuanuzanuu nopoa AI'TK cocTtaBnensl paHXHUpOBaHHBIE PsAJIbI KJIAPKOB
KoHUeHTpauuu (Kx>1,1) 1 OHU UMEIOT Cleqy oMUl BUa: rabopo Pb, sAg, oS¢, ¢ Ni; ,Cry 3
Co;  (Cuys); Tabopo-niermartutsl — Pb, ; Ag, 8¢y g Nij g Cry g Co; p (Cuy ;). IX cpaBHEHME
C MOpoAaMy OIU3KOTO METPOTCOXUMHUYECKOTO THIA, ABEHAIIATH T€OINHAMUYECKHX 00-
cTaHoBOK [['yceB u np., 1999] moka3eiBaeT, uTo OHU HauboOIIee OIU3KU C MOPOIAMHU FOHBIX
octpoBHBIX Ayr (Cr;5S8c; s Co; 3 Nij, Cuy ;) M B MEHBILEH CTENIEHU € IOPOJAMH 3a/lyro-
BbIX KoTnoBUH (Co; 4 Ni; ,). Teoxumuueckas crienrann3anus mofoO0HbIX 00bEKTOB Xallb-
kounbHO — cunepoduibHas. [l OLEHKH pYIOTeHEepUpPYIOIIeld CIOCOOHOCTH TMOPOJ]
AITK paccuutans! kodpdummentsl HakoruieHus: (KH) pyaIHBIX U pelIKUX dIIEMEHTOB Kak
OTHOIIIEHUE CPETHUX COJEPKAHMIA B TocHeayolie (hasze (rabdbpo-nerMaTur) K mpeabIay-
ieit (radopo). M3BecTHO, YTO BENUYMHA 3TOTO KOA(D(GUIIUEHTA OTPAKAET TAKyH0 BAKHYIO
O0COOCHHOCTh, KaK MPeo0afaoliee pacCeuBaHUEe ITHX AJIEMEHTOB B KPUCTAJUTMYECKUX
pelieTkax MUHEPAoB paHHUX ATanoB kpuctamummsanuu (Ku<l), unm ux oTTopKeHHe u
HaKoIUJICHHE B MpoaykTax mo3aaux sranoB (Ku>1) [Jlsxosuy, 1983].Ha ocHoBanuu mo-
nyuyeHHbIX KH mpennonaraercsi, 4To B MpOLECCE KPUCTAILIM3ALUMUA U SMMaHAIMOHHOU
muddepeHcanun paciuiaBa B 3aKIIOYUTENFHON cTaAuu (POPMUPOBAHUS MAarMaTHYECKUX
TeJ NpoMCXoauT Hakomienue Zrs (2Nb, sTh, sY oHf; (Cd, sTi; sCr 4JNi; 4W,Sc;,V,Ba, ;.
ConyrctBytoiee opynenenue, csszantHoe ¢ AI'TK, mogpazaensercs Ha o6pazoBaHus Mar-
MaTHUYECKOW U MOCTMarMaTuyeckou craauii. K nepBoMy Ty OTHOCATCSI MEJIKUE Tella He-
MIPABUIILHOM ()OPMBIC MOBBILIEHHBIM COJIEP>KAHUEM PYIHBIX KOMIIOHEHTOB (TUTAaHOMArHe-
TUT + JelikokceH + cen 20-30%), onucpiBaeMbIe (pacmoararoniiecs) BOIU3H JeKaInx
KOHTaKTOB MHTPY3HMBOB, a TaKX€ TUTAHMarHETUTOBbIE M MAarHETUTOBbIE METACOMATHUTHI
C KOPYHJIOM, JHAcCTIOpOM U IIMHHENbIO, Ha KOHTaKTe C yIbTpabazutamu. Bropeie mpen-
CTaBJICHBI KAPOOHATHBHIMU MPOKUIKAMH C TTUPUTOM, XATBKOITUPUTOM U MEIHOM 3€JEeHBIO
1 o0orameHHbIMA UMH 30HAMH MOIIHOCTBIO 110 1-3 M 1 mpoTsikeHHOCThI0 10100-200 M B
MaccuBax rabopo M MpOXKUIKaMHU FOBEITUPHO-TIOICTIOYHBIX MUHEPAIOB (KCOHOTIUT, MEK-
TOJIUT) BOJIM3U KOHTAKTOB C ynbTpadasutamu [Kagenckwii, 1956; Xann, 1984].

Pe3yAbTaThl PABOTHI

W3yueHnble cpeHeopaoBUKCKUE Tab0ponas! n3 CTpyKTypHO-(OPMALMOHHON 30HBI
[Tepemororo xpedra (CP3 I1X) BEICOKOTIIMHO3EMUCTHIC, HU3KOTUTAHUCTHIC, YMEPEHHO-
Mar"e3uajibHble, HU3KOKAJIUEBbIE MOPOAbI, C HATPOBBIM TUIIOM IIeI0YHOCTU. OHU SB-
JISIFOTCSI TIPOU3BOHBIMU paciuiaBa oOpa3oBaBiierocs npu 7-15% maBiaeHUU JETUICTH-
POBaHHBIX IIMUHEIEBBIX NEPUAOTUTOB. HecoBmecTumblie aneMeHTsl 1 REE, HOpMuUpO-
BaHHbIe T0 N-MORB u xouapury [Sun, McDonough, 1989], o6pa3yroT cnekTpsl JINHHHA
nof00HbIX N-MORB, HO B IEJIOM C CYIIECTBEHHO 0Oosiee HU3KUMHU KOHIICHTPALUSMHU
OospIIMHCTBA 37eMeHTOB. Y REE B radb6po =10,5-21,5 r/t. Ha npodwmnsax REE 3amer-
Ha cJ1a00 BBIpa)KCHHAS TTOJIOKUTEIIbHAST aHoManus esporust Eu/Eu* 1,27-2,65, 4ro B co-
BOKYITHOCTH C IOJIOKUTEIbHON aHOMaJIMEN Sr A0MYyCKAaeT M3HAYAJIBbHYI0 aKKyMYIISLHIO
IUIarMOKJIa3a B UCXOJTHOM pacIliaBe.
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Konyenmpayuu REEHOpMupoganmvle Kk XOHOpUmy, KOHYEeHmpayuti HeCO8MeCmumMbiX
anemenmos, Hopmuposaruvie K N-MORB, no [Sun, McDonough, 1989].

Fig. 6. Composition ofgabbro on the spaider-diagrames.

Contents of REE were normalaized to chondrite; contents of incompatible elements
were normalaized to N-MORB, acording [Sun, McDonough, 1989].

Taxoke oTMeuyaeTcsl He3HAUNTENbHOE MOBBILLIEHUE COAEPKAHUM rupomMarMaTopuib-
HBIX, KPyITHOUOHHBIX 3JIeMEHTOB Rb, Ba, K, Sr — uHAMKATOpOB (QIIIOUIHOTO CYOTyKIIMOH-
HOTO KOMITOHEHTA M OTpULIATENIbHbIE aHOMAJIMK BBICOKO3apsIIHbIX 31eMeHToB Nb, P, Zr,
Hf. Ananus nerporenerndeckux auarpamm nokasan, uto ®TC AI'TK rpynnupyrorcs B
MOJIIX OCTPOBOIYKHBIXTOJIEUTOB. MIX cpaBHEeHuUe ¢ nmoponaMu OIHU3KOTO METPOreOXUMHU-
yeckoro tuma [['yceB u ap., 1999] nokaspiBaet, 4To OHM Haubosee OIM3KKU C TTOPOJIaMU
IOHBIX OCTPOBHBIX IyT. [eoxumuueckas crenuanu3anns XaabKoQuibHO — CUAEPOPHIIb-
Has. ComyTcTBytolee opynenenue, ceszannoe ¢ AI'TK, noapasnensercs Ha oOpazoBaHus
MarmMaTU4ecKoy CTaJlui —TUTaH MarHeTUTOBbIE M MATHETUTOBBIE PY/IHbIE KOHIIEHTPALIUU
Y IOCTMAarMaTu4ecKou cTaJuu —KapOOHATHbBIE TPOKUIIKU C TUPUTOM, XaJTIbKOIIUPUTOM U
MEJTHOM 3€JICHBIO.

PaccMoTpuM nonmydeHHbIE PE3yNIbTAThl ¢ HECKOJNIBKUX MO3uLuii: 1 — acconuanus mno-
POJ M €€ Te0JIoTHYecKasi MHTEPIIpETAIHs; 2 — CpaBHEHHE T'€OXUMHUYECKUX JaHHBIX C T0-
ponamu Onu3Koro nerpoxumudeckoro cocrasa. (1) Cuuraercs, 4To apXbI3cKuil radbopo
— 1ab0pO-TMOPUTOBBIN TUTYTOHUYECKUN KOMIUIEKC, COBMECTHO C YJIbTpaOa3uTaMu U BYII-
kaHuTamu KapaOGekckoil CBUTBHI, SIBJISIETCS COCTAaBHOM YacThIO O(PHOIUTOBON accOLMauu
Mapyxckoro nokpoBa HaJJBUHYTOT'O Ha IMO3/JHEIEBOHCKNE U PAHHEKAMEHHOYTOJIbHbIE 00-
paszoBanus [Cemenyxa u ap., 2009; Xaun, 1984]. M3BecTHO, 4TO 0HOIUTOBAST ACCOIHA-
1S — ATO KOMILJIEKC MTOPO/I, COCTOSIIIMI CBEPXY BHU3 U3: KPEMHUCTBIX 0CaJOYHBIX IOPO/I,
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6a3anbroB, rabopo u runepOazuToB. CUUTAETCS, YTO OHM SIBIISIOTCS APEBHUM aHAJIOIOM
OKEaHWYeCKOM KOpbl U OOBIYHO MPUYPOUYEHBI K IIOBHBIM 30HaM (CyTypam) CKJIaJ4aThIX
nosicoB. OntHako B 70-X rofax MmpoIuIoro cTojaeTus OblI0 OTMEUEHO HAaJIMYue HaACyOnyK-
LUOHHBIX T€OXMMHMYECKUX XapaKTEPUCTHK y 0a3uTOB, Haubosiee MpPEACTaBUTEIBHBIX U
W3yUYEHHBIX O(QHOIUTOBBIX KOMIUIEKCOB. MIX HECOOTBETCTBHE CPEIMHHO-OKEAHUYECKUM
6a3anpTaM MOCIYXHJIO OCHOBAaHHEM JJISl BIJENEHHS CHEU(PUUECKUX CyNpacyOmayKIu-
OHHBIX BHYTpPHOKeaHHUYeCKHX 00cTaHOBOK [Pearce et al., 1984]. Haubonee sipkum uH-
JMKaTOPOM TaKUX OOCTAHOBOK sIBIIsieTCsl Hanuuue OoHMHUTOB [CkisipoB U ap., 2016].
OTmeTuM, 4TO HIIUPHI OJMBHUHOBOrO rab0po, ONMucaHHbIE BOJIM3MU JIEKAYEro KOHTAaKTa
3eneHYyKCKOro MaccuBa, ¢ cogepxkanuem MgO, TiO,, K,O, (15,61; 0,25; 0,1 cooTrBer-
ctBeHHO) [Kanenckuit, 1956] Giuzku k raboponiaMm OOHUHUTOBOMY THITY, & BYJIKaHUTBI
KapaGekckoil cBUTBI HamMU elie He u3ydeHbl. OIHaKo OCHOBHAsl YacTh U3YyYEHHBIX Mac-
CHBOB CJIO’KE€HA BBICOKOITTMHO3E€MHUCTBIMU, HU3KOTUTAHUCTBIMU Ia00pon1aMHu U3BECTKO-
BO-IIIEJIOYHOTO THIIA, C MEHBIIUM coaepkaHnueM MgO, 1 oHM OJIM3KM K MOpOJaM FOHBIX
OCTpOBHBIX AYT. llo-BHaMMOMY, allJIOXTOHHAs CTPYKTypa, U3BECTHas Kak «Mapyxckuil
MOKPOB», 00pa3oBaHa B pe3yJbTaTe CEpUM HAJBUIOB, B KOTOPHIX yYacCTBYIOT pa3HOBO-
3pacTHble 00pa30BaHUs, B TOM YHUCIIE JIMTOC(HEPHON MAaHTHH U FOHOH OCTPOBHOM JyTH.
(2) — CpaBuenue reoxumuuecknx nanueix (LILE, HFSE, REE) AI'TK ¢ nopoza-
MU OJM3KOTO NMEeTPOXMMHUYECKOTO COCTAaBa MOKA3bIBAET, YTO OHU BIIOJIHE CONOCTaBHUMBbI
C paHHeaIbIIMHCKUMHU, ByJKaHUTaMU (puarnoHckoro komiiekca CesepHoit Ocerun [Ia-
3eeB U 1p., 2014] u pannenaneo3oiickumu skiorutamu boneimoro Kaskaza. O6mieit ux
XapaKTEPUCTUKOM SIBIIIETCS IPUCYTCTBUE B AJJIOXTOHHBIX CTPYKTypax. C 1pyroi cTopo-
HBI, UX CPAaBHEHHUE C CUITYyPUHCKUMU rab0po-1uopuTamMu BepxoBbeB pekn Kybans [['aze-
eBu Jp., 2020], pacronoXeHHbIMU Ha OJJHOU UpoTe, (BocTouHee B ~2(0) KM), TOKa3bIBAET
3HAYUTEIbHBIC PA3IMYMS COCTaBa MAHTUHHOIO UCTOYHHUKA 10 conepxkanuto LILE u REE.
B onHOM citydae — 3T0 nemIeTUpOBaHHAsE MAHTHUSA, B JPYTOM CIydyae — METacOMAaTU3U-
pOBaHHAsk MaHTHUS. DTO CBUJIETENILCTBYET O TOM, YTO M3HAYAJIBHO OOBEKTHI HAXOMIIUCh
Ha 3HAYUTENIbHOM yJaJeHUU (COTHH KMJIOMETPOB) ApyT oT apyra. IlpudunHbel MaHTHitHO-
ro MeTacomaro3a B paiioHe I0KHOM okpauHbl CKU(CKOH IINTHI, HAa HAll B3IV, MOTYT
OBbITH CBSI3aHBI C BIMSHUEM JpeBHEH (1okeMOpuiickoif) TpaHckaBKa3cKoil MonepedHoi
ctpykrypsl [Lonmo, 1978], u ¢aronnamu norpyskatromierocs rnajaeosoickoro cinda. Cre-
16l ci130a B BUJIE a/IaKUTOB OOHAPYKEHbI B HETEH — YeTBEPTUUHBIX BylKaHUTax [['a3eeB u
ap., 2018] u, Mo HaIIMM HOBBIM HaXoAKaM, B Mo3HenepMckux odpazoBanusx CP3 [1X.
Bonbmioit KaBkas yHUKalIbHBIA 00BEKT ¢ HEMTPEPHIBHOM MarMaTHueckoi uctropueit. Pas-
HOOOpa3HbIE [0 COCTaBY BYJIKAHUTHI U pa3HOITTYOMHHBIE HHTPY3UBBI, 4ACTO COIIPOBOXK/1a-
€MbI€ OPYJIEHEHUEM, IIPEJCTABIIEHBI BO BCEX BO3PACTHBIX CPE3axX OT PAHHETO N1aJI€0305 J10
rosioreHa. O4eBUIHO, YTO UX U3yUYEHUE Ha OCHOBE I€OXUMMH PEJKUX U PEAKO3EMEIbHBIX
2JIEMEHTOB OTBETUT Ha MHOTHE BOIIPOCHI T€0IMHAMUYECKON UCTOPUU PETHOHA.

BbiBOADI

N3y4eHbl eTpOXUMUYIECKAE U TEOXUMHYECKHE OCOOCHHOCTH CPEIHEOPIOBHKCKUX
rab0pou0B, pacIpOCTPAHEHHBIX B mpenenax Mapyxckoro amtoxtona B CO3 I1X BK.
JlokazaHo, 9TO TH BBICOKOTIIMHO3EMHUCThIC, HU3KOTUTAHHUCTHIC, YMEPCHHOMAT He3Hallb-
HbIC, HU3KOKAJHEBBIC MOPOJBI C HATPOBBIM THUIIOM IIEIOYHOCTH, SIBISIOTCS MPOU3BO-
JTHBIMU pacIuiaBa, 0O0pa30BaBIIETOCS TPH TUIABJICHUH JICTTICTHPOBAHHBIX IMTUHEICBBIX
nepuIoTUTOB. Ha OCHOBaHMM TOJOXHUTENBHBIX aHOManwii eBpormst Eu/Eu* 1,27-2,65
U SITpeArnojaraercsi, 4To B paciijiaBe, U3 KOTOPOrO KPUCTAILTU30BAIUCH TabOpOUIbI,
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¥MeJia MECTO MpeABapUTENbHAS aKKyMYJISIIUS IUIariokia3a. YCTaHOBJIEHO, YTO MOPO/bI
AITK 6nu3Ku CTONEUTOBBIMUA OOpa30BaHUSMH FOHBIX OCTPOBHBIX IYT U XapaKTEepHU3y-
I0TCSI HE3HAYUTEIIHO TTOBBIMICHHBIMU COJIEPKAHUSIMU THAPOMArMaTopuiIbHbIX, KPYITHO-
WOHHBIX 3JIEMEHTOB — Rb, Ba, K, Sru oTpuIaTeIIbHBIMU aHOMIUSIMH BBICOKO3aPSTHBIX
anemenToB — Nb, P, Zr, Hf. ConyTcTByroniee raboponiaM opyJeHEeHHE MOapa3AeseTcs
Ha 00pa30BaHUS MAarMaTU4eCKON CTaJMU — THTAHMAarHETHTOBBIC U MAarHETUTOBBIC PY/I-
HBbIC KOHIIEHTPAIlMU ¥ MOCTMAarMaTH4YeCKOW CTauu — KapOOHATHBIE TIPOKMIKU C TTHPHU-
TOM, XaJbKONMUPUTOM. [I0 COBOKYMHOCTH MOJYYEHHBIX PE3yJbTaTOB MPEAIOJIaraercs,
YTO aJUIOXTOHHAs CTPYKTYpa, U3BECTHas Kak «Mapyxckuii mokpo» IlepenoBoro xpe0OTa,
HE SIBJIICTCS KIIACCUYECKON 0(hHOIMTOBOM accoluanueit u, 4To oHa copMUpOBaHa B pe-
3yJIbTaTe CEPUM HAJBUTOB, B KOTOPBIX YYaCTBYIOT 00pa3oBaHus JIUTOC(HEPHON MAHTUU U
FOHOW OCTPOBHOM JYTH.
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Pe3tome: AKTyanbHOCTb paboTbl. B cTaTbe pacCMOTPEH BOMPOC O MexaHW3Me 06pa3oBaHus CKIag4atocTy
bonbluoro Kaekasa, KOTOPbI [0 CUX NOP ABNAETCA AMCKYCCMOHHBIM. B HacTosLLee Bpems ycnosms popMupoBa-
HUS TMABHON (LONO3HEOPOreHHOMN) CTPYKTYPbI PErOHA 0OBACHAKTCA GOMBLUMHCTBOM UCCNe0BaTenein Mobu-
NUCTKUMU MOASBUTOBAMM U NPUABUIOBLIMU MEXaHU3MaMU CKI1a[KO00pa30BaHUS, YCTAHOBIEHHLIMU aHANM30M
nonesbix matepuanos. OAHAKO, AN PeLIeHns 3TOro BoNpoca, He06X0LMMO NPOBECTN IKCNEPUMEHTASbHbIE UC-
CNeAoBaHNS BO3MOXXHOCTEN 3TUX MEXaHU3MOB, YTOObI YOEAMTLCA B X JOCTOBEPHOCTY. Llenb pa6oTbl. Ikcnepu-
MeHTaNlbHOe UCCIIe0BaHINe NOAABUIOBbIX 1 MPUABUTOBbLIX MEXaHU3MOB (HOPMUPOBAHUS CKNAA4aTOl CTPYKTYPSI,
[ns YCTaHOBNEHMS NoLo6us, NOTy4eHHON C NOMOLLbIO MOJENUPOBAHUS CKIAaA4aToCTLh U CTPYKTYpbl bonblioro
Kaskasa. Metoguka uccnefioBaHuin 3akn4anacb B NPOBeJEeHUN 3KCNEPUMEHTANIbHOrO MOAENUPOBaHUs nNpo-
LLeccoB ckragkoreHesa. Mogenu, umMutupyrolime ocagoyHble Tonwy bonbworo Kaeskasa, coctoanu u3 nadek
YepefoBaHMsA rOPU3OHTANBHBIX CNOEB NMETPONATYMa, KOTOPble NOMELLANNCh MeXIY LBYMSA [epeBAHHbIMU 6py-
ckamu. MNpu MoAenMpoBaHun NOALBUTOBOI0 MexaHU3mMa CKIagqaTocTu, AaBAaLnii 6pYCOK UMeN KNUHO06pasHYI0
thopmy, 4emM MMUTMPOBANUCL CKOJIOBbIE MONOTME Pa3fioMbl. B onbiTax npuasnroBoro MexaHusma fedpopmanmm
AKTUBHbIN BGPYCOK UMES KPYTYO rpaHb, YemM BOCMPOU3BOANINCA CYOBEPTUKAIIbHBIA HAKIOH KPaeBoro pasnoma.
VicxogHble MOV NOMeLLanuch B cneuuansHbIi npubop, rae OHW NoABepraiuch 04HOCTOPOHHEN TaHreHUUaNb-
HOW fedhopmauuun. PesynbTatsl. [Tpyn MoennpoBaHUM NOLABUrOBOr0 MexaHu3mMa 06pasoBaHus CKag4aTocTu
B NMPOLLECCe KOCOro CXatus B CNOWUCTO TOJLLE HABMI04anMCh HaLBUIOBbIE (MOALBUIOBbLIE) CMELLEeHNs BAOMb
MoJIOroil MOBEPXHOCTI CKOMOBOrO pa3noma noyTi HeAeOPMUPOBAHHBIX CMOEB. 32 HUMK B YCIOBUAX FOPU3OH-
TTLHOr0 CXaTus B CIOMCTON Na4yke BO3HUKIIA CYyOBEPTUKAIbHAA MENKas CUNbHOCKATAA CKNaa4aTtocTb. B npo-
Liecce MOLENNpPOBaHNUA NPUABUrOBOr0 MEXaHM3mMa CKIaLKoreHesa 6pycku ¢ KPYTbIMU FPaHAMU NPUKXUMATTUCH K
cNnoesoil nayke. Bo Bpems napansesnbHOM K CIIOMCTOCTM AedhopMauuu Mofenu, B6nusn Aassauiero 6510ka, BO3-
HUKIA 30HaNbHas Cy6BepTUKaNnbHAA TECHOCKATAA CKNAaa4aTocTb. Ee HANPsAXEHHOCTb YMeHbLUIAnach B CTOPOHY
naccusHoro 6pycka, rae OHa nepexojuna B MOHOKIUHANLHYIO CTPYKTYpY. B npouecce MoAenvpoBaHus B noj-
[BUrOBbIX ONbITax 06pa3oBanach 30HaNbHAA CKNAA4aToCTh, UHTEHCUBHOCTL KOTOPOM BO3pacTana C yaaneHuem
0T MecTa AasneHus. Takas MOpdh0norus CKNag4atocTi He XapakTepHa PerumoHy, YT0 NpOTUBOPEYMUT rUnoTese
0 NOAJBMIOBOM MEXaHU3MeE ero CKNafkoobpa3oBaHus. B npuaBuUroBbIX 3KCNEpPUMEHTAX Takxe 06pasosanach
ACMMMETPUYHAs 30HaNbHas CTPYKTYPA, HO ee HANPsSXEHHOCTb YMeHblluanach B 06paTHOM HanpasfeHn. AHa-
NOrNYHAsA 30HANbLHOCTb CKNag4atoil CTPYKTYpbl passuTa B npefenax bonblioro Kaskasa, 4To MOATBEpXAaeT
BO3MOXHOCTb €€ (POPMUPOBaAHNA NPULABUTOBLIM MEXaHU3MOM TEKTOreHesa.
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Abstract: Relevance. In the article is discussed the mechanism of folding of the Greater Caucasus, which
is still controversial. At present, the conditions for the formation of the main (pre-late orogenic) structure of the
region, by most researchers in the result of analysis of the field data are considered as mobile underthrusting
and thrusting mechanisms of folding. However, to resolve this issue, it is necessary to conduct experimental
studies of the capabilities of these mechanisms to ensure their reliability. Aim. Experimental study of the
underthrusting and thrusting mechanisms of the formation of a folded structure, to establish the similarity of
the folding obtained by modeling and structure of the Greater Caucasus. The research methodology consisted in
carrying out experimental modeling of fold genesis processes. Models imitating sedimentary strata of the Greater
Caucasus consisted of packs of alternating horizontal layers of petrolatum, which were placed between two
wooden blocks. When modeling the underthrusting mechanism of folding, the pressing bar had a wedge shape,
which simulated gently sloping shear faults. In experiments with the thrusting mechanism of deformation, the
active bars had steep edges, which produced the subvertical inclination of the edge fault. The original models
were placed in a special device, where they were subjected to one-sided tangential deformation. Results. During
modeling the underthrusting mechanism of folding in the process of oblique compression in the layered strata,
overthrust (underthrust) displacements were observed along the gently-dipping surface of the shear fault of the
almost undeformed layers. Behind them, under horizontal compression in the layered pack, subvertical highly
compressed small scaled folding has developed. In the process of modeling the thrusting mechanism of folding
genesis, bars with steep edges were pressed against the layered stack. During the deformation of the model
parallel to the bedding, a zonal subvertical tightly compressed folding appeared near the pressing block. Its
strength decreased towards the passive bar, where it passed into a monoclinal structure. In the course of modeling
in underthrusting experiments, zonal folding was formed, the intensity of which increased with distance from the
place of pressure. This folding morphology is not typical for the region, which contradicts the hypothesis of the
underthrusting mechanism of its folding. In thrust experiments, an asymmetric zonal structure was also formed,
but its tension decreased in the opposite direction. A similar zoning of the folded structure is developed within
the Greater Caucasus, which confirms the possibility of its formation by the thrust mechanism of tectogenesis.
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BeepeHune

Cxnaguaras cuctema bonbmoro Kaskaza (BK) mpencrasnser coboit jocTaroyHO
XOPOIIO W3yYEHHBIM TEKTOHHMYECKH PErvoH alblHicKOro Cpeau3eMHOMOPCKOTO TI0-
sica. HecMoTps Ha 310, BOmpoc 0 Mexanu3Me GpopMupoBaHus ckiaadaroctd bK Bce emre
OCTaeTCsl HEO0CTAaTOYHO MCCIICOBAHHBIM U JIO CHX TTOP SIBIISETCS TUCKYCCUOHHBIM. XOTS
PEIICHHIO BOIIpOCca TeHe3nca cKiiaadaTon cTpykTypsl BK Beerna ynensiock oco6oe BHU-
MaHUe, TOCTUTHYTHIE Pe3yJbTaThl B 3TOM HAIpPaBICHHUH €Ie He Jo0CTaTo4Hbl. [loaToMy
CEphbE3HBIC PA3HOINIACHUS CPEAH HCCIENAOBaTeNIed PernoHa O MEXaHH3ME aIbITHICKOTO
ckinagkooOpasoBanus Ha BK moka mpomomxkarorcsi.

B Hacrosiee Bpemsi CyIeCTBYIOT IPEICTaBICHUS, 00BSICHSIONINE 00pa30BaHUE TIIaB-
HOM (JOTTO3IHEOPOTCHHOM) CKIIQAYaToOl CTPYKTYPBI PErHOHA KaK ¢ (PUKCUCTCKUX, TaK U
C MOOMIIMCTCKUX MO3UIUNA. CTOPOHHUKH (PUKCUCTCKOW MOJIENIA CUUTAIOT, YTO CKJIa/a4a-
TocTh bK BBI3BaHA BEpTUKATHHBIMA TEKTOHHUYECKHMH JIBFDKEHUSMHU, BO3HUKAIOITUMHU
BHYTPH TIOJIBMKHOM 30HBI, 32 CUET MPOLIECCOB IITYOMHHOTO TUANTMPU3MA UITU aJBEKIIUH.
[TepBuvHbIC BEPTUKAIBHBIC NBIKEHUS MPH 3TOM TPAHCHOPMHUPYIOTCS BO BTOPUUHBIC
TOPHU30HTANLHBIC, BBI3BIBAIOIINE CKIAAYaTOCTh paccMarpuBaeMoro peruona [lllonmo,
1978; Wonmo u ap., 1993; Poroxun, lllonmno, 1988; T'onuapos, 1988, 1997 u ap.]. Haps-
JIy C 9TUM CYIIECTBYIOT MIPECTABICHHUS, YTO B POPMUPOBAHUM cKiaqdaTtoctu bK nmpunu-
Majia y4acTue He TOJIbKO TITyOMHHAs aIBEKIIHS, HO 1 OOKOBOE TAaHTCHI[MOHAIILHOE CKATHE
peruona [Sxosnes, 1987]. Oqnako Mmopdonoruueckrue 0coOeHHOCTH ckiaadaTtoctu bK u
aNBIHIICKasi TCOAMHAMHKA PETHOHA CBUICTEIBCTBYIOT O TOM, YTO B IMIOJOOHBIX YCIOBUSIX
HE MOXKET MPOUCXOIUTH 0Opa3oBanue noxoxeil Ha bK ckmaguatoit crpykrypsl. [loaTromy
(UKCUCTCKUN MEXaHU3M CKIIAIKo0Opa30BaHMsI PETHOHA B IAHHOM CTaThe HE paccMaTpu-
BaeTCH.

BonbmuHCTBO HcceaoBaTelnei mpeamnoyiaratoT 00pa3oBaHue CKIAM4aToi CTPYKTYPBI
BK BcrencTBue neicTBUS OJHOCTOPOHHUX TAHTCHIIMATBHBIX CHJI COKATHUS, IOy CKast IPU
9TOM BO3HUKHOBEHHUE CKJIATYaTOCTH B PE3YJIBTATE TIOAIBUTAHUS OTHOCUTEIIBHO KECTKOTO
UepHomopcko-3akaBka3ckoro MukpokonTuHeHTa (U3M) o ckonoBomy pasznomy moa bK.
Bnepssie Mbiciab 0 Takom nojasure Boickasain B.I1. Penrapren B 1926 r. [Xaun, 1984, c.
183]. 3areM K aHAJIOTMYHOMY 3aKJIIOUEHHIO MPUIILIA U Apyrue uccienosarenu [Koznos,
1937, Munanosckuit, Xaut, 1963]. [1ozxe, ¢ mosiBJIeHHEM KOHIICTIIIUN TEKTOHUKH JIUTOC-
(hepHBIX ILTUT, CTOPOHHUKOB MOJIBUTOBOTO TeHe3uca ckiamaaroctu BK crano Gonbiie
[Tamkpenunze I1., Famkpenuaze U., 1975, 1977; Ymakos u ap., 1976; I'apkanenko, 1976;
lamkpenumze, 1976, 1984; Anamus, 1977, 1985; Agamus u np., 1987; Adamia, 1975;
Adamia at al., 1977, 2017; llemnenes, 1978; Gamkrelidze, 1986; 'amkpenunze, ['mop-
roomann, 1987; Gamkrelidze, Giorgobiani, 1990; I'mopro6uanu, 3akapas, 1989, 1999;
Giorgobiani, Zakaraia, 2006, 2010, 2013; I'moprobuanu, 1999, 2005, 2008; Giorgobiani,
2003 u np.].

OnHako, HECMOTPSI HA MHOTOJICTHEE M3y4YeHHUE, BHIBOJBI O MEeXaHu3Me (popMHupoBa-
HUS CKIIaauaToi cTpykTypsl BK He Bcerga OCHOBBIBAIMCH HA AETATLHOM PETHOHAIBHOM
(hakTHYeCKOM MaTepuae, a ONMUPaINCh Ha OOIIKE MPEICTABICHHS O XapaKTepe allbITnii-
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CKOHM CKJIaJuaToOCTH, 0€3 ydeTa HEKOTOPhIX BaXHBIX €€ 0coOeHHOocTel. A Mopdoorus
CKJIaJIYaTOCTH, KaK U3BECTHO, JA€T BO3MOKHOCTh BOCCTAHOBUTD IMHAMUKY U KUHEMATH-
Ky €€ IreHe31ca, MOCKOJIbKY MOYTH Kaxaas 1edopMalys, UCIIbITAaHHAsE PETMOHOM, 3aneya-
TaHa B €0 CKJIa[4aTOl CTPYKTYpeE.

MeXaAHM3Mbl CKAOAKOOBPA30BAHMSI

Kak mokaszanyu MHOTOJIETHUE PETHOHAJIBHBIE JIETaIbHBIE T'€0JIOTO-CTPYKTYpPHBIE HC-
CJIEIOBaHUS aBTOPOB, IpoBeicHHbIE Ha CeBepo-3anaaHoM, LlenTpaibHoMm 1 BocTounom
KagBkaze, a Takke aHanu3 cyuiecTByroilen auteparypsl no FOro-3anagnomy Kaskasy,
ckiaayarocts bK Oblna n3ydeHa emie HenoctaTouHo. [loayueHHbIe aBTOpaMU HOBBIE JIaH-
HBIE PE3KO M3MEHWJIM CYIIECTBYIOIINE PeACTaBIeHus 0 Mopdonoruu ckinagdatoctd bK.
OHu NO3BOJIMJIM YCTAaHOBUTH OTCYTCTBHE B PETMOHE TUIMYHOW ISl MOJABUTOBBIX 30H
MOP(OIOTHH CTPYKTYP, YTO yKa3bIBaeT HA JPYroil MEeXaHW3M ero oOpaszoBaHus. boiee
HOAPOOHO BaXKHBIE OCOOEHHOCTH ANBITUHCKON CKIIa4aTOCTH MPOTHBOpEUAIINE MPOSIB-
nenuto B npenenax bK moaaBurosoro MmexanmsMa CTpyKTypooOpa3oBaHus IPUBEIEHBI B
oTenbHOM cratbe [ noproduanu, 2008]. B pabote neranbHO paccMoTpeHa MOPGOIOTHS
CKJIa/JI4aToOM CTPYKTYpPBI U XapaKTep ee pacnosoxkeHus B npenenax bK.

CxamuaTocTh HUKHE-CPETHEIOPCKUX TOMI KpaeBoi ["arpa-Jl>xaBckoii 30HbI, HaX0-
Jsmielcs Hall 30HOM MpeArnoiaraéMoro MoJ/IBUra U B IPyIrMX CEBEPHBIX TEKTOHUYECKUX
30HaX, XapaKkTepU3yeTcsl pa3BUTHEM KPyTONaJaroluX (I1aJeHHe OCEBBIX MOBEPXHOCTEN
oT 65-85° m0 90° Ha ceBepO-BOCTOK) CTPYKTYpP IOTO-3amajHOM BEPreHTHOCTU. AHaso-
TMYHAas KPyTO IOCTaBJIEHHAs HKHOBEPIEHTHAsl CKJaayaras CTPYKTypa C TaKUMHU Ke
OonpiuMu (65—-86°) yrimamu najieHusl UX TMIOCKOCTENH Ha CEBEpO-BOCTOK HAOMIOAAECTCs
U B CpeAHeaNIbIINNCcKOM ATaxke. ClaenyeT OTMETUTh, YTO OTMEYAEMble MHOTTIA B IIPEJIEsIax
BK Oonee monorue cTpyKTypbl MPEACTABIAIOT COOOH HE paHHE-CPEIHEIOPCKYIO CKIIal-
4aToCTh, a 00JIee MOJIO/IbIE MTO3/IHEANBIIMICKIE KOITTM3NOHHbIE 00pa3oBanus. Cienosa-
TEJIbHO, 00U CyOBEpPTUKAJIBHBIM CTHIIb INIABHOM CKJaauyaTtoil cTpykTypsl BK, a Taxxke
HaJIMYUE PACCEKAIOLIEro 3TU CTPYKTYpPbl KPYyTONAJArOIIEro KIMBaXka U COCKJIAIYaThIX
Pa3pbIBOB UCKJIIOYAET MOABUTOBOE UX ITPOUCXOXKICHHE.

[TonaBuroBsle CTPyKTYpbl MOTYT 00pa3oBathcs npu noaasure Y3M HenocpeacTBeH-
HO II0J1 4exoJI ckinaauaror cucremsl bK. IIpuMmepom Takoi CKIIaq4aToCTH MOXKET CIIYKUTh
CTPYKTypa KHOM yacTi UBexxurncrunckoil 30HbI Ha CeBepo-3ananHom Kaskasze. 3xech B
npenenax nojiororo kpsuia [ImacTyHCKONW CHHKIMHAINA pa3BUTa MeENKasl OCIOXKHSIOLIas
CKJIa/14aToOCTh, 00pa30BaHHasl HA HOBEHIIIEM 3Talle B pe3yibTaTe MojABUra 1noja Hee Ao-
Xa3CcKoi 30HBI [ py3uHCKO# MbIObI. PacnionoxeHHast Ha/l HaJJBUTOBOM 30HOM CKJlaayaTast
CTPYKTypa UMEET IOJIOTUE HAKJIOHBI OCEBBIX IIOBEPXHOCTEHN CKIIaJJOK Ha CEBEp MOJ yIia-
Mu 40-55°, a ©HOTZIa OTMEYAIOTCS U JIeXKaune CKIaJKU ¢ O4eHb MajbiMu (20-35°) mane-
HUSIMH OCEBBIX MoBepxHOCTel [[Moproouanu, 3akapas, 1989]. CnenosarenbHO, TOIIBU-
TOBBIIl ME€XaHU3M JAe(popMalii MOXKET MIPUBECTH K BOZHUKHOBEHUIO B OCHOBHOM OIIPO-
KWHYTOM, BIUIOTH JI0 JIeXkKadel, ckiiaauarocT. OIHaKo, Kak ObLIO OTMEUEHO BBIIIE, TaKas
IIOJIOTOHAKJIOHEHHAs CKJIa{4aTOCTh HE XapaKTepHa JUIsl INIABHOM CKJIa4aToi CTPYKTYpbI
BK. ITostomMy Moposorusi CTpyKTypbl perHOHa He TOATBEPKIAET Mpe/CTaBlIeHHE 00
o0Opa3oBaHMHU €€ B Ipolecce NoAaBUroBbIx ABmkeHuit YU3M. Kpome Toro, coBepiieHHO
HEBO3MOXEH MPOIIeCcC MOoABUra 0osee BbICOKO crosuiero Y3M, moj 3HaYMTEIbHO HUXKE
JeKaIIUi FOKHBINA Kpall BBITIONHEHHOTO ocaakamu Oacceitna BK. Tem Gornee uro 3T0
IPOMCXOIUT IO PA3ZICNSAIONIEMy UX CyOBEPTHKAJIbHOMY IITyOMHHOMY pasziomy. A Ooree
MIOJIOTUX MPONOJIBHBIX CKOJIOBBIX HApyIICHHH, HEOOXOAMMBIX JUTS TIOABUTAHUS, B TUX
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TOJNIIAX B TO BpeMs eme He Obuio. [IposiBieHne noaaBUroBoro MexaHus3Ma, Kak OCHOB-
HYI0 IpUYHHY (popMupoBanus ckinagyatoctd BK, oTpumaror Takke HEKOTOpbIE UCCIIE0-
Barenu [Sxosnes, 2002]. [loatomy npencrasnenue o nopgoasuranun Y3M kak enuHoin
Tkl o bK sBnsieTcs cxeMaTUYHbIM, IIOKA €lIe HE MOAKPEIUIEHHBIM CTPYKTYPHBIMU
JAHHBIMU U BXOAUT B MPOTUBOPEUYUE C OCOOEHHOCTSAMH CKJIAAUaToOro CTPOCHHS PETHOHA.

ITonTBEpKAEHUEM 3TOrO TAKKE SIBISIETCS ACUMMETPUYHAs JarepalibHas 30Hallb-
HOCTb INIaBHOM ckiaguaToit ctpykTypbl BK. Ona Haubonee yeTko mposiBieHa B MaJlbM-
soueHoBoM ataxe C-3 KaBkaza u HenonHo B npenenax FO-B Kaskasa, koropeie MeHblIe
BCEX B PETHOHE OCJI0KHEHbI HOBEUIIIMMHU KOJNTU3MOHHBIMHU AiepopMausiMi. 30HAJIbHOCTh
BBIPAXKCHA B I10CJIEI0BATEIbHON CMEHE B IMONIEPEYHOM CEUEHUM PETMOHA, C FOro-3amaja
Ha CEBEPO-BOCTOK JIMHEHHOIN CHIBHOCKATON CKIJIAUaTOCTH JMHEWHOW rpeOHEBUIHOMN
YMEPEHHOM, a 3aTeM ci1a00 BBITSHYTBIMU Opaxu(pOPMHBIMU CKIIAJAKAMHU, MEPEXOAIIU-
MU B CBOIO 04epe/ib, B 1osoryo (10 30°) ¢ majjeHueM Ha CeBEpO-BOCTOK MOHOKJIMHAIIb.
YMeHblIeHHe HHTEHCUBHOCTH CKJIA{4aTOCTH B TOM K€ HAIPaBIEHUN OTMEUYAETCS TAKKe
B HIKHE-CPEJHEIOpCKoM 3Taxe B [oiiTxckoMm aHTukiauMHOpuu [['moprobuanu, 3akapas,
1989]. IlpoucxoxneHue narepanbHON CTPYKTYPHOH 30HAJIBHOCTH PETMOHA, OYEBHJIHO,
ObUIO CBSI3aHO C OOKOBBIM TaHTEHIMAJIbHBIM cxkaTueM BK, B pesynbrare mpuaBuraHus
K HeMy c roro-zanaga UY3M. Tepmun «mpuasur» npuHamiexut E. . Ilaranaxe. Otum
MIPOLIECCOM OH OOBSCHS mpupasznomMHoe cmsitue tonm Cesepo-3anagnoro Kaparay [I1a-
Taynaxa, 1976].

B KoHIle mponuIoro cTojaeTus Ha OCHOBAHMU aHalIM3a, COOPaHHOTO aBTOPAMHU peru-
OHAJIBHOTO JIETaJIbHOIO I'€0JIOr0-CTPYKTYPHOIO Marepuaila, a TakKe pe3yJbTaToB JKCIIe-
PUMEHTAJIHOTO MOJICTUPOBAHHUS YCIOBUN 00pa30BaHMs CKIIa4aTOCTH, ObLI MPeIOKEH
HOBBIN MPUABUTOBBINA MexaHU3M ckiagakoodpasoBanus bK [['moprobuanu, 1999; ['mopro-
6uanm, 3akapas, 1999]. On npennonaraer npuaBUranue 1 npwxumanue Y3M k BbInos-
HEHHOMY MOIIHBIMHM OCa/I0YHBIMHU TOJIIAMU MOpcKoMmy OacceiiHy BK, BbI3biBaromiue B
€ro mpeesax MpoLecchl CKiaakoo0pazoBanus. PacnonokeHHast K ceBepy OT OCIIEeTHEro
Ckudcekas nmra (CII) Bo Bpems anbnuiickol nedopmalny ocTaBaiach OTHOCUTENIBHO
HETIOJBM>KHOM U BBINIOJIHSAJIA POJIb )KECTKOTO yIIopa.

Cknanuarocts Ha BK copmupoBanace B pe3ynabrate c€BEpO-BOCTOUHOTO OHOCTO-
POHHEI0 TaHI€HLUAJIBHOTO CXKAaTUs ME3030MCKO-KaHO30MCKUX TOJIL, IMPHUIOKEHHOIO
K PErMOHY BJIOJIb CyOBEpTHKAJIbHOW MOBEPXHOCTH ITyOMHHOTO HOKHOTO KpaeBoro pas-
aoma (KOKP). HanpaBnenHoe ¢ 1oro-3zamnajia Ha CeBepO-BOCTOK IEpeMEIleHUe OTHOCHU-
TeNnbHO kecTkoro Y3M B ctopony BK BeI3bIBanO IEHCTBHME NPUIBUIOBOIO MEXaHU3Ma
CKJIaJKoreHesa. B pesynbrare B pernone o0Opa3oBanack 30HajJbHasl CKlaayaras CTPyKTy-
pa, KOTopasi XapaKTepHU3yeTCs ITOCIIE0BATENBHON CMEHOM K CEBEPO-BOCTOKY UHTEHCHUB-
HOM CKJIa{4aTOCTH YMEPEHHOM, a 3aTeM CJ1a00i, BbI3BAHHOW yMeblIeHHeM AedopMariuu
B 9TOM HAIIPaBJICHUN.

Takum 06pa3om, o OYEHb BaXKHOMY BOIIPOCY MEXaHU3Ma 00pa30BaHus allbIUICKOM
ckiaauaroi ctpykrypsl bK mnoka emie Her equHoro MHeHus. B Hacrosiee BpeMs ofHO-
BPEMEHHO COCYIIECTBYIOT J[Ba MPOTUBOIOIOXKHBI MOOMIIMCTCKUX MEXaHU3Ma CKIIAJKO-
oOpa3oBanus B npenenax bBK. IlepBblif — noaiBUroBslii, He coracyercst ¢ MOp(hoIoru-
€il CKJIaJIuaTOCTH PEernoHa U BTOPON — MPUABUIOBBIN, MOATBEPKIAETCS 0COOCHHOCTIMHU
CKJaauaToi cTpykTypsl bK, BEIICHEHHBIMU C TIOMOILBIO IPOBEIEHHBIX ABTOPAMHU I'€0JI0-
rO-CTPYKTYPHBIX U 9KCIIEPUMEHTAJIbHBIX UCCIIEI0BAHUHN PErHOHA.

[TosTomMy nanbHeilinee n3ydeHue npoodiaemsl reHesuca cTpykrypsl bK sBisercs He-
00XOIMMBIM JUIsI IOCTOBEPHOTO BBISBICHHUS YCIIOBHIM 00pa3oBaHMs 3TOW HEOJHOPOIHOM
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CKJIa14aToOM CUCTEMBI. PerieHne 3Toro BaxHOTo BOIPOCa BO3MOXHO TOJIBKO IIOCPEACTBOM
IpOBeJICHHsI KOMIIEKCHOTO aHalln3a MaTeprasoB MOJIEBbIX HAOIIOCHUN U SKCIIEpUMEH-
TaJIbHBIX UCCIIEIOBaHUN. BhIACHEHHE ITIaBHBIX CTPYKTYPHBIX OCOOCHHOCTEHN CKJ1a 4aTo-
ctu BK mo3Bonut onpenenuts ycinoBus (GOpMHUPOBAHUS €€ CIOXKHOM CTPYyKTypbl. [leii-
CTBHUTEJIBHOCTh MEXaHNU3Ma 00pa30BaHMA CKIaa4aTtoi cTpykTypbl BK MoxHO npoBepuTh
C IIOMOIIBIO IKCIIEPUMEHTAIBHOIO MOAEIUPOBAHUS. DTO 1a€T BO3MOKHOCTh YCTAaHOBUTh
HPaBUIBHOCTh MOOMIIMCTCKOTO MPEICTaBICHUS O TeHe3uce CKiIaayaToi cTpyKTypbl bK,
IIOJIyYEHHOTO aBTOpPaMU Ha OCHOBaHMM aHaJIW3a IOJIEBBIX MaTepuaios. M3yueHue rexe-
3uca Mop(OJOrHYECKUX TUIIOB ckiaayarocTu BK 1 ero oTienbHbIX CerMEeHTOB MOJIEBbI-
MU U SKCIIEPUMEHTAIbHBIMM METO/IaMH MPOBOIMIIOCH aBTOpaMu U paHee [['moproduanu,
3akapast, 1989, 1999]. Ono nokasano, 4to npu (GOPMUPOBAHUU AJIBIUICKON ITIaBHOM
cKiag4aToi cTpykTypbl BK neiicTBue moaaBUroBoro MexaHusma CKIJIaJKooOpa3oBaHMs
HE MPOUCXOAUJIO.

MeToAbl UICCAEAOBOHUS

Jliia 6oree JOCTOBEPHOIO BBIICHEHUS! BO3MOKHOCTU (POPMHUPOBAHUS CKIIAJ4aTOCTH
nono6Hoi#t BK B 00cTaHOBKE MPOSIBICHUS TPUBEICHHBIX BBINIE KWHEMATHUECKU Pa3iny-
HBIX MOOMJIMCTCKMX MEXaHH3MOB aBTOpaMH Oblja MPOBEACHA CepHsl (U3NUECKHX IKC-
NEepUMEHTOB Ha SKBUBAJICHTHBIX Marepuainax. [lepen HauaioM MoOIENUpOBaHUS OBbLIH
COCTaBJICHbI HEOOXOAMMBIE JUIsl ONTBITOB CTPYKTYPHBIE MOJIEH MOABUTOBBIX U MIPUIBH-
TOBBIX MEXaHU3MOB CKJIaJKoreHesa (puc. 1).
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Puc. 1. CmpyxkmypHoie modenu sxcnepumenmos: I — noooeuzoewix u Il — npuosueosvix mexanusmos
degpopmayuu. Y3M — Yeprnomopcko-3axaskasckutl muxpoxonmunenm, BK — bonvwoii Kaskas,

CII — Crugpcraa nnamegpopma,; CP — ckonoswiti paziom; FOKP — FOoichviil kpaegoii paziom. 1 —
JrcecmKull maccus, 2 — 0cadounslll yexon, 3 — ocadounvie momyu, 4 — pynoamenm, 5 — nanpasienue
20PUBOHMANLHO20 CoHCAMUA. /

Fig. 1. Structural models of experiments: I — underthrust and Il — near-thrust mechanisms of deformation.
BSTM — Black Sea-Transcaucasian microcontinent; GC — Greater Caucasus, SP — Scythian platform; SF
— shear fracture; SMF — Southern marginal fault. 1 — hard block; 2 — sedimentary cover; 3 — sedimentary
strata; 4 — foundation; 5 — direction of horizontal compression.
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Mogenu, umuTHupyromue anpnuiickuii yexon bK, cocTosnu u3 Tomni uepenoBaHus
CJIOEB METPOJIaTyMa, MEXIY KOTOPBIMH MPOCHINAJCs MOPOLIOK U3 KaonuHa. OHU ObLIH
CJIOXKEHBI 13 7-11 yepenyronuxcst Topu30HTANIBHO JIEXKAIUX, TOIIUHON 2-2,5 MM CII0€B,
qHo 21,0-28,0 cM u mmpunoit 7-8,5 cM. CioucTas TojIa noMenianach Mexay AByMs
JIepeBIHHBIMU OpyCKaMH, KOTOpble MOAEIHpoBaiyu npuierawonme Kk bK reoctpykrypbl
aktuBHOro Y3M u nmaccusHnoil CII. B onblTax nepBoil cepun, Koraa BOCIPOU3BOIMICS
MOJIIBUTOBBI MEXaHU3M CKJIaJIKOT€HEe3a, MOJBMXKHBIM OpyCOK MMeN KIMHOOOpa3HYIo
¢opmy. OHa focTUrangach Cpe3aHueM ero akTUBHOTO Kpast noz yriaamu ot 20° 1o 40°, uto
MMUTHPOBAJIO CKOJIOBBIE pa3ioMbl (puc. 2-4). B omblTax BTOpOI cepuu akTHBHbIE Kpas
OpYCKOB MMEJIM B 3HAYMTENBbHOM cTenenn KpyTbie (60—80°) rpaHH, 4YTO BOCIPOU3BOIAMIO
CyOBEpTHKAJIbHbIE HAKJIOHBI Pa3phIBHBIX HAPYIIEHUI B MpoOILecce MPHUIBUTOBBIX JABHKE-
Huit (puc. 5-7).
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Puc. 2. ®omoepaguu mooeneti onvimos IKCRepUMeHmos nod0suUe06020 mexanuzma oepopmayuu. /nuna
mooenu 27,5 em; <20° — yeon nakiona akmuenou nosepxnocmu opycka,; 10.0% — senuuuna cocamus
Mmooenu 6 npoyeHmax. /

Fig. 2. Images of experimental models of the underthrust deformation mechanism. Model length 27.5
cm; <20° — angle of inclination of the active surface of the bar, 10.0% — the compression amount of the
model in percent.
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Puc. 3. @omoepagpuu moodeneti onvimog sIKCnepUMermos8 no008U208020 MeXanusma oegpopmayuu. Jnuna
mooenu 28,0 cm; <30° — yeon nHakniona akmugnot nosepxnocmu opycka, 20,0% — eenuuuna cocamus
Mooenu 6 npoyeHmax. /

Fig. 3. Images of experimentalmodel testsfor underthrust deformation mechanism. Model length 28.0
cm; <30° — angle of inclination of the active surface of the bar; 20.0% — the compression amount of the
model in percent.

Hcxomupie Moy MOMEMIANUCh B CHEIUANBHBIN MPUOOp, MO3BOJISIONINA OCYyIIe-
CTBUTb OOKOBOE TAaHTEHIMAJILHOE OIHOCTOPOHHEE CxkaTtue. B mporecce nucnbiTanuii ciio-
UCTast TOJIIIA MTO/IBEprajiach MHOTOKPATHOM MocieoBaTenbHON aedopmannu. BennunHbl
OOKOBOTO cXKaTus Ui pa3sHbIX (a3 M ONBITOB ObUTM Pa3MTUYHBIMU U Kojebanuch or 10%
10 66,5 % npu nopasurosom u 15,0-57,5 % npu npuABUrOBOM MeXaHU3MaX AUCIOKALIMH.

Pe3yAbTATbl SKCMEPUMEHTOB

B mporecce skcnepuMEHTaIbHOTO MCCIEAOBAHUS TOJABUTOBBIX W TPHUIABUTOBBIX
MEXaHHU3MOB JIeQopMaluy CKIaa4aToCcTH (pOpMHUPOBAINCH pa3HOOOpa3HbIe CKIaayaTbie

CTPYKTYPBIL.
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Puc. 4. Domoepaguu moodeneti onvimos IKChepumermos no008uUe08020 mexanusma oegpopmayuu. nuna
mooenu 24,0 cm; <40° — yeon naknouna akmugnot nosepxnocmu opycka, 20,0% — senuuuna cocamus
MoOenu 8 npoyeHmax. /

Fig. 4. Images of experimental model tests for underthrust deformation mechanism. Model length 24.0
cm; <40° — angle of inclination of the active surface of the bar; 20.0% — the compression amount of the
model in percent.

Pe3ynbTarel MOAETMPOBAHHUS TOABUTOBOTO MEXaHU3MA CKJIAIKOOOpa30BaHUs OKa3a-
JIUCh HEOKUIAHHbIMU. [Ipy cxxaTuu cIOMCTOM TOJIIM HETOCPENCTBEHHO NIPUIIETatoIen
K JIaBsIIeMy IITaMIly, B Hell HaOI01al0Cch HaJIBUTOBOE CMELIEHUE BAOJIb oJoroit (20°,
30°, 40°) MOBEpXHOCTH CKOJIOBOTO pa3jioMa MOYTH Helle(OPMHUPOBAHHBIX, HHOTJA Clla-
00 M30THYTHIX, 3AJIETAIOIIUX MapAJUIEIbHO AU3bIOHKTUBY HEAUCIOLUPOBAHHBIX CIIOEB,
aMIUIMTYAA KOTOPBIX PaBHSUIACH JJIMHE Pa3pbIBHOIO HApYILIEHUS. 3@ MOHOKJIMHAJIBHO Ha-
KJIOHEHHOH TOJIIEH BO3HUKIIA CyOBEpTHKAIbHAS MEJIKasi CUIIBHO C)KaTasi CKJI1aq4aToCTh,
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KOTOpasi pacpOCTPaHMIIACh B CIIOMCTOM MAYKe JI0 )KECTKOTO yIIopa, MMUTHPYIOIIEro nac-
cusHyto CII (puc. 2-4).

CrenoBarensHO, B 30HE aKTUBHOTO JICWCTBHS MOAIBUTOBBIX IEPEMEICHHH, B JICBOK
YaCTH MOJEJIH, T/Ie OTMEYAETCs KOCOE CHKAaTHe CIOMCTON TOJIIIN, 00YCIIOBICHHOE OPHCH-
THPOBAaHHBIM OPTOTOHAJIBHO K CKOJIOBOMY PasJioMy JaBJeHUEM, 00pa30BaHUE CKJIaa4aro-
CTH HE IPOU30LIO. 371eCh HAOIIOAAIOTCSI TOJIBKO ITACCHBHBIC HA/IBUTOBBIE (IO IBUTOBHIE)
ee NepeMelIeHUs BJI0JIb TIOBEPXHOCTH Pa3pbIBHOTO HapylieHus. [IpaBblii 0Tpe30k mayku
UCTIBITHIBAJ BJIOJIECIIOEBOE CXKATHE C 00pa30BaHUEM C)KaTOW KPyTOOCHOH CKIIaT4aTOCTH.
DTO CBUCTENBCTBYET O TOM, YTO B MPOBEICHHBIX OINBITAX CIOUCTHIE MOJEIN OJHOBpE-
MEHHO HMCTIBITHIBAJIM KOCO€ M MapaljIeIbHOE CIOMCTOCTH TOPU30HTAIBHOE CXKATHE, YTO
MOCTY)XWIO TPHYMHON BO3HHKHOBEHHUSI TaKOW CBOGOOPAa3HOW CKIaIUaToi CTPYKTYPbI

Puc. 5. Domoepaduu mooeneii onvimos IKCNEPUMEHmos npudsU208020 mexanusma degpopmayuu. J{nuna
mooenu 26,5 cm; <60° — yeon naxiona akmuenol nosepxHocmu opycka; 15,0% — eenuuuna cocamus
Mmooenu 6 npoyenmax. /

Fig. 5. Images of experimental model tests for near-thrust deformation mechanism. Model length 26.5
cm; <60 °— angle of inclination of the active surface of the bar; 15.0% — the compression amount of the
model in percent.
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I <7 o

Puc. 6. Domoecpaghuu mooeneii onvimog IKCNEPUMEHMO8 NPUOBUS0B020 MexaHuzma Oeopmayuu. /nuna
mooenu 21,2 cm; <70° — yeon Hakioua akmugnot nosepxHocmu opycka, 15,0% — senuuuna cocamus
MoO0enu 8 npoyeHmax. /

Fig. 6. Images of experimental model tests for near-thrust deformation mechanism. Model length 21.2
cm; <70 °— angle of inclination of the active surface of the bar; 15.0% — the compression amount of the
model in percent.

(puc. 8). IlomyueHHas 3KCHIEpUMEHTATbHBIM MOJEIUPOBAHUEM MOPQOJIOrUs HE Xapak-
TEpHA JIsl PErMOHa, YTO MPOTUBOPEUYUT TUIIOTE3€ O MOABUTOBOM MeXaHu3Me hopMupo-
BaHUs [JIABHOM ckJlaguaToit cTpyKTyphl bK.

B omnbiTax BTOpO# cepun MOAETUPOBATIOCH NIPUIBUTAHUE U MPHKUMAHUE JKECTKOTO
U3M K miacTU4HOMY ropu3zoHTalibHOMY Komiuiekcy BK. IToBepxHOCThIO MpHIIOKEHUS
TaQHT€HILIMAJIbHOTO JIAaBJICHUS CITYKHJI MPUIIETAIOUINI K CIIOMCTBIM TOJIIAM MOJENU Opy-
COK OrpaHu4eHHbII 6osee kpyTbiMu (60—80°) rpansmu umutupytomuiit KOKP. B npornec-
ce MmapajulesIbHOM CIIOMCTOCTH AedopMallii MOAEIU B 30HE MPHJIETAIONIETO JaBAIIETO
0J10Ka BO3HUKJIA 30HAJIbHAs CyOBEepTHKAIbHAS, HHOTJAa KPYTOHAKIOHEHHAs! TECHO CyKaTast
CKJIaa4aTocTh. Ee HanpsyKeHHOCTh yMEHbIIadach B CTOPOHY TACCUBHOIO YIIOpa, T/I€ OHA
repexo/inia B MOHOKJIMHAIBHYI0, HHOT/IA CJIa00 M3THOAIOIIYIOCS CTPYKTYpY (puc. 5-7).
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I <80’

Puc. 7. @omozpaghuu moodeneii onvimog IKCNEPUMEHMO8 NPUOBUL0B020 Mexanusma Oepopmayuu. nuna
mooenu 21,0cm; <80° — yeon naxnona akmuenoi nosepxnocmu opycxa; 15,0% — eenuuuna corcamus
Mooenu 8 npoyenmax. /

Fig. 7. Images of experimental model tests for near-thrust deformation mechanism. Model length 21.0
cm; <80° — angle of inclination of the active surface of the bar; 15.0% — the compression amount of the
model in percent.

Amnanornysas, B o0lIeM acCUMMETpUYHAsl, 30HaJIbHAs CKJIaquaTasl CTPyKTypa pa3BUTa B
npenenax bK, uTo moareepxaaeT BO3MOKHOCTh 00pa30BaHUSI OCHOBHOM CKJIaI4aTOCTH
peruoHa BCIIEACTBUE NPUABUTOBOTO MEXaHN3MA TEKTOICHE3A.

TakuMm 00pa3oM, MPOBEAECHHBIE SKCHEPUMEHTHI MOKa3ald, 4TO (OPMHUPOBAHHE
CKJIa4aToi CTPYKTYyphbl Moo0HoH BK ¢ moMoIpio moa/iBUroBoro MexaHu3Ma MexaHu-
YeCcKU HEBO3MOXKHO. [loaToMy ero ciieayer 3aMeHUTh 0ojiee apryMEHTUPOBaHHBIM (ak-
TUYECKUM MAaTepuaoM U SKCIEPUMEHTATIbHBIMHM JaHHBIMU NPHJBUTOBOIO MEXaHU3Ma
CKJIaIK0OOpa30BaHMsl, KOTOPBIH SIBIISETCS BEAYILUM MPOLECCOM B (POPMUPOBAHUU IJIaB-
HOM CKJIa4aToON CTPYKTYphl pETHOHA.
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<20° <3(F

Puc. 8. Opuenmuposxu 6exkmopog depopmayuu 8 nN0OOBU208bIX U NPUOBU20BLIX ONBIMAX IKCNEPUMEHINOB.
V,y — eekmop corcamus mooenu, V; — sekmop corcamusi C1oUCmou nauku u yeon nakaoua, T, — opmo-
20HAILHOE HANPABLEHUE CHCAMUsL AKMUBHOU niockocmu onoka, T, — 2opuzonmanvbroe nanpasienue
akmueHou niockocmu onoka, <20° — yeon HaKIOHA AKMUBHOU NO8ePXHOCHU OpycKa. /

Fig. 8. Orientation of deformation vectors in underthrust and near-thrust experiments. V, is the
compression vector of the model; V, is the vector of compression of the layered pack and the angle of
inclination; T, — orthogonal direction of compression of the active plane of the block; T, — horizontal

direction of the block active plane; <20° — inclination angle of the active surface of the bar.

Ob6CyXAEHME PE3YABTATOB

[TpuunnOit popMupoBaHHs TaKol pa3HOOOPa3HON CKIIAUYATOCTH B YCIOBHUSAX MPOSB-
JICHUS TIOJABUTOBOTO U ITPUABUIOBOIO MEXAHU3MOB CKJIAJIKOT€HE3a, SIBIISIETCS pa3JInuHast
kuaematuka U3M. Takue nucinokanuy 00yclaBIHBAIOT pa3HOHAPABICHHBIC TAHTCHIIN-
QJIbHBIE COKATHS CIIOMCTBIX MOJIENIeH, BO3HUKAIOIINX B 0OCTaHOBKE OJMHAKOBOM Jedop-
Manuy. B yeBoi yactu Mozaenu Npu AEHCTBUU INOAJBUIOBOIO MEXaHMU3Ma JHUCIOKALUH
BEKTOPBI CKaTHsI ObLIIM OPUEHTHPOBAHBI KOCO IO OTHOIIEHHUIO K CIOUCTOCTH TOJIIIH.

370 OBUTO BHI3BAHO MOJIOTUM HAKJIOHOM CKOJIOBOTO Pa3jioMa, OPTOTOHAJIBHO OT I0-
BEPXHOCTH KOTOPOTI'O IePEaBaIoCh JaBJICHUE TOPU30HTAIBHO 3AJIETAOIIEH TAYKe CIIOEB.
Takast nedopmarusi 00ycIOBMIIa KOCOE MO OTHOIIEHUIO K CJIOMCTOCTH C)KaTHE TOJIIH,
B TIporecce KOToporo oOpa3oBaHUe CKIaa4aTOCTH HE MPOU30LUIO. 31eCh HAOMIOIaeTCs
TOJIbKO NAaCCUBHBIE HAJIBUTOBbIE (TIOIBUTOBBIE) €€ MEPEMEILEHUS BAOJIb TOBEPXHOCTH
pa3pbIBHOTO HapyiieHus. [IpaBplil OT KOHIIA CKOJIOBOTO Pa3jioMa OTPE30K CIOMCTOM mad-
KM HCIIBITHIBAJ BIOJIBCIOEBOE CKaTHeE ¢ 00pa30BaHUEM KPYTOOCHOW CKJIaJA4aTOCTH.

Takum 00pa3oM, B MOIABUTOBBIX OIMBITAX MOZIETH OJHOBPEMEHHO MCHBITHIBAIH KO-
CO€ U MapajyiebHOE K CIOMCTOCTH TOPU30HTAIIBHOE CKAaTHe. DTO MOCITYKUIO IPUIUHON
BO3HMKHOBEHUS 30HAJIbHOM CKJIA4aTOM CTPYKTYpbl, NHTEHCUBHOCTb KOTOPOW BO3pac-
TaeT ¢ yAaJleHHeM OT MecTa IMPWIOKeHHs ycunusi. Takas MOpQOIOTHs CKIaa4aTocTy He
XapaKTepHa JUIs U3YYEHHOTO PETMOHA, YTO IIPOTUBOPEYUT TUIIOTE3E O MTOIIBUTOBOM Me-
XaHu3Me (OPMUPOBAHUS ITIABHOHM CKJIaauaTroit cTpykTypbl BK.

[Tpu MonenupoBaHUM MPUIBUTOBOTO MEXaHM3Ma CkiagakooOpazoBanus BK k ropu-
30HTAJILHON CIIOMCTOM TOJIIIIE MPHKUMAJICS OPYCOK, OTpaHHYEHHBIN KPYTHIMH TPAHSAMHU.
B npouiecce mapanienbHOR CIOMCTOCTH Ae(POpMAIIE MOAEIH B 30HE MPHJIETAIOIETO J1a-
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BAIIEr0 OJ0Ka BO3HHUKJIA aCUMMETpPUYHAsl 30HaJbHAs CyOBepTUKaIbHAs, MHOTJA KPYTO
HAKJIOHEHHAas1, TECHO C)KaTasi CKJlaa4aTocTh. Ee HanpsyKeHHOCTh YMEHbBIIIaIach B CTOPO-
Hy MAacCHBHOIO YIOpa, IJie OHAa MepexoAusia B MOHOKIIMHAJIbHYIO0, MHOTAA c1abo M3ru-
OaroNIyIOCs CTPYKTYpPY. AHAJOTHYHAS, B O0IIEM aCHMMETPHUYHAsI, CKJIaqyaras CTPYKTY-
pa pas3BuTa B npenenax bK, uTo moaTBep:kaaeT BO3MOXKHOCTH 00pa30BaHUS OCHOBHOM
CKJIJIYaTOCTH PErMOHa BCJIE/ICTBUE MPUIBUTOBOTO MEXaHU3Ma TEKTOTeHE3a.

3AKAKOYEHNE

Pe3ynbrarsel mpoBeeHHBIX SKCTIEPUMEHTOB B OOIIEM MTOATBEPIMIN CIIPABEIIINBOCTD
NpeCKa3aHuii aBTOPOB O BO3MOXKHOM IPHUIABUTOBOM MEXaHH3Me (hOPMUPOBAHUS CKIIAI-
yaroctu bK, cienaHHbIX HA OCHOBaHUM PETHOHAIBHBIX JIETANBHBIX IT€0JIOTO-CTPYKTYp-
HBIX MCCIIEIOBAaHUHN pEerruoHa.

CoBepIieHHO OYE€BHUIHO, YTO MPOCTEHIIMMH IKCTIEPUMEHTAMU HEBO3MOXXHO B TTOJI-
HOM Mepe BOCHIPOM3BECTU PA3BUTHE AJIBIIUHCKOIO MPUPOAHOIO CKIIAJKOOOpa30BaTeib-
HOTO Mpoiiecca, uMmeromero mecto B npenenax bK. Hecmotps Ha npoctoTy U HecoBep-
IIEHCTBO SKCIIEPUMEHTAIBHOTO HCCIEI0BAaHUS, OHO BCE-TaKHM IMOKa3aj0 BO3MOXKHOCTH
00pa3oBaHMs CKJIAIYATOCTH B JMHAMO-KMHEMATHYECKOW OOCTAaHOBKE, BO3HHKIIECH MpHU
tanreHuaasHoM npuasurannu Y3M snons FOKP k mopckomy Oacceitny BK. [Tockosnb-
Ky B IPUPOJHBIX YCIOBUSAX HAOMIOMAIOTCS TOJIHKO KOHEUHBIE PE3YNBTaThl CKIIaTKo00pa-
3oBanus bK, gaHHbIe SKCIIEPUMEHTHI TOMOTIIN BOCCO3/IaTh CIOXKHBIH mpoiiecc GopMUpo-
BaHUS €T0 CTPYKTYPHI.

Ha ocHoBanuu mpoBeIeHHOTO MOACIUPOBAHUS MOXKHO CJEJIaTh BBIBOJ, YTO MPHU U3-
YYE€HUHU TPOIECCOB TeHe3Mca TEKTOHMUECKUX CTPYKTYp HEOOXOAMMO COBMECTHOE TpHU-
MEHEHHE TOJIEBBIX, TEOPETUYECKUX M IKCIIEPHUMEHTAIbHBIX METOJOB HCCIIEeIOBaHMUS.
Tonpko ux couyeTaHue gaeT Haubosee JOCTOBEPHbIE MPEICTABICHHS 0 MEXaHU3Max 00-
pa30BaHMsI CKJIQ4aTON CTPYKTYPhI pETHOHA.
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Pestome: AKTyanbHOCTb paboTbl. B cTaTbe NpeAcTaBneHO OMMCaHWe TEKTOHUYECKOrO CTPOEHUs Uccne-
JlyemMOro pervoHa, a Takxe npoaHanu3upoBaHa reognHamMmka TanbILLICKOro pernoHa no AaHHbIM MeXaHW3MOB
04aroB 3emnetpsceHui. Lienbto pa6oTbl ABNANOCL ONPEAENUTb CKOPOCTU COBPEMEHHBIX TOPU3OHTANbHBIX CMe-
LLEHWA OTAENbHbIX TEKTOHNYECKNX B10KOB TanbILLICKOr0 pernoHa u npoaHanu3npoBaTh BAUSHUE UX HA CUITbHbIE
3emneTpscenms, npousowenwue 3a 2016 n 2019 rr. Metoabl uccnegoBanma. Ha 0CHoBe MeTOAa NOMAPHOCTU
nepBbIX BCTYNNEHWIA NPOAOSbHbIX BOSTH ObIIX NPOAHANN3UPOBAHbI MEXaHU3Mbl 04aroB 3eMETPSCEHNA. AHann3
nokasan, 4To B MCCNeayeMOM PermoHe B 0CHOBHOM npeobnafaeT Tin NOABMXKM — B3OPOC U caBur. Yrnbl nage-
HUS ANS NOABMXKEK PasHbIX TUMOB MpPeBbIlAtOT 45°, YTO CBMAETENLCTBYET O AOCTATO4MHO KPYTOM MOrpY>XeHWUu
30H pa3nomMoB. 3TO COrNAcyeTcs C TeM, Y4TO B UCCNeAyeMOii 30He 6ONbLUMHCTBO NONEPEYHbIX Pa3noMoB UMeeT
yrmbl nageHns cmectutenen 50-90°, T0 eCTb Yribl, 4OCTATOMHO 6AK3KME K BepTMKanu. OCHOBHOE BAMSIHWE HA
CeNCMMYeCKYI0 aKTMBHOCTb 0Ka3blBatoT Tanbiwckui, MNpeatansilicknin, ApasIMONHCKINIA M ACTapuHCKKe passio-
Mbl. Pe3ynbTatbl uccneaoBanua. Ha 0CHOBE MOMYYeHHbIX Pe3yNnbTaToB Obla NOCTPOEHA CXeMATUHecKas KapTa
OPWEHTALMN OCeii CXKaTUS U PACTSHKEHUA MCCNeayemMblX CUAbHbIX 3eMNETPSACEHNA. Ha OCHOBE KaTaknacTuye-
CKOro aHann3a MexaHm3mMoB 04aros 3emieTpsaceHmnii ¢ ml>3,0. YcTaHoBneHo, YTo 60sbLuas 4acTb UCCNeyemMoii
TEPPUTOPUM NOABEPXKEHA CXKATUMIO, CABMIM OTMEYeHbl B paiioHe Jlepuka u ApabiMnbl. [Insa TanbiWcKoro pernoHa
YCTaHOBJIEHbI TPM OCHOBHbIX TUMA NOABUXKeK: B36pochl (36%), casurn (34%) n copockl (30%). AHanus cko-
POCTEN FOPU3OHTANbHBIX ABUMXXEHWIA N0 AaHHbIM GPS-HabnioaeHnin nokasan ABMXXEHME NOBEPXHOCTM 3EMHOIA
Kopbl B G-CB HanpaBneHun oTHoCUTENbHO EBpasun. OTMEYEHO YMEHbLLIEHUE CKOPOCTU B MyHKTaX HabMoAeHNIA
PQLG, XNGG, ZKTG, ATGG, IMLG 1 GBLG, pacnonoxeHHblx nepneHAMKyNapHoO K [masHomy Kaskaskomy Hag-
Bury. MyHKTbl GPS-HabnoaeHUiA, pacnonoxeHHble BAONb [KH, NoKa3blBaloT yMeHbLUEHWE CKOPOCTH B 3anagHOM
HanpasneHun. C-CB ABMXeHME 3EMHOI NOBEPXHOCTU MHTEPNPETUPYETCS Kak 0f4HA U3 NPUYUH HAKOMNEHUS Ha-
NPSKEHWIA HA 3TOM HaaBure.
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Abstract: Relevance. In addition, the article provides a description of the tectonic structure of the region
under study, and also analyzes the geodynamics of the Talish region using data from the mechanisms of
earthquake sources. Aim of the work was to determine the velocities of modern horizontal displacements of
individual tectonic blocks of the Talish region and to analyze their influence on strong earthquakes that occurred
in 2016 and 2019yy. Methods. Based on the method of polarity of the first arrivals of longitudinal waves, the
mechanisms of earthquake sources were analyzed. The analysis showed that in the studied region the type of
movement predominates — reverse faults and strike-slips. The angles of incidence for motions of various types
exceed 45°, which indicates a rather steep immersion of fault zones. This is consistent with the fact that in the
studied zone the majority of transverse faults have angles of incidence of 50-90°, that is, angles quite close to
the vertical. The main influence on seismic activity is exerted by the Talish, Predtalish, Yardimli and Astara faults.
Results. Based on the results obtained, a schematic map of the orientation of the compression and extension
axes of the studied strong earthquakes was constructed. On the basis of a cataclastic analysis of the mechanisms
of earthquake sources with ml> 3.0, it was established that most of the study area is subject to compression,
strike-slip faults were noted in the Lerik and Yardimla regions. For the Talish region, three main types of shifts
are established: reverse faults (36%), strike-slips (34%) and normal faults (30%). An analysis of horizontal
velocities according to GPS observations showed the movement of the surface of the earth’s crust in the north-
west direction relative to Eurasia. A decrease in speed was noted at the observation points PQLG, XNGG, ZKTG,
ATGG, IMLG and GBLG located perpendicular to the Main Caucasian Thrust. GPS observation points located along
the Main Caucasian Thrust show a decrease in speed in a westerly direction. C-NE motion of the earth’s surface
is interpreted as one of the reasons for the accumulation of stresses on this thrust.

Keywords: earthquake source mechanisms, horizontal plate movements, geodynamics, GPS stations.

For citation: Kazimova S.E., Kazimov |. E. Geodynamics of the Talish region according to earthquake source
mechanisms and GPS-stations. Geologiya | Geofizika Yuga Rossii =Geology and Geophysics of Russian South. (in
Russ.). 2020. 10 (3): 40 — 56. DOI: XX. XXXXX/XXX-XXXX-XXXX-X-X.

BeseapeHre

Hannble, nomydeHHsle o GPS-cTanuysM, Ha CErofHAIIHUN JEHb JOCTUIIN JOCTa-
TOYHO XOPOILNX [T0KA3aTeNIed TOYHOCTH U SIBIISIOTCS TBEPAOU OMOPOM /1JIs1 COBPEMEHHBIX
KpPYITHOMAcCIITaOHbIX TE€OAMHAMUYECKHX HccieqoBaHuil. Pa3paboTranHas TEXHOIOTHS
TouHbIX GPS-m3Mepennii cnocobHa GUKCHPOBATH CKOPOCTH JBMXKEHHUH, HAUMHAIOIUECS
OT NEPBBIX MUJUIMMETPOB B TOJl, U JaK€ 32 OTHOCUTEIBHO KOPOTKUI NEPHOJ BPEMEHH B
HECKOJIBKO JIET coOpaTh JaHHbIE O CKOPOCTSX M HANPaBJICHUSAX JABM)KCHHS TOUEK Ha TO-
BEPXHOCTHU 3€MJIH C JIOCTAaTOYHO MAJOH MOTpenIHoCThI0. Takum 00pa3oM, JaHHBIE KOC-
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Puc. 1. GPS-cmanyuuTrimbleNetR9 u GNSS anmenna ZephyrGeodeticModel,
pacnonoxcenuvle Ha meppumopuu Tanviuicko2o pecuona. /
Fig. 1. GPS-stations Trimble NetR9 and GNSS antenna ZephyrGeodeticModel
located in the Talysh region.

MUYECKOW reoJIe3u MOKHO CYMTaTh HauOoJiee JOCTOBEPHBIMU sl UCCIIE0BaHUS OJ10-
KOBOU JUHAMHUKH.

B Hacrosiiee Bpemsi 1o BCeMy MHUpPY ACHCTBYET YK€ JOCTAaTOYHO OOJBIIOE KO-
yecTBO cetelt GPS-u3mepennii, 1 MmacmTabbl MCIIOMB30BAHMS IAHHONW TEXHOJIOTHH, KaK
X0opouio ceds 3apeKoMeHI0BaBIIeH, OyIyT ¢ TeYeHHEM BpEMEHU yBelauuuBaThcs. B Ha-
cTosiliee BpeMs Ha Tepputopun AzepOaiimkana pynkuuonupyrotr 24 GPS-cranuuu reo-
nesndeckoro kiacca pupMel « Trimble» (CLHA). C nienbro ucciieIoBaHus PEeTHOHA OBLITH
WCTIONB30BaHbl aHHble 4-x 0a30BbIX GPS-cTaniuii, pacmonoXeHHBIX HA TEPPUTOPUU
Tasnpimckoro peruona (puc. 1, Tabm. 1).

LleAnb paborTbl

[lenpro HaIMX MCCIENOBAaHUM SBISIIOCH PACCUUTATh CKOPOCTH COBPEMEHHBIX FOpH-
30HTAJIbHBIX CMEIIEHUH OT/IeIbHBIX TEKTOHMUYECKUX 0JI0KOB TasbIIcKOro peruoHa u rnpo-
aHAJIM3UPOBATh MEXAHU3MbI 04aroB 3eMIIeTpsiCeHUH, nponsomenmux 3a 2016 u 2019 rr.

TeKTOHUMKO

JIaHHBIM paliOH UMEET CJIOKHOE TIEOJIOTMYECKOE CTPOCHUE M XOPOILIO IMOIXOAUT
JJId MMONBITKU BBIACICHHUA U U3YUCHUSA KHUHCMATUKU OAHOPOIAHBIX OnokoB. TampImickas
CKJIaJuaTasi Mera3oHa paclojaraeTcsi Ha ceBepHoM 00pTy MasnokaBka3cKo-Diab0ypcCcKoit
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Tabnuya 1. / Table 1.

OcHoBHbIe napameTpblGPS-cTaHIIUN pacnosiokKeHHbIE HA TEPPUTOPUH
Taabimckoro pernona. / The main parameters of the GPS-station
located in the Talysh region.

Ommrcoun- | Ilomydeno
GPS- Jonrora nmanbHbBIl / |/ Derived

CTaH- Ellipsoidal Above
N Mecro / i / IIupora (DMS) / (DMS) /

Place | Latitude (DMS) Longitude Bsicota (M) | Beicora reon-
GPS
station (DMS) / Height | na (m) / Geoid
(m) Height (m)
| | Porammnaban | o gl 30 |14 132.97715 48| 23| 35.70606 | 132.644 127.658
/ Jalilabad
o |Jlemxopann /1y p 5| 36 | 40 35.38008 | 48| 46| 44.50897 | 41.85 37.568
Lankaran
3 f:g‘li‘” LRKG | 38 |38(35.30915|48|20(26.41819| 1583.49 | 1572.143
g |Pmeet/ SR G |38 | 54 |53.46976 48| 14] 3174117 908.915 898.921

Yardimli

CKJIa{4aTON CUCTEMBI, OTACIACH OT CTpyKTyp Manoro Kaskasa nonepeunsiM HuokHe-
Apasckum nporudoM. B npenenax AzepOaiimkanckoit PecryOinuky Mera3oHa mpeicTaB-
JIEHA CBOMM CEBEPO-BOCTOYHBIM KPBUIOM, a IOr0-3arajHasi 4acTb BXOAUT B cocTas [apa-
narckoii 30Hb1 CeBepHoro Mpana, riie ByJIKaHOT€HHO-0CaI04YHble 00pa30BaHus Najneore-
Ha MePEKPBIBAIOTCS MUO-IUTMOLEHOBBIMHU BYJIKAHOT€HHBIMU KOoMIUIeKcamu CaBajiaHCKOTO
ByJKaHa [ XauH u ap., 2005].

B texroHnmueckoMm oTHomeHuU TanblcKkuil XpeOeT MpeAcTaBiseT KpYIHbIA aHTH-
KJIMHOPUIM MEpBOro MOpsJKa, COCTOAMMM M3 AcTapuHckol, Jlepuk-ApasiMiauHCKOH,
Byposapckoii, Jxanmunabanckoir u FOxuO-Myranckoil ckinagok. Ha3BaHHbIe KpymHBIE
CTPYKTYypHBIE €IMHUIIBI UMEIOT B CBOIO OUYEpEdb CIOKHOE OJOKOBOE CTpOEHHE, 00y-
CJIOBJICHHOE DPa3BUTHEM CHUCTEMBI PAa3HOOPUEHTHUPOBAHHBIX PAa3pPbIBHBIX JIHUCIOKALUN.
Tanplickoii ckiTaquaToil 001acTH CBOMCTBEHHBI CHCTEMBI CyOIapasielbHbIX pa3ioMOB
DIyOOKOTO 3aJIOKEHHSI MEXKAY OTACIBHBIMH MPOJOIBHBIMUA OJIOKAaMH OOILIEKaBKa3CKOTO
npoctupanus. Ilonepeunslie pa3noMbl OPUEHTUPOBAHBI BKPECT MPOCTUPAHUS OCHOBHBIX
CTPYKTYPHBIX 2JIEMEHTOB TaJibllia U PeAoNpEAeIIIIOT B COYETAHUU C IIPOAOIBHBIMU pa3-
JIOMaMU UX OJIOKOBO-TJIBIOOBOE cTpoeHue (puc. 2) [Xaun u np., 2005].

Tepputopust Azepbaiikana pacrnosaraercsi B 30He aKTUBHOTO CTOJIKHOBEHUSI (KOJI-
JIM3UN) IBYX IIUT, ApaBuiickoil 1 EBpazuiickoil. PEKOHCTPYKIMS TEKTOHUKHU IJIUT YKa3bl-
BAaeT Ha TO, 4TO KOJUIM3Us ApaBuiickoil miautsl ¢ EBpasuiickoii mpopomkaercs 10-30 MiaH
JIET, BIUIOTh 7O COBpEeMEHHOro 3Tana. OIHUM U3 BaKHEHIINX CIEICTBUN CTOIKHOBEHUS
ApaBuUICKOH TUIUTHI C PACKOJIOTON Ha MUKPOIUIUTHI F0XKHOW OKpanHOM EBpa3un aBHIIOCH
MOILIHOE IPOSIBICHUE HA3€MHOIO BYJIKAaHM3Ma, CO3[ABILIEIO JIABOBBIE ITOJIS ILEJIOYHBIX
0a3aIbTONIOB M KPYIHBIE CTPATOBYJIKAaHBI M3BECTKOBO-IIEIIOYHONW MarMbl HE TOJBKO B
BOCTOYHOM AHATOJIMH, HO U B LIEHTPAJIbHON U I0’KHOM yacTsax Mainoro KaBka3a B 10)kHOM
I'py3un, Apmenun, roro-3amagHoM AsepOaiikane, a Takke Mpanckom AsepOaiimxane.
BynkaHbl 3TH BO3BBIIIAIOTCS HaJ JIABOBBIMU IIJIOCKOTOPHSIMM, JIEKAIIMMU Ha yYpOBHE
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Puc. 2. Texmonuueckas cxema Tanviwa. (Cocmasun A. J{. Hemaun-3ade) [Xaun u op., 2005].

1-4 — epanuyvl cmpykmypHuix smadicetl no nooowge: 1 — soyena; 2 — pannezo onueoyena; 3 — cpeoHe2o
muoyena; 4 — keapmepa, 5-9 — popmayuu u cyogopmayuu: 5 — ocadouno-myghocennas eepxnezo
Mena-naneoyena; 6 — 8yIKaH02eHHAsL (Wenounas 6a3anbmoudHas) 20yena,; 7 — MOPCKast MOLACCO8AsL
ONULOYEHA-PaAHHe20 MUOYeHa, 8 — Na2YHHO-MOPCKAsL CPEOHe20 MUOYeHa, 9 — KOHMUHEHMAanbHO-
Mmopckas keapmepa, 10 — cybgynxkanuueckue mena, 11 — wenounvie yiompaocHosHvle UHMPY3UBHL;

12 — anmuxnunanvuvie cknaoku; 13-15 — paspuienvie napywenus: 13 — npooonvhuvle paziomst (Hadsueu,
830pocvl) nepgozo (a) u emopozo (6) nopaokos (6 m.y. A — Acmapunckuii, L — Jlapuxckuii, I" —
Tagpmonunckuii, b — Bypoeapckuii); 14-nonepeunvie paziomwl nepgoo (a) u emopoeo (6) nopadkos, 15 —
2nybunnbie paznomul no ceopusuveckum oannvim (IT — Ipeomanviuickuil, 3K — 3anaono-Kacnutickuii),
16 — uzonunuu no nogepxnocmu sepxnezo mena. Cmpykmyphuie 3onvl: 1 — Acmapunckas,; Il — Jlapux-
Apovimnunckas; Il — Byposapckas, 1V — [icanunabadckas,; V — Myeanckas.

Tonepeunvie Onoxu (yudpot 6 kpysickax): 1 — Lamapamckuit (copcm),; 2 — Kocmanvsnckuil (epaben);
3-Macannunckuil (copcm); 4 — Joimanckuil (epaben). /

Fig. 2. Tectonic scheme of Talysh. (Compiled by A. D. Ismail-zade) [Khain et al., 2005]. 1-4 — boundaries
of structural floors along the base: 1 — Eocene; 2 — Early Oligocene; 3 — Middle Miocene; 4 — quarters,
5-9-formations and subformations: 5 — sedimentary-tuffaceous of the Upper Cretaceous-Paleocene; 6 —
volcanic (alkaline basaltoid) Eocene; 7 — marine molasse of the Oligocene-Early Miocene; 8 — lagoon-
marine Middle Miocene, 9 — continental-sea quarter, 10— subvolcanic bodies; 11 — alkaline ultrabasic
intrusions, 12 — anticlinal folds; 13-15 — fractures: 13 — longitudinal faults (thrusts, reverse faults) of the
first (a) and second (b) orders (including A — Astara, L-Lyarik, G — Gafton, B — Burovar), 14 transverse
faults of the first (a) and second (b) orders; 15 — deep faults according to geophysical data (PT —
Predtalysh, WC — West Caspian), 16 — isolines along the surface of the Upper Cretaceous. Structural
zones: I — Astara; II-Lyarik-Yardimlin; Il — Burovar, IV — Jalilabad; V-Mugan. Transverse blocks
(numbers in circles): 1 — Gamarat (horst); 2 — Cosmalian (graben); 3 — Masalli (horst); 4 — Dyman
(graben).
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1,5-2,5kM, U JO0CTUTAIOT YeThIpexkuioMeTpoBoil otmetku (Humpyn, Apapar, Aparar,
Cagaman, Caxena u 1p.) [Kagsipos u ap., 2015; Mahmoud S. et al., 2005; Mahmoud Y. Et
al., 2005].

Takum 00pazoMm, COBpEMEHHBIM M HOBEHIIMN CTPYKTYpHBIN IJIaH AHATOIMICKO-
KaBkasckoro cermenTa AJIBITUICKOTO CKJIQI4aToro mosca chopMUpOBAIICS B PE3ylIbTaTe
3aKpBITUSL OACCEHHOB ¢ KOPOW OKEAHWYECKOTO THUIIA, MPUHAICKABIINX ME3030HCKOMY
okeany Teruc B ycnoBusiX KoHBepreHuuu Adpukano-Apasuiickoil u EBpa3zuiickoil mu-
ToC(EPHBIX TUIUT B CBSI3U C OTKPBITUEM ATIAHTHKHU. B HacTosiiiee BpeMsi OH omnpezens-
€TCsI B3aMMOJICHCTBUEM TPEX IIaBHBIX TUTOCHEPHBIX TUINUT: EBpa3uiickoi, AprukaHCKOH
U ApaBHIICKOH, MPOUCXOASAIIMM B YCIOBUSAX 3aKIIOUUTEIBHOM, «KECTKOW» CTaIuU KOJI-
au3uu. Bee MaccuBbl ¢ KOPOH KOHTMHEHTAJIBHOTO THUIIA M Pa3/iesBLINE UX MOABM)KHbBIE
30HBI, UCIIBITAB CKJIATYAaTOCTh, HAJBUIO- U TOKPOBOOOPA30BaHNE, K STOMY BPEMEHU yKE
OBUIH CTIastHBI B eAMHOE Tenioe. Ha 3Toil cranuu 3eMHast Kopa Wiy, 1Mo KpaitHel mepe, ee
BEPXH:S YacTh pearupyeT Ha CxKaTUe yKe Kak eIMHOE XPYIIKOe 11e10€ ¢ (POpMUPOBAHUEM
COBPEMEHHOI CETH pa3pbIBHBIX HAPYLIEHUN pa3HON OPUEHTUPOBKH U Xapakrepa. Baoib
MOCIIEAHUX U Peain3yeTcsl OCHOBHAs 4acTh JAedopManuil Teppuropun Asepoaiimixkana,
BBI3BaHHBIX KOHBepreHuuen miut [Masson et al., 2007; McClusky et al., 2000, 2003].

MeToabl NCCAEAOBOHUS

Teoounamura Tanvluickoeo pecuona no OAHHbIM
MEXAHUIMOEB 04A208 3€Mﬂ€mpﬂC€Hu12.

MexaHu3Mbl 04aroB 3eMJIETPSICEHUM, HapsIy C T€OAE3NYECKUMU U IPYTUMU JTaHHBI-
MH CIIyXaT UCTOYHMKOM HMH(pOpMALMU O HANpsKEHHO-AE(POPMUPOBAHHOM COCTOSHUM
3eMHOM KOpBI. 3a/1aul OLEHKU TEKTOHHYECKOTO PEKUMA U CKOPOCTH Je(POPMHUPOBAHUS
O0COOCHHO aKTyasbHbI JJI BHYTPUIUIMTHBIX OOJIacTel, XapaKTepU3YIOIINUXCSI BHICOKUM
YpOBHEM CEHCMUYHOCTHU. JIaHHBIN PETMOH HCCIIE0BAaHUS SBISETCS OJHOM U3 TaKUX 00-
JacTel, Ha TEPPUTOPUN KOTOPOTO U3BECTHBI 3eMIIETpsAceHus ¢ M=6,0.

JlaHHBIE O pEIICHUSX MEXaHU3Ma O4aroB 3eMJIETPSCEHUI ObUIM MOJTyYeHbl IPU UC-
II0JIb30BaHUM METO/A MOJIIPHOCTH NEPBBIX BCTYIUIEHUH IIPOIOJIBHBIX BOJIH. JJlaHHBIN Me-
TOJ| IIMPOKO IMPHUMEHSICS [UIl YMEPEHHON CHJIBI 3€MJICTPACEHUN 110 BCEU TEPPUTOPUU
Azepbaiimxana, 4uTo 00yciaoBiIeHO OoJiee MIOTHBIM MOKPBITHEM ATOI0 PErnoHa ceiicMo-
CTaHIUSMHU.

N3BecTHO, uTO nose HanpsikeHud Tanplckoro peruona xapakrepusyercs CB 6mus-
TOPU30HTAIBHBIM CkaTueM. OTHAKO yUUTHIBas TOT (DAKT, YTO HA JAHHOM PETHOHE MPOUC-
XOJIIT HE TOJIKO CHJIbHBIE, HO U clla0ble 3eMJIETPSICEHUs, ObUIO MPUHATO peIlIeHue pac-
CMOTPETh MEXaHNU3MBI ouara 060Jiee CUIbHBIX U OTHOCUTENILHO CI1a0bIX 3eMJIETPSCEHH B
OTIEIIBHOCTH.

B xone uccnenoBanusi paccMaTpuBaics KaTajor JIOKaJIbHBIX 3eMJIETPSICEHHI, 3ape-
TUCTPUPOBAHHBIX CEThIO Te€IeMETpUUYecKux cTanumii 3a 2016-2019 rr., B3saThIi B «bropo
uccnenoBanuii 3emuerpsacenuin» PLICC mpu HAHA. Takum o0pa3om, Ha OCHOBE BHIIIE
CKa3aHHOTO ObUIM MOCTPOEHBI U MPOAHAIN3UPOBAHBl MEXaHU3MBbl OUaroB 3eMJyeTpsice-
HUI, MPOM30MIENIINX ¢ MAarHUTYyJ01 BbIe 3,0 U yCTaHOBJEHbI XapaKTepHble 0COOEH-
HOCTHU CEHCMOTEKTOHUYECKON AehopMaliiy B OTAEIbHBIX CEHCMOIeHHbIX 30HaxX Tasblii-
ckoro peruona (puc. 3). ComocraBieHe TaHHBIX MEXaHU3MOB Odara ¢ TEKTOHMYECKON
KapTo# IOKa3ajlo, 4YTO OCHOBHOE BIIMSIHHME HA CEHCMHYECKYI0 aKTUBHOCTH OKa3bIBAIOT
Tansickni, [pearansimckuid, SIpaApIMOMHCKUN U ACTapUHCKUE PA3TIOMBI.
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Fig. 3. Focal mechanisms of earthquakes that
occurred in the Talysh region in 2016-2019.
with a magnitude above mI> 3.0.

bouto ycranosneHo, uto mout y 50 % TOTYKOB Ocel pacTsSKEHUS U OCEH CHKaTHUs OT-
KkJIoHeHus B PL He nipeBsimarot 30°. ¥V ocTtaBuieiics 4acTy 3eMIIETPSICEHUN OTKIIOHEHHUS B
PL ocei1 pacTsskeHUS IPEBBIIAIOT OTKJIOHEHHE oceit cxxatus 1o 20°. JlaHHoe cBUIETEINb-
CTBYET O TOM, YTO B MCCIIEyEMOM PErHOHE B OCHOBHOM IPE00IaAaeT TUIl MOABMKKHI —
B30pOC U CABUI. YTIIbI MaJ€HUS 7S MOABMKEK Pa3HbIX THIOB MPEBBIIIAIOT 45°, UTO CBU-
JETEeNLCTBYET O IOCTATOYHO KPYTOM IOTPY>KEHUH 30H Pa3IOMOB. DTO COINIACYETCS C TEM,
YTO B UCCJIEYyEeMOI 30HE OOJBIIMHCTBO MOMEPEUHBIX Pa3IOMOB MUMEET YIVIbI MaJCHUs
cmectuteneit 50-90°, To ecTh yIbl, JOCTaTOYHO OJM3KHE K BEPTHKAIH. AHAIHU3 YIJIOB
norpykeanst SLIP mokasas, uro st mepBoi HomambHOUM TiockocTH 60% MmeHseTcs B
MONIOKUTENBbHYIO 1 40 % B OTpHUIIATEIBHYIO CTOPOHY. /{7151 BTOpOt HOMAaIbHOM TUIOCKOCTH
PaBHOE KOJIMYECTBO OYaroB MeHseTcs B AByX npeaenax +£100°—180° n +10° — 60°. Bapua-
LIMU YIJIOB MOTPY>KEHUS 0Cel IIaBHBIX HAIPSDKEHUN B COBOKYITHOCTH CO 3HAUUTEIbHBIMU
CTaHJApTHBIMU OTKJIOHEHUSIMU CBUAETEIBCTBYIOT O CYLIECTBEHHOW MPOCTPAHCTBEHHOM
HEOTHOPOIHOCTH JIUTOCHEPHI.

HyxHO OTMETHTD, 4TO pa3sioMbl TanbIICKUX TOp UMEIOT B I1aHe hopMy Z-00pa3HOTo
My4Ka, B LIEHTPE KOTOPOT'0 Pa3jioMbl COMMKEHBI U IPOCTUPAIOTCS TOYTH MEPUANOHAIBHO
B1oab Kacrnuiickoro mobepexbs, a Ha ceBepe U Iore OTKIOHSIOTCS Ha CeBepo-3amaj 1
I0T0-BOCTOK, IIOCTENIEHHO YAAJSACh OIUH OT Apyroro. Ha ceBepe pas3nomsl mydka oOpasy-
10T (PPOHT AYTH U COMPATAIOTCS ¢ APaKCCKOM 30HOM, a Ha IOT€ COWICHSIIOTCS ¢ aKTHBHBI-
MU paziomamu 3anagHoro Diasopyca [Reilinger et al., 2016]. Bnons paznomos Tamsima
BBISIBJIEHBI B OCHOBHOM MOJIOJIbI€ B30pOCOBBIE U HAJ[BUTOBBIE CMEILIEHUS, C PABO-CJIBU-
rOBOM KOMIIOHEHTOM. Kak NnpaBuito, MOAHATHI 3alaIHbIE KPbUIbSI.

Ha ocHoBe nonyuyeHHBIX pe3yabTaToB Oblila OCTPOEHA CXeMaTHuecKasl KapTa OpH-
EHTAIMKM OCe CXKaTHs U PACTSKEHHS UCCIIETyEeMbIX CHIIbHBIX 3eMJIETPSICEHUNH. AHaIN3
MOKa3aj, YTO OPUEHTalusl Ocel pacTshkeHHs B OCHOBHOM jaomuHupyeT B 3C3-BIOB u
IO3-CB nampasienunu, OHAKO IJisi OCel cokaTus BoisBIsieTcs opueHTarus B FOKO3-CCB
HarpasieHuu (57 %) u 8 3C3-BIOB namnpasnenuu (43 %).

YcraHoBI€HO, 4TO OOJbIIAs YacTh UCCIIEyeMON TEPPUTOPHUH MOABEPKEHA CIKATHIO,
CIOBUTH OTMe4YeHBI B paiioHe Jlepuka u SApasimibl. [l Tanblnickoro pernoHa ycTaHOB-
JIEHBI TPY OCHOBHBIX THIIA OABIKEK: B30pock! (36 %), casuru (34 %) u copocsr (30%).
AHanu3 oceil cxarus 0ojiee CUIBHBIX 3€MIIETPSICEHUH MOKa3asl mpeodiaaHue CeBepo-
BOCTOYHOM opueHTaluH, a donee cnadbsix CB-KO3 opuenrtanuto. [IpaBoctoponHss ciBu-
roBas MOJIBUXKKa MpHypodeHa Kk 30He 3anagHo-Kacnuiickoro pasnoma. BuaHo, uro nomue
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Puc. 4. Cxema pacnpedenenus oceii cocamust U pacmANCeHUus MEXAHUIMOS 04a208 3eMLEMPACEHU
Tanvuiuckozo pecuona na enyoune 0-10xm. /
Fig. 4. The distribution diagram of the compression and extension axes of the focal mechanisms of
earthquake in the Talysh region at a depth of 0-10 km.

HanpsHKEHUH MPeCTaBIseT COOON CIIOXKHYIO KapTHHY — TO MPOPUCOBBIBAIOTCS CABHUIO-
BBIE MMOJIBIKKH, TO HaOMIOMaeTcs npeodiaganue B30pocoB B30poco-HaaBuroB. [Ipeodia-
JAIOIIMM HAIIPaBJICHUEM JIJISl a3UMYTOB OCel CKaTHsl (POKATBHBIX MEXaHU3MOB SIBIISICTCS
CEBEPO-CEBEPO-BOCTOUHOE HAIIPABIIEHUE, A I OCEN paCTSHKEHUS — BOCTOK-IOT0-BOCTOK,
a Takke roro-3anan (puc. 4).

HyxHO oTMeTHTB, YTO cOBNajeHUe yrioB najaeHus DP, monyneit SLIP v a3uMyTOB
npoctupanust STKB30pOCOB U CABUIOB HE MCKIIIOYAET BO3MOXKHOCTH TMOJIBMIKEK TAKUX
THUIIOB I10 TNIOCKOCTSAM OJHUX pa3ioMoB. Bce 3emiieTpsiceHusl HaXOASTCS B CXOKUX CEHC-
MOTEKTOHMYECKHUX YCIOBUAX. B reonornueckom CTpO€HUH 3THX 30H IPUHUMAIOT y4acTHeE
CTPYKTYpPHBIE 2JIEMEHTBI ACTAPUHCKOTO aHTUKJIMHOPUS, SPABIMINHCKOTO CHHKIMHOPUS,
BypoBapckoro aHTHKINHOPHS, ACTpaxaHOa3apCKOro CHHKIMHOPUSI.

OTH CTPYKTYpbI OOIIEKaBKAa3CKOTO HAIPABJICHUS OTAEJICHBI JPYT OT JIpyra IryOuH-
HBIMH CyOmmpoTHbIMU paznomamu [[luxanubeiinu, 1996]. Pesynsrarel ananmmsa pac-
MIpENIEIIEHUI 04aroB CUIIbHBIX 3€MJIETPSACEHUH MTO3BOJIMIIN CAENATh BBIBOJA O TOM, YTO Ha
TEppUTOpUM TalIbIICKOTO pernoHa Bce CuibHbIE 3emiieTpsiceHus (M>5,0) npuypodeHbl
K 30HE MMOBEPXHOCTH KPUCTAJUINYECKOTO (DyHJAMEHTA.

[To naHHBIM OpUEHTAIMU IJIaBHBIX OCEW HANpPsDKEHUM, HA OCHOBE METOJa KaTakJja-
CTMYECKOI'0 aHaJIN3a, MbI paccuntanu koapduuuent Jlone-Hanaun u onpenenunu Tun Ha-
NPSKEHHOTO COCTOSIHUS (T€OIMHAMUYECKUN pexXUM) (puc. 5).

O06o0muieHre MaHHBIX O MEXaHHW3MaxX OYaroB Pa3HOMACIITAOHBIX 3EMIICTPACEHUH,
OLIEHKA CEHCMOTEKTOHUYECKOTO J1e()OPMHUPOBAHUS 36MHOM KOPBI M IETAIbHOE N3yUeHHE
IPOCTPAaHCTBEHHO-BPEMEHHBIX BapHaIlfil HANPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS
Cpeabl MO3BOJISIIOT, B COBOKYITHOCTH C METOJIAMH T'€0JIOT0-Te0(hU3MIeCcKOro MOHUTOPHHTA
BBISICHUTH COBPEMEHHBIHN PEKUM T'€OTUHAMUYECKOTO Pa3BUTHS 3€MHOM KOPBI U JTUTOCHE-
psl peruona [Rebetsky, 2012].
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Puc. 5. Kapma pacnpedenenus kosgppuyuenma Jlooe-Hadau 6 npocmpancmae
Ha meppumopuu Tarviuickoeo pecuoua. /
Fig. 5. Map of the distribution of the Lode-Nadai coefficient in space
on the territory of the Talysh region.

B nanHoOif cTaTthe paccMaTpUBAIOTCS M aHATU3UPYIOTCA OCOOEHHOCTH PEKOHCTPYK-
LMY OPUEHTAIINH [TIaBHBIX OCEH HANpPsDKEHUH, a TaK)Ke MapaMeTphl, OMPEIEISIIOIINEe TUIT
HanpsDKEHHOTO COCTOSIHMSL (TeoquHamMHuueckuil pexxum), koapduiment Jlone-Hanau.
Koadpdunuent Jlone-Hanau (L,), onpeaenstonuii BUa TeH30pa HANPsHKEHUN WM BUJ
ero umncouaa (u3mMensercs ot —1 1o +1), TN HaNPSHYKEHHOTO COCTOSHUS MTOKA3bIBAeT
B3aMMOCBS3b MEXKIY HAaIlpaBICHWEM BEKTOpa Ha 3€HUT WM OpUEHTAallMel IJIaBHBIX Oceil
HanpspkeHuit [Rebetsky, 2012].3nauenus koapdunuenrta Jlone — Hagan uzmenstomnuecs
B nipenenax ot —0,2 1o 0,2, paccunTaHHble A1 HEHTPAIBHON YacTh Tambllickoro paio-
Ha, COOTBETCTBYIOT TEH30PY HANPSHKEHUI YHCTOTO CABHIa, OTpa)asi reoIMHAMUYECKYIO
o0cTtaHoBKy Actapa-/lepbenckoro pasnoma. FOro-3anagnast yacte Tasblckoro paio-
Ha XapakrepusyeTcs 3HaueHusMu kodpdunmenrta Jloge — Hagau +0,4- (+0,8), uto coot-
BETCTBYET 30HE CkaTusl. JlaHHBIM BBIBOJ MOATBEPKAaeTcs U NaHHbIMU GPS-u3mepennii
CKOPOCTEH TOPU30HTANBHBIX JABHKEHUH, COTNIACHO KOTOPBHIM Tajblll B TOPU30HTAIBHOM
JBUKEHUU KaK eUHAas TIMTa CMEIIAeTcs Mo BSI3KOW acTeHoc(epe B HaMpaBICHHUH C fora
Ha ceBep 0] BO3/IEHCTBHEM ceBepHOTro Jperda Apasuiickoil munThl. CeBepo-BOCTOUHAs
4acTh UCCIIEyEMOro PETHOHA OTpa)kaeT re0MHAMUYECKYI0 00CTaHOBKY HinkHekypuH-
CKOM BIAJMHBI U XapaKTEPU3YyeTCs 30HON PaCTSHKEHMUSL.
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Tabnuya 2. / Table 2.

AUSPOS, ABcTpanus (mHTepHeT-ciyk0a GPS-00padoTkm). /
AUSPOS, Australia (online GPS-Processing Service).

Hcnonp3yemas craH- Tun Cu-
Hara / Date nus RCSS / Used bazosere CTS?:S;I;ISIGS / Base CTEMBI /
station RCSS System type
GLBG ANKR ARTU BUCU CRAO
LKRG DRAG GLSV ISTA MDVJ]
2013/05/1500:00:00 LRKG NICO POL2 POLV SOFI IGS
YRDG TEHN YIBL

Pe3yAbTATbl MICCAEAOBOHUM
Ananuz oannvix GPS-cmanyuti

Anamu3 nanueix GPS cranmmii 611 mpoBeIeH C MCMOIB30BAHUEM MPOrPAMMHOTO
obecnieuenuss GAMIT/GLOBK Bepcus 10.71 [Herring et al., 2018]. B ocHoBy oneHkH
CKOpPOCTEH MOJI0KEH aHAJIN3 BPEMEHHBIX psi10B kKoopauHaT GPS cranimii, BeIYucisieMbIx
Y3 TIEPBUYHBIX JaHHBIX, KOTOPHIE MPEACTABISAIOT 000N HAaOOpHI (ha30BBIX M KOJOBBIX
M3MEPEHMI Ha JIByX 4acTOTax MPOJIOJIKUTEILHOCTBIO 24 yaca ¢ UHTEPBAJIIOM PErucTpa-
1uu 15 c. Jlns olleHKH CKOPOCTEH OnpenesieMbIX CTaHIIUIl HEOOX0IMMO HaJTu4Ke B CETH
XOTs OBl OTHOTO OTIOPHOTO MYHKTA, a JKenarenbHo Heckonbkux [KaseimoBs, 2015; Kasbi-
MOB U 1p., 2017; Kazimov, Kazimova, 2019]. MsI BkiItounnu B 3TOT aHanu3 11 Onusko-

Puc. 6. Ocpeonennasn
Kapma pacnpeoenenus
BEKMOPOS 2OPU3OHMATLHBIX
osuaicenuti GPS-cmanyuii 3a
2016-2019 ze. /

Fig. 6. Averaged map of the
distribution of horizontal
movement vectors of GPS
stations for 2016-2019.
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pacnonoxeHHbIX onopHbIX craniuit cetn IGS: ARTU (Apth, Poccus), CRAO (Cumens,
VYkpauna), TEHN (Terepan, HUpan) POLV (IlonraBa, Ykpauna), MDVJ (Menneneeso,
Poccusi) ANKR (Ankapa, Typuus) NICO (Huxocus, Kunp) DRAG) POL2 (bumikek,
Keiprescran) YIBL (M6an, Oman) BZGN (basepran, Upan) [AUSPOS — Online GPS
Processing Service.] ¢ MO3UIUAMU U CKOPOCTAMH, KaK CBS3YIOIIUE 3BEHbS C TIIO0AIBHOM
cuctemon orcuera (Tabm. 2).

BriOpaHHbIe OMOpHBIE CTAHIIMU C YKAa3aHHOW KOJUPOBKOWM BXOAST B peau3alldio
MEXIYHApOIHOM 3eMHOU oTcueTHOM ocHOBBI ITRF2008.

Tabnuya 3. / Table 3.

OcHoOBHbIE 3HAYEHUS, TOJYyUYeHHbIe 110 JaHHbIM GPS Ha0/0neHnii Ha CTaHIUAX
Jlepuk, JIsuksapan, :kanunadan u SApabsiminbl 3a nepuon 2016-2019 rr. / Basic
value sobtained from GPS observations at Lerik, Lankaran, Jalilabad and
Yardimly stations for the period 2016-2019.

VE, VN, E=, N+, BHCP(I)Ta Vcxop.,
GPS lon(rr)/ | MM/T | MM/T | MM/T | MM/T RHO | sot/r /’ | AZMP Mm/T /
Year /VE, | /VN, | /E£, | / N+, Hheicht Vspeed,
mm/g | mm/g | mm/g | mm/g £n% mm/g
mm/g
L 2016 7,14 | 10,92 | 0,38 0,39 | -0,02 | 391 |1,16| 33,2 13,0
I}i 2017 7,16 | 13,01 | 0,63 0,65 [-0,036| 12,77 |2,03| 28,8 14,9
G 2018 579 | 9,83 0,15 0,16 |-0,018| 2,03 |0,48| 34,5 11,4

2019 4,15 | 13,23 | 0,68 0,7 |-0,031| 21,17 |(2,31| 17 13,9
2016-2019| 5,79 | 10,83 | 0,15 0,16 |-0,018| -2,03 |0,48| 20,1 12,2

L 2016 8,82 | 12,96 | 0,44 0,46 | -0,02 | 2,11 |1,49| 34,2 15,7
IIE 2017 6,09 14 0,67 0,7 |-0,042| 1,88 [2,29| 23,5 15,3
G 2018 7,1 | 11,12 | 0,48 0,55 | 0,084 | 829 |1,57| 36,1 13,2
2019 6,16 | 13,36 | 0,71 0,73 |-0,035| 12,98 |2,49| 25 14,7
2015-2019| 5,58 | 12,42 | 0,06 0,07 | 0,044 | -3,1 0,2 | 24,5 13,6

Y 2016 7,41 | 9,61 0,41 0,44 | -0,05| 2,17 |1,40| 37,6 12,1
]% 2017 5,74 | 11,66 | 0,68 0,73 |-0,067| 5,05 24| 26,2 13,0
G 2018 5,11 | 11,08 | 0,16 0,18 | 0,049 | -0,46 |0,57| 24,8 12,2
2019 7,18 | 11,49 | 0,73 0,77 |-0,053| 9,26 |2,64| 32 13,5
2016-2019| 3,6 | 11,85 | 0,06 0,07 | 0,02 | 2,05 |0,21| 16,9 12,4

G 2016 6,67 | 10,11 | 0,52 0,35 | -0,02 | 2,46 |1,42| 32,2 12,3
II; 2017 9,07 | 17,36 | 0,76 0,82 |-0,047| 0,63 2,71 29,1 19,8
G 2018 5,53 | 8,72 0,47 0,52 |-0,022| -10,86 |1,83| 30,4 10,3

2019 -1,97 | 5,01 0,86 0,92 |-0,031| 17,93 |3,18| 21 10,2
2016-2019| 3,98 | 11,79 | 0,47 0,52 |-0,022| -12,86 |1,83| 29,1 11,3
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Ha pucyHke 6 nokasana ocpeiHeHHas KapTa paclpeesIeHUs] BEKTOPOB TOPU30HTab-
HbIX aBwkeHui 3a 2016-2019 rr. Crpenku Ha pUCyHKE IOKa3bIBAIOT HANPABIECHUE BEK-
TOPOB CKOPOCTH, a 3HAUEHUSI CKOPOCTEH XapaKTEpU3YIOTCs IJIMHOW CTPENIOK COIVIACHO
MaciuTaly, KOTOpbIi IPUBEACH B HUYKHEM ITPaBOM yrity KapThl. Lludpossie 3HaYeHUs MO-
JTY4YEHHBIX pe3y/bTaToB IOKa3aHbl B Ta0IUIE 3.

B Tabnune 3 mpencraBieHa COBOKYMHOCTh cTaHIil GPS-Habmionenuii, Kaxaoi u3
KOTOPBIX COOTBETCTBYET COOCTBEHHOE Ha3BaHUE B BUje aOOpeBUaTyphl, IMPOTA U J10JI-
roTa €€ PacIoJIOKEHUs, U3MEPEHHBIE JIOKAJIbHBIE CEBEPHBIE U BOCTOUHBIE KOMIIOHEHTHI
CKOPOCTH, a TaKkKe UX norpemHocty. MHpopmanus o BEpTUKAIbHBIX KOMIIOHEHTAX J[BU-
KEHUH HE SIBJIAETCSA Ba)XHOM IpU NIPOBEJECHUH JAHHOIO aHAJIN3a U B MACCUBE UCXOJHBIX
JAaHHBIX OTCYTCTBYET.
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Puc. 7. Junamuxa usmeneHus: 3HaA4eHUss CPeOHe200UUHbIX 3HAYEHUL CKOPOCmell
20pU30HMANbHLIX 0sudceHuil no 4-om GPS-cmanyusm. /
Fig. 7. Changes dynamics in the value of the average annual values of the horizontal
movement speeds using 4 GPS-stations.
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ITone cxopoctu GPS-HaOmoneHU YeTKO WIITFOCTPUPYET JIBUKEHUE MOBEPXHOCTH
3eMHO# Kopbl B C-CB HanpaBneHun Ha TeppuTopuu AsepOaiimkaHa OTHOCUTENbHO EB-
pasun. Camas sIBHO NMPOSIBJICHHAsE 0COOCHHOCTh CKOPOCTHOT'O MOJISl — YMEHBIIIEHUE CKO-
pPOCTHU B IMTyHKTaX HAOMIOCHUH, paclONOKEHHBIX IEPIEHIUKYISIpHO K [ maBHOMY KaBkas-
ckomy Hansury (I'KH) (to ects Ha cranuusax PQLG, XNGG, ZKTG, ATGG, IMLG u
GBLG). Ilyukrel GPS-naOmonenuii, pacnonoxennsie Bonb ['KH, noka3eiBatoT ymeHb-
LIEHUE CKOPOCTH B 3anaJHoM HanpasieHud. C-CB aBukeHne 3eMHON IIOBEpPXHOCTU WH-
TEPIPETUPYETCS KaK OIHA U3 IPUUMH HAKOILJICHUS HAPsKEHUI Ha 3ToM HaaBure. Kpome
TOTO, 3/1€Chb UMEETCS TEHJIEHUUS FOPU30HTAIBHOIO JBWKEHUS B mpezenax KypuHckoi
nenpeccun 1 Manoro KaBka3a, rie yBeauMunBaeTcss CKOpOCTh C 3a1aia Ha BOCTOK BJOJIb
NPOCTUPAHUS TOPHOU 1IETH.

Ha pucynke 7 nokazana 1TMHaMHKa U3MEHEHUS 3HAYEHUS CPEAHETOJUYHBIX 3HAUCHUI
CKOpPOCTEW TOPU30HTAIBHBIX JBUKEHUN JUIsl KaXK/I0M paccMaTpuBaeMOM CTaHIIMH.

Oo6napyxenHoe yBenuueHue ckopocrteit ¢ 2016 mo 2017 rr., a 3aTeM yMeHbIIICHHE
ckopoctu B 2018 r. Ha cranuusx Jlepuk, Jlsukspan, [xanunadan u SpapiMisl SBAsETCS
HaunOoJjee CyIIeCTBEHHOW 0COOEHHOCTBIO CKOPOCTHOI'O IMOJISi B PETMOHE MCCIIEJOBAHUS.
AHan3 CeICMUYHOCTH JJAHHOT'O PETMOHA MOKAa3aJjl, YTO Ha MPOTSKEHUU JAHHOTO MEPUO-
J1a, UCCIIEAyEeMbIH PETUOH XapaKTEPU30BaJICs MOBBIIIEHHON CEICMUYHOCTBIO. 3a JaHHBIN
MEePHUO MPOU3OILIO TPH CHIIBHBIX OIIYTHMBIX 3€MIIETPSICEHHs] ¢ MarHuTymoil ml>5,0.
OTmeTHM, YTO MaKCHUMaJIbHOE BO3JIEHCTBUE HA CEICMUYHOCTD JAHHOI'O PETMOHA OKa3bl-
BaeT LlenTpansHo-MpaHckuii O110K, MPOTATUBAIOIIUNCS OT 30HBI, PACTIONIOKEHHON MEX Ty
CesepHo-Tabpuzckum paznomom (Ha cxeme NTF) u 3amagHoii 4acThio TIIaBHOW CHCTEMBI
pasznomoB 3arpoca (MRF), no Haitbanackoro pasioma Ha 1oro-Boctoke (Ha cxeme Nay).
OTO XOpOILO COOTHOCHUTCS C PE3ybTaTaMH, NOJYYEHHBIMU IIyTEM CEHCMOJIOTUYECKUX

40°

30° |

Puc. 8. Cxopocmu copusonmanvuvix

GPS osuoicenuii no oanHvim

@. Bepuauma 3a 1999-2001 20001

[Vernant et al., 2004]. /

Fig. 8. Velocities of horizontal GPS

movements according to F. Vernant
T 1. data for 1999-2001 [Vernant et al.,

50° ? 2004].
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Habmonenuit Jxexcon u Makkensu [McKenzie, 1970, 1972, 1978; Reilinger et al., 1997,
2006], koTopsble B cBOel paboTe ucnonbs3oBain [ Vernant et al., 2004]. ®. Bepuant ony0mnu-
KOBaJI B cBOel paboTe AaHHbIe Mo ceTu u3 27 GPS-crannmii, kotropas Oblia pacnonoxe-
Ha B Upane u ceBepnom Omane (puc. 8). Ee 11enp0 iy kuino oOHapyKeHHe TMOJBUKEK
JaHHOM YacTu Anbpnuiicko-I mmanaiickoro ropHoro nosica. Mi3amepenust npou3BOAMINCH C
ceHtsa0psa 1999 roxa no okrs6ps 2001 rona.

BbiBOADI

WccnegyeMblit pervoH pacronaraercsi B 30He aKTUBHOTO CTOJIKHOBEHUS (KOJUIA3HUH)
JBYX IUIMT, ApaBuiickoil u EBpasuiickoii, nponomxatomierocst 10-30 MiH. JeT, BIUIOTh
JI0 COBPEMEHHOT0 3Tarna, NIPUYUHONW KOTOPOTO SIBUJIOCH MOIIHOE MPOSIBIIEHUE HA3EMHO-
IO BYJKaHU3Ma, CO3/IABILETO JABOBBIE MOJISI IIETOYHBIX 0a3aJbTOMIOB U KPYIIHBIE CTpa-
TOBYJIKaHbl M3BECTKOBO-LIEJIOUHOM MarMbl HE TOJIBKO B BOCTOYHON AHATOJIMH, HO U B
LIEHTPaJIbHOM M F0KHOM yacTax Manoro KaBkasa B roxkHoM ['py3un, a Takxke HMpaHckom
Azepbaiixkane.

bbuM mocTpoeHsl U IpoaHaIM3UpPOBaHbl MEXaHU3Mbl 0UaroB 3eMJIETPSACEHUH, MPo-
M30LIEAMNX Ha TeppuTopun Tamnsimickoro paiiona 3a 2016-2019 rr. ¢ MarHuTy10# BbIIIE
3,0 u ycTaHoOBII€HO, 4TO TTOYTH Y 50% TOTYKOB OCEH pacTsHKEHUsI U OCEH CXKaTUSl OTKIIO-
HeHus B PL He npessimatoT 30°. ¥V ocraBiIeiics 4aCTH 3eMJIETPSICEHUM OTKIIOHEHUSI B PL
ocell pacTsHKEHUS IPEBBILIAIOT OTKIOHEHUE ocel cxarus 10 20°.

Bapuanyu ynioB norpy:keHusi Oceil INIABHBIX HAIPSKEHUM B COBOKYITHOCTHU CO 3Ha-
YUTEJIbHBIMHU CTaHJAPTHBIMU OTKJIOHEHUSIMHU CBUJETENBCTBYIOT O CYIIECTBEHHOM IpO-
CTPAaHCTBEHHOW HEOIHOPOAHOCTH JHTOC(ephl. ComocTaBieHHE MaHHBIX MEXaHHU3MOB
oyara ¢ TEKTOHMYECKOM KapToil Mmokasall, 4T0 OCHOBHOE BIUSHUE Ha CEHCMHUYECKYIO aK-
TUBHOCTb OKa3bIBatoT Tambimickuii, [Ipearaneimickuii, SpapIMOUHCKUNA U ACTapHUHCKUE
Pa3IoOMBI.

VYcTaHOBJIEHO, YTO OPUEHTALIUS OCEH PacTSKEHHUsS B OCHOBHOM JIoMHHMpYeT B 3C3-
BIOB u I03-CB HampaBieHu#, OIHAKO JJIsi OCEH CHKAaTHsl BBIABIACTCS OpPUEHTAIUsS B
I0103-CCB nanpasnenuu (57%) u B 3C3-BIOB nanpasnenun (43 %). bonbmas yacts
HCCIIEyeMON TEPPUTOPUM TOABEPKEHA CHKATHIO, CABUTU OTMEUYEHBI B paiioHe Jlepuka
u SApaeimisl. [ TanbIiickoro peruoHa yCTaHOBIIEHBI TPU OCHOBHBIX THIIA TOABHKEK:
B30pochl (36%), cnBuru (34 %) u copocs (30%). AHanu3 oceid cxxaTusi 60yee CUITBLHBIX
3eMJIETPSICEHUI MOKa3all NpeoliaJaHue CEBEPO-BOCTOUHOM OpHEHTalMH, a 0ojee cia-
ob1x CB-103 opuentanuto. [IpaBocTopoHHSS cABUTOBas MOJIBMKKA MPUYpOUEHA K 30HE
3anagHo-Kacnuiickoro pasnoma.

Ananus nonst ckopoct GPS-nabmonennii nokazan C-CB HanpaBieHUM Ha TeppH-
topun AzepOaiikana otHocutensHo EBpazun. HabmiogaeTcsi ymeHbIleHHe CKOPOCTH B
IMYHKTaX HaONIOEHUM, paclooKEHHBIX MEpHeHIuKyasapHOo K [nmaBHOMy KaBkaszckomy
Hansury (I'KH) (to ecth Ha cranuusax PQLG, XNGG, ZKTG, ATGG, IMLG u GBLG).
Kpome Toro, umeercs TeHIEHIUS TOPU30HTAIBHOIO IBHKEHHU B peaenax KypuHckon
nenpeccun 1 Manoro KaBkasa, riae yBeaIuunBaeTcs CKOpPOCTh C 3arajia Ha BOCTOK BJIOJIb
IIPOCTUPAHUSI TOPHOM LIETIH.

YcranoBneno yBenudeHue ckopocted ¢ 2016 mo 2017 rr., a 3aTeM YMEHbIIICHUE
ckopoctu B 2018 1. Ha cranumsx Jlepuk, JIsukspan, xanwnaban u SApapivuibl. AHanus3
CEHCMHUYHOCTH JAHHOT'O PETMOHA TOKa3all, YTO Ha MPOTSHKEHUH JTaHHOTO Meproja, mpo-
M30IIUIO0 TP CHIIBHBIX OLTYTHUMBIX 3€MJIETPSICEHHS ¢ MarHUTYyn0i ml>5,0.
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Pestome: AKTyanbHOCTb pa6oTbl. B paboTe nenaetca nonbiTka 0606WMTb Pe3ynbTaThl HAGMIOAEHNIA eLle
[0 KOHLA He MOHATOr0 SBIeHNs, 06bIYHO HA3bIBAEMOTO «JIMHENHbIe 06nayHble aHomanuu» (JTI0A), Habntogae-
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Abstract: Relevance. An attempt is made in present paper to generalize the results of observations of the
not yet fully understood phenomenon, usually called “linear cloud anomalies” (LCA), observed over the areas of
impending strong earthquakes or intensification of tectonic activity. In the English-language literature, you can
find a more concise name “earthquake clouds”. Despite the fairly rich literature on this issue, the physical nature
of LCA remains unclear. Aim. It is the identificationof the physical mechanism of the formation of LCA before
earthquakes that is the most urgent problem. In this work, we take a step forward in this direction, because the
main aim of our study is to find the sources for the formation of LCA. Methods. We have obtained experimental
evidence that LCA of all types have embryonic structures in the lower atmosphere at a level of about 100 m from
the Earth’s surface, which proves the connection between the LCA genesis and the processes initiated in the
earth’s crust. The source of information used to verify the formation of LCA is the meteorological data obtained
near the earth’s surface from the assimilative model GEOS FP. Results. An attempt is made to trace the genesis
of LCA from the earth’s surface to the level of the formed cloud structure, and a physical mechanism for the
generation of LCA is proposed, including maintaining their geometric linearity under conditions of a turbulent
atmosphere. This work was conceived together with A.V. Nikolaev, we will try to include in the work everything
that was discussed with him during its preparation, including his principled opinion that “the lack of clarity of
physical principles cannot be the reason for distrust of experimental results”.
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BeepeHe

JluneitHple OOJIaYHBIC aHOMAJIMK HAOTIONATNCh M JJO KOCMHYECKOH 3pbI — JIOJITO-
KHUBYIME TPsi/ibI 00OJTaKOB, HE CAyBaeMble BO3AYIIHBIM MOTOKOM — 3¢ dekr LlnromGep-
e, oOHapyKeHHBIM UM B Asbiax B Havyasie 20-ro Beka u pycckumu reojoramu U. B. u
J.U. Mymiketosimu [1935] B Tsnap-1llane B 30-x rogax XX Beka. CymiecTBoBaBias
JUITeabHOE Bpems auddepeHnuanys Hayk o 3emiieé HE CIHOCOOCTBOBAJa M3YUYEHHIO
B3auMoIelicTBUs 000s10uek 3emiin-arMochepsl, Tuapocdepsl u TUTOChHEpsl, XOTS OHA
U3 npobieM — ra3oBoe JabIxaHue 3emin — Obula mocrasieHa B.W. Bepuaackum ere B
1912 1. [Bepuanckuii, 1912]. JlaBHO 3aMeueHHbIE pa3IMYHbIC BUIbI JUHEHHBIX 00JIad-
HeixanoManuii (JIOA) aBistOTCS pe3ysIbTaToM B3aUMOACHCTBHUATPEX cdep 3eMIn: JINTO-,
THIPO- ¥ aTMOC(hEpBHI.
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C Ha4yaIoM KOCMHYECKOM 3pBI T€0JIOTU CTaJIU UCIOJIb30BaTh CIyTHUKOBBIE CHUMKH.
I1. B. ®nopenckwuii [ 1987] cBsi3biBas 00MauHbIe TSI HA CHUMKAX C 3alie)KaMH YIJIeBOO-
poznoB. BriepBble TUHEWHO NPOTSKEHHbIE 00JIaYyHbIE AaHOMAJIMK HA CITyTHUKOBBIX CHUM-
Kax ObUIM MCTIOJIb30BAaHUH NTPU KAPTUPOBAHUHU PA3JIOMOB LIEIb(OBBIX 30H KOHTUHEHTOB U
Kacnutickoro mops [KoGer, 1976; Epemenko, Karrepdensna, 1978; Exxos, Menko,1983;
ABeHapuyc u np., 1985].

Ha BO3MOKHOCTB UCTIOJIb30BaHMSI pa3IMYHbIX TPOSIBICHUI B3auMOIeHCTBHS reochep
B Kau€CTBE KPAaTKOCPOYHBIX IIPEIBECTHUKOB 3€MIIETPsICEHUH BriepBble ykasan b. B. ExxoB
[1988].

CrnyTHUKOBBIE METEOPOJIOTHUECKUE CHUMKH 3E€MJIU SIBIISIIOTCS HOCUTEISIMH UH(OP-
MalMM O IPOTEKAOLINX OJHOBPEMEHHO B €€ 000JI0uKax Mpoleccax, MMEIOIINX pa3iny-
HYI0 JIMHaMHKY. JIMHeliHble o0JlauHble aHOMAJIUU — OOJIayHble JIMHEAMEHThI, BO3HUKA-
IOLIME HAJ JUHEWHBIMU Te0(pHU3NUEeCKUMU aHOMAIUSAMH B 36MHOH KOpe, BhIpDaKEHBI Ha
CHMMKax B BUJ€ OOJAYyHON TI'psJbl WM, HA0OOPOT, Y3KOH TEMHOW MOJIOCHl — KaHbOHA
(6e300mauHbIi KOPUAOP B 0071a4YHOM MAacCUBE), TMOO PE3KUX MPSIMOIUHEHHBIX IPAHUI] HA
YacTu MepuMeTpa 00JavHoro noss, Hagsurarouierocs Ha pasiom. JIOA sBusercs cien-
CTBUEM aKTMBU3ALMM HAXOIALIETOCs NOJ HEM ywacTka pasioma. Ilocne ncuesHoBeHMs
UMITYJIbCa re0(hU3UYECKOro Mot 00JaYHOCTh HaJl 3TUM YYaCTKOM MIPUXOIUT B HOpMaJlb-
HOE€ COCTOSIHHE B COOTBETCTBUHU C LIUPKYIISALIUEH aTMOochepbl.

ITomuroHoM uis CIlyTHUKOBOTO MOHUTOPHUHIA CIIYXKHUT 30HA paAMOBUIUMOCTH CITyT-
HUKOBOTI'O LIEHTPA, IUI0UIa/lb KOTOPOU Ha 3 MOpsiiKa IPEBbILIAET IUIOIIA/(b HA3EMHOTO T10-
nauroHa. Ha menkoMaciiTaGHbIX CHUMKAX (HalpuMep, Ha M300paXeHusX ¢ reocTaloHap-
HBIX CITyTHHKOB) OTpa)KaeTCsi TEPPUTOPUs, OXBATHIBAIOIIAS HECKOJIbKO TEKTOHUYECKHUX
IUIUT, 4TO MO3BOJISET CIEAUTH 3a UX B3aUMOAECHCTBHEM. MeTeoceCMUYECKUN aHaIu3
CHUMKOB ¢ poeM JIOA BBISABIISIET UCTUHHBIE pa3MeEpbl TEPPUTOPUNA, OXBAYEHHBIX CEHCMU-
yecKuM mnporieccoM. [1ockoabKy obaadHble MOos ABISIOTCS Kak Obl 5KpaHOM, Ha KOTOPBIH
IIPOELUPYIOTCS AKTUBHBIE B IAHHBIM MOMEHT PA3JIOMBI, TO IIO CEPUU N1OCIIEI0BATEIbHBIX
CHUMKOB MOXHO IPOCJIEAUTH PACIIPOCTPAHEHUE BO3MYILIEHUS B 36MHOM Kope. I1o nipeBbI-
meHuto koinnuectBa JIOA Hax cpeHeMecsYHbIMU (POHOBBIMH 3HAYEHUSIMU OIPEICIISIOT
CTENEHb CEHCMUYECKON OMACHOCTH.

Amnanuz JIOA B pesynbrare qemndprupoBaHusl CITyTHUKOBBIX CHUMKOB OCYIIECTBIIS-
€TCsl B PEaJIbHOM BPEMEHH B OTJIMYME OT JPYI'MX IPEJBECTHUKOB, BBIIBICHHBIX I[€0JI0T0-
reopu3nUYEeCKMMU KOHTAaKTHBIMM MeTosaMu. BenencTsue Busyanuzauu o0lakaMu reo-
¢u3nyecKkoil aHoManuu B 3eMHOU KOpe CEHCMOAKTUBHBIN PErMOH Ha MEJIKOMAcIITAOHOM
CHHMMKE BBISIBIISIETCS] OIIEPATUBHO 10 MEpe MOCTYIUIEHUS] MH(POPMALIMU CO CITyTHUKOB. Ta-
KM€ CHUMKH OXBaTbIBAIOT OOJIbIINE TEPPUTOPHH, ITO3BOJISIS OLEHUTD ILIOIIA b, 3aHATYIO
poem JIOA.

CryTHUKOBBIM MOHUTOPUHI OOJaYHBIX aHOMAJIMH MO3BOJIAET ONEPATUBHO OOHApYy-
YKUBaTh PETMOH BEPOSATHOTO 3emiieTpsiceHusi. MouutopuHr JIOA 1omkeH oCcyIecTBIATh-
Csl CIELMATIMCTaMU T10 CIIyTHUKOBOM METEOPOJIOrMH LeHTpoB Pocruapomera, aHanus3u-
PYIOLIMMHU aTMOC(epHbIE MPOLECCHl C XapaKTEPHbBIMU KOH(PUTYpALUSIMH OOJIAYHBIX O-
JEH UIsl KaKI0TO CEeHCMUYECKN aKTUBHOTO PETHOHA 3EMIIH.

ITo muenuto B. U. YnomoBa, «B Hean€koM OyayIieM 1o aHaJIOTUU C METEOPOSIOTHeH
OKa)KeTCs BO3MOXHBIM IIMPOKOMACIITAOHBIN MPOrHO3 CEHCMHUUYECKON MOro/ibl, Oaroaa-
Psl pETyJISPHOMY COCTABJIEHUIO CIIELUATIbHBIX CUHONTUYECKUX KapT, XapaKTepU3yIOLINX
HaIpPaBJIEHHOCTb Pa3BUTHUS CEHCMOI€OMHAMUYECKUX MPOLIECCOB B KPYIHBIX PErMOHAX
Ha TPaHCPETMOHAJIBHOM U INI00aJIbHOM YPOBHIX» [ YiiomoB, 1998].
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Puc. 1. Pasmviganue oonaunocmu Hao paznomamu: Inaenvim Ypaneckum pasnomom — A, B, B;
Tumancxkum kpsaxcem — [, E; obnaunas epsoa (K, I') Hao wiupommuviym paznomom no cesepy
Apanvckoeo mops, 31.08.1976 2.: A) euoumwiii, 5) UK — ouanason. /

Fig. 1. Dissolution of clouds over the faults: Main Ural fault — A, B, C; Timan ridge — D, E;
cloud bank (G, D) above the latitudinal fault in the north of the Aral Sea, 31.08.1976:

A) visible, B) IR — range.

N.T. Kuccun [2013] cuutan, yto « MOHUTOPUHT 3HAYUTEIBHBIX TEPPUTOPHUI MOKET
OCYUIECTBIIATHCA C MAKCUMAJIbHBIM MPUBJIEYEHUEM AUCTAaHIMOHHBIX METO/10B [Mopo3o-
Ba, 2005]. MaccoBoe mpuBiie4eHHE TMOJOOHBIX METOJOB MO3BOJIUT PEUIUTH 3a1a4l MO-
HUTOPUHTA OOIIMPHBIX CEMCMOAKTUBHBIX TEPPUTOPUN B PEKHUME PEAIbHOTO BPEMEHH C
HaMMEHBIINMHU 3aTpaTaMmy.

Tem He MeHee 10 CHX MOp CIyTHUKOBBbIE CHUMKH ¢ JIOA He HalUM NPUMEHEHHUS B
MIPAKTHYECKON CEMCMOIIOTHH. «BOIBIIMHCTBO KaracTpo(hUUeCKUX SBICHUIA, B 0COOCHHOCTH
TaKUX YPE3BbIYAHHO OMACHBIX, KAK 3eMJIETPSACEHHSI, HAXOASTCS BHE TOCTOSIHHOTO CJICKEHUS
u3 kocmMoca. OTYacTH 3TO CBA3aHO C OMPEACIEHHBIMUA TPYIHOCTSIMHU MX OpraHU3alllH, OT-
4aCTH — C HEJIOOIIEHKON TaKoro poja Hadmonenuin» [ puropbes, Konaparses, 1996].

[Tponecc memmdpupoBanns JIOA HaA METEOPOJOTUUECKUX CIYTHHUKOBBIX CHUMKaX
1esecoo0pa3Ho MPOU3BOIUTE B BU3YAJIbHOM (MHTEPAKTUBHOM) PEKHUME PACcTIO3HABAHUS
00pa3oB, MMOKa He PEIIeH BOMPOC 00 aBTOMAaTHYECKOM BBIJICIICHUH OOJTaYHBIX JTUHEAMEH-
ToB. Busyanbnas nndopmarust 6osee penpe3eHTaTUBHA U MOXKET OBITh MPEACTABICHA B
TEYEHHUE HECKOJIbKUX MUHYT Tocie noiyudenus: cHuMmka. JI. 1. Mopo3zosa [2007] cocta-
BUJIa ATJIAC JIMHEHHBIX O0JIaUHBIX aHOMAIMH U MHCTPYKIMIO UX BBISBICHUS HA CHUMKaX.
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WHTepecHbIMU B 3TOM OTHOLLIEHUH MOTYT OBITh CHUMKH C aHOMAJIUSIMHU B 00JIaYHBIX
MOJISIX, KOTOPBIE HEINb3sl OOBSCHUTH MOrof000pasyomuMu (pakropamu. DT0 0OJavHbIE
MacCHBbI, BO3HMKAIOIIME BCJIECACTBUE OOTEKaHMsI BO3IYLIHBIM IMOTOKOM OKEAHMYECKHX
OCTPOBOB WJIM oporpaduueckue olsaka ¢ MoJBETPEHHON CTOPOHBI XpeOToB. B otnnune
oT HUX JIOA uMeroT npsMOTMHEHHYIO MU NTPABHIIBHYIO T€OMETPHUECKYIO (POpMYy.

B armocdepe Ha pazHBIX BbICOTax 007aKa HMEIOT ONpeAeaEHHYIO IPKOCTh U (GOpMY,
a UX MPOEKIMH Ha CHUMOK XapaKTEpHYIO KOH(UTYpaLuio. DTO MO3BOJISET 110 CHUMKAM
OLIEHUTh BEPTHKAJIBbHYIO BO3MYIIEHHOCTh atMocdeps! B 30He JIOA. Ha cHuMKkax Bblpa-
KEHBI TOJIBKO Te 6e3001a4HbIe KAHbOHBI, BEPTUKAJIbHAS MOIITHOCTh KOTOPBIX JINOO BBIIIE
BCEro OOJIAYHOTO CJI0sl, TMOO OrpaHMYEHA CBEPXy MEPUCTON OOJIAYHOCTHIO BEPXHErO
spyca Mpo3payHoi I Jiydyel BUJUMOIO JHara3oHa CIEeKTpa U HEempo3payHoil — Oenoit
Ha uH(ppakpacHoM — UK chHumke. Ilo ogHOMOMEHTHBIM CHMMKaM B BugumoMm u K-
JIMaNa3oHax MOXKHO CYJIUTh 00 YpOBHE BEPTUKAIBHOTO BO3/IEHCTBHS U3TYUECHHUS pasziomMa
Ha atMocdepy 3emin.

JIOA B Bujie KaHOHOB BIlepBbIe ObLTIM 00HapyxeHbl JI. 1. Mopo3oBoii Hax I maBHbBIM
VYpanbsckum paznomom u TumaHckuMm kpsikeM [Mopo3sosa, 1980] (puc. 1).

O6naunoe nose Hajl YpajabCKUM XpeOTOM COCTOUT U3 KYUYEBBIX 00JIaKOB, MOKPHITHIX
TOHKHM CJIO€M JIETHBIX [IEPUCTBIX B BEpXHEM sApyce atmocdepsl (12-16 km).

Ha cHuMKe BUAMMOTO JMana3oHa B MOIIHOM CJIO€ 00JaYHOCTH BUJIHA Y3Kas TEMHAs
nojoca — MajioobJayHas 30Ha, BOHUKIIAS B Pe3yJbTaTe pa3MbIBaHUS HYDKHEH oOJay-
Hoctu Hike 800Mm (puc. 1A), ona cnabo npocnexunaerca B UK nuamaszone (puc. 1b),
3aByaJIMpOBAaHHAs MEPUCTON 00J1auHOCTHIO BhIle 10 KM.

Bce Buzbl o61auHoCTH aTMOC(hEpHOI MpUpoAbl UMEIOT crieludUIecKuil Bu, Ipu-
CyLIMHA TOMY WJIM MHOMY arMoc(epHOMYy OOpa30BaHMIO, C pa3MBITBIMU IpaHullaMu. B
LUKJIOHaX (B TponuKax — Tal(yHbl) 00Ja4HbIi BUXPh BpalllaeTcs MPOTUB YaCOBOM, Kak
Ha pucyHke 2a. B nens, npeamectByronmii 3eminerpsicenuto M=8,3 Bonu3u Kamuarku
24.05.2013 r., yacTh ero KOHTypa Obl1a 00pa3oBaHa MPSMBIMU BEPTHUKAJIbHBIMH CTEHKA-
MH, C SMUIEHTPOM IO/ OJHOU U3 HUX (pHC. 20).

|

SEA OF OKHOTSK J’F-’
-
P

7 50

a) 22.05.2013 a. 0) 23.05.2013 e.

Puc. 2. Obnaunvui suxpv 6onusu n-osa Kamuamxa. /
Fig. 2. Cloudy vortex near the Kamchatka Peninsula.
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[TosiBnenue mpotsokeHHoM JIOA 0003Ha4aeT TONBKO PErvMOH HapacTarollei ceiic-
MUYHOCTU U SIBJISIETCS KPAaTKOCPOUYHBIM IPEIBECTHUKOMCUIIBHOTO 3€MIIETPSICEHUS WU
CEPHUH HECKOJIBKMX MEHEE CHIIbHBIX Ha 3HAYUTEIbHOW TeppUTOpuM peruoHa. Ilossnenue
Ha JIBYX MOCJE0BaTeIbHBIX CHUMKaX Ha HEOOJbIIOM MPOCTpaHCTBE Tpex u bosee JIOA
YTOUHSET NOJIOKEHHE dIULIEHTpa 3eMieTpsacenus [Mopososa, 2010].

ITosiBnenue HOBbIX JIOA Ha mocieqyrOUMX CHUMKAaxX 0003HAYaeTTEPPUTOPUIO TEK-
TOHMYECKOW aKTHBH3AIUH, BKIIIOUas SnuieHTp [Mopososa, 1993, 1997a, 6, 2005, 2007,
2011, 2015a]. ITo npeBbimienuto konuuectBa JIOA Haja cpeqHeMecsYHBIME (POHOBBIMU
3HAYECHUSIMU ONPEIEIIAIOT CTENEHh CECMUUYECKOM ONTaCHOCTH.

LleAb pa6oThl

HecmoTpst Ha ocTaTOuHO OOIIMPHYIO JUTEPATYPY, MOCBAMEHHYI0 (henomeny JIOA,
OOJIBIITMHCTBO aBTOPOB OOXOJAT BOMPOC Gu3nueckoro Mexanusma gpopmuposanust JIOA
¥ COCPEIOTaunBaIOTCsI, B OCHOBHOM, Ha MOP(oIoTnu, KiaccupuKauu HeoObIYHBIX 00-
JaYHBIX CTPYKTYP U MPUBEACHUHU NpuMepoB peructpanuu JIOA it TeX UM UHBIX 3eM-
nerpsicenuii [Gup, Xie, 2007], B TOM 4yuciie, enasi MOMBITKA MPOTHO3a 3eMIICTPSICEHUI
¢ momorsto JIOA [Guo, Jie, 2013]. CymecTByeT BecbMa OTpaHUYEHHOE KOJIMYECTBO ITy-
ONMKaIUH, TJIe 1eTaloTCsl ONMBITKUA 00bACHUTH (prusnueckyro npupoxay JIOA [Liperovsky
et al., 2005; Pulinets, Ouzounov, 2011]. B nepBoii paboTe WHXKEKITUS a3PO30JIei B aTMOC-
(bepy mepen 3eMIETPSCEHUSIMH TIpejIaraeTcs B KaueCTBE OCHOBHOTO MEXaHHM3Ma, MPH
9TOM a3p030JIM UTPAIOT POJIh HAYAIBHBIX IIEHTPOB HYKJICAI[H B Tpoliecce 00pa3oBaHUs
00JIaKoOB, a X TPAHCIIOPT HA YPOBEHb 00pa30BaHMUs 0OJAKOB MPOUCXOINT 32 CUET TEIUIO-
BBIX QHOMAJIMM HaJ aKTMBHBIMM pa3joMaMH. TakoW MOAXOX MO3BOJIAET TOJIBKO KaK-TO
00BACHUTH (OPMHUPOBAHUE JIMHEHHBIX 00TaKOB, HO HE OOBSACHSAET (POPMHUPOBAHUE JINHEH-
HBIX MPOCBETOB (KaHROHOB) B CILIOMIHOM oOnmayHocTu. B pabote [Pulinets, Ouzounov,
2011] paccmarpuBarotcst o0a ciydas (popMUpoBaHHE TUHEHHBIX 00JIaKOB U MPOCBETOB),
HO TOJIBKO B BHUJI€ NIPSIMOJIMHEUHBIX oOpa3zoBaHuil. Llenbio HacTose paboThl SIBISIETCS
paccmorpenue Bcex TUNOB JIOA M COOTBETCTBYIOIIMX MM HPOTOCTPYKTYp BOJIM3M IO-
BEPXHOCTH 3eMJIU B 00bsICHEHUE (PU3HUECKUX MTPUYUH UX (POPMUPOBAHHUS.

OTKAVIKM TEOAMHAOMUKM B OBAQYHbBIX CTPYKTYPAX

dopmupoBaHue 00JIaKOB SBIISETCS YaCThIO 00JIee BCEOOBEMITIOIIETO ITpoliecca — Kpy-
rOBOpPOTa BOJIBI B MpUpojie. B pe3ynbrare TeniaoBoil KOHBEKIIMM TEIUIBIA BO3YX, CONEP-
JKaIIUK BOJISIHOM Map, MOJHUMAETCS B BbIILIEJIEKAIIE CION aTMOCHEPBI, IIe C TOCTHXE-
HUEM TeMIIEPaTyphl TOUKH POCHI, MPOUCXOAUT KOHACHCALNS U 00pa30BaHKUe MeTbYalinx
BOJISIHBIX Karledb. YYUTHIBAETCS TaKKe HAJMYHE sJIep KOHACHCALUU B BHUJE a’po30Jeil
Wik nOoHOB. OXJIaXkIeHnEe MOXKET MPOUCXOIUTh U B pe3ysbTare aIBeKIH — IepeMelie-
HUU BO3AYIIHBIX MAacC B TOPU30HTAJILHOM HalpaBJIeHUH B 00JIacTu ¢ Oosiee HU3KOM TeM-
neparypoil. B 3aBUCUMOCTH OT BBICOTHI 00J1aka MOTYT MPEACTaBIATh COOOM KaK B3BECH
MEJIKUX BOJSHBIX Karelb, TaK U Melpyailimux yacTuil jbjaa. CymiecTByeT Oosee JecsaTi
BHJIOB TPOMOCHEPHBIX 00JIAKOB, HO MX OOIIEH XapaKTePUCTHUKOM SIBISIETCS MX BBICOKAS
W3MEHYUBOCTb, CBSI3aHHAS C JTUHAMHKOM MPOILIECCOB BHYTPHU OOsaka (KOHIEHCAIus, UC-
MapeHue, Koaryysius, oOOMeH 3JIEKTPUUECKUMH 3apsiiaMy, KOHBEKIUS U TIp.), a TaKkKe
C IBIKEHHEM o0iaka B MOTOKE BO3AYILIHBIX MaccC M IMOMaJaHue €ro B JIpyrue BHEUIHHUE
yclioBUSl (M3MEHEHHUE TEeMIEpaTyphl, BIAXHOCTU U JaBiieHus). Bpems cyiiecTBoBaHUs
00JIaKOB 3aBHCUT OT WX THMA. Tak, BpeMs KU3HU Ky4eBBIX O0JIAKOB COCTABISET NECITKU
MHHYT, TOT/Ia KaK CJIOUCThIE 00IaKa COXpaHsIOT CBOIO (pOpMY B T€UEHHUE CYTOK.
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MeToANKO NCCAEAOBOHUS

Crnenyer OTMETHUTbh, YTO KPYrOBOPOT BOJBI COMPOBOXKIAETCS BEPTUKAIBHBIMU ITIO-
TOKaMH B BUJIE CKPBITOTO TeIljla, KOTOPOE BBIJENAETCA B arMoc(hepy mpH KOHJIEHCAIIUU
BJIard | TOTJIONIAETCS MPH €€ MCIapeHuu. B cirydae MmosiBICHUS TOTIONHUTEIBHBIX HC-
TOYHHKOB KOHJICHCAIIMH B Pe3yJIbTaTe HOHU3AINN WIIK AHOMATBHON KOHIICHTPAIIUU adPO-
30JI€l TOTOJTHUTENbHBIE TTOTOKH TETJIa MOKHO OTCIEAUTH IyTEM OIIEHKH MOMPABKH XU-
MHUYECKOr0 OTEHIMaa MapoB BO/IbI B aTMOC(hepe, KOTopast paCCUUTHIBAECTCS U3 JTaHHBIX
0 TeMIEepaType U OTHOCUTEIBHON BIaXXHOCTH Bo3ayxa [Pulinets et al., 2014; [Tynunen u
ap., 2015]. Ilosmomy ocrhoeHbiM Memodom Haule2o ucciedosanus OyIeT N3y4eHne TUHa-
MUKH pacIpe/ielIeHHs BIaKHOCTH U TEMIEpaTyphl BO3/IyXa Ha TIOBEPXHOCTH 3€MITU HaJ
00acTsMH, MOKPHITHIMU O0JIAYHOCTHIO U OTKPBITHIMH IMPOCTPAHCTBAMHU.

Ha pucynke 3a nokasano pacrnpeaeneHie o0lIaqyHOCTH HaJl BOCTOYHOM yacThio Mara-
JTaHCKOM obsacTy B 1uana3oHne noarot 130° — 160° 22 anpens 2014 B 09:00, a Ha pucyH-
Kax Huxe (puc. 36 — 3r) moka3aHsbl pacipe/ielIeHHUs ONPaBKU XUMUYECKOTO MTOTEHITHAA,
OTHOCHUTEIIbHOU BJIIAXKHOCTHU U TeMIeparypsl Ha BeicoTe 100 M HaZ ypOBHEM MOJICTHIIAKO-
1IEH TOBEPXHOCTH.

Ho nac B mepByto ouepens OyaeT MHTEpECOBaTh BONPOC, KaKUM 00pa3oM obiaka
«UyBCTBYIOT» TEKTOHHUECKHE MPOIIECCH, M KaK 3TH MPOIIECCHI CKa3bIBAIOTCS HA UX MOP-
¢domoruu. [l Hauaga HOCMOTPUM, KaKue OOJIauHbIe CTPYKTYPBI SBHO MPOSBISIOT CBA3b
CO CTPYKTYpaMH Ha 3eMHOW MOBEPXHOCTH. HecMOTpst Ha TO, YTO TOHKHE AETaH pac-
MIpeNIeTICHUIA He COBIMAJIAIOT C JIETaIsIMU 00TagYHOCTH, MBI YETKO MOKEM OTMETHUTH 3aKO-
HOMepHOCTb. [lofcTrnaromnas moBepXHOCTh MO 00JaKaMu UMeeT 00Jiee BHICOKYIO BIakK-
HOCTh U 00JIee HU3KYIO TEMIIEPATYpy IO CPABHEHUIO C OTKPBITOH MOBEepXHOCTHIO. Kpome
TOTO, KpyITHOMAacIITabHas CTPYKTypa 00Ja4HOCTH — B (hopMe yIvia B IEBOM BEPXHEM YTy
pacrpereneHus: 00IauHOCTH TOBTOPSIETCS HA BCEX TPEX pacHpe/ieICHUsSX METEOPOIOTrH-
YECKUX MMapaMeTPOB.

Taxum 00pa3oM, Mbl MOXEM TOBOPHUTH O CYLIECTBOBAHMU MPOTOOOIAYHOCTH Y MO-
BEPXHOCTH 3eMJIH (B BUJIE paCTIpE/ICIICHHUS TeMIIepaTypbl BO3yXa, OTHOCUTEIHHOMN BIaXK-
HOCTH ¥ TIOTIPABKU XMMHYECKOTO MOTEHIIMAaNIa), KOTOpasi IIOTOM OTpakaeTcs B popme 00-
JaYHOTO TIOKPOBA.

A MOXeT 71 OBITb COOTBETCTBHE 00Jiee METKOMACIITa0OHBIX CTPYKTYp y TOBEpX-
HOCTHU 3eMJIH M B 0OnauHoM mokpoBe? Ha pucynke 4a mokazana oOiauHasi CTPYKTypa,
chopMHpOBaHHAs aKyCTHKO-TPAaBUTAIIMOHHOMN BOJHOM BONMM3M npoiuBa HBecTHraTop y
3aragHoNi KPOMKH FO’KHOTO 1MOOEpeXbsi ABCTPATHH.

Kak Buaum, BoHOBAsI CTPYKTYpa OTYETIMBO UACHTU(DUIIUPYETCS B paclpe/ieIeHUH
METEOPOJIOTUIECKHX IMapaMeTpOB, YTO TOBOPUT O Tepeaade GopMbl BOZMYIICHUN B He-
W3MEHHOM BHUJIE OT TIOBEPXHOCTH 3€MIIU JI0 YPOBHS OOJIAKOB, YTO TO3BOJISET HAJCATHCS
Ha T0, uTo JIOA ABISIOTCS OTPAKEHUEM PEabHBIX CTPYKTYp JHOO0 B 3eMHOM KOpe, 1100
BOJIM3H MOBEPXHOCTH 3€MJIU WIIM OKeaHa.

[Tepen zemnerpsicenniem M=7,9 B Henane 25.04.2015 r. 6b11a 3aduKkcupoBaHa mpo-
TSOKCHHAs oOJlavuHas Tpsifa HaJ beHranbckuM 3amMBoM y m-oBa MHmocTaH, KoTOpas mo-
Ka3aHa Ha CHUMKe OT 24 ampens (puc. 5a) ¥ KOTopasi COXpaHsiach B TEYCHHE TPEX YaCOB,
MIOCTENIEHHO Pa3MbIBasiCh. B COOTBETCTBHUM € Halllel KOHIENIMEN MOSIBICHUE MPOTSHKEH-
HOM TpSAJIbI YKA3bIBACT HA BO3MOXKHOCTh 3€MJICTPSICEHUSI B PETHOHE B OJIMKaMIe JTHU,
HO HE OlpenessieT moiokenue smureHTpa [Mopososa, 20156]. Cornmacuo 1o6poBoIib-
ckoMy [1992] monoxkeHre o4aroB CKOIJIEHUs IPEABECTHUKOB MOXKET HE COBIAJATh C MO-
JIOKEHHUEM SIUIEHTPa OyIyIIero 3eMJIeTPACEHUS, HO IOJDKHO HaXOAUThCS BHYTPH 30HBI
moAroToBkH 3emieTpsicenus [Dobrovolsky et al., 1979].



64

Geology and Geophysics of Russian South

10(3) 2020

T'eonorvs n reogmanka Kora Poccim

.Iatitudek

latitude

latitude

longitud

160

(-4

Puc. 3. Cseepxy enus:
pacnpedenenue 001auHOCmu,
NONPABKU XUMUHECKO20
nomenyuand, OMHOCUMeNbHOU
GILAINCHOCU U MEMNEPANYPbl.
Mazaoanckas oonacme. /

Fig. 3. From top to bottom:
cloudiness distribution,
chemical potential
corrections, relative humidity
and temperature. Magadan
Region.
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Atmosphere chemical potential at 2019.10.17-21:00 Surface relative humidity el 2019.10.17-21:00
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Puc. 4. a) obnaunas éonnosas cmpykmypa, 6) pacnpedenenue nNONPAGKU XUMUYECKO20 NOMEHYUANA,
8) pacnpedenenue OMHOCUMENbHOU 61ANXCHOCMU 8030yXa (Ha evicome 100m Hao ypoerem mops).
FOoicnoe nobepesicve Ascmpanuu. /

Fig. 4. a) cloudy wave structure; b) the correction distribution of the chemical potential;
¢) distribution of relative air humidity (at an altitude of 100 m above sea level). South coast of Australia.

Ecam mpucMoTpeTbess BHUMATENBHO, TO CIIpaBa B HIDKHEW YacTH OOJIAYHOM TPSIbI
MOKHO 3aMETUTh emle HeOonbloil orpocTok. Ha pucynke 50 mpencraBieHa CTPYKTY-
pa TEKTOHUYECKUX Pa3ioOMOB B beHrambckoM 3aivBe, U Pas3iioM, OOBEICHHBIN OBajoM,
10 CBOEMY IOJIOKEHHIO TOYHO COBMAIAET C MOJIOKEHHEM o0sauHoil rpsasl. Ha pucyHnke
5B IIPENICTABIICHO pacHpeeIeHue OTHOCUTENIBHON BIIaXXKHOCTU Ha ypoBHe 100 M Hax mo-
BEPXHOCTBIO OKeaHa, 1 OeJIol JIMHKEH TpaccCUpOBaHa Takas e CTPYKTypa: KBa3MepHIU-
OHAaJIbHASl CTPYKTYpa MOBBIIIEHHOM BIAKHOCTU C OTPOCTKOM BIIPABO.

DTO COOTBETCTBYET HAIIUM OOIIMM BBIBOJAM OTHOCHUTEIHHO OOJIAYHOTO MOKPOBA U
METEOpOJIOTHYECKUX mnapameTpoB (puc. 3). ObiaakamM cOOTBETCTBYET MOBBIIICHHAS BIaX-
HOCTh U MOHIKEHHAs TeMIepaTypa BOIU3U MOBEPXHOCTH. MBI IPUXOJUM K OYEHb BaXK-
HOMY BBIBOZlY O TOM, uT0 JIOA — He pocTo Kakue-To JIMHEeHHbIe o01auHble 00pa30BaHus,
HO CBSI3aHBI [T0 CBOEMY IOJIOKEHUIO U 110 (hOpMe C TEKTOHUKON 36MHOI KOPBI.

Puc. 5. Obnaunas epsaoa 24.04.2015 2.: a) obraunas epsioa nao beneanvckum 3anusom, 6) cmpykmypa

MEKMOHUYeCKUX pasiomos 6 Beneanvckom 3anuse; 8) pacnpedenenue OmMHOCUMENbHOU GIANICHOCTU. /

Fig. 5. Cloud bank 24.04.2015: a) cloud ridge over the Bay of Bengal; b) structure of tectonic faults in
the Bay of Bengal; c) distribution of relative humidity.
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Fig. 6. 4
thundercloud near
the epicenter of an
earthquake in Nepal.
Image 24.04.2015.

Puc. 7. Ceepxy 6nus: a) ea-
pUayUL XUMUYECKO20 NOMEH-
yuana, 6) OMHOCUMENLHOTU
GILAXCHOCIU U 8) MeMnepa-
mypul 6030yXa HA GbICOME
100m. Henan. /

Fig. 7. From top to bottom:
a) variations in chemical po-
tential, b) relative humidity
and c¢) air temperature at an
altitude of 100 m. Nepal.
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BO6nu3u camoro snuneHTpa 3emiierpsacenus B Henane Ha cienyromue cyTku 25 anpe-
751 6bUI0 OOHAPYKEHO MOIIHOE IPO30BOE 00IaKO ¢ BepXHEH IrpaHMLed mopsaka 16km
(puc. 6). UtoObl MOHATH (PU3MUECKUN MEXAHNU3M 00pa30BaHUs TPO30BOr0O OOjaKa ObLIM
HCCIIEIOBaHbl BapHallud METEOPOJIOTHUECKUX MapaMeTpoB BOJIM3M MOJCTHIIAIOIIEH MO-
BepxHOCTH Ha BbicoTe 100 M (puc. 7). U3BecTHO, UTO mepes 3eMIIeTPICEHUEM MaKCUMyM
MOTIPaBKU XMMUYECKOTO MOTEHIIMAIa CBUJIETEIbCTBYET O MAKCUMAJIbHOM YPOBHE HOHU-
3alMU U KOHIIEHTPAlUU KJIACTEPHBIX MOHOB, 000JI0YKA KOTOPBIX COCTOUT M3 OOJIBIIOTO
KOJIMYECTBA MOJIEKY] Bozbl. DaKTHUECKH XUMHUYECKHUH MOTEHIMAN MOBTOPSET MoBeJe-
HUE pajioHa B 00JIaCTH oyara, KOrja rnepej CaMuM 3eMJIETPSICEHUEM MTPOUCXOIUT PE3Koe
C)KaTHe 3€MHOM KOpBbI, 3aKpBITHE BCEX TPEIIMH U MPEeKpalleHne MOCTYIUICHHUs paJoHa B

Atmosphere chemical pelentiel at 201504 25-00.00 Surface relative husidity at 2015.04 250000 Surface atmospheric pressure al 201504 25-00.00

ongitude ongitude

Atmosplere chemical petential al 201504 25-08 00

Surface atmospheric pressure at 201504 25-08.00

ongitude ongitude

Atmosphere chemical petential at 2015.04.25-02.00 Surface atmospheric pressure sl 2015 04 25-05.00

ongitude

angitude

Atmospiere chemical petential al 201504 25-15.00 Surface atmospheric pressure at 201504 25-18.00

ongitude

onaitude

Puc. 8. Cresa nanpago: OuHamuxa npocmpancmeeHno20 pacnpedenerusi XUMu4ecko2o nomeHyuand,
OMHOCUMENLHOU GIANCHOCU U MemMnepamypwvl 8030yxa Ha evicome 100m om noocmunaioujent
nosepxuocmu. /

Fig. 8. From left to right, the dynamics of the spatial distribution of chemical potential, relative humidity
and air temperature at a height of 100 m_from the underlying surface.
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Fig. 9. From top to bottom: a) Image in
the visible range of the GOES satellite on
September 18, 2017, the red line indicates
the canyon, red dots — the epicenters of
earthquakes in Mexico for the period
September 19-23, 2017; b) correction of
chemical potential; c) relative humidity;
d) air temperature.
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arMocdepy. COOTBETCTBEHHO, MPEKPAIIAETCsl MPOU3BOACTBO HOHOB, a yXKe 00pa3oBaB-
LIMECs KJIacTephl B BUJIE KalleJlb OCEJAI0T HAa HArPETYI0 MIOBEPXHOCTD U TYT K€ BJIara, Co-
JiepaKaliasics B HUX, HAUMHAET UCTIApAThCs U MOJAHUMATHCS BBEPX YXKE B BUJIE HAPETOro
BOJSHOTO Iapa. VMcnapenue NpuBOAUT K OXJIAXKIECHUIO OKPY>KAOILEro BO3yXa, YTO MbI
1 HaOoaeM Ha puUcCyHKax 70 M 7B: Temreparypa pe3ko HaJlaeT, a BIaKHOCTh BO3pac-
TaeT. IMeHHO 3Ta 00J1IacTh CTAHOBUTCS OCHOBOMH /151 (POPMHUPOBAHUS I'PO30BOT0 OOIaKa
BBEPXY.

IIpocTpaHCTBEHHOE paclpeneneHue TeX K€ NapaMeTpoB, YTO U HAa PUCYHKE 7, IO-
Ka3aHO Ha PUCYHKE § B INHAMUKE.

MpbI BUAMM, YTO OOJIAKO CTAllMOHAPHO U HE PacIlIbIBACTCS B TEUCHME, 110 KpaiHeu
Mepe, 9 4acoB, a 3aTeM Ha TOM MECTE MOSIBISAETCS IPOCBET B 0OJaYHOCTH.

Atmosphere chemical potential at 2016.01.26-03:00 Surface relative humidity at 2016.01.26-03:00
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Puc. 10. a) npamoyeonvrulil npoceem 6 oonaunocmu Hao o. Taueans 3a 9 cymok 00 3emirempsiceHus
M=6,4 na wee Taiisansa 05.02.2016 [Ouzounovetal., 2019];
6) pacnpedenenue nonpagKu Xumuieckoeo nomenyuana Hao o. Tausans 26.01.2016; ) pacnpedenenue
omHocumenvrou enadxchocmu Hao o. Taiisans 26.01.2016. /
Fig. 10. a) rectangular clearance in the clouds over the island Taiwan 9 days before the earthquake M =
6.4 in the south of Taiwan 05.02.2016 [Ouzounov et al., 2019];
b) distribution of the correction of the chemical potential over island Taiwan 26.01.2016; c) the
distribution of relative humidity over the island Taiwan 26.01.2016.
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Teneps oOpatumcs k apyromy Tumy JIOA — kaHbOHaM (MIPOCBETaM) BHYTPU MacCHBa
MOIIHOM 00mayHOCTH. OHU TaK)Ke MOSBISIFOTCS] B 30HE MOATOTOBKU CHIIBHBIX 3€MJIETPS-
CEHUH U SBISIOTCS MHAUKATOpaMU (PUHAIBHOM CTaIuu MPOIiecca MOATOTOBKHU 3eMIIeTPSI-
cernst. OUH U3 TPUMEPOB TAKOW CTPYKTYpHI, chopMHupoBaBIIHiica B TuxoM okeaHe Ha
3anaj ot nobepexps KOxuoi Kammpopaun 1 Mekcnky nokaszaH Ha puCyHKe 9.

Ha pucynke moxkaszanpl oOiiauHasi CTPyKTypa, HoiydeHHas co crmytHuka GOES
18.09.2017 B8 23:30 UT, a Huxe — pacnpeaeneHne arMocepHbIX mapaMeTpoB Ha BHICOTE
100 M, mosry4eHHBIE 3a J1Ba C mosioBHHON Yaca 1o canmka GOES. Kak BuIHO U3 prCyHKa,
HaOo1aeTcs KapTHHA, TPOTUBOIMOIOKHAS JTUHEHHBIM 00akaM: Mbl BUIUM MOBBIIICH-
HbIE 3HAYECHUS MOMPABKU XMMHUYECKOrO MOTEHIMAaJa U TEMIEpaTypbl BO3yXa, U MIOHH-
JKEHHbIE — OTHOCUTEIbHOM BiaxkHocTH. Ha Bcex pucynkax crpykrypa JIOA ormeueHa
KpaCcHOU JIMHUEMN.

[TocneqauM B cepur TEOMETPUUYECKUX OOJIAUYHBIX CTPYKTYP PACCMOTPUM CTPYKTYPBI
MPABWIBHON T€OMETPUIECKON (OPMBI (TIPSIMOYTOIBHUKH, KPYTH, MPSMBIC YIIIBI H IP.).
[Ipeanonarasi, 4T0 BCE€ OHU UMEIOT OAMHAKOBYIO IPUPOTY PACCMOTPHUM TOJBKO OJIUH TIPH-
Mep — MPSIMOYTOJLHBIN MTPOCBET 00JAYHOCTH HAJ OCTPOBOM TaiiBaHb MO JAHHBIM CITyT-
Huka Aqua ot 26.01.2016 r. (puc. 10a).

N3 pacnpeneneHus NONpaBKM XMMHUYECKOTO MOTEHIMANa U OTHOCHUTEIBHOM BIIaX-
HOCTH, MIPE/ICTAaBICHHBIX Ha pucyHKax 100-B, Mbl MOXEM CJIENIaTh BBIBOA, YTO TaKKe KaK
st JIOA Tuna KaHbOHOB MbI Ha0JIO1aeM MOBBIIIEHNE XUMHUYECKOTO MOTEHIaNa U T0-
HIWKCHHE OTHOCHTENBHOW BIaxHOCTH Hal obnacthio JIOA B Buae mpocBeTa B o0ad-
HOCTH. Mano Toro, BIaKHOCTb HaJl BOCTOUHOW 4acThio TalBaHs, T. €. HAaJl CyLIEH, BbILIE,
4YeM HaJl OKEaHOM Ha 3araj OT OCTpOBa.

O npupoae NOA

Puc. 11. a) Ilocredosamenvrocmo nossnenus JIOA neped semnempacenuem 25.11.2013 2. M=5,9
na Kypunscxux o-eax; 6) Cxema obnaunvix nuneamenmos (3a 18 oweti) neped Cycamvipckum
semnempscenuem M=7,3 y ozepa Hccoik-Kyis. /

Fig. 11. a) The sequence of the appearance of LCA before the earthquake of 25.11.2013,

M = 5.9 on the Kuril Islands; b) Scheme of cloud lineaments (for 18 days) before the Susamyr
earthquake M = 7.3 near Lake Issyk-Kul.
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ITocnennuili npumep NpsIMOYrOJIbHOM aHOMAJIMK IOKA3bIBAET, YTO CYILECTBYIOIIEE
paHee npejcTaBieHue 00 OTOXKIECTBICHUH MOJI0KEHUS pa3ioMa Ha MECTHOCTH C JIMHEH-
HOW 00NayHOM aHOMaMel HaJl HUM U BO3MOXHOCTH KapTupoBanus no JIOA pasznomoB
Ha JIHE aKBaTOPHM, BBISIBJICHUN MX aKTUBU3allUU B PEaJIbHOM BPEMEHHU HE BCEIIA COOT-
BETCTBYET IEHCTBUTEIBHOCTH.

B wactHOCTH, cymecTByeT nmpezanonoxkenue, uto JIOA MoryT o6pa3oBbIBaThCS HaZ
OCSIMU C)KaTHsI 3eMHOW KOPBI, JIMIIIb MHOTJIA COBIAIAIOIIMMU C pa3yioMamu. B pabore Po-
roxxuHa [2013] npencrasiieHa cxema JIMHUN [TPOCTUPAHMsI TOPU30HTAJIBHBIX NPOECKIUI
oceil cxkarus B oyarax (popuiokos cuipHemmx Cumymunpcekux semiuerpsicenuit 2006 u
2007 rr. ITonoOHOE XaoTHUECKOE paclpeielieHue MOXKHO BUJETh Ha pucyHke lla, rae
NPEJCTABICHO pacIpeesieHue MeJIKOMAacIITaOHbIX JMHEHHBIX OOJIAUHBIX CTPYKTYp B
paiione KypuiabCkux OCTpOBOB, MOSBJISABLIMXCS B TEYEHHE HECKOJIBKUX CyTOK ¢ 20 1o
24 nos6psa 2013 r. mepen 3emnerpsicenneM M=5,925 Hos0ps. [locnenoBareabHOCTh U
opuentanus JIOA orMedeHbl Ha pUCYHKE IPOHYMEPOBAHHBIMU JUHUAMU U J1aTaMu I10-
apnenus 3tux JIOA. Takue pacnpenenenus: meiakomacmtabusix JIOA ormeuanucs Mo-
po3oBoii emie B 1996 1. Ha pucynke 116 npezacraBieHo cymMMapHOE KOJIMYECTBO 001ay-
HBIX TUHEaMeHTOB (3a 18 mueit) nepen CycambipckuM 3emierpsicenueM M=7,3 y o3epa
HUccrik-Kyns. ITo 1O. C. I'enmadry (2009), «nosiBineHue 001a4HbIX aTTPAKTOPOB («YITHID
o0nakoB) B 06iactu, OMM3KON K ceiicMO(pOKaIbHON, CBUETEILCTBYET O TOM, YTO MpH-
YMHBI 3eMJIETPSICEHUN — CilydaiiHble KojeOaHus J000ro (akTopa, BO3JEHCTBYIONINE Ha
HEYCTONUYMBYI0, HAXOAALIYIOCS B HANIPSKEHHO-/1€(h)OPMAIIMOHHOM COCTOSIHUU CPEy».

OueBuano, uro nosiaeHue JIOA He MoxeT ObITh OOYCIIOBIEHO MCKIIOUUTEIBHO
aTMOC(EpHBIMHU MPOLIECCAaMH, C APYTOH CTOPOHBI, B OOJAYHOCTH [TOYEMY-TO OTOOpaXa-
I0TCS JIMIIb HEKOTOPBIE pa3ioMsl. [IpnunHa 3aKiIr04aeTcsi B TOM, UTO Pa3joM OKa3bIBAET
BJIMSIHUE Ha aTMOC(epy TOJIBKO B MOMEHThI TEKTOHMUYECKON HITH SHEPreTHYEeCKOM aKTUB-
HocTu. MlHaye ToBOpsl, TMHEWHbIE 00JaYHble aHOMAJIUN UMEIOT JTUTOC(HEPHYIO TPUPOAY,
U UX MOSBJICHUE CIIY>KMT CUTHAJIOM, CBHIETENIbCTBYIOLIMM O Hauajle aKTUBU3alUH I'€01U-
HaMUYECKHUX INpoleccoB. Takue Mpouecchl 4acTo 3aBEPLIAKOTCS 3EMIIETPSICEHUEM, A 3Ha-
quT, MOHUTOPUHT JIOA — 3T0 erie oJiMH BO3MOXXHBIH crI0c00 3a0J1aroBpEMEHHO BBISIBUTD
Ha/IBUTAIOIIYIOCS KaTacTpody.

[TprurHO# BOZHUKHOBEHHUSI O0JIAUHBIX I'PsAJl, HAOIIONAIOIINUXCS TOIBKO B IPU3EMHOM
cjioe aTMocdepbl U UIMEIOLIMX HEOOIBUIYIO MPOTSHKEHHOCTh, MOXKET ObITh MOBBIILICHHAS
KOHLEHTpAIHsI METAJUIM3UPOBAaHHBIX (UIIOUIOB, BOJOPOJA U pajioHa B 30HE pas3ioMa. B
4aCTHOCTH, UMEHHO comtacHo mozenu [[lynunen u np., 2015] BelneneHue pagoHa npu-
BOJUT K U3MEHEHUIO MTapaMeTPOB MPU3EMHOTO CJI0sl aTMOC(Eephl, KOTOPbIE MOXKHO ObLIO
Habmonare ogHOBpeMeHHO ¢ JIOA Ha pucyHnkax 3-10. OnHako pe3kast TMHEHHas TpaHu-
11a pa3MbIBaHUs OOJIAYHOCTH Ha €€ MEepUMeTpe WM BHYTPH OOJaYHOIO MaccuBa OT €e
HWKHEHW TPaHULbI 10 BBICOT 12-16KM Ha NPOTSHKEHUU HECKOJIBKUX COTEH KHWIOMETPOB
HE MOXKET ObITh 00YCJIOBJIEHA TOJBKO (DIIOMIAMH M a3PO30JIsIMH: OHHU Pa3MBIBAJIMCh ObI
BO3/1yIIHBIMU [TOTOKaMHU U He 00pa30BbIBAIN Obl BEPTUKAIBHBIX CTEHOK KaK BHYTpHU 00-
JAYHOTO MaccuBa, Tak M Ha ero rpaHuue. Hu oaumu mponecc B armocgepe, B cpene ¢
HU3KOH BSI3KOCTBIO, HE MOXKET JaTh TaKOW pe3Koi rpaHulibl. OTHaKO MOHM3ALMS IPU3EM-
HOTO CJI0s aTMOC(hepbl MEHSIET HE TOJIbKO TEPMOJMHAMUYECKHE apaMeTphl aTMOC(hEpBI,
HO M JIOKAJIbHO BO3/IEUCTBYET Ha mapameTpsl [ obansHol Dnexrpuueckoii Lenu (I'DL)
[Pulinets, Davidenko, 2014]. ®u3nyeckuii Mexanu3M 00pa30BaHMsI TMHEWHBIX 00auHBIX
CTPYKTYp B BUJE TPl U KAHFOHOB ObLT IIpeyiokeH B padote [Pulinets, Ouzounov, 2011].
DaKTUYEeCKH, BEPTUKAIBHOE JIEKTPUUECKOE I10JIe, TEHEpUPYyEMOe HaJl pa3ioMOM (MM
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OCBIO CHKaTHsI) MOJKET CIIY’KUTh TOH «CTEHKON», KOTOpas MOJIEP)KUBACT PE3KUE JIMHEH-
HbIE TpaHULBl 00mauHOoi aHOManuu. C MOMOIIBIO 3TOTO MOJis (POPMHUPYETCS TOK TOJIO-
KHUTEITBHBIX WIH OTPUIATEIBHBIX KIACTEPHBIX HOHOB, KOTOPBIC B MPOIECCE THAPATALUU
CTAHOBATCS LIEHTpaMU KoHJeHcauu Biard. C pyroil CTOpOHBI, KaK MOKa3bIBaeT MpH-
Mep, IPUBEACHHBINA Ha PUCYHKE 4, HENb3s YMEHbIIATh 3HaUEHUE aKyCTHUECKUX BO3JIeHi-
CTBHI Ha aTMOc(epy Kak B AMana3zoHe WHPPa3ByKOBBIX KoIeOaHUH, TaK U 0oJjiee HU3KO-
YaCTOTHBIX U JOJTOKUBYIINX aKyCTHKO-TPABUTAIIIOHHBIX BOJIH.

VY4uThIBas, 4TO pedb UAET O JIUTOCHEPHO-aTMOC(HEPHBIX CBS3SIX, KaK MOKAa3bIBACT Ha-
CTOsIILIEE MCCIIEJOBAHUE, Y)KE B HIKHEM CJI0€ aTMOC(ephl y MOBEPXHOCTH 3eMJIU (UM
OKeaHa) o0pa3yeTcst MPOTOCTPYKTYpa, KOTOpasi B pe3ynbTare Ha BbIcOTax 6-16 kM ¢op-
MUpyeT crienuduyeckue TMHEHHbIe 00IauHbIe CTPYKTYPHI, HazbiBaeMbie JIOA, mosiBIisiro-
IIMECs 32 HECKOJIBKO CYTOK HaJl 30HOU IOJITOTOBKH CHIIbHBIX 3eMJIETPSICEHHH.

Ncnoab3oBaHMe AOA B 30AQ4YAX MPOrHO3A 3eMAETPSICEHNIN

Ha cnyTHHKOBBIX CHMMKax ¢ KOOpPAMHATHOM NpuBA3kou auciokanus JIOA mosso-
JISIET ONPEAETUTh reorpaduyeckoe pacroioKeHHe aKTUBU3UPOBABIIUXCS pa3ioMoB. [1o
TOMY, KaK OHO U3MEHSETCS C TEYEHUEM BPEMEHHU, MOYKHO CYJIUTh O HAIPaBICHUH U CKO-
POCTH pacupoCTpaHEHMs HANPSDKEHUN B 36MHOM KOpE B PETMOHAIIBHOM M INI00aIbHOM
maciuraoe.

I'maBHO# 3amadeli mpu U3ydeHHUH JIFOOOTO MPEIBECTHUKA 3eMJIETPSCEHUN U UCTIONb-
30BaHUs €r0 B AMIIMPUYECKOM ITPOTHO3€ SABIISIETCS] yCTAaHOBJIEHNE CBSI3U BPEMEHH BO3HUK-
HOBEHMsI IIPEJBECTHUKA (MHTEpBaja BPEMEHH OT MOMEHTA €rOMOSABICHMS A0 MOMEHTa
3eMJIETPSICEHHUSI) C IHEPTHeH 3eMIIeTPACEeHUs. YCTaHOBIEHO, YTO YYHCIIO 3eMJIETPSICEHUH,
pu KOTophIx konuuecTBo JIOA coctaBisiiio Tpu u 6osee, pociio ¢ yBEIMYEHUEM SHEPTUI
3emuerpsicenuit. Tak, mst 3emnerpsicenuit ¢ M < 4,5 takoe xonmuectBo JIOA Habmona-
JI0Ch JHIIb B 26 % cityuaes, a A karactpopuueckux — B 83 % [Mopo3zosa, 2012].

BoznukHoBenue JIOA B mepHoabl ceiCMUUECKUX COOBITHI MOXET SBJISATHCS ClIeH-
CTBHUEM HE TOJIbKO SHEPreTHUECKHUX ITyJIbCAIMI B pa3jioMax, HO U TEKTOHUYECKHUX MOJI-
BrokeK. [locne ncue3sHoBeHUs UMITY/IbCca Te0(pU3NIECKOTO OIS B pa3ioMe 001aka BHOBb
OecIpenaTCTBEHHO MPOXOAT HaJl HUM B COOTBETCTBHUHU C aTMOC(EPHON UPKYIALUEH.

Teppurtopust (nnu akBaTopHsi), KOTOpas HAXOAUTCS MO BIUSHUEM CEHCMHYECKOTO
nporecca, MOKeT ObITh BeChbMa OOIIMPHON. 3HAYUT, CJIENaTh 10CTOBEPHBIN IPOrHO3 pa3-
PYLIUTEIBHOTO 3eMJIETPSICEHHSI MOJKHO TOJIBKO B TE€X pailoHaXx, Ii€ MOCTOSTHHO AEUCTBYET
cucTeMa HaOJTIONCHUH 3a MPEIBECTHUKAMH, CIIOCOOHAsE OHOBPEMEHHO OXBaTHIBaTh 00-
nacTh paguycoM He MmeHee 500 kM. K coxanenuto, CymecTBYOIIIe ceTu re0hu3nIaecKoro
KOHTPOJISI CIOCOOHBI OXBAaThIBaTh TEPPUTOPUU B JECATKU pa3 MeHbIIe. B To xe Bpems
30Ha PaJIMOBUANMOCTH CIIyTHUKOBOTO IIEHTPA MOKET IPOCTUPAThCS HA MHOTHE THICAYU
KHJIOMETPOB, IO3TOMY Hanbos1ee NOAXOASIIEH CUCTEMOM ClIeKeHHs 3a IN00aJIbHOI celic-
MHUYECKOW aKTUBHOCTBIO MIPEJCTABIISET CITy THUKOBBII MOHUTOPUHT JIMHEHHBIX 00JauHBIX
aHoManuil. J[ucraHIMOHHOE 30HAUPOBAHUE 3EMIIU C OPOUT UCKYCCTBEHHBIX CITYTHHUKOB
JI0CTATOYHO TOYHO OTIpeJeNIIeT OCHOBHBIE MTapaMeTphl aTMoc(ephl, B 4ACTHOCTH BEPTHU-
KaJIbHbIE U TOPU30HTAIBHBIE pa3Mephl 00JIAYHBIX MACCHBOB.

OcymecTBISTh CEHCMUYECKUH MOHUTOPHHT BIIOJHE IO CHJIAM YXK€E CYIIECTBYIOIIEH
100aMbHON CETH CIYTHUKOB, C KOTOPBIX IMOCTYMAIOT JaHHbBIE AJI MPOTHO3UPOBAHUS
norosiel. PeriamMmeHT opOUTaIbHBIX HAOMIOACHUN 32 00JIaYHBIM MOKPOBOM 3€MIIM BIIOJI-
He ynobeH mms oneparuBHOM peructparuu JIOA. J[aHHBIE CO CITyTHUKOB TOCTYIAIOT B
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peXHUMe HEMOCPEACTBEHHOM Mepenadn, CKOpocTh 00paboTku MH(pOpMALIUK JOCTaTOYHO
BBICOKAA, TaK 4YTO pC3yJibTaT MOXHO IMOJYYHUTb 3a CHUTAHHBIC MUHYTHI.

Wnaue roBopst, JinHENHHbIE 00JIauHble aHOMAJINH UMEIOT JTUTOC(EPHYIO PUPOLLY, U UX
TIOSIBJICHUE CITY’)KUT CUTHAJIOM, CBHJICTEIILCTBYFOIIUM O Havyalle aKTUBU3AIMH I€OMHAMHU-
YECKUX MPOIecCoB. Takue MpOIEeCcChl YaCTO 3aBEPIIAIOTCS 3eMJIETPSCEHUEM, a 3HAUUT,
MoHUTOpHHT JIOA — 3TO erie o1MH BO3MOXKHBIHN crI0c00 3a0671aroBpeMEeHHO BBISIBUTDH Ha/l-
BHTAIOIIYIOCS KaTacTpody.

3AKAKOYEHMEe

IIpenBeCTHUKOM CHIIBHBIX 3€MJIETPSACEHUN CITYKUT MOSBIEHHE NPOTSHKEHHOM 001ayd-
HOM TpsAAbl WM KaHBOHA B PETHOHE OyIyIIEro 3eMJIETPSICEHUs, a TaKke (GOpMUPOBaHUE
00JIauHBIX KOH(UTYpaLUi WIM IPOCBETOB B OOJIAYHOCTHU NMPaBHJIBHONW IeOMETpUYECKOM
¢opmbl. Pernon Oyayiiero 3emiieTpsceHus 0003Ha4aeTcsi Ha CHUMKeE, c(hopMUpOBaB-
muMces no3xke poeM kopoTkux JIOA 3a HeckonbKo yacoB (MHOTAA 3-5 CyTOK) /10 TOTYKa
[Mopo3sosa, 2008].

Kaxnomy tumy JIOA cooTBeTCTByeT NIPOTOCTPYKTYpa y HOBEPXHOCTHU 3eMJIH, (hopma
koTopoii cootBeTcTBYeT popme JIOA. IIpocBeram 001a4HOCTH COOTBETCTBYIOT IOBBI-
HIEHHas TeMIIEpaTypa, MOHMKEHHAs BIAXKHOCTh U MOBBILIEHHOE 3HAYEHUE XMMHUECKOTO
noreHuuana. O6JayHbIM CTPYKTypaMm, Ha0OOpOT, COOTBETCTBYIOT MOHIM)KEHHAsl TeMIIe-
parypa y OBEPXHOCTH 3€MJIM, ITOBBIIIEHHAs BIAKHOCTh M IIOHW)KEHHOE 3HAUYEHUE XHU-
MHYECKOTO MOTEHIMAJIa TI0 CPABHEHUIO C IOBEPXHOCTHIO, OKPY>KAIOILIEH IPOCTPAHCTBO
aHoManuu. [maBHbIM omnuueM kak JIOA, Tak U IpOTOCTPYKTypaM y MOBEPXHOCTH 3€M-
JIM OT OOBIYHBIX 00JIAKOB SIBIISIETCS UX BpPEMS )KU3HH, KOTOPOE MOXKET COCTABIISTH A0 9-12
4acoB.

TouHo yka3atrh nosoxxenue snuuenTpa no JIOA veBo3moxHo. IlosBnenne Ha CHUM-
Kax pos u3 Tpex u 6onee JIOA, mubo emre u 6e3001a4HOTO MATHA MOBBIIIAET BEPOST-
HOCTb 3emieTpsicenust 10 82% [Mopo3zosa, 2015a]. BepoaTHOCTh MpOrHo3a KaTtacTpo-
(udeckoro cecMUIECKOro coOObITHS 10 aHOMaNIbHO OosnbiomMy uncity JIOA MoxeT ObITh
JIOCTAaTOYHO BBICOKOM, TOPa3/I0 BBILIE TOM, C KAKOM 3€MJIETPSICEHUS IPOTHO3UPYIOTCS Ha
OCHOBE TOJIbKO CEHCMUYECKUX HAOIIOAECHUH.

K coxanenuto, oJuH TOJBKO CIIyTHUKOBBIH MOHUTOPHUHI OOJIAYHBIX aHOMAJIUU MO-
MoOraeT yBEpEeHHO POTrHO3UPOBATh JIMIIb PErMOH U BpeMsl Hadyasia 3eMJIeTpsiCeHUs (C ToU-
HOCTBIO J0 CYTOK). bimkaiiias 1esnb — opraHu3anus CUHXPOHHOW PETMCTPALUU U CO-
BMecTHOI 00paboTku JIOA u celicMUUeCKUX MOJIEH, YTO MO3BOJIMT B 3HAUUTEIFHON Mepe
YCOBEPIIEHCTBOBATh METOJJUKY MPOTHO3UPOBAHUS 3€MJIETPACEHUH.

JIOCTOBEPHBII NPOTHO3 Pa3pyIIUTEIBHOTO 3E€MIIETPSCEHUS MOXKHO OCYLIECTBIIATH
TOJIBKO B TEX paiioHax, /i€ yCTaHOBJIEHA MTOCTOSHHO e CTBYIONIAs cucTeMa HaOmoneHui
3a MpeIBECTHUKAMH, OXBaThIBaIOMIasi 00JIacTh C IMHEWHBIME pazMepamu Oonee 1000 kM.
Taxoii cucTeMoil MOXKET OBbITh CITyTHUKOBBI MOHUTOPUHT aKTUBU3UPOBAHHBIX PA3JIOMOB
no ux reounaukaropy — JIOA. CymiectByromas modanabHas ceTh cOopa CIIyTHUKOBBIX
JAHHBIX JUISl IPOTHO3a MOTOABI MOXKET OBITh MCIONIB30BaHA U JUIsl CEHCMHMUYECKOTO IMpo-
THO3UPOBaHMUS.

CIyTHUKOBBIIT MOHUTOPUHT OOJAUHBIX aHOMAJIMK TO3BOJISIET ONEPAaTHBHO OOHApPY-
KHUTb PETHOH BEPOATHOIO CUIIBHOTO 3eMJIeTpsiceHHsl. Pe3ynbTrarsl cTarucTiueckoi oopa-
60TKH cBs3eit mapameTpoB JIOA ¢ MarHUTy10M 3eMIIETPSACEHHM U MOJI0KEHUI TUIIOLEH-
TPOB OKa3aJIMCh OAMHAKOBBIMM ISl pa3JIUYHbBIX PETHOHOB 3EMIIH.
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I'po30oBbIe OOaKa aHOMAJIBHBIX Pa3MEPOB TAKXKE 11€1eCO00pa3HO BKIIOYaTh B MOHU-
TOPHUHI CEHCMUYHOCTH.

CIyTHUKOBBIII MOHUTOPUHI CEHCMUYHOCTH B A3MaTCKO-TMXOOKEaHCKOM PErvoHe,
BKJIIOYAIOIIEM OTPOMHBIE 3aKPBITHIE TEPPUTOPUH, SBISETCS €AUHCTBEHHBIM CPEJICTBOM
HaOJIOIEHUS B PeaIbHOM BPEMEHHU, a TIOTOMY MPEANOYTHTEIbHEE HA3eMHOT0, OCHOBAaH-
HOTO Ha 00paboOTKe pe3yIbTaTOB BCEX TUIIOB ceiicMoMeTpoB. OH JTaeT 3HAUUTEITbHBIHN BbI-
UTPBILI BO BpEMEHU — INIaBHEMHIIEM (DaKTope Mpu MPOrHO3€ CTUXUNUHBIX ABJIeHUH. O1HaKOo
CIyTHUKOBBIE CHUMKH JIOJKHBI IIPUMEHSATHCS B KOMIUIEKCE C JPYTUMU METOAAaMHU, 00y-
CJIOBIIMBAs OOJIee HAIeKHBIE IPOTHO3BI MTOJIOKEHUS SIHULEHTPa. MeTo bl reo(pu3ndecKoi
pa3BelIKU C UCIOIb30BAHUEM CITyTHUKOBBIX CHUMKOB XapaKTEpPU3YIOTCS JIEIEBU3HON U
9KOJIOTUYECKOHN YMCTOTOM, TaK KaK reoJoruueckas cpesia He MoABepraeTcsi BO3ACHCTBUIO
HCKYCCTBEHHBIX MCTOYHUKOB MOJsi. MOHUTOPUHT 00naunbix aHomanuii — JIOA u rpo-
30BbIX 04YaroB — MOXKET CTaTh JUCTAHIIMOHHBIM KOHTPOJIEM TEKTOHMYECKON aKTUBHOCTH
perruoHa ¢ Lenpl0 00ecTeYeHns1 0e30MacHOCTH OONBIINX WHKEHEPHBIX COOPYKEHHHA —
IUIOTHH, aspoapomoB, ADC.

Cormacao Ynomoy [1998, c. 166] «B HenanekoMm OyayiieM MO aHAJIOTUU C METeO-
pOJIOTHEH OKaXKeTCsl BO3MOKHBIM [IMPOKOMACIITAOHBIM POTrHO3 CEHCMHUUYECKOM MOTOIbI,
Onaronapsi peryJisspHOMY COCTaBIICHUIO CIIEIUATBHBIX CHHONTHYECKUX KapT, XapaKTepu-
3YIOIIMX HAIMPaBICHHOCTh Pa3BUTHS CEHCMOre€OAMHAMUYECKHUX TMPOILIECCOB B KPYIMHBIX
peruoHax Ha TPaHCPETMOHAJIILHOM U IT100aIbHOM YPOBHSIX» [ YiiomoB, 1998, c. 166].

KomMmnnekcupoBanue pa3iauyHbIX METOAOB JAMCTAHLMOHHOIO MOHUTOPHHIA KPaTKoO-
CPOYHBIX MPEBECTHUKOB 36MJICTPSCEHUH, BKIIOUYAIOIIMX MOHUTOPUHT TEIJIOBBIX U HO-
HochepHbIX npeaBecTHUKOB [Ouzounov et al., 2018; Pulinets, Ouzounov, 2018] mo3Boaut
OTIPE/IETISATH HE TOJIBLKO BPEeMsl, HO U TIOJIOKEHHE SIUIIEHTPA M MAaTHUTYAY 3eMIICTPSICEHUS.
“IIpuBneueHne NUCTAHIIMOHHBIX METOJOB MO3BOJHUT PEIIUTH 3a/laid MOHUTOPHUHIa 00-
HIMPHBIX CEHICMOAKTUBHBIX TEPPUTOPHIA B peKUME peaIbHOrO BPEMEHH C HAUMEHbLITUMU
3arpatamm» [Kuccuw, c. 158, 2013]. Akanemux KoHapaTbeB — OCHOBOIIOJIOKHUK CITyT-
HUKOBOM MeTeopoJioruy, euie B 1996 r. yrepxaan, uto « MOHUTOPUHT 00IaYHBIX aHOMA-
JIM{ HAa CIIyTHUKOBBIX CHUMKAX CIIY’KUT JIJII OLUEHKH CEMCMHUYECKON OMACHOCTH U MO3BO-
JISI€T YUYUTHIBATh HEOTEKTOHUYECKYIO0 aKTUBHOCTh pernoHa. KocMuueckue uccienoBanus
Pa3IMYHBIX TPUPOIHBIX SIBICHUHN U MPOLIECCOB Al TaK MHOTO IPUHIIUIIUATIHLHO HOBOTO
JUISL €CTECTBEHHBIX HAyK, YTO MOKHO TOBOPHUTH O HOBOM 3Tare B UX pa3BUTHUU» [[puro-
pweB, Konaparses, 1996, c. 70].

JlanpHeiiee pa3BUTHE CIOCOOOB CITyTHUKOBOTO MOHUTOPWHTA MPUPOIHBIX SIBICHHUHA
U KatacTpo( — aKTyasbHas 3a/1a4a COBpeMEHHOM Hayku. [lanpHeiinee nccnepoBanue 0o-
Hapy>KEHHOTO aTMOC(EepHOro reOnHANKATOPa CEHCMUYECKOTO Mpoliecca He TOJIbKO Ipu-
HECET NPAKTUUYECKYIO M0JIb3y, HO M PAaCUIMPUT CYLIECTBYIOLIUE NPEACTABICHUS O MpH-
poze nocieaHero. PazpaboTka HOBOTo Hay4YHOTO HAIPABIEHUS IOMOXKET OTKPBITH CIIEY-
IOLIYIO0 CTPAHMILY B U3YUEHUU CEHCMUYHOCTH, Pa3pbIBHOM TEKTOHUKH, B OCYIIECTBIECHUN
9KOJIOTUYECKOTO KOHTPOJIS MOJI3EMHBIX JIEPHBIX B3PHIBOB.
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Pestome: AKTyanbHOCTb paboTbl. [1py OLEHKEe CEMCMNYECKON M SKOMOrMYECKON ONAcHOCTW HanpPs»KeHHO-
JeopmMupoBaHHOE COCTOSHNE re0NOrnYecKoi cpefibl ABNAETCH BOXHENLLER re0AMHaMUYeCKON XapakTepucTi-
KoM paiioHoB rugpasnuyeckux (M3C) n atomHblx (A3C) 3neKTPOCTaHLMA, NPeAnpUATUA SAEPHOIO TOMUBHOMO
umkna (ATL), XMMU4eCKOo NPOMBbILLINIEHHOCTU, CTPATErMYECKM BaXKHbIX 06bEKTOB, I'YCTOHACENEHHbIX Meranosu-
COB U KYPOPTHbIX paitoHoB. Lienb pa6oTbl. B cTatbe 0606LLEHbI NOSYYEHHbIE PE3ynbTaThl 3HAYEHUI re0anHaMm-
YeCKMX NoKasareien HanpsHKeHHO-LehOPMUPOBAHHOIO COCTOAHNA CPeLbl L1 Pa3HbIX MO CBOEI TEKTOHUYECKOI
aKTMBHOCTW painoHoB P®. MeToabl HcEnef0BaHUSA. JT0KabHbIA CENCMO-3KONOMNYECKUA MOHMTOPUHT (JICIM)
NO3BONAET OLEHWUBATL 3HAYEHUS TEOAMHAMMYECKUX NOKa3aTenel aHW30TPOMHOCTA y U HANPSKEHHOro COCTO-
AHNA CPedbl S N0 3Hepruu 06MeHHbIX BOMH PS 0T panekux 3emMneTpsaceHuid. T nokasartenu xapakTepusyoT
COCTOSIHWE CPeAbl BO BPEMEHW 1 B NPOCTPAHCTBE. HabniofeHNs BO BCEX perMoHax npoBOAWANCH C MOMOLLbIO
NOKanbHOW ceTu (NoLLafHaA paccTaHOBKA) TPeX KOMMOHEHTHbIMKU cTaHumamu Tuna [enbra-feoH. Pesynbra-
Tbl. [puUBEJEHbI OCHOBHbIE 3aKOHOMEPHOCTN U3MEHEHUS 3HAYEHWIA reouHaAMUYECKNX nokasateneit 41 0JHOro
WHTepBana rnyouH: AUana3oH 3Ha4eHUn y U S B paloHax PasHOW TEKTOHWYECKON aKTUBHOCTH, LMKIIMYHOCTb UX
N3MEHEHWIA W BIIUSHUE HA HUX BHELIHUX NPUPOAHbIX hakTopoB (JTyHbl, CONHLA, CONHEYHON aKTUBHOCTM U T. 4.).
Mo pesynbtatam cambIX AnMTeNbHbIX HabnogeHnid JICAM (1995-2006r) Ha KaBMMHBOACKOM MONMroHe (cemc-
MoonacHblit MUHepanoBoACKNiA PermoH) nonyyeHbl 3-X MepHble MOJESN NoKa3aTens aHU30TPONHOCTL y 1 Npo-
BeZleHa OLieHKA noKasaTesien HanpPsHXKEHHOr0 COCTOAHUSA S Ha pa3HbIX YPOBHSX ry6uH. MokasaHo, 4To XapakTep
pacnpefesieHns nokasarensi aHU30TPOMHOCTY y HENPEPbIBHO M3MEHSAETCS MO ry6uUHe, natepanu 1 BO BPEMEHMW.
BbiiBNeHa LMKIMYHOCTb B USMEHEHWUI NOKa3aTens S BO BpeMeHW Ha Bcex rny6uHax. Co3faque Takux 3-x mep-
HbIX MOZeNen 1 ANns Apyrux 0c060 BaXHbIX 06bEKTOB NO3BONUT faTb 6051ee 06bEKTUBHYIO KAPTUHY HANPSXKEHHO-
[eopMUPOBAHHOr0 COCTOSAHUSA re00rMYeckomn cpefbl, 4To TpebyeT, 04HaKo, 60/ee ANUTENbHbIX HABMOLEHNA.
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Abstract: Relevance. When assessing seismic and environmental hazards, the stress-strain state of the
geological environment is the most important geodynamic characteristic of the areas of hydraulic (HPP) and
nuclear (NPP) power plants, nuclear fuel cycle (NFC) enterprises, the chemical industry, strategically important
objects, densely populated megacities and resort areas. Aim. The article summarizes the results obtained for the
values of the geodynamic indicators of stress-strain state of the medium for regions of the Russian Federation that
are different in their tectonic activity. Methods. Local seismic-ecological monitoring (LSEM) allows us to assess
the values of the geodynamic indicators of anisotropy and the stress state of the medium S from the energy of
the exchange waves PS from distant earthquakes. These indicators characterize the state of the environment
in time and space. Observations in all regions were carried out using a local network (areal arrangement) of
three component stations of the Delta-Geon type. Results. The basic laws of changing the values of geodynamic
indicators for one depth interval are presented: the range of y and S values in regions of different tectonic activity,
the cyclical nature of their changes, and the influence of external natural factors (the Moon, the Sun, solar activity,
etc.) on them. According to the results of the longest observations of the LSEM (1995-2006) at the Kavminvodsky
test site (seismic hazardous Mineralovodsk region), 3-dimensional models of the anisotropy index were obtained
and stress state indicators S were evaluated at different depth levels. It is shown that the nature of the distribution
of the anisotropy index continuously varies in depth, laterally, and in time. The cyclical nature of the change in S
over time at all depths is revealed. The creation of such 3D models for other particularly important objects will
allow us to give a more objective picture of the stress-strain state of the geological environment, which requires,
however, longer observations.

Keywords: local seismic and environmental monitoring, PS exchange waves from distant earthquakes,
geodynamic indicators of the stress state of the environment.
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BeepeHme

C no3unuii reoIMHAMHUKY U OIICHKU CEMCMUYECKOTO PUCKA BaXKHEHIIas XapaKTepH-
CTHKA BEpXHEH 4acTH 3eMHOU KOpBI — €€ HanpspKeHHO-1e(hOpMUPOBAHHOE COCTOSIHUE.
OreHKa TEKTOHUYECKUX TMOJICH HANPSOKEHUH M (PAKTOPOB, OMPEACIISIONINX SHEPTETHKY
BO3MOXKHBIX CEHCMHUYECKHX COOBITHIA, CYIIECTBEHHO BIUSET HA MPABUIHHOCTH BEIOOpA
MeCTa MPOEKTUPOBAHUS U CTPOUTEIHCTBA METANOINCOB, KYPOPTHBIX TEPPUTOPUIN U OCO-
00 onacHBIX 0OBEKTOB B aCHEKTe 00ecriedeHns: UX O€30MacHOCTH.

[Ipu oneHke ceicMUYECKON U HKOIOTHYECKOM onacHOCTH paitoHoB ruapo- (I'9C) u
aTroMHbIX (ADC) a5IeKTpOCTaHIMM, IPEAIPUITUN AAEpHOTO ToIuMBHOrO nukina (ATLY),
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XMUMHUYECKOH MPOMBIIIIEHHOCTH, CTPATETHYE€CKH BaXKHBIX OOBEKTOB U I'yCTOHACEIEHHBIX
METaIojMCcoB HE0OXOIUM Te0(hU3NIECKII MOHUTOPUHT HAMPSHKEHHO-1e(OPMUPOBAHHO-
IO COCTOSIHUSI T€OJOTHYECKOM Cpebl, B YACTHOCTH, CEMCMUYECKU MOHUTOPHUHT [['am-
Oypues, 1982]. B rycroHaceneHHbIX ypOaHU3UPOBAHHBIX pallOHaX MpPOBEIEHHUE Ceic-
MHUYECKOTO MOHUTOPHUHIA C MCKYCCTBEHHBIMH MCTOYHMKAMH BBI3bIBAET MHOTO OpPIaHU-
3allMOHHBIX TpynHOcTel. [ToaToMy B HacTosiliee Bpems NIpU NIPOBEJEHUM MOHUTOPHUHTA
UCIIOJIB3YIOTCSI BOJIHBI OT €CTECTBEHHBIX UCTOYHUKOB. B OCHOBHOM ITPOBOJIAT JTOKAJIBHBII
cericMo-aKoorndeckoro MoHuTopuHr (JICOM) reonorudeckoit cpenst [[lomosa u ap.,
2008, 2016; Conoaunos u nip., 1999].

Paccmotpen onbiT nposenenns JICOM B psine perrnonoB Poccuiickoit denepanuu ¢
Pa3HbIM I€OTEKTOHMYECKUM PEXHUMOM (CEHCMOOIIAaCHbIE 30HBI, MIaT(GOPMBI) ISl OIpe-
JIEJIEHUs] BO3MOYKHOTO IIPOrHO3a HAPSYKEHHOTO COCTOSIHUSL CPEIbI IIPU IPOEKTUPOBAHUUT
U CTPOUTENBCTBE 0COO0 OMacHBIX OOBEKTOB, MPU CTPOUTENILCTBE BBICOTHBIX 3/1aHUU B
MErarnoyucax, a TaKke B 00JIacTAX BBICOKON CEHCMUYECKON OMacHOCTH, OCOOEHHO B Ky-
POPTHBIX pETHOHAX.

MeToAMKA HABAIOAEHUIN N MHTEPNPETALMN

[Ipoananu3upoBaHbl pe3ylbTaThl HEMPEPHIBHOIO CEMCMO-3KOJIOTMUYECKOIO MOHUTO-
pUHTa B CIEAYIOLUMX peruoHax: 1) celicMoonacHsle paiioHsl (paiioH KaBkasckux Mune-
payIbHBIX B, paifonsl [ enenmxuka u Kamuarkn), 2) MocKoBCKuit Meranonuc, 3) paioHbl
TUTAHUPYEMBIX U JIEUCTBYIOMUX 0c000 omacHbIX 00bekTOB (CeBepckas ADC, Konbckas
ADC, benospckas ADC, Huxeropoackas ADC, Teepckas ADC) [Ilomosa u ap., 2008,
2016a, 6, 2017]. AnuTtenbHOCTh HAOMIOACHHUS B pa3HBbIX perHoHax kojebanach oT 2-3
MecsieB 10 11 et B 3aBUCHUMOCTH OT 3371a4 MOHUTOPUHTA.

Jlyiss HaOIOIeHNsT MCTIONB30BAIKCHh MU(POBBIE 3-X KOMIOHEHTHBIC CTAaHIIMU THIIA
Henbra-I'eon B mogudukanusax 1-3 [Ilomoa u mp., 2001, 2008; Comomunos u map.,
1999]. Cranmuu Jlensra — ['eon Obutn ykoMIuiekToBaHbl ceiicMonpuemHaukamu CK-1T1
(cobctBennas yacrora 1I'11), KoTopble MpeoOpa3yloT MEXaHUYECKUE KOJeOaHusl TpyHTa
B DJIEKTPUUECKHE U COCTOAT M3 OAHOW BEPTUKAJIHHOW KOMIOHEHTHI (Z) U NIByX TOpH-
30HTaIBbHBIX KOMIOHEHT (X u Y). KoMnoHeHTHI ceiicMonpueMHIKa OPUEHTHUPOBAIINCH
CTpOro (PUKCHUPOBAHO M OJMHAKOBO, TOPU3OHTAIbHAS KOMIIOHEHTa X — Ha CEBEp, rOpH-
30HTaJIbHAsI KOMIIOHEHTA Y — Ha BOCTOK M BEPTUKaJIbHAsi KOMIIOHEHTa Z — BBEPX Ha 3e-
HuT. [Ipu npoBeneHnn JIOKaTbHOTO CEMCMHUYECKOTO MOHHTOPHHTA B YKAa3aHHBIX BBIIIIE
pEeruoHaxX UCTOIh30BAIACH TUIOIIATHAS PACCTAHOBKA IMTyHKTOB HAONIOMEHUS (JOKalbHAs
ceth). [Inomanes uccnenoBanus oObIYHO cocTaBisuia mopsaka 60*60 kM. OnTuManbHOE
KOJIMYECTBO CTaHLMI Ha INIoIaay ceTh HaOmromenuit 10-15, Ho He meHee 5-7. Paccro-
STHHE MEXTy CTaHIMSMU cocTaBisiio 12-20 kM, ontumanbHo — 16 kM. Bo Bpemst Habto-
JCHUH PETyJsIpHO, OOBIYHO OJUH Pa3 B CYTKH, MPOU3BOIWIACH 3aITUCh KATHOPOBOYHOTO
HMITyJIbCa OTpeIeTICHHON ()OPMBI U aMILTUTY/BI.

OreHKa CEMCMHYECKOW M DKOJIOTHYECKOM OMAacHOCTH M HAMPsHKEHHO-Ie(OpMUPO-
BaHHOIO COCTOSIHUSI T€OJIOTUYECKOM Cpejibl BO BpeMEHU Ha 0CHOBE marepualioB JICOM
pemianach C HKCIOJNb30BAaHUEM BOJH OT €CTECTBEHHBIX HMCTOUHUKOB [[lomoBa u np.,
2001,2008, 2016, 2017; Conoaunos u n1p., 1999], B o0CHOBHOM Ha OCHOBE 3amucei gae-
KHX 3emiieTpsiceHuit. OLeHuBaINCh reo(hU3nIecKie mapaMeTphl TeOIOTUYECKOM CPeIbl B
POCTPAHCTBEHHO-BPEMEHHOM aCIEKTEe U ONPEIEISIINCh 30Hbl IOTEHLIUAIbHON Ie0InHa-
MHUYECKON OTTAaCHOCTH (30HBI PUCKA).
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Bruia paspaborana metoauka! 06padorku 3anucein JICOM OT eCTeCTBEHHBIX UCTOY-
HUKOB OCHOBaHHAsl Ha TOM, YTO SHEPIHsl MONEPEYHBIX U 0OMEHHBIX BOJH PS oT nanekux
3emiieTpsiceHui (0OOMEeHHbIE BOJIHBI PS Takke OTHOCATCS K BOJHAM MONEPEYHBIM) CyIIIe-
CTBEHHO 3aBUCHUT OT CTENEHHU TPELIMHOBATOCTH, MOPUCTOCTH, (QIIOUIU3ALNN U aHU30-
TPOIHBIX CBOMCTB cpenbl [[uk, 1997].

AHU30TPOIHBIE CBOMCTBA Cpe/ibl U €€ (DIIONA0HACKIIIIEHHOCTh B CBOIO O4Y€pE/Ib OIpe-
JENIAIOTCS HanpsbkeHHBIM cocTosiHueM [Crampin, 1978, 1981]. B anuzorponHoii cpene
pacrpoCTpaHsIOTCs He J1Ba, a TPU TUIA BOJIH — o/lHa npozonbHas (P) u aBe nmonepeunsie
(SV u SH); npoucxoaut T.H. pacuierieHue rnonepeyHoi BosiHbl. Bonnbl Tuna SV u SH
pa3nuyaroTcs M0 CKOPOCTH PACIIPOCTPAaHEHUs U Nojspu3aluu. Paciiennenue nomnepey-
HOM BOJIHBI SIBJISIETCSI TMPU3HAKOM aHU3O0TPONHOW cpelibl. AHaIM3 3amucell 0OMEHHBIX
BOJIH PS, nmo-pasHomy nossipuzoBaHHbIX, THHA SV 1 SH, 03BOJIAET N3y4yaTh aHU30TPOII-
HbIE CBOWCTBA CpeJbl, KOTOPbIE B OOJBIION CTENEHU OMPEACIAIOTCA €€ HANPSKEHHBIM
cocrosiueM [Crampin, 1978, 1981].

CreneHp HamMpsHKEHHOCTH O0YCJIOBJIEHA OMU30CTHIO MIIM YIAJIEHHOCTBIO OT MCTOY-
HUKOB TEKTOHMYECKUX HAIPSHKEHUN: TOPHO-CKIIaA4uaThiX 00JacTeil (OpOreHoB), BHYTpH-
TIaTOPMEHHBIX IITYOMHHBIX 0YaroB.

OO6MenHble TpoxosaIIMe BOIHbI PS 0T nanexux 3eMieTpsceHuit ¢ 3MULEeHTPaIbHbI-
MU paccTOAHUAMH A > 30° I03BOJISAIOT U3y4yaTh CPENY HEMOCPEACTBEHHO MOl TOUKOW Ha-
omonenus [[lomepanueBa, Mozxenko, 1997], mOCKOIbKY B 3TOM Cllyyae JIy4d, BIOJb
KOTOPBIX PAaCIpPOCTPAHSIOTCS KoseOaHus, OMM3KH K BEPTHKAIU B OTJIUYHE OT B3PHIBOB,
IPU KOTOPBIX TPYIHO OLIEHUTbH, HA KAKOM Y4acTKe IyTH OT UCTOYHMKA JO MPUEMHUKA B
cpelie MPOU30ILTH U3MEHEHUS.

CornacHo pa3paO0OTaHHON METOJMKE B KaXKJIOM IYHKTE HAONIOEHHS TreoiuHaMuye-
CKOTO TIOJIUTOHA T10 3aMKCSIM JIaJIeKUX 3eMIICTPSICEHUI OIEHUBAIOTCS /IBa ITOKA3aTels:

— 7y TMOKa3arelb aHW30TPOMHOCTH cpenbl (0e3pa3MepHas BeTUYMHA) MO KaKAOoH
Toukoi HaOmonenus: y = Ey/Ey, tne E, u Ey — osHeprus paauansHoii (PSy) u TaHreH-
nuansHoi (PSR) cocraBmsironux 3amucu OOMEHHBIX BOJIH OT JIAJIEKUX 3EMJIETPSICEHUMN
COOTBETCTBEHHO.

— S MHTEerpanbHbIN MMOKa3aTellb HAMPSHKEHHOTO COCTOSIHUSI Cpefibl B paiioHe Habro-
JIEHUSI, ONIPEIENIIEMbIN pacUeTHBIM IyTEM Ha OCHOBE M3YUYECHHsI pacpeiesieHus mapaMe-
Tpa Y MO IIolaan HalmoaaTenbHoi ceT MonuTopunra [Ilonosa u nip., 2008].

O06a nokasarens sSBIAOTCS Oe3pa3MepHbIMU BenmunHamu. [Tokasarens aHM30TpON-
Hoctu [ITomoBa u np., 2008] He ciemyer myTath ¢ KO3(pPUIMEHTOM aHU3OTPOIIUH
[[Ireepcon, 2006]. TToka3aTens aHM30TPOITHOCTH Y MO3BOJISET TOIHKO KOHCTATUPOBATH
HaJIMYUE B Cpelie aHU30TPONUH B OOJNbLICH UM MEHbILIEH CTETICHH.

J11g Ka)K10T0 MyHKTa HAOMIOIEHUS HCCIIEAYEMOTO PErHOHA 110 SHEPTUHU MPOXOISIIUX
O0OMEHHBIX BOJH Jajiekux 3emierpscenuil (PS) paccunrteiBaeTcss 3HaueHHe mokas3aress
anuzotponHoctH Y [ITonosa u ap., 2008] B BEIOpaHHOM IMana3oHe TIyOWH (Arana3oHbl
mTyOWH MOTYT OBITh pa3HBIMHU B 3aBUCUMOCTH OT 3ajau HcclieqoBaHuil). Jlanee cTpost-
Csl CXeMbl pacIpeeeHNs BeIMUMHBI Y 10 IUIOIMAIN UCCIEeIOBaHMSI, COOTBETCTBYIOLIUE
pa3HbIM AMana3oHaM [TyOMH AJ pa3HbIX MHTEPBAJIOB BPEMEHU HAOMIONCHU. 3aTeM 110
cnenuanbHoi popmyne [[lomosa u np., 2008] olleHMBaeTCs UHTETPAIBHBIN MOKa3aTelb
HaNpsHKEHHOTO COCTOSHUS Cpe/ibl S IS IIIOLaid BCe pacCTaHOBKM CTaHLIMN HaOoe-
Hus. B pesynprare MOXKHO MOTy4aTh 3aBUCUMOCTH U3MEHEHHUS ITOKa3aTels S BO BpEMEHU

' Crangapt opranmsanuu. CTO 93.020-2013/5 «Crnoco6 O1jeHKM HaNpsKEHHOTO COCTOSTHMS
TeOJIOTMYECKO CPefibl C MCIIOIb30BAHMEM CEMICMMUYECKUX 3aIlMCEN [JaleKUX 3eM/IETPACEHUI.
http://geoenv.ru/index. php/ru/info/innovations/innovatsii-i-standarty.
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n 110 FJ'Iy6PIHe, a TaKXC Ha6op CXEM pPACHpCACIICHUA TOKA3aTCIId Y AJId PA3JIMIHBIX JUa-
11a30HOB FJIY6I/IH " Pa3HBbIX UHTCPBAJIOB BPCMCHHU.

OCHOBHbIE PE3YALTATbI M3YyYEHNS TEOANHAMMYECKIMX
NoKa3ATEAEN Yy U S

Haubonee nnmuTenbHbIi HENpepbIBHBIN CEHCMO-3KOJIOTHYECKUI MOHUTOPHHT U3 BCEX
BBIIIIE TIEPEUUCIICHHBIX PETMOHOB MPOBOAUIICS B peruoHe MMHEpanoBOJICKOTO BBICTyMA
(mpornoctuueckuii monuron Kaskasckux Munepansusix Bon) (11 nmet), MockoBckoro
Meranonuca (2 roga), Tomckoro nonurona (mnomasaka moa Cesepckyto ADC) (okono
2-x net), u Hmwxkeroposckoro nonurona (miomaaka moa Huwxkeropoackyro ADC) (1 ron).
NMenHo Mo 3TUM MarepHaliaM yaaloch BBIIBUTh 3aKOHOMEPHOCTH M3MEHEHUS FeOIMHA-
MUYECKUX MOKa3areie HampsKeHHOTO COCTOSHUS Cpelbl Y M S BO BPEMEHHU B Pa3HBIX
cpelax v MpoBECTU COOTBETCTBYIomIee 00o01menue [[lomosa u ap., 2016, 2017, 2018].

Jlis Gonbllel YacTy yKa3aHHBIX BBIIIE PETHOHOB OLIEHKU MOKa3aTenel Y u .S Bo Bpe-
MEHHU MPOBEICHBI JJIsl OIHOTO auarna3zoHna ryouH paBHoM 0-30 kM (coryiacHO 3aa4am uc-
cnenoBanus) (puc. 1). Ha ocHoBanuu ananusa pe3ynsraroB [[lomosa u np., 2001, 2008,
20164, 6, 2017, 2018] cnenaHbl CleAYIONINE BEIBOADIL:

— TeOJMHAMHMYECKHE MMOKa3aTeIH HAMPSKEHHOTO COCTOSIHUS B 3TOM JIMaIla30He TIIy-
OMH W3MEHSAIOTCS BO BPEMEHM B Cpelax pa3HOM TEKTOHMYECKOW aKTHBHOCTH, OJHAKO
YpOBEHb M KOHTPACTHOCTb U3MEHEHUI OIEHOYHBIX '€OAMHAMUYECKUX MOKa3aTeNel cy-
miectBeHHO B 100-10 pa3 oTmyaroTcs B CEHCMOOMACHBIX M B aCEHCMHUYHBIX (TIIaTdop-
MeHHBIX) peruoHax [[lomosa u ap., 2016a].

— BBISBJICHO BIUSHUE BHEIIHUX MPUPOAHBIX (PAKTOPOB HA M3MEHEHHE T'e0/IMHAMU-
YECKUX TOKa3aTeseil Haps»KeHHOTO COCTOSIHUSI CPEJIbl, HA YCUJICHUE CEHCMUYECKON ak-
TUBHOCTH, a TaK)K€ Ha aMIUTUTYJHO-4YaCTOTHBIE XapaKTEPUCTHKU MHUKPOCEHCMUYECKOTO
¢ona. K BHemHUM mpUpOAHBIM (PAKTOpaM OTHOCSTCS: €KECYTOYHbIE MPHUIMBHBIE BO3-
neiictBus Conniua u JlyHsl, JIyHHBIC ¥ COTHEUHBIE 3aTMEHHUS, BiusiHUE JIyHBI B pa3ind-
HBIX ee (pa3ax, CoJTHeYHasi aKTUBHOCTh (MAarHUTHBIE OypH), U3MEHEHUE CKOPOCTH Bpallle-
HUS 3eMIId, BO3JeICTBIE KaTacTpopUIEeCKUX Aanekux semiueTpscennii [Hukonaes, 1994;
[Tonosa, 2007, 2008, 2016; Certunckuid, 1989]

— YCTaHOBJIEHA LUKJIMYHOCTh M3MEHEHUs MOKa3areseil HampsKeHHOTO COCTOSHHS
cpensl ¢ nepuonom 0,5 roxa u 1,0 ron, cBsi3aHHas ¢ U3MEHEHHEM CKOPOCTH BpaICHHS
3emitu, MO0 ¢ KIMMATUYECKUM (HaKTOPOM JIJIsl PErHOHOB JIF000I TEKTOHUYECKON aKTHB-
HoctH [bapcykoB, 1994; Ilonosa, 2008, 2016a; 111abapos, Tapacos, 2003; Brady, 1974].
Jlna celficMoomnacHbIX 00NacTeil BBISBICHA TAaKXKE IHUKIUYHOCTb, CBS3aHHASA C IIMKJIOM
TEKTOHMYECKOM aKTUBHOCTH JIAHHOTO PErroHa.

— pa3paboTaHbl KPUTEPUU MPOTHO3A YCUIICHUSI CEHCMHUECKON aKTUBHOCTH B CeHcC-
MoonacHbIXx perrnonax [[lomosa u np., 2008].

Bce ocobeHHOCTH M3MEHEHUs TTOKa3aTeNel HaPsHKEHHOTO COCTOSIHUSI CPEJIbl U aM-
IUIUTYAHO-9aCTOTHBIX MapaMeTPOB MUKPOCeHcMUYECKoro (hoHa B pa3HBIX pailoOHAX MpO-
Beaenus JICOM mo3Boiuiu clienars BbIBOA O HEOOXOAMMOCTH MPOBEACHHUS TAKOrO MO-
HUTOPHHTA HA BCEX CTAIUAX IJIAHUPOBAHUS U IKCILTyaTalluu 0CO00 OMacCHBIX OOBEKTOB.
[IpuueM, B ceiicMOONaCHBIX PETHOHAX TAKOW MOHUTOPUHT JIOJIKEH OBITh HEMPEPHIBHBIM,
B IUIaT()OPMEHHBIX PETHOHAX MOXKET OBITh IIUKINYECKUM. BhIsBIEHHBIE CPETHECPOUHbIE
KPUTEPUU YCWIICHUS CEMCMHMUYECKOM aKTUBHOCTH TO3BOJIAT 3a0JIaTOBPEMEHHO OLEHUTD
BO3MOXKHYIO OMACHOCTD ISl IPEIOTBPALIICHHS] TEXHOTEHHBIX KaTacTpod.



84 Geology and Geophysics of Russian South 10(3) 2020 T'eonorvs n reogmanka Kora Poccim

KaBMHHBOACKHI NOJUIOH  Bes1osIpCKHii MOJIUTOH Huzxeropoackuii noJiuron
6340 i : Q ’Y
S=1’66 6320-| S:0,006] o200 0a— [ S=0’012
won & l 7 16.10.12 - o1s0-] : L 17.01.2011- 8
18.05.06- 27.10.12 1 10.03.2011 6
20.06.06 Y B | : -
A\ A 4
10740 10760 107‘80 10800 7680 7700 7720 7740 3.2

$=0,08 ;1 $=0,001 )
— = ool & 4 | S= 1.2
| S=1,56 ; . ;
26.11.12 /i\ 11.03.2011- 1
‘ 20.07.06- 6300 -6.12.12 1o .| 5.04.2011 08
31.08.06 el 2 e '
A 0.6
00 o o w0 0.4

0.2

6200

$=0,19 ' S=0,001
o1 [ 16.06.2011-

7.12.12-

912.12 ol i 31.07.2011

10740 10760 10780 10800

Puc. 1. Cxemvl pacnpedenenus nokazamens: anuzomponnocmu Y ons Kaemuneodckozo, benosipckozo u
Huoice2opodckozo nonueonos 6 pasmvie unmepaanst gpemeru 015 unmepesana enyoun 0-30km.
1 — nynxmol nabniooenus. /

Fig. 1. Distribution schemes of the anisotropy index Y for the Kavminvodsky (on left), Beloyarsky
(centered) and Nizhny Novgorod (on right) test sites at different time intervals for the depth
interval 0-30 km 1 — observation points.

Jliia KaBmunsozckoro, Konbckoro 1 Huxeropoackoro noJauroHoB IpoBeIeHa OLICHKa
MoKa3aresiel HalpsKEHHOTO COCTOSIHUS Te0JIOTHYECKOM cpenbl Y u S 11 Oosee 1poOHOTo
pa3buenus cpensl Ha ITyOnHHBIe HHTepBaib [[lomosa u ap., 2017, 2018]. Ho Tonbko ams
KaBMMHBOACKOT0 OJIMIOHA Y1aJI0Ch BBISIBUTH 3aKOHOMEPHOCTH U3MEHEHMSI ITOKa3aTenei
HaNpsHKEHHOTO COCTOSHHSI T€0JIOTHUECKON Cpeibl ¢ ITyOMHOM, OCKOIbKY HAOMIONEHUS
MOHHUTOPHHTA B 3TOM PETHOHE OBUIN CaMble JUTUTENbHBIE.

N3yyeHne 3-XxMepHOro pacnpeAeAeHus NMOKA3ATEAEN
QHU3OTPOMHOCTU CPEAbI Y M HOMPSIPKEHHOTO COCTOSTHUS
cpeaAbl S B panoHe KAaBMMHBOACKOIO CEMCMOOMACHOrO

MOAUTOHA

KaBMMHBO/ICKMI1 TOJINTOH PACIIONIOKEH B CEIICMOONIACHOM I'yCTOHACEIIEHHOM KYpOpPT-
HoM pernoHe KaBkazckux MunepanpHbeix Box. IloaToMy u3yueHue ero HamnpsyKEHHOIO
COCTOSIHUSI U OLICHKM CEHCMUYECKON ONAaCHOCTH BO BPEMEHHU SIBIISIETCSI OUEHBb Ba)KHBIM.
W3yuenue pacnpeneneHus nokasarenei y U S BO BHyTPEHHUX TOYKaX CPEZbl U CBA3b UX C
DTyOMHHBIM cTpoeHHeM B paiione KaBkasckux MunepaibHbix Bon siBisiercss mpuMepom
JUISL TAKUX JI€TaJbHBIX MCCIEJOBAHUN B IPYIMX CEHCMOONACHBIX pailoHax U B palloHax
pacroioxkeHus 0co60 ONMacHbIX 0ObEKTOB.

Paiion KaBka3cknx MuHepanabHBIX BOJ CECMUYECKH AKTUBEH U OTHOCUTCS K 30HE,
TJIe BO3MOXKHBI 7-8-MuOamisHbIe 3eMieTpsicenus (1o mkane MSK) [MunanoBckuii u ap.,
1989]. PernonanbHbeie Marepuaibl 0€3yCcIOBHO CBUACTENBCTBYIOT O TOM, YTO ceicMUY-
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HOCTb B 3TOM paiioHe MeIKo(poKycHasi, kopoBasi. Ha kapTax pacnpeneneHus 3MULEHTPOB
3eMJIETPSICeHUI 1O ITyOMHAM, BUJHO, 4TO oyaru Huxke 20-25 KM 3eCh MpaKTHUECKU OT-
CyTCTBYIOT. O4E€BHIHO, YTO BCE COBPEMEHHbIE JIe(hopMallii CBsI3aHbI C paclpeesieHueM
HanpsKeHUH B caMoil BepxXHel yacTu TuTochepsl, Iie UIyT NepeMelleHns U B3auMO/IeH-
CTBHE OTHOCHUTEJIBHO HEOOIBIINX OJIOKOB.

CKOpPOCTHOE CTpOEHUNE KABMMUHBOACKOIO MOAUTOHA

CxopocTtHOe cTpoeHue cpenbl KaBMHHBOACKOTO IMOJMIOHA ONPENENAIOCh IO 3a-
nucsM P-BOJIH OT Janekux 3eMJIETPSICEHUH, 3apeTUCTPUPOBAHHBIX MPU CEUCMO-IKOJIO-
TUYEeCKOM MOHHTOPHHIE, METOJIOM celicMuueckoii Tomorpaduu [Aki et al., 1977]. Ha
TEPPUTOPHUH TOJIMTOHA HA HAYaJLHOM 3Tare HaOoaeHnl (TepBeie 2-3 Toa) perucTpa-
LU JAJEKUX 3€MIIETPSICEHUI OCYIIECTBISIIACH C MOMOLIBI0 15-16 TpEXKOMIOHEHTHBIX
MU(POBBIX CTAHIIMIA, a Jajee KOJIWYSCTBO CTAHIUK ObLIO yMeHbIneHO a0 10-12. YVau-
THIBAJIMCH BPEMEHHBIC 3a/ICP)KKU P-BOJTH OT permoHanbHOro ronorpada ¢ IpuMEeHEHUEM
MeTofa ceiicMudeckoil Tomorpaduu [Conoamnos u ap., 1999]
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B BepxHeit uactu 3eMHO# Kopbl (0-7 KM) onpeiesieHa pe3Ko-KOHTPAaCTHAsk H30METPHY-
Hasi BBICOKOCKOPOCTHAsl CTPYKTypa, poctuparomasica B Hanpasienun C-C3 — 10-1OB
(puc. 2). Ilepenan ckopocTeil BBICOKOCKOPOCTHON CTPYKTYPHI 110 OTHOIIEHHUIO K OKpY-
KAIOIMM HU3KOCKOPOCTHBIM reobsokam coctasisieT 0,8 kM/c. DTa BBICOKOCKOPOCTHAs
CTPYKTypa IMpocieKuBaeTcs Ha MIyOMHy 10 18KM M paspyluiaeTcss Ha ypoBHE IITyOHH
25-30km. Pa3mepsl CTpyKTypbl 110 MPOCTHUPAHUIO HE OIPENEIECHBI, T.K. OHA IPOTATU-
BAEeTCs 3a Mpenensbl pailoHa uccienosaHuil. Ilonepeunsle pazmepsl BBICOKOCKOPOCTHOM
cTpykTyphl nu3Menstotcst oT 20 1o 30 km. Ha rmy6unax 6onee 30 kM MMeET MECTO HU3KO-
CKOPOCTHast KOpa M JOCTaTOYHO KOHTPACTHAs 10 CKOPOCTSIM BEPXHSSI MAHTUS J10 IITyOUH
84 kM. Ha cxopocTHOM paspe3e B KPeCT MPOCTUPAHMsI BBICOKOCKOPOCTHOM CTPYKTYpBI
JIOCTATOYHO KOHTPACTHO BBIPUCOBBIBAETCS BBICOKOCKOPOCTHOE A1po 10 ITyOuH 20 KM C
NPEBBIILICHUEM CKOPOCTH 110 OTHOILEHUIO K OKpYyxatomieit cpene 1o 0,8-1,0km/c

l'unoneHTpsl OONBIIMHCTBA MECTHBIX 3€MIIETPSICEHUIH Ha BCEX YPOBHAX IIIyOMH B
OosblIel Mepe TATOTEIOT K BHELIHMM YacTsAM BBICOKOCKOPOCTHOW CTPYKTYpHI (pHC. 2)
[[ToroBa u ap., 2001]. B cBs3M € 3TUM Ba)KHO OTMETUTb, YTO PaHEE MPU AHAIU3E OCO-
OEHHOCTEH CTPOEHHMS 36eMHOM KOpbl CEHCMOAKTUBHBIX paiioHOB mo marepuaiam ['C3
[Eropkusn, 1991; Kpsinos u ap., 1993; Ilonosa u ap., 1998], 6pu10 moka3aHo, 4To o4aru
cuIIbHBIX 3emiieTpscenuil (I'aznuiickoro, Cnurakckoro, Kazanmkurckoro, Jlarectancko-
0 U JIp.) TaKXKe NPUYpPOUYCHBI K Tepr(PepHitHbIM (I'paIMEHTHBIM) 30HaM BBICOKOCKOPOCT-

np.KSH np. BUG np. BSH

Puc. 3. Ckopocmmuoii paszpes
1 —e69 ————————9——————68 SR 8 Kpecm npocmupanus
e BbICOKOCKOPOCMHOU
—J72———7% 22— 79— cmpykmypul (np. KSH, np.
e BUG, np. BSH — npoexyuu
CA18 —— 758

! \ P e NYHKIMO8 HAOMOOeHUs HA

W JUHWIO npohuns).
60 /1 ® 7.8X / 1 — usonunuu cxopocmu, 2 —

78 8bICOKOCKOPOCMHOE 0pO. /
Fig. 3. Velocity profile into

70 /"_\ 8.1 across the strike of a high-
N \ J velocity structure (KSH pr.,
/%' \ 8.1 N BUG pr.,, BSH pr. — projection
-0 T b. ti int. to th
208 = = s s 3 = e Of Observation points onto the
Haow profile line).

1 —velocity isolines, 2 — high-
51— ‘ - velocity core.
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HBIX CTPYKTYp KOHCOJUIUPOBAHHOU KOpbl. Takum oOpa3om, HaOmMrOmaeTcs CBSA3b Ceiic-
MOTEHEPHUPYIOIIETo 00beMa aKTUBU3UPOBAHHOW KOPBI C OMPEAECICHHBIM TUTIOM KOPOBBIX
CTPYKTYP — KYIIOJIOBUIHBIMHU, BOZMOXKHO JHAMUPOBBIMU 00Pa30BaHUSMU, COJIEPIKALTIMU
BBICOKOCKOPOCTHBIE siJpa, 4TO OTBe4aeT mpeacrasineHusiM ['amOypresa [ A. [TamOyp-
ues, 1982] u Jfo6posonbckoro U. I1. [[JoOpoBonbekuii, 1991; Dobrovolsky et al., 1979] o
CBOMCTBaxX CEMCMOT€HHOMN KOPBI.

Cornacuo teopun [Jo6poBonbckoro M. I1. [[o6poBonbekuii, 1991] u apyrux aBro-
poB [Scholz et al., 1973] ansa HakoIUIeHHs TOTEHIIMAIBHON YHEPTUHN, HEOOXOAMMOM ISt
BO3HMKHOBEHHUSI CHJIBHOTO 3€MJIETPSICEHUs, pa3MEpbl BBICOKOCKOPOCTHOM CTPYKTYpbI
JOJDKHBI OBITh 3HAYUTENBHBIMU. TaK, TOPU30HTAIbHBIE pa3Mephl CTPYKTYP, C KOTOPBIMU
CBSI3aHHBI KaTacTpoduueckue 3emiuerpsicenus ['a3nu, Kazanmxuka n Crintaka He MeHee
120-150 km [Eropkun, 1991; ITonosa, 1998].

PaccmarpuBaemsblii paiioH KaBMHUHBOJ 110 THUIy CKOPOCTHOTO pa3pe3a KOphl MOJI0-
OeH paiioHaM, TJie IPOUCXOJMIIA CUJIbHBIC 3eMIICTPSICEHHs], HO OTIMYaeTCs MEHBITUMU
MONEPEYHBIMU pa3MEPAMH CTPYKTYPbl — HAKOIUTENS YIIPYTrol SHEPTUM, YTO B MPUHIIM-
Te TO3BOJISIET MPOTHO3UPOBATh U OoJiee HU3KUIM IHEPTeTUYECKUN KIIAaCC CeHCMUYECKUX
coObITuii. ['opu30HTANIbHBIE pa3Mepbl BEICOKOCKOPOCTHOM CTPYKTYPHI, BBISBICHHOW Ha
Tepputopru KaBMHUHBOJCKOTO MOJIUTOHA B KPECT NPOCTUPAHUA HE npeBblaioT 30 kM, U
MaJIOBEpPOATHO, YTOOBI 3Ta CTPYKTYypa CMOTJIa HAKOTIUTh YHEPTHIO, CIOCOOHYIO BHI3BATh
KaTacTpo(uyeckoe 3eMIeTpsCeHrEe. DTO MOATBEPKIAIOT U PE3YAbTAaThl U3yUEHUS MECT-
HOM celiCMUYeCKON aKTUBHOCTH, MaKCUMallbHbIE BeTUYUHBI MarHuTy/] (M) He mpeBbIia-
1T 5,1-5,3 [Munanosckuii, 1989].

B utore MmoxxHO caenath BbIBOJ, uTO [IpuanbsOpycckuii MuHepaioBogueckuil paiioH,
B KOTOPOM pacnojiokeH KaBMUHBOJCKHII MOJTUTOH, BEPOSITHO, HE SIBIIETCS TEPPUTOpPUEH
karacTpoudeckorr onacHOCcTU. CeliCMOAKTUBHOCTh PETMOHA OTPaHUYCHA YMEPEHHBIMU
MarHUTyJaMH U XapaKkTepU3yeTcs MOCTOSHHBIM YCTOHYUBBIM (DOHOM CIAOBIX MECTHBIX U
MUKPO3EMIIETPSICEHUM.

ToexmepHoe pacnpeaeAeHe NoKA3aTeAel
HAMPSYKEHHOTO COCTOSIHUS

Jliia u3yueHus: xapakrepa U3MEHEHUs MOKa3aTeNsi aHU30TPOIMHOCTH Y TI0 TITyOuHE U
BO BpPEMEHH I 26 MHTEepBaJIOB HaOMoneHHs (cM. Tabi. 1) ObUIM TOCTPOEHBI 3-X Mep-
HbIe MOJIEJIM TOKa3aTellss aHU30TPOIMHOCTH Y. DTU 26 MHTEpBAJIOB HAOMIONEHUS COOT-
BETCTBYIOT 3-M rojiaM HENpPEepbIBHBIX HAOMIONEHH, B T€UEHUE KOTOPBIX HA TEPPUTOPUHI
KaBMHHBOACKOTO MONKUTOHA paboTaIo0 MaKCUMalIbHOE KOJMYECTBO IU(PPOBBIX CTAHIUI
(oxomo 15). Kpome Toro, B TedeHHEe 3TOTO Meproaa HaOIIOEHUS HE OTMEUaIoCh BIMSHUS
TaKOTO BHEIIHETO MPUPOJHOTO haKkTopa Kak Jajekoe KaTacTpopuiecKoe 3eMIeTpsiCeHne
[[ToroBa u ap., 2007], kKOTOpOE MOTIIO OBI CYIIECTBEHHBIM 00pa30M U3MEHHTH TOKa3aTe-
JIM aHU30TPOITHOCTH Y U HANPSHKEHHOTO COCTOSHUS S, BBI3BaB MPH 3TOM aKTHBH3AIMIO
MECTHOU CEHMCMUYECKON aKTUBHOCTH. MOXXHO CUMTaTh, YTO B TEUEHUE YKa3aHHBIX 3-X
JIET HAPSDKEHHOE COCTOSTHUE CPEIbI OMPEIENSIOCH TOJIBKO MECTHBIMU TEKTOHUYECKUMU
MPOLIECCAMHU.

[Tomyuennsie 3-XxMepHbIE MOJIEH TOKa3aTessl Y IpUBEICHBI Ha PUCYHKE 3 aiisi §-MHU
MHTEpBaJoB HaOmoneHus. Kak BUHO U3 pUCyHKa, XapaKTep pacupeaeeHus mokas3aress
AQHU30TPOMHOCTH IO TUIOIIAIU TTOJIUTOHA HETIPEPHIBHO U3MEHSETCS Mo ITyOHHe, 110 J1aTe-
panu 1 Bo BpeMeHu. B mHTepBanax spemenu ¢ 1 mo 10 (mpumepno 1,5 roga Habr0neHIIA)
Ha m1youHax 10 10 kM 3HadeHus mokasarens y mainsl (<0,8), cpena Ha rmyounax 0-10km
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Puc. 4. Tpexmepuvie mooenu pacnpeoenenus nOKA3amens AHU30mMpOnHOCIU y
(Kasmuneoockuii nonueon). /
Fig. 4. Three-dimensional distribution models of the anisotropy index g (Kavminvodsky test site).
From left to right — observation intervals: 1%, 25, 75, 10*, 16%, 21" and 24"

MpaKTUYeCKH U30TporHa. [1yOounbl 6osiee 15 KM OTIMYaIOTCsl MOBBIILIEHHBIMU 3HAYEHU -
mu nokazarens y (1,6-2,8).

Haunnas ¢ 16-ro unTepBana HaOmoneHnid Ha myounax 7,5-15kM B obnacTu siapa
KYII0JIOOOpa3HOM BBICOKOCKOPOCTHOM CTPYKTYpbl 00pa3yeTcsi JOKaJIbHBIA OYar MOBBI-

[IEHHBIX 3HAYEHUH TTOKA3aTessl aHU30TPOIHOCTH Y (pHcC. 4).
5
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Puc. 5. Hzmenenue nokazameins HanpsjiceHHO20 cOCMOsHUA S 60 6peMeHu U no 2nybune. /
Fig. 5. The change in the stress state index S in time and in depth.
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Tabnuya 1. / Table 1.

BpemeHnHble HHTEPBAJIbI HAOJIKOAEHUS, 1JI KOTOPBHIX ObLJIN MOCTPOEHbI 3-XMepPHbIE
MOJ1eJIM pacnpenaeJeHlsi MoKa3aresisi aHU30TpPonHocTH Y. / Observation time
intervals for which 3-dimensional models of the distribution of the anisotropy
index y were constructed.

Ne BpemeHHOTO Bpewms nabmrogenunit Ne BpemeHHOTO Bpewms nHabmogenunit
uHTepBana / No. of / observation time nHTepBana / No. of / observation time
time interval time interval
1 25.08.95-04.10.95 14 18.02.97-26.03.97
2 05.10.95-08.11.95 15 30.03.97-23.06.97
3 14.11.95-28.12.95 16 24.06.97-16.07.97
4 29.12.95-31.01.96 17 17.07.97-25.08.97
5 01.02.96-19.02.96 18 26.08.97-01.10.97
6 27.03.96-09.06.96 19 02.10.97-20.10.97
7 10.06.96-21.07.96 20 21.10.97-20.11.97
8 22.07.96-03.09.96 21 21.11.97-17.12.97
9 04.09.96-30.09.96 22 18.12.97-05.02.98
10 01.10.96-31.10.96 23 06.02.98-16.03.98
11 01.11.96-01.12.96 24 17.03.98-22.04.98
12 03.12.96-10.01.97 25 23.04.98-15.06.98
13 11.01.97-17.02.97 26 17.07.98-20.08.98

DTOT ouar yBeIMYMBAETCA B pa3Mepax, pacpOCTpaHseTCs 10 MPUIIOBEPXHOCTHON
YacTH T'€0JIOTMYECKOM Cpellbl U CTAHOBUTCS OYEHb «MHTEHCHUBHBIMY (3HaueHus y Oosee
2,8) (21-i uaTepBan HaOmMONEHUM) (pUC. 3), YTO YKa3bIBAET HA BO3PACTAHUE HATIPSHKCH-
Horo cocTtosiHus Ha r1y6uHax (0—10) km. [Ipu 3TOM 3HaueHus MoKa3arens y Ha IyOUHax
Oosee 15 KM CymecTBEHHO 0CIa0eBaloT.

Ilepen 24-m nHTEpPBAIOM BPEMEHH B PailOHE N3y4aeMOro ITOJIMIOHa MPOU30IILIO pe3-
KO€ M3MEHEHHE XapakTepa paclpe/ieleHus MoKa3aTelis aHu30TponHocTU. B pesynbrare
OTMEYaeTcs MCYE3HOBEHUE JIOKAJIbHOTO oYara MOBBIIICHHBIX 3HAYEHUI Moka3aTens Ha
mryounax (0—10) kM, cpeaa Ha 3THX IITyOMHAX CTAHOBHUTCS NMPAKTUYECKU M30TPOIHOM.
[Ipu aTOM Ha TTyOmHax Oosee 15 kM 3HAUCHHSI TTOKA3aTeNsl Y PE3KO BO3pacTaroT (puc. 4).

Jig kaxoro MHTEpBaia HaOMIOACHUS 7Sl BCEX CXEM paclpeliesieHus] IoKa3arens v,
COOTBETCTBYIOIIMX Pa3HbIM INTyOMHHBIM YPOBHSIM, ObUT pacCuuTaH MOKa3aTeib HalpsKeH-
HOTO COCTOSIHUS S ¥ TIOCTPOEHA 3aBUCUMOCTh U3MEHEHHUS 3TOT0 MapameTpa Mo iyOuHe 1
BO BpeMeHH (puc. 5). M3 pucyHka BUIHA IIUKIMYHOCTh B U3BMEHEHUH HANPSHKEHHOT'O COCTO-
SIHUSI BO BPEMEHH Ha Bcex mTyOnHax. Beinensercs Bpemennoit uatepsain (0-500 mHeit), Kor-
Jla cpeia HaXOAUTCS B HANPsHKEHHOM cocTossHUU. [Ipryem, HanpsikeHHe pacipoCcTpaHsIeTcst
cHM3y BBepX. Jlanee BblaesieTCS MHTEPBAJ, KOTJa B cpelie HAMPSHKEHHOCTh OTCYTCTBYET
(500-700 nenn HabGMrONEHMUs), OCIAOICHNE HANPSHKEHUST PACIPOCTPAHSIETCSl CBEPXY BHU3.
A ¢ 700 mHs HAOIIOMEHUS Cpela BHOBH HAXOIWTCS B HAMPSHKEHHOM COCTOSIHHH, OTHAKO
B JIAaHHOM CJTy4yae MOBBIIIEHHOE HAPSHKEHHOE COCTOSHUE XapaKTEePHO JUIs BCETO paspesa.
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BbiBOADI

Takum 006pazom, MO TaHHBIM MPOXOJAIIMUX OOMEHHBIX BOJH PS OT namekux 3emie-
TPSICEHUM B palloHE reoguHaMuyeckoro nonurona Kaskasckux Munepansasix Box mno-
Jy4yeHbl 3-X MEPHbIE MOJENIHN MOKa3aTessl aHU30TPOITHOCTH Y. YCTaHOBIIEHO, YTO Xapak-
TEp pacCIpeNeNIeHs NI0Ka3aTessi aHU30TPOIHOCTH I10 IUIOIAAU IIOJIUTOHA HENPEPBIBHO
U3MEHsIeTCs TI0 TIIyOuHe, Jarepaid U BO BpeMEHHU. BhIsSBI€HA IIMKINYHOCTh B U3MEHE-
HUH [T0Ka3aTeNs HAPSHKEHHOTO COCTOSIHUS CPEIbl Ha BCEX ITyOMHAX M3y4aeMOU CPEebl.
Cpena kak OBl «JIBIIIUTY», TIEPUObI HATPSHKEHHOTO COCTOSHHS CMEHSIOTCSI OTCYTCTBHEM
HanpsbKeHus B cpeze. llpudeM, B 3TO «AbIXaHUE) BOBJIEYEHBI BCE YPOBHU MCCIIETYEMBIX
IIyOMH OT MMOBEPXHOCTH 110 NTyOuHBI 30 KM.

W3 npuBeIEeHHBIX JAHHBIX CIEAYET, YTO JUIMTENIbHBIN JIOKAJIBHBINA CEHCMO-3KOJIOTU-
YECKUI MOHUTOPHHI IIO3BOJISIET OLIEHUBATH HANPSDKEHHOE COCTOSHHUE CpPENbl BO BpEMe-
HU U NPOCTPAaHCTBE. AHAJIOTUYHBIE (BBILLIE MPUBEICHHBIM) JIUTEIBHbBIE UCCIIEI0BAHUS
JICOM pexoMeHayeTcsl IPOBOAUTH BO BCEX CEMCMOOMACHBIX PErMOHAX, B paiiloHax Mpo-
extupoBanust ADC, 'DC u cTparernyecku BaKHBIX OOBEKTOB, a TAKXKe B I'yCTOHACEIICH-
HBIX METaroJIucax C IeJbI0 OIEHKW TEKTOHHYECKHX MOoJe HampsoKeHHi U (pakTopos,
OIIPEAEISAIONIUX SHEPTETUKY BO3MOYKHBIX CEHCMUUECKUX COOBITHI.
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1. Infroduction

An important problem of the modern seismic risk assessment methodology is the
lack of a still reliable account of the features of seismic impact and the response of the
existing building stock in their relationship. It is enough to recall the consequences of the
Spitak earthquake (1988), the unexpected colossal losses of which were caused by the
coincidence of the prevailing period of seismic impact, formed by the influence of a thick
stratum of soft sedimentary deposits overlain by a layer of rock, on the initial seismic
signal, with the period of natural or predominant vibration of high-rise buildings that
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were either destroyed or critically damaged. An important aspect of the methodology is
the dependence between the effect of the amplitude-frequency characteristics of a seismic
signal on the foundation soils and building stock and the level of the impact itself and its
spectral composition, which is often caused by significant nonlinear phenomena (up to
soil liquefaction). In fact, the duration of the incoming seismic signal also has a decisive
influence on the earthquake effect. The noticeable influence of the relationship between
the direction of incoming seismic waves and the orientation of a building stock on the
severity of its destruction and damage, as well as the effect of multiple earthquakes and
various dynamic effects on the state of building stock and its seismic resistance are well
known. Finally, despite the development of a number of modern methods for seismic
risk assessment insufficient attention is paid to the results of seismic microzonation with
a changing level of seismic impact, which causes a variation in the calculated intensity
increments. A full accounting of seismic effects and their relationship with the features of
a building stock and foundation soils on the basis of the latest achievements will make it
possible to develop a new methodology for state assessment and forecasting the behavior
of the “soil-building stock” system during strong earthquakes.

2. Seismic risk concepts

To assess seismic hazard, a probabilistic approach is currently used in the world.
The approach is caused by the probabilistic nature of an earthquake itself. The seismic
resistance of a building stock is determined not only by the strength of its elements
(construction, material, etc.) but also by the conditions which occur during operational
loads. During strong earthquakes, the strength characteristics of building stock will be
determined by various features of the seismic load. Seismic effects are characterized by
the load level and the range of periods or frequencies of the incoming vibrations. Under
intense loads, soils exhibit significant physical nonlinearity, characterized by a change
in their amplitude and vibration frequency. Numerous experimental studies show that
constructions usually vibrate with the frequency or period of their natural vibrations
regardless of the frequency of the external influences. In this case, the prevailing periods
of natural or free vibrations of most buildings and structures are in the range T = 0.1-2.0
s. Thus, the vibration frequency of the dynamic load experienced by a structure during
earthquakes, as a rule, is in the range of 0.5-10 Hz. On the other hand, as a result of
the interaction of the system “foundation soils — structure”, during intense loads under
the conditions of noticeable physical nonlinearity of soils, the prevailing or resulting
vibrations will differ significantly from the frequency of free vibrations.

Despite the development of a large number of adaptive systems for the protection of
buildings and structures, this fact makes the forecasting of building stock behavior during
strong earthquakes rather uncertain. Currently, techniques and methods for seismic hazard
and risk assessment of territory have been developed; new data on the soil layer behavior
under intense seismic loads and its influence on the transformation of vibration frequencies
during the passage of waves excited by strong earthquakes have been obtained. At the
same time, there is still no single information and technical system that allows performing
the entire range of work in the format of structural-dynamic, kinematic, physical and
mathematical models of the spatial data infrastructure and realizing calculations in a
single information field. The absence of reliable accounting of resonance phenomena in
the “soil-structure” system associated with their interaction is one of such problems of
modern methods of the expected seismic risk assessment.
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In this regard, it is useful enough to recall the consequences of the Spitak earthquake
of 1988, the colossal losses in which were caused by the coincidence of the frequency
of seismic impact, distorted by the initial signal passage through a thick layer of weak
lacustrine sediments, covered with rocks, and the natural frequencies of buildings of
the so-called 111 series. These were buildings on the territory of the city of Leninakan,
that were all destroyed or critically damaged, in contrast to the similar buildings in the
city of Kirovokan. So establishment of the various sides of the complex diversity of the
interaction of seismic impact and the urbanized environment is of a high importance.
Analysis and subsequent adequate consideration of the features of seismic impacts on
the designed and the existing construction site will significantly reduce both economic
and social damage through a preliminary or subsequent regulation of the hazardous
characteristics of a construction site in an urbanized area.

The term “seismic risk” was first identified as a special concept, different from the
actual term “seismic hazard” in the foundational work of Cornell [Cornell, 1968]. In
Russia, the issues of seismic zoning were considered by I.E. Gubin, S.V. Medvedeyv,
Yu. V. Riznichenko. [Gubin, 1950; Medvedev, 1960; Riznichenko, 1965]. The influence of
soil conditions was investigated in the works of Egorov, Popov V. V. (1945), A.N. Safaryan
(1963). Further development of the methods of long-term forecasting was obtained in the
works of G.A. Sobolev, V.I. Ulomov, M.1. Bogdanov. [Sobolev, 1992; Ulomov et al.,
1993; Ulomov 1994; Balassanian et al. 1999; Ulomov et al., 2015].

At present, a large number of studies are concerned with seismic hazard [Pinar et
al., 2001, 2016; Zaalishvili, Rogozhin, 2011; Yamamoto et al., 2020] and seismic risk
assessments [Shah, 1995, 2009; Shah, et al., 1987, 1992; Balassanian et al., 1999; Erdik,
2005, 2013, 2017; Erdik et al., 2000, 2018; Durulkal et al., 2008; Chan et al., 1998;
Davidson et al., 1999; Dong et al., 1994; Yuchang and Kemon, 1991; Zaalishvili et al.,
2001]. The following works of Trifunac [Trifunac, Todorovska, 1998], Bazurro and
Cornell [Bazzurro, Cornell, 2004] and many other foreign researchers’ works [Yang et
al., 2000; 2018; Campbell, K. W., & Bozorgnia, 2003; Bolisetti et al., 2018; Chandra,
Gueguen, 2019; Dammala, 2019; Das, Chakrabortty, 2020; Kwok et al, 2007; Phillips
& Hashash, 2009; Rathje, et al., 2010; Riga et al., 2018; Sonmezer et al., 2018] are
devoted to the study of nonlinear properties. The works analyze the consequences of
strong earthquakes [Hartzell et al., 1999; Kaklamanos et all., 2013, 2015]. Sometimes,
the analysis is done using strong motion databases [Mahani, A. B., & Kazemian, 2018;
Kaklamanos & Bradley, 2018; Afshari & Stewart, 2019; Pagliaroli et al., 2018; Pavel et
al.,2019; Wang et al., 2019; Zeghal et al., 1995] or with the help of mathematical modeling
[Poul et al., 2018; Stupazzini et al., 2009; Terziv & Ignatakis, 2018; Thebian et al., 2018;
Tsiapas & Bouckovalas, 2019]. In the works of A.V. Nikolaev and V.B. Zaalishvili
[Zaalishvili, Kanukov, 2013; Zaalishvili, 2016; Zaalishvili et al., 2014, 2018, 2019a, b,
2020], the experiments have been described and the methods have been developed to
assess the nonlinear behavior of soils using the in situ instrumental method directly in the
investigated area.

To predict the expected consequences of strong earthquakes, as well as other disasters,
a detailed study of the features of urbanized territories is required. At the end of the 20th
century, different approaches for assessing the seismic risk of already existing buildings
and structures were developed in Russia. They took into account various factors that, with
varying accuracy, determine the level of an expected seismic risk. One of the first such
techniques, considering world experience, was developed by S.Yu. Balasanyan. in 1991.
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Aizenberg Ya.M., Klyachko M. A., Koff G.L. [Klyachko, 1994; Klyachko, Polovinchik,
1994; Polovinchik, Klyachko, Koff, 1995] laid the foundation and made a significant
contribution to the formation and subsequent development of domestic approaches of
risk assessment. Developed by Zaalishvili V.B. in 2000 method of rating assessment
of soil conditions and seismic risk of the territory seems to be a more complete and,
apparently, more adequate forecasting technique. This method was first applied for the
allocated territory of Tbilisi during the process of implementing the international project
of the INTAS Program “Seismic hazard assessment for big cities in Georgia using the
modern concept of seismic microzonation with consideration of soil non-linearity” (1999-
2001). Later, in 2004, a rating assessment of the complex of engineering-geological,
hydrogeological, geomorphological and other features of soil conditions was for the first
time successfully implemented in Russia for the capital of North Ossetia under the next
international NATO “Science for Peace” Program Project “Seismic Risk of Large Cities
of Caucasus: Tools for Risk Management. Azerbaijani, Armenian, Georgian and Russian
(North-Ossetian) scientists took part in the realization of this project. In this case, a rather
extensive area of the city of Vladikavkaz (Kuibyshev street and the adjacent quarters)
was chosen as the object of the study. It is known, that the vulnerability of building
stock during strong earthquakes depends significantly on its type and infrastructure
characteristics. Different types of construction of buildings are characterized by the
different seismic vulnerability. The traditional use of the letters to denote different types
of buildings derives from the Modified Mercalli-Richter Scale of 1956 (MM1). This
classification characterizes different levels of vulnerability quite roughly. Similarly, the
current MSK-64 seismic scale directly identifies building classes by type of construction
and resulting differences in the vulnerability or building exposure to seismic effects. The
vulnerability curves do not take into account resonance phenomena; it necessitates a set
of curves for each vibration frequency. Assessment of buildings" resonant frequencies,
which, first of all, depend on the type of structure and number of storeys must be carried
out. And microseismic method could be used.

The aim of the work is to develop the existing methodology of a building stock seismic
risk assessment and to work out new approaches for taking into account the interaction
of building stock and foundations in the urbanized territories based on the use of modern
knowledge and technologies. To achieve this goal, the following tasks are required:

— Creation of a data infrastructure that allows carrying out the modeling and various
calculations of seismic effects (including the influence of the location of faults and the
influence of local soil conditions), data on the building stock and its interrelationships,
which together make it possible to simulate scenarios (with the help of modern
computational power)

— Development of computational algorithms for modeling the initial seismic impacts
for different recurrence periods, the response of the soil strata and building stock to these
effects, with support for the possibility of multivariate calculations and the use of the
Monte Carlo method.

— Modeling based on known and developed methods for seismic risk assessment,
comparing the results and choosing the most optimal methodology for the conditions of
the North Caucasus.

The considered and the other tasks are the methodological basis and are included in
each stage of work (detailed zoning — seismic microzonation — risk assessment)
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3. Seismic hazard assessment

Seismic hazard assessment carried out in connection with the analysis of the risks
of urbanized areas can be realized using probabilistic or deterministic approaches. A
probabilistic approach would be relevant for probable losses estimation in a given area or
geocell. However, since all probable losses in a given geocell cannot manifest themselves
simultaneously, the integral effect of individual (single) losses will give an overestimation
of the total losses in the urban area. In addition, a spatial-system approach is required for
the assessment of the life cycles' disruption. As general, estimates of earthquake losses
in urban areas have traditionally been deterministically associated with an earthquake
scenario (or the set of scenarios).

An earthquake scenario can be assessed by disaggregating the probabilistic hazard to
find the source that contributes the most to the formation of the integral hazard (Thenhaus
and Campbell 2003; Somerville and Moriwaki 2003; Faccioli and Pessina 2003).

The methods associated with the assessment (probabilistic or deterministic) of ground
motion include consideration of the following processes:

* Process at the source of the earthquake

* Disaggregation of probabilistic hazard

* Empirical relationships of seismic attenuation

» Effects close to faults (directivity graph and radiation directivity)

* Influence of soil conditions

Nowadays reliable empirical models exist in terms of peak acceleration, velocity
and displacement (PGA, PGV, and PGD) and pseudospectral velocity (PSV) at the
specific frequencies and damping factors for a given earthquake intensity, distance, fault
mechanism, and local geology [e. g. Boore et al. 1993; Campbell and Bozorognia 1994;
Gregor 1995; Fukushima and Tanaka 1990; Ambraseis and Bommer 1995; Campbell
2003a, 2003b]. Although the statistical results were obtained for the territories which
are fully equipped with monitoring systems (for example, California and Japan), the
comparison shows that with identical definitions of the input parameters, the difference
between the attenuation ratios in the western United States, Japan and Europe is less
than the actual dispersion in any of them. [Fukushima and Tanaka 1990; Ambraseys and
Bommer 1995]. This substantiates the use of the data for the territory of Turkey and the
Greater Caucasus. We will also consider numerical modeling procedures for determining
ground motion based on the mechanism of fracture disruption and wave propagation.
At shorter distances, the phenomena associated with the finite dimensions of the fault
become significant. These phenomena are primarily caused by the final velocity of
disruption propagation, as a result of which some parts of the fault emit energy earlier
than others; thus, waves emitted with delays then interfere, causing significant directivity
effects. The modeling method used, for example, in the FINSIM program [Beresnev,
Atkinson, 1997, 1998], is described in works and previous publications devoted to the
basics of the stochastic technique. The time series for the sub-faults are generated using
the Boore procedure, which assumes a baseline ®? spectrum and takes into account
the propagation of seismic waves to the observation point, using defined duration and
attenuation operators. The program uses the standard stacking operation, in which the
rupture from the hypocenter propagates radially, initiating secondary sources during its
passage. The random component enters at the moment of the sub-source starting, etc.
Analysis and consequent account of initial accelerograms transformation will become the
basis for site effect analysis at strong seismic loadings (Figure 1) [Zaalishvili et al., 2010].
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Fig. 1. Synthetical accelerograms for different source locations:
a — western part of fault; b — middle part of fault; ¢ — eastern part of fault; d — scheme
of sources of scenarios earthquakes

Seismic microzonation (SMZ) can be viewed as a method of zoning of a city or a large
construction site in areas with the same ground response for standard seismic effect of a
certain level and assessment of the relative changes in the characteristics of vibrations on
the surface relative to the characteristics of vibrations of so-called reference site to which
the initial intensity is attributed. In Russia the reference sites are sites with average seismic
properties of ground conditions of certain territory. In Armenia and Georgia sites with the
worst ground conditions are generally considered as reference, although in some cases
they can be averages. In the United States the reference sites are Rock sites. In former
USSR sites with standard ground conditions traditionally were chosen after macroseismic
investigation of historical strong earthquakes.

Sites with the same intensity are combined in different seismic zones. Engineering-
geological, hydrogeological and geomorphological conditions are taken into account.
On the other hand, the target of seismic microzonation is development of initial data
of various levels of seismic impacts for structural engineering and urban planning. The
territory is divided into a grid with equal cells. Further the parameters of the forming
characteristics of ground conditions in each of these cells are defined, which requires
active use of GIS technology [Zaalishvili, Berezko, 1999]. In particular, such studies have
been carried out in 2000, in the process of implementation of the international project
for a large area of Tbilisi, with various types of soils, in different physical conditions
[Zaalishvili et al., 2001].

In general, the process of seismic microzonation can be divided into three phases. In
the first phase, initial regional seismic characteristics of the earthquake at rock level are
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determined for each cell. In the second stage, the site profiles are modeled on the basis
of the results of the drilling and field testing. The third phase includes an analysis of the
expected response of sites to evaluate characteristic of earthquake on the surface and
interpreting the results of microzonation [Ansal et al., 2004, 2010]. When the available
data of engineering geological zoning (usually the results of surveys of past years) do
not correspond to modern requirements (for example, insufficient data on fill content
in gravels), the instrumental studies based on some selected grounds in the territory is
essential for the reliability of the final result.

In the paper approaches used abroad is combined with techniques of Russian-
Georgian school of seismic microzonation, especially instrumental method which is
the primary method of SMZ. Seismic process is a complex multifactor process, so final
maps of seismic microzonation are based on the results of integrated use of instrumental,
calculational and recently developed instrumental-calculation methods. On the basis of
this approach in 2010 SMZ Map of Vladikavkaz city was developed (Figure 2).

+ KAPTA - CXEMA CEMCMMYECKOND MUKPOPAROHHUPOBAHHA TEPPUTOPHM rENAOMKABKAZA

Fig. 2. Seismic microzo-
nation Map of the terri-
tory of Viladikavkaz city
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4. Vulnerability of buildings and structures

Tables 1-2 show number of damaged buildings, degree of damage d and the
corresponding values of the damage coefficient DR for different intensity levels 1.

The value of the damage coefficient above 30% from an economic point of view
should be considered as very high for repair and, therefore, can be considered 100% loss
for functioning in certain cases.

Each intensity level in the macroseismic scale represents a certain number of buildings
that must be exposed to a certain extent within the range of damage levels from 1 to 5.

Vulnerability value for a building of types A, B, C, D, taking into account the data in
Table 1 and Table 2 at various levels of macroseismic intensity can be calculated using
the following expression:

v, =3 N.(DR), @

It must be noted that “averaged” express assessment technique based on MSK-64
scale concept is applied. It is applicable for the most of the buildings of the investigated
area and allowed to make assessment in a short time. Specifics of new building types as
for the site 1 are considered in section 8. Life-cycle cost and seismic reliability analysis
could give more precise and detailed result [19].

Table 1.

Number of damaged buildings N (% of total) with corresponding degree of damage
d at different intensity levels on the MSK — 64 scale [Sobolev, 1997].

Building type
Seismic A B C D
intensity
. MSK.. [Number Number Number Number
6’ 4 scale of dam- |Degree |ofdam- |Degree |ofdam- |Degree |ofdam- |Degree
aged of dam- |aged of dam- |aged of dam- |aged of dam-
buildings, | age d buildings, |age d buildings, |age d buildings, |age d
N (%) N (%) N (%) N (%)
10 1 15 0 50 0 65
35 2 35 1 50 1 35 1
7 50 3 50 2
5 4
10 2 10 1 10 0 45 0
35 3 35 2 35 1 50 1
8 50 4 50 3 50 2 5 2
5 5 5 4 5
15 3 10 2 10 1 15 0
35 4 35 3 35 2 50 1
9 50 5 50 4 50 3 35 2
5 5 5 4
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Table 2.

Degree of damage d and the corresponding values of the damage coefficient DR
[Sobolev, 1997]

Degree of damage d 1 2 3 4 5

Damage coefficient

DR 0.02 0.10 0.30 0.80 1.00

In the study area, four structural types of buildings were identified. For each type, a
seismic vulnerability was calculated. The value of the degree of vulnerability lies in the
range 0 <V < 1. The closer V is to unity, the higher the vulnerability of the building. A
value of 1 corresponds to the complete collapse of the building. The results are presented
in Table 3 and in Fig. 3.

Table 3
Vulnerability V), corresponding to four types of buildings
on the MSK-64 [Sobolev, 1997]
Building Macroseismic intensity on MSK-64 scale
type \% VI VII VIII X XII
A 0.001 0.015 0.227 0.565 0.825 1
B 0 0.001 0.057 0.227 0.565 1
C 0 0 0.010 0.072 0.227 1
D 0 0 0.002 0.015 0.06 1
1,2
1+ —
0,8 +
0,6 1
>
0,4 +
0,2 +
01 — : : : :
Vv VI VII VI IX Xl
-0,2
|
—A —B C D

Fig. 3. The dependence of the vulnerability of buildings V from the intensity 1
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5. Seismic risk assessment

On one or another urbanized area, the population, buildings and structures, various
communications and socio-economic activities are considered as the “elements of risk™.
Buildings and life support systems form an “artificial environment”. Physical losses of
the elements of risk, which may result from a particular earthquake scenario, require an
extensive and comprehensive collection of “inventory” or initial data, i. e. the collection of
the following information: demographic distribution at different times of the day; building
stock and its typification; life support systems and infrastructure (main roads, railways,
bridges, overpasses, public transport, distribution of electricity, water supply, sewerage,
gas supply, telephone communications, including cell towers and the possibility of their
operation at maximum loads), including their nodal points (stations, pumps, switchgears,
storage systems, power transmission towers, sewage treatment plants, airports, seaports,
etc.); main and critical facilities (dams, power plants, large chemical and fuel storage
tanks) in the form of GIS databases. In fact, the issue is to develop the main elements of
the domestic HAZUS system [HAZUS, 1999, 2014]. The vulnerability functions of the
elements at risk represent the possibility of its response to an earthquake exceed its various
limit states based on physical and socio-economic impacts. Vulnerability assessments are
usually based on the analysis of the previous earthquake data (the observed vulnerability)
and on the analytical studies (predicted vulnerability). The main physical vulnerability is
associated with buildings, infrastructure and life support. Secondary physical vulnerability
is associated with consequential losses. Socio-economic factors of vulnerability include
accidents, social disruption and injuries, as well as economic consequences, not only
associated with damage to the facilities but also production downtime, supply disruptions,
etc.

To construct scenarios of losses, caused by earthquakes, vulnerability matrices,
which link damage classes to impact intensity, must be used. The principles, underlying
the MSK-64 scales and the new developed domestic seismic scale of the MSK type, will
be used for the territory of the North Caucasus. Several approaches will be used to assess
the losses directly under the conditions of various earthquake scenarios and average
losses (for the different probability of nonexceedance) and a comparative analysis will
be performed.

HAZUS is a standardized methodology for estimating earthquake losses implemented
in GIS [Whitman and Lagorio, 1999]. HAZUS provides a quantitative estimate of losses in
terms of direct costs to repair and replace damaged buildings and life support components;
direct costs associated with the loss of function (for example, loss of business income);
victims; people who have lost their homes; expenses for the elimination of blockages;
regional economic implications; loss of functionality in terms of loss of function and
recovery time for buildings, critical facilities such as hospitals and life support systems.

KOERILoss is a software developed by Earthquake Engineering, Bogadishi University
(Kandilli Observatory and Earthquake Research Institute (KOERI)). The software uses
a loss estimation methodology (probabilistic or deterministic) developed by KOERI to
perform the analysis for estimation of potential losses from earthquakes. The Code or
Norms for the assessment of seismic scenarios was developed by the Italian National
Seismic Service (SSN) [Di Pasquale and Orsini, 1997]. This model uses seismic intensity,
which supposes its adaptation to the Russian MSK scale.

According to the definition, the risk is the probability of economic and social damage
for a given territory over a certain period of time.
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It is possible to assess risks, expressed as a percentage of losses for individual
elements of risk or in monetary terms of these losses. The percentage of seismic risk is
more convenient because such expression is more stable for certain elements of risk. The
percentage ratio of losses does not depend on inflation and makes it possible to compare
the results of assessments according to the materials of different countries, regardless of
the ratio of the currency rate.

The area of the study was located on the territory of 1.35 km?; Gorky Street
was considered as its southern border, the northern boundary passed along the of
Dzhanaev Str., Markov Str., Osipenko Lane and Shchukin Brothers Str.; in the west, the
region stretched to the Terek River, and in the east it was limited by the corresponding
line of the constructed Vesna district. The built-up part of the area was conditionally
divided into six approximately equal sites, which are named from east to west: 1) Vesna,
2) Balkinsky passage — Pionerov Street, 3) Pionerov Street — Lermontovskaya Street, 4)
Lermontovskaya Street — Frunze Street, 5) Frunze Street — Lenin Street 6) Lenin Street
— Terek River. Within each of the site, on the vector graphic, various objects and their
number of storeys (separate houses and their groups, schools, institutes, administrative
and public buildings, markets, etc.) were allocated, for each of which constructional
types of buildings (A, B, C, D) and their number of storeys were established (Fig. 4).
Constructional types of buildings were chosen while considering the design estimation
documentation, as well as during the inspection of structures in-situ. The researchers of
the institute were involved for this purpose. In each of the above-mentioned sites, its total
area was determined, as well as the total area occupied by various built-up objects.

Data for some types of damage calculation is necessary in order to estimate the total
damage:

— L, is economic damage as a result of damage and (or) destruction of residential
buildings and structures;

— L, is economic damage as a result of damage and (or) destruction of urban
infrastructure (excluding indirect losses);

— L; is economic damage as a result of damage and (or) destruction of buildings for
social welfare services (institutions of management, health care, etc.);

— L, is social damage.

Damage caused by the secondary effects of earthquakes is taken into account by
introducing specially designed multiplying coefficients for additional costs associated
with the mitigation of the consequences (caused by the soils deformation, landslides,
mudflows, etc.) including those connected with the impact of additional engineering
protection structures from hazardous processes.

The total economic losses L is calculated as the sum of individual types of losses for
all zones of varying intensity [Balassanian et al., 1999]:

J
L; = ]El Sij x Vl] x Cz'j (4)
where, §; is building stock density of type j in the zone with intensity i; ¥},
average vulnerability of a single object; C;; is the average cost of a single object.
Distribution of economic losses during an intensity 8 earthquake is shown in Fig. 5,
which clearly shows that the largest economic losses should be expected in areas 2 and 3,
which, first of all, is due to soil conditions. At the same time, the risk of economic losses
for site 1 (“Vesna” micro-district) is insignificant, due to the fact that the development
of this area consists entirely of D-type buildings. At the same time, considering possible

1S an



Geology and Geophysics of Russian South 10(3) 2020 ['eonorvs n reopuanka fOra Poccmt - 105

tilting of buildings caused by soil liquefaction, an economic risk will increase several
times and according to our assessments will be about 400 million rubles (damage to about
30% of building stock).

West East

gntovskaya Pioncrov Strect -

Terek River Frunze Street - Leny M e Balkinsky passage -  Microdistrict
Embankment - ireet MErunze Street Lermontovskaya - =
Lenin Street Street “Yasng™

103458’ 96070m’ 62870m° 354320’ 28532m’ 29427w’

o
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Fig. 4. Initial data for seismic risk assessment

Economic losses in the case of 8 points earthquake

Lenin str. —Frunze str.
179.1 mil. rub.

Lermontovskaya str. — Pionerov str.
697.9 mil. rub.

Microdistrict

“Vesna™
Frunze str.- Lermontovskaya str. 70.6 mil. rub.
452.8 mil. rub.

Terek River-Lenin str. Pionerov str.- Balkinsky passage
194.9 mil. rub. 561.6 mil. rub.

% taking into account possible soil liquefaction,
economic losses for site No. 1 will increase to 400 mil. rub.

Fig. 5. Expected economic losses in the case of 8 points earthquake for Vladikavkaz
(for average soil conditions)

5. Results and discussion

Based on the analysis of the results of geological surveys on Kuybyshev Street on
the territory of Vladikavkaz six sites with different soil conditions were identified. Then,
using the method of expert assessments, rating evaluations of the soils of the foundations
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According to detailed seismic zoning and seismic microzonation data, the calculated
intensity for the indicated site varies within 7-9 points.

Analysis of the calculation results shows that, depending on the type of buildings,
the vulnerability varies widely. It can be well seen that the modern development of
the “Vesna” micro-district is sharply distinguished by the minimality of the predicted
vulnerability. Here it is almost zero at 6-9 points of impact. On the other hand, an analysis
of the instrumental records of stations located in different soil conditions shows that this
region is characterized by a significant seismic hazard due to the foundation soils in the
form of a thick layer (20 meters or more) of clayey soils with a free-flowing consistency.

The results of the analysis of the worst effects of earthquakes show that the base plates,
although they prevent the effect of the uneven settlement on the integrity of buildings,

Fig. 6. Micro-district Vesna, Viadikavkaz
Mmax ="7.1. Photo: T. V. Zaalishvili

Fig. 7. Soil liguefaction June 16, 1964, Niigata, Japan,
M max = 7.5 . Photo: Joseph Penzien
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with soft base soils make them very vulnerable to tipping. Examples of such accidents
are well known (Niigata, 1964). In general, the question of the traditional increase in
the intensity of a site in order to enhance them is still controversial, since even a second
sagging of individual parts of a heavy building will lead to significant damage. Some
authors believe that buildings are not recommended to be strengthened and believe that it
is even harmful because, on soft soils, a heavy building may simply “sink™ in the ground.
Therefore, it is necessary to implement special measures to strengthen the soil itself.

When implementing the seismic impact of the expected level, and, as noted above
this is the magnitude of M = 7 with an earthquake intensity of 9-10 points in the epicenter,
an earthquake that is generated directly in the southern part of the city, will have the same
intensity in the investigated site.

Considering that soil liquefaction usually takes place for flooded soils already with
8-point intensity, a very realistic manifestation of a seismic event similar to Niigata (Fig.
7.) seems quite feasible at the “Vesna” site (Fig. 6). It should be noted that during the
Niigata earthquake (Japan, 1964), good quality houses simply lay on the ground almost
undamaged. With minimal social losses, the economic damage was great. For site No.
1 (Vesna), represented by the ground layer, which contains a layer of soil of flowing
consistency, the economic loss a priori will increase by 2.5 times and, according to
calculations, will amount to 400 million rubles. (Fig. 5.). Due to the very high quality of
buildings, by the way, designed for 8 points, social losses here will be minimal. Social
losses during earthquakes are mainly determined by the level of damage to buildings and
structures. At the same time, the so-called secondary effects in the form of landslides, soil
liquefaction, floods can become defining and abnormally high at a certain confluence of
negative factors. As noted above, it is necessary to note the problem of fires, which often
accompany destructive earthquakes due to completely regular violations of gas pipelines,
power lines, etc.

But the most of the buildings are masonry type, especially in historical regions,
some of them are unique and needs special approach for vulnerability assessment and
reinforcement techniques for risk mitigation.

Conclusions

Finally the issue of seismic risk assessment implementation technique in the North
Caucasus consists in adoption and developing the main elements for the analog of HAZUS
system. To construct scenarios of losses, caused by earthquakes, vulnerability matrices,
which link damage classes to impact intensity, must be used. The principles, underlying
the MSK-64 scales and the new developed domestic seismic scale of the MSK type, will
be used for the territory of the North Caucasus as it shown for the test area of Kuibisheva
street in Vladikavkaz city. Several approaches will be used to assess the losses directly
under the conditions of various earthquake scenarios and average losses (for the different
probability of nonexceedance) and a comparative analysis must be performed.
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Pe3tome: AKTyanbHOCTb paboTbl. B HacTosLee BpeMs s MHOTUX HeApOMoNib3oBateneii ra Poccun
NPeAcTaBnaoT UHTEpPeC HeddTera3onepcneKkTUBHbIE 00bEKTbI HErMYy6OKOro 3aneraHus B BUAy He6OJbLINX M0-
TEHLUManbHbIX 3aTPaT Ha UX 0CBOEHMe. [laHHas paboTa NoCBALLEHa N3Y4eHN0 NOA06HOro 06bLEKTa, CBA3AHHOM0
C NepcrnekTMBamMun BbISIBIIEHNS HEAHTUKUHANBHbLIX NOBYLUEK YINEeBOAOPOAHOr0 Chipbs. Llenb uccnepoBaHus.
B xope ceiicmopa3seoyHblx pa6oT 2008-2019 rr. Ha Tepputopun Kapanatckoro NIMLEH3WOHHOIO y4yacTka
(AcTpaxaHckas 0651acTb, BOCTOK KapakynbCko-CMYLIKOBCKOM 30HbI MOAHATWAA) N0 CENCMUYECKUM aHHBIM Oblsl
BbISIBJIEH YHWKA/bHbIA N0 pasmepam 1 popMe Ans AaHHOTO panoHa UCCIef0BaHUs ManeopycroBoil 0ObLEKT,
NPUYPOYEHHbIA K 3DO3MOHHOMY BPE3Y M0 KPOBJIe BEPXHEMEN0BbIX OTI0XKEHMA. OCHOBHbIM HanpaBfeHneM Uc-
CNefl0BaHNA ABMANOCh U3Y4eHUE ero CTPOeHMs, NPUPOabI U NepcnekTns ocBoeHus. MeTofbl MccneaoBaHus.
13y4eHne 06beKTa NPOBOAMNOCH HA OCHOBE UMEIOLLUXCSH AaHHBIX CElicMopasBeku (MeTof 06LLen rny6buHHON
TOYKM, [BYMepHas moaudukaums). BeinonHeHa 06paboTka U MHTEPNpeTaumus HaKOMIEHHOro CeiCMUYeCcKoro
marepuana, CAenaH paclMpeHHbIN aHann3 CKopocTei, NPOBeeHbI CTPYKTYPHbIE NOCTPOeHUs. [poBeaeHo uc-
CNnefj0BaHNe AMHAMUKL BOTHOBOM KapTWUHbI HA KA4€CTBEHHOM YPOBHE 1 NyTéM aTtpubyTHOro aHanu3sa. Monyyex-
Hble pe3ynbTathbl. [aneopycno oopMrpoBanock, NPEANoNIOXMTENBHO, B HEOTEHE, B YCIIOBMAX HAKNOHA Teppu-
TOPUM C CeBepa Ha tor. B xoe ero n3y4eHus 6bIsio YTOYHEHO CTPOEHNE, KOHDUTYpaLns, NpeaBapuTesibHo oLe-
HEeHbl 0CO6EHHOCTM 3areraHus cnaratoLmx nopog. NMpoTsHXEHHOCTb 06LEKTa N0 ocK — 25,4 KM, nnowaas — 65,4
KB. KM, rny6uHa — 750-1050 M. TouHyto cTpaturpacpuyeckyto NpuHaLIeXXHOCTb BbINOSTHSAIOLMX BPe3 0CajKoB
eLlé npefCcToUT YTOYHUTL B BUAY OTCYTCTBUA COOTBETCTBYIOLLMX AAHHbIX [yO6OKOro 6ypeHus Ha Tepputopumn
uccnefoBaHus. PesynbTatbl NPUBA3KN K CKBXUHAM CONPeenbHOro KUpMKMIMHCKOro y4acTka yKasblBatoT, 4T0
BMELLAIOLLIME NOPO/bI OTHOCATCA K BEPXHEMY MeSy, Ha OTAENbHbIX Y4aCTKax BPe3 JOCTUraeT U HIKHEMENOBbIX
0cafKoB. I3y4eHne aHanornyHbIx 06bEKTOB 1 UCTOPUS FE0NOMMYECKOro PasBnUTUs pailoHa No3BONSIOT NPeano-
NOXWTb, YTO BbINOJTHAKOLLE BPE3 NOPOAbLI OTHOCATCA K NAnOLeHy. ccnefoBanmns yKasblBaT HA TO, YTO 0OBLEKT
NPUYPOYEH K rMaBHOMY pyCny LpPeBHeN [eSibTbl UMW HUXKHEMY TEYEHWUIO PEKU, aHAJIOTMYHOA COBPEMEHHOI P.
Bonra. ueprus BOSIH, OTPAKEHHBIX OT TOPU3OHTOB 3aMOJTHSAOLLMX NMOPOS, BbILLe, YeM OT FrOPU30HTOB BMELLA-
IOLLMX, YTO HEXApaKTepHO ANS W3BECTHbLIX NaneopycnoBbiXx 06bLEKTOB COMpPeAesibHbIX TepPUTOpuit. Mpu cko-
POCTHOM aHasnM3e BOSTHOBOr0 Nons 0TMEYeHbl aHOMaNnbHO HU3KNE 3HA4YeHUs SDMEKTUBHBIX CKOPOCTEl B 30He
06bekTa. B pesynerate nosiy4eHo NOATBEPXAEHNE NANeopycrioBoi NPUPOAbI 06LEKTA, YCTAHOBMIEHO CNOXHOE 1
HENOCTOAHHOE 3asleraHune Nopoj C NpuU3HaKaMmu narTepanbHON CMeHbI IMTONIOrMYECKOro COCTaBa, BO3MOXHOI0
Hanuuusa ONonaos. MonyveHHbIe JaHHble NO3BOSMAU NPeBAPUTESIbHO OLEHUTb NePCNeKTUBbI HeDTEra3oHOC-
HOCTU NasieokaHana U HameTuTb NNaHbl AaNbHEMLLIero U3y4yeHus reon3n4ecKmMn MeToAamu, a Takxxe nocra-
HOBKW NOUCKOBOr0 6ypeHus.

KnioueBble cnosa: ceiicmopassegka MOIT-2D, 06pa60Tka, MHTEpRpeTauus, naneokaHasn, HeaHTUKNHANb-
Has NOBYLLUKa, HeTb, ras.
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Abstract: Relevance. Today carbohydrates blocks holders in south of Russiatake an interest inoil and
gas potential objects with superficial bedding because of its reasonableexplorationcosts. This research work
is devoted to study of so object concerned with carbohydrates traps revelation prospective. Aim. The unique
because of its size and shape paleo-channel object confinedwith erosive cut on the top of cretaceous sediments
was discovered with seismic data as the result of seismic prospecting works in 2008-2019 on the Karalatskiy
block (Astrakhan region, East of Karakulsko-Smushkovskaya uplift zone). The main direction of the research
was the studying of its structure, origin and exploration prospective. Methods. The study was based on available
seismic data (common reflection point method, 2D modification). Processing and interpretation of total seismic
data volume were realized, expanded velocity analysis was performed, structure mapping were carried out. The
qualitative leveldynamic analysis and attribute analysiswere realized. Results. It is supposed that ancient riverbed
were forming in Neogene in condition ofinclination of territory in south direction. The structure and configuration
of this object were defined more precisely and bedding peculiarities were preliminary estimated during studying.
The extension of the object is 25.4 kilometers, the area is 65,4 square kilometers, the depth is from 750 to 1050
meters. Exact stratigraphy of sediments filling up the cut, needs to be defined more exactly because of lackof
boring data on the field. The results of matching with wells of neighbor Kirikilinskiy block show late cretaceous
age of base rocks, some spans of the cut reach lower cretaceous sediments. The study of similar objects and
geological history of the region allow supposingthat rocks filling up the cut belong to Pliocene. Research shows
that the object isconfined to mainchannel of ancient delta or lowerpart of ancient river similar to present-day Volga
River. Filling up rocks horizons reflected waves energyis higher than for base rocks, this occurrenceis not typical
for paleo-channel objects of contiguous areas. Abnormally low values of RMS velocities were detectedduring
the velocity analysisin the object area. The confirmation of paleo-river genesis of the object was achieved as the
result, complex andinconstant structure of the rocks with lateral lithology changing andpotential presence of
fluids was detected. The result data allowed to estimate preliminary perspectives of oil and gas content for the
paleochannel and to outline the subsequent geophysical study and exploration drilling performance.

Keywords: explorationseismology 2D, processing, interpretation, paleochannel, non-anticlinal trap, oil, gas.
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BeeapeHne

B npenenax FOxHoro ¢enepansHoro okpyra P® 3HaunTenbHBIN HHTEpEC TSI KOM-
MEpUYECKOTO OCBOEHHUSI MAJIBIMH HEIPOTIOJIb30BATENISIMH C YUETOM COBPEMEHHBIX YCIOBUI
MIPEICTABISAIOT HePTEera3onepcrnekKTUBHbIE 00BEKTHI, PACMOI0KEHHBIE HA CPABHUTEIIBHO
HEOONBIINX MTyOMHAX, TaK KaK 3TO MO3BOJIIET COKPATUTh BOSMOXKHBIE 3aTpaThl Ha MOUC-
KOBOE€ U pa3BenouHoe Oypenue. MccnenoBarenu roro-3anaaHoi yactu [Ipukacnmiickoit
BIIQJMHBI B MOCJIEAHEE BpeMs BCE yale oOpamlaloT BHUMaHUE Ha MEePCIEeKTUBbI KaitHO-
30HCcKOrO (T.H. TPeThsl He(hTEra30HOCHAs TOJIIIA) KOMILJIEKCA OTIIOKEHUH, CBA3aHHOTO C
aNmepoHCKUM U OakuHCKUM sipycamu [IIpixanoB u ap., 2016]. B nanHoii crathe pac-
CMaTpPUBAETCS BBISBICHHBIN 110 CEMCMMUYECKUM JaHHBIM MaJICOpPYyCI0BON O0BEKT (Mmae-
OKaHall), pacIojIoKEHHBIN B mpeaenax KapamaTckoro JMIIEH3MOHHOrO y4yacTka AcTpa-
XaHCKOM 00JIaCTH, TaK)K€ CJIIOKEHHBIH KaWHO30HCKHUMM OTJIOKEHHSIMHU W SBISIOLIUHCS
MEPCIEKTUBHBIM Ul TTOMCKA JIOBYIIEK YITIEBOAOPOAOB. B TEKTOHMYECKOM OTHOLIEHUU
JTAHHOE MaJIe0PyCII0 MPUYPOUYEHO K BOCTOUHOM yacTH Kapakynbcko-CMyIIKOBCKOM 30HBI
MOJHATHH, PACIIOIOKEHO B HEMOCPEICTBEHHOM OMU30CTH OT ceBepHOro ckioHa Kambl-
3siKcKorO Basa. TeppuropuanbHo 00beKT oTHOCHTCS K Kambizsikckomy u [IpuBomKckoMy
paifoHam 00JIacCTH M HAXOAMUTCS B 30HE JOCTAaTOYHOM JOCTYIHOCTH Kak JUIs HUCCIeI0Ba-
HUl cyxonmyTHO# ceificmopassenkoit MOI'T-2D/3D, Tak u 1y rirybokoro OypeHusi.

OOBeKT BriepBbIe OBUT 3aMEUEH Ha JaHHBIX peAKoi cetu npoduieii cbémkn MOIT-
2D, nocrasnenHoi B 2008-2009 rT. ¢ 1e/1bI0 UCCAEAOBAHUS JE€BOHCKO-KAMEHHOYTOJIb-
HOTO TIEPCIEKTHBHOTO KOMIUIEKca. llepBoHauanbHO OBLIO CAETAHO TMPEAIONIOKEHUE,
YTO BBIJIEJIEHHASI 110 KPOBJIE MEJIOBBIX OTJIOKEHUH HEOAHOPOAHOCTH SIBISIETCS MPOTS-
#KEHHBIM TpabeHoM. OJHAKO MOCJe MOCTAaHOBKH JeTann3anuoHHo cbémku MOI'T-2D
B 2010-2011 rr,, 1es1bt0 KOTOPOU SBIISIOCH YTOYHEHUE CTPYKTYPhI ME3030MCKHUX OTIIO-
KEHUH, CeTh CelicMOpa3BeOUHBIX MPOQuIeii B 30HE JAHHOTO 0OBEKTa CTyCTUIIACh, YTO
MIO3BOJIWJIO U3YYUTh €TO JIE€TAJIBHEE.

Crnenyer OTMETHUTD, YTO B XOZ€ MPOBEAEHHBIX B MPOILIBIE OBl UCCIIEIOBAHUN pac-
CMaTpHUBaEMBbI{ MAJICOKaHAJ BBIACISIICS U KapTUPOBAJICA JHUIIL B OOMIMX YepTax H3-3a
0O0JBIIIer0 BHUMAaHUs K APYTUM OOBEKTaM, OTHOCSIIIMMCS K KapOOHY, I0pe, HIKHEMEIO-
BBIM M YETBEPTUYHBIM OTJIIOKEHUSIM OH HE U3Yy4aJiCs JI€TaJIbHO.

LleAb UCCAEAOBOHMUSI

[{enbro HACTOSIIETO UCCIETOBAHMS SIBISIIOCH ETAIbHOE U3YyUEHHE CTPOSHHUSI, UCTO-
PUHM TEOJIOTUYECKOTO PAa3BUTHS, OINpeNeeHHEe IJIaHOB JajdbHEHIero MccieaoBaHus U
paccMOTpeHHe MEePCHEeKTUB MPOMBIIIIEHHOTO OCBOEHUSI pacCMaTpUBaeMOro IMajeopyc-
JIOBOTO 00BEKTa C YU4ETOM BO3MOXKHOTO HAJIMYUS JIOBYIIEK YIJIEBOJOPOIHOTO CHIPhS B €r0
npenenax. B Buay Hanuuus Junib ceHCMUYECKOro MaTepuaia Mo IJIom@aan UCClleoBa-
HUS, TJIAHUPOBAJIOCH U3BJICUEHUE MAaKCUMaJIbHOTO 00bEMa JTOCTYNHON HH(pOpMaLuu U3
CEeHCMHYECKHUX JaHHBIX, a TAKXKe UCIIOJIb30BaHUE CBEACHUN O CTPOCHUH paiioHa B IIEJIOM,
OTIbITA U3YUYEHHS CXOXKUX OOBEKTOB U OTJIOKEHUI 110 COCETHUM TEPPUTOPUSIM.

MeToaAbl NCCAEAOBOHUS

HccnenoBanue BHIMOIHEHO O BEIOOPKE celicmuueckux mpodumneit MOI'T-2D, otpa-
00TaHHBIX ¢ BUOOMCTOUHUKOM (1ar Bo30yxaenus 40-100 m; mar npuéma 20-50 M, 1uHa
roporpada 3-5km, kpatHocTs OCT 60-75) B 06pEMe okono 300 kB. kKM (HEMOCPEACTBEH-
HO B 30He 00BekTa), moiaydeHHoro B 2007-2011 rr. ans CTpyKTYpHOTO KapTHPOBAHHS
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B MacmTabe 1:100000 B xo/e MOMCKOBBIX paboT Ha HE(PTH U ras, BelMoIHEHHbIX OAO
«AcTpaxaHckas reouznueckas sxkcreaulusy. OCHOBHBIMU METOIUYECKUMHU PUEMaMHU
SIBJIIJIUCH CTPYKTYPHBIE ITOCTPOEHUS, aHAJIN3 CTPYKTYPHBIX IPU3HAKOB, IMHAMUYECKUN
(arpuOyTHBHBII) aHAJIN3 CEHCMUYECKOH 3allMCH Ha KAaU€CTBEHHOM YPOBHE.

B Buay orcyTcTBUS CKBaXKHH TiTyOoKoro OypeHus B npenenax Kapanarckoro iuieH-
3MOHHOTI'0 Yy4acTKa, U3yuYeHHE pacCMaTpUBAEMOro MajeopyciOBOro 00beKTa NpOBOMIOCH
TOJBKO O CeHCMHMUYECKUM AaHHBIM. CTpaTturpaduueckas NpuBs3Ka ceHCMUUECKUX JaH-
HBIX K CKBQ)XMHHBIM JIaHHBIM B IIpeJieaxX TEPPUTOPUU UCCIIEJOBAHUS HE BBINOJIHAIACH
B BHJly OTCYTCTBMsI CKBAa)XMH IIyOOokoro OypeHust B mpenenax Kapamarckoro ydacrka.
JU1s IpUBS3KM MCIOJIB30BAJIMCH CKBAKUHBI COMPEAEIBHOT0 KMPUKMIMHCKOIO ydacTka,
KOppeJsLus TOPU30HTOB ObLIa BhIBE/IEHA HA HUX Yepe3 UMEIOIIUiics cyOperuoHanbHbIHN
npoduiib, NepeceKarouii HECKOJIbKO COCEAHUX YUaCTKOB.

B xonme o6pabotku marepuania MOI'T-2D B 3amofHSIOIIMX PYCIO TEPPUTECHHBIX
ocaJikax ObUIO OTMEUEHO aHOMAJIbHOE CHIDKEHHE 3(PPEKTUBHBIX CKOPOCTEH OTpaskEHHBIX
BOJH (Ha (hOHE BMEIIAOLICH TOMIIM KapOOHATHBIX MOPOJI BEPXHEMEJIOBOTO BO3pAcTa).
JlaHHast aHOMauus CBsI3aHA C COOTBETCTBYIOIIMM IIEPENAJOM IUIACTOBBIX ckopocTei. [1a-
JICHUE CKOPOCTH YNPYIHX BOJIH B Ipejenax 00beKTa TakKe Hallllo BBIPAXKEHHE B BHUJIE
«3aTSKKW» OTPAKEHUI KPOBJIM HUYKHETO MEJIa, KPOBIIM IOPHI 110]] NAJIEOKAHAJIOM Ha Bpe-
MEHHBIX pa3pesax (puc. 26). YoMsHyTOe CMEIIeHUEe FTOPU30HTOB ObUIO HCIOIb30BAHO
JUISL TIPEABAPUTENIBHOTO OIPENEIEHUS] MHTEPBAJIbHONW CKOPOCTH TOPOJ, 3alOJIHMBIINUX
9pO3uOHHBIN Bpe3. PacuéTHoe e€ 3naueHne cocraBuino 2200 m/c, 4TO COOTBETCTBYET CKO-
POCTH TEPPUTEHHBIX OTIOKEHHI 0XKH1a€MOI0 cOCTaBa Ha JaHHOHU rityouHe. CkopocTHas
«3aTsHKKa» TaKKe MO3BOJISIET CYIUTh O NIyOHMHE Bpe3a MpH CIMKHOCTAX B pa3JesieHUH
OTpPa)KEHUH OT MOPOJI, BMEIIAIONINX U 3anoiHsromux naueopyciao [Dow, 1978; Turhan
et al., 1998].

OtnenpHbIE Y9aCTKM BPEMEHHBIX Pa3pe30B, B IPEEIaxX KOTOPIX IPUCYTCTBYIOT pa3-
PBIBHBIE HApYILICHUs, XapaKTEPU3YIOTCS PE3KUM YXYAUIEHHEM IPOCIIEKUBAEMOCTH OT-
pa’karoIUX TOPU30HTOB IOJ] MAJEOKAHAJIOM, YTO SIBJISIETCS] IPU3HAKOM 30H JIOKAJIBHON
TPELIMHOBATOCTU. JlaHHOE SIBJIEHUE MOATBEPIKIACT, YTO HUCCIEAYEMBbIi OOBEKT MOXKET
OBbITh MAJCOKAHBOHOM, A TaK)XX€ YKa3blBae€T Ha BO3MOXXHOCTh BEPTHUKAJIBbHOM MUIpAIUH
YIJIEBOAOPOIOB IO PA3IOMaM U3 HIDKEJIeKAIUX He(TeMaTepuHCKUX TOJI B IecyaHble
Tesa naneopycia. Oaona0npoBOAUMOCTb Pa3JIOMOB MOXKET OBbITh YTOUHEHA C TTOMOLIBIO
aHaJIM3a CEMCMUYECKUX JIaHHBIX 10 ClIEUaIbHBIM METOAUKAM [AKkpamxokaes, 1986].

ITo cymmapHBIM BpEMEHHBIM pa3pe3aM ObLT TaK)Ke BBIIOIHEH aTpuOyTHBIN aHau3,
IIPUMEp PE3YJIBTaTOB KOTOPOTO NPEACTABIEH HA PUCYHKE 1.

Pacnpenenenue 3naueHnii aTpulyTa «Xaoc», CBI3aHHOTO € PEryJIPHOCTBIO SHEPTHH
Ha pas3pese, XapaKTepu3yeTcss HaJIMUMsAMU aHOMAIUN B IpeJesiaX pycioBOro o0beKTa u
O/ HUM, OTPAXKAIOIINUX CIOXKHOCTh ()OPMBI U HEBBIIEPKAHHOCTD OTPAXKAIOLINX I'PAHUIL
HOpOJ, 3aMOJHUBIIUX Bpe3. PacnpeneneHne 3HaueHNt MTHOBEHHOH (ha3bl, MOT4EPKUBa-
I0IIee OCH CUH(A3HOCTH, MO3BOJISIET YBUAETh Pa3inyie CTPYKTYpbl HOPOJ, BMELIAIOIINX
Y 3aIlOJTHUBILUX 3PO3HUOHHBIN Bpe3, OTHOBPEMEHHO YTOUHUB CIOXKHYIO KOH(UTYypaluio
rpanun nocnennux [Fomel, 2007]. CynuTh 0 3ajeraHuu Mopoj MOXKHO IO aTpudyTy
«TpaJluEHT MATHUTYIbD», PACIPEECIICHNE 3HAUECHUN JTAHHOW XapaKTEPUCTUKHU CEHCMU-
YECKOM 3alKCH NO3BOJISET MOATBEPANUTh HAJIMYKE B MPEAEIax MajgeopyCciIoBOro TeNna He
BBIJIEP>KAHHBIX 110 JIAT€paJIM [1aueK MPOIJIACTKOB C Pa3HbIMU YIVIaMH M1aJICHUS B CEUEHUU
paspe3a. IlocnenHuii aTpubyT MOXKET UCIONIB30BaThCs IS A€TATbHOTO N3yUeHHs 3aroJl-
HUBLINX BPE3 OCAJKOB.
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Puc. 1. @®pacmenm epemennozo ceticmuueckozo paspezano npoguio 0130111 ¢ evioenenuem obracmet
ceuenUsl naneopycilosoeo obvekma (a) u pacnpeoenenue ampudymos: 6 — «xaocy, 6 — MCHOBEHHAs (hasa;
2 — «2paduenm MazHumyowLy. /

Fig. 1. The part of seismic profile 0130111 with paleochannel section areas (a) and attributes assignment:
b — «chaosy, ¢ — instantaneous phase; d — «magnitude gradienty.

[To pe3ynbratam aTpuOyTHOTO aHAJIM3a MOKHO C/ICJIATh BBIBOJIBI:

® [AJICOPYCIIOBas MPUPOJIA H3y4aeMOTo 0OBEKTA, B LIEJIOM, TOITBEPIKIACTCS;

® 3ajieraHue TOpPOJ, 3aMOTHSIOUIMX 3PO3UOHHBIN Bpe3, BEChMa CIIOXKHOE M HEIO-
CTOSIHHOE;

® B mpejeinax Bpe3a BBIABICHO MHOTO HENPOTSKEHHBIX, OJHAKO, JOCTATOYHO aM-
IUTMTYAHBIX OTPAXXCHUH, KOTOPHIM MOYXET COOTBETCTBOBATh CMEHA COCTaBa MopojI, (JIro-
UJIOB;

® ISl BBISIBJICHHS TIEPCIICKTUBHBIX MMECUYAHBIX TEJI, JIACTOB, K KOTOPBIM MOTYT OBITh
MPUYPOUYCHBI JIOBYIIKH HEPTH U ra3a, MOXKHO UCIIOJIb30BaTh CEHCMHUECKUE JaHHBIC, HO
3TH JAHHBIC JOJDKHBI OBITh MAKCUMAJILHO JCTAIbHBIMH, MPEANOUYTUTEILHO — TPEXMEp-
ueivu [ Turhanetal, 1998].

Pe3yAbTATbl MICCAEAOBAHMS

B xone npoBenénHoi pabOTHI yCTaHOBIEHO, UTO O0BEKT MpeicTaBiseT co0oil qocTa-
TOYHO KPYITHBIH 3PO3WOHHBIA BpE3, SBISIOMIMICS, MPEANOIOKUTEIHHO, TOTPEeOEHHBIM
PYCIIOM TaJICOPEKH, 3alOJHCHHBIM TEPPUTCHHBIMH OOpPa30BaHMSIMH, OTHOCSIIUMCS K
OacceiiHy IpeBHEr0 MOps, pacroiaraBplueMycs I0KHEe HCCIEIyeMOro y4acTKa.

Nmerommuecss pe3yabTUPYIONIME CEMCMOPa3BEIOYHBIC MaTepHaIbl MO3BOJISIOT Cle-
JaTh BBIBOJ O KOH(Urypaluu U pasMepax reosiorndeckoro tena. [nyOuHa 10 KpoBiu
0CaJKOB, CIAraloIUX JaHHBIH 00BEKT, coCTaBsIeT 0KoJIo 750, a mo mogomBel — 950-1050
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Puc. 2. Konmyp 3po3zuonnozco epesa na cxeme pacnonoscenus npoguneti MOI'T-2D (a) u nogepxnocms
U30XpOH NO Kposie Mena (U300padicerus noo2omosieHsl agmopamu) (0). /
Fig. 2. Erosive cut contour on the general chart of 2D seismic work (a) and on the isochrones
surface of the top of Cretaceous (b) (authors images).

MeTpoB. PaccmarpuBaeMblii majeokaHaa UMEET MPUMEPHYIO JUIMHY 10 OCH OKOJIO 25,4 KM,
cpenHioro mupuny 110 1,5-2 kM (B nepexxkumax — 0,7-1,3 kM, B Hanbosee MMpoKuxX MecTax
— 3,6 k™), Tuiomaab — 65,4 KB. KM, YTO TIO3BOJIIET PACCUMTHIBATh HA PEHTAOETBHBIC JJIS
OCBOEHHSI IPOTHO3HBIE PECYPCHI YIIIEBOJOPOJOB B ClIydae MOATBEPKACHUSI IEPCIEKTUB-
HOCTH (puc. 2).

CelicMuuyecKkuil TOPU30HT, COOTBETCTBYIOIINN KPOBJIE BEPXHET0 MeJa, 0 KOTOpO
ObLT BBIJIETIEH MaAJIEOBPE3, UMEET B Ipe/eax ydacTka padoT BbAEpKAHHBIA HAKIIOH C
ceBepa Ha 10T OT a0comoTHBIX 0TMeTOK —700M 10 —860 M.

CeBepHee palioHa UCCIIEOBaHUS, HalpuMmep, Ha Tepputopun Bomrorpaackoit 06-
JacTH, 3HAUUTENIbHBIE TI0 Pa3Mepy SPO3HOHHBIE BPE3bl BBIACISIINCH HEOAHOKpaTHO. Ho
Ha TEPPUTOPUHN ACTpaxaHCKOM o0nacTu najeokaHall CPaBHUTENIBHO KPYMHBIX pa3MepOB
(kak B IUIaHe, TaK U MO MOIIHOCTH) OOHapy>keH BHepBble. EcTh 0CHOBaHuUSA Mpenrona-
ratb, 4TO U3y4aeMblii OOBEKT SBJISETCS APEBHUM PYCIIOM PEKH, aHAJIOTMYHOM 110 CBOEMY
pacroyiokeHHio coBpeMeHHo p. Bonra [Boponun, 1999].

OTnMunTeIHEHON 0COOCHHOCTHIO IAHHOTO MajIeOKaHalla P BIJICTICHUHN €T0 Ha Cec-
MUYECKUX pa3pe3ax SBJSETCS BBICOKAsl SHEPTUS U CIOKHAs KOH(PUrypanusi OTpaskeHUui
OT T'€0JIOTMYECKHUX TPaHUL] IOPOJ, BHIOIHSIOLUINX PO3UOHHBINA BpE3, YTO MOXKET CBU/IE-
TEIbCTBOBATh KaK O 3HAYUTEJIbHBIX U3MEHEHHUSX JINTOJIOTUH, TaK U, B OTAEIbHBIX ClIyda-
X, 0 Hauuu QuonaoB. [y G0JabIIMHCTBA KPYIIHBIX APO3UOHHBIX BPE30B JTUHAMHKA
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Puc. 3. Cpasnenue ounamuxu 8onHOB0U KAPMUHbL, XAPAKMePHOUL OJis IPO3UOHHBIX 8pe308 Bonzoepadckotl
obnacmu (a) u paccmampusaemoeo oovekma (Kapanamcekuii 1. y.) (ppacmenm gpementozo
MuepuposanHnozo paspesa no npogunio 0160111; opancesvim nokazana Koppenayus
no kpogie sepxuezo mena) (0). /

Fig. 3. ComparisonofthetypicalwavepatterndynamicsoferosivecutsinVolgogradregion (a)
and of concerned object (part of time migrated section on 0160111 profile;
orange is correlation of Cretaceous top) (b).

OTpakKeHUW BHYTPEHHUX I€OJIOTUYCCKUX TPAHUII 3HAYUTEIHLHO HIDKE, YeM JJIsi BMEIIaro-
x nopon (puc. 3) [Bloomer, 1977].

XapakTepHO# 4epToii OMUCHIBAEMOTO 0OBEKTA TAKKE SIBISICTCS HAMYKE B €T0 Ipe-
JieJIaX 3HAYUTEHHOTO YHCIia HEOONBIINX Pa3IOMOB U 30H JIOKAJbHOW TPEIIMHOBATOCTH.
[To ceficMuuYeCKUM JaHHBIM MOKHO OTMETHUTh HAJIMYUE KPYThIX OOPBIBHCTBHIX OEpEros,
YTO B COYETAHUU CO 3HAYMTEIHHOU IITyOMHOW M (OpMOI Bpe3a MO3BOJSET HA3BATh €ro
najeokanboHOM [Kouubwup, 1979].

HcTopus reosiornyeckoro paspuTus. Pe3ynsraTsl KapTUPOBAHUS U UCCIICAOBAHHS
T€0JIOTUYECKOTO CTPOCHUS BMEIIAIOLINX ITOPOJ] TO3BOJISIOT U3YyUYUTh UCTOPUIO (POPMHUPO-
BaHU U B CBETE €€ paCCMOTPETh MEPCIIEKTUBBI HE(PTEra30HOCHOCTH Nasieokanamna. Ctpa-
TUTpaQUUECKYI0 IPUHAICKHOCT OTIOKEHUH, CIararoliuX U BMEIIAIOIIUX paccMaTpu-
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BaeMbIii OOBEKT, el MPeACTOUT YTOYHHUTH, OJHAKO OOIIME MOMEHTHI (POPMHUPOBAHUS
MOYKHO TUTIOTETHYECKH MPEACTaBUTh. Pyclio peku, BeposiTHO, (hOPMUPOBATIOCH BO BPEMsI
OJTHOM U3 CPABHUTEIBHO JTUTEIBHBIX perpeccuii Mops. bonbinas rmyOuna Bpe3a UMEHHO
Ha paccMaTpUBaeMOM YYacTKe, a TaK)Ke CHJIbHOE MEaHJAPUPOBAHUE MOTYT yKa3blBaTh Ha
JIOKallbHOE BO3/bIMAHHE TEPPUTOPUHU BO Bpemsi (OPMUPOBAHUS PycClia B 3TOH 00IacTu
[Muxaiinos, 1977]. D10 MOXeT Takke OOBSICHUTHh 3HAYUTEIBHYIO IITyOMHY Taieopyciia
Ha JAaHHOM yYacTKE M €T0 MECTHOE COXpaHEHHUE, B TO BPEMsI KaK CEBEPHEE U F0)KHEE PycC-
JIOBBIE OTJIOKEHUS MOIVIM OBITh pa3MbIThl. B nanbHeliem, npyu Havyaje TPaHCTPECCHH U
cMelleHnr 0asuca 3po3uu, IPEBHSS PeKa 3aroIHUIa COOCTBEHHOE PYCIO 00IOMOYHBIM
MaTepuaoM, KOTOPBIA TO3/IHEE ObLT MEPEKPHIT MEITKOBOIHBIMH MOPCKUMH OTJIOKEHUSI-
Mmu [Anekcees u ap., 2005; Anues, 1986; Boponun, 1999].

Crnenyer OTMETUTD, YTO C YUETOM UCTOPUHU T'€OJIOTUYECKOTO PA3BUTHUS M3y4aeMOro
palioHa perroHaJIbHBIM TPEH/I HAKJIOHA C CEBEpa Ha 0T, KOTOPbIM MMEET MOBEPXHOCTH
MOJICTUJIAIONIUX TAJIEOPYCIO OTIOXKEHUM B Halle BpeMs, ¢ OOJIbIIONW BEPOATHOCTHIO
CYIIIECTBOBAJI M BO BpeMsi (POPMUPOBAHMS BMEIIAIONIECTO SPO3MOHHOTO Bpe3a [[mymoB,
2004].

1o pe3ynbraram NpUBsA3KUA CECMUYECKHUX TaHHBIX K CKBaKMHAaM KUpUKUIMHCKUM 4,
6 1 8 Mopo/Ibl, BMEUIAIOIINE MaJeOKaHall, OTHOCATCS K BepXHeMy Mely. B Hanbonee riny-
OOKHMX MECTax BpPE3 IOCTUTACT HUIKHEMENOBBIX OTIOXKeHUH. Crenarh npeanoioKeHue O
BO3pacTe 0CaKOB, BBHITOJIHSIOIIUX SPO3UOHHBIN BpPE3, JOBOJIBHO CIOXKHO B BUAY OTCYT-
CTBUSI U3yUYEHHBIX OypeHHEM aHAJIOTMYHBIX OOBEKTOB Ha COIpPENEIbHBIX TEPPUTOPHUSIX.
OnHako Ha OCHOBE JAHHBIX O MAJICOTCKTOHUYECKONH 00CTAaHOBKE MOXKHO MPEIOIOKHUTH,
YTO pycio GopMupoBasock B HeoreHoBoe Bpemsi. COTIacHO pe3yinbraTaM PernoHaIbHbIX
NaJICOTEeKTOHNYECKUX UCCIIEOBAHUN, B paHHEM IUIMOLIEHE Ha M3y4aeMON TEeppUTOPUHU
npoucxoamio oOMeneHne Mopckoro Oacceitna. [lozaHee mpoucxoanino GopMUpPOBaHUE
MpelaKyarbyIbCKUX TMOJHSATUNA M IIMPOKOE Pa3BUTHE 3PO3MOHHBIX MpoleccoB [Bopo-
HuH, 1999]. JlanHbIC 11O aHAIOTUYHBIM OOBEKTaM IMO3BOJISIOT YTBEPKIATh, YTO OCAIKH,
BBITOTHSIOIINE YPO3UOHHBIE BPE3bl, MOKHO JAaTUPOBATH TEM K€ BO3PACTOM, UYTO U Cam
9PO3HOHHBIN Bpe3, CYUTAs UX OOPa3yIOUIMMHUCS MPAKTHYECKU OMHOBPEMEHHO [ X0OCOH,
1980]. CnenoBarenbHO, paccMaTpuBaeMblil MaJcOKaHAl HA OCHOBE aHaliM3a celicMuye-
CKHX JJAHHBIX MOXKHO OTHECTH K TITHOIICHY.

B Buay 10cTaTOYHO KPYMHBIX pa3MepoB NajeokaHada MOXKHO CHeNaTh CIeIyIOIIHe
MPEANONIOKEHHUS O €ro MO3ULMOHUPOBAHUY B APEBHEN PEYHOM CUCTEME:

® PyCIIO KPYITHOW PEKH, aHAJIOTUYHOM COBPEMEHHOW Boiire B HU>KHEM T€UEHUU,

® TI0iiMa PEKU B HUKHEM TCUCHUH,

® [JIABHOE PYyCJIO IPEBHEH JIEIbTHI.

YTouHEHHE TPOUCXOKACHHUS 00BEKTA U BBIICHEHHE OOCTAaHOBKH €ro (POpMUPOBAHUS
OyIeT SBISATHCS OJHOW M3 BKHEHININX 33134 JATHHEHUIIEr0 ero NCCIICIOBAHMS.

PaccmoTpenue nmepcnekTHB HedTera3oHOCHOCTH 00bekTa. Mcxons u3 ocoOeH-
HOCTel cTpoeHus u (HopMUpPOBAHMS, THIIOTETUYECKN BO3MOXKHBI HECKOJIIBKO BapHAHTOB
AKKyMYJISIIIH YTIIEBOAOPOIOB B MPEJIENIaX UCCIEAYEeMOro 0ObeKTa:

® BepTUKaJIbHAs BOCXOASIAS MUTPALUS U3 BMEIIAIOIINX MAJIEOPYCIIO MOPOJL;

e BepTUKaJbHAs BOCXOMALIAS MUTpALMs U3 MOpoJl Ooliee NTyOOKoro 3ajeranus (Ha-
npumep, HeTeMaTepUHCKUX OTIA0KEHUH HUKHET0 MeJia WM CPEHEN I0pbl) [0 pa3phIB-
HBIM HapyLIEHUsIM, KOTOpbIE NTepeceKaroT najeopycio [Marapa, 1982];
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e BEpTUKAJIbHAsE HUCXOASIIAS MHUIPALUS U3 NEPEKPHIBAIOIINX MIMHUCTBIX TOJIII,
OorarblX OpraHMKOW M OOJIQAAIONIMX HA PETMOHAIBLHOM YPOBHE M3BECTHBIM IOTEHIMA-
nom coaepxkanusa YB [Boponun, 1999; Dow, 1978];

® TOPHM30HTAJIbHAS MUTpalMs MO IJIaBHOMY PYCIy, BECbMa BEpOsTHas B BUIY pe-
TMOHAJILHOTO HAaKJIOHa TEPPUTOPUH C CEBEpa Ha 10T, C HAKOIJIeHHEM YB B JIOKaJIbHBIX
JIOBYIIIKaX B Mpezesax najaeopycia;

e caMu norpeOGEHHBIE MaIeOPYyCIOBbIE OCA/IKH, KaK 3aMKHYTasi CHCTEMA, YUUThIBAS
BO3MOXKHbIE [TOMMEHHBIE YCIOBUS 00pa30BaHMs, MOIVIM COJAEPXKATh JOCTATOYHOE KOJIU-
yectBo OB ns1 hopmupoBanus 3asexeid MPUPOJHOTo ra3a Npu BHYTPEHHEH MHUIpaluu
[Axpamxomxaes, 1986; Jlsmesuy, 1983].

OTMeueHHOE 3HAUYUTEIbHOE MEAHPUPOBaHHUE MaNeopeku (puc. 1) MOXET SABIATHCA
MPEANOCHUIKON HaJM4uus KPYMHBIX MecyaHbix Teld. [Ipu morpykeHuu ¢ ceBepa Ha IoT B
npezenax MeaHIpoB MOTYT 00OPa30BbIBATHCS CTPYKTYpPbl IPUMBIKAHHUS K M1aJe00pbIBaM.
Ha pernoHanbHOM CKJIOHE MEaHJphI, MEHss HampaBieHUE, 00pa3yloT MHOXECTBO He-
OO0JIBIIMX JIOKAJIBHBIX CTPYKTYpP C SIPKO BBIPAKEHHOM aMIUIMTY0W OTpa)XeHUH, 4TO, Be-
POSITHO, MOXKET OBITh CBA3aHO U C HEOOJBIINMHU JIOKAJIbHBIMU 3aJI€KaMH YTJIEBOJJOPOIOB
[Coleman, 1980]. Bo3amoxHbIe 3a1€KH MOTYT UMETh ()OPMBI I1JIACTOB, JIMH3, KAPMAHOB,
KOJIell, IOJIYKOJIell, KO3bIPHKOB U T. 1. [ paBUTAlIMOHHbIE CKIIAJIKU U CTPYKTYpPbI 00JIeKaHUs
Ha/l 9PO3UOHHBIMU OCTAHIAMM, CJIOKEHHBIMU IUIOTHBIMU HOPOAAMHU, SIBIISIOTCS Hanbo-
Jiee JIeTKo pa3nuuuMbIMu 110 pazpezam MOI'T-2D, u takke SBISIOTCS MEePCIEKTUBHBIMU
(puc. 4) [Hazapkun, 1979; Ixxymarynos, 1983].

O’xnaeMblii KOJJIEKTOP BO3MOXKHBIX 3ajiekeil He(hTH MM ra3za — 00JOMOYHBIE T10-
POABI pa3IMYHON Pa3MEPHOCTH YaCTHI], OT NECYAaHUKOB U AJIEBPUTOB JI0 TaJICYHUKOB U
I'PaBEJJIMTOB. 3HAUUTENBHYIO YacTh KOJJIEKTOPAa MOTYT COCTAaBIISATh YUCTHIE PYCIIOBBIE
KBapIIEBbIC MECKH, K KOTOPBIM MOT'YT OBITh IPUYpPOYEHBI OCHOBHBIE 3anexu Y B. Hanbo-
Jiee BepOsITHbIE (DIIFOMI0YTIOPBI — IIACThI NIMHUCTBIX MOPOJL, 110 JIATEPAIIH 3aJI1€KHU MOTYT

-T00— g

-300

-500

-1000

Puc. 4. [lomenyuanvro nepcnekmueHas, Cmpykmypa 8 npeoeiax naieopycia (yeenuyenuvlil ppazmenm
B8PEMEHH020 MUSPUPo8anro2o paspesa no npogumo 0160111, bupio306vim nokazana KOppersyus no
Kpoene gepxne2o mena). /

Fig. 4. Potentially prospective structure within the bounds of ancient riverbed (zoomed part of time
migrated section on 0160111 profile; turquoise is correlation of Cretaceous top).
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OBITH OrpaHUYCHBI B TOM YHUCIIE TUIOTHBIMA MEPIesiIMA BMEIIAFOIIX MEJIOBBIX OTIIOXKE-
Huid. CleqyeT OTMETHTh, YTO NMPAKTUYeCKH HEU3BECTHBI CIy4au OTCYTCTBHS 3aJICHKEH
YIJIEBOJIOPOIOB B MajieOKaHaNax. B 3HaUMTENbHOM YuCIie CllydaeB J0ObIBaeMbIi (IrOH ]
—HedT1b [Konubup, 1979; Bloomer, 1977].

IIpuMepsI CX0KHX 10 CTPOCHHMIO MECTOPOKAeHHI. [IpuMepoM ycnemHoro oTkpsl-
THSI 1 OCBOEHHSI CXOJTHOTO IO CTPOEHMI0 00BbeKTa siBisieTcs IIokpoBckoe HeTssHOE MecTO-
poxzaenue, pacnonaoxkeHHoe B Camapckoii oonactu [Kepumos, 1987]. Ha nanaom mecto-
pokaeHuM OypeHHeM BbISBJICHA IIHYPKOBas 3aJeKb He(TH, MpeAcTaBIIsoNIas coOO0H BbI-
TSHYTYIO IIOYTH B MEPUIMOHAIILHOM HAllpaBJIEHUH I10JIOCY MEJIKO3EPHUCTOIO KBapLEBOIO
NIECUaHMKa, 3aJIE€Tal0IIero cpeu MHMH. J1MHa OKOHTYpeHHOH 3anexxu 10KkM, mupruHa oT
250 no 1300m. C cesepa Ha 10T BAOJIb €€ MPONOJIBHON OCH MOUIHOCTh IIECYAHUKA KOJIe-
6nercs B npezenax 5-10M, K KpasM MEeCYaHUKH BBIKIMHUBAIOTCS, 3aMeLasCh INIMHAMHU.

Ha Boctounom Gopry HI'b Ilaynep-Puep (CILIA) nmecuanuku cButel Hbrokaci,
BBITNOJIHSIOIINE IPEBHEE PYCIIO, MPOTATUBAKOTCS Y3KOW IOJIOCOM HAa PACCTOSTHUE OKOJIO
40xm. C HUMU cBsI3aHa HE(PTSAHAS 3aJI€Kb B JTJUTOJOTMUECKU 3aMKHYTOM JIOBYILIKE, OXBa-
TeIBatoIler psx miomanei. [lupuna pycinoBoro 3anoiaHeHust oT 1 10 2 KM, Ha BOCTOKE
pe3ko yBenuuuBaercs 10 8-10 k.

Mectopoxaenue ['pena-Popk (3amagno-Kananckuit HI'B) — B 1968 1. 3neck Obuta
YCTaHOBJICHA MPOMBIIIUIEHHAs] HEPTEra30HOCHOCTh PYCIIOBBIX MECYAHUKOB CBUTHI Hik-
HUit MenBun Ha mny6une 860 M. [Taneopyciio peku, 3amoJHEHHOE NeCYaHuKaMu, Ipo-
pe3aer pCcKue IUHbI CBUTHI PalipnoH. PesepByap mpenacrasieH yUIMHEHHOW JIMH30M,
HpoCTHparolleiics Ha paccTosHue 7 kM. HadanbHble n3BiekaeMble 3anachl He(hTH ObLIH
orieHensl B 13,5 mun. . IlnorHocTs HedTH — 0,898 1/cM?,

Ha mectopoxkaennu CayT-Cepec razoHedTsiHas 3a€Xb IPUypoUeHa K NecUaHUKaM
Pen-®opk, BHIIOIHAIOUUM Y3KOETaJIeopyciio MOJKOBOOOpa3HOH (hopMbl, IIMPHUHA KOTO-
poro He mpeBblmaer 2 kM. O0Imas AIMHA necyaHoro tena okono 16,8 km. Cpennss no-
pucrocts 20%. Hayanbubie u3Bnekaemsle 3anacsel 1,4 muH. T. [InotHocTs HEDTH — 0,816
r/cm? [Paruep, 1982].

3AKAKOYEHNE

B xoze BbIOIHEHHOM pabOThI MPOBEIEHO YTOUHEHHOE CTPYKTYPHOE KApTUPOBAHUE,
OLICHEHBI [TPOCTPAHCTBEHHBIE XapaKTEPUCTUKH, BBIIIOJHEH aHAIN3 0COOEHHOCTEN 3ane-
raHusl, pacCMOTPEHA BO3MOYKHAsI UCTOPHUS T€OJIOTUYECKOTO Pa3BUTUS U OTEHI[UAJIbHbIE
NEepCIEeKTHBHI HE()TETa30HOCTHOCTH MaJeOKaHalla, BBISBICHHOTO 10 CEHCMUYECKUM JIaH-
HeIM MOI'T-2D B BoctouHO# yactu Kapkakynbcko-CMyIIKOBCKOM 30HBI TOJTHATHH.

OOBEKT SABIIETCS KPYIMHBIM WM TJIABHBIM 3JIEMEHTOM MAJICOPEYHON CEeTH HIKHETO
TedeHus. Pe3ynprarsl 1€TaJbHOTO0 CKOPOCTHOTO M JUHAMHUYECKOIo (aTpuOyTHOro) aHa-
JM3a CeCMUYECKOH 3allicH B 30HE OOBEKTa MOAUEPKUBAIOT CI0KHOCTh CTPOEHHUS, MOJI-
TBEP>KJIAIOT €T0 MAJIE0PYCIIOBYIO PUPOAY, JAIOT MPU3HAKH U3MEHUYMBOCTH JIUTOJIOTHH U,
BO3MOXKHO, IJIacCTOBOTO (hmrona. Pacrionoxenne o0beKTa U criennuKka ero CTpyKTypsl
YKa3bIBAIOT HAa BO3MOXXHOCTh (POPMHUPOBAHMS 3aJI€KEH yIIEeBOAOPOIOB B €r0 Mpeieiax.
PaccMoTpenne 0cOOCHHOCTEH CTPOCHUS AaHAIOTUIHBIX 0OBEKTOB, JIABITUX MOJIOKUTEIb-
HBIW pe3yabTar Mpu MOMCcKoBoM OypeHuu Ha YBC, 1mo3BoJsAIOT CUUTaTh NaHHBIM OOBEKT
NEPCIEKTUBHBIM JJISl JAJIbHEHIIIETO N3yUEHUSI.

Ilo pe3ynbraraM NpoBEAEHHBIX MUCCIIEAOBAHUN MOXHO PEKOMEHI0BAaTh POBEIACHHE
nepeoOpaboTKK U mepenHTepnpeTanuu uMmeronmxcs naaaeix MOI'T-2D, opuenTtupo-
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BaHHBIX TOJIBKO Ha M3YUYEHHE PAacCMaTpUBAaEMOro Iajeopycia, ¢ IPUMEHEHUEM CIIELu-
aJIbHBIX MpoLeayp o0paboTKu celicCMUYECKUX JaHHBIX, METOAOB AMHAMUYECKOTO aHaJIH-
3a, AVO-aHanu3a, NpuéMoB IpsSIMOTro Noucka Y B, skenareiabHo, ¢ IPUBIECUEHUEM JaHHBIX
Oypenust Ha y4actke (ruanupyercss B 2020-2021 rr.). JlaHHble TakuX paboOT MO3BOJIAT
YTOUYHHUTH EPCIIEKTUBBI OCBOCHUs 00bekTa [OpymxkeBa, Mopo3os, 1983].

OnHako U3y4YeHHE M3BWIHMCTBHIX B IUIAHE MEAHJPUPYIOIIUX IPO3HOHHBIX BPE30B IO
nanHbiM MOI'T-2D 3arpyaHeno u3-3a HegocTaTouHou 3¢ dexTuBHOCTH MUrpanuu [11ne-
3unrep, 1998]. JloctoBepHble MUTpallMOHHBIE TPEOOPa30BaHMs B TAKOM CIIy4ae BO3MOXK-
Hbl 1k 110 gaeHbIM MOI'T-3D ¢ nocrarounoii aneprypoii. IToctanoBka nosesoro sra-
na Takux paboT OyleT CpaBHUTENIBLHO HEJOPOTol, yUUTHIBAs MAy0 IIyOMHY 3ajeraHus
o0bekTa. OOpaboTKa U HHTEpIpETALHsl JaHHBIX TPEXMEPHOH celicMOpa3BeaKH TOMOXKET
BBIOpaTh HanboJiee ONTHMAJbHbIE TOUKH 3aJI0KEHUS MOCIEIYIOIMX MOMCKOBBIX U pa3-
BEJI0YHBIX CKBAKHH.
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LLIOXTHbIE BOAbLI B YNOOBAEHNMN KOYECTBOM
[OYHTOBbIX BOA B BoctoyHoM AoHBacce
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Pe3tome: AKTyanbHOCTb paboTbl. Beaylwmmu paktopamm npeo6bpasoBaHns OKpYXatoLLeli Cpeabl B perno-
He ABNAKTCA yrnefo6biBatoLLias u yrnenepepadarbiBatoLan NPOMbILLIEHHOCTU. 10 BIUSHMEM 3TUX (DAKTOPOB
(hopMUpPYETCA MHOXECTBO HEraTUBHbIX NOCMEACTBUA W, NPEXe BCEro, UHTEHCUBHOE 3arp3HeHNe rPYHTOBbIX
Bof. Llenb uccnefoBaHuii — OLEHUTL POMb LWAXTHBIX BOA B YNPaBfeHNM 3arpsi3HEHHOCTLH0 FPYHTOBBIX BOZ B Boc-
To4HOM [loH6acce. MeToabl uccnegoBanus. [ins pelleHus nocTaB/IeHHON 33a4M NPUMEHEHbI CTaHAAPTHbIE Me-
TOJbl MATEMATNYECKON CTATUCTMKM, LM(DPOBASA KOMMNBIOTEPHAA KNnaccuukaunoHHas texHonorus ArAT-2, metoq
OLIEHKM Ka4eCTBa BOJ N0 CYMMApHOMY M0Ka3aTento 3arpA3HeHHOCTU. BbINosiHeH [eTanbHbIi aHann3 3akoHoMep-
HOCTEN (POPMUPOBAHNA XMMUYECKOr0 COCTaBA W 3arPA3HEHHOCTM LUAXTHBIX U FPYHTOBbIX BOA B BocTo4HOM [l0H-
6acce. LLlaxTHble BOfb! COAEPXKAT 04€Hb BbICOKME KOHLIEHTPALMM MHOMMX KOMIMOHEHTOB, 3HaYNTeNIbHO NPEeBbI-
watowwme MNOK. PesynbTatbl paboTbl. Hanbonblune KOHLEHTPaLMUKM OTMeYeHbl N0 Fe u Mn, ans koTopbix NPeBbl-
weHms MOK cocTaBnstoT COTHU, a B OTAENbHbIX Cy4asx Thica4n pa3. 06bi4HO npeBbilueHune MOK B aecatkm pas
o6HapyxeHo ans Al, Li, Be, Ni, Se, Cu 1 Zn. 13 MakpOKOMMNOHEHTOB 3HA4YUTENIbHOE 3arps3HeHne NposBAAETCA No
KoHueHTpauuam SO, Na, Mg n M. B rpyHTOBbIX BOAAX Han60MbLLYHO JONH0 B 3arpi3HeHMe BOJ Takxe BHOCAT Fe
n Mn, oTmeyaetcs npesbiwenne MIOK no Al, Zn, Be, Li, Se, Cu, a Takxe no SO,, Na, Mg n M. CpaBHeHue crnucka
KOMIMOHEHTOB 3arpA3HEHHOCTM LIAXTHBIX U FPYHTOBbIX BOL YOEAUTENbHO CBUAETENIbCTBYET, YTO LLUAXTHbIE BOAbI
UrpatoT BEAYLLYIO POSib B YNPABJIEHUN Ka4eCTBOM MPYHTOBbIX BOA. AKTYanbHOCTb UCCNEA0BaHUIA 3aKITH4AETCH B
TOM, YTO BrEpPBbIE L1 BXKHOTO B NPOMbILLIEHHO-3KOHOMWYECKOM OTHOLUEHMN pernoHa P® BbINOHEHa OLeHKa
Ka4eCTBa LUAXTHbIX BOA U UX BNUAHUSA HA 3arpA3HEHUE rPYHTOBbIX N0 Tpe6oBaHuam K MK Bof B COOTBETCTBUM
¢ Hopmatueamm GLUA, EC n P®. O4eHb BbICOKMIA YPOBEHb 3arPA3HEHHOCTI WWAXTHBIX W FPYHTOBbIX BOA CBUAE-
TeSIbCTBYET O HACTOATESIbHON HEOBXOAMMOCTH BbINOSIHEHUS MOHUTOPUHIOBBIX HAGMIOEHWIA, NPOBEeHUs Mep
no peabunuTalLmm COCTOAHUSA OKPYXaKOLLEd CPefbl B PErUOHe U COBEPLLEHCTBOBAHNA QYUCTHBIX TEXHOMOTWiA, B
nepByro 04epesb, N0 YMEHbLUIEHUIO KOHLEeHTpauuit Fe, Mn 1 BeNM4MHbI MUHEpanu3auniy.

Knio4eBble ¢NnoBa: LIaxTHbIe, FPYHTOBbIE BOAbI, XMMUYECKUIA COCTAB, NOKa3aTeNb 3arps3HeHHOCTH, Boc-
TOYHbIN [loH6acc.

Inga yutuposanms: laspuiinH A. 1. LLlaxTHbIe BOAbI B yNpaB/ieHN Ka4eCTBOM IPYHTOBbIX BOA B BOCTOYHOM
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Abstract: Relevance. Coal mining and coal-processing industries are the leading drivers of environmental
transformation in the region. These factors are influenced by many negative effects and, above all, intense
groundwater pollution. Aim of the research is to assess the role of mine water in the management of groundwater
pollution in the Eastern Donbass. Methods. To solve the problem, standard methods of mathematical statistics,
digital computer classification technology AGTA-2, and method of assessing water quality according to the total
pollution indicator are used. A detailed analysis of the patterns of chemical composition and contamination of
mine and groundwater in the Eastern Donbass has been carried out. Mine water contains very high concentrations
of many components, much higher than MAC. Results. The highest concentrations are recorded by Fe and Mn,
for which the excesses of MAC are hundreds, and in some cases thousands of times. Typically, the excess
of MAC is found tenfold for Al, Li, Be, Ni, Se, Cu and Zn. Of the macro components, significant pollution is
manifested by concentrations of S04, Na, Mg and M. In groundwater, Fe and Mn also contribute to groundwater
pollution, and there is an excess of MAG for Al, Zn, Be, Li, Se, Cu, as well as S04, Na, Mg and M. The relevance
of the research lies in the fact that for the first time for the industrial and economic region of the Russian
Federation, an assessment of the quality of mine waters and their impact on groundwater pollution according
to the requirements of the MAC of water in accordance with the regulations of the United States, the EU and the
Russian Federation has been carried out. Comparison of the list of mine and groundwater pollution components
strongly demonstrates that mine water plays a leading role in the management of groundwater quality. The very
high level of mine and groundwater pollution demonstrates the urgent need to carry out monitoring observations,
to rehabilitate the environment in the region and to improve treatment technologies, primarily to reduce the
concentrations of Fe, Mn and mineralization.
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BeseapeHve

Jlo6bI4a MoJIe3HbIX HCKOMIAEMBIX COMPOBOXKIAETCS MHTEHCUBHBIM H3MEHEHHUEM ecTe-
CTBEHHOT'O 3HEPro- U MacCcONepeHoca, KOIja U3 Heap Ha MMOBEPXHOCTb 3eMJIM H3BJICKa-
10T OIPOMHBIE MacChl TOPHBIX MOPOJ, MOJE3HOI0 UCKOIAeMOro, MOA3EMHBIX BOA U T. 1. B
Boctounom Jlonb6acce yrenoOsiBaromias U yriaenepepadarsiBaroiiasi IpOMbIIIIEHHOCTH
OKa3bIBAlOT CYLIECTBEHHOE BIMSHUE HA COCTOSIHUE OKPY>KaIOLIEH Cpeabl U HaHOCAT ce-
PBE3HBIN HKOJIOTUYECKHH yIepO TeppUTOpUH pernoHa. [ maBHBIMU (paKTOpaMu HeraTHB-
HOTO BO3/ICHCTBUS Ha OKPYKAIOLLYIO CPEy SIBISIOTCS 3aKPhIThIe U OpOIIEHHbIE, AEHCTBY-
IOLIME M HEeIABHO JIMKBUIUPOBAHHBIC YTOJIbHBIE LIAXThl, IOPOJAHbBIE OTBAJbI, 00OraTu-
TesibHbIe (PaOpUKU U Ipyrue oObEeKThl. YKa3aHHbIe (PaKTOPbl GOPMUPYIOT TEXHOTCHHYIO
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TPEIIMHOBATOCTh TOPHBIX MOPOJ, AehOpMAIUIO 3aHUN U COOPYKEHUH, 3aUICHHE BOJO-
TOKOB, 3acoyieHre 1mouB. Kpome Toro MaccoBasi TMKBUAAIMS IIaXT HHTEHCU(ULIIPOBaa
MPOIECCHl OCEIAHUs 3eMHOM MOBEPXHOCTH, OATOIUICHUS TEPPUTOPHIA, GOPMUPOBAHUE
MOIIIHBIX TTOTOKOB 3arpsi3HEHUS BO31YIIIHOW, BOJHOW U T€0JIOTMYECKOM Cpell, BbIIETIEHUE
«MEpTBOIO BO3yXa» U Apyrue oTpuuareibHble spiaeHus [['aBpummn, 2019; I'aBpuinun
u 1p., 2018; 3akpyTkun u ap., 2015; Gavrishin, 2018b, 2020a; Reshetnyak et al., 2014;
Zakrutkin, Sklyarenko, 2015]. Ananorn4yHble HeraTUBHbIE MOCIECTBHS XapaKTEPHBI IS
MHOTHUX yroJbHBIX OacceitHoB [IpsizeB u np., 2018; Konecuukora, 2017; Appelo, Postma,
2005; Chen, 2014; Gavrishin, 2020a; Giulio, Jackson, 2016; Neidell et al., 2019; Pfunt
et al., 2016]. I'maBHas HeJJb HACTOSIINX UCCIEAOBAHUIN — OIICHUTD POJIb IAXTHBIX BOJ B
yIpaBIeHUH 3arpsi3HEHHOCTHIO TPYHTOBBIX BoA B Boctounom JlonGacce.

MeToANKA NCCAeAOBOHNI

J71st XapaKTepUCTUKU XUMHUYECKOTO COCTaBa MIAXTHBIX U TPYHTOBBIX BOJI IPUMEHEHBI
CTaHJIapTHBIE METOJIbl MAaTEMAaTUKO-CTAaTUCTUYECKOTO aHalu3a JaHHBIX. B kauecTBe oc-
HOBHOTO CT0OC0O0a OLIEHKHU 3arpsi3HEHHOCTH BOJIBI MCIOJIB30BaHA MIUPOKO MPUMEHsIeMast
B T€OXUMHH U T€0IKOJIOTUHU OLIEHKA CTENEeHU 3arpsi3HEHUs] BOJI, TIOYB, TPYHTOB, TOHHBIX
OCAQJIKOB U T. IT. 110 KO()(PUIIMEHTY KOHIICHTPAIIMU U CyMMapHOMY TIOKa3aTeto 3arpsi3HeH-
HocTH. [Ipu 5TOM BBEJCHBI KATETOPUU CTENIEHU 3arpsI3HEHHOCTU BOJBI U OKPYXKarolen
cpenbl (Tabu. 1). Tak Kak MIaXTHBIE BOJBI OKA3aJMCh OYEHb MOIIHBIM 3arpsi3HUTEIIEM,
TO TIOMUMO OOBIYHBIX KaTETOPHUI 3arpsi3HEHHOCTH (HOpPMa, PUCK, KPH3UC U Oe/ICTBHE)
JIOTIOJTHUTEIHHO BBEJIEHA KaTeropusi «kartactpoday. s kaTeropuu «HopMay, Korjia KOH-
LEHTPALMY 3arpsI3HAOMNX KoMoHeHTOB Hike 11/IK, 3HaueHne cymmapHoro rokasare-
751 TOJDKHO OBITh MEHBIIIE 2; J1ajiee TPaHUIlbl KaTeropuil yCTaHOBJIEHBI C KPAaTHOCTHIO 8:
2*8=16, 16*8=128 u T. 1. (Tabm. 1).

KoaddunmeHT KoHIEHTpaluy i-T0 KOMIIOHEHTa PACcCUYUTHIBACTCS IO CICIYIOMICH
dhopmyme:

Kie=C/Cryx

rae C;— KOHUEHTpanus KOMIOHEHTa, Cpyyx — IPEAENBHO IOIMyCTHMAs Wi (POHOBAs
KOHIEHTpausl KOMIIOHEHTA.

CreneHb 3arps3HEHHOCTH BOJIBI M OKPYKAFOIIEH CPEIbI 11O 77 KOMIIOHEHTaM OLICHHUBA-
€TCs [0 CYMMapHOMY ITOKa3aTellto 3arpsA3HEHHOCTH:

Ze=).Kic— (n-1).

Kareropuu 3arps3HeHHOCTH BOJ M OKpY KAIOIIeH cpesibl MpuBeAeHbI B Tabnuie 1.

CyMMapHBIii MTOKa3aTellb 3arpsi3HEHHOCTH J1a€T BO3MOXHOCTh OIEHMBATh Ka4eCTBO
XMMHYECKOTO COCTaBa JIFOOBIX TUIIOB BOJ (aTMOC(hepHbIe, TOBEPXHOCTHBIE, MTOA3EMHbBIE,
TEXHOTE€HHBIE) OTHOCUTENIBHO JIIOOBIX HOPMATHUBHBIX IMMOKa3aTenel (MUTheBble, PhI00XO-
3siictBeHHbIe, TpeboBanus CanlluH, CHull, BO3, CIIA, EC u ap.), mo Habopy Tr00bIX
KOMITOHEHTOB. B HacTosmel padore ucnoab3oBanbl: [1/IK k muTheBbIM BOmaM o HopMam
«ArentctBa 1o oxpane okpyxatomeii cpeasl CIIA (U.S. EPA)»; ITJIK mo «/lupexTuse
EBpomneiickoro Coro3a 1o kauecTBy MUTHEBOM BOJIBI, MPEAHA3HAYCHHOMN JIJIsl TOTPEOICHUS
yenoBekoM»; 1o HopMmaTtuBy K ITJIK muteeBbix Bog P® [I'H, 2003] u priboxo3siicTBEeH-
Hbeix Box [I1/K, 2010].

Jljig neTanbHOro aHalli3a KadyecTBa IIaXTHBIX BOJ BBHIMTOJHEHO BbIAECIEHUE OJHOPOI-
HBIX THUIIOB BOJ| C MPUMEHEHUEM KOMMBIOTEpHOU TexHosorun AGAT-2, peanusyroiieit
G-meTon kIaccu(pUKaIM MHOTOMEPHBIX HaOMIOneHNH (BbIIeIeHIE OHOPOIHBIX COBO-
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Tabnuya 1./ Table 1.

Kareropum 3arpsi3HeHHOCTH BOJbI M OKpY kawomei cpenbl. / Water and
environmental pollution categories

CymMapHBIi TToKa3aTelb. / Kareropun 3arpss3HEHHOCTH BOABI M OKPYKAIOIICH CPEeNbL. /
Total pollution Water and environmental pollution categories
<2 Hopwma (ynoBneTBopurensHas). / Norm
>2-16 Puck (manpsoxennas). / Risk
>16-128 Kpuzuc (upesBeruaitnast). / Crisis
>128-1024 bencteue. / Disaster
>1024 Karactpoda. / The Great Disaster

KYIHOCTEH ), KOTOPBIA OCHOBAaH Ha OPUTHHAIBLHOM Kputepun Z2 — [appuiinna [Gavrishin,
2018a; Tossi et al., 2010].

Ha ocHoBe kputepusi Z-KBagpar pa3BuTa HOBasi U(PPOBask KOMITBIOTEPHAS! TEXHOJIOTHS
Kiaccuukanyuu MHOroMepHbIX HaOmonernit AIAT-2. DTa TeXHOIOTHS TIO3BOJISIET: CTPO-
UTh KJIacCU(UKAIMIO HAOIIONCHUN B YCIIOBHSIX CAMOOPraHHM3aluu (3a1ada 0e3 yduTers);
BBIZICTSITH TAKCOHBI PA3JIMYHBIX YPOBHEH; MCIONB30BaTh 3aBUCHMBIC TIPH3HAKU; HE Orpa-
HUYMBATh COOTHOIICHUE MEX Ty uncioM HabmoneHuit (N) u unciom npusHakoB (M); otie-
HHBAaTh CXOJICTBA-PA3IMIMs MEXTy OTHOPOJHBIMU TAKCOHAMH U JIp. YKa3zaHHas IudpoBast
TEXHOJIOTHS KJIAaCCU(UKALIMA MHOTOMEPHBIX HaOmonerni (G-MeTo) yCIenHo npuMeHeHa
IpY U3yYEHUU TPUPOIHBIX U aHTPOIIOTeHHbIX cucteM Ha 3emie, Jlyne, Mapce, FOnutepe,
KOMETax, aCTepouIax 1 B JabHeM KocMoce [Gavrishin, 2018a; Tossi et al., 2010].

B Ha3BaHue BOJ MOHBI BKIIIOYAIOTCS IIpU cozepkanuu 6osee 25-20%-monel u KoM-
IIOHEHTHI paclojararmTcs B MOPsJIKE Bo3pacTaHMs cojepkanuil. Hazpanue Bon mpuBo-
TUTCS 10 Kinaccudukanuu Anekuna-Ilocoxosa.

Xapaxmepucmuka XuMuuecko20 cocmasa Waxmusix 600

WNuTeHcuBHas pa3paboTka yrojabHbIX MecTOopoxaeHuil B Bocrounom JlonOacce Be-
nercs 6omee 100 ner. Hapsigy ¢ mepwomaMu OTHOCHUTENBHOW CTAOWMIIM3AIMK COCTaBa
IIAXTHBIX BOJI YCTAHOBJICHBI MEPHOIbI WHTCHCU(UKAIMHA MPOIECCOB OKHUCICHHUS, pac-
TBOpPEHUs U BblllenaunBanus. [locie 3aBepiieHus TMKBUIAIMM YTOJIbHBIX 1AXT BBIHOC
cynb(dar-uoHa, xene3a W JAPYruX PACTBOPEHHBIX BemiecTB (426 MIIH. T/TOX) JOCTHUIIN
MaKCHMaJIbHBIX 3HAUEHH, T.€. BIMSHHE TOPHOTO (haKTOpa MPUBEJIO K CYIIECTBEHHOMY
YXYALIEHUIO 3KOJIOTMYECKOTO COCTOSIHMSI OKpYKarolllel cpefbl B perroHe. B tabmune 2
IPUBEJEHBl CTAaTUCTUYECKUE MapaMeTpbl paclpeleleHUi KOHLIEHTpalUi, JTUMUTHpPYe-
MBIX MaKpO- 1 MUKPOKOMIIOHEHTOB B IIaXTHbHIX Bojiax Boctounoro /{onbacca.

AHanu3 TaHHBIX TAONUIBI 2 CBUICTEIBCTBYET, YTO IO MHOTUM KOMIIOHEHTaM HaOIIO-
JaroTcs OONBIINE PA3IUYHsI MEXIY CPEIHUMH apu(pMETHYSCKUMHU U MEIMAaHHBIMU 3Ha-
YEHUSIMHU, MEKJYy MUHUMAJIbHBIMU U MaKCUMaJIbHBIMU KOHLIEHTPALUSIMU; OTHOCUTEIIb-
HBIM cranaapt npebimaeT 100% u 3To CBUACTENBCTBYET O HECUMMETPUYHOCTH pacIpe-
JIEJIEHUI KOHIEHTpalnii KOMIOHEHTOB. Jasee BBIIIOJIHEH aHaJIN3 KaueCcTBAa XUMUYECKOTO
cocCTaBa HIAXTHBIX BOJ IyTeM pacueTa Kodddunmenta konueHrpanun (K;) u cymmaproro
TOKa3aresis 3arps3sHEHHOCTH BOJIBI (Z) OTHOCUTEIIBHO POCCUICKUX U 3apyOeKHBIX HOP-
MaTuBOB (Tabd. 3).
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Tabnuya 2. / Table 2.

ConepkaHusi MAKpPO- U MUKPOKOMIIOHEHTOB B IIAXTHBIX BOJAaX /
Macro and microcomponents in minewaters

Component | X Xo Ko Ko s
pH 7,0 7,0 3,7 9,0 0,95
SO, 2837 2058 607 12084 2187
Cl 347 214 10 1897 333
Na 966 518 62 2116 465
Mg 267 216 6 1581 262
M 5301 4516 1624 17496 3171
Al 3,01 0,11 0,02 105 21,7
Be 0,0017 0,0007 0,0000 0,04 0,01
Fe 33,7 6,2 0,06 401 97
Cd 0,0017 0,0001 0,0001 0,04 0,01
K 25,5 13,3 1,5 272 56
Co 0,028 0,001 0,001 0,042 0,1
Li 0,31 0,13 0,01 2,2 0,51
Cu 0,005 0,002 0,001 0,061 0,013
Mn 51 2,7 0,001 38,9 9,4
Ni 0,073 0,001 0,001 1,8 0,38
Pb 0,0011 0,0010 0,0010 0,003 0,0004
Se 0,017 0,005 0,005 0,12 0,029
Sr 6,1 5,7 0,15 14,5 3,65
Cr 0,007 0,002 0,001 0,073 0,017
Zn 0,134 0,043 0,005 2,55 0,53

ITpumeyanue. Bo Beex Tabmuuax: X — cpenee apudpmerndeckoe, X, — Meauana, X i Xax
— MUHUMAaJbHas ¥ MaKCHMallbHas KOHIICHTpaluu, S — cTaHgapTHoe oTkioHeHwue. / Note. In all
tables: X is the arithmetic mean, Xme is the median, Xmin, Xmax are the minimum and maximum
concentrations, S — Is the standard deviation.

JlanHble TaOMUIBI 3 CBUIETEIBCTBYIOT, YTO 10 KaTETOPUU 3arpPsI3HEHHOCTH JJIS M-
THEBBIX BOJ IIAXTHBIC BOJBI HAJEKHO OTHOCSTCS K Kareropuu «oeactBue». Hambonee
BBICOKMMH 3arps3HSIOIIMMHE MTOKa3aTesIMUA Xapakrepusytorcst Fe u Mn, mo KOTopbIM Ko-
3¢ PUIMEHT KOHIIEHTPALUH MPEBBIIIAET COTHU pa3. Kpome Toro, CuiibHOE 3arps3HEHuE
ormeuaercs o Al, Li, Be, Ni, a mo makpokommnonentam s SO4, Na, Mg u M. OtHOCH-
TEJILHO TPEOOBaHUH K PHIOOX03AMCTBEHHBIM BOJIaM CYMMAapHBI ToKazatens paBeH 1013,
YTO OYCHB OJIM3KO K KaTETOpUU «KaTracTpoday.

Jnst Gonee eTalbHOTO aHalM3a 0COOEHHOCTEH POJIM MIAXTHBIX BOJA B yNpPaBICHUH
KaueCTBOM I'PYHTOBBIX BOJ BBITIOJHEHA KJIACCH(HKALIUS COCTaBa IAXTHBIX BOJ C BBIJE-
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Tabnuya 3. / Table 3.

OneHka KayecTBa MAXTHBLIX Boj (Mr/ia) /
Assessment of the quality of mine water (mg/l)

Komrmonenr. / Ko TIZAK K; o ITAK KlPr(II())-lr_[u}K K]Prélc))-lp_)u/[K
Component X MC()Lg%é A EC. é{l\j/[ 0C MOC RF MOC RF
Drinking | fish-and-zids

pH 7,0 0 0 0 0
SO, 2837 11,3 11,3 5,7 28,4
Cl 347 1,4 1,4 1,0 1,2
Na 966 H H 4,8 8,3
Mg 267 H 5,3 5,3 6,7

M 5301 10,6 3,5 5,3 53
Al 3,01 15,5 15,5 15,1 75,3
Be 0,0017 0,4 H 8,5 8,5
Fe 33,7 112 168 112 337
Cd 0,0017 0,3 0,3 1,7 0,3

K 25,5 H 2,1 0,9 0,5
Co 0,028 H H 0,3 2,8

Li 0,31 H H 10,3 10,3
Cu 0,005 0,004 0,003 0,005 5
Mn 5,1 102 102 51 510
Ni 0,073 H H 3,7 7,3
Pb 0,0011 0,1 0,1 0,1 0,2
Se 0,017 0,02 1,7 1,7 8,5

Sr 6,1 H H 0,9 3,1
Cr 0,007 0,1 0,14 0,14 0,14
Zn 0,134 0,03 0,03 0,13 13,3
Zc 240,8 307,4 209,6 1013

[Ipumeuvanue. [1IK PO-n — ITAK PO qns nurbeBsix Box; [IJJK PO-p — ITJAK PO — nns pei-
OoxozsiicTBeHHbIX Box; H — oTcyTcTBHe HOpMaTtuBHOTO nokasarens. / Note. MPC RF-p is MPC
RF for drinking water; MPC RF-r is MPC RF — for fishery waters; H — no normative indicator.

JICHHEM OJHOPOAHBIX TUIIOB, C IOMOLIbIO HU(PPOBON KOMITbIOTEPHOM TexHonmoruu AI'AT-
2 [Gavrishin, 2018a; Tossi et al., 2010]. Beineneno 4eTbipe 0CHOBHBIX THAPOTeOXUMHUYE-
CKUX TuIa maxTHeIX Boj [Gavrishin, 2018b]. [lepBsiii THI cBs3aH ¢ peoOpazoBaHUEM
MCXOAHBIX CIAOOMHHEPATN30BAHHBIX THAPOKAPOOHATHO-CYNIb(ATHBIX BOJ B KHcible (pH
— 110 2) cynabdarHble BOAbI ¢ BBICOKUM cozepxkanueM Fe, Mn, Al, Cu u npyrux meran-
J0B ¥ 00YyCJIOBJIEH HHTEHCUBHBIM Pa3BUTHEM IPOILIECCOB OKUCIEHUs cepbl [Bazhin et al.,
2010] u pacTBOpeHus cynb(haTos.
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Bropoii Tinm — 3T0 XJI0pHUIHO-CYNb(haTHbIE HEHTpalIbHbIE BOJbI, B HE3HAYUTEIBHOM
creneHu oboramieHusie Fe 1 Mn. Teneps, Hapsiay ¢ npolLeccaMy OKUCIIEHUS Cepbl, PH-
OJIM3UTEIHHO PAaBHYIO POJb HAUMHAIOT WUIPaTh MPOLECCHl YBEIMUYCHHUS KOHLEHTPAIMA
XJIOp-MOHA 3a CYET MPUTOKA XJIOPUAHBIX MOI3EMHBIX BOJ NP yIITyONE€HUM YTOJBHBIX
IIaXT.

Tpertuit Tun mwaxTHHIX BoJ (PUKCUpPYyET Mpeodpa3oBaHUs THIPOKapOOHATHO-CYbdaT-
HBIX BOJ B Cyib(haTHO-XI0puaHbIe. Ha mepBoe MecTo BBIXOJUT MPOLIECC POCTa KOHLEH-
tpauuu Cl 3a cyeT NpUTOKa XJIOPUAHBIX TOJ3EMHBIX BOJ ITPU OTPAOOTKE INTYOOKUX IIaXT-
HBIX TOpU30HTOB. PocT koH1eHTpauuu SO, 1 npolecc OKUCICHUS CYab(PHUIOB EPEXOIAT
Ha BTOpoe Mecto. [locne 3aBeplieHnss MacCOBOM JIMKBUAALMU YTOJBHBIX HIAXT TPETUI
THUII B LIAXTHBIX BOAAX HE 00pa3yeTrcs.

ITo yeTBepTOMY THIY 00pa3yrOTCS OPUTHHAIIBHBIE COI0BBIE THAPOKAPOOHATHO-CYIIb-
(aTHO-XJIOpUAHBIE M XJIOPHJHB