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PaccMaTprBarOTCst HOBBIC METO/[bI ABTOMATH3HPOBAHHOTO ONPE/ICIICHHS [TAPaMETPOB JICASHOTO
HOKPOBA 10 CITYTHUKOBBIM JIAHHBIM M MOJICPHU3HPOBAHHBIN METO/] KPATKOCPOYHOTO IIPOrHO3a JICAOBOM
00CTaHOBKH Ha OCHOBE YHCJICHHON MOJEIH «OKeaH—JIea». JlaHa XapaKTepHCTHKa pa3paboTaHHBIX
HOBBIX IPOIPAMMHBIX CPE/ICTB. [[PUBOANTCS OIIMCAHUE CO3IAaHHOTO SKCIIEPUMEHTAIIBHOTO allapaTHO-
HPOrPaMMHOTO KOMILIEKCA CITyTHUKOBOIO MOHHTOPHHIA M MIPOTHO3a JIEI0BOI 00CTAHOBKH, COCTO-
SIIIETO U3 IISITH TIOJCHCTEM.

Knrouesvle crosa: nenoBasi 00CTaHOBKA, CITy THHKOBBIC H300paKCHHMsI, METOIBI KIIACCH(UKALIHH,
JIMHAMHUKO-TEPMOIMHAMUYECKAs MOJICITb, MODSsI 3ara [HON APKTHKH, alllapaTHO-IPOrPaMMHBIIf KOMITICKC.

BBEJIEHUE

JlenstHOl TTIOKPOB SIBIISICTCS OIHUM M3 HanOoJIee 3HAaYMMBIX (DaKTOPOB OKPYIKaroIIeH
Cpeabl, 3aTPYAHSIONINX aKTUBHYIO XO3SICTBEHHYIO A€ATEIBHOCTD B apKTHYECKUX MOPSX.
Tak, nesIHOM TOKPOB MPEISITCTBYET IJIABAHUIO CYI0B 0€3 JICAOBBIX YCHIICHNH, PHIOOIOB-
CTBY, T€0JIOTOpa3Be/IKe, CTPOUTENILCTBY THAPOTEXHUYECKUX COOpyxeHui u T.1. Ocobas
aKTyaJbHOCTb NPOOJIEM COBEPIICHCTBOBAHHUS METO/I0B MOHUTOPUHTA U TPOTHO3UPOBAHUS
JIeJIOBOM 0OCTAaHOBKH B apKTHYECKHX MOPSIX BbI3BaHA aKTUBH3aluel cynoxoncTsa Ha Ce-
BEPHOM MOPCKOM MYTH ¥ MHTEHCHBHBIM OCBOCHHEM HE()TEra30BBIX MECTOPOXKACHHN Ha
KOHTHHEHTaIbHOM Iiiesbde (Grigoryev, 2017).

[TosiBUBIIHECS B OCIIEAHUE TOIBI TEXHUYECKUE CPEACTBA B COUETAHNH C COBPEMECHHBI-
MU WH()OPMAIMOHHBIMU TEXHOJIOTHSIMU TIO3BOJISIIOT CO3/1aBaTh HOBBIE M COBEPIICHCTBOBATh
CYIIECTBYIONHE METObl U MPOTrPaMMHBIE CPEICTBA MOHUTOPHUHTA U NMPOTHO3UPOBAHUS
nenoBoii ooctanoBku (MuponoB u jp., 2010; CmupHoB, berukosa, 2015; CriyTHUKOBBIC
metozpl, 2011; Knsukun u ap., 2015).

B AAHWU npu punancoBoit mognepxke Munucrepcra oopa3oBanust 1 Hayku PD B
2014-2016 rr. 6611H pa3paboTaHbl HOBBIE U YCOBEPIICHCTBOBAHBI CYIIECTBYOIINE METO/IbI
MOHUTOPHUHTA ¥ TPOTHO3UPOBAHMSI COCTOSHUS JIEASHOTO TTOKPOBA, IPOTpaMMHasi peaju-
3a1Ms KOTOPBIX TO3BOJIMNIA CO3/aTh anmapaTHO-MPOrPaMMHBIN KOMIUIEKC CITyTHHKOBOTO
MOHHUTOPHHTIA ¥ MPOTHO3UPOBaHHMs JieoBoit ooctaHoBkU (DATIK «Jleny).

DAIIK «Jlemy npemHasHadeH Jisl aBTOMATU3AIIMH MPOLIECca ONPeeNIeHus CTNTIOYEHHOCTH
M BO3pacTa MOPCKOTO JbJia TIO CITyTHUKOBBIX CHMMKaM U BBIMOJIHEHHS KPAaTKOCPOYHOTO
MPOTHO3a JI0BOI 00CTaHOBKH.
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METO/I ABTOMATH3UPOBAHHOI'O ONPEJIEJIEHUSI YACTHOM
CIVIOYEHHOCTHU JIEASIHOI'O ITOKPOBA 110 CITYTHUKOBbBIM
PAAUOJIOKALIMUOHHBIM U30BPA’KEHUSM BBICOKOI'O PASPEILHEHUS

Pa3zzeneHne MOPCKOro Jib/ia 1o BO3pacTy Ha paauonokaiuoHHbiX (PJ1) n3o0pakeHusIx
OCHOBAHO Ha Pa3HUIIEC B MEXaHU3MaX pacCesHUs AEeKTPOMarHuTHhIX BoTH CBY-nnanazona
Ppa3IMYHOMN NONAPHU3aIHUY, CBOHCTBEHHBIX KOHKPETHBIM BH1aM MOPCKOTO JIb/1a U OTKPBITOI
Bojie. OTKpBITas BOAHAS TIOBEPXHOCTH MPH CHIIBHOM BETPOBOM BOJTHEHUH MOYKET UMETh B
MHUKPOBOJTHOBOM JIMalia30He TaKue e pacCEeUBAaIONINe CBOMCTBA, KaK CEpPhIi, Cepo-0eblii
Wi MHorojieTHuH jez. CriokoiiHast BOjiHast TOBEPXHOCTh Ha PaIMOJIOKAIMOHHBIX H300pa-
KEHUAX 0TOOpaskaeTcs Kak 30Ha HU3KOTO OTPAKEHHOTO CUTHaJla, TO €CTh UMEET TeMHBIH
TOH, MTPAKTHYECKH TaKOW ke, KaK B Cilyyae HaOIOICHUS OTHOJIETHETO TOHKOTO Jibja. J{iist
B3BOJIHOBAHHOH BOHOM MOBEPXHOCTH MPH UCIIONIB30BAHNU TOPU30HTAIBHOM MOApU3aIiK
M3JTy4eHHs XapaKTePHbI BRICOKHE 3HaYeHUs curHana Ha PJI-nu3o0pakeHnu, cornocraBiMbIe
IO SIPKOCTH CO 3HAYCHUSMHU, CBOMCTBEHHBIMU MHOTOJICTHUM JIbJaM. Takas HeoJHO3HaYHas
3aBHCHMOCTH OJHOMONSPU3AI[MOHHOTO CUTHAJa OT THUIA MOJACTHUJIAIOIIEH MOBEPXHOCTH
3aTpyIHSIET KJIACCU(PHUKAIIMIO MOPCKOIO JIbJa TI0 BO3pacTy. M30exars HeoIHO3HAYHOCTH
yaaeTcs myteM ucrnosnb3oBanus PJI-u3o00paxenuii ¢ nymst nonsipusanusivu (HH u HV),
Orarojapsi BO3HUKAIOIIEH 3HAYUTENILHOM Pa3HUIIE B CUTHAJIE OT BOABI U JIbJIA.

Heiiponnsie cetu (HC), npumensiembie B DAITK «Jlemy mis kinaccudukamum MOPCKHX
JIBJIOB T10 BO3PACTY, PE/ICTABIISIFOT COOOH aJITOPUTMBI PACIIO3HABAHMS 00Pa30B, MMUTHPYIOLINE
MPOoIeCcChl 00pabOTKU MHGOPMAITUK YETIOBEUCCKUM MO3TroM. [IJis ompese/icHUs] BUIOB
MOPCKHX J1b10B 10 PJI-u300paskeHnsiM coznaercsi mHorocinoiHas HC, uMerorast HECKOJIbKO
CKPBITBIX CJIOEB, 33/1al0TCs IpaBuiia ee 00ydenus. Hactpoiika HC npoBoguTcst mo mMarepuaiam
CHEIUATIBHO MOIO00paHHOM (IJIs1 TAHHOTO PErvoHa, CIYTHHKA, MEPHOIa roja) o0ydJaroIei
BBIOOPKH U SIBJISICTCSL HANOOJIeE CIIOKHBIM 3TaroM kiaccudukaiu o meroxy HC. OGyucHue
TIPOU3BOAMTCSI C UCTIONIB30BAaHUEM QJITOPHTMA OOPATHOTO PacpOCTPAHEHUS OIIMOKU 1 IMEeT
LIETbI0 MUHUMH3ALMI0 CyMMapHOW omMOKM ceTu. J{ist aHaiam3a TEeKCTYpbl H300pakeHuUsl B
OATIK npou3BoaUTCs pacyeT CIeNYIOMNX CTATUCTHUECKUX XapaKTePUCTHK OIS yIeTbHON
addexrrBHOI noBepxHocTH paccesHust (YOIIP): sHeprus, SHTPOIHS, KOPPEISLHMS, THEPLHS,
OIHOPOJIHOCTb, BBITYKJIOCT Ki1acTepa U Jip. I1o TecToBBIM H300paKeHUSIM OTIBITHBIE JI€I0BbIC
9KCIIEPTHI BBIONPAIOT HanOoIee THITHYHbIE YIAaCTKH JIb/IOB ONPE/ICTICHHOTO BUA; JUIS KaXJI0T0
BUJIA JIbJIa PACCUMTHIBACTCS HAOOpP TEKCTYPHBIX XapaKTEPUCTHUK, OMPEIEIISIFOTCS CPEIHHIE
3nauenus YOIIP. B urore kaoMy BEKTOpY JTaHHBIX (HA00pY XapaKTEPHUCTHK, ITOTyYEHHBIX
JUTS STAJIOHHOTO Y4acTKa H300paKeHNsT) COOTBETCTBYET I0CTOBEPHO M3BECTHBII BUJT MOPCKOTO
JIbJIa; 00YYarOIIMi MACCHB COCTOMT U3 BEKTOPA JJAHHBIX U HOMepa Ki1acca JibJia, sl KOTOPOro
TaKoii pacuet ObL1 pousseneH (Bogdanov et al., 2005; Zakhvatkina et al., 2013).

Ha Bxognoi#t cnoit HC monaroTcs TeKCTypHbIE Mpu3Haku aHainuzupyemoro PJI-
1300paKeHus, YUCIO0 HEHPOHOB B MEPBOM CJIO€ COOTBETCTBYET YHCIY HCIIOJIb3YyEeMbIX
TEKCTYypHBIX Nmpu3HakoB U 3HaueHuit YOIIP. Ilpoiiaa gepe3s HC, BxogHoi BekTOp
oToOpakaeTcs B pe3ylbTUpyonuii Bektop Ha Bbixose HC. Unciio aneMeHTOB BBIXOHOTO
CJIOSl PaBHO YHCITY KJIAaCCU(PHUIIUPYEMbIX BHJIOB MOPCKOTO JIbJIa.

HC obnanaror BayKHBIM CBOWCTBOM KJIacCH(UIIMPOBATh BEKTOPHI IAHHBIX, KOTOPbIC
HE HCIIOJIb30BAJIACH IIPH TPCHUPOBKE ceTH. DTa crioco0HocTh HC K 00001IICHIIO TO3BOJISCT
HCIOJb30BaTh MX KaK YHHUBEPCAJIbHBIH KIacCH(UKATOP CIYTHUKOBBIX M300pa)KeHHN
MOpCKOro Je/stHoro nokposa. Ha puc. 1 nan npumep kinaccudukanuu ciryTHukoBoro PJI-
n300pa’keHNs MOPCKUX JIBJIOB, BRIMTOTHEHHON 1o Metoxy HC.
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Puc. 1. Ilpumep aBromatuznpoBanHol kinaccupukanun PJI-usobpaxenns IC3 RADARSAT-2 or
27.04.2015 r. ¢ npumenenuem anropurma HC: @ — PJI-m3o6paxenne IC3 RADARSAT-2, HH-
norsipu3anys; 6 — kiaaccupunuposanHoe PJI-u3obpaxenue.

1 — npunaii; 2 — OJHONETHUI TOJICTHIN Neq; 3 — OAHOJNETHUI Jie[| CpeHNI; 4 — OJHOJICTHUI JIe]| TOHKUIA;
5 — Monozoii nex; 6 — CrokolHas yucTasi BoAa/Huiac; 7 — OObEKTHI CyIIH.

METOI ABTOMATU3UPOBAHHOI'O OIPEJIEJIEHUSI OBIIEN CIIJIOYEHHOCTH
JEJSHOI'O IOKPOBA 11O CITYTHUKOBBIM U30BPA’KEHUAM BUAUMOI'O
TMATIA30HA

Jns onenkwn o01ielt crtogeHHoCTH JtefstHoTo MokpoBa B DATIK «Jlem» mpumensercs
aBTOMATH3MPOBAHHAS CETMEHTAIHS ONTHUECKOTO M300paKEHUSI MOPCKHX JIbI0B Ha 30HBI
Pa3INYHON CIUIOYEHHOCTH JIEISTHOTO MOKpoBa. CerMeHTalus! TPOM3BOIUTCS B JIBa JTara.
Ha mepBom sTamne peanusyeTcs IoporoBast KIIaCCH(PHUKALNS, IPU KOTOPOH KaXIbIH TTHKCET
MOPCKOH ITOBEPXHOCTH aCCONUUPYETCS MO0 C APKUM 00BEKTOM (MOPCKOH Jiex), 100 ¢
TEeMHBIM (pOHOM (BOf).

Teppurtopus CyIm UCKIIOYAETCS U3 PACCMOTPEHHMS € TIOMOIIBIO HAJIOKEHUS MACKU
B BHJIE IICHM-(aiina OeperoBoii JIMHNHU, XPAHSIILIErocs B 0a3e JaHHBIX. AHAIOIMYHO HC-
KITFOYAIOTCSl M3 aHallM3a Y4acTKH, 3aHAThIe O0JaYHOCTBIO M TyMaHOM. [y MOArOTOBKH
mein-gaitna odnaunoctu oneparopom DAIIK ucnonb3yercst nHPOpMALINST HECKOIBKUX
OTNITHYECKHUX CHEKTPAIIbHBIX KAHAJIOB.

IToporosas knaccuukanys H300pakeHNST MOPCKUX JIbI0B BBITIOJIHSETCS IO METOY
amoHckoro yaeHoro H. Omy (Otsu, 1979 ), ocHoBaHHOMY Ha pacdeTe THCTOrpaMMEI IByMep-
HOTO TIOJISI IPKOCTH JUTS pacdera mopora £. MeTox mpuMeHNM [T §-0NTHOTO H300paKeHus,
THCTOrpaMMa KOTOPOTro UMeeT OMMozanbHbIi Xxapaktep. HaxoxneHue nmopora, pasaensto-
IIETO0 KIacchl, Mo MeToy OTCy CBOAUTCS] K MUHUMU3AIMH BHY TPHKIIACCOBOM ANCTIEPCHH,
MIPECTABIIAIONIEH CO00i B3BEIIEHHYIO CYMMY JANUCIEPCHH IBYX KIACCOB:

6,2 (1) = 0,()0, (1) + 0,10, (1),
e ®, ¥ (0, — BEPOSATHOCTU MEPBOTO U BTOPOTO KIACCOB COOTBETCTBEHHO, A G,’U G,> —
JICIIEPCHHU 3THX KJIACCOB.

OTcy nokasall, YT0 MHHUMH3ALMs BHYTPHUKIACCOBOM MCIEPCHH SKBHBAJICHTHA

MaKCUMHM3ALH MEXKKJIACCOBOM THUCIIEPCHH, KOTOPasi paBHa:
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6, (1) = o,(D,(?) [1,(1) — (P,
A€ [, ¥ [, — CPEIHUE apU(PMETHIECKUE 3HAYEHHS ITHX JIBYX KIIACCOB. SHATEHHMS L, MOTYT
OOHOBIIATHCS UTEPATUBHO MIPH U3MEHEHUH TTOPOTa.

Ha BTOpoMm sTame 00paboTKu M300pakeHUsI MOPCKHX JIBJIOB BBITOTHICTCS PacdeT
CIUTOYEHHOCTH JIBJOB IO KBajpaTaMm peryisipHoil ceTku. lllar ceTkum MOXeT MEHSTHCS
B 3aBUCUMOCTH OT pailoHa U pacuyeTHON CETKH MPOTHOCTHUYECKOH JienoBoil moaenu. I1o
CITyTHUKOBBIM JaHHBIM IIPOBOJIUTCS OIICHKA CTUTOYCHHOCTH (N) MOPCKHUX JIBJIOB B Oaurax
IUISL KJKJIOTO DJIEMEHTA CETKY, IIOMAnbI0 a’: N = (ZAi)/n x10, roe Ai — 3HA4YEHUE APKOCTH
B ITHKCEJEe Ha OMHAPHOM CHHMKE (Al. =0 s Bomel M A, = 1 st JIbJIA), 1 — KOJMYECTBO
WH(POPMATHBHBIX TUKCEICH B KBaJpaTe CETKH (T.c. 0e3 MUKCcenel cymu 1 00IagHOCTH).

Ha puc. 2 npencrasneH npuMep HCIONp30BaHUS MeTona OTCy ISl aBTOMaTH3HPO-

BAHHOTI'O BBIACJICHUS MOPCKOT'O JibJla Ha CITYTHUKOBOM CHHUMKC ONTHYCCKOTO AHAIla30Ha.

Puc. 2. Ilpumep kinaccuukamuy MOPCKOTO JIbAA
no cmwioueHHoctd. Cauumok ETM/ Landsat-7, 8
kaHai, 17 mrons 2002 1., ApKTHUECKHUIT OacceiiH:
a — (parMeHT HCXOIHOTO M300paKeHHS; 6 —
— OuHapHOE N300paskeHNe, MOITyYeHHOE 10 CHUMKY

i "1 ¢ momompro Metona OTcy; 6 — M300paxkeHue,
3 KJIaCCH(UIUPOBAHHOE 10 CINIOYEHHOCTH JIbJA.
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MOJIEPHU3ALIMS METOJA ITPOI'HO3UPOBAHU S PACIIPEIEJIEHUS JIEJSTHOTO
MOKPOBA U EI'O IPEA®A

MeTo/1 pOrHO3UPOBaHUS paciipeiesIeH s 1 Aperda JIeSIHOro NOKPOBa B apKTHUECKUX
U 3aMep3arolluX HeapKTHYecknx Mopsix Poccuu Obu1 paspadoran B AAHUU B navase
2000-x rr. 3a nocaeqaue 10—15 et 3TOT METOA JOCTATOUHO MIMPOKO HUCTIONB30BAJICS IS
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COCTaBJICHHSI ONIEPATUBHBIX KPATKOCPOUHBIX JIEOBBIX IPOTHO30B, JOCTOBEPHOCTH KOTOPBIX
B IIEJIOM OKa3aJIach BIIOJHE yoBiIeTBOpuTenbHON (Kistakun n np., 2015).

Meron npescTaBisieT co00H YHCICHHYTO PEaTU3aLHIO CHCTEMbI YpaBHEeHUH ANHAMUKA
U TePMOAMHAMUKH JEISIHOTO MOKPOBA U OKEaHA C COOTBETCTBYIOIIMMH T'PaHUYHBIMHU
YCIIOBHSIMU.

[Iporuo3 mM3MeHeHUs TEPMOXAIMHHOM CTPYKTYpbl BOAHOM TOJIIU OCHOBAaH Ha
ypaBHEHMsIX OajaHca TEIUIa M COJeH, NPOMHTETPUPOBAHHBIX B IPEJEIIax BEPXHETO
KBa3HOAHOPOIHOTO €J0sl. B KaduecTBe IpaHUYHBIX YCIOBHH 3aJalOTCS MOTOKH Temjaa U
coJiell Ha MOBEPXHOCTH MOPS M HAa HWKHEW IPaHUIIE BEPXHEr0 KBa3MOJHOPOIHOTO CIOSL.
IIporHo3 nuHaMHUKH MOps CTPOUTCSA HA OCHOBE HECTAlMOHAPHOM MOJEIU OKEaHa, B
KOTOPOW HCHONB3YIOTCSI YPABHEHUSI HEPA3PBIBHOCTU U JABHIKEHHS B THAPOCTATHUECKOM
MIPUOIMKEHUH C TPAHUYHBIMHU YCIIOBUSIMH, TPAJUIIMOHHBIMHY IS 38184 1T0A00HOT0 pojia.
[IporHo3 TepMuueckoil IBONIONUH JEIIHOIO MOKPOBA OCHOBBIBAETCS HA yPaBHEHHHU
TEIJIOBOTO OallaHca JIBYXCIOWHOM CPesbl «JIe—CHEr» NPH YCIIOBHU PaBEHCTBA ITOTOKOB
TeIIa Yepes3 CIIOH JIbJa U CIIOH CHera.

JluHaMuKa JIeITHOTO MOKPOBa MPOTHO3UPYETCs HA OCHOBE ypaBHEHHs OanaHca
KOJINYECTBA JIBMKCHUSI B HECTAIIMOHAPHON MOCTaHOBKE. TaHTeHIMATbHBIC HAPSDKEHNS Ha
BEPXHEH U HIKHEH MOBEPXHOCTH JIbJIa OIPEIENIAIOTCS C IOMOILBIO KBaAPAaTUYHOTO 3aKOHA,
CHJIBI BHYTPEHHETO B3aUMO/ICIICTBUS B JIEASTHOM ITOKPOBE OMHCHIBAIOTCSI C TOMOIIBIO BA3KO-
MIaCTHYECKON PEeonIornueckoil Moaeinu. JIeasHol MOKpOB MIMUTHPYETCS C TOMOLIBIO METOA
MapKepOB — YCIIOBHBIX JIBJIUH, K)K/1as1 U3 KOTOPBIX 00J131a€T CBONMH «UHANBHTYaJIbHBIMI
MIPU3HAKAMU: KOOPJMHATAMH, CKOPOCTBIO, TOJIIHHOM, pa3pyIIeHHOCThI0, TOPOCUCTOCTBIO
1 CIICIMAIBHBIM ITPU3HAKOM, TTO3BOJISIOIINM OTIINYATh JAPEeHYIOIINIA JIe OT pHIast.

OnbIT KPaTKOCPOYHOTO YHCIEHHOTO IPOTHO3UPOBAHUS MOKA3aJl, UTO B LIEJIOM MOJIEIh
MO3BOJISIET IIOJTYYHTh BIIOJTHE a/IEKBaTHOE MPECTABIEHUE O JIETOBBIX YCIOBUSIX, OKHTAEMBIX
B TeyeHue Ommxaidmmx 1-5 cyrok. OnpaBapiBaéMOCTh MTPOTHO30B JIOCTATOYHO BBICOKA,
3¢ PEKTUBHOCTD — yCTOHYUBO MMOJIOKUTEIbHA.

Bwmecre ¢ TeM MozieIb, MOI0KEHHAsI B OCHOBY IPOTHOCTHYECKOTO METO/1a, HECBOOOHA
OT HEJOCTAaTKOB. B mepBylo ouepenp 3TO OTHOCHUTCS K OKEaHCKOMY OJIOKY MOJCINH.
YpaBHEHUS U COOTBETCTBYIOLINE IPAHUYHBIE YCIIOBUS, OMUCHIBAIOIINE JUHAMUKY OKEaHa,
c(OpMYITMPOBaHBI B YIIPOIIEHHOM BHJIE, B PE3YIIBTATE YETO IPOSIBIISIOTCS OMPE/ICICHHbIE
MOTPEHIHOCTH MPU pacdyeTax TEUEHUH, NEHUBEISIUN YPOBHSA MOPS, TEPMOXAIUHHOM
CTPYKTYpHI ¥ T.A. B HEKOTOpBIX cilydasx 3TO NMPUBOJUT K OHIMOKAaM IPOTHO30B, B
0COOCHHOCTH MOJIOJIBIX JIBJIOB, KOTOPBIC HANOOJIEe «UyTKO» PEarhpyloT HAa W3MEHEHHUS
JVMHAMHMKH ¥ TEPMOXAJIMHHON CTPYKTYpBI OKEaHa.

Takum 06pazom, TIaBHBIM HaIpaBIeHHEM MOIM(UKAIINN METO/IA ITPOTHO3a Ipeiida n
nepepacnpeencHus JesIHOTO MOKPOBa SIBIsUIAach paJuKalbHas NEPECTPOiiKa OKEaHCKOIO
6moka Moznenu. J[JIst BBIIOJTHEHUS ATOH 3a7aun OBUIO PELICHO HCIIOIB30BATh OJHY U3
TIOCIIEIHUX BepcHii okeaHckoi Moaenu [IpuHcTonckoro yansepeuteTa (Princeton Ocean Mod-
el, POM) (Blumberg, Mellor, 1987; Mellor, 2003). B AAHWUU umeeTcst T0CTaTOYHBIN OIIBIT
HCTIOIb30BAHNS ATON MOJIEIH JUISl HCCIICJOBAHMS Pa3IMIHBIX OKeaHOTPAPUIECKIX SBICHUN
B apkTHiIeckux Mopsx (Mait, 2007; Maii, 2008; Hekpacos, Mait, 2009; MoHoB u np., 2015).

Cucrema ypaBHEHUH ABMKEHHs M Hepa3pbIBHOCTU B Mojaenu POM peanusoBaHa B
TaK Ha3bIBAEMBIX G-KOOPJHMHATAX, IIe BEPTHKAJIbHAS AUCKPETH3ALMS BBITIOJIHEHA HE JUTS
TOPU30HTOB C (PMKCUPOBAHHOM TOJIIMHOMW, a JJIs 33/JaHHOTO KOJIMYECTBa ciIoeB (puc. 3).
Monenb 1o3BOJISIeT paCCUUTHIBATH KaK 0apOTPOITHYIO, TaK ¥ OApOKIMHHYIO MOy AMHAMHUKH
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Puc. 3. Cucrema G-koopIuHar.

H— I‘Hy6PIH8. Mops, & — OTKJIOHCHHE ypOBeHHOﬁ TIOBEPXHOCTH, W — BEPTUKaAJIbHAS COCTABIIAIOIIAsl CKOPOCTU
TCUCHUH B Z-KOOpL[I/IHaTaX, (® — BEPTUKAJIIbHAsI COCTABJIAOMIAA CKOPOCTHU TECUEHUS B G-KOOpAWHATAX.

OKeaHa, IIPH ITOM K03(h(PUIMEHTHI TYpOYyJIEHTHOrO 0OMEHA PacCUUTHIBAIOTCS C TOMOIIBIO
ypaBHEHHMIi OanaHca TypOyJIEHTHOW HEPTHH.

Bropas oTHOCUTENBbHO yCTOWYMBAs MOTPEIIHOCTS MPOTHOCTUUECKONH MOJIENH, YXY/I-
LIAIOIIAs PE3YJIBTaThl POTHO30B, MPOSIBIISIIACH B CIIyYaHHBIX (QIYKTyalsIX CIUIOYEHHOCTH
JIbIa, HE OOYCJIOBJICHHBIX HU JUHAMHUKOHN (IMBEPreHIINS/KOHBEPTCHIHS), HU TCPMHUKOMN
(3amep3anue/TasiHue). [Ipupona aTuX «HeonpaBIaHHBIX» (IIYKTyallMi CBsI3aHa C TEM, 4TO
MIePBOHAYAIILHOE MOJ0KEHHE MapKEePOB B siUeHKe, IMUTHPYIOIIUX JETHON IOKPOB, OMpe-
JIeNIsieTcsl ¢ MOMOIIBIO TeHepaTopa clyyalHbIX uucell. B pesynbrare qake npu HyJeBOH
JIMBEPTEeHIMHN ABIKYIIUECS MapKepbl HHOT/IA MOTYT CIIy4aiHbIM 00pa3oM IepeiTy Witk He
MepeNTH B COCETHIOIO IYEHKY, B PE3YJIbTaTe Yero CINIOYEHHOCTD JIbJ]a MOXKET H3MEHUTHCS.

[TonsiTHO, 4TO 3TOT A dEKT OoJIee BEPOSTEH, KOTIa KOJIMUECTBO MAapKEPOB B siuciike
He3HaunTenabHO. [ToaToMy ObLIa MpeAnpuHsTa MONBITKA KyIIUPOBaTh TAKUE CIIydailHbIe
KOJIEOAHUsI CIUIOYEHHOCTH 3@ CYET YBEJIMYEHHS MaKCUMaJbHO BO3MOXKHOTO KOJIMYECTBA
MapkepoB B siuelike ¢ 20 no 40, T.e. 40 MapkepoB B siuciike cooTBeTcTBYIOT 10 Oayam
CIUIOYEHHOCTH, 36 MapkepoB — 9 Oaiiam u T.1I.

Haxonen, TpeTbUM KJIIOYEBBIM HaIpaBlIieHHEM MOANU(PUKALNU ITPOTHOCTHYECKOTO
MeTo/ia SIBJIAJach €ro ajanTtalys K pernoHy 3amagHod ApKTHKU M paiioHy apxuienara
nuubepren. Dta, 10 CYIIECTBY, YUCTO TEXHOJIOTHYECKas 3a/1a4a CBOIMIIACh K pa3padoTKe
pEryJsipHON CETKH, arpoOKCUMHPYIOIIEH JTaHHBIH PErHOH, TIOCTPOCHUIO MaTpHIl ITyOUH
1 OeperoB, MaTPUIIbI 3HAYEHUH TOJIIMHEI JIbjIa B MOMEHT CE30HHOTO MaKCHUMyMa, a TaKkkKe
HEKOTOPBIX BCIIOMOTaTeNIbHBIX MaTPHLI, HEOOXOIMMBIX JUTS BU3yaJIU3aLM1 PACUCTHBIX ITOJICH.

BA3A JAHHBIX 11O PA3PBIBAM B JIEJSSHOM ITOKPOBE

BaxxHoll xapakTepUCTHUKOM JIEASHOTO TIOKPOBA B 3UMHUI NTEPUOJ SIBJISIOTCS HAapyllle-
HUS CIUTOIIHOCTH JeasHoro mokposa (HCJI), koTopble BKITIOYAtOT B Ce0sI TPEIMHBI, KaHAJbI,
pa3BOibs, a TAKXKE y3KHE MTPOTSKEHHBIEC 30HbI C MOBBIIICHHON Pa3ApOOIEHHOCTHIO JIb/A.
HCJI mpunsiTO Ha3bIBATh Pa3pbIBAMHU B JIEISTHOM ITIOKPOBE, T.K. OHU 00Pa3yIOTCsI B XOIOJHBIN
TIEPHOJ] IO TT0/] BO3JCHCTBIEM JUHAMUUECKUX (haKTOPOB, CBSI3aHHBIX C TIPOCTPAHCTBEHHON
HEPaBHOMEPHOCTHIO ckopocTH npeiida npaa (FopObyHoB u ap., 1986).

baza nannabix (B/1) KpyHBIX pa3phIBOB B JISTHOM ITOKPOBE 3artatHON A PKTHKH, BXOJIIIAST
B coctaB DAIIK «Jlem», Opima cozmana Ha ocHoBe HH(popMarwy 0 HCJI, momydeHHoi co CHUIMKOB
NC3 NOA A marnoro pa3pemnieHns. MUHAMaITbHAS IIPUHA KAHAJIOB, I PHPYEMBIX Ha TAKHIX
cHnMKax, coctaBisiet 500 M (bymryes, 1991). [l 3anomaenust bl nexomnoit uadopManmeii o
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paspbiBax 06110 00pabdorano 3240 caumkoB. [Tepron HaOMOICHMI OXBATHIBACT C HEKOTOPBIMHU
MIPOMEKYTKaMH BpeMeHHOU nHTepBai ¢ 1979 no 2015 . BKIOYNUTENBHO.

ITpu pazpabotke b/ TpeboBanock BEIOpATh CTPYKTYPY 3aIMCH B HEH TAKUM 00pa3oMm,
YTOOBI CHeNaTh MOCIEIYIONINE PAacUeThl XapaKTepPUCTHK pa3pbIBOB HE3aBUCHMBIMH OT
OPHEHTALMH B MPOCTPAHCTBE BEIOPAHHOW CHCTEMBI KOOP/IMHAT M pazMepa HCCIeayeMon
aKBaTOPHH, a TAKXKE OT Iara ocpeaneHus. [1o3Tomy B KauecTBe 00bEKTa, OMHCHIBAEMOTO
onHOM cTpokoii B BJI, Obl1a mpuHATa TOYKA, OTPAaHWYMBAIONIAsl OJTMH U3 KOHIIOB OTHOCH-
TEJILHO MPSIMOJIMHEITHOTO OTPe3Ka pa3phiBa, T.¢. ee reorpaduieckne KOOpAXHATHI (IMPOTa
n ponrota). CoueraHne 1aThl HAOMIONCHNSI, HOMEpa Pa3pbiBa Ha CHUMKE 1 IOPSAKOBOTO HO-
Mepa TOUYKH, IPUHAJISKAIEH STOMY Pa3phIBY, eNallo Kax /bl 00beKT B b/l yHHKaIbHBIM.
Takas opranu3anus CTPyKTyphI 3alIHCH O3BOJSIET PACCUUTHIBATh HAITPABIEHHUE Pa3phIBOB
OTHOCHTEIBHO JIF00O0T0 33JaHHOTO MEPHMaHa 1 ONPEIEIISATh IPOTSIKEHHOCTh Pa3phIBOB B
mr000# 3a1aHHON 00IaCTH, HE IPUBS3BIBASCH K KAKOI-THO0 KOHKPETHOM CETKe.

Jlnst pacuera 1o «base TaHHBIX KPYITHBIX pa3pbIBOB B 3ar1aTHOM APKTHKE» 0000IIEHHBIX
XapaKTEpPUCTUK Pa3pbIBOB OBLIO pa3pabOTaHO CIICNHALHOE MPOrpaMMHOE 0OecIeUeHHE.
Coznannblii nHTEpdEIc MO3BOISCT MOJIB30BATEIIO BEIOMPATh U3 NPEATIOKEHHOTO CITHUCKA
XapaKTEePUCTHUKY Pa3pbIBOB M ()OpPMY TIPEACTABICHHS PE3yNIBTATOB €€ pacyera. XapakTepH-
CTHKH Pa3pbIBOB, BHIYMCIICHHE KOTOPBIX BKIIIOUYCHO B COCTAB IPOrPAMMHOTO OOECIICUCHUS,
MO>KHO Pa3CUTh HA TPU TPYHITBI: XapaKTePUCTHKN OPHEHTAIINK Pa3phIBOB (IIepBast U BTopast
T10 3HAYMMOCTH MOJIAJIbHAsI OPUEHTALIHSL, 00ECTICYEHHOCTh 000X MOJIAJTBHBIX HHTEPBAJIOB U
PE3yIIBTHpYIOIIEE HAITPABIICHNE PA3PBIBOB), XapaKTEPUCTHKH INIOTHOCTH Pa3PhIBOB (YCIbHAS
JUTHA ¥ PacCTOSTHHE MEX/Y pa3pblBaMH) U UX HNPOTKEHHOCTh. Bee 3T XapakTepucTiku
YUUTBIBAIOTCS IIPY TUTAHUPOBAHUHM MOPCKHX OIEpaLuil U UCTIONb3YIOTCS AJIsl aHAJIN3a Mpo-
CTPAHCTBEHHOH M BPEMEHHON M3MEHYMBOCTH Pa3PbIBOB. AJITOPUTMBI OIPEEICHHS O0ITb-
MIMHCTBA U3 HUX pHBOAATCS B padborax (pmvent, 2000; ['opOynos u ap., 2014).

[IpocTpaHcTBEHHOE OCPETHEHHE BCEX XAPAKTEPUCTUK OPHEHTAINU U YAEIbHOMN ATHHBI
Pa3pbIBOB MOXKET MPOU3BOAUTECS Kak 1o kBajgparam cetku 100x100 kv mm 200%x200 kM,
TaK U MO BCeH akBaropuu 3anaaHoil ApKTUKH B ienoM. Pacnipenienenye mpoTsKeHHOCTH pas-
PBIBOB PAaCcCUMTHIBACTCS TI0 BCEH aKBATOPHH, a PACIIPEIICIICHUE CPEITHETO PACCTOSIHUS MEXITY
Ppa3pbIBAMU — KaK 110 BCE aKBATOPHH, TaK U 10 BBLIENIEHHBIM palioHaM. BpemeHHoM nepuon
0000111IeHYS TAHHBIX 33/1a€TCs ITOJIb30BATEIIEM, OJTHAKO OH HE MOYKET OBITH MEHEE O/THOTO MECSIIIA.

B 3aBucMMOCTH OT BBHIOpPaHHOM XapaKTEPUCTHKH Pa3pbIBOB (opMa IpeCTaBICHHS
pe3yIbTaToB €€ pacueTa MOXKET OBITh pa3sHoil (puc. 4 UBET. BKICHKN). XapaKTepHUCTUKH
OpPHEHTAIlMN OTOOPAXKAIOTCS KaK YUCICHHBIMU 3HAYCHMSIMH MX CpPEIHEH BEIMYMHBI U
JMarna3oHOB M3MEHEHHH, TaK U B BUJE OPUEHTHPOBAHHBIX OTPE3KOB 110 KBajaparaM CeT-
ku. [Ipu 3TOM pasmep OTpE3KOB, OPUEHTUPOBAHHBIX B HAMIPABICHHUU MEPBOH U BTOPOI
MOJIbI, MTPOTIOPIIMOHATIEH 00ECIEYCHHOCTH COOTBETCTBYIOIIEI0 MOJAJIBHOTO MHTEpBAIA.
[Iporpammuoe obecrieuenne NpeaycMaTpiuBacT BO3MOKHOCTD ITOCTPOCHUSI KPYrOBOH
JarpaMMBbI paciipe/ieIeHHs] OPUEHTAIMN Pa3pPhIBOB U THCTOIPaMMBI pactpeiesieHus o0e-
CIIEUYCHHOCTH MOJIAJILHOTO HHTEpBaJIa 110 Bcel akBaropuu. [lJist ocieiHelt XapaKTepruCTHKA
1 JUTS YICTBHOM JTMHBI (POPMHUPYIOTCS BCe HEOOXOMMBIE (aifibl ISl ITOCTPOCHHMS TTOJIeH
WX pacrpeesieHus mpu oMoty maketa Surfer, Bxomsmiero B DATIK «Jlemy.

PABPABOTKA INPOI'PAMMHBIX CPEJICTB MOHUTOPUHTA
U MPOTHO3UPOBAHMS JIEJJOBO OBCTAHOBKH

Pa3paboTka mporpaMMHBIX CPEICTB, MPeIHA3HAYCHHBIX JJI1 aBTOMAaTH3UPOBAHHOTO
OTIpeJIeJICHNs XapaKTePUCTHK JISSTHOTO TTOKPOBa B 3amaAHON APKTHKE MO CITyTHUKOBBIM

21



JIAaHHBIM OIITHYECKOTO CIIEKTPAIIFHOTO JHMAIa30Ha M CIyTHUKOBBIM PaJIOJIOKAIIOHHBIM
N300paKECHHUSIM BBICOKOTO pa3peIlieHHs], 3aKJII0YaIach B MMPOTPAMMHOM pean3aiun aj-
TOPUTMOB OTIPEJEIICHUS] BO3pACTa JIESTHOTO MOKPOBA M CINIOYEHHOCTH MOPCKOTO JIbJa.
OcobenHoCTBIO paboT OBLTO TO, YTO pa3pabaTeiBaeMble IPOrPAMMHBIE CPEACTBA JOJKHBI
TI03BOJISITH IPOBOMTH IO CITy THHKOBBIM H300pa)KEHHSIM BBICOKOTO Pa3pelIeHHsI aBTOMaTH-
3MPOBAHHOE OIPE/ICIICHNE XaPAKTEPHUCTHK JISITHOTO IIOKPOBA B ONIEPATUBHOM pexume. J{is
CITyTHUKOBBIX N300payKeHHI BBICOKOTO pa3peleHust XapaKTepeH O0IbIoi 00beM; pa3Mephl
CIIyTHUKOBBIX KaIpOB COCTABJISIIOT OT COTEH METrabaiT 10 HECKONBbKUX ruradaiT. [Tpu sTom
BpEMSI OT 3arpy3KH CITyTHUKOBOTO cHUMKa B DATIK 1 /10 momyueHuns BBIXOTHOM POy KIHN
B BHUJIC, TOTOBOM JJIsl OTIIPABKHU IOTPEOMUTEISIM 110 CITyTHUKOBBIM (WUIM MHBIM) KaHaJaM
CBSI3H, HE JIOJDKHO IPEBBIMATh 2 4. Takue ycIoBUS NPEIbSBISIIOT BEICOKHE TPEOOBAHMS
K OBICTPO/ICHCTBHUIO NPOTPaMMBbI, K ONTHMAIbHOM OpraHu3aluy padoThl MPOrpaMMHBIX
0J10KOB ¢ OOIBIIMMHU HH(POPMAIMOHHBIMHA MACCHBAMH.

JInist aucneHHoN peann3aliuy METo/a ONpeesIeH s Bo3pacTa Jipia pa3paboTraHa n
omnpoboBaHa nporpamma «Bospact sipia». [IporpaMMa ycBauBaeT JaHHBIC CITyTHHKOBBIX
PaMoIIOKaTOPOB C CHHTE3MPOBAHHOM anepTypoil. B HacTosiiee BpeMst MOT'YT HCIIOIb30BaThCS
PJI-nzo6paxenus ¢ ¢pynkimonnpytonmx MC3 RADARSAT-2, TerraSAR-X, Sentinel-1. s
onpezieNieHus o01IeH CITIOYEHHOCTH pa3padboTaHa 1 onpoOdoBaHa nporpamMma «CIIo4eHHOCT
n1a». [IporpamMma ycBanBaeT CITy THUKOBBIE JAHHBIE ONTHYECKOTO CIIEKTPAIbHOTO AMana3oHa.

Monynu pacdeTa 4acTHOH 1 00IIeH CIIIOYEHHOCTH ITPON3BOJIAT BBIYNCIICHHS CTIIOYEH-
HOCTH JIb/1a TIO CITy THUKOBBIM H300pa)KCHHUSIM U COXPAHSIIOT PE3YJIBTAThI B TEKCTOBOM (haidiie.
ABTOMaTH3NPOBAHHAS OLIEHKA YACTHOH CIUIOYEHHOCTH JIJITHOTO ITOKPOBA ITO/IPa3yMeBaeT
OTHECEHHUE KaXK/I0TO MUKCENa K ONPEICIICHHOMY KJIACCy, MPEACTAaBISIONIEMY Pa3InIHbIC
KaTEeropuu MOPCKHX JIb/IOB MIIM OTHOCSIIIEMYCSI K OTKPBITOH BOJHOW MOBepXHOCTH. O1ieHKa
001meit CIuI0YeHHOCTH MIPU 3TOM BBITIOJTHSIETCSI TOCPEICTBOM 00BEJMHEHHEM BCEX KIIACCOB
Jb/1a B KBAJpaTe CETKU C PACUeTOM MPOIEHTHOTO COOTHOIICHMS «BOA—JIIEI.

Pesynsrupyrommii ¢aiin npencrasisier coO0i MOCIeI0BaTeIbHOCTh TEKCTOBBIX CTPOK,
KaK/1ast U3 KOTOPBIX COAEPYKUT HOMEP STYCHKH T10 IIIMPOTE, HOMEP SUEHKH T10 JIOATOTE, IIUPOTY
LIEHTpa SYEHKH, IONTOTY HEHTpa SYEIKH 1 CINTOYEHHOCTh JIb/ia B Oaytax. Homepa 1 koopiiHaTs!
STYEEK COOTBETCTBYIOT HOMEPaM M KOOPIMHATaM stuecK (haiiyia KoopMHATHO! (PETYIIIPHOI) CETKH.

Monudukanus TpOrHOCTHYECKOH MOJIeNny nmoTpedoBaia BHECEHUS CYIIECTBEHHBIX
KOPPEKTHBOB B IPOTrpaMMHOE 00eCIIeUeHNE, IPHYEM 3TH U3MEHEHHSI B OCHOBHOM 3aTPOHYJIN
OpraHM3aLHIO B3aNMOACHCTBHUS MEXTy OKCAHCKHM U JIEZIOBBIM OJIOKaMK Moziei. B HoBoM
BEPCHH IIPOrPAMMHOT0 00ECTICUEHHUSI MOJIEIN OKEaHCKHH OJIOK BBICTYTIAET B POJIH T'OJIOBHOM
IIPOTPaMMBI, @ BCE TPOILEAYPhI, CBSI3aHHBIC C PACYETOM COCTOSHUS JITHOTO MOKPOBa,
OpraHM30BaHbI B BUE NOIIPOrpamMM. 113 okeaHCKoro Oy10Ka B JI€/I0BBIH IepelatoTCst JaHHbIE
0 COCTOSIHMH ITOBEPXHOCTHOTO CJIOS MOps (CKOPOCTH TEUCHMH, JCHUBEISIHS YPOBHS,
TeMIIepaTypa, COJICHOCTb, BEPTUKAJILHBIN ITOTOK Teruta). 13 genoBoro 610Kka B OKCaHCKHUH
TIepeAatoTCsl JAHHBIE TT0 OCHOBHBIM XapaKTepPHUCTHKAM JIEASHOTO IIOKPOBa (CKOPOCTS sipeiida,
00111251 CTUTOYEHHOCTH), @ TAKKE JIAHHBIC O BEPTHKAIBHBIX OTOKAX COJIeH, 00y CIIOBICHHBIX
CTEKaHHEM Paccola MPH yBEINICHUH TOJIIUHBI JIb/a.

Kpowme Toro, MoauuKaIist o0keaHCKOTo 0JI0Ka MOJIEITH BKJIF0YaIa, TOMHUMO HIOAHCOB,
CBSI3aHHBIX C JICASHBIM TIOKPOBOM, Pa3pabOTKy HEKOTOPBIX MPOLEAYp, 00eCIeYHBAIOIINX
MIOATOTOBKY HAaYaJIbHBIX ITOJICH TEMIEepaTypbl U COJICHOCTH:

— u3Biedenue 7—S ganHbIX U3 mobansHoro Maccusa (Locarnini et al., 2013; Zweng
et al., 2013) 1t BBIOpaHHOTO PErMOHA M BBIOPAHHOTO MECSIIA;
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— mpuBeneHne 7—S TaHHBIX K CETKE MOJICITH C TTIOMOIIBIO CIIIAH-MHTEPITOJISIIHH;

— IpuBeeHNe MecsTYHbIX qaHHBIX (Locarnini et al., 2013; Zweng et al., 2013) k 3a-
JIAHHOM J]aTe ¢ OMOILBIO TUHEHHON MHTEPIIOJSLUY;

— MpeoOpa3oBaHUE JAHHBIX 110 BEPTHKATBHON CTPYKTYpE OKeaHa U3 TPaIHIIMOHHBIX
Z-KOOpIUHAT B G-KOOPIHHATEHI.

CO3JJAHHUE OKCIIEPUMEHTAJIBHOI'O AIIHAPATHO-H!J’OF PAMMHOI'O

KOMIIVIEKCA MOHUTOPHUHTI'A U ITPOI'HO3A JIEJOBOU OBCTAHOBKHU

Cucrema MOHUTOpPHUHTA JIEOBOW OOCTaHOBKU JOJDKHA COOTBETCTBOBATH OIpEe-
JICHHBIM TPEOOBAHUSM, KAaCAIOIIMMCs ONEPaTUBHOCTH, MOJHOTHI, (hOPM MpeiCTaBICHUs,
YCTOHYMBOCTH K Pa3HBIM [TIOMEXaM, HE3aBUCUMOCTH OT CYObEKTHBHBIX (DaKTOpOB U T.11. J{iist
obecrieueHust TUX TPEOOBAHUI CO3/1aH IKCIIEPUMEHTAIIBHBIN arnaparHo-porpaMMHBbIii
KOMITJIEKC CITy THUKOBOTO MOHUTOPHHI'A M IIPOTHO3a JIEI0BOM 00CTaHOBKHU. DyHKIMOHAIBHAS
cxema DAIIK «Jlen» mpuBeneHa Ha puc. 5.
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Puc. 5. ®ynkuuonaneHas crpykrypa DAIIK cryTHUKOBOrO MOHUTOPUHIA U IPOTHO3a JIEIOBOM
00CTaHOBKH.

B cocraB DAIIK «Jlen» Bxomsar yersipe paboure CTaHIMM W KaHAJIbI CBS3U TpEX
THIIOB JUTs 0OMeHa MH(popManrei BHyTpu kominiekca u Mexxay DATIK n BHemne# cpenoii:

— pabouast craHIus JUIsl CO3/1aHus M 00y4eHHs HeHPOHHBIX CETeH;

— pabouasi CTaHI¥s /Il ONPE/IeNICHHs O0LIel M YaCTHOM CINIOYEHHOCTH JIEJSTHOTO
MIOKPOBA;

— pabouast craHuus Juis IPOrHO3a Apeiida 1 pacrpeeseHus JesTHOTO ITOKPOBa;

— pabouasi CTaHIMs JUIS pacyeTa PeXMMHBIX XapaKTEPUCTUK Pa3phIBOB B JICSTHOM
MOKPOBE;

— KaHaJl CBSI3U, MCIOJIB3YIOINI TNI00AIIbHYIO CETh MHTEPHET, OCYIIECTBIISIONIHIA
obmeH nHpopmanueit mexxay DAIIK n BHelHeH cpeoid;

— KaHaJ CBSA3U, UCIOJIb3YIOLINI BEIOMCTBEHHYIO ceTh Pocruapomera, OCyIeCcTBIIs-
oL TTofjady HH(OpMAIMK ONIpe/IeICHHOTo TUMa n3BHe Ha Bxon DATIK;
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— KaHaJl CBSI3H, UCTIONB3YIOIINH JIOKabHYI0 ceTb AAHWU, ocymecTsisttomnmii 0OMeH
nHdopmanueii kak BHyTpr DAIIK, Tak u mexxny DAIIK u BHenHel cpenoil.

Kaxxnas pabodast cTaHIMs MPEACTaBISIET COO00I KOMITBIOTEP € COOTBETCTBYIOIIUMHU
nepudepuitHBIMU YCTPOHCTBAMH, OCHAIIEHHBIH KaK CTaHIapTHBIM IIPOrPAMMHBIM oOecIie-
YEHUEM, TaK U CIICUAIILHBIM ITPOTPAMMHBIM 00ecIieYeHuEeM, HEOOXOIUMBIM IS PEIICHHS
cniernduaecknx 3a1a4 DAIIK. baza qaHHbIX IO pa3pbIBaM B JICASHOM IIOKPOBE, HCIIONb3Y-
emast JUIs pacyeTa UX PeXKUMHBIX XapaKTEePUCTHK, TAK)KE YCTAaHOBJICHA Ha )KECTKOM JIMCKE
COOTBETCTBYIOIIEH pabouei cTaHuH.

Bcee mare moacucrem DAIIK «Jlen» (puc. 5) paboTaioT B eqUHON yNpaBisFonei
000J109Ke, COCTOSIIECH U3 MOIYJSl YIPABICHUS, MOIYNsE 0OpaOOTKM M XPaHEHUSI yCBO-
S€HHOM MH(pOPMAINK, MOIYIS BU3YAIN3alUN U YIPABICHUS PEKUMAMHU OTOOpaKeHHS,
Moy npenctasnenus AaHHbIX B ['YIC. [TporpaMMHBIN MOTyNb YIPAaBIEHUS pealn30BaH
Ha BBICOKOYpOBHEBOM s13bIke C++ B cpeze pazpadorku Embarcadero RAD Studio XE6 n
nIpeiHa3HaveH /It pyHKIMOHUPOBAHMS MO/ onepaoHHoi cucremoit Windows. Mugop-
Manus o6padarsiBacTCsi KOMIIOHEHTaMu nporpamMmuoro obecniedenust DAITK. Koneunsiii
npoaykt, noaroroBieHubil B DAIIK «Jleny», coxpansercs B celUalbHOM JUPEKTOPUH,
OTIPEICIICHHOM B MOJTYJIE YIIPaBJIeHHUsI 00paOOTKOM 1 XpaHEHHEM YCBOCHHON HH(OPMAIINH.

B nporpammusix cpeacteax DAIIK «Jlen» npenycMOTpeHsl:

— MOJIYJIbHBIM IPUHIUIT 00paOb0oTKN MH(POPMAIINH;

— BO3MOXXHOCTb TMOAKIIIOUCHNUS CIICIHAIBHBIX ONOINOTEK, YCKOPSIOMUX paboTy ¢
MacCHBOM;

— ONTHUMAaJILHOE UCTIOIH30BAaHNE OTNIEPATHBHON ITAMSITH;

— MICIIOJIb30BaHUE CTATUCTUYECKUX AJITOPUTMOB 00paObOTKH ABYMEPHBIX MOJIEH SIPKO-
CTH, OCHOBaHHBIX Ha MCIIOJIb30BAaHWH aHAJIN3a I'PAJIMCHTHBIX 3MEHEHUH, He TpeOyIomux
a0COIIOTHOH KaIMOPOBKM CHTHAIIA,;

— IMPUMEHEHHE JTUHAMHYECKUX MAacCHBOB IIPH MOCTPOSHHUH MPOTPaMMHOTO KOJa,
YHCIIEHHOE PElIeHNe CHCTeMBI AU (PepeHIINATBHBIX YPaBHEHHUH.

[TporpamMMHOe oOecriedeHre KOMIUIEKca 00JIaaeT CIICTyIOIUMU CBOHCTBAMHU:
(yHKIIMOHAIBHAS JOCTATOYHOCTH (MOJIHOTA); HAJIEKHOCTD (B T.4. BOCCTAHABIMBAEMOCTbD,
HaJIMYME CPEJICTB BBISBICHHUS OIIMOOK); MOAN(DHUINPYEMOCTh; MOIYJIEHOCTD TIOCTPOCHHS;
YA00CTBO 3KCIUTyaTaIHH.

[TporpamMHOe obecrieueHre KOMITIEKCa MOCTPOCHO TakUM 00pa3oM, 4TOOBI OT-
CYTCTBHE OTCIBbHBIX TAHHBIX HE CKa3bIBAJIOCh Ha BBIMOJHEHWN (YHKIMHA KOMIUIEKCa,
TIPY peaJIn3aliy KOTOPHIX ATH JIAHHBIE HE UCTIONB3YIOTCA. Tarke peaqn30BaHbl MEphI MO
3aluTe OT OMIMOOK MpH BBOAE M 00paboTke MH(OpMaIy, odecrieunBaonye 3aJaHHOe
KauecTBO BBIOJIHEHNUS (DYHKIMH KomIuiekca. O0ecrieueHa 3aimra yxKe CreHepupOBaHHON
1 3arpy>eHHOI 9acTH MPOrpaMMHOTO 00ECTICUeHHS OT CITyYaiHbIX N3MECHEHHH.

Just pazpaborannoro DAIIK «Jlem» moaroToBieH MONHBINA KOMIUIEKT SKCILTyaTa-
LIMOHHON JOKyMEHTAIlNH, BKJIIOYAIONMH MakeT TeXHH4eckol JOKyMEHTAIlMHd W MaKeT
[TporpammHuo#i nokymeHTanuu. Kpome Toro, ObumM MpoBeAECHB TPHEMOYHBIC UCTIBITAHHS
KOMIIJIEKCA Ha peabHBIX MACCHBAX CITy THUKOBBIX M HA3EMHBIX HAOIIOACHHH, TIOJTyYCHHBIX
10 MOpsM 3amnagHONi ApKTUKH.

BbIBO/Ibl

B xone paborsr o coznannto DAIIK «Jlemx» pa3paborana NMPpUHIMIIHAIEHO HOBAs
METOJIMKa aBTOMAaTU3WPOBAHHOTO ACIIH(DPUPOBAHUSI MOPCKOTO JIbJa MO CITyTHUKOBBIM
CHMMKaM BHAMMOTO crieKTpayibHoro nuanasona ¢ MC3 Landsat-8 u paauonokaioHHbIM
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n300pakeHUIM Pa3IMYHON mossipu3annu co cryTHUKOB RADARSAT-2, TerraSAR-X,
Sentinel-1, ocHOBaHHAsI HA CTATUCTHYCCKIX METOAAX aHAIHM3a JIBYMEPHBIX TIOJICH, BKITFOUAs
HEHpOo-ceTeBbIe aNTOPUTMEL. Vcronp30BaHe 00bEKTUBHBIX METOIOB aHAJIH3a II03BOJISICT B
ABTOMAaTU3UPOBAHHOM PEXHUME COCTABIISATE HIEKTPOHHBIE JIEAOBbIE KAPTHI B COIVIACOBAHHOM
(hopmare ¢ MUHHMU3AIUCH (HaKTOpa CYOBEKTHBHOTO B3TVISAA JIEOBOTO AKCIICPTA.

Jnst moaroroBku ¢ nomouibto DAIIK «Jlem» kpaTkoCpoyHOro MporHosa JieqoBon
00CTaHOBKH pa3paboTaHa OpUTHHAIBHAS YHCICHHAS TPOTHOCTUYCCKAS MOJICTTD «JICI—OKEaH»,
C HayYHOM M TEXHOJIOTMYECKOH TOYEK 3pEHHUs OTBEYAIOIlas COBPEMEHHOMY MHPOBOMY
ypoBHIO. B Mozenu peann3oBaHbl MOAXO/bI, MOJIOKEHHBIE B OCHOBY OKEaHCKOW MOJENU
IIpuncronckoro yHuBepcurera u JiegoBoid moaenn AAHUN, uro no3Bonuiao cOBMECTUTH
MpeJCTaBIeHUE OKeaHa B TEPMUHAX G-KOOPIUHAT U MPEACTABICHUE JIEASHOTO IOKPOBA KaK
Habopa MapkepoB. OCOOCHHOCTHIO Pa3pabOTaHHON MPOTHOCTHYCCKON MOJEIH SBISCTCS
croco0 3aJaHus HadaJbHBIX YCIOBUH MPOTHOCTHYECKOTO pacueTa JICIASHOTO MOKpPOBa,
OCHOBAHHBIH Ha oniepariuBHON HH(popMarwy, momydeHHoH B DATIK 110 Criy THUKOBBIM TaHHBIM
10 OPUTHHAIEHON METOIUKE ACIIN(PUPOBAHUS CITyTHUKOBOTO CHAMKA.

Co31aHHBIH SKCIIEPUMEHTANIBHBIH alllapaTHO-MPOrPaAMMHBIN KOMIUIEKC MO3BOJISIET B
ABTOMATH3UPOBAHHOM PEKUME OCYLIECTBIISATh:

— ompejeneHue 00Iel U YaCTHOH CIIOYEHHOCTH MOPCKOTO JIbJIa TIO0 CITy THHKOBBIM
CHUMKaM BUAMMOIO JMana3oHa W paJHoJIOKallMOHHBIM CHUMKAaM BBICOKOTO MPOCTpaH-
CTBEHHOTO pa3pelleHust;

— ONpeeSICHHE BO3PACTHBIX XapaKTEPUCTHUK JIb/Ia [0 CITy THUKOBBIM PaJOIOKAIIMOHHBIM
CHUMKaM BBICOKOTO MTPOCTPAHCTBEHHOI'O pa3peLIeHMUS;

— KpaTKOCPOYHBIH ITPOTHO3 JIEJIOBOI 00CTaHOBKH (pacIpeesicHus 1 Ipetida JIbI0B);

— pacuer peXKUMHO-CTAaTUCTUUECKUX OLIEHOK HApyIIEHWH CIUIOMIHOCTHU JIEASTHOrO
TTOKPOBA (Pa3phIBOB).

UcnonbzoBanue DAIIK «Jlen» mo3BoiUT MUHUMHU3UPOBATh PUCKU TEXHOIE€HHBIX
KatacTpo(, CBA3aHHBIX C Pa3pyLIAOIINM BO3ICHCTBHEM JIHIOB Ha CTAI[HOHAPHBIC H MO-
OWJIbHBIC TEXHUYECKUE OOBEKTHI B pallOHAX Pa3BEIKU U TIOOBIYH YHEPTETHUCCKIX CHIPhEBBIX
pecypcoB Ha menbde B 3amaaHoil ApKTHKE, a TAKXKE TOBBICHTH 0€301TaCHOCTh HABUTAIIUU
1o CeBepHOMY MOPCKOMY ITyTH U TPAH3UTHBIM MapLIpyTam.
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EXPERIMENTAL HARDWARE-SOFTWARE COMPLEX OF SATELLITE
MONITORING AND FORECAST OF ICE CONDITIONS

New methods for automated determination of sea ice cover features based on satellite data and
upgraded method of short-term forecast of ice conditions based on numerical model “ocean-ice” are
considered. The characteristic of the developed new software tools is given. The description of the
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