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BBEAEHWE

HanpstxkeHus B 1easiHOM IMMOKPOBE, OOBIYHO 000-
3HayaeMble TEPMUHOM “CKaTus Jibaa” — BaxKHel1ee
SIBJICHUE, OKA3bIBAIOIIIEE CyIIECTBEHHOE BIIMSTHUE Ha
JIIOOOM BUII MOPCKOM NIeSITeIbHOCTU B 3aMep3alolnX
MODSIX, M UX aleKBAaTHBI pacUET WU MPOTHO3 CUU-
TaeTCs aKTyaJIbHOM HayYHO-IIPAKTUYECKOM 3a1ayeii.

ITpocTpaHCcTBEHHAs1 HEOMHOPOAHOCTh TUHAMUKU
JICASTHOTO TTOKpOBa (BKJIIOYast CKATUS) ONIpeaeIsieTCs
HEOTHOPOIHOCTHIO KaK CaMOro JISASHOIO IOKpOBa,
TaK ¥ BO3AEHCTBYIONINX HA HETO BHEIITHUX CHJI. Mak-
po- 1 Me3oMacilTabHble HEOTHOPOAHOCTU AUHAMMU-
KM JIEASTHOTO IMOKpoBa (OT MEPBbIX KUJIOMETPOB 11O
JIECITKOB—COTEH KWJIOMETPOB) OOYCIOBIMBAIOTCS
TakuMu (aKTopaMyd KaK CHMHOINTHYECKas HEOMTHO-
POIHOCTh MOJEN BeTpa U T€UYEHUI, KOH(MUTYypaUs
OeperoBoii IMHMUM, OOIIUPHBIC 30HBI MPHUIIAsi, 30HBI
npeob1agaHus JIbIOB TOrO WJIM MHOTO BO3pacTa.

Yto Ke KacaeTcs MeJKOMAacCIUTaOHBIX (JTOKajlb-
HBIX) HEOMHOPOAHOCTEM IMHAMUKHU, TO OHU ONpeae-
JISIIOTCSI TIPEXE BCEro TeM, UTO PeaibHBIN JIEMIHOM
IMOKPOB COCTOUT M3 JIEASIHbIX OOpa3oBaHU, Mac-
IITA0 KOTOPBIX UCYUCISIETCS COTHSIMU WJIM AasKe Je-
CATKAMU METPOB (JILAMHBI, TOPOCHI, HACIIOCHUSI,
CMOpPO3H1, M T.J.), XapaKTePU3YIOIIUXCS IINPOKUM
pa3HooOpa3ueM MOpQPOMETPUYECKUX, (PUUKO-Me-
XaHWYECKUX U TIPOYUX CBOIMCTB.

B crutou€HHBIX JbIax JoKajibHasi HEOIHOPOMI-
HOCTb TMHAMMKM IIPOSIBIISIETCS B IIEPBYIO ouepenb B

IIMPOKOM pa30poce 3HAUYCHUI HAIIPSDKEHUI B JIEIsI-
HOM IIOKpOBE, 3aYacTylo JOCTUTaIoLIMX IIpeaesia
MMPOYHOCTHU Jibda. DTO MPUBOAUT K OTKAJbIBAHUIO
KYCKOB JibIa BOJIM3M KpaeB JbAWH (TO €CTh BOIMU3U
JIMHUI KOHTaKTa MEXIy JIbANHAMM) 1 00pa30BaHUIO
TOPOCOB, B TO BpeMsI KaK BIAJIM OT JIMHUI KOHTaKTa
pas3joMbl JIBAMH IIPOMCXONSIT 3HAYUTEIBHO pexke.
DTOT OOIIEN3BECTHHIN (haKT CBUIETEIILCTBYET O TOM,
YTO HAaMOOJIbIIIME HAIIPSKEHUS B CIIJIOYCHHBIX JIbAAX
KOHLICHTPUPYIOTCSI, KaK IpaBUIO, UMEHHO BOJIM3U
JIMHUI KOHTAKTOB MEXAY JIbAMHAMU, a 110 Mepe yaa-
JICHWS OT JWHWM KOHTAKTa K “IIeHTpy” JILOIWHBI Ha-
OpsDKeHWs 0ObIYHO ociabeBaroT. MHBIMU ClIOBaMM,
peajbHOE II0JIE CXKATH B JIEASIHOM IIOKPOBE IIpei-
CTaBJISIET COOOM MO3aUKY YJ4aCTKOB C OTHOCHUTEIBHO
BBICOKVMMM WJIM OTHOCUTEIbHO HU3KUMU HampsiKe-
HUSIMU, TIPUYEM pa3Mephl, KOHQUTYpallMd U pacio-
JIOXKEHUE YYAaCTKOB C BBICOKMMM HAIPSLKEHUSIMU
MPEUMYILECTBEHHO COIPSIKEHbBI C TIMHUSIMU KOHTaK-
TOB MEXIY JbAUHAMMU.

I1pu ucciienoBaHUM CKaTU C TOMOIIBIO HATyp-
HBIX HAOMIOACHMIT BOBHUKAIOT CEPhE3HBIC 3aTPyIHE-
Husi. UHCTpyMeHTalbHbIe U3MEPEHUST HaIlPsSKEHUIA
B ApeiiyolmX IbIax Ype3BbIUaATHO TPYAHBI C TOUKU
3pEHMS JIOTUCTUKM, U TI0 3TOIl NpUYMHE HOCST SI1-
30IMYECKUI 1 JIOKAJIbHBIN XapakTep. TeM He MeHee,
Takue HaOJIOAeHUS, ITYCTh ¥ B HEOOIbIINX 00bEMaX,
npoBoawianck. B yactHocTu, B paborax (Tucker et al.,
1991; Tucker, Perovich, 1992; Richter-Menge, Elder,
1998; Richter-Menge et al., 2002; Lepparanta, 2005)
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OIIMCHIBAIOTCI pa3HOOOpa3HBIE ITOJIEBBIC SKCIIEPU-
MEHTEI 110 UI3MEPESHUIO HAIIPSKEHUI B Apeiiyonmx
JIbAAX, YTO JAJI0 BO3MOXHOCTh OLICHUTH ITOPSIIKU Be-
JIMYMH HaTIPSKEHU M, a TAK3KE COCTaBUTH OITpeIeICH-
HOE TIpeACTaBIeHNE O HEKOTOPBIX OCOOEHHOCTSIX MX
IIPOCTPAHCTBEHHO M BpeMeHHOII M3MEeHYMBOCTHU.
OIHaKO UMEHHO B CUJIy OTPaHMYCHHOCTU OOBEMOB
JaHHBIX 3TU PabOThI HE ITO3BOJUIU COCTAaBUTH 00-
IIyI0 KapTUHY IIPOCTPAHCTBEHHOTO pacIipeieICHUs
HaIpsKEHU M.

BusyansHas dpukcams ckaTtuii B 00sI3aTeIbHOM
MOPSIAKE BXOAUT B IIPOrpaMMy BU3YaIbHEBIX aBAAlIM-
OHHBIX U cynoBbIX HaOmoneHuit. C cepenuubl 30-x
1o Havana 90-x rogoB XX BeKa Takue HaOJIOACHUS
peimoJiHsch B CCCP peryngpHoO, M OXBaThIBaJIH
Bce apKTudeckue Mmopst Poccun, a Takke yacth LleH-
TpajdbHOTO ApKTHUYecKoro bacceitHa. B pesynbTate
OBLI HAKOIIJIEH 3HAYUTEIbHBIN 00BEM MH(pOPMALINH,
1 0000IIeHNEe MOJYISCHHBIX JaHHBIX HAJI0 BO3MOXK-
HOCTb COCTaBUThH OIIPEACIEHHOE IIPEACTaBIIEHUE O
XapakTepe MPOCTPaHCTBEHHON U3MEHUYMBOCTHU CXKa-
tuii. B pabore (BoeBonuH, 1978) npemyioxeHa opu-
TMHaJIbHAS HMepapxuyeckass CHUCTeMa MpOCTpaH-
CTBEHHBIX MacIITabOB cxXaTtuii. OMHaKO BU3yaIbHEIC
HaOII0ACHUSI, HECMOTPSI Ha JOCTAaTOYHO ITUPOKUit
BpEMEHHOM 1 reorpaduyeckuii oxBar, coaepxkar aBa
CYIIIECTBEHHBIX HEIOCTaTKa: BO-TIEPBBIX, OHU JAIOT
JIMIIIb KAa4yeCTBEHHYIO KapTUHY, U, BO-BTOPBIX, IO-
CTOBEPHOCTb BU3yaIbHBIX HAOJIIOACHUI OUeHb CUJTb-
HO 3aBHUCHUT OT KBaJIM(UKALUU HAOIIOIATEIIS .

OTMEYEHO, YTO MMEHHO JIOKAJIbHbIE, HO CUJIbHbIS
BCILJIECKM CXaTUl MOTYT OKa3aThCsl Haubojee ce-
PBE3HOM Yrpo30i1 JIsI MHXEHEPHBIX OOBEKTOB, Ha-
npuMep, IS CyI0B, IJIaBaroIIMX BO JbIaX, MOCKOJIb-
Ky CYOHO HEIIOCPEACTBEHHO CTaJKUBAETCI HE CO
“cpemHuUM TIpeoOJiagarouM (OHOM” CXaTuii, a
MMEHHO C peaJlbHbIMU JOKAJIbHBIMU BO3MYILICHUS -
MU, OPOCTPAHCTBEHHBIM MaciuTad KOTOPBIX COIIO-
CTaBUM C pa3zMepamu cynHa. ITo 3Toit mpuynHe WH-
dopmalus 0 4acTOTe U MHTEHCUBHOCTH JIOKAJIbHBIX
OYaroB CXaTWi CYMUTAETCS UHTEPECHON M aKTyallb-
HOM Kak C Hay4YHOM, TakK M C IMPAKTUYECKOMA TOUKHU
3peHus. Lleab paboThl — UCCeI0OBaHUE CTAaTUCTHUYE -
CKUX XapaKTEpUCTUK TOJIEU CXKATUU JIEASTHOTO IIO0-
KpOBa U ONpeaeIEeHUEe OCHOBHBIX IOAXOI0B K aJiro-
pUTMY, MO3BOJISAIOLIEMY OLIEHUBATh DKCTPEMAJIbHbBIE
CXKaTUsl B MUHMMAaJIbHO BO3MOXHOM MacllTabe.

METOI 1 JAHHBIE

Bbllie oTMedYeHO, UTO pelleHre TaKoil 3amaun Ha
OCHOBE DPEe3yJIbTaTOB HATYpPHbIX HaAOJIOJEHUII HEBO3-
MOXHO. [ToaTOMY MPUMEHSIIOTCSI METOJIBI MaTeMaTU4e-
CKOTO MOJICJIMPOBAHMS — BUPTyaJTbHAsT MMUATALIVST IV~
HAMUKH JIEISTHOTO MOKPOBA, BKITFOYAS CKATHS JILIOB.

Pacuér u mporHos cxkatuii JieIsTHOro MTOKPOBa BhI-
MOJIHSETCI C TMOMOIIBIO AWMHAMUYECKUX MOJEeH,
YUCJIEHHAs peain3anusi KOTOPbIX OOBIYHO MPEAIIo-
JlaraeT amnIpoKCHUMAallMI0 pacuy€THOI 00JIaCTH C IO-
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MOIIBIO PEeryasIpHOI ceTKU. B obmemM ciygae 6oJee
BBICOKAsl MPOCTPAHCTBEHHAS ACTAIM3alMS MOIEIN
oousiee npenmnouTuTeabHa. OQHAKO MPUMEHUTEIBHO K
MOJEJISIM, UMUTUPYIOIIMM AMHAMUKY JICISTHOIO I10-
KpoBa, HIXKHUII IIpeAesa Iara perysipHOil CceTKu
MMeEEeT BaXKHOE OrpaHMYeHMeE: IIar CETKM IOJDKEeH
OBITh CYIIIECTBEHHO OOJIbIIe, YEM XapaKTepPHBIN pa3-
Mep JAbIWH B JaHHOM Oacceiire. 1o aToii mpuanHe
IIar CeTKU ISl MOAESJIM IUMHAMUKU JICASTHOTO MOKPO-
Ba He JOIKeH OBITh MEHBIIIE 4—5 KM, 1 OOBIYHO CO-
craBisieT OoT 5 10 50 KM B 3aBUCUMOCTH OT CITeLI(PI-
K1 3amaur. COOTBETCTBEHHO, CXKATUS, [IOJIYYEHHBIC C
MMOMOIIIBIO YUCISHHON MOAEIN IMHAMUKU JICASTHOIO
MMOKpPOBa — 3TO 3HAYEHUS, OCPETHEHHbIE IT0 TLIOIIA-
N STYEHMKU CEeTKU, COCTABJISTIOIIME HECATKU—COTHU
KBaJIPaTHBIX KWJIOMETPOB.

Takast mpocTpaHCTBEHHAas JeTaiM3allUsl BIIOJIHE
npuemiieMa IJisi BOCIIPOM3BEIEHUS W3MEHUYUBOCTU
JIWHAMUKHU JIEASTHOTO TIOKPOBa, 00YCIOBIEHHOI KakK
pErMOHAILHEIMY MaKpOMacCIITaOHBIMU (haKTOpaMu
(OeCATKU—COTHM KWJIOMETPOB), TaK M Me30Mac-
IITaOHBIMU JIETAJISIMU JIETOBBIX YCIOBUM (KMIOMET-
pBI—IepBhIC IECIATKU KUJIOMETPOB), HO BO BTOPOM
cliyyae HeoO0XO0IMMO MPUMEHSITh MAaKCUMAJIbHO BO3-
MOXHYIO IIPOCTPAHCTBEHHYIO AeTaIN3aluIo, TO €CTh
IIIar CETKM JTOJDKEH COCTaBIISITh He Oosee 5—10 kM.

Kak ormMeudanoch BhIIIE, XapaKTepPHbIC pa3Mephl
JIEISTHBIX 00pa3oBaHUil (JIbAUH, TOPOCOB U T.1.), “OT-
BETCTBEHHBIX’ 33 CHMJIbHBIE JTOKAILHBIC BO3MYIIICHUS
M10JIsI HATIPSDKEHUM, CYIIIECTBEHHO MEHBbIIIE, YeM pa3-
Mep STYEHKU CETKM B JIIOO0M MoIennu AMHAMUKU Jie-
JISTHOTO MTOKPOBA; OTCI0/Ia OYEBUIHO, UTO C TIOMOIIbIO
YUCJIEHHON MOAEIN MEJIKOMACIITA0OHYI0O MPOCTPaH-
CTBEHHYIO HEOMHOPOTHOCTh CXXAaTU BOCIIPOU3BECTHU
HEeBO3MOXHO. OpuUrnHajabHasi MONBITKA OLIEHUTD JIO-
KaJbHbIE CXXAaTHs, OTTAJIKMBAIOIIASICS OT PE3YJILTATOB
MOAEJIMPOBAHUSI TUHAMUKU JIEASHOTO ITOKpOBa C
maroM cetka 5.12 KM, TpenmpuHsTa B padboTe
(Lemieux et al., 2020).

B 37011 paboTe BHINOJHEHO TUAPOANHAMUYECKOE
MOJACINPOBaHNE TUHAMUKHU Jba “BHYTpU~ SYEHKU
CETKU C IPUMEHEHNUEM CPEIHMX 3HAUYCHUIT CXKaTUS B
YeThIPEX COCEOIHMX sueiiKax KaK IpaHMYHBIX YCJIO-
Buii. IToydeHsl OlLIEHKM ITPOCTPAHCTBEHHOM HEOmI-
HOPOIHOCTH CXaTusl B IIpeaeiax iueiiku CETKU, TIpr-
y€M MeCTaMM 3TU JOKaJbHbIC CXaTUsI Ha MOPSIOK
MpeBBIIAIN cpeaHee 3HauyeHue. OmHaKO OCOOeH-
HOCTb 3TOM pabOTHI 3aK/II0YAETCS B TOM, YTO MOJICIH -
pOBaHUE JIOKAIbHOM TMHAMHWKH BHYTPHU STICHKU ObI-
JIO OCHOBAHO Ha JOMYIIEHUH, YTO JIEASTHOI ITOKPOB —
9TO CIUIOIIHAS Cpeda, TO €CTh TMCKPETHBINM XapakTep
JICASIHOTO MOKpOBa UTHOpUpoBaJics. Takoe noryiie-
HUE, B IIPUHINIIEC IIpHUeMJIEMOe TP Me30MacITad-
HOM MOZEIMPOBAHNUM, MOXET NaTh CYIIECTBEHHEIC
WCKaXXEHUSI IIPU BOCIIPOM3BEACHUHN JTOKAIBHBIX 3¢ -
(GEeKTOB TMHAMUKH. ABTOPHI pabOTHI, XOPOIIIO ITOHU -
Masi 3Ty 0COOEHHOCTb, OITyOJIMKOBAIN CBOE UCCIIEIO-
BaHME B “IUCKYCCUOHHOM” TIOPSIIKE.

B pamkax Haieil paboThl pelmeHO NPUOETHYTh K
CTAaTUCTUYECKOMY aHAIM3y PE3YJIbTATOB MOICINUPO-
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BaHUS AWUHAMUKU JIASTHOTO MOKPOBa C Pa3IMYHbIM
MPOCTPAHCTBEHHBIM paspenieHrueM. st aToro Obl1a
npuMeHeHa pa3paboTaHHass B ApKTUYECKOM M AH-
TapKTUYECKOM HayYHO-UCCIEA0BATEIbCKOM MHCTH-
tyTe (AAHUW) yncneHHasi A[MHaAMUKO-TepMOIHA-
MuyecKas Molie/lb BBOJIOLUMU JIEASIHOTO IOKpPOBa.
Ata mozensb ¢ cepeanHbl 2000-X TOIOB ITPUMEHSIETCS
JUTSL COCTaBJIEHUS PETYJISIPHBIX KPATKOCPOUHBIX Jie-
JIOBBIX TIPOTHO30B B apKTUYECKUX U 3aMep3alroliux
HeapKTuiyeckux Mopsix Poccuu (onHa u3 nmociaemHux
Bepcuii MoJiesiu onucaHa B padore (KuistukuH u ap.,
2020), 1 gaeT BIIOJIHE YIOBJICTBOPUTEIIBHBIC PE3yIb-
tathl (KissukuH u ap., 2015).

B ocHOBe Momenu — cucTeMa ypaBHEHMWI OUHA-
MUWKU U TEPMOAMHAMUKY OKeaHa U JIeASTHOTO MOKPO-
Ba C COOTBETCTBYIOIINMU HAYaJIbHBIMU ¥ TPAHUYHBI-
MU ycsioBusiMr. OKeaHCKHiT 0JJOK OCHOBAH Ha MOJIe-
s IpuHctoHckoro yausepcutera CIIIA, B KoTopoii
IJIsl ONUCAHUsI BEPTUKAIbHON CTPYKTYpbl OKeaHa
IIPUMEHSIIOTCSI TaK Ha3blBaeMbl€ G-KOOPJAMHATHI, TO
€CTh BepTUKAJIbHAsI CTPYKTYpa MpeacTaBieHa pUKCH-
POBaHHBIM KOJIMYECTBOM CJIOEB, TOJIIMHA KOTOPBIX
3aBUCUT OT IIIyOMHBI MecTa. TepMudyecKne M3MeHe-
HUSI JIEISTHOTO TTOKPOBA PaCCYMTHIBAIOTCS C TOMOIIBIO
ypaBHEHUsI TEIJIOBOro OajiaHca ABYXCJIOHOI cpelbl
“nén—cHer” (Hukonaea, Illectepukos, 1970).

AuHaMuKa JIeIsTHOTO TMOKPOBa PaCcCUUTHIBACTCS
Ha OCHOBE YpaBHEHUSI IBUXKEHMS, TIe B MPaBoii ya-
CTH IIPUCYTCTBYIOT ClIaraeMbIe, OMCHIBAIOIINE Kaca-
TeJbHBbIC HANpPsSDKeHUs] Ha BepXHEW M HIKHeEH Io-
BEPXHOCTSIX Jibaa, cvty Kopuonuca, cuiy, o6ycioB-
JICHHYIO HAKJIOHOM YpPOBHSI, M CWJIy BHYTPEHHETO
B3aMMOJICHCTBUS B JICASTHOM TTOKPOBE.

Hampsokenust Ha TTOBEpPXHOCTSIX JibIa, OOYCIIOB-
JIEHHbIE BO3JEMCTBUEM BETpaA U TEUEHUI, OLIEHUBA-
I0TCSI C TIOMOIIbIO U3BECTHOTO KBaIPAaTUYHOIO 3aKO-
Ha (I'vonkoBuu, loponuH, 2001), ipu 3ToM K03 Pu-
LUEHTHl TPEHUSI 3aBUCAT OT TOPOCHUCTOCTU JIbAA.
Cuna Kopuoinmca 1 mpoeKiys CUIbI TSDKECTH Ha IO-
BEPXHOCTh MOPSI 3aaI0TCSI TPAIUILIMOHHO.

B nmaHHOIT Modenu cuMTaeTcs, YTO JICASHOM I10-
KPOB IIPOSIBJISIET CBOMCTBA, XapaKTEePHbIE IJIsI BI3KO-
IUlacTuueckux cped. Bs3koe B3amMomeiicTBUE B Jie-
JISTHOM TIOKPOBE ITOIPOOHO pacCMOTPEHO B padoTte
(Annensb, I'yokosuu, 1992). ComnacHo 3Toi1 padore,
cnjla BHYTPEHHCETO BSaMMOﬂeﬁCTBMH npomnopuuo-
HajlbHa JOUBEPIreHIIMM BHYTPEHHUX HAIIPSKEHUIA.
BHyTpeHHUe HanpspkeHust Oy, O,,, COOTBETCTBYIO-
1I1Me TJIaBHBIM OCSIM TEH30pa CKopocTeil aedopma-
LI1i1, pacCCYUTHIBAIOTCS MO (popMmyIie:

Oy = Kege 0 = Kgyy (1)
ITapametp K onpenesisieTcst CASAYIONIMM 00pa3oM:

1) K= K,H(3N — 2) ripu BBITIOJITHEHUU KaXIIOTO U3
BCEX CJIEAYIOLIUX YCIOBUIA:

a) N >0.67
6) divi’} < 0 ()
B) &; < 0 nmbo &,, <0

2) K = 0 1ipu HEBBIIIOJTHEHUHN XOTS ObI OTHOIO U3
ycioBuii (2).

3neck Ky =12 % 10"0krc™' M2, &, €, — MHBapH-
aHTbl TEeH30pa CcKopocTeil nedopmaiuii, COOTBET-
crByoue ocsam &y ammunca aebopmanuii, N —
CIUIOYEHHOCTH JIbaa, W — ckopocTh apeiida.

OcobeHHOCTh Ae(OPMUPOBAHUS TJIACTUUECKUX
cpel — HajJlu4yue IMOPOroBOro MexaHu3Ma, TO €CTh
cpega nmegopMupyeTcs IIpU JTOCTATOYHO OOJIBIIMX
BHEIIHUX Harpy3kax. Eciau HanpsokeHUs B JIEASTHOM
IIOKPOBE IIPEBLIIIAIOT HEKOTOPHIH IIPEei, TO B 3TOM
cliydyae MOJeJib JOITyCKaeT BO3MOXHOCTb HaKoOILIe-
HUA “JUITHETO” 00BhEMA JIbIa B ITpeaeiax HEKOTOPOt
wiomanu (I4eiiKu CeTKU), TO €CThb TOPOIIECHUS.
B naHHOM ciydae 3TOT IIpefesl OLICHMBAEeTCs KakK
YCTOMUYMBOCTh JIEASHOM IJIACTUHBI, JeXallel Ha
YIIPYTOM OCHOBAHMH, II0 OTHOIIEHMIO K IIPOIOJILHO-
My u3ruoy (Xeiicun, MBuenko, 1975). Ecau Hampsi-
XKEeHHe HEeIOCTaTOYHO, TO YTOObI HAKOILJICHUS JIMIII-
Hero oobeMa He IPOUCXOAUIO, IPUMEHSIETCS CITELI -
ATbHBINA MCKYCCTBEHHBIN IPUEM, 3aKITIOYAIOIINIICS B
UTEepaTUBHOI KOPpPEeKIIMHU I10js Apeiia B COOTBET-
CTBMU C YCJIOBUEM HEOTPULATEILHOM AUBEPIreHIIVN.
OnucaHHBIM OPUHLMUI, MO CYIIECTBY, UMUTUPYET
IUIAaCTUYECKOE MOBEICHNE JICISTHOTO IIOKPOBa.

YucneHHas peaJu3alivsi MOJIeJIM OCHOBaHa Ha arl-
MPOKCHUMALIUU PACUETHOM 00JIaCTH PETYJISIPHOM paB-
HOIUTOIIAgHOM ceTKoii. IIlar ceTkm MoXeT Bapbupo-
BaTbCs OT 5 10 50 XM B 3aBUCUMOCTU OT pa3MepoB
BBIOpAHHOI pacu€THOIi 001aCTH.

JlenstHO#T MOKPOB MpencTaBiIeH HAOOPOM MapKe-
pOB, KaXOblii M3 KOTOPBIX XapaKTepU3yeTCs IpPO-
CTPAHCTBEHHBLIMY KOOpAUHATAMMU B J€KAapTOBOI CU-
cTeMe, TOJIUHOM, MPUOaBKOM TOMIIUHEI 3a CYET TO-
POCOB U CKOpocCThIo. [lepeMellieHre U TepMUYECKOe
W3MEHEHUE TOJIIMHBI PaCcCUMTBHIBAIOTCS OTIEIBHO
JUIST Kaxkaoro Mapkepa. Cujibl BHYTPEHHETO B3auMO-
NIEACTBUS, BO3HUMKAIOIIUE TIpU Apeiide, cuuTaloTcs
OIMHAKOBBIMU B Mpenenax sueliku. BeiTopamimnBae-
Mble MapKepbl MCKIIIOUAIOTCS U3 JaJIbHEMIIEero pac-
yeTa, a MX CyMMapHasl TOJIIMHA PaBHOMEPHO pac-
MpeaessieTcsl Cpeard OCTaBIIMXCS MapKepoOB JaHHOM
SYEKM KaK NMpuOaBKa TOJIIWHBI 32 CYET TOPOCOB.
CooTHoLIeHUE TOJIIUHBI POBHOTO JIbIa Y NpUOaBKN1
TOJIIIIUHBI, OOYCIIOBJICHHOW TOpOCaMU, OIpENessieT
TOPOCHUCTOCTh JAHHOTO MapKepa, KoTopasl, KaK OT-
MeyJaJiach BBIIIIE, YIMTHIBAETCS IIPU pacueTe TaHTCH-
LaIbHBIX HAIIPSKEHUI Ha TIOBEPXHOCTSIX JIbAA.

s 3apaHusl HavYalbHBIX YCJIOBUI MO TepMoxa-
JIMHHOM CTPYKTypEe OKeaHa P COCTaBJICHUM “HOBO-
ro” TmporHosa (pacu€Tra) YYUTHIBAIOTCSI Pe3yJIbTaThl
MpeAabIayIIero mporuo3a (pacuyé€ra) ¢ MpuMeHeHUEM
CIleLIMaJIbHOM MpOLEeayphl COIJIACOBAHUS PACYETHBIX
MoJIe TeMIlepaTypbl U COJIEHOCTH C (haKTUIECKUM
COCTOSIHUEM JIEISTHOTO ITOKPOBa.

Jns 3amanust atMocepHoro GopcuHra rmpumMe-
HSTIOTCSI Pe3yJIbTaThl IJI00AJBHOM CUCTEMBI TIPOTHO-

JEI U CHET  Ttom 63 Nel 2023
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30B (Global Forecasting System, GFS) ¢ BpeMeHHBIM
[IIaroM, paBHBIM TPEM YacaM.

st 3amaHus] HavyaJIbHBIX YCJIOBUI T10 JIEASTHOMY
IMOKPOBY IPUMEHSIIOTCSI JICKTPOHHBIE JIEAOBBIE Kap-
el AAHWMU B BekTOpHOM (hopMmare “lreitrn-daiin”,
B COOTBETCTBUM C MEXIYHApOIHBIM CTaHAAPTOM
SIGRID-3. C moMoIlIbio CIIeUAIbLHON MPOLEIYPhI
BEKTOpHasl JIeAOoBasl KapTa mpeoOpasyeTcss B Habop
MaTpull, IOe KaXIblid 3JIEMEHT KaXXOOW MaTpUIIbI
O3HayvaeT BEJIMYMHY COOTBETCTBYIOILIETO IapaMeTpa
JIEISTHOrO MOKPOBa B COOTBETCTBYIOLLEH SIYEHKE CEeT-
ku. [ToHSITHO, 4TO CeTKM ¢ 0o0Jjiee BBICOKUM IIPO-
CTPAHCTBEHHBLIM pa3pelieHUEeM IOJHee OTpaKaloT
KaK MeJIKMe MOoApOOHOCTHU JeAOBbIX YCIOBUI, TaK U
MeJIKME JeTaau KOHGUrypauum OeperoBOil YepThl.
DTO MPUBOIUT K TOMY, YTO IPHU MEJIKOI CETKE KOH-
TPacCThl JICHOBBIX YCIOBUII MEXAY COCETHUMM STUYCii-
KaMU B CpelHEM OKa3bIBalOTCsl 0ojiee Pe3KUMHU, U,
clieoBaTeIbHO, MOJI€ HANpPsSKeHUI B JIEASIHOM IO-
KpOBe, IMMOJIYYeHHOE C IIOMOIIBIO MOJIENI ¢ OoJjiee ae-
TaJIbHOM CETKOM, HOJDKHO OBITh MEHEe INIaAKKM.
CoOCTBEHHO, B IPUPOE TaK OHO U €CThb, TOJILKO eIé
0oJiee BhIpaXXeHO, ITOCKOJIBbKY B IPUPOJE €IIE CyIle-
CTBYET COBCEM MeJIKOMAacIITaOHasi ITPOCTPaHCTBEH-
Hasi HEOMHOPOMTHOCTh C XapaKTEpHBIM MacIITadoOM
JNeCITKU—COTHU METPOB (pa3HOOOpa3HbIe JIbAWHBI,
TOPOCHI, U T.1.). [IpenrnonoxeHo, 4To pa3andus B pe-
3yJbTaTaxX MOJAEJIMPOBAHUS IUNHAMUKU JIEASTHOTO 10~
KpoBa IIpY NPUMEHEHUM CETOK C pa3jIMYHOIl IIpo-
CTPAHCTBEHHON AeTalM3aliieil UMEeIoT Mona coOOi
peabHYI0 MPUPOITHYIO OCHOBY.

ONMCAHUE PACYETOB

C MOMOIIBIO OMUCAHHOM BbIIIE MOJEJIU BBITION-
HEHBbl UMUTAILIMOHHBIE PACYETHI JIEIOBBIX YCIOBUN C
MISITHhIO BapMaHTaMU PETYISIPHOM CETKU: CeTKa C Ia-
roM 50 kM, oxBaTtbiBatolasi Becb CeBepHbIii JIeqoBu-
TBII OKeaH, BKJIIOUasi apkTuueckue mopsi Poccum;
CeTKa ¢ maromM 25 KM, OXBaTBIBAIOIIAs BOCTOYHYIO
nonoBuHy bapeHnesa mops u nenmkom Kapckoe mo-
pe; ceTka ¢ maroM 12.5 KM, oxBaTbIBalollasi 10ro-3a-
nmaaHyio yactb Kapckoro Mopsi; cetka ¢ marom 10 km,
oxBatbiBawlass Ileyopckoe mMope; ceTka C I1arom
5 KM, oxBartbiBamolas balimapaiikyto ry0y ¢ mpuiera-
IOLIUMHU C ceBepa MoAXOdaMU.

Takmm o6pazom, baiimapaiikas ry6a ¢ mogxomaMu
noragaeT B YeThIpe ceTku: 50 kM, 25 kM, 12.5 kM u
5 kM, a Iledyopckoe Mope momagaeT B TPU CETKU:
50 kM, 25 km u 10 kM. COOTBETCTBEHHO, UMEHHO 3TU
IBa permoHa — baiinapankas ryoa u Iledopckoe Mo-
pe — UTParoT POJIb “TECTOBBLIX ITOJUTOHOB” IS MC-
cJIeIOBaHUS CTaTUCTUKM cxXaTuii. B 3aBucumocTu ot
1Iara CETKM KOJIMYECTBO siueekK, MOoIMaaalliX B 3TU
TECTOBBIC€ ITOJIUTOHBI, PA3JIUYHO: B CETKE C IIIaroM
50 km — 90 stueek (13 Hux Ha Ileyopckoe Mope TIpu-
xogutcss 69 syeek m Ha baiimapankyio ryoy —
21 syeiika); B ceTKe ¢ 1maroM 25 km — 363 gueiiku (13
Hux Ha Ilegyopckoe Mope nipuxonutcs 284 sueiiku u
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Ha baiimapaiikyio ry0y — 79 siueek); B CETKe C IIaroM
12.5 km — 315 sgueexk (Bce — baitmapankas ry6a); B
ceTke ¢ mrarom 10 km — 1749 sgueex (Bce — Ilewopckoe
Mope); B ceTKe ¢ 1arom 5 kM — 2052 sgyeiiku (Bce —
baitmapaiikas ry6a). I'eorpacduyeckuii oxBar CETOK U
TMOJIOXKEHE TECTOBBIX MOJIMTOHOB ITOKAa3aHbI Ha puc. 1.

ITponomkuTeIbHOCTh MOICIMPOBAHUS COCTaBUIA
92 cytok — co 2 sHBaps no 3 anpens 2018 1. Bpe-
MEHHASI TUCKPETHOCTDb 3alUCH Pe3yJIbTaTOB COCTa-
BIa 1 4ac, 9TO IMO3BOJIMJIO IIOJYYUThH IUIST KaKIOM
sTyeiiku Kaxmoit ceTku 2208 3HayeHMii cxkaTtust. Boi-
0op Takoro mepuoja JJjis aHajiu3a CXKaTUi ¢ Havajia
SHBapsl OO Hayajla arpesis OOyCIOBJIIEH TE€M, 4YTO
MMEHHO B 3T0 Bpems B Kapckom u bapeHiieBoM Mo-
psix HaGmogaeTcsl “onTUMalbHOe” couyeTaHue TOJI-
IIVHBI U TIOABVKHOCTHU Jibaa. B Hauase 3UMBbI (110 STH-
Bapsl) €II¢ CIMIIKOM MaJja TOJIIMHA JIbAa, a B KOHIIE
3UMBI (ITOCJIE MapTa) M3-3a OOJIBIION TOJIINHEI CHI-
JKaeTcsl MOOMJIBHOCTD JieAsTHOTO TToKpoBa. Ha puc. 2
MoKaszaHbl TIPUMEPHI MOJIeH CXKaTUs JbJa 3a OOUH U
TOT XK€ MOMEHT BPEMEHHM B CETKaxX C pa3HbIM II1arOM.

ITocKonbKy pacuéThl BBIMOJHSUIMCH JIS1 OTHOTO U
TOTO Xe pervoHa, HO C pa3HOl MPOCTPaHCTBEHHOM
JeTanu3anueil, To HECJIOXHO OIpeAeInuTh, KakKue
SIENKM “MeJIKOI” CeTKM reorpadrdecKy MoramgamT
B IIpeAesibl HEKOTOPOI 3amaHHO siueiiku “Tpy0oit”
ceTku. To ecTb, Kaxaoii siueiike “rpy0ooii” ceTKu reo-
rpapuuecKu COOTBETCTBYET HEKOTOpasl Tpymria siue-
eK “Menkoit” ceTkH. B oOIIIe CIIOKHOCTH ITOTydaeT-
Ccsl BOCEMb BapMaHTOB reorpauyeckoro COOTBET-
CTBUSI MEXIY “TPpyOBIMM” M “MENIKUMHU” CEeTKaMM.
CxeMaTU4YHO 3TOT IMIPUHIIUIT TPOULIIOCTPUPOBAH Ha
puc. 3.

Takum o6pa3oM, cXaTue B KpPYITHOI stdeiike,
onpenenéHHOoe 110 MOIEIU ¢ “Tpy0oil” CETKOM, IIpe-
CTaBJISIET COOOI CpenHee 3HaAYeHUE, a CXKATHUS B TPYII-
TIe MaJIBIX sT9eeK, TeorpauIecK COOTBETCTBYIOIIMX
KPYITHOU sTYeiike, MOXHO WHTEPIIPETHPOBATh KakK
HEKOTOPYIO ClydyaiiHyl0 BEJMYUHY, XapaKTepu3ylo-
IIyIO0 TIPOCTPAHCTBEHHYIO M3MEHUMBOCTb CXKATU B

npeaenax JaHHOM KPYMHOM STYeHKU.

PE3VJIbTATbBI PACYETOB
N UX OBCYXKAEHUE

AHaln3 MOACIBHBIX PE3YJIbTATOB BHITIOJIHSIICS
CIeayIoIIUM 00pa3oM — paccMaTPUBAIUCh CETKU C
mraroMm 25 kM (pernoH — Bc€ Kapckoe Mmope, BocTou-
Has yacTh BapeHileBa u mpuiteramomnast yacth LleH-
TpaJbHOTO OacceitHa, Bcero nopsiaka 4 Teic. si4eeK) u
5 kM (permoH — baiigapankas ryba ¢ mogxomamu,
BceTo mopsaka 2 Teic. ssueek). 1o pesyiapraTam Mome-
JIMPOBAHUSI HA HEKOTOPbIII MOMEHT BpEMEHU CyIIe-
CTBYIOT 3HAYCHMS CXKATUS B KaXKIOM sTueiike 25 KM, 1
Ha 3TOT K€ MOMEHT BPpEMEHU — 3HAYCHUS CXKaTus B
Kaxnoii ssueiike 5 km. M3 6onpmoro pernona (Kap-
cKkoe 1 bapeHIlIeBO Mopsi) BBIOMpAIOTCI Te SYEHKU
CeTKHM, KOTOphie TomnajgalT B paiioH balimapalikoii
ryonl ¢ moaxonamu (79 siueex). st Kaxknoid U3 3TUX
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Puc. 1. CxeMbl SITH pacYETHBIX CETOK, TPUMEHEHHBIX JUISI MOAEIbHBIX PACYETOB (PO30BBIM IIBETOM OTMEUEHBI STY€IKU, IO KO-
TOPBIM ITPOBOAMJICS aHAI3 MOAEJIBHBIX pe3ysibTaToB): @) CeBepHBIii JlenoBUTHIN OKeaH, ceTka ¢ maroM 50 kMm; 6) bapeHiieBo
u Kapckoe Mopsi, ceTka ¢ 1aroM 25 KM; ¢) 1oro-3amnanHast 4actb Kapckoro Mopsi, cetka ¢ marom 12.5 kM; ¢) Ilewopckoe mope,
cetka c marom 10 kM; d) balinapaiikas ry6a ¢ ceBepHbIMUM MTOIXOAAaMM, CETKA C IIIarOM 5 KM.

Fig. 1. Diagrams of five model grid nets used for the simulations. Pink color indicates the grid cells used for the analysis: @) the
Arctic Ocean, grid net with 50 km spatial resolution; 6) the Barents and Kara Seas, grid net with 25 km spatial resolution;
8) the south-western Kara Sea, grid net with 12.5 km spatial resolution; ¢) the Pechora Sea, grid net with 10 km spatial resolution;

0) the Baidara Bay with northern approaches, grid net with 5 km spatial resolution.

79 “OonplInx” styeeK noadupaeTcs rpyIia u3 25 reo-
rpapuyeckd COOTBETCTBYIOIIMX “MayIbIX” suyeek.
ITo xaxnmoii rpyrre (B rpymre — 25 MajbIX s4eeK C
1IarOM 5 KM) BBIYMCIISIIOTCS CpeHEee U CPEIHEKBal-
patudeckoe orkioHeHue (CKO). Torna njis Kaxkaoi
u3 79 60abIIKX 25 KM sUeeK MmojydaeTcsl TpU Yucia:
3HAYECHME CXaTusl B OOJBIION 25-KMUJIOMETPOBOIM
syeiike (TTOJIy9eHO HEMOCPEACTBEHHO U3 MOJIETbHBIX
pacu€ToB); cpemHee cxKaThe B IpyIIIe U3 25 MajbIx

5-KMJIOMETPOBBIX sYeeK (MOJy4yeHO B pe3ybTaTe
craTuctuyeckoii oopadorku); CKO cxxaTtus B rpyrmne
u3 25 MaibIX 5-KWJIOMETPOBHIX siueeK (IIOJIy4yeHO B
pe3yibTare CTaTUCTUYECKO 0OpaboTKM).

Ta e mporieaypa MoBTOPSIETCS VTS CASAYIOIIETO MO-
MEeHTa BpeMeHH, TTOTOM — TSI CISyToIero u T.4. B pe-
3y/bTare HabupaeTcs nopsaka 170 Teic. TaKuX “Tpoek”.

3aTeM BCE MHOXECTBO MOJMYYMBILIUXCS 3HAUYCHMIA
paszeneHo Ha TpU IOOMHOMKECTBA: Ciaydan “ciaabo-

JEI U CHET  Ttom 63 Nel 2023
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Puc. 2. I[Ipumepsl noseit cxkatuii B baiinapatikoii rydoe u ceBepHbix noaxonax K Heit Ha 02.03.2018 r. 02—00 UTC (Universal

Time Corrected), pacCUYMTaHHBIX C TTOMOIIBIO MOJIEJIA C Pa3HBIM ITPOCTPAHCTBEHHBIM IIIATOM: @) CETKa C II1aroM 25 KM; 0) ceTKa
c mraroM 12.5 KM; 6) ceTKa ¢ I1aromM 5 KM.

Fig. 2. Examples of ice pressure fields in the Baidara Bay and its northern approaches on 02.03.2018 02—00 UTC simulated with

the help of model with various spatial resolution: a) grid net with 25 km spatial resolution; 6) grid net with 12.5 km spatial reso-
lution; ¢) grid net with 5 km spatial resolution.
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Puc. 3. BapuaHTsl reorpacr4eckKoro COOTBETCTBUSI MEXIY OIHOI ssueiikoit “rpy6oit”
Ku. “Manas” siuelika COOTBETCTBYET “OO0JbIIOIN”

59

“OOJIBIIION” STYCHKM.

CEeTKM U IPYMIION sTYeeK “MeNIKoi” ceT-
B cllyyae, ecjii LEHTp “Majoil” siyeiiky momnajaaeT B IMpeaesibl MIouanu

Fig. 3. Variants of the geographical correspondence between one cell of “rough” grid net and the group of cells of “detailed” grid
net. “Smaller” cell corresponds to “larger” one if the center of “smaller” cell is located within the area of “larger” cell.
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ro” mpeida (menee 0.15 m/c), ciydyam “cpemHero”
npeiida (ot 0.15 go 0.60 M/c) U caydyan “cUiIbHOrO”
npeiida (6omee 0.60 m/c). JIast Kaxkaoro mMogMHOXKe-
CTBa BBIYMCJICHBI CIEAYIONINE CTAaTUCTUKU: CPETHUE
cxatus B “Oonbluux” syeiikax (P.); cpenHue cxa-
TUs B rpynnax “mansix” stueek (P,,); cpennue CKO
cXXaTus B TpyImax MajblX siueek (Op,); Koadbduiiu-
€HTBl KOPPEISIIIUM MEXIy CXaTueM B OOJBIION
sTYeiiKe M CPEHUM CXaTUEM B IPYyIINe MaJIbIX siYeek
(CCy); K02DOULIMEHTBI KOPPETSILIMU MEXIY CKa-
TeM B Oonpioi sueiike 1 CKO cxartust B rpyrie
Masbix staeek (CCg )5 KOO OULMEHTHI KOPPETSIIMN
MEXIYy CPEIHUM CXKaTHeM B TPYIIie MaJIbIX siYeeK 1
CKO cxarus B rpyrie Manbix sdeek (CC,, ).

AHQJIOTUYHO BeCh PacyET MOBTOPSETCS IUIS BCEX
ocTaJIbHBIX TTap ceTok (50/25, 50/10, 25/10 1 T.1.).

Bce nepeuynciaeHHBIE CTATUCTUKU ITOJIYYEHBI TSI 8
BapUaHTOB COITOCTABJICHUS CKATUM B pa3HBIX CETKaX
W JIJISI TPEX BApMAHTOB CKOPOCTEM apeiida, NTOTo 1o~
JIyannoch 24 Habopa cratucTuk. OTMedeHo, YTO CO-
OTHOIIICHNE PAacCMaTPUBAEMBbIX ITPOCTPAHCTBEHHBIX
JeTan3aluii TaKoBO, YTO IPYIINa MaJlbIX siueeK, Co-
OTBETCTBYIOIIAST OMHOM OOJIBIION STYEiKe, HACUMTHI-
BaeT B gyuineM ciaydae 100 mryk (50/5 kM), a B Xy1-
mem — 4 (50/25 km u 25/12.5 xm). OlieHKa cpeaHero
u CKO, nojiyyeHHasl 1o TakKoil Majioii BBIOOpPKE, He
MOXET OBITh ycToiumBoii. Ho MOCKOJIBKY KoJIMde-
CTBO BBIOOPOK MCYMCIISICTCS OECATKAMU THICSIY, TO
KOHEYHAas CTaTUCTUKa, OO0O0OIIaiomasi 3Ha4YeHUS
cpenHux U1 CKO, momakHa OBITH BIIOJHE HaAEKHOI.
Pesynbrarhl 3THX pacyeToB ITIpUBEIECHEI B TA0I. 1.

JlaHHBIe TabJ. 1 CBUIETEIHCTBYIOT O CICAYIOIIEM.
Bo-nepeuvix, cxatusi, pacCYUTAaHHbIE MO OOJBIINM
slyeiikaM, U CpeAHMe CXaTusl T0 TpynraM MajbIxX
sJyeeK B 1IEJIOM JOCTAaTOYHO OJM3KU MEXKIY COOOIt.
I1pu crabom npeiipe pa3HUIIa B CpeTHEM COCTABIISIET
0.1 xIla (Mmenee 1%), npu cpemHeM — 3.3 kIla (4yThb
Boie 11%), u npu cuisHoM — 8.9 kI1a (okos0 19%).
DTO TakKe IMOATBEPKIAAETCS IOBOJBHO BBICOKUMMU
MOJIOXKUTEIbHBIMUA 3HAYCHUSIMU  KO3(MDOUIIUEHTOB
koppessiunu CCg,, (MEXIY CKATUAMM 110 OOTBLUIMM
sTYeKaM U CPEIHUMM CXKATUSIMU 110 TPYyTIaM MajbIX
s4deek). Ilpu crabom u cpemHeM apeiie 3T Koad-
¢duiMeHTH B cpenHeM cocTaBisoT 0.61, Ipu cuib-
HoM — 0.53. C ycusieHueM npeiicda pasanduus yBeau-
YUBAIOTCS, HO 00I11ast 3aKOHOMEPHOCTh HE BBI3bIBAET
COMHEHMIA: MOAEJIU C pa3HBIM IIarOM CETKU B LIEJIOM
JalOT TOCTATOYHO ITOXOXME KAPTUHbBI, UTO TTOATBEP-
KIaeT aleKBaTHOCTh MOJIECJIbHBIX pacuéToB. Bo-6mo-
PbiX, CPEIHEKBAAPaTUIECKOEe OTKJIOHEHUE CXXATUS —
MpsIMAast CBSI3b CO CPEIHUM CXATUEM: C YBEJIMYCHUEM
CpPEOHUX 3HAYEHWI CXKAaTUi YBEIWYMBACTCSI U MX
IIPOCTPAHCTBEHHAsT HEOOHOPOOHOCTb. DTO BUIHO
KakK I10 CPEAHUM XapaKTepUCTUKaM, IIPUBEICHHBIM B
MEePBBIX TPEX CTPOKAX KasKIOM TAOIUIIBI, TAK U IO KO-
s dunmerram koppensaunun CCg/; (MEXIY CKaTHS-
MU B OoJiblux siueiikax 1 CKO cxxaTuii mo rpymniam
Masibix stueek) u CC,,  (MEeXy CPEIHUMM CKATUSIMU

o rpyrnmaM Manbix ssaeek 1 CKO cxxaTtmit 1o rpyr-
naM Maiibix stueek). Koadduumentor CCg; B cpen-
HEM COCTaBJISIIOT: TIpu ciabom apeiicde — 0.50, mpu
cpenaeM — 0.47, nmpu cunpHOM — 0.42. Koaddpunnm-
eHThl CC,, ; 3AMETHO BBILIE: TIPU CJIA00M U CPETHEM
npeiide — 0.67, mpu custbHOM — 0.64. Kak 11 B Ipenbi-
IyIIeM ciydae, ¢ yCuJIeHueM apeiida cBsa3b ociade-
BaeT, HO B 1IeJIOM 3aKOHOMEPHOCTb COXPAaHSETCS:
yeM B CpedHEM CUJIbHEE CXKaTHe, TEM OHO OoJiee He-
OIHOPOJHO MO MTPOCTPAHCTBY.

YToObI ITOJYYUTH KOJUYECTBEHHOE OIMCaHUE
9TO# 3aBUCUMOCTHU, IJIsl KaXXIOro BapuaHTa CKOPO-
CTHU apeiida 3HaYeHUSI CPETHMX CXKATUI 1O OOIBIION
saeiike 1 3HadeHUS CKO cxkaTuit 1Mo TpyIIe MaJIbIx
siyeeK ObLIM OCPEIHEHBI 0 BCEM 8 BApUaHTaAM COOT-
HOIIIEHUsST TPOCTPAHCTBEHHBIX MaciiTaboB. B pe-
3yJIbTaTe IJIsl KaXKIOro BapuaHTa CKOPOCTU apeiida
MOJIYYMJIUCH TTapbl OOOOIIEHHBIX 3HAUYEHUI: CXKaThe
110 6omb1oi stueiike 1 CKO cxkaTust mo rpymiie MajbiX
siueex: npu crabom dpeiige: cpennee P = 18.50 kIla,
CKO oy, = 7.37 xIla; npu cpednem dpeiighe: cpentee
P=29.03 klla, CKO cp,, =9.78 xlla; npu curvnom
dpeiigpe: cpeanee P = 47.40 xlIla, CKO oGp, =
= 13.37 kIla.

DTHU 3HAYEHUS XOPOIIO aIllIPOKCUMUPYIOTCS 3a-
BHUCUMOCTBIO BUIa

Gpy = C(Py)™’ (3)

npu 3HauyeHuU koadpdunueHra C, paBHoM 1.85 (ko-
s¢duument nerepMudanmu R = 0.99).

IIpennaraemast popma anmpoOKCUMUPYIOILIETO BbI-
paxkeHwus (3), Ipu BCEM CBOEI O4EBUIHOM IIPOCTOTE,
obecrieunBaeT COONIOACHUE IBYX BaXXKHBIX YCIIOBUIA:
10 MEpe YBEJIMYCHMUSI C3KaTUS B OOJIBILION sTueiiKe Tak-
ke Bo3pactaeT CKO, mpunuém poct CKO nocreneHHO
3aMEISIETCS; €CIM CXKaThe B OOJNBIION sSYeiike paBHO
Hymo, To 1 CKO ToXe CTAHOBUTCSI HYJIEBBIM.

Takas BbICOKass TOYHOCTb aIllIPOKCUMAIUU
OCpeaHEHHBIX XapaKTePUCTHUK C IIOMOIIbIO (DOPMYJIbI
(3) NpUBOAUT K IMOCTPOSHUIO aHAJIOTUYHBIX 3aBUCH -
MocCTel (TO ecTh orpeaeeHrue KoadduiimeHTa nepesn
paguKajgoM) I KaXXIOTO BapvaHTa COOTHOIIEHUS
IIPOCTPAHCTBEHHBIX MACIITA00B HE3AaBUCUMO OT CKO-
pocrteit apelida. B pe3ynbraTte naHHOTO pacyéra cie-
JIJaHbl JIBa BaXKHbIX 3aKJIIOUEHMUSI: G0-Hep8biX, TOY-
HOCTb aIllpOKCUMaluM C MOMOIIbIO (opmynsl (3)
0Oojiee 4YeM YIOBJICTBOPUTEIbHA IIPAKTUYECKU IS
KaXXJI0ro BapyMaHTa COOTHOIIIEHUsT MaciITaboB. Jlaxke
XyZAllKeE anpokcumauuu (B ciaydae “50/25 km” R> =
=0.62, u B ciydae “25/10 km” R? = 0.75) cuurarorcs
MIpUEMJIEMBIMH, a BO BCEX OCTAJIbHBIX CIIy4asix KOag-
GULUEHT AeTepPMUHALMUA YBEPEHHO IIPEBHIIIACT
0.90; 60-6mopwbix, uamMeHeHue koadouiueHrta C B
BeIpaxkeHUM (3) Ipu pa3HBIX COOTHOIIEHUSIX Mac-
IITa00B MOAYMHSIETCS TAKOM 3aKOHOMEPHOCTH — YeM
0oJIbliie pa3HULIa MacCIITaboB, TeM OoJIble KO3 du-
LIUEHT. DTO AAET BO3MOXHOCTb HAUTHU alIIpPOKCUMMU -
pyloliee BbIpaxeHue misgd KoadduuueHra C, rue B
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Ta6muna 1. Ctatuctuyeckue XapaKTCpUCTUKHN cXKaTuit IIpU COITOCTAaBJICHUUM MOACIIbHBIX PE3YJIbTaTOB C pa3HbIMU IIPO-

CTpPaAaHCTBECHHbLIMHU LIaraMum CETOK

m(;::;:g;g?i;* 50/25 | 50/12.5 | 50/10 50/5 25/12.5 | 25/10 25/5 12.5/5
Ilpu crabom opeiighe (menee 0.15 m/c)
P, xI1a 14.42 22.01 17.54 22.01 17.88 15.06 17.88 21.20
P, xI1a 13.48 22.03 13.95 19.16 20.57 18.96 19.79 20.96
Opy, KIla 5.17 8.29 7.61 11.77 4.84 6.25 9.46 5.54
CCs/m 0.58 0.60 0.49 0.55 0.63 0.64 0.62 0.79
CCs/s 0.53 0.49 0.41 0.48 0.53 0.53 0.52 0.50
CCy/s 0.66 0.66 0.76 0.75 0.60 0.66 0.70 0.58
IIpu cpednem dpetigpe (0.15—0.60 m/c)
P, xIla 19.15 36.24 19.50 36.24 33.96 21.50 33.96 31.66
P, xIla 17.37 27.55 18.57 23.50 35.34 24.48 32.01 27.30
Op,, Kl1a 5.23 13.08 8.75 19.49 5.88 8.01 13.28 7.50
CCs)u 0.60 0.61 0.54 0.54 0.62 0.62 0.64 0.73
CCs/s 0.50 0.44 0.42 0.42 0.48 0.51 0.49 0.52
CCy/s 0.67 0.64 0.76 0.80 0.54 0.69 0.63 0.63
IIpu cuavrom dpeiighe (6onee 0.60 m/c)
P, kIla 21.69 69.80 26.70 69.80 65.61 15.88 65.61 44.11
P.,, xIla 22.39 41.62 38.28 27.31 71.41 20.49 53.56 33.03
Opy, Klla 3.87 17.85 13.55 52.48 8.27 5.14 31.09 8.61
CCys/n 0.52 0.46 0.46 0.33 0.65 0.63 0.59 0.57
CCs/s 0.48 0.28 0.44 0.27 0.40 0.50 0.44 0.51
CCys 0.71 0.50 0.73 0.84 0.41 0.77 0.48 0.66

*P.g — Cpennee cxarue B “Oonbnx” ssueiikax; P, — cpenHee cxkaTue B IpyNIax “MajblX” SY€EK; Op, — CPEAHEKBAIPATUIECKOE OT-
xioHeHne (CKO) cxatust B rpynmax Maibix staeek; CCgy — KOIPOULIMEHT KOPPEISILIIN MEXIY CKaTHEeM B OOJIBILOH sTaeiike U cpe-
HUM CKatueM B rpymme Manbix siyeek; CCq s — KO3(MOULUHUEHT KOPPEISILIMU MEXIY CKAaTUEM B OOJIbILOI siuelike 1 CpelHeKBafpaTu-
UECKUM OTKJIOHEHHEM CXKaTusl B rpymnie Manbix siueek; CC,/q — Koo dPULUMEHT KOPPEsILMi MEX/Ly CPEAHUM CKaTUEM B ITPYIIIe Ma-
JIBIX STYEEeK U CPEIHEKBAAPATUUECKUM OTKJIOHEHMEM CXaTHsl B TPYIIIE MaJIbIX slYeeK.

KauyecTBe apryMEHTOB BbICTYITaJIM Obl 3HAUEHUS Mac-
ITaboB, TO €CTh AT “rpy0oii” CeTKM U Iar “mei-

Koi” ceTku (Tabi. 2.)

Ha puc. 4 nanHbIle Tab. 2 peacTaBlIeHbl B BUAE
KPYXXKOB, IpU JONYIIEHUU, 4YTO IIPU PaBEHCTBE

Ta6mauna 2. 3HadeHrsI KO3DPUIIMEHTOB IIepen pagTuKaaioM
B dhopmyJie (3) (YucauTeNnb) v 3HaYeHUsT KO3 HUIIMEHTOB
IeTepMUHALUK R? (3HAMEHATEIIb)

Iar GonbLIoi IIIar maoii TYeiikn, KM
AUCHKH, KM 25 12.5 10 5
50 1.1/0.62 | 2.1/0.98 | 2.3/1.00 | 4.1/0.97
25 - 1.1/0.98 | 1.5/0.75 | 3.0/0.93
12.5 — — — 1.3/0.98
TTpouepk — OTCYTCTBUE NaHHBIX.
JEI 1 CHET TOM 63 Ne 1 2023

“OonpIoro” u “Manaoro” MacmTadboB KO3(hUINEHT
C paBeH Hymo. Ecim “Oonbiroit” un “manblii” mac-
ITadbl paBHBI (TO €CTh “Majiass” sg4yeiika COmepKUT
TaKOM Xe pa3Mmep, Kak “oombinasa’), To CKO cxatusa
B Ipeaeiax GOJbIION STYeiKY paBHO HYJIIO MPU JI0-
OOM 3HAUYEHUHU CPEIHErOo CxKaTUsl B OOJIBILION sTUeiike,
To ecTb KoappuuumeHt C B dopmyie (3) moinkeH
OBITH paBeH HyII0. KpnBhle Ha puc. 4, allIIpOKCUMHA -
pylonire 3HadeHUs1 koaddunueHnra C u3 tadi. (2),
MOCTPOCHBI IO (PopMyJiaM BUAA:

C=aln(A,) +a, 4)

rne A,, — Macutab mpoCTpaHCTBEHHOM eTanu3aluun
“MeJIKOi” CeTKU, a; U a, — KOdHUIMEeHTHI.

Heo6xonmmo 0co60 oroBopuTh aImIpOKCHUMAIINIO
IUIST cTydasi, Korma Iar “rpy0oii” ceTKM COCTaBIISIET
12.5 kM (3en€Hble KPYXXKU U 3eJi€Hasi KpuBasi Ha
puc. 4). 3aech B KauyeCTBE anilpoOKCUMUPYIOIIEH Mpu-
MeHeHa Jjorapudmudeckass GyHKIINS, ITOCTPOSHHAas
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[Iar “menkoit” ceTKu, KM

Puc. 4. 3HauyeHust Koaddunmenrta C 13 1abi. 2 (KpYKK1) U COOTBETCTBYIOIINE alIIPOKCUMALIMK (KPUBBIC TMHUM) IIPU pa3HBIX
3HaUYEHUSIX pa3Mepa “oombimoii” sueiiku. Koadduinuent C cBA3bIBaCT CpeMHEKBAAPATUIECKOE OTKIIOHEHHUE CXKATHS TI0 TPYII-
e “majbix” s;ueeKk U KBapaTHBIM KOPEHb U3 CPEHETO CXKaTUsI B “O0JbIIoi” siueiike: I — ripu wware “rpy6oit” cetku 50 kM;
2 — nipu 1are “rpy6oit” cetku 25 kMm; 3 — npu 1are “rpyooit” cetku 12.5 kM.

Fig. 4. Values of the coefficient C taken from the Table 2 (circles) and corresponding approximations (curves) at various values of
the size of “larger” cell. The coefficient C connects the standard deviation of ice pressure in the group of “smaller” cells and the
square root of mean ice pressure in the “larger” cell: / — “rough” net resolution equals 50 km; 2 — “rough” net resolution equals

25 km; 3 — “rough” net resolution equals 12.5 km.

BCETo IT0 IBYM ToYKaM. B MaTeMaTH4ecKOM CMEBICTIE
BBIOOP MMEHHO JioTapudMuieckoit (YHKUUU s
anrpoKCUMAalUK IBYX TOUEK MpeacTaBlisieTcsl Heyoe-
IUTeNbHBIM. Kak n3BeCTHO, TTO ABYM TOYKaM MOXHO
1noaooparh 00y 3JeMEeHTapHYyIo (QYHKIIUIO, TPU
YCIIOBUU, YTO y 3TOI (DYHKIIUM €CTh TOJBKO IBa HE-
W3BECTHBIX KoaddnimenTa. OQHaKO YyUUTHIBASI, 4YTO
W IJI OBYX OpyTrux ciaydaeB (“rpybas” cetka 25 m
50 KM) anmpOKCUMUpPYIOIast KpuBasi ITOCTpOeHa Ha
OCHOBe JorapudmMmaeckoit GyHKIINU, U 9TO BO BCEX
cIyJasx pedb UAET 00 OMHOM U TOM K¢ (DeHOMeHe,
MpeACTaBIsIeTCS JOTUYHBIM MPUMEHSITH aHATOTUY-
HYIO JIOTapu(MMUUECKYIO alllTpOKCUMAIIWAIO U IS CITy-
yasi, Koraa “rpy0asi” ceTka CoaepKuT 1mar 12.5 k.

st Kaxkaoi KpUBO#, TO €CTh TSI KaKIIOTo Bapu-
aHTa “rpy0oi1” ceTKu, IomoOpaHbl CBOM 3HAYCHUS
K02GbGULMEHTOB @, U a,. KoadduuueHt a, onpene-
JIsieT (popMy KpUBOI (ITO CYIIECTBY — €€ “KpyTu3-
HY”), a KOO(PPULUUEHT a, — TOUKY IepeceyeHust Kpu-
BOIi ¢ ochlo abciucc. M3 puc. 4 “kpyTtn3Ha” Bcex TpEX
KPUBBIX IPUMEPHO OoHaKoBas (KO3 HUILIMEHTHI @,
IpH pa3HbIX 3HAYSHMSIX 11ara “rpyooii” CeTKu Mayio
OTJINYAIOTCY IPYT OT Apyra), TOTna Kak IMOJOXEeHUE
KPUBBIX OTHOCUTEJILHO OCU aOCILIMCC CYIIECTBEHHO
MEHSIETCSI IPU U3MEHEHUM IIara “rpyooii” ceTku.
DTO 03HAyYaeT, 4YTo 6e3 00IBIIOTO yilepOa IJIsI TOYHO -
CTU pacyeTa MOXHO MPUHSATh, YTO KOADDUILIUEHT q,
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He 3aBMCHUT OT IIara “rpyooit” CeTKH U B CpETHEM pa-

BeH —1.66, a KO3 GUIINESHT a,, OTBEUYAOIINIA 3a TT0-
JIOXKeHHE KPpUBOM Ha ocH abclycc, HA00OpOT, 3aBU-
CHUT. DTa 3aBUCUMOCTb MOXET OBITh BBIpaxkeHa (op-
MYJIOM:

0.5
a, =(Aq) ", Q)
rae Ag — MacuiTad MpoCTPaHCTBEHHOM JeTajiu3aluu
“rpy0oii” ceTKM (II0Ka3aTelb TOYHOCTH AIlIPOKCH-
Mauuu R? cocrasister 0.84).
Takum o6pazoM, popmyna (4) c yaeTom popmMy-
Jbl (5) mpeobpa3yeTcs K BULY:

C =—1.66In(A,) + (A" (6)

Pacuér xoadppuimenToB C ¢ moMolIbo Gopmy-
Tl (6) MoKasayl, 9YTO JaHHBIC Tabjl. 2 BOCIPOU3BO-
Iarcd ¢ ToyHocTblo R? = 0.77, TO €CTb TOYHOCTH
aIpOKCUMAIIH BITOJTHE yaoBjieTBopuTteabHas. Co-
OTBETCTBEHHO, OKOHYATEbHBIN BU BEIPAXKCHMUS TSI
oneHkn CKO cxatust B 3aJlaHHOM ITPOCTPAHCTBEH-
HOM MacmTabe ToyJaeTcsl ITyTEM ITONCTaHOBKHU
MpaBoii yacTy BeIpaxkeHUs (6) B popmymy (3):

Opy = (—1.661n(A,) + (Ag) ") (Pg)™” (7)

ITockonmbKy TIpOCTpaHCTBEHHOE pa3HOOOpas3ne
CXXaTUSI B paMKax STYCHKM IPy0Ooil CETKM paccMaTpu-
BaeTcs KakK cCiy4yaiiHasl BeJIW4YMHA, TO HEOOXOAUMO
OLICHUTH €€ IKCTpeMaJibHOE 3HaueHue. J1j1s1 peleHust
9TOM 3aJa4Y¥ MOXXKHO IPUMEHUTb U3BECTHBIM METON,
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I'ym6ens (I'ymbenb, 1965), KOTOPEI TTO3BOJISIET MO-
JIYIUTD OLIEHKY 9KCTpemMyMa (MakcuMyMa) 3aJJaHHOM
00eCcneYeHHOCTH I10 U3BECTHBIM 3HAUCHUSIM CPEIHEe-
ro apu(pMeTUIECKOTO U CPEeAHEKBAAPATUIYECKOTO OT-
KJIOHEHMUS IIPY YCIOBUM, UTO B 00JIaCTU MaKCUMaJlb-
HBIX 3HAYEHUI pacrnpeneiacHue 0JU3KO K HOpMajb-
HOMY WJIM 3KCHOHEeHIUaJIbHOMY. B pamkax paboTHI
CIIeUMaJIbHBINA aHaJIN3 3aKOHA pacIpenecHUsT CXa-
TUI B 00J1aCTU OOJIBIIMX 3HAYCHUI HE ITPOBOIUJICS,
OMHAKO M3 JINTEPATYPHBIX MUCTOYHUKOB M3BECTHO,
4yTO ciabnie cxkatus (1 6aj) BCTpedyaroTcs Jallle BCe-
ro, cpemnue (2 6amia) — pexe, CriibHBIE (3 Oata) —
coBceM penko. OO0 3ToOM CBUAETEILCTBYIOT 0000IIIe-
HUSI KaK aBMAllMOHHBLIX HaOmopeHuii (BoeBomuH,
1978), Tak u cynoBbix (KistukuH u ap., 2010). Takum
o0pa3oM, B 00J1aCTU CUIBHBIX CXKAaTUI KpUBast IJI0T-
HOCTHU BEPOSITHOCTUA aCUMIOTOTHUYECKU CTPEMUTCS K
HYJIIO, YTO XapaKTePHO IJISI SKCITOHEHIIMAJIBHBIX pac-
NpEACTCHUN.

3amaHHast 00eCIIeYeHHOCTh XECTKO CBSI3aHa C CO-
OTHOIIIEHWEM paccMaTpuBaeMbIX MacIITaboB. Jlomy-
IIEHO, YTO M3 PacY€TOB MO YMCICHHOI MOOCIN U3-
BECTHO CXaTHe, OCPpEeIHEHHOE B MaciuTade sSUYeiiKu
ceTKM ¢ marom 50 KM, a HEOOXOAMMO OLICHUTH BKC-
TpeMaJibHOE CXXaTHhe B MacllTade KBajapaTa co CTOpO-
Hoii 5 kM. ITockonbsKy B KBampate pa3mepom 50 X 50 km
ymemaercss 100 ydyacTkoB (KBampaToB) pa3Me-
poM 5 X 5 KM, TO, clIefOBaTeIbHO, 00ECIIEYEeHHOCTD
OLIEHKM TaKOTro 3KcTpeMyma cocrasisger 1% (“1 cay-
yaii u3 100”). Orcroga cienyeT BecbMa BaxKHBIN BO-
MIpOC: A0 KaKOr0 MUHMMAJIbHOTO MaclliTaba MOXKHO
“OIrycKaTbcsl” B MOMBITKE OLEHUTH dKCTpeMaIbHOE
cxartue? C yucTo “anrebpamdecKoil” TOYKU 3peHUsI,
caM no cebe BUua ¢hopmyibl (7) KaKUX-TMOO OrpaHu-
YeHUIl Ha MUHUMaJIbHOE 3HaYeHue A, He HaKJIaabl-
BaeT, TO eCTb (hopMajbHO B BhipaxkeHUe (7) MOXKHO
MOJCTABSITh CKOJb YIFOJHO Majible 3HaueHus A,
BIUIOTb OO0 a0cypaHbix. OOQHAKO HEOOXOOMMO ITOM-
HUTB, 4TO popmyia (7) rmosydyeHa MyTéM aHaIn3a pe-
3yJILTATOB MOJAEIbHBIX PAacy€TOB C IIaraMM CETKHU,
KOTOpBIE BO BCEX CIIydyasx OOJbIlle, 4eM XapaKTep-
HBI pa3Mmep abauH. Hu ogHa u3 Mopenei, mpume-
HSBIIMXCSI B paMKaxX HACTOSIIETO MCCIEHOBaHUSI,
He YYUTHIBaJIa IEPBONPUYNHY JIOKAJIBHOTO pa3HO00-
pasusi cxkaTuii, KoTopasi 3aKJIo4YaeTcs B TOM, 4YTO
oyarv CxKaTUi MPEeUMYIIECTBEHHO “IpUBSI3aHBI” K
JIMHUSIM KOHTAKTOB MEXNIY JbAMHAMM, a T€, B CBOIO
ouepenb, 00JIafaloT KOJIOCCAJIbHBIM Pa3HOOOpa3ueM
¢dopM, pa3mMepoB, TOIIIMH U T.10. OTCIOAa TOTUYECKHU
cJIelyeT, YTO ITPU UCTIOJIb30BaHUY (POPMYJIbI (7) B Ka-
yecTBe “Majioro” Maciitaba Helab3sl OpaTh 3HAUYECHUS
MEHbIIINE, YeM XapaKTepHbIii pa3mep JbauH. [Ipen-
CTaBJISIETCSI, YTO MHMHUMAIBHBIM MaciiTad OIEeHKU
SKCTPEMAaIbHBIX CXKATUI TOJKEH OBITh TAKOB, YTOOBI
B €ro IpeeiaXx yMeIaaoch Obl JOCTATOYHOE KOJIMYEe-
CTBO JIMHUI KOHTAaKTOB MEXIY JbAMHAMU. DTO T03-
BOJIUT U30€eKaTh METOANYECKN HEOOOCHOBAHHON W,
cJienoBaTeIbHO, HEKOPPEKTHOI OLIEHKU CXKaTus B

JIEQ U CHET Ne 1
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MaCH_[Ta6C, COOTBETCTBYIOIIICEM OOHOW JWHWU KOH-
TaKTa.

M3BecTHO, 4YTO B MOPSIX POCCUMCKONM ApPKTUKU
KpaiiHe peaKo BCTpeYaloTcsl OOIIMPHBLIE M TMTaHT-
CKUe JiedstHble Iost (pa3MepoM OoJiee 2 u OoJiee
10 kM cooTBeTCTBEHHO). KpynmHO- M MeJIKOOMTHIC
meabl (MeHee 100 M 1 MeHee 20 M COOTBETCTBEHHO)
TakK>Ke He UTPAloT OIpeIelISIoNIeil poJiv B O0IUKeE Jie-
JIsTHOro TokKpoBa. IIpeo0biagaroine opMbl JIEATHO-
ro mokposa — 310 aeasHsble 1ot (500—2000 m) 1 00-
JoMKu JieasgHbIX 1moieit (100—500 m). C yuétoMm 3Toi
OCODEHHOCTU, a TaKXe BCEX IMPUBEAEHHBIX BbIIIIE
paccyXIeHUid MpearooXkeHo, YTO B paMKaxX TaHHO-
ro IoJaXo1a MUHUMaJIbHbIA 000CHOBaHHBII MacIlITab
OLIEHKU DKCTPEMATbHBIX CXKATUI B apKTUUYECKUX MO-
psx cocTaBisieT He MeHee 1 KM. JlelCTBUTEILHO,
MPaKTUYECKUIA OMBIT CBUAETEIbCTBYET, UTO B MIpee-
JIaxX TUIOLIAAKY pa3zMepoM 1 X 1 KM MpaKTUUEeCKU Bce-
I[Ja MOXHO BCTPETUTb HOOCTATOUHOE KOJIMYECTBO
CTBIKOB MEXOY JbAWHAMU, TIPSO TOPOCOB, CBEXMX
TPEeIIUH U T.O., a B IIpeaeiax TUIOMIAAKA MEHBIIIETo
pasMepa KOJIWYECTBO TaKUX DJIEMEHTOB OyIeT SIBHO
HEIOCTATOYHBIM 111 KOPPEKTHOTO OCPEIHEHMSI.

C nmomoripio popmyJisl (7) 1 Mmetona I'ym0Oesist BbI-
MOJIHEH TECTOBBIM PacU€T DKCTPEMAIbHBIX CXKATUI
MPY Pa3HbIX 3HAYCHUSIX CPETHETO CKAaTUsI B MaCIlTa-
Oe OONBIION SYCHKM U pa3HbIX BapMaHTaX COOTHO-
meHus Maciutabos. B kauecTBe MUHUMAJIBHOTO Mac-
mTabda OLIEHKU BKCTPEMAaJIbHOIO CXaTUsl IPUHITO
3HaueHUe 1 kM. Pe3ymbraThl 3THUX pacuéroB Mpen-
CTaBJIeHbI B Ta0J. 3.

B Tabn. 3 skcTpemanbHOE cxKaThe B MaciuTade
1 XM (MUHAMaJIBHO TOITYCTUMBIA MacIITad B paMKax
JIAaHHOI 3a7a4yu) B HECKOJIBKO pa3 IPEBBIIIAET CPel-
Hee cxkaTue 1o “0omplnoii” sueiike. Harmpumep, ecom
cpemHee cxatwe B MacmTadbe 50 KM cocTaBisieT
200 xITa, To 3KCTpeMaJibHOE CXaTuWe B Maclutade
1 kM gocturaer mouTtu 765 kxIla, To ecTb modTu B
yeThIpe pa3a Oosblne. DTO cleayeT MOHMMAaTh TaK:
ecJIM B cpefHeM Ha ruiowmanu 50 x 50 km (2500 km?)
cxkatue coctaBuster 200 xIla, To rme-To B TIpemenax
ATOM IUIOIIAIN €CTh XOTs OBl OOWH KBaapaT pa3Mme-
poM 1 X1 KM, rme cpegHee cxaTue JOCTUTaeT
765 kIla.

Cnenyer otMeTuTh, yTo cxxatue 200 xIla B cpen-
HeM 1o wiomaake 50 X 50 KM — 3To o4eHb CHUJILHOE
cxartue. Ho make 1 B 3TOM cilydae 3KCTpEeMyM B Mac-
mTabe 1 KM He JOCTUTaeT 3HAYCHMI, XapaKTepPHBIX
JUISL TIpedesia IIPOYHOCTH JIbAa Ha CXaTHUe, KOTOPbI,
cornacHo oboo6uatonieir padbore (I'aBpuiao, 1997),
BapbeupyeTrcd B auara3oHe ot 0.5 mo 5 MIla mipu on-
HOOCHOM cxaTuu 1 oT 2 mo 20 MIla — mipu nByXxoc-
HOM. DTO O3HAYaeT, YTO U IIPY TAKOM BBICOKOM CPEJI-
HeM ¢oHe cxkaTtus (200 kI1a B cpemHeM 1Mo TUIoIIaaKe
2500 kM?) maxe Ha CaMOM SKCTPEMAJIbHOM YYacCTKE
(765 kIla B cpenHeM 110 ruromanke 1 km?) 1€m He Oy-
JIET JIOMaThCSI U KPOIIUTHCS 1O BCeil IIOIIaa 3TOTO
y4acTKa, IIpeBpallasich 4yTh JIA HE B IOPOIIOK, YTO B
npuponae He HabmogaeTcs. CireqoBaTeIbHO, MOXHO C



126

KIIAYKWH

Taomuna 3. PesynbraThl pacy€ToB 9KCTPEMAIBHBIX CKATUI

MaJterit MaciTab (MaciTab OleHKU 3KCTPEMATbHOTO CXKATHS)
[TapameTpsbr
25 kM 10 km 5 KM 1 kM
Cpeonee cocamue no “6oavuioi” sueiixe, 50 klla
< CKO, klIla 12.20 23.00 31.10 50.00
é O06ecreyeHHOCTh, % 25.00 4.00 1.00 0.04
‘> | DkcTpeM. cxartue, Klla 58.30 106.40 154.20 332.40
= CKO, kIla — 8.30 16.50 35.40
o | O6ecneuennocts, % — 16.00 4.00 0.16
™ [BkerpeM. cxaTue, Klla — 59.60 90.40 211.50
= CKO, kIla - — 3.50 22.40
; OGecreueHHOCTD, % — — 25.00 1.00
~— | BkcrpeM. cxarue, kIla — — 52.40 124.90
- CKO, kIla — — — 15.80
¥ | ObecrnedyeHHOCTDh, % — — — 4.00
= i DKcrpeM. cxkatue, Klla — — — 88.80
E Cpednee cocamue no “boavwioil” aueiixe, 100 klla
5 < CKO, kIla 17.3 32.5 44.0 70.7
o g O0ecIe4eHHOCTD, % 25.00 4.00 1.00 0.04
% ' [ DKcTpeM. cxartne, Klla 111.7 179.7 247 .4 499.4
§ < |CKO,«Ila — 11.8 23.3 50.0
© lf) Ob6ecrnie4eHHOCTD, % — 16.00 4.00 0.16
E & [Bkcerpem. cxatue, kI1a — 113.5 157.1 328.4
g | 5 |CKO,«ITa — — 4.9 31.6
g ; O6ecreyeHHOCTb, % — — 25.00 1.00
g —  |[Dkcrpem. cxarue, kI1a - - 103.3 205.9
Q - CKO, kIla - — - 22.4
é lﬁ O06ecrneyeHHOCTh, % — — — 4.00
gl DKcTpeM. cxarue, KIla — - — 154.9
g Cpeonee cocamue no “6oavuwoi” sueiixe, 200 klla
) = CKO, kIla 24.4 459 62.2 100.0
; O0ecneyeHHOCTh, % 25.00 4.00 1.00 0.04
‘" | DkeTpeM. cxartue, Klla 216.6 312.7 408.4 764.8
= |CKO, Ila — 16.7 32.9 70.7
> | O6ecneuennocts, % — 16.00 4.00 0.16
& [Bkerpem. cxatue, kI1a — 219.2 280.8 523.0
s CKO, kIla - — 6.9 44.7
é OGecreyeHHOCTD, % — — 25.00 1.00
— | Dkcrpem. cxarue, klla — — 204.7 349.8
- CKO, kIla — — — 31.6
¥ | OGecneyeHHOCTD, % — — — 4.00
" DkcrpeM. cxaTue, Klla — — — 277.6

TTpouepk — OTCYTCTBUE NaHHBIX.

JIOCTaTOYHOI CTEIeHbIO YBEPEHHOCTU KOHCTAaTUPO-
BaTh, UTO LIMMPHI, MPpUBEACHHBIC B Ta0a. 3, B LIEJIOM
He TIPOTUBOpPEYAT 3IPaBOMY CMBICITY.

COOTHOLL[CHl/Ie MEXAY 9KCTpEMaJIbHBIM CXKaTHUEM
B “mMajioM” Macuitabe M CpeOIHMM CKaTHEeM B Mac-

mTade “OobIIoi” STYEKHU (TO €CTh STYEUKU YUCITCH-
HOI MOJIEJIM) 3aBUCUT OT JBYX OCHOBHBIX (haKTOPOB —
3HAYCHUS CXKAaTUs B MacInTabe STYeMKN YHUCIeHHOM
MOJIeJIU ¥ COOTHOILIIEHUE MacllTaba STueiKu YMCIeH-
HOI MOIENN: 3HaueHue cocamus 8 macumade sueiku
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uucnenHoll modeau. YeM cuabHee cpemHee CXaTue B
MaciuTade “OoablIoit” siYelKU, TO €CTh YEM BBILIE
cpemHuii IIpeodIamaonii (POH CXaTus, TeM MEHb-
1lIe OTHOIIIEHUE “IKCTpeMyMa” K CpeIHEeMY; 3TO 3Ha-
YUT, YTO IKCTPEMaJIbHbIC 3HAYCHUSI OAIOT OTHOCH-
TeJIbHO MeHee pe3kue Bcruiecku. Pusmyecku 3To
MOXHO OOBSICHUTH TEM, YTO BOOOIIIE CXKAaTHUE MOJKHO
UMETh HEKOE€ MaKCUMaJIbHO BO3MOXHOE 3HauyeHUe,
CBOETO pojia “TIOTOJIOK”. DTOT “IIOTOJIOK” — TIpencs
MpoyHocTH Jbaa. Kak o6oit marepual, jieq uMeeT
CBOM IIpenelIbHbIe 3HAYSCHUS IIPOYHOCTH Ha CXKAaTHe,
Ha U3rud, Ha pa3pbiB U T.O. DTU TIpenesibl, BO-Nep-
BBIX, OTJIMYAIOTCSI APYT OT APYyra, M, BO-BTOPHIX, ME-
HSIIOTCSI BO BPEMEHM M MPOCTPAHCTBE B IIMPOKUX
JIrara3oHax B 3aBUCHUMOCTH OT psiaa mpuunH. Ho kak
Obl HU ObLIa IIMPOKA U CJIOKHA U3MEHUYUBOCTD Mpe-
JIEJIOB IIPOYHOCTH JIbAa, TO €CTh KaK Obl HU OBbLT 13-
MEHUYMB 3TOT “IOTOJIOK”, KJIHOUYE€BOU MPUHLIMIT JO-
KE€H OCTaBaTbCSl HE3BIOJIEMBIM: HAIIPSDKEHUST HE MO-
ryT OBITH BBILIE TIpeaena MpoyHocTu. Kak Toiabko
HamnpsiKeHWe BO JIbIY, BEI3BAHHOE BHEITHUMM BO3-
JIEMACTBUSIMU, NOCTUTACT IIpeaeia MPOYHOCTU, IIPO-
WCXOIUT pa3pyllleHue CTPYKTYPHI JbIa, 1 HampsiKe-
HUSI COpaChIBAIOTCS. DTO OTHOCUTCS U K HAIIPSKEHM~
sIM, OCPEOHEHHBIM MO HEKOTOPOWl IUIomamu, U K
JIOKAJIbHBIM HarmpskeHusM. CliemoBaTeIbHO, 4eM
BBIIIIE CPEeOHMI (POH cXKaTuii, TeM OH OJIIKe K “II0-
TOJIKY”, a, cliefoBaTeJIbHO, TeM MeHbIIM “3amac”
OCTaéTCs 1151 JIOKAJIbHBIX BCIUIECKOB CXKATUIA; coom-
HowleHUe Mmacwmabda sYelKU HUCAeHHOU Modeau
(“OonpItIoit” 4eiikn) u MaciuTadba OLIEeHKHU 3KCTpe-
MyMa (“Maioit” ss4eiiKu) TakoBO: 4YeM OoJibllle pa3-
HUIIa 3TUX MacIITabOB, TEM pe34ye BCILJIECK IKCTpe-
MyMma. YeM MeHbIIIE IMPOCTPAHCTBEHHBIII MacIITad
OLIEHKM 3KCTPEeMaJIbHOTO CXaTusi, TEeM MEHbIIIe
00€eCneYeHHOCTh TAKOTO 9KCTPEMyMa, U, 110 3aKOHaM
CTaTUCTUKM, TEM BBIIIIE CaM 3KCTpeMyM. AHAJIOTr4-
HbIe 3P eKTHl XapaKTePHbI AJIsI TI00BIX TUAPOMETEO-
POJIOTUYECKUX BEJIMYMH, YTO OCOOEHHO HAIISIIHO
JIEMOHCTPHUPYIOT OLICHKHU, BhIpaKeHHbIC B TEPMUHAX
“omuH pa3 B N ser”. Hanmpumep, 1 pa3 B 10 net cko-
pOCTb BeTpa MOXeT gocturaTh 25 M/c, 1 pa3 B 50 jieT —
35Mm/c, 1 pa3 B 100 et — 40 m/c, u T.1.

M3moxeHHbIli B paboTe TTOAX0M HA B KOEM CTydae
HE TIPEeTeHIyeT Ha MOJHOE U OKOHYaTeJbHOE pellle-
HUe MPoO6JIeMbl MEJIKOMACIITaAOHOI MPOCTPaHCTBEH-
HOI M3MEHYMBOCTH CXKaTHU IeassHoTro mokposa. He-
CKOJIBKO BaXXHBIX (PaKTOPOB OCTAIUCH 32 paMKaMu
JNIAHHOTO WCCJIENOBAHUS: MeaKomMacumaoduas npo-
CMPAHCMBEHHAA USMEHUUBOCMb CHCAMULL 8 Nepayio
ouepedsb onpedensiemcs pasHoobpazuem Gopm, pazme-
D08 U MoAUUH AedaHbIX 00pazosarnuil. [TpuMeHEHHAs B
TaHHOI paboTe 4YMCIIEHHAsT MOJIedb HE CITOCOOHA
UMUTHUPOBATh pa3Mepbl U (GOPMBI JIbAWH, OTHAKO
pazHooOpa3ue TOJIIMH B OMNpEeIeSIEeHHON CTEeNeHu
UMUTHUPYETCS, TaK KakK JIeASHOI MOKPOB B AaHHOI
MOJIeJIU MpeACTaBisieTC KakK Habop MapKepoB
(YCJIOBHBIX JIBAWH HEOMpeaeaEHHOTo pa3Mepa), Kax-
JIbI U3 KOTOPBIX UMEET CBOIO MHAMBUIYATBLHYIO TOJ-
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IIUHY U TOpocucTocTh. ECTh Bce ocHOBaHUS Moja-
ratb, 4To IpeoOjagaroinii (GoH U pa3zHooOpasue
TOJIIIIWH B Mpeaeiax HeKOTOPOU IIoaay KaKUM-TO
00pa30M JOJXHBI BIIMSATh HA KApTUHY CXaTU; coca-
mus 6 1e0sIHOM NOKPO8e NOOBEPICEHbL He MOAbKO NPO-
CMPAHCMBEHHOIL, HO U 8DEMEHHOL UBMEeHUUBOCIU.

YucneHHbIE MOAEIN TTO3BOJISIIOT BHIYMCISTH CXKa-
THsI, OCPEOTHEHHEIC 3a IIPOMEXYTKM BpEMEHU, PaB-
Hble BpeMeHHOMY 11ary Moaein. OOGbIYHO BpeMeH-
HOI1 1Iar HecTallMOHAPHOI MOIeI IMHAMUKU JICOs -
HOTO IIOKPOBa WCYMCIISICTCSI MHMHYTaMH, TO €CTh
3HAYEHUS CXKaTUil, OCPEIHEHHBIX 3a CTOJb MaJible
MPOMEXYTKHN BPEMEHU, MOXKHO TIOJTyUUTh HETIOCPe-
CTBEHHO M3 MOJICIbHBIX PACUETOB. DTO OOCTOSITEIIh-
CTBO JOJKHO CYIIECTBEHHO OOJIErIUTh 3a0avy OlleH-
KM DKCTpEMaJIbHBIX CXXATUI B 3aJaHHOM BpeMEHHOM
Macitabe. B pabore Bormpoc o BpeMeHHOiT n3MeHY 1~
BOCTH CXaTUM HE pacCMaTPUBAJICSI, U OTBET Ha HETO
elIe MPEICTOUT MOJIYIUTh; pe3yabmamol, HOAYHEHHbLE
8 pamkax pabomol, OCHOBAHbL HA MOOEAbHBIX PACUEMAX
OUHAMUKU 1e05H020 NOKPOBA 8 ONPeOeNeHHOM pailoHe
(Ileuopckoe mope u baiidapauykas eyba) u 6 onpedenen-
Hbtil nepuod epemernu (aneapb—mapm 2018 2.). Ecnu 0b1
aHAJIOTMYHBII YMCJICHHBIN 3KCIEpUMEHT ObLI IpO-
BElleH ISl IPpYyroro paiioHa M Ipyroro BpeMeHHOro
OTpe3Ka, TO YMCJIICHHbIC 3HAUYeHUST KO3(PPUIIMESHTOB
OBLIM ObI UHBIMU, XOTSI KAYeCTBEHHO KapTUHA IIPUH-
LHUMOUaIbHO TIoxoxeit. Tak uiau mHaye, BOMpoc 00
YCTOMYMBOCTU BBISIBICHHBIX 3aKOHOMEPHOCTEM 101~
KEeH OBITh IIPEAMETOM JATbHEMUIIINX NCCASI0OBAHMIA.

3AKJIIOYEHHME

AHaJIn3 pe3ybTaTOB MOJEIbHBIX PACYETOB AUHA -
MUKU JIEASHOTO IIOKPOBA B OMHOM U TOM K€ PErMOHEe
U B OOUH U TOT Xe BpeMeHHOI OTpPe30K, HO C pa3HbI-
MU BapuaHTaMU IPOCTPAHCTBEHHON leTaJid3alui,
MO3BOJIUJI BBISBUTh HEKOTOPbIE 3aKOHOMEPHOCTU
dbopMUpoBaHUS TIPOCTPAHCTBEHHOM HEOTHOPOIHO-
CTH CXKaTUi JIEISTHOTO TTIOKpOBa. DTU 3aKOHOMEPHO-
CTH anIpOKCUMMUPOBAHBI KOJIMYECTBEHHBIMU COOT-
HOIIICHUSIMHU, B Pe3y/IbTaTe Yero yaajoch CHOpMyIr-
poBaTh [JOCTATOYHO IIPOCTOI aJITOPUTM OLIEHKU
SKCTpEeMaIbHBIX CKaTUI B MaclITabe, MEHBIIIEM, YeM
MMPOCTPAHCTBEHHBIM 1Al YUCJICHHONM MOJIEIH.
I1pu 3TOM cCTaTUCTUYECKASI 00ECTIEYSHHOCTD 9KCTpe-
MaJIbHBIX OLIEHOK XXECTKO CBsI3aHa C COOTHOILIIEHUEM
MEXIY IMPOCTPAHCTBEHHBIM pa3pellleHUeM YUCIIeH-
HOIi MOIEeIW U TIPOCTPAHCTBEHHBIM MAacCIITaboOM
OLICHKU 3KCcTpeMyMa. OTMEYEHO, UTO IIPEIJTOKEHHBII
aJITOPUTM He TI03BOJISIET OLIEHUBATh 3KCTPEMAaJIbHBIE
cKaTusl B MacluTabe, MEHbIIIEM, YeM XapaKTepHBbIe
pa3Mephbl JILIVH B JaHHOM pernoHe. Bricka3zaHo 1pe-
MOJIOKEHUE, UYTO IJISI pacCMaTpUBaeMBIX PETHMOHOB
(ITewopckoe Mope u baitnapaiikasi ryda) MUHUMAaJIb-
HO JOIIYCTHMMBII IIPOCTPAaHCTBEHHBLIM MacIITab
OLIEHKY DKCTPEMAILHOTO CXKATHUSI MOXET OBITh IIPU-
HST paBHBIM 1 KM.
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Taxkmm o6pa3zom, ¢ YIETOM pPe3yabTaTOB PACUETOB
JIUHAMMKHU JIEISTHOTO ITOKPOBAa C IIOMOIIBIO YUCIICH-
HOM MOJEJIM C IIPOCTPAHCTBEHHBIM pa3pellIcHUEM OT
MEPBLIX OO MEPBBIX IECITKOB KUIOMETPOB, OTKPbI-
JIaCh BO3MOXXHOCTbB IMOJIy4aTh OPUEHTUPOBOYHBIE KO-
JIMYECTBEHHBIE OLICHKM 3KCTPEMAaJbHOTO CXaTHUs B
MaciuTabe MEeHBIIIEM, YeM ITPOCTPAaHCTBEHHAsT AeTa-
JIN3alusl YUCIACHHO MoleIu. DTO MO3BOJISET CyIIe-
CTBEHHO IIPUOJIM3UTHLCS K PEIICHUIO OTHOMN 13 HAan0O-
Jiee aKTyallbHbIX NPUKIATHBIX 33024 TUHAMMWKU JIeAs -
HOTO TIOKpPOBa — OIEPaTUBHOMY IIPOTHO3Y CXKATHUM B
MacuTabax, COmoCTaBUMBbIX C pa3MepaMU CyIHa.
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nepxke rpanta PO®U Ne 18-05-60109 “dDopmupo-
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Ice pressure is characterized with significant spatial variability. Study of this variability with the help of in situ
observations is rather difficult, because (1) the instrumental measurements are expensive and technically
complicated, and, hence, the amount of such measurements is little, and (2) the visual observations have pre-
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dominantly qualitative character and depend significantly on the observer’s experience. The most widely used
method of obtaining the ice pressure information is model simulations. The existing ice dynamics models al-
low simulating the ice pressure averaged within the area of the model grid cell, which usually has the spatial
size varying from 5 to 25 km, sometimes - up to 50 km. It is clear that such spatial resolution does not give the
picture of local peaks of ice pressure with spatial scale much less that the size of the grid cell. The aim of the
presented paper is, basing on the model results with spatial resolution from 5 to 50 km, to study the statistical
correlations between the ice pressure fields with various spatial resolutions, and to evaluate the possibility of
calculating the intensity and probability of ice pressure peaks with spatial scale less than the spatial resolution
of the model. In order to solve this problem, the numerical dynamic-thermodynamic model of ice cover evo-
lution developed both for the entire Arctic Ocean and for large regions (the Barents and Kara Seas), and, for
more detailed spatial resolution, for some smaller basins (the Pechora Sea, the south-western Kara Sea, the
Baidara Bay), was used. The ice pressure fields within the same region and the same period of time were sim-
ulated with various spatial resolutions — from 5 to 50 km. The initial ice conditions were stated with the help
the AARI ice charts which cover both the entire Arctic Ocean and the specific regions mentioned above. The
comparison of model results with various spatial resolutions allowed revealing moderate statistical correlation
between the average ice pressure obtained from the lower resolution model, and ice pressure dispersion ob-
tained from the higher resolution one (correlation coefficients comprise from 0.3 to 0.7). This correlation is
put into base of the main principles of calculating the extreme ice pressure in the spatial scale much less than
the spatial resolution of the model. The statistical probability of the extreme ice pressure is strictly connected
with the ratio between the spatial resolution of the model and the spatial scale of the extreme ice pressure to
be estimated. For example, as the preliminary calculations show, if the spatial resolution of the numerical
model equals 50 km, the extreme ice pressure in the scale of 1 km can exceed the mean value by 5—7 times.
It gives on opportunity to obtain more comprehensive picture of ice pressure, and, as the method would be
developed further, to increase significantly the informative value of the ice pressure forecasts. The limits of
applicability of the proposed approach are discussed specifically.

Keywords: the Kara and Barents Seas, numerical modeling, ice pressure, spatial resolution, scales ratio, ap-
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proximation, extreme values, probability
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