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OpuruHanbHas cTaTbs

[DAHOCUEHUTBI YYYKYPCKOro rmnabuCCAAbLHOTO
KoMnAekca ([lepepoBon xpebeTt boAbLLIOro KasBkasa):
BOMPOCHI METPOreHe3nca, reoAMHAMMYECKAS]
TUNN3ALLAS

B.M. Mazeesi /"2, N.A. KoHgpaiiosi_'

" IHCTUTYT reonornv pyaHbIX MECTOPOXAEHMWI neTporpadun, MMHepanornum n reoxummmn PAH,
Poccus, 119017, r. Mockea, CTapoMOHeTHbIN nep., 35,
e-mail: vik.gaz.54 @ mail.ru;

2 BnapvkaBkasckuii Hay4HbIn LeHTp PAH, Poccus, 363110, c. Muxaiinoeckoe,
yn. Buneamca, 1

Crarss noctynuna: 10.03.2025, nopabotara: 27.05.2025, npuxsita k nybavkaumm: 30.05.2025

Pestome: AKTyanbHOCTb paboThl. 13y4eHne rpaHuTomgos bonbluoro Kaskasa cchopmMmMpoBaBLLNXCS HA PYy-
6exxe NO3JHero naneo3os 1 Me30304 ABNSETCA BaXHON NPo6NeMON B CBA3M C TEM, YTO C HUMMW B PErMOHe ac-
COLMMPYIOT 30110TO — NONUCYNbMUIAHO — KBapLEBble PYAHbIE 06LEKTLI. TakXKe 0HO HEOOX0AUMO N1 YTOYHEHUS
0CO0OEHHOCTEN MarmMaTuama W reofUHaMU4eckoro passuTus pernoHa B nepmo-tpuace. Lienbto uccnegoBanus
ABNSAETCA NOMYHEHUE aHANUTUYECKNX JaHHbIX, yTOYHEHWE Fe0LMHAMIYECKON NO3MLMM 11 PYAHON creyuanuaaunm
rnnabmccanbHbIX rPaHOCUEeHNTOB. 06bEeKTamMu CCNe0BaHUA SBNANNCH MACCHBbI TPAHOCUEHNUTOB YY4KYPCKOTO
KOMMNNeKca pacnpoCTpaHeHHble B BOCTOYHOW YacTi 30HbI [epegoBoro xpe6Tta bonblworo Kaskasa. Metogbl
UCCNef0BaHUA BKIOYAIIN: U3Y4eHNe cOCTaBa 0TO6paHHbIX 06pa3uoB XRF, ISP-MS meTogamu, ux netporpadu-
4eCKOE ONMUCaHUe, PacyeTbl FeOXUMUYECKNX XapaKTEPUCTUK, aHANN3 AUCKPUMUHALMOHHBIX fuarpamm. Pesynb-
TaTbl UCCNEA0BAHMUSA. YCTAHOBIIEHO, YTO FPAHOCUEHUTBI ABNIAOTCA YMEPEHHO LLENOYHbIMU, BbICOKOMArHe3narb-
HbIMW, YMEPEHHO KannesbiMU 06pa30BAHUAMM C KalMEBO-HATPUEBLIM TUMOM LLENOYHOCTH. [0Ka3aHO, Y4TO OHN
OTHOCATCA K rpynne BbICOKO Ba-Sr rpaHNTOMAOB CaHYKUTOMAHOrO TMNA C NOBbILWEHHLIMI KOHLUEHTpaumamu Cr,
Ni, Nd, LiLe, LREE, v oTHoweruamu Mg?, La/Yb. Npeanonaraetcs, YT0 UX NCXOAHbIE pacnnasbl (hOPMUPOBanUCh
B JIMTOCCHEPHON MAHTUK Ha rny6uHe 52-56 KM Mpu MyaBfieHn MeTacoMaTu3MpoBaHHbIX NepuaoTUTOB U BO3-
MOXXHOM Y4aCTUN 3KIOrMTOB AENAMUHNPOBAHHON HUXHEN KOpbl. OTMEYEHO, YTO C U3Y4EHHbIMU NOPOJaMM acco-
LMUPYHOT CYNbMUAHBIE 30HbI HE KONMYeLaHHOr0 TUNA, 4151 KOTOPbIX XapaKTepHbI MOBbLILIEHHbIE KOHLEHTpauun Au.

KnioueBbie cnosa: bonbluoin KaBkas, netporpadus, reoanHamimka, CaHyKUToubl, reoXumuns.
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Abstract: Relevance. The study of granitoids of the Greater Caucasus, formed at the turn of the Late Paleozoic
and Mesozoic, is an important problem due to the fact that gold-polysulfide-quartz ore objects are associated with
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distributed in the eastern part of the zone of the Front Range of the Greater Caucasus. The research methods
included: study of the composition of selected samples by XRF, ISP-MS methods, their petrographic description,
calculations of geochemical characteristics, analysis of discriminative diagrams. Results. It is established that
granosyenites are moderately alkaline, high-magnesian, moderately potassic formations with potassium-sodium
type of alkalinity. It is shown that they belong to the group of high Ba-Sr granitoids of sanukitoid type with
increased concentrations of Cr, Ni, Nd, LiLe, LREE and Mg*, La/Yb ratios. It is assumed that their initial melts
were formed in the lithospheric mantle at a depth of 52-56 km during melting of metasomatized peridotites and
possible participation of eclogites of the delaminated crust. It was noted that the studied rocks are associated
with sulfide zones of non-kolchodan type, which are characterized by elevated Au concentrations.
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BeepeHme

[lerponoro — reoxumuueckoe usyueHue rpanutronsioB llepemoBoro xpedra (I1X)
Bonemoro Kaekasza (BK) cdopmupoBaBmmxcs Ha pyOexke MO3IHETo Mmajaeo30si 1 Me30-
304 SIBJIICTCS BAXKHOU 3a1adeil. Ee akTyallbHOCTB OIpeneisaeTcs: TeM, YTO ¢ HUMHU IIPo-
CTPAHCTBEHHO aCCOLMHMPYIOT MEJIKHE 30JI0TO — MOIUCYIIb(UIHO-KBAPLIEBBIE MECTOPOXK-
neHus u pynonposisieHus. Llenbro uccaeqoBanus SBISIETCS U3yYEHHME MOHLIOHUTOB U
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I'PAaHOCHEHUTOB Yy4KypcKoro runaduccanabHoro kommiekca (YK), yrounenue ycnoBuit
ux (opMupoBaHUs, ONpeieleHnEe Te0JUHAMUYECKON PUHAIIEKHOCTH, IETPOTreOXUMHU-
yeckoro Tuna. O0beKTaMM VISl HcC1eJ0BAHUS BHIOPaHBI TMITa0NCCaTbHBIE MOHIIOHUTHI
u rpaHocuenuTsl UK pacnpoctpanennsie B Boctounoi yactu [1X BK, rae onun o0pasytot
CYOLUIMPOTHBIN MPEPBIBUCTBIN MOSAC MPOTHKEHHOCThIO 60 KM, B Mexaypeube bakcan —
Maska — Ky6anp — TeGepaa. Mutpy3ussl UK (puc. 1) 3anmeraror B BHJE /JaeK, IITOKOB
U YJUIMHEHHBIX, BBITSHYTBIX Te€Jl MOLIHOCTBIO OT MEPBBIX AECATKOB MeTpoB a0 0,5 KM,
U MPOTSHKEHHOCTHIO 710 4 — 6 kM. VX Tesa mpopbIBalOT OCaJKU MO3IHEKApOOHOBOIO U
paHHENEepMCKOro Bo3pacTa (KHHbIpYaTCKas, THMaJIbIKCKasi CBUTHI) M C Pa3MbIBOM Iepe-
KPBITHl PAaHHEIOPCKUMHM Ocajkamu. Bo3pacTtHoil uHTepBan oOpazoBanus nopox YK mo
Te0JIOTMYECKUM JIaHHBIM I03/IHss IepMb — paHHui Tpuac. Cunrtaercs, yro UK sBisercs
IpEeACTaBUTENIEM CaMOCTOSATEIbHOTO KPAaTKOBPEMEHHOTO 3Tara MarMaTHueCcKol aKTUBH-
3allMi, OTOPBAHHOTO OT paHHeNepMcKoro BynkaHusMma I1X, miayrtoHndeckux oOpas3oBa-
Huit KapauaeBo-Yepkecckoro ropct — aHTUKIIMHOPUS U TOPCT — aHTUKIIMHOPUs [ 1aBHOTO
xpe6ta. [Ipennonaraercs BeposiTHas cBsi3b MarmarutoB YK ¢ onHOM n3 a3 MHI0CUHUN-
CKOTO TEKTOTeHe3a — IMpeIHOpUiCcKol (JabuHckoif) mubo mnpenmnHcbaxckoil. 1o mo-
ponam UK MecTamu pa3BUBAIOTCS 30HBI THIPOTEPMAIbHBIX U3MEHEHHUH ¢ Cylb(UIHON
BKparuleHHOCThIO [IIucemennsiit u np., 2004; Omensuenko, 2021].

MaTeprnaA 1 METOAbI EF0 UCCAEAOBAHUS

Nzydena komnekiust 006pa3nos, coopannas B 2019, 2020 u 2023 rr. 1o J0HHAM PEK
Cyapsik, Manka, Kybans, [ayT, u Ha ceBepHom uanre Toipabiayzckoro W-Mo mecTo-
poxkaeHus B paiione nepeBana «CypbMa». AHanutudeckue nanubie nonydeHsl B LIKII
«MTEM-AHanuTrKa» METOAaMH: PEHTTEHO — (IIyOpecIeHTHOTO aHanmu3a (XRF) Ha
cnekrpometpe «Pecriekt-100» (23 mpoObl) ¥ CIIEKTPOCKONUN C WHAYKIIMOHHO-CBSI3aH-
Hoil ruasmoit (/CP-MS) Ha macc — cnekrtpomerpe X-Series 11 (8 npo6). Kontponas Tou-
HOCTHM aHAJM30B OCYILECTBISUICS C UCIHOJIb30BAHUEM POCCUMCKUX U MEXKIYyHApPOJHBIX
cranaaptoB npumensembix B LIKII « MI'EM—Ananutukay. [lotepu npu npokaauBaHuu
(III111) nns (XRF) onpeneneHbl 0OBIYHBIM BECOBBIM MeTooM. Onpe/esieHne coaepxa-
HUH OnaroponHbix MetauioB (12 mpo6) npooamiiock B Jlaboparopun Gusuko-xummye-
CKHUX M XUMUYeCKUX MeTonoB aHanmmza MMI'PD meromom /CP MS na Elan 6100 DRC
C HUCIIONIb30BaHMEM cTaHnapTHoro pactBopa Perkin Elmer Pure Plus Atomic; Standard
Ne 9300234 ¢ npenenamu obHapysxkeHust (B r/1): Au — 0.002; Ru — 0.001; Pt — 0.01;
Pd — 0.01; Ag — 0.01. TIIpm mocTpoeHHH IUArpaMM JOTIOJTHUTEIHHO HCIIOJIE30BATUCH
cwmkaraeie ananu3bl mopox UK (19 npo6) npusenennsie B oruetax OI'VITI «Kapkas-
reosicheMKay. M3ydeHne o0pasioB BKIIIOYAIO HX METPorpaduyeckoe onucanue, pacueTsl
TE€OXUMHUECKUX XapaKTePUCTHK, TOCTPOCHUE U aHAIIN3 JHArPaAMM.

MMOAYYEHHbIE PE3YALTATHI

Cornacuo knmaccudukanmonHo auarpamme (Na,0O+K,0) — SiO, (puc. 2) ¢urypa-
tuBHBIC TOUkH (DT) cocTaBoB M3ydeHHBIX MHTPY3uBOB UK 1o manaeiM RFA (Tabm. 1)
TPYIIIUPYIOTCS B 30HE YMEpEeHHO-IIEeI0ouHbIX mopon (Na,0+K,O or 7,01 nmo 9,28;
>/n 7,75% n=23), npeuMyIIeCTBEHHO B Nojie rpaHOcueHUTOB. Pexxe OT ormeuarorcs B
I10JI€ MOHIIOHHUTOB U IT0 JaHHBIM ciMKaTHbIX aHainn30B @I VI'TI «KaskasreoncnbeMkay
B T10JI€ TPaHOIMOPUTOB. [ paHOCUEHUTBI, FPAHOCUEHUT — MOPPHUPHI U MOHLIOHUTH UMEIOT
noppUPOBHUIHYIO, CEPUATIBHO- U TIIOMEPOITOPPUPOBYIO CTPYKTYpy. B Hanboee kpymHbIx
Teax CTPYKTypa MOpoja F’UIUANOMOPGHO3EPHUCTAS.
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Puc. 1. Cxemamuunas ceonocuyeckas Kapma paiiona pacnpocmpanerus UHmpy3uil 4yukypcKo2o
Komniexca 6 6epxogvax p. Xyoec (no mamepuanam @I'VITI «Kasxaseeoncvemxay, aucm K-38-1,VIIL. 2004 2.)

Venosuvie obosnauenus. 1-5 Pasnosospacmmuvle moawyu, 8YIKAHOSEHHBIX U OCAOOUHBIX NOPOO:

1 — ITnuoyen-uemeepmuunvle, 2 — Panne-cpeoneropckue, 3 — Pannenepmckue; 4 — Ilozonekapbonosvie;
5 — Panne-cpeoneoegonckue; 6-9 Maemamuueckue nopoowvi: 6 — I[lo30HenepmcKue epanocueHumsi
YYyKypcKko2o komnaexca, 7 — I1o30nexkapbonogvie neiikoepanumol KyOaHcKo20 KOMNIEKCd,

8 — Cpeonenaneo3olickuil Kbl3blLIKOILCKUL CyO8yIKanudeckuti komnieke;, 9 — CepneHmunumol;

10 — Memamopghuueckue nopoowl, 11 — I'eonocuveckue epanuysi /

Fig. 1. Schematic geological map of the intrusion area of the Chuchkur complex in the upper reaches of
the Khudes river (based on the materials of the FSUGE “Kavkazgeols ' emka”, sheet K-38-1, VII. 2004).
Legend. 1-5 Strata of volcanogenic and sedimentary rocks of different ages: 1 — Pliocene-Quaternary,
2 — Early-Middle Jurassic; 3 — Early Permian; 4 — Late Carboniferous, 5 — Early-Middle Devonian,
6-9 Igneous rocks: 6 — Late Permian granosienites of the Chuchkur complex; 7 — Late Carboniferous
leucogranites of the Kuban complex; 8 — Middle Paleozoic Kyzylkol subvolcanic complex;

9 — Serpentinites; 10 — Metamorphic rocks; 11 — Geological boundaries

Bxparenauku npeacrapieHsl iarnoxiazom (10-20%), amdudonom (3-7%), pexe
kBapueM (1-3%), u nnorna xkanuessiM noseBsiM mmaroM (KIII). [Tnarnokna3z (onuro-
KJ1a3), IPUCYTCTBYET B BUJIC IUPOKOTAOIUTYATHIX B Pa3HON CTENICHH CEPUITUTH3HPOBAH-
HBIX KPUCTAJUIOB U MX CPOCTKOB, COJAEP’KUT BKIIIOUEHHs] KapOoHara in situ U poroBoit
oOMaHku. AM@uOon (poroBas oOMaHKa) MPUCYTCTBYET B BHJIE YUIMHEHHBIX KpHCTa-
aoB pazmepom 110 0,2%2,0 MM, 3aMemIaeTcs XJIOPUTOM (KIMHOXJIOP) pexke SMUA0TOM.
OcHoBHast macca (OM) cyIIeCTBEHHO IOJIEBOIINATOBAsI, THTUANOMOP(HO3EPHUCTAST U
amtorpuamopduozepuucrtas (70-80%), coctout uz anpout-onmuroxiaza, KIIII, kBapia,
MHOT/Ia C IPUMEChIO pOroBoil 0OMaHKH, MyCKOBUTA, XJIOPUTA, AMHUI0TA. AKIIECCOPHbBIE U
PYIHBIC MHHEPAIIBI allaTHT, CPEeH, pyTHJI, MAaTHETHT, TUPHUT. IHOTAa B IOpO/Ie OTMEYaroT-
csl KapOOHATHBIE U KBapIl — XJIOPUT — aTbOUTOBBIE MUKPOIIPOXKMIKY. B mo3nneM anbOuT-
onurokiaze OM oTMedeHbl pacHIHYpOBAaHHBIE pPacIJIaBHbIE BKJIIOUEHUS U MEPBUYHBIE
ra30BO-)KHUJIKHE BKIIOYCHUs. B HekoTOpHIX ciydasix OM WHTEHCHBHO CEpUIIMTH3HPOBA-
Ha. B ciydasix ¢ runuauoMopdHO3epHUCTON CTPYKTYpOil MOPO/IBI COCTOSIT U3 Mpeodia-
JAIOIIEero CepUIIMTU3UPOBAHHOTO I1arnokiasa (onurokias), KIII, pexe kBapua, B po-
MEXYTKaX MEXJy MUHEpaJlaMU CaJIMuecKoro 0azuca XJIOPUT, MyCKOBUT, SMUJIOT, allaTuT,
PYAHBIA MUHEpAJL.
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Puc. 2. Cocmaswi nopod Ha K1accupukayuoHHuIx ouazpammax
U uazpammax KOHYeHmpayuil nempo2eHHbIX KOMNOHeHmos (6 mac. %).
Venosnvie o6osnauenusn: Ha ouacpamme (Na,O+K,0-CaO)-SiO, nonsa epanumouoos:
C — uzsecmrosucmuix, AC — wenouno-uzsecmrosucmolx, CA — u36ecmro80-uyeni04HblXx,
A —wenounvix. 1 — POA. 2 — Cunuxamuulii ananus /

Fig. 2. Rock compositions on classification diagrams and diagrams of concentrations of petrogenic
components (in wt %). Legend.: In the diagram (Na,O+K,0-CaO)-SiO, fields of granitoids:

C — calcareous, AC — alkaline-calcareous, CA — calcareous-alkaline, A — alkaline.
1 — XRF. 2 — Silicate analyzes
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Tabnuya 1/ Table 1

Pesynbrarsl POA u ICP-MS anaiu3oB nopoa (okcuasl B Bec. %, 3JieMeHThI B I/T) /
Results of XRF and ICP-MS analyzes of rocks (oxides in wt.%, elements in ppm)

Sample | 9/19 10/19 11/19 | 49/19 | 51/19 | 53/19 1/23 3/23
Si0, 65,16 61,89 60,94 63,94 62,7 62,98 64.45 65,60
TiO, 0,53 0,53 0,5 0,42 0,43 0,41 0,49 0,46
ALO; 15,1 15,85 15,76 15,45 15,45 15,79 15,79 15,98
Fe,O, 4,06 3,78 3.91 3.6 4,02 3,65 3,03 2.69
MnO 0,13 0,07 0,08 0,06 0,08 0,06 0,06 0,06
MgO 2.7 3,59 3,79 3.41 3,97 3.42 2,65 2,28
CaO 127 2.33 3,05 2.86 3,27 331 2.10 1,81
Na,0 5,42 5,65 5,61 5,06 5.23 5.39 5.74 5.46
K,O 2.7 3,63 331 2,52 2,05 2.29 2,01 2.26
P,0. 0,24 0,36 0,36 0,19 0,22 0.2 031 0.29
T 2.29 1,84 2,07 2.16 2.24 221 2.86 2,57

C%“l‘lfna "1 99,66 99,59 99,54 99,67 99,66 99,71 99,49 99,46

Cr 84 103 114 105 119 103 106 105
vV 96 94 87 80 84 81 94 89
Co 17 12 14 11 B 15 14 13
Ni 45 66 73 71 80 60 52 51
Cu 65 17 36 14 <10 17 16 16
Zn 50 57 87 59 51 50 60 57
Pb 37 58 62 14 21 17 27 20
Rb 55 82 76 61 50 58 47 54
Sr 366 686 973 838 864 732 760 634
Ba 1228 1332 1297 781 876 769 1306 1428
Zr 159 183 173 120 120 124 193 196
Y 14 15 19 10 16 14 15 16
Li 3] 22.6 292 21,9 223 335 17.9 15,3
Be 1.9 33,0 3.1 1,7 1.8 2.0 2.6 2.5
Sc 72 74 8,9 8.8 10,6 9.7 8.2 7.1
Ti 3047 2805 3055 2852 2503 2433 2930 2806
Nb 7 9 10 6 7 5 10 10
Mo 1.4 0.6 0.1 0,1 0,1 0.1 0.4 0.3
Sn 1,5 1.2 1,6 1 11 1.4 12 12
Sb 1.4 0.3 0.3 0.2 0.4 0.4 0,5 0.3
Cs 0.7 0.9 12 2.0 23 2.6 2.5 2.6
La 30,1 61,9 63,2 25,5 26,5 25,7 45,7 472
Ce 63.8 123.7 125.8 52.8 554 54 92,1 89,6
Pr 7.9 142 14.4 6,5 6,5 6.2 9.8 9.9
Nd 30,6 52,1 53.6 252 26,1 24.9 403 39,5
Sm 5.5 8,6 8.8 46 4.9 4.6 6,9 6.9
Eu 1,4 23 2.4 1,3 1,4 1,3 2,0 2.0
Gd 43 6.3 6.4 3.9 4,0 3.7 4.9 5,0
Tb 0,5 0.7 0,7 0,5 0,5 0,5 0.6 0.7
Dy 24 3.0 3.2 23 24 22 2.7 2.9
Ho 0.4 0,5 0,5 0.4 0.4 0.4 0,5 0.6
Er 12 13 1.4 1,1 12 12 12 13
Tm 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Yb 1,0 1,0 L1 1,0 11 1,0 1,0 1,1
Lu 015 0,16 016 016 0.16 015 0,17 0.16
Hf 4.0 5.4 6.1 3.7 3.6 3.8 5.4 5.9
Ta 0,47 0,45 0,5 0,16 0,27 0.25 0,54 0,51
W 1,6 1,1 1,5 0,1 1,0 1,3 4.6 1,7
Bi 0,26 0,34 0,97 015 0,03 0,04 0,02 0,06
Th 9.8 25,58 26,67 9,0 8,96 8,64 15,86 15,72
U 3.3 7.2 7.8 2,0 2.5 2.5 4.9 4.9

[pumevanue: 9/19, 10/19, 11/19, 49/19, 51/19, 53/19, 1/23, 3/23 — rpanocuenutsl. Mecto otrbopa 00-

pasmos: 9/19, 10/19, 11/19 — p. Ky6ans; 49/19, 51/19, 53/19 — p. Manxa; 1/23, 3/23 — p. dayT. /

Note: 9/19, 10/19, 11/19, 49/19, 51/19, 53/19, 1/23, 3/23 — granosienites. Sampling sites: 9/19, 10/19,

11/19 — Kuban river; 49/19, 51/19, 53/19 — Malka river; 1/23, 3/23 — Daut river.
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Ha muarpamme (Na,O0+K,0-CaO)-SiO, [Frost et al., 2001] (puc. 2) ®T rpanocu-
€HUTOB T'PYMNIHUPYIOTCS B I0JI€ M3BECTKOBO-IIEIOYHBIX M ILIENOYHbIX mopoa. Ha nua-
rpammax SiO, — nempozennvle 21emMenmbl OTMEYAETCs, YTO MOPOJbl OTHOCATCSA K yMe-
PEHHO- ¥ HHM3KOTHTAHWCTBIM; YMEPEHHO- M BBICOKOMaruesuanbHbiM Mg* 0,57-0,69
(3 /n = 0,63); ymepenHokaiueBsIM o0pazoBanusaM K,O ot 1,76 no 3,63 (3 /n = 2,36%).
Onu xapakrepusyrorcss Hu3kumu coaepxanusimu CaO ot 1,2 no 3,2%, BeICOKMMH CO-
nepxkanusimu Na,O ot 4,67 no 6,07 (3./n = 5,4%). 3T0 mepechIlIeHHbIE TTTHHO3EMOM
(CaO+Na,0+K,0)<Al,04; AI'=1,8-3,4 n0posibl ¢ KaIMEBO-HATPUEBLIM TUIIOM IIEIOY-
Hocth. Na,O/K,0 1,7-3,4. IuauKaToOpHbIE OTHOIIIEHUSI TCOXUMHYECKH CXOIHBIX DIIEMEH-
ToB Zr/Hf = 33. K/Rb = 351 yka3bIBaloT Ha BO3MOXKHYIO AU depeHnamio paciiaBos.
U/Th otnomenue (0,27-0,43)<]1 yka3plBaeT Ha HEM3MEHHOCTH COCTABOB IMOPOI BTO-
puuHbIMU TIporieccamu. CrieyeT OTMETUTh, 4To Ajs rpaHocueHuToB UK XxapakrepHbl
BeICOKHE conepxkanus: Ba 461-1428 (3./n = 921 ppm); Sr 366-973 (3./n = 658 ppm);
Gr 50-137 (3/n = 97 ppm); Ni 31-93 (3/n = 60 ppm); Mg* 0,63. 13BeCcTHO, 4TO C UH-
Tpy3uBamu UK accouuupyror 30510TOCOAEpIKaAIINE PyAHbIE O0BEKTHI; B CBA3U C 3TUM B
I'PAaHOCHEHUTAX MPOBEIEHO ONpEAETICHUE COACpX aHUN ONaropofHbIX METaIoB (Talddl.
2). Conepxanue Au B nopoje Bapsupyer 3aech ot 0,002 1o 0,074 r/T (3/n = 0,012 r/1).
Ag ot menee 0,010 0,074 v/t (3 /n= 0,0435 1/1).

Tabnuya 2/ Table 2

Conepixanue 6JIaropoIHLIX METAJIJIOB B TPaHOCHEHUTAX (B 1/T) /
The content of precious metals in granosienites (in ppm)

Sample | 5/20 | 9/20 | 11/20 | 11/19 | 49/19 | 51/19 | 52/19 | 53/19 | 1/23 | 2/23 | 3/23 | 4/23
Ru 0,009 | 0,011 | 0,003 | 0,006 | 0,001 | 0,001 | 0,001 | 0,007 | 0,003 | 0,002 | 0,002 | 0,002
Pd <0,01 | <0,01 | <0,01 | 0,016 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | 0,019 | 0,138 | <0,01
Ag 0,02 | 0,02 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | 0,074 | 0,065 | 0,049 | 0,033
Pt <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01 | <0,01
Au 0,005 | 0,074 | 0,022 | 0,002 | 0,002 | 0,002 | 0,002 | 0,009 | 0,002 | 0,003 | 0,016 | 0,006

Mecto otbopa 00pasuos: 5/20, 9/20, 11/20 — p. Cyapsik; 11/19 — p. Ky6ans; 49/19, 51/19, 52/19, 53/19
—p. Manka; 1/23, 2/23, 3/23, 4/23 — p. Jlayt. / Sampling location: 5/20, 9/20, 11/20 — Suaryk river; 11/19 —
Kuban river; 49/19, 51/19, 52/19, 53/19 — Malka river; 1/23, 2/23, 3/23, 4/23 — Daut river.

Ha nuckpumunammonnoit quarpamme (/1) FeO/(FeO;+MgO)-SiO, [Frost et al.,
2001] (puc. 3), roe mokazaHa JIMHUS Pa3TPaHUYEHUST MArHE3UAJIbHBIX U KEJIE3UCTHIX
rpanuronioB @T YK rpynmnupyrorcs B 001acTH MarHe3MalbHBIX 00pa30BaHMiA, B TO-
rpaHUYHOM 30HE Mek 1y TpaHutamu S u | Tuna. CpaBHeHHE COJAEPKAHUM OKCHIOB U TH-
NOMOP(HBIX AIEMEHTOB € 3TaJOHAMH I'paHUTOB M, I, S, A — Tuna u reoXMMHUYeCKUMH
tunamu rpanuronioB 1o JI.B. Tayccony [Typkuna, 2014; I'yces, 2012] noka3bIBaeT, 4To
nopoasl YK ominyarorcst ot 3tux crangaproB. OTMETUM, UYTO B HACTOALIEE BPEMs Bbl-
JEISIOT U APYTHe TUIBI TPAHUTOUIOB, C MOHATHOW T€OJMHAMUYECKON MO3UIMEN U HC-
XOJIHBIM TIaBAIIUMCS cyOcTpaTtoM. Hamboinee n3BecTHbl — momoHuTs (SH), amakuter
(AD) u canykutouasl (SN) [I'yces, 2012; Martin et al., 2005]. CpaBHeHuUE ¢ MIOIIOHU-
TaMH IMOKa3bIBaeT, 4to rpaHocueHuTsl UK npu paBubix Si0,, Al,0; otnnyarores 6onee
BbICOKHM MgO u 6onee Huskumu Na,O+K,0O, Rb, Ba, Sr, Th, Zr, Y, u (K,O/Na,0) <I.
Ha JIJ1 Rb/30 — Hf-Ta =3 [Harris et al., 1986] @T UK rpynnupyrorcs B mone VAG rpa-
HUTOB ByinkaHndeckux ayr. Ha J1J1 S7/Y-Y [Defant, Drummond, 1990] B mone afnakuros.
Ha 11 Sr—(SiO,/MgO) x 100—-K/Rb [Martin et al., 2005] B mose BEICOKOKPEMHHCTBIX a/1a-
KHTOB.
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Puc. 3. Cocmagvl nopoo na nempozenemuueckux OUazpammax.
Venosnvle obosnauenus: Ha ouaepammax Rb—(Y+Nb), Rb/30—Hf-Tax3: VAG — epanumul 8yIKaHuueckux
aye, syn-COLG — epanumsi cunronnusuonnvie, post-COLG — epanumvl nOCMKOIIUZUOHHDLE,
WPG — epanumot enympuniumusie. Ha Sr—(SiO,/MgQO) % 100—-K/Rb nonst adaxumos:
1 — svicokokpemuucmoix, Il — nuskokpemnucmolx. Ha Yb—Eu P — Oasnenue 6 xbap /

Fig. 3. Rock compositions on petrogenetic diagrams. Legend: On the diagrams Rb—(Y+Nb),
Rb/30-Hf-Tax3: VAG — granites of volcanic arcs, syn-COLG — syncollisional granites,
post-COLG — postcollisional granites, WPG — intraplate granites. On Sr — (SiO2/MgO) x100-K/Rb
adakite fields: I — high-siliceous, II — low-siliceous. On Yb — Eu, P is the pressure in kbar

Ha 1 La,/Yby— Yby B TI0JI€ BEICOKOTITUHO3EMHUCTHIX, TOHAJIUT — TPOHABEMUT — TALIH-
TOBBIX aJaKUTOB, HAHECEHBI TPEH/IBI TJIABICHUsI UCXOMHBIX mopoa [Defant, Drummond,
1990; Xu et al., 2000]. 3ametno, uto O®T UK 31€CH CMEIIEHBI OTHOCUTEIHHO TPEHIOB
TJIABJICHUS] TPAHATOBBIX aM(PHOOIUTOB U SKIOTUTOB. DTO, IO-BUIUMOMY, YKa3bIBACT HA
WHOM, OoNlee CIOXKHBIN TeHe3uc UCXoAHbIX paciuiaBoB. Ha JIJI MgO-SiO, [Gan et al.,
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2022] @T YK rpynnupyroTcst B Moj€ aJaKUTOB, 00Pa30BaBIIMUXCS MPHU JUTOCHEPHOM
nenamuHauuu. Ha JIJI K,O-MgO [Martin et al., 2005] ®T YK ckoHIEHTpUpPOBaHBI B
nosie canykurounoB. Ha JI/1 Yb—Eu [Typkuna, 2000] @T UK pacnonoxeHsl BOIU3U Tpe-
YTOJIbHBIX MOJIEH MOJIEBHBIX COCTaBOB, 00PA3yIOIIUXCS B PE3yJIbTaTe IIaBICHUS UCXOI-
HBIX [TOPO/J] MPH JaBieHUsX ~ 15-16 k6ap, 4TO COOTBETCTBYET OPUEHTUPOBOYHO IITyOHHE
52-56 kM. Penkue 3emnu (REE) nopon UK (puc. 4) HOpMHpOBaHHBIE K XOHAPUTY [Sun,
McDonough, 1989] o6pa3ytoT ppakiimoHupoBaHHbIE TPEH B! pacipeaeaeHus, 6e3 eBpo-
nueBoro MuHumyma. Ilo conepxxanuto u pacnpenenenuto REE, oHM OJU3KU C aHAIOTUY-
HBIMU TpeHAaMHU Mopoj daHepo3oiickoil Ba-Sr — rab0po-rpaHuTHON cepuu U TpeHIa-
MU TI03/IHeapXeickux canykutouaoB [Eroposa, 2013]. La,/Yb, oTHOmIeHUE (TIOKa3aTelb
crenienu ¢ppakiuonuposanus REE) 17,9-42 3. La,/Sm,, 3,4-4.,6. Gd,/Yb, 3,0-5,2. Eu/Eu*
rne (Eu*=(Sm,+Gd,)/2) 0,8-0,9. > REE t/t 126513 ) /n = 188. Ha mynbTHa1eMeHT-
HBIX CHaiiiep-auarpaMMax, Ije noka3aHbl HECOBMECTUMBIE 2IEMEHTBI, HOPMUPOBAHHBIE
no N-MORB [Sun, McDonough, 1989], MoxxHO OTMETUTH ciieayrolee: 1 — BRICOKOE Co-
JiepKaHue KPYHMHOMOHHBIX JMTOQUIbHBIX Rb, Ba, K, Sr u paanoakTUBHBIX 3JIEMEHTOB
Th, U; 2 — IOHM>XEHHbIE KOHIICHTPALIUHU TSKEIBIX PEAKO3EMENbHbIX 31eMeHTOB HREE u Y;
3 — geratuBHble aHomanuu Ta, Nb, P u Ti.

1000 ==~ 1000
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/\‘Gj‘;rfnites of the chuchkhur complex
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Puc. 4. Cocmaswi nopod na cnatioep-ouaspammax.
IHpumeuanue. Konyenmpayuu Hecosmecmumbix s1emenmos nopmuposatvi no N — MORB, konyenmpayuu
REFE nopmuposansi k xonopumy no [Sun, McDonough, 1989]. Cooepowcanue u pacnpeoenenue REE 8:
1 — canykumoudax Banmuiickoeo wuma, 2 — nopooax ¢aneposotickoli Ba-Sr-eabbpo-epanummotil cepuu
[Eeoposa, 2013] /

Fig. 4. Compositions of rocks on spider diagrams. Note. Concentrations of incompatible elements
normalized to N — MORB, REE concentrations normalized to chondrite according to [Sun, McDonough,
1989]. The content and distribution of REE in: 1 — sanukitoids of the Baltic Shield; 2 — rocks of the
Phanerozoic Ba-Sr-gabbro-granite series [Egorova, 2013]

Kiapku konnenTparuu 3nemeHToB (Kx>1,()) pacCuuTaHbl 0 CPABHEHUIO C KJIapKaMu
kucabix nopox [['yces u np., 1999] B cBs3u ¢ Tem, uro B UK ) /n Si0, = 64,3%. Pamxupo-
BaHHBIN psif Kx umeer cnexyrommid BUL: Niy ;; Cr; 5 Augg; Sty 7 Ba; 0 Sby o Pby o Ti; 4
Co; 4 Sc; o Ag 11 Vi Zn; . CpaBHEHHE KOHLIEHTPALUHI JJIEMEHTOB € IIETPOXUMHUYECKH-
MU THIIAMH TIOpOJ 12 ATaJOHHBIX T€OAMHAMHYECKUX 00CcTaHOBOK [['yceB u np., 1999]
nokaszpiBaet, uTo YK ycioBHO MOXHO COMOCTaBUTH ¢ OOPAa30BaHUAMHU KOJUTU3HOHHBIX
BYJIKQHO-TUTyTOHUYECKHUX IOSICOB.

O6CcyXAEHME PE3YABTATOB

CormnacHo ¢ reoluHaMU4eCcKON MozelbIo peruona [I'pexos, Ipyuknii, 2001 ] [To3nne-
TepLMHCKUNA CTPYKTYPHBIH sipyC (KapOOH-IIepMb) BBICTYNAET B Kaue€CTBE HEOABTOXTOHA.
Haubonee nomHo oH pa3sut B rpabeH-cunkinnnopuu [1X. IIpennonaraercs, 4ro: paHHUR
KapOOH — 3TO 3Tal KOJUIM3UU CYOAYKLMOHHOTO THUIMA; KapOOH—PaHHSASA NepMb — aKTHB-
Hast okpanHa KoHTHHEHTa (AKO) «AHIUICKOTO TUNa»; HUXKHSS MEepMb—HU3bl BEPXHEH
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MepMH — KOHTHHEHTANIbHBIN pudToreHes B npeneinax AKO; mo3ansis mepmb U Tpuac
Ha 3amagHoM KaBkaze — 3NMMKOHTHHEHTANBHBIN MOpckoil OacceitH. C MHIO0CHMHUHCKON
KOJIJTU3UEH OOBIYHO CBSI3BIBAIOT 00pa30BaHUE MO3THETPHACOBOTO, JHOPUT-TPAHOIUOPH-
TOBOT'O «I[EHCKOT0» KOMILJIEKCA, PACIOI0KEHHOTo B 30He [71aBHOrO XpeOTa Ha rpaHule
LenTpansroro u Bocrounoro Kaska3za [I'pexoB u ap., 2006]. M3yueHHbIe TpaHOCUEHUTHI
UK pacnpocrpanensl B BOCTO4HOM 4yacTu 30HbI [IX BK, oHM BHeapsuMCh B 3aKIIIOYU-
TeJBHBIN TIepuosl popMupoBaHus naneoszonckoro gpynmamenta Cxkudekont mutel (CIT).
JI71st mopoJ, XapakTepHbl BICOKUE copepxkanus: Ba, Sr, Gr, Ni, Au, MgO (3/n Mg” 0,63),
LiLe, LREE, La/Yb 18-42, npu nonmxenubix HREE u Rb/Sr 0,08, K,0O/Na,0 0,4-0,6.11o
COJIEP KaHUIO TIETPOTrEHHBIX OKCHJIOB U Psi/ia MHIUKATOPHBIX AJIEMEHTOB I'PAHOCHUEHUTHI
UK omnmuuarores ot rpanutoB M, I, S, A, SH — tuna. Ha auarpammax ®T UK taroreror
K IOJIIM TPAHUTOB a/IaKUTOBOTO M CAHYKUTOMIHOIO TUNa. B CBA3M ¢ 3TUM paccMoTpuM
3TOT MOMEHT nofipodHee. K agakutoBomy Tumy rpanutoB (AJl) oTHOCAT crierududeckue
KHCITBIC HHTPY3UBHBIC MOPOJIBI, 00HAPYKUBAIOIINE CXOICTBO C APPY3UBHBIMU aJITAKUTA-
Mu. [t 53¢ dy3uBHBIX aJaKUTOB MMOKa3aTeNIbHbL: Bbicokue — Si0, > 56%, A1,0; > 15%,
Sry LiLe, La/Yb; Sr/Y>40u au3kue — Y <18 r/tu Yb < 1,8 v/1; HFSE (Nb,Ta) n HREE. Cy-
LIECTBYIOT Pa3JIMYHbIE MPEACTABICHUS O MPOUCXOKIECHUHN aIaKUTOBBIX PACILJIaBOB. DTO
pe3yJbTaT: — IJIABJICHUS OKEAaHUYECKOM TUIUTHI U MOCIEAYIOIIETr0 B3auMOICHCTBHSI pac-
IJ1aBa ¢ MOPOJaMU MAHTHH M KOHTHHEHTAJIBbHOM KOPBI;, — TJIABJIEHUS MAHTHUIHOTO TIEpH-
JOTUTA B OE€3BOIHBIX YCIOBUSX; — YACTUYHOTO TUIABJICHUS YTOJIIEHHON HUXKHEH KOpBI; —
TJIaBJICHUS IeTaMUHUPOBAHHON, Madudeckoit HikHel kopsl [ Defant, Drummond, 1990;
Agneenko u ap., 2011; I'yces, 2012, 2014; Gan et al., 2022]. B pa3nuyHbIX peruoHax
mupa ¢ AD accoruupyrotr nophupoBbie U SMUTEPMAIIbHBIC, MEHBIC M PA3JIMYHOTO THIIA
3os10TopyaHbIe MecTopoxaeHus [['yces, 2014]. Canykutouasl (SN), 3o crienuduieckas
rpyma BHICOKOMAarHe3HalbHBIX MarMaTHYeCKUX Mopoj oborameHHsix Ba, Sr, LREE, n
miesiouamMu. OOBIYHO ATO TO3IHUE M ITOCT KHHEMAaTHYeCKUe 00pa3oBanus. X BHeapeHne
SIBJISICTCSl OHUM W3 TMOCIEAHUX MarMaTu4eCcKuX COOBITUH B YK€ KpaTOHH3WPOBAHHOU
KOHTHUHEHTAJbHON Kope. SN BBIIUIABIAIOTCS U3 MAHTUITHOTO MCTOYHUKA — METaCOMaTH-
3UpPOBAaHHbIX IEPUIOTUTOB. [ eoxummuueckue kpurepuu i Belaenenus SN: Si0, 55-67%
(B onHo(asueix kommiekcax 60%), K,0>1,0%, Mg" >0,6, Gr>200 ppm, Ni>80 ppm,
Ba>1000 ppm, Sr>1000 ppm, La>40 ppm, 0TCyTCTBUE UM HE3HAUUTENbHbIE Eu aHO-
Manuu, Rb/Sr<0,1. YMepeHHO M U3BECTKOBO-IeI0dHbIe SN nMeroT Oosiee Hu3kue Lile,
LREE, Sr 400-1000 ppm, Nd 28 ppm, K,O/Na,O <0,7 [Martin et al., 2005; Heilimo et
al., 2010; Eropoga, 2010]. [IpuBeneHHBIC BBIIIEC TCOXUMUYECKUE JAHHBIE, YKA3BIBAIOT HA
BEpPXHE-MaHTHIHYIO (CyOKOHTHHEHTAJIbHAS IUTOCEpHAs MaHTHs) TEHEPALIUIO UCXOHO-
ro pacruiaBa, 3a CY4ET METaCOMaTHU3UPOBAHHBIX MEPUAOTUTOB, IPU BEPOSATHOM yUaCTUU
9KJIOTUTOB JIETAMHUHUPOBAHHON HW)KHEW KOpBI, Ha mIyOuHe 52-56 kM. Crnemyer Takxke
oTMeTUTh, 4T0 MaccuBbl UK pacnpocrpanens! B 30He 11X mpakruuecku B Inpezenax
TpanckaBkaszckoro nonepeunoro nmogasatust (TIIIT), Bo3pact koToporo cumraeTcsi Crop-
HeIM. OniHaKo, B ee Mmpejenax Mo reou3nyeckrM JaHHBIM OTMEYAeTCs MOBBIIICHHbII
TEIUIOBOI MOTOK M MPUNOAHITOE MOJOXKEeHHe rpaHuilbl Moxopouunya. CyOmupoTHas
OpHUEHTAIMS T0SICa, TIO-BUANMOMY, CIIEyeT O0BSICHATH OMM30CThIO perrnoHaibHoro «Ce-
BEpPHOTO pa3jioMay CyOITMPOTHOTO MpOCTUpaHusl. THbIME ClI0BaMHu, PEoNaraeTcs, 4To
¢ TIIIT cBsi3aHa 30Ha aKTUBU3UPOBAHHOW MJTH «BO30YxkAcHHOW» ManTuu [LLlonmo, 1978;
Bonbmoit Kagkas ..., 2007]. Mcxons u3 Bbitie 0003HAYEHHBIX 0COOEHHOCTE reoOXuMHuye-
cKoro cocraBa rpanocueHuToB YK, X BO3pacTHOMU (3aKTFOUUTENBHBIN MTeproa GOpMUpo-
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BaHus naneo3oiickoro ¢pynaamenta CII) u reonmorndeckoit mozunuu (B npenenax TIIIT)
MBI CYMTAEM, YTO MX CJIEAYET OTHOCUTH K TPAHUTOMIaM CaHYKUTOUJHOTO THIIA.

[To nannubiM reonoruueckux oryetoB OI'VITI «KaBkasreoncbeMka» I. EcceHTykH ¢
nopozaamu UK accouuupyror cynbhuaHble 30HbI HE KOTYEAAHHOTO THIIA, B KOTOPBIX MPH-
CYTCTBYET IMUPUT, MarHETUT, THTAHOMArHETUT, JIETMHIUT, ADCEHONIUPUT U HE3HAYUTEIIb-
Hble KoinuecTBa < 1% cdanepura, XaabKOMUPUTA, MYIIKETOBUTA, FeMaTUTa U OJICKIIBIX
pyZ. 30JI0TO YCTAaHOBJIEHO B IUPUTE U B OKOJIOPYAHBIX MeTacomarurax. Conepxxanue 4u
B MeTacomarutax konebnercs ot 0,1 no 2-3 r/1. ConepkaHue nupura B Cynb(pUIHBIX
30Hax cocTaBiseT oT 1-4% 1o 12—-13% obbema nopozsl. B MoHO(pakiusax nupura, oTo-
OpaHHBIX MO CYIb(GUIHBIM 30HaM M B MACCHBAX I'PaHOIMOPUTOB HA YIAJCHUU OT PYIHBIX
00BEKTOB yCTAHOBJICHBI MOBBILICHHbIE cofepkanus Au (1o 8—10 r/t) u As. Ilpeanono-
KHUTEIBHO — (DOPMAIIMOHHBIN THUIT PYJOIPOSBIECHUH «30J10TO — MOIUCYIIb()UIHO-KBapIIe-
BBIID» C 3JIEMEHTAMM aqyJIsIp KBapLEBOTO.

3AKAKOYEHME

W3yueHsl IETpOXMMUYECKHE OCOOCHHOCTH IMO3IHETIEPMCKUX THIIA0MCCaTbHBIX Tpa-
HOCHEHHUTOB DPACIpPOCTPaHEHHBIX B BOCTOYHOH uacTu IlepemoBoro xpebrta bombimoro
KaBka3za. YCTaHOBIIEHO, YTO OHHU SIBJISIIOTCS YMEPEHHO-ILEIOYHBIMHU, BBICOKOMAarHe3H-
aJIbHBIMHU, YMEPEHHO KaJIMEBBIMU 00Pa30BaHUSAMHU C KaJIUEBO-HATPUEBBIM THUIIOM IIIEJI0Y-
HocTH. [loka3aHO, UTO OHM OTHOCSITCS K TpyIIE IPAHUTOMUJIOB CAHYKUTOMJHOTO THIMA
¥ XapaKTEPU3YIOTCs MOBBLIIEHHBIMU KoHueHTpauusmu Cr, Ni, Nd, LiLe, LREE, Mg*,
La/Yb. llpeanonaraercsi, 4T0 UCXOIHBIC PACIUIaBBI TPAHOCUEHHUTOB (DOPMHPOBAIINCH B
auTocepHOi MAaHTUH Ha TyOuHe 52—56 KM, P IJIaBICHUH METaCOMaTH3MPOBAHHBIX
HNEPUIOTUTOB U BO3MOKHOM YHYaCTHUH SKJIOTMTOB JIeJJaMUHUPOBAHHON HUXKHEHN KOpbl. OT-
MEUEHO, YTO C TMMa0uCCaIbHBIMU I'PAHOCUEHUTAMHU YyUYKYPCKOIO KOMILIEKCA acCOLUU-
PYIOT 30JI0TOCOAEpKANIUE CyTb(QHIHBIC 30HBI HE KOIYETaHHOTO TUIA, B KOTOPBIX MPH-
CYTCTBYIOT IIUPUT, JICJIMHTUT U B HE3HAUUTENbHbIX KonuuecTBax < 1% (apceHonupwr,
canepurt, XaabKOIHUPUT, OJICKIIbIE PY/IBI).
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Pe3tome: AKTyanbHocTb paboTbl. B cTatbe paspaboTaH HOBbIA 9DMEKTUBHbIA CNOCO6 CENEKTUBHOMO 3a-
60pa BOAbl U3 ONpeeneHHOro Cnos ABYXC/OMHOro CTpaTMduLMpoBaHHoro sogoema. Lienb ucenegosanuii. Pas-
paboTka HOBOro ah(heKTUBHOIO CNocoba CenleKTUBHOMO 3a6opa BOAb! U3 ONPeAeneHHOro Cros ABYXCNOMHOro
cTpaTudnumMpoBaHHOro Bogoema. 06beKT uccnegoBaHuin. Boga 13 cnoes 0TBOAUTCS ABYMS COOCHbIMU TPy6amMu
(Tpy6a B Tpy6E). HapyxxHas Tpy6a onyLleHa B BEPXHUIA CIION. BHyTpeHHAs Tpyba onyLLeHa B HYXXHWIA cnoi. Mpo-
eMbl TPY6 HaX0AATCA Ha O[MHAKOBOM PACCTOSAHWM OT NEPBOHAYaANIbHOTO MOSIOXKEHNS NOBEPXHOCTI pa3fena cno-
eB. MnoLaab NonepeyHoro Ce4eHnst Hapy>Ho Tpy6bl B ABA pasa 60/bLLUe, 4eM NA0LWaAb NONePeYHOro CeveHuns
BHYTPeHHel Tpy6bl. MeTop ucenepoBanus. CoctaBneHa matemMaTiyeckast MOAesNb CENeKTUBHOrO BOA03a60PHOr0
npoLecca, Korga Boja LOCTaeTCs Yepes Bbllleyka3aHHble Jge Tpy6bl. Mofenb npefcTaBserT KOHTaKTHYI0 Ha-
YanbHO-KpaeBYyo 3aJady MaTeMaTu4eckon (PU3NKK, COCTaBNEHHYI0 Ha 6a3e TEOPETUYECKON MMAPOMEXAHUKU B
COYeTaHun ¢ MeToaMu UCTOYHUKOB U CTOKOB. [Tpn 3a6ope BOAbl U3 ONPeLeneHHOro Cos 06LLEN3BECTHbIMM
cnocob6amu NMo Mepe YBeNMYeHUs pacxopa (CkopocTu) 3abupaemoil BOAbl NOBEPXHOCTb pasfenia CuilbHO UC-
KPUBNAETCA U NOAHUMAETCS NGO ONYyCKaeTcs 40 Npoema Boj03a60PHOI TPY6bI, YEM HAPYLLIAETCA CENEKTUBHbIA
BOJ103a60PHbIN Npouecc. B pesynbrate aHaNMTUHECKOr0 pelleHnst HaqanbHO-KPaeBoii 3ajaqu nosiy4eHa coBo-
KYMHOCTb pacyeTHbIX DOPMYN AN YpaBHEHWUS WCKPUBIEHHOW NOBEPXHOCTU pasfena cnoes. Pesynbratbl Uc-
cnepfoBanus. Ha 6a3e nony4eHHO! COBOKYMHOCTM (DOPMYN KOMMbIOTEPHBIMMW BbIYUCAUTENbHIMU 3KCMEPUMEH-
Tamun [0Ka3aHo, 4T0 NPy CUHXPOHHOM 3a60pe Bojbl H4epe3 06e TPYObl C 0OIMHAKOBLIMI PAcXo4amMit NOBEPXHOCTb
pasfena He UCKPUBNSETCS, COXPaHss CBOE NepBOHAYanbHOE rOPU3OHTaNbHOE NONOXKEHNE NPYU NPOU3BOSIbHbIX
OANHAKOBbIX 3HA4YEHNAX pacxona 3abupaembix Bof. Takum 06pa3oM, BbicOKas aDEKTUBHOCTb pa3paboTaHHOro
B CTaTbe cnoco6a CenekTMBHOM0 3a60pa BObl CTAHOBUTCS [OKA3aHHbIM yTBEpXaAeHeM. Cnoco6 no3BonseT 3a-
6uparb BOJY C BbICOKMM Pacx0AoM W3 MOAXOASALLEro CNos Ans HYX[ BOLOCHAGKEHUS.

Kntoyesble €N0OBa: CTPATUULIMPOBAHHbIA BOJOEM, KPUTUYECKUIA pacxof, HaYanbHO-Kpaesas 3ajadya, me-
TOJ UCTO4HMKOB 1 CTOKOB, HTErpanbHOe KOHEYHOE MHTerpanbHoe npeobpasoBaHue beccens.

Ins uutuposanus: Mysaes 1.[., Xape6os K.C., My3aes H./l. Matematn4yeckoe MoaenmpoBaHue 0AHOM0

3 MEKTUBHOrO cnoco6a 3abopa BOAbl U3 ONPESENeHHOro cnos ABYXCMOMHOTO CTPaTMdMLUUPOBAHHOTO BOAO-
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Abstract: Relevance. The article develops a new effective method of selective water intake from a specific
layer of a two-layered stratified reservoir. Aim. Development of a new effective method for selective water intake
from a specific layer of a two-layer stratified reservoir. The object of research. The water from the layers is
supplied by two coaxial pipes (pipe within a pipe). The outer pipe is lowered in the upper layer. The inner tube is
lowered in the lower layer. The openings of the pipes are located at the same distance from the initial position of
the interface of the layers. The cross-sectional area of the outer pipe is twice as large as the cross-sectional area
of the inner pipe. Methods. A mathematical model of the selective water intake process has been compiled, when
water is supplied through the above two pipes. The model is an initial boundary value problem of mathematical
physics based on theoretical hydromechanics combined with the methods of sources and sinks. When water is
drawn from a certain layer by well-known methods, as the flow rate (velocity) of the water being drawn increases,
the interface strongly bends and rises or falls to the opening of the intake pipe, which disrupts the selective
intake process. As a result of the analytical solution of the initial boundary value problem, a set of computational
formulas for the equation of the curved interface of the layers is obtained. Results. Based on the obtained set of
formulas, computer computational experiments have proved the statement that with synchronous water intake
through both pipes with the same flow rates, the interface surface does not bend, retaining its original horizontal
position with arbitrary identical flow rates of the collected waters. Thus, the high efficiency of the selective
water intake method developed in the article becomes a proven statement. The method enables high-flow water
withdrawal from a suitable layer for water supply needs.

Keywords: stratified reservoir, critical flow, initial boundary value problem, method of sources and sinks,
integral finite integral Bessel transformation.

For citation: Muzaev I.D., Kharebov K.S., Muzaev N.I. Mathematical modeling of one effective method of
water intake from a certain layer of a two-layered stratified reservoir. Geologiya | Geofizika Yuga Rossii = Geology
and Geophysics of Russian South. (in Russ.). 2025. 15(2): 21-32. DOI: 10.46698/VNC.2025.68.22.002

BeseapeHme

BO,Z[OCM, B KOTOPOM BOJa 110 I‘J'IY6I/IHC COCTOHUT N3 HECKOJIbKHX CJI0CB, OTIIMYAIOIIUXCA
IJIOTHOCTBIO, MYTHOCTBIO, TeMnepaTypoﬁ 100 XMMHUKO-OMOJIOrHYECKUM COCTaBOM Ha-
3bIBACTCA CJIIOHUCTO CTpaTI/I(bI/IL[I/IpOBaHHLIM BOJOCMOM. Bo;[03a6oprn71 nmponece, Korga
BOJa M3 TAKOI'0 BOAOCMaA 3a6npaeTc;1 U3 ONPCACIICHHOIO CJIOA, MPUYCM UCKIIFOYCHO I10-
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CTyIUIEHHE BOJIbI B BOJI03a00pHBIN MPOEM U3 JPYroro ciios, Ha3blBAeTCs CEJIEKTUBHBIM
BOJ103a00pHBIM TIporieccoM. Ecnu Bozma 3a0upaercs U3 BEPXHErO CJO0sl ABYXCIOWHOTO
CTpaTu(UIUPOBAHHOTO BOJAOEMA U BO3MYIIEHHAs MOBEPXHOCTh pa3zelia CIOEB J0CTH-
raeT mpoemMa Bo03a00pHOM TPyObl, TO TAKOE MOJOXKEHUE HA3bIBACTCS HIKHUM KPHUTH-
YECKUM IOJI0KEHUEM MOBEPXHOCTHU pa3jiena CJI0EB, IPU 3TOM YHUCIOBOE 3HAYEHHE pac-
xona (cKopocTH) 3a0upaeMol BOJbI HA3BIBACTCS KPUTUYECKUM [ABepkueB u ap., 1969;
My3aeB u 11p., 2020]. AHaJIOrMYHO BBIIIECKa3aHHOMY, €CJIM BOJIa 3a0MpaeTCs U3 HUXKHETO
CJIOSl U TP OTMpeeNIEHHOM 3Ha4eHHH pacxofa (CKopocTH) 3abupaemMoil BOABI MOBEPX-
HOCTh pasfielia OIyCKaeTcs 10 MpoeMa BoA03a00pHOI TpyObl, TO TaKOe MOJIOKEHUE Ha-
3bIBAETCSl BEPXHUM KPUTHYECKUM MoJIokeHHueM. COOTBETCTBEHHO, YMCIOBOE 3HAUYEHUE
pacxona (CKOpOCTH) Ha3bIBAETCSI KPUTUUYECKUM 3HAYeHHEM pacxona (ckopoctu). OTcrona
CIIEYET, YTO €CJIM B PE3y/bTaTe UCKPUBJIEHMSI IOBEPXHOCTD pasjieia CI0EB IPUHUMAET
KPUTHYECKOE MOJIOKEHUE, TO 3TUM HapyIIAETCs CEJIEKTUBHBIN BOZ03a00PHBI ITpoIece B
OTIpe/IeIEHHOM CJIO€ CTPaTU(UIIUPOBAHHOTO BOJIOEMA.

[IpuMeHeHne ceaeKTUBHOTO crioco0a 3a0opa BObI U3 CTPATU(DHUITMPOBAHHOTO BOJIO-
eMa yacTo ObIBaeT LenaecoodpasubiM [Mysaes u ap., 2020]. Hanpumep, uist oXnax1eHUs
KOHIEHCATOPOB TypOUH TEIUIOBBIX U AaTOMHBIX AJIEKTPOCTAHLIUI U OTBOAA OT HUX U3JIHIII-
HETo TeIUia B JIETHEE BpeMs TpeOyeTcs MmoJaBaTh K HUIM BOY M3 INIyOWHHBIX CJIOEB CTpa-
TU(GHUIMPOBAHHOTO BOJI0EMa UCTOYHHMKA BOIOCHAOKEHUS, I7Ie BOAA ObIBaeT XOJIO/IHEE Ha
8°—10° mo cpaBHEHUIO C TeMIEepaTypol MOBEPXHOCTHOTO ciiosi. [Ipu sToM Hazmo UCKITIO-
YUTh BO3MOXKHOCTbH 3aTE€KaHUS BOJIBI B IPOEM BO03a00pHOM TPyObI U3 BEPXHETO TEILIOr0
ciosi. B citydae cuibHOro 3arps3HeHHs] HUYKHETO CJI0sl TIMOO0 BEPXHEro CJI0si HE0OX0IMMO
3a0upaTh BOAY U3 TAKOTO CJI0s, T/Ie Bojia Oosee uncTast. [Ipu 7ToM Ha10 MPUMEHSATH MEpO-
MPUATHUS TaK, 4TOOBI BOJIA U3 3arPS3HEHHOTO CJIOSI HE 3aTeKasia B BOI03a00pHBIN ITpoeM,
YTO Ba)KHO JUISI COXPAHEHHsI SKOJIOIMUECKOro OajaHca U OMOJIOTHYecKOro pa3Hooopas3us
teppurtopuii [['ybanos, 2022].

KpaTtkmm MaTeMaTrnyeCKmnm AQHOAN3 PA3BUTLSI METOAOB
pAcCYeTa CeAEKTVBHbIX BOAO3AOOPHbLIX NPOLLEeCCOB, KOrAQ
BOAQ 300MPAETCS U3 BHYTPEHHErO NPOCTPAHCTBA BOAOEMA

B cnenmanbHBIX CIpaBOYHBIX JIMTEPATYPHBIX UCTOUHUKAX, & TAKXKE B IPUIOKEHUH K
CTPOUTEIBLHBIM HOpMaM U TipaBujiaM [3aanumBuiu u ap., 2024; CripaBo4YHUK ..., 1977]
MIPEJICTABJICHBI MONyIMIIUpUUeckre (HOpMysbl, PEKOMEHAYyEMbIe ISl THIPABINYECKUX
pacueToB U MPOEKTUPOBAHUS CEJIEKTUBHBIX BOJ03a00PHBIX yCTpOMCTB. [yl cxeMbl BO-
no3abopa, Korga HeoOXoauMo 3a0upaTh BOAY TPYOOH M3 BHYTPEHHETO IMPOCTPAHCTBA
BEPXHET0 OCBETJICHHOTO CJIOSl ABYXCIIOMHOTO Bojoema (puc. 1) pekoMeHyeTcst pyKOBO/I-
CTBOBaTbcs aMnupuyeckoit popmynoit M. Jlauanana-M.I'mosepa [ABepkues u np., 1969;
CnpaBouHUK ..., 1977; Craya, 1949; Meronuueckue ..., 2003; My3aes, 2024], kotopas

HUMEET CIEAYIONIUN BU:
- p2=p1 . ;2
Qi = 142n_|gd 01 2, (1)

IJIe TIPUHATHI CIIeAyIone 0003HaueHus: O, — KpUTHIECKOE 3HAYCHUE pacxoia 3a0u-
paemoii Boabl, d — quaMeTp BOA03a00pPHOM TPYObI, Z, — pacCTOSIHAE OT NIEPBOHAYATIHHO
TOPU30HTAJILHON INIOCKOCTH pa3jieiia CI0€B BOJbI 0 T€OMETPUUECKOTO LIEHTPa IpoemMa
B0J103a00pHOMN TPYOBI, 7| ¥ 7', — TUIOTHOCTH BOJBI B BEPXHEM M HUKHEM CIJIOSIX COOTBET-
CTBEHHO, g — YCKOPEHHUE CHUJIBI TSHKECTH.
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Puc. 1. Cxema 60003ab60pa uz eepxmnezo 0ceemienno2o cios /

Fig. 1. Scheme of water intake from the upper clarified layer

Jlia cxembl Boo3abopa, Korja Bojia 3a0HUpaeTcsl U3 HUYKHEro Closi TpyOoil ImojBe-

JIEHHOM uepe3 THO BojoeMa (puc. 2), peKOMEHYETCsl PYKOBOICTBOBATHCS AMITUPUUECKOM
dbopmynoii B.Xapnemana [Harleman, Stolzenbach, 1972], kotopas umeer ciemyronuit

BU:

Qi = 0,51n /%gHz 28,

rae H, — TONIIMHA HIKHETO CII0SI BOJIBI, OCTaIbHbIe 0003HAYCHHUS Pa3bsICHEHBI B (hOp-

myie (1).

2)

P | Hi
___________ 3/_{ __Z;_______
Y| H> ) \l'd<_

Puc. 2. Cxema 60003ab0pa u3 HudicHe20 cros mpyooul no08edeHHol yepe3 OHO 8odoema /

of the reservoir

Fig. 2. Scheme of water intake from the lower layer by a pipe connected through the bottom

B stux OMITUPUICCKUX (bopMynax MOJIHOCTBIO OTCYTCTBYIOT TOJIIIMHBI CJIOCB BOJAbI U

rabaputHble pazMepsl Bogoema. Dopmyna (2) mpuMeHuMa TOJIBKO TOTJa, KOrja BOa03a-
O6opHas TpyOa moJBeIeHa 3aMoUIUIIO C JHOM BogoeMa. 13-3a ymoMsHyThIX HEJJOCTATKOB
pacueT ¥ MPOeKTUPOBaHHE Ha OCHOBE ATHX AIMIUPUYECKUX (POPMYII B HEKOTOPBIX CIIyda-
X MOTYT HE TapaHTUPOBATh CEIEKTUBHOCTh U PEHTA0EIbHOCTH BOJJ03a00PHOI0 YCTPOWi-

CTBa.
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B nanHoii cratbe pazpaboTaH HOBBIHM A PEeKTUBHBIN cr10cO6 3a00pa BoAbI TpyOamMu 13
BHYTPEHHETO MPOCTPAHCTBA OINpeeNeHHOro cios. IIpu aTom pacxon 3a0upaemoil BOjibl
MOXET OBbITh B pa3bl OoJblle, 4eM KpUTHUecKuil pacxoa. Criocod OCHOBaH Ha OJHOBpE-
MEHHOM CHHXPOHHOM 3a00p€ BOJIbI U3 BEPXHETO U HIXKHETO c10eB. Boza n3 BepxHero cios
3abupaercst TpyOOH, OMyIIEHHON Yepe3 cBOOOJHYI0 MOBEPXHOCTh BojoeMa. M3 HuxHe-
TO CIJIOSI Bojia 3a0MpaeTcs Apyroit Tpyooi, MpoBeICHHON BIOJb IIEHTPATbHON OCH TIEPBOit
TpyOsl, (T.e. — TpyOa B TpyOe) MOABEACHHON K HIXKHEMY ciioto. [IpoeMsl TpyO HaxomsT-
Csl Ha OIMHAKOBOM PACCTOSIHUM OT MEPBOHAYAIIEHOTO TOPU30HTAILHOTO TOJIOKEHUS IL10-
CKOCTH pazziefia cyioeB. Huke TeopeTHUecKH CTpOro J0Ka3aHO YTBEP)KAECHUE O TOM, 4TO
IpU CUHXPOHHOM 3a00pe BOABI Yepe3 TPyObl C OJMHAKOBBIMU PACXOJaMU MOBEPXHOCTb
paszena clI0OeB HE UCKPUBIIAETCS M MPAKTUYECKU COXPAHsET CBOE MEPBOHAYAIBHOE FOPHU-
30HTAJIBHOE MOJIOXKEHUE. DTOT THAPOAMHAMUYECKHUH 3(D(EKT MO3BOIISIET CEIIEKTUBHO 3a0u-
paTh BOY KaK U3 HMKHETO CJIOs, TAK M U3 BEPXHETO CJIOS C TIOBBILICHUEM PACX0/a B pasbl.

[MOCTOHOBKA KOHTAKTHOW HOYOABHO-KPOEBOW 30A04M,
MOAEAMPYIOLLLEN CEAEKTUBHBIVM BOAO3AOOPHbIV MPOLLECC, KOTAQ
BOAQ 306MPAeTCs BhilenpeACTAOBAEHHbIM HOBbIM CMTOCOBOM

[lonaraercs, 4To B LMIMHAPUYECKON CHCTEME KOOPJAUHAT (7z), YacTh IMPOCTPAHCTBA,
orpannyeHHas ycinoBusimu 0<r>R; H,<z<H, 3aHsTa JBYXCIIOWHBIM CTPATU(HUIIMPOBAHHBIM
BOJIOEMOM C TOJIIIUHAMU | 1 H, BEpXHETO U HUKHETO CII0EB COOTBETCTBEHHO, R — Kpyro-
Bas IPOTSKEHHOCTh BOJOEMA CXEMATU3UPOBAHHOIO B BUJE IWIIMHAPA pajanyca R U BbICO-
Toii H, + H,. Boga u3 BepxHero c¢ios 3a0MpaeTcst 4uepe3 NpoeM MEXy HapyKHON U BHY-
TPEHHEH COOCHBIMU TpyOamu. M3 HIXKHETO €05 BO/a 3a0upaeTcst BHYTPEHHEH TpyOoil.
Ha pucynke 3 mpencrasieHa pacueTHasi cxeMa MOCTaBJICHHOW HauallbHO-KPAaeBOM 3a/1a4uu.

/_TT [~ rZ

—>\/

PN | H

i
—

]
%
-

Puc. 3. Pacuemnas cxema nocmagieHHoU HA4aIbHO-Kpaesou 3a0auu /

Fig. 3. Calculation scheme of the initial boundary value problem

Ha pucynke 3 (0, z,) — koopAHHATHI LIEHTPaA MpoeMa Hapy>kHOU TpyOsl, (0, -z,) — Koop-
JMHATHI IIEHTPA KOHIIa TpoeMa BHYTpeHHEH TpyOsl. Uepes 7| u 7, 0003HaYEHBI INTIOTHOCTH
BEPXHET0 M HUYKHETO CJIOEB BOJBI COOTBETCTBEHHO. J[BHKEHHE BOJIBI B CIIOSIX CUUTACTCS
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0€3BUXPEBBIM C yUeTOM 00pa30BaHUS MOBEPXHOCTHBIX U BHYTPEHHHUX IPABUTAIIMOHHBIX
BoiH [Karplus, 1956; bacuues u ap., 1993; Macker, 1953].

Hcnonb3yercs ruipoquHaMuyecKkasl TeOpUsi MOBEPXHOCTHBIX U BHYTPEHHUX I'PaBH-
taunoHHbIX BoJH [[lokun u ap., 2015; Cperenckuit, 1977; Iltepennuxt, 2004; ['aBuy,
1988; Yapnsiii, 1968; ['un30ypr, 1970; benonuneukwuii u ap., 1991] u MmeTon HCTOUHUKOB
u ctokoB [Garabedian, 1956].

JIBu>KeHHe BOABI B CIIOSIX HauOoJee aleKBaTHO MOJICTIMPYETCS CIIeAYIOIEH HauaabHO-
KpaeBoii 3amaueit maremaruyeckoi ¢pusuku [Bazos, ®opcaiit, 1963; My3aeB, Co3aHOB,
1995; Kopn, Kopsn, 1977; KonusikoB u np., 1970; Jlam6, 1947; Harleman, Stolzenbach,
1972; Bykpees, 2010; 3aanumBuiu, My3aes, 2023 ]:

li( a‘Pl) 0%y — _ 91/1(1Z1(2)
ror ar 0z2 2nrye? 3)
li(r 6(p2) + 0%, _ _1f2(NZ(2)
r or or d0z2 2nr, €2

_ 991 _ 092 _ —_0n.

P1=¢=0,—==—>=0,nput =0; “4)

0p1 _ 09y _ — —

T = —O,Hpglr—gur—R. ) 5)

P1 — —_ .ﬂ — ﬂ — '& — = —

P 0,mpu z = Hy; e o, 1IPH Z 0; p 0, mpu z H,

62('01+ % = 62<p2+ % npuz =0
Pi\Toez T9%, )= P2\oez "9, )P ’

IJie MPUHSATHI Cleayromye 0003HaueHusI U MPEATNONIOKEHUS: ¢ — BPEMs; ¢ — Pacxoll
BO/JIbl, 320MpaeMblil Hapy>KHOM TpyOOil U3 BEPXHETO CII0S; ¥ ¥ Z — IUJIUHAPUIECKUE KOOp-
JIUHATHI IEPEMEHHOM TOUKH; ¢,(f) — pacxo/l BOABI Uepe3 HaAPYKHYIO TpyOy, 3a0upaemblii
U3 BEPXHETO CJOs; ¢,(f) — pacxo] BOIbI, 3a0UpaeMblii BHYTPEHHEH TPyOOil N3 HIDKHETO
CIOsi; 7| — painyc HapyKHOH TpyObl; 7, — paJuyc BHYTpEHHEH TpyObl; & — BCioMora-
TeJbHAs OECKOHEYHO Majast BennuuHa; f(r); f,(r); Z,(r); Z,(r) — BcnomorarenbHbIe yHK-
IIUH, TIO3BOJISIOLINE MAaTEMaTHUYECKU CMOJIEIIMPOBATH MPOLIECC 3aTEKaHMsI BOJbI B TPOEMBbI
TpyO Ha OCHOBE METO/J]a HICTOUHUKOB U CTOKOB.

1,ecmur € (ry;ry + &)
fi(r) = { 1 !
0,ecnure(ry;ry + &)

_(l,ecuz € (zy — & zp)
%) = { 0,ecuze(zg — 2p) '

_(Lecmur € (ry;m; + &)
JSa(r) = { 0,ecrure(ry;r, + &)

_(Lecmz € (—z9 — &—2)
Z,(r) = { 0,ecnuzg(—2zy — & —2o)

CornacHo npaBbIM YacTsIM aud@epeHuanbHbIX ypaBHEeHHH (3) cunTaeTcs, 4To pac-
XOJ1 BOJIbI, KOTOPBIN JOMKEH OBITh 3a0paH TpyOoii, momiomaercs B 0ObeMHOM CTOKE B
BHJIE BOOOPakaeMOro KOoJIbLIEBOTO IIUJIMHAPA ¢ OECKOHEYHO MaJIol BBICOTOM &, a TaK¥Ke C
OECKOHEYHO MaJIOW TOJIIIMHOM KOJIBIIEBOTO 3a30Pa &.

3aBUCHMOCTH PacXo0B BOJbI OT BpEMEHH 1iesiecoo0pa3Ho 3a1aTh cleayoummMu Gop-
MyJIaMHu:

t
gi—,ecu<t<t
q2(t) ={ % (@ ={

g, ecmu 0 <t =t,

t
—ecou<t<t

4 ’ (6)

gz, eciut =t

TJE ¢, — MPOMEKYTOK BPEMEHH OTKPBITHS BOA03a00pHBIX TPYO.

[Ipu u3BECTHBIX MOTEHIMANAX j, U j, YPABHEHUE UCKPUBICHHOW MOBEPXHOCTHU pasJie-
Ja cnoeB onpenensiercs nuddepeHIpoBaHIEM j, U j, IO BpEMEHH, COIacHO Gopmyie:
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9 d
1t = (p,r1)g )g (pl (;il Py ;2) npu z = 0. )

PelleHne NOCTABAEHHOM HOYAABHO-KpAeBOM 30AQ4M (1)-(5)

C camoro Hauaja MocienoBaTeIbHO MPUMEHEHbl MHTErpajbHOE IMpeoOpa3oBaHue
Jlarnaca mo BpeMeHH ¢ 1 KOHEYHOE MHTErpajbHOe npeodpa3oBanue beccens no nepemen-
HOH 7. B pe3ynprare HauabHO-KpaeBas 3ajaya MPUBEJIach K PEIICHHUIO CIEAYIONIENH KOH-
TaKTHOW KpaeBoM 3a7a4u Juid ABYX Ju(depeHInanbHbIX YpaBHEHHH BTOPOTO MOPSIIKA.

a2, , 2~
o P, = o (e 2) 2@ ©
dzﬁz,n 2~ _ q» B
dz2 - A‘n¢2,n - anfo ( )ZZ(Z)l
3,2 = f f @iro (in )dtdr i=1,2 ©)
d¢1n 49,
(oln _OHpI/IZ—H1, = ,ipu z = 0; (10)
2~ d?bl,n 2 d?b
Pi\P7O  tg— = | = P2 P¢2n+gd— ,pu z = 0;
do, , 1
P 0,mpuz = —H,; u, = #"E;n =12, ..
H;; — KOPHM CIIEIYIOMIETO TPAHCIIEHAEHTHOTO YPABHEHMUSI:
Jo) = Jo(w) = 0, (11)

Jou J1 — nununapuueckue Gpynkuun beccens nepsoro pona.
[IpaBeie cTopoHb! nupdepeHINaIbHbIX YPAaBHEHHUH MOTYYeHbI TyTeM 3aMeHbI Oec-
KOHEYHO MAaJIbIX BEJTMYUH YKBUBAJICHTHBIMU MAJIbIMU BEIMYUHAMMU:

fr1+g rJo (lln )dr ~118lo (lin )
fr2+g 7 Jo (Hn )dT~T2€]o (Hn )

B HeHLHeﬁHIeM X0J€ PCIICHUS ITPUHATHI CJICAYIOIUC 3aMCHBI:

fZZOO_ shA,(H; — x)dx ~shA,(H; — zy) &
J22 7  chan (H, + x)dx ~ch Ay (Hy — 29)(—&);
fzzo"_gchln(Hl — x)dx ~chA,(Hy — o) &
Pemena xonTakTHas kpaeBas 3anada (8)—(10) u BBITOIHEHBI OOpATHBIE UHTETPAIIb-
Hble TIpeoOpa3oBanus (8). 3HAUCHMs] MOTEHIIMAJIOB IMOJICTABICHBI B 3aBUCUMOCTU (7).

B pesynbrare Bcero 3Toro U npeesbHoro nepexonaa e—0, 11 ypaBHEHHsI UCKPUBIEHHON
MIOBEPXHOCTHU pa3ziesa CJIOEB MOIydeHa CIIEAYIONasi COBOKYITHOCTb PACUETHBIX (OPMYIL:

100 = B S (1) )
dy = p_lm w20 (0 2) Rin = Lo (0 2) Rans (13)
b = Sbthany 5o (i ) Ra = thAntulo (1 ) Ran
e—/nZo _ p—/n(2H1-20) e—/nZ0 4 o—n(2H1~70) e—/nZ0 4 o—in(2H2Z0)
Rin = 1+ e~2/nH1 iRon = 1+ e~2/nH1 Rs = 1 + e~2/mH2 ’
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p1 ' P1\ .,
on = 14 - thagHithAuHy; 7, = thiHy + thiyHy 7, = (1 _ E) thi, HythA, Hy;
Yon = \/sz,n — 4Y1nV3n Yo + \/sz,n — 410V
Win = g/ln 27, ; Wy = g/ln 21, H
,n n
1
= (coswllnt - coswz’nt),npu 0t <ty
djl,n (t) = 1 0
= COSW1 nt — COSW1 n(t — ty) — COSWypt + COSW,  (t — to)) ,nput > ty;
0
( 1/(1—-coswint 1—coswyut
| — 5 n-_ 5 2n apu <t < ty;
Lo Wip Wy n
D, n(t) = ' '
’ 1 (coswy,(t —ty) — cOSwy,t  COSWy,(t —ty) — COSW, Ht
— - > — — - 5 - ,hput =ty
tO wl,n (‘)Z,n

PGSY/\bTOTbI KOMIbOTEPHbIX BBIMUCANTEABHbBIX KCNEepPpMeHTOB

CoOBOKYMHOCTb NOJTY4YEHHBIX pacdeTHbIX (opmyi (11)—~(13) mis ypaBHEHUS] UCKPUB-
JICHHOM MOBEPXHOCTH pa3/ieia CI0EB IEPENNCaHa B KOMIIBIOTEPHO OPUEHTHPOBAHHOM
BU/JIE U BBINIOJHEHBI BEIYNCIUTEIbHBIE SKCIIEPUMEHTHI.

BxoznHbIM mapameTpaM IpUCBauBAJIUCH CIIELYIOIINE YUCIOBbIE 3HaUeHUA: [H=H,=2 M,
Zy=1,5 m, =998 xr/M?, r,=1000 kr/m3, =0 M, r,=0,2 M, r,=1,414%r, M, R=500 M,
¢:=0,01 m*/c. Ha pucyHke 4 npencrasiiensl rpaGUKu 3aBUCHMOCTH BBICOThI TOBEPXHOCTH
paszena cioeB /1 OT BpeMEeHH, IIPU Pa3IMUHBIX pacxosax 3a0upaeMoi BOIbI ¢,.

0,0045

:  4y=0,0m’/
0,0040 L N —— R

0,0035 — §,=0,002m3/s
0,0030 © \\
E __ §,=0,004m’/s
0,0025 -
B 0,0020 / \ 4,=0,006m3/s
< ;
0,0015 00088
0,0010 — 970,U00mS
0,0005 | q2=0,0101n3/s
0,0000 *
00005 e
0 100 200 300 400

Puc. 4. I'paghux 3asucumocmu evicomvl nogepxnocmu pazoena cioes h om epemenu,
npu pasiudHbIx pacxo0ax 3abupaemot 800l ¢,/

Fig. 4. Graph of the dependence of the height of the interface of the layersh on time,
at different rates of water intake q,

MakcuMyM BBICOTBHI TIOBEPXHOCTH paszfiesia CJI0eB /i TOCTUTaeTcsl MPUOIU3UTEIHHO
yepe3 16 ¢ oT Havana nporecca. [Ipu ymeHbIeHnu pacxona 3adupaeMoit BOJbI ¢, MaKCH-
MYM BBICOTHI ITOTbEMA BO3PACTAET.
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Ecnu paccMOTpeTh 3aBUCHMMOCTD BBICOTBI TOBEPXHOCTH pasjiena ClIoeB /1 OT pacxoa
3abupaeMoit BOaIbI ¢, (PHC. 5), TO BUAHO, YTO BHIPABHMBAHHE MOBEPXHOCTH MPOUCXOIHT
npu pacxoze ¢,=0,01 m*/c.

0,005 —
L t=16s
0,004 \\
[ r=12s
0’003 \ﬁ\%\
= 0002 ~= - S
& \?—\ S
0.001 ~oao o Ty
_“-/L--—--___/ ____________ T .~ =05
0,000 —— ] f B =
ct=20s t=30s t=70s =200s
0,001 ——— e :
0,000 0,002 0,004 0,006 0,008 0,010 0,012
qps M3/

Puc. 5. I'pagux 3a6ucumocmu vicomul nogepxHocmu pasoena cioeg h om pacxooa 3abupaemoii 600vl q,
6 PA3IUUHbIe MOMEHMbl BPEMEHI O Hauaa npoyecca t/

Fig. 5. Graph of the dependence of the height of the interface of the layers h on the intake water flow q,
at different times from the start of the process t

MaxkcuMyM BBICOTHI TTOIbEMa PACTET OT IUIOCKOM MOBEPXHOCTH B Hayase Ipolecca
=0 c, 1o 16 ¢ (puc. 5). Ilpu 3akpeIToii BOI03a00pHOH TpyOe ¢,=0, BBICOTA ITOBEPXHOCTH
pasnena cioes coctaisiet #=0,0045 m. [Ipu BkItoueHHO# Bo103a00pHOI TpyOE U pacxo-
ne ¢,=0,01 M*/c mOBEPXHOCTH pa3jiena CJI0EB BHIPABHMBAETCS U CTAHOBUTCS BO3MOYKHBIM
3a0uparhk BOLY C OOJIBIIUM PACXOIOM.

3AKAKOYEHME

Ha 0a3e TeopeTnueckoil ruipOMEXaHUKH COCTaBJI€Ha MaTeMaTH4ecKasi MOJIeJIb HOBO-
TO BBICOKOA((HEKTUBHOTO CEJIEKTUBHOTO CIoc00a 3a00pa BOMIBI U3 OMPEIEICHHOTO CIIO0S
JIBYXCIIOMHOTO CTpaTu(ULIHUPOBaHHOTO BOJOEMA — HCTOUYHUKA BOjOCcHaO)eHus. Bona u3
CJIO€B OTBOJUTCSI OJHOBPEMEHHO JIByMsI COOCHBIMU (TpyOa B TpyOe) TpyOamu, OmyIeH-
HBIMH BHYTpPb CJIO€B. Mojieib MpeAcTaBisieT KOHTAKTHYIO HayalbHO-KPaeByIO 3a/iady
MaTeMaTU4ecKol (DU3UKU JBYXCIOWHOTO JABMKEHHUS Pa3HOIUIOTHOCTHBIX CJIOEB BOJBI.
B pesynbrare penieHus mOCTaBICHHON HAYaJbHO-KPACBOM 3aJaud MOJIyYE€Ha COBOKYII-
HOCTb PacYeTHBIX (POPMYII JUIsl ypaBHEHHS] UICKPUBIIEHHOM MOBEPXHOCTH pasJieia CJIOeB.
[Ipu 3a60pe BOABI M3 OMPENEICHHOTO CI0si OOIIEN3BECTHBIMU CIIOCO0aMU 110 MEpPe YBe-
JUYCHHS pacxojia (CKOpOoCTH) 3a0MpaeMon BOJbI TTOBEPXHOCTh pasjieia CUIbHO UCKPHUB-
JSIETCSA Y TIOJHUMAETCSI JTMOO OIMyCKAeTCs JI0 MpoeMa BoJ03a00pHOI TpyObl, 4YeM Hapy-
IIAETCsl CEJICKTUBHBIA BOM03a00pHBIN Tporiecc. [Ipu 3ToM Boma M3 HEMPUTOAHOTO CIIOS
Oyner 3aTekarb B MPOEM B0J103a00pHON TpyObl. KOMIBIOTEPHBIMU BBIYMCIUTEIBHBIMU
9KCIEPUMEHTAMH, BBIMOJIHEHHBIMH 110 TOJYYEHHOW COBOKYIHOCTH (OPMYII, AOKa3aHo,
YTO MPH 3a00pe BOABI U3 ONPEACIICHHOTO CJI0S BOJOEMa pa3pabOTaHHBIM CIIOCOOOM JIBY-
MsI COOCHBIMH TPYOaMH MOKHO IOJIHOCTBIO UCKIIFOUNUTh UCKPUBIIEHUE IIOBEPXHOCTH pa3-
nena cinoeB. [Ipu 3ToM Bojia U3 HEMPUTOAHOTO CJIOS HE CMOXKET MPOPBIBATHCS K MTPOEMY
B0/1032a00pHOM TPYOBI. DTOT KOMITBIOTEPHO-TEOPETUUECKHU JIOKA3aHHBIM THAPOIUHAMH-
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yeckuil 3h(hexT NoATBEpKIaeT BHICOKYIO I3PPEKTUBHOCTh pa3paboTaHHOIO criocoba 3a-
60pa BOJbI U3 CTPATU(UIIMPOBAHHOTO BOJJOEMA.
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Pe3tome: AKTyanbHOCTb paboTbl. 13y4eHne KOPOTKONEPUOAHbIX KOMIOHEHT ABVKEHWS NOMOCOB 3eMiu 1
060CHOBaHWE UX BO3MOXXHON CBA3M C reonHaMU4ecKMMI npoLeccamm NpeacTasnsaeT Co60M akTyasbHy Npo-
6nemy, onpefenstoLLyto Noaxo4 K pa3paboTke Mofenen HopmMMpoBaHMs Nosieil HanpsXKeHHO-AedOpMIUpPOBaH-
HOr0 COCTOSIHUS 36MHOW KOPbl CEACMOAKTUBHbIX PErMOHOB M XapakTepa WX cemcMun4eckon akTueHocTi. Lienb
pa6boTbl — geTanbHOE M3y4eHMe BbICOKOYACTOTHBIX KOMMNOHEHT ABVKEHMS NOMOCOB 3eMn U 060CHOBAHME WX
BO3MOXHOW CBA3M C reofmHamuyeckumu npouveccamu. Metonbl uccneposanus. poseseHa Ludposas gunb-
Tpauus n cnekTpanbHas o6paboTka katanoros MCB3 asuxeHus CesepHoro nontoca 3emnu ¢ 1962 roga (aa-
Hble 6tonneTeHs EOP14C04) n ¢ 1900 rofa (aaHHble 6tonneteHs EOP14C01) no 2024 roa 1 aHanus nonyyeHHbIX
martepuanos C BbleneHneM KOpoTKONepUoLHbIX KOMMOHEHT ABuXeHns CeBepHOro nontoca 3emnu. Pesynbrathbl
pa6oTbl. B cnekTpax Bapuauunii fBuxkeHns CeBepHOro nostoca 3emMni BblAeNeHbl KOPOTKONEePUoAHbIE KOMMO-
HEeHTbI. PAcCMOTPEHbI BO3MOXKHbIE MPUYMHBI OCHOBHbIX MOJ, 11 000CHOBaHA UX eAnHas npupoga. [okasaHo, 4To
YPOBEHb BbICOKOYACTOTHOrO «LUyMa» B WHTEpBAse 4acToT, COOTBETCTBYIOLWeM nepuogam 100-30 cyTok, npo-
MOPLUMOHANEH BeINYNHE OTKIIOHEHWUS MOMOca U CUIbHO MOAYNIMPOBAH COCTaBNsAoLWEN 6.3 roga kak oru6arn-
LLiel BbICOKOYACTOTHOIO anasoHa MCXOAHOI0 psja C NOCTOAHHBIM YMEHbLUEHWEM ero amMmnnTyAbl 3a Nepruog ¢
1962 ropa (maHHble 6ronneteHs EOP14C04) po 2023 roga 1 nocneayowiMm pocToM YpOBHS BbICOKOYACTOTHOIO
«lyma». Mony4eHHble MaTepuanbl NO3BONAOT CTABUTb B Ka4eCTBE NPOBMeMbl UCCNeA0BaHNE CBA3N CEACMUY-
HOCT 1 POTALMOHHOIO pexxnma 3emin Ha NpUMepe 0TAeNbHbIX CENCMOONACHbIX PErMOHOB.
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Abstract: Relevance. The study of short-period components of the Earth’s polar motion and the substantiation
of their possible connection with geodynamic processes is a pressing problem that determines the approach
to the development of models for the formation of stress-strain state fields in the Earth’s crust of seismically
active regions and the nature of their seismic activity. Aim. A detailed study of high-frequency components of
the Earth’s pole motion and substantiation of their possible connection with geodynamic processes. Research
methods. Digital filtering and spectral processing of the IERS catalogues of the Earth’s North Pole motion from
1962 (EOP14C04 bulletin data) and from 1900 (EOP14C01 bulletin data) to 2024 were carried out, and the
obtained materials were analyzed, identifying short-period components of the Earth’s North Pole motion. Results.
Short-period components are identified in the spectra of variations in the Earth’s North Pole motion. Possible
causes of the main modes are considered and their unified nature is substantiated. It is shown that the level of
high-frequency “noise” in the frequency range corresponding to periods of 100-30 days is proportional to the
magnitude of the pole deviation and is strongly modulated by the 6.3-year component as an envelope of the
high-frequency range of the original series with a constant decrease in its amplitude over the period from 1962
(EOP14C04 bulletin data) to 2023 and a subsequent increase in the level of high-frequency “noise”. The obtained
materials allow us to pose as a problem the study of the relationship between seismicity and the rotational regime
of the Earth using the example of individual seismically hazardous regions.
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BeseapeHre

Kocmuueckue GpakTopsl onpeaesnsiif reoJOrHIecKUe MpoIecchl Pa3BUTUS 3eMITH KaK
IUTAaHETHI Ha BCEM MPOTsLKEHUHM ee Bosonun [bapendaym, 2002; Kynukosa u ap., 2005].
Haubonee naMHHONEPHOAHBIMU U3 JOKA3aHHBIX K HACTOSIIEMY BPEMEHH SIBIISIOTCS T'€0-
JIOTHYECKUE TIPOIECCHI, 00yCIOBIEHHBIE NBIKeHIUEM COHEUYHOM CUCTeMBbI BOKPYT siipa
rajakTuku, ['anmakTuueckuil rofl, IIUTEIbHOCTh KOTOpOro oueHuBaercs B 180200 mun
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net, obocHoBanHble .M. CyxoBsiM [Hayunoe Hacnenue ..., 1994].

CoBpeMeHHbIE T€0JMHAMUYECKHE ITPOLIECCHI, ONPEAEIIAIOIINE CEHCMUUECKYIO aKTUB-
HOCTh 3€MJTH, TaK)K€ CBSI3aHbI C KOCMHUYECKUMH (haKTOpaMu, B3aUMOCBSI3b KOTOPBIX Ha-
YUHAET U3yyarbcs [Anues U ap., 2023]. Cpeau KOpOTKONEPUOAHBIX BapUaLIUid, OIpeie-
JISIONINX COBPEMEHHYIO T€0IMHAMUKY, OOBIYHO paccMaTpuBaroT YaHanepoBckue kojeba-
Hus (anutenbHOCTh ~430 cyTok). BmecTe ¢ TeM, KOpOTKOTIEpUOIHBIE TPOIIECCHI, BBI3bI-
BAIOLME U3MEHEHHE POTALMOHHOIO PEXKUMa 3EMIIA U, COOTBETCTBEHHO, OTPaXKaroIINECs
B COBPEMEHHOU reoIMHAMUKe, O4eHb Pa3HOOOPa3HBI U 10 MPUYMHAM BO3HUKHOBEHUS, U
10 UX CJIEJICTBUSIM, YTO SIBJISTIOCH OCHOBHOM LIE€JTIBIO MPOBEACHHBIX HCCleqoBaHUM. [l
TOPHBIX PETHOHOB, e HanOoee YETKO MPOCIEKUBACTCS CBSI3b EOAMHAMUYECKHX MPO-
LIECCOB C T€0IKOJIOIMUECKO Harpys3koi [bypasuesa u ap., 2024], rakue ucciaenoBaHus
HanboJee akTyalbHBI.

O630p M 06OCHOBAHME MPOBAEMbBI MICCAEAOBOHUM

Xopomo u3BecTeH (akT, uTo Ha (OHE BEKOBOTO JApeiida IBHKEHUS TONI0Ca CyIIe-
CTBYIOT JIBE€ OCHOBHBIE NEPUOINYECKUE KOMIIOHEHTBI, BbI3BAaHHBIE PA3HBIMHU ITPUUYMHA-
mu: 1) rogosas komnoneHTa asuxeHus nontoca (I111); 2) YananepoBckass KOMIIOHEHTa
newkenus nomtoca (UIIT) ¢ nepuogom 414-440 cytok. [Ipoucxoxaenue rogoBoit co-
CTaBISONIEH 00YCIOBICHO B OCHOBHOM IEepeMeIleHHeM Macc B arMocdepe U B OKea-
Hax. Ce30HHOE MepeMenIeHre BO3AYIIHBIX (B IEPBYIO OYepe/lb) U BOJHBIX 00bEMOB 00Y-
CJIaBIMBAET MACIITaOHOE MepepacipeieIeHue MacC Ha MOBEPXHOCTH 3eMJIIH € TIEPHOIOM
paBHBIM TponudeckoMmy rogy u npupoaa I'/[I1 monarHa. Bropass KOMIIOHEHTa JBHKEHUS
nosoca, Y/II1, Hao00poT, BHI3BIBAET MHOTOUUCIIEHHBIE TUCKYCCHUU M BOIIPOCHI U, OoJiee
TOTO, HEBBISICHEHHON OCTAeTCsl caMma MPHUpo/Ia €€ MPOUCXoxkaeHus1. Tak, metepOyprekuii
akaneMuk Jleonapn Ditniep B 1765 1., uccnenys BpalieHue TBEPAOTo Teja, TEOPETUUECKU
BBIBEJI, YTO €CJIM OHO OTIIMYAETCS OT MJCANbHOIO LIapa U €ro IiaBHble MOMEHTBI MHEp-
LIMM HE paBHBI MEXJ1y COOOM, TO OChb BpallleHUsl OyJIeT NepeMelaThecsi BHYTpH TeJla, Olu-
ChIBasl Y3KHI KOHYC C COOTBETCTBYIOIIMM IIEPUOAOM BOKPYT OCH HaHMOOJIBLIET0O MOMEHTA
UHEPLINH.

Hnst ¢urypsl 3emud ¢ ONpeesieHHBIMH TlapaMeTpamMH 3TOT TEepPUOA COCTaBHII
305 cyrok. JlelcTBUTENBHO, C CAaMOI0 Hayaja HIMPOTHBIX MCCIIEI0BaHUN JBUKEHUE T10-
JIFOCA T10 TIOBEPXHOCTH OOBSICHSITN Teopuel cBoOoaHoM HyTaruu [Kymukos, 1962]. Mcxo-
ISl B3 9TOTO, OBLIO OIIEHEHO 3HAYEHHE JUHAMUYIECKOT0 cxkartnst 3emian H=1/305,51, koto-
pOe€ 0Ka3aJoCh OTIIMYHBIM OT BeJIMYUHBI H=1/427, onpeneneHnoi omaromapsi HaOoIe-
HUSIM BBIHYKJI€HHOM HyTauuu 3emin noa aeiictsuem Jlynst u Connua [Woolard, 1953].
st oO0bsicenust pasnuuus orneHok C.Herokom6 [Newcomb, 1892] mpemioxun pac-
cmarpuBarh nepuoj; 7=305 cyTok Kak rnepuoj cBOOOJHON HyTallMKU aOCOIOTHO TBEPIOM
3emiy, a nepuost 7=430 cyTOK, BBISIBIEHHBIX aMepUKaHCKUM acTpoHoMoM C.Hananepom
(Seth Carlo Chandler) B 1891 1. 1 mony4nBIIMX Ha3BaHUE YaHIJIEPOBCKUX — KaK TEPUOJ
cBoOOaHOM HyTanuu aedopmupyemoii 3emnu. B pabore [Kpamep, Mononenckwuii, 1961 ]
OBLIO MTOKAa3aHO, YTO IIPU U3MEHEHHUHU [TapaMETPOB TBEPJOCTH UCCIIEyEMOIo Tejla MEHS-
€TCsl U €r0 JUHAMMUYECKOE CXKaTHe, TO €CTh, Pa3IMYMe MEX/y IBYMS 3HAUCHUSIMU CIKaTHs
CBSI3aHO C MPOLIECCOM, NTPU KOTOPOM MEHSIOTCSI CBOMCTBA N3y4aeMOro 0ObEKTa.

[lepemerieHust ocu BpallleHUsI B CTPYKTYPHO-HEOAHOPOAHOM TEJIE MOTYT IPOUCXO-
JIUTh HE TOJILKO NPU CBOOOIHOM HyTaIMH, HO U MO/ J€HCTBUEM BHEIIHEN cuiibl. B kaue-
CTBE HAYaJIHbHON MOJIENTU JOCTATOYHO PACCMOTPETH OOIIYIO CTPYKTYPHYIO CXeMy CTpoe-
HUsL 3€MJIM, COITIACHO KOTOPOHM 3emilsi MPEeCTaBIsIeT COOON AILTUIICOU BPAIICHHS, CO-
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CTOSIIMI U3 TBepoi (yrnpyroii) obomouku Tonmmuon 2900 kM (3eMHast KOpa U MaHTHS)
1 Maccoii 4.080-10%* kr. Slapo 3emuu nipu paguyce 3480 kv umeer maccy 1.883-10% kr, B
HeHTpe — TBepaoe sAapo paauyca 1217 km [Ctornuit, 2023]. [1o coBpeMeHHBIM NpPEACTaB-
nenusim [JIntacos, Hlamnkuii, 2016], BHEIIHEE )KUAKOE AP0 UMEET OJHOPOJHYIO CTPYKTY-
py 1 aedunmt mwioTHocTH okoio 10% (1o cpaBHEHMIO € IUIOTHOCTBIO Fe), a BHYTpEHHEe
TBEPJ0€ SAPO UMEET CHUIIBHO HEOJHOPOAHYIO CTPYKTYPY M J€(QUIMT IUIOTHOCTH OKOJIO
5%. ITo reoMarHUTHBIM HaONIOAECHUSAM OTMeUaeTcs ciadasi pacconIacOBaHHOCTh Bpallle-
HUSI CTPYKTYD, IIPU KOTOPOH HAIIpaBJICHUE OCH BPALIEHUsI 000JIOUKHU U AIpa pa3arnyacTcs
Ha BenuuuHy nopsiaka 107 pan. B pesynbrare pemieHus 06paTHOl 3aa9i MarHUTOMeE-
Tpun yctaHosneHo [Kounes, 2023], 4yTo ABM>KEHHE TOJIOKHUTEIHHO cab0 3apsKeHHOM
KHUJKOCTH S1/1pa, CO3JaBaEMOE BpAIICHUEM 3€MIIM U TOPMO3SIUMU T'PaBUTALMOHHBIMU
cunamu JIynel u Connua, o0ycinaBinBaeT TOK, TEHEPUPYIOIIUI ee MarHUTHOE mofe. 13-
MEHEHMS B JIpe, NPUBOASILNE K U3MEHEHUAM ITOJIOKEHUS OCH BpallleHUs 3eMJIU, COIPO-
BOXKJIAIOTCSI CKQUKaMH 3€MHOTI'0 MarHUTHOro 1nosist [BoneBau u np., 2022].

B nmocrnenyrommx Monensx HyTaluu M Apeiida IBHXKEHUs Mooca 3eMiIn HeoOxo-
JUMO YUYUTBIBAaTh TAKKE CUMMETPUIO T€OIMHAMUYECKUX CUCTEM 3€MJIM U, B YACTHOCTH,
AHTUCUMMETPHIO (aHTUIOAANIBHOCTE) penbeda U CTPYKTypbl 3emiu. [loHsTHe aHTH-
noaanbHOCTH, BBeeHHOoe B 1960 1. I'H. Karrepdenbaom u nposiBisitorieecs, npexie
Bcero, B aHtunogansHoctu CeBepHoro u FOxHoro nosmymapuii 3eMiu, BelpakaeTcs B
KOHTHHEHTaNbHOCTU €€ CeBepHOro u okeaHnuHocTH KOxHoro nosymapuii [I1aBinenkun,
MexeBos, 2009]. Cheprueckn-HeCUMMETPUYHOE CTPOEHHE XapaKTEPHO HE TOJIBKO JJIs
3emiu, HO U Ui apyrux miuaHetr CoiHeuHoi# cucremsl, Benepsl, Mapca u JlyHsl (B cu-
cTeme J1BoiHOM 1u1aneTsl 3emis-Jlyna) [ Tapakanos, 1999].

MexaHuyeckasi CBs3b ceponsia co CTPyKTYpol Bcel 3emMiiu XapakTepu3yeTcsl He-
KOTOPBIM KO3 PHUIUEHTOM k, depe3 KOTOPBII ONpeesisieTcsi COOCTBEHHAas 4acToTa KoJie-
06aHUl M yepe3 KOTOPBIH MOXKHO MEPEeCYUTATh MOJYJIb BHELIHEW CUJIbI B TIEpEMELICHHS
cheponna. CmerieHus sapa MOBJIEKYT 3a co0OM M3MEHEHHs MOJOKEHHs LIEHTpa Macc
3eMJIM OTHOCHUTEIBHO BHEIIHEH 000JI04KM. MIHOBEHHAsl OCh BPALICHUSI CIPOEKTUPYET
Ha MOBEPXHOCTb 3TH HW3MEHEHMs, KOTOpble OydyT BOCHPHHATHI KaK JABMXKEHUS MOJIO-
ca. [Ipoucxozsuiye B TO k€ BpeMsi HAKJIOHBI 000JIOUKH BEIyT K TOMY, UTO TPAaeKTOPHS
JIBIDKEHMSI LIEHTPa MacC BOCIIPOU3BOIUTCS Ha MOBEPXHOCTU B MEPEMEHHOM MaciuTale.
B cootBercTBHU € 3TUM H3MEHAEMOCTD IHUPOT CIENYET PACCMaTPUBATh HE KaK MPOsIBIIE-
HHE CBOOO/IHOM HyTallMH, a KaK MPOLEecc, 00yCIOBICHHbII BbIHYKACHHBIMU JIBH)KEHUSI-
MU BHYTPEHHETO s1/1pa, IPOUCXOAAIINMU Ha (JOHE BBIHYX/IEHHON HyTallUX MO/ ACHCTBU-
eM npuinBHbIX cuil JIyHsl, ConHIa U IIJIaHET.

[lo HamleMy MHEHMIO, KJIIFOUOM K M3YUYEHHMIO IIPUYMH HyTallUu 3€MJIM SIBJSETCS Jie-
TaJbHOE U3yUEHUE BHICOKOUACTOTHBIX KOMIIOHEHT JABM)KEHUS ITOJIFOCOB 3€MJIU U UX CBA3U
C Te0JMHAMHYECKUMHU MPOLIECCAMHMU.

MeToAMKA N PE3YALTATLI MICCAEAOBOHNI

B crarbe mpuBeneHbl Bce CChUIKM Ha UCHOJIb3yeMble JaHHble (Orouierenn MCB3
EOPCO1 u EOP14C04), mponenypsl nnhpoBoil pUiIbTpauy U mpueMsl 00paboTKH 1o-
JYYCHHBIX CUTHAJIOB Ha 0a3e ATUX JTaHHBIX.

CnexTpajbHblii ananu3. B pabore ucnons3oBansl gannsie Oromnerenss EOP14C04
Mexnynaponnas Cinyx0a Bpamenus 3emnu (MCB3) orknonenus CeBepHOro nojroca B
IIPSIMOYTOJIBHBIX KoOpAuHaTax X u Y, oTHOcuTelbHO MexayHapoaHoro YcinoBHoro Ha-
yana (MYH) ¢ 1962 rona o Hacrosiiee Bpemsi. MTHOBEHHBIN MOJIFOC TIEPEMEIAETCS 10
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36MHOM NMOBEPXHOCTH BOKPYT CPEIAHETO IOJII0CA B HAIPABICHUU BpallleHUs 3€MJH, T.€.
MIPOTHUB 4acOBOM cTpeiku. [1o 3TuM JaHHBIM ObUT MOCTPOEH CUTHAN a0COIFOTHOTO OTKIIO-
HEHMSI MoJItoca R, o KOTOpOMY MPOBOIMIIACK JajibHeast 00padoTka.

Pe3ynbTrar crekTpagbHOro aHajlu3a JaHHOTO CUTHajia aO0COIIOTHOTO OTKIOHEHHUS I10-
Jr0ca R B 4aCTOTHOM Juana3oHe cooTBeTcTByrommil nepuoaam 10—10000 cytok nokasan
Ha pucyHke la (B norapudmudeckom macmrade). Xopomo BugHO cocrasistonue I/1I1
(nepuon 365 cytok) u YAII (cpeanuit nepuon 433 cyTok 3a paccMaTpuBaeMblii MHTEpBaI)
1 KpaTHbie uM Mojbl: 1 (mepuoa 217 cytok), 2 (198 cytok), 3 (144 cytok), 4 (136 cyTok).
OtmeTHnM, 4TO, CTPOro rOBOPSI, KPATHBIMU SBJISIFOTCSI TOJBKO 1 M 3 MOJZIbI OTHOCUTENIBHO
YaH/1J1IepOBCKOM COCTaBISIONIEH, a MOJIbI 2 U 4 SIBIISIIOTCS OOKOBBIMH OTHOCUTENBHO 1 U
3 COOTBETCTBEHHO, M YKa3bIBAOT Ha MOAYISLMIO 3TUX MoA [OTtHec, DHOKCOH, 1982] ¢
nepuozpom 6.1-6.2 ner.

10e-2— ala S 6.36 net/years
- 2: 1 3.56 net/
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Puc. 1. Cnexmp omxnonenusa Ceseprozo nontoca 6 ouanasone 10—10000 cymox:

a — cnekmp abconOmMHO20 OMKAOHEHUS, O — CREKIMD OMKIOHEHUs ROTIOCA ¢ NOOABLEHHIMU HUSKUMU
yacmomamu coomeemcmayrowumu nepuooam 6oaee 100 cymox. Ch — nepuoo Yanonepa (430 cymok);
Sa — 2000601 nepuoo; 1, 3 — kpamuwvle MoObl omuocumenvro nepuoda Ch 6 nopaoke ygenuuenus
yacmomul,; 2, 4 — 60ko8bie MoOObI omHocumenvro 1, 3 coomeemcmeenrno, Mf — 1yHHas npunueHas 60aHA
(13.66 cymox). BepmuxanbHas wimpuxnyHKmupHas JuHUsA cOOmaeemcmayem oOHol mpemu nepuood
(18.61 nem /3) osudicenus nyuneix ysnos 6.21 cooa /

Fig. 1. Spectrum of the North Pole deviation in the range of 10—10,000 days: a — spectrum of absolute
deviation, b — spectrum of the pole deviation with suppressed low frequencies corresponding to
periods longer than 100 days. Ch — Chandler period (430 days); Sa — annual period; 1, 3 — multiple
modes relative to the Ch period in order of increasing frequency; 2, 4 — lateral modes relative to 1, 3,
respectively;, Mf— lunar tidal wave (13.66 days). The vertical dash-dotted line corresponds to one third
of the period (18.61 years /3) of the lunar node motion 6.21 years

BoinonHeHHBIN CrieKTpaibHBIN aHAIU3 Jajl BO3MOKHOCTh TAK)KE BBIJCINUTH B CUTHA-
Jie OTKJIOHEHHUS T0JIIoca JIYHHYIO NpUWINBHYIO BoiaHy Mf (nepuon 13.66 cyTok, Aexiu-
HalMOHHAas BOJMHA). OTHOLIEHHE «CUTHAJ/IIYM» 3TOM MOABI HE MPEBBIIIAET 2 €IUHULL.
Ho, BmecTe ¢ Tem, npunuBHyto BoiHy Mm (niepuof 27.55 cyTOK, SIIMNTHYECKAast BOJIHA)
B PE3yJIbTaTe CHEKTPAIbHOIO aHAIN3a HE YJAJIOCh BBIACIUTH HA (JOHE IIyMa.
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Bapuanus aMniuTyasl JYHHbIX Mo Mm u Mf u aMnimTyaAbl orudaomei B y3-
KoM yacToTHoM auana3one 100-30 cyrok. Ha nepBom sTamne paboThl ObLTa MOCTaBICHA
3a/laya: OIpeNeUTh BapUallkio NapaMeTpoB (aMILTUTYbI U (a3bl) MPUIMBHON BOJIHBI
MY, xoTopasi 0THO3HAYHO ObLIA BBI/IETIEHA B XO/I€ MIPEIBAPUTEIILHOTO CIIEKTPAIHLHOTO aHa-
JM3a, ¥ IapaMeTpbl MOJIBI C IEPUOJIOM BOJIHBI Mm (cama BoiHa He oOHapyskeHa). Bapu-
alys mapaMeTpoB MOAbI ONPEAEIEHHOrO MepHoAa MPOU3BOIMIACH C IMOMOIIBIO Kpocc-
CIEKTPAJILHOTO aHAJIN3a IO CIEAYIOIIENH METOAMKE.

B kadyecTBe OonmopHOI JTYHHOU MPUIMBHON BOJHBI T€HEPUPOBAIACH OOBIUHAS TapMO-
HUKa BIOPaHHOI'O MPUIMBHOIO MEPHOAA C HYIEeBOU (ha30il M €IMHUYHON aMIUIUTYIOM.
Kpocc-cniekrpanbHblii aHanu3 COBMECTHOM 00paboOTKH cUrHaia R W CreHepupoBaHHOMN
TapPMOHHKH TIO3BOJIWII ONPEENIUTh aMIUTUTYIy CUTHAJIA U €r0 a3y OTHOCUTEIBHO 3TOTO
OIIOPHOI'0 CUTHAJIa Ha OIpelelIeHHOM yacToTe. BriOupas, Takum o0pa3oM, MIUPUHY OKHA
U JUIMHY 11ara, CTAHOBUTCSI BO3MOXHBIM IIPOCJIEAUTH BapUaLMIO 3TUX IapaMeTpOB Ha
BCEM HMHTEpBaJie HaOmoneHuid. B nannoi paborte mmpuHa okHa coctaBuia 200 CyTok,
miar 5 cyrok. Cnenyst 3TOi MeToIuKe, ObUIM BBIJIEIEHBI BapHallMd MapaMeTpOB MOJ C
HepuoaaMu, COOTBETCTBYIOIIUMHU JIyHHBIM BosiHaM Mf 1 Mm Haunnas ¢ 1962 rona. beuio
BBISICHEHO, YTO HauOoJee MOIHYIO0 U TOTOJHUTEIbHYI0 HH(OPMAIIUIO HECET HE BapHallus
napameTpoB OTAENbHBIX MoA (Mf, Mm), a orubaromiasi ypoBHsI CUTHAJIA, TIOJy4CHHAs B
pe3ynbTare MmoJIocoBOi (pUIBTpalMK B YAaCTOTHOM JHMAINa30HE COOTBETCTBYIOIIEM IIEpHO-
nam 100-30 cyTok.

[Iponenypa nmdpoBoit GuIbTparu SABIsIACE OCHOBHOW B TaHHOHM paboTe, MpuBeaeM
Kparkoe onrcanue. [1010coBoi GUIBTP CTPOUIICS B BUJE HEPEKYPCHBHOTO MMITYIbCHO-
ro ¢uneTpa ¢ KoHeuHou obnacTeio oTkinka (MKO) [OtHec, DHokcoH, 1982]. DTO BUA
CUMMETPUYHBIX (QUIIBTPOB, KOTOPbIE HE UMEIOT 3aJepKKHU (a3bl CUTHAJIA Ha BbIX0E (HY-
neBoit ¢a3oBblil yroun). [Tapamerps! GuinbTpa ObUIH TO0OPAHBI B COOTBETCTBHU C METO-
JIUKOM, pa3paboTanHoi B padore [Ormsby, 1961]. /Inanazon obnactu oTKIMKA GUIBTPa
1000 cyToK, uTO OOEeceunBaEeT BHICOKHE XapaKTEPUCTUKHU Mpoueayps! punprpanuu. Ha
pucyHke 10 mokaszaH pe3yabrar padoTsl IM(PPOBOTO GUIBTPA B PEKUME BBICOKOUACTOT-
HOU (prtbTparuu ¢ 4acToToi cpesa coorBercTByromei 100 cyTkam, rae amrmutyast [/11T
v YJIIT ncxoqHoro curuaa nogasieHsl 0ojee yeM B 10° pas.

Ha pucyHke 2 npuBeieH CIEKTP MOLIHOCTH CUTHAJIa OTKJIOHEHUS] CEBEPHOTO MOJI0Cca
B JIMHEHHOM MacmTade B auamna3zoHe 10-20 cytok. Ilo pesynbratam aHanwu3a ObLIH BbI-
JICJIEHBI €111€ JIB€ MOJbI C U3BECTHBIMU Nepuogamu. Ito mozaa Sz (14.76 cyTok, cuzurus
WIH TOJIYNIEPUO]T CHHOAUYECKOro Mecsia) u moaa Sd (13.60 cyTok, momyneproa Ipako-
HUYECKOTro Mecsia). B sHepreTnueckoM cmbicie BausiHue JIyHbI Ha 3TUX YacToTax Ha
JIBIDKEHHUE TTOJIFOCA TTPEHEOPEKUMO MaJIo.

Ha pucynke 3 nokazano nuxenue CeepHoro noitoca 3a nepuon 1962-2024 rr., Ha
PUCYHKE 3a — HCXOIHBIN PsiJT a0COIIOTHOTO JIBHKEHUS 110 TaHHBIM Orosutetenst EOP14C04
MCB3, a Ha pucyHke 30 cepbIM IIBETOM IOKa3aH pPe3yibTarT (GUIBTPALMH UCXOTHOTO
CUTHaJIa, YePHBIM IIBETOM TOKa3aHa e€ro orudaroasi, koropas u GopMupyer curHain Rf
(cm. Tabm. 1). BaxXHBIM MOMEHTOM SIBJISIETCSI BOTIPOC O MPUPOAE ITOTO «IIyMay, HE €CTh
JIM OH MHCTPYMEHTaJbHasi MOTPEIIHOCTh onpeaeaeHus: koopauHar (X, Y) nuxeHus mno-
mroca. Ha pucynke 31 mokasana orubaroinasi, MoJdydeHHas IPpHU QUIBTPALIMKA UCXOJHOTO
curHajna R BBICOKOYACTOTHBIM (PUIBTPOM C 4aCTOTOM cpe3a COOTBETCTBYIOIICH Mepruosy
30 cytok, ¢opmupyet curHan Rf2 (cm. tabn. 1). @opma curnana Rf2 xak orumbOaromias
YPOBHS «IlIyMa» KapJuHaJIbHO U3MeHwIach npuMepHo B 1980, 3atem B 1983 rogax.
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Puc. 2. Cnexmp mownocmu cuenana omxionenusi Cegeprozo nonioca 6 ouanasotre 10-20 cymox.
Obo3nauenus svloenennvix Moo: Mf— nepuod 1yHHOU 0eKIUHAYUOHHOU NPUTUSHOU BOJIHbL, SZ — NEPUOO
cusueutt (14.76 cymox) unu nonynepuoo cunoouuecko2o mecsiya, Sd — nonynepuoo (13.60 cymox)
Opaxonuueckoeo mecsya, X — Heomooicoecmenennsil nepuoo 13.38 cymok /

Fig. 2. Power spectrum of the North Pole deviation signal in the range of 10-20 days. Designations of the
selected modes: Mf— period of the lunar declination tidal wave, Sz — period of syzygies (14.76 days) or
half-period of the synodic month, Sd — half-period (13.60 days) of the draconic month,

X — unidentified period of 13.38 days

OrtkiioHeHue, yrosble cekynbl/ Deviation, arc seconds

Oumbka, yrioBbie CeKyHbl/

Error, arc seconds

-0.015—

*10e-8

0.4

0.3

I
0.2
0.1 —

ala

0.015—

0.0027 ",

1970 1980 1990

2000 2010 2020

Bpewmsi, roawl/ Time, years

Puc. 3. Jeuscenue Ceseprozco nonoca 3a nepuood 1962—-2024 2e.: a — ucxoOoHwiil pao abconomHuoeo
osudxcenus no oanuvim oronemens EOP14C04 MCB3; 6 — cepbim y6emom nokazau 6biCOKOUACMOMmMHbIl
CUYM» UCXOOHO20 PAOA OAHHBIX C HACMOmMOl cpe3a coomeemcmayioujeti nepuody 100 cymox, wepuvim
YBEMOM NOKA3AHA 02UOAIOWAsL DMOU BbICOKOUACMOMHOU KOMIOHEHMbL, O — 02UOAIOWAst 8bICOKOUACHIOMHO20
CULYMA» UCXOOHO20 P0a OAHHBIX C YaACmOmou cpesa coomeememesyioujel nepuody 30 cymok;

e, ¢ — owubra usmepenus [[113 6 runeiiHom u no2apugpmuyeckom macumadax coomeemcmeento /

Fig. 3. The North Pole motion for the period 1962—2024: a — the original series of absolute motion based
on the EOP14C04 IERS bulletin, b — the high-frequency “noise” of the original data series with a cutoff
frequency corresponding to a period of 100 days is shown in gray, the envelope of this high-frequency
component is shown in black; d — the envelope of the high-frequency “noise” of the original data series with
a cutoff frequency corresponding to a period of 30 days, e, c — the error in measuring the DPD
on linear and logarithmic scales, respectively
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B tabauue 1 BBonsATCS 06003HAUEHUSI U ONIMCAHMSI YEThIpeX CUTHAIOB. Bo BpemeHHOM
obnactu curHan R n3o0pakeH Ha pucyHke 3a. B mepBoM mpuOIMIKEeHMH 3TOT CUTHAI
omnpenensercs AByms rapMoHuyeckumu npoueccamu, [T u Y/II, Ha 1010 KOTOPBIX
npuxoautcs 93% Bcell sHepruM curHazia, Ha oHe BekoBoro Jpeiia nomroca [Woolard,
1953].

Tabnuya 1/ Table 1

Onucanue CUrHAJIOB MOJIy4YeHHBIX B npouecce 00padoTku /
Description of signals received during processing

No/ Curnain/

No. Signal Omnucanue / Description

1 R VcxomHbI CUTHAI, TTONyYEHHBIH Kak aOCOMOTHOE OTKIOHEHHE TIOITFOCA 110 PSAY
koopauHaT X, Y IBIKEHUS TOTroca 1o AaHHbIM Oroyutetenss EOP14C04 (1962-2024
rome1) MCB3 comnacuo R=(X?*+Y?) %3, Cwm. puc. 3a / The original signal obtained
as the absolute deviation of the pole along a series of X,Y coordinates of the pole’s
motion according to the EOP14C04 bulletin (1962-2024) of the IERS according to
R=(X?+Y?)%3. See Fig. 3a

2 Rf Orubatommasi ypoBHsI «IlIyMa» CHTHaja R B moioce 4acToT COOTBETCTBYIOIIMX
nepuoxy 30—100 cyrok. Cwm. puc. 36 / The envelope of the “noise” level of the R
signal in the frequency band corresponding to the period of 30—100 days. See Fig.
3b

3 Rf2 Orubarorast ypoBHs «IIyMa» CUI'Haja R B BBICOKOYaCTOTHOW 00JIAaCTH C YacTOTOM
cpesa cootBercTByRomIIeH mepuony 30 cyrok. Cum. puc. 31 / The envelope of the
“noise” level of the R signal in the high-frequency region with a cutoff frequency
corresponding to a period of 30 days. See Fig. 3d

4 R2 HWcxonublii curaan. AGCOMOTHOE OTKIOHEHHE Tomroca R2=(X?+Y?)%3 no nannbM
oromurererst EOP14C01 (1900-2024 ronsr) MCB3 / Original signal. Absolute pole
deviation R2=(X?+Y?)*> according to the EOP14C01 bulletin (1900-2024) of the
International Society of Earth and Earth Studies

Hannsie Oromterenss EOP14C04 MCB3 no3BosisitoT MpocieinTh YBETUYEHUE TOU-
HOCTH (MJIM YMEHbLICHHE OUIMOKHM) U3MEpEeHUsl OTKJIIOHEHHs moitoca X U Y, B IepByro
oyepe/b KaK pe3yapTaT TeXHHUYecKoro mnporpecca. Ha pucynke 3e B sorapupmudeckom
MaciiTade MoKa3aHo Kak YMEHbIIalach OMIMOKa OIpe/ieleHHs] KOOpAUHAT MoJIioca, a Ha
pucyHke 3¢ mokaszaH rpaduk BOJIOIHMH OITHOKY B TUHEHHOM MaciiTade. AHATOTHIHBINA
pesynbrar otMedeH B [Wang et al., 2016]. [lelictButenbHo, B 80-¢ ol HAOMIOACHUS C
MTOMOIIbIO ONTUYECKUX TEIECKOMOB CTAIU TOTOIHITHCSI HOBBIMM METOJaMH U3MEPEHUI:
C MOMOIIbIO paguouHTephepoMeTpoB co ceepxanuHHbIMU 0azamu (PICB), nazepHoii j1o-
karuu cryTHUKOB (JIJIC) u Jlynwsr (JIJIJI), cuctembl 1100ambHOTO MO3UITMOHUPOBAHUS
(GPS) 1 t.a. B 1980-x rogax mpou30mnuIo 3HAYUTEIHHOE YBEITUYECHUE TOYHOCTH TaKKe
Onarogapsi IPUMEHEHUIO HOBBIX HHCTPYMEHTOB OIpeIeIeHHsI IIMPOThI CTaHIIUU HaOII0-
JICHUSL.

OruOaromasi curHana Rf2 NpeKpacHO WIUTIOCTPUPYET ITOT TEXHUYECKUU Mporpecc
(puc. 31). Tak, ypoBEHb BEICOKOUACTOTHOTO «ITyMa» Rf2, COOCTBEHHO TOBOPSI, TOIBHKO MO-
ABJIsieTCS Ha 3anucu nocie 80-X roJ10B, M HE YMEHbBILIUIICS C POCTOM TOYHOCTH N3MEPEHUS
KOOpJIMHAT Moitoca. To eCTh BHICOKOYACTOTHBIN «IIIyM» SIBISIETCS HE CTOXAaCTHUYECKUM
LIYMOM U HE HHCTPYMEHTAJIbHOM OIIMOKOH, a peajabHbIM CUTHAJIOM, OIPEIEIISIONIUM BbI-
COKOUYACTOTHBIE BapHallMd KOOPAMHAT MOJI0CA. DTOT BBIBOJ MBI MOJKEM PAaCIPOCTPAHUTH
u Ha curHain Rf. C apyroii cTopoHbl, Ha (GOpMy MOCIEAHETO MPAKTUYECKU HE TOBIIUSIIO
yBeJIMYEHHE TOUHOCTH HaOmoneHuil. bosiee toro, Bapuanus ypoBHsi Rf UuMeeT TEHAEH-
LIAIO K PE3KOMY YBEIWYEHUIO, HaunHas ¢ 2024 rona.



Geology and Geophysics of Russian South 15(2) 2025 ['eonorus u reogumanka fOra Poccim 41

3.5e-2
3000 ¥/a

2.5¢-2 | Sa
@ 2.0e-2
1.5e-2]
1.0e-2 | 24
0.5¢2] 43 |\ |

0.25e3 6/b
20e3 |

15¢3
.10e3]
05¢3]

Ch I /d

YIJI0BBIE CeKyH,ElbI/

arc seconds

6.3 ner/years

18.6 net/|
years

AmMruiutyzaa
Hoﬁu}ﬁpoaannaﬂ amrinTya/
Normalized amplitude

Amplitude
(=] o O &

|
{

[T T TTTTTI [T T TITTI

100 200 300 500 1000 5000 350 400 450 500 550 600
IMepuon, cyrku/ Period, days IMepuon, cytku/ Period, days

Puc. 4. Pesynemamoi cnekmpanvnozo ananusa osudicenus Ceseprozo nonoca 6 0uanazone nepuooos
10-1000 cymox: a — cnekmp amnaunyobl UCXOOHO20 CUSHANA, 6 — CNeKmp amMnaumyovl ocubaoujell
BbICOKOYACMOMHO20 KWYMA»; O — COBMEUeHUe CNEKMPO8 C HOPMUPOBAHHOU AMIAUMY OOl 8 OUANA30He
nepuooog 350—600 cymox (nuneliHblil Macuimao, YepHas TUHUsL — CReKMpP UCXOOHO20 CUSHAA, KPACHAs
JUHUSL — CNeKMP o2ubaroujell yposHsl 8blCOKOUACMOMHO20 «uymMay). Sa — codosas komnonenma /113,
Ch—Y/[II, N — «nosas» mooa, 6.3 u 18.6 — mooet ¢ nepuodamu 6.3 u 18.6 rem coomeemcmeenmo,

1, 4, 5 — npouue moowi. Touku 1—6 nokazvI8aOM NPOSPAMMHO ONPEOECICHHbBLE MAKCUMYMbL CREKMPATIbHBLX
qunutl. Lmpuxnynkmuphsie 6epmukaibHble TUHUU ROKA3bIEAOM nepuod conudicenus 3emnu ¢ Benepoii
(588.78 cymoxk — makcumym cnekmpanbHoti Moovl, mouxa 1 — 584 cymox), mouka 4 — ¢ FOnumepom
(398.79-399), mouxa 5 — ¢ Camypnom (379.15 —378) /

Fig. 4. Results of spectral analysis of the North Pole motion in the period range of 10—1000 days:

a — spectrum of the original signal amplitude,; b — spectrum of the high-frequency “noise” envelope
amplitude; d — superposition of spectra with normalized amplitude in the period range of 350-600 days
(linear scale, black line — spectrum of the original signal, red line — spectrum of the high-frequency
“noise” envelope). Sa — annual component of the DPD, Ch — NDP, N — “new” mode, 6.3
and 18.6 — modes with periods of 6.3 and 18.6 years, respectively, 1, 4, 5 — other modes.

Points 1-6 show the software-defined maxima of the spectral lines. The dashed vertical lines show
the period of the Earth’s approach to Venus (588.78 days — maximum of the spectral mode,
point 1 — 584 days), point 4 — with Jupiter (398.79-399), point 5 — with Saturn (379.15 — 378)

CrnexkTpaJibHBII aHAIN3 Bapuallui aMILTUTYAbI curHanaa Rf. Ha pucynke 4 npu-
BEJICHBI pe3yJIbTaThl CIEKTPAIBHOTO aHaK3a ABMKeHUs CeBEpHOTO MOJI0Ca B IUANa30He
nepuogoB 10—-1000 cytok (puc. 4a,6 B jJorapupmMuyueckoM Maciitadbe) u B Juarna3oHe
neproaoB 350—600 cyTok (puc. 41 B TMHEWHOM MaciiTabe). AHAIU3 CIIEKTpa BapuaIuil
curHana Rf mo3Bojus1 000CHOBAaTh MPUCYTCTBHE MO, COBMAJAIOIINX C NMEPUOJAMH OC-
HOBHBIX COCTABJISIONIMX OTKJIOHEHMS MOJIOCA: TOJOBOM Mepuoj Sa M 4aHIJIepOBCKUI
nepuof ABkeHus nomoca Ch. Ha pucynke 41 B cnekrpe orudarouieil Rf nosiBuiach
HOBas Moza (0003HaUeHa CUMBOJIOM «/N») Tepuon KoTopoit coctaBisier 7,=538 CyToOK.
3HaueHue ITOro Mepruoa COOTBETCTBYET BTOPO OOKOBOII MoJI0Ce MPU yCIOBUU MOMYJIS-
LU aMIUTUTY/Ibl YaHAJIEPOBCKOM MOBI HUKIMYECKUM ITPOLECCOM C MepHOIoM T paBHBIM
1/3 nepuona nBuxeHus JTyHHbIX y3710B (18.61 roma), uto coctaBnser 6.2 roga. Haubo-
nee yoenuTenbHbIM Oy/IeT pe3ynbTart, €Clid 0Ka3aTh 3TO MO OTHOLIEHUIO K Jpyroi 60Ko-
BOI moJioce, a uMeHHo rofoBoi coctasisromeit [JI1 (7,=365.24 cyTok), mepuoj KoTo-
poii crabunen. JleiicreurensHo, 1/(7/2)=1/Ty —1/Ts,, otkyna cnenyet, uro 7=6.21 roxa.
Ha pucynke 4a cxeMaTH4HO [TOKa3aHO PacIONOkKEHNE OOKOBBIX MOJIOC ITPH aMILTUTYIHON
MOJYJISIIUY € TIEPUOAOM I OCHOBHOM LIEHTPAJIbHOM MOJIBI HAa YaCTOTHOW OCH (TIOPSAIOK
PacIoNoKeHNsT MOJI 3€pKaJIbHO OTOOpasuTcs). B 3ToM citydae JBe MOJIOCHI ¢ COOTBET-
cTBytomuMu yactoramu (1/365 u 1/538) pacnonoxuinuck Obl CAMMETPUYHO OTHOCHUTEb-
HOo Moabl Yananepa (1/433).
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O6CyXAEHNE PE3YABTATOB

3eMJIs 3TO CIIOKHASI MEXaHWYeCKast CHCTEMa B3aUMOICHCTBYIOIINX MEXTY c000it paz-
JUYHBIX reocdep, B KOTOPOH SPKO MPOSBISIOTCS €€ HeIHHEeWHbIe cBoiicTBa. OTKIOHE-
HUE T0JI0ca 3eMJId COMPOBOXK/IAETCS MO pe3ysibTaTaM JaHHOTO MCCIIeI0BaHUS BBICOKO-
YaCTOTHBIM «IITYMOM», HO HE KaK CTOXaCTHYECKHM IIPOLIECCOM, a BIIOJIHE ONPEEICHHBIM
CHUTHAJIOM, YPOBEHb KOTOPOTO, B IEPBOM NPHUOIIKEHUH, TPOIIOPLHUOHATICH BEIMYUHE
3TOr0 OTKJIOHEeHMA. B pesynbrare o0pabOTKM M aHanu3a ObUT BHIOpAH YaCTOTHBIN WH-
TepBaj, cooTBeTcTBYOMM neprogam 100—30 cyTok, B KOTOPOM (OPMHUPOBAJICS CUTHAT
Rf. Bo-iepBbIX, B 3TOM HHTEpBaJie, Ha (popme orubaromiei «iryma», He OTPa3HIUCh TE
M3MEHEHUS B TOYHOCTH M3MEPEHHUI KOOPAUHAT JIBUKEHHUS MTOJIF0CA, KOTOPbIE IPOU3OIILIN
¢ Hadana 80-x romoB (cm. puc. 3). U camoe miaBHOE, TOT HHTEPBAT UMEET HEKYIO CaMO-
0JJ00HYI0 CTPYKTYpPY OTHOCHUTEIBHO UCXOAHOro curHana. Crnekrp mnoyiy4eHHoil oruda-
IOLIEH «IIyMay COAEPKUT YK€ 4 OCHOBHBIX MOJIbl. DTO TOJ0Basi U YaHAJIEPOBCKAsl CO-
CTaBJISIIOIINE, Moza 6.3 ro/1a, JHEPreTUYECKUI YPOBEHb KOTOPOM KpaTHO BBIPOC, U HOBAst
Moza ¢ nepuonoM 538.14 cyTok. DTa MOAa OTCYTCTBYET B CIIEKTPE MCXOIHOIO CUTHAJIA
R, u oOHapyXuBaeTcsl B CHEKTpe CUTHala Rf, rie 3aHUMAaeT BIIOJIHE OINpeIeTICHHOE T0-
JIO’KEHHE B YaCTOTHOM 00sacTH. B yacToTHOM 1Mana3oHe oHa CTOUT POBHO HAa TOM MeCTe,
IJ€ J0JKHA HAaXOJUThCSl OOKOBasi MOJI0CA MPHU YCIOBUM aMIUIUTYAHON MOIYNSLIUUA aM-
TUTUTY]IbI YaH/UIEPOBCKOM COCTABIIAIONICH OIHY TPETh EPHOa IBUKEHUS JTYHHBIX Y3JI0B
(18.612 5et) 1 Ha YaCTOTHOM PACCTOSIHMM OT TOJOBON KOMITOHEHTHI JIBHKEHUS TOJIIOCA
I'IIT paBHBIM COOTBETCTBYIOIIMM JBYM IiepuosiaM 1o 6.2 rofa. B naHHOM ciiydae 0CHOB-
HOM BBIBOJI 3aKitouaeTcs B cienytonieM. CyliecTByeT OfHa OCHUUIUPYIOIIAsi CUCTEMA C
YaH/JIEPOBCKUM TIEPUOIOM KoeOaHnii. AMIUTHTY/Ia KOJIEOAHUN 3TOTO OCIUIUIATOPA MO-
TyNUpYyeTcsl LMKIMYECKUM IpoueccoM (IBukeHueM JIyHbl) ¢ MepuoaoM OHOW TpeTH
nepuoja JIyHHBIX y3JI0B. B pe3ynbrare B clieKTpe BO3HUKAIOT JBE OOKOBBIE MOJbI OTHO-
CUTEJIBHO YaH]JIEPOBCKON KOMIIOHEHTHI.

B ciyyae TouHoro 3HaueHus nepuoaa Moxyssiuu (6.21 rona), aesast 6okoBasi monoca
(B cOOTBETCTBHH C pHC. 4) TOJKHA UMETh nepuo B 363.6 cytok (nepuoa Yananepa npu-
HuMaeM 433 cyTok), KOTOpbIH OMM30K K roauyHomy mnepuony 3emiu. CrienoBareibHO,
Takoe oOparieHue (¢ mepruoaoM 363.6 CyTOK) TOJDKHO CHHXPOHHU30BAThCS ¢ 00paIeHueM
3emuH, 4TO ¥ IPUBOJUT K TOJIOBOM KOMIIOHEHTE ¢ nepuojioM 365 cyTok. JluHnamuueckas
CUCTEMA IPUXOAUT K CBOEMY YCTOMUMBOMY COCTOSIHHIO, COOTBETCTBYIOLIEMY MUHUMYMY
MOTEHIIUATbHON YHEprun. B 9TOM citydae, Ce30HHOMY ABM)KEHUIO Macc Ha MOBEPXHOCTH
3eMJii OTBOJUTCS POJIb TPUITEPA, HO HE OMPEIEIISAIONIEro Mpoliecca rof0BOro IBUKEHUS
MOJIt0ca. 3aMEeTUM, YTO 3TOT BBIBOJ HE PACIPOCTPAHSAETCS Ha TOIOBYIO COCTABIISIONLYIO
BapHalluy CKOPOCTH BpaIlleHUs 3EMIIN.

Oco0oe 3HaueHue B 3TOH cHUCTEME UMEET Halu4Me sA]pa 3eMJIM: BO-IIEPBBIX, OCH
BpaleHUs] MAHTUU U fAJIpa CJIETKAa CMEILEHbl U BOBMOXXHO CYIIECTBYET BpALlIEHUE aHU30-
TPOIHOTO S7Jpa OTHOCUTEILHO MAaHTUH CO cKopocThio mopsiaka 0.5-1.0 rpagyc/ron, Bo-
BTOPBIX, HEJIb3s UCKIIIOUUTH OCTYNAaTEIbHBIX KOJIeOaHUI BHYTPEHHETO SIpa 3a CUET €ro
OTpHULATEIbHON MIaBy4YECTH.

OO6parumMcst K KpaTHBIM MojaM | W 3 4YaHAJIEpPOBCKOW KOMIOHEHTHI (433 CyTOK)
(cm. puc. 1), TouHble 3HaUEHUs (BBIYMCIIEHBI IIPOIPAMMHO KaK TOYKAa MaKCUMyMa CO-
OTBETCTBYIOILIETO IMHKAa B YaCTOTHOW 00JacTU CHEKTpa) KOTOpbIX paBHbI 217.1322 u
144.8641 cyTok cooTBEeTCTBEHHO. KpaTHble MO/IBI IO OTHOILIEHUIO K TOI0BOM KOMITOHEH-
T€ ABWKEHMS IOJI0CA B CIIEKTPE OTCYTCTBYIOT. Moabl 2 u 4, nepuon kotopsix 198.21 u
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136.0 cyToK, He KpaTHbIE IEPUOAY I'OJI0BOM KOMIOHEHTHI (365.24 cyTok). Ho eciu pac-
CMaTpuBaTh UX KaKk OOKOBbIE MOJIOCHI [0 OTHOIIEHHUIO K MojiaM 1 u 3, To oHu 00pa3yroT
MOYJIALHNIO C TIeproAoM 6.2 1 6.1 Toma COOTBETCTBEHHO. 3716Ch OOKOBBIE MOJIbI HE «CKa-
TBHIBAIOTCS» K HEKUM YCTOMUMBBIM 3HAUEHUSM MEPHO/IA, KaK B CIIy4ae € FO10BOM KOMIIO-
HEHTOMW, ¥ MOJYJISIIMS TOYHO COBMAAET ¢ 1/3 meproaa TyHHBIX y3JI0B.

T'onoBas u YaniepoBcKasi KOMIIOHEHTHI SIBIISIIOTCS CBSI3aHHBIMU KOJIEOaHUSAMU OJTHON
npuposl [MsicaHukoB, 2024], u Bo30yxaeHHe OAHON MPUBOIUT K MOAABICHUIO IPYTOM.
[TonoOHbIe MapamMeTpUyecKue Pe30HAHCH OY€Hb YacTo BCTpedaroTcsi B COMHEUHOM cu-
creMe. B TaHHOM ciydae Mbl IMEEM PE30HAHC KaK OTHOIIEHHE MPOCThIX yucen 1:3. [pu-
4YeM B cHeKkTpe orubaroiieil «uyma» (curHan Rf) B SBHOM BUJE NPUCYTCTBYET U cama
Moza ¢ mepuogoM 18.61 roma (cm. puc. 40). [lepron TyHHBIX Y3IJI0B, TIPU OMPEACTICHHBIX
MpeIBapUTEIbHBIX IPE0Opa30BaHUAX ObUT OOHAPYKEH U B UCXOAHBIX JaHHBIX JTBU)KCHUS
nomtoca (X, Y) B pabore [Ilepenenkun u ap., 2022]. Ha pucynke 41, rae npuBeIeHbI CO-
BMEIIIEHHbIE HOPMUPOBAHHBIE AMIUIUTY/IHbIE CIIEKTPBl HCXOIHOTO CUTHala R U CUTHajla
Rf B yacToTHOM jaMana3oHe cooTBeTcTByIomEeM repuoaam 350—-600 cyTok, >KHpHBIE TOY-
KM 1-5 MOKa3bIBalOT MAKCUMAaJIbHBIE 3HAUEHUS BCEX MO/, IEPHO/IbI KOTOPBIX OMPEIEIECHbI
(BBIYMCIICHBI TPOTPAMMHO) U TIOKa3aHbI B TabmHIIe 2.

Tabnuya 2 / Table 2

Monsl Yananepa, cBsi3aHHbIe ¢ mepuogamMu coamxennst 3emiau ¢ Benepoii,
IOnurepom n Carypnom / Chandler modes associated with periods of approach
of the Earth to Venus, Jupiter and Saturn

Touxkwu /Points 1 2 3 4 5 6
Hazpanme /Name Benepa/ Hosgas Mopna KOmurep/ | Carypn/ Tonoas
Mona/
Venus Yanyrepa/ Jupiter Saturn | Komnonenra/
New Mode
Chandler’s Annual
Mode
Component
[Mepuon (cyTKH) 588.78 538.14 412-440 398.78 378.55 365.31
Boruncienusiii / (cm. puc.5)/
Period (day)
(see Fig.5)
calculated
Iepuon (cyTku) 584 - 433.31 399 378 365.24
WsBecthsrii / Period
(day)
known

Kpome nepronoB aBMKeHHs MoIt0ca (B TaOJ. 2 BBIJIEIEHBI JKUPHBIM MIPHUQPTOM) T10-
SIBWJINCH elie 3 Monbl (puc. 411), KOTOpbIE TO0CTaTOYHO TOYHO COBIAAAIOT C NEPUOaMU
commkenus 3emun ¢ Berepoii, FOnmurepom u Carypuom. [lepuos commkenus ¢ Mapcom
cocrapnsieT 780 cytok. Ha criektpe pucynka 40 ormeueHa mona 804 cyTOK, 4TO MOXKET
NpUOTU3UTENFHO COOTBETCTBOBATH MEPHOLY CONMMKeHust ¢ Mapcom.
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OCHOBHO# pe3ysbTaT, KOTOPbIH 00Cyajcs B IpeAbIyIeM pa3ziese, CBsI3aH ¢ TeM
00CTOATENBCTBOM, YTO KOJIeOATEeIbHOE IBMIKEHUE TOJTIOCA OIMPEeAeTCs] OJHON OCIMII-
JMPYIOLIEH CUCTEMOM ¢ MepeMEHHBIMU TTapaMeTpaMHu, 4To, B CBOIO 04epe/ib, 00ycaBIIu-
BAaeT €IMHYIO0 MPUPOAY TO0BOM M YaHUIepOBOM cocTapistomux. [lonoOHble uaen, kak
CHCTEMBI CBSI3aHHBIX OCLIIIATOPOB, yXke paccmarpusaiuch B [Kurbasova et al., 2003].
[IpuBeneM enie oauH pe3ysbTaT, KOTOPBIA SABJISIETCS CIEICTBUEM CJIIETAHHBIX BBILIE BbI-
BO/IOB.

Bocnonb3yemcs, B 3TOT pa3, naHHbiMu OromuteteHss EOP14C01 MexayHnapon-
Hast Ciyx6a Bpamenust 3emnu (MCB3) orkiionenuss CeBepHOro mojroca HauuHasi ¢
1900 rona no Hactosiee Bpemst. Chopmupyem curnan R2 nojo0HbIM BbIIIE€ OMUCAHHBIM
obpaszom (DPopmupoBanue curiana R, cMm. Tada. 1). C momMolpio CKOHCTPYUPOBAHHOTO
UMITYJILCHOT'O T10JIOCOBOTO (DMIIBTpa (ONMCAaHNe MPOLEAYPbl (PUIBTPALIMU CM. BBIIIE) BbI-
JIEJIUM TPU COCTABJISAIOLIMX: T'O10Basi KOMIIOHEHTA, YaHIJIEPOBCKAasl KOMIIOHEHTa U MOJa
¢ nepuojoM 6.3 rona.
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Puc. 5. Bapuayuu 9KII 6 1900-2024 c2.: a — ocubarowas eapuayuu amniumyobl (CRIoOWHAs
MuHUA — ocubarowas sapuayuu amnaunyost YKI1, wmpuxoeas nunus — ocubarowjas eapuayuu
aMnAUMYObl 200080U COCMABAIOU U, KPACHAS TUHUSA — SO MAPKep, CPeOHAA NuHUs 0 bojee

HA2IAOHO20 CPABHEHUs IMUX KpUusvix), 6 — eapuayus nepuooa xonebanuti YKI1/

Fig. 5. Variations of the NCP in 1900-2024: a — envelope of the amplitude variation (solid line —
envelope of the NCP amplitude variation, dashed line — envelope of the amplitude variation
of the annual component, red line — marker, middle line for more visual comparison of these curves);
b —variation of the period of NCP oscillations

Ha pucynke 5a nmokaszan pesynabTar GUIBTPAIMKA CUTHAJIA R2 U BBIIEICHBI BapUaIluu
HOopMupoBaHHBIX amruatyn Y1 (yepnast crutommHas nuHus) U cocrapisromeit /111
(mynktupHast auHust). [InaBHas KpacHas JIMHUS HA PUCYHKE Sa IOKa3bIBAE€T HEKUI yCIIOB-
HBIH YPOBEHb, OTHOCUTEIBHO KOTOpOro koMnoHneHTsl Y11 u I'/II1 MeHsitoTcs B MpOTUBO-
(aze. OTo yOeauTeabHO AOKa3bIBAET, UTO YBEJIUYEHHE aMIUIUTYIbl OJJHOW KOMIIOHEHTHI
COBMAJIa€T C YMEHbIIEHUEM APYToW, WM APYTUMU CIOBAMHU IPOUCXOTUT Iepepacipe-
neneHue >Hepruu konedbanuit mexay momgamu YJII u I{I1. Ecim ocrarbest Ha cTaphbix
HO3UIUAX, TO BPSAJ JIM 3TO MOKHO OOBSCHUTH TEM, UTO IOA0Bas KOMIIOHEHTa BbI3BaHa
CE30HHBIM IIepepacnpeiesieHueM Macc Ha MOBEPXHOCTH 3eMild (U oYeMy Toraa Boooie
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JIOJKHA MEHATHCS aMIUINTY/Ia B TAaKUX IIUPOKUX npenenax?). Eciu ronosas KOMIIOHEH-
Ta CTPOr0 CHHXPOHU3UPYETCs OpOUTAIBHBIM epruoaoM 3emiu, To nepuon YJIIT mens-
ercsa B auana3zoHe 410-440 cyrok. Pe3kuii ckayok B 1916-1918 romax u B 2018 rony
(cM. puc. 50) cBsi3aH HE ¢ U3MEHEHHEM IEPHO/Ia, a C ellle He 00BbSICHEHHON MepecTpOrKoi
(a3bl, KOTOpas Bceraa MpoucxoauT, koraa ammutyaa Y11 nocturaer CBOMX MUHUMAIb-
HBIX 3HAYEHUH.

AmnanornyHeIM 00pa3oM BeneT cedst Moja 6.3 roja, Bapualys aMIUIUTY/bI KOTOPOH
MoKa3aHa Ha pUCYHKe 6a (CIUIOoIIHas TuHM) U nepuoaa 6.2 roaa (puc. 66). C ogHoii cTo-
POHBI MBI BUJIM, YTO B HACTOSIIIYIO 30Xy, B OTJIMYKE OT MEPBON MOJIOBUHBI pacCMaTpH-
BaeMOro nepuojia HaOMIOIEHHUH, SHEPTusl 3TOM MOBI pe3Ko ynaia (yCIOBHBIM ypOBEHb
Ha puc. 5a, kpacHas auHus). Ilepectpoiika ¢aszbl 3TOM MOABI MPOUCXOAMIA B MEPUOL
1930-1940 ronoB 1 HaYMHAETCA B HACTOALIEE BPEMsl. DTO CHOBA IPUBENAET K POCTY aM-
IUTUTYZbI (PHEPTUHU) JAaHHOM KOMITOHEHTHI M CIaay OOILEro ypoBHS aMIUIMTY/ T'OJ0OBOM
U YaHJUIEPOBCKON KOMIIOHEHT, YTO COOCTBEHHO MOXHO YK€ HaONII0AaTh B HACTOSILYIO
3moxy (cM. puc. 5a).
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Puc. 6. Bapuayuu amnaumyovt moosl u nepuoda osudcenus Cegeprozo nonoca 6 1900-2024 ze.:
a — amnaumyowvl Moobl ¢ nepuodom 6.3 2oda,; 6 — nepuoda (MOHKAsL cepast 20PUZOHMANbHAS TUHUSL
coomeemcmesyenm posHo mpemu nepuood 0BUNCEHUs IYHHLIX Y3108 6 0.2 200a) /

Fig. 6. Variations in the amplitude of the mode and the period of the North Pole motion in 1900-2024:
a — amplitudes of the mode with a period of 6.3 years; b — period (the thin gray horizontal line
corresponds to exactly one third of the period of the lunar nodes motion of 6.2 years)

B nacrosimedt pabote He mpezuiaraeTcsi HOBbIH MEXaHHU3M MPOUCXOKICHUS YaHI-
JIEPOBCKOW COCTABIISIIONICH NBHXKEHHS TMOJIOCA, HO MO-HOBOMY MHTEPHPETUPYETCS BUI
CIEKTpa JBUKECHUS MOJt0cA. [ TaBHBIM OCTAETCs M BOMPOC: MOYEMY B UCXOJJTHOM CUTHAJIEe
R ne nmpossinseT cebs Moaa ¢ mepuoaoM 538 CyTOK, KOTOpasi UMEeT TaKoe Ba)KHOE 3Ha-
YeHUE JUIsl HOBOM MHTEPNPETALHNH CHEKTPadbHOM KapTHHbI? OTMETHM, YTO HAa OCHOBE
MPUMEHEHHOTO METO/a (CHEKTPaJIbHBIN aHallu3 Orubarolell «IIymMa» B OMpPEIeICHHON
MOJIOCE YacToT) IS ehopMallMOHHBIX JaHHBIX 3€MHOM KOpHI (AaHHbIe bakcaHckoro na-
3epHoro untepdepomerpa [MuntokoB u ap., 2007]) ObUTH MONTYYEHBI MPAKTUYECKU BCE
TEOPETUUECKU MPeICcKa3aHHbIE MPUIUBHBIC BOJHBI B CAMOM ITUPOKOM YaCTOTHOM JHara-
30HE, KOTOPbIE HEBO3MOXHO OBLTO BBIICIUTH B UCXOTHOM Je(OPMAIIMOHHOM PSJE, U 3TO
MIpH JBAALIATUIIETHEM Tepuo/e HaOmoaeHuit. Takoil xe moaxon ObuT IpUMEHEH AJs psaa
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Bapuaiuu ckopoctu BpauieHus 3eman LOD no nannbiM 6romuterenst MCB3 EOP14C04.
Orubaromast kpuBasi cTpousiach 1o «mrymy» B mnosoce 100-10 cyrok. CrekTpanbHbIi
aHaJIM3 MO3BOJIMJII BBIJICIUTH B OrMOaroIiel N3BECTHbIC IPUIMBHbIE BOJIHBI C IEPUOJAMHU
182.7, 31.81, 27.55, 14.76, 13.77 cyTOK, KOTOpbl€ IPUCYTCTBOBAJIN U B UCXOIHOM psiJie
LOD [Mscuukos, 2024]. Ho kpoMe 3TOro, yBepeHHO OBLIM BbIJIEIEHBI MOJIbI C IEPHO/IA-
mu: 18.62 net, 27.093, 23.942, 18.707, 18.661, 11.049 cyTok, koTopsie He ObLIH OOHAPY-
JKEHBI B CIIEKTPE UCXOJHOTO Psizia.

JUig Ka)Ka0ro U3 NPUBEIEHHBIX BBILIE PSAAOB JaHHBIX CYIIECTBYET CBOM YaCTOTHBIN
JIMaIa3oH, MPUTOAHBIN 1JI TOMOJHUTEIBHOIO aHaliu3a 1o ormbaromeil «uymay. Tak,
JUTSL psiJia JAaHHBIX JBUKEHUs nostoca 3To Auana3zoH 30—100 cyTok.

B xpoHonoruueckoM nopsiike CHavaja Obll YCTaHOBIIEH MMEHHO TOT (DaKT, 4To ro-
JI0Basi M YaH/AJIEPOBCKasi KOMIIOHEHTA BelyT ceOs B mpoTuBodasze (puc. 5), KOTOPbIi ObLI
MHTEPIIPETUPOBAH KaK B3aUMOJEICTBHUE JBYX CBSI3aHHBIX OCLUJIIATOPOB, KOTOPHIE HAXO0-
JSITCSL B TOCTOSIHHOM oOMeHe sHeprueil. Ho nosisnenue mozbl «V» ¢ nepuoioM 538 cyTok
HO3BOJINJIO O0Jiee PaUKaIbHO EPECMOTPETh U 3TY MO3UIUI0, 8 UMEHHO CYIIIECTBOBAaHHE
OJJHOTO OCLMJUIATOPA C U3MEHSIOUIMMUCS NIapaMeTpaMu MOJ JEHCTBUEM B IIEPBYIO Oue-
penb rpaButanuu JIyHsl.

3AKAKOYEHNE

OCHOBHBIM PE3yIbTaTOM IIPOBEJCHHBIX UCCIEA0BAHUN SBISETCS BbIICICHUE B CIEK-
Tpax Bapuanuil ABrkeHuss CeBEpHOro Mojroca 3eMJIM KOPOTKONEPHOAHBIX KOMIIOHEHT
¥ 000CHOBAaHWE MX €AWHOW MPHUPOABI. VX MepuoanYHOCTh ONM3Ka K IMKJIAM KPYIHBIX
(c marnutynoit M>7.0) 3emnerpsicenniit Mupa, npusesieHHbIX B padote [Kynukosa, 2004]:
66, 25.7, 16.6, 11.8, 6.44, 2.56, 1.55 net. D10 MO3BOJSAET CTABUTH B KAYECTBE MPOOIEMBI
UCCJIEJIOBAHNE CBSA3U CEHCMUYHOCTU U POTALIMOHHOTO PEKHUMa 3€MJIH.

Bo3moxHas CBSI3b aCTPOHOMUYECKON KOMIIOHEHTHI C ()OPMHUPOBAHUEM M CTUIJIEM CO-
BPEMEHHBIX Te€OIMHAMHUYECKUX MPOoIeccoB o0cyxnanack B padore [Jlesun, 2000]. Kiro-
YEBBIM IPU 3TOM SIBJIIETCS BOIPOC O MEXaHU3ME IPeoOpa3oBaHusl dHEPIruu, BO3HUKA-
IOLIEH MpU HYTallMKd OCH BPALLEHUS 3€MJIM, B SHEPIUI0 F€OAMHAMUYECKUX IPOLECCOB.
B kadecTBe Takoro MexaHu3Ma, Kak MMOKa3aHO Ha mpuMepe (popMUPOBaHHS CTPYKTYpPHI
Hentpansuoro cermenta bonbmoro Kaskasza [Croruuii, Ctoruuit, 2024], moryT ObITH
PEOIOTUYEeCKUE TEYCHHS Ha Pa3IMYHBIX TMIICOMETPUYECKUX YpOBHsX smTochepsl. Ha
OCHOBE ATOM METOJIMKH MOTYT pa3padarhIBaThCsi MOAEIN (OPMUPOBAHUS HAINPSKEHHO-
1e(OPMHUPOBAHHOTO COCTOSTHHSI TUTOC(HEPHI U 0YaroBBIX 30H 3eMJICTPSICEHHI celicMOoaK-
TUBHBIX perHoHOB. ClielyeT 0KH/1aTh, YTO LIUKIMYHOCTh 3TUX MIPOLIECCOB Oy/EeT onpee-
JSAThCS, KaK IIOKa3aHO B HacToswlel padore, YaH111epOBCKON COCTABIIAIOIIEH U IPYTUMU
KOPOTKONEPUOJHBIMUA KOMIIOHEHTAMM JIBUKEHMSI TTOJIFOCOB 3EMJIU.

[Tonck 3akOHOMEPHOCTEN B XapaKTEpe CEMCMUYECKOW aKTUBHOCTH PETMOHOB, B 4aCT-
HocTH, CeBepHoro KaBkasa, 1 ux CBSI3M C HUKIMYECKUMHU F€OAMHAMUYECKUMHU IpOLEC-
caMU MPEACTABISAET COOON CaMOCTOSTENIbHYIO IIPOOJIEMY, I/1€ PE3YJIbTAThl UCCIIEI0BAHUI
[0 U3YyYEHUIO BapUallUii KOMIIOHEHT JIBUKEHUS I0JIF0ca 3€MJIH, MIPE/ICTABICHHbIE B Ha-
CTOSILLIEH CTaThe, SABISIOTCS €€ IIEPBBIM 3TAIIOM.
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Pestome: AKTyanbHOCTb pa6oTbl. B COOTBETCTBUM C COBPEMEHHbBIMU TEKTOHUHECKUMM KOHLIENUUAMUN fn-
TOCGhepHble NANUTbI NPUHATO PACCMATPUBATL KaK JOCTATO4HO XKECTKUE PEOSIOrM4Yeckn 0HOPOAHbIE NACCUBHbIE
nnacTuHbl. CYMTAETCSA, YTO FOPU3OHTAIIbHOE CXATUE UIPABT 3aMETHYH CTPYKTYPOOOPa3yioLLyto posb Nlb B
paioHax, npuerarLwmx K Mo6usibHbIM nosicam. Bo BHYTPeHHUX 4acTax NAUT 06pa30BaHue AUCNOKALMIA 0ca-
[OYHOr0 4exna, Kak npasuso, 06bACHAETCA AMddepeHLPOBAHHbIMI BEPTUKANIbHBIMU MOABUXKAMU BJI0KOB
dhyHAameHTa, edOpMUPYIOLLMMI 0CAA0YHbIA Yexon. B npeacTaBneHHon paboTte NpuBEAEHbI CBEIEHMS O BHY-
TPUPOPMALIMOHHBIX MOCIIOMHBIX CPbIBAX M CBA3AHHLIX C HUMIW TEKTOHWYECKNX AedhopMaLnsX, pa3BUTbIX B Yex-
ne nnatgopm. BbisicCHeHe 0COBEHHOCTEN UX CTPOEHUS W YCNOBWIA 06PA30BaHMS NO3BOSIAET NOSTYHUT BXKHYHO
MHG OpMaLo 0 reoiMHamMn4eckon 06CTaHOBKe (hOPMUPOBAHUS AUCOKALWIA B 0CAA04YHOM pa3pese nnatgopm,
a TaKXXe MOXXET CMoCO6CTBOBATL PELLEHNIO HEKOTOPbIX MPUKNAAHbIX 3adady. Lienbto nceneaoBaHnin ABnseTcs us-
y4eHue NOCNOMHbIX TEKTOHNHECKNX CPbIBOB 1 CBA3AHHbIX C HUMU AehopmaLmnii B 0CaA04HOM pa3pese nnatgop-
MEHHbIX TEPPUTOPNIA, a TAKXKE NPUYNH UX 06pa3oBaHis. MeTofbl uccnegoBaHus. /13y4eHne BONHOBON KapTUHbI,
3anevyaTyieHHON Ha CeiiCMUYeCKUX BPEMEHHbIX pa3pesax, No3BOnuI0 Nosy4nTb HGOPMALMIO 0 MOPAOSIOrnK
Cy6ropu30oHTanbHbIX CPbIBOB 11 CBA3AHHbLIX C HUMU CKnagyaTblX AUcnokaumia. [1ns 6onee rny6oKoro noHMMaHus
CTPOEHUS NOrpe6eHHbIX TEKTOHUYECKUX CPbIBOB W NPaBUIIbHOW ANMArHOCTUKIA CEMCMUYECKMX LaHHbLIX UCMOSib-
30BaHa MHGOpMaLna, Nony4YeHHas HamMu NPy UCCNeA0BAHUN aHANOTUYHBIX AUCIOKALMIA B ECTECTBEHHbIX 06HA-
XKEHUAX KaiHO30MCKNX OTNOXEHWA TypaHCKOM NauTbl. [TpUBReYeHb! CBEAEHMS 0 TEKTOHUYECKUX HAPYLUEHUAX B
0CaJj04HOM YexJie, Noy4eHHble B NpOLEecce 6ypeHus rny6oKMx CKBaXWH. PacCMOTpeHbl 06HAPYXXeHHbIE B Kep-
HOBOM Marepuase TeKCTYpHbIe 0COBEHHOCTN Ae3NHTErpUPOBAHHbIX UHTEPBANOB NOPOL, ONpejeneHa ux npmpo-
Ja. LIeHHyto nHopmMaLmnio 0 NOCOMHbIX CPbIBAX Jani Pe3ynsTathl CreyuanbHbIX rMapoAMHAMNYecKnX ncenemo-
BaHW Ha MECTOPOXIEHMAX YrNeBofopoaoB. Pe3ynbratbl paboTbl. 060CHOBAHO LUMPOKOE PA3BUTIE B MIUTHOM
Komnnekce NnaTtqOpPMEHHbIX TEPPUTOPUA BHYTPUOPMALIMOHHBIX MOCNOAHBIX CPbIBOB, CBUAETENbCTBYHOLIMX
0 BAXHOW POSIN FOPU3OHTANIbHbIX TEKTOHNYECKNX ABVXKEHUA B (DOPMUPOBAHUN BHYTPUMMUTHBIX AUCOKALWNIA.
OTBETCTBEHHbIMM 32 UX (DOPMUPOBAHME ABMNAIOTCS TEKTOHUYECKIE UMMYMbChI, NEPeaaloLLUecs B Npefenbl nnat-
(hopM CO CTOPOHbI CMEXHbIX MOBUIbHBIX MOSCOB. [10M1y4eHHbIe Pe3ynbTaThbl JAOT BOSMOXHOCTb NO-HOBOMY MO-
JOWTY K PELLIEHUI0 psafa NPUKNafHbIX 3a4a4 NPy NOUCKax U pa3Befike MECTOPOXIEHWI YrNeBoJ0pOA0B U ApYyruxX
MOJIE3HbIX NCKOMAEMBbIX.

KnioueBble cnoBa: nocronHble TEKTOHUYECKIUE CPbIBbl, TAHTEHLMANbHbIA CTPECC, CK/1aA4aTo-Ha4BUrOBbIe
Ancnokaumm, HedyTera30HOCHOCTb, ONacHbIE NPOLIECChI.
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Abstract: Relevance. In accordance with modern tectonic concepts, lithospheric plates have been considered
as rather rigid rheologically homogeneous passive plates. It is believed that horizontal compression plays a
significant structural role only in areas adjacent to mobile belts. In the inner regions of the plates, the formation of
dislocations of the sedimentary cover is usually explained by differentiated vertical movements of the basement
blocks, deforming the sedimentary cover. The presented work provides information on intraformational layered
disruptions and related tectonic deformations developed in the sedimentary cover of the platforms. Clarifying
the features of their structure and conditions of formation allows us to obtain important information about the
geodynamic situation of the formation of dislocations in the platform cover, and may also contribute to solving
some applied problems. The aim of the research is to study layered tectonic disruptions and related deformations
in the sedimentary section of the platform territories, as well as the causes of their formation. Methods. The
study of the wave pattern captured on seismic time sections made it possible to obtain information about the
morphology of subhorizontal faults and related folded dislocations. For a deeper understanding of the structure of
buried tectonic faults and the correct diagnosis of seismic data, we used the information that was obtained when
studying similar dislocations in natural outcrops of Cenozoic deposits of the Turanian Plate. The data on tectonic
disturbances in the sedimentary cover obtained during drilling of deep wells are attracted. The textural features
of the disintegrated rock interiors found in the core material are considered, and their nature is determined. The
results of special hydrodynamic studies at hydrocarbon deposits have provided valuable information on layer-
by-layer disruptions. Results. The widespread development of intraformational layered disruptions in the plate
complex of platform territories is substantiated, indicating the important role of horizontal tectonic movements
in the formation of intraplate dislocations. Responsible for their formation are tectonic impulses transmitted to
the boundaries of the platforms from adjacent mobile belts. The results obtained make it possible to take a new
approach to solving a number of applied problems in the search and exploration of hydrocarbon deposits and
other minerals.

Keywords: layered tectonic disruptions, tangential stress, folding-thrust dislocations, oil and gas potential,
hazardous processes.
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BeseapeHre

B cooTBeTcTBHM C TUIEUTTEKTOHUYECKOW KOHIEMIMEH JIUTOCHEPHBIE TUTUTHI 00bIU-
HO paccMaTpUBAIOTCS KaK JOCTATOYHO JKECTKUE PEOJOTUUYECKH OJJHOPOIHbBIE TaCCUBHBIC
IJIACTUHBI, T/I€ TOPU30HTAIBHOE C)KAaTHE WIPAaeT 3aMETHYIO CTPYKTYpOOOpa3yIOIIyro
POJb JIMIIb HA yYacTKax, MPUIIETAIONINX K MOOWJIBHBIM TosicaM. Bo BHYTpEeHHHUX paii-
OHaxX TUIUT OO0pa30BaHME AMCIOKAIMA OCAJOYHOTO ueXJia, KaK MpPaBHIIO, OOBICHIETCS
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Qg depeHIMPOBaHHBIMU PAHATBHBIMU HOABMKKAMH O0KOB (pyHIameHTa, aegopmu-
PYIOIIMMHU OCaJ0uHbId Yexos. COOTBETCTBEHHO C 3THUM IPEIIONaraeTcs, 4Yro CKIa ke
B BEPXHUX FOPU30HTAX pa3pesa JOKHA COOTBETCTBOBATh AHAJOTMYHAs CTPYKTypa U Ha
ITyOMHe, BKJIIOYast MOBEPXHOCTh (DyHJaMEHTA.

B nocnennue necsaTuneTHs MOMy4E€Hbl MHOTOUMCIICHHBIE JTaHHbBIC, YKa3bIBAIOIINE
Ha HaJMuue B JUTOC(epe BEPTHKAIBHBIX M JIATEPATbHBIX CTPYKTYPHBIX, a TaKKe Peo-
JOrMYEeCKUX HeoaHopoaHocTel. Ha ux ocHoBe chopmynupoBaHa HOBass MOOMIIMCTCKAs
MOJIETIb PA3BUTHUS TE€OJOTMUYECKUX MPOLECCOB B JUTOC(HEPE, OCHOBAHHAS Ha NPEJCTaB-
JICHUSAX TEKTOHMUYECKOU paccimoeHHocTu nutocheps! [IleitBe u ap., 1983], npeanonara-
IOI1asl HAJIMYUE B HEH J1aTepabHbIX TEKTOHUYECKUX NOTOKOB [JlarepanbHble TOTOKH ...,
2013]. Haubonee sipko TEKTOHMYECKOE pacusieHEeHHe JUTOC(ephl Ha OKPOBBI, MIACTH-
HBI U HaJIBUT'M BBIPAXKEHO B Ipezenax MoOminbHbIX 30H (KaBkas, Ypai, Taup-11lans, I1a-
MUp, AJbIbI, ANManayu u Jp.), UMEIOIUX OKPOBHO-CKIIaayaToe cTpoeHue. Pa3Bureie
B UX Ipejenax JUCIOKALUU XOPOIIO U3yUeHbl KaK B €CTECTBEHHBIX OOHAXEHUSX, TaK U
reodusnueckumu metoaamu [lotayes, 1986; Xaun, 2009; Albino et al., 2014; Allen,
Armstrong, 2008; Bazhenov, Burtman, 2002; Kocyigit et al., 2001; Cavazza et al., 2019;
Sobornov, 2021; Trexler et al., 2022 u np.].

[TosiBUDIOCH TaK)ke 3HAYMTEIBHOE KOJIMYECTBO PAa0OT, B KOTOPBIX HMPUBOIATCS yOe-
JUTEIbHBIE CBEACHUS O LIMPOKOM PA3BUTHUU B OCAJOYHOM uexije Iuardopm OecKopHe-
BBIX CKJIaJ[4aTO-HAJBUTOBBIX JHCIOKALUH, (OpMUPOBaHHE KOTOPBIX CBA3aHO C FOPU30H-
TaJIbHBIMU TEKTOHMYECKUMU JABWkeHUsAMU [Kamanetnunos u np., 1991; [lonkos, 1991;
Reilinger, McClusky, 2006 u ap.]. O4eBHIHO, YTO 3TOT HpOILECC JOKEH ObLI COIpo-
BOX/1aTbCsl 00pa30BaHUEM MOCIOHHBIX CPHIBOB B CAMOM OCaJI04HOM yexise. OJJHaKo ux
BBIJICJIEHUE B pa3pes3e sIBJISETCS CIOXKHOM 3a7adyei, MOCKOJIbKY CKBaXHMHHbIE HaOIroIe-
HUSI MMEIOT TOYEYHBIM XapakTep MpH OrpaHMYCHHOM BBIHOCE KEPHOBOIO MaTepHaa.
K Tomy ke U3y4eHnI0 TEKTOHMYECKUX HapyIIeHUH B KepHaX YJEJIeTCsl MajJo BHUMAHUS.
[TockonbKy npu MOCIOMHBIX CPBIBAX COXPAHSAETCS CTpaTUrpaduyeckas nociae0BaTelb-
HOCTb CJI0€B U e(OpMaLIMHU HE BCET/Ia OTPAXKAIOTCS HA BPEMEHHBIX pa3pe3ax, BOZHUKAIOT
npoOIeMbl U NIPU UX KaPTUPOBAHUM CEHCMHUYECKON pa3BeIKOH. YCyryOisieT CUTyaluio
HErOTOBHOCTh MHOTHX I'€0JIOTOB YBUETh MOCIOWHBIE CPBIBBI JJa’KE B €CTECTBEHHBIX 00-
Ha)KEHUSIX, OCKOJIbKY MPUHSATO CUMUTATh, YTO HA IUIATGOPMax INAaBHYIO CTPYKTYpodop-
MUPYIOILYIO POJIb UTPAIOT BEPTUKAJIbHBIC TEKTOHUYECKHE JBHKEHHSL.

YuuThIBas U3I0)KEHHOE, MOYKHO 110J1araTh, YTO IPUBEICHHBIE B CTAThe MAaTEPUAIIbl MOT'YT
CIOCOOCTBOBATH PEIICHUIO TAHHOW MPOOIEMBI U OLICHUTH €€ MPAKTHYECKYI0 3HAYMMOCTb.

MaTeprnaAbl K METOABI UICCAEAOBOHN

Hanbonee neHHyro nHGpOpMALIKIO O BHYyTPEHHEHN CTPYKType 0Ca04HOI0O pa3pesa Iiar-
bopm comepxaT MaTepuanbl CEHCMOPa3BEAKA METOIOM OTPaKCHHBIX BOJIH. COBMECTHOE
UCTIONIb30BaHKE JIAHHBIX OypPEeHHUS M CEHCMOpa3BEIKU /110 BOZMOKHOCTh HE TOJIBKO CTpa-
TH(QHUIUPOBATH OTPAXKAFOIINE TOPU3OHTHI, HO M BBIMOIHUTH HEOOXOAUMBIE CTPYKTYpPHBIE
nocTpoeHus. V3ydueHne BOJTHOBOM KapTHHBI HA BPEMEHHBIX pa3pe3ax M03BOJIMIO YCTaHO-
BUTbH BXXHBIC I€TaTI MOP(OJIOTHH, CTpaTUrpadUuecKoil PUypOYCHHOCTH U UCTOPHH pa3-
BUTHSI JUCJIOKALIMH, a TAK)KE ONPEAETIUTh KHHEMATUUECKYO IPUPOJTY Pa3pbIBOB.

[Ipn M3ydyeHHH TEKTOHMYECKUX HapylIEHUN B OTIOKEHMAX OCaJOYHOIO uexsa Hc-
10JIb30BaHa MH(GOpPMAIHS O MOCIOWHBIX CPBIBAX U «HABEIICHHBIX» aHTUKIMHAJAX, 00-
HapyXeHHBIX B npenenax Ckudceko-Typanckoi, [leuepckoii, Boctouno-EBponeiickoii u
3anagno-Cubupckoii iatrgopm, Tepcko-Kacnmiickoro kpaeBoro mporuoa.
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st Gonee r1yOOKOro MOHMMAHUSI CTPOEHUS MOrpeOCHHBIX TEKTOHUYECKUX CPHIBOB
U TPaBWIBHOW AMAarHOCTUKU CEHCMUYECKHMX JAHHBIX NMpUBEACHA MH(OpMAIMs, MOTy-
YeHHasi HAMU TIPU U3YyYCHHH aHAJIOTUYHBIX JUCIOKAIMA B €CTECTBEHHBIX OOHAKCHHIX
KaMHO30MCKUX OTJIOKEHUH 3anaqHoN yacTu TypaHCKOM IUIUTHI. B 30HaX CpBIBOB OTIIOXKeE-
HUsl OpEeKYNPOBAHBI, HNIMPOKO MPEACTABICHBI TYIUIEKCHI, CTPYKTYphl OyAHHAXKa, 3epKajia
CKOJIB)KEHUS, TIIMHKA TPEHUs, chepudecKkre TEKTOHNIECKNE «KaTyHbD, CKJIaJIKU BOJIOYe-
HUS U Jpyrue 1edopMaluu, XapakTepHble 1Sl CTPYKTYP FTOPU30HTAIBHOTO CKOJIBKEHUSI.

bonbiioe BHUMaHKE yAEIE€HO U3BECTHBIM CBEACHUSAM O TEKTOHUUECKUX HAPYLIECHUSX
B 0CaJIOYHOM ueXJie, TMOJyYeHHBIM B Tpolecce OypeHus: rIyOOKHuX CKBakuH. Paccmo-
TpeHbl OOHAPYKEHHBbIE B KEPHOBOM MaTepHalie TEKCTYpHbIE OCOOEHHOCTH JI€3UHTErpU-
POBaHHBIX MHTEPBAJIOB ITOPOJ, ONPEAEIICHA UX NMpUpoaa. B pesynbrare nosy4eHHON UH-
(dbopMaruu ynaaoch TOKyMEHTaJIbHO 00OCHOBATh MPHUCYTCTBUE B pa3pese MOJOTHX 30H
J€3UHTErpaly MOPOJ, CBA3aHHBIX C IIOCIONHBIMU CPbIBAMHU.

Jlnist onpenieneHnss MexaHu3Ma U Te0JHHAMUYeCKO 00CTaHOBKU (hOPMHUPOBAHUS T10-
CJIOMHBIX CPBIBOB, 00YCIIOBIMBAIOUINX TEKTOHHUYECKYIO PACCIIOEHHOCTh UeXJia miarhopm,
TIPUBJICUCHBI JJaHHBIE 110 ceiicmonorun u GPS-nabmonennii mo Teppuropun CeBEepHOTO
Kagkaza u npuneraronux kK Hemy paiioHoB Ckudcko-TypaHckoi miaropmsl.

Iennyro nHGOpMAIIHMIO O MOCIOWHBIX CPBIBAX M X HE(TEreoJornuecko ponu aanu
pe3yabTarhl CHEUUAIbHBIX TMAPOJUHAMMYECKHX W TPAacCEPHBIX MCCIENO0BaHHUM, IPO-
BEJICHHBIX Ha MECTOPOKIACHMSIX yIIeBoAOpoAoB. [lomydyeHHbIE pe3ynbTaTsl 103BOJIMIN
000CHOBATh HATMYHE B IPOYKTUBHBIX HHTEPBAJIaX pa3pe3a TeKTOHU3UPOBAHHBIX UHTEP-
BaJIOB MTOPO/JI, 00J1a1AI0IIKX MTOBBIILIEHHBIMU €MKOCTHO-(QHIBTPALIMOHHBIMU CBOWCTBAMHU.

Pe3yAbTATbl MCCAEAOBAHUN N UX OBCYXKAEHNE

OnHUM U3 HaIISIHBIX IPUMEPOB MOCIOWHBIX TEKTOHHMUYECKUX CPBIBOB B ILIaTdop-
MEHHBIX OTJIOKEHUSX, KOTOPble MOXXHO HAOIIOaTh HEMOCPEICTBEHHO B OOHAXKEHMSX,
SABISAIOTCA Y3yHOacckue nucnokanuu FOxuoro Manreimaka [[lonkos, 2010]. 3necs B
npenenax Kyromycckoil 10JIMHBI B TOPU30HTAIBHO 3aJIETA0IINX OTIOKEHHUAX JOLEHA 3a-
KapTHpoBaHa NpoTskeHHas (Oosiee 4,5 KM) cucTtema CKJaa4aTo-HaJIBUTOBBIX JIUCIIOKa-
UM, COCTOSAIAs U3 TPEX TEKTOHMYECKUX IutacTuH. Ee poHTanpHas yacth oOHaxeHa B
OOpTOBBIX yCTymax Y3yHOacckoro oBpara. B momepeuHsIX pa3pe3ax OTYETIMBO BHJIHO
JUCTPUUYECKOE CTPOEHHE HAJIBUT'A, TIOBEPXHOCTh KOTOPOTO BBINOJIAKUBAETCA C INTyOHMHOM,
nepexois B MOCIONHBIN cpbIB (pHc. 1).

Puc. 1. Ilonepeunsiii pazpes pponmanvHol 4acmu meKmoHu4eckou niacmuHbsl
6 bopmosom obpwise ogpaza Vzynbac /

Fig. 1. Transverse section of the frontal part of the tectonic plate in the side cliff of Uzunbas ravine
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Ciom 3011€Ha B BUCSYEM KpbUIE 3aJIETAIOT MapajlieIbHO MOBEPXHOCTU CMECTUTEIIS,
BO ()POHTATILHON YACTH TEKTOHUYECKOMU MJIACTHHBI TOPOJIbI UCTIBITHIBAIOT Ie(POpPMALIUIO U
YaCTUYHYIO JIE3UHTErpalnio. B MecTe MakcuManpHOTO M3rnda pa3pbiBa B JIeKAYEM KPbI-
Jie OTJIIOKEHUS pa3apoOIeHBI, B Psi/ie CTy4yaeB TOHKHE MMPOCION CMSThI B MEJIKUE CKIIAKH.

OpoHT HaJaBUTA BBIpAKEH B penbede JHEBHOW MOBEPXHOCTH B BHJE Tomorpaduye-
CKOT'O MOAHSTHS, UTO YKa3bIBAET HA €I0 COBPEMEHHYIO TEKTOHMYECKYH aKTUBHOCT.

Ha oTaenpHBIX yyacTKax pyclio OBpara COBMaJiaeT ¢ MpOoCTUpaHueM (PPOHTA TEKTO-
HUYECKOHN TUIACTUHBI, YTO TIO3BOJISIET MOIYYUTh BAXKHYIO WHGOPMAIUIO 0 MOP(OJIOTUI
nocnoitHoro cpeiBa (puc. 2). IIporskeHHOCTh, OOHa)keHHs cocTaBisieT okono 100 wm.
OT4eTIMBO BUAHA BOIHUCTAs (JOpMa MOBEPXHOCTH CPhIBA, 00pa3yromiast 1€ CUH()OPMBEI,
pazneneHHbie nogHATHEM. CIIOH 01IeHa B aJUIOXTOHE 3aJieratloT KOH(GOPMHO O OTHOIIIE-
HUIO K €r0 MOOIIBE, B TO BPEMsI KaK B aBTOXTOHE OHHU 3aJIETAI0T TOPU30HTAIIBHO.

Puc. 2. Paspes 6donb (hponma mexmonudecko niacmunsl. Buusy — unmepnpemayus paspesa.
Cmpenkamu noKkazana nogepxHocms cpuld /
Fig. 2. Section along the front of the tectonic plate. Below is the interpretation of the section.
The arrows show the breakdown surface

Bo ppoHTaNnbHbIX YacTIX IBYX APYTrHX IJIACTHH 00pa30BaHbl ONPOKUHYThIE aHTUKIIN-
HaJIi, MOHOKJIMHAJIX € YIIAMH HakJoHa ciioeB 10 60 rpagycos, oOpasyromue B penbede
JTHEBHOM MOBEPXHOCTHU MPOTSKEHHBIE TPsibl. B paccekaronyx ux NpoMorMHax U oBparax
MO’KHO HaOJIo[aTh HaJBUTaHNE NAJIEOT€HOBBIX TOJII HA YETBEPTUYHBIE OTIOKEHUSI.

B 30He cpbiBa 0TII0KEHHS] OpEKUYNPOBAHBI, ITUPOKO MPEICTABIEHbI TyTIEKChI, CTPYK-
Typbl OyquHa)ka, 3epKajla CKOJIbKEHUS, [NIMHKA TpeHus, cpepudecKkue TEeKTOHUUYECKUE
«KaTyHbD», CKJIaJIKU BOJIOYEHUS U Apyrue aedopMaliu, XapakTepHble sl CTPYKTYp To-
pusoHTasIbHOTO cKoNbxkeHus [[lonkos, 2010]. MomuocTh Takux 30H KosneOnercs ot 50
CM JI0 HECKOJIbKUX METPOB.

HanBuroBas cuctema Oclo)KHEHa MOINEPEYHBIMU CIIBUTaMH, B IpeJenax KOTOPBIX
IJIMHBI 20II€Ha CUJIbHO MEePEeMSATHI, PacCIaHIIOBAHbl U KaJbIUTU3UpPOBaHbl. CABUTU HE
MPOCIIEKUBAIOTCS 32 MpeAeaMu GPOHTAIbHBIX YaCTeH TEKTOHMYECKHUX TUIACTHH.

[TocnoiiHble CpbIBBI OOBIYHO yAAETCs 3aKapTHPOBAaTh CEMCMMUYECKHMMH METOAAMU B
TeX Cly4asix, KOorja B UX (ppoHTaNbHOM YacTu GopMUpyeTCcsl acCUMMETpUYHasi OecKopHe-
Basl aHTUKJIMHAIb. HarsqHbIM IpUMEPOM MOTYT CIIY>KUTh UCIOKALUU B TUIaTHOpMEH-
HOM 4YeXxJie CeBepHON yacTu A30BCKOTO MODsI, T7I€ CKJIaq4aTo-HaABUTOBbIE TUCIOKALIUN U
JUCTPUYECKUE PA3PbIBBI OMPEIEIIAIOT 00Ul cTUIIb TEKTOHMKU CeBepo-A30BCKOTO MPo-
ruba (puc. 3). B npenenax ero ceBepHOro 00pTa TEKTOHUYECKHUE TUTACTHHBI JJOKEMOPHIA-
CKOro (yHIaMeHTa MPOHUKAIOT B MEPEKPHIBAIOIINE MEJIOBbIE U KailHO30MCKHE OTIIONKE-
Hus, opMHpYs XapaKTepHble (PpOHTANIbHBIE AaHTUKIMHAIHU. 3/1€Ch e MOYKHO HAOII01aTh
U «HaBELLIEHHbIE» AaHTUKIIMHAIKN U MOCIONHBIE CPBIBBI (LIEHTPAJIbHAS YaCTh pa3pesa).
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Puc. 3. Jucroxkayuu 6 nnamgpopmennom uexne Cesepo-A306ckoeo npozuba.
Ompaosicarowgue 2opuzonmel: Ip — kposna matikona, Il — nooowsa onueoyena, 111 — kposns eepxnezo mena,
VI — nodowea nudsxcrezo mena /

Fig. 3. Dislocations in the platform cover of the North Azov trough.
Reflecting horizons: Ip — Maikop roof, Il — Oligocene sole, III — Upper Cretaceous roof,
VI — Lower Cretaceous sole

[Tocnoiinble CpbIBBI OTYETIUBO BBIPAYKEHBI M HA BPEMEHHBIX CEHCMHUECKHX pa3pe3ax
B mardopmenHbix otinoxeHusx CesepHoro Kacnus. [IpuypodeHbl OHU K MTOIOIIBEHHOM
YacTH aJIeBPOJIUTO-aprUIITUTOBOM TONIIM anb0a, 3ajeraroliei Ha KapOOHaTHO-NIECYaHU-
CTBIX OTJIOKeHUsX anta (puc. 4). HakorieHue oTiokeH! MporCcXoanuio B METKOBOAHO-
Mopckoil menbpoBoit ooctanoBke [Uypkuna u nip., 2024]. CpbIBbl, IO Mepe MPOABUKE-
HUS B CEBEP-CEBEPO-BOCTOUHOM HalpaBiIeHUH, U3TH0AIOTCS K BEPXY ¢ 00pa3oBaHUEM Ma-
JOaMIUIUTYIHBIX aHTUKJIMHAJEH B epeKpbIBalolleM KoMIulekce. B neBoii ywactu paspesa
BUJIHO YBEJIMYEHHUE MOLTHOCTH aJIbOCKUX OTIIOKEHUI M0 CPAaBHEHUIO C O0JIee CEBEPHBIMU
palioHaMH, 9YTO MOXKET OBITh CBA3aHO C MX HArHETaHHEM BO ()POHTAIBHOM YacTU Haubo-
jee KpynHoro Hajasura. Ilocieanuii mpoHKUKAeT B BhIIENEKAIUE OTIIOKEHUS, pa3phbiBast
0CaJIOYHBIH Y€X0JI Ha BCIO €T0 MOIIIHOCTb.

S-SW N-NE

Puc. 4. Bpemennoii pazpes, uimocmpupyloujuii meKmoHuuecKyio npupooy cpbios 6 niamgpopmeHHom
yexne Kacnuiickoeo mops. Coomuoutenue macuima6os 1:1.
Ompadicarowgue 2opuzonmel: 8 nooowise: V; — 1opoi;
111 — nuorcneeo mena; Il — anma, Il — cenon-mypona /

Fig. 4. Time section illustrating the tectonic nature of faults in the platform cover of the Caspian Sea.
Scale ratio 1:1. Reflecting horizons: in the base: V; — Jurassic; 11l — Lower Cretaceous;
111, — Aptian; Il — Senon-Turonian

Otpaxenue (ppOHTANBHBIX YaCTeH aJIbOCKUX TEKTOHMYECKUX YEUTyd B OTIOKEHHSIX
CEHOMaHa B BUJIC aHTUKJIMHAIBHBIX U3rMOOB CJI0EB, Pa3phlB OCHOBHBIM HAJBHUIOM TIEepe-
KPBIBAIOIIHUX BEPXHEMEIIOBBIX U KAWHO30MCKUX TOJII TOBOPST O TEKTOHUYECKOU IIPUPOJIE
JIUCIOKAIIUU U UX MOJIOJIOCTH.
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Hanuune nocnoiHbIX CPhIBOB B CPEIHEIOPCKO-HUKHEMEIIOBOM Pa3pe3€ CEBEPHOU Ya-
ctu Cxugceko-Typanckoit miuTsl B nipeaenax CesepHoro Kacnust HOATBEPIKICHO TaKkKe
MarepuasaMy ITyOOKHX CKBa)KHMH MPAKTUYECKH Ha BceX pa30ypeHHbIX miomansx (Ilu-
poTtHOe, XBanblHCKOe, Pakymeunoe, FO. Kopuaruna u np.) [Anucumos, 2023; KacbsHo-
Ba, 2017]. O6HapyxeHo, KaK MUHUMYM, TPUHA[aTh UHTEPBAJIOB Pa3BUTHsI TEKTOHUYE-
CKUX OpeKuni, HaChIIIIEHHBIX MHOTOYNCIIEHHBIMU CyOrOpU30HTAIBHBIMU TPELIMHAMU U
3epKajlaMu CKOJIbXeHUs (puc. 5). MectaMu mOpOAbI MPAKTUYECKHU MOJHOCTBIO Pa3ipo-
611eHbI, 00pa3ysl ChITY4yI TOHKOOOJIOMOUHYIO (hpakiuio. ToJinHa TaKMX UHTEPBAJIOB
KOJIEOJIETCs OT MEPBHIX ACLUMETPOB J10 2—3 M.

Puc. 5. Humepeanvl Opobaenus nopoo 8 mezosouckom paspeze Kacnutickoeo mops [Anucumos, 2023].
Ckeaxcunvt: A — Paxyweunas 1; B, C — Xeanvinckas 3, D, E — Xeanvinckas 4/

Fig. 5. Rock crushing intervals in the Mesozoic section of the Caspian Sea [Anisimov, 2023].
Wells: A — Rakushechnaya 1; B, C — Khvalynskaya 3; D, E — Khvalynskaya 4

B OTACJIBHBIX ClIy4dasaX Ha6J'IIOI[aCTC$I KOHICHTpauusa MIOCJIOMHBIX CpbIBOB, B pPC3yJib-
tate 4ero B mHTepBasie 25-30 M ObUTO OOHApYKEHO OT 4 0 7 TOPU3OHTOB JIPOOIICHUSI.
B pesynbrare 3TOr0 NpoucXoAUT HaJIOKEHUE U CYMMHUPOBaHUE AepopMaluii, IpUBOIs-
mee K 00pa3oBaHUIO JOCTATOYHO 3HAYUTEIHHOM MO TOJIIUHE 30HBI MOBBIIIEHHON TEK-
TOHUYECKOW TPEIIMHOBATOCTH U (PIFOMIOTPOBOIUMOCTH. [Ipr 3TOM OTCYTCTBYET Kakasi-
1100 B3aMMOCBS3b IOJIOKEHUSI CPBIBOB C JIMTOJIOTMYECKAM COCTABOM IOPOJ] MU C MX
Bo3pactoM [KaceksaHoBa, 2017].

Takum 00pa3om, ecTh BCE OCHOBAHHS TOBOPHTH O TEKTOHHYECKOW paccIOCHHO-
ctu 1utarpopmenHoro uexya Mononor Ckudceko-TypaHckol miatgopMbl B Tpeaesiax
Cesepnoro Kacrnusi, 00yclioBIEHHOH pa3BUTHEM B pa3pe3e MHOTOUHCIICHHBIX TT0CIOHHBIX
CPBIBOB, PAaCWICHUBIINX €T0 HA P JUTOIUIACTHH. OUeBUIHA MOJIOIOCTD AUCIOKAIHI, O
9YeM CBHJETEIBCTBYET IMIMPOKHNA CTpaTUrpadpuyecKuii Auana3oH pacripoCTpaHEHUs TO-
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CJIOMHBIX CPBIBOB C IPOHUKHOBEHUEM HEKOTOPBIX U3 HUX B CaMble BEPXHUE FOPU3OHTHI
4yexJia, PACKPBITOCTh CBA3aHHBIX C HUMU TEKTOHUYECKUX TPELIMH, a TAK)KE HAJIMUUE aHa-
JIOTUYHBIX CTPYKTYp Ha MPUJIETAIOLIUX PalioHaX CYIIH.

Mopdosnorust gucinokanuii CBUAETEIbCTBYEeT 00 MX (DOPMHUPOBAHHMU B pe3yJbTaTe
OOKOBOIO CXaTusi, HAIIPABJICHHOIO B CEBEP-CEBEPO-BOCTOYHOM HampasieHuu. Vcrou-
HUKOM TaHT€HIMAJIBHOIO CTPECCA CIIY’KUT NMPOJABUKEHHUE HA ceBep ApPaBUNCKON IUIMTHI
[JIeonoB u np., 2001; Philip et al., 1989], rmy0oko BKIWHUBIIEHCS B ANBMUNACKUN TTO-
KPOBHO-CKJIQJ4aThIl MOSIC € MOCIEAYIOUIEH TpaHCIsALUeNd TEKTOHMYECKUX HANIPSKEHUH B
npezenbl MOJIOON MmIaTdopMbl. Pe3ynnbTaTel 3TOr0 BO3AEHCTBHUS OCOOEHHO SIPKO MPOSIB-
JISIIOTCSL B HETIOCPEICTBEHHO NPUWIIETAIONINX K HEMY paiioHax JlarecTaHCKOro KiuHa, Iie
chopMHpoBaHa cUCTEMA JTYIUIEKCOB, TOCIIEA0BATEIbHO HAJIBUHYTHIX IPYyT Ha Ipyra TeK-
TOHUYECKHX IJIACTUH, OECKOPHEBBIX CKJIAJIOK, B TOM YHCJIE B MUOLIEHOBBIX OTIIOKEHHUSX,
CTPYNIIMPOBAHHBIX B JIMHEWHBIE aHTUKIMHAJIBHBIE 30HBI CEBEPHOU M CEBEPO-BOCTOUYHOMN
BeprenTHocTu [CobopHOoB, 2019].

Ba)kHbIM MOMEHTOM COBPEMEHHOW reoiMHaMHUKH 1o JaHHbIM GPS-HabmoneHuii sB-
asieTcst ObIcTpoe ropusoHTaigbHOE cMenleHne CesepHoro KaBkasza B ceBepo-BOCTOUHOM
HafpaBJIEHUH CO CKOpOCTAMH 26—28 mm/ron. Bo3Hukaromiye mpu 3ToM H30BITOYHBIE
TOpU30HTAJIbHBIE JBM)KEHUS B morpaHuyHoi obmactu CeBepHoro Kaskasza n Cxudckoit
IUTUTHI 00YCIIOBIIMBAIOT BEICOKYIO COBPEMEHHYIO I'€0IMHAMUYECKYIO0 aKTUBHOCTh U CEHc-
MUYHOCTB 3TOM nepexoaHoi 30ubI [CBanosa, 3aanumBuin, 2024; Milyukov et al., 2015].

BoszeiictBue ceBepHoro apeiida ApaBUIICKON TUIMTHI CKa3bIBAETCSl HA pacmpesese-
HUU FOPU3OHTAIIBHBIX HAIPSDKEHUH B mpezaenax EBpa3suiicKol IUIMTHI HA PacCCTOSIHUE J10
MIOJIyTOPa—ZABYX ThICAY KHJIOMETPOB OT €€ toxkHoro kpas [Konm, 2005; Jleonos u ap.,
2001]. PaccmoTpeHHBIE BbILIE AUCIOKALUUA HAXOASTCS K CEBEPO-BOCTOKY OT Jlarecran-
CKOT'0 KJIMHA Ha yjajneHuu Bcero auuib 300-350 km.

ITono6uble nedopmaliuu cpbiBa U3BECTHBI U B JAPYTUX PEervoHax, Halmpumep, B BOC-
TOYHBIX paiioHax [ledepckoii u Pycckoit mnut. [lokazaHo, uto ux oOpa3oBaHue o0yciIoB-
JIEHO CPBIBOM M MOCJIEAYIOIIMMHU JIaT€paJbHBIMU MEPEMELEHUSAMU OCAJ0YHbIX TOJII]
Kak 10 MoBepXHOCTH (hyHIaMeHTa, Tak W BHYTpH uexia [Kamaneraunos u ap., 1991;
KOaun, 1992]. CBsizaHHBIE C HUMM CKJIQJIKH SIBJISIFOTCS HaBEILIEHHBIMH, OECKOPHEBBIMHU.
KonTponupytomue ux GppoHTaIbHBIE YaCTH HAJIBUTOB PE3KO BBINOIAKUBAIOTCA € TIIyOu-
HOM ¢ IIepexoioM B CyOropr30HTaIbHbIE CPBIBBI. beCKOpHEBOI XapakTep aHTUKIMHAIEH
MOATBEPKIaeTCs JaHHBIMU CEHCMOpPa3BEeKU U OypeHHsl, a TaK)Ke HEeIOCPEACTBEHHBIMU
HaAOIIOZICHUSMU CTPYKTYpP B €CTeCTBEHHBIX OOHaxkeHMAX [FOmun, 1992]. Obpa3oBanue
JTAHHOT'O TUIIA TUCIIOKALUI CBSI3aHO C NIEpeJadeil HaupsKEHUH B TIPEEIIbl IPUIIETAt0IINUX
1aT(OPMEHHBIX TEPPUTOPUI CO CTOPOHBI YPaJIbCKOTO CKJIAA4aTO-HaABUTOBOTO HOsCA.

B psine cirydaeB TaHreHLMAIbHBIE HANIPSKEHUS IPUBOJAT K TEKTOHUYECKOMY CKY4H-
BaHMIO M HarHETAHUIO TUIACTUYHBIX MOPOJ (COJIM, TUIICHI, TJIMHBI, ApTHIUINTHI) C 00pazo-
BaHMEM apKOOOPa3HOTo M3rnda B BBILIENEKALIMX OTIOKEHHUSIX. APrUJUIMTHI, MOJBEPT-
1IMecss MHTEHCUBHOMY MEXaHHUYECKOMY JIaBICHUIO, CUIIBHO MEPEMSATHI, pa3ipo0JIeHbl, Co-
JIepKaT MHOTOUMCIIEHHBIE 3€pKaJla CKOJIbKEHUs. 3a MpelellaMHi TaKUX y4acTKOB JIOKaJIb-
HOTO pa3ayBa MOLIHOCTH OJHOBO3PACTHBIE OTJIOKEHUS MMEIOT CIIOKOMHOE 3alleraHue U
BBIJICPYKAHHYIO MOIIIHOCTh. Takue y4acTKH 1e()OpMUPOBAHHBIX TOPOJ] OOBIUHO 3aKIOUe-
HBI MEXy OoJiee KECTKUMH TOJIIAMM, HUCIIBITHIBAIOIIMMHI FOPU30HTAIBHBIC TTOJIBUKKU
OTHOCHUTEJIBHO JPYT APYTa, U SIBISIOTCS TUMMYHO BHYTPU(OPMALIMOHHBIMU. Takke OHU
4acTO CONPOBOXKJIAIOTCS PA3BUTUEM 30H AHOMAJIBHO BBICOKMX IUIACTOBBIX AaBieHuil. 1o
OTHOILEHUIO K HWKEJIEKAIMM FOPU30HTaM TAKUE JMCIOKALUHU SIBIISIIOTCS PE3KO UCTap-
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MOHMYHBIMH, HE HAXOJs OTPAKEHUS B UX CTPYKType. [IpmMepoM MOryT City>kMUTh MHOTHE
nucinokanuu Bosro-Ypanbckoii HeTera3oHOCHONW NPOBUHIIMH, 30HBI «aHOMAJIBHOTO Oa-
xeHa» 3anagHor Cubupu [KamanerauHos u ap., 1991].

[Tonmy4yeHHble JOKa3aTeNbCTBA IIMPOKOTO PA3BUTHUS B INIUTHOM KOMIUIEKCE TIaT(Gopm
IIOCJIOMHBIX CPBIBOB MMEIOT Ba)KHOE 3HAUEHUE IPU PEUICHUM Psa MPUKIAIHBIX 3aad.
K npumepy, HaJlnuMe B uexJje «I0/IBEIICHHBIX» aHTUKINHAJEH TpeOyet auddepenunpo-
BaHHOTI'O MO/IX0/Ia IPU BBIOOpPE MOUCKOBBIX 0OBEKTOB B PA3IMYHBIX CTPATUTpaPUUSCKUX
YPOBHSIX HE(DTEra30HOCHBIX 0Ca0UYHbIX OacceiiHoB. [Tonck noByiek HeTH U ra3a B Ta-
KHX CIIy4dasX Hy’KHO BECTU OTAEJIBHO 110 KaXI0MY CTPYKTYPHOMY YPOBHIO.

Jlpyr¥M Ba)KHBIM CJIEJCTBUEM TEKTOHMUYECKOM PAaCCIOEHHOCTH YeXJa SIBISIETCS TO,
YTO TOJIOTHE HAJBUTH U MOCIONWHBIE CPBIBBI COIPOBOXK/JIAIOTCS 30HAMU OpEeKYHPOBAHMUS,
NOBBILIEHHON TPEIMHOBATOCTH, KOTOPHIE MOTYT SBJISATHCS MyTSAMHU JIaTepajbHON MUTpa-
K yII1eBo10pooB. CBsA3aHHbIE ¢ HUMHU HMHTEPBAJIbl IPOOJICHUS MOPOJ YyBEIUUNUBAIOT
KOJUICKTOPCKMI MOTEHLIMaN He(Tera30HOCHBIX IIIACTOB. B cityuae cOnmmkeHus pa3pbIBOB
B NIPOJYKTMBHOM MHTEpBaje 0Opa3yeTcsl CIOXKHOMOCTPOECHHAs! MHOTOSpYCHasl cucTeMa
TOPU30HTOB C Pa3IMYHBIMH €MKOCTHO-(DMIIBTPALIMOHHBIMU CBOMCTBaMHU. B ciyuae pas-
BUTHSI CPBIBOB B IOpOJax, He 00JaaBIIMX MEPBOHAYAIBHBIMU KOJUIEKTOPCKUMH CBOIi-
CTBaMH, UX EMKOCTHBIE ITapaMETPhbI ONIPEEISIIOTCS IPUCYTCTBUEM FTOPU3OHTANIBHBIX TpE-
IIMHHBIX cucTeM. J[aHHBbIE 3aK/IOYEeHUs] yOeIUTENbHO MOATBEPKIAIOTCS Pe3yJabTaTaMH
KOMIUIEKCHOTO aHaJiu3a Pe3yJbTaTOB TPACCEPHBIX U Ieo(uIIOUJOAMHAMUYECKUX HCCIe-
JIOBAaHUH BOJKCKO-HEOKOMCKOM YacTH Pe3epByapa MECTOPOXKIEHUHN yIIIEBOIOPOIOB, OT-
KpbIThIX Ha akBaropuu CesepHoro Kacnus [KacesnoBa u np., 2015]. CooTrBeTcTBEHHO
9TH CBE/ICHUS] HEOOXOAMMO YUUTBIBATh MPH Pa3padOTKe MECTOPOXKIECHUH HEPTH U Ta3a.

Kpome 31010, B HU3KOIIPOHHUIIAEMBIX HHTEPBAJIaX pa3pesa Mpu OJaronpHusITHbIX CTPYK-
TYPHBIX YCJIOBHUSX (IEpPBOHAYAJIbHBIN BOJHHUCTBIA XapakTep MOBEPXHOCTH MOCIOHHOIO
CpbIBa MJIM 00pa30BaHHE aHTUKIMHAIBHOTO M3rnda mpu nocienyromei ero aedopma-
LIUH) NTOJOOHBIE 30HBI PA3YIUIOTHEHHSI MOTYT CIIY’KUTh CAaMOCTOSITEIIbHBIMU JIOBYIIIKAMH
He(TH U Taza.

CoBpeMeHHbIE TIOABUKKY 110 MTOCIONHBIM CPBIBAM B I€OJUHAMUYECKH aKTUBHBIX pe-
rMOHaXx, Kak, Hanpumep, B Bocrounom IpeakaBka3be, NpUBOIAT K cpe3aHHIo U Aepopma-
UsIM 00CaIHBIX KOJIOHH Ha pa3pabaThIBaeMbIX MECTOPOXKACHUAX HE(TH U rasa.

ITono6HOro THMA JUCIOKALMU CO3/AI0T MPOOIEeMbl MpU Pa3pabOTKe YrOJIbHBIX Me-
cropoxaenuit Kysbacca, Kuzenosckoro 6acceiina, Jlonbacca, Kaparannsl [Muxaiinosa,
1979]. K npumepy, B Kaguesckom paiione JlonOacca cepusi KpyNHBIX MOJOTHX CPHIBOB,
PacMoNIOKEHHBIX ITOYTH MApAJIJIENIBHO APYT IPYry, PACCEKAET MACCUB YEPE3 OIPEIEIICH-
Hble MHTepBajbl. KaXblil U3 9TUX CPBIBOB UMEET CBOIO «30HY», KOTOPYIO IEPECEKAOT
ero «arnogussl» U HeOOJbIINE Pa3pbIBbl HAKJIOHHONW OPHUEHTUPOBKU. bonbiioe konuye-
CTBO pa3pbIBOB, HE BCEI/Ia MPOCISKUBAIOLIMXCS TOPHBIMU pab0oTaMu, BECbMa OCIIOKHSAET
UX MPOBE/IEHUE, B 0COOCHHOCTH NMPH KOMIUIEKCHOM Mx MexaHuzauuu. K Hanbonee Ha-
PYLIEHHBIM Y4acTKaM TOPHBIX MOPOJ MPUYPOUYEHBbl MECTa BHE3AIHBIX BBIOPOCOB YIS
U rasa, 37ech CYLIECTByeT HauOoJbIlas OMAacHOCTh OOBOJHEHHS T'OPHBIX BBIPAOOTOK,
YCIIOJKHSIETCSl YIPABICHUE TOPHBIM JAaBICHUEM, YBEJINYUBAECTCS ONACHOCTb «BBIBAJIOB)»
U3 KPOBJIM BBIPAOOTOK M YBEJIMYMBAETCS OMACHOCTH BHE3AITHOIO OOPYIIEHHUS KPOBIIH.
Kpowme toro, Besikoe, fake HE3HAYUTEIbHOE, HapYLIEHHE TOPHBIX OPOJ CO CMELLIEHUEM
YCIIOXKHSIET U YIOPOXKAET IKCILTyaTalluI0 MECTOPOXKICHHUS, TaK KaK BbI3bIBAET HEOOXO/1U-
MOCTb JIEMOHTHPOBAHMSI U U3BJICUEHUS] KOMIIJIEKCOB MEXaHU3ALUU U YBEIMUUBAET J10PO-
TOCTOSIIIIME Hape3HbIE pabOTHI.
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Hepe‘lI/ICHGHHLIe U MHOI'UC JIPYyruc (I)aKTBI CTaBAT 1EpEC reojioraMu 3aaady 1o Bbl-
SIBJICHUIO TAKOT'O pOJia pa3pbIBHBIX HapyI_HeHI/Iﬁ " CBA3aHHbIX C HUMHU )Ie(l)OpMI/IPOBaHHBIX
30H C LCJIBKO YUCTa IIPU MJIAHUPOBAHHUHU MMOCIICAYIOIINUX pa60T.

BbiBOADI

HpI/IBCIICHHI)IG BBIIIC CBCACHUA CBUACTCILCTBYIOT O IIMPOKOM Pa3sBUTUHN B INIMTHOM
KOMIUIEKCE TUIAT(OPMEHHBIX TEPPUTOPUI BHYTPU(OPMAIIMOHHBIX MOCIOWHBIX CPBIBOB,
YTO CTABUT I10]1 CEPbE3HOE COMHEHHE IIUPOKO PACTIPOCTPAHEHHOE MHEHHE O IIPUMATE pa-
JMAITBHBIX TEKTOHUYECKHUX JIBUKEHUH B (POPMUPOBAHUN BHYTPHUILIUTHBIX JIHCITOKAIIHIA.

YcTaHoOBIIEHHBIC q)aKTBI TEKTOHUYECKOU PacCCIO0CHHOCTH Y€XJIa YKAa3bIBAOT HA TO, YTO
KOHTHUHCHTAJIBHBIC HJIaT(bOpMBI, SBJIAOIHUECA COCTaBHOM YacCTBIO JII/ITOC(l)epHI)IX IIJINT,
HE SIBJISIOTCS KECTKUMH T'€OJIOTUYECKUMU TellaMu. B mporiecce cBoero pa3BuTHsI OHU
MIEPUOMYECKH UCTIBITHIBAIOT BO3JICHCTBHE CHUJI OOKOBOTO CIKATHS, IPUBOJSINEE K 00pa-
30BaHMIO B UX Y€XJIE MOCIONHBIX CPBIBOB U BHYTPUIUIUTHBIX Aedopmanuii. OTBETCTBEH-
HBIM 3a MX (POPMHUPOBAHUE SBJISIETCSI TPAHCIPECCUBHOE BO3AECHCTBUE TAHI'€HLIMATIbHBIX
H&Hpﬂ)KGHHﬁ, nepeaaromuxcst B NpCaciibl HJIaT(l)OpM CO CTOPOHBI CMCIKHBIX MOOMIBHBIX
IOsACOB HAa MHOT'MIC COTHH KHUJIOMCTPOB.

Takum 00pazoM, TEKTOHUYECKAsi PACCIOEHHOCTh OCAI0YHOTO Yexia miar(opM, BHE
3aBUCHMOCTHU OT MX BO3pacTa, — OObEKTUBHO CYIIECTBYIOLIasl peajlbHOCTh, TpeOyroLas
NEPCOCMBICIICHUSA MHOTUX HpCI[CTaB.HeHI/Iﬁ (6] FGOIIHH&MH‘IGCKOﬁ 00CTAaHOBKE M MEXaHMU3-
Max ()OPMHPOBAHUS Pa3BUTHIX B HX Mpeenax CTpyKTyp. IlomydeHHbIe mpu 3TOM pe3yiib-
TaTbl MOT'YT croco0CTBOBAThH PCHICHUIO PsJida NPUKITAJHBIX 3a/1a4, CBA3AHHBIX C IIPOBCC-
HUEM Te0JIOrOPa3BeI0UHbIX padOT M MOCIEAyIOUIeH pa3paboTKOl MECTOPOKIACHHM TT0-
JIE3HbIX UCKOIIA€MbIX.
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Pe3stome: AKTyanbHOCTb paboTbl COCTONT B HEOOXOAMMOCTM NOMCKA 30H MEHee NOABEPXKEHHbIX CeiicMuye-
CKOVl OMACHOCTM B TEPPUTOPUSX, B KOTOPbIX FOPHbIE MACCKBbI NEPEXOAAT B PaBHWUHbI. CTPOrUX MeXaHWKo-Mate-
MaTUYecKUX NOAXOLO0B UCCNEA0BaAHUSA CENCMUYHOCTI B TaKUX TEPPUTOPMSAX Mo, B CBA3M C TeM, YTO OHW Tpe-
6YOT peLLIeHNs HEKOTOPbIX MPO6JIEM B TEOPUM UHTErPaSibHbIX YPaBHEeHWIA. Lienbro npoBefeHHbIX UccnefoBaHui
SIBUNOCH BbISIBNEHE 30HbI MOHMKEHHOW CEIICMUYHOCTM B 06M1aCTI NEPEXo/ia rOPHOI TePPUTOPUI B PABHUHHYH).
Metopab! pa6oTbl. 105 nccnenoBaHus UCNoNb30BaHO PeLLEHNE KOHTAKTHOI 3ajaqi 0 KOHLEHTPaLMN KOHTAKTHbIX
HanpsXKeHWin B 30He Nnepexofia rOPHOr0 MaccKBa B PaBHUHHYIO TeppuTopuio. MpeanonaraeTcs, Y4To BO3BbILLALO-
LLWIACS Haf PaBHWHOW FOPHbI MaccuB MOAENNpyeTcs AedOPMUPYEMbIM LLTAMMOM, KOTOPbIA PacnofioXeH Ha
AHW30TPOMHOM MONYNPOCTPAHCTBE, CBOMCTBEHHOM CTPOEHUIO FPAHUTHOMO €10 IMTOCHEPHOI niuTkl. B pabote
YYUTBIBAIOTCS NPUNNBHbIE JIYHHbIE BO3EACTBUS, ONUCbIBAEMbIE BPEMEHHON (hYHKLMEN. BbinonHeHne nocTas-
NEHHOI 3aaadn noTpe6oBano NOCTPOEHUS PeLleHNs ABYMEPHOrO WHTErpanbHoro ypaBHeHus BuHepa-Xonda c
AHM30TPOMHbLIM CUMBONIOM Sipa UHTErPaNbHOI0 ypaBHeHus. [ing onucaHmsa gecpopMupyemoro wramna npuHaTo
pasfioXeHne peLleHns rpaHnyHomM 3afjaqu Ans LWTaMna CROoXKHOW Peosiormn no pelleHnsM rpaHnyHbIX 3afay
AN WTaMMNOB YNPOLLEHHOW Peosiorum, faBaeMblx ypaBHeHusmu enibmMronbLa. Pesynbtarbl uccnegosanus. B
npoLiecce UCCNeoBaHNsA, Mony4yeHo NpeAcTaBieHne pacnpefesieHnss KOHTAKTHbIX HanpsXkeHwid nop nedop-
MUPYEMbIM LITAMMOM. YCTAHOBIEHO, Y4TO B NPUrPaHNYHbIX 30HaX Aed)OPMUPYEMOrO LTamna npoucxoauT, npu
MPUBNVXKEHUN K NPSMOSIMHERHON FPaHNLIE, HAPACTaHME KOHTAKTHbIX HanpsXKeHWA. [Ons BbISBNEHUS 30HbI MO-
HKEHNS KOHLIEHTPALIMW KOHTAKTHbIX HANPSKEHWIA, U3YHeH Cyyal WwTamna ¢ BHYTPEHHUM yrnom. OH coaepxut
CEKTOp, B KOTOPbIN BXOAAT HA MIIOCKOCTM [Ba MepBbIX KBAaApaHTa 1 YacTb TPETbero. 30Ha W3f0Ma rpaHuLpl
LUTamna, Ha3blBaeMast BHyTPEHHUM YrIOM, SBNISETCSA HaMeHee 0nacHoi. be3onacHOCTb YBeIMYMBAETCS MO Mepe
YBENMYeHUs pacTBOPA CeKTOpa LWTamna, YTo NpeAcTasneHo B Tabnuue. [anbHenwee yBennieHue cektopa pac-
TBOpA LUTaMMa MOXXET MPUBECTU K BCTPEYHOMY PACMONOXKEHNIO TPaHL YLLIENbA, NPUBIKAIOLLEMYCS K napa-
NENbHbIM, YTO MOXXET NPUBECTM K pe3oHaHcam .11, Boposuya.
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Abstract: The relevance of the work lies in the need to search for areas with reduced seismic hazards in
areas where mountain ranges turn into plains. There are few rigorous mechanical and mathematical approaches
to studying seismicity in such areas, due to the fact that they require solving some problems in the theory of inte-
gral equations. The aim of the research was to identify a reduced seismicity zone in the area of transition from a
mountainous territory to a flat one. Methods. The solution of the contact problem on the concentration of contact
stresses in the transition zone of a mountain range to a flat terrain was used for the study. It is assumed that the
mountain range towering above the plain is modeled by a deformable stamp, which is located on an anisotropic
half-space characteristic of granite layer structure in the lithospheric plate. The work takes into account tidal lunar
impacts described by the time function. The task required constructing a solution to the two-dimensional Wiener-
Hopf integral equation with an anisotropic symbol for the kernel of the integral equation. To describe a deformable
stamp, the solution of the boundary value problem for a stamp of complex rheology is decomposed into solutions
of boundary value problems for stamps of simplified rheology given by the Helmholtz equations. Results. In the
process of study, a representation of the distribution of contact stresses under a deformable die was obtained.
It is established that in the boundary zones of the deformable stamp, an increase in contact stresses occurs as
it approaches the rectilinear boundary. To identify the zone of decreasing contact stress concentration, the case
of a stamp with an internal angle was studied. It contains a sector that includes the first two quadrants and part
of the third quadrant on the plane. The fracture zone of the stamp boundary, called the inner corner, is the least
dangerous, and safety increases as the stamp sector solution increases, as shown in the table. A further increase
in the mortar sector of the stamp may lead to the opposite location of the gorge boundaries approaching parallel
ones, which may lead to I.I. Vorovich resonances.

Keywords: contact problem, deformable stamps, reduced seismicity, stress concentration, mountainous
territories.
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BesepeHre

Tax ke, Kak ¥ B npeAbIayen cratbe [bademko u np., 2025], B HacTosimiei padore
MIPOBOJIUTCS UCCIIEJOBAHUE COCTOSHUS CEHCMUYHOCTH B 00JIaCTH Mepexo/ia TOpHOit Tep-
PUTOPHH B PAaBHUHHYIO HA OCHOBE MEXaHMYECKOTO MOIXO0/1a.
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B BBINONHAEMBIX UCCIEA0BAHUSAX aBTOPBI MBITAIOTCS MOJIHEE U3YYUTh BO3MOXKHOCTU
MEXaHHUKH Je(OPMHUPYEMOT0 TBEPIOTO Tella, TEOPUU MPOYHOCTH U Pa3pyLICHUs IS BbI-
SIBJICHUS 30H TIOBBIIIEHHON CEICMUYHOCTH, OTCJIEKUBAs, YPOBHHU KOHLIEHTPALUU HaIpsi-
KEHMM, BOZHUKAIOIUX B TOPHBIX TEPPUTOPUAX. DTO AENAETCS, CIEAYS] HAyUHBIM PEKO-
MEHJIAlMsIM BBIJAIOIINXCS YUeHBIX akageMukoB I.A. 'amOypuesa [["'amOypiues, 1982] u
M.A. Cagosckoro [CamoBckuii u zip., 1987]. B nanHoii pabote, Kak 1 B yKa3aHHOM cTaThe,
IPUMEHSAETCA MEXaHUKO-MaTeMAaTUYECKUI MOAX0A, PEKOMEH10BaHHbI umHu. [llaru, Ha-
IpaBJICHHBIE HA PACCMOTPEHHUE TOPHBIX TEPPUTOPHUIL, KaK ILITAMIIOB, JISKAIIUX Ha Jedop-
MHUPYEMBIX OCHOBaHMX, Ha 0a3anbToBOM rpanuie Konpana, npeqnpuHUMaINCh B psije
pabot. OHaKo paccMaTpUBAIUCH MPOCTEHIINE ClTyyau MPSMOJIMHEHHBIX TPAHUL] MEXKTY
rpSAA0M U paBHUHOM. 3aJ1au B TaKOW MOCTAHOBKE CBOAATCA K OMHOMEPHBIM U PEIIAOT-
Csl IOCTaTOYHO MPOCTO MeTonoM Buuepa-Xomda. OHM Hal0T Ha TpaHHUIE, IO TOPHOM
I'pAI0H, KOHIEHTPALUIO KOHTAKTHBIX HANpsKEHUI BUJA x*. B Mexatuke — 310 30Ha
ocnablIeHHOW MPOYHOCTH. ABTOpBI CTaThbu, pa3padoTalyd METOJ| PEeLICHHs ABYMEPHBIX
MHTErpajibHbIX ypaBHeHHH Bunepa-Xonda, koTopslil npumeHniu B padote [babemiko u
ap., 2025] (puc. 1). OH M03BOAMI BBIABUTH 30HY MOBBIIIEHHONH CEHCMUYHOCTH B YIVIO-
BOM TOYKE HITaMIMa. Y YUThIBasA, YTO KOH(DUTYPALIUU PACTIONIOKEHHS TOPHBIX TEPPUTOPHIA
o0naaarT OOJbIIMM pa3HOOOpa3HeM, aBTOPbI MPUMEHWIN METOJ K PEIICHHUIO 3aJlau,
KOTJIa TOPHBIA MacCCUB OKalMJISIET PABHUHHYIO TEPPUTOPUIO, OCTABIISASL HETPOHYTOM 30HY
B BUJIE TYHOro yria (puc. 2).

B pesynbrare m3yueHuss KOHUEHTPALWW KOHTAKTHBIX HAINpPSDKEHUN BIIOJIb TPaAHUIIBI
HITaMIa BBIICHUIIOCH, YTO HA MPSMOJMHEHHBIX Y4acTKaX OHA ONMMCHIBAETCS (yHKIUEH
x , @ B YINIOBOW TOYKE MMEET MEHBIIUMN MMOKA3aTEeb, CHUKAIOUIUMKCS 110 MEPE POCTa
pacTBopa ymia mrammna. Eciu rpanuiia mraMia nepeiieT u3 TpeTbero KBaJpaHTa CUCTe-
MbI KOOpP/IMHAT B YETBEPTHII U MPOAOKUT YBEIMUYEHHUE PACTBOPA, TO B YIJIOBOW TOUKE
KOHTAKTHbIE HANPSKEHUS CHUBSITCSL.

OpHako rpaHullbl IITaMIla NPUOIU3ATCA K MapajuielbHbIM, 00pasys yuienbe. ITOT
BOIIPOC M3y4eH B crarke [babemko u ap., 2024, rae nokazaHo, 4To NpPU HAIUYUU TIEpU-
OJIMYECKHUX NMPUINBHBIX KOJIeOaHUH, TaKOE PACIIOIOKEHUE TOPHBIX MACCUBOB MOXKET I10-
OyauTh BO3HMKHOBeHHE pe3oHaHcoB V.M. BopoBuya, To ecTh 30Ha yriia okakeTcs ceic-
MOOTIAaCHOM. DTOT pe3y/nbTaT yCTAaHOBIICH B padoTe.

W3naraemoe uccienoBanue, o BO3MOXKHOCTH, YUUTBIBAET OOraThlii CHEKTP METO/I0B
U TOJIXOJ0B 3aMeyaTesIbHbIX paboT M3BECTHBIX HCCienoBaTesnel [3aanumBuwid U Ap.,
2021; Yepnos, 1989; Lu et al., 2007; Chernov et al., 2020; Xia et al., 2004, 2005; Scholz
et al., 1973; Mitchell et al., 2013, 2015; Di Toro et al., 2011], ycremHo nmpuMeHsBIINX
mTyOOKHME MEXaHUKO-MaTeMaTHYeCKHE METO/IbI B Te0(PU3MKe U HayKaxX O 3emIie.

B yacTtHOCTH, B padore [3aanumBuiau u ap., 2021] BrnepBbie BhISIBIEHBI BaXKHbIE 0CO-
OCHHOCTH TIOBEJICHUSI CPebl B HEIMHEHHOW mocTaHoBKe. B Hacrosmieit pabote pa3Bu-
BaeTCsl METOJl PELICHUs] U HCCIIEeOBaHMs JBYMEPHOIO MHTErpajbHOr0 ypaBHeHUs Bu-
Hepa-Xor(a, BOZHUKAIOIIETO B aHU30TPOIHON KOHTAKTHOM 3ajlau€ TEOpUU YIPYroCTH
[Boposuu, ba6emiko, 1979]. 3ToT noaxos 0CHOBaH Ha OTKPBIBIICHCS BO3MOKHOCTH pac-
CMOTPEHMS] KOHTAKTHBIX 33J1a4 C 1€(pOPMHUPYEMbIM LITAMIIOM, YTO JIOCTUTAETCs MpUMe-
HEHUEM OJIOUHBIX 3JEMEHTOB, SBISIOLIUXCS OObEKTAMH JAMCKPETHOTO TOIOJOTHYECKO-
ro MpocTpaHcTBa. B Hacrosiee BpeMsi TONOJOTHYECKUE METO/IbI IPOHUKAIOT B pa3HbIE
HanpaBJI€HUs] HAyKU U MHXKEHEPHOU npakTuku [Awrejcewiez et al., 2021; Athore et al.,
2021; Fernandez et al., 2021; Gongalves et al., 2020; Huang et al., 2020; Pena, Rapun,
2020; Xavier et al., 2020]. C yderom monxoaa B 3TOH paboTe 0Ka3ajaoCh BOZMOXHBIM
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BBISIBUTH B OJJHOM U3 THUIOB 30H TOPHBIX TEPPUTOPUI 30HBI TOHUKEHHON CEHCMUYHOCTH
Ha ¢oHe 00IIel, CYyIIECTBYIONIEH JOCTATOYHO BBICOKOM, CBSI3aHHBIE C IPUIUBHBIMH KO-
JICOaHUSAMU.

[NOCTAHOBKA 30AQ4M

bynem paccmarpuBarh JTUHEHHO-YIIPYTYI0 MHOTOCIOMHYIO Cpey KOHEYHOM TOJIIIM-
HBI, HA BEPXHEH I'paHUIle KOTOPOH PACIIONIONKEH A€POPMHUPYEMbIH IITaMII, 3aHUMAIOLIUI
oOnacTh nepBoro kpajpaHrta. s ydera npuiauBHOro BosjencTBus JIyHbl, cunrtaercs,
YTO IITAMII FTAPMOHUYECKHU BEPTUKAIBHO KOJIEOJIETCS C YaCTOTOM @ IO 3aKOHY, OIIUCHIBA-

eMoMy (QyHKIHMel e, KoTopas, B JanbHEHIIeM, HCKIIFOYAETCs U3 JIMHENHON CHCTEMBI,
OCTaBJIsis aMIIUTyAHbIe (DyHKIMU. Ha BepxHeli rpaHuiie MHOTOCIIONHOI cpebl pacoia-
raeTcs IeKapToBa CUCTEMa KOOPAUHAT C OCBIO 0z , HAIIPABJICHHOW 110 HOPMAJIU HApYXKYy,
U OCTaJIbHBIMU OCSIMH OX, 0) , PACIIOJIOKEHHBIMU B KacaTeJIbHOU IIIOCKOCTH. [IpuHumas
BO BHUMAaHHE BO3MOKHOCTb IIPUMEHEHHUs] YHUBEPCAIILHOIO METOa MOIEIUPOBAHMS, 110-
3BOJIAIONIETO MPEACTABIATh PELICHNUS TPAaHUYHON 3a1a4u IS 1e(hOpMUPYEMOro ITammna
U3 Marepuasa CJI0XKHOM PEOJIOruU pasIOKEHHBIMU 10 PELICHUAM IPAHUYHBIX 3a]a4 [l
YpaBHEHUI IPOCTBHIX PEOJIOTUH, MPUMEHUM B JajbHEHNIIEM ATOT noxaxoxa. Onupasch Ha
9TOT MOAXO, Oy/IeM CUUTATh, YTO MaTepHal J1e(hOPMUPYEMOTO IITAMITa, HMUTHUPYIOILETO
TOPHYIO Ipsily, OIMCBIBAECTCS ypaBHeHUEM [enbmronbiia, paccMarpuBaeMbIM B IIEPBOM
KBaJ[paHTe, a IITaMII IEHCTBYET Ha cpedy 0e3 TpeHus. [l perieHnss KOHTaKTHOM 3a1a4uu
¢ 1e(pOpPMHUPYEMBIM IITAMIIOM, TIPEABAPUTEIHHO TPEOYeTCs TOCTPOUTD PEILICHHS TPaHUY-
HOU 3aja4yu Ui 1e(OpMHUPYEMOro ITaMmIa, a yKe IMOTOM 00pamarbes K MOCTPOCHUIO
UHTErPAJIbHOIO YPABHEHUS KOHTAKTHOW 3a1a4u.

MeTtoa peLieHus

Onyckas peuieHre rpaHUYHON 3a1a4u JUIsl 1e(OPMHUPYEMOTo IITaMIla, JOCTaTOYHO
nonpoOHo m3nokeHHoe B [babemko u ap., 2025], mpuxoauM K pEHICHUIO TBYMEPHOTO
HHTErpaibHOro ypaBHeHus Bunepa-Xonga Buma:

Kg=[ [ k(x-&y-n)a(&n)dédn=f(xy), 0<x<w, 0<y<o

1
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k(xy)=—| [ K(a.p)e " dadp, O(a,p)=[ [ q(&n)e"dédn (1)

Fla.p)=[ [ f(&n)e""dzdn

Pemenue ypaBuenus (1), HocTpoeHHOE B UETBEPTH INIOCKOCTH, TO €CTh JJISL PACTBO-

pa cexropa mrammna V = 90", rne V — yron, usmepseMslii 0T 0CH OX IIPOTHB 4acOBOM
CTpEJIKH, UMeeT Bu (puc. 1):

atxv)=—=[ [ Ola.p)e = dadp 2)

I

O(a.p) =K F=3] Ki{ KIF | +K{ K4F |+

+K_l K_l { K;;fa{ K:;F }+ﬂ }—a ]

+a+ﬂ{ +a—ﬂ{ K:;F }+a },ﬂ'f'K_l

+fB+a
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¥

Puc. 1. [lsymeproe unmezpanvhoe ypasuenue Bunepa-Xongha onucvieaem
KOHMAKMHYIO 34044y OJisi Wimamna 6 (popme nepeozo keaopanma /

Fig. 1. The two-dimensional Wiener-Hopf integral equation describes a contact problem for a stamp in
the form of the first quadrant

AHa13 MOCTPOEHHOTO pellieHus (2), mocae U3yueHusl, Mo3BoJsieT 0ObICHUTD POJIb U
CBOMCTBO Ka)0I'0 €ro WICeHa:

1). B pemenuu, npencraBieHHOM GopmyIioit (2), MepBelid cripaBa YieH, IMOCIE BbI-
YHCIICHUS UHTErpana, (opMupyeT BBIPOKICHHYIO COCTABISIONIYIO PEIIEHHs, ONMChIBa-
IOLLYIO €r0 MOBEJAECHHUE B 30HE, NaJbHEN OT IpaHul] YeTBEpTHU Mm1ockoctu. [loaTomy oHO
HE COJEPKUT KOHLIEHTPALUN HAIIPSKCHUN;

2). Bropoii u TpeTuii uieHbl copepiKaT rpaHNYHbIe KOHIIEHTPAIMH HAPsKEHUH, BO3-
HUKAIOIIME HA MPSIMOJIMHEMHBIX IPAaHUIAX LITaMIa, TO €CTh Ha OciIX OX U 0y . OHu
JAl0T Ha MPSMOJIMHEHHBIX I'paHUIaX LITamIa KOHUEHTPalWUU HanpsKeHUH, OnmuchiBae-
MbIe (QYHKLIUSMU BHJIA xf% u yf% , XOPOIIIO U3BECTHBIMU B TEOPUM KOHTAKTHBIX 3a/1a4;

3).YeTBepThIii M IIATHIN YJICHB ONIMCHIBAIOT KOHLICHTPALIMIO HAIIPSKEK I B yITIOBOM TOY-
ke mrammna. B pabote [babemiko u ap., 2025] nan ee Bua q(x,y ) = O(r_Z ), r=qx"+y’
, TO €CTh caMasi BbICOKasl KOHIIEHTpAIHs HAIIPSHKEHUH.

B ToM ciydae, eciu CeKTOp IuTaMna yBenuuuth, npunss V =180°, to rpanuueii
HITaMIIa CTAHET BCs MpsiMasi OCh OX W YETBEPTHIN U MATHIN ujieHsl B dopmyne (2) uc-
ye3atoT. Bo3HuKaeT Bonpoc, UMEIOTCsI JIU TaKue PacTBOPbI CEKTOPOB INTAMIIOB, KOTOPBIC
HUMEIOT KOHIIEHTPAIIMH KOHTAKTHBIX HANPSOKEHUI MEHBIINE, YeM X /2 ?

y

o o
A

Puc. 2. Obracmy, 3auAmas wmamnom, ¢ cekmopom mynozo yzia 'V /
Fig. 2. The area occupied by the stamp, with a sector of an obtuse angle V
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B kadecTBe mpoOHBIX B paboTe paccMaTpUBaIUCh PACTBOPHI CEKTOPOB U3 JHalla30Ha
180° <v <270° (puc. 2). Jlns uccnenoBaHus, paccMaTpUBAINCh HHTErPaIbHbIE YPaB-
nenus Bunepa-Xonda B cexrope pactBopa V =90° (puc. 1) u B3gTHIE M3 CEKTOpa pac-
tBopoB ¢ marom V =10" (puc. 2). Eciu ObUI0 H3BECTHO TOYHOE PELICHUE MHTEIPAib-
HOTO YpaBHEHUS B TIEPBOM CEKTOPE, TO OHO TOIOJIOTHYECKH ToMeoMOop(hHO [ Awrejcewiez
et al., 2021; Athore et al., 2021; Fernandez et al., 2021; Goncalves et al., 2020; Huang et
al., 2020; Pena, Rapun, 2020; Xavier et al., 2020] oTroOpakanoch Ha CEKTOPbI PaCTBOPOB
180° <v <270°. D10 M03BONUIO NOCTPOUTH TOUHBIE PEIICHHS MHTEIPAIbHOIO YPaB-
nenus B 51ux cekropax 180° < v <270° u BbIUMCIUTL KOHIEHTPALUK HANPSKEHHUI 110
BCeill rpaHulie mramia. B pe3yibrare ucciej0BaHus YCTAaHOBJICHO, YTO Ha MPSIMOJIMHEH-
P

i
U y /%, a B yIJIOBOM TOUKE /ISl YKAa3aHHBIX 3HAYCHHUU MapamMeTpa V UMEeT 3HaueHHUs,
qg(x,y)=0(r"), r=+/x>+)", npencraBineHHsle B TabuIE 1.

HBIX I'PAHUIIAX KOHHOCHTPALU KOHTAKTHBIX HaHpH)KeHPIfI OITKUChIBACTCA (I)yHKI_[I/ISIMI/I X

Tabnuya 1/ Table 1

3HaueHMs MOKa3aTe/si KOHHEHTPAIMU KOHTAKTHBIX HANIPSIKeHUI
B YIVIOBO# TOUYKe LITAMIa VIS PACTBOPOB CEKTOPA IITaMIIa B rpajaycax
cmarom v =10° /
The values of the contact stress concentration index at the angular point
of the stamp for solutions of the stamp sector in degrees

increments
1% 180° | 190° | 200° | 210° | 220° | 2307 | 240° | 250° | 260° | 270°
y) 0.5 0.46 | 0.422 | 0385 | 0.349 | 0317 | 0.290 | 0.268 | 0.254 | 0.25

Pe3yAbTAT UICCAEAOBAHUS

B mporuecce uccnenoBaHusi, MOMY4EHO IMPEICTABICHUE pacIpe/eleHusi KOHTaKT-
HBIX HaANpsOKEHUH o7 Ae(OPMHUPYEMBIM IITAMIIOM Ui PACTBOPOB CEKTOpa IITamra
180° <v <270°. YcraHoBa€HO, 9TO B IPUTPAHMYHBIX 30HAX Ae()OPMHUPYEMOTO IITAM-
1a MPOUCXOHUT, PH MPHOIMKEHUU K MPSMOJIMHEHHON TpaHUIlEe, HapacTaHHE KOHTAKT-
HBIX HalpPsDKCHUH 10 YPOBHS, ONICHIBAEMOTO (DYHKIIUSIMHU x_% " y_é . Jlnst BBISIBIICHUS
30HBI TIOHMKEHHSI KOHIEHTPAIIMH KOHTAKTHBIX HANpPsDKEHUH, U3yUYeH CIIydail ITamIia C
yKa3aHHBIM BHYTPEHHUM TyTbIM yiioMm. [lITamn nuMeeT pacTBOp ceKTopa, B KOTOPBIN BXO-
JSIT Ha TUIOCKOCTH JIBa TIEPBBIX KBaJpaHTa M YacTh TPEThEro. B 30HE M310Ma rpaHUIIbI
IITaMna KOHTAKTHBIE HANPSOIKCHUS UMEIOT KOHIIEHTPAIMI0 KOHTAKTHBIX HAlpsHKEHUH,
omuceBaeMyo GyHkimeir q(x,y)=0(r"), A< % r=+x>+y, T0 ecTb Hau-
MEHBbILIEH Ha BCEU IPaHULIE IIEPEX0Aa TOPHON TEPPUTOPUU B PaBHUHHYIO. BeIuncieHHbIe
JaHHBIE TapameTpa A NpeacTaBieHbl B Tabnuue. TakuMm 00pa3oM, 5Ta 30Ha SBISAETCS
HaMMeHee omacHoi (puc. 3).
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Puc. 3. Ocemus. L]eiickoe ywenve /

Fig. 3. Ossetia. Tseyskoe Gorge

be3onacHOCT yBENIMYMBAETCS IO MEPE YBEJIMYEHMSI pacTBOPA CEKTOpA IITaMIa, KakK
npezcTasieHo B Tabnuie. JlanpHeiilee yBeIMueHre pacTBOpa CEKTOpa IITaMIIa MOXKET
MIPUBECTHU K BCTPEUHOMY PACIIOJIOKEHHUIO TPAHUIL YIIEIIbsI, MPUOIMKAIOLIEMYCs K Tapall-
nensHOMY [babenko u ap., 2024]. 3to Moxet npuBecTH K pezoHancam .M. Boposuua
U YCYTYOUTb CUTYaIIHUIO.
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sl B KOHIIAX YIIENH, Oepera KOTOpbix (OpMHUPYIOT TyIIOH yroi (puc. 3).

Antepartypa

1. bademko B.A., EpmokumoBa O.B., bademko O.M., Esnoknmor B.C., 3apernkas M.B.,
XpumnkoB J1.B. O npenBecTHHKE MOBBIIIIEHHOW CECMUYHOCTH B 00J1aCTH TIepexo/ia TOPHOH Tep-
putopuu B paBHUHHYTO. // ['eonorus u reopusuka FOra Poccun. —2025. — T. 15. Ne 1. — C. 45-55.
DOI: 10.46698/VNC.2025.25.51.004.

2. babemko B.A., EBnokumosa O.B., ba6enko O.M., Yada C.b., Jlozosoii B.B., EBmoknmos
B.C. O mpenBecTHHKe 3eMIIETPSICEHHS B CEMCMOOIIaCHOW TOpHOH TeppuTopuH. // ['eomorus u reo-
¢uszuka lOra Poccun. — 2024. — T. 14. Ne 2. — C. 33—44. DOI: 10.46698/VNC.2024.21.47.003.

3. Boposuu .U, babemko B.A. JlnHaMu4eckue cMeNIanHbIe 3aa91 TEOPHH YITPYTOCTH IS
HekJaccmuecknux obmacreid. M.: Hayxka, 1979. — 320 c.

4. T'ambypreB [ A. [lepcriekTHBHBIN TIIaH KUCcCieoBaHU 1Mo podneme «V3pickanue u pas-
BHTHE ITPOTHO3a 3eMIIeTpsiceHnidy. // B coopruke: Pa3zsuTne uneii [.A. ['amOyprieBa B reopu3uke.
M.: Hayka, 1982. — C. 304-311.

5. 3aamumBumu B.b., MenwskoB J[.A., ['abapaes A.D., Mep3nmukua T.U. Henurelinbie xoneba-
HUSI TPYHTOBOM TOJIIIN 110 HHCTPYMEHTAIbHBIM M YHCIIEHHBIM JaHHBIM. // I'eonorus u reopusuka
IOra Poccun. —2021. —T. 11. Ne 4. — C. 70-82. DOI: 10.46698/VNC.2021.77.59.006.

6. Camosckuit M.A., bonxosutnnos JLI., Ilucaperxo B.®. [ledopmupoBanne reodmuznde-
CKOM cpenbl U ceiicmuueckuii mpouecc. M.: Hayka, 1987. — 104 c.

7. Uepnor }O.K. CunbHble NBUKEHUS TPyHTAa U KOJIMYECTBEHHAsl OLICHKA CEHCMHUYECKOU
onieHku Tepputopun. TamkeHT: PaH, 1989. — 296 c.



70 Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

8. Arhore E.G., Yasaece M., Dayyani I. Comparison of GA and topology optimization of ad-
herend for adhesively bonded metal composite joints. // International Journal of solids and Struc-
tures. —2021. — Vols. 226-227. Art. No. 11107. DOI: 10.1016/j.ijs0lstr.2021.111078.

9. Awrejcewiez J., Krysko V.A., Mitskievich S.A., Zhigalov M. V., Krysko A.V. Nonlinear dy-
namics of heterogeneous shells. Part 1: Statics and dynamics of heterogeneous variable stiffness
shells. // International Journal of Non-Linear Mechanics. — 2021. — Vol. 130. Art. No. 103669.
DOI: 10.1016/jijnonlinmec.2021.103669.

10. Chernov Yu.K., Zaalishvili V.B., Chernov A.Yu. Strong ground motion simulation for
forecasting the probable seismic impacts in the territory of the Republic of North Ossetia-Alania.
// 1zvestiya. Physics of the Solid Earth. — 2020. — Vol. 56. No. 5. — pp. 644-655. DOI: 10.1134/
S1069351320050018.

11. Di Toro G., Han R., Hirose T., De Paola N., Nielsen S., Mizoguchi K., Ferri F., Cocco M.,
Shimamoto T. Fault lubrication during earthquake. // Natire. — 2011. — Vol. 471. Issue 7339. —
pp- 494-498. DOI: 10.1038/nature09838.

12. Fernandez L., Novotny A.A., Prakash R., Sokotowski J. Pollution sources reconstruction
based on the topological derivative method. // Applied Mathematics and Optimization. — 2021. —
Vol. 84. — pp. 1493—-152. DOI: 10.1007/5s00245-020-09685-0.

13. Gongalves J.F., Moreira J.B.D., Salas R.A. et al. Identification problem of acoustic
media in the frequency domain based on the topology optimization method. // Structural and
Multidisciplinary Optimization. — 2020. — Vol. 62. — pp. 1041-1059. DOI: 10.1007/s00158-020-
02638-9.

14. Huang M., Lim X, Lei Y., GuJ. Structural damage identification based on modal frequency
strain energy assurance criterion and flexibility using enhanced Moth-Flame optimization. //
Structures. — 2020. — Vol. 28. — pp. 1119-1136. DOI: 10.1016/j.istruc.2020.08.085.

15. Lu X., Lapusta N., Rosakis A.J. Pulse-like and crack-like ruptures in experiments
mimicking crustal earthquakes. // Proceedings of the National Academy of Sciences of the United
States of America. — 2007. — Vol. 104. Issue 48. — pp. 18931-18936.

16. Mitchell E., Fialko Y., Brown K. Frictional properties of gabbro at conditions corresponding
to slow slip events in subduction zones. // Geochemistry, Geophysics, Geosystems. — 2015. —
Vol. 16. — pp. 4006—4020.

17. Mitchell E., Fialko Y., Brown K. Temperature dependence of frictional healing of westerly
granite: Experimental observations and numerical Simulations. // Geochemistry, Geophysics,
Geosystems. — 2013. — Vol. 14. — pp. 567-582.

18. Pena M., Rapun M.L. Application of the topological derivation to post-processing infrared
time-harmonic thermograms for defect detection. // Journal of Mathematics in Industry. — 2020.
—Vol. 10. DOI: 10.1186/s13362-020-0072-9.

19. Scholz C.H., Sykes L.R., Aggarwal Y.P. Earthquake prediction: a physical basis. // Science.
—1973. - Vol. 181. No. 4102. — pp. 803-810.

20. Xavier M., Van Goethem N., Novotny A.A. Hydro-mechanical fracture modeling gover-
ned by the topological derivatives. // Computer Methods in Applied Mechanics and Engineering.
—2020. — Vol. 365. Art. No. 112974. DOI: 10.1016/j.cma.2020.112974.

21. Xia K., Rosakis A.J., Kanamori H. Laboratory Earthquakes: The Sub-Rayleigh-to-
Supershear Rupture Transition. // Science. —2004. — Vol. 303. — pp. 1859-1861.

22. Xia K., Rosakis A.J., Kanamory H., Rice J.R. Laboratory Earthquakes along Inhomoge-
neus Faults: Directionality and Supershear. // Science. — 2005. — Vol. 308. — pp. 681-684.

References

1. Babeshko V.A., Evdokimova O.V., Babeshko O.M., Evdokimov V.S., Zaretskaya M.V.,
Khripkov D.V. About the precursor of increased seismicity in the area of transition of the moun-
tainous territory to the plain. Geology and Geophysics of Russian South. 2025. Vol. 15. No. 1.
pp. 54-55. DOI: 10.46698/VNC.2025.25.51.004. (In Russ.)



Geology and Geophysics of Russian South 15(2) 2025 ['eonorus u reogumanka fOra Poccim 71

2. Babeshko V.A., Evdokimova O.V., Babeshko O.M., Uafa S.B., Lozovoy V.V., Evdokimov
V.S. About earthquake precursors in an earthquake-prone mountainous area. Geology and Geo-
physics of Russian South. 2024 Vol. 14. No. 2. pp. 33—44 DOI: 10.46698/VNC.2024.21.47.003.
(In Russ.)

3. Vorovich L.I., Babeshko V.A. Dynamic mixed problems of elasticity theory for non-classical
domains. Moscow. Nauka. 1979. 320 p. (In Russ.)

4. Gamburtsev G.A. Perspective plan of research on the problem Research and Development
of Earthquake Forecast. In: Development of G.A. Gamburtsev’s ideas in geophysics. Moscow.
Nauka. 1982. pp. 304-311. (In Russ.)

5. Zaalishvili V.B., Melkov D.A., Gabaraev A.F., Merzlikin T.I. Nonlinear vibrations of the
ground layer according to instrumental and numerical data. Geology and Geophysics of Russian
South. 2021. Vol. 11. No. 4. pp. 70-82. DOI: 9.46698/VNC.2021.77.59.006. (In Russ.)

6. Sadovsky M.A., Bolkhovitinov L.G., Pisarenko V.F. Deformation of the geophysical
environment and the seismic process. Moscow. Nauka. 1987. 104 p. (In Russ.)

7. Chernov Yu.K. Strong ground motions and quantitative seismic assessment of the territory.
Tashkent. Fan. 1989. 296 p. (In Russ.)

8. Arhore E.G., Yasaee M., Dayyani . Comparison of GA and topology optimization of adher-
end for adhesively bonded metal composite joints. International Journal of solids and Structures.
2021. Vols. 226-227. Art. No. 11107. DOI: 10.1016/j.ijsolstr.2021.111078.

9. Awrejcewiez J., Krysko V.A., Mitskievich S.A., Zhigalov M.V., Krysko A.V. Nonlinear
dynamics of heterogeneous shells. Part 1: Statics and dynamics of heterogeneous variable stiffness
shells. International Journal of Non-Linear Mechanics. 2021. Vol. 130. Art. No. 103669. DOI:
10.1016/jijnonlinmec.2021.103669.

10. Chernov Yu.K., Zaalishvili V.B., Chernov A.Yu. Strong ground motion simulation for
forecasting the probable seismic impacts in the territory of the Republic of North Ossetia-
Alania. Izvestiya. Physics of the Solid Earth. 2020. Vol. 56. No. 5. pp. 644-655. DOI: 10.1134/
S1069351320050018.

11. Di Toro G., Han R., Hirose T., De Paola N., Nielsen S., Mizoguchi K., Ferri F., Cocco
M., Shimamoto T. Fault lubrication during earthquake. Natire. 2011. Vol. 471. Issue 7339. pp.
494-498. DOI: 10.1038/nature09838.

12. Fernandez L., Novotny A.A., Prakash R., Sokotowski J. Pollution sources reconstruction
based on the topological derivative method. Applied Mathematics and Optimization. 2021. Vol.
84. pp. 1493-152. DOI: 10.1007/s00245-020-09685-0.

13. Gongalves J.F., Moreira J.B.D., Salas R.A. et al. Identification problem of acoustic media
in the frequency domain based on the topology optimization method. Structural and Multidisci-
plinary Optimization. 2020. Vol. 62. pp. 1041-1059. DOI: 10.1007/s00158-020-02638-9.

14. Huang M., Lim X., Lei Y., Gu J. Structural damage identification based on modal fre-
quency strain energy assurance criterion and flexibility using enhanced Moth-Flame optimiza-
tion. Structures. 2020. Vol. 28. pp. 1119-1136. DOI: 10.1016/j.istruc.2020.08.085.

15. Lu X., Lapusta N., Rosakis A.J. Pulse-like and crack-like ruptures in experiments mimick-
ing crustal earthquakes. Proceedings of the National Academy of Sciences of the United States of
America. 2007. Vol. 104. Issue 48. pp. 18931-18936.

16. Mitchell E., Fialko Y., Brown K. Frictional properties of gabbro at conditions corresponding
to slow slip events in subduction zones. Geochemistry, Geophysics, Geosystems. 2015. Vol. 16.
pp- 4006—-4020.

17. Mitchell E., Fialko Y., Brown K. Temperature dependence of frictional healing of westerly
granite: Experimental observations and numerical Simulations. Geochemistry, Geophysics,
Geosystems. 2013. Vol. 14. pp. 567-582.

18. Pena M., Rapun M.L. Application of the topological derivation to post-processing infra-
red time-harmonic thermograms for defect detection. Journal of Mathematics in Industry. 2020.
Vol. 10. DOI: 10.1186/513362-020-0072-9.



72 Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

19. Scholz C.H., Sykes L.R., Aggarwal Y.P. Earthquake prediction: a physical basis. Science.
1973. Vol. 181. No. 4102. pp. 803-810.

20. Xavier M., Van Goethem N., Novotny A.A. Hydro-mechanical fracture modeling gov-
erned by the topological derivatives. Computer Methods in Applied Mechanics and Engineering.
2020. Vol. 365. Art. No. 112974. DOI: 10.1016/j.cma.2020.112974.

21. Xia K., Rosakis A.J., Kanamori H. Laboratory Earthquakes: The Sub-Rayleigh-to-
Supershear Rupture Transition. Science. 2004. Vol. 303. pp. 1859-1861.

22. XiaK., Rosakis A.J., Kanamory H., Rice J.R. Laboratory Earthquakes along Inhomogeneus
Faults: Directionality and Supershear. Science. 2005. Vol. 308. pp. 681-684.



Geology and Geophysics of Russian South 15(2) 2025 ['eonorus u reogumanka fOra Poccim 73

FECOU3NKA

VK 550.34
DOI: 10.46698/VNC.2025.67.30.001

OpurnHanbHas cTaTbs

/IHBEPCMOHHBIV XQPAKTEP KMHEMATNYECKNX
OBCTOHOBOK cemncmoreHe3a CpeAHEKACTIMNCKOrO
PEerMoHa

10.M. Bonbdpmatni_, E.Sl. Konechukosal’, U.B. Kanunioki

WHCTUTYT cercmonormum u reoguHammnku, KpeiIMckui doeieparnbHblil yHUBEpCUTeT
nm. B.W. BepHagckoro, Poccus, 295007, r. Cumdbepononb, np. Akagemuka BepHagckoro, 4,
e-mail: seism.volf @gmail.com

Crarbs noctynmna: 08.04.2025, nopaborara: 19.05.2025, npursita k nybavkauum: 22.05.2025

Pestome: AkTyanbHoCcTb pa6oTbl. OAHUM U3 NPOSIBIIEHUA FE0AMHAMNYECKON HECTabUNIbHOCTU CElicMOoaK-
TWUBHbIX PErMOHOB ABNAKOTCS WHBEPCUN NOMEN HANPSXKEHWIA (0T Nar. inversio — nepesopaynBaniie). OHW HaxoaaT
OTpaXeHue B (DOKamNbHbIX MeXaHU3Max 3eMeTPACEHNIA, KOTOPble (hOPMUPOBANIUCH B MPOTUBOMONOXHbIX KIHE-
MaTU4ecKMX 06CTaHOBKAX B TEYEHUE KOPOTKUX NPOMEXYTKOB BpeMeHu. 3y4eHne MHBEPCUOHHBIX U3MEHEHNI
HanpsXKeHHO-AeOPMIUPOBAHHOIO COCTOSHUS 36MHON KOPbI CMOCOOCTBYET (DOPMUPOBAHUMIO MPEACTABNEHMUIA O
COBPEMEHHOII re0AMHAMIKe CeiCMOAKTUBHbIX PerMoHoB. Lienb ucecnegoBanmii: naeHTUNKaLms NHBEPCUOH-
HbIX 06CTAHOBOK CelcMoreHe3a CpeHeKacnniickoro perimoHa 1 CPaBHUTENbHbIA MPOCTPAHCTBEHHO-BPEMEHHO
aHann3 ux NposBNEHNs B palioHax ¢ pasHbIM reonormyeckum ctpoeHnem. Metofabl uccnefoBanus. B ocHoBy
METOANKMN 3aN0XeH anrOpuT™M KUHEMaTUYeCKOro aHanm3a faHHbIX 0 (POKabHbIX MeXaHu3mMax 3eMNeTPSACEHUNA,
KOTOPbIA NpeanonaraeT pasfefieHne 04aroB 3eMIeTPSACEHUIA N0 KMHEMATMYECKMM 06CTaHOBKaM UX hopmMmpo-
BaHMA (CXATWS UK PACTSHKEHNSA) 1 UCCef0BaHNe 0COOEHHOCTE UX MPOCTPAHCTBEHHO-BPEMEHHOMO pacnpee-
neHns. @AKTONOrMYecKoi OCHOBOI NOCNYXIIIN BbIOOPKM AaHHbIX N0 (DOKANbHbIM MEXaHU3Mam 3eMJIETPACEHUI
13 KaTanoroBs, Pa3MeLLEHHbIX Ha caiiTax MeXayHapoaHbIX CEeiCMONOrNYeCKNX areHTCTB, U U3 ONY6IMKOBAHHbIX
pernoHanbHbIX KaTanoros. PesynbTatbl pa6oTbl. 060CHOBAH WHBEPCMOHHBINA XapakTep KWHeMaTn4ecknx 06c¢Ta-
HOBOK CE/iCMOreHesa noj BO3AeCTBIEM NEPUOANYECKI AEACTBYIOLLIMX HANPSXKEHWNII KOr0-t0ro-3anaHoro—CceBe-
PO-CEBEPO-BOCTOYHOMO CXKATUS 1 PACTSKEHNSA; MOCTPOEHbI CTEpeorpadomyeckne Moaenu aTux 06¢TaHoBOK. MH-
BEPCUOHHbIE U3MEHEHNS MPOUCXOANIN B TEYEHIUE KOPOTKMX (MeHee 1-ro roga) npoMexxyTkoB BpemeHn. 06¢Ta-
HOBKM CXXaTus 1 TPAHCNPECCUM B KONINHECTBEHHOM W SHEPreTUYECKOM OTHOLLEHNI SBNSIOTCA JOMUHUPYIOLLMN:
COOTBETCTBYIOLLME UM 04arit NIOKAN30BaHbl, B OCHOBHOM, B KOHTUHEHTANbHOW YacTi pernoHa. OHK ABNsOTCA
NPSAIMbIMIA WHAMKATOPaMM COBPEMEHHbIX MPOLIECCOB OpOreHe3a, B36poco- 1 HaBUroo6pa3oBaHms B panoHax
bonbworo Kaskasa 1 Konetaara. B MeHbLLUel Mepe nposiBUNMCL 06CTAHOBKM PACTSXKeHUs U TpaHcTeHeu. OHK
NPOSIBUNMCL B 0Yarax 3eMSIETPSACEHUIA, COCPEAOTOHEHHbIX, B OCHOBHOM, B akBaTopuu Kacnumckoro mMops, Ha
rpaHuLe 06nacTer ¢ KOPON KOHTUHEHTANbHOMO U CyboKeaHU4eckoro Tuna. OCOBEHHOCTN NIOKanU3aLmn 04aros
3TOr0 TWMa ABMAAIOTCA NPAMbIM YKa3aHWEM Ha NPOLECChbl AeCTPYKLWM B CEBEPHOM GOPTY KOTIOBUHbLI C KOPON
cyb6okeaHnyeckoro Tiuna — H0xHo-Kacrnuinckon Bnaantbi.
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Abstract: Relevance. One of the manifestations of geodynamic instability in seismically active regions is
the inversion of stress fields (from Latin inversio — inversion). They are reflected in the focal mechanisms of
earthquakes, which formed in opposite kinematic environments over short periods of time. The study of inver-
sion changes in the stress-strain state of the Earth’s crust contributes to the formation of ideas about the modern
geodynamics of seismically active regions. Aim. Identification of the inversion conditions of the seismogenesis
of the Middle Caspian region and comparative spatial and temporal analysis of their manifestation in areas with
different geological structures. Methods. The methodology is based on an algorithm for the kinematic analysis
of data on the focal earthquake mechanisms, which involves the separation of earthquake foci according to the
kinematic conditions of their formation (compression or stretching) and the study of the features of their spatial
and temporal distribution. The factual basis was the sampling of data on the focal mechanisms of earthquakes
from catalogs posted on the websites of international seismological agencies and from published regional cata-
logs. Results. The inversion character of the kinematic conditions of seismogenesis under the influence of pe-
riodically acting stresses of south-south-west-north-north-east compression and stretching is substantiated;
stereographic models of these conditions are constructed. The inversion changes occurred over short (less than
1 year) time intervals. The conditions of compression and transpression are dominant in terms of quantity and
energy: their corresponding foci are localized mainly in the continental part of the region. They are direct indica-
tors of modern processes of orogeny, uplift and thrust formation in the Greater Caucasus and Kopetdag regions.
To a lesser extent, the conditions of stretching and transtension were manifested. They manifested themselves
in earthquake foci concentrated mainly in the waters of the Caspian Sea, on the border of areas with the crust of
the continental and suboceanic type. The localization features of foci of this type are a direct indication of the de-
struction processes in the northern side of a basin with a suboceanic type crust —the South Caspian Depression.
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BeseaeHre

B psine nmyOnukanmii mokasaHo, 4TO CEHCMOAKTHBHbIE 00IaCTH MPEACTABIAIOT COOON
BECbMa TMHAMUYHBIE T€OCUCTEMBI, B MpEEIax KOTOPbIX KapJAUHAJIbHbIE U3MEHEHUS Ha-
IPsHKEHHO-€(POPMHUPOBAHHOTO COCTOSTHHSI T'€0JIOTUYECKOW CpeAbl M, COOTBETCTBEHHO,
yCIoBUN (POPMHUPOBAHUS 3eMIIETPSCEHUH MPOUCXOIAT B TEUEHHE KOPOTKUX MPOMEXKYT-
koB BpeMenu [llIupokosa, 1967; I'ymenko, 1979; I'aznuiickue ..., 1986; FOura, 1996;
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Crenanenko u ap., 2013; Volfman et al., 2017 u ap.]. OTi nu3MeHeHus 00yCIOBIUBAIOT
MHOT000pa3ue MpOsIBIEHUS] KHHEMAaTHUECKUX 00CTaHOBOK CEHCMOIeHEe3a, OTPaKAIOIINX
BO3JICHCTBHE MMOJICH HANPSIKEHUN CHKATHUSL WM PACTSDKEHHSI B PerMOHE U OCOOCHHOCTH
OPUEHTUPOBOK MX ITIABHBIX OCEH OTHOCUTEIILHO CTOPOH CBETA.

OnHUM U3 MPOSIBIICHUH re0IMHAMUYECKON HECTaOMIIbHOCTH PETMOHOB SIBJISIIOTCS MH-
BepcuH (OT JIaT. inversio — «IEPEBOPAYUBAHUE) ) CEHCMOTCHEPUPYIOLIHX MOJIEH HapsKe-
HUI1, KOTOPBIE HAXOAT OTPAXKEHHUE B (POKATLHBIX MEXaHU3MAX 3eMJICTPSICEHUH, BOBHUKIIINX
B MIPOTUBOIIOJIOKHBIX KMHeMaTHdeckux obcranoBkax [['ymenko, 1979; I'aznuiickue ...,
1986; Bonbdman, Konecuukona, 2022].

Hanuyne KOpOTKONEPUOTHBIX MUMITYIbCOB CHKAaTHUS U PACTSHKEHUS! KOPBI 10 JaHHBIM
(oKambHBIX MEXaHU3MOB 3emiieTpsceHuil 610 o6ocHoBaHO O.U. I'ymenko [['ymieHxo,
1979]. SIBneHue MHBEpCUN KHHEMATHUECKUX 0OCTAHOBOK YCTaHOBJICHO IPH PeaTU3aIiu
lNaznuiickux 3emnerpsicenuid 1976—-1984 ronos, B oyarax KOTOPbIX MPOMCXOAUIIA TIEpe-
OPHEHTUPOBKA TEH30pa HAIMPSKEHUH OT roro-toro-3anagaHoro (8.04.1976 r.) no Bocrou-
HO-10ro-BocToyHOrO (19.03.1984 1) cxxatus [["a3nuiickue ..., 1986]. MTHBepcHOHHBIN Xa-
paKkTep CEeNCMOreHe3a OTMEYaeTCsl HE TOJIBKO B 36MHOM KOpE, HO U B BEPXHEH MaHTHUH,
Hanpumep, B obnactu Bpanua [Crenanenko u ap., 2013; Volfman et al., 2017]. laxe B
00NIacTsX, CYUUTABILUXCS aceHCMUYHBIMU, B LIeHTpe YKpauHckoro mura (. Kpusoii Por,
VYKpanHa) MpOU30LUIH 3eMJIETPSICEHUs] B MPOTUBOIOIOKHBIX KHHEMATHUYECKUX 0obOcTa-
HOBKax — cyOmupotHoro (25.12.2007 r.) u cyomepununonansroro (23.06.2013 r.) cxxatust
[[TycroButenko u ap., 2009, 2014]. Ha reonnHaMH4YeCcKyt0 HECTAOMIBHOCTh M HAJTUYKE
MHBEPCUOHHBIX U3MEHEHUH CeliCMOreHe3a yKa3blBalOT U MEXaHU3Mbl O4aroB 3eMJIeTpsi-
CEHM, MpoU30IIeAINX B Ipeaenax Kacnuiickoro Mopst 1 CMEXHbBIX TEPPUTOPHIA.

AKTyanbHOCTbh HacTOsIEH pabOThl 00yCIIOBICHA TeM OOCTOSTEIBCTBOM, YTO MpPE-
CTaBJICHUSI O KUHEMAaTHKe CEHCMOT€HHBIX 30H (TO €CTh, O THUIE U OPUEHTHUPOBKE Harpsi-
KEHUH, TpeIoNpeIeIMBIINX 0COOCHHOCTH aKTUBU3ALMHU MOCIIEIHUX ), HEPEJIKO HAXOAT
OTpa)KeHHE B MPOTHOCTUYECKHUX MOJIENISX PA3HOTO LIEJIEBOT0 HA3HAYEHUS, BIIUsAS HA BbI-
BOJIbl MPOTHO3HBIX MCCieA0BaHUM. IIpu 3TOM He y4MTBIBAalOTCS MHBEPCHOHHBIE U3Me-
HEHMsI HaIPSXKeHHO-1€(OPMHUPOBAHHOTO COCTOSHUS CPEAbl U X POJIb B COBPEMEHHOM
reoJIMHAMHUKE CeMCMOAKTHUBHBIX pernoHoB. Llenb uccnenoBanuii: uaeHTU(UKALUSA HUH-
BEPCUOHHBIX KMHEMAaTHUECKUX 00CTaHOBOK ceiicMoreHe3a CpelHeKacuiCKOro peruo-
Ha M CPAaBHUTENIbHBINA MPOCTPAHCTBEHHO-BPEMEHHOM aHAJIN3 UX MPOSBICHUS B Mpeienax
re0CTPYKTYP, XapaKTEPU3YIOLIUXCS Pa3HBIM CTPOECHHUEM.

IcxoaHbIE AQHHBIE U METOABI ICCAEAOBAHMS

OcHOBOIl aHanmM3a KWHEMAaTHYECKUX OOCTAHOBOK CEHCMOreHe3a MOCIYKWJIH BBI-
OOpKH JaHHBIX N0 (POKATHLHBIM MEXaHU3MaM 3EMIICTPSICEHUN M3 CEHCMHUYECKHX KaTa-
JIOTOB, pa3MEIICHHbIX Ha cailTax MexayHapoaHoro cericMonorudeckoro neurpa ISC
(https://www.isc.ac.uk/iscbulletin/search/bulletin/interactive), ®UL Egunas reodusu-
gyeckast ciyxk6a PAH (http://www.ceme.gsras.ru), EBponeticko-Cpenn3eMHOMOPCKOTO
ceiicmontoruaeckoro 1entpa (http:// www.emsc-csem.org) u Global CMT (https://www.
globalcmt.org). Take UCTIONB30BAHBI JAHHBIE O MEXaHMU3MaX 04aroB, ONyOJMKOBaHHBIC
B Hay4HOU nuTeparype [3amanona, 2014; Etupmunuu u ap., 2022 u ap.].

O0beM aHanmu3upyemoi BeIOOpKH cocTaBwil 134 (okambHBIX MEXaHU3Ma JUISI 3€M-
JETPSICEHUH, JTOKAJIM30BaHHBIX Ha ydacTke ¢ koopauHatamu 38-44° c.ui. u 44-56° B.1.
B BBI0OOpKY BOIIITH BCE MACHTU(DUIIMPOBAHHBIC OYark ¢ MAarHUTyAaMH ot 2,2 1o 7,0; mpu
3TOM Oenbiias ux 4acthb (0koso 70%) umeet 3HaueHust M>4,0.
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B 0CHOBY METOAMKH MCCIIEJOBAHUN 3aJI0KEH aJITOPUTM TEKTOHO(U3MUECKOro aHa-
JM3a JIaHHBIX, MPEANOoIaraloui pa3ieJeHue 04aroB N0 KMHEMaTH4YeCKUM OOCTaHOB-
KaM (opMHUpOBaHMs (Pa3HOOPUEHTUPOBAHHOTO CKATHSI MM PACTSKEHMSI) U UCCIIel0Ba-
HHUE 0COOEHHOCTEH UX MPOCTPAHCTBEHHO-BPEMEHHOTO paclpeaeieHus.

Wnentuduxanus o6CTaHOBOK B OYarax BbINOJIHEHA B COOTBETCTBUU C KJIaccH(pHKa-
LMEel TUIIOB HANPSKEHHOTO COCTOSIHUSA reosiorndeckoi cpeasl [I'ymenko u ap., 1991;
I'untos, 2005; PeGenkuit u ap., 2017]. CornacHo 3Toi Ki1accudukanuu, Npu CHKaTUU U
TpaHCIpeccuu (FOPU30HTAIBHOM CHKaTHH CO CIBUIOM) (pOPMHUPOBAIUCH O4aru B3OpoO-
COBOT0, CABHUI0-B30pOCOBOTO M B30pOCO-CABHIOBOIO THIIOB; X O0IIEe KOJIUYECTBO
coctaBuiio 58 coObiTuii (43% OT nuccaenyemoil BBIOOpKH). OOCTaHOBKAM PACTSKEHUS
U TPAHCTEHCUH (TOPU3OHTAIBHOTO PACTSKEHUS CO CIBUIOBOWM COCTAaBISIONICH) OTBe-
4al0T COPOCOBBIH, CABUTO-COPOCOBBIA M COPOCO-CABUTOBBIA THUIIbI, TAKXKE WMEIOLIHNE
HIMPOKOE pacipocTpaHeHue — 46 semuerpsicennii (34% ot obmiero konudectsa). Kpome
TOTO, BBIOOpKA BKJItOUaeT 30 04yaroB cIBUTOBOTO TUNA, (POPMUPOBAHUE KOTOPHIX PABHO-
BEPOSITHO KaKk B OOCTAHOBKAxX CHKAaTHUs, TaK U B YCJIOBHAX PACTSIKEHHSI 3€MHOU KOPBI.
[TockonbKy 3HA4eHHsS OCHOBHBIX [ApaMETPOB CABHUIOBBIX (POKAIBHBIX MEXaHU3MOB
UMEIOT CYIECTBEHHBIN pa30poc, He MO3BOJISI BBIACIUTh JOMUHUPYIOLINE CUCTEMbI Ha-
NPSDKEHUH, 3eMIIETPSICEHNs JaHHOTO TUIa B paboTe He aHAJIN3UPOBAJIUCH.

Pe3yAbTATbl UICCAEAOBAHUN U UX OBCYXKAEHME

Jlomunupyrowue Kunemamuyeckue 00Cmano6Ku ceiicmozenesa. Pe3ynbrarel aHa-
au3a GOKATBHBIX MEXaHU3MOB 3eMJleTpsiceHnii CpeqHeKaCIIMIICKOTO PeTHOHa OTpaska-
10T BIMSHUE Pa3HOOOPa3HBIX, OBICTPOMEHSIOIIUXCS MOJeH HaNpsDKEHUH Ha TPOILECCHI
ceiicmorenesa. Jliist ouaros, 00yCIIOBIEHHBIX 00OCTAHOBKAMH CHKATHSI MITH TPAHCIIPECCHH,
HarpaBJIeHHE JCHCTBHSI CTPYKTYpOOOpa3yOIUX HAMPSHKSHUH ONpeAessieTcs 10 OpUeH-
THUPOBKE OCH MaKCHUMAJIBHOTO cxkatusi (P). AHaJIormyHbpIM 00pa3oM, B 00CTaHOBKAX pac-
TSOKCHUSI U TPAHCTCHCHU KPUTEPUEM OIPECIICHIS] KWHEMAaTHUeCKOW 00CTaHOBKH SIBIISI-
I0TCS1 HAIPaBJIEHUsI OCU MakcuMainbHOro pactsikeHus (7). CoOTHOLIEHUS] OPUEHTUPOBOK
9THX OCeil B (DOKANBbHBIX MEXaHHW3MaX COOTBETCTBYIOIIMX THUIIOB MPHUBEACHHI HA pO3ax-
JIarpaMmax, MOCTPOCHHBIX HE B OTHOCUTEIBHOM (B % COOTHOIICHHUH), @ B peaibHOM (110
KOJIMYECTBY o4aroB) macmraoe (puc. 1).

a ) b ;
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Puc. 1. Posvi-Ouazpammol OpueHmuposok oceil MakCuManbHo2o cacamusi P (a) u makcumanorozo
pacmsocenusi T (b) 6 ¢hoxanvrblx Mexanuzmax 3emiempacenull pecuond, chopmMupo8agUIUXCsL 6
00CMAaHOBKAX, COOMBEMCIMEEHHO, CHCAMUSL U PACMANCEHUSL, KOHMYPOM NOKA3AHbL 6Ce 04a2i OAHHbIX
00CMAaHOBOK, 3AMEHEeHO — 04dzu MOIbKO OCHOBHBIX (830p0C06020 U cOPOCO8020) Munos /

Fig. 1. Roses-diagrams of the orientations of the axes of maximum compression P (a) and maximum
elongation T (b) in the focal mechanisms of earthquakes in the region formed in conditions of
compression and elongation, respectively, the contour shows all earthquake source of these situations,
shaded — earthquake source of the main (reverse fault and normal fault) types
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AHan3 OpUEHTHPOBOK OCEH CKATHs B oyarax B30pOCOBOTO THIIA MOKAa3all, 4To 3Ha-
YUTEIbHOE UX KOJIMUYECTBO (28, BKitouas Bce coObITUs ¢ M>6,0) n0KaaM30BaHO B aMa-
nazoHe opueHTUpPOBOK 0-40° ¢ UETKO BBIpaKEHHBIM MaKCUMyMOM B HanpasieHuu 10-20°
(Ha puc. la—3aTeHeHo). ITa 3aKOHOMEPHOCTH MPOSIBIIIETCS U B CYMMapHOM pacipezese-
HUM ocel P B oyarax BCEX THUIIOB, OTBEYAIOIINX 0OCTaHOBKAM CXKaTusl U TPAHCIPECCUU:
TOMY MaKCUMYMY COOTBETCTBYIOT 3HaU€HUs apaMeTpoB 41-ro (pokanbHOro MeXaHu3Ma
(1a puc. la — mokazaHbl KOHTYPOM).

OpueHTHPOBKH OCell pacTshKeHHUs B OOJIBIIMHCTBE 04aroB coOpocosoro tuna (B 15-tu
u3 24-x, BKIIOYash Bce 3emileTpsceHust ¢ M>6,0) nokann3oBaHbl B TOM K€ JMAINa30-
HE JMarpaMMebl, 4TO U OocH cxatus P B30pocoBbix odaroB — 10-40°, oOpasyst mpu 3ToM
JIBa BBIP@XXECHHBIX MakcuMyMa B HampasieHusx 10° u 30-40° (wa puc. 16 — 3aTeHeHO).
B cymmapnom pacnpenenenuu oceit 7'B oyarax cOpocoBoro, cOpoco-cABUIroBOro U CJIBU-
ro-cOpOCOBOr0 THUIOB, OTBEYAIOLINX OOCTAHOBKAM PACTSKEHHS U TPAHCTEHCUH, YKa3aH-
HbI€ MAaKCUMYMBbI BBIIVIAJAT elle 0ojiee BhIPA3UTENIbHO: UM COOTBETCTBYIOT MapaMeTphbl
27-mu o4aroB (Ha puc. 10 — MoKa3zaHbl KOHTYPOM).

Takum oOpa3om, KoHTpacTHbe MakcuMyMbl (10-40°) OpHEHTUPOBOK OCel ITTaBHBIX
Hanpsokenuit P u T (puc. 1) ykaspIBaioT Ha TO, 4YTO ()OPMHPOBAaHUE ceilicMoreHes3a ObuUIO
00yCIJIOBJICHO MEPHUOANYECKI CMEHSIOIUMHU APYT Apyra (MHBEPCHOHHBIMH ) KHHEMaTHYe-
CKMMH 0OCTaHOBKaMHU CXKaTHs U pacTsbkeHus, neiictyromumu B FOKO3—CCB (6nu3kom k
CyOMepHIMOHAIBHOMY ) HallpaBJICHUH.

Amnanorununsie ooctanoBku FOKO3-CCB cxatust ¥ pacTsSHKeHUs MPEBAIUPYIOT U
B oyarax Cpenu3eMHOMOPCKOrO MOsCa, B YaCTHOCTH, B NpEAeaax €ro CErMeHTa, Mpo-
Tarusatoierocs ot [lupenees no Kacnuiickoro mopsi. MakcuMyM OpHEHTHUPOBOK OCEM
cxaTtus B ouarax 464-x B30pocoBbIX 3emiieTpsiceHui coctasiuset 24 (204)°, a MakcuMyM
oceil pacTshkeHHUs B 557-1 3eMIIeTpsACEHUsIX COPOCOBOTO THUIIA OPUEHTUPOBAH B HAIlpaB-
nernn 19 (199)° (https://www.globalemt.org).

Ilpocmpancmeennvie 0cobeHHOCMU NPOAGIEHUA UHEEPCUOHHBHIX O0OCHIAHOBOK.
3emierpsicenus, (popMupoBaHHe KOTOpPBHIX oOycioBieHo BozneiictBuem HOKO3-CCB
cxkarus (41 coObiTe, BKIIOUass 28 o4aroB B30pOCOBOTO, § — CIBHUIO-B30POCOBOTO U
5 — B30pOCO-CABUIOBOIO TUIIOB), JIOKAJIIM30BaHbI B Mpe/eNiaX 2-X 30H CEeBepO-3aIaJ HOro
(001IeKaBKA3CKOT0) MPOCTUPaHus (pHcC. 2a).

OtH 30HBI TpaccupytoTcs ¢ KaBkasa (ot AzepOaiikana, [larectana) no Typkmenu-
cTaHa, nepecekas Kacnuiickoe Mope Brosib AniepoHcko-IIpudanxaHckoil 30HbI MOHs-
TuH, pasrpannuuBaromieid Cpenne- n FOxno-Kacnuiickyro BnaauHel. B TeKToHM4ECKOM
OTHOLIEHUHU 3Ta 00JIACTh MPEACTABISIET OO0 30HY COUWIEHEHMs Te€TepOreHHOro (yH-
namenTa Ckugcko-TypaHCKoM TUIMTHI UM aJbIUICKOM CKJIaI4aTo-MOKPOBHOM CHCTEMBbI
Bbonsmoro Kaskaza—Konernara [MexnynaponHas ..., 2003; I'lmymos u ap., 2004; Cenun
u 1p., 2022; Senin et al., 2002; Cpanosa, 2019; Ctorawuii, Croruuit, 2023 u ap.]. Cornac-
HO ba3e naHHBIX aKTUBHBIX pa3noMoB EBpasuu, 371eCh CKOHIICHTPUPOBAHO HaUOOJIbIIEE
KOJIMYECTBO aKTHBHBIX CEHCMOTEHHBIX CTPYKTYp, MMEIOLINX MPEUMYIIECTBEHHO 00IIe-
KaBKa3ckoe mpoctupanue [Zelenin et al., 2022].

[Tpubnu3uTensHo B TOM ke obmactu (puc. 20) JTOKAIU30BaHbI 3eMJIETPSACEHUs, 00-
ycnosieHHble obctaHoBkamu FOHKO3-CCB  pactsbkenus (15 ouaroB cOpocoBoro,
9 — cOpOCO-CABUTOBOTO U 3 — CABUTO-COPOCOBOTO TUIIOB, Bcero 27 coObITHii). [ToBbImIEH-
Hasi KOHLEHTPAIMs 04aroB JaHHBIX THIIOB IMPUXOAUTCS HA YYACTKH OCBOEHUS HedTera-
30BBIX MeCTOpOKAeHUH B akBatopun Kacnmiickoro mopst (Hedtaubie kamuu, I'onenuiu-
Yupar-Aszepu u T.11.). Takum 00pa3oM, HEKOTOPBIE 3eMIIETPSICEHUSI MOTYT SBJISATHCS TEX-
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HOICHHO-MHAYIIUPOBAHHBIMU. Tem He MCHCC, ITOCKOJIBKY SHCPIUusi TCXHOT'CHHBIX COOBI-
TI/Iﬁ, KakK IIpaBUJI0, OTHOCUTCIIbHO HCBCJIMKA, JAHHOC 00CTOSTEILCTBO HE MOXKET cyuie-
CTBCHHBLIM 06p2130M N3MCHUTD HpeI[CTaBJIeHI/Iﬁ 0 XapakTepe €CTECTBCHHOM CEHCMHUYHO-

CTHU PCTHUOHA.
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Puc. 2. Cxembl pazmewyenus 0uazo8 3emaempsicenuil, chopmuposaniblx 6 0OCMAHOBKAX Ce8epo-cesepo-
80CMOUHO20 (CYOMEPUOUOHATbHO20) corcamust (a) u pacmsdcenus (b). Yenosnvle obo3nauenus:
1-3 — ouazu 636pocosoeo (1), cosueo-636pocogozo (2) u 636poco-co6uz06020 (3) munos;
4-6 — ouaeu copocosozo (4), copoco-cosuz06020 (5) u cosueo-copocosozo (6) munos;
7 — epanuysl (a — mexcoy niam@pOpMeHHbIMU U CKAAOUAMbIMU 00IaCmsaMU, 6 — MeHCOY
2ceocmpyxkmypamu); 8 — kopa cyboxeanuuecko2o mund.

Lugpamu obosnauensvi: 1-2 — niampopmenuvie obnacmu. opesusis Bocmouno-Esponetickas
nramgpopma (1), ecemepocennas Crughcrko-Typanckas niuma (2); 3 — Tepcro-Kacnuiickuil nepedogou
npoeub (3a) u mexceopras Kypunckas enaouna (36); 4 — Anuweporno-Ilpubanxanckas 30Ha nOOHAMuUIL,

5-6 — anvnuiickue cknadyamole cucmemsvl bonvwoeo Kasxasza (5a), Konemoaea (50),
Manozo Kaskaza—3Invoypca (6); 7 — FOoxucno-Kacnuiickas enaouna. Cmpenku — nanpagnenust 0eticmesus
PpecuonanbHo20 cocamus (cepvle) u pacmsadicenus (Kpachvie) /

Fig. 2. Schemes of earthquake foci formed in the conditions of north-northeastern (submeridional)
compression (a) and stretching (b). Symbols: 1-3 — foci of reverse fault (1), reverse fault with shear (2)
and shear with reverse fault (3) types; 4-6 — foci of normal fault (4), shear with normal fault (5)
and normal fault with shear (6) types; 7 — boundaries (a — between platform and folded areas,

b — between geostructures); 8 — crust of suboceanic type. The numbers indicate: 1-2 — platform areas:
the ancient East European Platform (1), the heterogeneous Scythian-Turanian plate (2); 3 — the Tersk-
Caspian advanced trough (3a) and the intermountain Kura depression (3b); 4 — the Absheron-Balkhanian
uplift zone, 5-6 — the alpine folded systems of the Greater Caucasus (5a), Kopetdag (5b),

Lesser Caucasus-Elbursa (6); 7 — South Caspian depression with reduced crust of suboceanic type.
The arrows represent the directions of regional compression (gray) and stretching (red)
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N

Cmepeozpagpuueckue mooenu uHeepcUOHHBIX 00CMAHOBOK celicmozeHe3a. banzkue
3HAYeHUs MapaMeTpoB (DOKAJTbHBIX MEXaHU3MOB, OOYCIOBJICHHBIX MOMEPEMEHHO Jeii-
cTBYrOIIMMU B HampaBieHuH 10-40° HanpsKEHUsIMU CHKaTUs U PACTSKEHUS, TO3BOJISIOT
MIOCTPOUTH COOTBETCTBYIOIINE STUM OOCTAHOBKAM cTepeorpapuueckue MOAEIU PEeruo-
HaJILHOTO CEMCMOIcHEe3a.
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IlepBast Mmozens — B30pocoBoro Tumna (puc. 3a) xapakrepuszyeT 00CTaHOBKU FOPU30H-
TaJbHOTO CKATUS C OPUEHTUPOBKOM ocH P B HanpasieHuu 17° ¢ yriom HakinoHa 3°. [Ipu
9TOM OChb T 3aHMMAaeT BEPTUKAJILHOE MOJI0KEHUE, a IIPOMEKYTOUHAs OCh N SIBJIIETCS I0-
puzoHTanbHOM (106/0° — a3umyT u yron nagenus). Hogansusie mockoctu (NP1 u NP2),
OTpa’Karollye BEPOSITHOE MOJIOKEHNUE CEHCMOTEeHHBIX Pa3pbIBOB B OUarax, MMEIT 00111e-
KaBka3zckoe (286°) npoctupanue. OnHa u3 Hux (NPI) B CTPyKTYpPHO-KUHEMAaTHYECKOM
OTHOULICHUU UJCHTU(UIUPYETCS KaK B30OPOC, UMEIOIMI HAKJIOH B KXKHBIX pymMOax moj
yrioMm 48°, Bropast (NP2) — Kak HaJBUT, NaJ A0 1101 yriioM 42° B CeBEpHOM Harpas-
JIeHUU. YUUTbIBasi OOILYI0O TEHJCHLMIO YMEHBIICHUS IIyOWH O4aroB B HANPABJICHUU C
0103 na CCB, MOXXHO 10J1araTh, 4TO MOJIOKEHUIO PEAJIBHBIX CEMCMOTEHHBIX Pa3pblBOB
B OoJbILIEi MEpe COOTBETCTBYET HOZANbHAs INIOCKOCTh NP2, 4TO B CTPYKTYpPHOM OTHO-
LIEHUM BIIOJIHE OTBEYAET reoguHamuueckoil Moznenu bonbioro Kaskasa, moctpoeHHON
Ha OCHOBE peosiornueckoii crparuduxanuu autocheps! [Croruuii, Ctoruuit, 2024].

Bropas crepeorpaduueckas monens — cOpocoBoro tuma (puc. 36), orpaxkaer obcra-
HOBKH HOIO3—-CCB ropu3oHTaIbHOIO pacTsKEHUSI C OPUEHTUPOBKOW ocu 1’ B Hampas-
nennn 208/0° npu cyOBepTUKaIBbHOM ocu cxkatusi P u ropusoHTanbHoM (298°/2°) mosno-
KEHHUH MpoMexyTouHoi ocu N. Hopanbuble mnockoctu (NP1 u NP2) Tak ke, Kak U B
nepBoil Mozieny, UMerT olIIeKaBKa3ckoe npoctupanue (292-298°), onHako B CTpyKTyp-
HO-KMHEMaTH4e€CKOM OTHOUICHUH UJICHTU(DUIUPYIOTCS KaK cOPOCHI, UMEIOINE HAKJIOH B
IIPOTUBOIIOJIOKHBIX HAIIPABIEHUAX O] yriamu 44-45°.

Puc. 3. Cmepeoepaghuueckue moodenu celicmozene3a 830pocosoeo (a) u copocogozo (b) munos
07151 0OCMAHOBOK, COOMBENCIBEHHO, Ce8ePO-CEBEPO-60CIOYHO20 (CYOMEPUOUOHATLHOO0) CHCAMUS
u pacmsagicenus. Ycnosnvle oboznauenus. 1-3 — npoexyuu ocell enagHbix HanpssiceHuil
8 Mooenax celicmoeenesa (1 — makcumansrno2o coxcamus, 2 — MakCUMAIbHO20 PACMANCEHUS,

3 — npomesicymounout),; 4-6 — npoexyuu HOOAILHLIX NAOCKOCMEU U UX CINPYKMYPHO-KUHEMAMUYeCKAsl
xapaxmepucmuxa (4 — 6306pocvl, 5 — Haogueu, 6 — cOpocwvl), CMpenKu — HanpasieHus nepemenyeHus
sUCsIYE20 Kpbliaa, 7-8 — npoexyuu ocell 21a6HbIX HANPSIHICEHUI 8 (POKATbHBIX MEXAHUIMAX
u cekmopa ux aoxanuzayuu (7 — cocamus, 8 — pacmscenus); 9-10 — nanpasnenus oeticmaus
peauonanvhozo cocamus (9) u pacmsicenust (10) /

Fig. 3. Stereographic models of reverse fault (a) and normal fault (b) types of seismogenesis
for north-northeastern (submeridional) compression and stretching, respectively. Symbols:
1-3 — projections of the axes of the main stresses in models of seismogenesis (1 — maximum compression,
2 — maximum tension, 3 — intermediate); 4-6 — projections of nodal planes and their structural
and kinematic characteristics (4 — reverse faults, 5 — thrusts, 6 — normal faults), arrows — directions
of movement of the upper wings, 7-8 — projections of the axes of the main stresses in the focal
mechanisms and sectors of their localization (7 — compression, 8 — stretching); 9-10 — directions
of action of regional compressions (9) and extensions (10)
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Comnocrasienue crepeorpaduieckix Mojiesiell pernoHajabHOro ceiicMoreHesa B30po-
coBoro (puc. 3a) u copocoBoro (puc. 30) TUMOB, SBISIOMIUXCS AHTUTIOAAMH, YKA3bIBAET
Ha MPAKTUYECKHU TIOJTHOE COBIA/IEHUE IPAHMIL] CEKTOPOB, COOTBETCTBEHHO, CXKaTUs U pac-
TSOKEHUS B 9THX Mojieax. [Ipu 3ToM pacxoxieHue OpUeHTUPOBOK OCEH INIaBHBIX HaNps-
xeHuit P u T, onpenensonmx cnenudruky KHHEMaTHUYeCKUX OOCTaHOBOK, COCTaBISET
Bcero 12°, orpakasi MpOTUBOIOJIOKHBIN XapakTep HanpsKeHHO-1e(OpMUPOBAHHOTO CO-
CTOSIHUS T€0JIOTUYECKON CPEJIBI.

Takum oOpa3oM, OCHOBHbIE KMHEMAaTHUYECKHE OOCTAaHOBKH, 00yciI0BUBILINE (HOpMHU-
poBaHue Oobleil yactu 3emierpsiceHnit CpeTHeKacuiCKOro pernoHa, OTpaxaroT BO3-
neiictBue nonepeMeHHo JeicTByromux HanpsbkeHuil FOKO3—-CCB cxarus u pactsike-
HUs. B mporecce mHBepcHM MPOMCXOIUT 3aMEeHa B30pOCOBOIO peXMMa B o4arax Ha copo-
COBBIIf; IIPY 3TOM IIOJIOKEHHE OCH P, ONpeessatonell HallpaBiIeHUe CxKaTHsl, 3aHUMAaeT
ochb T, yKa3bIBasi Ha pacTsDKEHHE B TOM )K€ HalpaBieHuu (1 Hao0oport). B o6oux ciryyasx
TEOpeTUUECKU HarboJiee MPeAOoYTUTEIbHBIMU JJ11 BOSBHUKHOBEHUS CECMOTEHHBIX pa3-
PBIBOB SBJISIFOTCSI OJTHU U T€ YK€ CEIrMEHTHI (CEKTOpa) 3eMHOM KOpBbI, COOTBETCTBYIOIME
HalpaBJICHUSIM JEMCTBUSI MaKCUMAaJIbHBIX KacaTelabHbIX HampsbkeHuil. [Ipu stom B 00-
CTaHOBKaX C)KaTHsl CECMOT€HHBIE Pa3pbIBbI pealin3yloTcs B BUJIE€ B30POCOB U HAIBUTOB,
pY HAJIMYUKM PACTSHKEHHUS] — Kak cOpocoBble HapyuieHus. OlHaKo ¢ y4eToM HaJlW4us
BHYTPEHHET0 TPEHUS B TOPHOM MaccHBe, pealibHasi KapTHHa pa3pbIBOOOPa30BaHMsS B O4a-
rax MOXET OKa3aThCsl 00JIee CIOKHOM: pa3phIBbl, (HOPMHUPOBAHNE KOTOPHIX 00YCIOBICHO
o0CTaHOBKaMH pacTsbKeHHs! (cOpOChl), MOTYT UMETh Oosiee KpyThie YIVIbI aJIEHUs, B TO
BpEMsI KaK 4acTh pa3pbIBOB, 00pa3yIoLINXCs B 00CTaHOBKaX CxKaTusl, Oy/IeT peicTaBIeHa
OTHOCHUTEJIBHO MOJIOTMMH HaJJBUT'AMH.

Pezuonanvuvie ocodoennocmu npoaeieHus UHEEPCUOHHBIX 00CMAHOBOK cellcmoze-
He3a. VccnenoBaHbl ciaelyoMe aclleKThl THBEPCUOHHOTO MPOLIECCA B PETHOHE:

1. [IpomomKUTEILHOCTh NEUCTBUS KaXJAOW W3 WHBEPCHOHHBIX OOCTAaHOBOK W JIJIU-
TEIBHOCTD PA3AEIAIOUINX UX NHTEPBAJIOB.

2. COOTHOIIIEHNE CyMMapHOIl ceiCMUYeCKON SHEPTUH, BBIJICIUBILEHCS B O4arax 3eM-
JETPSICeHUH, OTBEYAIOIUX TOW MJIM MHOM 00CTaHOBKE, M OLIEHKA SHEPreTUYECKOT0 BKJIa-
Jla 04aroB KaXkKJ0ro TUIa B MPOIIECC CEHCMOreHesa.

3. Oco0eHHOCTH MPOCTPAHCTBEHHOIO PACIIPEENICHHs 3TUX 3EMIIETPICEHUI MO OT-
HOILEHUIO K OCHOBHBIM I'€0CTPYKTypaM pEeruoHa.

Pesynbrarel uccaeoBaHU IPUBEAEHBI B IIOPSIIKE UX IIEPEUNCIICHHUS.

1. OcobeHHOCTH U3MEHEHHI BO BPEMEHH HaIPsKEHHO-1e(OPMUPOBAHHOTO COCTOS-
HUSI T€0JIOTUYECKON Cpejibl M, COOTBETCTBEHHO, KHHEMAaTHYeCKMX 00CTaHOBOK celicMore-
He3a, OTPakaeT XpOHOIPaMMa OPUEHTHUPOBOK OCEH HampspKeHUHM B odarax, oOpa3zoBaB-
[IMXCS B MPOTUBOMOJIOXKHBIX 00CTaHOBKAX (CM. puc. 4).

OHa 1o3BOJISIET OLIEHUTh KaK MPOJOKUTEIBLHOCTh MEPUOAOB HENPEPBIBHOIO JEH-
CTBMSI KQXJI0M OOCTaHOBKH, TaK M JJIUTEIbHOCTh UHTEPBAJIOB, Pa3/ieisIOIUX IPOsBIIe-
HUS 3TUX o0cTtaHOBOK. Ha XpoHOorpamme mpuBe/ieHbl BCE O4ard, oTBevaromniue o0cra-
HoBkam FOKO3-CCB cxarust (B30pocoBble, CIBUTO-B30POCOBBIC, B30OPOCO-CIBUTOBBIE —
BEpPXHUHU psl) U pacTskeHus: (cOpocoBble, CIBUIO-COPOCOBBIE, COPOCO-CABUTOBBIE —
HWKHUH psill), ODUEHTUPOBKU Oceil HanpsbkeHU P 1 T KOTOPbIX 00pa3yoT MaKCUMYMBI
B auarnasone 10-40°, noka3aHHbIE KOHTYPOM Ha pUCYHKe 1.
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Puc. 4. Xponoepamma nposienenusi KUHeMAmuyeckux 0OCmMaHo0B80K CelicMO2eHe3d
cesepo-cesepo-60CMOUH020 (CYOMEPUOUOHATbHO20) cocamust (a) u pacmsicenus (b) 6 npedenax
Cpeonexacnuiickoeo pecuona. Ycnognvle obosnauenus: 1-3 — ouaeu, cihopmuposanmvle 8 06CmanosKax
corcamusi (1 — 636pocogoeco, 2 — co6u20-630p0co8020, 3 — 636P0OCO-COBU206020 MUNOB);

4-6 — ouaeu, cghopmuposannsie 8 0OCmManosKax pacmsicenus (4 — copocosoeo, 5 — couo-copocosoeo,
6 — cOpoco-c08u206020 munog) /

Fig. 4. Chronogram of the manifestation of the kinematic conditions of the north-northeastern
(submeridional) compression (a) and stretching (b) seismogenesis within the Middle Caspian region.
Symbols: 1-3 — foci formed in compression environments (1 — reverse fault, 2 — reverse fault with shear,
3 — shear with reverse fault) types, 4-6 — foci formed in stretching environments (4 — normal fault,

5 — shear with normal fault, 6 — normal fault with shear types)

KpaTtkoBpeMeHHOCTb 1EPUOAOB MPOSBICHUS KaXA0M U3 MHBEPCUOHHBIX 0OCTAHOBOK

ceficMoreHesa, paBHO, KaK | JUTUTSIIbHOCTh HHTEPBAJIOB, PA3/ICISIONINX 3TH OOCTAaHOBKH,
000CHOBaHA CPAaBHUTEIbHBIMU JAMArPAMMAaMHU, PUBEJCHHBIMU Ha PUCYHKE 5. DTH Bpe-
MEHHbIC TIapaMEeTPhl KOPPEIUPYIOTCS MEKIY COO0M, MMes MAKCUMYMBI TTPOTSHKCHHOCTH
or 0 1o 5 ot 5 mo 10 mecsies.

Ni

LgXE ) N
Greater Caucasus Caspian Sea Kopetdag
bonbwoii Kaska3 Kacnniickoe Mope Korterzar | |»

T
30

Puc. 5. Bpemennwte unmepeanvl mesicoy
nposA6IeHUAMU 0OCINAHOBOK CHCAMUS U

t(mecan) 8

(month) 45°

Puc. 6. Pacnpedenenue (c 3anada na 60CmokK) 6eiuyut
Jnoeapu@ma cymmaproi gvloenennol snepeuu (LgXE)

pacmsdxcenus (1) u npooonsicumenbHocms
delicmaust mux 00cmanosok (2) /

u xonuuecmea semaempscenuti (N) 6 ouazax cocamus
(1, 2) u pacmsicenus (3, 4) /

Fig. 6. Distribution (from west to east) of the
logarithm values of the total released energy (LgXE)
and the number of earthquakes (N) in the foci of
compression (1, 2) and stretching (3, 4)

Fig. 5. The time intervals between the
manifestations of compression and stretching
conditions (1) and the duration of these
conditions (2)
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Takum 00pazoM, BpeMEHHON HMHTEpPBAI MEXIY NMPOSBICHUSIMHU MPOTHUBOIOIOKHBIX
KHHEMaTUYECKUX 00CTAaHOBOK, TaK e KaK M JJIUTEIbHOCTh MEPHOIOB ICHCTBUS TOH WM
MHOI 00CTaHOBKH, OOJIbIIEH YacThlO, COCTABISIET MeHee 1-To rona.

2. VlHBepCHOHHBIM OOCTAHOBKAM CXKATHUSl M PACTSXKEHUS COOTBETCTBYET Pa3HOE KO-
JMYECTBO 3eMJICTPSACEHHUH (COOTBETCTBEHHO, 41 1 27 ouaroB), yka3blBas Ha npeodiaja-
IOLIEE BIMSHUE CKMMAIOIIMX HANpsHKEHUM Ha MPOLIECC PETHMOHAIBHOIO CEMCMOreHesa.
[TockonbKy aHaMU3UpPyEeMble COOBITHS UMEIOT Pa3Hble MATHUTYAbI, IUIsl CPABHUTEIBHOIO
aHasm3a 00CTaHOBOK MCIOJIb30BaH 00Jiee YHUBEPCAIbHBINA MOKA3aTeNlb — IPUMEPHOE KO-
JMYECTBO CyMMAapHOi BeIIeNUBIIeHCs sHeprun (2E, [{orc) B odarax TOro Wi MHOTO BUJIA.
PacyeTtsl moKa3bIBalOT, 4TO U B JAHHOM CJIy4ae COXPAHAETCS aHAJIOTMYHOE COOTHOLLIEHUE:
B 00CTAHOBKAX CKAaTHUs TOT IOKa3aTenb cocrasuser 2E=46,0-10" /o (oxomo 58% or
o01iero Konu4ecTna sHepruu B 134-x ouarax aHaJIU3UpyeMOM BBIOOPKH), TOT/IA KaK MU
pacTskenuu Beiaenunock 2E=20,1-10" /o (Gonee 25%).

Crnenyer OTMETUTh HEPABHOLEHHBIN YHEPreTUYECKUN BKJIAJ] 04aroB PasHbIX THUIIOB,
c(OPMHPOBAHHBIX B YCIIOBHSX, C OJHOH CTOPOHBI, MPSIMOTO CXKAaTHS M PACTSDKEHMS, C
JpyToil — IpU TPAHCIPECCUU WM TPAHCTEHCHH, T.€. IPY HAJIMYUU CIIBUTOBOM COCTABIISA-
rouieil. Tak, B IepBOM cilyyae OCHOBHAsI SHEPreTUUYECKasl Harpy3Ka MPUXOAUTCS HA O4aru
B30POCOBOTO THIIA, 0OPAa30BABIIMECS B YCIOBUIX NPSIMOIO CKarHsl, coctasiss 42,2-101
Lo (92% ot cymmapHO#M 3Hepruu 00CTaHOBOK MHBEPCHOHHOTO cxkartus). IIpu TpaHc-
NPECCUU 3Ta BEJIMYMHA CYIIECTBEHHO MEHbILIE: B O4arax CJIBUr0-B30pOCOBOIO THIIA OHA
cocrasuser 3,8-10" /e (~8%), B30poco-casuroBoro — Beero 0,02-10'° e (<<1%).
CxopnHast KapTuHa (B HECKOJIBKO MHBIX COOTHOIICHUSX ) XapaKTepu3yeT U 0OCTaHOBKH pe-
TMOHAJIBHOTO PAacTSHKEHUS U TPAHCTEHCHUHU: B o4arax cOpOCOBOTO THIIA BbIJIEIEHO Oolee
TI0JIOBUHBI CyMMapHoii sHeprun — 11,6-10'° /o (58% oT cymMmMapHO# SHEPIUM MHBEPCH-
OHHBIX 0OCTAHOBOK PAaCTHKEHHUs), CABUIO-cOpocoBoro — 8,3-10' e (41%) u copoco-
cauroBoro — 0,210 Joe (~1%). Takum 006pa3om, OCHOBHAS POJib B MHBEPCHOHHOM
IIPOLIECCE PETMOHAIBHOIO CEMCMOTEHEe3a INPUHAMIEKUT 3EMIIETPSICEHUSM C OdaraMu
B30pOCOBOTO M COPOCOBOTO THTIOB.

3. Uccnenyemble 3emieTpsiceHHuss 00pa3yloT 30HBI CEBEPO-3alaJHONW OPUEHTHPOB-
KU, IpUypoYeHHbIe K (OpJiaHAy M K ThUIBHOW YacTH CKJIaa4aTod cucTeMbl boibioro
Kaska3za-Komnernara (puc. 2). B akBatropun Kacnuiickoro Mopsi o4aru mpocTpaHCTBEHHO
TATOTEIOT K 001acT AnmepoHcko-IIpubanxanckoi 30HbI MOTHATHIA, KOTOpask pa3rpaHu-
yupaeT Cpenne- u KOxxHo-Kacnuiickyto BaJuHbl (OCHOBaHME MOCIIEIHEN MPEICTaBICHO
KOpo# cybokeannyeckoro tumna). [Ipu 3TomM ycTaHaBiauBaeTcs nonepevHas (K npocTupa-
HUIO 3THX F€OCTPYKTYpP) 30HAJIBHOCTD, BBIPAXKEHHAs! KOJMUECTBEHHO-3HEPreTHYECKUMHU
COOTHOILIEHUSIMU O4aroB pa3HbIX THUIOB, OTBEYAIONINX KaK0N U3 HHBEPCUOHHBIX 00CTa-
HOBOK (pHuc. 6).

Tak, B npeznenax cyiu, a UMEHHO B palioHax bonbemoro Kaskasa u Konernara, noka-
JM30BaHbl, INIaBHBIM 00pa3oM, 3€MJIETPSCEHUS], OTBEYAONe 00CTaHOBKaM pEruoHallb-
Horo cxatusd. IIpu 3ToM OHM UMeroT 6oiee BBICOKME 3HAYEHUSI MAarHUTY/L 110 CPAaBHEHUIO
C OTHOCHUTEJIBHO MAJIOUMCIIEHHBIMU OJHOTUIIHBIMU OYaraMmH, JOKaJIM30BaHHBIMU B aKBa-
topuu Kacnimiickoro mops (puc. 2a).

B 10 ke Bpemsi, O0NBIIMHCTBO 3eMJIETPSCEHHH (B TOM UMCIie Hauboiee UHTEHCUBHBIX,
C BBICOKMMH 3HAYEHUSIMU MarHuTy[), OOyCIIOBICHHBIX OOCTAaHOBKaMH PACTSKEHHUS, JIO-
KaJIM30BaHO B IIPEJEJIax aKBaTOPUU U MPOCTPAHCTBEHHO TIAroreeT K AniepoHcko-IIpu-
0anxaHCKOH 30He MOAHATHUI, pa3rpaHUYMBAIOLIEeH 00JaCTH ¢ KOPO KOHTHHEHTAIBHOTO U
CyOOKeaHMUYECKOro THIMa. B MeHbIIeM KOJIMYECTBE OUaru pacTsHyKeHUs paclpOCTPaHEHBI
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B paiione bonbmoro Kaska3a, a Ha Bocrounom Oepery Kacrnimiickoro mops (B Konetare)
WX HallM4Msl HEe YyCTaHOBIEHO (puc. 20).

DTa TEeHACHIUS OTYCTIUBO MPOSBISCTCS B JATEPaJbHOM paclpelieiecHuu (¢ 3ara-
Jla Ha BOCTOK) KOJIMYECTBA 04aroB, C(hOPMUPOBABIIUXCS B 0OCTAHOBKAX CXKATUSl U pac-
TSDKCHUSI, U JIoraprudma CyMMapHOW BBIICIMBIICIHCS SHEPTHH B 3THX ovarax. JlaHHbIe,
paccuMTaHHbIE JJIi CETMEHTOB, 3aKIIOUCHHBIX MEXY IEIbHOYUCICHHBIMUA 3HAYCHUSIMU
MEPHUIMAHOB (TO €CTh, C maroM 1°), MpUBEICHBI HA PUCYHKE 6. DTH rpaduKu OTPAKAIOT
CYIIECTBEHHOE YMEHBIIICHUE CEHCMUYECKOI SHEPTUU M KOJIMYECTBA 04aros, chopMupo-
BaHHBIX B 00CTAHOBKAX CXKaTHsl, IO HaINpaBJieHUI0 K Kacrnuiickomy MOpIO Kak co CTOpO-
Hbl bornbiioro Kaskasa, Tak u co ctoponsl Koniernara. B To e BpeMsi, B pacripeieiecHuu
KOJIMUECTBA U SHEPTUH 0YaroB, OTBEUAIOIIMX PETHOHATLHOMY PACTSDKEHHIO, HAOM0IaeT-
cst oOparHasi TSHIICHIIMS: UX MAaKCUMYMbI TIPUXOJISTCS Ha akBaToputo Kacnuiickoro mops,
a MMEHHO — Ha AmnmepoHcko-IIprbanxaHcKyo 30HY MOIHATHMA, Pa3rPaHUYUBAIOIIYIO
00JIaCTH C KOPOW KOHTHHEHTAJILHOTO U cyOokeaHndeckoro tuma (puc. 6). [Ipu stom Ha
Kpasix mpoduIisi, Ha yIaJeHUU OT aKBaTOPUAIBHOM YacTH, O4ark, 00pa3oBaHHbIC B 00CTa-
HOBKaX PacCTSHKCHHS, OTCYTCTBYIOT.

BbiBOADI

Takum o0Opa3oM, OCHOBHBIE BBIBOJIbI OTHOCHUTEJIBHO JOMHUHHUPYIOIIMX O0OCTaHOBOK
celicMoreHesa B npezesnax CpeJHEKaCIIUIICKOro peruoHa CBOJATCS K CIIEIYIOIIEMY:

1. ®opmupoBaHHE PETMOHAILHOIO CEHiCMOreHe3a 00yClIOBIEHO, B OCHOBHOM, IIEpHU-
OZIMYECKU CMEHSIOIIMMH JIPYT JAPYyra UHBEPCHOHHBIMU OOCTAHOBKAMH CXKATHS M PACTSI-
xenust, aeicteyromuMu B FOKO3—CCB HampaBiieHuu; npu 3TOM UX U3MEHEHUS MPOUc-
XOJIWJIM B TEYEHHUE KOPOTKHX (MeHee 1-ro rosia) BpeMEHHbIX HHTEPBAJIOB.

2. Ogaru 3emJIETPSICEHHMM, BO3HUKIIME B OOCTAHOBKAX CXKaTHUs, JIOKAJTU30BaHBI, B
OCHOBHOM, B KOHTUHEHTAJIbHOM YaCTU PErvOHa; OHU SIBJIAIOTCS MHJMKAaTOpaMH COBpe-
MEHHBIX MPOLIECCOB OpOreHe3a, B30poco- 1 HaABUrooOpa3oBaHus B paiioHax boinbimoro
Kaska3a u Konernara.

3. 3emuierpsiceHus] OOCTAHOBOK PAacCTSDKEHHUSI JOMUHUPYIOT B IIpeJienax aKBaTOPUU
Kacnuiickoro mopsi. MectonosnoxeHne, KOJIMYeCTBO U JHEPreTUUECKUE XapaKTEPHUCTH-
KM 3TUX OYaroB SIBJISIIOTCS IPSMbBIM YKa3aHUEM Ha COBPEMEHHBIE MPOLIECCHI IECTPYKIUU
B CEBEPHOM OOpTY KOTJIOBHMHBI C KOpOi cyOokeanndeckoro tuma — KOxHo-Kacnmiickoit
BIIAIUHBI.
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Pestome: AKTyanbHOCTb paboTbl 06YCOBIEHA HEOOXOANMOCTbIO UCCNE0BAHNS 0COOEHHOCTEN reoanHa-
MMWYECKMX NPOLLECCOB, (DOPMUPYIOLLIX CTPYKTYpPbl B NPejenax CnoXXHOMOCTPOEHHOr0 PernoHa, BKIH4atoLLero
ceBepHoe Kpbino bonblioro Kaekasa n BHYTpeHHNe xpebTbl Tepcko-Kacnuiickoii BnaguHel. Metogpl. G Lenbio
U3y4eHNs 3TUX MPOLECCOB BbIMOIHEHO COMOCTaBNEHUE MOP(ONOTMYECKUX OCOBEHHOCTEN Pa3NUYHbIX FOPHbIX
MOCTPOEK PEruoHa ¢ Ux rmnyeuHHLIM CTPOEHUEM, NOSYHEHHbIM M0 METOLY MUKPOCENCMUYECKOr0 30HAMPOBAHUS
(MM3). PesynbTatbl. [poifieH pernoHanbHblil Npouab 0T CeBEPHOro cknoHa bonbluoro Kaekasa vepes Oce-
TUHCKY'0 BnafuHy, HaspaHoBCKuMii BbICTYN, CyHXEHCKNA 1 Tepckui XpeoTbl 06LLel AanHoi 115 KM ¢ npocTpas-
CTBEHHbIM LLArom mexgy nyHktamu uamepenuin 500-750 m. [ocTpoeH paspes 4o rny6uHbl 45 kM. O6HapYXeHb!
KPYMHbIE HU3KOCKOPOCTHbIE aHOMATMK NOJ, CeBEPHbIM CKNOHOM bonbluoro Kaskasa n HaspaHoBCKUM NOAHATU-
em. AHanoru4Has aHomanus nof ceBepHbIM CKIIoHOM KaBkasa B panoHe peku ApLoH npennonaraet, Y10 BAOMb
BCEro CeBepHOro CKroHa bonbLlioro Kaskasa npucyTCTBYeT CTEHOOOPA3HOE HU3KOCKOPOCTHOE Tero, NPOCTPaH-
CTBEHHO KOPPENupYyoLLee ¢ peskum noLbLemoM pesibedha npu NpoABMXKEHNN OT NPEeSropHON BNAANHbLI B CTOPOHY
FOPHOr0 MaccKBa. 310 TEJIO C BbICOKMM 3N1EKTPUYECKMM CONPOTUBAIEHNEM MO JAHHLIM MArHUTOTENTYPUHECKOrO
3oHanposaHus (MT3) npocTupaetcs Ha rny6buHy 50-60 kM. Ero MOXHO WHTEpNpeTUpOBaTh Kak 30HY, CBA3AH-
HYIO C TENJIOBbIMI NOTOKAMMW U Hanuyuem oironaa B 30MPOBAHHbLIX MUKPOTPELLMHAX. CYHXEHCKNIA 1 TepcKnii
Xpeo6Thbl He UMEKT NOJ06HbLIX TMYOGUHHBLIX aHOManui. VX cTpoeHne 0Tnn4aeTcs 0T CEBEPHOr0 CKMoHa bonbLlioro
KaBkasa, a reHe3uc CBA3aH C ropM30HTaNbHbLIM CXKaTUeM W CKNaa4aTo-Ha[ABUroBbIMUY fJechopmaLmsmi B 0CaL0N-
HOM y4exJe. Ha 0CHOBaHWW CONOCTaBNEHUS CTPYKTYPbI 0CAZ04HOr0 Yexna no gaHHeiMm MM3 ¢ Bo3pacTom Havana
TEKTOHWYECKOI akTuem3aunn CyHXeHCKOro xpe6Ta paccyutaHa CpeaHsas CKOpPOCTb BEPTUKANbHBIX ABWXEHWA,
cocrasusLuas ~0.83 MM/TOf, TAKXXe OLieHeHa CpeaHss CKOpoCTb AeHyaauuu ~0.22 MM/Tof, 4TO COCTaBNfAeT ~25%
0T CKOPOCTU pOCTa U COrNnacyetcs C COBPEMEHHbIMI OLgHKaMm Afs ropHbIX cUcTeM KaBkasa.
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Abstract: Relevance. The relevance of this work is determined by the need to study the peculiarities of geo-
dynamic processes that form structures within a complex region, including the northern wing of the Greater Cau-
casus and the internal ridges of the Terek-Caspian depression. Methods. To study these processes, a comparison
was made between the morphological features of various mountain structures in the region and their deep struc-
ture obtained by the microseismic sounding method (MSM). The results of other methods were used for com-
parison. A regional profile was surveyed, extending from the northern slope of the Greater Caucasus through the
Ossetian depression, the Nazran protrusion, and the Sunzha and Terek ridges, with a total length of 115 km and a
spatial step between measurement points of 500-750 m. A section was constructed to a depth of 45 km. Results.
Large low-velocity anomalies were detected beneath the northern slope of the Greater Caucasus and the Nazran
Uplift. A similar anomaly under the northern slope of the Caucasus in the Ardon River area suggests that there is
a wall-shaped low-velocity body along the entire northern slope of the Greater Caucasus, correlating in its spatial
position with a sharp rise in relief from the foothill depression towards the mountain massif. According to mag-
netotelluric sounding (MTS) data, this body with high electrical resistance extends to a depth of 50-60 km. It can
be interpreted as a zone associated with heat flows and the presence of fluid in isolated microcracks. The Sunzha
and Terek ridges do not have similar deep anomalies. Their structure differs from that of the northern slope of the
Greater Gaucasus, and their genesis is associated with horizontal compression and fold-and-thrust deformations
in the sedimentary cover. Based on a comparison of the structure of the sedimentary cover according to MSM
data with the age of the onset of tectonic activation of the Sunzha Ridge, the average vertical movement rate was
calculated to be ~0.83 mm/year, and the average denudation rate was estimated to be ~0.22 mm/year, which is
~25% of the growth rate and is consistent with modern estimates for mountain systems in the Caucasus.

Keywords: deep structure, microseismic sounding, growth and denudation rates, Greater Caucasus, Sunzha
Range, Terek Range, Nazran Uplift.
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BeeapeHe

HccnenoBanue yOMHHOTO CTPOEHUSI B KOHTAKTHBIX 30HAX JUTOC(EpPHBIX OJIOKOB B
COTOCTABJICHUH C CEHCMUYHOCTBIO U PETUCTPUPYEMBIMH COBPEMEHHBIMH JIBUKEHUSIMU
MIOMOTaeT MOHATh Pa3BUTHE I'€OIMHAMUYECKUX IpolieccoB B pernoHe. Ctpoenue boinb-
mioro Kaskasza, OcetnHckoi Bnaannbl, CyHKeHCKOro v Tepckoro XxpeOToB Ha TEPPUTOPUHI
CesepHoil OceTun U3y4asloch B TEUEHHE Psijia JIET C UCIIOJIb30BAaHUEM PA3IMYHBIX T'€0-
¢uznueckux meronos: 'C3, MOB OI'T, MOB3, M T3, ceiicmuueckoii Tomorpaduu u mp.
[Kpacunomnepriesa u nip., 1970; JleraBun u np., 1975; Konosanos u ap., 1987; lllemnenes,
2008; Zabelina et al., 2016; Rogozhin et al., 2019; Ismail-Zadeh et al., 2020; Crorunii
u ap., 2022, 2023; Hubuzosa u np., 2023]. Tak, no npoduito I'C3 Crennoe-bakypuanu
[KpacnonesueBa u ap., 1970] O6buin noiydyeHsl DTyOMHHBIE TpaHUIBI MOXOpOBUYHMYA,
Konpazna, moBepXxHOCTb «TPaHUTHOTO» CIIOsI, MIPETOMIISIONIAs TPaHMIIA, KOTOpas B ce-
BepHoi yactu [IpenkaBka3bsi COOTBETCTBYET MOBEPXHOCTH MajIC030MCKOro (hyH1aMeHTa.
B Ocertunckoii BnagnHe 3Ta rpaHuia 6J13Ka K TOBEPXHOCTH MOJCOIEBBIX BEPXHEIOPCKUX
WM HUKHE-CPETHEIOPCKUX TEPPUTEeHHBIX oTioxkeHui. Taxke mo nanueiM MOB OI'T
OBLIH BBIJENIEHBI Pa3JIOMbl B KPOBJIE MEJIOBBIX OTIOKEHUH.

B nocnennue necstunetuss Habop METOJOB JTOTOJIHUIICS METOAOM MHKPOCEHCMHU-
yeckoro 3oHaupoBanusi (MM3). C nmomompio MM3 B OcetnnckoMm cektope bombiio-
ro KaBkasa B1oiab ApAOHCKOTO Npoduiisi yCTAaHOBICHO HAJIMYUE JBYX XapaKTEPHBIX 10
cBOMcTBaM U MOp(oJIOTUH TITYOMHHBIX 00BEMOB IO/ TOpHOI cucteMoil [Gorbatikov et
al., 2015]. KpynHblif HU3KOCKOPOCTHOH OOBEM PACIIONIOKEH IMOJI CEBEPHBIM KPbUIOM U
0CEBOM 4acThI0 MeraHTUKIMHOpHUA bonpmioro KaBkasa, a BRICOKOCKOPOCTHON — IO FOXK-
HbIM. [IpakTHuecku nox Bcell CTPyKTypoi IIbIOOBOM yacTu ceBepHOro kpbuia KaBkasza
HU3KOCKOPOCTHON 00BEM MMEET BBIJEPKAHHYIO TOPU30HTAIBHYIO KPOBIIO Ha ITyOuHE
~10 kM. KopeHb HU3KOCKOPOCTHOM 00nacTu yXoauT Ha rmyOouHsl ~50—60 kM. 3ameTHa
JIOBOJILHO OTYETIIMBAs IPUYPOUECHHOCTH CJIa00i PErMoOHalbHON CEMCMUYHOCTH K BBICO-
KOCKOpOCTHOHM obOnactu. B nuanazone mryown 10-25 kM ciiabass CEHCMUYHOCTBH PE3KO
CrajiaeT B Mpeeiax dTOM HU3KOCKOpOCTHOM obnactu. [1o HezaBucumbIM qanHbIM MT3
AJIEKTPUYECKOE COMPOTUBICHHE HU3KOCKOPOCTHOM 00JIaCTH 3aMETHO MPEBBIIIAET COPO-
TuBJIeHHne BMematomux nopox [Llemnenes, 2008].

Ha 6a3e npumenenunst MM3 panee Obliia peiokeHa KWHEMaTH4IecKast CXeMa TeKTOHH-
YECKUX JBWKEHUH, KOTOpasi MO3BOJISIET OObSICHUTH HAIMYKME B TEKTOHUYECKOM 30HE ceBep-
HO MOHOKJIIMHAIN KaBka3a cepuu Majarolux Ha CeBep HaJBUIOB U B30pocoB [ 'opbaThkoB
u ap., 2023]. B pabote npeamnomaraeTcsi, 4To B 30HE KOJUTU3UU CKIIQA4aTO-TIILIOOBOTO TOP-
Horo coopyxeHusi KaBkaza u Cku(CKoil IUIUThI BEpXHSS 0CA0UYHAs TOJIIIA HAIBUTAETCS
Ha KaBka3 ObIcTpee, MPOCKalIb3bIBasi IO KOHTAKTY (PYyHAAMEHT-0CAIKH. DTOT CABUT OOBSIC-
HSIET IPUYPOYEHHOCTb TUIIOLIEHTPOB 3eMyleTpsiceHui K myounam 8—11 kM. B paiione Bia-
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JIMKABKa3CKOTO Pa3jioMa IIPU CTOJIKHOBEHMU OCAJOYHOM TOJIIIM C KOHCOJIUIANPOBAHHBIM
MIPUIIOTHATHIM MaccuBOM KaBka3za MpPOMCXOAUT IPOLECC €€ BBITyYMBAHMS, BCIIEACTBUE
4ero oOpasyercs JucTpuka BiaankaBkasckoro pasnoma, a CyHKeHCKHIA XpeOeT siBIsieTCst
MIPOMEXKYTOYHON aHTUKJIMHAJIBHOW CKJIAIKOH, (HOpMUPYEMOIi B 3TON TOJIIIE.

B npusenennom uccnenoBanuu npoduiasr MM3, mpoxoss BIOJIb yYacTKa pycia PeKd
Tepek, nepecekan CyHXEHCKUN XpeOeT B pailoHe DJIbXOTOBCKUX BOPOT. ITO MO3BOJIUIO
HO/ITBEPIUTH HAJTMUUE PA3JIOMHOM CTPYKTYpbI B 3TOM yacTH xpeOTa. OTHAKO BBISBICHHbIH
IIPY 3TOM SIPKHA pa3jioM 3aMacKUpOBaJ B pazpe3e NIyOMHHOE CTPOSHHE CaMOro XpeoTa.

Bonee nerampHOe M3ydeHHe ITyOMHHOTO cTpoeHus CyH)KEHCKOro XpelTa sSBUIOCH
3a/laueil Halllero JajbHeHIero ucciaeaoBanus. BHuMaHue Takke npuBiekia nmpoodiema
B3aMMHOT0 cornocTrapieHus cTpykTyp CyHkeHckoro xpedta u HaspanoBckoro BeicTyna.
C onHoii croponbl, HazpaHoBckuii BeICTyN sABisieTcs oTporoMm bosbiioro Kaskasa, HO ¢
JPYTOii CTOPOHBI, OH HEMOCPEICTBEHHO MPUMbIKaeT K CyHKEHCKOMY XpeOTy.

Haxkowner, B pa3BuTHe paHee NOJTYUYCHHBIX PE3YJIbTATOB UHTEPECHO OBIJIO TAKXKE BbI-
SICHUTB, OOHAPYKUBAETCS JIM HU3KOCKOpPOCTHOE Teno nox bonemmm KaBkazom npu me-
pECEeYEeHNH €ro CEBEpHOro CKJIOHA MO yuienblo Tepeka (aHaJOTMYHO MEPECEUEHUI0 10
ApPIOHCKOMY YIIIEINBIO).

Taxum oOpaszoM, 11e51b paboThl COCTOSIIA B BBIMOJIHEHUH €I11€ OTHOTO PErHOHATBHOTO
npoduist MM3 ot ceBepHoro ckioHa bonbioro Kaskasza yepe3 OceTHHCKYIO BIAJHHY,
Ha3zpanosckuii BeicTyn, CymxeHCkuil 1 Tepckuil XpeOTbl U onpeieeHny TIIyOunHHOTO
CTPOCHMS B IIapameTpax BapHaluil CKOPOCTEHW CABUIOBBIX CEHCMHMUYECKHUX BOJIH BIOJb
npo¢uisi, B TOM yucie K ceBepy oT OCETHMHCKOM BHaJMHBI, YTO OCTAJIOCh 32 paMKaMH
Apnonckoro npoduiss MM3.

MeToa NCCAEAOBOHMUS

Jliis n3yueHus: riyOMHHON CTPYKTYPBI 3¢MHOM KOPBI ObUT MPUMEHEH METOJ MHUKPO-
ceiicmuyeckoro 3ouaupoBanus [MM3] [[opOarukos u nip., 2008]. Do quddepeHumas-
HBI aMIUTUTYAHBIN MeToA. YI0OCTBO €ro MpUMEHEHHUs 3aKIF0UaeTCsl B TOM, UYTO U3Me-
PEHUS BBIMOIHSIOTCS 1O MPUHIUITY «OTAEIbHON CTaHLKEN) MOCIeI0BaTeIbHO B TOUKAX
npo¢uis. B kauecTBe 30HAMPYIOIIETO CUTHAIA UCTIOIB3YIOTCSI (JOHOBBIE MUKPOCEHCMU-
yeckue kosebanus ¢ yactotoi <1 I'm. UudopmaTuBHBIM TapaMeTpoM SIBIISETCS CTEIICHb
UCKaKEHUS CTIEKTPOB UCXOIHOTO MUKPOCEHCMHUUYECKOTO TOJIsI TPU €ro PacCessHUU Ha CKO-
pPOCTHBIX HeoHOpoaHOCTAX. DazoBast HHGOpPMaLUs He HcToab3yeTcs. Popma u TiTyOuHa
3aJIeraHysl HEOJHOPOJHOCTH OLIEHUBAETCSI UCXOJIs U3 IIPOCTPAHCTBEHHOI'O pacIipeesie-
HUS UCKA)KEHUH CIIEKTpa MCXOIHOTO MOoJisl, (PUKCUPYEMOro Ha 36MHOM NMOBEPXHOCTHU, U
4acTOThI, HA KOTOPOH 3TH UCKAXKEHUS MTPOSBISIOTCS B MAKCUMAJIbLHON CTETIEHU.

B nocnennee Bpemss MM3 ycnieniHo NpUMEHSIETCS B IIUPOKOM Kpyre 3ajad Jyisl hc-
CJIEIOBaHUS CTPYKTYPBI, CBOWCTB U MMapaMeTPOB 3aJleraHus pa3IU4HbIX OOBEKTOB B pa3-
JUYHBIX I'€0JIOTO-reorpauyecKux ycaoBUsAX, BKIIIOUAs PEIIeHUE KaK HAayYHO-UCCIE0-
BaTEJIbCKUX TaK M MH)KEHEPHBIX 3aJ]ayd, B TOM YHCJIE B KOMILJIEKCE C IPYTMMH HE3aBUCH-
mbiME MeToamu [Danilov et al., 2021, 2023, 2025; Ovsyuchenko et al., 2023; Antonovs-
kaya et al., 2024].

[Toquepkuem, uTo MM3 Mo3BOISET MONIYYUTh pa3pe3 B MapaMeTpax BapHalui CKo-
pocTeli 0 OTHOILIEHUIO K PErMOHANIBHON CKOPOCTHOM MOJIENH, HO TIPU 3TOM B MPOLIEAYPE
MM3 ucnons3yercs JMILIb JUCIEPCUOHHAS KpUBasi, COOTBETCTBYIOIIAs ATOMY CKOPOCT-
HOMY pa3pesy. CaMy CKOPOCTHYIO MOZEIb pa3pe3a MOKHO MPU 3TOM HE ONPEIEIIATh, HO
nro0ast BBIOpaHHAas perMoHalIbHasi CKOPOCTHAsI MOJIENb TOJDKHA 00ecreunBaTh MMEHHO Ty
JUCIIEPCUOHHYIO KPUBYIO, KOTOpas IPUHSTA B pacuer.



Geology and Geophysics of Russian South 15(2) 2025 ['eonorus u reogumanka fOra Poccim 91

Pe3yAbTaTbl 1 OBCYXKAEHME

B cooTBeTCTBUM ¢ MOCTaBIEHHOM 3aAa49eit ObLT TPOHICH MPO(UITH 10 METOy MUKPO-
CEHCMUYECKOTO 30HIMPOBAHMS, MPEICTABICHHBIA Ha pUCYHKE 1. DTOT mpoduib BKIIO-
qai B ceOs paHee BBIMOJIHEHHBIM (QparMeHT uepe3 BragukaBka3cKuil pas3ioMm (MHKETHI
VI11-1 — VI11-57) [OBcrouenko u ap., 2011]. O6mmas 1iuHa MOTHOTO TPOoQUIIsl COCTaBHUIIa
115 kM, IPOCTPaHCTBEHHBIN 1IAr MEXAY IIyHKTaMH U3MEPEHUM BbIAECPKUBAJICA B IIpejie-
nax 500-750 m.
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Puc. 1. Kapma pationa pabom. CM — CesepHnasa monokaunane Llenmpanvrnozo Kaskasa, enaoutbi:

O — Ocemuncxas, K — Kabapounckas, 4 — Yeuenckas, 11— Ilpeomepckuii npoeud; anmukiunaibHule 30HbL:
C — Cynoicenckas, T — Tepckas; noowsmusi: X — Xapbuoicunckoe, H — Haspanosckoe, J] — Jlamvixcruti
svicmyn. 1 — Braoukasrascxuii npogune MM3, 2 — Apoonckuii npogune MM3, 3 — npoghune I'C3 Cmennoe-
baxypuanu u I'enanooncxuti npogpune MOB3 u MT3, 4 — I panuya mesxncoy Hu3KOCKOpOCMHOU aHoMauell
800716 cegepHo2o ckaoHa Borvuioeo Kaskaza u Haspanosckum noonsmuem 6 niaue. InuyeHmpul
cetlicmuyeckux coovimuii 0o 2003 2. — no (Cneyuanusuposannulii kamanoz Yiomosa hitp://seismos-u.ifz.
ru/documents/Eartquake-Catalog-%D0%A 1 %D0%9A4%D0%97.pdf), ¢ 2003 2. — no kamanozy I'C PAH
(Dnexmponnwiii kamanoe semiempsicenuii EI'C PAH ¢ 2003 2., http://eqru.gsras.ru/index.php ?inc=main).
Kpacnvie nunuu — paznomul no [Ilucomennoiii u op., 2021], (Kapma axmusnwix paziomos Eepazuu hitp.//
neotec.ginras.ru/index/mapbox/database_map.html). Jlunuamu c depaumpuxamu 0603Ha¥eHbl MPU 6eMBEU
Braoukaskasckoeo pasznoma no [Oscrouenko u op., 2011]. Hcnonvsosana yugposas modens pervegha
Google Maps (https://www.google.ru/maps) /

Fig. 1. Map of the work area. CM — Northern monoclinal of the Central Caucasus, depressions:
O — Ossetian, K — Kabardian, 4 — Chechen, I1 — Predterkian depression; anticline zones: C — Sunzha,

T — Terek; uplifts: X — Kharbizhinskoye, H— Nazranovskoye, [{ — Datykhsky promontory. 1 — Viadikavkaz
profile of the MSM, 2 — Ardon profile of the MSM, 3 — profile of the Stepnoye-Bakuriani deep seismic
sounding (DSS) and Genaldonsky profile of the earthquake converted wave method (ECWM) and CSAMT,
4 — boundary between the low-velocity anomaly along the northern slope of the Greater Caucasus and the
Nazran uplift in plan. Epicenters of seismic events until 2003 — according to (Specialized catalog of Ulomov
http://seismos-u.ifz.ru/documents/Eartquake-Catalog-%D0%A 1%D0%94%D0%97.pdf), since
2003 — according to the GS RAS catalog (Electronic catalog of earthquakes of the EGS RAS since 2003,
http.//eqru.gsras.ru/index.php?inc=main). Red lines — faults according to [Pismenniy et al., 2021],
(Map of active faults in Eurasia http://neotec.ginras.ru/index/mapbox/database _map.html). The lines with
bergstrich marks indicate the three branches of the Vladikavkaz fault according to [Ovsyuchenko et al.,
2011]. A digital terrain model from Google Maps (https.//www.google.ru/maps) was used
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Kak BuiHO Ha pucyHke 1, Ha ceBepe npoduns MM3 nepecekaer npopuns I'C3 Cren-
Hoe-bakypuanu, a Ha tore — ['eHannonckuii npopmis MOB3. Mx npoekuus Ha pa3pes
MO3BOJISIET MPOCIEIUTh YCTAaHOBICHHbIE paHee ITyOMHHBbIE I'PaHMIIbI B COMOCTABICHUU
C HOBBIMM JaHHbIMHM 110 MM3. Bepxuss oOmMeHHas rpanuna [eHangoHckoro npoguis
B OCeTHHCKOM BIaJMHE HA IIIyOWHE OKOJIO 5 KM COOTBETCTBYET KPOBJIE MEJ-D0I[€HOBBIX
omioxkeHuit [IIucemennsiit u ap., 2021]. A cnenyromas, Ha ryoune okono 10 kM, mo-
BUIMIMOMY, COOTBETCTBYET MIOBEPXHOCTH (PyH/IaMEHTA.

Ha paspeze MM3 (puc. 2) enTbIMU U KPaCHbIMU I[BETAaMHM OO0O3HAYECHBI 30HBI OT-
HOCHTEJIBHOTO MOHMKEHHUS CKOPOCTEH CABUIOBBIX CEHCMHUYECKUX BOJH, CHHUMM IIBETa-
MU 0003HaYEHbI 30HbI OTHOCUTENILHOTO MOBBILIEHUsI CKOpocTel. Cephle IIBETa 03HAYAIOT,
YTO B 3TUX MECTAaX CKOPOCTH OJMU3KU K CpeHEN CIIa)keHHOM ckopocTHOW monenu. Ot-
KJIOHEHUs BbIpakatoTcsi B /b, 1Ikana OTKIOHEHMH IMpeCTaBlIeHa Ha PUCYHKE CIpaBa.
3aMeTHM, YTO OJMH M TOT K€ LBET Ha pa3HbIX NIyOMHAX MOXET O3HA4yaTh Pa3JIMYHbIC
110 a0COJIIOTHOM BEJTMYUHE CKOPOCTH, MOCKOJIbKY CIIaKEHHAs PErMOHAJIbHAS CKOPOCTHAs
MO/IeJNIb UMEET Pa3IMuHble CKOPOCTH Ha pa3HbIX IyOnHax. Micnoiab3yemast peruoHalibHas
MoJienb mpuBoauTcs U o0cyxkaaercs B [Gorbatikov et al., 2015] u B HacTosmei myOnu-
Kalluu HEe TyOIupyeTcs.
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Puc. 2. Paspe3 no MM3 c npoexyuetl na He2o eunoyenmpos 3emiempacerull U3 noaiocsvl WUpuHoU
30 km u npoexyueu pezynomamog unmepnpemayuu I enanrooncrozo npoguns MOB3 (6 warchou
yacmu) u npoguis I'C3 Cmennoe-baxypuanu (6 ceseproii wacmu). @ — npeononazaemas no MOB3
nosepxnocmo gynoamenma, K u K2 — epanuya Konpaoa, M — epanuya Moxo, PZ u I' — nosepxrnocmu,
COOMBEMCMBEHHO, NAEO30UCKO20 PYHOAMEHMA U «2PAHUMHO20» cl0sl no pesyavmamam 1'C3,
KpacHvie TuHUL — CyO8epmMUKAIbHbIE 30HbL HAPYWEHUL KOPPETAYUL B0THOBbIX (hopm
no [Lllemnenes, 2008, Kpacnonesyesa u op., 1970] /

Fig. 2. Cross-section by MSM with the projection of earthquake hypocenters from a 30 km wide strip and
the projection of the interpretation results of the Genaldonsky profile of the ECWM (in the southern part)
and the Stepnoye-Bakuriani profile of the DSS (in the northern part). @ — the surface of the basement
assumed by the ECWM, K and K2 — Conrad boundary, M — Mohorovichich boundary, PZ and
I surfaces of the Paleozoic basement and “granite” layer, respectively, according to the DSS results,
red lines — subvertical zones of waveform correlation anomalies according to [Shempelev, 2008;
Krasnopevtseva et al., 1970].
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Ha paspese nox CesepHbiM ckiioHOM bonpmoro KaBkasa Bblaensercs Kpyl-
HO€ HU3KOCKOPOCTHOE TEJO ¢ KpOBJeH mpuOmm3uTeapbHO HAa rmyOuHe 10 kM (MHKETHI
VI11-58 — V11-72). AnanoruyHasi aHoMaJIusi IPUCYTCTBYET U Ha npoduie MM3 no Ap-
JnoHCckoMy yuienbio. Ha oOoux mpoduisix oHa HaunHaercs B paiione IlactOumiHoro
XpedTa M MpOJO0JKAETCS MO/l CEBEPHBIM KPbUIOM M OCEBOM 4acCTbIO METAHTHUKIMHOPHS
Bbonbmroro Kaskaza [Gorbatikov et al., 2015]. Dnekrpudyeckoe COMpOTHBICHUE B 3TOM
HU3KOCKOPOCTHOM OO0JIACTH 3aMETHO IPEBBIIIAET CONPOTHUBICHUE BMELIAIOIINX HOPOJ
[[Iemnenes, 2008]. OueHp XOpolIee NPOCTPAHCTBEHHOE COBIAJEHUE MEXKAY HU3KOCKO-
pocTHO# 30HOM Mo MM3 1 00;1aCThIO TTOBBIIICHHBIX COMPOTHBICHHUH 10 MT3 oTMeueHo
B pabote [Gorbatikov et al., 2015]. MoxxHO chopMynIupoBaTh TUIOTE3y O TEHICHLIUHU K
BEPTUKAJILHOMY «BCILIBIBAHUIO» TOPHOTO MAacCUBa, HAJl IaHHOM 00J1acThI0, pearnoaras
371eCh IPUCYTCTBHE KPYIHBIX UCTOUHUKOB Teria. Ha pucyHke 2 BUJHO, UTO UMEETCS BbI-
COKasl JJaTepaJibHasi KOppessIus MEeKIAY PE3KUM MOIHATHEM TOPHOTO pelibeda U MoJIoxkKe-
HUEM TPaHUIIbl ITOM 3arTyOJIeHHOW HU3KOCKOPOCTHOM 00JIacTH.

Hanee na cesep (nmuketsl VI11-57 — V11-21, puc. 2) npodpuns MM3 nepecekaer 30Hy
BrnaaukaBkazckoro paszioma, KOTOPBIH paclojiokKeH Ha Mepexoje MEXKIY albIHHCKUM
CKJIa4aToO-TIIBIOOBEIM coopykeHHeM bompimoro KaBkaza u roxHON yacTtbio Tepcko-
Kacnuiickoro nmporu6a — OceTnHcko# BnaAMHON. B BepXHUX rOPU30HTAX OCATOYHOTO
yexja pasyioM MpeAcTaBisieT co00il KPyMHEHIIyI0 perMoHalIbHYI0 (IEeKCYpHO-pa3pbiB-
HYIO CHCTEMY HapyIIeHUH, 0COOEHHO KPyTO MaJaromlyio (10 BEPTUKAIbHOI) B MOPOAAX
rajeoreHa U MUolieHa 1 OoJiee MoJNoryio B MIIMOLIEH-YeTBEePTUUHBIX ciosix. Ha pa3pese
MM3 MOXXHO NpOCIEIUTh TPU BETBU BiaankaBka3ckoro pasiaoMa, KOTOPbIE OTMEUEHbI
Ha Kapte (cM. puc. 1, muanazon mexay nukeramu V11-45 — V11-30). 3necs Braaukas-
Ka3CKUH pa3jioM MPOCIIEKUBACTCA A0 TTyOMHBI Kak MUHUMYM 30 KM, UMeeT CyOBepTH-
KajbHOe cTpoeHue. B padore [OBcroueHko u ap., 2011] yxe orMeuanock, 4To B MPUIIO-
BEPXHOCTHOM YacTH pa3joMHas 30Ha UMEET BUJ JUCTPUYECKOrO CKJIa/JKO-HaJBUTa, a B
[TyOOKUX TOPU30HTAX 36MHOM KOPBI MPeCTaBlIeHa XOpoIIo 0(hOpMIIEHHONW KOHTPACTHOM
CTPYKTYpOI CyOBepTHKaIbHOIO MajeHus. BeipasurenbHbie nedopmanny MOJIOABIX OT-
JIOKEHUH M OTUETIMBOE NpOosiBIeHNE BiannkaBka3ckoro pasioMa Ha IIyOMHE TO3BOJISIOT
YBEPEHHO CUUTATh €TI0 KPYITHON CEHCMOT€HEPUPYIOLLEN CTPYKTYPOH.

Cpasy Ha ceBep 3a BrnagnkaBka3ckuM pa3iioMOM pacrioyioykeHa Harboliee morpyKeH-
Has ¥ HauMeHee HapylleHHas yacTb OceTuHCcKol Brnaauusl (muketsl VI1-22 — VI1-01).
Jluaus npodusis B 3TOM MECTE MPETEPIeBACT pa3phiB. DTO OOBSICHAETCA (HU3UUECKOU
HEIOCTYIHOCTBIO TEPPUTOPHH IJIs1 U3MEPEHHI TIPU IPOBEICHUH PAOOT.

Bropas Betka nmpoduist, HaunHas ¢ mukera B0, pacronoxeHa B mepexoaHoi 00acTu
ot Ocerunckoil Bnaauubl kK Hazpanosckomy nogusituio (muketsl BO0-B18). Ha paspese
3[1€Ch MPOCIIEKUBAIOTCA TOPU30HTAIbHBIE CTPYKTYpPbI, COOTBETCTBYIOLLUE 3aJIETaHUIO
0Ca/I0YHBIX OO/, KOTOPHIE NMEPECEKAIOTCS CUCTEMON Pa3pPO3HEHHBIX CyOBEPTUKAIBHBIX
TPELINH, c71a00 MPOSBIIAIONUIMXCS HA TOBEPXHOCTH. Bo BceM Anana3zoHe OTMEYEHHBIX U~
KeToB Ha r1yomHe 20 kM U Oosiee MPOCIEKUBACTCS HEKOHTPACTHAS HU3KOCKOPOCTHAs
30Ha, JUIsl UHTEPIIPETAllMM KOTOPOU B HACTOSIIEE BPEMsI JaHHBIX HEAOCTATOYHO, HO MOX-
HO BUJIETh, YTO €€ KPOBJIS COBMAaeT ¢ younoi rpanuisl K1, koropas panee Oblia BbI-
nenena metogoM MOB3 na I'enangonckom npoduie [[Ilemmnenes, 2008].

B ceBepHoit yactu OceTHHCKON BHaJuHBI TPOQUIIL MEpeceKaeT ro-3amnagHblii oT-
por Haszpanosckoro (Hazpano-Auasipckoro) nogustus (puc. 1). [logusatue Beinensercs
MOBBIIICHHOW CEMCMHYECKON aKTMBHOCTHhIO. MuitanoBckuil E.E. OTHOCHT ero kK pacro-
JIOKEHHOM ¢ BOCTOKa Hanboliee ceiicMruecKH akTHBHON MepuanoHaIbHOI 30He KaBkasza
[Munanosckuit, 1968].
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Ha3panoBckoe nogusaTte Ha paspese MM3 BeipaxaeTcs ILUPOKOW HU3KOCKOPOCTHOM
aHOMaJIMel ¢ Kporiei Ha rmyoune okoso 10 kM (mukeTsr B21-T19). O6pamiaet Ha cebs
BHUMAaHHE CTPYKTYpHOE MOA0OME 3TOM aHOMAIUU C HU3KOCKOPOCTHON aHOMaJHel oA
ceBepHbIM ckiI0HOM bonbioro Kaskasa (mukerst V11-57 — V11-72). Ha aTom ocHOBaHuM
MOYKHO ITPEIIION0KUTH, YTO HazpaHOBCKOE MMOHATHE SIBJIIETCS aKTUBHO pacTyllel B Ha-
CTOsIIIIee BpeMsl TEKTOHUYECKOW CTPYKTYpOH, a MEXaHH3M U MHTEHCUBHOCTH €€ pocTa
aHanornyHsel pocty bonemoro Kaskasa.

I'myOunHas cTpykrypa Ha3paHOBCKOTO MOTHATHSA CYIIECTBEHHO OTJIMYAETCS OT IIIy-
OuHHOM CTPYKTYphl CYH)KEHCKOTO XpeOTa, pacroyoKeHHOTO B HEITOCPEACTBEHHOM OJn-
3oct ¢ nopusatueM (puc. 1). [log CymxenckuMm xpeOToMm He HabmomaeTcs cyOBepTu-
KaJbHBIX HU3KOCKOPOCTHBIX aHOMAaJIMi, IPU TOM, YTO €r0 BBICOTa B peibede 3aMEeTHO
npeBanupyeT HaJ HazpaHOBCKUM MOIHATHEM B 30HE UX KOHTAKTA.

ITon Cynxenckum u noa Tepckum xpedramu Ha riryounax 5—10 kM B paspeze MM3
BUJIHBI CKJIag4arble cTpykTyphl. Hanbonee otuernuBo noa CyH)KeHCKUM XpeOToM Ipo-
SBJISICTCSI HU3KOCKOPOCTHOM cJI0M 3aMaHKyJIbCKOM aHTUKIMHAIM. [To naHHbIM OypeHus
u ceiicMopasBegku MOB 3TOT ci10if COOTBETCTBYET OTHOCUTENIBHO TUIACTUYHBIM BEpX-
HEIOPCKUM COJICHOCHBIM (KapOOHATHO-TaJOTeHHBIM) OTIOXKeHMsIM. O0mine B Tpeenax
AHTUKJIMHAIY c1ab0i celiCMUYHOCTH TOBOPHUT O TOM, 4TO Ipoliecc Aeopmanuu mpoao-
YKAETCs B HACTOSILEE BPEMSI.

Hanee Ha ceBep oT CyHKeHCKOro XpedTa npoduis nepecekaer XapOnxKeHCKoe Moj-
HaTue u Tepckuii xpebeT, KOTophie B penbede BBIACISIIOTCS 3HAUUTEIBLHO ciabee, yeM
CymxkeHnckuii xpebet. Ha pa3zpeze MM3 MOXHO pa3Iu4UTh CHCTEMY 3arTyOJIEHHBIX aHTH-
KJIMHAJIeH, KOTOpbIE COOTBETCTBYIOT 3TUM XpeOTam. BUIHO, YTO aHTUKIMHAIM UMEIOT
TEHJCHIIMIO K IOIPY’KEHUIO B CEBEPHOM HaIlpaBlieHUU. /JaHHOE MOrpyKEeHHUE TaKXKe MOJI-
TBEpKJaeTcs BblIeneHHON paHee 1o ['C3 noBepxHocThIO naneo3os [KpacHonesuesa u
ap., 1970].

Cynst o paszpesy MM3 u no npusnedernbiM nanabiv MOB OI'T, Tepckuit xpebet
UMeeT aHaJoruuHblil reHe3uc CyH)KEHCKOMY XpeOTy, TO €CTh SBISETCS CKJIaayaTroit
cTpykTypoil. OmHaKO B penbede OH BHIIIIUT MEHEe BhIpaKEHHBIM, 4yeM CyH)KEHCKHUH.
Ckopee Bcero, 3To CBSI3aHO UMEHHO C TIOrpyKeHuEM (yHIaMEeHTa B CEBEPHOM HaIpaBJie-
Huu. [1o pazpesy MM3 ato norpyxeHrne MOXHO MPUOIU3UTENBHO OLEHUTh BETUYUHOMN
1.5-2 kM Ha Ga3e y4yacTka npoduis mexay nukeramu 136 u T76 (puc. 2).

[Tox Tepckum XpeOTOM OTYETIMBO BBIACIACTCS Pa3ApoOSieHHAs CyOBEpTHKaIbHAs
30Ha, KOTOPast MPOCIIKUBACTCS MPAKTUYECKU OT IOBEPXHOCTHU M A0 m1youH 25 km. lpu-
CYTCTBHE 3TOI 30HBI OATBEPKAAECTCSI HE3aBUCUMBIMH paHee MPOBEIECHHBIMU paboTaMu
o I'C3 u MOB OI'T [KpacnonieBuesa u ap., 1970]. Boctounee nmpoduns MM3 nanHas
pas3npobieHHas 30Ha BBIXOJUT Ha MOBEPXHOCTh B BUjE paszinoma [[ocynapcTBeHHas ...,
2011].

B konue npoduis nox nukeramu T83-T91 oOnapykuBaeTcs erie oHa spKasi HU3KO-
CKOpPOCTHas cyOBepTUKaIbHasi 30Ha. Ee BepXHss yacTh HAXOJUTCS Ha ITyOMHE TTOBEPXHO-
cti ¢yHnameHTa. HecMOTpsi Ha KOHTPACTHOCTD €€ MPOSBICHUS, BUIHO, YTO TIIyOMHHAS
CTPYKTypa 3TOH 30HBI OTIUYAETCS OT HU3KOCKOPOCTHBIX oOnactei mon bonpmmm Kag-
Ka3oM ¥ o HazpaHoBckum nopHaTHeM. MOXKHO MPEANONIOKNUTh, YTO paccMaTrpuBaemast
HU3KOCKOPOCTHAs 30Ha OTPa)KaeT cOOO0M ITyOMHHBIN pa3joM CyOIIMPOTHOTO Harpasiie-
HUsI, KOTOPBIA KOHTPOJIUPYET Pycio peku Tepek. DTa nryOrMHHas pa3jioMHast 30Ha MOXKET
SABIISAITHCS TPAHUIICH MeX 1y OoJiee MOrpyKEHHBIM U Ae(OPMUPOBAHHBIM (B aJIbIIMHCKYIO
WM KHUMMEPUICKYIO 3TI0XY CKIIa4aToCTH) I0KHBIM KpbuioM Tepcko-Kacnuiickoro mpo-
ruda ¥ CeBEPHBIM AIUTEPIIMHCKUM TIaTGOPMEHHBIM KpblToM [ XauH u np., 2009].
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Paccmotpum Gonee noapoOHO GpparmeHT pazpeza MM3 no BrnaankaBkasckoMmy npo-
¢wtto, otHOCcAmMiics Kk CyHxeHckomy xpeoty (puc. 3). Kak yxe ormeuanocs, moj xpeo-
TOM OTYETJIMBO BHUJICH HU3KOCKOPOCTHOHM ClIOM 3aMaHKy/IbCKOM aHTHKIMHANU. M3 nan-
HBIX 10 OYpPEHMIO U3BECTHO, YTO I10 JIUTOJIOIMYECKOMY COCTaBY 3TOT CJIOI COOTBETCTBYET
BEPXHEIOPCKUM KapOOHATHO-TaloreHHbIM 00pa3oBanusiM [[IuceMennslii u ap., 2021].
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Puc. 3. Veenuuennwiii ppacmenm paspesza 3amanxynvckou anmuriunaniu CYHICEHCKO20 Xpebma
80016 AUHUU NPOGUASL. TIYHKMUPHBIMU YEPHLIMU KPUSLIMU JUHUSMU NOKA3AHA POPMA AHMUKIUHATU
Cynoicencroeo xpeoma. Huoicnsist aunus nokazvieaem ghopmy anmuKkaiuHaIbHO-U30SHYMOU NOBEPXHOCU
Ha 2yOuHax, He NOOBEPIUCEHHBIX dPo3uu. Bepxwss nunus nogmopsiem opmy HudiCHel, HO 8bIHECEHA HA
NOBEPXHOCTL MAK, YMOObL KOHYbL KPUBOU HAXOOULUCH HUIICE HAKONJIEHHBIX NPOOYKMO8 dposull. Bepxuss
KpUsast IuHUs NOKazwvléaem, Kak vleisioen oot CyHiiceHcKull xpebem 6 omcymemeuu 0enyoayuu /

Fig. 3. Zoomed-in fragment of the Zamankulsky anticline of the Sunzhensky Ridge along the profile line.
The black dotted lines show the shape of the Sunzhensky Ridge anticline. The lower line shows
the shape of the anticlinal-curved surface at depths not subject to erosion. The upper line repeats the
shape of the lower line, but is brought to the surface so that the ends of the curve are below
the accumulated erosion products. The upper curved line shows what the Sunzhen Ridge would
look like in the absence of denudation

OOparmiaer Ha cebs BHUMaHHE ClIEAyIOIIee 00CTOATENbCTBO: (opMma 3artyOneHHON
AQHTUKJIMHAIIA COOTBETCTBYET, HO HE TOXJeCTBeHHA (hopme paspesa penbeda CyHKeH-
CKOro xpe0Ta. AMIUTUTY/a aHTUKIMHAIHN 3HAYUTENIbHO OOJIbIIE aMIUTUTYAbI XpeOdTa. ITo
BIIOJIHE OOBSCHUMO, €CIIM UMETh B BUJY, YTO IIPH TOPU3OHTAIBHOM C/IAaBIMBAHUU B TIO-
nepeyHoM K KaBkasy HanpaBieHHHM HU3KOCKOPOCTHOM 3arayOJeHHbINH cloi nu3rudaercs,
(opMHpYsl aHTUKIIMHAIb, & TOPOABI HAJl HUM OJHOBPEMEHHO NMPETEPIEBAIOT IEHYIAIHIO,
BBUJY X BBIXOJAa HA MOBEPXHOCTh. DTO MPEANOIOKEHUE TOAKPEIUIAETCS TeM HaOIo-
JICHUEM, YTO OTHOCHUTEIIbHBIE CKOPOCTH CEMCMUYECKHX BOJH B SIApEe CKIAJIKU y TIOBEPX-
HOCTH BBIIIE (OTMEUEHO CHHUM IIBETOM Ha pHC. 3), UeM Ha ee KPbUIbIX (OTMEYEHO OpaH-
KEBBIM IIBETOM Ha puc. 3). O4eBUIHO, HU3KOCKOPOCTHBIE KPBLIbsi MOIJIN OBITH chopMu-
POBaHbI HEKOHCOJIUAUPOBAHHBIMH MTPOyKTaMU pa3MbiBa CyH)KEHCKOTO XpeOTa BO Bpemst
ero (hOpMUPOBAHUSI.

Ecnu mpuHATH, YTO JOHHBIC YacTH 3TUX JIByX OCAQJOUYHBIX JIMH3 HE IpeTeprieBasn
9PO3HH, TO MOXKHO OIICHHUTh, KaK Obl BeITIIsAAen CyH)KeHCKH XpeOet, ecnu Obl JeHyna-
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1Sl OTCYTCTBOBaiA. JlJI1 3TOro Ha PUCYHKE MOKa3aHbl JIBE€ KPUBBIE JIUHUU ITyHKTUPOM.
HwxHsasg nuHus noka3siBaeT popMy aHTHKJIMHAIBHO-U30THYTOM TOBEPXHOCTH HA TITyOu-
Hax, HE TIOABEPKEHHBIX IPO3UH, a BEPXHSS JUHUS BOJIM3HM OBEPXHOCTHU 3aKperieHa 3a
TOPU30HTHI, HE MOJBEPIIINecs JeHyJallui TOJbKO CBOMMH KoHLamH. MIMeHHo Hax 3Tu-
MU TOPH30HTaMH, KaK BHUJHO, Ha4aJOCh HAKOIUIEHUE 3POAMPOBAHHBIX OCAJKOB. Takum
00pa3om, BepXHsisl KpUBast JIMHUS TIOKA3bIBAET, KaK BBITIAAEN Obl CyH)KEHCKHIA XpeOeT B
OTCYTCTBHE JICHYAALINH.

CymectBoBaBmas B Tepcko-CyHkeHCKOH 00JacTH CHUTyalus CIocoOCTBOBaja
MECTHOMY CKJIQJKO- U HAJBUTOOOPA30BAHMUI0O B OYEHb KOPOTKUI MPOMEXYTOK Bpe-
MEHU — paHHUM ak4arbul (~ 3.6—2.6 muiH set Hazan). OJHAKO OTCYTCTBHE SPKO BbI-
paXXeHHBIX HEPOBHOCTEH B MOAOLIBE aKyarblia yKa3plBaeT Ha CPABHUTEIbHO MEIJICH-
HbII U CHOKOWHBIM POCT aHTHUKJIMHAJEH. B Mo31HeM akdyarbuie W anmepoHCKOM BEKe
(~2.6—1.8 muIH 51eT Ha3a/) pocT XpeOTOB KaK IEMEHTOB peibeda MpeKpaTuiIcs, U pac-
cMaTpHUBaeMbIil pailoH, 0COOEHHO €ro 3amajHas 4yacTb, UCIBIThIBA onyckaHue [Yena-
aeira U np., 2018]. Poct cknamok XxpeOTOB mocie mepepsiBa MPOA0IKaICI B aHTPO-
IIOTEHE, O YEeM CBUJETEJIBCTBYET COBPEMEHHOE, BHICOKO HAIPSKEHHOE COCTOSIHME CO-
neHocHoi tonmu [KoponoBckuii u ap., 1990]. Mimes B BUly OLIEHKH BpEMEHH pOCTa
XpeOTOB B 1 MJIH JIeT B epBy0 a3y akTUBH3AIMH (paHHUHN akyarsul, ~3.6—2.6 MITH JeT
Hazaa) v 1.8 MITH J1eT BO BTOPYIO a3y (aHTPOIOTeH), a TaK)Ke MPUHUMAasi BO BHUMaHUE
Hanuuue nayssl ~0.8 MIIH JIeT, MOXKHO OLIEHUTh CPEHIOI CKOPOCTh POCTA U IEHYAAlNH
CynrkeHcKoro xpeora.

YroObl MPOU3BECTH HEOOXOAUMYIO OIICHKY, BHauaje CIeAyeT MOHATh, Obl1 1 CyH-
KEHCKUI XpeOeT MOIHOCTHIO APOJAUPOBAH MEXAy (azaMu pocTa BO BpeMs May3bl MPo-
noskuTenbHocThio 0.8 MitH net. [Ipeamnonoxkum, 4yTo Best IeHyIal|sl IPOU301LIa TOIBKO
B IIEPUO/IbI, OTHOCSIIIUECS K POCTY, TO €CTh B TEUEHNUE CyMMapHOT0 NIEpHo/a 2.8 MIIH JIET.
Coxpariast MICKyCCTBEHHO BpeMsl ICHYJallu1, MbI, TAKAM 00pa30M, OIICHUBAEM €€ MaKCH-
MaJIbHO BO3MOXHYIO CKOPOCTh, KOTOpasi oka3biBaeTcsi paBHa ~0.29 Mmm/roz.

O6mmwmit poct CyH)KeHCKOTO XpeOTa cocTaBUII ~3 KM 3a o011iee Bpemst 3.6 MJTH JIeT, CO-
cTosiiee u3 AByX (a3 pocra u nepuoja nayssl. CpeiHss CKOpOCTb pOCTa 3a 3TO BPeMs CO-
crasnsieT ~0.83 Mm/ron. O4eBHIIHO, YTO B OTAEIBHBIE (Pa3bl pOCTa CKOPOCTH ObLIA BBIIIE
(CxopocTb pocTa B IepuoJl ABYX aKTHBHBIX (a3 2.8 muH jet coctasisieT ~1.07 mm/ron).
Ho naxe, ecnu NpuHATH B pacueT CPEIHIO CKOPOCTh POCTa 3a 3.6 MIIH JIET, TO 3a IIEPBYIO
¢azy B 1 muiH 5eT pocT coctaBui He MeHee 830 MeTpoB. A cymMMapHas AeHyAalus Mpu
€€ MaKCUMAaJIbHOU OlleHKe 3a nepByto (a3y pocra (1 muH ner) u nepuon nayssl (0.8 MiaH
jeT) He Moria ObITh 6osee 530 MeTpoB. DTO 03HAUYAET, YTO 3a MEPUOJ May3bl XpeOeT He
MOT OBITh IIOJTHOCTBIO Pa3MBbIT.

Takum 06pazoM, MMeeTCs BO3MOKHOCTh OLIEHUTH HE TOJIBKO CPETHIOK0 CKOPOCTh POCTA,
HO U CPEHIOI0 CKOPOCTh JIEHYJallU1, IOCKOJIbKY TEIEpb U3BECTHO, YTO OHA HE IIPEphIBa-
Jach B EPUOJI May3bl pOCTa BBULY MOJHOTO pa3pylieHus xpedra. Ee 3nauenue 3a nepuos
3.6 muH net okasbiBaercs ~0.22 mm/ron, wiu npuMmepHo 25% ot oliiero pocta xpedTa
(v mpumepHoO 20%, eciii CUuTaTh CKOPOCTh POCTA TOJIBKO B TEUEHHE aKTUBHBIX (ha3).

[TosydyeHHbIE OLIEHKHM J0CTaTOYHO XOPOILIO COMIACYIOTCS C OLIEHKAaMHU CKOPOCTH Jie-
Hyznauuu Juist paitoHa CyHxkeHcKoro xpeora, onpenenennoit kak 0.1-0.5 mm/rox o cro-
Ky B3BelIeHHBIX HaHOCOB pek [[apudymmn, 2014; Mozxepun, [lapudymmun, 2014].
A COOTHOILIEHNE MEXYy CKOPOCTSMH pPOCTa U JEHYJALUU IPUMEPHO COBIAJAET C OLIEH-
xoit JI.B. [Tanunoii (kak 5:1 ayg pernona Kaskaza) [[Tanuna, 2019].
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HakoHel, ”HTEpPECHO CPaBHUTH IOJIyYEHHBIE OLIEHKH cpeiHel ckopocTH pocTta CyH-
KEHCKOTO Xpe0Ta, MOolydeHHBbIE 10 pe3ysibTaTtaM MpoQUINpOBaHUS dYepe3 3aMaHKYIIb-
CKYI0 aHTHKJIMHAJIb U CKOPOCTh POCTA, OLICHEHHYIO B Ipeenax DIbXOTOBCKUX BOPOT Ha
OCHOBE MccieaoBaHus Teppac peku Tepek, rae no meroauke C.A. HecmesHoBa [Hecme-
ssHOB, 1971] ObTM pacCUMTAHBI AMIUTUTY/IBI STATHBIX MOAHITUNA W TPOU3BEICHBI OILICH-
KM CKOPOCTEH BEPTUKAJIBHBIX TEKTOHHUUYECKUX Jie(hopManuii B TO3HEM TUICHCTOIICHE —
rojioiene [ AHmapeesa u ap., 2023].

Taxk, ObUIO MOTYYEHO, YTO CKOPOCTH BEPTUKAIBLHOTO POCTa XpedTa cocTaBisiau 2.25
u 3.6 mM/rox coorBeTcTBeHHO B niepuoabl QII;-QIV u QIIL,. Bunxo, uTo 3TH cKOpOCTH
B 3—4 pa3a Bbllle, 4YeM NoinydeHHble 0 MM3 cpenHue ckopocTu pocta 3a BpeMsl I0-
cinennux 3.6 muH jet. OOparuM BHUMaHHUE, YTO JaKe B MEPUO]T MO3IHETO TUICHCTOIeHA
— TOJIOIIEHAa CKOPOCTU pOcTa ObUIM HEPAaBHOMEPHBI, YTO MPUBOAMT K THIIOTE3€, YTO POCT
XxpeOTa MPOUCXOAMI dTallaMu HepaBHOMEPHO. EcTecTBeHHO mpe/noaraTh, 4To aHajo-
TUYHBIA PEKUM COXPAHSJICS B TEUCHUE BCEH €ro UCTOPUH, U HA COBPEMEHHOM 3Tare Mbl
Ha0JII0/1aeM ONPEIENICHHYI0 akTUBHM3aIio pocta. C Jpyroil CTOPOHBI, MPEBBIILIEHUE PO-
CTa Ha KOPOTKOM COBPEMEHHOM 3Tare B 3 pas3a Mo CPaBHEHHUIO CO CPeHEN CKOPOCTHIO
NPEICTABIISAECTCS BIIOJIHE HOPMaJbHBIM, €CJIM MPUHSTH BO BHUMAHHUE MEPUOAMUYECKYIO
CMEHSEMOCTb POCTa U CTAOMIM3alINY.

BbiBOADI

UccnenoBanus mmyOuHHOTO cTpoeHUs ceBepHOro ¢uianra bonemoro Kaskaza, Haszpa-
HOBCKOro BbICTyNa, CyHXKeHCKOro u Tepckoro xpeOToB, MPOBEJEHHBIE C IPUMEHEHUEM
MHKpoceiicMuueckoro 30HaupoBanus (MM3) u 1pyrux reopu3nyeckiux METOA0B, ITO3BO-
JWIA CHEJIAaTh PsAJl BaXKHBIX BBIBOJOB O N€OJMHAMMKE 3TOr0 pernoHa. [lomyyeHnsie nas-
HBIE HE TOJIBKO MPOSICHAIOT IPUPOTY COBPEMEHHBIX TEKTOHNYECKHUX ITPOLIECCOB, HO U JIAIOT
KJIFOY K IOHUMAHUIO 3BOJIIOLMHU penbeda B TEeUCHHE HEOTeHa M YETBEPTHYHOIO MEepUO/a.

3HaYMMOI HAXOJIKOH CTaI0 0OHAPYKEHHE KPYTTHBIX HU3KOCKOPOCTHBIX aHOMAJUH 10T
ceBepHbIM (prranrom bonbimoro Kaskaza n Hazpanosckum nogasatuem. Cyzs 1o TOMY, 9TO
HU3KOCKOPOCTHBIE CTPYKTYPbl OOHApy’KEHBI B IEpeCceUeHUIX U Ha APJIOHCKOM Npoduie,
U Ha BnannkaBka3ckoM, MO)KHO 0OOCHOBAHO IPE/IOIararb, YTO B/10JIb BCETO CEBEPHOIO
ckioHa bonbinoro KaBkasza TsHETCS OTYETIMBO BbIpaXKEHHAsi CTEHOOOpa3Hasi HU3KOCKO-
pOCTHasl aHOMAaJus, CTPOro KOPPEIHUpYIoLIas 10 CBOEMY JIaTepajJIbHOMY IOJIOXKEHUIO C
PE3KUM MTOBEMOM pelibeda MpH MPOIBUKEHUH CO CTOPOHBI IPEATOPHOI BIIaJUHBI B CTO-
POHY T'OPHOT'O MacCcHBa.

JlaHHY0 aHOMAJIUIO, YXOAAIIYI0 Ha ITyOuHy 50—60 KM 1 UMEIoIIyIo 110 JaHHbIM MT3
BBICOKOE JIEKTPUUYECKOE CONPOTHUBIICHUE, MOKHO MHTEPIIPETUPOBATH KaK 30HY, CBSI3aH-
HYIO C TEIJIOBBIMU NIOTOKaMH U HaJu4ueM (IIon1a B U30JIMPOBAHHBIX MUKPOTPEIIMHAX.
Ee npucyTcTBre 00bACHSAET aKTUBHBINA BEPTUKAIbHBIN POCT FOPHOTO MacCHUBa, OCKOJIb-
Ky MEHEE IUIOTHBIE MACChI CTPEMSATCS K «BCILUIBIBAHUIO», CO3/1aBasi TEKTOHUYECKHUE HA-
NPSDKEHUS B 36MHOU KOope. MOXKHO TakKe IpeaIoyiaraTb, 4T0 aHAJIOTMYHBIA MEXAHU3M
o0ecreunBaeT COBpeMeHHOe ABMkeHne HazpaHOBCKOro moqHATHS, KOTOpOe PaKkTHUIEeCKU
SBJIIETCS TOPHBIM OoTporom bombioro Kaskasa.

B otnnune ot Hux, Cynxenckuid 1 Tepckuii XpeOThl He UMEIOT TOAOOHBIX 00IIUp-
HBIX TIyOMHHBIX aHOMAJIMH, YTO YKa3bIBaeT HAa WX MPUHIUITHAIHLHO UHOW T€HEe3HUC, CBsI-
3aHHBIA C TOPU3OHTAJIBHBIM COKaTHEM M CKJIaJ4aTO-HAJBUTOBBIMHU JehopMalusIMHU B
0CaZI0YHOM YEXJIE.
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dopmupoBanre CyHKEHCKOro XpedTa MpOUCXOAMUIIO B PAMKaX JBYX OCHOBHBIX TEK-
TOHUYECKHX (pa3: B paHHEeM akvarbiie (3.6—2.6 MIIH JIeT Ha3aJ[) U aHTpoIoreHe (mocie-
Hue 1.8 MIIH JIeT), pa3nenéHHBIX NMEePHOIOM TEKTOHHMUYECKON CTaOMIN3aluu MPOIOIIKH-
TesbHOCTBIO 0.8 MIIH JieT. Pe3ynbrarel MUKPOCEHCMUYECKOTO 30HANPOBAHUS TTO3BOJIU-
M UACHTU(UIUPOBATh Ha TIyOMHEe 5—8 KM HE M3MEHEHHYIO TIOBEPXHOCTHOW 3po3ueit
AQHTUKIMHAIBHYIO CKIIQJIKy aMIUTUTYyI0H okoio 3 kM. Ha oCHOBaHMH COINOCTaBICHHS
CTPYKTYPBI OCaJIOYHOTO YeXJia ¢ BO3PACTOM Hadajla TeKTOHUYECKOW aKTMBM3allUU Oblia
paccurTaHa CpegHssl CKOPOCTh BEPTUKAJIBHBIX JBIKCHHUH, KOTOpas OKa3allaCh PaBHOM
~0.83 Mm/rop 1715 BCero nepuoja pa3BUTHUs, U ~1 MM/TOJI, €CJIM BECTH pacueT MCKIIOUH-
TENBHO B (ha3ax aKTUBHOTO pocTa. 3HauuTenbHOe (B 2—3 pa3a) MpEeBHINICHUE CKOPOCTEi
HOAHATHS 110 OLIEHKAM JUIs IIEPHO/Ia MO3HET0 IUIEHCTOIEHA-TOJIONEHA, CBUIETEIbCTBYET
0 MYJIbCAIIMOHHOM XapaKTepe reoMHaMHYEeCKOro pexxuma popmupoBanusi CyHKEHCKOTO
XpeOTa, YTO HAXOIUT yOeTUTENTbHOE MTOATBEPKACHUE B HE3aBUCHMBIX JINTEPATYPHBIX HC-
TOYHUKAX, IPUBEJACHHBIX B HACTOSIIEM HCCIECJOBAHUH.

OmnpeneneHne aMIUIMTYAbl 3aMaHKYIbCKOM aHTUKIMHAIU CyH)XKEHCKOro XxpeOra
U CpPaBHEHHE C €€ BBIPAKEHHOCTHIO B COBPEMEHHOM pelibe(e MO3BOIMIO ONPEHACTUTh
BEJIMYMHY JICHYIallMOHHOTO cpe3a B ~ (0.8 kM. OleHka cpelHei CKOpOCTH JIEHYIaluu
(~0.22 mm/ron) cocraBmiia OkoJo 25% OT CKOPOCTH POCTA, YTO COTIACYETCS C HE3aBUCH-
MBIMH OLIEHKaMH JJIsi TOpHBIX cucteM KaBkasa.
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NOTWit BHYTPEHHEN CTPYKTYPbI 1 MeXaHU3Ma [esTeNbHOCTM FPSA3eBOro BynkaHa [xay-Tene, ABNAOLLErocs of-
HUM U3 KPYMHbIX 31eMeHTOB Kep4yeHCKO-TamaHCKOM rpsizeByNkaHN4ecKON NPOBMHLMA. AKTYanbHOCTb paboTbl.
113y4eHne rmy6uHHON CTPYKTYPbl FPA3EBbIX BYIIKAHOB, CTPOEHMS 1 MEXaHW3MOB paboTbl UX (ONOUAONPOBOLA-
LLMX CUCTEM — HEOBXOMMOE U BaXKHOE YCNOBME ANs NOHUMaHMSA NPOLeCCOB rpsi3eBOro BynkaHuama. [ns Bo3-
MOXXHOr0 NPOrHO3MPOBaHNS NAPOKCU3MaNIbHbIX KPYMHbLIX U3BEPXEHMIA, CONPOBOXAANLLNXCA Pa3PyLLIEHUSMU,
NOKanbHbIMM 3eMNETPACEHNAMM 1 NPOCAAKaMi rpyHTa TPeOYeTCs YETKOE NOHMMaHWUe YCTPOMCTBA M MexaH3Ma
paboTbl annapara rpsi3eBOro BynkaHa, AUHAMUKW OOCTaBKM (pritonaHoro Belectsa. Llenb paboTbl — n3yyeHue
BHYTPEHHEr0 CTPOEHMS rpsi3eBOro BynkaHa [hxay-Tene u CTpYKTypbl MyBUHHbIX KaHanoB A0CTaBKM (DIONAHOMO
BELLECTBA OMMPAsCh HA AaHHble NOLAAHON ChbeMKI NMAaCCUBHOIO reou3nyeckoro MeToAa cemcmMopasBeaku ¢
NocneayoLMM aHaIM30M 1 UHTeprnpeTauuein nony4YeHHbIX pedynsratos. Metoasl. ViccnegosaHme npoBOAMNOCH
reon3n4yeckum MeTo0M MUKPOCEACMIUYECKOr0 30HAMPOBAHMS, OCHOBAHHbIM Ha aHaNN3e HU3KOYACTOTHON CO-
CTaBNAOLLEA aMNAUTYAHbIX CMEKTPOB NOBEPXHOCTHbIX BOSIH P3afes, 3aperncTpupoBaHHbIX C UCMOb30BAHNEM
LUMPOKONOSNIOCHBIX CENCMUYECKIX N3MEPUTENbHBIX CUCTEM B 56 MYHKTaX MNNOLIAAHOA CbEMKM C NOCNEAYOLNM
aHaIM30M MaccuBa [aHHbIX aBTOPCKUM MporpamMmMHbiM kKomniekcom MDP-3D. Pe3ynbTaTbl MCCREoBaHui.
AHann3 HM3KO4aCTOTHOM COCTABMAOLLEN aMMIUTYOHbIX CMEKTPOB MOBEPXHOCTHbIX BOJMH Panes B AuanasoHe
yactot 0.03-1.2 Iy, No3BONUM NOCTPOUTL FEOPU3NYECKYID 0OLEMHYIKO CTPYKTYPHYKO MOJENb pacnpenefieHuns
OTHOCWTEJSIbHOW MHTEHCWUBHOCTN MUKPOCENCM [0 rNy6uHbI 18 KM, NOKa3bIBaOLLYt0 OTHOCUTESIbHOE N3MEHEeHMe
CKOPOCTHbIX XapaKTepPUCTUK CPeabl Nof rpsiseBbiM BYSIKaHOM. Ha rny6uHe 6 KM 1 HIKe HEeNmoCpeacTBEHHO Bbl-
SIBJIEHO MOLLIHOE IPKO BbIPAXKEHHOE HU3KOCKOPOCTHOE TS0, KOPHW KOTOPOro YXOASAT Bry6b 40 OTMETKM 18 KM 1
Janee, 1eMOHCTPUPYIOLLEe XapakTepHble pasMmepbl U (DOPMbI Pe3epByapOB HAKOMMEHUS rPA3e6PeKYNiA, a TaKxKe
BO3MOXHbIE UCTOYHWUKM U MYTU MUTPALIMN CBEPXTYOUHHBIX (ONOMI0B.

Kntouesbie cnoBa: rps3esoi BynkaH [kay-Tene, rny6uHHOe CTpoeHne, dononLonpoBoasLLE CTPYKTYPbI,
KOPHEBbIE CTPYKTYPbI, MUKPOCENCMbI, MOBEPXHOCTHbIE BOMHbI, MUKPOCEACMUYECKOE 30HANPOBAHME.
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3agaHmi ®UL ETC PAH (Ne 075-00604-25) n N®3 PAH (Ne 0144-2019-0019).
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Abstract: The research is aimed at studying the internal structure and mechanism of activity of the Dzhau-
Tepe mud volcano, which is one of the major elements of the Kerch-Taman mud volcanic province using mod-
ern geophysical technologies. Relevance. The study of the deep structure of mud volcanoes, the structure and
mechanisms of their fluid—conducting systems is a necessary and important condition for understanding the
processes of mud volcanism. For possible prediction of paroxysmal large-scale eruptions accompanied by de-
struction, local earthquakes and subsidence of soil, a clear understanding of the structure and mechanism of the
mud volcano apparatus and the dynamics of fluid delivery is required. Aim. The study of the internal structure of
the Dzhau-Tepe mud volcano and the structure of deep channels for the delivery of fluid based on data from the
areal survey of the passive geophysical method of seismic exploration, followed by analysis and interpretation of
the results. Methods. The study was carried out using the geophysical microseismic sounding method based on
the analysis of the low-frequency component of the amplitude spectra of surface Rayleigh waves recorded us-
ing broadband seismic measuring systems at 56 points of area survey, followed by an analysis of the data array
by the author’'s MDP-3D software package. Results. Analysis of the low-frequency part of the amplitude spectra
of surface Rayleigh waves in the frequency range 0.03-1.2 Hz allowed us to construct a geophysical volumetric
structural model of the distribution of the relative intensity of microseisms to a depth of 18 km, showing a relative
change in the velocity characteristics of the environment under the mud volcano. At a depth of 6 km and below, a
powerful, pronounced low-velocity body was directly detected, the roots of which extend deep to the 18 km mark
and beyond, demonstrating the characteristic sizes and shapes of mud-breccia accumulation reservoirs, as well
as possible sources and migration routes of ultra-deep fluids.

Keywords: Dzhau-Tepe mud volcano, deep structure, fluid-conducting structures, root structures, micro-
seisms, surface waves, microseismic sounding.
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BeepeHne

I'psi3eBoii ByKaHU3M SIBISETCS (PIIFOUI0IUHAMUYECKUM MPUPOAHBIM IPOLIECCOM, CO-
IPOBOXKJAIOIIMMCS IEPEHOCOM Ha JTHEBHYIO IOBEPXHOCTh 3€MJIM ITyOMHHBIX IPSA3EBYJI-
KaHUYECKHUX Macc MO KaHajaM C BBICOKOM (PIIOMIONPOHULIAEMOCTHIO, KOTOPbIE B CBOIO
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o4yepeab NMPUYpPOUYEHBl K KPYNHBIM TEKTOHUYECKUM pa3pbIBHBIM HapyLIECHUSM 3€MHOMI
kopsl [Sky6oB, 1980]. CTrouT OTMETUTH, YTO TEKTOHUYECKHE HAPYLICHHUS SIBIISIOTCS BaXK-
HbIM (akTopoM (GopMHUpOBaHUs IpszeBbIX ByikaHoB (I'B), HO He paccmarpuBaroTcs B
KauecTBEe €JMHCTBEHHOM NMPUYMHBI UX 00pazoBaHus. Benyuryio ponb B (OpMHUPOBaHUU
I'B urpatoT TOMIIM UIACTUYHBIX ITTMHUCTBIX OPOA B 0CA04HOM 000104Ke 3eMIn U T1a-
CTOBBIE BOJIbI, T.€. CMECh BOJIbI U I'a30B, KOTOPBIE II0J] BBICOKUM JIaBJIEHUEM U TEMIIEpaTy-
poii TpaHC(HOPMUPYIOT BMEIIAIOIINE TEPPUTEHHBIE MTOPO/Ibl B OIYKUIKYIO MOOUIBHYIO
Maccy. DTOT npoluecc npuHATo Ha3biBaTh ABII/] — aHOManbHO BBICOKOE IUIACTOBOE J1aB-
nenue. [IpucyTcTBHE CMECH yIIIEBOIOPOAHBIX I'a30B, YIIIEKUCIOIO U HEKOTOPBIX IPYIHX,
00pa30BaHHbBIX U3 PACCESIHHBIX B OCAJ0UYHBIX MOPOJaX OPraHMYECKUX BELIECTB 3a CUET
XMMHUYECKHUX MPOLIECCOB U F€OTEPMUYECKOI0 I'PaJUeHTa IPUBOAUT K BOSHUKHOBEHHUIO B
HeZlpax KpUTHUYECKU BBICOKHX IJIACTOBBIX JaBieHnil. OOpa3zoBaBiIasics IyOnHHas OJJHO-
poaHas Macca, CoCTOsIIas U3 INTMHUCTON KOMIIOHEHTBI — MUHEPAJIOB INIMH, XapaKTEPHBIX
U1 «MAaTEPUHCKOTO» CJI0s, OOJIOMKOB BMEUIAIOIIMX TOPHBIX MOPOJ, BOJBI U ra3oB pas-
JUYHOTO COCTaBa, CTAHOBUTCS 30HOM CBEPXBBICOKMX IIACTOBBIX AABICHUN (DIHOMIOB,
KOTOpBIE JIOCTABIISIIOT HAa THEBHYIO MOBEPXHOCTH (MIFOUJOHACHIIIEHHYIO CMECh, (pOopMu-
Pysl Ha3eMHbIE CTPYKTYPbI IPA3EBbIX BYJIIKAHOB pa3IMYHON MOP(OIOTruu.

HccnenoBanusi, cBA3aHHbIE ¢ U3ydeHUEM ['B SBIAIOTCS aKTyalbHBIMH, TaK KaK OHU
BBICTYIAIOT MHJIMKATOPAaMH CYIIECTBOBAHUS B 30HaX UX (PYHKIMOHUPOBAHUS MTPHUBIICKA-
TEJIBHBIX C SKOHOMUYECKOHM TOUKH 3peHust HePTAHBIX MpoayKToB [Sky0OoB, 1980], Takxke
MOTYT CO3/1aBaTh OMACHOCTB JUIs JIFO/IEH U TPOMBIIIICHHbIX 00bekTOB [Korzhenkov et al.,
2021], xpoMme TOro, SIBJIAIOTCS OJIHUM U3 OCHOBHBIX MCTOYHMKOB METaHa, KOTOPBIN IoMa-
nast B atMoc(epy HapylaeT kaumaruueckuid 6ananc 3emiu [Jones et al., 2023; Mazzini
et al., 2021]. IIpu 3TOM TpsizeByTKaHUYECKUI METaH B HeApax 3eMiH o0pasyeTcs Moj
BIMSIHUEM pa3inyHbIX (hakropos [Lavrushin et al., 2022].

Ha repputopun coBpemenHoi Poccun kpynHeiien 30H0i cocpeaoToueHus rpsased-
JIOUAHON aKTUBHOCTH siBisieTcsi KepueHcko-TamaHcKasi rpsi3eByJIKaHMUYECKass TPOBHUH-
nus (KTI'TI), 3aHumaromasi BTopoe MECTO B MUPE 10 KOJIMYECTBY I'PA3EBBIX BYJIKAHOB,
HaXOSIIMXCS B pa3HbIX (pa3ax aKTUBHOCTH.

Hcnonp30BaHue MeTOJa MUKPOCEHCMUYECKOTO 30HIUPOBAHUS, KaK IIACCUBHOIO Me-
TOJ]a CECMOPa3BEIKH, OCHOBAHHOTO HAa aHAJIN3€ BOJIHOBOTO CIIEKTPA €CTECTBEHHOI'O MHU-
KpPOCEHCMHUYECKOTO IIyMa, MO3BOIMUIO 3PPEKTUBHO HCCIE0BATh OT/ENbHBIE I'PSA3EBbIC
Bynkanbl KTT'TI [CobuceBud u ap., 2008; Poroxun u ap., 2014], B Tom uucne [Jxay-Tene
[Presnov et al., 2020], u mocTpouTh COBpeMEHHbIE TeOPU3UIECKUE CTPYKTYPHBIE MOJIe-
JIM BYJIKAHOB. AMIUINTY/IHO-4YAaCTOTHBIM M IPOCTPAHCTBEHHO-BPEMEHHOMN aHAJIU3 HU3KO-
YaCTOTHOM COCTAaBJISAIOLIEN MMKPOCEHCMUYECKUX CHUTHAJIOB, MOJYYEHHBIX IIOLIAJHON
cbéMkoil Ha [Dxay-Tene, MO3BOJINIT «3amIIHYTh TIIy0)XKe» W MOIYYUTh HOBBIE JAHHBIE O
CBEPXIITyOMHHBIX KOPHSX ByJIKaHa, TOTOJIHAIOIIME HAIIM paHee MOTy4YEeHHbIE Pe3yIIbTaThl
[Presnov et al., 2020].

[eoAOTMYECKAS MO3ULMST OOBEKTA MCCAEAOBAHMS

Kepuencko-TamaHckas rpsizeByIKaHUUECKasi IPOBUHIINS PACIIONIOKEHA B 30HE COUJIE-
HEHUs TOpHO-CKIIaauaThix coopyxenuit Kpsima u KaBkasa (puc. 1a), rae npoucxoaur no-
Ipy’KE€HUE OPOr€HHBIX CKJIaJ4aThbIX CTPYKTYp MeraHTukiInHopus bomnbiioro Kaskasa noj
cJ1a00MCIIOMPOBAaHHBIN KaitHO30MCKU uexon nonepedHoro Kepuencko-TamaHnckoro u
niepenoBoro 3amnaano-KybaHnckoro nporu0os.

I'B KTI'TI pacnonokensl Ha KepueHnckoM m TamMaHCKOM MOJIyOCTpOBaX, 4acTb Ha
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10kHOH rpanuie KpacHomapckoro kpas, KpoMe TOro, HaOMIOAeTcsl UX MPUCYTCTBHUE B
npubpexHoi 30He A3oBckoro u YepHoro mopeil. I'B nmpocTpaHCTBEHHO M T€HETUYECKU
CBSI3aHbl C AHTHKJIMHAIBHBIMU MaMKOIICKMMHU JUAIMPOBBIMU CTPYKTYPaMU B 30HAX CH-
CTEM Pa3pbIBHBIX HApYyLIEHUH, KOTOpPbIE CIIOCOOCTBYIOT MEPEMEIICHUIO TITyOMHHBIX Ha-
CBILICHHBIX BOOHM M ra3aMu rps3edIouIHBIX MAacC C BBIXOIOM COIMOYHBIX OpeKuMii Ha
MIOBEPXHOCTb.
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Puc. 1. Obwas unghopmayus 06 o6vexme ucciedo6aHusl:

a — meppumopuanbHoe NOA0NHCeHUe 00beKma ucciedosanus,; 6 — kapma-cxema Kepuencroeo
nonyocmposa (1 — oelicmsyiowue u akmueHvle epszesvle VIKAHbI, 2 — HeaKmueHvle U c1aboaKmueHbvLe
synkamsl, 3 — eynkan [ocay-Tene); 8 — cxema npo8e0eHHbIX 2e0hu3uecKux Uccie008aHull Ha
epsizesom syaxame [ocay-Tene (1 — nonoscenue gyakana [xcay-Tene, 2 — nynkmol pecucmpayuu
MUKPOCEUCMUYECKUX CUSHAN08) /

Fig. 1. General information about the research object:
a — the territorial location of the research object; b — the map diagram of the Kerch Peninsula
(1 — active mud volcanoes, 2 — inactive and weakly active volcanoes, 3 — Dzhau-Tepe volcano),
¢ — the scheme of the conducted geophysical research on the mud volcano Dzhau-Tepe (1 — the position
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of the volcano Dzhau-Tepe, 2 — microseismic signal registration points)

Crout OTMETUTH, YTO COCTAaB U CBOMCTBA OTAEIBHBIX CJIOEB OCAJOYHOM TOJIIHU SB-
JSIOTCSL BaXKHBIMU (pakTopaMu (OPMUPOBAHMS OOIIEH KOPHEBOW CHCTEMBI BYJKAHA.
B nanHoM ciyuae, B KaueCTBE KOPHEBOW CUCTEMBI I'PSI3€BOT0 ByJIKaHa Kak €MHOIO LIEJI0-
T0 PaccMaTpHUBAETCSl COBOKYITHOCTh I'Pa3eBYIKAHUYECKUX Kamep (OIM3MOBEPXHOCTHAS,
DTyOUMHHAs), BRIBOASALIMX KAaHAJIOB PAa3HOW OpUEHTALUU M (POPMBI, IO KOTOPBIM Ha TO-
BEPXHOCTB [IOCTYIAET IPA3EBYJIKAHUYECKAsl MAacCa («HID» — MEJIKOUCIIEPCHOE MUHEPAJIb-
HOE BEIECTBO MEJUIMTOBOM pasMEPHOCTH, OOJIOMKH OCaJ0YHBIX TOPOJI, OTJEIbHbIC MU-
HepaJibl, BOJIa, pa3JInYHbIC T'a3bl).

CawmpiM kpynHbIM I'B Ha Kepuenckom monyoctpose (puc. 10), siBistiercs xay-Teme,
pacmonoxeHHbli BOnmu3u 1. Bynkanoska B JIennHckoM paiione pecryonuku Kpsim. Brico-
Ta ByJIkaHa 60 METPOB OTHOCHTEIHHO ypoBHS MecTHOCTH. [1o knaccudukanmm [Mazzini,
Etiope, 2017] By/ikaH OTHOCHUTCSI K KOHUYECKOMY THITy U UMEET KOHYCOOOPa3HYI MOp-
(omoruro, 17151 KOTOPOTO XapaKTEPEH LEHTPAIBHBIN KpaTep, OKPY>KEHHBIH HAJIOKEHHBIMH
JpYT Ha JpyTa IpsA3eBYIKAHNIECKIMH 00Pa30BaHUSMHU B pE3yIbTaTe MepUOANYECKUX U3-
BEPKEHHI MOTYKUIKUX IITMHUCTBIX Macc (puc. 2a).
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Puc. 2. I'pazesoul eynxan [ocay-Tene.

a — obwutl 6ud gyaKkana, b — ceonoeuyeckuil paspes syakaua Jocay-Tene 60016 Onu3UUPOMHO20 NPODUIS
no [Shnyukov, Yanko-Hombach, 2020], ¢ oononrnenusmu: 1 — conounas Opekuus pasHo8pEeMeHHbIX
eenepayuii N/-Qh; 2 — enunvl cranyesamoie cpeonezo Pgsmk; u nozonemaiixonckozo Pgimk,-N,'mk?
6ospacma; 3 — 2opHvie nopoosbl BYIKAHOBCKOU 60ABNEHHO CUHKIUHANU — U3GECIHAKU U CONOYHASL
bpexuus muoyenoseo éospacma: N3s, ., — capmamckuii apyc, N *krg — kapazanckuii 2opusonm,

N 2tsch — woxpaxckuii 2opuzonm, 4 — paspulensle HAPYUWEHUs; 5 — 2PaHulbl HECOSNACHbIX 3aNeeanull /

Fig. 2. Dzhau-Tepe mud volcano.

a — general view of the volcano, b — geological section of the Dzhau-Tepe volcano along the near-
latitude profile according to [Shnyukov, Yanko-Hombach, 2020] with modification. 1 — volcanic breccia
of different generations N;>-Qh; 2 — shaly clays of Middle Pg;mk,; and Late Maikopian Pg;mk,-N,'mk’
period; 3 — limestones and hill breccia of Miocene age: N’s,., the Sarmatian stage, N ’krg a Karagan
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horizon, N/ tsch a Chokrak horizon; 4 — faults;5 — the boundaries of dissenting structures

3a mocieaHue MoJaTOpa BeKa ObUIM OTMEUEHBI HECKOJIBKO CITy4daeB U3BepkeHus Jxay-
Temne [Shnyukov, Yanko-Hombach, 2020] ¢ pa3nu4HO#i cTeneHbI0 HHTEHCUBHOCTH, B TOM
qrciie ¢ BBIOPOCOM BYJIKaHMUYECKOM MacChl Ha BBICOTY 110 50 M, COITPOBOMK/IaBIINXCSI BO3-
rOpaHueM BBIJCIISIONIETOCS ra3a, a TAkKe HaOII0AaTuCh IEPUOANYECKUE CIIA00AKTUBHBIE
(YHKIMOHUPOBAHUS OIUHOYHBIX Tpu(OHOB. PerynspHble B3pbIBHBIE — IKCIIJIO3UBHBIC
BBIOPOCHI Ta30B C OOMJIBHBIM HM3JIMSTHUEM CONOYHON OpEKYMH OTMEYArOTCsi BO MHOTHUX
paborax [Shnyukov, Yanko-Hombach, 2020].

CTpyKTypa ByJKaHa pacloJIOKeHa B IIeHTpe ByNKaHOBCKOM aHTHUKIMHAIH, IIUPOT-
HO OpUEHTHPOBaHHOH. Ha moBepXHOCTH (UKCHPYIOTCS TIIMHUCTO-TEPPUTEHHBIE U Kap-
OOHaTHBIC OTJIOKEHUS YOKPAKCKOTO, KaparaHCKOrO M CapMaTCcKoro spycos. Panee, pas-
BeouHbIM OypenueM (OTueT o pesynprarax HedrerazonouckoBoro Oypenus Ha Cese-
po-BynkanoBckoit miomaau no cocrostuuto Ha 1989 r. / bopucosa JI.U., Pamckas H.E.,
Xoprommaa 3.11. — Cumdepomnons: Kpeimreonorus. 1989. 246 c.) B paiioHe ByJKaHa Hc-
cienoBaHa BynkaHOBCKash aHTUKIMHAIbHAS CTPYKTYpa, MPEACTABICHHAS TIIMHUCTHIMH
NOPO/IaMU PAaHHEMANKOIICKOTO BO3PACTa B SAPE CKIAAKH U CJIOSMU IJIMH CPEAHE- U O3/~
HEMAaIKOIICKOTO BO3pacTa Ha CKJIoHax (puc. 20).

AHTHKIIMHAJIBHBIE 30HBI, B KOTOPBIX MPOSIBJICH IPA3eBOM BynkaHn3M KepueHckoro mo-
JyOCTpOBa, MO>KHO BbLieauTh CeBepHyto (wn [Ipuasosckyro), Llentpansnyto (Ilpunap-
nauckyto) u FOxnyro (FOro-3amanHoil paBHUHBI). OHU XapakTEpU3YIOTCS IIMPOTHBIMU
OpPUEHTUPOBKAMH, 00CTAHOBKAMU CKaTHs ¢ (POPMHPOBAHUEM AHTUKIMHAIBHBIX CTPYK-
TYp TaKXe CyOLIMPOTHOTO MIIM CEBEPO-BOCTOYHOTO Mpoctupanus. Kaxmas 30Ha cocTo-
UT U3 HECKOJIBKUX KYIHCHO MOJCTPAaUBAIOIINX JPYT Ipyra JUAupOBBIX aHTUKIUHAJICH.
HO>xHas 30Ha, K KOTOPOI OTHOCUTCS CTPYKTypa ByJIKaHa, HANMEHEE BBIPAXKEHA B peJibe-
(e, YTO BEepOATHO, SBIAETCS OTPAKECHUEM BBICOKOTO YPOBHS SPO3MOHHO-ACHYAAIIMOHHO-
ro cpesa. FOkHas 30Ha, KaK U ETIOYKHU TPSI3EBBIX BYJIKAaHOB, B IIEJIOM, UMEET IIUPOTHYIO
OPUEHTUPOBKY. DTO MPOSIBICHUE XapaKTEPHO JJIsl PETHOHAIBHOTO YPOBHS, KOTAa Ipsi3e-
BO BYJIKAHW3M AaKTHUBHO MPOSBIISETCS B y3JIaX MEPECEUCHUs] OCHOBHBIX aHTUKIMHAIIb-
HBIX IPSA3EBYIKAHUYECKUX 30H, KOTOPBIM COOTBETCTBYIOT CUCTEMBI CTPYKTYP IIUPOTHOTO
U ceBepo-3anaaHoro npoctupanus [Skripytsyna et al., 2020].

CeiicmopasBenounbie padotel mo MOI'T B paiione I'B [xxay-Tene u pe3ynbrarsr Oy-
PEHHS TTO3BOJIMIIM IOCTPOUTH MAJIONITYOMHHYIO, 10 MEPKaM METOJia MUKPOCEHCMUIECKO-
'O 30HAUPOBAHMUSL, T€0JIOTO-Te0(hU3UIECKYIO MOJIETIb, T/I€ BhIJICIICHHAS PAa3]IOMHAs CTPYK-
Typa MHTEPIIPETUPOBAHA KaK KOPHEBAs CHCTEMa ByJKaHa, KOTopas Obljia JOTOIHEeHa HO-
BbIMH JaHHBIMU [Presnov et al., 2020], mo koTopsIM ObLTa yTOYHEHA OJIM3IMTOBEPXHOCTHAS
KaMepa HaKOIUICHUs TPSA3EBYJIKAHUYECKOTO BEIIECTBA U MoKa3aHa (popma kaHasia ux Io-
CTYIUICHHUSL.

MeToA UCCAEAOBAHUS

[IpuHIIMIT U3MEHEHHST aMIUTUTYIHOTO CIIEKTPa MUKPOCEHUCM MPHU B3aUMOJCHCTBHUU C
[IyOMHHBIMU HEOJHOPOJHOCTAMHU, KOTOpPbIE O0JIajaloT pa3INYHON MIOTHOCTHIO U CKO-
POCTHBIMHU XapaKTEPUCTUKAMHU SIBJISIETCSI OCHOBOM, KOTOpas 3aJI0keHa B METOE MUKPO-
cericMuueckoro 3oHaupoBanus [[opOatukoB u ap., 2008]. [Ipu mpoxokaeHun 3ariy-
OJICHHBIX HU3KOCKOPOCTHBIX CTPYKTYP IMPOUCXOJAUT yBEJIUYEHHUE CIIEKTPAIbHON aMILIu-
TY/Ibl HU3KOYaCTOTHOTO MUKPOCEHCMHUYECKOT0 CUTHAJIa, © HA00OPOT BHICOKOCKOPOCTHBIE
Cpelbl CIIOCOOCTBYIOT €€ YMEHBIIEHUIO. YUUThIBasl CeUU(PUKY paccerBaHHUsSI MHKpO-
CEHCMHUYECKOro MoJsi, cyOBepTHKAIbHBIE T'€0JIOTUYECKUE CTPYKTYPHI SBISAIOTCA Oojiee
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MPEANOYTUTEIbHBIMU JJIS1 BBISIBICHHUSI 1 OKOHTYPUBAHHUS, YeM TOPU30HTaIbHBIE (POpMU-
poBaHus. BynkaHbl, B TOM 4uCIIe Ips3€BbIe, B OCHOBHOM IO CBOEH MOP(OIOrUU UMEIOT
CyOBEpPTHUKAIIbHYIO CTPYKTYPY HEOJAHOPOJHOCTEH, TOATOMY HCIIOJIb30BaHUE TEXHOJIOTHH
MHUKPOCEHCMHUUECKOTO 30HAMPOBAHUS Ul UX M3YUEHUS SIBISETCS OJHUM U3 HAJCKHBIX
metozoB [Gorbatikov et al., 2018; Cobucesud u nip., 2008; Poroxxun u ap., 2014]. Kpome
TOT'0, METOJl aKTUBHO UCIOJIb3YETCS IPU U3YUEHUH Pa3pbIBHBIX HAPYLICHUN pa3HOM Npu-
poas! [Rogozhin et al., 2020; 'opbatukoB u ap., 2023].

B xauecTBe MHPOPMATUBHOIO 30HIMPYIOIIEro curHaia B MM3 ucnonb3yroTcs HU3-
KOYaCTOTHBIE MUKPOCEMCMBI B OCHOBHOM €CTECTBEHHOT'O NPOUCXOKIAEHUS. Pe3ynbrarsl
YHCIIEHHBIX HccaenoBanuii [[opbarukos, Llykanos, 2011] mokaszanu, 4To y MeTona pas-
pelaoias cnocoOHOCTh 1Mo Topu30HTaIM orieHnBaercs kak (0.25-0.3)A, a mo BepTukanu
nopsiaka 0.3 A, tie A — apdexktuBHas 30HAMpPYIOLIAs JyIMHA BOJIHBL. Kpome Toro, 66110
YCTaHOBJICHO, YTO METO/] IT03BOJISIET BOCCTAHABIMBATh N300paskeHHe HEOOBIION H30IIu-
POBaHHON HEOJHOPOIHOCTH JJa’Ke B TOM CJIydae, €CIM €€ pa3Mepbl MEHBIIIE JTMHbI BOJTHbI
B 10 u 6onee pa3 [I'opbarukos, Llykanos, 2011].

BriepkuBas TpeboBaHMsS MeTO/a Ha rpsizeBoM BynkaHe /[xay-Tene Ha 56 Toukax,
COIVIACHO CXEM€ KaK IMOKa3aHO Ha PUCYyHKe 1B ObLIM 3aperucTpUpOBaHbl CTATUCTUYECKH
ycToiunBble (POHOBBIE MHMKpOCeicMbl (2 yaca u Oosee) ¢ MCIOIb30BAHUEM ILIHUPOKO-
MOJIOCHBIX CEHCMUYECKUX CTaHIMK Ha 0aze HU(POBBIX perucTparopoB curHaiaoB Ref-
Tek-130 (mpousBoacteo «Refraction Technology, Inc.», CIIIA) u celicMonprHeMHUKOB
CM3-0OC c maakol aMIIUTYAHO-4YaCTOTHOM XapaKTepUCTUKON B JUara3oHe 4acTOT OT
0.03 no 10 I't (mpouszBoacTBo OO0 «Mukpoceiicm», Poccust), KoTopbie PO METPO-
JIOTMYECKUE UCIBITaHUs Ha crienuanuzupoBanHoM Bubpoctenae OUILL EI'C PAH. Tak-
K€ Tepe] HayaJloM IOJIEBBIX UCCIIEAOBAHUN JUIsl KOPPEKTHOTO COMOCTABJICHHUS MOJIEBBIX
CUTHAJIOB ObliIa NMPOBEJEHA CBEPKAa M3MEPUTENIbHBIX KOMILIEKTOB. PaccTosiHMEe MexIy
TOYKAMHU perucTpanuu (poHOBBIX KojaeOaHui cocTaBisio B cpegHeM 250 m. [t makcu-
MaJIbHOTO M30JUPOBAHUS OT BHEIIHETO BO3AEUCTBUS (BETPOBOTO, COJIHEUHOTO U T.J1.) U3-
MEpPUTEIJIbHBIE CUCTEMbI YCTAHABIMBAJINCH B 3apaHee MOArOTOBICHHBIE TUIOIIAAKH 1 3aKa-
MIBIBAJIMCh TIOJHOCTBIO. YUeT TPEHJOBBIX PErHOHAIBHBIX BapUaALlMi MUKPOCEHCMHUYECKO-
IO T10JIs1 BBITIOJHSJICS C MCTIOJIb30BAaHUEM OTOPHOM CTaHIIMMU, KOTOpasi Obljla yCTaHOBIIEHA
B 8 KM OT BYJIKaHa BAJM OT TEXHOI'€HHBIX UICTOYHUKOB MIOMEX U paboTana HenpepbIBHO
Ha BECh MEPUOJ] MPOBECHUS MOJIEBBIX UCCIICTOBAHUM.

Pacuer oTHOCHUTENHHON MHTEHCHBHOCTH MHMKPOCEHCMHUYECKUX CUTHAJIOB BEPTHKAIIb-
HOW KOMIIOHEHTBI CMEILICHUS B KXKIA0HM TOUKe U JJIsl KAXKJJ0H YaCTOThI aMILIUTYIHOTO CTIeK-
Tpa ObUT BBINIOJIHEH B IporpaMmMHoM komiuiekce MDP-3D ([lynapos 3.1., Kannoxos 3.M.
Microseism Data Processor — 3D (MDP-3D). CBuzeTenscTBO 0 TOCyAapCTBEHHON peru-
crpauuu nporpammsl uis 9BM Ne 2022613926 ot 11.03.2022 r). IIponenypa kamepaiib-
HOU 00pabOTKM MUKPOCEHCMHYECKHUX JAHHBIX METOJ0M MHMKPOCEHCMUYECKOTO 30HUPO-
BaHUs NoApoOHO onMcaHa B pabore [Popov et al., 2014]. B pacyerax 3HaueHHE SMIIUpHYE-
CKOro ko3¢ duimeHTa NyOMHHON MPUBSA3KU ObUTO paBHO BenuuuHe 0.3 B COOTBETCTBUHM C
[Presnov et al., 2020]. CnemyeT OTMETUTb, YTO AAHHBIHM IapaMeTp BIAUAET TOJIBKO Ha TITyOH-
HY 3aJIeTaHus BbISBIEHHON HEOIHOPOAHOCTH, a TOPU3OHTANIBHBIE pa3Mepbl KOHTYpa U €ro
TOPU30HTAIILHOE MOJIOKEHNE HUKAK HE 3aBUCAT OT YKa3aHHOTO K03(HIIMEHTA.

Pe3yAbTATbl UICCAEAOBAHUS U UX OBCYXKAEHME

[To pesynbraram 00pabOTKK MacCcHBa MOJIEBBIX JaHHBIX MMOCTPOEHA JI0 TITYOUHBI 18 kM
reousnueckasi 00beMHasI CTPYKTypHast MOZCIb (pUC. 3a) pacipeieIeHUsT OTHOCUTEIIb-



110  Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

HOW MHTEHCUBHOCTU MUKPOCEHCM, ITOKa3bIBAIOIIAsl OTHOCUTEIILHOE H3MEHEHNE CKOPOCT-
HBIX XapaKTEPUCTHK CpeAbl MO/ BYJIKaHOM. Ha puCyHKe BCKpBITBIE Pa3HOCKOPOCTHBIE
CTPYKTYPBI, BBIDa)KEHHBIE B 1b, COOTBETCTBYIOT LIBETOBOM I1IKaJIe OTHOCUTEIBHON UHTEH-
cuBHOCTH MHKpoceiicM (/). ITonoxuTenbHble 3HaU€HUs] MHTEHCUBHOCTH PEaKIUH CPEJIb
(Teruible TOHA) COOTBETCTBYIOT MOHMKEHHBIM 3HAYEHHUSM CKOPOCTEH MOBEPXHOCTHBIX
BOJIH U MHTEPHPETUPYIOTCS B OCHOBHOM Kak (DIOMIOHACHIIICHHbIE, Pa3yIJIOTHEHHbIC
CTPYKTYpBbI, & OTPHULIATENIbHbIC 3HAUCHUSI pEaKIUH (XOJIOHbIC TOHA) CBUAETEIBCTBYIOT O
HaJIMYMU HEMPOHMIIAEMbIX KOHCOJIMINPOBAHHBIX MOPOJ, KOTOPBIE AJI HAIVISIIHOCTH Ha
paspese (puc. 3a) mokasaHbl YaCTUYHO MpO3payHbIMU. [lapamMeTpsl BBIBICHHON MPSIMO
071 BYJIKAHOM IIPUIIOBEPXHOCTHOM I'psi3eBYIKaHUYECKOM Kamepbl (o0nacTh 1 Ha puc. 3a)
noapoOHo onrcansl B [Presnov et al., 2020] u He paccMaTpUBaIOTCs B HACTOsILEH padoTe.
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Puc. 3. Iybunnas eeogusuueckas cmpykmypHas mooens epasegozo synkana /Jocay-Tene (a)
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Fig. 3. Deep geophysical structural model of the Dzhau-Tepe mud volcano (a) and horizontal sections
for depths of 6, 10 and 14 km (b)

WHuTepnperanus MUKpOCEHCMUYECKOTO OJIsl B Uana3one Hu3kux yactot ot 0.03 1o
1.2 T'u mo3BONHIIAa BBISIBUTH HA TIIYOMHE 6 KM M HIDKE HETIOCPEICTBEHHO TIO0J] BYJKAHOM



Geology and Geophysics of Russian South 15(2) 2025 [‘eonorvs n reogmanka fOra Poccmt 111

MOIIHOE SIPKO BBIPAXKEHHOE HU3KOCKOPOCTHOE TEJ0, KOPHU KOTOPOTO YXOZAT BIIIyOb 110
ormeTkH 18 kM u Gonee (obmacth 2 Ha puc. 3a). Takue cBepXITyOMHHbBIE CTPYKTYPBI
C XapakTepHBIMH CEMCMUYECKUMH CBOWCTBAMH HAOJIOMAIOTCS B TOJIIE 3€MHON KOPBI U
10 TAHHBIM I'€0JI0T0-re0(pU3NIECKIX UCCIIEI0BAHII HHTEPIIPETUPYIOTCS KaK 0CaI0YHbIE
uabeknun [Jlonenko, 2010], nutaronme CUCTEMBI T'psi3eBbIX ByJkaHOB [CoOuceBUY U
ap., 2008; Poroxwun u np., 2014; IlIarokoB, Herpebekas, 2016], 30HBI ApobIeHUS 1 Cy0-
BEpTUKAJIbHBIE 30HBI AecTpyKiuu [bembens u ap., 2003], a Takxke paccMaTpUBaIOTCS B
Ka4eCTBE MOTOKOB TITyOMHHBIX MaHTUMHBIX Ta30B [[lIHtokoB, HeTpebekas, 2014].

Ha teppuropun FOxno-Kacnuiickoil BaanHel Takue CyOBepTHKAIbHBIE CTPYKTYPBI
JOCTUTAIOT TIIYOMHBI TTopsiika 20 KM U UMEIOT TOPU30HTAIBHBIC pa3Mepsl OT 3 10 10 kM,
a TITyOMHBI TPOSIBIICHUSI OAOOHBIX Tell B YepHOMOPCKOM PErHOHE COCTABISIOT B OCHOB-
HOM 10-12 kM, B HEKOTOPBIX ciydasx 10 18-20 kM U UASHTUDHUIUPYIOTCS YaIle BCETO
KaK I'psA3€BbIE BYJIKaHbI. Takke HMEIOT MECTO B 0CAI0YHOM TOJIE CyOBEpTUKAIbHBIE 00-
pa30BaHUs, HE JOCTUTAIOLIUE JTHEBHOW MOBEPXHOCTH WU JAHA MOps, (POPMHPYS TaK Ha-
3bIBa€MbI€ «clerbie» TpszeBble Bynkansl [[IIHiokoB, KobGones, 2020].

BruaBrennas na [Ixay-Tene cBepXmiyOMHHAs CTPYKTypa ¢ MAaKCUMaJIbHBIM 3Haye-
HUEM OTHOCHUTEIbHOW MHTEHCHBHOCTHU MHMKPOCEWCMHUYECKHUX CHUTHAJIOB, CKOpee BCEro,
BBICTYIIa€T B Kau€CTBE MPOMEKYTOUHOI KaMephl (pe3epByapa) HAKOIIJICHUS [TTyOMHHBIX
IPSA3EBYIIKAHUYECKUX Ta30B, KOTOPBIE CIIOCOOCTBYIOT (DOPMUPOBAHUIO YCIOBHUH AJIs BBI-
JTaBJIMBAHUS BOAOIPSA3EBOM CMECH U MU3BEPIKEHUIO I'PSI3E€BOr0 ByJKaHa. MaremaTnueckoe
ONMCAHUE NEATEIBbHOCTH TPA3EBbIX BylkaHOB [JlomaHckuii, Epmos, 2011] ¢ nuraroumu-
MM CHUCTEMaMH 3alOJHEHHBIMHU ra30M B HUYKHEW M BOIOTPSI3€BOM Maccoil B BEpXHEHW MX
4acTH MOKa3bIBAET, YTO B PE3yJIbTaTe yBEIMUEHUS JaBICHUS Fa30B CO BPEMEHEM MEXIY
KOMITETEHTHBIMU 3JIEMEHTaMU YCTaHABJIMBAETCS HEYCTOWYMBOE paBHOBEcHE, NMPUBOIS-
11e€ K BHITECHEHUIO BOIOTPSA3EBOM CMECH U U3BEPKEHUIO IPSI3EBOTO BYJIKAHA C BBLIOPOCOM
rps3e0peKkunii Ha TOBEPXHOCTh 3eMJIM U ITyOMHHBIX Ta30B B arMocgepy. [locie copoca
JTaBJICHU B MUTAIOIIEM KaHaJle 3allyCKaeTCsl MPOLeCcC HapallluBaHUs HAMIPSHKEHUS U MOJI-
TOTOBKHM HOBOTO U3BEPKEHUSL.

HwuskockopoctHoe ¢opmupoBanue mon BynkaHoMm J[[xay-Terme wumeer crTonbo-
oOpasznyro Gopmy. Kak BUIHO Ha TOPU3OHTAIBHBIX Cpe3ax, Ha mIyOuHax 6, 10 u 14 km
(puc. 36) HaOmromaeTcs pacmupeHue GOpMbI MUTAIONIETO KaHajla, 0COOCHHO B HHKHEH
IIyOMHHOM 4acTH, 3a CUET BHEIPEHUS IPU pa3rpy3Ke ITyOHMHHBIX (IIOMI0B BO BMEIla-
IOLME TOPOABI, UMEIOIINE ONPEACIEHHYIO CTENEHb PA3yIUIOTHEHUS H3-32 U3MEHEHUS
IJIOTHOCTH M IPOHUIIAEMOCTHU cpebl. VICTOUHUKHM TaKUX [TTyOMHHBIX T'a30B, MUTAIOIINUX
MHorue rpszesbsle Bynkanbl KTI'TI, HaxonsTcs 3a npeaenaMu ocagodHoro yexia [Epiios
u ap., 2015]. Tak B cmoHTaHHBIX ra3ax Ipsi3eBOro ByiakaHa byrasckuii, Oblu 0OHapYKe-
HBI 00pa3Ibl ¢ MAHTUHHON yriiepoaHoii MeTkoi [BoiiToB u np., 2004].

AHaJn3 NoABOAALIETO KaHalla MOKa3bIBaeT HaJMYMEe BTOPUUHOTO ovara (00maacTh 2) —
30HBI HAKOTLJIEHUS (urona nepes u3BepxeHneM. OcoOblii HHTEPEC BBI3bIBAET IPOMEXKY-
TOK LEHTPAJIBbHOTO KaHalla Ha uHTepBaje r1youH 3.0-3.5 KM, COOTBETCTBYIOIIMKA Ooee
BBICOKOCKOPOCTHBIM CTPYKTypaMm (OTpULATeNbHbIE 3HAY€HHs] OTHOCUTEIbHOW WHTEH-
CHBHOCTH Ha paspese). [lo Hamemy MHEHHIO, TaHHAst 00JacTh CBsA3aHa ¢ 00pa3oBaHUEM
«TpOOKI» U3 ETUIPATUPOBAHHOM COMOYHOM Opexunu. Takoe «mepekaTrey MmoABoAsIIe-
ro KaHaja CO3J1aeT yCJIOBHE /il 00pa30BaHUsl BTOPUUHOIO O4ara ¢ MOJArOTOBKOM KpUTH-
YeCKH BBICOKOT'O JaBlieHHs. B nanpHeiem, npoxoxaeHue nopora npoyHOCTH «IIPOOKM
MPUBENIET K MapOKCU3MAJIbHOMY M3BEPKEHUIO, C BBIOPOCOM ra30-BO/10-HACHIIIIEHHOTO Be-
IecTBa M COPOCOM JIaBJICHUS, MTOCJIE YEro HACTYIHT ATall HAKOIUICHHS, 00OTaleHHOTO
(ronaMu BeliecTBa U JaBJICHUS BO BTOPUYHOM O4Yare ¢ OJJHOBPEMEHHBIM OTMHPAHUEM
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BBIILIEJIEIKALIETO KaHAJIa.

ITocTpoeHune 06beMHOI CTPYKTYPHOM Mozienu 10 TiTyOuHBbI 18 KM /1a710 BO3MOYKHOCTh
CYIIECTBEHHO YTOYHHUTh INyOMHHOCTh 00pa30BaHMs NEPBUYHOTO (PIFOMIHOTO BEIIECTBA.
Hanuune tak Ha3pIBaeMbIX «TITyOMHHBIX KOPHEW» MOATBEPIKIACTCS PE3KUM PaCIIUPEHU-
€M Pa3yIIOTHEHHOTO HU3KOCKOPOCTHOTO yyacTka. BeposTHo, 3Ta 30Ha riry6ske 11 KM BbI-
CTYIIAeT B KaUECTBE TEPMUYECKON U ra30BOM MOAMUTKH.

BbiBOADI

Peananmns noseBbIX M3MEpEHUH IJIOIAIHON ChEMKH Ha Ips3eBOM BylikaHe J[xkay-Te-
1e, MPOBEICHHON 110 METOly MUKPOCEHCMHUYECKOT0 30HIMPOBaHUS, [I03BOIMII IOJIYYUTh
HOBBIE JJAHHBIE O INTYOMHHOM CTPOEHMHM BYJIKaHA!

1. B HM3KOYaCTOTHOHM 001aCTH MUKPOCEWCM BBISIBIICHBI CBEPXIITYOHMHHBIE CyOBEpPTH-
KaJbHBIE, BEPOSITHO, (DITFOMIONPOBOISIINE HEOTHOPOIHOCTH, AaCCOIMUPOBAHHBIC C TPsi-
3€BYJKaHUYECKUMHU CTPYKTypaMU — OCHOBHBIM (IJIaBHBIM) PE3€PBYapOM U IIPOBOJISALIUM
LEHTPAJbHBIM KaHAJIOM, UHTEPIPETHPYEMBIE HA pa3pe3ax Kak 00JacTH € MOJIO0KHUTEIb-
HBIM 3HAYEHHEM OTHOCUTEJIbHON MHTEHCUBHOCTH.

2. BrisiBiieHHas cToa0000pa3Has aHOMalIbHasl CTPYKTYpa OTUYETIIMBO MTPOCIIEKUBAET-
Cs TIOZ] BYJIKAHOM C OTMETKU 6 KM M HUXKe J10 TyOuHBbI 18 kM U jasnee.

3. OmnpeneneHo MpoCTPaHCTBEHHOE MOJIOKEHNE HU3KOCKOPOCTHOIO y4yacTKa B IMOJI-
BOJISILIIEM KaHAJIE U MPEIJIOkKEHA MOJIENb LIUKINYHOIO HAKOIUIEHUS U U3BepkeHus Jxay-
Temne.

4. BrisiBneHHas OJIM3MOBEPXHOCTHAsI KaMmepa, JETaJbHO PAacCMOTpEHHas B pabore
[Presnov et al., 2020], u momy4YeHHBIC B JAHHOHM CTaThe HOBBIE PE3yJIbTAThl B COBOKYITHO-
CTH COCTaBJISIIOT €IMHYIO MUTAOIYI0 CUCTEMY I'psizeBoro BysikaHa Jlxxay-Terme.
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Pe3tome: AKTyanbHOCTb pa6boTbl. 3aaa4n Teopun YNpyrocTu 1 MaTeMaTUyeckoin n3nkn ans Ten ¢ paspe-
3aMi HyNeBO TONLLMHbI BbI3bIBAKOT UHTEPEC B CBA3M C MHOFOYMCIIEHHbIMW MPUNOXKEHUSAMU, B TOM YWCNE B reo-
thuauke n cerncmonoruu. Kpyr reodpusnyeckux 3afay, peliagmbix ¢ MCNOMb30BAHUEM MAaTeMATUYECKMX MOLenen
JedhopMupyemMbIx Cpefd, cofepxalyux AedekTbl TUNA TPELLUH, 04eHb LWMPOK. B ceiicMopasBefke NpuMeHeHue
TaKux Mofenein no3BosfeT y4nuTbiBaTb HaNM4ne HeOLHOPOLHOCTEN, YTO JAET BO3MOXHOCTb MOBLICUTh TOYHOCTb
VHTEpMnpeTauum HaTypHbIX 9KCNePUMEHTOB. VIHTEHCUBHO pa3BuBaeMble METOAbl MOAEIMPOBAHMUS JUHAMUYECKMX
MPOLIECCOB B CUCTEMAX, BK/HOHAIOLLMX OCHOBAHUS C PACCIOEHUAMMN, HAXOLAT NMPUMEHEHNE NPW PeLUEHUN aKTy-
albHbIX Npo67eM BUOPO30OHANPOBAHNS CIIOMCTBIX FE0NIOrMYECKMX NOPOA, HedhTeao6bI4M 1 np. Mpu 3TOM peLue-
HUe NPAMbIX 3afja4 pacyeta BOMHOBbIX NOJeil, BO30YX/AAeMbIX BHYTPEHHUMMU UCTOYHUKAMM B AedOpMUPYEMOIA
cpefe, ABMSeTCs Hen36eXXHbIM 3TanoM peLleHns 3agad 06HapyXeHNs 1 MAEHTUUKALMN CKPbITbIX HEOAHOPOA-
HocTeii. Lienb paboTbl - pa3BuTIe NOSyaHAIMTUYECKIX METOL0B PELLEHMs 3aday Ans CNoucTbIX CTPYKTYp, CO-
Jepxalynx BHyTPeHHNe TpeLmHbl. MeToabl uccnefoBanus. B ka4ecTBe ypaBHEHWI ABVKEHUS CMOWHON cpefpbl
NPUHSATBI ypaBHeHUs J1ame B nepemMeLLeHnsX, NoCcTaBfieHa rpaHnyHas 3ajadqa ¢ paspbiBHbIMU FPAHUYHBIMI YCNO-
BUAIMM B 061acTu fedhekTos. MeTton 6/104HOM0 31eMeHTa UCMOMb30BaH )15 MOCTPOEHMS NOPOXAAEMON 3afadel
CUCTEMbI NHTErpanbHbIX YPaBHEHWIA, AN PeLleHns NOCNeAHNX MCNOb30BaH MeTO (PUKTUBHOrO MOMMOLLEHUS.
PesynbTatbl paboTbl. [peacTasneH nonyaHanuTUYECKUA METOM UCCNEA0BaHMS BbI3bIBAKOLIMX 0COObIA UHTEPEC
NOKANI3ALNOHHBIX U PE30HAHCHBIX 3(D(EKTOB, CBA3AHHbLIX CO CMEKTPaNibHbIMU CBOACTBAMMW 3ajad Ans Cnou-
CTbIX CTPYKTYP C TPELLHamu.

KnioueBble cnoBa: MOAeNMpOBaHNe reosornyeckoii cpefbl, CIOUCTas CTPYKTYpPa, NnaHapHble TPEeLHbI,
MeTO[ GNIOYHOT0 3NIEMEHTa, CUCTEMA UHTErPanbHbIX YPaBHEHWIA, METOA (DUKTUBHOTO MOMMOLLEHWS, YCOBUS J0-
Kanusauun.

bnaropapHocTu: PaboTta BbinoHEHa npu (bUHAHCOBOV NMOAAEPXKE Poccuiickoro HayyHoro ¢ponaa n Ky-
0aHcKoro Hay4yHoro ¢hosaa B pamkax npoekta Ne 24-21-20032.

Ina yutuposanus: TenatHukos 1.C., Masnosa A.B. K 3agayam Teopuin «BUpycoB» BUOPONPOYHOCTU B CEMC-
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Abstract: Relevance. The problems of elasticity theory and mathematical physics for bodies with zero-
thickness cuts present a great interest and have numerous applications, including those in geophysics and
seismology. The spectrum of geophysical problems solved using mathematical models of deformable media
containing defects such as cracks is very broad. In seismic exploration, the use of such models allows us to
take into account the presence of heterogeneities, which makes it possible to increase the accuracy of the field
experiments interpretation. Intensively developed methods for modeling dynamic processes in systems including
foundations with discontinuities are used to solve topical problems in vibration sounding of layered geological
formations, oil extraction, etc. At the same time, the solution of direct problems of calculating wave fields excited
by internal sources in a deformable medium is an inevitable stage in solving problems of detecting and identifying
hidden inhomogeneities. Aim. The aim of the work is to develop semi-analytical methods for solving problems
for layered structures containing internal cracks. Methods. As equations for motion of a continuous medium we
have adopted Lame equations in displacements and formulated boundary problem with discontinuous boundary
conditions in the defect area. The block element method has been used to construct the system of integral
equations for the problem, and the fictitious absorption method has been used to solve the latter. Results. A semi-
analytical method is presented for studying localization and resonance effects of particular interest, associated
with the spectral properties of problems for layered structures with cracks.

Keywords: modeling of geological environment, layered structure, planar cracks, block element method,
system of integral equations, fictitious absorption method, localization conditions.
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BeseapeHre

AKTHMBHOE HCHOJIb30BAHME HMHCTPYMEHTAJIBHBIX METOJOB YIPABIAEMON aKTHUBHOMN
CEMCMOJIOTUH, HAIPABJICHHBIX HA U3y4YE€HHUE BHYTPEHHEHN CTPYKTYphl 3€MJIM, CTABUT HeE-
MaJio 337134, pelIeHUe KOTOPBIX TpeOyeT pa3BUTUSI MEXaHUKO-MaTeMaTHuYeCKUX Mojesneit
U COBEPIICHCTBOBaHUS METOJIOB UX HccienoBanus [M3menenue ..., 2008]. [ns Cesep-
Horo KaBkasa, siBnsromierocst oqHUM M3 Haubosee ceiicMoonacHbIX peruoHoB Poccuun
[Croruwmii u nip., 2022], 3tu npoGiieMbl 0COOEHHO aKTYyaJIbHBI.

IIpu MoznenpoBaHUM IeOJIOrMYECKON Cpenbl UPOKOE PacIpOCTPAHEHNE TOIy4YHIIa
MOJIENIb CJIOUCTOrO YNPYroro NOJyNPOCTPAHCTBA C IJIOCKONApauIeIbHbIMUA I'PaHULIAMU
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win naketa cinoeB [Cobucesud u ap., 2020]. ConocraBieHre pe3yabTaToB UCIIOJIb30Ba-
HUS 3TOW MOJIENH C JAaHHBIMM MOHUTOPHUHTIA MO3BOJISIET MOIy4aTh U UHTEPIPETUPOBATH
CBEICHHUS O TpoIieccax BO30YKICHHS U PACIIPOCTPAHEHUS CECMUUECKUX BOJH B PE3yib-
TaTe BO3ACHCTBHII OBEPXHOCTHBIX M 3arTyONIEHHBIX UCTOYHUKOB PA3IUYHON TPUPOIBIL.
[TosToMy uccnenoBanre B3aMMOJAEHCTBUSI YIIPYTUX BOJH C IPAHUIIAMU pa3jiesia B MHOTO-
CJIOMHBIX CpeflaX M BIUSHUE I'PAHMI] HA WX MOBEICHUE HAXOAUT IIMPOKOE NPUMEHEHHUE
B reousuke u cericMonoruu. [Ipu 3ToM 4acTo UCTIONIB3yeTCs KIACCUYECKOE TPAaHUUYHOE
YCIIOBUE UACAIBHOTO (3KECTKOTO) COSTUHEHUS AJIsl IOBEPXHOCTH pa3/iena, XapaKTepHu3y-
I0l[eeCs] HEMPEPBIBHOCTHIO MEPEMEILIEHUI U HAIPSDKEHU Ha rpaHuax pasjera.

Kpome toro, pacnpocTpaHeHHbIE B peajbHOM cpejie MOJIOCTU, TPEUIMHBI U JIpyrue
HEOJHOPOAHOCTH PA3IUYHOTO pazMepa M MPHUPOJIbI AKTUBHO Pa3BUBAIOTCS B JIUTOC(hHEpe
CEHCMOOMAaCHBIX PETUOHOB, MEHSISI TPOCTPAHCTBEHHYIO KapTUHY (DOPMUPYEMBIX BOJHO-
BBIX TOJICH W BIUSS HA JOKalbHBIC U I00aIbHbIE PE30OHAHCHBIE CBOMCTBA OTAEIBHBIX
oOpa3oBanuii TopHO Topoasl. C TakuMH JePEeKTaMU HEPEIKO CBSI3BIBAIOT KPYITHBIE
ceficMuYecKue COOBITHSI, SBISIFOIIMECS UCTOYHUKaMH reodusndeckux karactpod [Co-
ouceBud u Ap., 2020]. B HacTosiiee BpeMs: HCCIEAOBAHUIO PA3TUYHBIX ACIIEKTOB JIMHA-
MUKH CpEJI, COMIePKAIUX TPEIIMHBI, TOCBSIIEHO OOIBIIOE KOTUIECTBO PabOT Kak 3apy-
OEKHBIX, TAK U OTEYECTBEHHBIX aBTOPOB, IEMOHCTPUPYIOLIUX Pa3HOOOPa3HBIE MOAXO/bI
[babemiko, 2000; Komatitsch, Tromp, 1999; Ceeseman, Santare, 2002; BarynbsiH, bapa-
HOB, 2005; Kapaosckwuii u ap., 2004; [psixuna, Cmupaosa, 2005; Shifrin, 2015; I'mymikos
u 11p., 2006; Cobucesuy, 2010; Croruuii u ap., 2020].

OpHa U3 4acTo NPUMEHSEMbIX MaTeMaTUYECKUX MOJIEIEH TPELMHbl — MaTeMaThye-
CKMI1 pa3pe3. s TpelnHbl HyJ1€BOM TONIIMHBI UCIOIB3YIOT Pa3IN4HbIe TPAHUYHBIE YC-
JIOBHsSI HA ee Oeperax: pacKpbITas TpellrHa, TPEUIHa ¢ 33JlaHHBIMU Ha Oeperax Hamps-
YKEHUSIMU, TPELIMHBI C PABHOMEPHO U HEPABHOMEPHO paclpe/leIEHHBIMU BHYTPEHHUMHU
CBSI3SIMU.

B pa6orax B.A. babemniko mpoBefeHa cucTeMaTH3alusl Pa3INuHbIX THUIIOB HEOTHO-
poaHocTed U chOopMyTHUPOBAHBI MOJIOKEHUS TEOPUN «BHPYCOBY» BHOPOMPOYHOCTH. J[ist
ne(eKTOB TUIIA TPEIINH, OJJUHOYHBIX U MHOXKECTBEHHBIX, PACIIONIOKEHHBIX B Mapaljieb-
HBIX MJIOCKOCTSX, B paboTax [babemiko, 2000; Kapnosckuii u ap., 2004; Ipsxuna, Cmup-
HoBa, 2005; Telyatnikov, Pavlova, 2023] mpencraBieHbl METObI HCCIEIOBAHUS 3314 B
pamKax ykazaHHOU Teopuu. [lonyueHue pelieHrs MHTErpajibHbIX YPaBHEHUH B MIOJyaHa-
JUTHYECKOHN (popMe COKpallaeT BEIYUCIUTEIbHBIC 3aTPATHI.

BHyTpeHHHE HEOAHOPOJHOCTH MOTYT MPUBOJIUTH K NEPEPACIPEACICHUIO HAIPsiKe-
HUM 1 nedopmanuii B MaccuBe M 3eMHOH Kope [3aamumBuiu, [onuk, 2024]. A Bius-
HUE Ha TEOJIOTHYECKYIO CPey Pa3InYHbIX BUIOB BUOPAIIMii, B TOM YHCIIE TEXHOTEHHBIX,
MOYKET MPHUBOAWTH K BO3HUKHOBEHHIO BO30YXJACHHOU celicMuyHOocTU [M3MeHeHue ...,
2008].

B pabore paccmarpuBaroTcs 3aadd 00 yCTAHOBUBIIUXCS KONEOAHMSIX CIOUCTO-
CTPYKTYPUPOBAHHBIX CpE/, COAEPKAIIUX IUIAHAPHBbIE TPEUIMHBI, PE3YyIbTaThl UCCIEA0-
BaHUS KOTOPBIX MOTYT OBITh UCIIOJIB30BaHbI MPU MOACIMPOBAHUN BO3IECHCTBUN HA T€O-
JIOTHYECKYIO CpPey MIMPOKO PACIPOCTPAHEHHBIX JUIUTEIbHBIX BHOPAIIHIA.

HccnenoBanne HampaBleHO Ha M3yYeHUE 3aKOHOMEPHOCTEH BUOpalMU TPEIIMH U
pa3BUTHE METOJIOB PELICHUS 3a/a4, OMHCHIBAIOUINX ATH Mpoiecchl. OcoOblii HHTEpEC
BBI3bIBACT M3YyUCHHUE JTIOKATU3AIMOHHBIX U PE30HAHCHBIX AP (EKTOB, CBI3aHHBIX CO CIICK-
TpPaJIbHBIMU CBOWMCTBAMU 3a7a4 JIJIsl CIOMCTHIX CTPYKTYp C TpemmHamu. B pabote mpo-
JIEMOHCTPUPOBAH MOJXO/A K PEUICHUIO 3a/1a4 ISl CIIOMCTBIX CTPYKTYpP C IJIaHAPHBIMU
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TpCIIMHAMU HAa OCHOBC TCOPHUU KBUPYCOB» BI/I6p0HpO‘lHOCTI/I U MPUMCHCHUA (baKTOpI/ISa—
IMMOHHBIX MCTO/IOB.

O6Lwas MOCTAOHOBKA 30A04M

CnoucTtocTh — OAMH U3 MPU3HAKOB, CBOMCTBEHHBIX OCAJOYHBIM M MeTamopduue-
CKMM KOMIUIEKCAM TOpPHBIX MOpoA. [eonornyeckoe crpoeHue cpelbl B CEUCMHUYECKHU
AKTUBHBIX OOJACTSIX HEPEAKO MPEICTABICHO CIOXHBIMH MHOTOCIIOWHBIMHU pa3pe3a-
MH, HO B T€X CIy4asX, KOTJa I'e0JIOTMYECKUNA pa3pe3 MECTHOCTH OTHOCUTEIBHO MPOCT
B CMBICJIC TCOMETPUN HAIJIACTOBAHUA TOPOA U penbeq)a MECTHOCTHU, MOJCJ/Ib BCpXHeﬁ
YaCTH 36MHOM KOPbI MOXKHO MPEACTABUTh B BUJIE€ CUCTEMBI IJIOCKOIApaJIEIbHbBIX TOPH-
30HTaJbHBIX cioeB. M3yuyaemas kpaeBas 3ajauya i makera u3 N CJIO€B C 3alleMIIEH-
HOW HIDKHEH T'PaHbIO OMMCHIBAECTCS YpPAaBHEHUSAMHU JlaMe OTHOCUTEIBHO MEpPEMEIICHUMN.
B nexaproBoil cucteme KOOpAMHAT MJIOCKOCTh X;Ox, napajiejbHa MOBEPXHOCTHU IaKe-
Ta (X3 =y, = 0,—0 < x3,%, < +0), oce Ox; HalpaBleHa NMEPIEHIMKYIAPHO BBEPX.
Vrpyrue XapakTepUCTHKH CJIOEB, OTPAHHUUYCHHBIX IUIOCKOCTSIMU X3 = My, X3 = My
(k = 1,N), 0603HauEHbI gyepe3 Ay, 1y, IIIOTHOCTh — Pk. BpeMst BXOAUT B POPMYIHUPOBKY
3a/laud B KauecTBe nmapaMerpa. i yCTaHOBUBIIUXCSI TAPMOHUYECKUX KOJIeOaHUM mpu-
HsITa KOMIUIEKCHas (popMa 3amicH U Bce (PyHKIIMU MPEACTaBUMBI B BUJIE:

flx,t) = Re[}"”(x)e‘imt], x = (xy,%5,%3),
U Jajiee U3JI0KEHHE MPOBOIUTCS JIUIST aMIUTUTYIHBIX MTapaMeTPOB, THJIbA OIMYIICHA.
Omnpeensroiye ypaBHEHUS KMEIOT BUI:

3mech A TlepeMemennii Npu x, — /i, + 0 BBEIEHBI 0003HAaueHWs Uy = (Ui},
m=1,3, I BCEKTOPOB HAMPSKEHUH — T:—.— = {rkim}, T, (X, X5, 11,) = {g’i.jnj}l i
Xg =i

TI¢ g,; — KOMIIOHEHTBI TCH30pa HANPAKCHUH, 11; — COCTaBIAIOIME BEKTOPA HOPMAIIH K
IUIOLIAKE.

Bynem mosiarath, 9T0 Ha MOBEPXHOCTH CpPEbl B 3aJaHHOM KOHEUHOM obmactu {2y
JeICTBYeT rapMOHUYECKUI UCTOYHUK, B UHTEP(ENCHBIX TUIOCKOCTSIX COAepXkKarcs IIo-
CKHE TPELIMHbI, 3aHUMAIOLIHE HENePeCeKaroIUecst OMHOCBA3HbIC o0nactu 2, j = 1, Ny
Hanunune TpemmH u paccioeHuil pu UCHOIb30BAHUH MOJIEIN CIOUCTOU MPOTSHKEHHON
Cpelbl OMUCHIBAETCS 3aJjaHHEeM B 00JacTH Ae(EKTOB Pa3pbIBHOTO YCIOBHS AJis MepemMe-
LICHUH, BHE 001acTeil 1eeKTOB 3a/1aeTCsl a0CONIOTHBIA KOHTAKT CIIOEB (HETPEPBIBHOCTD
TIOJICH HAIPSHKEHUHN U TIEPEMEIICHH ).

['paHuyHbBIE yCIOBHS 3aMUIIYTCS B OpMe:

_ N _ 0 N\ ( . _ .
X3 = hyyqi Unyq = Uyyq, (0, X2)€QN 115 Tygr = 0, (g, X2) €0y415 2
x3=hyiu; =0, -0 < xp,x; < 40 3)
X3 = hye: Tje = Tfy = Tjp, (X1, %) €y
« _ N R —
Uj, = uﬁc — U = 0, (x1,x5) ¢ Ujfl Qji,j =1, Np. “4)

Bo n30exxanue HeoJHO3HAYHOCTH PEIIEHUs 3a/1a4yd 00 yCTaHOBUBIIMXCS KOJIeOaHUIX
B KaueCTBE YCJIOBUS M3JIy4EHHUS BHIOMpAETCs MPUHIMII MpeieiabHOro noromnieHus [Bo-
poBuu, bab6emiko, 1979].

Bocnonesyemcs metonom Gnounoro snementa (MBD) [Babeshko et al., 2013], BbI-
JIeTUB B MaKeTe ciou-0ioku. B pesynprare peanuzanuu anroputma MBD ans 3amaun
(1)—~(4) mpuxonum K cucteMe UHTEerpanbHbIX ypaBHeHUN (CUY) B mIIOCKOCTSIX pa3zaena
CJIOEB:
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— N *
Zév=11 j=11 jcnl(ﬂjl+1)ujl+1 + Kon (Dn1+1)Ts1 = Tns1s (5)
X3 = Rpyqs (x;l, X3) € Qpns1-m=1,N,n=1,N—1;
)Jriwnd e Kot (e 1) Wrsr + Ky @Qus1)Thsr = Ui, (6)

X3 = hyyq, (X1, %2) € Oyyq.

HeussecthbiMu B (5), (6) ABIAIOTCS CKAUKU NEPEMENICHUIA B O0IACTSX TPEIIMH Uy, 4
Y HaNpsDKEHMs! MO IITaMIIOM Ha MOBepXHOCTU Ty+1. IHTETrpanbHbIe oneparopbl UMEIOT
BU/I:

+1

gc”l(gfl“)u;“'l - ﬂnj ki (g — §1, %5 — §2)uj144 (81, $2)dE1dEy,
2
e Aaapa 3aBUCAT OT YaCTOThI U IapaMETPOB CUCTCMBI U ITPCACTABIIAIOTCA
1 i
kij(xy, ;) = Ffl“l frz K;j(a;,az)e i@ +x20)qg, da,.

[Tonoxenune KoHTYpoOB I'y, I, B KOMIIJIEKCHOHN IUIOCKOCTH OINPEAEIISIETCS PUHIIAIIOM

npezenbHoro noriomenus [Boposuy, babemiko, 1979], crpykrypa marpu K, ; ipusezie-
Ha B pabore [Pavlova, Telyatnikov, 2019].

MeToapl TIOCTPOCHUST CHUMBOJIOB U MAaTPHUI-CUMBOJIOB HHTETPAJIbHBIX YpaBHEHUUN
(YY) u CUY 3amaq mist cpei ¢ €IMHUYHBIMHA M MHOXKECTBEHHBIMHU TPEIIUHAMU U HUX
pemieHust pacCMOTPEHHI Takke B padbotax [Tkaues, 1979; Kapnosckuii u mp., 2004; [1ps-
xuHa, Cmupnosa, 2005; Cobucesuu, 2010; Pavlova, Telyatnikov, 2019; Telyatnikov,
Pavlova, 2023]. [Tpu pemieHnu TpeXMEPHBIX 3a/1a4 0 KOJI€OaHUSIX CTPYKTYP C TPELIUHAMU
3a4aCTyH0 MCTOJB3YIOT METOJl TPAaHUYHBIX WHTETPAIbHBIX YPAaBHEHUM, TJ€ I OThICKA-
HUS CKayKa MepeMenieHnid npumMmensercst metof ['anepkuna [[mymxkos, [mymkoBa, 1996;
Bostrom, 2003].

OcoGenHocthio MY, BOZHUKAIOIMINX MPU MOAECTUPOBAHUU CPEIbl, COAEpKAIeh Tpe-
IIMHBI, SBJSIETCS PACTYIIU XapaKTep CHMBOJIOB siJiep Ha OECKOHEYHOCTH, BCIIEIICTBHE
4ero sapa MpeAcTaBiIstoTes 00o0meHHbIMU GyHKIMAMHA. B padote [Tkauer, 1979] pe-
TyJIsipU3aliis CUCTEM MHTErPAJIbHBIX YpaBHEHUU MEPBOTO pojia MPOBEJIEHA C TOMOIIBIO
dakropuzanuu GyHKIUNA U MaTpull-GyHKui, asropamu [[Ipsxuna, CmupHoBa, 2005;
Telyatnikov, Pavlova, 2023] ucnons3oBan Meton (ukrtuBHOro mnornomenus (MOII),
onucaHHbll B MoHorpaguu [babemko, 1984]. Crnenys mpumeHeHHOMY B paborax
B.A. babeuiko npuemy, OCyIIeCTBIsIETCS TPeoOpa3oBaHUE WHTETPAIbHBIX ONEPaTopoB
3a c4eT BbIHOCA JuddepeHmanbHoro oneparopa A — A%, A = const, ¥ (pOPMYJIUPOBKH
JIOTIOJTHUTENBHBIX YCIIOBUH NIl YCTPAHEHHUS HEOIPENEICHHOCTH B PEUICHUH MCXOTHBIX
NY. B xauecTBe NONOJHUTEIBHBIX OTPAaHUYCHUM, HAKIAABIBAEMbIX HA PELICHUs, IIPU-
HUMAIOTCS YCIIOBUS pPaBEHCTBA HYIIO CKaYKOB MEPEMEILEHUI Ha IpaHuLaX 0bIacTei, 3a-
HATBIX TpermHaMu. J{ns CUY ¢ mpeoOpa3oBaHHBIM OMEpaTOPOM MOXKET OBITh MPUMEHEH
MeTox pukruBHOTO TIoromeHus (M®II), pa3nuuabie MOTUPUKAIIUNNA KOTOPOTO OITMCAHBI
B paborax [Kapnosckuii u np., 2004; IIpsxuna, CmupaoBa, 2005; Telyatnikov, Pavlova,
2023].

Ipeacrasum Matpuiy-cumeor supa CUY K = | K|
Kg=f (7)
B Busne K = Koll, I (a,,a,) ~ E+ 0(a™t), tae E — enunnunas marpuua, Ky coot-

BETCTBYET 3aj[auaM JIsl CpeJl C 3aTyXaHUueM. ACUMIITOTHYECKHUE CBOMCTBA DIIEMEHTOB U
onpenenuteneit K u Ky coBnanator npu a — 0, otmumuueM 1uist K aBisieTcss OTCYyTCTBUE
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oco0eHHOCTel Ha BellecTBeHHOW ocu [BopoBuuy, babemko, 1979]. Ha BemiecTBeHHBIX
0CSIX TIOCTPOUM aIpoKCUMaIuu nementToB Marpur (e, a,), M~ (a,,a,) pauuoHaib-
uevu Qynkimavy, M5 (ay, a,) ~ M5 (ay,@,), 0., = ||P;||, 1% = ||M,,||, 0603Haums D;;
¥ Z;; TIOJSIPHBIC MHOXKECTBA P;; M M, ; COOTBETCTBEHHO. MICIIONB3Yst TEOpeMy TeopHH BO3-
mytieHuit [babemniko, 1984], nisa mocrpoenus npudmmkeHHoro pemenus (7) Oymaem pac-
cmarpusatb CUVY:

K*(q = f, K = K,II".

Janee cumBon «*» omyIeH.

Anroputm  M®II  npeamonaraer  NpeACTaBIEHUWE  pPELIEHUS B BHJIE
q(x;,x,) = plxy,x,) + @(xy,x,), e V,¢ = V,q. 31ech u nanee UCmonb30BaHbl 0003HA-
yenus V1 n1g oneparopoB npsmoro u o6parHoro npeodpasoanus Oypbe mopska 7.
Torma V, (a,, &, )q;, = 0 Ha MHOXECTBax Dy

Hcnonb3ys 1o cxeme MeTofia HOBYIO HEU3BECTHYIO t(x;,x,) = V  lVp(x,,x,), 1
HEEe MOIYUYHM:

t(xy, X)=K5 ' f — @ — K5'So,

TJIe MaTpHIA-CUMBOII sifjpa onepatopa S umeet Bun K, (IT— E).
Torna pemienue (7) moayduM B CIEAYIOIMIEM BUIE:

q(xy, x)=Kg ' f — K 'SV T — E)V(Ko 'f — @ — Ky ' Sep).

W3 coBnanenus Hocuteneil BeKTop-PpyHKuid p(x,,x,) 1 t(x,;, X, ) BEITEKACT yCIOBUE
[babGemiko, 1984]:

Vo' f — @ —K;'S@) =0, (ay, @) € Zi;. (8)

PelueHne MHTErPAAbHOIO YPOBHEHMS
AN OAMHOYHOW TPELLMHbI

Bcerpewarores cirydan, korza B koJiebaTebHOM MPOLecce, B KOTOPBIN BOBIEYEHBI 00JTh-
mye 00beMbl TOPHOIM TOPOJBI, MPEINOYTEHUE JTOJIKHO OBITh OTIAHO JIOKAJIBHBIM CTPYK-
Typam, (popMUpPYIOIKUM HUCTOUYHUKU Bo3MmymieHuid [Cobucesud u ap., 2020]. bonbiioe
YHCII0 paboT MOCBAIICHO YHCICHHOMY PEUICHHUIO 3314 TS 1e(pOpPMUPYEMBIX CTPYKTYD C
OJJMHOYHOM TpemMHOM. B paccMaTpuBaeMbIX B TaHHOM paboTe MOAEIAX HE YUUTHIBACTCS
BO3MOXKHOCTH KOHTaKTa OeperoB TpenuHbl. [10/1X0161, 0OCHOBaHHBIE HA MOJIETH KOHTAKT-
Hoii 30HBI [England, 1965], npeogonesaroT npobiieMy B3aUMOTPOHUKHOBEHUS OEperoB
TPEILMHBI, OIHAKO 30HA B3aUMOIPOHUKHOBEHHS OOBIYHO Majia 110 CPAaBHEHUIO C JUIMHOMN
tpeunsl [Erdogan, 1963].

[MpuBenem MY ocecuMMETpUYHON 3aaudl JUIs OJHOTO CIIOS-OJI0Ka, COAep Kaliero
TPEILLMHY OTpPbIBA B INIOCKOCTH, apaJuIeIbHON IPpaHULIAM:

Kq = [ kn (r,p)w(p)pdp = f(1), 0 < 7 < a, 72 = x7 + 23,
kn(r,p) = [ K@) (an)p(ap)ada, a* = af + a3,

e K(a) mCa(l + O(a‘lj). C = const, pu @ = %, Koutyp I'y npeacrasmsier coboit
4acTh KOHTypa I, iexanyro B paBoii Moymiockocty, /. — GpyHkuus beccens nepBoro
pona [CripaBOYHUK ..., 1979].

st nonydenuss UY ¢ yObIBaroIuM CUMBOJIOM siZipa BBIHECEM U3 00eHX JacTeil omne-

parop Buma —L, + A* tne [, = — (Ei (r i) - ﬁ). B pesyibrare HOmyumMm:
n rdr dr r2
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Iy lex G (0)pdp = [ f(p)p ;DI adadp + £(r),

aZ+A? 9
e(r) = Cil (AT) + CoK, (A1), ©)
rae I, — pynkuusa Undensaa, K, — pynkuus MakgoHanbpaa.
B cuny neorpanmdyenHoctu ¢yHkiuu MaknoHansaa [CopaBodHuK ..., 1979] mpu
r = 0, cnenyet monoxwuts C; = 0. Torma MY (9) 3anumiercs B Buje:

Jy Fex (o (P)pdp = Kn(AT) [ f(p)In(Ap)pdp +
+L,(AD[Cy + [T F(p)Kn(Ap)pdp],
rae Ci moutexxuT onpeienieHnIo U3 yCIoBUs PABEHCTBA HYITIO PACKPHITHS TPEITHHBI
Ha Kpato (TIpu 1 = a).
[Mocnenuee NV, ve napymias oouHOCTH, petmaercs st f(r) = J, (3r), Tak kak mpouns-
BOJIBHYIO (DYHKIIMIO MOXHO TPEICTABUTh B BUJIC PA3IOKEHHS B psija 1o GyHKIMIM bec-
Cellsl.

B paborte [Telyatnikov, Pavlova, 2023] npemioxeH cienyromuii Bu GyHKIHHA @:

@(r) = Xk=1 G (L) Dy (r — a),
Ge(a?) = (a® = pf) - (@® = pi-1)(@® = piya) -+ (@® = pR),

IJIE P COCTABIAIOT MOJsgpHOe MHOXKeCTBO K (@), D;, — mocrosHHbIE, OnpenensemMple
BIIOCJICACTBUU U3 yCIOBHUS ().

Ob6CyXAEHNE PEe3yAbTATOB

Hanmuuue B aedopmupyemoil cpene HEOTHOPOIHOCTEH MPU HEKOTOPBIX YCIOBUIX
MPUBOJIUT K JIOKAJIHM3AIMK BOJHOBOTO TIPOIIeCCa U BOSHUKHOBEHHIO PE30HAHCOB B YCIIO-
BUSIX BUOpAIIMH, ITOT YHPEKT MOKET HAOIIOIATHCS KaK JIJ7I MHOKECTBEHHBIX OTCJIIOCHUMH,
TaK ¥ JUIS ONMMHOYHOW TpemuHbl. Ho mpucyTCTBHE CUCTEMBI TPEIIHH YCIOXKHSIET 00HA-
py’keHue Takux Ae(eKTOB: €ClIi OJUHOYHAS TPEIIMHA, KaK IPABUIIO0, IKCIIEPUMEHTATILHO
MOJITAETCSI JIOKAI[UH, TO COBOKYITHOCTh JIE(PEKTOB MOXKET CHIIBHO PaccerBaTh Ma a0
CHTHAI.

VYcnoBust nokanu3anuy 00yCIOBICHBI HATMYUEM Y OTIEpaTopa COOTBETCTBYIOIIEH Kpa-
€BOU 3aJ1a4 OTIPEJICIICHHBIX CIIEKTPAIBHBIX CBOMCTB M CPOPMYTUPOBAHBI B BUJIE TEOPEM
B padore [babemiko, 2000].

Teopema [baGemixo, 2000]: [TycTs A5 3a1aHHOTO BUpYCa IMapaMeTphl 3aJJa4u TAKOBBI,
YTO UMEET MECTO PaBEHCTBO:

Qo(al,az) =0HpI/Ia=va1+a2 :Zk,k: 1, e, m, (10)

TOIJ]a «BUPYC» JIOKAJIU3YET BOJIHOBOM MPOLIECC B CBOEH OKPECTHOCTH.

31ech Z; 06pa3yroT KOpHEBOE MHOXKeCTBO detK (a, @,, w); Bekrop-(pynkims Qg (ay, ;)
— pemenne CHUY, KOTOpy0 MOKHO NOIXY4UTh U3 (5), (6) myTem 3ameHbl MaTpuilsl Dypbe
CHMBOJIA sI/Jpa HA BAPUAHT 3a/1au¥l JJIsl CPEeJibl C CHIIbHBIM 3aTyxanueMm Kg.

Pa3BuBas TeopeTnueckue nocTpOeHUs B paMKax 3aTpOHYTOM IpoOIeMbl, TIOCTPOEHNE
ycnoBuit (10) TpeOyet onpenenenusi kopaeBoro muokectsa detK. Vcnonb3yst cUMBOIIBI
K; j (ay, &) GriouHOM marpuiisl K ormucannoii 3a1a4u 1y1s makeTa ciioeB ¢ (GUKCHPOBAHHOM
HIDKHEH IPaHblo U AEHCTBYIOIIMM Ha MOBEPXHOCTH ITAMIIOM, MOXHO HOIY4YHUTh aHAJIH-
truyeckue npezcrasinenus detK. Kopuesoe muokectBo detK BkirouaeT mossipHbie MHO-
JKECTBa OIpeAeNuTeNIell MaTpULI-CUMBOJIOB [ prHa OIHOPOJHBIX CJIOEB C MapaMeTpamu
HEPBOTO U MOCJIETHETO CJIOEB C yCIOBUEM (3) Ha HIXKHEW IPaHULIE U MOJIIPHbIE MHOXKe-



Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reopuanka fOra Poccnt - 123

CTBa ONpeeInTeNeld MaTpUI-CUMBOJIOB [ puHa OTHOPOHBIX CII0EB CO CBOOOTHOM BEpX-
Hel rpaHuieil ¢ XxapakTepuCcTUKaMHU BHYTPEHHHUX CJIOEB, YTO MOJHOCTBIO COITIACyeTcs ¢
pesylbratamMu, NoJdy4eHHbIMU B paboTax [[Ipsxuna, CmupHoBa, 2006, 2012].

Ha pucynke 1 npeacTaBieHbl KpUBbIE IIOJTIOCOB U HYJIEH 3JIEMEHTOB U ONpeeauTenei
MaTpUIl 7S 33/1a4M O KOJeOaHUAX CPEeMbl ¢ TPEeUMHAMH B UHTEP(ENCHBIX MIOCKOCTAX.
Tak pucyHOK la WILTFOCTpUPYET HyNIH U monoca sneMenTa Ki3(a) B ciygae onunounoi
TPEIMHbI B UHTEP(EHCHOH MI0CKOCTH ABYXCIOHHOTO MTaKkeTa, PUCYHKY 1b cOOTBETCTBY-
€T TPEXCIIONHBIN MAKET C TPEIIMHON MEKIY BTOPBIM M TPETHUM CIIOSIMU (K03 PHUITHESHTHI
ITyaccona v; = 0,28,j = 1,3). TonuuHBI CI0EB MPHUBENEHBI B O€3pa3sMEPHBIX BEIMUHHAX
(mist 06oux ciyuaeB H,; = H, = 0,5, Hy = 1), HikHsIs rpaHuIa aKkeTa 3aieMieHa, BepX-
Hsisl — CBOOOHA OT Harpy3ok. Ha pucynke 1¢ mpuBeneHs! HyJIM H MOJIOCA ONPEACTUTEIS
marpuilbl K makera U3 qByX CII0EB CO CBOOOTHOM MOBEPXHOCTHIO U HHTEP(EIHCHOM Tpe-
muHoi (H, = H, = 0,5, H; = 1), ana 1d — onpenenurens marpunst K s getsipexcioii-
HOM CpeJibl, C Harpy»KEeHHOM BepxHel rpansto (H; = H, = 0,5, H, = Hy = 0,2). Tpeuuns
B TIAKETE PACIIOJIOKEHBI MEX]Ty TIEPBBIM M BTOPBIM, a TAKXKe MEXKIy TPETHbHM U YETBEP-
TBIM CIIOSIMU.

Bcrony Ha rpadukax 4epHBIMU CIUTOIIHBIMH JIMHUSIMH 0003HAUEHBI MOJIOCA, a MyH-
KTHPOM — HYJU (CHHUM — OJHOKpaTHBIE, KNACHRIM — niByKpaTHbIe). [To ocu abcrmce oT-

v 5= wl (PX .
JIO)KeHA TIPUBEICHHAS YacTOTa KoJebaHuii @ = @ . (w — gacroTa xonebanuii, [ — pas-

MEpPHBII JINHENHBIN TapaMeTp, Py, 4y — INIOTHOCTb U MOAYJIb C/IBUIa BEPXHETO CJI0), 110
OCH Op/AMHAT — napamMeTp npeodpazoBanus Dypee.
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Fig. 1. Zeros and poles of elements and determinants of matrix symbols
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B pa6ore [CoOucesuu, 2010] paccmarpuBanack 3ajgada 00 yCTaHOBUBIIMXCS KoOJIe-
0aHUAX TOYEK YNPYroro OJHOPOAHOIO MOIYHPOCTPAHCTBA B Cllyyae, KOrja ceiicMorpa-
BUTAIIMOHHBIIN mpoliecc ¢popmupyeTcst Bubpaiueid 0eperoB Kpyrjiol B IJIaHE TPELIUHBI,
paccuuTaHbl AUCIIEPCUOHHBIE XapaKTEPUCTUKH JIJISl Pa3JIMYHbIX 1aPAaMETPOB CPEbI.

OnwucanHplid B HacTOsIIEH paboTe TOAXON TIO3BOJSIET HAa OCHOBE pACCUUTAH-
HBIX HyJIEHl U MOJIOCOB JUISl CIIOMCTBIX CPEel HAlTH CKAauKu MepeMelleHni Ha Oeperax
TpemnH kak pemenus CHUY. Ha pucyHke 2 mpuBeneHbl BELIECTBEHHBIE YACTH KOM-
TJICKCHBIX aMIUTUTY PACKPBITHSI KPYIIod WHTEpPGEHCHON TPEIMHBI B JIByXCIOMHOM
nakere (H, = 0,6,H, =04,v;, =03 (j=12), i13/u,=05a=2,p,/p,= 1,00 = 4) s
f(r) = J,(yr) npu pa3HbIX 3HaYEHUAX apameTpa 1.
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Puc. 2. Bewecmeennas wacmo ckauka nepemeujenuil Ha b6epezax Kpyeiot mpewunvl /

Fig. 2. The real part of the jump in displacements on the banks of a circular crack

BbiBOADI

B Hacrosiee BpeMs akKTUBHO pa3BUBAIOTCS HOBbIE BUOPAIIMOHHBIE T€OTEXHOIOTHH,
TpeOyrolre TEOPEeTHUECKOro 000CHOBaHMS Ha OCHOBE METOJ0B MaTeMaTHUYECKOT0 MOJIe-
aupoBaHus. B pabote nccnenoBanbl MEXaHUKO-MaTeMaTHUECKHE MOJIEIIH T€0JIOTUYECKUX
MaTepHualoB, OMUCHIBAIOIINE YIPYTHe KOJIeOaHHs CIOUCTBIX CTPYKTYp C IUIaHAPHBIMU
TpeIIrHaAMHU.

KittoueBbIM BOIIPOCOM B MCCIIEOBAHUHU 3afad Ul CIOMCTBIX OCHOBAHUN C HapyIlle-
HUSIMU CIUIONTHOCTH MEKCJIOMHOTO KOHTAKTa SIBISETCS] MOCTPOEHUE U PELIEHUE TOPOXK-
JTa€MbIX UMU UHTErpajbHBIX YPAaBHEHUN U CHCTEM MHTETPaJbHBIX ypaBHeHUN. Mcmonb-
30BaHHBIN B paboTe anroput™m nocrpoeHuss CUY cMemaHHbIX 3a/1a4 OCHOBaH Ha (hopma-
muzme MBD.

[IpennoxeHHble MOAXOABI AAIOT BO3MOKHOCTh M3YyUUTh MPOLECCHl BUOpAIMK CIIOU-
CTBIX CTPYKTYP, TE€HEPUPYEMBIX OCHMUTHPYIOIIUMHU Harpy3KaMHu Ha IOBEPXHOCTHU U BHY-
TPEHHHUX HEOIHOPOTHOCTSIX JUISl Pa3IMYHBIX (PU3UKO-MEXaHUUYECKUX U T€OMETPUUYECKUX
XapaKTEPUCTUK COCTABIISIONINX UX CI0EB-0JIOKOB.
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Abstract: Relevance. The present study aims to assess the awareness and preparedness of the community
of Silchar, Assam, for disasters using household survey. Aim. Assessing local community adaptation to natural
disasters is essential for building resilient communities and reducing the impacts of disasters. Community-Based
Disaster Risk Reduction (CBDRR) is essential for empowering vulnerable communities, such as those in As-
sam, India, to effectively address natural disasters. Given Assam’s susceptibility to floods, earthquakes, and
landslides, it is imperative to implement CBDRR programs that foster a culture of preparedness. Through col-
laborative learning of disaster prevention, mitigation, and response strategies, communities can better handle
emergencies, leading to long-term resilience and improved disaster response for future generations. Methods.
This helps in creating effective plans to get ready for them. Surveys show where people need more information
and who might be more at risk. An initial survey was conducted in high-risk areas of Assam, India, identified us-
ing a multi-hazard map. The 50-question survey was designed to evaluate disaster awareness and preparedness
of the Silchar City. It included multiple-choice questions on general knowledge, emergency response, supplies,
communication plans, and preventative measures. Results. This study shows that it is important to make people
more aware of disasters and better prepared. It found some things people do not know and suggests focusing
on those areas to help the community handle disasters better. The findings highlight the importance of public
awareness campaigns, early warning systems, and education programs to address these challenges in Cachar
District of Assam State. The results of this study will help us see where people need to be better prepared for
disasters. This information will be useful to identify areas to conduct relevant tailor-made training programs so
people can get ready and handle disasters better.
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Acknowledgments: The authors wish to extend their heartfelt thanks to the Vellore Institute of Technology
(VIT) in Vellore, Tamil Nadu, India, Assam University, Silchar, Assam, India, and Geophysical Institute of Vladika-
vkaz Scientific Centre of the Russian Academy of Sciences.

For citation: Nath A., Zaalishvili V.B., Ganapathy G.P. Social vulnerability and spatial adaptation: A case study
of community responses to natural disasters in Silchar, Assam State, India. Geologiya | Geofizika Yuga Rossii =
Geology and Geophysics of Russian South. (in Russ.). 2025. 15(2): 128-141. DOI: 10.46698/VNC.2025.67.58.001


https://geosouth.ru/article/view/1207/992
https://orcid.org/0009-0000-0109-7594
https://orcid.org/0000-0002-0596-1148
https://orcid.org/0000-0002-3356-6508

Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reopuanka fOra Poccnt - 129

FECOU3NKA

VK 550.34
DOI: 10.46698/VNC.2025.67.58.001

OpurnHanbHas cTaTbs

COUMOABHAS YSI3BUMOCTb U MPOCTRAHCTBEHHAS
AAQMTALMS: NPUMEP MCCAEAOBAHKSI TOTOBHOCTU
MECTHbIX COOBLLECTB PEArMPOBATL HA CTUXUNHbIE
6eACTBUS B ropoae CuAYap, wrat Accam, NHaus

A. Hatxil', B.B. 3aanuweunu' /2, .M. FaHanatni_3

' Kadbenpa coumanbHor paboTbl, Accamckuin yHuBepcuteT, Cunyap 788011, Accam, MHowus,
e-mail: Aditinath1 @gmail.com;

2 Neohmamyeckmin MHCTUTYT Bnagmkaekasckoro Hay4yHoro ueHtpa PAH, Poccus,
362002, r. Bnagvkaskas, yn. Mapkosa, 93a, e-mail: vzaal@mail.ru;

3 LleHTp no cMsir4eHmnio NocneacTBUA U yNpaBneHno CTUXMUIAHBIMIU GEACTBUSIMU,
TexHonornyeckmii MHcTUTYT Bennopa (VIT), Nngus, 632 014, Bennop, Tamun Hagy,
e-mail: seismogans @yahoo.com

Crates noctynuna: 04.04.2025, nopabotara: 03.06.2025, npuHsta k nybankaumm: 05.06.2025

Pe3stome: AKTyanbHOCTb paboTbl. HacTosillee nccneaoBaHne HanpaeieHo Ha OLEHKY 0CBEAOMIEHHOCTH U
roTOBHOCTU coobuiecTBa Cunyapa, Accam, K CTUXMIAHBIM 6€ACTBUSM C UCMONb30BAHMEM OMpPOCca AOMOXO03SIACTB.
Llenb nccnenosanuit. OLeHka aganTaun MECTHOTO HACESIeHNS K CTUXWAHBIM GEACTBMAM VMEET BaXHOE 3Ha-
YeHue AN CHUKEeHWS NOCeACTBNA CTUXMIAHBIX 6eCTBUIA. CHIKEHWE pucka CTUXWIAHbIX GeCTBUI HA YPOBHE
yasBuMbIX coobliecTs (Community-Based Disaster Risk Reduction, CBDRR) BaHO Ans paclumpeHus ux npas
1 BO3MOXXHOCTEN, Korga Heo6xoaumo apdeKTUBHOE pearnpoBaHue Ha CTUXMIAHbIe 6e4CTBUA NMOA06HbIX Acca-
My (MHgms). YauTbiBas NoLBEPXKEHHOCTb LuTaTa ACCaM HAaBOAHEHUAM, 3EMNETPACEHUAM W OMON3HAM, KpaiiHe
BXHO BHeApsTb nporpammbl CBDRR, koTOpble CNOCO6CTBYHOT (DOPMUPOBAHUIO Y HACENEHNA KYNbTYPbI FOTOB-
HOCTU K CTUXUAHbIM 6efiCTBUAM. bnarogaps COBMeCTHOMY 00Y4€HUI0 CTPATErnim NpeoTBPALLEHUS, CMATYEHUs
1 afleKBATHOrO pearmpoBaHns Ha CTUXWiAHbIE 6EACTBMS, HACENEHNE MOXET JlyyLle CNpaBnATbCs C Y4Pe3Bblyaii-
HbIMW CUTyaUUAMI, YTO NPUBOLUT K JOATOCPOYHON YCTOAYUBOCTI 1 YIYHLLIEHWIO PearnpoBaHiis Ha CTUXUIHbIE
6eficTBUA B OyAyLLEM. 3TO NOMOraeT B CO3AaHNM 3DMEKTUBHBIX NAHOB N0 NOAroToBKe K 6eAcTBUAM. MeTofbl
pa6otbl. MeTof onpoca HaceneHns NOKasbiBaeT PeanbHblii YPOBEHb 3HAHUIA U HANBONee YA3BUMbIE KaTEropum.
[TepBOHa4anbHbIA 0NPOC 6blS1 NPOBEEH B PanoHax BbICOKOro pucka Accama, iHaus, onpeaeneHHbIX ¢ NOMOLLb0
KapTbl MHOXECTBEHHbIX onacHocTel. AHkeTa 13 50 BONpocos 6bina pazpaboTaHa A1 OLEHKM 0CBEAOMIEHHO-
CTW HACeNeHWs 0 CTUXMIAHBIX BefCTBUAX W OLEHKM rOTOBHOCTM ropoda Cunyap K 4pesBbl4aiiHbIM CUTYaLUAM.
OHa BKMt0Yana BONPOChl C HECKOMbKNMM BapuaHTami OTBETOB MO 06LLMM 3HAHWAM, PearpoBaHMI0 Ha YPe3Bbl-
YanHble CUTyaLumn, MatepuanbHOMy 06ECneveHuio, ninaHam CBA3K 1 NpodMnakTu4eckum mepam. Pesynbrathbl
paboTbl NOKa3bIBAKOT, YTO BAXHO MOBLILLIATL OCBELOMIIEHHOCTb JIOLEN O CTUXWIAHBIX OEACTBUAX W NOBbILLATL
YPOBEHb X FOTOBHOCTU. BbIsiBNEHbI NPOGENbI B 0CBEAOMIIEHHOCTI HaceneHus. Mpeanaraetcs coOCpefoTo4UTLCA
Ha 3TWX BOMPOCAx, 4T0ObI NOMOYb COOOLLECTBAM JIyHLLE CMPABNATLCA CO CTUXUAHbIMK 6eacTBUAMN. OTMeYeHa
B)XXHOCTb KaMNaHWii N0 NOBbLILIEHNIO 0CBEAOMAEHHOCTI 0OLLECTBEHHOCTI, CCTEM PAHHEro OMOBELLEHIUs 1 06-
pas3oBaTenbHbIX NPOrpamm Ans peLleHns aTux npo6nem B okpyre Kadap wrtara Accam. HakoHel, pesynerarthbl
3TOr0 MCCNe0BaHMs NMOKa3blBaOT PaloHbl, rae Creayet 3amMeTHO YAYYLINTb NOArOTOBKY K Ype3Bbl4aiHbIM CU-
Tyaumam. Monyy4eHHas nHdopMaLus HeobxoanMma Ans onpepeneHns o6nacTen, rae He06Xo0AMMO BHEPEHUe Co-
OTBETCTBYIOLLMX MHANBULYANbHBIX TPOrpaMm 06y4eHMs L1 CHUXKEHUS YAZBUMOCTI K CTUXWUAHBIM 6eLCTBUSAM.
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Assessing local community adaptation to natural disasters is crucial for identifying
effective strategies to mitigate risks and promote sustainable development. [Svalova,
2022; Badov et al., 2022]. By conducting comprehensive assessments of local community
adaptation to natural disasters, policymakers and practitioners can develop targeted
interventions to enhance resilience and reduce the impacts of future events. Community
Based Disaster Risk Reduction (CBDRR) activities engage vulnerable communities in
learning disaster preparedness and risk reduction methods. This collaborative approach
equips them to systematically prevent, prepare for, and respond to potential disasters.
A strong local response fosters a culture of preparedness within the community. This
translates to better long-term disaster resilience, as future generations are equipped to
manage emergencies more effectively. India, with its vast size and varied geography, is
one of the most disaster-prone countries globally, facing threats like floods, earthquakes,
and cyclones. Assam, a state in the north-eastern part of India, is highly susceptible to
multiple hazards and has a long history of natural disasters. Due to its specific geography
and climate, Assam, as well as the entire Northeast region of India, constantly face threats
from natural disasters such as floods, earthquakes, and landslides (fig. 1). Assam is heav-
ily affected by flooding in India, as about 40% of its land is at risk of being submerged by
large rivers like the Brahmaputra. Assam is home to the Brahmaputra, a powerful river
with a massive catchment area in the Himalayas. This, combined with Assam’s location
in India’s northeast where the monsoon rains are heaviest, leads to a huge volume of
water flowing through the state. Additionally, Assam’s flat plains with minimal elevation
make it difficult for excess water to drain effectively, leading to widespread flooding.
Northeast India is situated in a high-risk earthquake zone (Zone V) within the Indian sub-
continent. Due to its geological conditions, the region is prone to seismic activity, often
accompanied by secondary hazards such as landslides, flooding, and a series of smaller
earthquakes. Exogenous processes are especially activated due to a climate change and
have a complex manner of appearance due to their cross-influence [Burdzieva et al., 2023,
2024; Gabaraev et al., 2023; Yaitskaya et al., 2023; Zaalishvili et al., 2024]. And seismic
factor governs not only seismic impact on constructions but mainly activate exogenous
processes [Karavaev et al., 2022; Chernov et al., 2022].

Most of Assam is situated within the Brahmaputra River Valley, except for its south-
ern districts. The valley’s northern and eastern borders are defined by the Himalayan
Frontal Thrust (HFF). In the eastern region, the HFF is accompanied by the arc of the
Lohit and Naga Thrusts. This region has experienced significant seismic activity, includ-
ing major earthquakes in 1897 and 1950. The 1897 earthquake is particularly notable for
its dramatic accounts of ground displacement during the event. Earthquake with a mag-
nitude 7.5 struck in Cachar district in the year 1896 is the highest in the study area. The
increasing demand for agricultural land and rampant deforestation have contributed to
the destabilization of hillsides in the region. During the monsoon season, this often leads
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to devastating landslides. Guwahati city, for example, has experienced several such inci-
dents in its hilly areas due to inadequate urban planning. The relentless demand for land
has driven communities to build homes in environmentally vulnerable zones, increasing
their risk of landslides (https://www.asdma.gov.in/hazardous.html).

o
*3

Earthquakes>5 OMagnitude o)
Flood Prone Areas

High Wind Hazard Risk

Fig. 1. Location and multi-hazard map of the study area

Household surveys are vital for understanding public disaster awareness. They
allow researchers to reach a representative sample of the population and gather specific
information about their knowledge of hazards, preparedness measures, and response
procedures. It helps identify areas where knowledge is lacking, measure preparedness
levels, and pinpoint vulnerable populations. The awareness knowledge is crucial for
developing effective disaster preparedness programs, improving communication during
emergencies, and building more resilient communities.

Several studies emphasize the importance of community-level preparedness.
[Shannon, 2015], in a study of a midwestern US county, found that a significant portion
of residents reported limited personal preparedness and lacked familiarity with local
emergency systems. This underscores the need to focus beyond emergency services
and involve local citizens in readiness programs. Similarly, [Permana et al., 2022] is
integrative review highlights that disaster preparedness education enhances community
preparedness, with various strategies and content (psychological first aid, evacuation
routes, emergency items) contributing positively. However, they also note the need for
more rigorous methods and consideration of local needs in designing such programs.

Household-level preparedness is examined by [Corpuz et al., 2023] in Angeles City,
Philippines. Their descriptive survey revealed a varied landscape of preparedness, with
awareness of natural disasters present but a need for enhanced education and information
sharing. A key finding was the importance of community engagement in disaster response
and recovery. [Mahdaviazad, Abdolahifar, 2014] assessed household preparedness in Shi-
raz, Iran, finding encouraging levels of knowledge but areas for improvement in attitudes
and practices, particularly through motivational education and inter-organizational co-
operation. [DeBastiani et al., 2015], using data from the BRFSS (2006-2010) in the US,
found that only a minority felt well-prepared and possessed recommended preparedness
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items. Their analysis identified younger age, being female, lower education, and Spanish
language preference as risk factors for lower preparedness, suggesting the need for tar-
geted interventions for vulnerable populations.

The role of social capital and community resources in disaster preparedness is ex-
plored by [Nguyén et al., 2023] in Seattle. Their study indicated that considering shared
resources increased reported preparedness in racial-majority-dominated zip codes, sug-
gesting that traditional individualistic measures might underestimate preparedness. They
also found that greater bridging social capital and longer neighborhood tenure were as-
sociated with higher preparedness, advocating for “mainstreaming” disaster preparedness
by focusing on daily resources, social capital, and collective community assets.

Challenges in researching disasters are addressed by [Spence, Lachlan, 2025], who
discuss methodological and data-analysis difficulties due to the unexpected and nonrou-
tine nature of crises. They highlight the limitations imposed by disaster conditions on
data collection, randomization, and generalizability, which is crucial to consider when
conducting research in the aftermath of an event like the one in Silchar.

Risk communication is identified as a vital strategy for enhancing disaster prepared-
ness. [Rahman, Munadi, 2019] propose a disaster risk communication approach based on
Lasswell’s model, emphasizing the interactive exchange of information to reduce uncer-
tainty and promote appropriate actions. They cite the “Smong story” as a successful ex-
ample of conveying a tsunami risk message. [Rod et al., 2011] explored responses to risk
communication in a Norwegian community facing an impending rockslide-induced tsu-
nami, finding that parents perceived the information as most useful, while those with prior
disaster experience and non-parents posed communication challenges. [Mileti, O’Brien,
1992] is study on aftershock warnings after the Loma Prieta earthquake revealed a “nor-
malization bias” among non-victims, which constrained risk perception and protective
response, highlighting the complexities of warning communication in different contexts.

The concept of community resilience, closely linked to social vulnerability and spa-
tial adaptation, is explored in several papers. [Zhai, Lee, 2024] examined community
disaster resilience in different types of communities in Zhengzhou, China, finding varia-
tions in human capital, physical infrastructure, social capital, institutional capital, com-
munity competence, and adaptation. Their work suggests that resilience-building strate-
gies should be tailored to specific community types. [Whittaker et al., 2020] developed
a conceptual model for enhancing community disaster resilience through preparedness,
drawing from past events and emphasizing social media, community empowerment, and
shared responsibility. [Bergstrand et al., 2015] empirically connected social vulnerability
and community resilience across US counties, finding that more vulnerable counties tend
to be less resilient, with regional differences observed. This reinforces the importance
of understanding both vulnerability and resilience in disaster contexts. [Zaman, Raihan,
2023] conducted a systematic review of community resilience literature, outlining cur-
rent research trends in methods, dimensions, and theoretical standpoints, advocating for
a comprehensive multi-phase research model for effective policymaking. [Topping et al.,
2010] is special issue on building local capacity for long-term disaster resilience defines
resilience as the capacity to survive, retain essential functions, and adapt post-disaster.
They introduce the concept of “smart” resilience, which coordinates both “soft” (pre-
paredness, response) and “hard” (mitigation) strategies. [Green et al., 2006], drawing
from a livelihoods framework after Hurricane Katrina, focused on the vulnerability-resil-
ience continuum, emphasizing the need to understand community needs and social rela-
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tionships to improve resilience during recovery. [King, 2000] argues for the necessity of
awareness and education for predictable natural disasters, as individuals and communities
are often isolated during hazard events, and highlights inadequate preparedness levels.

The current research on disaster preparedness in Assam lacks in-depth, recent data
specifically for Silchar. While household surveys are recognized as valuable tools, exist-
ing studies may focus on broader regions or not utilize surveys. This research gap limits
our understanding of Silchar’s unique preparedness landscape. By conducting a house-
hold survey in Silchar, this research can address this gap by providing a comprehensive
picture of the community’s current preparedness levels and informing targeted local re-
sponse strategies tailored to Silchar’s specific needs.

Materials and Methods

The multi-hazard map of Assam State was used to identify high-risk areas that were
then selected for this study. Questionnaire to test the disaster awareness and preparedness
level of people in the multi hazard areas was planned by using multiple choice questions.
The focus of the questions is relevance to the Study Area and its hazard proneness. This
questionnaire is designed to test a household’s knowledge and readiness for emergencies.
It covers various aspects like recognizing common disasters in their area, proper responses
during events like earthquakes or gas leaks, and knowledge of essential supplies to have
on hand. It even investigates into communication plans and preventative measures to
make their home safer. By answering these questions, one can identify areas where their
household might need improvement and take steps to be better prepared for whatever
comes in future.

This survey asks questions to see how ready a household is for emergencies. It
checks what they know in a few important areas. Questions about “General Preparedness
Knowledge” ask about common dangers and how to prevent them. “Emergency Response
Knowledge” questions look at how well they can react safely during different disasters.
“Emergency Supply Knowledge” questions check if they know what important things to
have in an emergency kit and for first aid. Questions on “Communication and Planning”
assess their planning for specific disasters and establishing a family communication
plan. By covering these areas, the present survey provides a comprehensive picture of a
household’s knowledge and preparedness for emergencies.

To achieve reliable results from surveys, a well-designed questionnaire and a
representative sample were required. The goals of the surveys were first defined, and
clear, concise questions employing a mix of formats were chosen to maintain respondent
engagement. Piloting of the questionnaires was conducted with a small group prior to
widespread distribution. Subsequently, the target audience for the surveys was identified,
and a sampling method that reached them was selected. Random sampling was considered
ideal, although convenience sampling or stratified sampling could also be employed
depending on the available resources. Finally, a large enough sample size was targeted
to ensure statistically significant results. By adhering to these steps, questionnaires were
crafted that provided researchers with the data they necessitated.

Totally fifty questions were prepared twenty-five on Disaster Awareness and twenty-
five questions on Disaster Preparedness. About one hundred households were selected
minimum one sample from each household. Questionnaire check list made in excel and
the data collection were done by door to door by visiting the place in person. The overall
methodology of the study is presented in the Fig. 2.
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Fig. 2. Overall methodology of the study

Results and Discussion
Resilience to Disaster

A fifty-question survey was given to 100 households in a disaster-prone area of Assam,
India, and 83 responded fully. Half the questions checked Disaster Awareness (knowledge
of local disasters and how to respond), and the other half checked Disaster Preparedness
(personal and family emergency plans). These questions aim to see how well people
understand and prepare for disasters, covering topics like safety, planning, first aid, and

community resilience (fig. 3). The study used the 83 complete responses.

Common Di

and Safety

Natural Disasters

= Earthquakes (Safety during earthquakes), Floods (Preventing
disease after floods, Signs of an impending flood), Cyclones
(Shelter during cyclones, Shelter during cyclones), Wildfires
(Preventing the spread of wildfires), Landslides (Protecting yourself

y— o

Preparedness and Response

Family Disaster Plan

Review frequency; Emergency kit availability; Essential items in
kit; Safe meeting point; Emergency alerts and warnings;
Evacuation routes and shelters; Home resilience;
Communication plan; Designated caregiver; Training and drills

from a landslide), Lightning (Protecting yourself from lightning),

Heatstroke (Recognizing and responding to heatstroke)

Other Emergencies

= Fire (Responding to smoke or fire, Preventing electrical fires), Gas

Home Safety

Document and valuables security; Backup power source;
Community discussion; Home security; Water supply; Utility
shutoff; Home hazard hunt

Leaks (Responding to a gas leak), Snakes(Dealing with snakes in

the house) , Power Outages (Safe generator usage)

Emergency Preparedness

Emergency kit essentials
Emergency communication plan

Emergency Skills

Fire escape drills; Emergency services awareness; Livestock
and pet evacuation; First aid and CPR training; Emergency food
storage; Transportation —arrangements; Basic  medical
procedures; Involving children

Fig. 3. Questionnaire group for level of disaster awareness and disaster preparedness

Level of Disaster Awareness

The questions are in two parts: Disaster Awareness (understanding local natural
disasters and their risks like floods, wildfires, landslides, and tsunamis) and Disaster
Preparedness (practical emergency actions and preparations). These questions help people
understand local dangers, learn safety steps, create emergency plans, improve first aid,
and build community strength. By understanding risks and being prepared, people can
better protect themselves during disasters. Answering these questions helps individuals

see how well they understand disaster risks, safety, and preparedness.
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Fig. 4. Disaster Preparedness and Response in Silchar Region

The questions about the most common natural disaster in the region, actions to take
during an earthquake, a safe shelter during a cyclone, and preventing disease after a flood
were asked (fig. 4). Based on the responses, floods are the most common natural disas-
ter in the region, accounting for 81% of the responses. When faced with an earthquake,
people are most likely to evacuate immediately (40%). During a cyclone, staying in a
sturdy building is recommended (73%). To prevent disease after a flood, proper sanita-
tion is crucial (83%). Surprisingly, clear skies were perceived as a sign of an impending
flood, despite being incorrect. In case of a house fire, calling the fire department is the
most common response (44%).

The survey results indicate that floods are the most common natural disaster in the re-
gion, followed by earthquakes and cyclones. The most common responses to these disas-
ters include evacuation, staying in sturdy buildings, and proper sanitation. However, there
is a misconception that clear skies indicate an impending flood. To improve resilience, the
region should prioritize flood mitigation, promote earthquake safety measures, enhance
cyclone preparedness, and address sanitation concerns. Additionally, public awareness
campaigns and early warning systems are crucial.
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Which of the following should you include in your emergency kit? What is the first thing you should do in case of a gas leak?

Fig. 5. Questions related to promote awareness and preparedness for various emergency situations
in Silchar Region



136  Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

The other questions were covered a wide range of potential hazards, including
natural disasters, animal encounters, and household emergencies. The questions aim to
assess understanding of how to protect oneself during thunderstorms, respond to snake
encounters, maintain smoke alarms, stay cool during heatwaves, assist trapped individuals
after earthquakes, handle flash floods while driving, prevent wildfires, prioritize essential
first aid items, and respond to gas leaks. These questions aim to promote public awareness
and preparedness for various emergency situations that households may encounter. By
assessing knowledge in these areas, it can help identify areas where further education and
awareness initiatives are needed to ensure community safety and resilience.

Questions were asked to cover topics such as flood signs, fire safety, emergency kit
contents, and gas leak response. The questions aim to promote awareness and preparedness
for various emergency situations (fig. 5). Only one in four people correctly knew that
clear skies do not mean a flood is coming. Similarly, 25% correctly chose to call the fire
department in case of a house fire, while 25% recognized the importance of including all
items in an emergency kit. Lastly, only 25% correctly identified turning off electrical ap-
pliances as the first step in case of a gas leak. These results highlight a significant lack of
knowledge and preparedness among respondents regarding emergency procedures. The
survey results show that respondents lack knowledge about emergency preparedness.
People had trouble knowing the signs of floods, how to stay safe from fire, what to put
in an emergency kit, and what to do if there’s a gas leak. The analysis of the emergency
preparedness quiz reveals a significant lack of knowledge among respondents. With an
average of 25% correct answers, it is clear that many individuals are not familiar with
essential safety procedures.

Nine Questions were asked related to safety and survival. For lightning strikes, stay-
ing indoors away from windows is the safest option, with 72% of respondents choosing
this answer. When encountering snakes, calling animal control is recommended, with
45% of respondents selecting this choice. For smoke alarms, replacing batteries every
six months is considered best practice, with 42% of respondents agreeing. During heat-
waves, staying hydrated and using fans or air conditioning is crucial, as chosen by 60%
of respondents. In the case of earthquakes, calling for help and providing support until
assistance arrives is the most appropriate response, with 60% of respondents selecting
this option. For flash floods, abandoning your vehicle and seeking higher ground is the
recommended response, with 48% of respondents choosing this option. When preventing
wildfires, disposing of cigarette butts properly and clearing vegetation around your home
are important steps, with 52% and 29% of respondents choosing these options, respec-
tively. In a first aid kit, bandages are considered the most important item, with 74% of
respondents selecting this choice. For gas leaks, evacuating immediately and calling the
gas company is the safest response, with 78% of respondents agreeing.

The survey results show that respondents understand safety and survival practices, but
there are areas for improvement, such as snake encounters and wildfire prevention. While
most respondents know the safest actions for lightning strikes, heatwaves, earthquakes,
and gas leaks, more education is needed on topics like snake encounters and wildfire
prevention.

The survey results show that floods are the most common natural disaster in Silchar,
Assam. While respondents understand safety measures for common emergencies, there
are knowledge gaps in areas like flood signs, fire safety, emergency kit contents, and gas
leaks. To improve resilience, the region should focus on flood mitigation, earthquake
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safety, cyclone preparedness, sanitation, public awareness campaigns, and early warning
systems. Additionally, addressing misconceptions about flood signs and promoting emer-
gency preparedness education are crucial.

Level of Disaster Readiness

25 Questions were asked in this section; to assess their preparedness level and identify
areas for improvement and these were grouped into two sections: Emergency Preparedness
Planning and Emergency Response Skills. The first section is focused on planning and
preparing for emergencies, including creating a family preparedness plan, identifying
safe meeting points, knowing evacuation routes, and maintaining emergency kits. The
second section highlights practical skills and knowledge required for effective emergency
response. Questions in this section cover topics such as fire safety drills, knowing local
emergency services, pet preparedness, first aid and CPR training, food storage, evacuation
transportation, and emergency medical procedures. The questions provided are important
in connection with disasters because they help individuals assess their preparedness level,
identify gaps in their emergency kits, develop effective communication plans, prepare
their homes for disasters, be aware of local resources, and involve their entire family.
The questions cover a range of topics, including emergency planning, home safety,
communication, community preparedness, first aid, and pet preparedness. By answering
these questions, one can assess their preparedness level and pinpoint areas where they
may need to enhance their plans and knowledge.

Seven questions were asked to ensure the households have necessary supplies and
resources to survive a disaster (fig. 6).
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Questionnaire on House Hold Survey
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Fig. 6. Responses to questions related on ensuring the households have necessary supplies and resources
to survive a disaster

Most respondents (59%) have an emergency kit readily available, demonstrating a
positive step towards disaster preparedness. However, 10% plan to make one in the fu-
ture, indicating a need for further awareness and encouragement. A considerable number
(61%) have a plan for securing important documents, suggesting a good understanding
of the importance of safeguarding personal information during emergencies. While 48%
have a backup power source, 27% do not, highlighting a potential vulnerability in case
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of power outages. Half (46%) have not considered emergency food supplies, indicating a
need for more education on the importance of having a stockpile of non-perishable food
items. A positive trend is seen with 45% having decided for transportation during evacu-
ations, demonstrating foresight in planning for potential displacement. The survey data
suggests a general awareness of disaster preparedness among respondents, with many
taking proactive steps to ensure their safety and well-being. However, there are still areas
where education and encouragement are needed to improve preparedness levels.

Eleven questions were asked regarding developing a plan for how to respond to a
disaster, including communication strategies and evacuation procedures. Most respon-
dents (64%) have a designated safe meeting point for their family in case of evacuation,
indicating a good understanding of emergency preparedness. Mobile phone alerts are
the most popular method for receiving emergency warnings (34%), followed by local
authorities (29%). This suggests a reliance on technology for timely information. Con-
siderable number (58%) are familiar with evacuation routes and shelters in their area,
demonstrating preparedness for potential disasters. Mobile phone calls or text messages
are the primary method for communication during emergencies (78%), highlighting the
importance of reliable mobile technology. While 17% have a designated caregiver, a
significant majority (59%) do not, indicating a need for further planning in households
with children, elderly, or pets. A significant percentage (68%) have discussed disaster
preparedness with their neighbours or community members, demonstrating a communi-
ty-oriented approach to emergency planning. Half (49%) have a plan for securing their
home and belongings, suggesting a proactive approach to protecting property during
emergencies. The survey data indicates a general awareness of disaster preparedness
among respondents, with many taking proactive steps to ensure their safety and well-
being. However, there are still areas where further education and encouragement are
needed, particularly regarding designated caregivers and the importance of having a plan
for securing home and belongings.
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Do you know the evacuation routes and shelters in your area?

Questionnaire on House Hold Survey

d) Noneofthe above wm 2
c) Mabile phone alerts 34
b) Television and radio 18
&) Through local authorities' announcements S — ——— 00
How do you receive emergency alerts and warnings in your community?

d) Notsure s 7
¢} Notapplicable (we don't plan to evacuate) = 6
b) No s 6
a) Yes 64
Have you identified a safe meeting point for your family in case of evacuation?

0 10 20 30 40 50 60 70 80 %0
Responses

Fig. 7. Responses to questions related to developing a plan for how to respond to a disaster,
including communication strategies and evacuation procedures
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Further questions were asked regarding making their home safer and more resilient to
disasters, as well as learning basic survival skills. Most respondents (60%) have taken steps
to make their homes more resilient to disasters, indicating a positive trend in proactive
preparedness. A considerable number (64%) have a plan for ensuring an adequate water
supply during emergencies, demonstrating a good understanding of essential needs.
While 40% have conducted a home hazard hunt, 28% have not, highlighting a need for
increased awareness and education about identifying potential risks. A significant portion
(77%) practice fire escape drills at least once a year, demonstrating a positive approach to
fire safety (fig. 7). While 21% have received training, 28% plan to, indicating a growing
interest in acquiring these essential skills. A majority (61%) know how to perform basic
emergency medical procedures, demonstrating a satisfactory level of preparedness for
handling medical emergencies. The survey data suggests a general awareness of disaster
preparedness among respondents, with many taking proactive steps to ensure their safety
and well-being. However, there are still areas where further education and encouragement
are needed, particularly regarding home hazard hunts and first aid training.

The Disaster readiness survey results show that while many respondents have taken
steps towards disaster preparedness, there are still areas for improvement. Most have
emergency kits and plans for securing documents, but fewer have backup power sources
or emergency food supplies. Regarding emergency planning, many have safe meeting
points and communication plans, but fewer have designated caregivers or plans for
securing their homes. For home safety and resilience, a majority have made their homes
more resilient and have fire escape drills, but fewer have conducted home hazard hunts or
received first aid training. Overall, the survey highlights the need for continued education
and awareness campaigns to improve preparedness levels in Silchar city.

Conclusions

To evaluate a community’s ability to adapt to natural disasters, it is important to
consider several key factors. Institutional capacity refers to the effectiveness of local
government, emergency services, and community groups in managing disasters. Social
capital measures the community’s trust, cooperation, and social connections, which can
help in adaptation. Economic capacity assesses the community’s financial resources,
access to credit, and ability to diversify livelihoods, all of which play a crucial role in
resilience. The present study provides valuable insights into disaster awareness and
preparedness in Silchar city, Cachar District of Assam State in India. By assessing
the knowledge of residents, the study relates areas for improvement and informs the
development of targeted interventions. This study used a household survey approach
and a questionnaire to assess local resilience during disasters. It focused on household
disaster preparedness, assessing not just people’s understanding of emergency procedures
but also how well-prepared households were in terms of planning and acting. The study
highlights the importance of educational initiatives and family preparedness planning
in enhancing community resilience. By equipping residents with knowledge and skills
through education and promoting the use of emergency preparedness kits, communities
can better respond to and recover from disasters.

According to the household survey, the results indicate diverse levels of disaster
awareness and preparedness among households in Silchar City, Assam. While many
respondents demonstrated knowledge of common natural disasters and basic safety
measures, significant gaps were identified in areas such as emergency preparedness
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planning, home safety, and first aid skills. The most common natural disaster in the region
is floods, followed by earthquakes and cyclones. Despite this, there is a lack of awareness
about flood signs and proper emergency procedures.

To enhance disaster resilience, the region must prioritize public awareness campaigns,
early warning systems, and targeted education programs. Addressing misconceptions
about flood signs, promoting emergency preparedness education, and improving access to
essential supplies are crucial steps. To ensure comprehensive readiness for all residents,
disaster preparedness initiatives must be continuously evaluated and improved, with
a focus on addressing factors like socioeconomic status and self-efficacy. The study
provides valuable insights that can help households in Silchar City, Assam, become better
prepared for disasters and enhance their overall resilience. By understanding the risks,
taking proactive steps, and working together as a community, households can significantly
improve their safety and well-being. The findings also can contribute to building a more
resilient community and can inform policy decisions. By addressing these challenges,
Silchar can better protect its residents from the devastating impacts of natural disasters.
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Abstract: The relevance of the work is due to the fact that the studied territory is located in the collision
zone of the Eurasian and Arabian lithospheric plates, where complex structures are formed that have a direct
impact on fluid migration, trap formation and seismic activity. Considering that the main hydrocarbon reserves
are concentrated at the intersection of tectonically active zones, it is important to identify geodynamic patterns in
the Bulla-Deniz field zone, which is one of the largest in the region. This is of key importance both for assessing
seismic risks and for planning rational resource extraction. Aim. This paper considers the geological and tectonic
settings of the Bulla-Deniz structure, as well as the results of seismic studies that are of critical importance for
the development of the country’s oil and gas industry. Methods. The article uses a comprehensive application of
geophysical, seismological, seismic tomographic, geodynamic methods, GPS monitoring and drilling to form a
holistic view of the geological structure and geodynamic processes of the Bulla-Deniz field. Geophysical studies
revealed key anomalies, seismology and seismic tomography clarified deep processes, GPS data described the
kinematics of plates, and drilling provided direct data on productive layers. These methods provide a scientific
basis for seismic risk assessment, geodynamic situation and efficient development of the field, emphasizing
its strategic importance for the oil and gas industry of Azerbaijan. Results. Gravity studies have revealed the
presence of both regional and local anomalies (Dibrar and East Dibrar maxima) associated with the deep structure
and faults. These zones may play an important role in the formation of structures favorable for hydrocarbon
accumulation. Seismological data indicate stable activity in the region, especially at depths greater than 35
km. The main types of movements are extension and subsidence, indicating complex earthquake generation
mechanisms and potential seismic hazard. Comparison of earthquake focal mechanisms with GPS observations
confirms the predominance of extension and strike-slip faults characteristic of the plate collision zone in the
Central Gaspian Basin. The deep structure of the region includes thin oceanic crust covered by thick sedimentary
strata, which creates favorable conditions for the formation of oil and gas systems in depression and fault zones.

Keywords: Bulla-Deniz oil and gas field, the South Caspian Basin (SCB), geodynamical structure, gravitational
field, seismological processes, oil and gas potential.
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Pe3tome: AKTyanbHOCTb paboTbl 06YCIOBNIEHA TEM, YTO UCCNedyemMast TEpPUTOPMS PACMoNOXeHa B 30He
CTONIKHOBEHUA EBpa3niickoi n ApaBniickon NUTOCHEPHbIX NANT, rae (hOPMUPYIOTCS CIIOXHbIE CTPYKTYPbI, OKa-
3bIBAKOLLME NPAMOE BIIMSHUE HA MUTpaLWo (hIIlonZ0B, (hOPMUPOBAHIE NOBYLLEK 11 CEACMINYECKYH0 aKTUBHOCTb.
YunTbIBas, 4T0 UMEHHO Ha NMEpPeceyeHn TEKTOHMYECKN aKTUBHBIX 30H COCPEAOTOYEHbI OCHOBHbIE 3anachl yre-
BOJIOPO/I0B, BbISIBNEHUE re0jHaMU4eCKMX 3aKOHOMEPHOCTEN B 30HE MeCTOpOXAeHUs bynna-LleHus, sapnstoLe-
rocs OfHUM U3 KPYMHENLINX B PErMOHE, UMEET KN0YEBOE 3HAYEHNE, KaK [ OLEHKIN CeliCMUYECKNX PUCKOB, TaK
1 Ans NNaHMPOBaHMS paLmMoHanbHoi fJo6bl4K pecypcos. Lienb uccneposanus. B faHHoM paboTe paccmarpusa-
tOTCA re0norn4eckne U TEKTOHNYECKNE YCIIOBUSA CTPYKTYPbI bynna-fleHns, a Takxe pesynsratbl CECMUYECKUX
ncenefoBaHui, MMerLLMe peLatoLlee 3HavYeHne AN passuTus HedpTera3oBoii otpacnu cTpaHsl. MeTopbl uc-
cnepoBaHua. B ctatbe 1Cnonb30BaHO KOMMEKCHOE NPUMEHEHIE reodu3nyeckux, CeNCMONOrnyeckmx, Cencmo-
TOMOrpauyecknx, reoauHaMu4eckux MeTooB, GPS-MoHUTOpUHIa 1 6YpeHus, 4TO NO3BONSIO CHOPMUPOBATD
LLeNN0CTHOE NPeACTaB/eHMe 0 re0sIormYeckomn CTPYKTYpe 1 reofMHaMUYecKux npoLeccax Mectopoxaesus Bulla-
Deniz. Teotusnyeckne 1ccnesoBaHns BbIBUIN KIHOYEBbIE aHOMANMK, CEMCMONOTUA U CemcMoToMOorpadus
YTOYHWUAN TNY6UHHbIE npoLecchl, GPS-AaHHble onucanyu KUHeMaTuky niuT, a 6ypeHue npefocTaBuio npsMble
JaHHble 0 NPOJYKTUBHBIX CIIOSAX. ATU METOLbI 06ECMEYNBAIOT HAYYHYHD OCHOBY ANS OLEHKU CENCMUYECKUX pi-
CKOB, re0fNHAMWUYECKO cuUTyauun u 3cheKTUBHON PaspaboTkn MEeCTOPOXAEHUS, NOLYepKUBas ero crpare-
rMYECKY0 BaXKHOCTb A1 HedhTera3oBoi NpPoMbILUNeHHOCTN AsepbaikaHa. Pe3ynbTatbl. [paBuMeTpUHeckue
CCNeA0BaHNSA NOKA3AIN HaNNYNe KaK PernoHabHbIX, Tak 1 NOKaSIbHbIX aHOManuii (Makcumymsl nbpap u Boc-
TOYHbIA [ubpap), CBA3AHHbLIX C FMYyOMHHLIM CTPOEHWEM U PA3ioMamMu. 3TW 30HbI MOTYT UrpaTb BXHYH POSib B
tbopmmupoBaHUK CTPYKTYP, 611aronpusaTHLIX 4Ns HAKOMIEHWUs YrneBoLopOA0B. CencMOonornyeckne aaHHble yka-
3bIBAOT HA YCTONYMBYIO aKTUBHOCTb B PErMOHE, 0COBEHHO Ha rny6uHax 6omnee 35 KM. OCHOBHbIE TUMbl ABVXEHUI
— PacTsXXeHWe 1 NOrpyXXeHue, YTO0 TOBOPUT O CNOXKHbLIX MEXaHW3Max reHepauni 3eMIeTPSCEHNA N NOTEHLM-
aIbHOI CeicMUYeckoli onacHoCT. COnoCcTaBneHNe MexaH3MOB 04aroB 3eMNeTpsiceHnii ¢ GPS-HabntogeHnaImMm
NOATBEPXKAAET NpeobniafiaHne PacTsKeHUs U CABUIOB, XapakTePHbIX A4S 30HbI CTOSIKHOBEHUA NuT B LieHTpanb-
HOW Kacnuiickor BnaguHe. [My6uUHHOE CTPOEHIE PErnoHa BKITHOHYAET TOHKYIO OKEaHUYECKYH KOpY, NepeKpbITYIo
MOLLHBIMMW 0Ca[04HbIMI TOMLAMM, YTO CO3aET 6/1aronpuATHbIE YCII0BUA ANg ()OPMUPOBaHMS HeDTEra3aoHoc-
HbIX CUCTEM B 30HAX NpOruéaHns 1 pasnomos.

KnioueBbie cnosa: HedhTerazoBoe MectopoxfaeHue bynna-[enus, HxHo-Kacnuiickaa snaguHa (HOKB),
reoauHaM1M4eckoe CTPOeHIe, FPaBUTALIMOHHOE MOJIE, CEICMOMOrnYecKne NPOLIECChl, He(OTera3oBbli NOTEHL AN,
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The territory of Azerbaijan was assessed by seismic intensity at 8—9 points. The zone
is located in the seismic Alpine-Himalayan fold belt and covers its seismically active
part. In recent years, the interest of international companies in the Caspian sector of
Azerbaijan has increased further, and more in-depth research has been carried out using
various techniques. Accordingly, a deeper study of the zone has begun and more accurate
information about the geological and geophysical structure of the area has been obtained.
The basis of the formed database is two-dimensional and three-dimensional seismic data.
As aresult of all this extensive database, it has become possible to assess the hydrocarbon
potential of the zone.

The Bulla Deniz oil and gas field, which is the basis of the study, covers the southwestern
part of the Caspian Sea, is located 80 km south of Baku and 35-40 km southeast of the
Oil Rocks. In this regard, the study of the field is of great importance, and as a result
of the 6.8-magnitude earthquake that occurred in Azerbaijan in 2000, the installation of
US-made “Kinemetrics” type equipment in the country created conditions for a more in-
depth study of both the seismological-geological and geological-tectonic properties of the
Bulla-Deniz structure [Aliyev et al., 2010; Guliyev et al., 2015a; Mammadov, Guliyev,
2008; Guliyev et al., 2015b; Guliyev et al., 2012].

Bulla-Deniz oil and gas field

The Bulla-Deniz oil and gas field was first discovered in 1973, and exploitation began
in 1975. Their location at such a depth, as well as the presence of layers with complex
geological structures, sometimes causes serious difficulties [Guliyev etal.,2016]. However,
the geophysical studies conducted have made it possible to more accurately study the
geological structure of the productive layer. This has ensured more efficient extraction of
hydrocarbons in the research area, as well as in the fields adjacent to it [Kadirov, 2006].
In a result of geological studies, it was determined and revealed that it is distinguished
by high anomalous reservoir pressures. In recent years, scientific research conducted on
this structure has been aimed at a detailed study of the geological properties of the layers,
their petrophysical indicators and production capabilities. [Guliyev, Alizadeh, 2020;
Abuzarova, 2024; Ahmadov, 2020; Yusifov et al., 2015]. The field is considered more
relevant than other fields in terms of hydrocarbon production. An example of this is the
well No. 123 drilled in the field with a depth of 6,132 meters. This well was drilled in
2017, produced 104,000 tons of condensate and 472 million cubic meters of gas in 2017
alone. In total, 69.9 billion cubic meters of gas and 12.4 million tons of oil and condensate
were produced until last year [Guliyev, Alizadeh, 2020; Abbasov, Guliyev, 2019]. Based
on all these indicators, it can be said how important the field is in the country’s energy
security and the international energy market. Also, the Bulla Deniz oil and gas field plays
an important role in further strengthening the role of Azerbaijan in the international arena
from an economic perspective [Guliyev et al., 2016; Feyzullayev, Mammadova, 2022;
Yusubov, Shikhmammadova, 2022].



Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reopuanka fOra Poccn - 145

Research methods

The Bulla-Deniz field is located in the South Caspian basin within the shelf zone of the
Caspian Sea and complex research methods were used to assess the geological-structural
features, tectonic structure and seismic activity of this field. This includes geophysical,
seismological, seismic tomographic and geodynamic approaches, as well as analysis of
GPS monitoring data and data obtained as a result of drilling operations. Each method
provides an indepth analysis of geodynamic processes and productive layers through
specific tools and procedures [Sikorskaya, 2025; Serikova, Allanazarova, 2023].

The Bulla-Deniz field is an area with a complex geological structure. For the first time,
gravimetric studies were carried out here in 1952 with high-precision instruments. As a
result of these studies, anomalously high reservoir pressures were detected and it was
determined that these reservoir pressures can cause various technical and safety problems
during the exploitation or drilling process. As a result of the conducted research, an upper
pressure zone (600—-1200 m) and a deep pressure zone (approximately 5 km or deeper)
were discovered here [Feyzullayev, Lerche, 2009; Mammadov, 2022; Mirzayev et al.,
2019].

Earthquake monitoring was carried out through the network of stations of the
Seismological Survey Center of the Republic of Azerbaijan. Through this network,
earthquakes with a magnitude of M > 5.0 that occurred in Baku and in the Caspian Sea
were recorded. Then, data were collected based on the fund data received from the digital
stations of the Seismological Survey Center of the Republic of Azerbaijan for 2003-2024
and seismicity analysis was conducted using this data. Also, the depth of earthquake
occurrence during these years was found and a seismicity map of earthquakes with
magnitudes ml > 0.1 and ml > 3.0 was compiled. The results of all these analyses made it
possible to build a diagram reflecting the relationship between the number of earthquakes
that occurred and the energy released at that moment. Thus, 192 earthquakes were detected
in 2023, and peaks of activity were also detected in 2011, 2020 and 2023. The obtained
data were collected in a database up to a depth of 70 km and two-stage (2D) seismic
tomographic sections were prepared using the ArcGIS program. Analysis of geodynamic
processes and GPS observations played a key role in determining the focal mechanisms
of tectonic movements and earthquakes. The analysis of focal mechanisms conducted
using the “MomentTensor” program showed that during 2003-2024, extensional and
subduction-type movements predominated in the Central Caspian basin, while uplifts
accompanied by faults were observed in the North Caspian zone. GPS monitoring was
carried out using the GAMIT software and the directions and speeds of tectonic plate
movements were determined with high accuracy. For this purpose, the Regional
Seismic Stations Network was used.

Characteristics of the Gravity Field
of the South Caspian Basin

One of the indicators reflecting the complex geodynamic and tectonic structure of
the South Caspian Basin is the gravity field of the zone. Since the South Caspian Basin
is promising in terms of oil and gas, the gravity anomalies observed in the area have
aroused interest by a number of researchers. The cause of the —193 mGal gravity anomaly
observed in the center of the Caspian Basin was determined to be the subsidence of the
continental plates. It was also found that the reason for the existence of the gravity model
1s related to the location of the basin in an active tectonic zone [Kadirov, 2006].
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In the Caspian Sea, the gravity anomaly is mainly estimated higher in the Middle
Caspian, with more anomalous areas collected in the western part of the basin. Here, the
highest gravity anomaly value was determined to be 60 mGal, and the lowest anomaly
value was —130 mGal. In the study area, the thin consolidated crust and the gravity mini-
mum coincide. As a result of the studies, it is assumed that a Benioff zone existed between
the Lesser Caucasus and South Caucasus massifs [Guliyev et al., 2012]. The Bulla Deniz
oil and gas field area of the South Caspian Basin is characterized by a relatively weak-
medium gravity anomaly value. It varies between approximately —80 mGal and —10 mGal

(fig. 1).
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Fig. 1. South Caspian Gravity Anomalies / I pasumayuonnvie anomanuu FOsxcnoeo Kacnus

Seismological investigation

Since ancient times, the region is considered to be seismically active and has
experienced major earthquakes. They include the 957 Caspian earthquake, which resulted
in coastal alterations and the formation of new islands, the 1990 magnitude 7.4 Caspian
earthquake in Iran, which resulted in fatalities, the 2000 magnitude 6.8 Caspian earthquake
in Azerbaijan, which resulted in migration of seismic activity and stress variations, and so
on. An example can be given [ Yetirmishli et al., 2022].

Earthquake data of the “Bureau of Earthquake Research” of the Republic Seismological
Service Center of the National Academy of Sciences of Azerbaijan were analyzed during
the years 2003-2024, and using the fund data, earthquakes that occurred in the research
area during those years were selected and a graph reflecting the statistics of earthquakes
with the seismic energy released at the time of occurrence of those earthquakes was
created. (Graph 2). The established graph shows the dependence between the number of
earthquakes and the energy released at the moment of their occurrence. Here, the number
of earthquakes is shown as red columns, and the amount of released energy is shown as
blue lines. During the analysis of the visual image, it was observed that the number of
earthquakes in the study area was the highest in 2011 (157 earthquakes) and 2023 (192
earthquakes), but the number of earthquakes between 2003—2024 reached its highest level
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in 2023. However, weak seismic activity was observed in 2003—2009. Moderate seismic
activity was observed in 2010, 2024 and 2012-2022.

The graph (fig. 2) reflecting the statistics of earthquakes in the Caspian Sea during
2003-2024 shows the changes between the number of seismic events by year (red columns)
and the seismic energy released during that period (blue line). Visual analysis shows that
the number of earthquakes has increased significantly since 2010 and this increase has
continued in the following years, reaching a peak in 2023 with 192 earthquakes. The
years 2020 and 2022 were also seismically active periods — in 2020, both the number of
earthquakes and the amount of energy released increased dramatically. If we look at the
amount of allocated energy, although the amount of allocated energy in 2011 is consistent
with the number of earthquakes, it seems that in 2023 this agreement is not observed. At
the same time, high seismic energy was released in the years when little seismic activity
was observed. As a result of all this, there was no regular increase or decrease in the
energy released by the number of earthquakes during these years. This can be directly
based on the distribution characteristics of the cells as well as the mechanisms of their
formation.
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Fig. 2. Graph showing the relationship between the number of earthquakes and seismic energy released
in the Caspian Sea from 2003 to 2024 / [ paghuk, noxazvieaiowjuii 3a8UcumMoCms Mexcoy KOIUYECmEoM
3emaempsiceHull u eblopocamu ceticmuyeckoll snepeuu 6 Kacnuiickom mope ¢ 2003 no 2024 200

Distribution of earthquake hypocenters by depth and
distribution by region

Based on the number of earthquakes that occurred in the study area, their depths were
selected by us and a diagram reflecting the relationship between them was constructed.
(fig. 3). Based on the constructed diagram, the distribution of earthquakes by region was
assessed. As a result of the comparative analysis, it was found that a large part of the
earthquakes occurred in layers 30 km and deeper. Thus, it is possible to make a conclusion
about the distribution of the earthquakes that occurred according to the tectonic structure.
Unlike the relationship between the number of earthquakes and the energy released, a
certain regularity was found between the number of earthquakes and the depth at which
they occurred. That is, the geodynamic activity formed in deeper layers causes the
occurrence of seismic events.

In figure 4, using the data of the Seismological Service Center of the Republic of
Azerbaijan, earthquakes recorded in the Caspian Sea area during 2003-2024 were
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selected according to their intensity and maps were drawn up accordingly. On the left
side, a map of the epicenters of earthquakes that occurred during the years 2003-2024
is compiled, and it is shown that low-magnitude earthquakes occurred in the central and
southeastern part of the Caspian Sea. On the right side, the distribution of earthquakes
with a magnitude of ml > 3.0 is reflected. Thus, it can be seen that strong earthquakes in
the zone have spread from the northeast to the southwest during these years. Thus, it can
be said about the uneven distribution of seismic activity in the area.

Depth(km)

0 500 1000 1500 2000 N

Fig. 3. Graph showing relationship between number of earthquakes and depth / I pagux, noxkasvisarouyuii
3ABUCUMOCTIL MENHCAY KOTULECTNBOM 3eMLEMPACEHULL U 2IYOUHOU 3a71e2aHUs

Fig. 4. Map of earthquake epicenters in Bulla-Deniz for 2003—2024 / Kapma snuyenmpos
semnempsicenuti ¢ bynna-/lenus na 2003-2024 ze.

In the South Caspian Basin, the majority of hydrocarbons are found in fault zones and
their contact zones. For example, Bulla-Deniz, Gunashli, Neft-Dashlari, etc., which are
located at the intersection of active tectonic zones or near them, constitute the basis of
hydrocarbon production in the basin [Reynolds, Simmons, 2007].

In general, researchers have determined that the transition zones between the
Karabogaz Uplift and the South Caspian Depression had a fragmented block-structural
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model due to these tectonic activities [Ghassemi, Garzanti, 2019].

The map reflecting the distribution of seismic activity covers the period from 2003
until 2023.The right part of the constructed maps shows the level of seismic activity,
expressed in different colors, increasing from minimum to maximum. Seismic activity
in the Bulla-Deniz oil and gas field in 2003-2013 was estimated to be moderate at SSA
0.4-1.2, and in 2014-2023 at SSA 0.3—1.1 (fig. 5).
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Fig. 5. Map of Seismic Activity on the Southern Caspian for the Periods 2003-2013 and 2014-2023 /
Kapma ceticmuuecroii akmuenocmu na FOscnom Kacnuu 3a nepuoovt 2003—-2013 u 2014—2023 ze.

2003-2013 yeras

T T T T
494 496 498 502 504 506 508

gzm{zozs yeras

T T T
502 504 506 508

When analyzing the areas with high seismic activity in the region from 2003 to 2013,
it can be seen that high activity is mainly concentrated in the central and NW parts of the
study area. The total activity was determined to be about 1.5. However, when looking at
the seismic activity in the study area during 2014 and 2023, it can be seen that the increase
in activity occurred mainly in the central and SW parts. Based on all this, seismic activity
has also increased in the Bulla-Deniz area and the seismic activity in the area was above
1.5. As can be seen from the maps, a decrease and redistribution of seismic activity has
been observed in the area over the past 20 years. Even in the southern expanse of the area,
where seismic activity was identified relatively little or not at all before the indicated
period, newer active zones were created during this period. If we look at the northern part
of the region, compared to the southern zone, it was observed that the seismic activity
decreased relatively during 2003 and 2013. From 2013 to the present, seismicity in the
region has expanded in the east and south directions. Thus, when looking at the research
area, it was observed that the seismic activity remained stable, and even increased slightly.
The maps show long-term changes in seismic activity, which are important for earthquake
prediction and geodynamic assessment of the region. Figure 6 shows two seismic profiles.
These seismic profiles reflect the distribution of earthquake epicenters based on depths.
In the left part a map of seismic events is presented with earthquake epicenters classified
in different colors according to their strength. The black lines numbered 1 and 2 reflect
the profiles and directions of their intersections. In the upper right part, the distribution
of earthquake depths in the Bulla-Deniz area is shown. The image shown is set in a
southwest (SW) direction. In the lower left part, 3.0 magnitude earthquakes are shown as
small circles, and 4.0 to 5.0 magnitude earthquakes are shown as red circles. Looking at
figure 6, it can be seen that high-magnitude earthquakes occur in the depth range between
0 and 50 kilometers. However, a small number of seismic activity occurs at greater depths.
Looking at the distance axis, it is observed that stronger earthquakes occur in the interval
from 150 to 400 kilometers.
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The profile shows a similar distribution of seismic activity, with a slightly different
location. Here, however, the main seismic activity occurred in the interval from 10 to 50
kilometers.

Seismic activity in this area is of great importance for the efficiency of hydrocarbon
production. Therefore, when looking at the range of earthquake occurrence, it is
possible to observe that they occur at depths of 0-50 km. The active fault zones here are
mainly associated with areas of increasing earthquake concentration. Earthquakes with
a magnitude of 4.0-5.0, shown as large circles occur more frequently at shallow and
intermediate depths and are distributed throughout the profile.
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Fig. 6. Map of Caspian earthquake epicenters, along with two seismic profiles showing earthquake
distribution by depth / Kapma snuyenmpoe KacnuiiCKux 3emiempsaceHutl, a maxce 08a ceticMuyeckux
nPogUIA, NOKAZBIBAIOWUX PACTPEOeeHUe 3eMIeMPACEHUIL NO 21yOuHe

Earthquake focal mechanisms

The formation of earthquake focal mechanisms was also analyzed by us. Seismological
studies were conducted in the research area, and a number of conclusions were drawn based
on the analysis of the focal mechanisms of the earthquakes that occurred. The analysis
was carried out comprehensively, taking into account tectonic elements, seismic faults,
etc. As a result of the analysis, it was determined that in general, expansion-deepening
movements prevail in the region, which is characteristic of expansion geodynamic
conditions.

Deep structure of the studied region

The South Caspian Depression has a deep structural structure and is a tectonic depression
consisting of sedimentary rocks. The study area in the current structural map, the Caspian
region is characterized by a heterogeneous and diverse thickness of sedimentary rocks
of more than 10 km belonging to the last quaternary period and is characterized by high
activity both in terms of sedimentary dynamics and tectonic dynamics. The thickness
of sedimentary rocks formed as a result of the sedimentary accumulation process in the
region is estimated to be 25 km or more. The South Caspian megadepression is located
on the oceanic crust and is characterized by a high rate of sedimentation. In addition, the
zone has a complex tectonic structure as a result of the analysis of the above-mentioned
depth characteristics. The sedimentary complexes located here have created a favorable
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environment for the generation of hydrocarbons. Also, the earthquakes that occurred in
the zone are associated with the subduction process [Abdullayev et al., 2023; Jackson et
al., 2002].

Based on the background data of the Azerbaijan Republic Seismological Service
Center, the depth, strength and other parameters of the earthquakes were analyzed, and
the seismotomographic structure was studied based on all these data. That is, based on the
seismic waves occurring in the study area, a three-dimensional model of the zone was built.
Through seismography, the opaque properties of various geological structures, that is, the
characteristics of anomalies, are studied. As a result of seismographic analyses conducted
in the zone, it was determined that most of the earthquake foci that occurred were formed
mainly at a depth of 50—70 km. Also, the presence of coke-like geological structures in the
zone and the presence of a tectonic structure were proven. Also, a deep subduction zone
was observed in the study area. Here, the transition zone and the Mokhorovicic boundary,
unlike other geological zones, is located at a depth of 50-55 km [Abdullayev et al., 2023;
Jackson et al., 2002; Kazimova et al., 2024; Kerimova, Samadli, 2024; Huseynov et al.,
2019]. Thus, the deep structures of the Absheron-Balakany system can be shown. Here,
the crust belonging to both the Mesozoic and Cenozoic eras was formed. However, the
general nature of the formation is associated with a thin oceanic crust. Here, the thickness
of the oceanic crust is estimated to be approximately 35 km. Deeper horizons consist of
sediments covered with a basalt layer. The thickness of the layer here is estimated to be
less than 22 km. These sediments were formed mainly in the modern period.

Fig. 7. 3D model of earthquake hypocenters occurring in the Caspian Sea in 2017-2024 /
3D-mo0ensv cunoyenmpos 3emaempaceHui, npouzoweouwiux 8 Kacnuiickom mope 6 2017-2024 ee.
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Fig. 8. 2D seismic tomography section in the SW to NE direction / 2D ceilicmomomozcpaghuuecxuii paspes
6 Hanpagnenuu SW-NE
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Discussion of results

Based on the above data, it can be said that the geodynamic activity of the study area
is formed as a result of the interaction of tectonic plates as well as geological processes
taking place in deep layers. The distribution of earthquake focal points in the Southern
Caspian Basin with respect to depth and the distribution of tectonic stresses both near the
surface and on deep faults have an impact on the assessment of seismic risk.

Therefore, additional studies are needed on fault mechanisms and stress transfer re-
sulting from the discrepancy between the frequency of earthquakes and the amount of
energy released to the region during earthquakes. The role of the collision zone is very
important in the tectonic model of the area, additional forces within the basin (from the
Arabian plate) and geodynamic processes create a complex stress field. This regime is
directly responsible for creating favorable conditions for oil and gas accumulation. A thin
crust and a thick sedimentary cover have been identified in the zone by seismic tomogra-
phy, and it has been observed that the thick sedimentary cover increases the hydrocarbon
potential.

Results

Comprehensive analysis of geophysical, seismological and tectonic data for the
Southern Caspian Basin region, including the Bulla-Deniz region, allows us to identify a
number of stable patterns that characterize the geodynamic development and oil and gas
potential of the study area.

The results of gravimetric studies revealed the presence of regional and local anomalies,
in particular the Dibrar and East Dibrar maxima, which reflect the features of the deep
structure and interaction of tectonic blocks. The structure of the gravity field is closely
associated with active uplift faults and zones, which confirms their role in the formation
of tectonic relief and potential traps for hydrocarbons.

Seismological analysis showed stable seismic activity in the region over the last two
decades with a marked concentration of epicenters at depths of more than 35 km. The
high density of hypocenters in the subduction zone is particularly significant and may
indicate the presence of active deep processes and possible seismic hazard. Data on
the distribution pattern of earthquake foci and the released energy allow us to conclude
that the mechanisms of seismic event formation are heterogeneous, with expansion and
subsidence predominating.

Analysis of earthquake focal mechanisms in comparison with modern GPS
observational data confirms the predominance of extensional and shear movements in the
Central Caspian Depression. This is consistent with the model of tectonic interaction of
lithospheric plates in the region, where the Eurasian and Arabian plate converge.

Conclusions

The South Caspian Basin is a geologically dynamic region characterized by significant
gravity and magnetic anomalies, intense seismic activity and complex plate interactions.
Integrated analysis of geophysical and seismic data reveals a basin shaped by extensional
tectonics, deep fault systems and compressional forces from converging plates. Persistent
seismic activity, particularly in the Bulla-Deniz area, highlights the need for ongoing
hazard monitoring and assessment. The basin’s thin crust and thick sedimentary sequences,
along with fault-controlled structures, make it a key target for hydrocarbon exploration.
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Future research should focus on refining fault models, improving earthquake prediction
and understanding deeper crustal dynamics to enhance seismic risk management and
resource development in this critical region.
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Pe3stome: AKTyanbHOCTb pa6oTbl. OTX0Abl Yrneao6blyn ABAAOTCA NEPCNeKTUBHLIM BTOPUYHBIM CbIPbEM,
CNOJIb30BAHNE KOTOPOro BO MHOMOM OrpaHi4eHo pa3Hoo6pasnem 1 HermocTOSAHCTBOM MUHEPanbHOro cocTasa
B 06bemMe MopofHbIX 0TBanos. Llens ucenegosanua. Lienb paboTbl — onpeaenuTb MUHeEPanoro-neTporpaguye-
CKYH 30HANTIbHOCTb FOPESibIX FOPHbLIX OTBANIOB YrofbHbIX LWaxT BocTtoyHoro [Jon6acca. Martepuanbl U METOAbL.
113y4eHne BeLLeCTBEHHOr0 COCTaBa NPOBEAEHO METOAAMU 3J1eKTPOHHO-30H0BbIX UCCIEA0BAHUA U PEHTTEHO-
(hazoBoro aHanu3a. Pe3ynbTarbl paboTbl. B cTaThbe NPUBOAATCA Pe3y/bTaTbl U3Y4EHUS MUHEPATIOro-NeTporpa-
domyecKoii 30HaNbHOCTI FOPENbIX NOPOA TEPPMKOHOB BocTo4HOro [JoH6acca; no cocTaBy OHM NpUHAANEXaT K
NecYaHo-rMMHUCTOMY NINTONIOrMYeckomy Tiumy. MopoJHble 0TBanbI rOPSAT 32 CYET 3K30TEPMUYECKON [eCTPYKLUM
CyNb(UAO0B C BbIAENEHNEM CEPbI U OKMUCIIEHUS YaCcTWLL VI, W 3HAYUTESIbHAs 4acTb ABMSETCS NeperopesLueit,
4TO NPUBOAMT K TPAHC(OPMALMAM MUHEPASIbHOrO COCTaBa NOPOA, CMOCOOCTBYIOLMM YAANeHUI0 YacTu Bpej-
HbIX KOMMOHEHTOB (CYNb(WAbI W MP.), NOBbILLIEHWNO OAHOPOAHOCTM NETPOrpacnyeckoro coctaBa 1 HU3NYeCcKMxX
CBOWCTB MOPOJ, a TaKXXe NOABNEHWIO PSfa UX HOBbIX CBOICTB. Cpeau NnupomMeTamMopdnyecKnx nopog no mMepe
yaaneHus OT ropsLLero aapa BblAENSTCA 30Hbl C XapakTePHbIMU MUHEPaANbHbIMU accoLnaLunaMu; ans BbIiCo-
KOTemnepaTypHoii BHYTPeHHeli 30HbI (Temnepatypa Bbiwe 1200-1500 °C) xapakTepeH napareHe3uc MynnuT +
KBapL, Kpuctob6anut, TpUAUMNT (MOPOLbl HEPEAKO CTEeKNoBaTble, CO Crefamu NnasfeHus U TeyeHns); 6onee
HU3KOTEMMepaTypHas 30Ha (Temnepatypa 06pasoBanus o1 ~800-900 °C go ~1200-1500 °C) Bblaensiercsa napa-
reHe3ncoM KOpPAUepUT + KBapL, + TPUAUMUT + MYNAWUT (NCEBAOMYNNUT); AN CaMON HU3KOTEMMNEpaTypHOIi 30HbI
XapakKTepeH napareHesnc MynnuT + Keapu (B ¢nabo nepepaboTaHHbIX NMOPOAAX HEPELKO COXPAHSTCA PesinK-
TOBbIE CTPYKTYPHO-TEKCTYPHbIE MPU3HAKKM). [nd HEM3MEeHEeHHbIX NOPOL XapakTepHbl MYCKOBUT U FMAPOCIOAbI,
XJ1I0PUT, KBapLl, NONEBbIE LUNATbI; B HEKOTOPbIX 06pa3Liax NPUCYTCTBYIOT HAKPUT, MHOTAA JONIOMUT WU CULEPNT.
B HeusMeHeHHbIX NopoAax OTCYTCTBYHOT 3Ha4KMble CTPYKTYPHbIE U MUHEparbHble NupomeTamopduyeckue npe-
06pa30BaHms, 4TO CBA3AHO C BbICOKON CTENEHbIO KaTareHeTUYecKux npeobpasoBaHuii. B noBEpXHOCTHbLIX 1 Npu-
MOBEPXHOCTHBIX 4ACTAX TEPPUKOHOB MPUCYTCTBYIOT (hyMaposibHble 06pa3oBaHus (CynbartHble KOpbl FTMNCOBOr0
1 MarH1n-antomMo-aMmMOHNEBOr0 TUMOB) U «4EPHbIE BI0KN» C acpansTonoA06HON KOPOK (BbICOKOYTNIEPOAUCTbIE
nopozb! ¢ 6e3BOAHbIMI CyNbatami MarHus, anoMUHIA, aMMOHIUA 1 Kanus, HallaTbipem, Cepor), 0653aHHbIe
CBOWM MPOMCXOXEHUEM NHEBMATONUTOBLIM NMPOLLeccam.

KntoveBble cnoBa: TeppukoH, ropesibie Nopofbl, TEXHOreHHOE MECTOPOXKAEHUE, MMPOMETaMOpdn3m, Myn-
nnT.
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Abstract: Relevance. Coal mining waste has been identified as a promising secondary raw material; how-
ever, its utilization is largely constrained by the diversity and variability of mineral composition present within the
volume of rock dumps. Aim. The aim of the work is to determine the mineralogical and petrographic zonality in the
waste rock dumps from the coal mines of the Eastern Donbass. Materials and Methods. The study of the material
composition was carried out by the methods of electron-probe studies and X-ray phase analysis. Results. The
present paper sets out the findings of a study into the mineralogical and petrological characteristics of the burnt
rocks present within the slag heaps of Eastern Donbass. These rocks are of a sandy-clay lithological type. About
25% of the waste dumps burn due to exothermic destruction of sulphides with release of sulphur and oxidation
of coal particles. Significant part of them is burnt out, which leads to transformations in the mineral composition
of rocks, contributing to the removal of some harmful components (sulphides, etc.), increasing the homogeneity
of the petrographic composition and physical properties of rocks, as well as the appearance of a number of new
properties. Among pyrometamorphic rocks, zones with characteristic mineral associations are distinguished as
they move away from the burning core. The high-temperature inner zone (temperature above 1200-1500 °C) is
characterized by the paragenesis of mullite + quartz, cristobalite, tridymite (rocks are often glassy, with traces of
melting and flow). The lower-temperature zone (formation temperature from ~800-900 °C to ~1200-1500 °C) is
characterized by the paragenesis of cordierite + quartz + tridymite + mullite (pseudomullite); the lowest-temper-
ature zone is characterized by the paragenesis of mullite + quartz (relict structural and textural features are often
preserved in poorly processed rocks). The unaltered rocks are distinguished by the presence of muscovite and
hydrous mica, chlorite, quartz, and feldspar. In certain samples, nacrite, and occasionally dolomite or siderite, are
also present. The absence of significant structural and mineral pyrometamorphic transformations in the unaltered
rocks is attributed to a high degree of catagenetic transformation. In the surface and near-surface parts of heaps,
fumarole formations (sulfate crusts of gypsum and magnesium-aluminum-ammonium types) and “black blocks”
with asphalt-like crust (high-carbonaceous rocks with anhydrous magnesium, aluminum, ammonium and potas-
sium sulfates, ammonium and sulfur) are present. These owe their origin to pneumatolitic processes.

Keywords: waste heap, burned rocks, technogenic deposit, pyrometamorphism, mullite.
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BeepeHne

OTtxonb! yrenoosran 3 (HEeKTUBHO UCTIOTB3YIOTCS B METAJLTYPTUH, CEITBCKOM XO3sTi-
CTBE, MPU MPOU3BOACTBE CTPOUTEIBHBIX MAaTepHaIOB, KEPAMHUKHU U B JAPYTUX OTpacisix
npomblluieHHOCTH [ Yavruyan, Kotlyar, 2024]. Ux npuMeHeHue N03BOISET 3HAYUTEIBHO
CHU3UTH ChIPbEBbIE 3aTPaThl JJI1 MECTHBIX IIPOU3BOUTENEH, O1HaKo, B Poccuu menee 5%
oT o0mero odbeMa 00pa3yIOMUXCS YIIEOTXOA0B BOBJIEKAETCS BO BTOPUYHYIO Iepepa-
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6otky [ILnupt u ap., 2019; bBypasuyk, ['ypssiHoBa, 2015]. B Hemanoii mepe 310 CBS3aHO
CO CJIO)KHOCTBIO KOMILJIEKCHOHM MepepaboTKH MI0X0COPTUPOBAHHOTO MOJIMMUHEPATBbHO-
ro ceipbst [Kuzunemreitn u ap., 1995]. Ilopsiaka 25% oTBanoB TOpUT 3a CYET IK30TEP-
MHUUYECKON JECTPYKIMHU CyTb()UIOB C BBIACICHUEM CEPbl M OKHUCICHUS 4YacTUI] YV, U
3HAUUTEJIbHAs YacTb SBJISIETCS TIeperopeBIlei, YTO MPUBOAUT K TpaHC(HOPMALIUAM MUHE-
pabHOTO COCTaBa MOPOJ, CIOCOOCTBYIOIIMM YAAJCHUIO YAaCTH BPEIHBIX KOMIIOHEHTOB
(cynbgupl U 1p.), TOBBILIEHUIO OJHOPOAHOCTH NETporpaduyeckoro cocrasa u puznye-
CKUX CBOMCTB MOpPOJ, a TaK)Ke MOSBICHUIO psiJia HOBBIX CBOMCTB. B cuiy pasnuunii mu-
TOJIOTUYECKOI'0 COCTaBa MOPOIHOM MACChl AKTyaJIbHO U3yUYEHHUE COCTaBa FOPEJIBbIX OPOL
pa3HbBIX YrOJbHBIX 0ACCEHHOB U MPECTABICHHBIX B HUX JIMTOJIOrHYecKuX Tumos. Lleab
PadoThI — ONpeIeINTh MUHEPAJIOTO-NETPOrpaUIECKyI0 30HAIbHOCTh TOPEIbIX TOPHBIX
OTBAJIOB yrojibHbIX WaxT BocrouHoro Jlonbacca. OCHOBHBIMU 337a4aMU UCCIICAOBAHUS
SBJISIIOTCSI M3yYEHHUE 3aKOHOMEpPHOCTEH mupomeTamopduyeckux mpeoOpa3oBaHUil, co-
CTaBa MMHEPAJIbHBIX aCCOLMALMI U CO3/1aBaeMOl UMM MHHEPaJIoro-neTporpaduieckoi
30HAJILHOCTU B TIOPOHOM Macce. AKTYalbHOCTb OINpPENessieTCs] He0OX0AUMOCThIO TO-
BBICUTH 3(PPEKTUBHOCTH Pa3pabOTKU TEXHOJIOIMYECKUX CXEM HCIIOJIb30BaHUS TOPEsbIX
HOPOJI, B TIEPBYIO OYEPe/b KaK ChIPbsI ISl KEPAMUUECKON MPOMBIIIIEHHOCTH (OTOIINTE-
JM ¥ MHTEHCU(UKATOPHI CIIEKaHUs B KepaMHKe U 11p.). B paboTe npuBoauTcs onucaHue
npeoOpa30BaHUi MUHEPAJIOTO-NEeTPOrpahuuecKoro COCTaBa ropesbix MOpo TEPPUKOHOB
Boctounoro JlonOacca nec4aHo-riIMHUCTOTO JIUTOJIOTHYECKOTO THIIA.

MaTepraA n METOADI

Marepuasom JUIst UCCIIEAOBAHMS MTOCITYKHIIA 00pa3iibl apTUILTUTOB TIOPOIHOTO OTBa-
na maxtbl «KpacHononenkas» u Nel7 «Cuneropckas» KpacHOJOHEIKOTO MIaxToymnpaB-
JeHusI, OTOOpaHHbBIE B palioHe Toc. YriiekaMmeHHbIH. [1laxToynpasienne pa3pabarbiBaio
AHTPALUTOBBIN TUIacT mg! Ha mryoune 410-595 M cpemHelt MOIHOCTBIO 110 1,7 M, pas-
JeNIeHHBIN mpocioiikaMu apriyuuToB (10 0,25 m). OGpasmbl ropenbix nopoa u (hyma-
POJIBHBIX 00pa30BaHUi OBLIIM OTOOPAHBI M3 TEPPUKOHOB Tpex maxT Boctounoro /lonbac-
ca C OJHOTUITHBIM JIMTOJIOTMYECKUM COCTAaBOM, B KOTOPHIX OOHAXEHbI pa3HbIC YUaCTKU
ropesnbix nopoxa aktuBHOM 30HbI. [llaxta uMm. IIponerapckoi [{ukraTypbl pacnoyioxkeHa
B I. [IlaxTel. OTCBINKa €€ MOPOJHOrO OTBaja Hadajgack nocie 1923 r. u 3akoHUYMIIaCh B
1972-1974 ronax. OrpabarsiBanuck miactsl ks’ bessimsiaubiii u ks" Hkne-Ipyniesckuii
co cpeaneit MmorHocThio 0,71 M 1 yramu nanenust 3-8°. MakcumainbHasi riyOuHa pas-
pabotku 448 m. TeppukoH maxtel uM. Apréma Takxke pacrnoioxeH B I. [laxTer; skc-
wryaruposaics ¢ 1911 mo 1995 r. Illaxra Ha mryoune 700-750 m pa3pabareiBana aBa
YroabHbIX 11acTa: k,° Peixibiii MomHocTho 0,5-0,6 M 1 ¢ yriiom nagenus 16-20° u miact
k> Ipymiesckuit mormHoCThIO 0,8-0,9 M ¢ yriiom najgenust 6-8°. Teppukon maxtel Ne 62
Haxonurcs B ¢. [IpoxopoBka; sxcruryatuposaics ¢ 1920-x ronos no 1994 r. [AptemoB u
ap., 2022].

N3ydeHue BElIECTBEHHOIO COCTaBa MPOBEACHO METOAAMU PACTPOBOM JIEKTPOHHOMU
MUKPOCKOIIMH, 3JIEKTPOHHO-30HJI0BOTO MHKpOaHaiu3a (IIOJUPOBAHHBIE HalbLICHHbIE
yIJIepoAoM mpemnaparbl usyyanuch Ha Mukpockone Tescan VEGA II LMU c cucremoit
sHeproaucnepcuoHHoro mukpoananuza INCA ENERGY 450/XT) u penrrenoga3zoBoro
aHanu3a (IOPOIIKOBBIE MTPEnapaThl aHAIU3UPOBATHCH Ha TudpakTomeTpe «KARLX TRA»
¢ mnyuenuem CuKol1,5406 A, CuKa21,5444 A, u na mudpaxromerpe «JPOH-7»),
pe3yabTaThl KOTOPBIX JOMOJHSIOT paHee MPOBEACHHbIE UCCIIEI0BaHMs yIiieoTBaioB Po-
CTOBCKOH 00JacTu.
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Pe3yAbTaTbl 1 OBCYXKAEHNE

ToprourM MaTtepuanoM Jajisi TEPPUKOHOB SIBIISICTCS pa3oKeHHE CyIb()UIHBIX MUHE-
pajioB U yroijib B BHJI€ MEJIOUHM, KYCKOB U MPOCIIOEB B yIviecoAepxaiux nopojaax. CHa-
yaJia POMCXOIUT CaMOHAarpeBaHue JAUCIIEPCHOIO TBEPIOTO MaTepHalla, 3aTeM TEIIOBOE
CaMOBO3TOpaHue, TIIEHUE BILJIOTH JI0 IUIAMEHHOI'O TOPEHHUs1, KOTOPOE HAaUUHAETCSl B 30HE
MaKCHUMaJIbHBIX TEMIIEpATyp, a MOCIe PaclpoCTPaHIeTCs Ha cOCenHue 00BEMBI Teppu-
koHa. [IpuunHON caMOBO3rOpaHMsl MOPOJHBIX OTBAJOB OBUT HA3BaH TAKOW (hakTop, KAk
CHOCOOHOCTH BEIIECTBA aJICOPOMPOBATH KUCIOPOA, BCTYMAIOUIMNA B XUMHUYECKOE B3au-
MOJICHCTBHUE C YTOJBHBIM BEIIECTBOM. Taxke HEMAJOBAKHYIO POJIb UTPAET Pa3JIOKEHUE
Cynb(UAHBIX MUHEPATIOB (MMPHUTA, MAPKa3UTa) CONEPKAIIMXCS B MOPOAX, CIIAraroIinux
TEPPHUKOH, Ha JKEJIe30 U AIIEMEHTAPHYIO cepy. DTOMY CIIOCOOCTBYIOT MPUCYTCTBYIOIIUE B
MMOBEPXHOCTHOM 30HE CBOOOIHOTO BOJZOOOMEHA THOHOBBIE OAKTEpUH, KOTOPHIC BHI3bIBA-
10T JECTPYKIHUIO CyIb(UI0B ¢ BeiIeneHueM teria [UecHokos, [llepbakosa, 1991; Ilep-
OaxoBa, 2018; Gogola et al., 2020; Matysek, Jirasek, 2022].

B o0miem Buzie B CTPOCHHUU TEPPUKOHA BU3YAIbHO (110 BHEIIHUM IPU3HAKaM) BbIJe-
nsitotest 4 30HbI (puc. 1).
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Puc. 1. Hoeanuzuposannas cxema cmpoeHus 2opsauje2o nopooHo2o omeana: 1 — ghymaponvrule Kopul
2UNco6o2o cocmasa; 2 — (hymaponvHvle Kopbl MACHUU-ATIOMO-AMMOHUEB020 MUNA;
3 — acgpanvmonododuas kopa, 4 — «uepuwiil 610Ky, 5 — ocvinu Hezopenvix nopoo (I); 6 — nopoodwl nepsou
(nuzkomemnepamypHhoii) 30nul (I1); 7 — nopoovl émopoii (cpedonememnepamyproti) sonsl (1),
8 — nopoovl mpemvetl (6vicokomemnepamyproti) 3ousl (IV); 9 — Hanpasienue 08udiCeHUs NAPO2A306020
nomoxa, 10— nanpaenenue npeodradaruwux 6empos /

Fig. 1. The schematic representation of the structure of the burning rock dump. 1 — fumarole crust of
gypsum composition, 2 — fumarole crust of magnesium-aluminum-ammonium type; 3 — asphalt-like crust;
4 — “black block”; 5 — unaltered rocks (I); 6 — rocks of the first (low-temperature) zone (Il); 7 — rocks
of the second (medium-temperature) zone (II1),; 8 — rocks of the third (high-temperature) zone (IV),

9 — direction of vapor-gas flow, 10 — direction of prevailing winds

Ha noBepxHOCTH TeppUKOHA BBIIEISIOTCS 30HBI BBIBETPUBAHUS, 30HBI (PyMapOIbHbIX
o0pa3oBaHMil U «4EPHBIX OJIOKOBY» ¢ ac(anbTonoA00HON KOpoi. AKTHBHAs 30HA pacrio-
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JaraeTcs BHYTPH TEPPUKOHA U MOPA3AETSETCs M0 YPOBHIO MUPOMETaMOP(HUIECKUX TIpe-
oOpa3oBanmii Moposl. MuHepanoro-neTporpapuuecKkuii cocTaB METarnopo] TEPPUKOHOB
OTIpe/IeNSIeTCSl U3MEHEHUEM YCIIOBUM, KOHTPOJIMPYEMBIX TeHEPUPYEMBIMU B OUare rope-
HUS TEMIEPATypoii U (DIFOMIHBIM TTOTOKOM, a TaK:Ke COCTaBOM MpoToiuTa. Ha BHyTpeH-
Hee CTPOCHHE TEPPUKOHA BIMSIET MHOXKECTBO (HakTOpoB. Bo-mepBrix, pazHbie (HOpMBI
MOPOJTHOTO OTBaJia (KOHHUYECKHH, XpeOTOBOM MM MIOCKHUI) MO-CBOEMY aKKyMYIUPYIOT
TEIUIO W TOJBEPTaloTCs BO3ACUCTBUIO TPUPOIHBIX (PaKTOPOB. BO-BTOPHIX, TUTOIOTHYE-
CKUU M TPAHYIOMETPUUYECKHUN COCTAB HEMOCPEACTBEHHO BIUSET HA CTPYKTYpYy TEppH-
KOHA (B pa3HOE BpeMs OTBaJ OTCHIMAETCS Pa3HBIMHU MO CBOMM CBOWMCTBAM MOPOAAMH).
B-TpeThux, KONUYECTBO YTrOJBLHOTO U CYAb(UIHOTO MaTepHala B MOPOJAE OMpeAemsieT
WHTEHCUBHOCTH HAarpeBa. B-ueTBepThIX, KOMIMYECTBO JOCTYITHOTO KHUCIOPO/Ia M BOJIBI, KO-
TOpBIE YCKOPSIOT OKUCIICHUE YIS U Cylb(UIHBIX MUHEpaoB. B mpoiiecce odxura mc-
XOJIHBIM MaTepHal mnpereprneBaeT psa pa3oBbx mpeodpazoBaHuil. [TaBHBIMU cpeid HUX
SIBIISIOTCS CIEMYIOIINE: JETUIpaTaIUsl CIOUCTBIX CUIIMKATOB, aMOpQuU3alis UCXOTHOTO
cyOcTpara, miiaBjIeHHe MPOIYKTOB aMOP(H3AIUN TIIMHUCTHIX MUHEPATIOB, KPUCTAIIIN3a-
1IMs1 HOBBIX MUHepanbHBIX (a3 [Cokon u ap., 2001; UecHoxos, lllepbakosa, 1991; Illep-
6axoBa, 2018; Bopobbes u ap., 2016].

dymaponbHbie 00pa3oBaHus (Ha3BaHbI TaK U3-3a CXOJCTBA C BYJIKAHUYECKUMHU (hyma-
ponaMu) MPEACTABISAIOT COO0M Oelble U )KEeNThIe MOPUCTHIE XPYIIKUE arperaTbl ¢ SBHBIM
TpyO4arbiM cTpoeHueM (puc. 2). [IpuypodeHbl K OKHUCIUTEIbHO-BOCCTAHOBUTEILHOMY
TeOXUMUYECKOMY Oaphepy Ha MOBEPXHOCTH OTBasia, 00pa3yroT Cyib(paTHbIE KOPbl Mar-
HUMN-aJIFOMO-aMMOHHEBOTO Y TUIICOBOIO MUHEPAIIBHBIX TUIOB [ApTeMos, [Tonos, 2020].
[TepBsIii TUIT IMEET Pa3HOOOPA3HBIN MUHEPATBHBINA COCTAB — CIOKEH Cylb(araMu alko-
MUHUS, MarHusi, KaJabl¥sl, aMMOHHUS M UX KPUCTAIJIOTHApPATaMH (BeIyIlle MHHEPAIbI —
THIIC, STICOMUT, OYCCEHTOTHUT, TOJIOBUKOBHT, aTFOMUHUT, YEPMHUTUT, MACKAHBHUT, TOHKO/IU-
CIIEPCHBIN KBapIl ¥ yIIIepoHas caxka), U 00IagaeT B pa3sHON Mepe BhIPAKEHHBIM 30HAIb-
HBIM CTPOEHUEM, OTIPEICIIIEMbIM IPUYPOUCHHOCTHIO BOAHBIX CYNb()AaTOB K BEpXHEH 30HE
1 06e3BOAHBIX CYIb(HATOB — K HIKHENH. BTOpO# THIT ClI0KEeH IPEeUMYIIeCTBEHHO TUTICOM U
CaMOPOJHOM cepoii (Cynb(daThl MPUCYTCTBYIOT B MAJIBIX KOITUYECTBAX).

Puc. 2. @ymaponvhvie obpazosanus na nosepxHocmu meppukouna /

Fig. 2. Fumarole formations on the waste heap surface
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AcdansronogoOHbIe KOpbl 00pPa30BaHbl YEPHBIMH, KABEPHO3HBIMH, IPOYHBIMU arpe-
raraMmu, B IIeJIOM UMEIOIIUMHU CXOJHBIN COCTAaB C IOBEPXHOCTHBIMH (PyMapOIbHBIMU OT-
JIOKEHUSIMH, B HUX TIPe00IiaiatoT 0e3BOAHBIC CYIb()aThl MATHUS, aTFOMUHUSI, AMMOHHUSI 1
KaJus (SIICOMUT, MaCKaHbUT, YEPMUTHT), HAILIATBIPh, CEpa.

PaccmoTpenHbli kKoMIUIeKe mopos ((hymaposbHbie U ac(anbTono1o0HbIe KOphl) 0Opa-
30BaH B X0JI¢ THEBMATOJIMTOBOIO NIEPEHOCA U OTJIOKEHUS MPOJYKTOB CEPHOKUCIOTHOIO
C y4acTHeM aMMHUaKa Pa3IoKEHUs aTFOMOCHINKATHBIX MOPOJI TEPPUKOHOB U MOCTYIIUB-
IIUX U3 HUKEJIeKAIEH 30HbI «4EPHBIX OJIOKOBY MTPOIYKTOB OMTYMOB U yIiieH [UeCHOKOB,
[epbakoBa, 1991; lllepbakosa, 2018; Akulov, Akulova, 2020].

«UYepHble OIOKWY MPEICTABICHBI YEPHBIMU (32 CYET HACHIIIICHHOCTH YIJICPOIUCTHIM
BEIIIECTBOM) MACCHUBHBIMH IIJIOTHBIMH arperaraMmu, CIOXEHHBIMU MPEUMYIIECTBEHHO
c1a000KPHUCTAIITN30BAaHHBIM MYJIJTUTOM C KBapIlieM, KpUCTOOAIUTOM, CUIUIMMAaHUTOM. B
U3YYEHHBIX TEPPUKOHAX ITH 00pa30BaHUs MAJIOMOIIIHbIE U IPECTABICHBI (hparMeHTap-
HO, YTO OOBSCHSICTCS HU3KUM COJEPKaHUEM TIIMHUCTBIX KOMIIOHEHTOB (WX (opmupo-
BaHUE CBA3AHO C NepepaboTKON MIMHUCTBIX YIIIecoAep KallluX MOPOJl B YCIOBUSIX CUJIb-
HO OTPAaHMYCHHOTO JOCTyIa Kuciopoaa s ropenus [[loproma u mp., 2020; Akulov,
Akulova, 2020]). ®nrougoreHHO-peoOpa30BaHHbBIE BEICOKOYIIIEPOAUCTHIE TOPOIBI 00-
pasytorcs ipu Temneparypax 10 500 °C Ha nyTax nBrkeHus ¢uronaos [['amoB u ap.,
2016] u 3anerarot cpeid IPOAYKTOB ITyOOKOTO 00XKHTa, 0OPaMIISIOIINX OYar aKTHBHOTO
TOpEeHHUS.

BremnHsis 30Ha TeppUKOHA CIOKEeHA HEM3MEHeHHbIMU opoaaMu. Ha nudpakrorpam-
Max aprHJUTMTOB 3TON 30HBI (HE(PAKIIMOHUPOBAHHBIE IPOOBI) MPUCYTCTBYIOT pedIIeKChI
MYCKOBHUTA M THIAPOCIIOL, XJIOPUTA, B HEKOTOPHIX MP0OaX — HaKpuTa (MOJUTUITHASI MO-
nuduKaIms KaoMHUTA, Bo3HUKaromast mpu T>200°C); moCTOSHHO IPUCYTCTBYIOT KBapII
U TIOJIEBBIC IITIATHI, HHOTAA J0NoMHUT unu cuaeput (O6p. Ne 1, 3, 5, 9, 10 na puc. 3).
[Topoasl mpenMyI11eCTBEHHO UMEIOT YEIIyHYaTyIo TEKCTYPY, YACTULIbI M arperaThl NIMHU-
CTBIX MUHEPAJIOB XOPOIIIO BBIPAKEHBI M HE UMEIOT YETKOW OPUEHTUPOBKH, HAOIIOAACTCS
00JIbIII0E KOJTMYECTBO YITIOBATHIX MEKYACTUUHBIX U MEKMHUKPOArperaTHbIX Mop pa3iuy-
HOM popmbl [Ocumnos u ap., 1989; Korenbunkos, Kontoxos, 1986]. B Takux aprumiurax
HAOJTIOIAeTCsl OTCYTCTBUE BUANMBIX CTPYKTYPHBIX M MHHEPAIBHBIX MUpOMeTaMopduue-
CKHX MpeoOpa3oBaHUM U OJHOPOJHOCTbh MX COCTaBa U CTPOEHHUS O TEMIIEpaTyp AETru-
JPOKCUIIMPOBAHMSI UJUTUTOB U KEJIE3UCThIX XJIOPUTOB U MOCIEAYIONIEH KPUCTAITH3AUN
NICEBIOMYJUIUTA U MYJUIUTA. DTO CBSA3aHO C MX BBICOKOM CTENEHbIO KATareHETUYECKHUX
npeoOpa3oBaHmii: aHATN3 KapT MeTaMmop¢usma yrieit Jlondacca mokas3pIBaeT, 4To Ha pac-
CMaTpPUBAEMOU TEPPUTOPUU HA YPOBHE IKCIUTYaTUPYEMBIX YTOJBHBIX TJIACTOB METaAMOP-
(hu3M COOTBETCTBYET MOJCTAAUN arloKaTareHe3a, MPOMCXOASIIEro Ipyu TeMIeparypax J10
300-350°C [Henonusko, 2005].

Cpenu mopo, 3aTpOHYTHIX TePMaJIbHOIN NepepadoTKOM, MO pe3yabTaTaM MHHEPAo-
ro-neTporpapuuecKkux MCCIeTOBAHUM, MOXKHO BBIJIEIUTH 3 30HBI, pa3JIMYarOINecs] MU-
HepalbHBIMU NapareHe3ucamMu. [lopojabl nepBoil, HU3KOTEMIIEPaTypHOM 30HBI OTIMYa-
IOTCS. OT HEU3MEHEHHBIX MOPOJl CrenUu(pUIeCKOd MUKPOCTPYKTYPOIi: B HUX OTIEJIbHbBIE
YaCTHUIbl TTIMHUCTBIX MHUHEPAJIOB IJIOXO PA3JIMYMMBI WM COBCEM HEPA3IMUYUMBI, arpe-
raTtbl UIMEIOT CIVIAKEHHYIO (JOPMY U CIIMBAIOTCS B MOHOJMTHYIO CTPYKTYpY, @ MOPOBbIE
POCTPAHCTBA MPUHUMAIOT OKPYIVIbIe U BBITAHYTHIC (11eneBuaAHbIe) hopmbl [OcuroB u
ap., 1989]. [lnsg HuUX XapakTepHa MYJUIMT-KBaplieBas MUHepaibHas accoruauus (OOp.
Ne 7, 12 na puc. 3).
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Fig. 3. Diffractograms of thermally unaltered rocks (samples 1, 3, 5, 9, 10) and rocks
of the first mineralogical-petrographic zone (samples 7, 12)

PanHMii MyniauT ciocobeH BO3ZHUKHYTH Cpasy IMOCIE MPOXOXKACHUS SHIOMUHUMYMa
(T>650°C) u popmupoBanust kKomruiekcoB -O-Al[4]-O- BHYTpU METaKaOIWHUTOBBIX J10-
MEHOB. B HUX IpPOHCXOIUT 3apo/bllie00pa3oBaHue UITT MYJUIUTA, a UX POCT OCYIIECT-
Bisiercs myteM nud¢ys3un Siu Al B amopduzoBaHHO# MaTpulie. 31€Ch OCYIIECTBIIAETCS
TEpPMHUYECKasl TUCCOLMALMS MUHEPAJIOB: Pa3IoKeHHE KPUCTAIIOIMIPATOB, AETHapara-
LU, pacraj THIPOCUIINKATOB, @ TAK)KE OKUCIIEHHE OPTraHUYeCKHUX NpuMecen. McxoaHblit
MarepHal MepexoiuT B pa3psill ICeBI0aMOP(HBIX BELIECTB, IPOLYKTHI 00KUTa HAXOAAT-
Csl B COCTOSIHUM BBICOKOHM TUCIIEPCHOCTH, BBICOKOM MOPHCTOCTH U MUHHUMAJIBbHOM Mexa-
HUYECKOW MPOYHOCTU U 00JIaZal0T BBHICOKOM XMMHUYECKOM akTuBHOCTHIO [CoKON U Ap.,
2001; Rakhimova et al., 2023; Ribeiro et al., 2022].

Jlnis mopoji BTOPOMl 30HBI XapaKTepHa KOPAMEPHUT-KBAPL-TPUIMMHUT-MYIUIUTOBAS
(TICeBIOMYIIIIUTOBAS) CO IIMUHENbIO, TEMAaTUTOM, KPUCTOOATUTOM, T€PIIUHUTOM, OJUBH-
HoM accoranus (O6p. Ne T-2 Ha puc. 4). Ouenka TemMneparypHbIX yCI0BHii 00pa3oBaHUs
9TON MHUHEpaJIbHOM acCOLMAIIUK OIPENEIIIeTCs] UCXO U3 TeMIlepaTypbl 00pa3oBaHUs
MYJUTUTa U3 METAIIMHUCTBIX MUHEPANoB, KoTopas coctanisieT ~900-1000°C, ero obpa-
30BaHMIO NIPEALIECTBYET NosiBiIeHUe niceBromysuuTa (mpu ~800°C), Takxke B cocTaBe Mo-
PO STOH 30HBI MOSABISIETCSA TPUIUMHUT, UTO ONPEEIIIeT HUKHUNA TeMIIepaTypHbIi pyoex
naHHo# 30HbI 6mu3kHii kK 800-900°C (Abmpaxumon B.3., Konmakos A.B., [lenucos /1 .1O.
Kpucramimsanust MyniauTa Npu CUHTE3€ KepaMUYeCKHX MaTepHuajoB U3 OTXOAOB MIPOU3-
BOJCTB // HayuHno-MeTonnueckuii anekTponnslii xxypHan «Konnent». 2013. T. 3. C. 2716-
2720. URL: http://e-koncept.ru/2013/53546.htm (nara obpamenus: 10.03.2025).). 3necw
MpeBpalleHus IPEUMYIECTBEHHO MTPOTEKAIOT B TBEPJIOM COCTOSIHMM, & OCHOBHBIMH ITPO-
LeccaMH CJIEAYeT NIPU3HATh CIIEKaHWE M PEKPUCTAIUIN3ALINIO, KOTOPBIE COMTPOBOXKIAIOTCS
MIPOOJDKAOLIEHCS TEPMUYECKOH Aucconnaleld, CHHTE30M HOBBIX XMMHYECKUX COENU-
HEHH, MOTUMOP(HBIMH IIepexoiaMu U 00pa30BaHUEM MEPBBIX MOPLUH IIEHOYHOT'O pac-
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IjiaBa. HOHHOKpI/ICTaHHI/I‘{eCKaﬂ CTPYKTypa NpUPOAHOI'O ChIPpbs YCPE3 MPOMEIKYTOYHOC
HCCBZ[O&MOP(I)HOC COCTOSIHUC IICPEXOAUT BO BTOPHUIHYHO KPUCTAJUIMYCCKYIO CTPYKTYPY.
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Puc. 4. Xapaxmepnvle oughpakmoepammol 06pazyos emopotii (T-2; memaapeunium)
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nopoo meppukonos. [Ipusedenvt ou@paxmozpammvl UOSHMUDUYUPOBAHHBIX (a3
u3 6aszvl PDF-2 (8 ckoOkax ykazanvi Homepa Kapmouex) /

Fig. 4. Diffractograms of samples from the second (T-2; metaargillite)
and third (T-6, massive microcrystalline rock) zones of the spoil heaps (PDF-2 database data was used)

Jnst mopon TpeTbel, BBICOKOTEMIIEPATYPHOM, 30HBI XapaKTEPHBIM SIBIIIETCS acCo-
MUUPYIOMHA ¢ amopdHOU ($a30il mapareHe3uc — MYJUTUT + KBapll, KPUCTOOATHT, TPH-
JTVMHUT, pEKe OTMEUAIOTCS CAHUAMH M MUKPO(a3bl )KEJIE3UCTOT0 OJIMBHUHA, KOPIAUEPUTA,
HImuHe, reMatuTa, Mmarueruta (O0p. Ne T-6 Ha puc. 4). Habmogaemas Ha nudpakro-
rpaMMax OIHOPOJHOCTh COCTaBa MO3BOJISET MPEAIoararb pa3BUTHE MPOLIECCOB MOTHOM
MYJUTUTA3ALUU KOPAMEPUTA U JIPYTMX MUHEPAJIOB, MPOTEKAIONIMX MPH TeMIeparypax
BoIe 1200-1500°C [I'amoB u ap., 2016]. 3aech HHTEHCUDUITUPYIOTCS B 3aBEPIIAIOTCS
TBepA0(dazHbIe Mpeodpa3zoBaHus U HaUMHAETCs TuIaBieHue. Pe3ko ycumBatotes nuddy-
3MOHHBIE MPOLIECCHI, BO3PACTACT PEAKIMOHHAs CIIOCOOHOCTh BEUIECTB, YBEINYMBACTCS
CKOPOCTH (pa30BBIX MpEeBpaIICHUH, TPOUCXOIUT TEPMUIECKOE Pa3pyIIeHUE CTPYKTYpP HO-
BOOOpa30BaHHBIX HEOPTAHUYECKUX COCAMHEHUH.

BbiBOADI

[IpuBenénHble pe3ynbTaThl HCCIEIOBAHUM XapaKTepU3yOT TEPMUUYECKYIO TepepadoT-
Ky INIMHUCTBIX ITOPOJT B TOPENBIX MOPOAAaX TEPPUKOHUKOB MECUAHO-TIIMHUCTOTO JTUTOJIOTH-
YECKOTO THIIA, XapaKTEPHBIX ISt BOCTOUHOM Yactu JloHenkoro 6acceitHa. Ha HauambHBIX
CTaAMSIX TEPMHUECKUX MPeoOpa30BaHUN MPOUCXOAUT YaCTUUHAs aMopdu3alys MeTariu-
HucToro cyocrpara. MuHepanoo6pa3oBaHue MPEUMYIIECTBEHHO OCYIIECTBIISAETCS IIyTEM
cuHTe3a u3 aMop(duzoBaHHOrO cydcTpara. Bo BHyTpeHHUX 30HaX MPOIECCHl pEeKpHUCTal-
JU3aLUU U CTEKJI000pa30BaHUs MIPUBOAST K MOBBIILIEHUIO OJTHOPOIHOCTH MUHEPATIbHBIX
COCTaBOB U MOSIBJIEHUIO MUKPOKPUCTAJUIMYECKUX (a3.

Cpenu nupomeTaMoppUUECKUX MOPOJ IO MEPE yAaJIeHUsI OT TOPSIIEro sapa Bbljae-
JISIIOTCSL 30HBI C XapaKTePHbIMU MHHEPATbHBIMU aCCOIMALMSIMU: Ui BBICOKOTEMIIEpa-
TypHOU BHYTpeHHE 30HbI (Temmeparypa Boiie 1200-1500°C) xapakTepeH napareHe3uc
MYJUIAT + KBapll, KPUCTOOAIUT, TPUIAUMHUT (TIOPOABI HEPEJIKO CTEKJIOBAThIE, CO CIeaMu
IJIaBJICHUS M TeUeHus); Oosiee HU3KOTEMIIEpaTypHasi 30Ha (TeMIieparypa o0pa3oBaHus OT
~800-900°C no ~1200-1500°C) BeIensieTcsl mapareHe3ucoM KOpAUEpUT + KBapIl + Tpu-
JUMUT + MYIUTUT (IICEBAOMYIUIUT); AJI caMOW HU3KOTEMIIEpAaTypHO 30HbI (TeMIeparypa
Hmwke ~800-900°C) xapakTepeH napareHe3uc MyJUTiT + KBapil (B ci1ado rnepepaboTaHHbIX
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MOPOAAX HEPEIKO COXPAHSIOTCSA PEIMKTOBBIE CTPYKTYpPHO-TEKCTYypHBbIE MpU3HaKH). Jlis
HEU3MEHEHHBIX [10POJI XapaKTEPHbl MYCKOBUT U TMAPOCIIObBI, XJIOPUT, KBapll, 1OJIEBbIE
LIMAaThl; B HEKOTOPBIX 00pa3liax NPUCYTCTBYIOT HAKPHUT, HHOT/A JTOJIOMUT WJIM CUIEPUT.
B Tepmuuecku HEM3MEHEHHBIX MTOPOJIaX OTCYTCTBYIOT 3HAUUMBIE CTPYKTYPHBIE U MUHE-
pasibHbIE THpOMEeTaMoppHuUecKrue TpaHC(HOPMALIMH, YTO CBSI3aHO C BBICOKOH CTENEHbIO
KaTareHeTH4eCKUX MpeoOpa30BaHUM yIIIEHOCHOM ToIIM. B MOBEPXHOCTHBIX M MPHUIO-
BEPXHOCTHBIX YacTAX TEPPUKOHOB MPHUCYTCTBYIOT (pymapoibHble 00pa3zoBaHus (Cyib-
(aTHbIE KOPHI TMIICOBOTO U MarHUK-aJllOMO-aMMOHHEBOIO TUIIOB) U «4YEPHBIE OJIOKI» C
ac(aybTono00HOM KOpO (BBICOKOYIIIEPOAUCTBIE MOPOJIBI ¢ OE3BOAHBIMU CylbpaTamu
MarHusi, aJllOMUHUS, aMMOHMS U KaJlusi, HalaThIpeM, cepoil), 00s3aHHbIE CBOMM IPOHUC-
XOKI€HUEM TIpoLeccam, MOJ0OHBIM THEBMATOIUTOBOMY.

[TomydeHHBIE pe3ynbTaThl NPEACTABISAIOT HUHTEPEC IPU IPOEKTUPOBAHNHN PaLliOHAJIb-
HBIX CX€M OTpabOTKHM M MHAYCTPHAIBHOTO MCIOJIb30BAHUS MUPOMETaMOpP(pUUECKH Tpe-
00pa30BaHHbIX MOPOJ TEPPUKOHOB MJIH LI€JICHANPABICHHOIO OTXKUIa MOPOJ TEPPUKOHOB
JUISL JOCTUKEHUS JKETIAEMbIX CBOCTB.
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Pe3tome: AKTyanbHOCTb UCCNERO0BAHUS ONpPELeNAeTCH He0OX0LMMOCTbIH0 OLEHKMN NEepCrneKTUB BO3MOXHO-
ro pacLUMpeHns Kpyra noneaHbiXx KOMMOHEHTOB PYA 30/10TOHOCHbLIX NposiBneHnin BoctouHoro Jon6acca. Lenb
pa6oTbl. V13y4nTb YPOBHN KOHLIEHTpALMK 3010Ta, NaTUHbI, NANNaAns, POAUs U APYruX PYAHbIX 3/1IEMEHTOB B
pas3fnM4HbIX PyAOBMELLAOLLMX Nopojax, cnaratowmx Kepunkckoe u Tpoumosckoe pyaHble nons. Metoabl uc-
cnefoBaHund. [eonornyeckne MapLupyTbl ¢ 0TGOPOM NPO6 PyAHbIX 06pa30BaHU M BMELLAIOLLMX NOPOJ, aHa-
N3 NPO6 Ha 30510TO, NAATUHY, Nannagui u apyriue pyaHble 3NeMeHTbl aTOMHO-aACOPOLMOHHBIM U AMUCCUOH-
HO-CMeKTpanbHbIM MeTofaMu. AHanu3 NpPou3BOACTBEHHbIX OTYETOB U OMyONMKOBAHHbLIX PaboT. PesynbTaTtbl
UCCNnefoBaHus. YCTAHOBMEHO YTO YITINCTbIE aneBPONTblI KAMEHCKOW CBMTbI Kep4YMKCKOro pymHoro nons, co-
Jepxaline cynbUIHYI0 BKPaNneHHOCTb U KOHKPeLun, 06najatoT noBbilleHHbIMK cogepxanusamu Au (0,02—
1,02 r/7), Pt (0,1-0,2 r/7) n Pd (0,05-0,09 r/). [pn 3TOM KOHLEHTPALMM 3TUX 3IEMEHTOB NPSMO KOPPENUPYOTCS
C cofiepXaHuem cynbMULoB B Nopofe. TakKe 3aMEeTHO MOBbILLIEHHbIE KOHLEHTPALNUK B MOPOAax, CoAepxallnx
CyNnbGMAHYI0 BKPANeHHOCTb, 0TMevatoTes ans Ag, As, Co, Ni, Cu, Mo, Pb, Zn u Y. loka3aHo, 4T0 Coaep»aHus
3/1eMEHTOB NNATUHOBOI rPYNMbl B MOPOJAX KAMEHCKON U anmasHoi CBUT TpodhMMOBCKOr0 PyAHOro nons Ha-
XOASATCA HWKEe npejena 06HapyXeHUs 3TUX 3I1EMEHTOB NPUMEHEHHbIM MeToAoM aHanusa (<0,005 r/T). Bbiss-
NEHHble COLePXKaHUs 30/10Ta B PasfNyHbIX NOpOAax PyaHOro nons BapbupytoT B npegenax 0,0043-0,1 /1, 4to
B 60/bLUMHCTBE CNYYaeB Bbllle KNAPKOBbIX 3HA4eHUIA. YCTaHOBIEHO 3aKOHOMEPHOE BO3PACTaHNE KOHLEHTpaLum
30/107a B NpeAenax anesponuT-aprisfifInToOBOI TONLLW KAMEHCKOI CBUTbI B Py NeCYaHWK — aneBponnT — apru-
nnt (ot 0,0084 mo 0,1 r/T), 4TO MOXET CBMAETENIbCTBOBATL O NEPBUYHON (CEAUMEHTOreHHO-AUAreHeTUYECKONA)
npupofe 060ralleHns 3TUX Nopoa 30M10TOM. M3 ApyruX M3y4eHHbIX 31IEMEHTOB MOBbILIEHHbIE COAEPXKaHUS B
nopoaax TpopUMOBCKOII NepcneKTUBHOI nnoLaan otMmedatotes ansa V, Cr u Pb. B pagy necyaHuk — aprunnur —
YIAMCTBIA aprunmanT — yronb KoHueHTpauuu Pb, Cu n Sr 3akoHOMepHO Bo3pacTaioT. KOHLEHTpUpYoLWas ponb
YIMUCTOrO BELLLECTBA TEPPUTEHHBIX MOPOJ 0TMEYaeTca U B npefenax Kepymkekoro pyaHoro nons ans Pb, Ag, Mn,
Nb n'Y. [naBHOM reoxMMUYeCcKo 0COOEHHOCTbI0 BMELLAKOLLIMX TePPUTEeHHbIX NOPOA Kepyunkckoro pyaHoro nons
ABNAETCA NOBbILLEHHAs KOHLEHTpauua B HUX Pt u Pd, o6ycnoBneHHas, CKopee BCEro, BNUAHUEM amnpodu-
POBOro Marmartusma. 310 ABMSETCA NPEANOCHLINIKOA 06HAPYXXEHUS PYAHbIX MPOSBIIEHUA METann0B NnaTuHOBOM
rpynnbl. Tepputopust TpOMMOBCKOr0 PyAHOr0 MoJis OTANYAETCS MOHOMETaNbHOI creuuanusagnein Ha 3051070
CTPaTUOPMHOIO CyNbUAHO-BKPANIEHHOr0 TUMA.
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Abstract: The relevance of the study is determined by the need to assess the prospects for a possible ex-
pansion of the range of useful components of the ores of the gold-bearing occurrences of the Eastern Donbass.
Aim. To study the concentration levels of gold, platinum, palladium, rhodium and other ore elements in various
ore-bearing rocks composing the Kerchik and Trofimov ore fields. Metheds. Geological routes with sampling
of ore formations and host rocks, analysis of samples for gold, platinum, palladium and other ore elements by
atomic adsorption and emission spectral methods. Analysis of production reports and published works. Results.
It has been established that the carbonaceous siltstones of the Kamenskaya formation of the Kerch ore field,
containing sulfide inclusions and nodules, have increased concentrations of Au (0.02-1.02 g/t), Pt (0.1-0.2 g/t)
and Pd (0.05-0.09 g/t). At the same time, the concentrations of these elements are directly correlated with the
content of sulfides in the rock. Also, markedly increased concentrations in rocks containing sulfide inclusions
are noted for Ag, As, Co, Ni, Cu, Mo, Pb, Zn, and Y. It is shown that the concentrations of platinum group ele-
ments in the rocks of the Kamenskaya and diamond formations of the Trofimovsky ore field are below the detec-
tion limit of these elements by the applied analysis method (<0.005 g/t). The revealed gold content in various
rocks of the ore field varies between 0.0043-0.1 g/t, which in most cases is higher than Clark values. A regular
increase in gold concentration within the siltstone-mudstone strata of the Kamenskaya formation in the sand-
stone —siltstone —mudstone series (from 0.0084 to 0.1 g/t) has been established, which may indicate the primary
(sedimentogenic-diagenetic) nature of the enrichment of these rocks with gold. Among other studied elements,
increased concentrations in the rocks of the Trofimovskaya perspective area are noted for V, Cr, and Pb. In the
sandstone-argillite—carbonaceous argillite—coal series, concentrations of Pb, Cu, and Sr increase naturally. The
concentrating role of carbonaceous matter of terrigenous rocks is also noted within the Kerch ore field for Pb, Ag,
Mn, Nb and Y. The main geochemical feature of the host terrigenous rocks of the Kerch ore field is the increased
concentration of Pt and Pd in them due to the influence of lamprophyric magmatism. This is a prerequisite for
the detection of ore manifestations of platinum group metals. The territory of the Trofimovsky ore field is distin-
guished by its monometallic specialization in gold of the stratiform sulfide-interspersed type.
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BeepeHe

VYenoBust 00pa3oBaHus 30JI0TOPYIHBIX MECTOPOXKJIEHUIN B YEPHOCIAHIIEBBIX TOJIIAX
1 UCTOYHUKHU py21006p33y10HII/IX OJICMCHTOB B HUX IO-IIPEIKHEMY OCTAIOTCA NPCIMETOM
cnopoB. B nauane XXI Beka Obl10 MpeIIoKeHO TaKHE MECTOPOKICHHS Ha3bIBaTh OpPO-
reausiMu [Goldfarb et al., 2001]. Tepmun «OporeHHBIE 30JI0TOPYIHBIE MECTOPOXKICHUSI
cTall 06’I)GJII/IH5[IOHII/IM MOHATUCM JIsI ONPCACIICHUS T'PYIIIbL M@CTOpO)K)IeHHI\/II u pyao-
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MPOSIBIICHUI 30J10Ta, KOTOPbIe CPOPMHUPOBAIUCH B CIIAHIIEBBIX MOSICAX HA MO3HEM dTare
CTaHOBJICHUSI OPOTE€HA TPU YYACTHH MPEIIOI0KUTEILHO METaMOP()UUECKUX HUITU MOCT-
MarMaTH4ecKuX (UIFONIOB Pa3uYHON TTyOMHHOCTH. [eonoro-reHeTnueckue (hakTopbl
(hopMHUpOBaHUS TAaKHX 30JIOTOPYAHBIX MECTOPOXKACHUI PACCMOTPEHBI B MHOTOYMCIICH-
HBIX paboTax OTEUECTBEHHBIX M 3apyOekHBIX uccienoBareneii [CaBuyk, Bomkos, 2019;
Groves et al., 2020; Torvela et al., 2022; Volkov et al., 2024; Vikentyev, Bortnikov, 2024].

AHanu3 3TuX paboT MOKA3bIBAET, YTO TaK HA3BIBAEMbIC OPOTECHHBIE MECTOPOXKICHUS
30JI0Ta, HECMOTPSI HA OTHOCUTEIILHOE MOCTOSIHCTBO XMMHUYECKOTO COCTaBa pya, hopmu-
PYIOTCSI B IIMPOKOM JHANa30HEe TEMIIEPaTyp U JABJICHUM U B 3HAYUTEIILHOM HMHTEpBAJIC
r1yOuH 3eMHOM Kopbl. B pabdote [Goldfarb, Groves, 2015] mokazano, 4To 6oJbIas 4acThb
IPEICTaBICHHBIX JaHHBIX 10 M30TOMAM HE COIVIACYeTCsl MEX]Ty MECTOPOXKIECHUSMHU, YTO
OPUBOAUT K PA3IMYHBIM U JOBOJIHO TMPOU3BOJIBHBIM HHTEPIPETAIMSIM pEe3yabTaToB
oTpeieNIeHUs] UCTOYHUKOB (DIFOUI0B M METAIIJIOB JIJISl PA3IMYHBIX OPOT€HHBIX 30JI0TOHOC-
HBIX IIpOBUHIMHI. Tak, HanpuMep, U30TOIHBIN COCTAaB CBUHIA B pyaax HexmanuHckoro
MECTOPOXKJACHHUS COOTBETCTBYET CBUHILY, 3aMMCTBOBAHHOMY U3 BMEILIAIOIINX OCATOYHBIX
nopox [bopraukoB u ap., 2007], a pymooOpa3zytomiue (iarons OOBIYHO XapaKTePU3YIOT-
Csl 3HAYUTEIbHBIMU KOHIEHTPALUUsSIMU METaHa U (UIM) a30Ta. TakkKe yCTaHOBJIEHO Ha-
JUYHE 30JI0OTOPYIAHBIX MPOSBIEHUN B YIIIEHOCHBIX Tonmmax [Seredin, 2004, 2007]. Tak, B
yronpHBIX MacTax [laBiaoBckoro OypoyromsHoro mectopoxaeHus (IIpumopckuii kpaif),
OJTHOTO M3 CaMbIX KPYITHBIX T€PMaHUN-YTOJIbHBIX OOBEKTOB, BHISBICHBI U OMUCAHBI MU-
Hepaiel Au, Pd u Pt. Bce 3T0 B COBOKYITHOCTH IMO3BOJISIET HE UCKITIOYATH JIaTepaib-CeKpe-
[IMOHHBIM MEXaHU3M MTPOUCXOXKICHHUS HEKOTOPHIX 30JI0TOPYIHBIX OOBEKTOB B CJIAHIIEBBIX
TOJIIIAaX, B TOM YHCJIE B OTHOIIEHUH BBISIBJICHHOTO B [TOCJIETHUE OBl 30JI0TOTO OpYy/ACHE-
Hus B Boctounom Jlonbacce.

B nacrosiieit pabote aBTop MoOmMbITAICS MPOaHAIU3UPOBATh PE3YIBTAThI OMpPEeIie-
HUS COJIepKaHUM 30J10Ta U JIIEMEHTOB IJIATUHOBOM TPYMIIbI B YIJIEHOCHBIX TEPPUTE€HHBIX
nopojax kapOOHa, BMENIAIOIINX 30JI0TOHOCHBIE pyabl Kepunkckoro u TpopuMOBCKOTO
pynomnposiBineruii. [lepBoe U3 HUX TECHO ACCOLMUPYET C MArMaTWUYECKUMHU TIOPOJIaMU
paHHe-CPETHEIOPCKOTO HECBETAEBCKOIO U MO3JHEIOPCKOTO KEPUYMKCKOTO MHTPY3UBHOIO
KOMIIJIEKCOB, BTOPOE — pacloyiaraeTcsl B YIJICHOCHBIX TEPPUTeHHBIX Mopojax KapOoHa
IPU OTCYTCTBUU MarmMaTu3ma.

MaTtepurnaa n MeToAbI

Marepuan /Ui UCCleOBaHUs TOTYUYEH MPU MPOBEICHUU IMOJIEBBIX PabOT ¢ ydacTu-
eM aBTopa B mpezaenax TpodumoBckoro moTeHmuansHo pyaHoro moss CeBepo-Konpa-
KOBCKOM TMEPCHNEKTUBHOM IIJIOMIAIU, B XOJE KOTOPBIX OCYIIECTBJIEHBI I€OJIOTMUYECKUE
MapuIpyTsl ¢ 0TOOpPOM TIPOO PYAHBIX 00pa30BaHMI M BMEIIAOIIMX MOpoA. Marepuab
no KepunkckoMy pyaonposiBICHHIO MOTY4YeHbI B pe3ylibTare aHanau3a (pOHIOBBIX Mare-
puaigoB OO0 «HOsxreonorus» u omyOoIUKOBaHHBIX paboT. OTOOP MPoOd OCYIIECTRIISIICS
U3 1yOJIMKATOB KEPHOB MOMCKOBO-OIIEHOYHBIX CKBaYKUH KOJIOHKOBOTO OypeHHs. AHAITU3bI
npo0 Ha AIIEMEHTHI IIATHHOBOW Tpytikl BeimoHeHbl B [THUT'PU (1. MockBa) meTonom
NpoOUPHOI IMJIaBKU C aTOMHO-a0COpOIMOHHBIM OKOHYaHHMeM. OrmperneneHue 3010Ta B
nopoaax Kepuukckoro pyaonposiBICHHsI BBITOJIHEHO aTOMHO-a0COPOIIMOHHBIM METOIOM,
ONPENEICHUE OCTAIBHBIX IEMEHTOB-IIPUMECEN BBINOJIHEHO AYMUCCUOHHBIM CIIEKTPAJIb-
HBIM aHaJIM30M MeTozioM ucrnapeHus B Jadopatopun OO0 «lOxreonorusy. Onpenene-
HUE 30JI0Ta U AJIEMEHTOB IJIATUHOBOW TPYMIIBI B MOpojax TpopuMOBCKOTO PYyIOTPOSIB-
JIeHUsI BBITIOTHEHO B J1aboparopun BUMCa (r. MockBa) MeTOIOM POOHPHOI TIIABKU C
ICP MS okxoHuaHuem.
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Pe3yAbTaTbl 1 OBCYXKAEHME

Kepuuxckoe pyoonposenenue siBisieTcs Haubosiee WU3BECTHBIM M OTHOCUTEIBHO XO-
POLIO M3YyYEHHBIM 30J0TOPYAHBIM 00bekToM B Boctounom [lonbacce. Ilo cymme moa-
CUMTAHHBIX 3aIIaCOB U MPOTHO3HBIX PECYPCOB OHO MOXKET COOTBETCTBOBATH KPYITHOMY
MecTtopoxaeHuto. B padorax [JIuxaueB u np., 1983; KusokeB u ap., 1987; I'panoBckas,
1992; 3enenmmkoB u ap., 2001 u ap.] 10CTAaTOUHO MOAPOOHO OXapaKTEPU30BAHBI MarMa-
TH3M, BEILECTBEHHBII COCTaB Py U CTPYKTYpHBIE YCIOBHS UX JOKaau3anuu. B HacTos-
el cTarbe MPHUBEICHBI XapaKTEPUCTHUKA HEKOTOPBIX OCOOEHHOCTEH PyHOBMEIIAIOIINX
YIIEPOIUCTO-TEPPUTECHHBIX TIOPOJ M COAEPIKAaHUSA B HUX 30JI0Ta U JIEMEHTOB IIaTHHO-
BOU I'PYyIIIBL.

B paspe3se cpeqHekaMeHHOYTOJIBHBIX OTI0XKEHNH KepuuKcKoro py1onposiBieHus, 13-
YUEHHOTO 10 JaHHBIM CKBa)KUH KapTUPOBOYHOTO M IOMCKOBOTO OypeHHs M Mpe/ICTaB-
JICHHOTO YTJIEPOJUCTHIMA TEPPUTCHHBIMH U TEPPUTCHHO-KAPOOHATHBIMHU OTIOKESHUSIMHU
KaMEHCKOM CBHTBHI, BBIsIBIEHA THNUYHAsA uia Bocrounoro /lonbacca Tomma apruyuimT-
QJIEBPOJIUT-TIECYAHBIX OTJIOKECHUH, C(HOPMUPOBAHHBIX B YCIOBHAX KOHTHHEHTAIHHOTO,
JaryHHOTO ¥ MPHOPEKHO-MOPCKOTO OcaikoHakorieHus [Jluxaues u ap., 1983]. Onu co-
JIepKaT OTHOCHUTEIILHO BBICOKHE KOHIIeHTpanuu 3ojota (B cpearem 0,09 r/t) mpu mo-
JOKUATENIBHBIX KIIApKaxX KOHIEHTPAIUKA MEIH, XpOMa, HUKEJS U 3JIEMEHTOB IIaTHHOBOM
rpynmsl (Tabn. 1, 2, 3), 94T0 0Ka3aJ0Ch CBOWCTBEHHO MOpOJaM Haubojee M3MEHYHBO-
ro (panuanabHOTO COoCcTaBa. ITO, MPEXKAE BCEro, COYETAaHUE YIIIEPOIUCTHIX AJIEBPOIUTOB
Y TOHKO3EPHHCTBIX MECYAHUKOB, BKIIOYAIOIIUX MOCIONHbBIE CKOIUICHUS U PACCESHHYIO
BKPAIJICHHOCTh TOHKO M MEJIKO3EpPHUCTOTO MHUPHUTA, a TAKKE CKOIUICHHUS ero KOHKPELH-
oHHBIX (Gopm. Ilpu 3Tom cynbduaHOEe BemecTBo cocrapisier 1-5 % oObema mopoasl ¢
3aMETHBIM YBEIIMYCHHUEM B OTJIOKEHUSAX, 00OTAIIEHHBIX ECUAHUCTON COCTABIISAIOMICH.

Tabnuya 1/ Table 1

Coaep:xaHusi 3JIeMEHTOB IIJIATHHOBOM rpynnsl (B I1/T)
B CYJ1b(UIM3MPOBAHHBIX TEPPUTEHHBIX OTJI0KEHUSIX CPeJHel MaYKi KaMeHCKOM
cBUTHI Kepunkckoro pyaHoro nossi (mpoosl 0TOOpaHbI U3 MOPO/,
BCKPBITBIX CKBakMHOH 1/35 B unTepBase 71-82 m) /

Contents of platinum group elements (in g/t) in sulfidized terrigenous deposits
of the middle pack of the Kamenskaya formation of the Kerchik ore field
(samples were taken from rocks excavated by well 1/35 in the range of 71-82 m)

S| et || 0
1 3 0,16-0,20 0,05-0,08 0,02
2 1 0,18 0,09 <0,02
3 1 0,10 0,05 <0,02

[Ipumeuanue: 1 — yImucThIC aJICBPOJIUTHI C MTOCIOWHOM Cyibduan3anueii (KOHKPEIUY, BKPAIUICHHOCTh
5-7 % oObema 1opon); 2 — yIIIUCTHIC AJIEBPOJIUTHI M T/3 MIECYAHUKHU C TIPUMECHIO KIIOCIORHBIX» CYIb()UI0B
He Gonee 1-2 %; 3 — yrmmcThIe aneBpOIHUTHI c1abo Cynb(UAN3NPOBaHHbIC (CYNIb(GUIHAS BKPAIICHHOCTh
Mmeree 1 % obwvema mopon). /

Note: 1 — carbonaceous siltstones with layered sulfidization (nodules, inclusions of 5-7% of the rock
volume); 2 — carbonaceous siltstones and t/w sandstones with an admixture of “layered” sulfides of no more
than 1-2%; 3 — carbonaceous siltstones slightly sulfidized (sulfide inclusions of less than 1% of the rock
volume).
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Tabnuya 2 / Table 2

ConepskaHus 3J1eMEHTOB IUVIATUHHOBOM rpynnbl (B I/T) B CYJb(PUAN3MPOBAHHBIX
TePPUTreHHBIX OTJIOKeHUAX BepXHel MaYKy KaMeHCKOH CBUTHI
Kepuukckoro pyanoro moJisi (mpo0si 0TO0paHbl U3 YIVIMCTBIX AJeBPOJIUTOB
¢ MOCJIOHHOM cyab(puan3anueii, cocrapisiiomeii B cpeanem 1-3 % odbema nopon) /

Contents of platinum group elements (in g/t) in sulfidized terrigenous deposits
of the upper pack of the Kamenskaya formation of the Kerchik ore field (samples
were taken from carbonaceous siltstones with layered sulfidization, averaging
1-3% of the rock volume)

S el R
1 1 0,15 0,08 —
2 2 0,05, 0,03 0,04, 0,09 0,02
3 2 0,10, 0,02 0,02, 0,02 —

IIpumeuanue: 1 — ckBakuHa 2x/18, 2 — ckBakunHa 3k/18, 3 — ckBaxkuna 3K/6. /
Note: 1 —well 2K/18, 2 — well 3k/18, 3— well 3k/6.

Takum 00pa3oM, TEpPpPUTeHHbIE OTIOKEHHS CpPeHEH M BepXHEW Mmayek KaMEeHCKOU
CBUTHI KepuyMKCKOro pyHOTrO MOJsi COAEP)KaT 3aMETHO IMOBBIIIEHHbIE (HAIKIAPKOBHIC)
KOHIEHTPAIMK TUIATHUHBI, MaJUIaJUs U POAMS, YTO, BEPOSITHEE BCEro, OOYCIOBICHO Ha-
JIMYMEM BYJIIKAHOI€HHOI'O MaTepHalla B COCTABE TEPPUTCHHBIX I1OPOJI, @ TAKXKE BIUSTHUEM
HO3IHEIOPCKOT0 JIAMIPO(PHUPOBOr0 MarMaTu3Ma.

Tabnuya 3 / Table 3

Coaep:xaHue 3j1ieMeHTOB-IpUMeceii B TEPPUTEeHHBIX OTJI0KEHUAX CpeHei
NMAaYKN KaMeHCKol cBUTHI Kepunkckoro pyaiHoro moJisi. 301010 B I/T, OCTaJIbHbIE
371eMeHThl B % (B YHCJINTeJIe MHTePBaJI COAepP/KaAHMIi dJleMeHTa, B 3HaMeHaTeJ1e

cpeanee apupmerudeckoe) /

The content of impurity elements in the terrigenous sediments of the middle pack
of the Kamenskaya formation of the Kerchik ore field. Gold in g/t, other elements
in % (the numerator is the range of element contents, the denominator is the
arithmetic mean)

ATEeBpOITUTHI
ITepecnanBanue o
Youctoie C MOCIIOMHOMN
AJICBPOJIUTOB U
XuMu4ecKue [Tecuanuku AJIEBPOJIUTHI BKPAIUIEHHOCTBIO
MEJIKO3EPHUCTBIX
AJIEMEHTHI/ | MEJIKO3EPHUCTHIC/ Y apTHUTHTHI/ Y KOHKPEIHSIMH
. . . MeCYaHUKOB/ .
Chemical Fine-grained . Carbonaceous | mupura/ Siltstones
Interlacing of : .
elements sandstones . siltstones and with layered
siltstones and fine- . .
mudstones inclusions and

grained sandstones nodules of pyrite

Au 0,004-0,03/ 0,012 | 0,002-0,01/ 0,007 |0,002—0,005/ 0,003 | 0,02—-1,02/ 0,09
Ag 0,0001 0,0001 0,0002 0,0002

As — — — 0,2

Ba 0,02 0,02 0,03 0,03
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Be <0,0001 0,0002 0,0001 0,0001
Bi — — — —
Cd — — — 0,01
Co <0,001 0,001 0,001 0,004
Cr 0,04 0,03 0,01 0,01
Cu 0,04 0,02 0,01 0,08
Ga — — — —
Ge — — — —
Mn 0,3 0,4 0,6 0,4
Mo — — — 0,001
Nb 0,001 0,001 0,003 0,002
Ni 0,004 0,002 0,001 0,03
Pb 0,001 0,001 0,002 0,003
Sb — — — —
Sc 0,002 0,001 — 0,002
Sn — — — —
Sr 0,001 0,001 0,001 0,001
Ta — — — —
Ti 0,8 0,6 0,1 0,1
TI — — — —
Vv 0,04 0,03 <0,001 0,004
W _ _ _ _
Zn — 0,01 <0,01 0,02
Zr 0,03 0,02 0,01 0,01
Y 0,001 0,001 0,004 0,006

W3 tabnuuel 3 ciiegyeT, 4TO 3aMETHO MOBBIIICHHBIE KOHIICHTPALMU 30J10Ta U HEKO-
TOPBIX JIPYTUX pyaooOpa3yroniux 3nemeHToB (Ag, As, Co, Ni, Cu, Mo, Pb, Zn, Y) o6na-
PYKUBAIOTCS B MOPOAAX, COIEPKALINX CTPAaTUDUIIUPOBAHHYIO CYIb(GUAHYIO BKpAIUICH-
HOCTb U CyJIb(GUIHbIC KOHKPEIIUH.

HccnenoBanusi 30I0TOHOCHOCTU U IUIATHHOHOCHOCTU YITIEPOIUCTBIX TEPPUTEHHBIX
TOJIIII B Pa3HBIX PErMOHAaX MOKAa3bIBAIOT, YTO TOBBIIICHHBIE COACPKAHUS 30JI0Ta U dJie-
MEHTOB IJIATUHOBOW TPYIIIBI CBA3aHBI C MPUCYTCTBUEM B TEPPUTCHHOM pa3pe3e ByJKa-
HOTEHHBIX MTOPO/I, & TAKXKE MOTYT OBITh O0YCJIOBICHBI BTOPUYHBIMU FHIPOTEPMATIbHO-ME-
TaCOMAaTUYECKUMU TporieccaMu [l opxeBckuid u ap., 1987]. Jlyist 3010Ta B TEpPUT€HHBIX
YIJIEPOACOAEPKAIIUX TOPOJaxX OTMEYAeTCsl MPOMEXKYTOUHBIH YPOBEHb KOHIICHTpAIUU
(ot 0,08 mo 1,0 1/1), cBA3aHHBIN, ITITaBHBIM 00pa3oM, ¢ TOHKOJIUCIIEPCHOW BKPAIUICHHO-
cThio cynbhunoB [Epmonae u np., 1999]. UMeHHO Takue HaIKJIIapKOBbIE KOHIIEHTPAIIUN
30JI0Ta B MOPOAAX MOTYT SBISATHCS MCTOYHUKOM JUIsl (POPMUPOBAHUS MPOMBIIIIICHHBIX
PYA IpH MOCIEAYIOMUX Mpolieccax MarMaTu3ma.
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N3yueHHbIE paHee T€OXMMHUUECKUE XapaKTEPUCTUKHU TEPPUTEHHOro Komiuiekca Kep-
YUKCKOro pynonposisinenus [Yepuenko, Tpoimenko, 2012] MOryT CBUIAETENLCTBOBATH O
TEeHETUYECKOM €IMHCTBE O0CaJ0YHOI0 Marepuaja Mopoj, NOCTYIUIEHUH €ro U3 OAHMX U
TeX ’K€ HCTOYHUKOB B OCAJIKU, OTJAraBIIMecs B Pa3IMYHbIX (alralbHbIX 00CTaHOBKAX.
[Tpu 3TOM, MEPBOUCTOYHUKOM OCAJ0YHOTO BEIIECTBA, 0OOTalEHHOTO 30JI0TOM, MEbIO
H Ap. 3JICMCHTaMU MOIJIN 6BITB 30JIOTOHOCHBIC U MECACHOCHBIC MeTaMOp(bI/I‘-ICCKI/Ie KOM-
IuIeKChl pugeiickoro Bo3pacta POCTOBCKOTo BbICTYyIA, HHTEHCUBHOE Pa3pylLIeHHUE KOTO-
PBIX MPOUCXOIUIIO B paHHEM—CpEIHEM KapOOHE CO CHOCOM IPOIYKTOB pa3pylLIeHHs B
CEBEPO-BOCTOYHOM HAIIPaBJICHUU.

Takum 00Opa3om, HapsiLy C MPOKHUIKOBO-BKPAIUIEHHON 30JI0TOPYIHOW MUHEpain3a-
uel, CBSI3aHHOW C THAPOTEpPMajbHBIM MPOLECCOM, B YIIIEPOAUCTO-TEPPUTEHHBIX I10-
pOAax PyIOBMEIIAONIETO KOMILIEKCa OTMEUeHa CTpaTu(UIIMpOBaHHAS BKpaIUIeHHAs U
MPOXKUIIKOBO-BKPAIJIEHHAs 30J10TOCOJEprKallias MUpUuTOoBast MuHepanuzauus. [ lupuruzu-
POBaHHbBIE TOHKO3EPHUCTHIE AJIEBPOJIUTHI HUKHEH M CpeHel mayek KaMEeHCKOM CBUTBHI
O6pa3yIOT HEBBIACPIKAHHBIC IO MOIIHOCTH CJIOW M3HAYAJIbHO INMIMHUCTBIX YITICPOAUCTBIX
OTJIOKEHUH, BKJIFOYaBIIMX TUAr€HETUYECKYI0 TMPUTOBYIO MUHEpPAIU3aluoo. MOIHOCTh
OTJIEIBHBIX CYIb()PUAN3UPOBAHHBIX CIOEB U JUH3 He npeBbimaet 0,5—1,0 m. [Tuput ToH-
KO-MEJIKO3EPHUCTBIN, HEPEAKO COOpaH B MOCIIONHBIE CKOIUIEHUS M MPOXKWIKHU (puc. 1).
B TOHKO3EpHUCTBIX arperarax WHOTJA COXPAHAIOTCS PETUKTOBbIE KOHKPELMOHHBIE (Hop-
Mbl. CofepxaHus 30J10Ta B MOHO(PAKUUAX MUPUTOB JOCTUTAIOT COTEH I/T. B cBs3M C
YCM, MOKHO CHHUTATh, YTO MOBBIIICHHAA 30JIOTOHOCHOCTD 3TUX TCPPUTCHHBIX ITOPOI 06-
YCJIOBJIEHA 30JIOTOHOCHOCTBIO COZIEPIKALLETOCS B HUX ITUPUTA.

---207,0 m/m

---206,8 M/m167,4 Wi\

Puc. 1. Bvidenenusi nposicunikog 2ycmo KpanieHHo20 RUPUma 6 pyooSMewaouux Memacomamumax u
necuanukax Kepuuxcrkozo pyoonposeienus. 3apucoska KepHog CKEANCUH.:
I—cxe. 101, Il — cxe. 94; 1 — cudepumoswvie Koukpeyuu, 2 — nOCI0UHO-TUHZ0BUOHBIE
npooicunku nupuma, 3 — memacomamum, 4 — cexywue npoNCUIKY RUpUma, 5 — necuanux /

Fig. 1. Allocation of veins of densely interspersed pyrite in ore-bearing metasomatites and sandstones
of the Kerch ore occurrence. Drawing of borehole cores: I —sq. 101, Il —sq. 94;
1 — siderite nodules, 2 — layered lenticular veins of pyrite, 3 — metasomatite,
4 — secant veins of pyrite, 5 — sandstone
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IToBbllIeHHas! 30JJ0TOHOCHOCTh TEPPUTCHHBIX OTIOKEHHH, BKIIOYAIONIUX CTPaTU(H-
LMPOBAaHHYIO CYJIb()UIHYI0 MUHEPAIU3aLUIO, XapaKTepHa Il 0CaJOYHbIX KOMIUIEKCOB
pa3HBIX 30JI0TOHOCHBIX pernoHoB (FOxHoro BepxosiHbs, 3anagHoro u Bocrounoro Ypa-
na, Ke3buikymckoro, Bocrouno-KazaxcTaHcKoro u ip. perioHOB) U SIBJISIETCS pe3yiibTa-
TOM IepepacIpe/iesIeHus BEIIeCTBa B YCIOBUAX AUareHe3a, KarareHesa u Mmeramopgpusma
[MupzexanoB, MupsexanoBa, 1991], u moaTBep:kaaeT M3BECTHYIO TOYKY 3PCHHS O BaX-
HOW poJy CyNb(UIHOTO BEIIEeCTBa, KaK KOHIIEHTPATOPa METAJUIOB MPHU 0CaJKOHAKOILIEe-
HUU U JTUareHese.

W3MEeHUMBOCTB B paCIpEEIIEHUN COAEPKAHUH 3010Ta B KOHTYPE PyAHBIX TE€J MOXKET
CBUJIETEJILCTBOBATH O SBJICHUSX BTOPUUHOIO IIepepacrpeiesieHus 30J10Ta B Ipoliecce Me-
TACOMAaTUYECKOM MepepabOoTKH PyJOBMEIIAOLINX [TOPOJ] C MOCIEAYIOIINUM MEePEOTIOKE-
HUEM U JIoOKanu3amueu B popme CiI0KHOMOCTPOSHHBIX MUHEPATIN30BAHHbBIX 30H.

[losmydeHHBINM pe3yapTaT MO3BOJISIET MPEANOJIOKUTh, YTO OCHOBHAsl Macca 30J10Ta,
3aKJIFOYEHHOTO B MPOKHUIIKOBO-BKPAIUIEHHON KBapL-MOIUCYIb(OUIHON MUHEpaIU3aLuu
KPYTOIAJAI0NIUX 30H, OblJIa MPUBHECEHA THAPOTEPMAIbHBIMU PACTBOPAMHU U3 UCTOYHU-
Ka, CKOpEe BCEr0 BKJIIOYAIOIEro HIYKHHUE TOPU30HTHI KAMEHCKON CBUTHI, @ TAKXKe TePpHU-
TEHHBIE IOTEHIIMAJIBHO 30JI0TOHOCHBIE OTII0KEHHUS MTOICTHUIIAIOIINX TOJILI.

Taxum o0pa3zom, popMUpOBaHUE 30JI0TOrO OpyAeHeHHs] Ha KepunkckoM pyaomnposis-
JICHUM SIBJISIETCSI PE3YJIBTATOM CII0KHOIO MHOTOCTAJIMHHOTO IPOLECCA, BKIIOYAIOUIETO B
cels: OTIOKEHHUE 30J10Ta B IPOLECCE OCaJKOHAKOIJICHUS, JUareHe3a, KarareHesa, Me-
TACOMAaTUYECKUX MpeoOpa3oBaHUIl M MO3AHEH T'MAPOTEPMAJIbHOM AEATENbHOCTH, CBS-
3aHHOM C OPOT€HHBIM MarMaTH3MOM IOpPCKOro Bo3pacta. [Ipu 3ToM pyaHble HAaKOMIJICHUS
Ka)KI0T0 dTarna, Kak 3To moka3aHo B padore [Kokun, 2005], moasepraiuch nepeoTioke-
HUIO C TI0CIIEI0BaTENIbHBIM MTOBBIILIEHUEM KOHIIEHTPALMH 30J10Ta IIPU MIPOSBICHUH Oojiee
MO3/IHUX TPOLIECCOB.

OCHOBHBIE XapaKTEPUCTUKU 1pohumosckoco 3010mopyoOH020 NposiéieHusl, 0COOEH-
HOCTH T'€OJIOIMYECKOT0 CTPOEHHs OJHOMMEHHOro pynHoro nois u Ceepo-Kongakos-
CKOM MepCreKTUBHOM TIJIOIAIX B IIEJIOM MPUBEICHHI B padoTax [/laBsiaenko u ap., 2014;
[Tapana, 2024].

Pynomemaromuii pazpe3 npeacTaBiIeH MOHOTOHHOM TOJNILNEH IEepEeCIanBarOIIMXCs
apruJUIMTOB, AJIEBPOJIUTOB U NIECYAHUKOB C TIOAYNHEHHBIMU CJIOSIMU U3BECTHSKOB U ILIa-
cTamu yrieil. Mexay aprujuiuTaMu U ajaeBpoJIMTaMyi OTMEYAIOTCs YacThble (aluaibHble
Nepexo/ibl, 4T0 00YyCIOBIEHO, CKOpEe BCEro, JACIbTOBBIMHU YCIOBUSMH OCaJKOHAKOILIE-
HUSL.

Aprujuintel MakKpOCKOIIMYECKU TPEACTABIISAIOT YIIIMCTBIE TIOPOABI OT CBETIIO-CEPOrO
JI0 YEPHOTO 1IBETA, IUIOTHBIE, MACCHUBHBIE, PEeKe TOHKOIUIUTYAThIe. CTPYKTYypa MUKPO3€Ep-
HUCTO-NIEJINTOBAsT WK nennuToBas. OCHOBHAs Macca apruJIMTOB CIIOKEHA ITTMHUCTBIM
MaTepuaioM, COCTaB KOTOPOTO MEHSETCS OT TUIPOCIIONUCTOrO A0 THUIPOCTIOIUCTO-
MOHTMOPHWJIJIOHUTOBOIO C IPUMECHIO XJIOPUTA U CEPULIUTA. | TMHUCTOE BEIIECTBO IHUT-
MEHTHUPYETCS B pa3HOM CTENEHH YIIIUCTHIM MaTEepHUaioM, KOTOPBIM MPUCYTCTBYET B BUJIE
TOHKOPACTIBIIEHHON NMPUMECH yIIe(UIIMPOBAHHOTO PACTUTEIBHOIO JETPUTA, YACTUYHO
MUPUTU3UPOBAHHOTO. bosee kpynHbie (parMeHTh! B BUE TOHKUX BETBUCTHIX (opM Oec-
MOPSAIOYHO pacIIpesiesieHbl B I0posie. BeTpedaercs AeTpuT opranndeckux octarkos. [1u-
put (2—3%) BcTpeuaeTcs B BUJIE JIMH304YEK, TOHKO PACCESHHOW BKPAIJIEHHOCTH U TbLIE-
BUJIHBIX CKOIUIEHHH.
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ATEBPOIIUTHI XapaKTEPU3YIOTCs OT CBETIIO-CEPON 10 TEMHO-CEPOI OKPACKOM, METIKON
BOJIHUCTOM, MapajuleIbHOM MM JIMH30BUJIHOM ciioucTocThio. CTpyKTypa ajaeBpuUTOBas,
aJeBpO-IICAMMUTOBAsi. MUKPOCKOIIMUYECKUE MCCIEA0BAaHUS MTOPO/Ibl MOKA3aJId, YTO OHA
COCTOMT U3 00JIOMKOB KBapia — 110 40%, moseBsix mmatoB — 2-4%, 00710MOYKOB TIOPOT
KPEMHHUCTOr0 cocTaBa — J10 7%, denryek ciaro ~ 8% 1 HEeMEHTUPYOILEeH ITTMHOMOA00HOM
Macchbl. OOIOMOYHBIN MaTepuall B MOPOJE pacupeaencH HepaHomepHo. dopma 0010M-
KOB KBaplia U KPEMHUCTBIX TIOPOJ YIVIOBaTas, yIrioBaTo-oKaTaHHasl, pa3Mep KosebneTcs
ot 0,026 1o 0,11 mm. IToneBouinaroBsie 06JOMKH UMEIOT TAOIUTUATYIO (GOPMY, HACTHUHO
CEepULUTU3UPOBaHbl. Yellyiiku CIItoAbl MPEACTABIEHbl B OCHOBHOM MYCKOBHTOM, 4acTO
U3JIOMaHbl, HHOT/IAa XJIOPUTHU3UPOBaHbl. B mopone ormeuaercs 10 1% BKparnjaeHHOro mu-
puta. Llementupytomas macca gocruraet 38% obbema noposl. O6JI0MOYHBIN MaTepu-
aJl ¥ CJIOJBI TIOTPYKEHBI B LIEMEHT CJIOXKHOIO cocTaBa 0azajipHOro Tuna. B HemsmeHeH-
HBIX PA3HOCTSAX IIEMEHT UMEET IIMHUCTBIN THAPOCITIONUCTBIN (Yalle) Ui KapOOHATHBIH
(KanbLMTOBBIN) COCTAB.

Ci0ou necyaHuKoB OTJIMYAIOTCS 0OJbIIEH BbIIEPKAHHOCTBIO, KaK 0 MPOCTUPAHUIO,
TaK U 10 MOIIHOCTU. OHU MIPEJCTABICHbI INIOTHBIMU, KPENTKMMH, MAaCCUBHBIMU WJIH CJIO-
UCTBIMU, YaCTO IIMTYATBIMU PA3HOCTSAMH MOJIEBOLINAT-KBAPLEBOTO WIN IOJTUMHUKTOBOTO
coctaBoB. CTpyKTypa Mopoj — ICaMMHUTOBasi OT MEJIKO3EPHUCTON A0 KPYITHO3EPHUCTOM.
MHUKpOCKOIIM4YecKoe U3yYeHHe M0Ka3auo, 4To Mopojia COCTOUT, B OCHOBHOM, U3 00JIOM-
KOB KBaplia, rojeBoro mmnara. O0JI0MKY MOPOJ KPEMHHUCTOTO, KPEMHHUCTO-CIIIOAUCTOTO
COCTaBa M BYJKAHUYECKOIO MPOMCXOXKIEHUS HAXOIATCS B NMOJYMHEHHOM KOJIMYECTBE.
OCHOBHOH THUII LEMEHTAIlMM — MOPOBBIM WM IUIEHOUHO-TIOPOBbIM. CocTaB IieMeHTa
CMEILaHHbII: KBapl-CEpULIMTOBBIN, KapOOHATHBIN, YITIMCTBIM, CEpPULUT-KapOOHAT-IIIN-
HUCTBIN, cepuiuT-reTutoBblid. Conepkanue nemenra pocruraer 10%. Iuput (1-2%)
BCTPEYAETCS B BUJIE TOHKO PacCCESIHHOW BKPAIUIEHHOCTH, NBUIEBUHBIX CKOIUIEHHUH, U B
BUJIe HEOOJBIINX BKIIIOYEHHH, B OTJENIbHBIX CIy4asiX COJAep’KaHuEe MUPUTU3UPOBAHHOMN
opranuku pocrturaer 16%.

W3BecTHsIKK, BCTpEUEHHBIE Ha M3y4yaeMoll IUIOLIaM, HAMU CIIELIMAJIbHO HE H3yda-
JUCh. AHAIM3UPOBAINCH B OTAEIBHBIX CIy4yasX METACOMaTHYECKH N3MEHEHHBIE PAa3HO-
CTH. MaKpOCKONMMYECKH OHU MPEJICTABISIOT OO0 TEMHO-CEpbIe, MIIOTHBIE, MACCHBHbIE
NOpPOJbl C HEPOBHBIM M PAKOBHCTBIM H3JIOMOM. CTpPyKTypa MOpPOJ MEJIKO-CKPBITOKpPH-
CTaJNIMYECKasi, OpraHoreHHasi, IeTpUTOBAsl.

Opranuyeckasi COCTaBJISIONIAs, B OTJCJIBHBIX CIIydasix o 00beMy qocturaromas 85%
MOPOJIbI, TPECTaBIeHa (parMeHTaMH U3BECTKOBBIX PAKOBUH (hopamMuHUEP, OCTPAKO
¢ 0OpbIBKaMu BoJiopociiel, KpuHou e, MinaHok. O010MouHas yacThb NpeicTaBlIeHa 3ep-
HaMH KBaplia, IMHUCTBIM BEUIECTBOM (THUIPOCITIOMCTO-KAOJMHUTOBBIM), YellyiKaMu
myckoBuTa. O6moMouHas yacTh gocturaer 20%. JloctaTouHO 4acTo B U3BECTHIKAX OT-
MEUaloTCs MUKPOTPEIIUHBI MOIIHOCTBIO 2—3 MM, 3aJIe4YeHHbIE KPUCTAJUIMYECKHU-3EpHU-
CTBIM KaJIbIIUTOM, THPOOKHCIAMH Kelle3a Oypo-KpacHOTO LBETA, YITIMCTHIM BELLIECTBOM.
Hementupytomas macca (~20%) KpUCTaNTNYECKU-3€PHUCTBIA KAJIBIIHT.

B Ttabnuue 4 npuBeneHb! cpeiHUE 3HAYEHUs (DOHOBBIX COJEPKAHMHA XMMHUYECKUX
3JIEMEHTOB, KOTOPbIE B apriUIMTax OJIM3KU KJIApKy MIMHUCTBIX nopof. Ilpu stom s
JAUTOPUIIBHBIX 37IEMEHTOB (poHOBbIE coaepkaHusi Ha 5—10% HuXKe KIApKOBBIX, a IS
xanpkopuibHbIX (Pb, Cu, Zn) — Ha 10-20% BBIIIIE KIAPKOBBIX, YTO, BEPOSITHO, CBA3AHO
C UX IO3/IHUM 00OTallleHUEeM 3a CUeT MPOSBICHUS THAPOTEPMAIIBHBIX IPOLIECCOB. DTHUM
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TakXke OOBSICHAETCS MOBBILICHHE (POHOBBIX COJACPKAHUN XaNbKOPHUIBHBIX JIEMEHTOB B
YIJIUCTBIX apriUIMTaX M YIVISX 3@ CUET HUX IMOBBIIIEHHOH COPOIIMOHHOM CIIOCOOHOCTH.
OCOo0eHHO 3TO XapaKTepHO JUIsl CBUHILIA, CPEAHUE COAEPIKaHUS KOTOPOTO B PsiLy: aprui-
JIMT — YIIIMCTBIN aprujuIMT — yToJlb, 3aKOHOMEPHO yBenuuuBarorces ot 24 1o 100 r/t. [Ipu
9TOM B apruJIJIMTax MPOIOPIMOHAIBHO BO3pacTaeT cojiepaHue cepedpa.

Tabnuya 4/ Table 4

CpaBHuTE/IbHAS XapaKTEePUCTUKA (DOHOBBIX COEPKAHUIN XUMHYECKHX IJIeMEHTOB
B YIUISIX M nopoaax kapoona Cesepo-KoHaakosckoi niiomanu (B r/t) /
Comparative characteristics of background concentrations of chemical elements
in coals and carboniferous rocks of the Severo-Kondakovskaya area (in g/t)

Komnu-
4EeCTBO
IMopobl/ poo/
Rocks Number Ni Co cr v P Cu “n . >
of
samples
VYru/ Coals 24 50 28 200 | 120 | 100 60 60 35 300
YomcTeie
APTUJLTATHI/ 48 80 30 | 160 | 140 | 46 53 180 | 58 | 280
Carbonaceous
mudstones
Aprummutsl/ 413 52 20 | 140 | 130 | 24 55 115 | 50 | 240
Mudstones
Ilecuanukn/ 306 40 17 | 200 | 83 15 27 67 36 | 215
Sandstones

B aneBponurax M mecyaHumkax MO Mepe yBEJIWYECHHS OOJOMOYHOH COCTaBISIONICH
MOPOJI, CpeAr KOTOpOil mpeoliagaeT KBapll, 3aKOHOMEPHO YMEHBIIAETCSA COJCp)KaHUE
IIOYTH BCEX U3y4aeMbIX 31eMEeHTOB. Cy/sl 10 TOMY, YTO B YIJIUCTBIX aprUUIMTAX 3aMeT-
HO BBIIIE COJEPYKAHUS MPAKTUUECKH BCEX M3YUEHHBIX XUMUYECKUX 3JIEMEHTOB IO CPaB-
HEHUIO C 0e3yIIEpOAUCTBIMU APTHILTUTAMU (32 UCKIIFOUEHHUEM MEJH), KOHIIEHTPATOPOM
9THX AJIEMEHTOB B CYLIECTBEHHOMW JI0JI€ SIBJISIETCS YIVIMCTOE BEllecTBO. B cBOI0 ouepenp,
0e3yIIIepoIuCThIE apTHJUIUTBI 00OTalIeHbl OOJBIIMHCTBOM W3 M3YYEHHBIX 3JEMEHTOB
(3a HUCKITFOUEHHEM XpoMa M Oapusi) MO CPAaBHEHUIO C MTeCYaHUKAMH. ITO CBUICTEIBCTBY-
€T O CYLIECTBEHHON POJIM ITIMHUCTOIO BELIECTBA, IOMUMO YIJIEPOAMCTOrO BELIECTBA, B
KOHIIEHTpAI[MX MHOTHX 3JIEMEHTOB Ha CTa/IUM CEAMMEHTOreHe3a u auareHesa. [Ipu atom
Hanbosee KOHTPACTHO 3Ta OCOOCHHOCTh OTMEYAETCs Ul XaJlbKO(UIBHBIX JIEMEHTOB,
(hoHOBBIE coiepKaHMsI KOTOPBIX B apTWJUIMTaxX B 2 pasa BbIIIE, YEM B IECUAHUKAX.

Pesynbrarsl U3y4eHus: 30JJOTOHOCHOCTH OCAJ0YHBIX MOpoa B mpeaenax Tpodumos-
CKOTO pYAHOTO 10Jis (Tall. 5) CBUIETENBCTBYIOT O MOBBIIIEHHBIX KOHIICHTPAIUAX 30JI0Ta
B pacCMaTpUBAEMbIX MOPOAAX.
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Tabnuya 5 / Table 5

CpenHue cogepxaHus 30J10Ta U 3JIEMEHTOB IUVIATUHHOBOM rpynmnsbl (B I/T)
B OTEHIMAJTBbHO NPOAYKTHBHBIX opoaax Tpodumosckoro pyaHoro nmoJs
(undpbl B CKOOKAX — KOJIUYECTBO MPood) /

Average contents of gold and platinum group elements (in g/t)
in potentially productive rocks of the Trofimovsky ore field
(numbers in parentheses — number of samples)

Masca (cura)/ Pack [Mopomsl/ Rocks Au Pt Pb Rh
(entourage)
. HecanHKIEIé)sandstones 00043 | <0,005 | <0.005 | <0,002
eCYAHMKOBAs
g;“ifg;‘:")/ A“eBpomgl)/ Siltstones | 1071 | <0,005 | <0,005 | <0,002
kamenskaya
( ya) AernJII/ITIé/)Mudstones 00062 | <0005 | <0005 | <0,002
Anespom- Hecqanmqé )Sandstones 00084 | <0.005 | <0005 | <0.002
ApTHIUIATOBAS :
(kaMeHCKax)/ Anesp OHH(TII’(I)/) Siltstones | 517 | 20,005 | <0,005 | <0.002
Siltstone-mudstone A " Mud
(kamenskaya) pm““m’z;) udstones |10 | <0,005 | <0,005 | <0,002
[lecyano-aneBposuT- HeCHaHHK%)S andstones 0,0055 | <0,005 | <0,005 | <0,002
AprHJLTHTOBAS ;
(anmasmas)/ A“"Bpom?;l)/ Siltstones | 515 | <0,005 | <0005 | <0,002
Sandy-siltstone-argillite A  Mud
(diamond) pm““m‘?g) udstones | 0093 | <0,005 | <0,005 | <0,002

Oco0oe Ha ce0s BHUMaHHE OOpaliaeT ajJeBpOIUT-apTUILIUTOBAs TOJIIA, B KOTOPOit
COJIEpKaHUS 30JI0Ta BO3PACTAIOT B PSAY MECYaHUK — alleBPOJIUT — apruiuiuT. Jlis cye-
CTBEHHO TMECUYaHUKOBOW TOJIIM KAMEHCKOM CBUTHI U MECYAHUKO-ATIEBPOIUT-aPTUILTUTO-
BOI1 TOJIIIM alIMa3HOW CBUTHI TaKasi 3aKOHOMEPHOCTh HEe 0OTMedaeTcs. Bee 310 B cOBOKyII-
HOCTH MOXET CBHJIETEIbCTBOBATh O MEPBUYHON (CEIMMEHTOTCHHO-TUAT€HETUYECKON)
npupoae oOOTamieHusi 30J0TOM TOPOA aleBPOIUT-apTUIUIUTOBON TOJIIM KaMEHCKOM
CBUTHI 32 CUET COPOIUU €ro IIMHUCTHIM U YIIIEPOAUCTHIM BEIIECTBOM MPH OCAJIKOHAKO-
IUICHUU U IUareHese.

Takum 00pa3oM, reOXMMHYECKHE OCOOCHHOCTH pyaoBMemaonmx Toumul Tpodgumos-
CKOTO PYIOMPOSIBICHUSI COOTBETCTBYIOT Pa3paOOTaHHON HAMM paHee CeIUMEHTOTCHHO-
JMareHeTHIecKoi Moaenu GopMUpPOBaHUS MPEAPYAHBIX 30JI0TOHOCHBIX MUHEpaTH3aIUil
[TTapanma, 2004].

B cooTBeTCcTBUY C 3TON MOZIETBIO alIeBPOIUT-apPTUILIUTOBAS TTAYKa KAMEHCKOM CBUTHI,
coJieprKalias CIIOM M MPOCIION MOPOJ, 00OTAIICHHBIX Pa3NTUYHBIMU (hOpMaMU OCaTOYHO-
JUareHeTHYeCKUX CyTb(PUA0B U 00JIaJaloNINX KOHIIEHTPAIUSIMHE 30J10Ta Ha 1-2 mopsiaka
BBIIIIE OTHOCUTENFHO KJIAPKOBBIX, OMpENeseT ONaronpusTHHIC YCIOBUS AJIs JIOKAIH3a-
UM 30710TOr0 opyaeHeHus: Boctounoro [Jonbacca ocamouno-meTaMop(OreHHO-TUIPO-
TEPMaJbHOTO (UEPHOCIAHIIEBOT0) TEHETUYECKOTO Kiacca.
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3AKAKOYEHME

VYrmucTeie aJIeBpOIMTHI KAMEHCKOW CBUTBI KepUMKCKOro pyaHOro 1oss, CoAaepKalue
CyTb(UAHYI0 BKPAIUVIEHHOCTh U KOHKPEIUH, 00Ja/al0T MOBBIIICHHBIMU KOHILIEHTPAIH-
svu Au (0,02-1,02 /1), Pt (0,1- 0,2 r/T) u Pd (0,05— 0,09 r/1). [Ipu 3TOM comepxkanus
9THX HJIEMEHTOB MPSMO KOPPEITUPYIOTCS ¢ KOJUYECTBOM Cynb(puaoB B mopoxe. Takxke
3aMETHO MOBBIIICHHBIE KOHIIEHTPALMH B TOPOJIaX, COACPIKALINX CYIb()UIHYIO BKPAIUICH-
HOCTB, oTMeuatoTcs ast Ag, As, Co, Ni, Cu, Mo, Pb, Znun Y.

ConeprkaHusl 3JIEMEHTOB IUIATHHOBOW IPYMNIbl B MOPOAAX KAMEHCKOM M alMa3HOM
cBUT TpOo(UMOBCKOTO PYAHOTO MO HAXOAATCS HIDKE Tpesesa OOHapyKEeHUs ATHX dJie-
MEHTOB NMpUMEHEHHBIM MeTonoM aHanu3a (<0,005 r/t). ComepikaHus 30JI0Ta B pa3ind-
HBIX TOPOAAX PYAHOTO MoJjist BapbupytoT B npenenax 0,0043 — 0,1 1/1, yTo B O0JIBIIMHCTBE
CJIy4aeB BbIIIE KIAPKOBBIX 3HaUeHUM. [Ipy 3TOM KOHIIEHTpalluy 30J10Ta B IPEEIax ajaeB-
POJUT-aprUJUIMTOBOM TOJIIIM KAMEHCKOM CBUTBI BO3pPAacTalOT B psALy IE€CYAHUK — AJIEB-
pomut — aprusutuT (ot 0,0084 mo 0,1 r/T), 9TO MOXKET CBUACTEIHLCTBOBATH O MEPBUYHON
(CeIMMEHTOTeHHO-MAareHeTHIECKOM) PUpPOoJIe 000TAIEHHUS ITHX TTOPOJT 30JI0TOM.

W3 npyrux n3yueHHbBIX 3JIEMEHTOB MOBBIIICHHBIE COAepKaHus B opoaax Tpodumos-
CKOU TMepCHeKTUBHOM Tuiomanu otmeuatores ais V, Cr u Pb. YeranoBieHo, 4To B psity
MeCYaHUK — APTUIUTUT — YIIIUCTBIM aprHJUIAT — YToJIb KoHUeHTparuu Pb, Cu u Sr 3akoHO-
MEpHO Bo3pacTaioT. KoHLeHTpupyomias pojb YIJIMCTOIO BEIIECTBAa TEPPUTEHHBIX TIOPOL]
oTMmeuaeTcs U B npenenax Kepunkckoro pyanoro moms aist Pb, Ag, Mn, Nb u Y.

Takum ob6paszom, Tepputopusi TpopHUMOBCKOrO pyIHOTO MO OTIMYAETCS MOHOME-
TAJUTBHOMW CTICIMAIM3alUel Ha 300TO CTPAaTU(OPMHOTO CYIIb(UIHO-BKPAIICHHOTO TUTIA.

I'maBHO¥W re0OXMMUYECKOM 0COOEHHOCTHIO BMEIIAIOIINX TEPPUTCHHBIX 1TopoJ] Kepunk-
CKOTO PYIHOTO IOJIS, ONPENENIAIONIEH ero MeTa/UIOreHUYECKYIO CIIeHU(UKY, SBISCTCS
NoBbIIIeHHas! KoHIeHTparms Pt u Pd, uto, ckopee Bcero, CBS3aHO ¢ HATMYUEM JAMITPO-
¢upoBoro MarmaTusMa. ITO OTKPHIBAET MEPCIEKTUBBI OOHAPYKEHHUS PYAHBIX HPOSBIIC-
HHUI METAJIJIOB IJIATUHOBOW T'PYIIIIBI.
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Pe3tome: AKTyanbHOCTb paboTbl. B cTaTbe paccMOTPEHO COXpaHeHMe (UNbTPALMOHHO-EMKOCTHbBIX CBONCTB
NPOLYKTUBHOIO NNacTa npu ryLLeHnn CKBOKUH — NPU UX BPEMEHHOI M30NALNN, ABNAIOLLENACS YaCTbio TEXHOIO-
TMYECKOro NpoLecca HanpaBfieHHOr0 Ha NpeKpaLleHne NocTynneHus nnacToBoro nonga B CTBOM CKBXMNHBI,
OCYLLIECTB/AEMOr0 B paMKax NpOBeAEHUS KanuTanbHOro peMoHTa CKBXWH. iccnesoBaHbl 0CO6EHHOCTY BbIGOPA
TMNA W PEOSIOrMYeCKNX NapameTpoB XXUAKOCTMN FMYLIEHNs, ¢ Y4ETOM 0COOEHHOCTEN CTPYKTYpPbI MOPOBOro Npo-
CTpaHCTBA nacta-KonnekTopa. MpeanoxXeHbl KpUTePUM BbI6OPA TEXHONOTMIA TNYLLIEHUS CKBaXKIWH C BPEMEHHOIA
“3onauuein NPOAYKTUBHOIO NnacTa B YCIOBMAX aHOManbHO HWU3KUX NMACTOBbLIX JABMNEHWIA, NO3BONAOLLNX CO-
XPaHWUTb NPOHMLIAEMOCTb NiacTa. bbinn cuctemaTnanpoBaHbl 0CO6EHHOCTY XULKOCTEN 419 6/10KMPOBAHMS Npu-
3a60MHOI 30HbI N1acTa NPY MYLLIEHUM CKBOXKUH B YCIIOBUAX aHOMANIbHO HU3KMX NIAcTOBbIX LaBneHuid. MNpef-
NOXEHbl COCTaBbl BJIOKMPYHOLLNX XWULKOCTEN C HAMOSHUTENEM [N MYLLIEHNS CKBaXWH, NPUBEEHbI OCHOBHbIE
peosiornyeckie napameTpbl U OCHOBHbIE XapPAKTEPUCTUKN N1 NPAKTUYECKOro NPUMeHeHNs. 13y4eHbl TEXHUKO-
9KOHOMMYECKME OCOOEHHOCTW TMYLLEHUS CKBOXWH C NpeABapuUTeSibHbIM 6J10KMPOBAHNEM NPKU3a6ONHOINA 30HbI
nnacra B YCroBUAX aHOMaNbHO HWU3KWUX NNACTOBbIX aBNeHWA. Takxe, B pab0Te PaCCMOTPEHbI TEXHUKO-3KOHO-
MUYECKNe acnekTbl NPESN0XEHHbIX COCTaBoB. Lienbio nccnenoBaxus S8nseTCca UCCnejoBaHne 1 BbIGOP coCTaBa
GII0KNPYIOLLMX XKULKOCTEN, MPUMEHSEMbIX NPU TMYLIEHUU CKBaXMH B YCNOBUAX aHOMAJTbHO HU3KWUX MaCcTOBbIX
[aBneHnin, 06ecneymBaoLLMX COXpaHeHue (UNbTPALMOHHO-EMKOCTHBIX CBOICTB NPOJYKTUBHBIX NiacTOB Mpu
X BPEMEHHOI M30NIALMK, C ONPESENIEHNEM TEXHIKO-9KOHOMMYECKIX 0c06eHHOCTeln. MeTofoM TEOpeTUYECKoro
YPOBHSA M3y4eHbl, 0606LLEHbI 1 a6CTparnpoBaHbl pe3ynbsTarhl Na60PaTOPHbLIX U MPOMbICNIOBbLIX UCCNEL0BaHNIA,
NO3BONANLWMX CLENaTh YMO3aKI04EHNA U TeOpeTu4eckne 0606LLeHus. MpoBeaeHbl PU3NKO-XUMUYECKME, pe-
0/10rM4ecKne N (PUILTPALMOHHBIE UCCNELOBAHNA PACCMATPUBAEMbIX TEXHONIOMMYECKUX XUAKOCTEN, BKIIHO4as
OLIEHKY 6NOKNPYHOLLMX, (PUIBTPALIMOHHBIX 1 ra30yaepXMBAOLLNX CBOMCTB XXUAKOCTEN rnyLleHns. PesynbTaTtbl
uccnefoBaHuii. Ha 0CHoBaHMM aHanusa U 0606LLEHNS Pe3ynbTaToB UCCNeS0BAHNA NPELIOXKEeHbl COCTaBbl 610-
KUPYHIOLLMX XXKUAKOCTEN 519 BPEMEHHO U30M1ALMW NPOAYKTUBHOMO niacTa npu riyweHun CKBOXMH B YCIOBUAX
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Abstract: Relevance. The article considers the preservation of the filtration-capacitive properties of the pro-
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are proposed to maintain reservoir permeability. The features of the fluid for blocking the bottomhole zone of
the formation during well killing under conditions of abnormally low formation pressures were systematized.
Compositions of blocking fluids with filler for well killing are proposed, the main rheological parameters and
main characteristics for practical application are given. The technical and economic features of well killing with
preliminary blocking of the bottomhole formation zone under conditions of abnormally low formation pressures
are studied. Also, the paper considers the technical and economic aspects of the proposed compositions. The
aim of the research is to study and select the composition of blocking fluids used for well killing under condi-
tions of abnormally low formation pressures, ensuring the preservation of the filtration-capacitive properties of
productive formations during their temporary isolation, while assessing their technical and economic feasibility.
The results of laboratory and field studies were studied, generalized and abstracted using the theoretical level
method, allowing us to draw conclusions and theoretical generalizations. Physicochemical, rheological and filtra-
tion studies of the considered process fluids were carried out, including an assessment of the blocking, filtration
and gas-retaining properties of the killing fluids. Results. Based on the analysis and generalization of the research
results, compositions of blocking fluids for temporary isolation of the productive formation during well killing
under conditions of abnormally low formation pressures are proposed. The technical and economic aspects of
the recommended fluid compositions were determined.
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BeepeHme

JI71st BOCCTAHOBJICHUS U YIYYIICHUS TPOU3BOIUTEIBHOCTU CKBaXKHH, KaK MO/A3EM-
HBIX MHXKEHEPHBIX COOPYKEHUM, KOTOPBIE MpeHAa3HAYCHBI ISl U3BJICUCHUS YTIEBOIO-
ponoB (YB) B mponecce pa3paboTku HePTEra3oBbIX MECTOPOXKIACHUMN, POBEACHUEM
reosioro-texuuueckux meponpusituii (I'TM) sBasioTcss pa®oThl, HampaBiICHHBIE Ha
MOJIJICp)KaHKUE IEJIEBBIX yPOBHEH M0OBUM TutacToBoro (mrowma. OCHOBHOW 3amadeit
nposeaeHus ' TM, kak KOMILIEKCa IE€MCTBUN T€0JIOTHYECKOT0, TEXHOJIOTMYECKOT 0, TEX-
HUYECKOTO U SKOHOMHMYECKOIO XapakTepa, SIBJIseTCs CIOCOOHOCTh BBIMOIHEHUS MPO-
€KTHBIX PELICHHUH C IIeJIbI0 00eCTIeYeHHsI MAKCUMaJIbHOM 100buu Y B, noBbimeHus 3¢-
(heKTUBHOCTHU U PEHTA0EIBHOCTH OCBOCHHUSI HEPTEra30BbIX MeCTOpOXkAeHU [["acymoB,
I'acymos, 2024; Raupov et al., 2022]. Kanutansubiii peMoHT ckBaxkuH (KPC) BxoquT B
komiuieke ['TM, npoBonuMbIX Ha (OHJIE IKCIUTYyaTallMOHHBIX CKBa)KWH, OCHOBHOM I1e-
JBI0 KOTOPBIX SIBIISICTCS pealin3alisl MPOSKTHBIX PEIICHUI U KOPPEKTUB O pa3padoT-
K€ He(Tera3oBbIX MECTOPOXKICHUN Il pallMOHAJIBLHOTO U 0oJiee MOTHOTO U3BICUCHHS
m1acToBoro Guirouaa U3 NpoayKTUBHOU 3anexu. Peammsanus ['TM Ha donae skcmy-
aTal[MOHHBIX CKBAXXUH NpHU pa3paboTke He(TerasoBbIX MECTOPOXKICHUN HalpaBleHa
Ha pEIICHHE psAlla 33/a4, B TOM 4YHUCJE, MOJAepKaHue YCTOMUYUBOW PaOOTHI CKBAXKHH;
COXpaHEHHUE, BOCCTAHOBJICHUE U MOBBIIICHUE MPOU3BOAUTEIBHOCTH CKBAXKUH; MPOJIJIe-
HUE CPOKa CITYKOBI U HAJEKHOCTH CKBaKWH, KaK HHKEHEPHBIX COOPYKEHUM U T.1., 1O-
3BOJISIFOIIUX OOECIIEUNUTh CTAaOUIIbHYIO (HENpephIBHYIO) 100619y Y B 1 3ddexkTuBHOCTD
pa3pabOTKH MECTOPOKICHUH.

[Ipu KPC, myuieHne cKBaXuH SBISETCA BAXKHBIM TAllOM, TaK KaK, OT KauecTBa Bpe-
MEHHOT'O M30JMPOBAaHUS MPOAYKTUBHOTO IJIACTA 3aBUCUT COXPAHEHUE MPOHUIIAEMOCTHU
KOJUIEKTOPOB U TUIPOIMHAMUYECKON CBSI3U B CHUCTEME «CKBa)kMHa-TuacTy. Kak usBecrt-
HO, MPOHUIIAEMOCTb 3aBUCHUT OT CTPYKTYPhI IOPOBOTO MPOCTPAHCTBA, TPEIIMHOBATOCTH,
KaBEPHO3HOCTH IOPOJI, a Takke KonmuecTBa a3 GuiabTpyromuxcs GIroua0B U ux ¢Gu-
3UKO-XUMUYECKUX CBOUCTB. C yu€ToM 3THX (HakTOpoB mpodiieMa COXpaHEeHUS POHUIIA-
€MOCTH KOJUIEKTOPOB 0OoJiee aKTyaslbHa JJIsl CKBXKHUH DKCILTyaTUPYEeMbIX He(TerazoBbIx
MECTOPOXKACHUI ¢ aHOMAJIbHO-HU3KUMU T1acToBbiMU AaBieHusimu (AHII). Coxpane-
HUE QUIBTPAIMOHHO-EMKOCTHBIX CBOKCTB (PEC) mpomyKTUBHOTO TUTacTa SBISETCS OJI-
HUM U3 OCHOBHBIX YCJIOBHUH MPH DIIYLIEHUU CKBAXUH, SIBJISIOIIEMCS YaCThIO TEXHOJIOTH-
YECKOro IMpoliecca HalPaBIEHHOTO Ha MPEeKpallleHne MOCTYIUICHUS IIJIAaCTOBOTO (ronaa
B CTBOJI CKBaXKHHBI, OCYIIECTBIsIeMOro B pamkax nposenenust KPC. Ctpykrypa nopoBoro
IPOCTPAHCTBA MOABEPraeTcsi K3MEHEHUSIM U Pa3pyLICHUSM IO/ BO3IECHCTBUEM BIUSHUS
IPUMEHAEMbIX TeXHoJorndeckux xuaxkocteit (T7K) nns miymeHus ckBakxuH, 0COOEHHO
B ycnoBusx AHII/I.

B cBsi3u ¢ ueMm, BBIOOp THIIA M PEOJIOTUYSCKUX MApaMeTPOB KUIKOCTEH TITyIICHUS
(OKT') umeer BaxxHOE 3HAYEHUE, TaK KaK OHHM JIOJKHBI YUYUTHIBATH OCOOCHHOCTHU CTPYK-
TYpBI IOPOBOTO MPOCTPAHCTBA U 00J1a/1aTh HEOOXOIUMBIMHI CBOHCTBAMH — IJIOTHOCTHIO
u Bs3kocThio [['acymoB, ['acymoB, 2023; Gladkov, 2014; Shagiakhmetov et al., 2020].
K sxuakocTsiM miiynieHusi, KpoMe TEXHOJIOTMUYECKUX, TAKKE MPEAbSBISIIOTCS U TEXHUKO-
SKOHOMHUeckHe TpeOoBaHus. B cBsa3u ¢ uem, npu Boidope TXK mist miyrienus ckBaxuH
HEOOXOMMO YUUTHIBATH CEOECTOMMOCTh OKa3bIBAEMBIX YCIYT M SKOHOMUYECKYIO PEHTa-
OCIIbHOCTH MMPUMEHSIEMBIX TEXHOJIOTHH U XKUAKOoCTeH [ ATBUHOBCKasI, 2018; 'acymoB, ['a-
cymoB, 2024; Kynakosa u 1ip., 2020]. Ha 3Tu noka3zarenu cepbE3H0€ BIUSHUE OKa3bIBAIOT
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NpaBUIbHBIN BBIOODP, TN U mapaMmeTpsl JXKI' ¢ yu€ToM ropHO-reojsoruyeckux ycloBHM
CKBaYKUH, TJIe IPOBOJATCA PEMOHTHbIE PabOThI, a TAKkKe KOHTPOJIb apaMeTPOB KHUIKO-
CTEM, TEXHOJIOTUS MX NPUTOTOBIEHUS U ipuMeHeHus. [Ipu Bei6ope XKI' qomKHBI yUUTHI-
BaThCSl TOPHO-TEOJIOTUYECKUE U TEXHUYECKUE YCIIOBUS pabOThl CKBaXKUH [ ATBUHOBCKaS,
2018; Kynaxoa u ap., 2020]. IIpaBuibnselii nogoop XKI' Takxke no3possieT n3bexarb Ta-
KHMX OCJIOKHEHUH, KaK MOMIOoIeHUe, He(Tera3onposiBICHUs, CHUKEHUE TPOAYKTUBHOCTH
CKBaKUH B TIOCJIEPEMOHTHBIN I1EPUOJ], aTPECCUBHOE BO3ACHCTBHE HA BHYTPUCKBAKUHHOE
o0opynoBaHue 1 T.1.

MeTtoabl NCCAEAOBOHMS

JU1 TOCTUKEHUS 1IeJI B UCCIIE0OBAHUSAX MCIIOJIb30BAHbI METO/IbI, T03BOJISIOINE CO-
OpaTh, MPOBEPUTH U CUCTEMATU3UPOBATh MPUMEHSEMbIE KUIKOCTH VISl TIIYIICHUS CKBa-
YKUH, BBISIBUTb HECIIy4YalHblE 3aBUCHUMOCTH U ONPEIENIUTh NMPUYHUHBI OTPULATEIbHBIX
pe3ynbTaToB. MeToI0M TEOPETUYECKOTO YPOBHS U3yUeHbl, 0000IIeHbI U abcTparupoBa-
Hbl pe3yJIbTaThl JAOOPATOPHBIX U IIPOMBICIOBBIX UCCIIEOBAHUMN, TO3BOJISAIOLINE CAEIATh
YMO3aKJIIOUEHHUs] U TeopeTudeckue 0600menus. [IpoBenensl GU3NKO-XUMHUECKHUE, pe-
OJIOTHYECKUE M (PUIIBTPAIIMOHHBIE UCCIIEAOBAHMS PACCMAaTPUBACMBIX TEXHOJIOTHUYECKUX
KHUJKOCTEH, BKIIIOUask OLEHKY OJOKHMPYIOIMINX, PHIBTPALIMOHHBIX U Ta30y/1eP>KUBAIOIINX
CBOWCTB JKUAKOCTEH TTyIIeHusl. MeTo SKCTIEpUMEHTAIIBHOTO U3YUYSHHS PA3INIHbIX (H-
3MYECKHX SIBJICHHI, OCHOBAHHBIN Ha UX (PU3UUECKOM MOAOOHH.

Pe3yAbTATbl PABOTHI M X OBCYXAEHME

[Ipu npoBeneHnn KanuTaJIbHOTO PEMOHTA CKBaXKMH Ha MECTOPOXKICHUIX Y B, pa3pa-
0aThIBAEMBIX B YCIOBHSIX aHOMAThHO-HU3KHX TIACTOBBIX JABIICHUH, IPUMEHSETCS 0OJb-
10€ KOJIMYECTBO PA3JINYHBIX TEXHOJIOTUNA ¥ TEXHOJIOTUYECKHUX KUKOCTEHN JUIsl Ty ILEHUS
[[CacymoB, 'acymoB, 2024]. Takoe pasHooOpa3ue TEXHOIOTUIECKUX PEIICHU B 00IacTh
I'TM 00ycnoBiIEeHO CYIIECTBEHHBIM PA3IMYMEM YCIOBHI MPOBEACHUS PEMOHTHBIX pa0doT
Ha MecTopoxaeHusx ¢ AHII] — kimuMaTudeckue 0COOEHHOCTH, TUIIBI ¥ IIPOHUIIAEMOCTH
KOJIJIEKTOPOB MPOAYKTUBHBIX TOPU30HTOB, BEJIMYMHBI IIJIACTOBBIX TeMIiepaTyp u ap. Kak
MOKAa3bIBACT aHAJIHM3 MPOMBICIIOBBIX JAHHBIX HA HEPTETa30BbIX MECTOPOKIACHHSIX TIPUME-
HSFOTCSl Pa3JIMYHBIE COCTABBI KUAKOCTEH JUIsl TiymieHusi ckBaxuH npu KPC, 6onpima-
CTBO U3 KOTOPBIX HE COOTBETCTBYET MPEABSIBISIEMBIM TPEOOBAHUSIM U B YCIOBUSAX HU3KUX
IJIACTOBBIX JAaBJICHUNM UMeeTCs oTpularenbHoe BiusiHue Ha @EC npolyKTUBHOTO Tij1a-
cTa. JTO SIBISIETCS MPUUYMHOW 3HAYUTEIBHOTO 3arps3HEHus miacta komrnoHentamu KI°
(xombMaranus TBEPIBIMU YaCTHIIAMH, (POPMHUpPOBaHHE MIEHOYHBIX CTPYKTYp Ha MOBEPX-
HOCTH TIOp U T.JI.) B IPOIECCE CO3/IaHus OJOKUPYIOIIETro dKpaHa, 4TO HEM30eKHO BENIET K
yxyamennio PEC u mpobiieMaM npu 0CBOCHUH CKBaYKHHBI, TIOCJIE PEMOHTHO-BOCCTaHO-
BUTEJIHHBIX PaOOT.

AHanu3 moKa3bIBaeT, YTO CYIIECTBEHHBIM HEJIOCTATKOM OJHO(]A3HBIX BA3KOYIPY-
rux Oonokupyromux xxujakocrei (bXX) Ha BogHONM 0OCHOBE, OTPaHUYUBAIOIINM UX MPHU-
MEHEHHE NI DIyIMeHUs CkBakuH B ycioBusx AHIIJI, sBmsercs To, 4TO OIOKUPY-
IOIIHIA SKpaH 00pa3yeTcs B pe3yibTrare WX MOTIOMIEHUS IIACTOM C (OPMHPOBAHHEM
Pa3IMYHOIO pOJa XMMHUUYECKHUX CBI3€M MEXAYy NOJIMMEPHBIMH MOJIEKYJIaMH U CTEHKa-
MH TIOPOBOTO TIPOCTpaHCcTBa. [Ipudém 1uist modydeHus JOCTaTOUHOTO OJIOKUPYIOMIETO
s dexra Tpedyercs nponukHoBeHHE b)K Ha 3HAYMTENbHYIO TITyOMHY B TUTACT, YTO He-
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n30€KHO BEJET K €ro 3arpsi3HEHUIO MOJIMMEPHBIMHU CTPYKTYpPaMU M BO3HUKHOBEHUIO
OCJIO)KHEHUM MpU 0CBOCHUHU CKBaXuH [Baruna, ['aBpunos, 2014; 'acymos, ['acymoB,
2024; Gladkov, 2014].

Bo3HuKHOBEHUE yKa3aHHBIX MOCIEACTBUM MOXKET ObITh B 3HAYUTEIBHON CTENEHU
HUBEJIMPOBAHO NOCPEACTBOM MCIOJb30BaHUsA BJK, KOMIIOHEHTHBIN COCTAaB KOTOPBIX
obnamaeT cmocoOHOCTHIO K TesieoOpazoBanmio. Ho nx adpekTuBHOCTS TpU OJI0KUPO-
BAaHUU CKBAKMH C KOJIJIEKTOpPaMHU MpoHHuLiaeMocTtbio 6omee 0,4-0,5/1 nnu comeprramiu-
MU BBICOKOJpEHUpOBaHHbIE KaHaibl B ycioBusix AHIIJ[ moxer ObITh HE gOCTaTOY-
HOM BBMJly HU3KOH (110 CPAaBHEHHIO, HANpUMeEp, C LIEMEHTHBIM KaMHEM) MPOYHOCTH
MOJIUMEPHON CTPYKTYpPHI T'€lisl U OTCYTCTBMSI B HEW JIOMOJIHUTEIbHBIX apMHUPYIOLIUX
JJIEMEHTOB.

Haubonee cyiiecTBeHHbIM HEIOCTaTKOM NpuMeHeHus B kauecTBe bXK sxunkocreil Ha
BOJIHOM OCHOBE C TBEPABIMU YAaCTULIAMU SIBJISIETCS HU3Kasl CTENEHb CTPYKTYPUPOBaHUS
CUCTEMBI U OTCYTCTBHE IPOUYHOT'O CBSA3BIBaHUS TBEPAO(]a3HBIX KOMITOHEHTOB. [10 pe3yib-
TaTaM MCCJIeJ0OBaHUIN yCTaHOBIEHO, YTO UCIOIb30BAaHUE I OJIOKHMPOBaHMS NpU3a0boi-
Hoi1 30HBI TuacTa (I1311) criennanbHBIX JKUIKOCTEH MO3BOJISIET PeaTn30BaTh MPEUMYIIe-
CTBa CYCHEH3MH M OfHO(A3HBIX BA3KOYNPYIHX Iesie00pasyroIUX CUCTEM. YKa3aHHbIC
PEeUMYIIECTBa 00ECIIEYUBAIOT BBICOKYIO 3()()EKTUBHOCTD MTPOLIECCa OCBOEHUS CKBAXKUH
0€e3 CyIIECTBEHHOTO YBEJIIMYEHUS €ro MPOI0JIKUTEIBHOCTH, YTO 00ECIICUNBAECT COXpaHe-
nue O®EC mnacra-koiekTopa.

IIpu 5TOM B 3aBUCUMOCTH OT IPUMEHSAEMOTO ITOJIMMEPHOTO PeareHTa U HallOJIHUTENA
JUISL TAKUX KUAKOCTEH MOTYT OBITh peajn30BaHbl IPUHIUI JECTPYKTUPOBAHUS OIOKUPY-
IOIIET0 COCTaBa MpH 00pabOTKe CreUaIN3UPOBAHHBIMU PEAreHTHBIMU KOMIIO3HULIUSAMH,
a TaKXke BO3MOXXHOCTb CaMOJIECTPYKIMM B CKBAaXXMHHBIX YCJIOBUSAX OTIEJIbHBIX KOMIIO-
HEHTOB, OTBEYAIOIINX 3a CTPYKTYPHUPOBAaHUE CUCTEMBI. 31€CH BaXKHO OTMETUTB, UYTO yKa-
3aHHBIE MPOIIECCHI JOKHBI ObITh YIPABISIEMbIMU U HE IPUBOIUTH K HEKOHTPOJIUPYEMO-
MY CaMOOCBOEHUIO CKBR)XHMHBI B IIpo1iecce padoT.

B pesynbrare aHamuza IpOMBICIOBOIO M TEOPETHYECKOrO Marepuala, Ompesee-
HO, 4TO JUISl BPEMEHHOM M30JISILIMM MPOAYKTUBHOIO IIJIacTa SKCIUTyaTallMOHHBIX CKBa-
JKUH C HU3KUMHU KOA(PPUIUEHTAaMH aHOMAJIbHOCTH, HamOosee MepCHEeKTUBHBIM SB-
JsieTcs MPUMEHEHHE Teleo0pasyroluX BA3KOYNPYTHUX KHJIKOCTEH Ha BOJHOW OCHO-
Be, OO0JIaJJaloNINX CHOCOOHOCTBIO K JECTPYKTYpUpOBaHUIO. B ciywyae npumeHeHHs
rejaeo0pasyomux BA3KOYNPYTUX MKHJIKOCTEH Ha BOJHOM OCHOBE TEXHOJIOIMYECKUI
aCIEeKT HaNpaBieH Ha JOCTWKEHHE JIyYIIUX Te0JIOrO-TEeXHUYECKHUX IOKa3zaTesiel Mpu
IIYLIEHUHM CKBaXKUH 3a cué€T coxpaHeHus OEC mmacra-koieKTopa W MOBBILIEHUS pe-
syapratuBHOCTH KPC. CymiecTBeHHBIH MONOXKUTENbHBIN 3(PPexT MoxeT ObITh J0-
CTUTHYT B pe3y/ibTaTe BHEAPEHHs] aBTOMAaTM3MPOBAHHOW CHUCTEMbI, 00eCIeUMBaIOLIeH
MOCTOSIHHBIA KOHTPOJIb HAJ] TEXHOJOTMYECKHUMU U PACUETHBIMU ONTUMaJIbHBIMU
napaMeTpamMu DIYLIEHHMs] CKBaXXUH I ONEPATUBHON KOPPEKTUPOBKHU IIJIOKa3aTenei
npouecca, ¢ UENbl0 NPEJOTBpAllleHUsl MOMIOMIEHUH U OCJIOKHEHMH B Mpoliecce
nposeneHust padbot [KpsutoB u ap., 2015; Shagiakhmetov et al., 2020; Raupov et al.,
2022].

B ycnosusax AHIIJ] obecnieuenue 3Tux TpeOOBaHUNA SBISIETCS CIIOXKHOM 3a/1a4ei, 1o-
CKOJIbKY THPO/IMHAMUYECKOE JaBJICHHE Ha IJIaCT OKa3bIBA€T OYEHb CEPbE3HOE BIUSHUE
U co3zaeT BbICOKMe penpeccud. C OAHON CTOPOHBI, ISl HAAEKHOW M30JSALUN B TAKUX
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YCIIOBHUAX HEOOXOMMBI COCTaBbl, 00ajaromue >xECTKON BHYTpEHHEH CTPYKTYpoOH, Ipe-
MATCTBYIOIIEH CMEIICHUIO CJIOEB OJOKHPYIOIIETO COCTaBa JAPYr OTHOCUTENIBHO Jpyra
u ¢unpTpanuu B miaact. C Ipyroil CTOPOHBI, 3TH CBOMCTBA CYIIECTBEHHO MPENATCTBY-
10T 3()(PEeKTUBHOMY OCBOECHUIO CKBaYKMHBI M BBIBOAY Ha PEXKHUM, IIOCKOJIbKY OCTATOUHbIE
HHEpPreTUUeCcKre BO3MOKHOCTH IJ1ACTA OYEHb HU3KHE U HE MO3BOJISIOT 00€CeUUTh M0JI-
HOE OuMIlieHHEe (QIIIOUIOTIPOBOIAIINX KaHaioB. [ToaToMmy npobiema 3¢HexTUBHOTO TTy-
1ieHus: ckBaxuH B ycnoBusix AHIIJ TpeGyer nmepecMoTpa MOAXONOB peIIeHUs] JaHHOH
3amaun [Kpsskun, 2010; Gladkov, 2014].

OnHMM M3 EPCIEKTUBHBIX HAIIPABIECHUN TEXHUKO-TEXHOJIIOTUYECKUX PELIEHUH 1aH-
HOT'O BOIPOCA SIBISIETCSI COBMECTHOE MCIIOJIb30BAHUE COCTABOB ISl BpDEMEHHOI'O M30JIU-
pOBaHMsI MPOAYKTUBHOIO IUIACTa, 00NagarouX pa3iuyHON (YHKIMOHAIBHON Croco0-
HOCTBIO 10 3aKyNOPUBaHHUIO (PIOMIONPOBOASIIMX KaHaioB [Abrams, 1977; 'acymos,
I'acymos, 2023]. [Ina peanusanuu 3TUX 3a1a4 ¢ YYETOM 3KOHOMUYECKUX U IKOJIOTHYe-
CKHX acIIeKTOB HanboJiee NepCIEeKTUBHBIM SBIISIETCS] IPUMEHEHHE BSI3KOYTIPYTHUX CUCTEM
Ha BOAHOH ocHoBe. Hanbomnee BayKHBIM MPEUMYIIECTBOM TAKMX TEXHOJIOTUYECKUX HKH/I-
KOCTeH SBIIsIeTCsl X TUAPOPUIbHOCTh. YKa3aHHbIE CUCTEMbI UMEIOT OFPOMHBIN U Mpak-
TUYECKU HeucueprnaeMblil noreHuuan uist cozganus 1K ¢ mporpaMMmupyeMbIMU CBOM-
CTBaMH, CIIOCOOHBIX K CAMOOPraHU3allii U CaMOJIECTPYKIMH B 3a/IaHHBIX YCIOBUSIX, 00-
JaIaloIUX BO3MOKHOCTBIO OKa3bIBaTh KOMIUIEKCHOE NMPELU3NOHHO TOYHOE BO3/IEHCTBUE
Ha 00BbEKT paboT, MPU 3TOM HAHOCSI MUHUMAaJIbHBIN BpPeJl €CTECTBEHHOMY €T0 COCTOSTHUIO
[Abrams, 1977; Kuuurun u ap., 2023; Tagavifar et al., 2018].

Pa3pabotka u coepiieHcTBoBaHue penentyp TXK A miymeHus: CKBaXKuH Ipu Mpo-
Besienu KPC B ycnousix AHIT/I 70mkHBI OCYIIECTBIATHCS C Y4ETOM COOTBETCTBUS (U-
3UKO-XUMUYECKHUX CBOMCTB COCTABOB YCJIIOBUSM UX PUMEHEHHS.

s oneHku cooTrBeTcTBUS 1)K KOHKPETHBIM YCJIOBHSM NPUMEHEHUS] HEOOXO0IUMO
WCIIONB30BaTh cleayroniue nanusie [['acymos, 'acymos, 2024; Dick et al., 2000; Raupov
et al., 2022]:

— CBEJICHUSI O TOPHO-T€OJIOMUECKUX YCIOBUSX MECTOPOXKJIEHUS (IIOPUCTOCTh, MPO-
HULIAEMOCTb, TUIACTOBAs TEMIIEpATypa U JaBICHUE, MUHEPAJIOrMUYE€CKUIl COCTaB TOPHBIX
nopon);

— CBEJICHUS O KQUECTBEHHOM U KOJIMYECTBEHHOM COCTaBE KOMIIOHEHTOB HCIIOJIb3Yye-
MBIX COCTaBOB;

— CBEJICHUS O TEXHOJIOTMUECKUX JKUIKOCTSAX, IPUMEHAEMbIX PaHEE Ha JAHHOM MECTO-
POXACHUU;

— pe3yabTaThl UCHBITAHUS COCTABOB HAa E€CTECTBEHHBIX MJIM UCKYCCTBEHHBIX Kep-
HaxX, MOJAEIUPYIOLUIMX YCIOBHS IMPOJYKTUBHOIO IUIACTA JUISl OLIEHKH TEXHOJOTUYECKUX
CBOMCTB U BIMSHUS HA KOJUIEKTOPCKUE CBOKMCTBA IPOILYKTUBHOIO IJ1aCTa.

B cBs13u ¢ 3THM aKkTyanbHOM 3a/1a4€il ABIISIETCS ONPENEIICHHE CUCTEMBI KPUTEPUEB, HA
OCHOBE KOTOPBIX ocylecTBisercs BoiOOp bXX n TexHOmoruii riymeHus: CKBaXxuH B yCIIo-
Busx AHIIJL [l"acymos, ['acymoB, 2023; Korolev et al., 2020]. ITpu Bsi60pe TexHOIOT Ui
DJIYIHIEHUS! TAKXKE Ba)KHO YUMTBIBATh XapAKTEPUCTUKU MHTEpBasa YCTAHOBKHU (pacKpbl-
TOCTb TPELIUH, TapaMeTpbl PUIBTPOB U T. 11.) C yUETOM U3MEHEHU, KOTOPbIE TPOUCXOIAT
B MpoIIecce IKCIUTyaTaluu CkBakuH [Baruna, ['aBpuios, 2014; Amanullah et al., 2016]
(tabm. 1).
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Tabnuya 1/ Table 1

Kpurepun Bb100opa TexHoJioruii ckBa:kuH B ycjaopusax AHIL /
Criteria for selecting well killing technologies in conditions of unfavorable
production conditions

I'pymmst / Groups Kpurepun ycranasnusatotcs / Criteria are established

1 2

Texunomornueckue / | JlocTurarh JydmIdX TeOJIOTO-TEXHUYECKUX mokaszareneit KPC
Technological MIPH  BBIMTOTHCHAW OCHOBHBIX TEXHOJIOTHYECKHUX YCIOBHH TIO:
coxpaneamio @OEC  mpomykTHBHOTO IIIacTa;  0OECIEUCHUIO
MaKCHUMAaJIbHOTO CHIDKEHHS MPOHWKHOBEHUS (PUIIBTpaATa KHUIKOCTEH
B IJJACT BO BpeMs MPOBEAEHHS PEMOHTHBIX paboT; 0OecredeHunto
OBICTPOTO  OCBOCHHS CKBAXHH TPAJAWIMNOHHBIMA  METOAAMH
MOCIIe PEMOHTA; TPEAYNMPEKACHUI0 He(PTETa30BOJOIPOSBICHUN;
COXpaHEHHIO (PU3UKO-XUMHYECKHX CBOMCTB COCTaBa B CKBaXMHHBIX
YCIIOBUSIX B TIPOIIECCE€ BCEro TIepHoAa IpoBeAeHHS pabor;
MPOKAaYNBAEMOCTH  CTaHJAPTHBIMH  HACOCHBIMH  arperaramu;
BO3MOXKHOCTH IPUTOTOBIICHUS 0€3 JOMOTHUTEIHFHOTO 000PYI0BaHNUS
U TEXHUYECKUX CpencTB; padorocmocodHocTH TX B yCrmoBmsx
OTPHUIIATEIBHBIX TEMIIepaTyp OKpyskaromero Bozmyxa / To achieve
the best geological and technical indicators of well workover, it is
necessary to fulfill the basic technological conditions: maintaining
the filtration and capacity properties of the productive formation;
ensuring maximum reduction in the penetration of liquid filtrate
into the formation during repair work; ensuring rapid development
of wells by traditional methods after repair; preventing oil, gas and
water shows; maintaining the physical and chemical properties of
the composition in well conditions during the entire period of work;
pumpability by standard pumping units; the possibility of preparation
without additional equipment and technical means; operability of
process fluids in conditions of negative ambient temperatures

DKkoHOMHUYECKHUE / Crioco0cTBOBaTh JIOCTHKECHUIO JYUIINX TEXHUKO-DKOHOMHUYECKUX

Economic nokazateneii B npouecce KPC. Heobxomumo ynenats BHUMaHHE
BBIIIOJIHECHUIO OCHOBHBIX YCHOBHﬁ: pCarcHThbl, HCIIOJIL3YCMbIC B
koMIoHeHTHOM cocTaBe JKI, NO/KHBI OBITH JOCTYIHBI M HMETh
BO3MOXHOCTh MNPHUOOpPETEHHS Yy Pa3IUYHbIX [POU3BOAUTENECH B
npeaeciax CTpaHbl; MPUMCHSACMBIC XUMUUYCCKHUE PCArcHThI JOJIKHBI
obnagarth  ONTHMAIbHBIM  COOTHOIICHHEM  «IICHA-KaueCTBOY,
XK JOJKHBI HMMCTH BO3MOXHOCTL IMOBTOPHOI'O MCIIOJIB30BAHUS,
TEXHOJIOTHUA MMPUTOTOBJICHUSA JOJI’KHa npeaycMmarpmuBarb
UCIIOJIb30BAHUE CTAHAAPTHOTO OOOPYIOBaHHS W TEXHHUYCCKHX
CPE/ICTB; UMETh HH3KYI0 CTOMMOCTHb yTHiHM3anuu pactBopa / To
facilitate the achievement of the best technical and economic
indicators in the process of capital reson of wells, it is necessary to
pay attention to the fulfillment of the basic conditions: reagents used
in the component composition of the killing fluid must be available
and be able to be purchased from various manufacturers within the
country; the chemical reagents used must have an optimal price-
quality ratio; liquids must be reusable; the preparation technology
must provide for the use of standard equipment and technical means;
have a low cost of disposal of the solution
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DKonoruueckue /
Ecological

OOecrieunBaTh TMOPSJOK W OCHOBHBIC TIPaBHJIA  BBIMOTHEHHS
MIPUPOIOOXPaHHBIX TpeboBanmii B mporecce KPC ¢ yuetom
OCOOCHHOCTEH  OKpy)Kalomiel MPUPOTHOW  Cpedpl, Xapakrepa
CYIIECTBYIOLIEH XO3SIMCTBEHHOW JEATEIbHOCTH W TPAAUIMOHHOIO
NPUPOAOTIONH30BAHUS, OCHOBHBIMH SIBISIFOTCS CICIAYIOIINE YCIOBHSL:
TEXHOJIOTMH HE MAOJDKHBI HCIIONb30BaTh KUAKOCTH, HMMEIOLIHE B
CBOEM COCTaBE XMMHUYECKUE PEArcHThl ¢ HEM3BECTHBIMH CAHUTAPHO-
TOKCHKOJIOTHUECKMMH XapaKTEPUCTHUKAMHU;, BCE KOMIIOHEHTBI COCTABA
JOJDKHBI  OBITh  CepTU(GUIMPOBAHHBIME; TEXHOJOTHYECKAs CXeMa
IIPUTOTOBJICHW A U UCITOJIB30BAHU S TXK JOJDKHA UCKITIOYATh 3arpsA3HCHUC
OKpY’Karolle cpe/ibl; Bce KOMITIOHEHTBI COCTaBa He JIOJKHbI OKa3bIBaTh
BPEAHOTO BO3/AEHCTBUs Ha paboTaroumii ¢ HUMK nepconan / Ensure
the order and basic rules for the implementation of environmental
requirements in the process of major well repairs, taking into account
the characteristics of the surrounding natural environment, the nature
of existing economic activity and traditional nature management, the
main conditions are the following: technologies should not use liquids
containing chemical reagents with unknown sanitary and toxicological
characteristics; all components of the composition must be certified;
the technological scheme for the preparation and use of the liquid must
exclude environmental pollution; all components of the composition
must not have a harmful effect on the personnel working with them

BHauuMOCmbKaAAHCO020 U3 KPUMEPUEB3AGUCUN O ONEPAMUBHBIX 3A0AY, PEULAEMbIX 8 KOHKPEMHOU CUMY ayuu
The importance of each criterion depends on the operational tasks to be solved in a specific situation

K kputepusim BbIOOpa TEXHONIOTUM TiTyIIeHUs ckBayKuH B ycnoBusix AHITJ otHOcaTcst
IUIOTHOCTh U peoJiormueckue xapaktepuctuku JKI, CnocOOHOCTh BBIIEPIKUBATH TIEPETa]
JTABJICHUS, COXPAaHEHNE POHUIIAEMOCTH KePHA, MUHUMAJILHBIA 00BbEM MPOPHIETPOBAHHOM
yepe3 Tpemuny bXX, MuUHMManbHbIN rpaAueHT JaBlieHus Hayana (UIbTpaluy Mpu OCBO-
ennu ckBaxuH [Hukymuu u ap., 2022; Mardashov, 2021]. Beidop BX mist BpemMeHHOTO
n3onupoBanus [1311 sBnsercs cnoxxHoON 3a1aueil, MpU KOTOPOM YUUTHIBAIOTCS pa3InyHbIe
(bakTopbl, BKIIIOYAsl TMOKA3aTeNIH IIACTOBOTO AABICHHS, TEMIIEPATypbl, TPOHUIIAEMOCTH,
MPUEMHUCTOCTH, MOIITHOCTH MHTEpBaJa iephopalyin, a Tak’kKe 0COOCHHOCTH KOHCTPYKIIUU
CKBOKMHBI M (PUIBTPOBON 30HBI. BBUIM CHCTEMaTH3UPOBAHBI HEKOTOPHIE OCOOCHHOCTH
xuakoctu i onokuposanus [1311 npu mymenun ckBaxkud B ycnosusix AHITJI. broku-
PYIOLIME KUIAKOCTH JUIsl BPpEMEHHOTO M30JIMPOBAHMS IPOLYKTUBHOIO IJIaCTa UMEIOT OMpe-
nenénnbie ocodbenHoctu (puc. 1) [['acymos, ['acymos, 2023].

HekoTopEle 0C00EHHOCTH RHIKOCTH AaA Gaokaposannua I1311 / Some features of the fluid for blocking the
bottomhole formation zone

'/Bhlcu[-:an cTalHIbHOCTE. 3TO NOSEOIEET COSOAEATH
HeOOXOOHMMYE® pPEONPEeCcCHED HA acT H OpOEOTHTE
PasTHYHEIE ONEepalHH B CEBa®HHEe 03 OCIOmHeHHH |
High stability. This allows creating the necessary
repression on the formation and performing various

lkcmerat‘icms in the well without comublications

~

Husxan JuIsTpauEa, 3T0 CEOHCTEC,
EOTOpPOE OSHAYEeT, [WI0 &EHOKOCTE HE
dEIRTpYETCE Wepes OopoA-EOMIeETopa [
Low filtration iz a property that means that
the liquid does not filter through the
reservoir rocks. _

/l;er]mupyen{a.u ILIOTHOCTE H PesJOTHISCERS CEeoficTE0 «00pPATHOrD KIANIAHAM. Oﬁpasymmm‘icx\\

CEOHCTEA. 32T0 OAaET EBOSMOXEHOCTE CHIDEATE
AABIJIEHEE HA DPD;I}'K_’I’II:E}]]:\Iﬁ mIacrT H
YHMEHBIIATE HHTEHCHEHOCTE MOrJJ0N]eHHA
HUIH MOJHOCTRH €0 HCKRINYaTh [ Adjustable
density and rheological properties. This makes
it possible to reduce the pressure on the
productive formation and reduce the intensity of

opa  OnokEpoaHaa TISIT CeTHATEIH  Kapkac
EBBRIOSPHAHABAST EBICOEHE nepenmaignl AABIICHHAHA Ha
mIacT, HO JIeTrKo :;etv_:lcxﬂp)'e'n:x HI ILTacTa IIpH
HesHATATeNEHEX JenpeccHAx [ The "check valve"
property. The mesh frame formed when the
bottomhole formation zone is blocked can withstand
high pressure drops on the formation, but iz easily

'\absorption or completely eliminate it released from the formation at minor depressions _/

OfpasoBaHHe NMOIHMEPHOH TAMIOHHDPYIOOIEH NMpodKH B ODOpPOBEX KaHamax mmacta (JHa MOEET Ghn?‘
YOaneHa HS IUIACTA O3 PaspyIIeHHA H JHCOePTHPOBAHHA TAMOOHHDYIOIIHX CTPYETVD, 9T CHEDEAET CTEIeHh
sarpzsgennd [131] opa ocEoeHNE cEEa®HHEE [ Formation of a polymer plugging plug in the pore channels of
the formation It can be removed from the formation without destruction and dispersion of the plugging
structores, which reduces the degree of comtaminatiom of the bottomhole formation zone during well

\hde'\'elonment /

Puc. 1. Hexomopule ocobennocmu 610Kupyrowux scuokocmeti/

Fig. 1. Some features of bloking liquids
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OcHoBHO¥ 3a1a4eili N3rOTOBJIEHUS] MPOYHOI0 IUVIOTHOIO OJIOKHPYIOLIETro IKPpaHa
B [I3I1, sBnsiercs co3manue npensTcTBus npoHukHoBeHuto TK u ux ¢unsrpatoB B mo-
pPOBOE MPOCTPAHCTBO KOJUIEKTOPA U MPEAOTBpAIllEHHE ero 3arps3Henus. biokupyromme
KUAKOCTH JUISl TJIYUICHHs] CKBa)KUH JIOJKHBI OTBEYaTh ONPENEIEHHBIM TPeOOBaHUSIM
(puc. 2) [l"'acymos, ['acymos, 2023].

TexHonornueckue KUAKOCTU [JIA BPEMEHHOIO 6JIOKI/Ip0BaHI/I$I MPOAYKTHBHOTO IlJIa-
CTa — 3TO Pa3JIMYHBIC COCTABbI, KOTOPLIC MCIHOJIB3YIOTCA MPHU INIIYHICHUHW CKBAXXWUH IJIA
CO3/IaHUsI U3OJIMPYIOIIETrO dKpaHa B MHTEpBaje MPOAYKTUBHOIO IIACTa M 0OeCeueHUs
NPOTUBOJABICHUS Ha HEro. J[i1s BpeMeHHOro OJOKHpOBaHMS MPOAYKTHUBHOTO IJIacTa B
ycnoBusix AHIT/] mpuMeHSFoTCst pa3InyHbIe TEXHOJIOTHYECKHUE KUIAKOCTH, KOTOPhIE 00-
JAJar0T ONpPEACIEHHBIMA OCOOEHHOCTSIMUA M PEOJIOTHYSCKUMHE MapaMmeTrpamMu [['acymoB,
l'acymos, 2024; Leontiev, Kleschenko, 2017] (Ta6mx. 2).

[ Broxapyromee KEAEOCTH A1 ITYIIEEHA CEELHHE JOCHHE 0TEEYATh cledyromeay TpebosamaaM | Well killing

fluids must meet the following requirements:

HuepTHOCTE E IIACTOEED MOPOAAM H COEMECTHMOCTE © IMTACTOBHIME (Iongamu / [nertness to formation

rocks and compatibility with formation fluids )

s <

Hurutepyromee JeficTEHe HA THHHCTEE SACTHIE. PHIBTPAT HHAKOCTH [IYIIEHHNE JOLKEH NpefoTEPAIATE
™ =x Bafyxamne mpm Mooy sHazennn pH niactosoft some [ Inhibitory effect on clay particles. The kill fluid
\ filtrate should prevent their swelling at any pH value of the formation water )

r . N S
Hexmowenne HeoOpaTHMOH KOMBMATAIHE IIACTA TEEPIEME JacTHIAMH. ColepEasHe ESECIIEHHEIN JaCTHIT
™ &e gom=mo npesmmate 30 mr/m / Elimination of irreversible colmatation of the formation with solid

L particles. The content of suspended particles should not exceed 30 mg/l )

( & - 3
Otecneneane rEgpodofHsaHA NOEEPXHOCTH EOMIEKTOPA H CHHXEHHE EANMINAPHEIX JIETEHHH E DOpax
™ mnacta / Ensuring hydrophobization of the reservoir surface and reducing capillary pressures in the pores of
the formation )
\

| Hermouerne obpasopanHd cTOHEHX BoZoHedTAHEX smynbeHA / Elmination of the formation of stable |

water-oil emulsions
r

CEOpOCTE EOPPOSHE CTANH He JomxHA npesslmars 0,12 ww'rog / The corrosion rate of steel should aot |

exceed 0.12 mm/year )

= " - =
TepmocTaOHABPHOCTE MPH EEICOKHX TEMIEPATYPAX H MOPOSOYCTOHUMECCTE B SHMHHX yenopmax [ Thermal

stability at high temperatures and frost resistance in winter conditions
£

— — R !
HeroprogecTe, E3pEEONOEapo0esOmacHOCTE, HETOECHIHOCTE, OBITE SEOMOTHUecKH DesomacHEMHE / Non-
flammability, explosion and fire safety, non-toxicity, be environmentally friendly

BosMoEHOCTE pPeryIHPOEAHAT TEXHHYUECKHX H APYTHX cBoHcTE / Possibility of regulation of technical and |
other properties

<

BosMo®HOCTE DOCIeYIOMErD EHEOA CEEAHHHE E pabouni pese B Oygymen / Possibility of su‘l:.'nsecp..uarnt_"I
well commiszioning in the future

N N

A

Puc. 2. Tpebosarnus k 610KUPYIOUWUM IHCUOKOCTIAM 051 2AYULEHUSL CKBANCUH
6 ycnosusix AHII /

Fig. 2. Requirements for blocking fluids well killing under conditions of unfavorable
production conditions

[Tpu BBEIOOpE TEXHOJIOTUN TIIYIICHUS TaKXKE BaXKHO YUUTHIBATH XapaKTCPUCTHKU HH-
TepBaJia YCTAaHOBKH (PaCKPBITOCTh TPEIIWH, TapaMeTpbl PUIBTPOB U T. [.) C YIETOM U3-
MEHEHH, KOTOpBIE MPOUCXOAT B MIPOLIECCe IKCILTyaTallii CKBayKuH [ Baruna, ['aBpuios,
2014]. B cBsi3u ¢ yeM, ObUTH CIpyNITUPOBAHBI OCHOBHBIC TPEOOBAaHUS K COCTaBYy OJIOKHU-
PYIOIIUX KUIAKOCTEH I BPEMEHHOM M30JISIIMN MPOAYKTUBHOTO TUTacTa NP TIyIICHUH
CKB)XHH C aHOMaJIbHO-HU3KUMHU TUIACTOBLIMU JaBICHUSAMU (puc. 2).
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Tabnuya 2/ Table 2

TexHoJIOrHYeCKHE KUIKOCTH 1JIsi BpeMEHHOT0 0JIOKMPOBAHMS MPOAYKTHBHOIO
miacra / Technological fluids for temporary blocking of productive formation

Buner xunkocreii / Types
of liquids

Ocobennoctu / Features

ITeunsie cucremsl / Foam
systems

[Ty3bIpbKH TI€HBI TPOYHO 3aKPEIUIAIOTCS B (DHIBTPAIMOHHBIX
KaHaJax MOPHUCTOH Cpelbl, CO3JaBasi HEMPOHHUIACMBIN TTEHHBIN
9KpaH B Npu3a0oiiHOM 30He Twiacta / Foam bubbles are firmly
fixed in the filtration channels of the porous medium., creating an
impermeable foam screen in the bottomhole zone of the formation

Omynbscun / Emulsions

Hx perenTypa mocTpoeHa Ha HMCIOIb30BaHHHU TPEX OCHOBHBIX
KOMITIOHEHTOB: THIPO(GUIBHON JKUAKOCTH (Yalle BCEro 93TO
BOJa W BOJHBIC PAcTBOPHI), THAPOPOOHOH KUIAKOCTH (HEDTH,
HeTEeNPOLYKThI, Macia) u sMmyibraropa / Their formula is based
on the use of three main components: a hydrophilic liquid (most
often water and aqueous solutions), a hydrophobic liquid (oil,
petroleum products, oils) and an. emulsifier

Bricoko-
MUHEpaTU30BaHHbIC
SKHIKOCTH /

Highly mineralized
liquids

B kadectBe [100aBOK HCHONB3YIOTCS XJIOPHCTBIA  KaJui,
XJIOPUCTBIA HATPHUW, XJIOPUCTBIN Kanbluid, motam / Potassium
chloride, sodium chloride, calcium chloride, and potash are used
as additives

[TomumepHBbIe cCUCTEMBI /
Polymer systems

K HHM OTHOCSATCS THAPOTENH, BOAOHAOYXATOIIHE, SMYITECHOHHBIC
MOJIMMEPHl M TOJHMEPHl Ha BOJHOM OCHOBe (IMHEHHBIE U
nenunerinbie renmu / These include hydrogels, water-swellable,
emulsion polymers and water-based polymers (linear and
nonlinear gels

IeneoOpazytorue
komnozunun / Gelling
compositions

IIpuHuun AeHCTBUS TaKUX KUJKOCTEM OCHOBaH Ha CO3JaHUU
B IJlacTe OJOKUPYIOWIETO SKpaHa, NPEICTaBISIONEro coboi
MOJIMMEPHBIN Tellb 00ecniedeHns poTruBoaaBieHus Ha Hero / The
principle of operation of such liquids is based on the creation of a
blocking screen in the formation, which is a polymer gel providing
counter pressure on it

Maremaruueckast Mozeib npouecca o6iaokupoBanus [1311 npu mymeHnn B yCIOBUSIX
AHIIJI no3BossieT ynpapiasTh r’UAPOIUHAMUYECKUMHU IPOLIECCAMH B CUCTEME «CKBAXKH-
Ha—Tact» [['acymoB, ['acymoB, 2024]. Hamu Obuta co31aHa MaTeMaTideckas MOJIEINb IPO-
necca 3akauku TOK B II3I1 npu miymennn ckBaxkun ¢ AHII/], no3Bosstomas ynpasisiTh
THJIPOAMHAMUYECKUMHU TIPOLIECCAMU B CUCTEME «CKBAYKMHA-IIJIACT», MPEI0TBpaIlaoLas
MOMIOLEHHUE )KUKOCTHU IIYLIEHNS U YXYILIEHUE KOJJIEKTOPCKUX CBOMCTB IPOLYKTUBHOIO
racta. JlaHHas MOzeNb OCHOBaHA Ha TPEXATAITHON cXeMe MPOBEIeHUsI padoT: BBIPABHU-
BaHME MPOQHIST TPUEMHUCTOCTH MPOAYKTHBHOM TOJIIIH, MPETOTBPALIAOIIEE 3arps3HEHIE
CKBaXMHHOT'O KoJuIeKTopa koMIrioHeHTaMu BbJK, ee 3akauka v mpozaBka ¢ CO31aHUEM He-
00XOTMMOM penpeccun B CUCTEME «CKBakuHa-tutacT» [[lacymos, I'acymos, 2023].

[TpumeHeHne MaTeMaTHYECKON MOJIENH, TIO3BOJISIET Pa3paboTaTh MPOEKT BPEeMEHHON
OJIOKMPOBKH IUIACTA M OL[CHUTH TPEAToiaraeMble TTapaMeTphl poIiecca 3aKauKH OJIOKH-
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PYIOILIETO COCTaBa (J1aBJIeHHe/pacXol, TPOIAOKUTEIILHOCTh), IOMOTAeT B BHIOOPE OMTHU-
MaJIbHBIX CBOMCTB OJIOKUPYIOIIETO COCTaBa M PEKUMOB €T0 3aKaUKH, UCXOSI U3 KPUTEPH-
eB 2(EKTUBHOTO IIYIIECHUS U MOCIEIYIONIET0 OCBOCHHS CKBaXXHH (puc. 3).

[ OcofennocTn MaTemMaTHaeckoi Mogean / Features of the mathematical model ]
| [

KHQSBOMB'I‘ VHECTE OCTETOEHYVED Dﬁm,:mém-mc'm\ , CHeTeMa «IIACT — CEEARHHAY PAcCMATPHEASTCA HE B N

NpOMIACTEOE, HX OOPHCTOCTE H  OPOHHEIAEMOCTS, CTATHHECEOM DEFHME, 3 B JuEameke [ The reservoir-
COMpA#EHAEIE ¢ BASKOCTEID SAKATHBARMOH OMOKHpYOmeR well system is conzidered not in a static mode, but m
smuarocTs | Allows to take into account the residual water dynamics

content of interlayers, their porosity and pemmeability, |% y

\ﬂSSOEiﬂtﬂi“‘i{hﬂ]ﬂ\’iECOﬁiﬁ' ofthemiectedblock:i.ngﬂuid/ /).-Io:se-r mocmymETE  ocmoBOR  amx npm‘pmmm\
0O0BCMEUEHHE, KOTOPOE AETOMATHUSCKH  EHIOHpEET

’f,‘laé'l: EOSMOEHOCTE BECTH [OHHTEPERNLHYED saxallxj;'\ - . i
GnoEHpyomel FEIKOCTH B MEOTOLTACTOEYED SATeEs I8 OUTEMATBHRIE  CEOHCTER Oroxupyromes HHIKOCTH H
AOpECHOTO EOSOEHCTERA Ha KOHKPETHEIE HETEPEAT IacTa pesEnm ero sakamn / It can serve as a basis for
! Allows for interval injection of blocking fluid into || software that automatically selects the optimal
a multilayer deposit for targeted impact om a properties of the blocking fluid and its injection

ific i - i maodes
\_ specific interval of the formation J \ /

IMocTposHEHE  MATEMATHUSCKOH MOJENH OpoNecca ONOKHDOEAHHA NpH3aGoHHOH SOHE! INTacTa ORLTH
OCYIECTENEHEl ¢ HCIOMIBIOBAHHMEM TPEXSTANHOH CXeMEl NpOBeJeHHA paboT, Ije B KadecTEe MOJENH OBLIA
MPHHATO EOMISETOp KAK CHCTEMY, EOMHYSCTESHHO NpPeACTABIANIYI0 KA9eCTECHHEIZ TeCTOTHUSCKHE H
tHsHYWeckHe CBOHCTEA NIacTa, ANA HCNONBSOBAHHA E PACYETAX IPH YIOPABTEHHH THADOJHHAMHIECKHMH
OpomeccaMM IIVIIEHHT CEBA#MH. Ha kamgom sTame EHOMpanH pasHBIE EHMAH MHIKOCTH TTYIIEHHA C
OnpenenfHNOR AMHAMEYECKCH EASKOCTEIO H INIOTHOCTEED, A TAKHe PASIHUHEL KOHTPOIb JaEIEHHA SAKAUKH H
pacdéT CEROPOCTH MOJa9H OIOEHpYROmeHd ®HAROCTH B amdToEe komommsl [ The construction of a
mathematical model of the process of blocking the bottomhole formation zone was carried out using a three-
stage scheme of work, where the collector was adopted as a model as a system that quantitatively represents
the qualitative geological and physical properties of the formation, for use in calculations when managing
hydrodynamic processes of well killing. At each stage, different types of killing fluid with a certain dynamic
viscosity and density were selected, as well as different injection pressure control and calculation of the feed
rate of the blocking fluid into the elevator column

Puc. 3. Ocobennocmu mamemamuueckoti mooenu npoyecca onoxkupogxu I1311 npu enyueruu ckeaxcuu
6 ycrosusx AHII] / Fig. 3. Features of the mathematical model of the process of blocking the bottomhole
formation zone when killing wells under conditions of abnormally low formation pressures

HccnenoBanue mokasano, yTo nmpoHukHoBeHue ¢unsrpara B [1311 npoucxoaut moxn
BIIMSIHIEM OCMOTHYECKOTO U KalWJIISIPHOTO aBJICHUH, HO B OOJNbIIEH cTereHu Mo BIu-
STHUEM TIepenaja JaBIeHUs MEXIy IIaCTOM U CKBaKUHOM. [IpsAMOii 3aBUCUMOCTH MEXKITY
nepernagoM AaBleHus: 1 00bEMOM 0T(HUIBTPOBABIIEHCS KUAKOCTH HET. Pacxox ¢unsrpa-
Ta 1Mo Mepe GOopMHUPOBAHUS ONOKUPYIOUIEH KOPKU U 30HBI KOJIbMATallMUd CHUXKACTCS U
HOCHT SKCIIOHEHIIMAJIbHBINA XapakTep. Paanyc 30HbI MPOHUKHOBEHHSI 3HAYUTENHHO 0OJIb-
1I€ TOJIIMHBI 30HBI M 3aBUCUT OT MHOTUX (DaKTOPOB: BPEMEHH BO3ACUCTBUSA (PUIBTpaTa,
JUHAMUYECKON BOJOOTAAYH, MOIITHOCTH IJIaCTa, IOPUCTOCTH, TEMIEpaTypsl U T.A4. [['acy-
MoB, ['acymos, 2023].

Pa3mepsl 30HBI TPOHUKHOBEHUS MOBBIIIAIOTCS C YBEJIHMYEHHUEM Kod(hdUIIMeHTa Mo/-
BIKHOT'O BOJJOHACBHILIEHUS I1acTa. ECTeCTBEHHO, YTO BOIOHACKIILIEHUE 30HBI IPOHUKHO-
BEHUS YMEHBIIAETCs 110 HAMPaBJICHUIO BIIYOb TU1acTa, MpUu4éM UHTEHCUBHOCTh €0 CHU-
JKEHHSI 3aBUCHUT OT Kod((pulireHTa MoABMKHOTO BOIOHACKIIIIeH s T1acTa. [IpoBeaéHubIit
pacIIMpeHHbIN aHAIN3 HAYYHO-TEXHUYECKON MH(GOPMAIIUU U TPOMBICTIOBBIX JAHHBIX 110
MPOBEICHHUIO PEMOHTHBIX PabO0T, CBA3aHHBIX C TITyIICHHEM CKBaKUH B ycnoBusix AHII/,
MO3BOJIMI CPOPMHUPOBATH TPEOOBAHUS K COCTaBaM JIsl BP€MEHHOTO OJIOKMPOBAHMS T1J1a-
CTa ¥ HA A’TOM OCHOBAaHUHU OBLITU PEKOMEHIOBaHBI COCTABbI OJOKHPYIOMINUX KHUIKOCTEH C
HATOJHUTETIEM JIJIS TIylieHus: ckBakuH B yciaoBusx AHITJI (Ta6m. 3).

Hannbie bXX npeacraBnsior co0oii AUCTIEPCHYIO0 CUCTEMY, B KOTOPO CBOWCTBA, HE00-
XOJIUMBI€ JUIS AOCTHKEHHSI TEXHUYECKOTO pe3ylbTara, 00eCeyuBaloOTCsl 0COOCHHOCTSIMU
(bU3UKO-XUMUYECKUX MPOIIECCOB, MPOUCXOIAIINX MPH B3aUMOJICHCTBUU UHTPEAUCHTOB
COCTaBa B YKa3aHHBIX COOTHOIICHUSX JIPYT C JAPYrOM U ¢ MUHEpajJaMu TOPHBIX MOPOI,
Claralonux MPOAYKTHBHBIA miacT. JlocTukeHne BbICOKOTO Onokupyromero sddexra
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o0ecrieyrBaeTcsl KOJIbMaTaHTOM — KOHAEHCUPYEMOM TBEPIOH (a3oi, KoTopas obpa3zyeT-
Cs1 B IIPOLIECCE TPUTOTOBIIEHUS COCTaBa IIPU B3aUMOACHCTBUM UHTPEIUEHTOB U COAEPKUT
JIBa BHJIA YACTHIl — KPUCTAIIMUECKHUE U aMOp(HbIe, UMEIOIINE pa3Hylo (GopMy U pa3Me-
psl [Baruna, 'aBpuiios, 2014].

Tabnuya 3 / Table 3

bJiokupyommii cocTaB ¢ HAMOJIHUTEIEM /ISl [NIyHIEHUSI CKBAKHH B YCJIOBHAX
AHIIL/ / Blocking compound with filler for killing wells under conditions of
abnormally low reservoir pressures

Broxnpywmui coctas [ Blecking composition

SMyIbCHOHHBIA ¢ HAMOIHMTETEM [ C xongexncHpoBanHoil TEEpJoi dasol / With condensed
Emulsion with filler solid phase

KOMIOHEHTEI / components mac, % KOMIIOHEHTEI / components Mac.
/mass.% mass. %o

Heomox A$9-12 / Neonol AF9-12 2,0 Fanennit xaopmerai / Caletum chloride 2.0

0.3 Anonsf dochopHOKHECIEE JEVSaMelleHEE / 11.0

MC Bioxan / MS Bioxan 30,0 Dia.mmciili:lm p].:msphate KapborcHMeTRINRMTIONO:E 2.0

. (EMIT 83/700) / Carboxymethyl cellulose (CMC
Musensroe TomIRED [ Diesel foel 6,0 85/700)

KCCB-IM/KSAS-IM 61,7 [Memoobpasosatens Mopner / Foaming agent Morpen 1o

Boga / Water 10,0-15.0 Creapar mmnxa / Zinc stearate 0.3

Hamommwreas® / Filler Boga / Water 76,0

*HonoIHuMETsHO K 06REMY Daorupyouell Reudrocmy

DddexTuBHOCTH HcTONB30BaHus B onpenensiercs, mpexae BCEro, COOTBETCTBUEM
(hU3UKO-XUMUYECKUX CBOMCTB COCTABA BBHIMOIHAEMBIM (DYHKIIUSM U KOHKPETHBIM YCIIO-
BUsM NpuMeHeHus. C yBeIMYEeHHUEM BPEMEHH SKCIUTyaTallii CKBaYKUH, (DYHKITUH KUIKO-
crelt mrymenus u bXK npaktuuecku He MEHSIOTCSI, HO 3HAYUTENIBHO YCIOKHSIIOTCS YCII0-
BUS UX TIPUMEHEHUS, 4YTO OOYCIOBIECHO CHUKEHHEM IIACTOBOTO JIaBIICHUS, pa3pylICHHU-
em [I3I1 u T. 1. B cBsA3M ¢ 3TUM BO3pacTaroOT U TpeOOBAHUA K MapaMeTpam OJIOKUPYIOIIUX
COCTaBOB.

OTcrona oueBUIHBIM SBISIETCS TOT (DAKT, YTO JIsl pabOTHI B KOJIEKTOPAX, MMEIOIINUX
pa3IMuHYyI0 KOH(MUTYpAIUIO IPOBOISIINX KaHATIOB, HEOOXOIMMBbI HEOJJMHAKOBBIE OJIOKU-
pytoiue areHThl. [IpeacTaBneHHblil BbIlIe aHATH3 OJTOKUPYIOIINX KUIKOCTEH M UCIIOINb-
3ye€MbIX B HUX KOJIbMAaTaHTOB, MOKa3aj, YTO JIJIi BPEMEHHON M30JISIIUU TPOAYKTUBHBIX
IUIACTOB, XapaKTEPU3YIOUIUXCS OJHOPOIHBIM TOPOBBIM KOJUIEKTOPOM, Hambosee mep-
CIIEKTUBHBIM SIBIISIETCS TPUMEHEHHUE COCTaBOB C KOHACHCHUpYyeMoii TBEpaoH da3zoil. [Ipe-
MMYIIECTBOM JJAaHHBIX COCTaBOB SIBJISETCS TO, UTO B MPOLIECCE PEAKIUI MO OCAXICHUIO
TBEPMBIX YACTHI] 00Pa3yIOTCsS XUMHUYECKU YHCTHIE BEIIECTBA, B KOTOPBIX OTCYTCTBYIOT
3arpsi3Hstonue miacT npumecu. [Ipuaém oOpasyemas TBEpaas gaza BHIOUpaeTCs U3 Ync-
Ja KUCJIOTOPACTBOPUMBIX, UYTO IMO3BOJISET BOCCTAHABIMBATh JOPEMOHTHYIO IPOHHUIIAE-
MOCTb JIaJK€ B CIIy4ae HENpeIBUACHHOIO IPOHUKHOBEHUS cocTaBa B acT. K tomy xe,
BapbHUPys COOTHOIIICHHE HMCXOTHBIX PEAreHTOB, MOXKHO JAOOUTHCS 0Opa30BaHUS YACTHIL
HEOOXOAMMOTO pa3Mepa, C BOZMOXKHBIM MPeoOIaaHueM KaK KPYIHBIX, TaK U METKUX
yactul [Baruna, ['aBpuinos, 2014].

UccnenoBanue pa3nmnyHbIX COCTaBOB MpUMEHsieMbIX B kKauecTBe b)K mokaszanu, yto,
COCTaBbl Ha YIIIEBOAOPOJHON OCHOBE OKa3bIBAIOT MUHMMAJIbHOE OTPHUIATENIbHOE BIIUS-
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HUE Ha KOJUJIEKTOPCKME CBOMCTBA IIACTA U MO3BOJISIOT 3HAUUTEIBHO COKPATUTh BpeMs
OCBOCHHMSI CKBaYKUH IOCJIE MPOBEICHUSI PEMOHTHBIX pa0boT. DPHEeKTUBHOCTH UCIIOIB30Ba-
HUS ITUX )KUJIKOCTEH OOBSCHSAETCS U3MEHEHUEM CMaYMBAEMOCTH MTOPUCTON CPEJIbl, CHU-
YKEHUEM MOBEPXHOCTHOTO HATSKEHMSI HAa TPAHULE COCTAB-MIOPO/Ia IU1ACTA, YMEHbIIEHUEM
BEJIMUMHBI KAUJUIAPHBIX CHJI C OTHOBPEMEHHBIM CHIKEHUEM TITyOUHBI POIUTKH MOPO-
11 Bogow [depOenesa u np., 2002; Gasumov, Gasumov, 2020]. Hu3kas naoTHOCTH 00-
YCJIABJIMBAET UX IIMPOKOE MPUMEHEHUE MPHU IIYIIEHUH CKBAXUH, XapaKTEePU3YHOUIUXCA
AHII/. OcHoBubiMu KpuTepusmu 3dpdextuBHOCTH BXK SBISIOTCS MX 3aKynopuBaromias
(6okupyroImas) cnocoOHOCTh U KaYeCTBEHHOE YyAalleHUE M3 IUIacTa, KOTOPhIC 3aBUCST
HE TOJBKO OT HAIMOJIHUTEINS, HO U OT (PU3UKO-XUMHUECKHX CBOWCTB M KOJMYECTBEHHOTO
COOTHOILIEHUS JIpyrux komnoHeHToB. B B)XK Ha yreBonopoaHoil 0CHOBE MCHOIb30BaIN
HenoHoreHHble [TAB.

Kak nokazanu uccnenoBaHusi, HaJauuve HanojiHuUTened B coctaBe bXX mo3sossier
(hopMupoOBaTH ApPMUPYIONINI KapKac (3aKyHOPUBAIOIINI 3KpaH) HA CTBOJIE CKBAKUHBI, B
UHTEpBaJe MPOYKTUBHOTO TOPU30HTA U Oapbep MPEnsSTCTBYIONINI MPOHUKHOBEHHIO pa-
0oueii )KUIKOCTH BIIIyOb miiacta. JlonmomHuTenbHOE JO0OABICHUE HAMIOIHUTENS B OIOKH-
PYIOIIYIO KUJKOCTh CYLIECTBEHHO YIy4llIaeT 3aKy[lOpHBAIOLIME CBOICTBA cOCTaBa, He-
oOxonuMble JUIst TiyieHust ckBaxuH B ycnoBuax AHIIJL [['acymos u np., 2017; I'acymos,
l'acymos, 2024] (puc. 3).

3AKAKOYEHNE

1. YcTaHOBIIEHO, YTO BPEMEHHOE M30JIMPOBAHKE NMPOJYKTUBHOIO IIACTa MIPH TIIyIlIEe-
HuM CKBaXMH B ycnoBusx AHIIJ/l oxa3siBaeT cepp€3HOE BIMSHUE HA NMPOHULAEMOCTH
KOJUIEKTOPOB Y TUAPOJIMHAMUYECKYIO CBSI3b B CUCTEME «CKBa)KMHA-IUIACT», TaK KaK MpH-
MEHSIEMBIE KHUJIKOCTH, IPOHUKAsl B IOPOBOE POCTPAHCTBO, TPEIIMHBI U KaBEPHBI IIOPO/I,
HOPUBOAST K YXYALIEHUIO (PUIBTPALIMOHHO-EMKOCTHBIX napameTpoB 1311 u pazpymienuro
IU1aCTa-KOJUIEKTOPa, OKa3bIBasi OTPULIATENIbHOE BIUSHUE HA 3()(PEKTUBHOCTD SKCILTyaTa-
LIUU CKBAXKUHBI.

2. OmnpeneneHbl OCHOBHbBIE TPEOOBAHMSI K TEXHOJIOTUSAM U SKUJKOCTAM JUIsl [ITYILIEHUS
CKBaKUH C IpesiBapuTenbHbIM OnoknposanueM I1311 B yenoBusix AHII/L, npenorsparia-
IOL1E CHUKEHHUE KOJIJIEKTOPCKUX CBOMCTB MPOyKTUBHOIO IJIacTa.

3. IlpemioskeHbl COCTaBbI OIOKUPYIOIINX KUIKOCTEH I BPEMEHHOMN H30JISIUH ITPO-
JQYKTUBHOTO TOPU30HTA MPH MIyIIeHnH ckBaxuH B ycioBusx AHII/I, obecneunBaromue
coxpanenue ®EC nnacra-koiiexTopa.

4. YcTaHOBIIEHO, YTO HANIWYKE HanoaHUTeNel B coctaBe bXX mo3somnsier popmuposars
apMupyromuii kapkac (3akynopuBatomuii skpan) B [13I1 — nunTEepBanse MpoayKTUBHOTO
TOPHU30HTA M CO3MAET Oapbep, NMPEMATCTBYIONINN MPOHUKHOBCHHUIO Paboueit ®KUIKOCTH
BIIyOb muacta ¢ AHII/T.

5. Pazpaboransl coctaBel bXK ¢ HanmoigHMTENeM Ui TIyIMIEHUS CKBaKUH TPHU IPO-
BEJICHUM PEMOHTHBIX pabot B ycnoBusx AHII/] co cloXHBIMU TOPHO-TEOIOTUYECKUMH
XapaKTepUCTUKAMU (IIPH 3HAUUTEJIBHOM CHM)KEHUHU IUIACTOBOTO JABJICHUS, BBICOKOM
JPEHUPOBAHHOCTH MPOJAYKTUBHBIX IIACTOB, CHUKEHUM IIPOYHOCTHBIX CBOMCTB CKelleTa
IUIacTa ¥ T.JI.) C y4ETOM TEXHUKO-IKOHOMUYECKOH 3(h(HEeKTUBHOCTHU 1 SKOJIOTHYECKOH Oe3-
OIIACHOCTH.

6. YCTaHOBIJICHO, YTO TEXHUKO-IKOHOMUYECKas 3PPEKTUBHOCTD ITYIICHHS CKBAXKUH
¢ npeaBapuTesbHbIM OokupoBanueM [1311 KuakocTIMU ¢ HAIOJTHUTENEM JOCTUTAETCS
3a c4€T COKpaIlleHUs 3aTpaT Ha MPOBEACHUE PEMOHTHBIX PabOT, UCKIIFOUEHUS BO3MOXK-
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HBIX OCJIOKHEHUH U MOTepH N00bIBaeMbIX Y B, yBenTu4eHus: MeXPEMOHTHOTO MEpHoa,
MOBBINICHUS TPOU3BOAUTEIBHOCTH CKBAXUH M PEHTAOEITBHOCTH Pa3pabOTKH MecTo-
POXKJICHUN.
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Pe3tome: AKTYyanbHOCTb paboTbl. B BbIpaboTaHHOM MPOCTPAHCTBE 3aKPbIBAEMbIX YTOMbHbIX LLAXT HAKann-
BAETCA METaH M TOKCWYHbIE rasbl (YIMeKUCNbIA ra3, OKUCh yrneposa, CepoBojopoa, PaAM0aKTUBHbIE 3MaHaLUK
1 Ap.), 06eCKMCIIopoXKeHHbIN Bo3ayX. Llenb paboTbl. Mpy NMKBMAALMN LIAXT NyTeM UX 3aTonseHus (Tak Ha-
3bIBAEMbIM «MOKPbIM» CMIOCOO0M), LIAXTHbIE rasbl, TaK UK WHA4Ye, BbITECHAOTCA HA NOBEPXHOCTbL W 3A4ECH OHM
MOTYT BbICTYNaTb W KaK TEXHOrEHHOE MOSIe3HOE MCKOMaeMoe, U Kak WCTOYHUK MOBbLILIEHHONW 6bITOBOA M Npo-
N3BOACTBEHHO onacHocTM. MeTofbl paboTbl. PekoMeHayeMble HbIHE NMpoLeLypbl ANs NpejoTBpaLleHns npo-
HUKHOBEHWNS METaHa B 3[aHUS U COOPYXXEHUA: He NpekpallaemMmoe NPOBETPUBAHUE, LLEMEHTALMS NOSI0oB U Noj-
Ba/IbHbIX MOMELLEHWN, [iera3aumns KaHaBamn 1 CKBaXWHAMU BO3/e CTPOEHWUIA UMEKT HenoCTOSHHbIN 3(PEKT
1 He [JatoT rapaHTuio 6e30MacHOCTW MO NPUYMHE CMEeHbI NPUPOAbI NEPEMELLEHIUS a30BbIX MacC B pesynbrare
NOCNEeAYOLLEro YBENNYeHUs NOBEPXHOCTI 3aTONNEHUS TOPHbIX BbIPABoTOK. B Lienom no BoctouyHomy [lonbaccy
MOXHO Gblfi0 Gbl OPraHn30BaTh [O6bIYY YronbHOro rasa B 06beme 100 MAH M3/rof, YTO NO3BOAUNO Gbl 066-
CMEYnTb 3KONTOrMYECKIM YUCTBIM TOMIMBOM WK 3N1EKTPO3IHEPT el BCE NOCENKN BOKPYT 3aKPbIThIX Fa3006UITbHbIX
YrOMbHbIX WAXT 1 c03AaTb paboyme MecTa 6biBLIMM LaxTepam. PesynbTathbl paboTbl. B 4acTHOCTM, NpuBeaeH
pacyeT NoKasaTens CPeAHei MHTEHCUBHOCTYM ra3oBbiaeneHns Ha 1 M? BbIpaGOTaHHOM NMOLIAAW FOPHOTO OTBO-
Ja. MpuBeeHHbIN pacyeT caenaH Ans ropHo-reonornyecknx ycnosmit BoctouHoro [lonbéacca, Ha KOTopom npe-
UMYLLECTBEHHO FOCMOACTBYIOT 60NEE NONOTNE Yribl HAKIIOHA NNACTOB, Manas MOLLHOCTb TOSILL FOPHLIX NMOPOA,
MMOTHOCTb METAHOBbIX PECYPCOB COOTBETCTBYET 125 MNH M%/Km?. GTOMT OTMETWTb, 4YTO Me4OpCKuit Gacceiin
MMEET NNOTHOCTbL B 1,5 pasa BblLle, a Ky3HelKuii 6acceiH — B 3 pa3a 60sblie, a 3a4acTyto foxoaut u go 10 pas,
HO Y>Ke Npu KPYTbIX yrnax nageHns 1 MHOroOMeTPOBOW MOLLHOCTM NNACTOB, @ 3HAYNT U OMACHOCTb HACILLEHUS
rasamu 3aHuin N COOPY>XEHWIA B 30HE TOPHOro OTBOAA 3aKPbITON W 3aTONNAEMON LWaxXTbl OYAeT HAMHOIO BbILLE.
Ha cerogHsALWHM feHb yrpo3a 3ara3o0BaHHOCTY 3arfyo6NeHHbIX 3aHniA Ha nopaboTaHHbIX NNOLWAAAX UAET Ha
yOblI/lb, HO HE UCKITK0YEHA OCHOBHAs NPO6/IEMA — BbIXOZ NOL3EMHbIX LIAXTHBIX BOJ HA MOBEPXHOCTbL W 3arpsasHe-
HUe TMAPOCETN BbICOKOMUHEPANIU30BAHHbLIMI BOAAMU.

KnioueBble ¢noBa: nnacT, yrosfb, CNOI, roOPHbIA 0TBOA, A06bI4a, MeTaH, BocTouHbIA [JoH6acC.
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Abstract: Relevance. Methane and toxic gases (carbon dioxide, carbon monoxide, hydrogen sulfide,
radioactive emanations, etc.), deoxygenated air accumulate in the mined space of the closed coal mines. Aim.
When mines are liquidated by flooding them (the so-called “wet” method), mine gases, one way or another,
are displaced to the surface where they can serve both as a technogenic mineral and as a source of increased
household and industrial danger. Metheds. Currently recommended procedures to prevent methane penetration
into buildings and structures: continuous ventilation, cementation of floors and basements, degassing by
ditches and wells near buildings have a variable effect and do not guarantee safety due to a change in the
nature of the movement of gas masses as a result of a subsequent increase in the surface of flooding of
mine workings. In general, in the Eastern Donbas, it would be possible to organize coal gas production in the
amount of 100 million m3/year, which would provide environmentally friendly fuel or electricity to all villages
around closed gas coal mines and create jobs for former miners. Results. In particular, the calculation of the
average intensity of gas emission per 1 m? of the mined area of the mining allotment is given. The above
calculation was made for the mining and geological values of the Eastern Donbas, which is mainly dominated
by more gentle inclination angles of formations, low thickness of rock strata, the density of methane resources
corresponds to 125 million mékm?2. It is worth noting that the Pechora basin has a density 1.5 times higher,
and the Kuznetsk basin — 3 times more, and often reaches up to 10 times, but already at steep angles of
incidence and multi-meter thickness of the beds, which means that the danger of gas saturation of buildings
and structures in the mining allotment zone closed and flooded mine will be much higher. To date, the threat
of gas contamination of buried buildings in the worked-out areas is declining, but the main problem is not
excluded — the release of underground mine water to the surface and pollution of the hydraulic network with
highly mineralized water.
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BeepeHme

B BBIpaOOTaHHOM MPOCTPAHCTBE 3aKPHIBAEMBIX YTOJBHBIX IIAXT HaKaIIMBAETCS
METaH M TOKCHYHBIE ra3bl (YIIEKUCIBINA ra3, OKUCh yIVIepoJa, CEPOBOJOPO, PalnoaK-
TUBHBIC HMAHAIUH U JIp.), 00eCKUCIOpOKeHHBIN Bo3nyX [IIpobnemsr ..., 2005; Araes u
ap., 2021]. Ilpu TUKBUAALIMY IAXT MYTEM MX 3aTOTUICHHS (TaK HA3bIBAEMBIM «MOKPBIMY
croco0oM), MIaXTHBIE Ta3bl, TAK UM UHAUYE, BHITECHSIOTCSA HA TIOBEPXHOCTH U 371€Ch OHH
MOTYT BBICTYIATh U KaK TEXHOTEHHOE MOJIE3HOE UCKOIIAeMOe, M KaK MCTOYHUK TIOBBIIICH-
HOI1 OBITOBOM U MPOU3BOACTBEHHOM ornacHocTu [Komomenckuit, ['unuy, 2006; Apxurmos,
2024]. B 1995-99 rr. B Poccunt 3aKpbITHl AECATKH ra3000MIBHBIX IIAXT, KOTOPbIE MOTYT
CTaTh, KAaK UCTOYHUKOM 3arpsi3HEHUS] aTMOC(EphI, TaK 1 00bEKTOM MPOMBIIIJICHHOH J10-
Ob1un MeTaHa [ YromnbHas ..., 2000; IToros, 2006]. CBenenus 00 yxe 3aKpbIThIX MIAXTax,
o0beMax OTpabOTaHHOTO TOPHOTO MPOCTPAHCTBA U MMPOTHO3HBIX PECypcax HAKOIIJICHHOTO
B HUX Ta3a npuseneHsl B Tabnuie 1. [llaxTHbIe ra3bl YroIbHBIX MECTOPOXKICHUNH MOTYT
IpY HEKOHTPOJIMPYEMOM UX BBIJICIICHUN HAa TOBEPXHOCTD BHICTYIATh U B POJIA «BPEIHO-
T'0» MCKOIIaeMOT0, MOCTOSTHHO MPUBO/AIIEr0 K HETaTUBHBIM TOCIIEACTBUAM (B TOM YHC-
Jie C TParu4ecKUM MCXOJIOM) B CBSI3M C BO3TOPAHUSMU U B3PhIBAMU METaHA B 3aKPBITHIX
NOMEIIEHUSX, OTPABICHUSMH JIIOJIe TOKCMYHBIMU IIAXTHBIMHU ra3amu [lepuke u ap.,
2024]. Custue 3Toi HeraTuBHOW (DyHKIIMU HIAXTHBIX Ta30B U pa3paboTKa MEPOIPUATHI
10 00ecreueHHI0 MPOU3BOACTBEHHOM U OBITOBON 0€30MMAaCHOCTH Ha TOPHBIX OTBOJAX 3a-
KPBITBIX LIaXT CBSA3aHBI C MPOBEACHUEM SKOJIOrHYECKoro Mouutopunra [ Tpydanos, Tpy-
¢anos, 2006].

MeToAbl NCCAEAOBOHUI

Bo Bcepoccniickom HaydHO-MCCIIEIOBATEILCKOM TI'€OJIOTOPA3BEJOYHOM HHCTUTY-
Te yroiapHbIXx MectopokaeHuil (« BHUI'PUyroney») paspaboTaHbl NpUHIUIIBI CO3aHUS
CUCTEMBbI SKOJIOTHYECKOI0 MOHMTOPUHIA KaK OTAEIbHBIX 3aKPbIBAEMbIX YTOJIbHBIX HIAXT
(JlokanbHBIA YPOBEHb), TAK M YTOJbHBIX 0ACCEHHOB B 11€JIOM (PETMOHAJILHBIM YPOBEHB)
[TpydanoB u np., 2004]. [Ipu AMKBUAAIMM ILIAXT, MOCIE MPEKpalleHUs] BOJOOTINBA U
BEHTWJISALIMU, aTMOC(epa BbIpaOOTaHHOTO MPOCTPAHCTBA 000TaLAeTCsl METAHOM U JIpY-
TUMH TOPHBIMH, a TaK)K€ TOKCUYHBIMU Ta30BBIMU CMECSIMU Oiarosiapsi U3JIUSHUIO UX U3
OCTaTKOB YTOJBbHBIX MOPOJ U 3a CUET MPOLECCOB I'HUEHUS pa3HOOOPa3HbIX BELIECTB B
TOPHBIX BBIPA0OTKAX, Ha KOTOPbIE TPATUTCS KUCIOPOJI BO3/1yXa, OCTABIIUNCS MOCIIE TIpe-
KpaieHust BeHTusanuu [[loptHoB u ap., 2021; [Tunaes, [lunaes, 2022]. [Tpu 3aroriennun
TOPHBIX BBIPAOOTOK «MEPTBBII» BO3AYyX BBITECHSETCS K MOoBepxHOCTH. Hampumep, npu
UCIIOJIb30BaHUM CKBAa)KUH, HAXOJSIIMXCS B Mpefesiax TOPHOTO 0TBO/a HE (YHKIIMOHU-
pyrorieit maxtol «KpacHogonenkas» Boctounoro Jlon6acca, BO3MOXKHO TOOBITh METaH
Onaromaps KaxJ0i CKBa)KUHE B IIPUOIM3UTEILHOM 00bEME OKOJIO 1 MIIH M3/roz1, 4TO Jact
BO3MOYKHOCTb MPU IKCIUTyaTanuu 6—7 CKBaKMH cHaOaTh B TeueHue 30 jeT psjaoM pac-
IIOJIO’KEHHBIN HACEJEHHBIM IyHKT C YHCIEHHOCThIO HacelieHus okoso 10000 uenosek
[TCamos, PeutoB, 2006]. B nanHOM citydae yiydianachk Obl CUTYaIus ¢ TOYKH 3PSHUS KO-
JIOTHH, TIOTOMY YTO OTPaOOTaHHOE MPOCTPAHCTBO I10]] HACEJIEHHBIM ITYHKTOM OYMCTHUTCS
OT «MEPTBOW» BO3AYLIHOW CMECH, KOTOpasi MpOHMKasIa Obl HA JIHEBHYIO MIOBEPXHOCTH B
pe3yiabrare 3anojiHeHus maxtbl Bojgo# [Konomenckas, 2006]. B nenom nmo Bocrounomy
Jlonbaccy MOKHO ObLIO OBl OPraHU30BaTh J00BIUY YrOJABHOIO ra3a B ooseme 100 mitH M3/
rOJ1, YTO MO3BOIHIIO OBl 00ECTIEYUTH HIKOIOTMUECKH YUCTHIM TOILTUBOM HIIH 3JIEKTPOIHEP-
TUell Bce MOCEIKU BOKPYT 3aKPbIThIX Ia3000MIbHBIX YTOJIBHBIX HIAXT U CO3AaTh pabouue
MecTa OBIBIIUM IIaXTepam.
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IIpu cpennem cpoke 3aTomieHUs MIaxThl (MOpsAIKa 5 JIeT) OCHOBHAs 4yacTh Tasa, 3a-
KJIFOYEHHAas! B BBIpa0OTaHHOM U MOAPAaOOTaHHOM MPOCTPAHCTBE, Oy/JIeT BHITECHEHA HAaBEPX
IIOCPENICTBOM CTapbIX CTBOJIOB, CKBaXKHH, IPUPOJHBIX M AHTPOIIOTEHHBIX TPELIVH B CAMBIX
pas3IUYHBIX MECTaX TOPHOTO OTBOJA.

Hanpumep, BbIYKCIIEH NTOKa3aTeIb MHTEHCUBHOCTH ra30BOI0 PUCYTCTBUSA IS BbIpaA-
0O0TaHHON TEpPUTOPUHU TOPHOro OTBOJA IaxThl «KpacHomoHeIKas», pacnoararomeics
Ha iomaau B 17 KM2, pu 3TOM 00bEM IIAXTHOM PYJHUYHOM BO3IYIIHOM CMECH, 3aKOH-
CEPBHPOBAHHO B OTPaOOTAHHOM MOJOCTH COCTaBiseT 22 MIIH M, @ BPDEMEHHOU MEPHOJL
€r0 BBIIABIIMBAHUS COCTABIISET S JIET.

Ha 1 m? BbIpabOTaHHOI TIOMIAMM TOPHOTO OTBOJA MOKA3aTel b CPEIHEH MHTEHCUB-
HOCTH Ta30BBIJENICHUsI paccuuThIBaeTcs o gopmyie (1):

TtSl

V1M2 (1)

rae V,,> — 00beM ra3oBbienenns Ha 1 M? B M3;
V, — 06beM pecypcoB ra3a B BEIpaGOTaHHOM M ITOPabOTAaHHOM MAcCHBE B IITAXTE, M’;
T — KOJIMYECTBO JIET 3aTOILICHHS;
{ — KOJIMYECTBO JIHEH B TOAY;
S, — moxpaboTaHHas IUIOMIA1b, KM,
B pesynsrare npumenenns Gpopmysibl (1), momydaeM KOJIMYECTBEHHBIN pE3yibTaT B
Buse hopmyisl (2):

22000000

_ 3 _
Vigz = — 0,0007 v° = 0,7 n )

[MonBan ik morped B 4aCTHOM JIOME B CPEHEM MMEET IUIOIIA(h OKOJIO 9 M2, a 00b-
€MHOE TIPOCTPAHCTBO COCTABISET 18 M, B KOTOPOE MPOCOYUTCS KOJIMYECTBO METAHA B
CYTKHU paBHoe 6,3 nutpa. [Ipoie roBops, KOIW4eCTBO MEeTaHa B MOABAJIE JOCTUTHET 3Ha-
yenuit npubnuzutensHo 0,035%. MoXHO TOCUMTaTh, YTO K KOHILY MEPBOTO MECSIa B
HETpOAyBAaeMOM Iorpede WM MoiBaje oMa CofepKaHnue MeTaHa JOHAET 10 3HaUeHUs B
1%, xKoTOpOE YK€ sBJsIeTCs OMacHOU KoHleHTpauuei [[Ipodnemst ..., 2005]. Bxox B moa-
BaJIbHOE MTOMEIICHNE HEOOXOUMO 3aKPBITh BIUIOThH 0 MAKCUMAJIbHOTO ITPOBETPUBAHUSL.
OnHako M3-3a HEPABHOMEPHOIO Ta30BOTO IPOSBICHUS Ha MOBEPXHOCTH MOCTYIUICHHE
rasa B TO WJIM HHOE TIOMEIIEHHE MOXKET U3MEHITHCS B HECKOJIBKO Pas3, UTO PE3KO YXYAIIUT
ra300MacHOCTb OTAEIBHBIX KHIIBIX U IPOU3BOACTBEHHBIX TOMEIICHUH.

Pe3yAbTATbl MCCAEAOBAHUN N UX OBCYXKAEHNE

[IpuBeneHHBbIN pacdeT caenaH Juisi TOPHO-Te0JIOTMYECKUX yciaoBuil Boctounoro Jlos-
0acca, Ha KOTOPOM NPEUMYIIECTBEHHO T'OCHOACTBYIOT OoJjiee IMOJIOTHe YIIbl HaKJIOHA
IIJIACTOB, MaJlasi MOIIHOCTB TOJII] TOPHBIX OPOJI, INIOTHOCTh METAHOBBIX PECYPCOB COOT-
sercTByeT 125 mua M3 /km?. CTout oT™MeTHTh, 4To [leqopckuii 6acceiin nMeeT MIOTHOCTh
B 1,5 pasa Bbime, a Kysnenkuii OacceiiH — B 3 pa3a Oosiblile, a 3a4acTyIO JOXOIUT U JI0
10 pa3, HO ye IpU KPyThIX yIIax MaJeHUs U MHOTOMETPOBOM MOIIHOCTH IUIACTOB, a
3HAYUT Y ONACHOCTH HACBIIICHUS Ta3aMHU 31aHUI U COOPYKEHUI B 30HE TOPHOTO OTBOJIA
3aKpBITON U 3aTOIUISIEMOM IIaXThl OyJ€T HAMHOTO BHIIIIE.

Pexomenyemble HbIHE ITPOLEyphI JUIsl IPENOTBPAICHUS] IPOHUKHOBEHUSI METaHa B
3IaHHSI U COOPYKEHMSI: HE MPEKpaIlaeMoe NMPOBETPUBAHUE, LIEMEHTALN T10JI0B U IMOJ-
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BaJIbHBIX MIOMELIEHUH, Jera3alus KaHaBaMy U CKBaKMHAMU BO3JI€ CTPOCHUM UMEIOT He-
MOCTOSHHBIN 3(()EKT U He JAIOT TapaHTHIO OE30MAaCHOCTH MO MPUYKUHE CMEHBI PUPOJIBI
MIEPEMEILEHNUS Ta30BbIX MACC B PE3YyJIbTATe MOCIEAYIOIIEr0 YBEIMUYEHUS TOBEPXHOCTH
3aTOIUIEHUS TOPHBIX BbIpaboToK [IIpobnemst ..., 2005].

B npegenax ropHoro oreoza 3aToruisieMoil axThl BHIIOJHEHUE 3aMEPOB NIEPUOANYE-
CKOT'0 XapaKTepa B paMKax Ira30BOr0 MOHUTOPUHIA HE J1aCT JOCTOBEPHBII MPOrHO3 OIac-
HBIX O0JIacTel M0 MPUYMHE HEMOCTOSHHOro HalmoneHus. B TOT ke MOMEHT, BClo 00-
JacTh BRIPAOOTAHHOTO MPOCTPAHCTBA MOJT HACEICHHBIM ITYHKTOM HEBO3MOXKHO OXBATUTh
CEHCOpaMH IMOCTOSIHHOM PEerucTpalud COCTaBa ra30BOM CMECH IO MPUYMHE UX BBICO-
KO CTOMMOCTH U TPYAHOCTH IpuMeHeHusd. [lo npuunHe 3T0ro, maBHbIM JI0CTOBEPHBIM
CIocoOOM, JTAOIUM TapaHTHIO OE30MAacCHOT0 HAaXOXKJEHUS JIOoAeH Ha moapaboTaHHBIX
TEPPUTOPUSIX JIMKBUAMPYEMBIX IIAXT, CYMTAETCS Jera3alus BbIpaOOTAaHHOTO U eIle He
3aTOIMJICHHOTO MPOCTPAHCTBA CKBAXKUHAMU, MPOOYPEHHBIMU C JTHEBHOW MOBEPXHOCTU U
000pyIOBaHHBIMH BaKyyMHbIMU Hacocamu [Denoro, 2024]. Ecau B cocTaBe maxTHOTO
BO3/1yXa, BHITECHSIEMOTO K MOBEPXHOCTH, KOHIIEHTpalus MeTana npessicut 30%, 1o 3Ta
ra3zo-BO3AyIlIHAas CMECh MOJUICKUT YTUIU3ALUU.

3a0naroBpeMeHHas JIera3anus 1 yTHIN3alus MeTaHa O3BOJIUT:

— MOJIYYUTh SKOJIOTMUECKU YUCTBIM 3HEPrOHOCUTENb JUJIsl YTHUIIM3ALMU Yepes3: Ta3o-
pachpeeNuTeNbHYI0 CeTh, CKM)KEHHE ra3a M, Haubosee paluoHalbHO, MepepadoTKy
MeTaHa B DJIEKTPOIHEPTUI0 B MUKPOTYpOMHHBIX T€HEpaTOpax WM ra30reHepaTOPHBIX
ANEKTPOCTAHIIMIX HEMOCPEACTBEHHO Ha MecTe JOOBIYM METaHA U3 CKBAKUH;

— UCKJIFOYUTh BO3MOXHOCTh BBIJICJIIEHUS] «MEPTBOIO» IIAXTHOTO BO3/AyXa B HEINpE/-
CKa3yeMbIX MECTaX MOBEPXHOCTH Ha TEPPUTOPUHU HACETIECHHBIX TYHKTOB;

— obecnevynTh BO3MOKHOCTH A (EKTUBHOM IKCIUTyaTalliy Jera3upOBAHHBIX YTOb-
HBIX TUIACTOB HA IIaXTaX, paHee HEPEHTAOEIbHBIX U3-32 BHICOKOM ra30BO OOMIBHOCTH;

— COXPAaHUTb 030HOBBIH CII0H OT pa3pylIeHHs €ro AaXTHBIM METAHOM, a TEMIIEparyp-
HBIA PeXUM aTMOC(EPBI OT «IAPHUKOBOTO A (heKTa» 3a CUeT MOCTYIIICHUSI METaHa.

OmnbIT 100BIYM METaHA U3 3aKPBITHIX TA30BBIX MAXT B Poccuu oTcyTerByer. JInkBuaa-
LIUS] POCCUHCKUX LIAXT MPOU3BOJUTCS CIOCOOOM IOJTHOTO 3aTOIJICHHUS.

B sToM citydae n3BneueHue METaHOBOW ra30BOM CMECH M3 BRIPAOOTAHHOTO MPOCTPAH-
CTBa IIAXT MCKJIIOYaeTcs. Bo3MoxHa TONbKO AO0OBIYA METaHa U3 OCTABIIMXCS HEoTpabo-
TaHHBIX, HE JIEra3MPOBaHHBIX 3a11aCOB YIJISL.

OnbIT U3BICYEHHUS] METaHA U3 3aKPBITHIX MIaXT 3a pybexom (['epmanus, Opanius,
BenukoOpuranus, benbrus u ip.) CBUAETENBCTBYET O TOM, YTO U3 OJTHOM IIAXThl MOXKHO
usBiekars ot 10 10 66 MiiH M3/rox B Tedenue ot 6 10 26 net [Peng et al., 2023; Kursuno-
glu, Ankara, 2024; Shao et al., 2024].

BbiBOADI

W3 BhIlIECKAa3aHHOTO MOXKHO CJIENIATh CIAEAYIOIINE BHIBOIBI.

JIMKBUAIMS U MTOCIIEIYIOIIEee 3aTOIUICHUE Ta3000MIbHBIX YTOJBHBIX MIAXT MPHBEIN
K PE3KOMY YXY/AIICHUIO KOJIOTHYECKON OOCTaHOBKH:

— MOSIBUJIACH YTPO3a MOCTYIUICHUS] «MEPTBOTO» BO3/yXa B JKUJIbIC U MTPOU3BOJICTBEH-
HBIE 37[aHUSI U COOPYKEHUS;

— MPOUCXOIUT TTOJITOTNIEHUE HACEJICHHBIX TyHKTOB U CEJILCKOXO3SMCTBEHHBIX YTOIUM
IaXTHBIMU BOJIAMU;

— HaOMroIaeTCs MPOCeIaHNe NOBEPXHOCTH.

JI1st CHUYKEHUSI 9TUX HETATUBHBIX TOCJIEICTBUM 3aKPBITUS IIAXT U XOTsI ObI, YaCTHY-
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HOTO PEIIEHUS BOMPOCA C UCIIPABICHUEM CUTYAIIMU IO MUHUMU3ALUU A€ PHUIUTA TOTLTHU-
Ba, MpeIararoTcAa CJICAYInue MCPOIIPpUATUA:

— OopraHusanyss MOHUTOPHUHIAa HAa TOPHBIX OTBOAAX JIMKBUIUWPOBAHHLIX W 3aTOIJIAC-
MBbIX HIaXT € HEJIBIO IPOTHO3UPOBAHMA 30H OITACHBIX IJIA IIPOXKUBAHUA U ITPOU3BOACTBCH-
HOM JeSITCIIbHOCTH;

— OIICHKA MOTEHIIUAJIbHBIX 00BEMOB U COCTaBa IIAXTHBIX ra30B («MEPTBOT0» BO3.Y-
Xa), 3aKJIFOYCHHBIX B BEIPAOOTAHHOM U MOAPAO0TaHHOM MPOCTPAHCTBE;

— OmpezeTieHne MECT, 00bEMOB U CPOKOB MOCTYIICHHSI IIAXTHBIX ra30B HA MOBEPX-
HOCTB;

— OIIEHKa 3a01aroBpeMEeHHOM Jiera3aly BRIpaO0OTaHHOTO IPOCTPAHCTBA U MOAPA00-
TaHHOTO MacCHBa CKBaXMHAMHU, TPOOYPEHHBIMU C MOBEPXHOCTH;

— OmpeJesieHre BO3MOKHOCTH YTHIIM3AIMH OTKaYMBAEMbIX T'a30B Ui TPOM3BO/ICTBA
AIIEKTPOIHEPTHH HA MECTE UX M3BJICUCHHS B MUKPOTYPOUHHBIX T€HEpaTopax UM Kak ra-
3000pa3HOTO TOIUIMBA B KOMMYHAJIBHOM XO3SIHCTBE;

— OpraHu3aI|sl OMBITHBIX KOMIUIEKCHBIX TIOJIMTOHOB BO BCEX OacceifHax Juisl IpoBee-
HUS OTIBITHO-IIPOMBIIIJICHHBIX pa60T 110 I[O6I)I'~Ie " yTUJIM3aluu MEeTaHa U3 BBIpa6OTaHHO-
rO MPOCTPAHCTBA 3aKPBITHIX 1IAXT, HEOTPAOOTAHHBIX 3aMacoB yIVIeH Ha TOPHBIX OTBOAAX
9THUX LIAXT, U1 OTPaOOTKH METOJMKHU ra30-3KOJIOTHYECKUX MCCIeTOBAHUIN Ha IUIOMIAIX
JEHCTBYIONINX U 3aKPBITHIX IIAXT.

Jlerazamnusi BbIpaOOTaHHBIX MPOCTPAHCTB JIMKBHIUPYEMBIX IIAXT ¢ BO3MOXKHOCTBIO
YTUJIIM3AIMY Ta30BO3AYIIHBIX CMECEH, TaKke He OCYIIECTBISIIACH MO CIEeTYIONUM IpH-
YUHaAM:

— JMKBUJAIMS YTOJBHBIX IAXT ObljIa MPOBEJEHA MyTEM €CTECTBEHHOI'O UX 3aToIljie-
HUS TIOA3€MHBIMH BOIaMHU, 3aCHINIKU CTBOJIOB, MHOTIA HAa BCIO TNIYOMHY MX MPOXOIKU Ma-
TEpUAJIOM MOPOJ] U3 TEPPUKOHOB;

— 3aChINKa CTBOJIOB MPOM3BOIMIACH 0€3 MOHTaXa KaKUX-ITMOO KOMMYHUKALUN IS
OTKA4YKH rasa 1o 3aCbIlIaHHbIM CTBOJIaAM,

- 6ypeHHe CIICUAaJbHbBIX CKBAXXHH JIsI OTKAYKU I'a3a U3 BI)Ipa6OTaHHOl"O mpocCTpaH-
CTBa MPH JIMKBUAALNY HIAXT JIaXkKe He IPeyCMaTpUBAIOCh MPOEKTAMU JINKBUAALINH.

[Ipenmonaranock, 9YTO BBIXOJBI METaHa Ha MOBEPXHOCTh B OMACHBIX KOHLIEHTPALMSIX
OyoyT OTMEYaThCsl JOBOJIBHO YacTO, TaK Kak MEepPBOHAYAILHBIE PECYPCHI €r0 B BhIpabo-
TAHHOM IIPOCTPAHCTBC UCHUCIIAIIUCE 10 KaX(I[Oﬁ maxTe B MJIH M3, HO ICPBOHA4YaJIbHBIC
IPOTHO3BI HE OMpaBAaIKCh 3a mpomeamue 5—7 u gaxe 10 ner. Cioyyan oOHapyKeHHS
KOHIIEHTpanuii Metana cBeime 0,5 % mpu mpoBeIEeHHBIX JECATKAX THICSY 3aMEPOB Hal
BbIPa0OTaHHBIM 3aTOIUIIEMBIM MPOCTPAHCTBOM OBLIM OTMEUEHBI YPE3BbIUAWHO PEIKO.
B BeITeCHsIEMO# U3 MIAXT ra30BO3AYIIHON CMECH MHOT/Ia OTMEYaINCh MOBHIIICHHBIE CO-
JepKaHusl ABYOKHCH YIJIepoJia U TIOHKEHHBIE COAEepKaHUsl Kuciaopoaa. [Ipuunne Hu-
YTOKHOU A0JIM BbIXOJla MCTaHa Ha IMOBCPXHOCTb MOXXHO JaThb CICAYIOLICC 06’bﬂCHeHI/Ie.
Haxoausmuiicst B BeIpaOOTaHHOM NPOCTPAHCTBE METAH, BBIIABIMBAJICS CHIION THAPOCTA-
TUYCCKOI'0O AaBJICHHUA K ITOBEPXHOCTHU YEPEC3 YIrOJbHBIC HACBIIICHHBIC TOJIIN MMOPOA, IAC
YTOJIb HEOTPAOOTAHHBIX TJIACTOB-CITYTHUKOB U MPOTUIACTKOB ObLI nerazupoBaH 20—30 et
Ha3aJ npu 100bde yris. BeimaBiauBaeMblii METaH MoMagail B TEXHOTEHHBIE TPEIIMHBI,
HE UMeoIue CBOOOJHOIO BBhIXO/a K MOBEPXHOCTH, U BCTYIAl B COPOLIMOHHYIO CBS3b
C paHEC ACTrasupOBaHHLIM YIJICM. I[eMeTaHI/IZ’»I/IpOBaHHaSI ra3o-Bo3ayuiHass CMECb B UTO-
e NMPOAABINBAJIACH HA IOBEPXHOCTH, HO YK€ C HEOIaCHOW KOHLIEHTpAIe MeTaHa W
BOOOIIE Oe3 MeTaHa. [TockombKy Tpoliece 3aTOIICHUs MaXThl MPOIOIHKAIICS HECKOIBKO
JIET, TO CO3AaJIUCh Harboee O1aronpusiTHbIE YCIOBUS ISl «BTOPUYHOIY COpOIIMHN METa-
Ha MPU KOHTAKTE C YTOJIbHBIM BEIIECTBOM.
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[TpuunHa oOHapy’>KeHHsI MOBBILICHHBIX KOHIEHTpALU METaHa MO OTAENIbHBbIM IpO-
6aM 3a4acTyro OOBSICHSIACH TEM, YTO OHU OTOMPASIUCh BOJIU3HU BBIXOJIOB HA TOBEPXHOCTh
CTapbIX TOPHBIX BBIPAOOTOK, YCTHEB OYPOBBIX CKBAaXHH, @ BO3MOXKHO U IU3bIOHKTUBHBIX
WIM TEXHOTEHHBIX TPELIMH, I7Ie JBI)KEHHE ra3oB OblI0 cBOOOIHBIM. Ha ceromusinuit
JIeHb OOJIBLIIMHCTBO JMKBUAMPOBAHHBIX IIAXT, 3aTOIUIEHBI Ha 2/3, a HHOTA MOYTH A0 MOo-
BEPXHOCTH. 13 HEKOTOPBIX IIAaXT CTaJIM U3JIMBATHCS MOI3EMHBIE BOJIBI HA IIOBEPXHOCTD,
TO €CTh YPOBEHb 3aTOIUICHHUS NIPEBBICUII €CTECTBEHHBIM YPOBEHb I'PYHTOBBIX BOJ, CYyIllE-
CTBOBABIINH /10 Hayaja BeAeHUs TopHbIX padot 3050 set Hazax.

IlepBoHa4YanbHBIN MPOTHO3 O MPEKPALICHUH MOAbEMA MOI3EMHBIX IIAXTHBIX BOJ IPU
JOCTH)KEHUHM €CTECTBEHHOIO YPOBHS BO MHOTMX CIIy4asX HE NOATBEPAWICA, TaK KaK B
npolecce yriIyOKH IIaxT TOPHBIMH BIPaOOTKaMHU BCKPBIBAJIMCh BOAOHAIIOPHBIE TOPU30H-
Thl, KOTOpbIE paHee ObLIM OrpaHUYEHbI BOJOHENPOHHUIIaeMbIMU Moponamu. Henpencka-
3yeMbIi BBIXOJ IIAXTHBIX BOJ HAa MOBEPXHOCTh CO3AAET CIOXKHEHIITYI0 MpobiaeMy OTBoa
YpEe3BbIUANHO 3arpsI3HEHHBIX BOJ, HAXOAMUBILNXCS B KOHTAKTE C IOBEPXHOCTSIMH FOPHBIX
BBIPAOOTOK HA MPOTSYKEHUN MHOTHX JIET.

3AKAKOYEHME

B pe3synbrare HEIOCTATOUHO MPOAYMAHHOM, TaK Ha3bIBAEMOU, «PECTPYKTYPU3ALINN
YTOJBHBIX IIAXT MPOU3O0ILIO PE3KOe MajieHUe JOOBIYM YISl 10 OTACIBHBIM OacceiiHam,
Harpumep, B Boctounom [lon6acce, ¢ 30 1o 8 mutH 1/roz1. Be3Bo3BpaTHO MOTEPSIHBI CBHI-
me 200 MyTH M? MeTaHa, OCTABIIEr0Cs B BHIPAOOTaHHBIX MPOCTPAHCTBAX U (DAKTHUECKU
norpe0eHHOTO B 3aTOIUICHHBIX BBIpaOOTKax. He MCKIII04eHo, YTO U MOJATrOTOBICHHBIE K
BBIEMKE YTOJIbHBIC IJIACTHI BRICOKOW KaTeTOPHH Pa3BeaHHOCTH HHUKOTIA He OyayT oTpa-
0OTaHbI, TaK KaK CTBOJIBI, 3aChIMTAHHEIC MTOJIHOCTHIO HA TITyOuHy mopsika S00 u 6oree me-
TPOB, HE MOJIIEKAT BOCCTAHOBICHUIO M3-32 3aCBIIIKU MOPOJOH ¢ HETabapUTHBIMU HE U3-
BJIEKa€MBIMU MaTepHaJlaMH, BKIIOYaBIIUMH OCTOHHBIE OJIOKH ¥ apMaTtypy, a pecypchl Me-
TaHa B YTOJBHBIX IJIACTAX, B 30HE TOPHBIX OTBOJIOB 3aTOIUICHHBIX IIAXT MOTYT OKa3aThCs
HENPUTOTHBIMH ISl TOOBIYM METaHa, MOCKOJIbKY MHOTOJIETHUH KOHTAKT C 3aTOTNICHHBIM
BOJIOW NMPOCTPAHCTBOM MOXKET OKa3aThb HEMpe/ICKa3yeMoe BIMSHUE HA (PU3UKO-XUMHYE-
CKME CBOMCTBA YCIIOBUI I'a30HOCHOCTH B YIOJIbHBIX IUTacTax. MIMEHHO Ha 3TUX 3amacax
METaHa, B YTOJbHBIX TUIACTaX BOJHM3M JACUCTBYIONIMX MIAXT JOKHBI OBLITH TPOBOAUTHCS
OTIBITHBIE PA0OTHI 1O JJOOBIYE METAaHA, TAK KaK ObIJIM U3BECTHBI BCE TAPAMETPBI, BKIIIOYAs
CTETIeHb Ta300T/1auH.

Ha cerogusimnuii eHb yrpo3a 3ara30BaHHOCTH 3arTyOJICHHBIX 3laHUH Ha Toapado-
TAHHBIX TUIOMIA/ISAX UIET Ha yOBUTb, HO HE CKIIIOYEHA OCHOBHASI ITPOOIeMa — BBIXO IO~
3€MHBIX IIAXTHBIX BOJ| HAa TIOBEPXHOCTh U 3arpsS3HEHUE TUIPOCETH BHICOKOMUHEPATH30-
BaHHBIMH BOJIAMH.
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Pe3stome: AKTyanbHOCTb paboTbl. MecTopoXaeHNs HeddTh 1 rasa Ha Tepputopun BoctodHoro Mpeakaska-
3bs, CTapeiLlero Hed)Tera3oHOCHOr0 PErnoHa, HaxoaAaTCca Ha CTaguu nagaroLlen Ao6bI4n Un Xe 3aKOHYEHb!
pa3paboTKoil, NOITOMY CyLLECTBYET 0CTPas HeO06X0AUMOCTb B NPUPOCTE YINIeBOLOPOLHOIO noTeHymnana. 06b-
eKTOM MCCNeaoBaHNs SABNAKOTCA NepCcrnekTUBHbIE B 3TOM OTHOLLEHUM TPELLMHOBATbIE KApOOHATHbIE OTNOXEHNSA
HETEKYMCKON CBUTBI (HUXHUIA Tprac) BocTouHo-be3B0OJHEHCKOrO MECTOPOXEHNSA, KOTOPOE PACMONOXEHO Ha
BocTtoke CTaBpoOnonbCKOro Kpas. 3anexu MeCTOPOXXAEHUs UMELOT BbICOKYHO CTENeHb NPOCTPAHCTBEHHON HEO -
HOPOLHOCTW, OTPAXKAOLLLEACH B MO3aU4YHOCTI 30H MOBbILLIEHHOW HedoTe0TAa4N. YCTaHOBIIEHE 3aKOHOMEPHOCTEN
pacnpocTpaHeHust Takux 30H NO3BOAUT €O3[aTb Hanbonee ONTUManbHYK LUMPOBYD reonornyeckyto Moaenb
3anexein. Llenbto nccnegosaxns ABAAETCA y4eT PE3YNbTAaTOB BbISB/IEHHbIX 3aKOHOMEPHOCTEI pacnpocTpaHeHus
30H NOBbILUEHHON TPELLMHOBATOCTM NPOAYKTUBHOMO NnacTta npu 060CHOBAHUM NEPCNEKTUBHbIX 06bEKTOB A0PA3-
BeJKW 1 fopa3paboTkn BocTo4yHO-be3BogHeHCKoOro Mectopoxaerus. MeToabl ucenegosanus. B xoae nccnemo-
BaHWs 6bl71 UCMONb30BAH METOA KOPPENALMOHHOr0 aHanu3a napameTpoB A06bI4YM HEPTU U NPOCTPAHCTBEHHbIX
XapaKTepUCTUK PacnonoXeHns CKBaXMH, MOMYYeHHbIX B Pe3ynbTaTe CTPYKTYPHOrO AeLINdpUpoBaHUs matepu-
anoB AMCTAHLMOHHOrO 30HAMpoBaHna (M3), a TakKe MeTo4 MOAENMPOBAHNS 30H Pa3BUTNS YYHLLIEHHBIX KOM-
NIeKTOPOB B 0TEYECTBEHHOM NporpaMmHom o6ecneveHnn (M0) THaBuratop ¢ y4eToM HOBbIX MOMYYEHHbIX AAHHBIX.
Pe3ynbTatbl paboTbl. Ha 0CHOBAHUM [AHHBIX, MOJTYYEHHbIX NPKU 06PA6OTKE re0s1oro-npoMbICIIOBOrO MaTepuana
1 pe3ynbtatoB M3, BbISBNEHbI IMHENHbIE 30HbI MOBbILLEHHOW NPOAYKTMBHOCTM B KAPOOHATHBIX OTNOXEHUAX
HedpTeKyMcKon cBUTbI BocTo4HO-Be3BOAHEHCKOr0 MecTopoXaeHus. 3yyeHbl N MpUMEHeHbl TEKTOHUYECKNIA 1
NNTONOro-aunanbHbIn KPUTepUM A5 y4eTa pes3ynbTaToB BbISIBMIEHHbIX JIMHEAHbIX 30H MOBbILLEHHO NPOLYK-
TWBHOCTM KOJJIEKTOPA B LIMCDPOBOI reosiornieckoii Mogenn. ABTopamu AaHHOro UCCefoBaHms 6biia noCcTpoeHa
KapTa natepasbHOro pacnpegenenus cetu TpewH B M0 THasuratop ¢ y4eTom pa3paboTaHHOro 0606LLEHHOM0
K03(h(pMLMEHTA MHTEHCUBHOCTI TPELLMHOBATOCTU. B pe3ynbraTe CONOCTABNEHUS KapT NapameTpoB, BANSIOLLIMX
Ha BEMNYNHY HAKONAEHHON A06bI4YM HE(OTN, aBTOPaMI BbleNeHbl 30HbI, HANO0Mee ONTUMANbHbIE 471 pa3MeLLle-
HUS YNNOTHAOLLEro 6ypeHuns 1 NPpOBeSEHUs reonoro-TexHunyeckux meponpuatuii (FM).

KntoveBble cnoBa: kapOoHaTHbI KONNEKTOP, MOAENMPOBAHME TPELUMHOBATOCTU, IMHEAMEHTbI, 30HbI MO-
BbILUEHHO NMPOAYKTUBHOCTM, TPELUMHHAA NMYCTOTHOCTb, TPEHL MIIOTHOCTM TPELUMH, ANCKPETHAA CeTb TPELLH,
NPOrH03Hasa cxema.
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Abstract: Relevance. The oil-and-gas fields in the Eastern Fore-Caucasus, the oldest oil-and-gas region, are at
the stage of declining production or have been completed, so there is an urgent need to increase the hydrocarbon
potential. The object of the study is the Neftekumsk fractured carbonate formation (Lower Triassic), which is
promising in this regard, on the Vostochno-Bezvodnenskoye field, which is located in the East of the Stavropol
Territory. The deposits of the field have a high degree of spatial heterogeneity, reflected in the mosaic of zones of
increased oil recovery. The establishment of distribution patterns of such zones will make it possible to create the
most optimal digital geological model of deposits. The aim of the study is to take into account the results of the
identified patterns of the increased fracturing zones distribution of the productive reservoir when substantiating
promising exploration and development facilities for the Vostochno-Bezvodnenskoye field. Methods. The study
used the method of correlation analysis of oil production parameters and spatial characteristics of the location of
wells obtained as a result of structural decoding of remote sensing materials, as well as the method of modeling
the zones of improved reservoirs in the domestic tNavigator software package, taking into account the new
received data. Results. Based on the data obtained during the processing of geological and field material and
the results of remote sensing materials, linear zones of increased productivity were identified in the Neftekumsk
carbonate formation of the Vostochno-Bezvodnenskoye field. Tectonic and lithological-facies criteria have been
studied and applied to account for the results of the identified linear zones of increased reservoir productivity
in a digital geological model. The authors of this study have constructed a map of the lateral distribution of the
fracture network in tNavigator software, taking into account the developed generalized coefficient of fracture
intensity. As a result of comparing maps of parameters affecting the amount of accumulated oil production, the
authors identified the zones that are most optimal for the location of infill drilling and well intervention.

Keywords: carbonate reservoir, fracture modeling, lineaments, high productivity zones, fracture voidness,
trend of fracture density, discrete fracture network, predicted scheme.

For citation: Chernenko K.I., Saidova K.M., Yeriomina N.V., Shatokhin N.E. Identification of increased
fracturing zones of the Neftekumsk natural reservoir on the Vostochno-Bezvodnenskoye field using the software
product “tNavigator”. Geologiya | Geofizika Yuga Rossii = Geology and Geophysics of Russian South. (in Russ.).
2025. 15(2): 206-218. DOI: 10.46698/VNC.2025.97.91.001

BeepeHe

OTtkpbiTHE U pa3padoTKa B Pa3IMYHBIX HEPTETa30HOCHBIX TPOBUHLIUAX KPYIHBIX Me-
CTOpOXJIeHUN HedTH U ra3za B KapOoHaTHbIX Tonmax (Actpaxanckoe, CeBepHoe Xoce-
nato, Kapauaranak, Tenru3, OpenOyprckoe) [barpuniieBa, 2003] moctaBuim B pas3psia
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NIEPBOOUYEPEHBIX 3a/1a4 UCCIIEAOBAHUS UX I€0JOTMYECKOr0, TEKTOHUYECKOTO CTPOEHMUS,
a TaK)XXe BBISIBJICHHE 3aKOHOMEPHOCTEN aHU30TPOIMHU ITyCTOTHOTO npocTpancTBa. C 3Toi
TOYKH 3pEHUs, cTapeiine HedTera3oHOCHbIE peruoHbl, B ToM uncie Boctounoe [Ipen-
KaBKashbe, I7e A0 CUX MOp pa3padaTbIiBalOTCs 3ajeku HeTH, IpUuypoUeHHbIe K pugoreH-
HBIM CTPYKTypaM B KapOOHATHBIX KOJUIEKTOPAX, OCTAIOTCS HETOU3yUCHHBIMH.

BocTouno-be3BogHeHCKOE MECTOPOKACHNE OTHOCUTCS K Hanbosee MacTaOHbIM 1O
reoJIOrMYECKUM 3aracaM yIiieBoioposioB Ha Tepputopuu CraBponosibcekoro kpas [Cu-
nopuyk, 2024]. 3anexu HedTH HEPTEKYMCKONM CBUTHI HUXKHETO Tpraca Bocrouno-bes-
BOJIHEHCKOTO MECTOPOXKACHHUs (UeThIpe 3ajiexku Ha BOoCTOUHOM Mojie U J1Be 3ajeXu Ha
be3BoHEHCKOM 110J1€) MPEACTaBIEHbI MOIIIHBIMU MAaCCUBHBIMU TPELIMHHO-KaBEPHO3HbBI-
MU U3BECTHSAKAMU, UMEIOLIMMH BBICOKYIO CTEIIEHb POCTPAHCTBEHHON HEOTHOPOIHOCTH
B pazpese [Uepnenko, 2024a; Xacanos, 2011]. B TEeKTOHUYECKOM OTHOIIEHWH TAHHBIN
00bEKT MpuypoueH K BennuyaeBcko-MakCHMOKYMCKOMY Basly 30HbI MaHBIUCKUX HpO-
ru0oB. Bam MHTEHCUBHO IMCIOLMPOBAaH KPYNHBIMU HapylleHusaMHU. [lo oTHomeHuto k
OKpy>KaroIuM nporudam amruintyaa Baja cocrasisier 700-1000 m.

[1o naHHOMY MECTOPOXKAEHUIO HAKOIIJIEH F'€0JI0T0-IIPOMBICIIOBBIN MaTepual, KOTOpbIi
HO3BOJIET Pa3paboTaTh HOBbIE KPUTEPUHU MPOTHO3a 30H MOBBIIIEHHON MPOTYKTUBHOCTH
JUIsL CO3JJaHHUS HayYHO OOOCHOBAHHBIX PEKOMEHIAIMH I TIPOBEACHUS YIIJIOTHSIOIIETO
Oypenust u ['TM B 115X MOBBIIIIEHHUSI CTETIEHU BHIPAOOTKH 3aacoB.

AKTYAABHOCTb PABOTHI

TpanuioHHBIMU cIIOCOOaMM, TIO3BOJIIOIIMMHU BBIIEISATh MECTa 3aJI0KEHUST HOBBIX
JOOBIBAIOMIMX CKBAXHMH M MecTa nposefaeHus I'TM ¢ 3a0ypuBaHreM OOKOBBIX CTBOJIOB,
SIBJIIFOTCSL METO/Ibl, MCIIOJIb3YIOLUE PE3YJIBTAThl TPAJIULUOHHBIX a3POKOCMOIe0I0rnye-
CKHX HCCIIEZIOBaHUH, CeiCMOpa3BeKH, CKBaXXMHHBIX T€OPU3NYECKUX U TUAPOIMHAMU-
YEeCKUX MCCIIEJOBAaHUM, N3yUeHNUs KepHA. BONbIIMHCTBO TaKUX MCCIeJ0BaHU A1 H3yda-
€MOro 00beKTa (3a UCKIIIOUEHHEM COBPEMEHHBIX CKBAKUHHBIX T€0(PU3MUECKUX UCCIIENIO0-
BaHW U M3YYEHUSI OPHEHTHPOBAHHOTO KEPHA) OBLIM MTPOBEIEHBI, HO HE OBUIN MOTYYEHBI
YIOBJIETBOPUTEIIBHBIC PE3yIbTaThl. TakuM oOpa3oM, OY€BHJIHA HECIIOCOOHOCTh TPaIH-
LIMOHHBIX METOJIOB U MOJXOA0B BBISABIIATH YUACTKH, XapaKTepU3YIOLecs Hauboiee Bbl-
COKMMHU (MIBTPALIIOHHO-eMKOCTHbIMH cBoiicTBamMu (PEC) 1 00BbsICHUTH NPUYMHBI Ha-
JMYXS YHUKAJIbHBIX IPOAYKTUBHBIX XapaKTEPUCTUK HEKOTOPHIX YUaCTKOB.

Ha cerogusiminuii 1eHp npoOneMa BBIJICICHHUS 30H MOBBIIIEHHOW TPEHUIMHOBATOCTU
KapOOHATHBIX HMPUPOAHBIX PE3EpBYapOB MHTEPECYET OYEHb MHOTME HAy4HbIE LEHTPBI
Haulel crpansl U Mupa. Komnexktus yuensix [Mynapucosa, 2022] u3 Kazanckoro (Ilpu-
BOJDKCKOTO) (heiepalibHOTO YHHBEPCUTETA 3aHMMACTCSI MCCIICOBAaHUEM HEOIHOPOIHO-
CTH CTPOEHHUS KapOOHATHBIX MOPO-KOJUIEKTOPOB 110 MUHEpaIoruueckum (azam rnocpen-
CTBOM METOJia JIEKTPOHHOIO MapaMarHUTHOTO PE30HAHCa, PEHTTEeHO(IyOPeCLEHTHOrO
aHaIu3a ¥ U3y4eHHs CTAOUIIbHBIX H30TOIOB.

Crnenmamucramu HK «Pocuedts», MHCcTHTYTA Tpobnem HedTr u raza PAH (UITHI
PAH) u np. npoBeaeHbI UCCeA0BaHUS PACIIPOCTPAHEHUS KOJIEKTOPOB C YIYUYIIEHHBIMU
KOJUICKTOPCKMMHU CBOMCTBaMHU Ha OCHOBE CEMCMUYECKHX JaHHbIX, HHTETPalUM Pa3HO-
MacIITaOHBIX FEOJIOTMYECKUX, TEKTOHUYECKHX, JTUTOJOTHUECKUX JaHHbIX [HukynuHa u
ap., 2023], mo3BonuBIIKE pa3paboTaTh KPUTEPUH TIOMCKA 30H TOBBIIIEHHON MPOIYKTHB-
HOCTH, B YACTHOCTH, OBLJIM BBISBIICHBI HOBbIE 30HBI (TaK Ha3bIBA€MbIE «OKHAa»), KOTOPbIE
XapaKTEepU3yIOTCsl H3MEHEHUEM BOJIHOBOI'O PHCYHKA.
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Wranpsackumu yuensiMu [Ferraro et al., 2020] Ha OCHOBE MeXAMCHUIIIMHAPHBIX
UCCIIeIOBAaHUN TEKTOHWYECKHX HApyIIEHUH B KapOOHATHBIX OTJIOKEHUAX ME3030HCKOTO
BO3pacTa M3yueHa CTPYKTypa MOp Kak (PYHKIMS MEXaHU3MOB Jie(hopMalliu U JUareHeTH-
YECKUX IIPOLIECCOB U MPEIIOKEHA KOHLENTYyaabHasi MOJIEIb dBOJIIOLIMH CTPYKTYpBI IIOp
U1l U3y4aeMoro o0beKTa.

VYuensie u3 Kuras [Ma et al., 2024, 2023, 2022] 3aauMaroTCst U3y4YEeHHEM KITFOUEBBIX
Hay4YHBIX MTP0o6IeM (HOPMHUPOBAHUS KOJUIEKTOPOB, KOHTPOIMPYEMBIX Pa3IOMaMH, CKOILIE-
HUH yIIIeBoJOpO0B U 3PPEKTUBHBIX METOJOB JOOBIYM HE(TH U raza U3 KapOOHATHBIX
OTJIOKEHUH B LIEHTPAJIBbHOM M 3amajiHoM OacceifHax 3Toil ctpanbl. Ha ocHoBe paspabo-
TAHHOTO JAHHBIM KOJIJIEKTUBOM YUEHBIX HEPAPXUYECKOT0 F€0JI0rMUYECKOT0 U YUCIEHHOTO
MOJICTUPOBAHUS B3aUMOJACHCTBHS )KUKOHM, TBepA0i (a3 U TeMIepaTypHOro noss Oblia
3HAUUTEJILHO MOBBIIIEHA TOYHOCTh POTHO3UPOBAHUS POYKTUBHOCTH HEQDTSIHBIX U ra-
30BBIX IJIACTOB.

Hpyras rpynna uccinenoBareneid u3 Kuras [Wenyang et al., 2021] ¢ nomorupto co-
YEeTaHMsI T€0JIOTMYECKOT0, CTaTUCTUUECKOIO U AKCIEPUMEHTAIbHOIO aHAJIN30B JaHHBIX
BIIEpBbIe pa3zpaboTaja KOJIMYECTBEHHBIH MeToa pacuéra 3(P(EeKTHBHOCTH MHUTpALUH
YIIIEBOAOPOIOB MO KOJUIEKTOPAM, OCI0KHEHHBIM TEKTOHUYECKMMHU HapyIlIEHUsIMH (pa3-
JOMaMM), Ha mpuMepe keMOpuiickoit Gpopmaruu Jlyasanrmsio B CuuyanbckoM Oacceiine.
Pesynbprarel 3TMX HCCIEI0BaHUI MOKa3ajad, YTO CUCTEMBI IyTE€H MUIPALUU YITIEBOLO-
POJIOB I10 KOJUIEKTOpPaM, OCJIOKHEHHBIM TEKTOHUYECKUMHU HApPYLIEHUSMHU, KOHTPOJIUPY-
10T aKKyMYJISILMIO YITIEBOIOPOJOB. AHAJIN3 JaHHBIX M0 17 CKBaKMHaAM, MPOOYypEeHHBIM
C HCIIOJIB30BAHUEM AITOTO METOJIA, CBHJIETEIBCTBYET O BBICOKOM CTENEHU KOPPEISLUU
MEX]ly MPOIYKTUBHOCTBIO CKBAKUH U 3(P(PEKTUBHOCTHIO MUTPALIMH YIIICBOAOPOIOB I10
KOJUJIEKTOpaM, a CTENeHb COOTBETCTBUS (PaKTMUECKUX U MPOTHO3HPYEMBIX PE3yJIbTaToB
cocrasuiia 83%.

CoBmecTHas Hay4Hasi paboTa UPaHCKUX M HEMELKHUX y4eHbIX [Iman et al., 2024] nox-
TBEP)KJAET AKTYaJIbHOCTh M BaXHOCTb MOJEJIMPOBAHUS PA3JIOMOB Ha 3Talle Pa3BEAKHU
YIIIEBOAOPOIOB U MOCIEAYIOUIMX MCCIEOBAaHUM B mpolecce pa3paboTKU M OCBOEHUS
MecTOpOKJIeHUN. Tak, HOCTPOEHHbIE UMM MOJIENIM MEJIKO- U KPYMHOMACIITaOHBIX pa3-
JIOMOB, CO3/IaHHBIE HA OCHOBE CEHCMUYECKUX U CKBa)KMHHBIX JaHHBIX, COBMEIIAIOTCS C
OOBIYHOM MOJIEIbIO Pa3JIOMOB ISl CO3JaHHUsS MHTETPUPOBAHHON JHUCKPETHOM CeTH Tpe-
uH (Discrete fracture network — DFN). Pesynbrarbl, moaTBEpKAEHHBIE C MOMOIIBIO
nanHbiXx Formation Micro Imager (FMI), neMOHCTpUPYIOT TOYHOCTh UHTETPUPOBAHHOMN
Mozenu DFN 1o cpaBHEHHIO C TPaJMLMOHHBIMHU IOJXOJAMHU Ha UCCIIELYEMOM MECTO-
POXJIEHUH, 0OCOOEHHO MPHU BBISBICHUH MEJIKOMACIITAOHBIX Pa3JIOMOB.

B HacTosmeit pabote npejaraercs, KpoMe TpaJullHOHHBIX METOJI0B UCCIIEAOBAHMS,
UCIOJIb30BaTh HOBbIE KPUTEPHH BBISIBICHUS 30H MOBBILICHHOW TPEIIMHOBATOCTH HedTe-
KyMCKOI'O IIPUPOJIHOTO pe3epByapa BocTouHO-Be3BOIHEHCKOrO MECTOPOXKIEHHUs, pas-
paboTaHHbIE HA OCHOBE MPUMEHEHUS CTATUCTUYECKOTO aHaJIM3a Ie0JI0r0-pOMBICIOBBIX
JTaHHBIX, & TAK)KE CONOCTABJICHUS HAIIPABJIEHUI JTMHUI MOBBIIIEHHON IPOyKTUBHOCTH C
CUCTEMOM JINHEaMEHTOB JINarOHAJILHOTO U OPTOTOHAJIBLHOTO ITPOCTUPAHMS.

Ha cerousimHuii 1eHb aKTyaJbHBIM SIBISICTCSI IMIIOPTO3aMeElleHue B He(TerazoBon
MIPOMBIIIJIEHHOCTH, B YaCTHOCTH, B HEPTAHOM I'€0JIOTHH, B TOM YHUCIIE IPUMEHEHHE CO-
BpeMeHHOro oreuectBeHHOro I10. OgHum M3 psaa MpoayKTOB TaKOTO IPOrPaMMHOIO
o0ecriedeHus ABISAETCS TEXHOJIOTUYHBIN U yIOOHBIA MPOIYKT Ul MOACITUPOBAHUS Me-
cropoxxaeHuss — THasurarop xommnanuu MPM (PykoBoncTBo monb3oBarens ..., 2004-
2024, https://rfdyn.ru/) [Urunmanos, 2022].
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MaTtepunabl U METOABI MICCAEAOBOHUM

@DaKTUYECKUM MaTepHalloM MOCIYXHUJIU JaHHbIE O MPOTYKTUBHOCTH 48 3KcIyara-
LIMOHHBIX CKBAXHH, a TaKXKe KapoTaxHbli MaTepuai (1:200), cTpyKTypHbIE KapThl, KAPThI
3 PEeKTUBHBIX HE()TEHACHIIICHHBIX TOJIIWH M HAKOIUIGHHBIX OTOOPOB 3ajiekell HeTH
UCCIIElyeMOr0 MECTOPOXKAEeHU. J[J1s1 BBISABICHUS TMHEHHBIX 30H MOBBIILIEHHON MPOIYyK-
TUBHOCTH B KApOOHATHBIX OTIOKEHUIX HEPTEKyMCKOM cBUTHI BocTouHo-be3BonHeHCcKko-
T'0 MECTOPOX/ICHUs ObLJI MPUMEHEH METO/ KOPPEJSAIMOHHOTO aHallu3a MapamMeTpoB J0-
ObIYM HEPTHU U MPOCTPAHCTBEHHBIX XapaKTEPUCTHUK PACIIONIOKEHUS CKBAXKHH.

B xone npoBeneHus uccieaoBaHusl aBTOPaMHU ISl BBISIBIICHUSI aHU30TPOIIMU ITPOCTHU-
paHusl CUCTEM TPEIIMHOBATOCTH (Pa3jIOMOB) MCIOJIb30BAHBI PE3YJIBTAThl CTPYKTYPHOIO
nemuprupoBaHms pailoHa HccaeJ0BaHUs HA OCHOBE CUCTEMHO-UEPAPXUUECKOT0 MOAXO0-
na [Huxonos, 2019; Hukonos, 2016, 2011; Uepuenko, 20240] Tpex ypoBHE# reHepaiu-
3alMU: PETHOHAIIBHOTO, 30HAJIBHOIO U JIOKAJIBHOIO.

MopnenupoBaHue 30H Pa3BUTHS YIYUIIEHHBIX KOJJIEKTOPOB OCYLIECTBISUIOCH B OT-
edectBeHHOM [10 THaBurarop (Monyns «/Iuzaitnep ['eonorumn, Monenein»).

Pe3yAbTaTbl PABOTHI M X OBCYXAEHME

C uenbo nony4eHuss HeoOXOUMBIX MMapaMETPOB TPEIIMHOBATOCTH aBTOpPaMH IMpe-
JIOKEHA METOJIMKAa TIOCTPOCHMsSI TPEH/A IUIOTHOCTH TPEIIUH 1O JAHHBIM PE3yJIbTaToB
CTpyKTypHOTO nemudpupoBanus M/[3, IpOAyKTUBHBIX U MPOCTPAHCTBEHHBIX XapaKTe-
pUCTHK noOBIBaronuX ckBaxxuH [UYepHenko, 2024a; Yepuenko, 20246]. MonenupoBanue
CETH TPEIINH MTPOBEICHO B 00beMe MPUPOIHOTO pe3epByapa 3anexeil Heptu HePTeKyM-
CKHMX OTJIO)KEHU BOocTOUHO-be3BOIHEHCKOTO MECTOPOXKACHUS.

B kadyecTBe OCHOBBI AJIi IOCTPOCHHSI TPEHJAA IUIOTHOCTU pAaCIpeeieHUs] TPEIluH
JUTSL ICCIIETyEMBIX 3aJIe)Kel UCIIOb30BaH MapaMeTp B Bujie 00001eHHOTo K03 UIineH-
Ta MHTCHCHBHOCTH TPEIIMHOBATOCTH K o4y, TO3BOISIOIINA OXapaKTEPU30BaTh BO3MOIK-
HOCTb MOMAaJaHus CKBaKUHBI B 30HY C BBICOKMMH MPOTYKTUBHBIMU XapaKTEPUCTHUKAMHU.
Jlanubiit K03((OULIHEHT SIBISETCA PE3YIbTaTOM MEPEMHOKEHUSI KOIPPUIIMEHTA, YUUTHI-
BAIOILIETO KOJIMYECTBO TOYEK MEPECEUCHUS JIMHEUHBIX 30H MOBBIIIEHHOW MPOyKTUBHO-
CTH, U K03 PunrenTa 6IM30CTH CKBRXKUH OT HUX.

OGOCHOBaHHEM BO3MOXHOCTH HCTIONb30BaHus koddduuuenta Koz, sBnseTcs Han-
OoJbllasi TECHOTA CBSI3M ¢ HakoruieHHOH noOwrueit Hedtu (R=0,800, puc. 1) mo cpaBHe-
HUIO ¢ TAKUMH TTOKa3aTelsIMH Kak 3¢ dexkruBHas HedTeHachieHHas Tonmuaa (R=0,480,
[Uepnenko, 2024a]), abcomoTHast oTMeTKa Kposiu 1acta (R=0,040), anurensHoCTh Tie-
puona skcrryaraiuu (R=0,370), makoruiennas qoosrda Boasl (R=0,390), kotopeie ObLn
paccMOTpeHbI aBTOpaMU MPpU U3y4eHUH He(TeKyMcKoi cBUTH BocTouno-be3BonneHcko-
IO MECTOPOXK/IECHHUSA. DTO JaeT BOBMOKHOCTh OCYIIECTBUTH MOJIEIMPOBAHHUE U IIPOTHO3U-
pOBaHME TPEIIMHOBATOCTH B IIU(PPOBBIX TEOTIOTUIECKUX MOICIISX.

Touku ¢ MaKCUMaJIbHBIMU HAKOIIJICHHBIMU OTOOpaMH (BepXHEe «KpacHOe» MoJe) He
CBSI3aHBI C OCHOBHBIM O00OBEMOM JaHHBIX ((CHHEE IO0JIe»), U UX BEJIMYMHA OOYCIIOBJICHA
HEYYTCHHBIM (aKTOPOM, TPEOYIOIIUM JOMOIHUTEIBHOTO U3yYeHHUs. AHOMAIBHO BBICO-
KM€ 3HaYCHUsI IEPEMEHHBIX OKa3bIBAIOT CYIIECTBEHHOE BIMSIHHE HAa KAYECTBO PErpeccu-
OHHBIX MOJIEJIEH, TOITOMY OHU HE BKJIFOUEHBI B MOCTPOEHHYIO CTATUCTUYECKYIO 3aBUCH-
MOCTb. B HacTosIIeM citydae aHOMaJIbHO BRICOKUE 3HAYCHUS HE SIBIISIFOTCS OIIMOOYHBIMH,
OHHM JJOJDKHBI CTaTh MPEIMETOM OTAEIBHOTO UCCIIECTOBAHMSL.
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Ha pucynke 2 mpencraBieHa KapTa TpeHAa IUIOTHOCTU TPELINH, XapaKTepHU3Yoas
M3MEHEHUS 110 TUTOIAAM 3aJIeKH 00001EeHHOT0 KO3 UIIMEHTa HHTCHCUBHOCTH TPEIIIH-
HOBarocTH. KapTa oTpa)kaeT MOTEHIIMATbHYI0 HHTCHCHBHOCTD TPEIIMHOBATOCTH B ILTA-
CT€ U PACHpPOCTPAHECHUE YYACTKOB C MOBBIIIEHHBIMH MPOTYKTUBHBIMH XapaKTePUCTHKA-
Mmu [YepHenko u ap., 20246].
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Puc. 1. I'pagux 3asucumocmu HakonieHHo 006biuy Heghmu om 0600w eHHO20 KO3 duyueHma
UHMEHCUBHOCIU MPEUWUHOBAMOCTNU (K oy = Kooy nepee X K ams) 01 3a1€01CEll Heghmu HedhmeKyMCKoU caumbl
Bocmouno-Be3soonenckoeo mecmopoosicoenus: 1 — «cuneey noie KoppeusiyuoOHHbIX mMoyexK 05 OCHOBHO20

06veMa OanHbIX; 2 — «KPACHOE» NOoile KOPPENAYUOHHBIX MOYEK ¢ AHOMATLHO BbICOKUMU 3HAUEHUAMU
HaxonyeHHou 000viyu Hepmu (bonee 180 moic. m) /

Fig. 1. Graph of the dependence of accumulated oil production on the generalized coefficient of fracture
intensity (k_intersection pointxk_proximity) for the deposits of the Neftekumsk formation
of the Vostochno-Bezvodnenskoye field: 1 — “blue” field of correlation points for the main volume of data;
2— “red” field of correlation points with abnormally high values of accumulated oil production
(more than 180 thousand tons)

VY4YacTky MOBBIIIEHHOW TPEIIMHOBATOCTH B IMpelenax 3ajeked pacrojiararorcsi Ha
paccrostHum okojio 750-2000 M. Ha mocTtpoeHHyr0 KapTy ObUIM HaHECEHBI JIMHEAMEHTBI
JTMarOHaJIbHOTO ¥ OPTOTOHAJIBLHOTO MPOCTUPAHUS, MOyUYeHHBIE B pe3yabTaTe CTPYKTYp-
Horo nemudpupoBanus M/[3 nokaabHOTO ypOBHS TeHepain3allii, YCTaHOBIIEHA COBMeE-
CTUMOCTb JTUHEAMEHTOB (TIOTEHIIMAIBHBIX YYaCTKOB MOBBIIIEHHON TPEIIMHOBATOCTH) C
JUHUSMH TIOBBIIIEHHON NMpoayKTuBHOCTH [YepHeHko, 20246]. Hanbomnpinas BenuunHa
0000611eHHOT0 K03 PHUITMEeHTa MHTEHCUBHOCTH TPEIIMHOBATOCTH HAOIOMAETCS B palioHe
CKBa)KMH Ha ceBepo-BocToke 3anexu Il Boctounoro moms ucciaemnyemMoro MecTopox/ie-
Hus. CrnenyeT OTMETHTb, YTO B pallOHE TaHHOTO y4acTKa HaXOAsTCs CKBaXUHBI 210BO u
20 ¢ HanboJee BEHICOKMMHU BETMYMHAMU HAKOTUIEHHOU 100b19u HedTH (112 ThIC. T).

Hcxonubie mapametpsl (crienupukanys, JUIMHA, OpUEHTAIHS TPEUTUH U JIp.) MPH T0-
CTpOEHUHU AUCKpeTHOH ceTu TpemH DFN mpuHSATHI 0 aHanoruu ¢ nudpoBbBIMU T€O-
JIOTHYECKUMHU MOJIENIIMHU KapOOHATHBIX OTIOKEHUH HeTAHBIX 3anexeil BennuaeBcko-
Kononesnoro m 3umHe-CraBkuHcKo-IIpaBoOepexHoro MectopoxacHuii [UYepHEHKO,
202446].
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Puc. 2. Kapma mpenoa niomnocmu mpewur 3anedxicell Hepmexkymckou ceumsl Bocmouno-
bessoonenckozo mecmoposicoenusa: aunetinbie 30Hbl NOGIUEHHOU NPOOYKMUBHOCIIU.
1 — ouazonanvnas cucmema; 2 — opmoeoOHAIbHAA cucmema, 3 — KOHMyp 3anedxicu, 4 — CKeajicuna,
5 — uzonunuu unmencueHOCMU MpewuHo8amocmu; 6 — epanuysl 3ameueHus. KoaieKmopos /

Fig. 2. Trend map of fracture density of the deposits of the Neftekumsk formation of the Vostochno-
Bezvodnenskoye field: linear zones of increased productivity: 1 — diagonal system, 2 — orthogonal system;
3 —deposit contour,; 4 —well; 5 — fracture intensity isolines; 6 — reservoir replacement boundaries

Cerp TpemuH OblIa HOCTpOEHA ¢ y4yeToM cBoicTBa BeposiTHocTH DFN (B Buze
3D-cBolicTBa TpeHAa INIOTHOCTU TpelirH) (puc. 3a). DTo NO3BOJIMIO OCYLIECTBUTH 00-
Jiee JOCTOBEPHBIN MPOTHO3 CBOMCTB TPELIMHOBATOCTH U CO3[aTh PEATUCTUYHYIO TPeX-
MEPHYIO I'€0JIOTHYECKYI0 MOJIeNIb HE(PTEKYMCKHX OTIOKEHHH 3anexeil Hegtu Boctouno-
be3BoIHEHCKOTO MECTOPOXKICHNUS.

Jlyis BKIIFOYEHMSI CETH TpeHMHOBaTocTH B 3D-mozens aBTopamMu ObLIO MOCTPOCHO
cBoMcTBO o pemaciraduposanuo DFN ¢ nmomomsio uzBectHoro [3akpeBckuii, 2009;
Ko3ses, 2019] merona Oda. beutu nosydeHs! cieayronme KyOobl CBOMCTB: KyO TpeIiuH-
Hoii nopucroctu (Poro) u kyObl mpoHHIIaeMOCTH B Tpex HanpasieHusx (Perm i, Perm j,
Perm_ k). Ha pucynke 30 npezacraBieH NOIy4eHHBIH KyO TPELUIMHHOM MOPUCTOCTH HC-
CJIelyeMBbIX OTJIOKEHUH.
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Puc. 3. Cemv mpewyurn DFN (a), ky6 mpewunnou nopucmocmu Poro (6) oovexma ucciedosanus,
NOCMpOeHHbIe ¢ UCTONb308AHUEM Kapmbl mpendd. Yeaosnvle 06o3navenus Ha puc. 2 /
Fig. 3. Fracture network DFN (a), fracture porosity cube Poro (b) of the object of research,
constructed using trend map. Symbols in fig. 2

I[JISI yducTa pe3yJIbTaTOB BBIACICHUSA JIMHEHHBIX 30H IIOBBIIICHHOM MMPOAYKTUBHOCTH
OTJIOKCHUI HC(I)TCKYMCKOfI cBuThl BocTouHo-be3BomHEHCKOro MCCTOPOXKACHUA TIpH
000CHOBaHHH MEPCIHCKTUBHBIX 00BEKTOB A0Pa3BCAKU U I[Op3.3p216OTKI/I HU3YUCHBI U IIpU-
MCHCHBI JIUMTOJIOTI O-(i)aI_II/IaJ'ILHBII\/’I 1 TEKTOHHUYECKHUM KPpUTCPUH. B Ta6J'II/II_Ie 1 MMPUBCACHBI
KpUTCPUU IPOTrHO3a 30H MOBBIIICHHOM MPOAYKTHUBHOCTH.

Kpurtepun nporuosa 30H NoBbIIIIEHHONH NPOAYKTHBHOCTH /
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AbcomntoTHas
OTMETKa KPOBJIH
MOBEPXHOCTH
Texrormueckuii / He(TEeKyMCKOM I'1C, xepn / He npumensiercs /
Tectonic cBUTHI, M / Absolute Logging, core Does not apply
depth mark of the
top of Neftekumsk
formation, m

Hakonnennas
. 0OBIYA BOIKI, THIC.T
gg?évﬂ’lcnom’m / / Accumulated water
production, thousand
tons

Crarucrtuyeckuii / He npumensiercs /
Statistical Does not apply

JIIATEIbHOCTD
[IpomsbIcoOBEIiT / paboTHI CKBaXKHH, Craructuyeckuii / He npumensiercs /
Field roasl / Duration of Statistical Does not apply

wells, years

Hcxonst U3 pe3ynbTaroB CTaTUCTUUECKOTO aHalu3a PacHpeiesieHUs CPeJHUX 3Haye-
HUI T€0JIOTO-TIPOMBICIIOBBIX MTOKa3aTesel, MPOBEIEHHOTO aBTOPAMH, B KA4Y€CTBE KpUTeE-
pust ISl 30H, ONTHUMAJIBHBIX Ul pa3MELCHUs YIUIOTHSIOMIEro OypeHHsl U MPOBEIECHUS
I'TM, npunstsl 3¢ dekTuBHbIe HEPTEHACHIIIEHHBIE TOIIIHUHBI (JIMTOJIOrO-CTpaTurpadu-
yeckuii (hakrop) 6osee 60 M.

Bemnunna kputepust 00001meHHOr0 KodhpuImeHTa HHTEHCUBHOCTH TPEIIMHOBATO-
CTH (TEKTOHMYECKUH (PaKTOp) ONpeesiiach UCX0s U3 BEIMYMHbI JAHHOTO IOKa3aTess,
XapaKTEepHOTO JUISi CKBAXHH C MAKCUMAJIBHOM MPOYKTHBHOCTHIO (HAKOIUIEHHAs T0OBIYa
Hetr 6omee 180 THIC. T) Kak B IIEJIOM JJIsl OCHOBHBIX 3ajiekeil He(PTEeKyMCKOW CBUTHI B
paiione BennuaeBcko-MakcuMokyMmckoro Bana [Yepuenko, 20246], Tak u 1y Bocrouno-
besBogHeHCcKOoro MecTOpoXKaeHuUs (pUcC. 1) B 4aCTHOCTH.

Jlanee conocTaBieHbl METOJOM HAJIOXKEHHUs JPYT Ha JIpyra KapThl IapaMeTpoB, UMe-
IOLIMX HAHOOJIBIYIO TECHOTY CBSI3M C HAKOIUICHHOM 100b1ueii HedTr: 0000I11eHHOT0 KO-
s PuIreHTa UHTEHCUBHOCTH TPEUIMHOBATOCTH (puc. 4) u 3(h(HeKTUBHBIX HEPTEHACHI-
IICHHBIX TOJIIHH (pHC. 5).

Puc. 4. Cxema pacnpocmpanenus snauenuii 0000w eHH020 Kodghduyuenma unmerHcueHocmu
MpewuHo8amocmu 06eKma ucciedosanus. 1 — usonunus, o.e.
OcmanvHbie ycrnoguvie 0bo3naueHus Ha puc. 2/

Fig. 4. Distribution scheme of the values of the generalized fracture intensity coefficient
for the object of research: 1 — isoline, unit fraction. The other symbols are shown in fig. 2
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Puc. 5. Kapma s¢pcpexmusnvix neghmenacoviuyernvix monwun: 1 — uzonaxuma, m.
Ocmanvhvie ycrosHnvie obo3naueHus na puc. 2 /

Fig. 5. Map of effective oil-saturated thicknesses (net pay zone) for the object of research:
1 —isopachyte, m. The other symbols are shown in fig. 2

30HbI, HaKOOJIee ONMTUMAIILHBIC JIJIS Pa3MEIeHHUs YIUIOTHSIIOMIET0 OypeHUs U ITPOBe-
nenus ['TM, mipencraBieHsl Ha porHo3HO# cxeme ymyureHHbIXx @EC (puc. 6). U3o-
JIMHUY, BBIPAKEHHBIE B IMIPOLIEHTAX, MOKA3bIBAIOT BEPOSTHOCTD MOMAIaHUs CKBAKUHBI B
30HBI C BBICOKOM MPOAYKTHBHOCTBIO.
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Puc. 6. Ilpoenosnas cxema ynyuwennvix @EC negpmekymMcKux KapOOHAMHbIX OMI0NACEHULL 3a1edxcell
negpmu Bocmouno-be3800nencko2o mecmoposicoenus.
1 — cmenenv 6eposmnocmu pasmeujeHust CKEANCUHbL 6 30He C MAKCUMATbHOU NPOOYKMUHocmoio, %.
OcmanvHbie ycnoguvie 0603naueHus Ha puc. 2/

Fig. 6. Predicted scheme of improved reservoir properties for the Neftekumsk carbonate formation
of the oil deposits for the Vostochno-Bezvodnenskoye field:
1 — the degree of probability of placing the well in the zone with maximum productivity, %.
The other symbols are shown in fig. 2

Ha BoctoyHoM mosie BbIIETICHBI IBE 30HBI C BHICOKUM MPOTHO3HBIM MOTEHITUAIOM: B
IIEHTPAILHOM YaCTH U Ha CEBEPO-BOCTOKE. BemmunHa mporHo3HOro MoTeHIIMaaa COCTaB-
nsiet ot 70 % mo 100 %, o6006mennpIi ko3 duimeHT nHTEHCUBHOCTH O01ee 0,5 .., 2¢-
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(exTrBHBIE He(TEHACHIIEHHbIE TOMIIMHBI Ooee 60 M. Ha be3BonHeHCcKkoM mosie Beu-
YMHA IPOrHO3HOI'0 MOTEHIIMAJIa 3HAYUTENbHO HUXKe, yeM Ha BoctouHoM. MakcuMasbHast
BEJIMYMHA JAHHOTO Mokasaresns He npebimaet 70 %, mperuMyIiecTBEHHO 3a cueT 0osee
HU3KUX BEJIMYUH 3()(PEKTUBHBIX HE()TEHACHIILIEHHBIX TOIIIHIH.

Takum 00pa3om, BBISBICHBI MEPBOOYEPEIHBIE OOBEKTH MPU (OPMHUPOBAHUM TIPO-
rpamm I'TM.

BbiBOADI

KommnekcupoBanue TpaJauLIMOHHBIX METOJOB aHaIM3a (MCCIIEOBaHUs KEpHA, JINTO-
JOTUYECKUX AaHHBIX, MaTepranoB [ IC) 1 HOBOro METOAMYECKOTO TOX0/1a (COMOCTaB-
JIeHHE Pe3y/IbTaTOB JIMHEAMEHTHOTO aHAJIN3a, BBISIBJICHHBIX HAIPaBJICHUI 30H MOBBIIICH-
HOM MPOAYKTUBHOCTU U T€OJIOTO-IIPOMBICIIOBBIX JaHHBIX) MO3BOJISET MPOBOJUTH OINTH-
MU3aIMIo mporecca popmupoBanus nporpamm ['TM.

Ha nmpumepe 110 THaBurarop B 1aHHOM cTarbe MOKa3aHa BO3MOKHOCTb ITOCTPOEHUS
YTOUHEHHBIX HHU(POBBIX T'€OJIOrMUYECKHX MOJENEH ¢ MOMOUIbI0 COBPEMEHHBIX OTede-
CTBEHHBIX MPOTPAMMHBIX MPOTYKTOB.

Pesynprarel JaHHBIX MCCIIEAOBAaHUMN MO3BOJIAT B JAJbHEWUIIEM HCIOIB30BaTh IMOJIY-
YEHHBIN aJITOPUTM ISl U3YUEHHSI IPYTHX MECTOPOXKACHUN CONPENETBbHBIX TEPPUTOPUA.
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Pestome: AKkTyanbHocTb paboTbl. [1po6nema 3arpsi3HEHNUs NOBEPXHOCTHbIX BOJ MOTEHUWANbHO TOKCKY-
HbIMMW 3f1eMEHTaMU B palioHax pacnofiokeHus NpeanpuaTuin no Aobblye M 060ralleHNo NoNUMETaNIMYECKMX
PYA 0COGEHHO aKTyasibHa As FOPHbIX PErMOHOB, T.K. BOLbl B 3TUX PErMOHAX WMEKT HU3KYK CMOCOBHOCTb K
CamMoouuLLiEHNt0. Mpn 3TOM BBUAY CHOXHOCTU Fe0NI0rM4YeCcKOro CTPOEHNSt MOIOA0r0 FOPHOM0 COOPYXKEHNS Npo-
6r1ema npupoLHOro 3arpAsHeHMs BOA 3acnyXWUBaeT He MeHbLUEero BHUManus. Lienbko faHHoM paboTbl ABNSeTCs
CPaBHUTENbHBIA aHANN3 MPUPOLHOr0 U AHTPOMOreHHOro 3arpA3HeHNs NOBEPXHOCTHbIX BOJ, BEPXOBUil BaccenHa
p. ApAOH nocne pekynsTMBauuu Xxsoctoxpanunuiuia. Matepuansl u meTofbl. B paiioHe uccnenosaHus npoobl
oTéupanu B 41 nyHkTe. OTOOP NPOM3BOANNM B NepMof NeTHero naBoaka B 2022-2024 rogax. B noBepXHOCTHbIX
BOAAX W3yvanu coaepxanue 14 noTeHUManbHO TOKCUYHbIX ANEMEHTOB B PacTBOPEHHOI hopme. 3710 Ag, Al, As,
Cd, Cr, Cu, F, Li*, Mn, Mo, Ni, Pb, Sr2*, Zn. Bce npoGbl (hunbTpoBanit 4epes MeMOPaHHble (OUNbTPbI C pa3MepoM
nop 0,45 mkm. KoHueHTpauuu otopa, NUTUS 1 CTPOHLUS ONpeSensin ¢ UCnoNb30BaHNEM METOAA KanunnspHo-
ro anektpodopesa Ha npuéope «Kanenb 104T». Comep>KaHne OCTanbHbIX 311EMEHTOB OMPeAensant ¢ UCMosb-
30BaHMeM aTtoMHo-abcop6uunoHHoi cnekTpometpun (AAC) Ha npubope MIA-915. PesynbTatbl paéoTsl. [ocne
NpOBefeHNs PeKynbTUBaLnUKM YHaNbCKoro xsoctoxpaHunuia B 2019 rogy B noBePXHOCTHbIX BOJAX BEPXOBWIA
6acceitHa p. ApJoH, PacnosioXXeHHbIX HUKEe XBOCTOXPAHWUANLLA, CHASUAKUCH KOHLIEHTpaLmMn Xpoma, MoninbaeHa,
ANIOMUHKS, MbILLIbAKA, NUTIA, HUKENSA W CBIUHLA. B HacTosLLee BpemMs NPUPOHOE 3arpsi3HEHEe NOBEPXHOCTHbIX
BOJ aNtOMUHWEM, MbILUbSKOM, CTPOHLUEM W NITUEM COMOCTABUMO C @HTPOMOTEHHbIM, CBA3AHHBIM C HANUYUEM
paHee pa3pabaTbiBaBLLEroCs CBMHLOBO-LIMHKOBOr0 MECTOPOXAEHUS. B HacTosALLee BpemMs 060raLleHne noBepx-
HOCTHbIX BOZ 6acceinHa p. ApOH antOMUHUEM W JIUTUEM CBA3AHO B OCHOBHOM C BYNKQHUYECKOI JeATeSIbHOCTbIO,
1 B MEHbLUEI CTEeMeHN C BIUSHUEM XBOCTOXpPaHUNNLLA. He BbiiBNeHO npesbileHnsa MOK ans nutbesoit BoAbl B
uccneayembix BOAOTOKAX. EAMHCTBEHHbIM UCKNIOYEHNEM SBNSETCA NUTbeBas Boda noc. GagoH, B kotopoi MAK
Mo KaaMUI NpeBbIleHa B 4 pasa, No NUTUIO U MbllLbSKY B 2 pa3a. Kpome TOro, NnTbeBas BoAa 3T0Oro Nocenka
VIMEET MOBbILIEHHbIE KOHLIEHTPALMY LIMHKA U MONn6LeHa. [Ing JaHHOr0 NOCENKa HaCTOATENIbHO PEKOMEHAYETCS
M3MEHUTb UCTOYHUK BOLOCHAGXEHMS.

KntoveBble cnoBa: NOBEPXHOCTHbIE BOAbI, NOTEHLNANbHO TOKCUYHbIE 3NEMEHTbI, peKkynsTuBauus, GCagoH-
CKWIA CBUHLOBO-LIMHKOBbIA KOMOUHAT, peka ApJiOH.
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Abstract: Relevance. The problem of surface waters contamination with potentially toxic elements in areas
where polymetallic ore mining and processing enterprises are located is especially relevant for mountainous regions,
since waters in these regions have a low ability to self-purify. Due to the complexity of the geological structure
of the young mining facility, the problem of natural water pollution deserves attention. The aim of this work is a
comparative analysis of natural and anthropogenic surface waters pollution of the upper reaches of the Ardon
River basin after the remediation of the tailings dam. Materials and methods. Samples were taken at 41 sampling
points in the study area. The sampling was carried out during the summer flood in 2022-2024. The content of
14 potentially toxic elements in dissolved form was studied in surface waters. These are Ag, Al, As, Cd, Cr, Cu, F, Li*,
Mn, Mo, Ni, Pb, Sr2+, Zn. All samples were filtered through membrane filters with a pore size of 0.45 microns. The
concentrations of fluorine, lithium, and strontium were determined using capillary electrophoresis. The content of
other elements was determined using atomic absorption spectrometry (AAS). Results. Concentrations of chromium,
molybdenum, aluminum, arsenic, lithium, nickel and lead decreased in the surface waters of the upper reaches of
the Ardon River basin after remediation of the Unal tailings dam in 2019. Currently, natural contamination of surface
waters with aluminum, arsenic, strontium, and lithium is comparable to anthropogenic pollution associated with the
presence of a lead-zinc deposit that was previously developed. At the present time, the enrichment of the surface
waters of the Ardon River basin with aluminum and lithium is mainly due to volcanic activity, and to a lesser extent
to the influence of the tailings dam. There was no excess of the maximum permissible concentration for drinking
water in the studied watercourses. The only exception is the drinking water of the industrial settlement Sadon, in
which the maximum permissible concentration for cadmium is exceeded by 4 times, for lithium and arsenic by
2 times. In addition, the drinking water of this settlement has high concentrations of zinc and molybdenum. It is
strongly recommended to change the water supply source for this settlement.

Keywords: surface waters, potentially toxic elements, remediation, Sadon lead-zinc factory, Ardon River.

For citation: Reutova N.V., Reutova T.V., Dreeva F.R. Natural and anthropogenic microelement pollution
of the upper reaches of the Ardon River basin. Geologiya | Geofizika Yuga Rossii = Geology and Geophysics of
Russian South. (in Russ.). 2025. 15(2): 219-230. DOI: 10.46698/VNC.2025.46.62.001

BeepeHe

[IpoGniema 3arpsi3HEHUs TOBEPXHOCTHBIX BOJI MOTEHIIMAILHO TOKCUYHBIMU JIEMEHTA-
MU B pailoHaX pacroyIoKEeHUs MPEANPUATHI 10 J0O0bIYe U 00OTaIEHUIO TOJUMETaIIIU-
YECKUX PYJ 0COOEHHO aKTyajlbHa JJisi TOPHBIX PErHOHOB. [I0BEpXHOCTHBIE BO/BI B 3TUX
palioHax MMEIOT HU3KYI0 CIIOCOOHOCTh K CaMOOUHMIIEHMIO M3-3a HU3KUX TEMIIeparyp,
BBICOKOM CKOPOCTH TE€UEHUs U C1aboro pa3BUTHs OMOTHL. OJHUM U3 TaAKUX pPallOHOB SIB-
JSIETCSl MECTOPOXKJIEHUE CBMHIIOBO-LIMHKOBBIX pyA CaJOHCKOTO FOPHOPYIHOrO paiioHa
(CeBepnas Ocetusi-Ananusi), KOTOPOE PacIioIOKEHO B BEPXOBbX OacceiiHa p. ApnoH. B
HEM JIeMCTBOBAJIO CEMb PYAHUKOB, pyJa U3 KOTOPBIX MOCTaBis1ach Ha Mu3ypckyro rop-
HO-00oraruTensHyto (padpuky, oTKphITyio B 1929 roxy [['ypbanoB u ap., 2012]. Brutots
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1o 1984 roga orxozsl 310 (pabpuku HaMpsiMyro cOpackiBaiu B p. ApJIOH B NEpuoJ] Be-
ceHHero nasojka [['yp6anoB ap., 2012; Yuroesa u ap., 2018]. B 1984 r. O6b110 BBeieHO
B OKCIUTyaTallM0 YHAJIBCKOE XBOCTOXPAHMIIMILE C «3alLUTHBIM» 03epoM [Uuroesa u ap.,
2018]. Hannune XBOCTOXpaHUIIMIL IPUBOJUT K 3arPs3HEHUIO TOBEPXHOCTHBIX U OJ3EM-
HBIX BOJl pernoHa [3Bepena u jp., 2022; Simion et al., 2019; Kacmaz, 2020; Sasireka et
al., 2024]. B 2019 . Ha YHaIbCKOM XBOCTOXPaHUJIMIIE Obla MPOBEIEHA PEKYIbTUBALIUS.

HccnenoBanuio 3arpsizHeHHsi 0ObEKTOB OKpyxkaromieil cpeabt [lomy6es, Epmakos,
2021] n nmoBepXHOCTHBIX BOJ B paiioHe pacnosiokeHuss CalloHCKOrO CBUHIIOBO-LIMHKO-
Boro komOuHara (CCLK) mocssimeno MmaoxecTBo padot [['yp6anos u np., 2012; 2018;
2020; ’KunxaxoBa, Uepennuk, 2019; J[3on3ukoBa, 2017]. Ho Bce 3Tu uccnenoBanus mnpo-
BOAMJIUCH TOJIBKO B paiione pacnonoxkenus CCLHK u Huxe no reuenuto p. Apaos. Kpome
TOT0, BCE 3TU UCCIIEOBAHUS ObUIN MPOBEAEHBI /10 3aBEPIICHUS PEKYIbTHUBALIMN Ha XBO-
croxpanunuuie. C y4eToMm TOro, 4To BEpXoBbsl OacceiiHa oTHocsTCa K Kaz0ekckoMmy He-
OBYJIKAHUYECKOMY PalOHY, MOXHO MPEANOI0KUTh U HaJMYKUE B IIOBEPXHOCTHBIX BOJAX
MIPUPOAHOTO 3arpsI3HEHMSI LEJIBIM PSAZIOM MOTEHIMAIBLHO TOKCUYHBIX 31eMeHToB (I1TDJ),
CBSI3aHHBIX C BYJIKAHUYECKOW JEATEIBHOCTBIO.

B HacTosiiee Bpems B CBSA3M CO 3HAUUTEIbHBIM HETATHUBHBIM BIMSHHUEM XBOCTOXpa-
HWINII Ha OKPY>KAIOLIYI0 cpely OoJbllloe BHUMAHUE YIEISIeTCss He0OXOAUMOCTH Ipo-
BEICHUS U OUCKY 3P PeKTUBHBIX MeTO/10B pekynbruBanuu [Chowdhury et al., 2014; be-
moueHko, 2019; Capues u np., 2021]. 3HauuTENbHO MEHBIIIE PaOOT MO OLIEHKE BIUSHUS
MIPOBE/ICHHON PEKYJIbTHBALIMY HA YPOBEHb 3arps3HEHUS] 00BEKTOB OKPYKAIOLIEH Cpebl
[Banues u nip., 2025] u cocrosaue 6uothl [Zhang et al., 2020]. B nanHoii pabote BIiep-
BbI€ OLICHEH YPOBEHb IIPUPOIHOTO 3arps3HEHUS B BEPXOBbsIX OacceiiHa p. Ap/IOH, CBA3aH-
HBIM ¢ HAJIMYMEM T€OXUMHUYECKUX aHOMAJIMHI U BIMSHUEM COBPEMEHHOTO BYJIKaHU3MA.

Lenbto naHHOM pabOTHI ABISETCS CPAaBHUTEIbHBIN aHATIU3 NMPUPOJHOTO U aHTPOIIO-
T€HHOTO 3arpsi3HEHHsI TOBEPXHOCTHBIX BOJ BEPXOBUil OacceliHa p. ApJIOH HOCTe PeKyib-
TUBAIIMM XBOCTOXPAHUJIHUILA.

MaTtepunaabl U METOADI

B paiione uccnenoanust mpoObI OT-
oupamu B 41 mynkre (puc. 1). Ot6op
MIPOW3BOIIIN B TIEPHOJT JICTHETO ITaBOJI-
ka B cootBerctBuM ¢ ['OCT P 59024-
2020 B 2022-2024 ropax. Ilockombky
OTIpEAENsIN  TOJBKO PaCTBOPEHHYIO
dopmy IIT3, Bce npobs! puasTpoBaAIH
yepe3 MeMOpaHHbIe (PUIIBTPHI C pa3Me-
pom miop 0,45 mxMm. Konceppanuro mpo6
st onpenenenus Ag, Al, As, Cd, Cr,
Cu, Mn, Mo, Ni, Pb, Zn ocymectBnsinu
azotHoi kucioroir (OCY) u3 pacuera
0,5% B coorBeTcTBUU ¢ 'OCT P 57162-
2016. TpaHCIOpPTHPOBKY M XpaHEHHUE
po0 OCYIIECTBIISUIN TIPU TEMIIEpaType
2°C - 5°C.

- e -

Puc. 1. Pacnonooicenue nynkmos omoopa npo6 /
Fig. 1. Location of sampling points
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B noBepXHOCTHBIX BOJax U3yvalu cosepkaHue 14 31eMeHTOB B pacTBOPEHHOH (op-
me. D10 Ag, Al, As, Cd, Cr, Cu, F-, Li", Mn, Mo, Ni, Pb, Sr*, Zn. Konuenrpauuu ¢ro-
pa, JIUTUS U CTPOHLIUS ONPEEIISIIM METOIOM KallWUIIPHOTo 35eKkTpodopesa Ha npudope
«Kanenp 104T». CoznepkaHue OCTAIbHBIX 3JIEMEHTOB ONPEACISIN C UCIOIb30BaHUEM
aTroMHO-abcopOironHoH ciekrpomeTpuu (AAC) Ha npudope MI'A-915.

Pe3yAbTATbI U OBCYXKAESHME

B Tabnuue 1 mpuBeneHbl MUHUMAJIbHBIE, MAKCUMAJIbHBIE U CPEIHUE KOHIIEHTpA-
[IMU TTOTEHIIMAIbHO TOKCUYHBIX JIEMEHTOB B MOBEPXHOCTHBIX BOJaX 0ACCEHHOB Tpex
pek (3akka, JIsmoH, MaMHUXIOH), OXBaThIBAIOIINUX BOAOCOOP 30HBI (POPMUPOBAHUS P.
ApnoH 10 3apamarckoro BojoxpaHwimma u 6acceitna p. CagoH, OJBEPKEHHOTO aH-
TPOMOTeHHOMY (TIOCTUHAYCTPUAIILHOMY) 3arps3HEHUIO, a Takke B camoil p. ApIoH
u ycThsix Tpex ee nputokoB (Llesnon, bannon, Apxonnon). Ilo pycay p. AproH Tpu
CTBOpA pacroyiokeHbl 10 BrnaaeHus p. CanoH, B 6acceilHe KOTOpPOH HaXOIUTCSI CBUH-
IIOBO-IIMHKOBOE MecTopoxacHue. CTBop Ha 66,3 KM pacnoyiokeH HUXKE YHAIbCKOTO
xBocToxpanmmuma. B 2019 rogy Obuta mpousBeseHa peKyIbTUBAIUS ATOTO XBOCTOX-
paHWININA ¥ K MOMEHTY TIPOBEJCHUSI JAHHBIX UCCIEIOBAHUM «3aIIUTHOTOY» 03€pa yKe
He ObU10. XBOCTOXPAaHUIIUIIE MPEACTABISAIO0 COO0M CyXOH IyT, MOKPHITHIA TPaBIHUCTOMN
pPacTUTENBHOCTHIO.

B tabnuie 1 He mpuBeneHBI JaHHBIE MO PSALY 3JIEMEHTOB, TTOCKOJIbKY UX KOHIIEHTpA-
1M1 OBUTH OYE€Hb HU3KMMU, MEHBIIIE KIIAPKOBBIX 3HAYCHH, U BAPbUPOBATIU HE3HAYUTEIb-
Ho. Tak KoHLEHTpauu cepedpa konebanuck B npeaenax 0,008-0,06 mxr/mm>. Conepika-
HHe KaaMus BapeupoBaio B npeaenax 0,02-0,03 mxr/am?. ToabKo B pydbe U3 ITOJIBHU U
B IUTLEBOM Bojie noc. CaoH KOHLEHTPAMU KaaMuUs cocTaBuiu 3,7 u 3,8 MKr/am?® cooT-
BETCTBEHHO. ECIii CpaBHUTH HAIIM JaHHBIE TT0 KaIMUIO C UMEIOIITUMUCS B TUTEPATYPE, TO
OHHM Xopotio cornacytores. Tak mo nanueiM [['ypOanos u np., 2012; 2020] koHIIEHTpauu
KaaMust B Bozie p. ApoH kosebanuck B nipenenax 0,08-0,12 mxr/mv®. Tlo nanusiv JI.H.
Yuroeoii ¢ coaBTopamu [2018] KOHIIEHTpalUK KaMUSI B PYyUb€ U3 IITOJBHU COCTABUIIU
85 MKI/AM?, 4TO 3HAUUTENILHO BBINIE HAIMMX Pe3yibTaToB. Ho 5T mcciemnoBanus npo-
BoqwiKch B 2016 romy, U ompeAensioch BaJIOBOE COAECpKaHUE IIIEMEHTOB, MOCKOIbKY
(ubTpanuio npod He TPOBOAMIIH.

Konuenrpauu xpoma sapsuposanu ot 0,2 no 0,5 Mxr/am3, uto Gonee yem B 2 pasa
HIDKE KIapKOBbIX 3Hadenuid (1 Mxr/mm?). Hu oHOro cTBOpa ¢ MOBHILIEHHBIM COIAEPIKa-
HUEM XpOMa Mbl HE BBISIBIIN. ECM CpaBHUTH HAIU Pe3yibTaThl ¢ UMEIOIIMMHUCS JIUTe-
paTypHBIMHU JaHHBIMH, TO B padote [['ypbanoB u np., 2020] cogeprkanue Xxpoma BapbHpO-
Baso ot 0,8 10 6,1 Mxr/nm? B Bogax p. Cagon u p. Apnon ke CCLIK. Takum oGpaszom,
coJiep KaHre XpoMa B MMOBEPXHOCTHBIX BOJIAX MOCIE MPOBEACHHOM PEKYIBTUBAIIMN CHU-
3UJIOCh.

KoHIleHTpaluu Maprasia, B OCHOBHOM, BapbupoBaiu B npesenax 0,6-2,0 Mxr/am?,
4TO 3HAYMTENBHO HYKe Kiaapka (10 Mxr/mm®). Bosee BBICOKUM COflEpIKaHUEM OTINYAINCH
Bozibl p. Cazon (7,25 Mkr/nm?), ee mputoka p. XomuoH (5,98 Mxr/am?) u B cTBOpE, pacio-
JIOKEHHOM Ha p. ApaoH Ha 43-M kunomerpe eé Teuenus (8,97 Mxr/nm?). Bee 5TH MyHKTBI
HaxonsTcs B 30He pacnonoxenuss CCLK.
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Ho 1 5TH KOHIIEHTpaluy He MPEBBIIAOT KJIAPKOBbIX 3Ha4eHUN. 1 TONIBKO B pyube U3
IITOJILHU KOHLEHTPAMK Mapradua Jocturaiu 46 mxr/am?. TTonydeHHble HaMK Pe3yJib-
TaThl XOPOLIO COMIACYIOTCS C JIMTEpaTypHbIMU JaHHbIMU [['ypbanoB u ap., 2012]. Ho
B MCCIIEJIOBAaHUX TEX ’K€ aBTOPOB, MpoBeaeHHbIX B 2015 roxy [['ypbanoB u ap., 2018],
NPUBEICHHBIE KOHIIEHTPAIMK Maprasia OblIM B LIEJIOM Ha MOPSJIOK BBIIIIE.

Konuenrparuu monu6eHa B 18 nmyHkrax u3 41 ObulM HUXKE Mpesena OnpeeeHHs.
Tonpko B nuTheBO Boze noc. CalloH U B py4Yb€ U3 IUTOJBHU PAJOM C 3THM IOCEIKOM
KOHIIEHTpaluu cocraBuiu 2,1 u 8,5 MKr/qM® COOTBETCTBEHHO, a B BOJIE 3ALIUTHOTO 03€pa
B IIOCJIEAHMI TO] ero cymecTtoBanus (2018) conepxanock 257,1 Mxr/am3. Tlo maHHBIM
pabotsl [I'ypOaHOB u 11p., 2012] koHIIeHTpanuy MOIHOIeHa B BOJIAX «3alIUTHOTO» 03epa
nocturamu 250 mxr/mm®. CienoBaresnbHo, 0TX0abl MU3YpCKOil TOPHO-000raTUTEILHOM
(abpuku ObuTH oOoramieHsl MonuoaeHoM. Ho kK MOMEHTy HalMx McCieOBaHUil B pe-
3yJbTaTe NPOBEICHHON PEKYIBTUBALIMYU 03€pa yXKe He OblJI0, U YPOBEHB 3arpsi3HEHHS BOJ
peku ApJIOH HMXKE XBOCTOXpaHWINIIA 3HAYUTEIBHO CHU3HIICS.

Kak BuaHO M3 Tabmuubl 1, KOHLEHTPALMK AJIOMMHUS HE MPEBBILATN KIAapKOBBIX
3HayeHuid. Tonbko B Oacceiine p. JIs0H B AByX MPUTOKaX, OEpyIIUX CBOE HAYalIo cO
CKJIOHOB BYJIKAHUYECKOM NOCTpONKH Ternu, KOHIEHTpaluy aJtoMUHus Jocturainu 217 u
420 MKT/mM?, 9TO XOpOIIIO cormacyercs ¢ TeM (HakToM, 4To TOCTYIIICHUE ATFOMUHHUS B 110~
BEPXHOCTHBIE BOJIbI CBA3aHO C BYJIKAHMUYECKOM NesATENbHOCTRIO [PeyToBa u ap., 2024]. B
1esIoM, Oosee HU3KHME KOHLEHTPALMK aJIFOMUHMS B IOBEPXHOCTHBIX Bofax Kaz0ekckoro
BYJIKAHUYECKOTO paiioHa 10 CPaBHEHUIO ¢ DNbOPYCCKUM BYJIKAHHYECKUM IIEHTPOM MO-
I'YT OBITh CBSI3aHBI C UMMOOWIIN3ALIMEH aIFOMUHHSI HA TEOXUMUYECKOM Oapbepe 13-3a Ilu-
pPOKOpacIpoCTpaHEHHBIX KapOOHATHBIX 0canouHbIx opoa [Casenko, CaBenko, 2018].

B pa6ote A.I'. I'ypbanosa [I'ypOanoB u 1ip., 2018] npuBeieHb! KOHLEHTPALIMH AJTFOMU-
HUSL JJIS1 BOJHBIX OOBEKTOB YHAJIBCKOIO XBOCTOXPAHWIIHUINA, IJIe OHU cocTaBisiin 3194-
5775 mxr/nm®. Huoke XBOCTOXpaHUIIMILA BHU3 110 TEYEHHIO P. APJIOH OHH KOJIEOAINCh OT
2592 no 2336 mkr/nm’. Tlo HamMM JQHHBIM B BOJE P. APJIOH HMXKE XBOCTOXPAHHUJIMILA
KOHIIEHTpAIMs aJFOMUHUS cocTaBmia 76,2 Mkr/mam®. Takum 00pa3oM, B HACTOSAIIEE Bpe-
M IPUPOJIHOE 3arpsi3HEHUE BOJ BepXoBuil Oacceiina p. ApnoH (OacceiiH p. JIsaon), cBs-
3aHHOE C HAJMYUEM BYJIKAHOB, BBIIIE, YEM aHTPOIOI€HHOE, OOYCIIOBICHHOE HATMYUEM
HbIHe He nercTBytouero CCHK.

MpI oOparijaeM 0co00e BHUMAaHUE Ha W3yUeHHE YPOBHS 3arpsiI3HEHUS. MBILIBSIKOM I10-
BEPXHOCTHBIX BOJl B CBSI3U C MHOKECTBEHHOCTBIO UCTOUYHUKOB €0 MOCTYIIEHUS U 3Ha-
YUTETHbHOW TOKCUYHOCTBIO JUIS KUBBIX opraHu3MoB [Sasireka et al., 2024; Mohd et al.,
2025]. KoHlleHTpalu# MbIIIbsKa B TOBEPXHOCTHBIX BOAAX HCCIIEIYyEeMOro paiioHa ObLIn
3HAUUTENIbHO HUKE KIIAPKOBBIX 3HaueHUH. TONBKO B MATH MMyHKTaX HAOIIOeHUH OHU OKa-
3aJIMCh 3HAYUTEIIBHO BhIIIE. DTO B EPBYIO ouepeb p. JIa10H, Oepylas Hayao ¢ KKHBIX
cki10HOB I. Teru (puc. 1), e KOHIEHTpaLMK OT BEPXHETo CTBOPA JI0 YCThS COCTABIISLIH
0,9-1,3. 1ns1 p. ApxoH10H, Oepyl1iieil CBoe Hauajao ¢ CEBEPHBIX CKIIOHOB TOPHOTO MacCHBa
Terun, XapakTepHO OTHOCHUTEJIBHO MOBBILIEHHOE cozaepkaHue As (tabm. 1). B paiione
CCLIK noBbIlIEHHBIE KOHLIEHTPALUN MbIIIbSIKA, CPABHUMBIE C APXOHJIOHOM, BBISIBIICHBI
B pyub€ M3 LITOJILHU U B NHUTHEBOM Boae noc. CagoH. Takum obpa3om, U B cilydae 3a-
I'PSA3HEHUS MBIIIBSIKOM [TOBEPXHOCTHBIX BOJI BEPXOBUI OacceiiHa p. ApJIOH B HacTosIee
BpEMS IPUPOIHOE 3arpsI3HEHUE NIPEBBILLIAET aHTpoIIoreHHoe. Ho B 0OCHOBHOM B Hccieny-
€MOM pallOHE KOHLEHTPALIUU MBIIIbSIKA OUEHb HU3KHUE.

ITo nanHbIM paboTs! [I'ypOanoB u 11p., 2018] KOHIIEHTpAaLMU MBbILIbsIKA B p. APJIOH B
paiione 1oc. TaMuck coctaBuiam 52 MKI/am>, a B paiione . Asarup 107166 mxr/nm?. TTo
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HAIllUM JIaHHBIM TaKUX HEOObIYalfHO BBICOKMX KOHLIEHTPAIMH B HACTOSILEE BPEMSI HET.

ConeprkaHue Meu B IOBEPXHOCTHBIX BOAAX MCCIIEAYEMOTO palioHa HU3KOE U ITPEBBI-
LIaeT KJIApKOBbIE 3HAYEHMs TOJIBKO B Tpex npobax Oacceiina p. CajgoH. D10 p. X0110H
(7,71 mxr/nm®), pydeit uz mrronsuu (17,3 Mxr/am®) u p. Apaon no Bnagenus p. Cagon
(30,8 mkr/nm?). TlomyueHHbIE HAMU JIAHHBIE 110 KOHIIEHTPAIMAM MEIM XOPOILIO COBIIa-
JarT ¢ uMeronmmucs B aureparype [['ypbanos u np., 2012; 2018; J[30x3uxoBa, 2017].
W3MeHeHni KOHIIEHTpauii MU B IOBEPXHOCTHBIX BOJAX JJAHHOTO PETMOHA, CBS3aHHBIX
C PEKyJbTHBALIMEN XBOCTOXPAHWIINIIIA, HE BBISIBICHO.

Cpennue KoHIEHTpauuu (ropa B MOBEPXHOCTHBIX BO/AaX 0acCEiiHOB peKk B CaMbIX
BEPXOBbSIX P. ApJOH IPEBBINIAIOT WIM PaBHbI KJIApKOBBIM 3HaueHUsM. lIpuuem, Hau-
OosplIMX 3HaYeHU oHu jpocturaroT B paiione CCLK, cienoBaTenbHO, OOBSCHIIOTCS
HCKJIIOYUTEIIbHO aHTPOIIOTEHHBIM BiIMsiHUEM. B nuTheBoii Boje noc. CaloH U pydbe U3
LITONBHU OHU COCTaBIAIOT 792.9 u 738,5 Mkr/nm® coorBercTBeHHO. HU B 01HOM BOJIO-
TOKe KOHIIeHTpauuu ¢gropa He npesbimanu ITIJIK ais nureeBoii Boasl. Ho, ¢ npyroii cto-
POHBI, B IOBEPXHOCTHBIX BOAAX MCCIIEAYEMOIO PETHOHA COIEPIKAHNE ITOTO JIEMEHTA HE
JOCTUTAET HOPM (PU3HOIOTUYECKOH MOTHOLEHHOCTH, KoTopble cocTaBisitoT 0,5-1,5 mr/
am3. CxomHast KapTiHA HAOJIONaeTCest U B coceneM pernone LlentpanbHoro Kaskasza. B
6acceiiHe p. bakcan (J1eBbIil IPUTOK BTOPOTro nopsijika p. Tepek) B paiioHe pacroNoKeHHs
TeIpHBIAY3CKOTO BOJIB()PAMOBO-MOIUOCHOBOIO MECTOPOXKACHUS KOHIIEHTpaluu (ropa
TaKKe MOBBINIEHBI B BOAOTOKAX OTBAJIOB U XBOCTOXPAHWJIHUIL 10 6-9 Mr/am? [PeyToBa u
ap., 2020].

OnHO3HAYHBII MHAUKATOP MPOSABICHUSI MarMaTu3Ma 3TO IOBBIIIEHUE KOHLIEHTpauil
HOHOB JIUTHS. B nccneryeMom palioHe 30HBI € MOBBIIIEHHBIM U BBICOKUM COJEPKAHUEM
Li" npuypoueHsI K BylIKaHHYECKUM IIeHTpaM. [loBepXHOCTHBIE BO/IBI BEpXOBUH Oacceiina
P. ApIIOH 3HAYUTEJILHO 00OTaIeHbI TUTHEM. TOJIBKO B YCTBAX TPEX MPUTOKOB, PACIIONO-
xeHnbix Huke CCLK (p. Hesnon, bagnon u ApXoH0H), €ro KOHIICHTPAUU ObLITN HIKE
KJIapKoB. Bo Bcex ocTanbpHBIX BOJOTOKAX KOHLIEHTpALMM JUTHUS B 2-9 pa3 mpeBblllain
KJIapkoBble 3HaueHMs. B Oacceiinax pek 3akka, JIsmoH 1 MaMuxJIoH 3TO 3arpsi3HEHUE
HOCHUT IPUPOAHBIN XapakTep, a 1 p. CaJoH XapakTepHO aHTPOIIOTEHHOE 3arpsi3HEHUE.
Oco0eHHO BBICOKOE 3arps3HEHHE 3TUM AJIEMEHTOM OTMEUEHO B NMUThEeBOM Boje noc. Ca-
JIOH U py4be U3 IToabHu (68,2 u 66,6 Mkr/am® coorBercTBenHO). A.I. I'ypOaHoB ¢ co-
aBTOopamu ais panioHa pacnonoxenust CCLIK u ero okpecTHOCTEN NPUBOAST KOHLEH-
TpalMM JUTHS HAa TPHU MOPsAKa MPEBBIIAIOIIME HAILN AaHHbIE. Tak, B 4aCTHOCTH, JUIS
p. Hesmon 5602 mxr/mm® (187 ITJIK), a ms p. Camon 4284 mxr/nm3. Ecan s p. Camon
3HAUUTENIbHOE CHU)KEHUE 3arpsI3HEHUS JIUTUEM MOXXHO OOBSCHUTH PE3yJIbTaTOM PEKyIlb-
TUBaLUu, TO Ha p. Llesa10H 1 ApZi0H Takoi BBICOKUI YPOBEHb 3arpsi3HEHM S, BBISIBIICHHBII
BBIILIEYKa3aHHBIMUA aBTOPaMH, BbI3bIBAET COMHEHMS.

IToBepXHOCTHBIE BOJbI BEPXOBHH p. ApIOH 3HAUUTENIHHO OOOTalleHbl CTPOHIHEM.
KoHueHnTpanuu B npezienax KJIapKOBbIX 3HAYEHUN BBISIBIICHBI TOJIBKO B YCThSIX TPEX IPHU-
TOKOB — p. Llesimon, p. ApxonoH u p. bagon. Haubonee 3arpsi3HeHb! CTPOHLIMEM BOBI
OacceitHoB pex MamuxzoH u 3akka. B paifone pacnonoxenuss CCLK comocraBumbie
KOHLIEHTPAIMM BBISBJICHBI B MUThEBOM Boje moc. CagoH U pyube U3 WITOIbHU (529 u
515 mxr/nam? coorBeTcTBEHHO). TakuM 00pa3oM, B HACTOSIIIEE BPEMSI YPOBHHU HIPUPOIHO-
IO U QHTPOIOTEHHOTO 3arpsi3HEHNs OBEPXHOCTHBIX BOJ CTPOHIIMEM B BEPXOBbsIX Oac-
ceiiHa p. ApZoH conoctaBUMBI. [lonydeHHbIE 1aHHBIE BIIOJIHE COOTBETCTBYIOT PE3YJIbTa-
TaM 00cje10BaHuil MOBEPXHOCTHBIX BoA B paiione pacnonoxkenus CCLK 2010 u 2015
roJI0B, IPUBEACHHBIX B paborax [['ypbanos u ap., 2012; 2018].
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Bo Bcex BOAHBIX 00BbEKTAX MCCIIEYEMOrO PErMoHa KOHIIEHTPALUU HUKeTs ObLTu 00-
Jee 4eM B JIBa pa3a HMXKe KJIApKOBbIX 3HaueHUi (Tabim. 1). B panee npoBeneHHBIX Hcclie-
nosanusx 2010 u 2015 ropos [I'yp6anoB u ap., 2012; 2018] npuBeneHbl 3HAYUTEIBHO
Oosiee BbICOKME KOHIEHTpauuu. Tak, B p. ApaoH B 2010 roxy KOHUEHTpaIMKU BapbUpO-
Bajn oT 2 10 4 Mkr/nam3, a B 2015 — ot 2 10 6 Mxr/am®. B p. CaioH 1o IaHHBIM 3THX aB-
TOPOB KOHIIEHTpPAIUK HUKEA cocTaBisuin 1,3 Mxr/mm®. Takum 00pa3oM, KOHIEHTPAIUH
HuKes 3a 10-1eTHUI TPOMEXKYTOK BpEMEHH 3aMETHO CHU3UJIMCh 3a CUET PEKYJIBTUBALIUU
XBOCTOXpaHWJINLIA.

KoHueHTpanuu cBUHILIA B IOBEPXHOCTHBIX BOJAAX TAK)KE HE MPEBBIILIAIN KIAPKOBBIX
3HaueHui. TOJIBKO B BOJIE U3 IITOJLHU OHHM COCTABHIIU 5,8 MKI/M?, U ObLIIM HEMHOTO IO~
BbIlIeHbl 10 1-2 Mr/nm® B p. Canon u nmutheBoii Bojie noc. Cazon. Ilo nureparypHbiM
naHHbIM B 2012 1 2015 romax KOHIIEHTPAIIMU 3TOTO JIEMEHTa ObUIH 3HAYUTEIHHO BHIIIIE.
Tak, B p. ApXOHIOH OHM cocTaBuiu 15,4 Mkr/nm®, B p. Ap/ioH B paiioHe 1oc. TaMuck —
13,5 mkr/am? [T'yp6anoB u ap., 2018]. TTo nanubiM pabotsl [Huroesa u jap., 2018] B pyuse
M3 LITOJbHY KOHIEHTpAIWs CBUHIA cocTaBmia 42,3 Mxr/am?, B p. Apmon Bbime CCLIK
6,3 Mxr/am?® u B p. Apnon ke CCIK — 3400 MKI/aM3, 9TO BBI3BIBAET COMHEHHS, JaKE
€CJIM MPEONI0KNTh, YTO ONPEAEIISUIN BaJoBOE copepkanue Pb, a He pacTBopumyto Gop-
Mmy. Ho, TeM He MeHee, 1Tociie MPOBEAEHHON PEKYJIBTUBALIMM XBOCTOXPAHUIIMILA KOHIIEH-
Tpalyy CBUHIIA B IOBEPXHOCTHBIX BOJIaX CHU3WIINCK.

Bonel BepxoBuii p. ApJioH oboraiieHsl IMHKOM. Bo Bcex cTBOpax OHM HpeBbILIAIN
KJIapKOBBIE 3HaueHus B 1,5-4,5 pa3a. EXMHCTBEHHBIM UCKIIIOUEHUEM SIBIISIETCS P. ApIOH
Ha 43-M KuiomeTpe €€ TeueHus. B pydbe U3 IITOJbHU KOHLEHTPALMK LIMHKA COCTABUIIN
435,1 mxr/am?, a B mutheBoii Boze moc. Cagon 363,2 mxr/am?. ITo nanusiM pabots [['yp-
6aHoB U Jip., 2020] KOHIIEHTpAIIMHU I[IMHKA B BOJIE «3aIIMTHOTOY» 03€pa U APEHANKHOU BOJE
xosnebanuck B peaenax 1500 mxr/am?, a B Bogorokax Boire CCLIK xoporio coracyror-
Csl C HAIIMMU JIaHHBIMH.

Mpb!I NpUBOAMM CPAaBHUTEIbHYIO TaOIUIly MO YPOBHIO 3arpsi3HEHUs MOBEPXHOCTHBIX
BOJ| OacceliHa p. ApAOH 0 M HOCJe MPOBENEHUS PEKYJIbTUBALMHM XBOCTOXPaHUIIMILA.
JlaHHBIE 10 PEKyIBTUBALIMM HPUBEAEHBI MO JIUTEPaTypHbIM HCTOUYHUKaM [['ypOaHOB U
ap., 2012; 2020] 6e3 y4yeta BOJ IPEHAX]HOI0O 03€pa U MyJIBIONPOBO/A MOCKOIbKY K 2022
TOJly €ro y>xe He ObLI0.

Tabnuya 2 / Table 2

Conep:kanue MEKPO0IJ1eMEHTOB MKI/AM B IOBEPXHOCTHBIX BOJaX GacceiiHa peKd
ApaoH B paiione pacnonoxkenuss CCLK /

The content of trace elements pg/dm? in the surface waters of the Ardon River
basin in the area of the Sadonsky Lead-Zinc Combine

[IT3/PTE 2012-2015* 2022-2024 [IT2/PTE 2012-2015* 2022-2024
Al 2336-2592 12,6-84,8 Mn 2,1-8,7 6,0-9,0
As 1,3-52,7 0,9-5,6 Mo 247-473 2,1-8,5
Cd 0,08-0,12 0,02-0,03 Ni 1,9-6,1 0,1-0,9
Cr 0,8-6,1 0,2-0,5 Pb 1,2-13,5 0,6-1,2
Cu 2,6-10,5 1,1-2,1 Sr 31,1-275,0 41,2-267,9
Li* 4284-5602 0,5-66,7 Zn 4,1-32,8 30,0-69.,4

IIpumeuanue: * — I'ypbanos u ap., 2012; 2020. / Note: * — Gurbanov et al., 2012; 2020.
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BbiBOADI

BriepBbie IpoBEIEHO U3ydEHUE YPOBHS NIPUPOJHOIO 3arpsI3HEHUS B paliOHE BEPXOBUMI
OacceitHa p. ApJIOH, CBSI3aHHOTO C HATMYHUEM TPUPOTHBIX TCOXUMHUYECKAX aHOMATUI U BTN~
STHIEM COBPEMEHHOTO BYJIKaHHM3Ma M MPOBe/eHa OleHKa d(D(HEKTUBHOCTH PEKYIBTUBAIINN
YHanbCKOro XBOCTOXpaHWIMIIA. B pe3ynbrare npoBEACHHBIX UCCIICAOBAHUMN BBISIBIICHO:

— B IOBEPXHOCTHBIX BOJax OacceiftHa p. ApAOH HMXKE XBOCTOXPAHMIIUIIA TIOCTIE Pe-
KYJIBTUBALIUM CHU3UJIUCH KOHIIEHTPAIMU XpOMa, MOJIKO/ICHA, aTIOMUHUS, MBIIIbSKA, JIH-
THSI, HUKEJIS U CBUHIIA;

— B HACTOSIIEE BPEMS MPUPOIHOE 3arpsA3HEHNUE MOBEPXHOCTHBIX BOJI AJIFIOMUHHEM,
MBIILIBSIKOM, CTPOHLIMEM U JIUTUEM COIOCTABUMO C AHTPOIOTE€HHBIM, CBSI3AHHBIM C HaJIU-
9HeM paHee pa3padaThIBaBIIETOCS CBUHIIOBO-IIMHKOBOTO MECTOpOXKIeHus. OborameHue
MMOBEPXHOCTHBIX BOJ| OacceifHa p. Ap/IOH aTFOMHHHEM M JINTHEM CBS3aHO B OCHOBHOM C
BYJIKAHUYECKOU JIEATENIbHOCTHIO, U B MEHBIIIEH CTENECHH C BIIMSIHUEM XBOCTOXPAHUIUIIA;

— He BbIABIICHO npeBbiieHus 1K 11 nuTeeBoil BOABI B UCCIEAYEMBIX BOJIOTOKAX.
EnuHcTBEHHBIM UCKITIOUEHUEM SBJISIETCS MUTheBast Boja noc. Canon, B kotopoit [1JIK no
KaJIMMIO TIPEBbIIIEHA B 4 pa3a, 1o JUTHIO B 2 pa3a. Kpome Toro, nuTheBas Bojia 3TOro mo-
CeJIKa UMEET MOBBINIEHHBIC KOHIIEHTPAIIUY [IMHKA, MBIIIbsKA U MONUOIeHa. 111 JaHHOTO
MOCEJIKA HACTOATEILHO PEKOMEHIYETCSI H3MEHUTh UCTOYHHUK BOJOCHAOKEHHUSI.

AnTtepartypa

1. bemrouenko U.C. MeToas! peKyIbTHBAIIMNA HAPYIIICHHBIX 3eMeh. // Dkomorndeckuii Becr-
uuk CesepHoro KaBkaza. —2019. —T. 15. Ne 1. — C. 4-13.

2. Baimmes H.I'., Tomuk B.U., Jle63un M.C. MHepTHOCTH BIMSHUS CTOKOB THIPHBIAY3CKOTO
BoJb(hpamo-mobaeHoBoro komOnHara Ha ruapocuctemMsl CeBeproro Kaskasa. // T'opHbIif uH-
(hopMaImOHHO-aHAIMTHYECKUH OIOIeTeHb (HAyYHO-TeXHUYeCKni KypHan). — 2025. — Ne 1-1.
—C.5-16. DOI: 10.25018/0236 1493 2025 11 0 5.

3. Tony6es @.B., Epmaxos B.B. ['eoxummdeckast 9KoJI0THs pacTeHHUil B YCIOBUSAX TOTMMETa-
TUYIECKUX OMOTCOXMMHUYECKUX MPOBUHITNHN B Oacceiine pexu Apmnon (Cesepuast Ocerus). // Tpy-
el X1 MexxnyHapoaHOi OMOTCOXUMUIECKON MTKOIBI « DyHIaMEeHTabHBIC OCHOBBI OMOTCOXH-
MUYECKUX TEXHOJIOTHIA ¥ IEPCIIEKTHUBBI MX TPIMEHEHHS B OXpaHe MPHUPOIBI, CETHCKOM XO3SICTBE
U MEAUIMHE», MOCBAIeHHON 175-neTuto co aus poxaenus B.B. JlokyuaeBa. Tyna: Tynbckuid
rOCyIapCTBEHHBIN neaarornueckuil yausepcureT uM. JI.H. Toncroro, 2021. — C. 429-433.

4. I'yp6anoB A.l'., Jlekcun A.b., 'azeeB B.M. u ap. DKOIOTHYECKOE COCTOSHUE BOM PEKH
ApHOH 1 OTICHKA TIOCIICACTBUH UX 3aTrPs3HSIONIETO BO3ICHCTBIS Ha BOABI peku Tepek — 0ObekTa
pBI00X03sHCTBEHHOTO 3HaUeHUs | kaTteropun. // BectHruk BiagnkaBka3ckoro HayqHOTO TIEHTPA. —
2020. —T. 20. Ne 1. — C. 50-61. DOI: 10.23671/VNC.2020.1.56948.

5. I'yp6anos A.I', Jlonaes A.b., Jlekcun A.b. n ap. OCHOBHBIE HCTOYHUKH 3arPS3HEHUS BOJ
P- ApIoH, ero cTeneHb U MacIITa0bl MPOSBICHNUS, OIIEHEHHBIE M0 PE3YIhTaTaM FeOXUMUYECKOTO
M3ydeHus mpob BOAbI M3 KOHTPOIBHBIX MyHKTOB (PCO-A). // BectHuk BnagukaBka3ckoro Hayd-
soro nenTpa. —2018. — T. 18. Ne 3. — C. 40-50.

6. I'ypbanoB A.l, Illaz3o0 I0.K., Jlekcun A.b. u np. [IpombinuienHsie 0Tx0161 Mu3ypckoi
ropHo-oborarutensHO (adpuku CamoHCKOTO CBUHIIOBO-IIMHKOBOTO KOMOHWHATa (TCOXUMHUYC-
CKHe 0COOEHHOCTH, OIIEHKA UX BO3ACUCTBHUS HA IKOJIOTUYECKYIO 00CTAaHOBKY TPHIIETAIOIINX TEP-
puTopwii (ouBHI 1 BoAy p. Apaon) Pecy6nmka Ceepnast Ocernsi-Ananus). / Bectauk Bianu-
KaBKa3CcKoro HayyHoro mnentpa. —2012. — T. 12. Ne 4. — C. 27-40.

7. J13om3ukoBa M.D. PeTpocrieKTHBHBIN aHATN3 XUMHUYECKOTO COCTOSIHUS BOJ B PYyCax peK
Apnon u @uarnon B CeBeproit Ocetun. // Marepuanst [I MexayHapogHONH HayqIHOU KOHPEPCH-
unu «Pazsutne pernonoB B XXI Bekey. / Ilog obmr. pemakumeii A.Y. OroeBa. — BragnkaBkas:
COI'Y um. KJI. Xerarypona, 2017. — C. 354-356.



228  Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

8. XKumxakosa J1.3., Uepenuuk E.A. MHoroneTHue HaOMIOOCHUS 33 COACPKAaHUEM MHKPO-
TIpuUMecel B Bozax JISAHUKOBOH peku ApaoH 3a mepuoxa 2005-2018rr. // Modern Science. — 2019.
—Ne 4-2. - C. 24-29.

9. 3Bepena B.I1., ®ponos K.P., JIsicenko A.W. BiusHre TeXHOT€HHBIX BOJ Ha peKy PyaHyro
JanpHeBocTouHOTO pernoHa. // zBectust TOMCKOTO MOTUTEXHUYECKOTO YHUBepcuTeTa. HKUHM-
puHr reopecypcoB. —2022. — T. 333. Ne 10. — C. 49-58. DOI: 10.18799/24131830/2022/10/3715.

10. Peyrosa T.B., [lpeeBa ®.P., PeyroBa H.B., XyryeB A.M. Conepxanue (pTopuaoB B ped-
HBIX BOZIaxX 3amaaHoii uactu 6acceiina pexu Tepek. / KonnektuBHas MoHOTpadus o Marepraiam
X Bceepoccuiickoit HaygyHO-TexHUUECKo KoH(MepeHnnn «COBpeMEHHBIE MPOOJIEMBI TE€OJIOTHH,
reodusuku 1 reoskonorun Ceseproro Kaskazay. ['posusiii: @opmar, 2020. — C. 506-512.

11. PeyroBa H.B., PeyroBa T.B., JIpeea @.P. CpaBHUTENbHAS XapaKTEPUCTUKA COAEPIKAHUS
AITIOMHMHHUS U MBIIIIbAKA B TIOBEPXHOCTHBIX BO/IaX DMbOpycckoro M Kaz0ekcKoro ByJKaHHYECKHX
ueHTpoB. // T'eonorus u reopusuka Ora Poccun. — 2024. — T. 14. Ne 2. — C. 231-243. DOL:
10.46698/VNC.2024.80.62.018.

12. CaBenko A.B., CaBenko B.C. IMMoOmn3anus aTroMUHUS Ha KapOOHATHOM reOXUMHYe-
ckoM Oapnepe. / Haykoemxue Texnomoruu. — 2018 — T. 19. Ne 1. — C. 44-47.

13. Capues A X., Uepbaxosa H.H., Tepentrena H.}O. Onienka BO3MOKHOCTH OHOTOrHYECKON
PeKyIbTHBAMK XBOCTOXpaHWIHI Ha Exuceilickom CeBepe. / DKoJOrus ¥ NPOMBILUICHHOCTD
Poccnn. —2021. —T. 25. Ne 5. — C. 39-45. DOI: 10.18412/1816-0395-2021-5-39-45.

14. Yuroesa /JI.H., Kamanuna U.3., Kannuna C.I1. Coxepskanue TSKENbIX METAILJIOB B BOJIO-
TOKaX B paifoHE YHAIIbCKOTO XBOCTOXPAHIIUINA B peku ApaoH. // FOr Poccum: skororusi, pa3Bu-
tue. —2018. — T. 13. Ne 2. — C. 113-122. DOI: 10.18470/1992-1098-2018-2-113-122.

15. Chowdhury S.R., Yanful E.K., Pratt A.R. Recycling of nickel smelter slag for arsenic
remediation — an experimental study. // Environmental Science and Pollution Research. — 2014.
—Vol. 21. — pp. 10096-10107.

16. Kacmaz H. Assessment of heavy metal contamination in natural waters of Dereli, Giresun:
an area containing mineral deposits in northeastern Turkey. / Environmental Monitoring and
Assessment. — 2020. — Vol. 192. No. 2. — pp. 1-12. DOI: 10.1007/s10661-019-8057-0.

17. Mohd S., Fazil Q., Salman A. et al. A Comprehensive review on arsenic contamination
in groundwater: sources, detection, mitigation strategies and cost analysis. // Environmental
Research. — 2025. — Vol. 265. Art. No. 120457. DOI: 10.1016/j.envres.2024.120457.

18. Sasireka R., Vinoth R., Abhishek Sh., Sugumari V., Madheswaran M. Arsenic and
environment: a systematic review on arsenic sources, uptake mechanism in plants, health hazards
and remediation strategies. // Topics in Catalysis. — 2024. — Vol. 67. — pp. 1-17. DOI: 10.1007/
$11244-023-01901-9.

19. Simion A.F., Drebenstedt C., Lazar M. The Influence of tailings storage facilities in the
eastern part of Jiu valley on the water quality. // Mining Science and Technology (Russia). —2019.
—Vol. 4. No. 4. — pp. 292-301. DOI: 10.17073/2500-0632-2019-4-292-301.

20. Zhang L., Liu W., Liu S. et al. Revegetation of a barren rare earth mine using native plant
species in reciprocal plantation: effect of phytoremediation on soil microbiological communities.
// Environmental Science and Pollution Research. — 2020. — Vol. 27. — pp. 2107-2119. DOI:
10.1007/s11356-019-06645-2.

References

1. Belyuchenko I.S. Recultivation methods of recultivation of disturbed lands. Ecological
Bulletin of the North Caucasus. 2019. Vol. 15. No. 1. pp. 4-13. (In Russ.)

2. Valiev N.G., Golik V.I., Lebzin M.S. Inertness of influence exerted by effluents of
Tyrnyauz tungsten-molybdenum plant on hydrological systems of the North Caucasus. Mining
Information and Analytical Bulletin (scientific and technical journal). 2025. No. 1-1. pp. 5-16.
DOI: 10.25018/0236 1493 2025 11 0 5. (In Russ.)

3. Golubev F.V., Ermakov V.V. Geochemical ecology of plants under conditions of the
polymetallic biogeochemical provinces in the basin of Ardon River (North Ossetia). Proc. of



Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reouanka fOra Poccn - 229

the XII Int. Biogeoch. School “Fundamentals of biogeoch. tech. and their applic. prosp. in nat.
conserve., agriculture and medicine”. Tula. Tolstoy Tula State Pedagogical University. 2021.
pp- 429-433. (In Russ.)

4. Gurbanov A.G., Leksin A.B., Gazeev V.M. et al. The ecological state of the Ardon River
waters and assessment of their polluting effects on the Terek River waters — the I category
object of the fisheries value. Bulletin of the Vladikavkaz Scientific Center. 2020. Vol. 20. No. 1.
pp- 50-61. DOI: 10.23671/VNC.2020.1.56948 (In Russ.)

5. Gurbanov A.G., Lolaev A.B., Leksin A.B. et al. The main sources of water pollution in
the River Ardon, its degree and scale, the evaluation based on the results of geochemical study
water samples from control points (RNO-A). Bulletin of the Vladikavkaz Scientific Center. 2018.
Vol. 18. No. 3. pp. 40-50. (In Russ.)

6. Gurbanov A.G., Shazzo Yu.K., Leksin A.B. et al. Industrial waste from the Mizur mining
and Processing plant of the Sadon Lead-Zinc Combine (geochemical features, assessment of their
impact on the environmental situation of the adjacent territories (soil and water of the Ardon
River) Republic of North Ossetia-Alania). Bulletin of the Vladikavkaz Scientific Center. 2012.
Vol. 12. No. 4. pp. 27-40. (In Russ.)

7. Dzodzikova M.E. A retrospective analysis of the chemical status of waters in the rivers
Ardon and Fiagdon in North Ossetia. In: Proceedings of the II International Scientific Conference
“Regional Development in the 21st century”. Ed. A.U. Ogoev. Vladikavkaz. K.L. Khetagurov
North Ossetian State University. 2017. pp. 354-356. (In Russ.)

8. Zhinzhakova L.Z., Cherednik E.A. Long-term observations of trace elements content in
the waters of the glacial river Ardon for the period 2005-2018. Modern Science. 2019. No. 4-2.
pp- 24-29. (In Russ.)

9. Zvereva V.P., Frolov K.R., Lysenko A.I. Impact of technogenic waters on the Rudnaya River
of the Russian Far East. Proceedings of Tomsk Polytechnic University. Georesource Engineering.
2022. Vol. 333. No. 10. pp. 49-58. DOI: 10.18799/24131830/2022/10/3715. (In Russ.)

10. Reutova T.V., Dreeva F.R., Reutova N.V., Khutuev A.M. Fluoride content in river waters
of the Western part of the Terek River basin. In: Proceedings of the X All-Russian Scientific and
Technical Conference “Modern problems of geology, geophysics and geoecology of the North
Caucasus”. Grozny. Format. 2020. pp. 506-512. (In Russ.)

11. Reutova N.V., Reutova T.V., Dreeva F.R. Comparative characteristics of aluminum and
arsenic contentin surface waters ofthe Elbrus and Kazbek volcanic centers. Geology and Geophysics
of Russian South. 2024. Vol. 14. No. 2. pp. 231-243. DOI: 10.46698/VNC.2024.80.62.018.
(In Russ.)

12. Savenko A.V., Savenko V.S. Immobilization of aluminum at the carbonate geochemical
barrier. High-tech Technologies. 2018. Vol. 19. No. 1. pp. 44-47. (In Russ.)

13. Sariev A.Kh., Shcherbakova N.N., Terentyeva N.Yu. Assessment of the possibility of
biological recultivation of tailings in the Yenisei North. Ecology and Industry of Russia. 2021.
Vol. 25. No. 5. pp. 39-45. DOI: 10.18412/1816-0395-2021-5-39-45. (In Russ.)

14. Chigoeva D.N., Kamanina [.Z., Kaplina S.P. Concentration of heavy metals in water flows
in the area of Unal tailings dam and Ardon River. South of Russia: Ecology, Development. 2018.
Vol. 13. No. 2. pp. 113-122. DOI: 10.18470/1992-1098-2018-2-113-122 (In Russ.)

15. Chowdhury S.R., Yanful E.K., Pratt A.R. Recycling of nickel smelter slag for arsenic
remediation — an experimental study. Environmental Science and Pollution Research. 2014.
Vol. 21. pp. 10096-10107.

16. Kacmaz H. Assessment of heavy metal contamination in natural waters of Dereli, Giresun:
an area containing mineral deposits in northeastern Turkey. Environmental Monitoring and
Assessment. 2020. Vol. 192. No. 2. pp. 1-12. DOI: 10.1007/s10661-019-8057-0.

17. Mohd S., Fazil Q., Salman A. et al. A Comprehensive review on arsenic contamination in
groundwater: sources, detection, mitigation strategies and cost analysis. Environmental Research.
2025. Vol. 265. Art. No. 120457. DOI: 10.1016/j.envres.2024.120457.



230  Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

18. Sasireka R., Vinoth R., Abhishek Sh., Sugumari V., Madheswaran M. Arsenic and
environment: a systematic review on arsenic sources, uptake mechanism in plants, health hazards
and remediation strategies. Topics in Catalysis. 2024. Vol. 67. pp. 1-17. DOI: 10.1007/s11244-
023-01901-9.

19. Simion A.F., Drebenstedt C., Lazar M. The influence of tailings storage facilities in the
eastern part of Jiu valley on the water quality. Mining Science and Technology (Russia). 2019.
Vol. 4. No. 4. pp. 292-301. DOI: 10.17073/2500-0632-2019-4-292-301.

20. Zhang L., Liu W., Liu S. et al. Revegetation of a barren rare earth mine using native plant
species in reciprocal plantation: effect of phytoremediation on soil microbiological communities.
Environmental Science and Pollution Research. 2020. Vol. 27. pp. 2107-2119. DOI: 10.1007/
s11356-019-06645-2.



Geology and Geophysics of Russian South 15(2) 2025 [‘eonorvs n reogmanka fOra Poccnt - 231

FEO2KOAOTY

VOK 911.2,504.05, 551.582
DOI: 10.46698/VNC.2025.67.94.001

OpurnHanbHas cTaTbs

[1POCTPAHCTBEHHO-BPEMEHHbIE BAPUALNN TOEHAOB
MHAEKCA NDVI B rOpHbIX U MPEArOPHbIX PAMOHOX
CeBepHoro Kaeskasa

B.1O. Tumuenkol !, E.C. KameHeukuiii./, A.A. PaguoHog!

FOXXHbIM MaTemMaTUYECKNA MHCTUTYT BnagmkaBkasckoro Hay4yHoro ueHtpa PAH,
Poccus, 362025, r. Bnagukaekag, yn. BatytuHa, 53,
e-mail: aar200772@mail.ru

Crarbs noctynmna: 11.02.2025, nopabotaHa: 19.05.2025, npuHsta k nyoamkaimm: 21.05.2025

Pestome: AKTyanbHOCTb pa6oTbl. Knumatuyeckue nameHeHus B CeBepo-KaBka3ckOM permoHe npuBoasT
K U3MEHEHMO TEMNEPATYPHOro U BOJHOTO PEXNUMA, 4TO HEMOCPELCTBEHHO BIIMAET HA MHOTOJIETHIOK U3MEHYU-
BOCTb PaCTUTENbHON 6MOMACCHI U YPOXKANHOCTb, CNej0BaTENIbHO, HAa YCTONYBOE Pa3BUTNE CENIbCKOr0 X038ii-
CTBa, KOTOPOE ABNAETCSA OAHOI U3 BEAYLLNX 0Tpac/el 3KOHOMUK. LIenibto uccnefoBaHmns ABNSeTCA U3yy4eHue
N3MEHYMBOCTY KONTMYECTBA (DUTOMACCHI B FTOPHBIX 1 NPEArOpHbIX panoHax LieHTpansHoi 4acti CesepHoro Kas-
Ka3a 1 BbIIBNEHWE BOSMOXHbIX arpoknumaruyeckux npobnem. Mertogsl. lcnonb3yeTcs reonpoCTpaHCTBEHHbI
0T60p MHOrONEeTHUX LaHHbIX MHAekca seretauuu NDVI ana nokauwit nccnegyemoit tepputopun. [nsg pagos
JBYxHe[eNbHbIX KoMno3uToB NDVI Bbiqucnanace NHTErpanbHas xapakTepucTiika u npoBepsanacs MoAenb niu-
HEeHON perpeccuu, no3BONSAOLWANA BbIYUCINTL CTATUCTUYECKME NapameTpbl YKIOHOB W y-nepeceyerus. Vc-
nonb3oBanue QGIS n MeToaa MHTEPNONALUMM U3OMHUAMMW AN NOCTPOEHUSA KapT pacnpefeneHus aTux napa-
METPOB MO3BOMSAET BbIABUTL MPaHULbl PANOHOB C MHOFONETHUM YMEHbLUIEHEM UHAEKCOB Beretauum npu reo-
9KO0M0rm4YeckoM paiioHmposaHuun. PeaynbTartel. [TokasaHo, 4To ans tepputopuu PCO-Ananus u npuneratoLmx
NPeAropHbIX PanOHOB MHAEKC BereTaunm CKnagblBaeTcs 3a cHeT 60MbLIOK (DUTOMACCHI JIECHbIX NTAHALWAGTOB
1 UMEET NOJTIOXUTESNbHbI TPEHS, YTO CBUAETENLCTBYET O COXPAHEHUU 611aronpuUATHbIX KITMMATUYECKUX YCo-
BWIA B HUX. N5 FOPHbIX PAOHOB C BbICOKOTOPHBLIM NIAHAWAMTOM, NOKPLITHIX anbNUACKUMN NyramMmn uim 6e3
pacTUTeSIbHOr0 NOKPbITUS, KONIMYECTBO (DUTOMACCHI B LIEIOM HEO6OJIbLLOE, HO UMEET MOSIOXKUTENbHbIA TPEHS
Ha YBENIMYEHWE, YTO TAKXKE CBUAETENbCTBYET O 6r1aronpuATHbIX YCIOBUAX ANA uUToLeH03a. [N paBHUHHbIX
panoHoB OCETUHCKOW HAKITIOHHOW PaBHUHBI 1 JIECOCTENHbIX NIAHALIAQTOB B paiioHe . Auropsl — r. becnaxa —
C. 3aMaHKyn, Ha KXKHbIX CKOHax CyHXEHCKOro 1 Tepckoro Xpe6TOB UMEKTCS Y4aCTKN C MHOrOMIETHUM TPEH-
[OM Ha YMeHblUEHNe UHLEeKCa BereTauuy, 410 CBMAETENLCTBYET O Jerpafauum pacTUTesibHOro nokposa, us-
MEHEHUN TEMNEepPaTypHOro 1 BOLHOMO PEXMMOB 3TWUX NOKaumil. Beisoabl. [1na npefropHbIX NaHawadTos Ha
Tepputopun PCO-Ananusa n npunerarowimx painoHo uHaekc NDVI numeeT nonoXXuTenbHbIA TPEHA MHOFONETHEN
N3MEHYMBOCTU. PaBHUHHbIE U CTEMHbIE PaliOHbl, @ TAKXe HXHbIE CKMOHbI CYHXEHCKOro n Tepckoro xpe6Tos
VIMEIOT OTPULATENbHBIN YKNOH TPEHA0B UHLEKCOB BEreTaLum.

Kntovesbie cnosa: MODIS, nngekc seretauuu, NDVI, QGIS, ctatuctuydeckme napameTpbl, TPEHAbI, MHOMO-
neTHue u3meHeHust, CesepHbli Kagkas.

Ins yutuposanus: Tumyenko B.H)., Kamereukuii E.C., PagnoHoB A.A. NpoCTpaHCTBEHHO-BPEMEHHbIE Bapy-
auun TpenoB nuaekca NDVI B ropHbIX n npearopHbix paioHax CesepHoro Kaekasa. feosorus u reogousuka tOra
Poccun. 2025. 15(2): 231-243. DOI: 10.46698/VNC.2025.67.94.001
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Abstract: Relevance. Climatic changes in the North Caucasus region lead to changes in the temperature
and water regime. This directly affects the long-term variability of plant biomass and yields, and consequently,
the sustainable development of agriculture, which is one of the leading sectors of the economy. The aim of this
research is to study the variability of the amount of phytomass in the mountainous and foothill areas of the cen-
tral part of the North Caucasus and identify possible agro-climatic problems. Methods. Geospatial selection of
long-term NDVI vegetation index data is used for the locations of the studied territory. For the two-week NDVI
series, an integral characteristic was calculated and a linear regression model was tested, which makes it pos-
sible to calculate statistical parameters of slopes and y-intersections. Using QGIS and the isoline interpolation
method to build maps of the distribution of these parameters allows us to identify the boundaries of areas with
a long-term decrease in vegetation indices during geoecological zoning. Results. It is shown that for the terri-
tory of the Republic of North Ossetia—Alania and adjacent foothill areas, the vegetation index is formed due to
the large phytomass of forest landscapes and has a positive trend, which indicates the preservation of favorable
climatic conditions in them. For mountainous areas with a high-altitude landscape covered with alpine meadows
or without vegetation, the amount of phytomass is generally small, but has a positive upward trend, which also
indicates favorable conditions for phytocenosis. For the lowland areas of the Ossetian inclined plain and forest-
steppe landscapes in the area of Digora — Beslan — Zamankul, on the southern slopes of the Sunzhensky and
Tersky ranges there are areas with a long-term trend towards a decrease in the vegetation index, which indicates
the degradation of vegetation cover, changes in temperature and water regimes of these locations. Conclusions.
For foothill landscapes in the territory of the Republic of North Ossetia—Alania and adjacent areas, the NDVI index
has a positive trend of long-term variability. The lowland and steppe regions, as well as the southern slopes of the
Sunzhensky and Tersky ranges, have a negative trend bias in vegetation indices.

Keywords: MODIS, vegetation index, NDVI, QGIS, statistical parameters, trends, long-term changes, North
Caucasus.
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BeepeHne

W3meHeHue KiimmMara HeoCcpeICTBEHHO OKa3bIBACT BIMAHUE HA (PEHOIOTNYECKUH LIMKIT
PaCTUTEIBHOTO IMOKPOBA M BBIPAXKAETCS B CIBUTE AT Hadaja U OKOHYaHHUs CE30HA POCTa,
U3MEHEHUHU TPOJOKUTENIFHOCTH ONAronpHusTHOTO JUis pocta nepuona [Mortier et al.,
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2023]. Ouenka BIUsHUS TOOATBHBIX KIMMATHUYECKMX HM3MEHEHHMH Ha OKPYKAIOIIYIO
Cpeay U pa3inyHble CEKTOPbl SKOHOMHKH, a/IalTalus X03sUCTBEHHOW U SKOHOMHYECKOI
NeSATETLHOCTH K 3TUM U3MEHEHUSIM, TpecTaBieHsl B Kimumaruueckom nokiane 3a 2023
(https://www.ipcc.ch/report/ar6/ syr/ downloads/report/IPCC_AR6 SYR LongerReport.
pdf) u B paborax [Abbass et al., 2022; Aryal et al., 2020; Chausson et al., 2020; Malhi et
al., 2021; Asadi et al., 2005].

AHanu3 knuMatudeckux mdmeHeHui CeBepHoro KaBkasza, BIusiHME HAa BOJHBIN pe-
UM U MPOTHO3 BO3MOKHOT'O arpOKJIMMAaTUYECKOTO BIUSHHUSA, CIIOCOOBI afanTaluu pac-
cmotrpensl B paborax [Jlypwe, [Tanos, 2013; AmabokoB u ap., 2020]. HaGmomaeMbim
B TOpHBIX paiioHax KaBkasza KIMMaTHYEeCKUM M3MEHEHHUSM U MX BIUSHHUIO Ha Pa3BUTHE
OTIACHBIX THIPOMETEOPOJIOTHUYCCKHUX SBJICHUN MOCBAIICHBI pPaboThl [AmkueBa, Konapa-
TheBa, 2009; Aunkas u ap., 2023].

Nunexc NDVI saBnsieTcss onepekaroluM WHIUKATOPOM HaJW4us, pOCTa U O0IIero
o0bema (UTOMACCHl M XapaKTEPUCTUKOM arpo3KOJIOrMYeCKOr0 COCTOSIHUSI TEPPUTOPUHI
[Uepenanos, [pyxununa, 2011], cmocoGeH ykas3ars Ha yXyAlIeHHE COCTOSHHS PaCTeHUN
B OIPE/ICJICHHOM 30HE, HO HE JAeT MPSAMBIX YKa3aHUN O MPUYMHAX BO3HUKHOBEHMS IIPO-
omem [PomumiieB u mp., 2022].

B pa6orax [mns mpumepa Skakun et al., 2017] onucano ucnonb30BaHUE CITyTHHU-
KOBBIX JIaHHBIX C BBICOKMM IIPOCTPAHCTBEHHBIM Pa3pelIeHUEM U C BPEMEHHON TOYHO-
CThIO 3-5 cyTOK /U1 BhIsIBIICHUS TTUKa 3HaueHnit NDVI u onpenenenus Bpemenn cobopa
ypoxasi.

Jns bonbioro Kaskasa [bparkoB u ap., 2016] onucan MeTo/ BbIACIEHUS U yTOUHE-
HUS TPAHULl IPUPOIHO-TEPPUTOPUATILHBIX KOMILJIEKCOB HanOoJiee BBHICOKMX Kiaccupu-
KaI[MOHHBIX YPOBHEH (THUIOB M MOATUIIOB JaHamadToB) Ha ocHOBE MHAekca NDVI. Jlns
Craspononbckoro kpast [CaBuHOBa u 11p., 2023] Ha OCHOBE JAaHHBIX JUCTAHIMOHHOIO
30HaMpoBaHus 3eMiu ObuT paccunTan uHAeke NDVI mo kocMudeckuM CHUMKaM CpeTHe-
ro paspenieHus 60 M Ha MUKCENb, YTO IMO3BOIMIIO paccuuTars Beianunny NDVI B pazubie
MOMEHTBI aKTUBHOW BEreTallMi OCHOBHBIX TUIOB CEJIbCKOX035MCTBEHHbBIX yroauil. O1eH-
Ka arpoKJIMMaTHYECKHUX YCIOBUN CTEMHBIX U CEeMUAPUIHBIX JTaHIIaPTOB /17151 YeueHckoit
pecnyOnuky nokazana B paborax [Kepumor u np., 2024a; Kepumos u ap., 20240], B
KOTOPBIX C IPUMEHEHHEM OECTUIIOTHBIX JIETHO-MIOABEMHBIX CPEICTB CTPOHIUCH KapThl
pacnpenenenrss NDVI ¢ BBICOKMM IPOCTPaHCTBEHHBIM Pa3pelICHUEM.

st ypOaHU3UPOBAHHBIX, TYHJIPOBBIX M JIECHBIX pailoHOB 3amanHoii Cubupu [Esau
et al., 2016] uccnenopancs KTUMaTUYECKUIA OTKJIMK YKOCUCTEM HAa OCHOBE KapT UHAEKCA
NDVI Breicokoro pazpemienus (250 M Ha TUKCEIT) 10 MAKCUMaTbHBIM (ITMKOBBIM ) 32 JIETO
3HAUEHUSIM WH/IEKCA M €r0 CPEIHETO0BBIM 3HadeHUsAM. [y TopHBIX paiioHoB Qinling-
Daba Kurtas [Yao, 2024] Ha ocHOBe CHUMKOB ¢ pasperieHueM 30 M npoBoaniIach CTaTu-
cTtudeckas oopadoTka pacupeneneHuss NDVI.

B nannoli pabore npeanprHATa NOMbITKA OIPEAEIICHNs IPOCTPAaHCTBEHHOIO pacipe-
neneHus: TpeHaoB uHjaekca NDVI no cnyTHUKOBBIM JaHHBIM HU3KOIO pa3pelieHus 3a
MHOTOJIETHUHM NEPUOJT JIsl TOPHBIX, TPEATOPHBIX U paBHUHHBIX paiioHOB PCO-Anmanusl.
Lenbio paboTHl ABISETCS OMpEAENeHHEe MHOTOJETHUX KIMMAaTHYECKUX H3MEHEHUH U
OIIpE/IEIICHUE TEPPUTOPUN C BO3MOXKHOMN JeTrpasaliueil paCTUTENBHOIO MOKPOBa, UHU-
KaropoM KOTOpOro cirykuT uHaekc Bereranmu NDVI. Mccaeayercs none 3HayeHuid uH-
JIEKCa BEreTallu, ero MpOCTPAHCTBEHHOE PACIIPE/IEIeHHNE, @ TAKKE COOTBETCTBYIOLIUE
MHOTOJIETHUE CTaTUCTUYECKHUE TPEHIBI.
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MeTtoaAnKa

JUi1st ToJTydeHMs NCXOAHBIX IaHHBIX UCTIONb3YeTCs PACHIMPEHHAs K MOAU(PHUIIMPOBAH-
Hasi METOJIMKa 0TOOPA U CTAaTUCTHYECKON 00pabOTKHU PsIIOB MHJIEKCOB BETE€TALUH, MPEI-
noxenHas B pabote [Kamenenkuii u ap., 2021].

B xayectBe McToYHMKAa MH(OPMAIMKM O MPOCTPAHCTBEHHOM M BPEMEHHOM pacripe-
JieneHuy BeretaquoHHoro uuaekca NDVI u reMniepaTypel MCIIOIB30BaHbl CITyTHUKOBBIE
nanabie NASA mMHOTOKaHaIBHBIX criekTpopaauoMerpoB MODIS (Moderate Resolution
Imaging Spectroradiometer, http://modis.gsfc.nasa.gov), Haxoasmuecss B OTKPHITOM J0-
CTyIe.

JUiist TIPOBEJIEHMsT MCCIIEN0BAHMS BHIOPAH NPSIMOYTOJIBHBIN yuacTok Mexay 42.50 —
43.8% c.ir. m 42.9° — 45.0° B.11., ¢ marom cetku 0.10° mo mmpoTe U KOATOTE A1 IPHUBEE-
HUS B COOTBETCTBHUE YYACTKOB MTUKCENISIM KapT-CXEM.

5 bl
RN
i g 7"7’%1}571”(4/};;‘.‘; A

Puc. 1. Hceneoyemoiii yuacmox. Pacnonosicenue: no wupome 42°.5 — 43°.8 CILI
u no oonzome 42°.9 — 45°.0 B/l, waz cemxu 0.1°. I[Ipocpammnoe obecneuenue QGIS (https://qgis.org) /

Fig. 1. The area under study. Location: latitude 42°.5 — 43°.8 N and longitude 42°.9 — 45°.0 E,
grid pitch 0.10. QGIS Sofiware (https.//qgis.org)

B BbIOpaHHBIN palioH TONagaeT ropHas U npearopHas tepputopus PCO-Ananus,
Kabapauno-bankapckoii pecrryomuku (KBP), Pecniyonuku Uuarymerus (PU), ¢ cesepa —
paBHUHHBIE paiioHbl CTaBpOIONIbLCKOro Kpas. B 1ieHTpe uccienyeMoil TeppuTopun Ha-
xomsiTest 6onee Huzkue (1o 1000 M) Cymxenckuii u Tepckuit XpeOTHI.

Ha pucynke 1 npencraBieHa CriyTHUKOBAs KapTa UCCIIEAYEMOro peruoHa ¢ HaHECEH-
HBIMH 110 KOOpJMHATaM IOJIMTOHAMU, KaKJJOMY MHKCEJI0 KapThl-CLIEHbI COOTBETCTBYET
LIEHTp MoJuroHa pazpemieHueM 8x10 kM. JJist KaXK0T0 MOJMIroHa BBIYUCISIETCS PSIT U3
24 3HayeHUI roI0BbIX MHTErPaJbHbIX XapaKTEPUCTHUK [, YUCIEHHBIM HHTETPUPOBAHUEM
(metonom Cumricona) rpaguka rogooro usmeHenus unaekca NDVI. Jlns kaxaoit nan-
mraTHOM JIOKAIIMH TPOBOAMIICS KOPPEISIIMOHHBIN aHAIN3, IPOBEPSIIACh MOJICIh JIMHEH-
HOM perpeccur MeX1y 3Ha4C€HUsAMM |, 1 BpeMEHEM B BHJIE:
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[,=at+b (1)

TJIe a — YKJIOH JIMHUU TPEHJIa, b — y-niepeceyenue (3HaueHue [, B Havase nepuoja Bpe-
MEHH), t — BpeMmsl, B rojiax (0T Hayasga UCCIIeyeMOro Mepruosa).

BBI/IJIy MaJIOCTU YKJIOHOB TPCHAOB 3HAYCHUA y-nepecequI/H‘/'I NU3MCHAKTCA B JOCTa-
TOYHO Y3KOM IPOMEXYTKE U MPUMEPHO MOTYT OBITh NPUHATHI B KaU€CTBE MHOTOJIETHE-
T'O TOZI0BOTO CPEAHETO 3HAYCHHS MHTETPAIbHON XapaKTEPUCTHKH IS Bcero psana. lanee
oI y-TiepecedeHneM |, moympa3ymeBaeTcss MHOTOJIETHEE Cpe/IHee 3HaYeHue |,

Pe3yAbTaThl 1 OBCYXKAEHME

Ha pucynke 2 B kauecTBe mpuMepa Jjsi OJHOMU JIokanuu BOnu3u I. Brnaaukaskasa (J1o-
Karus obo3Hauaercs ndvi_5 17), npusenen rpaduk rogosoro xona NDVI 3a Becs nepu-
o1 2000-2023 rr., roj10BbI€ 3HAYCHHUSI UHTETPaJIbHON XapakTepucTuku I, 00pa3yroT psn,
U1 KOTOPOT'O MOCTPOEH JIMHEHHBIN TPEHT U3MEHUMBOCTHU 32 MHOTOJICTHUIN MEPHOI.

Location:ndvi_5_17 43.0 44.6
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—— Linear trend: ndvi=0.5190*%t+3721.6280

—~ 400 A T . . . . * 14000
N . .
m . e P
3504
e
3300- -3000.5
=z >
o 250 43 2
5 z
8 200 - 2000 ©
5 £
S 150 - <
w0
£
-,?100- - 1000
N
— 50

0 T 1T 1T 17 T "1 T T 1T 1T 17T 1T "1T"°7 T T 1T 1T 1T 1 0

O N M NOMNS~NDOODOHAHMNMSTSTWNOM~NODOODO AMNM ST

OO 00000000 T A dd 0NN NN N

sNeNeoNoNeoNeolNeNoloNoNeoNeolNelNeolNoNolNeoNelNeNolNoelNoellellele

NN N AN AN AN AN AN AN AN AN ANAN AN NN NN NN DN NN N

Date

Puc. 2. I'pagpux NDVI onsn nokayuu 601usu 2. Braduxaexasa (ndvi_5_17) 3a nepuoo 2000-2023 ze.
Toueunas nunus — snauenuss NDVI (omcuem sedemces no nesoil wikane), Kpyscku — snawenus 1, 3a 200
(omcuem gedemcs no npagoll wWKaie), NpsAmMas CHAOWHAS TUHUS — MPeHO usmerenus paoa I, /

Fig. 2. NDVI plot for locations near Viadikavkaz. (ndvi_5_17) for the period 2000-2023.
The dotted line represents the NDVI values (calculated on the left scale), the circles represent
the I, values for the year (calculated on the right scale), and the straight solid line represents

the trend in the I, series

ToHKON TOYEUHOM JTMHUEHN MPUBEACH TOJI0BOM X0/ OCPEIHEHHBIX 3a 15 nHel 3Haue-
Huii NDVI (3HaueHus 1ByXHEIEIbHBIX KOMIIO3UTOB, OTCYET BEIETCS IO JICBOM IIIKAJIE),
Kpy>KKaMH — BBIYMCJICHHBIEC TOJIOBBIC 3HaUEHUs UHTErpasia I, (oTcuer BemeTcs mo mpaBoi
IKasie, Ha rpaduke Kpy»KKH YCTAaHOBJICHBI B HaYalle COOTBETCTBYIOIIECTO T0/[a), CTUIOII-
Hasi TUHKUS — MOCTPOEHHBIN 10 opmyrie (1) TpeHa n3MEHUNBOCTH UHTETPAIbHOM Xapak-
TEPUCTUKH [,

[TonyueHHble TapaMeTphl y-miepecedeHuit s Beex 308 maHamadTHRIX JTOKAIWN,
obpaszyromux 14 psaoB 1Mo 22 MOJIUTOHA, HAHOCUJIUCH Ha KapTy 1O COOTBETCTBYIOIIUM
KoOpauHaTaM ¢ ucnoib3oBanueM reouHpopmarmonHon cuctemsl (I'MC) QGIS (https://
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qgis.org/), MOy IsIMH pocTpaHCTBeHHOM uHTepnossuu Contour plugin (https://github.
com/ccrook/ QGIS-Contour-Plugin) u npuBenens! Ha pucyHke 3. HacbleHHOCTb Io-
JUTOHA COOTBETCTBYET 3HAUEHUIO Y-TIEPECEUEHUs JIOKAllMU U IPUBOJIUTCS B IIBETHOH
BBIHOCKe KapThl. [lapamerp y-mepeceuenue I, (c yaeToM MajJoCTH yKJIOHA) XapaKTepu-
3yeT cpeaHee CyMMapHOe TOI0BOE KOJMYECTBO (PMTOMACCHI JIOKAIMU 32 MHOTOJIETHUH
MIEpHUO/.

W3 pucyHka 3 BUJHO, 4TO HanOONbIINE 3HAYCHUSI HHTETPAJIbHON XapaKTepucTuku I
(HachlIlLIEHHbIE 3eJIeHbIe TIOJIMTOHBI) PUXoAATcs Ha npenropbst CeBepHoro Kapkasza — Ha
ceBepHble ckI0HBI JIecucroro u [Tactounnoro Xpe0dToB, rae npeodmanaroT JanamadTs
IIMPOKOJIMCTBEHHBIX ¥ CMEIIAaHHBIX JIECOB, MHOTO Ha3€MHBIX KPYITHBIX U MEIIKUX UCTOU-
HUKOB BOJJ000ECTICUEHHSI ¥ TPAKTUYECKH HE BEIETCS aKTHBHAS XO3SHCTBEHHAs JIesTelb-
HOCTb M BbIpyOKa jeca. 3aech 3HaueHus I, Haxonsarcs B auanaszone 3500-3800. Taxoxke,
nocratouHo Bbicokue 3HadeHus I, (3200-3500) npuxozasrcs Ha ceBepHble CKIOHBI CyH-
XKeHCKoro XpeoTa.

MuHuManbHble 3Ha4eHus |, (CBETIble MOIUIOHBI) MPUXOAATCS Ha BBICOKOTOPHBIE U
ckanucThle yyacTku [maBHoro KaBkasckoro u bokoBoro xpe0ToB, MOKPHITHIE JIETHUKA-
MU, HE UMEIOIIHUE pacTUTENbHOCTH. OTHOCHUTENbHO HuU3kue 3HadeHus [, (2200-2700)
Ha KapTax MpOsBIISIOTCS ceBepHee I. M030Ka B CTEMHBIX U JIECOCTENHBIX JIaHAa(Tax,
IJie TaKKe BEJEeTCS aKTHBHAs CEIbCKOXO3AWCTBEHHas JesATeNbHOCTh. [IpomexyTouHbie
0 napamMeTpy I, Jokaluu NpuxoAsTCs Ha JIyTOBbIE U JIECOCTENHbIE YYaCTKU PAaBHUHHOMN
tepputopuu PCO-Ananus u KBP.

Ha pucynke 4 mpencraBieHa NMpOCTPAHCTBEHHAS MHTEPIIOJNSIUS B BHE WU3OJMHHUN
y-TIepeCceueHNi UHTETPaJIbHOM XapaKTepUCTUKU MHorosieTHuX unaekcos NDVI. Omnop-
HBIE 3HAUEHHS y-TIepeceUeHnH |, monmucanbl Ha U3OIMHHUSAX.

n

s,

Puc. 3. 3nauenus y-nepeceuenuii mpenoa I, ons usyuaemulx noxayuii /

Fig. 3. Values of y-trend intersections I, for the studied locations
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3a 24-neTHuil IEpUOJ IS UCCIENYEMOIO palilOHa CPEJHUE OT IOJOBBIX UHTETPAJIOB
unaexkca NDVI (y-nepecedeHust TpeH10B) U3MEHSIOTCS B Ipe/ieax OT HU3KUX 3HAYeHU I
415 (111 BBICOKOTOPHBIX JIOKAIMi) 10 BBICOKHMX 3HaueHUH 3944 (ju1st mperopHoi jgoka-
UM BONM3M c. Ypyx u ¢. Yukona).

AHanu3 pucyHka 4 1mokasblBaeT, UTO HauOOJIbIIAs IYCTOTa JIMHUM (KOTOpasi COOTBET-
CTBYET HauOOJIbIIEMY ITPOCTPAHCTBEHHOMY T'PAJIUCHTY) IPUXOIUTCS HA TPAHULLY MEXKILY
I'maBHbIM ¥ CKaMUCTBIM XpeOTaMu, 10 TPAHUIE PACTUTENBHOCTH, a TaK)Xe M0 TPAHULE
pasziena y4yacTKOB, IMOKPBITHIX JIECOM U JIYyTOBBIM, J€COCTENHbIM JaHamadrom. M3omnu-
HUM B PAaBHUHHBIX, JIYTOBBIX U CTEMHBIX JIAHAIAPTAX MOBTOPSIFOT KOHTYPhl OCHOBHBIX
Ha3eMHBIX MCTOYHUKOB BOA0OOECIEUEHUs. DTO yKa3bIBaeT HA 3HAYMMOE BIMSHUE HaJU-
YMsI TAKAX HA3eMHBIX HCTOYHUKOB Ha BEJIMUMHY (PUTOMACCHI.

BHyTpu necHbIX naHAma(TOB M30IUHUM |, pacripeneneHsl NpuOIU3UTENbHO PABHO-
MEPHO U B OCHOBHOM IIOBTOPSIIOT TPaHUIIbI JIECHBIX MACCUBOB BHE 3aBUCUMOCTH OT IIPHU-
CYTCTBHUS Ha36MHBIX HCTOYHHUKOB.

Puc. 4. IIpocmpancmeennas unmepnonsayus y-nepecedenuii mpenoos 1, 6 guoe necenancenivix u3oaunuil /

Fig. 4. Spatial interpolation of y-intersections of I, trends in the form of non-smoothed isolines

AHaJ0rM4HbIM 00pa30M MPOBEIEHO KapTorpapuueckoe HaHECEHUE YKIOHOB TPEHI0B
UHTETrpalibHOM xapaktepuctuku I,. Ha pucyHke 5 mokazana kapTa 3Ha4eHUN YKJIOHOB
TpeHa0B I, KoTopas xapakrepusyeT oOLIyI0 MHOTOJIETHIOIO TEHACHIINIO pa3BUTUS (HUTO-
Macchl B IaHHOM Jiokanuu. HachIeHHOCTh MOJUTOHAa COOTBETCTBYET 3HAYCHHUIO YKJIOHA
TPEH/a B IaHHOM JIOKAallMU OTHOCUTEIHHO MAaKCUMAJIbHBIX 1 MUHUMAJIbHBIX 3HAaUE€HUH 110
MOJLYJIIO [10 CPABHEHUIO C JPYTUMU JIOKAIUSIMHU, a I[BET MOKA3bIBAET MOJIOKUTEIbHBINA UITU
OTpHUILATEIbHBIN 3HAK YKIOHOB, U300paKEHHBIX HA KapTe, 1IKajia MPUBOJUTCS B LIBETHOI
BBIHOCKE KapThl.
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W3 pucyHka 5 BUIHO, UTO MOJIOKUTENBHBIE TPEH/bI, CBUAETEILCTBYIOLIUE O CyMMap-
HOM BO3pacTaHUM IOAOBBIX 3HAUEHUH MHJEKCA BereTaluy AJIs JaHadTHBIX JTOKALNH,
pacnonioxkensl Ha Gonbiieit yactu Jlecucroro u Ilacréumnoro xpe6roB. Ha Teppuro-
puM ceBepHbIX CKIOHOB bonbmoro KaBkasa Hanbosblee 3HaueHHE yKJIOHA TpeHzaa I,
(yxiaoH = 0.925-0.945) 3adukcupoBaHo B Jokauusx Beicokoropusiii I'ocynapcTBeHHBbIH
3anoBeHUK Bepxwusist bankapus, Hanmonanssblil napk Asanus, H.11. bypoH. B ykazaHHbIx
JIOKAIMAX MPUCYTCTBYET JIECHOU JIaHAIA]T, MOKPHITHE — CMEIIAHHBIN U XBOIHBIH J1ec.

OTtpunarenbHble YKIOHBI TPEHI0B IMOKa3bIBAlOT CYMMAapHOE COKPAILEHUE MHIEKCOB
BereTanuu U GUKCUpyroTcs Ha OoublIel yacTu paBHUHHON Tepputopun PCO-Ananus —
OceTUHCKON HAaKJIOHHOM paBHUHBI, HA K’KHBIX, UMEIOIMX CHIIBHYIO MHCOJISALINIO, CKIIO-
Hax Tepckoro u CyH>XEHCKOTo XpeOToB.

Haubonpiume no Moyio oTpULaTesibHble TPEeHAb! I, (OTMEUEeHbI KpaCHBIMU MOJIUTO-
HaMH Ha puc. 5, ykioH ot -0.287 110 -0.414) 3adukcupoBansl B okausx OceTHHCKas Ha-
KJIOHHAs paBHHHA U ceBepHbIe CKJIOHBI CyHxeHcKoro xpedta PCO-Ananus B paiioHe H.II.
Kpacnorop, H.11. Kpacusiit Xon, 1. Jluropa, nanamadr J1ecocTenHON, BEAETCs aKTUBHAs
CEJIbCKOXO03sIiicTBEHHast 00paboTKa 3eMIIM; JTOKAIIMHM Ha FOKHBIX CKJIOHAaX CyH)KEHCKOTo
xpebTta B paiioHe H.n. 3amanky’d, bpyt, PCO-Ananus u H.1. [anakoBo u KanTsinieso,
PU; nokaunn Ha paBHuHHON yactu PCO-Ananus, B paiione H.1. Hapr, cT. ApxoHckas,
c. MuxaiinoBckoe, JaHaAmadT J€COCTENHON U CTEIHON, BEIETCSl aKTHBHAs CEIbCKOXO-
3sICTBEHHAs JESATEIBHOCTD, IOPOXKHBIE U CTPOUTENbHbIE Pa0OThI, MACTOUIIIHOE CKOTO-
BOJICTBO.

Puc. 5. [Ipocmpancmesennoe pacnpedenenue noiuecoH08 no 3HA4eHUAM YKI0H08 mperoos I, /

Fig. 5. Spatial distribution of polygons according to the values of trend slopes I,

Ha pucyske 6 npeacraBieHa NpOCTPaHCTBEHHAs! HHTEPHOIALUS YKIOHOB I, (omop-
HbI€ 3HaYEHUS MOANKUCAHBI HA N30JUHMSX), KOTOPBIE U3MEHSIOTCS B npeaenax ot -0.592
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(nmst BBICOKOTOPHBIX JoKanwii) 10 +1.471 (s paBHUHHBIX Jokanuii). OKOIOHYIIEBbIE
3HAYECHHS YKIOHOB 3a()MKCUPOBAHBI B HEKOTOPHIX BHICOKOTOPHBIX M PaBHUHHBIX paiio-
Hax.

Crnenyer orMeTuThb, uto psin sokauuid (PCO-Ananus — ceBepo-BocTouHee I. becna-
Ha, c. Kapmkun, c. 3amankyin, c. barako, n. 3aBonckoii, . ApaoH, c. KpacHorop) umeror
JIOCTATOYHO HU3KHE MHOTOJIETHHE cpeaHue 3HaueHud l,. [Ipym Hammuuum Ha3eMHBIX HC-
TOYHUKOB Bojioo0ecIedeHus — pyceln pek Tepek, ApJIOH B COBOKYITHOCTH C OTpHUIIATEINb-
HBIMU 3HAUECHUSIMH YKIJIOHOB TPEHAA 3TO MOXKET YKa3bIBATh HA AKTUBHYIO XO3SIIICTBEHHYIO
Y CTPOUTENBHYIO IeATEIbHOCTD, a TAK)KE HA BOSMOXKHBIE arpOIKOJIOTHYECKUE MPOOIEeMbI
B 9THUX JIOKAIUAX (M3MEHEHHE TeMIIEPATypHOTO UM BOJHOTO OanaHca, U3MEHEHHUS B CO-
CTaBe MOCEBOB WJIM JIerpafalusi paCTUTEILHOTO MTOKPOBA).

Hanuuue Takux MHUKpPOPETHOHOB TpeOyeT JAOMOTHUTENbHBIX UCCIEIOBAHUN B COBO-
KyITHOCTH C y4€TOM TPEHJIOB TeMIIepaTypbl, BOZOOOECIIEYEHHOCTH U JTOTIOTHUTEIbHBIX
WPPUTALIMOHHBIX UM METUOPALMOHHBIX MEPOTIPUATHUM.

Puc. 6. [Ipocmpancmeennoe pacnpedenenue u30IuHUl YKI0HO8 MHO20NemHUX mpenooe 1, unoexcoe NDVI /

Fig. 6. Spatial distribution of long-term NDVI index trend slopes in the isolines form

AHanu3 pacrpesielIeHus] U30JIMHUNA MOKa3bIBAeT HECKOJIBKO JIOKAJIM30BAaHHBIX TPYIIIT
Onu3MeKalMX JOKaUi, 0ObeTUHEHHBIX OOIMMHU OTPHUIATEIbHBIMU YKJIOHAMH TpPEHAA
I, B KOTOpBIX (puTOMAcca COKpamiaeTcss Hanbojiee 3aMETHO, B OCHOBHOM Ha paBHUH-
Hoit yactu PCO-Ananus, BOnu3u 1. Anarupa, T. Jluropsl, ¢. Kpacnorop, c. MocTtuznax,
cT. ApxoHckas, c. Hapr, c. Japr-Kox, c. 3amanky, c. Lansik, c¢. Bepxuuit Kypn, KBP,
c. lamakono, c. Kanteimero, PU.
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3AKAKOYEHNE

KinnmaTtnyeckue U3MEHEHUS CKa3bIBAKOTCS HA T€0JKOJIOTHMYECKUX U arpOKINMATH-
YeCcKHUX nokazarensax teppuropun CeBepo—KaBka3ckoro pernosa, st KOTOpOIro CEJlb-
CKO€ XO35MCTBO SIBJISICTCA OJHOM M3 BEAYILIUX OTPACIEH SKOHOMUKHU U €r0 yCTOMYUBOE
pa3BUTHUE B 3HAYUTEIBHON MEpe 3aBUCUT OT KIMMATUYECKUX YCIOBUM U UX U3MEHYU-
BOCTH.

NHrerpanbHas XapaKTepUCTUKA MHJEKCA BEreTallMM YYUTBHIBAET COBOKYIIHBIE OCO-
6ennoctu m3menenust NDVI B teuenue rona. MHoroneTHue cpennue I, mo cpaBHeHHIO
C JApYyTMMH JIOKAMSIMM, YKa3bIBAalOT HA BIMSHUE JIOKAJIbHBIX KIMMAaTHUYECKUX YCIOBUI
Ha BEreTaluI0 PaCTEHUU U JOJITOBPEMEHHBIE U3MEHEHUS I PACCMATPUBAEMOrO JIAH]I-
madTHOrO perroHa. [lomyueHHbIe HA OCHOBE CITyTHHUKOBBIX JAHHBIX KapThl pacrpese-
JIEHUs YKJIOHOB TPEH/OB U y-IIEPECEUEHUN MO3BOJISIFOT MOJMYyUUTh OBICTPYIO OLIEHKY YC-
JIOBUH CEJIbCKOXO03MCTBEHHOM 1€ATENBHOCTH U CPABHUTH UX JUISl OTHOCUTEIBHO OJIM3KO
PacCIIOIOKEHHBIX PaHOHOB € PA3IMYHBIMHU JIAHIA(TAMH CO MHOXECTBOM TU(GepeHIIH-
POBaHHBIX KOMIIOHEHTOB.

[TosmydeHHbIe pe3ysbTaThl 11€1€CO00pa3HO YUNUTHIBATh NPU IJIAHUPOBAHUM MEJINOpA-
THUBHBIX MEPOINPUATHN B ITUX paliOHaX, I UCIIOIb30BaHUS B T€0IKOJIOTMYECKOM pano-
HUPOBAHUU M MOBBIICHUS 3()(HEKTUBHOCTH PUPOIOTIONBE30BAHHUS.

BbiBOADI

Jlis npenropueix ganamadToB Ha Teppuropun PCO-Ananus v npuiieramomux paio-
HOB MHJIEKC BETeTallui UMEET BBICOKHE 3HAYEHUS 3a cUeT O0JIbII0N (PUTOMACCHI JIECHBIX
MacCCHBOB U ITOJIOKUTEJIbHBIN TPEH/I MHOTOJIETHEN U3MEHYMBOCTH, YTO CBUJETEIBCTBYET
0 COXpaHEHUHU OJArOMPUATHBIX KIMMATUYECKUX YCIOBUM.

J1J15 BBICOKOTOPHBIX PailOHOB, MOKPBITHIX aJIbIUHCKUMU JIyraMH UK 0€3 pacTUTEIb-
HOTO TOKPBITHSI, KOJIMYECTBO (PUTOMACCHI B 1I€JIOM HEOOJIbIIOE, HO UMEET MOJI0KHUTEIb-
HBINA TPEH]I, YTO TAK)KE CBUAECTEIBCTBYET O OJArONpUsATHBIX YCIOBHIX i (PUTOLIEHO3A.

Jnst paBHUHHBIX pailoHOB OCETHMHCKON HAKJIOHHOW PaBHHUHBI U JIECOCTEMHBIX JaH/I-
11adToB TPEH bl MHOTOJIETHEN U3MEHUYUBOCTHU pa3HOHarnpasieHsl. B paiione r. Jluropsr —
. becnana — c. 3amaHkyi, Ha 10KHBIX ckioHaX CyHxkeHckoro u Tepckoro xpedToB ume-
IOTCSl YYaCTKU C MHOTOJIETHUM TPEHJIOM HAa YMEHBIICHUE WHJEKCA BEreTaluuu, YTO CBU-
JIETENBCTBYET O MPHU3HAKAX MHOTOJETHEH Jerpajalvi PacTUTENIbHOIO MOKPOBA BBUIY
BO3MO>KHOTO M3MEHEHHsI TEMIIEPATYPHOTO M BOJHOT'O PEXKUMOB 3TUX JoKauil. C ucnoss-
3oBanreM ' MIC QGIS meTonoM MHTEpNOIAINUNA U30JUHUSAMHU MOCTPOEHBI KapThl pacipe-
JieneHus yKiIoHoB TpeHa0B NDVI, aHanu3 KOTOpbIX O3BOJISIET BBISIBUTH MPAHMIIBI Palio-
HOB C MHOTOJICTHUM YMEHBUIEHUEM MHJIEKCOB BETETallUU.
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Pe3tome: AKTyanbHOCTb PaboTbl. [ednnpoBaHHble NOYBbI XapakTepuU3yTCs NOBEPXHOCTHLIM 90M0BbIM
HAHOCOM W MOTYT UMETb MOrpebeHHbIn NPoduIIb. B norpe6EHHbIX r'yMyCOBbIX TOPU30HTAX MO CPABHEHNIO C (DO-
HOBbIMM NMOYBAMU MPOCIEXIUBAETCA NOBLILIEHHOE COAEPXKaHWE MOSTAHTOB. JIeCHble HACAXAEHNS ABNAOTCS
3(DMEKTUBHLIM CPEACTBOM 3aLLMTbI OT fedNALMmM, PaCNPOCTPAHEHHON B PaNOHaX HEAOCTATOYHOMO YBIKHEHUS.
Llenbto paboTbl sBMMACH OLEHKA Ban0OBOro cofepxxaHus Tsxkénbix metannos (Pb, Cu, Hg, Zn u As) B no4sax ne-
CO3ALLNTHbBIX HACAX/EHWNIT B YCNOBUSX CyXOCTEMNHO 30HbI Bonrorpafckom 06nactu, a Takxxe yCTaHOBNEHWE BN-
AHUS 3ALLUMTHBIX NECOMNOMOC HAa HAKOMMNEHWE 1 pacnpefeneHne TAXenbIX MeTanios B npodune AenpoBaHHbIX
noys. MeTofbl. YcTaHOBMIEHA CTPYKTYpa NOYBEHHOrO MOKPOBA, COCTOALLAA U3 KALUTAHOBOW CBETNOrYMYCOBO
MOYBbI C MOrpe6eHHbIM NMPodMneM TeMHO-KALLTAHOBOW NOYBbI U NCaMMO3eMOB. [laHa KONMYeCTBEHHAN OLeHKa
CPEHEero CoAepXaHus anemMeHToB B No4BeHHOM npodune u no cnosm 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm,
40-50 cm, 50-60 cm, 60-70 cm. A3y4eHo pacnpefeneHe MeTannoB U MblLbsAKa M0 NOYBEHHOMY MPOQWIILO C yye-
TOM MOPQ0N0Orn4ecknx 0co6eHHOCTeN NoYB. [poBeaeHa cTatucTuyeckas 06paboTtka pesynbratos. Pesynbratbl
UCcCNefoBaHus. YCTAHOBNEHO BNUAHWE PAHYNOMETPUYECKOr0 COCTaBa Ha CTEMeHb akKyMynauuum MeTanios u
MbILLUbSAKA B N04YBE. bonee BbICOKOE COLlepXKaHne TOHKOAUCNEPCHBIX (PPAKLMIA B 30HANbHON N04BE 00YCIOB/INBA-
eT 60/bLLIee COAePKaHLe B Hell MeTannoB 1 Mbllbsaka. CpeaHue BbI6OPOYHbIE 3HAYEHNS 311EMEHTOB (MI/Kr) pac-
nonarannuck B NOpsAKe yoblBaHUA: N1 NCAMMO3EMOB XapakTepeH paf HakonneHus B Buge: As<Hg<Pb<Zn<Cu,
ANs NoYB 30HanbHOro psaga: As<Hg<Zn<Pb <Cu. Pe3ynbraT nccnefoBaHuini YKa3biBAET, Y4TO NOYBbI arponeco-
MESIMOPATUBHbIX NAHALIAGTOB MMEOT MO NECHbIMM HACAKAEHNAMMU 3HAYUTESNbHbIA 3KONOrNYecKnii puck. Mo-
3TOMY KpailHe BaXKHO pa3paboTtartb HOBbIE KOHLENUMN (PYHKLUOHUPOBAHUS arponecoOMeiMopaTuBHbIX CUCTEM,
a[lanTUPOBAHHbIX K YCMOBUAM CYXOCTEMHON 30Hbl, C Y4ETOM PEruoHanbHbIX (DOHOBBLIX COLEPXAHUN THKESbIX
METannoB 1 MbiLLbAKA.
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Yeckue 0CHOBbI M METOZOJI0MS OLEHKM 6a1aHCa NapHUKOBbIX ra30B Ha MPECHOBOAHbIX BOJOEMAXx B 3aCyLLTNBbIX
yenosusx tora Poccun».
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Abstract: Relevance. Deflated soils are characterized by surface aeolian deposits and may have a buried
profile. Buried humus horizons exhibit higher levels of pollutants compared to background soils. Forest
plantations are an effective means of protection against deflation, which is widespread in areas with insufficient
moisture. The aim of the study was to assess the total content of heavy metals (Pb, Cu, Hg, Zn, and As) in soils of
protective forest plantations in the dry-steppe zone of the Volgograd region, as well as to determine the influence
of shelterbelts on the accumulation and distribution of heavy metals in the profile of deflated soils. Methods. The
soil cover structure was identified, consisting of light-humus chestnut soil with a buried profile of dark-chestnut
soil and psammozems. A quantitative assessment of the average content of elements in the soil profile was
carried out for the following layers: 0-10 cm, 10-20 cm, 20-30 cm, 30-40 ¢m, 40-50 cm, 50-60 cm, and 60-70
cm. The distribution of metals and arsenic in the soil profile was studied, taking into account the morphological
features of the soils. Statistical processing of the results was performed. Results. The influence of granulometric
composition on the degree of accumulation of metals and arsenic in the soil was established. A higher content
of fine-dispersed fractions in the zonal soil leads to a greater accumulation of metals and arsenic. The average
sample values of the elements (mg/kg) were arranged in descending order as follows: for psammozems, the
accumulation series was As < Hg < Pb < Zn < Cu, while for zonal soils, it was As < Hg < Zn < Pb < Cu. The results
indicate that soils in agroforestry landscapes under forest plantations pose a significant ecological risk. Therefore,
it is crucial to develop new concepts for the functioning of agroforestry systems adapted to the conditions of the
dry-steppe zone, taking into account regional background levels of heavy metals and arsenic.

Keywords: soil, dry steppe zone, granulometric composition, heavy metals, arsenic.
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BesepeHve

Onenka coneprkanus Tspkenbix MeTauioB (TM) B mouBe BMeeT BaXKHOE 3HAUCHUE TS
OTIpE/ICTICHUS] CTETICHU DKOJIOTHUECKOTO PUCKA M pa3pabOTKU CTpATETHid 3alUThl OKpPY-
JKaloIIe cpeasl U 310poBbs uenoBeka [Islam et al., 2024; Wang et al., 2023]. IIpu ma-
JIOW KOHIEHTPAILIUU METAIIJIbl HEOOXOAUMBI )KUBBIM OpraHU3MaM, OCKOIbKY OHU UTPAIOT
KU3HEHHO BXKHYIO POJIb B 00ecTieYeHUH (PU3UOIOTUYECKUX (PYHKIIUN, HO MPH BBICOKUX
koHneHTparusax TM cranoBsitcs TokcndHbiMU [ Gebeyehu, Bayissa, 2020].
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Ilo crenenn omacHocTu Bo3znedcTBUs TM MokHO nuddepeHIpoBaTh Kak 1 Kiacce
omacHoctu (As, Cd, Hg, Se, Pb, Zn), 2 knacc onacuoctu (Co, Ni, Mo, Cu, Sb, Cr) u
3 knacc onacHoctu (Ba, V, W, Mn, Sr) [Bogsauukwuii, 2012].

OcHoBHbIM XpaHwinnieM TM sBisieTcs 1o4Ba, KOTOpas UTPaeT OCHOBHYIO POJIb UX
KpyroBopoTa B okpy»xatouieit cpene [Cao et al., 2010; Kynuxosa u ap., 2022]. Konuen-
Tpauuss TM B ouBe 3aBUCHUT OT re0JIOTMYECKUX 0COOEHHOCTE KOHKPETHOM TepPUTOPUHU
U UMEeT 3HaYMUTeNbHbIe Auana3onsl Bappbuposanus [Friedland, 2024].

B 3acynumBbIX pernoHax, B KadecTBe Mep 1o 0opbrOe ¢ ONMyCThIHMBAaHUEM U Jierpa-
Janyel moyuB B MEPBYIO 0Yepeib OT 3PO3HMOHHBIX MPOLIECCOB, AKTUBHO MTPpUMeEHsieTcs (u-
tomenuopanus [Ikromov, Kadamov, 2021; Gafurova, Juliev, 2021]. B XIX-XX Bekax B
CYXOCTEITHOM 30HE B Ka4e€CTBE 3alUThl OT HACTYIUICHHUS IECKOB BBICAYKUBAJIM JIECHBIE
MAaCCHBBI, MPENATCTBYIOUINE NeIAIMOHHOMY MEPEHOCY MOYBEHHBIX yacTull [Torok et
al., 2025]. JlecHble MacCUBBI, KaK U JIECOMOJIOCHI, UMEIOT MOJOKUTENIbHBIH TPOTHUBOIPO-
3MOHHBII pecypc, cocoOCTBYIOT (POPMHUPOBAHUIO JIOKAIBHOTO MPU3EMHOTO KIIMMaTHye-
CKOT'0 peXHMMa Terjia U BIaKHOCTU BO3/lyXa, CHUKAIOT TypOyJIEHTHbIE TOTOKU MapHHUKO-
BBIX Ia30B, JOJII0 YIJIEKUCIIOTO ra3a B pU3eMHOM ciioe Bo3ayxa [Tonkau, 2022]. Kpome
TOTO, JIECHAsl PACTUTENBHOCTh CIIOCOOCTBYET CTAaOMIIBHOCTH yIIEpoja OpraHMYeCKOro
BEIIIECTBA MOYBHI, UTO YBEIUYUBAET YCTOWYMBOCTH dKocucTeM [Tikhonova et al., 2023].

[Tono6HbBIE TEPPUTOPUM YACTO HCIIONB3YIOTCS HACEJIEHUEM KaK MecTa JUIsl OTJIbIXa.
Jlnis ux GrnaroycTpoicTBa KpaiHe BaykKHa CTENEHb 3arpsi3HEHUs MOYB IO JIECHBIMU TO-
YBO3AUIUTHBIMU HacaxJIeHUsAMH. Psaom uccnenoBanuii [Mensenes, [epesarun, 2017;
[Tyraes, Yeronaesa, 2017; Kpamepea u ap., 2021] nokazana Ba>kHast 0COOEHHOCTb Jiec-
HBIX HACaXJIEHUH, MPOSBISAIOLIAsCS B MX CIHOCOOHOCTH MPEAOTBpALIATh 3arpsi3HEHHE
MIOYB TSDKEJIBIMM METaJUIaMU 3a CUeT UX NpoduibHOro nepepacipenenesus. Kpome toro,
B CHJIy NEPEYUCIIEHHBIX O0COOCHHOCTEH, UCKYCCTBEHHBIEC JIECONOCAIKU CIIOCOOCTBYIOT
4aCTUYHOM peKyabTuBanuu nous [['opOyHosa, Kynukosa, 2022]. OgHako otioxeHus TM
B 30HE a3palliy MOTYT BBICTYIIaTh KAK MCTOUHUK BTOPUUYHOTO 3arpsA3HEHMSI MIIM T€OXUMHU-
yeckoro 6apnepa. [y npuHATHS peleHust 0 BO3MOKHOCTH MCIIOb30BAHUS TEPPUTOPHIA
B KQUeCTBE MAapKOBBIX 30H HEOOXOAMMA OLIEHKA SKOJIOIMYECKOT0 COCTOSIHUS MOYB.

B cyxocTenHo#l 30H€ KalITaHOBBIX IOYB LIMPOKO MPUMEHSIOTCS BOCCTaHOBUTEIb-
HbIE MEPOIIPUATHS B BUJE JIECOMEINOPALINY, T1I€ NCKYCCTBEHHBIE JIECONIOCAAKN 3aHUMA-
10T 3HauuTenbHble Miomanu [Ilonos, 2022]. Bo3pacT HEKOTOPBIX PyKOTBOPHBIX JIECHBIX
maccuBoB rnpesbiiaeT 100 nget. Hanbonee pacnpocTpaHeHbl IPOTHBOAE(ISIIMOHHbIE Ha-
CaXKJICHUs, IPU3BAHHBIE NPENOTBPATUTh HACTYIUICHUE IIECKOB HA HACEJIEHHBIC ITYHKTHI.
WnTencuBHas nedusnus, B CBOE BpeMs, PUBEJIA K NEPEKPBITHIO MIOUB 30HAJILHOTO psijia
HeCYaHbIM CJIOEM, YTO CIIOCOOCTBOBAJIIO HOBOMY 3BOJIIOIIMOHHOMY 3TaIly MOYBOOOpa3o-
BaHus. CBOEBPEMEHHAs JIECOMENNOPALIMS [T03BOJINIIA OCTAHOBUTH MPOLIECC JaIbHEUIIEN
Jierpajaly SKOCUCTEM, CPOPMHUPOBAB HOBbIE OMOT€OIICHO3BI.

BbI3bIBa€T HHTEPEC COBPEMEHHOE COCTOSIHME IIOYB B Pa3pe3e COAEPKaHUS TAKEIbIX
METAJUIOB U MBIIIbsSIKA, 0COOCHHOCTEH X paclpeieieHus o MPOoPUIIo ¢ MOrpeOeHHBIM
CJIOEM 30HAJIbHOM KaIITAHOBOM ITOYBBI 0] JIECO3AIIUTHBIMY HACAKIECHUSAMH CYXOCTEI-
HOM 30HBI.

Lenp uccaenoBanmii cOCTOsAIA B OLIEHKE COIEPIKAHNUS TSXKEJIBIX METAJIJIOB U MBIILIbSI-
Ka, & TAK)KE BJIMSHMS 3aLIUTHBIX JIECOIOJIOC HA HAKOIUIEHNE U PACIPEACIEHUE TSHKEIIBIX
MeTaJuIoB B npoduie nedaupoBaHHBIX MOYB, ceBepo-3anaga [IpuBomKckol BO3BbIIICH-
HOCTH.
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MaTtepunaAbl U METOABI MICCAEAOBOHUM

OOBeKkTaMy MCCIeI0OBAaHUS SIBISLTUCH ITOYBBI CyXOCTEIHOM 30HKI tora [IpuBomKCcKoit
BO3BBIIICHHOCTH B IIpPEJeNIax TEPPUTOPUM IKOJIOIO-KJIMMATHYECKON cTaHuuu «Kambl-
umn» OHI arposkonorun PAH, Bonrorpasackas o6macTb.

Kinumar ymepeHHO-KOHTHHEHTaANIbHBIN. CyxocTenHas 30Ha KaMbllimHCKOro paiioHa
XapaKTepU3yeTCsl aKTUBHBIM BETPOBBIM PEKUMOM, CPETHHM MOKazaTenb 6-7 M/C 10CTH-
rasi B OTJeJIbHBIE epuobl 25-27 M/c. CpemHue TeMIieparypbl 3SMIMHETO CE30Ha JEPIKaTCs
B uHTepBase ot -5,1°C no -7,2°C. B neTHuil nepuoj MakCUMaibHbIe TEMIIEPATYPHI BO3-
nyxa MoryT npesbiiars +40°C.

[IpombinenHocTs . KaMblmmHa sBIsieTcss MHOTONPOQMIBHONW, HO HauOOJbIIas
JI0J151 IPOMBILUIEHHOM MPOyKIMU IPUXOAUTCS Ha MPEANPUATHS MAIIMHOCTPOUTEIILHOMN
oTpaciu. TeppuTopus UCCIIEN0BAaHUS PACIIOIOKEHA B 5 KM OT IIPOMBIIJIEHHOIO LIEHTpa
r. KambimmHza, npeacraBiser co00i Cyxoil COCHOBBINA OOp Ha AC(ISAIMOHHBIX MTECYAHBIX
OTJIOKEHUsX tora [IpMBOHKCKOM BO3BBILIEHHOCTH (MCKYCCTBEHHBIE TOYBO3AIIUTHBIE 110~
CaJIKM) C IPEBECHBIMU MOPOIAMHU COCHBI KPBIMCKOH, qy0a 4eperrdaroro, KjieHa OCTpo-
JHMCTHOTO, SICEHSI JIAHIIETHOTO, TOMOJS 0allb3aMUYECKOr0, Bsiza OOBIKHOBEHHOTO, Opexa
rpeukoro. Bo3pact nacaxxnenuit Bapeupyet ot 60 10 80 ser.

[TouBeHHBIN OKPOB XapaKTEPU3yETCs 3HAYUTEIIbHON KOMIIIEKCHOCTBIO U HAJIMYUEM
MI0YB C JIBYWICHHBIM IPOQHIEM B BUJIE 33JIPHOBAHHOTO ITPOI'YMYCHPOBAHHOTO 30JI0BOTO
HaHOCA ¥ MOTPEOCHHON TEMHO-KAIITAHOBOW MTOYBHI.

JIst AOCTUKEHHMSI IOCTABICHHOM LENM Ha TEPPUTOPHUM 3aLUTHOTO JIECHOTO MacCUBa
ObLIN BBIOPAHBI MATh MPOOHBIX OIBITHBIX MLIOMIAIOK IUToMaas0 50 M2, Ha kax1oi mpo6-
HOM TUTOIAAKE 3aKJIaIbIBAIM TP MOYBEHHBIX pa3pesa (0ArH MOoIHONPO(UIBHBIN pa3pes
10 riryounsl 150 ¢M 1 ABe MOYBEHHBIE POKONKH ITyOonHoi 70 cM). Beero 0b110 H3y4eHo
15 pazpe3sos (puc. 1).

Dkﬂi/KLl

| K2

YcnoBHble 0603Ha4eHus/
Legend

© Pa3spe3/Soil profil
® Mpukonka/Soil pit

Puc. 1. Cxema pacnonoosicenusi npoOHbIX niowadeti u Mmecm 3axkiadoKu paspesos /

Fig. 1. Layout of the test areas and cross-section locations
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JUist KaK10TO TIOYBEHHOTO pa3pesa MPOBOAMIIN U3ydYeHUE MOP(OIOrHIecKoro cTpoe-
Hus ipo¢uiid. [To ocoGeHHOCTIM MOP(OIOrHYECKOr0 CTPOSHUS U BUIOBOM MPUHAIEK-
Hoctu [IUSS Working Group WRB ..., 2022] B 11e710M 04YBBI UCCIIELyEMOM TEPPUTOPHH
IpEeACTaBJICHbI AByMs IpynnaMu: 1 rpymnmna — 30HajIbHbIE KallITAHOBBIE CBETIIOTYMYCOBBIE
kapOoHatHble nmouBsl (Greyzemic Kastanozems u Haplic Kastanozems) Ha norpe6eHHoi
TEMHO-KaIlITaHOBOM mocTarporeHHoi nouse (mpoousie miomanu KJI 1, 2, 3); 2 rpynna
— nicammosembl TymycoBble (Eutric Lamellic Arenosols u Eutric Regosols) s0m0oBo-akky-
MYJISTUBHBIX TOJITUIIOB, MPEICTABIISAIONINE COO0M MOJIOYIO TOYBY Ha S0JIOBBIX OTIIOXKE-
HUsX (mpoOHble momanu KJI 4, 5).

Jlnist onpeniesieHus coiepykanus Tsokenblx MetaioB (TM) U MbllIbsKa B MOYBE OT-
Oupasii MMOYBEHHbIE MPOOBI MO '€HETHUECKUM TOPU30HTAM M JJIsl YTOYHEHUS — CIIOSIM
0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm, 50-60 cm, 60-70 cm.

Haubonee npocThIM U AOCTYITHBIM METO/IOM MEPBUYHON OLIEHKH cozaepkanus TM u
MBILIbsIKA B [TOYBAX SBJIAETCS peHTreHo(uyopecteHTHbIH ananu3 (PDA), mo3Bosstonuii
IPOBOAUTH ONEPATUBHBIN KOHTPOJIb 3arps3HEHUS TIOUBBHI.

O1eHKy cofep)kaHUsl METAJUIOB M MBIIIbSKA B UCCIIEAYEMbIX MOYBAX BBIMOJIHSIIN C
ucnosb3oBanueM Crekrpomerpa pertrenoduyopeciertnoro JKPOC XRF-9710. I'pa-
HYJIOMETPUUYECKUI COCTaB ONpeNesyii Ha JU(PPAKIMOHHOM JIA3€PHOM aHAIMU3aTope
pasmepa yactul «Jlacka-T/]». IIpu Ha3BaHWU NMOUYB MO TPAHYIOMETPUUYECKOMY COCTABY
ucnosb3oBasin Kinaccugukanuio Kaunnckoro [Ilonesble u naboparopHble METOIBI ...,
2001]. Craructudeckyro 00pabOTKy JaHHBIX MTPOBOAUIIH B Cpejie MporpaMmMupoBaHus R.

Pe3yAbTATbl U X OBCYXKASHME

OCHOBHBIMH MOJUTIOTAaHTAMH B HCCIIEJOBAHHBIX TIOUBaX SIBISIIOTCS: cBUHEI (Pb), muHK
(Zn), mprubsk (As), pryts (Hg), mens (Cu).

o mpencTaBiIeHHOCTH B TIOYBAX ISl ICAMMO3EMOB XapaKTepeH CIETYIONNA sl Ha-
korieHus : As<Hg<Pb<Zn<Cu, st nous 30HaIBHOTO psiia: As<Hg<Zn<Pb <Cu. Pazauna
B COJICpKaHMY [IUHKA ¥ CBUHIIA B MCCIICIOBAHHBIX TIOYBAX CBsI3aHA C 0COOCHHOCTSIMHU B3a-
MUMOJICHCTBHUS UX C TIOYBOU M COJEPKAHNEM OPTaHNYECKOro BemiecTBa. CBUHEIL, 110 CpaB-
HEHUIO C IIMHKOM, B OOJIBIIMHCTBE MPUCYTCTBYET B IOYBE B IPOYHOCBA3aHHOM COCTOSTHUH
¢ 00pa3oBaHMEM KOMILIEKCOB C OPTaHUMYECKHM BEUIECTBOM, INIMHUCTHIMUA MUHEpAJIaMH H
COEIMHEHHUSMHU OKCHJIOB JKejle3a U Mapranna. [1oqBMKHOCTh CBUHIIA B ITOYBE CHUXKACTCS
B MIPUCYTCTBUHU OPTaHUYECKOTO BEIIECTBA, 3 CUET YeTO HAKOIUICHUE MTPOUCXOIUT B CIIOSX
¢ HanOOJBIIUM COAEPIKAaHMEM OPraHWYEecKOro BemecTBa. L{nHK, HaNpoTHB, HE 0Opa3yeT
NPOYHBIX COEIMHEHUH M UMEET BBICOKYIO MOJBIKHOCTH 10 MOYBEHHOMY Tipodmiio. Hau-
OoItbIIIee MPeACTaBUTEIBCTBO OTMEUEHO ISl ME/IM, HauMeHbIee — JJIsi Mblbsika. Cpen-
HHE BEJIMYUHBI COICP’KAaHHS METAJUIOB U MBIIIIBSKA IPECTABICHBI B Ta0muIe 1.

Tabnuya 1/ Table 1

Cpennee BaJioBoe coiepkaHue MeTaJJIOB B ouBax (cJoi 0-70 cm) /
Average gross metal content in soils (layer 0-70 cm)

Me, mr/kr, Me mg/kg 1 rpynma / 1 group 2 rpynmna / 2 group
Pb 8,66 + 0,34 7,43 +£0,18
Zn 20,83 + 5,39 3,03 + 1,02
As 2,17£0,84 0,07 £0,07
Hg 8,60 + 1,83 0,45 +£0,45
Cu 22,14+ 0,75 18,62 + 0,68
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Ji1st moYB 30HaNBHOTO psiia (rpynna 1) ¢ morpe6eHHbIM MpoduiIeM TEMHO-KAITaHO-
BOW TMOUBBI CpeJHUE BHIOOPOYHBIC BEIMYMHBI COJCPIKAHUS TSKEJIBIX METAJUIOB BBILIE,
yeM B nnicammoseMax. Conepxanue cBUHLA Bbile HA 14%, 1iuHKa — Ha 85%, MblIbsKA —
Ha 97%, prytn — Ha 85% u Meau — Ha 16%.

ITouBeHHbIE CBOMCTBA BIUSIOT Ha pacHpeieeHne METAJIOB U MbIIIbAKA 110 IPOodu-
J10. 3TO, B TIEPBYIO OYEpE/Ib, CBA3AHO C I'PAHYJIOMETPUYECKUM COCTaBOM M OCOOEHHO C
COJIEpKaHUEM TOHKOAUCIIEPCHBIX YACTHII.

B tabnune 2 npencraBiieH rpaHylIOMeTpUUYECKUi cocTaB KamTaHoBoW mouBbl (KJI
1-1) u ncammoszema (KJI 4-2). B npoduie ncammoszema npeobiaaiaroT necyaHble 4YacTH-
sl 1,00 — 0,05 mm, nons kotopbix gocturaet 90% B moBepxHocTHOM cioe. [Ipeobnana-
HUE NecuYaHol (pakuu 00ecreynBaeT BbICOKYIO BOAOIPOHUIIAEMOCTh IIOYBEHHOT'O ITPO-
¢wuna. Hons kpynHo#t nsutm (0,05-0,01 mm) B noBepxHocTHOM citoe 0-20 cM cocTaBisieT
0,6% u ¢ rryounsl 20 cm yBenuuuaetcs A0 8,5%. Ha ¢one nocrarouHo oqHOpPOAHOTO
IPaHyJIOMETPUUYECKOTO COCTaBa BBIAEIAETCA WILUTIOBUAIBHBIN ciioi 20-30 cM, B KOTOpoM
MPUCYTCTBYIOT TOHKOJMCIIEPCHBIE (DPAKLIMU U JI0JIS MTeCKa 3/1€Ch 3HAYMTEIbHO MEHbIIIE.
Mopdonornyeckoe u3ydeHue MoyBbl oKa3ano, 4ro ¢ nryouHs! 40 cM HaYMHAETCS TUIOT-
HBIM TI€CYaHbIM CIIOM, NMPEACTABICHHBIM HEArperupOBAHHONW MAacCOM, SBISIOLLIECHUCS I10
CYTH MaT€pUHCKON IIOPOJOH.

B npoduiie kamraHoBoii MouBkl pacnpesesneHue Gppakiuil 3HAYUTEIbHO OTIAMYACTCH.
B nosepxHocTHOM cioe necuansie ¢ppakuuu 1,00 — 0,05 mm cocransor 63%, Ha 10110
KpyInHOU nbuty npuxoautcs 32%. Takoe pacnipeneneHue Gppakuuii cBsi3aHo ¢ aeusnu-
OHHBIMU IIponieccaMu. CozeprkaHue WIMCTBIX YaCTULl MAJIO M HE3HAUYNUTEIBHO BO3PACTAET
¢ yOuHoM ot 1 10 5%, 10715 MEJIKOTO MeCKa YMEHBIIAETCs U 3HAYUTEIbHO BO3PACTACT
¢bpakuus cpenHel u menkoi nelin. Hanbomnee peskuii nepexos no rpaHyIoMeTpudecKo-
My COCTaBy OTMeueH ¢ ITyOuHbI 30 CM M MPUYypOUYEH K Hayayly MorpedeHHOro npoQuiis.
ITo Bceit BUIMMOCTH, Ha ATOH ITyOHUHE MPOUCXOANUT aKKYMYJISALINS TOHKOJUCIIEPCHBIX Ya-
CTHI] U3 MEHEE IUIOTHBIX BBILIEIEKAIUX CJIOEB 32 CYET MEXAHUUYECKOTO (IIPOCEHUBAHUSY
NeQIAUOHHBIX HAHOCOB.

Tabnuya 2 / Table 2
I'panynomerpuyeckuii coctaB B nousax ( cioii 0-70 cm) /
Granulometric composition in soils (layer 0-70 cm)

IIpob6uas I'panynomerpuyeckuii cocras, % /

wiomaas / Trial ?j;;f; CcMrn/ Granulometric composition, %
area ’ 1-0,25 {0,25-0,05{0,05-0,01 0,01-0,005/0,005-0,001| <0,001
0-10 15,54 | 47,90 27,26 4,77 3.84 0,69

10-20 14,13 17,04 17.41 28.76 20,56 2,09
20-30 17,18 34,16 10,34 20,84 15.68 1.81
KJI1-1/KL 1-1 30-40 13.48 17,37 6.52 25.43 31,46 5.74
40-50 13.48 17,37 6,52 2543 31.46 5.74
50-60 15.97 8.21 10,71 27,98 329 4,22
60-70 15,97 8.21 10,71 27,98 32.9 4,22
0-10 15,73 83.65 0,62 - - -
10-20 15.73 83,65 0,62 - - -
20-30 8.42 33.20 11,91 25.49 18.64 2,36
KJ14-2 /KL 4-2 30-40 11,25 80,20 8.55 - - -
40-50 11,25 80,20 8,55 - - -
50-60 11,25 80,20 8,55 - - -
60-70 11,25 80,20 8.55 - - -

pumevanue: KJI 1-1 — kamranosas mousa, KJI 4-2 — mcammoszem. /
Note: KL 1-1 — chestnut soil, KL 4-2 — psammozem.
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B nousax 3onaneHOTO psiga (KJI 1-1) npeobnanaer ¢pusudeckas ruHa (1o 75%). B
MOBEPXHOCTHOM CJI0€ 3a(pMKCHPOBAHO HAMOOJIBIIIEE COAEPIKAHME TIECYAHBIX YACTHIL (OKO-
710 60%), 9TO TOBOPUT O HATHYUH JePIIAIIUOHHBIX HAHOCOB.

BapweupoBanue conepikaHvs METaZIOB M MBIIIbSAKA 10 MOYBEHHOMY MPOQuIIo (1o
CPETHUM BBIOOPOYHBIM) TIPEJICTABIICHO HA PUCYHKE 2.

Lunk sSBIETCS MUKPO3JIEMEHTOM, HEOOXOIMMBIM JUIsl POCTA U PAa3BUTHUSI PACTCHUH.
JleduuT nuHKa B MOYBaX MPUBOAUT K CHIKEHHUIO MPOAYKTUBHOCTU pacTeHuil. B 6oib-
HIMX KOHIEHTPALUAX MOKET ObITh TOKCUYEH AJIs1 )KUBBIX opranu3MoB. [1/IK 1 BanoBo-
TO cofepxaHus cocTaniseT 23 Mr/Kr. MccnenoBanHbIe TOYBBI 30HAJILHOTO psiia XapaKTe-
PU3YIOTCSI CPEAHUM CoJiepKaHueM IMHKa Ha ypoBHe 20,83 mr/kr. B otnensHOM paspese
conepkanue 1uHKa g0xonut 1o 208 mr/kr, yto moutu B 10 pa3 mpesbimaer 11K (Ha
rpaduke mpeacTaBiIeHbl Kak BRIOpockl). LluHk Obi1 0OHapykeH numib B 43 % wuccrieno-
BaHHbBIX 00pa310B 30HAJIBHOM MOYBKL. [1J1 ICaMMO3eMOB 00ECIIEUEHHOCTh LIMHKOM 3Ha-
YUTEIBHO HUXKE, CpenHee coiepkanue coctasiseT 3,03 mr/kr. [lunk Obl1 0OHApYXeH
B 20 % o6pa3mos mouB. Coaepxanue BappupyeT oT 7 10 20 mr/kr. ConepikaHue MHHKA
BO3pACTaeT ¢ NIyOMHOM JUIsl BCEX UCCIIE0BAaHHbBIX MOYB.

Csuney sIBISETCS OJHUM M3 MPHUOPUTETHBIX MOJUTIOTAHTOB 1-To Kiacca OmacHo-
CTH, HO B HEOOJBIIUX KOJMYECTBAX B MOYBe HeoOxoaum pactenusm. [1JIK mus Bano-
BOTO COJIEp’KaHUs B MouBe cocTaiseT 32 Mr/kr. ConepxkaHue CBUHIA B KaIITAHOBBIX
MOYBaxX BapbUPYET OT MOJHOTO €ro OTCYyTCTBUA 10 16 Mr/kr. C rimyOnHOM pa3max 3Ha-
yeHull yBenuuuBaetcs. CpenHee coaepkanue coctasisier 8,66 mr/kr. CBuHel oOHa-
pyxeH B 98% mnouBeHHbIX 00pa3ioB. CpelHee coaep)kaHue CBUHIA B IICaMMO3eMax
HIDKE M cocTaBiseT 7,43 MI/Kr nipu BapbupoBaHuu ot 5,7 no 9,6 mr/kr. [Ipucyrctue
CBHHIIA 3a(pMKCUPOBAHO BO BCEX MOYBEHHBIX oOpasuax. IIpesbrmenus [11K nHe 3a-
(uKCcUpOBaHO.

Pmyms nipencraBisier co0oil OAMH U3 CaMbIX TOKCHUYHBIX METAJUIOB, KOTOPBIH MpH
KOMILIEKCE (PaKTOPOB OKPY’KAIOMIEH CPebl MOXKET HAaXOTUTHCS B JKUIKOM M Iapoolpas-
HOM COCTOSIHMH, YTO OOYCIJIaBIMBAET €ro BHICOKYIO MUTPAIIMOHHYIO criocoOHOocTh. TT/IK
cofiepkaHus B mouse — 2,1 Mr/kr. B kamraHoBbIX moyBax pTyTh MPHUCYTCTBOBANA B 27%
po6 u noBcemecTHO 3adukcupoBano npesbimenue [1JIK. Conepxanue BapbupyeT OT
2,1 no 47,0 mr/kr, mpu cpenHem 3HaueHUM — 8,6 mr/kr. HamGombliiee conepkaHue
ormeueHo B cioe 50-70 cm. Ilpu nccnenoBanuu mcaMMo3eMOB PTYTh OOHApYKeHA JIUIITh
B ofHOU Tipo6Oe Ha rryoune 20-30 cM u comeprkanue coctaBwio 19,0 MI/KT, 4TO Takke
npessimaet [1/1K.

Meob siBAsIeTCS BAXKHBIM MUKPOXJIEMEHTOM JIJIsl PACTEHUI, HO B BBICOKHUX KOHIICHTpa-
UUsX cTaHoBUTca TokcnyHOM. ITJIK BasioBoro coxepkanust MEAM B MOYBE COCTABIISIET
55 mr/kr. CpenHee cofepkKaHue MeIu B KallITaHOBBIX MmouBax — 22,14 MI/Kr, 3HaYeHUS
BapeupyIoT OoT 14 mo 37 mr/kr. [{yst mcammo3eMoB pa3max 3HadeHui oT 11 g0 28 mMr/kr
npu cpenHeM 3HadeHuu 18,62 mr/kr. Meap oOHapykeHa BO BCEX MOYBEHHBIX MPOOax.
[pesbruenue [1IK ve 3adukcuposano. C riryOuHON yBenuuMBaeTcsi pa3opoc 3HaYSHUH.

Motubax sIBASIETCS 3arpsI3HAIONIMM BEIIECTBOM IepBoro kiacca onacHoctu. [1/IK B
MIOYBE COOTBETCTBYET 2 MI/KT. MccienoBanus mokas3aiu, 4YTo B KalITAaHOBOW TOYBE MbI-
IbSIK OOHapykeH B 46 % mpo0 M coaepikaHUe ero Bapbupyer oT 2,2 10 6 MI/KI MpH
cpennem 3HaueHuH 2,17 Mr/kr. B mcammo3emax MBITIbSIK 0OHapYKEH B OJJHOM mpode Ha
rryoune 20-30 cM u ero copepkanue coctaisier 2,9 Mr/kr. Bo Bcex mpob6ax comepikanue
MbllIbsiKa B o4Be npebiiaeT [1/IK 1 3akoHOMepHO yBeTUunBaeTCs ¢ TITyOuHOM.
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Fig. 2. Diagrams of the range of TM and arsenic content in the soil profile

AHanu3 NoJIy4eHHBIX Pe3yJIbTaTOB MOKA3all, YTO PACIPEIEICHUE METAIIJIOB U MBIIIbSI-
Ka B JIByX M3YYEHHBIX MOYBEHHBIX Ipynnax pa3ivyHo. B 3aBUCMMOCTH OT MpoUeccoB
MOYBOOOPA30BAHUS MPOUCXOAIT U3MEHEHHs B COEP)KAHUU U TepepaclpeieieHuN U3-
YYEHHBIX 3JIEMEHTOB IO MPOQUIIIO MOUBHI U JupdHepeHIHaNN UX ¢ TITYOMHOH.

Bonee Bbicokast 1ol TOHKOAMCIIEPCHBIX (pakiuii o0ycnasiuBaer 60nbiryo copo-
LHMOHHYI0 EMKOCTh KallITAHOBOM IMOYBHI [10 CPABHEHUIO ¢ ICaMMo3eMaMu. Buaumoe yBe-
nanuenue coaeprxkanus metamnos (Cu, Pb, Hg, Zn) ¢ myOunst 50 cM, oueBUIHO, CBA3aHO
C MHOTOJIETHEH aKKyMYyJISLMEH dTUX METaJUIOB B HIDKHEH 4acTu npoduiis morpedeHHoi
nouBbl. Hanmnuue ucciaenoBaHHbIX 3JIEMEHTOB B IOBEPXHOCTHOM CJIO€ MOYBBI TO3BOJISIET
YTBEPkKAATh, YTO MPOLIECC 3arpsi3HEHUs MTPOAOIIKAETCs. B KamTaHOBBIX MOYBaX HAa 00b-
€KT€ MCCJIE0BAHUS MIOBCEMECTHO PAaCIpPOCTPAaHEHbl CBUHEI] U MEJlb B KOJIMUECTBAX, HE
npesbimatronux [1/IK. Apeansl mouB ¢ copepkaHueM LUHKA 3HAYUTENbHO MeHble. [1o
OTHOUIEHUIO K MBIIIBIKY 3TO YTBEPKIACHUE TaKXke cripaBeinBo. [ nouB Bonrorpan-
cKoli oOnactu OHOBOE COJEpIKAHUE MBIIIbsIKa cocTaBisieT 6,3 mr/kr [[okiar ..., 2024],
YTO MpeBbINIaeT (JOHOBBIE 3HAUEHUS, ycTaHOBIeHHBIe Pockom3emom u IT/1K.
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B nncammo3emax Bcs McclieJOBaHHAs TCPPUTOPUS XaPAKTCPUZYCTCA HAJIMIUEM MC/IU B
KOJIMYCCTBAX, HC ITPCBLINIAOIIUX HZ[K OcTanbHbIC JIEMEHThI MpEACTaBJICHBI JIOKAJIbHO.

BbiBOADI

Pesynbrarel mpoBeneHHOTO HecnenoBanus conepxkanus Pb, Cu, Hg, Zn u As B cyxo-
cTenHoil 30He Bosrorpaackoi 001acT Mo MOYBO3ANIUTHBIMU JIECHBIMU HACAXKICHUS-
MU B JIByX T'pyTIax MOYB: 30HAIBHBIC KAIITAHOBBIE C OTPEOCHHBIM MpoduIeM TeMHO-
KalITaHOBOM MOYBBI U IICAMMO3EMBbI NIOKa3aJH, YTO B IPOCTPAHCTBEHHOMN JIOKAIU3ALUU
Ha 00BEKTE UCCIIEIOBaHUs HAOIIOMaeTCs OTHOPOHAS cTeneHb paccenBanus Pb u Cu, u
CWJIBHO HEOJIHOPOJIHAs cTereHb pacupenenenus Hg, Zn u As. OTMedeHo yBeanueHue co-
JIEp’KaHUsI METAJIJIOB U MBIIIBSAKA C TITyOMHOM.

Haubonbiee conepkaHue METaNIOB ¥ MBIIIbSKA [10]] JIECHBIMU MTOCAJKaMU OTMEYe-
HO JUIS KaIlITAaHOBBIX MOYB B MOTPEOCHHOM T'yMyCOBOM TOPHU30HTE, YTO CBSI3aHO ¢ Oojee
BBICOKUM COJICPKAHNEM TOHKOMCIIEPCHBIX (DPaKINii M MOBBIIEHHBIM COIEPKaHUEM Op-
TFaHUYECKOTO BEILIECTBA B T'yMYyCOBOM TFOPU30HTE MOTPEOEHHON TEMHO-KAIlITaHOBOW TO-
YBBI.

B rpanynomerprueckoM cocTaBe IICaMMO3EMOB MPE0OIaaloT Mmecyanble (Gppakium,
7107151 KOTOpbIX tocTuraer 90% B MOBEPXHOCTHOM CJIO€, U COAECpPKAHUE U3yUaeMbIX dJie-
MEHTOB 3HAYUTEJIbHO MEHbILIE UM OTCYTCTBYET 3a CUET MEHbIIEH aJICOPOLIMOHHOM cI1o-
COOHOCTH TpyOBIX (ppaKInid.

Jlj1g 10YB 30HAJIBHOTO psAja coaepkanue TM M MblIbsIKa IPEBBIIAET aHAJIOTUYHbIE
BEJIMUMHBI /17151 IcaMMo3eMoB Ha 14% juig cBuHLA, HAa 85% 1715 LUHKA U pTYyTH, HAa 97%
JUTsL MBIIIbsIKa, Ha 16% st menu, npesbimmast [1JIK.

Taxkum 00pa3om, norpedeHHbIE MOUBbI (TYMYCOBBIE TOPU30HTHI) aKKYMYIUPYIOT T-
JKEJIbIe METaJIIbl ¥ MBIIIBSK, YTO BO3MOYKHO SIBJISIETCS] KOCBEHHBIM 3KOJIOTHYECKUM YLIEp-
00M, KOTOPBIH HMEET OTI0KEHHBIN d(PPeKT.
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FOBMAEN

KOBnAeln
Cepres [puropbesmya lNapaabl

16 anpens 2025 roga MCIIOIHWIIOCH 75 JIET CO THS
POXAEHUSI U3BECTHOTO POCCUIICKOTO YUEHOTO, TO0K-
TOpa reoJI0ro-MUHEPATIOTHYECKUX HayK, Iipodecco-
pa,crenuanucTaB o01acTy re0I0r MK PYAHBIX MECTO-
POKIIEHUN ¥ MeTaJUIoreHuu, aBropa 6onee 180 Ha-
YYHBIX U Y4€OHO-METOUYECKHUX PAa0OT, B TOM YUCIIE
2 monorpaduwuii u 1 cripaBounuka C.I". [Tapanaprl.

Cepreii ['puropsesuy [lapaga poauics 16 anpe-
st 1950 1. B . baraticke, PocTtoBckoii o0acTu.

C 1968 no 1970 rr. cimy»xui B psiaax CoBeTCKOM
apmuu. B 1975 . okonumi ¢ ominurem PocToBckuit
roCyAapCTBEHHBI YHUBEPCUTET MO CIIELIUAIbHOCTH
«l'eonornyeckasi chbeMka, MOMCKU U pa3BelKa Me-
CTOPOXK/IEHUH TOJIE3HBIX UCKOMAEMBIX).

B 1975 r. mo pacnpeneneHuto ObLI HalpaBiIcH
Ha pabory B J[aJIbHEBOCTOYHBIM MHCTHUTYT MHHE-
pansHOTO ChIphsi Muareo CCCP (r. XabapoBck),
rae paboTasl B JOJDKHOCTSIX CT. MH)XKEHepa, M. H. C.,
C. H. C., BEAyUIero crenuanucra. B 3ToT nepuoj y4acTBoBajl B TEMaTHYECKUX paboTax
[0 U3YYEHHUI0 MECTOPOXKICHUN IOJIE3HBIX MCKOMAEMbIX B T.4. B Ka4eCTBE HauaJbHHUKA
TOJICBOTO OTPsiJia, OTBETCTBEHHOTO MCIONHUTENS M pykoBomutenass HUP, 6bpu1 Yuersim
CeKpeTapeM HayYyHO-METOMUECKOT0 COBETa U YUeHOro coBera uuctutyta. iMeer Gnaro-
JAPHOCTH U MOYETHBIE IPAMOTBHI.

C 1981 r. paboran B [10 «IIpumMop30710TO» B JOMKHOCTH HadaIbHUKA ydacTKa, I7Ie
3aHHMMAJICSl OPTaHU3alMeN Te0JI0ropa3BeIouHbIX paboT U OTPAOOTKH POCCHIITHBIX MECTO-
pOKIIEeHUH 30510Ta B Xa0apOBCKOM Kpae, MOMCKOBOM OIIeHKH MajlOMBIPCKOTO 30710TOPY/I-
HOTO MECTOPOXKJeHUs B AMypcKoit oomactu. Ero Tpyn otMevasicst 61arogapHOCTIMH, T10-
YETHBIMU I'PaMOTaMHU. 32 OTKPBITHE POCCHIITHOTO MECTOPOKICHHS 30J10Ta B Xa0apOBCKOM
kpae HarpaxeH [Ipemueii Bcecoro3Horo HaydHO-TEXHUUECKOTO TOPHOTO 00IIIeCTRa.

C 1986 1. C.I". Ilapaga pykoBOIMJI TOMCKOBBIMH M T€0JIOTOPA3BEAOYHBIMHU paboTaMu
B Commanuctuueckoit Pecriyonuke BeetHam (CPB) B J0MKHOCTH IIIaBHOTO WHXKEHEPa-
reojora sxcneaunuu Nel [maBHOTO ropHO-reonmornueckoro ynpasieHus: CPB. 3a addek-
THUBHOE BenleHue padot B 1987 r. HarpaxaeH menaneto [IpaButensctBa CPB.

B 1989 1. on 6bu1 Ha3HaueH AekaHoM DakyabTeTa MOBBIMIEHUS KBATU(UKAIIIN PYKO-
BOISIIIMX paOOTHUKOB U crieruanuctoB Munucrepctsa reosoru CCCP. B 1991 1. (u B
1996 r. moBTOPHO) M30paH JEKaHOM reoioro-reorpaduueckoro dakymnsrera PocToBckoro
rocynuBepcutera (PI'Y). B PI'Y C.I. [1apaga npoiien Bce CTyneHH OT TpernoaBaTelis 10
npodeccopa. B atot nepuos on sBisiercs [Ipencenarenem Yaenoro cosera (haxkynbrera,
yineroM [Ipesunnyma YMO VYuusepcureroB Poccun, wienom MexsenomcTBeHHON (Mu-
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HOOpa3zoBaHMg M1 MUHHMCTEPCTBA MPUPOAHBIX PECYPCOB) KOMUCCUH IO T€OJIOTHUECKOMY
oOpa3oBaHMI0, WieHOM YueHoro cosera PI'Y. B kauecTBe fekaHa reosnoro-reorpaguue-
ckoro (akynsreta PI'Y oprann3oBai oTKpbITHE 3-X HOBBIX CIIELUATBHOCTEH, YIBOWI Ha-
00p CTYAEHTOB, YBEJIMYMI IITAThI IPOPECCOPCKO-IIPENOIaBaTEIbCKOIO COCTaBa U yueo-
HO-BCIIOMOT'aTeJIbHOTO NepcoHasia. 3a 00JbIION BKIA ] B TOATOTOBKY BhICOKOKBAIU(UIIH-
pPOBaHHBIX crienuanucToB ABax bl (1995 u 2000 rr.) Harpaxnaics [loyeTHolt rpaMmoToit
MunucrepcTBa obpazoBanus PO.

C 2002 no 2006 roxel C.I". ITapana ¢ rpynnoii ctyneHTos PI'Y yuacTByeT B HayuHOM
o0ecriedyeHnH MOMCKOBBIX PadOT Ha MIATHHY U 30J10TO B XabapoBckoM Kpae. OH 000CHO-
BBIBAE€T HEOOXOMMOCTh NPOBEACHNS TOUCKOBBIX pabOT Ha CUMTAaBILEMCS paHee Oecriep-
CIIEKTUBHOM Y4YacTKe, B pe3yasrare 4ero B 2005 1. mpu HENOCPEICTBEHHOM €r0 y4acTUU
OTKPBITO U B JJaJbHENILIEM PAa3BENAHO KPYITHOE MECTOPOKAEHHE 30510Ta IlepeBanpHoe.

C 2007 r. C.I. [lapaga npoBoAUT pabOTHI MO0 HAyYHOMY OOECIIEUEHHUIO MOMCKOB U
OLIEHKU MECTOPOXKAECHHUH 30J10Ta U 1BeTHhIX MeTauioB Ha FOre Poccun. 3a sddexTus-
HYIO ITOMOIIIb TPOU3BOJICTBEHHBIM OpraHU3alysM IIPU NMPOBEACHUU MOUCKOBBIX padoT B
2008 rony narpaxneH IloueTHoit rpamoToii MuHMCTEpCTBa IPUPOAHBIX pecypcoB PD.

C 2008 r. C.I. Ilapana paboTaet 3aBeIyIOLIMM OT/AEIOM I'€0JIOTHH, He(TEra3oBbiX U
BOJHBIX pecypcoB IOxHoro HayuHoro nenrpa PAH, asnsercs 3amecturenem Ilpencena-
tems FOHLL PAH.

C 2016 r. paGoraet 1o coBMecTUTeNbCTBY B ['eodpuznueckom nncturyre BHL] PAH B
JIOJDKHOCTH INIABHOTO HAYYHOT'O COTPYAHHMKA.

Ha KA BOMA POCCHM:
BOCTHHEHHA M nl-p{!rll'ﬂ HEE

Hayuno-uccnenoBarenbckas nestenbHocts C.I. [lapager mocssmieHa mpobiaemam
M3Y4YEHUST METAJJIOTEHUYECKOTO moTeHnana pernonoB Ceseproro Kaskasza u fonbac-
ca. M o60oCcHOBaHa KOHIICTIIUS PYIOMOATOTOBUTEIBHBIX CUCTEM, OOBSCHSIONIAS CBS3b
KpYITHOOOBEMHBIX 30JI0TOPYIHBIX MECTOPOXKACHUHN ¢ YEPHOCTAHIIEBEIMU KOMITJIEKCAMH,
pa3paboTaHbl TUTOTEHETUICCKUE MOJICIIA TAKUX CUCTEM, ONIPEIEIISIOMNX MUHEPaTbHBINA
THUII 30JI0TOPYIHBIX MUHEpaIH3alliidi B YEPHOCIAHIIEBBIX KOMIUIEKCaX. BriepBbie BBISB-
JIEHBI TEOIMHAMHYECKHE 00CTaHOBKM pa3BUTHs Bocrtounoro Jlonbacca B me3030e, 00-
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YCIIOBJICHHBIE CYOyKIMEH U MOCIEIYIOUMM CKOJIbXEHUEM JTUTOC(HEPHBIX IJIUT, U CBS-
3aHHBIE C 3TUM OCOOEHHOCTH MarmarusMma u opyaeHeHus. [lokazaHo, 4TO OCHOBHbIE Me-
TaJJIOTeHUYEeCKUe (PAKTOPBbI, IPECTABICHHbIE HHTPY3UBHBIM MarMaTu3MoM HaCcyOmyK-
LIMOHHOTO THUIIA, CMEHSIOIIETOCs BO BPEMEHN MarMaTU3MOM CKOJIBXKEHUS JTUTOC(HEPHBIX
IUTUT, CKJIAJUaThIMKU U Pa3pbIBHBIMU CTPYKTYpaMHU OTOOPa)KalOTCsl B Pa3HOIMOPSIKOBBIX
IPaBUTALIMOHHBIX U MArHUTHBIX aHOMAJIMSIX, YTO MTO3BOJIAET 3HAUNUTENIBHO IIHUPE UCIIOIb-
30BaTh reopU3MUECKUe METO/IbI IIPU METaJuIOreHnueckoM aHanause [Jonbacca.

B 2009 . C.I'. [Tapaga HayyHO 000CHOBAT BO3MOKHOCTh OTKPBITHUS 30JI0TOTO OpYy/e-
HeHust Ha CeBepHOM GuiaHre ThIpHBIAy3CKOTO PYIHOTO y371a, COCTaBHJI IPOEKT IPOU3BOI-
CTBa MOUCKOBBIX pabOT Ha pyAHOE 305I0TO. B pesynbrare peanuzaluu 3TOro NpoeKkTa B
2009-2011 rr. nox ero pykoBOACTBOM M IIPU HEMOCPEACTBEHHOM Y4aCTUU OTKPBITO IIEP-
Boe Ha CeBepHoM KaBka3e KpymHOE 30JI0TOPYIHOE MECTOPOXKJIEHUE CKapHOBOI'O THUIIA.
B cBsi3u ¢ ueMm B 2011 1. OH HarpaxaeH HarpyAHbIM 3HaKOM «OTIMYHMK pa3BEIKU HEAP»
MuHucTepcTBa NpUPOAHBIX pecypcoB Pd.

C.I'. [Tapana pykoBoauT acnupanTypoii no cneunansHoctu 25.00.11 — reonorus, nou-
CKHU U pa3BeJiKa TBEP/bIX NOJIE3HBIX CKONIAEMBbIX, MUHepareHus. 1lo ero pykoBoacTeom
3alMIICHO 5 KaHIUAATCKUX AuccepTrauuid. SBisics wienom CoBeTa 10 3amTe JOKTOp-
ckux nuccepranuid 99.0.075.03 (1 999.228.03).

C.I'. ITapana — ujeH peJKoJIeruii HayqHbIX XKypHaioB «leonorus u reodusmka lOra
Poccun» (ungexcupyemoro B Scopus u B RSCI), «M3Bectust BbICIIUX y4eOHBIX 3aBe-
nenuii. Ceepo-KaBkasckuii pernoH. EcrectBennsle Hayku» u «Hayka FOra Poccumy,
unaexkcupyembix B RSCI; saBnsercs sxeneprom PAH (ceprudukar 2016-01-5464-1119),
9KCIEPTOM Hay4yHO-TeXHU4eckoi chepsl MunodpHayku PD (cBunerensctBo Ne 8859),
JnBax bl Harpaxkaancs [louetneimu rpamoramu PAH.

Konnexrtus I'eopuznueckoro nucturyra BHL PAH ropsiuo noznpasmnsier Ceprest ['pu-
ropbeBuya [lapany co 3HaMeHaTEIbHBIM COOBITHEM — 75-TIETHUM I00MIIEEM U XKETTAeT EMy
KPEIKOTO 3/I0pOBBS, AOJITUX JIET )KMU3HU M XOPOILIUX pafocTHhIX AHel! [loxkenaem eMy u
B JJaJIbHEHIIIEM KUTh aKTUBHOM Hay4yHOMU, 0OIIIECTBEHHOM! JKU3HBIO, U €11le MHOTOE peasu-
30BaTh U3 33JlyMaHHOro UM Ha 61aro Poccun!

I'nasnwuii peoaxmop B.b. 3aanuweunu
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tOBNAEN

KOBnAen
AHATOAMS VIBOHOBMYAO [OBPULLNHA

Jloktopy reoJ0ro-MIUHEPaIorHuecKux
Hayk, mnpodeccopy [aBpummny AHaTONHIO
NBanoBuuy 15 uronsa 2025 roma ucnonHseTcs
85 ner.

lMaBpummn Anartonuii MIBaHOBUY — JOKTOP
reoJIoro-MHHEpaIorHueckKuX Hayk, mpodeccop,
npodeccop kadenpsr «IIpuxnamanas reogorus»
IOxHo-Poccuiickoro rocyiapcTBEHHOIO  IO-
nutexaudeckoro yauBepcuteta (HITHN) umenn
M.N. Ilnarona, akanemuk PAEH u PAE.

A.N. I'aBpummH poguics 15 urona 1940 r.
Ha JIoHy B ceMbe TOPHOI0 UHKEHEpa, 3aKOHU I
C cepeOpsiHOM MeNanbio CpeHIo0 Koy Ne 3
r. HoBouepkaccka u B 1962 1. — ¢ ominunem
HoBouepkacckuii NOJTUTEXHUYECKUI MHCTUTYT.
B cryneHueckue rojipl akTUBHO COTPYAHHUYAT B
WHCTUTYTCKOM MHOTOTHpakke (6omee 100 my-
OJTMKAIIMI) U TUTEPATyPHOH TPyTIIIE.

Cgoit TpynoBoii myth A. M. ['aBpuiins Ha-
yan B llentpanbHoili ['eoxumuyeckoi napTuu
«Ypanreonynpasnenus» (r. CsepanoBck). OH
BBIMOIHST Pa0OThI 10 00O0OLIEHUIO THIPOr€OXUMUYECKUX JIAHHBIX M0 YPalbCKOMY pe-
THOHY, OCYIIECTBIISII FTEOXMMHYECKHE TTOUCKH MECTOPOXKACHUI B PErMOHE U CTall COaB-
TOPOM OpHUTrHHANIBHON «IIporHo3Hol reoxumuyeckor kaptel Ypana». B 1966—-1970 rr.
oH oOyuancs B 3ao4yHoi acmupantype HIIM u 3amuTun KaHIUIATCKYIO auccepra-
muro. C 1971 . AWM. Ilagpumme 1o koHKypcey nepemien padorats B FOPI'TIY (HITH)
nMm. M.U. [Tnarosa.

A.W. I'aBpuinH — KpymHBIA, U3BECTHBIN B Poccun 1 3a pyOekoM ydeHbIN B 00J1acTH
MaTeMaTH4Ye€CKOM I'e0JI0TUH, THIPOTEOXUMHUHU 1 TIPOOJIeM OKpY Karolen cpenbl. Mim Boep-
BbI€ B MUPOBOW MPAKTHUKE pa3BUThl U 00OOIIEHBI OCHOBBI YYEHHS O KaueCTBE T'€OXUMHU-
4eCKoi MH(pOPMALYH, BHIBEJEH HOBBIA CTATUCTUYECKHI KPUTEPH «3€T-KBaapar» (z2)
U pealin30BaHbl HU(PPOBBIE KOMIIbIOTEPHBIE TEXHOJIOIMH KJIaCCU(UKALIUA MHOTOMEPHBIX
HaOmoneHuit (G-MeTon), KOTOphIE SBIISAIOTCS BaKHBIM AJIEMEHTOM MCKYCCTBEHHOI'O MH-
TEJUIEKTA.

Pesynbrarel ero uccnenoBanuii npeacranieHsl 6onee yem B 400-x HaydHBIX U y4eO-
HO-METOJMYECKUX IMyOJUKAIMIX, B TOM ducie B 20 MoHOTpadusx, y4eOHBIX MTOCOOMSX,
Opomrtopax u 6omee yem B 300-x gokiIanax Ha HaydHbIX KOoH(MepeHnusax (94 mexmayHa-
ponubix). bonee 100 paGot omy6nukoBano uM B Poccuu u 3a pyOexoM B COABTOPCTBE C
3apyoexxubiMu kosieramu (Mramms, @pannusa, CIIA, I'epmanust) npu 00001IeHUN TH-
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JPOre0I0rMYeCcKuX, KOCMOXUMHYECKUX, acCTPOPU3NUECKUX, AUCTAHIIMOHHBIX U JIPYTHX
BUJIOB JaHHBIX 1o 3emie, Jlyne, Mapcy, IOnurepy, komeram, acrepousiaMm U JaJIbHEMY
KOCMOCY.

Kuuru A.W. INaBpuimHa O6bUH MPEACTABICHBI U HArPaXXICHBI 30JI0TBIMH MeJaIsIMU
Ha MEXIyHapOJHBIX KHWKHBIX BbICTaBKax Bo Ppank¢ypre-Ha-Maitne, Mockse (2), [1a-
puxe, bapcenone, HLm—ﬁopKe, Bene, ['onkonre (KHP) u ap.

AWM. I'aBpuIIMH npolIes TOANYHYI0 HayYHYH CTaXHUPOBKY B PUMCKOM yHUBEpCH-
TETE U UM BBINOJIHEH LUKJI MCCIEN0BAaHUI B paMKax MeXIyHaponaHoro 30-jeTHero Ha-
YUHO-TEXHUUYECKOTO COTpYIHUYECTBA ¢ ACTPO(U3NUECKUM UHCTUTYTOM U MHCTUTYTOM
(U3MKN MEXIIJIAaHETHOrO KocMudeckoro npoctpanctBa (Mramus, Pum). M u3ydeHsl
U OMNMCaHbl TUAPOTCOXMMHUYECKHE 3aKOHOMEPHOCTH (OPMUPOBAHMS MOBEPXHOCTHBIX,
MOJ3eMHBIX U IAXTHBIX BoJ Bocrounoro Jlon6acca u mepcrnekTHBbI OOHAPY>KEHUs He-
(TerazoBbIX CKoMJIeHUH B pernoHe. OH M3BECTEH KaK OTBETCTBEHHBIN penaktop 18-Tu
MEXBY30BCKMX COOPHHMKOB HAay4HbBIX TPYJAOB M WIEH PEIKOJJIETUH >KypHAIOB «YCHEXH
COBPEMEHHOI0 €CTeCTBO3HaHU», « COBpEeMEHHbIE HAyKOEMKHE TeXHOIorum» u «Journal
of Advances in Applied & Computational Mathematicsy.

3a ycrexu B HayqHO-IIelaroruueckoil aesareapbHoctd A M. 'aBpuiinH oTMedeH orede-
CTBEHHBIMU U 3apyOeHBIMHU HarpajaMu U 3BaHUsIMH. EMy npucBoeHO 24 MOYEeTHBIX U
Hay4HBIX 3BaHMs: 3aciykeHHbI paboTHuk BO PO, 3acmykeHHbli qesTens HayKu U 00-
pazoBanust P®, [ToueTHblil paboTHUK BBICIIETO MpodeccroHanbHOro oopa3osanus PO,
OTnuuHUK pa3Benku Hep, 3acayxeHHsli npodeccop FOPTTIY (HIIN), Jlaypeat npemun
uM. H.H. 3ununa u nap.

On narpaxzeH 20 opaeHaMy U MeJAIsIMU: MeZajblo opAeHa «3a 3aciyru nepen Ot-
euectBoM» Il crenenu; 3omotoii Menanbio «3a Belatonmecs goctumxenus — Gold Medal
for Exceptional Achievements» (benbrus); opaenom «Tpynom u 3nanuem — Labore et
Scientia» (EBponeiickuii Hayuno-npomsinienssiii Koncopunym), opnenom «Ilerp Be-
nukuii — Peter the Great», opnenom «Anekcannp Benukuii — Alexander the Great», 30-
notoit Menanbio «EBponelickoe KauectBo — European Quality», menanbio «Busbrensm
JleitOuu — Wilhelm Leibnizy, «3onotoit menansio um. B.M. Bepnaackoro» u ap.

Hayunas Guorpacgus A.M. I'aBpuinnHa omyOinkoBaHa BO MHOTUX u3aHusx: «I'eosno-
ru Hwxknero Jlona», «Onuuknoneaus r. HoBouepkaccka», «Yuensie Poccumn», «YdeHble
Poccun — MnTepHeT-3HIMKIIONE M. www.famous-scientists.ru., BcemupHast sHIuKI0-
neaust « Who is Who in the World — Ko ects k10 B Mupe» u 1pyrux.

B nocnennee Bpemst A.W. ['aBpuiiuH 6osbilioe BHUMaHKE yeiseT npolieMam BIIus-
HUSI MUKPO3JIEMEHTHOTO COCTaBa PErOJIMTOB Ha 3/I0pPOBbE OyAyIINX KOJTOHUCTOB Ha JIyHe
u nyonukanuu MemyapoB («Memyapsl romopucTay, «FOHomeckas caray u «MTanbsH-
ckas smones» M.: [leJlubpu. 2024).

Konneru, yueHuku u qpy3bs no3apasisatoT AHaronus MiBanoBuya ["aBpuinnHa c 100u-
JIEEM U XKEJIAI0T KPEMKOI0 30POBbsI U HOBBIX TBOPUECKHUX YCIIEXOB!

OT uMeHM M 1O O MOpydYeHUIo KojulekTuBa Kadenpwl «llpukiagHas reoaorusn»
IOPTTIY (HIIN).

3as. kagheopoii «Ilpuxknaounasn zeonozusn» I'B. Paoos
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NHOOPMALMS ANST ABTOPOB

B xypnane «l'eonorust u reodpusuxa HOra Poccun» myOGnukyroTcs OpUrMHalIbHbIE
CTaThU TEOPETUYECKOTO M METOIUYECKOr0 XapakTepa I10 BOMPOCAM I'eOJOruH, reodu-
3UKHM U T€OXMMMH, Pe3ysIbTaThl U3y4YE€HUs COCTaBa U CTPOCHMs KOPbl U MAHTUH 3eMIIH,
POLECCOB (OPMHUPOBAHUS U OOILIUX 3aKOHOMEPHOCTEN pa3MeIlleHus TOJIe3HbIX UCKOIIa-
€MBIX, a TAaKXKe Pe3yJabTaThl pa3pabOTKU M MPUMEHEHHS T€0JI0r0-Te0(hU3nIECKUX METo-
JIOB UX BbIsBICHHs. TemaTuka >KkypHana COOTBETCTBYET CIIEAYIOLUIMM OONacTsIM 3HaHUM
no aeiicTBytomelt HomeHkinarype BAK: 1.6.1 O6mas u pernonansHas reosorusi. ['eorek-
TOHHUKA ¥ TeouHaMuKa; 1.6.4 Munepanorus, Kpuctamuiorpadus. ['eoxumusi, reoxumMuye-
CKHE METOIbI IOMCKOB TOJIE3HBIX HCKonaeMbIX; 1.6.6 ['maporeonorus; 1.6.9 I'eodusuka;
1.6.10 TI'eonorusi, MOMCKU W pa3BeAKa TBEPAbIX MOJE3HBIX MCKOIAEMbIX, MUHEPATCHHUS;
1.6.11 T'eonorust, MOUCKHU, pa3BeAKa U IKCILTyaTalusi HEPTAHBIX M Ta30BbIX MECTOPOXK-
nenuit; 1.6.12 ®dusnueckas reorpadus u 6uoreorpadus, reorpadus MoYB U reOXUMHUS
nanqmagTos; 1.6.20 I'eoundopmaruka, kaprorpadus; 1.6.21 I'eoskonorus; 2.8.6 I'eo-
MEXaHMKa, pa3pyLIeHHe TOPHBIX [TOPOJ, PyJAHUYHAs a3pOra30iuHaMHUKa U TOpHasl TEIUIO-
¢dbusuka; 2.8.8 [€oTeXHOIOTHSA, TOPHBIE MAIIIMHBI, & TAK)KE CMEXHBIM HAYYHBIM HaIlpaB-
JICHUSIM.

Jnist paboT perHoHaILHOTO XapaKTepa MPeINoYTeHUe OTAAETCS CTAaThsIM, PACKphIBa-
IOLMM PA3JIMYHBIE BOIPOCHI reojorudeckoro crpoenus fOra Poccun n npuieraromumx
TEPPUTOPUIL.

B cootBercTBUM ¢ rpafanueit HayK, IPUHIATON B MEXAYHAPOIHBIX CHCTEMaX LIUTUPO-
BaHus Scopus u Web of Science ctarbu jyisi myOaukanuu B skypHaie «l eonorus u reo-
¢u3uka IOra Poccum» npuHUMAaIOTCS MO CIAEAYIOLIUM OTPAcisM U rpylnam Hayk:

1. Earth and Planetary Sciences (Hayku o 3emiie U IUIaHEeTaApHbIE HAYKH);

2. Environmental Science (Hayka 00 okpy:karoiieii cpeje).

B xypnane «l'eonorus u reopusuka FOra Poccum» newyaratorcs:

— CTaThH C U3JI0)KEHUEM HOBBIX HAay4HBIX Pe3yJbTaToB, 00beMoM He Oonee 10 mamm-
HOITMCHBIX CTPaHUL], BKJIIOYasl WILTFOCTPALMK U TaOIUIbI;

— KpaTKue COOOIIeHUs, CoieprKalire HHHOPMAIIHIO O BaKHBIX Pe3yJbTaTax Mpe/Ba-
PUTETBHBIX HCCIe0BaHUH, 00beMOM 3—5 cTpaHuI (3TH MaTepualibl BIOCIEICTBUN MO-
I'yT UCIIOJIb30BaThCs B TEKCTE MOJIHOM CTaTbN);

— 0030pBI NeyaTHbIX paboT MO aKTyaJbHBIM I'€0JIONO-re0(pHU3MUecKUM U SKOJIOruye-
ckuM mpodiiemam FOra Poccun u mpuiteraromux Tepputopuii, oobemom 20—25 cTpaHuil
110 3aKa3y pellaKliu.

Bce paboTel 10/KHBI COOTBETCTBOBAaTh TeMaTHKe >KypHana. [IpenocraBineHHbie py-
KOIIMCH MPOXOAAT 3TAIlbl IIPEIBAPUTEIBLHOTO U UTOTOBOTO PELIEH3UPOBAHUS, U B CIy4yae
HEOOXOIMMOCTH, HaIpaBJSIOTCS aBTOpaM Ha MCHpaBICHUE U A0pabOTKy. Pykomucu B
KypHaJe MyOIUKYIOTCsSI Ha PyCCKOM JHO00 aHIIMHCKOM SI3bIKax, pe3ioMe (aHHOTAIMM) Ha
PYCCKOM U aHIIUICKOM si3bIKaX. JKypHan MyOlMKyeT MCKIIOYMTEIbHO OPUIHMHAJIbHbBIE
CTaTbu. ABTOp HECET MOJIHYIO OTBETCTBEHHOCTD 33 COONIOZEHHE ITOro TpeboBaHus. Py-
KOTIHMCH, HE MIPUHSTHIE K ONMyOJIIMKOBaHHIO, aBTOPAM HE BO3BpalatoTcs. Pegakius Takxke
HE BO3BpAIlaeT MpHChUIaeMble MaTepuanbl. Pegakius octaBiseT 3a coboil mpaBo mpo-
M3BOAMTH COKpALIECHUE U PENAKTOPCKYIO MPABKY TE€KCTa cTarbu. VcrpaBiieHUs B TEKCTE
U WUTIOCTPALUSAX aBTOPBI MOT'YT BHOCUTh TOJIBKO Ha CTAJMM MOATOTOBKM CTaTbu K Ha-
60py. Hecobmonenne npaBui ohopMIIeHUs! PyKOIIMCH NPUBEAET K OTKJIOHEHHIO CTAThHU.
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[TyGnukanus 6ecriatHa /Ui aBTOPOB CTaTel, HAMCAHHBIX MO 3aKa3zy PeAaKIMU, U I
acniupanToB. [lepeneyarka 10MycKaeTCs TONBKO € pa3pelieH s peJakuy U ¢ 00s13aTesb-
HOM ccbuIKo Ha ypHaun «Il'eonorus u reopusuka FOra Poccuny.

VIHCTRYKLNS AAST OBTOPOB

[Tpuem MarepHuanoB K pacCCMOTPEHUIO OCYIIECTBISIETCS TIOCPEICTBOM JIEKTPOHHOTO
cepsuca https://www.geosouth.ru nim o moure Ha aapec MzmarensctBa: 362002, Poc-
cus, I. Bnanukaska3s, yin. MapkoBa 93a, pepaxiust xypHana «['eonorus u reopusuka Ora
Poccuny.

B penakiyro He0OX0AMMO MPETOCTABUTH CIIEAYIONINE MATEPUAIIBL:

— cTaThs (CTPYKTYpY U IpaBuiia o(pOpMIICHHUS CM. HIKE);

— Ha OT/ICTILHOM CTpaHUIIE: CBEJCHUS 00 aBTOpax, CoAepiKalie PaMUIIHIO, UM, OT4Ye-
CTBO, yUEHYIO CTEIICHb, 3BaHHE, HA3BAHNE OPTaHU3ALINH, CITy>KEOHBIN 1 JJOMAITHAN aipec
u TenehoHbl, e-mail 1 ykazaHue, ¢ KeM U3 aBTOPOB IPEANIOYTHTEIbHEE BECTH ITEPETIHCKY;

— HarpaBJIeHHE OT OPTaHU3aIlUH, €CIIU MPEJOCTABIIEMbIE MaTepUAIIbI SBISIOTCS pe-
3yJBTATOM Pa0OTHI, BEITIOJIHEHHOH B 3TOW OpraHU3alliy; B HAIPABICHUH CIIEIYET YKa3aTh
Ha3BaHHUE PyOPHKH KypHaa;

— DKCIIEPTHOE 3aKJIFOYCHUE WITH JIPYTOi TIOKYMEHT, pa3penIatonifii onmyoJInKoBaHHE B
OTKPBITOHN TI€YaTH, YTBEP)KIACHHBIC PYKOBOAMTEIEM OpPTraHU3aIMK U 3aBEpEHHbIE TepOo-
BOI1 1evarpto (IIPEACTaBIISIIOT TOJBKO aBTOphl U3 Poccun).

Ecnm MaTepuainsl moaroTes MOCPEACTBOM IEKTPOHHOTO CEPBUCA, OyMa)kKHBIE K3EM-
IUISIPBI PYKOIIMCH B PENAKIUIO MIPEIOCTABIATh He TpeOyercs. [lpu oHnaifH peructpanuu
HEOOXOIMMO PYKOBOJICTBOBATHCSI MOLIATOBBIMH MHCTPYKLHUSIMHU IO 3arpy3ke (ailsios.
[Ipu oTmpaBKe MaTepuaIoB MOYTON HEOOXOAMMO MPUIOKUTH ABA OYMasKHBIX dK3EMILIS-
pa cTaThy, MOAMMCAHHBIX BCEMHU aBTOpaMu. [1oAroTOBICHHBIN B COOTBETCTBHH C OOIIUMHU
TEXHUYECKUMHU TPEOOBAaHUSIMH TEKCT M€UaTaeTCsl Ha OTHOW CTOpOHE JrcTa ¢popmara A4.
Pesrome (aHHOTaIMA) C IPUBEICHHBIM B Hauajle Ha3BaHUEM, aBTOpaMu, UX addunmanneit
neyataeTcsl Ha OTAelNbHOM Jucte. [loanucen K pucyHkaMm TakkKe MPeIoCTaBISIOTCS OT-
nenpHO. Kaxkmas Tabnuiia 1 puCyHOK JOJDKHBI OBITH HAlleuaTaHbl HA OTACIHHOM JIHCTE.
BHuU3y cTpaHUIIBI ¢ WILTIOCTpAIMel HEOOXOMMO yKa3aTh HOMEp PHUCYHKa. Taxke HeoO-
XOJUMO TIPHJIOKHUTH SJICKTPOHHBIM BapUaHT Ha JIFOOOM MTOPTAaTHBHOM HAKOIMTENE HIIHU T10
COITIACOBAHMIO C PEAAKIIMEH HAIIPABUTh COOTBETCTBYIOIIME MAaTEPUAIBI 110 SJICKTPOHHOM
noure.

[MpaBMAQ ODOPMAEHMST CTATLU

Ha mepBoii crpanuiie m1omKHBI ObITh yka3aHbl: YJIK; Ha3BaHue cTaThi HAa PYyCCKOM
A3bIKE (CTPOYHBIMU OyKBaMHU C KalUTaJIW3allel HayadbHOU OyKBBI TOJIBKO IEPBOTO CJI0-
Ba B MPEAJIOKEHUH U UMEH COOCTBEHHBIX, 0€3 KaBbIUEK, MEPEHOCHl HE JOIMYCKaIOTCH,
TOYKa B KOHIIE HE CTaBUTCS, MOIYEPKUBAHUE HE UCIIONB3YETCs ), Kerib 20 MOMyKUPHBIH,
BBIPABHUBAHME IO LIEHTPY; MHUIMAIBI U (aMUIMK aBTOPOB (Kerib 14 momyKUpHbBIH, BbI-
paBHUBaAHUE TI0 LIEHTPY), Ha3BaHHUE YUPEKJICHUS, TIOYTOBBIN aapec, ropoj, CTpaHa Mpe-
CTaBJISIIOIINX PYKOIMCH Ul OMyOIMKOBaHMs. YKa3arh e-mail A mepenucku U OTBeT-
CTBEHHOTO aBTOpA.

Pestome (anHoTarus) nomwkHa ObITh 00beMoM 250-300 croB. B Hell He pekoMeHTy-
€TCSl UCIONIb30BaTh (hOPMYJIbl M CCHUIKM Ha JuUTeparypy. Eciau pykomnuch momaercs Ha
PYCCKOM $I3BIKE, TO Pe3toMe (aHHOTAITUS) JODKHA OBITH MPOIyOIUpPOBaHA HAa AaHTITMHCKOM
C yKa3aHHEM Ha3BaHUS CTaThH, (haMUJIMI U MHUIIMAJIOB aBTOPOB Ha ATHX si3bIKax. Ecmu
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PYKOITUCH MOJAE€TCs HA aHIIIMICKOM SI3bIKE, HEOOXOMMO NMPHUBECTH TaKXe pe3toMe (aH-
HOTAIIMI0) Ha pycckoM. Pe3toMe (anHoTanus) nevaraercs mpudrom Times New Roman
(12 xernp). B koHIEe pe3tomMe (aHHOTAIMK) 0053aTENIbHO YKa3bIBAIOTCS KIIIOYEBbBIE CIIOBA
(5-8), kOTOpBIE OTpaXKAIOT TEMATHKY CTAaThH.

bnarogapnoctu/Acknowledgements. B aTom paszaene cieayer ynoMuHarh JroaeH, Ko-
TOpBIE TIOMOT'aJIU NP padoTe HaJl CTaTheH; NCTOUHUKU (PMHAHCUPOBAHMUS.

TekcT crarbu Habupaercs mwpudrom Times New Roman pazmepom 14 nrt uepes oau-
HapHBIA MHTEpBa, BbIpaBHUBaHHE 10 (opmary. [log3aronoBok — mpudT KypCcUBHBIH,
BbIpaBHMBAHUE TI0 JIEBOMY Kparo. [Ipu HamucaHuM cTaTbyu MCHONB3YIOTCS OOLIETPUHS-
ThI€ TEPMUHBI, €TUHUIIBI U3MEPEHUS U YCIOBHbIE 0003HaUEHMsI, €TMHOOOpa3HbIE M0 BCei
crarbe. PacmmdpoBka Bcex MCIOIb3yEeMbIX aBTOpaMH 0003HAUYCHUN JJaeTCsl IPU IEPBOM
ynoTpebiaeHun B TekcTe. BykBbl JlaTMHCKOTO andaBuTa HAOMPAIOTCS KypCHUBOM, OYKBBI
rpedeckoro andasura — npsmMbIM mpudpTomM. Maremarndeckue cuMBoisl lim, 1g, In, arg,
const, sin, cos, min, max M T.I. HabuparoTcs npsAMbIM mpUpTOoM. CUMBOJI HE JOJKEH
CJINBAThCS C HAJCHUMBOJIBHBIM 3JIEMEHTOM B XUMHUecKux aneMmeHTax (H,O) u equannax
v3mepennii (MBT1/cm?) — npsmbiM (00bI9HBIM) mpudTom. He ciemyer cMemmBarh ou-
HAKOBBIE 10 HAMTMCAHUIO OYKBBI JATUHCKOT'O, IPEYECKOr0 U PyCCKOro an(aBUTOB, UCIIOIb-
30BaTh coOCTBeHHBIe Makpochl. bykBol [uJ, viuv,eulLhun,qu g, Vu U, O (Gyksa)
1 0 (HyZb) TOJDKHBI pa3iavyarhes MO HauepTaHuio. Mex 1y uuppoBbIM 3HAYUEHUEM BEJIH-
YHUHBI M €€ Pa3MEPHOCTBIO CIIEyeT CTaBUTh 3HAK Hepa3pbeIBHOTO mpoberna. [lepeHocs! B
cyoBax b0 He ynorpebnsaTs. He ncronb3oBarh B TekcTe i GOpPMATUPOBAHUS 3HAKH
npodena. @opMyIIbl CO3JAIOTCS ¢ TOMOIIBIO0 BCTPOSHHOTO penaktopa Gpopmyin Microsoft
Equation ¢ Hymepanueil B KpymibIx ckoOKax — (2), BIpaBHUBAIOTCS IO MPaBOMY Kparo,
pacmmdpoBka Bcex 0003HaueHU (OykB) B (hopMynax JaeTcsi B MOPsAIAKE YIIOMUHAHUSA B
¢dopmyne. Bo nzbexxanue HemopasyMeHUH U OMIMOOK pelaKlys PEeKOMEHIYET aBTOopam
UCII0JIb30BaTh B (hopMyIiax OyKBBI IATUHCKOTO, TPEYECKOTo U JPYTUX (HE pyccKux) anda-
BUTOB; IIpU Habope (hopMysl HEOOXOIUMO COOIIOCTH pa3Mepsl 1o yMoauaHuto. bonbme
(opmynel HeoOXonMMO pa3duBaTh Ha OTAEIbHbIE (pparMeHThl. PparMeHTsl (HOpMyIl MO
BO3MO)KHOCTH JIOJDKHBI OBITh HE3aBUCHUMBI (IIPU HMCHOJIb30BAaHUHM (POPMYIBHOTO PEAaK-
TOpa KaXk/1as CTpOKa — OT/eNbHbIN 00bekT). Hymepanuio u 1o BO3MOXXHOCTH 3HAKHU TIpe-
NUHAHUS CJIeyeT CTaBUTh OTAEIBHO OT (POPMYJT OOBIYHBIM TEKCTOM. TaOmuIbl, pUCYHKH,
¢dororpaduu pazMeIarTcs BHYTPU TEKCTA M UMEIOT CKBO3HYIO HyMEPAIMIO MO CTaThe U
coOcTBeHHBbIE 3aroyioBKU. Ha3BaHus Bcex pucyHKoB, hororpaduii u Tabiui NpuBOIATCS
Ha pycckoM si3bike 11 kerem, kypcuBoM. Bee Haamucu Ha pyccKoM sI3bIKE Ha PUCYHKaX
U B Tabnuuax n1yonupyrorcs Ha anmuiickuil. Hymepanus o00o3HaueHni Ha pUCYHKax Ja-
€TCsl [0 MOPSAKY HOMEPOB I10 YaCOBOW CTpEJIKE MIIM CBEpXY BHU3. PUcyHKH HE0OX01umo
110 BO3MOXHOCTH BBINIOJHATH B BEKTOPHOM (opmare, kenareiabHo B mporpamme Corel
Draw unm ananorax mno cieayroIIMM IpaBUaM: IIUPHUHA pUCYHKa He Ooiee 16,5 cw;
TOJIMHA JIMHUM: OCHOBHBIX — 1 nT, BcomorarenbHbiXx — 0,5 nT; a1 0603HaueHui B
1oJIe pUCYHKa Hcrnoib3oBaTh mpudT Times New Roman pazmepom — 9 nt. BektopHbie
PHUCYHKH 3allMCBhIBAIOTCS B OT/AEIbHbIE (Pailiibl JOKyMEeHTOB. DPOTOCHUMKH JOIKHBI OBITh
KOHTPACTHBIMH U BBITIOJIHEHHBIMU Ha MaToBoi Oymare. OTckaHupoBaHHbIE (oTorpadpuu
3anucsiBatoTcs B ¢aitnel B popmare TIFF, JPEG. CkanupoBars n3o0pakeHue ciaeayeT C
paspemtenuem 300 dpi st KOHTPACTHBIX YE€pHO-0ebIX pucyHkoB 1 600 dpi — i moy-
TOHOBBIX. [[BeTHBIE HMJUTIOCTpALIMU JIOMYCKAOTCS IO COIIACOBaHUIO ¢ peaakuuen. O60-
3HAUEHUsI, TEPMUHBI, WUTFOCTPATUBHBIA Marepuai, CIUCOK JUTEPATYPhl JOJIKHBI COOT-
BeTcTBOBaTh AckicTByromuM ['OCTam.



Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reopuanka fOra Poccnt - 263

Ilepedyenp nuTEepaTypHBIX UCTOYHHKOB MPHUBOAUTCS OOLIMM CIIMCKOM B KOHIE CTa-
ThH (Harvard Style). Cincox cocrapisiercs no andaButy, CHadaaa CIeAyI0T UCTOUHUKU
Ha PYCCKOM, 3aTeM — Ha aHIIuicKoM. JluTeparypa nomkHa ObITh 0pOpMIIEHA COITIACHO
I'OCT P 7.0.5-2008. OTCbUIKM Ha IUTEPATYPY B TEKCTE MPUBOJATCS B KBAAPATHBIX CKOO-
KaxX B CTPOKY C TEKCTOM JOKyMeHTa. ECIM CChUIKY MPUBOAAT HA JIOKYMEHT, CO3JJaHHBIN
OZIHUM, JIByMs WJIM TPEMsl aBTOPAMH B OTCBUIKE YKa3bIBAIOT (paMUJIIMIO IEPBOTO aBTOpa U
COKpalleHue «u ap.» («et al.» 17 JOKyMEHTOB, Ha SI3bIKaX, MPUMEHSIONUX JaTHHCKYIO
rpaduKy); €Clid aBTOPbI HE YKa3aHbl — YKa3bIBAIOT Ha3BaHHE JIOKYMEHTA; Jajiee yKa3blBa-
0T IO/l U3AaHUS U IPU HEOOXOJMMOCTH CBEICHUS JIOTONIHAIOT yKa3aHueM cTpanuil. Cae-
JICHUS B OTCBUIKE Pa3/IeNIsIoT 3ansaTol. Ecim oTchlKa COAepKUT CBEICHUS O HECKOJIBKUX
CCBUIKAX, TPYIIIBI CBEICHUH Pa3elisioT 3HAKOM TOUKa C 3ansaToil. B oTchuike gomyckaert-
Csl COKpalIaTh JUIMHHBIE 3aIy1aBus, 0003Hayasi OMyCKaeMble CJI0Ba MHOTOTOUYHMEM C IPO-
6€eJ10M 10 1 TI0CJIe ITOro MPEANHMCAHHOTO 3HAKA.

AApec peaaKUUn:

Poccusi, PCO-Ananus, 362002, r. Brmagukaskas, yin. Mapkoa 93a, I'eodusuue-
ckuit uactutytT BHL] PAH, Penakmus sxypuana «l'eonmorust u reodusuka FOra Poccumy.
Ten: 8 (8672) 76-19-28; dhakc: 8 (8672) 76-40-56, e-mail: southgeo@mail.ru

INFORMATION FOR AUTHORS

The journal «Geology and Geophysics of Russian South» publishes original articles
of theoretical and methodological nature on geology, geophysics and geochemistry, the
results of studying the composition and structure of the Earth’s crust and mantle, the
formation processes and the general patterns of mineral resources, geophysical methods
for their detection. The subject of the journal corresponds to the current nomenclature
areas of knowledge of the Higher Attestation Commission of the Ministry of Education
and Science of the Russian Federation: 1.6.1 General and regional geology. Geotectonics
and geodynamics; 1.6.4 Mineralogy, crystallography. Geochemistry, geochemical meth-
ods of prospecting for minerals; 1.6.6 Hydrogeology; 1.6.9 Geophysics; 1.6.10 Geology,
prospecting and exploration of solid minerals, minerageny; 1.6.11 Geology, prospecting,
exploration and exploitation of oil and gas fields; 1.6.12 Physical geography and biogeog-
raphy, soil geography and landscape geochemistry; 1.6.20 Geoinformatics, cartographys;
1.6.21 Geoecology; 2.8.6 Geomechanics, rock destruction, mine aerogasdynamics and
mining thermal physics; 2.8.8 Geotechnology, mining machines and related scientific
directions.

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

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

1. Earth and Planetary Sciences;

2. Environmental Science.

The journal «Geology and Geophysics of Russian South» publishes:

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



264  Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reogmanka KOra Poccim

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

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

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

Instructions for the authors

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

The following materials should be presented:

— an article (structure and rules see below),

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

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

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

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

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

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

The article text is typed in Times New Roman (14 pt) through an ordinary interval
aligning along the format. A subtitle is typed in italics, aligning along the left edge. The
common terms, measurement units and conventional symbols similar to the whole article
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possible, the fragments must be independent; each line is a separate object. The enumera-
tion and punctuation marks should be put into an ordinary text separately from the for-
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for the symbols in the picture area — «Times New Romany type of 9 pt must be used. The
vector pictures are written into the separate documentary files. The photo pictures must
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