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Pe3tome: AKTYyanbHOCTb paboTbl. 13y4eHne BIMAHUSA TEKTOHUKM U CERCMUYHOCTU HA OYHKLIMOHMPOBaHNE
FOPHbIX NAHAWAMTOB BUAUTCA 04eHb NEPCNEKTUBHLIM U aKTyanbHbIM. Hanpumep, NOUCK CBA3W rMY6UHHBIX UC-
TOYHUKOB TEKTOHWUYECKUX HANPSXKEHUIA JPYr C APYTOM U UX BO3MOXXHOTO BAWSIHUS HA NPUNOBEPXHOCTHYIO reo-
ONHAMUKY W CECMUYECKUIA PEXUM, KOTOPbIE MOTYT CTaTb OCHOBOI re03K0I0rM4eckoro panoHuposanus. Lensb
npeanaraemMoro UCcnefoBaHUsl — BbIIBUTb OCOGEHHOCTU BO3[EACTBUA CabbiX 3eMNETPSCEHWUA Ha TeveHue
9K30reHHbIX npoueccoB B ropax LieHTpanbHoro Kaskasa. Mbl npegnonaraem, 4To NpoLecchl, KOTOpble CBA3a-
Hbl C HAKOMMEHWEM U NepeaBMKEeHNEM 06J10MOYHOIO MaTepumana — 06BanibHO-0CbIMHbIE U CEMu, NOSHUHAOTCS
LMKITMYHOCTM 1 NOJBEPXKEHbI KOMMNEKCHOMY BIIMAHWIO psfa PakTOPOB, KaK U3MEHSIIOLLIMXCSA CO BPEMEHEM, TaK
1 NMOCTOAAHHBIX — TeMMepaTypbl BO3Lyxa, 0CaKOB, MOPO3HOr0 BbIBETPMBAHUSA, MOPCHOMETPUYECKNX NOKa3aTe-
nen penbeda, CeNCMUYHOCTU U CBOWCTB FOPHbLIX MOPOA, CPEAN KOTOPbIX 3EMNETPACEHNA ABNAOTCA OOHUM U3
BeAyLmx. HoBMU3HA 3aK/H04aeTCs B X COBMECTHOM aHanm3e. LIMKn pa3BuTns SKCTpeMasbHbIX 3K30reHHbIX NPo-
ueccos (ganee — 33l1), B Xo4e KOTOPOro OAHW 06YCNaBAWBAKT APYrue, CNoco6eH ANUTLCA B TeYeHWe psga
net. Astopsl 13y4aroT I3M1 B 6acceitHe p. Yepeka bankapckoro, HaynHas ¢ 2009 r., rae WX LMKN COCTaBNsET OT
3 0o 6 net. OQHOBPEMEHHAS aKTUBHOCTb HECKOSIbKUX (DAKTOPOB, MPUYEM, B 3HAYUTENbHOI CTENEHW, He Heno-
CpefCTBEHHAs, a 3abnaroBpeMeHHas, Npeaonpeaenuna 3aseplueHne npefsiayuiero umkna 33N netom 2017 r.
MeTopbl paboTbl 6a3MpPOBANNCL HAa pPacyéTax UHTEHCMBHOCTW 3EMAETPACEHUA HA MOBEPXHOCTW B PaloHe UC-
CNe0BaHNSA, UCXOAA M3 UX CUMbl B PA3fIMYHbIX SNULEHTPAX W rYy6UHbI MOCNEAHUX U NPUHUMAA BO BHUMAHUE
pernoHanbHble KOHCTaHTbl. Pe3ynbTatbl pa6oTbl. BbiiBNEHO, 4TO NOMUMO NOArOTOBUTENLHON POMK, B LMKIIE
93l cnabble 3eMAETPACEHNS MOTYT BbINONHATL (DYHKLMIO «CMYCKOBOrO MeXaHW3Ma» Ans KpynHbix cenen. Tak, B
utone 2012 r. n none 2017 r., korga cxoabl NOA06GHbIX Ceneil 3aBepLUNNN HA UCCNEaYeMOii TepPUTOPUN 04EpPea-
Hble LMKl 9KCTPEMASbHbIX 3K30TeHHbIX MPOLLECCOB, «CMYCKOBLIM MEXaHU3MOM>» B 060MX Cy4asx noChyXuim
cnabble 3-x6annbHble 3eMIIETPACEHUS U, BO BTOPOM Cy4Yae B 3HAYUTENIbHO MEHbLUEN CTerneHu, — HebosbLUIoe
NpeBblLLEHNe TeMNepaTypbl BO3AyXa, YCUIMBLLEE TasHWE IeJHUKOB B BbICOKOrOPbE.

KnioueBble cnoBa: (haktopbl (DOPMUPOBAHMS, 3EMNETPACEHUSA, LIUKIT, 3KCTPEMArbHble 9K30reHHbIe Npo-
LLeCChbl, FOPHbIA NaHaWwadgT, 06710MOYHbIA MaTepuan, LieHTpanbHblin KaBkas.

bnaropapHocTH: ViccnegoBanmne npoBeseHo B VIHCTuTyTe reorpaghumn PAH o rocysapctBeHHOMY 3a[aHN0
WHetutyta AAAA-A19-119021990091-4 (FMGE-2019-0005). ABTOpBI 6/1ar0fapHsl COTPYAHWKaM KabapamHo-
bankapckoro yeHTpa rno rupomMeTeoposoruu U MOHUTOPUHTY OKPYXaroLyen cpebl (ampextop — E. M. borayeH-
KO) 3a npesjoCcTaBeHHbIe METEOPOIOMNYECKNE JAHHbIE.

Insa uutuposanus: Kapasaes B. A., FopbyHoB A.C., CemuHoxeHKo C.C. Ponb cnabbix 3eMneTpsiceHnii B

LMK 3KCTPeManbHbIX 3K30TEHHbIX MPOoLeccoB B ropax LieHTpansHoro Kaskasa. feosnorna u reogpusnka Hora
Poceun. 2022. 12 (4): 6-18. DOI: 10.46698/VNC.2022.19.24.001.


http://geosouth.ru/article/view/771
http://orcid.org/0000-0003-3440-7354
http://orcid.org/0000-0002-2132-3453
http://orcid.org/0000-0001-6941-0444

Geology and Geophysics of Russian South 12 (4) 2022 ['eonorvs u reoguanka fOra Poccim 7

GENERAL AND REGIONAL GEOLOGY
DOI: 10.46698/VNC.2022.19.24.001

Original paper
Role of weak earthquakes in the cycle of extreme
exogenous processes in the mountains of the
Central Caucasus

V.A. Karavaev'®'', A.S. Gorbunov'©?, S.S. Seminozhenko 3

TInstitute of Geography, Russian Academy of Sciences, 29, build. 4 Staromonetniy lane,
Moscow 119017, Russian Federation, e-mail: karavaev@igras.ru;

Roslesinforg, 45, build. 1 Volgogradsky avenue, Moscow 109316, Russian Federation,
e-mail: grey_wolf.88 @ mail.ru;

3Voronezh State University, 1 Universitetskaya pl., Voronezh 394018, Russian Federation,
e-mail: gorbunov.ol@mail.ru

Reseived: 17.10.2022, revised.: 15.11.2022, accepted: 21.11.2022

Abstract: Relevance. The study of the influence of tectonics and seismicity on the functioning of mountain
landscapes seems to be very promising and relevant. For example, the search for a connection between deep
sources of tectonic stresses and their possible impact on near-surface geodynamics and seismic regime, which
can become the basis of geoecological zoning. The aim of the proposed study is to reveal the features of the
impact of weak earthquakes on the course of exogenous processes in the mountains of the Central Caucasus.
The article assumes that the processes associated with the accumulation and movement of clastic material —
landslide-scree and debris flows, have a cyclical nature and are subject to the complex effect of several factors
that change over time — air temperature, precipitation, frost weathering and seismicity, among which earthquakes
are one of leading. The novelty is their joint consideration. The cycle of development of extreme exogenous
processes (hereinafter — EEP), during which some cause others, can last for a number of years. In the Cherek
Balkarsky river basin, where the authors have been conducting research since 2009, it is from 3 to 6 years. The
prerequisite for the completion of the previous EEP cycle in the summer of 2017 was the joint activity of several
factors, and, to a large extent, not immediately, but in advance. The methods of work were based on calculations
of the intensity of earthquakes on the surface in the study area, based on their strength at various epicenters and
the depth of the latter, and taking into account regional constants. Results. It was revealed that in addition to
the preparatory role, weak earthquakes in the EEP cycle can act as a “trigger” for large debris flows. So, in July
2012 and July 2017, when similar debris flows completed the next cycles of extreme exogenous processes in the
study area, weak 3-magnitude earthquakes served as a “trigger” in both cases and, in the second case, to a much
lesser extent, — a slight increase in air temperature, which increased the melting of glaciers in the highlands.
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BeeapeHune

W3yueHne BIMAHUSA TEKTOHMKH U CEMCMUYHOCTH Ha (PYHKIMOHHUPOBAHHE TOPHBIX
TaHamadTOB BUANUTCS OUEHb MEPCIEKTUBHBIM U aKTyaJbHBIM. Hampumep, mouck cBsizu
IIyOMHHBIX UICTOUHUKOB TEKTOHUYECKUX HAMPSKEHUN JIPYT C IPYTOM U UX BO3MOXKHOIO
BJIMSIHMSI Ha IIPUIIOBEPXHOCTHYIO F€OAMHAMMKY M CEHCMHUYECKHI pEXHUM, KOTOPbIE MO-
TYT CTaTb OCHOBOM I'€0’KOJIOTHYecKoro paitonupoBanus [Croruuii u ap., 2022; Scholz,
2019].

Ponb 3eMJIeTpsCEHHH B aKTUBHU3AIMKM HK30TEHHBIX MPOIECCOB! TPaaMIIMOHHO sB-
JSIeTCS TIPEIMETOM MCCIIEIOBAaHUM — CHPOBOLMPOBAHHbBIE CEHCMUYECKHUMU COOBITUAMU
OTIOJI3HU, OOBAJIBI, CEJIM U JIABUHBI UMEIOT YacTO OOJIBIIYIO pa3pylIUTenbHyo cuiy [Ky-
poBckas u np., 2020; Maxunos, 2020]. Tak, 12 mas 2008 r. Ha roro-3anaze Kuras npo-
u301L10 BaHpuyaHbCcKOE 3emileTpsiceHre MarHuTynoi 7,9...8, camo no cebe npuHeciiee
MHOTOUYHUCIICHHBIE JKEPTBBI U Oonbinne paspymeHus. OQHako Ipyrue MacmTaOHbIe ero
HOCTIe/ICTBHS OBUIM OTCPOYEHBI Ha JBa Tofa — 8 aBrycra 2010 r. mocne oOMIIBHBIX JIMB-
HEBBIX JIOKJEH B MPOBUHLUMU ['aHbCY COLIM KPYIHbBIE CEJIU C Y4aCTUEM IOATOTOBIIEH-
HOTO 3eMJIeTpsiceHreM oOmoMouHoro marepuana [Horton et al., 2019; Tangetal., 2018;
Pasquale et al., 2022].

Kak BumuM, peub UIET BBIIIE O CEUCMUYECKUX COOBITUSIX OONBION CHITBI, BCETIIA Be-
QyIUX K HayaJly 3K30T€HHBIX IIPOLIECCOB WM UX YCUIIEHHIO. B nipeuiaraemoM uccieno-
BaHUU MBI yZIeJIsieM I1IEPBOCTENIEHHOE BHUMAHUE, IIPEXK]IE BCETO, CIA0BIM U CPEIHEN CHIIbI
3eMJICTPSICCHHUSAM, KOTOPBIE CITy4aroTCsi TOpasio yalie, C OTCPOoUuKoi apdexra u KoTopbie
JIEMCTBYIOT COBMECTHO C IPYTMMH (pakTopamH, MOBBIIIAIOIIUMH aKTUBHOCTH CeJleH, Jia-
BUH, OCBITICH, OBICTPBIX OIOJI3HEH, 00BAJIOB U KAMHETIA]OB.

Jlnst BeIsBIIEHUS cnenM(UKH 3K30TeHHBIX MporeccoB LlenTpansHoro KaBkasza wmpl,
HauuHas ¢ 2009 r., mpoBOAMM HCCIIEOBAaHUS HA TEPPUTOPHUM, PEIPE3CHTATUBHON JUIS
BCEro perruoHa — B Oacceitne p. Uepeka baakapckoro, B BepXHEM €ro TeUeHHUH, U Oaccei-
Hax ero uctokoB — Kapacy u Jlpixcy (puc. 1).

Tepputopusi UCCAEAOBAHUNA BXOAUT B CEMCMHYECKH aKTUBHYIO FOXKHYIO 4acTh EB-
poneiickoit Poccun — nonocy mmpunoi 200...300 kM BAOAb TOCYIapCTBEHHON I'PaHU-
IbI, TJI€ BO3MOXKHBI 3€MJICTPSICEHUSI MHTEHCUBHOCTHIO 70 10 6amioB (o 12-0amibHoi
IKaJie MHTEHCUBHOCTH 3emieTpsicenuit Measenena — llInonxoiiepa — Kapauka — MSK-
64) [Ynomos, 2008]. AHanu3upyst ONKUCaHUs OUIYLIEHUHN OT 3€MIIETPSICEHUI Pa3IMuHON
CHJIBI U OIICHUB NIEpPEMEIICHNE 00JIOMOYHOTO MaTepraia B pe3ybTare ux JEHCTBHS, MBI
pelInIy, YTO MUHUMAJIbHBIM 3HAY€HUEM, KOTOPOE CJIEyeT YUUThIBaTh B HallIeH padore,
sBrsieTcs 3 O6amna o mkaine MSK—64, xapakTepuszyemMoe Kak «COTPSICECHHE TTOBEPXHOCTH
OT IIPOE3KAIOLIETO PSAJOM I'PY30BHUKAY.

[MTOCTAHOBKA 30AQ4YM: LIMKA DKCTPEMAAbHbIX DK30TE€HHbIX
NPOLECCOB HO TEPPUTOPUN NCCASAOBAHUS

B TFOPHBIX YCIIOBUAX O6p33y10TC}I 0COOBIC THIIBI reoCucTeM, KOTOPBIC 00s13aHbBI
CBOUM IHPOUCXOKACHUCM 3K30I'CHHBIM IpOoHCCCaM — CCIICBbBIM, JIAaBUHHBIM, 00BaJILHO-
OCBIIIHBIM U T. 1. BeIsBICHUE U HN3YyUCHHUC HO,[[O6HBIX KOMIIJICKCOB IPCACTABIISICT KaK TC-
OpPCTHYCCKYI0, TaK U OUYCBHUAHYIO HNPUKIIAJHYIO IECHHOCTL. I[J'ISI 9TOIr0 Ha TCPPUTOPHUU

! HOIL AKTUBHOCTBIO ITIOHUMACTCA 4aCTOTA U UHTCHCUBHOCTDb MPOSABJICHUA ITPpOLECCa B €ANHUILY BpEME-
HH. TepMI/IH «IKCTPEMAJIbHBIC) B OTHOILICHUUN HM3Yy4Ya€MbIX IPOIECCOB HOI[‘IépKI/IBaeT ux 6OJ'ILIHyIO cuiy,
HAaMHOT'O IPCBLIIIAIONIYTO (I)OHOBBIC MPOABJICHUS IIPOLIECCOB U 6BICTpOHCﬁCTBHe, KOTOPOC HE a€T MeCT-
HBIM T€OCHUCTEMaM BPEMEHU I adarlTaluu.
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HCCIIEZIOBAaHUS, KOTOpask BKJIIIOUAET B ce0sl CPETHETOPHBIE M BHICOKOTOPHBIE YUYACTKH, C
2009 r. perynsipHo obcnenyercs 10 kiaroueBbIx, HanOoee moka3areabHbIX, O4aroB pas-
BUTHUS Pa3HOPOJIHBIX 3KCTPEMAJIbHBIX 3K30T€HHBIX IIPOLECCOB: CEIEBO-IaBUHHBIX KOM-
wiekcoB Metuan-Cyy (B BepxoBbsix p. Uepeka bankapckoro), Tiotion-Cy (B cpenHem
ero TeueHnn), Axcy u Oprostopek (nputoku p. Kapacy B BepxHem e€ TeueHun), 0e3bl-
MSIHHOT'O py4bs B JloJIMHE P. JIbKe3u, onon3eHs B fosnuHe p. Kapacy, ouarn akTHBHOCTH
00BaJIbHO-OCHINMHBIX NPOIIECCOB B jaoyinHE p. JIbKe3n M Ha yyacTkax BOJM3M JIEHUKOB
tyny 3ananueiii u Ll tyny BocTouHslil, a Takke OCBINIb B BEpXHEM TeueHUH p. Uepeka
Bankapckoro (puc. 2).

MBI npearnonaraem, 4yTo ornacHble (IKCTpeMallbHbIE) 3K30I'€HHBIE IPOLIECCHI, CBA3aH-
HbIE€ C HAKOIUICHHEM M TepeMelIeHHeM 00JI0MOYHOTO Marepuaia — 0OBaJbHO-OCHIIHbIE
MIPOLIECCHI U ceNu — 00pa3yroT 1ukiI. CxeMa IUKIIA: [OCe CX0/a KPYIHBIX celieil B rop-
HOM JlaHmadTe B pe3yabraTe 00BaJIbHO-OCHIITHBIX, PYCIOBBIX ITPOLECCOB, CXOJI0B JIABUH
HauMHAET HAKAIUIMBAThCs 00IOMOUHBIA Marepuai. Ilo gocTHXeHMH KpUTHUYECKOH Mac-
CBl, 1aXKe MPU c1aboM BO3JeiCTBUN J1000T0 U3 (PaKTOPOB, CIyyaeTcs CIEAYIOLUINA CXO/.
OcHoBHbIE (aKTOPBI, MPUBOAIINE K (POPMUPOBAHUIO IIUKJIA: OCAJKU, TEMIIEpATypa BO3-
IyXa, CEHCMHUYHOCTh, MOPO3HOE BBHIBETPUBaHKE, MOP(HOMETPHUUECKUE MTOKA3ATENHN pelibe-
¢a, coctaB 00JIOMOYHOTO Marepuasa U ero MoppoIoruyeckKue 0COOEHHOCTH. Y YUThIBA-
HUE MOCIeAHEro (pakropa rnpeanonaraeT BeIABICHUE CBOWCTB IPYHTOB, BBI3BIBAIOIINX UX
OTBETHBIC PEaKLMU Ha BO3JeHcTBUSA Apyrux (hakropoB. B cBeTe mocTaBiIeHHON B cTaThe
3a/1a4u — 3€MJIETPSICEHUI: OLICHKA HEJIMHENHBIX CBOMCTB IPYHTOB, KOTOPBIE MPOSIBIISAIOT-
Csl IPU CEMCMUYECKUX BO3JICUCTBUAX [3aaluIuBUiIM U ap., 2021].
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Puc. 2. Jlanowagpmmuvie mecmnocmu u y4acmiu UHMEHCUBHO20 NPOSBILEHUSE IK302EHHBIX NPOYECCO8
[Kapasaes u op., 2020; ¢ usmenenusmu]. Tunot ranowagmuvix mecmuocmeti. 1 — nusanivhule, 2 —
cybnusanvhble, 3 — anvnutickue, 4 — cybanvnuiickue, 5 — 20pHo-1ecHble, 6 — peunvlx 00auH, 7 — 60l0mHble,
8 — cenegvie u ceneo-nasunnvle. Yuacmiu UHMEHCUBHOLO NPOABILEHUS IK302EHHbIX npoyeccos: 9 —
HusanbHo-epasumayuonnslx, 10— epasumayuonnvix, 11 — ononsueswvix, 12 — nponosuanvuix; Jlunuu
pazeumus 3K302eHHbIX npoyeccos. 13 — nasunnvie 1omxu /

Fig. 2. Landscape areas and areas of intense manifestation of exogenous processes [Karavaev et al.,
2020; with changes]. Types of landscape areas: 1 — nival, 2 — subnival, 3 — alpine, 4 — subalpine, 5 —
mountain-forest, 6 — river valleys, 7 — marsh, 8 — mudflow and mudflow-avalanche. Areas of intensive
manifestation of exogenous processes.: 9 — nival-gravitational, 10 — gravitational, 11 — landslide, 12 —
proluvial; Lines of development of exogenous processes: 13 — avalanche flumes.

HoBu3HO# 1mojxoaa sIBJISIETCS] COBMECTHBIN aHAIN3 PA3IUYHBIX (PAKTOPOB, KOTOPHIiA
MIO3BOJIMJII BBISBIISATH «KyMYJISTHBHBIN 3(p(heKT», Mpr KOTOPOM CKIIa/IbIBAIOTCS JJaKe Clia-
Oble X MPOSIBICHHS, CIOCOOHbIE BBI3BATh (PMHAIBHBIN CXO CEJsl, 3aBEPIUAIOIINNA IUKJL.
CtabuiabHOMY €ro TeUCHHIO CIIOCOOCTBYET COOTBETCTBHE CPEIHUM MHOTOJIETHUM TPEH-
JlaM Kak abCOJIFOTHBIX TIOKa3aTeneil (akTopoB, MEHSIOIIUXCS BO BpEMEHHU — TEMITEPATyPbl
BO3/lyXa, OCaJKOB, MOPO3HOI'O BBIBETPUBAHMS, CEUICMUYHOCTH, — TAK U UX BPEMEHHOI'O
XOZ1a — CYTOYHOI'0, HEIEIIBHOTO, MECAYHOIO U T. 1.

B uccnenyemom paiioHe, kak OKa3ajau HaOMIOIEHUS, UK COCTaBIseT 3...6 NeT.

MeToAMKA NCCAEAOBAHMUSI

Ha nHavanpHOM dTarme MCClIeloBaHUS BIUSHUS 3eMIICTPSCEHHH HEOOXOIUMO OBLIO
OTIpE/IETTUTh HauaJbHYIO0 TOUKY OTCUETA — MUHUMAJIBHYIO CHITy CEHCMUYECKOT0 COOBITHS,
KOTOPYIO MBI IPUHUMAEM BO BHHUMAaHHE. AHAIM3UPYS OMMCAHUS OLIYLIEHUN OT 3eMile-
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TPSICEHUH pa3IMYHON CUJIBI U OLICHUB MIEpEMEIIeHHe 00JI0MOYHOrO MaTepuasa B pe3ylib-
TaTe MX JCHCTBUS, MbI PEIIMIIM, YTO MHHUMAJIbHBIM 3HAYCHUEM, KOTOPOE CIICIyeT y4u-
THIBaTh B Halmieu padore, siisercs 3 Oamta mo mkaine MSK—64, xapakrepuzyemoe Kak
«COTPSICEHHE TOBEPXHOCTHU OT MPOEIKAIOIIETO PSAIOM TPY30BHKAY.

Jlanee mpencTosio BeIOpaTh 0a3y MaHHBIX, OTKYy/Aa MPEICTOSIIO YepraTh JaHHBIE O
3emyIeTpsiceHusX. [lepBoHaua bHO A1l pacyéTa BO3JACHCTBUS 3eMJICTPSICCHUI Ha UCCIIe-
TYEMYIO TEPPUTOPHIO MBI OJJHOBPEMEHHO IOJIb30BAIUCH JAHHBIMU U3 JIByX UCTOUHHKOB —
Enunoit reodpusuaeckoit ciyx0b1 PAH (http://www. ceme. gsras. ru/new/catalog) u Ce-
Bepo-Kanudopuuiickoro nenrpa yuéra zemnerpscenuit (Northen California Earthquake
Data Center) (https://www. ncedc. org/). JlaHHBIC pa3IHMUarOTCs — aMEpUKAHCKAsK CTAHITUS
perucTpupyet OoJbliee KOMMYECTBO COOBITHIA. MarHuTy/1a COBINAAAONUX IO BPEMEHU
00erx CTaHIMI 3eMJIETPSICCHUI TI0 aMEPHUKAHCKUM JIaHHBIM, KaK MPaBHUJIO, BBILIE, a SITH-
LICHTPBI pacroyIoKeHbl ITyoxe. Tem He MeHee, 10100HbIe PACXOXKICHHUS TPAKTUUECKU HE
BJIMSIIOT Ha IUKJI SK30TEHHBIX MpolieccoB B OacceitHe Uepeka bamkapckoro. YuuTeiBas
3TO, a TaKKe OOJBIIYIO TPYAOEMKOCTH MOJOOHOTO MOIX0/1a, BIOCIEICTBUH MBI OTKa3a-
JHMCh OT HEro M BHIOpAJIM 32 UCTOUYHUK MH(POPMALUHU KaTajor [ eoJornueckoi Ciry:kObl
CIIA (https://earthquake. usgs. gov/earthquakes/search/).

Pacuér npoBomuiicst mo popmyie:

I=22+16-M-31/R?+h2,

rae [ — MHTEHCUBHOCTD 3eMJIETPsICeHUs, B Oaiuiax; M — marautyna; R — pacCTOsiHUE
OT DMHIICHTPA B KM; & — ITyOuHa SmuieHTpa, kM; 2,2, 1,6, 3,1 — peruoHaabHbIe KOHCTaH-
Tol [MHkeHepHOE. .., 1998].

Pesynbrarel pacu€ToB OBLIM CBEICHBI B TAONMUILY, IJI€ YKa3bIBAJIOCh reorpaduyeckoe
TIOJIOKCHHE ATUIIEHTPA, €r0 KOOPJUHATHI, INTyOMHA, MAaTHUTY/IA U CHJIa TOJTYKOB Ha TEPPH-
TOpUU HcclenoBanus (tabm. 1).

[ToMuMoO TabMUIEI, HA OCHOBE MOMYUYEHHBIX JaHHBIX ObLIa MOCTPOCHA KapTa-cxema,
KOTOpasi O3BOJISIET reorpapuuecky NpeACTaBUTh KapTUHY BO3ACHCTBUS 3eMIIETPSICEHUI
B Pa3JIMYHBIX, TOPOH CHUIIBLHO YIAaIEHHBIX SIUIIEHTPAX, HA UCCIIEAYEeMbIN PailoH, a TaKKe
BBISIBUTH HAaM0OJI€€ AaKTUBHO BIMSIONIME HA HErO AMUIECHTPBHI.

Pe3yAbTaThl PABOTHI M X OBCYXAEHNE: 3EMAETPSICEHUS
HQ TEPPUTOPUN NCCAEAOBAHUS

Ha teppuropuu uccienoBaHus CKa3bIBAIOTCS 3eMIICTPSCEHUS, SMUIEHTPBI KOTOPHIX
pacTONOKEHbl B PA3IMYHBIX MECTaX, MOPON HAXOAAIIUXCSA Ha OOJBIIOM yOAJIEeHUU OT
Heé, KaK HarpuMep, B IreiickoM Mope, ceBepHee ocTpoBa Camoc (puc. 3a) [Lentas et al.,
2022]. Camas MHOTOYMCIICHHAs IEPUOJUUECKHU aKTUBHAsI rpyIna — 8 cOObITHI B pa3HbIe
roJiel — Obl1a BbIsIBIIEHA B pailone PaunHckoro xpedra, Henaneko ot Kyraucu. Tpu 3emite-
TpsiceHus ObUTH 3a(MKCUPOBAHbI BOJIM3HU I0T0-BOCTOUHOM yactu [maBHoro Kapkasckoro,
1o 2 — ceBepHee b3piOckoro xpedToB, roro-3amnaanee r. Jinpopyca (puc. 36) [["Tabcaraposa
u ap., 2019] u B ceBepo-3anannoit yactu 3arpoca (puc. Sr) [Poroxun u ngp., 2018]. B
HEKOTOPBIX SMUIEHTPAaX CEPUU CEHCMHUUECKUX COOBITUI MPOUCXOIMIN B OUH JIeHb — 3
CIIyYHJIUCh B BOCTOYHOM yacTH o3epa Ban u okomno neé (puc. 3B) [AnTukaesa, 2019;
Elliott et al., 2013], mo 2 — roxxuee Kapanmara (cm. puc. 3r) [Etupmunum ap., 2018] u Boc-
tounee Kypaucranckoro xpedrta (cm. puc. 3B), a Takke B UepHOM MOpe, CeBEpO-3araiHee
[Totu (cm. puc. 36). B octanbHbIX MecTax OBLITM OTMEUEHBI €IMHUYHBIC 3EMJICTPSICEHUS,
OTTOJIOCKH KOTOPBIX JOKATHIKCH 10 10Kkl p. Kapacy? (Ta6m. 1).

2 https://earthquake. usgs. gov/earthquakes/search/ (nara oOpamenus 21.12.2021)
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Tabnuya 1/ Table 1
3eMueTpsiceHus1 Ha TeppuTopuu uccjaegoanms ¢ 2010 r. mo 2021 r. /
Earthquakes in the study area from 2010 to 2021
~ ~ § ?E’
s [ =Y S
T'eozpagpuueckoe no- Koop 0‘unambt ONUUeHnp a/ ‘E 5. = § E 3 .\'3 S,
Epicenter coordinates Q N I T e
Ao | oowcenue snuyenmpa I SS| 3| £33
" |/ Geographic position § § = § g % S &
epicenter HTupoma / Honzoma / !§( S § § § § S ;%
Latitude Longitude 5 = S E
Deetickoe mope (0. Ca-
1 |moc) / Aegean Sea (Samos | 37°53°50.28” | 26°47°01.68” | 30.10.20 | 21 7,0 3,55
Island)
o1 | Byxma Boopya/ 36°55°45.48” | 27°24°50.04” | 20.07.17 | 7 | 66 | 2,90
Bodrumbay
Ompoeu Apmanckoeo Tas-
3 |pa/Spurs of the Armenian | 38°25°52.32” | 39°03°39.24” | 24.01.20 | 10 6,7 4,27
Taurus
Ompoeu Apmanckoeo Tas-
4 | pa/Spurs of the Armenian | 38°51°50.40” | 39°59°09.60” | 08.03.10 12 6,1 3,50
Taurus
5 |Broympennui Tasp [Inner | 390)5022 447 | 40°42°26.28” | 140620 | 10 | 59 | 355
Taurus
g |Axeamopus o3 Ban/The | 3003010 4o | y3004°37.20" | 201001 | 5 | 59 | 333
water area of the lake Van
Axeamopus 03. Ban / The 0s0> ' 07> »
7 38°48°32.40 43°17°60.00 23.10.11 5 5,7 3,07
water area of the lake Van
g |Axeamopus 0s. Ban/The | yo0,3015 s | 43030°28.80” | 23.00.11 | 18 | 7.1 527
water area of the lake Van
g |Kpoucmanciuixpebem /| 30009:44 080 | 4402223527 | 23.02.20 | 10 | 60 | 342
Kurdistan Range
10 |opoucmanciuiixpebem /| 300517 407 | 44°25°00.48” | 23.0220 | 10 | 58 | 3,09
Kurdistan Range
11 | Cesepo-3anadnuiii 3azpoc | 305,030 340 | 45057233127 | 120107 | 19 | 73 4,69
/ Northwestern Zagros
12 | Ceoepo-3anadueiii 3azpoc | 3405130 24v | y5044°39.487 | 25,1018 | 18 | 63 | 301
/ Northwestern Zagros
13 | Kapaoae / Karadag 38°23°20.40” | 46°44°42.00” | 11.08.12 12 06,2 3,54
14 | Kapaoae / Karadag 38°19°44.40” | 46°49°33.60” | 11.08.12 11 6,4 3,84
15 | Craauemetit xpebem / 41°32'56.40" | 46°47°20.40” | 141012 | 10 | 55 | 3,39
Rocky ridge
16 | Gt xpeoem / 41°32°56.40” | 46°47°20.40” | 07.05.12 | 11 | 56 | 337
Samur Range
17 | borowoi Raskas [ Greater | yrop0046 370 | y5048°42.127 | 17,0003 | 5 | 53 | 330
Caucasus
Paiion Pauunckozo xpeo-
18 |ma / The area of the 42°31°48.00” | 44°08°38.40” | 20.07.12 | 10 4,3 3,12
Rachinsky ridge
Pation Payunckozo xpebma
19 |/ The area of the Rachinsky | 42°25°24.96” | 43°37°06.96” | 13.03.18 | 12.5 4,4 3,60
ridge
Paiion Pauunckoeo xpebma
20|/ The area of the Rachinsky | 42°31°58.80” | 43°35°46.68” | 06.11.18 10 5,0 4,83

ridge
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Paiion Pauunckoeo xpebma
21|/ The area of the Rachinsky | 42°33°39.60” | 43°26°9.60” | 12.04.10 | 10 4,1 3,58
ridge

Paiion Payunckoeo xpebma
22 |/ The area of the Rachinsky | 42°34°49.44” | 43°23°10.68” | 13.03.21 | 10 4,1 3,67
ridge

Paiion Pauunckoeo xpebma
23 |/ The area of the Rachinsky | 42°22°44.04” | 43°01°30.72” | 18.11.15 | 3,5 4,1 3,07
ridge

Pation Payunckozo xpebma
24|/ The area of the Rachinsky | 42°36°21.60” | 42°56°52.80” | 23.10.11 5 59 3,33
ridge

Paiion Pauunckoeo xpebma
25 |/ The area of the Rachinsky | 42°20°04.56” | 42°47°27.60” | 29.06.18 | 10 4,4 3,30
ridge

Paiion Mecxemcrozo
26 |xpeoma / The area of the 41°57°39.60” | 42°39°25.20” | 19.01.11 10 52 4,03
Meskheti ridge

bonvwou Kaskas / Greater

27 43°15°07.20” | 41°39°43.20” | 28.05.13 | 48 | 5.1 3,72
Caucasus

2g | Bomewott Kasxas / Greater | ys0,500 400 | 47038°13.207 | 26.03.13 | 10 | 5.1 3,70
Caucasus

Axeamopus Yepnozo mops
/ Black Sea water area
Axeamopus Yepnozo mops
/ Black Sea water area

29 42°25°12.00” | 41°04°30.00” | 25.12.12 | 10 52 3,38

30 42°26°09.60” | 40°58°26.40” | 25.12.12 | 10 52 3,38

1 KupHbiM prudTOM BBIIEIEHBI IAHHBIE O 3eMIIETPACEHUAX, KOTOPbIE MOIIM CIIPOBOLIMPOBATE CXOIbI

KpYyIHBIX CeJIed B paliOHe UCCIIEN0BaHU

Kak yxe ormeuanoch, METOIMKa MCCIEI0BaHUs MPeojaraeT COBMECTHBIN aHan3
OCHOBHBIX (DaKTOPOB MPOSIBJICHHSI YK30T€HHBIX MporieccoB. OToOpaskeHus GpakTopoB, KO-
TOpBIE MEHSIOTCSI BO BPEMEHH, /ISl y100CTBa aHaln3a MOMEIIEHbI IPYT MOJ APYTOM B OJI-
HOM BpeMeHHOM MaciuTtade. [lomumo 3emierpsicenuil, 3To rpaduku TemnepaTypbl BO3Iy-
Xa, 0CaJIKOB M1 MOPO3HOT'O BBIBETPUBAHUS, KOTOPOE OTPAkKAETCS B KOJIMUECTBE MEPEXO/I0B
TeMIepaTypbl BO3yXa yepe3 TOUKy 3aMep3aHus — HOIb Tpaaycos no Lenscuro. Bo u3be-
YKaHHE Meperpy3KH CTaTbU WUTIOCTPALUSMU, MBI IPUBOAUM 37I€Ch COBMEIIEHHbIE rpadu-
k¥ ToJIbKO 3a iepuon ¢ 2016 . mo 2021 1. (puc. 4). C Havana ucciea0oBaHus TEPPUTOPUH H,
COOTBETCTBEHHO, pacu€ToB 3emiieTpsiceHui, ¢ 2008 1. mo urosb 2012 1., Korma 3aBepIirics
MEPBBIA U3 OTMEUEHHBIX HAMH IUKJIOB 3KCTPEMAJIbHBIX SK30I€HHBIX MPOLECCOB, B J0-
nuHax p. Yepeka bankapckoro, €ero HICTOKOB M NMPUTOKOB, CIYYHIIOCHh 14 3emieTpsiceHuid
cunoni ot 3,1 10 6,6 6aIoB, MPUYEM «CITYCKOBBIM MEXaHHU3MOM) TTOCTYKHUIIO 3eMJIETPSI-
cenue B 3,1 Oamna — TeMreparypa Bo3[lyXa COOTBETCTBOBaJIa MHOTOJIETHEMY TPEHAY, a
OCaJIKM 3HAUUTEJIbHO OTCTaBaJd OT Hero. Bo BpeMs cieayroniero mukiia mpou3onuio 29
3eMIIeTpsICeHUH, cuioit ot 3 1o 4,8 6amtoB (cM. puc. 4r). Cepust KpyIHBIX celiel coria
B uccieayemMoM pairione B urosie 2017 r., 4TO Mbl MPUHUMAEM 32 OKOHUYAHHE OYEPETHOTO
uukiaa. OOpatuM BHUMaHKE Ha TO, YTO OCAJKU B TOM MeCSI€ ObLIN CKYIHBIMH 110 UIOJIb-
CKHM MepKaM — Bcero 67 MM, 4To Oosbiie, ueM Ha 20 MM OTCTaéT OT HOPMBI (CM. puc. 40).

CuTyarysi ¢ MOPO3HBIM BBIBETPHBAaHUEM ObLIIa CTAHIAPTHON — B MFOHE ObLT 3a()MKCHPOBaH
OJIMH MEPEX0]1 TEMIIEpATyphl BO3AyXa Yepe3 TOUKY 3aMep3aHusi BOJIb, B HI0Jie — HU oftHOro. Hau-
Oosiee aKTUBHBIM MOPO3HOE BBIBETPHBAaHKE OBLIO TPAIUIIMOHHO B MapTe — 27 | anpene — 22
TIepeXo/ia COOTBETCTBEHHO, YTO TOKE COOTBETCTBOBAJIO MHOTOJIETHEMY TPEH/TY (CM. pHC. 4B).
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Fig. 3. Earthquake epicenters and their parameters — date, depth (h), magnitude (M) and intensity in the
study area (I, points) — from 2010 to 2021

[IpeBbillieHHE CpeAHEMECSYHOM TEMITEpATYpPhl BO3AyXa HaJl TPEHI0M CPEIHEH MHOTO-
JIETHEH TeMrepaTyphl HIOJISL B 3TUX MecTaxX Obu1o HeOombImM — okosto 2° [Kemesa u np.,
2021], 4TO, OAHAKO, YCWJIMJIO TasTHUE JIETHUKOB B BBICOKOTOPBE, YBEJIUUMB MTPUTOK BOJIBI
B CeJICHOCHBIE pycia (puc. 4a). B To jxe BpeMs IIaBHYIO pojib B OKOHYAHHUH LIMKJIA, KaK U
MSATHIO TOJIAMU paHee, ChIrPAJIO TAKXKE clladoe 3eMIIETPsCEHHE CUiIoi B 3 Oaiia (puc. 4r).
[TomoOHBIN BBIBOJ HAM TO3BOJISET AeNaTh cUTyalus ¢ ocaakamu. [lo rpadukam BUAHO,
YTO MX HauOOJbIIKE TOAOBbIE 3HAYCHUS MPUXOIATCS HA pa3HbIE MECSIIbl BECHBI U JIETa.
[Tpu 3TOM, B OTJIMUME OT TEMIIEPATYPhI BO3/yXa, X0/ KOTOPOH HAMHOTO OoJiee cTabuiIeH U
npejcKa3zyeM, MaKCUMalibHbIE 3HAYEHHUS 0CAAKOB CHIIBHO OTIIMYAIOTCS IPYT OT Apyra (puc.
4a, 0). Tak, B 2016 1. MaKCMYM TpHUIIIENCS HA UIOJb U cocTaBmi 173 MM, B 2018 1. — Ha
MapT — 247 MM, B 2019 1. — Ha utonb — 202 mm, B 2020 . — Ha Maii — 148 MM u B 2021 1. — Ha
anpenb — 249 MM [ TammmoBa u ap., 2022]. Mcxoas U3 3T0ro, MIMEHHO OOMJIBHBIE OCAJIKH,
BBINABILIKE 32 KOPOTKOE BPEMsI, MOTYT CIIPOBOLIMPOBATH CXO/bI CeJiei U 3aBepIIUTh LIUKJI.
B 2017 1. HauGompIiee MX 3HaYEHHUE OBLIO OTMEYEHO B Ma€ M COCTABHIIO MAKCUMAJIbHYIO
JUIsl paccMarpuBaeMbix 6 JieT, kak U B 2021 ., BenuunHy — 249 mMm. [Tprnuém makcumym,
B OTJIMYUE OT APYTUX JIET, MPHUIIEICS HAa MECSII, KOTJa IPYHT OTTasl U CTajl OCOOCHHO
BOCIPUUMYHB K HACBIIICHUIO BOAOW. TeM He MeHee, HeCMOTps Ha YK€ J0CTAaTOuHOE JIJIst
CXOZIOB KPYIIHBIX CeJei KOJMYEeCTBO HAKOIUIEHHOTO OOJOMOYHOIO Marepuaia, dTOro He
ciyunsiocb. OHU POU3OILIH B HIOJIE TIOCIIE YIIOMSIHYTOTO 3eMierpsiceHus. Tak, oquH u3
CaMbIX KpYHHBIX cened comén nmo peke Meruan-Cyy, 10JMHA KOTOPOU SIBJISIETCS OJIHUM
U3 KITFOUYEBBIX 00BEKTOB MOHUTOPUHTA IK30T€HHBIX MPOLIECCOB, Pa3MbLII aBTOMOOUIIBHYIO
JIOPOTY M pa3pyIlIiil MOCT, peKa e B HIDKHEM T€YeHHH MpoOusIa HoBoe pycio (puc. 5).
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cpeonemecsiunvie 3navenus 3a 1951-2013 ze., 3 — omxnoHeHus cpeOHemecsunblx 3nayeHuil 3a 200 (1) om

F

cpeoHemecsiunblx 3navenuil 3a 1951-2013 z2. (2) /
ig. 4. Factors of formation of extreme exogenous processes in 2016-21: a — air temperature, °C, b —

precipitation, mm, ¢ — number of days with air temperature transitions through 0 °C, d — earthquakes,

int
3-

ceH
BEp

ensity in points; 1 — average monthly values for the year, 2 — average monthly values for 1951-2013,
deviations of average monthly values for the year (1) from average monthly values for 1951-2013 (2)

BbiBOADI

ITomumo O‘IGBHZ[HOﬁ PO TOATOTOBKH 00JIOMOYHOTO Marcpualia, ci1a0Oble 3CMIJICTPs-
" MOT'YT BBIIIOJIHATDH (bYHKI_II/IIO «CITYCKOBOI'O MCXaHH3Ma» IJIA KPYITHBIX ceneﬁ, 3a-
MIAI0MHX MUKJIT OITACHBIX 39K30I'CHHBIX IIPOLCCCOB.
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Puc. 5. Huzo6vs p. Memuan-Cyy nocie cxooa kpynnozo cens 8 urone 2017 .
(pomo B. A. Kapasaesa, 18 wions 2017 2.) /
Fig. 5. Lower river Metian-Suu after a large debris flow in July 2017
(photo by V. A. Karavaev, July 18, 2017)

B utone 2012 r. 1 mroste 2017 1. conuty KpymHbIE CEJTH, 3aBEPIINB, TAKMM 00pa3oM, Ha
HCCIIeTyeMOl TePPUTOPUHU OUEPETHBIE IIUKIIbI SKCTPEMAIbHBIX 9K30T€HHBIX MTPOLIECCOB.
KaranuzaropoM B 000uX ciydasx MOCIYXHIH ciladble 3-x0amibHbIE 36MIICTPSCCHUS H,
BO BTOPOM ClTydae B 3HAYUTEIbHO MEHbBIIIEH CTETIEHH, — HEOOJIbIIIOE MPEBBIIICHUE TEMIIE-
patypbl Bo3/1yXa, BbI3BaBIlIee TassHUE JIETHUKOB B BHICOKOTOPHE.
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Abstract: The relevance. The article considers the monitoring of geodynamic deformations of the territory
of Azerbaijan according to the data of GPS stations (Global Positioning System). The identification of changes in
the velocities of tectonic blocks is the basis for the construction of geodynamic models that allow establishing
a connection with the tectonic-geological structure of the region under study. The aim of the work was geodetic
analysis and comparison of the results of GPS stations with the seismicity of the region under study, obtained for
the period 2017-2021 on the territory of Azerbaijan. Methods. The article presents a method for calculating the
velocity fields of modern horizontal displacements of the tectonic blocks of Azerbaijan, obtained from the results
of observations at 24 GPS_RCSS stationary stations, a characteristic aspect of which is a noticeable horizontal
displacement in the northeast direction at a rate of 4-12 mm/y. In the study, mainly two space-time modes were
applied: calculation of the initial coordinates of the stations of the geodetic network and the calculation of the
shear deformation compared to the original. In this article, the velocity field of tectonic blocks on the territory
of Azerbaijan was studied based on the results of GPS measurements calculated using the GAMIT program
(Global Navigation Satellite System (GNSS) at the Massachusetts Institute of Technology). Based on the results
calculated using the GAMIT (Global Navigation Satellite System (GNSS)) program, the velocities of individual
tectonic structures within the study region were obtained. Results. To identify the gradient zones of velocity
change, the azimuthal directions of the velocity vectors of the horizontal movements of the territories of Turkey
and Iran, obtained on the UNAVCO website (a consortium of the NAVSTAR University), were also taken into
account. Work results. Thus, it was obtained that along the central part and in the southwest of the country, in
the Nakhchivan Autonomous Republic and the border regions of Iran, compression oriented to the NE prevails.
The maximum value of the strain rate throughout the territory of Azerbaijan fluctuates within 17 mm/y. Analysis
of the velocity field also showed low velocity values in the Greater Caucasus (4-6 mm/y). In addition, a correlation
analysis of the value of velocities with the seismic activity of the region was carried out. It is concluded that there
is a certain relationship between the change in velocity of horizontal displacement of blocksand the distribution of
strong earthquakes in the field of the rate of deformation of the earth’s crust. At GPS stations Nardaran (NRDG),
Gobu, Gala (GALG) and Jiloy Island (JLVG), which enter the Absheron zone, are tracked almost the same as the
values of horizontal displacements of 4.7, 4.0, 5.0, 4.9 mm / year respectively). In the direction of the Talysh
region up to the Absheron Peninsula (in the direction of SW-NE) there is a noticeable decrease in the northern
components change in the rate of displacements compared to the values of the (LKRG=14.9 mm/y, GLBG=19.8
mm/y, YRDG= 13.0 mm/y).

Keywords: GPS stations, geodynamics, horizontal displacement velocity fields, plate tectonics.
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Pestome: AKTyanbHOCTb paboTbl. B cTaThbe pacCMOTPEH MOHMTOPWHT Fre0ANHAMUYECKUX AedhopmMaLnii Tep-
putopuu AsepbanmkaHa no gaHHbIM GPS-ctaHuuii (Global Positioning System). BbiiBneHne nameHeHus 3Have-
HUN CKOPOCTEi TEKTOHMYECKUX 6/I0KOB SIBSETCA OCHOBOW A NOCTPOEHNS reoMHaMUYecKnx Moaeneii, no3go-
NAoLLeit ycTaHaBNNBATb CBA3b C TEKTOHO-TE0NOMYeCKUM CTPOEHMEM UCCeayeMoro pernoHa. Lienbio pa6oTbl
OblIN1 re01e3NYeCKMA aHann3 U CpaBHEHNe Pe3ynbTaToB CTaHUKUA GPS ¢ CeiCMUYHOCTBLIO UCCesyemMoro perno-
Ha, Nony4eHHbIX 3a nepuod 2017-2021 rr. Ha TeppuTopun Asepbaigxana. Metoabl uccnefoBanus. B ctatbe
npefcTaBieHa MeTofMKa pacyeTa nosieil CKOPOCTeN COBPEMEHHbIX FOPU3OHTANTbHbIX CMELLEHNA TEKTOHUYECKMX
6nokos A3epbaiigKaHa, NoNy4eHHbIX N0 pe3ynbratam HabnaeHUA Ha 24 cTaunoHapHbIX cTaHumax GPS_RCSS,
XapaKTepHbIM aCMeKTOM KOTOPbIX SIBMAETCS 3aMETHOE rOPM30HTaNIbHOE CMELLEHNe B CeBEPO-BOCTOYHOM Ha-
NpaBieHnn co CKOpPOCTbO 4-12 Mm/roa. B npouecce n3yvyeHus reoauHamMmnyeckux npoLeccoB ¢ NomMoLLbi GPS-
TEXHONOrMIA B OCHOBHOM UCMONb3YHOTCA Ba NPOCTPAHCTBEHHO-BPEMEHHbIX PEXMMA: OHOKPATHOE nepeonpeae-
NEeHNe Ha4YanbHbIX KOOPAWHAT TOYEK re0Ae3NHecKMX CeTeN U CMeLLeHNe HadanbHbIX 3HAa4YeHUA aedhopmauuii. B
JIAHHOW CTaTbe M3Y4eHO Nose CKOPOCTEN TEKTOHUYECKNX BNOKOB Ha TeppuTopumn A3epbaipkaHa no peaynsratam
GPS unamepeHuii, paccumtaHHbix no nporpamme GAMIT (Global Navigation Satellite System (GNSS) 8 Macca-
YYCETCKOM TEXHOIOrMYeCKOM UHCTUTYTE). 1o pesynbTataM Bbl4MCAEHHbIX Ha nporpamMme GAMIT (GNSS) 6binu
MoNy4YeHbl 3HA4EHNS CKOPOCTEN OTAEMNbHbIX TEKTOHUHECKUX CTPYKTYp B Mpefenax uccneayemoro permoxa. [ans
BbISIBIEHUS TPAAMEHTHBIX 30H CMEHbI CKOPOCTEN, TAKXE Y4MTbIBAIUCh a3MMYTarbHble HanpaBneHUs BEKTOPOB
CKOPOCTEl ropu30HTaNbHbIX ABUKEHWIA Tepputopuid Typumum n Mpaxa, nonyyeHHble Ha cante UNAVCO (koHcop-
unym Yrusepcuteta NAVSTAR). Pe3aynbTatbl paboTbl. Takum 06pa3oM, 6b1710 NONYHEHO, YTO BAOSb LIEHTPaNIbHO
yacti 1 Ha K03 cTpaHbl, B HaxnyeBaHckoi AP 1 npurpaHnyHbIx paioHax paHa npeobnagaeT cxatue, opu-
eHTMpoBaHHOe Ha CB. MakcumanbHoe 3Ha4eHue CKOpoCTH Aedopmaumi Ha Beeid Tepputopun AsepbaiigkaHa
Konieonetca B npegenax 17 Mm/rofd. AHann3 nosif CKOPOCTEN TakKe nokasasn HU3KKUE 3Ha4eHWUs CKOPOCTen Ha
bonblom Kaskase (4-6 mm/rof). Kpome T0ro, 6bii NpoBefeH KOPPENALMOHHbLIA aHanu3 3Ha4eHnii CKOpoCTei
C CEMCMNYeCKON aKTUBHOCTBLIO pernoHa. CenaH BbIBOA O HANUYUM ONPeeneHHON CBA3M MeXay 3MEHEHNEM
3Ha4YeHWiA CKOPOCTEN rOPU3OHTANbHBIX ABVMXKEHUIA W pacnpeeneHnemM CUbHbIX 3eMETPACEHUIA NONS CKOPOCTM
aedopmauu 3emMHom Kopbl. Ha GPS-cTaHumsax Hapaapad (NRDG), lo6y, Fana (GALG) n octpose XKunoii (JLVG),
BXOAALLMX B ABLUEPOHCKYHO 30HY, OTCIEXMBAIOTCA NPaKTUYECKN OUHAKOBbIE 3HAYEHWNS FOPU3OHTANbHBIX Nepe-
meLenunin 4,7, 4,0, 5,0, 4,9Mm/r. COOTBETCTBEHHO. B HanpasneHun TanbIWCKOro painoHa BniaoTh 40 AGLLEPOH-
cKkoro nonyoctposa (B HanpasneHuu H03-CB) HabntogaeTcs 3aMeTHOE YMeHbLUIEHUe CeBEPHON COCTaBNAOLLEN
M3MEHEHNS CKOPOCTM MepeMeLLeHnin Mo CpaBHEeHNo co 3HaveHnsmmn (LKPG= 14,9 mm/roa, GLBG=19,8 mm/roa,
YRDG= 13,0 mm/rop).

Kntouesbie cnosa: GPS-cTtaHuuu, reoguHammka, nons CKOpPOCTEei rOPU30HTASNIbHBIX NepemMeLLeHni, TeKTo-
HUKa nJnT.

Ina uutuposanus: Etupmuwnu I'. [1, Kaseimos W.E. CospemeHHas GPS-reoguHamuka Asepbangxana. [eo-
Jiorus n reogpnaunka f0ra Poccnn. 2022. 12 (4): 19-30. DOI: 10.46698/VNC.2022.35.95.002/
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Intfroduction

As you know, Azerbaijan is part of the Alpine-Himalayan mountain belt, formed in
the Cenozoic on the southern margin of the East European platform as a result of a col-
lision between the Eurasian and Scythian plates, which has experienced rapid uplift over
the past five million years. The advance of the Scythian Plate to the north is partially
offset by the displacement of the Anatolian block to the west. The tectonics of this vast
region is mainly determined by the collision of the Arabian and African plates with the
Eurasian plate [Milyukov et al., 2015; Reilinger et al., 2006; Robertson et al., 1996; Tap-
ponnier et al., 2001]. Regionally, the region under study includes three tectonic blocks of
the Alpine fold system: the Deshte-Lut block, located in the east of Iran, the Turan Plate,
located on the eastern coast of the Middle Caspian, and the Bitlis-Zagros Thrust, located
in southwestern Iran. These large geoblocks are surrounded by the main geostructural
elements of Azerbaijan [McKenzie, 1972, 1978]. A huge meridional depression of the
Caspian Sea adjoins Azerbaijan from the east. The northern part of the republic is cov-
ered by the eastern segment of the complex southern wing of the meganticlinoria of the
Greater Caucasus [Mahmoud et al., 2005, 2006; Rogozhin et al., 2015, 2018; Shempelev
et al., 2017; Stogny et al., 2022; Zaalishvili et al., 2016, 2018]. The meganticlinorium of
the Lesser Caucasus and the Talysh region are located in the southern and southwestern
parts of the republic. In the geodynamic aspect, the Taysh region is characterized by high
seismic activity and high horizontal slip rates. The Lesser Caucasus region is also char-
acterized by increased velocities at GPS stations, but in recent years the level of seismic
activity has been moderate. The results of the global positioning system (GPS) allowed
us to get a new perspective and the ability to monitor the movements of blocks and trace
the deformations of the earth’s crust.

Materials and Methods

All calculations were made using the GAMIT program, which is a universal package
for analyzing GPS data. Although the software is currently maintained by three authors,
many other people have also contributed to the development of this program. High-preci-
sion geodetic surveys using space satellites work on the basis of the phase of the carrier
wave, which is the product of a single phase channel of the GPS receiver. These calcula-
tions include an analysis of the difference between the phase of the satellite signal and the
phase at the station. To obtain reliable and accurate data, it is necessary to analyze data
from both several stations and several satellites simultaneously [Jackson et al., 1984].

The GAMIT program includes separating algorithms that map the phase of the carrier
wave into first and second phase differences. The calculation of one-way phases relative
to the station clock is performed using the -autcln program. This program is used to esti-
mate atmospheric and ionospheric errors [Herring et al., 2010].

The range measurements, together with the station and satellite coordinates, are used
to determine the station clock offset within a microsecond, which is sufficient to ensure
that the calculation error does not exceed 1 mm.

Using the least squares method for space satellites, reference orbits are created, ac-
cording to which the errors between the observed and calculated values of the partial
derivatives of the geometric model are revealed. It should be noted that in 2012, the
installation of a new network of GPS stations began at the RSSC under ANAS. A total
of 24 stations were installed. Geodetic coordinates are processed on the AUSPOS server
(Australia) [Herring et al., 2003].

To estimate the speeds of the determined stations, 8 closely located reference stations
of the 1GS network were used: ARTU (Arti, Russia), CRAQ (Simeiz, Ukraine), DRAG
(Metzoke, Israel), POLV (Poltava, Ukraine), MDVJ (Mendeleevo, Russia) ANKR (An-
kara, Turkey) NICO (Nicosia, Cyprus), POL2 (Bishkek, Kyrgyzstan). The selected ref-
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Table 1.
Parameters of the world reference stations of the IGS network
(compiled by the authors)
Code | Region Coun- 1 ot ¢° | LonZ° | Receiver Antenna Register sat-
try ellites
GPS GLO-
LEICA LEIAR10 + NASS Gali-
ANKR | Ankara | Turkey 39,88 32,75 GR30 NONE leo BeiDou
SBAS
. ASHTECH | ASH700936D M
ARTU Arty Russia 56,43 58,56 7 XII3 + DOME GPS
. . ASHTECH | ASH701945C M
CRAO Simeiz | Ukraine | 44,41 33,99 UZ-12 +SCIS GPS
JAVAD
DRAG MletrZOl;e’ sracl | 3159 | 3539 | TRE3 | g‘f\?g&?—M GI;? Ac;Iéo-
srac DELTA
Mend- . TPS JPSREGANT _ GPS GLO-
MDVI 1 jeeyo | Russia | 56.02 1 3721 1 \prG3 | DD E1+NONE | NASS
GPS GLO-
. LEICA LEIAR25. R4+ | NASS Gali-
NICO Nicosia | Cyprus 35,14 33,4 GR25 LEIT leo BeiDou
SBAS
. Kyr- ASHTECH | TPSCR.G3 +
POL2 | Bishkek ayzstan 42,68 74,69 Uz NONE GPS
GPS GLO-
. LEICA LEIARI10 + .
POLV Poltava | Ukraine 49,6 34,54 GR10 NONE NASlioGah-

erence stations with the indicated coding are included in the implementation of the in-
ternational terrestrial reference frame ITRF2008 [Kazimova, Kazimov, 2020]. Table 1
shows the coordinates, international code, type of equipment and registered satellites of
reference stations.

Seismicity of the territory of Azerbaijan in 2017-2021 yy.

Seismicity of the territory of Azerbaijan in 2017-2021, seismic analysis of the ter-
ritory of Azerbaijan have been conducted on the basis of 40 digital data (Annual report
on the results of scientific and production work of the seismology department of the
Republican Seismic Survey Center of Azerbaijan National Academy of Sciences. Fund
of Materials of ANAS. Baku. 2017). During the 2019 year, 13,818 earthquakes were re-
corded by RSSC. Of these, 5442 are local (Azerbaijani territory), 1825 regional and 2188
remote earthquakes. At the same time, 2948 weak shocks (recorded by a single station),
1405 explosions, 7 landslides and 3 volcanoes were recorded. The map of the earthquakes
epicenters for 2017-2021 with mI>3.0 in Azerbaijani territory has been created (fig. 1).

As can be seen from this map, the vast majority of tangible earthquake sources are
located at the junction zone of the Kura Plain and the southern slope of the Greater Cau-
casus. In 2019, 81 earthquakes with a magnitude of ml>3.0 were recorded in the territory
of Azerbaijan and 25 of them are tangible earthquakes. Compared to 2018, the number
of earthquakes in 2019 has increased and the amount of released seismic energy has de-
creased (Annual report of RSSC ANAS, 2018); Yetirmishli et al., 2019]. Thus, the num-
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Fig. 1. Map of earthquake epicenters in Azerbaijan and adjacent regions for 2017-2021
(Compiled by the authors)

ber of earthquakes was 4081 in the territory of Azerbaijan in 2018, the amount of released
seismic energy > E=42.7 - 10!, the maximum magnitude 5.5, the number of earthquakes
was 5442 in 2019, the amount of released seismic energy > E=31.9 - 10''J, the maximum
magnitude 5.2. Compared to 2019, the number of earthquakes and the amount of seismic
energy released in 2020 decreased (Annual report of RSSC ANAS, 2019).

Analysis of the number of earthquakes in Azerbaijan and adjacent areas and the dis-
tribution of seismic energy by months shows that in 2020, seismic energy was higher in
February, April and June. This is due to earthquakes of magnitude 5.9 on the Turkish-
Iranian border. Lets’™ noted that, ml=6.4 earthquake was registered on February 23, 110
km south-west of Nakhchivan station on the Turkish-Iranian border. In February and
March 2020, the number of earthquakes was higher than in other months. This is due to
the aftershocks of an earthquake with a magnitude of mI=5.9. During 2021, 15,599 earth-
quakes were registered (Annual report of RSSC ANAS, 2020). Of them, 4173 are local
(Azerbaijani territory), 4059 regional and 3346 remote earthquakes. In addition, 5 vol-
canoes, weak 2599 tremors (recorded by a single station), 1417 eruptions were recorded.
63 and 17 tremors with a magnitude of 3 were recorded in Azerbaijan. The number of
earthquakes and the distribution of seismic energy within the countryin 2010-2021, the
number of earthquakes within the considered region in 2020 is 4030, the amount of seis-
mic energy is Y E=13.1 - 10!], the maximum magnitude is ml =4.9. In 2021, the number
of earthquakes was 4173, the amount of seismic energy released was Y E = 14.3 - 10'],
and the maximum magnitude was ml = 5.1 (Annual report of RSSC ANAS, 2020). Seis-
micity monitoring over the past 15 years has revealed an increase in activity from year to
year, reaching its maximum in 2012, when a number of strong earthquakes (ml=5.0-5.7)
were registered in the northern part of the republic. This is due to the strong (m1=4.0+5.7)
earthquakes in the country. In 2012, the amount of seismic energyreleased increased 25
times compared to 2011. The amount of seismic energy released in 2013 decreased by
about 28 times compared to 2012. It should be noted that the sharp increase in the number
of earthquakes in 2010 compared to previous years is associated with an increase in the
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number of seismic stations in the region. As noted earlier, high activity was also observed
in 2014, 2016, 2017 and 2019, associated with strong earthquakes in the Hajigabul, Agh-
dam, Saatli and Ismayilli regions (Annual report of RSSC ANAS, 2021).

Analysis of the number of earthquakes in Azerbaijan and adjacent areas and the dis-
tribution of seismic energy by months shows that in 2021, seismic energy was higher in
February and November. The high energy level in November was due to an earthquake of
magnitude 5.1 in Shamakhi. In February 2021, the high level of seismic energy is due to
earthquakes of <5.5 ml in Armenia (Annual report of RSSC ANAS, 2021).

Geodynamics of the territory of Azerbaijan in 2017-2021
on the basis of GPS data

Based on the foregoing, the directions of the velocities of horizontal movements for
2017-2021 were studied. Analysis of the data showed that in the Greater and Lesser Cau-
casus in 2017, the deformation of the northwestern displacement prevailed with a speed
of 1.0-2 mm higher compared to the previous year. The central part of the region was
characterized by an increase in strain values by 1.5-2.5 mm. The station located in the
Caspian Sea on Zhiloy Island is characterized by low average annual values (2-3 mm)
(Fig. 2). The analysis of station data showed that the values of deformations increased by
1-2 mm/year compared to the previous year.

A map of the epicenters of strong (ml>4.0) earthquakes that occurred in 2017 was
constructed in order to reveal the relationship of horizontal movements with the geody-
namic conditions of prices. GPS stations and the directions of the faults built by Shikha-
libeyli are added to this map.

In addition, it was found that in 2017 in the Gusar, Saatli, Shirvan and Talysh regions,
the rate of deformation was maximum. In addition, comparing the data of the GPS stations
with the seismic activity of that year, it can be seen that these regions were characterized
by activity. An analysis of the source mechanisms also showed here the predominance of
left-lateral strike slips in the NE direction, at medium depths, corresponding mainly to the
granite layer. In 2017, at 03:25, an earthquake with a magnitude of 5.4 was recorded in
the Lower Kura depression at a depth of 48 km. Note that in 2017, the velocity at Saatly
station increased to 14.7 mm/yr. Note that this station was installed on an ultra-deep well.
In 2018, the strain rate at this station dropped to 9.6 mm/year (Fig. 3).

In 2018, activation was observed in the Zakatala and Lerik regions. The earthquake
that occurred in the northwest starny in the Zakatala region at the epicenter was felt up to

i

N

Fig. 2. Map of horizontal velocities obtained in the GAMIT program for GPS stations for 2017
(Compiled by the authors)
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Fig. 3. Map of horizontal velocities obtained in the GAMIT program for GPS stations for 2018
(Compiled by the authors)

6 points (with magnitude ml = 5.5). It should be noted that the focus of this earthquake
coincided with the focus of the strong Zagatala earthquake, which occurred in May 2012
[Yetirmishli et al., 2018]. The earthquake that occurred in the Talysh region (Lyankaran)
was felt in the focus up to 5 points. Note that in 2018, the velocity values at the Lerik GPS
station increased to 13.2 mm/year.

In 2019, the average value of the strain rate in the Greater Caucasus was character-
ized by values equal to 3.1-9.6 mm/year, in the central part of the region, in the area of
depression 6.9-16.5 mm/year, in the south of the country 10.2-14.8 mm/year, and for
stations located on the Caspian coast, the values varied within 3.6-4.8 mm/year. It can
be noted that in 2019, for the territory of Azerbaijan, the average value of deformations
was 8.4 mm/g in the direction of NE. The analysis of seismicity in 2019 showed a strong
earthquake that occurred in the Agsu region with a magnitude of ml=5.2. The earthquake
was so palpable that landslide processes and the eruption of a mud volcano located 10 km
SE from the source were subsequently observed. In addition, it can be noted that through-
out all these years, the Caspian Sea region was also characterized by high activity.

Based on the data obtained in 2021, north-eastern movements are observed for the ter-
ritory of Azerbaijan on average up to 5.4 mm/y per year. It was determined that in 2021,
the average value in the Greater Caucasus will be 3.49 mm/y, in the Lesser Caucasus 4.80
mm/y, in the Middle and Lower Kura Basin 6.95 mm/y, in Talysh 10.58 mm/y, in the
Apsheron Peninsula 2.80 mm/y velocities are set. Also, the values of displacement at the
station located on Gilov Island in the Caspian Sea were set at 1.6 mm. In 2021, the high-
est speeds were observed at Yardimli (12 mm/y), Lankaran (11.90 mm/y) and Saatli (12.0
mm/y) stations. It should be noted that in general, compared to the data of 2020, in 2021 the
prices of speeds decreased. Mainly at Aghdam, Ganja, Lerik and Gazakh stations (Fig. 4).

Results

Using the data of the GPS stations of the RSSC of ANAS, UNAVCO, Turkey and
Iran [Kadirov et al., 2015], a map of the vectors of azimuthal motions and a diagram of
the velocities of the horizontal motions of the blocks of the study region were constructed
(Fig. 5,6). It should be noted that since 2013, a new monitoring system has been installed
on the territory of Azerbaijan within the framework of the RSSC, consisting of 24 GPS
stations from Trimble (USA).

An analysis of the velocity field of GPS stations showed the heterogeneity of de-
formation processes in the region of the Eastern Mediterranean and the Caucasus. The
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Fig. 4. Comparative maps of horizontal velocities obtained in the GAMIT program for GPS stations
for 2020-2021 (Compiled by the authors)

considered results show the movement of the Scythian plate relative to the Eurasian one.
Considering the speeds of movement of the Anatolian and Eurasian plates, and the Scyth-
ian and Anatolian plates, it was found that the shear rate along the North Anatolian fault
turned out to be 20 mm/g, along the East Anatolian — 14 mm/year. This testifies to the
convergence of the Anatolian and Eurasian plates through the system of right-hand strike-
slip faults in eastern Turkey and the Thrust system in the Caucasus. The total reduction in
the distance between the Lesser and Greater Caucasus is 10 mm/yr.

According to modern data of GPS measurements, Western Zagros at a rate of ~10
+ 2 mm/y in the direction of 12-8 £2 mm/y in the direction 7+5° north — northeast. The
difference in crushing rates is most likely due to a significant amount of shear deformation
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data at ANAS, UNAVCO, Turkey and Iran (Compiled by the authors)
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along the Main Modern Fault MRF in the Northwestern Zagros [Conrad, Lithgow-
Bertelloni, 2004]. The velocity field of GPS observations within the Caucasus region
clearly illustrates the movement of the earth’s crust in the N-NE direction on the territory
of Azerbaijan and adjacent regions of the Lesser Caucasus relative to Eurasia [Kadirov
et al., 2015].

On the graph of changes in speed values over the years, for each GPS station, the
regions where they are located were identified. As seen in fig. 7 the minimum values
are noted on the Apsheron peninsula. The maximum values are identified in the Lesser
Caucasus and in the territory of Talysh. From this we can conclude that under the pressure
of the Arabian Plate and the Iranian block, the Lesser Caucasus is moving towards the
Kura depression at an average speed of 12 mm/y, thereby causing a compression zone.
Taking into account the fact that the zone of the Greater Caucasus moves to the NE at an
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Fig. 8 Maps and profiles of average values of horizontal velocities obtained in the GAMIT
program for GPS stations for 2017-2021 yy. (Compiled by the authors)

average speed of 4 mm/y, the Kura depression, in turn, moves at an average speed of 8
mm/y under the Greater Caucasus, thereby forming a thrust zone or a subduction zone
[Aktug et al., 2009, 2013].

In order to monitor the change of velocities depending on the different regions, two
profiles were constructed, 1-1 and 2-2 in the direction of SW-NE (Fig. 8).

Profile 1-1 is built on 7 stations. As can be seen from the profile, the values of velocities
in the Lesser Caucasus are 12.0 and 10.2, while in the Greater Caucasus they are 6-8
mm/y. An interesting picture is observed when considering the profile 2-2, oriented to
the NE, in cross strikes, through the Talysh region to the Caspian Sea (Fig. 8). It can be
seen from the figure that if the values of velocities located at the Absheron in comparison
with the Talysh stations decrease by two or even three times, the values of azimuth angles
increase by three times.

That is, there is a shift of horizontal deformations on the Absheron Peninsula from
NE to NE. An important role here is played by orthogonal faults separating Talysh from
Absheron and, of course, the influence of the Arabian plate and the Iranian micro block.
Under the pressure of these tectonic structures, a kind of clockwise turn towards the
Caspian Sea is observed. It can be assumed that the Talysh region, being a single plate, is
moving to the NE, and Absheron, being part of another plate, is moving to the east.

Thus, based on the data obtained in 2017-2021, up to 8.4 mm/y in the north-
northeast direction was observed for the territory of Azerbaijan. As the analysis shows
the distribution of velocity, the mean values of the horizontal displacement points in the
north and east are not constant, nor are the processes of shortening the surface of the
earth’s crust in the region of study.

It was determined that on the territory of the Kura lowland in the direction from the
Middle-Kura depression to the Low-Kura depression (i. e. from NE to SW) there is a
gradual increase in the rates of horizontal movements from 7.3 to 11.3 mm/y, which in
turn creates a stretching condition. It can be noted that in the last few years the territory of
the Middle and Lower Kura depressions has increased significantly. Several earthquakes
with M>5 were observed along the Kura, West Caspian and Palmir-Absheron tectonic
faults.

Conclusion

Thus, summarizing the results of the study, it may be argued that a drop in the values
of the velocities of horizontal movements by almost a factor of two is observed in the
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cross of the strike of the Greater and Lesser Caucasus, which indicates the thrusting of
the Lesser Caucasus onto the Kura depression at a rate of 10-12 mm/y and the gradual
underthrusting of the Kura depression under the Greater Caucasus.

At GPS stations Nardaran (NRDG), Gobu, Gala (GALG) and Jiloy Island (JLVG),
which enter the Absheron zone, are tracked almost the same as the values of horizontal
displacements of 4.7 mm/y, 4.0 mm/y, 4.0 mm/y, 5.0 mm/y, 4.9 mm/y respectively.
In the direction of the Talysh region up to the Absheron Peninsula (in the direction of
SW-NE) there is a noticeable decrease in the northern components change in the rate of
displacements compared to the values of the (LKRG= 14.9 mm/y, GLBG=19.8 mm/y,
YRDG= 13.0 mm/y). It can be argued that in 2018 in the Talysh region there was a strong
tremor with a magnitude of 5.3. In addition, there is a noticeable increase in the azimuthal
angles of the Absheron stations, indicating the movement of the clockwise direction in the
direction of east-south-east to 140°.

Summing up the research, it can be concluded that methods of satellite geodesy for
observations of the process of movement of the Earth’s surface allows us to conduct
research at a higher level. The results obtained can be used in studying the movement of
lithospheric plates; and clarification of the boundaries of individual blocks. By correlating
the received data with seismic data, one can also determine the expected depth of a
particular block. Relying on the results of seismic analysis in the territory of Azerbaijan,
the Shamakhi-Ismailli, Saatli, Gazakh, Caspian and Zagatala seismogenic zones are
identified, which are confined to the gradient zones of the deformation rate field of the
Earth’s crust.
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Pe3stome: AKTyanbHOCTb paboTbl CBA3aHA C ONPeAeNIeHNEM FeofMHaAMUYECKMX YCNOBUA (DOPMUPOBAHMS
30H HapyLLieHnA ons o6ecneveHns 6e30NacHOCTI TEPPUTOPNIA UHXEHEPHBIX COOPYXXEHWA. 3TW 30HbI HE BCerga
YTOYHSAIOTCA B ACMEKTE UX FTE0AMHAMUYECKOr0 NPOMCXOXAEHUA U PA3BUTUSA, 4TO CKA3bIBAETCA HA PEarbHOM OLEH-
Ke TeppuUTOPWiA, B T.4. B CBA3M C 3EMNETPACEHUAMMN W OMACHBIMI 3K30TEHHbLIMU re0NI0rM4ecKMI npoLeccamu.
Llenb uccnegoBanuii — CTPYKTYpPHO-re0AMHAMUYECKNe UCCIef0BaHUA B CBA3W C OLEHKOW NPOCTPAHCTBEHHOIO
pacrnpefienenns 30H HapyLleHuin 1 0CO6EHHOCTEl CoBpeMeHHOro pa3suTus. MeTof uccnefoBaHuii — CTPYKTYp-
HO-reofMHaMUYECKNIA, BKMOYAIOLWMA NUTONOTUHECKUA (CTPYKTYPHO-BELLECTBEHHBIA), CTPYKTYPHO-reomMopdo-
NOrMYECKNIA, FEOAMHAMUYECKNIA (CTPYKTYPHO-KMHEMATUYECKNIA) U OUCTAHUMOHHbINA. PesynbTaTom paboT ssns-
eTCA BbIBNIEHUE (HOPM M TUMOB penbeda, TEKTOHNYECKUX CTPYKTYP U UHTEHCUBHbIX 3K30reHHbIX NPOLECCOB
(cenei, naBMH 1 ONON3HEN), KaK NoKa3aTenen akTMBHOCTW 30H HApYLLIEHWIA. bbinu YCTAHOBNEHbI HOBEMLLIE NOj-
HATWA, NPOrn6bl U NCCNef0BaHbl 30HbI HApYLLEHWI (aucnokaumm). Mo Mopdonorum 1 Bo3pacTy pasHopPaHroBble
CTPYKTYPbI HE COrNacytoTcs Apyr ¢ APYroM, YTO MOXET YKa3blBaTb HA UX PA3HOTUMHOCTb MO HAMPSXKEHHOMY CO-
CTOSHMIO W NPOUCXOXAEHNIO. [lBaneTckoe n MTuyneTckoe NoAHATUA paccMaTpUBAIOTCA Kak HOBEMLLNE aHTUKIN-
Hanu, (hOPMUPYIOLLMECH B YCNOBUAX HANPSXKEHNIA CxaTus. B MpMNOBEPXHOCTHbLIX YCIOBUAX OHU NMOABEPratoTCs
BO3[EACTBUI0 HANPSXKEHUI PACTSXKEHNS, BOSMOXHO, B CBA3W C POCTOM MOAHATUIA U HAXOXAEHNEM HA HXHOM
Kpblfie CBOA0BOIo noaHATusa bonblioro Kaeskasa. B oceBoil 4acTn [maBHoro KaBkasckoro xpe6rta B paiioHe [lga-
NIETCKOr0 NOSHATUA UCCNELO0BaHbI NI0KaNbHble Pa3pblBHbLIE 30HbI — B36POCHI B HOPCKO-HUXXKHEMENOBOM (nLLE.
OHU ABNIAKOTCS AKTUBU3MPOBAHHLIMW NPEUMYLLECTBEHHO B YCIOBUAX HANPSHKEHNIA PACTSHIKEHNS. ITO NOATBEPXK-
[aeTcs pesynbraramu noeBbIX HAOMOLEHNA — K HUM MPUYPOYEHbI TPELLMHBI PACTSXXEeHUs u copocsl. o aTum
HapyLUeHNAM pa3BUBAKOTCA IPO3NOHHbIE MPOLIECChI: MPOMOMWHBI, BOLOTOKU U TaK Ha3blBAEMbIe «MOHOPbI». [pu-
YWUHOW NOLBWMXHOCTM Kynapckoro KameHHOro rnet4epa, no KOTOPOMY MPOJIOXKEH BbICOKOTOPHbIA Y4aCToOK ra-
3onposoja [3yapukay-LixuHBan, ABnseTcs akTMBHOCTb 30H HapyLUEHWIA U norpebeHHble B KAMEHHOM MaccuBe
NIMH3bI NbJia. 3T (haKTOPbI HEraTUBHO BAMAIOT HA COCTOSAHWE rasonposoja. [na 6e3onacHom ero akcniyarauum
NPUHATO PeLUeHNE O CTPOWUTENLCTBE TOHHENS Yepes rMaBHblii BOgopasaen. CoBpeMeHHbIe reonHamMmmnyeckme yc-
NIOBUS HXKHOTO CKMOHA bonbluoro Kaskasa fBNAOTCA OQHOM M3 NPUYUH KOHLEHTPALMMW B 30HAX HapYLUEHWU
HaNPsHXKeHWA U pasBMTUA ONACHBLIX Fe0N0OrNYeCKNUX NpoLeccoB.
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Abstract: Relevance. The work is related to the determination of the geodynamic conditions for the fractured
zones formation to ensure the safety of the territories of engineering structures. These zones are not always
specified in terms of their geodynamic origin and development, which affects the real assessment of territories,
including the cases connected with earthquakes and dangerous exogenous geological processes. The aim of
the research is structural and geodynamic studies in connection with the assessment of the spatial distribution
of fractured zones and the features of modern development. Methods. Structural and geodynamic method,
including lithological (structural-material), structural and geomorphological, geodynamic (structural-kinematic)
and remote methods are used in the research. The result of the work is the identification of forms and types
of landscape, tectonic structures and intense exogenous processes (mudflows, avalanches and landslides) as
indicators of the activity of fractured zones. The newest uplifts, downfolds were identified and the zones of
disturbances (dislocations) were investigated. According to the morphology and the age, structures with different
ranks do not conform to each other, which may indicate their diversity of types in stress condition and origin. The
Dvaletsky and Mtiuleti uplifts are considered as the newest anticlines formed under the conditions of compressive
stresses. Under the near-surface conditions, they are exposed to tension stresses, possibly due to the growth of
uplifts and the location of the arched uplift of the Greater Caucasus on the southern flank. In the axial part of the
Main Caucasian Range in the area of the Dvaletsky uplift, local fault zones — reverse faults in the Jurassic-Lower
Cretaceous flysch, were studied. They are activated mainly under tension stress conditions. This is confirmed
by the results of field observations, i. e. they are associated with tension cracks and faults. Erosion processes
develop along these disturbances: water galls, watercourses and the so-called “ponors”. The reason for the
mobility of the Kudar rock glacier, along which the high-mountain section of the Dzuarikau-Tskhinval gas pipeline
was laid, is the activity of fractured zones and ice lenses buried in the rock massif. These factors negatively affect
the condition of the gas pipeline. For its safe operation, a decision was made to build a tunnel through the main
divide. The current geodynamic conditions of the southern slope of the Greater Caucasus are one of the reasons
for the concentration of stress disturbances and the development of dangerous geological processes in the zones.

Keywords: neotectonics, geodynamics, faults, fractured zones, types and forms landscape, exogenous
processes, stresses and strains, rock glacier, avalanches and mudflows, cirque landscape, high-mountain gas
pipeline.
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BeeapeHne

Paiion uccnenoBanuii pacnonoxen B Kazoexkckom (Ocetuno-UHryiickom) HoBeiem
cermente bonpmoro Kaskasa, Ha rpanune Pecrryonuku CesepHoit Ocetnn-Anannu u Pe-
cnyomuku FOxuHoit Ocetnn. OH mpHypodeH K OCEBOM 30HE J[BaJIeTCKOTO HEOTEKTOHU-
YEeCKOro MOAHATHUS, HAXOASIIEroCs Ha F0XKHOM KpbLJIE OOIIMPHOrO CBOAOBOTO MOTHSATHS
Bonbmoro Kaskaza. LlenTpanbHbiM nogHsITHEM 3TOTO cBofa siisiercs Lleiicko-Kas30ek-
ckoe, mpuHajiexaiiee bokosomy xpedty [Kommnekcnas..., 1996] (puc. 1). Kaz6ekckuit
CErMEHT OTHOCUTCS] K MAKCUMAJIbHO CY>KEHBIM OTHOCUTEIILHO CMEKHBIX CErMEHTOB: L{eH-
TpanbHOro U Bocrouynoro. I1o Muenunto akan. E. E. Mu1aHOBCKOrO OJHOM U3 IPUYMH ITO-
TO CY)KEHUS ABJISIETCSl aKTUBHOCTH Tepcko-/larecTanckoi cucTeMbl IPOTHOO0B, OITyCKaHUE
KOTOPBIX BIIMSET Ha ceBepHOE KpbU1o cBoAa bonbioro KaBkasza [Munanosckuii, 1968].

JlBasieTckoe MOAHATHE KaK U €ro reoMop(oiIoruueckoe BhIpaKEHHE B BHJIE OJIHO-
MMEHHOTO XpeOTa sSBIIICTCS] CHHYKEHHBIM 110 a0COJIFOTHBIM OTMETKaM pelibeda (adc. 0TM.)
1o cpaBHeHUIO ¢ bokoBbIM xpebToM. MakcumaibHble abc. oTM. J[BaneTckoro xpedra co-
cTaBisitoT 3938 M (ropa Xanana) u 3710M (ropa Cayxox), MeXAy KOTOPbIMH HaXOAUTCS
Kynapckuii nepeai ¢ abc. otM. 3 148 M. Bricora rop ke Ha 60see yem 1000 M 1o cpas-
HeHuto ¢ ropoit Kazoek (5033 M), npunaexanieit bokoBomy xpedty. Ho, Hecmotps Ha
yYMEHbILIEHHBIE OTMETKH pelibeda, paccMaTpuBaeMblii XpeoeT saBisieTcst yacThbio [1aBHOTO
Kaska3zckoro Bonopasnena. BoamoxkHo, cHukeHHe BbICOT J{BaneTckoro xpedra, a 3HauYuT
Y CYMMAapHBIX HOBEHIIINX aMILTUTY]I, BEI3BAHO €r0 MOJI0KEHUEM Ha F0’KHOM KpbLIe CBOJA
bonsmoro Kaskasza [Hecmesnos, 2004].

HO>xHoe kpbuto cBona bomnbioro KaBkasa siBisieTcsi OTHOCUTENBHO O0Jiee IUPOKUM,
YEM CEBEPHOE, BCIIE/ICTBUE HAIMYMS CTPYKTYPHBIX CTYIIEHEN — IPEJOPOTreHHBIX TOBEPX-
HOCTel BbpaBHMBaHUA. CeBepHasi aCHMMETpPHsI CBOJIa YKa3bIBAa€T HA €0 reoJuHaMuye-
CKyI0 CBsI3b ¢ Tepcko-JlarecTaHCKUM TIPOTHOOM, C OJHOM CTOPOHBI, M Ha CBSI3b C 3aKaB-
Ka3CKUM MOIHATHEM — J[[3UpYIbCKUM HEOTIPOTEPO30HCKUM MacCUBOM, C IPYTOil CTOPOHBI
[Gamkrelidze et al., 2009]. Hanuune cKBO3HBIX TPAH3UTHBIX CEKYIIUX 30H, KAK BO3MOX-
HBIX 04aroB 3emuieTpsiceHudt (30Hb1 BO3) nmoarBepkaaeT 3To NpeanoiokeHue [3aaaui-
BWIU U 11p., 2017]. [IpucyTrcTBUEe HEHTPOB TEKTOHO-MAarMaTUYE€CKOM aKTUBHOCTU YKAa3bl-
BaeT Ha CyIlIeCTBOBaHME BHYTPUKOPOBOM akTuBHOCTH [Poroxkun u nip., 2014; Gee, Zeyen,
1996; Rogozhin et al., 2015]. B reomunaMuueckoM acrieKkTe pa3HOPOAHBIC HCTOYHHKHU
HanpspKeHUH U 1edopMaiuii MOTyT SBISTHCS IPUUUHOMN Pa3BUTHUS PA3HOTUITHBIX T10 MTPO-
WCXOXKICHHIO 30H HAPYIIIEHUH, B T. 4. TeOJUHAMUYECKHU akTUBHBIX 30H (['0A3) [MakeeB u
ap., 2015]. Cynepno3unust pa3HOPOIHBIX HANpPsHKEHUH MOXKET ObITh IPUYMHOM pacmpe-
JIeNIeHHsI aKTUBHBIX 30H HapymeHuid u 300 BO3 [3aamumBunu u ap. 2017; Zaalishvili et
al., 2016, 2018; Maxkees u np., 2022; Tibaldi et al., 2020].

CTpyKTypHO-T€OAMHAMUYECKHE UCCIIEOBAHUS HAIIPABJICHbI HA BBISABICHUE HEOTEK-
TOHUYECKUX CTPYKTYP U F€OIMHAMUYECKUX YCIOBHM UX (POPMUPOBAHUS C LIETIBIO YTOUHE-
HUS ¥ OLICHKU MPOCTPAHCTBEHHOTO paclpeeNieH!s] aKTUBHBIX 30H HapyuieHuil. C 3TuMu
30HAMU CBSI3aHbI CEHCMUYHOCTh U UHTCHCUBHBIE 9K30TCHHBIE T€OIOTHYECKUE MPOIIECCHI,
OTPHLIATENILHO BIMAIOLINE HA TEPPUTOPUH HHKEHEPHBIX 00bekToB [{obpeB u ap., 2019;
Kravchenko et al., 2022; Korzhenkov et al., 2022]. Pemenue Hay4HBIX 3a/1a4 IPSIMO CBSI-
3aHO ¢ o0ecreuyeHrueM Oe30MacCHOCTH CaMOro BBICOKOTOPHOTO B MHPE MarucTpajibHOIo
razonpoBoza J[3yapukay-l{xunBan (amuna 169 kM, auametp TpyOst 30 cMm), TOCTPOSHHO-
ro B 2009 . [MakeeB u 1p., 2022; Csanona, 2021]. ['a3onpoBoz nepecekaet CeBEpHbIN U
FOKHBIN CKJI0OHBI J[BasieTckoro XxpeoTa u parion Kymapckoro nepesaia (3 148 m) I'maBHOTO
KaBkasckoro Bogopaszaena. Ha yyactke Bogopasnena Ha niryoune 300-400 M rutaHupyer-
Cs1 BO3BEJICHHUE TOHHES JUIsl oOecreueHust 6e301acHOCTH ra30MpoBO/a.
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Puc. 1. Heomexmonuueckue cmpykmypoi Kazbexckoeo ceemenma bonvuozo Kaexaza
[Komnnexcnas..., 1996].
1 — cmpyxkmypui: a) noonwamus, 6) npocubsl, 2 — cmpykmypHsie cmynenu, 3 — CMpyKnypHasL nepemvluka
(ceonosuna), 4 — [masnoe Kagxascrkoe noowsimue, 5 — napywenus: a) Inaenviil Kaskazckuii anonutickutl
Haodesue, 6) Iasnoiii Kaexkaszckui copoc, 6 — epanuyst ceoda bonvuwozeo Kaekasa, 7 — epanuyst cmpykmyp,
8 — Homepa cmpykmyp, 9 — eocyoapcmeennas epanuya PO, 10 — pation demanvhblx ucciedosanuil 6
npedenax /[eanemckoeo xpebma.

Cucmema Tepcro-Jazecmanckux npoeudog: 1 — Ocemunckuii npoeu6, 2 — Anazupckoe noousimue
(Jlecucmas epsioa yeanos), 2a — Tapckas yens npoeubos, 3 — Apeyoancroe noousmue. Cegeproe Kpblio
ce00a borvwozo Kaexasza: 4 — Kuonxoxcrkoe noonwsmue (Cranucmolii xpebem), 4a — Tapcko-banmunckuil
npoau6, 5 — Cadonckuil woeHo2o muna npo2ud, 6 — Unuiickoe noousimue (Cranucmeiti xpebem,).
Lenmpanvroe noonamue Bonvwoeo Kaskaza: 7 — eticko-Kazbexckoe noousimue, 8 — Cpeduntoe
noousimue, 9 — Bepxueypyxcrkuii wosHwiii npoeud, 10— [eixmayckoe noowsmue, 11 — Bepxuebankapckas
cmynens. FOxcnoe kpviio céooa bonvuiozo Kaskasa. I'ebcro-Ilacanapckas cucmema npocu6og: 12 —
Bepxnepuonckuii npoeu6, 13 — Texmunckas ceonosuna, 14 — Spmanudonckui npoeud, 16 — Kerkmcexas
8YIKAHO-MEKMOHUYECKAsl nepemMbluKa-cednoguna (npoeutd?). Kpecmosckas cmynens: 15 — Illepxomcxas
u 17 — I'yoemakapcras. 18 — J{sanemckoe noonsmue, 19 — Mene-/[ocasckuil uiosuwiii npo2ud (8blcoxas
cmynens?), 20 — I'youcckas cmynens, 21 — Keaticunckoe (Huscneceanemckoe) noousmue. [llosnble
npoaubwl, Hacredyrowue pasiomvl. 22 — Yyepcko-Iasneypcxuu, 23 — Paua-Jleuxymckuti /
Fig. 1. Neotectonic structures of the Kazbek segment of the Greater Caucasus [Complex..., 1996].
1 — structures: a) uplifts, b) downfolds, 2 — structural steps, 3 — structural astillen (saddle), 4-Main
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Caucasian uplifi, 5 — disturbances: a) Main Caucasian Alpine thrust, b) Main Caucasian fault, 6 —
boundaries of the arch of the Greater Caucasus, 7 — boundaries of structures, 8§ — numbers of structures,
9 — state border of the Russian Federation, 10 — area of detailed studies within the Dvaletsky range. The

system of the Terek-Dagestan downfolds: 1 — Ossetian downfold, 2 — Alagir uplift (Wood ridge), 2a —

Tarskaya chain of downfolds, 3 — Argudan uplift. Northern flank of the arch of the Greater Caucasus:

4 — Kionkhokh uplift (Skalisty Range), 4a — Tarsko-Baltinsky downfold, 5 — Sadon downfold of suture-
type, 6 — Chmiysky uplift (Skalisty Range). Central uplift of the Greater Caucasus: 7 — Tsey-Kazbek
uplift, 8 — Middle uplift, 9 — Upper Urukh suture downfold, 10 — Dykhtau uplift, 11 — Upper Balkar
step. The southern flank of the arch of the Greater Caucasus. Gebsko-Pasanar system of downfolds:

12 — Verkhnerionsky downfold, 13 — Tehtinskaya saddle, 14 — Ermanidon downfold, 16 — Celtic volcano-
tectonic astillen -saddle (downfold?). Krestovskaya step: 15 — Sherkhotskaya and 17 — Gudemakarskaya.
18 — Dvaletsky uplifi, 19 — Mele-Java suture downfold (high step?), 20 — Gudis step, 21 — Kvaisa (Lower-
svaneti) uplift. Suture downfolds which deriving faults: 22 — Utsersko-Pavleuri, 23 — Racha-Lechkhumsky

MeToAbl N3ydYeHus

HccnenoBanus MpoBOJATCS HA OCHOBE I€0JIOT0-reoMop(oI0rHueCcKoro, CTpyKTyp-
HO-KMHEMaTH4eCKOro (re0JUHAMUYECKOT0) U JTUTOJIOTHYECKOrO METO/IOB C yUETOM JIHC-
TaHIIMOHHOTO noaxoAa. 1) ['eonoro-reomopdonornyeckuii METo1 BKIOYAEeT HOCTPOEHUE
CTPYKTYpHO-TeOMOp(OIOTHUECKUX MPOodUiIei ¢ BbIICIEHUEM 3PO3UOHHO-ICHYAIIMOH-
HBIX TIOBEPXHOCTEN BbIpaBHUBaHUS. OLIEHKA BBICOTHOTO MOJOKEHUS U BO3pacTa MOBEpX-
HOCTEH MO3BOJISIET BBIIEIUT CTPYKTYpHBIE (DOPMBI, YTOUHUTH MOJIOKEHUE 30H HapyIlle-
Huil 1 ux Bo3pact [Declan, 2016]. 2) CTpyKTypHO-KMHEMaTHYECKHI METO/I HarpaBlieH
Ha U3y4eHHUe MPOUCXOKICHUS ToJIel HapsKeHUH M OLIEHKY TUIa (CyKaTue, pacTskKeHue,
caBur). B reoguHaMuueckoM OTHOLIEHUM TEPPUTOPUU PAHOHUPYIOTCS Ha aKTUBHBIE U
OTHOCHUTEIIBHO MTACCUBHBIE C YYETOM CYNEPIO3ULIMN PA3HOTHIIHBIX IO IPOUCXOXKACHUIO
HanpsbkeHuil [Makeeva, Makeev, 2022]. OueHuBaroTcss 3aKOHOMEPHOCTH MPOCTpPaH-
CTBEHHOTO pacrpe/ieleHusl TEKTOHHYECKUX CTPYKTYp M uX uHtepdepenuus. 3) Jluro-
JOTMYECKUI METO/ HalleJieH Ha W3yueHHe JOHOBEUIIEro (BEeIleCTBEHHO-CTPYKTYpPHOTO)
cyOcTpara OTHOCUTENBHO COCTaBa M CTPOEHUS C OLEHKOH coctosHus mopox [Di Toro,
et al., 2011]. CunbHO U3MEHEHHBIE MOPOJIBI CIIOCOOHBI BHI3BaTh MHTEHCHUBHOE Pa3BUTHE
reojoruyeckux npoueccos [Horuaes u ap., 2020]. B kauecTBe BCioMOrareiabHOro mpu-
MEHseTCs METOJ IeMU(PUPOBAHUS TUCTAHIIMOHHBIX MaTepUasioB ((POTOCHUMKOB Pa3HO-
r0 paspeleHust U TUIa, TONorpaguyecKux KapT) AJs BbIABICHUS JTHHEAMEHTOB. 30HbI
MOBBIIIEHHON TPEIIMHOBATOCTH U Pa3pbIBOB JEMIN(PUPYIOTCS B BUJE CIIPSIMIICHHBIX JIU-
Huil. ['eonoro-reomopdonornueckuii, CTpyKTypHO-KHHEMATUYECKUNA U TUTOJIOTHYECKUI
METO/1bl, BKJIIOYAsl TUCTAHIIMOHHBIN, 00BETUHSIOTCS B OAMH KOMILJIEKCHBIH CTPYKTYPHO-
reoguHaMuyeckuii metoq [Makees u ap., 2015].

Pe3yAbTaTbl PABOTHI U X OBCYXAEHNE

C 11e7p10 OLIEHKH 30H HapyIICHHU B pacCMaTpuBaeMOM paiioHe ObUTM M3yUEeHBI CIIEy-
forme ¢Gaxktopsl: 1) JOHOBEHIMI BEIECTBEHHO-CTPYKTYPHBIN CyOCTpaT, 2) CTPyKTypHO-
reoMopQoiornyeckre yciaoBus U 3) HoBelne nucnokanyy. KamepanabHble U oJIeBbIe HC-
crnenoBanus ObutH TipoBeieHs! B 2012 1 1 2022 1. B paliloHaxX CTPOUTENBCTBA TYPUCTUIECKUX
LeHTpoB (pp. MaMux10H U 3pyr) U peKOHCTPYKLIMU ra3ornposoza J3yapukay-L{xunsai.

1. JloHOBEMIINI BEIIECTBEHHO-CTPYKTYPHBII CyOCTpar, 10 KOTOPOMY ONPEAEIAIOTCS
[IOKAa3aTeNl MPOSIBIICHUSI COBPEMEHHBIX TEKTOHMUYECKHUX IPOLIECCOB, MPEACTABIEH HOp-
CKO-HIKHEMEJIOBBIMH TEPPUTCHHO-KapOOHATHHIMU U BYJKAHOT€HHBIMU OTJIOKECHHUSIMH,
CMATBIMU B MHTEHCHUBHBIE CKJIaJIKU [DHHA, [IuceMennsiit, 2006] (puc. 2).
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Puc. 2. Jlescauas cknaoka 6o gpruutesvix omaodicenusix (J-K,v) 6 patione Kyoapcrozo nepesana. Jlesxcavas
CKa0Ka u 2pada penveha, Kaxk 2eoMop@onocutecKoe 8blpadxiceHue HeomeKmoHU4ecko20 NOOHAMUSA, He
coanacyromes opye ¢ OpyeoM Hu o Xapaxmepy CmpoeHusl, Hu no YCI108UAM 00pa30eanus /

Fig. 2. Lying overfold in flysch deposits (J-K v) in the area of the Kudar mountain pass. The lying
overfold and landscape ridge, as a geomorphological expression of the neotectonic uplift, do not conform
to each other either in the nature of the structure or in the conditions of formation.

Ha Bomopaszaene u ceBepHoM ckiione J[BaneTckoro xpeOTa HUKHUN MeJ MpeIcTaB-
JIEH NTraHIbCKOM, HEBTUCXEBCKOW M MAaCaHAypCKON CBUTaMH, OTHOCSIIIUMUCS K aJIbOCKO-
My, anTCKOMYy U OappeMCKOMY sipycaM COOTBETCTBEHHO. BepxHeropckue OTIOoKEHHS
OTBEYAIOT JYMAI[XOMCKON CBUTE KUMMEPHIKCKOTO Apyca. OTI0KEHUs ITUX CBUT Mpe.-
CTaBJICHbI apTUJUIUTAMH, aJIeBPOJIUTAMHU, TIECUaHUKaMHU YacTO KBapIeBbIMU OOIIEH MOIII-
HOCThIO 2950 M. Peske BCTpeuaroTcst Mepresii ¥ M3BECTHIKHA. DTH OTIIOKECHHS HapyIICHBI
CKJIaIKaMH U pa3jiOMaMU CEBEpPO-3aI1aIHOro IpOCTUpanus. Pa3zoMel mpuypodeHsl K rpa-
HUIIAM OTJIOKEHUH pa3HbIX CBUT, T. €. pa3JIOMbI U TPOCTUPAHUS TOPOJI COITIACYIOTCS APYT
C IpYTOM.

HOxHbIi1 ckiloH J[BaneTckoro xpedTa clokeH IpCKO-paHHEMENOBbIMUA TEPPUTECHHBI-
Mu oTiokeHusMu Ymaypckoro ¢uumeoro cunknuHopus (J-K;v) [Cxemaruueckas...,
2009; T'ocynapctBenHas. .., 2011]. B 3TuX OTI0KEHUAX, B OTIUYHE OT CEBEPHOTO CKJIOHA,
MPUCYTCTBYIOT YETBEPTUYHBIE NALUTHI U aHAE3UThl. B monoce Hac. m. [[aBa-KBaiica
CHUHKJIMHOPHUH couJieHseTcs ¢ IopckuM [arpo-J[)kaBCKUM aHTUKIMHOPUEM IO YIEPCKO-
[TaBreypckoit pa3IoMHOM 30HE CeBEPO-3araHoOTo pocTtrpanus [Poroxud u ap., 2014].
K pa3znomHoii 30HE PUypOUYEHBI 0LIEHOBBIE OTIIOKEHUS, BBIPAXKEHHBIE B penbede Iu-
poxuM noHmwkeHueM. dOnuin cMAT B CyOLIUPOTHBIE CUHKIMHAIM U aHTUKIIMHAIN MEJl-
no3aHeMuonenoBoro Bospacra (K,-N,3).

2. CtpyKkTypHO-TeOMOP(}OIOTHYECKHIE YCIOBUS PalioOHa MCCIENOBAaHUN XapaKTepH-
3yIOTCSl Pa3HOOOpA3HBIMU TUIIAMU U popMaMH penbeda U UHTEHCUBHBIMU SK30T€HHBIMU
TeOJIOTUYECKUMU TIporieccamu (puc. 3).

Tunwvl penvegha npenCTaBICHBI SPO3HOHHO-EHYIAIMOHHBIMU CTYTICHSIMH, JIETHUKO-
BBIMH MOPEHHBIMU (OyTpBI, XOJIMBI, Bajbl) U (PIIOBHOTIAIMAIBHBIMUA OTIIOKEHUSIMHU. B
BEPIIMHHBIX YacTSIX TOpHbIX MUKOB Cayxox u Xajala HaONIoqaroTCsl COBPEMEHHBIE JIe/I-
HUKOBBIE «ILIATKW» C PA3HOTUITHBIMU MOPEHAMH Ha CKJIOHAX U B JOJIHMHAX PEK.
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OPO3UOHHO-CHYJAlIMOHHbIE ~ CTYHNEHM  KJIACCU(PHUIMPOBAHBl HAa  BBICOKHE
(3500-2500M) neorenosoro Bozpacta (I, I, I1I, IV) u otHOCcuTenpHO HU3KHKE (2500M 1
HUXKE) B OCHOBHOM ueTBepTuuHOro Bo3pacta (V, VI, VII). Onenka Bo3pacra cTyneHei
npubau3uTeNnpHas U TpedyeT AajbHEeHIIero yTouHeHus. 3a Hayajao HEOTEKTOHUYECKHUX
JIBYDKEHUM TPUHATA OTHOCUTENIBHO JIPEBHSISI CTYIEHb MO3HEMUOLIEHOBOIO (CapMaTcKo-
ro) Bo3zpacrta. K atomy BpeMeHH OTHOCUTCSI ()OPMHUPOBAHUE TIEPBBIX TOHKOOOIOMOUHBIX
MOJIACC OPOTE€HHOrO THUIA. JTa CTAaAusl PAcCMAaTPUBAETCS B KAaYECTBE PAHHEOPOIEHHOMN
[MunanoBckuii, 1968]. [To3nHennnoneHoBas CTyNeHb (aKdarblI-alIepoHCKas) COIMo-
CTaBJIAETCS C OTIOKEHUSIMH CBUTHI pyxc-a3yap (N,?). K atomy Bpemenu otHocuTes Bhop-
MHUPOBAHHE BaJyHHO-TaJICUHUKOBBIX U [IE€CUYAHO-IIIMHUCTBIX OTI0KEHUH ¢ 3¢ (y3UBHBIMU
U KPUCTANIMYECKUMHU nopojamu obuieit mourHocthio 400-1200 M. PaccmarpuBaemsble
CTyHeHU HauloJjiee BBIPA3UTEIbHBI Ha CEBEPHOM CIIOHE /[BaneTckoro mojmHsATHs B paii-
OHe IpaBoOepexkbs p. MaMUXJ0H U Ha Bojopasaenax pp. 3yapukomaon n Xanana. Ha
F0’KHOM CKJIOHE OHH XOPOILIO BbIpaXkeHbI Ha NpaBoOepeskbe CayXOXCKOH JIeIHUKOBOM 10-
JIVHBI.

JlenHukoBBIE MOpPEHBI U (PIIOBUOMVIAIMAIBHBIE OTIOXKEHHUS TATOTEIOT MpeuMylle-
CTBEHHO K BEPLIMHHBIM 4acTsIM AByX rop Cayxox u Xanauna. MopeHbl LIMPOKO pacnpo-
CTpaHEHbI B Kapax U MPUYCThEBbIX YACTAX JIETHHKOB, IJI€ MPEACTaBIEHbl XOJIMaMHu, Oy-
rpaMH ¥ BaJlaMU B BUJIE€ OBAJIOB U MOJIyMeECSEB. ITH (OPMBI TPOPE3aIOTCS COBPEMEHHbI-
MU (DIFOBHOIISLMATIBHBIMU PYUbsIMU, TIPOMOMHAMH U JIO)KOMHAMU.

Dopmul penrvegha — 3TO Kapbl, TPOru (TOJIKM), YCTYIIBI, YIIENbs U Tpsiibl (IpeOHH,
I'puBHI, 1aiikn). Ha ckiloHax ycTaHaBIMBAIOTCS IPOMOMHBI U JIOKOMHBI, KaK (POPMBI I1J10-
CKOCTHOT'O CMbIBA M KaHAJIbl JaBUHO-CEJIEBBIX MIOTOKOB.

Kapsl B popme nmosyupka ¢ COBpeMEeHHBIMU JIEAHUKAMU U 63 HUX paclpoCTPaHEHbI
B BepXOBbsX pp. Ko3unon u 3emeronnon (3emeron). B HuX ckamianBaroTcss MOPEHHbIE U
KOJUTIOBUAJIbHBIE OTIIOKEHMS, OTHOCAIIMECS K KAMEHHbIM IieTyepam. Haubonee nzyuen-
HbIM siBisieTcst Kynapcekuit kap, puypOYeHHBIH K CeBepHOMY CKIIOHY J[BaneTckoro xpeo-
Ta. Belle Hazx kapom HaxoauTcst oqHouMeHHbIM Kynapcekuii nepesain. I1o xum B 2009 .
IIPOJIOKEH MarucTpajibHbli razonposop J3yapukay-L{xunBan. MomHOCTE MOpPEHBI CO-
craBnsieT B cpeaneM 40-60m. B mpouecce Oypenus aist oOycTpoiicTBa ra3onpoBoja B
00JIOMOYHON Macce Ha ITyOMHax NMpuoIu3uTenbHo 1,5-3,0 M ycTaHOBIEHBI JIMH3HI JIbJA.
B nerHuii nepuoa NpoUCXOAUT €ro YaCTUYHOE TastHUEe, YTO MPHUBOAUT K 0OPa30BaHHIO
IIPOBAJIOB M K CIIOJ3aHUIO KaMEHHOM Macchl. Ee cMmelleHne NpuBOJUT K PacTSKEHUIO
ra3olnpoBojia U K YaCTbIM aBapHsIM.

Bce kapbl reHeTUUeCKH CONPSIKEHBI C OJHOBO3PACTHBIMU TPOTOBBIMU JI0JINHAMU, KO-
TOpBIE B BUJI€ PA3HOBBICOTHBIX YCTYHOB-IUIEY (TIOJIOK) pa3BUTHI Ha CKkiIOHaxX (puc. 4). B
JOJIMHE P. 3€MErOH HACUUTHIBAETCSI OKOJIO YETBHIPEX PA3HOBBICOTHBIX TPOTOBBIX IE€HEPA-
11 JIEAHUKOBOTO re’esuca. [Ipeanonaraercs, 4To JB€ U3 HUX CaMbIX BBICOKHMX SIBIISIIOT-
Csl CPEAHEUETBEPTUYHBIMH, OCTABILIUECS ABE IEHEPALIUU, KOTOPbIE TIOHNUKE — MO3JHEYET-
BepTUuHbIe. Ha mpoucxoxaeHne Tporos, CBA3aHHOE C ABM)KEHUEM JIEIHUKA, YKa3bIBAIOT
OTIOJMPOBAaHHBIE CKaJlbl — OapaHbu JI0bl. OHM HAOIIOJAIOTCS HA MOBEPXHOCTSAX IMOJIOK
U MX OOKOBBIX CTEHKax B BHJIC€ MHOTOYHMCIICHHBIX CJIE€JOB FOPU30HTAIBHON 3K3apalluu.
MopeHHbBIE U KOJUTIOBHAJIBHBIE OTIIOKEHMSI, HAKAIJIMBAIOIIMECS B Kapax, SIBJISIOTCS HUC-
TOYHHMKOM JIABUHHBIX U CEJIEBBIX OMACHOCTEH.

Bce nonuHbl 1€ IHUKOBOM 30HBI OTHOCSITCSI K KATETOPUU TPOTOBBIX. B pekax pazBura
IOMMa C XOPOIIO MPOMBITBIM T'OPHBIM ajutoBUEM. HannoliMeHHbIe pedyHble Teppackl HE
YCTaHOBJICHBI.
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Puc. 3. Cmpyxkmypno-ezeomopgonocuueckuii nian ocesoil 301bl J[8anremckozo noOHsImus.

Tunvt pervegpa. posuonno-oenyoayuonnvie cmynenu. 1 — evicoxue (3500-2500m) neocenosozo
eo3pacma (I, II, III, IV) u 2 — omnocumenvro nuskue (2500m u nusice) uemeepmuunozo 603pacma
(V, VI, VII). 3 — nepsas Haonoumennas meppaca, 4 — notmvl pex 2onoyenosuie. 5 — dnemeHmuol
CMpoenus pazHoBO3PACHbIX CIYNEHel. a) Mblio8ol ulos, 6) bposka. 6 — JleOnuxosvie Om.i0NCeHUs
PA3HOB03PACMHbIE. () MOPEHHBIE MACCUBLL HA 8000PA30ENAX PeK, 6) MOpeHHble U (I0GUOTAYUATbHBIE
OMI0ICEHUs. HePACUIeHEHHble 8 OONUHAX peK, 7 — cogpementble neonuku. Dopmel penvega. 8 — Kapul,
9 — mpoeu yemeepmuunoco sospacma, 10— obpuisvl, yemynvi u yueavst;, 11 — npomounst, 12 — cranvl
¢ epebusmu u ¢ Konnosuem, 13 — CKIoHbL OONUH ¢ MBLIOGLIMU WEAMU U OposKkamu, 14 — noocoumbl.

15 — Cenesvie 8000moku ¢ ouazamu 1eOHUKOBbIX, NPOJIOSUATIbHBIX U KOJLIIOBUANbHBIX NOPoO, 16 —
JIasUHHbLE TOMKU npeonoaazaemvle, 17 — uCmouHUKYU NOO3eMHbIX 600 (Kouu) 18 — ononsnesvie CKILOHDL.
19 — Pasnomei mes030iickue: a) yemanosiennule, 6) npeononazaemvie [Onvxosckutl, Tubunos, 1998].
21-eazonpoeoo [zyapuxay-Lxunsan, 22 — evicokoeoprule nepesanvt. Kyoapckuii (1), [{zedo (2), Kosckuti
(3); 23 — eocyoapcmeennas epanuya Pecnyonuxu Cesepruas Ocemusi-Ananus P® u Pecnybauxu FOxcnas
Ocemus /

Fig. 3. Structural and geomorphological plane of the axial zone of the Dvaletsky uplifi. Lanscape types.
Erosion and denudation steps: 1 — high (3500-2500 m) of Neogene age (I, I1, 111, IV) and 2 — relatively
low (2500 m and below) of Quaternary age (V, VI, VII). 3 — the first terrace above the floodplain, 4 —
Holocene river floodplains. 5 — Elements of the structure of steps of different ages: a) inner suture,

b) edge. 6 — Glacial deposits of different ages: a) morainal massifs on the rivers divide, b) morainal
and fluvioglacial deposits undivided in river valleys, 7 — modern glaciers. Landforms. 8 — kars,

9 — Quaternary troughs, 10 — cliffs, ledges and gorges; 11 — water galls, 12 — rocks with ridges and
colluvium, 13 — slopes of valleys with inner sutures and edges, 14 — hollows. 15 — mudflows with foci
of glacial, proluvial and colluvial rocks, 16 — presumed avalanche channels, 17 — groundwater sources
(springs) 18 — landslide slopes. 19 — Mesozoic faults: a) established, b) presumed [Olkhovsky, Tibilov,
1998]. 21 — Dzuarikau-Tskhinvali gas pipeline, 22 — high-mountain passes: Kudar (1), Dzedo (2),
Kozsky (3); 23 — state border of the Republic of North Osseti — -Alania of the Russian Federation and the
Republic of South Ossetia
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HumencusHuvle 5K302eHHble 2e0N02udecKue npoyeccvl MPeICTaBIEeHbl CEJIEBbIMU T10-
TOKaMH, JJABUHHBIMH JIOTKAMH U OTTOJI3HEBBIMU CKIOHAMH.

CeneBble BOAOTOKH C MCTOYHUKAMHU PBIXJIBIX KAMEHHBIX MOPOJ JIEIHUKOBOIO, KOJ-
JIIOBUAJIBHOTO, MTPOJIFOBUATIBHOTO U JIETIOBHAIILHOTO FEHE3HCca UMEIOT IMIMPOKOE pacipo-
crpanerne. Ctapble U CBEXHUE CIIEebI IPOXOKICHUS CEJIEBBIX IMOTOKOB HAOIIONAIOTCS B
BepxoBbsX pp. Bepx. 3emeron, Bepx. LHutuaon, Jl>xomkopa u Ha neBodepexkne p. Kosu-
70H. B GOJBIIMHCTBE ClTyyaeB OHH MPECTABISAIOT OO0 MPSIMOIUHEHHbIE TPOMOUHBI,
JTHO KOTOPBIX YaCTO 3aIllOJTHEHO PHIXJIO00IOMOYHBIMU OTIOKEHUSIMH — IMPOIIOBHEM. B
OCHOBAaHMH CKJIOHOB U JOPOXKHBIX BBIEMKaX MPe00a1atoT HarpoOMOXKIEHHsI 00IOMOYHBIX
nopof B (popMe KOHYCOB BBIHOCA C HEPOBHOMH, OyrpHUCTON MOBEPXHOCTHIO. JIaBUHHBIE
JIOTKH 3/IECh TAK)KE IIMPOKO pa3BUTHL. HIKHSAS rpaHuIla TaBUHO-CEJIEBOM OAaCHOCTU MO-
XKeT omyckaTbes 10 a0c. ot™. 1200 M. YIiiel HakJIOHA TPOMOUH, KaK KaHAJIO0B-CIIE/10B 3TOH
OITACHOCTH, KOJIEOIIOTCS B Tipeaenax 35° — 45°.

Onomn3HeBbIe CKIOHBI MPUYPOUYEHBI K 3HAYUTENIBHBIM IepenaiaM peibeda, riae pac-
MPOCTPaHEHb! APTUIIIIUTHI U aJIEBPOJIUTHI U JIp. MOPOJIbl ¢ MHTEHCUBHOM TEKTOHUYECKON
pasapobieHHocThI0. Ha mx 00pa3zoBaHue OKa3bIBACT BIUSHUE CEHCMUYHOCTE. B 3TOM Ci1y-
4yae MPOUCXOINUT CEMCMOrpaBUTAIMOHHOE OOpymieHne ckiioHoB [HotuaeB u ap., 2020].
CrnoxxeHbl OMOJI3HU 1Ie0HEM, HEOOIBIIIMMU ITIbI0AMH, CLIEMEHTUPOBAHHBIMU CYTJIMHKOM.
Kak npaBuito, 310 mopojipl, KOTOPBIMH MPEICTABIECHBI CKJIOHBL. MOIIHOCTH OMOJI3HEBBIX
Macc MokeT pocturath 100-120m. Hanbonee oTueTiBO OHM BBIpaXXKEHBI Ha JIeBOOEpe-
xbsiX pp. Kozunon u Besypoiion. B cinyuae ycToiiunBOro mogMbIBaHus U MOAPE3aHUS
CKJIOHOB PEKOH rpaBUTAIIMOHHBIE 00pPa30BaHMs HAXOAATCS B aKTHBHOM cTaanu. OOpHIBEI,
YCTYIBI ¥ YIIETbS B JOJTMHAX PEK YacToe sBjieHue. bonbias ux yacTh pacpocTpaHeHa B
nonuHax pek Cp. 3emeron u Jlxomkopa.

Puc. 4. Yemve Kyoapckozo xkapa ¢ mopennvimu Hazpomodicoenusmu. Cospemennblil Kap packpbleaemcs
8 MPO208YI0 QONURY p. 3emezon. B neeom ckione 0onunsl 0opasosansl niedu (NOaKu), césA3anuble ¢
IK3APAYUOHHOU OessmeNbHOCbIO boee OpesHezo mpoza /

Fig. 4. The mouth of the Kudar kar with morainal accumulation. A modern kar opens into the trough
valley of the river Zemegon. On the left slope of the valley, shoulders (shelves) are formed, associated
with the exaration activity of an older trough
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3. Hogeiimue (HEOTEKTOHUYECKHE) CTPYKTYPBI B OCEBOI 30HE J[BajeTckoro moaHs-
Tus npeacraBieHbl Cayxox-Xanainkum, Ko3ukompaxckum 1 MauxapaxCKUM IJIaBHBIMU
HOJHATHUSMH, conpspkeHHbIMU ¢ Ko3umoH-3emeronckum, Jxomxopa-3pyrckuM u 3eme-
roH-l{utunonckum nporudamu (puc. 5). CyKeHHBIH Xapakrep (pOpPMHUPOBAaHUS MPOTH-
0O0B, CONPSHKCHHBIX ¢ 00JIee MUPOKUMH MOTHATHIMU, MOXKET YKa3bIBaTh HA BO3MOXKHYIO
UX CBSI3b C 30HAMH Pa3pbIBOB. [J1aBHBIC CTPYKTYPhI TP PEPEHIIMPOBAHBI HA JIOKATbHBIC
HOJHATUS ¥ MPOrHObl. XapaKTepHBIM SBIISETCS HECOIIACOBAHHOCTh Pa3HOPAHTOBBIX
CTPYKTYp 110 MOpGooruu (IPOCTUPAHUIO U OYEPTAHUSM), YTO MPSMO yKa3bIBaeT HA Ha-
JIMYUE TOTIOTHUTEIBHBIX BHYTPHUKOPOBBIX HCTOYHUKOB TEKTOHHUECKUX HATIPSKCHUH.

JliHeaMeHThI, BBISIBIICHHBIC HA OCHOBE JIMCTAHIIMOHHBIX METOZIOB, 110 JUTUHE JCIATCS
Ha MPOTSHKCHHBIC (TPAH3UTHBIC) M OTHOCUTEIIBHO KOPOTKHUE (JIoKasbHBIC). [TpOoTshKeHHBIC
JIMHEaMEHTHI 3alaj] — CEBEPO-3aMaHoro (CyOoIMpoTHOT0) MPOCTHPAHUs HAauOoJIee BbI-
pa3UTEIbHBI — OHM HACJICIYIOT 30HbI Pa3JIOMOB, O0Opa30BaHHbIC B HIDKHEMEIOBBIX OTJIO-
xeHusax. C 3Toi TOYKU 3PSHHUS OTH Pa3IOMbl MOKHO OTHECTH K KaTeTOPHH aKTUBU3UPO-
BaHHBIX (CM. pHC. 5).

K cyOmmpoTHbIM JIMHEAMEHTaM MPUYPOUCHBI CrieliupUIecKue oTpuLaTeabHbie (BO-
THYTBIE) M TOJIOKHUTEIbHBIC (BBITHYTHIC) (OpMbI penbeda. B mepBbIx JIOKaIN30BaHbBI
Kapbl ¢ KAMCHHBIMH IJICTYCPAMU M COBPEMEHHBIC JICTHUKOBBIC «IIANKW». BTOphIe, BbI-
PaKCHHBIC Y3KMMHU TPEOHSMU, BBITIOJIHSIOT POJIb HCTOUHUKOB KOJUTIOBUAJIBHBIX (00BaJIb-
HO-OCBINHBIX) OTIOKeHUH. CoueTanue 3TuX GopM penbeda MPUBOIUT K HOPMUPOBAHUIO
KJIACCUYECKOTO KapJIMHIOBOTO THIIA pesibeda B JICIHUKOBOM 30HE J[BajeTckoro xpeOTa.
K cyOmmpoTHbIM InHEaMeHTaM npuypoueH Kynapckuit kap (KaMEeHHBIH T1eT4ep) ¢ BIIO-
YKCHHBIM B HETO MaruCTPaJIbHbIM ra30npoBoioM. OMH U3 ITUX JIMHEAMEHTOB COIJIacyeT-
Csl C Pa3JIOMOM, JIOKQJIU30BAaHHBIM B HUYKHEMEJIOBBIX OTJIOKEHUSX, UTO YKa3bIBACT HA aK-
TUBHOCTb HapyIICHHs. DTO HAPYIICHUE MOXET SIBJISITHCS OJTHOW M3 TIPUYHMH HETaTHBHOMN
HOJIBDKHOCTH KaMEHHOTO TIeT4epa, KOTopas (TOJABUKHOCTh) BBI3bIBACT MEPHOANICCKHIEC
aBapuu Ha ra3ornposoje. [1o 3Toif mpruyuHe Kap OTHOCUTCS K creruduyeckomy nepeme-
I[aEMOMY THILY.

OcobOeHHbIM siBiIsIeTCs: 3eMeroH-L{uTumonckuii cyOMepHuIMOHAIBHBIN MTPOrHO IIOB-
Horo tuna. [Tonoxkenue mporuba Mexy AByMsl mukamMu Xanana u Cayxox U ero orpaHu-
yeHHOCTh Ko3umoH-3emeronckum u Jomxopa-3pyrckiuM mporudamMu mo3BOJISET Clie-
J1aTh BBIBOJ O TIPOMCXOXKICHUH €0 B CBSI3M C POCTOM M PACIIUPEHUEM BHYTPUKOPOBBIX
TEKTOHO-MarMaTu4eckKux MEeHTPOB — Xayankoro u CayXoXcKoro. DTH LEHTPHI SIBISIOTCS
HOJHATUSIMHU C PaJIMAIbHBIM TUTIOM cTpoeHusi. CONpPsDKEHUE ITHX IICHTPOB, JIOKAJIN30-
BaHHBIX UCKJIFOYUTEIBHO B J[BaJeTCKOM TOJHSATUH, IPUBOIUT K (POPMHUPOBAHUIO 3eMe-
roH-l{utunonckoro nporu6a, Britouaromiero Kymnapckuit nepepan. OTHOCHUTENBHAS TI0-
JIOTOCTh ATOTO MPOTUOa Ha OHE KPYTHIX MOJHITUN ObLJIa OJHUM W3 YCIOBHU JUISl TIPH-
HATHS PELICHHS TPOSKTUPOBAHUS 110 HeMy raszonpooja J[3yapukay-l{xunBait.

CornacHO Te0JMHAMUYECKUM YCIIOBHSIM, 3eMeroH-L{uTHIoHCKHiT CyOMepHInOHAaTb-
HBIH MTPOrHO MOXKET HACJIEA0BATh 30HY COPOCO-CBUTOBBIX HAPYIICHUH, YTO IMOITBEPXK-
JlaeTCs MOJICBBIMU UCCIIEIOBAHUSAMU. B penbede BriepBbIie BBISBICH Pa3ioM cOPOCOBOTO
tuna C-3 npocTHpaHus ¢ KyJHUCOOOPa3HbIM CTPOCHUEM, KOCO MEPECEKAININI 3eMeroH-
Hutunonckuii mporud (puc. 6). Ha Kymapckom mepeBaiie, BXOIAIIEM B 3TOT MPOTHO,
BBISIBJICHBI PA3HOTHUITHBIC TPEIIMHBI PACTSDKEHUSI IIIMPUHOM OT MEPBBIX CAHTUMETPOB 10
50 cM, 3amoTHeHHbIE 00JIOMKaMHU TIOPO]I.

JIBanieTcKoe MOIHATHE Ha ceBepe conpsbkeHo ¢ Bepxue-Puonckum (A naiikom-Mamu-
COHCKHM) IPOTuO0OM, Haclenyroimum TruOckui pasiom. Ha rore momHsATHE COUICHSIETCS C
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Puc. 5. Heomexmonuueckue cmpykmypbl J]8anemcko2o MuoyeHo8o2o HOOHAMUSL.

1 — enasmvle npocubsl Wo6HO20 Muna, 2 — 10KAIbHbIe CMPYKMYPbL: @) NOOHAMUSL CEKMOPATLHO20
muna, 6) npoeubsl paduanvro2o muna, 3 — hopmel pervegpa: a) ompuyamenbHule C 1a8UHO-CELEGLIMU
ouazamu, 6) nONOKHCUMENbHBIE KAK UCOYHUKY KOJIIOGUS, 4 — IuHeamenmsl mpan3umuoie, 5 —
JIUHeamMeHmbl I0KAIbHble, 6 — 30Hbl 830P0CO-CO8U208bIX Oehopmayutl, 7 — OoHo8eluue (Me3030licKue)
Dpaspulevl: a) ycmaHnoenienHvle, 0) npeononazaemvle. [pyeue obosnavenus: 8 — 2azonposoo [zyapuxay-
I[xunsan, 9 — 2opnuie nepesanvi: Kyoapckuii (1), /[3edo (2), Kosckuii (3); 10 — cocyoapcmeennas epanuya
Pecnyonuxu Cesepras Ocemus-Ananus P® u Pecnyonuxu FOocnas Ocemus. Hazsanus cmpykmyp.
Tnasuvie noonamus. Cayxox-Xanayxoe (Cayxoxcxkoe — CX, Xaraykoe — XJI), Kosuxompaxcroe (KX),
Mauxapaxcroe (MY). Iasnvle npoeubsl: K3 — Kozuoon-3emezonckui, /13 — Jlcodarcopa-3pyackutl,
31] — 3emecon-Lumudonckuil. Jlokanrsrvie noousmus: bx — bupaxumxoxcxoe, Jlc — Jlucpunckoe,

B3 — Bepxuesemezonckoe, Ke — Kescenomunckoe, K — Kowapckoe, I'm — I'apmazonsckoe, I'n —
Tynkanmosckoe, BL] — Bepxneyumuoonckoe. Jlokanvhvle npo2ubbl, conpsidicentble ¢ 00OHOPAHSO8bIMU
nooHamusmu, 6e3 Hazeanuil /

Fig. 5. Neotectonic structures of the Dvaletsky Miocene uplift. 1 — main suture type downfolds, 2 —
local structures: a) sectoral uplifts, b) radial downfolds; 3 — landforms: a) negative with avalanche-
mudflow centers, b) positive as sources of colluvium; 4 — transit lineaments, 5 — local lineaments;
6 — zones of reverse-shear deformations, 7 — recent (Mesozoic) ruptures: a) established, b) presumed.
Other designations: 8 — Dzuarikau-Tskhinval gas pipeline, 9 — mountain passes: Kudar (1), Dzedo (2),
Kozsky (3); 10 — the state border of the Republic of North Ossetia-Alania of the Russian Federation
and the Republic of South Ossetia. Structure names. The main uplifts are: Saukhokh-Khalatskoye
(Saukhokhskoe — SH, Khalatskoe — KhL), Kozikomrakhskoe (KH), Machkharahskoe (MCh). Main
troughs: KZ — Kozidon-Zemegonsky, DZ — Dzhodzhora-Zrugsky, ZTs — Zemegon-Tsitidonsky. Local
uplifts: Bh — Birakhitkhokhskoe, Ls — Lisrinskoe, VZ — Verkhnezemegonskoe, Kv — Kevselta, Ksh —
Kosharskoe, Gm — Garmagolskoe, Gl — Gulkantovskoe, VTs — Verkhnetsitidonskoe. Local downfolds
associated with peer uplifts, unnamed

43°44,400
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Puc. 6. Akmusnwiii paznom C-3 npocmuparnus copocosozo muna 6 donune p. Huoie. Lumudon, koco
nepecexaiowjuil ckion 3emeeon-Llumudonckozo Hogetiwe2o npozuba /
Fig. 6. Active fault of NW-trending fault type in the valley of the river Nizhniy Tsitidon obliquely crossing
the slope of the Zemegon-Tsitidon recent downfold

I'ynucckoit CTpyKTYpHOM CTYNEHBIO, IUIABHO Nepexoasiiei B Pada-JleuxyMckuii HIOBHBIN
nporu6. ITOT mporud HaciuenyeT aabIHICKYI0 30HY pa3joMOB, C KOTOPOH CBSI3bIBACTCS
cunpHeimee Paunnckoe 3emnerpsicenre 1991 r. Ilo ogaum nanusiM J[Banerckoe (LLo-
na-XaJTalKUHCKOE) MOTHATHE SBIsIeTCs ropcToM, Paya-Jleuxymckuii mporud — rpabeHomM
[ABepbsiHoBa u 1p., 1996; Hecmesnos, 2004.]. [1o apyrum nanueiM JlBaneTckoe moj-
HSTHE CUMTACTCS MONHATHEM-aHTUKIMHAIIBIO, 00pPa30BaHHON B YCIOBUSX HANpsKEHUH
cxkarus [Gamkrelidze et al, 2009]. Eciu npuHsATE 3Ty TouKy 3penusi, To Ko3umon-3eme-
roHckuit u JIxomkopa-3pyrckuil moBHBIE MPOTHOBI CIEIyeT PacCMaTpPUBATh KaK 30HBI
B30pOCO-CIBUTOBOTO TUIIA BCIEACTBHE MAJION IIMPUHBI M OOIBIION MPOTSKEHHOCTH.

B cBs13u ¢ npu3HaHuEM CylIeCTBOBAaHUS Pa3HOPOJHBIX U PA3HOTUIIHBIX UCTOYHUKOB
HANpsHKEHUH B 3€MHOM KOPE, HAMHM HE HMCKJIIOYAETCs, YTO PACCMaTpPUBAEMbIN paiiOH Ha-
XOIUTCS IO/ BIMSHUEM TIIyOMHHBIX HEOTEKTOHWYECKUX HAMPSHKCHUN CKATUS U TPHUIIO-
BEPXHOCTHOIO PACTSKEHUS. B 3THUX yCIOBUSAX TEKTOHWYECKHUE 30HBI HApYyIIEHUN HaXo-
JATCS 110/l BIMSIHUEM CYIEPIIO3ULIMU PAa3HOPOIHBIX HAINPSHDKEHUH, YTO MOXKET SIBUTHCS
NPUYMHOU UX CEHCMOTICHHON aKTUBHOCTH.

BbiBOADI

OceBas 30Ha [maBHOro KaBkasckoro xpe6ta B paiioHe JIBajeTCKOro MOMHATHS Xa-
pakTepu3yeTcs CIEAYIOIUMHU CTPYKTYPHO-T€OIMHAMUYECKUMHU YCIOBUSIMH Pa3BUTHUS.
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1) T'eonoruueckuit cyocTpar (OCHOBaHUE), IO KOTOPOMY (POPMHUPYIOTCS HEOTEKTO-
HUYECKHE CTPYKTYphl M 30HBI HapyLICHWH, MpeACTaBieH (IUILIEBBIMU OTJIOXKECHUSIMH,
CMATBIMU B MHTEHCUBHBIC I103/{HEIOPCKO-TIAJIEOLIEHOBEIE, &, TI0 APYTUM JaHHBIM, I103/(HE-
mes-muoneHoBblie (K,-N,3) ckiaaku v paspsiBbl B OCHOBHOM B30pocoBoro tuma. Cpenu
JIOHOBEMIINX JAUCIOKALUKA PEIKO, HO BBIABICHBI aKTUBU3UPOBAHHBIE 30HBI HAPYILICHUM.
B 0CcHOBHOM OHM NpHYpOUYEHBI K 0CEBOM yacTu J{BaneTCKOro HEOTEKTOHUYECKOTo (MHO-
LIEHOBOT0) MOIHATUS U BBIPAKEHBI OTKPBHITON TPELIMHOBATOCTBIO JABYX TUIIOB: IOCIION-
HOM U CeKyllel. FIX akTUBHOCTB CBsI3aHA ¢ COBPEMEHHBIMU HAIIPSKCHUAMU PACTIKECHHUS.
ITo 30HamM HapyuieHuit 00pa3yroTCs MPOMOMHBI, OTBEPCTHS THUIIA TIOHOPOB U BOAOTOKHU. B
9TUX HAPYILICHUAX IIPOUCXOAUT CKOIUICHUE KUIBHOU BOJBI, YTO MOXKET HEraTMBHO CKa-
3aTbCsl Ha TOPHO-T€OJIOTMYECKUX YCIOBUAX IIPOXOIKH ra30IIpOBOAHOIO TOHHENA [l3yapu-
kay-L{xuHBai.

2) JlenHukoBasi BOAOpas/eNibHAs 30Ha XapaKTEpU3YeTCsl UCKIIOYUTEIHHO MOpEH-
HBIMU M BOJHO-(IIIOBUONISALMAIBHBIMU TUIIAMU U (popmamu penbeda. Peunble TOIMHBI
MMEIOT TPOrOBOE IIPOUCXOXKICHUE, CBI3aHHOE UCKIIFOUUTENBHO C JIEAHUKOBBIMUA KapaMH.
Kynapckuii xap XapakTepu3yeTcs IMOBBIIIEHHON MOABMKHOCTBIO KaMEHHOIO IIeT4epa
BCJIEZICTBHE MOIPEOEHHOTrO Jibj1a. B 1eTHHE MecsIbl MPOUCXOAUT YaCTUUHOE TastHUE 3TO-
IO JIb/Ia, YTO BBI3bIBAET CMEIIEHNE 00JOMOYHOI MacChl 1 MarucTPagbHOIO ra30MpoBO/A.
HcrouHnKkamu J1aBUHO-CEJIEBOM ONACHOCTU SIBJISIOTCA Kaphl C JIEAHUKAMU, MOPEHOH U
KOJUTIOBHEM, a TAK)KE€ MPOJIIOBUANBHBIE U JICNIOBUAJIbHBIE HAKOIJICHUS OOJbIIONW MOII-
HocTH. CHOCHMMasl KaMEHHasi Macca MPUBOAUT K NEPEKPBITUIO U pa3pyLIEHUIO CE30HHOTO
IIPUTPACCOBOTO MPOE3/1a, HECMOTPs Ha YKPEIJICHUE BOAOTOKOB CHELIIIIMTKOW U BOLOOT-
BOJIHBIMH TpyOaMmu.

3) B BepxoBbsix pp. LlutuaoH u 3eMeroHA0H INIaBHbIE U JIOKAJIbHbIE HEOTCKTOHU-
YeCKUe CTPYKTYphl HE COIIACYIOTCS JPYT € JIPYroM 1o Mop¢ojOruu U YCIOBUSM 00-
pa30BaHMs, YTO yKa3blBa€T HA PA3HOTUIIHOE IO HANPSKEHHOMY COCTOSHHUIO Pa3BUTHE.
JIBaneTckoe MOAHATHE, KAK U HAXOAAIIEEC BOCTOYHEE MTHYIIETCKOE TOJHATHE, paccMa-
TPUBAIOTCS KaK HOBEWIIME aHTUKIMHAIM, (OPMHUPYIOIIMECS B YCIOBHUAX HampsKeHUH
cxarvs. B mpUIIOBEpXHOCTHBIX YCIOBHUSAX OHM IIOJBEPrarOTCs BO3ACUCTBUIO HAIPsKe-
HUW PACTSKEHHUs, BOSMOXKHO B CBS3U HAXOXKICHUEM IOAHATUI HA I0XKHOM KpbLIE CBOJA
Bonsmoro Kaskaza.

Hamu He uckiroyaercs, 4TO HaxXoAsALIMECs 3a IpeaeilaMy pailoHa UCCIIEIOBaHUU
VYuepcko-IlaBneypckas B306pocoBas 30Ha, [ maBubiii KaBkaszckuii Hagsur, Paua-Jleuxym-
cKkas 30Ha rpabeHoB U TuOCKMI pa3ioM anblUHCKOIO BO3pacTa TaKXKe MOJBEPraroTcs
BJIMSIHMIO PA3HOTUIIHBIX HanpskeHuil. CoBpeMeHHast akTUBHOCTh Yiiepcko-IlaBneypcko-
ro B30poca B penbede BblpakeHa y3KUM MOHMKEHUEM, COOTBETCTBYIOIIMM 30HE pacTsi-
xeHus. B penbede [maBubiii KaBkazckuil HaBUT npeacTaBiieH GIeKcypoil pacTsKeHusl.
Paua-Jleuxymckast 30Ha TpaOEHOB Ha COBPEMEHHOM CTaJIuM Pa3BUTHUS UCIIBITHIBACT CKa-
THE, MOATBEP)KJICHHOE MEXaHW3MaMH ouyaroB Pauckoro 3emuieTpsceHusi, BKiIodas ag-
TepUOKU. TakuM 00pa3oM, 30HbI HAPYIICHUH HAXOAATCS MO/ BIUSHUEM OJTHOBPEMEHHO
CYMMapHbBIX aJIbIIMHCKUX U COBPEMEHHBIX (TOJIOLEHOBBIX) HAIPSKEHUH, KOTOPbIE MOTYT
HE COIVIACOBBIBATHCS CTPYKTYPHO-KMHEMaTnueckoMmy Tuiy. C Halel TOUKH 3peHMs], COo-
BPEMEHHBIE T€OIMHAMUYECKHE YCIOBHUSA PACCMATPUBAEMOI0 paliOHa SABJIAIOTCS OQHOU U3
IPUYMH 00pa30BaHUs 30H HAPYLICHUN U KOHIICHTPALUU B HUX HAINPsDKEHUH ceHCMOreH-
HOTI'O THUIIA.
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Pe3tome: AKTyanbHOCTb PaboTbl COCTOUT B HEOOXOAUMOCTY JanbHEiALLEro pa3BuTIs NPUMEHEHNS BbICOKO-
TOYHbIX MEXaHNKO-MaTeMaTUYeCKMX METO/I0B B Npo6iemMe NpOrHo3a HapacTaHus ceiicMuyHocTy. Lienbto npose-
AEHHbIX UCCNEAOBAHNIA SBUNOCH PELLEHUE 3a[jaqn BbIIBNEHUS YCOBWIA PE30HAHCHOTO MOBEAEHUS FapMOHNYe-
CKM KOMNEeBMIoLLMXCS NMTOCKEPHBIX NANUT, BbI3bIBAEMOT0 NEPUOAMYECKAMIA NPUANBHBIMI BO3AEACTBMAMN JTyHbI.
MeTtopabl pabotbl. [IpuMeHeHEe HOBEIALLUX MAaTEMATUYECKNX Pa3PaboTOK B 0611aCTV MEXaHUKN AehOPMUPYEMbIX
LITamMnOB, 0Ny6NMKOBAHHbIX B BbICOKOPENATHIOBBIX XXypHanax. /13y4aeTtcs T0T cnyyaid, Koraa pasnom 4ocTatoy-
HO BENWK 1 NMTOCEPHbIE MIUTbI yaaneHbl Topuamin. Kaxaas u3 nutocdepHbIX MAUT 0Ka3biBagTC aBBTOHOMHOI
11 MOXKET paccMaTpmBaThCs Kak AedopmMupyembli WwTamn. MprmeHseTcs HoBeiLlas, pa3paboTaHHas ¢ MOMOLLbIO
mMeTo/ia 67104HOr0 aNIeMeHTa, Teopus fechOpMUPYEMbIX LLITaMMOB. B npouecce nccnenoBaHus NpUMeHeH Co3aaH-
HbIl aBTOPaMU HOBbIW YHUBEPCANbHbIA METO MOAENMPOBAHMS, NO3BONAOLIMIA PELLEHNS BEKTOPHbIX FPaHUYHbIX
3ajia4 Ans cuctem andpcpepeHLManbHbIX ypaBHEHNIA B YaCTHBIX MPON3BOAHbIX, OMChIBAKOLLINX MaTepuanbl CNOX-
HbIX PEONO WA, NPEACTABNATb Pa3N0XEHHbIMM MO PELLEHNSM OTAENbHbIX CKANAPHbIX FPaHNYHbIX 3afa4. Pesynb-
TaTbl MCCNefoBaHuA. HenaBHO pazpaboTaHHas TeOpUs KOHTAKTHbIX 3afad ¢ AedhOpMUpYeMbIMU LITAMMaMK,
NEe/ACTBYIOLLMMI Ha CIOMCTOE OCHOBaHWE, NO3BONWIA B IBHOM BU[E BbISIBNATb COOTHOLLEHWS, ONMChIBAKOLLNE
PE30HAHCHbIE YAaCTOTbl FAPMOHMYECKN KOMEBMIOLIMXCS LTaMMoB. 3Ta Teopus NPUMEHeHa AN NUTOCEPHOI
NAUTbI B ()OPME MONOChI KOHEYHOW LUMPUHBI, NIEXALLE Ha CONCTOM OCHOBaHUM, MOLIENNPYEMOii iechopMunpy-
eMbIM LITAMMOM. [1ns 3TOro cny4as HaiiIeHo COOTHOLLEHWE, NO3BONSIOLLEE BbIYMCNATL PE30HAHCHbBIE YACTOTI,
CBMETENbCTBYIOLLNE O BO3MOXXHOM Pa3pyLIeHWI NANTbI, TO eCTb 3eMAETPACEHUI. [10sIBNEHNE ANCKPETHOI pe-
30HAHCHOW 4acTOTbl B KOHTAKTHbIX 3afa4ax 0 Ae/ACTBMN JehOPMUPYEMbIX LUTAMMOB Ha CMOMCTYO cpefy 6bino
npeackasaHo B pabotax akagemuka U. 1. Bopouya. Heo6x0AMMOCTb NPUBMEYEHNS MEXAHUYECKMX MOAXO0M0B
K npobneme NporHo3a 3eMNETPACEHNIA BbicKa3blBanach akagemukom I A. TambypuesbimM. Akagemuky M. A. Ca-
N0BCKOMY NMPUHAANEXWUT NO3NLNA, CBA3aHHAsA C HEOOX0AUMOCTbH Y4eTa KyCKOBATOr0 CTPOEHUS 3EMHOW KOPbI,
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Abstract: The relevance of the work consists in the need for further development of the use of high-
precision mechanical and mathematical methods in the problem of forecasting the increase in seismicity. The
aim of the research was to solve the problem of identifying the conditions of resonant behavior of harmoniously
oscillating lithospheric plates caused by periodic tidal impacts of the Moon. Methods. Application of the latest
mathematical developments in the field of mechanics of deformable stamps published in highly rated journals.
The case is being studied when the fault is large enough and the lithospheric plates are removed by the ends.
Each of the lithospheric plates turns out to be autonomous and can be considered as a deformable stamp. The
latest theory of deformable stamps developed by the block element method is applied. In the course of the
research, a new universal modeling method was used that allows solutions of vector boundary value problems for
systems of partial differential equations describing materials of complex rheologies to be decomposed according
to solutions of individual scalar boundary value problems As a result of the study, the recently developed theory
of contact problems with deformable stamps acting on a layered base allowed us to explicitly identify the relations
describing the resonant frequencies of harmonically oscillating stamps. The results is applied to a lithospheric
plate in the form of a strip of finite width lying on a layered base, modeled by a deformable stamp. For this case,
a ratio has been found that allows us to calculate the resonant frequencies indicating the possible destruction
of the plate, that is, an earthquake. The appearance of a discrete resonant frequency in contact problems on the
action of deformable stamps on a layered medium was predicted in the works of Academician I. 1. Vorovich. The
need to involve mechanical approaches in the problem of earthquake prediction was expressed by academician
G.A. Gamburtsev. Academician M. A. Sadovsky has a position related to the need to take into account the lumpy
structure of the earth’s crust, that is, the block structure, in matters of earthquake prediction and the identification
of new hazardous phenomena. Thus, using the new methods used in the work, the possibility of obtaining ratios
that allow assessing the degree of danger of destruction of lithospheric plates is proved, since it is possible to
obtain all the missing ratios for this.
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BeeapeHne

B nacTosmeii pabore, ucronb3ys pa3paOboTaHHbIN aBTOpaMU HOBBIN YHUBEPCAIBHBIN
MeToj MmoenupoBanus [Babeshko et al., 2021], mo3Bonstomnuii ucciaenoBarh rpaHUIHBIC
3aa4M I CpeJl CIONKHOM PEeOoJIOTHUH MyTeM Pas3lIoKEHHUs UX IO pPelIeHusM Oolee mpo-
CTBIX TPAaHMYHBIX 3a71a4, B YaCTHOCTH, /JIs ypaBHEHUH [ enpmromnpua.

B cBs31 ¢ 3TUM, 0Ka3a10Ch BO3MOXHBIM BBISBIISITh HOBbIE CBOMCTBA, SIBJIEHUS U MPO-
LIECCHI, OMMCHIBAEMbBIE PELICHUSMH CIIOKHBIX TPAHUYHBIX 33]1a4, yTeM U3yueHus Ooree
IIPOCTBIX. B nanbHeleM, B paMKax yKa3aHHBIX Pa3IOKEHUN, U3Y4arOTCs YIPOIICHHbBIE
IpaHUYHbIE 331a4H, U BBISIBJICHHbBIE CBONCTBA MOT'YT IEPEHOCUTHCS, TIOCPEACTBOM pPa3io-
KEHMI, Ha CIy4yau UCCIeIOBaHMsI TPaHUYHBIX 3a/1a4 JJIs CJIOKHBIX MarepuaioB. K uuciy
TaKUX CBOMCTB OTHOCHUTCS BBISIBJICHUE PE30HAHCOB B KOHTAKTHBIX 3a/1a4ax st Aepopmu-
PYEMBIX IITaMIIOB, JIXKAIUX HA MHOTOCIOHHOM OCHOBaHMU. IMEHHO 3TOT MmoaXo/a ObLI
WCTIOJB30BaH MPHU U3JIOKEHUHM TEOpUH J1e(hOpMHUPYEMBIX IITAaMMOB B padore [baberiko
u 1p., 2022]. B pabote aBropoB [babemiko u np., 20226] 10cTaTOYHO MOAPOOHO OMUCAH
B3IJISL]T BBIJTAIOIIUXCS YUEHBIX — reodu3ukoB akageMukoB . A. 'amOypuea [["amOypiies,
1982] u M. A. Canosckoro [CanoBckuii u 1p., 1987] Ha HE0OXOAUMOCTD MPUBIICUYCHHS K
IIPOrHO3HBIM UCCIIEJOBAHUSAM B CEHCMOJIOTUH METOJ0B MEXAHUKH, TEOPUU ITPOYHOCTH U
paspyieHus, yuera OJI04YHOTO cTpoeHust Kopbl 3emiin. Ocob0 OTMETUM BBICKA3bIBAHUE
I'. A. 'amOyprieBa «/3bpICKaHIE METOJJOB IPOTHO3a BPEMEHH 3eMJIETPSICeHUH CIeTyeT Ha-
IIPaBUTh B IEPBYIO OYEPEIH B CTOPOHY ITOUCKA MEXAaHUYECKUX IPEBECTHUKOB 3€MJIIETPS-
ceHnid. Takue MOUCKU MOTYT OBITh YCIICHIHBIMH TOJILKO B TOM CIy4ae, €CIId OHH OymyT
OCHOBBIBAThCS Ha TITyOOKOM M3yYEHHH BCEX JieTalleil MeXxaHN3Ma ObICTPBIX U MEIJICHHBIX
JBIDKEHUHM OJIOKOB 3€MHOW KOPBI CEHCMOAKTUBHBIX paiiloHOBY». Cienyst HaCcTaBICHUSM
BEJIMKHX YYEHBIX, B HACTOSIIEH paboTe aBTOPHI pacCMaTPHUBAIOT €IIe OAMH BO3MOXHBIH
MeXaHMUYECKUH MOIX0]] K MpobieMe OleHKH ceiicMuuHoCcTH. OH OCHOBaH Ha pa3BHUBae-
MO B ITOCJIE/IHEE BPEMsI TEOPHU KOHTAKTHBIX 3a/1a4 C 1e(hOpMUPYEMBIM IIITAMIIOM, JIEH-
CTBYIOLLIMM Ha CIIOUCTYIO CPELY, B TOM YMCIIE, B AMHAMUUYECKOM pexxume [babemiko u ap.,
2022a]. YMECTHO OTMETHUTb, YTO TOT MOIXO/] O3B0 OOHAPYKUTH U OMUCATh CTapTO-
BbI€ 3eMJIETPSICEHHUS, BOZHUKAIOIINE 10 B3aUMOJCHCTBUS CONM3UBIINXCS JTUTOC(HEPHBIX
T Topuamu [babemko u ap., 202206]. B Tom ke ciydae, Korjaa IUTOCHEpHbIE IITUTHI
CONM3MINCH U HAYMHAIOT B3aUMOECHCTBOBATh TOPLIAMHU, TO B TUTOC(HEPHBIX TIIUTaX BO3-
HUKaeT KOPOBOE 3eMJIETPSICEHHE, TOCTAaTOYHO MOIpoOHO onrcanHoe B [IleBHes, 2003].
Crnenyst MexaHuKe IPOYHOCTU U paszpyueHus [bademko u ap., 2022a], MOXKHO 0XKMJATh
elle OJIMH MpoIiecc, COCOOCTBYIONINI MOATOTOBKE 3eMJIETPSICEHUH, PE30HAHCHBIH, KOTO-
POMY MOCBSIIIIEHA HACTOSIILAs CTaThsL.

OH BO3MOXEH B aBTOHOMHOH JINTOC(EPHOH TITUTE WK e PparMeHTe MPH YCIOBHH,
YTO Ha HEE OKa3bIBAECTCA TAPMOHUYECKOE BO3JEHCTBUE, U OHA OrpaHMYEHA XOTS Obl B
OTHOM HarpaBlieHHH. BO3MOXXHOCTB COBEpIIeHNUs KOJIeOATeNbHBIX ABMKEHHI InTOChep-
HBIMU IJTUTAMHU OTMTUCAaHA B psiie MyOIUKAIUT, TIe PEIIAIOIIyI0 POJIb UTPAIOT MPUIHBHbIC
a¢dexTsl, BbI3bIBaeMble putTskenueM Jlynsl. Tak, B MoHorpaduu [Pepponckuii, 2007
u ap.], B pasaene «IIpunuBHOe B3auMOAEHCTBUE TEN», TOBOPUTCS: «I10CKOIBKY BEpXHsIs
o0osouka 3emiin OTHOCHTENBHO JIyHBI Bpamaercs ObicTpee, JTUIEeBO MPUIMBHBIN ropo
OKa3bIBaeTCs BIEPEIU JBUKEHUS IUIAaHEThl. MBI BOCIIPUHUMAEM IPUIMBBI YMO3PUTEIb-
HO, KaK 3¢ dexTsl nputshxenus Jlyns». B paznene «IIpupona semnerpsicenuit, ropoodpa-
30BaHUs U BYJKaHU3Ma» FOBOPUTCS: «B naHHOM ciydae peub UAET O pa3BUTUU HOBBIX
MIOJIXOJI0B K MOHUMAaHHIO U IIPOTHO3Y psifia MPUPOIHBIX SBICHUN, UMEIOIIMX KU3HEHHO
Ba)XKHOE 3HaYeHUE. TaKUMH SIBJICHUSMH B IIEPBYIO OUYEPE/b SBISIOTCS KOJeOaHUs 36MHOM
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KOpBI U 3eMieTpsiceHus...». B paznene «KonebaHus 3eMHOM KOpPBI M 3€MIICTPSICEHUS
roBoputcs: «CelicMUUecKHe CTaHIIMU MUPa, PACTIOJIOKEHHBIE B Pa3HBIX reorpaduueckux
MYHKTaX, MOCTOSTHHO PErHCTPUPYIOT COTHH THICSY YNPYTHX, B OCHOBHOM, CIIA0BIX KOJIe-
0aHWi MTOBEPXHOCTH 3eMJIM B TOI». Takke MPUBOAMUTCS OOLIETIPU3HAHHBIN MEXaHH3M
3emiieTpsiceHus. «/ias oObsicHEHNsT MexaHu3Ma SIBJICHHS M0JIaraloT, 4To B 00beMe Tela,
B IIpeJieiax KOTOPOTo MPOUCXOIUT MPOIIECC, Ha3bIBa€MbIil 04aroM, BRICBOOOXK/1aeTCsl Ha-
KOILJICHHAsI 32 HEKOTOPOe BpeMs dHeprus. BrICBOOOXKAEHNE SHEPTUU COMPOBOXKIACTCS
pa3pbIBOM I'€0JIOTMUECKOM CTPYKTYPbI, KOTOPBIM COMPOBOXKAAETCS MTHOBEHHBIM IIEpEME-
HICHHEM Maccy». DTOT BOMPOC UCCIIEOBAH U B pabore [3aanuiBuim u ap., 2021], rae BbI-
SIBJICHBI J1a’K€ HEJIMHENHbIe KoieOaHus rpyHToB. ClieyeT yIOMsHYTh MHOTOYHCICHHbBIE
NPEIBECTHUKU 3E€MIIETPSCEHUM, a TaK)Ke IMOJIXOJbl M METOAbI, U3JIOKEHHbIE B paboTax
[Uepnos., 1987; Lu, 2007 u ap.; Chernov et al., 2020; Xia et al., 2004, 2005; Geller,
1997; Kagan, 1997; Keer, 1979; Main et al., 1989; Mogi, 1967; Scholz et al., 2005; Wyss,
1991; Atkinson, 1981; Mitchell et al., 2013, 2015; Di Toro, 2011; u apyrue], kaxnas u3
KOTOpPBIX HECOMHEHHO IPE/ICTABISET UHTEPEC.

OObenuHssl BCce CKa3aHHOE, B JIAHHOW paboTe HCCIenyeTcss BO3MOXKHOE BIIUSHHE
Kose0aHuii JIMTOC(EPHBIX TUIUT WM UX (ParMEHTOB Ha MOJATOTOBKY YCIOBHUI Ui BO3-
HUKHOBEHUS o4ara 3eMJeTpsceHUil. BO3aMOXXHOCTh CyIIeCTBOBaHHUS €€ OAHOI0 Mexa-
HUYECKOTO 3(deKTa, CrIocOOHOTO MOBIUATH HA YPOBEHb CEHCMUYHOCTH TEPPUTOPHH,
nopoxaaet 3pQPeKT BOSHUKHOBEHUS PE30HAHCOB B KOHTAKTHBIX 3ajjadax ¢ JehopMupy-
€MBIM IITaMIOM. DTOT MOJAXO] YK€ U3ydascs B Mpeablayliel ctarbe aBTopoB [babemiko
u np., 20226], ogHako TaM paccMaTpUBAIUCH MOTYOECKOHEUHbIE JTUTOC(HEPHBIE TUTUTHI.
YHOMSIHYTBI pe30HAHC BO3HUKAET B TEX CIy4asiX, KOT/a XOTs Obl B OJHOM HAaIPaBICHUU
auTocdepHas TIUTa SBJSETCS OrpaHnYeHHOW. TakoH, siBIsieTcs, HanpuMep, OecKoHed-
Hasl 1oJ0ca, OTpaHMYEHHON MIMPUHBL. BriepBbie CylecTBOBaHHE JUCKPETHOIO CIIEKTpa
B 33/1a4axX TEOPUU YIPYTOCTH i HEOAHOPOAHOH MOJOCHI, MPUBOJSIIEE K PE3OHAHCY,
06110 0OHapyxeHo akagemukoMm 1. . Boposuuem [Boposuu, 1979a, 6]. Ilonoca crano-
BUTCSI HEOTHOPOAHOM, €clii Ha Hee ACUCTBYeT J1ehopMUpYyEMBbIi ITaMIl. B KOHTaKTHBIX
3a/1adyax ¢ abCOTIOTHO TBEP/BIM IITAMIIOM TIOJOOHOE SIBIICHUE HE HAOIIOIaeTCA.

B nacrosimieit pabote cieayeM B 3HAYUTEIBHOM CTENEHH MyOarKanuu aBTopoB [ba-
oemko u 1p., 2022a], mpuMeHsst MaTeMaTHYeCKUM METOT [T PEIICHUS! aKTyaJIbHOW TIPO-
6nembl ceiicMonoruu. B ¢BS3M ¢ 3TUM OIyCKAarOTCS MHOTHE MaTeMaTUYeCKUE BBIKIAJAKU
yKa3aHHOU paboThl. OHAKO, UCTIONb3YEMBbI METO/ AOTOIHSAETCS MOACHEHUSIMHU U Tapa-
METpaMH, JIeJaroIIUMU a0CTPaKTHOE U3I0KEHHE PAOOThl MPUMEHUMBIM IS LIeTIei Teo-
¢u3uku. B pabore [babemko u ap., 2022a], akieHT OblI OCTABJIEH HA JJOKA3aTEIbCTBO
KOPPEKTHOCTH TTOCTABJIICHHOW KOHTAKTHOM 3a/1a4M O ACHCTBHH JIe(HOPMUPYEMOTO MITaM-
na Ha gepopMupyeMyro CIoucTyro cpeay. [IpumeHsieMblii ipu 3TOM METO. GJIOYHOTO HJie-
MEHTAa MPUBEJI K HEOOXOJUMOCTH ONpeAeseHUs] (PyHKIMOHAIOB OT UCKOMOTO PELICHHUS.
JlokazaHa BO3MOXHOCTb WX OIpENETIeHHUs] U BBITUCAHBI COOTHOIIEHUS, KOTOPHIM OHU
yaoBaeTBopstoT. OHAKO JaNbHEHIINN aHaIu3 TOTYYEeHHOTO pelIeHHs ATON 3a/1a4u To-
Ka3aJj, YTO 3T COOTHOILEHUS B 337a4ax O KojeOaHHUsIX Ae(pOpMUPYEMbIX IITAMIIOB OIU-
CBIBAIOT PE30HAHCHBIEC YaCTOTHI, CYIIIECTBOBAHUE KOTOPBIX TEOPETUUECKH OBLIO JOKA3aHO
akaneMukoM U. 1. BopoBudyem. Bo3MOXXHOCTH IPUMEHEHMS 3TUX PE30HAHCHBIX SIBJICHUI
B 3aJ]ayax CEeWCMOJIOTUHU MOCBSIIEHa HAacTosIas paboTa.

ABTOpBI pacCMaTpUBAIOT PE3YJILTAThI IPUMEHEHHSI MEXaHUYECKUX MOJIX0/I0B KaK J10-
MOJIHEHHE K paboTaM reo(u3MKOB, OMyOJMKOBABIIMX MPEKPACHBIH MaTepuan B MHOTO-
YHCIIEHHBIX Pa0O0Tax, U HAaXOMAT Ieeco00pa3HbIM JlajbHeIIee COBMECTHOE U3yUeHUE
CTETEeHH IOJIE3HOCTHU MOTYyYaeMBbIX Pe3yJIbTaToB.
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[MOCTOHOBKAO 30A04YM

PaccMmarpuBaeTcss MHOTOCIIONHAS cpella, Ha €€ BEpXHEHN IpaHMIle BBOAUTCS JEKapTO-
Ba CHCTEMa KOOPJIMHAT TaKUM 00pa3oM, YTO OCh 0X; HAIlpaBJIeHA [0 BHELIHEW HOpMaJH,
OCTaJIbHBIE OCH 0X;, 0X, JIeXAT B KacaTelbHOH miockocTu. IIpennonaraercs, 4ro B 00-
nmactu monocsl W - BJ x,J B, |x,|J I ) pacnonoxena nedopmupyemas murochepHas
IUTATA, TIPEICTaBIAoNmas coooit aepopmupyemsblii mramm. Ha HUX OKa3bIBalOTCS BHEII-
HHUE BO3JCHUCTBHS B BHJE TapMOHHYECKUX KOJICOAHWI, ONMUCHIBacMble (yHKIHEH e .
31ech (@ —4acToTa rapMOHUYECKUX BO3ACHCTBUI, f — napaMeTp BpeMeHu. C yueToM npu-
MEHEHHS HOBOTO YHHUBEPCAIBHOTO MeToa MoienupoBanus [ bademko u ap., 2021], Mmox-
HO PaccMaTpHUBaTh IUTUTY U IITaMII KaK OOBEKTHI, COCTOSIIIUE U3 MAaTEPUATIOB CIONKHOMN
peonoruu. OnHaKo, MOCKOJIBKY PELIECHUS TPAaHUYHBIX 3a4a4 JJIs TeN CJI0KHOM peosioruu
MOTYT OBITh Pa3JIOKEHBI [0 PEIICHUSIM TPAHUYHBIX 33J]1a4 JUIsl ypaBHEHUi [ enbpMronbia,
B Cllyyae TapMOHHYECKUX KOJIEOaHUH, TO TOCTAaTOYHO PacCMaTPHUBATh TPAHUYHYIO 33129y
i1 1e(OpPMUPYEMOTO HITAMIIA, OIHCHIBAEMYIO 3TUM YPABHEHUEM.

Cnenys [BopoBuu, babemxko, 1997 u ap.], Oyaem cuutars, 4yTo mTamn 0e3 TPEHHS
B 30HE KOHTAaKTa BO3JCHCTBYET Ha OCHOBaHHE. Toraa MHTETpajabHbIC YPAaBHEHUs TaKOU
CMEIIaHHOH 3a/1auu MOXKHO 3arucarb B popme:

© B

I k(xl _51’x2 _52)‘](51’62)01516[52 :f(xl’xz)’ -B le <B, x2| < 00

— B

k(x,,x ):LT T K(a,a, e ™ dg da (1)
12%2 A7’ LS 10%2 14

Crnenys oOmEnpuHATHIM 0003HAUCHUSAM, UMeeM it QyHKIMA q(X; X,).f(X; X3),
k(x; x,), K(x;, x,) 0003Hau€HUSI KOHTAKTHBIX HANpPSOHKEHUH MO IITaMIIOM, — IIepeMellie-
HUI B 30HE KOHTAaKTa, Sijpa MHTETPAIBHOTO ypaBHEHUs, npeodpaszoBanus Dypwe sapa
HHTErpajibHOro ypaBHeHUs. TakuM 00pa3om, chopMUpoBaach KOHTAKTHAS 3a]1a4a Mexa-
HUKH C 1e(OPMHUPYEMBIM IITAMIIOM, TEOPUH PEIICHHSI KOTOPOW B HACTOSIIEE BPEMsI HET.
[TpumeHsiemMble YHCICHHBIE METO/IBI HE TIO3BOJISIIOT BBISIBIIATE B O0IIEM BHJIE PSI/T BAYKHBIX
SIBTICHHUI, BO3HUKAIOIMIKX B 3THX 3a1adax. X 3 peKTHBHOCTh CHIKACTCS B CBS3U C HE-
OTrpaHMYEHHOCTHIO 00JIACTH 33JaHUSI YPABHEHU.

Ha pucynkax 1 u 2 mpeacraBiieHbl TOCTaTOYHO yAaJieHHbIE, Orarogapsi CKBO3HO-
My pPasioMy, JUTOC(EpHBIC TUIMTHI, HAPSHKEHUS B KOTOPHIX BBIYMCIICHBI IPOTPAMMOI
COMSOL. MoxxHO BUAETh ABTOHOMHOCTb JTUTOC(EPHBIX IUIUT MPU ITUPOKOM pazjioMe.
Ha xpasix o0macTé KOHTaKTa MOXKHO HaOIFONaTh KOHIEHTPAIMIO HATIPSKEHHUH, OTHCHIBa-

eMyI0 U3BECTHBIMU B KOHTAKTHBIX 3a/a4aX (GpyHKuusmu (B> — x’ )_% . OnHako, U3 pe3yib-
TaTOB YHCJIEHHOTO aHaJIN3a HEBO3MOXKHO M3BJI€Ub JAHHBIE O PE30HAHCE U HAJTMYUU HOBBIX
JMCKPETHBIX CIIEKTPOB, BOZHUKAIOIINX B CUCTeMe TUTochepHas mra — aedopmMupyeMoe
OCHOBaHHE. DTOT Pe3yNbTaT MMOy4aeTcs MOKa TOJIbKO aHAIMTHYECKH, TOCPEICTBOM MpH-
BJICUEHHSI HOBOTO YHHUBEPCAIBHOTO MeToIa MoAenupoBanus [badentko u ap., 2021].

Jlnst pemenus momoOHBIX 3a1ad B [babemko u mp., 2021], paspaborad 10CTaTOYHO
YHHUBEPCAIbHBIA METOJI, MPUMEHIEMBbIH KaK K TPAaHUYHBIM 3ajadaM s AuddepeHin-
aJbHBIX YPABHEHUN B YaCTHBIX MPOU3BOIHBIX, TAK U K HEKOTOPHIM THUIIAM UHTErPaIbHBIX
ypaBHeHUH. B MeToz1e HcTonb3yeTcst ynakoBaHHbIE OJI0YHBIE AIEMEHTBI, TEOPUS KOTOPBIX
MOCTPOEHA paHbllle U OMyOIIMKOBaHA B MHOTOUMCIIEHHBIX paboTax. B stoii pabote mo-
Ka3aHO, YTO YIAaKOBaHHBIE OJIOYHBIE JIEMEHTHI UACHTUYHBI «(ppaKTariaMm» — CaMONo00-
HBIM JJIEMEHTaM, BBEJICHHBIM aMepUKaHCKUM MaTematukoM b. Mannens0poTom.



52 Geology and Geophysics of Russian South 12 (4) 2022 T'eonorvs n reogmanka Kora Poccim

0.87] S
0.77]
0.67]
0.5
0.47]
0.37]
0.27]
o017
B S o T P e T P T e T T T T P T T T T e T T T T TR T T T T
Q R Y N N N Y N A N A A N N T AT VAN s
— B Y T N N N N N N N i N N A AN N N AV AV WAL
-0.1 g A T T PR PRI I O P T T T R TR R TR PR R TR T T T PR R T PR R R =
F T T Y Y N N A SN TN W N A VW Y A W W EAE
0.2 R T T A VYA B A PP T T T TR R T T T Fol
' N ot A PR TR TR T O T T T TR TN N O N N O AN A W O AN e
- KT AN A N A AN VA N N N O AN O A A A {}:’
-0.3 KV O NV A O A W W P A e PP T TP T T T T R -]
S e PP B P P I R PR T P T P T P T T T T T U R TR T A
.47 o T T T T T T T P T A T T P T T P T P T T TR T
; T A N N N Y A A Y Y N T AN AW A AV AV AN i
e R A W W A W A A W A A W AV A A A AT AT S AT AT LA AT S ATAT LSS TAT LV}
M
-0.6
-0.77]
-0.87
-0.97]
-1 I I I I f
-1 -0.5 0 0.5 i

Puc. 1. Cemka 015 Memooa KOHEUHbIX INEMEHNO8 NPU YUCTEHHOM pacienie NaAKemom npoepamm
COMSOL ronyenmpayuu HanpaxceHuti 8 08yx 610KAX-MOO0eNAX TUMOCHEPHBIX NAUM HA Oehopmupyemom
ocnosanuu /

Fig. 1. Grid for the finite element method in the numerical calculation by the COMSOL software package
of stress concentration in two blocks — models of lithospheric plates on a deformable foundation

Puc. 2. Pezyromam uucieHHo2o pacuema KOHYeHmpayuy HanpsajiceHutl 8 08yx O1I0Kax Ha deghopmupyemom
ocHosaruu. T1o Kpasm 6uOHbI KOHYEHMPAYUU KOHMAKMHBIX HANPAXICeHUT /
Fig. 2. The result of a numerical calculation of the stress concentration in two blocks on a deformable
foundation. Concentrations of contact stresses are visible along the edges

B cootBercTtBHM ¢ MeTonom paboTel [babemko u mp., 2021], HEOOXOAMMO MOCTPO-
uTh B obmactu W(- BJ x,J B, |x,|J T ), B >>1 (pakrainsl — ynakoBaHHbIE OJIOYHBIE
3JIEMEHTHI, KOTOphIe OyAyT paccMaTpuBaThCs Kak JaedopmupyemMble mrammbl. B coot-
BETCTBUU C OINMCAHHBIM BBIIIE, pacCCMAaTPUBAETCs IByMEpHOE ypaBHeHHE [enbpMrombiia
B yKa3aHHOM 00iacTu:

[ O°% +0x,+p° |o(x.x,)=g(x.x,), g(x.%)=q(x.%,)—t(x.x,). )

B sTOM ypaBHEHMM MNPUHATO BEPTUKAIBHOE MEPEMEIIEHHE B 30HE KOHTAKTa —
¢(x;, X,), a KOHTaKTHbIC HANPSDKEHUS, ACUCTBYIOMINE Ha O0OBEKT CHU3Y, KOTOPBIC HAJIO
OTIpEeIeTTUTh, 0003HAYCHBI ¢(X;, X,). 3aJJaHHOE BHEIIHEE JABJICHHE CBEPXy HA OOBEKT —
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{(x;, x,). Taxoke 3a7ar0Tcs rpaHuyuHble yciaoBua. OHM uMeroT B obnactu W( - BJ x,J B)
IIPENCTaBICHUE:

(P(xl)xz) :(P(_B’xz)’ X —> -B; (P(xl’xz) = (P(B)xz): X — B;

MoCTPOEHUE UHTETPAABHBIX YO ABHEHW

ByneM mcrnons30BaTh OJUMH M3 MHOTOYHCIICHHBIX IMOJXOAOB IMOCTPOCHHS M TPeoO-
pa3oBaHMsI HHTETPAJIbHBIX YpaBHEHUH, HApUMep, U3JI0keHHbIX B [Achenbach, 1973].

PaccmarpuBaemast, iByMepHas 3aa4a pUMEHEHHEM ipeodpa3oBanus Dypre mo Ko-
OpIMHATE X, CBOAUTCS K OMHOMEPHOMY ypaBHeHHIO. OHO COIEPKUT CBOOOTHBIN Belle-

CTBEHHBIN mapameTp a,. aTerpansnoe ypaBaenue (1) npuaumaet Gopmy:
B

J ko(x, =& )a(&)dE = f(x,), 9(é&)=q(é.a,), ki(x)=k(x.,a,)

0

ko(xl):ij K (a e da, K(a)=K(a,a,) K(a )= P'(a)R(ea) (3)

Huxe cunraem, uro pynkuus K, (o) sBasercs yeTHou, mepomopdHoii. Ha Gecko-
-1
Heunoctu umeer nosenenne K (@, )=0(a, ), Ima, =0.
Oyukuus K (0.;) MOKET OBITh TIPECTaBlICHA KaK OTHOIICHHE JIBYX HENbIX (PyHKINN

Ry(a;) u Py(a;). UX cueTHBIC MHOXKECTBA HYJICH, YXOASIT Ha OECKOHEYHOCTh KOHIIEHTPH-
PYACh B OKPECTHOCTSX MHUMBIX OCEH.

[Tpumepsl MOTOOHBIX CMELIAHHBIX 33734, uMeroTcs B [Boposuu, babemko, 1997 u
Ip.] 1 ApYTHX IMyOIUKaLUsX.

C y4eToM mpHHATOTO, CTAHOBSATCS OHOMEPHBIMH TPaHUYHBIC 3a0a4uu (2) mist 61049-
HOIO 3JIEMEHTA

(ale +k2)(P(x1) =g(x), g(x)=q(x)—t(x), k= p2 _azz

o(x)=0(x,0,), g(x)=g(x,a,),

o(x,0,)=0(4), x, > A4 xeQ;

o(x,0,)=¢(-B), x,>-B; ¢(x,0,)=9(B), x—>B, xeQ, (4)

MeToA MCCAEAOBOHMUS

B nanbueiimem, paccMarpuBaeM yIpOIICHHBIN ciiydail IUTOCHEPHON IIIUTHI B TO-
noce W(- BJ x,J B, X2|J [ ), B >>1, nonaras, 4T0 €€ CBOMCTBA HE U3MEHSAIOTCA
BJIOJIb KOOPJMHATHI X,. B 9TOM cllydae MMeeT MeCTO 3HaueHUe MapaMeTpoB k = p =co.,
3nech NOCTOSIHHBIN MapaMeTp ¢ 3aBUCHUT OT CBOMCTB MaTepHaa IINTHI.

Meton GnouyHoro sneMmenTta [babemniko u np., 2022a] mocne npumeHeHus k (4) maet

BBIP)KCHUS AT YIIAKOBAaHHBIX OJIOUHBIX 3JIEMEHTOB. BXonsmas B HUX BHEIIHsA Gopma
@, (@) NMeeT NpeaCcTaBICHUE:

wg(ar) = A" [ e 2ik(e" ™ — D) +i(a, — k)" |py(B)+
+ € 2iz(-e TP 1) +i(e, —k)e " |p,(—B) +
+GB (k)(_ei(m +k)B + e*i(m +k)B) + GB(_k)(ei(m -k)B _ e*i(ay —/c)B) > _ GB(a,), A =-2isink2B

B B B

Gy@)= | gy(x)e"da, Oy@)= | g,(x)e“"da;, Ty(@)= [ t,(x)e“"dey, @,(xk)=0

-B -B -B
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BBIpa)I(eHI/Ie AJI1 YITAKOBAHHBIX OJIOUHBIX 3JIEMEHTOB MNPUHHUMACT HHTCIPAJIBHOC
IMPEACTABJICHUC!

1 7 o,a)
=— “da, 5
7)o i

TpupaBusB nepemelenns f( X, ) B 30He KoHTaKTa (3) HepEMELICHHSIM GI0YHOTO
anementa @y ( X, ) (5), nocne npuMenenus npeobpasopanus Oyphe, MOTydHM

Ko(al )QB(al)+EB(al)= _(a12 _kz)ilgg(al)'i'SB(al)
SB(al) = (0!12 _kz)_1< a)B(al)+QB(al) >

3necy E, (@, ) cBOOOMHAs OT KOHTAKTa YacTh MOBEPXHOCTH. [locne npumenenus K
COOTHOLICHHIO oOpatueHns Pypbe 1o napameTpy ¢, , OyeM UMETh HHTETPaIbHOE YpaB-
HeHue Bunepa-Xornga Ha oTpe3ke Bua:

B

J. k(x, =8 )q5(8,)dé =s5(x,), —B<x <B

k(xl)ziT K(al)e_ial)qdal’ K(al):Ko(al)"‘(alz_kz)il (6)

B npaBoii uyactu ypaBHEHMsI TOSBISIOTCS HEU3BECTHbIE  (DYHKIIMOHAIBI
0,(k), Qy(—k) or peniennit unTErpanbHbIX ypaBHeHHHA. OHU HAXOSTCS C TIOMOIIBIO
oOpaleHns: HUHTETPATBHBIX YPaBHEHUI. DTO OfHA U3 0COOEHHOCTEH TaKMX KOHTAKTHBIX
3a/au.

B citydae jxecTKUX mITaMIOB Takue (pyHKIIMOHAIBI HE BO3HUKAIOT. IMeHHO, onperie-
JICHHE TIePEUUCIICHHBIX (DYHKIIMOHAJIOB, 3aBUCALIMX OT YAaCTOTHI, IPUBEIIO K MOyYSHHIO
COOTHOILICHH, OTIPEIENIAIONINX PE30HAHCHBIE YaCTOThI B KOHTAKTHBIX 33/1a4ax ¢ aedop-
MHUPYEMBIM IITAMIIOM.

Omnyckast METO/ pelIeHUs] MHTETPATbHOTO YpaBHEHHUS (6), A€TalbHO U3JI0KECHHBIN B
pabore [babemko u np., 2022a], npuBeaeM NpencTaBIeHNE KOHTAKTHBIX HaMpsKEHUH
10J1 TUTOC(HEPHOM TUIUTON M COOTHOILIEHHUE, TIO3BOJIAIOLIEE BEIUNCIIATH PE30HAHCHBIE Ya-
CTOTHI [J1s1 1e(pOPMHUPYEMON JTUTOC(HEPHOM IITUTHI, KOTOPbIE MOT'YT WHUIIMUPOBATH 3€M-
JETPACEHUS.

Pe3yAbTATbl PABOTHI M UX OBCYXKAEHNE

Pemenue npu Oonpnx B> > 1 ¢ yuerom 0603Ha4eHMIt cTaThbll UMEET BUJL:

QB(al) = Q1(a1)+ Qz(al) + Q3(a1)+ Sos(al)-
3mecs 0003HAYEHO:
O(a,)=—( Oy(k)sin(a,+k)B+Qy(—k)sin(e, —k)B )2iM (e,)
O,(a,)={ Oy(k){ M,(a)sin(a,+k)B} +0y(~k){ My(a,)sin(a,—k)B}" )2i(a, —k)M,(a,)
Os(a,)=( Op(k){ M(a)sin(a, +k)B}) +Oy(—k){ Ms(a,)sin(a, —k)B} )2i(er, +k)M,(a,)
hi(@) . (a) M, (a,)= (@ —k)h (a)e” M, (a,)= R, (a)e™”

M) = @) R () R(a) R (a) (e~ k)’
(@ k)R, (a)e " __ B (@)™
M4((ll)_ R+(a1) , Ms(a1)_R7(al)(al+k)
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Ilocne BeIUMCIIEHUS Mojry4acMm 3HAUYCHUA q)YHKHI/IOHaJ'IOB B (bopMe

Qg(k) = A;[SOB(_k)Cn(k) - SoB(k)Dzz(_k)]: QB(_k) = A;[SOB(_k)Du(k) + S()B(k)c23(_k)]
AB(k) = Dll(k)D22(_k) - C13(k)C23(_k)

CooTHOIIICHHUE, MTO3BOJISIONIEE BBIYUCIIATh PE30HAHCHBIC YaCTOTHI, IPH KOTOPBIX pe-
nIeHne ooparmiaercs B 06CKOHEYHOCTh, HMEET BH/I:

Ay = Du(k)Dzz(_k) - C13(k)C23(—k) =0.

3HaueHus BceX (YHKIMH W TPUMEHSEMBIX OIEpPaTOpoOB JHMOO JETaIbHO OIH-
canbl B [babGemko m np., 2022a], nubo ykazaH cnoco0 ux mocTpoeHus. DYyHKIUU
C,.(k),D, (k),Ay(k) cymecTByloT ¥ BBIpaXKalOTCS 4YEPE3 BBEACHHBIE (DYHKIUH
M., r=12..5.

Pemnrenne uHTErpanbHOTO YpaBHEHUS, MOCIE BHECEHUS (DYHKIIMOHATIOB, IPHHUMAET
BUJI:

1 K —ia X,
95(x)==—[ Qy(a ) da,.
2z =,

[TocTpoenHoe perieHue 3a1a4u AJis TOJI0COBOM TUTOCHEPHOI TUIUTHI, UMEET PE30-
HAHC B CBSI3U C KOHEUHOW ee mmpuHOii. B ToM ciyuae, ecnu nutocdepHas minura Oyner
HMMETh MOITYOEeCKOHEUHYI0 (hopMy, TOAOOHOTO HEOTPAHUYEHHOTO pe30HaHCca He Oy/IeT, HO
MOKET OBITh C KOHEYHON aMIUTUTYIOH.

Puc. 3. ®pacmenmur rumocgeproti naumol Ha meppumopuu
Kpacnooapcrozo kpas, omoenennvle paznomamu /
Fig. 3. Fragments of the lithospheric plate on the territory
of the Krasnodar Territory, separated by faults
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BbiBOADI

Takum 00pazoM, ¢ y4eTOM YIOMSHYTHIX BO BBEIEHHH Ba)KHBIX MCCIIEIOBAHUM yue-
HBIX, OOHAPYXHUBIIUX KojeOaTeIbHbIE MPOIECCHI B TUTOCEPHBIX IUIUTAX, a TAKKE eCTe-
CTBEHHOTO BIIMSIHUS MEPUOTUYECKUX MPUIMBHBIX MPOIECCOB OT MpUTshKeHus JIyHbI, ¢
MIOMOIIBI0 MaTeMaTH4eCcKOr0 MOJICIIMPOBAHMS, YIAlIOCh BBISIBUTH BO3MOXHOCTH PE30-
HAHCHBIX MTPOIECCOB B JIUTOC(EpHBIX MIUTax. OHU, O-BHIUMOMY, MOTYT BIUSTH Ha BO3-
pacTtanue CeCMUYHOCTH, TOOYKIAaTh BOSHUKHOBEHHE CEHCMUYECKUX COOBITHIA.

B ciyuae orpaHW4eHHBIX IUTUT BO3MOXKHBI 00Jiee HMHTEHCUBHBIE PE30HAHCHBIE MTPO-
IIECCHI, B CITy4ae HEOTPaHUYEHHBIX, TO €CTh MPOTSHKEHHBIX, PE30HAHCHBIE MPOLIECCHI OY-
IyT cnaoee.

Ha pucynke 3 npuBeneHs! pa3iomsl Ha Tepputopun KpacHonapckoro Kpas, KOTopble
JeNAT TUTOCHEPHYIO TUIUTY perruoHa Ha (parMeHThl. Kakaplii U3 HUX MOXKET UCTIBITHI-
BaTh B TOW WJIM MHOW Mepe BO3ICHUCTBUE TUCKPETHBIX PE30HAHCOB, OMMCAHHBIX BHILIE, B
CBSI3U C MPUIMBHBIMH BO3ACHCTBUSAME JIyHBI, IPUBOAAIIMMH K MEIJICHHBIM KOJeOaHHSIM
JTUTOC(HEPHBIX TITHUT.
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Pestome: AKTyanbHoCTb paboTbl. Pa3paboTka HOBbIX M COBEPLUEHCTBOBAHME CYLLECTBYHOLWIMX METOAO0B
MHTepnpeTauun reon3nNYecknx AaHHbIX ¢ LieNbI0 NPOrHO3WPOBAHNUA HECTPYKTYPHbIX NOBYLLEK HEdTW 1 rasa,
06YCIIOBNEHHbIX Pa3IOMHO-6/10K0BOI TEKTOHWKOIA, ABNAETCH BECbMA akTyaribHO 3afayeil MHOTMX HedoTeraso-
HOCHbIX PErNOHOB, B T. 4. 1 [IpeakaBkasbs. Lienb paéoTbl. PeleHne npsamoii 3afayu rpaBuMeTpumn ans reonoro-
rpPaBMMETPUYECKIUX MOAENEN, NPeACTaBNAWMX COBON CUCTEMY PaSHOOPUEHTUPOBAHHBIX IMHEAHBIX BI0KOB 1
30H NOBbILLIEHHO TpeLHoBaTocTW. OnpeaeneHne oNTMManbHbIX METOAOB TPAHCCHOPMALMM UCXOAHOTO rpaBu-
METPMYECKOro nons U MopdhoMEeTPUYECKOro aHanuaa penbeda ans BblaeneHns CUCTeM PasfioMOB U NIMHENHbIX
30H NOBbILLIEHHO TPELWMHOBATOCTM ANs reonornyeckux ycnosuin Mpeakaskasbs. Metogbl uccnegosanus. Cos-
JlaHune reonoro-rpaBUMeTpUYecKMX Mofeniei pa3nomMHo-6510K0BOI Cpefbl, COOTBETCTBYHOLLMX Pa3noOMHO-6110K0-
BOI1 CTPYKTYpe Tepcko-CyHXXEHCKOM aHTUKNHANBHOI 30HbI. Pa3paboTka anropuTMOoB 1 NpOrpaMm pacyeTa nons
CUNbI TSXKECTK 1 ee NPOM3BOAHbIX, OCHOBaHHbIE Ha MeTofax B.H. CTpaxosa pelleHus nNpambIx 3afad rpaBumMe-
TPUK ANs 3N1eMEeHTOB NONeit 0T TUMOBbIX anNPOKCUMUPYIOLLMX TeN. TeCTUPOBAHME KOMMNbIOTEPHBIX NPOrpaMm K
anpo6upoBaHme Ha MofenbHbIX npumepax. 06paboTKa peanbHbIX FPABUMETPUHECKUX AAHHBIX C UCMOMb30BAHU-
&M KOMMbIOTEPHbIX NPorpamm TpaHcdopMaLuy Nons Cuibl TAXKECTU Ha OCHOBe MeToaa F-annpokcumauuu. Mo-
CTPOEHWE KapT BEKTOpa rOPU30HTANbHOMO rPaneHTa u TpeTbel BePTUKANbHOI NPOU3BOAHON CUNbI TAXKECTH, CO-
MOCTaB/IEHME Pe3ynbTaToB MOAENNPOBAHNA U PAKTUHECKUX re0N0ro-rpaBUMETPUHECKNX AaHHbIX, ONpeaeneHue
NPU3HAKOB TPACCMPOBAHMS rPaHuL, Pa3fioMOB 11 30H MOBbLILIEHHON TPELMHOBATOCTM HA KapTax TpaHCOpMaHT
rPaBMTALMOHHOIO NONA M YKIOHA penbeda AHEeBHOM NOBEPXHOCTU. Pe3ynbTartbl ucenegoBanna. Co3aaHbl TMMO-
Bbl€ re0NIoro-naoTHOCTHbIE MOAENN ANS XapakTepHbIX CTPYKTYP Pa3nomMHO-6510KOBOr0 xapaktepa Tepcko-CyH-
)KEHCKOM aHTUKNHANbHOI 30HbI. Pa3paboTaHbl anropuT™ U KOMNbIOTEPHAs NPOrPaMMa BbIYUCTIEHUS ANEMEHTOB
AHOManbHOro rPaBUTALIMOHHOIO NONSA AN CUCTEMbl Pa3fioOMOB PA3NNYHOA OPUEHTUPOBKM NUHEIHBIX 30H Tpe-
LLIMHOBATOCTM, OCHOBAHHbIE HA MAEAX PELLEHNS NPAMbIX 3afad rpaBUMETPMN U MarHUTOMETPUI 4115 3NIEMEHTOB
noneii 0T TUNOBbIX annpokcumupytowmx Ten B. H. CTpaxoBa. BbinonHeH pacyeT aHOManbHOro rpaBuTaLuoHHOro
nons Ans pasnuyHoro Tuna mogaenei. OnpeaeneHbl KPUTEPUI BbIAENEHNS PA3NOMOB U 30H TPELLNHOBATOCTU Ha
MOPOMETPUYECKUX KAPTaxX U KapTax BbICLIMX NPOM3BOAHBIX MPABUTALMOHHOIO NONS.

KnioueBble c€noBa: rpaBMTALMOHHOE NOMe, penbed), MOAENVPOBAHNE, Pa3NoMbl, TPELIMHOBATOCTb,
F-annpokcumaums, TpaHcdpopmauum, YKnoH penbeda.

Ins uutuposanus: Kepumos . A. MogenupoBaHue rpaBUTaLMOHHOIO NoMs CUCTEM Pa3fioMOB U 30H Tpe-
LUMHOBATOCTW. [eosorus n reoghuamnka fOra Poccuu. 2022. 12 (4): 59-71. DOI: 10.46698/VNC.2022.44.93.005.
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Abstract: Relevance. The development of new and improvement of existing methods for interpreting
geophysical data in order to predict non-structural oil and gas traps caused by fault-block tectonics is a
very urgent task for many oil and gas regions, including Ciscaucasia. Aim. Solution of the direct problem of
gravimetry for geological and gravimetric models, which are a system of differently oriented linear blocks and
zones of increased fracturing. Determination of optimal methods for transforming the initial gravimetric field
and morphometric analysis of the relief to identify fault systems and linear zones of increased fracturing for the
geological conditions of Ciscaucasia. Methods. Creation of geological and gravimetric models of the fault-block
environment, corresponding to the fault-block structure of the Terek-Sunzha anticline zone. Development of
algorithms and programs for calculating the gravity field and its derivatives, based on V. Strakhov methods for
solving direct problems of gravimetry for field elements from typical approximating bodies. Testing of computer
programs and approbation on model examples. Processing of real gravimetric data using computer programs
for the transformation of the gravity field based on the F-approximation method. Building maps of the horizontal
gradient vector and the third vertical derivative of gravity, comparing the results of modeling and actual geological
and gravimetric data, determining signs of tracing fault boundaries and zones of increased fracturing on maps of
the gravity field transforms and the slope of the day surface topography. Results. Typical geological and density
models have been created for the characteristic structures of the fault-block nature of the Terek-Sunzhensky
anticline zone. An algorithm and a computer program for calculating the elements of an anomalous gravitational
field for a system of faults of various orientations of linear zones of fracture, based on the ideas of solving direct
problems of gravimetry and magnetometry for elements of fields from typical approximating bodies V. Strakhov.
The anomalous gravitational field was calculated for various types of models. The criteria for identifying faults and
fracture zones on morphometric maps and maps of higher derivatives of the gravitational field are determined.

Keywords: gravity field, relief, modeling, faults, fracturing, F-approximation, transformations, relief slope.
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BeseapeHve

B cBsi3u ¢ cokpatieHreM 3anacoB He(TH U ra3a B Me3030Mckux oTioxeHusx Cesep-
Horo KaBkaza B mociiejHME Iofibl BECbMa aKTyaJIbHbIM SIBJISIETCS IOMCK M pa3BelKa 3a-
nexe YB, NpuypodeHHbIX K HECTPYKTYPHBIM JIOBYLIKAM B KAHHO30MCKHUX OTJIOKCHSX.
Texronuka CeBepHoro KaBkasza uMeeT CIOKHBIN pa3ioMHO-0JIOKOBBIN XapakTep, JOBYIII-
K1 YB, B T. 4. HECTpyKTypHbIE B OOJIBIIMHCTBE CIIy4aeB IPUYPOUEHBI K 30HaM [TyOMHHBIX
pasznomoB [JleraBun u ap., 1987; Rogozhin et al., 2015]. OqauM u3 nepcrneKTUBHBIX Ha-
npasiieHui Ha Teppuropun CesepHoro KaBka3za sBIIIIOTCS 30HBI TOBBIIIEHHOW TPELMHO-
BaTOCTH B BEPXHUX FOPU30HTAX 0Ca0yHOro yexna [bocukos u ap., 2022; Xysus, 2012].
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OCHOBHBIM MHCTPYMEHTOM H3y4YCHHMs 30H MOBBIIICHHONW TPEIIMHOBATOCTH U CBSI3aHHBIX
C ATUMH 30HAMH MHUKPOCEMCMUYHOCTH SIBISIOTCS Teodusndeckue Meronsl [Zaalishvili
et al., 2015, 2018]. Ogaum u3 3¢pHEeKTUBHBIX CIOCOOOB MPOTHO3UPOBAHUS 30H TPEIH-
HOBATOCTH SIBJISIETCS JeTallbHAsl TPaBUMETPHUECKasi CheMKa. B CBsI3U € 3TUM BO3HUKAET
HEOOXOIMMOCTb COBEPIIEHCTBOBAHUS CYIIECTBYIOIIMX U Pa3pabOTKa HOBBIX METOJIOB
HHTEPIIPETALMY IPaBUMETpUYeCcKuX faHHbIX [CTtpaxos, Kepumos, 2001].

B Hacrosiee Bpems cCyuiecTByeT OOJbIIOE KOJUYECTBO METOIOB MHTEPIpPETAH
TPaBUTALIMOHHOTO MOJIS, OONBITMHCTBO M3 HUX MUMEET pa3jinuHble orpannyeHus [JlaBbi-
nenko, [lapana, 2022; Honrans, 2022; [letpos, Tpycos, 2000; ITpuesxaes, 2010; Hinze
et al., 2014; Jacoby, Smilde, 2014]. Mcnonb30BaHre anmpOKCUMAIIIOHHOTO MOJX0/1a K
CHEKTPAJIbHOMY aHaJIN3Y, OCHOBAHHOTO HA METOJIE JINHEHHBIX HHTETPAJIbHBIX MPEICTaB-
nenuit B. H. CrpaxoBa, m03BOJII€T YCTPAHUTh HEIOCTATKU TPATULIMOHHBIX METOJ0B HH-
teprperanun [Ctpaxos, Kepumos, 2001; Kepumos, 2003, 2009a, 6].

Merton F-annpokcumanuy aHOMadbHBIX TPABUTAIIMOHHBIX U MATHUTHBIX TOJIEH, pa3-
paboTaHHBIN B paMKax METO/a JIMHEHHbBIX HHTErpabHbIX npeacTasieHuii B. H. Crpaxo-
Ba, MOJHOCTBIO aJIeKBaTE€H pealbHON reo(u3nyecKoil MpakTUKE U MO3BOJISET U30aBUTh-
Csl OT Pa3IMYHBIX UAeaNn3aluii (MAealn3anus MIOCKOTO MOJs; UAealn3alus TPaHULIbI
paszena 3eMis-BO3yX Kak 0€CKOHEUHOH rOpU30HTaIbHON TUIOCKOCTH; MIeaIn3alus He-
MPEPBIBHOTO 3a[aHUsl TOTO UM MHOTO 3JIEMEHTA MOJIs Ha OECKOHEYHON TOPU30HTAIbHOM
IUIOCKOCTH MJIM KyCKe 3TOW MIIOCKOCTH; UAeaIn3alts 3a4aHus TOTO UM HHOTO 3JIeMEHTa
M0JIs1 B y3J1aX MPaBUIIBHOW T'€OMETPUUYECKOM CETH U Ip.).

MeToAMKA MCCAEAOBAHMS

Pa3paboTaHHBI aBTOPOM B paMKax TEOPUH MHTETPAJIbHBIX MPEACTAaBICHUN METOJ
F-anmpoxcumanuu 1no3sosieT NPUHIKAIKAIBHO I10-HOBOMY pelIaTh psiji BOIPOCOB TPAHC-
(opmanuu MOTEHIMATBHBIX MOJIEH, 3aJaHHBIX Ha HEPETYJSIPHON U Pa3HOBBICOTHOM CETH:

W;(x) XZ(XI,XZ,X3) (1)

Pe3yAbTaTbl PABOTHI M X OBCYXAEHWE

PesynbTrarsl anpoOupoBaHUs METOa HAa MOJICJIBHBIX U (PaKTUYECKUX Te0pU3nIECKUX
JaHHBIX, 3aJJaHHBIX Ha HEPETYJSPHON CETH, MO3BOJIMIM CAEIaTh BBIBOZ O BBICOKOM TOU-
HOCTH BOCCTaHOBJIeHUs nouid nmyteM F-anmpokcumanuu [Crpaxos, Kepumos, 2001; Ke-
pumos, 2003, 2009a, 6]. B npakTuke rpaBUMETPUYECKUX UCCIECIOBAHUN TOBOJIBHO IIIH-
POKO HCHOJIB3YETCsl METOA NTepecyeTa NCXOAHOTO Mo B BeIcMe mpou3BoaHble [Elkins,
2014; Hinze et al., 2014; Pasteka et al., 2014; Jacoby, Smilde, 2014].

Kak nokasano MoaenupoBaHUE aHOMAJIBHOTO IPaBUTALIMOHHOTO I10JISI CHCTEMBI pas3-
HOOPHUEHTHPOBAHHBIX Pa3JIOMOB I UX TPAacCUpOBaHUs Harbosee 3PPEKTUBHO UCTIONb-
30BaHUE TPETHEU BEPTUKAIBHOM MPOU3BOAHON Wzzz moTreHumana cuisl TshkecTu. Panee
ObUIO OJTYYEHO BbIpa)KEHHUE /IS IEPBOI BEPTUKAIBHOM MPOU3BOAHOM I'PaBUTALIMOHHOTO
MOTEHLMAzA U 3aJaHHOM MPOU3BOJIBHOM 10 TOPU30HTAIN U BEPTHKAJIA CETH pacdeT-
HbeIX Touek  [Crpaxos, Kepumos, 2001]:

(szz 317131)'2
W& &) = Zﬂ . 2)
7T k=1 2 2 \2
(Zk,l + pk,l)2
rae A, — MHOXuTenu Jlarpanxka,
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Pr = \/(xl,k - 51,1)2 + (xz,k - ‘52,1)2 ;
Zy =Xt 653,1 +2H.

Bripaxkenue nis TpeTbed BEPTHKAIBHOW NMPOU3BOAHON MOTEHIMAIA CHIIBI TSKECTH
Ha ocHOBe F-anmpokcumanuu BBIISIIUT CIEAYIOINUM 00pa3oM:

75, z,,(8z),—40p; z;, +15p; )
W , , — E /1 k.l k.l kJ1<k,l k.l (3)
wrlbi00001) = (ze,+ i)™

JlaHHOE BBIpaKE€HHUE IT03BOJISIET HAXOAUTh IPOCTPAHCTBEHHOE pacupenenenue W, Ha
ocHoBe F-anmpokcumariuu B 3aJaHHO# ceTn pacueTHsix Touek (&,5,,S;) .

[Tpu F-anmpokcumanmu penbeda 3eMHON TOBEPXHOCTH MPUHUMAETCS, 9TO B N TOU-
Kax 3aJaHbl (B AEKAPTOBOW CHCTEME KOOpIUHAT 0.XYZ ) MpHOIMKEHHBIE 3HAUYECHHS BHICOT
Hi(‘s) HEKOTOPBIX TOUEK (xi, Y, ), i=1,2,.., N [Kepumos, 20096].

[IpuHumaercs, 4To:

H® =H, +6H,, 4)

rae

H. — tounbIe 3HAaYEHUS BHICOT,

H ,-(5) — IpUOTMKEHHBIC 3HAYEHUS BBICOT,

OH; — NOTPEIIHOCTH B 3a[JaHMHU BBICOT,

Y 9TO KOOPJAHHATHI (xl., v ), i=1, 2, ..., N 3aganbl TO4HO.

Torpa oy TMHEMHOM annpoKCUMalUn H (x, y) AMEEM CIIEAYIOLIEE IBHOE aHAJIUTH-
YECKOE BBIPAKCHHE B AJIEMEHTAPHBIX (PYHKIUAX:

,x)=22 € ~
JASTERY s (482+(x,.—xj)2+(y,-_yj)2)1.5

rae

A, — MHOXUTeNN Jlarpanxa;

& — NOTPEUIHOCTD AMIPOKCHUMALUH.

3HaueHUE COCTABISIOIINX YKIOHA penbeda, a TakkKe 3HAYEHUS MOIYNS U a3uMyTa
BEKTOpa YKJIOHA penbeda MOKHO OIPENEIUT MO CIEAYIOMIM (hopMyIaM:

3 6j N A, (x; —xj)

A Vv S o v
_be A=)

) a7 = 7

Hg=+H: +H} (8)
A, =arcsin(H , / Hy) 9)

Ha MonensHBIX U MPaKTUYCCKUX MPpUMEpPAX ITOKa3aHa 3(1)(1)CKTI/IBHOCTB pCUICHUA Ha
ocHoBe F -alllIpOKCUMAIIM IIUPOKOT'0 KpyTa BAXKHBIX MPAKTHUICCKUX 3ada4d:

* BoccranoBleHne 3Ha4eHUN MOTEHIIMAILHBIX MOJISH B y3iaax pCFYHHpHOf/'I CCTH C
YUC€TOM PA3HOBBICOTHOCTU UCXOAHBIX U PE3YJIBTATUBHLIX TOYCK (3D I/IHTCpHOJIHI_II/IH).

* HckiroueHHe MCKaXKarollero BIMSHUS aHOMAaJbHOIO BCPTUKAJIBHOI'O I'paauCHTA
IIpU ICPeCcUCTC HaGJ]IO,HeHHOFO TIOJIsI Ha TOPHU3O0HTAJIBHYIO INIOCKOCTD UJIN J'IIO6yIO 3aJaH-
HYIO ITOBCPXHOCTL.
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*  QuibTpanys NoMeX, HapylIaroIuX FapMOHMYECKUI Xapakrep HaOJI0JeHHOTO
MOTEHLUAIBHOIO TIOJIS.

B pamkax Teopun merona F-annpokcumanuu pa3paOoTaHbl aIrOPUTMbI M KOMITBIO-
TepHble TexHOoNoruu 3D TpaHchopmanuu (BHIYUCICHUE BBICIIUX MTPOU3BOIHBIX MMOTEH-
LUaJIbHBIX MOJIEH, aHAJIUTUYECKOE NPOJODKEHNUE B BEPXHEE U HIXKHEE MOJYNPOCTPaH-
CTBA 3JIEMEHTOB ITOTEHIIMAJILHBIX TIOJIEH, pa3/ieleHue aHoMalIbHbIX nosei). Takxke paspa-
00TaHbI AITOPUTMBI U KOMITBIOTEpHBIE TeXHOJOrMM F-anmpokcumanuu penbeda 3eMHOM
MIOBEPXHOCTH, UCTOJIb3YEMBbIE Ul PELLIEHUS PA3JIMYHbIX 33]a4 TPaBUMETPUU, MarHUTO-
MeTpuH, NPUKIATHON KapTorpaduu, reomopdonoruu u 1p. Ha psge peaibHbIx reosio-
ro-reo(u3n4YecKuX MaTepraoB oka3aHa 3()()eKTUBHOCTh MPUMEHEHHSI TPaBUMAarHUTHBIX
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Puc. 1. Mooenv Ne 1. Cxema pacnonosicenusi 6epmuKaibHulX npusm /
Fig. 1. Model Ne 1. Layout plan of vertical prisms
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Puc. 2. Mooenv Ne 1. Kapma anomanvroeo noas cunsl msxcecmu /
Fig. 2. Model Ne 1. Map of the anomalous gravity field
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Puc. 3. Mooenv Ne 1. Kapma 6exmopoé 2opu3onmanbHo20 SpaoueHma Cuibl msicecmu /
Fig. 3. Model Ne 1. Map of horizontal gravity gradient vectors
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Puc. 4. Mooenv Ne 1. Kapma mpembeti 6epmukaioHou npoussoono Wzzz /
Fig. 4. Model NelMap of the third vertical derivative Wzzz
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JAHHBIX JUI1 U3YYEHUs Pa3IOMHON TEKTOHHKHU U MPOTHO3UPOBaHUS HedTeraonepcnex-
THBHBIX JIOBYIIIEK B TITyOOKOIIOTPYXKEHHBIX TOpH30HTax [IpeakaBkasps.

Jlnst onieHKkH 3(p(PEeKTUBHOCTU TPaBUMETPUUYECKUX METOAOB NPH U3YYEHUU CHUCTEM
pa3ioMOB M 30H TPEIIMHOBATOCTH OblIa pa3paboTaHa cepus MOAENeH W pacCUUTaHbI
aHOMaJIbHOE T'PaBUTAIIMOHHOE T10JI€ ¥ €T0 MPOU3BOAHbIE. MonienupoBaHe aHOMAIbHOTO
I'PAaBUTAILIMOHHOTO SBJSETCS JOBOJBHO IIMPOKO PACHPOCTPAHEHO B TEOPUHU U MPAKTUKE
rpaBupassenku [IIpuezxaes, 2010; Mueller et al., 2014; Schmidt et al., 2014]. Mone-
JMPOBAHUE TIOJS CHJIBI TSDKECTH JUISl TeOTEPMANIbHBIX MECTOPOXKAECHUH PacCMOTPEHO B
psne pador [McDonald et al., 2014; Abiyudo et al., 2003]. Jlns pemenust npsmMoii 3a-
Jla4y TPaBHPA3BEIKHU JJIsl BEPTUKAIBHBIX JIMHEHHBIX MPU3M Pa3IMYHON OpHEHTHPOBKU
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Puc. 5. Mooenv Ne2. Cxema pacnonodicenusi 6epmuKaibHbiX NPU3M U 30H MpewuHosamocmu /

Fig. 5. Model Ne2. Layout plan of vertical prismsand fracture zones
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Fig. 6. Model Ne2. Map of the anomalous gravity field Ag

ObL1a pazpaboTaHa MporpaMma, OCHOBaHHAsl Ha MJIEAX pPELICHHs MPSMBIX 3a7a4y TpaBu-
METPHUH U MAarHUTOMETPUU JJIS1 DIEMEHTOB I0JIEH OT TUMOBBIX ANMPOKCUMUPYIOIIUX TEJ

B.H. Crpaxosa [CtpaxoB u 1p., 1986a, 0].

Ha pucynke 1 npuBeseHa cxema pacrofioKeHHs OJ0KOB, IPEACTABIAIOMINX B IJIaHE
JIBa psiia Mo 3 MPU3MAaTUYECKUX Teja CyOIIMPOTHOW OPHUEHTUPOBKHU, CMEIIEHHBIX OTHO-
cutenbHO ApyT Apyra Ha 1 kM. [Ipusmer 1, 3, 4 u 5 umeroT onuHakoBbIE pa3mepsl 5x15 kM,
r1yOrHa 3ajieraHusl BEpXHEW TpaHU COCTaBISIET 2 KM, HWKHEH — Skm. Ilpusmer 2 u 5
uMeroT pasMepsl 5x20 kM, TiIyOuHa 3aj7eraHusi BepXHel rpaHu cocTaBisieT 1,5 KM, HIK-

HEH — 5 KM.
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Fig. 3. Map of Wzzz and fault systems of the western part Terek-Sunzha anticline zone
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AHOMaJIBHOE TOJI€ CUJIBI TSDKECTH Ag Ul JaHHOW MOJENH, IOJyUYEHHOE B PE3YJib-
TaTe pelIeHus NMPsAMOi 3a/1aun NMPUBEACHO Ha pucyHke 2. Ha naHHOW kapTe BUAHO, YTO
aHOMaJIbHOE I10JI€ BHIPUCOBBIBACTCS B BUJIE CJIOKHOM aHOManuu, popmMa KOTOPOH He I0-
3BOJIIET OIHO3HAYHO BBIJEIUTH IPAHUIIBI OIOKOB.

Ha xapre BEKTOpPOB rOpHU30HTAJIBHOIO I'PaJMEHTa CUJIbI TShKECTH (puc. 3) OTHOCH-
TEJIbHO HETIJIOXO BBIJIENIAIOTCS CyOIIMPOTHBIE IPAHUILIBI, B TO e BPEMsi MEPHINOHAJIbHbIE
T'PAHULIBI BBIICIUTH OAHO3HAYHO CIIOJKHO.

Ha xapre TpeTbeil BepTHKaIbHON MPON3BOIHONU Wzzz (puc. 4) rpaHHLbI OJOKOB BbI-
PHCOBBIBAIOTCS IOCTATOYHO YETKO, XOPOILIO TAKXKe BUIHO CMELIEHHE OIOKOB.

Ha pucynke 5 npuBeneHa cxema pacroyioxeHus 010koB a1t Mmozaenu Ne2, mpesicras-
JsIoINasl B IUIaHE OAMH psA U3 3 MPU3MAaTHYECKUX TeJl CyOIIMPOTHOM OpPHEHTHUPOBKH,
CMEIIIEHHBIX OTHOCUTENIBHO APYT Apyra Ha 1 KM, OCIIO)KHEHHBIX IByMsI MEPUAHOHAIbHbI-
MU JTMHEHHBIMU 30HaMU IOBBILIEHHON TPEILIMHOBATOCTH.

Kapra anoManbpHOTO nosts cuiibl TshkecTd Ag it moaenu Ne 2 mpuBeieHa Ha pUCYHKE
6. Ha nanHON kapTe BHJHO, YTO QaHOMAJIbHOE I10JIE€ BHIPHUCOBBIBAECTCSI B BUJE CIIOKHOU
aHomaJuy, (opmMa KOTOPOI He MMO3BOJISIET OAHO3HAYHO BBIACIUTH IT'PAHULIBI OJIOKOB, 30HBI
TPELIMHOBAaTOCTH TaKXe BhIPa)KEHBI Cl1a0o.

Ha xapre TpeTbeil BepTHKaJIbHON NPOU3BOAHOW Wzzz (puc. 7), MOCTPOECHHOMN Ui
JAHHOM MOJIENH, TOCTAaTOYHO BBIJCISIOTCS OJOKHM B BUJE KBAa3UIPSIMOYTOJIbHBIX aHOMA-
7. 30HBI TPEIMHOBATOCTH BBIIEISAIOTCS B BUJIE IMHEHHBIX OTPULIATEIBHBIX AHOMAJINH.

Ha pucyHnke 8 npencrasieHa kapra Wzzz u cucTeM pas3noMoB 3anagHoi yactu Tep-
ck0-CyH)KEHCKOW aHTUKJIMHAIBHOU 30HBI. [Ipu BbIEIEHNN pa3IoMOB ClEeIyIOIINE MPH-
3HAKM Ha KapTax aHOMaJIbHOT'O T'PAaBUTALIMOHHOIO I10JIs UCIIOJIb30BAJIUCh:

- 0OJIBILIME TPAJUEHTHI AaHOMAJIBHOTO TPAaBUTALIMOHHOTO TOJIS;

* IIOJIOCBI UHTEHCUBHBIX ITOJIOKUTENBHBIX TPAaBUTALIMOHHBIX aHOMAJIMM UIU LICTIOYKH
MaKCHMYMOB CHUJIbI TSYKECTH;

* pe3Kas CMEHa IPOCTUPAHUSA aHOMAJIMK IPaBUTALIMOHHOTO IO,

* pe3Kas CMEHa 3HaKOB aHOMAJIBHOI'O I'PaBUTALMOHHOTO I10JIS;

* CMEHa 001I1ero XapakTepa rpaBUTALIMOHHOrO 1o (cI0kHO AuddepeHnrpoBaHHoe,
cJ1a00BO3MYIICHHOE, TOUYTH Oe3aHOMaJIbHOE);

* CMEHa JIMHEWHO! (hOpMBbI Cl1a00 BBIPAKEHHBIX aHOMAJIUI Ha U30METPUUECKYIO.

Ha mopdomerprueckux kaprax:

* JMHEWHBIE 30HbI MIOBBIIICHHBIX YKIOHOB pelibeda 3eMHON MOBEPXHOCTH;

* JMHEWHBIE 30HbI PE3KOTO U3MEHEHUS KPyTH3HBI penbeda.

Ha pucynke 9 noka3aHo CONOCTaBIEHHE CXEMbI pPa3JIOMOB, SMHULEHTPOB 3eMJIETPSI-
ceHuii u penbeda onucrsiBaemoro paitona Tepcko-CyHxKeHCKON aHTUKIMHAIBLHON 30HBI.

BbiBOADI

1. Pa3paboTaHbl aJITOPUTM U KOMIIbIOTEpHAs MPOrpaMMa BBIUMCIICHUS 3JIEMEHTOB
QHOMAJIBHOTO T'PAaBUTALIMOHHOTIO IOJISL JJIsI CUCTEMBI PA3JIOMOB Pa3IMYHON OPUEHTHPOB-
K1, ocHOBaHHBIE Ha popmynax B.H. Crpaxosa.

2. IlporpaMMa mpoTecTupoBaHa Ha CEPUM MOJAEIBHBIX IMPUMEPOB. YCTAHOBIIEHO,
YTO Pa3IOMHO-0JIOKOBasi TEKTOHHWKA M 30HBI MOBBIIIEHHON TPEUIMHOBATOCTA Hambolee
YETKO OTOOpa)KkaroTcs B M0JI€ TPEThEN BEPTUKAILHOM MPOU3BOJHON Wzzz.

3. Meron F-ammpokcuManuu sBIsieTcs BBICOKOA(P(EKTUBHBIM METOIOM BBIYHCIIC-
HUS BBICIIMX IPOU3BOIHBIX JUUIS HCXOAHBIX TaHHBIX, 3aJaHHBIX HA HEPETYJSIPHOM B IIJIaHE
Y 110 BBICOTE TIOJISI CUJIBI TSKECTH.
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Fig. 9. Map of fault systems and relief of the western part Terek-Sunzha anticline zone

4. Ha ocHOBe MHTEpHpeTay MOl TPeThel BEPTUKAIBLHOW MPOU3BOAHON Wzzz u
MOp(HOMETPUYECKOTO aHaIn3a penbeda 3eMHOM MOBEPXHOCTH YTOUHEHO PACIIONOKEHUE
paznoMoB A 3anagHoi yactu Tepcko-CyH)KeHCKON aHTHKIMHAIBHOM 30HBI.

5. DHUUEHTPHI CUIIBHBIX 3eMIIETPSICEHUI, KaK MPAaBHUIIO, OTMEUYAIOTCS B y3J1aX Mepe-
CEUEHHS Pa3JIOMOB, SIUIICHTPHI K€ CAa0bIX 3eMJIETPSCEHUN OTMEYAIOTCSl BHYTPH OJIOKOB.
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Pestome: AKTyanbHOCTb pa6oTbl. TpaauUMOHHO CEACMUYECKIE BO3AEGICTBUA B NPAKTUKE CEACMOCTOIKO-
ro CTPOMTENbCTBA OLEHWUBAIOTCA BENWUYUHON NKOBOTO rOPM30HTANILHOIO YCKOPEHUs rpyHTa. Mpu aHanuse no-
CNeACTBMIA CUMbHBIX U PA3PYLLUMTENbHbIX 3EMNETPACEHIA HE0OX0ANMO Y4UTbIBATb MHOMO(AKTOPHOCTb BAIMSHUA
npoLecca 3eMNeTPSCEHUs Ha 3aCTPOIKY. M3BECTHO, 4TO HENMHEMHbIE CBOWCTBA CpPefbl 0Ka3blBaOT BMSHUE
Ha CNeKTpaNbHbIA COCTaB U aMNAMTYAY KONe6aHWin Ha NOBEPXHOCTU TOMLLM, 4TO 06YCNABMNBAET 3aBMCUMOCTb
cencmMmnyeckoro adpdpexTta 0T ypoBHA Bo3aencTeus. Llenbto paboTbl ABNSETCS YCTAHOBMEHWE CBA3WN UHCTPYMEH-
TaNbHOM CEACMUYECKOI UHTEHCUBHOCTU C HEMIMHENHbIMU CBONCTBAMM CPefibl B CIOXHbIX MHXXEHEPHO-Te0N0ru-
4eckux u reomopdponormyecknx ycnosusx. Merogbl pabotbl. Mogenuposanue Kone6aHuin rpyHTOBOM TOMLLM
BbIMOHANOCH METOAOM KOHEYHbIX a11eMeHTOB. OCHOBHbIE MEXaHWUYECKME CBOICTBA CPe/ibl ObIN AOMNONHEHbI Na-
paMeTpoM, XapakTepu3YIOLLUM HENTIMHEAHYIO 3aBUCUMOCTb «HanpsKeHue-aedopmauus». PesynbTatbl paboTbl.
BbINONHEHO MOAENMPOBAHUE CEICMMYECKMX KONEBaHWUIA rPYHTOBOI TONLM C Pa3fMYHbIM 3HAYEHMEM napame-
TPa KPYTU3HbI HENUHEHON 3aBUCUMOCTM «HaNpshKeHne-gedpopmans». B peaynsrate yCTaHOBNEHbI pasnnyuns
B CMEKTPanbHOM COCTaBe W NPOCTPAHCTBEHHOM pacnpeaeneHnn aHeprun KonebaHuin. B HenMHelHbIX cnekTpax
npoMCXoauT nepepacnpefeneHne aHepruu B 601ee BbICOKOYACTOTHYIO 06M1acTb, KPaTHY0 OCHOBHOMY MMKY,
TEM CUMbHEE, YeM CUMbHEEe KPYTU3HA KPUBOI «HanpsikeHue-aedopmaums». YCTaHOBMEHO, YTO B LiENOM pas-
NINYHbIE UHCTPYMEHTAmNbHbIE MepPbl MHTEHCUBHOCTU UMEIOT OAMHAKOBBIA XapakTep U3MeHeHNs BA0Nb npoduns,
UCKNIOYEHNE COCTABNAET KYMYNATUBHAA aBCOMOTHAsS CKOPOCTb, pacnpeaenieHne KoTopOn CUIbHO MeHSIeTes Ans
pa3HbIX 3HAYEHNIT KPYTU3HbI KPUBOW «HanpshxeHne-gedoopmanusi». GTeneHb NposiBNEHUs HENUHERHbIX CBOACTB
TPYHTOB TaKXXe MOXXET XapakTepu30BaTbCA BEIMYMHON NNOLAAN HOPMUPOBAHHOTO CMEKTPA, YBENNYEHME KOTO-
POJi CBA3AHO C YBENWUYEHWEM LUMPUHBI CNEKTPa, 06YCNOBNEHHON nepepacnpeaeneHnem aHeprun B 60ee BbICo-
KO4YaCTOTHYO 06M1aCTh.
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Abstract: Relevance. Traditionally, seismic impacts in the practice of earthquake-resistant construction are
estimated by peak horizontal ground acceleration. Consequences of strong and destructive earthquakes show
multifactorial impact of the earthquake process on buildings. It is known that the nonlinear properties of the
medium affect the spectral contents and the amplitude of vibrations on the surface of the stratum, which causes
the dependence of the seismic effect on the level of impact. The aim of the work is to establish a relationship
between instrumental seismic intensity and nonlinear properties of the medium in complex engineering-geological
and geomorphological conditions. Methods. Modeling of oscillations of the soil stratum was carried out by the
finite element method. The main mechanical properties of the medium were supplemented by a parameter
characterizing the nonlinear stress-strain relationship. Results. The simulation of the propagation of seismic
waves in a medium with a different degree of nonlinear properties, specified by the steepness of nonlinear stress-
strain curve, is performed. As a result, differences in the spectral composition and spatial distribution of vibration
energy were established. In nonlinear spectra, the energy is redistributed to a higher frequency region, a multiple
of the main peak, the stronger, the steeper the stress-strain curve. It has been established that, in general, various
instrumental intensity measures have the same pattern of change along the profile, with the exception of the
cumulative absolute velocity, the distribution of which varies greatly for different steepness values of the stress-
strain curve. The degree of manifestation of the nonlinear properties of soils can also be characterized by the area
of the normalized spectrum, the increase in which is associated with an increase in the width of the spectrum due
to the redistribution of energy to a higher frequency region.
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BesepeHre

O mposBIECHUN HEIMHEHHBIX CBOMCTB B TPYHTAX M3BECTHO YK€ JOCTATOYHO JABHO.
[To uacTpymenTanbHbIM HaHHBIM [['Bo3neB, Ky3nenos, 1977; Hukonaes, 1987; 3aanui-
Buin, 1983; 3aanumBmm u ap., 2021, 2022a; Zaalishvili, 2016] u naHHBEIM MaTeMaTu-
yeckoro moaenupoBanus [[lonraBues u ap., 1998; Bonnet, Heitz, 1995] uzBectHo, 4TO
TIPU UHTEHCHUBHBIX CEHCMUYECKUX HArpy3Kax MPOUCXOANT IepepacipeiesieHue YHEPTUN
KoJieOaHui, 00pa30BaHUE CEMCMUYECKHUX BOJTH C YaCTOTOM paBHOM CYMME M PA3HOCTH Ya-
CTOT B3aMMOJICHCTBYIOIIMX BOJIH, BOJIH C YaCTOTAMH KPAaTHBIMHM YaCTOTE BO3MYIIIAIOIEH
CHJIBL. DTO OMpeesieT BO3MOXHOCTh BOSHUKOHOBEHHSI PE30HAHCOB Ha YaCTOTaxX, KOTO-
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pbI€ HEBO3MOXHO ITPOTHO3UPOBATh B paMKax JIMHENHBIX MOZEJIEH U MHCTPYMEHTAIbHBIX
METOJI0B, OCHOBAHHBIX Ha CIa0bIX BO3AECUCTBUAX (perucTpaius MUKpOCeiicM U Ci1adbIX
3eMJIETPSICCHUI).

IlepBoii paboToii, koTOpast OblUIa MOCBSIIEHA BONPOCAM HEMOCPEICTBEHHON OlIEH-
KU HEJIMHEHHOCTH B IPyHTax sIBJIIETCS TeopeTnueckas pabora A.B. Huxonaesa [1967].
ITozxe A. A. I'Boznes u B. B. Ky3HenoB uccienoBany HETMHEVHbIE SBJIEHUS B JIUIIEHTPE
HeOonbmoro B3psiBa [I'Bo3aeB, Kysnenos, 1977]. Kak mokas3piBaloT COOTBETCTBYIOILIUE
UCCIIeIOBaHus, B (DOPMUPOBAHUN CEHCMUYECKHUX BOJIHOBBIX IMOJIEH B pealbHbIX cpenax
OTIpeJICJIEHHYO POJIb UTPaeT pU3nUecKas HETMHEHHOCTh, XapaKTEePU3YIOIIAsACs HeIUHEH-
HOCTBIO CBSI3M HamnpspkeHus u aedopmaruu [3aamumsuiy, 2009]. [Ipu Tpancdopmariu
JUHEHHO-YNIPYTruX AepopMaIii B HEIMHEHHO-yIpyTue S3Heprus «rnepekadnsaercs» B BU
JIMAIa3oH CIEKTPa, OCTABAsICh MOCTOSHHOM, U IJIOLIA/(b PEaIbHOTO CIEKTpa KojeOaHui
He MeHsercs. [IposBieHne HelMMHeHHbIX CBOMCTB IPYHTOB B BHICOKOYACTOTHOM 00JIaCTH
CHEKTpa MHCTPYMEHTaJIbHO ObuIO ycTaHOBiIeHO B.b. 3aamumBunum B 1987 . B n Topu
[3aanumBunm, 1987].

B meronuueckoM milaHe SKCHEPUMEHTAbHbIE HCCIIEAOBaHUS HEOOXOIUMO MPOBO-
JUTh HA Y4acTKaX C M3BECTHOH NPOSBICHHOW MHTEHCUBHOCTBIO 3E€MIIETPSCEHUS, YTO
IIPEIOJIAraeT CONOCTaBICHUE TapaMeTPOB HEIMHENHOCTH COOTBETCTBYIOINX TPYHTOB.
C npyro#t CTOpOHBI, U3 CYLIECTBYIOIIHUX MPUEMOB OLIEHKH HETUHEHHOCTH HEOOXOIUMO
BbIOpaTh HanOOJIEe ONTUMAJIBHBIE, AAOIIHE BOZMOXHOCTh MOIY4YEHHUS YKa3aHHBIX Mapa-
METPOB B BHJE, KOTOPbI MOI' ObITh HEMOCPEACTBEHHO HCIOJIb30BaH B MOCIEAYIOLIEM
IIPU PELIECHUM ITPAKTUUECKUX 3a1a4 CEHCMUYECKOT0 MUKpOpaiioHUpoBaHus. C IOMOILBIO
MaTeMaTu4eckoro MoAeIUPOBAHUS MOTYT ObITh PACCMOTPEHBI Pa3IMYHbIC TUIIBI KPUBBIX
«HanpspKeHue-1eopManya», YTo MO3BOJIUT BBIUUCIUTH PAa3IUYHbIE NMapaMeTphbl HEJu-
HENHOCTH, COITIACOBATh UX C IKCIIEPUMEHTAIBHBIMU JJAHHBIMU U I1OJIyYUTh COOTBETCTBY-
IOLIUE OLIEHKU B YCIIOBUSX €CTECTBEHHOTIO 3aJIETaHUs.

MoAEAVNPOBAHNE CENCMUNYECKNX KOAEDBAHUN TEOAOTMYECKMNX
OObEKTOB METOAOM KOHEYHbLIX SAEMEHTOB

MogenupoBaHue METOJOM KOHEYHBIX AJIEMEHTOB MO3BOJSET CTPOUTH ABYXMEpHBIE
U TPEXMEPHbIE MOJIEIH ¥ TIOAXOIUT AJISl MOJIEIHPOBAHUS T€0JIOTHYECKUX 00BEKTOB [3a-
anuumBWIK U 1p., 2001, 2008].

OcHoBHas nness MKD 3akiirouaercst B TOM, 4TO UCCIIETyeMbIid OOBEKT MPEICTABIISICT-
Csl B BUJIE COBOKYITHOCTH OT/IENIbHBIX SJIEMEHTOB KOHEUHBIX Pa3MEPOB, CBA3AHHBIX MEX Y
co0o0ii B y31ax. B kauecTBe 3/1eMEHTOB HCTIONB3YIOTCA Teja Pa3lIundHbIX KOH(UTYpaIuii:
PU3MBI — B TPEXMEPHBIX 3a7a4ax; CTePKHU — B Pa3HBIX KOHCTPYKIIUSX; TPEYTOIbHUKH,
YEeTHIPEXYTOJIbHUKH U JIpyTHe MIockue Gurypsl — B IByMepHBIX 3a1auax [bare, Buicow,
1982]. Bb1Oop TpEeyroiabHBIX IEMEHTOB UMEET PsJl MIPEUMYIIIECTB, T.K. CETKa U3 TPEY-
TOJIBHBIX 3JIEMEHTOB IMO3BOJISIET JOCTATOYHO TOYHO OMHUcaTh 00yt popmy penbeda u
CJIIOUCTON CTPYKTYpbl TPYHTOBOTO MacCHMBa CO CBOMMH (PU3MKO-MEXaHUYECKUMHU CBOM-
CTBaMH, U3MEHSIOIIUMUCS BO BPEMEHU B 3aBUCUMOCTH OT UHTEHCUBHOCTH BO3JICHCTBHSI.
B kadecTBe BO3/A€HCTBHS UCHOJIB3YETCA aKceleporpamMma 3eMJIETPACEHUs, KaK MpaBU-
JI0 TOPU3OHTAIILHOTO HAIMpPAaBIIEHUS, MPUIIOKEHHAs K OCHOBAHUIO TPYHTOBOTO MacCHBA.
[‘pyHT HaxonUTCS B yCIOBUSX IJIOCKOM AeopMaIlK U pacCMaTPUBAETCS KaK OPTOTPOII-
Has cpefa. Ocu OPTOTPONUU COBIAAIOT C HANIPABICHUSMU TJIABHBIX HANPSKEHUH.

MogenupoBaHue HETUHEHHBIX KONEOaHWI TPYHTOBOTO MacCHBa OCYIIECTBIISETCS
MyTeM IOCJIeI0BaTeIbHOTO OMpPENENICHUs HAMPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUS
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Fig. 1. Dependence of the normalized modulus of elasticity on shear strain

CHCTEMBI B KaX/Iblii MOMEHT BPEMEHH (JIUCKPETU3ALMH aKCeNepOrpaMMbl), yUUThIBas CO-
CTOSIHME CUCTEMBbI Ha Mpeblayniem mare. Ha kaxxaom mare cuctema c4uTaeTcsl JIuHe-
HO-yIIPYTOM.

Jlist onucaHus HEIMHEHHBIX CBOMCTB IPYHTOBOM Cpeibl BOCIIONIb3YEeMCsl aHAJIUTHYe-
CKOM (yHKIMEH, npeanoxeHHoi B padore [Bonnet, Heitz, 1995], cesa3biBatomieii nedop-
maunn cxsura (z,¢) u kacarenbHble HaIpsHKEHUS 7(z,t):

GO Tm X
r=Gly. Glr)=—tr ro="2, (1)
1+ |L 0
7o
e 7, — MaKCUMaJIbHOE 3HAYEHUE KACATEIIbHOIO HAIPSKEHUS; [ — BpEMs.
NHuaye:
G
Gly)=—" (2)
1+ aly|
II€ @ =— — HEJIWHEHHbIN NapaMeTp, COOTBETCTBYIOIIUA TOMY WJIM MHOMY THILY
IpyHTa. 7o

B pacuerax ucnonb3oBanack 3aBucuMocth G/G i INIMHUCTBIX TPYHTOB IO JaH-
HbIM pabot [Hardin, Drnevich, 1972; Seed, Idriss, 1970; Seed e tal., 1986; Seed, Sun,
1989; Ganapathy et al., 2020]. CooTBeTcTByIOIIasl MapaMeTPU30BaHHAs KpHUBasi Mpe.-
CTaBJICHA Ha PUCYHKe 1.
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Fig. 3. Computational region represented by finite elements

Pe3yAbTaTbl PABOTHI M UX OBCYXAEHWE

[TpakTHueckuii UHTEpeC MPH KCIOIB30BAHUU METOJa KOHEUHBIX DJIEMEHTOB Mpe-
CTaBJISIET UCCIIEOBAHE OIOJI3HEBBIX OOBEKTOB M MOJEIMPOBAHHME MOBEIEHUS TPYHTOB
IpY MHTEHCUBHBIX ceficMrueckux KoieOaHusx. B kadecTBe mpumepa ObLIT paccMOTpEH
Jlyapckuii onon3eHb, PaclooKEHHBIM Ha MPaBOM CKIIOHE TOMUHBI p. ApaoH, B 1,0km
3anagHee cenenus: YHan (PCO-Ananus, Anarupckuil paiioH), U SBISIOUINIICS OTHUM U3
Haubonee kpynHbix B CeBepHoii Ocetnn. B miaHe 3TOT OMON3€Hh UMEET BHITSHYTYIO
dbopMy u gocturaeTr B JIMHY 2,3 KM MpH cpeaHeil mmpune 650-700m. Poixiibie omio-
JKCHHsI, CIIararolie Tejao0 OIMOJ3HS, COCTOSAT U3 CBETIO-KOPUYHEBOTO CYINIMHKA U CEpoit
CyliecH, BKJIIOUAIOIUX OTAENbHBIE KPYITHBIE TIIBIObI, 00JIOMKH U 1Ie0€Hb KOPEHHBIX IO0-
pox. Teno omom3Hs MOACTUIAIOT aPTUIUIUTHI, aJIeBPOJIUTHI, IECYaHUKH MH3YPCKON CBU-
ToI (J;p,m), magarommue K peke AproH nox yriamu 40-45°. Buanmast MOIIIHOCTB PBIXJIBIX
onoi3HeBbIX oTnoxkeHur 50-60M. Cxemarmueckuil paspe3 Jlyapckoro omos3Hs mpen-
CTaBJIEH Ha PUCYHKE 2.

[IpencraBuM uccnenyemyro o0nacTh B BUJIE JIByX MOA00IACTe — OCHOBAHUS U3 KO-
PEHHBIX MOPOJI, MOACTUJIAIOIIEE TENO OMoN3HA (mogobnacts 1), u Tena ononsHs (moao-
6nacts 2). [IpousBenem pa3bueHue Bceit 00IacTH Ha TPEYrodbHbIe KOHEYHBIE SJIEMEHTHI.
Paz0buenue Ha TpeyroabHbIe SIeMEHThI 00YCIOBIEHO MPOCTOTOM U THOKOCTHIO ONTUCAHUS
KOHCTPYKIMH CKOJIBKO YTOIHO CIIOXKHOM (opMel (puc. 3).

Bbynem cuutarh KaxkIyr moao0nacTh OJHOPOIHOM C MapaMeTpaMH, XapaKTepHBIMU
JUISL QJIeBPOJIMTOB U TIECYAHUKOB B mojpobiactu 1, u cymuHkoB B noxobnactu 2. Ceiic-
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Fig. 4. Vibrations spectra on the surface for different values of the nonlinearity parameter

MUYECKHE CBOMCTBA OIOJI3HEBOTO TeJa OMpPEIeIsUIUCh [0 JAHHBIM CEHCMOpa3BeJOYHBIX
pabor [Zaalishvili et al., 2020a].

[Togo6nacte 1: miorHocts rpynTa p = 2600 Kk2/M>, CKOPOCTB TOMEPEUHBIX BOJIH
v = 1200 m/c n xo3ppunment [lyaccona p = 0,2.

[ono6macte 2: miIoTHOCTH IpyHTa p = 1900 x2/M3 CKOPOCTH MONMEPEUHBIX BOJH
v = 700 m/c n xoappunument Ilyaccona p = 0,3.

Bynewm cunrtath, 4TO OCHOBaHHE paccMaTpuBaeMoii 00s1acTu (HyJIeBOM CIIOi), a TaKxke
JIEBBIA U MPaBbI Kpas — ®KECTKO 3aKPEIUICHBI, a MpujlaraéMble CUJIbl BO3IEHCTBYIOT Ha
nepBbId cioil. B kauecTBe BHemIHel Harpy3ku R Oyaem HMCIONb30BaTh peaibHbIN celic-
muyeckuid curHan Jloma-Ilpuera npomomxurensHoCThi0 40 CEKyH] MPU YacTOTE AUC-
kperuzaruu dt=0,02 c.

PacueTsl BRIMOTHSIKCH AJIS Pa3IMYHBIX TAPAMETPOB HeTMHEHHOCTH o 0 (JIMHEHHBIH
pacuer), 15, 30. Iloctponm CIieKTpbl CUTHAJa B HEKOTOPBIX Y3JIaX, PACIONIOKEHHBIX Ha
MOBEPXHOCTH paccMaTpUBaeMoOi 00JIacTH — pUCYHOK 4. B HennHelHOM ciydyae nposiBIis-
eTcsl cocTaBisaronias Ha yactore 5,4-5,5 I'u. [Ipencrasnser uHTepec paccMOTPETh MPo-
CTPaHCTBEHHOE paclpeielieHue YacTOThI KOJIeOaHH BAOJIb OMOJI3HEBOTO Tena (puc. 5-6).

B pesynbrare, nepepacnpeneneHe YHepriuu KojJeOaHuii MpOUCXOAUT HE TOIBKO B Ya-
CTOTHOM JIMANia30He, HO U XapaKTePU3yeTCs OMPeIeICHHBIMU TPOCTPAHCTBEHHBIMU 3aKO0-
HOMEPHOCTSIMHU. B 4acTHOCTH, B HEJTMHEMHOM Cily4ae BICOKOYACTOTHAs COCTAaBIISIONIAs
Ha yactore 6,5-8 I'i Habmomaercs Ha koopauHare 2000w, 5 'y — B uHTepBanax ot 0 g0
800M u 2200-2300 ™M (puc. 60, B). [Ipu 3TOM cocrapisromas Ha yactote 2,5 ' mpomnop-
[IMOHAJILHO YMEHBIIAETCsI IO CPABHEHUIO C JINHEHHBIM pacieToOM. YKa3aHHbIE HHTEPBAJIbI
MIPUYPOYCHBI K HEOTHOPOIHOCTIM penbeda U, COOTBETCTBEHHO, YBEIMYECHUIO aMIUTUTY/]
KoNeOaHUii U, KaK CIeICTBUE, OOBIIEMY MPOSBICHUIO HETMHEHHBIX CBOMCTB. [IpocTpan-
CTBEHHAsI HEOJTHOPOTHOCTD MOJIEH YCKOPEHUI JTHEBHOM MOBEPXHOCTH TAK)KE BBIACISAIACD
MHCTPYMEHTAJIBHO U paHee [3aanuiBuim u ap., 20220].

[Ipy MHTEHCHUBHBIX BO3JIEHUCTBUSAX B PBIXJIBIX TPyHTaX HAOMIOJAeTCsl yBEIUYECHHE
ceficmuueckoro 3ddexra. B To e BpeMs, Ipu CHIIbHBIX BO3ACHCTBUSIX CEHCMUYECKUT
3¢ deKT u3-3a HEIMHEHHOCTH TPYHTOB MOXKET WHOT/A 3HAYUTEIHLHO YMEHbIIATHCI. DTO
MOJATBEPKIACTCS KaK 3aMUCSIMH CUIIBHBIX 3eMJIETPSICEHUI, TaK U KCIIEPUMEHTAIbHBIMU
naHHbIMU (3anuch T. Topu). [losToMy HenuHEiHbIe SBJICHHS Ba)KHBI MPU ONpEAeTICHUN
WHCTPYMEHTAJIbHON Mephbl CEeHCMUYECKOW HHTEHCUBHOCTH.
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MakpoceiicMuyeckasi ”HHTEHCUBHOCTD IPEJICTaBIIsAET COOOM JIOKAIBHYIO MEpY COTpSi-
CEHUS IPyHTA MPHU 3€MIIETPSICEHUH, COOTBETCTBYIOILYIO PEAKIIMU PA3IUYHBIX OOBEKTOB B
BUJIE MIOBPEXKICHUH pa3IMYHON CTENEHU 3JaHUI U coopyxkeHui. OneHka ceiicMruuecKoit
WHTEHCUBHOCTH SIBJIsieTCsl Mepoit addekra Bo3aeicTBUS ceiicMIUUeCcKUX KoneOaHuil, Ko-
TOpBIE MPUBOAST BIIOCIEICTBUU K pa3pyLICHUSIM pa3IU4YHbIX 00BEKTOB, B MIEPBYIO OUe-
pelb, 3MaHu U COOPYKEHHUH, a TaK)Ke COOTBETCTBYIOIINM yiiepbam. B cBs3u ¢ uem ma-
KpocelicMuuecKkasi UHTEHCUBHOCTD SBIISIETCS MapaMeTpOM, HAMpPSIMYIO OLEHUBAIOLIIM
celCMUYECKUE PUCKHU (KaK CTaTUCTUYECKUE PACHPEENICHUs CTENEHN U KOJIMYeCcTBa Io-
BpeXIeHuH 3nanuii paznuanoro tuna) [Gutenberg; Richter, 1956; Trifunac, Brady, 1975;
Wald et al., 1999; Musson et al., 2009; Caprio et al., 2015; Zaalishvili et al., 2020b].

[Tockonbky BenmmunHa PGA sBisieTCsl OCHOBOIIOIATAIOMIUM B CEHCMUYECKOM 30HU-
POBaHMHU NAPaAMETPOM JIBHIKEHUS I'PYHTA U CEMCMHUUYECKOM NPOEKTHUPOBAHMM 3/1aHUN U
COOPY>KEHHUH, B TIEPBYIO OUepelb, UMEHHO CBSI3b M1y PGA M MHTEHCHUBHOCTBHIO ObLIa
npoaHa u3upoBaHa u ycraHosieHa [Gutenberg; Richter, 1956; Trifunac, Brady, 1975].
[TapameTrp PGV (mukoBasi CKOpoCcTh) Oosiee mokas3aresieH A MOBPEXKACHUN OT 3emile-
TpsiceHUs] B Ooyiee THOKUX KOHCTPYKLHUSAX, U MOJENIH JIMHEHHOW perpeccuu reHepupy-
torcs Ha ocHoBe PGV. Wald et al. [1999] ycranoBwIH, 4TO 3HAUYCHUS MHTCHCHUBHOCTH,
paccunTanHble ¢ nomousio PGV, 6bu1H HaziexxHee, yeM 3HaueHus1, ocHoBaHHbIe Ha PGA,
ecnu daKkTUUecKas ceiicMUYecKasi HHTCHCUBHOCTh Oblia He Hike VII GammoB. Akansel
et al. [2014] 3asBuan, 4TO CBSA3b ceficMuueckoit mkaasl MMI ¢ PGA wiu PGV 3aBucur
oT npouHocTu rpyHToB. Bilal u Askan [2014] npumm k BeiBoay, uro MMI umeer myu-
LIYI0 JJUHEWHYI0 Koppemsiuuto ¢ PGA s sxectkoi cTpykTypbl 1 PGV — mi1s mactuunon
cTpykrypbl. C uHkeHepHOU Touku 3peHust PGV 1mo3BossieT HenmocpeACTBEHHO yUUTHIBATh
BO3/ICHCTBYIONIYIO U MOIIOIIAeMYI0 HccleayeMbiM 00bekToM sHepruu. [Tomumo PGA n
PGV, nia ycraHOBIIEHHSI B3aUMOCBSI3€1 TaK)K€ MCIOJB3YIOTCS IPYrHe MapaMeTphl JIBH-
YKEHMsSI TPyHTAa.

OcHOBHbIE MapaMeTpPhbl BO3ACHCTBUS MOXKHO pa3e/IUTh Ha aMIUIHTYIHBIC: MaKCH-
MaibHble ckopoctu (PHD), cmemenust (PHV u yckopenus (PHA), cpennexBaaparuye-
ckoe yckopenue (RMS), criekrpanbHble mapaMeTphl — CpeaHeB3BelIeHHas yacToTa (faw),
JHEpPreTHYECKHe MapaMeTphl, TAKHE KakK IJIOMaAb CIeKTpa (Sr), KyMynIsaTUBHAs aDCONIOT-
Hasi ckopocThb (CAV), KyMyJSITUBHBIN KBaIpaT yCKOPEHU (MHTEHCUBHOCTbh ApHaca), UH-
JieKc moyHOM BxoaHo# sHepruu (Er), mpomomkutensHOCTs Konebanuii (Duration, koTo-
past Takke MOXKET ONpPENENAThCS Pa3IUYHBIMU CIIOCO0AMHU) U MPOU3BOIHBIE OT JTaHHBIX
napameTpoB — Hanpumep Mepa Damkdapa (Fajfar), ruromanas HOPMHPOBAHHOTO CIIEK-
Tpa (Sr) a TakKe MmapaMmeTpbl CHEKTpa peaklMu — MHTEHCUBHOCTh Xay3Hepa (Hausner
intensity). Onucanne Bcex MPU3HAKOB M COOTBETCTBYIOIINE (hOPMYJIBI IPUBEICHBI B pa-
oote [3aammmBuiay u ap., 20226].

Ha pucynke 7 nmpuBeneHbl pa3IMyHble MEPHI CEMCMUYECKOW MHTEHCUBHOCTHU BJIOJIb
npo¢uisi. BoTbIMHCTBO MapaMeTpPOB UMEIOT CXOXKHIM XapakTep n3MeHeHui. Vckimoue-
HUE COCTaBJISIOT MMKOBOE 3HaueHue ckopoctu PGV, miomans peanbHOro crnekrpa Sr u
KyMyJsiTUBHAs abcomtoTHas ckopocTb CAV. 3HaueHus MMKOBOIM CKOPOCTH COBIMAJAIOT C
AQHAJIOMYHBIMU JIJIS1 YCKOPEHUN U CMEILEHU, HO YBEIMUEHUE TapaMeTpa o IPUBOAUT K
yBenuueHuto PGV (puc. 76). [lockonbKy mposiBIeHHE HEIWHEHHBIX CBOWCTB MPOSIBIIS-
€TCsl B YBEJIIMYCHHUH IIUPHUHBI CIEKTpPA, MJIOLIaJb HOPMUPOBAHHOTO CIIEKTpa Sn yBEIH-
yuBaetcs (puc. 73). KauecTBeHHbIe pa3nuuus OT HEJIMHEWHOTO MapameTpa o Haubosee
CYLLECTBEHHBI /U1 KyMylsITUBHOM ckopoctu CAV (puc. 7x).
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BbiBOADI

1. PazpaboTtaHbl MOAENHN pacpOCTPAHEHHUS CEHCMHUECKUX BOJH B CpeJie C pa3iIny-
HOM CTETIEHBIO MPOSBICHUS HEIMHEWHBIX CBOMCTB, 3aJ]aBAEMbIX ITapaMETPOM KPYTHU3HBI
HEJIMHEWHOHN 3aBUCUMOCTH «HaNpsKeHUe-ae(opMarus.

2. Peanm3oBaH airopuT™M MOJAEIUPOBAHUS KOJICOAHUN TPYHTOBOW TOJIIH METOOM
KOHEYHBIX 3JIEMEHTOB Ha OCHOBE SKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEN «HAIPSKEHUE-/1e-
dhopmanmsy.

3. YcraHOBIEHBI pa3auyMs B CHIEKTPAJIBLHOM COCTaBE U MPOCTPAHCTBEHHOM pacmpe-
JICJICHUW SHEPTruu KoleOaHuil. B HeMMHEeHOM cily4yae MPOUCXOIUT MepepacipeiesieHne
9HEpPruM B 00JIee BRICOKOYACTOTHYIO O0JIACTh, KPATHYIO OCHOBHOMY IHKY T€M CHIIbHEE,
gyeM OoJbliie napaMeTp HEIMHEHHOCTH (IIPY paBHOM aMIUTUTY/IE BO3ICHCTBUS).

4. TlposiBneHue ceicCMHUUYECKOW MHTEHCUBHOCTU MOXXET 3HAYUTEIIbHO MEHSTHCS MO/
BIUSHUEM CIIOKHBIX HHKECHEPHO-TCOJIOTUICCKUX U TeOMOP(OJIOTUICCKUX YCIOBHUH.
Heonnoponnoctu penbeda NMpuUBOAAT K YBEIWYEHHIO aMIUIMTYZ KOJeOaHUH M, COOT-
BETCTBEHHO, K OOJIbIIIEMY MPOSBICHUIO HETHMHEHHBIX 3PPEKTOB — MepepacipeieIcHUIO
SHEPTUH B BBICOKOYACTOTHYIO 00J1aCTh C OJHOBPEMEHHBIM YMEHBIIIEHUEM aMILTUTY/IbI KO-
neGaHui.

5. BOJNBIIMHCTBO mapamMeTpoB UHCTPYMEHTAIBHOM CEUCMUYECKOW MHTEHCUBHOCTHU
HMMEET CXOKHUI XapakTep u3MeHeHui. VckitoueHne cocTapisitoT MMKOBOE 3HAYEHUE CKO-
poctu PGV, miomans peanbHOro CreKTpa St U KyMyJsSTUBHAs aOCONOTHAS CKOPOCTh
CAV. Haubosnpliiee BIUSHUE TApAMETP HETMHEHHOCTH OKa3bIBACT HA KyMY/ISTUBHYIO a0-
COJIIOTHYIO ckopocTh CAV.

6. CreneHb NPOSIBICHUS HEJIMHEWHBIX CBOMCTB IPYHTOB XapaKTEPU3YETCSl BEIUUH-
HOU IO HOPMUPOBAHHOTO CIIEKTPa, YBEIMYEHUE KOTOPOH CBSI3aHO C YBEJIUYECHUEM
UIMPUHBI CHEKTpa, 00yCIOBIEHHON MepepacnpeieeHueM Hepruu B 060see BhICOKOYa-
CTOTHYIO 00JIaCTh.
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Pestome: AkTyanbHOCTb pa6oTbl. B CBETe HOBbLIX JAHHbLIX O CrEKTpax Kone6aHUi rpyHTa npu 3emneTps-
CEHUSX PACCMOTPEHbl BAXHbIE C HAY4YHOM U NPAKTUYECKOM TOYEK 3PEHUs BOMPOCHI Y4eTa «IPYHTOBOro» (hak-
TOpa B Ka4ecTBe OAHON U3 OCHOBHbIX COCTaBAKLIMX BEPOSTHOCTHOrO aHanu3a CencMUYECKO OMacHOCTM
(probabilistic seismic hazard analysis wan PSHA) Tepputopuii. Lienb uccnepoBanus. A3y4eHne BANAHNA ycTa-
HOBJIEHHbIX PaHee pPasnuynii B CreKTpax KosebaHui pasHbIX TUMOB FPYHTOB NPK 3eMSIETPACEHUAX PasHOi Be-
NINYUHBI U YOANEHHOCTU Ha Pe3YNbTUPYIOLLME BEPOATHOCTHbIE OLEHKN CEliCMWUYECKON OMacHOCTY TePPUTOPUIA B
KOHKPEeTHbIX ceilcMoreonornyeckux ycnosusx. Meroabl uccneposanua. Pabota 0CHOBaHa Ha COMOCTaBNEHNM
(pyHKLWiA pacnpeneneHns BepOATHOCTEN MaKpOCeACMUYECKOW MHTEHCUBHOCTM COTPACEHUIA, NONYYEHHBIX MO pe-
3yneratam PSHA Tepputopuu PCO-Ananus. CpaBHUBANNUCh OLIEHKM, BbINOSTHEHHbIE PA3feNlbHO A1 «MATKUX>» 1
«TBEpAbIX» FPYHTOB. Mlcnonb3yemble B pacyeTax MOLenu CeicMU4YHOCTU UAEHTUYHBI MOZENAM, Pa3paboTaHHbIM
ANs [eTanbHOro CeMcMUYeCcKOro panoHUPOBAHUS 3TO TeppUTOPUMN. B Ka4yecTBe MOJENEeN CUMbHbIX ABVXKEHUNA
1CNOJIb30BaHbI Pa3paboTaHHbIe B NPOLecce NPeablayLLnX UCCNes0BaHN HOBbIE 3MNUPUYECKNe QOYHKLUNK 3a-
TYXaHWUA CMEKTPOB «MATKUX» W «TBEPAbIX» TPYHTOB. VITOrOBbIe OLEHKW MaKpPOCENCMUYECKON WHTEHCUBHOCTM
NoJTy4eHbl NEPECcYeTOM U3 BEPOATHBIX CNEKTPOB KOe6aHuii rpyHTa. PesynbTathl uccnefoBanus. B pamkax PSHA
Ansa cpefHux nepuofos cotpsacaemoctu 500, 1000, 2500 1 5000 et npou3BeaeHbl OLEHKM U KapTUPOBaHUe no
niowann Bo3MOXHbIX Ha Tepputopun PCO-Ananus MakpocemcMU4ecKuX MHTEHCUBHOCTEN COTPACEHNIA B YCNO-
BUAX «MATKNX>» U «TBEPAbIX» FPYHTOB C NOCNEAYIOLLMUM ONpeeSieHneM PasHoCTeNn MeXay HUMU. 3HaYeHUs 3TUX
pasHocTei («npupaLLeHnin 6anibHOCTI») MEHAKOTCSA OT MecTa K MecTy. KpoMe TOro, OHW 3aBUCAT OT CPeLHUX Me-
p1OJI0B NOBTOPAEMOCTM COTPACEHMIA. Pa3mep aTux Bapuaumii moxxet gocturats 0,8 6annos MSK, 4to sBnseTcs
[0CTaT04HO 60/bLION BENUYUHONM C NPAKTUYECKON TOYKM 3peHus. VISMEHYMBOCTb «MpuUpaLLeHnii 6anibHOCTW»
NOKa3blBAET, 4TO BEPOATHOCTHbIE OLIEHKN CEICMUYECKNX BO3JAENCTBUIM C Y4ETOM MECTHbIX FPYHTOBbIX YCITOBUIA,
BbINONHAEMbIE HA OCHOBE PACMPOCTPAHEHHbIX B PO «[BYXCTYNeHYaTbIX» PACHeTHbIX CXEM (rae CHadana jaet-
s «(DOHOBAsA» MHTErpanbHas BEPOATHOCTHAA OLEHKA, B KOTOPYKO 3aTeM BBOAWTCSH HEKOTOpas (DUKCMPOBaHHAs
«IPYHTOBAfA» MOMNpPaBKa), He ABNAOTCA KOPPEKTHbIMU U MOTYT COLepXXaTb 3Ha4YUTeNbHbIe NorpewHocT. bonee
NepCrnekTUBHLIMM B JAHHOM OTHOLLEHUM ABMSAIOTCA «OAHOCTYMEHYATble» CXeMbl, KOraa peakunu pasHbix TUNOB
TPYHTOB Y4MTbIBAKOTCA YK€ HA NepBOM 3Tane (T.e. [0 NOSy4eHUs UHTerpanbHbIX OLLEHOK) NyTeM paspaboTkm co-
OTBETCTBYIOLUNX MOJENeN CUITbHbIX [ABUXEHUNA rPyHTa.
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Abstract: Relevance. The issues of taking “ground” factor into account as one of the main components of
probabilistic seismic hazard analysis (PSHA) of territories, important from scientific and practical points of view,
are considered in the light of the recent data on the ground vibration spectra during earthquakes. Aim. Study
of the influence of the previously identified differences in the vibration spectra of various types of soils during
earthquakes with different magnitude and distance on the resulting probabilistic assessments of the seismic
hazard of territories in specific seismogeological conditions. Methods. The work is based on a comparison of
the probability-distribution functions of the macroseismic intensity of ground motions, obtained from the PSHA
results for the North Ossetia-Alania territory. The assessments carried out separately for “soft” and “hard” soils
were compared. The seismicity models used in the calculations are identical to the models developed for the
detailed seismic zoning of this territory. New empirical attenuation functions of spectra of “soft” and “hard”
soils, developed during the previous studies, were used as strong motion models. The final assessments of
macroseismic intensity were obtained by recalculation of the probable spectra of ground vibrations. Results.
Within the framework of PSHA, for average periods of ground motions of 500, 1000, 2500 and 5000 years,
assessment and mapping of the area of possible macroseismic intensities in the territory of North Ossetia-Alania
under “soft” and “hard” soil conditions were made, followed by determination of the differences between them.
The values of these differences (“intensity increments”) vary from place to place. In addition, they depend on
the average return periods of ground motions. The size of these variations can be up to 0.8 intensity of MSK-
scale, which is quite a large value from a practical point of view. The variability of “intensity increments” shows
that probabilistic assessments of seismic impacts, taking local soil conditions into account, performed on the
basis of the “two-stage” calculation schemes common in the Russian Federation (where a “background” integral
probabilistic assessment is first given, and then some fixed “soil” correction is introduced to it), are not correct
and may contain significant errors. More promising in this regard are “single-stage” schemes, when the reactions
of different soil types are taken into account already at the first stage (i. e., before the integral assessments
obtaining) by developing appropriate models of strong ground motions.

Keywords: probabilistic seismic hazard assessmen, seismic properties of “soft” and “hard” soils, ground
vibration spectra, seismic microzonation.
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BesepeHve

OCHOBHbIE XapaKTEPUCTUKU JBUKEHHUM MOBEPXHOCTH 3€MJIM MPU 3EMIIETPSICEHUSIX
(MaxpocelicMuYecKas ”HTEHCUBHOCTb COTPSICEHUHN, aMILTUTYIHbIM YPOBEHB U CIIEKTPaJib-
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HBIA cocTaB KoJeOaHui, UX AJIUTEIBHOCTh U JIP.), ONPENENISIONUe YPOBEHb OMACHOCTH
9TUX 3eMJIETPSACEHUI, 3aBUCAT OT MECTHBIX IPYHTOBBIX ycnoBuil. Kak moka3bIBaroT Ha-
YaBIIMECs €IIe C UICTOPUUECKUX BpEMEH HAOIIOCHUS, BIUSHUE «TPYHTOBOTO (pakTopar»
Ha O0IIMii HeraTUBHBIN AP PEKT OT 3eMIIETPSICEHUI BEChMa BETTUKO M HAXOIUTCS B OTHOM
Py ¢ TAKUMHU ONPEIENSIONIUMY MMOKa3aTesIMK, KaK BeIMYMHA (MarHUTY/Ia) U yOaJIeH-
HOCTh 3emiieTpsiceHus. [loaToMy n3yueHHe pa3NUuYHbBIX aClEeKTOB (POPMHUPOBAHUS OIS
cuiIbHBIX IBIKeHUH TpyHTa (CI") B pa3nuuHbIX WHKEHEPHO-TEOJIOTHUECKUX YCIOBUIX
TPaAULIMOHHO SIBIISIETCS OHUM M3 OCHOBHBIX HAPaBICHUI UCCIIEIOBaHNUN B 00IaCTH UH-
XKeHepHoil ceficmonoruu. OcoO0eHHO MTyOOKO U pe3yNbTaTUBHO 3TH UCCIIEIOBAHUS CTAITU
MIPOBOJIUTHLCS TIOCIIE TIOSBICHHUS CIICIIUATBHBIX CUCTEM HHCTPYMEHTAIBHON perucTpanun
CWJIbHBIX 3eMieTpsiceHnid. Cpeau Hanbolee KpymHbIX padoT, MOABOASIINX UTOTH MEPBBIX
NECATUIICTUN TaKUX UCCIIEOBAHUN M YKA3bIBAIOIIMX MEPCIEKTUBBI HA Oyayliee MOXKHO
OTMETHUTH TPY/l BBIJAIOIEr0Cs y4€HOTr0 (KOTOPOrO MHOTHE CYMTAIOT OTIIOM €BPOIEHCKOiM
uHxeHepHoii ceiicmornorun) C.B. Mensenesa [Mensenes, 1962]. Otomy HampaBIeHUIO
00bIlIOE BHUMAHKE YACISIIN B CBOMX MCCIIEOBAHUSIX MHOTHE OTEYECTBEHHBIC U 3apy-
OexHble uccienoBarenu (cM. 0030psl U oTAeIbHbIE padoThl [CaBapeHckuid, 1972; Hamer-
Bapuase, 1973; Celicmuueckoe..., 1977; Celicmuueckuii..., 1981; Aku, Puuapac, 1983;
Pusznnuenko, 1985; Ilreiin6epr, 1986; Ouenka..., 1988; Uepnos, 1989; ParnukoBa u
ap., 1988; lteiin6epr u np., 1993; Kpurep u np., 1994; 3aanumsunu, 2009; Atkinson,
Boore, 2011; Campbell, Bozorgnia. 2014; Akkar et al., 2014; Beven et al., 2015; AnemuH,
2017; Kanununa u ap., 2017; Sokolov, Sahran, 2018; Bora et al., 2019]). K Hacrosimemy
BPEMEHH YXKe co3/laHa oOIast Hay4Has 0a3a U BBISABICHBI OCHOBHBIC SJIEMEHTHI JAHHOTO
HOPUPOIHOTO sIBIEHUS. B To jxe Bpems emié ocTaroTcsl OTAEIbHbIE BOMPOCHI, OTHOCSIIH-
ecs K JJaHHOUM TeMaTHke. B 4acTHOCTH, 3TO OTHOCHUTCS K MCIIOJIb30BAHUIO BBIIICYTIOMSI-
HYTBHIX 3HAHUI B MPAKTUYECKUX IENAX. Tak, HampuMep, HECMOTPS HA MOHUMaHHUE TOTO,
YTO peaklMs IPyHTa Ha BXOJHOE CEHCMHUUYECKOe BO3JCHCTBHE CIOKHBIM 00pa3oM 3aBU-
CUT OT MHOTUX (PAaKTOPOB (YaCTOTHI CEHCMUYECKOTO CUTHAJIA, TEOMETPHH TPAHMII CIIOEB,
YIJIOB MOJIX0/Ia CECMUYECKUX BOJH, HEYNPYTHX CBONCTB pPEabHBIX TPYHTOB M Jp.) B
OOJIBLIIMHCTBE CIy4YaeB OTEUECTBEHHBIE (M HE TOJILKO) HOPMATHBHO-METOINYECKHE JIOKY-
MEHTBI COZIEPKaT PEKOMEH IAIINH, CBOJSIINECS K UCIIOIb30BAHUIO HEKOTOPHIX KOHCTAHT,
YOPOIIEHHBIM CIIOCOOOM YUYWTBHIBAIOIIUX BIUSHUE PACUETHOW T'PYHTOBOM TONIIU (CM.,
HanpuMmep, [3aamumBuiu u ap., 2018; 2022]). D10 cBs3aHO, B TOM YHCIIE, C TEM 00CTO-
SITETTLCTBOM, UTO BBIIIEyKa3aHHbIC 3aBUCUMOCTH JOCTATOYHO CJIOXKHBI U OMPEACTSIOTCS
OOJBIIMM KOJTMUYECTBOM BXOSIIUX B HUX MApaMETPOB, OMpPENEICHHE KOTOPHIX OOBIUYHO
3aTPYIHUTENBHO MPU POBEACHUN PYTUHHBIX OIEHOK CECMHUYECKON OMacHOCTH.

B cBsI3M ¢ 3TUM B psijie MHKEHEPHO- CEHCMOIOTMYECKUX UCCIEI0BAaHUN (CM. BBIIIIE)
IpeIaraloTCsl Pa3InyHbIe YCOBEPIICHCTBOBAHUS MPOIIEIyp yUeTa IPyHTOBBIX yCIOBUH,
HarpaBJIeHHbBIE HA TO, YTOOBI MOBBICUTH TOYHOCTH MTPOTHO3HBIX OIICHOK, HE YCIOKHSISI UX
BBIIIIE HEKOTOPOTO MpUeMIeMoro ypoBHsa. OJlHa U3 MOMBITOK MPOJBUHYTHCS B 3TOM BO-
npoce npennpuHsaTa u Hamu (cM. [Uepros, 2022]). B a1oit paboTe onucaH nepBblii dTamn
HAuaThIX B JJAHHOM HampaBlieHUH uccienoBaHuil. OCHOBHBIM pe3yabTaTOM 3[€Ch CTaIu
MOJyYeHHbIE Ha OCHOBE JOCTATOYHO MPEICTABUTEIHHOIO CTATUCTUYECKOTO MaTepuaia
SMNUpHUEcKre (PYHKIMHU 3aTyXaHUsl YPOBHEH cHeKTpanbHOM miuoTtHoctu Dypoe (|S]) B
3aBHUCHUMOCTHU OT OTPaHUYEHHOTO M JJOCTYITHOTO JJisi pyTHHHOTO MPUMEHEHHsI Habopa ma-
pamMeTpoB — MAarHUTY/bI 3emieTpsicerust (M), paccTosHus 10 oyara (D) v 4aCTOTHI CIIEK-
TpanbHOHU coctapistoweit (f). Ouenku |S| (M, D, f) B Buie COOTBETCTBYIOIIMUX (YHKLIUI
pacrpeeneHus: BEpOSTHOCTEH BBITIOTHEHBI Pa3AeNbHO NI ABYX TPYII 3eMJIETPSCECHUH,
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Puc. 1. IIpumepul naubonee 6eposmHuIX CHEKMPATbHBIX XAPAKMEPUCTIUK «MASKUX» SDYHINOE NO
OMHOWEHUIO K «MBepOblM» epyHmam (¢ (f) — ocb opounam) na pasnuunsix paccmoanusax 0o ovaza (D),
PACCUUMAHNBIX 0TI 3eMAEMPACEHUT PAZHBIX MACHUMYO — CHIOWIHAS TUHUSA, WIMPUX-HYHKMUP, ONUHHbLI

NYHKMUP, KOPOMKUL NYHKMUP U MOYeYHAs: TUHUY OYeHKU O 3emaempsicenuti c M =7, 6, 5, 4 u 3,
coomeemcmeenno. Oco abcyucc — nozapugpm wacmomot 6 Iy /

Fig. 1. Examples of the most probable spectral characteristics of “soft” soils in relation to “hard” soils (p
(f) — the y-axis) at different distances to the source (D), calculated for earthquakes with different magnitudes —
a solid line, a dot-dash line, a long dotted line, short dotted line and dotted line of the assessments for
earthquakes with M = 7, 6, 5, 4 and 3, respectively. The x-axis — logarithm of frequency in Hz

pa3IMYaOIUXCs TPYHTOBBIMHU YCJIOBUSIMHU B IIYHKT€ PETMCTpalMM. ODTH ABE IPYIIIbI
I'PYHTOBBIX YCJIOBUI 00bEMHEHBI TIO/1 HA3BAaHUAMU «MATKHE» U «TBepAble» rpyHTHI. [lo-
CTpOEHHbIE (DYHKIIMU 3aTyXaHHUs OKa3aJIUCh CYIIECTBEHHO Pa3IMYHBIMU JUIS «MATKUX» U
«TBEPJBIX» TPYHTOB U JUIS Pa3HbIX 3Ha4eHUH M, D, f, 4TO NPUBOAUT K TOMY, YTO COOT-
HOUICHHUSI YPOBHEH CIIEKTPOB KOJEOAHUM «MATKUX» U «TBEPABIX» I'PYHTOB HE SIBIISIOTCS
KOHCTAHTOM, a CIIOKHBIM 00pa30oM MEHSIOTCS NMPH U3MeHeHuu M, D, f, 94TO OTIUYHO OT
BBIILIECYTIOMSAHYTHIX CTAaHAAPTHBIX OLIEHOK, IPUMEHSAEMBIX Ha mpaktuke. Cka3zaHHOE Ha-
IJISAHO WIITIOCTPUPYETCS PUCYHKOM 1.

OueBuaHO, YTO HCMONB30BaHUE MONO0OHBIX Moxenei CJII' B pacuerax ceiicmuue-
CKOHM 0MacHOCTH Oy/IeT KOPPEKTUPOBATh MPOTHO3HbIE OLIEHKU 10 CPAaBHEHHUIO C TEMH, YTO
0OBIYHO MCMONB3YIOTCS Ha MpakTuke. OTBETaM Ha HEKOTOPBIE U3 BOIPOCOB O TOM, B Ka-
KHX CEHCMOreoJOrMuecKUX yCIOBUAX U B KaKOM CTENEHHU 3TH HOBbIE (DYHKIIMHU 3aTyXa-
HUS BIUSIOT HA KOHEYHBIE OLEHKU CEHCMUYECKON ONTACHOCTH M HACKOJIBKO TO BAayKHO C
NPaKTUYECKOM TOUKH 3pEHMS U MOCBSAIICHA HACTOAIIAs paboTa, ABISIOIIAsACS MPOJOIIKe-
HueM Havatelx B [UepHoB, 2022] ucciieoBaHui, 4YeM U ONIPENEISIETCS €€ aKmyalbHOCHb
U HOBU3HA, & TAKXKE Yellb U NPAKMUYECKas 3HAYUMOCHb.

NHPOPMALMOHHAS 6A3A M METOAMKA MCCAEAOBOHUN

Pabora 6a3upyercst Ha pe3ysbraTax BEpOATHOCTHOTO aHAJIHM3a CEHCMHUYECKOH orac-
HocTu (probabilistic seismic hazard analysis nvniu PSHA), B kauecTBe npumMepa, BHITION-
HeHHoro Juig Tepputopun PCO-Ananus. [lpu 5ToM npuMeHeHa Ta ke pacueTHas cxema,
YTO U NPU OLICHKaX BO3MOXKHBIX CEMCMUYECKUX BO3AEHUCTBUN JJIA JETAIBHOIO CEUCMMU-
yeckoro parionupoBanus (JICP) nannoi teppuropun (nogpodnee cm. [Uepnos, 2021]).
31ech yKakeM JIMIIb, YTO B HACTOSIIEH paboTe aHATM3UPYIOTCS OLIEHKH, PACCUNTAHHBIC
B pamMKax (opMyJbl IIOJHOW BEPOSITHOCTH, IJI€ YCIOBHAs BEPOSITHOCTh ONMCHIBAET He-
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OIpEeICIEHHOCTH, CBA3aHHBIE C MPOTHO3UPOBAHUEM MTAPAMETPOB KoJIeOAHUH TpyHTa MIPH
BO3HMKHOBEHHMHM Ouara 3eMJeTpsiCeHHs, a 6e3yCclIOBHAsI — HEONPEAEIECHHOCTH BOSHUKHO-
BEHUS 3TOT0 ouara B JaHHOM MECTE B 3a/IaHHBIN TPOMEXYTOK BpeMeHU. MTorosas oues-
Ka IPHU 3TOM IPEJCTABISAET COOON BEPOSTHOCTHYIO CYNEPIO3UIMIO BO3IEHCTBHI BCEX
MIOTEHLIMAJIBHO OMACHBIX 0YaroB 3eMJIETPSACEHUN C YYETOM MX IIOBTOPSEMOCTH.

IIpu npon3BOACTBE BhIIIEYKa3aHHBIX TOCTPOEHUH UCIIOIBb3YIOTCSI UICXOAHBIE JAHHBIE,
COOTBETCTBYIOILIUE JIBYM THUIIAM Y4acTBYIOLIMX B pacueTax MoOZEJIEeH — MOAEIIEH JI0Kallb-
HoM ceicmuuHocTH u Mmozened CII. Moaenu celicmuunoctu (Mozaenu 30H BO3, onieHku
pa3MepoB, MEXaHU3MOB U OPUEHTALMHU B IPOCTPAHCTBE OYaroB IOTEHIIMAIBHO ONACHBIX
3eMJIETPSICEHUH Pa3HBbIX MarHUTYI, PaCIpeIEICHUE 04aroB 3eMJIETPSICEHUI pa3HbIX Mar-
HUTY/] 10 DIIyOuHE, UX MOBTOPSEMOCTb BO BPEMEHHM) AJISi pacCMaTpUBAaEMON TEPPUTOPUHU
npuseneHsl B [UepHoB u ap., 2018]. B kauectBe mozaeneit CII" ncnonb3yroTcsi HOBbIE
BEPOSITHOCTHbIE (DYHKIIMHU 3aTyXaHHsI CEKTPOB Dypbe YCKOPEHUH KOEOaHUN «MATKUX»
U «TBEPABIX» IPYHTOB, NOApoOHOE onucaHHble B [YepHoB, 2022]. 31ech JAMIIb OTMETUM,
YTO JaHHBIE MOJIENIN MPEJCTABISAIOT COOON CTaTUCTUYECKHE ANPOKCHUMAIIUKN OOJIBIIOTO
o0beMa HIMIUPHUECKUX AaHHBIX (0k0J10 3400 criekTpoB) KonebaHuil rpyHTa, 3apEerucTpH-
pOBaHHBIE IIpHU 3eMileTpsAceHusx ¢ M=2,5-7,3 u D =1-658 kM B pa3IMuUHBIX TPYHTOBBIX
YCIIOBUSIX, YCJIOBHO Pa3J€JIEHHBIX Ha JIBE IPYIIIbI — «MATKUE» U «TBepAbIe» IPYHTHI. [1ox
TEPMUHAMU «MSTKHE» U «TBEPJbIe» IMOAPa3yMEBAIOTCS TPYHTHI, KOTOPblE MOTYT OBITH
OTHECEHBI (C M3BECTHOMU J10JIel TOUHOCTH, KOHEYHO) K TPYHTaM, COOTBETCTBEHHO, I u I
kareropuii CHull no celicMuueckum cBoOMCTBaM.

VY4uThIBas, YTO B OTEUECTBEHHBIX HOPMAaTUBHO-METOAMYECKUX JOKYMEHTAX YPOBEHb
celicMUYEeCKOil OMacHOCTH BhIpa)kaeTcs B BUjE 0asIOB MAaKPOCEHCMHUUECKON IIKAJbI, B
HacToseil paboTe TakXKe ClIeNaHbl OLEHKU BEPOSTHBIX MHTEHCHUBHOCTEH COTpsSCEHUi
(/) mo 12-tubanneHoi mkane MSK. VccnenoBaHusi OCyIIECTBIEHBI B HECKOJIBKO ATAIIOB.
CHauana B Ka)KJI0i U3 paCu€THBIX TOUYEK, PACIIOJNIOKEHHBIX B TpaHuLiax teppuropun PCO-
Ananvs ¥ Ha NPWIETalOIIMX Y4acTKaxX € IIAroM IO CETKE 5X5 KM NPOU3BENEHBI OLICHKU
(byHKLUI pacripesieseHnsl BEpOSITHOCTEN CllydyailHON BeTUYMHBI /, KOTOpPbIE pacCUUTHIBA-
auck yepes cnekTp Pypbe yckopeHuit konebanuit rpyHTa (cM. [Uepnos, 2022]) no ¢op-
MyJI€:

f, (xa; )

12 1 i — .
P[I<i]= l-—— | e 7 dx)’ (1)
H H ( osN27 x'[ )

j=i f=f,

max min

TIE a; ;U 0; ;0003HAYAIOT, COOTBETCTBEHHO, 3HAYEHHS U CTAHAAPThI BEIUYHMH X=/g|S]
MPUINMCAHHBIX OAJNIBHOCTH /=j Ha 4acTOTaX, «OTBETCTBEHHBIX» 3a MHTEHCUBHOCTh CO-
TPACEHHUH f;, @ TaKKE CPEHUE 3HAYECHUS M CTAHAAPThl BENMYMH X=/g|S]|, MPUIHMCaHHBIX
6amtbHOCTH /=i, f Ha YacTOTax f, OONBIINX, YEM YaCTOTa, KOTBETCTBEHHAS 3a CEHCMU-
uecKui 2Q(EKT TaHHOM CHIIBI [=/; X; (— 3Ha4YeHue Jorapudma HabIIONEHHOTO CIIEKTPa Ha
4acTOTaxX f;, a TAKKE Ha 4acTOTaX OOJBIIMX YaCTOThI, OTBETCTBEHHON» 3a OAIIBHOCTD
I=j; X, — TAK € Kak ¥ B BbIpakenuu (1.6) paBHo a; ,-50; 4 k,— MOKa3aresb CTENEHH,
PaBHBIA €IMHHUIIE VIS YACTOT, KOTBETCTBEHHBIX» 338 Makpocehicmuueckuii sQpdexr 1, u
MEHBIIIE €IUHULBI IJIS 4acTOT, OOJIBIINX, YEM YacTOTa ﬁ, IJIS KOTOPBIX k™ kg/kl-, KOTJa
k, — SMIUpHYECKU OnpenenseMblid KodGQUIMeHT IuHEHHON perpeccun [g|S| na I msa
4acTOTEI f;.

B cBsi3u ¢ TeM, 4TO B JAHHOM Cily4ae MHTEHCUBHOCTb COTPSICEHHM OLIEHWBAETCs HE
0 Pe3yJIbTaTaM MPSIMBIX MAaKPOCEUCMUYECKHX 00CIIEIOBaHNH, a TOCPEICTBOM Iepecye-
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TOB uepe3 cnekTp Pypre konedaHuii rpyHTa, TO Aajee (Takxke, kak B [UepHos, 2021] u
JPYTUX HaIUX OpeAblayIInx padorax) OyaeM Ha3blBaTh MOJy4yaeMble ¢ IIOMOIIbIO BbI-
pakeHus (1) olleHKH CIIeKTpaNbHON 6aTTBHOCTBIO (1),).

Ha crenyromem starne rno noigy4eHHbIM (GYHKLIUAM pacnpenenenus (1) oneHuBaauch
3HA4EeHHUs /., BEPOATHOCTb HE MPEBBIIIECHUS KOTOPHIX B JAHHBIX PACUETHBIX TOUYKAX 3a
BpeMs skcnio3utinu S50 ser coctasuser 0,9; 0,95; 0,98 u 0,99, uTo comacHO NPUHATHIM
IIyaCCOHOBCKMM MOJIEJISIM PacIpeeeHus 3eMIIETPSICEHUI BO BPEMEHH, COOTBETCTBYET
CPEIHUM IIEpUOJaM IOBTOPAEMOCTH NpeBbIIeHUH 3TuX ypoBHel =500, 1000, 2500 u
5000 set. Takue NOCTPOEHUS BBIIIOIHEHBI PA3IENbHO IS «MITKUX» U «TBEPABIX» IPyH-
TOB.

M M=3

Puc. 2. Haubonee geposimuule 3nauenusi cnekmpanvHoi niomuocmu @ypove yckopenutl Koneobanuil
CMSAZKUXY (CRAOWHASL TUHUSL) U «MEEPOLIXY (NYHKMUPHASL TUHUSL) 2DYHIMOE 6 ONIUNCHEl 30He
semaempsiceHuil pasHolx maenumyo (M), coomseemcmesyrowue Bapuanmam 1, 2, 3 u 4 (unoexcwi a, 6, 8, 2,
coomeemcmeenio). Ocv opounam — Ig|S| 6 cm/c; oce abeyuce —Ig fe Ty /

Fig. 2. The most probable values of the Fourier spectral density of vibration accelerations of “soft”
(solid line) and “hard” (dashed line) soils in the near zone of earthquakes of different magnitudes (M),
corresponding to Variants 1, 2, 3 and 4 (indices a, b, c, d, respectively). The y-axis is Ig|S| in cm/s; the
x-axis — lg f'in Hz
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Puc. 3. Cpasnenue paznuunvix apuanmos Hauboiee 6eposimuvix cnekmpos Qypve yckopeHnuti Konebanuil
«MsASKUXY (a) u «meepovixy (6) epyHmos, 6 OIUNCHUX 30HAX 3eMAeMPACEHUL PA3HbIX MASHUMYO (Yudpol
oKono Kpuevlx). Bapuanmul 1, 2, 3 u 4- moacmuiii nyHKmMup, moHKas AUHUs, MOICMAsL IUHUS U MOHKULL

nyukmup, coomeemcmeenno. Oco abeyuce — lgf (I'y), oco opounam — Ig|S| (cm/c) /

Fig. 3. Comparison of various variants of the most probable Fourier spectra of vibration accelerations of
“soft” (a) and “hard” (b) soils in the near zones of earthquakes with different magnitudes (numbers near
the curves). Variants 1, 2, 3 and 4 are denoted by thick dotted line, thin line, thick line and thin dotted
line, respectively. The x-axis is lgf (Hz); the y-axis — Ig|S| (cm/s)

Janee miig KaxxJ10M pacdyeTHOW TOYKH OMPEAEISUTUCH Pa3HOCTH B 3HAYEHUSIX [, TTO-
JYYEHHBIX JJIS1 «MSITKHX U «TBEpPABIX» IPyHTOB (Al MSK) npu OAMHAKOBBIX 3HAUEHUSAX
=500, 1000, 2500 u 5000 ner.

W, HakoHell, B Ka4eCTBE UTOTOBOT'O OCTPOEHUS IO 3TUM OIPEIEICHHBIM JJIs KasK10M
13 PacYETHBIX TOYEK PA3HOCTSIM MPOU3BEACHO 30HUPOBAHNE pacCMaTpUBAaEMOM TEPPUTO-
puu PCO-Ananus 1 npuiieraroniyx y4actkoB o BenuuuHam Al MSK, paccuuTaHHBIM
JU1s1 pa3HbIx nepuoaoB nosropsiemoctu =500, 1000, 2500 u 5000 ner. Beinenenue 301
C Pa3IMYHBIMU YPOBHSIMH Al CIIeaHO MPU MOMOIIY W30JIMHUNA, TPOBOJAUMBIX C IIarOM
0,2 6amna MSK.

JJis OLIeHKH 4yBCTBUTEIBHOCTU NMPOU3BOJUMBIX BEPOATHOCTHBIX OIIEHOK Al K Ba-
puabensHOCTH QyHKUMH S| (M, D, f) Hapsy ¢ TepBOHAYAIbHBIMU OLIEHKAMH 3THX (QyHK-
it u3 [YepHos, 2022], koTopbie B HalibHEHIIIEM 0003Ha4ar0TCs kKak Bapuant 1, gomon-
HUTEJIBHO PACCMOTPEHBI €llle TPU, HECKOJIBKO OTIMYHBIX OoT Bapuanrta 1. BapuanTa map
TakuX (QYHKIMH 3aTyXaHUs 751 «MATKUX» U «TBEPABIX» TPYHTOB (CcM. puc. 1 u 2).

BapuanTt 2 noctpoeH Ha 6a3e MCXOJHOTO MaccHBa JIaHHBIX, HO C UCIOJIb30BAaHUEM
WHOTO, 4YeM B pabote [Uepnos, 2022] crmocoba ux anmpoKCUMaIUH. 3A€Ch 3aBUCUMOCTH
IS| (M, f) B GvkHEN 30He 3eMIIETPSICEHUH pa3HbIX MarHUTY]l CTPOMIIMCH B BUE 1g|S| = a
InM + b, Tae B paccMaTpUBaeMbIX MaNa30HaX MarHUTYJ M 4acTOT JUIsl «MATKUX» TPyH-
TOB:

a=-1978Igf+2.853 u b=—1.199 (lgf) ? + 4,122 lgf — 3,305 2)
AJI1 KTBEPABIX» I'PYHTOB!
a=-1,8771gf+2.909 u b=-1.092(lgf) > + 3,945 lof — 3,436 3)

B Beipaxkenusx (2) u (3) |S| B cMm/c.
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Puc. 4. 3onuposanue paccmampusaemoti meppumopuu no 8epOAMHbIM 3HaUeHUAM Al,,, 015 pasHbIX
CPeOHUX nepuo00s8 NOGMOPAEMOCHU COMPSCceHUll t ¢ ucnorv3oeanuem gynxkyuti samyxanus |S| (M, D,
f) no Bapuanmy 1. Toncmasn nunus — epanuya PCO-Ananus, moHKue TuHUY — 2PAHUYbL 30H C PASHLIMU
snayenusamu Al . LJugpol 6 kpyoickax — cpednue no 30me sHavenus Al,, 6 6ainax MSK /

Fig. 4. Zoning of the considered territory according to the probable values of Al, for different average
return periods of ground motions t using the attenuation functions |S| (M, D, f) according to the Variant 1.
The thick line denotes the boundaries of RNO-Alania, the thin lines — the boundaries of zones with
different values of Al,,. The numbers in circles denote the average for the zone values of Al,, in MSK
intensity scale

Bapuantsl 3 u 4, UCNIONB3YIOTCS B LIESAX YUCICHHOTO SKCIIEPUMEHTA U MPEACTaBIIS-
10T c000i1 koppekTupoBKy Bapuanros 1 u 2.

B BapuanTe 3 ypoBHH CIIEKTPOB ISl «MSATKUX)» TPYHTOB B OMI>KHEH 30HE 3eMIIETPsI-
ceHuil ¢ M=7 B 00nacTH UX MaKCUMAaJIbHBIX 3HaueHu# (Ha yactoTtax ~1,3 ') moBsIie-
Hbl ipuMepHO Ha 30% 1o cpaBHeHuto ¢ BapuantoMm 1. J{nst 1pyrux MarHuTya U 4acTOT
JTAHHOE TPEBBIIICHNE TTOCTENEHHO CHIKAeTCs 10 Hylsl. CIEKTPbI «TBEPJIBIX)» IPYHTOB B
JTAHHOM BapHaHTe IMOCTPOEHbI CXOKUM 00pa3oM, ¢ TOW pa3HHULIEH, YTO B 0071aCTH MaKCHU-
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MaJIbHBIX YacTOT CIEKTp Mo Bapuanty 3, HA000POT, CHMKEH MO0 OTHOUIEHHUIO K aHAJIOTUY-
HOM oneHke no Bapuanty 1 npumepHo Ha 6 %.

B Bapuante 4 norapudmbl ypoBHEH CHEKTPOB «MATKHX» I'PYHTOB B OMMXKHEH 30HE
3eMJIETPSACEHUM IIPUHATHI paBHBIMU CPEJHUM 3HAUEHHSIM MEKy OLIEHKaMH 110 BapuanTtam
1 u 3. CeKTpsl AJ1s1 «TBEPABIX» TPYHTOB 31€Ch IPUHATHI TAKUMHU K€, Kak B Bapuante 1.

Kpome ypoBHeil crieKTpoB B OJIMKHHUX 30HAX BCE OCTAJIbHbIE XapaKTEPUCTUKU (DYHK-
LU 3aTyXaHUs CHEKTPOB C PAcCTOSHUEM (pa3Mepbl ONMKHHX, MEPEXOIHBIX U JaIbHUX

=500 years =1000 years
44° @ 44°

&
/-\' O
C\QC i

=5000 years

RSNIRS

Puc. 5. 3onuposanue paccmampusaemoii meppumopuu no eposimuvim suavenusm Al,,, ons paznuix
CPeOHUX nepuod0s NOGMOPAEMOCIU COMPACEHUT t ¢ ucnolv3oeanuem Gynxkyutl samyxanus |S| (M, D,
f) no Bapuanumy 2. Toncmas nunus — epanuya PCO-Ananus, monxue 1uHuu — 2panuybl 304 ¢ pa3HbiMu
snavenusmu Al,,. Lugpol 6 kpyoickax — cpednue no 3omne snavenus A, 6 6annax MSK /

Fig. 5. Zoning of the considered territory according to the probable values of Al,, for different average
return periods of ground motions t using the attenuation functions |S| (M, D, f) according to the Variant
2. The thick line denotes the boundaries of RNO-Alania, the thin lines — the boundaries of zones with
different values of Al,,. The numbers in circles denote the average for the zone values of Al, in MSK
intensity scale
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30H, MO/I30H JabHEeN 30HbI, KO3 (DHUIIMEHTHI 3aTyXaHUs Ha pa3HbIX YacToTax) B Bapuan-
Tax 2-4 NpUHATHI TAKUMH K€, KaK U B onucanHoM B [UepHoB, 2022] 6a3oBom Bapuanrte 1.

Pe3yAbTAThl PABOTHI U UX OBCYXAEHME

Ha pucynkax 3, 4 u 5 noka3aHsl pe3yasrarsl 30HMpoBanus Teppuropun PCO-Ananus
U MIPUJIETAIONIMX PAiOHOB IO BEPOSTHBIM 3HaYE€HUSM A/, BHIIOJHEHHOTO C MCIIOIB30-
BaHMEM Pa3HBIX BapuaHTOB (GyHKumi 3aryxanus |S| (M, D, f). Pucynkamu 3 u 4 oneHkw,
npou3BeeHHbIE ¢ ToMomIbio GyHKIwi |S| (M, D, f), annpOKCUMUPYIOIIUX TaHHBIE pe-
anbHBIX HaOmoneHu# (Bapuantsl 1 u 2), mpOUSUTIOCTPUPOBAHBI B TIOTHOM 00BEME, T. €.
JUTs Bcex pacemarpuBaeMbix 3HaueHui =500, 1000, 2500 u 5000 net. OueHku xe, ¢ npu-
meHenueM ¢ynakunii S| (M, D, f), coorBeTcTBytomux Bapuanram 3 u 4 moka3aHsl He BCe,
a TOJILKO T€, KOTOpbIe MostydeHbl A1 ¢ = 500 neT. 1o caenaHo Bo U30eKaHue eperpy3ku
CTaThU WUTFOCTPATUBHBIM MaT€pPHajiOM U C YY€TOM TOTO, YTO BapHaIlMH PACYECTHBIX 3HA-
yeHuit Al,, 1 B TakoM BHJI€ (CM. pHC. 5) MPOCIEKHUBAIOTCS 1OCTATOUYHO YETKO.

[TpomirocTpUpOBaHHBIE PUCYHKaMH 3-5 pe3ysbTaThl BBITOJHEHHBIX TMOCTPOSHHMA
MO3BOJISIIOT BBIIETUTH JIBAa OCHOBHBIX MOMEHTA. IlepBblii — 3TO HabmomaeMas B mpeje-
Jax paccMaTpUBaeMOll TEppUTOPHUU IUIOIIAHAsI BapUabeIbHOCTh BEPOSTHBIX 3HAUYEHUI
«MHTETPAJIbHBIX MPHUPAIIEHUH OAITIBHOCTHY «MATKUX» TPYHTOB TI0 CPAaBHEHHIO C «TBEP-
I6IMI» TpyHTamH (Al,,), KOTOpast, B CBOIO OY€pE/Ib TAK)KE U3MEHSETCS B 3aBUCUMOCTH OT
CPEIHETO TIEPHO/Ia TIOBTOPSEMOCTH coTpsiceHuit (7). Bropoit — 310 pasmep Takux Qiyk-
TyaIlii, KOTOPBI B HAIIMX OMBITAX, HAIPUMEDP, UII CPEIHUX TEPHOIOB MOBTOPSEMO-
ctu t =500 net, moxket nocturars 0,8 Gamna MSK, 9To yKe SIBISETCS TOCTaTOYHO CY-
LICCTBEHHON BEJIIMYMHOM C IIPAKTUYECKOM TOYKM 3peHMs. Ecim ke cpaBHMBAaTh MEXAY
co00i1 ouleHkH A/, IO BCEM BapHaHTaM PacyeToOB U M0 BCEM PACCMOTPEHHBIM CPETHUM
nepuogam cotrpsicenuit (r=500-5000 ser), To BenuunHa Bapuanuii Al , CTAHOBHUTCS €11e
OOJIBIIIE M B HAIIIEM CIIy4ae MOXKET jocturarh 1,2 6ammna MSK.

OneHnBasi peaJTMCTUYHOCTH TONYYEHHBIX OIEHOK Al MOXXHO, OTMETHTB, YTO OHH
JIOCTaTOYHO aJIEKBATHBIM OOpa30oM pearupyroT, HalpuMep, Ha U3MEHEHHUS B HMCXOJHBIX
cnekTpax Kosmebanuid. Tak, mpU BO3pACTaHWU PA3HUIBI MEXKIy YPOBHSIMHU CIIEKTPOB
«MSITKMX» U «TBepAbIX» IpyHTOB Ha 20-40% (puc. 2), 3HaueHust Al , Taxxe yBeIU4MBa-
torest Ha 0,3-0,4 6anna MSK. [lpu sToM 1uiomaaHas U3MEHYMBOCTh U 3aBUCUMOCTb OT /
pacueTHbIX pa3HocTel Al coXpaHseTcs IPUMEPHO Ha TOM e ypoBHE. B nosb3y peanu-
CTHYHOCTH HACTOSIIMX OIEHOK TOBOPHT TaKXke OJM30CTh 3HAUCHH [, pACCUNTAHHBIX B
HaCTOAIIEeH paboTe JUIsl «MSTKHUX» TPYHTOB K BEPOSATHOCTHBIM OLIEHKAM MaKpOCEHCMU-
YEeCKOW MHTEHCUBHOCTH cOTpsiceHUi, nonydeHHbIM nipu JICP tepputopun PCO-Ananus.
Cpennue 3HaueHUWs] W CTaHIAPTHHIE OTKJIOHEHHUS ITOTOYEUHBIX PA3IWYHiA BapbUPYIOT
3nech B npenenax 0,03-0,06 u 0,03-0,05 6amios MSK, coorBercTBeHHO. [lanee. Cpenne-
B3BEILIEHHBIE 110 BCEM paccMaTpuBacMon TEPPUTOPUM 3HaUeHUSI Al 17151 pa3HbIX YacTOT,
NEPUOJIOB OBTOPSEMOCTH COTPSICEHUI M BaApUAHTOB PacyeTOB BApbUPYIOT B IpEesiax
0,82-1,14 6amna MSK nipy U3MEHEHNHU OLIEHEHHBIX MO0 UCXOJHBIM (DYHKIUSAM 3aTyXaHUH
cpenuux 3Hadenui AlglS| (M, D, f) =1g|S| (M, D, f) . vp- — 18IS| (M, D, f) 15 rp. 0T 0,243
70 0,345. D10 3HAUUT, YTO YPOBEHb CIEKTPOB MPH MEPEXOJE OT MATKUX» K «TBEPIBIM»
rpyHTaMm U3MeHsieTcsl (yMeHbIIaeTcs) B cpeiieM B 1,75-2,21 pa3za, 4Tto Xopoulo coriacy-
€TCsl C COBPEMEHHBIMU NIPE/CTABICHUSIMHU O XapakTepe Takux cooTHouleHui. Hakonen,
yKa3aHHbIE BbILLIE cpeiHNE 3HaYeHUs! A/, TPaKTUUECKHU COBMAJIAIOT C PEKOMEHIALUSIMU
oreuecTBeHHbIX CHulI, 1o yBenanueHuto pacyeTHONH CEHCMUYHOCTH HA OJIMH Oayul Mpu
nepexone ot rpyHToB | xareropun CHull no ceiicmuueckum cBoiictBaM K rpyHTam [I
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Puc. 6. 3onuposanue paccmampusaemori meppumopuu no gepoamuvim snaveHuam Al,,, 01s cpednezo
nepuooa nosmopsemocmu compscenui t =500 1em c ucnonvsosarnuem yukyui 3amyxanus |S| (M, D,
f) no Bapuanmy 3 (a) u no Bapuanmy 4 (6). Torcmas aunus — epanuya PCO-Ananus, moukue aunuy —
epanuybl 300 ¢ pasuvimu snavenusmu Al,,,. Lugppol 6 kpyockax — cpednue no 30ue sHavenus Al,, 6 baninax
MSK /

Fig. 6. Zoning of the considered territory according to the probable values of Al, for the average return

period of ground motions t =500 years using the attenuation functions |S| (M, D, f) according to the

Variant 3 (a) and according to the Variant 4 (b). The thick line denotes the boundaries of RNO-Alania,

the thin lines — the boundaries of zones with different values of Aly, The numbers in circles denote the
average for the zone values of Al,, in MSK intensity scale

kateropuu. Takum 00pa3om, IPOBEJCHHbIE CONIOCTABIIEHUS CBUIETEILCTBYIOT O TOM, YTO
HOJIyYEHHBIE B PE3yJbTaTe HACTOSIIEr0 UCCIIEIOBaHMUS OLEHKU O0JadaroT ONpesesieH-
HBIM YPOBHEM PEATUCTUUHOCTH U HAJIE)KHOCTH.

AHanu3upys BBILIEU3JIOKEHHOE, CIIEAYyeT MOIYEPKHYTh, YTO caMma 1o cebe Bapua-
O0enpHOCTH MapameTpa Al He sBiseTcs HeokuaaHHoW. OHa yxe nmpejornpeaesaeHa mno-
Ka3aHHBIMU B [UepHOoB, 2022] pa3nuyusiMu B UICXOIHBIX (DYHKIUSAX 3aTyXaHHS CIIEKTPOB C
PACCTOSTHUEM ISl «MSTKUX» U «TBEPABIX» IPyHTOB. OUEBUIHO, YTO 3TU PA3IUUUS JOIK-
Hbl NIPUBOJUTH K TOMY, YTO 3Ha4€HUs Al , MOTYyT U3MEHSTHCS M3-3a PA3HOIO PacIolio-
KEHMSI PACUETHBIX TOYEK 10 OTHOLIEHMIO K MMEIOLIEICS B paccMaTpUBaeMOM paiioHe
cucteme 30H BO3 1 COOTBETCTBYIOLIUX pa3HOCTEN B aOCOIIOTHBIX U OTHOCHUTEIbHBIX
MIOBTOPSIEMOCTSX MMOTEHLIMAJIBHO OMACHBIX Ul ATUX PACUETHBIX TOUYEK 3E€MIIETPSCEHUM.
BelmieonucanHble pe3yabTaThl MOJHOCTBIO MOATBEPXKIAIOT CKazaHHOE. TakuM o0pas3om,
a/IeKBaTHbIE BEPOATHOCTHBIE OLIEHKU CEHICMHUECKOM peakiuy pa3HbIX TUIIOB I'PYHTOB (H,
COOTBETCTBEHHO, UX Pa3HOCTEN) JOJKHBI CTPOUTHCS HA OCHOBE B3aMMOCBS3aHHOIO yye-
Ta KaK pa3jIu4uil B CECMUYECKUX CBOWCTBAaX CaMHUX I'PYHTOB, TaK U B XapaKTEPUCTUKAX
BCETO BKJIIOYAIOIIETO PACYETHYIO TOUYKY CEHCMOTEHEpUpPYIOIIEro oobemMa dHeprus-npo-
cTpancTBO — Bpems. [Ipu 3Tom 3apanee, (T.e. 6€3 IpoBeAEHNUs COOTBETCTBYIOIUX pac-
YETOB) OIICHUTh, HAIPUMED, BEIIMYMHY H IIOMIATHYI0 KOHQUTYPALIUIO TAKUX BapHaLlUi,
MpeICTaBIsieTcs NpoOIeMaTHYHBIM U3-3a YHUKAJIBHOCTH coueTanuii paktopos (M, D, fu
{) OTIpeACISIIONINX UTOTOBBIE 3HAaUeHUs Al B KQXK/I0M pacueTHOMN TOYKE.

B cBsi3u ¢ 3TUM BO3HHMKAeT BONPOC O BO3MOKHOCTH TOIydeHHUs (6e3 CylecTBeH-
HOM MOTEpH TOYHOCTH) TaKUX (T.€. C YUYETOM MECTHBIX I'PDYHTOBBIX YCIIOBUI) BEpOST-
HOCTHBIX OLEHOK CEMCMMYECKOW ONACHOCTHM HAa OCHOBE CTaHJAPTHBIX PEKOMEHIALUN
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OOJIBLIIMHCTBA POCCUHCKUX HOPMAaTHBHO-METOAMUYECKUX JIOKYMEHTOB. J[eHCTBHUTENBHO,
B OT€UYECTBEHHOW MHKEHEPHO-CENCMOJIOTUYECKON MPAKTUKE MTOKAa JOMUHUPYET MOAXO/,
CONIACHO KOTOPOMY MHTErPAJIbHBIE OLEHKH CEHCMUYECKON ONMAacCHOCTH, YYUTBIBAIOLIUE
O00BEKTHUBHO CYLIECTBYIOIIUE PA3INuUs B JIOKAIbHBIX T'PYHTOBO-T€OMOP(HOIOTHYECKUX
YCIIOBUSX, IPUHLIUIINAIBHO Pa3/ieJIeHbl Ha JBa dTana (Mbl HAa3bIBA€M 3Ty CUCTEMY Olle-
HOK «IBYXCTYIEHYaToi»). 31ech MOMHBIA aHanu3 ceicmudeckoi omacHoctu (PSHA),
YUUTBHIBAIOIIMHA XapaKTEepPUCTUKU CEHCMOreHepupyromero oobema sHeprusi-mpocTpaH-
CTBO — BpeMsl, IPOU3BOAUTCS TOJIBKO I HEKOTOPOTO, B M3BECTHOM CTENEHU a0CTpaKT-
HOTO, (T.K. €ro IPUCYTCTBHE B pacU€THOI TOUKe He 00s3aTeNbHO), TUMa rpyHTa. MHOTIa
TaKue IPYHTHI €Ie Ha3bIBAIOT «3TAJIOHHBIMUY. B POCCUIICKON ITPAKTHKE 32 «3TAJIOHHBIE»
0OBIYHO MPUHUMAIOT TaK HA3bIBAEMbIE «CPEIHHUE» I'PYHTHI, COOTBETCTBYIOLINE TPYHTaM
IT xareropun CHull no ceiicmuueckum cBoiicTBaM. B mocneaHee Bpemsi, KCTaTu, B Ha-
HIel cTpaHe BCie] 3a 3alaJHbIMU TEHICHIUSAMU MOSBIISIIOTCS NMPEATIOKEHHS UCIIOb30-
BaTh B KaYECTBE «3TAJIOHHBIX» CKaJbHbIe TPyHTHL. He 00cykas 31ech BhICKa3bIBa€MbIE
IIPY 3TOM PE30HBI TAKUX 3aMEH, 3aMETHUM JIAIIb, YTO, B KOHTEKCTE ITOCTABJICHHBIX IIEPE]T
HAIllUM HCCIIEIOBAaHUEM 3aJa4, 3T 3aMEHBI Jiela He MEHAT. B mobom ciydae, ymo-
MSHYTBIE BBILIE MPOIETYpHI (T.€. OLEHKU BO3ACHCTBUIM I «3TaJIOHHOT0» I'PYHTA) CO-
CTaBIAIOT COIEPKAHUE U OCYLIECTBISAIOTCS B paMKaX BBIIICO3HAYEHHOIO IIEPBOTO JTalla.
B oTeuecTBeHHON MPAKTHKE OHU peau3yloTcs uccienoBanusmu tumna oomero (OCP) u
netansHOTO ([CP) ceiicmuueckoro pailoHMpOBaHUs, a TAKXKE OCYIIECTBISIEMOTO B paM-
Kax ceiicMuyeckoro Mukpopaionuposanust (CMP) yrouHeHHs: HCXOIHON CECMUYHOCTH
(YUC). [lepexom xe OT OIEHOK TSI «3TAIOHHBIX)» TPYHTOB K OIIEHKAM TSI «PEaTbHBIX)
TPYHTOB, T. €. TPYHTOB, HAJIMYECTBYIOLIUX B JAHHON PAaCUCTHOM TOUYKE, OCYLIECTBIAETCA
B paMKax BTOpOTO 3Tara, MyTeM BBEACHUS B COPMHPOBAHHBIN Ha MEPBOM 3Talle pe-
3yJbTaT, TEX WJIN UHBIX «PYHTOBBIX» MONPaBOK. OCOOEHHOCTHIO 3TUX MONPABOK B CBETE
paccMarpuBaeMbIX 3/1€Ch BOIIPOCOB, SIBISIETCS UX HE3aBUCUMOCTb OT pe3yabpratoB PSHA
MEePBOTO JTana |, IIaBHOE TO, YTO OHM MMEIOT APYroil ¢u3udeckuii cMbici. Tak, ecin
pesynasrat PSHA ecTh cyneprno3uius BO3AEHCTBUI OT pa3HBIX CEHCMUYECKUX COOBITUI
C y4eToM (akTopa HeonpedereHHOoCmuy WX BOSHUKHOBEHHUSI, TO «TPYHTOBBIE) MOMPABKU
TAaKOBBIMU HE SIBJISIFOTCS T.K. J1alOT OLIEHKY (IIyCTh Ja’ke€ BEPOSTHOCTHYIO) JJIsi HEKOErOo
00CcmMo8epHo20 COOBITHUS.

Takum 00pa3zom, MPOJEMOHCTPUPOBAHHAST HACTOSAIIUM HCCIEI0BaHUEM OpraHuye-
CKasl CBS3b «TPYHTOBBIX» IMOMPABOK ¢ 0cobeHHOoCcTsIMU 30H BO3 1 ceiicMuyeckoro pexu-
Ma B OKpPY>KAIOIIEM PAaCYETHYIO TOUKY CEHCMOI€OJIOrHYeCKOM MTPOCTPAHCTBE «IBYXCTY-
NEHYaThIMU» CXEMAaMM MPAKTUUYECKU UTHOPUPYETCS. DTO, KaK MOKa3bIBAIOT, HAIIPUMED,
PUCYHKH 3-5, MOXKET IPUBOAUTH K CYILIECTBEHHBIM IIOTPELIHOCTSM B UTOTOBBIX OLIEHKAX
YPOBHSI CECMHYECKOM OMACHOCTH B IAHHOM MECTE, UTO SIBJISIETCS OPraHUYECKUM HEJ0-
CTaTKOM TaKHX «JIByXCTYII€HYATBIX» PEIICHUM.

YKa3aHHbIE HECOOTBETCTBHSI MMOKA3BIBAIOT, YTO MpH 00Jiee KOPPEKTHOW MOCTAaHOBKE
BOIIPOCA «IPYHTOBAsH MONPABKA JOJKHA BBOJUTCS B COOTBETCTBYIOIINE MOJEIN CHIIb-
HBIX JBMKCHUH IPyHTA €I1l€ Ha IIEpPBOM 3Talle, 10 UHTETPUPOBAHUS BO3IEHUCTBUI OT OT-
JIEIBHBIX MTOTEHIMAIBHO OMACHBIX O4aroB 3€MJIETPSICEHHM, a HE MOCIIE UX UHTETPUPOBaA-
HUS, YTO NPOUCXOMNUT, Koraa B BeposiTHOCTHBIE pe3ynbTarsl OCP, JICP nnn YUC 3atem
BBOJSTCS T€ WM UHBIE «TPYHTOBBIE» MOMPABKU. Takve OLIEHKU MBI Ha3bIBAEM «OJHO-
CTyIlEHYaTbIMI». B TO ke BpeMs mpocTo NEPEXol K «OIHOCTYIIEHYAThIMI» PacueTHBIM
CXeMaM SIBJISIETCS] YCIOBUEM HEOOXOAMMBIM, HO HEAOCTAaTOYHbIM. JlOCTaTOYHBIM OH Ma-
KET CTaTh B TOM CJIydae, €CJIM, TaK ke, Kak U 0a30Bble «PErHOHAJIbHBIE)» WIIH «(OHOBBIE)
OLIEHKHU, «TPYHTOBBIE» MOMNPABKU, OyAyT yUUTHIBATh UX 3aBUCHUMOCTb, B TOM YHCIE, U
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OT TE€X XapaKTEPUCTHK, OT KOTOPBIX 3aBUCAT BBIMOIHIEMBIE JIsI «ITATIOHHBIX)» TPYHTOB
0a30BbIe OIICHKU. B HacTosIIeM UCCIe0BaHNH, HAIPUMED, TAKUMHU XapaKTEPUCTHKAMHU
sBrsitoTes M, D, fu t.

BbiBOADI

Pesynbrarel HACTOAIMX UCCIIENOBAHUN CBUIETEIBCTBYIOT O TOM, YTO YUYET BBISBIICH-
HOTO Ha MPEIbIIyIX dTanax 0ojee CI0KHOTO, YeM OOBIYHO MPUHUMAETCS B CTaHIAPT-
HBIX OLICHKAaX XapaKTepa U3MEHEHUs C PACCTOSTHUEM CIIEKTPOB «MSTKUX» U «TBEPIBIX»
TPYHTOB MOKET IPUBOANTH K 3HAYUTEIBHBIM KOPPEKTHPOBKAM HTOIOBBIX BEPOSTHOCT-
HBIX OLICHOK CEMCMHUYECKOM OnacHOCTH. KOPpEKTUPOBKHU 3TH UMEKOT UHAUBUYAJIBHBIN
XapakKTep, T. K. 3aBUCAT HE TOJIBKO CBOWCTB CAMMX I'PYHTOB, HO ¥ OT XapaKTEPUCTUK BCETO
CEHCMOTeHEPUPYIOLIETO MPOCTPAHCTBA (BKIIIOYAs TapaMeTpbl CEHCMUYECKOTO PEKIMA),
B IIpejieaax KOTOpPOro UMEET pacIpOCTPaHEHHUE AaHHbIM TUI rpyHTa. [IprueM xapakrep
9TUX 3aBUCHUMOCTEN pa3iIMyeH /Ul Pa3HbIX TUIIOB IpyHTa. J[aHHOE MCCiIen0BaHuE MPO-
BeZicHO Ha npuMepe teppuropun PCO-Ananus, CoO CBOUMH CENCMOTIe0I0rHueCKUMHU yC-
JIOBUSIMH, BOOOIIE TOBOPS, ONIMYHBIMU OT JIPYTMX CEHCMOAKTUBHBIX pailoHOB. [lo3TO-
MY JUTSL COCTaBJICHUS OoJiee MOTHBIX MPEICTABICHUI O paccMaTpUBAaEMOM BOIIPOCE, Kak
TaKOBOM, IOJIE3HO NMPOBECTH MOJOOHBIE OLIEHKH U JUIsl APYTUX TEPPUTOPH, C JpyTu-
MH CEHCMOTEOIOrHUECKUMH ycIoBUAMU. KpoMe Toro, yuuThIBasi, 4To B JaHHOU paboTe
Cpel MHOTHX BaXKHBIX JUISl UHKCHEPHO-CEHCMOJIOTHYECKON MPAKTUKUA XaPAKTEPUCTUK
CEHCMHMUYECKUX BO3JECHCTBUM, TIOKAa PACCMOTPEHBI TOJIBKO MAKPOCEHCMUYECKUE MHTEH-
CHUBHOCTH COTPSICEHUI, B JaJbHENUIIEM HYKHO MOJOOHBIM 00pa3oM pacCMOTPETh TaKkKe
BOIIPOC U OTHOCUTENBHO Apyrux napamerpoB CII. DTH U HEKOTOpHIE IPYTHE ACTIEKTHI,
Kacarouuecs JaHHOM TEMAaTHKH, INIAHUPYETCS] pACCMOTPETH B JAIbHEHIIIEM.

Ha cHOBaHNU BBIIIEN3II0KEHHOTO MOTYT OBITh C/IE€JIaHBbI CIIEIYIOIINE BHIBOBI:

1. BepoATHOCTHBIE OLIEHKH BO3MOKHBIX CEMCMUYECKUX BO3JICHCTBUM C y4ETOM MECT-
HBIX IPYHTOBBIX YCJIOBMM, BBIIIOJIHSEMbIE HA OCHOBE PaclpOCTpaHEHHBIX B PD «aByx-
CTYIIEHYAThIX» PacUyETHBIX CXeM (TJe CHayasa JaeTrcs «(poHoBas» HMHTErpajibHasl BEpO-
SITHOCTHAs OLIEHKA, B KOTOPYIO 3aT€M BBOJUTCS «IPYHTOBas» MOINpPABKA), HE SBISAIOTCS
KOPPEKTHBIMU M MOT'YT COJEPKATh IOTPEIIHOCTH, UMEIOIINE CYIIECTBEHHOE IPAaKTHUe-
CKO€ 3HAYCHHUE.

2. bonee nepcrneKTUBHBIMU B JJaHHOM OTHOILIEHHUH SIBJISIOTCSI «OAHOCTYIIEHYAThHIE»
CXEMBI pac4yeToB, KOIJla PEaKIMU Pa3HbIX TUIIOB I'PYHTOB YUUTBIBAKOTCS YKE HA IIEPBOM
sTane (T. €. A0 MOJy4eHHs HHTETPAJIBbHBIX OLIEHOK) IIyTEM pa3pabOTKU COOTBETCTBYIOIINX
moneneit CJI.

3. IlockonbKy B JaHHOHM paboTe pacCMOTPEHBI YaCTHBIE CIIy4au OLIEHOK TOJBKO Ma-
KPOCEHCMHMYECKUX MHTEHCUBHOCTEW COTPSCEHMI M TOJBKO Il CEHCMOIE€OJIOrHYEeCKHUX
ycnoBuil Tepputopun PCO-Ananus, B fanbpHeeM, s BbIsBIEHUs Ooiiee oOuiei kap-
THHBI, IOl TEM XK€ YITIOM CJIEAyeT PacCMOTPETh U APYIHe NapamMeTpbl CEHCMUYECKUX
BO3/€MCTBUN (AMIUIUTY/BI, CIIEKTPBI, AKCEIEPOrPaMMBI U JIp.), @ TAKKE OLEHKU CeHCMU-
YECKOH OIIACHOCTH B JIPYTUX CEMCMOAKTUBHBIX paliOHaX.
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Pe3tome: AKTyanbHoCTb paboTbl. [1ns NoBbILLEHNS 3PPEKTUBHOCTU pa3paboTKL MECTOPOXAEHUIA Nones-
HbIX MCKOMAEMbIX M NPOEKTMPOBAHMS Fe0NIOro-TexHonorndecknx meponpuatuin (FTM) Ha oCHOBe LOCTYMHbIX
JaHHbIX LienecoobpasHo UCMoNb30BaHWe LMMPOBLIX re0NorMyeckux MOAeNeil, Y4NTbIBaOLLUX 0COBEHHOCTM
pasfnnyHbIX KONnekTopoB. O6bEKTOM UCCREA0BaHUSA ABNAIOTCA 3aNeXn, NPUYPOYEHHbIe K HeDTEKYMCKUM Kap-
6OHaTHBLIM OTNOXEHWUAM HUXHEro Tprnaca 3umHe-CTaBKUHCKO-TpaBo6epeXXHOro ra3oHedITAHOr0 MECTOPOXae-
Hus (3CMM), HaxoAsLWErocs Ha 3aBepLuatoLlen cTagnu paspaboTKn. ATW 3aNneXu XapakTepusyrTcs CROXHbIM
reonornyecknm CTPOEHUEM, OCIIOXKHSIOLMM Pa3paboTKy W NPUBOAALLMM K KpaiiHe HepaBHOMEPHbLIM HaKOMeH-
HbIM 0T6OpaM HedTW NpW PaBHOMEPHOM pacnpefeneHnun Ao6bIBaOLLNX CKBaXMUH. C LeNbio 3pEKTUBHOMO 1
Hanbonee ONTUMANbHOrO M3BMEYEHMS OCTATOYHbIX 3aNacOB B YCIOBUAX HEPEHTaBeNbHOCTI NPUMEHEHUS [0-
POroCTOALLMX CPEACTB AOPA3BEAKM HEOOX0ANMO CO3AaHMe MOAeNei 3anexei ¢ NPUMEHEHMEM HOBbIX NOAXO0-
[I0B MOJENNPOBAHUS 30H MOBbLILIEHHON NPOAYKTUBHOCTK C Y4ETOM reofMHaMUYecKon XapakTepucTuKn Teppu-
Topuu. Llenbto uccnepoBanna sSeseTca pa3paboTka MeTOL0N0rMYECKOro noaxoaa NoCTPOEHNs peanncTuyHom
UM pOBOM reonorn4eckon MOAENM TPELUMHOBATbIX KapBOHATHbIX KOMSIEKTOPOB MO AaHHbIM AUCTAHLUWUOHHOIO
30HOMPOBaHMSA 3emMnun 1 NPOAYKTMBHOCTM 3KCNyaTaLMOHHbIX CKBOXMH Ha npumepe 3anexeit 3CMM. MeTopgbl
uccnepnosanus. Mpu NpoBeeHUN MCCNeaoBaHMs bl UCNONb30BaH KOMMEKCHBIA NOAX0[, BKAYAIOLWNA aHa-
N3, cucTemaTmsaunio 1 0606LLeHNe reosioro-nNPOMbICNOBLIX AaHHbIX, NPUMEHEHWE CMCTEMHO-adpPOoKoCMUYe-
CKOro (NIMHeaMeHTHOro) MeToAa, anropuTMa AMCKPETHOrO MOJENNPOBaHNA pacnpeaeneHmns TPeLwmuH 06beKToB
(Discrete Fracture Network), peann3osaHHoro B nporpaMmmHom o6ecnevenun (M0) Petrel. PesynbTatbl paboTbl.
MpoaeMOHCTPUPOBaH cnoco6 060CHOBAHNA pacnpefeneHns TPELMHOBATOCTI B KAPOOHATHBIX NOpoAax Npu oT-
CYTCTBUM 6OMbLLOIO 06beMa creumanbHbIX UCCAEA0BaHUA MPY NOMOLLM COBMELLEHUS AaHHbIX N0 HAKOMAEHHbIM
0TOOPaM W CTPYKTYPHbIM HapyLleHMam nnacta. [aHHblii noaxon anpobupoBaH Ha LM PoOBON MOLENN 3anexen
3CMNM. Teonoruyeckas Mofenb CNOXHOMO TPELIMHOBATOr0 KONSIEKTOPA MOXET CTaTb BXXHbIM UHCTPYMEHTOM
AN CneunanncToB npu paboTe ¢ TPELMHOBATLIMI FOPHLIMW NOPOAAMN AN NPUHATUS IKOHOMUYECKN BAXKHBIX
peLIeHnin No YNOTHAIOLWEMY BYPEHMI0 CKBAXWH, XPaHEHWIO rasa, rMapopaspbiBy nnacta uan 4obbldn nomnes-
HbIX UCKOMaeMbIX. brarofaps 6bICTPOMY Pa3BUTUIO BbIYUCANTENbHBIX MOLLIHOCTER U KOMMbIOTEPHOI rpadpuku
UM pOoBbIE Fe0NorMyeckme Modenu no3BoNsOT NONY4UTb NPeAcTaBneHne 0 BO3AENCTBMM TPELLMHOBATOCTU B
KONNEKTOpax Ha CTeneHb BbIPAabOTKM 3anacoB MeCTOPOXXAEHWIA YrNeBOAOPOIOB.

Kniouesbie cnosa: Kap60HaTHbII7I KOJIMEKTOP, MOAENTMPOBaHNE TPELLWMHOBATOCTW, HAanpaBieHNA FJ'Iy6I/IHHbIX
pa3nomos, )IleUJI/Id)pI/IDOBaHI/Ie KOCMOCHUMKOB, NUHEAMEHTbI, 30Hbl MOBbILIEHHON MPOAYKTUBHOCTA, MOAENb
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GEOPHYSICAL METHODS
DOI: 10.46698/VNC.2022.46.87.008

Original paper
Modeling of network of fractures in the volume
of natural reservoirs of Neftekumsk deposits
of Zimne-Stavkinsko-Pravoberezhnoye field based
on field-lineament method in Petrel software

K. M. Saidova‘®'!, 0. 0. Lutsenko'”2, K.l. Chernenko"“2, T.l. Ryzhevskiy' "2

1JSC “SevKavNIPlgaz”, 419 Leninastreet, Stavropol 355035, Russian Federation;

2North-Caucasus Federal University, 16/1 Kulakova Avenue, Stavropol 355009, Russian
Federation, e-mail: kchernenko @ncfu. ru

Reseived: 02.11.2022, revised: 06.12.2022, accepted: 09.12.2022

Abstract: Relevance. To increase the efficiency of the development of mineral deposits and the design of
geological and technological measures (GTM) based on available data, it is advisable to use digital geological
models that take into account the characteristics of various reservoirs. The object of study is the deposits
confined to the Neftekumsk carbonate deposits of the Lower Triassic of the Zimne-Stavkinsko-Pravoberezhnoye
gas-oil field, which is at the final stage of development. These deposits are characterized by a complex geological
structure, which complicates development and leads to extremely uneven cumulative oil recovery with a equal
distribution of production wells. In order to extract residual reserves efficiently and most optimally in the
context of the unprofitability of using expensive additional exploration tools, it is necessary to create models of
deposits using new approaches to modeling zones of increased productivity, taking into account the geodynamic
characteristics of the territory. The aim of the study is to develop a methodological approach to building a
realistic digital geological model of fractured carbonate reservoirs based on Earth remote sensing data and the
productivity of production wells using the example of these deposits. Methods. During the study, an integrated
approach was used, including analysis, systematization and generalization of geological and field data, a system-
aerospace (lineament) method, an algorithm for discrete modeling of the distribution of fractures as objects
(Discrete Fracture Network), implemented in Petrel software. Results. A method has been demonstrated to justify
the distribution of fractures in carbonate rocks in the absence of a large amount of special studies by combining
data on accumulated production and structural breakdowns of the reservoir. This approach has been tested on a
digital model of these deposits. A geological model of a complex fractured reservoir can be an important tool for
professionals working with fractured rock formations to make economically important decisions for infill drilling,
gas storage, hydraulic fracturing or mining. Due to the rapid development of computing power and computer
graphics, digital geological models provide insight into the impact of fractured reservoirs on the depletion of
hydrocarbon reserves.

Keywords: carbonate reservoir, fracture modeling, deep fault directions, interpretation of space images,
lineaments, zones of increased productivity, dual porosity model, fractured porosity, fracture density trend,
discrete fracture network.
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BeepeHne

AKTyaJIbHOCTB padoThl. B cOBpeMeHHBIN Mepro NOoCTpOeHHe UPPOBBIX MOJENEH
3aJieKell yIIIeBOAOPONIOB SBISAETCS 00s3aTeNbHON 3a/1aueii B Mpolecce UX pa3BeAKd U
pa3pabotku. i rpaHysIsIpHBIX (IOPHUCTHIX ) KOJUIEKTOPOB OOBIYHO HE BO3HUKAET Cephes-
HBIX Tpo0JIeM, METOIOJIOTHS MOJEIUPOBAHUS M3BECTHA M LIMPOKO HCTonb3yercs. Jis
MECTOPOXKJCHHUH C TPEIIMHHBIM (B YaCTHOCTH, C KAPOOHATHBIM ) KOJUIEKTOPOM MOJIEJIAPO-
BaHUE 3a4acTyIO MPOBOAUTCS 10 AHAJIOTUU C FPAHY/SPHBIM KOJJIEKTOPOM, YTO MPUBOIUT
K CYLIECTBEHHBIM IMOTIPEHIHOCTAM KaK K pacIlpeleleHUI0 IyCTOTHOIO IPOCTPaHCTBa B
o0beMe 3aJIeXkH, TaK U K HETOYHOCTSIM B IOJICUETE T'€OJIOTUIECKUX U U3BJICKAEMBIX 3a-
11acoB. AKTUBHO Pa3BUBAOTCSI METOAbI MOJEIUPOBAHUS TPEIIUHHBIX CUCTEM KaK CPEIbl
C ABOMHOW MOPUCTOCTHIO. [locTpoeHUE MOJENN C yU4ETOM TPEUIMHOBATOCTH I1O3BOJISAET
YTOYHUTH THIPOAMHAMHYECKYIO MOJIENh B 00Jiee KOPPEKTHO IPOTHO3UPOBATEH Pa3padoT-
Ky 3aJI€XKEN yIIEBOIOPOIOB.

TpemuHoBaTOCTh MOPOJ — OAMH UX UCTOYHUKOB MPOOJIEM MPU MaTEMAaTHUECKOM MO-
JIETUPOBAHUH B CBSI3U CO CIIEHU(PUUHOCTHIO (DMIIBTpauy (IrOUI0B B TAaHHOH cpere.

IIpouecce reonornueckoro MOAEIMPOBaHUS 3aTPYAHIETCS CIIOKHOCTBIO pacIipenee-
HUS U B3aUMOJIEHCTBUS TUIIOB IOPOBBIX MPOCTPAHCTB, OBICTPOTOI M HEIMpECKa3yeMo-
CTBIO M3MEHEHUH (PUIBTPalMOHHO-eMKOCTHBIX CBOUCTB (PEC) mo BepTukanu u narepa-
JI1, HEJIMHEMHOCTBIO CBSA3H MMOPUCTOCTH (ITyCTOTHOCTH) U IPOHULIAEMOCTH.

ABTOpaMu MpENIOKEH NOAXO0A K MOACIMPOBAHUIO TPELUIMHHOIO KapOOHATHOIO KOJI-
JeKTopa pru(OreHHOro reHe3nca ¢ yueToM Ire0JMHaAMUYEeCKIX 0COOCHHOCTEN TEPPUTOPUHI
Y JJAHHBIX 110 IPOIYKTUBHOCTH IKCIUTyaTalIMOHHBIX CKBaXHH. OOBEKTOM MOJIEITUPOBAHUS
ABIISIETCS HEPTEKYMCKUI MPUPOAHBIA pe3epByap 3umHe-CraBkuHcko-IIpaBobepexHoro
ra3oHe(TIHOTO MECTOPOXKACHHUS, pacioioxkeHHoro B Bocrounom [IpenkaBkasbe psaom ¢
nocenkoM 3umMHss CraBka. HedrenocHas Tomma HUKHETPHACOBBIX OTIIOKECHUN 3aIeraeT
Ha mTyOuHE 10 4 KM.

[TopogaMu-KomaeKTopaMu He(TEKYMCKOM CBUTHI SIBIISIIOTCS TPELIMHOBATHIE 1 HEPaB-
HOMEPHO KaBEPHO3HbIE U3BECTHSKH U IOJIOMUTBI, IOJBEPTIINECS HHTEHCUBHBIM BTOPHY-
HbIM M3MEHEHUSIM: TPEIIMHOBATOCTH, BBIILEIAYMBAHUIO, JOJIOMUTH3ALMU, BTOPUYHOMN
KaJIbLIUTH3auu U okpeMHeHMo. TomnmuHa cBuThl 400-560 M.

Pa3HoHanpaBieHHbIE TPELIMHHBIE CUCTEMbI KOJJIEKTOpA — FOPU30HTAaJIbHAsL, BEPTH-
KaJIbHAs M JMaroHaibHas — 00yCIaBIMBAIOT €ro (MIBTPALMOHHYIO CIOCOOHOCTH. ['ycTO-
Ta pacmpeeieHus Tpernn Bapbupyercst ot 80 M 1o 800 m!, packpeitocts —0,01-1,5 Mm.
3a4acTyro TPELIMHBI 3a0IHSIET KaJIbIUT WIM INIMHUCTBIN MaTepuan. KaBepHsl pacnpene-
JICHbI HEPAaBHOMEPHO, COOOIIAIOTCS C TPEIIMHAMHM U IPYT C JPYTOM IMOCPEACTBOM UHTEH-
CUBHOU TPEIIMHOBATOCTH.

KauectBo @EC KOMIEKTOPOB MPOAYKTUBHOTO IUIACTa HE(PTEKYMCKOH CBUTHI CO-
m1acHo kiaccudukanuu A. A. XaHuHa, ABISETCS CPEIHUM U MOHIKEHHBIM. MarpuuHas
MPOHUIIAEMOCTh OYeHb Hu3Kas — meree 0,001-1073 mxm?. TuapoauHaMuYecKue uccie-
JIOBaHUS MOKa3ajlM, 4TO MPOHHULAEMOCTh KApOOHATHBIX MOPOJ HAXOAMTCS B IpEIesiax
13:10°-158:1073, co cpenuum 3nauenureM 68-10-3mkm? [Nelepov et al., 2021]. Hccenemo-
BaHUS [IPOHULIAEMOCTH, 3aBUCUMON OT TPEUIMHHON MTOPUCTOCTH (HA30BEM €€ IIyCTOTHO-
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CTbI0), JUIsl KApOOHATHBIX MOPOJI [0 KEPHY HE MPOBOAMIINCH. B KauecTBe HUXKHETO Mpe/e-
J1a IPOHUIIAEMOCTH HEPTEKYMCKOM CBUTBI IPUHATO 3HaueHue 1x107° Mxm2.

MaTepraAbl K METOABI UICCAEAOBOHN

JUia perieHus MOCTaBICHHOW 3a/laul, WCIOJb30BAIMCh PErMOHAIbHBIE UCCIIEI0BA-
HUs ¥ JaHHble Oypenus paiiona 3CIIM, nanHble 0 HEPTAHBIX 3aj1€XKax, B TOM YUCIIE Ha-
KOTUIEHHAs! TOOBbIYa U3y4aeMbIX 00bEKTOB, KOCMOCHUMKHU TEPPUTOPUHU C BBISBICHHBIMH
JMHEaMEHTaMH, a TAaK)Ke Hay4HbIe MyOJUKAIlMK U METOAMYECKas IUTeparypa 1o u3ydae-
Moit Teme [TomoBanoB u ap., 1987; Kopuyranosa u ap., 2009; Munocepaosa, 2022].

[Tpu MonenupoBaHUM TPEIIMHHBIE KAPOOHATHBIE KOJUIEKTOPHI MOTYT MPEICTABIATh-
csl cpelioit ¢ JIBOIHOM mopucTocThio. B uccnenoBanuu [Zhang et al., 2021] Obua npen-
JO)KeHa KOHTHHYaJIbHasl (HEMPephIBHAS) CXeMa C yYETOM aHHU30TPOITHOM TPEIINHOBATOM
CTPYKTYPBI U HU3KOIIPOHUIIAEMON MATPUYHOU IIOPUCTOCTH.

B uccnenoannu [Panza et al., 2019] ycTraHoBIeHa He3HAYUTEIHLHOCTH BIUSHUS HA
HOPUCTOCTb U MIPOHUIIAEMOCTH KOJIJIEKTOPAa MUKPOTPEIIMHOBATOCTH (pacroiararoueics
NEePIEHINKYISIPHO CIOUCTOCTH MOPOA) MO CPaBHEHUIO ¢ MAaTPUYHOM MOpHUCTOCTHIO. B
CBSI3U C OTUM IIPH MOAETUPOBAHNH TPEIIMHOBATOCTH TIACTa MOXHO MPEHEOPEdb MUKPO-
TPELIMHAMH, TaK KaK CYIIECTBEHHOTO BIMSHUS HAa HUPKYISAUIO (IIIOMIa OHH HE OKa3bl-
BaroT. Me3omacmTaOHasi TPeIMHHAS ITYCTOTHOCTh U CBSI3HOCTh PaCCUMTHIBAIOTCS C UC-
N0JIb30BaHUEM JieTepMUHUpPOBaHHOI ceTu Discrete Fracture Network (DFN).

OnuH U3 MOAXOA0B K MOJCIHPOBAHUIO CIOKHBIX KapOOHATHBIX KOJUIEKTOPOB pac-
cMarpuBaeTcs B crarbe [ Yan et al., 2022], rae mpennaraeTcsi OT/ACIbHO MOACIUPOBAHUE
KaBEPHO3HOTO U TPEUIMHOBATOTO IMOPOBBIX MPOCTPAHCTB. Takxke mpensararoTcsi pa3Hble
TIOAXO/IbI K MOJICTTMPOBAHUIO TPEIIMH B 3aBUCUMOCTH OT MX MacmTada: CTOXacTUYeCKHM
(MenKue TPeUIHBI) U JeTePMUHUPOBAHHBIN MOAX0, TPeOYIOUINiA JaHHBIX ceiHcMHye-
CKMX UCCIICIOBAaHUN ¥ CKPUHUHT (KPYITHBIE TPEIIHHBI).

[TocTpoenne TUCKPETHBIX MOJIENIEH TPEIMHOBATOCTH TIOPOA M JallbHEHIIero nepe-
MacmTabupoBaHHs MX B CBOMCTBA, MPUTOIHBIC VIS THAPOAMHAMUYECKOTO MOJIEIINPOBa-
HUS, TpeOyeT OONBIINX MOIIHOCTEN HCIoab3yeMblXx DBM u GombIiIoro koiauuecTsa Bpe-
MEHH, B CBSI3U C 4eM aBTopamu uccienoanus [He et al., 2021] 6b1u1 paccMOTpeH METO,
UCTIONIB3YIOIINI HeHpOHHBIE ceTH. B OCHOBE MeToAa JEKUT TTyOMHHOE OoOydeHue, 3a-
KJTFOUYAIOIIeecs B CO3/1aHuM 00pa31oB MOAETIeH A1t 00yUeHUs, pacueTax U aHaJIM3€e OIIH-
00K, TIOCTIe Yero OCyIIecTBIsIeTCst 0OHOBIIEHHE 00pa3ioB. [Iporecc moBropsercs 10 1o-
CTIKEHHS MOJIETIBIO TOYHOCTH Tpu pacueTax cBbime 90%. [TonoOHbIi monxon TpedyeT
cnenuanbHoro 110, ocHamEeHHOr0 MOAYASMH ¥ OOYYEHHBIMU CIEIHATUCTaMH, YTO HE
BCET/1a BO3MOXKHO TP MOJICTUPOBAHUU T€OJIOTHUECKUX OOBEKTOB.

B nccrnenoBanmsix, mpoBeeHHBIX o pykoBoacTBoM [Hennings et al., 2012], ucmosns-
30BaHbI crieranbabie Metoasl I IC, Takue kak Mukpoumukeps! (Microlmager [FMI]),
IPEAO0CTABISIONINE TapaMeTPhl TPEIIMHOBATOCTH. B HccIe0BaHUM yCTaHOBJICHO, YTO
Pa3JIOMBI ¥ IPUMBIKAIOIINE K HUM 30HBI TIOIBEPTAIOTCS BO3/IEHCTBHIO JTIOKAIBHBIX HAIPS-
KEHHUH, YTO CIIOCOOCTBYET YBEITMUEHHUIO MPOHUIIAEMOCTH U MUTPALIUHU YIIIEBOIOPOIOB.

Crnenmansasie Metoas! [ IC ¢ mpuMeHeHneM MUKPOUMUIKEPOB TPYAOEMKH, U, XOTS
TIO3BOJIAIOT MTOJYYHUTh IIEHHBIE TOYEYHBIE TaHHBIE O ITApaMeTpax TPEUIMHOBATOCTH ITOPO/I,
HO BC€ K€, HE 1al0T BO3MOXKHOCTH I0CTOBEPHO 0XapaKTEpU30BaTh 3aKOHOMEPHOCTH CTPO-
eHus MecTopoxkieHus. Mcnonbs3oBanue B nporecce ucciaenopannii 3D-ceiicMopa3Beku,
MHUKPOUMHJDKEPOB M JIPYTHX TEXHOJOTHH, XapaKTEPHBIX JJIS KJIACCHYECKOTO TOAXO0/a,
(hMHAHCOBO 3aTpPaTHO M HEIEIECO00pa3HO sl 0OBEKTOB CTAphIX HedTerazomoObIBaro-
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mux peruoHoB [[lanunosa u ap., 2022; OpexoB, Amanu Manrya, 2019; CuMoHeHKO U
ap., 2018].

bauskum 1o noixoy aBTOpOB HACTOALIEH CTaThH K BBISIBIEHUIO KOCBEHHBIX ITapamMe-
TPOB 30H TPELUIMHOBATOCTHU SBJISETCS MOAXO/, TPUMEHseMblil B uccienosanuu JI. B. Mu-
JocepAoBoi ¢ ennHoMbINIeHHUKaMu [Miloserdova et al., 2021], B KoTOpoM ycTaHOBIIE-
Ha CBsI3b HE(TETa30HOCHOCTH M JM3bIOHKTHBHBIX TEKTOHHYECKUX HapyuieHui Ilpuka-
cnuiickol cuHeknn3bl. Hapymienus pukcupyrorcs B BUJIE IMHEAMETOB HA KOCMHUYECKUX
CHMMKaXx, paciiu(ppoBKa KOTOPHIX OCYILIECTBISUIACh TPAAULIMOHHBIMU MeTonamu. [Ipu-
MeuaTeIbHO, YTO y3Jbl IEPECEUCHUs JINHEAMEHTOB OTPaKAIOT YUAaCTKU C MOBBIILICHHOMN
MIPOHUIIAEMOCTBIO MOPOJI, K KOTOPHIM MPUYPOYEHbI Hanbosiee KpymHble MECTOPOXKICHUS
yIJIEBOIOPOIOB. JlaHHOE HCClIeI0OBAaHKE SIBIISIETCS IPUMEPOM COTOCTABIEHUS JAaHHbIX JIe-
U (pPUPOBaHUS CHUMKOB 3eMJIH M Te0(PU3MUECKUX JTaHHBIX JUIsI MOAEIMPOBAHUS CIIOXK-
HBIX KOJUIEKTOpoB. OCHOBHAs 3ajaya JaHHOTO METOJa — IPUMEHEHHUE BCEH JOCTYIHON
MHGOPMALIMHU /7Sl BBISIBJICHUS 30H MOBBILIIEHHOM TPEIIMHOBATOCTH U, COOTBETCTBEHHO,
MOBBIIIEHHON POJYKTUBHOCTH KOJIJICKTOPOB.

Jlist MOZeTMpPOBaHUs TPEIIMHOBATOCTH I1J1acTa Ha CETOAHALIHUNA IeHb UCIIOJIb3YIOT-
Cs1 JIBa OCHOBHBIX IOX0/1a: HEMPEPhIBHbIN (KOHTUHYAJIbHBINA) U JUCKPETHBIH.

Continious Fracture Modelling (CFM) — HenpepbIBHOE MOAEIMPOBAHUE, B OCHOBE
KOTOPOTO JIEKUT PACIPOCTPAHEHUE CKAJSIPHBIX BEJIMYMH MHTEHCUBHOCTU paclpenelie-
HUS TPEUIMH B MoaenupyeMoM 1iacte [Jenkins et al., 2009]. OHako nmpu UCIIOIB30BaHUU
JTAHHOTO METO/a HEBO3MOYKHO YYECTh HEOIPEAEICHHOCTH, CBSI3aHHBIE C T€OMETpUEH U
HarpaBJIEHUEM TPELUH.

Discrete Fracture Modelling (DFM) — nuckpeTHoe MoJenupoBaHue, OCHOBaHHOE Ha
NPEACTaBICHUU TPEUIMH KaK OTAEIbHBIX (PU3MUECKUX OOBEKTOB C COOCTBEHHBIMHU Me-
XaHUYECKMMH M MEeTpo(PU3NUECKUMHU CBOWCTBAMHM, MO3BOJISIOIIEE B HEKOTOPOHl cTere-
HY yYUTBIBaTh MHJUBUAYaJIbHbIE XapaKTEPUCTUKHU TPELIUH (JUIMHA, anepTypa (pacKkpbl-
TOCTB), HampaBieHue, pacipenenenue) [Lavoine et al., 2020].

Jlnst momydeHus: neTpopu3nvecKUX CBOWCTB HAa OCHOBE CETHU TPELIUH NMPUMEHSET-
cs npouecc Upscaling (mepemacirabupoBaHue), TeHEPUPYIOIINUN TPEIUHHYIO TYCTOT-
HOCTb, TEH30PbI IPOHULIAEMOCTH U CUIMa-(paKTop, KOTOPbIE MOTYT ObITh MCIIOJIb30BAHBI
IIPU TOCTPOEHUU THAPOJANHAMUYECKON MOJIEIIN.

KauecTBeHHOE OCTpOCHNE MOJIENIN TPELMHOBATOM cpesbl TpeOdyeT 00JbIIoro 00b-
eMa UCCIIeIOBaHUN TeoMeTpUuu U (U3NYECKHX CBOMCTB TpeUIMH Iulacta [YepHuukui,
2002].

IIpu MonenupoBaHMU HaMOONIbIIAsT HEONPEEJIEHHOCTh CBOMCTBEHHA IeOMeTpUye-
CKUM MapaMeTpaM TPELIMH — JUIMHE U anepType (PacKpbITOCTH), TaK KaK UX aHaJIHU3 Tpe-
OyeT MpHBJIEYEHHUS JTOTIOJHUTENbHBIX UCCIIEOBAHUHN (JaHHBIE 110 TEOMETPUN TPEIIUH, a
TaK)KE UX MHTEHCUBHOCTH IOJIy4alOT C MOMOILBIO celicMopa3Benku 3D, aneKkTpuyeckoro
MHUKPOCKaHUPOBaHMS (ITOKAa3aHUS MUKPOUMMKEPOB) U KepHa) [["apudymiun u ap., 2018;
AOnynnuH u ap., 2018]. KpynHble 1 HOBbIE MECTOPOXKACHUS MOJBEPraroTCs TaKUM HC-
CJIC/IOBAHUSAM, OJHAKO JUIS MajbIX MECTOPOXKJICHMHA M HaXOJSIIMXCS Ha 3aBepLIAIOLICH
CTaauM pa3pabOTKU, 3TH UCCIIEJOBAHUS CUNTAIOTCS SKOHOMUYECKH HElleIeco00pa3HbIMU.

Pe3yAbTAThl PABOTHI U X OBCYXAEHME

PaccmarpuBaeMslli peruoH OABEPIaeTCs BO3ACHCTBHUIO HAIPSIKEHUH B IByX HalpaB-
JeHusX: co cTopoHsl I maBHOTO KaBkaszckoro xpedra Anbnuiicko-KaBka3ckoit ckiraqaaToit
CUCTEMBI U, MEPIEHAUKYISIPHO €MY, CO CTOPOHbI CTaBpOIOJIBCKOTO CBOJA, BCIEICTBUE



106  Geology and Geophysics of Russian South 12 (4) 2022 T'eonorvs n reogmanka Kora Poccim

o —— e ———

B
B
g

] N2 [N [ ]e[ 2 ]s

Puc. 1. Ocnosnvie nanpaenenus auneamenmog 3CIIM.

Venosuvie obosnauenusn: 1 — epanuyvl 3anedxicel; 2 — epanuybl 1UYEHIUOHHBIX YHACMKO8; 3 — TUHeaMeHmbl
OCHOBHO2O HANpasNeHusl; 4 — TuHeameHmbvl OONOTHUMENbHO20 Hanpaesienus, S-3anedxcu: Ilpasobepescras
(1); 3umnan Cmasxa (2); Iywkapckas (3) /

Fig. 1. The main directions of the lineaments of the Zimne-Stavkinsko-Pravoberezhnoye field.
Legends: 1 — deposit boundaries; 2 — license area boundaries; 3 — lineaments of the main direction;

4 — lineaments of the additional direction; 5 — deposits: Pravoberezhnaya (1); Zimnyaya Stavka (2);
Pushkarskaya (3)

yero oOpa3oBana cucrema 60koB ¢pyHnamenTa [Nelepov et al., 2021]. CucremMsl 610k0B
pa3IensioTcs pa3ioMaMH M HEKOTOpBIE M3 HUX ACMU(PUPYIOTCS Ha KOCMOCHHUMKAaX B
BHJIE MaKpo- U Me3oirHeaMeHTOB. Pasnomel BeisiBieHsl [ IC-uccnenoBanusmu u Oype-
HUEM Pa3BEIOYHBIX CKBAYKUH.

[Ipu paccmoTpeHnu pucyHka 0ojiee METKUX THHEAMEHTOB, BBIJICIICHHBIX B IpeAeax
3CIIM mo pesynasrataM Aemu(puUpoOBaHUS KOCMHUYECKHMX CHHMKOB paccMaTpHUBaeMOit
TEPPUTOPHUH, MPOCIEKUBACTCS TOBTOPEHHUE JIBYX HAIPaBICHUN OCHOBHOTO U JOIOJIHHU-
TeNnbHOTO (puc. 1).

OCHOBHOE HamnpaBJIE€HUE JIMHEAMEHTOB Ha IUIOIIAAX MECTOPOXKIEHUS — IOro-BOC-
TOK — CEBEPO-3allaIHOE, a TPELIMHOBATOCTH B COOTBETCTBUM C IIPOBEACHHBIMU HCCIIE-
JOBaHUAMU OJIHM3KO K OCHOBHOMY HAITPABIEHHIO JIMHEAMEHTOB U paBHO 43°. JlomonHu-
TENbHOE HAIPABIECHUE MMEET IOT0-3alaj — CEBEPO-BOCTOUYHOE HAINPABJIICHUE U XOPOIIO
MPOCIIEKUBACTCS B BHJIE PA3PHIBHBIX HAPYIICHUH IO CEHCMUYECKUM JaHHBIM.

[Ipu paccMOTpeHUH TPEUIMHOBATOCTU U TEKTOHUKHU MEPMO-TPUACOBBIX OTJIOKEHUM
[JIetaBun u ap., 1987; Uepnenko u ap., 2022; Xacanos, 2011; Xacanos u np., 2020;
Mopo3zoBckuii u zip., 2014] BeIsSIBICHO CyLIECTBEHHOE BIUsHUE Ha (JOPMUPOBAHUE U pac-
Mpe/ieNIeHUEe CKOTUIEHHUH YITIEBOIOPOAOB B HH>)KHEM TPUACE 30HbBI TPEIIMHOBATOCTH, UME-
IOLLEN HAaNpaBJIEHUE F0T0-BOCTOK — CEBEPO-3aMall, 4YTO COOTBETCTBYET yiyudmeHnto PEC
B BOCTOYHOM U CEBEPHOM HAIpPaBJICHUSAX.

OOBbeKkTaMu UCCIIEOBAHUS SBIISIOTCS 3aJIEKU B HE(DTEKYMCKON CBUTE Ha TEPPUTO-
puu Ilymkapckoro momns, 3umMHe# craBku u mons [IpaBobepexHOe paccMaTprUBaeMOro
MECTOPOKICHMS.
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AHanu3 pacroyIoKeHus JIMHEaAMEHTOB Ha TEPPUTOPUHN MECTOPOXKIEHUS U KapT HAKO-
IUIEHHBIX OTOOPOB MO3BOJISET BBISIBUTH OOLIHOCThH HANpaBlICHUH CTPYKTYPHBIX Hapylle-
HUH ¥ HaIlpaBJICHUI 30H MOBBIIIEHHON NPOAYKTUBHOCTU [UepHeHko u ap., 2022].

JlaHHas 3aKOHOMEPHOCTh 00YCJIOBJIEHA MPOTEKAIOIIMMU B 3¢MHOM KOpEe T€0JMHaMU-
YECKUMH IpoLieccaMy. 30HbI, MOJBEPIIINECS PACTKECHUIO MTPU ABMKEHUH OJIOKOB (PyH-
JTAMEHTA, UMEIOT BBICOKYIO MIPOHUIIAEMOCTh, CIECTBUEM YEro NMpH pa3paboTKe 3aexen
CKBA)XMHBI, PACIIOJIOKEHHBIE B 3TUX 30HAX, OTIIMYAIOTCS TOBBIIIEHHBIMU J1€0MTaMU.

Taxkum o0pa3om, pacrpeesieHie TPELUH B I1acTe 000CHOBAHO € TIOMOIIBIO CBA3H
MEX]ly BBICOKUMH HAKOIIJICHHBIMU OTOOPAaMHU YIJIEBOAOPOJIOB U HANIPABICHHOCTHIO IITy-
OMHHBIX Pa3JIOMOB U JIMHEAMEHTOB JHEBHOM MOBEPXHOCTH.

IToctpoenue mMonenu ABOIHOM nopucTtocTH ocyuiectsisuiock B IO Petrel npouec-
com Fracture Network.

Jlnst 3aanus pacnpeaeneHus TpemuHoBaTocTH B iacte B [10 Petrel ncnonb3oancs
TPEHJI IUIOTHOCTHU paclpelesIeHus TpeluH. B kauecTBe OCHOBBI /17151 IOCTPOEHUS TPEHA
MPUMEHEHO NMPOU3BEICHHE TPEX YCIOBHBIX KOA(PPHUIIMEHTOB, IPUCBOSHHBIX TOUKAM pac-
MOJIOXKEHUSI CKBAXXMH: KO3(D(UIIMEHT OTHOCUTEIBHON HAKOIUIEHHOM J0OBIYM CKBAXKHH;
K03()(PUIIMEHT, yUYUTHIBAIOIIUNA KOJTMUECTBO JTUHEAMEHTOB/JITMHUN MOBBIIIEHHON MPOIYK-
TUBHOCTH, NIEPECEKAIOIINX CKBAKUHBL, KOAQPHUIUEHT YIaIeHHOCTH CKBaXKUH OT JIMHEa-
MEHTOB/IMHUH MOBBILIEHHON MPOLYKTUBHOCTH.

3HaueHus Ko3pPUIMEeHTa OTHOCUTEIHHON HAKOMJICHHOM NOOBIYM CKBaXXUH MPHUHU-
MaJluCh B Mpejiesiax Kaxaou u3 Tpéx 3anexei — [lymkapckoii, [IpaBobepexHoit u 3um-
Heil CtaBku. HaunOonbias BeITMUMHA HAKOIUIEHHOTO OTOOpa HE(TH B CKBaXXHHE INpH-
HATa 32 1, OCTaNbHBIM CKBaXXMHAM B JIOJIEBOM COOTHOIIEHUU OBLIM MPUCBOECHBI YCIIOB-
Hble KOA(QPHUIMEHTHI, KOJIMYECTBEHHO OTPaKAIOIINE TUIOTHOCTh HAKOIUIEHHOW JJ00BIYM B
pa3HbIX y4yacTkax miacta. Hanbonbiiei mioTHOCTH COOTBETCTBYET Kod(duiueHT 1, Ha
ynanenuu — 0,2.

3HaueHus ko3(uLMeHTa, YyUUTHIBAIOMIETO KOJIMYECTBO JIMHEAMEHTOB/JIMHUNA TMO-
BBIIIEHHOM NMPOJYKTUBHOCTU NEPECEKAIOUINX CKBAKUHBI, 33/1aBAJUCh 110 CIEAYIOIEMY
NPUHIMITY: TOYKaM, KOTOpbIE MepeceKaeT OJMH JMHEAMEHT, COOTBETCTBYET Ko3(hhuiu-
€HT paBHBIA 1, HauOOBIIEMY KOJIMYECTBY MEPECEUCHUN — YEThIPEM — COOTBETCTBYET
3HaueHue ko3 dunuenra 1,75.
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Puc. 2. I'pagux 3asucumocmu ycnoenoeo ko3gguyuenma om HakoNJIeHHOU 000bIYU
Ihwxapckoeo (a) u [lpasobepexcroeo (b) noneii 3CIIM /
Fig. 2. Graph of dependence of the conditional coefficient on the cumulative production
of Pushkarskoe (a) and Pravoberezhnoe (b) areas
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s 3ananus 3HaueHUH ko3 huIMeHTa ynaJeHHOCTH CKBaXHH OT JIMHEAMEHTOB/JIU-
HUW NOBBIILIEHHON MPOTYKTUBHOCTH, TOUKAaM, HAXOAAIUMCA Ha paccTossHUM MeHee 100 M
MPUCBOCH KO3 GUIMEHT paBHbII eanHuIle, HauMeHbIui ko3 purment — 0,01 — coor-
BETCTBYET TOUKaM Ha oTjaneHun 6oaee 500 MeTpos.

Ha pucysnke 2 npencraBieHsl rpaguKki 3aBUCUMOCTH HTOTOBOTO YCIIOBHOTO K03 hu-
LMEHTAa MHTEHCUBHOCTH TPEIIMHOBATOCTHU B IJIACTE OT HaKoIUIeHHOW no0brun Ilymikap-
ckoro (A) u IlpaBo6epexnoro (b) moneit 3CITM.

Koa¢ppunuent koppensunu R no rpadukam npessiaer 3HaueHue 0,9, 4to roBoput
0 BBICOKOH CTENIEHU KOPPESLUHN UCCIENYEMBIX IAPaMETPOB.

Taxkum 06pa3oM, Ha OCHOBAHWHU UTOTOBOTO K03(pulimeHTa nocTpoeHa kapra TpeH/1a,
YUHTBIBAIOIIAsl HECKOJIBKO MIApaMeTPOB, OKa3bIBAIOLIMX OTEHIMAIbHOE BIUSHUE HA UH-
TEHCUBHOCTb PaclpoOCTPaHEHUs TPEIIrH B miacte (puc. 3).

CoOOTBETCTBEHHO KOJUYECTBY 3aJIEXKEH, IUIOTHOCTh TPELIMH IIOCTPOEHA B IIpesesax
TPEX MOJMUIOHOB — TPEX KOHTYPOB HE(TEra30HOCHOCTH 3anexei. «Ovarm» TpernHoBa-
TOCTH B IIpezeaax OJHOM 3aJIeXkH paclojararorcs Ha paccTosHuu okoso 1500 meTpos.
Ha noctpoenHoii kapTe Ha0I01aeTCsl COMIACOBAaHHOCTh HAIPABJICHUH Y4aCTKOB C ITOBbI-
LICHHOM TPEIIMHOBATOCTHIO U JIMHEAMEHTAaMU/IIMHUSMH MOBBIIIEHHON IPOAYKTUBHOCTH.

. | & |2 [ -3 ™ ]| & |8

Puc. 3. Kapma mpenoa nnomnocmu pacnpedenenua mpewurosamocmu Ilpasobepesxcnoii, 3umne-
Cmasxunckoui u Ilywxapcxoii 3anedicei 3CIIM.
Yenosuvie obosnauenus: 1 — konmyp 3anexcu; 2— Mecmo pachonoHceHUus CKeax}Cunvl, 3 — docmosepHvle
JuHeameHmul; 4-npeononazaemvle TUHEAMEHMbL, 5 — UBOTUHUY UHIMEHCUBHOCTNU MPeuwuHo8amocmu /
Fig. 3. Map of the trend of fracture distribution density of Pravoberezhnaya, Zimne-Stavkinskaya and
Pushkarskaya deposits.
Legends: 1 — deposit contour,; 2 — well location; 3 — reliable lineaments; 4 — probable lineaments; 5 —
isolines of fracture intensity
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a b
Puc. 4. Cemb mpewun negpmexymckou ceumst Hudicnezo mpuaca Ilpasobepescnoii, 3umne-Cmaekuncko
u Ihwxapckoti 3anexceii 3CIIM.
Venosuvie 06osnauenus: 1 — pagnomeproe pacnpedenenue mpewun, 2 — pacnpeoeienue mpeuut ¢
ucnonvbsosanuem mpenoa. /
Fig. 4. Networkof fractures of the Lower Triassic Neftekumsk formation of Pravoberezhnaya, Zimne-
Stavkinskaya and Pushkarskaya deposits.
Legends: 1 — equal distribution of fractures; 2 — distribution of fractures using a trend

[TocTpoeHue TpemuH Mpou3BOIMIOCH KaK B KOJJICKTOPE, TaK U B HEKOJIEKTOPE IlIa-
cta. PaccMarpuBaeMble OTIIOKEHUS XapaKTEPU3YIOTCS M TOPU3OHTAIBHON U BEPTUKAJIb-
HOMW TPELIMHOBATOCTbHIO, B CBSA3M C YEM, COOTHOILICHHE JUIMHBI TOPU30HTAIBHBIX TPEILIUH
K BepTUKaJIbHBIM (elongation ratio) 6bu10 puHsTO 1:2.

Jl1s moCTpoeHUs: MOJIENU IIPUHATO HOPMAJIbHOE pacipeieiieHne JUIMH TpelrH. Mak-
CHUMaJIbHas IJTMHA €AMHUYHBIX TPEIIUH MPUHSTA B COOTBETCTBUH C JIOMYIICHUEM: €€ MaK-
CHUMaJIbHOE 3HaueHue npupaBHuBaercs 1/10 oT cpeHero MeKCKBa)KUHHOTO PACCTOSTHHS
[Nelepov et al., 2021], st HepTekyMCKOM CBUTHI 3Ta BennuuHa coctaBuia 100 M.

Peanu3oBaHo Ba BapHaHTa MOCTPOCHHUS CETH TPELIUH: C PAaBHOMEPHBIM pacrpesie-
JieHUeM TpemuH (A) ¥ ¢ UCTIOIB30BaHUEM KapThl TpeH 1a mioTHocTH TpeuH (b) (puc. 4).

Cetp TpemuH nojBepraercsi nepemacmradbupoBanuio merogom Oda. ITo 3aBepie-
HUIO TIpoliecca MOydYeHbl KyO TPeIMHHON MyCTOTHOCTH (OOBIYHO C MYyCTOTHOCTBIO Me-
Hee 0,01 x. e.); TEeH30pBI MPOHUIIAEMOCTH IO TPEM HANpaBJICHUAM (X; Y; Z); KyO ¢ cHr-
Ma-(paKToOpoM B KaXKJOW siueiike, XapaKTepU3YIOIIUH B3aUMOJCHCTBHE MAaTPUYHOM MO-
pucToCcTH M TpeurH. Ha pucyHke 5 moka3zaHbl HTOTOBbIE KyObl TPEUIMHHOM yCTOTHOCTH
Iacra.

Ha pucynke A u3o0paxeH KyO nmopucroctu (TepMuH, ucnoiab3dyemsiii B I10 Petrel),
MIPU TIOCTPOSHUH KOTOPOT'O UCTIOIB30BAIACh CETh C PABHOMEPHBIM pacIipeesieHuEeM Tpe-
e (puc. 4A), To ecTh pacnpeneieHue MIOTHOCTH TPEIIMH MTOCTPOSHO CIyYaitHbIM 00-
pa3oM (C y4eToM MHBIX 3aJaHHbIX napameTpoB). Ha pucynke b npencrasnen ky6 nopu-
CTOCTH IUIAaCTa, MPU MOCTPOCHUN KOTOPOTO MPUMEHSIACh CETh TPEIINH, YUUTHIBAIOIIAS
TPEH/] IUIOTHOCTH paclpeieNieHus] TpeuH B macte (puc. 4b), ciaenosarensHo napame-
TPBI 3TOTO CBOMCTBA O0s1ee 000CHOBAHBI M IPUTOIHBI JJIS1 HCTIONB30BAHMUS.
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Puc. 5. Tpewunnas nycmomnocmo Ilpasobepeoicnoii (1), 3umne-Cmaskunckou (2) u Ilywxapckoti (3)
sanexceu 3CIIM. a — pasnomeproe pacnpedenenue mpewuHHoU nycmomuocmu, b — pacnpedenerue
MPEWUHHOU NYCMOMHOCMU C UCHONb308AHUEM KAPMbl MpeHOd. /

Fig. 5. Fractured porosity of Pravoberezhnaya (1), Zimne-Stavkinskaya (2) and Pushkarskaya (3)
deposits. a — equal distribution of fractured porosity; b — fractured porosity distribution using a trend map

Bbioabl

B pesynbrare npoBeIeHHOTO UCCIIEIOBAaHUS CACIAHBI CIEIYIOIINE BBIBOIBIL:

1. Pa3pbIBHBIE HApyLIEHUS U COMPOBOXKAAIOIIAs UX TPEIIMHOBATOCTD B IJIACTE MOTYT
CYIIECTBEHHO BIUATh HA NMPOJYKTUBHOCTHb CKBAKMH. BBISBICHME M yd4eT Y4acTKOB HX
HanOOJbIIe HHTEHCUBHOCTHU TIPH JIOpa3BeAKe W mianupoBanuu I'TM Ha TeppuTtopuu
MECTOPOXKJICHUN MOXKET TOBBICUTH 3()(hEeKTUBHOCTD pa3paboTKH;

2. CyuecTByeT KOppeslus MEXIy PACIOIOKEHUEM CKBAKUH C BBICOKUMHU HAaKO-
TUIGHHBIMH OTOOPaMH Y HAPaBICHHOCTHIO JIMHEAMEHTOB/JIMHAN MTOBBIIIIEHHON MTPOIYK-
tuBHOCTH [Iymkapckoii, [IpaBobepexnoit n 3umuae-CraBkuHCcKol 3anexeid 3CIIM;

3. Meton n0o3BOJISET IPOTrHO3UPOBATh apAMETPhl TPELIMHOBATOCTH U UCIOJIb30BATh
WX B JaJIbHEHIIIEM TIPY MepeMacIiITabupOBaHUHN MOAEIIEH TPEIIUMHHON ITyCTOTHOCTH, ITPO-
HUIIAEMOCTH U cUrMa-(hakTopa /Ui THAPOIMHAMHYECKOTO MOJECIMPOBAHMS B YCIOBHAX
OTPAaHUYEHHOCTH JAHHBIX O TPEIIMHOBATOCTH.
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Pestome: AKTyanbHOCTb paboTbl. Teopus (ha3oBbIx Nepexofos cHopMynmpoBaHa ans onucaHns 380Lum
HEPABHOBECHbIX CUCTEM BOSIM3M OT TEPMOANHAMUYECKOrO PaBHOBECUS. B Te4eHWe NOCNeaHUX Tpex Jecatusie-
TWA HAKOMMEH OBLUMPHBLIA 3KCMEPUMEHTaNbHBLIA MaTepuan no BbICOKOCKOPOCTHbIM (Da30BbIM nepexodam, U3
KOTOPOro Creayet, 4T0 MHOrMe MeTactabuibHble CUCTEMbI CMOCOGHLI NPeTepnesarb NpespalleHns shanu ot
TEPMOJMHAMUYECKOr0 PaBHOBECUS, KOrLa HApYLIAKTCA YCNOBUSA JIOKANbHOrO paBHOBECUA B cucteme. B cra-
Tb€ PacCMaTpMBaeTCs OLEHKA YCTOMYMBOCTM NOCKON NOBEPXHOCTM KpUCTanna npu )a3oBom npeBpaLleHun B
OAHOKOMMOHEHTHOM cucTeme. Llenb uccnepoBanHui. OLeHKa YCTORYMBOCTI MIOCKOW NOBEPXHOCTU KpuUcTanna
npu ba30BOM NMpPeBpaLLeHUN B OHOKOMIOHEHTHON CUCTEME, aHaNn3 BbICOKOCKOPOCTHBIX PEXUMOB ABMKEHUS
(ha30BOM rpaHuMLpbl 1 peLleHne psaaa 3agad (popMUPOBAHNA KPUCTANIMYECKON CTPYKTYPbI B cucTemax. MeToauka
UccnefoBaHuin. AHaNUTMYECKIMe, MaTeMaTnyeckne MeTodbl. DEHOMEHONOrMYecKoe U MUKPOCKONMYECKOe onmca-
HUS OIHOKOMMOHEHTHON cucTembl. Pe3ynbTaTbl UccnegoBaHuit. llccneaosada Moponornieckas yCTon4nBoCTb
NI0CKON NMOBEPXHOCTW KPMCTaNNa, pacTyLlero BHyTPU UCXOAHON ¢hasbl NpU CreaytoLlen cxeme TennooTBoja:
CKpbITas TennoTta npespaLleHns 0TBOAMTCS OT rpaHnLibl paszaena B 06e (pasbl U 3a CYET BHELLHEro Tensoobme-
Ha — B TEPMOCTAT C 3a[laHHOI TemnepaTypoin. YCTOMYMBOCTL ONPeenseTcs TeMneparypon TepmocTara, ycno-
BUAMM TeMsI006MeHa, NOBEPXHOCTHLIM HATSXKEHWEM W KUHETUKOW MPOLECCOB HA rpaHuLle a3 (HaTseHue U
KWHETWUKA CYMTAKOTCA M3OTPOMHLIMU, U MEXaHU3M POCTa — HOPManbHbIM). BbiiBNeHa CroXHas KapTuHa Yepe-
[0BaHus 06nacTeil yCTONYUBOCTM 1 HEYCTOMYMBOCTU. [Insg NpeBpaLleHus BbICOKOTEMNEpaTypHOM ¢hasbl B HU3-
KOTEMNEPATYpPHY0 N0 Mepe YBENNYeHNs NepeoxnaKaeHns MMeeM B 06LLEM Clyyae Crnefytollee YepeaoBaHue:
YCTONYNBOCTb, HEYCTONYUBOCTb, YCTONYMBOCTL, HEYCTONYNBOCTb, YCTOWYMBOCTb. [pn 06paTHOM NpeBpaLLeHni:
YCTONYMBOCTb, HEYCTOYMBOCTb, YCTONYMBOCTL. B aanabatnyecknx ycnoBusx, Korga BHeLLHWiA TENsI006MeH 0T-
CYTCTBYET, 4acTb 06N1aCTel YCTORYMBOCTI UCHE3AET N UMEEM: HEYCTOMYUBOCTb, YCTOMYMBOCTD, HEYCTONYNBOCTD
ANs NPAMOro NpeBpaLLeHns U HeYCTONYMBOCTb, YCTORYMBOCTL [N 06pATHOrO (B agnabaTu4eckoM Cry4ae aHa-
nu3 cnpasegnue npu (T,—T,) >L/cy, T, T, — Temnepatypbl paBHOBECUS U UCXOAHOW (pasbl BAANN OT pacTyLLero
Kpuctanna, L — TensioTta npespalleHns, ¢, — TenI0eMKOCTb UCXOAHON (pasbl). [Mpu 04eHb MHTEHCUMBHOM BHELLIHEM
TennoobmMeHe (M30TepMUYECKOe NpeBpaLLeHne) NIoCKUiA OPOHT YCTOMYMB NpK NK06LIX TemnepaTypax. [aHsl
OLIEHKU KPUTUYECKNX Temnepatyp nepexofa oT YCTONYUBOCTM K HEYCTOMYMBOCTU. JTW OLIEHKW COrnacytTces ¢
JaHHBIMW 3KCMEPUMEHTOB MO KPUCTANNN3aLumm LMKNorekcaHona.

KnioueBble cnoBa: Temneparypbl paBHOBECUA M UCXOLHOM (hasbl BAANM OT pacTyLLero Kpucranna, ycToun-
4NBOCTb, TENNOTA NPEBPALLEHUS, TENOEMKOCTb MCXOAHOW (hasbl, TEPMOCTAT C 3aJaHHOI TeMNepaTypon, Mexa-
HU3M pocTa.
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MOBEPXHOCTM KPUCTaNna npu hasoBoM MpeBpaLLeHnn B OJHOKOMMOHEHTHON cUCTeMe. [eonorusa u reogusnka
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Abstract: Relevance. The theory of phase transitions was formulated to describe the evolution of
nonequilibrium systems near thermodynamic equilibrium. Over the past three decades, extensive experimental
material has been accumulated on high-speed phase transitions, from which it follows that many metastable
systems are capable of undergoing transformations far from thermodynamic equilibrium when the conditions of
local equilibrium in the system are violated. The article considers the assessment of the stability of a flat surface
of a crystal during a phase transformation in a one-component system. The aim of the research is to assess the
stability of a flat surface of a crystal during a phase transformation in a single-component system, to analyze
high-speed modes of motion of the phase boundary, and to solve a number of problems of the formation of a
crystal structure in systems. Research metodology. Analytical and mathematical methods. Phenomenological
and microscopic descriptions of a one-component system. Results. The morphological stability of a flat surface
of a crystal growing inside the initial phase was studied under the following heat removal scheme: the latent heat
of transformation is removed from the interface to both phases and, due to external heat transfer, to a thermostat
with a given temperature. Stability is determined by thermostat temperature, heat transfer conditions, surface
tension and kinetics of processes at the phase boundary (tension and kinetics are considered isotropic, and the
growth mechanism is normal). A complex pattern of alternating regions of stability and instability is revealed.
For the transformation of a high-temperature phase into a low-temperature one, as supercooling increases,
we generally have the following alternation: stability, instability, stability, instability, stability. With the reverse
transformation: stability, instability, stability. Under adiabatic conditions, when there is no external heat transfer,
some of the stability regions disappear and we have: instability, stability, instability for the direct transformation
and instability, stability for the reverse (in the adiabatic case, the analysis is valid for (T, - T, >L/c,, T, and T, -
equilibrium and initial phase temperatures away from the growing crystal, L — heat of transformation, ¢, — is the
heat capacity of the initial phase). With a very intense external heat transfer (isothermal transformation), a flat
front is stable at any temperature. Estimates are given for the critical temperatures of the transition from stability
to instability. These estimates are consistent with experimental data on the crystallization of cyclohexanaol.

Keywords: equilibrium and initial phase temperatures far from the growing crystal, stability, heat of
transformation, heat capacity of the initial phase, thermostat with a given temperature, growth mechanism.

For citation: Bosikov I.1., Klyuev R.V., Masko A. ., Burdziev O. G. Evaluation of the stability of a flat surface of
a crystal under a phase transformation in a single-component system. Geologiya | Geofizika Yuga Rossii =Geology
and Geophysics of Russian South. (in Russ.). 2022. 12 (4): 114-128. DOI: 10.46698/VNC.2022.28.26.009.

BesepeHve

B Hacrosmee Bpems [Uid ONUCAHUS JIOKAJbHO-HEPAaBHOBECHBIX CHUCTEM B LIEJIOM
MPUMEHSIFOTCSI METOIbl TEPMOAMHAMHUKHN HeoOpaTuMbix mporeccoB [TioTionnuk, 2019;
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Kopones, Hecrepos, 2020]. OHu ycTaHaBIUBAIOT CBA3b (PEHOMEHOJIOTMYECKOTO U MU-
KPOCKOIIMYECKOTO ONMCAHUS OJHOKOMIIOHEHTHOM CHCTEMBI. B 3TOH CBS3M CyIIECTBYET
npoOieMa COITIaCOBAaHHOTO ONMCAHUS HEPAaBHOBECHBIX (DAa30BBIX MpPEBpALCHUN B pam-
KaxX TEPMOJMHAMUYECKON TEOpHUH HEOOPATUMBIX MPOLECCOB. XapaKTepHbIM MPUMEPOM
(a30BBIX MEPEXOI0B B JOKATbHOHEPABHOBECHBIX CPEAAX SIBISETCS BBICOKOCKOPOCTHOE
3aTBEpAECBaHNE METAIIMUYECKUX CUCTEM U CIUIaBOB. BbUIO yCTaHOBIIEHO, UTO BBICOKOCKO-
POCTHOE 3aTBEP/ICBAHNE TPOTEKAET B YCIOBUSIX, HAXOASAIMXCS BJIAJIM OT JIOKAJIHOTO Tep-
MoauHamuueckoro pasHosecus [[epesuu, [Tanosa, 2020; Zicheng, Ydstie, 2022]. [Ipu
3aTBEPACBAHUHU ITyOOKO MEpPEOXJIaKJCHHOTO PacIulaBa JIOCTUraloTCs CKOPOCTH POCTa,
COIIOCTABMMBbIE MO BEJIMYUHE MM MPEBBILAOIINE CKOPOCTh U (PY3MOHHOTO paclpo-
CTpaHEHMs KOMIIOHEHTOB 3aTBEpAEBaIOLIeH cucTeMbl. JTa MpodiiemMa peraercs B paMkax
TEPMOJMHAMUYECKOTO OMMCAHHsI HEPABHOBECHBIX (Da30BBIX MTPEBPAILCHUI.

IIpu 3aTBepaeBaHUN OJTHOKOMIIOHEHTHOH KHMJIKOCTH MOP(OJIOrHYecKasi HeyCTONYu-
BOCTb INIAJIKOTO (DpOHTA BO3MOXKHA TOJIBKO B YCJIOBHSX, KOTJa PACIUIAB MEPEOXJIAXK/ICH.
HeycToitunBOCTb IpU 3TOM BO3HUKAET BCIJIEACTBUE TOTO, YTO OTBOJ| BbIIEIAIONIECICS Ha
rpanuie ¢a3 TeIIoThl KPUCTAIIM3AIMN B NIEPEOXJIaXICHHBIN paciiiaB 0bjaerdaercss ot
BBICTYIIOB U 3aTPyIHsETCA OT BIIAJMH HA TpaHuLe pa3zena. HeycTounMBoCTh MPUBOAUT K
00pa3oBaHMIO Pa3HOOOPA3HBIX (POPM pocTa, 00eCIeUnBAIOIINX JIYULIH 10 CPABHEHUIO C
1agKoi (pOpMOIl TEIIO0TBO OT IpaHUIIbI (Pa3.

MeToAnKA NCCAEeAOBAHNN

[Tpu mpoBeneHNH WCCIIEAOBAaHUNA MPUMEHSUIUCH aHAJTUTUYECKUE, MaTeMaTuYecKue
(muckpeTHas MaTeMaTHka) MeTobl. @EeHOMEHOJIOTHYECKOe U MUKPOCKOITUYECKOE OIrca-
HUSI OTHOKOMITOHEHTHON CHCTEMBI.

Texnnyeckasi 4acTh. AHAIIN3 YCTOMUNBOCTH chepudeckoro kpucramia (puc. 1), pa-
CTYILETO B NEPEOXJIAKICHHOM pacIliaBe, MoKa3al, YTO TAKOH KPUCTAIT YCTOWYHB, €CIH
€r0 paJinyC MEHBIIIE HEKOTOPOrO KPUTHIECKOT0. DTOT aHaIUu3 MpoBesieH B padorax [Lee
etal., 2022; Ecklebe et al., 2020] ¢ ygeToM u 6€3 yueTa KHHETUKH TIPOIIECCOB Ha TPaHUIIE,
HO B 00eux paboTax Jjisi MajblX UCXOAHBIX MEPEoXJIaKAeHUN paciuiasa, korna 0 = (7)) —
T,) c,/ L <1, rtne T,— remmeparypa miasjieHus, 7,,— TeMIeparypa paciiaBa BIajlu OT
KpHCTaja, L U ¢, — TeIUIoTa IUIaBJICHUS U TeIUNIOEMKOCTh paciijiaBa Ha eAMHUIYy 00beMa.

Bo3HuKaeT ecTecTBEHHBIN BONPOC 00 YCTOMYMBOCTH MpHU OOJIBIINX MEPEOXIaXKie-
HHAX, korjga 0>1.

XapakrepHasi BelTMUMHA L/c, IpU KpHCTATU3auK pa3inyHbix BemecTB [Chien et
al., 2019; Hu et al., 2022] MeHsieTcs OT He-
CKOJIBKHMX JICCSITKOB (Hampumep, A MoJie-
KYJSIPHBIX KPUCTAJUIOB) IO HECKOJIIBKHX CO-
TEH I'paaycoB (ISl METAJLIOB).

Tak, mHanpumep, maius Oemnoro dochopa
[Hu et al., 2022], BOABI ¥ HUKEJIS 3TA BEJIMUH-
Ha paBHa 25,4; 80 u 400°C cOOTBETCTBEHHO.
B ciryuae MeTanioB noxy4eHue mepeoxiax-
JICHUH B HECKOJBKO COTEH T'PaJyCoB U H3-
y4eHHe Mpoliecca B 3TUX YCIOBUAX — 3aa4a
BechMa cIoXHas. B To e Bpems mis ¢oc-
¢opa, 3T0 BIoIHE OCylIecTBUMO. bpia uc-

Puc. 1. Kpucmanner yuxnozexcanona /
Fig. 1. Cyclohexanol crystals ClieZIoBaHAa KMHETUKA TPOJBIKEHUS PPOHTA
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KpucTajumzauuu 6enoro docdopa npu nepeoxiaxkaeHusx 1o 1,7 L/c, VX pe3yasrarsl
CBHU/IETEJILCTBYIOT O TOM, YTO BO BCEM M3YyUYEHHOM JHUAara3oHe MepeoxJIaxJIeHUH GpoHT
KPUCTAJUIN3ALUHU HE ObLT TIIAJKUM.

Pa3Oupaemslii B cTatbe Bompoc 00 ycroitunBoctu npu 0>1 mpencrasisieTcst Bax-
HBIM HE TOJIBKO B CIy4yae KpUCTaJUIM3AlMK BEUIECTB C MajbIM L/c, HO U IPUMEHUTEIbHO
K MOJUMOP(GHBIM MPEeBpaLIEHUSIM B TBEPIOM COCTOSIHMM. B mocienHeM ciydae JIErKo
peanu3yeMbl OTKJIOHEHHUSI OT PaBHOBECHS, MPEBHIIIAIONINE BEIUUNHY L/c, sl TAKUX T1e-
pexonoB. Ilpu npeBpaleHusx B TBEPIOM COCTOSHUM CTPYKTypa (a3 ¢popmupyercs mos
BIIMSIHAEM KaK HaIlpsDKECHHWH, BOSHUKAIOLINX B XO/€ MIPEBpaIlieHus, TaK U (pakTopoB, CBs-
3aHHBIX C II€pepacHpeIeIEHUEM TEIIOThl IPEBPAIIECHNS, 1 KOMIIOHEHTOB, TPUBOASIINX
K MOp(}0JIOrHYeCKO HEYCTOMYMBOCTH IPU KpUCTAIUIM3AUU. MOXKHO TyMaTh, YTO UMEH-
HO 3TU (PaKTOpbI OYAYT YHPABIATH CTPYKTYPOIl MPU MPEBPALICHUSIX B 00JACTH BBICOKUX
TEMIEPATyp, KOT/a HAPSKEHUS! OBICTPO pelakCUpPYIOT.

[TpeBpamenus npu 0 > 1 umerot psa ocodennoctei. IIpu 0 < 1 poct Kpucramia
1agkoi (popMel (Hampumep, pocT IJIACTUHBI B TOJILUHY, chepbl U HUIMHIpPA 110 pajau-
yCy) BHYTPHU NEPEOXJIAXKIECHHON (a3bl COMPOBOXKIACTCSA MPHOIMKEHUEM TEMIIEPaTyphl
IpaHMIIBI pas3zena K Touke paBHoBecus 7,. IIpu 3ToM ¢ TeueHnem BpeMeHH [ TMHEMHBIN
pasMep Takoro KpHCTallula YBEIMYMBAETCS IPOIOPLHOHANLHO f/2, a CKOpOCTH pocTa
yobiBaeT kak /2. Hamporus, nmpu 0 > 1 pocT KpUCTAILUIOB MIAAKUX (OPM BBIXOAUT Ha
CTAl[MOHAPHBIN PEXKUM, XapaKTepU3yEeMbIil IOCTOSHHON CKOPOCThIO pocTta v. Ilpn aTom
HE3aBHCHMO OT 3HaYE€HUs CKOPOCTU TEMIIEpaTypa MOBEPXHOCTH pa3zieiia OTIMYAeTCs OT
TEMIIepaTypsl BIAIN OT KprcTasuia Ha L/c,. CKOpOCTh pocTa B 3TUX yCIOBUSAX HE 3aBUCUT
OT UHTEHCHBHOCTH TEIJIOOTBOAA OT IPaHUIIbl a3 U ONpeaessieTcs NepeoxiaxJaeHueM Ha
wewi (Tp— T, — L/c,). Ecmu ipu 0 < 1 MokHO mipy 601bIIMX / OMUCHIBATH KHHETHUKY POCTa
0e3 ydyeTa KMHETHUYECKOTO MEepeoxXIakaeHusl Ha rpanule ¢a3, To npu 0 > 1 310 HEBO3-
MOKHO HU IIPU KaKHUX YCJIOBHSX, IOCKOJIbKY MMEHHO KMHETHKA IIPOLIECCOB HA IPAHULIE U
OIIpEEIAET CKOPOCTh POCTA.

Bce ckazaHHOE OTHOCHUTCS K TaKUM (popMam KpUCTAIIOB, KoTophie ipu 0 < 1 pactyT
HECTallMOHAPHO CO CTpeMslIeiics K Hylto ckopocThio. [l Hux 0 = 1 aBnsercs ocoboit
TOYKOM, B KOTOPOM HECTAlMOHAPHBIM POCT MEPEXOAUT B CTAUMOHAPHBIA. BO3MOXKHBI,
0JIHaKo, ()OPMBI, pacTyIiue ¢ MOCTOSSHHOM ckopocThio U mpu 0 < 1. K HUM oTHOCSTCS
urnooOpa3Hbie U MIacTUHYaThie Kpuctamisl [CemenoB u np., 2019; Iguchi, 2018]. Onn
00pa3yroTcs B pe3ysbTaTe NOoTepu yCTOMYMBOCTH IMTagkuMu popmamu. [Tpu onrcannu ux
pocTa HEOOXOMMO YUYHUTHIBATh MOBEPXHOCTHBIE Mpollecchl Ha rpanune ¢as. [Ipumenn-
TEJIBHO K TakuM GopmaM 0 =1 He sBIIsETCS KaKOH-T1100 0CO00H TOUKOH.

Kaptuna, ananoruuHas ONMCAHHOM, XapakTepHa s JAUPPY3HMOHHBIX W,
Mo-BUAUMOMY, 0e3mupPy3HOHHBIX M30TEPMUUYECKUX TMPEBPAIICHUN B CIUIaBax. B aTom
cinyuae ycnoButo 0 < 1 cooTBeTcTBYeT npeBparieHue B aByxdasHoit, a 0 > 1 — B ogHO-
(azHoii o0nacTu quarpaMMsbl paBHOBecHs (a3.

Pe3yAbTATbl PABOTHI M UX OBCYXKAEHME

PaccmoTpuM ycTORYMBOCTE TOBEPXHOCTH pa3jielia mpu pocTe HOBoH (a3el 1 BHYTpH
ucxofaHou ¢a3zel 2. [l ynpoiieHus BBIKJIaJ0K UCCIeayeM III0CKYI0 rpanulty (as. Takas
rpaHHIla MEHee YCTOHYMBa, 4YeM MOBEPXHOCTh c(hepsl, M ecliu OHa yCTOWYMBa, TO chepa
TeM Oosiee ycroiunBa. Ecnu ke mutockasi rpaHMila HeyCToiH4MBa, TO U cepa, pazpacra-
SCh, pPaHO UJIHU IMO3OHO MMOTCPACT yCTOfI‘IHBOCTL.

[TomecTuM Hayasio KOOpPIMHAT HAa TPAHUILY paszelia, JBUKYLIYIOCS CO CKOPOCTHIO V.
[Tnockoit rpanune a3 orsevaer z = 0, obmacts z > 0 3andaTa Qaszoit 2, z < 0 — dazoii 1.
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[IpumemM, yTO BO3MYILEHHBIH PPOHT UMeET (POPMY CHHYCOUIbI:

z=q (x, t) =0 (1) sin wx. (1)
BrisicHuM yciioBuS, IPpU KOTOPBIX aMILTUTYAa Bo3pacTaet o (¢) > 0 u ppoHT HeycTou-
yuB. [IpuMeM, YTO OTBOJ TEIIOTHI MPEBPAIICHUS MPOUCXOIUT B 00e (hasbl, U 3a CUeT
BHEIIIHETO TEIJIO0TBO/A — B TEPMOCTAT ¢ TeMIieparypoil 7,.. Takas cxema COOTBETCTBYET
NPEBPAICHHUIO B TOHKUX 00pa3iax, HaXoIsAIINXCsS B TEPMOCTaTe.
Temneparyphuble nonst 7; (x, z) B IBHXKYILEHCS CUCTEME KOOPAMHAT ONMCHIBAIOTCS
CTallMOHAPHBIMM YPaBHECHUSMMU:

AT+ali%—ﬂf(7} ~T)=0, i=12
e B’ — ko> dUIHEHT Terno06MeHa ¢ TepMOCTATOM ( 7 uMeeT pasMepHOCTH cM2);
;= J,/c;— TeMIeparypoIrpoBOJHOCTb; A; U ¢; — TEIUIONPOBOAHOCTb U TEIJIOEMKOCTb. Bra-
au oT (¢ponta npespamenus 7, (x, ©) =T, u T, (x, — ©) = T,.. B oTcyTCTBHE BHEIIHETO
TerioooMeHa temmneparypa 7 (x, — o0) He 3ajaeTcs, a onpejaessercs U3 TpeOoBaHus ee
KOHEYHOCTH.
Ha rpanune pa3zziena npu z = ¢ BBIIOJHSIOTCS CIEIYIOLINE YCIOBHS:

1. HenpepwiBHocTh TeMueparypsl 1 |,= 15|,
2. VYcnosue TeroBoro 6ananca. J[ist ManbIX BO3MYIIEHUI:
oT, o7,
Lv(x)=A4—L-|, -4 —= 2
() =A== — (2)

4
rae V (x) = v+o sin wx — nokanbHask CKOPOCTh JBKEHUS TPAHUIIBI.
3. KuHetnyeckoe COOTHOLIEHHE, CBA3BIBAIOLIEE JIOKATbHYIO CKOPOCTh V (X), KpUBU3-
Hy K (x) u Temnepatypy rpanuusl 7 (x). Ilpu ero popMyarpoBke npumeM, 4To KHHETHKA
IPOIIECCOB Ha TPAaHUIIC ¥ TOBEPXHOCTHOE HATSHKCHUE G H30TPOITHBI U TPAHUIIA ABIKETCS
110 HOPMAJIBHOMY MeXaHu3My. He orpaHn4mBasch MajbIMH OTKJIOHEHHSIMH OT PaBHOBE-
CHsl, 3alMILEM 3TO COOTHOIIEHHE B BUJIE:

v=nQ, —v )=nQ v, exp(— UZ—O"QK/2J - exp(— UI_O-QKQ] (3)
k-T, k-T,

3nech MepBbIi WieH paBeH MOTOKY 4YacTull u3 ¢assl 2 B (asy 1, a Bropoit — oOpar-
HOMY TIOTOKY; 1 U {2 — MOBEPXHOCTHAs IUIOTHOCTb YaCTHIl U MOJIEKYJISIPHBI 00BEM,
NpUHUMAaeMble OMHAKOBBIMH B 00eux ¢azax; v;, v, u U;, U, — 4acTOTHbIE MHOXHUTEIH
Y SHEPrUM aKTUBAIMU JJIS Tepexona yacTuil u3 ¢asel 1 U u3 (as3sl 2 COOTBETCTBEHHO;
U,— U,=L Q. Beipaxxenue (3) oTpaxaeT U3MEHEHHE TOTOKOB YaCTHI] HAa UCKPUBIICHHON
MOBEPXHOCTHU IO CPABHEHUIO C IJIOCKOW — YBEJIMUEHHUE TTOTOKA C BBIMYKJIONW U YMEHBbIIIE-
HHE C BOTHYTOM NMOBEPXHOCTH (KpUBU3HA K IpUHSATA MOJIOKUTEIBHOM, Koria (GpoHT 00-
palieH BOTHYTOCTHIO K dase 2).

W3 BeIpaskeHus (3) npu MaJlbIX OTKJIOHEHUSIX OT PAaBHOBECHSL:

v=u[T,+ (6KT,) - Tg/ 4)
7€ {4 — KHHETUYECKUN KO3(DPUIIMEHT, paBHBIN:
u = ny Q’Lv,exp (U/kT,)/ kT, (5)

Ji1g mockoro ppoHTa HEBO3MYILIEHHBIE MOJI TEMIIEPATyp UMEIOT BU/I:

T]() (Z) = TOO+LVeSIZ/(j.1S]+ /’{Zsﬁ, TZ() (Z) = TOOJ’_LVeSZZ/(l]S]'i_ /12S2) (6)
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CkopocTb v HaxoauM U3 ypaBHeHus (3), B kotopom K=0 u:

TS:TOO+LV/(A,1S]+/12S2) (7)
3nech:
2 1/2 P 1/2
A% \% 2 1% 1% 2
S =———+|| —| + S, =——— || — | + 8
1 2, 2, A > 2a, 2a, % ¥

[Tockonbky 7, 3aBHCHUT OT Vv, TO BbIpakeHHe (3) mpexacraBiser coboil TpaHc-
LIEH/IEHTHOE YpaBHEHUE U1 V. DTO ypaBHEHHE IIpU JT100bIX nepeoxiaxaeHusx (7 — 7.,)
UMeeT OTIMYHOE OT HYJIsl pellieHHe, U CIeJ0BaTeNbHO, BCEra CyIeCTBYEeT CTalMoHap-
HBIN pexxuM pocta. Eciiu BHEIIHUH Tem100TBOA OTCYTCTBYET (,=/,=0), TO TaKoi pexum
umeetcs Tonbko npu (T, — T,.) > L/c,. OTmMeTum, uto pemenus (6) — (8) crpaBeiuBbI Kak
s psimoro (2—1), Tak u 1y obparHoro npespatienus (1—2). B nocinennem ciyuae
v < 0, Temnieparypa Ha Gpponre 7, HUXKE, 4eM B TepMmocTare 7, ¥ MpeBpalieHne UaeT 3a
CueT MojiBojia Tera K rpanuue ¢a3. Ha pucynke 2 cxeMaTu4HO M300pa)xKeHbl BHITEKAO-
e u3 (7), (8) u (3) 3aBUCUMOCTH TeMIepaTypbl (POHTA U CKOPOCTH MPEBPALICHUS OT
TeMIIepaTypbl TEPMOCTATA.

Kpussie 1 cOOTBETCTBYIOT H30TEPMUUYECKUM YCIOBUAM (ff,=f,=0); 2 — annadbaruye-
ckuM (f,=0,=0); 3 — IpOMeKyTOUHBIM.

CunycounansHoe BosmyuieHue (1) I0CKoi rpaHuIibl BEI3bIBAET U3MEHEHUE TEMIIe-
paTypHBIX MOJICH, KOTOPOE HAXOIUM I10 BBIPAKEHUIO:

T)(x,2) =Ty (z) +Bpel’=; T, (x, z) = Ty (z) +Bpe P T, (x) = Ts +Agp (x), )
re:
2 1/2 2 1/2
V V 5 ) V y 5 )
=——+||— | + 4 +to s Dy =——+||— | + 5, tw 10
)2 2a, 2a, B )2 2a, 2a, B (10)
T. 1
3
2
Y IR

a
LA
H
g
|| LGy 16
0 - T 1 a)
bl T Puc. 2. Cxemamuuecroe uzobpadicenue
| b 3AGUCUMOCIU MEMNEPAMYPbL SPAHUYbL
. pazoena ¢asz T (a) u cmayuonapHot
ckopocmu 0gudicenus epanuywl v (b)
om memnepamypuvl mepmocmama T,
npU PazUYHBIX YCI0BUSIX GHEUIHE20
menioomeooa /
Fig. 2. Schematic representation of the
dependence of the interface temperature Ty
(a) and the stationary boundary velocity v
(b) on the thermostat temperature T, under
\ \ 6) various conditions of external heat removal
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HewusBectHble BenmuuuHsbl B, B, A U d onipenesnsieM U3 YCIOBHI Ha IpaHUIle pa3iena
B=A—Lvs;/ (A;5;F 4,8,); B,=A—Lv s,/ (4;8;F 4,5,)

) )GQsz L A (P, = 5,) = Asi(p = )]
7 kT As, + 4,8,

A= —{nSQ(vm - }[%Pl +4p, + LV (11)

oQLo’ n Lw'4,s,(py =5,) = As,(p, = 5))]
2kT A8+ 4,8,

0 N
5:{_ ”sQ(V+o _V,o)'(ﬂ'lpl +12Pz) }[’qﬂpl +ﬂ'zpz +Lv] l (12)

I'ne v,y v_,)—4acToTsl nepexoaa aroMOB Ha IUIOCKOW IPaHULIC:
vig=vyexp (— UykTg),v_,=v,exp (—U/KT), v=n,Q2 (Vi y—v_y) (13)

IJIe V — CKOPOCTh JIBUYKEHUS MJIOCKOM IPaHHULIbL, @ v’ — €€ MPOU3BOJIHAS 110 MEPEOX-
naxjeHuto Ha rpanuue (7,— T):

v=n,QLv_,U, v, U)/ kT§ (14)

[Tnockuit ppoHT ycroituus, korga o < 0, 1 HeycTouuB npu 0 > 0. 3HaK & 3aBUCUT
OT 3HaKa YMCIUTENS U 3HaMeHatens BeipaxxeHus (12). [lepBoe cimaraemoe B yuciurene
OTpakaeT BIMSIHUE MOBEPXHOCTHOTO HATSKEHUS U BCernia oTpHuIareiabHo. Bropoe ciara-
€MO€ MOXKET OBITh U MOJOKHUTEIbHBIM U OTPULIATENIbHBIM, YTO 3aBUCHUT OT 3HaKa v’ U CO-
OTHOILICHUS TeTNIOPU3NYECKUX MapameTpoB (a3. TakuM oOpa3oM, YUCIUTENH B 00IIEM
Cllydae MOXKET MEHATh 3HaK. To ke OTHOCHUTCSI U K 3HaMEHATEeII0 OCKOJIbKY V' MEHSET
3Hak nipu T5= T), tAe T), — TeMIepaTypa MaKkCUMyMa Ha KWHEeTH4YeCcKoi kpuBout v (7);
v'>0mpu Tg> Tyyuv'<0npu Tg< T))).

KayeCTBEHHbIV QHAAN3 YCAOBMKS YCTONYMBOCTM

s obnerueHus aHanusa BbIpakeHUs (12) paccMOTpPUM YacTHBIM cioyyai, Koraa
A=A= A, ¢;=c,=c, a,= a,= a, f,=f,= . llpenctasum (12) B (11) B Buze:

5 {v’fz(a))—fl(w)}

o' g(w)+ LV
[g(@)+LV'] (15)
. 2 i . 1/2 nga)z
eoe fi(@)=n Qv ,—v_ )4 [Zj +f +o AT,
fr(w)= Lv’ 1+ o’ —1; g(w) =21 (l) ++w’ (16)
2 2a

2
G
2a
Bce BBeieHHbBIE DYHKLUH MOJOKUTEBLHBI H MOHOTOHHO BO3PACTAIOT C YBEINYEHHEM
. B o0nactu MansIx U 60nbIIKX co uMeeM: IpH @’ < (v/2a) 2+ f; (w) ~w?, 1> (w) ~w?,
g (w) ~ const+w?; npu w*> (v120) 2, f; () ~a?, f5 (0) ~0, g (w) ~». TTosTomy, eciu
BBITIONTHSAETCSI HepaBeHCTBO v 15 (0) — £, (0) > 0, uriciuTens MEHSIET 3HAK MPU HEKOTO-

POM KPUTUYECKOM 3HAYEHUU 0 = @ ; (IpU @ < @, YUCTUTEIb MONOKUTENIeH). B To ke
Bpems, eciu g (0) + Ly’ <0, To mpu ApyroM 3HaU€HUU @ = @, MEHSET 3HaK 3HaMEeHaTeb
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(oH oTpHIaTeNieH MpH @ < ). I3MeHeHue 3Haka 3HaMeHaTeIeM BO3MOXKHO, Koraa v'<(0.

Beenem kputuueckyto temneparypy I ., Takyto, 4yTo npu 7= 7", BBIIOJIHSAETCS yC-
aoBue v'f;” (0) — f5” (0). Dta Temneparypa paszenser o0JacTu, B KOTOPBIX YHCIUTENb
MOXET WJIM, HAIPOTUB, HE MOXET MEHATh 3HAK B 3aBUCHUMOCTH OT @. Temmeparypa 7»,
o0saziaeT aHAJIOTMYHBIMU CBOMCTBaMU B OTHOIIEHUM 3HameHatens. [Ipu stoit Temnepa-
type g (0) + Lv’ = 0. YuursiBas onpenesnenus (16), 3anuiiem ykasaHHbIE YpaBHEHUS IS
T’.wn T»,. B BULE:

c nQc (v,y+v,) [ ,T/2
y=C e o Wy IV +Qa ,apu T's=T" (17)
L 2a KTy’ b+ @ap’]", mpa T = 7"
v’:—%[v2+(205ﬂ)2]”2 npu T's=T". (18)

Ha pucynke 3 cxemaTnyHO MOKa3aHbl 3aBUCUMOCTH JIEBBIX U MPABBIX YacTEN ypaB-
Henuii (17) u (18) ot tremneparypsl T, ruiockoi rpanunsl. Ecin ¢opmansHo paccma-
TPUBATh 3TH 3aBUCUMOCTH BO Bcel oOnactu Temneparyp 0< 75< oo, TO MO)KHO OTMETHUTh
cllefyIouiee.

ITpu cunbHOM BHEIIHEM TeruiooTBoze (Oombiuue f) ypaBaenus (17) u (18) He umeror
pemenuii. Tak, kpuBble 3 Ha pucyHKe 3a, 6 He mepecekaroTcs ¢ KpuBoii v'. B aToit cuty-
allMM BO Bcel 00J1acTH TeMIeparyp YucIuTensb BelpakeHus (12) orpuiareneH, 3HaMeHa-
TeJIb TOJOKUTENEH, 0 < 0 1 Tockuil ppoHT ycToituus. C yMeHbIIEHUEM Y YpaBHEHUI
(17) u (18) HaUMHAIOT NOSABIATHCS KOPHU. [IpH 3TOM CyIIECTBYIOT TPU Pa3NUYHbIX KPUTH-
YeCKUX 3HAUCHUS 5 — f1< fr< f.s; IPU OJHOM MOSIBISIOTCS pelieHus y ypaBHenus (18),
pu gpyrom y (17) mst npsimoro npespatenus (npu 7,<7;) v Ipu IOCIEAHEM — Y ypaB-
Henwus (17) ans obparHoro npespaiueHus. Ecnu BeiOparts S — 1, TO Kak BUJIHO U3 puc. 3
(xpuBsbie 2) ypaBHenue (18) Oynet umetsh aBa kKopHs, a (17) — uetsipe (aBa npu 7,<7, u
nBa npu 7,>1;). PacrionoxuM 3TH TeMIieparypsl B IOPsIIKE BO3PACTAHUS:

T, T Tos Toy (ST, T5(<Ty, T4

(T.; u T,,cOOTBETCTBYIOT KpUTUUYECKOM Temnieparype 71.», a octanbHbie — 1,°).

B cooTBeTcTBHM C ATUMHU TeMIepaTypaMu UMEeM HECKOJIBKO Yepeayrouuxcst ooa-
CTel YCTOHYMBOCTH M HEYCTOMUMBOCTH IJI0CKOTO ppoHTa (prc. 3B). Tak, Hanpumep, npu
T,,<Ts< T,5 GpOHT YyCTONHYMB, MOCKOJIbKY YHCIHUTENb BeIpakeHus (12) oTpuuareneH, 3Ha-
MEHATellb TIOJIOKUTENIEH U OHM He MEHSIOT 3HaKOB B 3aBUCUMOCTH OT @. B cocenneit 00-
nactu temreparyp 1,;<7¢< T., poHT HEyCTONYMB, MOCKOIbKY YHCITUTE]Ib MEHSET 3HAK
IIPY HEKOTOPOM KPUTHYECKOM ;.

C yMeHbIIEeHHEM BHEIIHET0 TEIUIO0TBO/Ia PACIIUPSIIOTCS 00JaCTH HEYCTOMYMBOCTH.
Ipu f —0 (ammabarnueckuii npouecc) 7,; —0, T., u T 5 ctpemstes k Ty, (cMm. puc. 3,
a, 6) ¥ Uc4e3aroT J1Be 00JaCTH YCTOMYMBOCTH, OJJHA U3 KOTOPBIX B OKpecTHOCTH 1= 0, a
npyrasi Bommsu Tg= T),.

Ha pucynke 3, 6 mpecTaBieH0 MaKCUMaJIbHOE KOJMUYECTBO 00IaCcTel, paBHOE CEMH
u cootBercTBytomee S < .. C yBenuueHueM f uucio obiacTeil yMeHbIIaeTCs Ha JIBE
Ka)/Ibli pa3, Korjaa f CTaHOBHUTCS paBHBIM OJHOMY M3 KPUTUYECKUX 3Ha4eHUH f . Taxk,
npu S < f < f., Konmu4ecTBo obaacteit paBHO 5, pH f ,,< f < 33, a ipu ff < f; ume-
€TCsI TOJBKO O/IHA 00JIacTh — 00JIACTh YCTOHUNBOCTH.

B pesynbrare nzydeHus KpuCcTaUIM3alMK LUKIOrekcaHosua (puc. 1) B TOHKOM npena-
pare npH pa3iIMuHbIX TEMIEpATypax TEPMOCTATa, yCTAHOBIIEHO, YTO MPU MaJIbIX IEPEOX-
naxaenusx (aanpumep, npu 7,— 7., = 0,005° C) u npu 6onemmx (7,— 7., = 10°C) pactyT
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IpeBpaiuenue / IpeBparuenue /
transformation transformation
21 T 152
Tcl Tcz TC3TC4 TC5 Tc()
ol 7L |
[ [ | T,

B)

Puc. 3. Cxemamuunoe uzobpasicenue 3agucumocmu nesotl (v') u npasoti wacmeti ypasnenusi (17)
om memnepamypwl epanuysvl pazoena gas Ty npu paziuunslx yCio8usx eHewHe20 menioomeood,
UnIIOCmpupylouee Cywecmeosane Kpumuieckux memnepamyp (a), 6 — mo siace 0as ypaguenus (18);
6 — cxemamuunoe uzoopaicenue Ha ocu Tg NON0dICEHUsE KPUMUYECKUX memnepamyp u oonacmetl
YCMOUYU80CMU U HEYCMOUYUBOCMU NIOCKOU 2panuybl pazoeia ¢as /
Fig. 3. Schematic representation of the dependence of the left (v’) and right parts of equation (17) on the
temperature of the phase boundary Ts under various conditions of external heat removal, illustrating the
existence of critical temperatures (a); b — the same for equation (18); ¢ — schematic representation on the
T axis of the position of critical temperatures and regions of stability and instability of a flat interface

KpHUCTaJJIbI OKPYIIION (OpPMBI, a MpU MPOMEKYTOUHBIX MEPEOXJIAXKACHUIX (K IPUMEPY,
npu T),— T, = 0,4° C) — nenapuTHON. DTO KaUeCTBEHHO COINIACyeTCs ¢ HaleHHOW To-
CJIEI0BATENbHOCTHIO 00JIaCTEN YCTOMUYNBOCTH U HEYCTOMYHUBOCTH MTPH YBEJIMYEHHUH TIepe-
oxJnaxaenus (puc. 3B).

Kpusbie 1 coorBeTcTBYIOT afuadbarnyeckuM yciaoBusM =0, (MMEIOTCS TpU KPUTH-
YecKHe TeMIIeparyphbl); 2 — yCIoBUAM, Koraa f < [, (MMeroTcs MITh KPUTHUECKUX TeM-
neparyp); 3 — ycinoBusm, koraa f < f; (KpuTHueckux Temmeparyp HeT). Kputuueckue
TEeMIEPATyphl yKa3aHbl U1 ciydas 2.

ABTOpamMHu NpOBEEHA OLIEHKA BEIMYMH KPUTHUECKHX TEMIIEpAaTyp U YCTaHOBJIEHO
YTO JIJI5 OTIpeIeIeHNUsI KpUTHUYECKUX TEMIIEPATyp, pa3Aesonux 001acTi yCTOMUNBOCTH
Y HEYCTOMYMBOCTH, HEOOXOIMMO 3HaTh Teruiodusnueckue cBoicTsa (a3, o, a TakKe KU-
HETUYECKYI0 3aBUCUMOCTH v (Tg) B IMpOKOM HHTepBasie Temneparyp. [locneanee npak-
TUYECKHU OTCYTCTBYeT. [I0aTOMY 1aiim JTHIb HEKOTOpbIe OLIeHKH. B anuabarudeckux yc-
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noBusX (f=0) uMmerorcs Tpu KpuTudeckue remneparypsl 1, 7,3 u T,5. Ha BO3MOXHOCTB
CyllecTBOBaHUs TeMrieparypsl 7,; BrepBble ykazanu [lladep u I'mukeman. PaccmarpuBas
pocT cdepsl B MEPEOXJIaXKIEHHOM paciliaBe, OHU OOHAPYXHUIIU, YTO MPU MEePEeOXIaxKae-
HUSX, MEHBLINX KPUTHYECKOTO, CIIPABEIIMBO BHIPAKEHUE:

Ty—T,=Ty—T,+ L/c=aLl/ouTyumu (Ty—Ts) ¢/L=al/ou T, (19)

Ckopoctb pocTa B pyHKIMHU paguyca chepbl IPOXOAUT Yepe3 MaKCUMYM, a ITPpH 00JIb-
HIMX NEPEOXJIAXKICHUSIX MOHOTOHHO BO3PACTAET, MPUOIMKASICh K CTAI[HOHAPHOW BEITNYH-
He. Ha 3ToM 0CHOBaHWYM OHM MTPEIIONIOKUIN, YTO B IIEPBOM CIIydae MOBEPXHOCTH C(hepbl
HEYCTOYMBa, BO BTOPOM — YCTOWUMBA, a (19) onpenensier rpanuiry 3Tux odnacreit. He-
TPYAHO BUIETH, uTo (19) coBnagaer ¢ ycinoBuem (17), eciiu kputuyeckas Temreparypa
T,; 6muska k T, OgHako 3Ta Temneparypa onmska ve k 7, ak 7,

Jnst ouenku 7,; onumeM v (Tg) KBaapaTUIHON QyHKITUCH:

v=p[(Ty-T,)°—(Ts—T,)°1/12(Ty—-T,) (20)
u npumeM n, QL (v_y—v.,) kTg=u TyL. Torna uz (17) umeem (73— T,)/ (Ty—T,) =
U TO — (TO — TM) CO'/ZLZOC.
W3 yenosusa v’ (T,) = v’ (Ty) — (T, — T,) v’(T})) = 0, yuurtsiBas (13), nomyuum:

(T,—-T,)=T,[ (U+Uysk Ty) - 2]

Paccmorpum nBa mpumepa — kpucTtaumzaiuto o6emoro dhocdopa u ceunua. s Ge-
noro docdopa: T,=317°K, LQ/kT,=1, L/c=25,4°C, a=1,5-107 cm’/cex, 6/L=2,2-10"cm,
w =177 cm/cex-°C. nsa ceunna: T, = 600°K, LQ/kT,=1, L/c =151°C, o = 0,094 cm’/cex,
o/L =1,22-108 cm, u ipumeM paBHbIM 50 cm/cex-°C.

B ciyuae kpucrannuzanuu BenuuuHy U, 0OBIYHO OTOXAECTBISIOT C SHEPTUeH aKTH-
BallUu BsI3KOCTHU paciuiaBa. [ docdopa u ceunna U,/kT,paBHa 3,7 1 2 COOTBETCTBEH-
HO. YUHTHIBas 3T0, HaxoauM it 6emoro ¢ochopa 7)) — 7, = 50°Cu T,;— T, = 7°C, nns
ceuHua 1,—7,=200°Cu 73— T, = 0,5 °C. Kpurnueckoe nepeoxiaxaeHue paciuiaBa,
cootBercTBytomee 7,;, paBHo 1,; — T, = 68° C nns hocdopa u 350° C nist cBUHIIA.

Kputnueckas temmneparypa 7,; onuska k 7,,. YcronuuBocTh nipu 1< T.; cCBs3aHa,
rpy00 roBopsi, C TeM, YTO BBICTYN Ha ¢GpoHTe, uMesl Oojiee HU3KYIO TeMIleparypy, Yem
IJIOCKUHN ()POHT, PacTeT B ATUX YCIOBHIX MeIeHHeH. OaHako, cornacHo (9) u (15), Tem-
neparypa Ha BeIcTyre Huxe (4A<0) npu moobix w, ecnu 1< T.,. Hwke BTOpoil KpuTH-
4yecKoi Temreparypsl 1., 3HaMEHaTeNnb B BhIpaKeHHIX (15) MoxeT MeHATh 3Hak. Tam,
IJie OH OTpHILATENEH (T.€. MpU @ < w,,) A > (), Temneparypa Ha BBICTYIIE BbIIIE, YEM Ha
IUIOCKOM (PpOHTE, BBICTY pacTeT ObICTPEll U MIOCKUI PPOHT OMSATH HEYCTOWYHB.

[Tockonbky T,,<T,, TO jisl OEHKH MOXHO MPHUHATH, YTo npu 1= 7., 4actoTra v,
nepexo0B yacTuil u3 ¢asbl 1 B a3y 2 Mana mo cpaBHEHHUIO ¢ 4aCTOTOH v, . Torma v'/v =
— U,/kT ¢ u, cornacno (18), npu = 0 umeem (7.,/T,) > = (U,/kT,) - (Lc/T,). s pochopa
ato naet 1,;/Ty~ 0,55, a nyis cBunIa 0,7. COOTBETCTBYIOIIUE MEPEOXIIAKICHHS pacIljiaBa
170°C nnsa docdopa u 330°C ansa cBuHIIA.

[Ipu nnaBneHuu He yAaeTcs NOIYyYUTh 3aMETHBIX UCXOAHBIX MeperpeBoB. HeoOxoau-
MBI€ K€ MEePErpeBbl AJIs TOCTHXKEHUS TeMIieparypsl 7., Ipu aanadaTuyeckoM Mpoliecce
BO BCSIKOM cllydae Bbliie L/c.

B nHeagnabarnueckux ycnoBusx (f#0) miockuii GpoHT Oojiee yCTOWUYNB. YKe OTMe-
4aJloCh, YTO CYIIECTBYIOT KpUTHUECKHUE 3HAYCHUS [, TPU KOTOPBIX MCUE3AI0T OTJCIbHbIE
oOmnactu HeyCcTOWYUBOCTH. OLIEHUM 3aBUCUMOCTh KPUTHUYECKUX TEMIIeparyp OT £ 1 3Ha-
yeHus f. Ilpu 3ToM paccMoTpuM ToJIbKO Temnepatypsl 1,, U 1,,, TOCKONbKY OCTalbHbIE
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(3a uckmroueHueM 7,5) SKCIIEPUMEHTANLHO TPYAHO peannu3yeMbl. B ciyyae MHTEHCUBHO-
rO TEIIO0TBO/A, KOT/Aa 2. MHOTO OOJbIIIe MaKCUMalbHOU ckopoctu v (7,), ypaBHEHUE
(17), yuutsiBas (20), MOXKHO 3amicarh B BUJIE:

X (1-X,) 2= 32¢ Tyo0’f /L2 (T)—T,) % 20e X= (Ts—T,)/ (T,— T,,). 21)

JleBast yactb (21) paBHa Hymto pu X=0 u X=1 u npuHHMaeT MakCUMaJIbHOE 3Ha4e-
aue 0,286 npu X=0,447. [Tlostomy ypaBuenue (21) umeer nBa pemenus 7, u 1., nipu ff <

ﬂCarﬂe
c=[0,009 L*u? (T,—T,) °/c Tyoa?] I3 22
U

U He UMeeT petieHuil npu S > fe. [Ipu Mansix f (HO 2f0 > v) KpUTHUECKUE TeMIIepa-
TYpbl OIUCBIBAIOTCS BBIPAKECHUSIMMU:

(Tes— T,)/ (Ty—T,) = 32¢ Ty o’ /L1 (Ty~T,) 7,

(Ty—Te/ (Ty—T,) = [8c Ty 00’ /LW (Ty—T,) ] ~. (23)

Brruncnenue o popmyse (22) naet mis 6enoro ¢ochopa ¥ CBUHIIA COOTBETCTBEHHO
Bc=2-10%em n1,310° em!. B 06oux ciayuasx B kpuruueckoii touxe T, u T, u (T.,— T,)/
(T)—T,)—045.

[Tapamerp I/B°a onpenesnser XapakTepHOE BPeMsl IPHOIMKEHUs TEMIIEPATYPBI 00-
pasiia, MOMEIMICHHOTO B TEPMOCTAT, K TeMIeparype Tepmocrtara. [lpu HaleHHBIX KpU-
THYECKHUX YCIOBUAX 3TO BpeMs s (ocopa HomKHO ObITh mopsaka 2 10% cek, a mis
ceunna 107 cex. Y3 3TUX OLEHOK BUIHO, YTO KPUTUUECKHE S OTBEYAIOT OYEHb UHTEH-
CUBHOMY TEILIOOOMEHY, BPSITIN peaIn3yeMOMy PAKTHYECKH.

Bbensrii hochop 1 cBUHEI OTHOCATCS K BELIECTBAM, KPUCTAIUIBI KOTOPBIX PacTyT ObI-
cTpo. PaccMoTpuM KprCTaIIM3aMIO MEAJIEHHO PACTYIIETO BEIIeCTBa — IIUKIIOTeKCaHoIa
(puc. 1). B atom ciywae T,=298,4° K, LQ/kT,=0,71, L/c =8,5°C, 0=7,6-10"*cm?/cek, 1o
JIaHHBIM O BSA3KOCTH HaiijieHa sueprust aktuBanuu U,/kT,=16, 1 =8-107 cm/cex-°C. Kpo-
Me Toro npumeM o/L =2-108 cm.

[Ipn anuabaTuyecKux YCIOBHUSAX,
COMNIACHO TPUBEACHHBIM (hopmynam,
(Tc3_ Tw)/ (TO_ TM) :4'10_6 u T()_ TM:
10°C, T,/ T, = 0,67.

[IpumennTenpHO K 00CYXIaEMBIM
B CTaThe BOMPOCAM IIUKIIOTEKCaHOI 00-
JafaeT psAAOM OCOOCHHOCTEH: BEITHYU-
Ha L/c mana, sueprus aktuBauuu U,/kT)
BEJIMKA W, CJIeJI0BaTeNbHO, 7, Onu3Ka K
T). DT 0OCTOSATENBCTBA 0OJIETYAIOT BbI-

5 10 15 SIBJIEHUE TEMIIEPATypPbl 1,3 NaxKe B au-
abaTH4eCcKHuX YCIIOBUAX SKCIICPUMCHTA.
Puc. 4. 3asucumocme Kpumuueckux nepeoxaaxicoeHu B o6nactu 2 (BHYTpH KpHUBO#) TLTO-

(To=Tes) u (Ty = Tey) ma pporme xpucmarmusayu—— cyis hpoHT KPUCTALIM3ALMH HEYCTOMN-
yuxnozexcanona om napamempa 1/f°a,

4uB, a B 001acTu 1 — ycToiuuB.
Xapakmepusyrouje2o UHMeHCUSHOCMb GHEUIHe20 9
menioomeoda ) HelictButenbHOo, 1pu  dToM 13
Fig. 4. Dependence of critical supercoolings (T,—T.;) ~ TIPAaKTUYECKH coBMagaer ¢ 7, u HE00X0-

and (T() - TM) at the cyclohexanol crystallizationfront JUMO€E TEPEOXIIAXKICHUE pacIuiaBa Co-

2 L . :
on the parameter 1/f°a, characterizing the intensity of crasnser Ty— T, =Ty~ T, + L/c =~ 18,5°
external heat removal ’
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C. Kpome Toro, mocKoJIbKy MakCuMallbHas CKOPOCTh pocTa Masa (mpumepHo 4-10%cm/
CEK), TO JIETKO OCYIIECTBUMBI YCJIOBHS, KOTJIa TOTO K€ MOPSIIKA, YTO U yKa3aHHAs CKO-
pocTh uiu Oomnbiie Hee. Ciae0BaTeNbHO, 32 CYET BHEUIHETO TEINIOOTBOAA MOKHO M3Me-
PUMO BO3JICIICTBOBATh HA KPUTUUECKUE TEMIIEPATYPHI.

Ha pucynke 4 uso0paxena 3aBucumMocth 1, u 7., ot napamerpa 1/B°a, nonydeHnas
u3 pemenus ypasuenus (21). Kpurudeckoe 3Hauenue B¢, comacho (22), paBHo 24 cm!
v I/B?a =2,2 cek. Ecim npunsts f=10cm™!, o Ty — T,.,~ 0,2°C u T — T.;= 9,2°C. Otu
KPUTHUYECKHUE MEPEOXIIAXKICHUS COTTIACYIOTCS C TAaHHBIMU (3HAUEHUE MMapameTpa ff B 3TUX
IKCMIEPUMEHTAX, OJHAKO, HE W3BECTHO). MI3BECTHBI IECTh CHUMKOB KPUCTAIIJIOB, PACTy-
IUX MpU pa3InyHbIX nepeoxnaxaenusx 1, — 7, = 0,005; 0,2; 0,4; 2,35; 3,55; 10°C. B
HEPBOM M MOCIEIHEM CIIydasX KPUCTAILIbl ycToHuuBhL. [Ipu BeIOpanHoM B =10cm! ne-
peoxiiaxkIeHus Ha (PPOHTE U B TEPMOCTATE MPAKTUYECKHU COBMAAArOT. JelCTBUTENBHO,
ucnonb3ys (7), MOKHO TOKa3aTh, YTO MPHU MaJbIX OTKIOHEHUSX OT 7); OTHOIICHUE ITUX
MepeoxaxIeHU paBHO:

(Ty—T,)/ (T)—Tg) =1+ uL/2¢ B a

C yBenuueHHeM nepeoxiakKAeHus pUoOImKaeTcs K equauie. M3 aToro cieayert, 4to
npu f=10cm™! oTTuKe yKa3aHHBIX MEPEOXIIAKICHUI HE TIPEBBIIAET 6 %.

BbiBOADI

HccnenoBana mopdosoruyeckasi yCTOHUMBOCTh IJIOCKON MOBEPXHOCTH KpHCTalIa
[JTapuonos, Copokun, 2021; Cremanen, 2021, Ko3noB u ap., 2022; Xon u mp., 2019;
Kamamnukos, Onpuak, 2018], pacTymero BHYTpH HCXOMHOW (a3bl MpH CIEAYIOMICH
CX€Me TEeIUIOOTBOJIA: CKpPbITasl TEIUIOTa MPEeBpPAIEeHUs] OTBOAUTCA OT I'PaHHUIBI pasjena
B 00e (ha3bl U 3a CYET BHELIHETO TEIJI000MEHa — B TEPMOCTAT C 3aJJaHHOW TeMIepary-
poii. YcTOMYUBOCTh OMpeEeNsseTcs TeMIIepaTypoil TepMocTaTa, yCIOBUSIMHU TEII000Me-
Ha, TOBEPXHOCTHBIM HaTsDKEHUEM U KHHETHKON MPOoIeccoB Ha rpaHuiie (a3 (HaTshkeHue
U KUHETHKA CYUTAIOTCS U30TPOIHBIMH, U MEXaHU3M pOCTa — HOpMaJbHbIM). BrisBieHa
CJIOKHAsI KapTHHA YepeloBaHus 001acTeil yCTOMUYMBOCTH U HEYCTOMYUBOCTH [BOCHKOB,
Kitroes, 2022; BocukoB u ap., 2021]. [Ins npeBpaiieHus BICOKOTEMIIEpaTypHoi ¢a3bl B
HU3KOTEMIIEPATypHYIO TI0 MEPE YBEIMYEHHSI MEPEOXIIaKICHUS UMEEM B OOLIeM ciyyae
CJIelyIOlee YEPEIOBaHUE: YCTOMUNBOCTh, HEYCTOMUNBOCTh, YCTOMYNBOCTh, HEYCTOWYN-
BOCTb, YCTOMYUBOCTH. [Ipu oOpaTHOM MpeBpalleHUuH: YCTOMYUBOCTh, HEYCTONUNBOCTD,
YCTOWYUBOCT.

B anmnabarnueckux ycroBHsIX, KOTJa BHEITHUN TEMII000MEH OTCYTCTBYET, 4acTh 00-
JaCTed YCTOMYMBOCTH MCUE3a€T U UMEEM: HEYCTOMYMBOCTh, YCTOWYNBOCTh, HEYCTOM-
YUBOCTB JJIs IPSIMOTO MPEBPAIICHHS U HEyCTOMYNUBOCTh, YCTOMUYUBOCTH JIJIsl OOpaTHOTO
(B anmabarmaeckoM ciaydae ananus crnpasems nipu (1, —71,.) > L/c,, T, u T,, — Temmniepa-
TYpbl paBHOBECHS M HCXOIHOM (ha3bl BAAJIN OT pacTylIero Kpucrauia, L — TerioTa npe-
BpalleHus, ¢, — TEIUIOEMKOCTh UCXOAHOU (a3bl). [Ipu oueHb MHTEHCUBHOM BHEIIHEM
TeIrI000MeHe (M30TepMUYECKOe MPEeBpalleHne) INIOCKUN GPOHT YCTOWYUB MPH JTFOOBIX
TeMIieparypax. [laHbl OLIEHKH KPUTHYECKUX TEMIIepaTyp nepexoa OT yCTOMYHUBOCTH K
HEYCTOMYMBOCTHU. DTH OLEHKH COIIACYIOTCS C JTaHHBIMU SKCIIEPUMEHTOB IO KpUCTAJI-
JAU3allUM TUKIOTeKCaHOIa U IPYTUMHU aHAJIOTHYHBIMU UCCIIEIOBAaHUSMHU B Pa3IUUYHBIX
JAUTEPaTypHbIX UcTOUHMKAX [['onuk u np., 2020; Yotuaes u ap., 2021; Tyulenev et al.,
2016].
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Pe3tome: AKTyanbHOCTb TeMbl UCCNEO0BAHUA ONpPELeNAeTCA HE0OX0AUMOCTLI0 M3YHeHUs BELLECTBEHHOrO
cOCTaBa W ycnosuit (pOPMUPOBAHUA KPYNHOOGBEMHbBIX MUHEpanu3aunii 1 BMEeLLAIOLLIX YePHOCAHLEBbIX NO-
POA pyaHbIX y3noB CesepHoro Kaskasa. Martepuanbl. Pe3ynbraThl NONEBbIX UCCNEA0BAHUIA aBTOPA Pa3fiMyHOro
TUNA MUHEpanu3aunii 1 BMELLAIOLLNX YePHOCaHLIEBbIX NOPOL B KOPEHHbIX 06HAXEHUsAX N0 6eperam LOMUHbI
p. Xacayt Manka-MywTuHckoro pyaHoro yana (MMPY), wnudbl v aHWwnndbl, N3roToBNEHHbIE U3 0TOBPAHHbIX
LTYdoB, POHA0BLIE MaTepuansbl pe3ynstatoB nouckosbix pa6oT 000 «Kab6ankreonorus» 2007-2009 roaos.
Metoab! uccnegoBaHus. leonoruyeckas JOKYMeHTaUUA KOPEHHbIX 0OHAXEHWIA, U3rOTOBMEHWE U U3Y4EHUE NOA
MMKPOCKONOM WIMGI0B W aHWIIMAGOB PYOHbIX MUHEpanu3auuini 1 Bmelarowmx nopos. Lienb uccnegosanus.
BbIfiIBUTb U OMMcaTb NOTEHUMANbHO 30510TOHOCHbIE MUHEpanu3auuu B YepHocnaHuesbix nopogax MMPY, u3-
Y4UTb 0CO6EHHOCTM UX BELLECTBEHHOrO COCTABA U BbIAENUTL OCHOBHbIE MUHEPANbHO-MOPEONOru4ecKne TUMb.
PesynbTatbl MccnefoBaHusa. YCTaHOBMEHA MPUYPOYEHHOCTb MOTEHUMANIbHO 30JI0TOHOCHBLIX MWUHepanuaauuin
MMPY K BepxHenpoTepo30MNCKIUM YIIepoanCTbIM NOpoJam BEPXOB ManKUHCKOWA CBUTLI. [0 0CO6EHHOCTAM MOp-
¢honorun 1 BeLLECTBEHHOMY COCTaBY BbIJENEHO TPU OCHOBHbIX MUHEPANbHO-MOPONOrMYECKNX TUNA TaKnUX
MUHepanusaunii: cynb(UaHO-BKPanIeHHbIN, KBapLEBO-XUIbHO-NMPOXUNKOBLIA W [KacneponpHbli. lepsble
[Ba TUna n3bupartenbHO Pa3BMBAKOTCA MO YrNEPOAUCTbIM PUNANTaM 1 UANMTOBUAHBIM CAHLAM BEPXHEN Ya-
CTW MANKWHCKOM CBUTbI, TPETUIA TUM, [KAcNepomasl — no KapboHaTHbIM NPOCNOSAM B YrIepoAnucTbIX nopogax. B
cocTaBe CyNb(UAHO-BKPANIEHHOrO TMNa N0 MOPONIOrMM 1 NPOUCXOXIEHUIO BbleNeHbl TPU PA3HOBUAHOCTM
CynbuaHoOA MuUHepanuaaumm: 1) paccesHHas B YrnepoaMCTbIX CnaHuax BKPanieHHOCTb 0Caf04qHO-AnareHe-
HETNYeCKNX CyNb(UAOB (MPEeUMYLLECTBEHHO NUPUTA), 2) CyNb(ULHO-KBAPLIEBbLIE NMUH30BUAHbIE 060C06IEHMS
KaTareHeTM4eckoro 1 (Mnu) MetTamopOreHHOro NPOUCX0XAeHUs, 3) BblAeNeHNs TUMNYHBIX METaKpUCTanioB
UM UX CPOCTKOB, 06pa30BaHMe KOTOPbIX CBA3AHO C NO3AHUMM rMAPOTEPMasbHO-METaCOMATUYECKUMU NPOLec-
camu. YCTaHOBMEHO, YTO KBAPLLEBO-XKMIbHO-NPOXMNKOBLIA TUN MUHEPANU3aLmMN UMEeT 3Ha4UTeNbHO 6oree LWn-
POKOEe pacnpocTpaHeHue, 4eM CynbqUIHO-BKPaNIeHHbIA Un mxacneponHblii. OH NpeacTaBneH CKoNneHnsaMu
CONMKEHHbIX 0AHO06PA3HO- M (MNK) PA3HO OPUEHTUPOBAHHLIX YOOTrOCYNbMUAHBLIX N MaNoCybQUAHBIX XU U
NPOXWINKOB NPEUMYLLECTBEHHO KBAPLIEBOr0 1 KBApL-NOEBOLLINATOBOrO COCTaBa B YrNepoamnCcTbiX CrnaHuax, 06-
pasytoLLMX B COBOKYMHOCTU CY6COrnacHble LUTOKBEPKN, 4acTO NOABEPXKEHHbIE 60Jiee NO3AHUM AUCIOKALMSAM.
Bnepsble Ha Tepputopun MMPY B cocTaBe MankuHCKOW CBMTbI BbISIBAEHbI MPOCAOMN W IMH3bI [)Kacnepouaos B
4ePHOCNAHLIEBOM TOJILLE, HECYLLME TOHKO BKPAMNMeHHY0 Cynbuamn3annio, NpeumyLLecTBEeHHO NupuTa.

KnioueBble cnoBa: 4epHble CNaHLpl, pyoHas MuHepannusaums, 3051070, Cynbguibl, KBapLEeBbIe XWibl, LXa-
cneponabl
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Ins yutuposanus: Mapaaa C.I. MoTeHUManbHO 30N0TOHOCHbIE MUHEPANN3aLIMK B YINEPOANCTbLIX NOpoaaXx
Manka-MywtuHeckoro pyaHoro yana (CesepHblii Kaekas). feonorus n reogpmanka Hora Poccun. 2022. 12 (4):
129-141. DOI: 10.46698/VNC.2022.58.17.010.


http://geosouth.ru/article/view/780
http://orcid.org/0000-0002-5810-3438

130  Geology and Geophysics of Russian South 12 (4) 2022 T'eonorvs n reogmanka Kora Poccim

GEOLOGY, PROSPECTING AND EXPLORATION
OF SOLID MINERALS, MINERAGENY

DOI: 10.46698/VNC.2022.58.17.010

Original article

Potentially gold-bearing mineralization
in carbonaceous rocks of the Malka-Mushta
ore node (North Caucasus)

S.G. Parada

Geophysical Institute, Vladikavkaz Scientific Centre, Russian Academy of Sciences, 93a
Markova Str., Vladikavkaz 362002, Russian Federation, e-mail: maurmar@yandex.ru

Reseived: 28.102022, revised: 21.11.2022, accepted: 25.11.2022

Abstract: The relevance of the research topic is determined by the need to study the material composition
and conditions for the formation of large-volume mineralizations and enclosing black shale rocks of ore nodes
of the North Caucasus. Materials. The results of the author’s field studies of various types of mineralization
and enclosing black shale rocks in the bedrock outcrops along the banks of the Khasaut River valley of the
Malka-Mushtinsky ore node (MMRU), slabs and anshlifs made from selected ores, stock materials of the results
of prospecting works of Kabbalkgeology LLC 2007-2009. Methods. Geological documentation of the bedrock
outcrops, production and microscopic examination of cuts and anshlifs of ore mineralization and host rocks. Aim.
To identify and describe potentially gold-bearing mineralizations in the black shale rocks of the MMRU, to study
the features of their material composition and to identify the main mineral-morphological types. Results. It is
established that the potentially gold-bearing mineralizations of the MMRU are confined to the Upper Proterozoic
carbonaceous rocks of the upper Malkin formation. According to morphology and material composition, three
main mineral-morphological types of such mineralizations are distinguished: sulfide-interspersed, quartz-
vein-veined and jasperoid. The first two types selectively develop from carbonaceous phyllites and phyllite —
like shales of the upper part of the Malkin formation, the third type, jasperoids, from carbonate interlayers in
carbonaceous rocks. In the composition of the sulfide-interspersed type, three varieties of sulfide mineralization
are distinguished by morphology and origin: 1) inclusions of sedimentary-diagenetic sulfides (mainly pyrite)
scattered in carbonaceous shales, 2) sulfide-quartz lenticular separations of catagenetic and (or) metamorphogenic
origin, 3) isolation of typical metacrystals or their accretions, the formation of which is associated with late
hydrothermal-metasomatic processes. It has been established that the quartz-vein-veined type of mineralization
has a much wider distribution than sulfide-interspersed or jasperoid. It is represented by clusters of converging
monotonously and (or) differently oriented low-sulfide and low-sulfide veins and veins of predominantly quartz
and quartz-feldspar composition in carbonaceous shales, forming in aggregate sub-consistent stockwork, often
subject to later dislocations. For the first time in the territory of the MMRU as part of the Malkin formation,
interlayers and lenses of jasperoids in the black shale thickness bearing finely interspersed sulfide mineralization,
mainly of pyrite composition, were revealed.
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BeeapeHne

YcnoBust 06pa3oBaHus 30JI0TOPYIHBIX MECTOPOXKACHUI B YEPHOCIAHIIEBBIX TOJIIAX
MO-TIPEKHEMY OCTAIOTCS MPEAMETOM JUCKYCCUH. DTO CBSI3aHO, BO-TIEPBBIX, C BO3MOXK-
HBIM HAJIMYHEM Pa3IMYHbIX TCHETUYECKUX TUIIOB OPYACHEHUS B YIIIEPOJUCTHIX TOJIIIAX,
Y, BO-BTOPBIX, C BONPOCAMHM MCTOYHHUKOB PYIOHOCHBIX MUHEpANINU3alUi U COOCTBEHHO
caMoro 30J10Ta.

Panee pa3BuBamach TUIIOTE3a KIACCHMYECKOTO MarmMaToreHHO-THIPOTEPMAaIbHOIO
MIPOUCXOXKICHUS Py, COITACHO KOTOPOH TOJI PYAHBIMU TOJSIMU PACTIONIOKEHBI JIOKAIb-
HbI€ OYard TPAHUTU3ALUN YIIEPOJUCTHIX TOPOJ, HaJ KOTOPHIMU BO3HHMKAIOT TTOTOKHU
CBEPXKPUTHYECKHUX BOCCTAHOBIEHHBIX I'a30B, YTO MPUBOAUT K 0OPA30BAHUIO PACCESIHHO-
ro aMOp(hHOTO YIIEPOAMCTOTO BEIIECTBA, aHTpaKcoiIuTa iy rpagura. CBodoaHsie (op-
MBI yTIIEPO/Ia, KaK U BOJA, SIBJISIFOTCS IPOAYKTAMH OKHCIICHUSI MAHTUHHBIX BOJTHO-YTJICBO-
JIOPOJHBIX U BOCCTAHOBJIEHHBIX Ia30B B 3eMHOM Kope [BankuH, Ha3aposa, 1988, u ap.].

B. A. Bypsix Ha npumepe mectopokaeHust Cyxoit Jlor u psiia Apyrux 30J0TOPYAHBIX
o0bekToB JleHckoro paiiona (Mpkyrckas o6macts) pa3paboTan u BCeCTOPOHHE 000CHO-
BaJl MOJIENIb METaMOP(OTeHHO-TUPOTEPMATHHOTO pymoodpasoBanus [bypsk, 1975]. B
MPEIOKEHHON KOHIEIUHU TIIaBHAsI PYAOKOHIICHTPUPYIOIIAsl POJIb MPUHAMIEKUT MPO-
1eccaM 30HaJbHOTO PErHOHAIBHOTO MeTamopdu3Ma TeppUreHHbIX Tomm. Hemocpen-
CTBEHHO M3 OOKOBBIX IOPOJ U3bIMaeTcs He Oboee 5-15% 30510Ta, KOTOPOE CONEPIKUTCS B
pyZie, a OCHOBHOE €r0 KOJMYECTBO MOCTYIAET U3 30H BHICOKOTEMIIEPATypHOTO METaMOp-
¢u3Ma U TpPaHUTU3AIMH; KPEMHE3EM U JKEJIe30, U3BIMAIOTCS HEMOCPEICTBEHHO U3 BMe-
maromux 00KkoBeIX mopo [bypsik, 1975]. 1o pesynbraraM ucciaeqoBaHui 30I0TOPYIHBIX
mectopoxaeHuid Kasaxcrana yuensie [{THUI'PU cranu pa3BuBarh rumnoresy HOJIUTEHHO-
TO BYJIKAHOTEHHO-0CAJ0YHOTO TeHEe3HCca psifla MECTOPOXKACHUH B YEPHOCIAHIIEBBIX TOJI-
max [PorenbMan u ap., 1995 u np.].

Ha ocHoBe u3y4eHus 30JI0TOHOCHOCTH YepHocaaHeBbix Toiml KOxxHoro Tane-11lans
000CHOBaHa MOJIENb 0CAJ0YHO-METaMOP(OTEHHOTO 30JI0TOT0 OPYIEHEHUS LIEHTPAITBHBIX
Ko13putkyMoB (Y30€KHCTaH) U BBIZICIEHUE CAMOCTOSATEIHHON YIIIEPOTUCTON 30JI0TOPYI-
HOM popmanuu [[apekoBer, 1976].

Takum 006pazoM, UMeETCsI PsIJ TUIIOTE3: MarMaTOreHHO-TUAPOTEpMalbHas, METaMOp-
(oreHHO-THIpOTEpMAalIbHAS, 0CAaJJOYHO-THIPOTepMalibHasl, cequMenTorenrnas. Hanbomnee
3HAUUTENIbHYIO TOIJICPKKY MOMyUYHIia THIIOTe3a METaMOpP(pOTeHHOTo IreHe3uca 3010To-
PYIHOU MUHEpAIH3alMK B YEPHOCIAHIEBBIX TONIIAX, COMIACHO KOTOPOH MUHEpaioo0pa-
3yIOIIUH pacTBOp (HOPMUPYETCS M3 HANPABICHHBIX MOTOKOB TEPMOAETHTPATAMOHHBIX
(MeTamMOpQOreHHBIX) (ITFOUIOB, BBIICISIOMIUXCS U3 0CAJ0YHOM TONIIM B TPOIEcCce pe-
ruoHajgbHOrO0 Meramopdusma [Bypsik, 1975, Hagemann, Cassidy, 2000; Groves, 2003;
Pirajno, 2009; Goldfarb, Groves, 2015 u ap.]. BmecTe ¢ Tem, NpUCYTCTBHE HA MHOTUX
PYAHBIX TOJISIX WHTPY3UBHBIX TOPOJ, TIO3BOISET HEKOTOPHIM HCCIENIOBATEIISIM CUHTAThH
OTIPENEIIAIONINM TIPpU (POPMHUPOBAHUHU 30JI0TOPYIHBIX MECTOPOXKACHUN MarMaTudecKui
uctounuk [Lang, Baker, 2001; Distler et al., 2004; Graupner et all., 2006; Aristov, 2019;
Voisey et al., 2020].

YacTo Ha MHOTUX MECTOPOXKICHHAX, JIOKATM30BAHHBIX B YEPHOCIAHIIEBBIX TOJIIAX,
OTMEYAIOTCSl PA3JIMYHBbIE COUETAHUS MPU3HAKOB CEIMMEHTOI€HHOTO, BYJIKAaHOT'€HHOTO,
MeTaMOp(HOreHHOT0, MarMaTOreHHOTO MPOMCXOXKACHUS, YTO U MPUBOJHUT K TOSBICHHIO
Pa3IMYHBIX THIOTE3 MX MPOUCXOKACHUS. OObsICHEHHE 3TUM (haKTaM HAILIO OTPAXKEHUE
B TUIIOTE3€ MOJUT€HHO-TIOIUXPOHHOTO (POPMUPOBAHUS TaKUX MecTopoxaeHui [KokuH,
1990; Kyp6anoB u nip., 1992; ITapana, 2002; Yepnsbies u ap., 2011; Kpsokes, 2017 u mp.].
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B paborax A.B. KokuHa, Ha mpuMepe MeCTOPOXXJICHHMH, JTOKAIU30BaHHBIX B yIJle-
POUCTO-TEPPUTEHHBIX MOPOAAX BEPXOSHCKOTO KOMILUIekca (SIkyTus), moka3aHo, 4To C
Ka)XJIBIM 3TarioM Te0JOrMYECKOr0 Pa3BUTUSI PETMOHA MCTOYHHUKH 30J10Ta TpaHCHOpMU-
pyroTcs, To ecTh 3BomonoHupyroT [Kokun, 1990]. B xauecTBe nepBUYHOr0 UCTOYHUKA
A.B. KoknH 060CcHOBaJI HAJIMYKME OTJENIbHBIX, 00OTALEHHBIX 30JI0TOM CJIOEB YIJIEpOIu-
CTBIX MOPOA.

I'pynna nccnenosareneii us UI'EM PAH, oOparuiia BHUMaHKe Ha perHOHAILHOE pa3-
BUTHE 30H TOHKO BKpAIJICHHON Cynb(UAM3ALMU B YEPHOCIAHLIEBBIX TOMIIAX, HPEAIo-
JIOKUB, YTO OHU SIBJIIFOTCSI BAKHEHIIMM METAIJIOTEHUYECKUM PECYPCOM M UCTOYHUKOM
30J10Ta, TUIATUHOMIOB U JIp. METAJUIOB MPHU 3HJOT€HHOM pynoobpazoBanuu [Cumopos,
Tomcon, 2000 u ap.]. Onnako, Hu A.B. Kokun, Hu A. A. Cua0poB ¢ KoieraMu, He OT-
BEUAIOT Ha IVIaBHBIM BOIPOC, — NEPBONPUYMHBI MOSBIEHUS 000TallleHHBIX 30JI0TOM WM
30JIOTOHOCHBIMU CYJIb(QHIaMH YYaCTKOB YEPHOCIAHLEBBIX TOJIIII.

OtBet Ha 3TOT Bonpoc coaepxxutcs B padorax C.I. Ilapaapl, rie pa3BuBaercs KoH-
LeNIIHUs, COITIACHO KOTOPOIi, Ha pa3HbIX CTAIUsX JUTOreHe3a B O0IbIINX 00beMax TOPHBIX
HOPOA MOTYT (OPMHUPOBATHCS OCAZTOYHO-IHMATCHETHUYECKHE CYIb(pHIIbl, CyOMapHUHHbIC
9KCTAJSILIMOHHO-0CA0UHbIE CYIb(UAHBIE U CYAb(PHIHO-KPEMHUCThIE 00pa30BaHUH, a HA
CTaJIMM KaTareHesa — JaTepajib-CEKpEeLlMOHHbIE KBapLEBbIe KUIbl U npoxkuiku [Ilapana,
2002]. Bce 3Tu TUTOr€HHBIE IO-CYTH 00pa30BaHUsl MOTYT COZIEP>KaTh OTHOCUTENBHO I10-
BBILIICHHbIE KOHLIEHTPALMH 30JI0Ta U JPYTUX PyA000pa3yomuX 31eMeHToB. KpynHooOs-
€MHbIC CKOIUICHHSI TAKMX OTHOCHUTENIBHO CJ1a00 30J0TOHOCHBIX MUHEpAIU3aLUi MOIVIH
OBITh HCTOYHMKOM 30J10Ta B MOCIEAYIOIIMX SHAOTEHHBIX PyJ000pa3yoUux mpoleccax
(MeTaMOp(OTreHHbIX U (MJIM) MarMaTOreHHBIX), a TaKXKe YaCTHI] CAMOPOIHOTO 30J10Ta B
QJJTIOBUAJIBHBIX POCCHINAX. B CBA3M ¢ M3/10KEHHBIM, BOZHUKAET HEOOXOJMMOCTh U3yye-
HUSI BEIIECTBEHHOI'O COCTaBa M YCIOBUNA (POPMUPOBAHUS TAKUX KPYITHOOOBEMHBIX MUHE-
pai3anyii 1 BMEIIAIOIINX YEPHOCIAHIEBBIX IOPOA.

MaTepraAbl 1 METOABI MCCAEAOBOHMS

B Hacros11eM rccne10BaHuH HCTI0NIb30BaHbl MaTEPHUAIIbL, IOJYyYEHHBIE B XOJI€ TI0JIe-
BBIX pa0oT, MPOBEACHHBIX aBTOPOM B mpenenax MMPY. HabmoneHust ocymmecTBIsInCh
M0 KOPEHHBIM OOHAXKEHHSIM YEPHBIX CIaHIEB B OopTax AoauHKI p. XacayT. [Ipu s3Tom ocy-
IIECTBIISIICS 0TOOP 00PAa3I0B JIsl U3TOTOBJIECHUS NUTN(OB U aHILTU(OB, OTOOP MTYPHBIX
npo0 TSt TOCIEAYIONNX XUMHUYECKUX aHaIi30B. Mcroap30Barch Takke (HOHIOBBIE Ma-
tepuansl OO0 «Kabbankreonorusy ¢ pe3yiasraraMu NouckoBbIxX padot 2007-2009 roymos.
OCHOBHBIMH METOJIAaMH HCCIIEIOBAHUS SBISIFOTCS MOJIEBBIE T€OJIOTUYECKIE HAOIIONCHHS
U JIOKYMCHTAIHUS KOPEHHBIX 00HAXECHHIA, 0TOOp 00pa3IoB PyAOHOCHBIX MIUHEpATH3AIUI
Y BMEILAIONIMX YEPHOCIAHIIEBBIX MOPOJ, eTporpaduueckoe U MuHeparpaguueckoe us-
y4eHHe IM0J] MUKPOCKOTIOM B HUTM(ax 1 aHnum@ax.

Pe3yAbTaTbl PABOTHI M X OBCYXAEHWE

Ha CeBepnom Kakaze Bot yxke 6omnee 20 JeT MpOBOASTCS MOMCKOBBIE pabOTHI HA
pyAHOE 30J0TO B MpeAesaX Pa3BUTHUS MOTEHIMAIBHO PYIOHOCHBIX YE€pPHOCIAHIEBBIX
ton [['yp6anoB u ap., 2021; ITapana, ['amOypr, 2022]. OnHuM U3 TaKUX 0OBEKTOB CTAI
Manka-Mymtuackuii pyaasiii yzen (MMPY). B nepuox ¢ 2007 mo 2009 rox Gosnbas
yacTh mionaan MMPY Obla oxBaueHa MOUCKOBBIMU pab0OTaMH Ha 30J10TO, TPOBOAUMBI-
Mu OO0 «Kabb6ankreonorus». [1o pe3ynsraram 3Tux padbOT BBISABICHBI OTHOCHTEIHBHO
c1a00 30JI0TOHOCHBIE YYACTKHU CTYIICHUS Pa3HO OPUEHTHPOBAHHBIX KBAPILIEBBIX KU U
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NPOXKUIIKOB, A TAK)X€ YYacCTKH CKOIUICHHUS CyNb(UAHO-BKPAIUIEHHOW MHUHEpaJn3alluy.
I'paHuIbl TAKUX YYaCTKOB ONpPENEICHBI 110 pe3yJabTaTaM ONpoOOBaHMs U aHAIM3a Ha 30-
70TO WTY(HOB U OOPO31OBBIX MTPOO U3 TOPHBIX BEIPAOOTOK U KEPHOBBIX MPOO U3 OYpOBBIX
ckBaXMH. O0NacTy ke paclpoCTPaHEHUs CIYIICHUH pa3HO OPHEHTHUPOBAHHBIX KBaplie-
BBIX JKMJI M IPOXKHMIIKOB 3HAYUTENIBHO IIUPE BbIJICIEHHBIX 30JJ0TOHOCHBIX YYaCTKOB. DTH
YUaCTKH Ha3BaHbl B OTYETE I'€OJOrOB 3ajeKaMH, TaK KaK OHH MMEIOT JINH3000pa3HyIo
U IJIaCTOO0pa3Hyro (GOpMy M NMPUYPOUEHBI K CIOSM YIIEPOAMUCTHIX CIAHLEB U (HUILIH-
ToB. Ciienyer 0’KuaaTh, YTO U BCe 00IAaCTH pacpOCTPAHEHHs pa3HO OPUEHTHPOBAHHBIX
KBapLEBbIX KUJI M MIPOXXUIIKOB UMEIOT TaKyI0 JKe I1acToo0pasnyo Mmopdosoruto. Cpen-
HHE COZIepKaHMsI 3010Ta B PYJIOHOCHBIX 3aJIeXkKaX KBAPLEeBO-KUIbHO-TTPOXKUIIKOBOTO THUIIA
0OBIYHO Ha YPOBHE JECSATHIX JI0JI€H I/T, B 3ajeKax Cyab(pUIHO-BKPAINIEHHOIO TUMA — U
TOT'O MEHBIIIE.

ITo pe3ynbratam aHaiu3a (OHIOBBIX MaTEpUAIOB U COOCTBEHHBIX IMOJIEBBIX HCCIIE-
JIOBaHUH y1a10Ch YCTAHOBUTD, YTO MOTEHIIMAIBHO 30JI0TOHOCHbBIE MUHEpain3aui Mai-
Ka-MyYIITHHCKOTO PYIHOTO y3ja HPEeACTaBIEHbl TPeMsi OCHOBHBIMM MHHEPaJIbHO-MOP-
(oNOrMuecKUMHU TUIIAMU: CYJIb()UIHO-BKPAIUIEHHBIN, KBApLEBO-KUIbHO-TIPOKHUIIKOBBIH
u JpKkacnepouHblid. [lepBble ABa THIAa U30UpPATEbHO Pa3BUBAIOTCS MO TpapUT-OMOTUT-
KBapIEBbIM CJIaHI[aM, YIJIEPOAUCTBHIM (PUILTUTAM U (QUJUTUTOBUIHBIM CIIaHIAM, JiKacIie-
pPOUIBI — [0 KapOOHATHBIM MPOCIOSAM B YIIEPOJAUCTHIX ciaHnax. Hanbomee mupoxo Bce
TPU THUIA IPEACTABICHbI B BEpXaX MAJIKMHCKON CBHUTHI.

CYAbOUAHO-BKPAMAEHHbIN TUM

CynbpuaHas MUHepaau3anus B yriepoaucTeix ciaanax MMPY noBonbHO ckynHas
Y TIPE/CTABIIEHA, B OCHOBHOM, PACCEIHHON BKPAIJIEHHOCTbIO TUPUTA.

Cynbduabl, Kak 1 paccesiHHOE YIIIEPOINCTOE BEUIECTBO, OOHAPYKUBAIOT MIPU3HAKU
nepepacnpeaeneHus BHYTpH ciiost mopoabl. KomndectBo cynbduaoB B numdax Hadiro-
naercst 10 2-3%, makcumyM 5%. IlpencraBineHsl OHU, B OCHOBHOM, nupuToM. Cpenu
CyNb(UAHBIX BBIACTICHUNA OTMEYAIOTCS IPAKTHYECKU BCe MOP(OTreHeTHYECKUE Pa3HOCTH,
YCTaHOBJIEHHbIE HA TUIIMYHOM IIPEICTABUTEIIE MECTOPOXKACHUN B YEPHOCIIAHIIEBBIX T10-
ponax Cyxoit Jlor [Bypsk u np., 1975; Distler et al., 2004]. Haubonee panueit ¢popmoit
JMarHOCTUPYETCsI TOHKOJIMCIIEPCHAs PacCessHHAs BKPAIUIEHHOCTh CYIb(UIO0B, pacnpeie-
JIEHHE KOTOPOH KOHTPOJUPYETCs CIOUCTOCThIO (puc. la). Hepenko ata ToHkomucnepc-
Hasi popMa arperupoBaHa B BUC MOCIOWHBIX JIMH30BUIHBIX CKOIUICHHUHU (puc. 10) umm
MUKPOTHE3]] 000TaIEHHBIX MUKPOTPAHOOJIACTOBBIM KBapIIEBEIM MaTepuaiom (puc. 1B).
3nech Ccynbduapl YKPYMHSIIOTCS ¢ 00pa30BaHUEM Ha MOPSAIOK Oosiee KPYITHO3EPHUCTHIX
KBapII-CyIb(UIAHBIX MUKPOJIHMH3 WM MUKPOTHE3/I, BEPOSITHO METaMOP(HOTeHHOI TPUpO-
1pl. HekoTopble MUKpOTHE3/1a Cyab(HI0B HMEIOT TUITUYHYIO OTOPOUYKY KBapIa, C PEITUK-
TOBOH cTeOeNBYaTON CTPYKTYpOH, Kak Ha MecTopoxaeHun Cyxoii Jlor.

B HekoTopbIX ciayyasx B claHIaXx oTMmedaercs kapOoHaruzauusa. OHa HposiBIECHA B
BBIJICJICHUH METACOMAaTHYECKOTO KeJIE3UCTOro KapOoHara (CUAEPOIIE3UTHl) B BUE Oy-
PBIX HENPABWIBHBIX YIUIOIIEHHBIX MUKpPOTHE3 (puc. 1) n Metakpucramio. Conepxa-
HHE KeJIe3UCTOro KapOoHaTa MOXKET cocTaBiATh 10 10-15% mmomanu numda. Mectamu
KapOOHATH3alus MPOSBICHA B BHJIE HAJIOKEHHS MPOKUIKOBOW M THE3I0BOM MUHEPAIIH-
3a1Mu O6e3KeIe3ucToro kapooHara. B HEKOTOPBIX YITIEPOAUCTHIX CIAHIIAX OTMEUEHO pa3-
BUTHE TYPMaJIHA B «TEHSX JABJICHUS» BOKPYT CYIb()UIHBIX CEerperamuii.

Jpyroit ¢opmoii cynbuauzanuu CiayXar BbIIEICHUS TUIHYHBIX METaKpUCTall-
JIOB MJIM MX CPOCTKOB. MeTakpuCTalIbl IUPUTA HEPEIKO UMEIOT KapOOHAT-KBaplLIEBYIO
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OTOpOYKy. Pa3mep MeTakpHCTayUIOB KBaJpaTHBIX M CKOUIEHHBIX CEYEHHUH JOCTUraeT
0,2-0,5 mm, pesxe 1o 1 mum (puc. 11). Haubosnee noiaHo MeTakpucTasuibl Cylnb(QHUI0B BCTpe-
YaroTcs B CIaHLAX, 3aTPOHYTHIX METACOMATO30M, I/I€ MePBbIC (OPMBI YKE MPAKTUYECKU
OTCYTCTBYIOT, BEPOSITHO, B CBSI3U C peMOOMIM3alMel BEIIeCcTBa B YCIOBHIX MeTaMop(pus3-
Ma.

Cyns no pacnpesiesIeHUIo B IOPOTHOM MaTPUKCE U IPUCYTCTBUH MEPEXOTHBIX HOpM,
OCHOBHasi Macca CyJab(pHUI0B UMEET UCXOIHO OCAJI0YHO-TUATeHETUYECKOE MTPOUCXOK/IE-
HHE C MepepacnpesieieHueM U, BO3MOXKHO, JTOMOJHUTEIbHBIM (POPMUPOBAHUEM Ha CTa-
MM KaTareHe3a M MeramopdusMa ¢ MpOsBICHUEM CErperallmoHHON quddepeHnmranuu
BelllecTBa. B crnaHIax npucyTCTBYIOT U TUIIMYHO TMAPOTEPMAaJIbHbIE (POPMBI BBIICICHHS
Cylb(UA0B, KOTOPbIE OTMEUAIOTCS B COCTABE CEKYIIUX HUTEBUIHBIX MOHOMHHEPAIbHBIX
MUPUTOBBIX, KAPOOHAT-KBAPLIEBBIX U XJIOPUT-KapOOHAT-KBAPLIEBBIX MPOXKUIIKOB (puc. 1e),
HPOHMCXOXKACHNE KOTOPBIX MOXKET OBbITh CBSI3aHO C METaMOP()HU3MOM HIIM METACOMAaTO30M.

I'uaporepmanbHO-MeTaCOMAaTHUECKUE U3MEHEHUSI CIIAHIIEB MIPOSIBIISIOTCS B aJIbOUTHU-
3auuu U OuorutHzauuu (puc. 2). Ilopona u3 yriepoaucToro ciaHia NpakTHYEeCKH Ipe-
BpallaeTcs B METaCOMATUT allbOMT-KBApI-OMOTUT-CEPUIIUTOBOTO COCTaBa ¢ HEOOIbLINM
koiruecTBoM (1-2%) yrnepoaucToro BeriecTsa U npuMechio cyibduaos (1o 1-2%). s
MOpOJIbl XapaKTepHa ClIaHleBaras, ydacTKaMM O4koBas TekcTtypa. Ha ¢oHe ocHOBHOI
TKaHH 37IECh BBIJICJIAIOTCS OTHOCUTEIBHO 00Jiee KPyIHbIE JIMH30BUAHbIE (OUKOBbIE) BbI-
neneHus 1 noppupoOiacTsl ansouTa (puc. 2a) u KopuuHeBoro 6motura (puc. 20). Takoe
SBJICHHE OOHApPYXEHO HaMHU paHee I 30JOTOHOCHBIX YEPHOCIAHLEBBIX KOMILJIEKCOB

Puc. 1. Cynogpuonas munepanuzayus 6 y2nepooOucmoix CLaHyax: a) KOHMpOIUpyemas CiOUCHOCHbIO

paccesHHas 8KPaAnieHHOCMb CYlbhudos,; 6) nociolinoe TUH308UOHOe CKONIeHUe CYibduoos,; 8)

MemamoppozeHHoe eHe30080¢e blOeleHie K8apyeso-Cyib(puoHo2o cocmasa, 2) pombosuoHbsle
MemaKkpucmaiivl sHcere3ucnmozo kapoonama (6ypoe); 0) memaxpucmaiivl cyibuoos; e) 6KpanieHHOCMb
U eHe30a cynbhuooe 8 cezpecayuOHHOM K8apyesom npoxcuixe /

Fig. 1. Sulfide mineralization in carbonaceous shales: a) stratified dispersed inclusions of sulfides; b)
layered lenticular accumulation of sulfides, c) metamorphogenic nesting of quartz-sulfide composition; d)
diamond-shaped metacrystals of ferruginous carbonate (brown); e) sulfide metacrystals, f) inclusions and
nests of sulfides in a segregated quartz vein
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Puc. 2. ['uopomepmansHo-memacomamuyecku usMeHeHHble Y2lepooucmple CLaHYybl: a) arbOumu3ayus
¢ nopgupodbracmamu u 04KO8bIMU GblOCIeHUAMU antbOuma, 6) buomumusayust ¢ nopgupobracmamu
buomuma (Huxoau ckpeujenvt) /

Fig. 2. Hydrothermal-metasomatically altered carbonaceous shales: a) albitization with porphyroblasts
and spectacled albite secretions; b) biotitization with porphyroblasts of biotite (nicoli crossed)

s e 00 g B g
Puc. 3. Kopennoe obnasicenue oucioyupo8anHo2o y4acmrd NOmeHyudIbHo 3010MOHOCHOU
MUHEPATUIAYUY KEAPYEBO-HCUTLHO-NPONCUIKOBO20 MUNA 8 Y2NePOOUCTNBIX PULTUMAX MATKUHCKOU
ceumbt. Jlesviti 6opm oonunel p. Xacaym /
Fig. 3. Root outcrop of a dislocated site of potentially gold-bearing mineralization of quartz-vein-veined
type in carbonaceous phyllites of the Malkin formation. The left side of the valley of the Khasaut river

Amypo-Oxorckoit obmactu [[lapama, 2002]. B 3aTpoHYTHIX METacOMaTO30M CIAHIIAX
Cy.TIB(l)I/II[I/I?,aLII/ISI MMPOABIIACTCA NPECUMYIICCTBCHHO B BUJIC MECTAKPHUCTAJIJIOB.

KBApPLEBO-XXNABHO-MPOXMAKOBbIV TUM

[ToTeHnManbHO TPOMYKTHBHAS Ha 30JI0TO KBapIIEBO-KMIIBHO-TTPOXKMIKOBAsI MHHE-
paym3anusi paclpoCTpaHeHa 3HAYUTEIBHO HIMPE, YeM CYIb(OUIHO-BKpAIUICHHAs. BbI-
JETISFOTCS CIIAYIONINE BUIBI IPOXKUIIKOB: KBapIEBbIe YOOTOCyIbQHIHBIE U MAIOCYITh-
(buHbIe, KBapPII-TIOJICBOIIIATOBBIC MATIOCYIb(QHUIHBIC, IPY3UTOBBIC KBapIl-KapOOHATHEIE,
HUTEBHIHBIC KBapI-KapOoHaTHbIe. CKOIICHUsT COMMKEHHBIX KHUJI U TIPOKUIIKOB B yIJIe-
POIMCTHIX ClIaHIax 00pa3yloT CyOCOTIacHBIE IMTOKBEPKHU, YaCTO MOJBEPKEHHBIE OoJiee
MO3THUM JUCIOKausaM (puc. 3).
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Puc. 4. Keapyeswlii nposicunox ¢ 6kmoueHusMY CYIbUO08 U HCene3ucmvix KapboHamog
8 Y2IepoOUCMOM Cllanye: a) HUKOTU NApaLienbhbl, 0) HUKOIU cKpeujervl /
Fig. 4. Quartz veins with inclusions of sulfides and ferruginous carbonates in carbonaceous
shale: a) the nichols are parallel; b) the nichols are crossed

Haubonee pacmnpocTpaHeHbl pa3HO OpPUEHTUPOBAHHBIC KBapIeBble M KBapIl-
TOJIEBOIIIATOBBIE MATOCYAb(GUIHBIE U YOOTOCYIb(MUIHBIE TPOKIIKH U KHUIIbI. CI0KESHBI
OHH TIONMYTPO3PAYHBIM M MOJIOUYHO-0ENIBIM KPYITHO3EPHUCTHIM TPEUIMHOBATBIM KBapIleM
u cogepxar Hebombioe (0,5-2%) konu4ecTBO CynbPHUI0B (MUPUT, XATBKOITUPHUT, PEIKE
TaJICHUT U Jp.). IHOT/Ia B HUX OTMEYaroTCs JKene30-MarHueBbie kKapOoHatsl (puc. 4a, 0).
B nmpob6ax-npoTonoukax oTMedaeTcsi caMopoaHoe 30510To. CoaepkaHus 3010Ta B OTAEIb-
HBIX IPOXKUIIKAX 110 HETPOBEPEHHBIM JaHHBIM MPEAIIeCTBEHHUKOB AocTUraroT 100 1/T.

KBapi-kapOoHaTHBIE MPOKUIKU PACIPOCTPAHEHBI B OCHOBHOM B CIIa00 yIIIEpPOIH-
CTBIX CIIaHIIAX, a TaKKe B MOPOJAaX OCHOBHOTO cocTaBa. OHU TakKe Kak U KBaplieBhIE
MIPOXKUIIKA pa3HO OpUEHTUpOBaHHBIC. [Iposkuiiku 10 1 cM MOITHOCTBIO YaCcTO UMEIOT 30-
HaJbHOE cTpoeHue. LleHTpanbHas 4acTh MX BBIMOJTHEHA KBaplleM WHOTAA JPY3UTOBOTO
CTpoeHus, nepudepus BrIpakeHa jkeae3ucTo-kapboHaTHoil kaeMkoil. Horma kBapa co-
BCEM MAaJIO M TOTJIA IIEHTPalbHAs WX 30HA BBHIIOJHEHA KPYMHO3EPHUCTHIMU arperaraMu
KaJbI[UTa C TOHKOW KaeMKOW MarHe3ualbHO-Kele3uCcToro kapoonara. [luput npuypoueH
K JKEJIe3UCTOMY KapOOHaTy.

Pa3Ho opueHTHpOBaHHBIE HUTEBHUIHBIE KBAPI-KAPOOHATHBIE MTPOXKIIIKH, KaK MPaBH-
JI0, COPOBOXKIAIOTCS TUH30YKAMU U TIpoceukamu tuputa. [Ipu BeIBETpUBaHUH TPUIAIOT
MOpoJIe OT KPEMOBOM 10 CBETIIO KOPUYHEBOM OKPACKY.

B cocraBe cexymux KBapIeBBIX, KBapII-TIOJEBOIINATOBBIX U KapOOHAT-KBapPIIEBHIX
MPOXKHUIIKOB OTMEUAIOTCS TUITUYHO TUAPOTepMabHbIe (POPMBI BhIACIEHUS Cynbduaos. B
9TOM CiIy4ae, KpoMe MUPUTA, OTMEYAIOTCS XaIbKOMUPUT U cPallepuT, a TAKKe CaMOPOI-
Hoe 3071070 (puc. 5). B omHOM citydae HaMu 0OHApYKEHO OYEHb METIKOE 3e€pHO CaMOpPO/I-
HOU IUJIaTUHBI.

Akacnepouabl

[Ipocnon u nuH3BI MOTEHIUAIBHO 30JI0TOHOCHBIX JuKacnepon10B B MMPY nuarso-
CTUpOBaHbl HaMH BriepBble. OHU Pa3BUTHI B TAYKE YIIIEPOJUCTHIX CIAHIIEB B aCCOLMALIUU
C JIMH30BUHO-TIOCIOMHBIMY CEPUAMM KBAPLEBBIX JKUJI U IPOKHUIIKOB.

Jbxacnieponsisl MMPY u3buparenbHo pa3BUBAIOTCS 10 CIOSAM M JIMH3aM KapOOHaT-
HBIX TTOPOJI B COCTaBE TOJIIHU YIIIEPOAUCTHIX (PUIUTMTOB ¥ (PHIUTUTOBUIHBIX CIIAHIIEB.

TekcTypa kacneponoB pesukroBas cinouctasd. CTpyKTypa MOpoAsl MHUKPOIpaHO-
6macroBas. OCHOBHYIO TKaHb ITOPOJIbI COCTABISIET TOHKO3EPHUCTHI MO3aWYHBIN arperar



Geology and Geophysics of Russian South 12 (4) 2022 ['eonorvs n reopuanka fOra Poccnt - 137

Puc. 5. @opmul svi0enenusn pyoHbIX MUHEPANOB 68 KEAPYEBbIX HCULAX U NPONCUTKAX.! () MEMAKPUCTRATLIL
RNUPUMA ¢ BKIAIOUEHUAMU cemuma, 6) KamaxkIa3upOSAHHbII RUPUN, 8) MOHKAS YeWYIKA CAMOPOOHO2O0
3on0ma pasmepom <0,01 mm Ha KOHMaKMe ¢ 3ePHOM RUPUMA; &) PACCESHHAS 6KPANTIEHHOCb
xanekonupuma 6 Keapye /

Fig. 5. Forms of ore minerals separation in quartz veins and veins: a) pyrite metacrystal with goethite
inclusions; b) cataclasized pyrite; c) a thin flake of native gold <0.01 mm in size on contact with a pyrite
grain; d) scattered chalcopyrite inclusions in quartz

KBaplIla C THE3[IaMU U MIPOXKUIIKAMH KapOOHaTa U MEJIKOH CBIIbIO PyJHOTO MUHEpasia (puc.
6a). Pynublii MuHepan (IUPUT) pacrpenesieH B MOpoJe KpaiHe HEpaBHOMEPHO B BUJE
CBIITM MENKUX KyOMYECKUX KpUCTAJIOB, HEPEIKO COOpPaHHBIX B TYCTBIE «CTpyH» (puc.
60). Mectamu oTmMeuaroTcs 6osiee KpyInHble METaKpUCTaIbl. B kacrieponiax ¢ peimk-
TOBOH CJIIOMCTOCTBIO PYOHBI MUHEpAJ BBIAEIAETCS B BUJIE PACCPEIOTOUEHHBIX MEIKUX
CyOM30METPUYHBIX 3€PEH U UX CPOCTKOB, PACIPEAETICHHBIX 110 MOJIOCYATOCTH.

B cocraBe mxacnepousioB MOTYT IIPUHUMATh y4acTHE B KaUECTBE BTOPOCTENIEHHBIX
MUHEpAJOB TaKXe OMOTUT, aKTUHOJIUT, MUHEPAJIbl 3MTUA0TOBON I'PYIIIbI, CEPULIUT U IUIa-
TMOKJIa3.

KBapi npencrasiieH, Kak MpaBuUiIo, AByMs TeHepanusMu. PanHuil kBapi oOpasyet
3epHa pa3MepoOM COThIE JIOJIM MM, COCTaBystomue ooumii ¢pon nopoasl. Ksapiy BTopoii,
Oosiee MO3AHEN TeHepaliy, UMEET pa3Mepbl B IECATHIE IO U TIEpBbIE MM, BBIIEISISCH B
Bujie 0osiee PacKpUCTAUIM30BAHHBIX JIMH30YEK, a TaKKe KBapl-KapOOHATHBIX MPOXKHII-
KOB.

PenukToBas CIIOMCTOCTH B NOPOJE BBIPAXKEHA B PA3JINYHOM MUHEPAJILHOM COCTABE U
3€pHUCTOCTU NMOPObl. MUKPOCIIONKHY BBIAEISAIOTCA 110 Pa3INYHOMY COOTHOILIEHUIO TEM-
HOLIBETHBIX U CBETJIOOKPALLIEHHBIX MUHEPAJIOB, PACIIPENEICHUIO PYAHOIO MUHEpaa.

B HexoTophix nuidax CTpyKTypa TOHKO3EpPHUCTasi MUKPOHEMATOrpaHo0IacToBas 3a
cueT npucytcTBus 6uoruta (10 10%), MEeIKON TOHKO3EPHUCTON CHINM MUHEPAJIOB 1I0H-
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Eets 1N

Puc. 6. [ocacnepoudvi: a) monkozepHucmulii MO3AUYHbLIL acpecam Keapyd ¢ eHe30aMU U NPOHCUTKAMU
KapboHama u MeIKoll Cblnblo PYOHO20 MUHEPANA, 2) CKONJIeHUe KyOUuuecKux Kpucmaiios nupuma @
Oorcacnepoude /

Fig. 6. Jasperoids: a) fine-grained mosaic aggregate of quartz with nests and veins of carbonate and a
fine rash of ore mineral; 2) accumulation of cubic pyrite crystals in jasperoid

3UT-3MUA0TOBOM rpynmbl (10 17%), nmpusmodek akTuHoIUTa (10 8 %), MEIKUX YellyeK
CEpUIIUTA, KOTOPBIE 3aMETHO YKPYITHSIOTCSI CPEIM BbIJICIICHUI KBapla BTOPOil reHepa-
ui. OTMEYar0TCs TAKXKE PeJIKKE 3epHa MOJTMCUHTETUYECKU CIBOMHUKOBAHHOTO KUCIIOTO
IUIaruokiasa. buotut B numde umeeT u30MeTpUUYHYI0 (POpPMY, XapaKTEPHYIO Il pOro-
BUKOBOM CTPYKTYpbl. AKTUHOJIHUT HAOII0JaeTCs B BUJE MEJIKUX MTPU3MOUYEK, OPHEHTUPO-
BaHHBIX CYOCOIVIACHO MOJIOCYATOCTH M 00jiee KPYIHBIX, PACUICTIISIOMINXCSA Ha KOHIIAX,
YAJIMHEHHO MPU3MAaTHYEeCKUX KPUCTAJUIOB, OPUEHTUPOBAHHBIX CYyONEpHEeHIUKYISIPHO K
M0JI0CYATOCTH.

Jlxacniepouibl OOBIYHO PACCMATPHUBAIOTCS KaK MOTEHIMAIBHO 30JI0TOHOCHBIE 00-
pa3oBanusi. TakuMu 00pa30BaHUSAMH CIIOXKEHBI pyAHbIE TeJa MecTopoxkaeHus: Kapnun B
CILIA [Large et al., 2011]. OTKpbITHE J)KacepOUIOB B UEPHOCIAHIIEBBIX TOMNIIAaX Maj-
Ka-MyIITHHCKOTO PY/IHOTO y3J1a MOBBIIIAET €r0 NepCHeKTUBBI Ha 0OHAPYKEHHE 30J10TOT0
OpYZIEHEHHS KapJIMHCKOTO THIIA.

BbiBOADI

1. YcraHoBiI€Ha MPUYPOUYEHHOCTHh MOTEHIMAIBHO 30J0TOHOCHBIX MHHEpaIU3alui
MMPY k BepXHENPOTEPO30MCKUM YINIEPOJUCTHIM MOPOIAM BEPXOB MAJIKUHCKOW CBUTHI.
[To Mopdonorun u BEMIECTBEHHOMY COCTaBYy BBIJEIIEHO TPU OCHOBHBIX MHHEpaJIbHO-
MOP(]OIOrHUecKUX THIA TaKUX MUHEpaNIU3alUil: Cylb(UAHO-BKpPAINIEHHBIH, KBapIeBO-
KWJIbHO-TIPOKUIIKOBBIN M JKacriepouiHbIi. [lepBrie nBa THMa n30upareabHO pa3BHUBa-
I0TCA 110 YIIIEPOAUCTHIM (QUILTUTAM U (UIUTUTOBUAHBIM CJIaHLIAM BEPXHEW 4acTH Mall-
KHHCKOM CBUTBI, JPKacIIepOUIbl — IO KapOOHATHBIM ITPOCIIOSIM B YIIIEPOAUCTHIX MOPOAAX.

2. B cocraBe cynb(QuaIHO-BKpAIJIEHHOTO TUMA 10 MOP(HOJIOTUU U MPOUCXOXKIECHUIO
BbIJIEJIEHBI TPU PA3HOBHUIHOCTH CyNb(PHUIHON MUHEpaiu3auu: 1) paccessHHas B yIiiepo-
JUCTBIX CIaHIAX BKPAINIEHHOCTh OCAaJ04YHO-IHAareHeTUYECKUX Cyab(puIoB (IpenMyiie-
CTBEHHO IHUPUTA); 2) CyIb(PUAHO-KBAPIIEBbIE JINH30BUIHbIE 000COOIEHUS KaTareHeThye-
CKOTO U (MJIM) METaMOpP(OTEHHOTO MPOUCXOKIACHUS; 3) BHIJICICHUS TUTUYHBIX METAKPH-
CTaJJIOB WM UX CPOCTKOB, 00Opa30BaHNE KOTOPHIX CBSA3aHO C MO3JHUMH T'MIPOTEPMaib-
HO-METAaCOMAaTUYECKUMU MPOIECCaMHU.

3. KBapueBo-KuibHO-IPOXKUIKOBBINA THUI MUHEpAIU3ALMU UMEET 3HAYUTEIbHO 00-
Jiee MHUPOKOE PACIPOCTPAHEHHE, YeM CYIb(OUTHO-BKPATUICHHBIM WU JKACTICPOUTHBIN.
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OH npezcTaBlieH CKOIUICHUSMHU COMMIKEHHBIX OIHO00pa3HO- U (MJIM) pa3HO OPHEHTUPO-
BaHHBIX YOOTOCYIb(MUAHBIX U MATOCYIb(OUIHBIX KU M TPOXKUIKOB PEUMYIIIECTBEHHO
KBapIeBOI'0 ¥ KBapII-MIOJIEBOIINATOBOIO COCTABA B YIVIEPOAMUCTHIX CIIaHIaX, 00pa3yIoIIUX
B COBOKYITHOCTH CyOCOITIacHBIE IITOKBEPKH, YaCTO MOABEP)KEHHBIE O0Jee MO3AHUM JIHC-
JIOKALASM.

4. BriepBbie Ha Tepputopur MMPY B coctaBe uepHOCIaHI1IEBOM TOJIIY BEpXHEH Ya-
CTH MAJKHMHCKOM CBUTBI BBISIBIIEHBI ITPOCIION M JIMH3BI JHKACTIEPOUIOB (THIPOTEPMATIBHO
OKBapIIOBaHHBIX U3BECTHAKOB), HECYIIUX TOHKO BKPAIUIEHHYIO CYIb(QHUIHYI0 MUHEPAH-
3aLUI0, IPEUMYILECTBEHHO IMPUTOBOIO COCTABA.
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Pestome: AkTyanbHocTb paboTtbl. LLInpokoe pacnpocTpaHeHwe Ha Tepputopuu Pecny6nuku [arectaH
UMEIOT KDEMHUCTO — KapOOHATHbIE NOPOAbI, B KOTOPbIX CYMMAapHOe COMIepXXaHue LigoNIMTOB M onan-kpucTooba-
nuT-TpuanmuToBoi tasbl (OKT) npesbiwaeT 45%, a cogepxaque Kanbuuta Bbiwe 30%. Mopofpl, cnaraioLme
MOME3HYI0 TONLLY (N0 KpanHen Mepe, ee 60MbLIYI0 YacTb), TUTONOMMYECKN COOTBETCTBYIOT 3BECTHAKAM OMOKO-
BUAHbLIM U CUIIbHOKPEMHE3eMUCTbIM, LeonuTcogepxawmm (10-15% weonutos) n ueonutoBbiM (40% un 6osee),
€nabooKBapLOBaHHbIM 1 CNAB6OrNNHNUCTLIM. OAHAKO OT YNCTbIX U3BECTHAKOB UX OTNNYAET HU3KOE 3Ha4eHUe CO6-
CTBEHHO KaNnbLMTOBOW 4acTh — 3a4acTyto meHee 50%. LieonuTtcoaepkalime nopoasl NpUroaHbl Ans Mcnonb3o-
BaHUS B Ka4eCTBE [06aBKM B MOHTMOPUINIOHUTCOAEPXKALLIYIO TUHY AN NONYYEHNs KEPaMUKK 1 YNyHLIEHNs ee
(PM3NKO-MEXAHNYECKNX CBOMCTB. JTI MOPObl TAKXKE MOXHO MCMONMb30BATh KAk J06aBKa B MOPTNAH/ALIEMEHT.
370 NO3BOMNT MOBbICUTL KA4ECTBO LIEMEHTA U COKOHOMUTb KNUHKep. MuHepanbHo-CbipbeBas 6a3a KpEMHUCTbIX
LieonuTcoaepxalLux nopoa JlarectaHa no3BONKUT CO3AaTh KPYMHbIE KOMMSIEKChI MO A06bIYE 1 NepepaboTKe AaH-
HbiX mopoa. Llenb uccnepoBanus. Lienbto HaLUx UCCNEA0BaHNIA ABAAETCA PACCMOTPEHWE LIEONUTCOAEPXKALLIMX
KPEMHUCTbIX NOPOA, KaK Cbipbsl A/ NPOU3BOACTBA CTDOUTENbHbIX MATEPMUASIOB, B COOTBETCTBIM C pe3ynbrara-
MW NabopaTOPHO-TEXHONOrMYECKUX UCcneaoBaHui. [aHHble NOPOAbI TakXKe MOXHO WCMONb30BaTh AN Nony-
YeHUs BONNACTOHUTCOAEPKaLLei kepamuki. MeTofbl uccnefoBanuii. [1ns nccneayemoro Chipbsi ONpeaensnuch
CNefyioLLNe XapakTePUCTUKIN: NNACTUYHOCTb, CNEKAeMOCTb, 06111as Ycaaka, BOAOMNOINOLIEHME, NPOYHOCTb NpU
cxatum n na3rnbe. MeTofoM peHTreHorpadomyeckoro a3oBoro aHannaa onpeaensancs MUHepanbHblii COCTaB
06pasLioB. AHanuTnyeckue paboTbl MO U3yHeHU0 uccneayemMblx nopof BbinonHeHbl OIYM «LUHUWreonHepyn».
Pe3ynbTatbl uccnefoBanuii. PeaynbtaThbl UccnenoBanus cbipbs npo6 NeNe2, 3 1 4 nokazanu, YT0 OHO MOXET
MPUMEHATLCS B KA4eCTBE TEXHONOrMYecKoit 106aBKM Mpu NPOM3BOACTBE KEPAMWYECKOro Kuprnuya MeTofoM
nnacTu4eckoro oopmosaHus. [lo6aska B rnuHy [apearyaitckoro MecTOpoXaeHNUs LeonUTCoaepXKallux nopos
NO3BONAET YCTPAHUTb SIBMEHWE BCMY4YMBAHMS 1 ABYXKOMMOHEHTHbIE CMECU KNacCUUUUPYHOTCA KaK CUTbHO-
cnekatoleecs coipbe. G yBenndeHnem copepxanus (¢ 10 go 30%) uccnefyembix TEXHONOrMYECKMX [06aBOK
MPOYHOCTb 06paA3L0B NPU U3rbe BO3paACTaeT, MPOYHOCTb MPU CXKATUW CHUXKAETCA, BO3AYLLIHAS 1 06LLas ycaaka
YMEHbLLAKTCS, BOJONOINOLLEHNE YBenninBaeTcs. KOMNAeKC AaHHbIX MUHEPANOB CNOCOBCTBYET MHTEHCUAMKA-
LMK cnekaHusa 1 06pa3oBaHunt0 6051ee NOPUCTON CTPYKTYPbI KEPAMUYECKOTO Yepenka.
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bnaropapHocTu: CTaTbs MOArOTOB/ICHA B PAMKAaX BbIMOSHEHNS rOCYAapcTBEHHOro 3agamuna NI JoNL PAH
o remam HUP Per. Homepa HUOKTP 1021060808460-6-1.5.6 n 1021060808457-2-1.5.6.

Ins uutuposanusg: HOcynos A.P., Mamaes C. A., FOcynos 3. A., Mamaes A. C. Lieonutcofepxalime KpemHu-

CTble nopoAbl [larectaHa kak no6aska ans nonayvyeHns Kepammnyeckomn BoNNacTOHUTCOAePKaLlen 0611LOBOYHO
NANTKW. feonorus u reogousnka Fora Poccun. 2022. 12 (4): 142-152. DOI: 10.46698/VNC.2022.71.95.011.


http://geosouth.ru/article/view/781
http://orcid.org/0000-0001-5992-3510
http://orcid.org/0000-0002-0250-7759
http://orcid.org/0000-0002-5035-3790
http://orcid.org/0000-0002-5835-0092

Geology and Geophysics of Russian South 12 (4) 2022 ['eonorvs n reopuanka fOra Poccnt - 143

GEOLOGY, PROSPECTING AND EXPLORATION
OF SOLID MINERALS, MINERAGENY

DOI: 10.46698/VNC.2022.71.95.011

Original article

Zeolite-containing siliceous rocks of Dagestan
as an additive for obtaining ceramic
wollastonite-containing facing files

A.R. Yusupov'?, S.A. Mamaev'”, Z. A. Yusupov'”, A.S. Mamaev

Institute of Geology, Dagestan Scientific Center, Russian Academy of Sciences, 75
Yaragsky Str., Makhachkala367010, Republic of Dagestan, Russian Federation,
e-mail: dangeogis @ mail.ru

Reseived: 29.09.2022, revised: 26.10.2022, accepted: 04.11.2022

Abstract: Relevance. Siliceous-carbonate rocks are widespread in the territory of the Republic of Dagestan,
in which the total content of zeolites and opal-cristobalite-tridymite phase (OCT) exceeds 45%, and the calcite
content is above 30%. The rocks that make up the useful stratum (at least most of it) lithologically correspond to
opoka-like and highly silicic limestones, zeolite-containing (10-15% zeolites) and zeolite (40% or more), weakly
silicified and slightly clayey. However, they are distinguished from pure limestones by the low value of the actual
calcite part — often less than 50%. Zeolite-containing rocks are suitable for use as an additive in montmorillonite-
containing clay to obtain ceramics and improve its physical and mechanical properties. These rocks are also
suitable for addition to Portland cement, which will save cement clinker during production and improve the
quality of cement. The calculated predictive resources, their laboratory and technological properties indicate
the possibility of creating a solid mineral resource base and building large complexes for the extraction and
processing of zeolites and siliceous rocks in the Levashinsky and Tabasaran regions of the Republic of Dagestan.
Aim. The purpose of our research is to consider zeolite-containing siliceous rocks as a raw material for the
production of building materials, in accordance with the results of laboratory and technological studies. For the
first time, these rocks of Dagestan are considered by us as a raw material for obtaining ceramics. Methods. For
the studied raw materials, the following characteristics were determined: plasticity, sintering, general shrinkage,
water absorption, compressive and bending strength. The mineral composition of the samples was determined
by X-ray phase analysis. Analytical studies of zeolite-containing and overburden rocks (X-ray quantitative phase
analysis; chemical analysis with the determination of amorphous Si02; differential thermal analysis and laboratory
and technological tests were carried out by the Federal State Unitary Enterprise “TsNlIgeolnerud”. Results. The
results of the study of raw materials samples No. 2, 3 and 4 showed that it can be used as a technological additive
in the production of ceramic bricks by plastic molding. The addition of zeolite-containing rocks to the clay of the
Darvagchay deposit makes it possible to eliminate the phenomenon of swelling and two-component mixtures
are classified as highly caking raw materials. With an increase in the content (from 10 to 30%) of the studied
technological additives, the bending strength of the samples increases, the compressive strength decreases, air
and total shrinkage decrease, and water absorption increases. The complex of these minerals contributes to the
intensification of sintering and the formation of a more porous structure of the ceramic shard.

Keywords: Zeolites, zeolite-containing rocks, siliceous rocks, calcite, clay, opal-cristobalite-tridymite,
ceramic tiles, Dagestan, Levashi, Rubashchai.
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BeeapeHune

KpeMHuCTBIC TI€OTUTCOACpKAIINE TMOPOILI HAXOMAT HOBBIC 00TACTH MPUMEHECHUS
B COBPEMEHHBIX YCIIOBUSX CTPOHUTEIHCTBA Pa3HBIX OOBEKTOB M coOpyeHHi. [Tanma u
ap., 1992; Xapaukos u ap., 1992; Sandberg, 2007; Perezetal., 2007]. Pa3ubie kommanuu,
WCTIONB3YIOMINE IIEOTUTCOACPKAIIEE ChIPhE, Pa3padaThIBAIOT PA3TUIHBIE METO/BI TIEpe-
paboTKH 1151 MHOTHX BUAOB LIEOTUTOBOM mponykiun. [ Kontoxosa, J{ucranos, 2000; Xap-
nukoB, 2005; FOcymnos u ap., 2015; Grecnouq, 1953].
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Onan-kpucTodanuT-TpUIMMHUTOBAst (a3a HApALy C LEOJUTAMH SBISIOTCSA MPHUPOI-
HBIMU COpPOEHTaMHU M XapaKTEepPHU3YIOTCS (PU3MKO-XMMHYECKUMH CBOMCTBAMH, KOTOpPbIE
CYIIECTBEHHO JIOTOJHSIOT M PACIIUPSIOT CHEKTP (PU3MKO-XMMHUUYECKUX MOKa3aTesen mno-
pOIBI U, B KOHEYHOM UTOI'€, ONPEAEIIAIOT Pa3IMYHbIE CBOMCTBA LIEOJIMTOBOTO ChIPbS IS
ero mpuMeHeHusi B0 MHorux oobnactsax [Kykosckuii, 1966; Udinetal., 1949; Grecnouq,
1953].

IIpuMeHEeHnEe KPEMHUCTBIX LEOJUTCOAEPKAIIUX OPOA Ul TPOU3BOACTBA KEpaMHu-
KM OCHOBAaHO B M3MEJBYCHHU ITUX IOPOJ COBMECTHO C IVIMHAMM Pa3JIMYHOIO COCTaBa
U nanpHeimen Tepmudeckoil 0opadotke [3anbeMman, 1959; Mopos, 1972; HaymoB u ap.,
1969; I1aBnos., 1972; PoroBoii, 1974; Uepusik, Mopo3s, 1979; Unlandetal., 2003].

Hean padorel. Teppuropus CeepHoro Kaskaza B wactHoctu PecnyOnuku [lare-
CTaH B COBPEMEHHBIX YCIOBHAX aKTyaJIbHA Ul CO3JaHUS MOIHOM MUHEPaIbHO-ChIphE-
BOM 0a3bl LeonuTconepxkamux nopox [I'yceitxanos u ap., 2016; Tanna u ap., 1992; To-
TypOues u ap., 2018, 2022; Xapaukos, 2005; Xapaukos u ap., 1992].

Llenbto naHHOM paboThI SIBIASETCS U3yUYE€HUE KPEMHHCTBIX II€OJIMTCOAEPIKALIUX MO-
poa omnan-kpuctobamut-rpugumuroBoro (OKT) cocraBa ¢ coiepKaHHEM LIEOTUTOB
(10-50%), nist mosrydeHus: BOJUIACTOHUTCOAEpKAILEH KepaMUKH, IyTeM J100aBIeHUs UX
B MOHTMOPHWJUIOHUTCOZEP>KALLYI0 INIMHY. J[aHHbIE OpOAbI pa3BUTHI HA JIEBallIMHCKOM U
Pybacuaiickom yuactkax PecnyOnuku [larecran (PII) (puc. 1) [XapaukoB u ap., 1992;
KOcynoB u ap., 2015]. Ilpu pactyiiem CTpOUTEIBCTBE B COBPEMEHHBIX YCIOBHSX, 3TU
MIOPOJIbI MOTYT HAMTH HIMPOKOE IPUMEHEHHE.

MeToAbl UICCAEAOBOHUS

PaboTsl o moy4YeHnto 0OMUIIOBOYHON IJIMTKH, oTBevaromeil Tpedosanusm ['OCT
6141-91 «IlnuTkK KepaMUYecKHe Iia3ypoBaHHBIC JJIi BHYTPEHHEW OOIMIIOBKH CTECHY,
I'OCT 6787-2001 «IlnuTtku xkepamudeckue ais nosioB. TexHuueckue ycnosus», [OCT
13996-93 [KontoxoBa, Jlucranos, 2000; PoroBoii, 1974] «[Tnutku kepamudeckue daca-
HbIE U KOBPBI U3 HUX», IPOBOAMINCH Ha MaTtepuae npod NeNe2, 3, 4. B cBsi3u ¢ 3TUM Hc-
MIBITAHUS TPOBO/IMIIMCH B BAPUAHTE BO3MOXKHOI'O MCIIOJIb30BAHUS ATUX IIOPOJ] B KAUECTBE
N00aBKHU B KEPAMHUYECKYIO IIUXTY I OOJIHIIOBOYHOI KepaMUKH. B kauecTBe IIMHNUCTOTO
KOMIIOHEHTA B IIUXTYy J100aBIsjach CpEeAHEIJIaCTUYHAs MTOJMMUHEpaibHas muHa Jlap-
Baryaiickoro mectopoxxaenus Pecryonuku [larectas.

Jnst uccnemyemoro coipbsi (JiaboparopHo-TexHONOrH4Yeckas nmpoda Ne 1) onpenens-
JHCH CIETYIONINE XapaKTEPUCTUKHU: TUIACTUYHOCTD, CIIEKAaeMOCTh, 00IIas ycaaka, BOJO-
MOTJIOUICHNE, IPOYHOCTh TIPU CHKATHH U U3rHoe. Pe3ynbrarsl ncciie0BaHMIA TPUBEICHBI
B Tabmumax 1-4.

[To cTrenenn IaCTUYHOCTH POOA OTHOCHUTCS K TPYTIIE CPEAHEIUIACTUYIHOTO TIIMHU-
CTOTO CBIPBsl. B 3aBUCMMOCTH OT CTENEHU CIEKaHUs MPoOa OTHOCUTCS K TPYIIIE CHIIb-
HOCIIEKAIOIIErocss IMUHUCTOTO Cchipbs [KykoBckuii, 1966; HaymoB u ap, 1969; Uepwnsk,
Mopos, 1979].

Jnst mpoBeneHHsT KepaMUUYECKUX HCIBITAHUM METOIOM IOJYCyXOro MpecCOBaHHS
dhopMmoBaiHch T1abopatopHbie 00pasiml (0anouku pazmMepoM 150x40x40 MM) ¢ UCTIONB30-
BaHUEM IIOJyCyXOW CXEMBbI MIOATOTOBKY IpecCropoika. BricylieHHOEe NIMHUCTOE ChIphE
M3MeIIbYalid Ha JPOOMIIKE M M3 HEro Ha JIabopaTopHBIX OeryHaxX TOTOBWJIM MPECCIIOPO-
IOK, cocTosmuii mpumepHo u3 50% dpaxuuu 2,5-1 mm u 50% dpaxnum meree 1,25 mm.
Bnaxxnocts npeccnioporika cocrasisuia 16,4%. JIns ycpeaHeHus: BIaXKHOCTH MPECCIO-
POILOK BbIAEpKUBaJICA B TeueHue 1-2 cytok. /laBnenue npeccoanus paBHsuiock 25MI1a.
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Tabnuya 1/ Table 1.

InacTuyHOCTH INIMHUCTOTO ChIPbs / Plasticity of clayraw materials

Ipenens! miactuynoctu / Plasticlimits g Kitaccn(uKamms IIMHACTOro
HCTIO
HmxHas TpaHuIa Ipanuua ACTHIHOCTH / CHIPBS T10 TUCITY MIACTHYHOCTH /
TEKy4ecTH / pacKaTbIBaHMs / Plasticity number Classification of clay raw materials
Loweryield point Rolling border according to plasticity number
44 27,6 16,4 Cpennemactuanoe / Mediumplastic

Tabnuya 2 / Table 2.
CnekaeMocTh NIMHUCTOTO cbIpbs / Caking capacity of clay raw materials
Temnepatypa o6xwura, °C / Firing HammenoBanne Tpynis! TiTi-
temperature, °C HHCTOTO CBIPBSI B 3aBUCUMO-

HanmenoBanue noka-
3areneii / The name of

indicators 950 1000 1050 1100 | 1150

CTH OT CTETICHH CTIEKaHHUs /
Name of the group of clay raw
materials depending on the
degree of sintering

Bogonormomenue, % /

Waterabsorption, 5 22,53 | 22,55 | 23,090 | 19,98 | 0,60
, /0

CuibHO criekaromieecs /

CpenHss IOTHOCTS, I/ Stronglycaking

cm?®/ Averagedensity, 1,51 1,51 1,50 1,57 2,08
g/cm’

Tabnuya 3 / Table 3.

Onucanue o6pa3uos nocJie od:xura / Description of samples after firing

XapakrepucTtrika 00pasios / Sample characteristics

. . Hpyrue nedexrs /
IIger / Color 3Byx/ Sound | Hamwume Bkirouenuii / Inclusions Other defects
R— Davxoii / He6oib1ioe BKirouenue 0eaoro u
p/ Orangerjpink l\/fute 4 ceporo nseta / Slight inclusion of Her / None

white and gray

Tabnuya 4 / Table 4.

DOu3nkKo-MexaHHUYeCKue CBOMCTBA 000:KeHHbIX 00pa3uoB (t° 00:x. — 1000°C) /
Physico-mechanical properties of fired samples (to fired — 1000 ° C)

O6mias TMHelHas ycaska, B %/ IIpounocts, MIla / Strength, MPa
. . OZIOTIONIIOLICHHE,
% / Total linear shrinkage, Waterabsorption 0/:: [Tpu cxxatum / In [Tpu m3rude /
% ’ compression Bending
4,7 20,6 29,3 6,8

Bbruno ordgopmonano: 1) 10 6amouek pazmepom 160x40x40 MM a1t onpeesieHus pejie-
JIOB IPOYHOCTH MPH CHKATHH U U3TMOE, BOIOMOMIOIIEHH U 001el ycanku; 2) 15 mimtok
pazmepoM 60x30x10 MM 11 onIpeieneHns ClIEeKaeMOCTH.

Cymika 06pa3ioB OCyIIECTBIsUIaCh B MMOMEIICHNH JTaOOpaToOpun Ha CTelulaXxax, 3a-
TEM B CyHIMILHOM miKkady npu Temrneparype 35-105°C.
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OGxKur 1ab0paTOpHBIX 0Opa3LoB MpoBoauics 1pu temieparype 1000°C B anekrpo-
neun tuna CHOJI 12/16. Pexxum oGxura: a) nogbeM temmeparypsi ot 100 go 250°C, ot
250 10 400°C — 2 yaca, ot 400 10 870°C — 15 gacos, or 870 no 1000°C — 3 yaca, 6) BbI-
JIepKKa TIpU KOHEYHOM Temmeparype — 3 yaca; B) oxiaxaenue 10 50-60°C —24 yaca.

O06o0xKeHHbIE 00pa31bl IMEIOT Y0BIETBOPUTENIbHBIN BHEITHUN BU. O0Ias ycaika
paBHa 4,7 %, Bopononnomenue — 20,6 %, npouHocts npu cxatuu — 29,3MlIla, npoyHocTsb
npu usrude — 6,8MIla. JlocTarouHO BBICOKHE 3HAUEHUS MPOYHOCTHBIX XapaKTEPUCTUK
MIO3BOJISAIIOT IIPOTHO3UPOBATh NOJIYYEHUE CTAaHIAPTHOIO KEPAMUUYECKOIO KUpIAYa MapKu
He MeHee «125».

Meto0M peHTreHorpaduyeckoro (pa3oBoro aHananu3a yCTaHOBJIEHO, YTO B Pe3yJIbTaTe
BBICOKOTEMITIEPATYPHOIl 00pabOTKM B KEPaMUUECKOM YeperKke 00paszyroTcs CIedyIoLe
MUHepaibHble (a3l MOAUDUKALIUN JUOKCHIAa KpeMHUs (B — KpUCTOOAIUT — OCHOBHAs
¢a3za, TpuaumMuT, kBapi) — 54 %, BomacToHUT — 36 %, MUHEpaJ U3 IPYMIbl AKEPMAHUT —
reqeHuT — 10%.

Pe3yAbTAThl PABOTHI U X OBCYXAEHME

[eonuTconepxaiias nopoja Ucciae10Balach Kak TEXHOJIOTn4ecKas 100aBKa IpH Io-
JY4YEHUH KepaMHUECKOTO KMpIM4a COCOOOM IUIacTU4eCcKoro gopmoBanus. B monumu-
HEpAIBLHYI0 KUPIUYHYI0 IHHY JlapBardaiickoro Mmectopoxaenus Pecriyonuku Jlarectan
nopoja BBoguiack B konuuectse 10, 20 u 30%.

I'muna J{apBardaiickoro MECTOPOXKIACHUS UMEET CIEAYIOUIMNA XUMUYECKUH COCTaB:
Si0,-64,62 % (8 Tom uncie kBapua 27,91 %), Al,05-13,60%, Fe,0;3-5,59%, CaO — 2,61 %,
MgO — 2,05%, Na,O — 1,20%, K,O - 1,82%, S0O5-0,07%, nnn — 6,92%. Conepxxanue
MOHTMOPUJUIOHUTOBOTO KOMITOHEHTa cocTaBisieT 35%. [uHa siBnsieTcst ymepeHHoIia-
CTHUYHOH (YHMCIIO MIIaCTUYHOCTU paBHO 14,0), cpenHenucnepcHoi (coaepKaHue YacTHll
pazmepoM meHee 1 MkM cocraiisieT 46,1 %), BBICOKOUYBCTBUTEIBHON K CYIIIKE.

Jlaboparopubie 00pasmbi-6anouku pazmepom 160x40x40 MM hopMOBaIHCH ITyTEM
HaOWBKHM B CrienMaNbHYIO (hopMy. BEICylIeHHOE IIIMHUCTOE ChIphe MOCie APOOIeHHs Ha
apobunke AI'-160x100 3amaumBanochk 10 HEOOXOMMMOW (HOPMOBOYHON BIAKHOCTH
(22,9-25,8%). Ilocne 1-cyTouHOM BBIIEPKKH U3 TIIMHOMACCHI ()OPMOBAIUCH OOPa3IIb.
Cymika 00pa3ioB OCyHIECTBIIACH B TOMEIICHUH Ja00paTOpUH Ha CTEIUIaXaX, 3aTeM B
cymibHOM Tikady mpu temmeparype 35-100°C. Pexxum 06kura ObUT aHATIOTUYCH PEIKH-
My oOkura 00pas3IoB MOITYCYXOTo MPECCOBAHMUS.

[Tpu 3TOM (hr3HKO-MeXaHMUECKHE XapaKTEPUCTHUKU BOJUIACTOHUTCOICPIKAIINX Kepa-
MUYECKUX MATEPHUAJIOB HECKOJIBKO YIYyYIIAalOTCs. 3aMETHO BO3pacTaeT 3HauYeHUe Mpoy-
HocTH npu u3ruoe (¢ 2,0MlIla no 5,7-10,4Mlla), camxkaercs BozaymHas (¢ 10,4% no
8,0-9,5%) u obmas (c 11,7% no 8,9-10,5%) ycanka. BopomnorioiieHne HE3HAYUTEITbHO
yBenuunBaetcs (¢ 9,5% no 11,3-14,9%), 4to siBiseTCs CIEACTBUEM MOBBIIIEHHOMN TO-
puctocT 00pasIoB.

Huskast npoyHocTs npu m3rude o0pas3ioB, OT(OPMOBAHHBIX W3 UCXOIHOW TJIMHBI
JlapBar4aiickoro MeCTOpOXKACHUs, OOBSICHIETCS HAIMYMEM B 00pa3iax 00KHUrOBbIX Tpe-
myH. OJHOHM U3 MPUYMH UX 00pa30BaHUS MOXKET OBITh MTOBBIIIEHHOE COACPKAHUE B IITH-
HE MOHTMOPUJJIOHUTOBOTO KOMIIOHEHTA.

[TpounocTh 00pa3OB MpH CXKATUH NP IPUMEHEHUH T00aBOK yMeHbaercs (¢ 42,2
1o 22,5-35,9MIla). Cnegyer OTMETUTD, UTO KEPAMHUECKHE 00pa3Iibl U3 UCXOAHOM TIIMHBI
MMEIOT BBICOKOE 3HaUeHue NpoyHocTy npu cxatuu. [Ipu nodaske 10-30% nccnenyembix
nopof B /lapBardaiickyro IIMHY 3HaU€HUE POYHOCTU OCTAETCSI HA IOCTAaTOUYHO BHICOKOM
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YPOBHE U U3 TAKOH JIByXKOMIIOHEHTHOM CMECH MOKHO IPOTHO3UPOBATH MOJYYEHUE CTAH-
naptHoro kupnuda mapku 100 u BeIie.

Pesynprarer uccnenoBanus ceipbs mpod NeNe2, 3 u 4 mokaszaiu, 4TO OHO TaKKe MO-
KET MPUMEHATHCS B Kaue€CTBE TEXHOJIOTMYECKOM T00aBKH MPU MPOU3BOACTBE KepaMuye-
CKOT'O KMpPIIMYa METOJIOM IUIacTu4eckoro popmoBanus. B tabnunax 5—7 mpeacTaBieHbl
CBOMCTBA KEPaMUKH, ITOJIyUEHHOH U3 2-KOMIIOHEHTHOM chipbeBoi cmecH (70-90% rmuHu-
ctoro ceipbs JlapBargaiickoro mectopoxkaenus u 10-30% meonuTconepkammx mopon).

['muna JlapBar4aiicKOro MECTOpPOXKAEHUSI OTHOCUTCS K TPYIIIE HECIIEKAOIIETOCS Chl-
pbsi. [Ipu Temneparype ookura 1150°C 06pasisl BCITyIHBAIOTCS M X CPEIHSAS IIOTHOCTh
CHUKaeTcs 10 3HaueHus 1,81 r/cm>. Jlo6aBKa B IIMHY LEOJUTCOAEPKALIUX TOPOJL [TO3BO-
JSIET yCTPAHUTh SIBJICHUE BCITyUYMBAHUS, U IByXKOMIIOHEHTHBIE CMECH KJIaCCU(PHUIIUPYIOT-
Csl KaK CHITbHOCIIEKatoIIeecs Chiphbe (Talm. 5). B 3aBUCUMOCTH OT TeMIIepaTyphl CIICKaHUS
UCCIIETyEMOE ChIPhe OTHOCUTCS K TPYTIIE ChIPbs CPEIHETEMIIEPATYPHOTO CIIEKAHUSI.

Kepamuueckue naboparopHbsie oOpasiibl, MOTyYE€HHbIE U3 JBYXKOMIOHEHTHBIX ChI-
PBEBBIX IIHUXT, UMEIOT Y/IOBJIETBOPUTEIbHBIN BHEIIHUN BU, B TO BpeMsl Kak KepaMuKa 13
MCXOJTHOM TIIMHBI UMEET 0OKUTOBBIC TPEIIUHBI (Tabi. 6). DopMoBaHHE U 00KUT U3ICTUI
MIPOBOIIIMCH 110 BHITIICOMMMCAHHOW METO/IMKE.

DU3NKO-MEXaHUUECKUE XapaKTEPUCTUKN 00pa3IoB MpuBeaeHbI B Tabmwuie 7. [lomy-
YeHHBIE JAHHBIE CBUJICTEILCTBYIOT O MOJOKUTEIILHOM BIIUSIHUU CHIPhs po0 NeNe2 3 u
4, UCTIONTE3YEMBIX B KQYECTBE TEXHOJOTUYECKUX T0OABOK, HA CBOMCTBA KEPAMUKH.

Takoke 3HAUMTENHPHO BO3pacTaeT 3HaueHue NmpouHocTu npu u3rude (¢ 2,0MIla mo
4,7-11,5MlIla), camxkaetrcs BozaymHas (¢ 10,4% nmo 7,8-11,3%) u obmas (¢ 11,7%
1o 8,7-12,3%) ycanka. Bogomornomnienne He3HAUUTENbHO yBennuuBaetrcs (¢ 9,5% mo
10,75-15,44%).

[TpouHoCTH 0OpPA3IOB IPH CHKATHUU MPU TPUMEHEHUN T0OABOK yMeHbIaeTcs (¢ 42,2
1o 19,6-37,3MlIla). Uckmrouenue coctasisger mpoda Ned. Ilpu ee 10% nobaBke mpou-
HOCTB TIPH C)KaTUW HE3HAYUTEIHHO Bo3pactaeT (Ha 1,4 Mlla).

Tabnuya 5 / Table 5.
CnekaemMocTh INIMHUCTOTO chipbsi / Caking capacity of clay raw materials
IIpupona u Temmneparypa obxwura, °C / I'pynma celpbst B 3aBUCHMO-
Nopy/n | COReparnue Firing temperature, °C CTH OT TEMIIEPATYPHI U CTe-
/ I-tem nobaBku / HanmeHoBaHMe Mokasare- nieHu crekanust / Group of
No Nature and neit / Name of indicators raw materials depending on
’ content of 1050 | 1100 | 1125 | 1150 | e temperature and degree
the additive of sintering
Bozonoromenne, % /| ¢ ¢ 707 | 6.40 | 1.15 | Hecnexaiomeecs, cpemse-
1 i Waterabsorption, % ’ ’ ’ ’ TeMmIL. criekanus / Non-
CpenHsst IWIOTHOCTB, T/cMm> / caking, mediumtemp.
Average density, g/cm? 1,97 2,03 1 2,05 1.81 sintering
BO)IOI'IOFJ'[OLU,?HI/IG, % / 10.26 10.08 8.90 1.34 CI/IHLHOCHCKa}OLLICeCH,
5 10% mpo- | Waterabsorption, % ’ ’ ’ ’ CPE/THETEMIT. CTICKAHHS /
051 2/ CpelHss IWIOTHOCTS, T/cM? / 191 | 192 | 194 | 214 Highlycakipg, mediumtemp.
Average density, g/cm? ’ ’ ’ ’ sintering
[
BO)JOHOFJ'IOHI?HI/IGL, % / 12,07 | 11.85 | 10,10 | 1,05 CunpHOCIIeKaroLeecs,
3 20% mpoGb! Waterabsorption, % CPEIHETEMII. CIICKaHUs /
2/ samples 2 | Cpenpsist oTHOCTD, I/cM3 / 186 | 187 | 189 | 212 nghlycaklpg, rpedlumtemp,
Average density, g/cm? ’ ’ ’ ’ sintering
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0,
Bo;[onornom'eHHeo, % / 1373 (1330 13.08 | 077 CHIIBHOCIIEKAOIIIEECS,
4 | 30% npoGer Waterabsorption, % CPE/THETEMII. CTIEKAHMSI /
2/ samples 2 | Cpensist mmotHOCTS, T/eM® / 177 11771 177 | 214 nghlycaklpg, rpedlumtemp.
Average density, g/cm? ’ ’ ’ ’ sintering
0,
Bononornom@ne(), % / 1070 | 10,14 | 7.89 129 CuipHOCTIeKaromeecs,
10% mpo6sr | Waterabsorption, % CpE/IHETEMII. CTIEKAHMUsl /
> 3/ samples® | Cpepusis motHOCTS, /oM / 101 1192 | 197 | 1.94 Highlycaking, mediumtemp.
Average density, g/cm? ’ ’ ’ ’ sintering
o,
Boz[onornom.enneo, % / 12,52 | 12,14 | 11,98 | 0,95 CuipHOCTIeKato1eecs,
6 | 20% mpoGer Waterabsorption, % CPETHETEMIT. CTICKAHHS /
3 /samples® | Cpenmsist mioTHOCTS, T/CM? / 180 | 180 | 184 | 2.03 Highlycaking, mediumtemp.
Average density, g/cm? ’ ’ ’ ’ sintering
o,
Bo;[onornom.enneo, % / 13,98 | 13,54 | 1346 | 0,54 CuipHOCIIeKaro1eecs,
5 | 30% mpo6u Waterabsorption, % CPEITHETEMIL. CTIeKaHHs /
3/ samples® | Cpenmsist mioTHOCTS, T/CM? / 176 1176 | 176 | 2.12 Highlycaking, mediumtemp.
Average density, g/cm? 7 7 7 ’ sintering
0,
Bononomom.eﬂueo, % / 9.96 929 | 835 1,45 CunpHOCIEKaroIIeecs,
8 10% npo6w | Waterabsorption, % CPEIHETEMIL. CTIeKaHHSsT /
4 /samples4 | Cpennstst moTHOCTS, r/on? / Highlycaking, mediumtemp.
Average density, g/cm? 190 1 1911 1,96 1 2,19 sintering
0,
Bo;[onornom‘eﬁneo, % / 11,62 [ 11,05 ] 1047 | 1.68 CupHOCIIEKAroIIeeCs,
o | 20% mpoder Waterabsorption, % CPEIHETEMIL. CTIEKAHHST /
4/ samples4 | Cpennsist muoTHOCTS, T/CM? / Highlycaking, mediumtemp.
Average density, g/cm? 1.83 | 183 1.86 ) 2,13 sintering
0,
Bo;[onornom@ne(), % / 1317 | 12.88] 1232 | 1.80 CupHOCIIEKaroIeecs,
10 | 30% npo6sr | Waterabsorption, % cpeHeTem. cnegaHI/m/
4/ samples 2 | Cpensist mmotHOCTS, T/eM? / Highlycaking, mediumtemp.
Average density, g/cm? L76 1 176 | 1,77 1 2,09 sintering
Tabnuya 6. / Table 6.
Onucanne o6pa3uos nocJie od:xura / Description of samples after firing
[pupona u Xapakrepucruka odpasios / Characteristics of the samples
Ne coziepKaHue
n/n/ | mobasku, % / 3 / /
Item | /Nature and %BelT SByK d Hannuue Brmouenmnii / Inclusions Hp(};rﬁe Hdeq;eKTH
No. | content of the olor oun ther detects
additive, %
BoIbIoe KoIM4ecTBO
N aCH? ) [myxoii / | Penkue TodeuHble BKIIOYEHHsT Oenoro Ty0OKIX (CKBOSHEIX)
1 - pBDKHI / . . . TpemuH / A large
Deaf |uBera/Rare whitedot inclusions
red-red number of deep
(through) cracks
10% mpo6s1 2 / | Peoxuii/ | 3BoHKUIH 3Haqmeﬂb? 0¢  KOMMACCTBO  TORCHHBIX Be3 nedexros /
2 sample 2 Red / Voiced | 2MoteHmn Geitoro Hpera / Nodefects
p Significantamount of whitedots
20% oG 2 / Peokuii / | 3Bonkuit | bonbmoe KOJIU4ECTBO TOUYEUHBIX Bes nedexros /
3 Sl;mp le 2 Red / Voiced | Bkirouenuii Oemoro meera / A large number Nodefects
p of dotted inclusions of white color
30% oG 2 / Peokuit / | 3Bonkuii | bonbmioe KOJIMYECTBO TOYEYHBIX Be3 nedexros /
4 soamp e 2 Red / Voiced |Brimouenuii 6enoro npera / A large number Nodefects
P of dotted inclusions of white color
10% 1poGer 3 / Popkuit / | 3BoHKHH | 3HAUMTENBHOE  KONWYECTBO  TOYEYHBIX Bes nedexros /
5 Sl;mp le3 Red / Voiced |BxiroueHuit 6enoro msera / A significant Nodefects
P number of dotted inclusions of white color
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20% 11o6eL 3 / Peokuii / | 3BoHKHI | BoJBIIOE KOMHYECTBO TOUEUHBIX BKITIO- Bes nedexros /
6 ° mp le3 Red / Voiced |uenwmii 6enoro ngera / A large number of Nodefects
sampie dotted inclusions of white color
Peokuii / | 3BoHKHMI | BobIIOE KOMMYECTBO TOUEUHBIX BKIIIO- bes nedexros /
30% 1pober 3 / . .
7 Red / Voiced |uenwmii 6emnoro 1Bera / A large number of Nodefects
sample 3 . ) .
dotted inclusions of white color
Peoxwmii / | 3BOHKHI Heb6onpmoe xon-so
Red / Voiced | 3HaunTeNBbHOE KOJIMIECTBO TOUCYHBIX HUTEBUIHBIX TPELIHH
3 10% mpo6er 4 / BKJIIOUEHHMI Oeroro nBera / A significant (2-3 na obpaszer) /
sample 4 number of dotted inclusions of white Small number off
color iliform cracks (2-3
persample)
20% poGs 4 / Peoknit /| 3BoHKHMIT | BonbIioe KOIMYECTBO TOYEUHBIX BKIIFO- be3 nedexron /
9 o rp Red / Voiced |uenwmii 6enoro 1gera / A large number of Nodefects
sample 4 . ) .
dotted inclusions of white color
Peoxwmii / | 3BoHKHUI | Bonblioe KOIMYecTBO TOUEUHBIX BKIIIO- Be3 nedexros /
30% mpoOs1 4 / . N
10 Red / Voiced |uennii 6enoro usera / A large number of Nodefects
sample 4 . . .
dotted inclusions of white color
Tabnuya 7 / Table 7.
Du3nKo-MexaHUYeCKHe CBOMCTBA 000KKEHHBIX 00pa31oB /
Physical and mechanical properties of fired samples
Ipupona u | Jluneiinas ycanka, % / [Mpounocts, MIla / Strength,
Ne collepxKaHu- Linears hrinkage, % MPa
n/n/ | enobaBku / Boxonomiomienue, % /
Item | Nature and | Bosgymmas 06- Waterabsorption, % Ilpu cxa- Ipu usrude /
No. content of / Air mas / TuH / h.l In bending
the additive General compression
1 - 10,4 11,7 9,57 42,2 2,0
2 10% 2 9,3 10,2 11,56 36,8 6,8
3 20%?2 8,7 9,5 13,10 29.4 7,9
3 30% 2 8,2 9,0 15,44 19,6 9,3
4 10%3 9,9 10,8 11,27 37,5 6,4
5 20%3 8,1 9,6 12,95 30,1 8,0
5 30% 3 7,8 8,7 15,10 26,4 11,9
6 10%4 11,3 12,3 10,75 43,6 4,7
7 20% 4 9,9 11,0 12,51 37,3 7,2
7 30%4 8,7 9,4 14,07 26,2 11,5
BbiBOADI

C yBenuuenueM cozaepxkanus (¢ 10 go 30%) uccneayeMbIx TEXHOJIOTHYECKUX J0-
0aBOK MPOYHOCTH 00PA3IIOB MPH U3rHOE BO3PACTAET, IPOYHOCTH IPU CKATUU CHIKACTCS,
BO3MyIIHAs M 0OIIasi ycaJaKa yMEHBIIAIOTCS, BOJOIOMIONICHUE YBEIUINBAETCS. Takoe
BJIMAHUC HCCJICOOBAHHBIX IMOPOA Ha CBOMCTBa KEpaMUKU OG’LSICHSIGTCSI HaJIM4YUEM B UX
COCTaBe Pa3IMYHBIX MUHEPAJIOB: MOHTMOPWIIJIOHUTA, OMAaJI-KPUCTOOATNTA, KAIbLIUTA H
neonuta. KoMIiekc JaHHBIX MHUHEPAJIOB CHOCOOCTBYET MHTEHCHU(HKALNN CIICKaHHUS H
oOpa3oBaHui0 00JIee TOPUCTON CTPYKTYPhl KEPAMHUYECKOTO YeperKa.

[Tporuo3Hast Mapka KepaMHUYECKOTO KUPIUYA U3 2-KOMIIOHEHTHBIX CHIPHEBBIX CMe-
ceil, coepKalMx B Ka4yeCTBE TEXHOJIOTUYECKOH M00aBKH chipbe mpod NeNe2; 3 u 4,
«100» u BbIIIIE.
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Taxxe 3(1)(1)CKTI/IBHLIM MOKET OBITH MCHOJIL30BAHHE JaHHBIX ITOPOJ B CMCCH C IIOXO
CIICKAIOIIMUMHUCA MMOJTUMHUHEPAIbHBIMU INIMHAMHA (KepaMI/ILIeCKI/Ie 06pa3u1,1 N3 UCXOJHOTO CBhIPpbs
HUMCIOT HU3KHC 3HAYCHUS ITPOUHOCTHBIX XapaKTepI/ICTHK). B sTom CJIy4dac MMpOYHOCTL MPU CXKATUH
YBCIHUYUTCA U MapKa TOTOBOI OpoaAYKINH (KCpaMH‘ieCKI/IX CTCHOBBIX MaTepI/IaJ'IOB) IIOBBICUTCH.
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Pe3stome: AKTyanbHOCTb paboTbl. HedhTe3arpsi3HeHHbIe TEPPUTOPUI ABASKOTCA MCTOYHUKAMU NOBbILLEHHOI
3MUCCUI NAPHUKOBbLIX ra30B, YTO CBA3AHO C NOCTOSIHHLIMU NPoLeccaMu TpaHcqopmaLun HedpTeyrnesosopooB
NoA AeicTeueM U3NHecKnx, M3NKo-XMMUYECKUX U 6MONOrUYecKux haktopos. ViccnesosaHa MHTEHCUBHOCTb
3MUCCU METAHA U YITIEKUCNOro rasa Ha y4acTke XpaHeHus He(pTeoTxofoB. Y4aCTOK OTHOCUTCHA K 0ObekTam
HAKOMIEHHOr0 3KOMOrMYeCKOro ywep6a npoLunbIxX NeT, pacnonoXeH B 3aBOLCKOM paiioHe . [PO3HbIN Ha Teppu-
TOpuu 6biBLIEro HoBorposHeHckoro HIM3 um. H. AHucumoBa. Moka3aHo, 4To NOCMe BbDKMraHus HedoTelunama u
06pa3oBaHus NNOTHOM rPYHTOBON KOPKM, HAMOONbLUMIA BKNAZ B 3MUCCUIO BHOCUT (PAKTOP YBITAXKHEHHOCTU rPYH-
Ta, YCUNUBAIOLLMIA MOPUCTOCTL NOBEPXHOCTY W BbIENEHNE NAPHUKOBbIX ra30B. YBENNYeHNe TeMneparypbl OKpy-
XKaloLLen cpeibl NPUBOAMT K NPONOPLMOHANIbHOMY YCUITEHUI0 3MUCCUI NMAPHUKOBLIX ra30B B CNy4ae HapyLLeHus
LLeNOCTHOCTN KOPKW U3 CropeBLUMX HedpTenpoayKToB 1 rpyHTa. C y4eTOM cocTaBa HehTe0TX040B IKCNEPUMEH-
TanbHOMO y4acTka pa3paboTaH 6MOKOHCOPLMYM [N aKTUBM3aLMKN BMONOrMYecKoil AeCTPYKLUUM YrIeBo40poaoB
1 3aN10XeH nonesoi onbIT. Llenbto paboTbl ABNseTCA U3yyeHne 3PMEKTMBHOCTM METOA0B 6ruonepepaboTkm He-
(bTE0TXO[0B € NO3ULMM MPOLECCOB AeKAPOOHU3AUMM U IMUCCUM NAPHMKOBLIX ra3os. O4HON M3 3aday onbiTa
AIBNAETCA pa3paboTka npuemMoB TpaHcopmaumn HedyTeyrnesoA0pOL0B B NOYBEHHOE OPraHUYECcKOe BELLECTBO
ANs MakCUManbHOro COXpaHeHus yrnepoga HeddTW B NOYBE U YNy4LIEHUs NOKasaTenen ee 6UONPOAYKTUBHO-
ctu. Metogbl pa6oTbl. JTabopaTopHbie UCCNEAOBaAHNA NOKa3anu, 4To 06paboTka NOY4Bbl 3KCMEPUMEHTAMbHbIM
6uokoHcopumymom MBK-A ycunmBaeT UHTEHCUBHOCTb MOYBEHHOIO AbIXaHWS, YCKOPAET QYMLLEHUE rpyHTA OT
YrnesoAoponoB Ha 55-58% 3a 2 mecsALa, UCNONIb30BaHME CONOMbI B Ka4eCTBe CTPYKTypartopa Hapsagy ¢ MBK-A
CTUMYNUPYET O4ULLIEHNE C eLLe 60MbLUe CKOPOCTbI0 — 10 67% 3a 2 Mecaua. licnonb3oBaHne YKpbIBHOrO mare-
puana 3ameansieT NOYBEHHOE [bIXaHUE U CHIKAET CKOPOCTb TPAHCOpPMaLIMK YrieBoA0PO0B C UCNONb30BaHU-
em MBK-A ¢ conomoii n 6e3 Hee. OfHAKO, UMEHHO [aHHbIA NPUEM (MPUMEHEHUE YKPbIBHOMO MaTepurana) MoxeT
CTaTb Hanbosee NepcrnekTUBHLIM N1 YNy4LLEeHUs U BOCCTAHOBNEHWS NOYBEHHOrO N040POAMS BNOCNEACTBUM
3a CYeT NpoLeccoB TpaHcopmaumn HedhTeyrneBoA0POAOB B MOYBEHHYIO OpraHuky. PesynbTatbl paboTsl. [ony-
YEeHHbIE [jaHHbIe 3TOr0 M MOC/eAYOLWMX NeT HaboaeHNA N03BONAT 060CHOBATh Hanboee 3NMEKTUBHLIE METO-
Ibl [lekap6oHM3auum npu nepepaboTke HedhTecoLepxaLinx 0TX0A0B ANANUKBULALMUM Y4ACTKOB HAKOMMNEHHOM0
9KO0MOrn4ecKoro yulepba npoLunbix net B HeveHckon Pecny6rmke.

KntoyeBbie cnoBa: He(hTeoTX0/bl, NAPHUKOBbIE radbl, NOYBEHHOE blXaHue, GUOAECTPYKLMA, TpaHchopma-
L.
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bnarogapHocTu: Pa6ora BbinosiHeHa B pamkax roc3aganmi Ne FZNU-2021-0011 «U3yqeHne cekecTpauu-
OHHOIO ¥ IMUCCUOHHO0 MOTEHUMANA KAPOOHOBO0 MOSIUIroHa «3KOIPO3HBIN» U Pa3PabOTKa Hay4HO-000CHOBAH-
HbIX TEXHONOrNIA fiEKapOoHu3aLmm (Ha npumepe YeqdeHckoi Pecnybauku)» NeFZNU-2021-0002«0uyeHKka N3MeH-
YUBOCTU arPOKIUMAaTUYECKuX ycraoBuii CeBEPHOro KaBkasa B CBS3M C r7100a71bHbIMU U3MEHEHUAMY KIumaTta» u
NeFZNU-2021-0012«KomnnekcHas MHTEPpeTaymns reohusnaecknx u re03K0n0rn4ecknx JaHHbix Js u3y4eHns
0anaHca napHNKOBbIX ra3os.
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Abstract: Relevance. Oil-contaminated territories are sources of increased greenhouse gas emissions, which
is associated with the constant processes of transformation of petroleum hydrocarbons under the influence of
various factors. The intensity of methane and carbon dioxide emission in the area of oil waste storage has
been studied. The site refers to the objects of accumulated environmental damage of past years, located in the
Zavodskoy district of Grozny on the territory of the former Novogroznensky Qil Refinery named after. N. Anisimova.
Anincrease in ambient temperature leads to an increase in greenhouse gas emissions in the event of a violation of
the integrity of the crust from burnt oil products and soil. Taking into account the composition of oil waste from
the experimental site, a bioconsortium was developed to activate the biological destruction of hydrocarbons and a
field experiment was laid. The aim of the experiment is to study the effectiveness of oil waste biorefining methods
from the standpoint of decarbonization processes and greenhouse gas emissions. One of the objectives of the
experiment is to develop methods for the transformation of petroleum hydrocarbons into soil organic matter to
maximize the conservation of oil carbon in the soil and improve its bioproductivity. Methods. Laboratory studies
have shown that tillage with the experimental bioconsortium MBK-A enhances the intensity of soil respiration,
accelerates the purification of soil from hydrocarbons by 55-58% in 2 months, the use of straw as a structurant
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along with MBK-A stimulates purification at an even faster rate — up to 67% for 2 months. The use of covering
material slows down soil respiration and reduces the rate of hydrocarbon transformation using MBK-A with and
without straw. Results. The obtained data of this and subsequent years of observations will allow to substantiate
the most effective methods of decarbonization in the processing of oily waste.

Keywords: oil waste, greenhouse gases, soil respiration, biodegradation, transformation.
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BeseapeHve

B mae 2022 roga B Ueuenckoii PecriyOnnke Ob11 OTKpBIT nepBblit KapOoHOBBIN monu-
roH Ha CeBepHoM Kapkaze. OHMM U3 HampaBieHUil pabOThHI MOJIUTOHA SBISETCS U3yde-
HUE SMUCCHM MAapHUKOBBIX ra30B U MPOLECCOB JIeKapOOHU3ALMH, UCCIIEJOBAHUE 3arpsi3-
HEHHBIX YITIEBOAOPOJAMH YYacCTKOB U pa3paboTKa METOIOB CHM)KEHUSI X HEraTUBHOIO
JENCTBHS Ha KOMIIOHEHTBI IPUPOAHON CPEBI: TOYBY, BOJOEMBI, BO3IYyX.

Ha teppuropun YeueHckoit PecniyOnuiku uctopus pazBeaku 1 1006141 He(pTH Hacuu-
ThIBaeT okoJio 130 et. HaubonpmmMu TemnaMu pa3BuTHs HeTerazopas OTpaciib peciy-
OJMKM XapaKTepH30Bajach B COBETCKHE BpEMEHa, 3aTeM 00BbeMbI JOOBIYM 3HAUUTEILHO
ynaiu. Bmecre ¢ TeM, B CHITy HCTOPUYECKUX ITPUYKH, B IIEPBYIO OUYEPEND U3-32 BOCHHBIX
coobiTuit 1994-2000 1T, KOT/Ia ObLIa YHUUTO)KEHA 3HAYUTENIbHAS YacTh UHPPACTPYKTY-
PBI, B TOM YHUCJIE U TPO3HEHCKUE HedTenepepadaThIBatoIIne 3aBO/Ibl, OCTAINCh 0OBEKTHI
HAKOIUIEHHOTO HKOJIOTHYECKOTo yiiepoa: 3a0poIIeHHble CKBaXXHHbI, aMOaphbl, MOJUTOHbI
XpaHeHHs1 He(hTeOTX0A0B, HeTEeXpaHWINILA, 3arps3HEHHbIE HEQTENPOAYKTaMH ydacT-
KH.

K HedrecoaepkauM OTHOCATCS OTXO/bI, 00pa3yroLIiecs Npu XpaHEeHUH, IEPEBO3-
K€, MCIONb30BaHUN HEe(PTH U He(YTENnpOIYKTOB, NMPH 3a4MCTKEe 000pYyNOBaHUSA Ul Xpa-
HeHMsI He(pTH, IpU OYMCTKE He(TEeCOAEp)KaIlUMX CTOYHBIX BOA. D(PQEKTUBHBIE METOABI
nepepaboTKy He(TelIaMoB, KOTOpbIE 3aKOHCEPBUPOBAHBI B pe3epByapax, ambapax, He-
¢renutaMoHakonuTeNsAX, i yciaoBuit CeepHoro KaBkasza npakTuuecku He pa3palarbl-
Basuch. [Ipu uinTensHOM XpaHeHUH HedTelIaM npeTepneBaeT psiji U3SMEHEHH, paccia-
uBaeTcs Ha (hasbl, yCIOBHO 3TO He(TENPOIYKThI, BoAa M IpyHT [Mapkaposa u zip., 2016].
XpaHeHue HedTenlaMa UMEET CBOM HETaTUBHBIE SKOJIOrHYecKue cTopoHsl. Hampumep,
I'PYHTOBbIE OOBAJIOBKH IIIJTAMOHAKOIUTENEH MOTYT pa3pyLIMThCS, TOIAA MOIBUKHAA (a3a
(HeTenpoILyKTHI U BOJa C PACTBOPEHHBIMHU B HEH YIVIEBOOPOJaMHM) MONAAI0T B COTIpe-
JieNbHbIE cpefibl (B MOYBY, BOJOTOKH, I'PYHTOBBIE BO/bI). OOBEKTHI XpaHeHHUs HedTeoT-
XOJIOB SIBJISIFOTCS] UCTOYHUKAMMU MTOCTOSIHHOTO NMPUTOKA APHUKOBBIX T'a30B B arMocdepy.
Bonpoc nukBuaanuy amMm0apoB BpEMEHHOTO XPaHEHUS U [IUIAMOHAKOIIUTENeH B HaCTOs -
1iee BpeMsl pelaeTcst psSAaoM METOAOB. YTUIM3alMs He(TelIaMa BeAeTCs 0 Pa3HbIM
HarpaBieHusM [JIutBunoBa, 2016; Cokonos, 2017; XycHyTauHoB u ap., 2015; YepHbIx,
Capuukos, 2016]:

» Ilpu coxuraHuM U MHCEHEPALMU NOIY4YaloT MHEPTHBIN TBEPABINA 0Cal0K, KOTOPBIN
B OCHOBHOM 3aXOpOHSIOT Ha nonuronax ThO.
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* Ilpu ¢usuueckoM U (PU3MKO-XMMHUUYECKOM pazfesieHuH (a3 HedTecoaepKaui
KOMIIOHEHT BO3BPAILAIOT B MPOMBIIIJICHHBIH LUK NepepadoTKu HeTH, TPyHTHI 00€3-
BPEKUBAIOT, 00OraIlaloT U BO3BPAIIAIOT B OYMILEHHOM BHJIE B IPUPOIHYIO CpeNy, BO-
IHYI0 a3y Mmociie MHOTOKPAaTHON OYMCTKH MCIOJB3YIOT B MPOMU3BOACTBEHHOM IIHKJIIE
nepepaboTku HedTenuama.

* [Ipu Omonoruyeckux noaxojax NPUMEHSIIOT CIIEUAIBHO T0J00PaHHbIE KOMIUIEK-
Cbl MUKPOOPTaHU3MOB — JIECTPYKTOPOB, KOTOPbIE CHOCOOHBI 32 OTHOCUTEIBHO KOPOTKHMA
Hepuojl BpEMEHHU pa3pyLIMTh HEPTEMPOLYKThI B TOYBEHHOH U BOAHOH (pa3ax Hedreria-
Ma, yaoOpeHust 1 6MocypakTaHThl ISl aKTUBU3aLMHU Onooruueckux npoueccos [Kop-
nryHosa u Jip., 2014; Mapkaposa u ap., 2016; Munsman, ['uneBanosa, 2014; ConoBbsi-
HOB, 2012; Bezza et al., 2015; Bhattacharya et al., 2015; Nasreen et al., 2018].

Bonpoc BbIOOpa TEXHONOTHI 3aBUCUT OT COCTaBa HE()TEOTXOJ0B, KOHIIEHTPALIUHU B
HEeM He(TeNpPOIYKTOB U CTOMMOCTH peasln3alliy UX JUIsi KOHKPETHBIX YCIOBUH.

B pamkax pabotsl o KapOboHoBoMy monurony obcienoBaH psii Hedrezarps3HEH-
HBIX Y4aCTKOB, B TOM YHCJI€ MTOJUTOHBI XpaHeHus Hedreorxonos [Kepumos u ap., 2021;
Kepumos, 33upbaes, 2022]. [TonoOpaHbl TEXHOIOTUYECKUE PELICHUS MO YTHIIM3AaLUU
HedTenuiama, pa3MELIeHHOTo0 Ha SKCIEPUMEHTANbHbBIX ydacTkax. B Hacrosmel pabote
IIPUBEJIEHBI ITaHHBIE 110 Y4aCTKy, KOTOPBI HaXOAUTCS B Ipefesiax 3aBOACKOro paiioHa I.
I'pozneriit Ha TeppuTopun ObiBiero HoBorposnenckoro HIT3 um. H. Anncumosa.

MeToAbl UICCAEAOBOHUS

B xonre aBrycra 2022 roma ObLT 3aJI0KEH CTAIIMOHAPHBIN OIMBIT HAa UCCIICAYEMOM
HKCTIEPUMEHTAIBHOM Yy4YacTKe, 3arpsi3HEHHOM HedTeyrieBogopoaamu. HedreoTxombl
IPEICTaBIISLIM COO0M cMech TsKENbIX napapuHOB U Macel, oTxoabsl HoBorpo3HeHckoro
HII3 umenn H. Anucumona u HII3 umenu A. lllepunoBa. Y4acTok OTHOCUTCS K 00b-
€KTaM HaKOIUIEHHOTO 3KOJIOTMYECKOro yuiepOa mpouuislx JieT. Bua ydactka ¢ BIIJIA
npeacTaBieH Ha pucyHke 1. HarypHoe oOcienoBaHue TEppUTOPUH IIJITaMOHAKOIUTENEH
oceHblo 2022 1. moka3aio cieayrlee. DKCIepUMEHTAIbHbBIN Y4aCTOK BKIIOUAET YEThIPE
IUIOMIA KK — He(Te3arpsI3HEHHBIE 30HbBI, KaX/1as mIomniaipo okoino 900 m2. K nacrosiie-
MY BPEMEHHU IIPOM30IILIO 3apacTaHue 00BaJIOBOK U CONPEAEIbHON TEPPUTOPUH 3TIAKOBO-
pa3HOTPaBHOW M KyCTapPHUKOBOW PAaCTUTENBHOCTBIO. PAaCTEHUs B XOPOIIEM COCTOSIHUH,
npoektuBHoe nokpsitue 10 100%. Ha uccnenyeMbIx TeppUTOpUSX C KpaeB K LIEHTPY
C pa3HOH CTENEeHbI0 MHTEHCHBHOCTU TAK)KE MPOUCXOAMT 3apacTaHME y4YacTKOB 3JIaKa-
MM, TIJIOIA](b TPOEKTHBHOTO MOKPHITHS OT 5 10 80%. HedTeoTxompl BHYTpH IIIOMIA 0K
paHee MOJABEPralluCh OTKHTY, O YeM CBHJCTEILCTBYET TOT (DAKT, YTO HAa MOBEPXHOCTH
Ka)XJI0M 30HBI COPMUPOBAIACH IJIOTHAS KOPKA, MPEICTABICHHAS MPOAYKTAMH TOPEHHS
HE(PTEOTXOI0B M1 MUHEPATHLHOTO TPYHTA, YEPHOTO U KOPUIHEBOTO 1IBETA C XapaKTEPHBIM
3anaxoMm rapu. TomnmuHa KOpkH 10 5-7 ¢M, o1 Hel 0OHapyx uBaroTcs ciou 10 25-50 cm
ceporo mBera He(TEeOTXOIO0B, MACISIHUCTONW KOHCHUCTCHIIMH, CMEIIAHHBIX C TPYHTOM,
HWOKE HaxoauTcs Boa. [1oBepXHOCTH IIaMOHAKOIIUTENEH HEYCTOMYMBA, NIPU IBUKEHUU
0 [TIOBEPXHOCTH MTPOUCXOUT KosleOaHUE TPyHTA.

W3 npo6 nedrenutama B 2022 1. ObUT BBICICH SKCIEPUMEHTAIBHBIN KOHCOPIUYM
OaxTepuil yrieBOJOPOJOKHUCIIAIONIErO AEUCTBUS, OTHOCAIIMXCS K ponaM Pseudomonas,
Bacillus, Rhodococcus. Beinenennsle u3 HedTenuiama OakTepun HE SIBISIOTCS IaTO-
TEHHBIMU JUIsl pACTEHUH U TEMJIOKPOBHBIX >KUBOTHBIX. Pabouee HazBanue MBK-A. [lns
HIOJIEBOIO ONBbITa OAKTEPUM BbIpPAIIMBAIM HA JKUJKHUX IMOJIYCHUHTETHUYECKHX Cpelax, co-
JieprKalMx HeTeluiaM ¢ SKCIEPUMEHTAIbHOTO y4acTKa, B YCIOBUSAX MHTEHCUBHOW a3-



Geology and Geophysics of Russian South 12 (4) 2022 ['eonorvs n reopuanka lOra Poccmt - 157

Puc. 1. Cxema pacnonoscenusn ne@pme3acpAsHEHHbIX RAOWAOOK HA IKCHEPUMEHMATLHOM YYACHKe
(3asodckoii pation 2. I posuwiii). Yenognvle 0603nauenust: 1-mouku Habnooenutl, 2 — KOHmMypol
Hepmesaspa3zHenHbIX NIOUAO0K /

Fig. 1. Layout of oil-contaminated sitesat the experimental site (Zavodskoy district of Grozny). Legend.:
1 — observationpoints; 2 — contoursofoil-contaminatedsites

pauyn. TUTp XKHBBIX KJIETOK B paboueM pacTBOpe cocTapisi He meHee 2-4x10°/1 mir.
Pacxon 1 nutp Ha 4 M2,

I'ymar B Buze 0,01 % pacTtBopa JurHorymara, kKak 1 MUHepajbHOE yA0OpeHue a3o-
(ocka, BHECEHBI B COOTBETCTBYIOIIUE BAPUAHTHI OTIBITA, KAK CTUMYJISTOPEI MUKPOOHOTEHI.

Omnwupasich Ha MPEAMIECTBYIONINE PE3YNIBTaThl HAyYHO-TEXHHYECKUX paboT B Pecrry-
omuke Komu [Mapkaposa u 1ip, 2016], moMmumo MeTona 00e3BpeKuBanms HE(QTEOTXOI0B
OMONECTPYKIMEH C HMCIIOIF30BAHUEM HE(PTEOKUCIIONINX OaKTepHid, TPUMEHUIHN CIIIe
JIBa OMOTEXHOJIOTHYECKUX MIpHUeMa:

— HCIOJIB30BAIM COJIOMY JUIsl YIy4dIIeHUs a’po(uiIbHOCTH HedTe3arps3HeHHOTO
cyOcrtpara. [lns akTUBU3alMK pa3pyIICHHs IEJUTIONO3bI B COCTABE COJIOMBI €€ 00pabo-
TaJ¥ MPUPOAHBIM MTaMMOM Trichodermalignorum, BEIIEICHHBIM U3 TIOYBBI, IPHJIETA0-
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el K NOJIMIOHYy TeppuTopuu. TUTp criop B pabouyeM pacTBOpe MpHu 00pabOTKe COIOMBI
10%/1 mu. Pacxon 1 nurp Ha 4 M2, PaGouee HazBanue BII-T;

— NPUMEHWIN MPUEM aKTUBU3ALMH MPOLECCOB HE(PTEOKUCICHHUS B YaCTUYHO-aHa-
9POOHBIX YCIOBUAX AJS U3YyUYEHUS TUHAMUKH MAPHUKOBBIX T'a30B MPH TpaHC(HOpMaAIUU
CMOJIUCTO-MACTSIHBIX U FeTePOLMKINYECKUX KOMIIOHEHTOB He(TeluiaMa B POryMHHO-
BbI€ BEIIIECTBA IMOYBbI. ITO BAXKHO € MO3ULIMH JIeKapOOHM3ALMH 3a CUET MpeoOpa3oBaHUs
yriepoja HeTu B MOYBEHHOE OPraHMYECKOe BEIECTBO, a TaKXkKe CHHXKEHHs BbIOPOCOB
MApPHUKOBBIX Ta30B B aTMoc(depy B mporecce 00e3BpekuBaHus Heremuiama u nocieny-
IolIeH peKyIbTUBAILIMM IPYHTOB U TIOYB HA TEPPUTOPUHU TOJIUTOHA.

B onbiTe 3aaelicTBOBaHBI J1BE TUIOIAAKH, 0003HauUeHHbIe Ha pucyHKe 1mog NeNe2 u
3. Ha xaxmoit u3 HUX pa3ouTo 25 NensHOK, MIoMaAbio 2X2 M (TOJIOCH 10 MSTh JEISTHOK
B KaxxaoM) (puc. 2, 3). [lepen BHECeHHEM CTUMYISATOPOB OMOpa3pyIIeHHs] HEPTEyTIIeBO-
JIOPOJIOB HA OMBITHBIX JAETSHKaX c(opMUpOBaIM 60po3/sl TiTyouHoH 10 10 cMm (puc. 2).

CxeMa ombITa clieyromas:

1-s monoca — KOHTPOJIb;

2-s mosioca — 06paboTKa KCIIEPUMEHTAIbHBIM OMOKOHCOPLUYMOM HE(TEOKHCIIO-
miero neiicteust (MBK-A) u rymarowm;

3-1 nmonoca — o6pabotka MBK-A, rymaroM, BHeCeHHE COJIOMBI 1 OMOKOHCOPLIMYMa
Ha OCHOBE MUKpoMHUIIETOB Trichodermalignorum B criopoBoit popme (BII-T) mist ycko-
PpeHMS pa3pyLICHHS LEJTI0N03bI;

4-s nonoca — o6paborka MBK-A, rymarom, yKpbIBaHHE TUIEHKOMH;

5-1 monoca — obpaborka MBK-A, rymarom, BHecenue conombl, bII-T, ykpriBanue
TJICHKOU.

IToBTOpHOCTH OMBITa S5-TUKpaTHas. B TpyHT Bcex BapuMaHTOB IpHU 3aKJaJKe ONbITa
BHECEHO MUHepasibHOe ynoopenue azodocka N, P,K;c 13 pacuera 60 kr neiicTByromero
BeIllecTBA Ha 1 ra mo KaxJjoMy M3 3JIeMEHTOB NuTaHus. BHecenue asopocku npexmyc-
MOTPEHO ABYKPAaTHOE, B MOMEHT 3aKJaJIKU ONbITA U Yepe3 HENIEeN0 MOCie BbIIaJCHUSI

Puc. 2. @opmuposanue 60po30 na onvimnom yuacmee /
Fig. 2. Formation of furrows in the experimental area
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Puc. 3. Buo onvimuvix 0ensiHox 2-1i niouaoxku nocie 06pabomxu epyHma pekyibmusanmamu /
Fig. 3. View of experimental plots of the 2nd site after soil treatment with recultivants

0CaJIKOB. DTO CBSI3aHO C TeM, 4YTO JieTHUM ce30H 2022 rona B YeueHckoit PecryOmmke 011
KapKUM U CyXUM, B TIEPUOJ] C UIOJIS 110 CEHTAOPh BKIIOUUTEIBHO OCAJKU IOYTH HE BBI-
nagani. CpeaHecyToYHas TeMIeparypa Bo3ayxa cocrasisia ot +25°C 1o +28°C. Temme-
parypa IOBEpXHOCTU IPyHTA B JIETHHUE JHEBHBIC Yachl Ha OMBITHOM y4acTKe JAOCTUTala
+55 — +60°C. Oxunars MHTEHCHU(PUKALUKE OHOTPaHCPOPMALH YITIEBOAOPOLOB B TAKUX
YCIOBHSIX HE MpUXoauiock. [locie BoimageHus ocaakoB B okTsA0pe 2022 roma u CHUXE-
HMS CPEIHECYTOYHOM Temmeparypbl 10 +12 — +18°C GbL10 POBEAEHO IIOBTOPHOE BHECE-
HHUE MUHEPAJILHOTO YIOOpeHHs U YKpbiBaHUe 1Moyioc NeNe4 1 5 mieHKOM.

[lapannenbHo ONMBIT ObUT 3aJI0KEH B JAOOPATOPHBIX YCIOBHUSX B BEre€TAallMOHHBIX
cocymax, oobeM npoOsl s ombita 1,01; Bec 1320 1, mpu HOPMAJIBHBIX BIAKHOCTH U
temreparype (55-60% u +25°C cooTBeTCTBEHHO). MIcX0MHas KOHIEHTpalHs HeTeyTie-
BOJIOPOJIOB B OMBITHOM CcyOcTpare coctaBmiia 365-390 Mr/kr. B onbiTe OTCIIe)KUBAIA WH-
TEHCUBHOCTb NOYBEHHOTO JIbIXaHUs 10 quHamuke BbiaeneHust CO, v OLieHHBaIl KOHIIEH-
Tpaluio HeTH B ONBITHOM CyOCTpare B Hayase OmbITa U uepe3 2 Mecsla.

B mnoneBbix ycnoBusix 2022 roga ObUTH MPOBEACHBI 3aMEPHI SMUCCHUU TTAPHUKOBBIX
razoB (CO, u CH,) B TeueHue HeAENU MOCIE 3aKIaJKH OIbITa, B JAOOPATOPHOM OIIBITE
MpocieXeHa TMHaMHUKa MHTEHCUBHOCTHU TOYBEHHOTO JBIXaHUS B COOTBETCTBUU C METO-
nuKaMu, u3nokeHHbIMU B [[lanukoB, 1988; Metonsl, 1977], mo ckopocTH BBIAEICHUS
CO, ¥ UHTEHCUBHOCTH TpaHcopMaIy HePTEYyIIIeBOIOPOIOB 3a 2 MeCsIIa OIbITA.

[Tocne 3akinanku ombiTa B CBETIOE BPEMs CYTOK B T€UEHHE 3-X THEW MPOBOAMIN
M3MEpPEHUs] MHTEHCUBHOCTU SMUCCUU MAapHUKOBBIX ra3oB. M3mepeHus temmeparypsl U
BJIQXKHOCTU TOBEPXHOCTHOTO CJIOS HMCCIEAYeMOro y4acTKa, MHTEHCUBHOCTH SMUCCUU
CO, u CH, mpoBoawiu mpu MOMOIIM MOOWJIBHON MOYBEHHOM KaMephl I U3MEPEHUS
MMOTOKOB MapHUKOBBIX Ta30B (CO,, CH,), c TOBEpXHOCTH MTOYBBI HA OCHOBE aHAJIN3aTOpa
3akpeitoro Tuna G4301 (Mobile Gas Concentration Analyzer) (Picarro — CIIIA).

B nmaGoparopHom ombITe ONpenessiiiu CKOpOCTh Mpeodpa3oBanus HEDTEYTIICBOIOPO-
JIOB 10 ra3000pa3HOro COCTOSHUS IO JbIXaTeIbHONW aKTUBHOCTHU IMOYBHI (IO CKOPOCTH
BoieneHuss CO,) [Muxpoopranusmsel, 1989]. ns atoro HaBecky mouBsl (1 ) ¢ ecrte-
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CTBEHHOM (OMBITHOW) BIAKHOCTHIO TOMENIAIN B EHUIMIITMHOBBIE (h1akoHbI. DIaKOHbI
3aKpBIBAIM TEPMETHUHBIMH KPBIIIKAMHU M POBOAUIIN OTOOp MpoObI BO3MyXa U3 (prakoHa.
O6bem ananmmu3upyeMoit mpoOsl — 1 mi1. [IpoOy 3akanpiBamu B XpoMaTorpaduyecKyro Ko-
JOHKY TazoBoro xpomatorpada (Chrom-5). 3akpsITyo Bo (h1akoHe npoOy HHKYOHpOBaIu
npu 25°C B Teuenue | yaca, mocie 4ero oTOMpasd BO3AYIIHYIO IPOOy ¥ BHOBb aHAIIM-
3UpOBaJM €€ Ha Xpomarorpade. Pacdyer HHTEHCHBHOCTH JIBIXaHUS TIOYBHI TIPOBOIMIIH T10
cnenymoien popmyie:

V= [(CZ*V]/V]'Vz) — C1] V]/m *t,

rje V — HHTEHCUBHOCTD JbIXaHus 1mouBbl, MK C-CO,/4ac, 1 r mouBsl; C, u C, — KOH-
HEHTpallKs YIIIEKUCIIOTo Ta3a Bo iakoHe Moclie U 10 UHKyOauuu, ppm; V, — 00beM Bo3-
AyIHOM (asbl piiakonHa, cM>; V, — 00beM MOYBEHHOM MPOOHI, CM>; M — Macca OYBEHHON
HaBECKH, T'; t — BpeMs MHKyOaluu (piakoHa B TepMocCTaTe, C.

Omnpenenenue conepkanus HEPTEYIIIEBOAOPOAOB B TOYBE OCYIIECTBISUIA TPaBUMe-
TPUUECKUM METOJIOM B cooTBeTcTBUU C¢ P[ 52.18.647-2003.

O0630p reopu3nuecKuX METOAOB MPHU HCCIEIOBAHUU XAPAKTEPUCTUKH CTPYKTYpPHI
nouBbl TpuBeAcH B pabote [Romero-Ruizand et al., 2018]. ABropsl paccmoTpenu BO3-
MOXXHOCTH HCIIONIb30BaHUS T'€O(U3NUYECKHX METONOB NPU H3YUYCHHH XapaKTepUCTHUK
CTPYKTYpPHBI [TOYBBI HAMPSMYIO (depe3 BIUSHUE MOpP MOYBbI, IEPEHOCAa U MEXaHUYECKUX
CBOWCTB Ha Te0(HM3MUECKUE CUTHAJBI) MM KOCBEHHO ITyTeM H3MEPEHHS CyppOraTHBIX
MEPEMEHHBIX (BJIaXKHOCTh, CKOPOCTh JIpeHaka). B manHoi paboTe M3ydeHbl OCHOBHBIE
ACTIEKTHI CTPYKTYPHI TIOYBHI ¥ IPOOIEMBI XapaKTEPUCTUKU B TIPOCTPAHCTBEHHOM U Bpe-
MEHHOM MacIlTadax, a Takke TO, Kak reo(pu3n4eckKre MeTOo/Ibl MOTYT OBITh UCIIOJIb30Ba-
HBI 17151 pereHust 3Toi 3amaun [Romero-Ruizand et al., 2018].

Ha nedre3arpssHeHHOM ydacTKe ObUTH BBIOJHEHBI re0()U3NYECKUe HCCIeJOBAHUS.
Oco0eHHoCTh Teodn3nYeCKUX HaOMIOACHNUN B TOM, UTO OHU, HE U3MEHSS T€OJIOTHYECKYIO
cpeny, MOTYT MHOTOKpaTHO MoBTOpAThCs [OrunbsBu, 1990]. Llensto ucciaenoBanuii cra-
BUJIOCH U3YUYECHHUE CJIOSI TEXHOTEHHOTO rpyHTa (He(TeoTX010B). [l 3TOr0 Ha IUIOIIAIKe
Ne?2 6pina cobpana anekTpopasBelouHasi MUHU-YCTaHOBKA, COCTOAIIAS U3 JBYX MUTAIO-
IIAX W JIBYX W3MEPUTENBHBIX 3JIEKTPOAOB. 3apETUCTPUPOBAHHBIC 3HAUYCHUS YACITbHBIX
ANIEKTPUYECKUX COMPOTUBICHUN MPHU MpEaBapUTEIbHOW 00pabOTKE MOJEBBIX TAHHBIX
TIO3BOJIMJIM BBISIBUTH AHOMAIIMH, XapaKTEPU3YIOUIHECs] HU3KOOMHBIMH 3HAUE€HUSIMH, YTO
yKa3bIBaeT, BEPOATHEE BCETO, HA HAJIMUUE KUIKOH (a3bl B cioe He(TeoTX0A0B. B nanb-
HEHIeM MJIaHUPYETCs ¢ MOMOIIBIO AIEKTPOTOMOrpaduu OLEHUTH MOILTHOCTD IIJJaAMOBO-
ro Closi U (UIBTPAIIMOHHBIE CBOMCTBAa OOPTOB HUIAMOXPAHMIIHUIN Ha MPEIMET HaTHMIUs
yTe4YeK B OKpyKarolyto cpeny. Kpome Toro, 3aga4n, cBsi3aHHbIE C OLIEHKOW BO BpEMEHU
COCTOSIHUS T€OJIOTUYECKOM Cpe/ibl Ha OTPAHUYCHHBIX TEPPUTOPHUSIX C MBI YTOUHEHHS
CTETEHU MX HKOJIOTHYECKOM OMacHOCTH, MOTYT PelaThbCsi ¢ MOMOLIbI0 CEHCMUYECKOTo
Mouurtopunra [ITonos, ITonosa, 2021].

Pe3yAbTATbl PABOTHI M X OBCYXAEHWE

OOBEKTHI HAKOIUICHHUS] HEPTEOTXOI0B, KaK U He(Te3arpsi3HEHHBIC 3eMIIH, SBIISIOTCS
MCTOYHHUKOM TOBBIIIEHHON AMHCCHH MMAPHUKOBBIX Ta30B, YTO CBA3AHO U C HUCTIAPEHUSIMU
CaMHX YTJIEBOAOPOJIOB, IMMOCKOJIIBKY B MOYBE IMOCTOSHHO WAYT MPOLECCHl XMMHYECKOTO,
(OTOXMMHUYECKOTO MpeBpalleHus yrieronopoaos [HedresarpszneHuble OMOreoneHo3bl,
2008], ¥ ¢ TTOYBEHHBIM JbIXaHUEM, OOYCJIOBJICHHBIM MUKPOOHBIMH W PACTUTEIbHBIMU
B3aMMOJICHCTBUSIMU B HApPYyIICHHOH SKOCHCTEME B IPOLIECCE €€ CaMOBOCCTAHOBIICHHS
u Ouonectpykuuu HeTsIHBIX coenuuenuid [Koshlaf et al., 2017]. TaTeHCHBHOCTH BCex
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9THUX MPOLECCOB 3aBUCUT OT psifa dakTopoB. Cpenu HUX Hanbosee 3HaYUMble — COCTAaB
1 BO3pacT HE(PTAHOTO 3arpsi3HEeHNUs, aKTUBHOCTh TOYBEHHON MUKPOOHOTHI, TEMIIEpaTypa
OKpY>KaroIllel cpesibl U BIAXKHOCTh, XapaKTep U CKOPOCTh TpaHCchopMmarmu HeDTH MpH
UCIIOJIb30BaHUH PA3HBIX METOIOB PEKYJIBTUBAIMH 3eMellb U epepaboTKH HEPTEOTXO0B
[Mapkapona u ap., 2016; Sarkar et al., 2005]. Ceipast HepTh sBIIsI€TCS UCTOYHUKOM BbI-
JIEJIEHNUS JIETKUX YITIEBOJOPOIOB, B TOM YHUCJIE METAHA, YTO CBA3aHO C COAECPKAHUEM B €€
cocraBe JieTyuux (pakuuil. Ha ygactkax Bo3pacTHbIX HedTe3arps3HEHUN MPOUCXOIUT
BBIJICJICHUE MTPOAYKTOB MPOMEXKYTOUHOTO pa3pyIIeHus: 0ojiee CIOKHBIX YIIIEBOAOPOIOB
KaK pe3yJIbTaT aKTUBU3aLUUU (PU3UKO-XUMHUYECKHX U OMOJIOTMYECKHUX MPOIIECCOB TPAHC-
(dhopMmaruu HeTH ¥ aKTUBU3ALNN TOYBEHHOW MHKPOOHOTHI [O00puH 1 11p., 2008; Khan
et al., 2004]. Ha 31oif cTaauu ouuiieHust TOYB HAOIIONAETCS MHTEHCU(UKAIUS BhIeIe-
HUS YIJIEKHCIIOTO ra3a, Hapsily ¢ BBICOKOW MHTEHCUBHOCTBIO BBIICJICHUS] METaHa, 3TaHa,
nponana. Ha eme Gosee mo3aHuX CTaIUsIX CaMOBOCCTAHOBIICHUS 3arps3HEHHBIX TeppU-
TOpUIN aKTUBHOCTH MHUKPOOHOTHI BO3PAaCTaeT M, COOTBETCTBEHHO, BO3PACTAET M MHTEH-
cuBHOCTH BoIesieHus CO,.

OrneHka BbIJICICHHS MTAPHUKOBBIX T'a30B HA OMBITHOM Y4YacTKE MpOBe/IeHA B Hayale
ombita. [Tnomankn NeNe2 u 3 — mociie pa30uBaHusi KOPKU Ha TIOBEPXHOCTH, TUIOMIAIKH
NoNe 1 u 4 — kouTponbHble. Kak BUIHO 13 pucyHKa 4, MTHTEHCUBHOCTh TIOYBEHHOT'O JIbIXa-
HUS B II€JIOM Ha IUIOIIAJIKax HU3Kas. DTO CBA3aHO U C BBICOKOW TEMIIEpaTypoil oKpyka-
IOLIeH cpefibl, ¥ C IIIOTHOCTBIO KOPKHU, KaK UTOT — C HU3KOH CKOPOCTBHIO OMOIOTHUECKHUX
MPOLIECCOB B TAKUX YCIIOBUSAX. MOXKHO 3aMETUTh, YTO CO CHUKEHHEM CYTOYHOU TeMmIie-
parypbl BO3lyXa U YMEHbILIEHUEM BIa)KHOCTH [TOYBbI CHU)KAETCSA M IMUCCHS YITIEKHUCIIOTO
rasa ¢ ee HOBEPXHOCTH.

DOMuccusi MeTaHa, Mociie pa3pylieHus: IOBEPXHOCTHONW KOPKH, YCUIIMIIACh HA OIBIT-
HbIX miomaakax NeNe2 u 4 (puc. 5). 310 CBUAETENBCTBOBAIO O TOM, YTO CJIOW FOPEIOro
IpyHTa U HEPTEMPOIYKTOB Ha MOBEPXHOCTH ILJIOLIAI0K XpaHEHHS HE(PTEOTXOA0B TOPMO-
3WJI BCE MPOLECCHI IECTPYKIUN HEPTETPOAYKTOB, B TOM YHCIE U (PU3HUECKUE, CBA3aH-
HbIe ¢ UcapeHueM nerkux (pakuuit HedTH. [locne pa3pyiieHus KOpKu razo00pa3Hbie
YIJIEBOAOPOABI Hauall BICBOOOXAAThCS U3 HedTemama. Hapsaay ¢ 3TUM yCuIMiIucey u
Ouonpolecchl, HAPSIMYIO CBS3aHHBIC C YCIOBUSAMH yBIaXHEeHUs. IMeHHO Ha rutoma-
Kax 2 U 4 yBeJIMUYEHUE YPOBHS CYTOYHOIO YBIAXKHEHHUS KOPPEIHMPOBAJIO C BETUUYUHOMN
BbIJICJICHUS] METAHA U3 MTOYBBI.

OreHka OJIEBOTO OMBITA MO PSATY LIETEBBIX MOKa3aTenel (3MUCCHs MaPHUKOBBIX Ta-
30B, MHTEHCUBHOCTbh OUMIIEHMs CyOCTpaTa OT YINIEBOJOPOJOB, OMOIOrHYecKasl akTUB-
HOCTb IOYBBI) OyA€T BBHINOJIHEHa B OyayiieM roxay. B tekymiem ce3oHe Oblia BO3MOXK-
HOCTb OLIEHUTH 3((HEKTUBHOCTH IMpelaraéMbIX METOJ0B OMOIIOTMYECKOW OUYMCTKU He-
¢TenutamMa ¢ MCCIIEAYEeMOro ydacTKa TOJBKO B JlabopaTopHOM ombiTe. IlpencraBiens
JaHHbBIE 32 2 MecsiIia HaOMIOACHUN.

B nauane ombiTa, yepe3 Mecsll U yepe3 2 Mecsla B OYBE ONPEAesniIN KOHLIEHTpa-
uto HedreyreBonoponoB (puc. 6). Ux gecTpykius mpomnuia B 3aBUCUMOCTH OT BHJA
00paboTKu U yCclIOBUH OMbITa Mo-pa3zHoMy. Hanbosee BICOKON CKOPOCTHIO OUUCTKU Xa-
paktepusoBaiicsa rpyHt, oopadboranusiii MBK-A u rymarom ¢ no0GaBiieHHEM COJIOMBI U
BII-T (momnoca 3). 3neck 3a 2 Mecsilia KOHIIEHTpaIlKs 3arpsi3HeHUs] CHU3WIACh B 3 pasa ¢
365 no 120 mr/kr (67%). Tot ke BapuaHT, HO C YKPBHITUEM MTOBEPXHOCTH IJIEHKOM MOKa-
3aJ1 MEHBIIIYIO0 CKOPOCTh OUYMIIICHUS CyOCcTpara — 3arpsi3HeHHe CHU3MIIOCH 3a 2 MecsIa Ha
47%. be3 conoMbl HIHTEHCUBHOCTb OYMIIIEHUS IOYBBI 0€3 YKPBIBHOTO MaTepHasa cocTa-
Buia 58 %, nox miueHkon — 41%. CHuKeHNEe YPOBHSI 3arpsiI3HEHUS I0UYBBI B KOHTPOJIBHOM
BapuaHTe coctaBmiio 12% 3a 2 mecsia HaOIIoIeHUH.
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Puc. 4. 3asucumocms nomokos CO, om memnepamypbol u 61AACHOCHU NOOCMUNLAIOW el NOBEPXHOCIIU
Ha yyacmke xpanenust Hepmeomxo008: a) niowadka Ne 1; b) nrowaoka Ne2; c) nnowaoka Ne 3, d)
naowaoxka Ne4 /

Fig. 4. Dependence of CO2 fluxes on the temperature and humidity of the underlying surface at the oil
waste storage area: a) platform No. I; b) platform No’; ¢) platform No’; d) platform No4



Geology and Geophysics of Russian South 12 (4) 2022 ['eonorvs n reopuanka fOra Poccmt - 163

11 . 41 L]
] . L]
a0
10
L
5 39 L]
v
#® ! o .
Za . . H
= g 37
§ . . L
: LR .
8
a5 ] .
.
7 EL]
. 3] »
-0.0010 —0.0005 0.0000 0.0005 0.0010 0.0015 -0.0010 -0.0005 0.0000 0.0005 0.0010 0.0015
CH4, ppm CH4, ppm
a)
14 1 L (]
a5.0
134
. 42.5
124
w400
11 ;
g315
104 2
5 35.0
: =
325
84
30.0
L ]
74
T ® T T T T T T 27.51 o T 22 T T T T T T
-0.0D4 0002 0000 0002 0004 0006 0008 0010 -0.004 -0.002 0000 0.002 0.004 0006 0008 0.010
CH4, ppm b) CH4, ppm
18 1 L] a0 e []
164 a8
v
# 144 - 36 L)
2 14
= = L ]
t 3
=a 12 4 § 34
8
10 4 32
g1 @ 30 L]
.
- -
0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008
CH4, ppm CH4, ppm
c)
11
. 3Le L .
L]
10 305
2 U 30.0 Y s ®
5 ° g
3 H 295
- £
= s
= 8
=290 .
7 28.5 4
& . 804 ®
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
€02, ppm d) CoZ, ppm

Puc. 5. 3asucumocmo smuccuu memana om memnepamypbul i 61a}CHOCHU HOBEPXHOCHU NOYBbL HA
yuacmke xpanenus neghmeomxo0os. a) nrowaoka Ne 1; b) nrowaoxa Ne 2; ¢) niowaoxa Ne 3; d)
nrowaoxka Ned /

Fig. 5. Dependence of methane emission on the temperature and humidity of the soil surface at the oil
waste storage area: a) platform Nol; b) platform No’; c) platform No?; d) platform No4
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BwMmecre ¢ Tem, py nJIaHUPOBAHUH OIBITA C MO3ULMI JeKapOOHU3AIMU U COXPAHEHHS
yriepoja HeTH B MOYBE, MPEAINoIaraioch, 4YTo UCIOIb30BaHNE YKPBHIBHOIO Marepuasia
HO3BOJIUT HAIPAaBUTh TPaHC(HOPMALIHIO HEPTIHOTO YIIIepOa B IOYBEHHOE OPTaHUYECKOe
BEILIECTBO 32 CYET BOCCTAHOBUTENILHBIX aHA3POOHBIX MpoleccoB. MHbIMU clioBamH, 10-
3BOJIUT KAYECTBEHHO U3MEHUTh COCTAB 3arpsA3HEHUS U HAKOIIUTh B II0YBE OPraHUYECKUN
YINIEPOJ, NOTEHLIMAIBHO ONPEAEIISAIOIUN U NTOCIEAYIOIIUN CUHTE3 T'YMUHOBBIX COCIMHE-
HUH.

B xopoTkoM 1a00paTOpHOM OMBITE CIIOXKHO OXKUAATh TYMH(PUKALUHU YIIIEBOAOPOIOB
He(TH B MOYBEHHOE OPraHUYECKOE BELIECTBO, OOBEKTUBHO TaKasi BO3MOKHOCTb OyZeT B
IIOJIEBOM OIIBITE B CJIEAYIOIIME rojbl HabmoaeHnit. Ho oleHuTh HHTEHCUBHOCTD TPaHC-
¢dopmannu He(TAHBIX YIVIEBOIOPOJOB B YIICKUCIBIA ra3 BO3MOXHOCTh Obuta. Ha pu-
CYHKe 7 mpeicTaBiieHa nuHaMuKa BbiienaeHus: CO, B ONBITHBIX BapHaHTax 3a 2 Mecsla
OIIBITA.

B kOHTposIbHOW TOYBE JAbIXaTelbHAss aKTUBHOCTH Obla c1a0o0 BbIpaXkeHa M Mallo
OTINYaJach OT MOYBHI HAa4aja OMbITAa. JTO CBUAETEIBCTBYET O TOM, YTO COOCTBEHHBIH
HOTEHIIMAJ CAMOBOCCTAHOBIIEHHsI CyOcTpara KpaifHe MaJl. DTOro M CJIeI0BAJIO OXKHJIATh
Hocje JUIMTEIbHOTO XpaHeHHUs HedTeliaMa Ha UCCelyeMbIX IUIOaIKax MoJl IVIOTHOM
KOPKOH U MOCJIE IPEABAPUTEILHOIO TEPMHUUECKOTO BO3AEHCTBHUS.

Buecenue B onbIiTHBIN cyocTpar MBK-A, rymara, conomsl u BII-T cioco6cTBOoBas1o
JIOBOJIHO OBICTpON MHTEHCU(UKALMU OMOIOTMYECKUX MPOLIECCOB, B TOM YUCIIE pa3py-
LICHUIO YIJIEBOIOPOOB, UTO IIPUBEJIO K 3HAYUTEIBLHOMY pocTy BblaeneHus CO, u3 no-
4Bbl. DTO OBLJIO 0XKMJAEMO — COJIOMA BBICTYNMJIA B KQUECTBE Pa3pbIXJIUTENS U IOYBOY-
ayumutens, BII-T — unteHCcHULIMpOBaN pa3pylIeHHe LETI0N03bl B COCTABE COJIOMBbI
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Puc. 6. JJunamuxa xonyenmpayuu yeneso00po0oos (me/ke) 6 nouse nabopamopuozo onvima.: 1 —
Konmponw, 2 — MBK-A+2ymam, 3 — MBK-A+eymam-+conoma~+bII-T; 4 — MBK-A-+eymam (noo nienxoti),
5 — MBK-A+2ymam+conoma~+bII-T (noo nienxoi) /

Fig. 6. Dynamics of hydrocarbon concentration (mg/kg) in the soil of the laboratory experiment.l —
Control, 2 — MBK-A + humate, 3 — MBK-A + humate + straw + BP-T:4 — MBK-A + humate (under the
film), 5 — MBK-A + humate + straw + BP-T (under the film)
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Puc. 7. Unmencusrnocms gvidenenun CO, 6 nouge onvimuuix sapuarmos: 1 — Konmponws, 2 — MBPK-
A+eymam, 3 — MBK-A~+eymam+conoma+bBII-T; 4 — MBK-A+2ymam (noo nienxoti), 5 — MBK-
A+zymam-+conoma+bBII-T (noo naenxoii) /

Fig. 7. The intensity of CO2 release in the soil of experimental variants: 1 — Control, 2 — MBK-A +
humate, 3 — MBK-A + humate + straw + BP-T:4 — MBK-A + humate (under the film), 5 — MBK-A +
humate + straw + BP-T (under the film)

U CIIOCOOCTBOBAJI HAKOIJICHUIO MTPOCTHIX YIVIEBOAOB B IMOYBE. DTO B CBOIO OUEPE/lh A0
JIOTIOJTHUTEBHBIA CTUMYJI K Pa3BUTHIO MUKPOOUOTHI.

MBK-A B cBOIO 04epeap BRICTYIUI B KadecTBe A((HEKTUBHOTO HEPTEACCTPYKTOPA.
B nouse BapuanTa 2 (nosoca 2), 6e3 COJIOMBI, TO €CTh 0€3 pa3pbIXJIUTENs, HO C HedTe-
JECTPYKTOPOM Pa3TrOHKA MOYBEHHOTO JIBIXaHHS IMPOUCXOAMIIA MEUIEHHEe, TEM HE MEHEee
K KOHITy BTOPOTO MecsIia OnbITa 1o ckopoctu Beaeneaus CO, BapruaHT MPHOTU3UICS K
BapuaHTy 3 (moznoca 3). YKpbITHE MOYBBI IJIEHKOW CHMXKAJIO JTOCTYIHOCTbH KHCIOpOJa
BO3/[yXa K IOYBE. DTO OTPa3HJIOCh Ha CKOPOCTH BBIJECIECHHUS YIIIEKHCIIOrO ra3a, Ho o0a
BapHaHTa C YKPHIBHBIM MaTepHaJIOM, TEM HE MEHee, XapaKTepHU30BAIUCH MTOCTECIICHHBIM
BO3paCcTaHNEM WHTCHCUBHOCTH JIBIXaHHS ITOYBBI.

BbiBOADI

[ToneBbie Habmionenus 2022 roma u 1abopaTOpHBIE HCCIEAOBaHUS HedTeliama
Ha HedTe3arps3HEeHHOM ydacTke TeppuTopuu ObiBiiero Hoorposnenckoro HII3 um.
H. AnucumoBa 1mo3BoSIOT 3aKJIIOUUTE Clieaytoliee. B pesynsrare BeKUTaHUS HeQTel-
Jama oOpa3oBasiach IUIOTHAsE KOPKa HAa MOBEPXHOCTHU IIJIAMOHAKOMHTENEH, YTO Croco0-
CTBOBAJIO TOPMOXKEHHUIO OMOJIOTHYECKUX MPOIIECCOB OUUIICHHS] TPYHTOB OT HeTempo-
IyKkToB. HecMoTps Ha 3TO, MHTEHCUBHOCThH SMUCCUU MTAPHUKOBBIX ra30B (METaHa U yIJie-
KHCIIOTO Ta3a) aKTUBU3UPYETCS MPH YBEIWYSHHUH BIXXHOCTH BO3/yXa, KOTOpas B CBOIO
o4yepeb YBEIMUMBAET MOPUCTOCTh MOYBBI Ha UCCIIETYEMOM MOBEPXHOCTH. YBEIUUYEHHUE
TEMIEPATYPhl OKPYKAIOUIEH Cpebl MPUBOIUT K MPOMOPIHUOHAIBHOMY YCUICHUIO YMHUC-
CHUM MAapHUKOBBIX T'a30B B CIyyae HapyIIEHUS 1IETOCTHOCTH KOPKU M3 CTOPEBIINX HedTe-
MPOAYKTOB U TPYHTA. DTO ONpeensieT 00beKThl XpaHeHUsI He(hTEOTXOI0B Ha paccMaTpu-
BAE€MOM y4YacTKe KakK MOTEHIHUAIbHO OMACHBIE JIJIsl BO3IYIIHOM Cpebl.
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B pamxkax pa3pabGoTKu M 0OOCHOBAHHUS TEXHOJOTMH JIMKBUAALMHU YYaCTKOB XpaHe-
HUSI HE(PTEOTXO00B pa3padoTaH HKCIEPUMEHTAIbHbBIN OMOKOHCOPIMYM il OMojoruye-
CKOM JIECTPYKLHUHU YIIIEBOJOPOJIOB B COCTaBe He(TeluiaMa yyacTka TeppUTOpUN ObIBILIE-
ro Hosorposunenckoro HII3 um. H. AHncumoBa. 3anoeH MojaeBoil OmbIT sl OLEHKU
WHTEHCUBHOCTU AMHCCHUU MAPHUKOBBIX Ta30B MPU UCIHOIH30BAaHUH METOJOB OHOCTUMY-
JUPOBaHUS HEPTEOKUCIICHUSI ¥ METOAOB JACKAPOOHHU3AIMU C COXPAHEHUEM H TOCIEIy-
fomiel Tpanchopmanmein HeTeyrlIeBoJOPOIOB B MOYBEHHOE OPraHMYECKOE BEIIECTBO.
JlaGopaTopHble HCCIEI0BaHUS MOKa3alu, YTO 00pabOTKa MOYBBI 3KCIIEPUMEHTAIBHBIM
6uokoHcopunymom MBK-A ycunuBaeT HHTEHCUBHOCTh TOYBEHHOTO JBIXaHUS, yCKOPSET
OUMILIEHUE TPYHTA OT YIIIEBOAOPOAOB Ha 55-58% 3a 2 Mecsliia, CMOIb30BaHUE COIOMBI
B Ka4yeCcTBe CTpyKTyparopa Hapsay ¢ MBK-A ctumysnupyeT ouuineHue ¢ emie Oombei
CKOpOCTBIO — 10 67% 3a 2 Mecsaua. Mcnonb3oBaHue yKpbIBHOTO MaTepuasa 3aMeIseT
MTOYBEHHOE JIbIXaHUWE U CHUXKAET CKOPOCTh TpaHCPOpPMAIMU YITIEBOAOPOAOB C HUCIIOJb-
3oBanneM MBK-A c comomoii u 6e3 Hee. OgHako, UMEHHO JaHHBIA TpueM (TIpUMeHe-
HUE YKPBIBHOTO Marepuaia) MOXKET CTaTh Haubosee MEepCHeKTUBHBIM IS YIy4dlIeHHUs
Y BOCCTAHOBJIEHMSI IIOUYBEHHOTO IIJIOAOPOAMS BIOCIEACTBUU 33 CUET IPOLECCOB TPaHC-
¢dopmanuu HeTEYIIIEeBOAOPOIOB B MOYBEHHYIO OpraHuky. s moxrBepxaeHus (Wiu
OTIPOBEPIKEHMS) MTOTYUYEHHBIX B J1A00paTOPUH PE3YIbTaTOB HEOOXOIUMBI PE3yIbTaThl HC-
CJIeZIOBaHMIA Ha peaslbHBIX 00beKTax. [loneBbie uccnenoBanus 3aJ0KEHHBIX TUIOMIAI0K B
COOTBETCTBHUH C IJIAHOM pabOT aKTUBHO OyIayT MpomospkeHbl ¢ BecHbl 2023 rona. Ha oc-
HOBaHUH MOJYYCHHBIX PE3YyNIbTaTOB IUIAHUPYETCS pa3padoTKa MpeIoKeH i o Onope-
KyJIbTUBALUU He(Te3arps3HeHHBIX OYB MTyTeM TpaHchopMaIy HeQTeyrIeBOAOPOIOB B
MMOYBEHHOE OPraHUYECKOE BEIIECTRBO.
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Pe3stome: AKTyanbHocTb pa6oTbl. OTX0bl NPON3BOACTBA B MPOMbILLNEHHO Pa3BUTbIX PErMOHAX 3HAYUTESb-
HO BNUAIOT Ha COBPEMEHHOE COCTOSHME ManbiX peK. MepBOCTENEHHYH POfib B 3arpSA3HEHUM MOBEPXHOCTHbIX
BOJIOTOKOB UrpaeT MHAUAbTPALMA KUCAbIX NOAOTBANbHbIX CTO4HbIX BOA. KNUCAble ApeHaXHble BOAbI COAepxar
B CBOEM COCTaBe aHOMalibHble KOHLEHTPaLMW TakMX METannoB Kak Mefp, LUMHK, XXeneso, MapraHel u gp. B
KWUCNOi BOAHOI Cpeie MeTansbl HAXOAATCS B PACTBOPEHHOM (DOPME U MOTYT MUTPUPOBATb HA 3HAYUTENbHbIE
PACCTOAHUSA, 3arpsA3HAs NOBEPXHOCTHbIE BOAOTOKN M MOA3EMHbIE BOAbI W B peakuun HelTpanusauun nepexo-
OAT B HEpacTBOpMMYL0 hOpPMY, HaKannMBasch B AOHHbIX OTNOXeHusx. Lenb uccnegosanus. OLueHKa cocTos-
HUS NPUPOAHbLIX BOA M AOHHbLIX OTNOXEHMA pyd. Pbkuii u p. Cak-3nra ¢ y4eTOM HeraTuBHOro BO3AENCTBUS
MHMNLTPALNOHHBIX BOA XBOCTOXpaHunuw,. Metoabl uccnefoBanus. MaccoBble KOHLEHTpaUUM MeTannioB B
npo6ax BOAbl ONPeaensnMcb METOAOM KOMWYECTBEHHOO XMMUYECKOr0 aHanu3a npyu noMOLLM aTOMHO-3MUC-
cnoHHoro cnektpometpa ICPE-9000. BanoBble KOHLEHTpALMUM 31eMEHTOB B NP06ax AOHHbIX OTNOXEHUIA uccne-
JoBanuck cornacHo metoanke MBIA-80-2008 «MeTtoamka BbINOSHEHUA M3MEPEHWIA MAaCCOBOW L0 3/1eMEHTOB
B Npo6ax noys, rPYHTOB M AOHHbIX OTIOXEHUAX METOAAMU aTOMHO-IMUCCUOHHON M aTOMHO-a6COPOLIMOHHOA
cnekTpomeTpumn». PesynbTatbl paboTbl. B cTaThe NpeacTaBneHbl pe3ynbTaTbl MOHUTOPUHIOBBLIX UCCIEA0BAHMIA
KONMN4YECTBEHHOMO XUMMYECKOro cocTaBa pyybs Pbbxuit u peku Cak-9nra, No UTOry KOTOPbLIX 6bina NpoBeaeHa
OLieHKA BNUAHUS MHAUNLTPALMOHHBIX BOA XBOCTOXpaHuAuLL, npeanpuatis AO «Kapabalumeab» Ha KOMNOHEHTbI
rnapocdepbl. OTMEYEHO, YTO BHE 30HbI BAUSIHWAA OTXO0B 060ralleHns NpMPoLHas BOJa XapakTepnayeTcs Kak
cnaboLLenoyHas cpesa, a ee pH paseH npubnan3nTeNibHO 7,5, a nocne BnafLeHus B peky py4uns Pepkui, coopmupy-
€MOro ApeHaKHbIMK Bogammn XBocToxpanunuwia Ne3, pH BoAbl CHKaeTcs 40 3HaveHui 4-5. [lanee no Te4eHno
pekn Haxogutcsa xsoctoxpanunuie Ned, MHGUILTPALMOHHbIE BOAbI KOTOPOro cHMxarT pH Bogsl Ao 3-3,5. B
CTaTbe NpUBEAEHbI Pe3yNbTaTbl MOHUTOPUHIA OKPYXXatoLLel cpefbl, BKKYaoLe B cebs 0T60p Npob BOAbI 1
JOHHbIX OTNOXEHWA py4bsi Pbbknit 1 pekn Cak-3nra, Npo6onoAroTOBKY U KONMYECTBEHHbIA aHann3 cocTaBa
npo6. bbIN0 YCTAHOBMEHO, YTO B 30HE BNNAHUS XBOCTOB 060ralLeHns MeHbIX PyA NPUCYTCTBYIOT 3HAYUTESbHbIE
MpeBblLLEHNS NPeAenbHO A0NYCTUMbIX KOHLIEHTPALWIA NO pALY 3NeMeHTOB. B cTaTbe 0TMEYEHO, 4TO pa3paboTka
MEepPONpUATUIA N0 N3bATUIO U BTOPUYHON NepepaboTKe OTXOA0B FOPHO-060raTUTENbHbIX NPOU3BOACTB NO3BONNT
3HAYUTENbHO CHU3WUTb TEXHOTEHHOE BNIMSHWE HA MOBEPXHOCTHbIE BOAOTOKN.

Kniouesble cnoBa: Manble peku, Ypan, meTannypruyeckas npombILLEHHOCTb, ropHonepepabaTtbiBaoLLas
NPOMbILLSIEHHOCTb, 3arpA3HEHNE PEK, TAXKESIbIE MEeTall1bl, XBOCTOXPAHWUITULLIE.

Ins uutuposanms: Hypees P.P., Mawkesud M. A., Xapbko 1. A. OueHka B0o3[eicTBUA 0TX0L0B 060raLLeHus
Me[HbIX Py HAa NOBEPXHOCTHbLIE U NOA3EMHbIE BOAbI. [eosorusa n reoghusuka Fora Pocenn. 2022. 12 (4): 169-
179. DOI: 10.46698/VNC.2022.37.95.013.
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Abstract: Relevance. Production waste in industrially developed regions significantly affects the current
state of small rivers. The primary role in the pollution of surface watercourses is played by the infiltration of acidic
sub-basement wastewater. Acidic drainage waters contain abnormal concentrations of metals such as copper,
zinc, iron, manganese, etc. In an acidic aqueous medium, metals are in a dissolved form and can migrate over
considerable distances, polluting surface watercourses and groundwater, and in the neutralization reaction they
pass into an insoluble form, accumulating in bottom sediments. Aim. Assessment of the state of natural waters
and bottom sediments of the stream. Ryzhy and the Sak-Elga river, taking into account the negative impact of
infiltration waters of tailings dumps. Methods. Mass concentrations of metals in water samples were determined
by quantitative chemical analysis using an atomic emission spectrometer ICPE-9000. Gross concentrations of
elements in samples of bottom sediments were studied according to the MVI-80-2008 methodology “Methodology
for measuring the mass fraction of elements in samples of soils, soils and bottom sediments by atomic emission
and atomic absorption spectrometry”. Results. The article presents the results of monitoring studies of the
quantitative chemical composition of the Ryzhy Creek and the Sak-Elga River, which resulted in an assessment
of the influence of infiltration waters of the tailings storage facilities of the Karabashmed JSC enterprise on the
components of the hydrosphere. It is noted that outside the zone of influence of enrichment waste, natural water
is characterized as a slightly alkaline medium, and its pH is approximately 7.5, and after the confluence of the
Ryzhy Stream formed by the drainage waters of the tailings dump No. 3, the pH of the water decreases to values
4-5. Further downstream is the tailings pond No. 4, the infiltration waters of which reduce the pH of the water
to 3-3.5. The article presents the results of engineering and environmental surveys, including sampling of water
and sediments of the Ryzhy Creek and the Sak-Elga River, sample preparation and quantitative analysis of the
composition of samples. It was found that in the zone of influence of the tailings of copper ore enrichment there
are significant exceedances of the maximum permissible concentrations for a number of elements. The article
notes that the development of measures for the removal and recycling of waste from mining and processing
industries will significantly reduce the anthropogenic impact on surface watercourses.

Keywords: small rivers, Ural, metallurgical industry, mining industry, river pollution, heavy metals, tailings
storage.
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BeeapeHune

Ha tepputopun Poccuiickoii deneparyiu nopsiika MOJIOBUHBI OT 00IIero oobema
peyHoro cToKa (opMUpyeTcsi Tak Ha3bIBAEMBIMU MAJIBIMH PEKaMU — PEKaMU, UMEIOIIUMHU
JUTHHY He 0oJiee CTa KUJIOMETPOB U IUIOMIAIb BOIOCOOpa He OoJiee ABYX THICSY KBaJIpat-
HBIX KHJIOMETpOB. [Iporiecc caMoBOCCTaHOBIEHUS TAKUX MOBEPXHOCTHBIX BOAOTOKOB 3a-
HUMaeT ropaszio 0ojbllie BpEMEHHU, YeM B OOJIBIIMX U CpeAHUX pekax. HeratuBHoe aH-
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TPOIIOT€HHOE BO3/EMCTBHE HA MaJIble IOBEPXHOCTHBIE BOJOTOKU MPUBOIUT K YCUIIEHHON
Jerpaiallid BOJHOW IKOCHUCTEMBI, KOTOpasi BbIpa)kKaeTcs B 3aWJIMBAHUU, YCKOPEHHOMY
HAKOIUIEHUIO JIOHHBIX OTJIOXKEHUH, (HOPMUPOBAHUIO TEXHOT€HHBIX HaHOCOB [[lamkeBuy
u 1p., 2020; Tkaues, bynatos, 2002]. [Ipobaeme uccnenoBaHuii COCTOSHHS MaJIbIX BOJIO-
TOKOB ITOCBAIIEHO MHOXECTBO padoT, el y/IesIeTCsl 3HaYUTEIbHOE BHUMAaHHUE IIPU IIPOEK-
TUPOBAHUU MPUPOJOOXPAHHBIX MEPONPUATHI MO CHUKEHUIO HETraTUBHOTO BO3ACHCTBUSA
MIPOMBINUIEHHBIX IPEANpUATUN Ha BogHbIe 00beKkTHI [[lamkeBuy, Xaprko, 2022; Mepex-
ko, 1998].

Opnnako, Bompoc nmoucka 3PQPEeKTUBHOTO U 11eJIecO00pPa3HOr0, ¢ IKOIOT0-3KOHOMHU-
YECKOM TOYKH 3pEHHS, CIIOco0a JMKBUAAUN HAKOIUIEHHOTO SKOJOTHYECKOTO Bpena B
paiioHe eATeIbHOCTH pyronepepadbaThIBAIOIINX MPEANPUATHHA, OCTAaeTCS HEPEILICHHBIM
[Kuznetsov, Petrov, 2017; Matveeva et al., 2019].

JlaHHast cTaThsl MOCBSAIIEHA BOIIPOCY OLIEHKH TEXHOI€HHOI'O BO3JIEHCTBUS HA KOMIIO-
HEHTBI TUApPOCchepsl 0TXO0I0B 00OTAIIEHUs MEIHBIX Py U SIBISETCS YacThIO JUCCEpTaI-
OHHBIX MCCJIE0BAaHUN aBTOPOB.

B nacTosimuii MOMEHT Ypall SBIISIETCS OJHUM W3 KPYNMHEUIIUX TOPHOMPOMBIIIIEH-
HbIX perroHoB Poccuu u mupa [Lytaeva, [sakov, 2017; Minkina et al., 2018]. PazpaboTka
MEIHOKOIYEJaHHBIX MECTOPOXKICHUH B 3TOM oOnactu Bexercs ¢ 1635 1., u 3a 6onee yem
TPEXCOTJIETHIOIO UCTOPHIO T0OBIYH B 3TOM paiioHe chOPMHUPOBATHCH KOJIOCCAIbHBIE TEX-
HOTEHHbIE MACCHBBI — HAChIIHbIE U HAMBIBHBIE MAaCCUBBI, TEXHOT'€HHbIE HAHOCHI — BKJIIO-
Yarolue OTXOAbl Pa3JIMYHOIO T€HE3HCa U UCUUCIIIEMbIE MIIITIMOHaMU TOHH [CynapHukoB
u ap., 2022; Rumynin et al., 2021].

SlpkuM nipuMepoM (HOpMHUpPOBaHHUS CIyXaT TEXHOTeHHble MaccuBbl Kapabamickoro
MeJIeTIaBUIIbHOTO KoMOuHaTa (B Hactosmuid MoMeHT — AO «Kapabammenny), rpagoo-
Opazyromiero npeanpusTus T. Kapabarm, pacrnonokeHHOro Ha ceBepo-3amnaje YensOuH-
CKOH 0071acTH, U Celualu3upyIouierocs Ha nepepaboTke KOHIIEHTpaTa MeHO-Kordea-
HOBBIX pyA [Kopuunosa, 2018; KypOatosa, 2020].

[Ipenmpusitiie pacronaraercst B paiioHe OacceitHa p. Cak-Dnra, otHocsmelcs K |
PBIOOX03sIICTBEHHO Kareropuu. [laHHBINH MOBEpXHOCTHBIN BOAOTOK Kilaccupuuupyercs
KaK MaJlas peKa M SIBJISIETCS KJIIOUEBbIM 3B€HOM B IPUBHECEHHUHM 3JIEMEHTOB B TaKUE I10-
BEPXHOCTHBIE BOJOEMBI Kak Ip. boropoackuii u p. Muacc ¢ nocienyommM BaJeHUEM B
Apra3usckoe Bogoxpanuwiuiie [Munkuna u ap., 2013].

Pycno p. Cak-Dnra 6pu10 mpeoOpa3oBaHO B CBSI3U C CO3JAHHEM XBOCTOXPAHIIIUIIA
No4, koTopoe HaxoaUTCs B I0r0-BOCTOYHOM HarpaiieHuu oT npeanpuarus AO «Kapa-
6ammensy» (puc. 1). lllupuna ero Bapsupyetcs ot 2 10 10 M ¢ paznuBamu 10 25 METPOB;
MUTAETCS PEKa MPUPOIHBIMU MMOA3EMHBIMH, a TAK)KE TEXHOT€HHBIMU MOA0TBAJILHBIMU BO-
JlaMH: B HEe BMAJIal0T BOJOOTBOJIHbIE KaHAJbl U BBIIYCKH CTOYHBIX BOA. Brmonp pycna
peKH, MPOTEKAIOLIEN B PaHNLIaX IPOMArIOMEpaIH, PacloN0KEHbl NICTOYHUKN HEraTUB-
HOTO BO3JICHCTBUS Pa3IMYHOIO XapakTepa: KapbepHble BHIEMKH, XBOCTOXPAHMIIUIIE, OT-
BaJsibl MycThIX opof (puc. 1) [['ybanos, 2022; Kanabun u np., 2011].

CocTaB BO/IbI BOJOTOKA OINPENEISAETCS COCTABOMIIOJOTBAIBHBIX U KapbEPHBIX BOJ,
MH(QUIBTPALMOHHBIX BOJ XBOCTOXPAaHWIIMIIA, @ TAKXKE TEXHOTEHHBIMU OapbepaMu peKH,
Ha KOTOPBIX MPOUCXOIMT MPEeoOpa30BaHKE YACTU AJIEMEHTOB B HEPACTBOPEHHYIO (hazy
[PeyToBa u mp., 2021].

B nByx kunomerpax ot boropoackoro npyaa, B p. Cak-Onira Bnagaer pydyeit Peoxuii,
Oepy1uii CBOE HayaJlo U3-110]] HACHIIHBIX TEXHOTEHHBIX MACCUBOB (OTBAJIOB XBOCTOB 000-
ramennsi) ¢adbpuxku oboramenus npennpusatus AO «Kapabammenb» u ApEHUPYIOIIHMA
MOJ0TBaJIbHBIE BOJIbI. Pyueil HeceT B cebe cuimbHOKHCIbIe BoAbl — B Touke Ne 1 (puc. 1) pH
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Puc. 1. Kapma omb6opa npo6 600l u OOHHbIX OMI0dNCEHUL. /
Fig. 1. Water and sediment sampling map

@ — cpanuya xeocmoxpanunuua Ne 3 / tailing spond boundaryNe 3;

— epanuya xeocmoxpanunuwa Ne 4 / tailing spond boundary No4;
sl — 2panuy apexu Cax-Onea / the border of the Sak-Elgariver;

— epanuya pyuvs Peiocuii/ border of the Red creek;

— epanuya 2opooa Kapabaw / the border of the city of Karabash,

— mouku ombopa npod 8006l U QOHHLIX OMI0NCeHUll / sampling points

BOJIbI cocTasisieT 3-3,5. B Touke cmemenus BogoTokoB pyd. Pepkuii u p. Cak-Oira otMme-
YyaeTcs 3HAYUTEIbHOE YXY/IICHNE KaueCTBA PEYHOI BOBI: KaueCTBEHHBIN COCTAaB BOMIBI B
JICTHUU TIEPUOJ BPEMEHHU CXO0XK C COCTABOM JPEHAXKHBIX BOJ XBOCTOXpaHUHI No 3 u No4.
3710 00BSICHSICTCS BBICOKOW TeMIepaTypoi B JIETHEE BpeMs rojia 1 0OMeJIeHUEM PeKH Ha
TpaHCPOPMHUPOBAHHOM pyClie peKU Y XBOCToXpaHunuina No4, BCIEICTBUE YETO KUCIbII
JPEHAKHBIN CTOK OT XBOCTOXPAHWJIMII HAUMHAET Mpeobnanars mo oosemy. Conepxkanue
METaJJIOB B COCTaBE PEYHON BOJIbI HAMIPSMYIO 3aBUCUT OT BOJOPOAHOrO mokasarens (pH)
BONHOM cpenbl. B pyd. Peokuit u B Touke ero BmaneHus B p. Cak-Onra KOHIEHTpAUU
METaJJIOB MAaKCUMAIIbHBI TTpU HU3KUX 3HaueHusx pH (3-3,5 enununsr). [Ipessiinenne ¢o-
HOBBIX KOHIIEHTpPALUW [0 METajlaM Ha 3ToM yuacTke Bapbupyercs oT 10 go 1000 pas.
KoHlleHTpanuy METalsIoOB CHUKAKOTCA 0 JalbHEUIIEMY TCUYCHHIO PEKU U TOBBIIICHUIO
ypoBHS pH, ogHako, KOAPPUIMEHTH KOHTPACTHOCTH OTIUYAIOTCS TOCTATOYHO BHICOKUM
ypoBHeM [Yiepux u ap., 2015; bapnamosa, 2018]. Hannune Takux aHOMaJIbHBIX KOH-
LEHTpAlMii METaJJIOB B PEYHBIX BOJAAX, IPU MPOHUKHOBEHUH B MOYBHI, BIEYET 3a OO0
rubensb purto- u Ouoneno3os [Bortnikova et al., 2005; Yurkevich et al., 2015].
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COBOKYIHOCTh BBIIIIEYKAa3aHHBIX (DAKTOPOB CBUACTENHCTBYET O HEOOXOAMMOCTHU
CHIDKEHUSI TEXHOTCHHON HArpy3Kd Ha 3JIEMEHTHI Tuapocdepsl mpoMariomepanuu r. Ka-
pabar ¥ IpoBEICHUS MOHUTOPUHTOBBIX MCCIIEIOBAaHUN MPUPOAHON BOABI U JIOHHBIX OT-
JIOKEHUH.

Ilenv uccnedosanua: OueHKa COCTOSIHUSL MPUPOJHBIX BOI U JOHHBIX OTJIOKEHUN
py4. Peokuii u p. Cak-Onra.

Oo6vexkm uccnedosanusn: IIpoObl pedHON BOJBI U TOHHBIX OTIOXKEHHUH pyd. Peokuii n
p. Cak-Dnra, a Takke boropozckoro npyna. B xone paboTsl IpOBEACHHI MOJIEBHIE U 1a00-
paTopHbIE HCCIENOBAHUS POO BOMBI M JOHHBIX OTIOKECHUU.

[Ipu nmpoBeaeHNU SKOJIOTMUECKUX U3BICKAaHUM ObUTM OTOOpPaHbI MPOOBI BOJBI U JIOH-
HBIX OTJIOKEHHUH B 6 TOUKaXx:

touka Ne 1 — Hawano popmupoBanus pyubsi Peokuii, xBocToxpanmiuiie Ne 3;

Touka Ne2 — y4acTOK pyubsi, HAXOAAIIUICS B HEMOCPEACTBEHHOM ONM30CTH OT Ha-
CEJICHHOTO MyHKTA;

Touka Ne3-paiioH, HaXOIAIIMIICS BHE 30HBI BIHMSIHHUS TEXHOTCHHBIX MAacCHUBOB 000-
raTuTeNbHON Gadpukw;

Touka Ne4 — yqacTOK peKH, HaXOASAIINICS B MECTE CMEIICHUSI PEKU C PyYbeM, COJIep-
YKl TTOJJOTBAIBHBIC BOJIBI;

Touka Ne 5 — y4acTOK peKku B 30HE BIUSAHUS XBOCTOXpaHiIHIa Ne4;

Touyka No 6 — y4acTOK peKH MOCje TEXHOT€HHBIX MACCUBOB MPEATIPUSITHSI.

MeToAbl NCCAEAOBOHNI

Ot60p mpo6 Boawl mpousBoamics OaromerpoM I[laramaca w3 HepKaBEIOIIECH CTAIH
B setHuid nepuon (aBryct 2020) B coorBercTBuU ¢ «[[(OCT31861-2012 Boma. Obmue
TpeOoBaHUs K OTOOPY ITPoO».

OT100p npo0 JOHHBIX OTIKEHUH MPOU3BOIMIICS OEHTOCHBIM JTHOUEPIIATeNIeM B JIET-
Huil nepuox (asryct 2020) B coorBerctBuu ¢ «I'OCT 17.1.5.01-80 Oxpana npuponbl
(CCOII). I'mnpocdepa. Oburue TpedoBaHUs K 0TOOPY IPOO TOHHBIX OTIOKEHUN BOJTHBIX
00BEKTOB I aHAJIM3a Ha 3arPsI3HEHHOCThY.

[Tocne otbopa, mpoOkl BoAbl OBLIM OT(HUIBTPOBAHBI, 3aKOHCEPBUPOBAHBI U XpaHU-
JINCH B TIOJMATHIIEHOBBIX TEPMETHUYHBIX EMKOCTSIX 06beMoMm 0,5 m>.

[TpoObI JOHHBIX OTIOKEHUI OBUIM MOMEIIEHBI B TEPMETHYHBIC MAKETHI U3 MOJIUITHU-
JeHa JUIsl JajdbHeHel TpaHCIIOPTUPOBKH.

OTtoOpanHbIie IPOOBI OBUTH OXJIAXKIEHBI Cpasy Mocie oToopa 10 Temmeparypsl +4°C,
U B JaJIbHEHIIIEM TPAaHCTIOPTUPOBAIIUCH B XOJMOJUIBHBIX ALIUKAX.

JlanpHeiimass npoOOnoAroToBka MmpoBoAuiach B Jaboparopun Ha 6aze HOLIKII
«UKID» Canxr-IleTepOyprckoro ropHoro yHUBEpCUTETA.

Omnpenenenne KaTHOHOB METAJUIOB B MTPOOAxX BOABI MPOBOAMUIOCH C TIOMOIIBIO OITH-
4yecKoro amMuccruonHoro crekrpometrpa ICPE-9000.

Jlig u3menpueHus: Mpo0 JOHHBIX OTJIOXKEHHM HMCIONb30Bajach LIapoBask MEIbHU-
na. Jlanee moAroToBIEHHYIO MPOOY HCCIIEOBAIN Ha BAJOBOE COZAEpXaHHE JIEMEHTOB,
a TaKKe Ha HAJIMYUE MOJBMKHBIX M BOJOPACTBOPUMBIX (hOpM. AHAIN3 KOHIIEHTpAIUil
TSDKEJBIX METAJUIOB B JIOHHBIX OTJIOXKEHUSX MPOBOAUIICS HA ONTUYECKOM 3MHUCCHOHHOM
cunexkrpometpe ICPE-9000.

Omnpenenenre BaJoOBBIX COAEPKAHUM 3JIEMEHTOB IPOU3BOAMIOCH COIVIACHO METO-
nuke MBU-80-2008 «MeToanka BBIMOIHEHHUS U3MEPEHU MAaCCOBOM JOJTM JIEMEHTOB B
po0ax 1MoyB, TPYHTOB U JOHHBIX OTIOKEHHUSIX METOJAMH aTOMHO-IMHCCHOHHOM U aToM-
HO-a0COPOIIMOHHON CIIEKTPOMETPHI.
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Pe3yAbTaTbl PABOTHI M UX OBCYXAEHMNE

PeBy.HBTaTBI aHaJInu3a Hp06 BOJIbI HAa KaTHUOHBI MCTAJIJIOB IPCACTABIICHLI B TaGHI/IHe
1. Koa¢hpummenTsl KOHTPaCTHOCTH paccUuTaHbl Ha ocHoBaHUM [Ipukaza MunHucTepcTBa
cenbekoro xo3sicTBa PO ot 13 nexabps 2016 . N552 «O0 yTBepk/1eHUN HOPMATHBOB
Ka4y€CTBa BOABI BOAHBIX 00BEKTOB prGOXO3$II>iCTB€HHOFO 3HAQUYCHUA, B TOM YHUCJIC HOpMA-
TUBOB NPCACIIBHO AOMMYCTHUMBIX KOHI_ICHTpaI_II/Iﬁ BPCAHLIX BCHICCTB B BOJAX BOJAHBIX 00b-
€KTOB PbIOOX03AHCTBEHHOTO 3HAYCHUS.

Tabnuya 1/ Table 1

MaccoBasi KOHIEHTPAIMS METAJLJI0B, MI/am>. /
Mass concentration of metals, mg/dm?

Mpo6a / K konr. / K konr. / K koHT. / K koHT. /
P Ca Contrast Fe Contrast Mg Contrast Na Contrast
Sample . . . .
ratio ratio ratio ratio
1 520 2,8 1460 14600 783 19575 155 0,8
2 67 0,4 15,1 151 69 1,7 234 1,9
3 99 0,5 2.4 24 27 0,7 164 1,4
4 59 0,3 1,6 16 22 0,5 65 0,5
5 148 0,8 42 420 160 4 56 0,4
6 519 2,8 855 8550 650 16,2 189 1,6
Mpo6a / K koHT. / K kour. / K konr. / K koHT. /
p Cu Contrast Zn Contrast Mn Contrast Sr Contrast
Sample . . . .
ratio ratio ratio ratio
1 61 61000 153 15300 58 5800 1,7 4.2
2 0,9 900 39 390 32 320 0,3 0,7
3 1,2 1200 0,4 40 0,9 90 0,2 0,5
4 0,7 700 0,1 10 0,1 10 0,2 0,5
5 1,9 1900 6,5 650 6,6 660 0,4 1
6 52 52000 138 13800 61 6100 33 8,25

PGSYHBTaTBI aHaJIn3a Hp06 JIOHHBIX OTJIOKEHHHU MMPpEaACTaBJICHBI B Ta6J'II/II_le 2.

Tabnuya 2 / Table 2

BasioBoe coepikaHue 371eMeHTOB HA A0COJIOTHO CyX0e COCTOsSIHHe, MI/KT. /
Gross content of elements on absolutely dry state, mg/kg.

IIpoba

/ As Ba Cd Co Cr Cu Mn Ni \% Zn
Sample

1 484 .4 96,5 155 | 14,6 | 21,2 1459,5 59,1 55,9 38,3 | 14390

2 473,1 2970 21,1 | 21,1 | 6514 | 1095.8 730,8 176,4 | 102,9 | 19354
3 1426,4 | 6503,7 | 61,1 | 64,1 | 2142 | 2208,4 | 2912,9 | 2375 78,5 | 6848,6
4 789 3003,5 | 16,5 | 94 319,2 680,9 | 12838,4 | 219,0 | 125,8 | 7360,4
5
6

352,2 576,7 6,8 | 18,8 | 484,1 810,3 597,1 150,7 | 90,0 | 993,0
1167,9 | 435,8 9,2 1 116,6 | 11854 159.,9 72,7 58,3 | 1887,2
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Pesynprarel aHanusza mpoO JOHHBIX OTIOXKEHHH Ha MOABMXKHBIE (OPMBI METAIIOB
Mpe/ICTaBIeHbI B Tabmuie 3.
Tabnuya 3 / Table 3

Conep:xaHue NOABHAKHBIX ()OPM METAJJIOB HA a0COTIOTHO CyX0€e COCTOSIHUE, MT/KT.
/ The content of mobile forms of metals in an absolutely dry state, mg/kg.

ISI;’I‘I’IZ? e/ As Ba | Cd | Cr Cu Mn Ni Fe Zn
1 493 | 187 | 1,7 | 2,59 70,1 16,2 323 | 82405 | 73,1
2 149 | 3849 | 46 | 122 | 3360 95,2 9,96 | 19078,1 | 814,3
3 13236 | 1014 | 41,5 | 133 | 19974 | 28758 | 1281 | 77129,0 | 5757.6
4 68,1 | 1805 | 160 | 97 6134 | 66209 | 1163 | 212663 | 4908,1
5 250 | s01 | 12 | 84 199,6 45,6 6,46 | 5640,6 | 99,8
6 1728 | 22,6 | 44 | 67 86,4 28,0 638 | 206509 | 72,3

Pesynprarel aHanu3a npod TOHHBIX OTIOKEHUN Ha BOAOPACTBOPUMbIE (POpPMBI MeTa-
JIOB IIp€/ICTaBlIEHbl B TabnuLe 4.

Tabnuuya 4 / Table 4

Conepxanue BoaopacTBOPUMBbIX GopM MeTaL10B HA a0COJIIOTHO
cyxoe coctosinue, Mr/kr. / The content of water-soluble forms of metals
on an absolutely drystate, mg/kg.

g:l‘l’fp? e/ K Ba cd Sr Cu Mn Ni Fe Zn
1 55 0,7 | 02 | 07 55,9 15,9 0,8 3176 | 722
2 14,4 0,5 | 005 | 0,5 0,5 3,70 0,5 3,9 8,8
3 66,2 0,5 12 | 62 1,5 714,2 9,4 4,9 691,3
4 73,5 0,5 | 0,1 14 1,2 8,3 0,5 30,4 6,4
5 47 05 | o1 | 07 59,1 22,4 2,7 12,8 31,3
6 42 08 | 02 | 06 41,6 18,9 1,1 166,6 | 564

Pe3ynbrarhl aHaMTU30B MO3BOJIMIIM BBISIBUTH aHOMAJIbHBIE MPEBBIIICHUS MPEIETbHO
JIOMTyCTUMBIX KOHIIEHTpalui B To4ykax 1, 5 u 6. DT0 00BsACHSIETCS HEMOCPEICTBEHHOM
OMU30CTBIO TOYEK 0TOOpa MPOO K MecTaM HAKOIJICHHS OTXOZOB OOoramieHus, H(OUIb-
TPALMOHHBIE BOJBI KOTOPHIX BHOCAT 3HAYMTENbHBIN BKJIAJA B 3arpsi3HEHUE TTOBEPXHOCT-
HBIX BOJIOTOKOB, OIPEAETISis UX XUMHUYECKUI COCTaB.

OCHOBHBIM MHHEPAJIOM XBOCTOB oOoraieHus spisercs nuput (FeS,), koTopslii npu
B3aMMOJICHCTBHH C aTMOC(EPHBIMH 0CAJIKAMH U KHCIOPOIoM GOpMUPYET Cylb(]ar xkee-
3a 1 cBOOONIHYTO cepHyto kucioty (1):

4FeS, + 2H,0 + 150, — 2Fe,(S0,)s + 2H,S0, (1)

B 10 e Bpems cynbdar xene3a, IPUCYTCTBYS B CIa0BIX PacTBOpaxX CEPHOM KHCIO-
ThI, TUAPOJIU3SUPYCETCA C BBIACICHUEM OCHOBHBIX Cynb(i)aTOB " IepeXOoanUT B TUAPOKCU
xenesa (2):

Fe,(S0,)s + 6H,0 — 2Fe(OH); + 35S0, + 6H 2)



176  Geology and Geophysics of Russian South 12 (4) 2022 T'eonorvs n reogmanka Kora Poccim

CTOouT yHOMSIHYTh, YTO 3a CYET CBOETO KUCIIOpOJa Cyb(]art jkesie3a MOKET OKUCIIATh
npyrue cynb}arsl, 00pasys CBOOOAHYIO CEpHYIO KUCIOTY (3):

2Fe(S04)5 + 2MeS + 2H,0 + 30, —» 2MeS0, + 4FeS0, + 2H,S0, 3)

Hanndaue TpexBalieHTHOTO cybdara Kene3a B KUCION cpefie BeeT K MHTeHCcu(HKa-
I[MU TIpoliecca OKUCIEHUs mupuTa (4):

3FeSO, + S, + 2H,0 + 30, — 3FeSO, + 2H,S0, (4)

B pesynwrare pa3nokeHUs 0CTaTOYHOTO MUPUTA B OTXOJAAX OOOTAIICHHS MPEIIPH-
atust Kapabammens oOpasyercs pacTBOp, coAep Kaiiuii CBOOOIHYIO CEpHYIO KUCTIOTY U
TpeXBaJICHTHBIN cynb(ar sxene3a [Tatsy, 2013; Abrosimova, Bortnikova, 2017].

BbiBOADI

1. IlpousBemeHa orieHKA CTENEHU BO3ICHCTBUS KHCIBIX CTOKOB OTXOJIOB oborarie-
HUS HA TIOBEPXHOCTHBIE BOJOTOKH M MTO/I3EMHBIC BOBI B 30HE BO3ICHCTBUS MPEITPUATHS
AO «Kapabammenp». BoimoaHeH KOIMYECTBEHHBIM aHAIN3 MPOO JOHHBIX OTIOKEHUHN U
PEYHOM BOJBI B 30HE PACTIOJIOXKEHUSI XBOCTOXPAHWIUII. BhIsSBICH MexaHn3M oOpa3oBa-
HMS OTIIOKSHHUH.

2. BrImoiaHeHHBIC HHKEHEPHBIC H3BICKAHUS MTO3BOJISIOT TOBOPUTH O TOM, YTO B MPO-
0ax BOABI M JOHHBIX OTIOKEHUSIX B 30HE BO3JACHCTBHS OTXOHOB 00OTaIlleHHUs HAOII0a-
10TCsl 3HauuTeNbHbIe npeBbimeHus [IJIK mo xenesy, Mmeau, HUHKY U T. 1. OCaKICHHBIN
THUAPOKCHU]I JKeJIe3a acoOpOUpPYET IPYTrUe METAILIBI, YTO MPUBOAMT K €IIIe OOJIBIIEMY 3a-
T'PSI3HEHUIO TIOBEPXHOCTHBIX BOJOTOKOB U MOI3EMHBIX BOJI.

3. BimsHME MeTauTyprudecKoil MpOMBINIJICHHOCTH MPUBOAUT K 3HAUUTEILHOMY 3a-
TPsI3HEHUIO peK. Pa3paboTka MEpONpHUATHH 110 U3BATHIO U BTOPUYHON MEpepadOTKe OT-
X0/10B 00OTaIlIeHHS TTO3BOJIUT CYIIECTBEHHO IMOHU3UTh CTEIICHh TEXHOTCHHOTO BIUSHUS
Ha TTOBEPXHOCTHBIE BOJIOTOKH B 30HE BO3JICHCTBUS IPEATIPUSATHS.
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Pe3tome: AKTyanbHOCTb paboTbl. COBpeMEHHOE pa3BuTIe NPUMOPCKIUX FOPOSOB CBA3AHO C peanusaLunei nx
NPUPOAHO-KIMMATUYECKOr0 11 3a4aCTYI0 MCTOPUKO-KYNBTYPHOro noteHumanos. Passutne Cesepo-KaBkasckoro
(hesepanbHOro oKpyra npeanonaraeT peannuaauunio NisKHOro Typruama Ha nobepexxoe Kacnuinckoro mops. Pas-
peLLIEHHOE MUCMOMb30BaHWE BOJOOXPAHHbIX M NPUOPEXHBIX 3ALUMTHBIX 30H pernaMmeHTMpyertcs cT. 65 BogHoro
Kogekca P®. HecmoTps Ha pa3paboTaHHble METOLMYECKME YKA3aHWA N0 OCYLLECTBIIEHNIO MOCYAaPCTBEHHOMO MO-
HUTOPUHIa BOLHbIX 00LEKTOB U PEXMMA UCMONb30BAHUS BOAOOXPAHHBIX 30H B HACTOALLEE BPEMA MHGOpMaLIMS
0 BOJ0O0XPaHHbIX 30HAX M NPUBPEXHBIX 3ALLUTHBIX N00CaX Pa3o6LLieHa B Pa3HbIX MH(HOPMALMOHHBIX CUCTEMAX
1 pasnnyHbIX popmartax. CoBpeMeHHble reouHMOPMALNOHHbIE TEXHONOrMK, HA 6a3e KOTOPbLIX BO3MOXEH CUHTE3
MPOCTPAHCTBEHHOW MHopMaumn (LaHHble DefepanbHOi CNyX6Obl FOCYLAPCTBEHHOM perncrpauun, Kagacrpa
1 KapTorpadmn 1 JaHHble AMCTAHLUWOHHOMO 30HAMPOBAHNA 3eMin) NO3BONSAIOT CO3AaBaTh reOMHAOPMALIMOH-
Hble MOJENW BbISBEHHBIX HAPYLLEHWA MPUOPEXHDIX 3aLLUTHBIX NONOC. Lienblo ncenefoBaHns SBseTCA OLEHKa
COCTOSIHUA BOAOOXPAHHOM 30HbI T. [lep6eHTa. MeToabl uccnegoBanus 6a3mpytoTcs Ha UCMONb30BaHUM Kafa-
CTPOBOI UHChOPMALMU U TEOUHIDOPMALIMOHHBIX TeXHOMOrnAX. Ha ocHOBe aHann3a 45253eMenbHbIX Y4acTKOB, C
ncnons3osanuem QGIS, HaxoadLWMXCA HA TePPUTOPUM BOLOOXPAHHOI 30HbI M MPUOPEXHOI 3ALLMTHON NONOCH
r. [lep6eHTa ObiN BbifBNEH PAL HapyweHWid. ViTorom paboTbl ABUIMCL KapTorpadguyeckue marepuansl no 34
Ka[acTpOBbIM KBapTasam W UTOrOBble KapTbl, MO3BONAIOLLME OLEHUTL COCTOSHUE MCCREAYeMbIX TEPPUTOPUIA.
Pe3ynbTatbl MccnegoBanus. HanbonbLlee KONNYECTBO HAPYLLUEHWA B BOLOOXPAHHOI 30HE BbISIBNIEHO B CEBEp-
HOM YacTu . [lep6eHT. B npubpexHOM 3aLLUTHOI NONOCE TaKKe 0TMEYaeTCss MakCUMYM 06bEKTOB HapyLLEHWIA
C LOMUHUPYIOLLMM TUMOM Pa3peLLEHHOro 1cnonb3oBanns «CajoBOACTBO». B LEHTpanbHON YacTu ropoja ot-
ME4YeHO MakcuManbHoe pasHoobpasue BULOB HapyLleHWA. KDXHas YacTb ropoja XapakTepusyercs HaumeHb-
UMM KONIM4ECTBOM 0OBLEKTOB HapyLIeHUA. B rpaHuLax BOLOOXPAHHOM 30HbI U MPUOPEXHON 3aLLUTHOM NONOChH!
Kacnuiickoro mops ropoackoro okpyra r. [lep6eHT BbisiBnieHo 2005 06beKTOB HapyLIeHWIA, N3 KOTOPbIX 60/bLLIas
4acTb pacnonoXxeHa B BOAOOXPAHHOM 30He. O6bEKTbI HapyLLIEHWIA BbiiBNEHbI Ha 6onee Y4em 40% npoaHanuau-
POBAHHbIX 3eMeSIbHbIX Y4aCcTKOB. Pa3paboTaHHble METOANYECKIUE NPUEMbI MOTYT 6bITb MacLITaBUPyeMbIMKU AN
CO3/aHNA KapTorpachmyecknx MaTepuanos BbISBNEHHbIX HAPYLIEHWIA YCIOBUIA NCMOMb30BAHUS BOLOOXPAHHbIX
30H U NPMBPEXHBIX 3ALLNTHBIX NOJIOC, KK OTAENbHbLIX TEPPUTOPWIA, TaK 1 CyObekToB P®.

KnioueBble cnoBa: BOLOOXPaHHbIE 30HbI, MTPUOPEXHbIE 3aLLUTHbIE NONOCHI, KAAACTPOBbIE NiaHbI TEPPUTO-
pun, TG, JepbeHT.
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Abstract: Relevance. The modern development of coastal cities is associated with the realization of their
natural-climatic and often historical-cultural potentials. The development of the North Caucasian Federal District
involves the implementation of beach tourism on the coast of the Caspian Sea. The permitted use of water
protection and coastal protection zones is regulated by Art. 65 of the Water Code of the Russian Federation. Despite
the developed methodological guidelines for the implementation of water bodies state monitoring and orderliness
of water protection zones use information on water protection zones and coastal protective strips is fragmented at
present in different information systems and various formats. Modern geoinformation technologies, on the basis
of which the synthesis of spatial information is possible (data from the Federal Service for State Registration,
Cadastre and Cartography and Earth remote sensing data) allow creating geoinformation models of identified
violations of coastal protective belts. The aim of the study is to assess the water protection zone state of the city
of Derbent. Research methods are based on the use of cadastral information and geoinformation technologies.
Based on the analysis of 4525 land plots located on the territory of the water protection zone and the coastal
protective strip of the city of Derbentusing QGIS, a number of violations were identified. The outcome of the study
is cartographic materials for 34 cadastral quarters and final maps that allow assessing the state of the studied
territories. Results. The largest number of violations in the water protection zone was found in the northern part
of Derbent. There is also a maximumnumber of violations with the dominant type of permitted use “Gardening”
in the coastal protective zone. The maximum diversity of violation types was notedin the central part of the city.
The southern part of the city is characterized by the least number of violations. Within the boundaries of the water
protection zone and the coastal protective strip of the Caspian Sea of the Derbent urban district 2005 objects of
violations were identified, most of which are located in the water protection zone. Violations were identified on
more than 40% of the analyzed land plots. The developed methodological techniques can be scalable for creating
cartographic materials of identified violations of the conditions for the use of water protection zones and coastal
protective strips, both for individual territories and subjects of the Russian Federation.

Keywords: water protection zones, coastal protection strips, cadastral plans of a territory, GIS, Derbent.

For citation: Skripchinsky A.V., Badov A.D., Badov 0.A.,Borisov D.D. Water protection zone state analysis
of the Derbent city district on the basis of GIS technologies. Geologiya | Geofizika Yuga Rossii = Geology and
Geophysics of Russian South. (in Russ.). 2022. 12 (4): 180-192. DOI: 10.46698/VNC.2022.39.75.014.

BeeapeHne

[TpobnemaTrka COXpaHEHHUs! BOIHBIX PECYPCOB SBISICTCS aKTyaJlbHOW 3a/1auei, 3Ha-
YHUMOCTh KOTOPOH BO3pacTaeT B CBs3U ¢ M3MEHeHHeM kimmara [Nguyen et al., 2022;
Lu et al., 2022; Tretiak et al., 2020]. Oco6eHHO 3TO Ba)KHO MPH pa3pabOTKe CTpaTeruit
Pa3BUTHS IPUMOPCKUX TOPOJIOB, OJHUM U3 KOTOpBIX siBisieTcs T. epOent. Crneunduka
NIPUPOAHO-KIIMMATUYECKUX YCIIOBUM, BBICOKMH IOTEHIMAT UCTOPUKO-KYJIbTYPHOU 3HA-
YUMOCTH U T€0CTpaTernuecKas poiib 00yCIaBIUBAIOT TOMCK HOBOW MOJIEIIH Pa3BUTHS IO-
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pona. CoxpaHeHHe IPUPOJHON COCTABIIAIOLIEH, SIBISETCS OHOM U3 OCHOBOIIOJIATAIOIINX
3aJa4, KOTopasi BIIOCIEACTBUU CMOXKET 00ECIEeUUTh KypOPTHYIO MPHUBJIEKATEIbHOCTD TI.
HepOenTa.

Crpaterus conuanbHO-3KOHOMHUYEecKoro pa3Butus Ceepo-KaBkaszckoro genepaib-
HOTO OKpyra o 2025 r. mpeAmnonaraeT pa3BUTUE TUHKHOTO Typu3Ma Ha nooepexne Ka-
crnimiickoro Mopsi. Takke BBICOKO OlleHHBaeT noreHuan Pecnyonuku Jlarecran Beemup-
Hasi TYPUCTCKasl OpraHu3aIlysi, KOTOpas BBIJCNSACT €€ B YKclie Haubosee MepcrneKTUBHBIX
TYpUCTHUECKUX HampasieHuii rora Poccun [Axmenyes, Pabaganosa, 2013]. Intencus-
HOE pa3BHUTHE XWIbsS B pecryoOnuke Jlarecran, mMpuUBOAUT K MOSBICHUIO CAMOCTPOEB U
HECOOIO/IEHHIO 3aKoHOoaTeIbcTBa. COBOKYIHOCTD 3THX (PakTOpOB M 00yCIOBUIIA aKTy-
aJbHOCTh MPOBOJIMMOIO MCCIIEOBAaHUS M €r0 MPAKTUYECKYI0 3HaYMMOCTh. BaxkHO OT-
METHUTh, YTO MPOOIEeMaTHKa HECOOTBETCTBHI BEICHUS BOAHOTO PEECTpa M KaAaCTPOBBIX
JAaHHBIX HanOoJsee akTyanbHa 171 cyobekToB CeBepo-KaBkaszckoro ¢enepaibHOro okpy-
ra [babuna u np., 2021]. I'eoskonoruueckue 3agauu 3pPEeKTUBHO perIarTcss Ha OCHOBE
reoMH(pOpMaIMOHHBIX TeXHoorui [Aunkas, bpurnaa, 2022].

Bonusiit Konexc Poccuiickoit deneparuu (nanee BK P®), npunsarsiii B 2006 roxy
pEryaupyeT BCIO IEATEIbHOCTh, CBA3aHHYIO C BOIHBIMHU 00bekTamu. COTNIacHO JaHHBIM
crarbk 65 BK P®, BogHbIN 00BEKT — 3TO HE TOJIKO HCTOYHUK BOJBI, OCHOBA YKU3HEACS-
TEIHHOCTHU YE€JIOBEKAa, BA)KHASI COCTABISIONIAs OKPYXKAIOIIEH cpebl, HO U OOBEKT MpaBa
COOCTBEHHOCTH U UHBIX MPAaB.

MaTepraAbl U METOABI UICCAEAOBOHMS

Kak Obu10 yKa3aHo BbIIIE, OCHOBHBIM HOPMAaTHBHBIM JOKYMEHTOM ]ISl OLIEHKH CO-
CTOSIHUSL BOJAOOXPAHHBIX U NPUOPEKHBIX 3aLIUTHBIX 30H sBiserca cTarbs 65 BK PO,
IJI€ YKa3aHbl OTpaHUuYEHUs AESITENBbHOCTH B mpezaenax 3Tux 30H [LlkonpHbl, 3aBan-
ckuid, 2021]. Meroauueckue yka3aHus IO OCYLIECTBIEHHIO T'OCYIapCTBEHHOI'O MOHHU-
TOPUHTA BOJHBIX OOBEKTOB B YaCTH HAONIOJCHUS 332 COCTOSHHEM JIHA, OEperoB, M3Me-
HEHUAMHU MOP(HOMETPUUECKUX 0COOCHHOCTEH, COCTOSIHUEM U PEKUMOM HCTIONIb30BaHHS
BOJIOOXPAHHBIX 30H, BOJOXO3SIICTBEHHBIX CHUCTEM M THAPOTEXHHUECKHX COOPYKEHUI
periaMeHTUpPYIOT IpoBeieHue MonuTopuara [[1labanos, Mapkun, 2015]. B uncre cnen-
UpUUECKUX 3a7a4 BBIJEISAETCS MPOBEACHUE aHAIM3a DKOCHCTEM BOJOOXPAHHBIX 30H H
coOII0ZIeHNEe OCOOEHHBIX PEKUMOB AHTPOIIOI€HHOM AESITEIbHOCTH B BOJOOXPAHHBIX 30-
Hax. B Ooblell cTeneHn MeToANYEeCcKe PEKOMEHAAINN PACCMaTPUBAIOT BOIIPOCHI Jie-
(bopmanuu J10’%ka BOIOEMOB, PEUHBIX PYCENl M MOWM, a TaKXKe 3aTalTiBacMble YUaCTKH.
B Merommueckux peKOMEHAANMAX YKa3bIBaeTCs, YTO Bce Tomorpaduueckue paboTel U
Marepuabl JUCTAaHIMOHHOTO 30HUPOBAaHUS MOBEPXHOCTH 3E€MJIM CO3/1al0TCSI HA OCHO-
Be reonH(OPMALIMOHHBIX CHCTEM. B KadecTBe MarepHasoB, HaNpaBIseMbIX OpraHaM UC-
TIOJTHUTEJIbHOM BIIACTH CYOBEKTa (eiepalni, OAHUM U3 UTOTOB MOHUTOPHHTA BBICTYIIAET
KapTa BISIBIIEHHBIX HAPYLIECHUH yCIOBUI NCIIOJIb30BaHUS BOJIOOXPAaHHBIX 30H. B pa3nene
5 MeTonu4ecknx yKa3zaHHH yKa3bIBaeTCsl, YT0O HOPMaTHBHAsI U METOAMYECKas 0a3bl, He-
00XOMMBbI€ JIJIsl OCYLIECTBICHUS MOHUTOPUHTIA MO MCIIOJIb30BAHUIO BOJOOXPAHHBIX 30H
pa3paboTaHbl HE MOJIHOCTHIO.

3agactyio mpobieMaTika MOHUTOPUHTA BOJOOXPAHHBIX 30H M PEUHBIX OacCEHOB
paccMaTpuBaeTCsl ¢ MCIOJIb30BAHUEM JIaHHBIX JHUCTAHIMOHHOTO 30HAMPOBAHMS 3eMJIU
(AA3) u reonH(pOPMALIMOHHBIX TEXHOJIOTHUH, KOTOpPhIE SIBISIOTCS Hanbosiee d(PPeKTHB-
HBIM pecypcoM [Rasuly et al., 2010; beictpos, 2018; Liu et al., 2018; Wu, 2018; Kourosh
et al., 2020; beictpoB, Matiopos, 2021; Hawash et al., 2021; Jlymsia u ap., 2022; I'y6a-
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HOB, 2022]. B psne paboT BbLAEIAIOTCS TUIIBI MOHUTOPUHIA BBILIEyKa3aHHBIX TEPPUTO-
pHil TakMe KaK: MOHUTOPHUHI BEJIEHUS XO3SIIICTBEHHOM NIEATENBHOCTU U YKOJIOTMYECKUI
MOHHUTOPUHT [Momnoasik u ap., 2019; Byrnunckwii u ap., 2021; Pemeruno, XneOH1KOBa,
2021; CazonoB u 1p., 2022; Ewane, 2021; Riechers et al., 2021].

Nudopmanus nz deaepasibHoi ¢y Obl TOCYIapCTBEHHOM perucTpalny, KaaacTpa 1
kaprorpadun PO Oputa nomydyena B popmare *.xml, KOTOpyr0 BIOCIEICTBUM C UCTIOJb-
30BaHMEM JAHHBIX U3 ceTu VMIHTepHET M reoMH(POPMALMOHHBIX CUCTEM NPeoOpa3zoBain
B (hopmar *.shp. Takum o0pazom, ObUIM MOTyYEHBbl BEKTOPHBIE KOHTYPbI IPUOPEKHOM
3aLIUTHOM MOJIOCHI BOXHOTO OOBEKTA U €r0 BOJOOXPAHHOM 30HBI.

Co3aHHbIE BEKTOPHBIE CIIOM XapaKTEPHU3YIOTCsl OOMIMPHOM 06a30i JaHHBIX, CO3/1aH-
Hoil Pocpeectpom P®, uTO 10O3BOJIMIIO MOSYyUYNUTh OPUTHHAIBHBIE KOHTYPbI BOLOOXPaH-
HOW 30HBI WIM NPUOPEKHOM 3aIMTHONW Monockl. MTorom pa®oThl SBUIMCH JaHHBIC B
BEKTOPHOI (hopMme, nmeroIne XapakTepHyr0 aTpuOyTHBHYIO COCTABIISIONIYIO M TOUHBIE
IIPOCTPAHCTBEHHBIE XaPAKTEPUCTUKH.

ITpu o6paboTke aTpuOyTUBHOM Oa3bl JaHHBIX HEOOXOIMMO YUUTHIBATh MHOTHE MO-
MEHTBI, He IponucanHble B ¢T. 65 BK P®. Hanpumep, pa3Menienue rapaxei He ABISETCS
HapylIEHUEM PAcIOIOKEHUsI B IPAaHHUIIAX BOAOOXPAHHOM 30HBI U MPUOPENKHON 3aIIUT-
HOM IOJIOCHI, OIHAKO, CTOUT PACCMOTPETh AAHHBIA OOBEKT ¢ TOUKU 3PEHUSI HAXOMKICHUS
MallVH, Ha JaHHOW TEpPUTOPHUH, BEb CTOSHKA U IBUKECHHE TPAHCIOPTHBIX CPEICTB 3a-
npeteHsl cT. 65 BK PO, Tak ke, Kak U 3arpsi3HEHNE TEPPUTOPUN 3aTrPAZHAIOIIMMH BEIlle-
CTBaMM, TAKUMH KaK Ma3yT, Maciio u apyroe. Takxe, B cT. 65 BK P® ne 3anpemena no-
CTPOMKa CalloBOro A0Ma, MaJ03TaXHbIX KBAPTUP, UHINBUIYaJIbHOU XKHUJION 3aCTPOUKH,
OJTHAKO, €CJIM JIaHHBbIE CTPOEHHUS HE UMEIOT COOPYKEHUM, NPENATCTBYIOIIMNX 3arpsi3He-
HUIO, 3aMJICHUIO U APYTMM (hOpMaM HEraTUBHOTO BO3ICMCTBUS HA BOJHBIC OOBEKThI, OHU
YUUTBIBAIOTCS. TakuxX OOBEKTOB MOXKET ObITh MHOXKECTBO, B CBS3M C YeM HEOOXOAMMO
TIIATEIBHO NOAXOAUTH K BOIIPOCY HapyILIEHUH, BEIb JaXKe €CIIM UX Pa3MELLEHUE B BOJO-
OXpaHHOH 30HE M MPHUOPEKHOMN 3AIMUTHON MOJIOCE HE 3alPELIeHO, MOXKET ObITh 3arpe-
IIeHa KakKas-IT1u00 NesTeIbHOCTh, CBA3aHHAS C HUMH.

Hamu 6bu10 npoaHann3upoBaHo 4525 3eMeNbHbIX Y4aCTKOB, HAXOJAIIUXCSA HA Tep-
PUTOPHUH BOJOOXPAHHOMN 30HBI U MPUOPEKHOMN 3aLUTHOM Monockl. bonblnyio yacTs Hapy-
meHul, cormacHo ct. 65 BK PO, B BogooxpaHHOI 30HE COCTaBISAIOT TEPPUTOPHUH, MIPE-
Ha3HA4YEHHBIE JJI CaJOBOACTBA M OTOPOAHMYECTBA, & TAK)KE rapa)kHble IOCTPOUKH. B
NpUOPENKHON 3aIMUTHOM Mosioce OoJbIlasi 4YacTh HAPYIIEHUH COCPENOTOUYEHA HA TAaKOM
TUIIE 3aCTpauBacMON TEPPUTOPHUH, KaK CaJOBOACTBO U OTOPOJHUYECTBO, & TAKKE TEP-
PUTOPHUH, TIPEHA3HAUYCHHOM Ul BeJIEHHsI JIMYHOro nmojcobHoro xo3siictea. Knaccugu-
LUPOBAB aTpUOYTHBHYIO 0a3y JaHHBIX, MbI ITOJYYHIIU 1IEOCTHYIO KApTHUHY HapYyIICHUH,
HaXOSIIUXCS B BOOOXPAHHOM 30HE U MPUOPEKHOI 3allUTHO mosoce.

B urore Ob1M co3gaHbl KapThl 0 34 KagacTpoOBBIM KBapTajaM U UTOrOBbIE KapThl,
MO3BOJISIOIIME OLEHUTh COCTOSIHUE BOIOOXPAHOI 30HBI U MPUOPEKHON 3aIIUTHON MO0~
Chl B TPaHUIIAX TOPOJICKOTO OKpyra JlepOeHT.

Pe3yAbTAThl PABOTHI U X OBCYXAEHME

Tepputopust BOTOOXpaHHOM 30HBI U MPHUOPEKHON 3aIIUTHOH MOJIOCHI BBITSHYTA C Ce-
BEpO-3araja Ha I0ro-BOCTOK M MMEET MPOTSHKEHHOCTh 16 kM. OduunanbHO TOPOACKOM
okpyr (I'O) . JlepOeHT He pallOHMPOBAH, UCCIIEJOBAHUE MTPOBOINUIOCH HA OCHOBE BEp-
HaKyJISApHBIX PaiOHOB TOPOJA U KaJaCTPOBBIX KBAapTajoB. [opoa He 0UIIHATEHO MOXKHO
pa3eanTh Ha HECKOJIBKO pallOHOB.
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K neHrpanbHOMYy paliOHy HEIIACHO OTHOCSTCS TaKHWE KaJacTPOBBIE KBapTaJibl
(KK), xak: 05:42:000047, 05:42:000046, 05:42:000003, 05:42:000049, 05:42:000007,
05:42:000015, 05:42:000052, 05:42:000062. Ha TeppuTopuu JaHHOTO paiioHa pacro-
Jararorcs aJMMHHUCTPAaTUBHO-coLuaibHble 00beKThl (Aamunuctpamus ['O 1. JlepOeHT,
LIKOJIBI, OOJIHUIIBI, TOJUKIMHHUKHN, TOPOACKON CTaJuOH U JIPYroe), MHOTOKBapTUpHAas
(BBICOTHAsI) M MHIMBUAYaJIbHAS >KKiIast 3acTpoiiku. Ha Tepputopun ganHoro paioHa oc-
HOBHBIMU BUJJaMH HApYLIEHUH SIBIIIOTCS TaKHE BUJIbI HCIIOJIB30BAaHUS TEPPUTOPHH, KAK:
«/l1s1 pazmerienns rapaxar, OTHOCSIIUECA K HAPYIIEHUSIM 110 IPUYUHE BO3MOKHOTO Ha-
XO)KJIEHUS HAa UX TEPPUTOPUH Pa3INYHBIX TOPIOYMX, MAacell, U APYTUX OTXOJ0B, KOTOPbIE
MOTYT HETaTMBHO CKa3aTbCsA Ha COCTOSHUU BOJIHOTO OOBEKTA, a TAKXKe, [0 JaHHBIM 00b-
€KTaM OTCYTCTBYIOT COOPYXKeHUs, peaycMoTpeHHsbie cT. 65 BK P®; « s pazmernienus
1 00CITy’)KUBaHMsI IPOU3BOICTBEHHOM 0a3b1», HAX0XKIEHUE KOTOPOI Ha TEPPUTOPHH BOJIO-
OXpPaHHOH 30HBI HE MTPEYCMOTPEHO, TaK KaK HE UMEET COOPYKEHUH (CUCTEM BOJOCHAO-
KEHMsI U BOLOOTBeNEeHNSA); «CaloBOACTBO» MOAPA3yMEBAET PACHAIIKY 3€MEIb, KOTOpast
3amnpenieHa cT. 65 BK PO na Tepputopun npubpexHOM 3alIUTHON MOJIOCHI, TAKXKe y TaH-
HOTO BHJIa pa3pelIeHHOI0 UCIOb30BaHus, Ha Tepputopun KK orcyTcTBYyIOT coopyke-
HUS, KOTOpbIE 00513aHbI IPUCYTCTBOBATh, €CIIU TEPPUTOPUSI pa3MeElIeHa B BOAOOXPAHHOMN
30HE U MpUOpPEexKHON 3aUTHOM nosnoce; «HauBuIyanbHas uias 3acTpoiika». B nan-
HOM paiioHe BBIABICHO Oosiee 10 BHIOB HapyIIEHUH HCIIONB30BAHUS TEPPUTOPHHU, YTO
ABJIsIETCA MaKCUMaJIbHBIM ITOKa3aTesIeM Mo BCel uccieayeMoi o0acTH.

B nocnenHue roael ropos akTUBHO PAcTET B CEBEPHOM HAINpPaBICHHUH, IPOUCXOIUT
KOMIIJIEKCHAsI 3aCTPOMKa HOBBIX paliOHOB. OCHOBHBIMHU BUAAMM 3aCTPOMKHU SIBISIFOTCS
VHAMBHUIyaJIbHOE OTHOATAKHOE U KOTTEPKHOE CTPOUTEILCTBO, a TAKKE MHOTO3TaXKHAasI
(BeICOTHAs) 3acTpoiika. K HOBBIM TEpPUTOPHUATIEHO 3aCTPAaUBAEMBIM PailoHAM MOXXKHO OT-
HECTH clieqytone kagactpobie kBapTaibl: 05:42:000095, 05:42:000044, 05:42:000045,
05:42:000065, 05:42:000066, 05:42:000096, 05:42:000070. B cBsA3u ¢ TeM, 4TO JaHHAs
TEPPUTOPUS IPEICTABICHA YaCTHBIM KHJIBIM CEKTOPOM, OCHOBHBIMU BHJAMH Hapyllle-
HUi sBisoTcs «CagoBOACTBOY, KOTOPOE MOApa3yMeBaeT Moj coO0il pachaliky 3eMedb,
3alpelIeHHYI0 Ha TePPUTOPHH MPUOPEKHOM 3alUTHOM MOJOCHI, a TAKXKE 3eMeTIbHbIE
Y4aCTKH, BblJeJIeHHbIE 107 «CTPOUTENBCTBO CaJ0BOT0 AoMay, « MTHAMBUIyalIbHAS KUTIast
3acTpoiika», «JlauHoe CTpOUTETBCTBOY, JaHHbIE KOTOPHIX HE coAepKaT MHPOPMAIUIO O
COOPYKEHUAX (CUCTEMaxX BOJOCHAOKEHHUS M BOJOOTBeAcHUs1). Ha Teppuropun paccma-
TPHUBAEMOTO PaiOHA COCPEAOTOUEHO HAauOOJIbIIEe KOTMYECTBO 0OBEKTOB HAPYLIEHUH Ha
TEPPUTOPUH BOJOOXPAHHOM 30HBI M MPUOPEKHOMN 3AIMUTHON MOJIOCH.

IO>Hast yacTe roposa npejcTaBlieHa TYpPHCTCKO-PEKpeallMOHHBIMU 00beKTaMu (OT-
€JIM, TOCTUHHUIIBL, Kade U pecTopaHbl, 0a3bl OT/AbIXA), a TAKKE aIMUHUCTPATUBHO-COIH-
aNbHBIMHA 00BbEeKTaMu (BOK3aJl, mpoduibHbIe ydeOHbIC 3aBeACHUs, cTannonap). Teppu-
TOpUAIbHO JAHHBIM palloOH MOXKHO OTHECTHU K CJEIYIOIIMM KaJacTPOBBIM KBapTajam:
05:42:000026,05:42:000031,05:42:000053,05:42:000005, 05:42:000054, 05:42:000056,
05:42:000058, 05:42:000083. OCHOBHBIMHU BHIaMHU HapYIICHUI Ha TEPPUTOPUU TAHHOTO
paiioHa SBIIAIOTCS 3€MEJbHBIE YYACTKH C BUJOM Pa3peLICHHOIO MCIHOJb30BaHus «Pa3z-
MeleHue u oocayxubanue Tpanchopmaropusix noacranimii (TID)», « s opranuzanuu
aetHero kKagey, «ls pa3MenieHust KyXHU», B CBSI3U C OTCYTCTBHEM COOPYKEHUH, TpeOy-
eMbIX cT. 65 BK P®; «CagoBoacTBo» u «Jj1st BeIeHHs TUYHOTO TOICOOHOTO X035HCTBAY,
KOTOpbIE PaCIONIOKEHBI HE TOIBKO HAa TEPPUTOPUH BOJOOXPAHHOM 30HBI, HO U MIPUOPEXK-
HOM 3alIMTHOM MOJIOCHI, IJIe, coriacHo cT. 65 BK P® 3anpemniena pacnaiika 3eMenb, KO-
TOPYIO HOAPa3yMEBAIOT JJAHHbIE BUJIbl 3€MEJIbHBIX YYaCTKOB; IPOU3BOACTBEHHYIO 0asy,
HaXOJLIYIOCS HAa TEPPUTOPUU BOJOOXPAHHOW 30HBI M HE HMEIOLIYI0 COOpPYKEHUH (Cu-
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CTEMBI BOAOOTBEIEHUS U IPYIHe€ CUCTEMBI, IPEJOTBPAILAIOIINE 3aWIICHUE, 3arPSI3HEHUE
U ipyrue GopMbl HETaTUBHOTO BO3/ICHCTBHSI HAa 0OBEKT) aBTOMAaTUYECKH MOYKHO IIPUYHC-
JIMTh K HE3aKOHHOMY pa3MELICHUIO HAa TEPPUTOPUH BOIOOXpaHHOM 30HbI. Ha Tepputopun
JTAHHOTO paiioHa BBISBJICHO HAUMEHbBIIIEE KOJIUYECTBO OOBEKTOB HAPYIICHUH.

B kpaiinux ceBepHbIX U 10KHBIX yacTax ['O 1. lep6enr (puc. 1) maxoasres KK, rne,
B OCHOBHOM, cornacHo cT. 65 BK P®, nabmronarorcs onnotTunueie Hapymenus. Ha KK
05:42:000095 u 05:42:000059 nabmromaercs ot 1 10 2 BUIOB HapyIIEHHI, OCHOBHBIM BU-
noM HapyiueHuit Ha yka3zaHHbIX KK sBrsercs «CanoBoactBo». Haubomnblee konu4ecTBo
BUJIOB HApYUICHUH HAXOMUTCS B IIEHTPAJILHOW YaCTH BOJOOXPAHHOW 30HBI U MPHOpEK-
HOM1 3amuTHOM nosockl Ha TeppuTopun KK 05:42:000003, 05:42:000007, 05:42:000052,
rae BeisiBiIeHO Oosiee 10 BUIOB HAapyIIEHUH HCIIOIB30BAaHUSI TEPPUTOPUH. DTO CBA3AHO C
TEM, 4TO MIOCTPONKH KUTEJIEH HaXoaaTcs B ieHTpaibHoM yactu ['O 1. JlepOeHT, u, xenas
0Ka3aThCsl KaK MOYKHO OJIMDKE K MOPIO, HAYMHAIOT OTCTPAUBATHCS B MHTEPECYIOLIEM UX
HalpaBJICHUH, YaCTO HE YUYUTHIBAsi MHOTUX OTPaHUYEHUM, HAJaraéMblX Ha TEPPUTOPHIO
BOJIOOXPAHHOW 30HBI M TPUOPEKHOH 3auTHOM nosiocsl BK PO.

bonburyro mionianp, Mo BhISIBJIEHHBIM BUJIaM HapyLIEHUN MCIIOJIb30BAHUS TEPPUTO-
pUH BOJOOXPAHHOW 30HBI U MPUOPEKHOM 3aLIUTHOM MOJOCH 3aHUMAIOT KBAapTaJbl, T/IE
BHJIBl HApyLIEHUH Bapbupyrorcs ot 3-4 o 5-10.

B xpaiineit ceBeproit yactu ropona, B KK 05:42:000095 (puc. 2) Ha TeppuTOpUHU BO-
JIOOXPaHHOW 30HBI HAXOIUTCSA HAUMEHbIIEE KOJIMYECTBO OOBEKTOB, HAPYIIAIOMIUX CT. 65
BK P®. Haubonbliee KomuuecTBO 00bEKTOB HApyLIEHUH BOIOOXPAHHOM 30HbI HAXOAUTCS
B ceBepHoi yactu ['O 1. [lepGent Ha Tepputopun KK 05:42:000064 u 05:42:000065, roe
BhIsIBIICHO Ooriee 150 oObekToB HapymieHwid. Takxke, B CEBEPHOUN 4acTH ropojia pacroia-
raercsa 5 KK, rne xonnuectBo 00bekTOB, Hapymaromux cr. 65 BK P® Bapbupyercst ot
51 mo150. Bmnonp mobepexbs Kacruiickoro mopsi, Haunnas ¢ KK 05:42:000047 u no KK
05:42:000059, B ocHoBHOM, pacnionaratorcs KK, riae konmnyectBo Hapyiienuii ct. 65 BK PO
He npeBbiaet 50 00bekToB, ogHako, Ha KK 05:42:000003, 05:42:000049, 05:42:000007,
KK 05:42:000052 BeisiBieno ot 51 1o 100 o0bexToB, a Ha Tepputopun KK 05:42:000056
Haxomutes oT 101 1o 150 00BeKTOB, HAPYIIAOIIUX UCTIONB30BAHIE TEPPUTOPHH, COTIIACHO
cT. 65 BK PO. Takxe, Ha TeppuTopun BOAOOXpaHHOM 30HEI B ripenenax ['O 1. lepOenT pac-
nonaraetcst 8 KK, rie HapymieHuit Hcroib30BaHus TEPPUTOPUH HE BBISBIIEHO.

Ha teppuropun npuOpexHOM 3alIUTHON MOJIOCHI ¥ B TIPEE/Iax BOIOOXPAHHON 30HBI
I'O r. lepGeHT HanbobILIEe KOTUYECTBO OOBEKTOB, HAPYLIAIOLIUX UCIIOJIb30BAHUE TEPPU-
TOpHH, 3aUKCHPOBAHO B CEBEpHOM yacTu ropofa, Ha Tepputopun KK 05:42:000064 (puc.
3). 3aech HacuuThiBaeTcs 6omee 50 00BEKTOB, HE COOTBETCTBYIOIIUX TPEOOBAHUSAM CT. 65
BK P® 110 ucrnons30BaHUIO TEPPUTOPUH. BOIIBIIYIO 4acTh HAPYLIECHUM COCTABIISET TAKOU
BUJ UCIIOJIb30BaHMsI TEPPUTOPHUH, KaK «CagoBOJCTBOY, HAXOXKIECHUE KOTOPOTO Ha TeppU-
TOPUHU IPUOPEIKHOM 3aITUTHON TOJIOCHI HEAOMYCTUMO. Takke MHOTO OOBEKTOB, BHJIBI FC-
M0J1b30BaHUsl TEPPUTOPHU KOTOPBIX 3alPELIeHbl HA TEPPUTOPUH IPUOPEKHOHN 3aIUTHON
nosocsl HaxoasATces B ceBepHoi yactu 'O 1. JlepOeHT u 3aHMMarOT ropaso 6osee ooump-
HYIO IUIOIIA b, YeM IokHas yacTh ropona. Ha okpanne (KK 05:42:000095) u B ueHTpaib-
Ho#t yactu ropoaa (KK 05:42:000090, 05:42:000005), B npeaenax npuOpesKHOM 3alIUTHON
II0JIOCHI, HAXOAUTCS HAaMMEHBIIIEE KOIUYECTBO OOBEKTOB, Hapyaromux cT. 65 BK PO.

BbiBOADI

VYHuKaIbHOCTh JaHAmagpTHO-reorpaduyeckoro nojokeHus ropoaa JlepOeHT mpu-
JTaeT €My peKpeallmOHHO-TYPUCTUYECKYIO MPUBIEKaTenbHOCTh. Hamuure npupoaHo-pe-
KPEAIMOHHBIX U UICTOPUKO-KYJIBTYPHBIX PECYPCOB TEPPUTOPUU O0YCIIaBIUBAIOT BHICOKHUI
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MOTEHIMAJ COLMAIbHO-?KOHOMHUYECKOTO pa3BUTHs roposa. Boanblie 00beKkTh — Hanbo-
jee BOCTpeOOBaHHBIE PECYPChI ISl MPOMBIIIJICHHON M TYPUCTHUECKON NESTEIbHOCTH,
HCIOJIb30BaHUE KOTOPBIX CTUMYJIMPYET pa3BUTHE CTPOUTENILCTBA BOIN3U OeperoBoit Jiu-
HUM, a TAKXKE BOAOOXPAHHOM 30HbI U IPUOPEKHOM 3aIIUTHON MOJIOCH], 00BEKTOB peKpea-
LIMOHHOT'0, 03JOPOBUTEIBHOTO, MHAYCTPHUAIBHOTO, KHJINITHO-KOMMYHAJIBHOTO U APYTHUX
TUNOB. B CBsI3U ¢ 4YeM BO3HUKAET HEOOXOAUMOCTh B MOCTOSSHHOM T'eOMH(OpMaIiMOHHOM
MOHHUTOPHHIE JAHHBIX TEPPUTOPUN HA MPEAMET ITPAaBOHAPYLIECHUH.

B xozne uccnenoBanust ObII0 MPOAHAIN3UPOBAHO COCTOSTHUE BOJOOXPAHHON 30HBI U
NpUOPERKHON 3alUTHOM Noockl Kacnuiickoro Mopsi B TEppUTOpUAIbHOM MPUBSI3KE K IO-
poackoMy okpyry ropoa ep6ent. Mctounnkamu uHopManuu aasi reonHpopMalnoH-
HOTO aHaJM3a ABJSUTUCH JaHHble DeepanbHOil CiTyKObI TOCYIapCTBEHHON pEerucTpaluy,
KajiacTpa u Kaprorpaduu, HOpMaTUBHbIE JTOKYMEHTBHI.

B xone uccnenoBanus Oblia CTPyKTYpUpPOBaHa OCHOBHAsI METOJIMKA reonHpopMaLu-
OHHOT'0 aHAJIN3a BOJOOXPAHHbIX 30H, KOTOPYIO MOXHO MPEACTABUTH B CIEAYIOIIEM BUJIE:

1. Omnpenenenne kagacTpoBbIX KBAPTAJIOB, TEPPUTOPUAIBHO 3aTPAruBaOLINX BOJIO-
OXPaHyIO 30HY M MPUOPENKHYIO 3aIIUTHYIO MOJIOCY U3y4aeMOro BOAHOTO 00bEKTA.

2. Tlonyuenue uH(GOPMAIMK O 3eMEJIbHBIX Y4acTKaxX, PaclooOKEHHBIX Ha TEPPUTO-
pHUH HCCIIEAYEMBIX KBapTAJIOB.

3. IIpeoOpazoBaHue 6a3bl JaHHBIX 3€MEJbHBIX YYacTKOB, paboTa ¢ HOPMAaTHBHO-
IIPaBOBBIMU JTOKYMEHTAMH.

4. Co3naHue UTOTOBBIX KapTorpapuuecKux MpOU3BEIECHUH, OTPaXaroIUX YPOBEHb
U BHJIbl HApYLIEHUH B BOJIOOXPAHHOW 30HE M MPUOPEKHOI Mojoce ucciaeryeMoro oob-
eKTa.

HauOonpiiee koaMuecTBO OOBEKTOB HApYIIEHUH B BOJOOXPAHHOM 30HE BBISBICHO
B CEBEPHOM 4YacTH ropoja, MakCUMyM 3aperMCTpPUpPOBAH Ha KaJacTPOBBIX KBapTaslax
05:42:000064, 05:42:000065 n npeacTaBiieH B OCHOBHOM BHA0M Pa3peIIEHHOIO UCIIOIb-
30BaHus «CanoBoAcTBO». Takke Ha JaHHOW TEPPUTOPUU T'OPOJA BBIABIEH MAaKCHUMyM
00BEKTOB HapyIlIEHUH B MPUOPEHKHOM 3aIIUTHOMN MOJIOCE C Yallle BCEro BCTPEUYAIOLUMCS
BUJOM HapymeHus «CanoBoncTtBo». MakcUMyM IO KOJIMYECTBY BHUJOB Pa3pEIIEHHOIO
WCIOJIb30BaHMs HAOMIOIaeTCsl B IEHTPAIbHOM YacTH ropo/ia Ha KaJacTPOBBIX KBapTatax
05:42:000003, 05:42:000007, 05:42:000052. Ha xakloM M3 yKa3aHHBIX BbIIIE KBapTa-
JI0B, KOJIMYECTBO BUJIOB Pa3peIIEHHOT0 UCTIONb30BaHus gocturaet oosnee 10 BuaoB. KOx-
Hasl 4aCTh XapaKTePU3yeTCs MOJ0KUTEIbHON TEHIEHIIUEN U UMEET HaUMEHBLIEE KOJIIe-
CTBO OOBEKTOB HapyIIEHHUH MO BCEM MOKa3aTEeIsM.

B npenenax teppuTopu BOAOOXPAaHHON 30HBI U NMPUOPEKHON 3aIUTHOIN MOJOCHI
Kacnuiickoro mops I'O 1. JlepOeHT Ob110 poaHain3upoBaHo 4525 3eMeNIbHBIX yYaCTKOB,
pacroyioXeHHbIX Ha 34 KaJJaCTPOBBIX KBapTajax, BblsiBIeHO 2005 00beKTOB HapyLIeHUH,
13 KOTOpbIX 1660 HaxonATCs Ha TEPPUTOPUH BOJOOXPAHHOM 30HBI U 345 Ha TEPPUTOPUU
npUOpPExKHON 3aUTHOH Nosockl. OOBEKTHI HapyIlleHUH BbIsiBIEeHB! Ha 44,3 % npoaHau-
3UPOBAHHBIX 3€MEJIBHBIX YUaCTKOB.
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NHOOPMALLNS AN ABTOPOB

B xypnane «I'eonorus u reopusuka KOra Poccumy myOnuKyIoTCsi OpUrMHANIbHBIE CTa-
ThU TEOPETUYECKOTO M METOAWYECKOTO XapaKTepa MO BOMPOCAaM TI'eOOTHH, FeO(U3UKU U
T€OXHMUH, Pe3yJbTaThl U3yUYEHUsI COCTaBa U CTPOEHUS KOPbl MU MAHTUU 3€MJIH, MPOLIECCOB
(opMHpOBaHUS U OOIIMX 3aKOHOMEPHOCTEH pa3MeEIeHHs MOJIE3HBIX HCKOMAEMbIX, a TaKXKe
pe3yabTaThl pa3paboTKH U MPUMEHEHUS! Ie0Ioro-reopu3nuecKiux METOJO0B MX BBISBICHHUS.
TemaTrka >XypHana COOTBETCTBYET CIICAYIOIIAM OOJIACTSIM 3HAHHWW TO JCHCTBYIOIIEH HO-
menknarype BAK: 1.6.9. I'eodpusuka (pusznko-MaTeMaTnuecKkue HayKu, TEXHUYECKHUE HAyKH,
reojioro-MuHepanorndeckue Hayku); 1.6.10. [‘eonorus, nmoucku u pa3Beaka TBEPAbIX MOIE3-
HBIX UCKOMIAEMbIX, MUHEpAareHus (TEXHUYECKUE HAyKH, T€0JI0r0-MUHEPAIOrHue€CKIe HayKH);
1.6.12. ®usudeckas reorpadus u 6uoreorpadus, reorpadus MOYB ¥ TEOXUMUS JIaHAMA(TOB
(reorpaduueckue Hayku); 1.6.21. ['eoskonorus (reorpaduyeckue HayKH, T€0JOTOMUHEpPA-
JIOTUYECKHUE HAyKH, TEXHUUYECKHUe HayKu); 2.8.6. [eomexaHuka, pa3pylieHre TOPHBIX TTOPO/I,
PYAHUYHAS @3pOra3olMHAMUKa U TOpHasi TeMopu3nKa (TEXHUYECKUE HAyK1), @ TAK)KE CMEXK-
HBIX Hay4YHBIX HallpaBJICHUH.

Jist paboT peruoHaIbHOTO XapakTepa MpearnoYTeHNe OTAAETCS CTAaThIM, PACKPhIBAIOIIUM
pa3nM4HbIE BOIPOCHI reoiornyeckoro ctpoerus fOra Poccnn u nmpuseraromuyx TeppuTopuil.

B cooTBeTcTBHH € rpamanuen HayK, IPUHATON B MEXIYHAPOAHBIX CUCTEMAaX LIMTHUPOBA-
Hus Scopus u Web of Science crarpu s myOnukanuu B sxypHaie «[eonorust u reopusnka
IOra Pocun» npuHMUMAaroTCs 1Mo CAEAYIOUIMM OTPACsM U FPYyTNIaM HayK:

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

2. Environmental Science (Hayka 00 okpy:karomeii cpeae).

B xypnaine «l'eonmorust u reopusuka FOra Poccum» mewararorcs:

— CTaThU C M3JIOKEHUEM HOBBIX HAyYHBIX PE3YyJIbTaToB, 00beMoM He Oonee 10 mammHo-
MTUCHBIX CTPAHMII, BKJIIOYAsk WILTIOCTPAIIMY U TAOJIHIIbI,

— Kparkue cooOUIeHUs, CoAepKale HHPOPMAIIMIO O BaXKHBIX Pe3y/bTaTax MpeiBapH-
TEJIBHBIX MCCIIENOBaHUH, 00beMOM 3-5 cTpaHuI] (3TH MaTepHalibl BHOCIEACTBUA MOTYT HC-
MOJIb30BAThCS B TEKCTE MOJIHOM CTaThH);

— 0030pBbI eYaTHBIX padoT MO aKTyaJIbHBIM Ie0JIOT0-Te0(pU3NIECKUM U SKOJIOTHYECKUM
npobnemam FOra Poccuu n npuneraroniux tepputopuii, o0bemom 20-25 cTpaHull Mo 3akasy
peNaKIuH.

Bce paboThl JOMKHBI COOTBETCTBOBATH TeMaTHKe KypHaisa. [IpenocTaBieHHble pyKo-
IUCH MPOXOJAT ATAlbl MPEIBAPUTEIBLHOIO U UTOIOBOIO PELEH3UPOBAHUS, U B Cllydyae He-
00XOAMMOCTH, HAMIPABIIAIOTCA aBTOPaM Ha UCIIpaBlIEHUE U T0paboTKy. Pykonucu B skypHaie
MyOIMKYIOTCSl Ha PyCCKOM JINOO aHIIMICKOM SI3bIKaX, aHHOTALMU HA PyCCKOM M aHTJIMHCKOM
si3pIKax. JKypHai myOauKyeT HCKIIIOUUTENbHO OPUTHHAIBHBIE CTaThbU. ABTOP HECET MOIHYIO
OTBETCTBEHHOCTH 3a COOJIIO/IEHHE 3TOro TpeboBanus. Pykonucu, He MPUHATHIE K OITyOIHKO-
BaHUIO, aBTOPaM HE BO3BpallaioTcs. Penakiuys Takke He BO3BPAIACT IPUChIaEMbIe MaTEPU-
anbl. Pegakuus octaBnseT 3a cOO0H MPaBo MPOU3BOANUTH COKpAILIEHHE M PEIAaKTOPCKYIO MTPaB-
Ky TeKCTa cTaTbu. McrpaBiieHus: B TEKCTE€ M WILTIOCTPALUAX aBTOPHI MOTYT BHOCUTH TOJBKO
Ha CTaJH TIOATOTOBKHU CTaThl K HaOopy. HecoOmroneHne mpaBuia opopMIICHUST PYKOIIHCH
MPUBENIET K OTKJIOHEHHIO cTaThy. [1yOnukanus O6ecniaTHa s aBTOPOB CTaTel, HAMMCaHHBIX
10 3aKa3y pedakUuu, U JUlsl acnupaHToB. Ilepenedarka 10mMycKaeTcss TOJIBKO € pa3pelieHus
penaKiuu U ¢ 00s3aTeIbHON CChUIKOM Ha )ypHan «leonorus u reopusuka FOra Poccumy.

NHCTPYKLMS AAS OBTOPOB

[TpueM MaTepraoB K pacCMOTPEHHUIO OCYIIECTBISETCS IOCPEICTBOM IEKTPOHHOTO Cep-
Buca http://www.geosouth.ru unu o noure Ha agpec Msnarenscra: 362002, Poccus, 1. Bna-
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JMKaBKa3, yi. Mapkosa 93a, penakius xypHana «leonorus u reopusuka FOra Poccum».

B penaxnuo He0OX0IUMO MPETOCTABUTH CIIETYIOIINE MaTepHalbl:

— cTarhs (CTPYKTYpY U IpaBuiia 0hOpMIICHHS CM. HUXKE);

— Ha OTAEIBbHOH CTpaHMIIE: CBEACHUS 00 aBTOpax, coaepiKalue (GpaMuIni, uMs, oTde-
CTBO, YYCHYIO CTETIEeHb, 3BaHHE, HA3BaHHE OpPraHU3allny, CIyXeOHBIN U JOMAITHUN ajpec U
Tene(oHsbl, e-mail ¥ yka3aHue, ¢ KeM U3 aBTOPOB NPEAIOYTUTEIbHEE BECTH EPEIHCKY;

— HalpaBlIeHHE OT OpPTraHU3alMM, €CIIM MPEeIOCTaBIseMble MaTepHAaJbl SBISIOTCS pe-
3yAbTaTOM paOOoThI, BBHIIIOJIHEHHON B 3TOM OpraHU3alll{; B HAIIPABICHUU CIEAYET yKa3aTb
Ha3BaHHE PyOPUKH XKypHAIa;

— DKCIEPTHOE 3aKJIIOUCHHE WM APYrod JOKYMEHT, pa3pelIaroliuii OIyOIMKOBaHHUE B
OTKPBITON TeyaTH, YTBEpXK/IECHHbIC PYKOBOAUTENIEM OpPTaHU3allMM U 3aBEpPEeHHBbIE repOoBOH
neyarsto (MPeICTaBIAI0T TOIAbKO aBTOpbI U3 Poccun).

Ecnu Matepuansl MoJaroTCsl MOCPEACTBOM JIEKTPOHHOIO CEpBHCa, OyMaXKHbIE JK3EM-
IUIPBI PYKOIMCH B PEJAKIMIO NIPEJOCTABIATh He TpeOyeTcs. [Ipu oHnaiiH perucrpanuu He-
00X0IMMO PYKOBOJICTBOBAThCS MOIIATOBBIMU MHCTPYKLUSAMHU 10 3arpy3ke ¢aitnos. Ilpu o1-
IIpaBKe MaTepuajoB MOYTOM HEOOXOIUMO HMPUIIOKUTH J1Ba OYMa)KHBIX 3K3EMILISpA CTAThH,
MIOJINMUCAHHBIX BCEMH aBTOpaMu. [10ArOTOBIEHHBII B COOTBETCTBUH C OOIIMMHU TEXHUYECKH-
MU TpeOOBaHUAMM TEKCT I€4aTaeTcs Ha OAHOM cTopoHe nucTta popmara A4. AHHOTAaLuUs C
MIPUBEACHHBIM B Hauajle Ha3BaHWEM, aBTOpaMU, ux apuinanyeii neyataeTcs Ha OTAEIbHOM
nucre. [loanucu K prucyHKaM Takxke MPeoCTaBIsA0TCs oTAenbHO. Kaxnas Tabnuna u pucy-
HOK JIOJDKHBI OBITh Hare4yaTaHbl Ha OT/IEIbHOM JIUCTE. BHN3Y CTpaHMIBI C WILTIOCTpanyei He-
00X0IMMO yKa3aTb HOMEp pUCyHKa. Taxke HEOOXOAMMO IPUIIOKUTH NEKTPOHHBIN BapUaHT
Ha JIF0OOM MOPTAaTHBHOM HAKOIUTEINE WU 0 COITIACOBAHUIO C PEAAKLUEN HAlIPaBUTh COOT-
BETCTBYIOIIIME MaTepHabl 10 3JIEKTPOHHOMN TOUTE.

[MpaBUAQ OPOPMAEHUST CTATHA

Ha niepBoii crpanuiie 1omkHBI ObITh YKa3aHbl: Y/IK; Ha3BaHHe cTaTbU HAa PYCCKOM SI3BIKE
(cTpouHbIMU OyKBaMHM C KalmMTadu3alueil HadyaabHON OyKBBI TOJBKO MIEPBOTO CJIOBA B MPEJ-
JIO)KEHUH U UMEH COOCTBEHHBIX, 0e3 KaBBbIYEK, IEPEHOCHI HE JOITYyCKAIOTCS, TOYKA B KOHIIE
HE CTaBUTCS, MOTYEPKUBAHUE HE UCIIOIB3yeTCs), Kerlib 20 MoMy>KUpHBIN, BRIpaBHUBAHHE 110
HEHTPY; MHULUAIBI U (DaMUIINU aBTOPOB, yUSHAsl CTETICHb U 3BaHHe (KerTb 14 moy>KUpHBINA
KypCHB, BBIpaBHUBAHUE 10 LIEHTPY ), Ha3BaHUE YUPEKICHUS, TIOUYTOBBIN apec, Topojl, CTpaHa
NPEACTABISAIONINX PYKOIUCH JJIsl OMYOJIMKOBaHUS. YKa3aTh e-mail st mepenuckuu OTBeT-
CTBEHHOT'O aBTOpA.

AnHoTanus gomxHa O0bTh 00bemoM 250-300 ciioB. B Heil He pekoMeHyeTCsl UCTIOIb-
30BaTh ()OPMYINBI U CCBUIKM Ha JHUTeparypy. Ecim pykonuch momaercs Ha pycCKOM S3BbIKE,
TO aHHOTALUS JOJDKHA OBITH MPOMyONMpOBaHa HAa aHIIIMIICKOM C yKa3aHWEM Ha3BaHUs CTa-
ThH, (aMIJINK ¥ MHUIIMAIOB aBTOPOB HA 3TUX sI3bIKaX. ECIM pyKoOMHCh MOIaeTCs HAa aHTIIMIA-
CKOM $I3bIKE, HEOOXOJMMO MPHBECTHU TAK)KE aHHOTAIMIO HA PYCCKOM. AHHOTAIIUS TIe4aTaeTCs
mpugpTom Times New Roman (12 kernp). B koHIle aHHOTaMM 0053aTENFHO YKA3bIBAIOTCS
KJTFOYeBBIE cII0Ba (5-8), KOTOpbIE OTPAYKAIOT TEMATHKY CTAThH.

Tekct crareu Habupaercs mpudTom Times New Roman pasmepom 14 it uepes ogunap-
HBII HHTEpBaJI, BBIpaBHUBaHHE 10 Gopmary. [1o13aronoBok — mpudT KypCUBHBIH, BEIPAaBHH-
BaHUE 110 JieBoMY Kparo. [Ipu HamumcaHuu cTaThu UCIIONB3YIOTCS OOIENPUHSATHIE TEPMUHBI,
€IMHUIIBI I3MEPEHUS U yCIOBHBIE 0003HAYEHUS, €AMHOOOpa3HbIe 10 Beel cTarhe. Pacmd-
POBKa BCEX HMCMOJIB3YEMBIX aBTOpamMH 0003HAYEHUH JaeTcs MpU MEPBOM YIOTPEOJICHUH B
TeKCcTe. ByKBBI ITaTHHCKOTO ajdaBuTa HAOUPAIOTCS KYPCHBOM, OYKBBI IpEUeCcKoro angaBu-
Ta — NpsIMBIM pudTOM. MaremaTrueckre CUMBOJIBI lim, 1g, In, arg, const, sin, cos, min, max
U T.1I. HabuparoTcs npsMbeiM 1pudToM. CHMBOII HE JOJKEH CIUBATHCS C HAJICUMBOJIBHBIM
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37eMEHTOM B Xumudeckux snementax (H,0) u enunnnax usmepennii (MBT1/cM?) — mpsMbiM
(06bryHBIM) mpudTOoM. He ciaenyer cmemmBarh 0OJUHAKOBBIE MO HAIMCAHUIO OYKBBI JIATHH-
CKOT0, TPEYECKOTO M PYCCKOro ayihaBUTOB, UCIOIB30BaTh COOCTBEHHBIE MAaKpPOCHl. BykBbI |
nlJ,vuv,eul,hun,qug, VuU, O (Oyksa) u O (Hy/b) TOJKHBI pa3InyaThCs MO HAUEpTa-
HUt0. Mexny 1udpoBbIM 3HaYCHHUEM BEITMUMHBI M €€ Pa3MEPHOCTHIO CIIEyeT CTaBUTh 3HAK
Hepa3pbIBHOTO npobena. [lepeHock! B ciioBax 1nbo He ynoTpedasaTs. He ncnonbs3oBars B TEk-
cte 1711 (opMaTHPOBaHUS 3HAKU npobdena. DopMyIbl CO3ar0TCs ¢ TOMOIIBIO BCTPOSHHOTO
penakropa gopmyn Microsoft Equation ¢ Hymepanueil B KpymmiblX cKoOKkax — (2), BoIpaBHH-
BalOTCS TI0 TIPaBOMY Kparo, pacmudpoBka Bcex o0o3HaueHmi (OykB) B hopMynax maercs B
nopsiake ynomuHanus B ¢popmyne. Bo nzbexanue Heopa3zyMeHU U OIIMOOK peAaKIus pe-
KOMEH/TyeT aBTOpaM UCTIOIbh30BaTh B JopMyIIax OyKBBI TATHHCKOTO, TPEUECKOTO U IPYTHX (HE
pycckux) andaBuTOB; pu Habope HopMyT HEOOXOAUMO COOTIOCTH Pa3Mephl IO YMOTYAHHUIO.
Bonbime ¢popmynsl HeoOXonuMo pazdouBaTh Ha OT/IeNbHBIE (pparMeHTsl. @parMeHTs! (hopMyIT
10 BO3MOXHOCTH JIOJKHBI OBITh HE3aBUCUMBI (ITPH UCIIOJIb30BaHUHU (DOPMYIBLHOTO pEIaKTOpa
Ka)Kaasi CTpOKa — OTAENbHBIN 00beKT). HyMepanuro 1 mo BO3MOXHOCTH 3HAKHU TTPETTMHAHUS
CJIEZlyeT CTaBUTh OTAEIBHO OT (POPMYJT OOBIYHBIM TEKCTOM. Talbnuiibl, pucyHku, pororpapuu
pa3MenarTcs BHYTPH TEKCTa U MIMEIOT CKBO3HYIO HyMEpaIMIo Mo cTaTke (He 1Mo paszaenam!)
1 coOCTBEHHbIE 3aroyioBku. Ha3zBanust Bcex pUCYyHKOB, (oTtorpaduili 1 Tabmul NpuBOIATCS
Ha pycckoM si3bike 11 kernem, kypcuBoM. Hymepamus 0603Ha4eHni Ha pUCYHKAX JAeTCs 110
MOPSIKY HOMEPOB IO YaCOBOM CTpeJke UM CBEpXy BHU3. PUCYHKHM HEOOXOAMMO 10 BO3MOXK-
HOCTH BBITIOJIHATH B BEKTOPHOM (popmare BUIE, kenarenbHo B mporpamme Corel Draw wmum
aHaJIoTax Mo CIEAYIONIMM MpaBUiIaM: IIMPUHA PUCYHKa He Ooree 16,5 cM; ToNIIMHA TUHUI:
OCHOBHBIX — | 1T, BcromorarenbHbIX — 0,5 1T; 1711 0003HAYEHUH B TTOJIE PUCYHKA MCTIONB30-
BaTh Wpudt Times New Roman pazmepom — 9 nt. BekropHble pUCYHKH 3aUCHIBAIOTCS B OT-
JeNTbHBIE (Pailiibl TOKyMEHTOB. DOTOCHUMKH JIOJDKHBI OBITH KOHTPACTHBIMHU M BBITTOJIHEHHBI-
MU Ha MaTtoBo# Oymare. OTckaHupOBaHHBIE (poTOrpaduu 3anuchIBaOTCs B (ailiibl B popmare
TIFF, JPEG. CxanupoBars u3o0paxenue cieayer ¢ paspemenreM 300 dpi u1st KOHTpaCTHBIX
yepHOo-0enbIX pucyHkoB 1 600 dpi — 1 moyTOHOBBIX. L[BeTHBIE MILTIOCTpalluU TOMyCKa-
FOTCSI IO COTIAaCOBaHMIO € peakuueil. O003HaueHus1, TepMUHBI, WITIOCTPAaTUBHBIN MaTepua,
CIHCOK JIUTEepaTypbl TOJKHBI COOTBETCTBOBaTH AeiicTBytommmM ['OCTam.

[lepeyerp mUTEpaTypHBIX UCTOYHWUKOB MPHUBOAMTCS OOIIMM CITMCKOM B KOHIIE CTaThU
(Harvard Style). Cniricok coctaBisiercst o angaBuTy, CHayaua ciaeayloT UCTOYHUKH Ha pyc-
CKOM, 3aTeM — Ha aHIHiickoM. JluTeparypa momkHa ObITh odopmiieHa cormacHo [OCT P
7.0.5-2008. OTchUIKM Ha IUTEPATypy B TEKCTE MPUBOIATCS B KBaPATHBIX CKOOKaX B CTPOKY
C TEKCTOM JOKyMeHTa. Eclii CChUIKY IPUBOMAAT Ha IOKYMEHT, CO3JIaHHBIN OTHUM, JBYMsI HITH
TpeMsl aBTOPaMH B OTCBHUIKE YKa3bIBAIOT (PaMHJIMIO TIEPBOTO aBTOpa U COKPAIIECHUE «HU JIP.»
(«et al.» mms MOKYMEHTOB, Ha S3bIKaX, MPUMEHSIONMINX JATHHCKYIO TPa(HKy); €ClIi aBTOPHI
HE YKa3aHbl — YKa3bIBalOT Ha3BaHME JOKYMEHTA; Jajiee YKa3bIBAlOT IOJ U3aHMs U MPHU He-
00XOIMMOCTH CBE/IEHUs JONOIHAIOT yKa3aHUeM cTpaHull. CBeleHUs] B OTCHUIKE Pa3/ieNsioT
3anaToil. Eciu oTchUIKa CONEPKUT CBEACHUS O HECKOIBKUX CChIJIKAX, TPYIIbI CBEICHUHN pa3-
JIeTISIOT 3HAKOM TOYKa C 3ariToil. B oTchuike MommyckaeTcss COKpaliarh JUIMHHBIC 3araBus,
0003Hayas OMycKaeMble CII0BA MHOTOTOYHEM C IPOOETIOM 0 U MOCIE 3TOr0 MPEeINUCaHHOTO
3HaKa.

Appec peapakummn:

Poccust, PCO-Ananus, 362002, Poccus, r. Bnagukaskas, yia. Mapkosa 93a, ['eodusuue-
ckuii mHcTUTYT BHI] PAH, Pemakmust xxypuana «['eomorus u reopusuka FOra Poccuny. Ten:
8 (8672) 76-19-28; daxc: 8 (8672) 76-40-56, e-mail: southgeo@mail.ru



196  Geology and Geophysics of Russian South 12 (4) 2022 T'eonorvs n reogmanka Kora Poccim

INFORMATION FOR AUTHORS

The journal “Geology and Geophysics of the South of Russia” 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: 1.6.9. Geophysics (physical and mathematical sciences,
technical sciences, geological and mineralogical sciences); 1.6.10. Geology, prospecting and
exploration of solid minerals, minerageny (technical sciences, geological and mineralogical
sciences); 1.6.12. Physical geography and biogeography, soil geography and landscape
geochemistry (geographical sciences); 1.6.21. Geoecology (geographical sciences, geological
and mineralogical sciences, technical sciences); 2.8.6. Geomechanics, destruction of rocks,
mine aerogasdynamics and mining thermal physics (technical sciences), and related scientific
areas.

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

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

1. Earth and Planetary Sciences;

2. Environmental Science.

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

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

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

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

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

Instructions for the authors

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

The article lay-out rules (submission guidelines)

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

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

The article text is typed in Times New Roman (14 pt) through an ordinary interval
aligning along the format. A subtitle is typed in italics, aligning along the left edge. The
common terms, measurement units and conventional symbols similar to the whole article
are used. The decoding of all symbols is given for the first text use. The Latin alphabet
letters are typed in the italics while the Greek letters in the straight type. The mathematical
symbols lim, lg, In, arg, const, sin, cos, min, max, etc. are typed in the straight type. The
symbol shouldn’t coincide with the over symbol element in the chemical elements (H,0)
and measurement units (MW/cm?) and must be of the straight (ordinary) type. One shouldn’t
mix similar written letters of the Latin, Greek and Russian alphabets and should use the
proper macros. The letters  and J, vand v, e and I, h and n, q and g, V and U, O (letter) and 0
(zero) must differ in inscribing. There must be a sign of the continuous gap between a value



198  Geology and Geophysics of Russian South 12 (4) 2022 T'eonorvs n reogmanka Kora Poccim

figure meaning and its dimension. The hyphen is not used; the gap character also mustn’t
be used in the text for the lay-out. The formulas are designed with the help of the built-in
formulas processor (Microsoft Equation), the enumeration being done in the round brackets
(2), aligned along the right edge; the decoding of all signs (letters) in the formulas is given in
the order of the formula reference. To avoid the errors and misunderstandings, the editorial
staff recommends the authors to use the Latin, Greek and other (not Russian) alphabet letters
in the formulas and to keep to the omission sizes while the formulas printing. Large formulas
must be divided into separate fragments. If possible, the fragments must be independent;
each line is a separate object. The enumeration and punctuation marks should be put into
an ordinary text separately from the formulas. The tables, pictures and photos are placed
inside the text and must have a through numeration along the text (not by the sections!) and
their own headings. The titles of all tables, pictures and photos are presented in Russian (11
point, italics). The numeration of the picture symbols is given in clockwise order or from
up to down. The pictures should be done in the computer form, preferably in Corel Draw or
compatible program using the following rules: a picture width — not more than 16.5 cm, a
line thickness: the main — 1 pt, auxiliary — 0,5 pt; for the symbols in the picture area — «Times
New Roman» type of 9 pt must be used. The vector pictures are written into the separate
documentary files. The photo pictures must be contrast and performed on the mat paper. The
scanned photos are written into the files of TIFF and JPEG format. To scan the image one
should use the resolution of 300 dpi for the contrast black-white pictures and 600 dpi for
semitone ones. The colour illustrations are admitted on the editorial agreement. All symbols,
terms and illustrations should correspond to the operative standards.

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

The editorial office address:

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



Geology and Geophysics of Russian South 12 (4) 2022 ['eonorvs n reopuanka fOra Poccmt - 199

T'EOJIOTHSI U TEO®U3NKA
FOTA POCCUH
(N 4. 2022 . Tom 12)

I'maBublii penakrop B.b. 3aanuwesunu

MonnucaHo B nevatb 28.12.2022 r. ®opmart 60x84 1/8.
[ata daktnyeckoro Bbixoga 10.01.2023 r.
Yen. ney. ninet 23,1, FapHuTypa «Times».
Bbymara odpcetHas. Meyatb undposas. Tupax 100 ak3. 3akas N2 149,
CBobopHas LieHa.

M3nanue 3apeructpupoBano B ®eepaibHoii ciiy:xkde o Haa30py B cdepe cBA3H, HHPOPMALHOHHBIX
TEeXHOJIOTHii U1 MaccOBbIX KOMMYHuKkanmii. Ceuaereaberso [N Ne ®C77-72125 ot 29 gexadps 2017 r.

W3pnatens:

I'eopusuyecknii uHcTHTYT — puauan @®I'BYH ®enepalibHOro HAY4YHOT0 HEHTPA
"BnagnkaBka3ckuii Hay4Hblil neHTp Pocceniickoii akanemun Hayk"
Agpec u3garens U peaKknuu:

362002, PCO-Ananus, r. Bnagukaskas, yia. MapkoBa 93a
ten. 8 (8672) 764084; dakc 8(8672) 764056
e-mail: southgeo@mail.ru
http://geosouth.ru

OtneyataHo UMM LonaHosoit A.1O.
362000, r. BnagnkaBkas, nep. MasnoBckui, 3



	bau0005
	bau0010
	bau0015
	bau0020
	_Hlk118376556
	4_Conclusions
	_Hlk120372884
	_Hlk120352755
	_Hlk120458177
	_Hlk120460156
	_Hlk120447248
	_Hlk120375539
	_Hlk116813220
	_Hlk120439089
	_Hlk120439103
	_Hlk117350193
	_Hlk120439123
	_Hlk120350659
	_Hlk120348124
	_Hlk120346924
	_Hlk120346517
	_Hlk116982731
	_Hlk120352266
	_Hlk120174352
	_Hlk120447335
	_Ref121481525
	_Ref121480401
	_Ref121480487
	_Ref121481156
	_Ref121481379
	_Ref121481328
	_Ref121481554
	_Ref121476706
	_Ref121482040
	_Ref121482313
	_Ref121482321
	_Hlk111003517
	_Hlk75172454
	bookmark1
	Обложка
	bau0005
	bau0010
	bau0015
	bau0020
	_Hlk118376556
	4_Conclusions
	_Hlk120372884
	_Hlk120352755
	_Hlk120458177
	_Hlk120460156
	_Hlk120447248
	_Hlk120375539
	_Hlk116813220
	_Hlk120439089
	_Hlk120439103
	_Hlk117350193
	_Hlk120439123
	_Hlk120350659
	_Hlk120348124
	_Hlk120346924
	_Hlk120346517
	_Hlk116982731
	_Hlk120352266
	_Hlk120174352
	_Hlk120447335
	_Ref121481525
	_Ref121480401
	_Ref121480487
	_Ref121481156
	_Ref121481379
	_Ref121481328
	_Ref121481554
	_Ref121476706
	_Ref121482040
	_Ref121482313
	_Ref121482321
	_Hlk111003517
	_Hlk75172454
	bookmark1




