BecTHuK HAYYHBII KYPHAI

MoOCKOBCKOIO

OcHoBan B HOs10pe 1946 r.

YHUBEpCUTETA

Cepus 5 ['EOI' PAOUS Ne 12021  SHBAPL-®EBPAJIH
UsnarenscTBo MOCKOBCKOIO YHHBEPCHUTETA Boixodum odun paz ¢ 06a mecaya
COOAEPXAHUE

Teoepaghus u srxo0n02us

Epemenko E.A., ®y3zenna IO.H., Bopomunos E.B., Bracos M.B.,
Bpenuxun A.B. AnrponorenHas tpaHchopmanus peibeda BopkyriHckoro npo-
MBIIUIEHHOTO PAMOHA .......cucviuiieiieiiereiiiesiseeseetenesese sttt ese s snae st s sen e e s ene

Junamura ceoepapuueckux npoyeccos

CeBactbsinoB J[.B., Canenko T.B., Haymenko M.A., boiinarpsau B.P.
PurMuka npupoHEIX IPOIIECCOB B paiioHe MaccuBa Aparail (ApMeHHs) 110 TaHHBIM
HBYUCHUS O3EPA YMPOM ..uvenvrireenienienienesteeteeseestessesestessessessessessessessensensessesessessesnsensesensenms

Dsomoyuonnas eeoepadus

Oxcunenko I1.B., JlaBpos A.B. Hcropus hopmupoBanus nemmepsbl TaBpuaa —
MaMsITHUKA (hayHbI TO3BOHOYHBIX TT03THETO BIJUIA(PaHKA U €€ MaTeOHTOIOrHUeCKOe
BHAUCHIIC ....ceevevvemeneneeeresiteteteuesesesesestat et et s eseseseses e st tatatese bbbt st e tat st s bbb est st ta e et et ebsebeeneneneses

ABepkuna H.O., TanneukoBa E.E., OBcensan S.C., llnunsxaren P.®.,
bayx X.A., Hukonaes C./[. Hcropus BOCTOUHOM KOHTHHEHTAILHOM OKpauHbI
Mopsi JIanTeBBIX B TOJIOLIEHE: INTONIOTMYECKUE H MUKPOIIaJICOHTOJIOr UECKHE JaHHbIE

Memoowl eeoepaghuueckux ucciedosanui

Cunopuyk A.IO. Dxcnpecc-MeTox OLIEHKH OBPAKHOIO MOTEHIHAMA «....c.vveeuvveeneeennen.
ITanun A.H., Pernbckuit M. A., Tukynos B.C.IIpocTpaHcTBeHHbIE 3aKOHO-
MepHocTu pacnpoctpaHenus manaemun COVID-19 B Poccun n mupe: kaprorpadu-
YECKHIM HATIHS .....coveeereeieaesesnseessessae s s sesesese st s s sssstss et sssesesssess s s sae e smsesssessaesnaesens
Hayn P.M., KonecuukoB C.U., Kysuna A.A., MuunuxkoBa T.B., Ka-
3ee K.II., Hryer J.X., Jaur X.K. Ouenka ycToHUNBOCTH apUIHBIX IIOYB
1ora eBporneiickoii uactu Poccuu K 3arpsi3HEHUIO KaIMHEM 10 OMOIOTHYECKHM MOKa-

UyukanoB A.C., AnexceeB A.l. BpeMms ocHOBaHHUS CENbCKOIO HACEIEHHOTO
MyHKTa Kak (GakTop ero cradmibHOCTH (Ha npuMepe JlebensHckoro paiona Jlumer-
KOH OOJTACTHL) «....v.vvveaeevereveeessssesesesessssesesesessssesesesessssssesesassssssesesssssssesessssesesesesmsssessssssnsesesenes

Pezuonanvusie uccneoosanus

Maprapsu B.T., ®ponosa H.JI. Ouenka npocTpaHCTBEHHO-BPEMEHHON U3MEH-
YHBOCTH 3MMHET0 MHUHHMAaJILHOTO JIEKaHOrO CTOKa pek OacceliHa ozepa CeBaH B
YCTIOBHSIX COBPEMEHHOTO H3MEHEHHUS KITUMATA .. ....voveeeerererenenrerenereneeseseseeeerenesescecanenencs

NUmanrynor JI.P., Makcumenko M.P., CaBockyr M.C., Cadpponos C.T.
BiusiHue 3THOKYIBTYPHOTO (haKTOpa Ha HBONIOLUIO CEIBCKOTO PacCceIeHHUs Ha TIPH-
Mepe MOTUITHUYHBIX PaioHOB BamKupru 1 Mapuil DI .......covveveeeneieiicienicnicriene e

Kpamxkue coobwenus

NBanoB M.M., Komuccaposa O.JI., Komosckuit T.C., [Ieinnénkor A.C.
[IpumeHeHue moaeBoii raMMa-CleKTPOMETPUH U T03UMETPHUH 1S UCCIIEOBAHUS
OCaJKOHAKOIUJICHHUS Ha IHoHMe Majiol paBHMHHOM PEKH B 30HE PaJUOAaKTHBHOIO
BATPABHEHIS .......cevvvenieisieesen et s as e e ssss st s e s st st e ettt et s et es et saees

OcunoB A.M., 'ymuna /[.10. Mexauusm popMupoBanus 1Byx TUIIOB Diib-HUHBO
B COBPEMEHHOM KITUMATE ......eeuvvnrernirentsenseesenessaesesessaesesesessasssesesesessessssesesssessassessssenssene

16

27

43

54

62

78

88

97

109

120



VESTNIK MOSKOVSKOGO UNIVERSITETA, SERTYA GEOGRAFIYA

CONTENTS

Geography and ecology

Eremenko E.A., Fuzeina Y.N., Vlasov M.V., Voroshilov E.V.,
Bredikhin A.V. Anthropogenic transformation of relief in Vorkuta industrial
TCEION ...vuveveveieieeeeeeeeee st e s e e e seseseseseseseseseseseses et et esssessssssssssssssesesesssssssssemmessssssssesssssnsesasesesasasasens

Dynamics of geographical processes

Sevastyanov D.V., Sapelko T.V., Naumenko M.A., Boynagryan V.R.
The rhythm of natural processes in the area of the Aragats Massif (Armenia) according
tothe Umroi Lake study data..........ccooveieieieieiinicieieieeeesec e

Evolutionary geography

Oksinenko P.V., Lavrov A.V. History ofthe Taurida cave, a monument of the late
Villafranchian invertebrate fauna, and its paleontological significance........................

Averkina N.O., Taldenkova E.E., Ovsepyan Y.S., Spielhagen R.F.,
Bauch H.A., Nikolaev S.D. The Holocene history of the eastern continental
margin of the Laptev Sea: lithological and micropaleontological evidence....................

Methods of geographical studies

Sidorchuk A.Yu.Express method of estimation of gully erosion potential ...............
Panin A.N., Rilskiy I.A., Tikunov V.S. Spatial patterns of COVID-19
distribution in Russia and the world: cartographic analysis ............cccceeviveierienrieierneennns
Daoud R.M., Kolesnikov S.I., Kuzina A.A., Minnikova T.V.,
Kazeev K.Sh., Ngueg D.H., Dang H.K. Assessment of the cadmium
pollution resistance of arid soils in the south of the european part of Russia using
DIOIOZICAL INAICALOLS ......vvvveviveriereeiriieteteeeete ettt ettt s e s e bsesese et sesassesssassesesmneesesens
Chuchkalov A.S., Alekseev A.I. Foundation time of a rural settlement as a
factor of its stability (case study of the Lebedyan district, Lipetsk region) ..................

Regional studies

Margaryan V.G., Frolova N.L. Assessment of the spatio-temporal distribution
of winter ten-day minimum runoff for the rivers of the Sevan Lake basin under the
modern climate ChANGE ...........ccovvveviiiicieeceee ettt

Imangulov L.R., Maximenko M.R., Savoskul M.S., Safronov S.S.
The influence of ethnocultural factor on the evolution of rural settlement patterns
(case study of the polyethnic regions of Bashkiria and Mari El) .........ccccccceviniinnenns

Short communications

Ivanov M.M., Komissarova O.L., Koshovskyi T.S., Tsyplenkov A.S.
Application of field gamma-ray spectrometry and dosimetry to study sedimentation
on the floodplain of a small plain river in the zone of radioactive contamination .......

Osipov A.M., Gushchina D.Yu. Mechanism of generating two types of El Nifio
under modern climatic CONAILIONS ..........eveurueuiririeieinieiee ettt

16

27

03

62

78

&8

109

120

© «BectHrk MockoBcKoro ynusepcurera», 2021



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 3

I'EOTPA®UA U DKOJIOI'UA

YIAK 913+551.4.08

E.A. Epemenko', H0.H. ®y3euna’, E.B. Bopoumuios®, M.B. Biacos®, A.B. Bpenquxun®

AHTPOIIOI'EHHAS TPAHC®OPMALUA PEJIBE®A BOPKYTUHCKOI'O

IMPOMBIIILJIEHHOT'O PAVIOHA

BriepBrie BEINOIHEHA KOMMYECTBEHHAs OLIEHKAa aHTPOIIOIeHHOH TpaHchopManuu penbeda Ha Teppu-
TOpUH BOpKYTHHCKOTO MPOMBIIITIEHHOTO paiioHa 3a 90 JieT X03s4iiCTBEHHOTO 0OCBOEHUs. BrlneneHs! yyacT-
KU mpeoOnangaronieid npsamMon (co3gaHue aHTPOIIOTCHHOTO peibeda) U KOCBEHHOW (M3MEHEHHE YCIOBHM
pensedooOpa3oBaHus, CIEKTpa M MHTEHCHBHOCTH TeOMOP(OIOTHYECKUX MPOLECCOB) TpaHCGHOPMALUU
penbeda. Oxomo 25% (144 kM%) OT Beeii TUIONIaaU paiioHa — 5TO TEPPUTOPHH, TIE MO0 CO3aHbl aHTPOIIO-
rersbie Gopmsl perbeda (79 km?), 1160 HAOMIONAETCS CYHIECTBEHHOE M3MEHEHHE ECTECTBEHHOTO X0/ Pas-
BUTHS T€OMOP(OIOTHYECKHX MPOLECCOB (65 KM?). Cpey PAMBIX aHTPOTIOTEHHBIX TPaHCHOPMAIIUHA PETb-
eda 1o miIomany ¥ 06beMaM epeMEIEHHOTO BellecTBa IPeo0naaloT akKyMyIATUBHBIE — CO3MaHHUE HOJIO-
KUTENBHBIX (HOpM penbeda (OTBaIbI, HACKHITIA U Jp.), OOMIas IUIOMA1b UX COCTABISET 75,2 KM%, 00bEM —
417,8 mum M>. Tpu 310M 30% TIOMIAMHM BCEX MOJIOKHUTENBHBIX aHTPOMOTEHHBIX (OpM M 66% nx 00beMa —
9TO OTBaibI WaxT. [Ipsmble neHynanoHHbIe TpaHChOopMaLuH (Co3qaHne KapbepoB, KAHATOB U IIP.) 3HAYH-
TENBHO YCTYNAT 110 mwiomanu (3,8 kmM?) U 00beMy nmepeMenieHnoro marepruana (72 mia m°). KocseHnsie
TpaHchopmanuu peabeda IMEIOT MECTO B OJMIKAMIINX OKPECTHOCTAX (10 1 KM, B OCHOBHOM — B IIpeziesiax
200 M) 30H IpsAMBIX TpaHchopManuil. OHH BBIPAKAIOTCS B U3MEHEHUH CIIEKTPa M HHTEHCUBHOCTH I'€OMOp-
(oJIorMUecKuX MpoLeccoB (IMPEXKIe BCEro, MEP3JIOTHBIX, CKIOHOBBIX U (DIIFOBUANIBHBIX) BCIEACTBUE HApY-
LICHHs CIUIOIIHOCTH PAaCTUTEIBHOIO TOKPOBA, U3MEHEHHs THPOre0IOrNYECKOr0 peXkuMa, TEeIIOBOro Oa-
JIaHCa MEP3JIbIX TOMII U Ip. B cocTaBe aHTPONOTeHHBIX OTIIOKEHUH TeppUTOPUH a0COMIOTHO PeoOIagaoT
II0 TUIOIIAAX PACIpOCTPAHEHUS U 00beMaM IMPOIYKTHI APOOJIECHUS CKAIBHBIX, B TOM YHCIIE YIIECOAEpXKa-
LIMX ITOPO, U3BATHIE IPU MPOXOAKE IMOA3EMHBIX BEIPaO0TOK. Hanbonpmme 00beMbl aHTPOIIOTeHHBIX OTJIO-
JKEHHUI COCPEIOTOYEHBI B OTBAIBHBIX MoJsxX maxt, [{OD «lewopckas» u KOHBATHHCKOTO YroJbHOTO pas-
pe3a (B cymme — 10 66% OT Bcero o0beMa), a TakyKe B HACBIISIX MO/ HACEJICHHBIMH MMyHKTaMu (10 26%). B
IIpeAenax y4acTKOB Pa3BUTHSA aHTPOIIOICHHOIO penbeda MOTydrld pa3BUTHE 00BaIbHO-OCHIITHBIE, SPO3H-
OHHBIC U 30JIOBBIC ITPOLECCHI, B €CTCCTBCHHBIX YCJIOBUAX PAa3BUTHIC HA TEPPUTOPUHN KpaﬁHe OIrpaHU4Y€HHO,
CIIEKTP KPUOT'€CHHBIX MPOLECCOB 3A€CH OBILIT U3MEHEH — BEAYIIHUM NPOLECCOM CTaJI0 KPUOTCHHOE BBIBETPH-
BaHUC, 4 MYYCHUE U TCPMOKAPCT, HAIPOTHUB, NPAKTUICCKHA HE Pa3BUTEI. Hau6onee onmacHbIM TNIPUPOIHBIM
IIPpOLECCOM, Pa3BUTHIM B IIPEACTIaX OTBAJIbHBIX oJieH Z[eﬁCTByTOIL[I/IX 1 JIMKBUAUPOBAHHBIX IHAXT, ABJIACTCA
camoBo3ropanue. OOHapyKeHHbIE IPU3HAKHU 3TOTO Ipolecca (IapeHHue OBEPXHOCTH, BBIXOJ] TOPSYHX a-
30B M PacTBOPOB, (hyMapoIbl, IpOCaJKu MOBEPXHOCTH OTBAJOB) YKa3bIBAIOT Ha BO3MOXXHOCTh CYIECTBO-

BaHUA B TEJIC OTBAJIOB KPYITHBIX MOJIOCTEH U TPCIIMH.

Knioyesvie crosa: IOpOAHBIE OTBAJbI, Kapbepbl, JOObIUA YITIL, TEXHOTCHHBIE I'PYHTHI, penbed paiio-

HOB TOPHOAOOBIYH

Brenenue. BopkyTMHCKUI IPOMBILITIEHHBIA pailoH
(BIIP) pacnomaraercs Ha Tepputopuu Iledopckoro
yroiapHOro 0acceiina (pecnyonuka Komu), odmmas mio-
maab KOTOPOro cocrapiser okomo 90 Teic. kM2 DTO
KpyIHeH it yronbHbIi 6accelin B EBporie u enmuHCTBEH-
HBIM B eBporieiickoi yactu Poccuu, rae m00bIBaOTCS
KOKcyrotmuecs: yrim (okomo 9% ot Bcero oohema J00bI-
Yl KOKCyloImmxcs yriiel B Poccun). banancossie 3ama-
CBI YISl COCTABIISIOT OKOJIO 7,4 MuIpa TOHH (B T. 4. —
3,3 MupA TOHH Kokcyromuxcd yriei) [Jlorunos, Cmup-

HOB, 2005]. OcHOBHBIE MOTPEOUTENN BOPKYTHHCKOTO
yrst — Yepenosenkuid, HoBonunenxuit u HuxHeraruib-
CKHIl METaJLTyprHueCcKre KOMOMHATHI, MOCKOBCKHI KOK-
cora3oBblii 3aBoJ U JICHMHIpaICKUI1 TPOMBIIUIEHHBII
y3en. C 1931 rona Ha maxrax BopkyTsl 10OBITO OKOIO
960 muiH ToHH (B 1980-x moObiBanu 10 22 MIIH T/T01, B
Hacrosiee Bpemsi — 10 1415 mutH 1/Tom). Yronb 31ech
MOAHUMAIOT ¢ OonbIIo# TmyouHsI (1o 1100 M), uTo Tpe-
OyeT CIOKHOM opraHu3allii JOOBIYHOrO Ipolecca, a
TaKXKe MPUBOJNT K (OPMUPOBAHHIO OONBIINX 00HEMOB
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IIyCTOM OPOZIBL, U3bIMAEMOI IIPU IIPOXOKE IO3EMHBIX
BBIPaOOTOK (CTBOJIOB, IITPEKOB, JIAB, IITONICH U 1p.). [Ipu
J0ObIYe THICSYM TOHH YIJIsl HA TIOBEPXHOCTH M3BJIEKa-
ercst oT 200 10 300 T mycToit moponas!l [KoprryHosa,
1999; CesepbsnoBa, 2015], kotopast ckiaaupyercs B
OKPECTHOCTSIX MIAXT, (OPMHUPYS OTBAIIBI TUIOMIA/IBIO B
necatku ra u Beicotoil 10 40 M. Komrmuiekc anTporo-
reHHbeIx GopMm penbeda Tepputopru BopKyTHHCKOTO
y3J1a BKITFOUAET HE TOJIBKO COOCTBEHHO OTBAJIBI IIAXT
00OoraTUTENbHON (haOpUKH, HO U OOJIBIIIOE KOTHYSCTBO
npouux (Gopm, 00Opa30BaHHBIX B XOJIE COMYTCTBYIOIIIE-
T'0 XO35IIICTBEHHOT'O OCBOEHUS TEPPUTOPUH (HACHITTH aB-
TOMOOHIIBHBIX U KEJIE3HBIX JJOPOT, TUIOMI/IHbIE OTChIII-
KM T107] HACEIEHHBIMH MyHKTaMH | JIp.). 3a TpPOIIea-
IIee CTOJIETUE TIPUPOHBIC JTaHIIA(THl OKPECTHOCTEH
BopkyTbl ObITH cymecTBEHHO M3MeHEHBI. HambOomee
W3yUYEHBI TEOXUMHUYECKUE TIOCIEICTBYSI TOPHOIOOBIYH
[Kopurynoga, 1999; /IsimoB u np., 2013; CeBepbsiHOBa,
2015], B TO BpeMs Kak paOOTHI 1O OLIEHKE M3MCHEHUS
penbeda panee He mpoBoxwiKch. Llenpio uccnenoa-
HUS SBJIIOCH BbIJIEJIEHHUE OCHOBHBIX TUIIOB aHTPOIIOT€H-
HO# TpaHcdopmMaruu penbeda BopKyTHHCKOTO IpOMBIIII-
JICHHOTO pailoHa, a Tak)Ke BIIEPBBIE KOJMYECTBEHHAS
OlICHKA ee MacmTaboB 32 BECh MIEPHOJ] XO3SIHCTBEHHO-
I'0 OCBOEHUA.

BopkyTHHCKII TOPHOI00BIBAIOIIHIA y3€I pacioia-
raercs B BOCTOYHOW yacTu bonblie3seMensckol TyHJ-
pbI BOIM3M 3amaaHbix orporos [lonsproro Ypana. Tep-
pUTOpHS MPEACTaBIsIET COO0 MOIOTOXOIMHUCTYIO
JIETHUKOBO-aKKYMYJISITUBHYIO PABHHHY, a0COTIOTHBIE
OTMETKH Mexaypeduit coctaBisaioT ot 170 mo 230 m.
I'myObuna Bpe3a Hamboliee KPYNMHBIX PEYHBIX JOJIUH
(Bopkyra, FOubsixa, Bopramop u mnp.) He IpeBbIIIaeT
50 M, aMIUIMTYABI BBICOT B IIpeAeIax MeXIypeduil co-
cTaBIAOT B cpenHeM oT 3—4 no 10-12 m. Kpyruzna
MTOBEPXHOCTH B IMpe/iesiax MEeXAYPeUIrnid He MPEBBIIIAaeT
3—4°, muuib B mpenenax d3pOo3UOHHOM CeTH yBeIUYnBa-
sicb 10 60—90°. C moBepXHOCTH 3aJIeraloT YeTBEepTUY-
HbIe OTIIOXKeHUs (cpenHss MourHocTh oT 20 g0 60 M),
MpeACTaBIEHHbIE TPEUMYIIIECTBEHHO JIGAHUKOBBIMU U
BOJIHO-JIGTHUKOBBIMHU OTJIOKEHUSIMHU CPEAHETO MIeHCTOo-
neHa [ActaxoB u ap., 2007]. B nonuHax pex pa3BUTHI
TPH YpOBHS HaANOWMEHHBIX Teppac, a TaKKe COBpe-
MEHHas ToiMa, CIOKEHHBIE CyTIeCYaHbIM U CYTIIMHHC-
ThIM ajutioBueM. [loncTumaromnyie KOpeHHBIE MOPOJIBI
(HIXenepMCKue IeCYaHUKH, apTHIITUTHI, aJIeBPOIUTHI,
YINIH; peke — HIKHEKaMEHHOYTOJIbHbIE M3BECTHAKH U
JOJIOMHUTBI) CMATHI B CKJIAQJKH C YIJIaMH MaJeHHUS OT
MepBhIX TpaxycoB g0 60—70°, BCKPHIBAIOTCS JUIIL B
JONMHAX KPYIMHBIX pek (BopkyTta, Yca u ap.). MomHocTs
YTOIBHBIX TUIACTOB B TIOPO/IAX HUKHETEPMCKOTO OT/Ie-
na coctaBisier a0 4,5 M (tumact «MOIIHEBIIY), B cpel-
HeM — okoio 1,5 M [JloruaoB, CmupHOB, 2005]. Paiion pa-
00T pacIoNoKeH B 30HE CIUIONIHOTO PA3BUTHS MHOTOJIET-
HEMEpP3JIBIX MOPOJ, MOUTHOCTh KOTOPBIX COCTAaBIISET
ot 60 10 120 M. Ha mMexaypedHbIXx MOBEPXHOCTIX U
PEUHBIX Teppacax pa3BUT KPUOTEHHBIH penbed — Oyr-
PBI ITy4yeHust (OTHOCUTEIbHOM BBICOTOM 110 2—3 M, 10 10—
15 M B momepevyHuke), TEPMOKapCTOBBIE KOTIOBHUHBI
(rmyOunoM 10 2—3 M, 10 300 M B IIONIEPEUHHKE), JTOK-
OWHBI TIpOoTanBaHus. B ecTeCTBEHHOM pacTHTENLHOM

MOKPOBE JOMHHHUPYIOT KYCTapHUYKHU (KapJIHUKOBAasl NBa,
Oepesa, OpyCHMKA U Jp.), MXH, JINIIANHUKY.
CTpouTeNnbCTBY EpBOH MIAXTHI JJIST JOOBIUM YIS
MpeAIecTBOBa OoJiee YeM CTOJIETHHUM TepHoJl MOouC-
Ka W pa3BeIKH ChIpbs. [lepBast myOnmuKaiusi 0 Haxo/-
Kax MCKoIlaeMoro yriisg Ha [Ieqope oTHOCUTCS K IEpBOM
nonoBuHe XIX Beka [Jlenbrun, 1828]. B 1920 r. Obuia
oprannzoBaHa CeBepHas HayYHO-IIPOMBICIIOBAsI HKCIIe-
JTUITHSL, OTPSIIBI KOTOpoii ¢ 1921 1. Benmu 1ieneHamnpapiieH-
HBI [TIOMCK BBICOKOKAYECTBEHHBIX yriied B Ileqopckom
kpae. Pesyiabrarel aTux pador mo3Bomuian A.A. Uep-
HOBY B 1924 1. chopMynupoBath BHIBOI O HaJTMYUH OT-
pomHoro Ileuopckoro yromsHoro Oacceiina [lerines,
2014]. B 1931 r. na mpaBoM Oepery peku BopkyThr 3a-
JIOKEH MOCENOK PymHHK M TiepBasi yroibHas ITONBHS
[[lIabaeB u ap., 2018a]. B 1937 . Ha JieBOM Oepery
pexu BopKyThl Ha4an0Ch CTPOUTENBCTBO MEPBO IIaX-
o1 (Nel «KamuranbHas»), psSaoOM ¢ KOTOPOW BO3HUK
nocenok Bopkyra, nmomy4usimii B 1943 1. cratyc ropo-
na. Jlo cepenuupl XX Beka J0ObIYa BOPKYTHHCKOTO YTJIS
MIPOM3BOIMIIACH B OCHOBHOM CHJIAMH 3aKIJIFOYEHHBIX (10
73 ThIC. YENOBEK, MPOXUBABIINX MPEHMYILIECTBEHHO
BONM3W MAaxT B OapavyHbIxX Jarepsax). OKoHYaTeNbHbIH
nepeBo] MIaxT KoMOnHaTa «BopkyTayrons» Ha BOIBEHO-
HaeMHYIO CHUTy mpou3orien Toabko B 1960 r. K Hauamy
1990-x rT. B okpecTHOCTIX BopkyTs! padorano 13 kpym-
HBIX MIaxT. VIX 3aKIaibIBaiiu MO KPYTy Ha KParo Yrojib-
HOU 3ajiexu (Mynpabl). Pagom Beipocnn nocenku: Ok-
Ts0pbckuii, CeBepHbii, FOpimop, [TpomblitiimienHsi, Bop-
rarmop, CtpouTtenbHblii, KoMmcoMonbckuid, 3amonspHbIi,
Coserckuii. B paiionax mocenenuii 6pu1a copmupoBa-
Ha TOTHOICHHASI HTHQPACTPYKTypa (IETCKUE U IIKOIBHBIE
YUpeXKIEHUs, TOMUKIMHUKY U 11p. ). [Tocenku coequanma
acanpTIpoBaHHAas Jopora IMHON 54 kM — BopKyTHH-
CKO€ KOJTBII0. YTIaJ0K B METAJUTYPrUYECKOM TPOMBIIILICH-
HOCTH, ocnenoBasimii 3a pactagom CCCP, cHu3ui koH-
KypPEHTOCIIOCOOHOCTh BOPKYTUHCKOTO YIJISI HAa PBIHKE.
3apaboTHas 11aTa COTPYIHUKOB KoMOUHaTa (To3aHee —
AOQO) «BopkyTayronb» CHH)XKaJlach PU COXPAaHCHHUH TSI-
JKEJEUIINX YCIOBUM TPYAA, CBA3aHHBIX C F€OJIOTMYECKUM
CTPOCHHEM y4acTKa JI0ObIuM (MakcuManbHas B Poccun
IyOMHa M MeTaHoomacHOCTh [3alypuses, 2016]). B
IIaxTax y4acTUJIHCh aBAPUH, YHOCUBIINE )KU3HU JIECSIT-
KOB maxtepoB. B 1990-x TT. OBLIO 3aKPHITO IIECTh IAXT,
B Hayaje 2000-x IT. — eme aB8e, a B 2016 1. mociie aBa-
pHH IPHOCTaHOBIIEHA 00bIYa yris Ha maxre «Ceep-
Hol». B mocnennue 30 ner Habmronaercst crabuibHAS
nenonymsuust BITP, nepugepuiinbie ero odnactu 3ace-
JIeHBI JIWIIh YaCTHYHO I BOBCE 3a0pomieHbl [AHTO-
HOB U J1p., 2014]. I1o cocrostauto Ha koHer| 2019 1. mpo-
JOJDKAIOT PabOTy YeThIpe MaxThl — «Bopramopckasiy,
«Komcomonbckast», «BopkyTuHcKast» (ObIBIIAS IIax-
Ta No 1 «KanuraneHasy) u «3anongapHasy». Kpome neii-
cTBytonmx maxt, ¢ 2000 I. yroyib 100bIBAIOT TaKXe B
paspese «FOHBSTUHCKUIY (TIEpBOE U €IUHCTBEHHOE B
MUDpE IPEANPUITHE, T00BIBAIOIIEE KOKCYIOLTHICS YTOJb
OTKpPBITBIM criocobom 3a [MomsipabiM kpyrom). Uzyde-
HUE MaciuTada ¥ TUIIOB aHTPOIIOreHHOM TpaHchopmMa-
1uu penbeda paiiona BopkyTsl BaXKHO [T TOHUMAaHUS
MeXaHH3Ma BIUSIHUS TOPHOI00BIBAOIICH TPOMBIIILICH-
HOCTH Ha €CTECTBEHHOE pa3BUTHE penbeda APKTHKH,
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B TOM YHCJIE, B YaCTH AKTHUBH3allMN HETaTHBHBIX U OlTac-
HBIX TEOMOP(OITOTUIESCKUX TTPOLIECCOB.

Marepuasbl 1 MeToabl HccaenoBanus. CBeeHUS
0 XpOHOJIOTHH PacHIUpEHHst 30HbI TOPHOJIOOBIYH B OKpe-
CTHOCTSIX BOpKYTHI IOITyYeHbI 13 OIMyOIMKOBAaHHBIX JIaH-
HbIX [[IpiMOB 1 11p., 2013; Uernes, 2014; [1labaes u ap.,
2018a, 20180; Barenberg, 2015], a Takxke MarepuajoB
apxuBa ['eonorudeckoro myszes OAO «llomsipHOypasre-
onorusi» uM. K.I'. BoitHoBckoro-Kpurepa B Bopkyte u
MBYK «llenrpanuzoBanHas OUOIHOTEYHAS CUCTEMa
Bopkytsl [MyaunumansHoe ..., 2020]. Otu maTepuaibt
WCIIONIb30BAHKI TP OTPE/IeTICHUH BPEMEHH BO3HUKHOBE-
HUSI 09aTr0B OCBOCHHUS M N3YYEHUH TEXHOJIOTUIECKHX ITPO-
1eccoB 100614 yriist B BopkyTte. [TockonbKy 1ensto wc-
CIIeIOBaHMS SIBIISUIACH OIlEHKa 00IeH TpaHchopManyu
penbeda 3a Bech Mepro OCBOSHHUSL, CIieUalIbHBIE pado-
THI TI0 PEKOHCTPYKIIUM XPOHOJIOT'MU POCTa O4aroB BO3-
JeHCTBUS HE IPOBOAMIHCK. J{J1s TIOTydeHusl TaHHBIX O
CTPOCHUH COBPEMEHHOT'0 ECTECTBEHHOT'O M aHTPOIIOT ¢H-
Horo penbeda BIIP, a Taxke comyrcTBoBaBIIel ocBoe-
HUIO TpaHchopMary reoMopdoIorHuecKx MpoIeccoB,
ocenbto 2019 1. ObLTH BBITIOTHEHBI TIOJIEBBIE TEOMOP(O-
JIOTMYECKHE UCCIIEIOBAHNS, BKITIOYABIINE KPYITHOMACIII-
TaOHYI0 TeOMOP(OIIOTHYECKYIO0 ChEMKY, a TakkKe adspo-
(OTOCHEMKY TEPPUTOPUH C TIOMOIIBIO OECITUIIOTHOTO
nerarenbHoro ammapara (bIIJIA). B xome moneBsIx pa-
60T OBUTH 00CTIEOBaHBI BCE CYIECTBYIOIINE YYACTKU
TpaHchopMaluu penbeda B CBA3M C aHTPOIIOTCHHBIM
OCBOCHHUEM (JTMKBUIUPOBAHHBIE IAXThI, 30JI00TBAIIBI
TOL, TeppUTOpUH HACENEHHBIX ITYHKTOB, JOPOKHAS CETh,
Kapbepbl, cBaiku ThO u ap.), 3a HCKITIOYEHNUEM TeppH-
TOPUH JISHCTBYOIIMX IIAXT (X OIMCAHUE U Ol[EHKa MOP-
(onormuecKux MmapaMeTpoB BBIITONHEHBI 10 KOCMUYEC-
KUM CHUMKaM U C UCITOIIb30BaHUEM U (PPOBOI MOenH
penbeda [Arctic DEM Explorer, 2020] ¢ pa3pemieHuem
2 M). B xone onricanus yuacTKOB aHTPOIIOTeHHOM TpaHC-
(dopmanmu penbeda GUKCUPOBATOCH MECTOIOIOKEHUE
1 MOP(hOJIOTHS aHTPOIIOTEHHBIX (POpM (IJTHHA, IUpUHA,
TIyOHMHA, BBICOTA, KPYTH3HA U JIp.), UX COOTHOILICHHUE C
WCXOIHBIM peNbe)OM MECTHOCTH, TeOMOP(HOIOTHYECKUE
MPOIECCHI (€CTECTBEHHBIE H AHTPOIIOI'€HHO CITPOBOIUPO-
BaHHbBIC) KaK B IIpeieyiaX aHTPOTIOreHHBIX ()OPM, TaK H B
WX OKPECTHOCTSIX, COCTaB aHTPOIIOT €HHBIX OTIIOKECHUH.

s meranbpHOTO HMccienoBaHusi Mopdonorun u
OlIEHKU 00bEMOB OT/IENTbHBIX KPYITHBIX aHTPOIIOT€HHBIX
¢dhopM penbeda BBITOIHEHA CheMKa TEPPUTOPUHU C T10-
mombio BITJIA Bepronéranoro tuna DJIPhantom 3
Advanced Ha AEBATH KIJIIOYEBBIX y4acCTKaX: Ha JTHUKBH-
nupoBaHHBIX maxTtax «llenTpanbHasy, «HOpmopy»,
Neo 20, Ne 25; B roxkHO#M yacTi FOHBATHHCKOTO YTOIBHO-
ro pa3pesa, Ha IBYX Kapbepax 1o noosrue [1I'C u neii-
CTBYIOIIEM Kapbepe Mo J00bIve IeOHs, a Takke Ha
3a0pOIICHHOM YYaCTKE T'e0JI0ropa3BeIKH.

[Tony4yeHnHble MaTEpUaIbl TOJIEBBIX UCCIIENOBAHUN
W aHAJIW3 TAHHBIX IUCTAHIIMOHHOTO 30HUPOBAHUS HC-
MOJIb30BaHbI JUIs pacyera 00bEMOB aHTPONOTCHHBIX
¢dhopM perbeda, onpeneacHus IIoaaeH, 3aHIThIX pas-
HBIMH BUIaMU (OPM M BO3JICHCTBHIA, a TaKKe CO3/a-
HUS HE UMEBIICH aHaJIOTOB paHee CpeTHeMacIITaOHOM
(1:280 000) xapThl aHTPONOreHHOW TpaHchHOpMAaIUU
penbeda BopKyTHHCKOTO MPOMBITIITIEHHOTO paliOHA.

Pe3ysbTarhl Hccae10BaHUs M UX 0OCY:KIeHUeE.
T'opHONpOMBIIIIIEHHOE OCBOEHHE OKPECTHOCTEN BOpKy-
ThI TPAKTHYECKH HUKAK HE BIIUCHIBAJIOCH B €CTECTBEH-
HBIN penbed TepPUTOPUU: IAXTHI U X HHOPACTPYKTY-
pa pacrnoiarajinch B COOTBETCTBHH CO CTPYKTYPHBIMH
0COOCHHOCTSIMH TTOJIOKEHUS ITOJIE3HBIX TOJII (TIACTOB
yIIIsl), @ TIPOYHE 3MAaHUS U COOPY)KEHUs (30HBI JKUJIOH
3aCTPOIMKH, MPOMBIIIICHHBIEC KOMILICKCHI, B YACTHOCTH
oboraTuTenbHbIe (PaOPUKH) PacIoiaraIucCh IO COCE-
CTBY. AHTPOIIOTeHHOE BO3/IeiicTBHE Ha penbed Teppu-
TOPUH MOXHO pa3JelIuTh Ha mpsMoe (Co37aHue aHT-
POIOTeHHBIX (OPM, U3MEHEHHUE ECTECTBEHHBIX (HOopM
penbeda) 1 KOCBEHHOE (M3MCHEHUE YCIOBUH pa3BH-
THS penbeda U, Kak CIeACTBUE, TeoMOP()OIOrHIecKHX
rporieccoB). IIpsiMbIe aHTPOITOreHHbBIE TPaHChOopMaIuu
B paiioHe pabOT MOXHO Pa3JeNuTh HA aKKYMYIAMUs-
Hule (TpeobiagaeT co3laHue MOJI0KHUTEIBHBIX (OpM
penbeda, CI0KEHHBIX aHTPOIIOTEHHBIMH OTIIOKEHUSIMH )
U OeryoayuorHbvle (B OCHOBHOM CO3JIaHHE OTPHUIIATEIb-
HBIX hopM penbeda myTeM u3bATUS TPyHTOB). B Tab-
JIUIIC TIPUBEICHA XapaKTEPUCTHKA YIACTKOB Pa3BUTHS
Pa3HbBIX TUITOB TpaHCcHOpPMAIUil ¥ IPHUMEPHI CO3JJAHHBIX
B UX pe3y/IbTaTe aHTPOIOTeHHBIX POpM.

OOmiast TUIOIA/Ib Y9aCTKOB, 3aTPOHYTHIX aHTPO-
MOreHHOM TpaHcopmMaluel penbeda B npeaenax Bop-
KyTHHCKOTO IIPOMBIIIJICHHOTO paiiOHa, COCTABIISET O~
yrtd 144 kM2, DTa BEJIMYMHA COMOCTaBMMA C IUIOIIA-
JIbIO TaKKMX TOpojioB, kak Koctpoma mim Hedrekamck,
U B MATh pa3 Oonblie miomanau BopkyTtel. Habmroma-
eTcsl TPAIUIIMOHHOE COCEACTBO apealioB MPsIMOI U KOC-
BEHHOI TpaHcopMaIuu penbeda: Kak mpaBuio, oola-
CTH U3MEHEHUS YCIIOBUH Pa3BUTHUS penbeda (pacTUTENb-
HOT'0 MOKPOBA, THIPOTEOIOTUIECCKUX YCIOBHH | IIp.)
00paMJISIFOT OYard MpsAMoro Bo3aeicTBus. IIpsmbie ak-
KyMYJISITUBHBIE TPaHC(HOPMAIIUN Pa3BUTHI CYLIECTBEHHO
mvpe AeHyIaMoHHbIX (puc. 1), T. K. co3maBaeMble Jie-
HYIAIMOHHBIE (POPMBI HAXOAATCS IO/ MTOBEPXHOCTHIO
3eMJTH Ha 3HaYMTENBHBIX MTyouHax. OT Beel miomanm,
penbed KoTopol 3aTPOHYT aHTPOIIOTEHHBIM OCBOCHUEM
(14 356 ta), 55% (7 904 ra) npuxomuTcs Ha YIaCTKH
MpsIMOH TpaHchopMaIiy (TUIOMIA b BCEX aHTPOIOTeHHBIX
¢dhopm) 1 45% — Ha Y4aCTKHM KOCBEHHOH TpaHChOopMaIiuu
(6 452 ra, u3 Hux 3 510 ra — 910 320pOIICHHBIE B HACTO-
SIIIee BPEMsI CEIbCKOXO3SIICTBEHHBIE YTO/IBS).

[Ipeobnagaer mpsiMast akKyMyJIITUBHAS TpaHCOp-
Marus penbeda (HachITH B peienax CeTuTeOHbIX Tep-
pUTOpHIi, OTBAIBHBIC MOJSI IAXT, JOPOKHBIC HACHITTH
u up.) (puc. 2, 3), B Xo1e KOTOPOi cHOPMHUPOBAHBI OT-
POMHBIE 00BEMBI aHTPOIOTEHHBIX OTIMKEHHH (OKOJIO
418 man M®). Eciau o0mnii 00beM aHTPOITOTEHHBIX OT-
JIO’KEHU I BOPKYTHHCKOTO MPOMBINUIEHHOIO palioHa paB-
HOMEPHO PacIpeCUTh Mo TTomand MocKBEI B Tpe-
nenax MKA/I, To OH MOKPOET ee CII0EM TOJIIIUHOHN T10-
ytu 50 cm. Oxono 60% Bcero sToro ob6wvema
MPHUXOIUTCS Ha OTBANBI IaxT U KOHBATHHCKOTO yTrolb-
HOTO paspesa, 26% cocpenoTOYeHO B HACHINIAX MOJ
HaceleHHBIMU MyHKTaMu. OTBajbl YrOJbHBIX MAXT
Bopxkytsl, HO®D «Ilewopckas» 1 KOHBATHHCKOTO yromib-
HOT'O pa3pe3a — KpyIMHEHIIne 10 TUIoMAaad U 00beMy
¢dbopmbI aHTpONOreHHOTO penbeda B bonbineeMense-
ko TyHape. KpymHbie oTBaib (T. H. OTBAJIbHBIE ITONA)
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Tabnuna

Tunbl AHTPONOTeHHBIX TPaHchopManuii pejbeda BopKyTHHCKOro ropHoA00bIBAIOIIET0 PAiiOHA U YY4ACTKH UX PACTIPOCTPAHEHHS

XapakTepHble aHTPONOreHHbIe (HOPMBI pesbeda

VYuactku U ux Mopdosorus (At npsAMBIX TpaHchopma- Crararolye TeXHOI €HHbIe Iomans, ra O0beMm,
pacIpoCcTpaHeHusI 1Mil), XapaKkTepHble reoMOp(HOIOruIecKie mpo- OTJIOXKCHUS ’ ThIC. M°
1ecchl (1711 KOCBEHHBIX TpaHCc(hopMaiiii)
HpﬂMble AKKYMYJIATUBHBIC TpaHC(bOpMaLll/ll/l
OxpectHocTn  JeiicT- | OTBaibl BCKPBILIHBIX TOPOJ BBICOTOH 110 40 M (B 508 89 699
Byrolmx 1waxt («Bop- | cpenHem okoio 15 M)
ramopckas», «Kowm-
comouibcKas», «Bop- IleGeHb, apecBa, MEJIKHUE IIIbIOBI
KYTHUHCKas1», ((331’[0— OTCbll'lKl/l o NPOMBIIIJICEHHBIE KOMIIJICKChI (aﬂeBpOﬂl/lTbl, APruJIJINThI U TJIMHU-
nsipHasy), HOD «Ile- | 1maxT 1 OTBasbl BCKPBILIHBIX IOPOJ BBICOTOI B CTbIE CIIAHIIbI, IECYAHUKN) 556 27 824
qyopcKkasi», a TakkKe | CpeaHeM OKoyo 4—6 M
BPEMEHHO  3aKpPbITOM
mwaxThl «CeBepHas»
. eOeHb eCBa, MEJKHE IJIBIOBI
OtBasibHBIC T0JIS1 BBICOTOH 10 10—-12 M Ha Tep- I > AP >
(aJIeBPOJIMTHI, APIrHJLTUTHL U TJIMHUCTHIC
JIukBUAMpPOBaHHBIE PUTOPHH HBIHE Pa3pyLICHHBIX MPOMBILUIEHHBIX
o CIIQHIIBI, [IECYAHHKH ), OOJIOMKH KUPITH- 321 25679
IIAXTHI KOMIUICKCOB (B TeJIe OTBAJIOB — OCTOBBI 3[aHMUIT) .
4a M JKeNe300CTOHHBIX KOHCTPYKLHMIA,
U B UX OKPECTHOCTAX o
OCTOBbI Pa3pYLICHHBIX 3aHUNU
30J'100TBaJ'Il>l, BBITAHYTBIC B IUIAHE, CO CTyII€HYA- 30,]'13, CYIJIMHKH U TJIMHBI C IPUME-
TBIM NPOGUIEM, OTPAXKAIOIMM HX IOCIOHHOE | CBIO JPECBBI, OIPAAUTEIIBHBIC 1aMOBI 65 6495
Teppuropun TOI u (opmupoBanue, BLICOTOM 10 15 M CII0MEHBI LIEOHEM U JIPECBOI
HX OKPECTHOCTH
307100TBaIBl  M30METPUYHONW B IaHe (GopMbl | 3071a, CYMIMHKH H TJIMHBI C IPHMe- 120 5993
BBICOTOM 710 5 M CBIO JIPECBBI
Hacpinu acgaibTHpOBaHHBIX aBTOAOPOr C JBYMSI 255
u OoJjiee 1ojocaMu JABMXKEHHs, BBICOTOH B cpell- (obwast mpoTspkeH- | 5 742
HeM 2,5-3,0 M, mupuHOiA 1o nojomse 1618 m HOCTh — 150 kM)
Hacurm ac(PaJIbTHPOBAHHBIX aBTOA0POI' U 10pOr
b p A0p Aop IleGens 1 apecBa (M3BECTHSIKH, 309
ABTOMOOHIIbHBIC C YIy4IICHHBIM IOKPBITHEM (111e0eHb, JIpecBa) ¢
2 JI0JIOMUTBI, aJIEBPOJIUTHI, IECYaHUKH, (oO1uast mpoTsHKEH- 4298
Joporu JABYMs I10JIOCAaMU IBHXXCHHSA, BBICOTOU B CpEa-
N APrUJUINTHI) HOCTh — 281 kM)
HeM 1,5-2,0 M, wmpuHo# no noxomse 10-12 m
Haceinu aBTOI0pOr € YJIy4LIEHHBIM [TOKPBITHEM 185 1587
(1ebeHb, IpecBa, IMECOK), BBICOTOM B CpelHEeM (oO1uast mpoTsHKEH-
710 1,0 M, IIMpUHOH 110 moAoIIBe 6—8 M HOCTb — 265 KM)
eticmeyrowue:
193 ra
o011as IPOTHKEH-
Kenesusie noporu . ( b
o Haceinu BbicoTO# 10 4—5 M, IUPHUHA I10 MOA- [lleGenb ¢ mpUMeChIO APECBEI (H3- HOCTb — 121 kM)
(aefcTByIOIIME U 6352
HOXbIO J10 18 M BECTHSIKH, IOJIOMUTHI) 3abpowennvie:
3a0pOLICHHbIC)
33ra
(ob1wast mpoTsHKEH-
HOCTb — 21 KM)
Hacbinu 1o KpynHbIMU HACEIEHHBIMU ITYHKTa- B ocHOBHOM 11e0eHb U ApecBa (U3- 2497 58172
MH (B T. 4., I. BopkyTa) BeIcOTOl 3—5 M BECTHSKH, JIOJIOMHUTBI, IECUAHUKH),
CenuteOHbIE TEppU-
pexe (00BIYHO B HEXKHIIBIX 30HAX) —
TOpHU (TOPOJ, Moce- 5
KH ¥ 1Ip.) Haceinu 110 HeGOIbIIMMH HACEICHHBIMHU TTyHK- | 1EOCHE apriuUIMTOB, aJICBPOIMTOB,
TaMM, IUIOIIAKAMH TOPOJICKOH MH(ppacTpykry- | TIMHHCTBIX CIIAHICB, 1'[1"(3 (B BUIE | 455 49939
per, TOILI, CKIAACKMMH KOMIUIeKcami W mp, | MPOCIHIOCB B Telle Hachmei)
BBICOTOH 110 3 M
Ba M30MCTPUYHBIX B IIJIAaHEC OTBaJla C BBIPOB- o
Csanku TBO Asa HsomeTpiHbIX p BhIToBO# Mycop 40 1 406
HCHHOHW BEPUIMHHOW NOBEPXHOCTHIO
OtBasisl FOHBSITHH- KpynHeiiiie orBajibHbie TOJs Ha u3ydaemoi | IlleGenpb, apecBa (apruJudThl, TJIM-
CKOI'0 YTOJIbHOTI'O TEPPUTOPUH, BbIcOoTa 10 40 M (B CpefHEM OKOJIO | HHCTbIE CIAHLbI), CYIECH, BaTyHbl U 898 134 576
paspesa 15 m) rajbka MeTaMop()HUYECKUX TOPOJ
[psiMbIe JIeHyAalIMOHHbBIC TPaHCHOPMALIUH
B Goprax BCKpbIBAalOTCS YETBEPTHY-
Kapbepbi-npopesu 1o 1oosrue yriist (FOHbpSAruH- Hbl€ CYTJIMHUCTO-CyIleCUaHble OTJIO-
CKHii) BBITSHYTOH BIOJIb IPOCTUPAHUS YrOJIBHO- | JKEHUS C BaJlyHaMH W TallbKo#, ap-
ro riacra Gpopmsl, riayoHHOI 10 50 M TWUIATBI, TIMHUCTBIC M yriuQuIm-
POBAHHBIC CJIAHILIbI, ICCYAHUKHU
B Goprax BCKpbIBalOTCS KapOOHAT-
VYyacTku 100bIYH
Kapbepsl 1o 1o0brde mieOHs KapOOHATHBIX M10- HbIE KOPEHHbIE T1OPO/Ibl, IEPEKPHIThIE 355 71110

HCKOITa€MBbIX

pol (M3BECTHSKA, JOJIOMUTA) MIyOHHOM 110 35 M

YETBEPTHUHBIMHU OTJIOXK CHUSIMH,
JTHHIIA 3aI10JIHEHBI BOJIOM

Kapbepsl 1o 10o0bIde necyaHo-TPaBHHHbBIX CMe-
ceit riryOouHou 10 25 M

B 0oprax BCKpBIBAaIOTCS — I1€CHAHO-
IPaBUITHBIC U [IECYAHO-TAICUHBIC TOJIIH,
CylecH C BaJIyHaMH U TajbKOW, JHHMILA
MECTaMH 3aII0IHEHbI BOIOM
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Iponomxenne Tadim.

XapakTepHble aHTPONOreHHbIe GopMBI penbeda
VYuactku U ux Mopdosorus (I mpsAMBIX TpaHchopma- Crararolye TeXHOI eHHble Iomans, ra O0beMm,
pacrpocTpaHeHHs 11i1), XapakTepHble reoMopdoIornuecKue mpo- OTJIOXKEHUS ? THIC. M°
1iecchl (1711 KOCBEHHBIX TpaHC(hopMaiiii)
Hcnonb3yroress ai1st OTBOZA IOBEPX- 24
o HOCTHBIX U IMOA3EMHBIX BOJA C TEPpU-
OKpEeCTHOCTH LIAXT U Kanansl fpeHa)kHbIe FITyOUHOW 10 5 M, IINpPH- o (oO1ast mpoTsHKEH-
. TOPUH LIAXT U KapbEepPOB, MECTAMH — 853
KapbepoB HOM 110 6poBkam 110 30-35 m HOCTb — HE MEHee
ULl TIepeOpPOCKU CTOKAa peK (Hampu- 12 1)
mep, p. FOHbsXa)

Kocsennbie TpaHchopMaimu (M3MEHEHHE YCIIOBUI pa3BUTHS pelibeda)

CenuteOHbIE TEppU-
Topun, TOLL, cknazn-
CKHE KOMIUIEKCBI,
IPOU3BOACTBCHHBIC
npeanpuaTus (ue-
MEHTHBIN 3aBOJ U
1p.), CBAJIKH

Bce HacenieHHbIE TYHKTBI, HHGPACTPYKTYPHbIE U IIPOUHE COOPYXKEHUS MIOCTPOEHBI HAa Ha-
CBIIAX U3 KPYNMHOOOJOMOYHOro marepuaia. [I0BEpXHOCTHBI CTOK OpraHU30BaH I1yTeM
CO3JaHus MMOBEPXHOCTHBIX U IMOA3EMHBIX leeHaX(eﬁ. KaK CJICACTBUEC — IIOJIHOCTBIO H3ME-
HEH XOJI KPHOTEHHBIX NPOLIECCOB (BEAYLIMH M3 HUX B HACTOALIEE BPEMs — KPUOTEHHOE
BBIBETPUBAHUE, MECTAMHU — MAJIOAMILIMTYIHOE ITyYEHHE, HE IPUBOJsLIECE K 00pa30BaHHIO
dopm penbeda). Pa3Butre (QIrOBHANBHBIX M CKIIOHOBBIX IIPOLECCOB B JIOJMHAX PEK HE
NPETEPNECIIO 3HAYUTEIBHBIX H3M€HCHHﬁ, B MaJibIX 3PO3HOHHBIX cbopmax AKTHUBU3UPOBA-
JIUCh CKJIOHOBBIE IPOLIECCHI (HAa yJacTKax 3aCTPOMKH U CBAJIOK).

OO61wast 1JI0Iaab 30HbI BO3-
JICHCTBUS CETUTEOHOIO U CO-
MYTCTBYIOILET O BO3/1eH CTBHSI
COCTaBJISICT HE MCHEE

4200 ra (oxono 3 950 ra
IIPUXOJIUTCH HA YYaCTKH
HpsIMOii TpaHchopMaLny, He
meHee 250 ra — HCKIIIoun-
TEJIbHO KOCBEHHOM TpaHC-
thopmaryn)

Teppuropuu 1axr,
BEHTHJISILIMOHHBIX
maxt, HO® u ux ok-
PECTHOCTH

Bce npoMblIIeHHbIE COOPYXKEHUs TIOCTPOEHBI Ha HAchIsAX. [IOBEpXHOCTHBIN CTOK opra-
HHU30BaH IIYTEM CO3JaHUSA IMOBECPXHOCTHBIX W IMOA3EMHBIX leeHaX(eﬁ. KaK CJIICICTBUEC —
IMOJIHOCTBKO M3MEHEH XOJ KPHUOTC€HHBIX MPOLIECCOB (Be):lyLU,l/lﬁ U3 HUX B HaACTOALIEC BpE-
M — KPHOI'€HHOC BBIBETPHUBAHUEC, MECTAMU — MAJIOAMIUTIMTYAHOC IMYYCHHUE, HE ITPUBOIAA-
mee K o0pasoBaHuio Gopm peinbeda). B Gamxalimx OKpecTHOCTSIX WaxT (B T.4. OTBaIb-
HbIX nouiei) u LIOD (B paguyce He Gonee kuiomerpa, B cpegHem — 10 300 M) mecramu
HaOJI0AAeTCs aKTHBU3ALHS IPOL[ECCOB TEPMOKAPCTA U 3a00aunBaHus

OO01mas nomuab 30Hbl BO3-
JICICTBUS MPOLIECCOB IAXT-
HOI ropHO100bIuM U 0OOra-
ILEHHMS CBIPbsI COCTABJISCT HE
menee 2 000 ra (13 HUX OKO-
10 1400 ra — yuactku nps-
Mol TpaHc(opMaLnH, HE Me-
Hee 600 ra — KOCBEeHHOMH
TpaHcdopmanin)

YuacTKu OTKPHITOH
no6srau (yrims, III'C

u Ip.)

Ha Tepputopun FOHBATMHCKOrO YroJbHOIO pa3pes3a MOJHOCTBIO U3MEHEHO HalpaBlieHHe
croka p. FOHbsxa, 101MHa BOBJIEUEHA B PaliOH A0OBIYM, CTOK IEpPeOPOIIEH B APEHAXKHBIN
KaHajl, orubaroLuii y4acTok pa3paboTku ¢ BocToKa. [IoBCEMECTHO MexX 1y KPYIHBIMU OT-
BAJIbHBIMU TOJISIMH — TEPMOKApCT, 3a00JIauMBaHUE, a MECTAMH U 3aToIlIeHHe. B palionax
no6srau I1I'C 1 kapOOHATHBIX TOPOJ HA MPHIICTAIOIIMX TEPPUTOPUSIX CYLIECTBEHHBIX H3-
MEHEHHU I FeOMOpCbOJ'IOl"M'-{CCKl/lX IPOUECCOB HET, OJJHAKO B CaMUX KapbCpax MOJYYHUJIHU
pa3BHTHE MPOLECCHI, HE XapaKTepHbIE Il TEPPUTOPHU: OOBAIIBI, OCHINH, JHHEHHAS 9PO-
31U BPEMEHHBIX BOIOTOKOB

OO01mas nomuab 30Hbl BO3-
JIeWCTBUS OTKPBITOH TOPHO-
JIOOBIYH COCTABISICT HE MCHEE
1 580 ra (13 HUX OKOJIO

1200 ra — yuactku npsiMmoi
TpaHcdopmanuy, He MeHee
380 ra — KOCBEHHOM TpaHc-
thopmaryn)

VYuacTK1 NpoKIIa KK
Jiopor

IToBceMeCTHO y MOJIHOXbS HAchlNel (yalle BCEro, BBILIE HACHIIUM HA CKJIOHE, IJ€ OHA
nposioxkeHa) Habonaercss 3a0o0naunuBaHue, OCTOSHHOE MOATOIUICHUE (laxe NpHU Kpy-
TU3HE NOBEPXHOCTH MeHee 2°). IlluprHa 30HbI BO3EHCTBUS 1UIsl KPYITHBIX aBTOJOPOI CO-
craBiisietT Mmectamu 10 50 M, st npounx — menee 10 M. Ha ydacTtkax mepexopaa opor ue-
pe3 JOJMHBI PEK, PYYbeB M JIOXKOMHBI BBILLIE MEPEX0/a JHUIIE 3a00I04€HO, MECTAMH 3a-
TOIJIEHO

OO0wast oAb 30Hbl BO3-
JICHCTBHS JTOPOKHOU CETH
COCTaBJIET HE MEHEe

2 050 ra (13 HUX OKOJIO

1 075 ra — yuactku npsmoit
TpaHcdopManum, He MeHee
975 ra — KOCBEHHOM TpaHc-
(dhopmanuu, B T. 4. OKOJIO
100 ra — yuacTku Hae3xeH-
HBIX TPAKTOPHBIX KOJIEH B
TyHJpE)

YyacTku  HPOKIAAKU
Tpy6OIpoBogoB  (BO-
JIONIPOBOJIOB, ITYJIbIIO-
IIPOBOJOB HAA3EMHBIM
crocoboM, — Ta3onpo-

IIpakTH4yeckn NOBCEMECTHO BOJIb Tpacc (M Ha MPUTPACCOBBIX IPYHTOBBIX JOPOrax) — ak-
THBU3ALIMS TEPMOKAPCTOBBIX MPOLECCOB, 3a001aYMBAHNE, MECTAMU 3aTOIJICHHE

OO01mas nomab 30Hbl BO3-
JIeWcTBUS TPYOOIIPOBOIHOTO
TPaAHCIOPTa COCTABIISCT HE
menee 700 ra (13 HUX 30Ha
BO3ﬂeﬁCTBMﬂ MarucTpajabHO-

WHTCHCUBHOCTH 3a00J1aurBaHU

BOJIOB HO/3EMHbBIM ro rasornpososa boBaneHko-

Croco6om) BO—YxTa — 453 ra)
CHMKEHNE HHTEHCHUBHOCTH KPUOICHHBIX IIPOLIECCOB B CBA3U C BBIPABHUBAHUEM TECPPUTO- O6LLLa$l IJI1o1aab 30HbI BO3-

Krnan6umia pum (0e3 OTCHINKU, B OCHOBHOM, ITYTE€M IEPEMEILEHUS] MaTepualla Ha MECTe), CHUXKEHUE | aeificTBUs COCTaBIISIET OKOJIO

37 ra

TeppuTOpUH OBIBILIMX
KOJIX030B ¥ COBX030B

CBezieHNE KyCTapHUYKOBOH PacTUTEILHOCTH, BBIIIAC CKOTA, OpPraHU3alMs JPEeHaxka, Bbl-
paBHUBAHME M BCHalIKa (B MPOILIOM) NPHUBEIN K CHUKEHUIO MHTEHCUBHOCTH KPUOI'E€H-
HBIX [POLIECCOB, IVIaBHBIM 00pa3oM, TepMokapcra. Beqymmit npouece B Hacrosiiee Bpe-
Msl — KPUOT€HHOE BBIBETPHBAHUE, MAJOAMILIMTYAHOE IyuyeHue. B cocraBe pacturesnbHo-
CTH JOMHUHHPYIOT TPaBSHUCTBIC BU/bI, YTO JOMOJHUTEIBHO CIOCOOCTBYET CHIKCHHIO 00-
BOJIHEHHOCTHU TPYHTOB, & TAK)K€ HHTEHCHUBHOCTH KPHOTEHHOTO Iy4YeHUs

OO0111ast 1JI0M1a1b 30HbI BO3-
JICHCTBHUS COCTABJIIET OKOJIO
3510ra,BT.49.311 ra—
OBIBILIME YYACTKH OBOILEBO/I-
cTBa
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Puc. 1. Aatpornorennas tpanchopmanus peiabeda BopKkyTHHCKOro mpOMBIIUICHHOTO paiioHa. Yeaosuvle 0603nauenus. 1. AKKyMyJasiTHB-
Hblii aHTPONOreHHbIii pesbed: 1 — OTCHINKK OOIBIIOHN IUIOMAAN IO HACENEHHBIMU IIYHKTaMHU (CPEIHSSI MOIMHOCTE <3 M); 2 — OTCBHINKH
OOJIBILION TMJIOMIAAN B HACEICHHBIX MyHKTaX (CPEAHsIsl MOIIHOCTD 3—5 M); 3 — OTBaJIbHBIC TOJS LIAXT BBICOTOM >5 M; 4 — OTBaJIbHBIC MOJIS
LIAXT BBICOTOH <5 M (B T.4. IT0J MH(PACTPYKTYPY U COOPYXKEHH); 5 — OTBaNbHBIC MOJS JUKBUIUPOBAHHBIX INAXT (BBICOTOH >5 M;
BHYTPHU — OCTOBBI 3[1aHH1); 30;100TBabl TOLl: 6 — BBICOTOH >5 M; 7 — BBICOTOM <5 M; HACBINK aBTOAOPOT: 8 — BHICOTOM >2 M, IIUPUHOU MO
nopomBe 16—18 m; 9 — BoicoTol <2 M, muprHOH 1o noxomse 10—12 m; 10 — BeIcoTOM <2 M, IIMPHUHO# 1O nopomBe 6—8 M; 11 — HackInu
JIeHCTBYIOIINX JKENe3HBIX A0por; 12 — HaChIIM 3a0pOLIEHHBIX XKeJIe3HbIX 10por; 13 — nonuron ckiaagupoBanus THO; 14 — oTBansl Kapbe-
poB IOHBATHHCKOTO yronpHOro paspesa. Il. /leHynanuoHHbIH aHTPONOreHHbIH peabed: 15 — kapbepsl; 16 — npeHaXHbIE KaHAbBL; 17 —
TpakTopHbie Kosied B TyHape. Il YuacTku kocBeHHoi TpaHcopmanmm: 18 — 3eMiu OBIBIINX KOIX030B; 19 — 3a0poIieHHbIe y4acTKH
oBolIeBOCTBa; 20 — kinagdumia; 21 — Tpacchl ra3onpoBonoB. [Ipouue obo3nauenus: 22 — NEHCTBYIOIUE MIAXThI; 23 — HEACHCTBYIONIHE
(B T.4. TNKBUIUPOBAHHBIE) [IIAXTHI

Fig. 1. Anthropogenic relief transformation in the Vorkuta industrial region. Symbols: I) Accumulative anthropogenic relief: 1 — large
dumps under settlements (average thickness <3 m); 2 — large dumps within settlements (average thickness 3 to 5 m); 3 — mine dump fields
over 5 m high; 4 — mine dump fields less than 5 m high (also under infrastructure and buildings); 5 — dump fields of abandoned mines (over
5 m high; with crushed buildings); ash dumps of the CHPP: 6 — over 5 m high, 7 — less than 5 m high; road embankments: 8§ — over 2 m high
and 16—18 m wide at the foot, 9 — less than 2 m high and 10—12 m wide at the foot, 10 — less than 2 m high and 6—8 m wide at the foot; 11 —
embankments of operating railways; 12 — embankments of abandoned railways; 13 — solid waste storage landfill; 14 — open pits dumps of
the Yun-Yaginsky coal mine. II) Denudation anthropogenic relief: 15 — quarries; 16 — drainage channels; 17 — tractor tracks in the
tundra. III) Areas of indirect transformation: 18 — former collective farms lands; 19 — abandoned of vegetable growing areas;
20 — cemeteries; 21 — gas pipeline routes. Other symbols: 22 — actual mines; 23 — inactive (including liquidated ones) mines

JIOCTHMTAIOT 110 JUIMHHOM ocu 2,5 kM Ha KOHBSITMHCKOM
yroiasHOM paspese, 1,5 km Ha [[OD «llewopckas» u
1 KM Ha JNEHCTBYIONIUX IIAXTaX; BHICOTA OTBAJIOB — JIO
40 m (B cpeanem 15—20 M); KpyTH3HA CKJIOHOB 0T 20—
25 nmo 35-40°. Cnararomie ux OTJIOXEHUSI UMEIOT B
OCHOBHOM I'py0000JIOMOYHBIN COCTAB (MEIKHE ITIbIOBI,
1e0eHb, IPecBa) U MPEACTABIAIOT COO0H H3MEbUCH-
HYIO «IYCTYIO» IOPOJY, U3bIATYIO MPH ITPOXOAKE IOA-
3€MHBIX BBIpaGOTOK. O6’I)CMBI OTACIBHBIX OTBAJIBHBIX

TioJieit, U3MEPEHHBIE C BEICOKOM TOYHOCTHIO 110 TAHHBIM
cbeMk BIIJIA, cocTaBisiOT mepBble MIJLTHOHBI KY-
OMYECKUX METPOB (B YaCTHOCTH, OTBAJIbI JINKBUIUPO-
BaHHBIX maxT Ne 25 — 2,3 vt M3, Ne 20 — 2,1 mMitH M3,
«UentpansHoit» — 3,4 man M?). [Ipu coopyXeHUHU OT-
CBITIOK OOJIBIIION ILIOMIAIN U CPAaBHUTEILHO MaJIOH MOIII-
HOCTH (B CpeIHEM 0 5 M) B CEIMTEOHBIX 30HAaX ObLIN
HCIIOIB30BAHbI OTJIOKEHHUS Pa3HOTO BO3pacTa U T'eHe-
3uca. Jlo 1960-x rr. (mpu crpoutenscTBe BopkyThl u
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Puc. 2. AHTponoreHHsblii peiabed U oTnoxkeHus: BOpKyTHHCKOTO MPOMBILIUICHHOTO paiioHa: A — oOLIMiA BHJI OTBAIBHBIX MOJICH NEHCTBYIO-

et maxrtel «3anonipHasy, b — paspynieHue 3a0poIeHHBIX TPOMBIIIICHHBIX COOPY)KEHUI IMPUBOAUT K HAKOIJICHHUIO HOBBIX 00bEMOB

AHTPOIOTCHHBIX OTJIOKEHHUH, B — 9p0o3MOHHBIN OelyIeH] Ha OTBaJlaX BPEMEHHO 3aKOHCEPBHUPOBaHHOW maxThl «CeBepHas», I — Haubomnee

pacnpocTpaHeHHas pa3HOBHIHOCTb aHTPOMOI'eHHBIX O0TIokeHni BIIP (mebenp u apecBa — MPOAYKTHI APOOJICHHS CKAJIbHBIX MOPOJ MPH

MPOXOZIKE MO3EMHBIX BbIpaboTOK), J| — 30monutakoBsie orxoasl TOLI, E — cocTaB oTinoxkeHuid Ha yuyacTKe JIMKBUJAMK MaxThl «HOxHas»
(comepxaHue OBITOBOTO U MPOMBIIIIIEHHOTO Mycopa — 50% u Gonee)

Fig. 2. Anthropogenic relief and sediments of the Vorkuta industrial region: A — general view of dump fields of the operating Zapolyarnaya
mine, B — destruction of abandoned industrial structures leads to the of new volumes of anthropogenic deposits accumulations, C —
erosion badland on the of the temporarily inactive Severnaya minedumps, D — the most widespread type of anthropogenic deposits
(crushed stone and gruss — rock crushing products during underworkings excavation), D — ash and slag waste from the CHP, E —
deposits at the disposal site of the Yuzhnaya mine composition (the content of household and industrial waste is 50% and more)
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Puc. 3. Buns! npsiMoit — A u kocBeHHOH — b TpaHcdopmaru penbeda BopkyTHHCKOrO MpOMBIIIIEHHOTO paiioHa M 3aHUMaeMble MU
mommaau (B % ot o01iel miomany 30Hbl TpaHCPOpMAaIH)

Fig. 3. Types of direct — A and indirect — B relief transformation in the Vorkuta industrial region and their areas (% of the total transformation area)

noc. CeBepHOr0) HACHINIU COOPYXKAIHUCh U3 TecYaHo-
IPaBHIHOr0 MaTepraja u KapOOHATHOrO MeOHS, T00bI-
THIX B OKPECTHBIX Kaphepax, MO3IHee UCTIOb30BAINCH
Y TIOPOJIBI, TOOBITHIE ITPH ITPOXOJIKE BEPTHKAIBHBIX CTBO-
JIOB IIAXT (AJIEBPOJIUTHI, IECYaHUKH U TIp. ) [{pIMOB U 11p.,
2013]. B memom Ha M3Yy4EHHOW TEPPUTOPHH BCTpeUa-
I0TCS JIBA OCHOBHBIX BHJIa aHTPOTIOT€HHBIX OTJIOKECHUH:
NMOPo/JbI MPUPOJIHOTO COCTABA, BOBIICUCHHBIC B Jic-
SATENLHOCTh YENOBEKa, U TeXHOTeHHble 00pa3oBa-
HHA (HOBOOOpa30BaHHbIC OTIMKEHHMs ). B mepBoi rpymie
BBIJICTISIIOTCSL JIBa TIOJIBUJIA — nepeMeujerHble Omio-
arcenus (TIEPEOTIIOKEHBI 03 N3MEHEHUST JIUTOJIOTHYeC-
KOTO COCTaBa), K KOTOPBIM OTHOCSITCS, IIPEXJIE BCETO,
necuano-rpasuiinbie cmecu (III'C) u npeobpazosan-
Hble omaodiceHuss (IPOMYKTHI IPOOICHUS CKaIbHBIX
Opo/1), a0COIOTHO MPeod,IaTarOIIKE 10 IIOIAIN Pac-
npocTpaHeHus u o0beMy B npenenax BIIP. K Texno-
TeHHBIM OTHOCSITCS 0Opa3oBaHHBIC B pe3yibTare Jes-
TENLHOCTH YEOBeKa MaTepuajbl, He HMEIOIINE TPHU-
POIHBIX aHAJIOTOB (IIUIAKH, 3014, IITaM, KHPITHY, OCTOH,
MeTaJUTHYeCKe KOHCTPYKIIMH, OBITOBOIM MycOp H Jp.).

Ha ygactku npsiMoii ieHynaIiiuoHHol TpaHcopma-
uu penbeda npuxoauTces MeHee 5% OT IIIOIAAN BCeX
AQHTPOIOTeHHBIX (POPM, CyMMapHBI 00BEM KaphepoB H
MPOYHX BBIEMOK COCTaBJISICT OKoJIo 72 MitH M°. O0be-
MBI KPYITHEHIINX KapbepoB, U3MEPEHHBIE C BBICOKOH
TOYHOCTBIO MO JaHHBIM cheMku BITJIA, cocraBisioT
3,8 Mt M* (kaprep mo a00bue III'C B paiioHe yCThs
p- Bopramop, okono 700 M B onepevyHuke, ryonHa 10
20 M) 1 3,7 MiIH M? (Kapbep 1o 100bIue KapOOHATHOTO

meOHs K Foro-BocToKy ot BopkyTsl, 600 M B onepeu-
HUKe, TyouHa 10 35 M). O0beM KaphepoB B Ipeaenax
FOHBATHHCKOTO YTOMBFHOTO pa3pe3a COCTABIISET OKOJIO
57 mutH M® Tipu cpefHeit uX IIMHE OKoMo 1,5 KM U Tity-
6une no 50 M. Takum 00pa3zom, IOt OTPUIIATENBHBIX
¢dbopM coctarsier no momanyd 1/20, B TO BpeMs Kak
o 00beMy — okoso 1/6 OT BceX aHTPOIOreHHBIX (hopM
Ha TEPPUTOPHH, YTO CBA3aHO cO cnennpukoi pazpada-
THIBAEMBIX KapbepoB (TMpeobdiasaloT y3Kue Kapbephbl-
MIpOpe3H, OpPUEHTUPOBAHHBIE BJIOJb YTOJIbHBIX TIACTOB).

B npenenax antponoreHHsIXx GopM peabeda mpo-
TEKaIOT reoMOPQOIIOrHUECKHE MPOIECChl, HA0OP KOTO-
PBIX OIpeeNsIeTCs, PEXKIE BCEro, KpyTU3HOM IMMOBEPX-
HOCTH ¥ JIUTOJIOTUYECKUM COCTABOM CIIAraroliuX I10-
pon. CocTaB HACBITHBIX TPYHTOB B IIOAABJIAIOIIEM
60JIBIHI/IHCTBC CJIy4dacB [TPUHOUIIUAIIBHO OTJIMYACTCA OT
TAKOBOTI'O JIJIs1 IOBEPXHOCTHBIX OTJIOKEHUI, TPUCYLIUX
JAHHOKM TEPPUTOPHH B €CTECTBEHHOM COCTOSHHH (J1e]-
HHUKOBBIC 1 BOOAHO-JICAHUKOBBIC CYTTIMHKU, CYIIECH, TTIN-
HBI C TAJIBKOM U TpaBueM). B cocTaBe aHTPOMOreHHBIX
OTJIOKCHMI MPpeo0IaaaroT eOeHb U ApecBa (ajaeBpo-
JINTOB, aPIrUJUINTOB, INIMHUCTBIX U yI‘J'Ie(bI/IHI/IpOBaHHLIX
CIIAHIIEB, TICCYAHUKOB), KpalHE PEIKO — MECKH, CYTIECH
" CYTJIMHKHU. Kak CJICACTBHUE, MJIA YU4aCTKOB HachITled U
OTBAJBHBIX IOJIEH OTMEYaeTcsl M3MEHEHHE CIICKTpa
NPUCYIIUX KPUOTEHHBIX MPOIIECCOB, BhIpaXKaroiieecs,
MPEeXJIe BCEro, B MPEKPAIICHUN MPOIECCOB MHOTOJIET-
HEro ImydYeHus ¢ o0pa3oBaHuEM OyrpoB, TEPMOKApCTa,
conuuoKIun. Bexymmmu Ha BepIIMHHBIX TOBEPXHOC-
TAX OTBAJIOB CTAHOBATCA MNPOLECCHI KPUOT€HHOI'0 BbI-
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BETPUBAaHUA, MECTaMU — 00pa30BaHUS KPHUOTEHHOIO
MUKpopenbeda (msTHa-MenanboHbl). Ha miockux Bep-
HIMHHBIX TOBEPXHOCTSIX 30JI00TBAJIOB BCIEACTBHE COPO-
ca mynbitel TOL pa3BuBaeTcs TUHEHHAs 3pO3us, IPHU-
BoIsIIAs K POPMUPOBAHUIO MIUPOKUX (10 5—7 M) Me-
aHJIPUPYIOMIKX pycen TyouHoi g0 2 M. Ha ckimonax
OTBaJIbHBIX MOJIEH U HACBIIEW IPOTEKAIOT SPO3UOHHBIE
nporeccol (0OpazoBaHue OOPO3] U PHITBUH, PEXKE —
OBparoB), HauOOJIBIIEro pa3Maxa JOCTUTAIOLINE Ha
CKJIOHAaX 30JI00TBAJIOB U KapbepoB 1o aodsrue [IIC.
Ha ne3apocmmx ckjioHax OTBaJbHBIX MOJIEH U Kaphe-
poB kpytu3Hoii 30—40° mporexaroT 00BaIHHO-OCHITHBIE
MIPOIIECCHI U OTIoN3aHue. B guuinax kaprepoB pa3BuBa-
ercs 3aToryieHre. Ha moBepXHOCTSAX OTBAIBHBIX MONEH
W B JHUIIAX KapbepoB 1o nooerae [1I'C mecramu pas-
BUBAIOTCS 30JI0BbIE IpoLiecchl. Hachlnu JIMHENRHBIX CO-
OpYXXEHUH Ha 3HAYUTEIHHOM MPOTSHKEHU U UCTIBITHIBA-
10T iehopMaIiy KpUOreHHON IPUPOJIBI (B OCHOBHOM ATO
Kacaercsi aBTOMOOMIIBHBIX JIOPOT) Ha ydacTKax Iepe-
X0Jla 4epe3 TePMOKApPCTOBBIC KOTIIOBUHBI, JIOKOWHBI,
HErTyOOKHe JOMUHBI peK W pyubeB. MHOTHE H3 Iepe-
YHCIIEHHBIX ITPOLIECCOB MOMYYIIIH IIUPOKOE Pa3BUTHE HA
M3ydyaeMoi TeppUTOPUN B OCHOBHOM B pe3ylbTaTe aH-
TPOIIOT€HHOT0 BO3ACHCTBUS (K IPUMEpY, TPAaBUTAIIHOH-
HbIE CKJIOHOBBIE U DOJIOBBIE POLIECCHI) U PA3BUTHI MTPAK-
TUYECKH UCKITIOUUTENHHO B TIpeerax KOMITJIeKca aHT-
POIIOreHHOr0 pebeda.

Haubonee omacHbIM PUPOIHBIM MPOIECCOM, KO-
TOpBIN MPOTEKaeT B Mpeaenax HEKOTOPBIX KPYIMHBIX
OTBAJIOB, SIBIISiCTCS, O€3 COMHEHUS, CAMOBO3TOpaHUe.
Odaru caMOBO3TOpaHMsI BO3HUKAIOT, IPEXKE BCETO, U3-
3a HeMpaBWIHHOHN TNIAHUPOBKHU OTBAJIOB [Zasterova et al.,
2015], obecreunBaroIei CBOOOAHBIN JOCTYI KACIOPO-
Jla ¥ TIpoIieccoB OKucieHus yrist. Ha BeposTHocTh ca-
MOBO3TOpaHUs BIMAIOT TaKKe TeMIlepaTypa OKpyKa-
FOIIeH Cperibl, BIaKHOCTh ITOPOJHBIX OTBAJIOB, HANUYHE
MUHEpalbHbIX TpuMeceii u ap. [['amos, ['opaees, 2017].
[Tox Bo3geiicTBUeM BBICOKHX Temmepatyp (800—
1200°C) mpoucxomuT pa3aoKeHne MUHEPAITBHON YaCTH
1 yrIMCTBIX 9acTull ¢ Beiaenenuem CO, CO,, NO , SO,
M JIPYTHX ra3oB, a Takke yrieBoaopomos [Goswami,
2015]. I'opstumii ra3, HACBHIICHHBIA POIYKTaAMH Pa3JIo-
YKEHHU I TIOPOJI, M0 TPEUINHAM B OTBaJIe MOAHUMAETCS K
MTOBEPXHOCTH. 3/1€Ch MPOUCXOIUT YMEHBIICHNE TEMIIE-
paTypsl U IaBJIEHUS, YTO IPUBOJHUT K OCAKICHUIO Be-
IIECTB B COCTaBE BOJSHBIX NApoB, 00yCIOBIMBAIOIICE
MOJIKMCIICHHUE CPENIbl B BEPXHEH 4acTH ropsIIero y4yac-
TKa 10 3,1 equnaun pH [bparuna, 2014]. IIporecc ca-
MOBO3TOpaHus, B YaCTHOCTH, TapeHHE ITOBEPXHOCTH U
BBIXOJIBI TOPSIUEro Tra3a (B TOM YHCie ¢ 00pa3oBaHHEM
(dbyMapoIr) OTMEUEHBI Ha OTBaJBHBIX MOJISAX JINKBHIIHU-
poBaHHBIX axT Ne 20, No 25 u «tHOxHam».

B cpaBHennu ¢ yronbHbiMu OTBasiamu Kys0acca n
Honbacca, oTBaJbHBIE 1OJIST BOpKyTHI B 11€710M Xapak-
TEPU3YIOTCS OrpAaHUYEHHBIMHA BO3MOKHOCTSAIMH K CaMo-
BO3ropanuio. IIpensTCTBYIOT aKTHBHOMY IPOTEKaHUIO
3TOTO MpOoIlecca METKOOOIOMOYHBIN COCTAaB TEXHOTEH-
HBIX TPYHTOB (CHM)KEH JIOCTYII KUCIIOPO/Ia), HU3KHE Cpe/l-
HEroJI0BbIE TEMIIEpaTyphbl BO3AyXa, KOMIIAKTHOCTH OT-
BaJIbHBIX TOJI€H (B TaHHOM CiIy4ae, KpyIHbIE OTBaJIbI
MPEANOYTHTENbHEE HEOONBIINX, TaK KaK JJOCTYI KHC-

JIOpOJia CO CTOPOHBI CKJIOHOB OTBajia OrpaHuyeH). Tem
He MeHee, 00HapyKEHHbIC Ha MOBEPXHOCTH MPU3HAKH
CaMOBO3IOpaHMs YKa3bIBaIOT HAa TO, YTO B TOJIIE OT-
BaJIOB MOTYT CYIIECTBOBATh IOJOCTH, 00pa3oBaHHBIC
B pe3yibTaTe 3Toro npoiecca. CaMoBO3ropaHue yromib-
HBIX OTBAJIOB OITACHO BO3MOKHOCTBIO ITPOBAJIOB, B3PHI-
BOB, PaclpoCTpaHEHHEM IOKapOB Ha MpHJIETraromei
TEPPUTOPHUH, a TakKe nocTyrenuem rasos (CO,, NO,
SO,, H,S) B armocdepy. YcTaHOBIIEHO, YTO B IIpefe-
nax BIIP Bknaj orBanoB B 3arpszHeHue aTMochepsl B
cllydae caMOBO3TOpPaHUsI OCOOCHHO BENHK I10 CEPOBO-
nopony [Kopuryrosa, 1999].

KocBennast Tpancdopmanus penbeda B paiioHax
ocBoeHust BIIP BeIpaxaercs, npexJie BCEro, B u3Me-
HEHUH CIEKTPa ¥ MHTEHCHBHOCTH reoMopoJornyec-
KHX TPOIECCOB Ha TEPPUTOPHUAX, COCEACTBYIOIUX C
paiioHamu npsiMmoid TpaHcopManuu, BCIeACTBHE Ha-
PYLIEHHS paCTUTEIHHOTO TIOKPOBA, M3MEHEHU S THIPO-
T'e0JIOTHYECKUX YCIIOBHH, peXKrMa MeP3JIBIX TO U TIp.
Cpenu y4acTKOB KOCBEHHOTO BO3JEHCTBUSA HanOOIb-
[IMe TJIOUIaAN 3aHUMAIOT TEPPUTOPUU OBIBIIMX KOJ-
x030B (54% OT TUTOIa AN BCEH 30HBI KOCBEHHOM TpaHC-
(dbopmaruu, cM. puc. 3), Iie €CTeCTBEHHBIN PaCTUTEIIb-
HBII TTOKPOB OBLIT N3MEHEH B PE3YJIbTATE BhIlTaca CKOTa
Y pacnaiky. 31eCh 0TMEYaeTCsl CHUKEHIE HHTEHCUB-
HOCTH KPUOTEHHBIX INPOIECCOB, TIaBHBIM 00pa3oMm,
TepMoKapcTa. B cocTtaBe pacTUTENBHOCTH JTOMHUHU-
PYIOT TPaBSIHUCTBIE BU/BI, YTO JOMOJHUTENHHO CITO-
COOCTBYET CHUKEHUIO OOBOJJHEHHOCTH TPYHTOB, a TaK-
YK€ MHTEHCUBHOCTH KPHOT€HHOr 0 IyueHwus. B mputpac-
COBBIX IOJIOCAX JIMHEHHBIX COOPYXEHHH U BOIHU3HU
KPYITHBIX apeajioB TOPHOAOOBIYM HaOIIomaercs, Ha-
MPOTHB, CYIIECTBEHHAS aKTHBU3AIUS TepMOKapcTa U
CONMMQITFOKITNHN, MOATOIUICHUS 1 3a00maunBanus. Takum
oOpa3om, npsiMas Tpanchopmalius penbeda nmpuBena
K YCIIO)KHEHHUIO YCIIOBH I OCBOCHHUSI IPUJIETaOLINX Tep-
pUTOPUN B pe3yabTaTe aKTHBH3AIlMM HETATUBHBIX U
OIacHBIX TeOMOP(HOIIOTHYECKHX MPOIEcCOB. B 1enom
B npenenax reppuropun BIIP BciencTeue ocBoeHHS
BO3pOCia IUIOMAAb Pa3BUTHUS IPAaBUTAI[MOHHBIX U OIOJI-
3HEBBIX [TPOLIECCOB, IENIOBUAIILHOIO CMBIBA, JIMHEWHON
9PO3UH B MaJIbIX SPO3UOHHBIX OPMaX, a TAKKE DOJIO-
BBIX IporeccoB. [lmomane apeanoB TepMokapcTa U
MHOTOJIETHETO ITy4eHHs ¢ 00pa30BaHHEM OyrpoB CHU-
3WIACh, TaK KaK B pallOHaX NpsSMOM M, OTYACTH, KOC-
BEHHOM (Ha 3a0pOIIEHHBIX CETbCKOX035HCTBECHHBIX 3€M-
751X) TpaHC(HOPMAIIMU TH MPOILIECCHl MPAKTUYECKU HE
Pa3BUTEHI.

BrnepBrie BoINTONHEHHAs HA OCHOBE JaHHBIX T€0-
Mopdosoruyeckoro kaprorpadupoBaHus U a’podo-
TOCHEMKH KOJTMYECTBEHHAs Oll€HKa MOCIEACTBUIN aH-
TponoreHHoro ocsoeHus BIIP ¢ Touku 3penus pas3Bu-
THS penbeda NOATBEPKAaeT MHEHHE O TIpeodialaHuH
MPSIMOTO BO3JCHCTBUS HA penbed HaJ KOCBEHHBIM B
paiioHax akTHBHOW TOpHOA0OBIYN B ApkTHKE [Bpenu-
XHH # 1p., 2020]. [Tpu 3T0M 00cae10BaHHbIN paiioH sB-
JIeTCA MPUMEPOM TEPPUTOPHUH, TIEe OCBOECHUE HEp,
Havyatoe B 1930-X IT., 10 CHUX MOp MPOIOIKAETCS, U
00BbeMbI JOOBIYU B MOCJCAHUE JCCSITh JIET MOCTEIEH-
HO pacTyT, 4TO MPHUBOIUT K ITPOIOIKAIOIIEMYCSl pac-
HMIUPEHUIO0 00JacTH aHTPOIOTeHHOH TpaHchopMaluu
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penbeda. MHas TeHaeHIusa HaOM0AaeTCsl BHE ACHCTRY-
IOIMX MaxT, IA€ CO3AaHHbIC IMTOPOAHEBIC OTBAJIbl U Ha-
CBIITM BOBJIEKAIOTCS B €CTECTBEHHBIN X0 MpHUPOIHBIX
MPOIIECCOB — 3apacTaloT TPABIHUCTON U KyCTapHHYKO-
BOH PaCTUTCIIbHOCTBIO, CKJIIOHBI UX MOCTCIICHHO BBITIO-
JIKMBAOTCS, BCIEACTBUE (DU3MUECKOTO H XHMUYECKO-
'O BBIBETPUBAHUSI HA TIOBEPXHOCTH (POPMHUPYETCSI IO~
Buii. Ha 3a0polIeHHBIX TEPPUTOPUSX, TJIe MOITHOCTD
HACBHITIeH W3HAYaJbHO OblIIa HEBENMKA, HAOIIONAIOTCS
KpHOTeHHBIE iehopMalini, OPMUPYIOTCS MEP3JIOTHBIE
(b opMbI penbeda (IoJUroHaIbHast CeTh MOPO3000HHBIX
TpeuyH, Oyrpsl My4YeHUs, TEPMOKAPCTOBbIE KOTIOBU-
HBI ¥ TIP. ).

BriBoabI:

— Ha TeppUTOPUU BOPKYTHHCKOTO MPOMBIIILUICHHO-
ro paiiona ¢ 1930-x rT. HaOIOAaeTCs MPOJOIDKAIOIIA-
sicsl CYIIECTBEHHAs] aHTPOIOTEHHAs TpaHC)OpMAaIIHSI
penbeda, cBsA3aHHAsI ¢ OCBOCHHUEM YTOJLHOTO Mec-
TOPOXICHUSI M COMYTCTBYIOIIMM pa3BUTHEM HH(ppa-
CTPYKTYpHI. B nipenenax TeppuTOpUM BBIIEIEHBI ydac-
TKH TIpeoOiafaronet npsamot (Co3JaHue aHTPOIIOTCH-
HOro peibeda, okoao 79 km?) u koceennotll (M3MEeHEHNE
yCIIOBHH penbedooOpa3oBaHus, CIICKTpa ¥ HHTCHCHB-
HOCTH TreOMOP(OIOTHYECKUX ITPOIIECCOB, OKOIIO 65 KM?)
Tpanchopmanuu penbeda;

— Cpey MPSIMBIX aHTPOIIOT€HHBIX TpaHC)opMaIui
penbeda 1o mioaaM 1 00beMaM MepeMeIeHHOro Be-
IIeCTBa NpeodIaaloT aKKyMyasaTUBHbIC. OOMas 1mio-
maab CO34aHHBIX ITOJOXUTCIIbHBIX q)OpM COCTaBJIACT
75,2 kxm?, oobem — 417,8 mira M. TIpsMble neHymaIm-
OHHBIE TpaHCc(HOPMAIMH 3HAYUTETBHO YCTYMAOT 110 TIJI0-
maau (3,8 kM?) 1 00BEMY TEPEMEIIEHHOI0 MaTepraia
(72 mau m*). KocBennbie Tpanchopmaiiu peibeda
BBIPpAXKAIOTCA B USMCHCHUU CIICKTPAa U UHTCHCUBHOCTHU
reoMop(OJIOTUUYECKUX TTPOIIECCOB, TIPEXK/IE BCEro, Mep-
3JIOTHBIX, CKJIOHOBBIX U q)HIOBI/IaJ'IBHBIX;

— B COCTaBe aHTPONOreHHBIX 0TH0xeHn BIIP a6-
COJIIOTHO TPeo0JIalaloT 10 TUIOIAAN pacipocTpaHe-
HHUS U 00beMaM T. H. npeoOpa3068anible TOPOABI —
MPOAYKTHI APOOJIEHUS] CKAbHBIX, B TOM YHCIE yIIie-

CoZiepKaIINX MOPOJ, U3BSITHIE MPU MPOXOJIKE MO3EM-
HBIX BbIpaboTok. Hanbonbmme o0seMbl aHTPOITOTEH-
HBIX OTJIO)KEHUM COCPENOTOUEHBI B OTBAIBHBIX MOJIAX
maxT, [IOD «Ileuopckas» u FOHBATHHCKOTO Yroib-
HOTO pa3zpesa (B cymme — 110 66% OT Bcero odbema),
a TakXe B HACBHITISIX MOl HACEIEHHBIMU TyHKTaMH (10
26%). CnencrBueM co3iaHus penbeda ¢ OTIMYHBIM
OT €CTECTBEHHOTO T'€0JIOTMYECKUM CTPOEHHMEM CTallo
o0lllee CHMKEHHE TIJIOMIAIA apeajoB TepMOKapcTa U
nydyeHus B npezaenax BIIP, B To Bpems kak rpaBuUTa-
LIMOHHBIE U 3PO3UOHHBIE MIPOIIECCH], HATPOTUB, CTATU
Pa3BUTHI OOIee IIUPOKO;

— HamboJiee OMACHBIM MPUPOIHBIM MPOILECCOM,
Pa3BUTBIM B NpEAENax OTBAJbHBIX IOJEH IEHCTBYIO-
HIMX ¥ JUKBUIUPOBAHHBIX IIAXT, SIBIAETCS CAMOBO3TO-
panue. HecMoTpsa Ha mepcreKTUBHBIE BO3MOXXHOCTHU
WCIIOH30BaHMSI OTBAJIBHBIX MOJIEH KOIOCCAIBHOTO pa3-
Mepa (K IpuMepy, st pa3BUTHA JIBIKHO-CAHOYHBIX BU-
JIOB CIIOpPTa) U HU3KYIO B CpaBHEHHH ¢ paifoHamu Kys-
Oacca u Jlonbacca akKTMBHOCTh ITPOIECCa CAMOBO3TO-
paHusi, OCICAHNUN, TEM HE MEeHee, IPE/ICTABIISIET COO0H
(aKTHYECKYIO OIMACHOCTh U TIEPEBOJUT ATH TEPPUTO-
pUU B pa3psi HEIPUTOAHBIX IS UCTIONb30BAHHUS,

— X034MCTBEHHOE OCBOeHUE Tepputopun BIIP He
COIPOBOYKIAETCS YIPOXKAIOIIEH aKTUBU3ALIEN OMaCHBIX
reoMopQOIOrHYECKUX MPOIECCOB BHE yYaCTKOB Mpsi-
MOTO BO3JCHCTBUS. HeraTuBHBIC TTOCTIEACTBUS (aKTH-
BH3AIUs TEPMOKAPCTa, My4YEeHU U TIP.) UMEIOT B I[€JIOM
OrpaHHYEHHOE PacIpoCTpaHEeHHE U, CKOpee, YCIOKHA-
10T OCBOEHHE MPHUIIETAIONINX TEPPUTOPHUH, a pakTrHyec-
KU ymepO 3Ha4uM, MPEeXJe BCEro, IS JTHHEHHBIX
TPAHCIIOPTHBIX cOoOpykeHuil. IIpu coxpaHneHuu cye-
CTBYIOIIIETO peXHMa IPUPOJONIOTH30BAHUS U COLIUAITb-
HO-9KOHOMHYECKOW OOCTAaHOBKHM B PErHMOHE CIEIyeT
0’KMJATh, C OHON CTOPOHBI, PACIIMPEHUS IJIOMIAIN 30HBI
MpsIMOM aHTPOIIOI'CHHOM TpaHchopMalu penbeda, ¢
JPYTOi — Iporpeccupyomiei nepepaboTKH aHTPOIIOT€H-
HBIX (opM (0COOEHHO B 3a0pOIICHHBIX MOCENKaX, Ha
JUKBUMPOBAHHBIX IIAXTaX U Tp.) ECTECTBEHHBIMHU T'€0-
MOP(OIOTHIECKUMH TPOLIECCAMH.

bnazooapnuocmu. ViccnenoBanus BeimonHenbl Epemenko E.A., ®y3ennoii 10.H. u bpenuxunsim A.B. 3a
cuer cpeactB mpoekta PODU Ne 18-05-60200, aspodorocheMka TeppUTOpUU ¢ Hcioib3oBaHueM BIIJIA BbI-
nonuena BopormmnoBeim E.B. B pamkax Tembl roc3aganus Ne AAAA-A16-11632810089-5 «OBomtonust mpupo-
HOM cpelibl, AMHAMKKa peiabeda u reoMmopdoaoruieckas 6e301acHOCTh TPUPOIOI 0JIb30BAHUSD».



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 13

CIIMCOK JIMTEPATYPbI

Aumonos E.B., /lenucos E.A., E¢ppemosa B.A., @adoees A.M.
CoBpeMeHHBIC MPOOJIEMBl pa3BUTHA yOBIBAIOIIMX I'OPOJOB Ha ce-
Bepo-BocToke PecmyOnmuku Komu / BectH. Mock. yH-Ta. Cep. 5.
I'eorp. 2014. Ne 2. C. 55-61.

Acmaxoe B.M., Maneepyo A., Ceencen H.H. TpaHcypaibc-
Kasi Koppesinus BepxHero IuteiicroneHa Cesepa // PernonanbHas
reosorus u Metamorenus. 2007. Ne 30-31. C. 190-206.

bpacuna I1.C. CamoBo3ropaHue yrojbHbIX OTBaIOB B Keme-
poBckoii obnactu // Ilpupona u sxoHOMEKa KemepoBckoii oGmacti
U compenenbHbIX Tepputopuit. 2014. Ne 4(29). C. 23-31.

bpeouxun A.B., Epemenxo E.A., Xapuenxo C.B., Bensies FO.P,
Pomanenxo @.A., Bonvicos C.U., Dyzeuna FO.H. PalionupoBa-
HHUE POCCUICKOM ApPKTHKHU IO TUIIAM aHTPONOTE€HHOI0 OCBOCHUS
U CONMYTCTBYIOLIEH TpaHcpopMmanuu penbeda Ha OCHOBE Kiac-
TepHoro ananusa // BectH. Mock. yu-ta. Cep. 5. I'eorp. 2020.
Ne 1. C. 42-56.

TI'amos M.U., I'opoees U.B. OcHOBHBIE (HaKTOPHI M IKOJIOTH-
YEeCKHEe MOCIIEACTBHS CaMOBO3TOPAHHs OTBAJOB YTrOJBHBIX IIAXT
BocTounoro Jlon6acca // U3sectus BY3o0B. CeBepo-KaBkaszckuit
peruoH. EcrectBennrie Hayku. 2017. Ne 2. C. 92—-100. DOI:
10.23683/0321-3005-2017-2-92-100.

Jenveun A. Cenenus o peke [lewope // OteuecTBeHHBIC 3a-
nucku. 1828. Y. 36. C. 349-379.

Ivimos A.A., Kasepun /].A., I'abos /{.H. CBoiicTBa OYB U
nmoyBonoAo0HkEIX Ten I. Bopkyra // [louBoBenenue. 2013. Ne 2.
C. 240-248. DOI: 10.7868/S0032180X13020032.

3abyposieé B.C. KaTeropuu OmacHOCTH YroJIbHBIX HIAXT 10
Metany // TopHbIil HHpOpMaNNOHHO-aHAINTHYECKUH OOJIIETEHb
(HayuHO-TexHHUeCcKHi xypHan). 2016. Ne S1. C. 300-314.

Hesnes A.A. Yxrunckas sxcnequuus OI'TIY: ctapT npomsli-
JieHHOTO ocBoeHus1 Henp [lewopckoro kpas / Apktuka u Cesep.
2014. Ne 16. C. 91-115.

Kopwynosa JI.M. O1ieHKa TEXHOT€HHBIX HArPY30K Ha MpHU-
POAHYIO Cpedy HpEeANpUITUIMU YroJdbHONW NPOMBIINUIEHHOCTH

I. BopkyTs! // T'opHbIi HHOPMALMOHHO-aHATUTHYECKHUH OI0JUICTEHD
(HayuHO-TeXHHUYCCKHH x)ypHai). 1999. Ne 7. C. 161-163.

Jloeunos A.B., Cmupnos M.M. Bopkyra — ceBepHbIH (Hop-
IIOCT YroJdbHOW MpoMbInuIeHHOCTH Poccuu // T'opHas mpoMbInieH-
HOCTh. 2005. Ne 1(59). C. 8-11.

Cegeposnosa E.H. JKOIOro-reOXMMHUIECKasi XapaKTepUCTHKA
[IOYBEHHOTO MOKPOBA B 30HE JEATEIbHOCTH YIIIeI00bIBAIOIIETO
MIPEANPHUATUS Ha puMepe ropona BopxyTel pecniyonuku Komu //
AnbMaHax COBpeMEHHOH Hayku u oOpaszoBanus. 2015. Ne 10(100).
C. 127-129.

Lllabaes I0O.11., XKepedyos U.JI., Jlabynosa O.B. KynsrypHas
9BOJIIOLMS 3aMOJSIPHOTO TOPOZA: OT ropoja-KOHIIarepst K ropoay-
npuspaky (dacts 1)/ U3sectuss Komu Hayunoro nentpa YpO PAH.
2018a. Ne 2(34). C. 78-88.

Lllabaes FO.11., XKepedoyoe U.JI., Jlabynosa O.B. KynsTypHas
9BOJIIOLMS 3aMOJSIPHOTO TOPOZA: OT ropoJa-KOHIIarepst K ropoay-
npuspaky (dacts II) // U3Bectus Komu nayunoro nentpa YpO PAH.
20186. Ne 3(35). C. 88-92.

Barenberg A. The GULAG in Vorkuta: beyond space and
time. Laboratorium, 2015, vol. 1, p. 92-108.

Goswami S. Impact of coal mining on environment. European
Researcher, 2015, vol. 92, iss. 3, p. 185-196. DOI: 10.13187/
er.2015.92.18.

Zasterova P, Marschalko M., Niemiec D., Durd’ak J.,
Bulko R., Vicek J. Analysis of possibilities of reclamation
waste dumps after coal mining. Procedia Earth and Planetary
Science, 2015, vol. 15, p. 656-662. DOI: 10.1016/j.proeps.
2015.08.077.

Onexmponnvle pecypcol

MyHununansHoe OI0IKETHOE yupexaeHne KyabTypsl «lleHT-
panu3oBaHHas OubOaMOoTeuHas cucrema» I. Bopkyrel. URL: http:/
www.vorkuta-cbs.ru/ (gara oopamenus 20.07.2020).

Arctic DEM Explorer. URL: https://livingatlas2.arcgis.com/
arcticdemexplorer/ (nata oopamenus 20.07.2020).

INoctynuna B penakmuro 25.07.2020
ITocne nopadorku 15.08.2020
[Ipunsara k ny6omukanuu 25.08.2020

E.A. Eremenko', Y.N. Fuzeina?, M.V. Vlasov,
E.V. Voroshilov*, A.V. Bredikhin®

ANTHROPOGENIC TRANSFORMATION OF RELIEF
IN VORKUTA INDUSTRIAL REGION

Anthropogenic transformation of relief within the Vorkuta industrial region during 90 years of economic
development was for the first time quantitatively evaluated. Areas of predominantly direct (creation of
anthropogenic relief) and indirect (change in the conditions of relief formation, spectrum and intensity of
geomorphologic processes) transformation of relief are identified. About 25% (144 km?) of the entire area
of the region are under anthropogenic landforms (79 km?), or with a significant change in the natural course
of geomorphologic processes (65 km?). Among the direct anthropogenic transformations of relief accumulative
ones, i.e. the creation of positive forms of anthropogenic relief (dumps, embankments, etc.), prevail in
terms of area and volumes of displaced matter; their total area is 75,2 km? and the volume is 417,8 million m?.
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About 30% of the area of all positive anthropogenic forms and 66% of their volume are mine dumps. Direct
denudation transformations (creation of quarries, canals, etc.) are significantly smaller in area (3,8 km?) and
the volume of displaced material (72 million m®). Indirect transformations of relief take place in the immediate
vicinity of the zones of direct transformations (up to 1 km, mainly within 200 m). They include the
changes in the spectrum and intensity of geomorphologic processes (primarily permafrost, slope and
fluvial) due to disruption of the continuity of vegetation cover, changes in the hydrogeological regime, heat
balance of permafrost, etc. The anthropogenic deposits are mainly the products of rock crushing including
the coal-bearing rocks withdrawn during the excavation of underground workings. The largest volumes of
anthropogenic sediments are concentrated in the dump fields of mines, the Pechorskaya Central Processing
Plant and the Yun-Yaginsky open coal mine (up to 66% of the total volume), as well as in the embankments
under settlements (up to 26%). Slope, erosion and aeolian processes which are rather marginal under
natural conditions, have developed within the areas of anthropogenic relief; the spectrum of cryogenic
processes has been changed there: the cryogenic weathering has become a leading process, while on the
contrary, heaving and thermokarst are practically absent. The spontaneous combustion is the most dangerous
geomorphologic process within the dump fields of operating and abandoned mines. The recorded signs of
pyrolysis, e. g. surface hovering, release of hot gases and solutions, fumaroles, subsidence of the dump
surface etc., indicate possible existence of large cavities and cracks in the dump body.

Key words: waste dumps, quarries, coal mining, man-made grounds
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JMHAMUKA I'EOT'PAOMYECKUX TTPOLIECCOB

VIIK 551.332.21 (479.25)

I.B. CeBactbsino', T.B. Caneniko’, M.A. Haymenxko®, B.P. Boitnarpsin®

PUTMHUKA ITPUPOJHBIX ITPOIIECCOB B PAMOHE MACCHUBA APATAIJ
(APMEHHS) 11O JAHHBIM W3YYEHUS O3EPA YMPOM

OO0cyxIat0Tcs HOBbIE PE3yIbTaThl HCCICIOBAHUS 03€P U JIGAHUKOBBIX OTIOKCHUH Ha CKJIOHAX CaMOT0
BBICOKOTO Ha TEPPUTOPHU APMEHHH BYJIKaHHYECKOro MaccuBa Aparail. Ha ocHOBe reoMopdonornyeckux
1 TAJICOJIMMHOJIOTHYCCKHUX MCTO0B I/ICCJ'IC)IOB&HI/II‘/’I BBIABJICHBI CJIEIbI PUTMHUYCCKOTO d)OpMI/IpOBaHI/Iﬂ moc-
JIeTIEIHUKOBOTO pefbeda, cTaIuaJbHOIO 3aJ0KEHHUS KOHEUHBIX MOPEH M BBICOKOTOPHBIX 03€p Ha CKJIOHAX
9TOro MaccuBa. BriepBble IpOBEICHO HXOJOTHPOBAHNE 03E€PHON KOTIIOBUHBI U OypeHHE NOHHBIX OTIOKCHUI
03. YMpO#i, IOIy4eHBI paJuoyITIepOAHbIE JaTHPOBKH O3€PHBIX OTIIOKEHUH U JaHHBIE O cTpaTurpaduu ocaa-
koB. Ha ocHOBe 3X0J0THpOBaHUS yTOUHEHB! MOP(OMETpHUECKHE XapaKTepUCTUKH 03epa. OOCykaaeTcs Xpo-
HOJIOTHSI CTaIMAJILHON PErPECCHU MOCISTHETO TOpHOro oneneHeHus. C IoMOILbI0 paguoyriepoanoro (AMS)
JIaTHPOBAaHMS OIpEeieH Bo3pacT o0pa3oBaHus 03. YMpoil B MaccuBe Aparain — okosio 7000 kam. 1. H., 4TO
COOTBETCTBYET MEPUOAY OTCTYMAHUsI JISITHUKA OT KOHEYHON MOPEHBI cTaauu bronb (1o aibnuicKoi TepMu-
HOJIOTHH). AHATU3UPYIOTCS JTUTEpaTypHbIC MaTepUabl NIAMOMOP(OIOTHIECKUX UCCICIOBAaHUH, BBIION-
HEHHBIX Ha Masiom KaBkase u Ha MaccuBe Aparail B IIpoIUIOM. B 0CHOBY THMIIOTE3bI CTaJHANBHOTO (GOPMHU-
POBaHKSA MOPEHHOTO penbeda Ha CKIOHAX MaccuBa Aparall B rOJIOICHE MOI0KEHa TEOPETHYECKast cxema
[Terrepccona-llInuTHHKOBa, KOTOpas ObUta pa3paboTana ays rop EBpasuu. [lokazaHbl BOSMOXXHOCTH OTI-
pelenieHnsl OTHOCUTENIBHOTO Bo3pacTa (pOpMUPOBAHUS MOPEHHOIO peibeda U 03epHBIX KOTIIOBHH Ha OCHO-
BE€ METOOB NAJICOIMMHOJIOT MYECKUX HCCIeA0BaHUN. DOpMBI JIETHUKOBOTO penbeda, Cofep Kalie HeCKOIbKO
reHepauHﬁ CTaguaJIbHbIX KOHCYHBIX MOPEH U CBA3AaHHBIX C HUMHU O3€PHBIX KOTJIOBUH, SABJIAKOTCA OTPaXCHU-
M HHKHH‘{CCKOﬁ JUHAMUKH OTCTyHaHHUA IMOCICAHETO OJICACHCHUS Ha MaCCUBE Aparau B COOTBCTCTBHHU C
MHOT'OBEKOBBIMH KJIMMATHYECKHUMU PUTMaMHM TOJIOLCHA. Y TBEp)KAAeTCs, YTO HCIIOJIB30BaHUE paIuoyIie-
poaHoro (AMS) naTupoBaHUsI 03EPHBIX OCAJKOB B TOPHBIX 03€pax, HOMOJIHEHHOE U3yYCHHEM MaMHOJIO-
TUH U CTpaTI/Il"pa(i)I/II/I JOHHBIX OTHO)KCHHﬁ, MO>XXHO CUHUTATh Han60nee PEOPE3CHTATUBHBIM MTOAXOAOM IJIA
KOCBC€HHOI'O BBIABJICHHS BO3pacTa MPUIICTAIOIIUX MOPEHHBIX OTJIOXKCHHUI M JUIA U3YyUCHU pHTMquCKOﬁ
MU3MEHYHMBOCTH NMPUPOAHBIX IMMPOLECCOB B I'OJIOLICHE.

Kniouesvie cnosa: ApMSHCKOE Haropbe, JISIHUKOBBIC OTIOKEHUS, JOHHBIE OTIIOXKeHus, AMS-narupo-

BaHUC, THAUKATOPBI

Beenenne. ['eorpadbl, MIALHUOIOTH ¥ THIAPOJIOTH
BCEr/a NPOSBIISUIA MHTEPEC K U3YUYEHUIO JMHAMUKH BbI-
COKOTOPHBIX JIaHA(PTOB U B3aUMOJICHCTBUIO TOPHBIX
JISMTHUKOB U 03ep. B pesynbrare HaOmoAeHUN 3a CO-
CTOSIHHEM COBPEMEHHBIX TOPHBIX JIETHUKOB U 03€p, U3y-
4yeHust (OpM TJISIMOTeHHOro peiibeda (KapoB, MOPEH
U 1Ip.), cOPMHUPOBAHHBIX B TIEPHUO]T MTOCIIETHETO (BIOPM-
ckoro) oneneHenus Ha KaBkaze, B Anbplax u Ipyrux
TOPHBIX CTpaHaX, ObLTM BBISBICHBI CIENbI CTAANAIb-
HOT'O OTCTYTIAHUS JIEAHUKOB U OCHOBHBIE HHIUKATOPHbIE
CBOMCTBA JIMMHO-TJISIIIMAIIBHOTO peibeda mo oTHoIIe-
HUIO K U3MeHeHusM knumata [CepeOpsHHBINA | Ip.,
1984, 1989; CeBactpsnos, 1979, 1986; Conomuna, 1992;
Kasser, 1981; Hormes et al., 2001].

Pezynbrarhl mpoBeeHNS KOMITJIEKCHBIX MAIe0IHM-
HOJIOTHYECKUX MCCIIEAOBAaHUHN B pa3HbIX TOPHBIX CHCTE-
Max Ha OCHOBE M3Yy4EHUs JOHHBIX OTJIOKEHHI 03€ep I10-
Ka3bIBaIOT, YTO O3€pa SABJISAIOTCS YYTKUMH HHIUKATO-
paMu M3MEHEHUN KIuMara W JEAHUKOBOTO CTOKa,

MpeicTaBisis co0Ol MPUPOJHBIE HAKOMUTENbHBIC UH-
(dbopmanroHHbIe TeocHcTeMbl. IMEHHO B 03€pHBIX OT-
JIOKCHUSX HaKaIlUIMBaeTCs (aKKyMyaupyercs) uHop-
Marys 00 UBMEHEHUSIX OKPY KAIOIIEH CPeJTbl B IIPOIIIOM.
Ona ¢ukcupyercsi B CTpaTUrpauu OTIOKECHUH, B CO-
CTaBe U CTPOEHHH JIOHHBIX OCAJIKOB (CEAMMEHTOB), B
nepephIBax B 0CaIKOHAKOIUICHHH, B UBMEHEHHUSIX COCTa-
Ba JMATOMOBBIX KOMIIJIEKCOB, CIOPOBO-TTBUIBIIEBBIX
CIIEKTPOB M JPYTHX WHIAMKATOPAX MPUPOIHON CpEIIbI.
Pacmmgporka 31oii nH(OpMALIMK HAa OCHOBE aJICOJTUM-
HOJIOTHYECKHX METOJIOB IMO3BOJISIET BBISIBUTH OCOOCH-
HOCTH ITPOIIECCOB 0CAIKOHAKOTICHHS, 00YCTIOBICHHBIE
W3MEHEHUSIMH KJIIMMaTa U CTOKa, IPOBOJIUTH Talieope-
KOHCTPYKIIMH, MOJICTIMPOBATH JINHAMHKY Pa3BUTHUS IIPH-
POAHBIX MPOIIECCOB B MPOILIOM H BBHISBIISTH TEHICH-
LMW UX Pa3BUTHS B PABHUHHBIX M TOPHBIX JIaHAIIApTaxX
[Connor, Kvavadze, 2008; Conomuna u nap., 2013;
Sevastyanov et al., 2014; Cy6erro u ap., 2017; Sapelko
et al., 2018].

! Cankr-IlerepOyprekuii rocynapcTBeHHbIi yHUBepeuTeT, MHCTHTYT Hayk o 3emuie, Kadeapa CTpaHOBEICHHS M MEXYHapOLHOrO TYpU3Ma,

npodeccop, TOKT. reorp. H.; e-mail: ecolim@mail.ru

2 MuctutyT o3epoBeneHus Pocculickoit akagemuu Hayk, r. Cankr-IlerepOypr, cT. Hayd.c., KaHI. Te€oTp. H.; e-mail: tsapelko@mail.ru
3 WucrutyT o3epoBenenus Poccuiickoii akagemun Hayk, r. Cankr-IleTepOypr, Bed. Hayd. C., JOKT. F€Orp. H.; e-mail: m.naumenko@limno.org.ru
4 EpeBaHCKHMH TOCYIapCTBEHHbIH YHUBEPCHTET, IPOPeccop, AOKT. Teorp. H.; e-mail: vboynagryan@ysu.am



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 17

CrennanpHble HCCIEIOBaHMS KOHTUHEHTAJIbHBIX
OTJIOKEHUU U 03ep APMEHUHU CTaH OCYIICCTBIISITHCS B
Hayaje XX B. C LENbI0 U3yYEHUs] IPUPOAHBIX PECyp-
COB, HEOOXOIMMBIX JUTS PA3BUTHS XO3SHCTBA PErHOHA.
HoBBIi1 ATan KOMINIEKCHBIX HCCIEIOBAHUI TEPPUTOPUI
ApMEHUU U KpyITHbIE HAaydHbIe 0000IICHHUS TPOILIBIX
pe3ynbTaToB ObLIM caeidaHbl B OacceliHe 03. CeBaH U
Ha MaccuBe Aparail B koHIle XX — Hagaine XXI BB. co-
TpynHuKamMu EpeBaHCKOro yHHMBEpcUTETa, AKaleMuu
Hayk ApmsHckoit CCP u AH CCCP B cBs3u ¢ IlIpo-
rpaMMaMH PaIiOHAIHHOTO UCIIOIB30BAHUS TPHUPOIHBIX
PECYpCOB peruoHa, peaqn30BaHHBIMH B pa3HbIE TOJIbI
[banbsH, 1969; Uctopus o3ep ..., 1991; boitnarpsH,
2007,2016; Casnsu, 2009; boitnarpsH u np., 2018].

OcHoBHas 3aJa4a HALLIEr0 MCCJIEIOBAHUA — pac-
CMOTpPETh BO3MOXKHOCTH OMNpEAETIeHHs] Bo3pacTa Iiif-
IUOTEHHOTO penbeda 1 BBISIBICHHSI OCOOCHHOCTEH 3BO-
JIFOIIMU BBICOKOTOPHOT'O 03. YMPOU B IOCJIENENHUKOBOE
BpeMsI Ha OCHOBE Pe3Y/IbTaTOB U3YUYEHUs TOHHBIX OCa-
KOB 03€pa M CTaJNaJIbHOCTHU JIGAHUKOBBIX OTIOKEHUH
Ha CKJIOHax MaccuBa Aparain B ApMeHUH.

Marepuajbl 1 MeTOAbI UcciaenoBannii. Jlerom
2018 1. aBTOpHI MPOBOIMIIH HCCIICIOBAHHUS BHICOKOTOP-
HBIX 03ep APMSHCKOTO Haropbsa B paMKax peann3anuu
COBMECTHOTO MEXTyHapOIHOro Poccuiicko- ApMsHCKO-
ro npoexkra POOU — «ITaneonmMHONOrH4eCKUA aClIEKT

M3YyUEHHS DBOJIIOIUU DKOCHCTEM BBICOKOTOPHBIX 03ep
Poccun u ApmeHun».

OnvH U3 00BEKTOB HAILUX UCCIIEAOBAHUI — BbI-
COKOTOpHOE 03ep0 YMpOii, pacnoioXeHHOe Ha CeBe-
PO-BOCTOYHOM CKJIOHE BYJTKAHHUYECKOTO MaccuBa Apa-
rai. OTOT MaccHB, KaK Han0oJee BO3BBIIIICHHBIN paii-
OH ApMEHUH, MPEACTABISAET CYIICCTBEHHBIH HHTEPEC
JUTSL N3yYEHUS CIIEZ0B MTOCIEAHETO0 OJIeICHEHUS U DBO-
JIIOLIMHM CBSI3aHHBIX ¢ HUMH 03ep. [ToaTomMy pernepHbIM
paiioHOM ansi u3ydeHus ObLT BBIOpaH OacceifH BBICO-
KOTOpHOTO 03. YMpoii (puc. 1).

Bynkanndeckuit MmaccuB Aparail, JOCTUTAIOIIAMA
BBICOTHI 4090 M, Ha KOTOPOM TPOBOAUIIOCH U3YUCHHE
03€PHBIX KOTIIOBUH M (POPM MOCIEIEAHUKOBOTO pelibe-
(a, mpeacTaBiieH YSThIPbMsI ByJIKAHOTCHHBIMH BEPIIIH-
Hamu. CKJIIOHBI 3TOT0 TOPHOTO MacCHBa HECYT CIIEIIbI
JPEBHEr0 OJICICHEHUSI B BHJIC OOIIMPHBIX KApoOB, MO-
PCHHBIX 00pa30BaHUIl M CBA3aHHBIX C HUMHU O3€PHBIX
KOTJI0BHMH. Ha ckloHax MaccuBa Aparai IMeeTcsl MHOTO
HEOOJIBIINX 03€p, JISKAIIMX Ha PA3HBIX BEICOTHBIX YPOB-
HAX. AHaJIM3 KapTorpaduueckux MaTepHaioB IOKa3bl-
BaeT, 4TO OOJIBIIMHCTBO U3 HUX PACIIONIOKEHO B Mpele-
nax BeIcOT 2900-3600 M, 3aHMMAIOT HOHMXKEHUS MO-
peHHOro penbeda B Kapax M MPENCTABISIOT cOOOM
KapoBbIE, MOPEHHO-3aIPy/IHbIC U BHYTPUMOPEHHBIC VIS
IIMOTEHHBIE KOTIIOBUHBL. HeckonbKo 03ep, pacnonoxeH-

Puc. 1. Paiion uccienoBanuii — ApMSHCKOE Haropbe, MaccuB Aparail, 03. YMpoi

Fig. 1. Study Area — Armenian Plateau, Aragats Massif, Umroi Lake
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HBIX Y CEBEPO-BOCTOYHOIO MOAHOXKHS MaccuBa Apa-
rail Cpeiv JJaBOBOro pesibeda Ha oTMeTKax Hike 2500 M,
HalpuMep, B OKpecTHOCTAX ¢. HuramsaH, mo MHEHHIO
psida mccaenoBaTenei, UMEIOT BYJIKaHOT'€HHOE MPOHC-
xoxnerue [boitnarpsn, 2007, 2016; Casmsn, 2009].

Ha ocHoBe neranmpHOTO aHaim3a adpopOTOCHUM-
KOB ¥ Tomorpaduueckux kapt mMacmrabos 1:25 000 u
1:100 000, mpoKJIaKK MPOAOIBHBIX TPOQHIIEH IO MO-
PEHHBIM HAKOIJIEHUSM BIOPMCKOTO BO3pacTa Ha ceBe-
PO-BOCTOYHON M BOCTOYHOM YacCTSIX MaKpPOCKIOHOB
MaccuBa Aparai], BIepBbI€ JJIsI pacCMaTpPUBAEMOI0
pEernoHa yaaaoch BBIIBUTh MUHHUMYM YeThIpE TeHepa-
LMY MOPEHHBIX OTJIOXKEHHH, MPOCIEIUTh MaKCHMAallb-
HOE MTPOJIBUKEHNE BIOPMCKHX JISAHUKOB U BBISIBUTH CTa-
JUAJIBbHOCTh UX OTCTyIaHus. Beime 03. YMpoii Ha To-
norpaduyeckux Kaprax U adpoCHUMKax Pa3HbIX JIET
YCTAHOBJICHO €llle JIBa HEOOIBIINX 03epa, MOIPYKEeH-
HBIX MOpPEHAMH, PacTIONararoiXcsi Ha THIICOMETpUYec-
kux ypoBHsX 3207 u 3380 M. OcoObIii HHTEpec BhI3BA-
JIO KpYITHOE DIIALIMOreHHOE 03epo YMpoii. I3yuenue oco-
OeHHOCTel pacpocTpaHeHUsI MOPEHHBIX OTJIOKCHUH B
ero OacceifHe, TIO3BOJIMIIO BBISIBHTH CIIE/IBI CTaANAITh-
HOCTH B (hopMUpOBaHHH MOpPEHHOTO penbeda. HMcce-
JIOBaHME IITyOHWH 03epa TOCPENCTBOM 3XOIOTHPOBAHHS
U OTOOp KOJIOHOK JTOHHBIX OTJIIOKEHHH TMOATBEPIUIH
HAaIIH TPEATIONOXKEHUS O JISTHIKOBOM IPOUCXOKICHUHU
o3epa. [locnenyromiee u3yyeHne cocraBa U CTPOSHUS
03EPHBIX OTJIOKEHUH Oy/IeT TIOJI0KEHO B OCHOBY ITaJICO-
JTUMHOJIOTUYECKUX PEKOHCTPYKIUH rofoueHa [borinar-
psH u ap., 2018; Sapelko et al., 2019].

Pesyabrarbl U o0cyxaenue. Ozepo YMpoit —
MIpeAMET HAIIero CTIEHaIbHOTO U3YUEHHS], PACTIOIOMKe-
HO BO BHEIIHEH YacTH OOIIMPHOTO Kapa Ha BBICOTE
3058 M Ha/K ypoBHEM MOpsI, UMEET OBUTBHYIO (OpMY U
OpPUEHTHPOBAHO CBOEH JUIMHHON CTOPOHOM B HAIIPaBJIE-
Hun C3-FOB. CeBepHast 4acTh 03epHOH KOTJIIOBUHBI
yoiyOneHa mouTtH 10 11 M, BEposiTHO 10J] BO3/ICHCTBH-
€M KOHIIa APEBHEro JIGAHUKA B TIEPUOJ €r0 CTallnOHAap-
HOTO TTOJIOKEHUS, @ TPOTHUBOIONOKHAS — 0T 0-BOCTOY-

Hasl —4acTh KOTJOBUHBI BBITIONIOXKEHA, CTOK ITONPYKH-
BaeTcs MOpeHoi. bonbias yacts Oeperos o3epa npe-
CTaBJIeHa KPYTHIMH OCBHINTHBIMU CKJIIOHAMH, TTOKPHITHI-
MU KPYyITHOIIIBIOOBBIM Matepuaiom. O3epo umeer mpe-
WMYIIECTBEHHO CHETOBOE MHUTAHWE 32 CUET TasHUS
CHEeXXHHMKOB Ha BOIOCOOpE U JOKIEBBIX 0cajkoB. Jlen-
HUKa B BEPXOBBSIX Kapa He HaOIonaercs, HO Ha a’po-
CHMMKaX U Tonorpa)iuecKux KapTax B BEpXHEH 4aCTH
Kapa BBIIIE 03. YMpPOI MOKHO BHJETH €€ 1Ba HEOOIb-
HIMX TIAIHOTEHHBIX 03epa Ha BeicoTax 3207 M 1 OKOJIO
3380 m. C ceBepo-3amaia o3epHasi KOTIIOBUHA 03. YM-
poli oOpaMyIeHa KPYThIMHU CKJIOHAMH TOPHOM KOPEHHOM
CKJIaJIKM, M3rudaromieics B hopMe 1upKa CeBepo-BOC-
TOYHOM SKCIO3UIINU U IOCTUTAIOIIEN BBICOTHBIX OTME-
TOK TpebHs 3283-3372 M. MakcuMaJjbHbBIC BBICOTHI
OT/ICNBbHBIX BEPIIUH rpeOHs B 00paMIIeHUH BoocOopa
o3epa gocturaror 3585,5 M Hax ypoBHeM Mops. Kopen-
HbIEe MTOPOJBI CKIIOHOB MAacCHBa CIIOXKEHBI MIPEUMYIIIe-
CTBEHHO BYIIKAHOT€HHBIMHU TIOPOJIaMH BEpXHEro—Ccpe/-
Hero onurorieHa [banbsH, 1969; boitnarpsia, 2016].

B nepuon moneBeix uccnenosanmii 2018 r. Briep-
BbIC HaMU BBITIONHEHBI TOIPOOHBIE MTPOMEPHI TITyOHH
03. YMpoii Ha OCHOBE 3XOIIOTUpOBaHus (Tadm. 1).

B yactHOCTH, CyIIECTBEHHO YTOUYHEHBI OCHOBHBIC
Mop(hoMeTprYecKre apaMerpbl BBICOKOTOPHOTO 03. YM-
poii u pazpaborana 3D-monens ero kormioBuHbl [Ca-
nenko u Ap., 2019]. Otéop npod JOHHBIX OTAOKEHUH
03. YMpo# ObLII BBITIONHEH C ITOMOIIBIO PYCCKOro Oypa
(MomupUIIUPOBAHHOTO TOPQSIHOTO) B TOUYKE
(40°31,285' ¢. 11. 44°15,594' B. 11.), ¢ nIyOMHBI 3,35 M.
[Momy4eHsl epBbIC pe3yAbTaThl H3y4eHUS KOIOHKH JIOH-
HBIX OTJIOKEHUH, COCTOSIIIEN U3 IByX KEPHOB, B3ATHIX C
nepekpbiTieM. OO0IIas MOIIHOCTh OTOOPAHHOM KOJIOH-
ku coctaBuia 1,17 M. BeraeneHs! TpaHUITBI M OITH CAHBI
JUTOJIOTUYECKUE TOPU3OHTHL. Koppernsius kepHOB Tpo-
BEJIEHA I10 JIUTOJIOTMYECKUM rpaHuiiaM. 13 31oii konoH-
KM TIOJIY4€HO IIATh paJroyIriepoaHbix AMS-natupoBok
(tabu. 2) [Sapelko et al., 2019]. JlatupoBanue BbITION-
HEHO B painoyIiieponHoi taboparopun MHCTHTYTA reo-

Tab6auma 1

OcHoBHBIC MOPOMETPHIECKHE XAaPAKTEPHCTHKH 03. Y MPOii

[Tnomans, Cpennss riyouHa, Haunbonsmas riryOuHa, O0beMm, Koadpunuent pazsurus GeperoBoit
KM M M M JIMHUU
0,117 3.2 10,9 365,1x10° 1,28

Tabnuia 2

Pagnoyraeponnasie AMS-1aTHPOBKH 110 OPraHUYeCKOMY BellleCTBY OTJI0KeHUH 03. YMpoi*

TinyGuna, o | JlaGopaTopHblii HOMep ﬂ;\fxf}zﬁiﬁ . Paunoyrgigf[;%ﬁ BO3pact KMHGP?(B;ITI;ITIE .1303paCT,
4,42-4.44 IGAN-6545 TOC 6285+40 7156-7313 (7216)
4,15-4,17 IGAN-6546 TOC 2915+40 2945-3179 (3057)
4,03-4,05 IGAN-6547 TOC 2925+30 2973-3163 (3072)
3,84-3,86 IGAN-6548 TOC 2415+20 2348-2700 (2455)
3,40-3,42 IGAN-6549 TOC 650+20 560-666 (591)

[Mpumeuanue. *Pe3ynpraThl pamvioyriiepogHoro paaTHpoBaHus o6OpasnoB mnomydeHsl B LIKIT «Jlabopatopus paamo-

YIJIEPOIHOrO JAaTHPOBAHUS M JJIEKTPOHHOW Mukpockonum» HHctutyra reorpaduun PAH u B LleHTpe NpHKIagHBIX H30TOIHBIX
uccienoBannid YHusepcurera Jxopmkun (CLIA). TOC — o0mmuii opraHimyecKuid yriepos.
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rpadun PAH, xannOpoBKa Jat BEIOTHEHBI B COOTBET-
creuu ¢ Radiocarbon Calibration Program Calib.
Ver. 7.1.0 [Reimer et al., 2013].

Amnanus crpaTurpaduu JOHHBIX OTJIOXKEHUH U T10-
Jy4eHHBIC JaTUPOBKU IMOKA3AJIM ONPENCNICHHYIO PUT-
MHUYHOCTh B OCaJIKOHAKOIUICHHH. B 0TOOpaHHO# KOJIOH-
Ke u3 HIKHero (0a3aibHOr0) cliosi OTHOCHTEIBHO 00-
Jiee TUIOTHBIX | MUHEPAJTM30BaHHBIX CIIOMCTHIX CYTITHHKOB
Mmojy4yeHa kaanopoBaHHas nata okoio 7000 i. H. [dpy-
ras TaTUpOBKa BEpXHEro cios ocaakoB (3) cocTaBuia
oxorio 600 1. H. (puc. 2, cMm. Tabm. 2).

Kononka miuHO# 117 cM BCKpBIBAET OTIIOKEHUS
03. ¥YMpoii, HakonuBuecs nmoyutu 3a 7000 ser, ¢ yuerom
KaTHOpOBaHHOTO BO3pAcTa HIIKHETO CJIOSl OTJIOKCHHH
(cMm. puc. 2). CpenHsis pacdeTHasi CKOPOCTb OCaIKOHA-
KOILJIEHUSI 110 BCE KOJIOHKeE (Ha OCHOBE BEpXHEH 1 HI)KHEN
MOMYYEHHBIX JATUPOBOK) cocTarisieT okono 0,15 mm/rox.
CpenHsisi CKopoCTh HAKOTIICHHSI KOPUYHEBOM TOMOTEHHOM
TUTTHH B TOpU30HTE ¢ TiryouH 405—-385 cM (oT moBepx-
HOCTH BOgbI) focturaer 0,4 Mm/roj. 3HaUUTENIbHAS Pa3-
HUIIA B PACYETHBIX CKOPOCTIX 0CAAKOHAKOILICHHS U CJIO-
WCTOE CTPOCHUE KOJIOHKH OCAJIKOB B MHTEpBAJIE ITyOHH
405—430 cM ¢ IPUCYTCTBHEM ITECYAHOTO TOPU30HTA MO-
T'YT OTpa)kaTh Pe3Kue KomeOaHuUst IPUPOIHBIX YCIOBUH 1
BO3MO)KHBIC TIEPEPHIBBI B 03€PHOM OCAKOHAKOIICHHH
(Mexny cnosimu 1, 2 u ipocioit iecka 4, cM. puc. 2). O6
3TOM CBHUJETENBCTBYIOT HAIllM MPEIBAPUTEIBHEIC pe-
3yNbTaThl H3y4eHHs KonoHKH [CeBacThsIHOB U Ap., 2019;
Sapelko et al., 2019].

ITo npenBapuTENBbHBIM pe3yabTaTaM NaIHMHOIOU-
YECKOIr0 U3Y4UEHH S KOJIOHKH JIOHHBIX OTJIOKEHUM 03. YM-
pOI71 MBI MOKEM T'OBOPHUTH O TCIIJIOM M BJIAXXKHOM KIIH-
MaTe BO BpeMs (POPMHPOBAHMsI CIOMCTOTO CYIJIMHKA.
B st0 BpEMs COACPKAHUE MBIl APEBECHBIX IMOPO/J
OBLJI0O MHHUMAJILHBIM IO pa3pe3y. Bo3aMoxHO, B 3TO
BpEMs IMPOUCXOUJIO TassHHUE JICAHUKOB. Atnantryec-
KUl riepuo popMUpoBaHUS CYTIIMHKA TOATBEPKAACT U
MONTyYeHHAs PaJAuOoyTiIepoHas 1aThupoBka 6285+40 “C
ner Hazax (7216 kan. 1. H.) (IGAN-6545) [Sapelko et al.,
2019]. ITomydeHHbIC 3aKIIOYCHIS O BIAYKHOM KIIMMATe
M pacipocTpaHeHHH JjiecoB Ha Mayom Kapkase moa-
TBEPXKIAIOT TAK)KE AJIMHOIOTHYCCKUE JaHHBIE IO Top-
HBIM TeppuTopusiM ApMmennn u [ py3un [ CepeOpsHHBIH
u ap., 1984; Connor, Kvavadze, 2008; Ollivier et al.,
2011; Joannin et al., 2014; Leroyer et al., 2016]. 3me-
HEHHUE KIMMAaTHYECKUX YCIOBUH MPOU30IILIO B Cy000-
peaﬂbeIﬁ nepuoa, Ajd KOTOPOTO IMOJYUYCHBI OAaThl
2915440 “C ner nazan (3057 xan. i1. H.) (IGAN-6546)
u 2925+30 “C ner masan (3072 kaun. a. u.) (IGAN-
6547). B a0 Bpems B 03epe (popMHpOBaNIach TEMHAs
TIUHUCTAs TUTTHA (CM. puc. 2). ['panura ngeca orrycka-
JIaCh HUKE COBPEMEHHOM, 0 YeM MOYKET CBHICTEIIbCTBO-
BaTh COKpAIICHUE JAPEBECHBIX MOPOJ B CIIOPOBO-IIBLIb-
LEBBIX CIICKTPax. HOJ’Iy‘IeHHBIe MAJIMHOJIOTMYECKUE NaH-
HBIC JIJIS 3TOrO Iepruoaa (PUKCHPYIOT MOXOJNIOJAaHUE U
HCCYIICHUE KIIMMATa, YTO BO3MOYKHO CBSI3aHO C YBEIIH-
YCHUEM JICTHUKOBOTO IOKPOBa. O COKpAILCHUH JICHH-
koB B roiomene okono 10 500 mer Hazam cBUIETETH-

|

it / ESD'.tZﬂ"wl MexcTaguan VI-VII ctaguii
3,75+

% _ Mexcragunan V-VI cragui,

2415420 “(Tenno, MHOro opraHukm)

4,00+ -

4 I.‘I 'wv

3 | 225430 |
4,25+ ,2/ : 2015440 ; Mexctagunan llI-IVcraguin

7 o - _,"'lszastaﬁ",‘v_l
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KannbpoBaHHbI BO3pacT (NeT Hasag)

Puc. 2. Monens «Bo3pacT—nIyOnHa» 10 KEPHY O3E€PHBIX OTIOKEHHN 03. YMpoii (marel 1o “C). [yOuHBI JaHbl OT TIOBEPXHOCTU BOBI.

Venosnvie 0603nauenus: CneBa Ha TUTONOTHYECKOH KOJTOHKE: 1 — CIIOUCTHII CYIIMHOK; 2 — OXHOPOAHAS IMMHKUCTast TUTTHUS; 3 — CIIOUCTas

TIIMHHUCTAA TUTTUA, 4 — TIECOK, 5— TEMHO-KOPHUYHEBas ITIMHUCTAasA OOHOPOAHAA TUTTHUA, 6 — CBETJIO-KOpUYHEBAasA OAHOPOAHAA THUTTHUA.
udpamu Ha KpUBOH NaHBl HEKAINOPOBAHHBIE JaThl, HA TOPU3OHTAILHON OCH — KaJInOpOBaHHbIE

Fig. 2. «Age-depth» model according to the core of the Umroi Lake sediments ('*C dating). Depths are given downward from the water

surface. Legend: Left on the lithological column: 1 — layered loam; 2 — homogeneous clay gittia; 3 — layered clay gittia; 4 — sand; 5 — dark

brown clay homogeneous gittia; 6 — light brown homogeneous gittia. The numbers on the curve are uncalibrated dates, those on the graph
are calibrated dates
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CTBYIOT HcclienoBaHusa kak Ha KaBkaze [ComomuHa
u ap., 2013], rak u B Ansnax [Ivy-Ochs et al., 2009].
[Ipu sTOM OTMEuaeTcsi COKpalleHHUE JEAHUKOB J0
nieprona okoio 3000 jieT Ha3aa, 9TO MOKA3BIBAIOT U HAIIIN
PE3YyabTaThl, IMOTYYCHHBIC 10 JOHHBIM OTJIOXCHUAM
03. YMpoii. C HauajoM cy0aTIaHTHYECKOrO Meproa,
Kotopoe pukcupyercs narupoBkoit 2415420 “C ner Ha-
3a1 (2455 xain. 1. H.) (IGAN-6548) yBenuunBaercs co-
ACPKaHUC APCBCCHBIX ITOPOA B CHOPOBO-NIBIIBLCBBLIX
CIICKTpax, 4TO CBUACTCILCTBYCT 06 YBIQXXKHCHUHN K-
MaTa ¥ BO3MOKHOM TOJITbeMe IPaHUIIbI JIeca JI0 COBpe-
MCHHOI'O YPOBHA.

Ha orcrynmanue (cokpalienre) TOpHBIX JIGTHUKOB
B ronorene okoio 3000 1. H., KOTOpOE CMEHIIOCH T10-
XOJIOJJAHUEM U HACTYIUICHUEM OJICCHECHHS OKOJIO
2000 7. H., yKa3bIBaJIl MHOTHE aBTOPBI. DTy HUCTOpPHU-
4ecKyro (a3y uccienoBaTenn GUKCUPOBAIN Ha OCHOBE
pa3HBIX MHAWKATOpoB Kak Ha KaBkaze [TymmHCcKuin
u ap., 1979; Cepebpsunbiii u ap., 1984; Conomuna,
1992; Serebryanny, Solomina, 1996; Joannin et al., 2014],
Tak 1 B Asbriax [Hormes et al., 2001; Haeberli et al.,
2003]. Ilocnennee HACTYIIJICHHE JIGMHUKOB M YBEITHYC-
HHE CHEXHOCTH Ha KaBkaze m ApMSHCKOM Haropbe
(«Manbrit 1eqHUKOBBIN Tiepuon») — 200-300 1. H., oT-
Me4eHO B paborax psiia uccienoBareneid [ TylmmHCKUH,
1960; LlIautHIKOB, 1969; Tymmackuit, Typmanuna, 1979;
Kotlyakov et al., 1991; Joannin et al., 2014].

Ha BynkanmdeckoM mMaccuBe Aparaiy Clieibl BIOpM-
CKHX JIGMTHUKOB Hamboree 4eTKO MPOCISKUBAIOTCS Ha
€ro CEBEPHBIX M BOCTOYHBIX MaKPOCKJIOHAX M B IIpOpe-
3al0lIMX UX TPOTOBBIX JIONMHAX. B 3anmaanoii yactu ce-
BEPHOr0 MaKpOCKIIOHA B Ti1yookot (110 300—350 M) Tpo-
roBo# nonuue p. ['exan3op uMeercs 1eibii Habop clie-
JI0OB BIOPMCKOTO OJICICHEHHS: JICCTHUIIA KapOB B
nnTepBaie BoicoT oT 3300 10 2950 M; purenu ¢ oTHO-
cutenbHoM BeicoTol 100—150 M; KapoBbIe 1 MOpEHHBIE
03epa, TPsBI MOPEHHBIX XOJIMOB, 00pa3yOIIHX MOI0CY
uHO# 110 10 KM (HMKHSSA TpaHUIla MOPEH 31eCh Ipo-
XOIHUT Ha BBICOTE OKOJIO 2250 M) U MOIIHOCTBIO OoJiee
80 M. B Tporosoit monune p. Jy3keHa, mpope3aromieit
MOYTH TIOCEPEINHE CEBEPHBI MaKPOCKIOH Apararia, B
BEPXOBBSIX PACTIONIOKEH TITyOOKUH BUCSYHHA Kap, U3 KO-
TOPOTO TAHCTCA 110JI0Ca MOPCHHBIX XOJIMOB C BBICOTBI
3150 M 10 BeicoThI 2250 M 1 o01Iel ymuHOM 7 kM [boli-
HarpsH, 2016]. MopeHHBIH TTOKPOB Aparama HUMeeT
CIIOKHOE CTPOSHHE B CBS3H C TE€M, YTO B TIEPHOJI MaK-
CHMYyMa TIOCJIEIHETO OJIS/ICHEHN S BEPIIIMHA BYJIKaHA IT0-
KpbIBAJIACh «IEIHUKOBOW IIAIIKOI), a I10 CKJIIOHAM CTe-
KaJIi JOJMHHBIC U KapOBO-AO0JMHHBIC JICTHHUKH, Cq)Op-
MHUPOBaBIINE KOHEUHBIE MOpeHbl. OTMEYanoch, 4To
BYJIKAHUYECKHI MacCHB HEOMHOKPATHO MOJBEpraics
3eMJICTPSCCHHSIM, KOTOPBIE OCTABIJIM CUCTEMY pas-
JIOMOB, OCJIOXHSIOIIMX WHTEPIPETAIHIO CIEAO0B OJIe-
ACHCHUA U BBIABJIICHHUC CTaAWAJIBHOCTH B JCrpaJaliun
oJie/icHeHUsl. B OCHOBHOM, MCCII€IOBATENN BBIACISIIN
CIIeZIbl MAaKCUMAIILHOTO PHCCKOTO U MTOCIIENTHEro BIOPM-
ckoro oneneHenut [banbsau, 1969; Casusn, 2009 u ap.].
OnHako, HEKOTOPBIE aBTOPBI, H3YYaBIINE CIEIbI MTOC-
JIETHETO OJIC/ICHEHMS Ha CKIIOHaX Aparaiia, BbIJIems-
JIKn CEpuun pa3HOMaCH_ITa6HLIX CTaaruaJbHBIX KOHCUHBIX
MopeH [JImakos, 1931; Makcumos, 1970; boiinarpsH,

2016 u gp.]. B gacraoctu, E.B. Makcumon [1970]
MOAPAa3 NI MOPEHHBIE TTOJISI K OT/IETbHBIE MOPEHBI
Ha CKJIOHax Aparaiia 1o uX MOIIHOCTH U BBIPaXKEH-
HOCTH B penbede Ha pa3Hble TeHepalfu: a) cTaju-
ajbHBIe (MHOTOBEKOBBIE), 0) MPOMEXKYTOUYHBIC, B) B-
HyTpuBeKOBble. CmaoduanbHble — 3TO CaMble MOIIl-
Hble KOHEYHBIE MOpPEHBI, COOTBETCTBYIOIIHE
MHOroBekoBoMy putMy llerrepccona-IlIHuTHHKOBA
(1800—-1900 ner) [Pettersson, 1930, IlInutHuKOB, 1957,
1985]. Takux mopen E.B. MakCUMOBBIM B pa3HBIX
JNOJAHAX OBUIO BBIJEIECHO O YEThIPe—sATh, & BHYT-
PUBEKOBBIX — TPU—TISITh M pacCYUTaHa cTagualibHas
JeTnpeccus KOHIIOB JIETHUKOB, COCTABIISIONIAs B Cpell-
HeM 80—100 m [Makcumos, 1970]. IIpu pexoraocuu-
poBke penbeda B OacceitHe 03. YMpoO HaMH Takke
OBUTO BBIJICTICHO YETHIPE—ISTh CTAJMAIBHBIX KOHEY-
HBIX MOPEH T'0JIOIIEHOBOT0 Bo3pacTa. X opueHTupo-
BOYHOE PAacIONIOKEHHE OTMEUCHO Ha Tornorpaduyec-
Ko# kapre (puc. 3).

MexaHu3M 00pa30BaHUs CTAIHATEHBIX KOHEYHBIX
MOpEH U 03ep B MPOI[ECCE MHOTOBEKOBOT'O PUTMa pac-
aja MmocjeIHero ropHoro OJeeHEHUs U CTaAnaabHas
XPOHOJIOTHS 3TOTO Mpollecca ObIIH ACTAILHO O CAHBI
1 000cHOBaHHI B psizie pador [[LlauTHHKOB, 1957, 1985;
Maxkcumos, 1983; CeactbsinoB, 1979; CepeOpsiHHBIIM
u ap., 1989; Conomuna, 2014 u np.].

Kak Onl1o moka3zano B paborax O. Pettersson
[1930] u A.B. llInutHuxoBa [1957, 1985], ocHoBHOMI
MPUYUHON W3MEHEHUS ITI00aTbHOTO KIIMMaTa | TocIie-
Jytolero OanaHca Macchl JITHUKOB, MPUBOIAIICH UX
B COCTOSTHHE HACTYTaHUs WIN JIerpajlaliiy, Ha MPOTA-
YKEHUH TOJI0IeHa ABJISJICA pUTM HepaBeHCTBA MPHIINBO-
obpasytomeit cunbl (I1C). ITo pacueram O. Ilerrepc-
COHa, MUKINYECKHE H3MEHEHHS 3TOH CHIIBI 00yCIIOBIIE-
HBl OpOUTANBHBIM pacloNokeHneM 3eMiau u JIyHbI
otHocuTenbHO ConHna. PUTMUYHO M3MEHSACH, HA MaK-
cumyme coero npossienus [1C crocobcTByeT moa-
HSTHIO XOJOJJHBIX TITYOMHHBIX BOJI K TIOBEPXHOCTH Mu-
POBOT0 OKeaHa. DTO MPUBOIUT K OXJIaKICHHUIO TPOIOC-
(epsl U nepepacnpenenieHuo 0CaJKoB Ha MaTepuKax,
BBI3bIBasi OTHOCUTEIHHOE YBEIHUEHHE YBIA)KHEHHOCTH
TOpHBIX TeppuTopuil. IIpu 3TOM B ropax npoUCXoaUT
HaKOIUUIGHHE CHeTra M JibJa, TOPHbIE JIEAHUKHU TEpexo-
1T B Hactyruienue. Korga ¢aza MakcuMalbHOTO Ha-
CTYIUICHHS JIEAHUKOB CMEHSIETCS] PABHOBECHBIM IOJIO-
KEHUEM MX KOHIIOB, (POPMHUPYIOTCS CTaIHaIbHbBIE KO-
HedHble MopeHbl. Da3a OTCTyMmaHus JETHUKOB CIEIyeT
3a cHHXKeHneM ummyinbca [1C, morerienneM moBepx-
HOCTH OKeaHa U Bcel Tporochepsl, YTO COPOBOXKIa-
eTCsl COKpaIllEHHEM CHEXHOCTU M JIEOBUTOCTH TOp-
HBIX TEPPUTOPHUNA. XPOHOJIOTMYECKAS CXEMA CTaIualIb-
HOM Jerpaganuy BIOPMCKOTO OJieICHEHUS TpUBeIeHa
B Tadiuie 3.

Teopernuecku, putm Ilerrepccona-IInuTHIKOBA
HMMEET CPeTHIOI0 IPOIOTKUTENBHOCTE OKouo 1850 jer.
B ropHo-J1eTHUKOBBIX 00TaCTAX B KOHIIE MHOTOBEKOBOM
(ha3bl MAKCUMAJILHOTO MTOXOJIOIAHUS, KOT/Ia HACTYIAeT
paBHOBecHe OanaHca Macchl JISAHUKOB M TOJOXKEHUE
MX KOHIIOB CTa0MIN3upyercs, GopMUpyroTCcs YPOHTAIIb-
HBIE CTAMAJIBHBIE KOHEYHBIE MOPEHBI. B HauanpHOI
(haze MoTenIeHus y KOHIIOB JISTHUKOB ITPOUCXOJHUT 00-
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Puc. 3. Kapra Oacceitna 03. YMpoii u pyOexu pacpocTpaHeHHs CTaIualbHbIX BIOPMCKHX MOPEH (IPEpbIBUCTHIC JIMHUH)

Fig. 3. Map of the Umroi Lake basin and the boundaries of the stadial Wurm moraines (broken lines)

pa3oBaHUE CTaUATBHBIX 03€p, 3AlIPYKEHHBIX ITUMH KO-
HCYHBIMHU MOpCHaAMH, OT KOTOPBLIX OTCTYNarOT KOHIIbI
NeHUKOB. Takue 03epa UMEIOT BO3pacT, OJM3KHHA K BO3-
pacTy OANpPYKUBATOIIEH X KOHEUHOU MOpeHbI [ LIIHuT-
HHKOB, 1985; MakcumoB, 1983; CeBactbsiHoB, 1986; Co-
soMuHa, 1992, 2014; Hormes et al., 2001].

CoryracHO HOBBIM JaHHBIM, UMITYJILC ITOCJICIICAHU -
KOBOTO 3HAYUTEIBHOTO MOTEIUIEHUS (PUKCHUpYeTCs Hc-
caenoBarensaMu, HaurHasg ot 12 000—11 700 ner vazan,
W OTIpeZIeNsIeTcs KaKk Hadaylo HallpaBJIeHHOro ToTerie-
HUS TOJIONEHA, YTO CJIENYET U3 PACUETHOW MOJICIN X012
najieoTeMIeparyp mocie Hayaja Jeriuanuu 10 XX B.
[Marcott et al., 2015]. B TeueHne 3TOro BpeMeHH, Kak
MOKAa3aHo B PSJIE UCCIIENOBaHUH, B AJTbIIaX TOPHOE OJIe-
JICHCHUE MPOIIIO Yepe3 BOCEMb CTaJHMK OTCTYIMaHUs
[Kasser, 1981; Hormes et al., 2001], uro B onpeneneH-
HOI Mepe MOJATBEPXKAAaeT TeopeTHUeckyto cxemy Iler-
tepccoHa-1ITHuTHMKOBA [UIs rop EBpasun.

Be3ycnoBHO, mpUBecHHAs CXeMa Ha MPOTSHKEHUH
TOJIOIIEHA YCIOXKHSIACh HAJIOKEHUEM JIPYTUX KIuMa-
TooOpa3yromux (GpakropoB (CojHEUHAss aKTHBHOCTb,
BYJIKaHHUYECKas ACATCIIbHOCTDL, pErHOHAJIbHAA TCKTOHU -

Ka TOPHBIX CTPaH, BHYTPHBEKOBbIC KITMMATHICCKUE PHT-
MBI U JIp.), © 3TO OTMEYaJlOCb MHOTUMHU aBTOPaMHU.
CrnenoBaTenbHO, MBI MOXKEM (PUKCHPOBATH B penbede
W O3EPHBIX OTJIOKEHUSX JIHIIb PE3ybTUPYIOIIUE Cie-
JIbl HEKOH «MHTEp(EPEHIINN BONH UKITMYHOCTHY Pa3-
HOM CUJIbl U HampaBiieHHOCTH. [loaToMy nHTEpnpera-
sl najieoreorpaduvueckux yCIoBHid (HOPpMHUPOBAHHS
MOPEH U 03€p BeChMa CIOKHA, HEPEIKO MPOTHBOPEUH-
Ba M BBI3bIBAET MHOXECTBO AUCKyccHii [CepeOpsHHBIH
u ap., 1984, 1989; Kotlyakov et al., 1991; Hormes et al.,
2001; Conomuna, 2014 u ap.].

PazBuBas TBOpYECKYIO IUCKYCCHIO O PUTMHUKE
MPHUPOJHBIX MPOIECCOB, MBI IPUMEHUIIA PACCMOTPEH-
HYIO CXeMY MHOTOBEKOBOW TMHAMUKH YBIIQYKHEHHOCTH
KJIUMaTa ¥ CTaJHaIbHOCTH paciia/ia TOPHOTO oJie/ieHe-
HUS B ToJIoLeHE (CM. Ta01. 3) sl MHTEpIPETallid pe-
3yJbTaTOB M3YYCHUS MOPEHHBIX OTIIOKECHHUH B Oacceii-
He 03. YMpOI U JIOHHBIX 0CaaKoB o3epa. Ciemyer or-
METUTH, YTO BBIJICTICHHBIC HAMU Ha TOMOTPaQUUECKOH
kapte (cM. puc. 3) QpoHTaNLHBIE 30HBI MOPEH JIEXKAT
(cBepxy BHU3) Ha BhIcoTax: mepmas — 3400-3350 m,
Bropas — 3300-3200 M, Tperbs — 3200-3120 M, dger-
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TaGuuna 3
Cxema pacniaga BIOpMCcKOro oseaenenus B ropax Espasun [llInurankos, 1985]
HasBanue crananbHbIX MOPEHHBIX . Teopernueckuii Bo3pact
Ne mopen N BHemHuil Bun Marepuana MOpeH,
KOMIIIEKCOB I10 aJIbITHHCKOM . o CTa/INabHBIX KOHEYHBIX
Ha KapTe BBICOTHBIH JIaHAIA(THBIH HOsAC
TEPMHUHOJIOT X MOpEH JI. H. (He KainnOpoBaH)
Depnay (VII cranust) HesanepHoBaHHBIN MOPEHHBIH MaTepHan
1 200-400
(«Maunast JTeJHIKOBAsI 3110Xa») (TonbIBI)
5 OreseH (VI cragus) 3a£[epHOBaHHB£e MOPEHBI, TPABSIHHCTBIH Oxono 2 000
(«Mcropuueckasi») IOKPOB JIBIHMIICKOro nosica
3aziepHOBaHHbBIE MOPEHbI AIIBITMHCKOTO U
3 Hayn (V crazms) cyOaJIbIIMICKOTO TIosica 3 8004000
3aziepHOBaHHBIE MOPEHBI, TPABSIHO-
4 Iunanrn (IV crapus) KyCTapPHHUKOBBIII IOKPOB CYOAIBIINICKOr0 5 700-6 000
nosica
5 Brons (111 cramus) 3a/ilepHOBaHHbIE MOPEHBI JIECHOTO 1105ICa 7 600-8 000
6 Awmmepsee (Il cramust) 3a/ilepHOBaHHbIE MOPEHBI JIECHOTO 11051Ca 9 400-10 000
7 MTmupen (I cranus) 3azepHOBaHHBIE MOPEHbI KyCTAPHUKOBOI'O 11 200-11 500
U JIECHOT'O T0sACa
8 E/TIEEEHMYM OJICACHEHHUA TOPHBIX IIpearopes Oxkoro 13 000

Beptas — 3100-3000 m (2970 M), mpUMEpPHO COOTBET-
CTBYSI MEKCTaJIMANBHOW JIETIpecCul KOoHIa (hOopMHUpPO-
BaBIICTO UX JICAHHKA. Ot CTaauu MpeaIoJI0KUTCIIBHO
MOXXHO COOTHECTH C XPOHOJOTHYECKUMHU pyOexaMu
OTCTYIIAHUs MTOCIIEAHEr0 TOPHOTO OJIEACHEHUS TI0 CXe-
me A.B. llautHukoBa: @epuay, Jeezewn, Hayn u
Twnumy (cMm. Tabm. 3).

PagnoyrneponHoe natupoBaHHE OCaJKOB 03€pa
B ONpEIENeHHON Mepe MOATBEpPKAaeT Halle Mpes-
MOJIOKEHHE O BIOPMCKOM BO3pacTe M CTaAHAIbHOM
00pa3oBaHUU MOPEHHBIX OTIIOKEHU Ha CKIIOHAX Mac-
cuBa Aparai B OacceiiHe 03. YMpoi. OTMeueHHas
HaMH 4eTBepTas (CBepxXy) KOHEYHasl MOpeHa, Jiexa-
mias HIKe 03. YMpPOH, npeacTaBiser co0oi TpyaHo-
pacuieHuMoe MopeHHoe none. [Ipeamnonaranocs, 4To
9TO KOHe4YHas MopeHa ctanuu [ mauTH. OJHaKO Mo-
JIyd€HHasd HaMHU JaTHpPOBKa IO CaAaMOMY HUXHEMY
CJI0I0 0canKoB 03. YMpoil (okomo 7000 1. H.) moKa-
3BIBAaeT, YTO BO3HHKHOBEHHE 03epa OBLIO CBSI3aHO C
Oojiee paHHel cTaguel pacmaja OJeJACHEHHUs, BO3-
MOJKHO cTaauen brojib 1o NpuBEIEHHON HaMU CXEME
(cMm. Taba. 3). JlanpHeiue moApOOHBIC MATCOTHUM-
HOJIOTMYECKHE MCCIEOBAHUS JOHHBIX OTJIOXEHHH
03. YMpOU 1 yTOuHEHUE reoMop(HOIOTHYECKUX JIaH-
HBIX O paCIIOJIOKCHHNHU KOHCYHBIX MOPEH ITO3BOJIAT IIPO-
SICHUTb HalllM NPEACTABJICHUA O pPUTMHKE ITPHUPOIHBIX
MPOIIECCOB T'OJIOIIEHa B BHICOKOTOPHBIX YCIOBHUSIX Ha
MaccuBe Aparail.

BriBOaBI.

Takum 00pa3oM, Ha OCHOBAaHHUH MTPOBEACHHBIX HC-
clenoBaHuil B OacceiiHe 03. YMpoH, pacrioIoKeHHOM
Ha CKJIOHE MaccuBa Aparall, MOJKHO CJIENIaTh CIEIyI0-
M1 € BHIBOBI:

— BIIEPBBIE MOMYyIEHHBIN S paIuOyIIIEpOTHBIX /1a-
THPOBOK U3 KOJIOHKH JOHHBIX OTJIOXKEHHH BBICOKOTOPHO-
ro o3epa YMpOH, JIeXKaIIero B MEXMOPEHHOW KOTIOBU-
HE, TI03BOJIIECT YCTAaHOBUTH BPEMs €r0 BOSHUKHOBEHHUS;

— JaTUpoOBKa M3 0a3aJbHOTO CJIOS OCAJKOB —
6285440 1. 1. (71567313 xaxn. 1. H.) — OTpaxkaeT Bpe-
Ms1 Havajia (yHKIIMOHUPOBAHUS 03€pPHON SKOCHCTEMBI.
OxkpyKkaromue 03epo BMEUIAIONINe eT0 MOPEHHBIE OT-
JIOKEHU S, BEPOSATHO, UMEIOT OJM3KUI TOJIOICHOBBIN
BO3pAcT, HECKOJIbKO OOJBIININ, YeM BO3PaCT OCaIKOB
o3epa;

— HCIIONb30BAaHUE CXEMBI CTaIMAJIBLHOTO OTCTYyIa-
HUS TIOCNIeHEro ropHoro oneneHeHus [LLIHUTHHUKOB,
1957, 1985] mis uHTEpHpeTaluu MOTyUYEeHHBIX HaMHU
pe3yIbTaTOB MajCOTMMHOIOTHYECKIX HCCIIENOBaHUN
JlaeT OCHOBAHHWE MpeJIonaraTh, 4YTo 03epo 00pazoBa-
sock okono 7000 7. H. B IepHOJ OTCTYMaHUSI JIEIHHUKA
OT KOHEYHON MOpPEHBI CTauU bromb;

— TpeaBapHUTeNbHbIEe MaJHHOJIOTHYECKUE TaHHbBIE
MOATBEP K IAIOT, YTO HAKOIIIEHHE IOHHBIX OCA/IKOB 03€pa
YMpoil Takke Ha4aJIoCh B OTHOCUTENIBHO TEILIOE, MEX-
CTaJlMaJIbHOE BPEMsI OTCTYIIaHUSI JPEBHETO JICIHUKA;

— (QopMBI JIETHUKOBOTO penbeda, copepkaliue
HECKOJIBKO TeHepalyii cTaIualbHBIX KOHEYHBIX MOPEH
U CBSI3aHHBIX C HUMHU O3€PHBIX KOTJIOBHH, SBISIOTCS
OTpa’kKeHHEM PUTMHUKH OTCTYIaHUS MOCTIETHEro OJIee-
HEHHs Ha MaccuBe Aparall B COOTBETCTBHH C MHOTO-
BEKOBBIMHU KOJIEOAHUSIMH KJIMMaTa B TOJIOICHE;

— BBICOKOTOPHOE 03€p0 YMpOH U CTaaHajbHbIE
MOpEHBI MacCuBa Aparail MOTyT pacCMaTpUBaThCS Kak
WHINKaTOPhl pPUTMHUYECKON U3MEHUYNBOCTH IPUPOAHBIX
MPOIIECCOB, KaK aKKyMYISTOphl HH(opMaIlK 0 Koie-
OaHUSIX IPUPOIHON CPEJIbI MPOLILIOTo;



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 23

— OIpE/IeNIEHUE BO3pacTa 03€pHBIX OCAJKOB B TOp-
HO-JICTHUKOBBIX palOHaX MOXXHO CUHUTATh Hamboiee
PEIPE3CHTATUBHBIM MCETOAOM KOCBCHHOI'O BBIABJIIC-
HHUS BO3pacTa NPUJIErarlolluX KOHEYHO-MOPEHHBIX
OTJIOKEHU;

— HEpELICHHBIM OCTaJICSI BOIIPOC ONpPEAEICHHs BO3-
pacTa 03ep U COOTBETCTBYIOLMX IeHepaluii MOPEH, pac-
TOJIOKEHHBIX BBIIIE 03. YMpPOil. DTO MOXET CcTaTh Of-
HUM W3 HalpapIeHUH OyIylMX MCCIENOBAHUI MaccuBa
Apararr.

Brazooaprnocmu. ViccnenoBanuve BHITIONHEHO IpU puHAHCOBOM mofaepxkke PODU B pamkax HaydHOTO MTPO-
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THE RHYTHM OF NATURAL PROCESSES
IN THE AREA OF THE ARAGATS MASSIF (ARMENIA) ACCORDING
TO THE UMROI LAKE STUDY DATA

New results of studying the lakes and glacial deposits on slopes of the highest Aragats volcanic massif
in Armenia are analyzed. On the basis of geomorphologic and paleolimnological methods the signs of
rhythmic formation of post-glacial relief, and stadial development of moraines and high mountain lakes
have been revealed. For the first time echolocation of the lake depression and drilling of the Lake Umroi
sediments were carried out, and the radiocarbon dating and data on stratigraphy of the lake sediments were
obtained. The morphometric characteristics of the lake were specified based on echolocation. The chronology
of stage regression of the recent mountain glaciation is discussed. The age of the Umroi Lake formation in
the Aragats massif —about 7000 cal. BP —was determined using the radiocarbon (AMS) dating; it corresponds
to the period of the glacier retreat from the terminal moraine of the Biihl stage (in Alpine terminology). The
article analyzes published materials of preceding glaciomorphological studies in the Lesser Caucasus and
the Aragats Massif. The hypothesis of stadial moraine relief formation on the slopes of the Aragats Massif
during the Holocene is based on the Pettersson-Shnitnikov theoretical scheme, which was elaborated for
Eurasian mountains. The possibilities of determining the relative age of the formation of moraine relief and
lakes on the basis of paleolimnological research are shown. Forms of glacial relief include several generations
of stadial terminal moraines and associated lacustrine basins, and reflect the cyclic dynamics of the recent
glaciation retreat in the Aragats Massif in line with the centuries-long climatic rhythms of the Holocene.
The radiocarbon (AMS) dating of lake sediments in mountain lakes combined with pollen and stratigraphic
analysis of bottom sediments could be taken as the most representative approach for indirect identification
of the age of adjacent moraine deposits and for studying the rhythmic variability of natural processes
during the Holocene.

Key words: Armenian Plateau, Aragats Massif, glacial deposits, bottom sediments, AMS-dating,
indicators
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SBOJIIOLIMOHHASA 'EOI'PA®UA

VK 551.435.8:551.782.23

IL.B. Oxcunenko', A.B. JIaBpos®

UCTOPUA ®OPMUPOBAHUS INEIEPBI TABPUJA — IAMSATHUKA ®AYHbBI
IMO3BOHOYHBLIX MMO3IHETO BUJIJIA®PAHKA U EE NNAJIEOHTOJIOI'MYECKOE

3HAYEHUE

OtkpbiTas B uroHe 2018 . B X0Ie MpoKIaJKu aBTOMaruCTpaid TOPU3OHTAIbHAS Teuiepa TaBpuaa B
Kpsimy (noc. 3ys1) sBseTCSl yHUKAIbHBIM ITaJEOHTOIOTHYECKUM IMaMATHUKOM. V3y4deHbl sTambl Gpopmu-
poBaHus mewepsbl ¥ TadoreHo30B. MccieoBaHie BBITOIHEHO C UCIOIb30BaHHEM IeoMOP()OIOTHYECKUX,
cTpaTurpaduuecKux, reoJOrH4eCKiX, CTPYKTYPHBIX U HaJCOHTOJOTHIECKUX METOIOB.

3OOFCHHBII>’I KOMILIEKC MCKOMAEMBIX ITO3BOHOYHBIX U3 OTIOXKCHU M NEemEPbl COOTBETCTBYET NO3AHECBUJI-
nagppankckoit ¢payne Bocrounoro Cpenuzemuomopbs (MNQI18-MNQ19), ncekynckomy ¢ayHuUCTHYEC-
xoMy komruiekey (1,8—1,5 mun ser). B cocraB dayHucTnueckoro kommiekca Bxoaar Hystrix vinogradovi,
Hystrix refossa, Pachycrocuta brevirostris, Canis sp., Homotherium crenatidens, Megantereon sp., Ursus
etruscus, Archidiskodon sp., Equus sp., Elasmotherium caucasicum, Stephanorhinus sp., Paracamelus gigas.,
Leptobos sp., Bison sp., Gazellospira torticornis, Arvernoceros verestchagini, Pontoceros sp., Hypolagus
brachignatus, Pachiostrutio dmanisensis.

HauanbHbIi, KOPO3HOHHO-3PO3MOHHBIH 3Tar (OpMHUPOBAHNUS MEILEPl OTHOCUTCS K PaHHEMY ILJIHOLIe-
HY, KHMMEPHUICKOMY BPEMEHH apKoro U BIaKHOTO TPOITMYECKOro KiIMMaTa. B mmmornienoBoii snumiardop-
MCHHOM cCHCTEME TIOBEPXHOCTHOI'O CTOKA, B HU3MECHHBIX YCIOBUAX, O0 50 M HaJ YPOBHEM MOPS, BBIYJICHUII-
sl IOPYCJIOBO# KaHal. DOICHOBBIC H3BECTHIKH IPSHUPOBATIKCH [0 TPELMHAM, KABEPHO3HBIM I1JIACTAM I10
KOHTAKTy ¢ IlecYaHuKaMu Oappema ¢peaTHuecKUMM KaHaJlaMH, B JalbHeHImeM cGopMUPOBaB CBOOOAHO
TEKYLIMMH BOIaMU OOBbeMHBbIe rayieped. OTIMYUTeNbHAS YepTa Meepbl — SPO3UOHHOE MHOTOYPOBHEBOE
CTpPOCHHUE Pycia C YPOBHIMU HAuyalbHOTO M (PUHAIBHOTO MEaHAPHUPOBAHUS.

AKKyMYTATHBHBIN 3Tall pa3BUTHS OXBaThIBACT MHTEPBAI C HOIUICHCTOIICHA MO HeomelcToneH. Ocy-
LICHHAs PEJIMKTOBAsI Telepa Oblia BCKpbITa GOKOBO# OIMHOM U B YCIOBHSX CaBaH 3aIl0JIHEHA CyOadpabHbI-
MU aJUIOXTOHHBIMH IPOAYKTaAMU TANEPreHE3a terra rossa u BBIBETPUBaHUs N3BECTHAKOB. Ha stoMm stane B
nemepe oburtana kpymHas kosoHusi Chiroptera, 1 copMHpPOBAJICS 300reHHBIN TaOLEHO3 MO3IHEBUILIAM-
paHKCKOﬁ q)ayHbI. BBIZ[eJ'[eHO CEMb OCHOBHBIX 3TAIlOB OCAAKOHAKOIIJICHUS U BHECOTAITHBIC CeﬁCMOFCHCpaHHH.

KOHCepBaHHOHHBIﬁ JTall pa3BUTUA C TAMIIOHUPOBAHUEM BXOAa MPEATIOIOKUTEIbHO HAYaJICA B KPOME-
pe (0,5-0,7 miH net). B yclnoBHsX yMEpEeHHOTo KJIMMaTa IPOLYKThl AeCKBaMalliH U cepble T'yMYCHPOBaH-
HBIC CYITIMHKHU IMOJIHOCTBIO 3aKPBUIM BXOH B ICILICPY. IInotHoe TaMIIOHUPOBAHUE BCEX KAPCTOBBIX KaHAJIOB

MPUBEJIO K MPEKpAIICHUIO BO3yX000MEHA MOJIOCTH C HAPY)KHOM NMPU3EMHON aTMOC(epoi.

Knrouegule cnosa: maneoHTONOTHs, TICEKYIICKUI KOMIUIEKC, MEaHAPUPOBaHHUE, terra rossa, 3Tarbl pas-
BUTHS, cyOaspaibHble oTIoKeHHd, [IpenropHsiii Kpbim

Bgeenenue. [leniepa, nonyunsmias umsa «TaBpuiay,
OTKPHITA [TPH CTPOUTENBHBIX paboTax B KpeiMy B ntoHe
2018 roma. OOBEKT ABIAETCS HOBBIM TAJICOHTOJIOTMYEC-
KUM MECTOHAXOXJIeHHeM (ayHbI ITO3BOHOYHBIX ITO3THE-
ro Bryutadppanka (NMCeKynckuid GpayHuCTHUECKUH KOMII-
JIeKC), BTOPBIM Ha Tepputopuu Poccun [Jlomatun u ap.,
2019; Bucnobokosa u ap., 2019]. Iponecc hopmuposa-
HUS TIEIIephl TPECTaBIIsIeT HHTEPEC IS CIEeUaTNCTOB
B 001acTH nasieoreorpauu 1 MajicoHTOIOTHH.

I'ene3nc npeBHUX KapcToBBIX nonocter [Ipenrop-
Horo KppiMa nepBoHa4anbsHO 0OBEKTHBHO TPAKTOBAII-
s KOPPO3HOHHO-3PO3HOHHBIM WITH SMTUTeHHBIM [ [1yOmsH-
ckuii, Jlomaes, 1980; [lymesckuii, JIpicenko, 1982]. B
rocyeiHee BpeMs MOoIy4nsia pa3BUTHE TEOpHUs apTe3n-
AHCKOT'0, TUIIOT€HHOT O CIIeJIe0TeHe3a Ay BCEro paiioHa

moBHO# 30HBI [Ipenaroproro Kpeima [Kiaumuayk u np.,
2013]. Cnenyer yka3aTh, YTO THIIOT€HHBIE MPOLIECCHI
TPeOYIOT YCTIOBUH 3aMKHYTOH THIPOJIOTMYECKON MOJIe-
JIU, ¥ B €CTECTBEHHON Cperie BO3MOXKHBI B PEIKHUX CITYy-
Yasix, TPeOYIOIMX COYETaHHsI MHOTHX Te0OJOTHYECKUX
W TUAPOJIOTHYecKkuX ¢akropoB [MakcumoBu4, 1963;
Palmer, 1991; The Physical Geography ..., 2009]. Mop-
(ororus nemepsl ¥ MacCHBa MaIeoreHOBBIX U3BECTHSI-
KOB HECET SIPKO BBIpaKEHHBIE YepThI SIUTEHHOTO Kap-
CTa: TPEIIMHHOE 3aJI0’KeHNEe, HUCXOAIINE KaHAIbl OT
MOrpeOeHHOTO KapCTOBOTO TMOJsl B KOPPO3UOHHBIC KY-
110713, 3pO3UOHHOE MHOI'OYpPOBHEBOE MEAHJPOBOE CTPO-
€Hue pycia 1o BceMy cedeHuto. [lonocts 3anoxeHa B
30HE Pa3HOBPEMEHHBIX TEKTOHHYECKUX IMOJBMIKEK U
nedopMalyii U MOTHOCTHIO UIICHTUYHA IPYTUM KPYII-

! HezaBucumsiii uccnenosarenb, OO0 «Apt-J[o6pbits», reHepanbHblii aupektop; e-mail: delakeu@mail.ru
2 [laneonTonorndeckuit MHCTUTYT UM. A.A. Bopucska PAH, naGoparopus MJIEKONHMTAIOMUX, KaHA. OMOI. H., CT. Hayd. C.; e-mail:

lavrov_av@inbox.ru



28 BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1

HBIM TOPH30HTANBHBIM memepaM [Ipenroproro Kpoi-
Ma. Ha npumepe nemepsr MOXHO POJEMOHCTPHPOBATD
MPEATTOCHUTKA U 3TaIbl JOPMUPOBAHUS KPYITHOW TMOJI-
3eMHOH TIOJIOCTH, PETUKTOBBIE PEXHMBI TPOITHYECKOTO
KJIMMaTa U npoiiecc popmupoanus tadomeHosa [Bax-
pymures, 2001; Piccini, 2003].

Meroabl uccaenosanms. lccinenqosanue BBIITON-
HEHO KOMIUIEKCHBIM METOJIOM C HCIIOJIb30BaHUEM Teo-
MOP(OIOTHIECKUX, CTpaTHIpahUIECKUX, TeoJIornyec-
KHX, CTPYKTYPHBIX M TaJICOHTOJIOTUYECKIX METOJIOB.
T'eomopdonoruveckue METobl BKIFOYATH (PUKCUPOBA-
HUE, U3MEPEHNE U aHaIIN3 MEe30- U MUKPO(OPM perbe-
(a, COOTHOIIIEHNH KOPPO3MOHHO-3PO3UOHHOW 30HBI TTH-
TaHWs C 3PO3UOHHBIMHU PYCIIAMU U KOPPO3HOHHBIMH KY-
I0JIaMU, pa3MELIECHHUE 3aI0JIHEHUM KapCTOBBIX ITOJIOCTEN
W UX mocienoBaTenbHOCTU. [IpoBeneHsl crpaturpadu-
Yyeckre HaOMoaeH s Hal 3alI0IHEHHEM JOHHOW YacTH
Y TIOJIOKEHHEM TaJI€OHTOIOTMYECKUX HAXOIO0K, JOMOM-
HeHHbIC 1Iyp]oBKOI (3a/10XkeHbl 3 mypda) B pa3HbIX
yacTax memepsl. [eonorndyeckue vcciaeqoBaHus BBIS-
BUJIM MHOTOYHCIIEHHBIE H Pa3HOBPEMEHHBIE TEKTOHU-
YeCcKHe HapyIICHUS] MEITKOBOIHBIX OTIIOKEHUH Ha (hoHe
CIIOKHOTO TTYOMHHOTO CTPOCHUS B IOBHOM 30He [1pen-
ropaoro Kpsima. Onpenienienrie maaeoHTOIOTHYECKOro
MaTepuaia BeimonHeHo corpynaukamu [TMH PAH, nx
pe3yabTaThl YaCTUYHO OMyOIMKOBaHbI [JlonatuH u ap.,
2019, Jlomatun, 2019a; Jlonatun, 20196; Bucnodokosa
u ap., 2019; Zelenkov et al., 2019].

J11st OpTOroHaNbHBIX IUIAHOB B paboTe MCIIONb30-
BaHa Boenno-tomorpaduyeckas kapra TaBpudeckoi
ryoepaun 1895 roma macmraba 1:21 000 ¢ cedeHnem
2 caxxenu (4,3 m) (sucter XIII-14, XIII-15), garo cae-
JaHO M3-3a HanboJee TOYHOro OTPaKEHUs Ha HEl pe-
Jgbe)a MECTHOCTH.

Pe3yabrarnl Hcc/ienoBaHUsl U UX 00CyxKAeHHeE.
[Temepa TaBpuaa pacmonoxena Ha CeBEpHOM MaKpo-
ckione KpeimMckux rop B mpeaenax BuyTpenneit rop-
HOM Tpsifipl U Mexaypeubs pek bemrepexk n @yHIyKIbI
Ha BwIcoTe 320-340 M Hax ypoBHEeM Mops. PaiioH 3a-
JIeTaHus Memepsl OTHOCHTCS K JonuHE p. OyHAYKITHI,
Brajarwomiei B p. 3ys Oaccerina p. Canrup. [laneore-
HOBasi KyaCTa 37IeCh CITIa)KMBaeTCs U, ITOBOPAYMBas K
ceBepy, IpeICTaBiIsieT co0oi JIEBbIi ONIOTHiT 60pT pac-
HIMPEHHOM Maieo10anHb OYHIYKIbI-3YH.

[Tonocts 3amoxeHa B mauke HyMMYJIUTOBBIX U3BeE-
CTHSIKOB CHM(EpOIOIIBCKOTO Spyca MOUIHOCTBIO JIO
25 M, UMEIOIUX TIOJOTUH Yroi MaJeHus K CeBepo-3a-
maxy 1o 5° (puc. 1). VI3BeCcTHSAKY MPEACTaBICHBI PUT-
MUYHOM TOJIIEH KPETKUX U O0oJiee MATKHX Pa3HOCTEH,
COCTOsIIIEH U3 KPYIHBIX pakoBuH Nummulites ¢ penku-
Mmu BriroueHusiMu Gryphaeostreis u Echinoideis, cuib-
HO TPEIIMHOBATHI B BEPTHKAIBHBIX U TOPH30HTATBHBIX
MJIOCKOCTSIX, KABEPHO3HBI M XapaKTEpU3YIOTCS KaK OT-
JIOKEHUS MENKOBOAHOW ormenu [Lygina et al., 2016].
[ToncTmnaer maneoreHoBbIE N3BECTHAKH MOITHAS Tep-
pHUTeHHasl TONIIA MOJIMMHKTOBBIX TPaBEUTOB, Iecya-
HUKOB, TIECKOB U TJIMH HU)KHEro Melia, UMeHyeMasi Ma-
3aHCKOM cBUTON. KpoBiis MazaHCKoW CBUTHI HAa TPaHU-
Ile C BBIIIENeXallUMH H3BECTHSIKaMH TajeoreHa
SIBIISIETCSL XoporuM BozgoymopoMm [CamconoB, 1961;
I'eonoruss CCCP, 1969].

Men-naneorenoBass OCHOBa BHYTpeHHEN Ipsibl
Mexaypeubsi bemrepeka—OyHIYKIIBI ¢ NpUJIEraromen
JONMUHOM 3yH U CyOCEKBEHTHOM JOMMHON XapaKTepu3y-
€TCsl MHOTOYHCIIEHHBIMU TEKTOHUYECKUMH HapYIIECHHS-
MU MHUOLIEH-4eTBepTUYHOro noauATus I opHoro Kpeima:
HAQ/IBUTaMH, CXKATUSIMH, COpOcaMu, CyOITUPOTHBIMHA H
CyOMepHIMOHATLHBIMH, IPEIOTPEIEIISFOITMH Pa3BUTHE
penbeda [dymesckuii, JIsicenko, 1978; Kazaniies, 1981].
B 3as10xeHHOM HeTloasieKy apaMeTpuyeCcKOl CKBaXKH-
He Cumdepornonbekas-1 mpocieKuBaeTcs: Ype3BbIiaii-
HO CJIOXKHOE TITyOMHHOE CTPOEHUE, TPAKTYEMOE KaK KoJl-
JTU3UOHHAS CyTypa IPUHAABUTOBOTO aBTOXTOHA C MOJIO-
TUM CceBepHBIM HaksioHOM [KOmuH u mp., 2006].

IToBepx masieoreHOBbIX U3BECTHSIKOB Ha/l MEMIEPOr
COXPaHWJIMCh KOHTHHEHTAJIbHBIE KEeNTO-OyphIe TIMHBI 1
aJIEBPUTHI IJIMOLIEHA, TIPECTaBIIAIONIIE COO0 HCKomae-
MbI€ MTOYBBI MIEPEMEHHO-BIAKHOIO KIMMaTa CaBaHH U
SIBIISIOIIMECS] OTHUM U3 JIEPUBATOB KPacHOI[BETOB [My-
patoB, 1954]. /1511 KpaCHOLIBETHBIX OTJIOKEHUH, WX terra
rosa, XapaKTepHO BBICOKOE COJIep KaHNe KPACHBIX JKelle-
3UCTBIX TUAPOCTIONMCTHIX CMEIAaHHOCIOWHBIX MUHEpa-
JIOB, YTO CBUJICTENILCTBYET O POPMUPOBAHUH KPACHOI[BE-
TOB M3 MarMaTH4eCKUX KOp BBIBETPHUBAHUS B TEIUIBIX
TYMUZHBIX YCIOBHSAX. ICTOUHUKOM OIHOBPEMEHHOTO
(hopMHUpPOBaHUS JIECCOBBIX KPACHO3EMOB Ha CyIIIe 1 MOp-
CKHX JKelIe3HbIX Pyl B kuMmmepuiickoit Kpbimcko-Kas-
Ka3CKOHM KeJIe30pyIHON HMPOBUHIIMK ObLT YKPaWHCKUN
KPUCTAJUTMYECKUH IIUT [ X0I0/0B 1 1p., 2014].

C uHbUIBTpanyel MOIBIKHBIX XUMUYECKUX COCITH-
HEHHH U3 terra rossa CBA3aHO BHICOKOE 30HAJIBHOE OXKe-
JIe3HEHHEe TPEIIMHOBATOr0 MacCHUBa MaJIeOreHOBBIX U3-
BECTHSKOB, MHOTOYHCIIEHHBIX KaBEpPH, a TaKXKe PesTuK-
THl 3aTOJHEHUS TPEIIMHHON 30HBI KPAaCHBIMH U
XKeNTo-OypbIMH TIMHAMH. [JTHHEL, B CBOIO 04Yepe/b, Iie-
PEKPHITHI TUTHOLEHOBON KapOOHATHOH KOpOW Kaiude,
CBSI3aHHOH € OBICTPHIM UCCSKAHUEM B CYXHX U JKAPKUX
YCIIOBUSIX TIOBEPXHOCTHBIX ¥ TPYHTOBBIX BOJI, IIOCTYIIaB-
mmx ¢ KpeiMckux rop [[Jo6poBonbckuii, 1968]. Kap6o-
HATHBIE KOPBI 00pa3yloTCcsl B CEMUAPUIHBIX, a MHOT/A
Jla’ke B TYMUJHBIX 00CTaHOBKAaX TPOITUKOB [ XONO/OB,
2007]. HemocpencTBEeHHO Ha KOPE KaJIuie U ICHYIUPO-
BaHHOI TOBEPXHOCTH AJIEOT€HOBBIX M3BECTHAKOB 3a-
JIETatoT pa3MbIThIE IEHCTOIEHOBBIE AJUTIOBUAIIbHBIE
TJICYHUKH TPEUMYIIECTBEHHO KBAapIEBOTO COCTaBa ¢
MPUMECHIO TIECYaHUKOB U 3 (Y3UBHBIX MOPO]I.

J1OpOKHOI BBIEMKOIM BCKPBIT IONEPEYHBIA pa3pe3
BepxHel yactu Bomopaszaena Kamvy-Kapa — Oyaayk-
JIBI TIO JIMHUU CEBEPO-BOCTOK — IOT0-3a1a 1 Ha TITyOHHY
1m0 5 M Ha nporsokernu 400 M. Tlox kopoit kamude u
XKeNTo-OypbIMH TITHHAMH OTKPBITO OOIIMPHOE PETUKTO-
BOE KapCTOBOE I0JI€ MOKPHITOr0 KapcTa ¢ BEPTUKANb-
HBIMH TPYOYaThIMU TIOJIOCTSIMH ¥ MHOXXECTBOM KOPpPO-
3MOHHBIX KaMep OKpyTIiol popMsl (puc. 2, cM. puc. 1).
Kapcrossie mycrorsl nuamerpom ot 1 1o 30 cm opra-
HU30BaHBI B IUIOIIAJHYIO BEPTUKAIBEHO OPUEHTHPOBAH-
HYIO TyO4aTylo CTPYKTYpy. PacronoxeHbl mMycTOTHI
ype3BbIvaitHo miotHo — 0,2—0,4 M Apyr OT Apyra, mpo-
HU3BIBasI BCIO 30HY TPEIIMHOBATOCTH B BEpXHEH YacTu
(puc. 3). Bce mycToThI 1 BepTHKaIbHBIE KaHAIIBI I1JIOT-
HO TaMIIOHHPOBAHBI KENTO-OypHIMHU TIIMHAMU U aJICB-
pUTaAMU C IPUCYTCTBHEM KPACHOIBETHBIX CYyTJTHHKOB.
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Puc. 1. Kapra yuactka Ky>cTel BHyTpenHei rpsaasl KpsiMckux rop — Bogopasnena noiaus Kanmy-Kapa — @ynayxis! ¢ nemepoit TaBpuzna.
Jlanus npoduins Q-Q, cm. puc. 7. 1 — opTOroHanbHas NPOEKIUs Nemepsl TaBpuna; 2 — y4acTKM CIUIONIHOM PENTMKTOBON 3aKapCTOBaHHO-
CTH, TAMIIOHUPOBAHHOE I10JIC TOKPBITOTO KapCTa ¢ BEPTUKAIBHBIMU TPYOUYaThIMU IIOJIOCTSIMU; 3 — IPOBaJIbHbIE BOPOHKHU; 4 — HUCXOASIINE
HCTOYHMKH; 5 — U3BECTHAKUA HyMMYIHUTOBBIC 30IEHOBBIE IO IIOBHATIBHO-ACIIOBUAIBLHBIM YEXJIOM; 6 — IPaBENUTHl, IECYAaHUKH U TECKU
HIDKHEMENOBBIE 1T0]] ICTIOBHAILHBIM YeXJIOM; 7 — CKBa)KHMHA MapameTpudeckas; 8§ — arogopora P260 «Taspuna»

Fig. 1. The map of the cuesta part of the Inner Ridge of the Crimean Mountains — the watershed of the Kalmu-Kara — Fundukly valley,
with the Tavrida Cave. Profile line Q-QI see Fig. 7. 1 — orthogonal projection of the Tavrida Cave; 2 — areas of covered relict karst field with
vertical tubular cavities; 3 — collapse sinkholes; 4 — downstream water sources; 5 — numulitic Eocene limestones under eluvial-deluvial
cover; 6 — gravelites, quartzites and sands of Lower Cretacious under deluvial cover; 7 — parametric well; 8 — P260 «Tavrida» highway
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Puc. 2. Kapra neuiepst TaBpuga u ee OKpeCTHOCTEH. 1 — OpTOroHasbHas MPOSKIUS TEIEePhl; 2 — 30HbI PEIUKTOBOM 3aKapCTOBAaHHOCTH,
0JIE MOKPBITOrO0 KapcTa ¢ TAMIIOHHUPOBAHHBIMU BEPTHKAJIBHBIMU TPYOUaTBIMU TOJIOCTSMH; 3 — MPOBAJIbHBIC BOPOHKU, KAPTHPOBAHHBIC
U norpe0eHHbIe; 4 — myp@sl; 5 — TeXHOTeHHBIN BX0a; 6 — aBTonopora P260 «TaBpuma»

Fig. 2. Map of the Taurida Cave and its environs. 1 — orthogonal projection of the cave; 2 —zones of relict karst, the field of covered karst
with backfilled vertical tubular cavities; 3 — collapse sinkholes, mapped and buried; 4 — pits; 5 — man-maid entry; 6 — P260 «Tavrida»
highway

Ha rnybune 5—-6 M konmMuecTBO KamMep W KaHAaJIOB
YMEHBIIAeTCs, PACCTOSHNE MEXy HUMH yBeIHYHBa-
ercsi, OHM OOBEIMHSIOTCS B OOJIBIINE KAMEPBI THAMET-
poM 10 1-2 M, ¢ BBIXOIOM B BEpTHUKAJIbHBIE Pa3rpy-
304HbIE KOJIOALBI CBOZA TEIIEPHOM raiepen, 1ubo me-
pexonar B TpemuHbl. Hucxoasiue KaHalbl U KOJOIIBI

B IIPOJIOJIBHOM CEYEHHH COCTOSIT M3 IOCIE0BATEIEHO
COCIUHEHHBIX C(HEPUIECKUX KOPPOIUOHHBIX KaMep.
T'opu30HTaIbHBIE Talepen INaBHOTO XOIa MMEIOT
MEePEMEHHOE CeYEHHe: CyOTpEyroJIbHOE M0 BEpPTHKAIIb-
HBIM TpC€IIMHAM U OBAJILHOC I10 IIJIaCTaM C MHOKCCTBOM
PACKpBIBAIOIIUXCS B CBOJIEC KAHAJIOB M KOMOALEB (puc. 4,
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Boctounas ranepes A

HauanbHbI1 ypoBeHB
MeanapupoBanus (HM)

DuHaTBHBIN YPOBEHB
MeaHpupoBanus (OM)

k]2 [ 3

Puc. 4. Paspes npomonbHelii V-V yaacTka BocTouHOM ranepeu, MiaH MEAHIPOB C YPOBHSAMH Ha4albHOTO M (PMHAILHOTO MEAHIPHPOBAHHUS

C HOMNEPEYHBIMU CEUEHHUSIMH TaJieper. | — HachIIIHbIE KOHYCA aJUIOXTOHHBIX CyOa’spalbHBIX MEIIEPHBIX OTIOKEHUH; 2 — OTKPBITHIC BEPTH-

KaJIbHbIE KapCTOBBIE KaHAJIBI HUCXOAIIUE U KyIIOJIa KapCTOBbIE KOPPO3UOHHBIE; 3 — M3BECTHAK HYMMY/IUTOBBIN JIUTH()UIIMPOBAHHEIH; 4 —

H3BECTHAK HyMMYIIUTOBBIH c1a00 JTUTH(GUIUPOBAHHBIN; 5 — QJUIOXTOHHBIE Cy0aspalbHbIC MEIEPHBIE OTIOKEHHUS C MCKOIIaeMbIM I'yaHO;
6 — Touka cheMKH pororpaduu Ha puc. 9

Fig. 4. Axial section of the Eastern Gallery part (V—-VI), plan of meanders with levels of initial and final meandering, with cross sections of

the gallery. 1 — bulk cones of allochthonous subaerial cave deposits; 2 — open vertical karst canales and karst corrosion domes; 3 — dense

nummulite limestone; 4 — weakly lithified nummulite limestone; 5 — allochthonous subaerial cave deposits with fossil guano; 6 — camera
position of the photo in Fig. 9

cM. puc. 3). Ilo creHamM B MATKHUX KaBEPHO3HBIX pas-
HOCTSAX M3BECTHSIKOB K rajepesM IPUMBIKAIOT MOJ pa3-
HBIMH YTJIAMHU CYyOTOpH30HTAIbHBIC KaHAIBI TUTAHUSL.
Jns 3HaUUTENbHONW YaCTU KaHAJIOB XapaKTEPHO CHUJIb-
HOE O)KeNIe3HEHUE B BUJE CIOKHBIX KOHIIEHTPUUIECKHUX
KOPOK, OONTBIINX IJIACTHHYATHIX U TPYOUaTHIX JKeIe3u-
CTBIX MHHEPAJIBbHBIX 00pa30BaHUi, YaCThIO OTIPENapH-
POBaHHBIX KOPPO3UEH U3 BMEIIABIINX UX N3BECTHSIKOB
JI0 CIIOXHBIX (opM THTA «Tpyba B TpyOe». Mectamu
MPHUCYTCTBYET CILIONIHOE HHPUIBTPAIIHOHHOE OXKeTe3-
HEHUE CTEHOK U Cpe3aHHbIe 3aKPBIThlEé MUHEpalaMu
KeJe3a KaHallbl.

[Inan memepsl UMeEET TPEXJIy4eBOU BUJ C CYOIH-
pPOTHO mpocTuparonmmecs Bocrounoi n 3anaaHoit ra-
JiepesMUA M TIPUMBIKAIONICH K HUM (TaK Ha3bIBaeMBIN
«Ilepekpectok») cyomepuanonansHoi FOxHoi. BocTou-
Has u FOsxHas ranepen cxomsarcs o yriioMm S0° u mpo-
JOJKAIOTCS 3araHoil rajepeeil ¢ MaKCUMaJIbHBIMU
o0beMamu Ha IpoTskeHun okoro 100 M. B oproronans-
HOM MPOEeKINHK 3amnaiHas rajgepes NPUXOIUTCs Ha LEHTP
OOLIMPHOTO KAPCTOBOTO TOJS, SBILSIBIIETOCS OCHOBHON
30HOM IMOIVIOMIEHHUS BOABI C TMOCIESAYIOIINM TPaH3UTOM
10 pa3joMaM U MaJeHUIO TUIacToB (CM. puc. 2).

Ha yuacTtkax ranepeil, rie HeT mepeKpbhIBAIOIINX
CBOJIOBBIX M CTCHOBBIX O0OBaJOB MJIM 3HAYUTEIHHBIX
OTJIOXKEHUH KpPacHO-OypBIX CYTIIMHKOB, (PHKCHUpyeTcs
SpO3WOHHAA MeaHJpoBas GopMa pycia peTuKTOBBIX
BOJIOTOKOB. MeaH/phl, Bpe3aHHbIE B CKally C OIpaHHU-
YeHHEeM CeKTopa MeaHjapupoBaHus a0 120°, umeror
CJIOKHOE CTPOEHHE: TOHKHE IITIOPHI BUXPEBOTO BXOJa U
BBIXO/1a, CJIEBl MTPOJOIBHOIO U MOIEPEYHOrO CMELIe-
HUS TIPU TOCTENEHHOM MTOHMKEHUH YPOBHS B BHJIE Ha-
BHCAOIUX TOHKUX 3aKparH. 3aQIKCUPOBaH MPOTSHKEH-
HBII y4acTOK MeaHApoB B BocTouHoil ranepee ¢ 1By-
MS YETKO pa3JelIeHHBIMH MEPUOAaMHU 3PO3UU —
HauaabHbIM (HM) n punansabiM (OM) ypoBHSIMEU Me-
anapupoBanus (cM. puc. 4). CoxpaHuBIIHECS B CBOJIO-
BO# yacTu BocTouHo# rajgepen ¢pparMeHThl MEeaHIpO-
BOro pycia nepuoga HM (3tama 3apokaeHus moJoc-
TH) B OOJIBIIIEH YaCTH OCTAIBHBIX rajnepeil pa3pyIieHb!
KOppo3uel, B ornure ot nepuoaa M, coxpanusuie-
rocst noBcemectHo. Ceuenne kanana HM oBanbHOE 1O
HAIUTACTOBAHUIO C TIPUMBIKAIOIIMMH CYyOT OPH30HTAITb-
HbIMH KaHajamu. Kanan @M sBiseTcss 3pO3MOHHBIM
Bpe3oM u3 ypoBHA HM c marom uU3iny4yuH MeaHApPOB
ot 2 1o 6 M. MeanapoBas nepopmalus pycia GopMu-
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pyercst CBOOOIHO TEKYIIMMH BOJHBIME ITOTOKAMH TPH
HE3HAYMUTENbHBIX YIJIaX HAaKJIOHA (JIONH Tpaayca) U Bbl-
COKOH TpaHcmopTHpylolei cuie [Bemmkanos, 1948; [o-
moB, 2012]. HecMoTpst Ha HEMOCTATOYHOCTH UMEIOTITIX -
Cs1 TaHHBIX O MOBEJCHNH MTOTOKA B CKAJIbHBIX TPYHTAX,
B OTJIMYME OT MHOTOUYHMCIIEHHBIX JAHHBIX 110 HECBSA3aH-
HBIM TPYHTaM, 37ieCb Mbl HaOJIO/aeM aHaJOTHYHBIE
MoCIeAHUM (OPMBI CBOOOTHOTO MEaH IPUPOBAHUSL.
N3meHneHnne momnepeyHOro ceueHus MeaHAPOBBIX
9PO3UOHHBIX PyCelT MOKHO PacCMaTpUBaTh KaK HHAU-
KaTop 3TANoB apHIU3allii KIUMaTa B mpouecce hop-
MUpoBaHUs meniepbl. CMeHa KIMMaTHYECKUX 3TaroB
BBIPa)KEHA B YETKO OMPEAETSIEMbIX, KAK MUHUMYM, JIBYX
YPOBHSAX MEaHJPUPOBAHUS. AHAIIOTHYHbBIE MEaH IPOBBIE
¢dopmel 1ByX ypoBHelr HM u @M, BEITIOTHEHHBIE CTPO-
IO TI0 HATJTACTOBAHUIO, IPUCYTCTBYIOT B IPYTUX CyOTO-
PHU30HTAIIBHBIX ITEIIepax S0IEHOBBIX N3BECTHIKOB BHyT-
penHel rpsanel: Anuma, Jluceeit, 3menHoi. Taxke 3TH
MIPU3HAKK BBIPAXKEHHI B IIENepax MajeoleHOBBIX U3Be-
CTHSIKOB 3aI1aiHoi yactu BHyTpeHHel rpsapl: bem-kom,
TaBpckoit, Manrymnckoi. Yriisl 3aneranus mopox (ot 5
1o 10°), BMeIamomux 3TH MOIOCTH, HE COOTBETCTBY-
0T IPUPOHBIM YCIIOBHUSIM BOSHUKHOBEHUS MEaHIPUPO-
BAaHUsI, HE NPEBBIIIAIONIUM Joiel rpagyca. Ha nHam
B3IJISIT IOMYCTAMA BEpCHsi MOHOKITMHAITBHOM e opMa-
WU TIOJOKEHUS PETMKTOBBIX TOPHU30HTAIBHBIX ME30-
¢dopm penbeda, 0Opa3oBaHHBIX CBOOOIHOTEKYIITUMU
BoJIaMU. MOXHO TIPENNONOKHUTE OJIM3KUNA BO3PACT 3a-
POXKJICHUSI TCHETHYECKH CXOMHBIX ()OPM B HauaTbHBIH
MIepH O/ OCYIIEHN MUOILIEHOBBIX OTJIOKEHHUH B paHHEM
nonene Ao noaustus [Ipearopuoro Kpeima.
Cospemennas ruaporpadus [Ipenropes u Kpeium-
CKHX TOp — MPSIMOJIMHEHHAS (¢ 00IIUM HampaBIeHUEM
Ha CeBepo-3amaj u ceBep), OToOpakaromas TeKTOHH-
YecKHe HapylIeHus, TTOJHOCThIO TepecTponsa mepBo-
HavaJIbHYIO TUTHOIICHOBYIO CHCTEMY CTOKA, C(HOPMHPO-
BaHHYIO B HI3MEHHBIX SMTUTIIAT(HOPMEHHBIX YCIOBHSX.
[locnennss coxpaHmIack HEMOrpeOEHHBIM PENUKTOM Ha
OTAEIbHBIX MOrPaHIYHBIX yyacTkax PasauaHOro Kpsni-
Ma 1 BrewmHel rpanael. [IpuMepoM sIBISIOTCST HEKOTO-
pBI€ Bpe3aHHbBIE B MUOLICHOBBIE N3BECTHSIKH JIEBHIE TPH-
TOKH HU30BUH AonuH pek Kada, Aipma u cyxue MeaH/I-
poBbie maneononuHbl CUM(pEpoI 0IbCKOT0 MOAHSATHS.
B nemepe onpenensiercs peiarKkTOBOE HaIpaBie-
HUE pa3rpy3Ky BOJ Ha 3araj 110 YKJIOHY €AHHOI0 ypOB-
HS MEaHJPOB CO CXOSIIMMUCS YIJIaMHU JIBYX Pa3ieib-
HBIX TTOTOKOB Boctounoit u FOxHo# ranepeit — ¢ Boc-
TOKa M Iora BHM3 K 3amagHoi ranepee. IMeHHO
3anaaHas ranepes UMeeT MaKCHMaJIbHOE TMONEpedHOe
CeUCHHUE MUPUHON 6 B BHICOTON 8 M OT ypOBHS 3aI10JI-
HEHHsI, TUTIoC OoJiee 2,5 M BBICOTHI MO AJTIOXTOHHBIM
cybaspalbHBIM 3aroNHeHneM 1o Matepuanam mypda I1.
HuTeprnonupoBaHre YaCTUYHO BCKPBITOTO HIypdom
CEYCHHsI JIOHHOW YacTH JAaeT MaKCHUMaJbHYIO BBICOTY
3amanuoii ranepen 10 12—13 M (cm. puc. 3).
OcTtato4yHble TOHKOCIONCThIE KPACHOIBETHBIE TITH-
HbI BOAHOU reHepanuu nepuonos HM—®M, npeacras-
JSIOIIKE COOO0M TOHKO OTMY4YeHHBIE KOHTHHEHTAIbHBIE
CYIJIMHKH U JIECCHI, COXPAaHUJINCH B IETPaTUPOBAHHOM
BHUJI€ 1 MUHUMAJILHOM KOJIMYECTBE B HEKOTOPHIX 00-
KOBBIX KaHaJIax. JIHO OCHOBHBIX Tajiepeil Memepsl 3a-

MOJTHEHO aJUIOXTOHHBIMU Cy0a’palibHBIMH PBIXIIBIMU
KpacHO-OypbIMU OTIIOKEHHSIMHE, TTPEABAPUTENBHO OII-
penenseMbIMU Kak nepepaboTaHHbIe IIOKPOBHBIE Kpac-
HOIIBETHBIE PETMKTOBEIC MOYBHI CaBaHH. B 3HaUNTENb-
HOW YacTH OTIIOKEHHSI BMEIIAIOT OCTAHKU UCKOITAEMBIX
Chiroptera U MpOAYKT WX JKU3HEACITEILHOCTH — T'ya-
HO. Mecramu Tajepen 3arpoMOXKJIeHbI CEHCMOTpaBu-
TAIMOHHBIMH 00BaJlaMH KPOBJIH TEIIEPhl. PhIxibie oT-
JOKEHUsT (POPMHUPYIOT HACHITTHBIC TIOKAThIE KOHYCHI U
IpsAIbl KaK MPHUCIOHEHHBIE K CTeHaM, Tak U 000co0-
JICHHBIE TIO IICHTPY Trajiepeld, paBHOMEPHO 3aJIETatoT
MOBEPX JAPEBHUX 00BaNIOB (C 00pa30BaHMEM CHU3Y 3HA-
YUTEIBHBIX IYCTOT) M TIEPEKPHIBAIOTCS Ooyiee MOJOo-
IpIMH oOBasiaMu. Takoe pacrionoKeHe CBUICTENILCTBY-
er 00 WX BO3IYIIHOM, Cy0a’pajbHOM MEXaHHYECKOM
otnokeHnH. [ITOTHOCTE PBHIXITBIX CYTIIMHKOB COCTABIIS-
er B cpendem a0 0,5 r/cM® npu moBceMecTHOM yuac-
tiu uckoraemoro ryano Chiroptera. IIpu oTKpbITHH
nerepsl 10 Havdana QYHKIIMOHUPOBaHUS HOBOH IOPOXK-
HOI BBIOOPKH KaK KOJJIEKTOpA OCAJKOB ObLT 3ahuKCH-
poBaH GeHOMEH HU3KOH BIayKHOCTH IO 3eMIICH B OOITb-
mieil yactu ranepeii. M OblTa 00yCIIOBIIEHA OYEHb
HU3Kast TNIOTHOCTh TPYHTOB B MeEIepe — OHU HE BhIJIEp-
KHUBAIW TSDKECTH YeIOBeKa, M MCCIEeNOBATENb TOCTO-
stHHO TpoBatuBancs Ha 0,3—0,5 M B cioit cyriumHKOB. B
TEUEHHUHU MECsIa, B pe3yJbTaTe NMOoNagaHus BOJAbI U Ha-
PYILIEHHSI KCXOHOTO MUKPOKIIMMATa B Ieliepe, myTeM
THJIpaTalii MPOU30IILIO0 YBIAKHEHUE TPYHTOB Ha ITy-
ouny ne menee 0,5 M. [ToTok moceruTenei mMpuBen K
OBICTPOMY YIUTOTHEHUIO TIPUITOBEPXHOCTHBIX CIIOEB CYT-
JIMHKOB T10 OCHOBHBIM HAIPAaBJICHUSM JIBUKEHHS B Ta-
Jiepesix Telephl.

B psine mect, Tae JOHHBIC OTIOKEHHUS 00pa3yroT
3HAYUTENbHYIO TONIY, BJOJIb HABUCAIONINX CTECH Ha-
OmomaeTcsi 60KOBOE CHMMETPHYHOE OTCEaHUE PhIX-
JIBIX CYTJIMHKOB ¢ 00pa30oBaHNEM BIOJILCTEHOBBIX I1Ie-
JIeH, HAKIIOHHO YXOSIINX BHU3 HA TPOCMATPUBAEMYIO
r1yOouHy Ooree IByX METpoB ¥ U puHOi 10 0,2—0,3 M.
Tam ke, rlle CTeHbl BEPTUKAIBHBI, TAKOE XKe CMellle-
HHE Macchl OTJIOKeHu BHU3 Ha 0,2-0,3 M dukcupy-
eTCsl TI0 CTCHOBBIM KapOOHATHBIM KOPKaM OTPHIBA.
[IpucyTcTByeT M OTCENaHNe KPYITHBIX CTEHOBBIX OJI0-
KOB KaK T10 TpEIIMHaM, CyOnapauielbHbIM CTEHaM, TaK
U 10 HAIlJJACTOBAHUIO. [IpU4MHON 3TUX SIBIEHUH CIIy-
KUT pacCTBOPEHHE OCHOBAHHS HYMMYJIUTOBBIX H3BEC-
THSIKOB C MOCJIETYIOLIEN CTaATUYECKON pa3rpy3Koi BO3-
HUKIIHUX HaNpsHKEHUHA M OCTaTOYHbBINA BBIHOC BENIECTBA
Mo MorpebeHHOMY JIHY Temepbl, KOTOPOE HaXOAUTCS
Ha KOHTaKTe C TpPaBeJIUTaMH | ITeCYaHUKaMH Ma3aHC-
KOM CBUTBHI.

B FOxHoit ranepee ¢ 60KOBBIMH KaMepaMH ObLJIO
00HapYKEeHO OOJIBIIIOE KOTUIECTBO KOCTEH MCKOMaeMBbIX
KUBOTHBIX, 3aJIETaBIINX B PHIXJIOM OJHOPOIHOM IIO-
BEPXHOCTHOM CJIO€ CYTJTHHKOB, 0003HAYEHHOM KaK KOC-
TeHocHbI cioit BL (puc. 5), Ha moBepXHOCTH U ¢ MUHU-
MaJbHBIM MEPEKPHITHEM, HHOT/Ia HEMOCPEICTBEHHO Ha
CKallbHBIX BBICTyNax. Hamborbiee ckorieHne Kocren
in situ IEpBOHAYAIBHO BBISIBIICHO B 000COONICHHON 00-
KOBOM KaMmepe pa3MepoM OKOJO 3X6 M, MOMydHBIICH
yCIIOBHOE HauMeHoBaHue «Jloroso ruen» (cM. puc. 2).
31ech OBLT 3aJI0KEH MAJICOHTOJIOTHYeCKUH mypd mo
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T K ceBepHoii crene 3amanHoii ranepen
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Puc. 5. Ctparurpadus mypda Il B nentpe 3anannoi ranepeu no cedennto uaun C—C,. 1 — CYIIMHOK KOPUYHEBBIN; 2 — CYIIMHOK O€NEChIH,

KENTOBATHIH; 3 — KeNTOBaTO-Oypasi H3BECTHAKOBAs CyNech U APECBa; 4 — I€CCOBUIHBIC KpacHO-Oypble CYIIMHKY € IIeCYaHO-KapOOHATHBI-

MH HPOCTOSMH; 5 — KOJUTFOBUAIbHBIE KOMKOBAaThIe Cepble INIMHBI, 6 — NIMHBI Cepble C CYNeChl0 M KPaCHO-OypbIMU CYyIIMHKaMU; 7 — I'yaHO

HCKOMIaeMoe YepHO-0ypoe; 8 — KpacHO-0ypoe MCKOmaeMoe I'yaHo B CJIOMCTBIX JIECCOBHIHBIX CYIIMHKAX; 9 — cynech cepo-0ypasi, xKenToBa-

Tad, Kap60HaTHaﬂ cJIoucras, 10 — HOpa pCIMKTOBAA C YaCTUYHBIM 3aIIOJIHCHHUEM PBIXJIBIM KOPUYHEBBIM JICCCOBUIAHBIM CYIIIMHKOM.
BL — xocTeHOCHBI# cioit

Fig. 5. Stratigraphy of pit Il in the center of the Western Gallery, along the C-C, line. 1 — brown loam; 2 — loamy whitish, yellowish; 3 —

yellowish-brown limestone sandy loam and gruss; 4 — loesslike red-brown loams with sandy-carbonate interlayers; 5 — colluvial lumpy

gray clay; 6 — gray clay with sandy loam and red-brown loam; 7 — fossil guano, black and brown; 8 — red-brown fossil guano in layered

loesslike loams; 9 — sandy-brown, yellowish, carbonate sandy loam; 10 — relict burrow with partial filling with loose brown loesslike loam.
BL — bone-bearing layer

HoMepoM I (cM. puc. 2), moka3aBIIMH MOIITHOCTh CIOS
BL 6onee 1,6 m. OqHoponHbie 10 Beell miryOuHe mryp-
(a aJIJIOXTOHHBIE Cy0a’pajibHbIC PHIXJIbIE KPacHO-0Y-
pbie oTiaoKeHus comepxkanu 10 30% Kk 00beMy KOCTeH
MO3BOHOYHBIX M UX MENKHX (parmeHToB. [lonoxenune
KOCTEH MEHSIOCh OT ITyOUHBI 3ajieranus: 10 0,5 M oHU
3aJierajiy cyoropu3oHTaibHo, oT 0,5 10 1 M ObLIH 1O
YIJIOM K TOPHU30HTY, a HIDKE (10 oTMeTKH 1,6 M) mInH-
HbIE KOCTH KOHEUYHOCTEH KOMBITHBIX OBLTH OPUEHTHPO-
BaHBI IPEUMYIIECTBEHHO cyOBepTHKAIEHO. B mypde I
OTMCUYCHO YMCHBLIICHUC IIOTHOCTU I'pyHTa IO MEPE
HapacTaHUs [ITYOMHBI, 4TO 0OYCIIOBUIIO MEIICHHOE Ipa-
BUTAIIMOHHOC N3MCEHCHUEC ITOJIOXKEHUSA KOCTHOI'O MatTe-
pHualia 1 CMellleHUe MaTepraina B HIDKHUE TOPU30HTEHI
OTJIOKEHHH, BEPOSITHO B XOJie TICEBIOCY(P(O3HMOHHBIX
nporeccoB. OTMedeHa IIoXasi COXPaHHOCTh KOCTEH,
COIIpHUKaCaBIINXCA C KOPCHHBIMHU HYMMYJIIUTOBBIMHA U3~
BECTHSKAMH, MOJIBEP)KEHHBIMHU TPOIEccaM MOBEPXHO-
CTHOM Jie3uHTerpanuu. Hanporus, KOCTH, HE UMEIOLIINE
KOHTAKTa CO CTeHaMH, XOPOIIO MUHEPAIN3UPOBAHbI.
Hckonaemblii KOMILIEKC COOTBETCTBYET MO3/HE-
BHJLTaQpaHKCKUM (ayHaMm BOCTOUHO#H yactu CpenuzeM-
HOMOPCKOH Majeo300reorpaduueckoi moao0aacTu
(MNQ18-MNQ19), ncekynckoMy (hayHHCTUYECKOMY
komruiekcy (1,8—1,5 mnn 1. H.) [Jlonatun, 20196; Jlo-
natuH, 20198; Jlonaruu u ap., 2019; Bucnobokora u ap.,
2019; Bucnob6okosa u zip., 2020]. Ha ero cocras HaJio-
XU oTIeuaTok (akrop nonoxkeHuss KpeiMa Ha CThIKe

JBYX Majieozooreorpaduyeckux momodnacred [Taneapk-
TukH. YacTh pomoB 3ToM (hayHbl MMeENTa IHPOKOE pac-
npoctpaHenue B [laneapkruke u B Cpeu3eMHOMOPC-
Ko momobnacTu. B cocraBe (hayHUCTHUECKOTO KOMTI-
nekca ompenenensl: Hystrix vinogradovi, Hystrix
alexejevi, Pachycrocuta brevirostris, Canis sp.,
Homotherium crenatidens, Megantereon sp., Ursus
etruscus, Archidiskodon sp., Equus sp., Elasmotherium
caucasicum, Stephanorhinus sp., Paracamelus gigas.,
Leptobos sp., Bison sp., Gazellospira torticornis,
Arvernoceros verestchagini u Pontoceros sp., Hypolagus
brachignatus. B cocraBe koMIuiekca MPHCYTCTBYIOT
Elasmotherium u Paracamelus — >KMBOTHBIE, LTUPOKO
pacnpocTpaHeHHbIE B a3uarckor yactu [laneapkruku.
Kpome Toro, 3aech 00HapyXeH 'MTaHTCKHH CTpayc
Pachiostrutio dmanisensis, onucaHHbIN paHee U3 Majeo-
JJUTUYECCKOI'O MECTOHAXOXKIACHUA HMaHI/ICI/I B 3aKaBKa-
3be [Vekua, 2013; Zelenkov et al., 2019]. DBomrornoH-
HBII YpOBEHb psifia BUIOB (Arvernoceros verestchagini,
Gazellospira torticornis) oka3bIBacT BO3MOXKHYFO PHUHA/T-
JIGKHOCTH (hayHbI TaBpHIBI K IEPBOH MOJIOBUHE TIO3ITHETO
Buwutadpanka. HukHUI BO3pacTHON pyOexk MO3THETO
BUJTappaHKa OMpe/eNseTcs MOSBICHUEM B PErHOHE
Bison u Pontoceros, a BepxHUIl — UCYE3HOBEHHEM
Leptobos. CoBmecTHOE TpucyTcTBHe Leptobos u paH-
Hero Bison (Eobison) mo3BossieT npeamnosiarath, 4To
obOcyxmaemas (¢ayHa CyIISCTBOBaja B HMHTEpBaje
1,8-1,5 miH 1. H. [Jlonatun u ap., 2019]. Matepuansl
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u3 neniepsl TaBpua pacuupsitoT MPeCTaBICHHUS O Tice-
KyIickoM (hayHUCTHYecKoM KoMmIutiekce. Habmonaemast
COPTUPOBKA KOCTHOTO MaTepuala (IpeodliaatoT Koc-
TH KOHEYHOCTEH U UX JIpoONeHbIe PparMeHThl), CKOI-
JIeHUs KocTell B OOKOBBIX Kamepax, OOMIIHe KOMPOIIH-
TOB (YCTaHOBJICHA TPUHAIIEKHOCTh YaCTH UX THEHAM),
YKa3bIBAIOT Ha 300reHHOe (OpMUpOBaHKE Ta(OIIEHO3a
XHUIIHBIMHA MIIeKonuTatonmmu. [lemepa mmurensHoe
BpeMs UCIOJNb30BallaCh KPYMHBIMU XUIHUKAMU
(Hyaenidae, Ursidae u Machairodontinae). B aToT me-
PHO 371eCh K€ 0OMTAII MEITKUE U KPYITHBIE TPHI3YHBI
(obnapyxensl HOpbl Hystrix), MelKkne XUIIHUKH
(Mustelidae). ®oHOBOI TpyIIONH MOCTOSHHO OBLITH Jie-
Tyune Ml (Chiroptera), mepBoHaYaTbHO 3aCEIHUBIIHE
nemepy ¥ JaBIilie HanOONBIIYI0 MacCy KOCTHBIX OC-
TaTKOB M TyaHO.

J1nis iiccnenoBaHus CeIMMEHTAIMOHHBIX TIPOIlec-
COB B TOJIIE TMENIEPHBIX CYTIIMHKOB OBLITN 3aJI0)KEHBI
eme aBa crpaturpaduueckux mypda 1x1 m. [Mox
Homepow II, rmybunoii 2,5 M — B 3amajHoii raepee (cM.
puc. 2, 5) psioM ¢ IpoBajIbHBIM TEXHOTEHHBIM BXOOM.
[Ton Homepom III, rmyOuHOM 2 M — B AaJibHEH 4YacTh
IO>xHOi#1 Tasiepen B HEMTOCPENCTBEHHOM OJIM30CTH OT I10-
rpeOEHHOTrO TUICHCTOLIEHOBOTO BX0o/1a (pHC. 6, cM. puC. 2).
Crpaturpadus myppoB XOpOIIO COMIACYSTCS MEKIY
co0oif 1 1aeT o0IIyI0 KapTUHY 3TanoB (hOPMHUPOBAHUS
otnoxxeHnid. CyMMapHBIA B3aUMOJIOTIOTHSIONTHH MTPO-
(GuIIb PHIXIBIX OTIOXEHUH coctasisier 4,5 M. Lypds
HE «IOOHMTBD» 0 MCTHHHOTO JIHA TMEIIephl MO Iy
O00BEKTHBHBIX MPUUUH. B cTpaturpadum BeIICsSIOTCS
CEMb OCHOBHBIX 3TaIIOB OCaKOHAKOIUICHHSI CHU3Y BBEPX:
1) cyOropu3oHTaNbHBIC JIECCOBUTHBIE CYTTIMHKH C MeJI-
KHMH TIPOCIIOSMHU CyTieceid, ryano u koctssmu Chiroptera
(6onee 0,5 M, BeposITHO A0 2 M); 2) MOHOKIMHAIILHO
3aJIeraolye K OCH rajepen CJIOU Cylecei, CyTIIMHKOB
Y 3HAYUTEIbHAs TOMINA T'yaHo M kocteit Chiroptera B
JIECCOBUIHBIX CYTIIMHKAX — IMOCTYIUICHE MaTepraa oT
cteH K ocH (1 M); 3) MOHOKIIMHAJIbHBIE OT OCH Tajiepen
CIIOW CYTTIMHKOB U TJIMH C TIPOCIIOSIME T'YaHO M KOCTSIMU
Chiroptera — mocTymjieHHe MaTepuana OT OCH K CTe-
Ham (0,4 M); 4) cyOropu3oHTaJIbHBIE KPacHO-OyphIe
JIECCOBHJIHBIE CYIJIMHKU C CYINeChl0, HEPaBHOMEPHO
BMeratomue mectamu cioit BL (0,6 m); 5) cyoropu-
30HTAJIbHBIE CYTIIMHKH, CYIIECH, JIpeCcBa JeCKBaMAaIlH-
onHas (1 m); 6) KOMKOBarasi Cynech TyMyCHpOBaHHas
(0,6 m); 7) KOMKOBATBI CYIIIMHOK T'yMYyCHPOBaHHBIHN
(0,2-0,6 M) (cMm. puc. 5, 6). CrenoB BOIHBIX ITOTOKOB
He (PUKCUPYETCs Ha BCEH MTyOMHE UCCIICIOBAHHBIX OT-
noxeHu#t tpex mypgos. [TokpoBHbIE cou dTana 5—7
Ha Oonblireit yacTu npoTsbkeHHocTy FOxHOM 1 Boctou-
HOM Tajiepeil MOITHOCTHIO OTCYTCTBYIOT.

IIepBbIil ¥ BTOPO# 3Talbl OCAJIKOHAKOIIJIEHUS OT-
pakaloT BO3HUKHOBEHHUE H pa3pacTaHue KPyImHON KOIlo-
Hun Chiroptera Bo BCKpBITOH pelMKTOBOU mosocTy. Tpe-
TUH TPAKTYETCA KaK CIEACTBHUE CEHCMOTEKTOHHYEC-
KHX TTOJBUKEK, PUBEIINX K BPEMEHHOH aKTHBU3AIIH
OCEBBIX KAHAJIOB TIOCTYIUICHHS [TTHHUCTBIX MaTEPUAIIOB.
YerBepThiii 3Tan co cioem BL nmatupyercs 30Hamu
MNQ18-MNQI19 (1,8-1,5 miH 1. H.) 110 (hayHE [T03BO-
HounbIx [Jlonatun, 2019a; Jlonatun u ap., 2019; Buc-
s1000k0Ba H 11p., 2019]. OCHOBBIBasICH Ha TOH JaTH-
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Puc. 6. Crpaturpadus urypda Il y morpe6eHHOro peauKTOBOro
Bxoza B IOxno# ranepee no cedennto T-T. 1 — cyrnmmHOK TeMHO-
CephIif TYyMYCHPOBAaHHBIN KOMKOBATBIH, C YEPHBIMH INIMHUCTHIMHU
OTICJIBHOCTSAMH; 2 — CyIleCh TeMHO-Cepasi TyMyCHpPOBaHHasl IIST-
HHUCTO-KOMKOBaTas ¢ BKJIIOYEHHEM TyaHO M YePHBIX INIMHUCTHIX OT-
JIJIBHOCTEH; 3 — ApecBa HyMMYIUTOBBIX U3BECTHAKOB C IIPOCIOA-
MU KapOOHATHOHM cymnecH; 4 — CYIIMHOK JISCCOBUAHBIN YKEITHIN C
MPOCIIOSIMU KapOOHATHOM cynecH; 5 — 00JOMKH KPOBJIM U3BECTHSI-
Ka; 6 — CYIJIMHOK KOPUYHEBBIN KOJUTFOBUAJIBHBIN; 7 — KOCTCHOCHBIN
JICCCOBUHBII CYINIMHOK KpacHO-Oypblii; 8 — KaBepHO3HbBIN HyM-
MYJIUTOBBIN U3BeCTHIK. BL — KocTeHOCHBIN cioit

Fig. 6. Stratigraphy of pit Il near the buried relic entry of the South
Gallery, along the T-T, line. 1 — loam dark gray humous lumpy,
with black clay fragments; 2 — sandy loam dark gray humous spotty-
lumpy, with guano and black clay fragments; 3 — nummulite
limestone gruss, with layers of carbonate sandy loam; 4 — loesslike
loam with layers of carbonate sandy loam; 5 — limestone top
fragments; 6 — brown colluvial loam; 7 — bone-bearing red-brown
loesslike loam; 8 — cavernous nummulite limestone. BL — bone-
bearing layer

POBKE, IISITBIN ATAIl MBI IPEATIOTI0KUTEIHHO OTHOCHM K
OOLIMPHOMY CTYIIEHYATOMY IIISIIAITY TFOHII, 3aBEPILIUB-
meMycsi BpEMEHEM MOPCKOW M30TOMHOW CTaauu
MUC 22. lllecToi u ceapMok 3Tambl, TAKUM 00pa3oM,
OTHOCSTCS K mHTepTIsiiuany kpomep MUC 21/19. B ato
Bpems lOsxHas rajepes emie WMena BBIXOJ Ha JHEB-
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HYIO IOBEPXHOCTD U HCTIOIb30BaNaCh MICKOITUTAIOIIN-
MU (cM. puc. 2). 3aQUKCHPOBAHO HECKOIbKO BHEITAT-
HBIX ceificMoreHepannii KpyImHbIX CBOIOBBIX 00BAJIOB KaK
MEPEKPHITHIX OTIOKEHUSIMH YETBEPTOrO dTarna oca-
koHakorieHuss (MNQ18-MNQ19), Tak u mepekprIBa-
IOIINX UX.

[NomydueHHbIe JaHHBIE TO3BOJISIOT B IEJIOM PEKOH-
CTPYMpOBaTh TPU 3Tama pa3BUTHS Temeps! (puc. 7).
[penmockuTkamMu J71st Ha4aja MepBOro ATana pa3BUTHS
cranu nogastus [opaoro KpeiMa B MUOIIEHE C OTCTYTI-
neareM CapMaTCKOro MOpS M MOCJIENOBABIINE TTOTHS-
TS 10kHOTO Kpast Ckudekoit mnardopmbl U ceBEpHBIX
cki1oHOB KpbIMCKUX TOp B paHHeM 1inornene. CHATHE
HE3HAYUTEIHHOrO YeXJia MHOICHOBBIX OTIIOKEHUHU ¢
MaJICOTEHOBONW OTMEIH NMPOXOAMIO OJHOBPEMEHHO C
BO3HUKHOBEHHEM TIEPBUYHOI0 MUHIMAJIBHOTO YKIIOHA 1
(dbopMHpOBaHHEM JIOKOMH CTOKa HA CEBEPHOM MaKpoO-
cxione rop. [loqunHeHHOE TTOAHATHE TPHUIIETAIOIINX K
Topaomy KpeiMy obnacteii moBiekiio 3a co0oi IosiB-
JIeHW e CyOIIMPOTHBIX TPEIIMHHBIX 30H CXKATHUS 10 TIPO-
CTHpaHUIo, cOPOCOB U CABHTOB 110 NaieHuo [[eonorus
CCCP, 1969; Nymesckuii, JIsicenko, 1978; Kazanres,
1981]. Havasncst mepBbIif ATan pa3BUTHS MEMIEPHI, PO-
3MOHHO-KOPPO3HOHHOE penbedoodpazopanue. Pubrpa-
I[US TWIOCKOCTHOT'O CTOKA IO TPEHIMHAM CxKaTus chop-
MHUpOBaJIa CyOIIMPOTHYIO MOJIOCY CILIONIHOTO pacKap-
CTOBBIBAHHS TAJIEOTCHOBBIX CIOMCTHIX M3BECTHSKOB,
JIOTIOJTHEHHYIO KAPCTOM CyOMEpHANOHAIBHBIX HapyIIe-
HUii. 30Ha TPEMHHOBATOCTH IPEHUPOBAIACH TAKKE 110
KaBEPHO3HBIM TIIACTAM M KOHTAKTY C HUKEICKAIHM
BOJIOYTIOPOM (ppeaTHUecKMMH KaHallaMH, B JaJbHEH-
meM cGopMUpOBaB CBOOOJHOTEKYUIUMH BOJAMH
o0beMHBIE Talieper. DTO 3a(UKCHPOBAHO B YPOBHSIX
MeaHPUPOBAHUS K MEHSBIIMXCSI CEUCHUSIX SPO3UOHHO-

ro motoka. K KoHITy IIHOLIeHa B YCIIOBHSIX KAPKOTO KU~
MaTa M3 MPOAYKTOB BHIBETPHUBAHMS MarMaTHUECKHX
nopoj [XonoaoB u Ap., 2014] oOpa30BbIBaIOCh 0ONb-
1I0€ KOJTMYECTBO CHIIMKATOB M KPACHBIX IKEIE3UCTHIX
THJIPOCITIOIMCTHIX CMEIIAHHOCIIOWHBIX MHHEPAJIOB, KO-
TOpBIE B IIEPEMENCHHOM BHJIe 00pa30BaId Ha CKIIOHAX
rop MOYBEHHBIC KPACHOIBETHI B BapHAIUSIX C KEITO-
Oypbimu aneBputamu. CoxpaHUBIIMECS JTOKAIbHBIMU
¢dparMeHTaMH TaKue IMOrpeOCHHBIE KPacHOIBETHBIC
CYIJIMHKH Y TJIMHBI IIMPOKO W3BeCTHHI B [IpearopHoM n
Topuom Kpeimy, a B PaBannnom Kpeimy dopmupyror
MEPEOTIIOKEHHYIO MOIIHYIO «TaBPCKYIO CBUTY» TIIWH,
aneBpuToB U rajgeunukoB [[eonorus CCCP, 1969; J100-
poBosibckuit, 1968]. Bo BnaxxHoM knuMate u3 heppai-
JUTHBIX KPACHOIBETHBIX TIOYB IMPOUCXONUT HHTEHCHB-
Hasi QUIBTpamus MO TPEIIMHAM M KaBepHAM KHCIBIX
KE3e30CO/IepIKALNX PACTBOPOB M MUTPAIIHS COJIEH,
BO3HUKAaeT 00bEMHOE TIPOMBIBHOE PACKapCTOBBHIBAHUE
B YCIIOBHSIX YACTUYHO IMOKPHITOro Kapcra. K koHIry sta-
1A OTHOCUTCS KAPCTOBOE MPEIaprpOBAHHE )KEIE3UCTHIX
MUHEpaJIbHBIX 00pa30BaHUH, IIIACTHHYATHIX T10 TPEIIH-
HAM U TPyOYaThIX MO KaBEpHAM M KaHallaM, KpaiiHe
HeoObIuHBIX 1 neniep Kpbima. JlanpHelmas apum-
3alys KIMMaTa 3aBepIIuiia MepBbId 3Tan pa3BUTHUS —
penbedoodpazoBanue. B ¢uHaie 3Tana mpou3oInio
TaMIIOHHPOBAHUE ITyCTOT OOIIMPHOTO KAPCTOBOT'O IOJISI
XKeNTo-OypbIMH TITHHAMH 1 ()OPMHUPOBAHUE KOPBI Kallu-
4e. 3aTeM — HaMbIB SK30THYECKUX TalICYHUKOB C sIp-
KAMH CJIEIaMH «ITyCTBIHHOTO 3arapay, MpeKpacHylo
WLTIOCTPAIUIO KOTOPOMY MOYKHO HaOMIoaTh ceifvac B
MHOTOMETPOBOM TEXHOTEHHOM pa3pe3e CHHXPOHHO TaM-
MMOHUPOBAHHON KapCTOBOMN IIaXThl (BHOBb Ha3BaHHOM
Hamu — maxta «l[lorpebGenHas») ¢ KoopauHaTaMu
45°1'4,46" c. m1.; 34°15'18,67" B. 1. B 3,5 KM K I0Oro-3a-
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Puc. 7. Cxemarnueckuit npopuis Q-Q,. Dramsl popmuposanus Boxopasaena Kamvy-Kapa — @ynnykist ¢ nemepoit Taspuaa. 1 — muone-

HOBBIE MEPTENIH U DIMHBI, ACHYIUPOBAHHbBIC; 2 — S0LEHOBbIC HYyMMYJIUTOBBIEC H3BECTHIKHU (C NEHYIMPOBAHHBIMU y4aCTKaMH); 3 — rpaBelin-

Thl ¥ TICCYAHUKHU HM)KHEMEIIOBbIC; 4 — MIECKU KBApIICBbIC HM)KHEMEJIOBBIC (C ACHYIMPOBaHHBIMU y4acTKaMH); 5 — TPEIIMHHO-KapCTOBAst
CHUCTEMa TONIOLICHHS TITUOLEHOBOM JTONMMHBI

Fig. 7. Schematic profile Q-Q, Stages of the formation of the Kalma-Kara — Fundukly watershed with the Tavrida Cave. 1 — Miocene
marles and clays, denudated; 2 — Eocene numulite limestones (with denudated fragments); 3 — Lower Cretaceous gravelites and sandstones;
4 — Lower Cretaceous quartz sands (with denudated fragments); 5 — fissure-karst system of the Pliocene valley absorption
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naay or neuiepsl TaBpunma. Bee coObITHS yKaabiBa-
IOTCSI B PaMKH TO3/IHETUTHOICHOBOTO dTamna penbedo-
o0pazoBaHus, nMajeoMarHuTHyo smoxy [aycc, MUC
119-107. Penbed ObUT BEIpaOOTaHHBIM, Pa3BUTHE JO-
JIMH TPUOIU3HIIOCH K Ipoduiio paBHOBecHs. JKapkuit
KIIMMAT B S1IH30/e (POPMHUPOBAHUS IEPBUYHOTO Peibe-
¢a c oueHb BIAKHOTO CMECHWIICS Ha CEMHAPUIHBIA U
apyHbI.

Bropoii atan pa3BUTHS — aKKyMYyJISTUBHBIA — Ha-
YaJIcs ¢ MOCJIEIOBABIINM B 0IIJIEHCTOLIEHE OYepeTHBIM
nopusitueM ['oproro KpeiMa 1 u3MeneHueM penbeda
obmactu. TekroHHUeckoe MOAHATHE U JedopMaluu
HaPYIIWIU pPABHOBECHBIN CyOTOPH30HTANBHBIN peibed,
CMECTHB JIO)KOMHY CTOKa BOCTOYHEE, YTO IPUBEIO K
(hOpPMUPOBAHHIO ITUPOKOH, HO HENTYOOKO#H ToMUHBI DyH-
nykibi—3yu (nryouHa Bpe3a 50-80 M, mmpuHa 10 5 kM)
U MOJHOMY OCYIIEHHIO KapcToBOW cucTteMbl. I1o koc-
MHUYECKHM CHUMKaM B JTonnHe OyHayKIbi—3yu aemmd-
PUPYIOTCS MHOTOUMCIICHHbIE HEOTEKTOHUYECKHUE JIMHEH -
HbI€ pa3pbIBHBIE CTPYKTYPHI 10 NTaJeHuI0 IacToB. [pu
pacIIMpeHnH JOTHHEI ObUT IEHYAUPOBaH OOHAKEHHBIH
Kpa# MajgeoreHOBbIX N3BECTHSIKOB C BepXoBbAMHU HOx-
HOI Tajieper IMemepbl ¥ OTKPBIT TOPU3OHTANBHBIN BXOJ
B 00opTy monuHs (puc. 8). Bee monyueHHbIe 110 pe3yiib-
TaTaM NrypQOBKH ITaITbl OCaJKOHAKOIIICHHS, 32 HEOOb-
IIMM HCKITIOYEHHEM OCTATOYHBIX IJIMH BOAHOM reHepa-
IIUY MIEPBOTO ATAra, OTHOCATCS KO BTOPOMY Cy0aspalib-
HOMY 3Tamy pa3BuTus mnemepsl. [lo psay KOCBEHHBIX
MPHU3HAKOB MOXKHO MPEIonararh OJHOBpeMeHHOe (op-
MHpPOBaHHE Ha IJIAKOPHOM MOBEPXHOCTH HECKONBKHX
MPOBAJIbHBIX BOPOHOK, UMEBIIUX JIOTIOIHUTENBHBIE [T0-
HOpHBI B TIONOCTH (cM. puc. 1, 2). 3HauuTenpHas 4acTh
Memepsl mnomajna B SMU(OTHIECKYIO 30HY C ITOCTETeH-

HBIM 3aTI0JIHEHUEM Tajiepeid IECCOBUIHBIMH PO TyKTa-
MU TIEpEOTIIOKEHUS terra rossa U MX rumnepresesa. B
MOJIOCTH B 3TO BPeMsI 000CHOBAJIACH KPYITHAS KOJOHHUSI
Chiroptera. 3HaunTeNnbHasT POJIb MCKOIAEMOIO I'yaHO
KOJIOHHH B (POPMHUPOBAHHU 3aTIONHEHHSI HAUOOIBIINX
0o0beMOB 3amnajHoW rajeped BHJHA B cTpaTHrpaduu
mypda I (cm. puc. 5). Koctu Chiroptera u mpomykTsl
WX JKH3HEACATEIBHOCTH CTAIM JOTOJIHUTEIBHBIM HC-
TOYHUKOM MHHEPATH3AIHH [TOJIOCTH, HAPSILy CO 3HAYH-
TENLHBIM KOJIMYECTBOM KeJle3a U MapraHiia paHee Mo-
CTYIMBIIKM BHYTPH M3 terra rossa.

B ¢unane Broporo stama (ocagkOHAKOIUICHHU ) Tie-
Iepy UCIOB30BaIH JJIsl OOMTaHHS KPYITHBIEC U MEITKHE
XHIHUKH, GOPMHUPYSI ee TIIaBHBIN 300TeHHBIH Tadorie-
HO3. Biiusiane abnornueckux GpakropoB GopMUpOBAHHSI
TadoreHo30B He 3adukcupoBano. [Ipomgomkana cyie-
CTBOBaTh yke MeHbIas kononust Chiroptera, B riyou-
He TaJiepeif MOoCeMIMCh KPYITHbIC TPBI3YHBL, YbH COXpa-
HUBIIKECS HOPHI BCKPHITHI Irypdom 11 B ientpe 3ama-
Hoii ranepen (mpennonokutenbHo Hystrix [Jlomatus,
2019a]) (cm. puc. 1, 5). @ayHa KpyImHBIX MIIEKOITUTAIO-
IIMX OTHOCUTCS K MO3JHEMY BHJUTa(paHKy 3anajaHou
Esponsl (30H61 MNQ18-MNQ19) u nicekyrnckomy ¢ay-
HUCTHYECKOMY KoMIIekcy 1,8—1,5 miH 1. H., UHTepBa-
Ty MEX/y TaJeOMarHuTHBIMH 31H30/1aMU PeroHbOH 1
Ko66-MaynTus [Jlonatun u ap., 2019]. [Tocne dhopmu-
poBaHust TaGOIIEHO30B 0CAAKOHAKOILICHHE aJUITOXTOHHBIX
Cy0aspalbHBIX OTJIOKEHHI ObICTPO 3aBEpIIacTCs, YTO
BEPOSTHO CBS3aHO C TAMIIOHUPOBAHHEM TPOBAIBHBIX
BOPOHOK U BCKPBITHIX KaHAJIOB, [TOCIIE Yer0 pepBaIach
nupKynsiys Bo3ayxa. Komonus Chiroptera nmpekpaTuia
CYIIIECTBOBAaHKE HEMHOTHM I103Ke 0Opa3oBaHus Tago-
1eH030B. OKOHYATENBHOE MIEPEKPBITHE OOLIMPHOTO Kap-
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Puc. 8. Ilpomonpueiii npo¢uns U-U, mpusxonoBoit morpebennoi yactu IOxnoi ranepen memepsbl TaBpuna. 1 — mecku KBapleBble

HHUXXHCMCIIOBBIC, 2 - TPaBCIIMThI U IECYAHUKNU HUKHEMEIIOBBIC, 3 — U3BECTHAKHU HYMMYJIUTOBBIC 30LICHOBBIC, KABEPHO3HBIC, 4 — )Z[eJTIOBPIﬁ,

o6pa301saHan7[ HYMMYJIHUTOBBIMU U3BCCTHAKAMU, IPaBCIIMTaAMU, IECHAaHUKAMH, FTAJICHHUKAMM; 3al10JTHCHUEC ITOJIOCTH IICIICPBI: 5-— CYINIMHOK

TEMHO-CEpPbIi TYMyCUPOBaHHBIH; 6 — ApecBa HyMMYIUTOBBIX H3BECTHIKOB C IPOCIOAMH KapOOHATHOU cymecH; 7 — KpacHO-OyphIii Jiecco-
BUIHBIM CYNIMHOK C ()parMEHTUPOBAHHBIMU KOCTSIMHU MJIIEKOIHMTAOIINX; 8 — OJIOCTH MeuIephl

Fig. 8. The longitudinal profile U-U, of the near-inlet buried part of the Southern Gallery of the Tavrida Cave. 1 — Lower Cretaceous quartz

sands; 2 — Lower Cretaceous sandstones and gravelites; 3 — Eocene numulitic cavernous limestones; 4 — deluvium of nummulite limestones,

gravelites, sandstones and pebbles. Filling of the cave: 5 — humous dark gray loam; 6 — nummulite limestone gruss with layers of carbonate
sandy loam; 7 — red-brown loesslike loam with fragmented mammalian bones; 8 — cavity of the cave
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Puc. 9. Dpo3uonHoe MeanapoBoe pycio ¢ ypoBHsiMu HM u ®M, Boctounas ranepes. OT4eTauBO BUACH U3rub pycia ¢ 3aKkpau-
HOH U IINOPOH, HA MepeIHeM IIaHe O0PYIIUBIIHNCS (PArMEHT KPOBIH U3BECTHSIKA, MIOTOJOK KOPPOJHPOBAH MO TPELINHE 3AJI0KEHHS;
a) 3aKparHa MeaH/pa; 0) 1mopa MeaHapa

Fig. 9. Erosion meander channel with the levels of IM and FM, East Gallery. The bend of the channel with the edge and spur is clearly
visible, as well as the collapsed fragment of the limestone roof in the foreground; the ceiling is corroded along the crack of the foundation;
a) rim of the meander; b) spur meander

CTOBOTO TOJISl M MTPOBAJIbHBIX BOPOHOK KOHTUHEHTAIIb-
HBIMH JKENTO-OyphIMU TIIMHAMHU W KaJli4e OKa3alloCh
TUTOTHBIM ¥ BOJIOHETIPOHHIIAEMBIM. B O0IbIIyIO0 YacTh
rajiepel Imemepsl He TOCTyMajda Bilara U 9K30T€HHBIE
Bemecta. Coznancst GeHOMEH KOHCEpBAIUH MOIOCTH
nemepsl, riae Obuta HU3Kas BIAXKHOCTh M YCIIOBUS 3a-
MEUICHHOTO HAKOIUICHUS Cy0a’spallbHBIX OTIOKEHUH,
BILJIOTH JI0 MOMEHTa 00pa30BaHMs TEXHOTEHHOTO IPO-
BaJIbHOTO BXOJa HaJ 3amaaHoN raiepeet.

Hateunbie oOpa3oBaHus OTCYTCTBYIOT, HO CyIIe-
CTBYET KpailHe MEIJICHHBIN Mpoliecc MOBEPXHOCTHOM
JIE3UHTErpaliil U3BECTHAKOB JI0 IUIACTHYHOTO COCTOS-
HUS Ha DIyOuHy 1-2 ¢M, ¢ coxpaHeHHueM MUKpopenbeda
BpemMeHn MNQ18-MNQ19 ¢ oT4ernuBbIMH ClIeTaMHU
KOI'Tel MJICKOITUTAIOIIMX. B MHBIE yCI10BUS 1omas1 HeOoIb-
okt yaactok KO>kHO# rajepen Bo3jie BCKPBITOTO BXO/A,
WCIONTb30BABIIMCS KUBOTHBIMH 3HAYUTENBHO JOJIbIIIE.
Crparurpadus mypda III (cMm. puc. 6) mokas3bIBaeT, 4To
Ha KpacHO-OyphIe JIECCOBUHBIC CYTITUHKH YETBEPTOrO
JTara ocaJKOHaKOIJICHHS, COep Kallre KOCTH KPYITHBIX
miekoruraromux MNQI18-MNQ19, ¢ moronka u cTeH
0OpYIINBAIOTCS KYCKH H3BECTHSKA, CYTJIMHKH YCIICBAIOT
MEPEKPHITh X TOHKHUM CJI0OEM B 1-2 CM U 3aTeM Pe3Ko

MEPEKPBIBAIOTCS. OONBIIUM CJIOEM H3BECTKOBOTO JKell-
TO-Oyporo JETPUTYCOBOTO TeCcKa, CYNECSIMHU M JIECKBa-
MAIMOHHOW JPEeCcBOM TEMIIEPAaTypHOTO BbIBETPHUBAHUSA
IISITOTO ATara OCaKOHaKOILUIeHHsI. DHHAJ BTOPOTo JTarna
pa3BUTHS (AKKYMYJISITAN) MOYKHO TIPEIBAPUTEIHHO CBSI-
3ath co craaueit MU C22, 3aBepIuBIIeH MISIAa FIOHIT
(MUC 34/30/28/26/24) 0,9—-0,866 MiH 1. H. DTO IPEIIIO-
JI0’KEHHE BO3MOKHO B JTAJIbHEHIIIEM YTOUYHHUTD 10 COJlep-
xKarelcs B IPecBe MSTOro 3Tara 0CaIKOHAKOIIIeH!s (a-
YHE MHOTOYHCIIEHHBIX MEJIKUX IPBI3YHOB. 3aJIeraHue CII0-
€B B OTJIOKEHHSIX IVIALIHajia CTPOro rOpU30HTAIBHOE CO
CKauyKooOpa3HbIM HapacTaHHEM TPaHYJIOMETPUUYCCKUX
XapaKTePUCTUK CHU3Y BBEPX MO paspe3y (CM. puc. 6).
OmnoxxeHus TsiiMana (MATHIN 3Tall) ¢ HeCorJIacheM Iie-
PEKpBIBAIOTCS TYMYCHPOBAHHOMN CYIECHIO IIECTOrO 3Ta-
T1a 0CaIKOHAKOIIJIEH NS, TPAaHUIIA CIIOEB UMEET BUJI JIOMa-
HOM JTMHUU C aMIUTUTYA0H 5—6 cM. B mopomBe mecToro
3Tarna OTJI0KEHU HapyllleHa IpaBUTALMOHHAS TTOCIION-
Has ceguMeHTanus. CTpyKTypa X HIDKHEH yacTu KOM-
KOBaTasi, MATHHCTAs, YTO IIPUCYILE ITEpEMEIIaHHbIM TPyH-
TaM. XapakTep HEpPOBHOIO KOHTAKTa TPAKTyeTCs Kak
CJIEJICTBUE PETYISIPHOTO PU3HYECKOrO BO3IEHCTBHS KU~
BOTHBIX Ha OTJIOXKEHHS IIECTOro JTara.
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3aBepiieHreM (QHHANa BTOPOTO dTama pa3BUTHS
Telepsl U HadyajoM TPEThEro dTana — KOHCEPBAIH —
CTAHOBUTCS BPEMsl 3allOJTHEHHUS MPHUBXOA0BON 30HBI
HO>Hoi1 ranepen cepbIMU NMbUIEBATHIMU T'YMYCHPOBaH-
HBIMH CYITITMHKAMH CEIbMOTO 3Tara 0CaAKOHAKOIICHHS.
Ha py0Oexe BTOpPOro ¥ TPEThEro STaroB pa3BUTHS Tie-
niepsl PyHKIIMOHUPOBAJ IPOTONTAHHBIN B OTIOKEHHUSX
HIECTOr0 dTana OCaJAKOHAKOIUIEHUSI KOPUIOP MPU BXO-
Jie, TPAKTyeMbIH KaK XOJ] )KMBOTHBIX MUPUHOHN 0,6 M,
BCKpbITHI B mypde 1. [TomHoe TamMnorupoBaHue npu-
BX0n10BO# yacTu FOHOI rajepen CyriinHKaMHi BHYTPU
Y MOIIIHBIM JICITIOBUABHBIM IIIEH(POM CHApyX K CKIIO-
Ha B COYETAHHUM C MPEABIAYIIMM TaMIOHHPOBAHUEM
MaccuBa KOHIIA TUTHOIEHA MPHUBENIO K MPEeKpamieHHIo
BO3IyX000MEHAa TIOJIOCTU C HAPY)KHOW MPHU3EMHOM art-
Mocdepoii. [IpenBapuTebHO TPETUH 3Tall Pa3BUTHUS
rierepsl (KOHCEPBAIKs) OTHOCUTCS K HEOTUICHCTOIEHY,
BpeMeHH HHTeprnuana kpomep (MUC21/19, 0,7—
0,5 MJTH 71. H.), HA OCHOBAHUH OTCYTCTBHUS OTJIOKCHHI
5—7 3TanoB O0CaJKOHAKOIUICHUSI Ha BCEM IPOTSIKECHUU
Temephl, KpoOMe MPUBXOA0BON 30HBI M PEKUX aKTHBH-
3UpPOBAHHBIX TPEIIMHHBIX 30H. OTIoXKeHus 5—7 sTana
OCAJKOHAKOIIJICHUS 3aJIETAal0T HEMOCPEACTBEHHO Ha
clloe, TaTHPyeMOM ITO3IHUM BHIUTadpankoM 3amna Hon
EBpomnbl (3oa51 MNQ18-MNQ19), ncekyrnckum ¢ay-
HHUCTHYECKUM KomruiekcoM (1,8—1,5 muH 1. H.), oTpa-
KArOT pe3Kre CMEHBI KIIMMaTa U Cofiepkat GayHy Mell-
KUX MJICKOTIMTAIOUIUX U JalbHEHUIero yroqHeHUs
JTaTHUPOBOK.

ypd III mo3BoisIET OIEHUTH TONEPEYHOE cede-
Hue Bxona FOkHo# ranepen, HbIHE MOrpeOeHHOr0, 00-
Jee yeM B 6 M? Ha dTame Mo3aHero Buuiad)paHka U He
MmeHee 3—4 m? B uHTeprsnuane kpomep (MHUC21/19).
Kpowme Toro, cioucrast cTpykrypa HyMMYJIHTOBBIX W3-
BECTHSKOB JICNIA€T BO3MOXKHBIM OOpa30OBaHHE OpHCH-
THPOBAHHOTO Ha IOT0-BOCTOK IIMPOKOTO JECKBaMallu-
OHHOT'O BXOJIHOTO IpOTa B Mepuof GyHKIIUOHUPOBAHUS
PETMKTOBOTO BXOna, (GQMHAT KOTOPOro MPUXOAUTCS Ha
cpenuuii mercroneH. CoBpeMeHHbIH POoQHIL CKIIOHA
BOCTOYHOM IKCIIO3UIIMH Ha MECTE TIOrPeOSHHOT0 BX0Ia
MMeeT KpyTU3Hy 110 15°, 9To HexapakTepHO A KydC-
Thl U 00BsCHsCTCS (hallMaIbHBIMK OCOOCHHOCTSIMHU U
JIUTOTEHETUYECKON TPEIMHOBATOCTHIO METKOBOAHBIX
W3BECTHSKOB, TPUBEAIINMH K BBHITIONAKUBAHHUIO B TOJIO-
nene. Hy)kHO ykasaTh, 4TO MPUPOIHBIN MUKpOpenbed
ckiona HapymieH B XIX B. OOIIMPHBIMU MTOBEPXHOCT-
HBIMH KaMEHOJIOMHSIMH.

BriBoabI:

— MAJICOHTONIOTMYECKOE MECTOHAXOKICHHE B TIEILEPE
TaBpuzaa SBISETCS YHUKAJIBHBIM ITAMSITHUKOM DOILIEH-
CTOLIeHa, BTOPBIM Ha Tepputopuu Poccuu, ¢ 4eTko BBI-
pakeHHOU cTpaTurpaduell OTIOKEHUH, TTO3BOMISIOMIEH
3HAYUTENLHO YTOYHUT Majieoreorpaduiaeckue yeaoBus
MOHTHICKOTO peruona. CHHXPOHHOCTb (DayHbI TTO3BOHOY-
HBIX TIenepsl TaBpuia ¢ paHHENaJeONMUTHUYECKIM MeC-
ToHaxoxnenueM Jimanucu (1,88—1,77 mte 1. H.) B 3a-
kaBka3sbe [Jlonatun, 20198; Zelenkov at al., 2019] mo-
3BOJIAET paccMaTpuBaTh OOBEKT KaK MOTEHI[MAIBHO
IIEPCTIEKTUBHBIN [l PAHHENAJICOIMTUIECKUX N3bICKAHUIA;

— MOHOKJIMHAIBHO JIe)OpMUPOBAHHAS DPO3HOHHO-
KOPpO3HOHHAS MEaHPOBasi TeOMOP(OIOTHS PEIUKTO-
BOM TUTMOLIEHOBOM KapCTOBOM MOJIOCTH € aJNIOXTOHHBIM
Cy0aspaibHBIM IJIEHCTOIICHOBBIM 3aIlOIHEHUEM, JIO-
MOJTHsIeMasi TEXHOTEHHBIM CyOCEKBEHTHBIM pPa3pe3oM,
MO3BOJISIET OoJiee MOTHO PEKOHCTPYHUPOBATH ITH30/IbI
kBaptepa [Ipearopuoro Kpeima [Baxpymes, 2001];

— YCTaHOBJIEHBI ITPEANOCHUTKY BOZHUKHOBEHHS U TPH
sTana pa3Butug neuiepsl Taspuaa. [lepsorit aTan — 06-
pa3zoBaHUs B TPEIIMHHON 30HE (KOPO3UOHHO-3PO3HOH-
HBII) — OTHOCUTCS K paHHEMY ILIMOLIEHY, KUMMEpHiic-
KOMY sIpycy. BTopoil aTam — akKyMyJasiTUBHBIA — 3aHU-
MaeT MHTEpBaJ C JOILICHCTOLICHA TI0 HEOIJICHCTOLIEH.
Tpetuit 3Tanm — KOHCEPBALIMOHHBIN (TaMIIOHUPOBAHHE
Bxofa B FOxHyI0 ranepero, HakoIIeHHE MEIKOAUCIIEpC-
HBIX CEpBIX MBIJIEBATHIX CYTIIMTHKOB IIOBEPX CIIOEB 5—6) —
JUTUTCS. TIPENNOIOKUTEIBHO C WHTEpPIIAIIHaNa KpoMep
(MKC21/19,0,7-0,5 mMiH. JI. H.) IO COBPEMEHHOCTH;

— EIIMHCTBO YCIIOBHM, JOPM H ITANOB Pa3BUTHS
penkux kapcroBeix nemep IIpenroproro Kpeima (JIu-
cws1, Anuma, 3Mennas, berm-kxorm, TaBpckas, Manrytm-
ckast) W meriepbl TaBpua g1aeT OCHOBaHHE yTBEPKAATh
CHHXPOHHOCTB X BO3HUKHOBEHHS B YCJIOBHSIX ITUTEHHOMN
HU3KOH M1aThOpMEHHOMN 00NIaCTH U BIAYKHOTO TPOITUYEC-
KOro KJTMMara paHHero IvolieHa. Panee s Hagana dop-
MHUpPOBaHHMS Terep KpbiMckoro IIpenropss mpeanarai-
cst OoJIee MMPOKKH TUTHOLICH-PAaHHEILICHCTOICHOBBIHN Bpe-
MeHHoi1 nutepBan [ lymesckuit, JIpicenko, 1982];

— KOPO3HOHHO0-3PO3HOHHBIE ME€30- © MUKPO(OPMBI
PETUKTOBOTO TOA3EMHOI0 pebeda (Hucxomsume Ka-
HaJbl OT KapCTOBOTO TOJIs, KyTOJia, KaBEpPHBI U p.) B
COYETaHMH C PPO3MOHHBIMH (MeaHIpaMH, LIIOpaMH,
3aKpanHaMM) B BEPTUKAIBHO CTPYKTYPUPOBAHHOI Kap-
CTOBOM CHCTEME TPEIIMHHON 30HBI COOTBETCTBYIOT 3ITH-
TeHHOMY CIIeJIeOreHe3y AMUILIATPOPMEHHON 00JIaCTH.

Brazooapnuocmu. Pabora 4acTHYHO BBINIONHEHA 3a cueT cpeAcTB [IporpaMmbl (GyHIaMEHTAbHBIX HUCCIIE-
noBanuii [Ipesuanyma PAH «3Bomonns opranmdeckoro Mupa. Poib v BIUSHUE IUTaHETapHBIX MPOIECCOBY, a
takke npoekra PODU Ne 19-05-00982. ABTOpBI BRIpaXKaroT IIyOOKYIO MPU3HATEIBHOCTh 33 TIOMOIIh BCEM Yy4acT-

HUKaM PacKOIIOK.
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P.V. Oksinenko', A.V. Lavrov?

HISTORY OF THE TAURIDA CAVE, A MONUMENT
OF THE LATE VILLAFRANCHIAN VERTEBRATE FAUNA,
AND ITS PALEONTOLOGICAL SIGNIFICANCE

The horizontal Tavrida Cave (Zuya settlement, Crimea), discovered in June 2018 during the
construction of the highway, is a unique paleontological monument. The stages of the cave formation and its
taphocenoses have been studied. The study was carried out using geomorphologic, stratigraphic, geological,

structural and paleontological methods.

The zoogenic complex of vertebrate fossils from the cave sediments corresponds to the Late Villafrancian
fauna of the Eastern Mediterranean (MNQ18-MNQ19), namely the Psekup faunal complex (1,8—1,5 Ma).
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The faunal complex includes Hystrix vinogradovi, Hystrix refossa, Pachycrocuta brevirostris, Canis sp.,
Homotherium crenatidens, Megantereon sp., Ursus etruscus, Archidiskodon sp., Equus sp., Elasmotherium
caucasicum, Stephanorcus sp., Bison sp., Gazellospira torticornis, Arvernoceros verestchagini,
Pontoceros sp., Hypolagus brachignatus, and Pachiostrutio dmanisensis.

The initial, corrosion-erosion stage of the cave formation dates back to the Early Pliocene, the
Cimmerian time of hot and humid tropical climate. An under-watercourse canal was isolated within the
Pliocene epiplatform system of surface runoff in low-lying conditions up to 50 m a. s. 1. Eocene limestones
were drained along cracks and cavernous strata along the contact with the Barremian sandstones by
phreatic canal, subsequently forming large galleries with free-flowing waters. A distinctive feature of the
cave is the erosional multilevel meander structure of the canal, with levels of initial and final meandering.

The accumulative stage of development covers the time interval from the Eopleistocene to the
Neopleistocene. The drained relict cave was opened by a lateral valley and was filled with subaerial
allochthonous products of terra rossa hypergenesis and limestone weathering, corresponding to savannah-
type environments. At this stage, a large colony of Chiroptera lived in the cave, and a zoogenic taphocenosis
of the Late Villafrancian fauna was formed. Seven main stages of sedimentation have been identified, as well
as the out-of-stage seismic generations.

The conservation stage of development, with the entrance backfilling, is thought to start in the
Cromer (0,5-0,7 Ma). Under temperate climate the desquamation products and gray humous loams
completely blocked the entrance to the cave. Dense backfilling of all karst canals put the end to air exchange

between the cavity and the outside surface atmosphere.

Key words: paleontology, Psekupian complex, meandering, terra rossa, stages of development, subaerial

deposits, Submontane Crimea
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VK 551.89

H.O. Asepkunal, E.E. Tanaenkosa?, 51.C. Oscensin’, P.®. Ilnuabxaren?, X.A. bayx’, C.J1. Huxosiaes®

HCTOPHSI BOCTOYHOM KOHTUHEHTAJIbHOM OKPAWMHBI MOPS JIAIITEBBIX
B I'OJIOLEHE: JIUTOJNOTUYECKHUE U MUKPOITAJIEOHTOJIOI'NYECKHUE

JAHHBIE

Hcropus pa3BuTHs BOCTOUHON KOHTMHEHTAIBHONW OKpauHbl MOps JIaTeBBIX B TOJIOLEHE PEKOHCTPYUPO-
BaHa Ha OCHOBE aHAJIM3a paclpe/IeICHUsI MaTepuaa JieJoBoro u aiicoeprosoro paznoca (IRD) u uckonae-
MBIX KOMILICKCOB OCHTOCHBIX M TUIAHKTOHHBIX (popamMHuHU(Ep B ABYX KOJIOHKAX MOPCKHX OCAJIKOB, ITOTY4EHHBIX
C pa3HbBIX NIyOWH KOHTUHEHTAIHLHOTO CKJIOHA — 122 1 983 M. Pannuii ronoue (8,2—11,7 kai TeIC. JI. H.) XapakTe-
pu3oBaics HanboJee TeMJIBIM KJIMMAaTOM, O YE€M CBHJICTSIILCTBYIOT MAaKCUMaJIbHAsl YUCIICHHOCTh ()OpaMUHU-
(bep, kpaitHe HU3KOe coaepkanue IRD, Bcruteckn OMONPOAYKTUBHOCTH U BBICOKOE COACpKaHue (PUTOACT-
pUTHBIX BUIOB. B Hauane cpennero rojorena (7,4—8,2 Kaj ThIC. JI. H.) OTMEUEHO Pe3KOe MaJJCHUE YUCICHHO-
ctu popamuHHdep, BIJIOTH 10 TIOJTHOTO UCUE3HOBEHHUS B KOJIOHKE Ha ITyOuHE 122 M, KOTOpOEe B COYCTaHUU
¢ KpalfHe TOHKO3EPHUCTBIM COCTaBOM OCAIKOB IO3BOJISIET IMPEANOIOKHUTH Pa3BUTHE MOIIHOTO JEIOBOIO
IIOKPOBA, CTaBLIEro NPUYMHON NaneHus OuonpoxykTuBHOCTH. [locie 7,4 xai. THIC. JI. H. POCT KOJIMYECTBA
IRD, yBenmuueHHe MPOLIGHTHOTO CONEP)KaHUS BHIOB OCHTOCHBIX (popaMHUHU(Ep U3 MEIKOBOJHBIX PaiiOHOB
MOPsI ¥ TIPUKPEIUISIONIMXCS SMU(PayHHBIX BUIOB OTMEUAIOT MOXOJOMAHUE KIMMAaTa, TAaKXKE YCTAHOBJICHHOE
paHee 1 Ha 3anaze Mops JlanteBbIx. OHO IPOSABUIIOCH B YBEIHMYCHUH IIIOMIA M JIEJOBOT'O TOKPOBA, CMELIIEHUH
K IOTY CE30HHOM I'paHuIbl ApeH(YIOIINX JIbJI0B U POCTe JeAHUKOBBIX manok CesepHoit 3emnu. [Tuku IRD
MPAKTUYECKH CHHXPOHHBI Ha 3a1aJIe U BOCTOKE MOPS, UMEIOT NEPUOAMIHOCTD 1—1,5 THIC. JIET U IPHypOUSHBI

K HHTepBaiaM Bpemenu 7—7,4; 6,4—6,6; 5-5,8; 2,8-3,8; 1,62 u 0,8—1,2 kan. ThIC. JI. H.

Kniouesbvie cnosa: NaneooOKeaHOJOT s, MAaTepUall JISJOBOro U aiicOeproBoro pasHoca, popamuHude-

PBI, aTJTIAHTUYCCKHUE BOABI

BBenenue. 113BecTHO, UTO BBICOKHE IIHPOTHI OT-
JINYAIOTCS MOBBIIIIEHHOMN YYyBCTBHUTCIbHOCTBIO U YCUJICH-
HOM OTBETHOW peakuen OKpyKarolle cpeibl Ha Koje-
OaHus KITMMaTa, a APKTUYCCKHUIA PETUOH SBIISICTCS BaXK-
HBIM OOBEKTOM H3yUYCHHUS HM3MCHCHUH MPHPOIHBIX
YCJIOBI/Iﬁ B I'OJIOIICHC U BJIHAOIINX HA HUX MEXaHU3MOB
[Stein, 2008; Miller et al., 2010]. B mope JlanteBbix
OTBCTHBIC U3BMCHCHUA IPOABJIAIOTCA B KOJIe6aHI/I$[X r'pa-
HHUII Y TUIOIIAIH CE30HHOTO JIEZIOBOTO MMOKPOBA, BapHa-
UsIX 00beMa PEYHOr0 CTOKA, Pa3InYHON HHTCHCUBHO-
CTH IPOHUKHOBEHUS TPaHC(HPOPMUPOBAHHBIX ATIIAHTH-
YECKHUX BOA BAOJIb KOHTHHCHTAJBHOI'O CKJIOHA U
XapaKkTepe ux B3aHMOIIeI710TBHS[ C XOJIOOAHBIMU U OIIpeC-
HEHHBIMH apKTUYECKMMH BofiaMu. B mocenenHukoBoe
BpeMs OOHUM M3 ICPBOCTCIICHHBIX OTKIMKOB Ha IIO-
TEIUICeHHE KITMMaTa ObLIT aKTHBHBIA POCT YPOBHS MOPSI
U, KaK CIEACTBUE, OTCTYNAHUE CYIIN — 3aTOIJICHUE
menbga. Hanbonee akTHBHO TpaHCIPECCHSI TIPOUCKOH -
JIa B TOJIOLCHE, JI0 IISITH KaJICHIAPHBIX THICSY JIET Ha3a/l
(xau. ThIC. 1. H.) [Bauchet al., 2001] na ¢poHe HanGOMH-
IIIEr0 MOTEIUICHHUs, OKOHYATEIbHOIO paciiaia JeIH KO-
BBIX [IMTOB U TUIOIIATHOTO 3aTOIUICHHS 1IENTb(OB.

B nanHoii pabore Mbl TIpeICTaBIsieM PE3yIbTATHI
W3y4YCeHUs KIIMMAaTHIECKU 00YCIIOBICHHBIX 0COOEHHOC-
Tel 0CaJKOHAKOIUIEH!US HA BOCTOYHOM KOHTUHEHTAIbHOU
okpanHe Mopsl JIanTeBBIX B 3TOT OTHOCHUTEIBHO Oaro-
MPUSTHBIN nepuoxn (mocnennue 11,7 xan. TeIc. n€T), co-
MOCTABJISIsSI PE3Y/IBTAThl HCCIIENOBAHUS JIBYX JETaIbHO
JTATUPOBAHHBIX KOJOHOK MOPCKHX OcankoB (puc. 1),
MOTHSATHIX C Pa3HBIX TITYOWH Ha KOHTHHEHTAJILHOM CKIIO-
He (983 u 122 m). TakuMm 00pa3oM, MOXKHO IIPOCIICAUTh
W3MEHEHUS MaJIeOyCIOBUI B TOJNOIEHE B ITyOOKOBO/I-
HOW YacTH CKIIOHA, KOTOPAst HAXOJUTCS TIO/ BIUSTHAEM
TpaHc(HOpMUPOBAHHBIX ATIAHTUYECKUX BOJI, Uy OpOB-
KU BHEIIHETO 11enbda, re 3HaYnTeNbHYIO POJb B OCa/l-
KOHAKOTUICHHH B HaYaJie TOJIOIEHa UTpatl CTOK peK JIeHbI
U STHBI, YCThS KOTOPBIX HAXOJUIINCH B HEMIOCPEICTBEH-
HOW OJIM30CTH K Kpato Iienbda.

Oxeanonoruyeckue yciaoBusi. Mope JlanteBbix —
oKpanmHHOE MeJKoBonHoe Mope CeepHoro JlenoBuTo-
T'O OKeaHa, IIeNb() KOTOPOro u3pe3aH HECKONbKUMH Ta-
JIEOIONTMHAMHU peK, 00pa30BaBUIMMHUCS B pPE3ybTaTe
MJIEHCTOIEHOBBIX PErpecCHil W OCYUICHHS mienb(a
[Bauch et al., 2001]. I'maponoruyeckas 00OCTaHOBKA B
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Fig. 1. Location of the studied cores in the Laptev Sea

OacceifHe 3aBUCHT, TJIaBHBIM 00pa3oM, OT B3aUMOJIEHi-
CTBHSI TpeX (HPaKTOPOB: OONBIIOr0 00bEeMa PEYHOT0 CTO-
Ka, TPOTSHDKEHHOT'O JISIOBOTO MOKPOBA M MIPUCYTCTBHS
TpaHC(hHOPMHUPOBAHHBIX ATIAHTHYECKUX BOJ, TEKYIIUX
BJ10JIb KOHTHHECHTAJIBbHOI'O CKJIOHA.

CTOK KpYIHBIX CHOMPCKUX peK B Mope JlanTeBrix
OKa3bIBACT PEIIAIOIIEe BINSHUE Ha OIPECHEHHE ITOBEPX-
HOCTHBIX BOJI M CTPAaTHU(UKAIIMIO BOAHOM TONIIH, B OCO-
OEHHOCTH, B €r0 BOCTOYHON YacTH, Ky[a pa3rpyxaercs
Oonpinas 4acTh mpecHoi Boubl p. Jlenst [JJoOpoBomb-
ckuit, 3amoruH, 1982]. Ha moBepxXHOCTHYIO COJIEHOCTh
TaKXKe BIMSIET JIETHEE TasHUE JISOBOTO MMOKPOBA.

ITo npuyrHE METKOBOAHOCTH M HU3KOW COJIEH OCTH
MPOMCXOJIUT TIOBBIIIEHHOE JIS000pa30BaHNE HA IIIElTb-
¢e, nenmas Mope JlanTeBbIX OCHOBHBIM IMOCTABIIHKOM
MOpCKOro Jibia B ApkTHKy [Alexandrov et al., 2000].
JlenooOpa3oBaHue HAUMHACTCSI B CEHTAOpE—OKTAOpE,
KOTJla MOpe, B OCHOBHOM, CBOOOJIHO OTO JIbJIa M Pa3BU-
BarOTCA MOIIHBICE OCCHHUC HITOPMbI, OKAa3bIBAIOIINEC
CHJIBHOC BJIMAHHEC HAa MCIIKOBOAHBIC paﬁOHLI. Ouu ox-
JKJAI0T BOJAHYIO TOJIIY 3a CUET MepeMelInBaHus 1
B3MYYHBAIOT JJOHHBIE OCAJIKU, YTO CITOCOOCTBYET BKITIO-
YCHUIO B3BECH U KPYITHO3CPHUCTBIX YaCTUIl B HAYWHA-
oMl 00pa30BBIBATKCS JIel, KOTOPBIN apeidyeT K ce-

30HHOM rpaHuiie ieaoBoro mokposa [Eicken et al., 1997].
[Mocnenyromiee oxaxaeHue MPUBOIUT K HopMupoBa-
HUIO Mpunas BIJIoTh A0 r1youn 20-25 m. CeBepHee
npumaii He GopMUpPyeTCs — IO/ ISUCTBUEM TPUITUBOB
U AYIOLINX C XOJIONHOM CYIIU FXKHBIX BETPOB BHEIIHUMN
Kpai mpuras CTAHOBUTCS HECTAOMJIbHBIM, M OTKaJIbIBa-
FOIIMECs JIbIMHBI Ipei(yIOT Ha CeBep, I/IC OHU BOBJICKA-
totcst B Tpancnonsipablit apeiid. Mexmy ceBepHoi rpa-
HUIICH MpUIIas ¥ KXKHOM rpaHuLieii aAper Qyromero abaa
MOJT ICHCTBUEM HOJKHBIX BETPOB 00pa3yeTcs MOJIbIHbS,
MPOTSKEHHAsT CBOOOIHAS OTO JibJa 30HA, B KOTOPOH
3MMOM HJET aKTUBHOE JIeZA000pa3oBaHue ¢ GOpMHUPO-
BaHUEM XOJIOJTHBIX U COJICHBIX PAcCOIOB, 00Pa3yIOMINX
MPUIOHHBIC BOJIBI Ha MISTb(E ¥ TPOMEKYTOUHBIC BOIBI
raJoKiinHa B okeaHe. [locleJHre HMEIOT COIEHOCTh 10
34%o u TemrepaTypbl, OJH3KHE K TOYKE 3aMEep3aHUS
[Timokhov, 1994].

Terbie U ColieHbIC aTIAHTHYESCKUE BOBI — OCHOB-
HO# BHEIIHUI WCTOYHUK TEIJIa U COIH I ApKTHYeC-
Koro OacceiiHa u ero okpauHHbIX Mopeii [Rudels et al.,
2004; MBanoB, Tumoxos, 2019] v o1H U3 TIIABHBIX KJTH-
MaToQopMHUpyoIHX (HAKTOPOB HA KOHTHHEHTAIBHOM
okpanHe Mops JIanTeBbIX, Kyla OHHM IMOCTYIAIOT Yepe3
JIBEC OCHOBHBIC BEeTBH. PpaMOBCKasi BETBb MPOXOAMT B
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BOCTOYHOM yacTu mponuBa @pama B BUAC 3amagHo-
[nunbepreHckoro Teuenus, orudaer Llnumbepren ¢
ceBepa, NOCTENEHHO TpaHchopMupyercst 3a cuer KOH-
TaKTa C MOBEPXHOCTHBIMH apPKTHYCCKHMMH BOJAMH U
Janee JIBHXKETCS B MOAIIOBEPXHOCTHOM CJIOE BJIIOJb
€Bpa3HKCKOT0 KOHTUHEHTAJIBHOTO CKJIOHA. bapeHiieBo-
MOpCKasi BETBb IPEICTABIEHA HEMHOTO OoJee XOJoI-
HBIMH ¥ OIPECHEHHBIMHU BOJaMHM, C(hOPMHUPOBAHHBIMU
3a cuer B3aMMOJCHCTBHSA ¢ menb(hoBbIME BoJamu ba-
penneBa u Kapckoro mopeti [Aksenov et al., 2011]. B
Mope JlanTeBbIX TpeacTaBiIcHbl 00€ BETBH aTIaHTH-
yeckoro tedeHus: [Dmitrenko et al., 2010]. Cpennsis
TeMIlepaTypa aTjaHTHYeCKUX BOJ B Mope JlanTeBbix
~1°C, a conenoctb 34,7-34,9%o0 [Dmitrenko et al.,
2010]. IToMuMO COJICHOCTH W TEMIIEPaTyphl, 00¢ BeT-
BU TIPEANOJIOKHUTENHFHO OTIIMYAIOTCS 1O crienuduyec-
KOMY cOCTaBy (UTOIECTPUTA U OMOTEHOB, YTO Ba)KHO
JUTE OGHTOCHBIX BUIOB, OOMTAIOIINX B 3TOM CJIO€ BOJIBI
u nox HuM [Lubinski et al., 2001; Wollenburg et al.,
2004]. EcTh cBHAETENBCTBA TOTO, YTO MO ICHCTBUEM
AIBEJJIMHTOBBIX TEUCHHUH MOXET MPOMCXOIUTH BEPTH-
KaJIbHBIH TEIIJI000MEH U ITOIHATHE aTJIaHTUIECKUX BOJT
K MOBEPXHOCTH OKeaHa B 30HAX PE3KHX YKIJIOHOB JHA
(opoBka menbda) [Amurpenko u ap. 2001; MpaHos,
Tumoxos, 2019], HoO OCHOBHO# TuaIa30H UX PaCIPOCT-
paHeHMsI HaxomuTcs B mpexaenax rmyouH 200-600 m
[Timokhov, 1994].

Takum 00pa3zom, MecTo B3sTHsI KOMOHKH PS2458-4
HAXOJMTCSl HEMOCPEICTBEHHO TOJI CJI0EM aTIaHTHYec-
KHUX BOJ, a Ha 001acTh, C KOTOPOHM MOMHATA KOJIOHKA
PS51/118, B 3HaunTENBHO OOJNIBIIEH CTEIIEHN OKAa3hIBa-
€T BJIUAHUE peyHOl cTOK JIeHbl u SIHBI.

Marepuanbl 1 MeToIBI HccenoBanus. [Ipeacras-
JICHHBIE B JJAHHOW CTaThe Pe3yJbTaThl OCHOBAHBI HA
M3yYEHHH COCTaBa KOMILIEKCOB (hopaMUHUEP U JIUTO-
JIOTHYECKHX XapaKTePUCTHK, BKITIOYasi MaTepHal JIeno-
BOro U aiicoeproBoro pasHoca (ice- and iceberg-rafted
debris, IRD), ocaikoB 1ByX KOJIOHOK C BOCTOUHOTO KOH-
THHEHTAJIBHOT'O CKJIOHAa Mops JlamTeBbix (cM. puc. 1).
Kosonku ObLIM HOJNYyYEHBI BO BpeMs 3KCIEAUIIUI
ARCTIC 93 (ARK-IX/4) 1 TRANSDRIFT V na H/c
«[Tomapmrepu» B 1993 u 1998 rT., coorBercrBenHo. Ko-
monka PS2458-4 (78°10,0' ¢. m1., 133°23,9' B. 1.) mmmHOIA
822 cm nognsTa ¢ ryounsl 983 M. Kononka PS51/118-3
(77°53,54' c. mn.; 132°11,92' B. 1.) mmuHO#M 844 cM oTO-
Opana ¢ iyOouHBI 122 M — B caMoli BepXHel YacTH CKJII0-
Ha, BOiIM3U OpoBKH Ienbda. [lanee mo TeKCTy KOJTOHKH
HasbiBatorcs PS2458 u PS51/118.

XPpOHONOT s KOJIOHOK OCHOBAaHA Ha PaInOyTIIepOI-
HOM JIaTHPOBAHHHM MOPCKOTO OMOTEHHOTO KaJbIIHTA,
BBITIOTHEHHOM METOJIOM YCKOPHUTEIBHON MacC-CIIEKTPO-
Merpun (AMS) B JleliOHMIT 1a00OpaTOPUK YHUBEPCUTETA
Kpucrnana Annbpexta B T. Kunp (I'epmanns). Jlatsr
MepecUNTaHbI B KaJICHIapPHBIH BO3PACT C TOMOIIIBIO TIPO-
rpamMm Fairbanks 0107 [Fairbanks et al., 2005] u
CALIB 4.3 [Stuiver et al., 1995]. I1epen 3Tum ObLi1a BBE-
JieHa pe3epByapHas nomnpaska B 370 Jet, onpeneneHHas
nuist mopst JlanreBbix [Bauch et al., 2001]. Marepuanom
JUISL TAaTHPOBAHUS IIOCTY)KUJIN PAKOBUHBI IBYCTBOPYATHIX
MOJUTFOCKOB M O€HTOCHBIX (hopamuHudep. 11 KOTOHKH
PS2458 nomydeno 15 paanoyriepoaHbIX onpeneseHni

Bo3pacra [Spielhagen et al., 2005], Ho a5t co3naHuMs BO3-
pacTHO# Mozenu ucronb3oBanbl 11 u3 Hux. Hanbonee
JPEBHSIS U3 JATUPOBOK MOTydeHa st TOpu30HTa 625 cM
¥ COOTBETCTBYET BO3pacTy 14,6 Kai. ThIC. J1. H., a BO3-
pacT ocHOBaHUS KOJIOHKH 17,6 Kaj. ThIC. JI. H. — KCTpa-
MOJIMPOBAaHHBIN. /{11 BepXHeii 4acTu KOTOHKH (BEpXHHE
252 cM) MBI oAiepkuBaeM OoJiee TIO3HHUI BapUaHT
Bo3pacTtHOi Mogenu [Fahl, Stein, 2012], B koTopom uc-
KIFO4aeTcs JAaTHPOBKa 1O JPEBECHHE C TOPH30HTA
201 cM m mpeamonaraercsi paBHOMEpHAs CETUMEHTA-
st 6e3 mepephIBOB BEpXHEH YacTH KOJMOHKU. Bepxyr-
Ka KepHa ObUIa pa3MbITa, TIOITOMY OCaJO4HAs JIETO-
MMUCh HaYMHAETCA ¢ 25 cM, 9To paBHO ~900 KauI. 1. H.
Ocanku kononku PS51/118 nmponatupoBansl Ha 12 ro-
PHU30HTaX, BKITIOUAsi HUIKHIOKO JIaTy U3 OCAJKOB KEPHO-
npueMHHKa ¢ rmyOuHbl 866 cM [Bauch et al., 2001;
Rudenko et al., 2014]. [Inst mocTpoeHus: BO3pacTHOM
MOJECIN UCIIOJIB30BaHbI ACBATHh U3 HUX, @ UHTCPIIOJINPO-
BaHHBI BO3PACT OCHOBaHUS KOJOHKH OIpE/IEICH B
10,8 kan. TeIC. JI. H. CTOUT OTMETHUTh, YTO B ITOH KO-
JIOHKE B PaHHETOJIOICHOBBIH MEpUOJ] CKOPOCTh OCal-
KOHAKOIIJICHHS ObllIa 0YEHb BBICOKOW — COTJIACHO BO3-
pacTHOM Monenu Oonbllas 4acTh OCaIKOB (MHTEpBAal
866—125 cM) HakommuiIach 3a 2 THIC. JIET.

B o0enx konoHkax mpou3BeeH HePEepbIBHBIN MPO-
000TOOp ¢ MOIIHOCTHIO 00pa3ioB 1-2 cM. OOpa3ibl
3aMOpa’XuBaJIuCb, BbICYHIMBAJINUCH, B3BCUIMBAJIUChH, a
3aTCM IPOMBIBAJIMCh Ha CUTC C JUaAMCTPOM A4YCH
63 MKM ¥ CHOBa B3BCIIMBAJIUCh. B pe3ynbrare ObLIO
OIpeJIelieHO BECOBOE MPOIEHTHOE CollepKaHue (Pppak-
UK >63 MKM.

Hns uzyuenus IRD noacunTeiBanuch 3epHa IOpoz
1 MuHEpaoB Bo Gpakiun >500 mxm. Coneprkanue IRD
B 0CaJIKaX apKTUYECKUX MOPEH TMO3BOJISIET CYUTh KaK
0 IWHAMHUKE JIEAHUKOBBIX IIIUTOB, OKPYKAIOMINX ApK-
TUYECKHI OacceliH, TaK M 0 BapUallUsiX pa3Mepa Mopc-
KOI'0 JIeIoBoro nokposa [Stein, 2008].

BeHnTocHbIE U MIaHKTOHHBIE (OpaMUHH(EPHI U
MaKpOOSHTOC M3ydYaauCh MOA OMHOKYISIPOM BO (hpak-
LUSIX >63 MKM C BBICOKOH IETAILHOCTBIO B KOJOHKE
PS51/118 u HenpepbIBHO 1O BCEMY pa3pe3y B KOJIOHKE
PS2458. ®dopamuHuepbl B 00pa3iax onpeaesuIuch 10
Buja. [lojcuer xomuvecTBa pakoBHH MPOBOAMICS JIO
IMOIYy4YCHHUA O6IIICI‘O CTAaTUCTHUYCCKHN 3HAYMNMOI'O KOJIN-
gectBa (>300 mT.) 115 TOCIEAYIONIEro aHaIu3a CoIep-
YKaHUS pa3HbIX TPYII U BUAOB. Opakuuu ¢ OOIBIIUM
KOJIMYECTBOM OrMoMarepuaia JIeWINCh Ha PaBHbIE Ya-
CTH C MIOMOIIBIO CILTUTTEpa. B 00pa3max ¢ HU3KUM co-
nepkanueM popaMuHU(Ep OMPENENsIINCH BCE PAKOBH-
Hbl. OTHOCHTENbHAS YUCIIEHHOCTH (TIPOIIEHTHOE CoJiep-
JKaHWE) BUJIOB M SKOJIOTMYCCKUX TPYI ObLIa OIICHEHA
TOJBKO B 0Opa3max, coueprkammx oonee 100 pakoBuH,
YTO SABJISICTCA CTATUCTHYECCKH JOCTATOYHBIM IJIA OCal-
KOB ¢ HU3KUM OuopasHooOpasuem [Fatela, Taborda,
2002]. Buopa3HooOpasue onpenensaoch Kak Koiaude-
CTBO BHJIOB B 00pa3iie. DopaMuHuDEphl IMIUPOKO HC-
MOJB3YIOTCS IS TPOBEICHUS TTAIEOOKEAHOIOTHUECKUX
PEKOHCTPYKIIHH, ONlarofapsi MUPOKOMY pacipocTpaHe-
HHIO 1 CPAaBHUTECIILHO BBICOKOH CTEIIEHH COXpPaHHOCTH
HUX PAaKOBHUH B JOHHBIX OCAaJKax, a TAKXKC I10 IIPUIUHE
BBICOKOH YYBCTBUTCIIbHOCTU K HE3HAYNUTCIbHBIM KOJIC-
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OaHUsIM yCIIOBHI OKpY>Karollel cpeibl ¥ ObICTPO cMe-
HE KOMITJICKCOB B OTBET Ha OTH KoJeOaHUsI.

st IRD u mukpodoccuimii oneHrBarach oomas
gucieHHocTh Ha 100 T 1 T cyXoro HEMPOMBITOTO OCa-
Ka, COOTBETCTBEHHO. J[i1s1 hopamunmdep onpeaensiach
CKOPOCTh aKKyMYJISIIIUM KaK KOJIMYECTBO PaKOBWH, Ha-
KOIIJICHHOE Ha KBaJpPAaTHOM CaHTHMETpPE IMOBEPXHOCTHU
nHa 3a ThIcA4y JieT. [lpu pacyerax MCHOIB30BAIUCH
JIUHEHHAs CKOPOCTh CENMMEHTAIINH, OIIpeeieHHas KaKk
Cp€aHAA CKOPOCTh CCAMMEHTAIUHN IJIA MHTEPBaJia Bpe-
MCHU MECXKIY ABYMs COCEIHUMU JaTUPOBAaHHBIMU YPOB-
HsIMH, ¥ 00IIasi YMCICHHOCTh (hopaMuHudep, a MmiIoT-
HOCTb 0CaJIKa yCJIOBHO MPUHUMAJIach paBHOM eHHUIIE.

[Ipu onmcanum pe3ynbTaToOB HAMHU HCIIOIB30BaHO
cTpaturpaduieckoe JeleHnue roJolleHa Ha paHHUH,
CpPEOHUN U NO30HUH, NPUHATOE MEXIyHapOIHBIM CO-
1030M reonorudeckux Hayk (IUGS) B 2018 roxy [Walker
et al., 2018].

PesyabTarel u ux odcyxnenme. Jlumonoaeus, cko-
pocmu cedumenmayuu, IRD. CocTaB 0CaaKoB KOJIO-
HOK PS51/118 u PS2458 npeumyiiecTBEHHO TOHKO3€EP-

HHUCTBIH, BECOBOE MPOIICHTHOE colepKaHue (pakiuu
>63 MkM B cpearem ke 5% (puc. 2). Ilpexnae Bce-
T0, 3TO CHPABEITUBO JIsi Ooee TITyOOKOBOJHOW KOJIOH-
ku PS2458. B kononke PS51/118 orMeuaercs nmocrerneH-
HBIH poCT Bec.% CoIep)KaHUs KPYITHO3EPHUCTOH (hpak-
LIUH, KOTOPOE, BEPOSITHO, SIBJISICTCS CJICACTBUEM T3 ICHHU S
cKopocTelt cennMeHTaruu. B xomonke PS2458 B Teue-
HHUE TOJIOICHAa OHU MaaalT or 74—100 cM/ThIC. JIeT 10
9,3 KaJ. ThIC. 1. H. J10 27 CM/THIC. JIET MOCIIE 3TOTO PY-
0exa, KOTOPbI COOTBETCTBOBAJ 3HAYUTEIBLHOMY OT-
CTyIaHHIO OEPEroBo IMHUK BIIYOb IIeNb(a, Korjua ypo-
BEHb MOpsI JOCTUT OTMeTOK mpumMepHo —40 M [Bauch
et al., 2001].

B xononke PS51/118 ckopoctu cenuMeHTaIuu
OBITM Ype3BBIYAHHO BBICOKUMH — 613 cMm/ThIC. NeT
¢ 10,8 no 10,2 xam. TeIC. J1. H., 3aTEM OHU COKPATUIUCH
MPaKTUYSCKU BIIOJIOBHHY, HO BCE PABHO OCTABaJIUCh
BeICOKUMH (373 cM/ThIC. JIeT) 10 9,7 Kaj. ThIC. JI. H.
3aTeM oHU ymanu a0 141 cM/ThIC. JIET B TIEPUOI MEXK-
oy 9,7 m 9 xan. teic. 1. H. [locme aToro pybeska ckopo-
CTH CEIMMEHTALIMHA CHM3MIHCHL 0 55 CM/TEBIC. JIET, a

BeC.% (Qpakuuu >63 MKM
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Puc. 2. PacnpeneneHue BeCOBOro NpOLICHTHOTO COAECPKaHUS (pakiuu >63 MKM B 0CaJKaX KOJIOHOK U3 BOCTOUHOM YacTh Mops JlanTeBbix
u pacnpeneneaue IRD B konoHkax U3 BocTouHOH u 3amagnoii [Taldenkova et al., 2010] gacreit mops Jlantessix. [Tuku conepxanust IRD
BBIZICJICHBI CEPBIM TOHOM

Fig. 2. Downcore distribution of weight percentage of >63 mm fraction in the cores from the eastern Laptev Sea and distribution of IRD
in the cores from the eastern and western [Taldenkova et al., 2010] Laptev Sea. Gray shading corresponds to IRD peaks
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nocye 7,4 xain. ThIC. J1. H. COKPaTHIIUCH J0 KpaitHe HU3-
KHMX 3HaYEHUU B 5 CM/TBIC. JIET.

Nmenno ¢ atoro Bpemenw, mocne 7,4 xai. Teic. JI. H.,
B 00EeMX KONOHKAax OTMedaercsi pocT comepkanus IRD
(cM. puc. 2). OcobeHHO MHOTO TaKoro marepuaia B 60-
JIee MEJIKOBOIHOM KomoHke PS51/118, uTo MOKET Taxke
YaCTUYHO OBITh PE3yNIETATOM PE3KOro TMajieHHsl CKOpOC-
Tell ceAuMeHTauuy. TeM He MeHee, O4eBUAHAs CHHXPOH-
HOCTbH U MEPUOJNIHOCTH STHX ITUKOB B 00EHX KOJIOHKAX
YKa3bIBaeT Ha WX KIMMATHYECKYIO O0YCIOBIEHHOCTH,
CKOpee BCEro, OTPaKaroIIyro EPHOANIEeCKHE TTOXOI0a-
HUSI BO BPeMs1 CPETHETO U TTO3,JHET0 rononeHa. [ Inku npu-
YpOYeHBI K CIEeAYIOIIUM HHTEpBajaM BpeMeHu: 7—7,4;
6,4-6,6; 5-5,8;2,8-3,8; 1,6-2 1 0,8—1,2 xax. ThIC. 1. H.,
T. €. TIEPUOIUYHOCTh UX MPOSBICHHS MPUMEPHO 1—
1,5 ThIC. JTeT. AHAJIOTUYHBIC MPUMEPHO OTHOBO3PACT-
Hble uku IRD ObLIM OTMEUEHBI paHee B KOJOHKaX C
3al1aJIHOM KOHTUHEHTAJbHOM OKpanHbl Mops JlanTe-
BoIX [Taldenkova et al., 2010] (cm. puc. 2). Kononka
PS51/159-10 pacnionokeHa Ha BHEIIHEM Mienbde B na-
neononvHe p. XaraHru Ha T1yOuHe Mopst 60 M, a Ko-
nonka PS51/154-11 — B BepxHelt 4acTH KOHTHHEHTAIIb-
HOTO CKJIOHA Ha riryouHe Mopst 270 M (cm. puc. 1). Mak-
CHUMaJbHBIC MO YHCICHHOCTH MUK [IRD B obomx
peruoHax oTMe4eHbI okomo 2,8—3,8 kai. Teic. 1. H. Cre-
JTIyeT OTMETUTh, UTO B 3amaHON yacTu Mops muku IRD
cyuiecTBeHHO Bbime (B 2—10 pa3), yeM B BOCTOYHOM
(cm. puc. 2).

Inankmounnvle gopamunugepol. TUIUYHBIA apK-
tudeckuii Bug Neogloboquadrina pachyderma sin. siB-
JISIeTCSI Pe3KO JOMUHHPYIOIINM ISl TOMIOLIEHOBBIX OCa/l-
KoB pa3zpesa PS2458 u st xononku PS51/118, e rmiaHk-
TOHHBIE (hopaMUHH(]EPHI BCTPEUAIOTCS B SIUHUYHBIX
KOJTMYECTBaX M JIaJIeKo He BO Bcex oOpasiax. Tem He Me-
Hee, 17151 paHHero rororeHa (8,2—11,7 kai. TeIC. 1. H.) Xa-
paKTepHO OTHOCHUTENTLHO BEICOKOE BHIOBOE pa3HO00Opa-
3Me, CBS3aHHOE C MPUCYTCTBHEM CYOIOJSIPHBIX BUJIOB
(N. pachyderma dex., Globigerina bulloides, G. calida
W JIp.) B OCaJIkax rTyOOKOBOJHOW YacTH CKIIOHA. Taroke
B OTOT MEPUOJ 31eCh HAOIIOAA0TCS MaKCHMallbHas
YHCIEHHOCTh U HauOoliee BHICOKHE CKOPOCTH aKKyMy-
JISIIHY TUTAHKTOHHBIX (hopaMuHudep, pe3Ko yMEHbIIat0-
mrMecs B cpenHeM ronorene (4,3—8,24 kai. TeIC. . H.).
[Tocne 4 xan. TIC. 7. H. TPOUCXOIUT TaibHEHIIIee co-
KpallleHHe KOJIMYEeCTBa PAaKOBHH.

beumocuvie gpopamunugepvi. bentocusie ¢o-
paMuHH(EpHI — Hanboliee pacpocTpaHeHHbIC TTIPe/I-
CTAaBUTENU MHUKpo(dayHbl B U3y4aeMbIX HAMH pa3pe-
3ax. OHAKO, YUCICHHOCTh PAKOBUH M TIPOIEHTHOE
cojiep )KaHue BUJIOB BAPbUPYIOTCS B Pa3HbIe MEPUOIBI
roJIoIleHa.

Komnonka PS2458. B panHeroinoneHoBol 4acTu
paspe3sa (8,2—11,7 kai. ThIC. JI. H.) HAOIIOAACTCS MaK-
CHUMaJIbHOE COJIEpYKaHUE M BUI0BOE pa3HO0Opasue OeH-
TOCHBIX (hopamMuHHUDep, Hanboee BHICOKHE CKOPOCTH
WX aKKyMYIISIHH U TpeoOiiajaHie THITUIHOTO apKTH-
yeckoro xosomHosoxHoro Bupa Cassidulina
reniforme [Kopcyn u np., 1994; Polyak et al., 2002]
(puc. 3). B 3HaunTenpHbIX KonuuecTBax (10 35%) npu-
cyrcrByeT Bun Cassidulina neoteretis, KOTOpBIN IS
ApPKTUYECKON KOHTUHEHTAJIbHON OKPaUHBbI SIBISIETCS MH-

JUKaTOpOM aTIAHTHUYECKUX BOI M OOHMTAaeT, KaK Ipa-
BHJIO, IITyOske uX Terioro sapa [Lubinski et al., 2010;
Osterman, 1999; Oscensn u ap., 2019]. Ects mpenmno-
noxenue, uto C. neoteretis IPUBA3aH K ONPEICICHHO-
My THITy OakTepuil win gutogerputa u Oosblie ac-
COLIMMPOBaH ¢ ()PaMOBCKOW BETBBHIO aTIIAHTHYECKHUX
BOJI C HEMHOT'0 00Jiee BRICOKUMU TEeMIIEpaTypoH, co-
JIEHOCTBIO | cozepkanneM Ouomatepuana [Lubinski
et al., 2010; Taldenkova et al., 2012; OBcensH u ap.
2019]. Mo ~10,5 xan. ThIC. JI. H. OTMEYEHO HAaUOOIb-
1iee, 1o CPaBHEHUIO C IPYTHMHU BPEMEHHBIMH HHTEPBA-
JIaMH, cofiepKaHune QUTONETPUTHBIX BUIIOB Islandiella
norcrossi, Pyrgo williamsoni, Nonion labradoricum,
Stainforthia loeblichi (cm. puc. 3). [losBiaeHue
S. loeblichi, a B ocodbennoctu N. labradoricum, yka-
3bIBaeT Ha OJIM30CTH CE30HHOM IPaHUIIBI MOPCKHX JIBIIOB
¥ CONYTCTBYIOLIYIO €f BBICOKYIO OHOIPOIXYKTHBHOCTD
[Polyak et al., 2002; Wollenburg et al., 2004, Slubowska
et al., 2005].

Cpennuii ronorieH (4,2—8,2 Kai. ThIC. J1. H.) Xapak-
TEPU3YETCSl PE3KUM COKpallleHHEeM YUCIEHHOCTH (o-
pamunHHdep B nHTEpBae ¢ 8,2 10 ~7,4 Kai. ThIC. II. H.
(cM. puc. 3). B nanpHetinieMm konuuecTBO (HOpaMHUHHU-
¢dep Ha 100 r ocanka HE3HAUUTEIILHO YBEIMUYUBACTC,
MPH 3TOM CKOPOCTH aKKyMYISIIUM HU3KHE B TEUCHUE
Bcero nepuona. O0 yCHICHUU aTIaHTUYECKOTO BIUS-
HUS CBUJICTENILCTBYET MOBBIIICHUE MPOIICHTHOTO COZIEp-
kauws Buna C. neoteretis, KOTOPBIA CTAHOBHUTCS IOMH-
HupytomumM. [IprcyrcTBre THIMYHO MOPCKOTO, JTUC-
tansHOro («river-distaly), ungaynnoro Buga Melonis
barleeanus, nuTaroerocst 3aXopOHEHHON OpPraHUKOM,
B HaIlleM CIy4ae MOXET TOBOPUTH O TPOrPECcCUpyIo-
1ieit TpaHCTPECCUH U, KaK CJICNCTBHE, 3aMEIJICHUN CKO-
pocTeli ocanakoHakomenus [Polyak et al., 2002;
Taldenkova et al., 2012].

B mo3gnem romomene (mocne 4,2 Kaj. ThIC. J. H.)
CoJiepyKaHKE B OCaJIKax W BHIOBOE pa3HOOOpas3ue OcH-
TOCHBIX (hopamMHHUA(DEp MHHUMAJIBHBI. 3HAYUTEITHHYIO
4acTh KOMILIEKCA COCTABIISIFOT TPOKCUMANbHEIE (Tiver-
proximal) Bugsl [Polyak et al., 2002], xapakTepHbie 1715
MEITKOBOJIHBIX PaliOHOB BHYTPEHHETO Ielb(da apKTH-
YeCKUX MOpPEH, cpenu KoTtopwix Buccella frigida — nan-
0osee MHOrouMclIeHHbINH. [luku N. labradoricum B
nepuon ¢ 4,2 10 3 Kai. ThIC. J. H. CBUJETENBCTBYIOT O
OIM30CTH CE30HHOM TPaHHIIBI MOPCKOTO JIBJIAa K MECTY
B3ATUS KOMOHKH. B Bepxaux 40 cM paspe3a KOJIOHKH
(mpumepno ot 1,5 10 0,9 xan. TeIC. 1. H.) AOMUHUPYIOT
arnIIOTHHHEpYOLIHE (opaMUHU(EpHI, a oIS KapOoHAT-
HbIX He npeBbIimaer 10%.

Kononka PS51/118. Pauuuii romnomen (8,2—
10,82 xam. THIC. J1. H.) B 0OCaIKaX KOJIOHKH OTMCUCH MaK-
CHMaITbHO BHICOKUMH CKOPOCTSMU aKKyMYIISITUH U J0-
MHHHPOBAHHEM TPEX THITMYHBIX APKTHIECKHX BHUIOB,
npexe Beero, C. reniforme, XapaKTepHOTO JUIS XOIOJI-
HBIX MPHUJIOHHBIX O0CTAaHOBOK, a Takxe E. clavatum u
1. norcrossi. Bun-onnoprynucr E. clavatum nauGonee
MHOTOYHCIIEHEH (MakcuMyM 65%) mo 10 kam. Teic. JI. H.
OH cuuTaercs HanboJee MPUCIOCOOISIEMBIM IPECTa-
BHUTEJIEM CEKPEIIMOHHO-U3BECTKOBBIX (hopaMUHHUGEp B
CEBEPHBIX MOPSIX, BBIIEPIKUBAIOIINM CYIIIECTBEHHOE OI1-
pecHenune. Beicokoe cozepikaHue STOro BUua — MpU3HAK
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XONIOJIHBIX U HECTAOWJILHBIX YCIOBUH €O CTpaTU(huKa-
nueit BomHow oy [Kopeyn u np., 1994; Slubowska
et al., 2005]. 3HaunTenbHAS MPOIIEHTHAS COCTABIISIO-
mas aucTainbHoro Buma I. norcrossi (mo 75% mocie
9 Kaj. TBIC. JI. H.) OTPaXKAET BHICOKYIO CE30HHYIO OHOIMPO-
JyKTUBHOCTB Y Kpast JIBJIOB, a nosieiienue N. labradoricum
u S. loeblichi mocne 9—10 ka. ThIC. JI. H. TOBOPUT O OJH-
30CTH IOJIOXKEHUSI CPETHEMHOT OJIETHEH CE30HHOM TPaHHITBI
Jpeii(hyIONIMX JIbJI0B K MECTY PACIIONIOKEHHST KOJIOHKH.

Hauano cpemnero romoriena (7,4-8,2 xaj. ThIC. JI. H.)
OTJINYAETCSI TIOHBIM HCYE3HOBEHNEM MUKPO(OoCcCHITHiA
B pa3pese (cM. puc. 3). B cpennemM—1o3qHeM romioiie-
He, Toce 7,4 Kaj. ThIC. JI. H., CKOPOCTH aKKyMYJISIIIUA
PE3KO COKpAIAIOTCs 10 MPUYHMHE TPOrPecCHpyoIIei
TPaHCTPECCHH, yaTeHHs OeperoBoi TMHUU U Ociade-
HUs pedHoro BiusHUA. OO0 yBelIWYeHUH TITyOHHBI Oac-
ceiiHa W yhaJieHuHu oT Oepera, TpexJie BCETO, CBUJIC-
TEIBCTBYET POCT YUCICHHOCTH AMCTAIBHOTO BHJA
M. barleeanus (cm. puc. 3). OTHOBPEMEHHO C 3THM
HaOIIOMAaeTCsl YBEIHYCHNE CONEPIKaHUsS POKCHMAITh-
HBIX BUJIOB, XapaKTEPHBIX [T MEITKOBOIHBIX PaliOHOB,
YTO yKa3bIBaeT Ha yCUJICHHUE JIEJIOBOTO pa3Hoca B yc-
noBusix noxononanus [ Taldenkova et al., 2012; Stepanova
et al.,, 2012]. O0 3TOM e CBUIETEIHCTBYET M POCT
conepxanus 3Mu(ayHHBIX BUIOB, TIIaBHBIM 00pa3oM
Astrononion gallowayi w Elphidium subarcticum, 910
YacTo CBSI3aHO C YBEIMYCHUEM KOIMYECTBa rpydo3ep-
HUCTOro Marepuana (B JaHHOM permoHe — 3to IRD),
SIBIISTIONIETOCST IPEANIOYUTAEMBIM CyOCTPaTOM JIJIsl 3TO-
ro Tuna Mukpobentoca [Kopcyn u ap., 1994]. Ilepuo-
JIMYECKUE H3MEHEHUS IPOLIEHTHOT'O COJIEPIKAHUS BUJIOB
N. labradoricum w S. loeblichi ToBopsT 0 BapHanusx
pasmepa JIenoBOro MOKpOBa.

IManeookeanonornyeckue pekoHcTpykuuu. He-
CMOTpSl Ha 3HAYUTEIbHBIE PA3JIMUUS TAJICOyCIOBUN
B MecTaX B3SITHS KOJIOHOK, MOXKHO MPOCIEAUTH 00-
e 3aKOHOMEPHOCTH H3MEHEHHSI TIPUPOJIHBIX YCIIO-
BUH B I'OJIOLICHE.

Pannwii ronoren (8,2—11,7 xamn. ThIC. 1. H.) BBIIE-
nsiercs B 000MX paspe3ax Kak HauOoliee TeITblid WH-
TepBaJl, KOrja Mope ObUIO CBOOOIHO OT CE30HHOTO JIbJIA.
Ha 370 yKa3piBaloT MakcHManbHOE cofiepkanue OeHTOC-
HBIX, B TITyOOKOBOIHOM YaCTH H TUNIAHKTOHHBIX, (hopamu-
Hudep B ocakax, KpaiiHe Hu3Koe cofeprkanne IRD kak
Ha BOCTOKE, TaKk M Ha 3amaje Mops JIanTeBbIX, a Takke
BCIUICCKH OHMOTPOIYKTUBHOCTH M BBICOKOE CONEPIKAHUE
(PUTONETPUTHBIX BUJIOB, TIPUYPOUCHHBIX K CE30HHOMY KPArO
MOpPCKOTo JibJa. JlaHHble ycnoBus Hanbolee BhIpaKeHbI
B uHTepBajie A0 10 Kal. ThIC. 1. H. B NTYOOKOBOIHOMW Yac-
TH ¥ TIOCJIE 3TOr0 BpeMEHH Ha MeHbIlel TiryornHe. Bnus-
HHE PEYHOTO CTOKA OTPAXKAETCS B IPHCYTCTBUU MPOKCH-
MaJIbHBIX KOMILTEKCOB OCHTOCHBIX (JopaMUHHU(Ep 1 BUIA-
onmnoprynucra E. clavatum, B 0cOOGHHOCTH B KOJIOHKE
PS51/118, ut0 CBUICTENLCTBYET O CTpaTH(UKAIIMK BOMI-
HOH TOIIIM B pe3ylibTare OMpPECHEHUs MOBEPXHOCTHOTO
CI1051, 3aKOHOMEPHO OOJbIIIE TPOSIBIICHHOTO OJTMYKE K IIENTb-
¢y. Ipu 3TOM cocTar ocakoB KoiioHku PS51/118 o cpas-
HeHuto ¢ PS2458 Goee TOHKO3EPHUCTBINA, HECMOTpSI Ha
ee OJM30CTh K YCThSIM peK. BeposTHO, 3TO ObLIa 30Ha
AKTUBHOTO OCa)KJICHHSI B3BECH B ITPEJeNaX MapTUHAIBHO-
ro ¢unerpa. O O0ee BHIPAXKCHHBIX MOPCKUX YCIIOBUAX

Ha Oonbllel TTyOHHE CBHUIETENHCTBYET MaKCHMAITLHOE
Oropa3Ho00pasye U MPUCYTCTBUE BUIA-UHAMKATOpA aT-
nanTudeckux Box C. neoteretis B xononke PS2458. Ten-
JIbIC YCTIOBHSI BO BPEMsI PaHHETOJIOIEHOBOTO TEPMHYEC-
KOrO MaKCHMyMa, YaCTHYHO COBTAJIABIIETO C MHUKOM
uHCcomanuu 10—12 kai. ThIC. JI. H., OTMEUYECHBI BO MHO-
TUX peruoHax ApKTHUKH, HO BPEMsI UX TPOSIBICHUS Ba-
peupyer ot 11 1o 6 xai. ThIC. J1. H. B 3aBUCHMOCTH OT
TasHUSI TETHUKOBEIX IIIMTOB, 0COOEHHOCTEN OKEaHNYeC-
Ko# 1 atMocdepHoit nupkyssinun [Polyak et al., 2010].
B palione KOHTUHEHTAIIBHOU OKpauHbl Mops JIanTeBbIX,
KaK CJIeIyeT U3 COBOKYITHOCTH TPECTaBICHHBIX JIaH-
HBIX, HaI/I6OHee TCILJIBIC YCJIOBUA C MaKCHUMAJIbHBIM
MPOTPEBOM MOBEPXHOCTHBIX BOJI M COKpaIllCHUEM pa3-
MEpOB CE30HHOTO JIEIOBOTO TTOKPOBA HAOIIOAANINCH
9,5-10,5 kan. THIC. 1. H.

B nagane cpemmero ronorena (7,4-8,2 kaj. ThIC. JI. H.)
B ocajkax konmoHku PS51/118 ormeueHo monHoe ucues-
HOBEHHE Bcex MUKpodoccuinii. B To e camoe Bpems
PE3KO CHIDKAETCS MX KOIMYECTBO U B Ooiee TIIyOOKO
pacnonoxeHHol kononke PS2458. YV 6posku menbda B
3TO BpeMsl HaOIII0/1a710Ch 3HAYUTETHHOE CHUKEHHE CKO-
pOCTell ceIMMEHTAIINHY, CBA3aHHOE C OTCTyNaHHeM Oe-
pera B xone pa3BuTUs TpaHcrpeccuu. [lonoOHas kxap-
THHA PE3KOTO CHIKEHHUSI CKOPOCTEW CEMMMEHTAIINH Xa-
paKTepHa JJisi BCEX HMCCIENOBAHHBIX KOJOHOK Ha
KOHTHHECHTAJILHOM CKJIOHE U BHEIIHEM Ienbge, a ero
BO3pacT MCHACTCA B 3aBUCUMOCTHU OT I'HYGI/IHLI MOpA B
MecTe oTOopa KOHKpeTHol kosoHku [ Taldenkova et al.,
2010; 2012]. KpaifHe TOHKO3€pHUCTbIE OCaIKH KOIOHKU
PS51/118, BO3MOXKHO, CBHJIETEIBCTBYIOT O MOIIIHOM
JIEZIOBOM TMTOKPOBE, KOTOPBIH MOT OBITh IPUYHHON Ia-
JeHus1 OMONPOIyKTUBHOCTH. BO3MOXHO, KTUMaTrnyec-
KO€ TTOXOJIoNaHue 8,2 Kajl. ThIC. JI. H., CBI3aHHOE C pa3-
IPy3KOi NPHIIEAHUKOBBIX 03ep JIaBpeHTHIICKOro mura
B paiione ['yn3oH0Ba 3anmBa U BeIpaxkeHHOe B CeBep-
HOW ATJIaHTHKE U BO MHOTHX PErMOHaX CEBEPHOTO IMO-
nymapust [Alley, Agustsdottir, 2005], MOIIIO TOCITY>KUTh
CITYCKOBBIM MEXaHM3MOM JUIsI OCIIA0JICHUS aTIIaHTHIEeC-
KOW MEpHUIMOHAJIbHOW NUPKYISILUN U IEPECTPOUKY aT-
MochepHOl UPKYISINH, YTO IIPHBEIIO K YXY/AIICHUIO YC-
JIOBUI ¥ B U3y4aeMOM HaMU paiioHe.

ITocre 7,4 xan. THIC. 1. H. B 00€HX HCCIIeJOBaH-
HBIX KOJIOHKaX Ha BOCTOKE MOpsi JIanTeBbIX pacTeT Ko-
nuuectBo IRD, koTopoe oTMedaeT MoxojoaHue Kiu-
MaTa ¥ yBEMYEHHUE IIONIAN Jeq0BOro nokpoa. 00
3TOM JKE€ CBHJICTENBCTBYET POCT MPOIIEHTHOTO Cojep-
KaHUs ITPOKCHUMAJIbHBIX BUAOB 6€HTOCHBIX (I)OpaMI/IHI/I-
(dep 13 MENKOBOIHBIX PAiOHOB OJHOBPEMEHHO C yBe-
JINYCHUEM ITyOMHBI MOPS B XOZI€ TPAHCIPECCHH H TIPO-
T'pECCUBHO YBCINYUBAIOIUMCA MPEACTAaBUTCILCTBOM
OTHOCHTEIBHO TITyOOKOBOJHBIX BHJIOB B COCTABE KOMII-
nekca OeHToca, Haubonee BHIPaKCHHBIM B KOJIOHKE Y
OpoBku 1menbda. [IpokcumansHbie BUbl, Kak U IRD,
MoMaIatoT B Aper(yrommii jien, 00pa3oBaHHbBIN Ha MeJl-
KOBOJIbE B TIEPHOJI OCCHHUX IITOPMOB IIPH JIe1000pa3o-
BaHWU, U TIEPEHOCITCS K CE30HHOH TpaHUIe JbI0B
[Eicken et al., 1997]. Caenyromum JieToM OHHU JIHOO
BBITAaWBAIOT B IIPEACIax MOPs HaHTeBLIX, HI/I60 BBIHO-
ciaTcst ¢ TpaHCHONAPHBIM IpeioM 3a ero mpesensl.
COOTBETCTBEHHO, YeM OJIke K Oepery ce3oHHas rpa-
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HUIIA JIBJIOB, TeM OoJbIiee koauuecTBO IRD u pakoBuH
MEJIKOBOIHBIX, MPOKCUMAJIbHBIX BHJIOB OCHTOCA BBITA-
MBAIOT B mpeaenax Mops JIanTeBsIX U MonagaioT B €ro
ocaaku. Eie omHUM CBHAETENHCTBOM ITOXOJIOAAHUS U
JISIOBOI'0 pa3Hoca sBJIACTCS POCT KOJIMUECTBa dnuda-
YHHBIX IPUKPEIUICHHBIX BUIOB OCHTOCHBIX (DOpaMUHH-
(ep, KoTopblil kKoppenupyer ¢ yBenuueHueM IRD, uc-
MOJIb3YyeMbIM MMM B KadecTBe cyOcTpara. PaHee Bce
ATH CBUACTEIHCTBA MOXOJIIONAHUS CPEAHETO—II03THETO
roJIOlieHa ObLIM BBISIBIICHBI HAMH B OCaJIKaX KOJIOHOK U3
3anangHoi yactu mops Jlantesbix [Taldenkova et al.,
2010, 2012; Stepanova et al., 2012; OscensH u ap.,
2015]. [Muku IRD B 3amagHO# 1 BOCTOYHOM YaCTSIX MOPS
JlanTeBbIX, B 1I€TIOM, CHHXPOHHEI M IPUYPOUCHBI K HH-
TepBaiam Bpemenu 7-7,4; 6,4—6,6; 5-5,8; 2,8-3,8; 1,6—
2 u 0,8-1,2 xan. TeIC. 1. H. (cM. puc. 2). OTMeueHHas
MIePUOIUIHOCTE B 1—1,5 ThIC. JIeT XapakTepHa JIJIs po-
SIBJICHUM TTOXOJ0daHusl KiuMara kKak B CeBepHON AT-
nantuke [Bond et al., 1997], tak u B Apkruke [Polyak
et al., 2010; Darby et al., 2012]. Tor ¢akr, uTo Ha 3a-
nazne mops JlanreBsix konnuecTtBO IRD B HECKONBKO
pa3 MpeBBINIAET ero KOJMIECTBO HA BOCTOKE MOpSI, Ha
HaIll B3IJISI/I, CBUJICTENIBCTBYET O 3HAYUTEIHHOM BKJIA-
ne aicoeproporo marepuana ¢ CepepHoit 3emin. Pa-
Hee HaMHM ObLja IOKa3aHa BaXKHOCTh 3TOTO UCTOYHHMKA
nocraBku IRD 1o copepxaHuio (GUILTUTOB B 3amaHbIX
kononkax [Taldenkova et al., 2010]. TTo Bceii Bumumoc-
TH, B TIEPHOJ CPEIHE-TI03THETOJIOIICHOBOTO ITOXO0I0a-
HUS KJIMMAaTa HA9aJIuCh POCT JITHUKOBBIX IATIOK Ha ap-
xunenare Ces. 3eMiIs U TOCTaBKa UMHU aiicOepros, Ko-
TOpBIC TIPEUMYIIICCTBEHHO TasyId B 3aIllaJIHONM YacTH
Mops JlanTeBBIX WM 3aXBAaTHIBANCEH TPaHCIIONAPHBIM
npeiioM, MOYTH HE JOCTUTask BOCTOUYHOM KOHTHHEH-
TAJIBHOM OKpauHblI MOps. B BOCTOYHON wacTu Mops
JlanteBbix pocT konuuecTtBa IRD, B 0cCHOBHOM, CBsI3aH
C TIOXOJIOJJTaHHUEM, CMEIIEHUEM K FOTY CE30HHON IpaHu-
1Bl JIbJOB U COOTBETCTBYIOUIMM yBenuueHuem IRD
JienoBoro (a He aiicOeproBoro) pasHoca. [Ipu 3Tom B
0caJIKax MEJIKOBOAHOM KomoHku PS51/118 xonmndecTBo
IRD B 3TOT mepuoj 3aMETHO BHIIIE, Y€M B TITyOOKO-
BoaHOM PS2458, kak 1 iporieHTHOE CoMlepKaHre BUIOB
BHYTpeHHero Ieibda. Bo3MokHO, OIM3KO K 3TOMY
MECTY MPOUCXOAMIIO HanOoJee aKTUBHOE BHITAUBAHKE
(doccHIIUi ¥ TEPPUTCHHBIX 3€PEH, BKIFOUCHHBIX B CO-
CTaB JIbJia U MEPEHECEHHBIX K TPaHUIle Ipeiyromux
nbJ10B. IHTEpecHO, 4TO B 3amajiHON yacTu Mops Jlan-
TeBbIX KomudyecTBO IRD, Ha00OpPOT, BhIIIE HA KOHTH-
HEHTAJILHOM CKJIOHE, YeM Ha BHEIIHEM Iieiibde, uTo
TIOTBEPKAAET MPEATIONOKEHNE O 3HAYNTEITHFHOM BKJIa-
Jie MaTepuana aicoeproporo passHoca ¢ Ces. 3emiid B
3TOW YacCTH MOpSI.

Ha ycunenue aTmaHTUUECKOTO BIUSHUS B TPUIOH-
HO# TOJIIIEe yKa3bIBAaeT MpeodiiajaHue BUIa-MapKepa
atnanTudeckux Bon C. neoteretis B kKononke PS2458,
B 0COOCHHOCTH, 10 3 KaJ. ThIC. J1. H. [IpuMeuaTensHo,

YTO POCT MPOIEHTHOTO CONEPKaHMS ITOTO BUJA, XOTh
W HE HACTONBKO BBIPa)KCHHBIN, TaKkke HaOIMIOnaeTcs B
3TOT MEpHOJ B ocajakax KojgoHku PS51/154-11
[Taldenkova et al., 2012; OBcensiH u ap., 2015, 2019].
Bo03M03KHO, 3TO IOATBEPIKIACT IPEIOI0KEHHE O TIPEI-
nouteHun C. neoteretis OTHOCUTEIIBLHO Ooiee TITyOO0KO-
BOJIHBIX YCIIOBHH, IO CJIOEM aTIAHTUYECKUX BOJI.

BriBOaBI.

ITo pe3ynbraTam IeTanbHOTO U3yYeHU T TUTOIOTUU
M MCKOIMAaeMBbIX KOMIUICKCOB (popaMUHHUGED B JABYX KO-
JIOHKaX C KOHTUHEHTAJIBbHOT0 CKIIOHA BOCTOYHOM YacTH
Mopst JlanteBsix (rmyouna mopst 122 u 938 m) u cpas-
HEHHsI ¢ paHee MOTYYECHHBIMH JaHHBIMU 110 3aMaHON
KOHTHHEHTaJIbHOHM okpauHe mops [Taldenkova et al.,
2010, 2012; Ocersta 1 mip., 2015, 2019] pekoncTpyrpo-
BaHBI OCHOBHBIC YePThI KIIMMATUIECKH 00yCIIOBJICHHBIX
HM3MEHEHHUU IPUPOAHOM CPENBI PETHOHA B TOJIOLIEHE:

— MaKCHMaJlbHast YUCIICHHOCTh (hopaMuHU(Ep, Kpai-
He HHU3KOE ColepKaHue MaTepraia JISIOBOro U ancoep-
roBoro pasHoca (IRD) kak Ha BocTOKe, Tak U Ha 3amnaje
Mopst JIanTeBbIX, a TakxKe BCIUIECKH OUOTPOIYKTHBHOCTH
U BBICOKOE CoJiep>KaHue (PUTOAECTPUTHBIX BUJOB BBI-
JeS0T paHHuM ronomeH (8,2—11,7 xan. TwIC. 1. H.)
Kak HauOosee TeIUIblii MHTEpBal; MPU STOM TEPMH-
YecKHMH MaKCUMyM Habnromajics mpuMepHO 9,5—
10,5 xan. ThIC. J1. H., KOTJa CE30HHAS TPAHUIA Apei-
(G yrommMX JbI0B CMENIAlach K CEBEPY OT HCCIIE/IOBAH-
HBIX KOJIOHOK, PacoJIOKeHHbIX Ha 77—78° ¢. 11L.;

— B HaJaJIe cpeHero rosorieHa (7,4-8,2 kai. ThIC. JI. H.)
Ha BOCTOKe MOps JlanTeBbIX OTMEUEeHO pe3Koe maje-
HUE YUCIICHHOCTH (opamMuHU(DEp, BIUIOTH JIO TIOJTHOTO
WCUE3HOBEHMSI B KOJIOHKE, PACIIOIOKEHHOH Ha ITyOnHe
122 M, KOTOpOE B COYECTAaHUHU C KpailHE TOHKO3EPHHUC-
THIM COCTaBOM OCaJIKOB ITO3BOJISIET TIPEAIIONIOKHTD Pa3-
BUTHUE MOIIHOTO JIZIOBOT'O TIOKPOBA, CTABIIEr0 MPHYH-
HOU Ta/IeHrs1 OMOITPOTYKTUBHOCTH;

— mocne 7,4 Kai. ThIC. J. H. TIOBCEMECTHBIA POCT
konuuectBa IRD, yBennueHue mpoieHTHOro coaepka-
HUS BUZIOB OCHTOCHBIX JopaMuHU(Ep U3 MEITKOBOIHBIX
paiioHOB MOpsi ¥ STH(payHHBIX BHJIOB, TPUKPEILISTFOIIX -
Csl K KPYITHO3EPHUCTHIM TEPPUTEHHBIM YacTUI[AM B CO-
CTaBe JIOHHOTO I'PYHTa, OTMEYAIOT IIOXOJIOaHne KITMa-
Ta, BBIPA3MBIIEECS B YBETHMUYCHUH IUIOMIAIH JISJOBOTO
MMOKPOBA, CMEIIICHUH K FOI'y CE30HHOH IpaHMIIbI Aperidy-
FOLIMX JIBAOB U pocTe JeauukoB CesepHoii 3emnu. Jlen-
HUKH MPOYIIHPOBATH alicOepTH, TOCTYIaBIINE TPEHMY-
IIECTBEHHO B 3alaJIHYI0 YacTh MOpS, 33 CYET Yero Ko-
angectBo IRD Ha 3amazie MOpsl B HECKOJIBKO pa3 BBILIE,
yeM Ha BocToke. [Inku IRD npakTudeckn CUHXpPOHHBI
HAa 3arajie ¥ BOCTOKE MOpS U MPHYpPOYCHBI K UHTEpPBa-
nam Bpemenu 7-7,4; 6,4-6,6; 5-5,8; 2,8-3,8; 1,6- 2 1 0,8—
1,2 xan. TeiC. 1. H. OTMeUeHHasT MEPUOJUIHOCTh B 1—
1,5 ThIC. JIeT XapakTepHa Uil pa3IMYHBIX TPOSBICHUN
MOXONONAHHS KIIMMATa CPETHEro—II03THETr0 TooieHa BO
MHOTHX paiioHax ApkTuku 1 CeBepHOIl ATTaHTHUKY.

bnazooapnocmu. Viccnenoanus Oscensina S1.C. u ABepkunoil H.O. Beimonnens! 3a cuer PO®U (mpoekt
Ne 18-35-00362 mon_a). Uccnenosanus Tannenkooii E.E. monnepxxansl cydcunueir MUHOOpHAYKH IO TIPOEKTY
«Apkrudeckas TpaHCTONsipHAs CHCTEMA B IEPEXONHBIX KITMMATHYECKUX YCIOBUSIX)» (YHUKAIBHBIN HIICHTUDHKA-
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N.O. Averkina', E.E. Taldenkova?, Y.S. Ovsepyan’,
R.F. Spielhagen*, H.A. Bauch®, S.D. Nikolaev®

THE HOLOCENE HISTORY OF THE EASTERN CONTINENTAL MARGIN
OF THE LAPTEV SEA: LITHOLOGICAL AND MICROPALEONTOLOGICAL EVIDENCE

Reconstruction of the Holocene history of the eastern Laptev Sea continental margin is based on the
downcore records of ice- and iceberg-rafted debris (IRD) and fossil assemblages of benthic and planktic
foraminifers in two marine sediment cores obtained from different depths on the continental slope, e. g. 122
and 983 m. The early Holocene (8,2—11,7 cal. ka) is distinguished by its warmest climatic conditions as
evidenced by the highest abundance of foraminifers, low IRD content, bioproductivity peaks and high
representation of phytodetritus species. At the beginning of the middle Holocene (7,4-8,2 cal. ka), a sharp
decrease in foraminifera numbers was recorded, up to their complete disappearance in the core from 122 m
water depth. In combination with extremely fine-grained composition of sediments this suggests the
development of a thick ice cover, which might have caused a drop in bioproductivity. After 7,4 cal. ka the
increasing amount of IRD together with the growing representation of both river-proximal benthic foraminifers
and attached epifaunal species indicate climate cooling that has been also recorded previously for the
western Laptev Sea. Its manifestations include the growing area of the sea-ice cover, southward shift of the
seasonal drift ice margin, and the advance of ice caps on the Severnaya Zemlya Archipelago. The IRD peaks
with the periodicity of 1-1,5 thousand years are almost synchronous in the west and east of the sea; they
coincide with time intervals of 7-7,4, 6,4-6,6, 5-5.8, 2,8-3,8, 1,62 and 0,8—1,2 cal. ka.

Key words: paleoceanography, ice- and iceberg-rafted debris, foraminifers, Atlantic waters
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METO/IbI TEOI'PAGMYECKUX MCCIIEJOBAHUIA

VIAK911.9; 551.4.012; 551.4.042; 551.4.08

AJO. Cunopuyx!

IKCITPECC-METO/J, OIIEHKHN OBPA’KHOI'O IIOTEHLIUAJIA

IpemioxeH IKCIPECcC-METO/] OLEHKH OBPAKHOTO IMOTEHIHajla, OCHOBAHHBIN Ha y4eTe KPUTHYECKHX
XapaKTEPUCTUK MOTOKA, IPU KOTOPHIX HAYMHAETCS JMHEWHBIM pa3MbIB TpyHTa. HOBU3HA NPENIOKEHHOTO
MO/IX0/Ia 3aKIIF0YAeTCs B MEPEeXo/ie OT pacuera KPUTHUSCKOH CKOPOCTH MOTOKAa K PacuyeTy KPHUTHUYECKOTO
CIIOSI CTOKA, TPU KOTOPOM peali3yeTcsi Takasi CKOpOCcTh. Bce BemuunHbI, HEOOXOUMBIE I pacuera Kpu-
THUYECKOI'o CJIOS CTOKA X YPOBHSA OBPAXXHOI'0 IMOTEHIIMAJIA KaK HOpMHpOBaHHOﬁ PasHOCTU MAKCHUMAJIbHOI'O
CJI0s CTOKA U €TI0 KpHTH‘{eCKOﬁ BCJIIMYMHBI, BIIOJHE ONPEACIICHHBI U MOT'YT 6BITB pacCUuTaHbI I/I/I/IJ'II/I onpene-
JICHBI MO JaHHBIM HaOMOACHUH. MeTon Jerko u OBICTPO peanusyercs B cpene oboil reorpaduueckon
HH(GOPMALMOHHON CUCTEMBI; Ha BBIXO/E MTOIyYar0TCs CXeMa pacIpeie/IeHNs] YPOBHS OBPKHOI'O ITOTEHIIH-
ajia o TeppUTOpUH (BOZOCOOPY) U CTENEHb PHCKA PAa3BUTHUS OBPAXKHOHW dPO3UU Ul TEPPUTOPHHU (BOIO-
coopa) B uenoM. CpaBHEHHE PE3YJbTATOB OLICGHKH YPOBHS OBPa)KHOTO MOTEHIMAA YKCIPECC-METOIOM C
JAHHBIMU PAaCYeTOB OBPAKHOM 3PO3UH C MOMOLIBIO ETATbHON JUHAMHYECKONH MOJENH IOKa3aio BIOJHE
YAOBJIETBOPUTECIIBHOE UX COOTBETCTBHUE. STO TIOATBEPXKAACT MPUMEHUMOCTb JDKCIPECC-METOAA I GBICT—
PO OLIEHKH BO3MOKHOCTH MCIOJIb30BaHMs TE€X UM UHBIX TEPPUTOPUI IJI1 OCBOCHHUSI U PUCKA HApYLIEHUs

JaHAmAa(TOB IPU €CTECTBEHHBIX IPOLIECcaX OBPAKHON IPO3HH.

Knrouesvie cnosa: oBpaxkHas 3po3us; KpUTHUECKUI CJION CTOKA; MOIyOoCTpoB SImain

Beenenne. OBpakHasi 5po3usi OblJIa U OCTAETCS
OJIHMM U3 HanOoJiee pa3pyIUTeNbHBIX BUIOB 9PO3HOH-
HBIX ITpolieccoB. Eciu Ha CebCKOX03SIIICTBEHHBIX 3EM-
nax B PO ona B HacTosiiee BpeMs B 11€JI0M HAET Ha
yobuts [["adypoB u np., 2018], To B mpezaenax mocese-
HUW U TEPPUTOPUNA HOBEHUIIIETO TEXHOT€HHOI'O OCBOECHUS
OBpakHasl 3po3us, Ha000poT, yBenuuuBaercs [[‘puro-
pweB u ap., 2016]. DTo 0COOEHHO 3aMETHO B YCIOBHSX
ApPKTHKH, TJIe COUYETAHUE JIETKO Pa3MBIBAEMBIX T'PYH-
TOB M HEYCTOWYMBOTO PACTUTENBHOTO TOKPOBA MPUBO-
JUT K BOSHUKHOBEHUIO KaK €CTECTBEHHBIX, TaK U TEX-
HoreHHbIx oBparos [[loznanun, 2012; Sidorchuk, 2015].

Haubonee nocTtoBepHbIC OIIEHKH TOTEHIIUANA OB-
PaXXHOH 3pO3UM TMONYYAIOTCS MPU MPSIMOM pacdeTe
TpaHCOpMAIHU TPOAOITBHBIX MPOQHIIEH BCEX BO3ZMOXK-
HBIX JIMHEHHBIX 9PO3HMOHHBIX (DOPM C ITOMOILIBIO TOH KT
HWHOW IMHAMHUYECKON MOZIENN OBPAXKHOM 3PO3UH JJIsl BCEX
pacxonoB BOABI HA JAHHOM BOMOCcOOpe B TEUCHHE Xa-
PaKTEpPHOTO BPEeMEHHU Pa3BUTHS OBpara. ITOT METOJ,
€IUHCTBEHHO BEPHBIN MPH JCTAIbHBIX MPOEKTHBIX pa-
0oTax Ha KOHKPETHOM BOmocOoOpe, Tpedyer OONbIIoro
KOJIMYECTBA MCXOMHBIX JTaHHBIX U KaTHOPOBKHM MOJCIH
[Cunopuyk, 1998a, 2020]. g npeaBapuTenbHOI OeH-
KH OBPa)KHOTO IMOTEHIINAA Ha OOJBIION TEPPUTOPHH,
HaME4YEHHOM JUIs MOCIEAYIOIIETO OCBOEHM S, TAKOU MOA-
XOJI SIBJIICTCSL M30BITOUHBIM.

Nmeerca 3HaunTENbHOE KOTMYECTBO HECIOXKHBIX
METOZIOB OLIEHKH OBPa)KHOTO IOTEHI[Hajla HEKOTOPOH
TeppuToprH. BONBIIMHCTBO MX Oa3upyercs Ha OIEHKAaxX
CKPUTHUYECKHX CKOPOCTEH Hadasla pa3MbIBa» B OTe€Ye-
CTBEHHOU nmTepatype [Mupuxymnasa, 1970; 3opuna,
1979] niu «reoMopHOI0rHUeCcKUX IOPOrOBBIX BEIUUHHY

B TUTEpaType MexayHapoanol [Schumm, 1979]. I'nas-
HBIM HEIOCTATKOM ITHX MOJXONIOB SIBISETCSI HEOOXO-
JUMOCTh Ha3HAuYEHUs HEKOTOPOTo 0co00ro pacxoja
BOJIbI B OBPa)KHOHM CHCTEME, JUISI KOTOPOTO M Paccyu-
THIBAETCS KPUTHIECKAs CKOPOCTh Hadaia pa3MbIBa HITH
MOPOTOBBIC BEJIMYMHBI YKIIOHA U TUIOMIAN BoJocOopa.
Tak, sanpumep, B merone E.@. 3opunoit [1979] npe-
NenbHast JUTHHA OBPa)<HOH (opMbI L paBHa

0,67 0,67
d > HQ >

27172,67
n Ucr

3neck H — rirybuna 6a3uca spos3uu, Q — popMupy-
IOLIUI pacxoj BOIBI, # — KOI(DPHUIIUSHT IEPOXOBATOC-
i Mannunra, U — KpUTHYECKas HEPa3sMbIBAOIIS
CKOpOCTh, d U W — riTyOvHa ¥ NIMPHUHA MTOTOKA B OBpare.

JInst pacuera rnpenenbHOM JTTMHBI OBPAKHON (POPMEL,
Kak ¥ BXOmux B popmyiy (1) Mopdomerprdeckux xa-
PaKTEPUCTUK U KPUTHIECKOH CKOPOCTH Havasa pa3MbiBa,
HEOOXOAMMO Ha3HAYUTh PACUCTHBIN pacxos Bombl. JKena-
TETBHO, YTOOBI PE3YJBTAThl PACUeTa IPHU TAKOM Pacxozie
BOJIbI 6BUII/I OKBUBAJICHTHLI pacycraM JIs1 BCEX pacXo-
10B, (hopMHpYIOIIHX OBpar. BeIOop SKBHBaJICHTHOTO pac-
Xora HeoOXoAMMO O0DOCHOBATh, YTO YACTO HE JENAETCs.
Jlns Takoro odocHoBaHus [MakkaBee, 1955; Wolman,
Miller, 1960; Cunopuyk, 199806] TpeOyrorcs neTajibHbIC
CBEJICHVSI O THAPOIIOTHYECKOM PEXUME Ha BOJOCOOpeE.

Heobxonum Takoi dKcrpecc-MeTol] OLIEHKH, Y KO-
TOPOTO He OBITIO ObI YKa3aHHBIX BBIIIE HEOCTATKOB. B
cratbe mpeiaraercsi 1 0OOCHOBBIBAETCS HOBBIH Me-
TO/J, a TAKKC IPUBOJUTCA IPUMEP €TI0 IPUMCHCHUA JI
OBPaKHO-0aJI0UHOr0 BoA0cOOpa Ha boBaHEHKOBCKOM

! MOCKOBCKHI TOCYIapCTBEHHBIH yHUBepcuTeT uMenu M.B. JlomoHocOBa, Teorpaduueckuil GpakyabTeT, HAYIHO-UCCIEA0BATENbCKAS J1abo0-
paTopus SpOo3uHd MOYB M PYCIOBbIX mpoueccoB umenn H.M. MakkaBeeBa, BeI. Hayd. C., JOKT. reorp. H.; e-mail: fluvial05@gmail.com
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razokoHneHcatHoM MectopoxkaeHuu (I'KM) ma momy-
ocTpoBe Smai.

Mertoa. OcHOBOII TpezyiaraeMoro HOBOro MeToza
SIBIISIETCS TIEPEXO OT KPUTHUECKONW CKOPOCTH Hayana
JIMHEWHOI0 pa3MblBa K KPUTUUYECKOW BEIUYHUHE CIOA
CTOKa, IPH MPEBBIIIIEHIH KOTOPOW HaYNHAETCS Pa3MbIB.
3anuIieM KpUTUIECKYIO CKOPOCTh notoka U, 1o ¢op-
myne [llesn-ManauHTa Yepe3 YKIIOH S, TITyOuHy d U KO-
3¢ OUIMEHT IIEPOXOBATOCTH 71:

Ucrzﬁdm. 2)
n
Ecnu ¢ moMomipio THapaBIrKO-MoppoMeTpHYec-
KOW 3aBHCHMOCTH 3aMCHHMTH B HEll IIyOMHY TOTOKa d
cTeneHHol (yHKIuUer ot pacxona Boapl O (T.e. Ipou3-
BEJCHHUEM CJI0s CTOKa M Ha Iuiomanas Bomocoopa F' B
naHHou Touke O=kMF):

d=pQ", (3)
TO MOJIY4YUM

S 23 S 2
Ucr zg(me) zng/S(kMF) m/3‘ (4)

3nechk k = 1/84600000 — nmepexomubiii ko3 dum-
EHT OT pa3MEPHOCTH pacxoja Bomsl (M/c) K pasmep-
HOCTH CJIOSl CTOKa (MM) MpH BBIPaXEHUU TIIIOLIATU
BoJ0cOOpa B M%; p 1 m — KOA(GUIUESHT U TOKa3aTelb
crenenu B Mophomerpuueckoit 3apucumoct (3). s
npuMeHenust GopMyIel (4), HapuUMep, AJIsl pACYETOB 110
¢dopmyine (1), Tpedyercst 3aJaTh pacUETHBIA Pacxon
BOJIbI HJIH CJIOH CTOKa, B OOILEM CIydae HEH3BECTHBIM.
s TOro, 4roObl M30aBUTHCS OT 3TOM HEONPEICIICH-
HOCTH, JOCTATOYHO PEIINTh (hopMyiy (4) OTHOCHUTEIIb-
HO CJIOSI CTOKA!

nU,,
S, p2/3(kF)2'"/3 ' (%)

dopmyna (5) o3HayaeT, YTO eciiv HaOIHOIAEMBIN
CJIOM CTOKAa M IpPEBBIIAET PACCUUTAHHOE KpPUTHYEC-
KO€ 3HadeHue M _, TO B JaHHOM ITHKTE Ha BOIOCOOpE
BO3MO)KEH JIMHEHHBIA pa3mbiB. Eciau HaOmomaeMbIit
MaKCUMAaJIbHbIA JJI1 JTAaHHOW TEPPUTOPUHU CIIOM CTOKa
HE IPEBBIIIAET PACCUUTAHHOIO KPUTHUYECKOIO, 3PO3HU-
OHHBIN Pa3MBIB MTPOUCXOJUTH He Oyner. PazmbIB Oymer
TeM CyLIECTBEHHEee, YeM OOoJblle pa3HOCTh MEXIy
MaKCUMAaJIbHOM JUIsl TaHHOM TEPPUTOPUMU BEIWYMHON

M /3y KpUTHYECKUM 3HadeHueM M 2"/3 . Dty pas-

2m/3 —
cr -

HOCTh B JAHHOM ITyHKTE, IPHBEJCHHYI0 K M 2"/3 | Ha-
30BEM YPOBHEM OBPaKHOI'O MOTEHIMaNa R,

M 2m/3 M 2m/3
R Tmax  Per
v= (6)
max

OTHoOIIeHNE YHCIa PACYETHBIX MTyHKTOB (TIHKCEIEH )
C MOJIOKUTENBHON BENUIUHOM 9po3uu N, K oOmemy
yucay N pacyeTHbIX MYHKTOB (ITUKCENEei) XapaKTepu-

3y€eT CTENEHb PUCKa Pa3BUTHUS OBPAXKHOMN 3po3uu R.
HeoOxoauMbie BETWYMHBI ISl pacyera R u R
00BIYHO JIOCTYITHBI. MakcuManbHBbIHI CyTO‘IHI)II/I CIIoi

CTOKa JUIsl JaHHOH TEPPUTOPHHM WM BojocOopa M

max

€CTh BEJIMYMHA BIIOJIHE ONpE/eTeHHAs 1 MOXET ObITh
MOJTyYeHa UK 10 HAOMIOMEHUSIM, ITH 110 THIPONIoryec-
ko monenu. [lmommans BoqocOopa U YKIOH B JaHHOM
MYHKTE MOTYy4aloTCsl ¢ Tororpaduyeckoi KapThl WK U3
nudposoii Mmoznenu penbeda. KoaddunuenT mepoxopa-
TOCTH 71 JUTS TIOTOKOB Ha CKJIOHAX WJIM B OBparax Heoo-
XOJIMMO YCTAaHOBUTH M3 HAOMIONEHNH, Kak 1 K03 duriu-
eHTHI p ¥ m. [Ipu OTCyTCTBUU HAOIIONCHUH ATH Mapa-
METpPBI TOAOUPAIOTCS U3 OMyOIrKoBaHHBIX [Park, 1977]
st Onm3kux yenoBuil. Kputrueckast CKOpocTh Hadaa
pasMbiBa pacCUMTHIBACTCS 1O U3BECTHBIM (hopMynaam
[Mupixynasa, 1970; Kysueros, 1981; Sidorchuk,
Grigor’ev, 1998] ncxo/s U3 TUTOIOTHH Pa3MbIBAEMBIX
TPYHTOB U CBOIMCTB PaCTUTEIBHOIO MOKPOBA.

Pesyabrarbl. Pacuersl 0Bpa)XHOro MOTEHIIMAJIA
MPOBEJICHBI JJIs1 OTHOTO U3 Y4aCTKOB BOBaHEHKOBCKOTO
I'KM. DOto Bomocbop Ganku mutomaapto 1,14 km? ¢ ec-
TECTBEHHBIMHU U TEXHOTCHHBIMU OBparaMu, Ha KOTOPOM
pacnonoxen mocenok [lepenBuxHas 6a3za OypeHus
(TTBB). 3mece B 1990-1997 rr. ObUIH TPOBEACHBI H3-
MEpeHUsI CTOKa BOJIbI, MOPHOMETPUIECKUX XapaKTe-
PHUCTHK CKIIOHOBBIX TIOTOKOB U TEMIIOB 3p0o3uu [boopo-
BHIIKas U Ap., 1999; Sidorchuk, 2015]. Mmerorcs Tak-
XKe peXKMMHBbIC HaONIJICHUS HAa METEOCTAHIHUH
Mappecaine [bynbiruna u ap., 2009] u ganable 3KCHe-
JTUITMOHHBIX H3MEPEHHH cToKa Bombl B 1986—1990 1T. Ha
crannonape [ocyaapcTBeHHOT0 rUAPOIOTHYECKOr0 HH-
cturyta CeBepuslii [['unponorus ..., 2009]. Mcxonsg us
3THX UCCIINOBaHMM, apaMeTpsl B hopmyinax (5) u (6)
umeror snadenus: m=0,3; p=0,21; n=0,06; M, =62 mm
(pa3 B 100 net). B pesynbrate (bopMyJIa (5) HpH06pe-
Taer BUJ

02 _ 657U,
cr T /_S FF)’Z > (7)
a opmyma (6) —
288U,

Ry —1‘—\/—],02 @®)

Kputnueckas cKOpocTh Hadalla pa3MbiBa Jis
BBIOPAaHHOTO y4acTKa yCTaHABIMBAIACh B XOJIE MOJIe-
BBIX SKCIIEPUMEHTOB ISl Pa3HbIX JIUTOJIOTHYECKUX pas-
HOCTEH TPYHTOB U COCTOSIHUSI PACTUTEIHLHOI'O MOKPO-
Ba, JUISI KOTOPOTO B JAHHOM CJIydae OCHOBHOMW Xapak-
TEPUCTUKOH sIBNSETCSI 00bEM MOA3EMHON OMOMAaCCHI
(TOHKUX KOpHEH) B MOBEPXHOCTHOM CIIO€ I'pyHTa
[Sidorchuk, Grigor’ev, 1998]. KoHTponbHbBIE pacyeThl
npoBeeHbl Juis 3Hadenni U = 0,2 m/c (CyrIMHUCTBIE
TPYHTBI C TOJHOCTHIO HAPYIICHHBIM PaCTHTEIbHBIM
nokpoBoM) u U_= 0,5 M/C (CYIIMHUCTBIE TPYHTHI IO
€CTECTBEHHBIM MEJIKOKYCTAPHUYKOBBIM PACTHUTEINb-
HBIM TTIOKPOBOM).

Pacuersr o ¢opmyre (8) mpoBeneHbl ¢ TTOMOIIBIO
Moysel reorpaduyeckoli HHPOPMAIIMOHHOW CUCTEMBI
QGIS [QGIS ..., 2019]. Ludposas moneib penbeda it
yuactka boBanenkoBckoro I'KM wusBneuena u3 601b1I0M
udpoBoit moenu penbeda Apkruku ArcticDEM [2018]
C TOPM3OHTAIBLHBIM pasperenueM 2 M. [lnomaan Bomo-
coopa paccuuranbl B moayie [MMC SAGA Terrain
Analysis — Hydrology — Catchment area, a yKJIOHBI —
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Terrain Analysis — Morphometry — Slope, aspect,
curvature — 9 parameter 2" order polynom —
[0]radians. Pacnipenenenue R, Mo MIOmamy moJryye-
HO B KaJIBbKYIISITOpPE pacTpoB. Bexropuzanus sToro pa-
ctpa (Momyns Vector <> raster — Raster values to
points) MO3BOJISIET MOMYYUTH TAOMUIY aTpuOyTOB, yC-
TAHOBUTH KOJIMYECTBO MUKCENEH ¢ R >0 1 BHIYUCIUTD
CTENeHb PUCKAa Pa3BUTHUS OBPAXKHON 3po3uu R. OTu
MpOoIEenypbl 3aHUMAIOT HECKOJIIBKO MUHYT, TaK 4YTO
MpeAIoKEHHBINH MeToll peanu3yercs B cpene QGIS
oueHb OBICTpO. Vcronb30BaHHBIE ISl PACUETOB MO-
JTYJTH BXOJISIT B JIIOOYIO reorpaduyeckyto nHpopMarm-
OHHYIO CHCTEMY, TaK YTO IKC-TIPECC-METO]] MOXKET
OBITH pean30BaH B 000 ynoOHOM IS TONb30BaTe-
15t 0boouKe.

3nagenne U, = 0,2 M/C COOTBETCTBYET CyIJIMHHC-
TBIM I'PYHTaM C IIOJIHOCTBIO HAPYILICHHBIM PaCTUTEIb-
HBIM ITOKPOBOM. Taxmue YCII0BHA XapaKTCPHbI MJIA TCX
y4acTKOB BoocOopa OaikH, rie MpOoM30ILI0 Hapylile-
HUE PACTUTENHHOTO TOKPOBA KaK ITPH TEXHOTEHHOM BO3-
JIeCTBUH (TIPU CTPOUTENBCTBE U IBUKEHUH TPAHCIIOP-
Ta), TaK U B pe3yJIbTaTe ECTECTBEHHBIX CKIIOHOBBIX MPO-
1[ECCOB — OBICTPBIX CIUTBIBOB. TakuM 00pa3om, Ha puc. |
MOKa3aH MaKCUMaJIbHO BO3MOKHBINM TTOTEHITUAI (PUCK)
MPOIIECCOB JTMHEHHOTO pa3MbIBa JUTsL TAHHOTO BOJ0CO0-
pa. CTeneHs prcKa pa3BUTHS OBPAXKHOM SPO3UH R COCTaB-
et 0,17. YpoBeHb OBPaKHOIO MOTEHIMANa R, MaKCH-
MaJICH Ha KPYThIX CKJIOHAX OAJKh M PEYHOM JOJIUHEI, B
BepIHAX OONBIIMHCTBA OBparoB. Ha Tux ke yuactkax
MaKCHMaJibHa BEPOATHOCTH CXOKACHUSA 6BICTpLIX CILJIbI-

0,61-0,9

—4g—— TOpM30HTanu

N X

500 m

Puc. 1. Pacnipenenenne ypoBHs OBPaKHOTO TOTeHUMana R Ha Bonocbope Oankn Ha bosanenkosckom I'KM, paccuuTanHOro mpv KpUTH-
4eCKOf ckopocTH Havyana pasmbisa U, = 0,2 m/c. benblil pOH COOTBETCTBYET OTPULIATENBHBIM 3HAYEHUAM R |

Fig. 1. Distribution of the gully erosion potential R, at the catchment within the Bovanenkovo gas condensate field calculated for the
critical velocity of erosion initiation U = 0,2 m/s. White background corresponds to negative R, values
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BoB [Bockpecenckuii, 2001; Jlefioman, Kussikos, 2007], Tak
4TO npuHATOE 3HayeHne U, =0,2 M/c MONIHOCTBIO COOT-
BETCTBYET pealibHOM 00cTaHOBKe. Takke Ha puc. 1 BbI-
JIEJISIFOTCS Kpas MecyaHou IIIOMIAAK/, Ha KOTOPOM pac-
nonoxkeH nocenok 16D, rie moneBkie HAOMIOACHUS BhI-
SIBJISIIOT MHOT'OYHCJIEHHBIE JINHEHHBIE Pa3MbIBEL.
3nagenne U, = 0,5 M/C COOTBETCTBYET CyIJIMHHUC-
TBIM IPYHTaM C HEHAPYILIEHHBIM paCTUTEILHBIM IIOKPO-
BOM. DJTO HJICAbHBIC YCIOBUS, KOTOPbIE HE peatun3y-
IOTCA JaXK€ ITPH IMTOJTHOM OTCYTCTBHHU TEXHOI'CHHOI'O BO3-
JEHCTBYS Ha JTaHAIIA(T U3-32 €CTECTBEHHBIX MPOIIECCOB
HaPYILCHHUS [IEJIOCTHOCTH BEPXHETO CJIOS IpyHTa. B 3THX
yenoBusix 3HaueHue R coctasiser 0,004. Tem He me-
Hee, Ia)ke MPU pacyerax JUisl UIeajbHbIX YCIOBUI He-

HapyUIEHHOTO PACTUTENBHOTO IIOKPOBA B MpeEeNax oc-
HOBHBIX 3PO3HOHHBIX (OPM — B Oallke U B 4ACTH OBpa-
T'OB — UMEIOTCS YYACTKH C TTOJIOKHUTEIHHBIM OBPAXKHBIM
oTeHIHaIoM (puc. 2).

I'mcrorpaMMBbl MOJIOKUTENBHBIX YPOBHEH OBpaX-
HOro noTennuana R, (puc. 3) onuceiBaroTcs QyHKUMs-
MU, OJIN3KUMHU K 3KCIIOHEH I abHOW. Hanbonkryto no-
BTOPSIEMOCTh MMEIOT MAJIble 3HAYEHUs R ; C €ro yBe-
JUYeHUEM TOBTOPSIEMOCTb OBICTPO yMEHBIIAETCH.
Takoe pacmpenenenne R, 10 4acToTaM yKa3blBAaeT B
LEJIOM Ha OJIATONPUSATHBIC YCIIOBHSI JUTSI OCBOSHHS BO-
nocOopa, Ha KOTOpOM pacronokeH noceaok [166. Oto
MOJTBEPKAACTCS OTCYTCTBHEM CEPhE3HBIX YIpo3 PyHK-
nuoHupoBaHuio Beex ciryx0 [1Bbb 3a 6onee yem 30 et

0,01-0,3
0,31-0,6

0,61-0,77

46— rOp13oHTanu

500 m

Puc. 2. Pacnipenernenune ypoBHs OBPOKHOTo moreHuuana R, Ha Bogocbope Oanku Ha bosanenkosckom I'KM, paccuuranHOro npu
KPHTHYECKON CKOpOCTH Havana pasmbisa U = 0,5 m/c

Fig. 2. Distribution of the gully erosion potential R, at the catchment within the Bovanenkovo gas condensate field calculated for the
critical velocity of erosion initiation U,= 0,5 m/s
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ero cymiectBoBanus [Sidorchuk, 2015]. Tem He MeHee,
oBpar AHTPOITOT€HHBIN MOAXOAUT K CAMOM TUIONIAIKE
nocenka. B ero BepuinHe BBISBISCTCS PUCK BBICOKOH
OBpaXXHOM 3PO3HHU KaK IPU KPUTUIECKOH CKOPOCTH Ha-
yaJia pa3mbia 0,2 M/C, Tak U, YTO OCOOCHHO BaXKHO, TIPH
U,=0,5 m/c, To eCTb iarke IPU HEHAPYIICHHOM MO4BEH-
HO-PaCTUTEIHLHOM MOKPOBE (puc. 4).

Oocyxnenne pesyiabraroB. st 6anku Ha boma-
HenkoBckoM ['KM ObUIH TipoBeeHBI pacyeTsl TTyOu-
HBI 9PO3MOHHOTO Bpe3a M0 BCEM JIMHHUSM TOKa Ha BOJIO-
cOope ¢ MOMOIIBIO TOTHOW JHHAMUYECKON MOJICTH OB-
paxuo# apo3un u repmosposut GULTEM [Cunopuyk,
2020]. MoxHO CpaBHUTH pe3yJabTaThl pacueTa Beu-
YUH PO3UH TI0 MOJIHOM MOJIENHN C OlEHKAMH YPOBHS
OBPa)XHOT'O MOTEHI[MaJIa C IIOMOIIBIO MpeIaraeMoro
JKCIPECC-METO/Aa TI0 TEM K€ JIMHUSAM TOKa I TOJI0-
KUTEIbHBIX 3HaYeHu# R, (puc. 5). s Kaxmaoi or-
JIeNTbHOM TMHUY TOKa HMEETCS BITOITHE Y/IOBJICTBOPUTENb-
Hasl CBS3b PACCUMTAHHBIX ITYOHH SPO3UOHHOTO Bpe3a Ak
¥ BEJIMYMH YPOBHS OBPAKHOIO IOTeHIMANa R, Koropast
OIMCHIBAETCS] KCIIOHEHITUATIBHOM (PYHKITHEH

Ah =aexp(bR,, ). )

300
250
200
150
100

50
U.=0,5 m/c

0
0,0 0,2 0,4

Puc. 3. I'ucrorpaMMel HEHYIEBOTO YPOBHSI OBPayKHOTO IOTEHIIMAIA

R, Ha Bomoc6ope Ganku Ha bosanenkosckom I'KM st pasubix Kpu-

TUYECKUX CKOPOCTEM Hauana pa3MbIBa UC’_. N — 4HCIIO TTMKCEIICH ¢
HEHYIIEBBIM R, B CTONOIE THCTOrpaMmbl ¢ uHTepBatom 0,01

Fig. 3. Histograms of positive gully erosion potential R, at the

catchment within the Bovanenkovo gas condensate field for different

critical velocities of erosion initiation U_. N is the number of pixels
with positive R, in the histogram column with 0,01 interval

Kosddunment b BapprpyeT B IOBOJIBHO Y3KHX TIpe-
nenax 3,4-3,5, a koapduireHt a uamensiercs ot 0,017
10 0,045 s pa3HbIX JIMHUI TOKa, OMpenessis UPUHY
MOJIOCHI pa3dpoca sl BeeX AaHHbIX. [ TTaBHOW MTPUYHHON
TOT0, YTO JUIS PA3HBIX JIMHUHA TOKA 3aBUCUMOCTH (9) He
CoBIaaaer 1o ko3 puimeHTaM, BJIACTCA MEHBIIICS YMC-
70 GakTOpPOB 3PO3UHU, KOTOPOE YUUTHIBAETCS B DKC-
Mpecc-MeTo/Ie IO CPABHEHHUIO C TMOJHOW MOJeNnbio. B
MOJTHOM MOZIeNH pacyeT TpaHchOopMaIlui MPOI0IBHOTO
npoduIIst OBpara IpOBOAUTCS ISl BCEH JIMHUM TOKA, yIH-
THIBAETCs TIOJIOKEHHE Oa3rca SpO3uu B U3MEHEHHE YK-
JIOHOB TIOTOKA IO ero juuHe. [TyOuHbI Bpe3a u3MeHs -
IOTCSl TaKKe B pe3ylbTaTe ONON3aHHs Marepuana co
CKJIOHOB OBpara. B skcmpecc-merone y4TeHbl TOIBKO
MECTHBIE YKJIOH H TUIOIIA/Ib BOI0cOOpa B JaHHOM ITYHK-
Te, a CKJIOHOBBIE TIPOIIECCHI BOOOIIE HE MPHHUMAIOTCS
BO BHIMaHHE.

[Iipyna mosock! pasdpoca 3Ha4YEHUH R, cOCTaBIIs-
er 0,3 (cMm. puc. 5). ITosToMy 11€TIECO00PA3HO HUCITOIB-
30BaTh T KIaccH(DUKALIMK U KapTOrpadpoBaHHsI ypOB-
Hsl OBPKHOTO MOTEHIMana Tpu rpagauuu R : 0,01-0,3;
0,31-0,6 u 0,61—1, cCOOTBETCTBYIOIIHE CIA0OMY, CPEI-
HEMY U BBICOKOMY YPOBHSIM.

BriBoabI:

— MPEUIOKEH HKCIPECC-METO] OIICHKA OBPaKHO-
T'0 OTEHIINAIa, OCHOBAHHBIN Ha TPAIUIIMOHHOM yUeTe
MOPOTOBBIX BENTMUWH B TpaHchopMmaluu Janamadra, B
JAHHOM ClTy4ae, KpHTHUECKUX XapaKTePUCTHK IMTOTOKA,
[IpY KOTOPBIX HAUNHAETCSI JIMHEWHBIA pa3MbIB I'PYHTA;

— HOBHM3HA MPENJIOKEHHOTO [TOAX0/a 3aKITI0UaETCs B
Tepexoie OT pacuera KPUTHIECKOM CKOpoCTH roToka ((op-
Myna 2) K pacdery KpUTHIECKOro CIIOsl CTOKA, MPU KOTO-
pOM peajm3yercsl Takas ckopocTh (opmyina 5). B atom
Cclly4ae hcue3aeT HeolpenesIeHHOCTb, KOTopasi CYIIECTBY-
€T IIpY BBIOOPE YCIIOBUH I pacuera o Gpopmyse 2;

— BCE BEIMYMHBI, HEOOXOAUMBIE JUISI pacuera
KPUTHUYECKOTO CJ10s1 CTOKa (opMysia 5) 1 HOpMUPOBAH-
HOM pa3HOCTH MaKCUMAIILHOTO CJIOSl CTOKA M €70 KPUTH-
YecKoi BenmnauHbI (popMyra 6), BIIOIHE ONpeeNICHHBI 1
MOT'YT OBITh pacCUHTAHBI H/HJIH MTOTYYEHBI 110 TaHHBIM
HaONIOIEHM;

— METOJ JIETKO M OBICTPO pealiu3yercsl B Cpeie
JIr0001 reorpaduyeckoit HHOOPMAIIMOHHON CHCTEMBI; Ha
BBIXOJIE ITOTYYarOTCSl CXeMa PaCIIPEICIICHHSI YPOBHSI OB-
PaXKHOTO TIOTEHIIMANA 110 TEPPUTOPHH (BOIOCOOPY) H
CTEIEHb PUCKA PA3BUTHUS OBPA’KHOM 3pO3UHU ISl BCel
TEpPUTOPUH;

— CpaBHEHHUE PE3yJBTATOB OIEHKH OBPaYKHOTO I10-
TEHI[MaJla YKCIPECC-METO/IOM C JAaHHBIMH PacieTOB
OBpaKHOM 3PO3UH C TIOMOIIBIO JICTANBHOM THHAMHYEC-
KOW MOJIENH ITOKa3aJI0 UX BIIOJTHE YAOBIETBOPUTEIHLHOE
COOTBETCTBHE. ITO 03HAYAET BO3MOKHOCThH NMPHUMEHE-
HUS METOJIa ISl OBICTPOI OLIEHKH ITEPCIIEKTHB HCIIOIb-
30BaHUS TEX WJIM UHBIX TEPPUTOPHHA JUISI OCBOCHUS U
PHUCKOB HapymieHUs JTaHMmadToB MPH €CTECTBEHHBIX
Tporeccax OBpa)KHOM IPO3HH.

bnazooapnocmu. ViccnenoBanue BBITIONHEHO 3a cuer rpanta PODU (mpoekt Ne 18-05-60147).
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~ 1 300 m

Puc. 4. U3o0paxenue momanku nocenka [16b u Bepua oBpara Antponorennsiii Ha chuMke GOOGLE EARTH ot 27 utons 2016 1.
¢ 06acTsIMUA PaCCYMTAHHOTO BBICOKOTO PHCKa OBpaxkHO# 3po3uu mpu = 0,5 m/c (1). Takke moka3aHbl ropu3oHTaIN penbeda (2)

Fig. 4. The site of the PBB settlement and the heads of Antropogeniy gully on the GOOGLE EARTH image of June 27, 2016, with areas
of the calculated high risk of gully erosion at U_ = 0,5 m/s (1). The relief contours are also shown (2)
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Puc. 5. CBs3b MeK Ty 3HAYEHUAMHU YPOBHS OBPHKHOTO MOTEHIHANA R, PACCIMTAHHBIMH T10 OKCIIpecc-Moziend (popmyna 8), 1 BemMUMHAMH
DIyOHMHBI OBPaKHOTO Bpe3a A/, OIyuYEeHHBIMH C MIOMOILBIO MOJHON JMHAMUYECKOH MOIENN OBPaXKHOI 3po3uu u Tepmodpo3un GULTEM
BJIOJIb T€X K€ JINHUH TOKa

Fig. 5. The relationship between the values of gully erosion potential R ; calculated by the express model (formula 8) and the values of gully
depth A% obtained using the GULTEM dynamic model of gully erosion and thermal erosion along the same flow lines
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A.Yu. Sidorchuk!

EXPRESS METHOD OF ESTIMATION
OF GULLY EROSION POTENTIAL

An express method for calculation of gully erosion potential is proposed. It is based on the estimation
of critical flow characteristics at which linear erosion of soil begins. The novelty of the proposed approach
is the transition from calculating the critical velocity of erosion initiation to calculating the critical runoff
depth at which such velocity is realized. All values necessary for calculating the critical runoff depth and
the gully erosion potential as the normalized difference between the maximum runoff depth and its critical
value are well-defined and could be obtained both from measurements and by calculation. The method is
easily and quickly implemented in any geographical information system; the output is the distribution of
the level of the gully potential over the territory (catchment) and the degree of risk of the development of
gully erosion for the entire territory (catchment). The results of evaluating the gully erosion potential by
the express method were compared with the data of gully erosion calculation using the detailed dynamic
model and showed the satisfactory agreement. This confirms the possibility of applying the express-
method for quick assessment of development potential of particular territories, as well as the risks of
landscape disturbance during natural processes of gully erosion.

Key words: gully erosion; critical runoff depth; Yamal Peninsula
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A.H. INanun', UL A. Pouibckuii?, B.C. Tukynos?

IMPOCTPAHCTBEHHBIE 3AKOHOMEPHOCTU PACITPOCTPAHEHUS TAHAEMUU

COVID-19 B POCCUH Y MUPE: KAPTOTPAOMUYECKU AHAJIN3

Crarpsl OCBsIIIEHA aHATM3Y MPOCTPAHCTBEHHBIX 3aKOHOMEpHOCTel pacnpocrpanenuss COVID-19,
reorpadusi KOTOPOro B IMOJIHOW Mepe MposiBiIack B nepuon ¢ ¢eBpans no mad 2020 r. IMeHHO B 3TOT
Nepuo (GUKCHPYIOTCA YEeTKUE apeayibl U TPaHHUIbl PETHOHATBHBIX Pa3lIuuMui «paclon3aHusy HHEKINH,
CBA3aHHBIC C CYHICCTBYIOLIUMU JIOTUCTUICCKUMHU, COLMUATIbHO-ODKOHOMUYCCKUMU U L[eHTp—l'[epH(bepHﬁHBIMH
¢dakropamu. bonee no3auuii MorutTopuHr COVID-19 noka3ssiBaeT ycpenHeHHe Mmoka3aTesei (B pacyere Ha
100 ThIC. XHTEJEH) U CBOETO pOa BBHIPAaBHHUBAHHE JMHUIAESMHUOJOIHYECKOH OOCTAHOBKU B COOTBETCTBHH C
IUTOTHOCTHIO HACENICHHUS.

B paboTte ucnonp3yroTcs AaHHBIE 0 3a00JIEBAEMOCTH B YBSI3KE C YIIPAaBICHYECKUMH MEpaMu, KOTOPhIE
B CBOIO O4Y€pPCIb 6BIJ'[I/I MIPOAUKTOBAHbI HE TOJIBKO OGBCKTHBHOﬁ BHI/II[GMI/IOHOFI/I‘IBCKOP‘I chyauHef/‘I, HO U
PErHOHANBHBIME OCOOEHHOCTSAMHU 00IIECTBEHHO-TIOIUTHYE CKUX IPOLIECCOB. MIcmonb3yroTes faHHbIe Yandex
0 CaMOM3OJSIMKU M COOCTBEHHBIH MOHUTOPHHT CMU B OTHOLICHWH KOH(UIMKTOB M O4aroB COLMAJIBbHOM
HaIpPsHKEHHOCTH (MOBBIICHHBIX cTpaxoB) B Poccuu. B kauecTBe reonH(OPMALIMOHHOM CUCTEMBI IS aHAJTH-
3a u kaprorpapupoBanus COVID-19 ucnons3yercs ArcGIS.

[IpocTpaHcTBEHHBIN aHANM3 BBICTPOEH B JIOTHKE MomuMacmrabHocT — Mup, Poccust, Mocksa. J{ns
BCEX TPeX YpOBHEH XapakTepHa «iu((y3us KOPOHABUPYCHBIX MHHOBALMIl», CBSA3aHHASA C Ha4yaJoM pac-
IIPpOCTPAaHCHHUA B 6HaFOHOHy‘{HBIX 1 CONHAJIBHO-OKOHOMHNYCCKH Pa3BUTHIX TOPOACKUX LICHTPAaX. )lanee LCHTP
pacnpocTpaHeHHs CMelaeTcesl B epudepuitHpie MeHee pa3BuThie Tepputopur. s Poccun Ha Haua bHBIX
stamnax pacrnpocrpaderus COVID-19 BeigensroTcs Tpu OCHOBHBIX IIeHTpa — MOCKBa U MOCKOBCKHH peru-
oH, HedTerazoHocHble paifoHsl U CeBep, CeBepHblii KaBka3. ImaBHBIMU (hakTOpaM BBICOKOW CKOPOCTH
PacpoCTpaHCHUA BUPYCA Ha DTUX TCPPUTOPHUAX ABIAOTCA HE TOJBKO Pa3BUTBHIC TPAHCHOPTHO-JIOTUCTHU-
YECKUEC MapaMeETphl, HO U Ha6op YHUKAJIbHBIX PETHOHAJIbHBIX OCO6CHHOCTeﬁ — IMOBBINICHHAA KOHTAKTHOCTH
u crnabas cucteMa 31paBooxpaHeHus B Jlarectane, BaXTOBbIC IIOTOKH U CKYYEHHOCTh BaXTOBBIX ITOCEJIKOB B
cirygae SIHAQO, BbICOKas H0JI KPEaTHMBHOI'O Kjacca B MOCKOBCKOM PETHOHE.

PaGora npencrasinser co00ii MOHUTOPUHTOBOE UCCIICIOBAaHUE U OyIET TOTIONHATHCS HOBBIMU JaHHbI-
MH, KapTaMi U aHanuTUKoN. B koHue 2020 — Havane 2021 rT. MOSBUTCSI BO3MOXKHOCTh OLICHUTBH BKJIAJ
COVID-19 B 0011yr0 cMEpTHOCTb, AETAIBHO POAHATU3UPOBAThH AeMOTpadhUUeCcKUe MOCIECACTBHS pacupo-

CTpaHEHHs BHpYCa.

Kntouesvle croea: KOpOHABUPYC, OTPAaHUUUTENbHBIE MEPHI, TPOCTPAHCTBEHHAs AU epeHInaIys,

ArcGIS, MockBa, MyHULIMITATUTETHI

Benenne. KaprorpagupoBanue — HHCTpYMEHT
HCCIIENOBAHUS PEATbHOCTH, TO3BOJISIOMINN POBOINUTH
aHaJIM3 MPOCTPAHCTBEHHOI'O PACIPEICIICHUS pa3Hoo0pas-
HBIX CTaTHCTHYECKHX KATCrOpui: aOCOIIOTHBIX 3HAue-
HUI, IJIOTHOCTEMN, OTHOILLIEHU M, pEUTUHTOB U J1p. B ciy-
4ae 3MUJEMUYECKUX JIAHHBIX KapThI Jat0T BO3MOHOCTb
BH3YaJIU3UPOBATh OT/ICIbHBIC TApaMEeTPhI 3200J1eBaEMO-
CTH, HaPUMEP, YUCIIO0 3a00JICBIINX MU JICTAIbHOCTD,
BBIBJISATH JAMHAMHMKY M MacIITaObl pacipoCTpaHECHUs
0O0JIe3HH, COMOCTABIIATL XOJ SMUICMHUHU C KIIOYCBBIMHU
XapaKTEepHUCTHKAaMHU PETHOHOB — IPUPOIHBIMH, IEMOTPa-
(hUUIECKUMHU, COLMATBHO-IKOHOMHYECKUMU. OHH ITOMO-
ralT HCCIEA0BATEI0 CHCTEMAaTH3UPOBaTh UH(OpMa-
LIMIO, «PaCKJIa/IbIBATh» €€ M0 CTpaHaM, PErMOHaM U To-
poam, MPOBOIUTH aHATU3, BBISBIISTH TEPPUTOPHUATTHHEIE
0COOCHHOCTH M NPOTHO3UPOBATh Pa3BUTHE COOBITHH.
Bwmecrte ¢ Tem, kapTa — 3TO BbIpa3WTENbHBIN BU3yallb-
HBI 00pa3, MOJUTH3AIMI KOTOPOTO MpEeBpallaeT ero B

MponaraHAnCTCKui miakar. Camas mpocTasi TeMaTuiec-
Kasd KapTa, MOATOTOBJIEHHAsI Ha OCHOBE OTKPBITOH CTa-
tuctrku 0 COVID-19, npuobperaeT coruaibHbIN pe3o-
HaHC U BIMSET Ha noBeAeHue mroneil. Ilonck «cBoero
MecTay Ha KapTe MOXKET MOPOIUTh KaK ITAaHUYECKUE pe-
aKIMH, TaK ¥ YyBCTBO O6e33a00THOCTH. MHOrHE 3KCTep-
Tbl, KOMMCHTUPOBABIINEC pa3BUTHUEC JIINJIACMHUU B €€ Ha-
JaIbHBIN epuoa, NOAYCPKUBAIN — «KITAHAECMUA CTpaxar»
WJIH, HAIIPOTHB, OTCYTCTBHUE y IPakJaH OIIYIIICHHS Orac-
HOCTH, (QOPMHUPYIOT OT/ICITBHYIO TPYIITY PUCKOB, BIIHSIO-
IIMX Ha POCT 3a00JIEBAEMOCTH, CMEPTHOCTh U CUCTEMY
3IpaBooxXpaHeHus B menoMm [Psbosa, 2010]. B atom
CMBICITE, KapTorpadupoBaHe OCTPhIX COITUATBHBIX IPO-
011eM, TaKHX KaK paclpoCTpaHeHUE KOPOHABUPYCa, Tpe-
OyeT 0CTOPOXKHOCTH, JICNTUKATHOCTH U TOYHOCTH. MHaue
KapTa CTaHOBUTCA CPCACTBOM CHGKYJIHIII/II\/'I U MaHUITYJIA-
1MUY OOIIIECTBEHHBIM MHEHHEM. TaKuX MPUMEPOB HeMa-
10 B CMU u nonutuyeckoil puTopuKe.

! MOCKOBCKHI TOCynapcTBEHHBIN yHUBepcuTeT uMeHd M.B. JlomoHocoBa, reorpaduueckuii GpakyabTeT, 1a60paTOpUs KOMIUIEKCHOTO Kap-
TorpadupoBaHus, CT. Hayd. C., KaHA. reorp. H.; e-mail: alex_panin@mail.ru
2 MOCKOBCKHIT rocynapcTBeHHblil yHuBepcurer uMenn M.B. JlomonocoBa, reorpaduueckuii pakyinprer, Llenrp MUpPOBOii cHCTEMbl TaHHBIX

o reorpaduu, cT. Hayd. C., KaHI. reorp. H.; e-mail: rilskiy@mail.ru

3 MOCKOBCKHI TrocynapcTBeHHBIN yHuBepcuTeT uMeHu M.B. JloMoHocoBa, reorpaduueckuil GpakyabTeT, 1abopaTopusi KOMIIEKCHOIO
kaprorpadupoBaHus, 3aB. laboparopueii, npodeccop, JOKT. reorp. H.; e-mail: vstikunov@yandex.ru
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[Tonumas 1 ocozHaBas CBOIO OTBETCTBEHHOCTH, MBI
MOCTapaINCh BHICTPAUBATh UCCIIEIOBAHHUE, ONHPAsICh Ha
TIPOBEPEHHBIE W MPOBEPSIEMBIC TAHHBIE U3 OTKPBITHIX
WCTOYHHKOB. B pabore ncnons30Baiuch KiIaccuiecknue
MpHEMBI KapTorpaduu, KOTOpbIe TO3BOJSIOT YU TATEIIO
camMoMy pa3o0parbcsi B MPOUCXOMAIINX MpoIeccax.

Marepuanbl 1 MeTOIbI McciIenoBaHuil. B pamkax
reOMH(pOPMAIIMOHHOI0 MOHUTOPHHTA MaHaeMuu LeHT-
pom reomemorpaduu 1 HayuHo-ucciemnoBaTenbckon
naboparopuell KOMILUIEKCHOTO KapTorpadupoBaHHUs
MI'V uMm. M.B. JloMmoHOCOBa €XEIHEBHO COOMParOT-
csl caMble pa3HOOOpa3HbIe TAHHBIC U3 TUBEPCUPHUIH-
POBaHHBIX UCTOYHUKOB. OHH CHCTEMATH3UPYIOTCS B
I'C, o0pa3ys cienyromme TeMaTHIECKUe OJI0KH:

— 2eozpaghua pacnpocmpanenus KopoHagupy-
ca — eXeIHEBHBIE aJ[peCHbIC JaHHbIE O KOIHMYECTBE
3apa3uBIINXCS, TPOBEACHHBIX TECTaX, JIETAIBHOCTH U
BBI3IOPOBEBIIINX;

— Mepbl 20CY0apCmEeHHOll U PecUOHANIbHOI NO-
AumuK, TpeaIpuHIMaeMble B CBA3H C dMHJIEMHUEN B
Pa3IUYHBIX CTpaHaX, PpErMOHAX M ropojax, JaHHBIE O
camomsonanuy Yandex;

— OUHAMUKA COYUATbHO-0eMmozpadpuiecKux npo-
yeccoé — MOKa3aTeIl eCTECTBEHHOTO U MEXaHUYECKO-
TO JBUKCHUS HACENICHHUS C 0COOBIM aKIIeHTOM Ha WH-
JTUKaTOpax M CTPYKType CMEPTHOCTH, ITOKA3aTENN YPOB-
HS ¥ KadecTBa >KM3HU HacelleHUs, o0pa3oBaHuf,
WHJIUKATOPHI COITUANIEHBIX HACTPOSHUH, CAMOU30JISIIINN
U IIEPEMELLICHMI;

— cocmoaHue cucmemovl 30pA6OOXPAHEHUA —
HaJIM4YMe U paclpeieieHne MeJUIIMHCKOTO MepcoHaia,
KBaTH(DUKAIHSl pAOOTHUKOB, YPOBEHB PA3BUTHSI MEITHIIIH-
CKOU MH(PACTPYKTYPHI U CETH JICUEOHBIX YUPEIKICHUIH.

KitroueBbIiMu IpUHIATIIAMY TIPOBOTUMOTO aHATHN3a
SIBJSIOTCS TOJMMACIITa0HOCTh U TEMIIOPATbHOCTb.
Honumacuimadnocms npearonaraeT yueT pa3andus
(hakTOpOB, NCHCTBYIOIIMX Ha Pa3HBIX TEPPUTOPUATTBHBIX
ypoBHSX. /[leTadpHOCTH M pasHoOOpa3ue MpOCTpaH-
CTBCHHBIX JAHHBIX — OT CUTYaIluH B CTPaHE MJIM Ha KOH-
THHEHTE JI0 COCTOSHUS JIEN B OTJENIbHBIX JOKycax (pe-
THOHE, MyHUIIUTIAIUTETE, TOPOJIe, MUKpOpaioHe) — Io-
3BOJISIET BKJIIOYATh B aHAJIU3 JAeMorpaduueckui,
COLMAIbHO-A)KOHOMUYECKU A, OIUTUYECKUH 1 SKOJIOTH-
YeCKHI KOHTEKCT maHjeMun. Temnopansnocms odec-
TIeYNBACT HEMIPEPBHIBHOCTh U3YUCHUS TTAHIEMUH U TIPO-
HCXOIANINX NU3MEHEHUH B PSKUME PEaTbHOTO BpeMEHH!
C MOMEHTa TepBOro 3aUKCHpOBaHHOrO ciydas. Ha-
MpUMep, CyIIECTBYET BO3MOKHOCTh MOYAaCOBOTO OT-
CIICKMBAHMS TMHAMUKHU MHIEKca CaMOU30IISITIH, BEIYHC-
nsiemoro cepsucoM Suzaexc s Poccuu u crpan CHI.
[TpuHIMITY TEMTIOPAIEHOCTH OTBEUAET H CHCTEMAaTHIEC-
KMl cOOp MEHEE aKTYaJIN3UPOBAHHBIX U «TEKYUYHX) JIaH-
HBIX, TAKUX KaK MEPEIUCH HACESTICHHUSI, €XKETOHAS, KBap-
TaJbHAs, MECSUHAS ¥ HelleNTbHas ieMorpadudeckas cTa-
THCTHKA, Y9€T CE30HHBIX M MAasTHUKOBBIX MHTpPAIUid,
CYTOYHOM MOOMIIBHOCTH TOPO’KaH M MHOTOE JIPYTOe.

O06a Ha3BaHHBIX MTPUHIIKIIA BAXKHBI B CTyJae aHAIN3a
MIPOCTPAaHCTBEHHBIX 3aKOHOMEPHOCTEH PacpoCTpaHEeHH
TIaHJEMHUU: BO-TIEPBBIX, IM00ampHBIN Xapaktep COVID-
19 nemaer HEBO3MOXKHBIM MPOTHO3UPOBAHHUE PA3BUTHS
CUTYaIlUH B OT/ICILHO B3STOM JIOKAIIUH B OTPHIBE OT MHU-

POBBIX ¥ pETHOHAIIBHBIX PEAIHiA, @ BO-BTOPBIX, X COUe-
TaHHE MO3BOJISICT Y4eCTh OONbIlee KOTHIECTBO (ak-
TOPOB, BKITIOUAsl X JUHAMHYECKYIO COCTABIISIONLYIO.

B kauectBe reorH(DOpMaIOHHON TIATHOPMBEL MO-
HUTOpHHTa Hcnonb3oBanack ArcGIS. Cucrema obecrie-
YHBACT aBTOMATUYECKYIO0 COOPKY JaHHBIX M3 Pa3HOO00-
Pa3HbIX HCTOYHUKOB HH(OPMALINH, KX TCOKOTUPOBAHKE 1
MPUBS3KY K KapTorpauueckuM OCHOBaM, TeMaTHdec-
Ko€ KapTorpadupoBaHue, MaTeMaTHIeCKO-KapTorpadu-
YecKoe MOJISTMPOBaHNEe, OOMEH JIAaHHBIMHU U Pe3yJbTa-
TaM{ aHaJIW3a C 3aWHTEPECOBAHHBIMU CTOPOHAMH —
SKCMEPTHBIMH COOOIEeCTBAMH, YIPaBICHYECKUMU
crpykrypamu, CMU, 0011eCTBEHHOCTBIO U JIp.

Ces13b reorpaduu ropojos u nanaemun COVID-19
3acTaBisieT 00paTHTh BHUMaHHE HA TEOPHUIO ITI00AIH-
3alli{ U CBSI3aHHBIE C HEW MOKa3aTeln TeppUTOpUaIIb-
HOU T depeHualym, Mpex e BCEro, BOBICYCHHOCTH
CTPaH U F'OPOJOB B MEXIyHAPOIHBIN U PETHOHAIBHBIN
00MeH, Haauure HHQPaCTPYKTYpPbl, 00eCIIeUnBaIOIIeH
pa3zHoo0pa3Hble KOMMYHUKAIIMH, YPOBEHb Pa3BUTHS
«HACTPOUKU» TOCYNAPCTBEHHBIX HHCTUTYTOB, TIPU3BAH-
HBIX o0eperarh 370pOBbe TpaxaaH. MccienoBanus,
MPOBOJMBILIUECS TIOCIEIHIO YeTBEPTh BEKa, MOoKa3a-
JIM, 9TO OCHOBHBIMH OcHedHIIapaMu To0aIn3anum
CTalu KpyImHEWIIne roposia pa3BUTHIX CTPaH, CTIHYB-
mue Ha ce0s PUHAHCOBBIC, HH(POPMAIIMOHHBIC U YeII0-
BEYECKHE TOTOKH. ITO IMPHUBENIO K BOSHUKHOBEHHIO «ap-
XHIeNaroB oorarcTBay Ha (hOHE CTarHUpYIOUIEeH WiH
Jlaske Jierpaupyroliei mepudepuu 1 yCHIICHUIO HepaB-
HOMEPHOCTH TEPPUTOPHANBHOTO pa3BUTHs. borateie
CTAHOBHIIMCH Ooraue, a Oenuble — Oemnee. JKemaemoe
nepepacnpeieNieHne pecypcoB pa3BHTHS TIPOUCXOIUIIO
3a CYET UHAMBUIAYaTbHBIX MUTPAILIMOHHBIX CTPATETHUH,
MacCOBOTO TIEpeMEIIICHU S JIFONIeH U3 TOCYJapCTB «IJIO-
0anpHOro lOra» B rocymapcrBa «miodansHoro Cese-
pa», a He MOJIEPKKH CTPaH, HE CIIPABIISBIIIXCS C BbI-
30BaMH II00ATU3aluy U HHPOPMATH3aIKH 00IIeCTBA.
[Monywaemast UMU TIOMOIIIb TTAPAJJOKCATEHBIM 00pa3oM
BeJa K yrTyOJICHHUIO TIEpeXHUBAEMOT0 KPH3UCa U 1alTb-
Heiel nepudepuzarum.

[MangeMust BHecla KOPPEKTUBBI B 3Ty KapTHUHY
(puc. 1). Uem Gornee SKOHOMHUYECKH-TIEpUDEPUITHON H
MUTpaIMOHHO-HENPUBIIEKAaTEILHON ObLIa CTpaHa, TeM
MEHBIIIEe KOTMYECTBO 3a00NIEBIIMX OBUIO TaM 3aduK-
cupoBaHo. MoIlHas BOJTHA SITUIEMHH, TPOKATHUBIIASICS
nmo «crapeiM» crpanaM EC, Kyaa MeHbIlie 3aTpOHYIa
€ro HOBBIX YJICHOB, a TiaBHOW MumeHpto COVID-19
okazanuch Coennnennsie Llrartor.

Ecin mokazatenu oOimed 3a001€BaeMOCTH JIAIOT
MOYTH 3EPKATBHOE OTPAXKCHUE PE3YIBTATOB SKOHOMHU-
YeCKOH IM00amu3aiu, TO MHIEKC JIETATbHOCTH TT03BO-
JISIET TOBOPUTH 00 YCIO)KHEHWUHU MPOCTPAHCTBEHHBIX
TpeH10B (puc. 2). CBsI3b MEKIY YUCIOM 3a00JIEBIINX
W yMEpIINX OT BUPYCHOW MHQEKINH HE JIMHEHHA, OHa
orocpenoBaHa Apyrumu ¢akropamu. Eciiu nckimrounTh
MEPCOHANBHOE COCTOSIHHE 37I0POBBSI, TO OCHOBHBIE U3
HUX SIBJISIOTCS CJIEACTBHEM HEPaBHOMEPHOCTU TEPpH-
TOPHATBHOT'O PAa3BUTHSI U YCTAHOBHBILIMXCSI IO THYEC-
KHAX PSKUMOB. BeTHOCTh M 0OraTcTBO OKa3aIHCh pPaB-
HO3HAYHBIMHU TIOJTFOCAMH, OPMUPYIOIIMMHU STTHAECMUAYEC-
KOE€ «IIPOCTPAHCTBO JICTATBHOCTI.
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Bokpyr nonroca «0eqHOCTH» TPYIIUPYIOTCS CTpa-
HBI, JKUTEITH KOTOPBIX XapaKTepH3YIOTCs TUIOXUMH T10-
Ka3aTeNsIMHA COCTOSTHHS 3I0POBBSI U HU3KOH JIOCTYITHO-
CTBIO CHCTEMBI COLIMATBHOTO O0ECIICUCHHS U 3[[PaBO-
oxpanenus. anublii pakTop paboraer HE TONBKO B
«Oenubix» cTpanax Adpuku, Azun u JlatuHckol Ame-
puke, Ho u B CIIA, rne cmeptHocTth or COVID-19
cpeny agpoaMepuKaHCKOTO HACEICHUS B pasbl IIPEBHI-
IIaeT CMEPTHOCTh Cpely OeNbIX U BHOCHT OCHOBHOM
BKJIaJ] B OOIIYI0 KapTUHY JeTanbHOCTH. CXOfHAs CH-
Tyanusi HaOIIIONAeTCs U CPEIH STHUIECKUX MEHBITUHCTB
B BennkoOpuranuu.

Ha mpoTuBOMonoxHOM MONIOCE HAXOASATCS CTpa-
HBI, KOTOPBIM YZIaJIOCh CO3JaTh Pa3BUTYIO CHCTEMY
COIMAIBHOTO 00ECTICUeHHsSI U 3JIPaBOOXPAaHEHHUS, JO-
OUTHCSI 3HAYUTENHEHOM POJOJKUTENFHOCTY KU3HH Ha-
cenenusi. CeromHs «IPOAOIKUTEILHOCTD )KU3HI) KaK
MPHOPHUTET MOJUTHUKH U «aKTUBHAs OOeCIIeueHHast cTa-
pPOCTB» Kak MedTa paboTalomnX TpaxkJaH OKa3aJcCh
MOJOPBaHbI MaHAEMHEH, KOTOpasi MOCEIHIACh B TOPO-
Jlax, 3arnepiia X )KuTeel 1oMa, OCTAaHOBHIIa SKOHOMHU-
KY ¥ JIe30praHn3oBaja paboTy JIe4eOHbIX YUPEKICHHM.
NmenHo Bo3pacTHBIE KOTOPTHI «70+» moIanu B Tpymimy
MOBBIIIEHHOTO PHCKa 3a00JIeBaEMOCTH, 1 UMEHHO Cpe-
I HUX HaONIOaroTCs 3alIKaJuBAIONIME MTOKA3aTeH
CMEPTHOCTH. DKCIIEPTHI TIPH 3TOM PACCyKAAI0T O «ec-
TECTBEHHOCTH) CMEPTH TOKUIIBIX JIFOJeH, yMUPAIOLITHX
OT COIYTCTBYIOIIMX 3a00JICBaHMIMA.

Heckonbko 0COOHSKOM CTOUT IIBEACKHH CITy4YaH,
HO OH TaKXXe CBUJETEIbCTBYET 00 3PO3UU CHCTEMBI
LIEHHOCTEH 0J1aronojydHOro OOIIeCTBa MO JaBJICHH-
em nanaemun. CTpaHa pacroiioyKeHa BJaJid OT OCHOB-
HOM 30HBI pacpocTpaHeHnsl KOpoHaBupyca (cM. puc. 1),
€e CTONHIIA HE OTHOCUTCS K YHCITY TIaBHBIX KOHOMHU-
YECKHX MEPeKpecTKoB MUpa: CTOKTrOIbM HAXOMUTCS Ha
40-M MecTe B pedTHHIre ro0abHBIX ToponoB (2019)
naneko no3aan Mockssl (18-e MecTo), ogHaKo Mmokasa-
tenu eranbHocty oT COVID-19 B lIBennu 3HaunTENB-
HO BBIIIE, YeM B COCEJHHX CKaHJWHABCKUX CTpaHaXx.
OOBSICHUTD 3Ty Pa3HUILYy BO3PACTHBIMHU PA3INIHIMH HE
noiy4Jaercsi. [1aBHasi MpuUYMHA — HE JeMorpaduyec-
Kasi CTPYKTypa HaceleHUsl, a TPOBOIUMAS TOIUTHKA.
Teopernyecky OHa OCHOBaHA Ha BayKHEHIIMX JEMOKpa-
TUYECKHX TOCTYJIaTaX O B3aMMHOM JIOBEPUU MEXKIY
00IIIeCTBOM M BIACThIO. BiacTh He mpuberaer K xecT-
KOMY aJIMUHHCTPATHBHOMY KOHTPOJIIO, TOCKOJIBbKY BbI-
COKHH ypOBEHb CAMOKOHTPOJS B OOIIECTBE MO3BOJISIET
n30eraTh OrpaHHYMTEIBHBIX Mep, a OOIIECTBO JOBE-
psieT BIACTH, Iojiaras, 4To Ta JCHCTBYET B €ro MHTE-
pecax. B kakoM-To cMbicie 3TO MaHHQECT rpa)aaH-
CTBEHHOCTH W 00pa3sell IeMOKPaTHIECKOTO TTPABIICHMUSL.
Ho, xak mokasbpIBaloOT MOKa3aTelu JIETaTbHOCTH, €To
peanu3anys Ha MPaKTUKE MPEeBPaIIacTCcs B U3BECTHYIO
MaKCUMY — «CIIaCeHHE YTONAIOIINX — JIENO PYK CaMUX
yromaroumx». To, 4To XOpolIo paboTaeT B YCIOBHIX
CTaOWIBHOCTH, OKa3bIBAETCS HENOCTATOYHBIM B KpH-
3MCHOU CUTYalllH.

MOXHO YCOMHHTBCSI B CIIETIAHHBIX MPEIITONI0KE-
HUSIX, YKa3aB Ha 3HAYUTEIBHYIO BAPHATUBHOCTH METO-
JIMK pacuera MCIOJIb3YeMbIX TO0Ka3aTeneH, BEICOKYIO
BEPOATHOCTh MAHMIYJISIMK TEPBUYHBIMHU JTaHHBIMH,

MOATAacOBKY MH(OpMaIyu u pouee. Hanmpumep, 1o ko-
Tu4ecTBy TecToB Poccust 3aHMMAaeT 0HO U3 IUIUPYIO-
X MECT B MUpPE — 76 TECTOB Ha OIHOTO BBISIBIEHHO-
ro 0onbHOTO. 3a HEell CIeAYIOT TaKue CTPAaHbI, Kak AB-
ctpanus u IOxnas Kopes, koropsie BecbMa yCIIEIIHO
crpaBJIsitoTcs ¢ anuaemueii. B To xke Bpems, B Poccun,
conTacHo OUIUANTBHBIM MPENMUCAHMUIM, KAXKIIBIH Ha-
OrofaeMblii TecTHpYeTCst TpHKABL. Eciiu cormocTaBuTh
KOJINYECTBO «TECTOBBIX CEPHIl» C KOTMYECTBOM OOIb-
HBIX, TO POCCUNCKUI MOKa3aTelnb CHU3UTCS — 25 Tec-
TOB Ha OJIHOTO OOJNILHOT0. JTO TPETUH PE3yIBTAT B MUPE,
nocne Ascrpanuu u FOxnoit Kopen.

Eme npobnematnynee cUTyanus ¢ oKa3aTensiMu
netanpHOCTH COVID-19. BonbmMHCTBO CTpaH BKIIIO-
YaeT B CTaTUCTUKY YMEPIINX BCEX MAlMEHTOB C MOJIO-
JKUTENBHBIM TECTOM Ha KopoHaBupyc. Ho B benbrumu,
HaIpuMep, B 3TO YUCIIO MONAJAIOT U JIULA C ITOA03pe-
HUEM Ha 3apa)keHue, T0ITOMY OeNbruiCKre moKas3are-
JIX OJTHU U3 CaMbIX BeICOKUX B Mupe. B CIIA u Benu-
KOOpUTAHHH YUYUTHIBAIOT BCEX YMEPIIUX BO BpeMs MaH-
JNeMHUHU, HE3aBUCUMO OT TOTO OBLJI KOPOHOBHUPYC
MOJTBEPIKICH JIA00PaTOPHO UITH IMATrHOCTHPOBAH KITH-
Hu4decku. B Poccuu npuymHa cMepTH yCTaHABIMBAET-
Csl 1O pe3yJbTaTaM IaToI0r0aHAaTOMHYECKOTO HCCIe-
noBanud. Ymepuue or COVID-19 oraensirorcs ot uH-
¢unposanabix COVID-19, HO ymepmux OT APYrux
npuuuH. [lpennonaraercs, 4To Mo OKOHYAHUH SIUJE-
MUH JTaHHbIE U PBI OyAyT CKOppekTHpoBaHbl Poccra-
TOM B 3aBUCHMOCTH OT BKJIaJla KOpOHaBHpYyca B Teue-
Hue O0JIE3HH, a Ha CErOIHSIIHIM JIeHb MTOKa3aTelH -
JEMUYECKON CMEPTHOCTH B POCCHM 4yTh JIM HE camble
Hu3kue B Mupe. OqHaKo Jake TPOEKpaTHOE UX YBENH-
YeHHE HE BBIBEJIET CTPAHY B «JIHUAEPHD CMEPTHOCTH, U
poccuiickre MoKa3aTeiny OCTaHyTCS HU3KUMHU.

Hecmorps Ha Bce TpyAHOCTH, COTOCTaBJICHNE AaH-
HBIX, TIOTYYCHHBIX U3 Pa3HbIX HCTOYHHKOB HH(OPMAIINH,
MO3BOJISIET MX BEPUPHUIIMPOBATE, «JJOOIICHUBATH H OII-
penensars cnenn UKy oTaeNnbHbIX cTpad. KoneuHo, eme
paHO MOJBOIUTH UTOTH, HO YK€ BUAHO, YTO MAHIEMHUS
COVID-19 Menser nmpocTpaHCTBEHHYIO JIOTUKY IJIO-
0aNbHBIX COIMANBHBIX MPOIECCOB, Tepepacipenensis
W3JIep’KKA HEPAaBHOMEPHOCTH TEPPUTOPHUATIHLHOTO pa3-
BUTHSI MEXJTy TOJIOCAMH MHUPOBOTO OJarOMoNyqust H
HeOIaronomy4us.

Pe3yabTarhl HcC1eI0BaHUIT U UX 00CY:KIeHUeE.
OcTtaHoBHMCS Ha OITMCAHHH ITEPBHIX PE3YIIHTATOB O MPO-
CTPAaHCTBEHHBIX 3aKOHOMEPHOCTSIX paclpoCTpaHEHH
naggemun COVID-19 B mupe u Poccuu, caenanabix
Ha OCHOBE MOHUTOPHUHTA.

Mup. PacnipocTpaHeHre KOpOHaBUpyca B MUPE MPO-
HCXOIUT HepaBHOMEpHO. [71e-To amuaeMus yxxe J0c-
THUTJIA CBOETO THKA, ¥ KOIMYECTBO 3a00JIEBIINX CTAJI0
cHIKaTbes (Hampumep, B Kutae, IOxuo# Kopee nnu
ABCTpasun), I71e-To OHa HaXOIUTCA B IPOMEKYTOUHON
¢aze pa3BuTHs, Kak B Poccum, a psity cTpaH ere npe-
CTOMUT C Hell CTONKHYThcs. TeM He MeHee, yxke celyac
BUJTHO, YTO HAaWOOJbIIEE YUCIIO CIy4aeB 3apaKCHHS
MIPUXOAUTCA Ha TEPPUTOPUH, PACTIONATAIOIINECT MEXK-
my 32,5°1 52,5° c. m1. (puc. 3). Texymuii anaam3 1 HaIIM
KapTorpaduyeckrie MaTepHaIbl HOATBEPKIAIOT 3TO Ha-
OnronexHue.
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Bupyc nosBuiics U pacupoCTpaHUIICS MITKOU
BJIQXKHOW 3MMOM B CpeIHEH M CEBEPHOM Mojoce Cyo-
Tpornyeckoro nosica CesepHoro nonymapus. Ero Ha-
yasio — Kuraii, a TouHee YxaHp 1 npoBUHIHS Xy0d3i ¢
CyOTpOIMYECKUM MYCCOHHBIM KIIMMATOM, TIIE, CYAS MO
CTaTUCTHUKE, cocpernoroueHo 10 90% Bcex 3apakeH-
HBIX B CTpaHe. Yiap, Kotopslii omrytuia FOxuas Kopes
B 3UMHHUIA MEPHOJI, TAKXKE MPHILEICS Ha MOsC cyOTpo-
MUYECKOro MyccoHHoro kmmara. [lo cyoTpornniecko-
My nosicy Ha Cpenaem Boctoke Bupyc nmpumen B Mpan,
a 3aTeM oOpyurwicsa Ha Mtanuto u Mcnanuto. [Toctpa-
Jlania He TOJIBKO CeBEepHast 1moioca CyOTPOIMKOB, IIEHT-
pajibHBIE M HOKHBIE PadOHBI ATOro nosca — Typuus,
CesepHas Adpuka, M3panis, TakKe OKa3aiuch BOBIIE-
YeHbI B SMUIECMHUIO.

3T0 04YeHBb WHTEpPECHOE HaOMIOIeHNe, B OUepe-
HOW pa3 moATBepKaatoiee GakT 3aBUCKMOCTH YeJo-
BeKa M YEIOBEYeCTBa OT NMPUPOIHO-IKOIOTHUECKUX
(hakTOpOB, HECMOTPS HA 3AMIUIIIEHHOCTH MOAABIISIONIEH
YacTH MHPOBOTO HACENICHUsI OT Pa3HOOOpa3HBIX IMPH-
POMHBIX YIPO3 — XOJIO/a, TOIOJA, Kapbl, MHOTHUX Ooie3-
HEH, NPUPOAHBIX KaTakau3MoB U np. [lannemus 3ac-
TaBJIAET 3aJlyMaThCs O pa3HoOOpasuu (OpM B3aUMO-
IIPOHUKHOBEHUS IBYX CPEZ — COLIUAJIBHOW U IIPUPOIHOM,
C HeMpenCcKa3yeMbIMH IOCIEACTBUSIMHU KOTOPOTO He
MOXET CIPaBUTHCS HU MPHUPOJA, HU TOCYIapCTBa Kak
HauboIee MonHbIe U 3 (HEeKTHBHBIE HHCTUTYTHI 00I1Ie-
cTBa. [lepBoHaYaNbHbIN aHAIN3 IOKA3BIBAET, YTO HTAIl-
HOCTH PaclpoCTpaHEeHHUs BUPyca XOPOIIO COoracyercs
C «TPAaBUTALMOHHBIMID) MOJEISIMH TUHAMHUKH, KOTOpPBIE
noJipobHO pacnucanbl B yueOHuke [TukyHoB, 1997,
c. 164-180].

Kapta nposiBnisier u qpyroit peHOMEH — CBS3b I'eo-
rpaduu KOPOHABHPYCa C MUIOTHOCTHIO TOPOJCKOrO Ha-
CEJIeHH 1, HATMYHEM KPYITHBIX TOPOJICKHIX aryIOMepalui,
9KOHOMUYECKHX U TYPUCTUYECKUX LEHTpOB. lIpakru-
YecKH Be3Zle, TJe MBI BEleM JeTajbHbII (Ha ypOBHE
MYHHIIATIAIATETOB) MOHUTOPHHT ITAHAEMHH, O4ar 3a00-
neBaHus GOPMHUPYETCS B KPYIHEHIINX ropojiax, a 3a-
TEM CTPEMHUTEIILHO pactpocTpaHsercs Ha nepudepuii-
HbIC TEPPUTOPUH WIIA COCEAHUE CTPaHBI ¢ Ooliee HU3-
KM ypoBHeM pa3BuTua. Henb3g ckaszaTh, 4yTO 3TO
6omnbIas HoBocTh. CkaxeM, KapaBaHbl Bemukoro mén-
KOBOTO ITyTH, TOXOAMBIIKE B CPEIHNE BeKa 10 MPOIIBe-
Taromux ropogoB Cpenn3eMHOMOPbS, HECIH ¢ CO0O0i
HE TOJIBKO POCKOIIIHBIE TOBAPHI, HO M OTIACHEIE OONIE3HH,
BKITIOUasi 4yMy. 3 I1aBHBIX TOPrOBBIX IIEHTPOB HH(DEK-
LM 3aTeM Pa3HOCUIIACh IO BHYTPEHHUM TEPPUTOPHUIM
crpaH. U Bce-Taku TO, YTO MBI HAOIIOAEM CETOIHS —
3TO HE MPOJIOJDKEHHE U3BECTHOTO TPEH 1A, a HOBBIH (e-
HOMEH, KOTOPBIH MOYKHO OTIPEAENUTh Kak CTPYKTypHOE
pacImupeHre 04aroB BOSHUKHOBEHHSI ATHAEMUH C T10-
CTETIEHHBIM OTTECHEHHUEM MPHUPOJIHBIX (AKTOPOB Ha
BTOPOM ILJIaH.

Ecnu panblie B ciryyae MacCOBBIX BUPYCHBIX AITH-
JeMUH pedb BeNach MPEUMYIIECTBEHHO O OMOIICHOTH-
YECKUX CBS3SIX B IPUPOJHBIX oYarax WHGEKIHUHA ¢ Mbl-
HIMHBIMH, KJICIIEBBIMH U KOMapUHBIMH MeXaHH3MaMHU
TPAHCMUCCHH, TO TETIepb Ha MEPBBIE POIH BBIXOIAT IO-
poda M TpaHCIOPTHBIE MOTOKK. KoHcmuponoruyeckue
BEPCUU T1a00OPATOPHOTO MPOUCXOXKJICHHUS MMaHJIEMUN

COVID-19 ycunuBaroT qaHHBINA BBIBOJ, HO U 0€3 HUX
BO3HWKHOBEHHE 3IUJEMUH B TOPO/I€ C MHOTOMUJUINOH-
HBIM HaceJeHHEM M ee paclpocTpaHeHue Oiaromaps
MUTPALMSIM U TYPUCTUYECKIM ACCaKUPOIIOTOKAM Jie-
JIAl0T BBICKAa3aHHOE MPENO0JIOKEHNE ITPaBOMEPHBIM.
KnumaTnueckne ycloBHsl OKa3bIBAIOTCS ONarompusT-
HBIMH HE TOJIBKO JIJIS1 ACATEIbHOCTH JIIOAEH, pocTa To-
POIOB U roCyIapCcTB, SKOHOMUYECKOTO U COITMAIBHOTO
pPa3BUTH, HO U JUI1 BUPYCOB, KOTOPBIE «HAYIHIIHCHY
YCHEIIHO BBIJIEP)KMUBATh aHTPOIOTEHHYIO HArpy3Ky.
Brixon Bo3OyauTeseh Oone3Hel U3 MPUCYIIUX UM KO-
JIOTUYECKUX HHII U PACIIMPEHHE YUCIa BO3MOXKHBIX
04aroB 3a00JIEBAEMOCTH COITPOBOXKIAIOTCSI, 10 MHEHHUIO
BHPYCOJIOTOB, TIOSIBIICHUEM «0oJiee aTOreHHbIX TeHO-
THTIOB ¥ BAPUAHTOB BO3OYANTENEH, CKIIOHHBIX K JITH/IE-
MHUYECKOMY pacrpocTpaHenuio» [bopucesuu u np.,
2018]. MmeHHO CMyTHOE OlIyIIEHHE HEOOPATUMOCTH
MIPOM3OIIENIIEr0 ABISAETCS UCTOUHUKOM IEeCCUMUCTH-
YeCKHX 3agBJIEHUI O TOM, YTO MHp TIOCJIE 3aBEepIIECHUS
MaHJEMUN Y)Ke He OylIeT NMPEeKHUM H U3MEHHUTCS JI0
Hey3HaBaeMocTu [Mup ..., 2020].

Poccua. Cynsa mo mokazarensM, poccHiickas cu-
Tyalrusi TI0Ka BBITJIIIUT MEHEe ApaMaTUdHO, YeM HUTa-
JMBAHCKAs!, UCTIAHCKAsI WM aMepUKaHCKas, HO PUCKU
MaccoBOTr'0 3apa)k€HUsl HaceleHHs MOCTOSHHO Hapac-
TarT. B Teuenue anpens 2020 r. xonnyecTBo UHU-
LUPOBAHHBIX B CTpaHe yBenu4miock B 40 pa3z —c 2,7
10 120 teic. [TMk exeqHEBHOIO MPUPOCTA YnciIa 3a00-
JICBIIMX K MaWCKUM MPa3THUKAM €I1ie He ObLIT IPO/ICH,
OJIHAKO OOIIECTBO yXe JEMOHCTPHUPOBAIIO YCTAIOCTh
OT BBEJICHHOT'O pEKHMMa CAMOU3OJISIIINY, CITy4au ero Ha-
PYIIEHHS CTaJId MacCOBBIMH (pHUcC. 4—7). DKCIEePThI OXKHU-
JIaloT, YTO B Mae MPOM30MIET YBETHUEHHE KOTUIEeCTBA
MH()UIIMPOBAHHBIX, BRIPACTET U YMCIIO PETHOHOB C BbI-
COKMMHU TOKa3aTensiMu 3aboneBaemoct. CepHs Kapr,
MTOCTPOEHHBIX Ha pa3HbI€ AaThl, TOKa3bIBAET MOCIEN0-
BaTeIbHOE pacIIMpeHue reorpaduu KOpoHaBUpYyca B
Poccun 1 0JJHOBpEMEHHO POCT MacIITa0OB MPOOIEMBI
(cm. puc. 4—7). XoTsa pOCCHUICKHI CITydail OATBEPK-
JaeT o0IIEeMHUPOBYIO JIOTHKY MPOCTPAaHCTBEHHOTO pac-
MPOCTpaHeHNs MaHAEMHUH, KOTOPYIO ONPENeNsioT KOH-
¢durypanusi CuCTeMbl KPYIHO-TOPOJICKOTO PacCeNeHuUs
W JIOTHCTUYECKHE (PaKTOPBI, €ro OTIUYAET LEbld P
0COOCHHOCTEH.

[epBas 1 raBHas — U30BITOUHAS IICHTPATU3ALUS
BceX (yHKIIMIA B cToNUIIe. MOCKBa — 0€3yCIOBHBIMH JIH-
JIep TI0 YHUCIy 3a00JIeBIINX: 00JIee MOJOBUHBI BCEX MH-
¢unpoBaHHbIX B cTpaHe. OHa TaKkKe BBIIENSETCS 10
TEeMITaM PacIpoCTpaHEeHHUs 3a00JIEBAEMOCTH H KOJIHYE-
CTBY YMEpPIIHX. ITO TJIABHBIA KOHTAKTHBIN IIeHTp PO,
obecrieyrBarOIINi BHYTPEHHUE M BHEIITHKE cBs3H. Kak
W Mpovue IIo0anbHble Topoia, MOCKBa IocTpajaia oT
MaHJEeMHUH B TEPBYIO O4uepensb. XapaKTepHO, 4TO BTO-
po¥ 10 3HAYMMOCTH U YHCIEHHOCTH HaCeJIeHUs TOPOJ
Poccun — Cankr-IlerepOypr — CyIIECTBEHHO OTCTAET
0T MOCKBBI 10O YASTLHOMY YHCITY HHPHUIUPOBAHHBIX,
npormyckast Briepen MockoBckyto u Karyxckyro obna-
cti. Bo3aMoxkHO — 3T0 nedexTsl yuera 3aboneBaeMoc-
TH, HO TaK)K€ BO3MOXHO, YTO CBSA3b MEXIY YHCICHHO-
CTBIO HACEJICHHUsS TOPO/ia M KOMMYECTBOM 3a00JIEBIINX
SIBJISIETCS. HE JIMHEWHOM, a OITOCPEA0BaHHON TECHOTOM U
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WHTEHCUBHOCTBIO HETTOCPE/ICTBEHHBIX CBS3EH, OCYIIIECTB-
JSIEMBIX B OYKBAJILHOM CMBICTIE «JTHIIOM-K-TTUITY». Eciu
BCcOMHUTH MeTadopy Manyans Kacrensca, pa3aenss-
IIETO0 «IIPOCTPAHCTBO MECT» U «IIPOCTPAHCTBO OTOKOBY,
MpuiaBas MocieqHeMy KIIO4eBOe 3HAUEHHE B TEKydeM
WHPOPMAIIMOHHOM MHUPE, TO MOKHO CKa3aTh, YTO KOPO-
HaBHPYC BEPHYJ «IIPOCTPAHCTBY MECT» €r0 OBLITYIO POITb
[Kactenbe, 2020]. D10 03HauaeT BO3BpAICHUE K HCE
0apbepHOCTU CONMANBHBIX M (U3UYECKUX TPAHUIl KaK
[JIAaBHOTO PEryiiaropa MPOCTPAHCTBEHHBIX B3aUMOJIEH-
cTBUM. BO3MOXXHBI 1 IO3UTHBHBIE CIEACTBUSL: POCT 3HA-
YEH U JIOKAJIbHOM COLMAIIBHO-3KOHOMUYECKOM U TIOJTUTH-
YeCKOM IMOBECTKH, MOBBIIIIEHNE BHUMAaHHS K OCOOEHHOC-
TAM OOIIECTBEHHOTO W SKOHOMHYECKOTO Pa3BUTHUSI
TEPPUTOPUIN, OTBETCTBEHHOCTH M CAMOCTOSITETHHOCTH
MECTHBIX BJIacTel, MOJIepkKKa YUPEKISHUN 31paBOOX-
paneHus, Ooee TECHOE B3aUMOJICHCTBHIE aIMUHUCTPA-
LU U HACEJICHUsI, POCT JOBEPHUS B OOIIECTBE U MEKITY
o0m1ecTBOM U BacThio. OTHAKO CYAUTH O TOM, TIPOM30¥-
JIET JT1 TAKOW MTOBOPOT, MTOKa PaHo.

CeroaHsi NPOCTPAHCTBEHHOE «IOBEICHHE»
COVID-19 neMmoHCTpHUpYeT clielOBaHUE MATTEPHY
HEeHTp-Tiepr(epUITHBIX OTHOLICHUH, YTO IO3BOJISICT B3TJIsI-
HYTb Ha 0COOECHHOCTH €ro pacpocTpaHeHus Yepe3 mpH-
3My TEOPUH IPOCTPAHCTBEHHOM MU DY3UH MHHOBAIIHHA
[Hagerstrand, 1967]. OngHO U3 ee EHTPaNbHBIX MOJIO-
KEHUH COCTOHT B CIICAYIONIEM: HHTEHCHUBHOCTD JH(]-
(dy3uH 3aBHCHT HE CTOJIBKO OT PACCTOSIHHM, pa3aeisi-
FOIIMX TOPOJa M PETHOHBI, CKOJIBKO OT UX CIIOCOOHOC-
TH PETPaHCIUPOBATh MHHOBAMU U 3 (QEKTUBHOCTH
MPOUCXONAIINX KOMMYHHKaLMH. DTO TEOPETUUECKOe
TI0JIOXKEHHUE BCKPBIBAET €Ille OAHY POCCUICKYIO 0COOeH-
HOCTB — TECHYIO CBSI3b CTOJIMIIBI C OCHOBHBIMHU HedTe-
ra30]J00bIBAOIIMMHI PETHOHAMHU CTPaHbl. PecryOnnka
Komu, Henenkwuit, Xantei-MaHcutickuii u SImano-He-
HELKWH aBTOHOMHBIE OKPYT'a IIOJYYHUIINA B3PBIBHOU pOCT
3a00JIeBaEMOCTH HE HM3-3a M0E3/I0K MECTHOI'O Hacere-
HUS Ha TOPHOJBDKHBIE KypopThl EBporibl, a u3-3a cMme-
HAoIEeics «BaxThD. OCHOBHBIE IMMOTOKH BaXTOBHKOB
MPOXOMAT 4Yepe3 adpornopThl MOCKBBI, a «3(deKTHB-
HOCTB» KOMMYHHUKAIMI B HEOOIBIINX BaXTOBBIX TOCE-
KaX 00eCHeYMBACT OBICTPYIO «PETPAHCIAIIHIO» KOPO-
HABUPYCHBIX HHHOBAIIUH.

Tperbs ocobeHHOCTh Poccnu — MHOTOrpaHHYHOE
MOJIOKEHUE CTPAHBI U Pa3HO00pa3ne KaHAIOB MPOHUK-
HoBeHUs nHQekuu. He Tonsko MockBa siBisieTcst «BO-
poTamu» MHQEKIUHA, HO U MHOTOYUCIICHHBIE ITyHKTHI
MPOIyCKa Ha TPaHHIIaX, a MaJIoe IPUTPAaHUYHOE JABHIKE-
HUE BBITIONHSET T€ XKe QYHKIMH, YTO ¥ KPYITHBIE MYITb-
TUMOJIaJIbHbIE TPAHCIOPTHBIE LIEHTPHI, YBETUYNUBAs
YHCII0 KaHAJIOB MPOHUKHOBEHUS MH(peknnu. Ha kapre
Poccun xopotiro BUIHBI IPUTPAHUYHBIE PETHOHBI, BBI-
JISISTFOIIIUECS O MTOKA3aTello yIelbHOro yncia nHpU-
nupoBaHHbIX. Cpenu HUX nuaupyer MypMaHckas 00-
JIACTh, TNI€ COBOKYITHOE JIEHICTBHE KOHTAKTOB C COCEN-
Humu Ounnanaveit 1 Hopseruei u BaxXToBou Tpy10Bon
MUTPAIMK IPUBENO K aKTUBU3AIIUH BCIIBIIIKH KOPOHA-
Bupyca. Haubosee moctpagasiime ropoga o0IacTH —
Amnarutsl, Tepubepka, Monueropck, Kuposck. boree
BBICOKUM YIENBHBIM IOKa3aTelNsM 3a00JIeBAEMOCTH B
JlarecraHe, Mo CpaBHEHHIO C JPYTUMH PeCITyOInKaMu

Ceseproro KaBkasa, SBHO CIIOCOOCTBYOT TpaHCTpaHHY-
HbIe KOHTaKTHI ¢ ipanoMm u AzepOaiimpxanom. Ha Jlans-
HeM BocToke Ty ke posb chirpajii KOHTakThl ¢ Kura-
em, B Kanuaunrpaae u IlckoBckoit obmactax — ¢
[Tonpeit u crpanamu bantuu. B T0 ke Bpems, 3Have-
Hue (paKTopa MPUTPAHUIHOCTH HEITB3S IIPEyBEININBATD
W BOCIIPHHUMATH €ro Kak yrposy. Heobxoaumo moHu-
MaTh, YTO MOJYYEHHBIC TaM 0oJiee BHICOKHE PETUCT-
pHUpyeMble 3Ha4YeHUsT 3a001€BaEMOCTH CBS3aHBI C IO-
BBIIICHHBIM KOHTPOJIEM Ha Bhe3Jle B CTpaHy 1 obecrie-
YEHUEM MacCOBOI'O TECTUPOBAHMS HACEIICHUS.

Haxonern, cTouT cka3aTh 0 CyLIECTBEHHBIX PETHO-
HAJBHBIX Pa3lIMYMAX B OOBIJICHHOH KYJIBType Hacerne-
Hus. JlelicTBHE 3TOro (hakTopa HAISIHO MPOSBISCTCS
Ha CeepHoMm KaBkasze B CHIIy KOMITAKTHOCTH PacIio-
JIOKEHUS PECITYOIINK, X TYCTOHACETICHHOCTH, TIPUBEP-
XKEHHOCTH «TPaJULIUAM IPEAKOBY, IEHHOCTSIM MacKy-
JUHHOCTU M TECHBIM KOHTAaKTaM C COCETHUMHU pPEeruo-
Hamu. [IbIITHBIE MHOTOIOMHBIE CBAILOBI K MacCOBBIE
MTOXOPOHBI — OTIMYUTEIbHAS YepTa MECTHOW TOBCE-
HEBHOM wu3Hu. Tak, UMEHHO CBajp0a MpuBeIa K MHO-
TOYHCIICHHBIM 3apaKeHUSIM U JIByM JIETaJdbHBIM CITy-
yasM B [IaTuropcke, 4To 3aCTaBUIIO PE3KO YKECTOUUTH
KapaHTHHHBIE Mephl B CTaBponoisCcKoM Kpae. M3Bec-
TeH TpeleAeHT cBaas0bl B [larectane, Kyna oauH W3
rocreii 3aBe3 Bupyc u3z Kanununrpazaa. B pecnyOiuke
MO-TIPEKHEMY OTKPBITHI MEUETH, KyAa Ha MATHUYHYIO
MOJIUTBY COOMpAIOTCS ThICSYM YenoBek. K Tomy ke Ha
CeBepuom Kapkase BbIIIIe OIS JTUIT, TTOJIAraloInX, YTO
WX JIMYHBIA PUCK 3a00J1€Th — HU3KHH, STTHIEMHOJIOT -
YecKkasl yrpo3a CHIIBHO MpeyBeNnyeHa, a 00bsIBICHHAS
MaHJIEMHUS — «3ar0BOP» MHPOBOTO 3aKyJIMChs. Eciu k
3TOMY JOOABUThH BBICOKHUIT MPOIIEHT TEHEBOI 3aHATOC-
TH B PETHOHE, TO CTAHET IOHATHO, YTO BBEJACHUE PEXKH-
Ma CaMOM3OJISILIMU U 3aKPBITHE MHOTHX MPEANPUATUI
MaJioro OM3Heca BhI3BAIM KpaiHEe HETAaTHBHYIO peak-
LIMIO HaceneHrs. MaccoBblil TPOTECTHBIA MUTHHT B LIEH-
Tpe BragukaBkasza, IpOBEACHHBIN BOIPEKH BCEM IIpe-
OYTIPEXIEHUSIM 3MHAEMHOJIOTOB, BhIBen CeBepHYIO
Oceruto 1 HryImeTHio B 4UCIIO «JTHAEPOB» 110 MTOKa3a-
TeJSIM yAeNbHOW 3aboneBaeMocti. CHUTyallusi B 3THX
pecryonKax pe3ko OTIUYAeTCs B XY/IIYI0 CTOPOHY OT
COCEHUX PETMOHOB.

Mockea. ViccnenoBaHue NpOCTPAHCTBEHHBIX 3a-
KOHOMEPHOCTEH pacipoCTpaHeHUs MaHIeMHH B KPyTI-
HEeHIINX ropoiax U arjoMeparisax UMEeT CYIIECTBEeH-
HO OonbLIMi HAOOp orpanuyeHui. B nefictBue Berymna-
10T (haKTOPBI TUIOTHOCTH U pa3HoO0Opa3usi TOpOJCKOH
KU3HH, BKITIOYask MPOKUBAHIE B MHOTOATAKHBIX IOMaX,
HEOOXOIMMOCTH TIOJIF30BATHCS OOIIECTBEHHBIM TPaHC-
MTOPTOM, TTOCTOSHHBIE KOHTAKThl C MHOXXECTBOM HE3Ha-
KOMBIX JIFOZIEH Ha ynuLax u B MarasuHax. [Jaxe pasmep
KBapTHP U «CKYYEHHOCTD) JKUTENEH NMEIOT 3HaUCHHE.
Tem HEe MeHee, MOCKOBCKUI IIEHTP yPOAHUCTHKY U aHA-
muTHYeCcKas komnaHus Habidatum BexyT MOHUTOpPHHT
BHYTPHUTOPOJICKON CUTYaIlMH C Ha4yajia BBEACHUS PEXHU-
Ma CaMOM30JISILIMY, OCHOBBIBAsSCh Ha TAaHHBIX OIEpaTo-
POB MOOUIIBHOM CBSI3U, COIIMATILHBIX CETEH U OMPOCHI
[MOHUTOPUHT COCTOSIHHUSA ..., 2020].

VYxke orMeuanaoch, 4T0 MOCKBa mpuHsia Ha ceOs
IJIaBHBIN yap SMHUIEMUAH, BHECS HaUOONbIINN BKIIA]] B
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poccuiickyio 3ab0neBaeMOCTh U CMEPTHOCTh. B 3Ha-
YHUTENHLHOH CTENEHU 3T0 00YCIIOBJICHO IIEHTPaTH3aINeH
TPAHCIIOPTHBIX MTOTOKOB M HEJOCTATOYHBIM YPOBHEM
Pa3BUTHS MEKXPETMOHAIIBHBIX CBs3eil. He mocneanoro
poIb ceirpan u (axkrop Ooliee aKTUBHOTO TECTUPOBA-
HUS HacelneHus1 MOCKBBI, HEXENU B APYTUX pernoHax.
B nenom, ynenbHbIe moka3aTenu 3a00IEBaeMOCTH B
POCCHUICKON CTONMIIE COMOCTaBUMBI C APYTUMH KpyTI-
HEWIIMMH TOpOJIaMU MHPa, UMEIOIIMH TI100aIbHOE HITH
MaKpOperuoHaibHOE 3HayeHue. TeM He MeHee, Mock-
Ba BBIIJISIUT HECKOJIBKO JTydilie Ha ux ¢oHe. Eciu cpas-
HUTH ee ¢ Hpro-FopkoM, To MOCKOBCKHE JIaHHBIE OKa-
XKyTcsi OJTHIKe TAKUM HBEO-HOPKCKUM paifoHaM kak MaH-
XeTTeH W bpykiuH, U BABOE HUXKE, YeM IOKa3aTelu
Bponkca nim Kynnca, e Benuka nons adpoaMeprkaH-
CKOTO M MCHAHOSA3BIYHOTO HaceleHHUA. AHaTOTHYHBIM
00pasoM, cutyaitusi B MOCKBE OJIMKE [IEHTPaIbHBIM OK-
pyram [Tapuxa, Hexxenu ero npuropojam. IIpuunna Ta-
KHMX PAaCXOXACHUN — OTCYTCTBUE B POCCUICKOM CTONMIIE
PE3KUX COIHAIBHBIX KOHTPACTOB, KpUJalel 6eTHOCTH,
reTTo, STHUYECKUX KBapTajioB. TeM He MeHee, TPOCTpaH-
cTBeHHas Jioruka pacrpocrpanenus COVID-19 B Moc-
KBE U JIPyrUX TIOOATBHBIX TOPOAAX OYEHB TOXOXKA.

Ha pansneli ctaauu snuaeMuH pacipoCTPaHUTEN -
MU nHpeku B MockBe ObUTH TaK HAa3bIBAEMbIE «HO-
MaJIbl TIO0ANN3aIHmI» — )KUTEITN TOPOIOB, TPUICPIKH-
BaIOIIHECS KOCMOIIOTUTHYECKUX YOSXKIEHUH 1 CBOOOIHO
nepeMernaromuecs mno mMupy. [loatomy HeyauBUTENb-
HO, YTO TMEpPBbIC CIyYan 3a00eBaHUS PUKCHPOBAIIICH
Cpeny NpeACTaBUTENEH TBOPUECKONM WHTEIIMTEHIWH,
KYpPHAJIHCTOB, MEHEKEPOB U CTYIEHTOB, KOTOpPbIE B
(deBpalie ¥ Havaje MapTa BO3BPAILIAIKNCH U3 3apyOeK-
HBIX KOMaHJUPOBOK U TYPHCTHYECKUX MMOe30K [ Vendina
et al., 2019, c. 245-256]. Hekoropble U3 HUX YK€ HMe-
JIU KOHTAKThI C HOCUTENAMHU BUPYCa, XOTS U HUYETO He
Mo/I03peBaji. JTa KaTeropyus HaceleHHs, KaKk MpaBU-
710, TIPO’KHMBajia B paiioOHaX CTOJIHIIBI C OOJIEE BHICOKUM
pEIyTallMOHHBIM CTAaTyCOM — B MCTOPUYECKOM LIEHTPE
M KBapTajiax, TATOTEIOMHUX K OCEBBIM MarucTpajsm
FOT0-3aI1aTHOT0, 3allalHOTO U CEBEPO-3aIaJHOr0 CeK-
TOpOB MOCKBBI. 3/1€Ch OTMEUAETCSI BHICOKAs KOHIICH-
TpaIUs CTONWYHBIX (QYHKIWH, TOPOTOi HEIBUKUMOCTH,
a Takke Oosiee 00pa30BaHHOIO M O0ECIEUEHHOrO Ha-
cenenwus [Benanna u nip., 2019].

[To mepe BBeaeHuUs pexknMa CaMOHM3OJIALUU Kap-
THHA CTajla MEHAThCA. B 30He pricka okazaiauck Te, KTo
HE MOT TepelTH Ha yhajeHHyIo paboTy, yexaTb H3
MoOCKBBI B IPOBUHIIMIO WITH Tiepedparbes Ha gavy. OHu
JIOJDKHBI OBLTH 00ecTieurnBaTh padboTy (hyHKIMOHATBHOMI
Y CONMAaJIbHON HHPPACTPYKTYPBI TOPOJIa; MHOTHE MPO-
JOJKANH €XKEIHEBHO MOJIb30BATHCS OOIIECTBEHHBIM
TPAHCIIOPTOM U KOHTAKTHPOBATH C OOJNBIIMM KOJIHYe-
CTBOM Jitozicli. B Hanbosiee ysI3BUMOI CUTyaliK OKa3a-
JIMCHh TPYIOBBIE MHUTPAHTHI, KOTOpbIE 0OecreurnBain
JOCTaBKY Pa3IMYHBIX MOKYITOK TEM, KTO CAMOU30IHPO-
Bajica joMa. B pesynasraTe HOBbIC clydan 3a0olieBa-
HUW cTand 4Janie GUKCHPOBAThCI B OOHMIMPHON 30HE
CHaJIbHBIX palioHOB MOCKBBI M OJivkHEM mpuropoje. K
Maro OKpanHbI TOPOAIa, 0COOEHHO €ro BOCTOYHOT O, FOr0-
BOCTOYHOT'O U CEBEPHOT'0 CEKTOPOB, HAMHOTO OIIEPEIH-
JIU LEHTPAJIbHYIO YacCTh CTOJHUIIBI U TI0 YacTOTE, U IO

IJIOTHOCTH CiTy4aeB 3apakeHus. [IpocTpaHcTBO KOpO-
HaBUpYyCa MPHIIUIO B COOTBETCTBHE C MPOPHUIIEM IIIOT-
HOCTHU HaceleHUs MOCKBBI, KOTOpasi IOCTENEeHHO Hapa-
CTaeT OT IIEHTPa ropojia K ero nepudepu.

ITo mMepe TOro Kak pocio YHCIO «OOBIYHBIX JIIO-
JIei1», 3aTPOHYTHIX AMUJAEMUEN, CTalla HApacTaTh Tpe-
BO)KHOCTh MOCKOBCKOT'O COIMyMa. DTO HAILUIO BbIpa-
KEHHE B COLMANBHBIX ceTsaX. Hammumne nuddysnbix
CTpPaxoB MMPOPHIBAJIOCH B MACCOBBIX OCYKJICHUIX HApy-
muTeIed KapaHTHHHOTO PeXUMa M «Pa3HOCUYUKOB HH-
(dexmmny, a Takke OOMIINU BOITPOCOB O TOM, KaK KHTh B
YCTIOBHSIX MaHIeMHU. B oTinyre ot HacelneHus peciyo-
nuk CeBepHoro KaBka3a, MOCKBHYM OTHOCSTCS K YT-
po3e uHpuUIHpoBaHus cepbe3no. CornacHo AaHHBIM
DOOM, 75% MOCKOBCKHX PECIIOH/ICHTOB CTalld YaIle
MBITh PYKH U HCIIONB30BaTh J€3HH(EKTOPHI, U TOJIHKO
nopsiaka 10% He ciaeasaT 3a coluaibHON TUCTaHIIHEH.
HecmoTtps Ha ycTanocTs OT BBEIEHHBIX OIPaHUYCHUN,
JIIOM HE COMHEBAIOTCS, YTO OHH SIBIISIFOTCS HEOOXOMH-
MOH MPOPUIAKTHIECKON MEPOH.

Ckazanach magaeMus 1 Ha TOPOACKOM cpene Moc-
KBBI, YPOBEHb pazHO00Opa3Hs MPeAIaracMoro cepBuca
Ha YAWIIAaX ropoja ynaji J0 OBITOBABIINX B COBETCKOE
BpeMsl COLMaJIbHBIX HOpM. EcTh Tepputopuu, 1€ BbI-
0op cHusmics Oonee yem Ha 85%, MO CyTH, B KUJIBIX
KBapTajax OCTaJHCh TOIBKO Mara3uHbl U anteku. Ta-
KM€ TePPUTOPHUH €CTh He TOJIBKO Ha OKpanmHaXx, HO U B
npezenax HCTOpUYecKoro neHTpa ropona. Ho Bce-raku
CHJIbHEE ITOCTpaAaiy paiOHbI BHE TPETHETO TPAHCIIOP-
tHOTO Konblia (TTK), rme mosBuiHCh 1enble apeassl
HU3KOT0 pazHooOpaswus. [Ipexe Bcero, 3To KBapTabl,
OTJaJICHHBIE OT METPO, 30HbI, MPUJIETAIOIINE K JKEee3-
HOJIOPOKHBIM ITYTSIM, MPOMBIIIJIEHHBIM TEPPUTOPUAM
i MKAJL. 3neck ucuesiu «0OHKHE MECTa» U JIOKaJIb-
HbIE LIEHTPHI. B 11e710M, KOpOHABUPYC «OMYCTHIHUID) CO-
IUAIBHOE TPOCTPAHCTBO rOPO/Ia, CJIeNaB ero OOIbHHY-
HO-aCKETHUYHBIM.

Cornacno yka3y Ilpesunenra PO Ne 239 ot 2 an-
pens 2020 roga BEICIIUM JODKHOCTHBIM JIUIIAM CYOheK-
ToB P® nano mopydeHue paspaboraTh U peanqn30BaTh
KOMILJIEKC MEPOTIPUSTHIA, HAIIPaBJICHHBIX Ha oOecrede-
HUE CAHUTAPHO-3THJIEMHUOJIOTHIECKOTO OJIArOMONyHst
HacesneHus. Bo ucnoigHeHne 3Toro ykasa riiaBbl peruo-
HOB BhINTycTHIIN yike Oonee 1000 HOpMaTUBHO-TIPABO-
BbIX akToB (HIIA). B KaknoM pernone ocCyIiecTBIIs-
ercs MHPOpPMAIOHHAS KaMIaHUs M0 Pa3bsICHEHUIO
rpaKJaHaM CUTYaIlMU C HOBOW KOPOHABUPYCHOW HH(EK-
uueil. CortacHo 3KCIEPTHRIM OIIEHKaM M MaTepraiaM
MOHHUTOPWHTA — CUTyall}s B OT/AEIbHBIX pErMOHaX CTa-
HOBUTCS IOCTATOYHO HaNpsDKEHHOU. [IpenBapuTenbHbIil
aHAJIM3 MEp MO3BOJUI co31aTh Kapty (puc. 8). Bce
Mepsl, oTpakenHble B HITA, rpynmupyrotcst B Tpu Kpyri-
HBIX OJIOKa: a) MEpbI TI0 KOHTPOTIO TTEPEABUKEHHS TPasK-
naH, 0) MephI 110 OrpaHUYCHUIO/TIOAIEPKKE OU3HECa U
SKOHOMUKH, B) MEPHI 10 OrpaHIYEHHIO/ IOIIEPIKKE IPaK-
JaH. MeroJuKa MpoCTPaHCTBEHHOT0 aHalin3a TpedyeT
NaJbHEHIIeH MpopabOTKK, OMHAKO Y)KE Cefuac MOHSIT-
HO, 4TO reorpadusi Mep M OrpaHUYCHHIA UMEET CyIIle-
CTBEHHBIC pa3iuuus v d3PPEKTHI.

Camble JXeCTKHE Mephbl OBUIM 3aJCHCTBOBAHBI B
Mockge, BrIrouas 1uposbiec QR-KombI 171 nepenBrKe-
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HuUd ropoxkad. Benen 3a MockBoM 1ENbIN psiJi pETUOHOB B
Tosice BIUSHUS CTONHUIIBI, OITacasich «MOCKOBCKOIO KOPO-
HaBupyca» (Spocnasckas, MiBanoBckas, Jlumnenkas u ap.
00macTH), ChOPMHUPOBAIIM CBOM OIPAHUUICHHMSI, BHIPAXKCH-
HBIE B JIOTHKE KECTKOTO KOHTPOJIS IpHE3KaromuX u3 Moc-
KBbI. MHOTHE PErHOHBI MTBITAMChH PEANTN30BHIBATH JKECT-
KUH KOHTpOIb Ha Joporax (Harpumep, Hikeroponckas
o0Omnactp). Pecriyonuku Yeuns u KpbiM B camoM Hauase
MOTHOCTBIO 3aKPBUTH BBHE3JI, OAHAKO IOTOM HECKOIBKO
CMATYMIIM 3TH MepbI. 3aKpBITHE ASTCKUX TUIOIAIOK, pe-
CTOPaHOB, Mara3uHoOB (32 UCKJIFOUEHUEM MTPOTYKTOBBIX),
OONBIIMHCTBA MPEIIPHATHN HAOIIONATIOCH TPAKTHIECCKH
BO BCeX perumoHax (3a uckmodeHneM CaxannHa) (cM.
puc. 8). OnpeneneHHble mocaadieHns ObUTH BBEICHBI pe-
TMOHaMH, KOTOPBIE MTBITAINCh HAUTH OaaHC MEXTy dITH-
JIEMHUOJIOr TYE€CKOH 00CTaHOBKOM 1 MECTHOM SKOHOMHUKOM.
OnHaxo OTIOBUHYATOCTh MEP HE CMOIIA TMOTHOCTBIO M3-
MEHUTBH TPEHJ ¢ 3a00JIeBAEMOCTBIO.

BriBoabI:

— 000cHOBaHa HEOOXOJMMOCTh TPUBEICHUS CTa-
THCTHUKH, OCOOEHHO IO MOKa3aTeNsIMU JIETAIbHOCTH
COVID-19, x comnoctaBUMOMY BUIY;

— OXapaKTepu30BaHa MOTPEOHOCTh B CUCTEMATH-
YeCKOM cOOpe MEHee aKTyaIl3UPOBAHHBIX U «TEKYIIIHX
TaHHBIX, TAKUX KaK TIEPEerrCH HacelleHHs, eXKeroHas,
KBapTaJlbHasl, MECSTYHASI M HelleNbHas JeMorpadudec-
Kas CTAaTHCTHKA, YUeT CE30HHBIX M MaITHUKOBBIX MUT-
patnuii, CyTOYHOH MOOMILHOCTH TOPOXKAH U JIp., CBSI3aH-
HBIX C ITaHACMHEH;

— TI0Ka3aHa COXPaHHOCTh IPUHITUIIA TOTMMACIITa0-
HOCTH Ha Pa3HbIX TEPPUTOPHAIILHBIX YPOBHSX: OT CHTY-
aIli¥ B CTPAaHE WM Ha KOHTHHEHTE JIO COCTOSIHUS JIEIT B
OT/ICNTBHBIX JIOKycaX (pernoHe, MyHHUIIHITAJIUTETE, TOPO-
Jie, MUKpOpaiioHe);

— OIlCHEHa BO3MOXXHOCTh TPOBEJCHHS aHaJIN3a
JeMorpauuecKoro, COlUaTIbHO-3KOHOMHYECKOTO, ITOTH-
THYECKOTO U KOJIOTHYECKOT0 KOHTEKCTA MaHIeMHUU;

— TI0Ka3aHa BO3MOXKHOCTH HEMPEPHIBHOTO H3YyUe-
HUS TAHJICMHUH ¥ TIPOUCXOIAIIMX N3MEHCHUN B PEXKUME
peaTbHOro BpEMEHH ¢ MOMEHTA IEpBOTO 3a(MKCHPO-
BaHHOTO CITyYasi;

—IIpOBEpEHa T'MITOTE3a COXPAHEHHS TIOJIOCHI TTOBbI-
IIEHHOTO YHUCIIa CIydaeB 3apakKeHUsl Ha TEPPUTOPUH,
pacronararomuecs Mmexay 32,5° u 52,5° ¢. u1., 10 Ha-
CTOSIILIEr0 BPEMEHH.

OxoH4YaTeNnbHbBIC BBIBOJIBI TI0 XapaKkTepy pacipo-
crparenuss COVID-19 u macmrabam mociencTBuit
JenaTh MoKa mpexaeBpeMenHo. CaMbIM OCTPBIM BOII-
pOCoM, Ha KOTOPHIM IMOKa HET YEeTKOrO OTBETa, OCTa-
eTcst BKJIaJ KOpOHaBHpyca B OOIIyI0 CMEPTHOCTh Ha-
cenenusi. K cokaneHnro, 3TO CTaHET TOHATHO TOJIBKO
Yyepe3 HEKOTOPOe BpeMs, KOrJa MOSBUTCS MOITHOICH-
Has nemorpaduueckas craTucTuka. Torma ke Oyner
BO3MOXXHOCTBH OIIEHUTH BKJIAJ «OTJIOXKCHHBIX JEMO-
rpaguyeckiux COOBITHI» M YBUIETh Ha KapTe IMpO-
CTPaHCTBEHHBIC JIMCIIPOIIOPIIMHU BKIIaJa KOPOHABUPY-
ca B o0IIKe mapaMeTpbl CMEPTHOCTH B CTpaHax, pe-
THOHAX U MyHHIMIIAJIUTETAX.

Bnazooapnuocmu. Cratbs oaroTosieHa npu noepxke Poccuiickoro Hay4anoro ¢porna (poekt Ne 20-47-01001).
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A.N. Panin!, I.A. Rilskiy?, V.S. Tikunov?

SPATIAL PATTERNS OF COVID-19 DISTRIBUTION IN RUSSIA
AND THE WORLD: CARTOGRAPHIC ANALYSIS

The article is devoted to the analysis of spatial patterns of COVID-19 distribution, the geography of
which was fully manifested in the period from February to May 2020. It is during this period that clear
areas and boundaries of regional differences of «spreading» are recorded, associated with existing logistical,
socio-economic and center-peripheral factors. Later monitoring of COVID-19 shows an averaging of
indicators (at dawn per 100 thousand inhabitants) and a kind of leveling of the epidemiological situation in
accordance with the population density.

The paper uses data on morbidity in conjunction with management measures, which in turn were
dictated not only by the objective epidemiological situation, but also by regional features of socio-political
processes. We use Yandex data on self-isolation and our own media monitoring of conflicts and hotbeds of
social tension (increased fears) in Russia. The COVID-19 geo-information system is used by ArcGIS for
analysis and mapping.

Spatial analysis is built in the logic of multi-scale, i.e. World, Russia, Moscow. All three levels are
characterized by a «diffusion of coronavirus innovations» associated with the beginning of spread in well-
off and socially-economically developed urban centers. Then the center of distribution shifts to peripheral
less developed territories. For Russia, at the initial stages of COVID-19 distribution, there are three main
centers, namely Moscow and the Moscow region, oil and gas-bearing regions and the North, and the North
Caucasus. The main factors of the high rate of virus spread in these territories are both the developed
transport and logistics characteristics, and a set of unique regional features, such as increased contact and
a weak health system in Dagestan, shift flows and crowding of shift settlements in the Yamal-Nenets

Autonomous district, and a high share of the creative class in the Moscow region.

The work is a monitoring study and will be supplemented with new data, maps and analytics. By the
end of 2020 — beginning of 2021, it will be possible to assess the contribution of COVID-19 to overall
mortality and analyze in detail the demographic consequences of the spread of the virus.

Key words: coronavirus, restrictive measures, spatial differentiation, ArcGIS, Moscow, municipalities
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OIIEHKA YCTOMYMBOCTHU APHUJIHBIX ITOYB IOTA EBPOIIEMCKOM YACTH
POCCHUMU K 3AI'PASHEHUIO KA/IMUEM 11O BUOJOI'MYECKUM
INOKA3ATEJIAM

ApHHBIE TTIOYBBI BHIMOIHAIOT BKHBIE HKOJIOTHYEeCKHe (PYHKIIMHU, IPEKAE BCETO, MOIAEpKaHue Ouo-
JIOTHYECKOr0 pa3HOOOpasus M ycTOH4nBOCTH Ouocepsl. ONHUM U3 NPHOPUTETHBIX 3arps3HUTENCH NI
HUX sBIAeTCSA KagMuid. Apuansle nmoussl FOra EBpomneiickoii yacti Poccun pasznngaroTest mo cBoei ycToi-
YUBOCTH K 3arpsA3HEHHIO KaAMUEM U 00pa3yrloT CIIeIYIOIIUH Psl 10 Mepe €€ CHIDKEHUS: YePHO3EMBI OObIK-
HoBeHHbIe (haplic chernozem) > TemHo-kamTaHnoBsle (haplic kastanozems) > xamranoBsle (haplic
kastanozems) > cemno-kamraHoBsle (haplic kastanozems) > Oypsle momynycteiaasie (haplic calcisols) >
necuanbie (calcaric arenosols). UeM Tskenee rpaHyIOMETPUYECKUI COCTAB M OOJIBILIE OPraHUIECKOro Bele-
CTBa B HCCIICOBAHHBIX [T0YBAX, TEM CHJIbHEE CBA3BIBAIOTCS METAUIB M MEHBIIE MIPOSIBISIOT TOKCHYHOCTD.
Taxoke OblIM pa3paboTaHbl perHOHANbHBIC IpeAeabHO AonmycTuMble koHIeHTpanuu (pIIJIK) xanmus B
apuaHblx noysax FOra Espomnelickoif yactu Poccun Ha 0cHOBe HapyIIeHHS MX SKOCHCTEMHBIX (DyHKITHI.
Pernonansuas I1JIK xagmus s uepHO3eMOB 0ObIKHOBEHHBIX (haplic chernozem) U TeMHO-KaIITaHOBBIX
nouB (haplic kastanozems) cocrasmster 3,0 Mr/kr mouBsl, 11 KamrtaHoBbIX (kastanozems haplic) — 2,4 mr/kr,
11 cBeTo-KamTaHoBhIX (haplic kastanozems) — 1,9 mr/kr, amst Oypbix nonmymycTelHHBIX (haplic calcisols) —
1,6 Mr/kr, [ mecuaHbIX OyphIX HONYMYCTHIHHBIX (calcaric arenosols) — 1,1 mr/kr. Paspaborannsie pI1JIK
MOTYT OBITh HCIIONB30BaHbl U1 HOPMHUPOBAHUS COAEPKAHUSA KaJMHSA B apHIHBIX IOYBAX JPYTUX PETHO-
HOB Mupa. Tarke, pa3pabOTaHbl IPOTHO3HBIE KAPTOCXEMBI, OTPAXKAIOIINE CTEIIEHH YXYIIICHUS OMOoJIoru-
YEeCKOT0 COCTOSIHUA apuAHBIX 1ouB lOra Poccuu npu 3arpa3HeHHH pa3HBIMU KOHIEHTPALUSAMH KaJIMHUSL.

Knioyesvie crosa: KalITaHOBBIE IOYBBI, Oypble MOITYIMYCTHIHHBIE IOYBbI, OMOTECTUPOBAaHUE, HOPMHU-
poBaHKeE, IPOTHO3UPOBAaHHE, PETHOHATBHBIE MPEAETIbHO AOIMYCTHMbIE KOHLIEHTPALIUH

BBenenue. OCHOBHBIMU aHTPOIOT€HHBIMHU HCTOY-
HUKaMH 3arpsI3HEHUSI TIOYB KaJMHEM SIBIISIOTCS CHKH-
raHue yris, HepTH U HePTEIPOIYKTOB, JOObIYA U TIe-
pepaboTKa IBETHBIX METAIJIOB M Keje3a, COKMTaHue
TBEP/IbIX OBITOBBIX OTXOIOB, B YACTHOCTH MOJTUBHHHJI-
XJIOPUIHOTO TIACTHKA, TPOM3BOJICTBO IIEMEHTA, PE3H-
HBI, TEKCTUIIS, KpacuTelel, mpuMeHeHune GpochaTHbIX
yIOOpEeHUil U MEeCTHIINIOB, 3aXOPOHEHUE CONCPKAIIIHX
KaaMUH aKKyMyJasaTopoB u Jip. [Bro-Rasmussen, 1996;
Jackson, Macgillivray, 1995; Jarup, 2003; Khan et al.,
2017; Cadmium Toxicity ..., 2019; Panet al., 2010].

KaaMmuit OTHOCAT K BBICOKOTOKCHYHBIM TSDKEITBIM
MeTajiaM, MPEACTABISIIONINM 3HAYUTEIBHYIO OIac-
HOCTB JJISl OKPY’KaIoIIel cperbl Jake B HU3KHX KOH-
nenTpanusax. OH UMEeT JTUTENbHBIH OMONOTHUECKHH
MEpUOJ BBIBEACHSI I 3aHUMAET CEIbMOE MECTO B CITHC-

Ke TPHOPUTETHBIX omacHbIX BemecTB [Sidhu et al.,
2017a; Wagner, 1993].

MexaHu3MaMH TOKCHYHOCTH KaJMUS JUIsl dKUBBIX
OpPraHU3MOB SIBIISIETCS HHTHOUpOBaHe (EpMEHTOB, B
TOM YHCJIC BCIIEACTBHE 3aMCEUICHUS KaJMHEM IIMHKa
[Campbell, 2006; Wuana, Okieimen, 2011], a Taxxke
CHIDKEHHE TPOHUIIAEMOCTH OMOJOrnYecKux MeMOpaH
[Kabata-Pendias, 2010].

B mouBe 0cHOBHOM XUMHYECKOH (HOPMOH KaaMUS
spasiercs Cd**. B Takoit ¢popMe OH IPOHHUKAET B KIICT-
KU KOPHEW pacTEeHUI ¢ IOMOILBIO PErYIUPYEMBIX LIUH-
KOM M JKeJIe30M TpaHcmoptepoB [Asgher et al., 2015;
Tudoreanu, Phillips, 2004].

[MoaBm>KHOCTE M OMOIOCTYITHOCTD KaJAMUS B TI04-
BE€ 3aBUCHT, MPEXKJIE BCEro, OT TAKHX €€ CBOWCTB, Kak
rpanynomerpudueckuii cocras, pH, Eh, conepxanue
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OpPTaHHYECKOTO BEUIeCTBa, CTENEHb 3acolieHus. Uem
TsDKellee IPaHyJIOMETPHUECKHI COCTaB MOYBBI, TEM
npouHee 3akperuitercs kagmuil. [Ipu ysenuuennu pH
KaJMHI U3 MOJIBHUKHON POPMBI TpaHCPOPMHUPYETCS B
HEIO/IBIKHYIO U ero OMOIOCTYIHOCTh cHIKaercs. C
yBennueHueM Eh monBMXHOCTH KaJMUSI CHHUXKAETCS.
YBenuieHue 3acoICHHOCTH TAKIKE ITOBBIIIACT TIOIBHXK-
HOCTh Kaamus B ouBe [ Tang et al., 2016]. Opranuyec-
KO€ BEIECTBO aJIcCOPOMpyeT KaJMHii, Jeiasi ero Me-
Hee noaBmwkHBIM [Khan et al., 2017].

3acynuinBbie 3eMIIH (apUAHbBIE, CEMUAPUIHBIE U
cyxue cyOryMuiHbIe paionbl) 3aHuMaroT 41% mosep-
xHocTH 3emiu. Ha Hux npoxxuBaer Oonee 38% Hace-
JICHUS MHpPa, B PE3yJbTaTe Yero 3TH TEPPUTOPHH O~
BEpraroTcs 3HaYNTETLHOMY aHTPOIOTEHHOMY BO3JICH-
ctBuio [Hu, Nan, 2018]. ApugHbie S5KOCUCTEMBI 0UY€Hb
BaYKHBI CBOMMH DKOJIOTMUECKUMU (DYHKITUSIMH, B 4aCT-
HOCTH, MOICP>KaHUEM OMOJIOTHYECKOr0 pa3Hoo0pas3us
u ycroitunBoctu 6uocteps [Davidson, 2014; Kingsford
et al., 2016; Greed et al., 2017; Menéndez-Serra et al.,
2019]. He cocTaBnsioT UCKITIOUEHNE U apHUIHbIE SKOCH-
crembl lOra EBponeiickoit wactu Poccum.

Apunnsie nouBsl FOra EBpomeiickoit wactu Poc-
CHH TIPEACTABICHBI 30HAIBHBIMH KalITAHOBBIMU 1 Oy-
PBIMU TIONYITYCTHIHHBIMH TTOYBaMU, & TAK)KE HHTPA30-
HAJTLHBIMH TIECUaHBIMHU OYpBIMHU MTOTYTyCTHIHHBIMHU | Ha-
HUoHaJbHBIM atiac ..., 2011; Ka3seeB, KonecHukos,
2015]. OTi mOUYBHI Pa3IUYAIOTCS O YCTOHYHUBOCTH K
3arpsi3HEeHHIO TsSoKeIsIMU MeTanmnamu (TM), B ToM gwc-
Jie KaJIMHEeM, TIOCKOITbKY 00JIaIafoT pa3HBIMH 3KOJIOTO-
TeHETUYECKUMHU CBOMCTBAM, 00yCITaBIHBAFOIUMH TIO]I-
BIDKHOCTH Kajmus B mouBe [ Kazees, Konecaukos, 2015].

Cpenu TsHKEIBIX METAJUIOB, 3arpsS3HSIONINX OKPY-
KAOIYI0 Cpeny, KaJMUH SIBISICTCS OJHUM W3 HanOo-
Jiee TOKCHYHBIX DJIEMEHTOB JIaXKe MPH HE3HAYUTEIBHBIX
koHuentpamuax [Guidelines ..., 2017; Goering et al.,
1994]. 3arps3HeHue Mo4B KaJIMHEM IIIHPOKO PACIIpOCT-

paHeHo B apuHbIX paiionax IOra EBpomneiickoii wactu
Poccun. OCHOBHBIMHU €T0 MCTOUHHUKAMHU SIBISIOTCS
yAOOpEHNS ¥ TIECTHIIUIBI, TEIIOAICKTPOCTAHIIHN, aBTO-
TPAHCIIOPT, OBITOBBIE OTXOJbI, CTOYHBIC BOJBI, MECTO-
pOXIIeHHs HeTH U ra3a, CTPOUTEILCTBO HeTe- U ra-
30IPOBOJIOB. B OTAENBHBIX CiIydasx MpeaenbHO-I0ITy-
ctumble koHuenTpanuu (I1/1K) xkaaMusa B mouse 3Tux
TEPPUTOPHI MPEBBILIEHKI B TIATHh U Oolnee pa3 [OTuer o
Hay4YHO-TIPON3BOACTBEHHON AEATEIBHOCTH ..., 2016;
Hesaenko, Matacosa, 2016]. 3arps3HeHne MoYB Kaj-
MHUEM XapaKTEPHO U JUTS IPYTUX apUIHBIX TEPPUTOPHIA
mupa [Felix-Henningsen et al., 2007; Nan et al., 2011;
Hu, Nan, 2018].

Lenb paboThI — OIEHUTH YCTOHYNBOCTH aPHIHBIX
noyB FOra EBporeiickoit wactu Poccun k 3arpsi3sHeHUIO
KaJMHeM 0 OMOJIOrMYECKUM MOKa3aTesiM B MOJIEIb-
HOM 3KCIIEPUMEHTE.

O0beKTBHI 1 MeTOABI MccaenoBaHus. bouto mpo-
BE/ICHO J1a00paTOpHOE MOJESITUPOBAHNE XUMHUYECKOTO
3arps;3HEHUS KaJIMUEM BCEX OCHOBHBIX apHJIHBIX T10YB
IOra EBponetickoii wactu Poccnn, a Takke yepHO3eMa
OOBIKHOBEHHOT'O JIJIsi cpaBHEeHUs. MecTta otOopa u oc-
HOBHBIE 9KOJIOT0-TeHETHUECKIE XapaKTePUCTUKHU HUCCITe-
JIOBAaHHBIX TTOYB MPEJCTABICHBI B Ta0M. 1.

KoppekrHocTh nepeHoca pe3yiasTraToB J1adopaTop-
HOTO MOJIENTUPOBAHUS XMMHUECKOT0 3arpsI3HEHHS [T0YB
B HATYpHBIE YCIIOBUS OBl YCTAHOBIICHA MTPEAIICCTBY-
OImUMH uccienoBanusmMu [ Komecuukos u np., 2014].

[TouBy orbupanu u3 Bepxuero 10-cm cnosi. B He-
MaxOTHBIX MMOYBaX OCHOBHOE KOJHMYECTBO METAJJIOB
HaKariiBaeTcst MMeHHO B HeM [Kabata-Pendias, 2010].

Kanmuit BHOCHIH B TOYBY B KonmuecTBax 1, 10,
100 mpenenpHO gomycTUMBIX KoHIeHTparui (I1IJ1K)
(3, 30 u 300 mr/kr, coorBercTBeHHO). [1JIK kagmus B
nmouyBe B Poccun He paspaborana. O/IK kaamus B cyr-
JUHHUCTBIX ¥ TNIMHUCTHIX HEUTPAIbHBIX IIOYBAX COCTAB-
qisier 2 Mr/kr, necyanbix — 0,5 mr/kr [TH2.1.7.2511-09].

Tab6numa 1

Mecra 0TG0pa M 3KO0JIOr0-reHeTHYECKHe XapaKTePHCTHKH 104B

HazBanue nous Copnep-
I10 3KO0JIOTr 0- HasBanue nous | VYcnos- JKaHHE
TeHETHYECKON o [World HbIE IocucTeMa Mecro ot60pa KoopHatsi OpraHu- pH l"paHyJ10MeTpH—
KJIaCCH(UKALIUH TT0YB Reference 0003Ha- YECKOro YecKui cocraB
[Harmonanshsblii ..., | Base ..., 2006] YEHHUs BEIIIECTBA,
2011] %
YepHozem haplic Hacrostimast Pocroscxas ?Gnaf 1470301 8,11"N Tspkenocyr-
. Yo OKTSOpHCKHI paiioH, oar " 38 7,6 .
0OBIKHOBEHHBIH chernozem CTellb . 40°9'10,95" E JINHUCTBIN
1. [TepcuanoBckuit
TemHO-KaITaHOBAs haplic Kr C crenb P((;CTO]lCi?ﬁOGH; C:” A7°213,91" N 3,5 7,6 Tmxenocyr-
kastanozems yxad PIIOBCKIH PaHOH, 42°5'23,53" E ? ’ JIMHUCTBIH
X. Maiiopckuit
haplic PocroBckast o6acth, |46°34'23,24" N Tspxenocyr-
Kaurranosaz kastanozems K Cyxas crems c. PemoHTHOC 43°36'28,64" E 2,8 78 JIMHUCTBIN
haplic Pecniy6nnka Kanmer- | 46°18'58,77" N Cpennecyrim-
Crerno-kamTanosas kastanozems Ke Cyxas crems KHsl, T. DJmcTa 44°22'53,96" E 1.4 81 HUCTBIN
bypaz haplic calcisols b Tlo. CTBIHS Pi;r;y(;[ﬁ:a;iii;‘;‘ 46°19'16,71" N 1,2 8,3 Jlerxocyr.m-
TIOJTYITy CTBIHHASI p Iy o y 46°19'42,86" E ? ? HUCTbIN
paiio, 1. Xynaxyra
ActpaxaHckas 00-
Iecuanast Oypast calcaric nactb, Hapumanos- | 46°15'54,02" N .
TOJTYITy CTBIHHAS arenosols [1(6m) | Momynycrors CKUil paiioH, 47°49'3,59" E 0.8 83 Mecuanii
c. HoBoky4epraHoBka
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[NAK xagmus B mouse, pazpaboranHas B [epmaHum,
paBHa 3 mr/kr [Kabata-Pendias, 2010]. YuuTsiBas, 4to
OOMBITMHCTBO UCTIONB30BAHHBIX B UCCIICIOBAHHH aPH/I-
HBIX TI0YB SBIISIIOTCS CYTIIMHUCTHIMUA HEHTPATILHBIMU, TO
ecth OyepHBIMH K 3arpsS3HEHHIO KaJMUEM, MOJEIH-
pOBaJIH 3arpsi3HEHHE MMOYB, HAUMHAS C 3 MI/KT.

3arpsi3HEHUE TIOYB KaJIMUEM TPOUCXOIUT B OONb-
et crenenu B popme okcnga [Kabata-Pendias, 2010],
MO3TOMY €ro BHOCHJIM B IOYBY B BHJE OKCHIA
kanmus (II). Kpome Toro, npu ncnonb30BaHUN OKCHIA
MeTallia, B OTJIMYUE OT COJH, B MOYBY HE MOCTYMAIOT
COMYTCTBYIOIIME AaHUOHBI, CIOCOOHBIE MOBIHUATH Ha ec
OUONOrUeCcKEe CBOMCTBA.

[Tocne 3arpsi3HeHus KaIMUEM MOYBY Maccoi 1 kr
WHKYOHMPOBAITH B TUTACTHKOBBIX COCYNIAX B TPEXKPATHOM
MOBTOpHOCTH Tipu Temneparype 20-22°C u yBnaxHe-
HuK 60% OT MOJNIEBOI BIaroeMKOCTH.

W3 MHOrOUMCIIEHHBIX ITOKA3aTeNe COCTOSHUSA 1104~
BBI HCCIIEIOBAII UMEHHO OMOJIOTHYECKHE CBOWCTBA 110
TOW MIPUYHHE, YTO HIMEHHO OHU MIEPBBIMHU PEarupyroT Ha
BHEIIIHEE BO3/ICHCTBHE, B TOM YMCIIE HA 3arpsS3HEHUE, H
SBJIIIOTCS. 3HAYUTEIHHO OoNiee UyBCTBUTEIBHBIMU H
WH(POPMATUBHBIMY 10 CPABHEHUIO C IPYTHMMU CBOWCTBA-
mu ntouBsl [KonecuukoB u ap., 2000]. buonoruueckue
MOKa3aTeNny OIEHWBAaJIM Yepe3 OJIUH MecsI] MOCIIe 3ar-
ps3uenns. Kak npaBuio, ux Hanbonbliee yxXyalnieHne
MPOMCXOJUT B ATOT MEPHOJ, YTO TO3BOJSCT BHISIBUTH
MaKCHUMAaJIbHYIO TOKCHYHOCTh Meramia [KomecHukoB
u ap., 2000].

Jnist onipezienieHnst OMONIOTHIECKUX CBOWCTB OYBHI
KCIIOJIb30BAIM OOLIENPUHATHIC MeTobl [Ka3eeB u mp.,
2016]. OOuIyto YHCIEHHOCTh OaKTEepHid B TIOYBE OMpe-
JISISITA METOJIOM JIFOMUHECIICHTHON MUKPOCKOITHH, 00U -
nue OaxkTepuit pona Azotobacter — METOIOM KOMOY-
KOB oOpacraHus Ha cperne Dmou, aKTHBHOCTh KaTala-
3Bl — TI0 CKOPOCTH PAa3JIOKEHHUS TEPEKUCH BOAOPOIA,
AKTHBHOCTbH JIETUAPOreHa3 — MO0 CKOPOCTH IpeBpallie-
HUS XJopuia TprudeHunTeTpa3onus B TpudeHunpopma-
3aH, IEJUTIONI030IUTHYECKYIO aKTHBHOCTD — IO CKOPOC-
TH pa3loKEHHs B IOYBE XJIOMYATOOYMAaXKHOTO TOJIOT-
HAa, 0 QUTOTOKCHYHOCTH MOYB CYIWIIU I10 JITTHHE KOPHEH
penuca (copt Kopynn).

Bce ucnonb3oBaHHBIE OMONOTHYECKHE MTOKAa3aTe-
JM OTIMYAIOTCS BBICOKOH YYBCTBHTEIBHOCTBIO, OTpa-
JKAIOIIEN CTENEHD CHIDKEHUS 3HAYEHUI OMOIOrMYeCcKo-
rO TIOKa3aTeNs B BApUaHTaxX ¢ 3arps3HEHHEM IO CpaB-
HEHHIO C KOHTPOJIEM, ¥ BEICOKO HH(POPMATHBHOCTBIO,
TO €CTh TECHOTOW KOPPEJSIIIUY MEXKAY MOKa3aTeneM U
COZIep)KaHMEM B TI0YBE 3arps3HSIONIETO BEIIECTBA, YTO
OBLTO MONTBEPIKIICHO MHOTOYHCIICHHBIMUA HCCIIEIOBA-
Husamu [Konecuuxkos u nip., 2000, 2013, 2014].

Ha ocHoBe BIIIEIIEpEeUNCIICHHBIX ONOIOTMUECKHX
MOKa3aTeNei pacCUNTHIBATN HHTETPAILHBIH TOKa3aTeNb
ouonornueckoro coctosuus (MITBC) moussr [Komec-
HUKOB U Jp., 2000], KOTOpBIH BKIIOYaET MUKPOOH OJ10-
ruyecKre, OMOXMMHUYECKUe U (PUTOTOKCHYECKHUE mmapa-
METPBI, XapaKTePHU3YIOIINE Pa3Hble CTOPOHBI IPOTEKa-
IOIIUX B MMOYBE OMOJIOrHYECKUX TIPOLIECCOB.

Pacuer UIIBC mo4YBBI MPOBOIUIIH CIETYIONTAM
oOpa3oM. 3HaueHUs OMOJOTHYECKHX IOKa3aTeledl B
He3arpsi3HEeHHOU 1Mo4Be (KOHTpoite) mpuauMaiy 3a 100%,

a B 3arps3HEHHON (BapuaHTaxX 3KCIIEPUMEHTa) BbIpa-
JKaJdu B TPOIEHTaX OTHOCUTENbHO KOHTpona (100%).
3areM paccuMThIBal M CcpelHee 3Ha4YeHHe BceX OMomo-
THUYECKHX TTOKa3aTeNel Jisl KaXKIoro BapHaHTa dKCIie-
pumenra. [IpumeHsemMas METOMKa TO3BOJISAET 00be-
JMHUATH (MHTETPUPOBATH) 3HAYCHUS Pa3HBIX OHOIIOTH-
YECKUX IOKa3aTeNel, MMEIONMX Pa3Hble CIUHUIIBI
W3MEpEHHsI, B OINH OOIINI TTOKA3aTellb.

Pesysibrarsl uccienoBanust. B pesynsrare 3arpss-
HEeHHsI KaJIMUeM ObIJI0 3aKCHPOBAaHO CHUKECHUE BCEX
W CCIIeIOBAHHBIX OMOJIOrMYECKHX ITOKa3aTesel apuIHbIX
nmouyB lOra EBponetickoii yactu Poccun (puc. 1): 00-
1ieil YMCIeHHOCTH OaKTepuii, aKTHBHOCTH KaTallasbl U
JICTHIPOTEHA3bI, [EJUTFOJIO30TUTUYECKON aKTHBHOCTH,
obunust baxTepuil pona Azotobacter, NJIMHBI KOpHEH
penuca. CrerneHp yxXynmeHus: OMOJIOrMYecKUX TOKa3a-
Telnel 3aBrcera OT KOHISHTPAIMH KaJMHsI B IIOYBE.

Apunnbie nouBsl FOra EBpomeiickoit wactu Poc-
CHH TIPOSIBUJIM PA3HYIO YCTOMYUBOCTh K 3arpsi3HEHUIO
KagMmueM. but chopMHupOBaH CliemyonIHid psili o Mepe
CHIDKEHHS YCTONYMBOCTH: YePHO3EMbI OOBIKHOBEHHEIE
(haplic chernozem) (79) > TemHo-kamranossie (haplic
kastanozems) (78) > kamrranoBsie (haplic kastanozems)
(77) = ceerno-kamranossie (haplic kastanozems) (73) >
Oypeie nonynycteiaabie (haplic calcisols) (65) > necya-
HbIe Oypble onynycThiHHBIE (calcaric arenosols) (58).
B ckobkax npeacraenens! 3HaueHust UT1IBC nous (%),
3arpsi3HEHHBIX KaaMueM (cpenHee st Tpex fo3: 1, 10
u 100 ITJIK); UTIBC He3arpsa3HEeHHBIX MTOYB (KOHTPOJIb)
npusar 3a 100%. Yewm Boimre 3Hauenne MIBC B cko6-
Kax, TeM B MEHBIICH CTENEHN CHIDKAIOTCS OMONIOTH-
YecKHe CBOMCTBA MOYBHI IIPU €€ 3arpsi3HEHHUHU KaIMU-
eM. Kak BUIHO M3 TIOJY4EHHOTO psijia YCTOWYMBOCTH
MOYB, YEM TsKelee rPaHyJIOMETPUYECKUM COCTaB U
OoIpIlle OPTaHUYECKOTO BEIIECTBA B MCCIIEIOBAHHBIX
noyBax (cM. Tabi. 1), TeM CHIIbHEE CBSI3bIBACTCS Ka/l-
MU U MEHBIIE MPOSBJISET TOKCHYHOCTh IO OTHOIIIE-
HUIO K OMONOrHYecKuM cBolcTBaMm mouB. Llemoyno-
KHCJIOTHBIC U OKHCIUTEIFHO-BOCCTAHOBHUTEILHBIC YC-
JIOBUSI B ICCJICIOBAHHBIX TIOYBAX Pa3INn4aOTCs HE CTONb
CYILIECTBEHHO, a, CIE0BATEILHO, HE OKa3bIBaIOT TaKO-
T'0 3HAYMTENBHOTO BIMSHUS Ha ITOABUKHOCTh B HUX KaJl-
MUS U €0 TOKCUYHOCTh. AHAJIOTHYHBIE 3aKOHOMEPHO-
CTH CBSI3U SKOTOKCHYHOCTH TSDKEIIBIX METaJUIOB C Tpa-
HYJIOMETPUYECKUM COCTaBOM IMOYB M COJCPKAHUEM B
HUX OPTaHMYECKOro BENeCTBa OBLIH ITOY4EeHBI LIS Yep-
Ho3emoB [KonecuukoB u np., 2013], mpenropHbIx u rop-
HeIX ouB KaBka3za [Konecuukos u np., 2009].

TeMHO-KaIITAHOBBIE TOYBBI OTIIMYAIOTCS TSXKE-
JOCYTJIMHUCTBIM T'PaHYJIOMETPUYECKHM COCTABOM,
BBICOKHM COJICpKaHHEM OPTaHWYECKOro BelIecTBa
(3,5%), neittpansuabiM pH (cMm. Tabm. 1). OTu cBoii-
CTBa CIOCOOCTBYIOT 3aKpEIlJICHUIO KaJMHUs MOYBOU
W €ro MEHBIIEMY BIHSHHUIO Ha €¢ OUOJIOTHYECKHE
CBOICTBA.

Jlis KalmTaHOBBIX MOYB XapaKTEPEeH TaKkKe Ts-
KEJOCYIIIMHHUCTBIN rpaHyIoMeTpruaecKkuii cocras. Of-
HaKoO COJIEp)KaHNe OPTaHUYECKOTO BEIECTBA B HUX
MeHbIie (2,8%), COOTBETCTBEHHO, MMOABUKHOCTD Kal-
MUl B HEX OOJIbIIE, YeM B TEMHO-KaIITaHOBBIX 0Y-

Bax (3,5%).
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Puc. 1. BiusgHue 3arpsa3HeHus kaaMueM apuaHbIx mods lOra EBponelickoii yactu Poccun Ha Onosnoruueckue mokasareny, % oT KOHTPOJIS:

A — aKTHBHOCTB Kartajasbl, b — akTUBHOCTH JeruaporeHas, B — oOmias uncnenHocts Oaktepui, I' — oOunue Gakrepuit pona Azotobacter,

J1 — nnuHa kopHe# peauca, E — 1emnio10301uTHYECKas akTUBHOCTD, JK — MHTErpalibHBIH Mokasatesb Ouonoruuyeckoro cocrostuus (UI1BC),

HCP — HanMeHbIas CyniecTBeHHas: pa3HocTh. [Tousa: Y, — 4epHO3EMBI OOBIKHOBEHHEIE, KT — TeMHO-KamrTaHoBas, K — kamranosas, Kc -
CBETIIO-KAITaHOBadA, b — Oypas nomynycreinnas, I, — necyanas

Fig. 1. The impact of cadmium pollution on the biological properties of arid soils in the South of the European part of Russia, % of control:

A — Activity of catalase, b — Activity of dehydrogenases, B — Total number of bacteria, I' — Abundance of Azotobacter bacteria, JI — Root

length (phytotoxicity), E — Cellulolytic activity , XK — Integral indicator of the biological state of soil (IIBS), LSD — Least significant
difference
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J51g cBeTJIO-KaITaHOBBIX MTOYB CBOWMCTBEHEH ellle
Oonee nerkuil (CPeIHECYTIIMHHUCTHIN) TPaHyIOMETPH-
YeCKHIl COCTaB M eIlle MEHbIIIee CoAepKaHue OpraHu-
yeckoro BeiecTra (1,4%), u cienoBarenbHo, ere 00-
Jiee BBICOKAs TOJIBMYKHOCTh KaJIMUSI.

Bypbie nomymycThIHHBIEC TIOYBBI UMEIOT JIETKOCYT-
JIMHUCTHIN TPaHYJIOMETPUYECKUN cocTaB, Oonee Jer-
KHii, YeM y BCEX KallITAHOBBIX IOYB,  Ooiiee HU3KOE
coaepkanmue oprannydeckoro Bemectsa (1,2%). Oto
o0ycnaBIMBaeT BBICOKYIO MOABUKHOCTH KaJMHs B
3THUX MMOYBAX.

[ecuanpie Oypble MOMYMYCTHIHHBIC TOYBBI OTIIH-
YaroTCsl CAMBIM JIETKAM U3 BCEX UCCIEOBAHHBIX TTOYB
IPaHyJIOMETPHYECKHM COCTaBOM — IecyaHbiM. M ca-
MBIM HU3KHUM COZIEpYKAaHUEM OPTraHUYeCKOTO BEIeCTBa
(0,8%). B pe3ynpraTe MOMBMXHOCTH KaAMHUS B ITUX
noyBax Hanbonpias. COOTBETCTBEHHO, HA HUX B HaH-
OonpIIIeit cTETeHN TMPOSBISIOTCS MTOCIEACTBUS 3arpsi3-
HEHHSI KaJMHEM.

[NomydeHHbIe pe3yNbTaThl CBHACTENECTBYIOT O BbI-
COKOH YyBCTBUTEILHOCTY U HH()OPMATHBHOCTH UCIIOIh-
30BaHHBIX OMOJIOTUYECKHX TIOKa3aTelIeh U LIeNIecoo0pas-
HOCTH UX TIPUMEHEHWSI JTsl OLICHKH YCTOHYHUBOCTH apH/I-
HBIX TI0YB K 3arps3HEHUIO KaJIMUEM.

[IpoBenenHoe uccnenoBaHue MO3BOIUIO MPEAIIO-
XUTh pErHOHAIBHBIC HOPMATHUBEI €T0 IIPEJEeNIBHO J10-
MyCTUMOTO COJIepKaHusl B apuaHbIX mouBax KOra EB-
pomnelickoi yacTu Poccun Ha OCHOBE HAPYLIEHUS KO-
JIOTMYECKHX U CENbCKOXO3IHCTBEHHBIX (DYHKIIMI ITOYB.

[Ipenpiaynmumu uccnegoBanusaMu [KomecHUKOB
U ap., 2002] ObUIO YCTAHOBJICHO, YTO MMPH XUMUIECKOM
3arpsi3HEHUH TIOYBHI TPOUCXOAUT HAPYILICHHE €€ IKOCH-
CTeMHBIX (OHOTeoleHOTHYEeCKNX ) PyHKITHI. B 3aBuCH-
MOCTH OT CTEICHH 3arpsA3HEHHsI B TIOYBE HAPYILIAIOTCS
100 BCE YKOCUCTEMHBIE PYHKIIHH, THO0 HEKOTOPHIE 13
HUX. DTO 3aBUCUT OT KOHIIGHTPALMU 3arpsI3HAIOIIETO
BemecTsa. [Ipy XUMUYECKOM 3arpsi3HEHUH TIOYBbI Ha-
pyieHue (CPhIB) SIKOCUCTEMHBIX (DYHKIIUH TP OUCXOTUT
B OIpeJeNieHHON ouepeaHocTd. IlepBbIMEI HapyIIatoT-
cst ”HpOpMaIMOHHbIE PYHKIIUH, 3aTEM — OMOXHUMUYEC-
KHe, QU3NKO-XMMHYECKHE, XAMUYECKHE H 1[EIOCTHBIC,
B IOCJICIHIO0 04epens — (pu3nvYecKue. YCTaHOBJICHHYIO
3aKOHOMEPHOCTH O4EPEAHOCTH LIEIeCO00pa3HO UCIIONb-
30BaTh MPH HKOJIOTMYECKOM HOPMHUPOBAHUHM 3arpsA3He-
HUS 104YB. B kauecTBe MHIMKATOpa HApYLIEHU TON WA
WHOH TPYIIIBI SKOCUCTEMHBIX (PYHKIIUH MTOYBBI XOPOIIIO
3apeKOMEHI0BAN ce0sl MHTErpalibHBIN MOKa3aTens OHo-
JIOTMYECKOTO COCTOSTHUS TouBbl. Kak ObLIO ycTaHOB-

neHo panee, npu cHkenuu UIIBC menee uem Ha 5%,
HapyIIEHUS IKOCHCTEMHBIX (DYHKIIHIA ITOYBBI HE TIPOKC-
xomuT. Ymenbmenue UIIBC na 5-10% nuarnoctupy-
er HapylieHue uHpopManuoHHbIX (GyHKIMA, Ha 10—
25% — OMOXMMHUYECKUX, (DU3MKO-XUMHUICCKUX, XUMH-
YECKHX U IeJIOCTHBIX, Oonee yeM Ha 25% — Gpu3ndeckux
[KonmecaukoB u ap., 2002].

Lenbio SKOMOTHYECKOTO HOPMHUPOBAHUS SBIISIETCS
MPENOTBPAIlCHHE HAPYIIEHHST OCHOBHBIX SKOCUCTEMHBIX
¢ynknuii mouskl. CrnenoBatenbHo, camkenne UITBC
Oomnee yem Ha 10% CBHUIETENBCTBYET O CEPbE3HBIX
HapylIeHUsX B QYHKIIMOHUPOBAHHUHU MOYBHI. Takum 00-
pa3oM, KOHIIEHTPAIT 3arPSI3HSIOIIETO ITOYBY BEIECTBA,
kotopast BeI3bIBaeT cHwkenne UIIBC nmoussr Ha 10%,
MoxkeT cuutatbes pIIJIK aToro BemecTBa, mpeBbIle-
HHE KOTOPOW HETOMYCTUMO.

Jns pacdera KOHIIEHTpaLUi 3arpsI3HSAIOUIETO Be-
mecTBa, BeI3bIBarouiero cumxkenue MIIBC nmouBsl B
TOW MJTK MHOW CTEeIeHH, ObUTH pACCUNTAHBI YPAaBHECHUS
perpeccuu, ONMUCHIBAIONINE 3aBUCHMOCTDh CHUKCHHUSI
snauenuii UIIBC ot comepxaHus B MOYBE KaIMHUS
(Tabm. 2). YpaBHEHHUS PErpecCUy MO3BOJISIOT PaCcCUH-
TaTh KOHIEHTPAIMH 3arps3HSIONICro BemecTBa (Kaj-
MUS1), BBI3BIBAOIIIEC HAPYILICHHUE TEX MIIM UHBIX T'PYIII
9KOCHCTEMHBIX (DYHKIIHH TOYBHI.

o pesynbraram uccienoBanus paspaboraHa cxe-
Ma 3KOJIOrHUECKOro HOPMHUPOBAHHS 3arpsi3HEHUS apH/I-
HbIX 1TouB FOra EBpomeiickoil yactu Poccuu xaamuem
(tabu. 3). PernonansHast I1JIK xaamus B depHO3eMax
o0bikHOBeHHBIX (haplic chernozem) 1 TeMHO-KamTaHO-
BbIx mouBax (haplic kastanozems) cocrasisier 3,0 Mr/kr
KaJMus B modBe, kamrtaHoBbix (haplic kastanozems)
2,4 mr/kr, cBemo-kamTaHoBbIX (haplic kastanozems) —
1,9 mr/kr, Oypeix nomymycTeiHHBIX (haplic calcisols) —
1,6 Mr/kT, ecuaHbIX OypbIX MOTYITyCTHIHHBIX (calcaric
arenosols) — 1,1 mr/kr. Pa3pa6orannsie pI1JJK moryr
OBITh UCTIOIB30BAHBI HE TOJBKO IS apUAHBIX TTouB FOra
EBporelickoii yactu Poccun, HO U AJI aHAJIOTHYHBIX
APUIHBIX TI0YB APYTUX PETHOHOB MUPA.

[To pe3ynbraram nccienoBanus pa3padoTaHbl Ipo-
THO3HBIC KAPTOCXEMBI YXY/IIEHUsT OUOIOrnYECKOro Co-
cTosHMs apuaHbIX oyB FOra EBponeiickoit wactu Poc-
CHH TIPY MX 3arpsi3HEHUU Pa3HBIMU JI03aMHU KaJIMHUSL: 3,
30 u 300 mr/kr (puc. 2). Hanpumep, eciiv KOHIICHTpa-
1Usl KaJMUsI B YePHO3eME OOBIKHOBEHHOM COCTABHT
3 MI/KT, TO ero OMOJIOrHYeCKOe COCTOSIHUE, PACCUUTAH-
Hoe uepe3 UIIBC, yxyammres Ha 9%, 30 Mr/kr — Ha
18%, 300 mr/kr — Ha 36% (Tabu. 4).

Tab6nuia 2

3aBucumocts cumkenns 3nadenuii UIIBC ot comep:kanusi B mouBe KaaMust

ITouBa

VpaBHEHHe perpeccun

Uepnozems! oosikHOBeHHBIE (haplic chernozem)
Temno-kamranoseie (haplic kastanozems)
Kamrranossre (haplic kastanozems)
Caemno-kamranosble (haplic kastanozems)

Bypsie nonynycrsianble (haplic calcisols)

INecuansle Oypsie nomymmycTbIHHbIE (calcaric arenosols)

y=-5.213Inx + 96,339, R* =1
y=-5,652Inx + 96,858, R* =1
y=-5,785Inx + 95,916, R* =1
y=-6,809Inx + 95,042, R* =1
y=-9,215Inx + 95,122, R* =1
y=-9,877Inx + 91,407, R* =1
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Taobonuma 3

CxeMa IK0JIOrH4ecKOro HOPMHPOBAHUS 3arpsi3HeHNsT KagmueM apuanbix mous FOra EBponeiickoii wacti Poccun no crenenu
HAPYLICHHUS IKOCUCTEMHBIX (0MoreoneHoTH4ecKnx) GyHKIuii No4s

[MouBer* Hesarpsisuennsie | Crnabo3arpsisHennsie | CpeaHesarpsisHEHHbIS iﬁ;f;;);:;
Crenens camwkenust UTTBC noussr** <5% 5-10% 10-25% >25%
XuMHUYECKHE,
Hapymaemsie sxocrcTeMHble QyHKIN* ** - Wndopmarrionssie (bpg:g)?;;dp;ﬁg:ig?e’ @Zzﬁze—
LIEJIOCTHBIE
[ousa ConeprkaHue KaaMusl B I0YBE, MI/KT
UYepnozemsl oobikHOBeHHBIE (haplic chernozem) <13 1,3-3 3-50 >50
Temno-kamranossre (haplic kastanozems) <1,3 1,33 3-40 >40
Kamrranossre (haplic kastanozems) <1,1 1,1-2,4 2,4-30 >30
Caetno-kamranossie (haplic kastanozems) <1 1-1,9 1,9-14 >14
Bypsie nonynycreiansle (haplic calcisols) <1 1-1,6 1,6-6 >6
gz(;:)zl;ﬁ? Oypble moynycTeIHHEIE (calcaric <0.8 0.8-1.1 1.1-4 ~4

Hpn*%eqaﬂne: " Knaccudukarust nous mo [Konmecuukos u ap., 2002], = Onpenenerue UIIBC nous no S.1. [Kolesnikov et al.,
2019],  Krnaccudukarms sxocucTeMHBIX QYHKIMH 1mo4BHI 110 [[lo6poBonbeknii, Huknutun, 2006].

—
:‘?}.

30BCKOE

s e

1]

hin /]
.,

[

i s /
. e
- [Ad
eses
4 G
R -
Py i
[Ferzresre )
NoLLleii
~ ey
Lo
Vo7 7 amendy
Gt 7. >, &
L A
oz

&

Puc. 2. [Iporao3Hast kapTorpaMMa CTEIEHH YXYIIIEHHS OHOJIOrMYecKoro cocTossHUA (B %) apuaHbIx mous lOra EBpomeiickoit yactu
Poccnn npu ux sarpssuennn 1, 10 n 100 ITIAK xagmust (3, 30 1 300 mr/kr, cootBeTcTBeHHO). [l04Ba: Y — 4epHO3eMBI OOBIKHOBEHHBIE,
KT — TeMHO-KamTaHoBasi, K — kamrranoBasi, Kc — CBETIIO-KAIITaHoBasd, b — Oypasi MoJIyImyCThIHHAS, [T, — mecuanas

Fig. 2. Cartogram of predicted degree of deterioration (%) of the biological state of arid soils in the South of the European part of Russia
if contaminated by 1, 10 and 100 MPC cadmium (3, 30 and 300 mg/kg, respectively)
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Tabauma 4

Yxynmenne 6noJ0rn4eckoro cocrosHus (B %) apuaneix nous Ora Eeponeiickoii wactn Poccun npyn ux 3arpsisHeHnn
1,10 u 100 ITIK xagmus

Jlo3a 3arpsi3HeHus KaIMueM
[TouBa 1 IIAK 10 ITAK 100 ITIK
(3 mr/kr) (30 mr/kr) (300 mr/xr)
YepHo3eMbl 0OBIKHOBEHHBIE 9 18 36
TemHO-KaIITaHOBBIE 6 22 37
Kamranosas 8 24 38
CaeTno-KalTaHoBas 10 28 45
bypast nomymycTeiHHas 10 34 61
[lecuanas 17 44 65
BbiBoabI: Bax FOra EBpomneiickoit uact Poccun Ha ocHOBe Hapy-

— apuanble nmouBsl FOra EBponetickoit yactu Poc-
CHHU TIPOSIBUJIM Pa3HYI0 YCTOWYHMBOCTH K 3arps3HEHUIO
KkaamueM. bpU omy4deH creAyomuii paj IoyB 1o Mepe
CHIKECHHS HX YCTOWYHMBOCTH K 3arpsi3HEHHIO: YepHO3e-
MbI 00bIkHOBeHHBIE (haplic chernozem) (79) > TemHo-
karmranoBsie (haplic kastanozems) (78) > kamraHoBbie
(haplic kastanozems) (77) > cBeriio-kamiranobie (haplic
kastanozems) (73) > Oypsie monynycteiaHbIe (haplic
calcisols) (65) > necuansie Oypble MOMYIMYCTHIHHBIC
(arenosols calcaric) (58). Uem Tsxenee rpaHyIoMeTpHU-
YecKUil cocTaB U OOIbIIE OPraHUYECKOro BElIeCTBa B
WCCIIC/IOBAaHHBIX TIOYBaX, TEM CHJIbHEE CBSI3bIBAIOTCS
METaJUTBl ¥ MEHBIIIE MPOSIBIISIOT TOKCHYHOCTb.

— pa3paboTaHbl peruoHaIbHbBIE TPEACTBHO A0MYC-
TuMmble KoHIeHTpaunu (pIIIK) xagmust B apuHbIX M0Y-

IIEHUS KX SKOCUCTEeMHBIX (hyHK1Mi. Pernonansuas [11K
KaJIMus JIs 4epHOo3eMOoB oObikHOBeHHBIX (haplic
chernozem) u TemHo-kamrTaHoBeiX mouB (haplic
kastanozems) cocrapnser 3,0 MI/Kr KagMus B MOYBE,
kamranoBbiX (haplic kastanozems) — 2,4 Mr/kr, cBert-
no-kamTanoBbIx (haplic kastanozems) — 1,9 mr/kr, Oy-
puix nomymycTeIHHBIX (haplic calcisols) — 1,6 Mr/kr, mec-
YaHbIX OypbIX MOTYMYCTBIHHBIX (arenosols calcaric) —
1,1 mr/kr. Pazpaborannsie pIIJIK MoryTt ObITh HCITONb-
30BaHbI JUIsl HODMUPOBAHUS COJIEp)KaHUSI KaJMHS B
ApUJHBIX IOYBAX JPYTUX PETMOHOB MHpA.

— pa3paboTaHbl IPOrHO3HBIE KAPTOCXEMBI CTere-
HU yXyAIIEHUS] OMOJIOTMYECKOTO COCTOSIHUSI apyTHBIX
noyB FOra Poccuu nipu ux 3arpsis3HeHUH pa3HbIMHU J103a-
MU KaJIMUSL.

Brazooaprnocmu. ViccnenoBanue BHITIONHEHO TIPU MojIepkke MHUHKCTEPCTBA HAYKH U BBICIIET0 00pa3oBa-
Hus Poccuiickoit ®enepanyu B pamkax roc3aganus (FOxHbil penepanbhbiii yauBepcuter, mpoekt Ne 0852-2020-
0029) u rocynapCcTBEHHOH MOICPIKKE BEMYIUX HaydIHBIX KoM Poccuiickont denepariuu (rpaut [Ipesuaenta PO

HII-2511.2020.11).
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R.M. Daoud'?, S.I. Kolesnikov’, A.A. Kuzina*, T.V. Minnikova®,
K.Sh. Kazeev®, D.H. Ngueg’, H.K. Dang?®’

ASSESSMENT OF THE CADMIUM POLLUTION RESISTANCE
OF ARID SOILS IN THE SOUTH OF THE EUROPEAN PART
OF RUSSIA USING BIOLOGICAL INDICATORS

Arid soils perform important ecological functions, primarily maintaining biodiversity and sustainability
of the biosphere. Cadmium is among the priority pollutants for arid soils. The arid soils of the South of the
European part of Russia differ in their resistance to cadmium pollution and form the following sequence
(the soils are arranged in the descending order of their resistance): ordinary chernozems (haplic chernozem)
> dark brown (haplic kastanozems) > chestnut (haplic kastanozems) > light chestnut (haplic
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kastanozems)> brown semi-desert (haplic calcisols)> sandy (calcaric arenosols). The heavier the particle
size and the higher the organic matter content in studied soils, the more bound and less toxic the metals are.
Also, regional maximum permissible concentrations (rMPC) of cadmium in arid soils of the south of the
European part of Russia were suggested basing on the violation of their ecosystem functions. Regional
MPC of cadmium for ordinary chernozem (haplic chernozem) and dark chestnut soils (haplic kastanozems)
is 3,0 mg/kg of soil, 2,4 mg/kg for chestnut (kastanozems haplic), 1,9 mg/kg for light chestnut (haplic
kastanozems), 1,6 mg/kg for brown semi-desert (haplic calcisols), and 1,1 mg/kg for sandy brown semi-
desert (calcaric arenosols). The developed rMPC can be used to standardize cadmium content in arid soils
of other regions of the world. Also, prognostic maps of the degree of deterioration of the biological state of

arid soils under different levels of cadmium pollution have been compiled for southern Russia.

Key words: chestnut soils, brown semi-desert soils, biotesting, standardization, forecasting, regional

maximum allowable concentrations

Acknowledgements. The study was carried out with the support of the Ministry of Science and
Higher Education of the Russian Federation within the framework of a state assignment (Southern Federal
University, project No. 0852-2020-0029) and state support of the leading scientific schools of the Russian
Federation (grant of the President of the Russian Federation NSh-2511.2020.11).

REFERENCES

Asgher M., Khan M.LR., Anjum N.A., Khan N.A. Minimising
toxicity of cadmium in plants—role of plant growth regulators.
Protoplasma, 2015, vol. 252, p. 399-413.

Bro-Rasmussen F. Contamination by persistent chemicals in
food chain and human health. Sci. Total Environ, 1996, vol. 188,
p. 45-60. DOL: 10.1016/0048-9697 (96)05276-X.

Cadmium Toxicity and Tolerance in Plants From Physiology
to Remediation. Hasanuzzaman M., Majeti Narasimha V.P.,
Masayuki F. (Eds.), Elsevier, 2019, p. 163—-183. DOI: 10.1016/
C2017-0-02050-5.

Campbell P.G.C. Cadmium-A priority pollutant,
Environmental Chemistry, 2006, vol. 3, no. 6, p. 387-388.

Davidson N.C. How much wetland has the world lost? Long-
term and recent trends in global wetland area. Mar. Freshw. Res,
2014, vol. 65, p. 934-941.

Dobrovol skij G.V., Nikitin E.D. Ekologiya pochv. Uchenie ob
ekologicheskih funkciyah pochv [Soil ecology. The doctrine of the
ecological functions of soils] Moscow, Nauka Publ., 2006, 362 p.
(In Russian)

D’yachenko V.V., Matasova I.Yu. Regional clarkes of chemical
elements in soils of southern European Russia. Eurasian Soil Science,
2016, vol. 49, no. 10, p. 1091-1098.

Felix-Henningsen P, Urushadze T.F., Narimannidze E.I.,
Wichmann L., Steffens D., Kalandadze B. Heavy metal pollution of
soils and food crops due to mining wastes in an irrigation district
south of Thbilisi, eastern Georgia Annals of Agrarian Science, 2007,
vol. 5, no. 3, p. 11-27.

Goering PL., Waalkes M.P, Klaassen C.D. Handbook of
experimental pharmacology, vol. 115. Toxicology of Metals,
Biochemical Effects. Goyer R.A., Cherian M.G. (Eds.), Springer,
New York, 1994, p. 189-214.

Greed I.F., Lane C.R., Serran J.N., Alexander L.C.,
McLaughlin D.L., Raanan-Kiperwas H., Rains M.C., Rains K.C.,
Smith L. Enhancing protection for vulnerable waters. Nat. Geosci,
2017, vol. 10, no. 11, p. 809-815.

Hu Y., Nan Z. Soil Contamination in Arid Region of Northwest
China: Status Mechanism and Mitigation. Twenty Years of Research
and Development on Soil Pollution and Remediation in China.
Luo Y., Tu C. (Eds), Springer, Singapore, 2018, p. 365-374.

Hygienic Standard 2.1.7.2511-09. Approximate permissible
concentrations (APC) of chemicals in the soil: Hygienic standards.
Moscow, Federal Center for Hygiene and Epidemiology of
Rospotrebnadzor, 2009, 10 p.

Jackson T., Macgillivray A. Accounting for cadmium: tracking
emissions of cadmium from the global economy. Chem. Ecol., 1995,
vol. 11, no. 3, p. 137-181. DOI: 10.1080/ 02757549508039067.

Jarup L. Hazards of heavy metal contamination. Br. Med.
Bull, 2003, vol. 68, no. 1, p. 167-182.

Kabata-Pendias A. Trace Elements in Soils and Plants. 4th
Edition. Boca Raton, FL: Crc Press, 2010, 548 p.

Kazeev K.Sh., Kolesnikov S.1. Atlas pochv Azovo-
Chernomorskogo bassejna. [Atlas of the soils of the Azov-Black
Sea basin]. Rostov-on-Don, Publishing House of the Southern
Federal University, 2015, 80 p. (In Russian)

Kazeev K.SH., Kolesnikov S.I., Akimenko Yu.V.,, Dadenko E.V.
Metody biodiagnostiki nazemnyh ekosistem. [Methods of bio-
diagnostics of terrestrial ecosystems]. Rostov-on-Don: Publishing
House of the Southern Federal University, 2016, 356 p.

Khan M.A., Khan S., Khan A., Alam M. Soil contamination
with cadmium, consequences and remediation using organic
amendments. Sci. Total Environ., 2017, vol. 601, p. 1591-1605.

Kingsford R.T., Basset A., Jackson L. Wetlands: conservation’s
poor cousins. Aquat. Conserv. Mar. Freshwat. Ecosyst., 2016,
vol. 26, pp. 892-916.

Kolesnikov S.1., Kazeev K.S., Akimenko Y.V. Development of
regional standards for pollutants in the soil using biological
parameters. Environmental Monitoring and Assessment, 2019,
p. 191-544.

Kolesnikov S.1., Kazeev K.Sh., Val’kov V.F. Effects of Heavy
Metal Pollution on the Ecological and Biological Characteristics of
Common Chernozem. Russian Journal of Ecology, 2000, vol. 31(3),
p. 174-181.

Kolesnikov S.1., Kazeev K.Sh., Valkov V.F. Ecological Functions
of Soils and the Effect of Contamination with Heavy Metals
Eurasian Soil Science, 2002, no. 12, p. 1335-1340.

Kolesnikov S.1., Kazeev K.Sh., Val’kov V.F, Tlekhas Z.R.
Chemical Contamination of Adygea Soils and Changes in Their
Biological Properties. Eurasian Soil Science, 2009, vol. 42, no. 12,
pp. 1397-1403.

Kolesnikov S.1., Yaroslavtsev M.V., Spivakova N.A.
Kazeev K.Sh. Comparative Assessment of the Biological Tolerance
of Chernozems in the South of Russia towards Contamination with
Cr, Cu, Ni, and Pb in a Model Experiment. Eurasian Soil Science,
2013, vol. 46, no. 2, pp. 176—181.

Kolesnikov S.1., Zharkova M.G., Kazeev K.Sh., Kutuzova L.V,
Samokhvalova L.S., Naleta E.V., Zubkov D.A. Ecotoxicity
Assessment of Heavy Metals and Crude Oil Based on Biological
Characteristics of Chernozem. Russian Journal of Ecology, 2014,
vol. 45, no. 3, pp. 157-166.

Menéndez-Serra M., Triado-Margarit X., Castaneda C.,
Herrero J., Casamayor O.E. Microbial composition, potential
functional roles and genetic novelty in gypsum-rich and hypersaline



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 87

soils of Monegros and Gallocanta (Spain). Science of the Total
Environment, 2019, vol. 650, no. 1, p. 343-353.

Nacional’nyj atlas pochv Rossijskoj Federacii [National Atlas
of Soils of the Russian Federation]. S.A. Shoba, G.V. Dobrovol’skij,
1.O. Alyabin et al., Moscow, AST Publ., 2011, 632 p. (In Russian)

Nan Z.R., Liu X.W., Zhao Z.J., Wang S.L., Yang Y.M.,
Wang Z.W. Chemical behavior and ecological risk assessment of
heavy metals in arid oasis region. Chinese Environmental Science
Press, Beijing, 2011.

Otchet o nauchno-proizvodstvennoj deyatel 'nostiza 2016 god
FGBU «GCAS «Astrahanskij»: otchet NIR [Report on research
and production activities for 2016, FSBI «GTSAS «Astrakhansky»:
research report] Astrakhan: FGBU» GTSAS «Astrakhansky»,
2016. (In Russian)

Pan J., Plant J.A., Voulvoulis N., Oates C.J., Ihlenfeld C.
Cadmium levels in Europe: implications for human health. Environ.
Geochem. Health, 2010, vol. 32, no. 1, p. 1-12.

Sidhu G.PS., Singh H.P, Batish D.R., Kohli R.K. Tolerance
and hyperaccumulation of cadmium by a wild, unpalatable herb

Coronopus didymus (L.) Sm. (Brassicaceae). Ecotoxicol. Environ.
Saf., 2017a, vol. 135, p. 209-215.

Tang X., Li Q., Wu M., Lin L., Scholz M. Review of remediation
practices regarding cadmium-enriched farmland soil with particular
reference to China. J. Environ. Manag., 2016, vol. 181, p. 646—662.

Tudoreanu L., Phillips C.J.C. Modelling cadmium uptake and
accumulation in plants. Adv. Agron., 2004, vol. 84, p. 121-157.

Wagner G.J. Accumulation of cadmium in crop plants and
its consequences to human health. Adv. Agron., 1993, vol. 51,
p. 173-212.

WHO, 2017. Guidelines for Drinking-water Quality, 4th
Edition Incorporating the First Addendum. World Health
Organization, Geneva (License: CC BY-NC-SA 3.0 1GO).

World Reference Base for Soil Resources. FAO, Rome, 2006,
128 pp.

Wuana R.A., Okieimen FE. Heavy Metals in Contaminated
Soils: A Review of Sources, Chemistry, Risks and Best Available
Strategies for Remediation. ISRN Ecology, 2011, Article ID 402647,
20 p. DOI: 10.5402/2011/402647.

Received 06.05.2019
Revised 10.05.2020
Accepted 25.08.2020



88

BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1

VIK 911.37

A.C. Uyukanos', A.U. Anekceen’

BPEMS OCHOBAHUSA CEJIBCKOI'O HACEJIEHHOI'O ITYHKTA KAK ®AKTOP
EI'0 CTABUJIBHOCTHU (HA MIPUMEPE JIEBEJSTHCKOI'O PAHOHA JIMIIEIIKOM

OBJIACTH)

B ucropuxo-reorpaduueckux HCCICTOBAHUAX CEIBCKOTO PACCENEHHs, KaK M TOPOACKOTO, OCHOBHOE
BHUMaHHE 00BIYHO 00paInaJoch Ha IPOLECChl OCBOCHUS TEPPUTOPHH U €e 3aceleHue — T. €. 00pa3oBaHue
HOBBIX HACCJIICHHBIX ITYHKTOB, & UX UCYE3HOBCHUEC MaJIO KOT'O HHTEPECOBAJIO. BrIsiBIICHHBIC HAMU MarcpuaJibl
o JlebensHckomy paiiony Jlnnerkoit 00J1IacT O3BOIMIIM MPOCICANTD JOJITOBPEMEHHBIC TSHACHLIUY TUHA-
MHKH CEJIbCKOTO pacceleHUs (KaK eIHHOTo Ipolecca o0pa3oBaHUsA HOBBIX NOCETICHUH M MCUE3HOBEHUS
cTapbIx). B wacTHOCTH, OBLIN POAHATM3UPOBAHBI CBA3U MEXIY BPEMEHEM OCHOBAHHS CENbCKUX HACENCH-
HeIX MyHKTOB (CHII) 1 nx naneHeimeit cynp6oii. Camble «apesaue» CHII (B HameM cirydae — OCHOBaHHBIC
B X VII B.) 0OKa3anuch CaMbIMH YCTOHYHUBBIMU, ITOIABJISIFOIIEE OOJIBITMHCTBO U3 HUX COXPAHHUIIOCH IO HALITMX
nHel. A uem no3xe O0bu1 ocHoBaH CHII, TeM MeHbIIIe y Hero ObUIO HIAHCOB COXpaHUThCs. [1oaToMy cenbe-
KOE pacceyicHHe palioHa B HacToslIee BpeMs cocTouT B ocHoBHOM u3 CHII, o6pazoBannbix B X VII-XVIII BB.,
a 66mpuras yacts CHII, Bo3HuKIINX mo3nHee (Oonee 2/3), He cOXpaHUIACh 10 Hamero BpeMeHu. CocTaBisis
54% ot obuiero uucna CHII paiiona, oopasoBanusie B XVII-XVIII BB. cenenus cocpenoraunBaroT 92%
Bcero HaceneHus. Mx cpennsas qrogHOCTs — 347 4en., B TO BpeMs Kak y «Mononsix» CHIT (o6pa3oBaHHBIX
B XIX B. u no3xe) — 45 uen. Takum oOpa3oM, HauOoJIee «CTApbIE» MO BPEMEHU OCHOBAHUS IOCEICHUS
HMEIOT OOJIBIIYIO JIIOHOCTD, FOpa3o0 Yallle MPUBJICKAIOT [IEHTpaJIbHble (QYHKIUH U B I[EJIOM OYEHb YCTOMH-
YHUBBI. DTy OCOOCHHOCTh, BEPOSTHO, MOKHO MHTEPIPETHPOBATh KaK CBOHCTBO HHEPTHOCTH PailOHHOH cH-
cTeMsl pacceneHus JlebensHCcKoro paiioHa, COXpaHUBILIEH HEM3MEHHOM CeTh IIEHTPOB PacCEICHNUs MOYTH 3a
YeThIPe CTOJETUS.

Kniouesvie cnosa: HCTOPpHU 3aCCIICHUA, PUCYHOK PACCEIICHUA, CEJIbCKOE PAaCCEIICHUC, qepHOSCMBC

Beenenue. B paborax mo reoypOaHHUCTHKE CTaJIU
YK€ KIaCCUYE€CKMMU YIIOMUHAHUA O TOM, YTO MHOI'UC
ropofa CTabWIBHO CYIIECTBYIOT HA OJHOM M TOM K€
MecTe, BO3pOXKIasch Jlake MOCie CHIBHBIX paspyllie-
HUM (moXanmyd, caMblid sspkuii mpumep — Pum). U no-
BOJILHO PEIKO YIIOMHUHAETCS O TOM, YTO TaKOW-TO To-
pon ucue3 ¢ kaptbl. O000IIaroImKUX PadoT MO «IKC-To-
ponam» mpakTudecku He 0110 1o TpyaoB .M. Jlanmo
[JIarmo, 1997, 2012], koTtopslii paccMOTpes Hanboee
pacrpoCTpaHCHHBIC IPUYUHBI HCYE3HOBCHUA IT'OPOI0B
HJIN UX «pas3KajloBaHUsI» B CCjla U IMPOBEII UX THUITOJIO-
ruto. O.A. Koncrantunos [KorctantuHos, 1986] pac-
cMoTpeln cyns0bI 176 roponoB, 06pa3oBaHHBIX B KOHIIE
XVIII B. BO BpeMsi aMUHUCTPATUBHON pedhOopMBI
Exarepuns 11. M3 Hux 22 roposaa 6butn mpeoOpasoBa-
HBI B cena a0 1860-x rr., eme 30 ropomoB — B 1918—
1926 rT.; TakuM 00pa3oM, «HE YIEpKaJloChy» B paHIe
ropojia okoso 1/3 Bcex BO3HHUKIIUX BO BpeMsi pedhOpMEI
TOpPOJIOB.

HeMHorouunciieHHbIe HCCIeIOBaHs IOJITOBPEMEH-
HBIX TEHJCHIIUN Pa3BUTHS CEILCKOTO PacCeIeHUs Mpo-
BOJWJIMCH B OCHOBHOM MCTOPUKAaMU U HE KaCaIluChb XX B.
[dertsapes, 1980]. B myurem cirydae aHanu3 T0BOIUII-
cs 10 1926 1. [Bnacosa, 1976]. H.A. Conpmarosa (2016)
CCBUIAETCSl HA JIaHHBIE HCTOPUKOB O TOM, YTO CPEAH
coBpemenHbix CHII Bomnoroackoit obnactu mpeobina-
natot CHII, Bozuukmme a0 cepenunasl XVII B. (HO HE

YKa3bIBaeTCsl, HACKOJILKO CTAOMIIbHBIMK OBLITH BO3HHK-
e mozxe CHIT).

B reorpaduueckoii uTepatype, Kak BEpHO yKa3bl-
BaeT A.A. Tkauenko [ Tkauenko, 2018, c. 16], «mporecc
nucdesnoBenust CHII moutn ve n3ydancs». Ho Hamo ot-
METHUTB, TPEXKJIE BCEro, ero coocTBeHHbIie Tpyab! [Tka-
yeHko, 1999, 2018], a takxe pabory I.B. Hodde u
I'M. ®unreposa [Modde, Dunrepos, 1987], B koropoii
BIIEPBBIC BHISBIICHBI ATanbl ucuesHosenus CHIL.

U3 reorpadoB Hanbosee moapoOHbIH aHATH3 pa3-
BUTHSI CENTBCKOTO PACCENIeHHs 3a JUINTENbHBIN Meproz
BeimorHeH C.A. KoBaneBbim [Kopaner, 1953]. Ho B
koHtle 1940-x IT., Korma BBITIONHAJACH 3Ta paboTa, B
pacnopsHKeHUH aBTOpa CaMbIMH TIOCJIETHUMH MacCOBBI-
MU CTaTUCTUYCCKMMH JTAHHBIMU OBIIIH MaTepHalibl Te-
permcu 1926 1., Tak 94TO KOpEHHBIC TTPE0Opa3OBaAHMS pac-
CEJIeHHUs BO BpeMsI KOJIJIEKTUBU3AIIUH (M MTOCTIEAYIOIIErO
YKpPYTTHEHHS KOJIX030B) UM HE MOTJIA ObITh M3y4EHBI.

Nmerommasica B pacropsiKeHUH aBTOPOB CTATHCTH-
yeckas 0aza Oblia Topas3ao OOIIHUPHEE, YTO MO3BOJIAIIO
MOCTaBUTh 3a/1a4y: BBISIBICHHE JOJITOBPEMEHHBIX TEH-
NeHIINH AUHAMHUKH CEIhCKOTO pacceneHus (paccmar-
pHBaeMoil Kak €IMHBIA Mpolecc 00pa3oBaHUSI HOBBIX
CEJICHHM 1 MCUYE3HOBEHHS CTAPHIX), B TOM YHCIIE BIIUS-
Hus BpeMenn oopazoBanust CHIIT Ha MX yCTOHYHBOCTb.

Marepuansl M1 MeTOAbI McciIenoBanus. McTounu-
KOM MH()OpPMAIH ITOCTY>KUITH KPaTKKE OMUCAHUS UCTO-

' MockoBckuil rocyaapcTBeHHbli yHuBepeurer umenn M.B. JlomonocoBa, reorpaduueckuii paxynsrer, Kadeapa SKOHOMHYECKON M COLH-
anbpHO# reorpaduu Poccuu, cryneHt; e-mail: chuchkalov_sashka@mail.ru

2 MoCKOBCKHUIl rocyaapcTBeHHbIi yHuBepeuteT umenn M.B. JlomonocoBa, reorpaduueckuii paxyibrer, Kadeapa SKOHOMHUECKON U COLM-
anpHOM reorpaduu Poccuu, DOKT. reorp. H., npodeccop; e-mail: alival@mail.ru
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puu CHIT u3 «JIebensHCKOro NCTOPUKO-TOIIOHUMHYEC-
koro crnoBaps» [Kpupomenn, 2011], apyrue mectHble
KpaeBeIUECKUe M CTaTUCTHUeCKHue Marepuaisl [COop-
HUK ...,2020; Baxxunckwii, 2020 u ap.], MaTepuams pe-
Bm3un 1859 1., ydera Hacenenus 1880 r. u mepenwuceit
Hacenenus 1897, 1926, 1959, 1970, 1979, 1989, 2002 u
2010 rr. beutn cocTaBIeHBI TUHAMUYECKHUE PSIIBI YUCIIA
obpazoBanHbIX W ynpasnHeHHbIx CHIT mo 10-netHEM
nepronam, ux OOIIEero KOIUYECTBA, CPEIHEN JTFOAHOCTH
CHII. CocraBneHsl KapThI paccelieHus paitona Ha 1859,
1880, 1926, 1989 1 2010 rr. IIpocnexena uctopus Kax-
noro u3 CHII Ha natel mepenuceil HaceIeHUs.
Pe3yanrarbl u ux odcy:xnenue. Oopazoeanue u
ucuesnosenue CHII. B nactosiee BpeMs Ha TeppHu-
topun JlebensHckoro paiiona Haxogurces 88 CHII. 3a
paccMmaTtpuBaeMmblii Hamu nepuof (XVII — nagano
XXI BB.) B cniuckax CHII nosBisucs eme 102 cemne-
HUs, KOTOpPbIE K HACTOSIIIEMY BPEMEHH HE COXPaHUJIIHCh.
HIMeHHO OHUM NIPECTaBISIOT AJIsl HAC OCOOBIH HHTEPEC.
[Moxcuer konuecTBa 00OpA30BAHHBIX WIIH YIIpas3i-
HEHHBIX HACEJICHHBIX MYHKTOB Ha NPOTSHKEHUM XX—
XXI BB. OCylIECTBISAJCA Ha MOMEHT Hayajla JECSTH-
setHux nepronos (¢ 1900 mo 1950 rr.) m1u0o Ha MOMEHT
nepenuceil HaceneHus (mocie 1959 r.). BenenctBue
TOTO, YTO TOJbI 00Pa30BaHUS/YIIPA3THEHUSI HEKOTOPBIX
HaceJIEHHBIX TYHKTOB B OMMMCAHMIX YKa3bIBAIUCh IIPU-

Komnuecreo CHII

1940

[Noapl HAYATIA JECATHIE

=@ [loasuaoce CHII (min ouenka)

OnmM3UTENBHO (HAIIpUMeED, KaK B ciiydae (hOpMyITHPOBKU
«TiepBas mosoBUHA XX B.»), BEPOATHOCTh MX IOSIBIIE-
HUSI/MCYE3HOBEHHSI YCIIOBHO CUMTANIACH PABHOM JIISI BCEX
COOTBETCTBYIOIIUX BPEMEHHBIX NMPOMEXKYTKOB (TaK,
CHII, Bo3uukmuii B mepBoii mojgoBuHe XX B., C paBHOI
BEPOSTHOCTHIO MOT ToABUTHCA U B 1900-¢, 1 B 1930-e ITn).

[IpuBenennsbie Ha puc. 1 «MHHIMANBHBIE» OLIEHKU
KonyecTBa 00pa3oBaHHBIX WK ynpa3aHeHHbx CHIT
MPEIIIONAratoT, YTO HU OJIUH HACEJIEHHBIN IYHKT C [IPH-
ONMM3UTENBFHBIM YKa3aHUEM BPEMCHU TOSBICHUS WITH
WCYEC3HOBEHUS He ObUT 00pa3oBaH/ynpasqHeH B Teue-
HHE COOTBETCTBYIOIIETO AeCATUIETHS. «Makcumamb-
HBIE» OIIEHKH, HA000POT, MPOU3BOAMUIIUCH U3 pacuera,
YTO 32 COOTBETCTBYIOIIEE NECATUIETHE OBLIU Ipe-
00pa30BaHbI Bce HACEIIEHHBIC MyHKTHI, BO3MOKHOCTD
MOSIBJICHHSI/ICUE3HOBEHHS KOTOPBIX JIOIYCKAETCS aB-
Topamu. Takum o0pa3oM, peaabHOE KOITUYECTBO BO3-
HUKIUX win ncuesnysmmx CHIT naxonuTces B yncinen-
HBIX Tpeneax MeXIy 3HAYeHUAMU «MUHUMAJIHHOW» U
«MaKCHUMAaJbHON» OLEHOK IS COOTBETCTBYIOILIETO
IIEpHOAA.

[Ipu comocTapiieHUN KOIMYECTBA IOSIBUBLIUXCS U
ucuesnysmmx CHII 3a pasnnunble gecsituiaeTus ooHa-
PY’XKMBaeTcs BO3pacTaHUE CyMMapHOrO KOJIMYECTBA
HAaCEJIECHHBIX IIYHKTOB Ha TEPPUTOPHUU paiiOHa B IEPBOI
nojoBruHe XX B. IIPU MOCJIEIOBATENIbHOM COKpAIIEHUN

1960 1980 2000 2020

ruii (nepenuceii HaceneHu )

=#[loasunoce CHIT (max ouenka)

== Ynpasgseno CHIL (min ouenxa) == Yopasaneno CHIT (max ouenka)

Puc. 1. lunamMuka KosmdecTBa 00pa3oBaHHbIX U YIPa3AHEHHBIX 32 C
tepputopuu JlebensiHckoro paiiona, B 1900-2018 rr. /ipumeuanue:

ootsercTByonme nepuoasl CHII, pacronoxeHHBIX Ha COBPEMEHHOM
B KaueCTBE JIaT Hayaja U OKOHYAHUS MEPUOI0B 00pa30BaHUs/yIIpas-

nuenust CHII paccmarpuBanuck roasl nepenuceid Hacenenus 1959-2010 rr., a taxxe 1900, 1910, 1920, 1930, 1940 u 1950 rr. Acmounux:
COCTaBJICHO aBTOpamu 1o AaHHbIM [bapkoB, Kapanaees, 2007; Kpusomenn, 2011; Baxunckuit, 2020]

Fig. 1. Dynamics of the number of rural settlements established and
territory of the Lebedyan

eliminated during particular periods of 1900-2019 (within the actual
district)
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(mpeBslitienuy yncna ynpazaneHasix CHII Han unciom
BO3HUKIIHX ) BO BTOPOif MomoBuHE XX B.

Bo3HukHOBEHHE HOBBIX HACEICHHBIX ITYHKTOB B
1910-e rT. 6BLTO 00YCIIOBIEHO MTPOBEACHUEM arpapHOM
pedopmer [1LA. Cronbinuaa, B pe3ylnbrare KOTOpoi Ha
TeppuTopuu JlebenssHcKkoro paiioHa 00pa30BHIBAUCH
XyTOpa. 3aMeTHM, YTO BCe TOSBUBIIMECS B 3TO JIeCs-
TUJIeTHE XyTopa ucuesnu B Tedenne 1930-x rr. Benen-
CTBHE BBI3BAHHOW KOJIJICKTUBH3AIlMeH OOpHOBI C €Iu-
HOJIMYHBIMH XO3HCTBAMHU.

B 1919-1929 rr. orMeuaercss HAUOONBIIUI TTPH-
pOCT KOJHMYECTBa O00pa30BAHHBIX HACENCHHBIX ITyHK-
TOB — 3TO MOCEIKN Ha OBIBIIUX MOMEIIMYBHX 3EMIISIX.
Takas ke KapTUHA HAOJIIOAAETCSA U B APYTUX palioHax
Uepnozemuoro Llentpa. Tak, C.A. KoBanes [KoBanes,
1953, c. 78] mpuBoauTt nannslie B.A. TyTbixuna: 3a me-
puon 1919-1924 rr. B npenenax OpiaoBUIMHBI BO3HUKIIO
okono 1000 HoBrIX cenennii. Ho ycToitunBoCTh nx Oblia
HU3KOM: Ha TEPPUTOPHUH HbIHEIIHero JlebeastHCKoro paii-
oHa n3 20 BO3HUKIIHNX TTOCEITKOB K HACTOAIIEMY BpeMe-
HU KaK CaMOCTOsITeIIbHbIE HAaCEIEHHbBIE MyHKTHI COXpa-
HUJIKCH JINIIIb TPy,

Haunnas ¢ 1930-x IT., HHTEHCUBHOCTD TTOSIBJICHUS
HOBBIX HACEJICHHBIX MyHKTOB Hayajia COKpaIllaThCs.

180

160

140 g

Konmuectso CHIT

100

1900

1920

1940

== MUHHMATLHOS KOTHYSCTED

HaunGomnbiee coxpamenue unciaa CHIT 6pu10 0TMEue-
HO Ha npoTsikeHuu 1950-X IT., Koraa mpenMyIiecTBeH-
HO ¥cYe3alld JICPEBHU M TIOCEJIKH, 00pa30BaHHbBIC Ha
nporspkennu XIX B. 1 B 1910-1920-¢ rr. 3ameTnm, uToO,
o Kpaiteit mepe, u3 17 ucuesnyBmmux 3a 1950-e rr.
HacelIeHHBIX ITYHKTOB 13 epeBeHb 1 ITOCENKOB IIpeKpa-
THJIM CYNIECTBOBAHHUE MO MPUYHHE OTCYTCTBHSI KHUTE-
neit. Oqaako B 1968—1976 1. 0CHOBHOM MMPUYNHOM CO-
kpamenus cetu CHII aBisuiocs UX aaAMHUHUCTPATHB-
HOE MPHCOEAMHEHUE K ONMmKalmmM Ooliee KpyIHBIM
celaM: U3 Kak MUHUMYM 21 HaceleHHOro MyHKTa, hc-
YEe3HYBIIETO 32 ATOT MEPHOJ, JIUIIb IIECTh IePEBEHD U
MOCEJKOB OBIITU CCEEHBI, OCTaJIbHBIC JKE BOIILIH B CO-
CTaB ceJl — LIEHTPOB KOJIX030B M COBX030B. HaunHas ¢
1977 1., ocHOBHO# prurHOi cokpameHus ceru CHII
BHOBB CTaJI0 OTCYTCTBHE B HUX JKUTeNeH (13 27 ucyes-
nyBmwux ¢ 1977 r. CHII numb onHa nepeBHst Obla pu-
COeIMHEHA K JIPYTOMY HacCelleHHOMY ITYHKTY).

Ha puc. 2 nokazaHbl rpaHHIIBI AUana3oHa (BepX-
HSISL M HIDKHSSI, COOTBETCTBEHHO), OTPaXKAIOMIEro KO-
JINYECTBO CYIIECTBOBABIINX HA COBPEMEHHOMN Teppu-
topuu Jlebensauckoro pariona CHII nubo Ha MOMEHT
Havaya AecsITHIIETUs, TH00 Ha MOMEHT To/ia Iepemnu-
cu HaceneHus (HaunHas ¢ 1959 r.). Haubonpmee xo-

1960 1980 2000 Tomm 2020

== MakcHMATEHOE KOMHUECTED

Puc. 2. dunamuka xonudectBa CHII, pacnonoxkeHHBIX Ha COBpeMEHHOU TeppuTopuu JlebensHckoro paitona, B 1900-2019 rr.
Hcmoynuk: cM. puc. 1

Fig. 2. Dynamics of the number of rural settlements within the actual territory of the Lebedyan district during 1900-2019

3 MHTepecHo, 4TO Takyw e KaprtuHy BbisBui M.P. Mycradun [Mycradun, 1986] mus Tarapcrana: npakruuyecku Bce CHII, Bo3HuKumne Ha
MOMEIMYbUX 3eMJIsX, ObICTpO Hcuednu. OHOMY M3 aBTOPOB HACTOSILEH CTaTbM, NPUCYTCTBOBABLIEMY Ha 3allUTE €ro aucceprauuu B MHcTUTyTE
reorpaduu, 3alIOMHUJIOCH spKOe BhICTyIuieHHe M.S1. JlemenieBa, KOTOPBIM CKa3ajl MPUMEPHO TaK: «HY YTO K€ Bbl XOTHUTE — BE/b MMOMCUIHYbH
3eMiId [O0eXanu 3aHMMaTh caMble HEHMYIIHE, IJIOXHEe PaOOTHUKH, U3 KOTOPHIX HE MOIYyYHINCh HOPMAIbHbBIC XO3s€Ba ...».
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JINYECTBO HACEJIEHHBIX MyHKTOB OBLIO OTMEYEHO B
1930 r., korna «BonHa 00pa30BaHUsD HOBBIX HACEIICH-
HBIX TYHKTOB YK€ 3aBEpIINIach, a «BOJIHA yIpa3aHe-
Hus» CHII ogHOBpeMeHHO ¢ (hOPMUPOBAHUEM KOJIXO-
30B TOJIBKO Hayajach.

Cpenu HaceleHHBIX MYHKTOB, KOTOpPBIE K HACTOS-
IeMy BPEMEHH HCYE3NIH, OCHOBHYIO MacCy COCTaBIISI-
0T JIEPEBHHU, IIOCEIKH U XyTOpa, Bo3HUKIINE B XIX B. 1
MO3JHEE, HE MMEBIINE EHCTBOBABIINX B KaKOH-TH00
HCTOPUYECKUIT MOMEHT KOJIXO30B U COBX030B (HE OBIB-
IIME UX [EHTPATBHBIMU yCaJb0aMu) ¥ HE SBIISBIIHECS
MPUXOACKUMH LIEHTpaMH. Brpouem, mpuCyTCTBYIOT U
uckiodeHus. Tak, u3 102 ucue3HyBIIMX K HACTOSIIE-
My Bpemenu CHII (4yerbipe ci000/bI, MPUCOSTUHEH-
HBIC K T. Jlebensan, B pacuer He Opajnch), NI OTHO
ceno (OwiBIIce ceno Ky3pMubku SI0JI0HEBCKOTO Cellb-
coBeTa) ObUIO TPUXOACKUAM IIEHTPOM.

U3 49 HaceneHHBIX MyHKTOB (BHOBH HE BKJIIOYAs
co0oz1bl, Bolleamue B cocraB JlebensiHn), B KOTOPBIX
KOT/Ia-JIN0O CYIIeCTBOBAIH IICHTPHI KOJIXO30B, COBXO30B
WJIU CEJIbCKOXO3SIMCTBEHHBIX apTeieil, CyIecTBYIOT K
HacTosmeMy BpeMeHu 43. Bce miecTh MCUe3HYBIINX
«KOJTXO3HBIX» IIEHTPOB — 3TO Cefla, IOCEKH U IEPEBHH,

B KOTOPBIX KOJIX03BI Mcue3H eme 10 1961 r. u koTophie
K TOMY e Ha MOMEHT IepenucH Hacenenus 1926 r. e
BBIJICIISLTUCH 110 YUCIIEHHOCTH HaceNeHus (OHa He Tpe-
Beimana 500 gen.). Bce ynoMsHyThIe HaceleHHBIC
MYHKTBHI PacIOIOKEHBI B BOCTOUHOM yacTH JleOemsH-
CKOro paiiona (Ha JieBoOepexxbe [loHa).

Kpome toro, cpenu 102 ucuesnysimux CHII aums
MATh ACPEBEHb U CEJl UMEIOT IIePBOE YIIOMHUHAHHUE Ha
npotspkeand X VII u XVIII BB. (mpu obmem uucie 06-
pa30BaHHBIX 3a 3TH JBa BEKa CEIICHUM, paBHOM 57).
Takum 00pa3oM, HaceEHHbIC NMYHKTHI, SBJISABIINECS
paHee MPUXOACKUMHU HITH «KOJIXO3HBIMHY I[ECHTPaMHU,
00 SBJISIBIIMECS 3JEMEHTAMHU CHCTEM PaCCEICHHSI
eme Ha npotsikennu X VII unu XVIII BB., K HacTos-
IeMy BPEMCHH COXPaHHIUCH B aOCONOTHOM OOJNb-
IIMHCTBE.

Cerb nocesienmii. PazButue pacceleHust Ha Co-
BpeMeHHOU Tepputopuu JlebensHckoro paiioHa 3a
1859-2010 rr. mpencrasnero Ha puc. 3—5. IIpu co-
CTaBJICHIH KapTOCXEM UCIIONIb30BAIUCH JaHHBIE O YHC-
nerrocty Hacenmenuss CHIT 1859 r., mepenmceit Hacerne-
Husa 1926 u 2010 rr. TparcnopTHas cerb Ha KapTocxe-
Max OoToOpakajach B COOTBETCTBHUH C MMEIOINIMMHUCS
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Puc. 3. Paccenenue Ha coBpeMeHHO# TeppuTopun JlebensHckoro paiioHa B cepenune XIX B. Ilpumeyanue: 3HaKOM MATUIYYEBOM 3BE3/IbI
0003HaueHbl HEeHTphl BosocTell Ha 1891 1. Mcmounuk: coctaBneHo aBTopaMu o naHHeIM [KpusomenH, 2007; COopHUK ..., 2020;
Baxxunckuii, 2020]

Fig. 3. Settlement pattern within the actual territory of the Lebedyan district in the middle of the 19" century. Note: the five-pointed star
denotes the center of the volost in 1891. Source: compiled by the authors from [Krivoshein, 2007; Sbornik ..., 2020; Bazhinskii, 2020]
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Puc. 4. Paccenenue Ha coBpeMeHHOH Tepputopuu Jlebensuckoro paiiona B cepenune 1920-x rr. Memounux: cM. puc. 3

Fig. 4. Settlement pattern within the actual territory of the Lebedyan district in the mid-1920s. Source: see fig. 3

B OTKPBITOM JIOCTYIE KapTorpa(ruuecKUMHU UCTOYHH-
Kamu?,

OcobeHHOCTh ceTu mocenenuit JlebenssHckoro
paiioHa COCTOMT B TOM, YTO H3-3a YIpO3bl HaOeros
KpbIMcKUX Tatap 10 XVII B. Ha 3TO TEPPUTOPUU OT-
CYTCTBOBAJIM HaceJleHHbIe MyHKTHI. Y TONMBKO co3manue
Benroponckoii oboponutensHOi 4epThl (B 1640-¢ IT.)
MO3BONIMJIO HavyaTh 3emilenienbueckoe ocBoenue. [lep-
Bbie CHII Obutn 00pa3oBanbl BAONB pek JloH (Ha ero
npaBomM Oepery) u Kpacusas Meua. Kpome Toro, B Ha-
MpaBJICHUH C I0r0-3amaja Ha CeBEpO-BOCTOK MPOTSTH-
BaeTcd rojioca Hanbosee APEeBHUX HACEIEHHBIX MMYyHK-
ToB XVII B. B BOCTOYHOUM 4YacTu paiioHa, yepe3 KOTo-
pBI€ TIPOXOAWIIN OCHOBHBIE TPAHCIIOPTHBIE MYTH (YXKe
3allMIIEHHbIE Benropo/cKkoil 4epToi, MEeXay pekaMu
Hon n Boponex). [Tozxe, B XVIII B., 6610 3aceneno u
nepobeperkbe. Mimenno atu CHIT oka3aiuch caMbIMu
YCTONYMBBIMHU — MOYTH BCE OHU COXPAHMINCH JI0 Ha-
IIUX JHEH.

K coxanenuto, u3-3a OTCYTCTBUS HYKHOT'O KapToO-
rpaM4ecKoro MaTeprana HeBO3MOKHO COCTABUTH Kap-
1ol paccenenusa ang XVII-XVIII BB. Ho Ha kaprte
1859 1. Xxoporo BUAHO, uTO paBodepexbe JloHa nMe-

er ropaszno 06nbiryto rycrory CHII (u Gonee Bbico-
KYIO TUIOTHOCTh HACeJNIeHHS), YeM JIeBOOepekKbe, IIe
ocHoBHas yacth CHII Bozaukana B XIX—XX BB.
[pomecc obpazoBanus HoBbIXx CHII pesko ycko-
puicsa B pe3yibTaTe OTMEHBI KPErmoCTHOro IpaBa
(1861 1.) u Cronbinunckoii pedopmsl (rmocie 1906 r.).
Maxkcumansabie 3HadeHus urciaa CHII u gncnennoctu
CEJIbCKOTO HacelieHWs1 Habmomanuch B 1926 . (cM.
puc. 4), xorna ryctora CHII Ha neBoGepexbe mpakTu-
YEeCKU CPaBHSJIACH C MPaBOOCPEIKBEM.
O6mensBectHo, uto LlenTpanpaoe UepHozembe B
koH1e XIX —Hauane XX BB. UCTIBITHIBAJIO OCTPHIH 3KO-
HOMUYECKUUA KPU3UC, BBI3BIBABIIUN OTTOK CEbCKOTO
HaceneHusa. OTKyAa e MOABIAINCH KUTETU HOBBIX
CHII? Kaxk nokasano B padore C.A. KoBanera [Kosa-
neB, 1953], rIaBHBIM UCTOYHUKOM HAaceJIeHUs ISl HO-
BbIx CHII (xoTopbie 00pa3oBBIBAINCH, B OCHOBHOM, Ha
Bonopasenax) obut crapsie nonuaabie CHIT. Ho cre-
TIEHb MX YYACTHSI B 3aCEJICHUH HOBBIX HACEJICHHBIX ITyHK-
TOB CHJIBHO pa3nuyaercs B penenax YepHosembs. Tak,
B OproBckoii oOmactu (caMoii MEIKOCEJICHHOM) A0S
nacenenuns B HoBbIXx CHIT — 6osee 70%. A Bmoas ben-
TOPOJICKOW YepThI ATa JIONS KOJIeOIeTCsl IOUTH OT HYJIS

4 A MMEHHO, B COOTBeTCTBHHU ¢ Kaproil EBpomeiickoit Poccun u Kaskasckoro kpast 1862 r., kaproil Bocroka EBpomneiickoii yactu Poccun
CrpenpOunkoro 1871 r., BoeHHO-nopoxHOH kaproii EBponeiickoit Poccun 1888—1910 rr., kaproii JleGensinckoro yezna 1914 r., tonorpadu-
yeckoil kaprod Jluneukoit obmactu 2001 r., aBTOMOOMIBHBIM aTiacoM Jlumerkoir obmactu 2015 .
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10 20%, u 31ech «OTUETIMBO COXPAHHIICS APEBHHUI
PHUCYHOK paccelieHHsD» ¢ Hanbosee KPYIMHBIMU CellaMH
[Koanes, 1953, c. 81]. HoBrle cenma umenu ropaszo
MCHBIIYIO JIFOAHOCTL — U 3TO 6131.]'[0 OI[HOI71 U3 NpUInH
(eciu He IIaBHO#) TOTO, YTO OHHU ITOTOM T'Opa3ao ObIC-
Tpee JINKBHUPOBAITUCH.

Haunnas ¢ 1930-x 1T, mporeccsl HCYe3HOBEHUS
CHII cranu npeobnamath Haj IpolieccaMyd UX 00pa-
3oBaHus. [logaBisiomiee OONBIIMHCTBO NCYE3HYBIINX
HACCJICHHBIX ITYHKTOB COCTAaBJIAIOT ACPCBHU, BOSHHUKIIHNEC
B XIX u XX BB., n mosiBUBIIHECS B 1920-X I'T. IOCEINKHU.
[MosTomy kapra paccenenust 2010 r. ropasao Gomnblne
rmoxoska Ha kapty 1859 r., uem Ha kapty 1926 r.: BUIHBI
pEe3KHEe pa3nnuyud MEXIy I'yCTO3acelIeHHON 3amajaHon
4acThIO paiioHa M «00E3JII0EBIIICH» BOCTOYHOM.

Takum 00pa3oM, BOCTOYHAS YacTh TEPPUTOPUHU
JleGensiHCKOTO palioHa, KOTOpast OCBaMBaJlach IO3IHEE
3araJHoM, XapakTepu3yercs Oolice HHTEHCHBHBIM CO-
KpaieaneM Hebompmx 1o mogHoctr CHII. Vkazan-
HYI0O 0COOCHHOCTB, BEPOSITHO, MO>KHO WHTEPIPETHPO-
BaTh KaK CGOUCMBO UHEPMHOCMU DPALlOHHOU cucme-
Mbl paccenenus Jlebedanckoeo paitiona, MOYTH
COXpaHUBILEH HEU3MEHHON CETh LIECHTPOB PaCCEICHUS
eme ¢ XVII-XVIII BB.

[Touemy >xe BoctouHas yacth JleGemstHCKOrO paii-
oHa 3acemsutack mo3aHee, 1 CHIT tam Obutu ropasmo
MeHee KpYIMHbIMU? Y UCTOPUKOB U KPAaeBEIOB HET Of-
HO3HAUYHOIO0 OTBETa Ha 3TOT BONPOC. MOXHO BBICKa-
3aTh OCTOPOXHYIO THIIOTE3Y, YTO 3TO 0OYCIIOBIEHO MPH-
poaHbeiMu yciaoBusMH. CHIIBHO pacujieHeHHas oBpara-
MU U OajkaMH 3amajaHas JacTh JleOemsHckoro paiioHna
npezacrapisier coboit orporu CpeaHepycckol BO3BbI-
INICHHOCTH, a 0oJiee HU3MEHHAasi BOCTOYHAS YacTh —
nepexoaHast Mex 1y CpeaHepycckoi BO3BBIIIEHHOCTHIO
u Oxcko-J{oHCKON paBHUHOM, U JUIS HEE MEHEE Xapak-
TEPHO HerNyOoKoe 3ayieraHue KapOOHATHBIX TOPOJI.
Ucxonast u3 3T0ro, BRIIIETOYEHHBIE YepHO3EMbI BOCTOY-
HOl 4vacTu JIeOensaHCKOrO paiioHa SIBJIAIOTCS MEHEE
MJIOAOPOAHBIMH B CPAaBHEHUU C YEPHO3EMHBIMHU U AEP-
HOBO-KapOOHATHBIMHU TI0YBaMU 3a11aIHON YaCTH.

DaKTOpbI YCTOMYMBOCTH HNOceJeHni. Paccmor-
pum, kakue xapakrepuctuku CHII oxa3piBatoT Bius-
HUE Ha WX JalbHEHIyo cynb0y. OiHa M3 HUX — HAJTMYHE
HEHTPaTLHBIX (DYHKIIWIH, ITYCTh IXKe W HCYE3HYBIINX BITOC-
JIGACTBUU. SIpKUil IpUMEp — HAaJIM4YM e LIEPKOBHBIX IPUXO-
noB. Kak u3BecTHO, OOJIBIIMHCTBO HIEPKBEH ObLIO 3aK-
peiTo emie B 1920-1930-x T. (a mo4YTH BCe OCTaBIIMeE-
cs — Bo Bpemena H.C. Xpymesa). Ho nammune stux
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Puc. 5. Paccenenue Ha coBpemeHHOil Tepputopun JlebensHnckoro paiiona B 2010 r. /lpumeyanue: 3HakoM OCSION MATHIYYEBOW 3BE3/IbI
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Fig. 5. Settlement pattern within the actual territory of the Lebedyan district according to 2010 data. Note: the white five-pointed star
indicates the settlement — the ctnter of the village councils. Source: compiled by the authors after [Krivoshein, 2011]
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(YHKIUH B MPOIIIIOM 0Ka3aJio BIUSHIE Ha «KOJIXO3HOE
CTPOUTENHCTBOY: 34 13 35 IIEHTPOB LIEPKOBHBIX MIPUXO-
JIOB C Ha4aJIOM KOJUIEKTUBU3ALIUH SBJISUTUCH LIEHTPaIb-
HBIMH ycaJb0aMHU KOITX030B.

Bpewmst o6pazoBanust CHII, kak BBISICHIIIOCH, TaK-
)K€ UMEeT BIMSHEE Ha ero Oy/IyIIyio ucTopuio. Buadane
310 posiriiock B 1930-x 1. 3 34 CHII, obpa3oBan-
HbIX B X VII B., IIEHTPbI KOJIX030B NOSBIIIUCH B 29 (B 80%
ciy4daeB). U3 23 CHII, o6pa3oBannsix B XVIIIB. —B 16
(70%). 13 55 CHII, Bo3nukmmx B XIX B. — TOIBKO B
8 (14%). A u3 44 CHIIL, obpa3oBanHbix B XX B. (110
coctostHIIO Ha 1926 1.) — Tonpko B ABYX (0koimo 4%).
KoneuHno, érusanue okaszviean ne 8ospacm cam no
cebe, a, npegcoe 8ce20, YUCIEHHOCMb HACENeHUsl,
xomopas 6 «cmapwix» CHII Ovina copazdo eviue.

«Bozpact» CHII mopnusisio 1 Ha yCTOWYUBOCTH XO-
35ICTBEHHBIX LIEHTPOB. HeoqHOKpaTHBIE yKpYNHEHUS
KOJIXO30B M COBXO30B IPHUBEJH K TOMY, YTO X YHCIIO CO-
KpaTuiioch B Tpu pasa. [Ipu aTom, ecnu u3 29 nienTpaib-
HBIX ycaJieO KOJIX030B M COBX030B, Haxozsuxcs B CHIL,
ocHoBaHHBIX B XVII B., k 1961 1. coxpanmia craTyc Ta-
KOBBIX NPUMEPHO IMOJIOBHHA HACEJIEHHBIX MyHKTOB
(14 u3 29), To mpeobianaronias 4acTh EHTPAIBHBIX
ycaze6 B mosisuBimxcst B X VI u XIX BB. HaceIeHHBIX
MyHKTax yxe Kk 1961 r. mpekpaTuiia CyliecTBOBaHHE
(rimre itk 13 17 HacenenHsIx myHKTOB X VIII B. 1 omuH
13 8 HaceneHHbIX MyHKTOB XIX B. cOXpaHMIIHM CTaTyc
LIEHTPOB KOJIX030B MJIK COBXO30B).

Oo6oo6maromyto xapaktepuctuky ucropuu CHIT
B 3aBUCHMOCTH OT WX BO3pacTa JacT MpHuBeaeHHas Tab-
nuua. Ecnu komuuecTBO HaceIeHHBIX TYHKTOB, CyIIle-
cTBoBaBIUX emie B X VII B., TOYTH HE U3MEHHIIOCH 3a
nepuona ¢ 1859 mo 2010 rT., TO YUCIIO MOSIBUBIITUXCS B
XIX B. HaceneHHBIX MYHKTOB ¢ 1926 mo 2010 rT. co-
Kpatuiioch Oonee yem B 3 paza. Ux cpenHsis mroa-
HocTh B 2010 . (oxomo 19 wen. 6e3 yuera CHII 6e3
HaCeJIeHHS ) 3aMETHO yCTyTaeT cpeiHei TI0AHOCTH Je-
PEBEHb, CEJ U TIOCEIKOB, BOBHUKIIKX 10 Havana XIX B.
B To0 ke Bpems 3a Bech nepuojl ¢ cepeaunbl XIX B. 10
HACTOSAIIET0 BpEMEHH! KPYIMHEHIIIMMH HEU3MEHHO OCTa-
BaJIMCh HACENIEHHbIE MYyHKTHI, Bo3HUKIIME B XVII B.,
cpemHssl TIOAHOCTh KOoTophix B 2010 r. cocraBimsuia
402 yemn.

3aMeTHM, YTO B LIENOM (332 HCKJIIOYEHHUEM KaTero-
UM HaCeNeHHBIX ITyHKTOB, BO3HUKIIMX B 1900-1920-¢ 1),

BBITIONHSIETCS SMIIMPUIECKOE «IIPABUIION: YeM «MOJIO-
arcen» CHII, obvedunennvie 6 xame2opuu no nNpum-
Yuny eOuHcmea 8pemeHu Ux 603HUKHOBEHUS, meM
MeHbuiue 3HAYeHUs COCmasisem ux cpeoHsas ni00-
HoCcmb. YKa3aHHAs 3aKOHOMEPHOCTH CIIpaBeAINBa s
BCEX T'O/IOB C OTMEUEHHBIMHM 3HAYEHUSIMHU JIOAHOCTHU
CHII (1859, 1880, 1926, 1989, 2002 u 2010 1T2).

BriBoabI:

— TPaAMIMOHHOE W3y4YEeHHE IMPOIIecca 3aCeleHUS
TeppuTOopuM U obpazoBanus HoBbIX CHII ObuT0 HaMu
JIOTIOJTHEHO MCCIIeIOBAaHMEM IIPOIIECCOB X UCUE3HOBE-
HUA. DTO MO3BOJIUIIO PACCMOTPETh Pa3BUTHE paccere-
HUS KaK eIMHBIN Mporiecc 00pa3oBaHus/OTMUPAHUS ce-
nenuil. iMeromuecss Mmatepualibl Aaidd BO3MOXKHOCTD
paccMOTpeTh 3TOT MPOIECC MOYTH 3a YEThIpe CTOoJIe-
tua (1640-2010-e rr.);

— 0CO0EHHOCTD HMccienoBaHHoN Tepputopun (Jle-
OensiHCKMIA paiioH JIMmenkoi 00J1acTH) COCTOUT B TOM,
YTO HECKOIBKO BEKOB OHA ObLJ1a YacThIO «JIMKOro mosh»,
1 00pa30BaHME IMOCTOSIHHBIX CENICHWI Havanoch JIHIIb
nocie 1640-x T, kora Obi1a mocTpoena benropockast
oboponuTenbHas uepta. Iloj ee 3ammroii yxe B XVII B.
obpa3sytorcs nepsbie 34 CHII, u eme 23 — B XVIII B.
Ceityac B 3TUX CENEHUSIX, COCTABIISIOMINX HEMHOTHUM
6onee nmonoBuHbl Bcex CHII paiiona, cocpenorodyeHo
92% Bcero HaceneHUs. A UX CpedHsd JIOAHOCTH —
347 gem., B TO BpeMs Kak y «monoasix» CHII (o6pazo-
BaHHBIX B XIX B. 1 mo3xe) — 45 den;

—cpenu 102 ucue3HyBIIUX HACENEHHBIX MTyHKTOB
paiioHa JIMIIb IATH JepeBEHb U Cel UMEIOT IIEPBOe YII0-
muHaHue Ha nporsbkenun X VII u XVIII B. (pu 06-
IeM 4Yrciie 00pa30oBaHHBIX 3 3TH JBa BeKa CENICHUN —
57). Cenenusi, o0pa3oBanHbie B XIX — nepBoii o10BHU-
He XX BB., 00J1a/1ajii TOpa3Ji0 MEHbIIEH YCTOWIHBOC-
Th10. Cpeny HacelneHHBIX TyHKTOB, KOTOPBIE K HACTOSI-
IeMy BPEMEHH HCYE3NIH, OCHOBHYIO MacCy COCTaBIISI-
0T JIEPEBHH, TIOCEIKU U XyTOpa, Bo3HUKIIME B XIX B. 1
MO3JHEE, HE MMEBIINE JEHCTBOBABIINX B KaKOH-TH00
HCTOPUYECKUIT MOMEHT KOJIX030B U/HJIK COBXO30B M HE
SIBJISBIIECS MIPUXOACKHUMH IICHTPaMHU;

— HAJIMYUE [EHTPaTbHBIX QYHKIUH, MYCTh Jaxke U
WCYE3HYBIIMX BIIOCIEICTBUH, OKa3bIBAET BIMSIHHE Ha
cynp0b1 CHII. U3 35 cymiecTBoBaBmIuX B Hayane XX B.
LIEPKOBHBIX MPUXOAOB B 34 ¢ HauyaJoM KOJUIEKTHBH3a-
MK ObLTH 00pa30BaHbI LIEHTPHI KOJIX030B (XOTS OONb-

Tabnuma

Xapamepncnmn CC€JIbCKHMX HACCJICHHBIX MYHKTOB ﬂeﬁeusmc:coro paiflona B 3aBUCUMOCTH OT BPEMEHH MX BOSHUKHOBCHUSA

BpeMst BO3HUKHOBEHHS! KonnuecTBo CeNnbCKUX HACENICHHBIX MYHKTOB CpenHsist IFOJHOCTb, Yell.

CHIT 1859 | 1880 | 1926 | 1989 | 2002 | 2010 | 1859 | 1880 [ 1926 | 1989 [ 2002 | 2010
CymecrBoBaiu B X VII B. 34 34 34 30 30 30 1109 | 1053 | 1229 | 435 420 402
XVIII B. 23 23 23 19 19 18 712 744 1017 | 276 290 270
XIX B. 22 46 55 21 21 17 180 155 199 27 18 19
1900-1910 - - 14 3 3 3 - - 110 40 30 28
1920-¢ - - 30 10 10 9 - - 116 110 98 111
1930-1950-¢ - - - 15 11 11 - - - 4 2 1
HeT TOYHBIX JaHHBIX - - 5 - - - - - 36 - - -

Hcemounux: cocraBneno aBropamu 1o [bapkos, Kapannees, 2007; Kpusomrenn, 2011; CoopHUK ..., 2020; Baxuackuii, 2020].
Tpumeuanue: pacdeTbl CpPEIHEH JFOJHOCTH HACEICHHBIX IMYHKTOB IPOM3BEICHBI 0€3 ydeTa YMCICHHOCTH HACENICHHS IOCEIKOB
Arporom u CaxapHoro 3aBoza, Bo3HUKIIHX B 1920-¢ n 1930-e IT. 11 oT9acTi 001 1aI0NIX TPOMBIIITICHHON CIIEIaIH3aIiei.



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 95

IIMHCTBO IIEPKBEH K TOMY BpPEMEHH OBLIO 3aKPBITO).
Koneuno, ckopee Bcero, 31€ch ChHITPajo PoJib HE HAJIU-
Yre B MPOLUIOM TaKOro IIEHTpPa, a TO, YTO CaMH 3TH
HEHTPBI 00pa30BBIBATIICH B HanbOoJIee KPYIHBIX celax
(a HamUYHMe MPUXOACKOrO IIEHTPa — 3TO CBOETO poja
Mapkep). «Bozpacty CHII moBnusis 1 Ha yCTOHYIUBOCTH
«KOJXO3HBIX» IIEHTPOB;

— caMmble paHHHE M0 BpeMeHHu oOpasoanus CHII
(ocuoBannsie B XVII-XVIII BB.) coxpaHWIHCh MOYTH
MOTHOCTBIO HA TPOTSDKEHUH BCEX YETHIPEX CTONCTUH, B
TO BpeMs Kak 0oJiee «MOJIO/Ible» B OCHOBHOM HCYE3IIH.
[Tostomy xaptuHa paccenenus paiiona 2010 . ropasmo
OobIie Toxoka Ha cutyaruo 1859 1. (no Toro, kak Ha-
YJaynuch OypHbIE ITporecchl co3nanus HoBbix CHIT), uem
Ha cuTyanuio 1926 . (korma orMedanach MaKCHMallb-
Has TycToTa cefieHni). MoXHO cKa3aTh, 4TO paccere-

Hue paiiona, cnoxusiuck B X VII-XVIII BB., nperepre-
10 B koHUEe XIX — Haganme XX BB. EPUOA B3PBIBHOTO
pacIIupeHusi, HO 3TH U3MEHEHHS OKa3aIuch 3heMepHbI-
mu: 6onee 2/3 voBbix CHII He 10KUII0 10 HAIUX JTHEH.
ITo Beipaskenmro C.A. Koasiera [KoBases, 1953, c. 81],
Ha Mo00HBIX TeppuTopusx LlenTpansHoro YepHo3eMbst
«OTYCTIIMBO COXPAHUIICS IPEBHUHN PUCYHOK PacCeICHHUsD,;

— UTOTOBBIN BBIBOJI: Hauboiee «cmapvie» no epe-
MeHU OCHOBAHUS CeNeHUs UMEIOm OOIbULYI0 100~
HOCMb, 20pa300 Yauje NPUBIeKarom YeHmpaibHble
@YHKYUU U 8 YeloM OYeHb YCMOUUUebl. IMmom 6bi-
6800 coenan Hamu OJisl YCLO08UU UMEHHO UCCAe008AH-
Ho2o pationa (U, 6eposAmMHO, GepeH 0/ NOXONCUX
pationos Llenmpanvnozo Yepnozemvs). Boissnenue
cumyayuu 8 opyeux pationax Poccuu — deno oanv-
Heuwux uccie0o8aHui.

bnazooapnocmu. Coop matepuana, ero o0paboTKa M aHAJIM3 BBINOIHEHBI PH (UHAHCOBOH MOIICPKKE

rpanta POOU (mpoekt Ne 18-05-00394).
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A.S. Chuchkalov', A.I. Alekseev?

FOUNDATION TIME OF A RURAL SETTLEMENT
AS A FACTOR OF ITS STABILITY
(CASE STUDY OF THE LEBEDYAN DISTRICT, LIPETSK REGION)

Historical and geographical studies of rural settlement, as well as urban one, usually focused on the
processes of territory development and settlement, i.e. on the formation of new settlements, while their
disappearance was of little interest. The materials we revealed for the Lebedyan district of the Lipetsk
region of Russia made it possible to trace the long-term trends in the dynamics of rural settlement as a
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uniform process of new settlements formation and the disappearance of old ones. In particular, we analyzed
the links between the foundation time of rural settlements and their future. The most «ancienty rural
settlements which in our case were founded in the 17" century, turned out to be the most sustainable; the
vast majority of them have survived to this day. The later the rural settlement was founded, the less chance
it had to survive. Therefore, the present-day rural settlements of the district are mainly those established
during the 17"-18" centuries, while more than 2/3 of the settlements that came into existence later have not
survived to our time. Settlements formed in the 17"-18" centuries account for 54% of the total number of
rural settlements in the district and concentrate 92% of the total population. Their average population is
347 people, while that of «young» settlements established in the 19" century and later is 45 people. Thus,
the oldest settlements are more populous, much more often attract central functions and are generally very
sustainable. This is probably due to the inertness of the settlement system of the Lebedyan district, where

the network of settlement centers remained unchanged for almost four centuries.

Key words: settlement history, settlement pattern, rural settlement, Chernozem zone
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PEI'MOHAJIBHBIE MCCIIEAOBAHMA

VIIK 911.2:556.5

B.I. Maprapsn’, H.JI. ®ponoBa’

OIIEHKA ITPOCTPAHCTBEHHO-BPEMEHHOM U3MEHYUBOCTH 3UMHEI'O
MHUHUMAJIBHOTI'O JEKAJTHOI'O CTOKA PEK BACCEMHA O3EPA CEBAH
B YCJOBUAX COBPEMEHHOI'O UBMEHEHUSA KJIMMATA

B pabore 00cyx1aroTcsl pe3yibTarhbl aHAIH3a K3MEHYMBOCTH 3MMHHX MUHUMAJIbHBIX JIEKAIHBIX PACXO/IOB
BOZBI U151 12 TIOCTOB, UMEIOIIMX HAKOOIIee JTMHHBIH psii HAOMIOICHUI Ha peKax, BHagaromux B 03epo CesaH.

Ha ocHOBE cTaTUCTHYECKOrO aHaIu3a ONpEACICHbI 3HAYCHUA HOPM 3UMHUX MUHUMAJIbHBIX ICKAIHBIX
pacxonoB pex, kooppuuuentos Bapuannu (C) u acummerpun (C), OCTPOEHB! KPUBBIE 00ECTIEYEHHOCTH
MUHHUMAaJIBbHBIX PAacXod0B BOJbI PEK, NPOBECACH aHAJIU3 MNPOCTPAHCTBEHHOUW W BPEMCHHOU H3MCHYUBOCTH
HCCICAYEMBIX THAPOJIOTUYCCKUX XapaAKTECPUCTUK.

IIJ'I?I pacyeTa CTOKa HECM3YYCHHBIX PEK MOJIYYC€HBI KOPPEIAIUOHHBIC 3aBUCUMOCTH MEXKIY BCITMYMHOMN
pacxona BOABI M ILIONaAbi0 Bogocbopa. ITocTpoeHa kapra pachpeaeieHuss MOAYIsl CPEJHEr0 MUHUMAb-
HOTO 3MMHET0 CTOKa 3a JCKamy.

I/ICCJ’[Q):[OBaHI/IH TIOKa3bIBAIOT, YTO AJI1 SMMHUX MUHHUMAJIBHBIX I€KaAHBIX PAaCXOA0B BOJAbI PEK Oacceiina
o3epa CeBaH XapaKTepHO OYCHb HEPAaBHOMEPHOE MPOCTPAHCTBEHHOE pacpenenenue. [ n3ydaemoit tep-
PUTOPUH PacCMaTpUBAEMBIE XaPAKTEPUCTUKH KoneOmorest B cpeaneM ot 0,049 1o 2,63 m¥/cex (ot 1,15
10 5,63 1/(c kM?). HanGonpIuuii 3MMHMN MUHUMAIbHBIN JEKaIHBIN pacXojl pek GacceliHa 03epa COCTaBIAET
3,81 M’/cek, a Haumenbmuii — 0,006 M*/cex. Ha oTaensHBIX pexax OacceifHa o3epa ¢ Maol IUIOMIAIbIO
BOJ0cOOpa U OTHOCHUTEIILHO OOJIBILOM BBICOTOM 3a CUET HE3HAUYUTENIBHOT0 TPYHTOBOTO MUTAHKS U HU3KHX
TEeMIepaTyp BO3Ayxa B 3UMHUIN MEpHUO]] XapaKTepHO SABJICHHE OTCYTCTBHS CTOKA 3a CUET MepeMep3aHusl.

BpemMeHnHas H3MEHYHBOCTB CTOKa pacCMaTpUBAaEMbIX pek HeBenuka. KoadduuneHt Bapuanuu (n3MeH-
YUBOCTH) 3UMHUX MUHHUMAJIbHBIX JACKaJHBIX pacxoqoB coctasisieT 0,14—0,63. [ns 6onpimuHCTBA pek Oac-
ceiina o3epa CeBaH HaOMIOAACTCS TEHACHIHS POCTA 3UMHUX MUHUMABHBIX ACKaJHBIX PACXO/OB, 4TO 00yC-
JIOBJICHO POCTOM CpeHEH TeMIlepaTypbl BO3AyXa U YBEIUYCHHEM KOJIIMYECTBA OCAIKOB 33 3UMHUI TEPHOL.

Kniouesbvie cnosa: MXEHHBIN CTOK, XapaKTEPUCTHKHU CTOKA, TIOTEIICHUES, APMEHUS

Beenenue. B 3uMHMIT iepuo]1 roga peKu B OCHOB-
HOM IE€PEXOIAT Ha MUTAaHUE MOA3EMHBIMHU BOJAMH, Be-
JIWYUHA CTOKA 32 3TOT IEPUOJ COCTABIACT OT 5 10 24%
OT €ro rogoBoro 3HaueHus. [lepuon 3uMHEN MexeHU
SIBJIACTCS Ne(UIIUTHBIM ISl MHOTMX BHIOB BOIOIMOJIb-
30BaHUA. YIOBJICTBOPEHUE IOTPEOHOCTEH MPPHUTALIHH,
BOJIOCHA0KEHH S, TUIPOIHEPI €TUKH, BOIHOTO TPAHCIIOP-
Ta M peKpearyiy BO MHOIOM JIMMHUTUPOBAHO HU3KOH BOI-
HOCTBIO peK. B 3THX yCIOBHSX CHHYKACTCS HAJIGKHOCTh
pa0OTHI IPESANPHUATHI THIAPOIHEPIETHKY, PEYHOTO TPaHC-
MopTa, KOMMYHAJILHOTO X03siCTBa. 3HAHKE MUHUMAJTh-
HOTO CTOKa HEoOXoAuMO I 3¢ (HEKTUBHOTO yIIpaBiie-
HHUS BOIHBIMHU pPECypcaMu, PEIICHUs dKOJIOTMYECKHX
Mpo0JIeM, MPOSKTUPOBAHUS U (PYHKIIMOHUPOBAHHMS THI-
POTEXHUYECKUX COOPYKCHHH W T. 1. [AJICKCEEBCKHUM,
®pososa, 2011; Kireeva et al., 2016]. OcoOyro akry-
aJbHOCTh MUCCIICJAOBAHUS U PAcCUeThl CTOKA JIJISl CE30H-
HBIX ¥ MHOT'OJICTHUX MaJIOBOJIHBIX IIEPHOJIOB IPHOOpE-
TaOT IS YHUKAJIbHBIX BOJHBIX OOBEKTOB, KAKHM SIB-
nsercs ozepo Ceam.

O3epo CeBaH — KpyIHEHIINN BBICOKOTOPHBIN
npecHoBoAHBIN BogoeM KOxxnoro Kaskasza, xapakrepu-

3yeMbIil HapyIIEHHBIM OuoTHYeCKUM Oanancom. Tpyn-
HO TIEPEOIEHUTh 3HaYeHHE IsI APMEHUH 3TOr0 BOJO-
eMa, KOTOPBIH OTHOBPEMEHHO SBIIAETCS XPaHWIHUIIEM
CTpPaTErnyecKoro 3amaca MpecHoi BOMIbI, pECYpCcoM s
THJIPODHEPTETHKN U OPOLICHUS, OOBEKTOM KYIITYypHO-
TO HacJeaus, Typu3Ma U peKpearuu, UICTOYHUKOM I[eH-
HOH pBIOHO# TPOTYKITUH, KPYITHBIM BOIOXO3SIH CTBEHHBIM
KOMILIEKCOM PETHOHO(QOPMHUPYIOIIETO BO3JCHCTBUS
[Matuos u ap., 2019].

B nacrosmee Bpemst s PecnyOnuku ApmeHuun
MPOIOJDKAET OCTaBaThCA aKTyaJIbHOW MpobiieMa BOC-
CTaHOBJIEHHS PKOcHCTeMBbI 03epa CeBaH Mocie JTUTENb-
HOTO PEryJIMpOBaHUS €ro YpoBHs. Pe3ynbrarel paboTh
MOT'YT OBITh TIOJIE3HBI JIJIsl ONTUCAHHUS MEXaHU3MOB HC-
TIOJTE30BAHMS BOJHBIX PECYPCOB M Pa3BUTHS IIPUPOAHO-
XO3SMCTBEHHBIX KOMILIEKCOB 03. CeBaH, OIIEHKH BOAHO-
PECYPCHOTO ¥ BOIHO-3KOJIOTHYECKOT0 TIOTEHITHAJIOB Tep-
PUTOPHHU C dJIEMEHTAaMH MPOTHO3a M3MEHEHUU Mpu
peanu3anuy BO3MOKHBIX BUJIOB UCIIOIb30BAHUS; OTIpe-
JICTICHUS IPUOPUTETHBIX HAIPABIEHUN U 11eIel SKOJO-
THYECKH 00OCHOBAHHOTO BOJIOTIOIB30BAHHS M BOJIOTIOT-
peOsieHHs Ha BOIOCOOPE KaK OCHOBBI JUIsl COXPaHCHHUS/

' EpeBaHCKHI TrOCYIapCTBEHHBIH YHUBEPCUTET, TeOrpa@uUECKHii U reoornyeckuil dakynpret, Kadeapa Gpusndeckodl reorpaduu U ruapo-

METEOPOJIOTUH, AOLEHT, KaHMA. I'eorp. H.; e-mail: vmargaryan@ysu.am
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VIIydIIeHUs] KauecTBa U KonmudecTBa Boa. OcoOblil vH-
Tepec MPECTABISIOT YCIOBHsI (HOPMHPOBAHUS BOJIHBIX
PECypCcoB B MaJIOBOAHBIA (3UMHUU W JIETHE-OCCHHMIA)
MIepHOJ Tofa.

Bomnpocsl MUHUMaNBHOTO CTOKA peK ApMEHHH pac-
cMmarpuBaiuch B padorax JI.P. Bapnansua u JI.B. Azu-
3sHa [Bapmansn, Asuzsan, 2014], M.B. lllaruasaa u
Bb.I1. Muanakausna [[llaruasa, Muamakanss, 1982],
B.I. Mapraunsna [Maprapsas u ap., 2018], 3.3. Mypa-
nsHa, [Mypazasn, 2014], T.I. Bapnausua [Bapnauss,
1991] u ap. Onnaxo, B ApMEHUH CIICIHATA3UPOBAHHBIX
HAYYHBIX PabOT MO N3YyYEHUIO 3MMHET0 MUHUMAaJIbHOTO
JICKaTHOTO CTOKa PEK JI0 CHX IOp He OBLIO.

Takum 00pa3oM, NENbI0 JAHHOTO HCCICIOBAHUS
SIBJISIETCS OLIEHKa IIPOCTPAHCTBEHHO-BPEMEHHBIX 3aKO0-
HOMEpHOCTEeH M3MEHEHUs 3UMHUX CPEIHUX JAEKaIHbIX
MUHUMAaJIbHBIX PACXOJ0B BOABI PEK, BIIAAAIONINX B 03€-
po CeBaH, ¢ yueroM HaONIOIAIOMINXCS KIMMaTHYeC-
KHX U3MEHEHUI U X035 CTBEHHOM 1eTeIbHOCTH B 0ac-
ceiiHe o3epa.

Marepuaibl 1 MeToAbI UccaenoBaHus. B kaue-
CTBE UCXOJHBIX JaHHBIX B pa0OTe MCIOIB30BaHbI Ma-
TepHaibl MHOTOJICTHUX HAOJIOJICHUH 3a pacxomamu
BOJIBI 32 TIEPHUOJ CO JHS OTKPBITUS cTaHmwu a0 2018 1.,
OIMyOJIMKOBaHHBIC B COOTBETCTBYIOIIHX BBITTYCKax «[ H1-
POJIOTHYECKHUX €XETOAHUKOBY (aHHbIe «Ciy>KObI 1Mo
TUAPOMETEOPOJIOTUH U aKTUBHOMY BO3JICHCTBHIO Ha
atMmoc(epubie siBeans» MUC Pecrybnuku ApMeHnn).
OTmeTnM, 4TO C TeYeHHEM BPEMEHU HM3MEHMIIOCh Kak
KOITMYECTBO HAOMIOAEMBIX PeK, TaK U YUCIIO PACHoIo-
YKEHHBIX Ha HUX THJIPOJIOTHYECKUX TOCTOB. TakK, Ha U3y-
JaeMOl TEpPUTOPUH B pa3HbIC Tonbl AeiicTBoBam 41
METeOpOJIOTHYecKast CTaHIUs, 39 THAPOIOTHIECKUX T10-
CTOB, a B HACTOAILEE BPEMS JIEMCTBYIOT BCEro 7 METE0-
POJIOTMYECKUX CTAaHIIUN U 12 THIPOIOTUIECKHUX TTOCTOB.

Kak Ha pekax pecnyOJIMKH, Tak ¥ Ha peKax u3y4da-
eMOil TeppUTOPUHM MHHUMANIbHBIE PAacXoJbl BOABI Ha-
OJIIOAIOTCS B MEPHOJBI JICTHE-OCEHHEH M 3UMHEH Me-
KeHH. J{JIs1 XapaKTepuCTUKU BOJHOCTH ONPENesioTCs
CpPENHUN CYTOYHBIM, CPOYHBIH, CPEIAHMI 3a JeKazry C
Hau0oJIee HU3KOH BOMHOCTBHIO, CPSIHUM MECSUHBIH,
CpeIHMI 32 BEChb MEKEHHBIN MEpUOJ pacxoabl Bojbl. B
HACTOSIIEH paboTe JUIsi aHaN3a UCIONIL3YETCs cpel-
HUH 3a JieKkaay ¢ Haubolee HU3KOH BOIHOCTBIO PAcXoj
BOZIBI (FUTH Jajiee MUHIMAJIBHBIN AeKaHBINA CTOK (pac-
X0/)) B T€YEHHE 3MMHEr0 MaJlOBOJHOTO MEpHo/a.
NmenHo 3Ta XapakTepHUCcTHKa HAILIa HIHPOKOE IpUMe-
HEHHE BO MHOTUX BOJOXO3SIICTBEHHBIX OpraHU3aIMsIX
ApMeHUH [T TPOBEIECHUS PA3TUYHBIX THAPOIOTHYec-
KHX pacdeToB.

[IpencraBnennbie B paboTe KapThl MOCTPOCHBI C
nomoripio nakera QGIS 3.10. Crarucruyeckas oOpa-
00TKa NAHHBIX MPOBOJMIACH C TTOMOUIBIO ITAKETOB
Statistica u Excel.

Kparkas ¢usuxo-reorpaguyeckasi xapaxkrepuc-
THKA Oacceiina o3epa CepaH. bacceitn CeBaHa, KoTo-
pHIii pacnionokeH Mexay Mansim KaBkazom u Apmsin-
CKUM BYJIKaHUYECKHM HaropbeM, UMEET CIOKHYIO T'eo-
JIOTHYECKYIO CTPYKTYpY, pa3Hble (GOpMBI penbeda C
necTpoToi mepeodpadoTanubix Gopm. 1o ocobenHoC-
TSIM T€OJIOTUYECKOH CTPYKTYphI OacceliH o3epa JeuT-

Csl Ha JIBE YaCTH: CEBEPO-BOCTOYHYIO, TPUHATIEKAIITYIO
CKJIaT4aTO-TJIBIOOBBIM 00NacTIM ApMEHHH, U IOr0-3a-
MaHYI0, COCTABIISIONLYIO YaCTh APMSHCKOTO BYJIKAHH-
YECKOIo Haropbs. B roro-3amajiHol 4acTH UMEIOT IIH-
POKO€ pacpocTpaHeHHe CUIBHO MTOPUCTHIE U BOAOIPO-
HUIIaEMBbI€ TTOPOJIBI C TPEIIMHAMH, @ B BBICOKOTOPHBIX
palioHax — YUHTHJIBI, KOTOPBIE BRITOHSIOT POJIb PEry-
naropa ansg nuTaHus pek. CeBepo-BOCTOYHAs 4acTh
OacceliHa BBIIETsIETCS OTCYTCTBHEM Oojiee MM Me-
Hee KPYIMHBIX HCTOYHUKOB, HATMUYNEM MHOXXECTBA Ma-
JICHHKUX TPUTOKOB, XapaKTepHBI celeBble cTOKH. [lo-
YTH BCE BBIMABIINE 3/IECh OCAJIKH IO CKJIOHY TEKYT B
py4YbH WM cpa3y B 03epo. MHoOrue u3 peK B MepHOA
MaJIOBObSI HE TOCTUTAIOT 03epa [Dkomorus ..., 2010;
Oduznueckas ..., 1971].

B o3epo CeBan Bnamaror 28 pek u 1Ba KPYMHBIX
MOI3EMHBIX UCTOYHHKA, Ha 24 U3 HUX B Pa3HBIC TOMIBI
MPOBOAMIIMCH HAOIONCHUS 32 YPOBHEM H PacXoJaMH
BoIbl. bonbinast yacte pek OacceliHa MMeeT He3HAYH-
TENBbHYIO JUIMHY Y IUIOIAlb BogocOopa. B Gacceline
HacumthiBaercs 930 pek miwHOM 10 10 kM. CpaBHUTEIH-
HO KpYITHBIE PEKH, MJIOMa s OacceiiHa KOTOPhIX OOIb-
re 100 km?, — Macpuk, Kapuaxmtop, Bapaenuc, Apru-
yn, baxrak, ["aBaparer (Tadu. 1).

Pexn Oaccelina B OCHOBHOM HMEIOT CMEIIaHHOE
MUTaHWE: CHETOBOE, JOXKAEBOe U moazeMHoe [Mapra-
psH, Bapaansn, 2011]. IIpuuem u3-3a 3HaYUTENHHOTO
pa3zHoo0pa3us reoIOTHIECKIX, B 0COOCHHOCTH THPO-
T€0JIOrMYeCKHX, YCIOBUI HICTOYHUKU MTUTAHUS PEK CHITb-
HO pasznuyatorcs. [luTanue pek, OepylmHux Hadajo ¢
I'eramckux 1 BapaeHHCCKUX TOp BYJIKAHUYECKOT'O IIPO-
HCXOXKICHUS, TPEUMyIIeCTBeHHO oa3zemMHoe (60—-80%),
a MUATaHWE peK, OepyIuX HavYano ¢ AperyHUICKOTO 1
CeBaHCKOr0 TOPHBIX XPEOTOB CKJIAI4aTO-TIIBIOOBOIO
MIPOUCXOXK/ICHHS, B OCHOBHOM IPOUCXOAMT TaJbIMU U
noxaesbiMu Bogamu (60—70%). Pexku TOMBKO ¢ JAOXK-
JIeBBIM MMUTAHHUEM, 34 UCKIIIOUEHHUEM HEKOTOPBIX, UMe-
IOIIUX BPEMEHHBIN CTOK, OTCYTCTBYIOT. BomocOopHbIM
OacceiiHaM, UMEIOIIUM OJIATOTNPHUSATHBIC YCIIOBUS IS
MpOCavYMBaHUs, XapaKTepHO oa3eMHoe nmutanue. [Ipe-
HMMYIIECTBEHHO MTO/I3eMHOE MTUTaHUE UMEIOT peku Mac-
puk, Kapuax6rop, Llakkap, ['aBaparer, HCKIFOYHTEIb-
HO noa3emMHoe — JInuk [['uaporpadus ..., 1981].

Ha usygaemoli TeppuTopuu peyHas Cerb OTanYa-
eTcs HepaBHOMEPHBIM pacIipeesIeHueM, CPEeIHsIS IUI0T-
HOoCTh coctaBisier 0,77 km/km?. ['yctoit ruaporpadu-
4ecKol ceThio Bhnensiercs Oacceitn Bompmroro Cesa-
Ha, B OCOOEHHOCTH €T0 FO)KHAs U FOT0-3aIa JHast 4aCTH.
3/ech MPOTEKAOT BCE CPABHHUTEIBLHO OOJBIINE PEKH.
B 0OacceitHe uMeroTcsl Takke MPOTSHKEHHBIE TEPPUTO-
puH, I1ie HeT MOBEpXHOCTHOTO CTOKA: HAalpUMep, yJyac-
Tok oT ['aBaparera mo mcrokoB pexku Pasman. 3mech
pacrpocTpaHeHbl MOJIOJbIE BYJKaHHUECKHE TOPOIHI,
KOTOpBI€ UMEIOT CHJIbHBIE TPEIIUHBI ¥ BOAOIPOHHIIae-
MOCTb, M3-3a KOTOPBIX aTMOc(epHbIe OCaJKH MOYTH
MOTHOCTBIO TPOCAYMBAIOTCS U HE MPeoOpa3yroTcs B
MTOBEPXHOCTHBIN CTOK (puc. 1) [Dkomnorus ...,2010].

Pesynbrarsl u o6cyxnenne. Kak mpaBuio, mocie
BECEHHE-JIETHEr0 TI0JI0BO/Ibs B OacceiiHaxX pek, Braja-
foumx B o3epo CeBaH, Kak U B IPyTUX PETHOHAX pec-
MyOJTMKH, HAYUHACTCS TIEPUOJ MEKEHH, KOTOPBIN MPo-
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Tab6anuma 1

OcHoBHBIE THAPOrpagHYecKHe XapaKTePHCTHKH PeK H UX BOI0cO0poB Oacceiina o3epa CeBaH

VYKIIOH peku oT Haubomee OCHOBHBIE XapaKTEPUCTUKU
Paccrosmme | Jlnuna YIaJICHHOM TOYKH, %0 BOJOCOOpa
Peka — myHKT OT YCTBS, peku, —— cpeHsst Cpennuit
KM M CpPEIHUH | CpelHeB3BELICHHbIH ol > | BbICOTA, YKJIOH,
M %o
P. /I3pikHaret — m. I{oBartox 1,0 22,0 34 30 82,6 2220 211
P. Ipaxtuk — 1. JIpaxTuk 0,8 11,2 51 43 39,2 2270 246
P. ITam6ak — 1. [Tambaxk 1,8 10,0 104 92 20,4 2540 433
P. Macpuxk — 1. IloBak 2,8 45,0 27 16 673 2310 158
P. Kapuaxmrop — n. Kapuaxmrop 1,1 26,0 54 49 116 2650 174
P. Bapenuc — n. Bapaenuxk 4,1 28,0 48 44 117 2680 279
P. Maptynu — 1. I'exoBur 7,2 27,0 60 46 84,5 2760 285
P. Apruunm — . I'eTamen 6,0 51,0 14 8 366 2470 144
P. [axkaieH — 1. Baramen 2,3 - - - 92,4 2570 -
P. JInuk — m. JImuk 3,0 8,0 37 31 33,0 2060 87
P. baxrak — n. [lakkap 6,0 30,0 47 42 144 2570 123
P. I'aBaparer — n. Hopatyc 7,0 24,0 29 24 467 2430 133
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Puc. 1. Oporpaduueckas kapra-cxema OacceitHa 03. CeBaH

Fig. 1. Schematic orographic map of the Sevan Lake basin
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nomxkaercs 10 Mapra. OOBIMHO TIEPUON HU3KOTO CTOKA
nnutes 1o 8-9 mecsie. [lo ycnoBusiM ¢opMmupoBa-
HUS ¥ BEIMYMHE CTOKAa ME)KEHHBIH MEpUO/T ICTTUTCS Ha
JIETHE-OCEHHU U 3uMHUI. B 000ux cinydasx muranue
PEK TPOUCXOIUT MPEUMYIIECTBEHHO MOJA3EMHBIMH BO-
namu. OIHAKO JETHE-OCEHHHE JOXKIU YacTO MOTYT
HAPYIIUTHh PSKHUM IHTAHUS PEK U Jaxke ObITh MPHUH-
HOM HaBOJHEHHH.

3UMHUI MaJOBOAHBII MEPHO/ yCTaHABINBAETCS C
KOHIIa HOSIOpA—Iexadpsi mo ¢eBpaib—MapT, TO ecTh
MPOIOIDKUTEITBHOCTS 3UMHEN MEXEHHU COCTABIISIET TIPH-
MepHO 3—4 Mmecsima. JlecaTuIHEBHBIH MUHUMATHHBIN
CTOK HaOJIomaeTcsi B cepenuue (eBpais.

MuHuMaNbHBIH CTOK pek OacceiiHa o3epa hopMupY-
eTcs B CIIOKHBIX IIPUPOJIHBIX YCIOBHSIX: pa3HOOOpa3HbIH
TOpHEIi perbed 1 reoyoruyeckast CTpyKTypa, MEHSFOIIH-
ecsl KITMMaTHYeCKUE YCIIOBUS U PST IPYTUX MPUPOTHBIX
¢axropos. VX BiMsHHE HAIILIO CBOE OTPaKEHHE B HEPaB-
HOMEPHOM IPOCTPAHCTBEHHOM Pacrpe/e/ieH MUHUMAITb-
HOT'O JIEKaJJHOTO CTOKa 3MMHEr0 MaJIOBOJHOTO IIepHOJia
pek. EcrecTBeHHBIE U aHTPONOTEHHBIE (HaKTOPBI, 00yC-
JIOBJIMBAFOLIME MUHUMAJTBLHBIN CTOK U €10 I3MEHEHHE, Pac-
CMaTpUBAIOTCS BO MHOTHX pab0TaX OTEUECTBEHHBIX U

3apyOeKHBIX aBTopoB [Bomuek, ['psmyHoBa, 2010; Iype-
Bu4, 2009; EBcturaees u ap., 1990 u mp.].

Tak, Ha U3y4aeMoil TEPPUTOPHH 3UMHHE MHHH-
MallbHbIC JEKaJHbIE PACXONBI BOJBI KOJIECONIOTCS B
mpenenax 0,049-2,63 m3/cex (tabim. 2). Hanbompimmii
u3 Hux cocraBua 3,81 m*/cex (1948 1.) u Habromancs
Ha p. I'aBaparer — n. Hoparyc, a HaumeHbpIuii — Ha
p. Opaxtuk — m. Jpaxtuk — 0,006 m3/cex (1961 r.).
CpaBHUTENBHO MEHBIIINE 3HAYEHNU ST 3SMMHHX MUHUMAITb-
HBIX JICKJHBIX PacXollOB BOABI 0OyCIOBICHBI OPMHU-
pOBaHHEM YCTOHYMBOIO CHEXKHOTO ITOKpOBa B Oacceii-
HE 03epa B XOJNOJHBII Mepuo ToJa, 3aMep3aHueM OT-
JeNbHBIX YYaCTKOB PEK, a CPaBHHUTEIBHO OOJbIINE
3HA4YEHHs] UMCIOT MPEUMYIICCTBEHHO PEKH C TOJ3EM-
HBIM TTaHueM. KpoMe Toro, HeKoTopas 4acTh ped-
HOW BOJIBI pacxXoiyercsi Ha 00pa3oBaHuUe JibJa TP 3a-
MEp3aHHH.

st uccnenyemoii Tepputopun ko3 punreHT Ba-
puanuy (M3MeHYMBOCTH) C 3MMHUX MUHUMAIIBHBIX JIe-
KaJHbIX pacxomoB cocramisier 0,14-0,63. [lns Bcero
Oaccelina ero cpeanee 3HaueHue pasHo 0,33. Kak npa-
BUJIO, HEOONbIIKE 3Ha4YeHuss C HaONIONAIOTCA Ha TeX
peKax, KOTOpble HMEIOT OOJBIIYI0 €CTECTBCHHYIO 3a-

Tabuuna 2

XapaKTepuCTHKA BPEMEHHBIX PSIIOB 3HMHMX MHHAMAJIBHBIX JIeKaHBIX PAcX010B BOABI pek Oacceiina o3epa CeBan

3uUMHHE JIeKaHbIC
MHHHUMaJIbHbIC Koadpunmentst
pacxozpl
Pexa — myHKT IMepuon nHabmroneHnit
Cpemmii | Monysts Bapuaryn, | AcummMeTpun,
pacxorn, CTOKa, C C
M/c /(¢ kv?) r s

P. /I3bikHaret — n. [{oBartox 193639, 194144, 19472017 0,14 1,69 0,32 0,75
P. Ipaxtuk — 1. JIpaxTux 1958-63, 1972-92, 19992017 0,045 1,15 0,63 0,74
P. [Tam6ak — . [Tambax 1947-50, 1952-53, 1955-68, 1970-89, 19982017 0,069 3,38 0,33 0,36
P. Macpuk — 1. [{oBak 1953-2017 2,33 3,46 0,22 -0,23
P. Kapuaxmop - 1952-63, 1965-94, 1998-2017 0,84 7.24 0,24 0,47
. Kapyaximop
P. Bagenuc — . Bapnenux 1935-38, 194043, 1945-46, 1949-94, 19982017 0,49 4,19 0,39 0,39
P. Maptynu — 1. I'exoBur 1963-2017 0,64 7,57 0,19 1,03
P. Apruuu — n. I'eramen 1935-2017 1,96 5,36 0,25 0,37
P. Ilaxkamren — . Baramen 197199, 20042017 0,47 5,09 0,28 —0,24
P. JInuk — . JInux 1960-62, 1976-94, 1998-2017 1,51 45,8 0,38 1,06
P. baxrak — 1. [{akkap 19512017 0,12 0,83 0,62 0,80
P. I'aBaparer — . Hopatyc 193644, 1947-48, 1950, 1952-92, 1998-2017 2,63 5,63 0,14 0,21
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PETYANPOBAHHOCTh CTOKA (CPaBHUTENHHO OOJBIIIEE IO~
3eMHoe nutanue). Ha n3ydaemoii TeppuTOpuu OTHOCH-
TENLHO OOJBIINM TIO/I3EMHBIM ITUTAHUEM (TO €CTh, TIIE
noj3emHoe nutanue Ha 70% u Oolee mMpeBbIIaeT Mo-
BEpPXHOCTHOE) BhIIENAIOTCS pexu Macpuk, Kapuaxmrop,
I'aBaparer. CpaBHuTenbHO OGonbiuve 3HaueHus C| Ha-
OrofaroTCsl Ha peKax C MUTAaHUEM JOXKICBBIMU U Ta-
JBIMH BOZAMH, a TaK)Ke Ha MaJleHbKUX pekax. Pacuer-
HbIC 3HaYCHUs KOAPPUIMEHTa aCUMMETPHH 3UMHUX
MHUHHMAaJIBHBIX JEKaTHBIX PACX0I0B cOCTaBIsIOT 0,47—
1,06. OnpenenenHoii 3aBUCHMOCTH K03 puinenTa Ba-
pHAIMU OT BBICOTHI HE BBISABIICHO.

B 3umHuMii neproj pacxosl BOJIbI B pEKaxX Ha U3Y-
YaeMoil TEpPUTOPHUH PE3KO YMEHBIIAIOTCA, COCTaBIASA
5-24% OT BeTWYUHBI CPETHErO T'OI0BOTO CTOKA. Pekn
MepeXoAsT B OCHOBHOM Ha MHUTaHUE MOJ3EMHBIMU BO-
namu (Ta6m. 3). OTMETHM, YTO 4acTh BBICOKOTOPHBIX
peK 3uMoM mpomep3aer A0 AHA. Pacyersl moka3biBa-
0T, YTO CPEIHUI pacxojl BOAbI 3a 3UMHUNA MaJIOBOJ-
HbIi iepuox (XI-11) menbliie UM MOYTH paBeH pacxo-
Iy 3a JeTHe-oceHHui ManoBofubli nepuox (VII-IX),
3a UCKJIIOUYEHHEM HECKOJIbKHX pek. Takoe cooTHole-
HUe, B MPHUHIIUIE HEXapaKTepHoe A peKk ApPMEHHUH,
CKOpee BCero, CBA3aHO C HCIOJIb30BAaHHEM BOJBI Ha
XO3CTBEHHBIE HYK/IbI.

Bcnencrsue nepemep3anus n3-3a HE3HAUUTENBHO-
IO IPYHTOBOI'O MUTAHUA U HU3KUX 3UMHUX TEMIIEPATYP

Ha0IIonaercs OTCYTCTBHE CTOKa Ha pekax baxrak,
lerapkynuk, [punzop. Haubonbmas mpomomKuTeThb-
HOCTh JJAHHOTO SIBJICHUSI HaOMroaercst Ha peke [erap-
kyHuK — 3,0-3,5 mecsiia, Ha I'punzope u baxrake — 2,5—
3,0 mecsina. [lnomans BomocOopa 3THX peK CpaBHU-
TensHOo Maia — oT 40 1o 150 kM?, MX CpeaHssa BHICOTA —
6onee 2500-2600 M.

Bonp! pek, Bmagarommx B 03epo, UCTIONIB3YIOTCS B
IIUTBEBBIX, 6I)ITOBBIX, OPOCUTEIIbHBIX, IPOMBIIIJICHHBIX,
THIIPOIHEPTETHUECKHX LEMAX, a TAK)KE B PHIOHOM XO35Tii-
CTBE, B HeMsX oOBomHeHus. OnHaKo W3-3a KpaiHe He-
PaBHOMEPHOI'O IIPOCTPAHCTBEHHOI'O U BHYTPUTOJIOBOT'0
pacnpezenieHrst PEYHOTO CTOKA 371eCh BOSHUKAIOT 3HAUM-
TENbHBIC TPYITHOCTH C WX UCIONb30BaHUEeM. CornacHo
Tabi. 4 Ha u3ydaeMol tepputopuu B 2018 1. Bomo3adop
(6e3 I'DC) cocraBuit 53,4 MITH M?, TOTEpH TP TPAH3UT-
Ho# mepebpocke — 22,6 M M (42,3%). 3HaunTensHast
yacth Bojonorpednenus (57,1%) BhIllagaeT Ha IOJIO
CEJIBCKOTO, PHIOHOTO M JICCHOTO Xo3siiicTBa. B 2014—
2018 rr. 06seM Bomozabopa coctaBmi 41,3—53,4 Mo M3,
npudeM Ha 64,6—79,9% 3a cuer Mmoa3eMHBIX UCTOYHHU-
KOB. PaccMarpuBaeMblil 32 3MMHUIN NEPUOA CTOK MOX-
HO IIPUHATH 6J'IPI3KI/IM K €CTCCTBCHHOMY, TaK KaK B 3TO
BpEMs HET OPOLICHUSA — ITITABHOI'O HOTpe6I/ITeJ'I$I BOJHBIX
PECYpCOB U3y4aeMOM TEPPUTOPHU.

Kak npaBuiio, ¢ BBICOTOI OOBIYHO pacTeT MOIYIb
MHUHHMalbHOTO cToKa [Bapmauan, 1991; Maprapsu

Taodonuma 3

CTOK 3UMHero MaJoBOJHOI0 epuoaa pek d6acceiina ozepa Cean

MecsHblit CTOK, OTHoIIeHHe CTOKa 3UMHETO
MITH M MaJIOBOJIHOTO Iieproza, %o OTHoIeHHe CTOKa
I'onosoit 3MMHETO U JIETHE-
Pea oo | o
XII 1 11 K F'OJI0BOMY M;;s::;i};[y HEpPHOTIOB
Hepuony

P. /I3pikHaret — m. {oBartox 0,63 0,52 0,58 34,6 5,01 7,93 0,63
P. Ipaxtuk — 1. JIpaxtuk 0,23 0,19 0,20 6,72 9,26 13,6 0,68
P. ITambax — 1. [TamGax 0,26 0,23 0,21 6,59 10,6 17,4 0,61
P. Macpuxk — 1. [{oBak 7,16 6,79 6,29 105 19,3 19,7 0,98
P. Kapuaxmop — n1. Kapuaxmtop 2,63 2,55 2,29 33,4 22,4 19,5 1,15
P. Bapenuc — n. Bapaenuxk 1,90 1,77 1,52 49,5 10,5 17,0 0,61
P. Maptynu — 1. I'exoBut 2,01 1,97 1,78 53,0 10,9 17,2 0,63
P. Apruuu — n. I'etamen 6,39 6,16 5,57 172 10,5 8,97 1,17
P. Ilaxkamen — . Baramen 1,48 1,57 1,63 47,9 9,75 12,2 0,8
P. JInuk — m. JImuk 4,72 4,63 4,04 56,8 23,6 26,1 0,9
P. baxrak — n. llakkap 0,50 0,49 0,48 20,5 7,20 5,06 1,42
P. I'aBaparer — 1. Hopatyc 7,95 7,93 7,11 110 20,8 19,1 1,09
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Tabnuma 4

O0bemMbl BOL03200pa 1 BOAONO/IB30BaHNs B 6acceiine 03. CeBan 3a 2018 r., MuIH M (©e31IC)

B T. 4. mo Ha3HaYEHUIO

IIpoMbIIIEHHOCTH
Boznosabop Bozononssosanue IIureeBOC P ’ Cenbckoe, peIOHOE, JTIECHOE
CTPOUTEIILCTBO, KOMMYHAJIBHOE .
BOJIOCHA0XKEHHE . XO03SICTBO
XO035HCTBO
53,4 30,8 11,7 1,5 17,6

u ap., 2018; Mypansa, 2014; Pecypcesr ..., 1973]. On-
HaKo, B 0acceifHe 03epa HEKOTOPhIE OTKIIOHEHHUSI OT 3TUX
3aKOHOMEPHOCTEH HaOIONAI0TCS Ha TOCTy p. baxTak —
Makkap (0,83 /(¢ kmM?)) u Ha mocty p. JImuk — JInux
(45,7 n/(c km?)) (puc. 2). ITo HameMy MHEHUIO, TaKue
OTKJIOHEHUS 00YCIIOBICHBI (PU3UKO-TEOrpaQrueCKUMH
0COOCHHOCTSIMU PEUHBIX 0acCeiHOB, a TaKKe MEeCT-
HBIMH OCOOCHHOCTSIMU MTUTAHUS, U BO MHOTOM OITpe/ie-
JISIIOTCS HAJISKHOCTBIO TAHHBIX.

[Tomyuennslie 3aBUCUMOCTH (CM. pHC. 2, 3) MOXHO
WCTIONB30BaTh JJISl TIPEABAPUTENBHBIX PACUeTOB 3UM-
HEro MUHIUMAJIbHOTO CTOKA HEM3YUCHHBIX PEK paccMar-
pUBaeMOi TEPPUTOPHH.

Jlg Bcex AEHCTBYIONHX TIOCTOB PeK OacceliHa 03e-
pa MoCTpOeHbI TpaQvKu U3MEHEHNH MUHUMATBHBIX Jie-
KaJHBIX PacXOM0B BOIbI. AHAIN3 Pe3ybTAaTOB MOKa3all,
4TO I OONBIIMHCTBA pek (58%), Braarolux B 03epo
Cesan, HaOmomaeTcst TEHACHIIUS POCTa 3MMHAX MUHH-
MaJIbHBIX JeKaIHbIX pacxofoB (puc. 4). Ha msatu pekax
B FOT0-3al1aJIHOM W BOCTOYHOM yacTsx Oacceiina (Mac-
puk, Maprynu, baxtak, JIndak u "'aBaparer) (B 42% ciy-
YaeB) HaOMONAaeTCs TEHICHIIHS MX YMEHBIIICHUS.

TenaeHI¥s yBEINYEHUS 3HMHETO CTOKA XapaKTep-
Ha JIISl MHOTUX PETHOHOB Poccuu M mpuierarommx

teppurtopuii [beiicembaeBa u ap., 2016; boxros u ap.,
2014; Bomuek, I'psaynoa, 2010; Ixamanos u ap., 2017;
dunmnmosa, 2014; Frolova et al., 2017; Rets et al., 2018;
Telegina, 2015]. Tak, HanipumMep, Uist OONBIIMHCTBA HC-
ciaenyeMbix pek bemapycu ormedaercst crabuiibHas
TEHACHIINS YBEITUICHUS JIeTHe-0ceHHUX (73% uccnemny-
eMbIX pek) U 3uMHUX (80%) MHUHHUMAJIBHBIX PAcXOJOB
BOJIBI, TIPHYEM Ha OOJNBIIIEH YacTu peK BeNnYHHa U3Me-
HEHUs CTOKa B 3UMHHUH Tepruo]] OOMbllie, YeM B JICTHe-
ocennuii [Bomuek, ['paaynosa, 2010]. [Ipaktuyecku Ha
Bce Tepputopun ETP orMmeuaercs yBenuueHre HOPMBI
MUHHMAJIBHOTO CTOKA, MPUYeM HauOONBIIHKA POCT Ha-
OmromaeTcs B IOKHBIX YacTsAX OacceliHa, B CTEIHOW U
JIECOCTEITHOM 30HaxX [DPumunmosa, 2014].

JI71s1 OLIEHKH BITHSTHUSI KITMMATHIECKUX (JaKTOPOB Ha
CTOK pPEeK PacCMOTPEH BPEMEHHOI XOI M TPEHAbI Cper-
HUX TeMIepaTyp MPHU3EMHOr0 CJ0sl BO3IyXa M aTMOC-
(hepHBIX 0CaIKOB 32 3MMHHH MTEPHO]T 32 UMEIOIINECS TIe-
pHonbl HaOMroneHHu (prc. 5). AHAIIM3 JIMHUIA TPEHIOB
MTOKa3bIBAET, YTO Ha BCEX ICHCTBYIOUIMX B HACTOSIIEE
BpeMsi METEOCTaHIMIX OacceliHa HaOMroaaeTcs TeH IeH-
WS pOCTa TEMIIEPATYPhI BO3/IyXa 1 aTMOC(EpHBIX Ocal-
KOB, YTO OOYCIIOBJIMBAET MPEUMYIIECTBEHHO IOJIOKH-
TENBHYIO TUHAMUKY U3MEHEHHUS 3MMHUX MUHUMAJTBHBIX

JICKaIHBIX pacxonoB Oacceiina o3epa Cepan. B
OonbIleH CTENICHU BBIPAXKEHO BIIUSTHHUE YBEIH-

M, nlc-as? M= 0.0082 H- 16.1 YeHMs OCAJIKOB 32 XOJNOIHBIN MEPHOJ rojia.
: R®=0,56 Jist Tex pek, Tie HabIrogaercs TEHJICH-
N ° 1y YMCHBIHICHW S SUMHUX MUHUMAJIbHBIX ICKa/I-
7} L] HBIX paCcXxoa0B, PCYHBIC DKOCUCTEMbI CTAHOBATC
Oosee ys3BUMbIMU. B Hacrosiiee Bpemsi 0co-
P DRI RN T RETENE AN, S N OCHHO HEeOJIaronpPUATHOE SKOJIOTHIECKOE COCTO-
® e siHMe HaOMIOaeTcsl B TeX PEUHbIX OacceiHax,
5 F * IJIe MHTEHCUBHO pa3BUTa THAPOIHEPTETHKA (Oac-
. L o = ceiinsl [[30partox, Macpuk, Bapaenuc, Mapry-
o ol Hu, Apriun, Kapuax6rop u 1ip.).
P TSR, SRR NERN .l . Hcnonb3ys pe3yabTaTbl CTaTUCTHYECKHUX
’ pacueroB, B paboTe MOCTpOeHa KapTa pacrpe-
2} JIGTICHHSI CPEHEr0 MHOTOJICTHErO0 MOy MH-
HUMAaJIBHOTO JIEKATHOT O 3MMHET0 CTOKa (pHC. 6).
I ¢ i B Gacceitne 03. CeBaH MOXHO BBIIETUTD
0 P ; i ’ o TPpH 30HBI, UCXOAA U3 BCIUYMHBI MOAYJIA CTO-
- .
2000 2200 2400 2600 500 K& 1) cpenHue W BBICOKME YAaCTH TOPHBIX

Puc. 2. 3aBucuMocTh MOIYJIsI 3UMHETO A€KaAHOTO0O MUHUMAJIBHOTO CTOKa
M (11/(c kM%) OT CpeqHEB3BEIIEHHON BHICOTHI BomocOopa H (M) s pek Gac-

ceitHa o3epa CeBaH

Fig. 2. Dependence of the winter decadal minimum runoff rate M (I/sec km?)
on the weighted average catchment altitude A (m) for the rivers of the Sevan

Lake basin

xpebros I'erama, Bapnenuc u Bocrouno-Ce-
BaHCKHUI ¢ MomynsiMu cTtoka 5—7 n/(c kmM?) u
MPUBEPIIMHHBIC YaCTH TOPHBIX XpeOToB Bap-
JICHUC ¢ MOAyasMu cToka 7 ji/(c km?) u 6o-
nee; 2) oOmMpHBIE MPEArOpHbIE YacTH BCEX
TOPHBIX XPEOTOB, OKAMIISIOIINX 03€PO, C MO-
OyIsMu ctoka 3—35 11/(c kM?), 3a MCKITIOUEHH-
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eM ceBepo-3anaaHoi yactu ['amckoro xpeod- . M¥/c Q=0.0042 F+0.037

Ta; 3) npenropusie yacTu CeBaHCKOM KOT- 354 R*=085

JIOBUHBI, MacpUKCKasi paBHUHA, CEBEPO-3amiai-

Has 4acTh [eraMmckoro xpedTa ¢ MOIYISIMH 30F e

croka 0-3 1/(c km?). -5k .
Taxum oOpa3oM, MOTy4YeHHBIE PE3yIIbTa- ? PS

TBl UMEIOT OYEHb BaXKHOE MPUKIAAHOE 3Ha- 2.0 b =

YEHUE AJI N€0dKOIOTMYECKHX 3a7a4, B 4acT- e

HOCTH, JUIA YIPaBIEHHUS BOJHBIMU 3KOCHCTE- L5 F

MaMH, uX 3QPEKTHBHOTO UCIIOIb30BAHHS U

OXpaHBbl, ONPEAEIEHUS IKOJIOTHYECKOIO CTO- Lo F =

Ka, OLICHKU PUCKOB, IPOTHO3UPOBAHUS BOJHBIX gl

KatacTpo(, OXpaHbl PEYHBIX IKOCUCTEM OT 0.5 F _,.9'.' 2

Jerpajalluy U peleHus Apyrux 3aaad. 0 _._. e o | F KM S
BeiBoabl. B pe3ynbrarte BBINOJIHEHHON 0 200 400 600

paboThI MOTYYCHBI CICAYIOIINE PE3YIbTaThI:

— MUHHUMAJILHBIC pacXoabl BOABI PCK U3Yy-
JaeMOl TEPPUTOPHU HAOIIONAIOTCS B TIEPHOI
JICTHE-OCEHHET0 ¥ 3MMHEr0 MAJIOBOAHBIX IIe-
pUONOB. 3UMHSISI MEKEHB UTUTCS C KOHITA HO-
s0pst — nekaOpst 10 heBpans — MapTa;

— 3UMHHE CPEIHUE JIEKaTHbIE MUHUMAJIb-
HBIC PacxXobl BOOBI PEK, BIIAIAIOIINX B 03€PO

Puc. 3. 3aBUCUMOCTb 3UMHETO MUHUMATIBHOTO JIEKAIHOTO0 pacxoma Boasl O (M3/c)
ot momanu Bogocoopa F (km?) as pek 6acceitna ozepa Cesan

Fig. 3. Dependence of the winter minimum decadal water discharge Q (m*/sec)
on the catchment area F' (km?) for the rivers of the Sevan Lake basin

Cesamn, namensttores B mpenenax 0,045-2,63 m*/c. Cpag-
HUTEIBHO OOJTBbINME 3HAYCHHS XapaKTEepHbI T pek Mac-
puk u ["aBaparer, a maJibie — 1151 pek Jpaxtuk, [Tambak

u baxrak;
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— k03 () pULMEHT BapHalIMKi 3UMHETO MUHUMAJIBHO-
'O JICKaTHOTO CTOKa HaxomuTcs B mpenenax 0,14-0,63.
Ero cpennee 3naueHue ais Bcero OacceitHa o3epa co-
crasisier 0,33. MaJble 3HaYeHUS KO PHUIIHEHTA BapH-
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Puc. 4. lunamMuka HU3MEHEHHs 3MMHUX MHHHMMAaJbHBIX JEKAJIHBIX PAcX0Ol0B Ha pekax OacceifHa 03. Cean: A — P. Apruum — n. ['etamien;
b — P. I'aBaparer — n. Hoparyc; B — P. /I3sikHarer — 1. L{oBartox; I' — P. Macpuk — 1. LloBax

Fig. 4. Dynamics of changes in winter minimum decadal water discharge for the rivers of the Sevan Lake basin: A — Argidji River —
g. Getashen; b — Gavaraget River — g. Noratus; B — Dzknaget River — g. Tsovagyuh; I' — Masrik River — g. Tsovak
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Fig. 6. Average long-term minimum winter runoff rate per decade (gauge station numbers — according to table 3)

anuy HaONIONAIOTCA Ha TeX peKax, KOTOpbIe UMEIOT
YCTOIYMBOE MMO3EMHOE TUTAHUE;

— C BBICOTOM MECTHOCTH pacTeT MOIYIh MHHH-
MaJbHOrO cToKa. HekoToprie OTKIIOHEHUS OT ITHX 3a-
KOHOMEPHOCTEH HaboaaroTcs Ha nocTy Llakkap peku
Baxtak 1 Ha nocty JInuk peku JInuk, 4T0 00YCIOBICHO
MECTHBIMU (PU3HKO-TeorpauueCKUMU 0COOCHHOCTIMU
Y MATAaHUEM PEYHBIX OaCCEHHOB;

—[oNIy4YeHa TecHas KOppeIslHOHHAs CBSI3b MEX-
Iy 3MMHUMH MUHUMAaJIbHBIMH JI€KaIHBIMH pacxona-
MU PEK H TUIOIAJIMU UX 0aCCEHHOB, KOTOPYIO MOX-
HO HUCIIONIb30BaTh IPHU IpPEIBApPUTEIbHOM pacyere

3UMHETO CTOKa HEM3YYEHHBIX PEK UCCIETyeMOH Tep-
puTopuu;

— y OoNbBIIMHCTBA PeK, Bhajaromux B ozepo Ce-
BaH (M3 U3y4eHHBIX 12 moctoB — 7, T. €. B 58% ciyda-
SIX ), HAOJTIOAETCs TCHACHIIHMS POCTa 3MMHAX MUHUMAJIb-
HBIX JIEKaJHBIX pacxonoB. MckiroueHne cocTaBIsIOT
pexu Macpuk, Maptynu, baxrak, JInuk u ['aBaparer;

— TEHJCHIUS TIOHM)KEHHS 3MMHUX MHUHHMAaJTbHBIX
JIeKaTHBIX PacxXolloB pPeK, Bragaromux B 03epo CesaH,
00ycIoBJieHa YMEHBIICHUEM 3a1acOB TIOA3EMHBIX BOJI.
B aTHX peynbIX SKOocHcTEMax 0c000e BHUMaHUE CTOUT
VACIHTH COXPAHEHUIO IKOJIOTHYECKOTO CTOKA.
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V. G. Margaryan', N. L. Frolova’

ASSESSMENT OF THE SPATIO-TEMPORAL DISTRIBUTION
OF WINTER TEN-DAY MINIMUM RUNOFF
FOR THE RIVERS OF THE SEVAN LAKE BASIN UNDER
THE MODERN CLIMATE CHANGE

The paper discusses the variability of winter minimum decadal water discharge for 12 gauge stations
with the longest series of observations on the rivers flowing into the Sevan Lake.

Basing on the statistical analysis the norm of winter average decadal minimum discharge of the rivers
was calculated, as well as the coefficients of variability (C)) and irregularity (C,). The probability curves of
minimum water discharges of rivers were plotted, and the spatial and temporal variability of hydrological
parameters under study was analyzed.

Correlations between water discharge values and the catchment areas were used to calculate the
runoff parameters of the unexplored rivers. The map of the distribution of average winter decadal minimum
runoff rate was compiled.

Studies show that the winter average decade minimum discharge of the rivers of the Lake Sevan basin
has very uneven spatial distribution. The parameters under study vary on the average from 0,049 to
2,63 m’/sec, i. e. from 1,15 to 5,63 1/(sec km?) in the area. The highest minimum average decadal winter
discharge of the rivers of the lake basin is 3,81 m3/sec, and the smallest is 0,006 m*/sec. Some rivers of the
lake basin with relatively small catchment area and significant average balanced height have no runoff in
winter because of through freezing resulting from the minor groundwater supply and low winter temperatures.

Temporal variability of water runoff is rather low for the rivers under study. The coefficient of
variation (variability) of winter average decadal minimum discharges is 0,14—0,63. Most of the rivers in the
lake basin have a tendency to increase winter average decadal minimum discharge due to the growing mean

air temperature and increasing amount of precipitation during the winter period.

Key words: low-water runoff, runoff characteristics, warming, Armenia
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JI.P. Umanryinos!, M.P. Makcumenko?, M.C. CaBockya *, C.I. Capponos*

BJIUAHUE 3THOKYJIBTYPHOI'O ®AKTOPA HA 3BOJIIOLUIO CEJIBCKOI'O
PACCEJIEHUSI HA IPUMEPE IOJIMAITHUYHBIX PANOHOB BAIIKUPUM

U MAPUH dJI

B crarbe Ha mpuMepe HECKONBKUX aIMUHHUCTPATHBHBIX paiioHOB pecmyOnuk Mapuit O (Ilapanbrus-
ckuit 1 Mapu-Typexckuii paiionsl) 1 bamkupun (©enoposckuil paiioH) paccMOTPEHBI cTaguu TpaHchop-
MalHH CEIbCKOIO PacCeNeHUs 3a AIUTEIbHbIN NEPUOA BpEMEHH. B kauecTBe peTHOHOB MCCIEJOBAHUS BbI-
OpaHbl NOJINATHUYHBIE PETHOHBI. B H3yUeHHBIX CEeIbCKUX palioHaX TPALUIMOHHO NPOXKUBAIOT: OAIIKUPHI,
MapuHLbl, pyCCKHE, TaTaphl, YyBallld, YAMYPTHI, MOPABa. AKIICHT CIEIaH Ha POJIH STHOKYIBTYPHOTO
(akropa B TpaHCPOPMAIIUU CEIBCKOTO PACCEICHUS U KApTHHBI CENbCKUX HacejaeHHbIX nmyHkToB (CHIT).
PaccmoTpena TpaHcdopMaIys celbCKOTO PACCEICHUS ¢ yIeTOM CIIeIU(UKN HUCTOPUH 3aCelICHHS PETHOHA,
XO3SMCTBEHHOTO YKJIaJa pa3HbIX 3THUYECKHUX IPYIII, UX AeMOrpaduueckoro 1 MUIPalliOHHOTO TIOBEICHU S,
CTaguu AeMOrpaduuecKoro nepexofa M y4acTus B Impoueccax ypoanusanuu. Ha nokaabHOM ypoBHE pac-
KPBITHI MEXaHU3MBI ACHCTBHUS Pa3IHMUHBIX (AKTOPOB, IPUBOAAIINX K H3MEHEHUIO KAPTUHBI CETH CEIILCKOTO
pacceneHus, TaKUX Kak (GU3nuKo-reorpagudeckuii pakrop, AeHCTBYIONMI Ha paHHUX JTallaX OCBOCHUS Tep-
PUTOPHH; TO3ULIUOHHBIN (aKTOp, 0COOCHHO TPAaHCHIOPTHO-TeorpaduIecKuii, SHAYUMBIH Ha OCIEIYFOIIIX
CTagusIX Pa3BUTHS CHUCTEMBI pacceleHus, neMorpadudeckuil gaxrop, onpenemnstomuii moanocts CHII,
MHCTUTYLIMOHANBHBIN (aKTOp, aKTHBHO NMPOSBUBLIMKCS B COBETCKUH Iepuo. Bee (akTopsl paccMOTpeHbI
yepe3 MpU3My STHUYECKOM CTPYKTYpbl HaceleHHs. B crarbe BbIIENEHO TpU CTaAMU PAa3BUTHS CENbCKOTO
pacceneHus ¢ TOYKU 3pEHHUS B3aUMOACHCTBUSA 3THOKYIBTYpPHOTO (pakTopa ¢ ApyruMu: ¢HopMHpOBaHHUE
CETH CEIbCKUX MOCENEHUH; pa3BUTHE CUCTEMBI CEIILCKOIO PACCENICHU I B YCIOBUSX MOJIOKHUTEIbHON AUHAMU-
KH YHUCIICHHOCTH; TPaHC()OpPMAIUS CETBCKOIO PACCETICHUSI B YCIOBHUAX ACHOMYISANHUU, POCTa TEPPUTOPH-
JIBHOI MOABM)KHOCTH JKUTENEH U STHUYECKOTO CAMOCO3HAHMS. DJIEMEHTHI 3THHYECKOH KyIbTYphI OIlpese-
JISIIOT 0COOCHHOCTH BUJCHUS THUYECKON TPYIION TePPUTOPUH, BIUAIOT HA IPUHATHE KOJUICKTUBHBIX HIIH

NEPCOHAIIbHBIX pemeHHﬁ, CYIIECTBEHHBIX IJIA Pa3BUTUA CUCTEMBI PACCEIICHUA.

Knroueguie crosa: cenbckue cooOLiecTBa, (pakToOpsl AMHAMHKH PACCENCHHs, STHUUECKas CTPYKTypa

HaCCJICHUA

IMocTaHOBKA MCC/I€I0BATEILCKON 3a1a4H H H3Y-
YeHHOCTb TeMbl. J[MHAMHKE CEITbCKOr0 pacCeleHHs
MOCBSIIICHO HEMAJIO UCCIIC/IOBAaHHI KaK 3aTparuBaroIInX
OTAebHBIE perHoHbl [AJiekceeB u Ap., 2016; Buxpés
u ap., 2016, ®omkuna, 2017], Tak 1 0600IIaromUX (ak-
TOpBI TpaHC(HOPMAIIUH CEITBCKOTO PACCEICHHs B MOCT-
COBETCKHI TIepHOJ Ha od1iepoccuiickoM yporHe [Hede-
nosa, 2018; Anekcee, Cadponos, 2017; 3ybapeuu,
2013]. Cpenu Benymmx (akTopoB, BIUSIOIIMX HA TPAHC-
(bopMaIHIO CETLCKOTO PACCEICHUS — UCUEPITAHHUE EMO-
rpa)M4ecKoro MoTeHIMANa; yTpara OONbIIeH YacThio
CEJbCKUX TOCEIEHHN CeTbCKOX03SIMCTBEHHBIX (DYHKIINH,
YTO MPHUBOJIMUT K POCTY MUTPAI[HIOHHOTO OTTOKA U3 Celia
[Hedenosa, 2018; AnekceeB u ap., 2019]. Utorom cra-
HOBHUTCA ACTTONYIIANA U TOJIAPpU3aA paCCCICHU. Ot
MPOIIECChI, YXOISIIME KOPHSIMH B IOPEBOTIOI[HOHHOE OT-
XOOHUYECTBO, YCUIIWJINCHh B KOHII€ COBETCKOI'O II€proaa,
a ¢ Havana 1990-x IT. puHSIM 00BaTBHBINA XapaKTep.

B nepuox TpancdopmManuu SKOHOMHUKH TPOIIECCHI
MOJIAPU3AIINHT 3aCTIOHMIIH «PaboTy» (PaKTOPOB «BTOPO-

T'O TIOPSIJIKa, TAKHX KaK TIO3UIIHOHHBIN (haKTop, CBsI3aH-
HBI C TPAaHCIOPTHO-TEOrpaUIECKUM TOJIOKEHUEM
MOCENICHHS U €r0 MECTOM B HEpapXWH IIEHTPOB 00CIy-
KUBaHHS, & TAKKE ITHOKYIBTYPHBIH (pakrop. Mx Bius-
HUE Ha Pa3BUTHE CEIBCKOTO PACcCENIeHHsI CTaJIO MPOSB-
JATHCS aKTUBHEE B MOCIEAHHE JCCATHIICTHS, KOTAa
CUTYyaIl¥sl B CEIbCKOW MECTHOCTH BOIILJIa B COCTOSHHE
SBONIOIIMOHHOTO PAa3BUTHS HA HOBOM KOJHMUYECTBEHHOM
W Ka4eCTBEHHOM YpPOBHE.

B oreuecTBeHHBIX MyONMKAIMAX 3HAYUTEIBHOE
BHHUMaHUE YICICHO MO3UIIHOHHOMY (aKTopy, IeHCTBHE
KOTOpPOTO, B YaCTHOCTH, HATJISITHO TPOSIBIISIETCSI B HC-
cienoBanusx ¢ mpumenenueM I MC-texnonoruii [Yyu-
KanoB, Anekcees, 2020; Tkauenko u ap., 2019; Hlemyn-
koB, Opnos, 2019].

AKTyalmbHOCTb NPOBEJEHHOTO MCCIIEAOBAHUS OIl-
penensiercs HEJOCTATOYHOW M3YUYEHHOCTBIO PONIH IT-
HOKYJIBTYpHOT'O (hakTopa B TpaHC(HOPMAIIUHU CEINBCKOTO
pacceneHusi, 0COOEHHO Ha JIOKaJIbHOM ypoBHE. Biusi-
HUE€ dTHUYECKOIN CTPYKTYpHl HACENEHHS Ha CENIbCKOe
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paccerneHme B OTe4eCTBEHHOM HayKe paccMaTprUBaJIOCh
MPEUMYIIECTBEHHO B MCTOPUYECKON PETPOCIEKTHBE
[AnekceeB u np., 2016].

B npoBeneHHBIX paHee UCCIIENOBAHUSX BOMPOC O
HEMOCPECTBEHHOM BIIMSIHUU STHHUYECKOTO (haKTopa Ha
JIOKaJIbHBIE CHCTEMBI pacceleHus He craBuics. Ero
poib B muddepeHIMaliii COBPEMEHHON CEbCKON MECT-
HOCTH 3aTparuBajach B OIPAaHUYEHHOM 4YHCIie paboT
[Hedenora, 2012a, 6; benozepos, 2005]. Hanpumep,
T.I'. Hecdenoa obOparaet BHUMaHHE Ha 3aMearonne
sTHUYecKkue Murpanuu B CtaBpononbsckoM kpae [He-
¢demnora, 2015].

Cpenu pabort, XapaKTepU3yIOINX CEeIbCKOEe pac-
CeJI€HUE B HEOIHOPOJHON STHUUECKON CEeNTbCKON MecCT-
HOCTH, MOYKHO OTMETHTH HCCIIeIoBaHus pernoHoB Ce-
BepHoro Kaskasza [Axmenora, 2013; Onsaapos, 2008]
u [ToBomxbst [Kopuummna, 2015; Mycradun, Pyonos,
2012; Emenbstaos, 2012; Jlekomies, 2012]. bonbimas
YacTh HCCIIeloBaTeNel o0paliaeT BHUMaHNE Ha CBS3b
X039MCTBEHHOM JESITENBHOCTA 3THUUECKUAX IPYII U pac-
CeNeHus JTN00 Ha CBSI3b JaHAmAdTa U XO3IHCTBEHHON
nestenpHocTH. T.U. I'epacumenko u W.FO. I'magkmit
MUIIYT O CBS3U JIAHAMAGTHOTO ¥ AITHOIKOJIOTUIECKOTO
noaxozoB [['epacumenko, [maaxwmii, 2005].

Bonee neranbHo xapakTepucTka padoT MO ceib-
CKOMY pacceleHHIo IpecrapieHa B 003ope A M. Anek-
ceesa, C.I. Cadponosa u M.C. CaBockyn B COOpHUKE,
MOCBAIICHHOM Pa3BHTHIO COLUATBHO-IKOHOMHYECKOH
reorpaduu Poccuu B mocrcoBerckuii mepuon [ Anexce-
eB U 1p., 2016].

B 3apyOeKHBIX MyOIMKAIHAX, TTOCBSAIICHHBIX pa3-
BHBAIOIINMCS CTPaHaM, 3Ta TeMa OOBIYHO HE BBICTYIIA-
eT B Ka4eCTBE OCHOBHOI, CEbCKOE paccereHue paccMar-
pHUBaercs B IIEJIOM, TOCKOIBKY MEKITY THOCAMH, KOTO-
PpBIE ellle He 3aBePIIIN AeMOrpaduecKuil mepexos, HeT
CYIIECTBEHHBIX pPa3IMYUi B TEMIIaX €CTECTBEHHOTO
npupocta. Hanpumep, B UHaMu cUibHEe NPOSBIISIIOT-
Csl MEXKPETHOHAIIBHEIC pa3lInyKsl, CBI3aHHBIC C TPAHC-
MOPTHO-TEOrpa(puIeCKUM MOJIOKEHUEM IITATOB H YPOB-
HeM ypOanu3zaiuu. B Eporte cutyarius oOpatHas — jie-
Morpaduueckas MOJICPHU3AIIMSI 3aBEPIIICHA, 1 TOITOMY
HET CYIIECTBEHHBIX Pa3IMIUi MEXKIy STHOCAMH.

AHaM3 BIMSHMS dTHOKYJIBTYPHOTO (akTopa Ha
JUHAMUKY CETbCKOTO PACCENIEHH S CJI0KEH 110 HECKOb-
KUM npuyrHaM. Bo-niepBeIx, (a3bl €ro akTHBHOTO BITU-
SIHUSL Ha CEITbCKOE PAacCEeleHHs pa3opBaHbl BO BpeMe-
HU. DTHOKYJIBTYPHBIN (pakTop BaXKeH Ha dTare CTAaHOB-
JICHUS CENTbCKOTO PacCeneHus, Korjaa KIIOUeBYIO polb
UTpaeT TPaIUIMOHHAS arpapHas KylIbTypa STHHYECKHUX
TPYIIL, IO-Pa3HOMY UCTIONB3YIOLIHX JIaH [adTHBIE 0CO-
OCHHOCTH TEPPUTOPUU U COOTBETCTBEHHO (hOPMUPYIO-
IIMX CBOKO YaCTh CETH PACCEICHUS. DTHOKYIBTYPHBIH
(dakTop SBISETCS] 3HAYMMBIM IS CEITLCKOTO paccele-
HUSl ¥ Ha COBPEMEHHOM dTarle, Korja Ha NepBbId TUIaH
BBIXOJIUT COXPAaHHOCTB AJIEMEHTOB TPAAUITHOHHON KYJIb-
TYpBI U CTETICHb BHYTPUTPYITIOBOH CIIJIOYEHHOCTH, MO~
3BOJIIONIMX COXPaHWUTh WIHM PACUIMPUTH CBOH apeal
pacceneHus.

Bo-BTOpBIX, IPUMEHEHUE CPABHUTENBHO-TeOrpadu-
YECKOr0 METOZA I Pa3HbIX TEPPUTOPUM-KIIOUEH HE
BCEr/Ia BO3MOXKHO, TOCKOJIBKY TPaeKTOpuu JeMorpadu-

YEeCKOr0 M MHTPAIMOHHOTO MOBEACHHSI, 0COOCHHOCTH
3aHATOCTH U T. . OMHUX U TeX e ITHUUECKUX TPYTII B
Pa3HBIX PETHOHAX CYIECTBEHHO PA3IU4aOTCS.

HccnenoBatenbsckas eunomesa cocmoum 6 cie-
dyiowem. STHHYECKUH (akTop Ha JOKAJIbHOM ypPOBHE
HWMEET JIOJITOCPOYHOE BIIMSHHUE HA TPaHCPOPMAIUIO
CENTbCKOTO pacCeNieHus, KOTOpoe CIMKHO (popManzo-
BaTh, MOCKOJIBKY Ha Pa3HBIX CTAIUAX CYIIECTBOBAHUS
MOJIN3THUYHBIX CHCTEM pAacCCelIeHUS B COUETaHUAX C
IpyrumMu paKkTOpaMy OH MPOSIBIISIETCSI C Pa3HOU crerie-
HbI0O UHTEHCUBHOCTH. ABTOPHI CTaThU CTaBHJIM CBOEH
Yenbl0 Ha OCHOBE COOPaHHBIX AMITMPHUYECKHUX JaHHBIX
MPEIOKUTD JIOTHYECKYIO CXeMY B3aMMOJEUCTBHUS 3T-
HOKYJIBTYPHOTO U MPOYUX (PaKTOPOB B MOTMITHUIHOM
CEJIbCKOM MECTHOCTH B XOJE PAa3HBIX CTaIui 3BOJIO-
LM CEIBCKOIO PACCEIICHHUS.

Peruonsl uccnenoBanus. /[y ananusa BIMSHUS
STHOKYJIETYPHOTO (haKTopa Ha CENTbCKOE paccelieHne Ha
JIOKaJIbHOM YPOBHE 32 MPOJOJKUTENbHBIN Iepro/ B Ka-
YecTBe TEPPUTOPHUI UCCIIEIOBaHUS BEIOPAHBI TPU aIMH-
HUCTPATHUBHBIX PaliOHA IByX PETMOHOB C KOHTPACTHOM U
pa3sHoOOpa3HOW ATHUYECKOW CTPYKTYpOH HaceleHUs U
HEWJICHTUYHBIMH, HO OJTM3KMMHU JIaHAAQTHHIMUA OCOOCH-
HOCTSIMH CEJIbCKOIO PacCelieHus U OCBOoeHus (Tadi. 1).

®enopoBckuil paiioH bamkupuu oJIMH U3 CaMbIX
MO3aWYHBIX C TOYKUA 3PEHMS] STHUYECKOH CTPYKTYpHI
xkutenerd. B IlapansrunckoM paitone Mapwuit On mpe-
oOnmajgaroT Tatapsl U Mapuitibl, B Mapu-TypekckoM
pailoHe — Mapuiillbl, CyIIECTBEHHA JI0JISI PYCCKHUX, Ta-
Tap U YyOIMYpPTOB.

Marepuanbl 1 MeTOABI MccaenoBaHuil. CTaTbs
OCHOBaHa Ha JIByX Ipymmax marepuaios. [Iepsas — pe-
3yJbTaThl MOJEBBIX HCCIEIOBAHUN, MPOBEACHHBIX B
utoe—asrycre 2019 r. B denopockom paiione Pecryo-
nuku bamkoprocran, Mapu-Typekckom u [Tapanbrus-
ckoM paiioHax PecnyOnmkum Mapuit On. 3amadeit skc-
MeUIKH ObLTO N3ydYeHHe TPaHC(POPMAIIHH X03sHCTBEH-
HOM XKU3HHM U CHCTEM PAacCENeHUs] B MOCTCOBETCKUI
Mepro/ Ha JJOKaJIbHOM ypoBHE. Bo Bpems moneBbIx Hc-
CJIeZIOBaHUMN MTPOBEIEHBI HHTEPBBIO C aIMUHUCTPATHB-
HBIMH paOOTHUKaMH PaiiOHOB, TJIABAMH CEIILCKUX I10-
CeNIeHUH, PyKOBOIUTEISIMU U PAOOTHHKAMH CEJIbCKOXO-
3SIICTBEHHBIX TPEAIPUATUI, CTAPOKUIAMM.

Bropas rpynna — matepuansl Poccrata 1 MyHH-
LUNAIbHOM CTATUCTUKHU, BKJIKOYAsi UTOTH IEepenuceit
HaceJleHus U TeKYIIUH y4eT HaceleHus, JaHHbIe TT0X0-
3SIMCTBEHHBIX KHUT, a TaKXKE XapaKTePUCTHKHU CEIbC-
KHX HacCEeNIeHHBIX MYHKTOB 3a pa3HbIe TOJIbI, B3STHIC U3
JIOPEBONTIOIIMOHHBIX U COBETCKUX MyOnukaiuii [Hace-
nmeHue ..., 2013, ¢. 209; Cnucok ..., 1902, c. 143]. B
®enoporckom 3AI'Ce monyueHs! JaHHBIE CTATUCTHKU
OpakoB Ha Hayayio 2000-X IT.

OO0cyxnenue pe3yJibTaToOB HcciaeroBaHus. Jis
aHaJln3a ¥ MOHMMaHHUsl MEXaHU3MOB TpaHC(hOpMaIUU
CEJIBCKOT'O PACCENIEHUs Ha JIOKAJIbHOM YPOBHE OJHHUM
W3 BOKHEUIIHX (DAKTOPOB SIBIISIETCS HCTOPHKO-TEOTpa-
(uveckuii, B 4aCTHOCTH, NCTOPHSI XO3SHCTBEHHOTO OC-
BOCHHUS TaHHOW TeppuTopuu. Ha HadalbHBIX CTaIuaX
CTaHOBJICHHSI CICTEMBI pacCeJIeHHsI He MeHee BaKHYIO
poitb urpaet pusuKo-reorpaduueckuii pakrop. Barma-
HUe 00paIleHO U Ha TpaHC(HOPMALIHIO POJIH ITO3UI[HOH-



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1

111
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Tabnuma 1

Pecny6nuka Bamkupus Pecny6nmika Mapuit O
XapaKTepUCTUKH I'ox
DeopoBCKHl palioH Mapu-Typekckuit paf/'IOH| ITapanerusckuii paiion
IL1oTHOCTB CENBCKOTO 10,1 10,3
HACCITCHHS, UeI/KM’ 2019 (Cnpasouno: B uenom no (Cnpasouno: B uenom o peruony — 9,71)
’ peruony — 10,6) ’ ’
CrionHoe 0cBOeHHE, CpeIHe-
30HaJbHBIE YEPTHI CEJILCKOTO PACCEIeHUS CIUIOIIHOE OCBOEGHHE, MEJIKO-CPEIHECEICHHOE
U KPYITHOCEIICHHOE
YuncneHHOCTh HACEIIeHHUS, ThIC. 2019 16.4 8.9 14.9
YeJI0BeK
IManenue '-II/ICJ'([]GHHOCTI/I CEIILCKOTO |1 009 5019 162 272 289
HaceneHus, B %
BpeMst BOSHUKHOBEHHST yCTOWYMBOI CETH 18501890 rr- XVIILXIX BB,
CEJIbCKOr0 PacCelICHUs
Cpemnsts monwocts CHIT mo 2010 274 151 (168) 193 (205)
paiioHy, 4elIoBeK
bamkupsr — 468
. Taraper — 312 Pycexue —171 (212) Tarapsr — 323 (324)
Cpenusist monHocts CHII paitona Yamyptel — 153 (172) N
2010 UYysamm — 196 < Mapuiinet — 194 (202)
10 3THOCAaM, YeJIOBEK Mapuiiuer — 150 (153)
Mopzsa — 120 T 114)* Pycckue — 104 (112)
Pycckue — 89 arape1 =98 (114)
Tarapsr — 31,9 o
DTHHYECKAs CTPYKTYPa HaCeIEHHs Pycexue 23,1 yiﬂiﬁgﬁ 545 %0 Taraper —47.8
N o PYKTYP 2010 Bamxupsr — 20,0 Y - Mapuiiusl — 43,5
paiionos, % Uypamm — 12,2 Taraper — 18,5 Pycexie — 8,1
Mopsa — 1 0’ 4 Y amyptel — 5,9 ’

IIpumeuanue. * B ckoOkax NpeacTaBlieHa CPEAHIA JIFOIHOCTD CeNIbCKUX HaceneHHbIX 1myHkToB (CHII) Ge3 yuera HaceaeHHBIX
IyHKTOB 0e3 HaceseHust. COCTaBIICHO 110 NOJICBBIM MaTepHaiaM U JaHHBIM nepenuceil Hacenenus 1989 u 2010 rr., nanHsie Ha 2019 1.

npuBeieHs! 1o ceeneHusM Poccrara [YucneHHocrs ..., 2020].

HOro (pakTopa, B YaCTHOCTH, TPAHCIIOPTHO-Teorpadu-
YECKOTO TIOJIOKEHHUS.

B xome paccMmorpenust TpaHchoOpMaIun CeTbCKO-
T'O pacceneHus MOMIMO 3THOKYIIETYPHOTO (hakTopa He-
MaJOBa)XHAs POJib yIensercst geMorpaduieckuM xa-
pPaKTEepPUCTHKAM, MUTPAITIOHHOMY ITOBEICHUIO, CKOPOC-
TH TPOXOXKICHHUS JIeMorpaduueckoro mnepexoaa y
Pa3HBIX STHUYCCKUX TPYIII. BiusHuEe S THOKYIBTYpHBIX
0COOCHHOCTEH HAaceJeHHS Ha CEIbCKOE PACCEICHHE
OTOCPEAOBAHO IPYTUMH (PAKTOPAMH.

[To utoram uccienoBaHus BBIACICHO mpu 00600-
WeHHble CMaoul pa3sumus CelbCKo20 PAcceleHusl
B M3y4YaeMBIX PETHOHAX C TOYKU 3PECHUS B3aUMOJICH-
CTBHS 3THOKYJIETYPHOTO (pakTopa ¢ IPyruMH:

— (popMupoBaHmEe CeTH CENBCKUX MOCEICHUH;

— pa3BUTHE U CTPYKTYPHUPOBAHUE CUCTEMEI CEIIbC-
KOT'O PACCEJICHHUS B YCTIOBHSIX MOJOKUTEIHHON THHAMHU-
KU YUCJIICHHOCTH KHTEIICH;

— TpaHcopMaIus CETLCKOTO PACCEICHUS B YCIIO-
BHSIX CY’)KEHHOTO BOCIIPOM3BOJICTBA HACEJIEHHs, pocTa
TEPPUTOPUATILHOM MOABUAKHOCTH KUTENEH, YCUIIEHUS U
MOOHITU3AI[H 3THUYECKOTO CAMOCO3HAHUSI.

Ha nepesoii cmaoduu, ¢ npoyecce ghopmuposanus
cemu CEITbCKOTO pacceleHust OONbIIoe 3HaYeHHE UMe-
FOT TPaIUITNOHHBIE X03HCTBCHHBIC HABBIKHA 3THUYIECKON
IPYIIIbI, ONPEACISIOIINE e¢ JaH amadTHbIC MPESIIoYTe-
HUSI, KOTOPBIE B K&K/10H KOHKPETHOM CUTYaI[Mu KOPPEK-

THUPYIOTCS C Y4€TOM HaJIM4UUs JPYTHX MPETeHAECHTOB Ha
JaHHYIO TEPPUTOPHUIO, OOCTOSTENBCTB U BPEMEHU TIPO-
HUKHOBEHH I STHUYECKOU I'PYTIITHI B PETHOH.

Bamkupus. B npenenax cOBpeMEHHBIX T'PaHHIL
DENOPOBCKOro pailoHa OTMEYAETCSI COYETaHHUE TEPPU-
TOPHH C Pa3TMYHBIMU (PUUKO-TEOrpaPrUUECcCKUMH yCII0-
BUSIMU — OT ByryneMuHo-benebeeBcKkoil BO3BBIIIIEHHO-
CTU Ha ceBepe U 3amaje paiioHa jo [Ipenypanbckoit
JIECOCTETHOM 30HBI Ha I0T€ U BOCTOKE.

@OopMHUPOBAHUE YCTOWUYUBOM CETH CEJILCKUX Hace-
JICHHBIX ITYHKTOB B IIPE/Ie/IaX COBPEMEHHBIX T'PaHHMII pec-
nyonukn bamkoprocran nmpuxoauTes Ha koHer X VII —
Hadano X VIII BB. 3acenenue MaIoMIOIHBIX 3eMENTb OCY-
LIECTRISUIOCH BhIxoauaMu u3 LlentpanbHoit Poccun n
MECTPOTO B STHUYECKOM OTHOIIEHHH [10BOMIKbA.

W3nayansHO OBLTH OCBOGHEI O0Jee OaronpusTHBIC
JUTSL BEZICHUSI XO3SHUCTBa paBHHHHBIE MPOCTPAHCTBA!
MepBbIE JCPEBHHU C MPEHMYIECTBEHHO OQUIKUPCKUM
HaceJIeHHUEM MTOSBUITUCH BJIOJb CPETHETO TEUEHUS PEKU
Amkanap. [Ipunuioe Hacenenue, pa3HOPOAHOE TIO IT-
HUYECKOMY COCTaBY, OCBaWBaJo 3eMJIM ¢ MeHee Oiaro-
MPHUATHBIMU PUPOTHBIMU YCIOBUSIMU Ha CEBepe U 3a-
najie paiioHa 1o rpaHuIaM OalKUPCKOTo apeara, B rep-
BYIO Ou€penb HCIOIb3ysd yToAbs BIONIb PEK, Ie U
BO3HHKJIO OOJIBITITHCTBO HACENICHHBIX ITYHKTOB (puc. 1).

Ha nepBoii cTaguu 3BOIIOLMU CHCTEMBI paccelie-
HUS BO3HUKAJIN H30JIUPOBAHHBIE PYT OT JIPYTa, «OMop-
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Puc. 1. Cerp HaceneHHbIX MyHKTOB DenopoBckoro paiiona bamkupun B 1902 u 2010 rr. Mcmounuk: cOCTaBICHO aBTOPAMU MO JTaHHBIM
[Criucok HaceneHHsbIX ..., 1902; Hacenenwue ..., 2013]

Fig. 1. Rural settlements network of Fyodorovsky district, Bashkortostan, in 1902 (left) and 2010 (right). Compiled by the authors after
[Spisok naselennyh ..., 1902; Naselenie ..., 2013]

HBIe» JJIs1 OyIIyIero OCBOCHMsSI TEPPUTOPUH, HACEICH-
HbIe TyHKTBI. «Ocenanuio» Mopogul B Mpeaenax Je-
CHCTOTO CeBepa M 3amaja pakioHa (1. Anémkuno, de-
nopoBka, Ky3pMHHOBKa), KpoMe MMEBIIETOCS y 3TOMN
STHUYECKOW I'PYIIBI ONBITA BEICHUS X0351CTBA B aHA-
JIOTUYHBIX YCIOBHAX, CIIOCOOCTBOBAJIO M COUETaHHE psJia
Ipyrux (akTopoB KaK ATHOICHUXOIOTHYECKUX (CKIIOH-
HOCTh K CKPBITHOMY 00pa3y >KW3HH), TaK U YCIOBHO
OOBEKTHUBHBIX O0CTOSATENHCTB (HACTYILICHHE OCCHH BO
BpeMs TIOMCKAa HOBOTO MECTOXXHUTEIhCTBA).

Tamapwel 3acenuiau LUEHTPaJIbHYIO U 3alaJHYIO
YacTh paiioHa B CBs3M ¢ OBICTPO HapacTaBIIMM Jepu-
IIUTOM CBOOOJHBIX 3eMeNb Ha BOCTOKe. Tarapckue
JICpeBHU OBLTH MAJIONIOAHBIMUA U TATOTENN K BOJHBIM
HMCTOYHUKAaM — MHOTOYHCIICHHBIM POJHUKAM H peKaM
paiiona (1. AxOynat, banbiknbsioameso, J{eHUCKHUHO).
YacTp TaTtap Mo NPUYUHE PETUTHO3HON U KyJIbTYPHOM
OJIM30CTH CeNMUIIach B OAIIKUPCKUX JIEPEBHSX, B PE3Yib-
TaTe 4ero oOpa3oBayoch JIBE JOCTATOYHO KPYITHBIE
STHUYECKH CMEIIaHHbIe AePeBHU — BanbIkibel U ATd-
meBo (cM. puc. 1).

B nauane XVIII B. orMeuaercs nosBji€HUE TEP-
BBIX uygauickux nepeseHb (Kupromkuno).

Pyccxue mocenenus ocHoBanbl B 1720—1740 .,
BBIXO/IIIaMH M3 TOBOJKCKUX M YePHO3EMHBIX TYOSpHUIMA
(ITenzenckoit, Camapckoii, Tam6oBckoit). CeTh moce-

JICHUW PYCCKUX, UMEBIIUX OOJiee MIUPOKUH CIIEKTp 3a-
HSTHIA, TIOKPBIBAET PaiioH Hanbojee paBHOMEPHO.

Mapmuii 9. Tepputopus coBpemeHHbIX [lapanbrun-
ckoro 1 Mapu-Typekckoro palilOHOB HCTOPUYECKH Ha-
XOIMJIach Ha IOTO-BOCTOYHON T'paHMIIE apeajia pacce-
JIEHUs JIyTOBBIX MAPUMUIIEB, HA FOXKHBIX OTporax Bsrc-
KHX yBaJIOB. 3HAUNTENbHAS YaCTh MAPULICKUX IEPEBEHB
Bo3HHKIA eme B XVII-XIX BB.

Pycckue kpectbsiHe mepecensuinch croua u3 0o-
Jiee CeBEpHBIX Ye3/10B BsiTckoii rybepHuy, ¢ ora Ha 9Ty
TePPUTOPHUIO NpUILH mamapst (puc. 2). B pycckux
CHII, Bo3HuKIIHX Ha Iepuepru JIECHON 30HbI, OBUTH
Pa3BUTHI JIECHBIC MPOMBICIBI [ DKoJoro-reorpaduuec-
kuit atnac ..., 2020]. Tarapbl KOHIIEHTPUPOBAINCH
BJIOJIb TOPTOBBIX TPAKTOB.

B 1891 . B mpenenax AByX COBpEMEHHBIX paliOHOB
B MapUMCKUX HAaCeNEHHBIX MYHKTaX MPOXHUBAJO
15,5 TIC., B pycckux — 17,7 ThIC., B TaTapCKUX —
10,4 TeIC., B yamypTckux — 1,2 ThIC. YemoBek [Ctapo-
cTuH, 2020].

Cpennss moguaocts CHIT Taxxe mmeeT sTHHUEC-
Kyto crienii(uKy, CBSI3aHHYIO C OCOOCHHOCTSIMH XO0351i-
CTBa: B CpeIHEM TaTapCKOM HACEIEHHOM ITYHKTE MPO-
»kuBao 305 genoBek, mapuiickom — 171, pycckom — 158.

[IpumepHo B TpeTu pycckux JepeBenb B 1917 . pac-
MOJIATATMCH HEOOMBIINE IPOMBIIUICHHBIC TIPS PUSTHS:
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aBTOpaMHu 1o AaHHbIM [PogHast Bstka, 2020]

Fig. 2. Rural settlements network of Mari-Tureksky and Paranginsky districts, Mari El, in 1891 and 2010. Compiled by the authors after
[Rodnay Vyatka, 2020]

CMOJIOKYPHH, KUPITHYHBIE 32BOIbL, MACJIO00HH, Yero rmpak-
THUYECKH HE OBIIO B MAPUICKUX HACETICHHBIX ITYHKTAX.

B Tarapckux cenax pacnpoCTpaHEHHOCTb IPOMBIC-
JI0B ObLJIa 9yTh BBIIIIE, YeM B MAPUHACKHX. TOIBKO B OHOMN
TaTapckol JiepeBHE ObUIa CMOJOKYpPHS, B OCTallbHBIX
3aHUMAJIHCh TPEUMYIIECTBEHHO MepepaboTKON Cellbe-
KOXO3SICTBEHHOM poayKiuu [MHbopMaimoHHbIH pe-
cypc, 2020].

Ha smopoii cmaouu B mpouecce pazgumus u
CIMPYKMYPUPOBAHUSL CUCMEMbI CeNbCKO20 pacceneHus
OIIYTUMO B3aWMOJICHCTBHE dTHOKYIBTYPHOTO (hakTopa
C TPAHCIIOPTHBIM, TO3UIIMOHHBIM M HHCTUTYITHOHATEHBIM.
IlepBble Ba AatOT 3THUYECKOM TPYIIIE IOMOTHUTENb-
HBIE TIPEUMYIIIECTBA B ClIy4ae OpPMHUPOBAHMSI B TIpe/e-
JIax apeajla €€ pacCeJeHHs] yCTOMUMBOM CETU KPYIIHBIX
IIOCEJICHUM, KaK ITPaBUJIO, XO3IMCTBEHHBIX UM MEKXO-
3SHCTBEHHBIX IICHTPOB OOCITYKHBAHUSI.

Bamkupus. [Tuka pa3BuTHs CETh CEIBCKOrO pac-
cenenuss OeOPOBCKOTO pailoHa JOCTUINIA B MPEABO-
enubiil mepuon. [lozmuee, mpoBoauBmasics B 1960—
1970 rr. KaMIaHus JTHKBUIAIUNA HETIEPCIEKTUBHBIX
CHII mpuBena x ucde3HoBeHHUIO mouTu SO 1epeBEHb.
3TO MaJIOYUCIICHHBIE PyCCKHE, MOPIOBCKHE U YyBalll-

ckue nepesHu (62%, 15% u 15%, cOOTBETCTBEHHO), B
MEHbIIIEH CTelmeHUu TaTapckue U Oamkupckue. [an-
HBIH IPOIECC IPHUBEII K YCUIICHUIO MUTPALIH PYCCKOTO
HaceseHus B Onu3iexaiiue ropoaa (Meneys, Canapar,
CrepnuramMak) M CHIDKCHHIO MX JOJH B CETLCKOM Ha-
CEJICHUU paiioHa.

YcToitunBoe K BHEIIHUM (DakTopaM pacceCHHe
XapakTepHO Ui TaTap, Oamkup u dypamei. Eciu k
cepenune XVIII B. Tarapckoe HaceleHHe ObLIO MEHb-
HIMHCTBOM M KOHIIGHTPHPOBAJIOCH B OCHOBHOM Ha CeBe-
po-3amajie paiioHa, Ha COBPEMEHHOM 3Talle OHO Ipe-
CTaBJICHO NMpaKTUYeCKH Be3zie. Tarapckue cena Xxapak-
TEPU3YIOTCS OONbIIEH JIOAHOCTHIO H HMEKOT
CMEIIEHHYIO B CTOPOHY IMOKHIIBIX BO3PacTOB BO3pacT-
HO-TIOJIOBYIO CTPYKTYPY JKUTENel B CBS3M C OTTOKOM
HacelleHHs B ONMKal e SKOHOMHYECKHUE IIEHTPHI.

Paccenenue Gamkup 0CTajaoCh HEU3MEHHBIM H3-
32 MHOTOJTFOJTHOCTH CEJl 1 0COOEHHOCTEH X03HCTBOBA-
HUs (pa3BelCHUE CKOTa HEe TPEOOBAIO CO3aHUS Xy TOp-
cKoli ceTH). B HacTosIiee BpeMsi CuCTeMa pacCeIeHHs
palioHa IPeNMYIIIeCTBEHHO MPEeICTaBIeHa KPYITHBIMHU U
CPEIHHUMH TIO JIFOAHOCTH HAaCEIEeHHBIMH ITyHKTaMH, OC-
HOBaHHBIMU BO BTOpoi nojoBuHe XIX BB. (puc. 3).
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A B coBerckoe Bpems mocTpoeHa jKele3Has
181 _ Jl0pora, COeMHMUBIIAs 3eTCHONONBCK U SIpaHCK
16 1 W Bawkupsl u ipoxonuBIas uepe3 Morkap-Orry. Jlopora cra-
14 4 [Mopaea Jla Ba)XXHBIM DJIEMEHTOM CHCTEMBI PACCEICHHUS
12 ] OPycee MOCKOJIbKY BIIOJIb HEE BO3HHUKIIM JIECO3arOTOBH-
. TEJIBLHBIC U O0CITYKMBAIOIIHUE JIOPOTY TOCEIKH.
MTarapsi B pesynbsrare KoJUIeKTHBH3AIMK Ha TEPPH-
8 1 Buysawn TOPUH PEeruoHa oopa3oBaiach CETh KOJIX030B, M0~
6 - CTCIIEHHOE COKpAIllEHHEe KOTOPOH Ha4yalaoch B
e 1950-¢ rt. KomraecTBO KOIX030B M COBXO30B CO-
g, Kpatuiiochk ¢ 61481952 .10 17711708 1974 1
z . Lm |_| 1986 1T, coorBercTBeHHO [ PoHas Bsitka, 2020].
X po5  51-100  101-200  201-500  501-1000 10012000 OTOT TIpOIIEce COMPOBOKIAIICS NeTpajianuel
% JIlogHOCTL HaceneHHbIX NYHKTOB, Yenosek, 1902 r. C(I)epI)I YCIyr u A€nOoIyiadanuen CEJIbCKOM MECT-
S HOCTH, onHako, B Mapwuiickoit ACCP ortok Ha-
% o i b CEIIeHHs! B TOPOJI IPOUCXOMIIT MEJUICHHEE, YeM,
8 @bewwps  HATPHMED, B cocemedt Kwupogsckoit obmactu.
g 8 AJMUHHCTpaTHUBHAS UEpapXus HA TeppH-
3 71 OMopasa topun Ilapansrunckoro u Mapu-Typekckoro
g 61 OPycckue paloOHOB Cpeay IPOYero 00yCIOBICHA U STHH-
54 W Taraps yeckol crierudukoii. B cBsi3u ¢ mepecenenuem
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Puc. 3. Pacnpenenenue CHII pa3noii monnoct B @enopoBckoM paiioHe bami-
KHPUH B 3aBUCUMOCTH OT nipeodiaaaromero 3THoca B 1902 (A) u 2010 (b) rr,
COCTaBJICHO aBTOpaMH MO AaHHBIM [CHUCOK HaceneHHbIX ..., 1902; Hacene-

HUe ..., 2013]

Fig. 3. The size distribution of rural settlements in Fyodorovsky district by
dominant ethnicity in 1902 (A) and 2010 (B). Compiled by the authors after

[Spisok naselennih ... 1902; Naselenie ..., 2013]

CoueTanne MHOTONIOTHOCTH, aAMUHUCTPATHBHO-
TO cTaryca, TPAaH3UTHOTO TOJIOKEHHSI, KOHIIGHTPAIlUU
COIMATLHON HHAPACTPYKTYPBI U IKOHOMHUYIECKOH KH3-
HU OTIPEEIIHIIO0 COXPAaHEHHE OIIOPHOM CETH HACEIEHHbIX
IIYHKTOB B COBETCKMI U COBPEMEHHBIN ITEPUOJIBI.

Mapuii 5. B miporiecce pa3BUTHS CHCTEMBI CETb-
CKOTO paccelieHHs] B peciyOiuKe Haludue MECTHOU
MPOMBIIITICHHOCTH, 00yCIIOBIIEHHOE STHHYECKOM CIIeIH-
¢uKoii, cTano (hakTopoM «BBDKHMBACMOCTHY CEJIbCKUX
HaceleHHBIX MyHKTOB. [Ipu paBHOMEpHOM pacmpene-
neanu moaHocTy CHII u mpoynx paBHBIX yCIOBUSX B
TeX cefnax, TJe UMETIUCh MPEeAIpPUATHS, TEMITBI AET OITy-
nsin B XX B. Obuti HUOKE (20% mporus 70% B pyc-
CKUX HacelleHHbIX MyHkTax 3a 1891-2010 rr.).

Hanuure nmpoMBIIIIICHHOW TepepabOTKU CIIoco0-
CTBOBAJIO MOBBIIICHUIO POJIH B HEPAPXUU HACEIECHHBIX
MYHKTOB, YTO OOYCIIOBITUBAJIO pa3MellleHre B HUX IICH-
TpaJdbHBIX ycaned KoIxXo30B. TeMm He MeHee, cynbda
BCcEll MECTHOH MPOMBINIICHHOCTH Oblia MedalbHOM.
MHOTUX KpecThsiH ¢ COOCTBEHHBIMHU ITPOMEBICIIAMH pac-
KyJIa4MJIH, IPOU3BOJICTBA B KOIX03aX OBLITH 3aKPBITHI B
COBETCKOE BpeMs, TOCIIETHUIN CTEKOJIbHbBIN 3aBOJ B T10-
cenke Mapuer nmpekpaTtui padory B 2010 1.

Adysawu

201-500 501-1000 1001-2000 2001-5000

pycckux B cepenunue XIX B. Ha4aIoCh CTPOU-
TENBCTBO IIEPKBEH M OTKPBITUE MPUXOIOB, KO-
TOpBIE, KaK ITPABHJIO, PACIIONATaIHCh B PYCCKUX
HaceJIeHHBIX yHKTaxX. B nanpHeleM HeHTpsI
MPUXOJ0B CTalll EHTPAMH CEIbCOBETOB.
«YHacIenoBaHHOCTE» aJMHHUCTPATHUBHON
Hepapxuy MPOCISKUBACTCS JI0 CUX TIOP: B IISATH
W3 IECTH COBPEMEHHBIX IICHTPOB MyHUITUITAIb-
HbIX 0Opa3oBanuit B Mapu-Typekckom palioHe
Y B IByX U3 JieBATH B [lapaHbIrMHCKOM HaXOM-
JIUCh MPUXOJIBL. B TaTapckux HaceneHHBIX MyH-
KTaX MMENIach aHAJIOTHYHAS UepapX Ui, CBSI3aH-
Has Cc pacroloxeHneM medereid. OmHako, 3a
CUET JIOCTATOYHO KOMIIAKTHOTO pacceleHus] U
«HETOJIKPETICHHOCTHY PEITUTHO3HBIX (DYHKIIUH
aIMHUHUCTPATUBHBIMH MHOTHE MCTOPUYECKUE
MYCYJIbMaHCKHE [IEHTPBI ¢ MEUEeTIMA H 00pa-
30BaTEIbHBIMH YUPESKICHUSIMUA K HACTOSAIIEMY BpeMe-
HU 100 UCUE3/H, THO0 YMCHBIIUIMCH B pa3Mepax.

B cpennem 3a mepuon 1891-1980 rr. cpenuss
JIOTHOCTh HACETICHHBIX MYHKTOB, JIMIIMBIIUXCS ICHT-
pasbHOM ycaabObl, COKpaTHiIach Ha 35%, cpemHsis k-
HOCTb IIEHTPAJIbHBIX ycaaed, KOTOpbie He TIOBEPIIUCH
YKpYIHEHHIO, BbIpOcia 3a TOT ke nepuon Ha 118%, a
monHocTh CHII, koTopble He ObUIHM IIEHTPaMU KOJIXO-
30B, HE M3MECHWJIACH 3a CTO JICT.

VYTpaTa afiMHUHUCTPATUBHON QYHKIMH 00yCIIOBHIIA
cxkatue chepbl 00CTYy)KUBAHHS M CTUMYIUpPOBAlia OT-
ToK HaceneHus. 3a 1980-2010 rr. uncieHHOCTH Hace-
JICHUS B «Pa3KajJoOBaHHBIX» ycaJp0ax COKpaTuiach Ha
83%, 28% u 72% B pycCKUX, MAaPUMCKUX U TaTapCKUX
HAaceJICHHBIX MyHKTaX, COOTBETCTBEHHO [Uydkaios,
Anexcees, 2020]. YkpyITHEHHE CETHCKOXO3STHCTBEHHBIX
OpraHu3aIuil CHIIbHEE «YIapHII0» KMEHHO MO PYCCKUM
W TaTapCKUM JIEPEBHSAM. A MapHUIlbl KaK KOPEHHOE
HaceJIeHWe OKasajich MeHee TOJBYKHBI U Oojee yc-
TOWYHBBI K TPaHC(HOPMAIIUU CETH YCIIYT, IIPOUCXOTUB-
e B IIECTUAECATHIC TOMBI (pHC. 4).

Tpetbst cramis — Gonee ClOXKHAS 1O XapaKTepy
MPOIIECCOB, 3TO — TpaHCcHOpMAIH CETLCKOTO paccere-
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HUA B YCJIOBUAX POCTA ACIIONYIIAIMA U MUTpaliv-
OHHOTO OTTOKA M3 CEILCKOH MECTHOCTH. 3HAYH-
MBIM CTaAHOBUTCS B3aI/IMOIIeI\/'ICTBI/IC OTHOKYJIBTYP-
HOTO0 U reosieMorpaduueckoro GakropoB. Tperbs
CTaJMsl MOXKET OBITh pa3zielicHa Ha JiBa ATara.

Ilepsoiii — ctaproBan B Hadane 1960-x rr.,
KOTJ1a CTajla CHJIbHEE MPOSIBIIATHCS U HapacTaTh
nud depeHImalus 3THOCOB 10 CKOPOCTH U Pe-
3yJbTaTaM IPOXOXKIACHHU A IICMOFpa(bI/I‘IeCKOFO Iie-
pexona, a TakkKe YPOBHIO UX TEPPUTOPUATIBLHON
MOOUJILHOCTH.

Bmopou — nagancs nocie 1991 1. OH oxBa-

TBIBACT MOCTCOBETCKUI TIEPH O, KOT/IA TIOCIIE TIpe-

A

[ Mapuiayb!
0O Pyccrue
M Tarapsl

O m N Im =

KpalleHHsI TOCyIapCTBEHHOM MOIIEePKKU KOJIJTeK-
THBHOTO CEJILCKOT0 XO351ICTBA U CEIBCKON COLU-
aNbHOH cdepbl pa3nuuusi 0a30BBIX IJIEMEHTOB
STHHUYECKOI KYJIBTYpPbI U CTCIICHU CIIJIOUCHHOCTH
STHUYECKHUX TPYII CTajJl OKa3bIBaTh KIIOUEBOE
BIIMAHUC HA TUHAMHKY CCJIILCKOI'0 pacCCICHUA B
TMMOJIM3THUYHBIX PETUOHAaX.

Bamkupns. K Hacrosmemy BpemMeHu Hace-
sneHne PeIopoOBCKOrO pailoHa MO CPaBHEHHUIO C
HadajioM XX B. COKPaTUJIOCh MPAKTHUECKH B J1Ba
paza. YMeHbIlIeHHe YUCIEHHOCTH U KONYeCcTBa
CHII napsiny ¢ pycCKUMH KOCHYJIOCH, MPEX/e
BCero, Moposst (cM. puc. 1, 3). [lonoxxenue Mmop-
JOBCKHX JCPEBCHD JOIOIHUTCIBHO YXYIUINIOCH
B CBA3U C YCUJICHUEM aCCUMWIAIUOHHBIX IMTPOLEC-
COB, 4TO MPHBEJIO K TpaHCHOPMAIUU ITHHUYEC-
KOW CTPYKTYpBI 4aCTH JepEBEHb, paHee HACEs-
eMBIX 3TUM HapojoM. Hanpumep, «MopaoBcKash)
denopoBKa crana cejaoM ¢ IpeodiaaHueM pyc-
CKOT'O M TaTapcKoro HaceleHus.

Cucrema pacceneHns YyBallICKUX JIepeBEHb
TpeTepresna yKpynHeHre cell Ha Foro-3ara/je pai-
OHa U JIMKBUAALIWIO MaJIONIOJHBIX NJCPEBCHL HA
rpanune ¢ CrepnuOanieBCKuM paifioHOM, HO, B
OTJIM4ME OT MOPABHI, coxpanua oaHocts CHII,
Oraromapst 6ornee BBICOKOMY K03(D(OUITUEHTY pOXK-
JTAEMOCTH U «IPHUBS3aHHOCTU K 3E€MJIE» MECTHBIX JKH-
tenert (Kupromkuno, BecenoBka, TenseBo). Bricokas
POk ATHOIEMOTpaduuecKoro hakTopa MPOCIeKUBALCT-
csl B coxpaHeHHH JronHocty otaenbHbix CHIT y Garir-
KHp H3-32 BBICOKHX TOKa3aTeseil eCTeCTBEHHOrO MpH-
pocTa, a TaXke TAKUX MCUXOIOIMYECKUX YHUBEPCAIIU,
KaK KOHCEPBAaTHUBHOCTh, TPAaJUIHMOHAIN3M, «CBSI3b C
POAHON 3eMIIeii».

OZ[HI/IM 13 MTHAWUKATOPOB, UCITOJIB3YEMBIX JIJI1 OLICHKU
CHIOYEHHOCMU IMHUYECKUX epynn, SBIAETCS 00/ Me-
arcomuuyeckux opaxos [Cycokomnos, 1987; Jlypee, 2018].
s v3ydeHus B3aUMOJICHCTBUS HACEICHUS B OpadHOM
OTHOILIEHUH MCIIOIb30BaHa CTATUCTHKA PAOHHOTO OT/Ie-
nenust 3AI'Ca 3a 2003 ., oObsicHsIIONIAsT TMHAMUKY YK C-
nenHoctu HaceneHust CHII ¢ mpeobiaganruem cpeau »xu-
TeNel MpeICTaBUTENeH Pa3HbIX 3THOCOB® (Ta0I. 2).

MakcumalibHOE B3aMMOJIECTBUE C MPEACTABU-
TEISIMU JIPYTUX 3THOCOB XapaKTEPHO I MOpPO8bl,

KonuuectBo HaceneHHbIX NYHKTOB

Fig. 4.
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Puc. 4.
paHBTHHCKOM paHoHax Mapuii Dn B 3aBHCHUMOCTH OT mpeobia-
natouiero 3tHoca B 1891 (A) u 2010 (B) rr. CocraBiieHO aBTOpamMH 1O JaH-

Paranginsky districts by dominant ethnicity in
2010 (B). Compiled by the authors after [Rodnay Vyatka, 2020]
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JTIoOHOCTB HaceneHHbIX NYHKTOB, Yernosek, 2010 T.

Pacnpenenenne CHII pasnoit monHocTH B Mapu-TypekckoMm u [la-

HbIM [PonHas Barka, 2020]

The size distribution of rural settlements in Mari-Tureksky and
1901 (A) and

HMMEOIIEN caMyI0 BBICOKYIO JOJIF0 HAllHOHAJIBHO-CMeE-
IIAaHHBIX OpPaKkoB. BHYTPHM 3THUYECKOM I'PYIIIIBI CyIile-
CTBYET TeppuTOpHaibHas Auddepenipanms. Mopaos-
CKO€ HaceJleHHEe, POJUBIINECS B palIleHTpe, B O0b-
el CTeNmeH! MOABEPKEHO ACCUMIISALMH, HeXelu
HaceJleHne OKPECTHBIX AepeBeHb (AnemkuHo u Bepx-
HUH AJIBIIITAH), )KUTEIH KOTOPBIX 3aKII0YalOT MOHO-
3THUYHBIC Opaku. B 3akimroueHun OpakoB MEX Iy MOpP-
JIBOW M MECTHBIMHU TaTapaMu/4yBallaMy Ba>KHYIO POJIb
WUTpaeT COCEACKOEe MOIOKEHHE HACENEHHBIX IMYHKTOB
OTHOCHUTENIBHO ApYyT Apyra (Hampumep, 1. Tarapckuit
Cyxoit Uzsik u Tensiso/Bepxuuii Ajnblmran, AJCIIKH-
Ho/l'oHuapoBKa).

MuHHMaTbHBIC 3HAYCHUST CMEIIAaHHBIX OPaKOB Xa-
paKTepHBl U1 yygauickoeo HaceneHus. Ilo gacrore
B3aMMO/JICHCTBUS MPEACTABUTENEH UYyBaIlICKUX Hace-
JICHHBIX ITHKTOB MEKAY COO0M MOYKHO YCIIOBHO BBIJIE-
JUTH TPU COBOKYITHOCTHU JIEPEBEHb — Ha IOTe, CEBEpE U

5> Boinee cBexHil Marepuall He NPEICTABISIET MHTEPEca B UCCICJOBAHUU B CBS3H C JOCTATOYHO HHU3KOM 10Jeil GPakoB ¢ yKa3aHHEM 3THUYECKOM
MJCHTUYHOCTU CYINPYTOB, YTO MOIJIO Obl MCKAa3UTh KOHEYHBIE PE3yJIbTATHI.
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Tab6nuia 2

CTpyKTypa Me3THHYECKHX OpakoB B ®enopoBckoM
paiione Pecniy6inkn Bamxunpus B 2003 r., %

OtHocel | YyBamm | Tarapsr |Pycckme |bamkwuper [ Mopasa
UyBamm 62,5 6,1 4.4 5,4 10,0
Tatapsl 15,6 43,9 20 64,9 23,3
Pycckne 6,3 11,0 33,3 5,4 50,0
Bamkupst 6,3 29,3 4.4 18,9 3,3
Mopnsa 9,4 8,5 33,3 2,7 13,3
Hpyrue 0,0 1,2 4.4 2,7 0,0
Bcero 100 100 100 100 100

Hcemounux: nannele otnena 3AI'C ®enopoBckoro paiona,
2003 r. Marepuaisl OIEBbIX UCCIEI0BAHUIM.

ceBepo-3amnajne paiona (Becemoka, HoBocenka, Ku-
promkrHo/MaraHeBka, Ynsaaposka, Opioska/Tensie-
B0). @opMupoBaHUE TPy 00YCIOBICHO HX ylalleH-
HOCTBIO OTHOCHUTENBHO JAPYT OT Jpyra U CyO3THUYECKH-
MU pa3IUYUsIMU MEXK]Y BEPXOBBIMH UyBalllaMH Ha
ceBepe M HU30BHIMU — Ha tore. [eorpaduyeckuii dax-
TOp B JAHHOM cJy4ae ChIrpall 3HAYUTENbHYIO POIb —
OH TMPEJOTBPATHI BO3MOKHYIO KOHCOIHAAIIHIO YyBalll-
CKOTO HACEJICHHS.

Bawxupcroe Hacenenne akTHBHO B3aUMOJICHCTBY-
eT ¢ mpourMHu dTHOcamu (Ooee 80% cMelIaHHbIX Opa-
KOB), B TICPBYIO Ouepe/b C MPEACTABUTEISIMU HEMECT-
HOTO TaTapcKOro HaceneHus. bombmias 4acTh Momo0-
HBIX ceMell B Oy/yIeM IPOKUBACT B KPYITHBIX TOPOIaXx,
YTO MPUBOJAUT K YBEITMYCHUIO BIHMSIHUS TOPOJa: Bo3pac-
TaeT Polib TOPOJICKOro 00pasa >KWU3HH, YTPauHBaETCs
4acTh YepT ITHHYECKOW HJICHTUYHOCTH.

Bricokuii ypOBEHb CMEIIIaHHBIX OpakoB Xapakre-
PeH I pycckoeo HaceneHus (Oonee 2/3 Bcex OpakoB),
KOTOpBbIE BCTYMAKOT B Opak ¢ MOPIBOi W TarapaMu. B
TEpPPUTOPHAIILHOM pa3pes3e B Opakax, rae oda cympyra
POAMIUCH B TIpeieNiaX paiioHa, aKTHBHEE B3aUMO/IeH-
CTBYeT MEXKAy co0OM HaceneHue OMM3NIeKalIuX Jiepe-
BEHb, paillleHTpa W NPOYMUX AEpEBEHb paiioHa. Paii-
HEHTP — MECTO KOHTAKTOB YKUTEJIEH pa3IMYHbIX Jiepe-
BEHb, B PE3yJbTaTEe YEro MPOMCXOAMT MOCTEIEHHOE
YMEHBIICHHE BIHSHUS TPA MU, BEYIIlee K CTUPAHUIO
STHUYECKHUX TPAHUII.

HUckirouenne cocTaBisieT mamapckoe Hacenexue,
YCTOWYHMBOE K BHEITHUM (hakTopaM B CHITY CBOCH MHO-
TOYUCIICHHOCTH W OOJIBIIIMM BO3MOXXHOCTSAM BBIOOpa
OpayHOro MapTHepa W3 YKcia MPEeICTaBUTENCH CBOETo
3THOCA. Y TaTap MaKCUMallbHOE B3aMMOJICHCTBUE Ha-
Omromaercs ¢ Oamkupamu (MOYTH TPeTh OpakoB). Pe-
aJbHasl JIOJIS TATapCKO-OAIIKUPCKUX OPAKOB, 3aKITFOYCH-
HBIX YpoxxeHIIaMu PENOPOBCKOro palioHa, HU¥KE, OKOJIO
20%: 9acTh CMEIIaHHBIX OPaKOB 3aKIHOYACTCS B KPYII-
HbIX nonudTHIYHBIX CHII 1 roponax.

Mapmuii 1. Beicokasi MOOMIIBHOCTB PYCCKOTO Hace-
JICHVS, TIOMYEPKHYTAs ¥ B IIyOWHHBIX UHTEPBBIO, 00yC-
JIoBJIcHa cl1abol YKOPEHEHHOCTBIO PYCCKOTO HACEIICHUS
Ha Tepputopun Mapu-Typekckoro u [ lapanbruHckoro paii-

OHOB. 3HAYMTENbHAA YaCTh PYCCKUX JEPEBEHb OCHOBA-
Ha niepeceneHuamu B cepeaune XIX B. [ToaToMy oTToK
PYCCKHX U3 CEITbCKOM MECTHOCTH IPOMCXOINI OBICTpee
U JIeTde, 4eM Yy MapuiilieB, KOpeHHOro HaceneHus. Pyc-
CKHE OKa3aJIICh CHUJIbHEE BOBJICUEHBI B OTXOIHUYECTBO
Y TIPOMBICITBI, YTO CIIOCOOCTBOBAJIO YpOAHU3ALIHH.

Bot kak 00 3TOM cka3aHO B Oecene BO BpeMs I10-
JIEBBIX UCCIIEOBAHUM:

«Pycckue — OHU N1e2ko écmaiom u yxoosam. Imo
mMaputiya ¢ KOPHAMU 8blOUPAMb HAOO U3 0epeGHU.
Hx maoceno seimackueams, u maputickue oepesHu
ewe ocueym. A pycckue — 6pocunu, 6cmant, Yuau».
(KennwHa, meHCHOHEPKa, OBIBIIINI COTPYAHUK KpaeBel-
geckoro myses. Uions, 2019 1., Mapu-Typek).

Cpenu Tatap OTXOTHHYECTBO TOXKeE OBLIO pacmpoc-
TPaHEHO, OJIHAKO, 33 CYET OONbINEH JTFOIHOCTH TaTapc-
KHX HACENICHHBIX ITyHKTOB «BHIMBIBAHHE)» HACETICHHUSI ITPO-
HCXOIWJIO MEHBIIMMH TeMmMmnaMu. Bcero 3a mepuop c
1891-2010 TT. TOMA PYCCKHX CENBCKIX HACEICHHBIX ITyHK-
ToB (0e3 paiitieHTpoB: Tarapckoi [lapansru u Mapu-Ty-
peka, 00NaJarnero CMEMaHHbIM PyCCKO-MapHCKUM
HaceJICHHEM) B HAaCEJICHUH COKpaTmiiach ¢ 43,6 1o 30,6%,
MpHUYEM OCHOBHOE COKpAIlleHHE MPUIIIOCHh Ha COBET-
CKHi1 Iepro 1 ObLIO CBsI3aHO ¢ OoJiee OBICTPOM U paH-
Heil ypOaHu3aIuen y pycckux (cM. puc. 2, 4).

BriBoabI:

— OTHUYECKasl CTPYKTypa HAacelIeHUs OTHOCUTCS K
YHCITY 3HAYUMBIX, HO HE CTAHJJAPTHHIX (JaKTOPOB TPaHC-
(bopManumu CeTbCKOrO pacceleHUs: OHA MPOSBISETCS C
Pa3HOM MHTEHCHUBHOCTBIO BO B3aMMOJECUCTBUU C APY-
rUMA (aKTOPaMH — €CTECTBEHHO- M HCTOPHKO-Teorpa-
(rYecKrM, TIO3UIIMOHHBIM, reojieMorpaduieckuM. Ee
pOIb cBA3aHa C afanTaluell TpaauLOHHOTO X035 HCTBa
STHUYECKUX TPYMI K JaHAMA(THBIM OCOOCHHOCTSIM
TEeppUTOPHUH, MeCTOM, Kotopoe cymenu 3anate CHII ¢
JOMHHHPOBaHUEM Pa3HBIX 3THOCOB B MEPAPXUH IICHT-
pPOB 00CITy>KMBaHUsI, CTETICHBIO BOBJICUCHHOCTH TIPE/I-
CTaBHTENeH STHHYECKUX TPYII B MUTPAIIUH ¥ XapaKTe-
POM MIPOXOXKACHUS AeMorpadUIecKoro nepexona;

— BIUSIHUE 3THOKYJIBTYpHOTO (haKTopa CHIIbHEE
MpOsIBIISIETCS. HAa HavyaJbHOW M Ha Oolnee 3pesiou cra-
JUSX Pa3BUTHUA CEITBCKOTO paccelleHHusd — B Ipolecce
(dhopMHUpPOBaHUS CETH MOCEIECHHUH U MOCIe TPOXOXKIe-
HUsl OOJNILIIMHCTBOM 3THUYECKHX TPYI JeMorpadu-
YECKOTro Tepexofa;

— B3aMMOCBSI3b 3THOKYJIBTYPHOT'O ¥ MTO3ULIHOHHO-
ro ¢hakTopoB u30upareabHa. Ha roro-soctoke Mapuit
3O oH «paboTaeT» y PyCCKUX M Tarap, JJIsi KOTOPBIX
norepss ux CHII craryca meHTpa koiaxo3a M COMYT-
CTBYIOLIIETO HAbOpa yCIyr craia MPUYMHON OTTOKA
HaCeJIeHUS;

— MHTPAI[UOHHBIA (aKTOpP B TOJIMITHUIHBIX PETHO-
Hax Taxke MMeeT 3THUUYECKYIo poeknuio. Ha roro-3a-
naje bamkupuy Murpanuy B HauOOJIbILEH CTEICHH I10-
BIIMSIIM Ha C)KaTHE CUCTEMBI pacceleHus! pycckux. B
Mapwuii O cokpalleHue ux J0I1 B HaCeJIeHUH coYeTa-
JIOCh C 3aMEIlleHHeM MapHilllaMu B paMKax Hepapxu-
YEeCKUX MUTPAIM U3 MEHee KPYITHBIX JIePEBEHb B IICH-
TPBI CENbCKUX MOCEICHUN;

— B MTOCJIEIHNE JIECATUIIETHS aKTyaJTu3alus U yCH-
JICHHE ATHUYECKOUM NJICHTUIHOCTH BBIBEITU 3THOKYJIBTYP-
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HBIM (haKTOp HA MEPBBIN IJIaH. YCIOBHEM COXpPaHCHUS
KHU3HECTIOCOOHOCTH 0YaroB CENbCKOTO pacceNieHns Ha
HU30BOM YPOBHE CTAHOBUTCS CTENEHb COXPAHHOCTH

3JIIEMEHTOB TPAJULMOHHON KYJIBTYPBI, HHANKATOPaAMU
KOTOpOH BBICTYTAIOT HAIIHOHATIbHO-CMEIIIaHHbBIE OpaKku
U CBSI3M B PaMKax CEIbCKO-TOPOICKUX COOOIIECTB.

Brazooapnocmu. Viccnenosanue npoBeieHo npu GUHAHCOBOH mojaepxke mpoekToB PODU (mpoekt Ne 18-

05-00394, npoexr Ne 18-011-00725).
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L.R. Imangulov', M.R. Maximenko?,
M.S. Savoskul’, S.S. Safronov*

THE INFLUENCE OF ETHNOCULTURAL FACTOR
ON THE EVOLUTION OF RURAL SETTLEMENT PATTERNS
(CASE STUDY OF THE POLYETHNIC REGIONS OF BASHKIRIA AND MARIEL)

The article reviews the stages of rural settlement patterns transformation for a long period by the
cases of several municipalities of Mari El (Paranginsky and Mari-Tureksky) and Bashkortostan
(Fyodorosky). The objects of the study are polyethnic regions. The rural districts under study are
traditionally inhabited by Bashkir, Mari, Russian, Tatar, Chuvash, Udmurt and Mordva peoples. The
emphasis of the study was on the ethnic and cultural impacts on rural settlement patterns transformation.
It was analyzed with due consideration of specific features of the history of settlement, economic practices
of different ethnic groups, demographic and migration behavior, stages of demographic transition and
participation in urbanization. Mechanisms of the effect of different factors causing the transformation of
the rural settlement network patterns were revealed at the local level, namely physical-geographical factor
(at the early stages of settlement), positional (especially transport-geographical which was important
during the next periods), demographic (defining the population numbers in rural settlements), institutional
(more pronounced during the Soviet period). All factors were analyzed in terms of the ethnic composition
of the population. Three stages of rural settlement evolution under ethnic and cultural factors interactions
with other ones were identified, i. e. formation of rural settlement network; development of the rural
settlement system under positive dynamics of population; transformation of rural settlement network
under depopulation, growing territorial mobility of people and the ethnic identity raising. Cultural elements
define the vision of the territory by ethnic groups and influence both personal and collective decisions

principal for the rural settlement pattern development.

Key words: rural communities, factors of settlement dynamics, ethnic composition of population
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KPATKUE COOBHIIEHUA

VK 502.057; 504.05

M.M. Uganos!, O.JI. Komuccapona?, T.C. KomoBckuii®, A.C. IpimuieHkos?

INPUMEHEHUE TTOJEBOM T'AMMA-CIHEKTPOMETPUU U JIOSUMETPUUA JI5
HCCJIEJJOBAHUSI OCATKOHAKOILJIEHUSI HA TIOMME MAJIOM PABHUHHOM
PEKU B 30HE PAIMOAKTUBHOI'O 3AT'PA3BHEHUSA

B paGote onucaH onbIT IPUMEHEHUS TOPTATUBHOTO F'aMMa-CIIEKTPOMETPHUECKOTO U AO3UMETpruIec-
KOTr0 000pyIOBaHMS IIPH MPOBEACHUH KPYIHOMAcIITa0HOrO IreoMop(hOIOTHIECKOTO HCCISIOBaHMs y4acT-
Ka MOWMBI p. JIOKHBI, ITOIBEPIUIErocsi HHTCHCUBHOMY PaJlHOAKTUBHOMY 3arpsA3HEHHUIO IIOCIIC aBapuu Ha
YADC B 1986 1. IlomydeHHBIC pe3ynbTaThl MO3BOJWIA B KOPOTKHE CPOKH NMPHU HU3KHX TPydO3aTparax
BBICTPOUTH NOAPOOHYIO KapTUHY Ipoliecca MOMMEHHON aKKyMYIIIIIMY Ha UCCIIEOBAaHHOM y4acTKe 32 IOCT-
UepHOOBUTbCKUI TTepro. Pe3ynbraTsl H3MEpEeHUH ObLIM MPOBEPEHBI MyTEM MOCIOWHOrO oTOOpa Mmpod
MOWMEHHBIX OTJIOXKEHUH M ONpefeleHHs B HUX COAEPXaHUS PaJUOHYKINIOB B 1a0OPaTOPHBIX YCIOBHUSIX.
HanGonee BpICOKHE TEMITBI OCaIKOHAKOIUICHUS ObLIN 3aUKCUPOBaHBI HA HU3KOH moiiMe. CHMKEHUE KOH-
LEHTPALMH PAIUOHYKIHIOB B CTOKC HAHOCOB IIPHUBOIUT K TOMY, YTO HanboJjee 3arpsa3HEHHBIC CIIOH OKa3bl-
BAIOTCS 3aXOPOHEHHBIMH 110]] 00JIee YUCTBIMU CIIOAMH. TakuM 006pa3oM, IpOosSBIIEeTCS MPOLECC ECTECTBEH-
HOTO CaMOOUHIIEHHUS, KOTOPBIIl IPUBOAUT K CHCTEMAaTHYECKOMY CHHIKEHHIO MOIIHOCTH J103bI TaMMa-U3I1y-
YEeHHUS U KaK BaXXHBII IO3UTHBHBIN C paJl09KOJIOTHYECKOM TOUKH 3peHHUs 3¢} (HEeKT TOIDKEH OBITh yUTEH IPU

MIPOrHO3UPOBAHUU CUTYallUH.

Knioyesvie cnosa: Cs-137, paguone3neBslii MeTon, GuroBHanbHas reoMopdororus, YepHOObUIECKOE

3arpsi3HCHHUE

Beenenne. Peku npenctaBnsioT co0oil OCHOBHON
IyTh JIATEPAIBHOW MHUTPALMH PAJUOHYKIUJIOB HA 3a-
IpsA3HEHHBIX TEPPUTOPHIX U 3a UX MpezenaMu. B ycro-
BUSIX MHTEHCUBHOM aHTPOIOr€HHOW HATPy3KU pa3BUTHE
(roBHATIBHOIO peribeda OKa3hIBacT CePbEe3HOE BO3CH-
CTBHE Ha HKOJIOTHYECKYIO cutyaruio [JleakoB, Mozxe-
puH, 1984]. OnHoii 3 Hanbosee aKTyaIbHBIX IPoOIEM
SABIACTCA YXYAUICHUE Ka4€CTBAa BOAHBIX U 3€EMCIIBHBIX
PECYPCOB, CBSI3aHHOE C MUT'PaLliel 3arpsI3HUTEIIEH, 110-
MaJarolX B IPUPOIHYIO Cpeny B pe3ylbTare Xo3sii-
CTBEHHOM JCATCIIBHOCTHU HWJIM TEXHOI'CHHBIX aBapI/II‘/'I
[AxxurupoB u ap., 1988; IlanykeBuu u ap., 1992;
Golosov et al., 2000; Walling et al., 2003; Walling, Collins,
2008; Bird, 2011]. 3akoHOMEepHOCTH (OPMUPOBAHHS H
nepepacnpeieNieHrss PEYHOr0 CTOKa M CTOKa HAHOCOB
B YaCTHOCTHU ABJIAIOTCA OIPECACIIAIONIUMU q)aKTOpaMI/I
B MPOCTPAHCTBEHHOH TpaHCHOPMAIUH PaHOaKTHBHO-
T'0 3arpA3HCHUA 1 BOSHUKHOBCHU A HOBBIX PAAHO3KOJIOI' M-
YeCcKuX yrpo3. Mzyuenue oTinokeHn i, 00pa3yronmxcs B
30HC UHTCHCHUBHOI'O PaANOaKTUBHOI'O 3arpA3HCHUS I1OC-
JIC MOMCHTaA aBapuu, SABJIACTCA Ba’)XHBIM HMCTOYHUKOM
WH(POPMAIIHH O TIEPEMEIICHUH PAIHOHYKIIH/IOB B TIPH-
poxnoit cpene. Bmecte ¢ Tem, *’Cs BBICTymaeT B Ka-
4YeCTBE OHOT0 M3 OCHOBHBIX Mapkepos [Handbook ...,

2002], ucnonp3yeMbIX Ul UCCIEIOBAHUS MPOIECCOB
MUTPAIMK BelecTBa. TaKoi MOaX0a MOXKET OBITh IIPH-
MEHEH K TOoHMaM peK KaK CIIOXHBIM MOJIUTeHETHYec-
KUM (OPMHUPOBAHUAM, GUKCHPYIONIMM CBEJCHUS O Ba-
pHAaLMIX COEpXKaHHUS PAJIUOHYKIIUIOB B CTOKE PEK C
3arpsi3HEHHBIMU BosocOopamu [MBanoBa u jp., 2014;
Mawmuxus u ap., 2016].

[osiBneHne cpaBHUTENBHO KOMITAKTHBIX TaMMa-
CIIEKTPOMETPOB MTO3BOIHIIO TIPOBOAUTEH H3MEPEHHUE pa-
JMOaKTUBHOCTH HETIOCPEACTBEHHO B TIOJIEBBIX YCIOBH-
ax [Beck et al., 1972]. Ha coBpemeHHOM 3Tare coBo-
KyITHOCTb JIOCTYITHOTO aHAIUTHYECKOTO 000pYA0BaHMSI
MO3BOJISICT MOTYy4aTh KaK TOYHBIC 3HAUEHUsI ColepIKa-
HUS PaJHOHYKIIMIOB B OTOMpaeMbIX 00pa3iax rpyHTa
B paMKax J1JabOpaTOPHBIX aHAM30B, TaK M MMOKa3aTelH
(dbopMupyeMOit UMH MOLITHOCTH JI03bI TaMMa-HU3TyYeHHUS
[Chesnokov et al., 1997; Potapov et al., 2001; Linnik
et al., 2006]. KomOMHAIMI STHX JaHHBIX 1A€T BO3MOXK-
HOCTh BBICTPOUTH PaCIIUPEHHYIO KapTHUHY Ipoliecca
(hopMHpOBaHUSI TTONMBI KaK TeOIOTMYECKOro Tela | Ha-
KOTTUTENSI paIIOAKTUBHBIX 3arPSI3HATEINCH.

Lenbro peacTaBIeHHOM pabOThI SBJISIACH alpo-
0alus METOJJMKY TIPUMEHEHHS TTOJIEBON TaMMa-CITeKT-
POMETPHH IS TIOYYCHUS CBEICHUH 00 aKKyMYJISIUH
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npouecco uM. H.MI. MakkaBeeBa, KaHA. reorp. H., MJI. Hayd. C.; e-mail: ivanovm@bk.ru
2 MOCKOBCKHH TOCYIapCTBEHHbIH yHUBepcuTeT uMenu M.B. JlomonocoBa, Ilousennsiii dakynbrer, Kadeapa paanmosKoJorud 1 3KOTOKCH-
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HAHOCOB 32 MocT-UepHOOBITLCKHI MTEPHUOJT i CUCTEMA-
TUYECKUX M3MEHEHHSIX MOILTHOCTH JI03bl raMMa-u3iy-
4yeHus. J[is JOCTHXKEHUS TOCTaBJIEHHOW Henu ObUIH
TIPOU3BE/IECHBI MTOJIEBbIE U3MEPEHNUSI MHTEHCUBHOCTH raM-
Ma-M3y4eHHs W MOIIHOCTH JI03bl Ha y4acTKe MOMBI
MaJIOM PABHUHHOM PEKU C PAIMOAKTUBHO 3arpsI3HEHHBIM
OacceiinoM. Tarxoke ObUT IpoBezieH 0TOOP MPOO rpyHTA
JUTs JTabopaTOpPHON 00pabOTKM U MPOBEPKHU IOJIEBBIX
HM3MEPEHUN.

Marepuannbl 1 MeToabl ucciaenoBanus. OObEKTOM
HCCIIENOBAHUSI IIOCIYKWI Y4aCTOK MOMMBI p. JIOKHBI,
0acceliH KOTOpOi pactoiImKeH B FOKHOM yacT Tyibc-
Kol obnactu Ha ceBepe CpeaHEpPYCCKOW BO3BHIIIICH-
HOCTH, MIOBEPIIIIeiics HHTEHCUBHOMY PaJHOaKTHBHO-
My 3arpsizHeHuio nocie aBapuu Ha YADC B 1986 1.
(puc. 1A). Peka JlokHa siBysieTcst JISBOOSPSIKHBIM TIPH-
TokoM p. [11aBbl, Bajas B Hee B CpeAHEM TEUEHUU B
paiione r. [Tnascka. [Inomans 6acceiina p. JIokHBI co-
crasisier 177 km?. B cTpoenun moimsl p. JIOKHBI BbI-
JensieTcsa TPU YPOBHS: HU3KHUH, HEMOCPEICTBEHHO MPH-
MBIKAIOIUH K pyCITy, BRICOTOM 10 1 M HaJ ype30oM BOAbI,
CpemHuil — BEICOTOM 110 1,5 M, 3aHUMAIOITHI IIEHTPAITb-
HYIO YacTb ITOWMBI, ¥ BBICOKU — BBICOTOH Ooree 1,7 M.
IToBepXHOCTH BHICOKOM MTOMMBI, TPUMBIKAIOLIAs HEMOC-
pEACTBEHHO K OOpTaMm JOJHMHBI, YACTO OCIOKHEHA
nuieripaMu 1 KOHycaMH BbIHOCA, C(POPMUPOBABIIUMH-
Cs1 3a CYET IMOCTYIUIEHUSI HAHOCOB HEIOCPEACTBEHHO CO
cki10HOB. CyMMapHasi IIMpUHA HU3KOM U CpenHel moitm
o BceMmy TedeHUIo JIOKHBI KoieOneTcst B uana3oHe
ot 40 no 120 m. IIpu 3TOM HH3Kas ToiiMa Ha OCHOB-
HOM TPOTSKEHUM PEKH IMpeACTaBieHa JOCTaTOYHO
y3KOH (MakCMMyM J0 5—7 M) TOJIOCOH BIONb pycia,
Yarie Bcero )parMeHTapHo Mo OAHOMY U3 OeperoB (CM.
puc. 1b). BeiOpannsiii yuactok yxxe usydancs B 2014 r.
Ha MpeIMeT BepTUKaJIbHOro pacnpexaeneHus *’Cs B
MOMMEHHBIX OTIIOXKEeHUIX [MaMuxuH u np., 2016]. Xa-
pakTepHOil 0COOCHHOCTBHIO BEPTHKAIBLHOTO pacipee-
neans ’Cs Ha mo¥iMe p. JIOKHBI SIBIISIETCS HAIMUYNE
MaKCHMyMa CcoJiepKaHus paJruoHyKIna, KOTOPbIH MO-
XKeT ObITh OTHECEH K MOMEHTY aBapui — «1epHoObLIb-
CKU MUK». JIaHHBIA UK BBICTYIIAET B KAUECTBE HAJIEXK-
HOT'0 XpOHQIIOMMYECKOTO MapKepa, TI03BOJISFOILIETO OLIEHUTh
TEMITbI OCAJKOHAKOILUICHUS 3a MocT-YepHOOBLIbCKUM
Tepro.

Ha m3yuaemom yuactke moiimel B 2019 1. mpoBo-
JIAJICS TIOCTIOMHBIN 0TO0p Tpo0 (B Toukax 10, 11, 12) (cm.
puc. 1b) s mocnemyromux 1a60paTOpHBIX aHATHU30B.
B nabopaTopHBIX yCIOBHSIX 00pa3Ibl BEICYIITHBAINCH IPH
temnepatype 105°C, 3aTem meperupanuch U poCeHBa-
JIUCH Yepe3 CUTO C AUaMeTpoM oTBepcTuit 2 MMm. B mon-
TOTOBJICHHBIX 00pasmax comepskanve *’Cs aHaTH3upo-
BaJIOCH C UCIIOIb30BAHNEM F'aMMa-CIIEKTPOMETPHUYECKOTO
komrmiekca CKC-07I1(09I1) I P mpou3BomcTBa Komia-
Huu OO0 «I'punCTtap» ¢ OTHOCUTENBFHOMN MOTPEIIHOC-
TBIO OTIpEAEIeHuUs YAeIbHON akTuBHOCTH 5—10%.

Kpome aToro, B cTeHKax OTAEIBHBIX pa3pe30B MOM-
MEHHBIX OTJI0KEHHH OBIITH BHITTOTHEHBI 3aMePhl AKTHB-
Hoctu *’Cs in situ ¢ TIOMOIIBIO MTOPTATHBHBIX CIIEKT-
pometpoB mpousBoacTBa Kb «Pamap» ¢ gerekropom
CsI(T1) pasmepom 13x1347 mm (8 cM?) ¢ KpeMHHEBBIM
(doroymHoxkuteneM. Paspemienue no Jimaun 662 k3B

137Cs — me xyxe 7%, TUmoBoe 3HaYeHue 6—6,5% Atom
Nano. Ha 3aganHOi#i riryOMHE TPOM3BOAMIACH BBIEMKA
TpYHTA JUISl CO3/IaHUSI HUIIU, KyJa TIOMEIIAJCs CIIEeKT-
poMetp. Manebiii pazmep npuodopa (60x35x20 mm) mo-
3BOJIST M30€raTh CHIIbHBIX HapYIICHWH B CTEHKE pas-
pe3a. M3mepenus Benuck B TeueHue 10 MUHYT, 4TO TIpH
umeromnuxcs 3amacax '¥’Cs 0ka3pIBalioCh JTOCTATOY-
HBIM JIJISl pETUCTPAIMH CTATUCTUYECKH HAJIeKHOTO KO-
JIUYECTBA UMITYIBCOB.

Taroke Ha HECKONBKHX ydacTKax ¢ Mmopdonoruuec-
KA BBIPQXKCHHBIMH YPOBHSMH IPOBOIMINCH MHOMKeE-
CTBEHHBIC 3aMePbl MOIIHOCTH JI03bl TAMMa-H3ITy4eHHUS
C MOMOIIIBIO0 TOPTATUBHBIX Jo3uMeTpoB Atom Fast (Kb
«Pamap»). DHepreTrdeckuil 1uamna3oH perucTpupye-
MOTO TaMMa- ¥ PEHTTCHOBCKOTO HM3IIy4eHus — oT 50
10 3000 k3B. Ha Toukax orGopa mpo0 OTJIOKEHHH H
MPOBE/ICHUS MTOJICBON CIEKTPOMETPHH BBITIOIHSIINCH
3aMepbl MOITHOCTH JIO3bI TPOJOJDKUTENBHOCTHIO HE
menee 20 MuH. Bee n3mepenus mpoxonuin Ha BbICOTE
1 M Ha/l TOBEPXHOCTHIO TIOWMBI.

Jiist co3maHusi KpyImHOMAcIITaOHOH CXeMbl H3y4a-
emoro ydactka (cM. puc. 1B) Obima mpoBenena aspo-
(dorocheMka rpu ucnoib3oBanuu BITJIA npousBoacTea
kommanuu DIJI, mogens Mavic Pro.

Pe3yabTarel u ux odcyxnaenne. ConocTaBieHHe
PE3yNIBTATOB Ta00PaTOPHBIX HCCIIEIOBAHUN OTOOPaHHBIX
00pa3IloB MONMEHHBIX OTJIOKECHUH U IMOJICBBIX 3aMEPOB
MHTEHCHBHOCTH n3iyueHus '*’Cs B CTEHKe OOHa)KCHHS,
OTKyzia OBLJT B3SIT MaTepyal, MmoKasaso, 4To B 3aIaHHBIX
YCIIOBHSIX TIOJICBAst CIEKTPOMETPHS JIAET BIIOJIHE HAJICK-
HBIE TAHHBIC JUTS OLIEHKH OTHOCHTEIILHOTO paciperene-
HUS 3aI1acoB paTuoHyKIUA0B (puc. 2). Hanbonee nnten-
CHBHAs aKKyMyJsiusi ¥ poct 3amacoB '*’Cs HaOmona-
I0TCsl Ha HU3KO# moitme — 323 kbk/M? (cM. puc. 2A),
9TO OBUIO TaK)KE OMKMCAHO B paMKax paboThI, POBOJIH-
MOIi paHee Ha JaHHOM y4acTke [MaMuxuH u ap., 2016].
C pocroM ypoBHs oMbl 3amacel 3’Cs yMeHbIIAIOT-
csi: 252 kbk/mM? Ha cpenHeM ypoBHE (cM. puc. 2B) u
186 xbk/M? Ha BBICOKO# TIOiMe (cM. puc. 2B).

TeMITbl IOMMEHHOIO 0CaKOHAKOIUIEHHS U, COOTBET-
CTBEHHO, POCTa 3alacoB PaJMOHYKIHJIOB Ha peKax ¢
TaKUM PEKUMOM OIPEICISIIOTCS, TIIABHBIM 00pa3oM,
MPOIOIKUTENLHOCTHIO 3aTOTUICHHS TOBEPXHOCTH TIOH-
MBI B TIEPHOJIBI BBICOKOH BOJIBI BO BPEMSI HHTEHCHBHOTO
BeCeHHero cHerorasHus. [IpomomKuTensHOCTh 3aTOM-
JICHUSI BO MHOTOM 3aBHCHUT OT BBICOTHI YPOBHSI TIOHMBI.
Takum 00pazoM, cperHue TEMIIbl 0CaIKOHAKOTLICHHS
JIOJKHBI HAXOIUTHCS B 00PAaTHOM CBSI3U C TUIICOMETPH-
YeCKUM ypoBHEM (puc. 3).

HHTEHCHBHOCTh HAKOIUIEHUS HAHOCOB HAa HU3KOU
noliMe 3aKOHOMEPHO BO3pacTaeT Mo Mepe MpHOInKe-
HUSl K BEpIIMHE M3TyYUHBI U TaJaeT Ha e KPBUIbAX,
BIUIOTH JI0 pa3MbiBa (cM. puc. 3: 2,3). Ilpu sTom uH-
TEHCHUBHOCTb aKKyMYJISILIUM Ha CpeOHEN moime ocra-
ercsl MPAKTHYECKH OJMHAKOBOH Ha BCEM NPOTSHKEHHH
W3YyYEHHOTO y4acTKa.

3aKOHOMEPHBIM PE3YIILTATOM HEOIHOPOJHOCTH
HAKOIUJICHHUS MaTepuaina sBisieTcs HepaBHOMEPHOCTb
pocra 3amacoB *’Cs, KOTOpPBIE OKa3BIBAIOTCS TaKKE
BBIIIE Ha 0OOJiee HU3KUX THIICOMETPHUECKUX YPOBHSX.
Bwmecte ¢ aTM HaOromaercs 4eTkas ooOpaTHas 3aBH-
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Puc. 2. Pacnpenenenue '’Cs B MOMMEHHBIX OTIOKEHHUAX P. JIOKHBI: COMOCTABIEHHE TpaQuKOB ynenabHol aktuBHocTH 'Cs (cnesa) u
MHTEHCHBHOCTHU TIOJIEBOM perucrpaunuu ramma-kBanto '*’Cs (cmpasa). Iloiima: A — Huskas (paspes 12), b — cpennss (paspes 11),
B — Bricokas (pazpes 10)

Fig. 2. Distribution of '*’Cs in floodplain sediments of the Lokna River: correlation of graphs of '*’Cs specific activity (left) and the intensity
of field registration of '*’Cs gamma-quanta (right). Floodplain: A — low (cross-section 12), B — middle (cross-section 11), B — high
(cross-section 10)

CUMOCTBH MEXIY TEMIIAMH OCAJIKOHAKOIUICHUS M PETH-
CTPUPYEMOI MOIITHOCTRIO 03HI (puc. 4A). ILnomaanas
NO3UMETpUYECcKas cheMKa IoKa3aja, YTO Ha HU3KOH
MoiMe, TJe MIPOUCXOAUT O0Jice HHTCHCUBHAS aKKyMy-
JIALHS HAHOCOB, MOIITHOCTH JI03bI PaTHOaKTUBHOTO U3-
Ty4eHus B cpenHeM Hike (cM. puc. 4b).
HaGmromaemas cutyaiusi KOpeHHBIM 00pa3oM
OTJINYAETCS OT Pe3y/IBTaTOB MCCIIENOBAHUH, MMPOBEIECH-
HBIX Ha noiime p. Teun, re OCHOBHBIM MEXAHU3MOM I10-
CTYTUICHUSI PAJJHOHYKIIUJIOB B OKPYKAIOIITYIO Cpey ObLTH
He aTMoc(epHbIe BBIMAJICHUA, a UX COPOC B peEKy
[Chesnokov et al., 2000]. Ilpu 3ToM B 000MX Ciydasx
pOCT 3amacoB PaJAMOHYKIHAOB OTMEYAETCS TJIaBHBIM
o0pa3oM Ha HU3Koi norime. [IpoBeicHHAs paHee OLeH-
Ka MoKasajia, 4To, yYUTHIBAs IUIONIAU, 3aHIMAaeMbIe
HHU3KHUM H CPETHUM YPOBHSIMU NOKWMBI p. JIOKHBI, CyM-
MapHsIii pocT 3anmacoB *’Cs cocrami 215x10° bk (B
pacuere Ha 2012 r.) [MBanoB, 2017]. CHUXCHUE KOH-
LIEHTPAIUU PATUOHYKIUIOB B CTOKE HAHOCOB IIPHUBO-
JUT K TOMY, 4TO HanuOojiee 3arps3HEHHBIC CJIOM OKa-
3BIBAFOTCSI 3aXOPOHEHHBIMH IT0]T 00JICE YU CTHIMH CIIOS-
Mmu [Vetrov et al., 1990; Fridmanet al., 1997; He, Walling,

bnazooapnocmu.
18-35-00654.

1997; Golosov, Ivanova, 2002]. Takum o0pa3om, po-
SBJISIETCS MPOIECC €CTECTBEHHOTO CaMOOYUIIEHUSI
(natural attenuation) [Konoplev et al., 2018], koTopbiit
JIOJKEH OBITh YUTEH IPU IPOTHO3HPOBAHUH PATHOIKO-
JIOTHYECKOM CUTYALUH.

BriBoabI:

— OMBIT MPUMEHEHUS IOCTYITHBIX B CBOOOHOM MTPO-
Jaxxe MprOOPOB Il MU3MEPEHUS COJCPKaHUSI raMMa-
AKTHBHBIX PAIMOHYKITHIOB H POPMUPYEMOI MU MOIII-
HOCTH JI03bI H3ITy4EHVsI IPH TIPOBEICHU U KPYITHOMACIII-
TaOHBIX TEOMOP(OTOrHIECKHUX MCCIIECIOBAHUH SBIISCTCS
KpaiiHe ynauHbIM. [Ipy cpaBHUTEIBHO HU3KUX MATEPHU-
QJIBHBIX ¥ BPEMEHHBIX 3aTpaTax B 30HE HHTEHCUBHOTO
PaZM0aKTUBHOTO 3arpsI3HEHUS] MOTYT OBITh TIOJYYCHBI
BBICOKOMH()OpMATHBHBIE TAHHBIE O IPOCTPAHCTBEHHOM
HEOJTHOPOTHOCTH Pa3BUTHSI IIPOIIEcca CEMMEHTAITIH 32
nocT-YepHOoOBIIbCKHIA TIEPUO]T;

— B YCIIOBHSIX COKPAIIAIOIIEroCsl YHCIa BBICOKHX
MONOBOMH HanOosee MHTEHCUBHAS aKKYMYIISIIINS OXKHJIa-
eMO HaOTIoaeTCsl Ha HU3KOM YPOBHE ITOWMBI p. JIOKHEL,
YTO MPUBOAUT K CHIDKEHHIO MOIIHOCTH (hOPMHUPYEMOM
JI03bI ¥ TIO3UTUBHBIM PAIHOIKOJIOTHYECKIM (P PeKTam.

HccnenoBanue BBINTONIHEHO NpU GuHAHCOBOW monanaepxke PODU — npoekT mMoi_a
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Puc. 3. PacnipesieieHyie MHTEHCUBHOCTU PETMCTPALMKM TaMMa-KBaHTOB Heprun 661 KaB '*7Cs o miyOuHe Ha HU3KOM U CPEHEM YPOBHSX

noiimel p. Jlokusl: 1 — paspe3 1 (cpemusisi); 2 — paszpe3 2 (Hu3kas); 3 — paspe3 3 (cpennsis); 4 — pa3pes 4 (Hu3kas); S5 — pazpe3 5 (cpen-

Hss1); 6 — pa3pe3 6 (Huskas); 7 — paspe3 7 (cpenuss); 8§ — pa3pe3 8 (Huskasn); 9 — paspes 11 (cpennss); 10 — paspe3 8 (Hu3zkas);
11 — pa3pe3 9 (cpenHsis)

Fig. 3. In-depth distribution of the intensity of registration of gamma-quanta energy 661 keV *’Cs at low and middle floodplain levels of

the Lokna River: 1 — cross-section 1 (middle); 2 — cross-section 2 (low); 3 — cross-section 3 (middle); 4 — cross-section 4 (low); 5 — cross-

section 5 (middle); 6 — cross-section 6 (low); 7 — cross-section 7 (middle); 8 — cross-section 8 (low); 9 — cross-section 11 (middle);
10 — cross-section 8 (low); 11 — cross-section 9 (middle)
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Puc. 4. 3aBUCUMOCTh M@Ky HHTCHCUBHOCTBIO MOMMEHHONH aKKYMYJSIMH M MOIIHOCTBIO JO3bl B TOYKAX MPOBEICHHS IMOJCBOU
raMMa-CIeKTpOMETpUH (A) U pe3yNbTaThl IIOMIAAHON A03UMeTpruieckoit cheMkH (B): 1 — HU3Kas nmoiiMa, 2 — cpeHss noima

Fig. 4. Correlation between the intensity of floodplain accumulation and the dose rate in the sites of field gamma-spectrometry (A) and
the results of the terrain dosimetric survey (b): 1 — low floodplain, 2 — middle floodplain
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M.M. Ivanov', O.L. KomissarovaZ,
T.S. Koshovskyi®, A.S. Tsyplenkov*

APPLICATION OF FIELD GAMMA-RAY SPECTROMETRY
AND DOSIMETRY TO STUDY SEDIMENTATION ON THE FLOODPLAIN
OF A SMALL PLAIN RIVER IN THE ZONE
OF RADIOACTIVE CONTAMINATION

The paper describes the experience of using portable gamma-ray spectrometric and dosimetric
equipment for a large-scale geomorphological study of the Lokna river floodplain section subjected to
intense radioactive contamination after the 1986 Chernobyl accident. The obtained results made it possible
to produce in a short time and with low labor efforts a detailed picture of floodplain accumulation process
in the studied area during the post-Chernobyl period. The measurement results were verified by layer-by-
layer sampling of floodplain sediments and determining their radionuclide content under laboratory conditions.
The highest rates of sedimentation were recorded in the low floodplain. Reduction of radionuclide
concentrations in sediment runoff results in the burial of the most polluted layers under cleaner ones. Thus,
the natural self-purification occurs, which leads to a systematic decrease in the dose rate of gamma
radiation. This important from the radioecological point of view positive effect should be taken into

account while forecasting the future situation.

Key words: Cs-137, radiocesium method, fluvial geomorphology, Chernobyl contamination

Acknowledgements. The study was financially supported by the Russian Foundation for Basic

Research (project no. mon_a 18-35-00654).

! Lomonosov Moscow State University, Faculty of Geography, the Makkaveev Laboratory of Soil Erosion and Fluvial Processes, Junior

Scientific Researcher, PhD. in Geography; e-mail: ivanovm@bk.ru

2 Lomonosov Moscow State University, Soil Science Faculty, Department of Radioecology and Ecotoxicology, post-graduate student;

e-mail: komissarova-olga93 @yandex.ru

3 Lomonosov Moscow State University, Faculty of Geography, the Makkaveev Laboratory of Soil Erosion and Fluvial Processes, Junior

Scientific Researcher, PhD. in Geography; e-mail: tkzv@ya.ru

4 Lomonosov Moscow State University, Faculty of Geography, the Makkaveev Laboratory of Soil Erosion and Fluvial Processes, Junior
Scientific Researcher, PhD. in Geography; e-mail: atsyplenkov@gmail.com



BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1 127

REFERENCES

Atlas sovremennyh i prognoznyh aspektov posledstvij avarii
na Chernobylskoj AES na postradavshih territoriyah Rossii i
Belarusi (ASPA Rossiya-Belarus’) [Atlas of current and forecast
aspects of the consequences of the Chernobyl accident within the
affected territories of Russia and Belarus], Izrael’. Yu. A.,
Bogdevich .M. (Eds.) Moscow—Minsk, Fond «Infosferan—NIA
Priroda Publ., 2009. (In Russian)

Azhigirov A.A., Golosov V.N., Litvin L.F. [Erosion on agricultural
lands and the problem of small river protection from aggradation].
Malye reki centra Russkoj ravniny [Small rivers of the central Russian
Plain]. Moscow, MFGO Publ., 1988, p. 51-61. (In Russian)

Beck H.J., DeCampo J.A., Gogolak C.V. In situ Ge(Li) and
Nal(T1) y-ray spectrometry. HASL Report no. HASL, 258, 1972.

Bird G. Provenancing anthropogenic Pb within the fluvial
environment: Developments and challenges in the use of Pb isotopes.
Environment International, 2011, vol. 37, p. 802-819.

Chesnokov A.V., Govorun A.P, Ivanov O.P, Liksonov V1.,
Smirnov S.V., Potapov V.N., Fedin V.I., Shcherbak S.B.,
Urutskoev L.I. Technique for in situ measurement of *’Cs deposit
in soil under clean protected layer. IEEE Transactions on Nuclear
Science, 1997, vol. 44, no. 3, p. 769-773.

Chesnokov A. V., Govorun A.P, Linnik V.G., Shcherbak S.B.
137Cs contamination of the Techa river foodplain near the village of
Muslumovo. Journal of Environmental Radioactivity, 2000, vol. 50,
p. 179-191.

Dedkov A.P, Mozzherin V.I. Eroziya i stok nanosov na Zemle
[Erosion and sediment runoff on the Earth], Kazan, Kazan Univ.
Publ., 1984. 264 p. (In Russian)

Fridman S.D., Kvasnikova E.N., Glushko O.V., Golosov V.N.,
Ivanova N.N. Cesium-137 migration in conjugate geocomplexes of
the Central Russian upland. Russian Meteorology and Hydrology,
1997, vol. 5, p. 26-34.

Golosov V.N., Ivanova N.N. Sediment associated Chernobyl
137Cs redistribution in the small basins of Central Russia. Applied
Geomorphology: Theory and Practice, Allison R.J. (Ed.), Wiley &
Sons, 2002. p. 165-181.

Golosov V.N., Walling D.E., Panin A.V. Post-fallout
redistribution of Chernobyl-derived Cs-137 in small catchments
within the Lokna river basin. The role of erosion and sediment
transport in nutrient and contaiminant transfer, IAHS Publ., 2000,
vol. 263, p. 49-58.

Handbook for the assessment of soil erosion and sedimentation
using environmental radionuclides, Zapata F. (Ed.), Dordrecht,
Kluwer Academic Publishers, 2002, vol. 219, p. 9348054-9.

He Q., Walling D.E. The distribution of fallout '*’Cs and 2'°Pb
in undisturbed and cultivated soils. Applied Radiation and Isotopes,
1997, vol. 48, p. 677-690.

Ivanov M.M. Erozionno-akkumulyativnye processy kak faktor
transformacii polya radioaktivnogo zagryazneniya bassejna r. Plavy.
[Erosion and accumulation processes as a factor of transformation
of radioactive contamination in the Plava River basin] Moscow,
PhD Thesis in Geography, 2017, p. 118—121. (In Russian)

Ivanova N.N., Shamshurina E.N., Golosov V.N., Belyaev V.R.,
Markelov M.V., Paramonova T A., Evar O. Ocenka pereraspredeleniya
7Cs ekzogennymi processami v dnische doliny 1. Plava (Tul’skaya
oblast’) posle avarii na Chernobyl’skoj AES [Assessment of '3’Cs
redistribution by exogenic processes in the Plava River valley
bottom (Tula oblast) after the Chernobyl accident], Vestn. Mosk.
un-ta, Ser. 5, Geogr., 2014, 1, p. 24-34. (In Russian)

Konoplev A., Golosov V., Wakiyama Y., Takase T., Yoschenko V.,
Yoshihara T., Parenyuk O., Cresswell A., Ivanov M., Carradine M.,
Nanba K., Onda Y. Natural attenuation of Fukushima-derived
radiocesium in soils due to its vertical and lateral migration. Journal
of environmental radioactivity, 2018, vol. 186, p. 23-33.

Linnik V.G., Brown J.E., Dowdall M., Potapov V.N., Nosov A.V.,
Surkov V.V., Sokolov A.V., Wright S.M., Borghuis S. Patterns and
inventories of radioactive contamination of island sites of the
Yenisey River, Russia. Journal of Environmental Radioactivity,
2006, vol. 87(2), p. 188-208.

Mamihin S.V., Golosov V.N., Paramonova T.A.,
Shamshurina E.N., Ivanov M.M. Vertical distribution of *’Cs in
alluvial soils of the Lokna River floodplain (Tula oblast) long after
the Chernobyl accident and its simulation. Eurasian Soil Sc., 2016,
vol. 12, p. 1432-1442.

Pacukevich Z.V., Kiryuhina Z.P, Kozlovskaya M.E. [Erosion
on arable lands as a source of water bodies contamination
(quantitative assessments)], Ekologicheskie problemy erozii pochv
i ruslovyh processov [Environmental issues of soil erosion and
channel processes], Moscow, MSU Publ., 1992, p. 16-28. (In
Russian)

Potapov V.N., Ivanov O.P, Chirkin V.M., Ignatov S.M. A dip
detector for in situ measuring of '*’Cs specific soil activity profiles.
IEEE Transactions on nuclear science,2001,vol. 48(4), p. 1194-1197.

Vetrov V.A., Alexeenko V.A., Poslovin A.L., Chereminisov A.A.,
Nikitin A.A., Bovkun L.A. Radionuclide washout from natural
catchments in the Dnieper river basin. Journal of Hydrology &
Meteorology, 1990, vol. 2, p. 120-123.

Walling D.E., Collins A.L. The catchment sediment budget as a
management tool. Environmental science & police, 2008, vol. 11,
iss. 2, p. 136-143. DOI: 10.1016/j.envsci.2007.10.004.

Walling D.E., Owens PN., Carter J., Leeks G.J.L., Lewis S.,
Meharg A.A. J. Wright Storage of sediment-associated nutrients and
contaminants in river channel and floodplain systems. Applied
Geochemistry, 2003, vol. 18, p. 195-220.

Received 22.03.2020
Revised 16.05.2020
Accepted 25.08.2020



128

BECTHUK MOCKOBCKOI'O YHUBEPCUTETA. CEPUSA 5. TEOI'PA®IA. 2021. Ne 1

YIK 551.50

AM. Ocunos!, JI.1O. I'yimua?

MEXAHU3M ®OPMUPOBAHUA [IBYX TUIIOB 2JIb-HUHBO B COBPEMEHHOM

KJIMMATE

ITo nanubM peanannza GLORY S2v4 Ha ocHOBaHMHM pacyeTa OI0KeTa TeIyIa BEpXHEro nepeMeranHoO-
ro cJ0sl OKeaHa MpOBEeHa OLIEHKA BKJIAJa TOPU30HTAIBHON M BEPTUKAIBHON aJABEKUUH U HEJIMHEIHOTO
JIMHAMHYECKOT0 Harpesa B (pOpMUPOBAHHUE MONOKHUTEIHHOI aHOMAIHH TEMIIEPATyphl IIOBEPXHOCTH OKEaHa
IIpU ABYX TUMax Dnb-HuHb0. BIgeneHs! mporeccs B OKeaHe, CliocoOCTBYIOIINE POCTY aHOMAIUH TeMIlepa-
Typbl BOJBI IIPH yMEPEHHBIX (MOJOKHN) U CUIBHBIX (KaHOHHYecKue) Dib-HIUHBO B COBpEMEHHBIX KJINMATH-
yeckux ycsoBusx (1992-2015 rr.). YcTaHOBJIEHO, UTO BHE 3aBUCMMOCTH OT THIA DJib-HUHBO TOPHU30HTAIb-
Has ¥ BEpTUKANbHas aJBEKLHUH MPHUBOMAAT K POCTY TEIIOCOAEP)KAaHUS BEPXHEr0 INEPEMENIaHHOIO CIIOS
Tponnueckoro Tuxoro okeana B (asy pa3sutus Dnb-Hunbo. Ha BocToke THXoro okeana OCHOBHOM BKJIa[
B ()OpMHpOBaHHE AHOMAIIMH TEIUIOCOAECP)KAaHH IpH 00ouX THIaxX Dib-HHHBO BHOCHT BepTHKalbHAs aj-
BEKIIH, a B IEHTPAIbHON 4acTH — TOpU30HTaNbHas. [1oka3aHo, 4TO OCHOBHOE pa3iauyKe MexaHu3Ma Gop-
MHPOBaHHs aHOMAJINI TEIUIOCOAEP)KaHUS BEPXHETO MEePEeMEIIaHHOTO CI0sl OK€aHa MEXAY TUIaMU OJlb-
Hunpo 3akimodaercs B MHTCHCUBHOCTH POCTa aHOMaIuH Temmepatypsl. [Ipu ymepeHHbIx O1b-HuHb0 60-
Jiee MTHTCHCHUBHBII HarpeB IIPOUCXOIUT B IIeHTpe THXoro okeaHa BCIIeCTBHE A€ CTBUS IPOLIECCOB, CBI3aHHBIX
KaK C 30HAIBHOM, TaK ¥ C MEPUAMOHAILHON aJABEKIINEH; TP CHIIbHBIX Db-HUHBO 3HAYUTEIBHO MOBBIIIA-
eTcs BKJIAJ IPOIECCOB, CBS3AHHBIX C BEPTUKAIBHON agBeKkIuel, 0cCoOOEHHO Ha BocTOKke THXoro okeasa.
HenuHelHblli TUHAMHYECKUH HArpeB HE CIIOCOOCTBYET POCTY IOJIOKHUTEIBHOH aHOMAJIHHM TEMIIEPATypPbl

WA BOBCC NMPUBOAUT K €€ YMCHBIICHUIO.

Kniouesvie cnosa: kanonnueckoe 1 Monoku Dnb-HuHbo, MexaHu3Mm reHepaunu Iiab-HuHb0, Or0mKeT

TCnJia NEPEMECIIAHHOIO CJI0s OK€aHa

Beenenue. OOl U3 KIFOUEBBIX MPOOJIEM, BO3-
HUKAIOUUX MPU U3YYEHUH U IPOTHO3UPOBAHUH SIBJIE-
HuH Dnb-HUHBO, SABIISIETCS UX HEMOXOKECTh IPYT HA
npyra. Jloiaroe BpeMsi cuuTanock, 4To npu Dnb-Hu-
HbO aHOMAJIUM TEMIIepaTyphl MOBEPXHOCTH OKeaHa
(ATIIO) cocpenoTodeHBl Ha BOCTOKE TPOMUYECKOTO
Tuxoro okeana y mobepexss FOxHoil AMmepuku
[Rasmusson, Carpenter, 1982]. Onnako mo3nHee
OBLIO MTOKa3aHOo, YTO B Psijie CIy4yaeB MaKCUMYM I10-
noxurenbHoit ATIIO ormeudaeTrcss B LEHTpalbHOU
yactu Tuxoro okeana [Ashok et al., 2007; Kao, Yu,
2009; Kug et al., 2009]. dyist cOOBITHI TaKOro THIA
OBLIIO TIpeII0KeHOo Ha3BaHue «nb-HuHb0 Momokuy,
ToTJa Kak mepBblil THN Dnb-HuHBO momyunn Ha3Ba-
HHE KKAaHOHHUYECKOT 0.

Baxxnocts nzydenus AByx TumoB Onb-HUHBO 3aK-
JIFOYAETCS B TOM, YTO JUTS KaJKJ0TO M3 HUX XapaKTepHa
CBOS CXeéMa YHaJIeHHOTO OTKJIMKA, BO3HUKAIOUINX KaK
cieacTeue Dnb-HuHBbO aHOManuii pexxuma morofsl, B
MIEPBYIO O4Yepeas MPU3EMHON TeMIIepaTyphl BO3IyXa U
aTMOC(EpHBIX 0CAJIKOB, B PA3IMYHBIX pallOHaX 3MHO-
ro mapa [Kenesnosa, 2015].

TakuMm 0Opa3om, Ha HACTOSIIINH MOMEHT aKTyab-
HOU sIBIISIETCSI MPOOJIeMa He MPOCTO MPOTHO3UPOBAHHS
Onp-HuHbo, a ompeneneHuss THIA Pa3BUBAIOLIETOCS
sBiieHus. 11 perieHus 3Tod 3a1a4u He0OXOMUMO I10-
HUMaHUE OCOOEHHOCTEH MexaHu3Mma (HDOpMHUPOBaHUS
KaykK0ro U3 TUIIOB Diib-HUHEO.

W3Menenue TemriepaTypbl BEpXHETO CIIOS OKeaHa
MOXKET OBITh OMHCAHO C MOMOIIBbIO OIOMKETa Teria
MepeMENIaHHOTO CIIOs, BKITIOYAIOIIEro B cedst poriec-
Chl aJIBEKIMH, MTOTOKU TEIUIa M MPOIECCHI TepeMeIlIH-
BaHMS Y BOBJICUCHUS HA HUYKHEH IPaHMIIE IIEPEMEIIIaH-
Horo cios [Jin et al., 2003 ]. IHTEHCUBHOCTD U JIOKAJIH-
3amud ATTIO (o cytu, Tun Snb-HuHb0o) onpenensrorcs
COOTHOIIICHHEM UHTEHCHBHOCTH THX ITPOLIECCOB B BEPX-
HEM TepEeMEIaHHOM CII0e OKeaHa B Mepuoj GopMUpo-
BaHMS U pa3BuTUA Dnb-Hunpo. [Ipu 3ToOM 0OCHOBHBIMU
MpoIeccamMu, TIPHBOSIINMH K BOSHHKHOBEHHFO MOJIOKH-
tensHOl ATTIO, T. €. kK GopMUPOBAHUIO YCIOBUN JIib-
HuHBO, SBISIOTCS FOPU3OHTAIBHAS U BEPTHUKAJIbHAsS
aJIBEKIIMM aHOMaJIui TeMiiepaTypsl [Jin et al., 2003; An,
Jin, 2004; Takahashi, Dewitte, 2015; Santoso et al.,
2017]. Poct ATIIO obecrieunBaercs TpeMsl TUIIAMHU
MOJIOKUTENILHBIX 00paTHBIX cBszed [Jin et al., 2006].
[lepBast U3 HUX — 30HAJbHAs aJBEKTUBHAS OOpaTHas
CBSI3b — IPOSIBJISCTCSA B BOBHUKHOBEHHH aHOMAJIbHBIX
3aMaIHbBIX BETPOB ¥ HATIPABJICHHBIX Ha BOCTOK aHOMAJTb-
HBIX TEUCHHUI B OKEaHe B OTBET Ha (hOPMHUPOBAHHUE H3-
HadanbHON monokutenbHOM ATTIO Ha BocToke Tuxoro
OKeaHa, YTO TIPUBOJUT K PACIIPOCTPAHEHHUIO TETUIBIX BOJ
HA BOCTOK M JIAJbHEHIIIEMY MOBBIIICHUIO TeMIepaTy-
pBl. DKMaHOBCKast 0OpaTHasi CBSI3b MPOSIBIISAETCS B TaK
Ha3bIBaeMON DKMaHOBCKOM HaKauKe B OKeaHe: Hadallb-
Has nonoxkurenbHas anomanus TTIO BeI3bIBaeT ocinad-
JICHWE TIaccaTOoB, TO €CTh 3alaJHYI0 aHOMAJIHIO BETpa,
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KOTOpasi CIIOCOOCTBYET CXOJIMMOCTH OKEaHWYECKHUX
MOTOKOB K HKBAaTOPy M HAKOIUICHWIO BOIHBIX Macc B
MPHUIKBATOPHAIBHON 30HE, YTO, B CBOIO OUYE€pE/lb, BbI-
3bIBAET aHOMAJIbHBIC HUCXOJSIIUE NBIKEHHS, MOIaB-
JSIONIME allBEeJUIMHT. B pesynbrare B 30HE SKBaTOopa
XOJIOJIHBIC TITyOMHHBIE BOJIBI TIOAHUMAIOTCSI MEHEe WH-
TEHCHBHO, U OTMedaercs nanpHeimuit poct ATIIO.
Beepkuecora oOpatHas cBs3b [Bjerknes, 1969] mposiB-
JsieTcsl B BO3HUKHOBEHWH 3aIaJHON aHOMAJIMHU BETPa B
MIPUAKBATOPHANIBHON 30HE THXOro okeaHa B OTBET Ha
nonoxutenbHyo ATTIO Ha Boctoke Tuxoro okeana u
YMEHBIIICHHE 3aMaIHO-BOCTOYHOTO T'PaJUeHTa TeMIIe-
paTypbl U JaBieHUs. 3amajHas aHOMaJHs BETpa co-
371aeT YCIOBUS JUIs 3arTyONieHHs TEpPMOKIIMHA Ha BOC-
Toke TUxOro okeaHa U B pe3y/bTaTe alBeJUTHHTA TIPH-
BOAMT K moabeMy y nobepexbs HOxHoN AMepuku
Ooee TEIUTBIX BOJI MIEpeMEIIaHHoro closi. BenencTaue
3TOro orMmedaercsa najbHenmmii poct ATIIO.

Bromxer Teria nepeMemanHoro ciosi paccMaTpH-
BaJjiCcs paHee Juis aHanu3a Gpopmuposanus ATTIO B yc-
noBusx Dnb-HuHBO, 01HaKO B OONBIIMHCTBE UCCIENO-
BaHWU He yuuThIBajach auddepeHuanms THIIOB TaH-
Horo siBnerus [Kim et al., 2015; Santoso et al., 2017]. B
[Takahashi, Dewitte, 2016] anaiu3upoBaics BKIaJ CO-
CTaBISIIOMIMX OIOIDKeTa Teria B (opMUpoOBaHUE BYX
TunoB Diab-HuHbO Mo nanHbIM peaHanu3a Drakkar,
HMMEIOIIET0 MEHBIIYI0 TOYHOCTh M XYAIIHE CXEMBbI yc-
BOCHUSI IAHHBIX HAOMIONCHUH, YeM peaHaln3, UCIIONb-
3yeMblil B JaHHOW padoTe.

Tekymee nccieqoBaHUE CIYKUT OCHOBOW JIst
JalbHEHIeH OIeHKH OFOKeTa Terlia epeMelIaHHOTO
CIIOSl OKeaHa B COBPEMEHHOM M OyayleM KIHMaTe To
JAHHBIM aHCaMOJIsl KITMMAaTHYeCKUX MOJICNICH MPOeKTa
CMIPS5 g nByx TunoB Onb-HuHpo. B HEeKoTOpBIX pen-
nIecTByroImmMx padorax [Santoso et al.,, 2017] ananus
Oro/pKeTa Teria TepeMerIaHHoro Clios OKeaHa 1o Mo-
JCTBHBIM TAHHBIM TIPOBOAMIICS Uil (PUKCHPOBAHHBIX
paiionoB Nifio3 u Nifio4. OnHaKo KIUMaTHYECKHE MO-
JIeTT BOCTIPOM3BOIAT MPOCTPAHCTBEHHYIO CTPYKTYPY
nonist TTIO, cymecTBEeHHO OTIIMYAIOIIYIOCS TIO JIOKAJH-
3alM ¥ aHOMAJTHI OT peaJibHO Ha0IomaeMoi, 0COOCHHO
B Oymymiem kiuMmare [Cai et al., 2018]. TIpu ucnons3o-
BaHMH (QUKCUPOBAHHBIX B IPOCTPaHCTBE oOacteid Nifo3
u Niflo4 BelrKa BEPOSATHOCTh TOTO, YTO PaOHBI MakK-
cumanbHoll n3meHnunBoctu ATIIO B Monmenu okaxyt-
cs 3a npenenamu Nifio3 u Nifio4. [Tostomy B HacTos-
IIeM MCCIIeIOBaHUH JUIs pa3jieneHnst Dib-HUHbo Ha Ba
THTIA UCIIONb3YeTCS HE TPaJWIIMOHHAS METOAMKA, OC-
HoBaHHas Ha aHaym3e ATTIO B (huKCHPOBaHHBIX paiio-
Hax, a HOBBIH MeTOJ, Oa3upPYIOUIUICS Ha IMPOCTPaH-
crBenHol crpykrype ATTIO [Takahashi et al., 2011],
YTO MO3BONSET OCYIIECTBIATh CPABHEHUE PE3YNIbTaTOB
MO JJAaHHBIM HAOTIOCHUH U MOJCITMPOBAHUS C YIETOM
CIIBUTa MAKCUMyMa aHOMAJHH B MOJIEISX.

Takum 00pa3oM, IENTbI0 JAHHOTO HCCICIOBAHUS
SBJISETCS OIICHKA BKJIa/ia COCTABISIONIUX OrOIXKeTa
Teria B (GOpMHUpOBaHKE JIBYX TUIIOB Dib-HUHBO B yc-
JIOBUSIX COBPEMEHHOTO KJINMATa I10 IJAHHBIM 0oJiee TO4-
Horo peananmm3a GLORYS2v4.

Marepuan u MeToabl UccjaenoBanuil. J[ng aHa-
JIM3a BKJIaJla TOPU30HTAIBHON U BEPTUKAJIbHOM aJIBEK-

LIMH, a TAK)KE HENMHEWHOr0 JUHAMUYECKOT0 Harpesa B
(dhopmupoBanue cBsizaHHbIX ¢ nukiiom YHIOK anoma-
nuit TIIO ucmonp30BaluCh MaHHBIE peaHalln3a
GLORYS2V4 (Global Ocean Reanalysis and Simulation)
nporHoctudeckoro nenrpa MERCATOR-Ocean o 30-
HaJIbHOM ¥ MEPUINOHATIBHOM KOMIIOHEHTaX CKOPOCTH,
a TaKkXe O TeMIepaType BOABI B Mpeenax BEepXHErO
50-MeTpoBoro ciost okeaHa. BeprrkanbHas KOMIIOHEH-
Ta CKOPOCTH ObLJIa paccuMTaHa Ha OCHOBE 30HAIBHOM 1
MEpHUAHOHATILHON KOMITOHEHT uepe3 TUBEpreHInto (Ha
OCHOBE ypaBHEHHS COXpaHEeHUs Macchl). [opu3oHTaIb-
HBIH IIar CeTKU KoopamHaT cocTtasiseT 0,25x0,25°, mo
BEPTUKAJIHN 75 ypOBHEH, U3 KOTOPHIX 18 mpuxoasTcs Ha
BepxHUit 50-METPOBBIil CIIOM.

Bri6op peananuza GLORYS2V4 nmomumo BhIcO-
KOTO IPOCTPaHCTBEHHOTO pa3pelieHus 00yCIIOBIICH JI0-
CTaTOYHO BHICOKOH CTENEHBIO COTJIACOBAHHOCTH C JIaH-
HBIMH HaOJIOJICHH, YTO JOCTUTaeTCsl CUCTEMOH ac-
CUMUIJISIMN U KOPPEKIIUHM JAAHHBIX MPH HAJTUYUHU
JOCTAaTOYHOTO KOJNMYECTBA JAHHBIX HaOMIONEHUU
[Quality information ..., 2019].

J17151 BBISIBIICHUS] OKEAHHYECKHX ITPOIIECCOB, CIIOC00-
CTBYIOIIUX (hOPMUPOBAHHUIO CBA3aHHBIX ¢ Diib-HUHBO
anomanuii TI1O, ObLT paccMOTpeH OHOIKET TeTuia BEpX-
Hero 50-MeTpoBoro cjios okeaHa. Beioop ciiost 00yciioB-
JICH TEM, 4TO B IAHHOM PErHOHe YPOBEHHAS TOBEPXHOCTh
50 M OCTaTOYHO XOPOIIIO COBIAIACT C HWKHEH TpaHH-
1Iei TIepeMeIIaHHOoro CJiosi okeaHna [An, Jin, 2004]. ['my-
OVHa HIDKHEH MPaHMIIbI TIEPEMEIIaHHOTO CJIOS IPUHUMA-
Jlach TIOCTOSTHHOW BO BPEMEHH M B TIPOCTpaHCTBE. AHa-
JIOTMYHBIA monxoa nmpumMensuics B [Jin et al., 2003;
Takahashi, Dewitte, 2016; Santoso et al., 2017; Wang
et al., 2019]. Mcnons3oBanue (PUKCHPOBAHHOM TITyOUHBI
TEPMOKITUHA TI03BOJISIET 3HAYUTENBHO YIIPOCTHUTH pacye-
ThI, T.K. TIPOIAaJaeT HEOOXOMMMOCTh y4eTa U3MEHEHUS
KOJTYECTBA BOJIBI B IIPEJIENax MEPEMEIAHHOTO CIIOST; TIPH
3TOM COOTHOIICHHE COCTaBJIAIONINX OFO/PKEeTa Teruia B
3aBHCHMOCTH OT MOIIHOCTH BBIOPAHHOTO CJIOS 3HAYH-
TenbHO He MeHsercs [Wang et al., 2019]. Bonee Toro,
KJIMMaTHYECKUE MOJEIN WMECIOT BEPTHUKAIBHBIN IIIar
10 M, 1 3HaYEHHUA OKEAHONOTHYECKUX XapaKTEPUCTHK
OTHOCATCS KO BceMy 10-MeTpoBOMY CIIOIO B IIEJIOM, CJie-
JIOBATENILHO, TOYHO ONPEETHTh ITOJI0KEHUE TEPMOKITHU-
Ha HE MPEJCTABISETCS BO3MOKHBIM.

BropkeT Teruia BepXHEro mepeMeliaHHoro Cios
OKeaHa MOXET OBITh BBIPKEH CIICAYIONMM 00pazoM
[Jin et al., 2003; Takahashi, Dewitte, 2016]:

]

o =ADVyy + ADV, + NDH +Q,, +R, (1)
rae 7' — aHoMamusl Temriepatypbl. KBagparHsie cko0-
KU COOTBETCTBYIOT OCPEIHEHHIO 110 BEpXHEMY Tepeme-
IIAaHHOMY CIIOI0 OKeaHa. B ¢opmupoBanue aHoMamii
TEITI0COICP>KaHUsI OCHOBHOM BKJIAJ] BHOCST aJIBEKITUS
TeIUla U HeTMHEWHbIN nuHaMudeckuil HarpeB (NDH).
YUnen Q) ONKCBHIBAET MOTOKM TEIJIA HA MOBEPXHOCTH
okeaHa, R TIpelCcTaBIsieT cO00H BEMYMHY, CKIIAbIBa-
IONIYIOCSI U3 TIPOLIECCOB TIEpEMEIIUBAHUS, HE OIHCaH-
HBIX SIBHO B pacCMaTPHBAEMOM YPaBHEHHH, U OLIHOOK
pacyeToB ¥ anPOKCUMAIINH, IPEACTABIIAIONIMX COOO0M
HEBS3KY 3aMbIKaHUs OaaHca.
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AJTBEKIUS pa3 Ieliena Ha TOPH3OHTATBHYI0 (ADV ) .y
U BEPTUKAIBHYIO (AD V) , COCTaBJIAIOILKE:

,OT 0T u(or') v(or
ADV , =| —u a_va_u(ax )_V(ay ) L
, 0T w(or')
ADV, =| —w W)
2= W 3)

T,u,v 1 W NIPEICTaBISIOT COOOM TEMIIepaTypy BOJIbI,
30HAJIbHYIO0, MEPHIMOHAIBHYIO U BEPTHKAJILHYIO CO-
CTaBJISIFOIINE CKOPOCTH JBUKEHUS, COOTBETCTBEHHO.
UepTsl HajJ WiCHaMH YPaBHEHHS O3HAYAIOT CPEIHUC
KIIMMAaTU4YCCKNEC 3HAYCHU A, HITPUXH — aHOMAJIUHU OTHO-
CUTENbHO HHUX. AHOMaIINHU pPaCCUUTHIBAJIMCH ITIYTEM
BBIYUTAaHHA U3 3HAYCHU A ITapaMETpa IJIs1 KOHKPETHOIO
Mecsta cpentero 3a mepuon 1992-2015 rr. 3naveHus
g JaHHoro mecsna. HennmHeNHBIM TUHAMHUYECKUU
Harpes cornacHo [ Takahashi, Dewitte, 2016] nmpencras-
JIeH B BUJIC:

NDV= —u'g—v'g—wl@Jru'@ﬂ/ngw'g .4
ax oz o oz

o ax

TpaauunonHo pa3nenenue Jnb-HuHbo Ha Ba THIIA
(xaHOHMYECKHI 1 MOJIOKHM) OCYIIIECTBIIAETCS HA OCHO-
B€ [TpOCTpaHcTBeHHOro aHanu3a anomanuii TT1O. Dnb-
Hunno Beimensercs, xorma cpemanue 3HadeHuss ATIIO
B pernonax Nifio3 (5° 0. m. — 5° c. m., 90° 3. 1. —
150° 3. 1.) u Nifio4 (5° to0. mr. — 5° ¢. m1., 160° B. 1. —
150° 3. n.) mpeseimator 0,5°C [Yeh et al., 2009]. Ecnu
npu 3toM ATTIO B Teuenue nmexabps—deBpais mpe-
Bermaer 0,5°C u npu 3tom B Niflo3 Ooblne, 4eM B
Nifl04, To cOOBITHE OTHOCHTCSI K KAHOHUYECKOMY THITY,
ecinu ATTIO Beimre B Nifio4, To k Dns-Hurno Mook,
OnHako onycaHHas BbIIIE METOAMKA pa3/ieieH s Jib-
Hunbo Ha 1Ba TUIIA UMEET YETKYIO MIPUBA3KY K PErno-
HaMm, B KoTopbix anomanmuu TIIO ompenemnsitoTces mo
JMaHHBIM HaOMoAeHUH. B Momensx npocTpaHcTBEHHAs
ctpykrypa ATIIO Moxer BOCIPOM3BOIUTHECS C HEKO-
TOPBIM IIPOCTPAHCTBEHHBIM CABUTOM, TIPY 3TOM 3HAYH-
TeNbHAas J0J1 U3MEHYMBOCTH MOXKET MPOSBIATHCS 32
npenenamu pernonoB Nifio3 u Nifio4.

B nanHOM mccrnenoBaHMM MCHOIB30BaIach MHAs
MeTOMKa pazzeneHus Dnb-HuHbo Ha THUIBL, TpeIo-
xkenHas B [Takahashi, Dewitte, 2011; Takahashi and
Dewitte, 2016; Takahashi et al., 2019]. Paznenenue Dnb-
Hunbo Ha 1Be MOJpBI, Kak ¥ B OMHCAHHOM BBIIIE CITy-
yae, Oa3upyeTcs Ha JIOKAIM3allud MaKCUMyMa aHoMa-
aun TIIO. IlepBas Mona BKJIOYAET B ceOs sIBICHUS
Jla-Hunbps n ymepennsie Onb-HUHBO, TPH KOTOPBIX
MaKCHMyM aHOMAaJHH PacCIHOIOKeH B IleHTpe Tuxoro
OKeaHa. BTopoii MoJie COOTBETCTBYIOT CUJIBHBIE KAHO-
Hu4deckne Dnb-HuHbO ¢ MakcuMyMoM aHOMalIHi Ha
BocToke Tuxoro okeana. Paznenenne Onb-Hunbo Ha
JIB€ MOJIBI OCYIIIECTBIISIETCA HA OCHOBE IPOCTPAHCTBEH-
Ho-BpemenHoro ananuza ATTIO. ITone ATIIO packna-
JIBIBAETCSI T10 SMITUPUIECKHM OPTOrOHAIBHBIM (DYHKITH-
ssm (30®). Ha ocHoBe maBHbIX KoMoHeHT DO d-pas-
noxenus (PCI u PC2) paccYuThIBalOTCA BpPEMEHHBIE

PAABI MHIEKCOB s ABYX THUNOB Dnb-Huupo. OnHako
B pabore [Takahashi et al., 2011] noka3zaHno, 4to camu
o cede psaapl PCI u PC2 He SBIAIOTCSA perpe3cHTa-
THBHBIMHU C TOYKH 3pEeHHUA pazaeneHus Dnb-HuHbo Ha
nBa Tumna. Ha ocHoBaHMM aHanmm3a TUCTOTPaMMBI pac-
cesaus B koopauHarax PCI/PC2 ObIIO MPEAIOKEHO
BBIpa)KaTh MHJEKCHI Db-HUHBO Uuepe3 TMHENHHYI0 KOM-
OWHAIINIO BPEMEHHBIX PSJI0B OCHOBHBIX KOMIIOHEHT I1ep-
BbIX IBYX Mozl DO®D paznoxeHus:

co PC, - PC,
N )
PG PG,

2 (6)

rne E-MHAEKC COOTBETCTBYeT KaHOHHYECKOMY Oiib-
Hunro, a C-unngexc — Dnb-Hunbo Mogoku. OpHako
B mocnenyromux padorax [Takahashi, Dewitte, 2016]
OBUIO MPOJIEMOHCTPUPOBAHO, UTO pa3jeneHue Ha C-
u E-mozasl no3Bonsier quddepernuposath Dnb-Hu-
HbO HE TOJBKO 0 Jokanu3anuu MmakcumyMmoB ATTIO,
HO ¥ TI0 UHTEHCUBHOCTH aHOMalui. A umenHo, C-mona
ONHCBHIBAET YMEPEHHBIE ABICHUS, a £-MOaa COOTBET-
CTBYET 3KCTPEMAJIbHBIM SIBIICHUAM KaHOHHYECKOTO
THUIIA.

Takum o6pazom, I1b-HUHBO MOXKHO ITOJIPA3ICTUTh
TaKXe Ha JIBa PEKUMA — CUJIbHBIA U YMEpPEHHBIH, B
BBICOKOW CTENEHH COBMAJAIONIME C KAHOHUYECKUM U
Mogoku TUIamMu ABJIEHHS, COOTBETCTBEHHO. B Kkade-
CTBE JONOJHUTEILHOTO KPUTEPHS IS BBIIETICHUS CUITb-
HbIX Dib-HUHBO OBLTO BEIOpaHO 3HAUCHME UHJCKCA E,
paBHoe 1,5-1,8°C [Takahashi, Dewitte, 2016], Tak kak
KJIACTEpHBIA aHaJIN3 MOKa3bIBaeT HAJIMUYME JBYX Kiac-
TepoB Dnb-HUHBO B )a30BOM POCTpaHCTBE 3HAUCHUH
nHaekcoB £ u C 110 JaHHBIM HAOTFOICHUN ¥ MOACITHPO-
BaHUS KJIMMaTa, TPaHHUIEd MEXIY KOTOPBIMH BBICTY-
MaloT yKa3aHHbIEe 3HaYeHUA WHJeKca E.

Ha cnenyromem stane Obla paccuuTaHa OMIIM-
HeifHasa perpeccus npoctpancrsenHoro monst ATTIO ¢
MECSYHBIM IIIaroM Ha BpeMeHHBbIE bl nHAeKcoB E u C.
JlanHas mporenypa MO3BOJSET MOTYyYUTh MPOCTPaH-
CTBEHHBIE CTPYKTYphl u3menunBoctd ATTIO mms xax-
JIOTO U3 JIBYX THUINOB Dnb-HuHBO (IpOCTpaHCTBEHHBIE
mozsl £ 1 C), TO €CTh BBIIENUTH PailoHbI, B KOTOPBIX
BO3HHUKAIOT HauoOonee unreHcususie ATIIO. E-Mona
OMHCHIBACT 3HAUMTEIBHYIO JOMI0 M3MEHUYMBOCTH Ha
BOCTOKE THXOro okeaHa M CBA3aHa C CHJIBHBIMU OIlb-
Hunpo. C-Mona onmmceiBaeT U3MEHYHUBOCTD B LIEHTpE
Tuxoro okeaHa u cBsa3aHa ¢ JIa-HuHbs U ymepeHHbIMU
Onp-Hunwo. IlomydeHHbIE TPOCTPAHCTBEHHBIE MOJBI
MIpeCTaBIeHbl Ha puc. 1.

Jlanee paccUUTHIBAIOTCS MIPOEKIIMH COCTABIISFOIIIX
OropKeTa Tera, OKa3bIBAIOIINX MaKCUMAIbHOE BITUS-
Hue Ha popmuposanue ATTIO (ropu3oHTaTBHOI U Bep-
THUKAJILHON aIBEKIINI U HEJTUMHEWMHOIO JUHAMUYECKOI'O
HarpeBa), Ha MPOCTpPaHCTBEHHbIE MOJIbI £ 1 C, 4TO T0-
3BOJISICT OLIEHUTD BKJIAJ] IAHHBIX KOMIIOHEHT OFOJKeTa
B (hopMHUpOBaHKE NONIOKUTEIBHBIX aHoManui TI1O npu
ompenerneHHOM Tune Dinb-Hunubso. Pacdyer mpoexnmit
MPOU3BOIMJICS TT0 clienytomieii gpopmyne (Ha mpumMepe
E-monp1):
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Puc. 1. IIpocTpaHCTBeHHBIE CTPYKTYpbl (MOABI), cooTBeTcTBYyOIKEe n3MeHYuBocTH ATIIO mpu ymepenHom (C-mMoaa) U CHIBHOM
(E-mona) pexxumax Omb-Huubo 1o ganubM peananu3a GLORY S2v4

Fig.1. Spatial structures (patterns) of sea surface temperature anomalies associated with the moderate (C-pattern) and strong
(E-pattern) El Nifio regimes based on the GLORY S2v4 reanalysis data

oT’ 1 2900 E (2° N oT’
EE =NN -[120“ EJ;QS ét(x,y,t)E(x’y) Xdy’ (7)

oT'’
ot

mux OMJKeTa Terja MepeMelIaHHOro CJIos OKeaHa
(oT'/ ot ), ma npocTpancTBeHHyro Moy E (E(x,y)); N u
N, —9HCII0 IAaroB CETKH B 30HAIBHOM H MEPHIHOHAb-
HOM HalpaBlICHHUSX, COOTBETCTBEHHO. 3HAUYCHHS IPO-
eKIHMI 3aTeM OBUIH OCPETHEHBI JJIsl BCETO HKBATOPH-
anmpHOro Trxoro okeana (2° ¢. mr. —2° 1o. 1., 120° B. 1. —
70° 3. 1.).

Pe3ysbTarhl ncciae10BaHui U UX 00Cy:KIeHUeE.
Ha nepsom stane no nanapiM peananniza CLORY S2v4
OBUTH pacCUUTAaHBI MECSIYHBIC BETMYUHBI COCTABJISIIO-
KX OIOKEeTa Terjla IMepeMelIaHHOro CJIOS OKeaHa —
TOpH30HTANBHOM (ADV, ) v BepTHKanbHOl (ADV)) co-
CTaBJIAIONINX aJBEKIINH, 8 TAKXKe HENUHEHHOro TuHa-
muueckoro Harpesa (NDH) mis Bcero moctymHoro
nepuona peananmsa (1992-2015 rr.). IIpoune mporec-
CBI, CBS3aHHBIC C TEpPEeMEIIMBAHHEM W HE OIUCHIBac-
MBIE SIBHO, MAJTBI I10 CPABHEHUIO C OCTAIILHBIMH COCTaB-
JSIOIMMU OFOJKETa TEIUIa B MEPHOJ Pa3BUTHS lib-
Hunbo [Takahashi, Dewitte, 2016].

B npenenax paccMaTpuBaeMoro rnepuoa st Becex
ciydaeB Jnb-HUHBO B MpeEmbIayIIUX UCCIETOBAHUIX
OBLIN OMpee/ieHbI THI (KAaHOHMYECKHUH miin MoIoKK) U

rae E|_ 9TO NPOCKI A Ka)KJ0M M3 COCTaBJISIO-

PEKUM (CHIBHBIA WM YMEPEHHBIN), K KOTOPHIM KaK-
o€ U3 SIBJIICHUM OTHOCHTCA. Tak, KAHOHUYECKOE Jlb-
Hunpo 1997-1998 rr. onpeneneHo kKak CHIbHOE
[Takahashi et al., 2011]; sBinenne 2015-2016 rr. Onmoke
K KaHOHU4YeckoMy Trry [Ocuros, ['ymunaa, 2018] u Tak-
K€ OTHOCHUTCS K PEXKHMY CHJIBHBIX sBIeHUU [Wang
et al., 2019]. Ocranbubie mecth Ib-HUHBO B mpene-
Jmax paccmatpuBaeMoro mnepuona (1994-1995, 2002—
2003, 2004-2005, 2006-2007,2009-2010, 2014-2015)
OTHOCATCA K TUITY MOJIOKH U K YMEPEHHOMY PEKUMY
[Wang et al., 2019]. Takum oOpa3oM, IjIs BCeX pac-
cMaTpHUBaeMbIX ciydaeB Dib-HUHBO OTMedaeTcst CoB-
MajJieHre KAHOHUYECKOTO TUTIA C CUIIBHBIM PEXXUMOM U
THa MOIOKH C YMEPEHHBIM PEKUMOM.

3amMeTuM, 4TO U MPU CUIBHBIX, U IIPU YMEPEHHBIX
One-Hunapo ATTIO nposiBisioTCS U B IIEHTPE, U HA BO-
croke Tuxoro okeana. IIpu 3TOM pocTy TeMIepaTypsbl
BHE 3aBHCHMOCTH OT TUNa Ab-HUHBO cIOCOOCTBYIOT
Y TOPU30HTAJIbHAS, U BEPTUKAIbHAS aIBEKIIUH (pHC. 2).
Crenyer OTMETUTB, YTO POJIb BEPTHUKAJIBHBIX JBHKE-
HHUM 3HAYMUTEIbHA HAa BOCTOKE Tpommyeckoro Tuxoro
OKeaHa M yYMEHbINAeTCAd B €ro IeHTPAJbHOU YacTH.
Takum obpasom, Bknan ADV, B hopMupoBaHue aHO-
MaJIiu TeMIIepaTypbl B PETHOHE, COOTBETCTBYIOIIEM
E-Mmomp1, T. €. Ha BocTOKe THXoro okeaHa, Irji¢ oTMeda-
eTCd WHTCHCHUBHBINA alBEJUIMHT, IPEBBIIIAET BKIA]
ADYV,,. Poct ATIIO 3zech onpenensiercst Kak yMeHb-
IIEHNEM HHTEHCUBHOCTH aNBEJUIMHTA, TaK U OOJiee BbI-
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Puc. 2. [Ipoexunu U3MEHEHUH TEIIOCONEPKaHUS U COCTABIIAIOMNX OI0MKeTa TeIula IIepeMeNIaHHOTO CJI0 OKeaHa Ha IPOCTPaHCTBCHHBIE
Moznbl £ u C B IepuoAb! 3apoXkAeHUs U pa3BUTUS Dinb-HuHbBO (MapT—HOSOPB); KOMITO3UIIMOHHAS cXeMa JUIs A — YMEPEHHBIX , b — CHIIbHBIX
One-Hunso

Fig. 2. Projections of temperature tendency and components of the ocean mixed layer heat budget onto £ and C patterns during El Nifio
generation and development phases (March to November); the composite scheme for A — moderate, b — strong El Nifios

COKOM TeMIepaTypoi NOIHUMAOLIEHCS IPU alBeJJINH-
re Boabl. B pernone, coorBerctByromem C-mofe,
3HAYUTENBHYIO POIIb UTPaeT ADV, , 4TO CBA3aHO C He-
BBICOKOU MHTCHCUBHOCTLBIO allBEJIJIMHI'a B ICHTPAJIbHOU
YacTH TUXOOKEaHCKOro OacceiiHa. B cOOTBETCTBHM ¢
Teopuel 3arpy3ku-pasrpysku [Jin, 1997] B uentpais-
HOM YacTH THXOOKEaHCKOTO OacceifHa BelWKa POIb
MEKIIHPOTHOTO OOMEHA TETIOM, KOTOPbIiA, B YACTHOCTH,
criocobctByer pocty ATTIO B mepuon pa3BuUTHS Jib-
Hunbo. NDH He BHOCHT 3HAaYUTENBHOIO BKJIAJIa B POCT
TeII0coAep KaHus IIEPEMEIIAaHHOT O CII0S OKeaHa MM BOB-
CC MIPUBOAUT K YMCHBIICHUIO MOJIOKUTEIHLHOM aHOMAaJINHU
TEMITIEPATYPEI.

OcHOBHOE pa3nuire MeXIy CUIbHBIMUA U yMepeH-
HBIMU Di1b-HUHEBO OTMEYACTCA, MPEXKIAC BCEro, B UHTCH-
CHUBHOCTHU pOCTa aHOMAJIMU TeEMIIEpaTyphl. B uienom, npu
CIITLHBIX DTb-HUHBO OTMEUaroTCst OOJIBIIHIE IO CBOCH Be-
JIMYMHE U3MEHEHNS] aHOMAJTHIA, YTO 1 00eCIIeunBaeT 00iIh-
ITYI0 MHTCHCUBHOCTb CaMOI'0O ABJICHUA 110 CPAaBHEHUIO C
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yMepeHHbIMU. TakuM o0pazom, pexxuM Inb-HuHbo or-
penensercs, B MEPBYIO Ouepellb, HE COOTHOIIEHUEM To-
PU30HTAIBHON U BEPTUKAJIBHOM aJBEKLUI, & CKOPOCTBIO
pocTa aHOMAJHH TEIIOCOAEPKaHMS TePEMEIIaHHOro
CIIOSl OKeaHa, KOTOPYIO 3TH MPOIECcChl (HOPMUPYIOT.

JIyis aBEeKTHBHBIX WICHOB OBLI MPOBEACH OoJiee
MoAPOOHBII aHAIM3 KOMIIOHEHT OroykeTa Teruia. Pac-
CMOTpeHa aJBeKIUs aHOMAJIUI TeMIIepaTyphl CPEIHU-
MU KJIIMMaTHYeCKMMH TE€UCHUSMHU, a TAK)KE aIBEKIUS
CpenHel KIMMAaTHU4eCKOM TeMIepaTrypbl U aHOMaJIUi
TeMIEpaTypbl aHOMaIbHBIMU TeueHHusMH. [Ipoekiiun
aJIBEKTHUBHBIX YICHOB Ha IMPOCTPAHCTBEHHBIE MOABI F
u C IpH CUJIBHBIX U YMEpEeHHBIX Dib-HUHbO pecTaB-
JIEHBI Ha pHC. 3.

[Ipu ymepennbix Onb-HUHBRO OCHOBHOI BKJaj] B
(dhopMHpOBaHUE aHOMAIMH TETUIOCOICP KAHHUS TIepeMe-
HIAHHOTO CJIOS OKeaHa Ha BOCTOKE TPOMHYECKOTO THXO-
okeaHCKOro OacceiiHa (E-Mo/1a) BHOCST a/IBEKIIUS aHO-
MaJHii TemrepaTypbl aHOMaJIbHBIMU TOPU30HTATbHBI-

W -v'dT/dx
O] -v'dT/dy
W -udT/dx
O-vdT7dy
O-w'dT/dz

[E]-wdTYdz
-u'dT'/dx
-v'dT'/dy
[A -w'dT"/dz

Puc. 3. Ilpoexuun afgBEeKTUBHBIX WICHOB Ha NMPOCTPAaHCTBEHHbIE MOAbl £ u C B NEpHOIBI 3apOXKIeHUA U pa3BUTHSA Dinb-HuHBO
(MapT—HOS0pE); KOMIIO3UIIMOHHAS cXeMa A A — yMepeHHbIX, b — cunbHbIx Dnb-Huabo

Fig. 3. Projection of advective terms onto £ and C patterns during El Nifio co generation and development phases (March to November);
the composite scheme for A — moderate, b — strong El Nifios
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MH TCUCHHAMU a TaK)XXC 30HaJIb-

Hasg aJBEKUHsl CPEAHEKIMMATUUYECKON TeMIepaTypbl

oT
u

AHOMAJIbHBIMM TCUCHUSIMHU | — ax I 3HAYUTEIBLHBII

BKJIaJ, TAKK€ BHOCUT aJIBEKIUsl CpPEIHEH TeMmIepaTy-

oT
!’
PbI AaHOMAJIHSIMHU BEPTUKATBHBIX IBUKEHHI | — W 2 I

YTO COOTBETCTBYET OCJIAOJCHUI0 MHTCHCHUBHOCTH aIl-
BesMHra. B nentpe Tuxoro okeana aJBEeKTUBHbIE UJie-
Hbl BBI3BIBAIOT MEHBIIHUE M0 CBOEH aMIUIUTYyAE U3MeE-
Heuust ATIIO, ogHako 37€Ch MPAKTHYECKH BCE UJICHBI
MPUBOJAT K POCTY MOJOKUTEIbHON aHOMAJIMU TEMIIE-
paTypsl, B TO BpeMsI KaKk Ha BOCTOKE PsiJl aIBEKTUBHBIX
YJICHOB CIIOCOOCTBYET €€ YMCHBIICHHMIO.

B nepuon ¢popmupoBaHust CHIBHBIX Dib-HUHBO pe3-
KO MTOBBIIIAETCA POJIb MEPUANOHAIBHON aIBEKIIUN aHO-

v(o1)

MaJlui TeMIeparypel — & YTO CBUJIETENBCTBYET

00 yCHJICHWW MEKIIMPOTHOTO 0OMeHa TerioM. Ha Bo-
cToke THXoro okeaHa poOCTy TEIJIOCOAEPKaHUS CIIO-

, 0T w(ar")
COOCTBYET BepTHKaIbHAs aABEKIUsA — W ke
z z

T. €. OTMEYAeTCsS CMHXPOHHOE JCHCTBHE OCIa0ICHHUS
alIBCIIJIMHTa U TogAbEMa HpI/I AIIBCIIJIMHTC 60nee TCIIJIBIX

, 0T u(or’)
Bod. YiieHpl — W — U ———

Oz Ox

CTBYIOT YMCHI)IHCHI/HO AHOMAJINN TeMHepaTypr. B IICH-
Tpe Tuxoro okeaHa BC€ WICHBI, KPOME MPEACTABIISIO-
IMX COOO0M aBEKIIMIO aHOMAJILHON TeMIIepaTyphbl aHO-
MaJIMSIMU TEUSHHH, CIIOCOOCTBYIOT POCTY TEMITEPATYPHI.

, HATIPOTHUB, CIIOCO0-

Takum 0b6pazom, pu yMepeHHbIX Diib-HUHBO 0T-
MevaeTcs 00j1ee MHTEHCUBHBIH, YeM MPU CUJIbHBIX, Ha-
rpeB B 1leHTpe Tuxoro okeaHa BCIENCTBUE ACUCTBUSA
YJIEHOB, CBA3aHHBIX C 30HAIBHOW U MEPUUOHAIBHON
ansekiueit. [Ipu cunbHbIX Dnb-HUHBO HAa BOCTOKE TH-
XOOKEaHCKOro OacceiiHa 3HaYUTENbHO BO3pacTacT
pOJb YJIEHOB, CBSI3aHHBIX C BEPTUKAIBHOW aJBEKIHU-
eil; poib TOPU3OHTAJIbHOW aJABEKLIIMU TEMIEPATYpHI,
HapoTHB, CHIXaercs. OTMETUM, UTO IPU CHUIBHBIX
Onb-HuHbo anBekIyus aHoMaluii TeMIlepaTypsl aHO-
MaJbHBIMHU 30HAJIbHBIMHU, MEPUIMOHATILHBIMU U BEpP-
TUKAJIbHBIMU JIBUKEHUAMU TPEMNATCTBYET POCTY IO-
noxutenbHo ATIIO.

BriBoabI:

— B COBPEMEHHBIX KIMMATHYECKUX YCIIOBUSX BHE
3aBUCHMOCTH OT THMa Dib-HUHKO TOpu3oHTaIBHAS U
BEpTUKAJIbHAS aJIBEKIIUU MPUBOJAT K POCTY TEILIOCO-
JIep’KaHUsI BEPXHETO MEePEMENIAaHHOIO CJI0SI TPOIMYEC-
koro Tuxoro okeana B mepuon pa3BuTus nb-HuHbO,
MpUYEM Ha BOCTOKE THXOro okeaHa OCHOBHOM BKJaJl B
(dhopMuUpOBaHUE aHOMAJIHI TEIJIOCOACPIKAHUS BHOCUT
BEPTUKAJIbHAS aJBEKLIMS, a B €r0 LIEHTPAJIbHON YacTH —
TOPU3OHTAJIbHAS;

— OCHOBHBIC pa3au4us MexaHH3Ma (opMHUpPOBa-
HUSl aHOMAJIMW TeMIlepaTypbl BEPXHETO MepeMeIlaH-
HOT'O CJIOSI TIPH IBYX THIaX Dab-HUHBO 3aKIII0UaroTCs
B COOTHOIIEHUY UHTEHCUBHOCTH POCTa AHOMAJIM Y TEM-
MepaTypsl 3a CUET TOPU30HTAJIBHON U BEPTUKAJIbHOMN
aJIBCKIIHIL;

— IpY aHAJIM3€ aJIBEKTHBHBIX YJICHOB OBLIO BBISB-
JIEHO, YTO MPH YMEpPEeHHBIX Dnb-HuHBO OTMeuaercs
OoJiee MHTEHCUBHBII HarpeB BCIIE/ICTBUE IEHCTBHS IIPO-
LIECCOB, CBSI3aHHBIX C 30HAIBHOW M MEPUAMOHAIBHON
aJIBEKIUSIMU B IIeHTpe TUX0oro okeaHa; mpu CUIbHBIX
Onb-HuHBO 3HAYUTETHHO TOBBIIIASTCS BKIIA]T ITPOIIEC-
COB, CBSI3aHHBIX C BEPTUKAIBHOM aBEKIMEH, 0COOCHHO
Ha BocToke Tuxoro okeaHa, B TO BpeMsl KaK aJBEKI[U
aHOMAJIMI TEMIIEpaTypbl aHOMAIIbHBIMU JIBUXKEHUAMU
pensaTcTByeT pocty nonokutenbHoit ATIIO B meHT-
pasibHOM yacTu TUXOro okeaHa.
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A.M. Osipov', D.Yu. Gushchina?

MECHANISM OF GENERATING TWO TYPES
OF EL NINO UNDER MODERN CLIMATIC CONDITIONS

The contribution of horizontal and vertical advection and nonlinear dynamic heating to the formation
of positive sea surface temperature anomaly during two types of El Nifio is evaluated from the analysis of
the ocean upper mixed layer heat budget using the GLORY S2v4 reanalysis data. The oceanic processes
responsible for the increasing temperature anomaly during canonical and Modoki El Nifios were identified
for the modern climatic conditions (1992-2015). It is demonstrated that during the development phase of
both types of El Niflo the vertical and horizontal advection results in the growth of the upper mixed layer
heat budjet in the tropical parts of the Pacific. The vertical advection plays the key role in the formation of
heat anomaly in the eastern tropical Pacific for both El Nifios while the horizontal advection prevails in the
central tropical Pacific. The difference between the mechanism of heat content anomaly formation for
canonical and Modoki El Nifio is due to the different intensity of temperature growth. Moderate El Nifios
are characterized by intensive heating in the central tropical Pacific caused by zonal and meridional advection.
During strong El Niflos the contribution of vertical advection increases, especially in the eastern Pacific.
Nonlinear dynamic heating is not supportive of the positive temperature anomaly growth, even causing the
anomaly decrease in some cases.

Key words: canonical and Modoki El Nifio, EI Niflo generat ion mechanism, heat budget of the upper
mixed layer of ocean
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IPABIIA MOJATOTOBKH CTATEM K NYBJUKAIIMA B JKYPHAJIE

«BECTHUK MOCKOBCKOI'O

OO0ume TpedGOBAHNSA K CTATHE

Kypuan «BectHuK MOCKOBCKOTO YHHBEPCHUTETA.
Cepus 5. T'eorpadusy myOIHKyeT pe3yiabTaThl OpHUTH-
HAJBHBIX MCCICIOBAaHUI B PA3IMYHBIX OOJIACTSIX T'eo-
rpaduYecKoil HayKu, TEOPETUICCKUE, METOANICCKHE H
0030pHBIE CTATHU, TIPEICTABIISIONINE HHTEPEC JUIS MU-
poBoro Hay4dHoro coobmiectBa. [IpencraBieHHble K
OIyOIMKOBAaHHUIO MaTEPHAIIbI JJOJDKHBI COOTBETCTBOBATH
(dopManbHBIM TPEOOBAHUSM JKypHAa, IIPOUTH TPOIIe-
Jypy CIEIOro pereH3npOBaHUs U MOTYYUTh PEKOMEH-
JAIIHIO K MyONMKAIIMY Ha 3aCeIaHNN PEIKOJUIETUH JKYP-
Hana. Pemenune o myOnuKanuy npruHAMAaeTcs: Ha OCHOBE
HAyYHOH 3HAUMMOCTH ¥ aKTyaJIbHOCTH MPE/ICTABICHHBIX
MartepraioB. CTaTbu, OTKIIOHEHHBIE PEaKIIMOHHON KOJI-
Jierrel, MOBTOPHO He MPUHUMAIOTCS M HE paccMaTpH-
BaloOTCS.

OObeM cTaThu (TEKCT, TaONHUIIBI, CIIMCOK JINTEpa-
Typhl, PUCYHKH, TIEp €BOJ Ha aHTJIMIUCKUN) HE TOIKECH
npeBbimath 1 a. 1. (40 ThIC. MEYaTHBIX 3HAKOB, BKIIIO-
qasi ipobensl), He Oonee 50 ThIC. 3HAKOB AJIsi 0030p-
HBIX craTeil. OObeM KpaTKHX COOOIIEHUH COCTaBIIsIeT
0,25 a. 1. PekoMeHayeMblil CIIUCOK JUTEPATyphbl — A0
30 maunboree akTyalbHBIX paboT MO paccMaTpUBAEMO-
My BoIpocy. B 0030pHBIX CTaThAX CHUCOK TUTEPATYPHI
HE JTOJIKEeH TMpeBbImarh 60 uCTOUHUKOB. )1 KpaTKUX
COOOILIEHHI CIHCOK JINTEPATYPhl MOXKeT ObITh 110 10
HUCTOYHHKOB. CaMOIIMTHPOBAHUH B CIIHCKE JINTEPATYPHI
He JT0JKHO OBITh Gortee 10% oT ob11ero unciaa uCnomb-
30BaHHBIX UCTOYHUKOB.

Crarbst ToMKHA OBITh YETKO CTPYKTYPHUpOBaHA M
BKITIOYaTh PYOPHKH: BBEICHUE, MaTEPHAIBI U METOJIbI
WCCIICIOBAaHUI; pe3yNIbTaThI HCCIIENOBAHUM H X 00CYXK-
JICHUE; BBIBOJIBI; CITICOK JINTEPATYPHI.

Bce MaTepualibl cTaTb KOMITOHYIOTCSI B €0UHbLIL
ce00Hblil (haiin 6 popmame Word u pa3memaorcs B
HEM B CIIEAYIOIICH MOCIEAOBATEIbHOCTH:

1. YIK;

2. Ha3Banue cTaThu,

3. Ununmans! u pamunus aBropa(os);

4. JIns KaKAoro aBTopa NPUBOAWTCS MOTHOE Ha3Ba-
HUE YUPEXKICHUS, B KOTOPOM BBITIONHSIIOCH HCCIIENIOBA-
Hue, noApasnencHue (kadempa, J1abopatopus U T. 11.),
V4. CTENEHb, JOIKHOCTD, e-mail,

5. AHHOTaIHS CTaThH;

6. KiroueBrie cJioBa;

7. TekcT cTaThy;

8. braromaprocTy, B TOM urcIie — QUHAHCHPOBAHHE;

9. Cniucok nuTepaTyphl;

10. Tabmu1sr;

11. IlogpucyHOYHBIE TOATUCH;

12. Pucynku;

13. IlepeBoa Ha AaHTITUUCKHUI S3BIK TyHKTOB 2—6,
8-9, 11. B nyHkre 4 npoch0a UCIIOIB30BATh B MIEPEBO-
Jie ohuIMaIbHOEe HAMEHOBAHKE OpTaHW3aIliK Ha AaHTITHI-
CKOM s3bIKe (a HE COOCTBEHHBIN BapHAaHT IEPEBOIA).

YHUBEPCUTETA. CEPUSA 5. TEOTI'PA®US»

IloaroroBka rexkcra

Texcm nabupaercs 12 keriiem 4epe3 OfWH HHTEp-
BaJI, TTOJIS CIICBA, CBEPXY M CHU3Y —2 CM, cripaBa — 1,5 cm.
He nomyckaercs ucrnonb3oBaHUe TaOylIsTOpa WIH TIPO-
OenoB s 0003HaveHUs a03alia, pyYHBIX IIEPEHOCOB B
cJloBax, MEPEHOCOB CTPOK KiaBuiled Enter B pamkax
OJTHOTO TIPEIUIOKEHUS, Pa3phIBOB CTPAHUI] M Pa3JICIIOB.
B Tekcre cTaThu BOZMOKHO HCIOB30BAHUE TIOTYKHUP-
HOro IHpI/Iq)Ta " KypCuBa IJId CMBICJIOBBIX BBIZICJICHI/Iﬁ,
OJIHAKO HE JIOIKHO HCIIONB30BATHCS MOAYEPKUBAHUE.
JlecaTH4Has 4acTh YHCEN OTACISETCS 3arsITOM.

Dopmynvl HaOUparoTCs B penakrope GopMyit B oT-
JCITBHYIO CTPOKY M UMEIOT CKBO3HYIO HYMEpAIHIO 110
BCEi CTaThe, BHIPOBHEHHYIO 10 TIPABOMY KPato CTPOKH.

Tabnuywr Habupatorcs B Word, He JIomyckaercs
pasleneHne s4eeK KOCOW JIMHMEW. PydHble nepeHOoCHl
HE JIOITYCKAIOTCS.

Pucynku mpencTaBisiroTcsi OTACTbHBIME (aiiia-
MU, Ha3BaHHBIMU 10 HOMEpPAM PHCYHKOB (Hampumep:
puc. 1.tiff, puc.2.jpg), B rpaduyeckom popmare (eps, tif,
jpg) paszperieHueM He MeHee 300 dpi 115 MOy TOHOBBIX
u 600 dpi s uepHO-0enbIx n3obpaxenuit. s rpadu-
KOB, BBITIOTHCHHBIX B EXCCI, JOMOTHUTEIILHO ITPUKITAAbI-
BatoTcsi coorBercTBytomue Qaitiel Excel. Kaprunku
JIOJDKHBI OBITh MOJIHOCTBIO TOTOBBI K M3naHuto. [Ipen-
CTaBJICHHUE PUCYHKOB B Bue cxeM Word mnmu HaOpaH-
HOT'O TEKCTa ¢ 100aBIeHUEM TpapUIECKUX dJIEMEHTOB,
HAJIOKEHHBIX CBEpPXY, He JOMyCKAeTCs.

Cceviika Ha UCMOYHUK B TEKCTE JOKYMEHTa YKa-
3bIBaeTCS B KBaJPaTHBIX CKOOKax. B TekcTe cchuiku
4epe3 3amaTylo yKasbIBaercsi (haMuiIns aBToOpa U TOJ
nzaanus. Eciiu cchlUToK HECKOIIBKO — OHHM OTIENSIOTCS
JIpyT OT Apyra Toukou ¢ 3amsaToi. CchuTka Ha MCTOY-
HUK Ha MHOCTPAHHOM A3BIKC YKa3bIBACTCA Ha SA3BIKC
opuruHaa. CIIUCOK PyCCKOSI3BIYHON JTUTEPATypPhl 0Pop-
mursiercs B coorBerctBuu ¢ 'OCT 7.1-2003, 7.82-2001
1 7.0.5-2008. DOI (mpu HanU4YUM) YKa3bIBa€TCs B KOH-
1e ccbuTkh. CChITKa Ha UCTOYHHK HA aHTITUHCKOM SI3bI-
Ke 0)OpMIISIETCsI TMHOOOPA3HO U B PYCCKOSI3BITHOM, U
B IEPEBEICHHOM Ha aHTTIMUCKUMN SI3bIK CIIMCKE JINTEpa-
Typbl. [IpH HATMYUM Y PYCCKOSI3BIYHOTO M3/IaHMS], KO-
Topoe ¢purypupyer B CHCKe JIUTEPATYPbl, OPUTHHATb-
HOIl WJIM MePeBOIHON AHIVIOA3BIYHON BepCHH B CChLI-
Ke /J0JLKHA ObITh YKa3aHa HMEHHO OHa, a He
PYCCKOSI3bIMHbIN BapHAHT.

Bonee moapoOHBIE HHCTPYKIIMHU O MOJATOTOBKE
cTaTel U1 aBTOPOB MOXKHO HAaiTH Ha cailTe )XypHaia
https://vestnik5.geogr.msu.ru/jour/index.

Cratbu, oopmieHHBIE HE MO MpaBHIIaM, OyIyT
BO3BPAIATLCSl aBTOPY Ha MepepaboTKy.

CraThy MPUHUMAIOTCS Ha reorpaduueckoM ¢a-
KyJIbTETE B PEIAKIINH, Yepe3 CANT KypHasa H Mo dIIeK-
TPOHHOM MOYTE.

Pemaxius: komnara 2108a, Ten. +7(495)-939-29-23.
Caiit xxypHaJa https://vestnik5.geogr.msu.ru/jour/index.
OnektponHas mouTa: vestnik geography@mail.ru

Ilnama 3a ny6ﬂui<auwo He 63Uumaemcs.





