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JlenoBoe BbINAXUBAHME MM JK3apalds — JECTPYKTMBHOE MEXaHMYECKOe BO3/EHCTBUE JbIOB Ha
TPYHT, CBSI3aHHOE C JJMHAMHKOH JIEASHOTO IMOKPOBA, TOPOLICHHEM M CTaMyX000pa30BaHUEM IO BIMSHHUEM
THIPOMETEOPOIOrnueckux (hakropoB U peinbeda npudpexHo-mensbGpopoit 30ubl. Ciaenbl BO3AEHCTBUS JIbIOB
Ha nHo CeBepHoro Kacnust mzBectHsl ¢ 1950-X IT., HO IPUHUMATHCSI BO BHUMAaHHE CTAJH JIMIIb MOCIE aBa-
pun Ha HedrerazoBom Mmectopokaenuu Kamaran B Kazaxcrane B 2012 r. HenaBHo oOHapy»KeHbI cieibl
TaKuX BO3CHCTBHUII HA OCYIICHHOM JHE Apaibckoro mMops. Mukpopenbed ana Kacrnuiickoro Mopst usydeH
reoU3MYECKUMH METOaMU TIPU TIOMOILHM I'MIpOJIoKaTtopa 60KoBoro ob63opa u sxonora. Ha ocymenHoM
JHe ApalbCKOTO MOpsI €CTh YHHKaJbHAs BO3MOXKHOCTb M3ydaTb CIEIBI JEIOBOTO BO3ACHCTBHS MPSIMBIMU
METOJIaMH, HO Ha HACTOSIIMHA MOMEHT OHM H3yUEHBbI JIMIIb JUCTAHIMOHHO. BbIsABIEHO, YTO0 Hanbonee UH-
TEHCHBHas dk3apauus B KacrmuiickoM MOpe MPOMCXOIMT MpU KOJIeOAaHMSIX YPOBHS MOps Ha TyOMHAX OT 2
10 5 M. Tak kak ypoBeHb Kacnmiickoro m ApaibCKoro Moped CHIbHO M3MEHsUICS B XX B., TO CIEABI K-
3apalMi pacrpoCTpaHeHbl Ha OOMIMPHBIX TePPUTOpHsX. [l0Ka3aHo, YTO KIMMATHYECKHUE M aHTPONOTCHHbIE
U3MEHEHMS IPUBOJAT K U3MEHEHHIO YCIOBUI (POPMUPOBAHUS JIEIOBO-9K3apALMOHHOTO penbeda. M3yuenne
mapamMeTpoB TaKOro pelibeda Ha OBIBIIEM THE ApPajabCKOrO MOpsi UMeeT Ooiblioe (yHIaMEHTAIbHOS
NPHUKIAHOE 3HAYEHHE ISl TIOHUMAHUS YCIIOBUHM M MHTEHCHUBHOCTM SK3apalliM [HA HA MEJIKOBOJHBIX 3a-
MEp3aK0IIUX MOPAX U KPYNHBIX 03€pax.

KnrwueBrie cnopa: Kacrimiickoe Mope, Apajibckoe Mope, 3K3apauusi JeTHBIMA TOPOCUCTBIMH 00-
pa3oBaHUAMH, pelbed) THA, IK3apPALUOHHBIE OOPO3/IBI.

BBenenue. JlenoBoe BhIaxvBaHUe WM dK3aparus (puc. 1) — necTpyKTHBHOE
MEXaHUYECKOE BO3/EHCTBHE JIBJIOB Ha I'PYHT, CBSI3aHHOE C AMHAMMKOW JIEISHOTO
MOKPOBa, TOPOIICHUEM M CTaMyX00Opa30BaHHWEM 0] BIMSHUEM THIPOMETEOPO-
JIOTHYeCKUX (akToOpoB U penbeda nmpudpexHo-1ieasGpoBoi 30HbI [1]. Dk3aparus
JTHA JIeASTHBIMU 00pa30BaHUsIMH (TOPOCAMH U aiicOepramMu) UMeeT MECTO He TOJIBKO
B ApKTHKE: 3TO SBJICHUE XapaKTEPHO Ul OOJBIIMHCTBA 3aMep3alolIMX MOpe u
KpynHbIX o3ep. JlemoBo-ak3apannonHsle (GOpMbI MUKpopenbeda, BCTpedarommecs
Ha JHE 3aMEP3aoLINX BOJOEMOB, IIPEXKIE BCETO — OOPO3/bI JEJOBOTO BhIIAXHBa-
HUSI, B HACTOALIEE BPEMs AOCTATOYHO XOPOLIO M3BECTHHI M OMMCAHBI B COBPEMEH-
Hoi HayuHoi suteparype ['3>17]. B Apkruke (ITeuopckoe u Kapckoe Mopst) u Ha
Janbaem Boctoke (mens(h o. CaxanuH) JieZoBble BO3ICHCTBUS Ha Oepera W JIHO
XOpOIIO M3Y4YeHBbl M TPUHUMAIOTCS BO BHHMaHHE MPH CTPOHUTEILCTBE M IKCILTya-
Tanuu 00bEKTOB Ha menbde. B To ke Bpems, MPUMEHHUTENBEHO K MOPSIM U 03epam
YMEPEHHOI'0 KIIMMaTH4eCcKoro nosica (Hanpumep, Kacnuiickomy), 3TH BOIPOCHI 1071-
roe BpeMsi OCTaBaJMCh 0e3 JOJDKHOTO BHUMAHMS M OLICHKH B HallleH cTpaHe.

Ha ¢one mo6anbHOro moTeryieHus U COKPALIEHUs MJIOMAAN U MOIIHOCTH Jie-
JSTHOTO TIOKPOBa XO3SIMCTBYIOIINE CYOBEKThI, OCBauBaroLIMe akpaTtoputo CeBepHO-
ro Kacrusi, BIIOTH 10 TIEPBOM KPYIHOM aBapHu, UTHOPHPOBAIN JICAOBBINA (HaKTOp
(puc. 2). Buumanue x npoOiieMe MpHBJIEK CIy4aid, KOraa MOJBIKKK U HACIOCHHE
JIbIWH, TONIIMHA KOTOPBIX JTOCTUTaja HECKOJIILKUX JIECSITKOB CAHTUMETPOB, PUBE-
7M K aBapuu Ha Hedrenpombicie «Kamaran» B kazaxctanckoM cexktope CeBepHOTo
Kacrmust B 2012 r, tae mba0M OBUTH TOBPEXKICHBI YEThIPE HUTKH TPyOONpPOBOIA,
MPOJIOKEHHOT0 TI0 JHY 0€3 AOJKHOTO 3arayOsIeHusl.
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Puc. 1. Dx3apanust [Ha JIeTHBIMA TOPOCUCTBIMU oOpasoBanusmu [!7]: k — riyOuHa mMopsi; s —
BbIcOTa Topoca; d — m1yOuHa 0Opo3xbl; W — MIMpHHA OOPO3ABL; I — BBICOTAa OOPTHKA 00Ba-
JIOBKH;, M — HIMPHHA CUCTeMbI 00po3n; sf — mupuHa 6opTuka; 0 — OpHUeHTHUPOBKA OOPO3IbI.

Fig. 1. Ice gouging process [17]: k — water depth; s — sail height; d — gouge depth; w —
gouge width; r — ridge (side berm) height; m — multiplet disruption width; sf — ridge (side
berm) width; 8 — gouge orientation.

Puc. 2. Kacrniniickoe Mope: 66epxy — OOpO3/bl JIEOBOTO BbIIIAXWBaHHUS Ha (parMeHTE CHHUMKA
Landsat 8 [*°], pasmep dparmenrta 10 X 16 kM; 6nu3y — MecTOTONOKeHHE (pparMenTa (paiioH
TroseHbux ocTpoBOB) Ha 0030pHOM cHUMKe CeepHoro Kacnus MC3 AQUA ot 5.02.2015 .

Fig. 2. Caspian Sea: ice gouges on a Landsat 8 satellite image [*], area 10 x 16 km (fop);
zoomed area location (The Tyuleniy Archipelago) on the general overview space image of
Northern Caspian, ISZ AQUA from February 5, 2015 (bottom).
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Puc. 3. Apanbckoe mMope: 66epxy — OOpO3/IbI JICOBOTO BBIAXUBAHUS HA KOCMHUYECKOM CHUM-
KE COBPEMEHHOTO Mmobepexbs, pazmep ¢pparmenta 1.5 X 3 km [*]; 6HU3Y — MECTONOIOKECHHE
(parmMenTa Ha 0030pHOM KOcMHIecKoM cHIMKe 2010 .

Fig. 3. Aral Sea: ice gouges on a satellite image of the modern Aral Sea coast, the size of the
fragment is 1.5 x 3 km [??] (fop); zoomed area location on the general overview space image,
2010 (bottom).

B nocnennee BpeMst OblTH 0OHAPYKEHBI CIEIBI JISTOBBIX BO3IEHCTBUN HA OBIB-
miee AHo Apanbckoro mopst (puc. 3). Crenbl 0OHapyKEHbI HAMH MPH aHAIHM3€ KOC-
MHUYECKUX U a3pO(OTOCHUMKOB CEBEPO-BOCTOUHOTO MOOEPEKbs APaIbCKOTO MOPSI.
OHU TaKKe OTYCTIIMBO JCHIU(PPUPYIOTCS HA BCEM BOCTOUHOM Tobepexbe bosbioro
Apaina. Takue GopMbl MUKpopesbeda MOTYT UMETh PA3IMYHYI0 UHTEPIPETAIIHIO,
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HO HaM¥ OHHU TPAKTYIOTCS KaK pe3yJabTaT JEIOBBIX BO3IEHCTBHUH MpH MpeKHEM, 00-
Jiee BBICOKOM ypOBHE ApajbCKOTO MOPSI.

Kaumarnyeckue u JeaoBble ycaoBusi. CeBepHbIi pernod Kacmmifickoro Mopst
UMEET KOHTUHEHTATBHBIA KJIUMAT C TEIUIBIM JIETOM (B HIOHE-aBTyCTE TEMIIEPATypPhl
B cpefHeM coctaBiisitoT 24—25 °C) u xoyoHOU 3uMoit (¢ Jiekabps mo (heBpaiib
B cpenneM —5+—6 °C). Jlo ompeneneHHOro MOMEHTa CUMTANIOCh, YTO B PE3yIbTaTe
[JI00QJIBHOTO TIOTEIUICHUSI TIPOUCXOAUT COKPAIICHHE IUIOMAJA U MOIIHOCTH JIE/Is-
Horo nokposa Kacnuiickoro mopsi. BMecte ¢ Tem, aHain3 MEXIroJ0BOM U3MEHUUBO-
CTH CYMMBI OTPHIIATENBHBIX TeMIeparyp mokasai, yto Ha CeBepHoMm Kacnum yxke
¢ Hagana 2000-x TT. Bcieq 3a 3aMETHBIM 3WMHHUM TOTEIUICHHEM OTMEYEHa CTadu-
TU3AIs TEMIIEPAaTYPHOTO peXMMa XOJIOAHOTO CE30HA M, COOTBETCTBEHHO, PEKUMa
(hopMuUpOBaHUSI JICASTHOIO MMOKpoBa [3].

Kacnuiickoe Mope oTHOCHTCS K YaCTHYHO 3aMep3aroliuM MopsM. Jlenossie yc-
JIOBUSI MOPSI XapaKTEPU3YIOTCsl OOJBILON CIOKHOCTBIO U U3MEHYHBOCTHIO. Ero ce-
BEpHAas MEJIKOBOJHAS YaCTh 3aMEP3aeT CKETOAHO, B CPEAHEH YacTu Jied MOsBISETCSA
BJIOJIb MOOEPEKUI JHIIL B CYPOBBIC 3MMBI, B FOXKHOIM YacTH Jbaa He ObiBaeT [4].
Jlenoserit mepuoxa Ha CeBepHoM Kacrmuu mpogomkaetcst ¢ HOsOps 1o mapt. [lomHoe
3aMep3aHue W 00pa3oBaHWE MpHIMas OOBIYHO MPOUCXOIUT CeBepHee JHHUU 0. Ye-
yeHb—o0. Kymanel. B XoJ0aHbIE W 3KCTpEMAIbHO XOJIOIHBIC 3UMBI TTPUTIAWHBIN JIE]
MOKET YCTaHABIMBATHCS 0 M300aThl 20 M.

Jlenoo6pazoBanne Ha CeBepHoM Kacnum mpu XapakTEpHOW COJCHOCTH BOJ OT
2 10 11 %o, B OTINYHE OT BOJ aPKTUUYECKUX U JATHHEBOCTOUHBIX MOpPEH, UMEET Me-
CTO NpH Temreparype 3amep3anus B quanazoHe ot —0.2 qo —0.6 °C. IInotHOCTH He
COJICPIKAILEro BKIIOYEHUH MOPCKOTO JbJAA 31€Ch HIKE, YeM B APKTHUKE, U COCTaB-
aseT okoio 920 kr/m ['°].

MaxcumanpHasi ToNmMHA poBHOTO NhAa Ha CeBepHoM Kacmmm make B O4YeHb
CypoBbIe 3uMbl He npeBbitnaeT 60—70 cm, npumnas — 90—120 cm [*]. OnHako 3Ha-
YUTEIbHYIO0 YaCcTh aKBaTOPUU MOXKET 3aHMMaTh TaK Ha3bIBA€MbI HACIIOCHHBIH JIeI.
Hacnoenue npna B Kacnmiickom Mope HaOmogaeTcsi MPakTHYECKH €KEroJHO B pe-
3yJbTaTe HAJBUTOB OJIHOMW JICJSTHOW TUIACTHHBI HA JIPYryr0. MakcuMasbHas TOJIIHU-
Ha HACJIOCHHOTO JIbJ]a MOXKET TOCTUTATh 371eCh 3 M ['].

Criertudmka nenoBsix ycnopuii CeBepHOro Kacnus — OTHOCHTENEHO TOHKUN U
TETUTBIIY JIe, KOPOTKHH 10 CPaBHEHHIO ¢ APKTHUKOM TIEPHOJ JIST000pa30BaHMs —
00yCJIOBIMBAE€T OTHOCHTEIHHO HHU3KHE MPOYHOCTHBIE XapaKTEPUCTUKHA DPOBHOTO
73, a Ha (JOHE CHIIBHBIX BETPOB — YCIIOBHS, OCOOCHHO OJAaronmpHATHBIE IS €T0
B370Ma 1 Topoienns. Hanbonee xapakrepno anst CeBepHoro Kacnus BeTpoBoe To-
poleHne, KOTOPOMY CIIOCOOCTBYIOT IOJIETHBIE TEUEHHSI 1 CTOHHO-HArOHHBIE KoJle-
Oanust ypoBHs. CyIIECTBEHHO BIUSIOT Ha MPOLECCH TOPOIICHHUSI METKOBOAHOCTD,
M3BUIMCTOCTh OEPErOBOM JIMHHUU U CIOXKHBIN peibed AHA ¢ OOJIBIIMM KOIUYSCTBOM
MOJIBOHBIX 0aHOK ¥ Koc ['] (puc. 4).

MaxkcumanbHOE KOJMYEeCTBO TOPOCOB IMPH BCEX THIIAX 3MM HAOIIONAETCS B I10-
Joce KOHTaKTa Mpunas u apeidyromiero npaa. B pesynsrare TOro, 9TO MONOKEHHE
KPOMKH TIpHIAas B TEYEHHE XOJIOTHOTO CE30HA MOCTOSTHHO M3MEHSAETCs, IoJIoca aK-
TUBHOTO TOPOIIEHHS 3aXBaTbIBaeT OOJNBIIYIO MIonaab. ClaeICTBUEM 3THX TpOIec-
COB siBJIsieTCsl YOPMHUPOBAHKE KaK HA IPAaHMIIE YCTOWYMBOTO, TaK U B 30HE HEYCTOM-
YUBOTO MpHMasl TPl TOPOCOB, MEPIECHANKYIIPHBIX HAIIPABICHUIO BETpa, a TAKKe
MOSIBJICHUE CTaMyX, CUISAIIUX HA TPYHTE.

HauOonbiiee uncio TopocoB U cramyx (HopMHpYeTCs B yMEpPEHHBIE (CpeiHue
0 JISIOBUTOCTH) 3UMBL. B CypOBBbI€ 3MMBI IpHIIaii OKa3bIBaeTCs 0ojiee yCTOWUH-
BBIM, COOTBETCTBEHHO W IUPHHA 30HBI TOPOCOB — MEHBIE. B MATKHE 3UMBI TO-
POCHCTOCTh TaK)Ke HH3Ka BCIEJCTBHE CIab0TO Pa3sBUTHS JEISHOTO TIOKpoBa. B co-
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Puc. 4. Cramyxa, obpa3soBaBasicsi psiioM ¢ ¢apearepom Bonro-Kacnuiickoro Mopckoro cymo-
XOJIHOTO KaHaua.

Fig. 4. Ice hummock grounded near Volga-Caspian main ship channel.

OTBETCTBHHU C JIAHHBIMH CTaTHCTHYECKOH OOpaOOTKM TOJIOKEHHS TOPOCOB M CTa-
MyX, OMyOIuKoBaHHBIX B jauccepranuu [1. V. Byxapunuua B 1987 r. [?], B iepuon
BBICOKOIl CTETIEHH TOPOCHCTOCTH HamOOJbIIee KOIMYECTBO JICASHBIX 00pa3oBaHHUN
rpynnupyeTcs B mpeaesax myOuH Mops oT 2 10 5 M (puc. 5).

[Ipu npourx paBHBIX TEPMHUYECKUX YCIOBHSIX JIe000pa30BaHMsI BaXKHBIN (ak-
TOP, ONpENEISIOMMN UHTEHCUBHOCTD JIE0BO-IK3apalluOHHOro mporecca Ha Kac-
MUIICKOM MoOpe, — TeKyluee noyioxkenue ero yposHsi. Konebanust yposust Kacrus,
aMIUTUTYAa KOTOPBIX Hocturaia B XX B. 3.5 M, B o01ieM ciryyae 3aMETHO BIIHSIOT
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Puc. 5. Pacnpeznenenue neasHbIX TOPOCUCTbIX oOpasoBaHuil CesepHoro Kacnus mo riyGuHaMm.

Fig. 5. Frequency of ice hummocks formation according to depths of the Northern Caspian.
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Ha penbed) MEITKOBOIWH, B 3HAUUTEIIFHOW Mepe Ompenessonuii Topocuctocts Ce-
BepHoro Kacmus [1].
Konebanust ypoBus Kacrusi, mocturaroniye 3a pacueTHBIM MEPHOJ| IKCILTyara-
UM TUAPOTEXHUUECKUX COOPYKEHHH HECKOJIBKMX METPOB, CIIOCOOHBI MPHUBOIUTH
K CYLIECTBEHHOMY IlepepacrpeeliecHHI0 ITyOUH W IepecTpoiike penbeda aHA H,
COOTBETCTBEHHO, M3MEHSTH YCIOBHs (JOPMHUPOBAHMS JICASHBIX TOPOCUCTHIX 0Opa-
30BaHMI U dK3apauuu uMu 1Ha u oeperos []. Tak, B HacTosIIee Bpemsl, MocIe Ie-
puoaa crabunmzanuu ypoBHs Mops B 1993—2005 rT., Havyancs mepuos JoCTaToOqHO
ObICTpOTO CHIDKEHMS ypoBHs Kacmus: Bcero 3a 7 neT OH ymani modtd Ha 1 m.
Apanbckoe MOpE PacHoJIOKEHO K BOCTOKY oT Kacmmiickoro, B 30HE IIyCTBIHb
YMEpPEHHOTO T0sca, YTO 00yCIOBIUBACT PE3KYI0 KOHTHHEHTAIBHOCTh KiInMaTa. Jle-
ABL? TO 3MIeCh CyXO€ W JKapKoe, 3UMa XOJIOIHAs C HEyCTOWYMBOW moromoit. OOmmpHas
, obnactp Ilpuapanbs U camo Mope HaxomsTcs B cdepe nesTeabHOCTH 3uMHero Cu-

Tak? L % .
3auem OMPCKOT0 aHTULMKIIOHA U JeTHEH HOsxHo-A3uarckoil bapuueckoit nenpeccun. B Te-
¢ mpo- YeHHe BCETO ToJla U B XOJIOAHBINA MEpUOJ MTpeoliagaloT CeBEpHBIE H CEBEPO-BOCTOY-
HBIE BETPBI CO CPEIHUMH CKOPOCTAMH 5—6 M/C, MakcuMalbHbIMU 0 20—25 m/c.
g"c'{;’ "B ceBepHoii gacTH MOps TeMmIepaTypa BO3IyXa YKe B HOSOPE MMEET OTpHIATEb-
YKB: Hbl€ 3HAYEHUS U B sHBape B cpeaneM paBHa —11+-13 °C, HO Hag MOopeM BO3IyX

3aMEeTHO Teruiee. B 10KHONM yacTu MOpsl cpelHsisl TeMIlepaTypa sHBapsi COCTaBIIs-
et —6+-8 °C. IIpomosKUTeIFHOCTE Meproa ¢ OTPUIIATEIIEHBIMU TeMIIepaTypaMu
cocrapisier 120—150 nueii [°]. 3uMoil pe3kue MOHMKEHUS! TEMIIEPaTyphl CBS3aHbI
C XOJIOIHBIMHU CEBEPHBIMH U CEBEPHO-3aMaJHBIMH BTOPKEHUSAMU. B Teribie ce30HbI
orpor CHOMPCKOTO aHTULHMKIIOHA pa3pyllaeTcsi, U OKpyXKawole Apal MpocTpaH-
CTBa OKa3bIBAIOTCS MOA Bo3xeiicTBUEM FOKHO-A3HATCKOr0O MUHUMYMa, TIOATOMY CO-
XpaHsiercs: mpeolnaganue BeTPOB BOCTOYHBIX HampaBieHUH. TeMmneparypa Bo3lyxa
BeCHOM ObICTpo moBhImaercs 10 5—10 °C B mapre.

B pesynbrare NOHMKEHUS YPOBHS ApaJbCKOI'O MOpPSI CYLIECTBEHHO BO3pOCia
conerocTh Bozibl. Eciu 10 1961 1. cpenmusisi coneHOoCTh BoA Apajia COCTaBIsIa OKO-
710 10 %o, To K 1990 1. ona Bo3pocna 10 30 %o. B 2006 1. conenocTs 3amagHoi ya-
ctu bonbmoro Apana npesbimana 90 %o, a Bocrounoit — 130 %o [7].

Jo Hauana mageHus ypoBHs Apaibckoro mops B 1961 r. mppooOpazoBanue
B NPUOPEKHBIX palOHAX Ha CEBEPE U CEBEPO-BOCTOKE MOPS OOBIYHO HAUYMHAJIOCH
19—23 wos0ps. K koHIy 3TOTO Mecsma mepBHYHBIE (DOPMBI JIbAa TOSBISLIINCH
y IOJKHBIX OeperoB, TpHITaid, Kak mpaBuio, BctaBai 10 mexadbps. B oTkpsiToM Mope
JTBIBI HAONIOMAIMCH CO BTOPOHM JEKaabl JACKaOps, a y 3alagHoro MOOEpPEeXkbs JIen
00pa30BBIBAJICA B CPEIHEM B IEPBOM Aekane sHBaps. Hambompmiero pa3Butus je-
JSTHOM TIOKpOB jtocturai B cepenune Qespans. [IpuOpexHyto 30HYy MOpS TOKpPbI-
Bai npunaii (Ha ceBepe — mupuHord 20—30 KM), a B OTKPBITHIX palioHaxX ObUIH
pacmpocTpaHeHbl Iped(yromue JIbAbl, MPeCTaBIeHHbIE MEIKO- U KPYIHOOUTHIM
JBJIOM M JICASHBIMHU TOJISIMH, HO B HauOoJsiee CypoBbIe 3UMBI MPHIAN 3aHUMall BCIO
aKBaTOPHUIO. MOILIHOCTH POBHOTO Jibja Kojebasach B mpeaenax 65—70 cM B ceBep-
HOU yactu U 35—45 cm Ha tre. [Ipu cuibHBIX BeTpax M B MEPUOJ JE€I0CTaBa
HaOm0Aa71Ccss HEOMHOKPATHBIM B3JI0M IpHUIasl ¢ MOCIEAYIOIINM BEIHOCOM Apeidyro-
LIETo JIbJa OT Oepera B OTKpbITOE Mope. biarogapst 1OMHUHUPOBABIINM B XOJIOAHBIN
MIEPHOJ CUIIHLHBIM CEBEPO-BOCTOYHBIM BETpaM (TMOBTOPsieMOCTh 35 %), JeasHo 1mo-
KpOB OBUI CHIIBHO HACJIOEH W BCTOpOIIeH. [0/ BIUSHIEM CEBEPHBIX M BOCTOYHBIX
BETPOB OBLIO BO3MOYKHO OOJIBIIOE CKOTJICHHE JIbJa B FOKHOM yacTu Mops [8].

Becennee pazpyuenne abp1a 00bIMHO HAYMHAJIOCH BO BTOPOM MOJIOBHHE (eBpa-
Jid Ha I0re U B MEpBOM MOJOBHHE MapTa Ha ceBepe. OHAKO MPHU XOJIOJHON BECHE
Ha OTIEJbHBIX YJacTKaX CEBEPHOTO M BOCTOYHOIO MOOEpEKuil mpumail Mor coxpa-
HATBCS 10 20—25 anpens. OOBIYHO K€ TassHUE JIbJa IO MHTCHCUBHO. B cepenune
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MapTa JIeJIOBUTOCTh COKpalmaiach Ha 25 %, a K KOHILy ampess Jiel TOBCEMECTHO
ucuesan [].

BenenctBre moHMKEHHST YPOBHS JIENOBBIA PEKUM cTan Oosiee cypoBbIM. Bo-

JI0OEM BMECTE C YMEHBILICHHEM IUIOINAAM BOJHOTO 3epKaja cTall ObIcTpee M Ha
HECKOJIbKO JIHEH paHbllle 3aMep3aTh, a TasHUE JIbJla HAYMHAThCS TO03XKE U MPOXO-
IUTh 3a Oojee anurenbHbelld mepuon [!']. CymiecTBeHHbIE U3MEHEHHS B TeMIlepa-
TYPHOM peXHuMe ApajbCcKOro MOpPsl MO CPaBHEHHUIO C YCJIOBHO-€CTECTBEHHBIM (10
1961 1) mepnoaOoM TOATBEPIKIAIOTCS PE3ylbTaTaMu CIYTHUKOBOTO MOHHTOpPHHTA
1982—2009 rr. [* %], moKa3aBIIEro, 4To 3TH MU3MEHEHHs OO0YCIOBJICHBI, TIIABHBIM
o0pa3oM, YMEHBIIIEHHEM ero TIIyOWH 1 Terrio3anaca. VccienoBaHus moka3aid, 9To
OCEHHSIS U BECEHHSIS TEMIIEPATYPHbIE (a3bl OKA3BIBAIOTCS CIABMHYTBIMH NPUMEPHO A b9
Ha Mecdll B CTOPOHY MX Ooyiee paHHEero HacTyIieHHs. Takke yBEJIWYHIICS TO0BOM
pasMax TemIieparypbl MPUIIOBEPXHOCTHOTO CJOS MOpPS U MOHU3MIIUCH €€ CpeaHe-
3UMHHE TEMIIEPATYpPhl, YTO, HECOMHEHHO, Y>KECTOUAET U JIEIOBBIE YCIOBUS.

Hcropust m meroasl uccaenoBanmii. [lepBeiM oOpaTun BHHMaHHME Ha Cile-
Ibl JIeSITeTbHOCTH TOABMKHBIX JIBIOB Ha moBepxHocTH AHa CesepHoro Kacmnwms
Bb. W. Komeukun [°]. Ilpu asporeosornyeckux paboTax ¢ NPUMEHEHHEM MaTepH-
aJoB a’poOTOCHEMKH W a’pPOBHU3YATIHHBIX HAOIONEHUH B Mpeaesax BOCTOYHOTO
nobepexbsi Kacruiickoro Mopst BBISBJICH CHEIU(PHUSCKUI PUCYHOK IMOBEPXHOCTU
Mopckoro nHa. b. WM. KomiedkuH mpenmnonoxui, 9To o0pa3oBaHue 00po3m U mipa-
MOB CBSI3aHO C BBITIAXMBAIOIIEH EATEIbHOCTHIO JIb/Ia B IEPHUOJ] €T0 BECEHHUX MO/~
BIDKEK; JJIMHA «IIPAMOB BBIAXUBAHUSD TOCTUTACT 2—3 KM.

MHOrouuciieHHbIE TONBITKH JOKYMEHTAJIbHO 3a()UKCUPOBATh MHUKPOPOPMBI
JIEOBOM 3K3apaluu ¢ MPUMEHEHHEM CeHCMOaKyCTHYeCKHX npoduiorpados, 3Xo-
JIOTOB U THApOJIoKaTopoB OokoBoro o63opa (I'bBO) na Kacnuiickom mMope He mpu-
BOWIH K ycriexy. OCHOBHasi MpUUYMHA — IPOBEJCHUE ChEMOK B JIETHUH TEepHoI,
T. €. KOTJla C MOMEHTa 00pa30BaHus O0OPO3] BHITAXUBAHMUS TPOILIO YK€ HECKOIBKO
MeCsIIeB, B TOM YHCJIe BECEHHHX, XapaKTePU3YIOMUXCS KaK WHTEHCHBHBIM BOJHE-
HUEM, TaK U BBICOKHUM COJEpKAaHMEM B3BECH B BOJDKCKHX BOJax. 3a 3TOT MEPHOJ
OOJBIIMHCTBO OOPO3]l HUBEIHMPYETCS M 3aHOCUTCS HAaHOCAMH, KOTOpBIE XapakTe-
PpHU3YIOTCS 37€Ch OTHOCHUTEIBHO BBICOKOM MOIBMYKHOCTHIO. TeM He MeHee, HaBajbl
MOPCKHX JIBJIOB Ha Oepera, CTaMyXH, OTPENEICHHO CHIAIINE Ha TPYHTE, a TaKkKe
CIJIE/IBI DK3apaliM JHA HA MaJbIX [TyOnHax (10 3 M) ObUIM JOKYMEHTAJILHO 3a(HK-
CHPOBAaHbI 3/1eCh MPSIMbIMU HaOMroAeHusAME [*]. Ha Gonpimx rmyOuHax u3-3a orpa-
HUYEHHOU Tpo3padHocTH MOopckux Boa CesepHoro Kacrms u mpakTHuecku mOCTO-
SHHOTO B TNIEPEXOAHBIN MEPHO]] ToJa BOJIHEHHS (OPMBI JISIOBOM 3K3apaliu JOKY-
MEHTaJIbHO BIUIOTH JIO MOCIEIHETO BPEMEHHU 3a(hUKCHPOBaHBI HE OBLIH.

B maprte 2008 1., 3MMHUN IEPHOA KOTOPOTO XapaKTEPU30BAJICSI YMEPECHHO XOJIO/-
HBIMU YCJIOBHUSMH, B paMKax COBMECTHOH 3KCIEAHLNHU [0Cy1apCTBEHHOIO OKEaHO-
rpagpuueckoro uHcrutyta uMm. H. H. 3y6osa u MI'Y um. M. B. JlomonocoBa 1o
Tpacce TpyOOIpoBoaa OT MecTopokaeHmii nM. dunanosckoro u Kopuarnna cpasy
TOCIIe OYUIICHHUS aKBaTOPHUU OTO JIBIOB OBLIH MPOBEACHBI THIPOIOKAIIMOHHAS (CO-
HapHasi) CheMKa C OTHOBPEMEHHBIM 3XOJOoTHpOoBaHUeM. [Ipn cheMke pUMeHsIIHCh
JIByX4aCTOTHBIN TUApOoKkaTop 6okoBoro o63opa C-MAX (CM2), paboTarommii Ha
ygacrotrax 102, 325 u 780 k['u, u sxosnor-npodunorpad Knudsen 3214 Chirp. [Tpo-
CTPAHCTBEHHOE TIOJIOKEHHE TaJICOB ChEMKH OIPEENsIOCh C BHICOKONH TOYHOCTBHIO
¢ momorpio coBpemernoro GPS-npuemnunka ['2].

I'maponokanmoHHasi cheMKa ITO3BOJISIET JAeMM(DPUPOBATh HAa JHE KOJHMYECTBO
JIeIOBO-DK3aPAMOHHBIX MUKPO(OPM, WX IIMPUHY U OPUEHTHPOBKY, & AXOJOTHBII
MpoOMep JaeT MONEePedHbIH MPoQwiTh, MUPHHY W TITyOMHY OOPO3] BHITAXUBAHUA H
BBICOTY OOPTHKOB 0OBaJIOBKH.

Corna-
coBaHHe
¢ 4yeM
ypu?
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Ha nacrosimuii MOMEHT OOpO3/bl BEITaXUBAHHS ApPaTbCKOTO MOpPST HCCIIEI0Ba-
HBI B OCHOBHOM a’pOBHU3yaJbHBIMU MeTOaMU. Ha CITyTHUKOBBIX CHUMKAax BBIIEIIS-
JIMCh YYacTKH HauWOOJIBIIETO CKOIUICHUS OOpO3J, ONMpEeNesuINCh MX Mpeodiaiaro-
IMuc OPUCHTUPOBKHU, HIMUPHUHA U NPOTAKCHHOCTD.

PesyabTarsl. Pesynsrarel 00pabotku ganHeix ['BO U axorpamm, Mmoigy4eHHBIX
na CeBepnom Kacnum, mokazany HalTM4ue YETKO BBIPAKEHHBIX B pesibede Ha, B TOM
YHCIie ¥ Ha TIIyOOKOBOJHOM yd4acTke (miyOuHa o 12 M), 60po3a u cucteM 60po3s
BBITIAXWBaHUS, 00PA30BAHHBIX APEH(YIOMUMHI OIHO- U MHOTOKUJIEBBIMH TOPOCH-
CTBIMH 00pa30BaHUSIMU, BMEP3IIMMH B JiesHbie Tiond ['2]. Beero Ha Tpacce Tpy0o-
poBoa UACHTHGHUITIPoBaHO 238 00pO3M U CUCTEM OOpO31 BBITaxuBaHUsA. JlmrHa
HaubOosee KPYyMHBIX M YETKO BBIPAXKEHHBIX 00po31 (OOIBIIMHCTBO OOpPO3/ TMOIHO-
CTBIO TTIEPECEKACT ChEMOYHBIH KOPUJIOP), MTO-BUIMMOMY, MTPEBHIIIAET HECKOIBKO KH-
JIOMETPOB; IIUPUHA EUHUYHBIX OOPO3J TOCTHraeT 5 M, cucreM 0opo3a — 200 m;
TOYHYIO F.]'IY6I/IHy 60p03Il BCJICACTBUEC MOCTOAHHOI'O BOJIHCHHA YCTAHOBUTH HE Yy/a-
J0ck, HO, cyns no aaHHeM ['BO m sxorpammam, ona cocrasisier 10 1 M. ITomu-
MO JTMHEWHBIX (POpM ObLIM 0OHAPYKEHBI JIOKAIBHBIE MBI, OCTABIIUECS OT CTaMYX.

Bruto BBISIBNIEHO, 4TO HEKOTOpBIE OOpO3abl Ha jaHe Kacmmiickoro Mops mpen-
CTaBIIAIOT COOOW KPHUBBIE WM JIOMaHbIC JIMHUHM, YTO CBHJICTEIBCTBYET O MOCTEIECH-

ABT.? HOM MJIM PE3KOM W3MEHEHWH HanpasjeHus japeiida nbaa. Boposapl OKaHYMBAKOTCS
Tax? BajJlaMi, 0OPa30BaHHBIMU U3 BBIIAXaHHOTO JOHHOIO IPyHTa. BBICOTA HEKOTOPHIX
MowkeT  ganop npesblmaeT NyGHHY MOPS, 1 OHU BBIXOAT Ha JAHEBHYIO IOBEPXHOCTD B BIIE
?"'T" HeOOIbIINX 3PEMEPHBIX OCTPOBKOB, KOTOPBIC OOBIYHO Pa3pyLIAIOTCS TTOCIE MePBO-

MOpP- o BeceHHero mropma. AHaaM3 paclpeiesieHdss OCHOBHBIX HAIPABIEHUM [IPAMOB U

ﬁ"ym"? COIOCTaBJICHUE TUX HAMpaBJIeHUH C HalpaBICHUEM MPeoOnagaronx BETPOB IMO-
BOI- Ka3aJM, 4TO JBIKCHHE MacC HarpOMOXKIACHHOTO JIbJa MOJYUHSICTCS TOCIIOICTBYIO-
Hyi0"? MM BETPaM U BO30YKJTAEMbIM UMH TCUCHHSIM [].
Ha OpiBmiem aHe ApanbCcKoro MOps MIMPHUHA AeMH(PUPOBAHHBIX JUHHUHA CO-
craBiger oT 3 no 90 M, OonmpmMHCTBO mUpuHOM 10—15 M, MPOTSHKEHHOCTH OT
100 M 10 HECKONBKUX KAJIOMETPOB, B cpenHeM 1.0—1.5 kM. bonpmmHacTBO Hemmd-
pPUpOBaHHBIX Ha Apajie 0Opo3a MPUYpPOUYEHO K MHTEpBaidy riyouH 15—25 m (npu-
MEHHTEJIBHO K 0a30BOH oTMeTKe 53 M HajJ ypoBHEM Mops B banTtuiickoil cucreme
BBICOT, COOTBETCTBYIOILEH KBa3MCTALMOHAPHOMY YDPOBHIO ApaIbCKOIO MOPs 10
1961 r. (puc. 6). Onmcanubie GopMbl penbeda N3HAYaTHHO OBLTH BBISBICHBI B 30HE
HanOOJIBINEH JIETOBUTOCTH — CEBEPO-BOCTOYHOM yacTh bombioro Apaia, a 3areM
BCTPEUEHB! U II0 BCEMY BOCTOYHOMY M Ha IO’KHOM €ro noOepexbsx. Benenctsue
OTCYTCTBHSI PACTHUTEIBHOCTH M IIHUPOKOTO PA3BUTHS JOJOBBIX MPOIECCOB OOPO3/IBI
BBINAXWBAHKUS WMEIOT Pa3IMYHYI0 COXPAaHHOCTh, TEPsisi BHIPAKEHHOCTH C BO3pac-
ToM. Ha HEKOTOPBIX ydacTKax MOJIsi pa3BUTHsL OOPO3 YACTHYHO MEPEKPBITHI ILia-
LIIOM 30JIOBBIX OTJIOXKCHUM.
[lo pesynsraTaM aHanu3a CIyTHUKOBBIX CHUMKOB IPOBEACHA OLICHKA MOKPbI-
TUsl 1Ha Ooposmamu (puc. 6). IIpoBeneHHas oleHKa MoKaszaja, 4YTO HauOOIbLIas
KOHIIEHTpaLusi 00po31 HabirogaeTcsl B LeHTpaibHONW yacTu BocTtounoro Apana u
B IOKHOW 4acTH 3amaaHoro Apana; B OKpaMHHBIX 4acTsAX Mopsi 0Opo3abl BCTpeya-
IOTCSL PeXe.
Juckyccusi. Pa3nmimuHbIMU 3KCIIEPTaMU BBICKA3bIBAIOTCS IIPEATIOIOKEHHS O BO3-
MOXHOM (OpMHUPOBAHUH OOPO31 Ha THE ApPaNBCKOTO MOPS B PE3yIbTaTe Tpale-
HUSI BO BpeMsi PBIOOJIOBEIIKOTO MPOMBICIIA, a TaKXkKe JApei(yromumMe OpoleHHBIMH
CylaMH WJIH SIKOpsIMH. Bmecrte ¢ Tem, ecim mpoaHaTu3upoBaTh NPUPOIHBIC YCIIO-
BUsl BBICHIXAlOIIEro OacceiiHa Apaia, a Takke 0COOCHHOCTH MOP(OJIOTHH U pac-
ABT.? IpocTpaHeHusi O0po3/, TO BCIKOE COMHEHHE B T€HE3HCE ATUX CIEAOB NPOXOANT, U
Tak? OOJIBIIMHCTBO U3 HUX MHTEPHPETHPYIOTCS KaK OOPO3/bI JIEAOBOTO BhIIIAXUBAHHMS.
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Puc. 6. Cxema pacnpocTpaHeHHs JIeT0BO-IK3apallHOHHOTO penbeda, Hallo)KeHHAs! Ha cXeMy Oe-
peroBbIx nuHUH (110 [¢]). YeraoBHBIe 0003HaUeHUS: [ — MOKpBITHE JHA Oopo3namu menee 10 %,
2 — 10—20 %, 3 — 20—30 %, 4 — 30—50 %; 5 — Gonee 50 %; 6 — coBpeMEeHHOE MOJIO-
JKeHHe ApPasbCKOro MOpPSL.
Fig. 6. Estimated coverage of the Aral Sea bottom by ice scours on the background of contours
of the former shorelines (after [¢]): / — <10% of ice scour coverage, 2 — 10—20 %, 3 —
20—30 %, 4 — 30—50 %; 5 — > 50%, (6) modern Aral Sea water area.
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Heob6xonnMo oTMETHTB, YTO B Halllel cTpaHe U Ha Tepputopuu OwiBIrero CCCP
MIPOIIECCHI IK3apalliil JHA KPYIHBIX 03€p JIEATHBIMUA 00pa30BaHUSAMHU W3YyYEHBI Clia-
00, X M3y4YeHUE HAuaTo JIMINb B mocienHee Bpems ['8]. OnHako Takue mporeccs
JABHO W3BECTHBI M M3y4aroTcst Ha Benukux o3epax B CeBepHOl AMeprke — Kak
CJIe/Ibl MJICHCTOIICHOBBIX [2!] M COBPEMEHHBIX JIeHOBBIX Bo3zelicTBuil [2*]. Kimmar
B paiioHe o3epa DpH, HallpUMep, 3HAYUTENbHO 0ojIee MSTKHI MO CPAaBHEHHIO C KITU-
MaToM B paiioHe ApalIbCKOTO MOpS: CpeAHssl TeMmIeparypa SHBaps Ha HECKOJIBKO
TpayCcoB BBIIIE, YeM B FOXKHON YacTH APalbCKOTO MOPS, & CyMMa OTPULIATEIbHBIX
TEMIIepaTyp Mo MOy Hike ['7].

Tak, Ha o3epe Dpu CHIBHBIE BETpa BBI3BIBAIOT (OPMHUPOBAHHE TPSA TOPOCOB
¢ mapycamu BbeIcOTO# 10 10 M. B pesynsrare Bo3aeicTBU TaKMX TOPOCHUCTHIX 00-
pa3oBaHuii Ha JHO (HOPMUPYIOTCS 00PO3/bl TyOHHO# 10 1.7 M, mupuHOi 10 100 M
U JUIMHOH JI0 HECKOJBKMX KHJIOMETPOB. B TO ke Bpemsi, kak oTMedaercs B [>3], ok-
3apanus IHa HOCHUT DIHM30IUYECKUH XapakTep M UMeeT OOJbIIYI0 MPOCTPAaHCTBEH-
HO-BPEMEHHYIO U3MEHUYUBOCTb.

He BBI3BIBaeT COMHEHHWH, YTO U Ha APaTbCKOM MOPE B UCTOPHUECKOE BPEMsI
AMEJI0 MECTO JIOBOJHbHO WHTEHCHBHOE BO3JEHCTBHE Ha Oepera W JTHO JIEISTHBIX
TOPOCHCTBIX 00pa30BaHMUN, KOTOPOE MOXKET IPOSBIATHCS M B HACTOSIIEE BpEMS.
CpaBHUTENHHBI aHANN3 OYEPTAHWN M XapakTepa paclpeaeNieHHs CIeJOB dK3apa-
UM Ha BBICOXIIEM JHE ApPaIbCKOTO MOPsI aHAIOTUYEH COBPEMEHHBIM, TaKKe 00-
HapyXKMBaeMbIM Ha KOCMHYECKHX CHHUMKaX, ciefax dKk3apaiuu jHa Ha CeBepHOM
Kacnuu, a Taxke B ApKTHYECKUX MOpsiX. YacTh IemnpprupoOBaHHBIX JIUHUH MOKET
OTHOCUTBCS K pe3ylibTaTaM aHTPONOTeHHOTO BO3JIEHCTBHUS: cilelaM TPaJOBBIX JIO-
COK, KuJIel KopaOnel, sKopeil Win 1oporaM Ha BBICOXIIEM JIHE ApPajbCKOTO MODAL.
OnHako OHM UMEIOT HEOOMbIIYI0 (PUKCUPOBAHHYIO IIMPUHY U OTIMYHYIO OT CJIEO0B
JIEIOBBIX BO3/IEUCTBUI MOP(HOIOTHIO, YTO MO3BOJISET JIETKO BBIJCIUTh WX U3 00IIIe-
ro yucia JUHUIM.

3oHa HamOoJee NHTEHCUBHOMN 3K3apallii, UCXO M3 CXOMHBIX YCIOBHU COCE-
Hero Kacmmsi, mTo/DKHA HaXOAWTHCS Ha TIyOwmHE OT 2 10 5 M. Ha MeHbmux riryown-
HaX HaXOJIUTCS 30Ha CTAOMJIBHOTO IPHIIAsi, TOPOILICHHUSI B KOTOPOW HE3HAYMTEIBHBI.
B 10 ke BpeMs MOIIHOCTH JISASIHBIX 00pa3oBaHMi Ha ApanbCKOM MOpE HE CTOJNb
BEJIMKA, U X KUJIM HE JIOCTHUTallU IHA Ha IyOnHax Oonee 6 M. YUUTBIBasi HHTEpBAI
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Puc. 7. Konebanust ypoBHs ApaibCcKoro Mops (IIOCTPOSHO 1O JaHHBIM ['4 1516 24]) VemoBHbIE

obo3nauenust: I — Apanbckoe mope (1960—1986 rr.); 2 — Mansiit Apan (1986—2014 rr);

3 — bonbuoii Apan (1986—2006 rr.); 4 — Boctounoe mope (2007—2018 rr.); 5 — 3ananHoe
mope (2007—2018 rr.).

Fig. 7. Fluctuations of the Aral Sea level (after [+ 15 16.24]), | — Aral Sea (1960—1986); 2 —
North Aral Sea (1986—2018); 3 — South Aral Sea (1986—2006); 4 — East Aral Sea (2007—
2018); 5 — West Aral Sea (2007—2018).
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IIyOWH BEpOSTHBIX BO3NIEHCTBHH JENSHBIX 00pa3oBaHWi Ha ITHO, (hOpMUpPOBaHHE
OOJTBIMMHCTBA AU PUPYEMBIX O0pP031 MOKHO OTHECTH K 1980—1997 T, (puc. 7).

Tak kax 60pO3MBI pacroaraloTcs Ha OOIMMPHOW TEPPUTOPHUH OBIBIIETO THA, U
30Ha HanboJsiee MHTEHCUBHBIX BO3JCHCTBUI MPUYpOUYEeHA K MHTEpBaITy ITyOuH 15—
20 M, momydaeTcs, 4To MepHoa UX 00pa3oBaHUs MPUYPOUEH UMEHHO KO BPEMEHH
OBICTPOTO TIOHIKEHUSI YPOBHS, KOTJ]a HHTEPBAN IIIYOHH 2—5 M cMelascs B LEeJIOM
Ha 3araj] BMecTe ¢ OeperoBoii nuHuel. [lageHne ypoBHs, JOCTUraBIIee ¢ CEPEANHBI
1970-x mo Hagana 1990-x rr. 70 cM B roa, MpOUCXOIUIIO TaK OBICTPO, YTO OOPO3.IbI
BBITIAXMBAHUS HE yCIIEBaJM 3allOMHATHCS HAHOCAMHU.

Bo Bpems camxkenust TemrnoB oomeneHus B 1990—2000-x rr. 6putH chopmu-
POBaHBI OOMIMPHBIE MEIKOBOABS, M ONArOMPHUATHBIE IS JIETOBO-3K3apAMOHHON
TEATETHPHOCTH yCIIOBUA (Ha TTyOMHax 2—5 M) cOOMIOmanuch Ha OOIMIMPHBIX Tep-
putopusix. [Ipu 3ToM BoitHOBas repepadoTKa Ha BOCTOYHOM NOOEpEkKbe MpaKTHye-
CKH OTCYTCTBOBAJIa B CHIIYy €TO OTMEJIOCTH M JIOMUHUPOBAHUS IITOPMOBBIX BETPOB,
JYIOIIMX C CEBEPO-BOCTOKA. XOPOIIEH COXPaHHOCTH OOPO3/ CIIOCOOCTBOBAI TaKKe
W CYIJIMHUCTBIA XapakTep TPyHTa Ha JTHE, KOTOPOE 3[eCh CYIIECTBEHHO OTIMYACTCS
ot CesepHoro Kacrnust mo cocraBy JOHHBIX ocaakoB. Tem He MeHee, COXPaHHOCTb
(hOpM 3aBHCHT OT JIOKAIBHBIX YCIOBUH U TaK WIA MHA4YE CHUKACTCS C TOJaMH.

Cpasuenne mopdonorun (puc. 8—11) u mapaMeTpoB JeI0BO-3K3apallMOHHO-
ro penbeda MOKa3bIBAaET, YTO INHMPHHA, JUIMHA U mTyOmHa (opm B Kacrmiickom u
ApansckoM Mopsx U batimapamkoii ryoe Kapckoro Mopst mpencTaBisitoT coboit co-
nocraBuMble BenuuuHbl. CoxpaHHocTh (hopMm Ha nHe Kacmus Ha TOPSIOK HUXKE
B CHJIy HAHOOJBIIETO THAPOANHAMUYCCKOTO BO3ICHCTBHS M COCTaBa JIOHHBIX TPYH-
TOB. [7TyOMHBI, HA KOTOPHIX UMEIOT MECTO JICAOBHIC BO3MEHCTBUA, B baiimaparikoii
ry0e B HECKOJIBKO pa3 OoJibIIe, YTO OOBSCHSIETCS MECTHBIMU JICIIOBBIMH YCIIOBUSIMH.

3akrouenue. JlenoBo-sk3apannoHHbli penbed Ha aHe Kacmumiickoro Mopst u3y-
qaeTcsl yKe B TEUCHHUE MEPBBIX JECATKOB JIEeT. Tekyliee MoJoKeHHe YPOBHS MOPs
SIBIISICTCS] OJTHUM W3 BRXHEWIHNX (DaKTOPOB YCIIOBHUH JIe000pa30BaHUs, ONpees-
IOIUX WHTEHCHBHOCTH JIEIOBO-IK3apallMoOHHOTO Tmporecca Ha Kacrmu. HamGonee
WHTEHCHBHO BO3/ICHCTBHUE JIEITHBIX TOPOCHCTHIX 00pa30BaHUN Ha THO B MHTEpBaje
mryouH ot 2 g0 5 M. Konebanus ypoBHs Kacrusi IpuBOIAT K TiepepacipeneicHuio
DIyOWH M TepecTpoiike penbeda JHa, BMECTe C KOTOPBIMH HU3MEHSIOTCSI YCIIOBHS
(dbopMHpOBaHHS TOPOCHCTBHIX OOpa30BaHUM W dK3apaisi UMM JHA. TakuM oOpa-
30M, MHTEpBaJI TIIyOMH HanOoJiee MHTEHCUBHBIX BO3ACHCTBHI HE TPOCTO CMENIAeT-

Puc. 8. «I'peGeHKm» J1€I0BO-IK3apAIlHOHHBIX 0OpO3/ Ha JHE APaTbCKOTO MOpPs (CITyTHUKOBBIH
cuumok WorldView-3, ciesa) u baiinapanikoit ryosr Kapckoro mops (cbemka I'BO, cnpasa).

Fig. 8. «Combsy of ice scours at the bottom of the Aral Sea (WorldView-3, leff) and at the bot-
tom of the Baydaratskaya Bay (side scan sonar (SSS) survey, right).
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Puc. 9. 3akaHuMBaronecs: BaJIOM «rpeOCHKW» Ha JHE ApajabCcKoro Mopsi (CIyTHHKOBBIH CHH-
Mok WorldView-3, ciesa) u Baiinaparkoit ryosr Kapckoro mops (ceemka I'BO, cnpasa).

Fig. 9. Front mounds at the ends of the «combsy» at the bottom of the Aral Sea (WorldView-3,
left) and at the bottom of the Baydaratskaya Bay (SSS survey, right).

Puc. 10. Uzrubaromyecs 1e10B0-3K3apaliioOHHbIe 00PO3/Ibl HA JHE APajbCKOro MOps (CITyTHHUKO-
BoIii cauMok WorldView-3, ciesa) u baitnaparkoii ryost Kapckoro mopst (ckemka I'BO, cnpasa).

Fig. 10. Bending ice scours at the bottom of the Aral Sea (WorldView-3, leff) and at the bottom
of the Baydaratskaya Bay (SSS survey, right).
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Puc. 11. Ilepecekaromuecs JieT0BO-3K3apalliOHHbIE OOPO3/BI Ha IHE ApambcKoro Mopsi (CIyT-
HUKOBBI cHEUMOK WorldView-3, ciesa) u baiinapaukoit ryosr Kapckoro mops (cwemka I'BO,
cnpasa).

Fig. 11. Imposition of ice gouging «combs» at the bottom of the Aral Sea (WorldView-3, left)
and at the bottom of the Baydaratskaya Bay (SSS survey, right).

csl BCJEJ 3a KOJIeOAaHWSMHU yPOBHS, HO U UMEET JIOKAJIbHBIC BapHAIlMH, CBA3aHHBIC
C HEOJHOPOAHOCTAMHU peibeda THa.

AHAJIOTHYHBIA TIpoIlecc HaOMomalics U B ApalbCKOM MOpE, TIE BCIICACTBHE
KITUMAaTHYECKUX M AHTPOIOTEHHBIX W3MEHEHHWH NPOW30IUIa KapIWHAIbHAS Tepe-
CTpOWKa MPUPOIHON Cpelbl M M3MEHHIINCh YCIOBUS peibe(ooOpazoBaHusi U CO-
XPaHHOCTH JIEJIOBO-IK3apallMOHHOTO penbeda Ha MOpckoM nHe. Ha HacTosmmid
MOMCHT CJIOKHJIACh YHUKAJIbHasd CUTyalusd, KOrda CBEKUM HGI[OBO-E)KE}apaHI/IOHHHﬁ
penbed OKa3bIBaETCS OTKPHIT K M3YYECHHUIO MPSIMBIMH METOIaMH Ha Cylie — ObIB-
meM JHe Apaiibckoro mops. M3yueHue ero mapamerpoB mmeeT Oosbinoe (yHna-
MEHTAJIbHOE U MPUKJIAJAHOE 3HAYCHUE AJI1 MOHUMAHUSl YCIOBUM U MHTEHCHUBHOCTHU
9K3apalyy JTHA HA MEIKOBOJIHBIX 3aMEP3ar0INX MOPSAX U KPYITHBIX 03€pax.

Pabota BemonHeHa npu puHAHCOBOH momnepkke PH®, rpaat Ne 16-17-00034.
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Ice gouging topography on the Caspian and Aral seas bottom
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Ice gouging is a destructive mechanical impact of ice on the underlying ground surface associated
with ice cover dynamics, ice hummocking (ridging) and formation of grounded hummocks (stamukhas)
under hydrometeorological factors and coastal topography. Ice scours in the Northern Caspian Sea were
discovered in 1950s, but ice gouging processes were taken into consideration only in 2012, when the ac-
cident on Kashagan gas field (Kazakhstan) occurred. Recently we found ice scours on the dried bottom of
the Aral Sea. Ice gouging microrelief on the Caspian seabed was researched using specialized geophysical
equipment — side-scan sonar and multibeam sounding. We have a unique opportunity to study ice scours
on the Aral Sea dried bottom by direct methods, but now they are observed only by remote sensing tech-
nologies. When sea level is not stable the most intensive gouging takes place on the depths from 2 to 5 m.
Ice scours are widespread on the Caspian and Aral seabed because their level was significantly changing
during XX century. Climatic changes and anthropogenic influence can cause changes in conditions of ice
scour formation. Studying of the ice scours parameters on the Aral Sea dried bottom has a great economic
and fundamental importance for comprehension of ice gouging conditions and intensity in shallow freezing
seas and big lakes.

Keywords: Caspian Sea, Aral sea, ice gouging, bottom topography, ice scours.
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