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Summary

Ice formations affect linear and coastal structures not only in the Arctic, but also in the subarctic and
middle latitudes. Most of the seas, lakes and bays, such as the Gulf of St. Lawrence, the Baltic, Black, Cas-
pian Seas, and Sea of Japan, freeze partially or completely every year. Inland and northern lakes and seas
of the Subarctic, such as the White Sea, the Gulf of Bothnia and the Sea of Okhotsk are characterized by
the most severe ice conditions. Remote sensing methods are used to detect ice ridges and grounded hum-
mocks. A side-scan sonar survey and echo sounding, along with the diving surveys, are used to detect the
ice scours/furrows on the bottom. To study the ice-exaration relief on the exposed bottoms, remote sens-
ing data and materials obtained by means of unmanned aerial vehicles (UAV) are used, along with field
surveys. The pressure impact of ice on the land results in the formation of ice piles on shores up to 3-5 m
high. This causes an intensification of the processes of destruction of the coast and the restructuring of
the processes of relief formation. The ice pressure ridges up to 2-3 m high are widely distributed along the
coasts. At the bottoms, typical ice scours (plowing furrows) have a dip along the central axis, as well as side
and pressure rollers at the ends of the furrows. At the edge of the fast ice, multiple scours/furrows form
a so-called «comb», usually oriented along the normal to the shoreline. The length of the largest furrows
exceeds several kilometers; the width of individual ones reaches the first tens of meters, the systems of fur-
rows - hundreds of meters; the depth of them can be down to 2 m. The maximal depth of the sea or lake at
which impacts are possible can reach 30 m. Relic forms of ice and iceberg impact have also been studied in
the middle latitudes. Traces of impacts of ice formations in the temperate zone have a low degree of pres-
ervation and are often concealed by sediments. The distribution of traces of ice impacts down to a depth of
30 m as well as to several hundred meters inland shows the scale of the process in temperate and subarctic
climates. Ice heaps and thrusts are more common in mid-latitudes than in the Arctic.
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PaccmoTpeHa penbedoobpasyiollan [eaTenbHOCTb NbOB Ha Oeperax U fHe akBatopuid. OBGCyXaeHbl
pervnoHasbHble PasnMums NefoBbiX YCIIOBUI, NapaMeTpbl Nef0BO-3K3apauUnoHHbIX $OpM 1 UX COXpaH-
HOCTW, MaclTabbl NPOABNEHMA NpoLecca. YCTaHOBNEHbI OCHOBHbIE Pa3NNUUA NefoBbIX BO3AENCTBUN B
BbICOKUX U CPEAHUX LWINPOTAX.

Benenne 1o11iee B ce0s1 9K3apallio OeperoB U AHa, TPaHCIOPT

HAHOCOB MOPCKUMM JIbAAMU, MECTHBII Pa3MbIB JIHA,

BosneiicTBre MOPCKUX JIbAOB Ha Oepera U THO OOYCJIOBJIEHHBII OCOOEHHOCTSIMU JIEAOBBIX YCIIOBUIA,
MOXKHO pa3fe/IUTh Ha ABE TPYIIbL: 1) KOCBEHHOE, Bbl- 1 (POPMUPOBAHKUE MEPIIIBLIX TTOPOJ, B KOHTAKTHOM 30HE
pakarolleecsl B 3allIMTHON poji npuras u apelicyo- néa—aHo [1]. Cpenu sTHUX MpolieccoB Hanbosee ornac-
ILLIMX JILIOB OT BOJIH U IIPUJIMBOB; 2) MPSIMOE, BKIIOYA-  Ha DK3apalysl — MEXaHMYECKOe BO3ACHCTBUE JILIOB Ha
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TPYHT, CBSI3aHHOE ¢ TUHAMUKOI JICISTHOTO IMIOKPOBa,
TOpOIICHNEM 1 00pa30BaHMEM CTaMYX IO, BIMSIHAEM
TUIPOMETEOPOJIOTMIECKIX (haKTOPOB U pefibeda IIpu-
opesxHo-111eTb(hoBOI 30HEI. [TapaMeTpsl (hopM perbe-
(a, co3maHHBIX IO BO3ACHCTBIEM MOPCKUX JIBIOB,
MOTYT JOCTUTaTh: 110 TIyOMHE — IIEPBBIX METPOB, I10
IIMPUHE — TIEPBBIX AECSITKOB METPOB, I10 ITPOTSLKEH-
HOCTU — HECKOJIbBKIX KMJIOMETPOB, a O0BEMBI TPAaHC-
IIopTa HAHOCOB HAa OTHCIbHBIX YIaCTKaX IMPOQUIIs
MOABOJHOIO CKJIOHA COIOCTABUMEI MJIN IIPEBHIIIAIOT
00BEMBI HAHOCOB, IIepeMellaeMbIX 01 AeHCTBUEM
BOJIH U TeueHuil. MccnenoBanue 30H aKTUBHOTO TO-
POIIIEHMS JIEASTHOTO ITOKPOBA 1 ITOCAIKKM TOPOCOB Ha
MeJb (0Opa3oBaHUe CTaMyX) BeChMa aKTyalbHO KaK C
Hay4YHOI1, TaK U C IIPAaKTUYECKOI ToueK 3peHus1. B mep-
BOM CJIydae JIeAOBO-3K3apalliOHHBIE IIPOLIECChI MH-
TEPECHBI IIST U3y4eHUs TeOMOPGhOIOTUN ¥ AUMHAMUKI
MMKpOpeibeda MOPCKOTO THA ¥ OEPeroB; BO BTOPOM —
C TOYKHM 3PEHMSI BO3IEHCTBHUS HA MHXKEHEPHBIE CO-
OpYXEeHHUS, TIPOKJIANKY ITOABOIHBIX TPYOOIIPOBOIOB
U KabeJleli CBsI3M, TiepeceKalolIux OeperoBylo 30Hy, a
TAKXKe PEIICHNS IPYTUX XO3STMCTBEHHBIX 3a1a4.

B ApkTuke BompoCH JIeHOBBIX BO3IEIICTBUIL Ha
Oepera u JHO M3YYeHBI JOCTATOYHO Xopomo [1-3] n
MIPUHUMAIOTCS BO BHUMaHHUE IIPU CTPOUTEILCTBE U
3KCIUTyaTalluy O0bEeKTOB Ha IIenbge. OmHaKO IprmMe-
HUTEJIEHO K MOPSIM M 03€paM YMEPEHHOTO KJIIMMAaTH-
YECKOr0 Mosica JTaHHasI IIpobJieMa JOJIroe BpeMsT OcTa-
Bajach 0€3 MOJDKHOTO BHMMaHUsI. B HacTosiiiee Bpemst
JICTOBBIC BO3ACICTBIS Ha Oepera 1 THO U3y4eHbI JIUIIb
IUTSI HEKOTOPBIX BOMOEMOB — OXOTCKOT0 MOps (111eIbd
0. Caxamn) [4], Kacrmiickoro mops [5—9], Bemmkmx
o3ép [10, 11]. o MHOXeCTBa APYTUX MOpel 1 03Ep
CPeIHUX IIUPOT BO3ACHCTBIS 1 (pOPMEI pesibeda, Co3-
JaBaeMbIe MU, TTOKA He M3YYeHBI. 3amadn JaHHOM pa-
0OTBHI — BBISIBJICHHE OCOOCHHOCTEH ITPOILIECCOB JIEHO-
BBIX BO3ICHCTBHIL 1 CO30aBaeMbIX MMH (hOpM peiibeda
Ha aKBaTOPHSIX YMEPEHHOM KIMMAaTUIECKOM 30HBI 1
CpaBHEHME UX C IpoleccaMu 1 hopMaMu B ApKTH-
ke. st aToro Heod6xoaruM 0030p OCHOBHBIX Xapak-
TEPUCTHUK JIGOOBBIX YCIIOBUII aKBAaTOPUIL YMEPEHHOTO
nosica, POpMHUPYEMBIX JIEASTHBIX 00pPa30BaHUI U BbI-
SIBJIEHHBIX (DOPM BO3IEMCTBUS HA JTHO.

JlenoBbie yCJIOBUSI AKBATOPHIA CPEAHUX HIHPOT
VYMepeHHbI KIMMAaTUYECKU MOosIC 3aHUMaeT

o0IIMpHBIE TpocTpaHcTBa B CeBepHOII AMepUKe 1
EBpasum. AHanmn3 0CHOBHBIX METEOPOJIOTMUECKUX

ImapaMeTPOB M XapaKTePUCTUK JICTOBBIX YCIIOBUIA,
BJISTIOIIX HAa MHTEHCUBHOCTh BO3IECTBUS JIbIOB
Ha Oepera M IHO, ITO3BOJIMJI Pa3leiuTh aKBaTOPUM
STUX KOHTUHEHTOB Ha YMEpPEHHbI, cyOapKTUie-
CKMI U apKTUYECKUI TUTIBI.

Cpenu paccMaTpUBacMbIX aKBATOPUIA K yMepeH-
Homy muny oTHocsITcsl YépHoe, A3oBckoe, Kacruii-
ckoe u Apanbckoe Mops, 3anuB CB. JIaBpeHTusi, Be-
JIMKKe 03€pa U 10xKHasl yacTb bantuiickoro mopsi (6e3
BborHunyeckoro 3anuBa). CpeaHsisi cymMma rpagyco-
nHeit moposa (CI'’IM) 3aech He nipeBbiiaeT 1000 °C,
TOJIIIMHA JibJa TEPMUUYECKOTO HapacTaHUSI — HE
6osee 80 cM, a cpeaHsIsT MPOIOJIKUTEIBHOCTD JIeI0-
BOro ce3oHa — okosio 150 gHeit. [Ins akBaTopuii cy-
bapxmuueckoeo muna xapakrepHol CI'IM B nipene-
Jnax 1000—2500 °C, npoaoJKUTEIbHOCTh JIEOBOTO
ce3oHa — 130—200 nHeit, a ToNIIMHA JbJa TepMUYe-
CKOT'0 HapaCTaHMSI MOXET CYIIECTBEHHO OTJIMYAThCS,
HO, Kak mpaBuio, He npesbiliaeT 135 cMm. B HacTosi-
ILIEM MCCJICIOBAHNHY K TAKMM aKBAaTOPUSIM OTHOCSITCSI
benoe u Oxotrckoe mops, Tatapckuii npoaus, bot-
Hu4eckuii 3anuB baiaTuiickoro Mops u 3anuB Kyka
Ha 10XHOM nobepexbe Ansicku. ITo cpaBHeHUIO ¢
STUMHU BOJOEMAMU aKBaTOPUU apKMU4eCK020 munad
(ITewopckoe, Kapckoe, bogopra u ap.) xapakrepu-
3ytoTcs cpenHuMu CIAIM 6oabiine 2500 °C, Toamm-
HOM Jibaa — 06osee 135 cM U MPOaOIKUTEIbHOCTBIO
JienoBoro ce3oHa cBbilie 200 qHei.

JlenoBble yCIIOBUS B MOPSIX U 03€paxX CPEAHUX U
BBICOKMX IIUPOT HEOJUHAKOBBI, UTO BBI3LIBACT pa3-
JINYMSI B UHTEHCUBHOCTY BO3ACHCTBUS JICASIHBIX 00-
pazoBaHUii Ha Oepera u 1HO. JIemoBble yCI0BUS Cy0-
ApPKTUYECKUX MOPEH 3aHUMAIOT IIPOMEXYTOUHOE
MOJIOKEHUE MEXIY YMEPEHHBIMUA U aDKTUYECKHUMU.
PaccMmoTpeHnne 1eqoBBIX TIPOLIECCOB Ha UX aKBaTO-
PUSIX TI03BOJIUT OLIEHUTh U3MEHEHUE MHTEHCUBHO-
CTU JIEIOBBIX BO3IEVICTBUN.

H71s1 MOHMMaHUS TIPOLIECCOB JIEMOBBIX BO3/CH-
CTBMII HEOOXOIUMO PACCMOTPETh HEKOTOPHIE XapaK-
TEPUCTUKHU JICAOBBIX YCIOBUI 3TUX BogoéMoB. Ha-
JINYKeE JibAa B OeperoBoii 30He 3aMep3aolIuX MOpei
U 03€p BBI3BIBAET psiJ UX ocodeHHocTei. [TpuHILu-
MuajbHasl cXeMa CTPOEeHUST OEPEroBOil 30HBI 3aMep-
3aroiiero mops cocrapieHa C.A. OropoaoBbiMm [1]
JUIST apKTUYECKUX MOpEi, HO OHa CIIpaBeIINBa JIJIsT
JIIOOBIX KPYIHBIX 3aMep3alolX BOJOEMOB 1 BKITIO-
yaeT B cebs psan cermeHTOoB (puc. 1) [mo 1]. Cer-
MeHT | HaxomuTes 3a mpeaeaMu IpSIMOTO BIUSI-
Hust 1p00B. CermeHT II comepxxut GeperoBoii 0TKOC
M BEPXHIOIO YacCTh ILJISLKA, KyJa BO3MOXHBI HaBaJIbl
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Puc. 1. CxeMa cTpoeHust 6eperoBoii 30HbI 3aMep3atollero Bogoéma [1].

1 — npunait, cMEp3LIniics ¢ AHOM; 2 — NPUIAil «Ha TUIaBy»; 3 — npeildyloline JefgHble MOoJs; 4 — TOPOCUCTHIE JIeAsIHble 00pa3o-
BaHUS (TOPOCHI, CTAMYXHU, JIeISTHbIE TUIOTWHBI), HaBaJIbl M HAIBUTH JIbIa Ha Geper; 5 — BHeAPEHHEe KIS TOPoca B TPYHT; 6 — hop-
MHPOBaHUE CE30HHO-MEP3JIBIX TPYHTOB B KOHTAKTOBOM 30HE «JIEN—IHO»; 7 — MPUIMBHAS TPelIMHA; & — BHICOKOMUHEPAIN30-
BaHHBIE BOJbI B MEXKBAJIOBBIX JIOXKOMHAX, KPUOIIETH

Fig. 1. Principal scheme of the coastal zone of the freezing water body [1].

1 — fast ice frozen with the bottom; 2 — fast ice «afloat»; 3 — drifting ice; 4 — ice formations (hummocks, stamukhas, ice ridges), ice
pile-up and ride-up; 5 — grounding of the stamukha keel; 6 — formation of seasonally frozen soils in the «ice-bottom» contact; 7 —

tidal crack; & — highly mineralized waters in dishes, cryopegs

u HaaBuru abaoB. B cerment 111 BxoasT obmactu
OCYIIKM U MIPUOPEKHOTO BIOJBOEPEroBOro Baja, B
npeaeaax KOTOPhIX B XOJIOIHBIN nepuoa (popMupy-
eTcs HenmoaBVKHBIN npumnaii. K cermenty IV oTHO-
CSTCSI 30Ha MOPUCTBIX OEPEroBbIX BajOB U MOIBOI -
HBI OeperoBoil CKJIOH, HaXOASIIUICS B Mpeaeiax
npumnas «Ha 1jaBy». B mepuon ctTaHOBIEHUS MpuU-
nasi, OCeHbI0, Ha BIOJHOEPETOBBIX BajlaX, KaK Ipa-
BUJIO, (POPMUPYIOTCS TPSIABI TOPOCOB M CTaAMYXH.
CerMeHT V COAepKUT 30HY TOPOIIEHUS HAa MOPU-
CTOM KPOMKE IIpHUIIas, II€ B XOJOAHBINA TIEPUO ITPO-
HUCXOASIT MOIIHbIE CXaTus U nedopmanuu apeii-
(yro1mux aAb10B MPEUMYIIECTBEHHO CO CTOPOHBI
akBaTopuu. CermeHT VI — 5T0 30Ha JIeASTHBIX TTOJIEH,
npeiiyoux BIOJb MOPUCTON KPOMKM IIpuUMas.
CerMmenr VII ominyaeTcs ot 1IeCTOrO JUIIb TEM, YTO
TOPOCHUCThIE 00pa30BaHUsI HE JOCTUTAIOT 31ECh JIHa,
MO3TOMY CTaMyXH 311eCh He (POPMUPYIOTCSI.

M3-3a TEMIbIX OKeaHMYECKMX TeYeHUI Ha BOC-
TOYHOM TT00epekbe CeBepHOil AMEPUKHU, B IOXKHOM
YacTU e€ 3aIlagHOro nobdepexnbsi, aTIaHTUYECKOM I10-
o6epexne EBporbl 1 6eperax SImMoHUM JbIbI TTOSIB-
JISIIOTCSL peIKo, a 00pa3yolIuniics JeAsSHOW MOKPOB
HEYCTOMUYMB U TOHOK. JIpyrue Mopsi 1 3ajJuBbI, Ha-
npumep 3anuB Cs. JIaBpenTus, bantuiickoe, YépHoe,
Kacnuiickoe, SImoHckoe MOps YacTUYHO 3aMep3a-
10T exxerogHo. [1pomaoKuTeIbHOCTD JIENOBOTO I1e-
puoaa U TOJMIIMHA JIbIa 3HAYUTEIbHO pa3HsTces. Tak,
B 3aiuBe Kyka TonmuHa npuras nocturaer 90 cm

M 3aHUMaeT OH 3HAYMUTEJbHYIO YaCTh aKBaTOPUMU.
3aech GOPMUPYIOTCSI TOPOCHI M CTAMYXH MOIITHOCTBIO
1o 12 m. B 3anuse CB. JlaBpeHTUsI IIpynai 10cTUTa-
eT mrpuHbI Bcero B 500 M, HO TpsiIbl TOPOCOB, casi-
1LIKecs Ha MOABOIHbIC O€PEroBhbIe Bajibl, MOTYT UMETh
BeicoTy 8—10 M ipu TosmuHe abaa 0,5 M.

Ha baamuiickom mope cpenHsis TTPOMOJKM-
TEJIbHOCTb JIEAOBOTO MepHroia B I0XKHOM 4acTu Co-
crapisgeT 20—25 gHeil, B ceBepHOIi mocturaer 160—
210 nHeii, B borHnueckom 3anuBe — 220—245 nHeil.
B cypoBble 3uMBI JIeAsIHOI TOKPOB 00pa3yeTcs I10-
BCEMECTHO, a B MSITKKME 3UMBbI JIEA pacIpoCTpaHsI-
€TCsI B OCHOBHOM BJI0JIb O€pEeroB CEBEPHOM 1 1IEHT-
panbHO#t banTtuku. B ymMepeHHBIe 1 CypOBBIE 3UMBI
JIEN MOSIBJISIETCS] B KOHILIE IeKa0psl — HavaJe sTHBapsl;
MaKCHUMaJIbHOTO Pa3BUTHS OH JOCTUTAET BO BTOPOIt
U TpeThell Aekamzax mapTta. B ceBepHoii yactu bain-
TUIICKOIO MOpPSI TOJIIIIMHA JIbJa TePMUUYECKOTO Ha-
pacTaHust MOXeT cocTaBlITh 70 cM. CpemaHsis MOIII-
HOCTb TOPOCOB — 5—15 M, MakcuMmanbHas — 28 M
B borHnueckoMm 3anuBe. B TeueHUe 3UMbI KpOMKa
MpuIiasl TOCTOSTHHO OTOABUTaeTCsl B CTOPOHY MOpPSI
U IIPOUCXOIUT HapacTaHUe MpUIIasl 3a CUET nperidy-
oKX J00B. B 1oxHoI yactu banTtuiickoro Mmops
3aMep3aloT MEJIKOBOIHbIE 3aJMBbl, HA OTKPBITHIX
Oeperax Ji€1 BOZHUKAET SMU30IMIYECKU.

Ha besom mope ipenMylieCTBEHHO MOJ Ae¥i-
CTBUEM MPUJIUBOB U TOCIIOACTBYIOIIUX BETPOB 00-
pa3yloTcs Tpsiibl TOPOCOB UM CTaMyX Ha IIpuIiae.
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TopocucToCTh B 30HE CIIOUEHHBIX JIbIOB MOXKET
JocTuraTh 4—5 6ammoB. ToammHa MOPCKUX JIBIOB
TepMuUeckoro HapactaHus coctaBiseT 0,3—0,7 m,
npunag — 0,5—1,5 M, HO MOIITHBIX TOPOCHUCTEIX 00-
pa3oBaHUit He opmupyetcd [12].

JlenoBrie ycioBust Oxomckoeo Mopsi — CaMble Cy-
pOBEIE B CPEIHUX IIMPOTAX, OJHAKO €r0 OOIbIIast
MPOTSKEHHOCTD C CeBepa O0YCIOBIMBACT Pa3Indus
B JIEIOBOM peXMMe KakK I10 IIMPOTe, TaK U IO Mepe
npubsvkeHus: K Tuxomy okeaHy. ToJjiiuHa Hapac-
TaIOIIEeTO B TEUSHME 3MMEI JIbAa Ha IIeIb(he CeBEPHO-
ro CaxammHa — 0,8—1,2 M, a mmpwHa MpUIIast TOCTA-
raet 10 km. CpemHsIst IIPOIOJLKUTEILHOCTD JISIOBOTO
nepuona — ot 170 mo 240 nHell, ogHaKO B TTOCTIEIHIE
TOIbI JIETOBUTOCTh CHIKAeTCs. MOIIHOCTD JbAa B
TOpOCax 1 CTaMyXax MoxeT gocturathb 30 M, a ocanka
JIEISTHBIX 00pa30BaHMIT COCTABIATE 25 M [4].

J17151 102KHBIX MOPE JIETOBUTOCTD, CITIOUYEHHOCTD
JIbIA W APYTHe XapaKTepUCTUKHU JICISTHOTO IIOKpOBa
CIJIBHO 3aBHUCST OT CTEIIEHU CYPOBOCTH 3UMBI. Tak,
Ha YépHom mope PETYISIpHOE eXXErOaHOe JIHI000pa-
30BaHME IIPOUCXOIUT JIUIIIh B €T0 CEBEpO-3aIlafHOI
YacTH, JCHOBBIN CE30H XapaKTepU3yeTCsI HEYCTOM -
YUBOCTHIO, BO3MOXKHO HEOTHOKPATHOE ITOSIBJICHUE 1
HMCYEe3HOBEHME JIbIa. B cypoBBIe 3MMBI IPUITAITHBIIN
JIEM MOXET pacIpoCTpaHsIThCs oxHee KoHcTaH-
LIbl, TIaBY4YM JIEN BOOJIb 3amagHoro oepera YépHo-
ro mops nocturaeT bocdopa (dhebpans 1929 r.) [13].

B Azoecxom mope nén odbpasyercsl B KOHLIE HOSIO-
psl, JOCTUTAeT MaKCUMYyMa K (beBpaIio U MOJTHOCTHIO
ncye3aeT B KOHIIE MapTa. beicTpast cMmeHa atMocdep-
HBIX IIPOLIECCOB B PETMOHE CIIOCOOCTBYET HEOTHO-
KpaTHOMY BCKPBITUIO U 3aMep3aHMIO BOOOEMa Ha
MPOTSDKeHUU Beell 3uMbl. [lmomanp aemastHoro Imo-
KpoBa, JaThl 00pa30BaHUs 1 Pa3pyILIeHNSI JIbIa CUIb-
HO BapbUPYIOT N0 rogaM. HamGoibias J1eqoBUTOCTh
HaOmomaeTcs B ¢heBpajie, Ipu 3TOM MaKCUMaIbHbIE
3HAYCHUS JIEHOBUTOCTU U3MeHsI0oTes oT 13—20% B
Mmsrkue 3uMbl 10 90—100% B yMepeHHEIE U CYPO-
Bble. B yMepeHHBIe 1 CypOBbIE 3UMBI IPe00IagaoT
OUYCHb CIUIOYEHHBIC U CIUIOYEHHBIE JIbIbI (9—10 Ga-
70B) [14]. B pe3ynbTaTe 3TOTO0 JIeATHOM TTOKPOB A30B-
CKOTO MOpsI, UMEIOIINIA HEOOBIIIYIO TOJIIINHY, ITO/I-
Bepraercsl CIJIbHOMY TopolreHuto. I1pn HeOombImx
IIyOMHAX U CMJIBHOM BETPE TOPOCHI MOTYT CaIUThCS
Ha OTHO U TOCTUIATh BBICOTHI 12 M Ham pOBHOI ITO-
BEPXHOCTBIO. XapaKTePHBI CKOIICHUS JIbAa 1 CUIb-
HbIE TOPOIIIEHNS B I0r0-3aIlagHOM YaCTH MOPSI.

Ha Kacnuiickom mope exeromHo 3amep3aer ce-
BepHasl MEJIKOBOIHAs YacThb (CeBepHee IMHUM 0. Ye-

yeHb — 0. Kynaner). Jlenosblii nepuon Ha CeBepHOM
Kacnuu nponoskaercst ¢ HoSIOps1 o MapT. Makcu-
MaJibHasl ToJLIMHA poBHOroO Jbaa Ha CeBepHom Kac-
MUK JaXe B OUeHb CYPOBbIE 3MMbI HE ITPEBHILIACT
60—70 cMm, ripumasg — 90—120 cm. OgHAKO 3HAYUTEIb-
HYIO YaCTh aKBaTOPUM MOXKET 3aHMMATh HACIIOCHHBII
JIEA MaKCUMalIbHOU ToaimHoi 10 3 M [5]. OTHOCHU-
TeJbHO TOHKUI U «Terblii» 1€ CeBepHoro Kacnus
MMeeT HU3KME ITPOYHOCTHBIE XapaKTePUCTUKH, YTO
Ha (DOHE CUJIbHBIX BETPOB CIIOCOOCTBYET €TI0 B3JIOMY
1 TOpollIeHNI0. B mepron BRICOKOI cTereH! TOpO-
CHUCTOCTHM HamOOJIbllIee KOJIMIECTBO JIeISTHBIX 00pa-
30BaHMI IPYNITUPYETCS B Mpeaesiax NIyOuH MOpPST OT
2 1o 5 M [8]. MakcumasnbHasi pacy€THasi BbICcOTa Ta-
pyca ctaMyXu MOXeT gocturath 16 m [15]. I1pu sTom
XapaKTepHOE COOTHOILIEHHE INTyOMHBI KUJISI K BBICOTE
napyca Ha KacnmiickoM Mope B cpeiHeM paBHo 0,9, B
TO BpeMsI KaK B IPYTMX PETMOHAX 3TO OTHOIIIEHUE Ha-
xoauTcs B auanasose 1,3—1,7 [16].

Apanbckoe mope pacrioyioxkeHo K BOCTOKY oT Ka-
CIIMICKOI0, B 30HE BHETPONMNYECKUX ITyCThIHb. J10
HauaJja MmajeHus ypoBHS ApajibcKoro Mopsi B 1961 r.
oOpa3oBaHue JibJa B MPUOPEKHBIX pailoHaX Ha ce-
BEpE U CEBEPO-BOCTOKE MOpPSI OOBIYHO HAYMHAJIOCH
B KOHIIEe HOs10psi. Haubonbiiero pa3BuTus aeas-
HOIf TIOKpPOB A0CTUTaJ B cepennHe (eppast. [Tpu-
OpexXHYI0 30HY MOPSI IIOKpbIBajI IpuIaii (Ha ceBe-
pe muprHoit 20—30 KM), a B OTKPBITBIX pailoHax
OBUIM paclpoCTpaHeHbI Apelidylolire JbIbl, HO B
HauboJjIee CypoBbIe 3MMBI ITPUTIAli 3aHMMAJT BCIO aK-
BaTOpHIO. MOIIIHOCTh POBHOIO JIbAa KoJiebaach B
npeaenax 65—70 cM B ceBepHOU yacTh U 35—45 cMm
Ha rore. biaarogaps npeo0JanamIM B XOJOHbIA
MePUOJ CUIbHBIM CEBEPO-BOCTOYHBIM BeTpaM (35%
MOBTOPSIEMOCTH ), JIEASTHOM ITOKPOB ObIJ1 3HAYUTEIh-
HO HacJio€éH u BcTopolleH. IToa BausiHuem ceBep-
HBIX 1 BOCTOYHBIX BETPOB OBLJIO BO3MOXHO 0OJIb-
1II0€ CKOITJICHUE JIbJIa B I0XKHOM 4acTH MOPSI.

JlenoBble yCIOBUS HA 03épax CUbLHO BapbUpy-
IOT B 3aBUCMMOCTH OT IIUPOTHI U pa3Mepa BOAOEMa.
MHorue u3 HUX B 3MUMHee BpeMsl 3aMep3aloT ITOJTHO-
CTBIO, IO3TOMY JIpelid JIbIa U TOPOLIEHNE ITPOMCXO-
JIST TOJIBKO BeCHOM U oceHblo. Ha 03. Opu cuibHbIe
BETPHI BBI3BIBAIOT OTPHIB IIpUIIAsl M TOPOIIEHUE Ha
MPOTSDKEHUH BCETO JIENOBOIO ce30Ha. BricoTa Topo-
coB gocturaet 10 M, a r1yOMHbI, HA KOTOPBIX JIes-
HbIe 00pa30BaHMSI MOTYT JOCTAaBaTh IHA, COCTaBJISI-
o1 25-27 M [10, 11].

PaccmarpuBast ienoBbIe YCIOBUSI BOIOEMOB, He-
00X0aUMO MIPUHUMATh BO BHUMaHUE TJI00ATbHBIC
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M3MEHEHUS KiIMMaTa. B mocienHee mecsaTuieTre
KIMMart Ha 1ore Poccum xapakTepu3oBacs yepeno-
BaHHEM CYPOBBIX M MSTKHX 3UM C IIpeodIagaHueM
CPaBHUTEJIBbHO XOJIOOHBIX 3UM. DTO IOATBEPXKIAECT
WM3BECTHBIE MTPEACTABICHUS O IIPUPOTHOMN INKINIHO-
cTH K1mMarta. B mureparype uMeroTcs CBeIeHUSI, yKa-
3BIBAIOIIME KAaK Ha I7100aIbHOE ITOTeIUICHNE, TaK 1 Ha
€ro OTCYTCTBUE. AHAIN3 TUAPOMETEOPOIOTUICCKIX
JaHHBIX 3a ocnenaue 30 jet [17] mokasai, 4To U B
FOXHBIX, ¥ B apKTUYECKMX MOPSIX IIPOU3OIILIO CHU-
JKeHHe CpemHell CyMMBI Ipagyco-IHei Mopo3a, TOI-
IIMHBI IPUMAAHBIX JIbIOB U CPEIHEH JIeIOBUTOCTH.
B 1o xe Bpemst Ha CeBepHoMm Kacrmu nepuon pocta
CYMMBI OTpUIIATENILHBIX TeMItepaTyp B 2004 1. cme-
HUJICS MTafieHueM [7], UTO HeIoCpeICTBEHHO BIUSIET
Ha COCTOSTHUE U IIOIIAAb PAaCIIPOCTPAHEHMUSI JICISTHO-
TO TIOKPOBA, ITOJIOXKEHNE TPAHUIIbI TIPUTIAsT, TOJII-
Hy JIbJa ¥ COOTBETCTBEHHO Ha KOJIMYECTBO, pa3Mephl
1 MECTOIIOJIOXEHNE JICASTHBIX TOPOCUCTHIX 00pa3o-
BaHUIl. B HacTosImee BpeMsT Helb3s YTBEPKIATh,
YTO JIGAOBBIE YCIIOBHSI BODOEMOB YMEPEHHBIX IITMPOT
OyIyT OBICTPO MEHSITHCS B CTOPOHY CMSITUCHHSL.

MeTtons! AemmnpprupoBaAHNS JIEASTHOTO IOKPOBA

IIpu uccmengoBaHUM BO3ACHCTBUI JIbIOB Ha Oe-
pera v THO BaXKHBIA MOMEHT — BBISIBJICHUE JICASTHBIX
TOPOCHUCTHIX 00pa30BaHUI1, KOTOPBIE MOTYT ITOBJIUSITh
Ha pelibed AHaA U OeperoB. B MuUpoOBOI mpakTUKe ¢
3TOM LIEJIbI0 PaHee UCIIOIb30BATNCH MaTepraIbl aBUa-
pa3Benok [5, 10]. B mociremame romsl IIMPOKO pa3-
BHUBAIOTCSI METOIbI, IIPUMEHSIIOIINE TaHHBIE TUCTaH-
moHHOTOo 3oHanpoBanud 3emnn (J133). MeTonnka
00HApyXEeHHUS CTaMyX M TOPOCOB IT0 CITYyTHUKOBBIM
JaHHBIM ObLIa pa3paboTaHa U ONpPoOOOBaHA COTPY/I-
aukamMu AAHWU g apkrnaeckux Mopeii [18]. O6-
HapyXeHHe JIeASIHBIX TOPOCUCTHIX 00pa3oBaHMIA 110
CITYyTHUKOBBIM JAHHBIM IIPUMEHEHO 111 BOTOEMOB
cpenHux mupot cotpynHukamu HUII «ITnaneta»,
COCTaBJISIIOIIMMM OIlepaTUBHBIE KapThl JICTOBOM 00-
craHoBKkU Kacrmiickoro n A3oBckoro mopeii [19].

JInst obHapyXeHuUs JeassHbIX TOPOCUCTBIX 00-
pa30BaHMIl CYIIECTBYET PSII MPSIMBIX M KOCBEHHBIX
nemn@poOBOYHBIX Npu3HAKOB. CTaMyXu U TPSIIbL
TOPOCOB PaCIIO3HAIOTCS Ha CHUMKAaX BUIMMOTO
IMrana3oHa I10 XapaKTepHOI TeKCType, HEPOBHOM
dbopme u crienudUICCKOMY ITOJIOKEHHUIO B IIPO-
CTpaHCTBe. I psdsl mopocoé XOPOIIIO BEIIEISIIOTCS 10
TeruioBoMy KoHTpacTy B CBU-nuanazone Ha doHe

OKPY2KaIOIIEero MHOTOJIETHETO JIbIa, YTO CBSI3bIBA-
10T C pasjinyreM UX paguoOMETPUIECKUX CBOMCTB.
HednsioHHbie hopMbl pefibeda cHera (3acTpyru)
MOTYT OCJIOKHSITh pacIlio3HaBaHUE TOPOCOB Ha KOC-
MMYECKUX CHUMKAX, HO OHM YETKO BBIIEISIOTCS Ha
CHMMKAaX OTITUYECKOro auamna3oHa [18].

Jlnst oOHapyXeHUsl cmamyx WCIONb3YIOT pa-
JIMOJIOKALIMOHHYI0 MH(POPMALIUID COBMECTHO CO
CHUMKAaMM ONTUYECKOTO Iuaria3oHa — BUIMMO-
ro u uH@paxkpacHoro. Kpome ocHOBHOTO Mpu3Ha-
Ka — HEeM3MEHHOCTHU MECTOITOJIOXEHUSI CTaMyXH Ha
MPOTSKEHUU IJIATEIBHOTO Ieproaa (Mecsbl), Cy-
IIECTBYET HECKOJIBKO IOITOJHUTEILHBIX TTPpU3Ha-
KOB, 10 KOTOPBIM MOXHO OIIPEAeINUTh CTAMYXY IO
CITYTHUKOBBIM CHUMKAM: TIOJIBIHBS C TIOJBETPEHHOM
CTOPOHBI; 00Jiee INTEIbHOE TassHUE OTHOCUTEIb-
HO IPOCTPAHCTB POBHOTO JIbJIa B BECEHHUI1 TIEPUOI;
HajuuMe nuieiida Wi KaHajla OTKPBITOM BOIBI 3a
CTaMyXOI1; IPUYPOYECHHOCTb K OIpPeaeIEHHBIM TJTy-
OnHaM; U3MEHEeHWEe HaIpaBlIeHUsI M CKOPOCTH JIpeii-
¢a n1paoB BOKpyr ctamyxu [9, 18]. OObIYHO paitoHbI
YacTOIro WM MOTEHIMAJIbLHOIO 00pa30BaHUs CTa-
MyX MOXHO IIpeIcKa3aThb, UCXOIs U3 pebeda qHa.
KpyrHbie ctaMyxu, KOTOpble (DOPMUPYIOTCS Ha OaH-
Kax WJIX OTMEJISX BAAIN OT Oeperos, MMEIOT CBOE-
00pa3Hylo CTPYKTYpPY W IOYTH BCEraa MOTYT OBITh
oOHapyXeHbl Ha N300pakeHUSIX PaaroI0KaTOPOB
¢ cuHTe3upoBaHHolt aneptypoit (PCA). CinoxHee
OIpeAeIUTb CTaMyXU W1 HaBaJlbl Jibaa BOIM3KU Oepe-
TOBOIM YepThI, TAK KaK 00pa3yloTCsI OHU KaK CITydaii-
Hoe gByieHue [18]. TpynHee Bcero memmppupoBaTh
HAIBUTH JIbJa, KOTOPBIE IIOYTU HE OTJIUYAIOTCS OT
JIPYrOro pOBHOTO Jiba, HACJIOEHHOTO WMJIM TIpUIIaii-
HOTO. B Takux cirydasix Jy4dmnii MeToJ — I10JieBOe
obcinenoBaHue MecTHocTu. Tak, mis Kacnuiicko-
TO MOPSI aKTUBHO Pa3BUBAIOTCSI TeOMH(POPMALIMOH-
HbIE METOIbI ABTOMATU3NPOBAHHOMN NACHTU(PUKALIIN
aperida abaa u ctaMyx [9] ¢ Ucrob30BaHUEM TEXHO-
JIOTHi TITyOOKOT0 MAaIlIMHHOTO O0Y4YeHUS.

MeToabl CbEMKH pesibeha JHA COBPEMEHHBIX
1 OBIBIINX BOJOEMOB

st oOHapyXeHUsl pe3yabTaTOB BO3IEMCTBUS
JIBIOB Ha JHO TIPUMEHSIOT METOIbI reo(PU3NIecKoii
CBEMKHM C WCIOJIb30BAHMEM COBPEMEHHBIX BBICO-
KOTOYHBIX TEXHUYECKUX cpelacTB. [1py HaTypHBIX
MMOJIEBBIX MCCJIETOBAHUSIIX JISIOBO-3K3apallMOHHO-
ro MUKpopeibeda Ha JHE MCITOIb3yeTCsI KOMILIEKC-
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HbIIA TTOAXO0M, MPEeAyCMaTPUBAIOLLIMIA MapaIeIbHYIO
ChEMKY THIPOJOKATOPOM OOKOBOro 0030pa U 3XO-
JIOTOM MO METOAY OMHOBPEMEHHOU COHAPHOI ChEM-
KM 1 axonoTupoBaHud. IIpocTpaHCTBEHHOE T0OJIO-
JKEHUE OIpeaeIsieTcsl ¢ MOMOIIbIO COBPEMEHHOTO
GPS-npueMHuUKa, ChbEMKa BBIIIOJIHSICTCS IIPU T10-
CTOSIHHOM cKopoctu cynHa |[3]. Ilpu o6padoTke 110-
JIYYEHHBIX JAHHBIX HaXoAsIT MOp(dOJornyecKkue u
MopdoMeTpuuecKre napaMeTpbl (popM Je10BOM K-
3apaumu. g BU3yanu3aluuy U 3aBEPKU pe3ysibTa-
TOB AUMCTAHLIMOHHOTO T'MAPOAKyCTUYECKOIro OIpe-
neJieHus1 60po3/ BhIMAXMBAaHMUS, a TAKXKE MOJTYYEHUS
NMIAaHHBIX O MapaMeTpax TUIUYHOK O0PO3abl METOIOM
MNPSIMBIX U3MEPEHUI MPOBOAIT BOAOJA3HOE 00CIe-
noBaHUE. B HEKOTOPBIX Cydasix Mocjae U3MEHEHMS
YPOBHS BOoAo€Ma, BbI3BAHHOIO TEMU WU WHBIMU
(pakTOpamu, J1eIO0BO-3K3apallOHHBIN pelbed OKa-
3bIBACTCSI OTKPBIT JAJIs1 MPSIMOTO WM AUCTAHLIMOH-
HOro M3y4yeHMs Ha cyuie. B Takux ciiyyasix BMecTe
C MOJIeBbIM 00CJIEJOBAHUEM OH M3Yy4aeTcsl C MpU-
MmeHeHueM maHHbIx 133 [20, 21], 6eCMIOTHBIX Jie-
TaTeJbHbIX anmnapaToB ¢ NPUBI3KON MPUEMHUKAMU
r1006a1bHOM HABUTALIMOHHOM CITyTHUKOBOI CHUCTe-
MbI [21] Uiu ApyriMu BEICOKOTOYHBIMU METOIAMMU.

PembedooOpasyromas aesarebHOCTD JIbI0B HA Deperax

JlemooOpa3oBaHue Ha MEJIKOBOIHBIX 3aMep3a-
IOIIMX MOPSIX U KPYITHBIX 03€paX YMEPEHHOTO KJIH-
MaTUYECKOIO I10sica HAUMHAETCSI B 30HE C MaJIBIMU
mIyOMHAMU, UMEIOIIMMI HU3KUI Teruto3amac. B pe-
3yJbTaTe 00pasyeTcsl BOOJbOeperoBas ImoJjioca mpu-
MaiiHBIX JbIOB. Ha KpoMKe Ipumasi mpouCXOauT

Puc. 2. HaBanbl 1b1a Ha 0. Manblii 2KeMuy>KHBII,
Kacrmiickoe mope. @oto u3 apxusa AAHUN
Fig. 2. Ice pile-up on Maly Zhemchuzhny Is-
land, Caspian Sea. Photo from AARI archive

AKTMBHOE TOPOILICHHUE IPeiPyIOIIMMHy JIbAAMU, IIpH-
HOCHMMbIMU M3 APYTUX YyacTeil akBaTopuu. B mecTax,
r1e NpuIamn 10CTaTOYHO y30K B pe3yJibTaTe TMapoMe-
TEOPOJIOTMIECKUX WIIA TeOMOP(POIOTMUSCKIX ITPUINH
WA He 00pa3yeTcsl COBCEM, NPErdYIOIIUE JIbIbl MOIYT
OKa3bIBaTh MEXaHMYECKOE BO3IEUCTBUE B IIPUYPE30-
BOI1 30He. JIbAbl B3aMMOIECUCTBYIOT KaK € MOABOIHOMI
M HAJABOJHOWM YaCTsSIMU ILIsKa, TaK U C 6eperoBbIMU
yctynamu. B ApKTHKe onucaHbl JeA0BbI€ BbIMAXU,
JMOCTUTAIOIINE BBICOTHI 14 M Hanm yp. mops [1]. Ilpu
CBOEM JIBMXXEHMU B CTOPOHY CYILIU JIEA Cpe3aeT Bep-
IIMHY TUISKA U TTOYBEHHO-PACTUTEIbHBIN MTOKPOB.
Takue BO3neiicTBUSI MHTEHCU(DUIIUPYIOT IIpOLeC-
Chbl pa3pyllieHUs 6epera B pe3y/ibTaTe BOJTHOBbBIX BO3-
JNEUCTBUI B Meproa OCBOOOXKAEHUS OTO Jbaa. Bos-
NEHCTBHE JIbIa U3MEHSIET MpOo(duiIb OEPEroBhIX II0H,
TUIsXKa Y TOJABOAHOIO OEPEroBOro CKJIOHa, YTo BENET K
TepecTpoiiKe MpoLeccoB peibedoodpazoBaHms [22].
Penbedoobpasytoliiasi posib JbI0B MOXKET MPOSIBISITh-
¢s1 B IepeBOpaYMBAHUM TIJIACTOB IPYHTA B MEJIKOBO/I-
HBIX 3aJIMBaX B pe3yJibTaTe TopoieHus [12].

bepera nmoaBepkeHbl JIENOBbIM BO3IEACTBUSIM
Kak B IEpUOJ OCEHHETO Jiefo00pa3oBaHusl, TaK U BO
BpEeMSI BECEHHEI0 pa3pylleHUs IIpUIias U OUMIIe-
HUS MOPsI OTO JbA0B. B 3aMep3atolux Mopsix ¢ He-
YCTOMUYMBBIM JIeASTHBIM MOKpoBOM (A3oBckoe, Kac-
nuiickoe u YépHoe) mpumaii yacTto B3jaaMbIBaeTCs,
a Hadeueu U Haeanbl MOPCKUX A1b006 Ha Oeper IIpouc-
XOISIT B TEUEHHUE BCEro JISAOBOTO ce30Ha (puc. 2).
Hasasnbl 1bA0B XOPOI1IO U3BECTHHI B paiioHe Apa-
barckoit cTpenku, Kazantunckoro u Apabatcko-
ro 3aJIMBOB A30BCKOTO MOpsI, B paitoHe Onecchl Ha
YépHom mope. Ha Kacniuiickom Mope HaBajibl JIbA0B
Ha Oepera OTMeYaroTCs IIEPUOANIECKH 10 BCeMy I10-
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Oepexnbio. [1ogBIKKY THIOB 3HAYUTEILHO BIIMSIOT
Ha HaBuTauuio 1mo Bosro-Kacnuiickomy MopcKomy
CyooXogHOMY KaHaily. Bo BpeMsl yCTOMYMBEIX BOC-
TOYHBIX BETPOB JIbAHI IIepeceKaloT (papBaTep KaHa-
JIa, «IIepeXJIECThIBas» UYepe3 3alllUTHBIC OCTPOBA, U
pa3pylialT CTBOPHBIE 3HAKU 1 Oyr. I3BECTHEI CIIy-
yan 1950 u 1981 rr., Korma cyma ObLUIM BEIHECEHBI
JIbAaMu ¢ ¢papBaTepa Ha MEJIKOBOIbE M IOCAXKEHBI Ha
Mmenb [23]. B mapre 1982 r. cay4micst HaBasl IbIOB Ha
Oeper, ITOMEIIABIINN CTPOUTEIBCTBY O0BEKTOB Ha
Mectopoxaennn Kapaskano6ac (m-oB by3aum). Bei-
cOTa HaBaJjla TOTIa JOCTUTaja 7 M.

BosnetictBus paa Ha O6epera orMedeHbl B DuH-
cKkoM 3anuBe bantuiickoro mopsi B paitoHe noc. Ko-
MapoBo [22], B ceBepHOI1 yacTn boTHMYeckoro 3amm-
Ba, Ha o. ProreH, B PuxxckoM, IlenuHckomMm, TTynkom
n KanuamHaTpagckoM 3anmBax [24]. O0pa3yroTcst Kak
HAIBUTU HACAOEHHO20 Abda Ha OepeT, TaK 1 HaBaJIbl
BBICOTOM 10 3 M. MI3BeCTHBI HaBaIbl JBIOB BBICO-
Toit mo 3—5 M Ha Oeperax o3. banxanr [23]. Jlemo-
BBIC SIBICHMSI XapaKTePHBI ISl OepeTroB JaJbHEBO-
CTOYHOTO pernoHa — 3anuBoB JIstomyHb, boxaiiBaHb,
IleTpa Benmkoro, oqHaKO M3y4alOTCsl OHU B OCHOB-
HOM B CBSI3U C BO3IEUCTBUSIMU JIBIOB Ha COOpPYXKe-
HUS. AHAJOTUYHBIC MCCIeIOBaHMUs BEAyT B 3aIMBE
Kyxka. HaBanbl 1 HagBuru JpooB OTMEYAIOTCS M Ha
oeperax 3anuBa Cs. JlaBpeHTnsa. Ha HaBeTpeHHOI
CTOpOHE HEOOJBIINX OCTPOBOB, KOTOPHIE CIyXKaT
nperpagoi wis npedyronux ap00B, a TakKe Ha 6e-
perax Benukux o3€p ommcaHbl HaBaJIbl JIbAa BBICO-
Toit o 2—3 M [10, 25]. HeomHOKpaTHO cTOsIIIME Ha
Oepery moMa pa3pyllaarch BEIABUHYTHIMU Ha Oeper
JpIaMu [25]. AHaJOTMYHEBIE HABaJIbl BCTPEUAIOTCS U
Ha Oeperax Takmx 03€p, Kak OHexckoe, Jlagoxckoe,
Bunnauner, FOrta, bompmoe Conéxoe 1 np.

B penbede 6eperos IMpoKoe pacripocTpaHEeHUE
MOy epsidbl 1ed08020 Hanopa, OPUEeHTUPOBaH-
Hble BOOJb JUHUM Oepera. [Ipu cBoéM ABMKEHUU
BBIIABIMBAaeMbIC Ha CYIIY JIBIHI IIEPEMEIIaoT 0010~
MOYHBIN MaTepuaj, (GopMHUpPYs U3 HETO TPSIbl He-
COPTHUPOBAHHOIO MaTepualia. BeicoTa TakKuX Ipsia
MOXKET ToCcTUTaTh 2—3 M. I'psAnpl, c10XKeHHBIE KPYIT-
HOOOJIOMOYHBIM MaTepHaIoOM, COXPAHSIOTCS IJI1-
TeJbHOe BpeMs. Ha mecuaHbpix Oeperax rpsiabl Jeno-
BOTO Hamopa OOBIYHO pa3pyIlaloTcs IIOC]Ie IIePBOTO
CUJIBHOTO IITOpMa. I'psiabl KpyITHOOOJIOMOYHOTO
MaTepuaja BeIcOTOM 2,0—2,5 M OTMeUaroTcd BIOIb
Bcero nobepexbst Kanmanakiiuckoro 3anuba beio-
ro Mops [12], pparMeHTapHO pa3BUTH Ha Mope bo-
dopra [2]. Takue rpsaabl BCTpeueHBI He TOJIHKO Ha

MOPSIX U KPYITHBIX 03€pax, HO M Ha MEJIKUX 03€pax,
Hanpumep, B CkanauHasuu U HoBoii AHTUu.

Ha Geperax ¢ mecuaHbIMM IUISDKAMU B pe3yJIbTaTe
HaJIBUTOB U HABAJIOB JILIOB O0PA3yIOTCS MeaKle IK3d-
PpauuoHHble opmbl: OOPO3MbI, LaparuHbl, SMbI. [1y-
OrHa Takux (opM, KaK MpaBuiIo, He MpeBbIaeT 1 M,
gauHa — 100 M [1]. BoabLIMHCTBO 3K3apaliMOHHBIX
(opM OpMEHTHUPOBAHO IO HOPMaJIM K JIMHUM Oepera.
Ha HM3KMX MpUMOPCKUX HU3MEHHOCTSIX, HallpuMep,
[NpukacnmiicKoii, MOATOILIIEMBIX B ITIEPUOABI ILITOP-
MOBBIX HATOHOB, MOPCKUE JIbIbI MOTYT OBITh 3aHECe-
HbI HAa HECKOJIBKO JIECITKOB U JIaxke COTEH METPOB B
n1yob cymu. Ciayyan HaABUIOB JibJa HA HU3MEHHbIE
Oepera besaoro Mopst HEOGHOKPATHO OMMCAHbI B M-
tepatype. OTOeNbHO U3YYAETCS 3aX8am NpUnaiHbIMU
avdamu mamepuana U3 pUype3oBoii 30HbI (OT MIMHU-
CTOrO 10 BaJyHOB pazmepoM jo 0,7 M) ¢ mocienyto-
LM BEIHOCOM €TO IOCJIE B3JIOMA ITpUIIast U3 IpUOpexK-
HOIA 30HbI [12, 26]. CorsacHO HEKOTOPBIM OLIEHKAM,
00BEM BLIHOCUMOTO MaTepuajia MOXeT COCTABJISITh J0
700 m3/xm [26]. TTpu atom I1.B. BapHe u ap. [27] o
pe3ysbTaTaM MCCaeoBaHMs Ha 03. MUYMTaH CYMTAIOT,
YTO B OOJIBIICH CTEIIEHU OTJIOKEHNS JIHIOM IepeMeliia-
FOTCSI BIOJIB Oepera, a He B CTOPOHY OT Hero. BMEpaimit
B ITPUIIAMHBIC JILIBI 00JIOMOYHBIN MaTeprall YBeIMIK-
BaeT MHTEHCUBHOCTD 3K3apanuu. OTMevaroTcsT ocTa-
TOYHBIC BOPOHKM — CJIEIbI 3aXBaUCHHBIX JIBIOM BajTy-
HOB U TUIACTOB I'PyHTA B PpUype30Boii 30He [12].

BeIHOC J1b11a 113 JIEOBUTBIX MOPEI TT0 Y3KUM IIPO-
JINBaM COIIPOBOXKIAETCS HaBajaMM Jiba Ha Oepera
n opMHUpOBaHUEM TOPOCOB. Takue SIBICHUS OIU-
CaHbl MPU IKCTPEMATIbHOM 8biX0de naasyuux 16008
13 OXOTCKOTO MOpSI Yepe3 MpoJinBhl Kypribckux
OCTPOBOB. AHAJIOTUYHASI CUTYyallUsI IPaKTUIECKH
KaXIblil Tog oTMeuaeTcs B KepueHCKOM mposnBe
pu Jiegoxone U3 A30BCKOro Mopsi. Tak, kejle3Ho-
JIOPOKHBIN MOCT, TIOCTPOEHHBII BO BpeMs Benukoii
OTtedecTBeHHOM BOMHBI 3UMOil 1944/45 T., ObLI pa3-
pVIIEeH B pe3ybTaTe 00JeIeHeHUSI KOHCTPYKIIMU 1
JISIOBBIX BO3ICHCTBII. AHAJIOTYHASI CUTYaIlisI BO3-
HUKAaeT 1 B HACTOSIIIIee BpeMsI, KOTra CTPOUTEIbLHbBIS
KOHCTPYKIIMH 1 HACKIITN CO3JAI0T MPerpaLy s BbI-
Xxoja nAbaoB. B pesynbrare GopMUPYIOTCS HaBabl
JIBIOB KaK Ha TEXHOJIOTUUYECKME HACBIIN, TaK U Ha
Kocy u 0. Tysna. ClioxHBIe JIeIOBbIE YCIOBUS TIpe-
OITIpeNe NI BEIOODP TIpOeKTa Iepexona yepe3 TaTap-
ckuit mposuB B KoHLEe 1940-x — Havase 1950-x ronoB
B TT0J1b3y TOHHENsA. CepbE3HbIe CPEeICTBA Ha 3aIIUTY
OT JIEIOBBIX BO3JIEUCTBUI 3AJI0KEHbBI B peain3yeMbIi
B HACTOsIIIIee BpeMsI IIPOEKT MocTa Ha 0. CaxXaaunH.
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Penbedoodpasyiomas 1eATeIbHOCTD JibIa HA THE

B Hacrosiee BpeMs BOIIPOCH BO3AEHCTBUSI
JIBIIOB Ha JTHO MOpEM 1 03Ep B YyMEPEHHOI 30HE U3-
y4yeHbl cinabo. Hannyuimmm o6pazom — B paiioHax
XO3SIICTBEHHOT'O OCBOEHUSI OeperoBoii 30HbI: Ha
Kacnuiickom mope 1 Benukux o3épax, 1js cydapk-
TUYECKMX yCI0BUI — Ha menabde o. CaxanuH. Ha
MHOTHUX IPYTUX BOTOEMAaX YMEPEHHBIX IIUMPOT U
Cy0apKTHKU CrielIMaIu3upOBaHHbIE UCCIEIOBaAHMS,
TpeOyoIIne CI0KHOT0 Teo(PU3NIECKOTo 000pyI0-
BaHMSI, IPAKTUICCKU HE TPOBOAVINC.

[Ipu HemmocpeaCTBEHHOM KOHTAKTe C JHOM Jie-
ISTHBIE TOPOCHUCTHIE 00pa30BaHMUs CTAHOBSITCS pe-
nbedoodpasyomuMu areHTamu. CaMmble OIM3Kue
K Oepery rpsiabl TOpocoB (mo ramyouH 3—5 M) dop-
MUPYIOTCSI HaJl IOIBOIHBIMUA OEPETOBLIMU BaJlaMMU.
Haiee oT 6epera mocaaka rpsii 1 6apbepoB TOPOCOB
Ha MeJlb IpUypoUYeHa B OCHOBHOM K 0aHKaM, BbI-
IBUHYTBIM KOCaM M OTMeJIsIM. 1o ompenaené HHBIX
r1yOuH oOpa3oBaHUE CTaMyX MPUYPOUYEHO K KPOM-
Ke IpuIas He3aBUCUMO OT pejibeda mHa. Tummd-
HBIe 0OPO3AbI BRINIAXUBAHUS UMEIOT: TIOHUKEHME
110 LIEHTPAJIbHOM OCH; OOKOBEIE BaJIMKU, C(OOPMU-
pOBaHHBIE B pe3yJibTaTe BbITECHEHUSI KUJIEM TOPO-
CHUCTOro 00pa3oBaHUs IPyHTa U3 LIEHTPA B CTOPOHHI;
HaItopHbIE BaJIMK1 Ha KOHIIaX 00po3. bopo3nbl BbI-
MaxyuBaHUs pa3InvHbI 1o Mopdosoruu. Berpeua-
1otcss U-obpa3Hbie (B MorepeuHuke), V-oopa3Hble,
W-06pa3Hbie, KOpBITOOOpa3HbIe, CIOKHON (DOPMBI,
C aCUMMETPMYHBIMU U CUMMETPUUYHBIMU OOpTa-
mu [1]. Ha kpoMKe mipuriast 60po3abl JISAOBOTO BbI-
naxuBaHUS (POPMUPYIOT TaK Ha3bIBAEMYIO «Ipe-
OEHKY», OPMEHTHPOBAHHYIO OOBIYHO 10 HOpMaJn K
JIMHUU Oepera, 4eMy CIIOCOOCTBYET HallOPHOE BO3-
IEMCTBHE JIBIOB CO CTOPOHBI akBaTopuM. peiidyro-
IIMe PSIIOM U 3afeBalolle Kpail TOpOCUCTOTo oopa-
30BaHMs JICASHBIC TI0JIS 3aKPYIMBAIOT KIJIb TOPOCa,
00pa3ysl Ha THE CEPUIO SIM U TIPS CII0XKHOI (DOPMBI,
TaK Ha3bIBa€MBbIX SIM U T'psiji 3acTaMylIMBaHMs [1].

Ha Ceseprom Kacnuu 60po3abl U CUCTEMBbI 00-
pO31 BHIITAXMBAaHUS, 00pa3oBaHHbIE APEUDYIOIN-
MU OJHO- ¥ MHOTOKMJIEBEIMHM TOPOCHUCTBIMU 00pa-
30BaHUSIMU, BMEP3LIMMHU B JICASTHbIE OIS, YETKO
BBIpAXKEHBI B pesibede JHa, B TOM YMCIIe ¥ Ha TIIy00-
KOBOIHOM y4acTke (1o 12 M) [6]. [IinHa HauGosee
KPYITHBIX ¥ YETKO BBIPaXKEHHBIX O0PO3]1 ITPEBHILIACT
HECKOJIbKO KUJIOMETPOB; IIIMPUHA AMHUYHBIX 60-
po3n gocturaeT 5 M, cucteM 6opo3a — 200 M; Ux rry-
O6uHa coctapiseT 10 1 M. [ToMuMo TUHEHHBIX (popM,

00HApYKEHBI JIOKAIbHBIE SIMbI, OCTABIIIMECS OT CTa-
Mmyx. Hekortopsie 60po3abl Ha nHe Kacrnuiickoro
MODSI TIPEACTABISIIOT COO0M KPUBBIE WM JIOMaHbIE
JIMTHUM, 9TO YKA3bIBAeT Ha ITOCTEIIEHHOE I PE3KOe
W3MEHEeHNe HampaBjieHus npeiida apaa. boposab
OKAHUYMBAIOTCS BaJaMM, 0OOpa30BaHHBIMM U3 BhIIIA-
XaHHOI'O JTOHHOTO TPYHTAa. AHAIN3 paclpeaeIeHUs
OCHOBHBIX HaIlpaBJICHUI IIIPAMOB M COIIOCTaBJICHHUE
3THUX HaIIPaBJICHUI C HallpaBJIeHUEM IIpeolsagaio-
IIMX BETPOB ITOKA3a/IM, YTO ABIDKEHHE MAcC Harpo-
MOXIEHHOTO JIbIa TMOTYMHSIECTCS TOCIIOACTBYIOIINM
BeTpaM 1 BO30Yy:KZaeMbIM UMM TeueHusIM [7]. OnmHa
13 0COOEHHOCTEH (popMHUPOBAHNST OOPO3M BHITTAXU-
BaHms Ha nHe CeBepHoro Kacrms — ux Hempomo-
JKUTEIbHOE CYIIeCTBOBaHME. B BeceHHIE MeCsIIb,
XapaKTepU3YIOIINecss KaK MHTCHCUBHBIM BOJTHEHM -
€M, TaK ¥ BBICOKIM COIEpKaHMEM B3BeCell B BOMIaX,
OOJBLIMHCTBO OOPO3 ObIBA€T CHUBEJIMPOBAHO U 3a-
HECEHO HaHOCAaMM, UMCIOIIVMU 31eCh OTHOCUTEIb-
HO BBICOKYIO MOABUXKHOCTh [6]. Jlyuiie Bcero 60-
PO3IBI COXPAHSIIOTCS B 3aKPBITHIX OyXTaX U TPYIIIax
OCTPOBOB, TaKMX KaK TrojeHbH [8].

Ha 03. 9pu ¢ xaHanckoii CTOpoHBI OOPO3/IbI BbI-
MaxyuBaHUS, YCTAHOBJICHHBIC B MSTKUX TJIMHHUCTHIX
OTJIOKEHUSX, UMEIOT OT 4,5 10 6,0 KM B JUIMHY U OT
10 mo 100 M B mmpuHy npu rayouHe go 1,7 m. Or1-
MeUeHBI HAJIOKEHHUSI OMHOM 00pO3abl Ha IPYIYIO Ha
rryouHax ot 13 mo 25 m. Ha cropone CILA 60opo3-
IIBI OOHapY>KEHBI Ha TTyonHax ot 17 mo 22 M. JInuHa
ux — ot 3,5 10 4,5 kM, mwmprHa — ot 10 1o 60 M ipu
rnyouHe MeHee 1 M [11]. BoponazHbeiMu oOcieaoBa-
HUSMHU 3a(DUKCUPOBAHBI BO3ACUCTBUS JCASIHBIX TO-
POCHCTBIX 00pa30BaHUIt ¢ BEICOTOM TTapyca 10 10 M,
00pa30BaBIIMXCSI HA KPOMKE IIpUIIasi, Ha TPYHT Ha
ryouHax 16—22 m. B To ke BpeMst oTMedaeTcst, 4To
BO3IEUCTBUS HOCAT SMU30INYCCKUN XapaKTep U He-
TMOCTOSTHHBI B IIPOCTpaHCTBe U BpemeHM [10].

Ha ceseprom wenvghe o. Caxanun 3K3apaliiOHHbBIE
00p0o3abI UMEIOT WINHY 25—75 M, mmyonny 0,2—2,1 m
(B cpemreM 1o 1 M), mmpuny 10—30 M. BosnetictBus
JISISTHBIX TOPOCUCTHIX 00pa30BaHUI Ha JHO Ha IIIeJIb-
de o. CaxanmH TIponcxoasaT BecbhMa MHTEHCUBHO 3a
CUET MecyaHbIX TPYHTOB U CUIbHOro TeyeHus. Ilo-
3TOMY MpeArnojaraeTcs, YTo IJIMHBI 00pO3I B Iep-
BOHAYAJIbHOM BHJIE¢ OBIIM 3HAUYUTEIHLHO OOJbIe [4].
MHorourcieHHbIe, HO HEITPOIOIKUTEIbHO CYIIECTBY-
IOIIIME CIIEABI JICMOBOI 2K3apallui OTMEUYEHBI B DuH-
ckom 3anuee baamuiickoeo mops no TiyouH 2—3 M [22].

CepbE3Hoe 9K3apalliOHHOE BO3ACHCTBIE MOXKET
0Ka3aTb TaK Ha3bIBAEMBbI «JIEAOBBIN ILITOPM», MPO-
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Mopckue, peuHble u 03épHble 1b0bl

SIBIISIIOIIUIACS B IIPUOPEXKHOM, OTHOCUTEIBHO MEJ-
KOBOOHOI 30HE MPU HAIMYUU OCTaTOYHBIX JIbIOB
penkoii crurouéHHocTu (1—3 Gamna). B mepuon
TaKUX IITOPMOB IIPOMCXOIUT NHTEHCUBHOE yaap-
HOE BO3ICUCTBUE JIbANH, 3POAUPYIOIINX JHO 1 CO3-
JAIOIINX TIIyookme 6opo3nsl [1, 28].

B Bomax ymMepeHHBIX ITUPOT BO3MOKHBI HE TOJIb-
KO BO3IECTBUS JIEASIHBIX TOPOCUCTBIX 00pa3oBa-
HUIi HA JHO, HO U alicOeproBuie Bo3aeiicTBus. Hau-
0oJiee TUIIMYHEI IIOSIBJICHUS alicOeproB B paiioHe
bonvwoii Hotoghaynonendckoii oanxu [29]. Ilpu cpen-
Heli rmyonHe 3 M 1 MakcnMatbHO# 1o 10 M aiicoep-
TOBBIe OOPO3IBI UMEIOT BHICOTY OOKOBBIX BaJIUKOB
1o 2,0 M, a HamopHBIX — 10 2,5 M. LlInpunaa nx 3Ha-
YUTEJIbHO OOJIbIIE IIMPUHBI 00PO3I, CO3MaHHBIX JIe-
ISTHBIMH TOPOCUCTBIMHU O00pa30BaHUSIMHU, M COCTaB-
ngeT oT 30 mo 350 m. Yamie Bcero oHM BCTpEeUaroTCs
Ha rayouHe okojio 150 M, HO MOTYT pacIipocTpa-
HaThed 1 10 300 M. Ha miryomnax menee 120 M BHenI-
peHUe KIS aiicoepra B TPYHT COCTaBIIsIeT He OoJjiee
1,5 M [29]. B CeBepHoMm n HopBexxckoMm MOpsIxX Ha
rryonHax 150—250 M BCcTpeueHBI peJIMKTOBLIE aiic-
OeproBeie OOPO3IBI, IIMPUHA KOTOPHIX COCTaBIIsIa
100—150 m, a Tmyowna — 2,0—2,5 M [30].

WUccnenoBanus Ha [danscko-Tomaandckom no-
poee baarmuiickoeo mops IOKa3aau, 4ToO IIPU KOJIe-
0aHUM YPOBHSI MOPSI PEIMKTOBEIE JIEIOBO-3K3apa-
LIMOHHBIE (DOPMBI MOTYT PacIoJIaraThbCs Ha TIyOMHE
70—90 M [31]. OcHOBHEBIE HampaBJIeHUsI 00OPO3I CO-
OTBETCTBYIOT HaIIpaBJICHUIO npeiida aiicOeproB u
JIEASTHBIX TI0JIel BO BpeMs pacnaga CKaHIMHABCKO-
ro JegHuKoBoro murta 11,7—13,2 teIc. 1.H. bopo3-
nbl umeror mupuHy 10 300 M (B cpenteM 20—60 m)
npu mryorHe oT 1 1o 10 M (B cpeqHeM 2—4 M) U BBI-
coTe OKpyxKaromux BaaukoB 0,5—2,0 M.

Ha OriBIIeM mHe Apanbckoeo mopsi OOHAPYKEHBI
cJIembl JIEMOBO-3K3apallMOHHBIX IIPOIIECCOB, COXpa-
HUBIIMECS B pe3yJIbTaTe OBICTPOrO ManeHUs YPOBHS
BomoéMa, HauaBierocst B 1961 r. [21]. Ilupuna 60-
posn coctasisieT oT 3 10 90 M, a5t GONBIIMHCTBA —
10—15 M, mpoTsKEHHOCTH — OT 100 M 10 HECKOJIb-
KNX KUJIOMeTpoB, B cpeaHeM 1,0—1,5 kM. ['myOnHa,
BBISIBJICHHAs IIpH I10JIeBOM OOCJIeIOBaHUM, paBHA
0,3—0,5 M. PeukToBBIe (hOPMEI JIEITOBOTO 1 aiicoep-
TOBOTO BO3ICHCTBUS MCCIIEAOBaHbI Ha CyIlle B rpad-
ctBe [Ipunc-Onyapn, Bocmounoe Onmapuo [20]. OHn
chopMUPOBAIKCh B BOJAX HAXOAMBIIIETOCSI B KOHIIE
MOC/ICAHETO JIEMHMKOBOTIO TleproAa Ha MecTe Bemkix
03€p MpUIeTHNKOBOTO Mpoke3ckoro o3epa. Pazmepsl
60po3m — 110 3,57 KM B [UIMHY 1 10 174 M B IIMPUHY.

JIuckyccus

BBuay npoaoKuTeIbHOIO JIEIOBOIO Ce30Ha Ha
apkmuyeckux bepeeax penbedoodpasyooiein nes-
TEJIbHOCTHU JIbAOB BCeTAA YASAsIOCh 3HAUYNUTEIFHOE
BHUMaHNE. B yMepeHHBIX MIMpPOTaxX UCCIeI0BaHNE
JaHHOTO BOIIPOCAa HUKOINA He ObLIO IPUOPUTET-
HbIM. B apkTuyeckux Mopsix ¢hopMupyeTcsl yCTOM-
YMBBINA NpUITAll ¢ KPYITHBIMU JICASHBIMU 00pa3o-
BaHUSIMH, KOTOPbIE MOTYT OBITh MHOTOJIETHUMU.
ITpunaiiHelie Jbabl HAAEXKHO 3aLIMIIAIOT TPUOPEXK-
HO-IIIeNTBL(OBYIO 30HY, MPETSITCTBYSI BO3ACHCTBUSIM
MOOWJIBHBIX JISASTHBIX 00pa3oBaHMil, KOTOPBIE IIPO-
HWCXOIST IIaBHBIM 00pa30oM B MEPUOIBI 0Opa3oBa-
HUSI JIEASTHOTO TTIOKPOBA U OUMIIEHUST aKBATOPUH OTO
Jbaa. B Mopsix 1 o3€pax ymepenHwvix uiupom AeasTHON
MOKPOB HEeCTaOMJIeH, OUMIIEHNE OTO JIbla MOXKET
MMPOMCXOAUTh HECKOJIBKO pa3 3a CE30H, UTO BJIUSIET
Ha pa3Mep ¥ MPOYHOCTb JIEASTHBIX 00pa3oBaHUd. DTH
aKBaTOPUU XapaKTePU3YIOTCSI UHTEHCUBHOM AUHa-
MUKOM JIEASIHOTO IMMOKPOBA, OTPHIBOM ITPUIANHBIX
JIBJIOB, HACJIOCHUSIMU, HaBaJlaMM M HaJIBUTaMU JIbaa
Ha Oepera B TeU€HHUE BCEro JieToBoro ce3oHa. OTin-
YUTeJIbHAsI 0COOEHHOCTh CyOapKkmu4ecKux mopeii —
BeIcokue npuauBskl (3anuB Kyka, benoe 1 OxoTckoe
MopsI), obecrieunBalonIe 3HAYNTSIbHYI0O MOOMIIb-
HOCTb JIbJa Ha (DOHE MPUCYTCTBUS MOIITHOTO IIpHU-
mnasi, YTO CIOCOOCTBYET (POPMUPOBAHUIO KPYITHBIX
JIeASTHBIX 00pa30BaHMIT MOIITHOCTHIO 10 30 M.

B pesyapTaTte B MOpSIX M 03€pax YMEPEeHHBIX
IIMPOT HAABUTY U HaBaJIbl JIbIa Ha Oepera moiryda-
0T 00JIee IIMPOKOE pacIpoCTpaHEHNUE 10 CpaBHE-
HUIO C apKTUYECKMMU MOpPSIMU, T CUJIbHEE pa3-
BUTHI (POPMEBI BO3ICHCTBUS JbIOB Ha JHO. B Mopsix
M 03€pax YMEPEHHBIX IIMPOT MPOMOJLKUTEIBHOCTD
JIEAOBOTO MEeprOoaa 3HAUYNTEIbHO MEHBIIIE, a THIPO-
JUHAMWYECKM aKTUBHOTO Tepuoja — dosbiie. Bax-
Heiilee caeacTBUE STOro — OoJiee BHICOKAsH CTENEeHb
nepepaboOTKU BO3ICUCTBUI JIBIOB Ha Oepera u JHO
Mopeii 1 03€p 3Toit 30HbI. Crenbl BO3ASUCTBUIM Jeas-
HbIX 00pa30BaHUI HUBEIUPYIOTCS HAHOCAMMU 3a CUET
BOJTHOBBIX BO3JENCTBUI, KaK 3TO ObLIO ITOKa3aHO Ha
Kacnuiickom mope [7], B To BpeMsT Kak B ApKTHKe
OHM MOTYT COXPaHSThCS NecaATuieTusMu |1, 2].

OpHa 13 NpUYMH HU3KOI'0 MHTepeca K BOIIpocam
JIEAOBBIX BO3ACUCTBUI B CPEIHUX IIIUPOTAX — OTCYT-
CTBME HAapOJIHO-XO3SIIICTBEHHOTO 3aIlpoca Ha Hayy-
Hble UCCIeoBaHUSI B JaHHOI o0jacTu. B paitioHax,
IIIe TaKKe 3alpoChl €CTh, JEIOBbIC BO3ACHCTBUS 13-
y4aloT IOBOJILHO aKTUBHO: Ha Kacmuiickom mope,
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Caxammue, Bemmkux o3épax, bombmoit Herodaymm-
JIeHACKOol O6aHKe. B MajloHacen€HHBIX pailoHax u
IIPpY OTCYTCTBUM 3aI1aCOB MUHEPAJIBHOTO CHIPBS 3TU
BOIIPOCHI CYUTAIOTCS HECYIIECTBEHHBIMHU, TaK KakK
HE MOTYT 3HAYMTEIbHO IOBIMSITH Ha XO3SMCTBEH-
HYIO IeSITeIbHOCTD YeoBeKa. TeM He MeHee, JIedo-
BBbI€ BO3IEUCTBUS IIPOUCXOIAT €XKETOMHO C TOM WIN
WHOI CTeTICHbIO MHTEHCUBHOCTH, KOTOpAasl B IIEPBYIO
o4epenb OIPenesieTCs CYpOBOCTbIO 3UMBI, CHJION
U TIOBTOpsieMocThio BeTpoB. Ha Kacrmiickom Mope
HanOOJIbIIIee YHCIIO TOPOCOB U CTaMyX (POpMUpPYyeTCs
B YMepeHHBIe (CpeIHUe T10 JISTOBUTOCTH) 3UMBI [5].
B cypoBbie 3uMBI IIpuIaii 60jee yCTOMUMB, COOT-
BETCTBEHHO M IIMPHHA 30HBI TOPOCOB — MEHBIIIE.
B Msrkue 3uMbI TOPOCUCTOCTD TaKxKe HU3KA M3-3a
€1a00Tr0 pa3BUTHSI JICASHOIO IIOKPOBA.

HecMotpst Ha To, uyTO (hopMBbI penbeda, co3aaH-
HEBIE JIBIOM, OTHOCITCS K MUKpopenbedy [32] 1 BO
MHOTHX CJTyYasiX CYIIECTBYIOT HEIOJITO, BCTPEUaroT-
Csl OHM JOCTaTOYHO YacTo, a IPOILIECC 3TOT HOCUT
nepuonnIecKuii xapakrep. besycioBHo, mpoiecc u
co3maBaeMble UM (POPMBI UMEIOT PETMOHAIBHYIO U
JokanbHy0 auddepeHuunanuio. Hapsaoy ¢ ruapo-
METEOPOJIOTNIeCKUMU (DaKTopaMu, BIUSHUE JIbIa
oImpenelsieTcst peibecoM OeperoBoit 30HbL. Hampu-
Mep, Ha OTMEJIbIX Oeperax OoJbIIe pa3BUTa 3K3a-
pamus THa, TaK KakK OJIarOIPUSITHBIC IS JIEIOBBIX
BO3IECTBUI INIyOMHBI COCTABIISIIOT IIMPOKYIO IIPH-
OpexkHy10 30HY. Ha HU3KMX IpUMOpPCKMX HU3MEHHO-
CTSIX BO3ICICTBIE Ha Oepera MpOosBIISICTCS B BUIC Ha-
BaJIOB ¥l HAIBUTOB, IIPOABUTIASICh B IJIyOb CYIIIM, TOrIa
KaK Ha a0pa3nMOHHBIX Oeperax ¢ BEIpaXKeHHBIM YCTY-
TIOM JIbIBI BO3AECTBYIOT HEIIOCPEACTBEHHO Ha HErO.
B nepBoMm ciygae mporcXomuT mepecTpoiika IUishKa,
BO BTOPOM — YCKOpPEHHE OTCTyHaHMsI OeperoB. B To
K€ BpeMsI HaBaJIbl JIbIOB Y MOTHOXMUS YCTyIa MOTYT
HEKOTOPOEe BpeMsI IIPEAOXPAHSITH €TI0 OT pa3MbIBa.

Pasmeprl 1em1oBo-3K3apallMOHHBIX 00PO31I 3a-
BHUCSIT B OCHOBHOM OT pa3Mepa JIeOsTHbIX 00pa30oBa-
HUI U cllaTalolluX JHO TPYHTOB. B OoMbIIMHCTBE
3aMep3alolIrX aKBaTOpUii yMepeHHO 30HbI (DuH-
ckuii 3anuB, AzoBckoe, Kacnuiickoe, Apajibckoe
mopsi, Benukue o3épa) Jbabl U JeasiHbIe 00pa3oBa-
HUSI QOPMUPYIOTCS B YCIOBUSIX IIOHIDKEHHOM COJIE-
HOCTH, YTO CIIOCOOCTBYET MX OOJBIICi IIPOYHOCTHU
110 CPAaBHEHMIO C JIbIAaMM U JICASTHBIMUA 00pa3oBa-
HUSIMHM apKTUYeCKNX Mopeii. B To e Bpems Mo1-
HOCTHU JIEISIHBIX 00pa30BaHUI CHJIBHO OTJIMYAIOTCS,
YTO CKAa3bIBAaeTCS Ha JIEAOBO-3K3apalliOHHBIX (pop-
Max. Cpenn akBaTOpPHUiA YMEPEHHOIO U CyOapKTUIe-

CKOro TUIOB HauboJjiee riyookue 00po3abl OTMe-
yarTcsd Ha gHe OxoTckoro mops (1o 2,1 m) [4] npu
ToJuHe ctamyx a0 30 M; Ha 03. Dpu 60PO3abI 10-
CTUTAIOT TJIYyOUHBI 1,7 M MpU cTamMyxax aHaJIOrn4-
HoIt MomgHOCTHU [11]. B G0oabIIMHCTBE XK€ BOTOEMOB
1yorMHa 60po3a He MpeBbilIaeT 1 M.

B ApkTuke riyouHbl 60p0o3a MOTYT JOCTH-
ratb 4 M [2]. Takoe paznuuue oObSICHSIETCS TEM,
YTO B APKTHKE IPOITAIIKY MOTYT BECTM MHOTOJIET-
HUE JIeASTHbIE TOPOCUCThIE 00pa30BaHusl, KU KO-
TOPBIX 3aMETHO MPOYHEE MO CPAaBHEHUIO C OJHO-
netHumu [33]. TIpu aTOM B ApKTHUKe TIyOMHa, Ha
KOTOpOi1 00pa3yloTcs Jea0BO-3K3apallMOHHbIE 00-
pO3Ibl M 3aKPEIUISTIOTCSI CTaMyXH, 3HAUUTEIbHO
Oosble u gocturaet 35 M B BocrouHo-Cubupckom
mope [34] u 45 m B mope Bodopra [2]. TIpu s3ToM
JUTMHA ¥ IuprHa GOPM OTIIMYAIOTCS HE TaK 3HAYM-
TeJbHO. B cpenHeM 1ypuHa eIMHUYHBIX 00pO31 Ha
CesepnoM Kacnuu cocrasisieT okoJio 5 M [6], Ha
ApanbckoM mope — 10 15 m [21]. B mope bodop-
Ta CpeAHss IMpUHA O0PO3abl — 0KOJIO 8 M, B baii-
Japaukoi ryoe — nopsiaka 10 M. B To ke Bpems B
Mope bodopra obHapyxkeHa efuHUYHAas Oopo3aa
MakKcuMaibHOU mmupuHoi 78 m [2]. InuHa 60po3y
U B CPEIHUX, U B BBICOKMX IIMPOTAX JOCTUTAET He-
CKOJIbKUX KMUJIOMETPOB. B ApKTHKE JIeIsiIHbIE TOPO-
CHUCTBIe 00pa30BaHUs PETYJISIPHO NOCTUTAIOT JHA HA
rnyouHax 17—20 m u 6onee [3]. Ha aTux rmyouHax
He TIPOMCXOAUT BOJHOBOI nepepaboTku 6opo3sn [1].
B GoabmmnHCTBE BOJOEMOB YMEPEHHOM 30HbI 3K3a-
pauuu Ha TaKMX IJIyOMHax He HaboaaeTcs, a B Oe-
peroBoii 30He Jie10BO-3K3apallMOHHbIe (DOPMBI HU-
BEJIMPYIOTCS HAHOCAMU, MIO3TOMY COXPAHHOCTb MX
CYILIIECTBEHHO HIXE, YeM B APKTHUKE.

IIpoucxonsiiee cMsirdyeHne KimMara (YMeHbIIIe-
HUE JISAOBUTOCTU M TOJIIWHBI JIEISTHOTO TIOKPOBA),
UMelolllee MECTO B TocieaHee BpeMst [17], mpuBo-
JIAT K CHIDKEHUIO TTIOBTOPSIEMOCTH CYPOBBIX 31IM, HO
YICJI0O YMEPEHHBIX 3MM OCTAETCSI MOCTOSTHHBIM. Kak
yXe oTMedanoch, Ha KacnuiickoM Mope HanboJb-
1 00BbEM JIEASIHBIX 00pa3oBaHUM (popMupyeTcs
B YMepeHHbIe 3uMbI [5]. B Takue 3uMMbl UHTEHCUB-
HOCTb dK3apaluu JHA YBEJIUYMBAETCS MO CpaBHEHUIO
C MITKUMU U cypoBbIMU 3uMamu. [lorerieHne K-
MaTa CYyILIECTBEHHO BIMSET Ha JIeAOBO-3K3apalluOH-
HbI€ TIpoLecchl [35] U MOXEeT NOCTENEeHHO U3MEHSITh
YCJI0BUSI CYyOAPKTUYECKUX BOJOEMOB, TIPUOIMIKAS UX
K YCIOBUSIM yMepeHHBIX. CHIDKEHUE JIEIOBUTOCTH
MMPUBOJIUT K POCTY MOOMJILHOCTH JIbJIa, YTO MOXKET
BbI3BaTh (hDOpMUPOBaHUE OOJIbILIETO KOJUYEeCTBa TO-
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pocoB u cramyx. B To xe Bpemst Ha UEpHOM MoOpe B
pe3yJibTaTe CMATICHUS KIIMMaTa B OmvKaiiiieM Oymy-
IIEM MOXKET IIPOMCXOIUTD JIMIIIh SIMU30IUIECKOe 00-
pa3oBaHue JeISTHOTO ITOKpoBa. B apkTruecKmx Mopsix
MOTEIUICHNE TIPUBOIUT K AeCTAOMIM3AaIlN TIPUIIas,
YTO MpUOJIKAET YCJIOBUS K CyOapKTUYECKUM. Takum
00pa3oM, IIPOUCXOMSIINe N3MEHEHHsI KIIMMaTa I10-
pa3sHOMY BIMSIOT Ha MTHTEHCUBHOCTD BO3ICHCTBUS
JIBIOB Ha Oepera ¥ JHO pa3HBIX aKBaTOPUIA.

3aKioueHne

HecMmotpst Ha TO, 4TO JIemOBBIC BO3ACHCTBUS B
APpKTHKe XOpOIIO M3yYeHbI, NCCIeTOBAHbI U CO3/a-
BaeMble MU (POpPMBI peibeda, B yMEPEHHBIX IITH-
potax u CybapKTHKe 3TO HaydYHOE HaIllpaBJIeHUEe Ha-
XOIUTCS B CTaguM pa3paboTku. Ha psime mpumepoB
MMOKa3aHbl BApMAHTHI JICHOBBIX BO3AEHCTBUI U MX
MOCJICACTBYS IUIST IMHAMUKI T€OCHCTEM 1 XO3SICTB.
I1o cpaBHEHMIO ¢ APKTUISCCKUMH MOPSIMH, MEJIKO-
BOIHAasI MpHOPEKHO-1IeIb(OBast 30HA KOTOPBIX M-
TeJIbHOE BpeMsI 3allliIleHa IIpUIlaeM, OTOIBUTAO-
IIMM 30HY MHTEHCUBHBIX BO3IEHCTBUI JAJIEKO OT
Oepera, B MOPSIX C YMEPEHHBIMU U CYOApPKTUIECKIMU
JIEOBBIMU YCJIOBUSIMHM M3-32 MEHBIIEH YCTOMINBO-
CTU IPUITAIHBIX JIBAOB Pa3BUThI HABAJIBI M HAIBUTHU
JIBIOB Ha Oepera, COIPOBOXKIAIOIINECS 00pa30BaHM-
€M COOTBETCTBYIOLLIMX (popM MUKpopebeda. Pacno-
JIOXKeHNE B APKTHKE JISTOBO-9K3apallMOHHBIX (DOpM
Ha OOJIBIIMX TJIyOMHAX BMECTE C IUIMTEIbHBIM IIPH-
CYTCTBHEM MPUIIANHBIX JHIOB, ONPEICISIONINM He-
OOJIBIIYIO IIPOIOJLKUTEILHOCTh TUAPOAUHAMMUYEC-
CKM aKTHMBHOTO Iepuoaa, o0ecIeunBaeT JydIlyo
COXPaHHOCTH (POPM JICHOBBIX BO3ACHUCTBUIL Ha JHO,
COXPaHSIIOIINXCS B YMEPEHHBIX IMMPOTAX, KaK IIpa-
BWJIO, JIMIIIb B TEUCHNE HECKOIbKIX MECSIIEB.

I'myOuHa mpomamky JHA B YMEPEHHOM KIIM-
MaTtuyeckoit 3oHe 1 CybapKTUKe 3aMETHO YCTy-
maeT (Kak IIpaBUIIO, He Ooyiee 2 M, a B CpeIHEM He

JIutepaTypa

1. Ozopodos C.A. Poib MOPCKUX JIbIOB B IMHAMUKE PETbe-
(a 6eperoBoii 30Hbl. M.: U3n-Bo MI'Y, 2011. 173 c.

2. Barnes PW., Rearic D.M., Reimnitz E. Ice gouging char-
acteristics and processes // The Alaskan Beaufort Sea:
Ecosystems and Environments. Eds.: P.W. Barnes,
D.M. Schell, E. Reimnitz. Acad. Press Inc.: Orlando,
Florida, 1984. P. 185—212.

0osee 1 M) TaKoBO#l B ApKTUKE, TAe 3apUKCUPO-
BaHEI JIEIOBO-3K3apalliOHHEIE (POPMBI TJIyOMHOM
1o 4 M. nmuHa n mmpuHa (GOpM IIPpU 3TOM OTIMYa-
10TCsl He3HauuTebHO. Ha (poHe MeHbliieli TyOrnHbI
BHEAPEHUS KIJIEeil TOPOCOB B TPYHT 00JIACTh pa3BH-
THSI JIEIOBO-3K3apalliOHHOTO IIpoliecca B aKBaTOPH-
SIX YMEPEHHBIX M CYOapKTUIECKMX IIUPOT TOBOJIHLHO
00IIMpHA, YTO OATBEPKIAIOT IIPUCYTCTBUE JICIOBO-
5K3apallMOHHBIX 00PO31I IIMHOI B HECKOJIBKO K-
JIOMETPOB, BCTpeUaronmnxcs Ha rryonHe 1o 30 M (Ha
OxorckoM Mope n Benukux o3épax), 1 3aHOCHUMBIE
Ha HECKOJIBKO COTEH METPOB B IJ1yOb CYIIM JbIBI
(HampuMep, Ha Kacnimiickom mope).

[Ipoucxonsiee noTeIyiecHNEe KJIMMaTa U3MEHSI -
eT IMOJIOXKEHNE 30H HanboJIee NHTCHCUBHBIX BO3-
IeiicTBUII Ha JHO, HO caMa aKTMBHOCTbH IIpoliecca
He cHIKaeTcs. M3ydeHue J1emoBo-3K3apalliOHHBIX
MPOLIECCOB M PE3YJIBTATOB UX peiibedoobdpasyroieit
IEesITeIbHOCTY B aKBATOPUSX C PA3IMYHBIMU IIPH-
POOHBIMU YCIIOBUSMM MMeeT O0JbInoe (hyHIaMEH-
TaJbHOE M MPUKJIATHOE 3HAUCHUE IJI TIOHUMaHUS
YCIIOBHII 1 MTHTEHCUBHOCTH 2K3apalliy JHA Ha Mej-
KOBOHBIX 3aMepP3al0IInX MOPSIX U KPYITHBIX 03€pax,
a TaKKe JMHAMUKHU 3THX IIpolieccoB. M3yueHne Biu-
STHUSI U3MEHEHMI KJIMMaTa ¥ JIOKaJIbHBIX (paKTOPOB
(ypoBeHB BOOOEMA, XO3SIMCTBEHHAS IESITEIHHOCTD)
MO3BOJIUT BCTPOUTH MCCIEOOBAHMUS BO3IEHCTBUI
JIBIOB Ha Oepera 1M THO B OOIIYI0 KapTUHY M3MEHEe-
HUI IIPUPOIHOI Cpedbl 3a ITOCIeIHEe BpeMsl.
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