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PE®EPAT
Ortuer conepxut 132 crpanun, 98 pucynka, 21 Tabmu.

B ortuere cogepxkarcs pesysibTaThl pabOTHl MO MOAEIUPOBAHMIO DPA3JIUBOB HE(PTH IpH
Pa3IMYHBbIX CLUEHApUAX Pa3BUTHs aBApUMHBIX U UPE3BBIYANHBIX CUTYyalMil uist pa3padbotku [lnana no
OPEOYNpPEeKACHUI0 W JHMKBUAAUUM paznuBoB HeptH u  HedrempoxykroB (IIJIPH) wu  ouenku
BO3JICHCTBUS Ha okpyxkatoinyro cpeny (OBOC) Bapanaeiickoro He(hTSHOTO OTTPY309HOTO TEpMUHAIIA
(BHOT) OOO «Bapanaeiickuii TepMuHaI». B paMkax mpoekTa ObUTM PEKOHCTPYMPOBAHBI OIS
MPUBOJIHOTO BETPA U TUAPOJIOTHYECKUX XapakTepucTuk 3a 20 snet ¢ 1995 no 2014 roa. [dns pacuera
THIIPOJIOTUYECKUX MTapaMeTpoB OblIa ucnoib3oBana Mojenb INMOM, B kauecTBe MOJenu HEPTIHOTO
pazmuBa — Mmozenb SPILLMOD, ocHoBaHHass Ha AacCHMIITOTMUECKHUX PELIEHUSX YpPaBHEHUS IS
pacTeKkaHusi JIETKOM JKUAKOCTH I10 IMOBEPXHOCTH OoJiee TSKENOW M TPAeKTOPHBIX pPacyeToB.
PesynbraThl pacueToB pacnpocTpaneHus HeTH, oXxBaThiBatolye nepuoa 20 JeT, UCIOIb30BAINUCH TS
MOJTyYSHHS CTaTUCTUYECKUX XapaKTEPUCTHK BO3MOKHOTO PACIPOCTPAHEHHUS HE(DTSHBIX PA3IUBOB /IS
CLICHApUMEB TEXHUYECKON aBapuM, OMNpPEIENECHHbIX TexHuueckuM 3anaHueM. [lpu npoBeneHun
pacyeToB YUUTHIBAIUCH (PU3UKO-XUMHUUECKUE CBOICTBA ONpPEENCHHBIX POEKTOM HE(PTENPOIYKTOB U
0COOEHHOCTH HX 3BOJIIOLIUN B MOPCKOM cpefe.

PaccMoTpeHo  ueThlpe  pa3NMYHBIX  CLIEHApUsl  TEXHUYECKOW  aBapuM, BO3MOXHBIX
(YyHKIMOHUPOBAHUM TEpMUHANa, M HHUX T[PUBEICHBl Ppe3yibTaTbl OLEHKM 30H pHUCKA
pacnpoctpaHenusi Hedptu u cymoBoro tommBa MTVY-180 (IFO-180), mnpuBeneHsl KapThl
pacripesielieHus] BEpOATHOCTH JIOCTHMKEHUSI Y4aCTKOB MOPCKOM akBartopuu u OeperoB. IlpuBeneHsl
JIeTaJIbHbIE CBEACHMS O pe3ysbTaTax MOJAEIUPOBAHUS JJISl OTACNIBbHBIX CLEHApHUEB PACIIPOCTPAHEHUS
Pa3IMBOB, KOTOPHIM COOTBETCTBYIOT pealibHble UCTOPUUYECKUE THIPOMETEOPOJIOTHYECKUE ycioBus. B
IIPWIOKEHUSAX TPUBEIEHO ONMCAHNUE THUIPOMETEOPOJOTUYECKUX YCIOBUM I PAacCMaTpUBAEMOIO
peruoHa, ONMCcaHue UCIIOIb3yeMbIX MaTEMaTHUECKUX MOJIENIeN U pyras ClipaBouHast HH(OpMaIysl.

MonenupoBaHue pacpocTpaHeHUs He(TU B JIEIOBBIX YCIOBHSIX U B MEPHUOJ OTKPBHITON BOJIBI
ObLIO POBEJIEHO HA OCHOBAaHUU PEKOHCTPYKIIMU I'MIPOMETEOPOIOTHUECKUX yciaoBuid 1uist [levopckoro
Mops 3a 20-tu netHuit nepuox ¢ 1995 no 2014 rop.

Bcero 6vuto paccmotpeno 6omnee 160 000 crieHapueB pacmpocTpaHeHHS HEDTH U CYIOBOTO
TOIUIMBA. DTU CIIEHAPUM BKJIIOYAIOT PAcHpOCTpAHEHHE pa3jIMBOB U B MSTKHE, U B CYpPOBbIE, U B
yMepeHHble 3uMbl. MTOroBble pe3yibTaThl MPUBEACHBI [UIsl BCEro aHcaMmOisl CLEHapHeEB,
Qg QepeHIIMPOBAHHBIX IO CE30HAM: C SIHBapA MO alpesb, C Mast 0 aBIyCT U C CEHTAOps Mo JeKalpsb,
BKJIFOUNTENBHO.

PesynapTathl  MOAENMPOBAaHUS  BKJIIOYAIOT  CTATUCTHUYECKHE  OLIGHKHM  BO3MOXHOIO
pacnpocTpaHeHHs pa3IuBOB HE(TU U MPUMEPHI OTIAENbHBIX clieHapueB. K craTucTuyeckum oleHKaM

OTHOCATCSI 30HBI PUCKA PACIPOCTPAHEHUsI HE(PTH, BEPOSATHOCTH 3arpsi3HEHHUS YUaCTKOB IMOOEPEkKbs U
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akBaTOopuH. [lockonbKy aBapusi MOKET HMPOU30MTH B JII0OOM MOMEHT BPEMEHM, TO B pe3yJbTaTax
MOJIEIUPOBAaHUSl ITPEJCTABIECHbl OLEHKW BPEMEHM JOCTHXKEHHUS (TakK€ B BHUAE BEPOSITHOCTH)
BbiieneHHbIx OOIIT.

MogenupoBanue HepTH NpU TeMmIeparype HHXKE TeMIepaTypbl 3acTbIBAaHUS B Hay4HOM
auTepatype IpakTUYeCKM HE ONUCaHO. ABTOpbl OTY€Ta, OCHOBBIBASCH HAa MaTepualax,
NPEJCTaBICHHbIX B TexHW4eckux aokymentax ITOPF, paccmarpuBanm pacmnpocTpaHeHHE KOMKOB
3acThIBIICH HE(TH, KaK IJIABAIOIIEr0 Ha MOBEPXHOCTU BOJBI MOPCKOTo «mycopa». CBoiicTBa HedTH
IIpU TeMIepaTypax HUXKe TeMIEepaTypbl 3aCThIBAHUS MOTYT ObITh CAMBIMU PA3JIMYHBIMU, HO IIPU 3TOM
U3BECTHO TOJIBKO OJIHO- cyOcTaHLMsA TepsieT TekydecTb. HedTsaHoe 3arpsi3zHeHre MOXKET NpeCTaBIIATh
«JIENEIIKN», C pa3MepaMH OT HECKOJIbKMX CAaHTHUMETPOB 10 HECKOJbKHX METPOB B 3aBUCHUMOCTH OT

BCTPOBOI'O BOJIHCHUS.
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1 BBEJIEHHE

B pabote npencraBieHbl pe3yabTaThl BHIIOIHEHHE pabOT 10 MOACIMPOBAHUIO PA3IMBOB HE(HTH
IIPU Pa3IMYHBIX CHECHAPUSIX Pa3BUTHS aBAPUIHBIX U YPE3BbIUANHBIX CUTyaruil s pazpadorku [1IJIPH
u OBOC Bapanaeiickoro HegtsiHOro oTrpy3o4noro repmunana (BHOT).

MonenupoBaHue paclnpocTpaHEHHs] pa3iuBOB HE(PTH — 3TO HCCIECIOBAaHHE BO3MOXKHBIX
BapMAHTOB pAa3BUTHUSl aBapUWHON CHUTyallMH, CBA3aHHBIX C IIOMaJaHueM B Mope HepTu u
HedrenpoaykToB. [lo Tex mop, moka pa3iauB HEPTH HE MPOU3OILIEN, €r0 BOZMOKHbBIE MOCIEACTBUS, a
Takke 3(PPEeKTUBHOCTb MEPONPUITUNA A1 MUHUMU3AIMH €r0 BPEIHBIX MMOCIEACTBII MOKHO OLICHUTD
TOJIBKO C IPUBJICYEHUEM METOJIOB MATEMAaTUYECKOTO MOJEIMPOBAHHUS.

BozneiictBue pa3nuBoB He(TH Ha MOPCKYIO Cpely MOXKET HMETh CaMblii pa3HOOOpa3HBbIN
XapakTep M OIpPENeNsieTCsl YCIOBUAMU, B KOTOPBIX IPOUCXOIUT pa3iuB. HeraruBHble mOCIEACTBUS
aBapuii 3aBHUCAT OT psaa (aKkTOPOB, CPEIU KOTOPBIX OIM30CTh MecTta cOpoca HePTH K YA3BHMBIM
ydacTKaM aKBaTOpUU M TIOOEpexuil, 00beM M MPOJODKUTENBHOCTh cOpoca, TUnm HepTH wWiIn
He(PTENPOIYKTa, CIOXKHUBIIMECS B MOMEHT aBapUHM THAPOMETEOPOIOrHYecKHe ycioBus. KpymHas
aBapHsi MOXKET 0Ka3aTh CEPbE3HOE KPAaTKOCPOUHOE BO3/ICHCTBIE HA OKPYKAIOIIYIO CPEly U MPUBECTH K
TSOKEIBIM TIOCJIEJCTBHSAM JJIi DKOCHCTEM M HACEJICHUS 3arps3HEHHOTO IMOOepexbs. Xapakrep H
JUTMTENIFHOCTh TIOCNEACTBUN pa3nuBa HedTu 3aBUCAT OT MHOTUX (akropoB. K HHMM oTHOCSTCA
KOJINYECTBO U TUI Pa3IUTOW HE(TH, THMIPOMETEOPOIOTHYECKHUE YCIOBUS B palioHe pa3iuBa HE(TH.
Jlpyrumu KJIIOYEBBIMU (paKTOpaMU SIBJISIOTCSL COCTaB OMOTHI B 00JacTH HE(PTSIHOTO 3arpsi3HEHHUS,
HKOJIOTUYECKash M TIPOMBICIOBAas 3HAYUMOCTb BHJIOB M HX BOCHPUUMYMBOCTb K He(TIHOMY
3arpsi3Henuto. [locnencTBust pasiuBa TakKe B CyILIECTBEHHOM Mepe OIpelenstoTcs BHIOOPOM METO/10B
00pb0Bl ¢ pa3nuBOM U SPPEKTHUBHOCTHIO IPOBEACHUS COOTBETCTBYIOIMX omepauuid. B cuiry
IIPUPOJHO-KIMMATUYECKUX  YCIOBHHM  BOCCTAaHOBJIEHME NPUPOJHOM Cpeipl OT HETaTUBHBIX
MOCTIEe/ICTBUM 3arps3HEHUN B JaJbHEBOCTOUYHBIX M apKTUYECKHX PErHOHAX TpeOyeT OoJjbllle BpEMEHH,
yeM B OoJiee TeIIbIX I0KHBIX paiioHax.

OcHOBHBIE 3ala41 MOJACINPOBAHHA:

e BhIMONMHUTE MOJENUPOBaHME TPAEKTOPUN PACHPOCTPAHEHUS DPA3NUTOM B Mope HedpTu s
CIIEHapueB Pa3IMBOB HE(PTH, ONpeAeICHHBIX TeXHUUECKUM 3a/JaHUEM.

e Paccuutarh 30HBI pUCKAa PAaCHPOCTPAHEHUS HEPTH U OLEHKY BEPOSTHOCTH BO3AECHUCTBUA
HE(TIHBIX PA3JIMBOB HA YA3BHUMbIE OOBEKThI HAa aKBATOPUHU U MOOEPEKbIX;

e BrisaBuUTH OeperoBbie 30HbI ¢ PUCKOM 3arpsi3HEHNs HEPThIO WM HEPTENPOIyKTaMu;

e O1eHUTh BEPOSITHOCTD 3arpsi3HEHUs! OeperoB HEPTHIO;

e OILEHUTh BBIBETPUBAHUE U U3MEHEHHE XapaKTePUCTHK HEDTH;

e OIeHUTh H3MEHEHHE TeOMETPUYECKUX XapaKTepUCTHK IISITHAa He()TH BO BPEMEHH NpU
Pa3IMYHBIX CKOPOCTSAX BETPA;

Jlng MonenupoBaHMs MCIOJIB30BaHA METOMOJIOTHS PUCK-aHAIN3a PAacIpPOCTPAHEHUs Pa3IMBOB
Hedtu [3amena u np., 2014]. KoHuenuus puck-aHann3a 3akIFOYaeTcss B TOM, YTO BO3HHUKHOBEHHE
aBapUifHOM cHUTyallud OOYCJIOBJI€HO COBOKYINHOCTBIO CIIy4alHBIX COOBITUH MHPHUPOJHOTO U
TEXHOT€HHOI'0 XapaKTepa, BKIKYaeT 4eJOBEYEeCKHM (akTop M TpyaHompernckazyemo. Korma u rae
MIPOU30MIET pa3iuB HEPTH, CKOJIBKO HeYTH UM HEPTEIPOAYKTOB MONAAET B MOPE U Kakue MpH ITOM
OyAyT METEOpOIOrHYECKHE YCIOBHUs, 3apaHee HEU3BECTHO.

BaxxHoe 3ameuanue. Bce OLIEHKM BEpOSATHOCTH BO3JEHUCTBUS Ha YSI3BHMBIE DPECYPCHI,
NIPUBEJICHHBIE B OTYETE, PACCUUTAHBI B MPEAIOIOKEHUH, YTO aBapus, CBA3aHHAs co cOpocoM HedTH B
MOPCKYIO Cpeny, MPOU30IIa, TO €CTh UMEIOT CMBICI YCI068HOU 6eposimHocmu. Tak Kak BO3JAeHCTBUE
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pasiauBa Ha OKPYKAIOLIYIO CPEely HACTyNaAeT TOJIBKO 1pu YCI06UU 603HUKHOBEHU a6apuu, TO TIOIHAs
BEPOSATHOCTh cOOBITHS (Bo3zeicTBust Ha OOIIT) paBHa mpou3BENEHUIO BEPOSTHOCTH aBapuUu Ha
COOTBETCTBYIOILYIO YCJIOBHYIO BEPOATHOCTb. BEpOSTHOCTH KaXXJIOr0 W3 BO3MOXKHBIX CLEHApHUEB
TeXHUYEeCKOU aBapuu — npopsiB [IMT, cToIKHOBEHUE CYyI0B U T.II. — OLEHUBAETCS OTACIBHO.

OHeHKI/I BCPOATHOCTH BO3,Z[CI>'ICTBH${ Ha Y4YaCTKH no6epe>1<m71 N aKBATOpHUH pPaACCUUTAHbLI B
MMPECAIIOJI0KEHUH, YTO HUKAKUX MEP HpOTHBOHeﬁCTBHH pa3iuBy HE NMPCAIIPUHUMAIIOCEH.

OTtnenbHO HEOOXOAMMO OTMETHTh, UYTO aBapusl U IMOCIEAYIOLIEe paclpOCTPAHEHUE PA3JIMBOB
He(TH U HePTENPOIYKTOB MOT'YT IPOU3OWTH B JIt00O€ BpeMs roja, B TOM 4MCie, B NEPUOA, KOIr/a
aKBaTOPHs TOKPHITA JApeW(yOmMM JBbJIOM Pa3IUYHOW CIUIOYEHHOCTH. Pa3pbIiB  MOJBOJHOTO
TpyOONpoOBOJa MOXET MPHBOAUTH K TOMY, 4YTO He(TsHOE MATHO OyJeT HEKOTOpoe BpeMs
pacrpoCTpaHsATHCS MO/ JIEJOBBIM TOKPOBOM. [10CKONBKY TpaHCIIOPTHPOBKA HEPTH MPOUCXOAUT IPH
temneparype nopsaka 50°C, a ocThIBaHHE 0 TEMIEPATyphl TEKY4ECTH IPOMCXONUT B TEUEHUE MHHYT
U JIECSITKOM MHHYT, TO «Tops4as HEPTh» MOXKET pacTONMHUTh HEOOJBbIION (HECKOIBKO CAHTUMETPOB)
CIIOH JIbJIa W, TAKUM 00pa3oM, OBITh CBA3aHHOH C apeloM JenoBoro oOpa3oBaHUs 10 MOMEHTA €ro
TasHUS.

HeratuBHble mocCiencTBUs 3arpsi3HEHUS Mopedl HedTbio M HedTenpoAyKTamMH B Ciydae
aBapuifHOro cOpoca MOTYT OBITh CYIIECTBEHHO YMEHBIIEHBI B CIy4ae CBOEBPEMEHHOIO MPUHSATHUS
a/JIeKBaTHBIX Mep AJIs JIOKaJIU3aluu U JTMKBUAALNHU 3arpsisHeHusd. [locnennee BOZMOXKHO MPU HAJTMYUU
uH(pOpMaLIUK O TOM, TJe, KOTJa, ¢ KaKOil BEPOATHOCTHIO U B KaKHUX KOJIUYECTBAX MOXKET MOSBUTHCSA
He(Th B Cllydae aBapuiHOro pasznuBa. To eCcTh ONEpaTHBHOE MPOTHO3HPOBAHHE PACIPOCTPAHECHUS
paznuBa HedTH TpU aBapUM SBISIETCS CTOJIb JK€ 3HAYUMBIM SJIEMEHTOM pPEarupoBaHusi, Kak U
MOATOTOBKA CHJI U CPENICTB OOPHOBI C Pa3TUBOM.

Crpyktypa ortdera. B pasnmene 2 mnpuBeleHbl: 0Olee ONMUCAHUE MCXOIHBIX JAHHBIX IUIf
MO/JIJINPOBAHUs, KOTOPBIE BKIKOYAOT 00IIee ONucaHue 00bEKTa, CLIEHAPHH MOJEIMPOBAHUS COITIACHO
TexHuueckoMy  3aJaHUIO,  ONUCAaHUE  (PU3UKO-XMMHUYECKHX  CBOMCTB  paccMaTpHUBAEMbIX
He(PTENPOIYKTOB, KPAaTKU aHAIU3 reorpa@ueckux U rHIpOMETEOPOIOTHIECKUX YCIOBUI peruoxa, a
TakXke 0c000 OXpaHSAEMbIX TEPPUTOPHIA, KOTOPbIE MOTEHIMAIBLHO MOTYT MOJIBEPTHYTHCS BO3JEHCTBUIO
npu aBapuu. Pasznen 3 DOCBSIIEH ONMCAHHWIO OCHOBHBIX TEPMHUHOB M OIMCAaHUIO METOJOJIOTUU
MOJICJIMPOBAaHUsT M TpeOOBaHMM, KOTOpBIE CETOJHS MPEIbSBIAIOTCS K HCHOJIb3YEMbIM IpHU
MOJIETTUPOBAaHUU MoJeNAM. Pa3en 4 coaepKuT onrucaHue puck — aHaJln3a, ONPEAEICHUS U MOSCHEHUS.
Pasgen 5 comepXHUT pe3ysbTaTbl MOACIHUPOBAHUS II0 CLEHAPUAM TEXHUYECKUX aBapUil COTIIACHO
TexHuueckoMy 3aJaHUIO, DT JAHHBIE BKIIOYAIOT XapaKTEPUCTUKH BBIBETPUBAHUSA M IapaMETpHI,
ONMCBIBAIOIINE TE€OMETPUYECKUE XAPAKTEPUCTUKU DPA3iIUB B PaA3IMYHBIX T'MAPOMETCOPOJIOrHYECKUX
YCIIOBUSAX, BEPOSTHOCTH JJOCTHXKEHUS pa3jIMBOM aKBaTOPUU M OEperoB B pe3yJbTaTe CTaTUCTUYECKON
00paboOTKM CIIEHapHeB HUX pAaclpOCTpaHEHHS 3a MPOMEXKYTOK BpeMeHH B 20 IeT, JeTajabHbIE
XapaKTEPUCTUKUA PACIPOCTPAHEHUs pas3jIMBa I OTHACJIBbHBIX TMAPOMETEOPOJIOTHYECKUX CLEHAPHUEB.
[IpunoxxeHus coaepkaT  OMHCAaHHME  IPOLIECCOB  3BOMIONUU  (U3MKO-XMMHYECKUX  CBOMCTB
He(TEeNpOAYKTOB B pa3jMBe, ONUCAaHHE OCOOEHHOCTEW SBOJIIOIHMH BBICOKOBSI3KMX U HMEIOIIMX
BBICOKHME 3HAUYEHUs TEeMIIepaTypbl IMOTEpU TEKy4deCTH, OMHCAHME MOJENIM SBOJIOIUN HEPTIHOrO
paznuBa, B TOM 4YHCIIE, B JIEJOBBIX YCIOBUAX. KpoMe TOro, pasgen CONEPKHUT OINUCAHUE
THIPOMETEOpOSIOrHYecKrX ycioBuil [leqopckoro Mopsi, onucanne TeMaTH4eckiux HaboOpoB TaHHBIX H,
COOTBETCTBYIOIIMX 3TUM JAHHBIM MOJiesiel aTMOC(epHO 1 MOPCKOM LIUPKYIISILIHU.
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2 MNCXOJIHBIE JAHHBIE 1JIsA MOJAEJIUPOBAHUSA

2.1 Cuenapuu Texnudeckux apapuii na BHOT!

B mopckyro uacte Bapanneiickoro HedTsiHOro otrpyzounoro tepmunana (BHOT) Bxoaut
CTallMOHAPHBI MOPCKOM JenocToMkuil orrpy3ounbiii npuyan (CMJIOII) m nmoaBoaHbll MOpCKOH
Tpy6omnposox (IIMT).

CMIJIOIT — mopckas cramoHapHas JEAO0CTOMKas cBaifHas Iutatrgopma, YCTaHOBIICHHAs B
npezeNax TeppuTtopuanbHoro wmops P®, nHa aucranmuum 22,6 kM oT Oepera B TOYKE C
reorpaduyeckumu koopauaaramu 69° 03' 11,107" c.ur., 58° 09' 07,545" B.n. CMJIOII - coopyxenue,
BKJIIOUatolee B ceOsl JIEJOCTOMKOE OIMOPHOE OCHOBAaHHE, 3aKPEIUICHHOE Ha TPYHTE, M BEpXHEe
cTpoeHue. Bepxuee ctpoeHue BKIItoUaeT B ce0si HaJCTPOIKY, CTOSIIYIO Ha TJIaBHOM nairybe OrmopHOTo
OCHOBaHU$, U IIBAPTOBHO-Tpy30Boe ycrpoicTBo (LII'Y), pacmonoxenHoe Han Hactpoiikoi. IITY
COCTOMT U3 TIOBOPOTHOM OalllHU, B3JIETHO-MOCAJAOYHON TIUIOMIAAKA M OTTPY30YHOW CTpenbl ¢
YCTpOCTBaMH, TPyOOIIPOBOJIAMHE U IIJIAHTOM JUIsl OTTPY3KH HepTH Ha TaHkep. Hedth 3arpyxkaercs B
HOCOBYIO 4acTh TaHkepa w3 LY npum momomu rubkoro muranra. CMJIOII mpenHazHadeH st
OCCKOHTAaKTHOTO KPYIJIOTOJUYHOTO HaJIMBa He(PTH B TaHKEpPHI KaKk B OE€3JIEJOBBIN MEpUOJ, TaK U B
JIEZIOBBIX YCJIOBUSIX, @ TAKXKE JJIS BBHITTOJIHEHHS] TEXHUYECKUX OIEpanuid Mo 00CIy>KMBaHUIO MOPCKOTO
HeTenpoBoaa.

JlJia MOIeTUPOBaHUs pacpoCTpaHEHHUSI HEPTIHBIX PA3TUBOB 3aKa34MKOM ObLIN OTpeeNieHbl 4
CIICHapHs TEXHUYCCKOW aBapuu, CBEJICHHS O KOTOPBIX MpuBeaeHbl B Taduuue 1. [Ipu MmoxenupoBanun
ObUIM HCIIOJIb30BAHBI CBENCHUS O (U3UKO-XUMHUECKUX CBOMCTBaX HE(MTH, THIUYHON st
paccmarpuBaeMoro peruona (Tabmuisl 2).

Tabnuua 2.1. CueHapuu TEXHUYECKOH aBapHM, CONPOBOKAAIONIUECS pa3iuBaMu HEYTH U
He(TenpoAyKTOB Npu pyHkuroHupoanuu BHOT

5|
o) X
z 2
[¥a]
- 5 |2 | =
2 = = 8
< on = [} <
o s % = j
= = = =
= S ) = ot )
S X = T =
M o 0) =
2 3 S & 2 g
= 4 ©) = = 4
TA1 |58.158351 | 422,5 | 210 Hedts | pasrepmeTnsanuu OJHOW HUTKU IOABOJIHOTO
69.044135 CeK ydacTka  TpyOompoBoga  oT  OeperoBbIX

pesepByapoB 1o CMJIOIT

TA2 |58.218491 | 1493 | 980 HepTh | Pasrepmeruszanuu  TpybompoBoaa (3 KM OT
68.883442 CeK Oepera), conpoBoXkjatomiencs copocoMm HepTH
OpM  HAalOPHOM pEKUME M CBOOOJHBIM
UCTEYCHUH 10 BKIFOYCHHS CUCTEMbI OTKAYKU
HEePTH W3 TOBPEKIACHHOTO TPYyOOIpPOBO/Ia BO
BTOPYIO HHUTH TPYOOIPOBOJA C TPAHCIIOPTOM B
OeperoBble pe3epByaphl

1 B pasgene paccmaTpMBaloTCA CLEHapUM TEXHUYECKUX aBapuii (cm. pasaen 4.1)
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TA3 |58.158351 | 8434 | 3anmn | Hedts | ABapuss  TaHKkepa C  JBOHHBIM  JTHOM,
69.044135 UCIOIB3yEMOT0 ISl TpaHCTIOpTa He(TH
TA4 |58.158351 | 1800 |3amm | MasyrT | pa3iuBa TOIUIMBA C Cy/HA O0ECIICUCHUS

69.044135

TOUKa pa3srepMeTy;

10 20

kilometers o

Pucynoxk 2.1 ITonoxenne Touek BO3MOXKHBIX cOPOCOB HEPTH HA KapTe (a) u Ha cxeMme (0)

HpOI[OJ'I)KI/ITeJIBHOCTL HCTCUCHUA He(bTI/I N3 TaHKE€pa W U3MCHCHUEC pacxoda BO BpPEMCHU

3aBHCST OT IEJIOTO psfa (akTopoB - oObEMa TaHKA, KOJWYECTBA HEPTH, YPOBHS BOIBI, pazMepa,

(bOpMBI " pacCIiojIOKCHUA OTBCPCTHUA, U T. II.. B MOACIBHBIX pvaéTax MMPOAOJIKUTCIIBHOCTD JIS1 TaAKHUX

cueHapueB 3ajaércs mnoctosHHOW. CueHapuil 3anmoBoro cOpoca MOXKET paccMaTpUBATBCS Kak

HanOoJee HeGHaFOHpHﬂTHBIﬁ, TaK KaK HMMCHHO B 3TOM CICHApHUH pasJiiB He(bTI/I, KakK IIpaBHIIO,

paspymacTCs BCJICACTBHUEC BEIBCTPUBAHUA HauoOoee J0JIIro

2.2 ®du3suyeckue CBOCTBA HEPTHU U CYT0BOI0 TOIJIUBA

Tabnuna 2.2. OcHOBHBIE CBOMCTBA HE()TEMPOIYKTOB

Ne, HanmenoBanue mokazates 3HaueHne
.
Hedrs

1 [TnotrOCTE HedTn npu 20°C, Kr/M 829
2 [TnotHOCTH HedTH npu 15°C, kr/™M 835,08
3 [TnotHOCTH HeTH B Tpagycax API 37.86
4 MaccoBas noisg Boasl, % 0.05
5 Breixon ¢dpaknumii, % npu temmeparype | 24,6

1o 200°C
6 Boixon ¢paxnuii, % npu temmeparype | 46,5

10 300°C
7 Temmnepatypa 3acteiBanus, °C 18 + 22
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8 Temneparypa nepekauku HedTtu 110 | 10 55°C.
TpyOompoBoy, °C
Temneparypa B TaHkax TaHkepa, °C 29
NDO-180
1 [InotHocTs ipH 15°C, Kr/™M Menee 960
2 Temneparypa 3acteiBanms, °C Hwxe munyc 5
3 Kunemaruueckas Bsizkoctb (15°C), cll 2470
4 Temneparypa B TaHkax TaHkepa, °C 29

Baskocts HedTu mpu 50° C — 4,30 mm?/c; mpu 46° C — 4,60 mm?/c. [Tpu apyrux Temmeparypax

BA3KOCTb HE OIIPCACIAIACE.

Tabnuma 2.3. CBoiicTBa HEPTEMIPOAYKTOB MO y3KUM (HpaKusiM

No ¢paxunn | 1 ] 2 | 3 ] 4 1 5 | 6 | 71 8 ] 9 | 10
CoiicTBa HEPTH 110 Y3KUM PpaKkIUsIM
T kunenwus, °C 100 120 150 180 200 220 240 280 300 350
MounekynspHBIiA Bec 92 105 120 140 153 167 182 214 231 273
[TnotHOCTH, API 68 60 52 46 42 39 36 32 30 26
ITnoTHOCTS, [Kr/M°] 710 740 769 798 815 830 843 866 876 895
Maccosas monst, % 2 2 3 5 3 4 5 12 7 57
Jouns ¢hpakun
(MHTETpaATBEHO) 2 4 7 13 16 20 25 36 43 100
CsotictBa cyoBoro tomiusa (MDO-180) no y3xkum dpakiusm
T xunenns, °C 311 343 378 410 429 438 450 459 485 548
MoneKyIsIpHBIH Bec 234 265 298 333 362 378 390 403 424 482
ITInotHocTs, API 30 27 25 22 20 19 18 16 14 8
[lnoTHOCTb, [KI/M3] 877 892 906 921 934 942 949 956 969 1013
MaccoBas gois, % 1 3 4 5 7 8 11 13 20 28
Homnst bpaximm 5 10 15 20 25 30 40 50 74 100
(MHTETpaJIbHO)
Tabnuma 2.4. i3MeHeHne CBOHCTB Cy/I0BOTO TOTIJIMBA MTPH BEIBETPHBAHUN
JloJis ucnapusierocst
Hedrenpoaykra (00. %) 0 09 4.6
[TnoTHOCTH (KI/M3)
15°C 960 964 967
25°C 957 958 960
Bsizkocts, (MI1a*cex)
15°C 2471 2849 5060
25°C 929 1033 1625
MexdaszHoe HaTSDKEHHE (IHH/CM)
Hedrts/BO30yx 35.1 36.4 38.3
Hedtp/BOga 21.1 21.8 21.8
Touxka texyuectn, °C -9 0 3
O0pazoBaHnE HMYJILCHH:
Wunexc cTabuiabHOCTH JocraTo4Ho cTabnibHO HecrabuisHo HecrabuneHo
Coneprxanue Bojbl. (%) 26 0 0
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2.3 OueHka BO3MOKHOCTH 00pa30BaHMsA IMYJIbCHHU «B0Ja B HeTH»

C TOYKM 3peHHs TPOTHUBOACHCTBHS pPAa3MBaM U CTOMKOCTH K OOpa3OBaHHIO ISATECH
SMYJIBTUPOBAHHUE SBISETCS HETaTUBHBIM IPOLIECCOM, TOCKOJIBKY CHIBHO 3MYJIBIUPOBAHHBIC THIIBI
HedTH 00JaJar0T BBICOKOH BSI3KOCTBIO-MX BS3KOCTH MOXKET B JecsTh-100 pa3 mpeBbIIaTh BS3KOCTH
UCXOJHOTO He(pTH. B memom cumraercs, 4To TUIBI HEPTH C OTHOCUTEIBHO BBHICOKOW KOHIICHTpALUen
acambTeHOB ¢ HaWOOJBIIEH BEPOATHOCTHIO O00pa3yrOT CTAOWIBHBIE SMYJIBCHU BOJAA-B-HE(TH.
Hexotopsie pa3nuBbl HepTH HE 00Pa3yIOT SMYJIBCHIO Cpa3y, HO KaK TOJIBKO MPOUCXOIUT HCIIAPEHUE U
KOHLIEHTpauusi ac(aabTeHOB YBEIMYMBACTCS, HAYMHACTCA MPOLECC SMYJIBIHMPOBAHHS, KOTOPBIN
0OBIYHO MPOTEKAET OBICTPO MOCIE ITOTO.

HedTs 1 HEeQTENPOAYKTHI HA MOBEPXHOCTH BOJBI MOTYT OOpa30OBBIBATh AIMYJIBCUU «BOJA B
HePTH», KOTOpPBIE KIACCU(DUITUPYIOT KaK yCTOWYHMBBIC, CPEIHEYCTOWYHMBBIE (BpEMs CYIIECTBOBAHHS -
HECKOJIbKO JTHEW) U HeyCTOH4MBbIE (BpeMs CYLIECTBOBaHMS - HECKOJIbKO yacoB). CpeaHeycToiuuBbIe
IMYJIbCUU cOfepKaT acdalbTeHOB M cmon Oosbiie 3% (HO Menbwie 7%). Ilpu conepxxanun
actanbTeHOB Oosee 7% oOpasyercs ycroitunBas smysnbcus [Fingas et al., 1999].

Jlyist onipeienieHusl yCTOMYIMBOCTH AMyJbcud [Xie et al., 2007] BBoAUTCS HHIIEKC CTAOMIBHOCTH
S=0.5(S,+S,), ompenensembiii 1O 3HAYCHMSIM CONCPKAHHUS B HEPTH CMON M achalbTCHOB.
YcToliuuBble SMyJibcHH OOpa3yroTcss mpu S>1.22; cpemneycroituuBbie — mpu 0.67<S<1.22 u
HeycToiuuBbie — npu S<0.67.

S1 = Xa exp[Kao (1_ Xa - XW)2 + Kawxv%/]exp[_o'oll'(-r - 293)]1

3 (0.04CCI +W,) /5.6 5.24CCl -9W, >0
>~ ccl/9.0 PR 5 24cCl —9w, <0
CCI = Asph+Re s+ 0.4Wax

rie K,, = 3.3 mpu 293 °K, K_, = 200 mpu 293 °K, T - temmeparypa (°K), X, —

a

cojep:kaHue acanbTeHoB, X, — coaepkanue napapunoB, W, — ckopocts Berpa, CCIl — unzekc
xumudeckoro cocraBa (Chemical Composition Index); Asph — mporenTHOE CcomepkaHue

acdanbTeHOB; Res - MPOILIEHTHOE co/iep kaHue cMoll; Wax - IMPOIIEHTHOE COAepKaHKe MmapauHOB.
B pabore [Rasmussen, 1985], wucnomw3yercss cienyromas MOAENb NS ONpEIeICHHUS
coJiep>KaHus BOJIbI B HEPTH.

dF,,
dt

kle

e

(1+Wy) (Fin - Fuo ) » Ry = K, !

=R -R , — o = [ —
e R ! Moy AsphxWax

wo !
oil

rne Fwo — o0beMHOE conepkaHue BOJBI B AMYJIbCHHU, Ffin — KOHEUHOE cojiep:KaHue BOJIbI B
IMyJIbCHH (KaK MpaBmiio, ucnoib3yercs Fin=0.7 mus ceipbix Hedreit u 0.5 mis masyra), Kie u Koe —

sMnuprdeckre KOHCTaHThI: Kie = 5 107 (kr/M®) m koe = 1.2 1077 (xr cex?/M) g4, - BA3KOCTH HEPTH.
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[To mannbM 3aka3zuuka B nepekaurBaeMoil HedTu MaccoBblie gonu cepbl 0.57%, achanbTeHoB
— 2.48%, - cunukareneBbix cMon — 9.9%, - TBepabIX napaduHoB — 9.24%.

CorynacHO MMEIOIIMMCSL IKCIIEPTHBIM OLIEHKaM, BpeMsl NMPHUOIMKEHMsI COAEpkKaHMsI BOJbI B
SMYJBCUU BOAA-B-HE(TU ISl JIETKOM He()TH K MaKCHMajibHOMY €ro 3HAU€HHUIO B 3aBHCHUMOCTH OT
YCJIOBUI BOJIHEHMSI COCTABJISIET OT HECKOJIBKMX YacOB J0 MOIycyTokK. IIpm 3TOM BS3KOCTH
paccMaTpuBaeMoil B MPoOeKTe He()TH HA TPU — IATH MOPSIKOB OOJIBIIE IO CPABHEHUIO C BSI3KOCTBHIO
nerkoid HeTH. Bs3KOCTh B TpuBEAeHHOW Mojenu PacMycceHa TpHUCYTCTBYeT B 3HAMEHATENEC U
MHOTOKpaTHO 0O0JjIbIllee 3HaYeHHE 3TOT0 MapaMeTpa MPUBEAET K YBEIHMUECHUIO BpeMEHH (OPMUPOBAHUS
SMYJBCUU B ThICAYY U OoJyiee pa3 MO CPaBHEHHUIO C JIETKOH HEPTHIO, YTO 3HAYUTEIHHO IMPEBBIIIACT
BpeMsl OCTbIBaHUS He(TU B MOPCKOW cpele [0 TeMIepaTypbl IMOTEpU TEKy4eCTH, KOTOpPOE He
IIPEBBILIAET JBYX-TPEX YaCOB.

CrnenoBarenbHO, BHE 3aBUCUMOCTH OT COJIEp>KaHusl acGallbTeHOB CMOJ U NapaduHOB Hpoliecce
sMynbcU(pUKaIUY He OyAeT UMETh KaKOro-1u00 pa3BUTUS ISl STOTO TUIA HEPTH.

Ha ocHoBanuu nabopatopHblx ucnbiTaHuil cBexxee TommmBo [FO180 ummeer ymepeHHYyIO
TEHJICHIIMIO K 00pa3oBaHUIO CTAOWJIBHBIX AMYJLCHUH THa "Bojga B Macie" MPU CMEIIMBAaHUHU C
Mopckoit Bogou. 0,9 u 4,6% BeimmapenHoro [FO180 e oOpa3oBbiBasin AMyIbCUN B 1a0OPAaTOPHBIX
UCIBITAHUAX. DTO MOXET OBITh CBS3aHO C TOBBIIICHHON BS3KOCTHIO BBIBETPUBILIEIOCS Ma3yTa U
HEBO3MOXHOCTBIO CMEIIMBAHUS Kalleslib BOJABI C Oojiee Bs3KMM HedTenpoaykroM. Kpome Toro,
MCTIBITAHKS CyJ0BOTO TOMLIMBA MOKA3bIBAIOTZ, UTO Jaxe 4% UCTApUBIINXCA (GPAKIHil CMEMAoT TOUKy
TEKy4eCTH B 00J1aCTh NOJOXKHUTEIbHBIX TEMIIEpATyp. B pe3ynbraTe NpoiauToe B MOpE CyA0BOE TOILIIMBO

TaKXC 6y,[[eT 06p330BLIBaTB KOMKH U «JICTICIHKN» CITYCTA HECKOJIBKO JHEU moce C6p003. B MOpC€.

2.4 CaeneHus 0 MPOAOJLKUTEILHOCTH CBETOBOIO IHSI HA 00beKTe

Ha PI/ICYHKC 2.2 MNpeaACTaBJICHO HU3MCHCHHUC TIPOAOJDKUTCIIBHOCTU CBETOBOIO JHA B
3aBUCUMOCTH OT HOMEpa CHCHApUA THAPOMETCOPOJIOTHICCKUX YCJ'IOBI/Iﬁ (FMY) HJIM BpCMCHU Ha4dajia

aBapuu, OTCUYHMTHIBAEMOM OT Hadaja roaa.

2 Spill Related Properties of IFO180 Fuel Oil // SL Ross Environmental Research Ltd., September 2004
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MpoAoNKUTENBHOCTL CBETNION0 BpEMEHM CYTOK, Yac
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Pucynok 2.2. [IpomomkurenbHOCTh cBeTOBOTO MHS B paiione MCJIOII B 3aBUCHMOCTH OT BpEMEHH OT
HavaJa rojaa (Homepa cleHapus)

2.5 Caenenusi 00 N3MeHEHUH NMPUJIMBHOTO YPOBHS MOPsI HA 00beKTe
Jlutopanp - y4acTok Oepera, KOTOPBIH 3aTOIISETCS MOPCKOM BOJOW BO BpeMs MPHJIHBA U

oCyHac€Tcsa BO BpPEMs OTJIMBA. Pacnonmaraercs MEXY CaMbIM BBICOKHMM YPOBHEM BOJbI B IIPUIIMB U

CaMbIM HU3KHUM B OTJIMB.
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Pucynoxk 2.3. ®ororpaduu nuropanbHoi 30H6I Bapannes (a, 0) u octpoBa Jlonruii (B, T)
[Iupoxkast muTopank modepexuit Ha modepexnse Bapanaes u Ha psie octpoBoB B [lewopckom

MOpe MPHUBOJUT K TOMY, YTO TpHU BbIHOCE HE(TH B NPUOPEKHYIO 30HY, COMPOBONKAAIOIIEMCS
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IMOHMXKCHHUEM IIPHUIIMBHOI'O YPOBH:, 3HAYUTCIIbHAsA YacCTb HC(l)THHOl"O 3arpsAi3HCHUS OKa3bIBACTCA Ha

OCYIIIEHHOM Y4acTKe JIUTOPAIIH, CBSI3BIBACTCS C IECKOM U 00Jiee HE CMBIBACTCS BOJIOM.

02-06,03 02-18,01 03-06,53 03-18,43 04-03,02 04-19,45
113 143 111 140 110 123

125
02-pa, 04 02-11,34

48

02-00, 50
32
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04-01,42
36

t14-13,32
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100
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i

22 05 11 17 #2308 11 17 2 05 1 17 23
‘ 02,07,21 | 03,07,21 ad,07,21

Pucynok 2.4 XoJ NpuIMBHOTO ypOBHS MOps B myHKTe Bapanneit®

02:07:2021 B B ES

68.8 : Wwpora, rpag.

57.898 : fonrova, rpadq.

HERPABHABHEN TATYCYTONHEN § X3paNTep rpHisa
HerapMoHHYerkHe NOCTORAMEIE DEDErDBOrD MyHKTa:

86 : Cpagrmt yposers (Zo) oTHomansHe HTY, o
1678 : Maxcumanenas semrmng npwmea BTY, o
4.83 : MpMrnaqron vac nopra, 4ac

.67 ; Bo3pacT nonycyToYHare NpWIes, T

5.9 : Bpema pacrd, Yac

6.52 ; BopeMA naneHrs, Hac

132,75 ; CPenrHaq BeTHYHHE CHIHIHAHOND MpHIHEE, oM
53.32 ; Cpeqnas BeTHYHHE KEAgDATYPHOD MOHAHES, oM

2.6 OOIIT, Haxoasimuecsi B 30He PUCKAa BO3MOKHOTO 3arpsi3HeHUsI He(PTHIO

MakcuManbHBI pacueTHBIM pa3ivB OT aBapUHOTO TaHKepa WJIM MPOpbIBa TPyOOMpoBoaa
(MIIT) B paitone MCJIOII MmokeT mpUBOIUTH K 3arps3HeHHI0 OeperoB [leuopckoro Mops.

B 30ne BmusHMS pasznuBa HePTH TpH cOpoce HePTH HAXOTUTCSA PSAJ 0CO00 OXpaHSEMBIX
npupoaHbIX Tepputopuit (OOIIT), pacnonoxkeHue ¥ XapaKTePUCTUKN KOTOPBIX MMOKa3aHbl Pucynke 2.4

u B Ta0munax 2.4 u 2.5.

3 http://www.oceanography.ru/index.php/2010-12-01-06-45-18
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Pucynoxk 2.5. Kapra OOIIT, Bxoasmux B 30Hy BIUSHUS Pa3IMBOB

Tabnuma 2.5.00I1T Ilewopckoro mops

No Ha3zBanue Kareropus OOIIT

1 Heneukuit 3anoBeHUK

2 Heneuxuii 3aka3HuK (30011.)

3 Hwxzeneuopckuit 3aKa3HUK

4 Baiirauckuit 3aka3HUK (0XOT.)

5 bosbiesemenbekuit 3aKa3HUK

6 [Hounckuit 3aka3HUK (0XOT.)

7 Konryes TEPPUTOPUS TPATULHUOHHOTO MPUPOIOIIOJIB30BAHUS
8 [Iyts Unbuya TEPPUTOPUS TPATUILIMOHHOTO MPUPOOIIOIH30BAHUS
9 Baiirau TEPPUTOPUS TPATULUOHHOTO MPUPOIOIIOIB30BAHUS
10 IOropckwuit 3aKka3HUK

11 Mexaymapckuit IIPUPOJHBIN UCTOPUYECKUIN 3aKa3HUK

12 Hosas 3emns HanmonanbsHbIi mapk

13 Kpecr-To 3aKa3HUK

Tabmuma 2.6. Mopckre W TPUMOPCKHE TEPPUTOPUH, OTHOCSAIIHECS K «TeHEBOMY» Pamcaapckomy

CIIMCKY B Ipeaciax Henenkoro apBTOHOMHOIO OKpyrTa,

cymectByromux OOIIT

Ne

HaunmenoBauue

MecToro0KeHue

[IpuHagiexxHOCTH

HC BXOJAIIKE IICJIMKOM B COCTaB
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HaumenoBaunue

MecToIoI0KEHNE

[Ipunamie:kHOCTD

14

Xaitnyasipckas
Bbapenuesa mopst

ry0a

FOro-BocTounas 4acTh
Bbapennesa MOps,
nmooepexnbe u
Xaimyaelpckass TyOa ¢
OCTpPOBaMH 3enenern,
Jonrui, Tonen u
Marsees.

OctpoBa  XaWNyAblpCKOW TyOBl -
KITIOYeBast OpPHUTOJIOTUYECKast
TEppUTOPUS MEXTyHapOJIHOTO
3HaueHus, 3-i y4yacTOK 3aloBeJHHUKA

«Henenxuiiy.

15

Pexa Yepnas

Hommna  p.UepHas or
MpUTOKa Ypeppaxa 1o
BlaJicHUss B bapeHueBo
Mope, a TaKxe
OKpY’Karoliasi TyHJIpa

KiroueBas
TEPPUTOPUS
3HAYCHHUS.

OPHUTOJIOTUYECKAS
MEXIYHAPOAHOTO

16

OxHOe no0epexbe
Yemickoii TyObI

IOxnas wyacte Yemickoit
ryopl B  paililoHE pek
Cuoma, Owma, Bwmxac,
Ilepenyck

Kirouesas
TEPPUTOPUS
3HAYECHUS.

OPHUTOJIOTUYECKAS
MEXIyHApOIHOTO

17

Konokonosa ry6a

[ToGepexxbe TuMaHCKOTO
Oepera bapeniueBa mops,
25 KM BOCTOYHEE
CeHrenckoro npojamnsa.

YacTUYHO BXOOUT B COCTaB 3aKa3HUKA
«Heneuxuii»

18

OctpoB Cenrelickuii u
Cenreiickuii nposvB

IOro-3anannas 4acThb
[Tewopckoro mops. 70 km
K 3amajy ot noc. Tobcena.

19

BonBanckas ry6a

Mopckoii 3alTuB MEXIY P.
Xoubuy-HO u p. Iledopa.

YacTtuuHO BXOJIUT B
3anoBenHuKka «Henerkuiiy»

COCTaB

20

[Taxanueckas ryb6a

Mopckoil 3amuB  MeXIy
HACEJICHHBIMM  ITyHKTaMH
bauypkoil u Bapannenn u
ocTpoBoM IlecskoB

Mopckue yuactku OOIIT MoxkHO 00b€IMHUTH B IPYIIIBL, Kak Moka3aHo Ha Pucynke 2.5.
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Pucynok 2.6. I'pynmuposka OOIIT mist orieHKHr BEpOSTHOCTH BO3ICHCTBUS

Homepa OOIIT B noanucu Pucynka 2.4:

1- 30na Bapanges (octpoB IlecskoB, octpoB Bapanpeir, m-oB Bapanpaeiickas nanTa, TEppUTOPHH,
MpuJIeTarIne K nocenky Bapanneit);

2- octpoB [lonrwmii, MaTBeeBa, bonbimoi u Maieriii 3eneHert;

3 - ocTpoB Baiirau u mpuierarome MeJIKue OCTpOBa;

4 - yo’xHass okoHeYHOCTh HoBol 3emiu;

5 - m-oB Pycckuii 3aBopot u ['ynsieBckue Komiku (3amnagneie);

6 - TpyINIa MeIKUX OCTPOBOB U3 'yIIAeBCKHX KOMIEK (BOCTOUHBIE)?;

0 - moGepexns [Tewopckoro Mopsi, He Tonapmue B ykazanasie OOIIT

4 N3-3a He6ONbLIOrO pa3mepa 3TUX OCTPOBOB, OHU He BbINK YUTEeHbI NPU MIMAPOAMHAMUYECKMX pacdeTax. [1o aToi npuumnHe
oLleHKa Bo3aeicTBMA Ha 30Hy 6 He NpoBoAMAaCh
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3 METOAOJOI'msA MOAEJUPOBAHUA

ABapus, CBsA3aHHAs C Pa3IMBOM He(DTH WM HEPTEIPOIYKTOB B MOPCKYIO CPEIy, MOXKET
CIly4YUTBhCSI B JI0O0OW MOMEHT BpPEMEHH, OTHOCAUIMICA K TepHOAy (Ce30HYy) MPOU3BOACTBEHHOM
aKTUBHOCTH, B JIt000€ BpeMs HsA M HOuu. [loCKOIbKY HET OCHOBaHMM ISl MPOTUBHOrO, TO Oynem
CUUTaTh, YTO BCE MOMEHTBHl BPEMEHHU «OyAylled THIOTEeTHUYECKON aBapHM» pPaBHOBEPOSATHBI. Takum
o0pa3oMm, pHCK BO3ACWUCTBUS pa3iMBOB HEe(PTH Ui BCEX YA3BUMBIX OOBEKTOB B paiioHe, TJe
MPOBOJUTCS pa3BeiKka, NOObIYa WM TPAHCIOPTHPOBKA He(dTH, OyneT 3aBUCETh OT OCOOCHHOCTEH
THIPOMETEOPOJIOTHYECKUX YCIIOBUH.

Oposolids  HE(QTSIHOrO pas3iuBa B MOPCKOH cpefe omnpezensercs OoJblIMM  Habopom
XapaKTePUCTUK THIPOMETEOPOJIOTNYECKOro pexxuma. PacpocTpaneHne HETH OT UCTOYHHMKA cOpoca
00yCJIOBJICHO HCKIIOUUTEIFHO BETPOM W TEUYECHUSMH PA3IUYHON TPUPOIBI — Iper(OBBIX, CTOHHO-
HaroHHbIX W MPUJIMBHBIX, OAPOKIMHHBIX M BOJHOBBIX. COBpEMEHHBIE UHUCIEHHBIE MOJEIU
THJIPOTEPMOJUHAMUKYA aTMOC(epbl OKeaHa I03BOJIAIOT PEKOHCTPYHMPOBATh/BOCCTAHOBUTH OIS
OCHOBHBIX THAPOMETEOPOJIOTHYECKUX XapPaKTEPUCTUK. PaccuMTaHHbIE MOJSA TEYEHHH, NPHUBOIHOTO
BETpa, TEMIIEpAaTypbl M COJICHOCTM MOPCKOW BOJABI SIBJISIOTCA OCHOBOW JUIA  CO3JAHUSA
THIPOMETEOPOJIOTHUECKUX CLIEHAPUEB, B KOTOPHIX MOXKET Pa3BUBATHCS aBapUMHbBIN pas3inuB
HedrH.

OnpenenuB aBapuilHyl0 CHUTyallMI0O Kak cCly4yailHoe coObITHE, OIpeNeuM PHUCK Kak
BEPOATHOCTh BO3HUKHOBEHHUS HEOJAronmpHsATHBIX ISl HPUPOJHOM cpeibl MocieAcTBUil. BaxHo
MIOHUMATh, YTO BEPOATHOCTh BO3/IEUCTBUS Ha KOHKPETHBIE OOBEKTHI B MOPCKOM cpesie U Ha To0epekbe
B pe3yJbTaTe pacpoCTpaHEeHHUs pas3inBa HeTH Bcerna OyAeT OmpeaessaTbhes Kak yCIOBHAs, TaK Kak
a0COJIIOTHOE 3HAa4YeHUE BEPOSITHOCTH BO3JEHCTBUS OyAET 3aBHCETh OT BEPOSITHOCTH TEXHUYECKOH

aBapUM COOTBETCTBYIOIIETO YPOBHS.

3.1 CueHapuu rupoMeTeopoJIOrH4eCKUX yCJIOBHA

W3MeHeHne T0JIOKEeHHs, KOH(puUrypamuu, wmaccbl M (U3MKO-XUMHYECKHMX I[TOKazareseu
He(TSAHOTO pa3ivBa 3aBUCUT OT THUIPOMETEOPOJIOTUYECKUX XapaKTEPUCTUK B MPUBOIAHOM CJIOE€
aTMoc(epsl HaJl MOPEM U IPUTIOBEPXHOCTHOM CJIO€ BOJIBI.

Kommekcel MaTeMaTHYeCKUX MOJeNei, ONMUChIBAIONINX MPOLIECCH B OKeaHe, aTMocdepe u Ha
rpaHulle pasfena JalT BO3MOXXKHOCTh pPAacUeTHBIM IIyTEM BOCCTaHOBUTH/PEKOHCTPYHPOBATH
HEOOXOUMBIE XapaKTEPUCTHUKU MPHUPOIHOM cpeibl, KOTOpPhle OKa3bIBAaIOT BIMSHUE HAa 3BOJIOLUIO
He(TSAHOTO paszfuBa Mocje aBapuiHOro cOpoca B Mope. PeKOHCTPYKIMS THAPOMETEOPOTOrHUECKHX
ycnoBuil (I'MVY) B permoHe uHTEpeca NpeaIosaraeT, yTo IOCPEACTBOM MPOLENYpPbl YCBOECHHS

HCIIOJIB3YKOTCA BCC CO6paHHBIe COOTBCTCTBYIOIIUMHU MCTCOPOJIOTUICCKUMU CJ'Iy)K6aMI/I JaHHBIC
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HaOMI0JIeHUH, a HelocTaromas nHdopMalus B TOYKaxX, TJe He ObLJI0 HAOMIOACHUH, WM MapaMeTphl,
KOTOpBIE HE U3MEPSUINCH, BOCCTAHABIMBAIOTCS PACUETHBIM IIyTEM.

Kak  npaBuno, pexkoHcrpykuuss ['MY  ocHOBbIBaeTCs  Ha  JaHHBIX  peaHanu3a
METEOPOJOTMYECKHUX I1apaMeTpOB, KOTOPBIM MPOBOAUTCS B KPYIIHBIX HAYYHBIX LIEHTPAX, TAKUX Kak
EBponeiickuii 1ieHTp cpemaHecpodHbix mporuo3oB noroasl (ECMWF) uinm AMmepukaHCKOE areHTCTBO
no uccnenoBanuio npupogHoit cpensl (NCEP/NCAR). JlaHHbIe METEOpOJOTHUECKOTO peaHaln3a
HCIOJIb3YIOTCS KaK I'PaHUYHbIE YCIOBUA JJI1 MOJIENEeH pacueTa TEeUEHHUM, YPOBHS U TMIPOJIOTUYECKUX
XapaKTepUCTHK B MOpE/OKeaHe, a Takke MOJeJiell BETPOBOI'O BOJHEHHS JIMOO HEMOCPEICTBEHHO, JINOO
rmocse 00paboTKH MporpaMMoi THApoAMHaMuYecKoi nHTeprosaiun WRE.

B pesynbrare pexkonctpykumu [I'MY paccUuThIBalOTCA MOJIE NPUBOJHOIO BETpa, TEUCHHIA,
COJIEHOCTH, TEeMIepaTypbl U IJIOTHOCTM MOPCKOM BOJbl Ha pa3jIMYHbIX TOPU30HTaX 3a I[EPUOJ
BPEMEHHU, TMO3BOJIAIOIIMI HMCKIIOYUTh MEXKIOJOBYI0 HM3MEHUYMBOCTh THAPOMETEOPOIOTHUYECKUX
npoueccoB. [l 3amep3arIuxX MOpel K IMEepEeYUCICHHBIM THAPOMETEOPOIOTHYECKUM IapaMeTpam
JKEJIaTeJIbHO J00aBUTh CBE/IEHUS O JIEJOBBIX YCIOBUSX, COTJIACOBAHHBIE C pacueTaMH BETpa U TEUEHUI.
[IpocTpaHCTBEHHOE pa3pellieHue METEOpPOJIOTHYECKUX W THUAPOJIOTHUYECKUX MOJIEIEeH JOKHO OBITh
JOCTATOYHBIM JIJIsl ONIUCAHUSI OCOOEHHOCTEH THIPOMETEOPOIOTUYECKOTO peXMa B PETHOHE UHTEpeca.
Brixonnass mpoaykuus — MoOJened  J0JbKHa — COOTBETCTBOBATh — IPOCTPAHCTBEHHO-BPEMEHHOU
M3MEHUYMBOCTH ONMCBIBAEMBIX IPOLIECCOB U JUIsl OONBIIMHCTBA 3aad MPEI0CTABIAETCS ¢ BPEMEHHOM
TUCKpEeTHOCTHIO 1 yac. Takum o6pa3om, KaxKablil TOJ] peKOHCTPYKIIUU MPEICTABISAETCS, KAK MUHUMYM,
8760 monsmu (365*24=8760) 3HaueHUH KaXJOrO0 U3 HEOOXOTUMBIX T'MJIPOMETEOPOIOTHUECKUX
AJIEMEHTOB Ha Ka)KJJOM paCu€THOM F'OPU30HTE.

[Tocne Toro, Kak pEKOHCTPYMPOBAHHBIE TIOJISI THAPOMETEOPOJIOTMYECKUX MapaMeTpoB
paccuuTaHbl, U3 HUX MOXET OBbITh  COCTaBJIEH aHcaMOJb  T'MJIPOMETEOPOJIOTHUECKUX
cutyanuit/cuenapueB. Kaxapiii crenapuit MY mpencraBisier coboit Habop mocienoBaTeNbHBIX
IIOJIEH CKOPOCTM BeTpa M TEYEHUH, TEMIEpPaTypbl, COJIEHOCTH M IUIOTHOCTH MOPCKOM BOJBI,
XapaKTePUCTUK BETPOBOIO BOJIHEHMS M MO3BOJIET MPOBECTU MOJAEIUPOBAHUE SBOJIIOIMHU HEPTSIHOTO
pasnuBa Moj AecTBHEM (aKTOPOB MPUPOIHON cpeabl. OObIUHO, Kax bl ciieHapuit MY B pernone
MHTEpECOB Ul 1esiell obecnieueHus rianupoBanus onepauuid JIAPH cocrasisercs Ha 5-10 cyTok.
HaGop cuenapueB TuapoMeTeOpOJOrHUECKUX YCIOBUHM, KaXAbI W3 KOTOPBIX, HAampuUMep, HMeeT
MPOJIOJKUTENBHOCTE 10 CyTOK, cTpouTcsi cinemyromum obpazoM. [lepBelii clieHapuil «COCTOHT» W3
Habopa monielt ¢ Homepamu OT 1-ro mo 240-e U3 pacCUMTaHHBIX Ha IO/ JAaHHBIX, BTOPOU CliEHApUil
OIHCHIBAETCSI HAOOPOM TMoJIel co 2-T10 1o 241-e, TpeTuii - ¢ 3-ro o 242-¢ u T.1..

Takum 00pazom, UMeeTCs BO3MOXKHOCTb PacCYMTaTh CLEHAPHH PACIpOCTpaHEHHs] HEPTIHOTO
pa3iuBa, COOTBETCTBYIOLIErO TOMY WJIM MHOMY BapuUaHTy TEXHUYECKOW aBapuH, BO BCEM

MHOT0OOpa3uu TMOTOJHBIX YCIOBUHM, HAONIOAABIIMXCS B PETMOHE HHTEPECOB, KakK IPaBUIIO, 3a
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nocinenaue 10 gjer. Pexonctpykimuss MY  ecrecTBeHHBIM 00pa3oM BKJIIOYAET TIOCTOSIHHEBIE,
IIPWIMBHBIE U HAarOHHbIE TEUEHUS, B TOM YHUCIIE, SKCTPEMAJIbHBIE IITOPMOBBIE CUTYallUl B PETHUOHE.
3/1ech UCIOJIB3YETCS IPEIOI0KEHNE O KBA3U-TIOCTOSIHCTBE TUAPOMETEOPOIOTHUYECKOIO PEXUMA IS
peruoHa MHTEpeca, T.e., MpeJroyaraeTcsa, 4ro B OmmkaiiiieM OyAylleM KIMMaTUYeCKUE YCJIOBUS B
peruone OyayT HE CIAUIIKOM OTIUYAThCS OT T€X, YTO ObUIM B HEJAJIEKOM IIPOIILIOM.

Bce cuenapuu I'MY paBHOBEPOSTHBI U 3aBUCST JIMILIBL OT BEIOOpA MOMEHTA BPEMEHHU, KOTOPBI

MOJKET OBITh aCCOIMUPOBAH C MOMEHTOM Hadasia aBapuu, BHyTpu 10 - T JeTHEro nepuoja.

3.2 Cuenapuu pacnpocrpanenus HedrTu

Ha ocHoBanmu cuenapus I'MY paccumtbiBaeTcsl CUEHapUil paclpOCTpaHEHUs aBapUMHOIO
pasnuBa HedTH WiIM HepTenpoaykTa. B pamkax clieHapus pacCUUTBHIBAIOTCS IOCIIEIOBATEIIbHbIE
MIOJIOKEHMSI PAa3/iuBa, OOYCIOBJICHHBIE MEPEHOCOM HE(PTH IO IMOBEPXHOCTH MOpPS COBOKYIIHBIM
JeCTBEM BeTpa M TEUEHUM, OLICHMBAIOTCSI M3MEHEHHUs TIeOMETPUYECKHX (IUIolia/ib, TOJIIUHA,
JMHEWHBIC pa3Mepbl) U GU3NKO-XUMHUECKUX XapaKTEPUCTUK pa3inBa HE(PTH, TAKUX KaK IUIOTHOCTh U
BA3KOCTh, HW3MEHSIOIIMECS B pe3yibTare BbIBeTpuBaHUS HepTH. HMHpOpMamus mo Kaxmomy
KOHKPETHOMY CLIEHApHIO paclpOCTpaHEHUs] HeTU MPeOoCTaBIsIeTCs B BUJE TaOIUL 3aBUCUMOCTEH OT
BPEMEHU OCHOBHBIX XapaKTEPUCTUK HE(PTAHOIO pas3iuBa: KOOPAMHATHI, IUIOIIAJb, KOJIMUYECTBO
WCTIAPUBIICHCS U JUCTIEPTUPOBAHHON HE()TH, TUIOTHOCTh OCTATKa, KOJMYECTBO BOJIBI B HEPTH.

CueHapuu pacnpoCTpaHEHHUs pa3ivBa WIM HEPTENPOIYyKTOB HEPTH MOTYT ObITh 00pabOTaHBI
IUIA TIOJMYYEHUs] CTaTUCTMUYECKHUX XAapAaKTEPUCTHK BO3MOXKHOI'O BO3JEHCTBUS pa3iiMBa Ha YsA3BUMBIE
00BEKTHI B MOPCKOM cpefie U B IpUOPEKHOM 30HE.

OnpeneneHHble MPOOJIEMBI CBA3aHBI C PACUETOM IPOAOJIKUTEIBHBIX CLieHapueB cOpoca HedTH,
KOTOpBI€, BOOOIIE TOBOPS, MOTYT MPOJOJIKATHCS JOCTATOYHO JIOJITO, BIUIOTH O HECKOJBKUX JHEU U
naxxe Heaenb. B aTom ciydae, 3¢h(EKTUBHBIM MpeACTaBIsAETCS pa30MeHUe MPOAOIKUTEIHLHOIO
pasyrBa Ha CEepUI0 4acoBBIX cOpocoB. [Ipu 06paboTke pe3ysibTaTOB MOJETUPOBAHMS PACTIPOCTPAHEHUS
«TOpUMI» HE(PTSIHOTO pa3ivBa MOTYT OBITh IMOJyYEHbI CBEACHHUS U O HPOTSKEHHOCTH IMOJ0OHOTO

pas3iinBa, u 00 U3MEHEHNU q)HBI/IKO-XI/IMPILIeCKI/IX XapaKTCPUCTUK €TO OTACIIbHBIX JacTen.

3.3 TpeOoBaHHus K MOJEJSAM PACIIPOCTPAHEHUSI HePTH

B cooTBeTcTBHE COBpEMEHHBIMU MPEACTABICHUSMHU O MPOIECCaX PaCIPOCTpaHEHUS U (HU3UKO-
XUMUYECKON TpaHchopManuu HEDTH DBOIIONUA HEPTIHOTO pa3jiuBa B MOPE KOHTPOJIUPYETCS
MEPEHOCOM TOJI JIEUCTBUEM BETpa M TEUYECHHH, pAcTEeKaHWEM MOJl JEUCTBHEM CHJ IUJIaBy4eCTH M
paccessHMeM 3a cueT TypOyneHTHOH muddy3uu, a Takke HUCHapeHUEM, TUCTIEPTHPOBAHUEM,

OMYJIbIrupOBaAHUCM, USMECHCHUECM IINIOTHOCTH W BA3KOCTHU OCTAaTKa Ha IOBCPXHOCTH. MaremMaTudecKkue
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MoOJIeNIn pacuéTa paclpoCcTpaHEeHHUs M TpaHChopMalUu HE(TAHOrO pas3avBa AOJKHBI BOCIPOU3BOINUTh
9TH SIBJICHUS.

Crnenyer y4uThIBaTh, 4YTO HE(Th W HEPTENPOAYKTHI MPEACTABISAIOT CMECh OTACIbHBIX
¢bpakuuii, Kaxxaas U3 KOTOPbIX MMEeT Hpucyliue edl (U3MKO-XMMHMUYECKHE CBOWCTBA, Takue, Kak
TeMIlepaTypa KMIEHUs, INIOTHOCTh, BA3KOCTh, IOBEPXHOCTHOE HATSKEHHUE, MOJIEKYJIIPHBII BeC U IIp.).
Mogens Ui pacyeTra pacrupoCTpaHEHHS HE(TSHBIX pa3IMBOB JOJDKHA OIKCHIBATH HBOJIOIUIO
(pakIMOHHOTO COCTaBa, W3MEHEHHE (PM3UKO-XUMHUYECKUX CBOMCTB HE(PTH HA MOBEPXHOCTHU MODA,
HBOJIIOLUIO TNIOTHOCTH, MPOLIECCHI AMYJIBIMPOBAHHUS 33 CUET POLIECCOB MCIIAPEHUs, IUCIEPIUPOBAHUS
U paCTBOPEHHUS KOMIIOHEHT HE(TH B BOJIE.

Bue 3aBucumoctu oT TOro, kak He)Th OKa3bIBae€TCA B BOJHOU cpelie (B pe3yibTare AeiCTBUS
MIOBEPXHOCTHOTO WJIM IOABOJHOTO HCTOYHUKA), OHA HAXOJUTCS B HEH B BHJE ILUIABAIOLIETO Ha
MIOBEPXHOCTH IITHA U B BUJE B3BELICHHBIX B BOJAHOM TodIIE Kaneiab. Mexay HeTAHBIM pa3iavuBOM U
BOJHOM TOJIIEH IPOUCXOAUT IOCTOSIHHBIM OOMEH He(QTSHBIMU KaIUISIMH, WHTEHCUBHOCTh U
HaIpaBJICHUE CPEIHEro IMOTOKA 3aBUCHT, B TOM YHUCIE, OT SHEPrUU BETPOBBIX BOJH M IJIOTHOCTU
SMYJbCHM BOJIa B HE)TH B MATHE HAa NOBEPXHOCTH. HedTsiHOE NITHO HAa MOBEPXHOCTHU BOJBI
IIOJIBEP’KEHO, C OJHOI CTOPOHBI, IEPEHOCY O] IeHCTBUEM T€UEHUH U BETpa, a, C APYroll CTOPOHBHI, -
MHOYECTBY IPOLIECCOB TpaHC(HOPMAlLIUU, YIOMSHYTHIX BBILIE.

Kpome TOoro, B MOpPCKOi cpefie MPOUCXOAUT COpOMpOBaHHE HE(PTH TBEPABIMH YACTHIIAMHU H
OCaXJECHHE Ha JIHO, B3aUMOJIEHCTBUE C OeperoBod JMHMEW W/WIM €O JbIAOM, (OTOXMMHUYECKHE
peakuuu U Ouonerpananus. Ilocieqaue MOryT U3MEHSTh CBOWCTBA M YMEHBIIATh KOJUYECTBO HEPTH
3a JUINTEJIbHBIN IEPUOJ BPEMEHH.

Pacuer nepenoca (TpaekTopur) He(QTSHOTO MATHA MO3BOJSET OMPEICTUTH €r0 MOJIOKEHUE B
npoctpancTBe. TpanchopmamoHHast 4aCTh MOJICNICH HEPTSHOTO pa3uBa OMPEACIAeT Mepexol HePTH
MEXIY pPa3IM4YHbIMU cpefaMu (MOpcKas MOBEpXHOCTb, arMocdepa, BOjAHAs Toilla, Oeperonas
o0nacTh, Jel, THO MOops, OMOTa) U M3MEHEHHE €€ XapaKTePUCTUK (IUIOTHOCTH, COJEpPXKAHUS BOJBI,
BSI3KOCTH).

Marematuueckue MoAenu He(TSIHOTO pa3iuBa, MCIOJIb3yeMble B PUCK aHalu3e
pacnpoCTpaHEHUsI PA3JIMBOB, JOJDKHBI, C OJHOW CTOPOHBI, IO BO3MOXHOCTH aJE€KBAaTHO OIMCHIBATH
BBILLIETIEPEUNCIIEHHBIE TIpoIiecchl TpaHchopMmalu HedhTH B Mopckoi cpene. C JIpyroil CTOPOHBI,
MIOCKOJIbKY pedb UJET 00 OIIEHKE pUCKa U HEOOXOIMMOCTH MOJIETUPOBAHUS JIECATKOB U COTEH ThICSY
CIIEHapueB pa3jiiBa B Pa3IUYHbIX TUAPOMETEOPOJIOTHYECKHX YCIOBUSAX, MOJENIU JOJIKHBI OBITH
ONTUMHU3UPOBAHBI JIJIsI TOBBIIIEHUS OBICTPOACHCTBUS.

Pe3ynbraThl pUCK — aHalU3a paclpoCTpaHEHHs aBapUHBIX Pa3IMBOB HE(PTH TpaaUIIIOHHO
MIPEJICTABISIOTCS B BUAE TaOIuUIL, rpaKOB U KapTorpadguueckoi HHPOpMAIMU B BUJIE HOBBIX CIOEB

Ha mU(POBBIX KapTax paiioHa HHTEepeca.
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4 PUCK - AHAJIM3 PACITPOCTPAHEHMUS PA3JIMBOB HE®THU

Puck-ananu3 pacnpocTpaHeHHs aBapUHBIX pPa3IMBOB HE(PTH, HECMOTPS Ha YK€ MPHUMEPHO
IBYX JECATHIIETHIOI HUCTOpHIO (B aHrmiickoil smrtepatype oil spill risk assessment), HaxoauTcst Ha
I'PaHULIE HECKOJIBKHUX JUCLUUIUIMH, CPEIU KOTOPBIX I'MAPOMETEOPOIIOTHS, IKOJIIOTHS U IPOMBIIUICHHAS
0€30I1aCHOCTb, BCE €llle MPEJCTaBIseT OTHOCUTEIbHO HOBOE HampaBieHue ucciefoBanuil. Ilo stoi
NPUYMHE TPEICTaBIsIeTCS I1eIeco00pa3HbIM TPUBECTH B OTYETE HEOONBIIOW TJOoCcCapuid st
OIpesieNIEHUs] TEPMUHOB, UCIIOJIb30BAHHBIX B TEKCTE.

Puck—ananu3 pacnpocrpaHeHusi HepTu B Mope — IpoLefypa OLEHKUA PUCKA BO3ACHCTBHSA
aBapUHBIX Pa3IMBOB HE(PTU Ha ysI3BUMBIC OOBEKTHI Ha aKBATOPUU U B OEPEroBOii 30HE.

Cuenapuii TruIpOMeTeOPOJIOTHYECKHUX YCJAOBMH - Ha0Op MOCIEIOBAaTENbHBIX IOJIEH
CKOPOCTH BETpa U TEUEHHH, TeMIlepaTypbl, COJEHOCTU U IJIOTHOCTH MOPCKOW BOJbI, XapaKTEPUCTHK
BETPOBOI'O BOJHEHUS, MO3BOJIOIIMN OMMCaTh HBOJIOLUI0 HEPTSIHOrO pas3iuBa IOJ JeicTBUEM
(bakTOpOB IPUPOJHOM CpeJibl

Cuenapuii pacnpocTpaHeHUsl aBapMiHOIO pa3jMBa He)TH — PACUET IOCIEI0BATEIbHbBIX
MIOJIOKEHHS M KOH(UTYpaluu pas3inBa, 00yCIOBICHHBIX MTEPEHOCOM U Aedopmarueil nsTHa HehTH Ha
IIOBEPXHOCTU MOps 3a CYET COBOKYNHOIO JCHCTBHS BETpa M TEUEHUM, OLEHKA W3MEHEHUs
reoMeTpHUecKuX (IJIoLIalb, TOJIINHA, JUHEHHbIE pa3Mepbl) U (GU3UKO-XUMHUECKUX XapAKTEPUCTUK
pas3nuBa He(TH, TAKUX KaK IJIOTHOCTh U BS3KOCTh, MEHSIOIIUXCS B pe3yJIbTaTe BHIBETPUBAHUS HEPTH,
OLIEHKa KOJIMYECTBA UCHIapUBILEHCS HEPTH U JUCTIEPIUPOBAHHON B BOAHYIO TOJIIILY.

Cuenapuii TeXHMYeCKOW aBapMuM — CBEICHMS O TUNE HEPTH WIM HePTEenpoayKTa,
COpOLIEHHOT0 B MOPCKYIO Cpely B pe3ylbTaTe aBapuH, KOOpAMHATHI cOpoca, MHTEHCHUBHOCTh M
MPOAOIKUTEIBLHOCT WM 00BeM cOpoca.

TexHUYecKMii PHCK - BEpPOSATHOCTh OTKAa3a TEXHUYECKUX YCTPOWCTB C IOCIEACTBUSMHU
onpenenéHHOro ypoBHS (Kiacca) 3a ONpenenéHHbId Mnepuo] (PyHKIMOHHUPOBAHUS OMACHOTO
MIPOU3BO/ICTBEHHOT'O O0BEKTA.

IKOJOTMYeCKNi PHUCK - BEPOATHOCTh BO3HMKHOBEHHS HEONArompHUSATHBIX JJIS NPHUPOIHOM
Cpedbl U YeTTOBEKa MOCIIEACTBHI OCYIIECTBICHUS X0O35IMCTBEHHON U MHOM JEATEIbHOCTH.

IIpuemiemblii pUCK aBapMM - PUCK, YPOBEHb KOTOPOTO JOMYCTHUM M OOOCHOBAH HCXOJS U3
COLIMAJIEHO-9)KOHOMHUYECKUX COOOpakeHUH.

CpoiictBa He)TH WM HedTeNpPoOAYKTA — IUIOTHOCTb, BSA3KOCTb, MEX(]a3HOE HaTsSKEHUE,
TEMIIEpPAaTypbl 3aCTbIBAHHSA W BCHBIIIKA, B TOM YHCJIE MO Y3KUM (QpakiusM, JUCTHIUISILIMOHHBIE
XapaKTePUCTUKH.

30Ha pucka — 00JaCTh aKBaTOPHH, TJIe pa3ivB HE(PTH MOXKET OKa3aThCs Mpenenax 3aJaHHbIX

BPEMEHHBIX MPOMEXYTKOB Tocie Havana aBapuu (1 mens, 3 nHsA, 5 gHEe#l u T.4.), ecau HE OyIyT
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HNPEANPUHATEL MEphl M0 JIOKAIW3ALUU U JIMKBUJIALMM pa3iuBa He(TH. 30HBI PUCKA MPEICTABISAIOT
co0O0H MOJIsT MUHIUMAJIbHOTO BPEMEHH JAOCTHXKEHHS YYAaCTKOB aKBaTOPUH. 30HBI PUCKA ONPEACIISIOTCS
00paboTKOI aHcamOIsi PaBHOBEPOSITHBIX TPACKTOPHM IBMKEHUS HE(TAHBIX MATEH, 00yCIOBICHHBIX
T'HJIPOMETEOPOJIOTUIECKUMH YCIOBUSIMH pacCMaTpUBaEeMOI0 peruoHa.

O1eHKH 30H pUCKa paclpoCTpaHEHUsI He(TH MPECTABISAIOT SKCTPEMAIbHbIE XapaKTEePUCTUKH
IUIL  pacmlpoCTpaHEeHUs HEe(PTH W OTHOCATCS K KaTerOpMM KOHCEPBATHBHBIX, T.€. CJAEIAHHBIX C
OCTOpPOXXHOCTBIO, C 3amacoM (conservative estimate) mHpH MaKCHMaJbHO HEOIArONpPUATHBIX
IPEANOI0KEeHUsAX. B Toxke BpeMs MHTepec MPECTaBIseT U BEPOATHOCTh peau3allii T€X MM MHBIX
HocJeICTBUM aBapuiiHoro coOpoca Heptu. C 3TOH wHEAbIO U1 KaKAOro ydacTka oOiactu
MOTEHLIMAJIbHOTO BO3ACWUCTBUS, OIpPENEIsIeTCs BEPOSATHOCTh HACTYIUIEHUS HEOIAaronpusiTHOrO
COOBITHS, & IMEHHO BEPOSTHOCTh TOTO, YTO B PE3yJIbTaTe PAacIpOCTpaHEHHS HEPTH OT MCTOYHHKA,
OIPEJICJIECHHOIO0 METEOPOJIOTHUECKUM CLEHapUeM, pa3iuB He(TH JOCTUTHET paccMaTpuBaeMOi
00JIaCTH Y NP 3TOM TOJIIMHA IUIEHKM HE(TU HA MOBEPXHOCTH Oy/AeT NMpEeBbIIATh MPEIEIbHYIO IS
onepauuii JIAPH.

BeposiTHOCTH JA0CTH:KEHHS] AaKBATOPUU M 0eperoBoii 30HBI — TI0J€ BEPOSTHOCTH COOBITHS
O0OHapy’>KUTh Ha IOBEPXHOCTH MOPSI HEPTENPOIYKThI C TOIIUHOMN IUIEHKH, IPEBbIILIAIONIECH 3alaHHbIN
YPOBEHb, B 00JIACTH C IPEJONPEACIICHHBIMU IPOCTPAHCTBEHHBIMU pa3MepaMHu, IIPU yCIOBUHU, UYTO HE
OyAyT MpennpUHATHI MEPBI 1O JIOKATHM3ALNN 1 JTUKBUIAIUHN Pa3inBa HEPTH.

Macwirad BO3aelCTBHUSI — OLICHKA JIMHEHHBIX W IUIOMIAJHBIX XapaKTEPUCTUK HEPTIHOTO
pasnuBa, U3MEHSIOIUXCS ¢ TEYEHHEM BpeMeHH 1ociie cOpoca 1o JeiicTBueM pactekanus, auddysun,
(U3NKO-XUMHUECKUX MPOLIECCOB.

AHanu3 pHucKa paclpoCTpaHEHUs] aBapUMHBIX pPA3IMBOB HEe(PTH B MOPCKOHM cpeae mocie
aBapuiiHOTO cOpoca TpeArnoaraeT onpeaeaeHrne o0IacTeil akBaTOpUM U MOOEPEXbs, IAe HEPTIHON
pa3iauB MOKET IPUBECTH K HETATUBHBIM MTOCIEACTBUS AJI OKPYIKAIOLIEH CPEbl, OLICHKY BEPOSTHOCTH
JOCTHIKEHHUSI U BO3ACUCTBUS pa3jivBa HAa KOHKPETHblE OOBEKTHI (HAaIpUMep, Ha 0CO00 OXpaHsieMble
npupoanbie Tepputopuu (OOIIT)) unu Ha Npou3BOJIbHBIE palloHBl aKBATOPUU M MOOEPEXKbs B 30HE
nmoTeHIManbHOro Bo3aeicTrus (311B).

AHalu3 pUcKa pacnpoCcTpaHeHUs] He(TH MPOBOIUTCS AJIS KaKIOrO U3 BO3MOXKHBIX CIIEHAPHEB
TEXHUYECKOH aBapuu.

OcHOBHBIE 3Talbl MPOBEACHUS OIIEHOK PHCKA PacHpOCTPAHEHHUs Pa3MBOB HE(TU COCTOST B
CIIEAYIOIIEM:

o ITonroroBka creHapueB TI'MIPOMETEOPOJIOTHYECKUX YCIOBUM Ha OCHOBE aHalM3a
apXUBHBIX JaHHBIX M PEKOHCTPYKIUHU HeAOCTarolmed HHOpMAlUKU C MOMOULIbI0 MaTeMaTHUYECKHX
MOJIENIEH, BKIIIOYAIOLIMX MOJEIM pacyera IOoJed NPU3EMHOIO BETPA, MOJENIEH MOPCKUX TEYEHM,

MOJeI€eN JIEI0OBON TUHAMUKH.
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o [ToaroToBka crieHapreB BO3MOXKHBIX aBapUIHBIX COPOCOB HEPTU B MOPCKYIO Cpely MpH
N00bIY€E U TPAHCIIOPTUPOBKE HE(TU MO aKBATOPUU HA OCHOBE aHAIM3a IIPOMBILIIIEHHOI'O PUCKA.

o Pacuer BO3MOXXHBIX TpaeKTOpUil mepeHoca HEPTIHOTO 3arps3HEHUST U UX
HOCTEYIOIUI aHaIu3 C LeNbI0 OIPEeNICHHs IepeceueHn i TPaeKTOPUM IBUKEHUS HEPTSHBIX CIIMKOB
C 9KOJIOTUYECKH ySI3BUMBIMU 00bEKTaMH Ha TOOEPEKbE U aKBATOPUH.

. Pacuer mporieccoB Gpu3NKO-XUMHUYECKOUW TpaHchopMmammu He(YTIHOTO pa3iuBa, 3a CYET
KOTOPBIX 4YacTh He(TAHBIX (pakiuii B pe3yibraTe HCHApeHUs IMomajaeT B arMmocdepy u Oyner
pacrpoCcTpaHsAThCS KaK aTMOC(epHOe 3arpsA3HEHHe, YacTb HE(TH B BHUJAE SMYJIbCHH HE(PTh-B-BOIC
IIPOHUKHET B BOJIHYIO TOJILY U OyAeT GOpMHPOBATH BHYTPUMACCOBOE 3arpsi3HEHNE MOPCKOM CpeJibl.

o Cratuctuueckas oOpabOTKa pe3yslbTaTOB pacyeTra TPASKTOPUHM paclpoCTpaHeHUs
He(TH C YYETOM IPOLECCOB (PU3UKO-XMMUYECKON TpaHc(opmanuu pa3nnBa HeTH B MOPCKOH cperne
IUIsL OTIPE/ICTICHUsT 30H TOpaKeHHsT HE(PTSIHBIM pa3IMBOM YYAaCTKOB aKBAaTOPHH 3a OIpEIeIICHHBIC
MPOMEKXYTKH BPEMEHH, PpACTpENCICHUS BPEMEHHU JOCTHKCHHS OEperoBOd 30HBI M IMOPAKEHUS
Y4acTKOB OOEPEXKbsl IPU PA3INYHBIX THIPOMETEOPOJIOIHUECKUX CUTYaIHAX;

o PacueTsl BepoATHOCTH MOPAKEHUSI BHIOPAHHBIX YYaCTKOB IOOEpPEXbs WM OOBEKTOB Ha
aKBaTOPHH.

3amura noOepexuil OT HEraTUBHOTO BO3ACUCTBUS HE(TAHBIX Pa3/IMBOB SBISAETCS OJHUM U3
npuopureroB B omnepanusx JIAPH. Ilo aToil mpuunHe orneHKa BEpPOSITHOCTH JOCTUXEHHSI HE(QThIO
Oepera Bcera MPOBOAUTCS B paMKax pUCK-aHAJIN3a PaCIPOCTPAHEHUS PA3IIUBOB. DTH OLIEHKU 3aBUCST
OT CLIEHapUs TEXHUYECKOM aBapuu.

[Tockonbky »BoOMIONMS HE(TAHOrO pas3iiuBa B MOPCKOW Cpele CYIIECTBEHHO 3aBUCHUT OT
CBOWCTB TMPOJHUTON CyOCTaHIIMU, BaXKHBIM MOJIOTOBUTEILHBIM JTallOM CIIEAYeT CUUTATh OLEHKY
BO3MOXXHOCTH 0O0pa3oBaHMsl HE(PTbIO MWW HEPTENPOAYKTOM OHMYJIbCHM THUIIa BOAAa B HePTH,
NPUBOASIIECH K PE3KOMY POCTY BSA3KOCTH HE(PTSHOTO OCTaTKa HAa MOBEPXHOCTU MOPS U YBEITUYEHUIO

ero oorema.
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5 PE3VYJBTATBHI MOJAEJINPOBAHUSA

5.1 Ounenka BpIBeTpUBaHMSA HeQTH U CYI0BOI0 TOILUIMBA 1O cueHapusim TA1-
TA4

MacmTab Bo37eiicTBUSI HE(PTSIHOTO pas3iiiBa Ha BOJIHYIO Cpely M MOOEepeXbe CyIIECTBEHHO
3aBHCHUT OT 00BEMA pa3jimBa U MHTCHCUBHOCTHU ITPOLECCOB BEIBETPHUBAHUSA HC(l)TI/I.

I'maBHBIMU COCTaBJIAIOIMIUMH IIPOLECCAa BBIBETPUBAHUA He(l)TI/I SABJIAIOTCA IIPOLECChI UCIIApCHUA
HeTsHBIX ¢pakuuii B aTMocdepy M IMOTOK Kamelb ¢ MOBEPXHOCTH B BOJHYIO TOJIIY 3a CYET
MIPOLIECCOB OOPYIICHHSI BOJH W BEPTHKAIBHOTO MEpeMelnBaHus. MUHUMaIbHOE BBIBETPHUBAHUE
COOTBCTCTBYCT IME€pruoaam CO CHa6BHWHﬁCKOpOCTﬂMH BETpa U NPAKTUYCCKH IMOJIHOCTHIO OIPCACIACTCA
HUCIIAapCHUEM JICTYUYUX (I)paKI_II/Iﬁ u3 Heq)THHOl"O clmka. MakcuManbHOe BBIBETPUBAHHUC ITPOUCXOJUT IIPH
CUJIBHOM BCTPEC, KOI'1a 0oJIbIIas 4YacThb He(l)TI/I noragacT B BUJAC KallCJIb B BOAHYIO TOJIILY.

CyznoBoe TOIIMBO TAaKKe HMEET IOBOJBHO BHICOKYIO BA3KOCTh mpu Temmepatype 15°C,
KOTOpast yBEIMYUBACTCS MPH (POPMHUPOBAHUM SMYJIBCHH THUNA BoAa-B-HegTH. Tem HE MeHee cynoBoe

TOINIMBO MOKCT JUCIICPIrupoOBaTh IIPpU BBICOKUX CKOPOCTAX BCTpA.
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Pucynok 5.1 [Tpumepsl H3MEHEHHE KOJIMYECTBA CYJOBOTO TOILUIMBA HA MTOBEPXHOCTH MOps (a) u
KOJIMYECTBa TUCIIEPrUpOBaHHOr0 HeTernpoaykra (0) MpU MOCTOSHHBIX CKOPOCTSIX BETpa

Hcnaperne IFO-180 kpaitne mano. OmHako, Aake HECKOJBKO TPOIEHTOB HCIIAPUBIIUXCS
(bpakiuii CMEeaT TOYKY TEKYYECTH IJIS CY/I0BOTO TOILIMBA B 00JIACTH MOJI0KUTEIBHBIX TEMIIEpATyp,
TaK 4TO CIYCTsI HECKOJBKO JAHEH 1OCIe BHIBETPHBAHUSI, CYyJOBOE TOIUIMBO TAaKXke OYyZeT MpeBpaIiaThCs

B KPYIIHBIEC KOMKH, U3-3a BBICOKOM IIJIOTHOCTH MPAKTUYCCKU IMOJIHOCTBIO IOIPY>XCHHBIC B BOAY.
1.1.1 Ouenka BoiBeTpuBanus® pa3iuBos B Cuenapuu TA1-TA3

He(bTB, nepekayrnBacMas 1o rnoaABOAHOMY TPY6OHpOBOI[y " ICPEBO3UMAA Ha TAHKEPEC, ITPU NNOIMaJaHUH
B MOPCKYHO Cpcay B TCUYCHHC HCCKOJBKHUX MHUHYT (I[CCHTKOB MI/IHYT) 3aCThIBACT, IIOCJIEC YETO
MPAKTUYCCKNU HE HCIAPACTCA WU HE HUMCECT BO3MOXGHXHM’O6P330BHB3TB JAUCIICPCUIO THIIA HG@TH B

Bojzie. Takum 00pa3oM, MOKHO YTBEpPIKIaTh, YTO MPAKTUUYECKH BCE KOIMMYECTBO HE(TH, MOIABIICE B

5> BoiseTpuBaHue HedTU — yaaneHue C NOBEPXHOCTM MOPA 3a CHET NPOLLECCOB MCMNAPeHNsA 1 ANCNeprupoBaHmA
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MOpe, ¢ TeYCHHEM BPEeMEHHU OyJIeT BBIOPOIIEHO HA TOT WJIM MHOM Oeper, BO3MOXHO, JOBOJILHO JTAIEKO
oT MecTa cOpoca (cm. Paszen 6.2). Komku 3acThiBiIeil HedTH, nMelomue MIoTHOCTh ~830 kr/m® u
TOJIINUHY B HECKOJIbBKO CAaHTHUMCTPOB, HC MOI'YT YTOHYTH CBA3aBHIMCh C YaCTHLAMU MHHepaﬂBHOﬁ

B3BECH, JIaKe MPH TUIOTHOCTH B3BecH 2 - 2.5 kr/M° BCileICTBHE MPaHy IOMETPUYECKOTO COCTaBa B3BECH.
1.1.2 Ouenka BoiBerpuBanus® paziusos B Cuenapuu TA4

OneHka BbIBETpUBAaHUS HePTH M HE(PTENPOLYKTOB IpPOBEAEHA IO aHCaMONI0 pealn3anui
METEOPOJIOTUIECKUX YCIIOBH, OATOTOBICHHBIX B COCTaBE TEMAaTHUYECKOTr0 HabOpa JaHHBIX.

JIuHUM, OrpaHMYMBAIOIINE OJHOTOHHBIE oOnacth Ha Pucynke 5.2, mnpexacraBisior
COOTBETCTBYIOILIME JIBYCTOPOHHHME MPOLEHTUIM BBIOOPKM JaHHbIX. MakcuManbHOE BBbIBETPUBAHUE
(Max) uMeeT MecTO MpH IITOPMOBBIX CHUTyallUX M HMEET Malyl0 BEpOSTHOCTb pealu3alluu.
MunumanbHoe BeiBeTpuBaHuE (MUH) NPOUCXOIUT B IUTUIIEBBIX ycioBUsAX. CpenHee (110 CLIEHAPUSIM)
3HAYCHHWE KOJIMYEeCTBA HE(PTH Ha MOBEPXHOCTH MOps, IMOKazaHHOe Ha Pucynke 5.2, mpumepHO

COOTBCTCTBYCT MCAUAHEC PACIIPCACICHU.

Oucneprupoeanue, CueHapuii TA4, neTto Oucnepruposarue, CueHapuii TA4, oceHb

o 2000 ™ 2000
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= 1800 + = 1800 +
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= =

g 1400 g 1400

2 1200 + 2 1200 +
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= 1000 + & 1000 -

o o
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Bpems, vac Bpems, yac
Max-MuH 95% 90% 80% =——CpeaHee Max-MuH 95% 90% 80% =———CpegHee
a) 0)

Pucynok 5.2. Cratuctika koauuecTBa HeTH Ha moBepxHocTH Mops B CueHapun TA4 B neTHuil ce30H
(a) u BeceHHMI1 ce30HBI (0)

13 pacueToB CTaTUCTUKU BBIBETPUBAHMS CYA0BOTO TOIUIMBA, MPEACTaBICHHBIX Ha Pucynke 5.2
cleyer, 4To B cpeaHeM 3a 10 cyTOK ¢ MOBEPXHOCTH MOpS YJAISeTcs 3a CUET JUCHEprUpOBaHUs
o 3 o

npumepHo 800 KyOOB CyJOBOrO TOIUIMBA B JIETHUH nepuoa U HeMHOruMm Oosiee 1000 M° B oceHHUI.
Kak cnenyer u3 ceenenuii o Torumse |1FO-180, smynbens Tuna Boja B HETU MOKET 00pa30BbIBATHCS
JUIIb B TepBble dYachl mociie cOpoca M cojaep)kaHHe BOABI B SMYJIbCUU HE IMpeBbImaeT 26%.
CratucTHvecKkre pacyeThl TaKKe MOKa3bIBAIOT, YTO B pailOHE MOTYT OBITH IITOPMOBBIC CHUTYAIlHH,
xorma pasmme 1800 M3 cymoBOro TOmIMBA MOMKET TPEBPATUTHCS B JIMCIIEPCHIO HedTh-B-BOJE 3a

HCCKOJBKO 4aCOB II0CJIC C6p003..

6 BoiseTpuBaHue HedTU — yaaneHue C NOBEPXHOCTM MOPA 3a CHET NPOLLECCOB MCMNApeHNA U ANCNeprupoBaHmA
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CTaTUCTMKa pacnpeaeneHus CKOPOCTU BETPA

25 000 100%
20 000 — 1 O
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E 15 000 [ ] ] = HTerpanbHblid %
[
3 — 50%
T
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25%
5000 H

123456 7 8 91011121314151617181920

CKopoCTb BeTpa, M/c

Pucynok 5.3. Cratuctika pactpeieneHus CKOPOCTH BETpa 10 TEMaTHUECKOMY Ha0OPY JTaHHBIX

5.2 OueHka reoMeTpuYecKHX Pa3MepoB Pa3iuBOB

Hedtb, mepexaunBaemas 1mo moaBOJHOMY TPyOONpPOBOIY, KaK yKa3aHO B pazjelne 2.2 mMeer
TeMIepaTypy 3acteiBanus +18 - +22 rpagyca Llenscus (cm. pa3aen 2. Temneparypa [ledopckoro Mopst
naxe JieToM He mogHumaercs Bbime 10-12 rpagycoB. Takum oOpa3oM, momanas B MOPCKYIO Cpedy
HepTh OyJeT JOBOJIBHO OBICTPO OCTBHIBAaTh, 00pa3ys Ha MOBEPXHOCTH KYCKH/KOMKH/JETICHIKH, KaK
nokazaHo Ha PucyHke 6.2. PacnpocTtpaHeHue Takod CyOCTaHLMM MO TOBEPXHOCTH BOJIBI OyAeT
OMpENeNAThCS MpolieccaMu TypOyneHTHOMH auddysun [O3mudos, 1986]

Ouenka paamyca obmactu aubdysmupyromeir npumecn mo [Ocubo, 1971] omnpenensercs

COOTHOIIGHHEM O [czu42]=0.0108t2"°’4 [C@K], e o°-  CpemHMil  KBagpaT  PACCEAHMS

mppynaupyonmx yactul. Mogenb auddy3uun NpuUMeHseTcs He TOJNBKO Ul pPacTBOPHMBIX
cyOcTaHIMi, HO U1 MOPCKOTro Mycopa Toxe. s onpeaeneHus kodhGUiueHToB qudQy3un srmoHIbI

HCIIONB3YIOT TPEKEPHI, pa3MEIICHHbIE Ha OJIMHAX TYOYaTON PE3UHBI.

Y. Matswzaki / Marine Pollution Bulletin xxx (2016) xxx-xxx

GPS logger
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Pucynok 5.4. Paguyc paccesaust quddynaupyromiei mpumecu mo [Ocubo, 1971]

C yderoM mepBoOro 3rana — pacTeKaHHs ellle He 3acThIBIICH HehTH — pasuyc 00IacTH

3arpA3HCHUSA 6y,HCT HCCKOJIBKO pa3in4aThbCsa AJId TPEX CUCHAPUCB PAa3JINBOB.

5.2.1 Cuenapnii TA1
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PI/ICYHOK 5.5. U3meHeHue TCOMETPHUICCKUX pPA3MCPOB obiactu 3arpA3HCHUA IIPU CLICHApUUn C6p0C8.

TAl

B 3aBucumoctu oT oObema cOpoca B TEpBble MHHYTHI (IECITKH MHUHYT) HedTh Oyxaer

PpaCTCKAThCA IO MOBEPXHOCTHU, 3aTEM 34dCTBIHCT W HAYHCT JIOMATBCA Ha OTHCJIBHBIC KYCKH, KOTOPBIC

yxe OynyT paccenBaThes nuddysueit. Pazmepsr o6nactu 3arpsizHeHnst He(ThIO U He(PTEPOAYKTaMH B

pesyabTate TypOyaeHTHOU nudy3un B MEHbIIIEH CTETIEHU 3aBUCAT OT 00beMa cOpoca, ueM B cilydae

pacCTCKaHus HBIOTOHOBCKOM KMIKOCTH.

Tabnuua 5.1.M3menenne napamerpoB paznua TA1 npu temneparype Bojbl 0°C

Bpews, Ha Hcnapunocs, | Aucnepruposaino CpeHng ST [Tmomans,
MHUH, | IOBEPXHOCTH, T T TOJIIHHA', BETpa, <B. KM
yac T ’ MM M/C )
10 350 0.07 0 7.6 3 0.06
20 350 0.07 0 74 3 0.06
30 350 0.07 0 7.2 3 0.06

7 Korpa HedTb Nocne 3acTbiBaHUA Pa306bETCA Ha KOMKM, NMOHATUE TONLUMHbI MJIEHKU CTAHOBUTCA HEKOPPEKTHbIM. OLLEHKY
TONIWMHBI NAEHKU HedTU ANA cyBCTaHUMM HUXKe TeMMepaTypbl TEKYYeCTU caefyeT NOHMMaTb Kak KoamyectBo (06bem)
HedTU Ha eaMHULE NAOLWAAN 3arpsA3HeHnA. 1 MM YCAOBHOM TOAWMHBI COOTBETCTBYET 06bemy HedTu B 1 AM/KB.M, UK, C
YYETOM NJOTHOCTUN HedTH, 1 MM TOALLMHBI cOOTBETCTBYET NpMmMepHO 0.83 Kr/KB.M.
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40 350 0.07 0 6.9 3 0.06
50 350 0.07 0 6.6 3 0.06
60 350 0.07 0 6.4 3 0.07
70 350 0.07 0 6.2 3 0.07
80 350 0.07 0 6.0 3 0.07
90 350 0.07 0 5.8 3 0.07
100 350 0.07 0 Shl/ 3 0.07
110 350 0.07 0 5.6 3 0.08
120 350 0.07 0 5.5 3 0.08
4y 350. 0.14 0 4.5 3 0.09
84 350. 0.14 0 3.6 3 0.11
124 350. 0.14 0 3.1 3 0.13
16u 350. 0.14 0 2.7 3 0.15
20u 350. 0.14 0 24 3 0.17
244 350. 0.14 0 2.2 3 0.18
10 350 0.09 0 7.5 5 0.06
20 350 0.09 0 7.2 5 0.06
30 350 0.09 0 6.8 5 0.06
40 350 0.09 0 6.4 5 0.07
50 350 0.09 0 6.1 5 0.07
60 350 0.09 0 5.9 5 0.07
70 350 0.09 0 5.6 5 0.08
80 350 0.09 0 5.5 5 0.08
90 350 0.09 0 5.3 5 0.08
100 350 0.09 0 5.1 5 0.08
110 350 0.09 0 5.0 5 0.08
120 350 0.09 0 4.9 5 0.09
44 350. 0.18 0 4.0 5 0.10
84 350. 0.18 0 3.3 5 0.12
124 350. 0.18 0 2.8 5 0.14
164 350. 0.18 0 2.5 5 0.16
204 350. 0.18 0 2.2 5 0.18
244 350. 0.18 0 2.0 5 0.20
10 350 0.15 0.04 7.2 10 0.06
20 350 0.15 0.08 6.6 10 0.06
30 350 0.15 0.11 6.0 10 0.07
40 350 0.15 0.13 5.7 10 0.08
50 350 0.15 0.15 5.3 10 0.08
60 350 0.15 0.16 5.1 10 0.08
70 350 0.15 0.16 4.9 10 0.09
80 350 0.15 0.16 4.7 10 0.09
90 350 0.15 0.17 4.5 10 0.09
100 350 0.15 0.17 4.4 10 0.10
110 350 0.15 0.17 4.3 10 0.10
120 350 0.15 0.17 4.2 10 0.10
4q 349. 0.3 0.16 3.5 10 0.11
8u 349. 0.3 0.16 2.9 10 0.14
124 349. 0.3 0.16 2.5 10 0.16
16u 349. 0.3 0.16 2.2 10 0.18
204 349. 0.3 0.16 2.0 10 0.21
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24y | 349. | 0.3 | 0.16 | 18 | 10 | o023
Tabnuma 5.2.M3menenue napametpoB paznuBa TA1 mpu Temneparype Boasl 10°C
Bpewms, Ha Ucnapunocs, | QucneprupoBano | Cpennsas | Ckopocts | [Tnomans,
qac MMOBEPXHOCTH, T , T TOJIIINHA, BETpA, KB. KM
T MM Mm/c
10 348.5 1.74 0 74 3 0.06
20 348.5 1.74 0 7.1 3 0.06
30 348.5 1.74 0 6.9 3 0.06
40 348.5 1.74 0 6.6 3 0.06
50 348.5 1.74 0 6.4 3 0.07
60 348.5 1.74 0 6.2 3 0.07
70 348.5 1.74 0 6.0 3 0.07
80 348.5 1.74 0 5.8 3 0.07
90 348.5 1.74 0 5.7 3 0.07
100 348.5 1.74 0 5.5 3 0.08
110 348.5 1.74 0 5.4 3 0.08
120 348.5 1.74 0 5.3 3 0.08
4q 348.5 1.75 0 4.2 3 0.09
8u 348.5 1.75 0 3.4 3 0.12
124 348.5 1.75 0 2.9 3 0.14
164 348.5 1.75 0 2.6 3 0.15
204 348.5 1.75 0 2.3 3 0.17
244 348.5 1.75 0 2.1 3 0.19
10 348.7 1.54 0 7.3 5 0.06
20 348.7 1.54 0 7.0 &) 0.06
30 348.7 1.54 0 6.6 5 0.06
40 348.7 1.54 0 6.2 &) 0.07
50 348.7 1.54 0 5.9 5 0.07
60 348.7 1.54 0 5.6 &) 0.07
70 348.7 1.54 0 5.4 &) 0.08
80 348.7 1.54 0 5.2 5 0.08
90 348.7 1.54 0 5.1 &) 0.08
100 348.7 1.54 0 5.0 5 0.08
110 348.7 1.54 0 4.8 &) 0.09
120 348.7 1.54 0 4.7 5 0.09
4q 348.7 1.52 0 3.9 5 0.10
8u 348.7 1.52 0 3.2 5 0.12
124 348.7 1.52 0 2.8 5 0.14
164 348.7 1.52 0 2.4 5 0.16
204 348.7 1.52 0 2.2 5 0.18
244 348.7 1.52 0 2.0 5 0.20
10 348.0 2.17 0.06 7.1 10 0.06
20 348.0 217 0.1 6.5 10 0.06
30 347.9 2.17 0.14 6.0 10 0.07
40 347.9 217 0.17 5.6 10 0.08
50 347.9 2.17 0.19 5.3 10 0.08
60 347.9 217 0.2 5.0 10 0.08
70 347.9 2.17 0.21 4.8 10 0.09
80 347.9 2.17 0.22 4.7 10 0.09
90 347.9 2.17 0.22 4.5 10 0.09
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100 347.9 217 0.22 4.4 10 0.10
110 347.9 2.17 0.22 4.3 10 0.10
120 347.9 2.17 0.22 4.2 10 0.10
4q 348.0 1.96 0.22 3.5 10 0.11
8u 348.0 1.96 0.22 2.8 10 0.14
124 348.0 1.96 0.22 2.5 10 0.16
164 348.0 1.96 0.22 2.2 10 0.18
204 348.0 1.96 0.22 2.0 10 0.21
244 348.0 1.96 0.22 1.8 10 0.23
Tabmuma 5.3.M3menenne napametpoB paznmuba TA1 mpu Temnepatype Boasr 20°C
Bpewms, Ha Ucnapunocs, | Aucnepruposano | Cpenusas | Cxopocts | [1nomans,
qac MTOBEPXHOCTH, T , T TOJIIIMHA, BETpa, KB. KM
T MM M/C
10 341.5 8.75 0 5.5 3 0.08
20 334.0 16.24 0 3.4 3 0.12
30 328.6 21.64 0 2.7 3 0.14
40 327.0 23.25 0 2.5 3 0.16
50 326.9 23.39 0 2.3 3 0.17
60 326.9 23.39 0 2.2 3 0.17
70 326.9 23.39 0 2.2 3 0.18
80 326.9 23.39 0 2.1 3 0.18
90 326.9 23.39 0 2.1 3 0.19
100 326.9 23.39 0 2.0 3 0.19
110 326.9 23.39 0 2.0 3 0.20
120 326.9 23.39 0 1.9 3 0.20
4q 326.9 23.4 0 1.68 3 0.23
8u 326.9 23.4 0 1.43 3 0.27
124 326.9 23.4 0 1.27 3 0.31
164 326.9 23.4 0 1.15 3 0.34
204 326.9 23.4 0 1.04 3 0.37
244 326.9 23.4 0 0.95 3 0.41
10 340.0 10.23 0 5.5 5 0.07
20 332.1 18.18 0 3.5 5 0.12
30 326.7 23.59 0 2.7 5 0.14
40 326.2 24.02 0 2.5 5 0.15
50 326.2 24.02 0 2.4 5 0.16
60 326.2 24.02 0 2.3 5 0.17
70 326.2 24.02 0 2.2 5 0.18
80 326.2 24.02 0 2.1 5 0.18
90 326.2 24.02 0 2.1 5 0.19
100 326.2 24.02 0 2.0 5 0.19
110 326.2 24.02 0 2.0 5 0.19
120 326.2 24.02 0 2.0 5 0.20
4q 326.2 24.1 0 1.70 5 0.23
8u 326.2 24.1 0 1.45 5 0.27
124 326.2 24.1 0 1.29 5 0.30
164 326.2 24.1 0 1.17 5 0.33
204 326.2 24.1 0 1.06 5 0.37
244 326.2 24.1 0 0.97 5 0.40
10 335.4 14.73 0.09 5.3 10 0.08
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20 327.2 22.85 0.16 3.4 10 0.12
30 322.6 27.49 0.16 2.7 10 0.14
40 322.6 27.49 0.16 2.5 10 0.15
50 322.6 27.49 0.16 2.4 10 0.16
60 322.6 27.49 0.16 2.3 10 0.17
70 322.6 27.49 0.16 2.2 10 0.17
80 322.6 27.49 0.16 2.2 10 0.18
90 322.6 27.49 0.16 2.1 10 0.18
100 322.6 27.49 0.16 2.1 10 0.19
110 322.6 27.49 0.16 2.0 10 0.19
120 322.6 27.49 0.16 2.0 10 0.19
4q 322.7 27.4 0.16 1.78 10 0.22
8u 322.7 27.4 0.16 1.54 10 0.25
124 322.7 27.4 0.16 1.37 10 0.28
164 322.7 27.4 0.16 1.24 10 0.31
204 322.7 27.4 0.16 1.13 10 0.34
244 322.7 27.4 0.16 1.04 10 0.37
5.2.2 Cuenapmuii TA2
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PI/ICyHOK 5.6. U3meHeHue TCOMETPHUICCKUX pPa3MCPOB obiactu 3arpA3HCHUA IIPpU CLICHApUU C6p0C8.

TA2

Tabnuua 5.4.M3mMenenue napamerpos paznuBa TA2 npu remnepatype Bojbl 0°C

Bpewms, Ha Wcnapunocs, | Jucnepruposano | Cpeanstis | Ckopocts | ITnomans,
yac ITOBEPXHOCTH, T , T TOJIIIMHA, BETpa, KB. KM
T MM Mm/c
10 757.7 0.05 0 21.3 3 0.04
20 1250.3 0.05 0 33.9 3 0.04
30 1250.3 0.05 0 32.7 3 0.05
40 1250.3 0.05 0 31.2 3 0.05
50 1250.3 0.05 0 29.4 3 0.05
60 1250.3 0.05 0 274 3 0.06
70 1250.3 0.05 0 25.8 3 0.06
80 1250.3 0.05 0 24.2 3 0.06
90 1250.3 0.05 0 22.7 3 0.07
100 1250.3 0.05 0 21.3 3 0.07
110 1250.3 0.05 0 20.2 3 0.07
120 1250.3 0.05 0 19.1 3 0.08

41



4q 1250.3 0.05 0 12.8 3 0.12
84 1250.3 0.05 0 8.9 3 0.17
124 1250.3 0.05 0 7.3 3 0.21
16u 1250.3 0.05 0 6.3 3 0.24
204 1250.3 0.05 0 5.6 3 0.27
244 1250.3 0.05 0 5.0 3 0.30
10 757.7 0.07 0 204 &) 0.04
20 1250.2 0.07 0 30.3 &) 0.05
30 1250.2 0.07 0 28.4 &) 0.05
40 1250.2 0.07 0 26.2 &) 0.06
50 1250.2 0.07 0 23.8 &) 0.06
60 1250.2 0.07 0 21.6 &) 0.07
70 1250.2 0.07 0 19.7 &) 0.08
80 1250.2 0.07 0 18.1 5 0.08
90 1250.2 0.07 0 16.9 &) 0.09
100 1250.2 0.07 0 15.8 5 0.10
110 1250.2 0.07 0 14.9 &) 0.10
120 1250.2 0.07 0 14.2 5 0.11
44 1250.2 0.14 0 9.7 &) 0.16
8u 1250.2 0.14 0 7.2 &) 0.21
124 1250.2 0.14 0 6.0 5 0.25
164 1250.2 0.14 0 5.3 &) 0.29
20u 1250.2 0.14 0 4.7 5 0.32
244 1250.2 0.14 0 4.3 &) 0.35
10 757.5 0.23 0.05 16.9 10 0.05
20 1250.0 0.23 0.13 21.6 10 0.07
30 1249.9 0.23 0.21 194 10 0.08
40 1249.8 0.23 0.28 16.9 10 0.09
50 1249.7 0.23 0.35 15.1 10 0.10
60 1249.7 0.23 0.41 13.7 10 0.11
70 1249.6 0.23 0.46 12.7 10 0.12
80 1249.6 0.23 0.51 11.8 10 0.13
90 1249.5 0.23 0.56 11.1 10 0.14
100 1249.5 0.23 0.6 10.6 10 0.14
110 1249.5 0.23 0.63 10.1 10 0.15
120 1249.4 0.23 0.65 9.7 10 0.16
44 1249.5 0.12 0.7 7.4 10 0.20
8u 1249.5 0.12 0.7 5.8 10 0.26
12q 1249.5 0.12 0.7 5.0 10 0.30
16u 1249.5 0.12 0.7 4.4 10 0.34
204 1249.5 0.12 0.7 3.9 10 0.39
244 1249.5 0.12 0.7 3.5 10 0.43
Tabnuma 5.5.M3menenue napamerpoB paznuBa TA2 mpu Temneparype Boabl 10°C
Ha Wcnapunocs, | Jucnepruposano | Cpeanstss | Ckopocts | ITnomans,
MTOBEPXHOCTH, T , T TOJILINHA, BETpA, KB. KM
T MM Mm/c
10 756.3 1.51 0 21.2 3 0.04
20 1248.8 1.51 0 33.6 3 0.04
30 1248.8 1.51 0 32.5 3 0.05
40 1248.8 1.51 0 30.9 3 0.05
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50 1248.8 151 0 29.0 3 0.05
60 1248.8 1.51 0 271.2 3 0.06
70 1248.8 151 0 254 3 0.06
80 1248.8 1.51 0 23.8 3 0.06
90 1248.8 151 0 22.3 3 0.07
100 1248.8 1.51 0 21.1 3 0.07
110 1248.8 1.51 0 20.0 3 0.08
120 1248.8 151 0 19.1 3 0.08
44 1242 8.5 0 4.1 3 0.36
8u 1242 8.5 0 3.6 3 0.41
124 1242 8.5 0 3.3 3 0.45
16u 1242 8.5 0 3.1 3 0.48
204 1242 8.5 0 2.9 3 0.52
244 1242 8.5 0 2.8 3 0.55
10 756.9 0.85 0 20.2 5 0.05
20 1249.5 0.85 0 30.2 5 0.05
30 1249.5 0.85 0 28.2 5 0.05
40 1249.5 0.85 0 25.7 5 0.06
50 1249.5 0.85 0 23.3 5 0.06
60 1249.5 0.85 0 211 5 0.07
70 1249.5 0.85 0 19.4 5 0.08
80 1249.5 0.85 0 17.9 5 0.08
90 1249.5 0.85 0 16.5 5 0.09
100 1249.5 0.85 0 15.5 5 0.10
110 1249.5 0.85 0 14.7 5 0.10
120 1249.5 0.85 0 13.9 5 0.11
4q 1242 7.9 0 3.8 5 0.40
84 1242 7.9 0 3.3 5 0.46
12q 1242 7.9 0 3.0 5 0.49
16u 1242 7.9 0 2.8 5 0.53
204 1242 7.9 0 2.7 5 0.57
24q 1242 7.9 0 2.5 5 0.60
10 756.3 1.36 0.07 16.8 10 0.05
20 1248.8 1.36 0.16 214 10 0.07
30 1248.7 1.36 0.24 19.2 10 0.08
40 1248.6 1.36 0.33 16.9 10 0.09
50 1248.5 1.36 0.41 15.0 10 0.10
60 1248.5 1.36 0.49 13.7 10 0.11
70 1248.4 1.36 0.57 12.6 10 0.12
80 1248.3 1.36 0.63 11.7 10 0.13
90 1248.3 1.36 0.7 11.1 10 0.14
100 1248.2 1.36 0.75 10.5 10 0.14
110 1248.2 1.36 0.79 10.0 10 0.15
120 1248.1 1.36 0.83 9.7 10 0.16
4q 1242 7 0.88 3.4 10 0.45
84 1242 7 0.88 3.0 10 0.50
124 1242 7 0.88 2.8 10 0.55
164 1242 7 0.88 2.6 10 0.59
20u 1242 7 0.88 2.4 10 0.63
244 1242 7 0.88 2.2 10 0.67
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Tabnuua 5.6.M3menenne napamerpoB paznua TA2 npu temneparype Bojsl 20°C

Ha Ucnapunocs, | Aucnepruposano | Cpenusas | Cxopocts | [lnomans,
MTOBEPXHOCTH, T , T TOJIIIMHA, BETpa, KB. KM
T MM M/C

10 714.3 7.4 0 13.4 3 0.06
20 1168.9 21.96 0 9.4 3 0.15
30 1147.8 43.12 0 5.5 3 0.25
40 1129.3 61.57 0 4.1 3 0.33
50 1116.0 74.89 0 3.4 3 0.39
60 1108.2 82.71 0 3.1 3 0.42
70 1108.2 82.71 0 3.0 3 0.44
80 1108.2 82.71 0 2.9 3 0.45
90 1108.2 82.71 0 2.8 3 0.47
100 1108.2 82.71 0 2.8 3 0.48
110 1108.2 82.71 0 2.7 3 0.49
120 1108.2 82.71 0 2.7 3 0.49
4q 1163 87 0 2.4 3 0.58
8u 1163 87 0 2.1 3 0.66
124 1163 87 0 1.9 3 0.72
164 1163 87 0 1.8 3 0.78
204 1163 87 0 1.6 3 0.84
244 1163 87 0 1.5 3 0.91
10 712.8 8.9 0 13.5 5 0.06
20 1164.8 26.09 0 9.3 5 0.15
30 1141.6 49.29 0 5.5 5 0.25
40 1122.7 68.17 0 4.0 5 0.33
50 1109.4 81.52 0 3.4 5 0.39
60 1104.2 86.64 0 3.1 5 0.42
70 1104.2 86.64 0 3.0 5 0.44
80 1104.2 86.64 0 2.9 5 0.45
90 1104.2 86.64 0 2.8 5 0.46
100 1104.2 86.64 0 2.8 5 0.47
110 1104.2 86.64 0 2.7 5 0.48
120 1104.2 86.64 0 2.7 5 0.49
4q 1159 91 0 24 5 0.57
8u 1159 91 0 2.1 5 0.66
124 1159 91 0 1.9 5 0.72
164 1159 91 0 1.8 5 0.78
204 1159 91 0 1.6 5 0.84
244 1159 91 0 1.5 5 0.90
10 707.2 14.49 0.09 12.5 10 0.07
20 1152.0 38.52 0.35 8.6 10 0.16
30 1124.6 65.49 0.76 5.2 10 0.26
40 1105.3 84.7 0.93 3.9 10 0.34
50 1091.0 98.98 0.93 3.4 10 0.39
60 1089.3 100.7 0.93 3.2 10 0.41
70 1089.3 100.7 0.93 3.0 10 0.43
80 1089.3 100.7 0.93 2.9 10 0.44
90 1089.3 100.7 0.93 2.9 10 0.45
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100 1089.3 100.7 0.93 2.8 10 0.46
110 1089.3 100.7 0.93 2.8 10 0.47
120 1089.3 100.7 0.93 2.7 10 0.48
4yq 1143 106 0.99 2.4 10 0.56
8u 1143 106 0.99 2.1 10 0.64
124 1143 106 0.99 2.0 10 0.70
164 1143 106 0.99 1.8 10 0.75
20u 1143 106 0.99 1.7 10 0.81
244 1143 106 0.99 1.6 10 0.86
5.2.3 Cuenapuii TA3
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Pucynok 5.7. I3MeHeHne reoMeTpuYecKuX pa3MepoB 00JIacTH 3arpsi3HEHUs IPU ClieHapuu copoca

TA3
Tabnuua 7.13menenue napamerpoB paznua TA3 npu temnepatype Bojbl 0°C
Bpews, Ha Ucnapunocs, | AucneprupoBano | Cpenusas | Cxopocts | [Tnomans,
qac IIOBEPXHOCTH, T , T TOJIIINHA, BETpa, KB. KM
T MM M/C
10 6989 3.12 0 23.2 3 0.36
20 6989 3.12 0 22.1 3 0.38
30 6989 3.12 0 21.1 3 0.40
40 6989 3.12 0 20.3 3 0.42
50 6989 3.12 0 19.5 3 0.43
60 6989 3.12 0 18.9 3 0.45
70 6989 3.12 0 18.3 3 0.46
80 6989 3.12 0 17.7 3 0.48
90 6989 3.12 0 17.2 3 0.49
100 6989 3.12 0 16.8 3 0.50
110 6989 3.12 0 16.4 3 0.51
120 6989 3.12 0 16.0 3 0.53
8u 6989 2.9 0 10.3 3 0.8
12q 6989 2.9 0 9.1 3 0.9
164 6989 2.9 0 8.3 3 1.0
204 6989 2.9 0 7.7 3 1.1
244 6989 2.9 0 7.2 3 1.2
10 6988 4.14 0 22.8 5 0.37
20 6988 4.14 0 21.4 5 0.39
30 6988 4.14 0 20.1 &) 0.42
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40 6988 4.14 0 19.1 &) 0.44
50 6988 4.14 0 18.2 5 0.46
60 6988 4.14 0 17.4 &) 0.48
70 6988 4.14 0 16.7 5 0.50
80 6988 4.14 0 16.1 &) 0.52
90 6988 4.14 0 15.6 5 0.54
100 6988 4.14 0 15.2 &) 0.56
110 6988 4.14 0 14.7 &) 0.57
120 6988 4.14 0 14.4 &) 0.59
4u 6988 3.6 0 115 &) 0.7
84 6988 3.6 0 9.6 &) 0.9
124 6988 3.6 0 8.6 5 1.0
16u 6988 3.6 0 7.9 &) 11
20u 6988 3.6 0 7.4 5 11
244 6988 3.6 0 6.9 &) 1.2
10 6985 5.44 0.93 23.1 10 0.37
20 6984 5.44 1.79 21.3 10 0.40
30 6984 5.44 2.63 19.7 10 0.43
40 6983 5.44 3.48 18.5 10 0.46
50 6982 5.44 4.32 175 10 0.48
60 6981 5.44 5.17 16.6 10 0.51
70 6980 5.44 6.03 15.9 10 0.53
80 6979 5.44 6.85 15.3 10 0.55
90 6979 5.44 7.62 14.7 10 0.57
100 6978 5.44 8.44 14.3 10 0.59
110 6977 5.44 9.21 13.9 10 0.61
120 6976 5.44 9.95 13.5 10 0.62
44 6965 6.5 20.66 10.3 10 0.8
84 6957 6.5 28.54 8.7 10 1.0
124 6955 6.5 29.7 7.8 10 11
164 6955 6.5 29.7 7.2 10 1.2
204 6955 6.5 29.7 6.7 10 1.3
244 6955 6.5 29.7 6.289 10 13
Tabnuua 8.M3menenne napamerpoB paznuBa TA3 npu tremnepatype Bojbl 10°C
Bpewms, Ha Wcnapunocs, | Jucnepruposano | Cpeansis | Ckopocts | ITnomans,
yac MTOBEPXHOCTH, T , T TOJILINHA, BETpA, KB. KM
T MM Mm/c
10 6959.0 32.7 0 17.2 3 0.49
20 6956.5 35.2 0 16.3 3 0.51
30 6956.5 35.2 0 15.6 3 0.54
40 6956.5 35.2 0 15.0 3 0.56
50 6956.5 35.2 0 14.5 3 0.58
60 6956.5 35.2 0 14.0 3 0.60
70 6956.5 35.2 0 13.7 3 0.61
80 6956.5 35.2 0 13.3 3 0.63
90 6956.5 35.2 0 13.0 3 0.64
100 6956.5 35.2 0 12.7 3 0.66
110 6956.5 35.2 0 12.5 3 0.67
120 6956.5 35.2 0 12.2 3 0.69
4q 6981 10.3 0 16.6 3 0.50
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8u 6981 10.3 0 12.6 3 0.66
124 6981 10.3 0 10.7 3 0.78
164 6981 10.3 0 9.5 3 0.88
204 6981 10.3 0 8.6 3 0.98
24u 6981 10.3 0 7.8 3 1.07

10 6957.8 33.9 0 17.3 5 0.49

20 6957.8 33.9 0 16.5 &) 0.51
30 6957.8 33.9 0 15.7 &) 0.53
40 6957.8 33.9 0 15.1 &) 0.56

50 6957.8 33.9 0 14.6 &) 0.58

60 6957.8 33.9 0 14.1 &) 0.59

70 6957.8 33.9 0 13.7 &) 0.61

80 6957.8 33.9 0 13.4 &) 0.63

90 6957.8 33.9 0 13.0 5 0.64
100 6957.8 33.9 0 12.7 &) 0.66
110 6957.8 33.9 0 12.5 5 0.67
120 6957.8 33.9 0 12.2 &) 0.69
44 6982 9.8 0 16.8 5 0.50

8u 6982 9.8 0 12.9 &) 0.65
124 6982 9.8 0 11.0 &) 0.76
16u 6982 9.8 0 9.8 5 0.86
204 6982 9.8 0 8.9 &) 0.94
244 6982 9.8 0 8.2 5 1.03

10 6946.8 43.6 1.33 17.3 10 0.49

20 6945.6 43.6 2.49 16.3 10 0.52
30 6944.4 43.6 3.7 154 10 0.55
40 6943.3 43.6 4.85 14.7 10 0.57
50 6942.1 43.6 6.02 14.1 10 0.60

60 6941.0 43.6 7.13 13.6 10 0.62

70 6939.9 43.6 8.23 13.1 10 0.64

80 6938.8 43.6 9.34 12.8 10 0.66

90 6937.7 43.6 10.45 12.4 10 0.68
100 6936.6 43.6 11.53 12.1 10 0.69
110 6935.5 43.6 12.61 11.8 10 0.71
120 6934.5 43.6 13.64 11.6 10 0.72
44 6955 12.0 24.71 15.3 10 0.55

84 6945 12.0 35.1 12.0 10 0.70
12q 6943 12.0 36.96 10.4 10 0.80
164 6943 12.0 36.97 9.3 10 0.90
20u 6943 12.0 36.97 8.5 10 0.98
244 6943 12.0 36.97 7.8 10 1.07

Tabmuna 9.M3Menenune napameTpoB pazmBa TA3 npu Temnepatype Bosl 20°C
Bpewms, Ha Wcnapunocs, | Jucnepruposano | Cpeansis | Ckopocts | ITnomans,
yac ITOBEPXHOCTH, T , T TOJIIIMHA, BETpA, KB. KM
T MM Mm/c

10 6882 110 0 11.3 3 0.73

20 6796 195 0 9.7 3 0.84
30 6719 273 0 8.3 3 0.97
40 6656 336 0 7.2 3 1.11
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50 6603 388 0 6.3 3 1.25
60 6560 432 0 5.7 3 1.38
70 6521 470 0 5.2 3 1.50
80 6488 504 0 4.8 3 1.61
90 6457 S8 0 4.5 3 1.70
100 6428 564 0 4.4 3 1.75
110 6418 573 0 4.3 3 1.78
120 6418 Sl 0 4.2 3 1.80
44 6433 559 0 3.9 3 1.98
8u 6433 s 0 ) 3 2.21
124 6433 559 0 3.2 3 2.40
16u 6433 s 0 3.0 3 2.56
204 6433 s 0 2.8 3 2.72
244 6433 559 0 2.7 3 2.88
10 6858 133 0 11.3 5 0.73
20 6761 231 0 9.7 5 0.84
30 6683 309 0 8.3 5 0.96
40 6617 375 0 1.2 5 1.10
50 6565 427 0 6.3 5 1.23
60 6521 470 0 5.7 5 1.36
70 6482 509 0 5.2 5 1.48
80 6447 544 0 4.9 5 1.58
90 6414 577 0 4.7 5 1.63
100 6388 604 0 4.6 5 1.66
110 6388 604 0 4.5 5 1.69
120 6388 604 0 4.4 5 1.72
4q 6401 591 0 4.0 5 191
84 6401 591 0 3.6 5 2.14
124 6401 591 0 3.3 5 2.32
16u 6401 591 0 3.1 5 2.49
204 6401 591 0 2.9 5 2.64
244 6401 591 0 2.7 5 2.80
10 6792 198 1.93 11.2 10 0.73
20 6672 316 3.9 9.5 10 0.84
30 6587 399 6.02 8.1 10 0.97
40 6520 463 8.22 7.1 10 1.10
50 6464 517 10.42 6.3 10 1.22
60 6416 563 12.32 5.7 10 1.34
70 6370 608 13.7 5.2 10 1.45
80 6327 651 14.25 4.8 10 1.56
90 6288 689 14.29 4.6 10 1.63
100 6277 700 14.29 4.5 10 1.67
110 6277 700 14.29 4.4 10 1.70
120 6277 700 14.29 4.3 10 1.73
4q 6288 690 14 o 10 1.93
84 6288 690 14 3.5 10 2.16
124 6288 690 14 3.2 10 2.33
164 6288 690 14 3.0 10 2.48
20u 6288 690 14 2.8 10 2.63
244 6288 690 14 2.7 10 2.78
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5.2.4 Cuenapuii TA4

dopmMupoBaHuEe TMSITHA pa3lidBa Ma3yTa Ha TOBEPXHOCTH MOpsS OyIeT OmpenensaTbes

mponeccaMu paCTCKaHus.

Pucynok 5.8. Mi3Menenue miomaay pa3iuBa CyI0BOro TOIUIMBA MpH clieHapuu copoca TA4
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Ta6muna 5.10. i3sMeHeHUE mapaMeTpoB pasiuBa 564 M3 cyJ0BOro TOIIIMBA NPH

CKOPOCTHU BeTpa 3 M/c

Ha CpegHan
Bpemsa, | nosepxHoctu, | Ucnapunock, | ucnepruposano, | TonwmHa, | Crkopoctb | lMnowagp,
MWH T T T MM BeTpa, m/c Km?
10 541 0 0 9.4 3 0.06
20 541 0 0 5.6 3 0.11
30 541 0 0 4.1 3 0.14
40 541 0 0 3.4 3 0.18
50 541 0 0 3.0 3 0.21
60 541 0 0 2.8 3 0.23
70 541 0 0 2.6 3 0.25
80 541 0 0 2.4 3 0.27
90 541 0 0 2.3 3 0.29
100 541 0 0 2.3 3 0.31
110 541 0 0 2.2 3 0.32
120 541 0 0 2.1 3 0.34
Bpems,
Yacol
4 541 0 0 1.6 3 0.48
8 541 0 0 1.1 3 0.70
12 541 0.01 0 0.9 3 0.88
16 541 0.01 0 0.7 3 1.04
20 541 0.02 0.01 0.6 3 1.19
24 541 0.02 0.01 0.6 3 1.33
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Ta6muua 5.11. 3sMeHeHne napaMeTpoB pasiuBa 564 M3 cy0BOro TOIIMBA IPH

CKOpPOCTH BeTpa 5 m/c

Ha CpegHan
Bpems, noBepxHocTH, | Mcnapunocsb, | Aucneprmposano, | TOAWMHA, Ckopoctb | Mnowaap,
MMH T T T MM BeTpa, m/c Km?2
10 541 0 0 9.9 5 0.06
20 541 0 0 6.0 5 0.10
30 541 0 0.01 4.6 5 0.14
40 541 0 0.01 4.0 5 0.17
50 541 0 0.01 3.6 5 0.20
60 541 0 0.01 34 5 0.22
70 541 0 0.01 3.1 5 0.24
80 541 0 0.01 2.9 5 0.26
90 541 0 0.01 2.7 5 0.28
100 541 0 0.02 2.6 5 0.29
110 541 0 0.02 2.4 5 0.31
120 541 0 0.02 2.3 5 0.33
Bpems,
yacbl
4 541 0 0.07 1.6 5 0.47
8 541 0 0.25 1.1 5 0.69
12 541 0.01 0.5 0.9 5 0.87
16 541 0.01 0.83 0.7 5 1.03
20 540 0.02 1.21 0.6 5 1.18
24 540 0.03 1.64 0.6 5 1.32

Ta6muua 5.122 V3mMeHeHne napaMeTpoB pasiuBa 564 M° CyI0BOTO TOILIMBA IIPU
ckopoctu Betpa 10 m/c

Ha CpegHan
Bpemsa, | nosepxHocTH, | MUcnapunocs, | Aucnepruposano, | toawmHa, | Ckopoctb | lNnowaap,
MMWH T T T MM BeTpa, m/c Km?
10 541 0 0.4 11.0 10 0.06
20 541 0 0.9 7.6 10 0.10
30 540 0 1.5 5.6 10 0.13
40 539 0 2.0 4.6 10 0.16
50 539 0 2.4 4.0 10 0.19
60 539 0 2.7 3.6 10 0.21
70 538 0 3.0 33 10 0.23
80 538 0 3.3 3.0 10 0.25
90 538 0 3.7 2.8 10 0.26
100 537 0 4.0 2.7 10 0.28
110 537 0 4.4 2.5 10 0.29
120 537 0 4.8 24 10 0.31
Bpems,
yacbl
4 531 0 10.8 1.6 10 0.45
8 515 0.01 26.9 1.1 10 0.67
12 495 0.01 46.9 0.8 10 0.84
16 472 0.02 69.6 0.7 10 0.99

50



20

447

0.03

94.4

0.6

10

1.12

24

421

0.04

120.8

0.5

10

1.24

O6paTI/IM BHUMAHHEC, YTO CyHAOBOC TOIIDIMBO IMPAKTHYCCKU HC HUCHAPACTCA, OAHAKO IIPpU

OOJIBIINX CKOPOCTSAX BETPa MOXKET IMOJIHOCTHIO TUCIIEPTUPOBATH C MOPCKOM MOBEPXHOCTH B BOAHYIO

TOJIIIY.

o1



5.3 OueHka BepOSATHOCTH JOCTHKEHUSI Pa3JIuBOM HedTH GeperoBoii 30HbI

OrneHka BEpOATHOCTH AOCTIDKEHHs pa3ivBOM HepTH OeperoBoil 30HBI MPOBOIUTCS ITyTeM
00paboTKK aHCaMOJIsl TPACKTOPHI pacpoCTpaHEHHsI Pa3IMBOB OT TOUYKH HA aKBATOPHH, TJ€ BOZMOXKEH
aBapuiiHbIii cOpoc 3B. 3HaueHue BEpOSTHOCTU MOpakeHUs Oepera 3aBUCHT OT YAAJCHHOCTU TOYKHU
MOTEHIIUAJIBLHOTO cOpoca OT OeperoBoil 4YepThl, TMAPOMETEOPOIOTMUECKUX YCIOBUU U, YTO OYEHb
BaXXHO, HIUTENbHOCTH cOpoca HedTu. Ilpu mnpomomkurenbHOM cOpoce o00sacTh HEPTSIHOTO
3arps3HEHUs] (PAKTUYECKH pacTeT NPOMOPLUOHATBHO CKOPOCTH TEUEHHs M, TakuM 00pas3oM,
MPOTSHKEHHBIA  pPa3iMB  MOMKHO paccMaTpuBaTh KakK CyNEpHO3UIUI0 TOYEUHBIX HCTOYHHKOB.
BeposTHOCTh JOCTHXKEHHS KaKOW-TMOO YacThi0 MPOTSHKEHHOIO pas3iuBa OeperoBod 30HBI, Kak
MPaBUJIO, BBIIIE, YEM B CiIy4ae 3aJoBOrO BbIOpoca HedTu. KoHCcepBaTHBHBIE OLIEHKH BEPOSATHOCTH
TOCTIDKEHUSI OeperoBoi 30HBI NPOBOJATCS Oe3 yuyera BbIBeTpuBaHUS He(pTH. KoHCepBaTMBHOCTH
OLICHOK O3HA4yaeT, 4YTO MPHUBEACHHbIE 3HAYCHHs] BEPOATHOCTH JOCTIKEHUs Oepera sBiseTCS
MpeACIbHBIMU K pa3HBIM MaciTabam copoca HeTH.

B 3umHMiIt nepros BAOJIb HEKOTOPBIX y4acTKOB oOepeskbs [ledopckoro Mopst MoxkeT
copMHpOBATKLCS MPHUTIA, KaKk TOKa3aHo Ha PucyHke 5.9, rmaBHBIM 00pa3oM B 3aJMBax M YCThSIX pPeK.
[Ipu Hanuuuu npunas nodepexbe 3alUIIEHO UCKYCCTBEHHBIM JIEJJOBBIM OapbepoM. OHaKo npunai
BpEMs OT BPEMEHH B3JIaMBIBACTCS 32 CUET MPUJIMBA U BETPOBBIX YCIOBUN U TaKUM 00pa30M y4acTKH

HOGGpG)KLfI OKa3bIBAKOTCA YA3BUMBIMU pa3IMBaMU He(l)TI/I Jake B 3UMHHI TNIEpUoA.
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Pucynok 5.8.1KonnyectBo HedTH Ha Oepery U MpoTsSKEHHOCTh 3arpsi3HeHus Oepera B cuieHapuu TA2
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Pucynok 5.9. CpennemMHoOrosieTHee OJI0XKEHUE pUnaifHoro jbpaa B Ileyopckom mope.

HenocrosiHHOE MpHCYTCTBUE NPUNANHOrO JibJla, B TOM YHUCIIE Ha MOOEpEexbE IOIyOoCTPOBa
Bapanpjeil HeckoIbKO 3aTpyIHAET UHTEPIPETALUIO pacueTa BEPOSITHOCTU BO3JIEHCTBUS HAa MOOEpExbE
B 3uMHMH mnepuoa. Ilo 3Tol mpuuMHE pe3yabTaTbl PUCK-aHAINW3a PACIPOCTPAHEHUS DPA3JIUBOB B
3UMHUI NIepHO/I, peCTaBIeHHbIE Ha KapTax B Pa3nene 5.4, noka3ansl Ha (oHe npumas, uMest B BULY,
YTO B MOMEHTBHI €r0 B3JIOMa, HEe(TSHOW pa3iMB B YCIOBUSX JpeHyIOMUX JIHIAOB HEOOJBIION
CIJIOYEHHOCTH MOJKET BEIHOCUTBCS Ha MOOEpEkKbeE.

Toxe OTHOCHUTCS M K OLIEHKE BEPOSTHOCTH BO3JEHCTBHUA Ha MoOepexbe MO MecslaM roja.
Nwmes B Buay, uTo B paccMOTpeHHbIN nepuoa 1995-2014 ronoB UMenm MECTO U MSTKHE U CypOBBIE
sumbl. Ha pucynkax 5.10 — 5.13 oGo3nauenus Ilobepexne (1-5) mompasymeBaeT BO3IEHCTBHS Ha

ydacTku Oepera, otHocsauecs k OOIIT, crpynnupoBaHHBIX, Kak MokazaHo Ha Pucynke 2.6.

5.3.1 Cuenapmii TA 1
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Pucynok 5.10. BeposTHOCTh 1OCTHXKEHHUS PA3TIUBOM HEPTHU U HEPTENPOAYKTOB yUaCTKOB OOEPEXKbsI
npu cueHapuu TA 1

5.3.2 Cuenapuii TA 2
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Pucynok 5.11. BeposiTHOCTh AOCTHXKEHHSI pa3IMBOM He(TH U HEPTENPOLYKTOB YHACTKOB MOOEPEKbS
npu cueHapuu TA 2

5.3.3 Cuenapuii TA 3
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Pucynok 5.12. BeposTHOCTh JOCTHKESHHS pa3TUBOM He()TH U HEPTEIPOTYKTOB YIACTKOB IMTOOCPEKBS
npu cueHapuu TA 3
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5.3.4 Cuenapuii TA 4
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Pucynok 5.13. BepossTHOCTh TOCTHKEHHUS Pa3TUBOM HEPTH U HEYTEIPOTYKTOB yUACTKOB OOEPEKbS
npu cueHapuu TA 4

5.4 Tlpumepsl pacuera OTACIBHBIX CIIECHAPUEB paciipocTpaneHus paznuBos (PP)

CueHapuii pacnpocTpaHeHusi aBaApUITHOT0 pa3jiiBa He()TH — pacyueT IMOCIEIOBATEIbHBIX
MOJIOXKEHUS M KOHPUTYpaIu pas3iinBa, 00yCIOBIEHHBIX TIEPEHOCOM U AehopMaIrei maTHa HedTH Ha
MOBEPXHOCTH MOpPS 3a CUYET COBOKYINHOTO JEHCTBUS BETpa M TEUYEHMM, OLEHKa W3MEHEHHS
reoMeTpUUYecKuX (TUIOIIA/lb, TONIIMHA, JTUHEHHBIE pa3Mephl) U (U3UKO-XUMHUYECKHX XapaKTEPUCTUK
pasnuBa HE(TH, TAKUX KaK IJIOTHOCTh M BSI3KOCTh, MEHSIOIUXCS B PE3YyJIbTATEC BHIBETPUBAHUS HEPTH,
OIICHKA KOJMYECTBA UCTIAPHUBIIEICS HEDTHU U JUCTIEPTUPOBAHHOM B BOAHYIO TOJIIILY.

Ha mmxke cnenyrommx PucyHkax mudpamu psaom ¢ KoHpUrypamueil HeQTsSHOTO 3arps3HeHUS

IMOKa3aHO COOTBCTCTBYIOLICC BPEMSA ITOCJIC pa3JivBa.

56




5.4.1 Tlpumep pacnpocTpaHeHus pa3jauBa HedTu u3 Tpydonposoaa (TA1) mo

MeTeopoJIoruyeckomMy cuenapuo M4239 20
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5.4.2 Tlpumep pacnpocTpaHeHus pa3jiuBa HeTu u3 Tpydonposoaa (TA2) mo

MeTeopoJIoruyeckomy cuenapuo M4736 20
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Pucynok 5.17. bananc maccel B pa3nuBe HeTu U3 TpyOonposoaa no cuenaputo M4736 20 (a) u
M3MEHEHHe CpeIHero KoJIMdecTBa HeTH Ha M2 moBepxHOCTH (6)



5.4.3

Pucynox 5.18. I[locnenoBaTenbHbIE MTOJOKEHUS 00J1aCTH HEPTSIHOTO 3arpsiI3HEHUS B CIICHAPHU

IIpumep pacnpocTpaneHus pa3iuna HepTu u3 Tankepa (TA3) no mereoposioruyecKkomy

cuenapuro M6116 198
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Pucynok 5.19. bananc macchl B pa3nuBe HeTH U3 TaHKepa 1o cueHaputo M6166_19 (a) u uameHenue

pa3MepoB 1sATHa (0)

8 MHeMOHMKa Ha3BaHMA cLleHapues pacnpocTpaHeHusa HedpTn: M6116_19: M — meTeoponornyeckuii, 6116 —
KO/ZIMYECTBO YacoB OT Hayana roga Ao Havana copoca HedTH, _19 — cueHapwii U3 AeBATHAALATOrO NO NOPAAKY rosa
PEKOHCTPYKLMUN TMAPOMETE0POA0rMYeckux ycaosnii (1995 -2014 rr.)
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5.4.4 Tlpumepsl pa3iauBa cyaoBoro Tomusa (TA4)

5.4.4.1 CueHapuun pacnpocTpaHeHus pasnuBa CyAoBOro Tonnuea no

MeTeoporornyeckomy cueHaputo M6116 19 (12.09.2013, 20 yacoB)
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Pucynox 5.20. ITocnemoBaTenbHbIE MONOKEHUS MSITHA CYA0BOTO TOILIMBA B ciieHapuu M6116_19
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Pucynok 5.21. bananc mMacchl B clieHapuH pacrpocTpaHeHus cynoBoro Torumsa M6116_19
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5.4.4.2 CueHapum pacnpocTpaHeHus pa3nuBa cyaoBoro Tonnuea

MeTeopornornyeckomy cueHapuro M6537 19 (30.09.2013, 9 yacoB)

Pucynoxk 5.22. TlocnenoBaTelbHbIC ITOJIOXKCHHSI IISITHA CYIOBOTO TOTUIMBA B ciieHapuu M6537_19
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Pucynok 5.23. bananc mMacchl B clieHapuH pacrpocTpaHeHus cy1oBoro Torumaa M6537_19
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Pucynoxk 5.24. VI3ameHeHre CKOPOCTH BETpa U pa3MepoOB MATHA CyA0BOro ToruiuBa no Cuenapuro 6537
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Pucynox 5.26. bananc Maccel B ClieHapuH pacIipoCcTpaHeHUs CyA0BOro Torutrea M6537_19
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Pucynoxk 5.27. VI3ameHeHne CKOPOCTH BETpa U pa3MePOB MATHA CyA0BOTo ToriuBa no ClieHapuio
M6537_19
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Pucynok 5.28. 3MeHeHne CKOPOCTH BETpa U KOJIMYECTBA TUCTIEPTUPOBAHHOTO ToruBa B CrieHapuu
M960_1 (10.02.1995)
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Pucynok 5.29. M3MeHeHre CIUTOYEHHOCTH JIb/Ia U KOJMYECTBA AUCIIEPTUPOBAHHOTO TOTUIHBA B
Cuenapun M960_1 (10.02.1995)
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Pucynok 5.31. I3MeHeHue CpeHel TONIMHBI CI0s HeQTEMPOLyKTa U IIOTOKA JAUCIIEPIHPOBAHHOTO
tortuBa B Cruenapun M960_1 (10.02.1995)
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Pucynox 5.32. I3mMeHeHre CKOpOCTH BETpa M MOTOKA TUCIIEPTUPOBAHHOTO ToruMBa B ClieHapuu
960_1 (10.02.1995)

5.5 Pesynbrarhl puck-aHaiu3a paclpoCcTpaHeHUs HEPTH

MonenupoBaHue pacrnpocTpaHEHUs pa3IMBOB HE(TU MPH BO3MOKHBIX aBapUUHBIX cOpocax B
MecTe 3arpy3Ku TaHkepa-denHoka npu skcrutyatauuun CMJIOII B Tlewopckom mMope OblIO POBEIEHO
Ha 0a3ze PEeKOHCTPYKIMU THIPOMETEOPOSIOTHUECKUX ycloBHi 3a 20-netnuii nepuox (1995-2014 rozsr).
Jlns uenei pHCK-aHAIM3a paclpOCTpPaHEHHs Pa3IUBOB HePTH OBLIO MPOMOJENUpOBaHO Mo 8496
CIIEHapueB paclpoCcTpaHeHHsI HePTU B KaXKIOM rofy, UTOro paccMorpero 169920 crienapues.

B pamMkax aHanu3a prcka paclpoCTpaHEHHs PA3JIMBOB ObIJIO IPOBEIEHO:

o Olpe/ieIeHne 30H PHUCKA pACIpPOCTPAHEHUS pa3IMBOB JJsl Pa3IMYHBIX MOMEHTOB
BPEMEHH C MOMEHTA aBapuu, MOHUMAas M0J] 30HaMHU PHCKa aKBaTOPHUH, 3a Mpeiebl KOTOPBIX Pa3JiuB HE
BBIXOJIUT HU MPU OJJHOM U3 BO3ZMOKHBIX THAPOMETEOPOIOTHYECKUX CUTYallNH;

o pacuér BeposTHOCTH mnopaxeHus paioHoB OOIIT Ha akBaropuum u moOepexbe B

3aBUCUMOCTH OT BpCMCHHU, NPOUICAIICTO C MOMCHTA aBapUU;
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o pacyer CTaTUCTUKU €CTECTBEHHOTO BBIBETPUBAHUSA HEPTH U3 pa3iuBa B BUJE IpadUKoOB
MaKCUMaJbHOTO M MHMHHUMAJbHOTO BBIBETPHUBAHUS B 3aBHUCHUMOCTH OT BPEMEHH, IMPOILISAIIEro C
MOMEHTA aBapHU;

. OlpeNieJIeHue  CIICHApHEB  PACHpPOCTPAHEHHUS  YIJIEBOJAOPOAOB, TNPUBOAALIMNX K
nopaxxenuto OOIIT u 3a7aHHBIX yYacTKOB O€PETOBBIX JTHMHUH.

Hcxons ©3 peTpOCIEKTHBHOTO aHaM3a JIEAOBBIX ycloBui 3a 1979-2009 roxmer ObLIM
oTpe/ieNICHBI cpenHue IpaHUIbI nepuoaa OTKPBITOU BOJIBI.

https://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.highres.html

AHanu3 M3MEHYMBOCTU JIeJOBBIX YycioBuid B okpectHocth CMIIOII B Ilewopckom mope
MOKa3aJl, YTO CPOKH TMOSBICHUS M MCYE3HOBEHHS JIbJ]Ja MOTYT MEHSTHCS OT Tojla K TOAy B JAHAara3oHe
BapHalMii J0 OJHOIO MecAlla, a BPEMEHAa COXpPaHEHHUS THKENbIX JIEJOBBIX YCIOBUH (CO
CIUTOYEHHOCTBHIO CBBIIIE 8 OAJIIOB) B €IIe OOJBIIIEM TUana3oHe.

Pe3ynbTaThl pacdyeToB pacmpoCTpaHEHHS Pa3IUBOB ObUIHM 00pabOTaHBI B COOTBETCTBUU C
METOJOJIOTHEN aHaldu3a pUCKAa paclupocTpaHeHusl pas3nuBoB [3auena u ap., 2014], panee
ornpoOOBaHHOW Ha psAe He(PTEera3oBbIX MPOEKTOB B apKTUUYECKUX M JPYTUX MOPCKUX OacceifHax
Poccuiickoit ®enepanuu.

Ha Pucynkax 5.26- 5.61 mokaszanel 00nacTtu, BHYTPH KOTOPBIX BO3MOXKHO BO3JIEHCTBHE
pa3nuBa HETH Ha SKOCHCTEMHBIE 3JEMEHThl. Pa3nMyHBIMHU LIBETaMH, B COOTBETCTBUH C JIETCHJIOM,
NPEJCTaBICHHON Ha KaXJ0M M3 PUCYHKOB, MOKa3aHbl O0JIACTH, BHYTPH KOTOPBIX BEPOSITHOCThH
Bo3aeicTBUs MeHsierca oT 30% 1o ucuesaronie Maibix BenuuuH B 0.05%. BeposTHOCTh BO3aeiCTBHS
paccuuThIBajlach IpPU YCIOBUHU, YTO TOJIIIMHA IJIEHKM HEPTH Ha mnoBepxHocTH Ooznee 10 MKM.

BepositHocTh Bo3neiicTBus B 100% umeeT MecTo JuIlb B HEOOJIBIIOH 007aCcTH B paifoHe HCTOYHHMKA

5.5.1 3oubl pucka pacnpocrpaneHusi HepTu, BeposiTHOCTH BO3/1eliCTBUSI HA AKBATOPHIO U
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Pucynok 5.33. BeposiTHOCTh BO3/IeHCTBUS Ha akBaTopuio B 3uMHuil ce30H (I-1V). Crienapuii 1, a — 3a
OJIHU CYTKH, O — 32 TpO€ CYTOK, B — 3a IATh CYTOK, T — 32 JIECATh CYTOK
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Pucynok 5.34. BepositHocTs Bo3aeiicTBust Ha akBartopuio jietom (V-VIII). Cuenapwuit 1, a — 3a oquu
CyTKH, 0 — 32 TpO€ CYTOK, B — 3a MATh CYyTOK, T — 3a JIECATh CYTOK
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Pucynok 5.35. BepositHocTh Bo3zieiicTBus Ha akBatoputo oceHbio (IX-XII). Cuenapuii 1, a — 3a ofHu
CYTKH, O — 3a TpO€ CYTOK, B — 3a IIITh CYTOK, I' — 3a JIECATh CYTOK
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Pucynoxk 5.36. 30ubI prcka pacnpoctpanenust Hehtu B 3umumii ce30H (I-1V). Cuenapuii 1. a — 30HBI
pHCKa pacrpocTpaneHus HehTH (CYyTKH), O — 30HBI pUCKa pacnpocTpaHeHust He()TH (Jachl)
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Pucynok 5.37. 3onbl pucka pacrnpocrpanenus Hedtu seroM (V-VIII). Cuenapuii 1. a — 30HBI prcka
pacnpoctpanenust HeTH (CyTKH), O — 30HBI pUCKa pacipocTpaHeHuss HeTH (4achl)
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Pucynox 5.38. 3onbI prucka pacnpoctpanenust Heptu ocenbto (1X-XII). Cuenapwmii 1. a — 30HBI pucka
pacripocTpaneHust HeTH (CyTKH), O — 30HBI pHCKa paclpocTpaHeHHst He(TH (4ach)
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Pucynok 5.39. BeposiTHOCTh BO3/ieiicTBUs Ha mobGepexbe B 3uMHuuit ce30H (I-1V). Cuenapuii 1. a — 3a

OJIHU CYTKH, O — 32 TpOE€ CYTOK, B — 32 IIATh CYTOK, T — 3a JIECATh CYTOK
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Pucynox 5.40. BepositHocTh BozzeicTBus Ha modepexnbe setoM (V-VIII). Cuenapuit 1. a — 3a ogau
CYTKH, O — 33 TpO€ CYTOK, B — 3a IIATh CYTOK, T — 3a JIECATh CYTOK
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Pucynok 5.41. BepostHocts Bo3aeiicTBust Ha nodepexbe oceHbto (IX-XII). Cuenapuii 1. a — 3a oguu
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Pucynok 5.43. BepostHocTs Bo3aeiicTBus Ha akBartopuio jietom (V-VIII). Cuenapwuit 2, a — 3a oauu

CYTKH, 0—3a TpO€ CYTOK, B — 3a IIAATb CYTOK, I' — 3a JCCATH CYTOK
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Pucynok 5.44. BepositHOCTh BO3eiicTBHs Ha akBaTopuio oceHbio (IX-XII). Cuenapuii 2, a — 3a oHH

CyTKH, O — 3a TpO€ CYTOK, B — 3a IATh CyTOK, I' — 3a JIECATh CYTOK
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Pucynok 5.59. BepostHocTs BozaeiicTBust Ha modepexkbe ocenbio (IX-XII). Cuenapuit 3. a — 3a oM
CYTKH, O — 33 TpO€ CYTOK, B — 3a IIATh CYTOK, T — 3a JIECATh CYTOK
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Pucynok 5.62. BepositHocTh Bo3neiicTBus Ha akBaTopuio oceHbio (IX-XII). Cuenapuii 4, a — 3a oHH
CYTKH, O — 32 TPOE CYTOK, B — 3a IISITh CYTOK, T — 32 JIECSITh CYyTOK
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Pucynox 5.64. 3oubl pucka pacnpoctpanenus HepTu jgerom (V-VIII). Cuenapuii 4, ToamuHa MICHKA
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Pucynoxk 5.65. 3onbI pucka pacnpoctpanenust Hedtu ocenbto (I1X-XII). Cuenapuii 4, TonmMHA TUIEHKH
>10 MKM. a — 30HBI pUCKa pacnpocTpaHeHus HepTu (CyTKH), 6 — 30HBI PHCKA paclpoCTpaHeHHUs He(PTH
(uacer)
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Pucynok 5.67. BepositHocth Bo3neiicTBust Ha mobepexbe jserom (V-VIII). Cuenapuii 4, tommuHa
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Pucynox 5.68. BepostHocTh Bo3zeiicTBust Ha modepekbe oceHbio (IX-XII). Cuenapuii 4, Tommunaa
ruieHkn >10 MKM. a — 3a OJTHH CyTKH, O — 32 TpOE CYTOK, B — 3a TISTh CYyTOK, T — 32 JIECATh CYyTOK
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6 INIPUJIOXKEHUSA

6.1 OOwee onucanue puznko-xumMuveckoii Tpancopmauuu pasjiuBa HegTu B
MOPCKOI cpeae

OpHMM M3 caMbIX Ba)KHBIX IPOLIECCOB SIBJISICTCS TPAaBUTAIIMOHHOE pacTeKaHWe HepTH Ha
IIOBEPXHOCTU Mopsi. bnarojgaps pacrekaHuiO IUIEHKa HE(TSHOIO 3arpsa3HEHUsT MOKET MOKPBIBAaTh
JECATKHA U COTHU KBaJPAaTHBIX KMJIOMETPOB MOPCKOM MOBEPXHOCTH.

BriBerpuBanue wian ''crapeHue" HEPTH Ha TOBEPXHOCTH MOPS — HU3MEHEHHE (DHU3UKO-
XMMHAYECKHX CBOWCTB M (PPAKIMOHHOTO COCTAaBa BBI3BIBAIOT HECKOJBKO MPOLIECCOB — HCHApEHHE U
pacTBOpeHHe JIerKuX (pakiuif, MPOHMKHOBEHHE Kamelb HepTH B BOAY M OOpaTHBIA Mporecc,
(dbopMHpOBaHKE SMYJIbCUU TUIIA BOJA B HEPTH.

Kpome Toro, B MOpckoil cpeae HpOMCXOOUT copOMpoBaHHE HE(TH TBEPIbIMU YaCTHIIAMHU,
o0pa3oBaHHE arperaroB W WX TOCIEAYIONIee OCAXKICHHE Ha THO, B3aMMOJCHCTBHE C OeperoBoit
JUHUCH W/WIK CO JhAOM, (OTOXMMHUYECKHE pPeakiuu u Ouoxmerpamarus. [lociemnue aBa mporecca
MOTYT U3MEHATh (PU3UKO-XMMHUYECKHE CBOMCTBA W YMEHBIIATh KOJINYECTBO HE(TU B MOPCKOH cpene
Ha JUIMTENIbHBIX BPEMEHHbBIX MacluTadax.

OCHOBHOW TPUYMHOW 3arps3HEHHs] HEPTHIO BOJHOW TOJNIHM SBJSIETCS JUCTIEPTUPOBAHUE
IUIGHKA He(TH Tmpu OOpYLIEHWH BETPOBBIX BOJH, B pE3yJIbTAaTe YEro 00pa3yeTcs SMYJIbCUS THIIA
«He(Th B BOJIE», U BO3HUKAET IIJICH ] 3arps3HEeHNsI B BEpXHEM CII0O€ MOPS C BOZMOKHOM Mocieyromeit
ajzicopOuuelt kamenab HE(TH Ha B3BELIEHHBIX MHUHEPAJIbHBIX YacTHLaxX. IIpu yBelWYeHHH MIOTHOCTH
He(TH 3a CYET SMYJIbIUPOBaHUS, UCIApEHUs JIETKUX (PaKIUil U MO BIUSHUEM HU3KUX TEMIIEpaTyp
BO3MOXXHO OoceJJaHie He(pTH Ha THO, C 00pa30BaHUEM 30H JJOHHOT'O 3arps3HEHMUS.

Tpancopmanuss U nepeHoc HEePTSIHOrO pas3iuBa B BOJE MPOMCXOJHUT B pe3yJbTaTe LENoro
Habopa CII0XKHBIX, B3aUMOCBA3aHHBIX (DU3UKO-XUMHUECKUX MPOLIECCOB, MPOTEKAHUE KOTOPBIX 3aBUCUT
OT CBOWMCTB HepTH M THApOMETeoposiorudeckux ycioBuil. Ha Pucynke 1.1 moka3zaHbpl OCHOBHBIE
npoueccel (1 — 14), ompenensromiye 3BOMIONMI0 HE(PTSHOTO pas3jivBa IOCHE IONaJaHus B MOpeE,
nepevyrciensl coctosHus HedTsaHoro 3arpssHenus (I — IX) u ykazansl pa3nuunbsle cpesl (a — 1), B
KOTOPBIX NMPOUCXOAUT (U3MKO-XUMHUecKas TpaHcopmanus HegTu. [Ipexne dem naTh MOSICHEHUs
ynoMsiHyTeIM Ha Pucynke 1.1 npoueccam Tpanchopmannu HeQTIHOTO pa3inBa, 3aMETUM, UTO HEPTH B
MOPCKO# cpelie Tociie aBapuitHOTO cOpoca MOXKET MPHUCYTCTBOBATh B PA3IUYHBIX COCTOSHHUSX: |.
3axBaueHHas JbgamMu HedTh; 1. HedTs B Buae nmuu3 noao apaoM; III. HedTh B coneBrix kaHamax; IV.
He(pTHh B BHJIE JHMH3 BHYTPH CHEXKHOTO MOKPOBA; V. Karjiu He(QTH, UHKAINCYJIUpOBaHHbIE B jien; VI
HeTh, crkonmuBmasica B neasHou kame; VII. medth, mucneprupoBanHas B BomHou Tommie; VIII

He(TsaHas dMybcus; [X. HedTh B UIEHOUHOH (opMe Ha MOBEPXHOCTU MOPSI.
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Mopckas cpena BechbMa pa3zHooOpa3Ha W HEPTSHON pasziiMB MOXKET TpaHC(HOpMUPOBATHCS B
Pa3IMYHBIX YCJIOBUSAX, CPEIH: a) MHOTOJETHHX JIbJOB; D) OJHONETHUX IBIOB; C) B CHery; d) B
pa3BOIBAX MEXIY JIbAUH; €) B NPOTAJMHAX IMPH BeCceHHeM TasHuu; f) B apeidyromem npay; g)
MMOBEPXHOCTH Mops; h) B BomHOW Toimie; i) B OeperoBoit 3oHe. B3ammopeiictBue ¢ Oeperom
MIPOUCXOIIUT 3a CYET NepeHoca HeTH B HarpaBlieHHH Oepera MOBEPXHOCTHBIMU TEUCHUSIMH, BHIHOCA

IUIEHKH He(TH BOJHAMH M OCAKICHUE Ha 3JeMeHTax OeperoBoro janamadTa (IUIsHKU, KAMHU, Maplliy,

U 1p.).

1

o)
o
—
<

Pucynok 6.1 CoBOKYITHOCTB COCTOSIHUN HE()TSHOTO pa3iiuiBa B MOPCKOH CpeJie 1 OCHOBHBIX TPOIECCOB
TpaHc(hOpMaIMH B PA3IMIHBIX CpEIax

B 3aBHCHMOCTH OT COCTOSIHUS pa3NuBa HEPTH U YCIOBUH, B KOTOPBIX MPOUCXOIUT (PUIUKO-
XUMHUYEcKas TpaHchopMaIus pa3inBa, pa3IndHbIe IPOIECCHl MOTYT PacCMaTPUBATHLCS KaK OCHOBHEIE.
Hwxke nmanpl KpaTkue onpeieNieHus W TMOSCHEHUs YIIOMSHYTBIX Ha PUCYHKE MPOIECCOB, OT KOTOPBIX
3aBUCHT Cy/ib0a HedTssHOTO pa3nuBa B Mope (PucyHok 6.1).

1. TlepeHoc/aaBekiys — nepeMerieHne HeTu Mo MOBEPXHOCTH BOJHOTO 00BEKTa MOA JIeHCTBUEM
BETPa, BOJH U TCUCHUH.

2. Pactexanme — yBenmm4eHue TUIOMAAN HEPTH HA BOJAHOM TTOBEPXHOCTH 32 CUET IMOJIOKUTEIBHOM
MJIaBY4YECTH, IOBEPXHOCTHOTO HATSKCHUS M TYpOyIeHTHOU muddy3un.

3. Hcnapenue — pU3MKO-XUMHUYECKUN TPOLIECC, MPUBOSAIIMI K MaCCOIIEPEHOCY YIIIEBOIOPOJIOB C
BOJHON MOBEPXHOCTU B arMocdepy. ITO OCHOBHOW TMpollecc, CBSI3aHHBIA ¢ aTMocdepoil, B
pe3ysbTare KOTOPOTo Bce JieTKoJjeTy4yre Gpakiuu HeTH yAansioTcs U3 He(TAHOro MsATHA B
TEYECHHE TEPBBIX HECKOJBKUX YacOB/CYTOK Tocie pasnuBa HedTH. Jlpyras BakHas poJb

mnmponecca HuCHapCHus 3aKI0YacTCd B HU3MCHCHHUU (1)I/I3I/I‘ICCKI/IX U XHMHUYECKHX CBOMCTB

87



© o N o

10.

11.

OCTaBILEHCS HAa IOBEPXHOCTH MOps HE(PTHU, B YACTHOCTH, €€ IJIOTHOCTH, BSI3KOCTU U
MeX(Pa3HOTO HATSHKEHUSI.

[IponnkHOBeHHE HE()TH B BOAHYIO TOJNILYy WIA AMCIEPTUPOBAHME — IEPEHOC HEPTH U3
IUIGHOYHOH (a3l C TIOBEPXHOCTHM B BOJAHYIO TOJILY, BbI3BaHHBIH OOpYIIEHUEM BOJIH,
o0Opa3oBaHMe »5SMyJIbCUM THUNA He(pTh-B-BoAe. JlucneprupoBaHue MpeacTaBiseT coOon
¢u3nveckuil mporece, Npu KOTOPOM BCIIEACTBHE 0OpyIIeHHs rpeOHei BETPOBBIX BOJH IICHKA
HeTH JPOOUTCS HAa MENKHE Kallsld, HEKOTOPbIe M3 KOTOPHIX (CaMble KPYITHBIE) BCIUIBIBAIOT
00paTHO K MOBEPXHOCTH, & MEJIKME PACIIPOCTPAHSIOTCS MpoleccaMu TypOysneHTHoi auddysun
B TOJIIY BOABL. JlucrieprupoBaHHas HETh M10JIBEPraeTcs PaCTBOPEHUIO U OUOAECTPYKIHH.
OMmynbcuuranms — GU3UKO-XUMUYECKHNA Tporiecc (GOPMUPOBAHHS SMYJIBCHH THUIA BOZIA-B-
He(TH, B pe3ysibTaTe 4Yero OHa MPHOOpPETaeT KOPUYHEBBIM OTTEHOK, M IMO3TOMY HHOT/AA
UMEHYeTCs KaK «IIOKOoJagHbIi Mycc». OOpa3oBaHHe SMYJIbCUN MPUBOJIUT K CYLIECTBEHHBIM
W3MEHEHMSIM CBOMCTB M XapaKTepUCTUK He(TH.

BceruibiTre KpYIHBIX Kareiab He()TH 3a CYET TOJI0KHUTEIBHOH MIaBydeCTH.

BeprukansHast TypOynenTHas 1uddysus.

I'opuzonTanbHast U Py3us U NIepeHoC TEUEHUSIMHU.

[Tornomenue B3BEIIEHHBIX MUHEPATIbHBIX YacTull. [Ipu ancopOuuu kanens HeTH 00pa3yroTcs
arperatbl He()Th-UJI C COOTBETCTBYIOIIMM YBEJIMYCHUEM TUIOTHOCTH. B pesynbrare ocaxaeHus
Ha JTHE BOJHOTO OOBEKTa 00pa3yrTCsS OTIOKEHHUS aICOPOMPOBAHHBIX HEPTSIHBIX OCAIKOB.
KonnyecTtBo 00pa3yronuxcsi arperaTroB HaxXoAUTCS B MPSIMOM 3aBUCHUMOCTH OT KOHIIEHTpaIuu
B3BEILICHHBIX YaCTUIl B TOBEPXHOCTHOM cjioe Mops. Hanbonbiiast KOHIIEHTpAIUs B3BEILICHHBIX
9JacTHUI] HAOJIOAAeTCs B YCTHEBBIX OOJIACTSIX peK. Takke BBICOKAsk KOHIIEHTPAIUS B3BEIICHHBIX
YJacTHUI] HAOIOAAaeTCsl B IPUOPEKHBIX 30HAX IPU dPO3UU OEPeroB M B MOPTOBBIX pPallOHAX MPU
JTHOYTITyOUTENBbHBIX paboTax.

PactBOpeHne — (hU3MKO-XUMHUECKUH TNpoLecCc, B pe3yibTaTe KOTOPOro YacTh MAcChl HEPTH
(pacTBOpuUMBIX B BOj€ (pakiuii yrJIeBOJOPOJOB) W3 IIJICHOUYHOW WM KamelbHOU Qa3bl
MEepPEeXoJUT B BOJHYIO TOJIly. OTOT MAacCONEpPEeHOC, MPOUCXOMAAIIUN  BCIEICTBUE
MOJIEKYJISIpHOM T dy3un, mpoTekaeT MeAJeHHee MO CpaBHEHHIO C ucnapeHueMm. OmHako
MMEHHO PACTBOPEHHBIE B BOJE KOMIIOHEHTHI U3 HE(PTSAHOTO pa3liMBa OKa3bIBal0 TOKCHYECKOE
BO3/ICHICTBUE Ha MOPCKHE OPTaHNU3MBEI.

VYcBoenne Ouotoit (Omomerpamarusi) — OHOXUMHUYECKHA TIPOIECC, HW3MEHSIOMUNA WITH
pasznaraomuil  yrieBoJopoasl HepTH Onarofapsi >KU3HENESITEIbHOCTH MHUKPOOPIaHU3MOB,
KOTOPBIM MPUBOAUT K YMEHBIICHHIO Macchl HEPTH B BOAHOW Toie. B 10KHBIX MOpsX (TpH
temneparype Boasl 20°C — 25°C) nporecc 6moaerpaganuy npoTekaeT HAMHOTO WHTEHCHUBHEE,

110 CPaBHEHUIO C CEBEPHBIMH X0J101HbIMU [M3pass u Lp16ans, 1989; M3maiinos, 1988].
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12. ®ortookucienue — TpaHcPopManus HEPTSIHBIX YTIIEBOJOPOIOB MO IEHCTBHEM COIHEYHOTO
CBETa B COCAMHCHHUSI C OOJBINCH XUMUYECKON aKTUBHOCTHIO U OMOJIOTUYECKON JTOCTYITHOCTBIO.
B pesynprate (QOTOOKHCIIEHUS YBEIHMYMBACTCS JOJII BOJOPACTBOPUMBIX KOMIIOHEHTOB.
@DOTOOKHCIIEHUE MOXET ObITh BaXKHBIM MpU TpaHchopMmaluud HETH B BHICOKHUX IIMPOTaX B
ycnoBusix mnosisspHoro aHsA [M3maiinos, 1988]. Ilox Bo3aedcTBHEM COJIHEYHOrO CBETa
apoOMaTHYeCKHE COCIUHCHUS B HE(PTH OKUCISAIOTCS A0 CMOJI W, B KOHEYHOM UTOTE, IO
ac(aJbTCHOB.

13. JloHHOE 3arps3HECHHE.

14. AtMocdepHbIil mepeHoc — MepeHoc UCAPUBIINXCS HEPTEPOTYKTOB B aTMOChepe.

6.2 HexoTopnble cBegeHNs 0 Pa3IuBaXx TsKea0i He)TH U HepTH C BHICOKOIM
TEMIIEPATYPOH TEKY4eCTH

Pactexanue HedTH 1O J1F0OOOH MOBEPXHOCTH, B TOM YHCIIE 10 TOBEPXHOCTU BOJIbl, 3aBUCHUT HE
TOJIBKO OT €€ COCTaBa, HO M OT TeMIIepaTypbl OKpy»Karouiei cpeasl. Eciu 3ta Temneparypa HUXe, 4emM
TOYKa 3aCTBIBAHUSA, TO HE(PTHh TEPSET CBOIO TEKy4decTh. VIMEHHO MOITOMY B YCIIOBHSIX XOJOJHOTO
KJIMMaTa MpH IMPOKayKe HEKOTOPhIX THUIIOB TsDKEIOW HepTH M HePTenpoayKToB MO Tpydam HX
IpUXOJUTCA noaorpesars. [Ipu paznuBe HeQTH Takoro THUIAa B MOPE OHA HE PacTEKaeTCsl O MOPCKOM
MOBEPXHOCTH, a 00pa3yeT HEe(TAHbIE KOHIJIOMEpaThl B BUJIE IPeH(YIOMHUX IOJIOC WM KPYITHBIX
KOMKOB, KOTOpbIE ITOYTH MOJIHOCTBIO MOrpy>keHsl B Boay [Ilatun, 2008, 2015].

Tspkenble TOIUIMBHBIE Macia XapaKTepU3YIOTCS BBICOKUM YAEIbHBIM BECOM, OOBIYHO B
nuana3one 0,92 - 1,02 r/cM2, 1 OTHOCUTEIIBHO BHICOKON KHHEMAaTHYSCKOM BSI3KOCThIO, B JUAMTA30HE OT
5000 mo 30 000 MIla mpu 15° C. HekoTopble BSI3KOCTU €III€ BBIIIE, YTO B COYETAHUH C BBICOKHMH

TeMIepaTypamu 3aCThIBAHUS MOXKET CIENIaTh Maciia TBEPABIMU IIPU TEMIEPATYPE OKPYKAOIIET0 MOPS

(10-25° C).
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Pucynox 6.2. Hedtp, paznuras B Mope npu TeMIiepaType HUKE TeMIIepaTyphl 3aCThIBaHUs, 00pazyeT
MOJIyTBEp/IbIe (PPAarMEHTHI.

Ha Pucynke 6.2 noka3zana Hedtsr Nile Blend, temneparypa 3acteiBanus +33°C, B MOpcKoi
Boze ¢ temmeparypoii 28°C. Takas He()Th UMEET BBICOKYIO CTOMKOCTh U MOXET IMepeMelaThCs Ha
oounbime paccrosinus [I TOPF, 2014].

[Ipu pasnuBax TSKENbIX THUIOB HE(MTH C BBICOKOM BA3KOCTbIO HE(TSIHbIC IUICHKH Ha
IIOBEPXHOCTU MOpsi OBICTPO TPaHCHOPMHUPYIOTCS B arperupoBaHHbIE BSI3KME MIIM IOJYTBEpIbIE
(dparMeHTsl pa3HOro pasMepa U pasHoil ¢op Mbl. [Ipy MOHMKEHHOW Temmeparype ¥ CHUIBHOM
BOJIHEHHH 3TH MPOLECCH MPOUCXOIAT OCOOEHHO OBICTPO W MHTEHCHUBHO, YTO CIEAYEeT UMETh B BUAY
IIPU aHAJIN3€ CUTYALMH pa3IMBOB B CEBEPHBIX MOPSX. 32 CUET BBICOKOM BSA3KOCTH HE(TSAHBIE arperarsl
XOPOILIO COXPaHSIOTCA B MOPCKOM Boze. MX CKOIIEHMs MOTYT JUIMTENbHOE Bpems JpeidoBarh Ha
OoypIIMe pPAcCTOSHHUS M HAHOCUTH YHIEPOBI JaJeKo OT MecTa pasiuBa. lIpuBeneM HECKOJIBKO
npumepoB Takoro poja [Ilarun, 2008]:

* Ilocne aBapuu Tankepa «Eleni V» B CeBepHoM Mope y OeperoB BenukoOputanuu B Mope
noctynuio okoso 7500 TonH mazyta. CrycTs 2 Mecsilia 4acTh 3TOTO Ma3yTa B BHJIE 3aTBEPJEBIINX
He(TIHBIX OCTATKOB ObLIa BEIOpOIIeHa HAa moOepexbpe Hunepnanmos.

* [Ipu paznuse OGonee 1000 T ma3yra y 6eperoB FOxHoit Kopeu TBepibie HEPTAHbIE KOMKH
ObUIM paccesHbl U JUIMTENbHOE BpeMs Jpeii(oBanyu Ha OOMIMPHON aKBaTOPUU B COTHHU KBaJPAaTHBIX
KHJIOMETPOB.

* B 1998 r. BOsin3u Cunranypa notepren aBaputo Tankep «Evoikos» u B Mope noctynuio 30
THIC. TOHH MasyTa. [log BIUSHUEM CHIBHBIX MPUIMBHBIX TCUCHHH HE(PTSHBIE IJICHKH, IMYJIbCUU H
arperaTbl B TEUCHHME JBYX MecsAlLeB ApeidoBaay Ha akBaTOPUM MarakKCKOro MpojuBa ¢ IUIOIIAIbIO
HePTIHOro MOKpBITUS Oosiee 3 Thic. kM2. BbiOpockl HedTH Ha Geper ObUIM OTHOCHTEIbHO HEBEITUKHU
(100 - 200 ToHH) M mpuBenu K 3arpssHeHuto 40 kM mobGepekbs Manaiizuun Ha pacctossHuE 0Koio 300
KM OT M€CTa pa3JiuBa.

* [Ipu aBapuu poccuiickoro tankepa «Haxonka» B 1997 rony B 100 km ot Geperos SnoHuu
npousouien pasauB okoiao 6000 ToHH Tspkenoro Masyta. B pesynbrare IITOPMOBOW NOrOJbl U
CHWJIBHBIX TEUCHHUU pa3iMBIIasCid HEPTh B BHJE MATCH 3MyJbcuu pazmepom ot 1 go 100 m Oblna
paccesiHa Ha OOJIBIION aKBaTOPUHU U BeIHECEeHA Ha Oeper octpoBa Oku (fAnonus). [To pa3HbIM olieHKaM,
HePTIHOMY 3arps3HEHUIO MOABEpriachk Oeperonas mnoyioca npoTspkeHHOCThIo 0T 1000 10 2000 kM.

* Ilocne pasnmuBa B 1991 rony B Kapubckom mope 1700 TOHH TsbKenoro Maszyra He(TsHbIE
OCTAaTKH B TEYCHHUE MECSIIa BRIOPACHIBAIMCH HA Oepera ocTpoBOB TsiTh cTpaH Kapubckoro Gacceiina.

Kak oTmedeHo BhImIe, TSOKENbIE THIBI HEDTH UMEIOT YACIbHBIA Bec OMm3kuil K exuHuie. [1o
Mepe BBIBETPUBAHMS MX IUIOTHOCTDH IMOBBIIIAETCS U MOKET IPEBOCXOAUTH IJIOTHOCTh MOPCKOW BOJBI.

ITo 3T0if MpUUMHE OHU YacTO APEH(PYIOT B MOATOINICHHOM COCTOSIHUM UyTh HHKE IMOBEPXHOCTH MOPSI.
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[Ipu cunpbHOM BOJHEHWH HedTAHBIE (pParMeHTHl C HYJEBOW M Jake HEOOJBIION IMOJOKUTEIHLHOMN
IJIaBYYECThIO HE IIABAIOT I10 MOBEPXHOCTH MOPSI, a 3aXJIECTHIBAIOTCS BOJIHAMU U BOBJIEKAIOTCS B UX
opOuTaNbHOE JBM)KEHUE U TaKUM 00pa3oM OOJIBIIYIO YaCTh BPEMEHU HAXOMAATCS HIKE MOBEPXHOCTH
Mopsa. KoHTponupoBaTh nepeMelieHne TakuxX pa3jiuBOB OYEHb TPYAHO, a B OOJBIIMHCTBE CIy4acB
MPAKTUYECKH HEBO3MOXKHO IIPH JHOOBIX CIIOCO0aX BU3YyaJbHOTO HAOIIOACHHUS.

Tak mpoOM30IUIO MpH pa3IuBe TsHKEIOW OyHKepHOW He()TH B pe3ysbTaTe aBapuu Oapxku
«Nestucca» y 6eperoB CIIIA (mrar Bamunrron). BeummBmmiics Ha MOBEPXHOCTh MOPS TSDKEIBIN
Ma3yT (0kos10 750 TOHH) OBICTPO TPAHCHOPMHUPOBAJICS B OOIIMPHOE T0JIC BSI3KUX HEPTAHBIX arperatoB
C HEUTpaJbHOW IJIaByYeCThI0. DTH arperaThl UCUE3NU U3 MOJs 3peHus HabmoaTeseld U MOSBUIUCH
JUIIb CITYCTS HEAeNMo Ha paccrosHuu 180 KM K ceBepy OT MecTa pa3imBa y OeperoB ocTpoBa
Bankygsep (Kanana). [Tocie sToro B TeueHune Mecsia npoJ0KaIuCh BEIOPOCH! HEPTSIHBIX OCTATKOB HA
nobepekbe ITOro U APyrux octpoBoB y OeperoB bpuranckoii KomymOuu. Oxono 150 kM GeperoBoit
JUHUHM OKa3aJIMCh 3arpsi3HEHHBIMU B TOW WJIM MHOM CTENEHH, a MOMYJSAIUIM MECTHOW OpHUTO(AYHBI
ObUT HAaHECEH 3HAYUTENBHBIN yIIepo.

CxoaHbIM 00pa30M pa3BUBAIKMCH COOBITHS MOCie paziauBa okojo 2400 TOHH TSHKEIOro MazyTa
IIpH Mocajike Ha Menb HedTsaHo# Oapxku «Morris J. Bermann» y 6eperos Ilyspro-Puko B 1994 rony.
VYke B mepBble CYyTKH IOCJE pa3iuBa HETh HAXOJWIACh HE TOJHKO HA MOBEPXHOCTU MOpS, HO U B
MOJIBOJTHOM TIOJIOKEHHMH B BHJIE IUIABAIOMIMX HE(PTAHBIX CKOIUICHWH (MaTOB) MOJY>KUAKOU
koHcucTeHIIMU. OCHOBHas mMacca 3THX MOJBOJHBIX CKOIJIEHUI JIOKaJlM30Bajach Ha JHE B Ipenernax
HECKOJIbKUX KHUJIOMETPOB OT MecTa aBapuH, OJJHAKO OTJeNbHbIe (parMeHThl ObUTM OOHAapYXEHbI Ha
paccrosiHuu 110 kM oT 3TOTO MECTA.

Yacte HedTH mociie pa3nuBa OblUla BbIHECEHA B NMPUOONHYIO 30HY U, CMEIIABLINCH 3/€Ch C
MIEeCKOM, 00pa3oBaja TsKellble BI3KUE arperaThl, KOTOpble ObUIN paclpezesieHbl MPEeuMYIIECTBEHHO Ha
1HE MPpUOpeKkHON 30HBL. [Ipy CHIIBHOM BOJHEHUHU YacTh HE(TH OCBOOOXKJAIach OT MPUMECH IeCKa,
BCIUIbIBaJIa HA TOBEPXHOCTh MOPS U BEIHOCHJIACh Ha Oeper.

Kak orTmedanoch BbIIIE, IUIOTHOCTh TSDKENBIX THUIIOB HE(PTH HEHAMHOTO IPEBOCXOAUT
IJIOTHOCTh MOPCKOM BOJIbI, U TIOTOMY OBICTPOE U MPSIMOE BbIBEJACHHE HEPTH U3 BOJHOW TOJIU HA JTHO
Habmoanock BechbMa peqko. [lomobHble clieHapun Haubosiee BEpOsTHB B 0OCTAHOBKE MEITKOBOJIHBIX,
3alIMIIEHHBIX OT MPSMOro JEHCTBHS BOJH M TEUCHHUH YYacTKOB noOepexbs. OAMH M3 HEMHOTHX
CJIy4aeB TaKoro pojia BO3HUK IIPH B3pbIBE U MOKape BOBpEMS 3arpy3ku TaHkepa «Sansinella» B raBanu
Jloc-Anxeneca. bonee 4000 ToHH TsKenol OyHKepHOH HepTH OBICTPO OMYCTHWJIMCH HA JHO H
00pa3oBay CKOIJICHUS 3aryCTeBIIeH BA3KOW He(TH B BHJE MPOTSHKEHHBIX MAaTOB TOJIIIUHON J10 3 M.
bnaronaps cinaGeiM TeueHUsIM HeTh OCTaBajach B OCHOBHOM Ha JIHE B paiioHe pa3iuBa. OuuCTHBIE

paboTHI TPOOIDKATUCEH OKOJIO 1,5 set.
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HeoOpruHast cutyanusi ClIOXKWJIach Ha aTiianTHueckoM Imenbde Vcrmanum, rae B HosiOpe 2002
roja norepnen kpymenue Tankep "Prestige" [Rodriquez, 2004; Serrano etal.,2006]. B mope BbuHIOCH
6onee 60 ThICSAY TOHH TSDKENOHN ChIpOi HE(DTH U Ma3yTa, a MPOTSHKEHHOCTh 3arpsA3HEHHON OeperoBoit
nosiocsl gocturaiga 3000 kM. 3a cyeT BBHICOKOW IUIOTHOCTH HE(TH U €€ BSI3KOW KOHCHCTEHLIMU OHA
OBICTPO BBIBOJMIIACH U3 TOJILIM BOJIbI U HAKAILJIMBAIACh HA JHE B BHJIE CMOJUCTBIX KOMKOB (arperaTtoB)
paszmMepoM oT 1 1o 20 cM. Ha ornenbHbIX ydacTkax ATiiaHTH4eckoro mnooOepexps Mcenanum
HAOJIOAANCh IITOPMOBBIE BBIHOCHI BSI3KMX HE(PTAHBIX OCTATKOB Ha MOJOTHE Oepera C MIMPHUHON
MOKPBITHUS TUISKEH B I€CATKH METPOB.

OnuH W3 MHIMJICHTOB pa3iiuBa TshKeIoW HedTu mpousomien B sHBape2004 r. HemojanieKy oT
Bbeprena (Hopserus), rae norepmeno kpymenue cyaHo «Rocknes» u B mpuOpekHbIe BOABI TOCTYITHIO
180 ToHH OYeHb TspKenoro u Bsi3koro Masyra Mapku IFO - 380. IToutn Beck pa3nuBHIHMIACS Ma3yT ObLI
OBICTPO BBIHECEH Ha CKAJMCThIC M BalyHHO-TalledHble Oepera, KOTOpble OKa3alHuCh 3arpsi3HEHHBIMU B
TOM WM MHOM CTENeHH Ha MpoTshkeHUH 45 kM 6eperoBoit tuHun. OYUCTHBIE PAa0OTHI C MPUMEHEHHEM
a71copOEHTOB U MPOMBIBKA KAMEHUCTBIX OEpEroB BOJOM MOJ aBJICHUEM INPOJIOJDKAINUCH 6 MECALEB U

crowsin 20 MITH €Bpo.

6.3 Onucanue moxeau SPILLMOD

Monens SPILLMOD, co3nannas B ['ocynapcTBeHHOM OKeaHOTpahuIecKoM WHCTHUTYTE UMEHU
H.H. 3yOoBa, omnuceiBaer mnpouecchl (U3NKO-XMMHUECKONH TpaHchopMaluu pas3inBa HeTH Ha
MOBEPXHOCTU MOps. B oTnMume or MHOrMX Mozenei pacnpocTpaHeHHs HETH B MOpeE, B KOTOPBIX
ucnoib3ytorcs cootHomeHuss ®as, B Mojenu SPILLMOD kon¢urypanus HedTsHOro 3arps3HeHUS
3aBUCHUT OT THJIPOMETEOPOJIOTMUECKHUX YCIOBUH M pexuma cOpoca HepTu wiaM HedTenpoayKTa.
[MpunnunuansHbeM oTiMaeM Mexay Mozenbio SPILLMOD u apyrumMu MoAensiMu 3aKJIIO4aeTcsi B
crioco0e pacueTa IUIOMIAJ He(TIHOrO MATHA U paclpesieeHuss TONIUHBI HepTH BHYTpHU 00JacTH
He(TSIHOTrO 3arpsi3HeHus. B ocHOBe MareMaTWyecKoW MOCTAHOBKM 3a/1auM JIEKAaT OCPEIHEHHbBIE 0
BEPTUKAIbHOM KoopauHate ypaBHeHUs HaBbe-CTOkca [UIsi TOHKOTO CJIOSl JIETKOM >KMJIKOCTH Ha
MOBEPXHOCTU Ooisee TsKenoro cyoctpara. OcCOOEHHOCTh TOCTAaHOBKHM M peau3alidl  MOJETH
SPILLMOD 3aknirouaercst B TOM, YTO pELICHHME 3a/laud MIIETCsS B O0JIACTH, KOTOpas cama sIBISETCS
uckomoil BennuuHoM. Ilpu pacuerax pacmpocTpaHeHUs He(DTH OT MCTOYHHKOB, PAaCHOJIOKEHHBIX Ha
MOpPCKOM [JTHE, B MOJEJbHBII KOMIUIEKC BKJIIOYAIOTCS JOIMOJIHUTEIbHBbIE MOAYNU (1) JUIsl ONMHUCAHUs
MepBOHAYAJILHOTO AMCTIEPTUpOBaHUs HeTerazoBoro BeIOpoca, (i1) As pacyera nogbeMa HeTH BBEpX
3a CYET MOJIOKUTENHHON MIaBy4eCTH ra30BBIX IMy3bIPhKOB (peXUM IUIaBydel cTpyH) u (iil) moabema K
MOBEPXHOCTU 3a cYeT IulaByyecTd Kamenb Hedrtu. [locmennuit mporecc CoOmpoBOXKAAETCS

I (Gy3MOHHBIM paccesiTHUEM Kamellb JUCIEPrUpOBAaHHOW HEPTH U UX MEPEeHOCOM TEYEHUSMU,
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TJIaBHBIM 00pa3oM, B BEPXHEM CJIOE€ OKeaHa. 3/1eCh M Jajiee CBEICHHUS 00 HMCIOJb3yEeMBIX MOJEISAX

MPOBOJMTCS B COOTBETCTBUM ¢ [3ayena u dp., 2018].

6.3.1 IlocraHoBKa 3aJa4H JJIsl pacuyeTa pacnpocTpaHeHusi He(pTH MO OTKPHITOI BoIE
PaccmarpuBaercst nBymepHas oOmacte Q(x,y) ¢ rpanunei dQ. Hedtr wm

HerenpoaykT 3aHuMaer mnomodmacte Qe Q. B momobmactm Qe ()’ ACHCTBYET MCTOYHHK,

obecrieunBast HOTOK He(PTenpoyKToB — Qo Ha OBEpXHOCTH MOps. O6sacTh (2 orpaHuyYeHa KycouHO-

JTMHEWHOW (QyHKUHMEH, anmpokcuMupylomed 0eperoBoit KoHTyp. OCHOBHbBIE ypaBHEHUS MOAETH IS

obmnacTtu €0’ peACTABIAIOTCS B CICAYIOIIEM BUIE:

h (5 + V) = —ghh == (u = (uq +uo))|(u = (ua +u0))

2l '
h(Eu+(uV)uj =—g th—pLi”‘(u—(ud +u,))| (u=(ug +u,)), (6.1)
M9 (huy =- 2ot 0= %t Q. 62)
ot Po

IZle Po — INIOTHOCTh HE(TH, U — BEPTUKAJIBHO OCPEIHEHHAs CKOPOCTh ABMKEHHsS HedTH, Ud —
CKOpPOCTh IOBEPXHOCTHOIO Jpei(oBOro TeueHus, 3ajaBaeMas NapaMeTpUuecKu; Uc — CKOpPOCTh
TEYEHHUS HEBETPOBOTO MPOMCXOXKIEHUS, PACCUMUTAHHAS II0 MOJIENM TEUEHUH MM OompeeseHHas
IKCIIEPUMEHTAIBHBIM TyTeM, h — TonmuHa HedTH, [ — KodhdunueHT Tperus, Qe — MOTOK Macchl 3a
cueT ucnapeHus, Qn ¢ — MOTOK Macchl 3a CUET €CTECTBEHHOTO AucneprupoBanus, Qch_d — MOTOK Macchl
3a CYET XUMUYECKOTO aucreprupoBanusi, Qo — MOTOK HEPTH Ha TTOBEPXHOCTh OT UCTOYHUKA Pa3JIHBa,
Qsc — MOTOK HEe(TH C MOBEPXHOCTU 3a CYET NMPUMEHEHUS CKUMMEPHBIX CHCTeM, g =g(pw-poil)low —
peryHpOBaHHOE YCKOPEHUE CHJIBI TSDKECTH, Pw — TNIOTHOCTB BOJIBL.

Ecnu rpanuma obmactu £2°(tXy) ects L(t,X,y) u L=Li(t,Xy) A2(x,y), tne L1 — cBoOGOmHAsM
rpanuiia U L — KoOHTakTHasi (TBepjaas) rpaHulla, cucrtema ypaBHeHuit (6.1)-(6.2) momkna OBITH
JIOTIOJTHEHA CIICAYIOUIMMHU TPAHUYHBIMHU YCIIOBHUSIMH:

KHHEMaTH4YeCKOe:

L:B,+uvB=0, (6.3)

riae B(t,x,y) = 0 — ypaBHeHHE CBOOOIHOM TPAHHUIIBL;

U IMHAMHUYECKOE YCIIOBHE:

L:h(x,y) =0 (6.4)

CoorHomenue (6.3) cmpaBeyIMBO, KOrjJa IEepeMelIeHHEe TpaHULbl  O0YCIOBJIECHO
JUHAMUYECKUMHU (pakTopaMu. B HEKOTOpBIX ciydasx rpaHuna o0JacTd MOXKET MU3MEHSTHCSA 3a CUeT
yaajeHuss HepTH ¢ TOBEPXHOCTH KaK IMOJ ACWCTBUEM MPHPOIHBIX (PaKTOPOB — 32 CUET MCMAPEHUS U

€CTECTBEHHOTI'0 AMCTIEPTUPOBAHUSI BOJTHAMM, TaK U B XO/€ onepaiuii mo 6oproe ¢ pa3nuBoM HEDTH.
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Ha TBepmoii rpanmme Lo (ecnm TakoBasi MPUCYTCTBYET) MOJDKHO BBINTOJHSATHCS YCIOBUE
HEMPOTEKAHUS:

L:u, =0 (6.5)

rae Un — HopMalibHas K Ly kommoHeHTa U.

B HavanbHBIII MOMEHT BpeMeHH pacnpezencHue Toiamuubl h(X,y,0), mone ckopoctu u(x,y,0) u
obmacte Q’(0) mpeamonaratorcs u3BectHbIMU. Tpebyercs onpenenuts h(X,Y,t), u(x,y,t) u Q’(t) mpu t >
0.

[ToctaHOBKY 3agauyu HEOOXOJUMO JOMOJHHUTH MapaMETPU3alUsIMH IOTOKOB HEPTH C
MOBEPXHOCTH MOPS 3a CUET NPOIECCOB HCIAPEHHUS W JAUCICPTUPOBAHMS, MPUTOKa HepTH Ha
MMOBEPXHOCTH OT MOJIBOJAHOTO UCTOYHUKA M HCTOYHHKA HAa TIOBEPXHOCTH MOPSs, U3MEHEHUS IIJIOTHOCTH,
BSI3KOCTH U MeX(Da3HOTO HATSHKEHUST He(PTH M3-3a BHIBETPUBAHMSL.

Jlns pacuera moToka He(TH 3a CYET JAMCIEPTHPOBAHUS BETPOBBIMH BOJIHAMH B MOJICIH
SPILLMOD wucnonb3yercst cucreMa pacueTHBIX COOTHOIICHUH, (U3NYECKUH CMBICT KOTOPBIX
OIPOOHO OMKCAH B CTAThsAX aBTOPOB [3ayena u dp., 2018b; 3ayena u op., 2018¢]

_ poiITOR ’ hoiI : I:up (dSI\(‘)) I:m (dmax= Vd )’ hoil 2 hT (6 6)
. Paii TOR - hyy <hr,

-2,,3 —4 o~
rae TOR~1.4*10°u/gc;”, ¢, — moporoBas a3oBas CKOPOCTh BOJH, IIPU KOTOPOM
HauMHaeTcss oOpymieHue, U.— JAWHAMHYECKash CKOPOCTh B MPHBOTHOM cioe atMocheps, h. —

MIOpOroBasi TOJIIMHA HEPTH Ha MOBEPXHOCTH MOpS, MpPH JOCTH)KEHWU KOTOpPOM KaruM HeQTH mpu
IIPOHUKHOBEHUH B BOJIHYIO TOJIILY YK€ HE BO3BPAILAIOTCS K TOBEPXHOCTH.

Menauana pacrpeneneHusi Kamneiab HepTH MO pa3MepaMm HpH APOOJEHUH B CIIOE BOJIHOBOTO
N o o
nepememnuBanusi O ompenensercss (U3NYECKAMH CBOMCTBaMH HE(TH, TOJNIIMHOW TJICHKH Ha

MOBEPXHOCTU U CKOPOCTBHIO BETPaA

06

4N = Ah"i'OAGgﬁ 1+0.02(pgW,o/0)
50 0.6 1.2
b 0.57 W2

oil

, (6.7)

Koppekrupyrommii MHoxutens B cootHoumenuu (6.6) F, (dy) ompenenser momo HedTH,

BO3BpAIAOIIYIOCA K TOBCPXHOCTHU MCKIY MMOCIICAOBATCIIbHBIMHA 06py1HCHI/I$IMI/I BOJIH.

Fup (dSI\fIJ): 1- KupwikSt(dSI\(‘))z ) (68)
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557
e Ky, :(eBSz )2 J‘ & tom(L'S, £)dS, (L S, d) — nornopmanbroe pacnpenenenue

0

\ -~
IS pa3MEPOB Karielib, HOPMHUPOBAHHBIX Ha Oy, — MeqUaHHBIN AUaMETp pactpeneaeHus oobema HepTH

g9

0 pa3MepaMm Karnenb, kodddunuent Ky, = ~1av
w

Mmuoxwurens F (d,. , V) OIpenenser I0m0 Kaneib, He BO3BPALIAIONIMXCS K IIOBEPXHOCTH 32

cueT TypOynenTHoi quddysumu,

e f (d)
Fo (e Vg )=V dd’, (6.9)
@ ! W, +V,

rae vy = 0.14VW, V, — AWHaAMHYEeCKasl CKOPOCTh B BOJC, MaKCHUMAaIILHBIN pasMEp KallClib IIpH

N N 3S
nucneprupoBanuu BoaHamu d., =0 €7, S — nucmepcus gorHopmansHoro pacmnpeaenenus, f,(4)

— (yHKIMA TIOTHOCTH pacrpeaencHus odbeMa HedTH MO pa3Mepam Kamenb, { — AMAMETP Kariu

Hedtw.
-rme V, — JMHAMMYecKas CKOPOCTH B BOje, Ri- umcio Puuapicona, 3aBucsuiee OT
IJIOTHOCTHOM cTpatudUKaIu B BEPXHEM cioe MOps, f(Ri)=(+aRi")”
op
Ri = = (6 éz , yacrorta Bsiicansa-bpenra.

’OW(a/z

[T10THOCTD ¥ BA3KOCTh HE(PTU 3HAYMTEIBHO YBETUYMBAIOTCS MPU UCHIAPEHUH JIETKUX (Ppakiuii
HedTH, TpU 00pa30BaHUM SMYJIbCHIA "BoJa B HE(PTH" U 3aBUCAT OT TEMIIEPATypPhl OKPYKAIOLIEH cpelibl,
YTO 0COOEHHO Ba)XKHO IPU pacyeTax HEPTAHBIX Pa3JIMBOB B apDKTHUYECKUX MOPSX.

Pacuer ucnapenus u3 He(TSIHOrO MITHA OCHOBBIBAETCS HA MPEANOJOKEHUHU, YTO HEPTH WIH
HePTENPOIYKT MOKHO pacCMaTpUBaTh KaK CMECh HECKOJIBKUX, KaK MpaBuiio, oT 8 10 20 ¢pakuuii uim

IICEBJOKOMIIOHEHT C U3BCCTHBIMU cBorictBaMH. I10TOK MaccChl HC(l)TI/I 3a CUCT UCITapCHUA Qe H3 IITHa

Ha MOBCPXHOCTHU MOPA IMPEACTABIIACTCA KaK:

Q -k YR -Fq. (6.10)
g wK 1

rae Kk, — smmupuueckuii ko3)(UIKCHT, 3aBUCAIINA OT CKOpocTH BeTpa, P — naBieHue
HaCBIIIEHHOro mapa |—Toil ¢pakuun Hedgtu, MWi — MonekynsipHbIil Bec Qpakuuu, Xi — MOJIApHAas
nons ¢pakuuu, Ry — yHUBepcanbpHasi ra3oBas MOCTOsSHHAs, Twk — TeMIiepaTypa TMOJCTUJIAONIEH
noBepxHocTu (Temmneparypa Boxel) [°K], Qi — morok wmaccel i-Toi ¢pakuumu Hedtu. Ecnm

MOHCKyJ’IﬂpHHﬁ BCC (I)paKI_II/II/I HCHU3BCCTCH, TO OH PACCUUTBIBACTCS 110 (I)OpMyJ'IC Bounoga

MW, = 60+ 0.3T, +0.001T.2, (6.11)
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a JIaBJICHUE HACBIIEHHOTO Tapa no Gopmyne AmdopTa

1250/ ( [Tz 10800 —307.6) 1
1250/ (,/be 110800 —307.6) 1|

rae T, —TemmnepaTypa Kumnenus i-toil ppaxuuu [°K].

IgP =2.68|1— (6.12)

st smoupuueckoro KoagpuieHTa Bpiopana cleayromias napaMmeTpu3ais

K = 0.0018-W,,*" W, > 4m/c (6.13)
¢ 0.005 W, <4m/c '

B npomecce wucnapeHuss MeHSETCS TPOLEHTHOE COOTHOLICHHWE MEXAy (pakiusMu C
Pa3NMYHBIMHM TeMIIepaTypaMu KuneHus. Kak ciepcTBue, MEHSETCs IUIOTHOCTh M BSI3KOCTH HE()TH B
IIITHE Ha IIOBEPXHOCTH MODA.

Jlis BBICOKOBSI3KMX THUIIOB HE(TH, Ka KOTOPbIM OTHOCATCS HE(TH B BBICOKOH TeMmIepaTypoit
TEKyYeCTH, IMOTOK HCIAPSIOMEHCS CyOCTaHIIMM 3aBUCHT OT CKOPOCTH IU(Qy3uH KOMIOHEHT B

KHUIKOH (pa3e u pacCUNTHIBAETCS MO COOTHOIICHUIO

2Dk - 2DM. -
Qulrr ¥ ==X = py X, (6.10a)
T=To hk; hM,
rae po, Dy, X, — miuotHocTh HedTH, MONEKYIApHbIH KodhduunueHT auddy3un U MOJbHas

KOHIIEHTpaIms i—moti ¢paxiun HedTH mpu Temmepatype [,, Mi — MonekynsapHas macca (pakuum,
Mo- cpennsii monekyisipHas Macca Heptu. Koapdunuent muddysuun B cioe HEPTH CBA3aH C €€
BA3KOCTBIO COOTHOIIEHHEM DitHmrteitna-Cmonyxosckoro D11/ 4 u cootHomenue (1) MoxkeT ObITh

MEPENHCcaHo Kak

2Di~ki Xi = P £y 2D, Xi,
hk. 4 hM,

il = (6.106)

Tae [, My — BA3KOCTh HE(THU IpH Temmeparype |, u TeMrepaType OKpyKaromiei cpenst T,

COOTBETCTBEHHO. TakuMm o00pa3oM, H3MEHEHHE Ha HECKOJIBKO TOPSAKOB BS3KOCTH HEPTH,
MepeKavynBaeMor 1O TOJBOJHOMY TpyOompoBoay ¢ Temmeparypoir 55°C, u3MEHsAeT CKOPOCTh

ucrapeHus Ha 4-5 mopsiiKoB.

I[J'IH pacucTa W3MEHEHHH IIIOTHOCTH M BSI3KOCTHU He(bTI/I MNPUMCHAIOTCA COOTHOIICHU,

NpHUBEJCHHBIE B pa3nene 6.3.2.1.

96



6.3.2 O mMoaeTMpPOBAHUM PACIPOCTPAHEHNsI Pa3JIUBOB He()TH B Apeiidyromem Jbay

38,,[[3‘1}/ O PacpoOCTpaHCHUH 110 ITOBEPXHOCTU MOPA, YaACTHYHO IMOKPLITOI'O JIbAOM €CTCCTBEHHO

paccMmarpuBaTh B JBYX HIpeleNbHbIX ciaydasx. Ecnmu xapaktepHblii MacmTald pas3inBa CYHIECTBEHHO

MEHBIIIC, YeM XapaKTePHBIC Pa3Mepbl JbIUH, YTO, BUIMUMO, MOXKET PEaM30BATHhCS BO3JIE KPOMKH
npumasi, J€1 paccMaTpuBaeTCs Kak (UKCHPOBAHHAS KOHTAKTHAs TPaHUIA, HA KOTOPOW 3aJaroTcs
YCIIOBHE HEMPOTEKaHUs. YpaBHEHUsl OalaHca MMITyJIbCa MU MacChl OyJayT UMETh BUJ, aHAJOTHYHBIN
pacrpocTpaneHui0 HehTH Ha OTKphiToii Bome (6.1) - (6.2), HO ¢ HekoTOpol MoaudUKaIUCH
TPaHUYHBIX YCIOBUH, ONpeIesieMbIX KOH(PHUTypaluei JIeJOBOro MacCHBa.

[Tpu pactexanuu HEeTH B Pa3BOABSX 3arpsi3HEHUS JibJla MPAKTUYECKH HE MPOUCXOTUT, T.K.
OokoBasi MH(UIBTpPAIMS B JIeJ HE3HAUYMTENbHA. HO NpU CKaTUM M TOPOLICHWH JbJa HEePTh OyneT
3aIlJIECKMBATHCS KaK Ha MMOBEPXHOCTB JIbJIA, TAK U YXOAUTH MO/ JICISTHOW MOKPOB.

JpyruM mpeaeNbHbIM CITydaeM CJIeIyeT CUATATh CHTYAIlHIo, KOT/Ia pa3Mephbl HEPTSIHOTO pa3iinBa

3HAYUTCILHO OO0JIbIIIe XapaKTCpHbIX pPasMEpOB JIBJIHH. B sToMm CJIydyac ypaBHCHUSA IABUIKCHUA JIA

He(bTI/I, ﬂBH)KymeﬁCH B OHMTOM JpAy CO CIUIOYCHHOCTBIO Cice, XapaKTCPHbIM pPa3MCpOM JIbAWH di n

3aHuMaromieit oomacts €1, X, y) 3ammMchIBArOTCS B BHIC:

)d—u:—g'th(l— Cice)—%(u—u. u-u, |h—£(u—uc)|u—uc|(1—c ), (6.1a)

ice ice Ice ice
dt

h(1-C,

oil

Q:
h+V, (hu)+[NCy -V, (U ))/(1-Cii) = (Q. +Q0 o )/ Pt |F(Ce) ~Qu/ 2 (1-Cie), (6:20)

rie, F(Cice) — mapameTp, KOPPEKTUPYIOIIKI TOTOKKA B BOJAY U arMocdepy ¢ YyIeTOM CIUIOUYEHHOCTH
npaa. TpeTuit wieH B JIeBOW YacTH ypaBHeHUs (6.2a) yIUThIBACT U3MEHEHUE TOJIIUHBI HEPTH 32 CUET
JTUBEPTEHITUN CKOPOCTH JIbJIa, TIPUBOSIICH K N3MEHEHHUIO €r0 CIUIOYCHHOCTH.
[Tpu BBIIEyKa3aHHOW TMapamMeTpH3alMK JCHCTBYIOIIUX CHJI CO CTOPOHBI JIBAWH 3a7ada TpeOyeT
(bOpMyYITHPOBKH TPAHHYHBIX YCIOBHI Ha «CBOOOIHO» TpaHuIle, aHanornyHo (6.1) —(6.2).
Jlyist ucciieroBaHusl CBOMCTB PEIICHUS YIIPOCTHM 337ad9y W PACCMOTPUM pacTeKkaHue HeTu Ha
HETOJIBIDKHOW TTOBEPXHOCTH BOJBI C OWTHIM JIbJIOM. BBIBeTpMBaHWEM HEPTH TNpeHEOpekeM s

MIPOCTOTHI. Y paBHEHUS JABMKEHUS I He(TH, IBUKYIIEHCS B HENOBUKHOM OUTOM JIbAY:

d ' Cice
(1-Cur) G = ~¢'hVR(1-C ) - = u|u|h—p%u|u|(1—cice), (6.1b)
h+., (hu)=0. (6.2b)

B cnyuyae pagmanbHO-CUMMETPUYHOTO pacTeKaHHs (MIealM3UpOBAaHHBIA Ciyyail) ypaBHEHHE
(6.1b) ™moxHO penyuMpoBaTh IS TONYYEHHS MPOCTBIX AaCUMITOTUYECKUX COOTHOLICHUH.

HpeHe6per as UHCPUUOHHLBIMU YJICHAMU, IMOJIyUYUM
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g'a—h 1__po_& o/
ari+C  d(1-C) ~ puh
%/_/

| —
| 1

(6.15)

B mpaBoii wactu (6.15) nBe cuiabl CONPOTHBIEHHS — CONPOTUBJICHHE IBM)KEHUIO He(TH
arcam6itst ibauH (1) u Bropoit wien (1) — «rpaguiimonHoe» TpeHre HePTH O BOIY.

Eciu o6bem nponutoit HedTH Voil, TO OLIEHKA CpeAHEH TOJIMUHBI HEPTH B Ka)Iblii MOMEHT

oil

—2% e R—pamuyc msaTHa HEDTH.
ZR?(1-C) py b

BpeMeHn H =

[Ipu Gospmioit Tommuue HedTH, Korma conporuBienue () Gompmre (1), acumnroTHdeckuit
PEKUM ONPEICITUTCS U3 COOTHOIICHUS

oh 1 , C

— =u , 6.16
x1+C  d(1-C) (6.16)
Q 1
Rio_ 2970 o (6.17)
7C (1 + \/6 )
Korma tomnmmua HedTH OyIeT yMEHBIIATHCS, HACTYIIUT JPYTOil ACHMIITOTHYECKUIA PEKUM
oh 1 B | (6.18)
ox 1++/C Pailh
° 1
R = 0" t2, (6.19)
" 7 (1-C)’(1+4C)
Wraxk:
Q ]
JU1st OOJIBIION TONIMHBI HE(DTH R® = g—dt2 , (6.20)
zC (1+ \/E )
7 ' QZ 1 2
JUTS. MAJTBIX TOJIIIH R'=p.9 t=. (6.21)

7B (1-C)’(1+C)

AHanu3 yxe MPOU3OLIEAIINX aBAapUMHBIX CUTyallUd, CBSI3aHHBIX C MPOJIMBOM HE(PTH B
MOPCKYIO Cpelly B 3UMHHMX YCIIOBHSX, IIOKa3bIBaeT, YTO HEPTh YACTO MOMAJAET B JICAOBBIN KaHal, MO
KOTOPOMY TPOUCXOAMT JBM)KEHHE TAHKEpPOB, 3alOJHEHHBIH MEJNKOOMTHIM JIBJOM. BaxHbIM
NpeACTaBisieTcs W TOT (pakT, YTO pa3Mepsl JbIAWH B KaHale 3HAYUTEIbHO MEHbIIE, 4YeM B

OKPpYKaroImHnX KaHaJl JICAOBBIX IMOJIAX.
6.3.2.1 lMpoueccbl BbIBETPUBAHUA U U3MEeHEeHUe (pu3nyeckux CBONCTB HedpTH

[T10THOCTD ¥ BA3KOCTh HE(PTH 3HAYMTEIHHO YBETUUMBAIOTCS MPU MCTIAPEHUH JIETKUX (PpaKiuii
HedTH, TpU 00pa30BaHUM SMYJIbCHIA "BoJia B HE(TH" U 3aBUCAT OT TEMIIEPATyphl OKPYKAIOLIEH Cpeibl,
4YTO OCOOCHHO Ba)KHO IIPU pacyeTax HEPTSIHBIX PA3JIMBOB B APKTHUECKUX MOPSIX.

Jns pacuera U3MEHEHUH MIIOTHOCTH U BSI3KOCTH HE(THU MPUMEHSIOTCSI COOTHOIICHHUS
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poil = I:empw + IO(EiOI) (1_ Fem )(1+ Cev I:ev)[l_CT (TWK _TOK ):I (622)

H3MeHeHne BA3KOCTH 3a CUET TEMIICPATYPhbL

Moy = 15 expl:aT (YT YTy ):I (6.23)
I/I3MCHCHI/IC BSA3KOCTH 3a CUCT chapeHmI
Hair = H1 &P (8, F) (6.24)
I/ISMGHGHI/IC BA3KOCTH 3a CUCT OMYJIbI'MPpOBAHUA
Hem = 137 €XP (%] (6.25)

2" em
rae péﬁ) — HayalbHasg IJIOTHOCTh HEPTH, ,u((,ﬁ) — HayaJbHas BA3KOCTh HedTH, Tok —

OTHOCHTEIbHAS (MU TpeABIAyIas) TeMIeparypa Boabl, Fey — MaccoBasi 1o ucnapuBIICHCS HEPTH,
Fem — oObeMHast 10T BOABI B AMYJIBCHH, Cey, CT, AT, 8ev, a1, 82 — dMIHUpHUIecKue Ko3pdumnuentsl. 1o
JaHHBIM, MPUBEACHHBIM B padote [Henvcon-Cmum, 1977], koapdunuent Ce=0.14 - 0.25. B craTthe
[Belore and Buist, 1994] npuBozsTcs pe3ysibTaThl aHaiu3a i 13 copToB ChIpoit HePTH U MOKA3aHO,

gro K03 duIeHT ar u3Mmensiercs B npeaenax ot 1085 mo 17838, korddummeHT aev M3MEHsIETCS B
npeznenax or 2.8 1o 16.95, koaddurment C, = 7*107*°C™,

BwmecTo nH)KeHepHOTO IoIX0/1a IS pacueTa U3MEHEHUS IJIOTHOCTH 32 CUET UCIIAPEHUS JICTKUX
¢bpakuit (6.19) MOXKHO MepecuuTaTh IVIOTHOCTH CMECH MO M3BECTHOM TIOTHOCTU Y3KUX (PpaKIIMiA.

[IpuBeneM mone3Hble Il JATBHEWUIETO HM3JIOKEHUS COOTHOLICHHUS, CBS3BIBAIOIINE Xi,Cim , G —

MOJIbHYI0, MaCCOBYIO M OOBbEMHYIO KOHIIEHTPALlUHU KOMIIOHEHTOB CMECH:

Ny
X; =N,/ DN, (6.26)
k=1
N,
Cl=m/>m,, (6.27)
k=1
C"=XM,/M,, (6.28
Ci =P XiM; /My, (6.29)
Ny Ny
Mo=>m /D> N,, (6.30)
k=1 k=1

Trac N , M — KOJUYECTBO MOJICHi M Macca 1-Toro IICEBAOKOMIIOHCHTA, Mi — MOJICKYJIApHAasA
I I

Macca I-Toro IICECBJOKOMITIOHCHTA, Mo — CpCaHAd MOJICKYJIIpHasd MacCa CMECHU (HC(I)TI/I), Poit —

IJIOTHOCTH HEe(TH.
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HN3MeHeHne Macchl IICCBAOKOMIIOHCHTa 3a CYCT HUCHAapCHUA IMPUBOAUT K H3MCHCHUIO

Ny

CYMMapHOro obbemMa cmecu V= ZV' , IIPUHHUMasg 4YTO 00beM OTACIBHOIO KOMIIOHCHTA
i=1

m@© 3

paccuuThiBaeTcs 1o cootHomenuto V,(t) = 127, a oOmas mMacca B pasnuse pagaa M, (t) = Zmi ().
Pi =L

Takum obOpazom, ¢ yueroMm (4.15) MOKHO paccuuMTaTh M3MEHEHHUE IJIOTHOCTU MCXonHOW HedTH. Kak
OBUTO HWCcchenoBaHo B [3ayena u dp., 2020] uameHeHne (PaKIMOHHOTO COCTaBa 3a CYET HCIAPEHUS
CYIIECTBEHHO 3aBUCUT OT TOJIIMHBI clios HedTH. ToHkme cionm HedhTH WM HeTernpoayKTa
ABOJIIOIMOHUPYIOT 3HAYMUTENBHO OBICTPEE OTHOCUTEIILHO TOJICTBIX CloeB. JlucneprupoBaHue
MPUBOJIUT K YMEHBIICHUIO TOJIIUHBEI CJI0SI He(DTH HA TMOBEPXHOCTH M, KaK CIIEICTBHE, YCKOPSIOTCS
MPOLECChl  M3MEHEHHUS  COJIepKaHWs  (QPaKIUil, TPUBOIAIIAEC K YBSJIMYCHUIO IIOTHOCTH
BBIBETPHBILICIHCS HEPTH.

Kak ObLI10 yKa3aHO BBIIIIE, OCHOBHBIM IPOILIECCOM, OT KOTOPOT'O 3aBUCHUT Cyab0a HeTH B MOpe,
SBIIICTCS pacTekaHue. PacTexkanue HEPTH IO MOBEPXHOCTH MOPSI COMPOBOXKIACTCS IMPOIECCAMU
BBIBETPUBAHHUS — WCIIAPEHUEM WM TIEPEeXOJ0OM dYacTH He(TH B 3arps3HeHHe aTtMocdepbl H
€CTECTBEHHBIM JIUCTIICPTUPOBAHUEM — YIAJICHHEM HE(PTH C TIOBEPXHOCTH 3a CUET Pa3pyICHUS BOJTHAMHU
U TIEPEXOJIOM B BOJHYIO TOJILY B BUJIC MEJIKHX Kamellb. YJaJeHHEe W3 He(TH JIETKUX (Ppakiuit
MPUBOJUT K W3MEHEHHWIO TJIOTHOCTH W BS3KOCTH He()TH Ha TMOBEPXHOCTH MOps. boiee CHIBLHBIM
MEXaHH3MOM YBEIWYCHHS BS3KOCTH HE(PTH Ha IMOBEPXHOCTH SBJSETCS TMPOIECC OOpa3oBaHUs
AMYIBCUU THUIA BOJAA-B-HE(TH, 32 CYET KOTOPOTO BSA3KOCTh UCXOAHON HEPTH MOXKET YBETUUUTHCS Ha
HECKOJIBKO MOPSIKOB.

VYBenuueHne BSA3KOCTH HEPTH TPHBOTUT K TOMY, YTO CYIIECTBEHHO 3aTPYIHSICTCS

C€CTCCTBCHHOC NUCTICPTUPOBAHUC IIJICHKA He(l)TI/I B KaIlJIn.
6.3.2.2 OcobeHHOCTU pacrnpocTpaHeHUs HePTU C BLICOKOU TeMnepaTypoun TeKy4ecTun

Jis HedTEenpoayKTOB C BBICOKOW TEMIIEpaTypoil TEKy4ecTH, NMpH JOCTH)KEHUH KOTOPOH OH
MPaKTUYECKH TepsieT CBOM TEKy4yue CBOWCTBAa U pacTeKaHuWe IpeKpallaercs, aajbHeilliee
pacnpocTpaHEeHHE IO MOBEPXHOCTH BOJbI IPOMCXOJAUT B OCHOBHOM BCIIEJICTBHUE TOPHU30HTAIBHOM
TypOyneHTHOH Iu(Qy3un, 4TO0 HEOOXOJUMO YUHUTHIBATH B MOJENM JUISl TOJYYEHHUS MPaBUIBHBIX
OLIEHOK T€OMETPUYECKUX pa3MepoB HE(YTIHOTO 3arps3HEHUS.

B 3aBucHMOCTH OT ce30Ha, MPH pa3iMBe W3 MOJBOAHOIO y4yacTka TPyOONpoBOJia BO3MOYKHBI
CIIEHApUHU PACIPOCTPAHEHUS KaK IO CBOOOJHON MOBEPXHOCTH BOJIbI, TaK W O] CIUIOIIHBIM WU
OUTBIM JIBJOM, TPU ATOM JWHAMHKA PACHpOCTpaHEeHUs He(PTH M e€ TeIUIo0OMEeHa ¢ OKpYyXKarolei

cpenoii OyIyT CyIIECTBEHHO OTJIMYAThCA.
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3ajava O BIMSIHMM BA3KOCTH HE(TH Ha IpOIECC PACTEKaHHUs TECHO CBSA3aHA C M3MEHEHUEM
TeMmmepaTypsl HeTH Ha TOBEPXHOCTH BOABI. [10CKONbKY, KaK MpaBUIIo, Meperpys3ka HedTenpoayKToB
C BBICOKOH BSI3KOCTBIO (HEKOTOPBIX BUJOB ChIpOH He()TH, Ma3yTa U T. J.) HIPOU3BOIUTCS B MOJAOTPETOM
1o temnepatypsl 60-80°C cocTossHMM, CKOPOCTh UX PAcpOCTPaHEHMsI B CIy4ae aBapuUMHOIO IpoJinBa
B BOJly B 3HAUMTEJIbHOHN cTENEHN OyAET ONPEeaeAThCS CKOPOCThIO OCThIBAHUS.

3aBUCUMOCTb BSI3KOCTM HE(TH OT TEMIIEpaTypbl ONUCBHIBACTCS SMIIUPUYECKON (HOpMYyIIOH
Banbrepa lg[lg( v, + 0.7)] = A- BlgT.

g onpenenenus napamerpoB A u B ucnonb3yrorcs 3HaueHMsI BA3KOCTHU, U3MEPEHHBIE IIPU
IBYX Ppa3JIMYHBIX TEMIIEpaTypax. OTH COOTHOILEHUS, XOTS U YNPOILUEHHBIE, OTPakat0T OCHOBHYIO
0COOEHHOCTh TEMIIEPAaTYpPHOH 3aBUCHUMOCTH BSI3KOCTU MHOTMX THIOB HedTu. 11 HEPTH ¢ BBICOKUM
cojepikanueM mnapaduHOB jgaxe npu Temmeparypax Bbime 0°C 3TH COOTHONIEHHS MeEpPECTaloT
BBINOJIHATBECS, Oojee TOro, He(pTh NPUOOpETaeT HEHbIOTOHOBCKUE CBOMCTBA, T. €. CBOWCTBA
OMHTaMOBCKOM KHJIKOCTH C HEKOTOPBIM IIOPOTOM TEKYUECTH, TAK)KE 3aBUCSIINAM OT TEMIIEPATYPHI.

B cinydae BricokomapaduHHCTOW HePTH, MPH Temreparypax OJNM3KHX K TeMIeparype
3aCThIBaHUS HE(PTh IOJHOCTBIO TepsieT TeKyuecTb. B ciyuyae pacTekaHus 1o, WU 1OJ TBEPAOH
MIOBEPXHOCTBIO, HAIIPUMED, O] CIJIOUIHBIM JIBJOM, 3TO OyJeT O3HayaTh MPEKpallleHHE PacTEeKAHUS.
[Ipu pacnpocTpaHeHWH 1O CBOOOJHOW MOBEPXHOCTH BOJBI, 3TO NPHUBOAUT K TPEKPALICHUIO
IPaBUTALMOHHOTO PACTEKAHHUS, U JaJbHENIIEMy pacpOCTPAHEHUIO 3a CUET TypOYyIeHTHON AU Py3uH.

[To nanueiM 3akazunka OOO «Bapanneiickuil TepMuHa» TemMreparypa nepekauku HeTH 1o
Tpy6onposoay 1o 55 °C, remnepatypa 3acteiBanus HedTn oT 18 10 22 °C.

VYuurteiBas, 4TO Bs3Kass HEe(Th MPU PACTEKaHUU MO MOBEPXHOCTH BOJbl UMEET TEHICHIIMIO
00pa30BbIBATE POBHYIO, «CTOJIOOOPa3HyIO» MOBEPXHOCTb, M IPU CBOOOJHOM paCTEKaHUU
MaJIONO/IBUJKHA OTHOCHUTEJIBHO BEPXHErO CJIOS BOJBI, MOKHO PAacCMOTPETh OJHOMEPHYIO 3ajady
TEII000OMEHA OTPaHUYEHHOTO CJIOS JKUKOCTH, HaXOSIIErocsi Ha OBEPXHOCTH MOIYOTrPaHUYEHHOTO
CJIOSl APYTOM KUIKOCTHU (CUMTas, UTO NTyOMHA 3HAUUTEIbHO IMPEBHIIIAET TOJIIIUHY HEPTH).

Bpewmsi, HeoOxoaumoe JUIsl OCThIBaHUSI HEPTENPOIYKTa, MOYKHO MPUOIMKEHHO OILEHUTD, €CIH
paccMaTpuBaTh CONPSDKEHHYIO 3aady TEIUIONPOBOJHOCTH, B KOTOpod aBe obmactu Vi u Vo,

OrpaHUYCHHAA U MOJYOIrpaHUYCHHAsA, 3alIOJIHCHBI PA3HBIMH KUJAKOCTAMH, U UMCIOT O6H_Iy10 rpanuny

S. Pacipenenerus Temneparyp T, =T, (X,t) B o6mactu 0<x<h u T, =T,(X,t) B oGnact h<x<oo

OIMUCBIBAIOTCA YPAaBHCHUSAMMU TCILIOMPOBOJHOCTH COOTBETCTBEHHO

oT, o°T,

a_tl:alaTzl oI 0<x<h (6.31)
T. T

% =a, aaxzz Wit h<x<ow (6.32)
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rue o, o,- kodbduuueHtsl TeminoodmeHa, T ,,T, - Temmeparypa B ciioe HE(TU U BOJBI
COOTBETCTBEHHO.

Hedrr B HavanmbHbIi MOMeHT t = 0 nmeeT TemmnepaTypy To, @ BoAa — Tow, KOTOPYIO Oe3 moTepu
OOIIIHOCTH MOXKHO CYMTATh HYJICBOM, Ha rpaHuIe X = h 3a1anbl conpsuKEHHBIC TPaHUYHBIC YCIOBUS, HA

OCCKOHEUHOCTH TeMIIepaTypa CUMTaeTCs HyJIeBOM, a Ha cBoOomHOU rTpanuue Hedprtu (X = 0)

MoAACPIKUBACTCA IIOCTOSIHHAA TEMIIEpATypa Ts:

T1=To nput=0

T2=0 nput=0

Ti=T2 npu X =h

A40,T, =4,0,T, npu X = h

Ti=Ts npu X =0

T2—0 IIpH X — 00
T1=To nput=0

B atux ycnoBusix 3agaua umeer peuenue (JIpikos, 1967):

T (x,1)-T 2 -
LTy _ = Erfc +Zh Erfc| 2MHX | e 202X ||
TS _T 2»\’ n=: 2 2 alt

(6.33)
Ty 1 2nl =1+ x 2nl—1-
TR [Ef[ 2 et J Ef[ 2 et H
T,(xt) K | T, x—I © 2n-DM +x 1
T T _1+K{Ts T Erfc[Z@J+2;h Erfc[ 2ot ﬂ+ -

2KT, Zh“‘lEfc 2nM —1 +x
(1+K) (Ts—T,) n2 2\at

hoi=K K:ﬁ/ﬁ,mzlfﬂ, (6.35)
1+ L\ a,

A1, A2 — K03 PHUIMEHTHI TEMIIOMPOBOAHOCTA HE(PTH U BOJIBI COOTBETCTBEHHO,

e

o1, o2 — K03 (PUIUMEHTHI TEeMIepaTypOpOBOJHOCTH.
Hwuxe npuBeneHsl npuMepsl pacuéra M3MEHEHUsS! TeMIIepaTyphl B clioe HETH U BOJBI, NMPHU
HavanpHOH TemmepaType Heptr TO = 55°C, Boasr 0°C, u mocrosHHO# TommuHe crnos Hehtn 1=3CcM

(Pucynok 6.3a) m 1 cm (Pucynok 6.30). OcraibHble mapaMeTpbl ObUTM BBIOpPAHBI CIEIYIOIIUMHU
[[ypesuu, 1972]:

01=0.92-107 m?/c, HedTh

02=1.4-10" m?/c, Boma
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A1=0.169 B1/m °K (HedTs)
A2 =0.56 Bt/™m °K (Boza)

40

30
30 o
T.°C T.°C

T T 0
0 0.01 0.02 0.03 0 0.002 0.004 0.006 0.008 0.010
z.m z,.m
3 —6

[—100¢ 1 nve 1 1ac — 10s

a) h=3 cm b) h=1cm

PucyHok 6.3. I3MeHeHue TeMIepaTypsl ciios HedyTH TONIMHON 3 CM 1 1 CM IIpH HaualIbHOH
temnepatype 55°C u Temneparype Boasl 1 Bo3ayxa 0°C

Ln

0 T T T T 7
0 0.010020.03 0.04 0.050.06 0.07 0.08 0.09

M

[—s3—30 1 1ac|

Pucynok 6.4. I3MeHeHue TemnepaTypbl B BEpXHEM CJIO€ BOJIbI TP TONIIKMHE HEPTH 3 CM MpU
HavanpHOI TemmepaType 55°C 1 HaganbHOI TeMrepaType Bojsl U Bo3ayxa 0°C

2000 3000
te

0 1000

|— v10n 1/2h 3/4h — — Avg|

Pucynok 6.5. MI3meHnenune temnepatypbl HeprenpoaykTa Ha paccrostausx 0.1, 0.5 u 0.75 h ot
TIOBEPXHOCTH BOIBI TIpH TommuHe ciiost Heptr h=30mm, mpu To=55C. KpacHsIMH THHUAMY TTOKA3aH
JIMara3oH TeMIepaTypbl TEKY4eCTH.
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N3 Pucynka 6.5 BUIIHO, YTO MpU TOJIIKHE €0 HEPTH 3 CM BpeMs €ro OCThIBaHUS J0 TOYKH
texyudectr (18- 22°C) cocrapnser B cpennem 15-20 MUHYT, IPU 5TOM MeJIEHHEE OCTBIBAET CPEIHHIL
cioit (25-30 MunyT).

B peanpHBIX cleHapusX pPa3IMBOB BpEeMs IOCTIIKEHHUS TEMIEpaTypbl TEKYYECTH MOXKET
MEHATHCSI B 3HAUUTEIBbHBIX Npeenax. O4eBruaHa 3aBHCUMOCTh CKOPOCTH OCThIBaHHS HeTH OT 00BEMa
pa3nuBa, TeMmmepaTypbl He()TH M OKpY’KaloIed cpenbl, B HEKOTOPOH CTENEHH CKOPOCTH BETPA,
pasmepoB u KoH(purypauuu pasznuBa. OT CKOPOCTH BETpa W TEUYEHHUS B TOYKE paszivBa 3aBUCHT
IUTOIIA b Pa3JINBa.

B 3aBHCMMOCTH OT JIOKAJIbHOW TOJIIMHBI M CKOPOCTH Te4eHHs, He(Th OyAeT 3acThIBaTh
HEpaBHOMEPHO, 00pa3yss Ha TMOBEPXHOCTH IUICHKY, KOTOpas MOXET OKa3blBaTh OOJIBIIOE
COIIPOTHBIICHUE PACTEKAHUIO.

B paznene 6.4.5.1. B Tabnuie 6.3 npuBeIeHBI CTATUCTHYECKUE TAHHBIE O TEMIIEPAaType BOJBI MO
nanHeiM 'MC Bapanneii, 3 KOTOpbIX ClelyeT, YTO B 3MMHEE BpeMsl TeMIIepaTypa BOJIbI COCTABIISET -
1.8°C, momnumasice B aBrycrte-mecsiie no 3HadeHuid mnopsiaka 9-10°C. CoriacHO MHOTOJIETHUM
HAOJIOACHUSAM B JIeTHEEe BpeMs 3adUKCHUpOBaHA Takke Temmneparypa mnopsaka 20-23°C, ogHako 3TH
3HAYEHHS TEMIIEPATYpPhl OTHOCATCS K KpaliHe MaJIOBEPOSITHBIM.

Tem He MeHee MPHUBOJMM pacyeT U3MEHEHHs MapaMeTpPOB pas3liMBa MPHU TPEX TeMIlepaTypax —
0°C, 10°C, 20°C. HecmoTps Ha TO, 4YTO TeMmIlepaTypa BOJbI MPUMEPHO paBHA TEMIIEpaType

3acThIBaHUS HE(TU U MOXKET ObITh BbIlIe, Opu npubmmkeHuu temmeparypsl oT 55°C (ot 29°C npu

aBapuu TaHkepa) a0 20°C u3MEHEHMs] BS3KOCTH 3HAYUTEIHHOE M CKOPOCTh HCIAPEHUS TaKkKe
orpanuueHa nuddysueit B xuakon dase.

Kak BHOHO U3 puUCyHKAa, BpeMsl OCTbIBAaHUS CJOsd HEPTH 10 TemIepaTyp ONM3KUX K
TEMIIEPATYPE 3aCThIBaHUS UMEET MOPSAAOK BEIUYMHBI OT HECKOJIBKUX MHMHYT JIO MEPBBIX YacCOB I1OCIIE
pasnuBa. TonmMHa MATHA MPU 3TOM OINpPENENIeTCsl MPOJODKUTENIBHOCTRIO cOpoca U ero 00beMOM.
[IpuBenennbie Ha Pucynke 6.6 OLIEHKM BpeMEHH, HEOOXOAMMOM JJi1 3acThbIBaHUS HEPTH,
COOTBETCTBYIOT JBYM TOJIIIMHAM HE(QTSHOTO MATHA Ha moBepxHOcTH — |1 u 3 cm. OpHAaKo pacyeTs
IIOKAa3bIBAIOT, YTO B pacTEKaHUE [0 TOJLIMH Mopsiaka 1 cM npoucxoaut 3a Bpems meHee | yaca. Takum
o0pa3om, ecTb OCHOBAHMs JJIs1 BBIBOJA, YTO BpPEeMs OCTHIBAHHs HE(THU MO TeMIepaTypbl 3aCTHIBAHUS
UMeeT TMOPSJOK BEIMYMHBI MEPBBIX MHMHYT M JECATKOB MHUHYT IOC]e Hadana cOpoca A Bcex

BO3MOXHBIX B paitone BHOT Temmeparyp mopckoii Bonbl. Ha PucyHke 6.6 MyHKTHPHBIMHU JTHHHUSIMA
o
BBIICTICH JMana3oH temmepatyp 18-22°C, npubnuowcasce K KOTOPOMY BSI3KOCTh HE(TH PE3KO

BBIPACTACT, 4 UCTTAPCHUC B COOTBETCTBUU C (2) YMCHBIIACTCH.
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TOJIIMHOM 3 CM NpHU pa3juBe U3 TAHKEPA TOJNIIMHOM | cM Mpu pa3iauBe U3 TaHKEpa

Pucynok 6.6. CxemaTu3arysi ©3MEeHEHHs TeMIepaTypbl He()TH MPH MO JaHHH Ha MOPCKYIO
ITOBEPXHOCTh

BriBoamI:
1. Pactekanue He(TH MpeKpamiaeTcs MpU JOCTHKEHUM HE(PTHIO TeMmImepaTypbl TeKydecTH. B sTor
MOMEHT He(TSIHOe MATHO pa30MBaeTCs BOJHAMH Ha OTACIbHbIE KYCKA U YBEIHUYEHHUE TUIONIAIN

3arpsi3HEHUS] TMPOMCXOAUT 3a cdeT TypOyneHTHOM auddys3uu. TonumHa (parmeHToB OyaeT

0CTaBaThCs MOCTOSHHOM M COOTBETCTBOBATH MOMCHTY 3aCTbIBaHUA.

2. UcnapeHne HepTH NPaKTHUECKH MPEKpallaeTcs MpH YBEIMYCHUH BS3KOCTH HE(PTH B CBS3U C

IIOHMKEHUEM TEMIIEpaTypPhl
3. JlucneprupoBaHue BHICOKOBS3KOH HEPTH HEBO3MOXKHO.
[To sTumM mpuymHaMm B TabiuLax ¢ pe3yJbTaTaMH pPacueTOB OCHOBHBIX IapaMETpPOB pasiinBa

OCTAIOTCSI MPAKTUYCCKH HEM3MCHHbIMH KosmuecTBa (1) wmcnapusiieiics nedrtu, (i) KommuyecTBa
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JWCIIEPIHPOBAHHON He(TH TMocie MOMEHTa BpEMEHH, KOTJa TeMmIeparypa B cioe HepTH
NPUOIIKACTCS] MM CTAHOBUTCS HU)KE TOYKH TEKYYECTH, TaK KaK U UCIApEHHE U JUCICPrHPOBAHUC
BO3MO>KHBI JIUIIH JJIs1 HEPTEH ¢ HE CIUIIKOM 00JbIol BI3KocThio (10 10000 Cer)

[Ipu pacTekaHHK OO CHIOUWIHBIM J16OOM HEPTH HAXOAUTCS MEXKIY HOITYyOrpaHHYCHHOM CIIOEM
BO/JIbI U TBEPOI OBEPXHOCTHIO.

JIns mosydeHus: OLIEHOK PacHpOCTpaHCHUs NapapUHUCTOW HE(PTH IMOJ CIUIOMIHBIM JIbJIOM
HEOOXOMMO PACCMOTPETH CIIEAYIOIIIE COCTABIISIIOIIUE (CTaANH) poLiecca:

- TEIJIOOOMEH C OKPY’Karolel BOJOH U pacTeKaHUE KHUIKONH He(TH IO/ HOBEPXHOCTHIO JIbJIA C
y4ETOM YBEIHYCHUSI BI3KOCTH P OCTHIBAHUH HED)TH

-TEII000OMEH U IIJIaBJICHUE HUYKHEH MOBEPXHOCTH JIbJa

-KpUCTaIIM3anus napaduHOB MPH OCTHIBAHUU HEDTH

-TeII000MeH He)TH B TBEPAOM COCTOSIHHH CO JIbIOM U OKpYIKarolieil Bo1oi

DTO JOCTAaTOYHO CIIOXKHAS THAPOTEPMOJMHAMHYECKAs 33j1a4a, pelIeHHe KOTOPOH BO3MOXKHO
YHUCJIICHHBIMH METOJaMH. BMecTe ¢ TeM MOXKHO MOIBITATHCS MOJIYYHUTh NPUOIMIKEHHBIC OIICHKU
BEJIMYMH, pacCMaTpuUBas pPaBHOBECHOE COCTOSHUE, KOTJa HE(PTh NPEKpaIlaeT pacTeKaHue Ioj
HOBEPXHOCTBIO JIBJIA.

Ecnu pactekaromasicsi CyOCTaHIHsI OTHOCHTCSI K HBEOTOHOBCKHM YKHIKOCTSIM IIPU Pa3jIuBe 100
NOBEPXHOCMbIO 1b0A TEOMETPUYCCKUE XaPAKTEPUCTUKHA HE(TIHOTO 3arpsi3HEHUS B OOJIBIION CTEIICHH
3aBUCIT OT MOP(OJIOTHH HIKHEW TOBEPXHOCTH JIbJia, KOTOpas Hauboyiee HEOJHOPOJHA B KOHIIC
JIEIOBOTO CE30HA U MPAKTHYECKH TOPU3OHTAIIbHA B CIy4ae MOJIOJOTO Jibaa. [Ipu pasnuBe moj riraakum
Jp10M HeTh OynIeT pacTeKaThCs 10 HEKOTOPOH MUHMMAIBHOW TONIIMHBEL, mopsaka 0.5—-1 cm, Oonee
TOYHO OTpENeNsieMOi OalaHCOM CHJI TUIABYYECTH M MEXK(Pa3HOTO HATSHKCHHUS, UCXOIS U3 KOTOPOTO
MOXHO ONpEACIHTh XapaKTepHble pa3Mmepsl oOpasyromerocs 3arpsizHenusi [Konno and lzumiyama,
2002].

B ciaydae mpomomKHUTENBHOTO UCTOYHHMKA pa3Mep IMOUIEHOTO 3arpsi3HEHUs OyAeT pacTH co
CKOPOCTBIO, 3aBHCSAIICH OT MHTEHCHBHOCTH HUCTOYHUKA, TAPAMETPOB HEPTH M IEPOXOBATOCTH HUKHEH
MOBEPXHOCTH JIbJIa. ACHMITOTHYECKYIO OIEHKY XapaKTepPHBIX Pa3MEpPOB B 3TOM CJydae MOXKHO
MOJYYUTh, UCXOJSl U3 PACCMOTPEHUS OallaHCa OCHOBHBIX JACHCTBYIOIIUX CHIL.

[Ipu mocrostHHOM pacxoje (MPUTOKE) HEPTH paanyc OyAeT MOCTOSIHHO yBeIH4YHBaThCs. Ecim
UCKJIIOYUTh W3 PACCMOTPEHHUS CHIIy TOBEPXHOCTHOTO HATSDKSHHS, Ui TPaBUTAIMOHHO-BSI3KOTO

pacTekaHus MpU NOCTOSTHHOM pacxojie (MpuToke) HeTH MOKHO MOTYYUTh COOTHOIIIEHHE
dR " ApgQ3t® 0,0t
dt —  °\2m3u,R7 mu,R3

Takum oOpa3oMm, JUIMTEIbHBIA Pa3MB MO CIUIOIIHBIM JbJAOM, B OTJIMYHE OT MTHOBEHHOTO,

(6.36)

Oyner pacTekaTbcsi BCE BpeMsl AEWCTBUS MCTOUYHHMKA (Q, TOCie MpeKpalleHus: UCTeUeHUs — 0

PAaBHOBECHOM TOJILLUHBI.
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N3-3a BBICOKO# yIE€IBbHON TEIJIOTHI TIJIaBJICHUS JIbJa MEHBIIAs YacTh TEIJIOTHI HArpeToi HedTH
U3paCXOJlyeTCsl HA HArpeBaHUE HW)KHEH MOBEPXHOCTH JIbJd, ¥ OTHOCUTEIBHO OOJbILIAs 4acTh — Ha
IpeBpalleHre HEKOTOPOTO KOJMYECTBa JibAa B BoAy. Ecim mpeHeOpedb TEIioM, pacxogyeMbIM Ha
HarpeB OKpYy»arollei BOJAbl U, 3HAS PAaBHOBECHBIN pajinyCc pacTeKaHUs HEPTH, MOKHO MPUOIMKEHHO
OIICHUTh TOJIIMHY pacTasBmero jpaa. s cuenapus 1 m 2 sto Oyzer okomo 7.3 m 7.6 MM
cooTrBeTcTBeHHO. J{ns cueHapus 3 cpemssist ToiamuHa Oyaer mopsaka 11 mm, T. e. mponurtas HepTh
Bpsi K OYJET CIOCOOHA PaCTONMHUTh CKOJIBKO-HUOYIb chopMupoBaBIIHiicsS JIE HA BCIO TONIUHY. B
Cllyya€ CYIIECTBEHHOW HEpPOBHOCTH HI)KHEH IOBEPXHOCTH JIbJla, BO3HHMKAIOIIUX BCIEACTBUE
nepopmaiuii, HEpaBHOMEPHOTO TasHUS WIM HapacTaHWs, JIOKaJIbHbIE TOJIIMHBI HE(OTH MOTYT
3HAQUUTENIbHO TMPEBBINIATh CPEIHUE 3HAYCHHUS, YTO MOXET IPUBECTH K MPOTAUBAHUIO JIbJAa W
00pa3oBaHMIO «03Ep» HEPTH HA TIOBEPXHOCTH.

[Tocne octhiBaHus HETH HA €€ HUKHEH rpaHuile OyneT MPOUCXOAUTh HaMep3aHUE HOBOTO
JbAa, B pe3ysibTaTe JTUH3a HEPTH OKAXKETCS BMOPOKEHHOU B NEN U, eciiid HeTh OCTAaETCs B TEKy4YeM
COCTOSIHMH, PAHO WJIM MO3JHO OKAXKETCS Ha MOBEPXHOCTH, OJlarojaps HAJIMYMIO COJIEBBIX KaHAJIOB, IO
KOTOPBIM HE(PTh MOXET MUTPHPOBATH. DTOT MPOLECC 3HAYUTEIHHO YCKOPSETCS BO BpeMs IEpuoa
TastHUSL.

BrlmeckazanHoe, MO-BUAMMOMY, HE OTHOCHTCA K TUIAM He(QTH, 3aCTHIBAIOIIUM IPHU
TeMIIepaTypax BBIIIE TEMIIEPaTyphl OKpysKaromen cpeapl. Pactekanue ropsdeid HEPTH MO0 JIHIOM
MMeEeT aHaJIOTHUIO C TEYEHHE JIaBbl IIPU M3BEP)KEHUU BYJIKaHOB. JlocTaTOyHO OBICTPO OCTHIBasl MpHU
KOHTAaKTE C MOJCTUIAIOUIEH OBEPXHOCTHIO, ropsyas jaBa MPOJI0JKAET JIBUKEHHUE 10 CKIOHY, B TOM
qyclie TI0O CBOMM, YXKE€ TPEBPATUBIIMMCS B TBEPOE COCTOSHHUS, PAHEE 3acCTHIBIIMM (PparMeHTaM.
[Toxoxuii crieHapuii TeUeHUsI JOJKEH Peain30BaThCS M IIPH pa3iuBe HePTH u3 Tpydonposoaa. [locie
3acThIBaHUS HEPTH OyJET MPOJOIKATh OCTHIBATH J0 TEMIIEPATYPbI 3aMep3aHusl BOJbI, MIOCJE YEro, TakK
ke, KaK ¥ HBIOTOHOBCKAsl JKUIKOCTh OKa)XETCS BMOPOKEHHOW B NeAssHoW mokpoB. [lapadunucras
He(Th, IO Bcel BEPOSATHOCTH, CITIOCOOHA OBITh HAJIONTO 3aKOHCEPBUPOBAHHOM JIbJIOM, U TIOSIBIISITHCSA Ha
MOBEPXHOCTU TOJBKO B IEPHOJ BECEHHE-JETHEro TasHUsS, PacIpoCTpaHsAsACh OT TOYKH cOpoca

HUCKIIIOYHUTECIBHO JABMKXCHUCM JICASAHOT'O ITOKPOBA.

6.4 XapakTepucTHkKa rujpoMereoposiorudeckux ycjaopuii [lewopckoro mopsi

Bapanpeiickuit Hedreorrpyzounsiii  TepmuHan (BHOT) HaxomuTcss B 10KHOM yactu
[Tedopckoro mops, Ha paccTositHUM 23 KM K ceBepy OT moisryoctpoBa Bapanneii. [ledopckoe mope —
4acTh IOr0-BOCTOUHOM oOsactu bapenueBa mops. ['panuns [ledopckoro Mopst nokaszansl Ha PucyHke

6.7.

107



Bapenyeeso Mope
/ (lo2zo-eocmovyHan vyacms)

/ Sy Mevopcxkoe mope

/ B oo0aapurs y

Konsckwit n-os
Benoe mope

Mpannubi w0ro-socTounon YacTn Bapenyesa Mops
= = Mpanvua Benoro mopn

* Tpanmnub Mevopexoro Mopa

Pucynok 6.7. I'panuis [ledopckoro Mops
6.4.1 JlenoBble ycjioBUs

WcTouHNKM NTaHHBIX O COCTOSIHMM JIeAOBOro mokpoBa lledopckoro mopsi pa3zHOOOpa3HbI:
CyJIOBbIE HAOJIO/ICHNUS, aBUALIMOHHBIC JIEOBBIC Pa3BEIKH, HAOIIOJACHHS HAa THIPOMETEOPOIOTHUECKUX
CTaHUMSIX (pAapl JaHHBIX MPOROJDKUTENbHOCTHI0 OT 40 no 100 ner) [M3MeHUMBOCTH IPUPOIHBIX
ycnoBuil..., 2004], cnytHukoBbie qanHble. B Tabnuie 6.1 nmpuBeneHsl cpeJHEMHOTOJICTHHE JaHHBIE O
nenoBoM nokpose B [ledopckom mope [ KomiiekcHbIe jieoBbie UccieaoBanus. .., 2004]:

Tabmuma 6.1. CpeHEeMHOTOJIETHHE CBEICHHUS O JISOBOM TTOKpoBe B [ledopckom Mope

[Mokazatenu X Xl Xl I 1 " v \Y VI VIl
BepositHOCTB
Hannuust, % 2/100  [45/100 |93/100 |(100/100 |100/100 |100/100 [97/100 |83/100 |63/100 (13/100
(cp./makc)

JlenoBurocth, %

-/15 7134 26/63  [44/70 |59/99  [65/99  [74/100 |56/100 |[28/93  |6/58
(cp./makc)

CIUIOYEHHOCTb,

9/10 9/10 10/10 |10/10 |10/10 |10/10 |9,5/10 |8/10 7,5/10 |3,5/10
Oam (cp./mMakc)

TopocHucTocTs,

-/- 1/1,5 1,5/2 2/3 2,5/3,5-4|3/4-4,5 |3/5 2,5/3 2/- 1/-
6a (cp./mMakc)

JlnamazoH CpOKOB 3aMep3aHHs IOrO-BOCTOYHOM wyacTh bapeHmeBa mopsi cocramiser 2-3
MecsIa, a JAMana3oH BO3MOXHOIO OYHILEHHUS - OKoio 3 mecsueB. Ipu OnaronpusTHBIX YCIOBHUSIX
JIeIOBBIN MEPUOJT COCTABISIET Beero 3-4 mecsna, a 6e3nequsiii — 8-9 mecsues. [lpu HebmaronpusTHHIX
YCIOBUSIX MPOJOJLKUTENBHOCTD 3TUX TTepuoAoB 10-11 u 1-2 Mecsiia COOTBETCTBEHHO.

Jns Bapanpeiickoro 6epera B TeueHHE MEPBOM MOJOBUHBI 3UMbI XapaKTEPHO HEYCTOMUHBOE
COCTOSIHME TpHUIas, COCTOSIIEro n30 jbaa ToamuHon 0,2-0,3 M, KOTOpBI MOXET B3JaMbIBATHCA
HECKOJIbKO pa3 MOJ BJIMSHUEM 3bI0M, NMPWIMBA M IITOPMOBOro Berpa. Ilpu cpeaHux ycloBHsIX

YCTOWYMBOE CTaHOBJIEHUE IMpHUIas MPOUCXOIUT B KOHIE ¢eBpalii — MapTe, KOrjaa JieJ TOCTUraeT
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tommuebl 0,5-0,7 M. Pasmax MeXromoBbIX W3MEeHEHUH mpeBbimaeT 3 wmecsna. OObYHO mpuUIai
pacrpocTpaHsieTcs BJIOJb Oepera y3KOi 30HOM 2-5 KM, HO B CypOBBIE€ 3UMBI, IIPHU YAAJCHUU KPOMKHU
JBJ0B Ha 3amaj, ero WupuHa Moxet ngocturath 10-15 km. M3omunusa 100 % noBropsieMocTH HaIU4Us
Ipumas MNpUMEPHO COBIAJACT C IOJOXKEHMEM M300aTbl 5 M, a MpPHU HAJTMYUU OCTPOBOB HACTHUUYHO
coBnajaer ¢ nzobaroii 10 M.

[To mepe 3amep3aHus aKBaTOPHH, OOBIYHO B HOSOpe-mMapTe, KPOMKa JIbJOB IEpEeMENIacTCcsl B
3arajgHoM HaripaBiieHuu npuMmepHo Ha 800 kM. Ilpu cpeqHEeMHOroeTHUX yCIOBUAX KpaliHee 3arajHoe
II0JIO’KEHHE KPOMKH JIBJIOB IOCTUTAaeTCsl B IEPBOM MOJI0BUHE anpers. [Ipu cpeaHux yciaoBusx KpoMka
MpoXoauT 1o JUHUM oT 40° 10 48° B.1. HA CEBEPHOI I'paHUIIE FOTO-BOCTOUHOM YyacTu bapeHiieBa Mopsi,
IIPU TSDKEJIBIX YCIOBUAX KPOMKA JIb0B BBIXOJMT 32 Mpeesbl I0ro-BocTOUHON yacTh bapeHiueBa Mopsi.

[To mepe ouuniieHUss MoOps, OOBIYHO B Mae-UIOHE, KPOMKA IE€PEMEILIAETCSI B BOCTOYHOM
HanpasiieHuu. K cepenune uioms, npu JIETKUX YCIOBUSX, BCSI aKBaTOPUsI MOPSI OUMILAETCS] OTO JIBJIOB,
a MpU CPEeJHUX YCJIOBUSX KPOMKA JIbOB HAXOAWUTCS B KpailHe BOCTOYHOW YacTH aKBAaTOpUH,
npuMsblkas k npoiuBy Kapckue Bopota. IIpu TsKenbIX yCIOBUSIX KPOMKA JIBJIOB IPOCTHPACTCS OT
Hogoii 3emnn 1o Bapannelickoro 6epera u 0OkOH4aTEJIbHOE OYHUILEHNE IPOUCXOANUT TOJIBKO B aBIYCTE.

CIJIOYeHHOCTh JIEIOBOTO TIOKPOBA OT0-BOCTOYHOW yacTu bapeHmeBa mopsi ¢ nexadps 1o
arnpesib 00bI4HO cocTaBisieT 9 - 10 GamioB, OJHAKO JIEJOBBIH MOKPOB OOBIYHO HE 3aHUMAeT Bcei
aKBaTOPMHM, MaplMaIbHAs IUIOIAAb CIUIOYEHHBIX JIbJOB 7-10 OaiyioB B TeYeHME JIEAOBOTO MEpUoa
MIOCTOSIHHO yBenuuuBaercs, nocruras 70 % B amnperne.

[Ipu cpeHEMHOTOJIETHUX YCIIOBUSX HauOoJiee 3HAUUTEIbHbIE YMEHBIIEHUS IUIOIIAIN JIbJOB
Pa3IMYHBIX TPaJalUid CIUIOYEHHOCTH MPOMCXOAMT BO BTOPOH IOJIOBUHE Mas — IEPBOM IOJIOBUHE
uioHs. B Mae 0ObIYHO MOJOBHHA MOps CBOOOJHA OTO JIbJOB, 3HAYUTEIBHBIE 30HBI Pa3pEKEHHBIX U
PElNKUX JIBJOB 3aHUMarOT npumepHo 10 % muomanm Mops, a mapuualbHas IUIONA/]b CIUIOYEHHBIX
apa0B 7-10 OamnoB 3anuMaer okoio 40 %. B uroHe mpeobnanaroT pa3peKeHHbIE U PEAKUE JIbJIbI,
CIUIOYEHHBIE JIbJIbl COXPAHSIOTCS B BUE HEOONBIINX 30H B IEHTPAIbHONW MM FOTO-BOCTOYHOM YaCTSIX
aKBaTOpHM. B mepBoil MoJ0BHHE HIOJSA OCTAIOTCS TOJIBKO OT/ENbHbIE HEOONIbIINE 30HbI Pa3peKEHHBIX
U PEIIKHX JIbI0B. B BeceHHe-JIeTHUI NIEpHo/ CIIJIOYEHHOCTS JIbJI0B B I0OT0-BOCTOYHOM yacTh bapeHuesa
MOpsS HMMEET 3HAuuTEeNIbHBbIE MEXroJ0Bble H3MeHeHus. Haumbosbinas MeXrojoBass M3MEHYHBOCTH
CIUIOYEHHOCTH JIbJIOB MposBIsieTcs B Mae. JlanHble 0 nepoBuTocTu Ileyopckoro Mopsi mpuBeneHbl B
Tab6muue 6.2 [MBanoB, JIebene, 2004]

Tabmuma 6.2. JlemoBUTOCTH 10T0-BOCTOYHON YacTu bapeniena mopst 3a 1996 - 2003 rr., %

Ton Mecs Cpennee

XI Xl I 1 11 v V VI VIl XI-111 IV-VII | Ton
1996/97 | 3 6 40 70 82 88 55 5 0 40 37 38
1997/98 | 7 44 66 88 93 87 77 40 13 60 54 57
1998/99 | 58 71 86 97 91 88 77 50 5 81 55 68
1999/00 | 26 19 67 60 68 53 22 <1 0 48 19 34
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Ton Mecsig Cpennee

XI Xl | 1 11 v V VI VII XI-111 IV-VIl | Ton
2000/01 | 11 34 39 70 85 64 31 13 <1 48 24 36
2001/02 | 46 36 57 82 73 62 42 16 1 45 30 38
2002/03 | 22 41 59 53 56 40 34 16 - 46 23 34

[Ipu sKcTpeManbHO JIETKUX YCIOBUAX B CEpeAMHE Masl IUIOMIA[b MOpPS, 3aHATas JICISTHBIM
MMOKPOBOM, COCTOSIIIIEM B OCHOBHOM M3 CIUIOYEHHBIX JIbIOB 7-10 OamioB, coctaBisier okosio 30 %.
Pa3zpexxenHble U peIKue Jbbl COXPAHSIIOTCS B BUJE OTACIBbHBIX 30H, MaplyaibHas TUIOaAb KOTOPBIX
menee 5 %. [Ipumepno 70 % tutomanu Mopsi CBOOOIHO OTO JIbJA.

[Ipu cpemHux YCIOBHUSAX JIOBUTOCTH cocTaBiisieTr okono 50 %, mpu 5TOM mapuuaibHas
IJIOIaJb CIUIOYEHHBIX JIbAOB cocTaBiigeT 40 %, a pa3pexkeHHble U peAkue Jbasl 3anumaroT 10 %
akBatopuu. [lonoBuHa momanu Mopsi CBOOOIHA OTO JIBIOB.

[Tpu 3KCTpeManbHO TSKENBIX YCIOBHSIX JIEAOBUTOCTh COCTaBisieT 0koyio 90 %, mapuuanbHas
IJIOIIAIb CIJIOUCHHBIX JIbJIOB MouTH 75 %, mapuuaibHas IUIONMAab Pa3peKCHHBIX U PEIKUX JIHIOB
okouto 15 %. IIpumepno 15 % mutomniaau Mopsi CBOOOIHO OTO JIBJIOB.

B 3aBucumMoCTH OT THIA JIEJOBBIX YCJIOBUM B BECEHHHI MEPHUO]] TPAHUIIA CIUIOYCHHBIX JIbJIOB
MOJKET 3aHMMATh JIN0O KpaifHE F0)KHOE IMOJIOKCHHE, TPAKTUICCKH IPUMBIKAs K KPOMKE TpHIasi, 0o,
IIPH TSDKEJIOM THUIIE, MOKET pacroaraThes K 3amany ot n-oBa Kanun Hoc. Kakoro-nu6o yctoiunBoro
MTOCTOSTHHOTO TIOJIOXKEHUSI CKOIUICHHMS CIUIOYEHHBIX JIBJIOB HA aKBAaTOPUH KOTO-BOCTOYHOW YacTH
BapenuieBa Mopst He HaOMOAACTCS.

AKTHBHOE 00pa30BaHHE TOPOCOB Ha Jper(yromux jbAax OOBIYHO HAYMHAETCs B Jekalpe-
SITHBape, Mpu JOCTHKEeHUU JpaamMu ToamuHbl 0.3-0.5 m. B cpennem B nensHoM nokpose Iledopckoro
paiioHa mpeobiagaeT TOpOCUCTOCTh 2-3 Oaa.

Bcs akBaTopusi 10ro-BOCTOYHOM YacTH bapeHneBa MoOps O4YMINAETCS OTO JIBJOB IIPU
AKCTPEMAJILHO JIETKUX YCJIOBHSIX B KOHIIE Masi, TPU CPEAHUX YCIOBUSX B MEPBOM JIeKa/e UIOJA, a TIPU
AKCTPEMAJILHO TSKEJNBIX YCIOBUSAX B IIEPBOM JIeKa/ie aBrycra.

JlenoBbie ycClOBUS IOTO-BOCTOYHOW wyacTu bapeHiieBa Mops XapaKTepU3yIOTCS OOJbIION
MEXT0JIOBOM M3MEHUHUBOCTHIO. B TOJIBI C IETKUMHM JIEJIOBBIMH YCJIOBUSIMU TIO3/THEE JI€1000pa3oBaHUE U
HeOoJIbIIIasi MHTEHCUBHOCTh HAPACTAHMS JIbJIa MPUBOJIAT K TOMY, UYTO JIa)K€ B MEPHUOJ MaKCUMaIbHOTO
pa3BUTHS JIEASHOTO TIOKpOBAa Ha Tpaccax IUIaBaHUS OyAyT HaAOMIOJAThCS TONBKO MOJOJIbIE U
OJTHOJIETHUE TOHKHUE JbJBI (710 70 cM). B rosbl co CIOKHBIMU JISTOBBIMU YCIOBUSMU JIeJ000pa30BaHUs
HAYMHAETCS PaHO U MPOXOIUT MHTEHCUBHO. [Ipu MakcMManbHOM Pa3BUTHH Ha MYTH TUIaBaHUs OyAyT
HAXOJIUTKLCS OIHOJIETHHUE JIbALI TOMIKUHON 10 120 cM u Oolee.

Ha Pucynke 6.8 — 6.9 nmoka3aHna nemoBast 00CTaHOBKA B B STHBape M HIOJIE MTOCIIE MATKOM,
YMEPEHHOU U CYyPOBOU 3UMBI.
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Pucynok 6.8 JlenoBas o6cranoBka B bapeHieBom Mope B MATKYIO (@), yMepeHHy1o (0) u CypoByO (B)

3UMBI B SIHBApC

Pucynok 6.9 JlegoBas o6ctaHoBka B bapeHiieBoM Mope mocie MiIrkoi (a), ymepeHnHoit (6) u cypoBoii
(B) 3UMBI B amperne
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Pucynok 6.10. YcnoBHble 0603HaueHUs, COOTBETCTBYOIIHEe [HOMEHKIaTypa MOPCKHX JIbI0B, 1974]
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6.4.1.1 HomeHKnatypa MOpPCKUX NbA0B

Mopckoii  NefsiHOM  TOKpOB  SIBISIETCS  OTKPHITOM  (u3nyeckoil cucremoi. BHemnune
BO3JICHCTBUS CO CTOPOHBI BETPA M TEUEHMI, @ TaKKE€ HAKJIOH YPOBHS MOpPS BBI3BIBAIOT IIEPEMELICHUE
JbJAa, PA3IOMBI JEeISHbIX ToJei U TopoieHrue. NHTEHCUBHOCTD ATUX MPOILIECCOB 3aBUCUT OT IIMPOTHI
MecTa, MIyOHHBI MOpsl U KOH(UTypaluu OeperoB, CUCTEMbl TEUCHHI B JJaHHOM pailloHEe U pekuMa
BETPOB.

TepMuHBI, XapakTepU3yIolue IIaBatolMi JIeJ U CBA3aHHbIE C HUM SIBJICHUS, UCIIOJIb3YIOTCS
naBHO. HekoTopble M3 HUX (HECAK, cTamyxa, JieAsHoe HeOO W Jp.), BO3HHKIIME €Ille BO BpPEeMEHa
IIOMOPOB, COXPAaHWJUCh U ceivyac. HoBble NMOHATHS W TEpMHUHBI ObLUTM BBEACHBI C BHEIPEHHEM B
NPaKTUKy HOBBIX BUIOB M METOAOB HaOmoneHui (HaOmonenus c camonera, ¢ MC3), pa3Butnem
HAJBOAHOTO W TOJBOJHOTO JeaoBoro miaBanus u mp. B 1970 r. BcemupHoit MeTeoposorunyeckoi
opranmzanueii Obuta co3maHa HoBas «Homenknarypa BMO mno mopckomy mbay (1968 r.)»,
noAroToBieHHass PaGoueil rpymmoil Mo MOPCKUM JibJlaM Ha OCHOBE MPEJIOKEHUH, BhIPAOOTaHHBIX
Coserckum Corozom. C yderom HomeHkiaarypet BMO B 1974 1. ObUlO uW3maHO TocoOWe
«HomeHkmaTypa MOPCKHX JBIOB. YCIOBHbIe 0003HaueHHs I JIeqoBbIX KapT» [HomeHkmarypa
MOPCKHX JIbJIOB, 1974], a Taroke «ATnac ieqoBbIx oOpasoBanuii» [bymryes, 1974].

Jnsa xaxnoro tepmuna B «Homenknatype» nano ompeaencHue. [IpuBenem ompeneneHus tex
TEPMHUHOB, KOTOPBIE OKAXKYTCS TOJIE3HBIMU IPH PACCMOTPEHUH TUHAMUKH JIEJSTHOTO MOKPOBA.

Mopcxoii 1é0: mobasi popma bpaa, BCTpeUaromasicss B MOpe U 00pa3oBaBIIascsi B pe3yJbTare
3aMep3aHusl MOPCKON BOJBI.

Bospacmmuoii cocmagé 15006: OTHOCUTEIBHOE KOJIUYECTBO JIHJIOB Ka)I0TO BO3pacTa B JIECATHIX
noJsx oOuier miomaay 30Hel. CyMMa 3TUX XapaKTePUCTHK JOJKHA PaBHATHCS OOIIEH CINIOUEHHOCTH
IIJIABY4MX JIbJOB B 3TOW 30HE.

Jleoosumocmys: BBIpaXEHHOE B IPOLEHTAX OTHOLICHHWE IUJIOUIAU, 3aHATOH JbAOM 000
CIUIOYEHHOCTH, K OOIIEeH IUIOIAAN MOPS MM KaKOro-I1u00 60IbIIoro reorpadMueckoro paiioHa; 3ToT
pailoH MokeT ObITh IJIOOAJBbHBIM, BKIIIOYAIOLUIUM IUIOMIAAh MOPEH LEeJIoro MNoaylapus, WM
OTpaHUYEHHBIM KaKOH-IMOO YacThi0 OKeaHa WM Mops, Hanpumep bapenueBo mope wiu baddunos
3aJIUB.

CnnouennHocms: OTHOLIEHHUE IUIOLIAIN JIBAUH B 30HE, IJIE OHU PaCIpeleleHbl CPaBHUTEIBHO
PaBHOMEPHO, K OOIIEH TUIOIIa K 3TON 30HbI, BRIPAKEHHOE B IECATHIX MOJIAX (Oamiax).

Pazopobnennocms: creneHp paszioma JeASHOro MokpoBa. OrmpenensieTcss MO CpeAHEMY
PacCTOSHUIO MEXIy TPEIIMHAMU M KaHAJIaMU WIM IO OTHOCUTEJIIBHOMY KOJMYECTBY IOJIEH B 30HE.
IIpy MHCTpYMEHTAJbHBIX HAOMIONEHUSX OIpEeNeNseTcss OTHOCUTENbHOE KOJIMYECTBO BceX (opMm

IJIaBY4CToO Jbaa.
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Corcamue nv0a: nanpHeWIas cTaaus YIJIOTHEHUS JIbJIa TOCe JOCTHXKEHUS UM CIUIOYEHHOCTH
9—10 6amnos. IIpu cxxaruu jib/1a OOBIYHO MPOUCXOTUT €TO HACTOCHUE WIIA TOPOIIICHUE.

Hpeiigh n1v0a: mOCTynateiabHOE IEpeMelleHUe JbJWH B pPE3yibTaTe BO3ICHCTBUS BETpa U
TEUYEHUS.

petighopazden: TpaHHIIa MEXKIYy MacCUBaMHU WM 30HAMHU JbJa, APEHPYIOMKMMU B Pa3HBIX
HANpaBJICHUSAX WIU C Pa3sHOM CKOpocThio. [lpmsHakamu npeiidopasaena SBISIFOTCS TOBBIIICHHAS
pa3apoOIEHHOCT JIEASHOTO TOKPOBA, MOJIOCHI TEPTOTO JbJA, MOsSCa TOPOIIEHUS, KaHAJIbl U 30HBI
paspexenus. Ha npeiidopaznene yacto HaOI01aeTCs BpalleHUe JIbINH.

Topouwienue: 06pa3oBaHne TOPOCOB B PE3yJIbTaTE CXKATUS MOPCKUX JIBJIOB.

Pazsoove: n1000l paznoM WM pa3pblB OYEHb CINIOUEHHOTO, CIUIOIIHOIO, CMEP3LIErocs
CIUIOIIHOIO JibJa, IpHUMas WIA OTAEIbHOW JbAMHBI B pe3ysbTaTeé NOJIBUKEK U IPOLECCOB
nedopmaruu. PazBoabsi MOTYT OBITH 3alOJIHEHBI JICSTHOW Kalllel, TOKPBITHl HUJIACOM WJIH MOJIOJIBIM
1p10M. [IpOTSHKEHHOCTh MX KOJIEOIEeTCS OT METPOB IO HECKOIBKUX KHJIOMETPOB.

Kanan: mo0Ool pa3iioM WK IPOXOJ] Yepe3 MOPCKOM Jied TSl HaIBOIHBIX KOpaOJei.

Tpewuna: moOOW pa3phIB JIbJIa, KOTOPBIH HE Pa30IIEICs.

Ilonvinbsa: ycTOMUMBOE MPOCTPAHCTBO YHMCTOW BOJbBI CPEAU HEMOJABHXKHBIX JIBJIOB WM Ha HMX
IpaHHULIE.

OrneHka XapaKTePUCTUK JIEASHOTO TIOKPOBA MPOU3BOAMUTCS B OaJlTax Kak MPU BU3YAIBHBIX, TaK
U NIpU MHCTPYMEHTAJIbHBIX HaOMoAeHUsIX. HekoTopble XxapakTepuCTHKHU (CINIOUEHHOCTh, BO3PACTHON
COCTaB JbJIOB, HACIOCHHOCTh) BBIPAXKAIOTCA B JIECATHIX JOJSIX OT IJIOMAAM JbAa, HAa KOTOPOH
MIPOU3BOUTCS OLEHKH. P XapakrepucTuk (TycToTa ailcOeproB, TOPOCHCTOCTb, 3arpsi3HEHHOCTD)
OLICHMBAETCSl KOJMYECTBEHHO (B Oayuiax); Apyrue e (CKaTocTh, pa3pylIEHHOCTb, 3aCHEKEHHOCTD,
BCXOJIMJIEHHOCTb ) OILIEHHBAIOTCS] KAYECTBEHHO IO MPSIMBIM MJIM KOCBEHHBIM ITPU3HAKAM.

Jlenoobpa3oBaHuEe Ha aKBaTOPUU MOPsl HAYMHAETCsI OOBIYHO B CEHTAOPE, HO CPOKHU TMOSIBICHUS
TpAa ¥ 00pa30BaHMsI CILIONIHOTO JIETHOTO TIOKPOBA U3 ToJla B TOJl CUIILHO KOJEOMIOTCS. Y CTOWYUBBIIA
npunail eXerogHo ycTaHaBiuBaercs B Oyxtax Ha HoBoit 3emie, y mnobepexbs 0-BoB benblii,
Buxrtopus, Konryes, a Takke B HEKOTOpPHIX 3ainuBax okHOro mnoOepexbs (Iledopckas ryoa,
Xadinmyapipckas ry6a u 1p.). Baoas oTkpeiToro mobepexns HoBoit 3emnu u marepuka OoT TpOJIHMBa
KOropckwuii [llap no m. Kanun Hoc mmpuHa mpumas oObIYHO HE MPEBBINIAET HECKOIBKUX COTEH

METPOB (B PEIKUX CIydasx - KWIOMETPOB), IPU 3TOM OH MOJBEPraeTCsl YaCThIM B3JIOMaM.
6.4.2 MeteopoJiornyeckue ycJI0Bus

JUIs OLEHKH CTaTHCTHYECKUX XapPaKTEPUCTUK METEOPOJIOTHYECKUX MapaMeTpoB, CKOPOCTH
BETPa M BBICOTHI BETPOBBIX BOJIH, HCIIOJIb30BATIOCH HECKOJIBKO HCTOYHUKOB MCXO/IHBIX TaHHBIX.

OCHOBHOM HMCTOYHHUK CBEJICHHUN O CKOPOCTH BETpa — JAaHHbIE peaHain3a METEOPOJOTHYECKUX

noneit CFSR (Climate Forecast System Reanalysis) 3a 31-netauit nepuoa ¢ 1.01.1979 mo 31.12.2009.
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Cucrema CFSR onucana B cratbe [Saha et al., 2010]. Peananuz CFSR mpencrasisier co0oil TpeTbio
Bepcuto peaHann3oB NCEP (HaunoHalbHBIX IIEHTPOB NMPOTHO3MPOBAHUS COCTOSIHUS OKpY>Karolen
cpensl, CIIIA), B KOTOpO#H yCTpaHEHBI MMEBIIME MECTO B MPEKHHUX BEPCUSAX OIIUOKH, MOBBIIICHO
IIPOCTPAaHCTBEHHOE M BPEMEHHOE pa3pellieHUe, pacIIMpeH CIUCOK YCBAaUBaeMbIX JaHHBIX,
YCOBEpPILICHCTBOBaHA MpOLEAypa aHaiu3a, peajln30BaH COBMECTHBIN aHalU3 METEOPOJIOIMYECKHX U
oKkeaHorpauyeckux AaHHBIX. B 4uCliO ycBaMBaeMbIX MAHHBIX BKJIIOYEHBI, B YAaCTHOCTH, JTaHHbIC
cryTHUKOBBIX ckartepomeTpoB ERS-1/AMI, ERS-2/AMI, QuikSCAT u WindSat, yto cymiecTBeHHO
MOBBIIIAET KAYeCTBO aHAJIM3a UCII0JIb3yEMbIX JaHHBIX O CKOPOCTH IIPUBOAHOIO BETPA.

[TpeumyiiecTBOM 3TUX JAHHBIX SIBJISETCS PETyJIIPHOE OKPBITHE IO IPOCTPAHCTBY M BPEMEHH.
Camass BBICOKas Cpeau peaHAIW30B BpeMEHHas (exeuyacHas) JUCKPETHOCTh MPEIOCTaBISET
BO3MOYKHOCTh JIETAJIbHOTO TIPOCITICKUBAHUS PA3BUTHS IITOPMOBBIX JIH30J0B W 00ECIEYHBACT
BBICOKYIO TOYHOCTb pacyera IapamMeTpoB BETPOBOIO BOJHEHMs. OXBaThIBAEMBIH 3THUM HCTOYHHUKOM
JAHHBIX 30-neTHuit BpPEMEHHOU UHTEpBaJl M03BOJISIET IIPOCIICKUBAThH
MEXXTOJIOBYIO/MEKIECITUICTHIOID W3MEHYMBOCTh BETPOBBIX YCIOBHUA. OTH JAaHHBIE MOTYT TakKKe
MCTIOJIB30BATHCS ISl ONIEPATHBHOTO METEOPOJIOTHYECKOTO 00ECTICYeHHSI MOPCKUX OTepaluid, TaK Kak
cucreMa HOJJEP)KUBAaeT IOMOJIHEHUE JaHHBIX BIUIOTh O CETOAHSIIHMX JHEH ¢ HeOoJsbLIon
3aJIepKKOH 110 BpEeMEHHU.

N3 Bcero MHOrooOpasusi JaHHBIX peaHalid3a BbHIOMPANIMCh JJAaHHBIE IO CKOPOCTU BETpa Ha
cra"napTHoii BeicoTe 10 M. IIpocTpancTBEHHOE pa3pelieHre JaHHbIX B palioHe TepMuHaia Bapanneit
~12 kM x 34 kM. JluckpeTHOCTh MO BpeMeHH 1 yac.

N3 nabopa nannbsix CFSR wu3Bnekanach Taxke HMHGOpManus O pacHpelieIeHMH MOPCKOTro
JeoBoro nokpona. Takas uHGoOpMalus TpedyeTcs Ui MPOBEACHUS PACUETOB BETPOBOTO BOJHEHMUS,
pa3BUTHE KOTOPOTO HAa OTKPBHITON BOJE CYIIECTBEHHO 3aBUCHUT OT IOJIOKEHUSI TPAHULIBI JIBJIOB.

JlononHUTENbHBIH HMCTOYHMK CBEACHUH O CKOPOCTM BETpa — CIIyTHHUKOBBIE JaHHBIE,
MOJTy9aeMble C IMMOMOIIBI0 CKaTTepoMeTpa. ITH JaHHbIE uMennch 3a mepuon 09.07.1987-31.12.2011.
WX 1ucKkpeTHOCTh IO BpEMEHU 6 4acoB.

CIlyTHMKOBBIE U3MEPEHUSI HE UMEIOT PETYJISIPHOTO MOKPBITHS B IPOCTPAHCTBE U 110 BPEMEHU
(cM. mpumep TOOaTBHON KapThl MOKpHITUS PucyHok 6.11). Ho, B oTnuume OT peaHann3oB, OHU
MIPEJICTAaBISIOT COOOM HEMOCPEJCTBEHHbIE W3MEPEHHs] C Tropa3/l0 MEHbBIIUM, YeM B peaHaIu3ax,
BIIMSTHUEM MHTEPIOJIALIMOHHBIX IPOLENYP, KOTOPbIE MOTYT IPUBOJIUTH K 3aHMKEHUIO aHATIN3UPYEMBIX
3HaUeHUH. OTH JaHHBIE HCIOJB30BAIUCH A OLIEHKU pernpe3eHTaTuBHOCTH AaHHbIX CFSR n
onpesieNeHusT HEeOOXOIUMOCTH BBEACHUS IONPABOYHBIX KOA(P(GUIUEHTOB TMpHU IOCIETYIOIEM

HCIIOJIB30BAHHHU 3THUX JAaHHBIX IJIA ITOACYETA CTATUCTUK BETPA U pacuc€Ta BETPOBBIX BOJIH.
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Pucynox 6.11. Cxopocts Betpa (M/c) 28 nexadpst 1989 r. mo 1aHHBIM CITyTHUKOBOTO CKaTTEPOMETPA.

JlaHHBIE O BBICOTE€ BETPOBBIX BOJIH TOJYYEHBI IMYyTEM PAcueTOB IO CIEKTPAILHOW MOJENH
WaveWatch III version 3.14 [Tolman, 2009]. BxomHoii undopmamueid AIs MOJEIU CIY>KUIH
ykazaHHbl€e Boille qaHHble CFSR o ckopocTu Betpa.

PesynbraThl BepuQUKaMy TEXHOJIOTUU MTPOTHO3UPOBAHUS BETPOBBIX BOJIH B [ MapomeTiieHTpe
Poccun Ha ocHOBe yKa3aHHOM MOJENH, CBUAETEIHLCTBYIONIUE O XOPOLIEH TOYHOCTH PACUYETOB II0
monenn WaveWatch III v 3.14 B co3manHoit B I'mapomeruentpe Poccunm koHdurypammm,
npeacTasieHsl B myonaukanusax [Strukov et al., 2012; Ctpyxos u ap., 2013; 3enenbko u ap., 2014].

PacueTsl xapakTepUCTHK BETPOBBIX BOJH JUIS FOTO-BOCTOYHOM YacTH akBaTtopuu bapeHiiera
Mopsi poBeieHbI 0 (pakTuaeckomy BeTpy CFSR Ha ceTke ¢ rOpH30HTaIbHBIM pa3perieHneM OKOJIO
10 kM (0,25° mo monrore, 0,1° mo mupote) (Pucynok 6.12) u ¢ exxeyacHbIM BBIBOJIOM PE3yJIbTATOB.
Kpectnku — y3Ibl CeTKH, YEpHBIH KBagpaTHK — ToJokeHue rmiardopmel Ilpupasnomuas, depHbIe
TPEyToJIbHUKU ¢ HoMepamu 1, 2, 3 (paiion TepmuHana Bapanneit), 4 — nmosnoxeHue y3ioB, JUIst KOTOPBIX

BBIBOAUJINCH (I)YHKI_[I/II/I pacipeaciCHus.
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Pucynok 6.12. Cerounasi o61acTh pacdyera BETPOBBIX BOJIH B bapeHiieBoM mMope.

Jlist mpoclieXBaHUST JUHAMHKA MHOTOJICTHEH W3MCHUYMBOCTH BCE CTAaTHCTHUKH, BKIIOYAs
WHTETpaNbHBIE (DYHKIMH paCIpe/IeIICHHsI, a TaKKe TOBTOPSIEMOCTH Pa3IMYHbIX 3HAYCHHA U Pa3HbIX
HaIpaBJICHUH BEKTOpa CKOPOCTU BeTpa (IrpayupOBaHHBIC PO3bl BETPOB) M BBHICOTHI BETPOBBIX BOJIH,
MOACYUTAHBI U TpeX AecaTuiieTHux nepuooB: 19801989 rr., 1990-1999 rr. u 2000-2009 rr.

Bmecto wuHTerpanbHOW (QYHKIMH pachnpefeNeHus, OmpenensieModl B MaTeMaTHYecKOu
craTUCTHKE JUisi chydaiiHoi Bemmumabl X kak F(X)=P(X <X), B mampHeiimiem wmbl Oyaem
paccmarpuBaTh  JomnoinHeHme K QyHkumm  pacmnpexenenus — F'(X)=1-F(X) =P(x< X),
mpecTaBistoniee co0oil BEpOSTHOCTh MPEBBIIICHHS BEIWYMHOW X 3aJaHHOTO 3HadeHus X. J{is
kpatHocth F'(X) Oymem Has3biBaTh QyHKIMEN pacrpeeeHus U BEIPaXKaTh €€ 3HAUCHUS B IPOICHTAX.

BeposiTHOCTH MpeBBIIIEHUST CKOPOCTH BETpa Mo akBatopuu bapeHiieBa Mopsi, MpHUieraromen K
MecTomnonoxenuto muatdopmsel [pupaznomuas (A=47,8124°-62,1874° B.1.; ¢=67,285°-71,656° c.m1.),
MOCTPOEHBI JIJIsi TOPOTOBBIX 3HAaueHUU ckopoctu (x=U, U —ckopocts Betpa) 7,5 m/c, 10 m/c,
12,5wm/c, 15 M/c U nns Tpex CE30HHBIX MEPUOAOB: Mall—aBTyCT, CEHTSIOph - JekaOph U BECh TOJ
(stHBapb - nexadpb). [lpumep reorpaduueckux pacrpeneneHnil TaKuX BEPOSTHOCTEH ATl TOPOTOBOTO
3HaueHnst 10 M/c 3a BTOpPYIO TOJIOBUHY Oe3leqHOTO mepuoaa (CeHTsIOph - JekaOph) TMOKa3aH Ha

Pucynke 6.13.
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BepoathocTs npeswiwenna ckopoctu setpa 10 m/c (%) BepoatuocTs npeswwenns ckopoctu setpa 10 m/c (%)
CeHTAGps — Lexkabpb 1980—1589 CeHTAGps— fekalps 1990—1899
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Pucynok 6.13. BepostHocTH npeBsiiieHus ckopoct Berpa 10 m/c (%) Bo BTOPYIO OJIOBUHY
Oe3nenHoro nepuoa (CeHTA0pb—aeKadpp) s Tpex necsatuneruit: (a) 1980-1989 rr., (6) 1990-1999
IT., (8) 2000-2009 rT.

Jlnist "eThIpex Touek, MOoKa3aHHBIX Ha PucyHke 6.13 4epHBIMH TpEyroJbHUKaMH, MOCTPOSHBI
(GYHKIHMU pacripeneieHus] MPEBBIIEHHH C JAUCKPETHOCTHIO MOPOTOBBIX 3HaueHWi 2 m/c. [Tpumepst
Takux pacnpeneneHuit ans nepuoaa 2000-2009 rr. nmokazansl Ha Pucynke 6.14, a Ha Pucynke 6.15 B

OHHOﬁ N3 TAKHUX TOYCK IJIA TPEX HGCHTHJICTI/Iﬁ. KOOpI[I/IHaTLI TOYCK YKA3aHbI B 3arojioBKax Ka)KHOﬁ nu3

YCTBIPEX IMaHeIeH.

Touka1, lam=56,5624, fi=69,471°, 2000-2009 Touka2, lam=57,8124°, fi=69,471°, 2000-2009
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Touka3, lam=57,8124°, fi=68,846°, 2000-2009 Toukad, lam=56,5624°, fi=68,846°, 2000-2009

60 60
\

_ 50 50
& PN e e e g
H H
3 40 3 40
El El
3 — vl | 2 —v-vil
230 —xxifl | &30 — XXl
a — —
8 X 5 Xl
E20 £ 20
H H
: i
]

10 10

0 0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

CkopocTs BeTpa (Mic)

Ckopocrs BeTpa (M/c)

Pucynok 6.14. ®ynkiuu pacnpeeneHust CKOpOCTH BETpa B YETHIPEX TOUKAX B OKPECTHOCTH
matdopmsl [Tpupazinomuas B 2000-2009 rr. mist Tpex ce30HHBIX nepuooB: maii—asryct (V-VIII,
CUHUE JTUHUH), CeHTA0pb—aekadpb (IX—XII, kpacubie muauN) 1 Bech rof (I-XII, uepabie 1uHUN).

Touka3, lam=57,8124°, fi=68,846°, 1980-1989 Touka3, lam=57,8124°, fi=68,846°, 1990-1999
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Pucynok 6.15. @yHkuuu pacnpeaeneHns CKOpOCTH BeTpa B Touke 3 y TepMuHana Bapanzaeii B 1980—
1989, 1990-1999 u 2000-2009 rr. 11 Tpex ce30HHBIX MepruoaoB: Mali—asryct (V-VIII, cunue
TUHUN), ceHT0pb—aexadpb (IX—XII, kpacHsle munun) 1 Bech roa (I-XII, uepHbie mHUN).

6.4.3 Po3bl BeTpoB

Po3bl BeTpoB, KaKk U MPOYUE CTATHCTUKH, IIOCTPOEHBI JUIsl Tpex XpoHojorundeckux (1980-1989,
1990-1999, 2000-2009) u Tpex Ce30HHBIX MEPHUOJOB (MalH—aBIyCT, CEHTSIOpPb—IekaOph M BeCh TOJ
(ssHBapp—1eKabph). Bce mocTpoeHHMsT BBIMOMHEHBI I YEThIpEX TOYEK (TPEYroJibHbIE 3HAYKH Ha

Pucynke 6.13)

[Tpumeps! nokazansl Ha Pucynke 6.16. KoopanHatel Touek ykas3aHbl B 3arOJIOBKaxX Kaxao0i u3

YEeThIpEX MaHeNen.
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Po3a eempoe. Posa semaoe.
Towka, onraTs=55 A74°, WipoTa=EG,471°, mai-asrycr, 2000-2008 rr Toura2, ganroTs=57 4999°, Wimpora=E3 471°, waf-aeryer, 2000-200 i

Touka | TOUKa 2

Paa perpon Pasa perpon
Tosad, Aonrora =67 A", wpora =68 845°, mai-aprycr, 2000-2009 Touwad, aonrora =56 74", wupora =68 8467, wai-aerycr, 200-2009
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Pucynok 6.16. Po3sl BeTpoB 115 TIepBOI MOJIOBUHBI O€3JIeTHOTO Tepro ia (Maii — aBrycT) 3a 1999—
2009 rr. B yeThIpex TOUKax

Po33 emos Po3a sempoe.
Toueal, nonrora=E6 B743°, wipote=BIATI®, centAbas-aexatipe, 2000-2009 rr Towa2, gonrora=57 ASEG®, Liupota=63,471°, cemTaBpr-Aexadp, 2000-2008 rr
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Paa peraon Paza pemaon
Touka3, gonrovs =57 4999, wipora =53 £46°, anaapu-aexatipn, 2000-2008 Toukad, fonrara =55 B743°, wwpora =63 B46°, ausaph-aevabpy, 2000208

ceser ceper
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Pucynox 6.17. Po3bl BeTpoB /17151 BTOPOii [10JIOBUHBI O€371€JHOr0 neproja (CeHTA0pb-aexkadpp) 3a
1999-2009 rr. B ueTbIpex ToUKax

Pass serpos Pozs serpos
TewaZ, pasrore =57 4920°, Linaura ~B3 246, ameaps-Aexabps, 1950-1920 Tewesd, aanrers =57,4596°, wApor =58.546°. akeapk-aaratye, 1950-1559
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Pucynoxk 6.18. ConocraBieHue cpeIHeroI0BbIX P03 BETPOB B PACUCTHON TOUKE 3
BusyanbHOoe M pacyeTHOE COIMOCTABICHHE PO3 BETPOB IOKA3BIBACT, YTO 3a HAOIIONAEMBIH
nepuon 30 5eT HE OTMEYAIOTCS 3HAYMMbIC TEHICHIMM B W3MCHCHHU LUPKYJSIHMUA BETPA,

AHAJTM3UPYEMBIH psii HAOTIOACHUN UMEET OJHOPOIHBIN XapaKkTep.
6.4.4 CraTHCTHKA BBICOT BETPOBBIX BOJIH

Pa3BuTHE BOJH CYIIECTBEHHO 3aBUCHUT OT COCTOSHHS JICJJOBOI'O TOKPOBA, IOJHOCTHIO
MTO/IaBIISFOIIETO BOJHBI IIPH CILIOIIHOM IOKPBITUH.

BeposiTHOCTM TPEBBIIIEHHUST BBICOT BETPOBBIX BOJH, PACCYMTAHHBIX YKAa3aHHBIM BBIIIE
CrocoOoM, TMOCTPOCHBI JIJIS TOPOTOBBIX 3HaUYEHUH BBICOT 1,5 M, 2 M, 2,5 M, 3 M, 4 M 1 5 M I TaKUX
ke, KaKk W JUIsl BeTpa, XpoHoyormueckux mepuonos (1980-1989, 1990-1999, 2000-2009 rr.) mu
CE30HOB: Mali—aBI'yCT, CEHTAOPb—IeKaOpb U BeCh IO (IHBApb—eKaOPh).

[Tpumep reorpaduyecKkux pacrpene’eHuii TAKUX BEPOSITHOCTEH AJIsl TIOPOrOBOT0 3HAYEHUs 3 M

3a BTOPYIO MOJIOBUHY 0€3J1eTHOTO 1meproia (CeHTIOph - Aekadph) nmoka3aH Ha Pucynke 6.109.

BepoATHOCTs npeshiueHus BHCOTH B0H 3 M (%) BepoATHOCTL MpeBbiueHna BHCOTH 80K 3 M (%)
ceHTABpe— fekabpey 1980—1989 CceHTABps—fekabpy 1990-1999
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Pucynok 6.19. BeposiTHOCTH TIpEBBITIICHHSI BBICOT BOJIH 3 M (%) BO BTOPYIO MOJIOBUHY O€3JIeHOTO
niepuoza (CeHTI0pb—aekaldps) st Tpex AecsatmieTuit: (a) 1980—1989 rr., (6) 1990-1999 rr., (8) 2000
2009 rr.
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Kak u nyis BeTpa, Ha paccMarpuBaeMoM 30-I€THEM UHTEPBAJIE BPEMEHU 3HAYMMbIX U3MEHEHUH
CTATUCTUYECKUX XapaKTEPUCTHK BBICOT BOJH HE MPOCIEKUBACTCA, YTO U CIEAOBAJIO 0KHMJIATh, TAK KaK
ornpeaensomuM GakTOpOB TeHEPAIMH U PA3BUTHUS BOJHEHUS SBIISIOTCS BETPOBBIC YCIOBUSL.

CrarucTrdecKkue pacnpeeneHus ¢ O0IbIIeH aeTanu3amnuei (¢ JMCKPEeTHOCTRIO 1Mo BbicoTam 0,5
M) TIOCTPOEHBI JIA YeThIpeX TOo4eK oOKojo IIpupazmomHoii, oOo3HaueHHbIX Ha Pucynke 6.13
onn(poBaHHBIMU TPEYTOJBHBIMU 3HAUKaMU. [IpuMephl Takux pacrpeneneHuil mokasansl Ha PucyHke

6.20. KoopauHaTel TOYEK yKa3aHbI B 3ar0JOBKaX KaXKIOW M3 YETHIPEX MaHeeH.

Touka1, lam=56,5°, fi=69,6°, 2000-2009 Touka2, lam=58,0°, fi=69,6°, 2000-2009
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BeposiTHOCTb npeBbiwenus (%)
BeposTHOCTL npeBbiwenus (%)
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BbicoTa 3HauuTenbHbIX BOMH (METpbI) BbicoTa 3HaYUTeNbHbIX BOMH (MeTpbI)

Touka3, lam=58,0°, fi=69,0°, 2000-2009 Touxka4, lam=56,5°, fi=69,0°, 2000-2009
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BbicoTa 3HauMTENbHbLIX BOSMH (MeTpbI) BbicoTa 3HauuTenNbHbIX BOMH (MeTPbI)

Pucynox 6.20. @yHKIUM pacrpeaesieH!s] BRICOT BOJH B YETHIPEX TOYKAX B OKPECTHOCTH IUIAT(POPMBI
[Tpupaznomuast B 20002009 rr. myist Tpex ce30HHbIX nepuoos: Mai—asrycT (V-VIII, cunue nunun),
ceHTs10pp—nekadpsb (IX—XII, kpacubie aunun) u Bech roa (I-XII, yepHbie muHUM).

Kak Buano u3 Pucynkos 6.20 reorpaguueckas U3MEHUYHMBOCTh XapaKTEPUCTUK BETPOBBIX BOJH
B IIpeJieNiax CPaBHUTEIHLHO HEOOJIBIION 10 MPOTSHKEHHOCTH O0JIACTH C XapaKTepPHBIM pazmMepoM 60 km
(oxaiimiisieMoi TpeYroJbHBIME 3Ha4Kamu Ha Pucynke 6.13) cymiecTBeHHO BBINIE, YeM aHAJTOTHYHAS
M3MEHUYUBOCTh BETPOBBIX YCJIOBHH. JTO, OUYEBUAHO, OOYCIOBICHO CHJIBHOM 3aBHCHUMOCTBIO YCIOBUMN

Pa3BUTHA BOJIHCHUSA OT 6aTI/IMeTpI/II/I " YAAJICHHOCTH OT CYILH, a4 TaKKC OT KPOMKH JibAaA.
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6.4.5 TepmoxaauHuble xapakTepucTuku I[ledopckoro mopsi
6.4.5.1 TemnepaTypa BoAblI

[To manubiM http://esimo.oceanography.ru B moBepXHOCTHOM cjioe BOJbI bapeHiieBa Mops
MaKCHMaJlbHasi TeMIlepaTypa HaOJlfo[aeTcs B oro-3amnaanoi yactu mops (9°C B uroHe -ceHTIOpe),
muauMaibHas (0°C) - y kpoMmk# Jbaa. C HioJsl M0 OKTSOph 007acTh MaKCHMAaJbHBIX TEMIEpaTyp
pacrpoCTpaHsIeTCs TakXKe M Ha FOr0-BOCTOYHYIO YacTh MOPS, IOJIOKEHHE HM30TEPM CTAHOBHTCS

ONMM3KKUM K UpoTHOMY (cM. Pucynku 6.21 (a, 0)).
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Pucynok 6.21 CpenHerogoBoe pacrpeeieHie TeMIeparypsl Bojibl B bapeHiieBom Mmope

Ce30HHOE W3MEHEHHE TEMIEpaTypbl BOJABI IOBCEMECTHO HEBEIMKO, HAa IOro-3amajge U B
CEBEpPHOM YacTW MOpsi OHO He mpeBbimaeT 5-6°C U TONBKO Ha rOTro-BocTOoKe aocturaer 10°C. B
pailoHax, TrJe BO3MOXKHO TOSIBJIEHUE JIbJa, aOCOJIOTHBIM MHMHMMYM OrpaHMY€H TeMIIepaTypoit
3aMmep3aHus, paBHoW -1.8°C. JleTHHMe MakcUMaJIbHBIE TEMIEpPAaTypbl B IIOBEPXHOCTHOM CJIO€
JOCTUTAIOT B ceBepo-3anaaHoil yactu Mops 4-7°C, Ha 1oro - Boctoke 15°C B OTKpBITON 4acTH MOps U
20-23°C B ITewopckoii ryoe. C riryOHHON KoJIeOaHUs TeMITepaTyphl BOJIBI YMEHBIIAIOTCS.

B 10ro-BoCcTOYHON 4YacTM MOpsS H3MEHEHHUS TeMIepaTrypbl C TJIyOMHOW HMEIOT SpKO
BBIPAKCHHBIN CE30HHBIN X0J. 3UMON TeMIepaTypa BCel TOJIIM BOAbI OTpULaTeNbHA. BecHON BepXHUi
10 - 12-meTpoBBIi CIION OXBATBHIBAETCS IPOIPEBOM, HIKE €TI0 TEMIIepaTypa pe3Ko MOHMKAETCS KO JAHY.
JletoM mporpeBaHNe MOBEPXHOCTHOTO CJIOS TOCTUTaeT HAUOOJIBIINX BEIWYUH, MO3TOMY MOHUKEHHE
TEeMIIepaTypbl MeXy ropu3oHTamMu 10 u 25 M MpOUCXOIUT pe3KUM CKadyKoM. OCEHbI OXJIAKICHUE
BBIPAaBHMBAET TEMIIEpATypy IO BCEMY CJIOIO, KOTOpas K 3MME€ CTaHOBUTCS MOYTH OJHOPOJHOM IO

BCpTUKAJIN.
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Temnepatypa BOAbl MPUHAIICKUT K YHUCIY BaKHEHIIMX 3JIEMEHTOB T'HAPOJIOTHYECKOTO
pexxuma moboro mopckoro OacceitHa. Tepmudeckuii pexum [ledopckoro Mopsi CKIIaabIBaeTCs IO
BIUSTHUEM PAJMANMOHHBIX U aJBEKTHUBHBIX (PAKTOPOB. 3aKOHOMEPHBIC M3MEHEHUS PaAHallMOHHOTO
OamaHca B TOJOBOM XOJ€, a TakKe CTaOWwibHbIe (IIPX MHOTOJIETHEM OCPEIHEHUHU) YCIOBUS
BOZI00OOMEHa O00YCIIOBIMBAIOT YCTOWYMBOCTh KIMMATUYECKUX XapaKTEPUCTUK TEeMIIepaTyphbl BOJIBI.
Hapsiny ¢ »Tum, TemmepaType BOJbl CBOMCTBEHHAa 3HAYMTENIbHAsi BPEMEHHAs W3MEHUYUBOCTb,
00yCIIOBJICHHASI HECTAIIMOHAPHOCTHIO TEYCHUN U JISOBBIX YCIIOBUH.

Beptukanpusle npoduinu  cpeiHed  MeCAYHOW ~— TemrmepaTyphl  BOJAbl 1O  JIaHHBIM
(I'mapomereoposorus. .., 1990) nmpencraBiieHbl HAa PUCYHKE 6.22.

CpenHeMecsyHbIC TeMITepaTypbl BOJbI TIOBEPXHOCTHOTO CIIOS B JICIOBBIA MEPUOJ (C JIeKa0ps
10 Maii) HaxoAATCsl BOJIM3U TEeMIEPATyphl 3aMep3aHusi MOPCKOM BOJIBI IIPU JAHHOM COJIEGHOCTH (MUHYC
1.7°C). B Teuenue mnera TemmepaTypa OBICTPO pacTeT, naocThras yxe B uwoHe 3.5-5°C
(F'mapomereoponoruueckue ycnosus..., 1984), k aBrycry — makcumyma B 8§-9°C (Otuer, 2000). B
TEUEHHE OCEHM TEeMIIepaTypa BOJbl OIyCKAaeTCs, NPUYEM XapaKTEPHO 3aMEIJIEHHOE IajicHUE
TEMIIEPATypbl OCEHBIO [0 CPAaBHEHUIO C BECEHHUM pOCTOM. bojee MenkoBoaHAas IOKHAas 4YacThb
JUIEH3MOHHOTO y4acTKa MporpeBaercs ObicTpee, yeM Ooliee TIyOOKOBOJHASI CEBEpHas, 3/1€Ch YKe B
utone temneparypsl gocturawt 11°C (I'mapomereoponoruueckue ycioBus..., 1984). Ognako yxe B

ABIr'yCTC HAUMHACTCA OCTBIBAHUC.

10 1 2 3 4 5 6 7 TwiC

II I ! | ||/_U|\|

VI
25 X IX

0

50

/5
Hwm

Pucynok 6.22 — BeprukanbHble IpOQIIN CPEIHEH MECSIHON TeMIiepaTypsl Boasl B [leqopckom Mope
(mo: 'mapomereoposorus. .., 1990)

Pacripenenenue TeMriepaTypsl 10 BEPTUKAIM OTpakaeT TaKHUe IMPOIIECCHI, KaKk (hOpMHUpPOBaHHE
CE30HHOTO TEPMOKIMHA M KOHBEKTHBHOE TepeMelninBaHue. B nenoBeiit mepuon (aexabpp — Maif)
TEeMIIepaTypa Mo BCEMY BEPTHKATHHOMY MPOQHII0 paBHA MOBEPXHOCTHOW U ONM3Ka K TeMIlepatrype
3aMep3aHusl BOJIbI NPU JAaHHOW COJICHOCTH. B Hayane WIOHS HAYMHAETCS WHTEHCUBHBIA JIETHHM

MPOTPEB, OXBATHIBAIONIUN BEPXHUN KBA3MOJAHOPOIAHBIN CI0M MONIHOCTBIO, KaK MpaBmio, okojio 10 m
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WIM HEMHOIO MEHBIIE, TEMIEPAaTypbl B KOTOPOM COOTBETCTBYIOT TEMIIEpaTypaM IOBEPXHOCTHOIO
ciost. ['myGxe hopmMupyercsi Ce30HHBINM TEPMOKIIMH, YK€ B HIOJE OXBATBHIBAIOIIMIA BCIO TOJIILY BOIBI.
Takum 00pa3oMm, B JIETHHI NEpUOJ STOMY pailOHy CBONMCTBEHHA CHUJIBHO BBIPAKCHHAs TEPMHUYECKas
cTpaTu(UKalus, YCWIEHHas IOCTYIJICHUEM OOJIbIIOr0 00beMa pedHbIX BOJ. MakcUMalbHBIN
TEeMITIepaTypHBIHA TPAaJUEHT HAOJI0MaeTCsl B BEpXHEH YacTH TepMOKIuHA (ropu3oHT 10-25 M), riryOske
IpaJiMeHT YMEHbIIAeTcsa. MakcuMaibHasl BEpTUKAIbHAS CTPATU(PHUKAIMS BOJAHON MACCHI JIOCTUTAETCS B
aBrycTe, KOIJa BEpPTHKAIbHBIA TpagueHT B cioe 10-25 ™M wmoxer mnpessmmate 0,4°C/m
(I'mapomereoposorus..., 1990). C Hauana ceHTIOpS TEPMOKIMH HAaYMHAET OBICTPO pa3pyIlIaThbCsl, TaKk
KaK IOBEpXHOCTHBIM CIIOM TepseT TeIulo, OTHaBas €ro OJHOBPEMEHHO U B armocdepy, U B
HIDKeNexallue ciaou. B 1o ke BpeMsi TEpMOKIMH MPOAOJIKAET MPOrpeBaThcs, U rol0BOM MakCUMyM
TEMIIEpAaTypbl B HEM HAOIIOJAeTCd HMEHHO B 3TOM MeECsIle, COCTaBlsAs Ha riryOune 25 M okoio 4°C.
Takum oOpa3zom, Ui TUAPOJOTHMYECKOro pexkuma lleyopckoro Mopsi XapakTepHO 3ara3/ibIBaHue
roZI0OBOr0 MakCUMyMa TeMIIepaTypbl BOJABI 110 Mepe yBelMueHHs IIyOuHbl. B uTOore k cepeause
CEHTSIOps Ha I0’)KHOM IpaHMIle y4acTKa U K cepeluHe HOsIOpsl Ha CEBEPHOM B Pe3yJIbTaTe MHTEHCUBHOTO
BBIXOJIAKUBAHUS TIOBEPXHOCTHOT'O CJIOSI TEPMOKJIMH IOJHOCTBIO UCYE3a€eT, TEMIIEpaTypa BObI IO BCel
BEPTUKAIM BBIPABHHUBACTCA, II0CIE€ 4YEro IPOJOJDKAET IajaTh O TEMIEpaTypbl 3aMep3aHMs
(I'mapomereoposorus. .., 1990, U3MeHYMBOCTh TPUPOAHBIX ..., 2004).

CpennerosioBasi TeMIlepaTypa BOJibl HOBEPXHOCTHOT'O CJIOSl B BEPXHEM KBAa3HOAHOPOJHOM CJIOE
cocraBisieT 1.6-2.0°C. C rinyOuHol oHa yObIBaeT, U riryoske 30 M CTaHOBUTCS] OTPUIIATEIILHOM.

ITpenensl U3MEHUYNBOCTH TEMIEPATYpbl BOABI B JIENOBBIN nepuon He npesbimaror 0.1-0.2°C,
HaxXOJsCh BCE BpeMs OKOJIO TOUKM 3aMep3aHus. MakcumallbHas W3MEHYMBOCTb TEMIIEPATyphbl BOIBI
Ha0JII0JaeTCsl B aBI'yCTE B TOBEPXHOCTHOM CJIO€, TJie OHa npesbimiaet 21°C.

[IpencraBieHyne 0 roI0BOM XO/€ U AKCTPEMAIIbHBIX XapaKTepPUCTUKaX TEMIEpaTypbl BOJbI Ha
MEJIKOBO/Ibe Yy O. IlecsikoB MOXXHO TMOJYyYUTh 10 JIQHHBIM HAOJIOJCHUH Ha pacloyoKeHHON
nobmuzoctu 'MC Bapanpeit 3a 1972-2012 rr., npenactaBineHHbiM B Tabnuue 6.3. J{ns menkoBoauit
BJ0JIb 3anagHbix ['ynseBckux Koliek penpe3eHTaTuBHBIMU SBISIOTCS JaHHbIe HaOmoaeHuit Ha TMC
XomoBapuxa, pecTaBieHHbie B Tabmwie 6.4, B KOTOPOH MPUBOIUTCS CPEIHEMECSTIHAsS MHOTOJIETHSIS
Temneparypa Bojbl 1o HaOmroaeHusM ¢ 1975 mo 2012 rr. AGCOMIOTHBIH MakCUMyM TeMIEpaTyphl
BoAbI, HaOmroAaBmmiics Ha 3Toid [MC 11 utons 1990 r., coctamsier 19.1°C, aOCOMOTHBII MUHUMYM —
munyc 1.9°C.

Tabmuma 6.3 —  Xapakrepuctukd — Temmeparypel  Bomel  Ha  ITMC  Bapannei
3a 1972-2012 rr., °C

Mecsin I I Il v V VI VIl VIl IX X Xl Xl Ton
MuHUMYM -22 | -22 |-22 |-22 |-22 |-20 |-0.6 0.2 -0.6 -19 | -21 |-22 |-22
Cpennee -18 |-19 |-19 |-18 |-14 |17 8.9 9.0 55 0.6 -16 | -1.8 |11

Maxkcumym -14 | -15 |-14 |10 8.5 200 | 239 |205 |129 |76 0.9 -1.1 | 239
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Tabmuma 6.4 — CpenneMecsiuHass MHOTOJIETHSIA TeMiiepaTypa Boasl Ha [ MC XoaoBapuxa 1o JaHHBIM
HaOmronenuti 3a 1975-2012 rr., °C

Mecsing | I Il v \% VI VIl VIl IX X Xl Xl Ton

Cpennee -18 | -18 |-18 |-18 |-12 |21 7.1 8.3 6.2 2.2 -10 |-18 |12

Cpennsis rojoBasi TeMmIieparypa IOBepxXHOCTHOro ciyoss Bojabl Ha ['MC Bapangeih wu
XopnoBapuxa coctasisier 1.1-1.2°C. Ilpu 3toM okoso 210 aHE#H B roay MOBEPXHOCTHBIN CIOW BOJBI
UMeeT OTPULIATEIbHYIO TEMIIEPATYPY.

[To pe3ynbTaTaM CHEKTPAIBHOTO aHAIM3a JIOCTOBEPHO BBIICISIOTCA KOJEOaHHs TeMIepaTyp
BOABl C TOJYCYTOYHBIM IEPUOJIOM, HMECIOIINE TMPUIMBHOE TMPOUCXOXKICHUE, O0YCIOBIUBAIOIINE
00JIBIIIYIO YaCTh U3MEHUYHMBOCTH TEMIIEpaTyphl BOJbI B TEPMOKIIMHE. B cj0e TepMOKIInHA XapaKTepHbIe
3HAUEHUS M3MEHEHHH TeMmIepaTypbl BOABI B JIETHUE MecCALbl, OOYCIOBJICHHbIE TPUIHBAMH,
cocraBisitoT 1.0-1.5 °C. B KBa3HMOJHOPOJHOM CJO€ OHM HMEIOT MEHBIIYI0 aMIUIMTYAY, YeM B
tepmokiimae: 0.2—0.5 °C (M3MeHYnBOCTh MPUPOAHBIX ..., 2004) u 3aTymeBaHbl 0oJiee 3aMETHBIMH
CHUHOINITHYECKUMU KoJleOaHUsIMU ¢ niepuooM Ooiee cyTok (I'mapomereoposnorus..., 1990). Konebanus
TEMIIEPaTyp BOJbI B BEPXHEM KBA3HOJHOPOIHOM CIIO€ U B CIIO€ TEPMOKJIMHA MTPAKTUYECKH HE CBSI3aHBI
MEXIy co0oii. B TO ke Bpemst 3UMO, B COCTOSIHUM TOMOTEPMHUH, H3MEHEHUSI TEMIIEpaTyphl Ha BCEX

TOPU30HTAX TECHO CBsI3aHbl Mex Ay cobol (['mapomereoposnorus...,1990).
6.4.5.2 ConeHocTb BOAbI

CouneHocTh JI000r0 MOpCKOro OacceiiHa ompesenseTcsi HHTEHCUBHOCTBIO €ro BOJI00OMEHa C
MupoBeiM OkeaHoM, OCaKaMH, PEYHBIM CTOKOM, UCTIAPEHHUEM, a Tak)Ke MpolieccaMu 00pa3oBaHUs U
tassHus Jbaa. st [ledopckoro Mopst BEAyIIUM SIBIISIETCS IEPBBIN U3 3TUX (PaKTOPOB.

BpeMmeHHass W3MEHUYMBOCTH COJEHOCTH OTHOCHUTEIBHO HEBEJIMKA, METOAUKA W3MEpPEHU
o0ecrnedrBaeT BBICOKYIO TOYHOCTh MOJYYEHHBIX JaHHBIX, IOATOMY JOCTOBEPHBIE CBEACHUS O PEKUME
COJIGHOCTH MOKHO TOJYYUTh U MO0 HEOOJBIIOMY YuCTy HaOmoaeHui. OHAKO eCIu TeMIepaTypHbIit
peXUM Ha TPOTSHKEHUU JIEOBOTO IMEpUOAa MPAKTUYECKU OJHOPOJIEH, U BBIBOJBI O HEM MOXKHO
CAeNaTh JaXe MO CAMHUYHBIM H3MEPEHHUSM, TO PEXUM COJICHOCTH TPH HAIUYHUH JIbJa, HA00OPOT,
YCIIOXKHSAETCS, W Ui €ro YTOYHEHHUs B OyaylieM HeoOXOAuMO OyJeT MPOBECTH IOTOTHUTEIbHBIC
HcCIe0BaHUsl.

Beprukanpapie  mpodumim  cpemHEM — MECSAYHOM  COJEHOCTH  BOABI 1O JaHHBIM
[Tuapomereopomorus..., 1990] npencraBnens! Ha Pucynke 6.23.

B 1nienom conenocts Boabl B [leuopckoM Mope MMeeT HECKONIBKO 0oJiee HU3KUE 3HAUCHUS, YeM
B OTKPBITHIX YacTAX bapeHueBa Mops, Mpexae BCEero, 3a cueT pacnpecHeHus Boaamu p. [ledopa u Bo
BTOPYIO OU€pelb — 3a CUET MOCTYIUIeHUs pacnpecHeHHbIX BoJ Kapckoro m benoro mopei. ['ogoBoit
XOJ1 BBIPAXKEH O4Y€Hb XOpoIlI0. MakcuMyM COJIEHOCTH HabJt01aeTcsl B Mae U cocTaBiseT 0Koio 34.0 %o

Ha MOBEPXHOCTH U OKONO 34.2 %o rmyOke 30 M [[mapomereoponorus..., 1990]. C nauana wroHs
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HAaYMHAETCs OBICTPOE pACIPECHEHHE BOJ, CBSI3aHHOE TMPEXKAE BCErO0 C MPOXOKICHHEM BOJIHBI
1oJI0Bo/bs Ha p. [ledopa, 1 B MEHBIIIEH CTETIEHN — C TassHUEM MOPCKOTO JIbJIa, U B HI0JIe HA0II0JaeTCs
MUHHMYM COJICHOCTH, COCTABIJIIONIMI Ha IOKHOW TPaHMIE y4acTKa, Hambosiee ONM3KOW K YCTBIO
p. ITeuopa, okoso 14 %o, a Ha HauboJee yAaTIeHHOM OT HETO CEBEPHON I'paHuIIe y4acTKa — OK0JIO 28 %o
(I'mapomereoposiornueckie ycioBus..., 1984). PacnpecHeHne 3arparuBaeT MOYTH HCKIIOYUTEIHLHO
BEPXHUH KBa3MOJHOPOAHBIA CJIOH MOIIHOCTHIO OKOoiOo 10 M wmnm HemHoro Mensuie. [yOxke
HaOJII0AaeTCs TANIOKIMH MOLTHOCTBIO OKOJIO 10 M, BepTHKaIbHBIE I'PAJAUEHTHI COJICHOCTH B KOTOPOM Ha
I0OKHOM TpaHMIle ydacTka mpeBbIaloT 1 %o/M. Huke ramokinHa pacrnosokeH TNyOMHHBIN CIOH,

COXpaHHIOH_[I/Iﬁ XapaKTCPHBIC AJIA JIEAOBOI'O IIEPHUOJa 3HAYCHUSA COJICHOCTH.
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Pucynox 6.23 — BeprukanbHbie pouian cpeqHeld MecsSYHOl cojeHOCTH BojAbl B Iledopckom mope
(nmo: T'mapomereopomorus..., 1990)

C Hauana aBrycra, KOorja CpeJHHH MEeCSUHBIH PEYHOH CTOK YMEHBILAETCS MO CPABHEHUIO C
MOJIOBOIbEM B 3—5 pa3, COJIGHOCTh B BEPXHEM KBAa3HOJHOPOAHOM CJIO€ HauMHAaeT BO3pacTaTh, a
TJIOKINH — pa3MbIBaThcs. K OKTSAOpIO COJIEHOCTh MOBEPXHOCTHBIX BOJ Bo3pacTaeT A0 24 %o Ha
IO)KHOW TpPaHMIIE JUIEH3MOHHOTO ydacTka M 10 33 %o — Ha ceBepHOW. MOIIHOCTH TaJIOKJIMHA
yBenuunBaeTcst 10 20 M, U B TO K€ BpeMs BEpPTHUKaJbHbIE TPAJUEHTHl B HEM YMEHBUIAIOTCS [0
0.05 %o/Mm. T'nyGxke 30 M J€KUT TITyOMHHBIM CIIOH, B KOTOPOM COJIEHOCTh HECKOJIBKO CHIIKAETCs I10
OTHOIIICHHIO K Mal0 — HIOJIO U cocTaBisgeT 0koio 34.0 %o [['uapomereoposnorus. .., 1990].

K cepennne HOAOpS TaJOKIUH HCYE3a€T, U COJCHOCTh CTAHOBUTCS NMPAKTHUYECKU OJHOPOIHOM
no Beptukaiu: 33.5 %o Ha moBepxHOCTH U 34.0 %o B riiyOuHHOM cioe. [lanee 10 Mas MPOUCXOAMT
ME/JICHHOE YBEJIWYEHHUE COJICHOCTH IO BCEMY BEPTHKAJIbHOMY MPO(UIIO 32 CUET BBIMOPa)KUBAHUS
coieid m30 Jpaa mpu coxpaHeHnrn HeOonbmon (0.5-0.2 %o0) pa3HUIBI MEXIY MOBEPXHOCTHBIM M

rIyOMHHBIM ropu3oHTamu [['uapomereoposnorus..., 1990].
6.4.5.3 MNnoTHOCTL BOAbI

Pexumnrie XapPaKTCPUCTHKU TTIIIOTHOCTHU MOpCKOﬁ BOJABI MOJIHOCTBIO OIIPCACIIAOTCA PCKUMOM
TEMIICPATYpPbl U COJICHOCTH, HO, TEM HC MCHEC, HMCIOT OOJIBIIIOE CAMOCTOSITENILHOE 3HAuYCHMUE.
W3MeHeHNs TIOTHOCTH IIO TOPHU30OHTAIA O6yCJ'IOBJ'II/IBaIOT IIJIOTHOCTHYIO OUPKYJIALNWIO BOJ, OT €ro
BCPTUKAJIBHOI'O PaCIpPpCACIICHUA 3aBUCAT YCTOIZHHBOCTL BOAHBIX MACC W MPOLECC KOHBCKTUBHOI'O

nepeMeIrBaHus.
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B cBsi3u ¢ 04eHb XOPOIIO BBIPAKEHHBIM T'OJIOBBIM XOJOM COJICHOCTH M OTHOCHTEIBHO MEHee
BBIPOKEHHBIM XOJ[OM TEMIIEPATYPhI, ONPEASISIONIM (HAaKTOPOM T'OJJOBOTO XOJa IUIOTHOCTH SIBIISICTCS
COJIEHOCTh, YTO XapakTepHo 11 Bcero CeBepHoro JlemoBuTtoro okeaHa. B MioHe — urosne BepXHMM
CJION MOps XapaKTepu3yeTcsl OYeHb CUJIbHOW IUIOTHOCTHOM cTpaTu(uKaiyeii: ycloBHas MIOTHOCTh B
BEpXHEM KBa3HOJIHOPOJHOM CJI0O€ MeHee 22, HWKE NHKHOKIWHA OKojo 27 (pucyHok 6.24), u
COOTBETCTBEHHO OYCHb BBICOKOW BEPTUKAIBHOW YCTOWYMBOCTBIO BOJHBIX MAacC, MHKHOKIMH
IIPAaKTUYECKHU COBIAJAET C rajokinHoM. C Hayajla aBrycra IJIOTHOCTb BEPXHEro KBa3MOJAHOPOIHOIO
CJIOSl HAYMHAET YMEHBIIAThCS BMECTE C YMEHbBIIEHUEM COJICHOCTH, U K OKTAOpI0 cocrapisieT 23—26
MIPU COXpPaHEHUHU HIIKE MMMKHOKJIMHA TUIOTHOCTH okoJio 27 (I'mmpometeopostorus.. ., 1990). K nexadbpro
IJIOTHOCTh BBIPABHUBAETCS HA STOM 3HAYEHUW MO BCEH BEPTHKAIU, YTO CO3AAET OJIaronpusiTHbIC
YCIOBHSl I KOHBEKTHMBHOTO TI€peMeIIMBaHus 1O Bce Tonme Boabl. [ns Tledopckoro mops
XapakTepeH TaK Ha3bIBaeMbId MOJIAPHBIA TUI KOHBEKTHBHOIO IE€PEMENIMBAHUSA, IMPH KOTOPOM
BEepPTHUKAIbHAS [UPKYJISIIHUS HAYMHACTCS ellle A0 Havala JIeqooO0pa3oBaHUs B pe3ysbTaTe MOHMKEHUS
TEeMIIepaTyphbl BOJbI HA MOBEPXHOCTH U 3aTE€M MPOOJIKAETCS B TEUCHHE BCETO JIETIOBOTO MEPUOIA YiKE
3a CUeT OCOJIOHEHUS BOJ MpH Jegoo0pa3oBanuu (3anorun, Makeposa, 1975).
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Pucynox 6.24 — BeptukanpHble npoduiam cpeqHeidl MeCSYHOW YCIOBHOHM IIOTHOCTH BOJIBI B
[Tewopckom mope (no: ['mapomereoposnorus..., 1990)

CpenHee KBaJpaTUYECKOE OTKIOHEHHE YCIOBHOH IUIOTHOCTU COCTABIISIET B MOBEPXHOCTHOM
cimoe 0.3-04 s3umoii m g0 4.0 merom, Hmxke mumkHOkiaMHA 0.1-0.2 s3umort m 0.3-0.5 merom

[[uopomemeoponocus..., 1990].
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6.5 TemaTruueckuii HaGOpP TAHHBIX JJISI MOEJTUPOBAHUSA

6.5.1 O6mas cxema MoJeTUPOBAHUSA THIPOMETEOPOJIOTMYECKUX YCIOBHIA

BbluncnuTeNnbHbI  KOMIUIEKC JJIsi  pacueTa CKOPOCTH BETpa, CKOPOCTH TEYEHHH W
XapaKTepUCTUK MOPCKOTO JIb/Ia BKIIIOYAJ B ce0S MOJENU: aTMOC(EpHON IUPKYIALUU (PErHOHAIbHAS
Heruapocratudeckas mozaens atmochepsl WRF ARW), mopckoit mupkymsimuu (Mogens INMOM,
Institute of Numerical Mathematics Ocean Model).

Mopnens WRF ARW (Weather Research and Forecast Model Advanced Research WRF)
[Skamarock, 2008] ucrnonbp3oBaiach AJis pacyeTa METEOPOJOTHUECKUX XapakTepucTuk. Monenb WRF
paspaborana opranuzamusmu NCEP (National Centers for Environmental Prediction) m NCAR
(National Center of Atmospheric Research) u sBisiercs HEruapOCTaTUYECKON MOJIETIBIO U MPUHATA BO
MHOTHX 3apyOEXHBIX U OTEYECTBEHHBIX LIEHTPaX /Jsi MPOBEICHHS PETPOCHEKTHUBHBIX PACUeTOB C
BBICOKMM IPOCTPAHCTBEHHBIM pa3pelIeHHEM, a TaKXKe JJIsl MPOrHO3a PETHOHAIBHOW aTMoc(epHOi
UPKYJISAIAH.

Mogens INMOM (Institute of Numerical Mathematics Ocean Model) [Juanckui, 2013]
UCIONIb30Bajach AJIA pacdyera CKOPOCTH TEUEHHWI W CIIOYEHHOCTH MOPCKOro Jibjaa. Mojenb Oblia
co3nana B Mucturyre BoruucnurensHoir Marematuku PAH (UBM PAH). I'maBnas ocoGeHHOCTH
INMOM, koTopas OTJIMYaET €€ OT JIPYTUX U3BECTHHIX U OOLICIPUHATHIX MOJIETICH OKeaHa, TaKMX KaK
MOM [Pacanovsky et al., 2000], 3akarouaeTcst B TOM, 4TO MPH YHCICHHOW peanu3anud B INMOM
UCIOJNIL3YETCS METOJ pacHIeTieH!s o (PU3HYECKUM MpolieccaM U MPOCTPAHCTBEHHBIM KOOpIUHATAM
[Marchuk et al., 2005]. Moaens INMOM xopomio ampoOupoBaHa, riio0ajgbHbIE BEPCHH JaHHOI
MOJICTIH MCIOJB3YIOTCs B MexayHapoanbix dkcriepumentax CORE (Coordinated Ocean-ice Reference
Experiments) u AOMIP (Arctic Ocean Model Intercomparison Project). Pe3ynbrats! Bepudukanuu mno

JJaHHOM MOJEIN NOKa3hIBalOT Xopomee COOTBETCTBUC PE3YJILTATOB PACUCTOB C JdHHBIMU H3MepeHHI>i.

lNMoarotosBKa nonei rno6anbLHOro mMeTeoposiorMyecKkoro peaHaaunsa

A

Pacuet meTeoponornueckmx xapakrepuctuk no mogenn WRF

/

Pacuet rugponornyeckumx

XapaKTepUCTUK No MoAeNn
INMOM

=

0O6paboTKa 1 3aNncb pesy/ibTaToB PacyeToB

PI/IcyHOK 6.25.biok-cxema PETPOCICKTUBHOTO BOCIIPOU3BCACHUA THAPOMETCOPOJIOTHIYCCKUX moJiei
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KauecTBo pacuera MOpCKOW LMPKYJSLHUUA ONPENENSIeTCs BO MHOTOM KauyeCTBOM pacydera
aTMoc(epHOro BO3ACHCTBHSI, ModyyaemMoro ¢ momoripio moaenu WRF. Crnenyer oTMeTuTh, 4To 3Ta
MOJIeTIb, B CHJIy CBOETO BBICOKOTO KAadecTBa M YJOOHOCTH HCIIOJIb30BAHUS, MPUHATA BO MHOTHUX
3apyOeXHBIX U OTEYECTBEHHBIX LEHTpax Ui BOCIPOM3BEACHUS U TPOTHO3a PErHOHaIbHOU
aTMoc(hepHON HUPKYJIALHUH.

6.5.2 Anantamusi Mmoaeau arMmocepHoi nupkyJasiuun WRF

HeobxomuMbie XapakTepUCTUKA aTMOC(EpPHBIX MPHUBOJHBIX MApPaMETPOB PACCUUTAHBI C
ucrnonb3zoBanueMm Moaenn WREF Bepcun 3.6, pazpaborannoii opranuzamusamu NCEP (National Center
for Environmental Prediction) 1 NCAR (National Center of Atmospheric Research) CIIIA.

Pacuernas oGnacTh, Wcmosib3yemasi Il pacyeTa METEOPOJIOTHUECKUX XapaKTEPUCTHK Hal
akBaropueil bapenneBa u Kapckoro mopeit mo wmoxenun WRF, mnokazana Ha pucysnke 6.2.
Hcnonb3yeTcss mpoCTpaHCTBEHHAs CeTKa C IIaroM 25 KM B PaBHOYTOJbHOW KOHHUYECKOW MPOEKIIHUU
JlamGepra.

Jns 3apanug Ha4aJIbHBIX U TPaHUYHBIX ycioBUM Moaenu WRF ucnonb30BaH MacCUB JJAHHBIX
peananmmuza CFSR Bepcum 1 [Saha et al., 2010], ny6auuno npenocranennbsiii NCAR (National Center
for Atmospheric Research)® ¢ paspemennem no npoctpasctBy 0.5°%0.5° 1 6 4acoB MO BPeMEHH.

JlanHble 0 MoJCcTUIIAIOIIEH TOBEPXHOCTH B3ATHI U3 npeaoctaBisieMoro NCAR apxusa MODIS

(Moderate Resolution Imaging Spectroradiometer)!? ¢ npocrpancTBeHHBIM paspeniennem 5°%5.

Pucynok 6.26. Pacuetnas o6macts 1 mojgenun WRF

9 http://rda.ucar.edu/datasets/ds093.0/#!description
10 http://www2.mmm.ucar.edu/wrf/users/download/get_sources.html
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Bbr1n BEIOpaHbI clieayronue BEIYUCIUTEIbHbIE mapaMeTpsl Mogenn WRE:

o TOPU30HTAJILHOE pa3pellieHue — 25 KM;
. 2’7 BepTUKaJIbHBIX YPOBHEH, BepxHsis rpaHuiia Ha yposHe 50 rlla;
J MHTETPUPOBAHUE 110 BPEMEHU ypaBHEHMH aTMOC(HEPHONW I'MIpOTEPMOIUHAMUKU

ocyuecTsisercs MetofoM Pynre-KyTTa TpeTbero nopsjxa ¢ marom o BpeMeHH 2.5 MUH.
6.5.3 ApanTtauusi Mmoaeau Mopckoii nupkyasiuun INMOM

Jlna pemieHus 3ajaud pacueTa TEUEHUH M CIJIOYEHHOCTH JIEJOBOIO IIOJIS MCIOJIB30Bajlach
anpoOupoBaHHas poccuiickas moaens INMOM (Institute of Numerical Mathematics Ocean Model)
[Auanckuit u op., 2013; Zalesny, 2010; Zalesny, 2012], paspaborannas 8 UBM PAH. Moueib
INMOM Obua agantupoBaHa K yclnoBHsAM akBatopuu [ledopckoro mMops u peaan3oBaHa C BBICOKUM
IIPOCTPAHCTBEHHBIM paspernieHueM (~2500 m).

Mopnens INMOM oTHocuTCs K Kiaccy cuUrMa-Mofeliel MOPCKOM M OKeaHMYecKOM
UUpKYJIsiuMu. B ee ocHOBE J€XHUT MOJNHAs CUCTEMA YPAaBHEHHMI THAPOTEPMOJMHAMHUKM OKEaHa B
chepryeckux KOOpAMHATAX B MPHUOMMKCHUSX THapocTtaTuku W byccunecka [Juanckuu, 2013].
[IporHocTHYecKUMHU TEPEMEHHBIMU MOJENN CIIy>)KaT TOPU3OHTAJIbHBbIE KOMIIOHEHTHI BEKTOpa
CKOpOCTH, IIOTEHLMaJdbHas Temmeparypa T, cojleHOCTh S, OTKJIOHEHHE YPOBHS OKeaHa oOT
HEBO3MYILIEHHON MOBEPXHOCTH, a TAKKE TOJIIMHA U CINIOYEHHOCTh MOPCKOro Jpaa. Ilpu unciennoi
peammzanun B INMOM ucnonb3yercss MeTOA pacuierieHuss Mo (U3WYeCKUM IpoleccaM |
NpOCTpaHCTBEHHBIM KoopauHaTam [Zalesny et al; Marchuk et al., 2005], mis kotoporo peanu3zoBaH
MOAYJIBHBIN NPUHIHUII TIOCTPOCHUS YUCICHHOM MOJEINH, TAe KaXKAbld M3 MOJIYJIEW OTBEYaeT 3a CBOU
¢dusnyeckuit npouecc GoOpMUPOBAHUS MOPCKON LIUPKYIIALIUH.

PacueTHast 0651acTh MOZIETTM OXBAaThIBAET AKBATOPUIO BCEX Mopei 3amagHoi ApkTuku Poccun -
bapenneBo, benoe u Iledopckoe mopsi. DTo caenaHo ajis TOTO, 4TOOBl ydecTh TeueHus bapeHiieBa
Mopsi, a Takxke BomoodmeH [lewopckoro mops ¢ Kapckum uepe3 Kapckue Bopora, Bnusrommii Ha
nupKysanuto Box [lesopckoro mops.

CeroyHast 00acTh aJaITHPOBAHHOW MOJIENIM peaIn30BaHa C PAaBHOMEPHBIM pa3pelIeHUEM C
[1aroM Mo MpOCTPaHCTBY 0K0J0 2500 M MO 10ATOTE U MIUPOTE.

Cerounasi 00J1acTh B MOJICIBHOM CHCTEME KOOPAMHAT MpHUBEJAcHA Ha pUCYHKe 25. Pazmepsr
CeTOUHOM obusiacTu cocTaBisitoT 927x809 y310B 0 MOAETBHOM J0Ar0Te U UpoTe ¢ 20 ypPOBHIMHU 11O
BepTukamy. Ha 3Ty o00macTb HMHTEPHOIMPOBAaHBI BCE HEOOXOAWMBIE TMPUIIOBEPXHOCTHBIE
MeTeonapaMmeTpbl W3 peruoHanbHOM Moxaenu artmochepsl WRF  mis pacuera atmocdepHoro
BO3EHCTBUS B Mosienu upKysinuu INMOM.

Tonorpadus 11s MOAETN MOPCKOW LUPKYJSAIMU Ha ocHOBe Mojenu INMOM (Pucynok 6.3)

Opanace Ha ocHoBe MaccuBa GEBCO, ummeromero ropusoHTtanbHoe paspemieHrne B 30 yIIIOBBIX
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CCKYHI. J_—[J'I}[ AKBAaTOPUHU MOpSA JOINOJHUTCIBHO MCIIOJIb30BAaHBL 6aTI/IMeTpI/I'-IeCKI/Ie KapTbl I

YTOUHEHHUS TONOTpahuIecKuX 0COOCHHOCTEH UCCIIEyeMOT0 PErHOHa.

3000

2000

1500

1000

Pucynok 6.27. Tororpadus Mmoaenu MOPCKON IUPKYIISIUH

Jns 3amaHus HAayalbHBIX M TPAHUYHBIX YCJIOBHM IO TeMIIepaType U COJEHOCTH B MOJIENIH
UPKYJSAIMKA ObUIM MOJTrOTOBJCHBI JaHHbIE KiuMmarojoruu JleButyca [Boyer et al., 2013]11. 3T10T
MacCHB JaHHBIX HMMEEeT TNPOCTpaHCTBeHHOe paspemenue 0.25°x0.25° wu comepxkutr HAOOp
CPEIHEMECSIYHBIX KIMMATHYEeCKUX KapT TEMIEPaTyphl U COJCHOCTH Ha Pa3IMYHBIX Topu3oHTax. Ha
KHUJKUX TpaHUIAX 3aJaeTcs KIUMaTHYeCKHi TOJOBOM Xoja TemmepaTypbl T u coleHOCTH S 1O
obonoBneHHbIM JaHHBIM NOAA (National Oceanic and Atmospheric Administration, HarmonansHoe
yIpaBJIeHNE OKeaHNYECKUX U atMocepHbIX nccnempoBanmii CILIA).

JIIsT TIOATOTOBKM HAYAIBHBIX TOJIEH TEMIEpaTypbl W COJCHOCTH HCIOJIb30BAINCH TAaKXKE
nMaHHbIe U3 MaccuBa JleBuTyca. Ha *uAKUX rpaHUIlaX TakKe paCCUUTHIBAIHNCH IPaIMEHTHBIE CKOPOCTH
o reocTpodudeckuM cooTHomeHussM. CTOK peK 3a/aBalcs Mo AaHHbIM kinMatudeckoro roga CORE
[Large and Yeager, 2004] B Bu/ie mceBI00CaIKOB, COCPEAOTOYCHHBIX B aKBATOPHSX, IPUMBIKAIOIINX K
YCTBSIM pPeK.

JlanHbIE O TOBEPXHOCTHOM Temmeparype B3sAThl U3 MaccuBa maHHbIX OISST (Optimal
Interpolation Sea Surface Temperature)*?,

Jns T u S Ha OOKOBBIX TpaHHIIAX M HAa JHE CTABUTCS YCJIOBHME OTCYTCTBHS MOTOKOB. Ha
rpaHuax s CKOPOCTH CTaBUTCSl YCJIIOBHME HENPOTEKAHMSI, JOMOJHEHHOE YCIOBHUSIMH CBOOOIHOIO
CKOJILKEHHUS Ha OOKOBBIX TPaHUIAX M KBAJAPATUIHOTO TPeHUs Ha aHe [Juanckui, 2013].

Jlst pacdeTa IpUITUBHBIX TEUSHUN HA )KUJIKMX TPAaHUIAX CTABUTCS YCIOBHE U3MEHEHHS YPOBHS

mojd AEHCTBUEM prrIHOMaCH_ITa6HOI71 HpHJ’IHBHOfI BOJIHBI. I[aHHBIe O NPUJIMBHBIX U3MCHCHUAX YPOBHSA

1 http://apdrc.soest.hawaii.edu/datadoc/woal3.php/
12 https://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.highres.html
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GepyTcs U3 OTKPHITEIX AaHHBIX Mojenn TPXO (TOPEX/Poseidon Global Tidal Model)*® [Egbert and
Erofeeva, 2002] ¢ ycBoeHHMEM CIIyTHUKOBOH albTHMETPHUH C OOECHEYCHHUEM IPOCTPAHCTBEHHOTO
paspelieHue nopsaka 25 kM. 3HAUE€HUS YPOBHS MOpPS Ha KHUIKHUX TPAaHHUIAX PACCUUTHIBAIOTCS Ha
OCHOBE BOCbMH OCHOBHBIX IPHJIMBHBIX FTAPMOHHUK.

Jlis KaXIoro pacueTHOro roja ajs 00eux Mojeneil SKCIEPUMEHT COCTOSJI B pacdere IMojei
MUPKYJISALWN 32 1enblid To ¢ 1 saBaps no 31 mekadbpsi. HauanbHoe cocTostHue Ha 1 ssHBapst UTsl Bcex
JIET TOJIy4aJIoCh OJIMHAKOBBIM MYTEM pacyeTa Ha OJIMH Mecsll ¢ Jekadbpbckoit kinumaTtosorun NOAA

IIpu aTMOC(l)CpHOM (bopanre COINTaCHO TaK HA3bIBACMOMY HOPMAJIM30BAHHOMY IOAY M3 JaHHBIX

CORE [Large and Yeager, 2004].

13 http://volkov.oce.orst.edu/tides/global.html
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6.6 Ilacmopt kadecTBa HedTH
000 "Bapanaciexnii vepmmman™
JIAG0patopun GIEMEO-X EMHUCCKIY MCCHeI0BAIIIT
TACHOPT KAYECTBA HE®TH
CERTIFICATE OF QUALITY
Ne
Hamamie rankepe Vessel
Topy noepyan / Poet of badmg' Topr Bapanaeii’' Port of Varandey
Tonap | Grode HEDTh ChIPAS BAPAHJERCKAR CMECK VARANDEY BLEND CRUDE OIL
Paspeuichne 12 sasos . Expont permit/
Konocuseers /Bill of Lading Ne
Jlara kosocusiersra /JBL date
IMpoda ' Sample’ Mo
Hara orrpyssn ¢ Date of loading'
Koxnwectno, Tomn hpvrro'Gross
Quaninty, ton
N Hanvenopsanse nokssarens Metoa wenirranmi Peayawur
ol HCTIITARNA
Qualny characleristics Test method Test result
\ somocts nodim npie 20°C, xnim® nn 8114
Density at 20,0 deg C , kg/'m® D i
2 ‘nmmocn wedom npn 15°C, aim? nm 835,08
Density ot 150 dep €, kg/m* DC
3 [lwomocts wodme o rpaycax APL *AP[ TOCT K.595.2010 1786
API gravity a1 60 deg F GOST £.595-2010 ¢
4 Macconan xons nozi, % TOCT 2477-2014 0.05
Water content, mass % GOST 24772004 ¢
5 Mucconae KoEnTPAI XIOPHCTsIX coneit. wrigw’ TOCT 21534.76 (meron A) 134
Chloexdes concentration, mgr/dm® GOST 21534760 (A method) £
6 Maccosue qoax xsopecTix coteh, % II‘OCT 20534.70 {meToa A) 0.0016
Chloides conlent, mass % GOST 21534-76 {A method) A
7 Mucconas J0aE MEXAHRYECKNX IpHseceil, % FOCT 637083 0.0000
Mechanical impurities, %4 GOST 637083 g
-2
g Bl v e
0 anneime mcamen iy papos, kM (v prer) !l'O(’T 1756-2000 (HCO 3007) 387 (290)
Saturated vapor pressure, kP (mm Hg) [GOST 1756-2000 (SO 3007) 4
10 Broxos §pasunit. % =pn venneparype 20 (ot T up 10) 200°C{HIOCT 217799 (vmeron ) 24,6
Giul fraction vield. % -pi Tesmeparype 30 (a T up 10) 300°C|{GOST 2177-59 (B method) 46,5
1" Maccosas xons napaduns, % TOCT 11851-85 (verag A) <9
Paraffin, nss % GOST 11851-85 (A method) ;
3 | Macconan 1oun oprasisecki xaopson, san Y I'OCT P 52237 ( mm.\ ¥
Orpanse chlorides, ppm GOST R 52247 ﬁm Xe
|3 |Macconas 100w eepososopons, s ! rocr p ‘% 9 2
* |Hydrogen sulfide, ppm GOST 2455
14 MACCORAR JLOUIN METIUI- 1 YTHAMEPKIITTRION B CYMMS, M v l'(x‘l‘c 24 9
Total methyl-cthyl merkaptans, ppm GOST RFNBO2-FEPHL THATI
3y 7
MNpsecanme ' I S, ; \;\ /{
Hasuue oo 1,2 spescicim 00 payymnraras CHEKH Ne832 { 1111 - npeofpascasres, naorme } W_ f";v.
Dats s point i one and two after another resuhed by results of SMOQ NaB32 ( DIC - densiy conversef
OGosnaacnne nedm no N'OCT P $1858-2002 / Classification according to GOST R 51858-2002 13211
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