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OCHOBHBIM HCTOYHUKOM JIETHETO MPOTPeBA BEPXHETO CJI0ST CUOMPCKUX APKTUUECKUX I1eb(hOBBIX Mopeil sB-
JITeTCsT KOPOTKOBOJIHOBASI COJTHEYHasl pajuariys. PaJiallMoHHBINA MOTOK 3aTyXaeT M0 Mepe MPOXOKIEHHS CKBO3b
BOJHYIO TOJIILY, TIPH 9TOM CKOPOCTb 3aTYXaHUS OIPeeJISeTcs] ONTUYECKIMI CBOIICTBAMI BOJIBI, 3aBHCSIINMU TJIaB-
HBIM 06pa3oM OT KOHIIEHTPAIIUH B3BENIEHHOTO BellecTBa. B YMCIEHHBIX MOJETIX OKeaHa U MOPCKOIO JIbJa yCBOe-
HIe KOPOTKOBOJIHOBOII COJTHEYHOII paJinalliil ONUCHIBAETCS PA3JMYHBIME IapaMeTpusanusaMu. B HacTosmieit pabore
nccaeayeTcsl YyBCTBUTENBHOCTb PETrHOHAJIBHON TpPeXMEPHON YNCJIEHHO MOJeJM OKeaHa U MOPCKOTO JbJa
SibCIOM k aByM mapaMeTpu3alliiIM MTPOHUKAIONIEN paJuallii, WCIOJb3yeMbIM B UNCJIEHHBIX SKCIEePUMeHTax:
1) aByxkommoHeHTHass mapamerpusanug (PS) ¢ HMCIOJIb30BaHUEM ITIOCTOAHHBIX KO3 (UIMEHTOB 3aTyXaHUSA /I
uHbPaKPacHOTO U BUINMOTO IMAMA30HOB CIIEKTPA, 3aBUCAIIUX OT OJHOTO U3 JECITH KJIACCOB MPO3PAYHOCTH OKea-
HUUecKnX Bof; 2) tpexkommonentHas (RGB), pasimuaiomasics koadduinenTaMn TOTJIOMeHHs 151 KPacHoii, 3e-
JIEHOW ¥ CUHell YacTell BIHINMOTO CIEKTPa U OMUPAIONIasicss Ha CIIYTHUKOBBIE JaHHbIE O KOHIIEHTPAIINN XJIOPOQIII-
Ja. AHaJIu3 pe3yJIbTaTOB UHUCJEHHBIX SKCIEPHMEHTOB /IS aKBATOPUH CHOMPCKUX IIeTb(OBBIX MOpPell mokasas, 4To
y4eT Ce30HHOTO paclipe/eseHIs KOHI[eHTpAIn XJaopodusia npu GopMUPOBAHUHN TTOTOKA ITPOHUKAIONIEN KOPOTKO-
BOJIHOBOI pajuaiyu ¢ napamerpusarmeii RGB npusoaut k ¢opmupoBanuio obracTeil IporpeBa BojA B II0OBEPXHO-
CTHOM WJIM IIPUIOHHOM CJI0€, OTJIMYAIOMINXCS OT 6a30BOTO KCIIEpUMEHTa ¢ JBYXKOMIIOHEHTHOI HapaMeTpHu3alueil
PS. CpaBHeHue ¢ [JaHHBIMH HaOJIOJeHUII IIOKasblBaeT INpeuMyllecTBo Hapamerpusain RGB, yunreiatomieit
CE30HHYI0 M3MEHUYMBOCTh COJepPKaHUSA XJOpoduiia, PN YUCIEHHOM MOJAETMPOBAHUN apKTUYECKUX IMIeTb(hOBBIX
Mopeii.

Knwouesvie cnoea: uucienHoe MojenanpoBaHue, Mopsi Cubmpckoro Imeabda, ITapaMeTpH3alus COJHEYHON
KOPOTKOBOJIHOBO{T pajuanuu, KoHieHTpaims xjaopoduia, Cesepubiil JlegoBureiii okean; numerical simulation,

Siberian Shelf seas, parameterization of short-wave radiation, chlorophyll concentration, Arctic ocean.

Bsegenne

KopoTrkoBosiHOBag coHeuHass pajuaiusg gBJAgeTCs
OCHOBHBIM MCTOYHHMKOM JIETHETO IIPOTPEBa BEPXHETO
CJI0s1 CUOUPCKUX apKTHUeCKuX IeibhoBbIX Mopeii. Pa-
JIUAIIMOHHDBIN [IOTOK 3aTyXaeT II0 Mepe IPOXOKIAeHUs
CKBO3b TOJIILY BO/bI, IPH 3TOM CKOPOCTb 3aTyXaHUs
ompejiesisieTcsl ONTHYECKUMU CBOICTBAMU BOJIbI, 3aBH-
CATIUMHE TJIABHBIM 06pa30M OT KOJUYECTBA B3BEIIEHHOTO
BelecTBa. M3BeCTHO, YTO ONTHYECKN aKTHUBHbBIE KOMIIO-
HEHTBI BOJBI OCJAGIIIOT MPOHWKHOBEHNE CBETa B TJIY-
OWHHBIE CJION W BJUSIIOT Ha Co/lepyKaHue TeTlia B OKeaHe,
ToTJIoNIass GOJBIITYI0 YacTh COJHEYHOI SHEPTUU B TIep-
BBIX /IBYX MeTpax ToJIM Bojbl. COrTacHO HATYPHOMY
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MCCJIeIOBAHNIO, MPOBEIEHHOMY B ADPKTHYECKOM W aH-
TapPKTHYECKOM HAy4HO-ICCJIe/[0BATEIbCKOM HHCTUTYTE,
B Kapckom Mmope um Mmope JlanrteBbix [1], pammarm-
OHHBIIl TIPOTPEB NMOBEPXHOCTHOTO TIE€PEMEIIAHHOTO CJIOS
YBEJMYUBAJICS B OOJIACTAX € MUHUMAJIbHOH TOJIINHOIL
IlepeMelIaHHOTO CJI0S U HU3KOH IPO3PavyHOCTbIO BODI.

ApKTidecknil pernoH Hambosiee UyBCTBHTEJEH
K TJI06aJbHOMY MOTelJieHnIo. [loBbIeHne TeMIepary-
pBI atMocdephl B APKTHKe MPOMCXOIUT Topaso OBICT-
pee, 4yeM B cpeaHeM To TaHete [2]. C ToBbIIeHNEM
TeMIepaTypbl aTMoc(epbl IPOUCXOUT TasgHIIE JIbJa, YTO
yMeHbIIaeT alab6e/[0 MOBEPXHOCTH U YCHJINBAET IMOTJIO-
menne coaHeuHoit paauanuu [3]. Dosbinne obgacTi
OTKPBITOIT BO/IbI YBEJIIYNBAIOT TEIJIOBbIE TIOTOKH MEX/TY
OKeaHOM M aTMoc(hepoil U CIOCOOGCTBYIOT HOTEILICHNIO
Boszayxa [4, 5]. IlpmcyTcTBHe ONTHYECKH AaKTHBHBIX
KOMIIOHEHTOB BOJBI B ApPKTHKEe ITOTEHITHAJBHO MOXKET
yBeMINUTh 3(P(DEKT TONIPHOTO YCIJIEHHSA 3a CUeT II0-
JIOJKUTEJbHONH 06paTHOH CBA3W MeXXAY TeMIepaTypoit
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MPHUMOBEPXHOCTHLIX BOJ, TasHWEM MOPCKOTO JbJa
n ocaakamu. bnoreodpusmueckme o6paTHbIe CBA3N
TakKe yBeTmunBaoT 3 @eKT moasapuoro ycumreHus [6].
Poct nucxopgameil AJMHHOBOJHOBOI paaualu H3-3a
MOBBIIIEHHOTO CO/IePyKaHNS YTJIEKNCJIOTO ra3a IPUBOAUT
K TasHHUIO apKTUYECKOro MOPCKOTO JIb/Ia, YTO MO3BOJIS-
eT GOJIbIIEMY KOJHMYECTBY COJTHEYHOI KOPOTKOBOJIHO-
BOIl pasmaliy MPOHUKATh Ha TOBepXHOCTh CeBepHOTO
JlemoBuTOoTO OKeaHa. JTO TPUBOJAUT K YCHJIEHHIO TIO-
JIOSKUTEJLHOTO TpeH/Ja KOHIIeHTPAINN TTOBEPXHOCTHOTO
(uTOMIIAaHKTOHA BECHOM, YTO CIIOCOOCTBYET IIPOTPEBY
TTOBEPXHOCTH OKeaHa. [IpOTHO3BI MMOKA3BIBAIOT, YTO 3TO
BbI30BeT GoJiee ObICTpOEe TasiHMe MOPCKOro Jibja. Ta-
KM 00pa3oM, MpH MapHUKOBOM MOTEIIEHUH MOKET
YBEJMYUTHCS CPe/IHee cojiepKaHie XJopoduiia B ApK-
THKe, 4TO, COLJIACHO HccjenoBaHugaM [6, 7], cmoco6er-
BYyeT TIOTEIJIEHNIO B APKTHKE.

OIHUM U3 OCHOBHBIX METO/IOB HM3y4YeHHUs Ipollec-
COB, TIPOTEKAIOIMNX B KJINMATHIECKON CIcTeMe, IBJIeT-
cs TpexXMepHOe YHCIeHHoe MojenpoBanne. B Momemax
OKeaHa I MOPCKOTO JIbJa yCBOEHUE KOPOTKOBOJHOBOI
COJTHEYHOIl pajualliil ONUCHIBAaeTCA IapaMeTpU3alnsi-
MU, OCHOBAHHBIMU HA 3KCHOHEHIIMAJTbHOM 3aTyXaHWUH
¢ Tay6unoii. XapakrtepucTuku KoadduimenTa 3aryxa-
HUSI TPOHUKAIOIIEH pajuaiii B MOJEISAX, KaK IPaBH-
J0o, GOPMHUPYIOTCA Ha OCHOBe KJaccu(pUKaIUN THIIOB
OKeaHWYeCKNX BOJ, a TakKe WCXOJS M3 KJINMaTHde-
CKUX OIeHOK WJIM Pe3yJbTaToOB paboThl GMOJOTHYEeCKOit
MOJIeJIH.

[lesb HacTosimeil pabOTbI — ONPe/IeJIUTh YyBCTBH-
TeJBHOCTb UYUCJEHHOH MOJeJN OKeaHa U MOPCKOTO
apaa SibCIOM (Siberian Coupled Ice Ocean Model)
K MapaMeTpu3alliy IIPOHUKaollell paauaiuu. B mapa-
MeTpH3allui, TPaJUIHOHHO paboratomieir B SibCIOM,
UCTIOBb3YIOTCS TIOCTOSTHHBIE K03(D(MUIINEHTDI 3aTyXaHUS
I MHGPAKPACHOTO W BUAMMOTO THATIA30HOB CIIEKTPA,
3aBHUCAIINE OT 33JaHHOTO THUIIA MPO3PAYHOCTH OKEaHMH-
YecKUX BOA. MBI IIpejsaraeM TapaMeTpH3alliio, OII-
palomyiocsi Ha JIaHHBbIE O Ce30HHOH M Me)KTO/I0BOI
U3MEHYNBOCTH XJOPO(U/LIA B IMOJSPHBIX BOAAX, UYTO
nemaer ee pusmdeckn 6osiee 060CHOBAHHOI ST BOC-
MPOU3BE/IEHUsT CE30HHOU U KJIUMATUYeCKOil W3MeHYH-
BOCTH T€PMOXAJNHHON CTPYKTYPBI BOJ OKeaHa ¥ IeJb-
¢oBbIx Mopeii. [lng mccienoBaHHS YyBCTBUTETHHOCTH
MOJIeJI aHATU3NPYIOTCS M3MEHEeHWsS B paclpefeseHun
TeMIepaTyphl W JeJJHOTO MOKpoBa B 06JacTH CHOMP-
CKUX TIeJb(OBBIX MOpeii.

1. Meroz ucciegoBanus.
YucaeHHass Mo/ie b

B wccnaemoBaHuM  MPUMEHSTACh  PETHOHATbHAS
TpexMepHasl 4YHCJIeHHasT MOJieJib OKeaHa U MOPCKOIO
apga SibCIOM [8, 9]. YpaBHenus, mpeacTaB/IsIoNIie
3aKOHbBI COXPAaHEHUs TellIa, COJU M UMIYJbCA, 3allu-
CaHbl B OPTOTOHAJIBHBIX KPUBOJMHEIHBIX KOOPAMHATAX
1  (puU3NIECKOll z-BepTUKAIBHOI cHcTeMe KOOPAIMHAT
¢ WCTOJIb30BaHUEeM TpHOIIKeHwit bByccwmHecka w Tuj-
pocratuku. Hekoropble ¢dusndeckne mpoiiecchl, Hhop-
MUPYIOIIIe TEPMOXAJIUHHYIO CTPYKTYPY BOJI, HO He pas-
pellleHHble B paMKaxX [POCTPAHCTBEHHO-BPEMEHHDBIX

MacuITaboB MOJIeNN, OINUCAHBI C TTOMOIIBIO TTapaMeTpiH-
3aITMii: BepTHKATHHOTO KOHBEKTHBHOTO M TypOYJIeHTHO-
TO TlepeMelnBanus, (POPMUPOBAHWA CKJIOHOBBIX TIOTO-
koB [10]. Mogesp HUPKYJIAINE OKeaHa OObeIIHEHA
¢ Mojesibio Mopcekoro Jybjga CICE v.3 [11—13].

O6nacTb MOJENNPOBAHNS BKIOYAaeT ATIaHTHYe-
ckuil okean or 20°10.u. k ceBepy u CeBepHblil Jlesno-
BUTBIII OKeaH, OrpaHMueHHbIT BeprmHTOBBIM TIPOTHBOM.
ATIIPOKCHUMAIINS YpaBHEHUN MOJe TPOBOIUTCS Ha
OPTOrOHAJIbHOH KPUBOJIMHEITHON TpeXIoapHoil ceTke
¢ pazpemenueM 0,5° B ATJaHTUYECKOM OKeaHe U B CPeJl-
HeM 14 kM Ha Cubupckom menabde. Beprukanrbaas
ceTKa MoJiesin BKJoyaeT 38 ypoBHeil co crylieHueMm
K TIOBEPXHOCTH.

Ha «TBepabIx» GOKOBBIX TpaHUIAX 3aaHbBI YCJO-
BUS <«IIPUJIHTIAHUS» JJISI CKOPOCTU M YCJIOBUS OTCYTCT-
B TIOTOKOB Temsia U coJiu. «sKuakasy» rpaHuiia BKJIIO-
vaer: 1) DepuHrOB MPOJMB ¢ 3aJaHHBIM PacXogoM Ga-
POTPOITHOTO TeYeHUsI U TEMIEPATypOil M COJIEHOCTBHIO,
peKoMeHIOBaHHbIMH B paboTax [14, 15] nnaa mcmosb-
30BaHUSI B PETHOHAILHBIX Mojensx CesepHoro Jlemo-
BUTOTO OKeaHa; 2) 06/JJacT! NPHUTOKA PEK, T/e 3a1al0TCs
pacxo/l, HyJeBag COJIEHOCTb W TeMIepaTrypa, paBHas
TeMIlepaType TIpUJeTaolleil OKeaHWYeCcKOl 06JacTh;
3) 1okHyto Tpanuiy Ha 20°10.10., TAe TPOUCXOAUT
c6poc Maccel BOJbI, TOCTYyNHBIIeH B GacceiiH dYepe3
BepuHTOB IpOJIMB U U3 peK.

Uncennag Mo/ieTb HEOTHOKPATHO NCTIOTb30BAJIAChH
JUIS aHaIN3a KIMMaTHIeCKON M3MEeHYMBOCTH JINHAMUKH
Bom W Mopckoro Jbaa CeBepHoro JlemoBHTOro okeama
u ero 1eaboBbIX Mopeil. B pa6orax [9, 16, 17] npex-
CTaBJEHO CpaBHEHNE MOJIeJbHBIX PACUETOB C [AHHBIMU
HaGJIIOIeH NI .

2. ITapaMeTpu3sanuu NpoOHUKAIOMIEH
KOPOTKOBOJIHOBOIi pauanun

B wmomenmn SibCIOM ydver mnorJomeHust mpo-
HUKAIOIIEN COJTHEYHOI paJialiii MOBEPXHOCTHBIM CJIO-
eM OKeaHMYeCKUX BOJ OMUPAETCS Ha JIBYXKOMIIOHEHT-
Hyfo mapamerpusanuio [ 18], mpu xotopoit HuCXoAAMINIT
MOTOK paauaIiy I WHQPAKPAcHOTO ¥ BUANMOTO
JINAMIA30HOB CIIEKTPA IKCIIOHEHTINATBHO YOBIBAET C TIIy-
6WHOI:

-z -z

1(2) = Q| re™ + (1—r)e™ |, (1)

rae Qg, — IMOTOK COJIHEYHOIl pajuanuy Ha TTOBEPXHO-
CTH OKeaHa; [y — HapaMeTp, OIpe/eJsTIoNiil CKOPOCTD
3aTyXaHud WHQpPaKpacHOil 9acTH CIeKTpa; [, — Hapa-
MeTp, OIpeJeN Aol CKOPOCTh 3aTyXaHUSA YJIbTpa-
¢moseToBoil yacTn crekTpa; r — J0TI MHPPAKPACHOTO
N3JIydeHNs B TOTOKe paguarmu. IlapaMeTpsr py, py, 7
OTIpe/IesIAI0TCA /U KaKJO0TO THIA BOJI C PasHON cTe-
merbio TpospauHocTn [19]. g ob6mactn CeBepHoro
JleToBUTOTO OKeaHa MCHOJb30BAaHBI ITapaMeTphl, COOT-
BercTByIolue TpeM tunaMm Boxabl J-1B, J-II, J-III co-
IJIACHO HAMOOJIbIIEl PO3PAYHOCTH BOJ B IJIyGOKOBO/I-
HBIX pailoHaX M HaNMeHbIIell TTPO3PAYHOCTH — B IIeJIb-
dosoix [20]. B ruy6okosoaubix paiionax (> 2500 m)
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Bolly paccMarpuBailoT kak tun J-IB ¢ mapamerpamu
pw =1, wip =17, » =0,67. Ha ray6unax mexmay 250
n 2500 m Boga otHocuTca k tumy J-1I ¢ mapamerpamu
w =15 w=14, r=0,77. Tun J-III — cpeaunit
meabd (Mesxay 50 m 250 M) ¢ mapamerpamu py = 1,4,
w=179 r=0,78.

Mogundukanuss TapaMeTpU3alnil B YHCJIEHHON
MOJIeJIN BKJIIOYAET [IOMOJHUTEIbHDII Tul BoAbl J-0 st
npu6pekubIx obmacreit (Menee 50 M Ty6uHOI) ¢ Mak-
CUMaJIbHON MYTHOCTbIO. /[JIT Takoro THIIa BOIBI BCS
COJIHEYHAs] paJalius MOTJONaeTcsl B BepXHEM 2,5-
MeTpoBoM cioe, 1(z) = 0 gaa z > 2,5 M. O6ocHOBaHH-
eM TaKOTO WM3MEHEHWs SIBJAIOCH IMPeINoJoXKeHIe, YTO
MTOJTHOBO/IHBIE CHOUPCKUE PEKN BBIHOCAT Ha MIeJabd
MyTHBIE BOJbBI. Pacipe/esieHre TUIOB BOA IO 3TOM
kiaccudukamuu B Mopsx Cubupckoro mienbda mnpu
YHCJEHHOM MOJIe/IUPOBAHUN IOKa3aHo Ha puc. 1
(1B, BKIaaKa). /lasee B craTbe U1 9TOH MmapaMeTpH-
3aru Gy/leT UCrosib3oBaTbes o6o3Havenne PS.

TpexXKOMIOHEHTHAs TTapaMeTPH3aIis MPOHIKAIO-
meit pagnanun (RGB: red—green—blue) [7] npeacras-
JigeT cob6oil yIpoIleHHYI0 Bepcuio Mojenan [21], B koTo-
poil BHANMBIN CBET PACIIEIUISIETCST Ha TPH BOJTHOBBIX
nuamnaszona; cunuit  (400—500 M), 3emenbri (500—
600 um) u kpacubii (600—700 um). TToTok paanaiuu
Ha TJIy6uHe z PacCUYUThIBaeTcs Mo dhopMyre

1(z) =

-z -z -z -z

= st 7eﬁ + %(1_7) eMblue 4 @Mareen o Hred , (2)

rae 3HaueHus 7, py dukcuponansl: = 0,58, p; = 0,35,
a 3HAUCHUS [plye, Hgreens Hred PACCUMTBIBAIOTCS IS Ka-
JKIOTO [Ialia30Ha BOJIH, OCHOBBIBASICH Ha CIIEKTPAJb-
noit Momenu [21], tne koaddumment ocrabaeHms u3-
JIydeHUs] Ha KayK[IOM JJINHe BOJIHBI 3aBUCHUT OT KOHIIEH-
TPAIH XJOPODUILIA:

K@) = () (ChD*? 3)

(. — nmuna Bosmel, uM; x(A), e(L) — KoappuIUeHTDI
u3 [16], saBucamniue ot ammHbl BoaHbl; Chl — koHien-
Tpanus XJopoduiia).

3. YncieHHble 3KCIePUMEHTHI

C mnomorpio Mogenu SibCIOM 6biiu 1mpoBe/ieHbI
JIBa YUCJEHHBIX dKCIepuMenTa, Eps 1 Ergp, OTJIMYAIO-
muecs CIoco60M TapaMeTpU3alliil MPOHUKAIIeld pa-
nuainuu, PS 1 RGB cootBerctBenHo, g nepuoga ¢ 2010
mo 2022 r. [lotokn Temnsna, coam M UMIyJbca Ha IO-
BEPXHOCTH OKeaHa M MOPCKOTO JIbJa PACCUUTHIBATINICDH
Ha OCHOBe MaHHBIX arMocdepHoro peanaimza NCEP/
NCAR [22]. VcxomaHble ToJisI TeMIepaTypbl, COJIEHO-
CTH, CKODOCTH TeuyeHWil U paclipejieleHusI MOPCKOTO
apga pias 2010 r. GbLIH B3SITHI U3 PE3yJIbTaTOB HAIINX
MpeabI Iy X pacueToB 1o Mozgean SibCIOM [23], BbI-
MOJTHEHHBIX /1id epuoja ¢ 1948 no 2014 r.

Jlng nmoctpoenns mapamerpusanuun RGB uncnosb-
30BAJINCh Cpe/lHEMeCSTUHble KOHIIEHTPAIINHN XJOPOQUII-
Jla, TOJy4YeHHble OCpeJIHeHUEeM e>Ke/JHEBHBIX [JaHHBIX

parankos MODIS [24] na cnytaukax «Teppa» (EOS
AM-1) u «AxBa» (EOS PM-1). Ananu3 JaHHBIX I10-
Kasajl, 4To KOHLeHTpanus xjopoduiia B Mopax Cu-
6upcKoro meabda JoCTHraeT MaKCUMAJIbHBIX 3HaYeHHIT
B HioJie, aBrycre U ceHTsA6pe. I[IpocTpaHcTBeHHOE pac-
npejiesleHne OCPeAHEHHOIT KOHIIEHTPaluu XJI0poduLia
3a 2010—2022 rr. (puc. 2, 1B. BKJIaJKa) NOKa3bIBAET
€ro BBICOKOE cojepsKaHue B IPUOPEKHBIX pPeruoHax,
B GoJibleii Mepe y moGepeskbsa Mopeil Kapckoro u Jlam-
TEBBIX, KOTOPbIE XapaKTEePU3YIOTCS IIPOJOJKUTETbHBIM
MepPHO/I0M OTKPBITOH BOJBI.

CpeHsa KoHIeHTpalus xaopodunia B Boctouno-
Cu6HupcKoM MoOpe TakKe MaKCHMaJbHa y Geperos, HO
ee 3HAYEHIIS He TIPeBbIIaoT 4—5 MMoab,/M°. Ha puc. 2
TaKsKe Ipe/CTaBIeHbl TpaUKN M3MEeHEeHNs KOHIIEHTpa-
UK XJ0poUILIa 10 BpeMeHH B HECKOJbKHX BbIOPaH-
HBIX TOYKaxX Ha Iuejabde. Bblcokas ce30HHAsA U MEKIO-
Jl0Basg M3MEHYNBOCTh XJOPO(H/IIAa COOTBETCTBYET CO-
CTOSTHUIO JIEJTHOTO MOKPOBa PETUOHA.

4. Pe3ybTaThl YHCJIEHHOTO
Mo/IeIUPOBaHNS

AHa/IN3 pe3yJIbTaTOB YHCJIEHHBIX 3KCIEPUMEHTOB
MMOKA3bIBAET, YTO YYeT CE30HHOU U3MEHYUBOCTH KOH-
LHEHTPAIK XJ0PO(dUIIa TPU MOCTPOEHUN TTapaMeTpH-
3anuun RGB npuBoauT K M3MEeHEHHSIM B BEPTUKAJIBHON
CTPYKType TIOJISI TeMIIepaTypbl MIeJb(OBBIX Mopeit
0 CPaBHEHHUIO € pacrpe/eseHneM, (popMUPYIOIIUMCI
B CJIydYae HCIOJIb30BaHIU He YYNTHIBAIOIIEil BpeMeHHbIe
u3MeHeHus mapamerpusanun PS.

ITo dopmymnam (1) u (2) paccunranbr Koadduim-
€HTBI ocJIabJIeHIs] KOPOTKOBOJHOBOW PaUAIN JIJIST He-
CKOJIBKUX THIIOB BOJ TO KJIacCH(MUKAIMH TPO3PAYHO-
CTH W ¢ Pa3HOH KoHIeHTpauuei xjaopoduara (puc. 3).
Koaddummentsr ocmabiennsa mpeacTaBasioT co6oii 10-
JIIO paJfaiuiu, MOCTYHUBIIell Ha OIpeIeeHHbI ypPO-
BeHb TrIy6uHbl. OJIHOBPEMEHHO BLIUUCJEHBI [OJHU T0-
[JIONIEHUsT paJMalliil Ha KaskKIOM YPOBHE, KOTOPbBIE
TIPEJICTABJISIOT co60i Pa3HOCTh PajNaIlii, TOCTYIIHB-
mell Ha [JaHHBIH ypoBeHb, W paJualliy, Tepelesei
Ha cjeAymouuii mo riay6uHe ypoBeHb. [losm morsoie-
HUS paJfiallidl Ha Pa3HbIX TJIYOMHAX [JisI PA3HBIX TH-
OB BOJI TIPHBEJEHBI B TaGJINIIE.

IIponukaorast paguaius sKCIOHEHI[TATIBHO YMeHb-
1raetcs ¢ rayO6uHON, KpUBU3HA 9KCIIOHEHTDI GOJIbINe TIPU
MOBBINIEHHBIX 3HAaYeHusX XJyopoduara. Ha menbde
¢ raybmHamn 50—250 M B mapamerpmsanuu PS mc-
nosb3yercst tui J-1II, gro coorsercrByer Chl = 1,5—
2 Mvomb/M?. Kpusas mna tuma J-11I pacmomoxkema
B6m3n kpuBoii ams Chl = 2 mmoms/M%. OnHako Ha
riy6uHaxX 0 5 M 3TU KPUBbIE BeIyT ce0sl Mo-pa3HoMY:
B TIOBEPXHOCTHOM YpoBHe mapamerpusainug RGB
MPaKTUYECKN TpU JI060H KOHIEHTPAIU XJI0POoduLIa
OPUBOAUT K GOJIbIIIEMY TOTJIONMEeHN0 paanannu (Tad-
JIMIA), a cJIefloBaTeIbHO, U K GOJbllell KpUBHU3HE SKC-
OHeHThI, yeM y Tuna J-II1.

Ha ray6une mmske 10 M koadduinent morsrorre-
Hust Bogel Tuna J-111 6sm3ok k takoBomy ¢ Chl = 1,5—
2 MMOJIb/M?, a YBeJIHMdeHHe COAePKAHUA XJI0PodUIIa
B BOJle IPUBOJAUT K CHIDKEHUIO MOTJIONIEHUS Ha 3THUX
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Puc. 3. /[lons paamanuu, TOCTYNUBIIEH Ha OIpe/eTeHHYIo

ryOuHYy: [ Pa3JNYHBIX TUNOB BOJ MO KJIACCU(DUKAIII

npospauHocTH B TapaMerpusaiuu PS (a@); mns pasnudHoi

KoHIleHTparmu XjJopoduita B mapamerpusannu RGB (6).

Ha o6oux rpadukax npucyTcrByeT KpHBas /IS THIA BOJIBI
J-III B xauecrBe 6a30BOIl

KopoTkoBoHOBasi pagnanusi, IOTIONIeHHAST
BEPXHUM CJI0€M MOpsI, B YHCJICHHOII Mojesun
NpHU ucnoJib3oBannu napamerpusamuii PS u RGB, %

PS RGB
Tun Bozb! Konrenrparus
Fny6una, m 10 KJIaccupuKamm xJopoduia,
IPO3PavHOCTH MMOJTb,/ M

Jo[JmB|yu | ym [o1 ]| 2 | 10
0-2,5 100 6,01 66,22 70,88 70,31 76,33 8524
2,5-75 | 0 12,71 19,79 0,23 10,40 14,39 12,34

7,5—12,5 0 544 4,54 435 487 514 1,89
12,5-17,5 | 0 4,03 2,84 2,13 3,19 2,21 0,39
17,525 0 4,20 2,73 1,47 3,26 1,29 0,10
25—40 0 4,44 2,53 0,78 3,66 0,54 0,01

YPOBHSX, TaK KaK MPH BBICOKUX 3HAYCHUSIX XJOPO-
(dmnma Gosbliiag YacTb pajualliii 3a€PsKUBAETCS 10~
BEPXHOCTHBIM CJIOEM U JIHIIb HEGOJIBINAsA YacTh [OCTU-
raeT 9TNX TJIyGHH.

PaccunTaHHOe TOTJIONEHNE KOPOTKOBOHOBOI pa-
JUAINN Ha Pa3HoOW TJIy6HMHE MOKA3bIBAeT, YTO MaKCH-
MaJIbHBIE DPA3JMUHsT MeKAY TapaMeTpu3anusamu $op-
MUPYIOTCSI Ha MeJKOBOAHOM Imnenbde (tumr J-0 B akc-
nepumente Epg). Jlaske Chl = 10 mmomb/M%, koTopas
JIOCTUTAETCST TOJBKO B Y3KOH MPHOPEKHON o6iacTi
(puc. 2), me nmpusoant k morjomenuio 100% paanannm
B TIOBEPXHOCTHOM CJioe, XapaKrtepHoMy it Eps.

OcpejiHeHnast 3a TI€pUO/] pacdeTa MPOCTPAHCTBEH-
Has KapTHHA M3MEHEHWH, TTPOM3OMIEANINX B I0Je TeM-
TepaTypbl METKOBOIHOTO Teb(a B Pe3yabTaTe BKJIO-
ueHus napaMmerpusanun RGB, npezacrasiena na puc. 4

(1uB. BKIagKa). OTpULaTe/bHAS PA3HOCTD TeMIIEPATYPb
(AT = Tggp — Tps) B HOBEepXHOCTHOM CJIOE M IOJIOKH-
TeJIbHas Pa3HOCTb Ha TJIyOnHe 20 M yKa3bIBAOT Ha Ile-
pepacmpe/iesieHe TIOCTYTIAIOIIETo JETHETO TeIlIa Mo Bep-
THKAJIM, ONpe/le;IeHHAsI YacTh KOTOPOTO B 3aBUCUMOCTH
0T KOHIIeHTpauu XJopodusna moryaomaercs B Ergp
HIDKe MOBEPXHOCTHOTO CJI0S MOPS.

[l mamocTpaly oTyYeHHBIX Pa3induii B Bep-
THKAJbHOM paclipe/leJIeHUN TeMIepaTypbl BbIOPaHbBI
pe3yabTaThl pacdeTa Aad Kapckoro Mops B aBrycre
2020 r., Tak Kak 3/ecb B 3TOT IIepUOJ I[TOBEPXHOCTb
MIPAKTUYECKH TOJHOCTBIO CBOGOJHA OTO JIb/IA, YTO JAeT
BO3MOXKHOCTb IIPOCJEIUTh M3MEHEHHs B IIporpeBe
1resb(OBBIX BOJ B 3aBHCUMOCTH OT YPOBHS XJIOPO-
¢mmra. Kak MBI oTMedanqn paHee, TeMIepaTypa IIO-
BEPXHOCTH B IPUOPEKHBIX 06JIACTIX ¢ TpeobIaJjaHineM
tuma Box J-0 yBenmyena B akcmepuMeHTe FEpg
(puc. 5, a, uB. BKJaaka), uyTo (OpMUPYET OTPHIA-
TeJbHYI0 Pa3HOCTL TeMIepaTypbl. Ha BepTmkasbHOM
paspese AD (puc. 5, 6) BHIAHO, YTO OTpHUIlATETbHBIE
OTKJIOHEHHUST TeMIepaTypel B Egrgp OT aHAJTOTHYHOTO
pacripezieJieHus TeMiepatypbl B Eps Ha MOBEPXHOCTH
COOTBETCTBYIOT MOJIOKUTEJIbHBIM OTKJIOHEHUSAM Ha TJIy-
6ure HIke 15—20 M, 4TO corsacyercsl ¢ pa3IndIuIMU
B TIOTJIONIEHUN PAJNAIIN B 3TUX 3KCIIEPUMEHTAX.

B ob6mactax, ormaseHHBIX OT Gepera, ¢ TJIyGHMHOIN
6osiee 50 M M3MeHEHUs B I0Jie TeMIIEpATypbl He SIBJISI-
10TCA CTOJIb JKe OIpejleJIeHHBIMHU, KaK Ha MeJIKOBOJHOM
menabde. B cuTyanumsax, Korjga KOHIEHTPAIUS XJIOPO-
¢nta, kak mpaBmio, 6ojee HU3KAg B OTJATEHUU OT
6epera (puc. 5, 6), TeM He MeHee NPHBOJUT K MEHb-
meil npo3pauynoctu, yeM y Bojbl Tumna J-III B akcme-
puMeHTe Eps, MpOTpeB MOBEPXHOCTHBIX BOJ OKa3ascsd
6ompie (puc. 5, a).

BpeMeHHOIT X0/ OTKJIOHEHUS TeMIIePaTyphl B 9KC-
nepuMeHTe Egrgp 110 cpaBHEHUIO ¢ TeMIlepaTypoll B Eps,
OCpe/lHEeHHOII 10 aKBaTOPHU CHOMPCKUX IeTb(OBBIX
Mopeil (puc. 6, UB. BKJIa[Ka), MOKA3bIBAET U3MEHEHUS
B BepTUKAJBLHOM TIpodusie TeMmepaTypol. /[lomosHn-
TeJBLHO I KasK/I0TO MOpPSI pacCYUTaHa CPeJHSAS KOH-
IEeHTpaIa Jba B Eps, MEHJIONAsACS B COOTBETCTBUNI
¢ ce30HHBIM XozoM. IIpexcraBieHHOE pacmpeseseHIe
TTOKa3bIBaeT, YTO B CpejHeM TI0 aKBAaTOPUHM KasKOTO
MOpsI TIOBEPXHOCTHAsI TeMieparypa 11 Ergp MeHblile,
yeM 11 Eps. OTam4msa MaKCHMaJbHBI B JIETHUII Tepi-
oI Ha MeJKoM Tmenbde gocturaioT 1,5—2°, Ha cpea-
HeM menbge Menee 1°. Kak O6bLI0 OoTMeYeHO paHee,
B Eps TporpeB MOBEepXHOCTH WMEHHO Ha Iesbde
1o 50 M MakcmManabHBIH. [loBepXHOCTHAA TeMmepaTypa
B 0OJIblileil Mepe IOJBep)KeHA BJMSHUIO TeMIepPaTypbl
BO3/lyXa U IIPOIleccaM JIbJ000PAa30BAHUsI, [10ITOMY 3H-
MOI Bce PasJuuusi MeKIY pe3yJbTaTaMi JKCIepUMeH-
Ta B MOBEPXHOCTHOM CJIO€ MCYE3al0T.

Menbuuii 1porpes moepxHocTHoro cjog 0—30 M
COOTBETCTBYET 6ObIIeMYy HATPeBY HIDKEJEKAINX CJIO0-
eB 30—200 M B Ergp. Pazmuuns B 1moJie TeMIiepaTyphbl,
¢opMupyIoIlIIecs JeToM, HabMIOAAI0TCS B TeUeHHe BCe-
TO rojia. YBeJMYeHHBI{l IPOTPeB CJIOS BOJBI, U30JHPO-
BAHHOTO OTO JIb/JIa, 3UMOIl COXpaHSETCS C TOCTETIEHHBIM
sarmy6aenneM. B mocregnme tompr (2018—2022 1r.)
B HEKOTOPBIX OO6JACTAX WHCYe3aeT CE30HHOCTb 3TOTO
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nporecca, T.e. Bca Tommma Boabl (30—200 M) mouTtn Bee
BpeMs B 3KclepuMeHTe Egrgp Harpera cujibHee, 4eM
B E PS.

AHaJIN3 YMCTIEHHBIX Pe3yJbTaTOB TTOKA3bIBAET, UTO
N3MEHeHNs B TEePMHUYECKOHl CTPYKType IIelb(oBBIX
BO/, OOYCJIOBJIEHHBIE PA3IUYNAMU B crocobe ydera
KOPOTKOBOJTHOBOI pajnaini, He OKa3bIBAIOT 3HAUN-
TEJbHOTO BJUSHUS Ha COCTOSHUE JIe/ITHOTO TOKPOBa
Mopeit Cubupckoro miesabda. Haubosbinmne pasindns
MeXKIy OKCIepUMEeHTAaMHU OTMeYeHbl /i BocTouHo-
CubupcKoro Mops, T/le OCHOBHON THIT BOJ B 3KCIEPH-
MeHTe Eps paccmarpuBazics kak J-0 s Bceil akBaTo-
pum Mopsd W TeMIlepaTypa MOBEPXHOCTHOTO CJIOST OKa-
3ajlachb HIDKe B akcrepuMeHTe Egrgg OTHOcuTeTbHAS
pasHUIla MeXIy 00beMOM JIbJa B aKCIepuMeHTaX ERrgp
n Eps mosoxureabHa u BpeMmeHamu jgocturaer 10%.
Jling mopst JlanreBoix n Kapckoro mMopsi, T/ie Tormorpa-
ua mHa MeHee OJHOPOIHA U, CJIeOBATEJbHO, Tapa-
Merpusaiug PS, Bkiouaoniagd pasjndyHble THILI BOJI,
JIONIyCKajla TPOHUKHOBEHNE TeIlia B TJIyOOKUe CJIOH,
OTHOCHTEJIbHAs PasHOCTb He IpeBbimaer 6%. XoTs
3HAUYEHUs OTKJIOHEHHI B o0beMe JibJa JJIs ATHX Mopeii
MUHUMAJIbHO, WHTEPECHO OTMETUTh, YTO B OTJNYHE
ot Boctouno-Cubupckoro Mops B KapckoMm Mope Ha
TIPOTSKEHWH BCETO pacueTa W B TOCJTETHIE TOJbI
B Mope JlanTeBbIX B aKkcnepuMeHTe Egrgp Jbla (popMmu-
pyeTcsi MeHbIIIe.

[Ipeanonosxenne o 6ojsee 060CHOBAHHOM HCITOJIb-
3oBaHuM napamerpusanuu RGB ¢ ydyerom mpocTpascT-
BEHHO-BpEMEHHON W3MEHUYNBOCTH KOHIEHTPAINN XJIO-
podmLIa MOKHO TOJKPENHTh CPaBHEHNEM C JaHHBIMU
HabJofieHnit. /[y amannsa MCIOJb30BAIUCh €XKe/HEeB-
Hble JJaHHbIE O TeMIlepaType MOPCKOil TIOBEPXHOCTH TI0
riao6anphoit cetke 0,25°, mpenoctaBiaeHHble Hairmo-
HAJTBHBIM yTIPaBJeHNEM OKeaHMYeCKIX M aTMOC(hepHBIX
nccaegoBanuii (NOAA — National Oceanic and At-
mospheric Administration) [25].

O61mag mpocTpaHCTBEHHAsA KapTHHa pacipe/ese-
HUSI TIOJISI TIOBEPXHOCTHOW TeMIIepaTypbl, MOJIy4YeHHOI
B skcnepuMente Eps (puc. 7, a, 1B. BKJIaJKa), MOX0XKa
Ha paclipe/ie/ieHre Mo JaHHbIM Habmogenuii (puc. 7, 6).
Opnako cpaBHeHNE TPOCTPAHCTBEHHOTO pacipejieie-
HUS Pa3HOCTH TOJiell TeMIepaTypbl MesKAy TaHHBIMU
Habmoennii u pesyabratamn Eps (puc. 7, 6) mokasbi-
BaeT, 4YTO Mo/esib 3aHmKaeT Tps B ceBepHO#l dacTh
Mops JlanTeBbIX M 3aBbIllIaeT B MPUOPEKHBIX paifoHax
OKpaMHHBIX Mopeil, HaumboJIbIIas Pa3HUIlA JTOCTUTAETCS
B Bocrouno-Cubupckom mMope. B skcmepumente Ergp
C y4eTOM KOHIIEHTpAINN XJopoduia pacrpejeseHne
TTOBEPXHOCTHO TeMmeparypbl JieToM 2020 r. HeCKOJb-
KO yJIydlnaeTcs 1o cpaBHeHnto ¢ Eps (puc. 7, 2).

3akouenne

AHaMM3 pe3yIbTaTOB CPABHEHWS MOJETBHBIX TI0-
Jieft Temmiepatypbl 1o ganubM 2010—2022 rT. mokasaud,
YTO y4YeT Ce30HHOH M3MEeHYMBOCTH KOHIIEHTPAIUN XJIO-
podmLIa PN TOCTPOEHUH TapaMeTPU3alii KOPOTKO-
BosiHOBOIT pazuaiuun  RGB  Menser pacupenesienue
JIETHETO Telsla B MOPCKWX BOJaX IO CpPaBHEHUIO ¢ 60-
Jlee YIIpOIleHHON Bepcueii mapamerpusaiuu PS, B ya-

CTHOCTH, CIOCOGCTBYS Gojiee MHTEHCUBHOMY IOCTYILIe-
HUIO TellJla HUKe IIOBEPXHOCTHOro ciosg. CpaBHeHHe
¢ JaHHBIMH HaGJIOJEeHNIT JeMOHCTPUPYET MPENMYIIecT-
BO HCIOJIb30BaHUA IapaMerpusanun RGB mia Moge-
JINPOBAHUS TEPMUYECKOTO COCTOSHUS ~apPKTHYECKUX
1menb(pOBBIX MOpeii.

YucieHHbIE Pe3yJIbTaThl MOKa3bIBAIOT, UTO M3Me-
HEHUS B TePMHYECKOH CTPYKType ImeabhoBbIX BOJ,
00yCJIOBJIEHHbIE PAa3IUYUAMU B CIIOcO0e ydYeTa KOpPOT-
KOBOJIHOBOII pagualui, He OKa3blBalOT 3HAYNTEIHLHOIO
BJINSHUS Ha COCTOSHIEE JIeAAHOTO MoKpoBa CHOHPCKHUX
menbGoBbIx Mopeil. OTHocuTeIbHOE H3MeHeHHe 00be-
Ma Jibjla B cJIydae ydyera mapamerpusaiuu RGB He mpe-
Boimaer 10%.

MunancupoBanre. Pa6oTa BBINOJIHEHA TPH TMOJ-
gepskke PH® (rpant Ne 20-11-20112). Yuciennbie
HKCIIEPUMEHTHI IIPOBE/IEHBI C NCTIOIb30BAHNEM BbIYHC/IH-
tebHBIX MolHocTeil [IKIT CCKIL MUBMuMI CO PAH.
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The main source of summer heating of the upper layer of the Siberian Arctic shelf seas is shortwave solar
radiation. The radiation flux attenuates as it passes through the water column, and the attenuation rate is de-
termined by the optical properties of water, depending mainly on the concentration of suspended matter in the
water. In numerical models of the ocean and sea ice, the process of absorbation of shortwave solar radiation is
described by various parameterizations. In the present work, the sensitivity of the regional 3D numerical ocean
and sea ice model SibCIOM to two parameterizations of the penetrating radiation is studied: (1) two-
component parameterization using constant attenuation coefficients for the infrared and visible parts of the
spectrum depending on one of the 10 transparency classes of ocean waters; (2) a three-component one, with dif-
ferent absorption coefficients for the red, green, and blue parts of the visible spectrum and relying on satellite
data on chlorophyll concentration. Analysis of the results of numerical experiments for the water area of the
Siberian shelf seas has shown that taking into account the seasonal distribution of chlorophyll concentration
when forming the flux of penetrating shortwave radiation leads to the formation of regions of water warming in
the surface or bottom layer, which differ from the basic experiment with two-component parameterization.
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Puc. 2. CpeznHee pacipezieieHre KOHIeHTpall XJopodunta B Mopsax Cubupckoro menbda. [[ns kakJoro u3 mATH IMYHKTOB
(3Be3I0uKM) TIOKA3aHA JMHAMIKA CPeJHEMeCUHbIX 3HaueHuii xaopoduiia 3a 2010—2022 rr.

2 4 6 8 10 12
Chl, mmoub,/M?

900

120°
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AT, °C AT, °C
Puc. 4. Vismenenue jerHero pacupezenerus temmeparypbl (AT), ocpeanentoro sa 2010—2022 rr., Ha MeJTKOBOAHOM Irefbde:
@ — B TIOBEPXHOCTHOM cJioe Mopsi; 6 — Ha rury6une 20 M



100 200 300 400 500 xm
-3 -2 -1 0 1 2 0 2 4 6 8 10 12

AT, °C Chl, mMoub,/M>
Puc. 5. Pesymabrarsl MozmenupoBaHusa A1g aBrycta 2020 I.: ¢ — pa3HOCTb IIOBEPXHOCTHOII TeMIlepaTypbl MeXIYy 3KCIepIMeHTaMI

Ercs u Eps B Kapckom Mope; 6 — KOHIleHTpalsi XJOpo(ULIa; 6 — BepTUKAJIbHOE paclpe/eieHue U3MEeHEeHUsI TeMIepaTypbl
MesKy sKcnepuMeHTaMu Ergs 1 Eps BI0Ob cedyenus ADB
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Puc. 6. Bpemennoii xoxa pasuuiisl temiepatyp AT, ocpeIHEHHBIX MO ydacTKaM Mopell Tiy6uHoii 50—200 M (cHU3Y) U KOHIeH-
tpamus abaa (cepxy): @ — B Kapckom mMope; 6 — Mope JlanteBbix; 6 — Bocrouno-Cuéupckom Mope



Txoaa, °C AT, °C
6 2

Puc. 7. TloBepXHOCTHasi TeMIepaTypa, OocpefHeHHas 3a WioHb — aBryct 2020 r.: ¢ — 1o pesysbrataM skcrnepuMenta Eps (Tps);
6 — 1o mauubM Habmogernii (Tyoaa) [25]; pasHUIla TTOBEPXHOCTHON TeMIIEpaTypbl MeK/Iy: JaHHBIMU HaGTIOeHNi U pe3yabTaTaMu
skcnepuMenta Eps (6); pesyabratamMu skcnepuMenta Ergs 1 Eps (2)
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