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JlaGopaTopHoe MojeHMpOBaHHE
reApodgHu3nYecKHX NPOLECCOoB

B BEPXHEM CJIoe OKeaHa

(6oabUIO# TepMOCTPATH(HIIHPOBAHHDIIH
6acceiin UT1® PAH)

B. B. Apabaoorcu, C. [l. Bozamvipes, B. B. baxanos,
B. H. Kazaxos, . I1. Kopomkoes, b. B. Cepun,
B. H. Tananos, O. /1. HTuwxuna

HucrutyT npuxinaaHoit dpusuku PAH, H. Hosropon

IMpencraBiieHbl pe3yabTaThl PU3IHYECKOro MOACIMPOBAHHA BEPXHErO CIOS
okeaHa. Onucan 3GdexTHBHDINA K 3KONOrHYecKH YHCTHIA crocob cosma-
HUS U NOJIEPKaHHA ycToiuHBO# crpaTHdMKauuy B 1abopaTopHsix Gac-
cefiHax Gosmimoro o6beMa. IpuBemeHo omHcaHHE TEXHOIOrMYECKOro W
M3MEPUTEIILHOTO OGOpYNOBaHMA U NPOBENEHHS IKCMEPUMEHTOB IO
H3YYEHHIO THAPOQM3UYECKHX MPOLECCOB, XAPAKTEPHBIX VI BEPXHEro
cllosi OKeaHa.

H3yueHHe BOJHOBLIX U TYpOYJIEHTHbIX NMPOLECCOB, NPOUCXOAALIUX B BEpX-
HEM CJI0€ OKeaHa, ABJIAETCA OMHOH M3 OCHOBHBLIX 3ala4 OKEAaHONOTHH. DTa
3a4aya pelaeTcs NPEeUMYILECTBEHHO B XOMie CIIOKHOTO H JOPOTOCTOALIETO
HaTypHOTO JkcrepumeHTa. OIHaKO pa3sHOOOpa3He rHAPONIOTHYECKUX H MO-
FOMHLIX YCIOBH, Ce30HHbIE KONeOaHHS XapaKTEPHCTHK OKeaHa, HaJHYHe
NEPEMEHHbIX TEYEHHH, BUXpeH, PPOHTOB CHIILHO 3aTPYAHAIOT MONy4eHHe
JNOCTOBEPHbIX H BOCIIPOM3BOAMMBIX JaHHbIX. [IoaToMy Bce Goibluylo axTy-
aNbHOCTb NMPHOGPETAIOT MOJENbHbIE HCCICHOBAHHA OCHOBHBIX NPOLIECCOB,
npoucxomilux B okeane. K ux uncny npusamiexar HenuHeiiHble QUHAMH-
YecKHe MPOIECChl B BEPXHEM clloe, 06ycIoBeHHbIe BepTHKAIbHOM CTPaTH-
¢uxauned MIOTHOCTH W CKOPOCTH BOAHBbIX Macc. Takas crpaTuduxauus,
HECMOTpSA Ha pa3jiH4Hg B pa3HbIX pafioHax MupoBoro okeaHa, Ha pa3iIny-
HbIX LIHPOTaX U B pa3HOE BpeMs TOAa, OTIMYAETCA OTHOCHTENBHO BBICOKOI
CTabHIIbHOCTBIO, OOHapYXXHBas JIHILbL HE3HAYHTENbHbIE CYTOUHbIE H MOTOA-
Hble KOeOaHH B NPUNOBEPXHOCTHOM CJIOE.

TvnuyHbiM AN cTpaTHOHKALMH OKEaHa B YMEPEHHbIX H TPOMHUYECKHX
LUMpOTax ABJAETCA HATMYHE HA HEKOTOPOH Iiy6MHE CIIOS 3HAUHTENLHOrO
(10 HEeCKOJbKMX IPafycoB HA METP) M3MEHEHHA TEMIIEPATYPbI, HHXKE KOTO-
Poro TemnepaTtypa MOHOTOHHO YMEHbLIAETCH, BLIIIE — B BEPXHEM NepeMe-
IIAaHHOM HJTH KBa3HOAHOPOJHOM CJIO€ — NMpaKTH4YeCKH oxHopoxHa. Temne-
PaTypHbIA CKaYyoK M CBA3AHHBIA C HMM CKA4YOK MIOTHOCTH 00pasyloT B
OkeaHe xak 6bl BTOPYIO NOBEPXHOCTh, HA3bIBAEMYIO MHOTAA XHIAKHM IPYH-
TOM, Ha KOTOPO#, KaK M Ha BHEIIHEH MOBEPXHOCTH OKeaHa, CYIECTBYIOT
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IBWXEHNS, NONYYHBIINE Ha3BaHHE BHYTPEHHUX BOJIH. BHyTpeHHHE BOJHBI,
XapakTepH3yemble MaJIofi CKOPOCTbIO PacHpPOCTPAHEHHA H CPaBHUTENbHO
GoNblUMMH aMIUTATYAAMH, CWIBHO B3aHMOJEHCTBYIOT C APYTHMH [ABHXKE-
HHUAMH BOXHBIX MacC — T€YEHHIMH, TypOyneHTHOCTbIO. B HacTosd1ee Bpema
NPEACTABIAETCH UCKITIOYHTENLHO BaXHOW POJib 3TUX BONH HE TOJNBKO B JIH-
HaMMKe BHYTPEHHMX OBHXXEHHI OKeaHa, HO M B JUHaAMHKE MOBEPXHOCTHOTO
BETPOBOTO BOJIHEHHUA.

MopnennpoBaHHe NPOLIECCOB, MPOKCXOAIMX B BEPXHEM CIIO€ OKeaHa U
Ha ero NMOBEPXHOCTH, TpeOyeT MPUMEHEHHS CrielHalbHbiX 6acceliHOB C KOH-
TponupyeMol ycToituuBoii crpatudukaupeii. Itu Gacceiinbl MoryT 6biTh
MCTIONIb30BAHbI TaKXe [UIA W3YYeHHs NBHXKCHWA ROIBOAHLIX anmnapaToB B
CTPaTHPHLUMPOBAHHBIX MO MIOTHOCTH H CKOPOCTH NMOTOKAaX. 3HAYMTENbHBbIN
MHTEpEC NPEACTABNIAET M UCMONb30BAHHE HX I MOAEIMPOBAHUA YCIOBHIA
AMCTaHUMOHHOM AUArHOCTHKH MPOLECCOB HAa MOBEPXHOCTH OKeaHa C MpH-
MEHEHHEM aKyCTHYECKHX, ONTHYECKHX M PaJHOBOJIH.

Bce 31 3agaun MOTYT GbiTh 3Q(eKTHBHO pellieHb! JHLIb B OacceiiHax
JOCTAaTOYHO GONBIUKX Pa3MEPOB C XOPOLIO KOHTPOIHUPYEMOH H JIETKO BOC-
NPOU3BOAUMOI CTpaTHHKALMEH. '

MHorue rofp! H3yyeHne AUHAMHKH CTPaTHQULMPOBAHHBIX XHIKOCTEH
NPOBOJAMIOCH HA CPABHUTENbHO HEOOMBIINX U HErmMyOOKHX JIOTKaxX CO CTpa-
TUHUKALHMEl, THILb OTHAJIEHHO HaMOMHUHAIOLIEH cTpaTUHKALUIO peabHO-
ro okeaHa [1-4]. B caMoe mocneaHee BpeMs MOABUIIMCh COOOIEHHS O NOCTa-
TOYHO KDYMHBIX YCTAHOBKax [5], HO CYAMTb MO ITHM COOOLIEHHSM 00 HX
9KCMEPHUMEHTANIbHbIX BO3MOXHOCTAX 3aTPYAHUTENbLHO.

O¢d¢exTHBHBIE MPUHLUUNHAJILHbIE H KOHCTPYKTUBHbIE PpELIEHHS NpO-
GeMbl cTpaTHdHKauuKd 60NblIKMX GacceifHOB ObUIH MpPEMWIOXKEHbI H pealn-
30BaHbl B TedyeHHe 1980-1992 rr. B cepuu pabor, BbionHeHHbix B UIID
PAH [6-9]. B ux ocHOBY noONOXeH NPHHLUN TeMNepaTypHOH cTpaTH(HKa-
LUMH XKHAKOCTH B GacceiiHe ¢ NMOMOLLbIO HEOAHOPOAHO HArpeThiX 60KOBLIX
creHOK. IIpuMeHeHHe XOMOAMIbHBIX MalIHH, PabOTaIOIKX B PEXXHME TeN-
JIOBOTO Hacoca, 00ecne4YuBaeT BbICOKYIO 3G PeKTHBHOCTb TAKOTO Crocoda.

VYcnewnas paboTa npenwmecTBYIOWUX AeMoHcTpauonHoi (0,4 x 0,7 x
x 5,0 M) u ymenbmiennoii (1,2 x 1,6 x 5,0 M) momeneii GacceiiHa, a Takxe
cepus KoMmbioTepHbIx 3kcnepumerToB [10, 11] mo onTuMM3auun pexuma
CO3[IaHUA TEPMOCTPATHOHUKALMKM NOCTYXHIH OCHOBOI JUIA CO3JaHHA 6OMb-
woro TepMmocTpatuduumpoBanHoro 6acceitna (TCB) anunoit 20 M, mupn-
HOit 2 M u riy6uHoil 4 M (puc. 1). CTpouTeNnbCTBO ero 6biNno 3aKOHYEHO B
1991 roay, ocHOBHble pabOTbi MO MYCKy H HaJaAKE TEXHOJNOTHYECKOro WU
JKCIEepUMEHTaNIbHOro 06opynoBaHus 3aBepuieHbl B 1992 rony: TCB sBnger-
cf1 yacTbio ruapodusnyeckoit naboparopuu HII® PAH, uMerouieii B cBoeM
COCTaBe TaK)Ke THIPOaKyCTHYeckuii 6acceiH.
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Puc. 1. O6wmii BUI ycTaHOBKH

B cratbe onucaHbl OPUTrHHANbHLIA C€MOCco6 TepMocTpaTHhHKALHH
6onbuworo o6beMa XHAKOCTH, @ TAKXKE KOHCTPYKTHBHblE OCOGEHHOCTH M
3KCIUTyaTal{HOHHbIE XapaKTEPUCTHKH NabopaTtopHoro oGopynoBanus Gac-
ceiina UIT® PAH.

YcaoBus MOAE/THPOBAHNS
B CTPATHGHUMPOBAHHO# XKHAKOCTH

Hpocrpanmeuno-npeueuuue macuiTabbl MpOLECCOB  B3aHMOACHCTBUS
BHYTPEHHHX JABHXKCHHIA CTPAaTHOHUUPOBAHHOH XKMAKOCTH, B YaCTHOCTH
BHYTPEHHHX BOJTH, C BO3MYLUCHHAMH €e MOBEPXHOCTH H TEUCHHSMH NO3BO-
NROF, KaK NIPABUNO, APeHeGpeub NPH HX ONHCAHAN CKHMAEMOCTBIO KHAKO-
CTH, & TAKXKE BITHAHUEM BA3KOCTH 4 MOBEPXHOCTHOTO HATAXEHHS. ;
H3BecTHbIMH KpHTEpHAMHM NOROOMA TeueHMHl CcTpATHOHUHUPOBAHHON
MO MJIOTHOCTH P H FOPHU3OHTANBHOM CKOPOCTH U HeBA3KOM HeCKHMaeMoii
Xuakoctu ssnsioTcs [12] nencuromerprueckoe (BHyTpenHee) uncno Opyna
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U

Fr=—0F L1
(gLAp/p)''? @b
H TPAAHCHTHOE YHCIIO PH'laleCOHa
Ri= - 8ldpldz) (1.2)
p(duldz)?

npeactapnsiomee co6oif KBaApaT OTHOIUEHHWA YacTOThbl TUIABY4YeCTH
(uactoTbi Bpenra — Baiicans)

- _iﬁ 1/2
N (pdz] (1.3)

K BEPTHKaJIbHOMY IPaJIHEHTY FOPH3OHTANbHOH CKOPOCTH, TaKXe MMelolie-
MY Pa3MEPHOCTb 4acToTbl. B npuBeneHHbIX kKpuTepHsx: U — ckopocTh NOTO-
Ka XHMAKOCTH, Ap/p — XapakTepHOE OTHOCHTEJIbHOE W3IMEHEHHE MIIOTHOCTH,
L - xapakTepHblii BepTHKaNbHbIH pa3Mep, g — YCKOPEHHE CHIIbl TAXKECTH.

ITpu u3yuyeHnn aBHKEHHUS Ten B CTPaTHHHLMPOBAHHOM KHUAKOCTH BBO-
IAT B paccMOTpeHHe Takke uncno Opyna

Fr= L ,
NL

CBA3aHHOE C pa3MepoM L u ckopocTbio Tena U, a Takxke 4acTOTOH nnaByye-
CTH Ha TOPHU3OHTE €ro ABHXEHHS.

MacwrabHoe MoaenvpoBaHue B CTPaTH(PHULUPOBAHHON XHAKOCTH (B
TOM 4Hcie CO CBOOOAHOH MOBEPXHOCTBIO) MO YKa3aHHbIM KPHTEPHAM MO-
KeT ObITb OCYLLECTBJIEHO B ORHO# M TO# Xe XUAKOCTH ¢ JII0ObIM K03 dHLK-

€HTOM reoMeTpUUecKoro noaobus (maciurabom) K;-I =L wIL, (L, - Ha-

TYpHbIii, L , — MOJAeNbHLIH pa3m Nnpu OJAHOBPEMEHHOM H3MEHEHHH
M

172
BpeMeHHOro MacwTaba B ¢, /¢, = K, pa3 u COXpaHEHWH XapaKTEPHOTO

nepenaja NJIOTHOCTH Ap. [l BEPXHEro ClosA OKeaHa, rie CcTpaTHdUKauus
IJIOTHOCTH OOYCNIOBJIEHAa B OCHOBHOM H3MEHEHHEM TeMMepaTypbl, Mac-
wTabHOEe MOAENMPOBAHME O3HAYAET BEPTHKANILHOE CKATHE PACTPEnENEHNS
TeMnepaTypbl B K, pa3 Npu COXpaHEHHH MOJHOTO Nepenaja TeMNepaTypbl

AT, cBoiicTBEeHHOro OK€aHy, H OAHOBPEMEHHO YMCHbUICHHUE BPECMEHHbLIX

12
uHTepBanoB B K, pa3. Jlns BHYTPEHHHX BOJIH 3TO BbIPaXaeTcs B COXpaHe-

HHH aMIUIMTYAbI KoNeGaHHUii TeMnepaTypbl M MIOTHOCTH, HO B GoJee Bbico-
KOYacTOTHOM Auana3oHe. IIpyu 3TOM B COOTBETCTBHH C KPMUTEPHAMH MOAO-
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6us (1.1)~(1.3) obecneunBaercs MOAENHPOBaHHE U APYrHX (UIMYECKHX Be-
172
JMYMH: ycKopeHusi a , /a,, =1, ckopoctu U, /U, = K, (Bkmouas ¢pa3so-

BYIO W IPYNMOBYIO CKOPOCTH BOJH), MJIHHBI BONHLI A /A, =K, , amnn-
TyAbl cmeweHuii B BonHe A, /A, =K, , cuni F [F, =K:, 3HEpruu
(pabotwt) W IW, = K, , nnotHocs SHepruu w , /w, = K: , TINIOTHOCTH
noToKa 3Hepruun §,/S, = K,s_l2 , MowHoct P /P, = KZIZ , 4acToThI

Bpenta - Baiicana N, IN,, = K;”z HT. A

Bennunna K, orpaHHYMBAEeTCA CBEPXY BIMAHHEM MOBEPXHOCTHOrO Ha-

TAXEHUS W BA3KOCTH. Tak, NOBEPXHOCTHLIE BOJHbI MacwiTabHO MOAenHpy-
I0TCA JIHIUbL B MpeeNaX IPaBUTALMOHHOIO YYacTKa JUCMEPCHOHHOW 3aBH-

CUMOCTH © = ,/gk , T. €. Ing A nopsaka 4-5 cm u Gonee. IToaTomy, eciu

HeoOxoanMMo OCYLIECTBUTbL MOZICJIIMPOBAHHE MOBCPXHOCTHOIO BOJIHEHHA B

auanasoHe A 2 1 M, To k03¢ uuHeHT nogobus He MOXeT ObiTh Gonbiue 20-25.
JiBKkeHHE BA3KOH KHUAKOCTH MOMEIMPYETCH, €CIIH COXPAHAETCA YHCIIO
Peiinonbaca

Re= ﬂ,
v

rae L — xapakTepHblii MacliTab notoka (pasmep ABHXKYLLUErocs Tena), v —

KHHeMaTHyeckas BaskocTb. OnHako MoaenupoBaHue no uucnam ®pyna u

PuuapacoHa B oHOH M TOH ke XHMAKOCTH NMPH COXPAHEHHH MOJHbLIX Mepe-
. 3/2

nagoB Ap umu AT meHsert uucno Peiinonbaca: Re , /Re,, =K, . B cyno-

CTPOHTENbHOH MPAaKTHKE NMPH MCNBITAHMH MOZeENeil, MMEIOWMX 3HAYMTENb-
HOE BOJIHOBOE COMPOTHBIIEHHE, NPUHATO BbIAEPKHBATL KpHTepHii Dpyaa.
Ipu 3TOM pa3Mep H CKOPOCTb MOZENH BbIGHPAIOTCA COOTBETCTBYIOLUHMH

yuacTky aBToMmonenbHocTd Re/Re, , rae koadduuueHT conpoTHBieHHA

Tpenns C.. NPakTHYECKH NeEpecTaeT 3aBHCeTb OT Re. DTM obecneunsaerca

TO )K€ OTHOLIEHHE MOTEPb Ha TPeHHe U BO30YXKAeHHE BOJIH KOPNYCOM Moze-
JIM, 4TO M B HATYPHbIX ycnoBHAX. Jns onbiToBbIX 6acceiiHOB MpMHUMaeTCA

Re,, = 3106 B asponunamnueckux Tpy6ax Re = 105 Koadduuuent no-
A06Hs OrpaHHYHBAETCA NMPH ITOM BEJIHUHHOMN
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IIpakTHuecKH 3TO O3HAYAET, YTO cTpaTH(ULUUPOBaHHbII HacceiiH WHPOKO-
ro Ha3Ha4YeHHA NOJDKEH CTPOMTLCA MO THMY H pa3MepaM CyJOCTPOHTENbHBIX
6acceiinoB ¢ K, = 25. Illupuna ero momkHa 6biTh OCTaTOUHA 1S Habio-

JEHHUA BHYTPEHHUX BOJH, T€HEPHPYEMbIX OBHXYLIUMCSA TEIOM.

Bausuue guccunaTHBHbIX GaKTOPOB, TAKHX KaK BA3KOCTb W TEMJIONPO-
BOJHOCTb, HA XapaKTEPUCTHKH BHYTPEHHHX IOBHXEHUH CTpaTHHLMPOBAH-
HO# XuAKocTH ObICTPO MajaeT ¢ yBenuyeHueM Maciutabos naboparopHoii

2
YCTaHOBKH (BpeMs pelaKcalMy nponopudoHanbHo Ly ), nostoMy naxe B

YCTaHOBKaX CPaBHMTEIbHO HEGOMbLUINX Pa3MEPOB 3THM BIIMSHHEM, KaK Mpa-
BHJIO, MOXHO npeHeGpeub.

Cnocob cTpaTuukanuu 6acceitna

Cnocob crpatuduxauuu 6onsworo 6acceiina oTaAHYaETCH OT HCMONbL3OBAH-
HOTO B MpEALIECTBYIOWMX MoAensaX. Bo-nepBbix, oxnaxaeHHe KHUAKOCTH B
GacceifHe OCylIECTBIAETCA YaCTHYHO B PEXHMME BbIHYXAEHHOH KOHBEKLHH
NyTeM BbITECHEHHS HWKHHX CJIOEB XHAKOCTH OXaXAEHHOiH BOXOM, NOCTy-
naoueil U3 XOJNIOAUIbHBIX YCTAHOBOK. BO-BTODBIX, BMECTO CIUIOLIHbIX TeM-
N000OMEHHHKOB, NMOKPBLIBAIOLWHMX BCIO GOKOBYI0 NOBEpPXHOCTL GacceiiHa, B
XOJNIONHOM KOHTYpE HCMOJIb30BaHbl NHibL CEKIUHH TeNJIOOOMEHHHKOB, pac-
nonoxeHHble BOMM3K CJIOf CKauka TeMneparypbl, 4To 0becnieyuBaeT CTpa-
THOHKALMIO HA KOHEYHO# CTaIMH U MOJJEPKHBACT €€ B CTAUHOHAPHOM
pexume.

IpuHuMnuansHas cxema yc'rpoﬁc‘rna, OCYILECTBJIAIOLLETO H MOAAEPKH-
Baioluero ctpatudukauuio B 6GonbiioM 6acceiive, nokasaHa Ha puc. 2. Boaa,
oxnaxaeHHas xo 4-6°C, mocTynaer B NpHAOHHYIO YacTb Gacceiina no kaHa-
ny Mexay creHkamu (/1) n (13) u, npoxons uepe3 oTBepcTHs B (hanbiu-
aHe (14), BuiTecHseT nepBoHadanbHo Gonee rertyio soay (10-15°C) uepes
causHble okHa (10) u 3aTem- yepea Tpybonposon (6) BHORL NOCTYNAET B XO-
HORMILHYIO MAINHY: CnusHble okHa B 6opTax PaCNOAOXKEHbI 32 Mepero-
ponkoii (9), BbICOTa KOTOPOH QNpEEASETC NONOKEHHEM TEPMOKIHHA OT-
HOCHTeNbHO - fioBepxHoCcTH Boabl. Ha Goprax Gacceiitia nom neperopoaxoii
PacRoONONeHbl CeKLUH TenoobmenHukoB (/5), noaxmouaeMbie k pabore
XONOHOTO KOHTYPa Ha KOHEUHOil cTaaun GopMUpOBaHUs Npoduns Temne-

paTypsl.
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Puc. 2. CxeMa KOHCTpyKLMH b6acceliHa, CO3NaHUA U NOANEPXKAHUA CTpaTHOHKA-
uun. / u 2 — nonepeyHoe ceyeHHe GacceiiHa (CTpeNkaMH MoKa3aHbl KOHBEKTHB-
Hble NMOTOKH BO BpeMs cosnanus (/) u noamepxanus (2) crpatuduxauun); 3 —
NpoAOJIbHOE ceyeHHe GacceiiHa (CTpeNkaMH MOKa3aHO IBHXEHHE BOAbI MPH
CO3JaHHH CTPaTH(HKALIUY HAaJTUBOM); 4 — XOJNIOAWIbHAS YCTaHOBKA: 4./ — ucna-
pHTENb M XOJIOJHBIA KOHTYD, 4.2 — xoMmpeccop, 4.3 — KOHIEHCATOpP U KOHTYD
NofIOTpeBa; 5 — KOHCTPYKTHBHAas KOMIIOHOBKa GacceiiHa; 6 — KOJUIEKTOp XO-
JIOOHOW BOABI; 7 — KaHaJI JUIs CIIMBa XOJIOAHOH Boabl; 8 — GopT Gacceiina; 9 —
TEPMOU30NMPOBaHHas mneperopoaka; I0— CiauBHble OKHa; /I — BHYTPEHHSAS
TopleBas cTeHka Gaccefina; /2 — TepmousoyAuus; /3 — HapykHas TopuLeBas
crenka 6acceiina; /4 — nepdpopupoBanHoe dambluaHO; 15 U 16 — TenyI006MeH-
HHUKH XOJIOIHOTO H TEIUIOr0 KOHTYPOB

Ha nHavanpHO# cTaguy co3maHMs CTpaTHOUKALUK OXJIAXKAEHHE MOCTY-
narouei B 6accefiH BOAbl OCYILECTBIAETCA ABYMS XOJOAWIbHBIMH MallfHa-
mu. IIpu npubmixennn npoduna crpaTuduxanuu x 3aJaHHOMY MM CTa-
LUOHAPHOMY BbIHYXEHHAas KOHBEKLHS TNPEKpPAIlaeTCA, M OXJaKaaeMas
BOJia Hampasisercs B TennoobMenHuxu (/5). ITogaepxanue npoduns ocy-
IIECTBIIAETCA OMHOM MEHee MOHIHOM MalUHHOA. )

TennoobmMeHHHKH Temnoro KoHTypa (/6) pacnoyioXeHbl Ha BHYTpeHHel
NOBEPXHOCTH MEPETOPOAKH U TEMIOU30IHPOBAHLI OT Hee. BepxHuit KOHTYp
paGoraer B mpexHeM pexuMe cBOGOAHON KOHBEKLHM, MOXOrpeBas CIOH
KUIOKOCTH Mexay neperopoakaMu (9). J{na He3aBUCHMOMH PEryIMpPOBKH pa-
GOTBI TENNOro KOHTYpa B HEM TaKXe NMPELYCMOTPEHO NMOMKITIOYEHHE HCTOY-
HHKOB NOJOIpeBa, He CBA3AHHBIX C pabOTOH XOMOAUNBLHBIX MALIMH.

KomneloTepHoe MonenupoBaHue pabGoThl yCTPOMCTB CTpaTHQUKALUK
[12] nokasano, uto B 6acceiiHe JODKEH yCTAHABIMBATLCA MPOGUIb TeMITe-
PaTypbl, 6IM3kMii K HATYPHOMY, @ €ro napameTpbl MOTYT BapbHPOBaThCA
BbIGOPOM PEKHMOB PaGOThI TEILIOTO H XONIOJHOTO KOHTYPOB.
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XapakTepuCcTHKH
TeMINepaTYPHO# CTpaTHPHKALMH

KoHcrpykuueli 6acceiiHa MpexycCMOTPEHO HECKONbKO BapMaHTOB PaboThi
CHCTEMBI XOJIOKO- M TemjocHabGxeHnus. B Hacrosilee BpeMsa onpoGoBaHb
TPU PEXHUMa YCTAHOBJIEHHA CTallHOHapHON BOCHPOM3BOAUMON TEMIEpaTyp-
Hoit cTpaTuduKauuu GacceiiHa.

1. [IBe OGonbliye XOJOAMJIbHblE MAaIIHHBLI PabOTAIOT Ha 3aMelleHHE
HHXKHHX cioeB xononHo# (6°C) Bomoi; oxnmaxaaemas MalUMHOW BOJa Mpo-
KauHBaeTcs Yepe3 BEPXHHE TEIUIOOOMEHHHKH. YCTaHaBIUBAaIOLIuiics NpH
3TOM Npo¢WiIb MoKa3aH Ha puc. 3 (kpusas /). [l Hero xapakTepHO JIHHEH-
HOe U3MEHeHMe TeMIlepaTyphbl B BepxHeM (no riy6uns! 0,8 M) cnoe u npak-
THYECKH NOCTOsSHHOE ee 3HavyeHHe (6°C) B 6osee rimybokux cnosax. JIuHeii-
HocTb mpodHis OOBACHAETCA TeM, YTO HHTEHCHBHAs BbIHYXIEHHAs
KOHBEKLHMs 3aXBaTbIBaeT W BepxHue ciiou OacceifHa, nmepeMemnBas ux. Be-
POATHO, NUHelHas cTpaTHHKALMA MOXET ObITb YCTAHOBJIEHa M IO 0OJb-
IWHMX DIYOUH MyTeM PEryJIHPOBaHHUA CKOPOCTH MOCTYIUIEHHS OXJIAXACHHOM
BOJIbI, OJHAKO TAKOW PEXHM [OKa He MPOBEPAJICS.
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Puc. 3. Temnepatypubie npodunu TCB npu pa3snuuHbix pexumax paGoTsl.
XOJIOMWILHBIX YCTAHOBOK
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IIpu HayanbHO# Temmneparype Bonbl Gacceiina He Bbime 10°C crpaTu-
duKaLUs METOIOM 3aMeLIEHHs CO3aeTes 3a 6 yacos.

2. TTocne ycraHOBNEHHA ONKCaHHOH B . 1 cTpaTudukanuu obe Mamm-
Hbl MEPEKITIOYAIOTC HAa TEIIOOOMEHHHKH HH)XXHEro KOHTypa, B GacceliHe
yepe3 5-6 4acoB yCTaHaBIMBAETCA MPOGWIb C Pe3KO BbIPAXKEHHBIM CIIOEM
ckauka TeMneparyp (KpuBas 2 Ha pHC. 3), PACNOJIOXXKEHHbIM Ha IiyOuHe
~0,6 M.

3. Tlocne ycranoBienus npoduis B nepBoM pexxume obe Gonpiune Ma-
[UMHBI BBIKIIOYAIOTCA, H K HHKHEMY KOHTYPY TEINIOOOMEHHHKOB MOAKIIO-
yaeTcsa oJHa Manas MaiunHa. [IpumepHo yepe3 5-6 4acoB ycTaHaBIMBAeTCS
6onee niaBHas crpaTudukaums cros ckauka Ha rirybune 0,6 M (kpuBas 3 Ha
puc. 3).

B moboM u3 Tpex pexuMoB Gonee mpomoipkuTenbHas pabora Xoro-
JWIbHBIX MalUMH NPaKTHYECKH He MEHSeT YCTaHOBHUBIUETOCH npoduis.
Haunbonee 3KOHOMUYHBIM ABNAETCA TPETUH PeXXHUM. XONOMUIIbHbIE MAIUHHBI,
HacoChbl U TpyGONMpPOBOMBI OCHAIIEHBI H3MEPHTENbHLIMH MPHOOpPaMH U Jute-
MEHTaMH aBTOMAaTHKH, KOTOPbI€ MO3BOJAIOT OCYLHECTBIATh JOTONHHTEb-
HYIO PEryJIMPOBKY PEXXHUMOB cTpaTHHKanuu OaccedfHa.

JKcnepHMeHTA/IbHOE 000pyA0BaHMe OacceiiHa

B cocTaB 3KCEPHMEHTANILHOTO 060pyXOBaHUA BXOIAT:

— OyKCHpOBOYHAs TeJIEXKa;

— BOJIHONPOMYKTOP TIOBENXHOCTHLIX BOJH;

— BOJIHONMPOXYKTOP BHYTPEHHHX BOJIH;

— HHAYKTOD CABHTOBBIX TEYECHHI;

— TApUPOBOYHbIE CTEHAbI M OCHACTKA IJIA BLIIONHEHHUA HANAJNOYHbIX

I PEMOHTHBIX paGoT.

Bce sxcnepuMmedTanbsHoe 060pyaoBaHue cnipoextupoBaHo B UIT®D PAH.

byxcupoBounas Tenexka (puc. 4) asuserca 6a3oif s MoHTaxa 060-
pymoBaHusi, obecrieyHBaIOLIEro MOMyYeHHE HOCTOBEpHOH HHPOpMaLUH O
THAPOAWHAMHUYECKHX XapakTepHCTHKaX 6ykcupyeMoid MOZENH U O THAPO-
¢dusMyecknx mapaMerpax crpaTHGHUHPOBaHHOM cpeabl B GacceliHe.

OcHoBHbI€e, TPe60BaHNA K KOHCTPYKLIHH — XKeCTKOCTb H PAaBHOMEPHOCTD
HOBHXKEHMS Ha yyacTke M3MepeHus. Tesexxa BbIMOIHEHa B BHAE NPAMO-
YronbHOH paMbl WIHHOK 3 M M IIMPHHON 4 M M3 CTalbHRIX [BEJUIEPOB U
kopo6uaTbix 6anox. PaMa ueTbipbMa napaMH KOJIEC ONUPEETCH HA PENIbChI,
BLICTaBJIEHHBbIE ¢ TOYHOCTHIO 0,1 MM HA perymupyeMbix ornopax Ha 6oprax
GacceifHa. OrpaHHYeHHE OT NOMEPEYHBIX CMELIEHHH OCYLIECTB/IAETCH rOPH-
3OHTAIbHLIMH POJIHKAMH, YCTAHOBJICHHLIMH A KaXaok mapbl OMOPHBIX
kojiec. TakuM o6pa3oM, obecriedeHa HOCTATOUHAA XECTKOCTb BCel KOHCT-
PyKUMH.
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Puc. 4. Cxema 6yxcupoBou-
HO-U3MEPHTENILHOTO  KOM-
rtekca. / — 6ykCMpoBOYHas
TeJIexKa; 2 — KOOPAUHATHOE
yCTpo#HCTBO; 3 — HBYXKOM-
TIOHEHTHBI IMHAMOMeETD; 4 —
6ykcupyeMass Mozenb; 5 —
Ionagka onepartopa; 6 —
IITaHIM U YCTAHOBKH JIaT-
YHUKOB TEMNEPATYpPbl

PaBHOMEPHOCTb IBUKEHUA 0OECIIEYHBAETCH YCTAHOBJIEHHBIM Ha TEJEX-
K€ BICOKOMOMEHTHBIM JJIEKTPOABUIaTENIEM MOCTOAHHOTO TOKAa CO BCTPOEH-
HbIM TaxoreHepaTopoM. KoadduuueHT HepaBHOMEPHOCTH BpalLlEHHsA IBH-
ratens He 6oxee 0,1. J{ns nonyueHHs 3aNaHHOrO AMAMa3oOHa CKOPOCTEH
Tenexku (ot 0,01 go 1,0 M/c) ycraHoBNEH TpexckopocTHO# peaykTop. CyM-
MapHas MOTPELIHOCTh MPH 3afaHUH CKOPOCTH OYKCHPOBOYHOH CHCTEMBI
coctaBjseT He 6onee 2%.

B ueHTpaibHOM YacTH GYKCHPOBOYHOM TENEXKH Pa3MEleHO KOOpIH-
HaTHoe ycTpoiicTBo. Tpu ropusoHTa bHbIe Hanpasisiouue (6aaku Kopob-
4aTOro CeYeHHs) MOTYT IepeMeliaTbCd OTHOCHTENIbHO AMaMeTpabHOM
NNOCKOCTH U PUKCHUPOBATbCA ¢ TOYHOCTHIO J0 1,0 MM. Ha Hanpasnsiowux
CMOHTHPOBaHbl KAPETKH, KOTOPbIE MOTYT ObITh YCTaHOBIIEHELI B JIIOOOM Mec-
Te MO JUIMHE C MOTpewHOCThI0 He Gonee 0,5 MM. B kapetke ¢uxcupyerca
BepTHKaJIbHas 1TaHra (HOX) o6TekaeMoro mpoguis, KOTopas UMeEeT THC-
KpeTHble MO IJIyOMHe KpelUleHus I AaTYMKOB TEMIEPaTypbl WIH CKOPO-
cti. PacctosHus Mexay xpenaeHusMu — 0,1 M, perynupoBka HOXa B KapeT-
ke no Beicote — 0,1 M ¢ ToyHocTbio 0,1 MM. I'mybuHa ycranoBkH camoro
HWxXHero gatunka — 0,8 M ot noBepxHocTH Boabi. Taxum o6pa3oM, koopau-
HAaTHOE YCTPOWCTBO MO3BOJAET C JOCTATOYHONH TOYHOCTBIO YCTAaHABJIMBATD
JAaTYMKH OTHOCHTENIbHO OyKcHpyeMOW MOAENH WM AMaMeTPalibHO# ILIOC-
KocTu GacceiiHa.

BHyTpu paMbl TelTeXKH B €€ AHAMETPANbHOMN MIOCKOCTH MPEAYCMOTpe-
Ha BO3MOXHOCTb YCTAHOBKHU JBYXKOMIOHEHTHOrO AMHAMOMETpA, MO3BO-
JIAIOLLEr0 H3MEPATb CHIIbl, AeHCTBYIOIHE HA OyKCHpyeMbie MOIENH, H HX
NpHUpallleHHe NPH H3MEHEHHH PEXHMOB ABHXKEHHSA U OOTeKaHHs Teja B
crpatuduupoBaHHol cpene. JIuanazoH U3MEPAEMbIX CHII. CONpPOTHBIIEHKE
Rx = 0,0005-0,5 xI'c; nogpemHas cuna R, = 0,0005 -1,0 xI'c.
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ITpuHuMMUaNbHAA CXEMa YCTaHOBKH JUIA MCCIIEAOBaHUA MOBEPXHOCTHO-
ro BOJIHEHHA TOKa3aHa Ha puC. 5. BONHONPOLYKTOP NOBEPXHOCTHBIX BOJIH
¢ JEKTPONPUBONOM YCTAaHOBIEH B TOpUeBO# yacTH Gacceiina. OH mpen-
cTaBIAeT coboii ropu3oHTaNbHbIA uUMIHHADP AuaMerpoM 0,1 M M jmHHO#
3,4 M, COBepIUIAIOWINIi BePTHKANbHbIE KOeOaHHUA HA MOBEPXHOCTH XKHAKOCTH
B HAMPABJAIOLIHX, 3aKPEIUIEHHbIX HA OopTax bacceiina. IIpuBoaHas wTaHra
BOJHOMPOAYKTOPa LWIAPHHPHO COEAMHEHA C IKCLEHTPHKOM 3JIEKTPONPHBO-
1a, 3aJaIOLIMM YacTOTY H aMIUIMTYAy koneGanuii. BoiHonpoaykrop reHe-
pHPYET MJIOCKHE NOBEPXHOCTHbIE BOJHbI JuTHHOH A ot 0,1 10 1,0 M ¢ coor-
BETCTBYIOLUEH BbICOTOH OT S K0 60 MM.

2 3

Puc. 5. CxeMa annapaTHO-U3MEPHTEIbHOrO KOMILIEKCA I H3Y4YEHHs No-
BEPXHOCTHOT'O BOJIHEHHA: | ~ BOJTHONMPOAYKTOP MOBEPXHOCTHBIX BOJIH; 2 —
BHJeoKaMepa; 3 — BONHOTPadbl; 4 — BOJIHOracHTENb; 5 — MPOKEKTOPbI; 6 —
KOHTPacCTHas pelleTKa; 7 — BOJHOMPOAYKTOP BHYTPEHHHX BOJIH
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BonHONPORYKTOp BHYTPEHHHUX BOJIH, CXeMAaTHYHO H300paKeHHbIH Ha
puc. 5, mpexncrapinseT coboii nuacTuHy BeicoToi 0,6 M 1 muHO# 3,6 M, pas-
HoO# 1mupuHe 6acceifHa MeXay Teruio0OMeHHHKaMH, CIOCOOHYIO COBEpLIATh
yrioBble KOJIeOaHHUSA OTHOCHTENbHO TOPH3OHTaNIbHOM ocH cuMMerpuH. KoH-
bl OCH BpAaUICHUA BXOJAT B PaMy, KOTOpas MOXeT ObITb yCTaHOBJIEHA B
mo6oe nonoxenne no riyo6ure or 0,6 M 10 0,9 M OTHOCHUTENLHO BepXHei
KpoMkH OaccefiHa. IIpocTpaHCTBO Bbillle M HH)KE MOABH)KHOW IIACTHHbI
3aKpbITO HEMOAB)KHBIMH 3KPaHaMH, 3aKpEMIEHHbIMH B paMe. 3a30p MexXay
3KpaHaMH d TIacTuHod nmopsaxa 10 mMm. IInactuHa npuBoauTCs B ABMXKE-
HHeE 3JIEKTPONPUBOJIOM NMOCTOAHHOro Toka cepuu OT-6, obecneunBaroLlero
BBICOKYIO CTabMIILHOCTb, H CHCTEMONH pblyaroB. Onopa BEpPXHEr0 rOpU30H-
TaJIbHOTO pblYara NOABMXHA, YTO obecreynBaeT H3MEHEHHE Yriia OBOPOTA
TUIacTUHBI OT 5 1o 15 rpapycos. Ilepuon xonebanmii — ot 30 mo 120 c. Bee
OCHOBHbIE€ KOHCTPYKLIHH BBINMOJHEHbI W3 MATEPUAJIOB C BO3MOXHO MHMHH-
MaJIbHOH TEIIONPOBOIHOCTDIO.

VYnpapieHHe BOJNHOMPOAYKTOPAMHM TOBEPXHOCTHBIX W BHYTPEHHHX
BOJIH OCYLIECTBIIAETCA C LEHTPAJIbHOTO NMYJbTa YNPaBJIeHHUs.

HHpyxTop cABHIrOBbIX TeueHUH (puc. 6) mpexHa3HayeH Ui CO3AAHUS
PaBHOMEPHOT'O TE€YEHHS OJHOTO U3 CIOEB BOAbI (0OBIYHO BEPXHEr0) B Cped-
Heil yacTn Gaccefina. CkopocTb noToka perymupyercs ot 10 go 100 mm/c.
I'abapuTHbIE pa3Mepbl HHAYKTOpa: MIMHA — 19,75 M, mupuHa — 3,4 M BbI-
cota — 1,3 M. UHaykTOp COCTOMT M3 BOXO3a0OpHOM 4acTH, BOXOBOIHBIX
KaHaJIOB ¥ COILUIOBOTO annapara.

Puc. 6. Cxema co3gaHus CABHTOBOTO IOTOKA HHOYKTOPOM TeueHUi
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Bono3abopHHK M como noABelUEeHbl Ha MIATGOpPMax, YCTAHOBIEHHBIX
Ha penbcax B Topuax bacceiiHa, a ceKLMU KaHAJIOB BOXOBO/A ONMPAIOTCA Ha
CTOWKH, YKpeIUleHHble Ha JHe GacceliHa (Ha puc. 6 He nokasaubl), Ha 3TUX
ke CTOHKax MOTYT KPENHMTbCA HanpaBIIAIOLIME LIMTbI, OrpaHHYMBAIOLIHE
pabouyio yacTh GacceiiHa.

Bonozaboproe ycTpoiicTBo mpeacraBiser coboit oceBoit Hacoc, ycra-
HOBJIEHHbBII B HanpaBisIolLeM anmnapaTe (BoOX03a60pHHKE), BLINOJHEHHOM B
pune yautku. Hacoc 3acacbiBaeT Boay u3 paboueii yactu 6Gacceitha. B Bo-
J03a60pHHKE MOTOK MEHSET HamnpaBieHHE HAa NMPOTHBOMOJIOXKHOE U HarHe-
TAETCA Yepe3 repMeTHUHble KaHalbl MPAMOYTOJILHOTO CEYEHHS B COTJIOBbIH
anmnapar, B KOTOpOM BHOBb MEHSET HanpaBJIeHHE, H Yepe3 CETKY, BbIpaBHHU-
BAaIOIYI0 CKOPDOCTb, H COTOBYIO PELIETKY, BbIPaBHHUBAIOLIYI0 U YCHOKaH-
BaOLIYIO MOTOK, Nonaxaer B pabouyo yacth GacceiiHa. Ha Bbixone u3 co-
mja yCTaHOBJIEHbl TOPHU3OHTajIbHble CTBOPKH, ¢ IOMOIIBI0O  KOTOPBIX
MOXHO MEHATb HaMpaBJIeHHE MOTOKA N0 BEPTUKAJIH.

Ilpu yMeHbLIEHHH TeMIiepaTypbl pabouero nNoToka KOMIEHCALHIO IO-
Tepb TETIa MOXHO OCYLIeCTBHTb BKmoyeHHeM TOHOB, BMOHTHPOBAHHBIX B
BEPXHIOIO KpbIIKY Boxo3abopHuka. IlpenycMoTpeHa BO3MOXHOCTb BKIIIO-
yeHHUs JI0O60ro MX KOJMYECTBA M aBTOMAaTH4YeCkoe OTKIIOYEHHE B Clyyae
HEUCTPABHOCTH.

Hndopmannonno-u3MepuTeIbHbIH
rommexe TCh

HnbopMaLlHOHHO-M3MEPHTENbHBIH KOoMIUIeKke (puc. 7) mpeaHa3sHa4yeH Ui
perucrpauny ruapodusnyeckux (THAPOAMHAMUYECKHX) MPOLIECCOB, MPOHUC-
XOAALIMX BHYTPH U Ha MOBEPXHOCTH TEPMOCTPATHOHLMPOBAHHOM XHUIKO-,
ctu GacceiiHa. OH COCTOMT U3 NEPBUYHBLIX NpeoOpa3oBaTeneil (JaTYHKH),
BTOpPHUYHBIX Mpeobpa3oBaTeseii (MOCTbI, yCHIIMTENM) M CHUCTeM cOopa, Xpa-
HeHusa U obpabotku mocrynatowedit ¢ HuX uHpopmauuu (ALII-IIK). Jna
paboThl cucteM cbopa HMeeTca HeoOXomMMOe MporpaMMHoe obecrneyeHue.
Kommuiekc no BuAy BbIMONHAEMbIX Hay4HO-HCCIENOBATENbCKHX paboT co-
CTOMT U3 YCTPOHCTB, OTBEYAIOLIHX 32 H3MEPEHHE H3MEHYHBOCTH MNOJNEH TeM-
nepaTypbl U CKOPOCTH NMOTOKa TEPMOCTPATH(PHLMPOBAHHOM XHMIOKOCTH, a
TAIOKE CUCTEM HAOMIONEHHUS U PETUCTPALIMK NPOLECCOB, MPOHUCXOMAINX KaK
BHYTpH (pHC. 8), TaK U Ha MOBEPXHOCTH JKUIKOCTH (CM. PHC. 5).

H3mepenne nosieit TeMnepaTypbi
H CKOPOCTH NOTOKA

1. U3MepeHHne H3MEHUHBOCTH NOJIel TEMNEPATYPbl OCYLIECTBIAETCA NIPH
noMow 16 TOYEUHBIX HATYMKOB TEMIEPATYpbl (IEKTPOTEPMOMETPOB).
HMaTunk (MemHbIA TepMOMETpP COMPOTHBIIEHMA) COCTOMT W3 paGouero ame-
MenTa (D =1,5 MM, L =5 MM), 3alMTHOTO KOXYyXa H kabens minHoii 20 M.
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HME — TeMIlepaTypa) MMeeT JINHeHHbIH BUA. PasMelleHHe 3/1eKTpoTepMOMET-
POB 3aBHCHT OT BMAA BBIMOJNHAEMOH 3KkcrnepuMeHTanbHOW paboTtsl. CtaH-
JapTHOE pa3MellcHHE — B fueiKax HOXeH, yCTaHOBIEHHbIX Ha OykcHpoBOY-
HOi Tenmexke. EcTb BO3MOXHOCTb M3MEHEHHA KOOPAMHAT IOJIOXKEHHS
JaTyukoB B npepenax: AX = 0-13 m, AY = 0-1 M, AZ = 0-0,9 m.

2. N3mepenne Moayns cpeaHeil CKOPOCTH NMOTOKA JKMIKOCTH U €ro Typ-
OyJIEHTHBIX MyNbCALMii OCYILECTBIAETCA C HCMONL30BaHHEM 4-X DATYMKOB
TepMOaHeMOMeTpHYeckoro THma. JlaT4yMkoM TepMOaHEMOMETpa SBIAETCS
TJICHOYHBIH MIATHHOBBIA TepMope3ucTop. Ero BhixomHoe HanpsKeHHe mpo-
MOPLIMOHAIBHO TOKY HarpeBa M XapakTepH3yeT CKOpPOCTb. JJaTUMK COCTOUT
U3 ABYX IJIATUHOBBIX IJIEHOK C pa3MepaMu paboueii yacT ~ 2 x 2 MM, HaHe-
CEHHbIX Ha  MPOTHBOMOJNOXHBIE CTOPOHBbI  CTEKISHHOIO  KOHyca
(Dpax = 15 MM), NOMELIEHHOT'O B METAJUIM4ECKYIO TPYOxy (D =25 mMm), 20 M
kabenst U 4-xaHaybHOro 6J10Ka (MOCT-YCHIIMTENb). IINaTHHOBBIE PE3UCTOPDI
BKJTIOYEHbI B MOCT ¥ 00pa3yioT ABa CMEXHbLIX nieya. Beime TeMnepaTypbl
MOTOKa HAarpeBaeTcs TOJMbKO OAHa (pabouas) nieHka, ABIAIOLIAsACA YYBCT-
BUTENbHbIM 3JIEMEHTOM 110 CKOPOCTH MOTOKA. BKiltoYyeHHas nociexoBaTeNb-
HO C Heil KOMMEHCALlMOHHAs IUIEHKa MPAaKTHYEeCKH MMeEET TeMIepaTypy mno-
Toka. IIpu UW3MEHEHMH CKOPOCTH MMOTOKAa BeIMYHHA HArpeToro
COMPOTHUBIIEHHS MEHSETCSA, YTO BbI3bIBAET H3MEHEHHE COCTOSHHA MOCTa.
H3meHuBlIeecs Hanps)keHHEe B BbIXOJHOW IHAaroHanu MoCTa MOAaeTcs Ha
YCHJINTENb MOLHOCTH, KOTODbIii MEHAET CBOW BBLIXOJHO#M TOK TakuM obOpa-
30M, 4TO MOAOrpeB pabouei MIEHKH KOMIIEHCHPYET H3MEHEHHUS, BbI3BaHHbIE
CKOPOCTbIO, H MOCT BO3BPALLAETC B MpEXHee cOCTOAHME. B aTom ciyuae
BEJIMYMHA CONMPOTHUBIIEHUS KOMIIEHCALIMOHHOM IJIEHKH HeM3MeHHa. B ciyyae
M3MEHEHHs TeMMEpaTyphbl IOTOKA CONPOTUBIIEHHE 0OEHX IIIEHOK U3MEHSAET-
s MPONOPLHMOHANBHO (T. K. OHM U3TOTOBJIEHBI U3 OXHOT'O MaTepHaa), U Ha
BbIXOJE MOCTA HANpPSXKEHHNE HE MEHAETCA, 4 3HAYMT HE MEHAETCH TOK HarpeBa
Jatuuka. ITockonbKy HUCMObL3YETCS 3aBUCHMOCTb TOKAa HarpeBa (MJIM Bbl-
XOJHOTO Hamps)KEHUA) OT CKOPOCTH, TO TEMINEPATypHas MOTPELIHOCTb H3-
MepEeHHs CKOPDOCTH MOYTH MOJHOCTbIO YCTPAHAETCA M COCTaBlAeT He Oonee
1,5 % /°C no cpenueii ckopoctu mnortoka. IIpemenbl u3MepeHMs HaTyvka
1-100 cm/c ¢ norpewHocTbio 0,5-5 cM/c. AMIUIMTYJHO-4aCTOTHAs XapakKTe-
PHMCTHKA MMeeT HepaBHOMEPHOCTb He Gosiee 2 b B auamazone 1-100 I'u.
Kanu6poBka JaTYMKOB CKOPOCTH OCYLIECTBJIAETCA MPH MOMOIUH Gykcupo-
BOYHOM TENIEXKKHU C MPEABAPHUTENBHO YCTAHOBIIEHHONW M3BECTHOIN CKOPOCTbIO
IOBIXXEHHS W mocnenyiomedl nposepkoil. KamibpoBouHas 3aBHCMMOCTH -
BbIXOIHOE HaNpsOKEHHE — CKOPOCTb (K03QHLHEHTHI MOIMHOMA 2 CTele-
HM) ~ OMpeAeNseTcs NporpaMMHbIM criocobom. XapakTepHble paboune npe-
Zenbl u3MepeHuit ckopoct 2-20 cMm/c ¢ ypoBHeM TypOyJieHTHOCTH ~ 5-80 %
NpH 4acToTe myibcauuid ckopoctu He 6oinee | I'i. Cpennss BenuuMHA Bbl-
xonmHoro curHana ~ 0,15 B/cm/c. TepmoaHeMoMeTpHYeCKHit THI JAaTYHKOB
U3MepsAeT MONYJIb CKOPOCTH NOTOKa. ITOCKOJIbKY MOTOK ABHXKETCS FOPHU3OH-
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TajIbHO, TO OCHOBHOIi BKJIaJl B BEIMNYMHY CPENHEH CKOPOCTH MOTOKA BHOCHUT
TOPU30HTa/IbHasA KOMIMOHEeHTa (och X). BenuuuHa BxJIafia BePTHKAJIbHbIX
(ocb Z), nonepeyHbIX (0Ch Y) Npoekuuii KOMIIOHEHT CKOPOCTH NMOTOKA NpH
M3MEPEHNH YPOBHA TYPOYJICHTHBIX MyJbCalyii U cpefHeil CKOPOCTH He omn-
peaencHa. JlaTdnky pasMelleHbl Ha YCTpOHcTBe H3MepeHH mpoduneii TeM-
nepaTypbl M CKOPOCTH NMOTOKA.

JlaTuuky TeMmepaTypbl M CKOPOCTH NMOTOKa, a Takke Heobxoaumoe
BCMIOMOTaTenbHOE 000pynoBaHKe ObLUTM M3rOTOBNEHb B MIHCTHTYTE MeTpo-
norun uM. [I. M. MenneneeBa (r. C.-Ilerep6ypr). U3mepurenu mnpouuu
MHOTOYPOBHEBbIH KOHTDOJIb DPETHCTPHPYEMbIX BENHYHH HA CIELHAIbHOM
CUAPOAMHAMHUYECKOM CTEHJE H COOTBETCTBYIOIIUM 06pa30oM aTTECTOBAHDI.

YcrpoiicTBo H3MepeHHs MPOHIA TEMIEPATYPbI
H CKOPOCTH NMOTOKA

VYerpoiicTBo (cM. puc. 8) npenHa3sHayeHO IUIA HEMpPEPHIBHOTO W3MEPEHHs
pacnpeneneHus TEMIEPaTypbl H CKOPOCTH NMOTOKa XXHAKOCTH MO riybuHe
6acceiiHa. COCTOMT M3 HampaBIAIOLIEH IITAHIH C PACONOKEHHBIMH Ha Hei
HECKOJIbKUMH (00 4 map) AaTYMKaMH TEMIIEpaTypbl U CKOPOCTH MOTOKa,
JaTYHKa KOOPJAHHATHI MONOXEHHS (0Ch Z), BLINOIHEHHOIO Ha OCHOBE MHO-
roob6OpOTHOTO NMOTEHLHOMETPA, MHOTOCKOPOCTHOT'O PEAYKTOPA C JEKTPO-
IBMraTesieM W YNpaBIAIOLIEro 3MeKTpoHHOro Oioka. OmHOBpeMeHHOE H3-
MepeHHe NpOQMIAs TEMNEpaTypbl M CKOPOCTH TNOTOKa OCYILECTBIAETCH
NyTeM BEPTHKANbHOIO MEPEMEILEHNA Mapbl JATYUKOB B JHana3oOHE XoJa
450 MM C HenpepbIBHO 3aNMUCbI0 NOKa3aHMN, CHUMAaeMbIX C HAaTYHKOB, B
taiin nanubix Ha ITK. TIpn MUHHUMaNbHON CKOPOCTH NepeMeLleHHs NaT4H-
KOB ~ 3 MM/c U onpoce ¢ AuckpeTHocTbio 0,3 ¢ BepTHKallbHOE pa3peleHHe
KOOpAHHATLI Z cocTaBiseT ~ | MM. JInuTenbHOCTL 3anucH npoduis TeMne-
PaTypbl U CKOPOCTH noToka ~ 150 c. IlonpaBku, cBA3aHHbIe ¢ H0OaBIEHHEM
ZOTIOJIHUTENIbHOTO CHTHajla OT BEPTHKAJIbHOTO MepeMeLlieHHs JaTyhKa CKo-
POCTH M BO3MOXKHOH HETOYHOCTbIO PabOTHI IIEKTPOHHOH' CXEMbI TEPMO-
KOMreHcauuu (3aBUCHMOCTb NMOKa3aHMi CHTHajla ¢ HaTYMKA CKOPOCTH OT
Temnepatypsl ~ 0,5-1 cm/c npn 6onbiioM nepenage TemnepaTypbl ~ 15-20°
B OTCYTCTBUE MOTOKA), YYUTHIBAIOTCA MPOrPaMMHBIM CIIOCOGOM MPH 3aMKCH
aiina nanubix. KpoMe 3TOro0, BO3MOXHA OCTAHOBKA JATYHKOB Ha HEOGXo-
I¥MOM ropH3OHTE H3MepeHHA (ocb Z) C LENbI0 ONHOBPEMEHHOH 3amucH
Peanusauuit xoneGaHuii TeMnepaTypbl ¥ TypOyIEHTHBIX MyJIbCALUA CKOPO-
CTH noToKa. YCTPOWCTBO CTaLMOHAPHO pa3MELIEHO Ha amnmnapaTHo-
OyKcHpOBOUHO# Tenmexke.
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H3mepenne noBepXHOCTHOro BOIHEHHS

Jna n3MepeHHs napaMeTpoB NOBEPXHOCTHOTO BOJHEHMS MCMONb3YeTcd Ye-
ThIpEXKaHaJbHbIH YIbTPa3ByKOBOH HM3MepHUTeNb BuOponepeMelteHuit (cM.
puc. 7). OH npenHa3HayeH WA GECKOHTAKTHOTO W3MEPEHHI aMIUIMTYX KO-
nebaHuii MOBEPXHOCTH XHUAKOCTH B bacceliHe, uccnenoBaHuil pacnpenene-
HUSA aMIUTMTYZ KojieOaHMii MOBEPXHOCTH B Pa3MYHbIX obyacTsax bacceitHa,
onpeaeneHus cHHPa3HOCTH koyiebaHuii U CKOPOCTH BO36YXKIaeMbIX BOIHO-
MPOAYKTOPOM NOBEPXHOCTHBIX BOJIH. B M3MepuTene peayn3oBaH yIbTpa-
3BYKOBOii JIOKaUHOHHBIA (Ha30BbIi crioco6 u3MepeHUs BUGpomepeMeLIeHHH
NPH HEMpPEPLIBHOM PEXHME H3JyYeHHs YIbTPa3ByKOBOW BONHbI. OTIHYH-
TeNbHOH 4YepTod M3MEpPHTENs SBNAETCA aBTOMAaTHYeCKoe ylepxkaHue pabo-
yei TOUKH (pa30BOro AeTeKTOpa Ha MMHEHHOM y4yacTke $pa3oBoi XxapakTepu-
CTHKHM JeTekTopa. Tekyllee 3HaYeHHE aMIUIMTYAbl HANPSXKEHUS Ha BbIXOJE
M3MEPHUTENA NPOMOPLUUOHANBHO TeKYILEMY 3HAYEHUIO W3IMEHEHHS pacCTos-
HUS MEXIY JaTYMKOM M OTpaXalowlieil NOBEpXHOCTHIO.

KOHCTpYKTHBHO H3MepHTENb COCTOMT M3 9JIEKTpOHHOro 6ioka,
4 [aTYNKOB, COEAMHEHHbIX ¢ HUM KabereM 5 M, ¥ xabens 20 M [ig CBA3M C
ALTI-TTK. N3MepuTens UMeeT cleAyolHe TEXHUYECKHE XapaKTEPUCTHKH:

~ 4aCcTOTA U3JIy4aeMoit yJIbTPa3ByKOBO# BOJIHbI 30 xI';

— aMILUIUTY/Ia U3MEPAEMBIX MepeMeLeHHit 35+35 mMmMm;

- 4aCTOThI H3MEPAEMBIX MEpEMELLIEHH I 0-30 T';

— paccTOsiHME OT AaTYHKA O NOBEPXHOCTH BOAbl 70 MM;

— HampsMKeHHe Ha BbIXOE He 6onee 3,5 B.

Bo3MoxHb! H3MepeHHs nepeMelteHuii ¢ ammiutynoi 0,1 MM, mpu sTOM
obecneynBaeTca OTHOLIEHHE CUTHA/IIYM He MeHee 40 nb. Pa3zmelenue nar-
YHKOB 3aBHCHT OT BHIA BbINOJHAEMBIX HCCIEAOBaHUI (Ha GYKCMPOBOYHOM
TeJeXKe, BHIHOCHOM KPOHIUTEHHE U T. A., C BO3MOXHOCTbIO H3MEHEHHS KO-
-opaMHaT X U Y). .

CurHan (M3MeHeHHe HanpAXeHHA) C ONMHCAHHLIX BbILIE YCTPOMCTB Mo-
cTynaer Ha rathbl BBoja-BbiBoga (ALITI-ITAIT) cepun L-Card (L-153, 154,
164), ycraHosneHHbix B ITK. [Ing ucnonb3yeMbix Ha GacceiiHe U3MepUTENb-
HbIX CHCTEM NMPHMEHAETCS CrelHanbHO pa3paboTaHHOe MporpaMMHoe obec-
neuyenue. Ilnarel AIITT uMeroT clieayroLe TEXHHYECKHE XapaKTEPUCTHKH:

— KOJIMYECTBO KaHaNoB: AupdepeHUHaTbHbIX 16,
¢ oO1uM 3a3eMiieHHeEM  32;
— pa3spAIHOCTb 12 6ur;
— BpeMd npeobpa3oBaHus 10 mxc;
— AWana3oH BXOAHOI'O CHTHajla +(10,24;5,12;1,024) B;
— MaKCHMaJIlbHas 4acToTa npeobpa3oBaHuA 50 xI'y;
—~ 0JI0Ca MPONYCKaHHA CUIHANA He Gonee 250 kI'y;
— BXOZAHOE CONPOTHBJICHHE 2MOwm.
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Onyuyeckas cHcTeMa HabmoaeHIUS
H PETHCTPALHY NOBEPXHOCTHOrO BOTHCHHS

Cuctema cobpaHa Ha 6a3e aHaJIOro-uUGpPoOBOro BUAEOKOMILIEKCA C HENbIO
ONTHYECKOr0 HAOMIOAEHHA M PErHCTPaLH¥ MPOLIECCOB, MPOMCXOAAIIMX HA
OBEPXHOCTH XHUAKOCTH. CuUCTEMa MO3BOJAET OCYILECTBHTb AMCTAHLHOH-
HYI0 JHMAarHOCTHKY HOCTaTOYHO Oonblwod NpocTpaHCTBEHHOH ofnacTu
~1,5x 1,5 M qa onpeneneHus napaMeTpoB NOBEPXHOCTHOTO BOJIHEHHA C
uMQpoBOii 3aMKChI0 aHANIOIOBOTO BUACOCHTHANA [IIA mocienyromeii obpa-
60TKH Buaeon3oOpaxeHuii. CucreMa COCTOMT M3 aHAJIOrOBOH BAAEOKaMe-
pbl, PACTIONIOXEHHON HaJ NOBEPXHOCTBIO XHAKOCTH, KOHTPACTHBIX PEIETOK
(uepHO-6enas ceTka ¢ waroM 50 MM no xoopauMHaTaM X H Y), pacnonoXeH-
HpIXx Ha JHe OacceiiHa, CHCTeMbl PABHOMEPHOTO OCBEIIEHHS PEILETOK
(MPOXXeK®Opa) M CreuHanbHOMA MIaThl BBOAA H OUM(PPOBKH aHAJIOroBOro
pupeocurtana s ITK.

Hcnonb3yercs KOMNAaKTHas YepHO-0e/as TYIEBU3HOHHAA BHIEOKamepa

(Bishke CCD-30LP) Ha ocHoBe II3C 1/3’ matpuup! ¢ 310° amemenToB,
paspewennem B 384 TBJI, c MUHHMaNbHO#M YYBCTBHTEILHOCTBIO Ha 06bEKTE
B 0,1 1K, aBTOMAaTHYeCKUM TEKTPOHHBIM 32TBOPOM H 4(8) MM 06DBEKTHBOM
6e3 perynupoBku auadparmbl. Buneocurnan ¢ kaMepbl NOCTYNaeT B miaTy
3axBaTa BHIeOH300paxeHHit miro-VIDEO DC20. Ilnata 4 cooTBeTcTByIo-
liee annapaTHO-NPOrPaMMHOE OCHAIICHHE KOMTBIOTEPA MO3BOJIAET BECTH
3aXBaT BHICOCHTHalla C MaKCHMaJIbHOW CKOPOCTbIO MOTOKAa HAHHLIX I
roii atel ~3100 K6/c ¢ paspeumeHnem 768 x 576 crpok npu M-JPG koM-
npeccun BuaeocurHana 7:1 uiu 640 x 480 crpok npu xomnpeccuu 5.5:1, 60
nojeii/c, c uBeTOBbIM pa3peiuenueM 24 6ut co 100% oTcyTcTBHEM Npomnycka
KagpoB npu 3anucu AVI-daiina Ha ecTkuil auck KommbloTepa. JlaHHoe
Ka4ecTBO 3alMCH BUAEON300paxeHuil COOTBETCTBYeT THNY Broadcast Qual-
ity.

TIpu NpoxoXaeHUH NMOBEPXHOCTHBIX BOJH BO3HHKAET OTKIOHEHHE U30-
OpaxeHuil JIMHHIA CETKM OT MONOXKEHUH HCXOAHOM (PEryNAPHOI NMPH HEBO3-
MYLUEHHOH NMOBEPXHOCTH XKHIKOCTH), MOJiepeYHas aMIUIMTYAa OTKIOHEHHH
THHUIA NMPONOPLHOHANbHA HAKJIOHY FEHEPHPYEMbIX MOBEPXHOCTHbIX BOJIH.
Cneunanbho co3ganHbiil MakeT MPOrpaMM MO3BOJAET aBTOMATHYECKH ON-
PENenaTh KOOPAHHATLI Y3/IOB CETKH M HHTEPIONHPOBATb 3HAYEHHA YKIIOHOB
NOBEPXHOCTH XKMAKOCTH K perynspHoii cerke. Jlanbueiiuas obpaborka,
BKIIOYaiolas, B YaCTHOCTH, BbICOKOYACTOTHYIO (GWIBTPALHIO, NO3BOJAET
BO;CTaHOBHTB pacnpeneneHue nojis aMmIHTyR nonepxuoc'mux BOJH B 6ac-
CeHHe.

Takum obpasom, Gaccelin ocHaieH Heo6xomumbiM HaGopoM HHOp-
MallHOHHO-H3IMEPHUTENbHBIX CHCTEM [UIS IKCHEPUMEHTAIBHOIO H3yYeHHA
THApodu3HYecKuX (THAPOAHHAMHHYECKHX) POLECCOB, MPOKCXOAALIMX BHYT-
PH U Ha NOBEPXHOCTH TEPMOCTPATHPHLIMPOBAHHON HKHIKOCTH.
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OCHOBHLIMH THRPOH3MYECKMMH MPOLIECCAMH, HCCIeayeMbIMH B Gac-
cefiHe, ABISIOTCA CIICAYIOIHUE:

— KOHBEKLHA H ee polb B GOPMHPOBAHHH W TIOANEPXKAHHH TeMIiepa-
TYpHOro NpoduiIs B okeaHe;

— BHYTpEHHEE H TOBEPXHOCTHOE BOJIHEHHE;

— B3aUMOJEHCTBHE BOMNH, CABUIOBBIX T€YeHHIH ¢ TYpOyIeHTHOCTDIO;

~ BIIMSHHE CTPATHOUUMPOBAHHBIX TEYEHUHR Ha CTPYKTYPY THKHOKHHA;

~ renepauua “xopabeibHbix” BHYTPEHHHX BOJIH TOTPYXEHHBIMH Te-
J1aMit B CTPaTHOHUHPOBAHHOH KHIKOCTH;

~ OpMUpOBaHHE ONMTHYECKHUX M PaaHou30o6paxkeHHH B3BOJIHOBAaHHOI
MOBEPXHOCTH;

— KonebaHHA 3aTOINEHHBIX CTPYH M TreHepalus BHYTPEHHMX BOJH
CIBHIOBBIMH MOTOKAMH;

— TpaHCHOpPMaALMA MOBEPXHOCTHBIX BOJIH HA ABYMEPHO-HEOAHOPOAHbBIX
TeueHUAX (nons odTexaHNs NOABOMHBIX H HAXBOIHBIX MPENIATCTBHH);

~ ApYrHue 3aa4v THAPOIHUIUKH, IKOJIOTHH H TIPOLIECCOB flepeHoca.

JIaGopaTopHbili KOMMJIEKC co3iaH NMpH (PUHAHCOBOM yuyacTHH MuHH-
CTEPCTBAa HAYKH H TEXHONOTMH PocCHMM B paMKax Mporpammbi HOAAEPXKKH
YHUKaJIbHbIX YCTaHOBOK (perucrpauuonHbiii Nt 01-19), TKHTII Poccun B

pamkax npoekrta 01.06.03 "JAunarHoctuka” nporpammsl “KomrurekcHbie Hc-
CIIeOBaHHA OKEAHOB H MOpEH, ADKTHKH M AHTapKTHKH”, a Taioke INTAS
(rpant Nt 94-4057). CraTbs noaroToBjeHa npH ¢uHAHCOBOH nomnepx ke
KOMHCCHH 1o paboTe ¢ Mostoaéxbio Poccuiickoli akaneMun Hayk.
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I'enepanus
BOJIHOBLIX BO3MYHIEHHH
B TypO6ylleHTHOM

cTpaTuduIpoOBaHHOM
CABMI'OBOM ITIOTOKeE,

HabmomaeMas B 60JabIIIOM
TepMoCcTpaTHPUINPOBAHHOM
6accenHe

C. [I. Boeamvipes, 0. A. Opyxeunun, [. B. 3abopcxruz,
B. #. Kasaxos, JI. II. Kopomxos, C. H. Peanux,
B. B. Cepun, B. H. Taaanos, 0. H. Tpouyxag

Hucrwryr npusnagnoit dpuouxu PAH, H. Hosropop

[IpuBoNATCA Pe3yNbTATH SKCHEPHMEHTANBHBIX HCCIENOBAHMH
3BONIOKMH TYPOYTeHTHOH SaTOMIEHHOH CTPYH B CTPaTH-
(MUHPOBAHHOH XMAKOCTH, BHITONHEHHHIX B GONBUIOM Tep-
moctpaTugunupopannom Gacceine HIID PAH. Hsyvena
NPOCTPAHCTBEHHO— BpeMeHHad MIMEHYHBOCTH Mpoduieil TeM-
nepaTypsl M CKOPOCTH, OCPEJHEHHBIX IO TYpOYyIeHTHBIM Iylb-
canuaM. O6HapyXeHO, YTO NPH MPEBHILIEHMH CKOPOCTHIO CTPYH
KPHTHYECKOTO 3Ha4eHHA B CHCTeMe BO36yXJaIOTCA BHYTpEeHHHE
BOJIHBI, HMEIOUIHE YO3KHH YaCTOTHHIH CIEeKTp. OTOf ABIEHHE
6L110 HACHTHPHIADOBAHO KAK I'€HEpalHd aBTOXONeGaHMM.

1. BBejienne

CrpaTuMuupoBaHHbIE CABUrOBbIE TEYEHUA THIHYHHI I OK€aHa W aTMO-
cpeprl. Oco6hlif HHTepec NMPENCTABIAIOT ROCTATOYHO MHTEHCHUBHEIE HO-
TOKH, JONYCKalollie BOSHUKHOBEHHE HEYCTOMYMBOCTH, PASBHTHE KOTOPOH
BHISHIBaeT TYpOyIusaluMio, NPUBORALLYIO K NepememHBaHKMb. IlofoGHEIE
YCTOBHA CHJIBHOTO CABHIA CKOPOCTH, CONPOBOXRAIOMEr0CA BOSHNKHOBEHHEM
¥ pasBHTHEM HEYCTOHYMBOCTH, HabNOFANNCH B OKEAHCKHX IPOTHBOTEde-
mnsax 1], B nponuBax (2], B HEKOTOPHIX 061ACTAX CEBOHHOrO TEPMOKIHHA
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[3]. Habmonenus resepauuu BONHOBHIX BOSMYWEHHH B CTPATH(HUUMDOBAH-
HBIX CABHTOBBLIX NOTOKAX CTUMYJIHPOBAIN MHOTOYHCIEHHLIE TEOpEeTHYE CKUe
paboThi [4, 5], a TakXe MOCTaHOBKY 1aGOPATOPHBLIX PKCIEPHMEHTOB [6 -
8]. Habmiogenue reHepanuy BONH MOTOKaMH B MPHPOJE NOBOILHO BAaTpYA-
HUTENIbHO U3-3a ClabGoll KOHTPOIMPYEMOCTH YCIOBHH BSKCIepHMeHTa. B To
Xe BpeMs IIOTOKH, CO3{aBaeMble B 1a60OPaTOPHEIX YCTAHOBKAX, XapakTepH-
8yIOTCA MaJBIMU YMcIaMn PeffHoNb[ca MO CPaBHEHHUIO ¢ HaGNIOKaeMHIMH B
HaTYPHEIX YCIOBHAX.

B HacTosuell paGoTe ONUCHBAETCA FeHepalys BOAH B cTpaTuduuupo-
BaHHOM CJIBUTOBOM TYp 6yJeHTHOM NOTOKe, cO3fiaBaeMoM B Bonbmiom Tep-
MocTpaTHPUIUPOBaHHOM bacceilHe ¢ OMOLIBLIO HHAYKTOpa TedeHnit. B or-
nA4Me OT HATYPHBIX, YC/IOBHA SKCIIEPHMEHTa NMOJKAIOTCH KOHTPOIIO, B TO
Xe BpeMs DHadeHMs 4qucia Peiimompfica Re ~ 10~4 6nuoxu x Habmopgae-
MBIM B MPUPOJHBIX CTPATU(UIMPOBAHHEIX CABUrOBbIX MoTokax [9]. Boaby-
XfaeMble B 6accedlHe BONHBI UMEIH JOCTATOYHO Y3KHH YaCTOTHHIH CHEKTP,
9T0 KaJO BOBMOXHOCTH NPEANON0XHTh, UTO B GacceHHe Boa6YyXK[aeTCH II0-
6anbHO HeycTouMBad Mopa [10, 11). JIna mpopepku @To#l TMIOTe3H GhIIH
HcclefoBaHbl NPH3HAKK BO36YXKIEHHS B CHCTeMe INOGAlbHO HeyCTOHYHBOR
MORHI, pegaoxenHble B pabore [11]. Onu cregyioT s cBOHCTB cTaUMOHAD-
HOro pellleHus ypaBHeHus Iuna6ypra — Jlangay, KOTOpoMy YROBIETBOPAIOT
SHaYeHUs aMIUIATYHLH! kone6aHuii rno6aibHO HeycToUyMBol Mopnl A [12):

%’;‘- = [or +i0i] (R) A — [l +ili] JA]* A + B. (1)
Brece R - ynpasagionuii napameTp, a, > () npn R 60nblieM KpHTHYECKOTO
sHavenus K., § — BHENIHAS cHTa.

,‘HepBHM NPU3HAKOM (y HauMeHee noc'rqnepgum) §BIHETCY HRINIHe B
crexTpe kone6aHMH, BaMePeHHBIX B TAYKe YaKaro cekTRadkHore nuka. Ta-
¥oii ke nuk o6panyeTcd NIPW PaIBUTHN KOHREKTHRAOH HeycTORYHBQCTH B
CHCTeMe ¢ MaTHM BXORHEIM yMoM [13]. Bropoit npunsak engnan ¢ BHew-
HAM ROBHEHCTRUEM H3 CHCTEMY Ha ee COGCTRENHQH JacToTe. Xopomio po-
BECTHO, YTO B ATOM cliyjae HPH CHABHOM NPERBIICANHE NQPOFa PEHRPANNH
AMILTHTYa CTAHHOHAPHBIX ¥ONeOaHKy He SaRUCHT QT ReJUTHHM BHeNIHero
boaneiicTeps . OpHako BEAWOH NOpOra FeHEPANWR Takad QaBHCHMOCTH
Hogppgercs. W wakagen, panbonee NacToRepHMM NRUaHaKaM B [11] Raow-
PaeTca ¥apakTepHad QaBHCHMOCTR CTRIMOHIPHOH aMPARTYRN ¥odeGaupi
(H1y aMpARTYRN HACHIERNE) OT YRRSRISMSTN FARAMETRA:

|A| ~ \/R— R..

9T ocobennocTH WOy4aNHCh, HampEMep, B pafore [14] npH WHTepnpe-
Tauum koneGaHuil B MepeMELIAHHOM ClO€ KaK Pe3ylbTaTa PasBHTHSE Iiio-
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6albHO HEYCTOMYMBOM MOJHI B cliefie 8a o6TexaeMuM TemoM. OnucaHHble
XapaKTepHCTHKA Kole6aHu ABAAIOTCA NHIIbL KOCBEHHBIMHU IPUSHAKaMH BO3-
6yX[ieHus B CHCTeMe II06albHOM MOf(H. B TO Xe BpeMs OHM JOCTATOYHO
NPOCTH [iIA NIPOBEPKH, MOCKOAbKY TPEeGYIOT H3YYeHHS TOIBKO YCTAHOBHB-
mmxcs xoneGannit. JoCTOBEPHRIM CBHIETENLCTBOM BO36YXHeHUs I106alb-
HOM MOJHI ABisieTcA HabNIOfeHne Npouecca YCTaHOBNeHHA koneGammi [11],
nopo6HO TOMY, Kak 9To npofenaHo B [12]. B aToM ciydae MOXHO dKcnepH-
MEHTAILHO ONpPENENnTh 3HadYeHus koa¢unuenTos ypasaenus I'uas6ypra —
Jaupay (1) (cm. [12]). B HacTosuel pa6oTe NpOBEPAIOCH HATHYNE TOIBKO
1-ro u 3-ro npusHaxoB, 2-i NIPUBHAK He HCCIENOBAICH, TIOCKONBKY BO36YyXHe-
HHE BOJH BOIHONPOXYKTOPOM Ha COGCTBEHHOM 4acTOTe rio6albHON MOJH
6B1II0 3aTPYXHEHO.

OKcnepuMeHTalbHagd yCTaHOBKA
K MeTO[bLl HBMEepeHnH

OKCIEPUMEHTEI IPOBORMINCH B 60/BIIOM TEPMOCTPATH(PUIUPOBAHHOM Gac-
ceiine UII® PAH c uagyxTOpoMm caBuroBhix TedeHni. Ilogpo6uoe ommca-
HHe KOHCTPYKLMH 6acceiiHa, NPMHIMIIOB CO3NAaHMA CTPaTUQUKALMA U CABA-
FOBOTO T€YEHNH, a Takxke HHPOPMaLUOHHO-A3MEPUTENHLHOIO KOMILIEKCa, P ef-
cTaBliieHH B pa6oTe [15]. 3gech NpUBOXATCS faHHBIE HAIUb O TeX XapaKTepH-
CTHKAX, KOTOpHle HEOOXOAUMBI /I HHTEPHPETALUMN NAaHHBIX, NONTY4YEeHHBIX
B 9KCIIEpUMEHTE.

AnmnapaTtypa, MeTORH M3MepeHHH n 06pa6oTKa JaHHLIX BKCIEPH-
MeHTOB. [[11 HGMepeHHUsA CKOPOCTH NOTOKA UCIIONB30BANNCH TEPMOAHEMO-
MeTphl, o6ecnednBalolie n3MepenHne ckopocTel B fuanasone 0,01-0,5 m/c
¢ norpemsoctbio 0,003 M/c u nocrosnnoi Bpemenu 0,3 c¢. [lna usmepe-
HUS TEMIIEPATYPH TaKXe HCIOONb30BANNCL TEPMOAHEMOMETPHI, TO3BOISAIO-
yie MBMEPATDH SHAYEHUA TEMIEpaTyphl BofLl B guanasone oT 0 go 30° C ¢
norpemHocThIo He 6onee 0,05° C u nocrosunonn Bpemenn 0,3 c. Mas moay-
YeHus npoduieil TeMnepaTyphl B CKOPOCTH NPOU3BOFHIOCH BepTHKAIbHOE
CKaHMpOBaHUE COOTBETCTBYIOLIMMHU JaT4YMKaMH co ckopocThio 0,5 cMm/c B
nnTepBale 45 cM B o6nacTH TepMokinHa. Takol pexum obecrnednBan pas-
pelleHMe THAPOTUHAMHYECKNUX IOJNeH 1o BepTuKaiHu, pasHoe 0,15 cM, kpoMe
TOro, HBMEPEHUA TEMIEPATYPH NPOUSBOJMIACH C MOMOUILIO TUPIAAHAL U3
14 TepMOaHEMOMETPOB, pa3MeElleHHLIX Ha CAaMOXOJZHOH GYKCHpOBOYHOH Te-
nexke (cM. [15]). HMoMepenns MrHoBeHHHIX npoQuiedl MOLYNs CKOPOCTH
|u] (2) u Temnepatypst t(2) (r@e z — BepTHKaNbHas#A KOOPAMHATA) IIPOM3-
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BOJMINACH NPH pasiaudHbix T oT 50 cm o 400 cm ¢ marom 50 cM (rme = -
ropu3OHTalbHas NPOfONbHAA KOOP{UHATA, OTCYNTHBaeMad oT fuddysopa)
H PadiIMYHLIX PaCCTOAHHAX OT LieHTpa Gacceitna y = 0; 50 cM (rge y - ro-
pU30OHTaNLHAA NoNepedHas KOODAWHATA, OTCIATHBAaEeMas OT IeHTpa bac-
ceiina). IIpuMep MraoBeHHBIX mpoduiell CKOPOCTH ¥ TeMNEPaTyphl NpHBe-
meH Ha puc. 1. BugHO, YTO 5TH 3aBHCUMOCTH HMeIOT GONBUIYIO My IbCALOH-
HYyI0 KOMIIOHEHTY, O3TOMY HeoOXOMMO ocpegHeHde. BHavale onpegennm,
KaKad BeTUiMHA HOMEPHAETCH KaTYAKOM CKOPOCTH NpH (PUKCHPOBAHHEIX & U
y. IlycTb s ompeReneHHOCTH MMeeTCA MIHOBEHHEIH Mpoduib MORYIA CKO-
pocth |u|(z,t), KoTOpHII MOXeT GHITH MPEACTaBIeH B BHAE CPefHen |ul, 1
MyJbCALMOHHOM ||, KOMIOHEHT:

o =t () + 1k (£ 77)

rie Lo ¥ Ly — BepTuKanbHble MaclITaGh cpefHero npo@uis 1 BOSMYLIEHUH.
TTockonbky NMpU CKAaHMPOBAHUM HATYHMK CKOPOCTH JEBHXETCH CO CKOPOCTHIO
v, TO UBMepeHHbI MIHOBeHHLIH npoduib uMeeT BHJ

i z
of =ty () +1uk (2027

Kak GymeT BUEHO M3 JajbHEMUIEro, CHEKTP BOSMYUIEHHH JEXHUT B 4aCTOT-
HoM mHTepBale 0,04 < f < 0,1 T'u. Oro osuaqaer, yro Macwrab T1v <
10 cm. Ocumnnsagum ¢ nepuogoM MeHbire 10 ¢cM no BepTHKaIM OTIETIMBO
BUJIHEI Ha MFHOBEHHBIX NPOQUIAX TEMIEPaTyphl U ckopocTH (cM. puc. 1).
MIpodunu TeMnepaTyprl U CKOPOCTH PErHCTPHPOBAIACH C HHTEPBAIOM
3 mun. Ilockonbky XapakTepHBIM MacmTab xoppensnuu QUyKTyanuil cKo-
pocTu u TemnepaTyphl 6b11 MeHee 25 ¢ (f = 0,04 I'n), To cyy4aitHble KOM-
NOHEHTH! I'MAPOAMHAMUYECKMX MONed Ha PaSIMYHHX Npoduisx SBAAIUCH
CTaTHCTHYECKH HE3aBHCHMBIMH, MIO9TOMY YCPEIHEHHE N0 BpEMEHHU

1 ZN ;
e :
Iul - N port Iu'

(rre N - qmcno M3MepeHHBIX NpoQHIell) SKBUBAIEHTHO YCPE[HEHHIO IO aH-
Cambumio, i npy 3ToM gucnepcus Paykryanui y6uiBaeT B N pas. B faHnom
dkcnepumenTe N = 9, T. e. UcnepcHA yMeHblIaeTca NPUMEPHO B 3 pasa.
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Z, M
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lul, cm/c
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t, C

P u c. 1. [IpuMepbl MrHOBEHHBIX TpodHneEl ckopocTH ()
u TeMnepatypsi (6), H3MepeHHbIX MpH x =200cM y =0
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Hpn 9TOM OHa COXpPaHAETCA BCe elle OYE€Hb SHaYHTEILHOM. JIJUI €€ YMEHb-
LIEHAS BbBIYHCIIIOCHh CKOJIb34lllee CpegHee C l.I.lMpHHOﬁ OKHa 6

—_— 1 2468
lu|= — @ (z1)dz. 2)
26 z-6
IIpu sToM BuI6Hpanocs 26 > v1} , B 9TOM cliydae, O4EBHAHO, KUCIED CHS
p ) y1ae, RHO, I p
dayxryaunmit ¢ MacuTaboM MeHee vT) NMafaeT OYeHb CHIBHO, T. €.

6 »
1 / i on ;
Oy = — fuly | —) == ) dzn < |ul; .
26 z—6 L1 ‘UTl
B To Xe BpeMms BhNONHeHHE ycnoBHA 26 > vT} NPHBONAT K TOMY, 9TO
WIMPHUHA OKHa 26 OKaBHIBaeTCs CPABHHMON ¢ MacliTaboM cpexHero mpoduis

Lo. Onpegenum oTHOCHTENbHYIO OIMMOKY NPH BBHIYHCICHUH _|;;|- Hs (2)

OY€BHHO, YTO |u| ABAseTCcS YeTHOU QYHKIMER §, MOPTOMY PasIOXKEHHUE B
papg Teinopa no 6 gaeT

Tl () = luly (L—o) + ﬂgi) (Lio)z+...+au,

T. €. OTHOCHTeNbHaA omnbka

[

lulo (£) (5 )2'

” 6 |ul, (LL‘,) L

Hcxops us sTHX coobpaxeHuit BHOHpanock § =6 cM, 4To gaeT npu Lo =10 cMm
OTHOCHTENbHYIO OUIMOKY B onpefeleHHH cpenHero mpodmias nopsagka 0,1.
Takoe oxoHHOE cpejiHee BHIYMCIANOCH M IS KaXAOro U3 MIHOBEHHBIX NpO-
Quneir. s puc. 2 BUgHO, YTO NONYYeHHBIE B pe3yNbTaTe CpefHue npoduin
TeMIepaTyphl H CKOPOCTH MEHAIOTCH AOCTATOYHO c1abo B TedeHUe 30 MuH.
9TO NO3BONAET HCIOABL3OBATh 'MIOTE3Y O CTAMOHAPHOCTH CIyYalHEIX MO-
Ziell CKOPOCTH ¥ TeMIepaTyphl.

Ilpexpe 4eM 06CyXAaTh NONYYeHALIE BABUCUMOCTH, O6CYTHM CMBICI II0-
TyJaeMBIX MPU OocpefHeHNU BenuduH. IIpefcTaBHM MrHOBeHHblE BHAYECHHA
CKOpOCTH # ¥ TeMIepaTypHl ¢ B BHEe CYMME! CPEIHUX IO aHCaMONIO U Myib-
CaMOHHBIX KOMIIOHEHT:!

i = (U) &0 + 7, 3)

t=(t)+1t.
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Z, cM

.80 ] I T r T | T l
8 12 16 20 24 o
t, C
P u c. 2. MrHoBeHHbIe npodunu ckopocTH (a) u Temneparypsl (6),

OCpeHCHHBIEC C MOMOMbIO BHIYHCIICHHA OKOHHOTO cpeiHero (HpHHA
okHa 12 cMm)



Us cpaBuenus (3) u (2) scHo, yTo

i(z) = (1).

B To Xe BpeMs H3MepEHHSA C MOMOUIBIO TEPMOAHEMOMETDA JAIOT BHAYECHHE
MOJYJS CKOPOCTH:

jul = [0 + w4 o], @

e u}, uh, u} — KOMIOHEHTHI MyNbCAMOHHOM ckopocTH. OTCIOfa ACHO, YTO
OCpefHEHHOe BHa4eHHe MONYIA HOCTATOYHO CIOXHO CBABAHO CO CPENHMM
npodunem. IIpn HeBBIcOKOM ypoBHe Typ6yneHTHOCTH, Korfa |[(U)| > |uj],
u3], lug|, o (4) crepyer
ol 0y + LB
2(U)

NuTepecHO 3aMeTHTh, YTO IIPH STOM AHcHepcus QIYyKTyauuii MORLYIA
CKOPOCTH

2 _ [/,,02
Oy = (‘ul
O]IH&KO U3 puc. l, a BUTHO, YTO YPOBEHb Typ6ynen1‘aoc’rn KOCTATOYHO BhI-

oKk, a SHayMT, |u| u (U) cBasann Goxee clOXHBIM o6pasoMm, T. e. |u (2)
flaeT IMIIb KadyeCTBEHHHE NMpefCTaBieHud o mpodune ckopoctu. [[as Toro
9TO6H 6Ll BOBMOXHH 60/lee TOYHEIE KOIMIECTBEHHbIE OLEHKH CKOPOCTH
npu uMelollelics annmapaTHOH 6ase (TepMOaHEMOMETDHI, KOTOphle H3Me-
PSAIOT MORYJIb CKOPOCTH), HEOGXONMMO CHHXEHHME YPOBHA TYypOyIeHTHBIX
¢aykryanui. B HacTOsuieM dKkcIepMMEHTE O MOBENEHHH TYPOYIEHTHOCTH
¥ BOJIH MOXHO CYAHTb TOIBKO IO MyAbCalUiM TEMIEPATYpPH, K3MEPIEMBIM
BIEKTPOTEPMOMETPOM.

B cBABM ¢ KOHCTPYKTHBHEIMA OCOGEHHOCTSMH CKaHUPYIOLErO yCTPOH-
CTBa M3MepeHHe Npoduiell TeMIepaTypsl U CKOPOCTH MOIJO NPOBORUTHCH
TONIBKO B OrpaHH4YeHHOM MHTepBalle riy6uH oT 30 go 75 cM OT moBepxHO-
CTH, IO HMEIOWKUMCS N3MEPEHNAM HEBO3MOXHO GLIIO ONpeENeNuTh BCe Napa-
MeTpHl NpOQuIs, MOITOMY OCYLIECTBAANACH ANNPOKCHMALMA MONydIeHHBIX

npogueit |u| (z) u (z) ¢ noMomplo agamMTHIECKUX PYHKIMI

ot t
() =to+tir+ o [14tann 222 (14 2
2 ) cosh” =

1

259



au
1+ ———
63 cosh? %L

ful (2) = % 1 + tanh 2 6)

_Tapamerp t/,, onpegensomuit rpafHenT TeMIEpaTypH! B pafioHe KBa3HOHO-
POXHOTO CJIOf, ONpPENeNscs ¢ NOMOWbIO THHEWHOM ANMpPOKCUMALAY 1P oPuIs
t(z) ra cooTBeTCcTByIOmeM ydacTke. llapameTp to onpefensiicss O NIBECT-
HOMY 3Ha4YeHHIO TeMIepaTyphl B6IU3M KHA tlz-—200cm = 5° C, oTkyxna

to = 5°+200 -2,

Ocranbuble napameTphl At, 2§, 88, at, 28, 6%, a Takxe AU, 2§, 8%, o, z¥, 6%
ONpeTeNsIuch METOJOM HaUMEHBUINX KBaJpaTOB.

CpepHue mois CKOpOCTH
U TeMIlepaTyphl

B cTpaTUPUUUPOBAHHOM
CIBUT'OBOM IIOTOKeE

C ucnons3oBaHKeM NOTYYeHHBIX NpOQUIeH CKOPOCTH M TEMIIEPATYPHI IPO-
BOJWIOCH H3Y4YE€HHE BaBHCHMOCTEH MHTEIPaJbHHX NapaMeTpPOB Te4YeHNd H
cTpaTu(UKALMH OT FOPUSOHTAIBHHIX KOOPAHHAT £ M Y , a Takxke OT Ha-
YaJbLHOU CKOPOCTH MOTOKA, OIPENENAEMON CKOPOCTbIO BpallleH!A ABUraTels.
IIpoduan ckopocTH ¥ TeMIEpPaTypHl XapaKkTepU30BaIUCh MaclITaGaMn na-

MEHYNBOCTH 2

_ e (M@
o= [ i "m) |

-—00

-]

U NOJOXEHUAMH LHEeHTPOB Macc (2, ¥ zt):

)
e ]
- - (225
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a TakXe SHaYeHUAMH NepenafoB TeMnepaTypnl At u ckopocru AU.

Bravane usy9aloch noie CKOPOCTH B TYpOyAeHTHOM CIBHLOBOM MOTOKE
6es TemnepaTypHoi crpaTuduxaunu. Ha puc. 3, ¢ npefcraBnenn saBuc-
MocTH 6, (Z) Aud padsIMIHBIX BHAYeHHH HAYAILHOM CKOPOCTH IOTOKa,
3aJaBaeMOM 4acTOTOM BpauicHus daekTpomoropa U M mupHHH cTpyd D.
BupHo, 4TO BO BCeX CIydadX 3aBUCUMOCTb 6, (z) XOpOWO annpoKCHMHpY-
eTcs NNHEHHOR B3aBUCHMOCTHIO

6u(z) =0, 1z.

Takoif 3akOH TUOHYeH A5 TypO6yneHTHOro cnos cMmemwenus [16). Ha puc. 3, 6
NOKa3aHbl MONOXKEHHS UEHTPA CIIOA CHBUTa CKOPOCTH Zy(Z) M ero rpaHmm
zy * 26,(z). BugHO, YTO NPOHUCXORMUT BaraybrcHHe CEBHIOBOIO TeHeHMS
W pacumpeHue o61acT# CMeUIeHHS IO JHHEHHOMY BaKOHY. JaBHCHMOCTD
AU(z) HOCHT CHOXHEIM HepEeryIApHHI XapakTep B OTAMYHe OT BaKOHA
U ~ 1/+/z, THDuYHOrO A MNOCKHX TYPOYJNeHTHHX SaTOIIEHHBIX CTPYH.
Ilpu4uHbLl 9TOro crenMalbHO He HCCIENOBAIMCh, BEPOATHO, BTO CBABAHO C
BIMSIHMEM I'DAHMUB paspfena. Jlapamerp a, (cM.(6)), xapakTepusyiowmi
HeaBTOMUReNbHOCTh GOpMEL cTPYH, MeHsica oT 0 go —0,5. OTo yxashnBaeT
Ha C1a6yio HeaBTOMOJEIbHOCTh 3aBHCHMOCTH NPOQuis cKopocTH OT KOOp-
[AHAT. ‘ ¢

anee uccnegoBaiuch 0co6eHHOCTH cTpaTuduuEpoBanHOro notoka. llpe-
XJie BCero Myy4alnch FeOMeTPHIEeCKHe XapakTePHCTHKH npoduiei ckopo-
ctu ¥ Temnepatyps. Ha puc. 4, @, 5, ¢, 6, @ noxasaus 3aBECHMOCTH OT
T WHPHHE CJIOA CIBATa CKOPOCTH ¥ TOMMMWHE TEpMOKIMHA 1A cTpaTH(u-
LHPOBAaHHEIX CABHUTOBHIX NOTOKOB C.PASAMIABLIMA BXORHLIMH [apaMeTPAMHU.
Bupso, uTo TONUMHA cloA cABUTra CKOPOCTH §, HIPEBOCXONUT TOMMMHY Tep-
MOKNHHa §;, mpuyieM ecim 6y pacTeT ¢ POCTOM Z, TO §; NMpH BToM ciabo
y6uiBaeT. Ha puc. 4; 6, b, 6, 6, 6 n306paxeHH IpaHMOBL CIOA CABATA CKO-
pocTu, a TakXke OTMeYeHEI NIONOXEHHU HEHTPa TEPMOKIMHA ¥, CNOA CHBHTa.
Bupno, 4TO uEHTP, clos cpBMra pacmonoXeH, CYIeCTBEHHO BHIllle IEHTpPa
TepMokauHa. Takad reQMeTPHA NOTOKOB, KOTAA TOMUMAA CIOS CABHra Ope-
BOCXOJMT TONUNHY TepMOXIMHA Goliee 4eM BBOE B QHH, CMEHIEHH APYT
OTHOCHUTENLHO APYF3, COOTBETCTIBYET PaSsBHTHIO HeycToHdnBOCTH X0nM60,
a ve Kenppuua - Tenpmroaeua [4].
.. Xopoup usBecTHO, YTO HEOGXOKUMOE yCJoBHe HeyCTOMIHBOCTH CTPATH-
$unuposaHHOro CABUroBOro MOTOKa HMEET BUJ

micl,
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120 A e

X, CM

P u c. 3. TeoMeTpHucckie napamMeTphi TypOyICHTHONO CABHIOBOIO NOTOKA
B OTCYTCTBHE CTPATH(PHKALMH; a - 3aBHCHMOCTD LIHPHHBI CJIOA CAIBHIA
CKOPOCTH OT X, 6 - 3aBHCHMOCTb I'TyGHHbI 3a/IEraHHH CepeANHHOM
JIMHUK K TPaHuL cios capura. B D =20 cM, U= 100 o6/MuH;

@ D =20 cm, U=60 o6/mun; A D =40 cm, U = 120 06/muH;

B D =40 cm, U =60 06/Mun
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X, CM
P u c. 4. TcomeTpHueckHe napamMeTphl TYPOYICHTHOIO CABHIOBOIO NOTOKA
cTpaTHHLUMpOBaHHOrO Mo MWAPTHOCTH (D = 40 oM, U = 120 06/Mur):
a - 3aBHCHMOCTD IIHPHHbI CJIOS CABHIA CKOPOCTH € H TONIMHB TCPMOKIHHA
+ oT x; 6- ryGuHa 3ajeraHus TCPMOKINHA & M CJIOS CABHIa CKOPOCTH O
H WX IPaHHULIBI COOTBETCTBEHHO * U & .
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rae Ri = N2/u/? - rpaguenTHoe umcno Puwappcona. C mcmonbaoBaHHEM
anmpokcumanui (5) u (6) crpommucs nmpoduau Ri(z) npn pasamdHBIX CKO-
pocTax BpameHus apuratens. CeMeldcTBO Takux npoduiei, H3MepeHHBIX
np¥ pasanyHHX 2 npy D =40cm U = 120"06/Mm-1, uso6paxeHo Ha puc. 7.
Bugso, 9yTo npoduan MeHAIOTCA [OBOIBHO c1abo. XapakTepHO# UX 0co6eH-
HOCTBIO ABIsSeTCH O6NAcThb BhHIlle TepMOKIWHA, rfie 9ucio Ri Menpuie 1/4,
T. €. BOSHHKAIOT YCIOBHSA I Pa3BUTHUA HEYCTOWIMBOCTH.

Ha puc. 8 npencrasnenn npoduan Ri(z), nomydeHHble Ha pacCTOAHAK
z = 200 M ot gudPysopa npu pasAMIHHIX CKOPOCTSAX BpalleHHs TBUrATENS.
Bupgso, uto npu U >40 06/MuH BosHHKaeT obnacThb, B koTopoil Ri< 1/4,
T. €. BHIIONHAETCA HEOGXOMHUMOE yCIOBHE BOSHUKHOBEHUS HEYCTOMYNBOCTH.

BonHoBbIe BosMylIeHUS
B cTpaTNPULINPOBAHHOM
CABUI'OBOM IIOTOKE

Mpu Beinonnenun ycnosus Ri< 1/4 crpaTuduuupoBaHHBI CABUTOBHIH IO-
TOK CTAHOBUTCH HEYCTOMYUBHIM, T. €. B HEM MOLYT HAapacTaTh HadalbHble
BO3MYIIEHMsI, BHOCHMEIE B IOTOK IIPHA CPLIBE BUXPEH ¢ IIACTHH, OTDaHUYH-
BaIOWUX COILIO, IpH BUGpanusax ¥ T. i. C Nenbio H3yYeHHs STUX KoleGanui
OTHOBpPEMEHHO ¢ M3MepeHHeM Npoduiel CKOPOCTH M TeMIlepaTyphl IpON3-
BOJWIACh BallNCh TeMIOEepaTyphH Ha 14 rOPpM3OHTaX ¢ MOMOWIBIO I'MPIAHIHI
snekTpoTepMoMerpoB. IIpogomxurensHocTh 3amucu coctaBasna 1800 c
(2048 orcueros).

Ilo gaHHEIM MBMEpEHMH ONpENeNsAMCch OCPETHEHHBIE CHEKTPH MOLIHO-
cTH Kone6GaHuil TeMnepaTypHl Ha BCeX ropuaoHTax. 1 9Toro Bech epuox,
H3MepeHns pas6uBancsa Ha 16 uaTepBanoB Mo 128 Tovex, 10 KOTOPLIM BHIYHK-
cnsmuch cneKTpe MomuocTH Si. Ilo mony4YeHHEIM CIHEKTpPaM BBLIYUCIAIHMCH
CpefHME COEKTPH MOIHOCTH KOoleGaHMUl TeMIepaTyphl:

16

St(f)=z:3:-

i=1

Ha puc. 9, 10 npegcraBiensl cnexTpul S (f), MonydYeHHble Ha paBSIHYHBIX
PAcCTOAHHSAX T OT BLIXOJA CTPYH IPU TpeX pexxuMax TypOyleHTHOTO C[{BH-
rooro TeueHus: D = 20 cm, U = 60 u 100 o6/mun, D = 40 cM,
U =120 o6/mun. XapaxTepHOH 0COGEHHOCTBIO BTHX CIEKTPOB ABIAETCH
HaJu4YHe ysKoro nuka Ha yactore f = 0,05 I'y (nepuog 20 ¢). IIpuyem saBn-
CHMOCTb CHeXTpalbHOM mioTHocTH oT ¢ mpH D = 20 cM, U =60 06/mur
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P u c. 7. IIpodunu Ri(z)
MpPH Pa3zIHYHbIX X
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(cM. pmc. 10) xapaxTepusyeTcs BHaUMTeNLHOH HepeMexaemocThio. Ha
puc. 12 npexcTaBneHH CHEKTPH koleGaHMH TeMIEpaTypH Ha PasIMYHBIX
rOPHBOHTaX, nonydenHnie npu D = 40 cm, U =120 06/mun Ha paccTosHMA
200 cM oT BEIXOf{a CTPYH. BHHO, YTO YSKONONOCHHIN CIEKTP HAGHIOKAETCA
B6IHM3H TEpMOK/IMHA, Ifie JOKalbHad YacTOTa IIaBy4ecTH BHiue f.

Hanmune Takoro yskoro nuxa ABIAeTCA IPASHAKOM CylIe CTBOBaHHUS FIIO-
6anbHO HEyCTOMIMBOM MOJH B paccMaTpuBaeMoil cucteMe [11]. Opnako, xak
ykasaHo B [11], 8TOT npusHakx He SBIAETCA KOCTATOYHBIM I yTBEpXJe-
HHUSL O CYUECTBOBAHHM TaKOM MO[b, IO9TOMY HPOBEPANOCH HANMYME €lle
opuroro npusHaka. Coraacuo [11] amnnuTypa rio6anbHOR MOXH A BaBHCAT
oT ynpasnsioero napamerpa R ciegyiomum o6pasom:

A~+R-R., 1)

rae R, — MEHMMalbHOE BHaYeHHEe YNIPaBAAIOLWEro NapaMeTpa, IPA KOTOPOM
HabmogaeTca r1o6anbHO-HEeycTOMYMBasAs Mopa. [lns mpoBepkyd BHINOJIHEHUA
cooTHOwenna (7) HBMepanuch kone6aHUA TEeMIEPATYphl NPH PasIAYHBIX
cxopocTaAX BpauleHus gsHratens U. BameruMm, uto U urpaet ponn ynpa-
BIAIOILIEr0 apaMeTpa B HacTosuledl sagade. Ilpm srom ms puc. 14 BugHo,
9TO MaKCHMalbHOE BHadeHHe ckopocTH Ha ocH cTpyH AU (cm. (6)) mpo-
nopuuoHanbHo U. CrexTphl Kone6aHMi TeMmepaTypel Ha MOPH3OHTe, Tfie
OHH MMEIOT MakCHMAlLHHI pasMax, NoKasaHsl Ha puc. 15. BagHo, uTo npu
U <65 06/mun. cnexTp kxoneGanuit mwupokmit. Yokwuit mux npu fo = 0,06 I'n
nossisierca npu U =65 06/mun.

Onpegensanack aMIUIATYAa KBABSHrapMOHMYECKHX KojleGaHMA Ha IacTOTeE,
COOTBETCTBYIOUIEN STOMY NHKY. [ 5TOro BHMUCIAICA HHTErPAl

fo+6f
Y= S df,
/f Sy

rje 6 f Bu6upanoch paBHBIM nonyunpuHe nuka (mpumepso 0,015 I'n). 3asn-
camocts X(U) npepcraBnena Ha puc. 16. OHa xopowo anmpoxcuMupyeTcs
NUHEAHON BaBHCAMOCTHIO

T = 0,058 (U — 54),

cooTBeTcTBYIomel 3aBucaMoct (7). OTcioga cilefyeT, YTO KpUTHYeCKad
CKOPOCThb BpallleHHS KBUTaTeld Nif BosbyxjeHus konebGaHmil cocTaBiseT
npuMepHo 54 06/MuH. DTO cornacyeTcs ¢ BAXOM CIEXTPOB Ha puc. 14, korpga
peskuit mux npossaserca npu U =60 06/mun. Coraacho [11] nonydennnie
BaBHCHMOCTH ABJIAIOTCA JOCTATOYHO JOCTOBEPHEIM KOCBEHHLIM CBHJIETENb-
cTBoM BO36yX/IEHHS B PacCMaTPHBAEMOH CHCTeMe I'o6albHOH MOJEL.

270



_ Z=70cM

. 2=68 cm

] ! 1 ' 1
J Zz=65 cm
" \__"_[\_\ =63 cm

o A | I ‘ z=60 cm
T z=58 cM
' | ! 1
0.0 0.1 0.2
f(fw

P u c. 11. CnexTphl MOmHOCTH KoneGaHu#t TeMmepaTypbi
Ha pa3HbIX ropu3oHTax (D =40 cM, U= 120 06/MuH, x = 200 cm)

AU, emic

127
J

10

Puc.12. 3asucumocts Max- 44
CHMAJTLHOH CKOPOCTH Ha OCH
TYpOyneHTHOr0 moTOKa OT
9aCTOTHI BpallleHHs IBHIATeNs 23 L I L e |
BHaykTopa Teuenuii. Paccros- 20 40 60 80 100
HHe oT muddysopa x = 200 cm U, 06/muH

271



U=100 06/mun

U=75 06/mux

—J

U=65 o6/mMunH

w U=55 o6/mux
T
0.0 0.1 0.2
f(rw
35 I
2_
] +
1
+ +
0 — 1 1T 1 T 1 1
50 60 70 80 %0 100
U(06/mun)

P u c. 13. Cnekrpbl MOIHOCTH
KoneGanuil NpH paTHYHBIX
CKOPOCTAX BPAIICHHA ABHraTe/ s
(x =200 cM,D =20 cMm)

P m c. 14. 3aBHCHMOCTH
KBa/ipaTa aMIUIHTY bl
KoneGaHuit TeMnepaTypsi
OT Y8CTOTh! BPALICHHUA
JBHraTe/s HHAYKTOpa
TeucHUH



t.°c

s — —— ————y
o 200 400 s00 soo
X,CM

P u c. 15. IIpocTpancTBeHHble peann3auiu TeMICPaTYphl Ha
PasHbIX TOPH3OKTAX NMPH PAVIHYHBIX CKOPOCTAX OYKCHPOBKH
THPAAHAbI TEPMHCTOPOB Vv: a - v = 10cm/c, 6 - v = 20 cM/c,
B-v=30cmec

273



BakioyeHue

OCHOBHHIM pe3yNbLTATOM HacToSlEH paGoOTH sABIAeTcA HabMONEHME BHY-
TPEHHHX BONH, BO36yXaaeMHX B Typ6ylieHTHOM cTpaTH(PNIUPOBaHHOM CABH-~
rOBOM NOTOke B 601b1IOM TepMOcTpaTHpuIEpoBaHHOM Gacceitne MNP PAH
C MHIYKTOPOM TedYeHHH. OTH BONHH BOSHHKAIOT IPH NPEBHILIEHNA CKOPO-
CTBHIO MIOTOKa HEKOTOPOrO KpHTHYeckoro SHaveHns. IIpm oToM, HOCKONBKY
CKOPOCTh NMOTOKA CYWECTBEHHO MeHAeTcs BRonb GaccefiHa, TO B KadeCTBe
YNIPaBISIOWEro NapaMeTpa YR06HO BHIGHPATh JaCTOTY BPallleHUs DIeKTPO-
KBHraTels WHAYKTOpPa TeYeHHH, CO3JAIOLIEr0 BTOT MOTOK. BonHbl BO3HH-
KaloT NpH YacTOoTe BpallleHus dilexTpopBuraTens 6onee 54 06/Mun.

B cnexTpe reHepHpYeMBIX BOIH MMeETCS KOCTATOYHO YSKHMI NHK C Ya-
croroit MakcumyMa oxono 0,05 'y (ot 0,045 'y o 0,066 '), mupusoil Ha
yposge 0,5 I's mo MOM{HOCTH. AMIUNIUTYRa COOTBETCTBYIONNX DTOMY MHKY
KBaSHrapMOHUYECKHX kole6aHUil A 3aBHCHT OT yNpaBIdIOLIero apaMeTpa
ciegyiomuM o6pasom:

A=+/U-U,,
rpe U. = 54 06/mun.

OTu gBa npusHaxa (YSKHi CIIeKTP B KOPHeBad 3aBACHMOCTb aMILTHTYABI
OT yHpaBifioliero NapaMeTpa) BHfeNsIuch B paboTe [11] kak fBa n3 Tpex
OCHOBHHIX NPHM3HAKOB BO36yX[eHHS B CHCTeMe rio6albHO HEYCTOWYHBOH
Mofhl. TpeTuit OpusHAK — OTCYTCTBHE 3aBUCHMOCTH aMIUIMTYRBI BO3 6y X/a-
€MOM MOJL OT BHEUIHEHR CHIIBI — B HACTOALIEM BKCIIEPUMEHTe He IIPOBEpAICH,
HOCKONbKy BonHH ¢ 9acToToil 0,05 I'l mioxo reHepUpYIOTCS BOIHONIPORYK-
TOpOM.

Jna o6bacHeRus o6GHapyxeHHOro sddekTa reHepalu BOJH B NOTOKE
HEOBXOXUMO BHIACHUTH MeXaHHMSM o6paTHOM cBasu. IIpH 5TOM BOSMOXHEI
KBa BapMaHTa B 3aBHCHMOCTH OT XapakTepa JOKaIbHOH HeyCTOMIMBOCTH
cTpaTuULUKPOBAHHOTO CABATOBOrO Typ 6yienTHOrO noToka. Ecnm HeycTon-
YMBOCTb KOHBEKTHBHAA, TO IMO6aIbHO-HEYCTONYMBAA MOJ3 MOXET Peallnso-
BHIBATbCA TONBKO 3a CYeT KOHCTPYKTUBHEIX 0cobeHHOcTel Gacceina (oTpa-
JKEeHHsA BOIH OT €ro sajHell CTeHKH, nepegadd kone6aHmit no Tpy6am, obec-
NeYnBaloOlAM BO3BpATHOE TeUeHWEe XHUAXOCTH, M T. m.). JIpyroid BapuaHT
MoXeT GHITh pealusoBaH, eclii B CBOGOJHOM NOTOKe BO3MOXHA abCoONMoT-
Hafl HEyCTOMYHBOCThL. B 5TOM ciydae rno6albHas MOa MOXET PeaJu30BhI-
BaThCA [IPH CMEHE XapaKkTepa JOKalbHOM ycTounBocT Tedenus [10, 11]. B
NONbL3Y NOCIERHEr0 MeXaHUSMa roBoput cieryomui $akrt. IIpegBapurens-
HEle HBMEPEHHsl 3aBUCHMOCTH aMIUIMTYRH Kone6aHWil OT T MOKas3aly, 4YTO
oHa GHICTpO YOBLIBaeT NpH yRaJeHUH OT BHIXOfa CTPYH, U B6musu koHpysopa
KONe6aHNA NPAKTHIECKU OTCYTCTBYIOT (puc. 15).
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ON THE PHASE VELOCITY
OF GRAVITY-CAPILLARY
SURFACE WAVES

L. Shemer, M. Chamesse; T. Talipova

Department of Fluid Mechanics, Tel-Aviv University, Israel;
Institute of Applied Physics, Russian Academy of Sciences,
N. Novgorod ’

Phase velocity of gravity-capiilary waves was measured in a laboratory wave
tank for three operational conditions. Each experimental run consisted of three
series of measurements. First, measurements were performed after the tank was
filled with fresh filtered tap water. The second series of measurements was per-
formed 24 hours later without replacing water in the tank. The experiments
were then repeated after the water surface was carefully skimmed and most of
the surface film removed. Each experiinental series was relatively short, never
lasting longer than one hour. A number of such expernimental runs was per-
formed. The effective values of the surface tension coefficients were deter-
mined from the dispersion relation and compared with corresponding results
obtained by drop-weight method. An extension of the theoretical model is also
presented which describes the effect of film of surface active substances (SAS)
on the velocity of propagation of short surface waves. The model predictions
are compared with the experiment.

1. INTRODUCTION

Short waves on water surface, the so-called capillary or gravity-capillary waves,
play a crucial role in wind-wave interactions. These short waves are also respon-
sible for the resonant back scattering by the ocean surface of the microwave ra-
diation from the remote sensing radars. The dispersion relation for waves at clean
water surface is such that for waves shorter than about 10 cm, both the wave
length A and the phase velocity, c, for the given radian frequency of the wave o,
become dependent on the surface tension coefficient y, this dependence getting
stronger as ® grows. Quite often, the dispersion relation is employed in theoreti-
cal and experimental reports on short surface waves in water which is based on
the value of y taken from handbooks. The actual relation between the wave length
and frequency is either not measured at all, or is taken as the dispersion relation
for gravity-capillary waves based on conventional static surface tension meas-
Urements using tensiometer.

The inadequacy of this approach for studying the dynamics of ocean surface
Waves became increasingly clear. A novel method for measuring surface tension
of water based on a microwave remote sensing technique was suggested by Wal-
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lenberger and Lyzenga (1990). Recently, an electromagnetic sensor was devel-
oped for monitoring of the effective surface tension coefficient under changing
wind and surface current conditions in ocean (Barter, 1993). The deviation of the
effective surface tension coefficient from its statically measured value was also
observed in laboratory wave tanks. As is well known since the works of Rayleigh
(see Levich 1962), the linear dispersion relation can be employed for measure-
ments of y, if the wave frequency ® and either the wave length A or the wave
phase velocity ¢ are measured simultaneously. McGoldrick (1970) was the first
to notice that the dispersion relation with the statically measured y does not de-
scribe properly the observed dynamics of short waves in tank. McGoldrick thus
introduced the effective value of the surface tension coefficient, y, . Regular tap

water was used in his experiments. The value of y, was determined by measur-

ing the wave length A for a given wave period in a tank. In order to measure A,
the signal which drives the wave maker was compared with the output of the
wave gauge. Both signals were displayed on a scope as a Lissajous figure. By
displacing the probe and comparing the resulting Lissajous figures, the wave
length A could be determined. The value of y,~ 65 dyn/cm obtained in his ex-

periments by applying the dispersion relation was well below the statically meas-
ured y which was reported to be identical to the handbook value for the distilled
water.

McGoldrick measured the effective value of the surface tension coefficients
for a number of the wave periods 7, in a narrow range of frequencies pertinent to
his experiments. In this range of frequencies the measured value of y, remained

approximately constant. The question therefore arises whether the value of y,

obtained by applying the dispersion relation for clean surface will not vary if
measurements are performed in a wider range of frequencies. Moreover, the wa-
ter surface in laboratory tank experiments on short waves has to be skimmed
quite often in order to assure repeatable results. This fact can serve as an addi-
tional indication that in many occasions the water surface actually has elastic
properties which may strongly affect the dynamics of the process. This fact is
well documented for ocean surface (Demin et al. 1985), where the effect is at-
tributed to films of surface active substances (SAS). The effects of SAS in labo-
ratory studies of short surface waves also studied, with attention directed mainly
towards the wave decay. A theory which attempted to explain the effect of films
of SAS on wave propagation was suggested in the early forties by Levich
(summarized in Levich 1962). Levich considered the linear theory of waves at
the surface of a weakly viscous liquid covered by a thiri elastic film. According to
this theory, the films of SAS not only vary the surface tension coefficient, but
also enhance wave dissipation. Further developments of the theory of Levich in
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various approximations were presented (Dorrestein 1951, Lucassen and Hansen
1966, Lucassen 1982, Stepanyants and Talipova 1986). Extensive experiments
on wave dissipation due to SAS films (Ermakov et al. 1986) confirmed in general
the validity of Levich theory.

In contrast to these studies which focused on the enhanced wave dissipation
due to the presence of SAS, the purpose of the present work is to measure the
dependence of the phase velocity of the surface waves on frequency for a range
of frequencies where the gravity-capillary waves appear. These measurements
allow to obtain the value of y, using the dispersion relation for short waves on
clean water surface. On the other hand, a rather straightforward extension of the
theory of Levich is presented which allows to obtain the correction to the phase
velocity as a result of the elastic properties of SAS. The comparison of the ex-
perimental results with model equations allows to assess the effect of different
water surface conditions on the dispersion relation of gravity-capillary waves.

2. THEORETICAL BACKGROUND

In the absence of surface films and molecular dissipation, the dispersion relation
for linear gravity-capillary waves can be presented in the following form:
2
=8 Yeg )
0, P

where @, is the radian wave frequency, g is gravity acceleration and c,=Awy/2n
is the phase velocity of waves at clean surface of nonviscous liquid. It thus be-
comes clear from (1) that simultaneous measurements of cg and @y can determine
the effective value of the surface tension coefficient vy, .

Following Levich (1962), we consider now deep liquid with low kinematic
viscosity v and density p, covered with a thin SAS film with surface density
I'(x,t) =T, + ['(x,?), where T, is the constant concentration of the undeformed
surface and I" <<Tj is its disturbance due to waves. The analysis here is re-
stricted to a two-dimensional case. The linearized kinematic boundary condition
at the free surface z = n(x) is standard: )

) t=w, 2
where w is the vertical component of liquid velocity u = (%, w). The presence of
SAS film at the surface of viscous fluid leads to modified dynamic boundary

conditions at z = n(x). Balance of the normal stresses here has the following
form:
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The condition on the shear stress component at the free surface has tc take
into account the spatial variation of the SAS concentration I', which in turn leads
to corresponding variation in the surface tension coefficient y=y(I'). Shear

stress at z = n(x) vanishes, which results in the following linearized boundary
condition:
(614 6w)= 1 dy,r \61"'__ 1 g or

—— o — = N
0z Ox pdl"‘“ax pI, ox

where €=-Tody/dl’ can be seen as the modulus of elasticity due to the surface

film. Both conditions (3) and (4) are applied at z = 0 due to linearization. Line-
arized equation for the surface agent mass flow balance is

@

or’ ou
—+I[[—=0, 5
o ox ®
where diffusion is neglected.
The solution can be presented in the following form:
u=(ikAe**-1Ce") e*** (6a)
w=(kAe® +ikCe" )™+, (6b)
p=-pade et -pgz, (6¢)
where the wave number £ is considered real, o is complex and
2 2
U=k +%. M

From (2), (5) and (6), the solutions for the surface elevation 1 and the vari-
able part of the SAS concentration I'"" can be written as

n=§-(A+ iC)e™x+ (8a)
and
r- r% (kA+ilC)e™™ . (8b)

Substitution of (6) and (8) into the dynamic boundary conditions (3) and (4)
yields the dispersion relation for waves at the surface of low-viscosity liquid cov-
ered by a thin elastic SAS film, which can be presented as:
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o o o 2 a 2 o
(;;.-J +40(;;) +(5;) [l+40 +XJ‘+-———4° l+—J+ | (9)
+yfle=q = 0.

In (9), the following parameters are introduced:

®, = ’gk+%k’ (10)

{s the radian wave frequency for clean water surface in non-viscous fluid,
vk’ ‘

0=— _ an
@
can be seen as an inverse Reynolds number, and
3
ek
x = ——2 . (12)
Py

is the dimensionless parameter representing film elasticity.

For molecular viscosity of water v = 0,01 cm?/s and the range of wave
lengths considered, 8 = O(10°2) << 1. The complex value of o can then be pre-
sented as

a=io, -8 [§<<a,. 13)

Substituting (13) into the exact linear dispersion relation (9) and retaining
only linear in 8/, terms allows to obtain the following expression for &:

y 020~ W20+ 12426 oy 2201 220 - |+x/~l'" (14)
D 9 xﬁ+x 2 o- xﬁ-&-x

The real part of & represents the rate of decay of gravity-capillary waves in
weakly viscous fluid in the presence of SAS and has been analyzed extensively
(Lucassen and Hansen 1966, Lucassen 1982, Dysthe et al. 1986, Hithnerfuss et
al. 1987). The imaginary part of (14), however, obtained much less attention. The
frequency shift given by Im(8) results in the following correction to the surface
‘Waves phase vélocity:

c%(l_ 02426 - 1+x/J_]

2 g- xﬁﬂ(

(15)



Note that in the approximation adopted here, which is linear with respect to
|8|Io)0, weak viscous dissipation alone does not affect the phase velocity of

gravity-capillary waves, since in the absence of SAS film, x=0 and thus ¢ = ¢.

The dependence of the ratio of the phase velocity of surface waves in the pres-
ence of an elastic surface film, ¢, to the phase velocity for clean water surface, cg, on
the modulus of elasticity of the film, g calculated using (10)-(12) and (15), is given
for a number of wave lengths A in Fig. 1. Calculations were performed for the surface
tension coefficient y = 71 dyn/cm, corresponding to clean water, and molecular kine-
matic viscosity v = 0,01 cm?/s. It should be noted, however, that additional calcula-
tions have shown that the dependence of c/cy on € is only weakly sensitive to the
variations in the physical properties of liquid, v and y.

{r=1.00m] [ra3.0cm] [a«80em] [Aa7.0om] [1=0.0cm]

014 -

Fig. 1. The computed
ratio of the gravity-
capillary wave phase
velocity in the pres-
ence of SAS film to
that on the clean water
surface, as a function
of the SAS film
modulus of elasticity.
Kinematic viscosity of
water v = 0,01 cm?/s;
surface tension coeffi-
cienty="71 dyn/cm

099 4

098

0 [ ‘o 16 .3} 2 3
Modulus of elasticity ¢ (dyn/cm)

For all wave lengths considered, the dependence of the relative deviation of
the phase velocity, c/cg, on € is not monotonous. For relatively clean surface,
with € < 5,61; c/cg > 1 for all wave lengths. For sufficiently high values of €, the
ratio c¢/cg in the presence of SAS film becomes essentially independent of €, re-
maining somewhat below the clean surface value. It becomes clear from Fig. 1
that the effect of surface elasticity on wave phase velocity ¢ is quite pronounced
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for the range of wave lengths employed in the present study (A < 4 cm), where
the deviation of ¢ from the corresponding clean surface value may exceed 1,5%.
For these short waves, the increase of the modulus of elasticity of the surface film
beyond € = 20 + 25 dyn/cm ceases to affect wave phase velocity. The results of
Fig. 1 also demonstrate that phase velocity of longer waves (A > 10 cm) is not
sensitive to the presence of SAS films.

3. EXPERIMENTAL FACILITY

The experiments were performed in a rectangular wave tank that is 170 cm long
and 70 cm wide. The tank is built with side walls and bottom made of Plexiglas
and supported by a steel frame. Regular filtered tap water supplied through PVC
pipes and valves and Tygon tubing was used in these experiments. The filter
system effectively eliminated particles larger than 5 pm. The temperature of wa-
ter remained constant at 22°C. Waves were generated by a paddle-type wave
maker, made of Plexiglas and hinged at the height of 7 cm above the tank bottom.
The wavemaker was forced by a controlled motor through a reducing 1:4 gear
box and an eccentric crank system. The motor, the gear box and the eccenter are
mounted on a steel construction that is detached from the tank itself in order to
eliminate vibrations. The amplitude of the generated waves at any given fre-
quency is determined by the eccenter as well as by the water depth. In most ex-
periments, water depth was about 10 cm, satisfying deep water condition for the
short waves studied here. In some cases, water depth was slightly reduced in or-
der to decrease wave amplitude, a, and to eliminate nonlinear effects and the ap-
pearance of sub harmonic cross-waves. The wave steepness ak, k being the wave
number, in all occasions did not exceed 0,05. A wave absorbing device at the far
end of the tank effectively eliminated reflection of waves which did not decay
naturally before.

The periods of waves in the present experiments ranged from t ~ 65 ms to
1t~ 150 ms. The waves in this range of periods are long enough to be observable
without strong decay, while remaining sufficiently short so that their phase ve-
locities are sensitive to the surface tension. Instantaneous surface elevation was
measured by a rake consisting of 4 resistance-type wave probes. Each wave
probe is made of two stainless steel wires 0,5 mm in diameter, with separation of
3 mm in the direction parallel to the wave maker. All probes are supported by a
single rigid frame made of thick Plexiglas; the distance between the successive
probes being about 2 cm. The exact distances between each pair of probes was
measured independently using micrometer with the accuracy of about 0,2 mm.
The probe framework could be installed at any desired location in the horizontal
Plane, the vertical movement by desired increments was performed using com-
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puter-controlled stepping motor. Tlus procedure ensured that the probes could be
returned to the former depth of immersion after bemg raised to facilitate surface
treatment. Since the scope of this study was lnmted to measurements of the rela-
tion between the phase velocity ¢ and the wave frequency ®, no calibration of the
probes was performed and the actual wave amplxtudes were not measured.

The output voltage of all four probes was sampled and recorded using a
12 bit A/D converter and a personal computer. Each channel was sampled at
1500 Hz; in each experimental run, data were. pontmuously accumulated for at
least 45 s, resulting i in more than. 216 recorded data points for each probe. Upon
completion of the expenment. the. data files were transferred to DEC Alpha
3000 work statton for further processing.

4. EXPERIMENTAL PROCEDURE

The radian frequency ® of the surface elevatton variation in trme as detected by
each one of the four probes was: detemuned from the power spectra of the re-
corded signals. These spectra were obtamed using the FFT procedure over 216
data points, thus yielding the frequency resolutlon Aw = 0,14 s‘l The individual
spectra of each channel for all runs were drsplayed on the computer monitor and
checked visually. The peak frequencres in spectra computed for different chan-
nels did not vary by more than A, so that the relatlve error m ® is about 0,2%.
In certain experxmental Tuns, addmonal peaks ed in the spectra, mainly as
a result of cross-waves generatlon In most occasr ns, these runs were rejected. In
the cases when those ﬁ'equencles m the’ spectrum vﬁere separated from the forcing
frequencies, the recorded signal was band-passed ﬁltered using the FFT proce-
dure and the parasite frequencres were removed An exampie of the spectra of the
four resulting signals f; (), i = 1,4, js given in Fig 2. Note that the dominant fre-
quencies for all four probes do, not differ by more | ‘than Aw §nd their amplrtudes
exceed by orders of magnitude those correspondrng to the background noise.

The wave .phase velocity ¢ was_determined by computing the cross-
correlation functions of the filtered outputs of all possible (six in the présent
probes configuration) pairs of probes Thxs ‘Again was done using the FFT proce-
dure, this time based on 215 data points For each pair of probes, the cross-
correlation between the probes iandj hhi#j,

F (t)-f f(s) f(s-t)ds' (16)
‘ forthe

is maxrmum \vheathe de ay.f =,
wave to travel from thenx ! meprTbeJ Six val

a1

for.all pairs.of probes, héiice six values of the phase velocities could be obtained
by dividing the distance between the probes by the appropriate value of fyay . For
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ideal sinusoidal signals, the accuracy in the measurement of f, is determined by
the sampling frequency, this maximum error for the present experiment being
0,67 ms. This results in the maximum relative error in #;,,, for adjacent probes of
less than 1%; the relative error decreases substantially when pairs of more distant
probes are considered. Note also that the relative accuracy in determination of the
distance between the probes is of the same order of magnitude. The phase veloc-
ity ¢ is thus obtained as the mean of the six independently obtained values, and
the error in c is estimated as the standard deviation of these measurements.

35000

Fig. 2. Typical ampli-
tude spectra '

30000 +
25000

20000 T

4th probe
15000 4
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3rd probe

10000

2nd probe
5000 <

1stprobe

1" 1ms 12 128 13 13.8 14
Frequency (Hz)

It can thus be concluded that the dominant error in determination of y based
on (1) results from the error in ¢, while measurement of ® can be considered as
"exact". The relative error in the y can thus be obtained by differentiating of (1):

ﬂ=3c—23/m ﬂ an

Y c-glo ¢

The relative_error in measuring of the surface tension is thus that Ac/c mul-
tiplied by the amplification coefficient p = (3¢ - 2g/®)/(c - g/w). The value of this
coefficient decreases with a; for the highest forcing frequency of o = 2n-15 s°1,
B ~ 3,85, increasing to B ~ 4,9 for ® = 2n-10 s-! and continuing to grow fast
when the frequency is further decreased. For this reason, measurements of the
effective value of y were performed for @ > 2n-11 571,
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Static values of the surface tension coefficient in the wave tank for various
experimental conditions were obtained using the conventional drop-weight
method. Distilled water with known value of the surface tension coefficient was
used for calibration.

5.RESULTS

The results of the present experiments on the dependence of the wave phase ve-
locity on forcing frequency are now compared with calculations based on the
corresponding dispersion relations. The overall duration of each experimental run
did not exceed one hour. In each run a number of phase velocity measurements
were performed, and the water in the tank was replaced before every individual
experimental run.

The results are given for three different experimental conditions. First,
measurements were performed after the tank was filled with fresh water (Fig. 3).
Measurements actually were initiated about 15 min after the tank was replen-
ished, in order to ensure that waves and currents induced during tank filling
calmed down. Conventional measurements of the surface tension coefficient per-
formed simultaneously gave the value of y = 68 dyn/cm. The variation of the
phase velocity ¢ with the forcing wave period is presented in Fig. 3, a, while
Fig. 3,b depicts the corresponding variation in the effective value of the surface
tension coefficient y, calculated from the measured phase velocity using (1).
The relative error for the phase velocity measurements presented in Fig. 3, a,
calculated from the standard deviatiation of the six independent measurements of
¢, is less than 0,5%. It should be also stressed here that the results presented in
Fig. 3 are remarkably repeatable, and in fact represent compilation of data taken
in a number of experimental runs. In order to reduce the relative error in determi-
nation of the effective surface tension coefficient, see (17), the effective values of
¥, were calculated from measured ¢ and o for frequencies f =2n ® exceeding
11 Hz only. It becomes evident from Fig. 3, a that the phase velocity ¢ obtained
using (1) with the statically measured value of y, is notably higher than the meas-
ured value of ¢, with the exception of lower frequencies where the phase velocity
ceases to be dependent on y. The difference between the measured ¢ and cg con-
siderably exceeds the experimental error. The effective values of the surface ten-
sion coefficient y, in Fig. 3, b remain approximately constant (within about +5%)
in the whole range of frequencies. The averaged value of the effective surface
tension coefficient in Fig. 3, b is y, = 65 dyn/cm, somewhat lower than the stati-

cally measured value of y. This result is in agreement with McGoldrick (1970)
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who also obtained an effective surface tension coefficient based on the dispersion
relation (1) below the conventionally measured Y.

Fig. 3. Fresh tap
water. a — Phase
velocities: experi-
mental data and
model results; b—
Effective values of
the surface tension
coefficient obtai-
ned from the ex-
perimental data of
Fig. a and the
dispersion  relati-
on (1)

Effective surface tension coeff. (dyn/cm)

Forcing frequency (Hz)

.
a
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Alternatively, the theoretical dispersion relation (15) which takes into ac-
count the presence of a thin SAS film can be fitted to the experimental data.
Since SAS film by itself does not affect the value of the surface tension coeffi-
cient of water in the tank, the conventionally measured value of y = 68 dyn/cm
was adopted. The corresponding curve is also plotted in Fig. 3, a. As can be seen
from this figure, when the value of film elasticity modulus of € = 12 dyn/cm is
selected, good agreement between the experimental data and the phase velocity
calculated from (15) is obtained. This value of € appears to be in agreement with

the direct measurements reported for fresh tap water by Talipova (1989).
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The additional set of results presented in Fig. 4 corresponds to measure-
ments performed 24 hours later, without replacing water in the tank. Again, the
results presented in Fig. 4 were obtained in a number of experimental runs. The
measurements of the surface tension coefficient of the tank water by drop-weight
method yielded y = 62 dyn/cm, notably below the value obtained for fresh tap
water. Phase velocities measured in these experimental runs were also consis-
tently below the corresponding values obtained the day before, in particular at
higher forcing frequencies. The relative error A ¢/c in these data is also less than
0,5%. As in Fig. 3, a, calculated phase velocities ¢ using (1) and the statically
measured value of y as shown in Fig. 4, a are well above the experimentally ob-
tained data. Here again, the estimates of the effective surface coefficient based
on (1) and the measured dependence ¢ = o(®), summarized in Fig. 4, b, remain nearly
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constant for the whole range of frequencies and well below y, in Fig. 3, b. The
average value of vy, in Fig. 4, b is about y,= 59 dyn/cm, less than the conven-

tionally measured value. When the assumption that an elastic film is present on
the water surface is adopted, good agreement with the experiment again can be
obtained. As demonstrated in Fig. 1, in the framework of the adopted theoretical
model the relative deviation of the phase velocity of surface waves c/cq for short
‘waves approaches its lowest possible value at € = 20 dyn/cm, and the remains
approximately constant with a further increase in SAS film surface concentration
T. The increase in modulus of elasticity of the film € beyond this value has no
notable effect on c. The curve which corresponds to the dispersion relation (15)
was plotted therefore in Fig. 4, a for € = 20 dyn/cm and y = 62 dyn/cm.
* Itis interesting to mention that in both Figs. 3 and 4 a notable kink in the ef-
fective phase velocity dependence on the frequency exists at f ~ 13 Hz. In con-
trast to the irregular dependence of the wave damping on frequency, also ob-
served in experiments and explained within the framework of the Marangoni
wave theory (Hiihnerfuss et al. 1987), which is essentially identical to the model
adopted here, no such kink in the dependence ¢ = c(f) is predicted by the present
theoretical model. It thus seems that a more refined model is necessary to de-
scribe correctly the fine details of the imaginary part of the dispersion relation.
After each experimental run summarized in Fig. 4 was completed, the water
surface in the tank was carefully skimmed by numerous applications of absorbing
paper, which considerably reduced the concentration of SAS at the surface. As a
result of this procedure, the value of the, surface tension coefficient y = 71 dyn/cm
was measured by the conventional drop-weight method. This value of y is nearly
identical to the surface tension coefficient of distilled water The phase velocities
observed in the tank after skimming, presented in Fig. 5, a, are substantially
higher than those in Figs. 3, a and 4, a. It should be stressed here that the experi-
mental error in these measurements is considerably larger than in the results of
Figs. 3 and 4, and the estimates of phase velocities calculated for various pairs of
probes could differ by as much as few per cent. This fact is also reflected in the
considerable scatter of the data in Fig. 5. In contrast to Figs. 3 and 4, the phase
velocities c, calculated substituting the statically measured value of y into (1), are
in general well below the actually measured values. The effective surface tension
¢oefficients y, calculated from the experimental data of Fig. 5, a are plotted in
Fig. 5, b. Although the data on the measured phase velocity in Fig. 5, a show
considerable scatter, the whole "cloud" of the data points corresponds to the ef-
fective surface tension coefficients well above the statically obtained value of y
and considerably exceeding the surface tension coefficient for distilled water.
This phenomenon therefore can not be attributed to the experimental error. The aver-
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age value of the effective surface tension in Fig. 5, bis y, = 85 dyn/cm. It is well

known, however, that any contamination of water can only result in lower value
of y compared to the distilled water value. The partial explanation to this anom-
aly can be found in Fig. 1. According to this theoretical model, for low concen-
trations of SAS at the water surface, and thus for low film elasticity, the phase
velocity in the presence of SAS film is higher than that for clean water. For that
reason, it was decided to substitute the conventionally measured value of y =
=71 dyn/cm and of the modulus of elasticity of the surface film € = 4 dyn/cm,
which corresponds to the maximum positive deviation (relatively to the clean
surface, see Fig. 1) of the phase velocity of short waves, into (10)-(12) and (15).
This substitution yields the dependence of ¢ on the forcing frequency which is in
qualitative agreement with the experiment. The quantitative disagreement be-
tween the theoretical curve and the experimental points in Fig. 5, a, as well as the
scatter in the data, can be attributed to the lack of equilibrium of the surface film
after the skimming procedure.
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6. CONCLUDING REMARKS

The present experimental results indicate that the dependence of the phase veloc-
ity c of short waves on the surface of water that is not absolutely clean has certain
peculiarities. The straightforward application of the dispersion relation for clean
water in order to calculate the surface tension coefficient y from the measured
values of ¢ in this case can result in unrealistically high effective values of y. In-
voking a theoretical model which makes use of the approach outlined by Levich
(1962) allows a correct description, at least at the qualitative level, of some of the
global features observed in the experiments, when the conventionally measured
value of the surface tension coefficient is substituted into the model equations. In
particular, it becomes clear from the results of Fig. 1 that even quite small con-
centrations of surfactants can have a notable effect of the velocity of propagation
of short waves. Qualitatively, the effect of SAS film in this case manifests itself
in phase velocities which are higher than those obtained for absolutely clean sur-
face, contrary to films with higher concentrations of SAS, which reduce the ve-
locity of propagation.

Such a non-monotonic dependence of the phase velocity on the film modu-
lus of elasticity €, which was predicted by the model and observed experimentally
in the present study, can be seen as analogous to the existence of a similar maxi-
mum which exists in the dependence of the decay rate of short waves on €. The
rate of decay of short waves in the presence of SAS film is given by the real part
of (14), and the existence of the maximum in its dependence of the rate of dissi-
pation on ¢ is a feature of this equation. This theoretical conclusion was con-
firmed by experiments (Hiihnerfuss et al. 1987, Dysthe et al. 1986).

The modulus of elasticity of the SAS film & was not measured directly in the
present study, and the choice of the values of € was based on fitting the model
dispersion relation (15) to the experimental data. The selected values of € are,
however, in agreement with those reported by Talipova (1989) for similar condi-
tions of water surface.

The relative deviation of the phase velocity due to the presence of SAS does
not exceed 1,5% even for quite short waves. Such small differences encountered
in the present study demanded high accuracy in measurements of phase velocity.
These measurements were based on’computing cross-correlations between the
outputs of wave gauges with known spacing in the wave propagation direction.
The necessary accuracy was achieved by continuous sampling of sufficiently long
records, which allowed the desired temporal resolution. The experimental results
in Figs. 3 and 4 show remarkable repeatability and exhibit a quite low amount of
scatter. It thus became possible to notice the unusual, but quite consistent kink in
the experimental curves of these figures in the vicinity of 13 Hz, which can not
be explained by the existing theory. The notably higher scatter of the experimen-
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tal data in Fig. 5 results most probably from the fact that the thin film of SAS did
not attain the equilibrium cendition. The data scatter in this figure also makes it
impossible here to identify definitely the kink observed in Figs. 3 and 4, although
there is certain indication that it persists after water surface skimming.

Although the observed differences in phase velocity due to the presence of
thin SAS films are quite small, they can lead to a significant shift in the value of
the effective surface tension coefficient y, from the statically measured y. While

the concept of the effective surface tension coefficient is an artificial one, it ap-
pears to be quite useful as a value of y which correctly describes the relation be-
tween the phase velocity of short surface waves and the wave frequency, when
the dispersion relation for clean water surface (1) is assumed to be valid. The
present experimental results indicate that the dispersion curves plotted according
to (1) with y, are very close to the dispersion curve which is based on the

adopted theoretical model with the actual measured value of y and takes into ac-
count the elasticity of the surface film.

"While the adopted theoretical model improves considerably the agreement
between the experiment and the theoretical curves, it remains incapable of de-
scribing more subtle details of the dependence of the measured phase velocity of
the surface waves on the forcing frequency. The present experimental results thus
can provide an impetus for developing a more refined theory for describing
propagation of short waves at the surface of water covered with a thin SAS film.

ACKNOWLEDGMENT

One of the authors (T.T.) is supported by the Russian Fund for Fundamental Re-
search, grant No. 93-05-8126.

REFERENCES

1. Wallenberger A. P. and Lyzenga D. R. Measurements of the surface tension of water
using microwave backscatter from gravity-capillary waves // IEEE Trans. Geosci.
Remote Sensing. 1990. V. 28. P. 1012-1016.

2. Barter J. D. A antenna for measurement of the dispersion relation of capillary waves
on water // Rev. Sci. Instrum. 1993. V. 64. P. 556-560.

3. Levich V. G. Physico-Chemical Hydrodynamics (Prentice-Hall, N. Y., 1962).

4. McGoldrick L. F. Capillaty gravity resonant wave interaétions // J. Fluid Mech. 1970.
V. 40. P. 251-271.

S. Demin B.T., Ermakov S. A., Pelinovski E. N., Talipova T. G., SheremetyevaA. L.
Study of the elastic properties of sea surface-active films / Bull. USSR Acad. Sci.
Atmos. Oceanic Phys. 1985. V. 21. P. 312-320.

292



6. Dorrestein R. General linearized theory of the effect of surface films on water nipples
/] Proc. K. Ned. Akad. Wet., Ser. B: Paleontol., Geol., Phys., Cem., Antropol. 1951.
B54. P. 350-356.

7. Lucassen J. and Hansen R. Damping of waves on monolayer covered surfaces // J.
Colloid and Interface Sci., 22, 32-49 (Part I, 1966): 23, 319-328 (Part II, 1967).

8. Lucassen J. Effect of surface-active material on the damping of gravity waves // J.
Colloid and Interface Sci. 1982. V. 85. P. 52-58.

9. Stepanyants Yu. and Talipova T. Dispersive properties of waves on the surface of
viscous fluid covered by an elastic film // USSR Acad. Sci, Gorky Report No. 154 (in
Russian). 1986.

10. Ermakov S. A., Zujkova A. M., Panchenko A. R., Salashin S. G., Talipova T. G., and
Titov V. I Surface film effect on short wind waves / Dyn. Atmos. Oceans. 1986.
V. 10. P. 31-50.

11. Hiihnerfuss H., Walter W., Lange P.A., and Alpers W. Attenuation of wind waves by
monomolecular sea slicks and Marangoni effect / J. Geoph. Res. 1987. V.92,
P. 3961-3963. ‘

12. Dysthe K., Rovner G., and Rabin Y. Damping of capillary waves by polymeric mono-
layers. Comparison with hydrodynamic theory // J. Phys. Chem. 1986. V.90..
P. 3894-3895.

13. Talipova T. Elastic properties of marine SAS films and their action on wind waves
// Ph. D. Thesis, Ins. Appl. Phys., USSR Acad. Sci, Gorky (in Russian). 1989.






PAIJNOPHINIECKHE
METO/J1bI HCCJIENJOBAHHA
ITPOIIECCOB B BEPXHEM
CJIOE OKEAHA










MonnepoBCKUM CIIEKTP
BIIEKTPOMAarHUTHOrO

CBY-nmons, paccesHHOro

BOJJHOM IIOBEPXHOCTHIO,
U pafuoJOKalMOHHAas
IMarHOCTHKA OKeaHa

M. B. Kanescxut, B. 0. Kapaes

Hucruryt npuxnaguoi ¢uouxu PAH, H. Hosropop

[IpegcraBnex o630p Mopgenel JONIEPOBCKOro CHEKTPa BIEKTPO-
maruutHoro CBY-nons, paccesHHOro B3BOZHOBaHHOH BOXHOM
NMOBEPXHOCTHIO, B LIKPOKOM JHaNa3OHe YrIOB Naf{eHHA — OT
6IMMOKMX K Hapupy Ao ckombasummx. Onmcanue Mopeneit maercs
B KOHTEECTE MCTODHH PacBHTHA MPEJCTaBIEHHI O MeXagHIMaX
poakmopeicTeus CBY-nonsa ¢ BOgHOH HOBEPXHOCTHIO, a TAKXKe
METOJ{OB PaIHONOKALHOHHOH JHArHOCTHKH OKeaHa.

BBegenne

HonnepoBckuil CHEKTP PAcCEAHHOrO 10N ABASETCHA KIIOYEBOM XapakTepn-
CTHKOM KaK B IPAMOW Bajade O B3ANMOJEHCTBHHU DIEKTPOMAarHUTHOrO IONA
C BOBOJIHOBAHHOW BOJHOM IIOBEPXHOCTHIO, TaK U B 06PATHOM 3ajjade JUCTAH-
OYOHHOH {UATHOCTHKH NOBEPXHOCTH OKeaHa. BHICOKad cTemeHb BHAMHMOCTH
ROMIEPOBCKOTO CIEKTPa 06yCIoBleHa ClefyouaMu GakTopaM:

® CTeneHh COOTBETCTBHA TEOPETHYECKOH MOJENH JOMIEPOBCKOrO CIeK-
Tpa DKCIIEPUMEHTY CIYXHT HauGollee JOCTOBEPHHIM KpHUTEPHEM aje-
KBATHOCTH TEODUY DACCEHHS, T. €. ONpejelNfieT cTeneHb SHaHud Pu-
SHKH ABJECHNA;

e Gyly4s HEMOCPEeNCTBEHHO CBABAHHLIM CO CKOPOCTSMH Ha MOB¢PXHO-
CTH, JOIUIEPOBCKHU CHEXTP CONEPKHT MPaKTHYECKH NoilHylo UHPOp-
Mangio o6 dHeproHecyilleM BONHEHUH U NMPEJCTaBAfeT HaZeXHYIO OC-
HOBY NI RMCTAHUMOHHOM THArHOCTHKH M MOHMTOpPHHra Muposoro
OKeaHa ¢ MOMOIWBIO PATHOPHIUIECKUX CPEICTB;
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® CBONMCTBa JOIIEPOBCKOI'O CIEKTPa ABAAIOTCA ONPefesiOUAMHA A pa~
60TH KOTEPEHTHHIX PafHOIOKATOPOB, NOCKOABKY HMX HpUMEHEHHe
npegnonaraeT SHaHHE CHEKTPANBLHOIO COCTABA OTPaXEHHOIO NOJ.

OTH KayecTBa [ONIEPOBCKOIO CNEKTPa MpefoNpefequin HHTEPeC K ero
HSYYEHHIO y HaC B CTpaHe H 3a py6exoM.

HavanpHhlii nepHOR MBYYEHUA HOIUIEPOBCKOrO CIEKTPa NMPUXOTUTCH HA
BTOpYIO NOJOBHHY 50-X roffoB, KOrjfia Ha OCHOBE HMEHHO HOIIEPOBCKUX M3-
MepeHHI B lekaMeTpOBOM AHanasoHe (1, 2] 6sum BnepBbie copMupoBaHs!
afileKBaTHHE NpPEJCTaBIEHAA O MexaHHoMe paccesiHuss KB-paguoBonn mop-
cKolf TOBepxHOCThIO (CM. Takxe 0630p [3]), a BaTeM cooTBeTCTBYyIOWAA
Teopus Ghula pacnpocrpaneHa Ha CBY-guanason (cM. o6oopw [4, 5]). B
NOCIEXYIOLIKME I'OfEl YPE3BLIYaiHO 60NbIIOE KONUYCCTBO paboT 6LIIO MO CBS-
1lleHO M3y4eHnIo dHepreTnkyu pacceanua CBY-paguoBonn Mopcko# moBepx-
HocThio. OfiHAKO OFHOM ML SHEPT€THIECKOM XapaKTePUCTHKH (YAeabHOe
ceyeHKe OGPATHOrO PACCeSHHA) MPH BCEHl ee BHAYMMOCTH OKa3ajloCh ABHO
HETOCTATOTHO [ MOHHMAaHHS CIOXHOTO Ipolecca pacCesHUs ¢ OTHOM CTO-
POHH H pelieHHs O6paTHHIX Bafad ¢ APYTrod, U TO BACTABIIO MCCIERO-
BaTelleil BHOBb H BHOBb 06palaThCA K MSYYEHHMIO AOIIEPOBCKOrO CHEKTPa
¢ [edbio IIPOBEPKH TeCpHH M ”yKpeneHUs” BHABISIOWMXCA CO BpeMeHEM
ee cIabRIX MECT, a TakXe [ BOCHONHEHHS NMpo6enoB B obuieidl KapTHHe
NpeAcTaBleHMii O MexaHM3Me (HIM MEXaHMBMaX) paccessHHd, Tpebyoumux
paCIIMpEeHAS TEOpHH.

B nacToseM o63ope MH XoTenu 6Bl MPOCIENHThL ACTOPHIO HCCIEAOBA-
HE# fonnepoBckoro crnekTpa CBY-pafnoBonH, pacceasHHEIX B3BOIHOBAHHOM
BOJHOM MOBEPXHOCTHIO, M MOAYEPKHYTh UX CBASD ¢ PASBHTHEM METONOB pa-
KUONOKAIMOHHON UArHOCTHKH OKeaHa.

CTpykTypa
AOILIEPOBCKOT'O CIIEKTpa

Kax oTMe4anoch BO BBElEeHHH, OCMEICIICHHE PE3YILTAaTOB HOIIEPOBCKAX U3-
mepenuit B KB-qnanasone [1, 2] nossonuno cpenats nepsuiil (4, 0o cyTH,
ONpefensolMil) WAr K MOHUMAaHHUIO MexaHn3Ma paccesnus KB-paguosons.
Brito ycTaHOBNEHO, YTO COCTaBASIOWME COEKTP SXOCHUTHANA JABe JMHAM
(puc. 1 [3]) obycioBreHBl pe3OHAHCHBLIM XapaKTePOM PacCesHUA, # YaCTOTa
fp, Ha KOTOpPYIO 9TH JIMHUH PaSHeceHH MO 06e CTOPOHBI OTHOCHTENBHO HC-
XOTHOM 4acTOTH fp, €CTh COGCTBEHHAs YAaCTOTA TOM COCTABIAIOUIEN CIEK-
Tpa BOJIHEHUS, KOTOpasA COrIACHO TE€OPHH GPOITOBCKOIO PACCESHHS OTBET-

298



CTBEHHA 33 OTPaXKeHHbI! cHrHal. Kax H3BeCTHO, BTa COCTABIAION(AA UMEET
maMHy BOAHB A, = Ao/2cos g, rie Ao — AAMHA BOAHE OafaIOL{Ero Hous, Yo
— Yrofl CKONbXeHNS, ¥ YaCTOTY fp, ONpeRenseMyio RACHEPCHOHHLIM COOT-
HOWIEHUEM [Jis TPABUTAMOHHON YaCTH CHEKTPa BONHECHHL:

fr= %(kpg)llzn (1)

rae k, =2r/Apmg =298 M/c2 — yckopeHHe cBO6OIHOTO MafeHud.
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HopmupoBaHHas [0IUIe pOBCKaA YacToTa

Puc. 1. Jonneposcknii cnexTp sxocurana 13,4 MI'u, patcesuHoro mo-
BEPXHOCTBIO OkeaHa [3]. ITo ocu abcumce 0TNONKEHa HOPMHPOBaHHAs JO-
fnepoBckas yacToTa f/ fp

. YcnoBne pesonaHca ROMKHO GLITh BHIIONHEHO TakXe W 1O HaImpasle-
EmMo (BOTHOEBOW BEKTOD PE30HAHCHOM KOMIOHEHTHI CIHEKTPa OpHEHTHPOBAH
BIONb MM NPOTUB HANpaBleHAA Ha JOKaTOp), U3 dero sfcHo, 4To KB-
papgnonokarop ABnsercd 3PPeXTHBHHIM HHCTPYMEHTOM JNJIA HCCIEIOBaHMUSA
3HeproHecyueit 4acTd BonHeHus. [efcTBATENLHO, HIMEPAT HHTEHCHBHOCTD
9XOCHIrHala NPK PASHHIX HAOPAaBICHAAX 3OHJUPOBAHAA, MOXHO HAHTH yIIO-
BOil CHeXTp BONHEHHA HAa BaJaHHOK MPOCTPAHCTBEHHOR YacTOTe, ompeme-
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JUTH HanmpaBfieHHe BeTpa (3, 6], a Takxe mo Benmunue § = f — f, (f - Ha-
6mo{aeMbIi B 9KCIIEpUMEHTe CIBHUT IMHWH OTHOCHTENBHO fo) CReNATh BHIBOJ
0 HAMYHMHA B 06CNeNyeMO 30He Te9eHnii  UBMEPHTH HX CKOPOCTh. B YacT-
HOCTH, [IOKasaHHOe Ha puc. 1 Manoe cmemenne A = §/f, cooTBeTCTByeT
MecTHOMY TedeHuio B6nnsn KamudpopHuitckoro nobepexns CIITA.

HaMepeHus, BHIOIHEHHBIE ¢ IOMOU[LIO MHOrodacToTHoM (A = 0,8; 3;
10 u 50 cM, a Takxke 1,5 m 4 M) golIepOBCKOM PafgUONOKALMOHHOMR CH-
cTeMHl [7], mMokasaiu, YTO PEBOHAHCHBIA MEXaHMSM DAaccesHUA, B NPHH-
unne, coxpanserca u B CBY-guanasone. O6 sToM cBAREeTENbCTBYET TOT
$akT, 9TO CMellleHHe UEHTPAJbHOH JaCTOTH CIEKTPa DXOCHIHAIa, Kak M
B ciydae KB-pagnosonH, onpegenserca gucnepcuoHHEM ypaBHeHueM. Of-
HaKO 5TO ypaBHEHHE Tenephb CIEAyeT HCIONbL30BATh B BAJE, IPUTOTHOM ISt
IPaBATALMOHHO-KANMIULIPHON YaCTH CIIEKTPa BONHEHUA, KOTOPOW MpPUHAJ-
JEXHT COOTBETCTBYIOWAA PE3OHAHCHAA BONHA, IIOSTOMY

gcosyy = 16macosd iy
7o pAy

hr= (2)

rae @ — xooPUIAEHT OBEPXHOCTHOIO HATAXEHHUs, p — MNIOTHOCTh BOXHI.

Ha pumc. 2, BagTroM ms [7], Ha xpuByIO, paccydTaHHy!O mO (QopMyile
(2), HaHeceHRI KCIEpAMEHTAIbHLIE 3HAYEHUs CMELleHHS LEHTPalbHOM va-
CTOTH, ONyYeHHEIE B LIAPOKOM [HAlladOHe SJEKTPOMArHUTHBIX BOMH (Iis
CBY - B oTCyTCTBHE KpYTHOMACUITaGHOTO BOIHEHNS ¥ PU c1a6OM BeTpe) —
aJiech OYeBHU{HEIM 06pasoOM leMOHCTPUpYeTCA O6IHOCTh ABNeHna Aias KB-,
YKB- u CBY-guanasoHos.

OpHako cO6CTBEHHO CHEKTPH CHTHAla CAHTHMETPOBOTO KHANa30Ha BEI-
FISEAT CyllecTBEeHHO MHave, HeXend Ha puc. 1. XoTs oCcHOBY clekTpa mo-
IpeXXHeMy COCTABIAIOT fBe :IMHHH (B 9TOM cilydae f, €CTb HacTOTa CaH-
THMeTPOBOR PAGH), OTHAKO STH JMHAM, KaK NPABAIO, HE PasSpellaloTcs H
pealbHEle CIEKTPH HMEIOT BHJ IIMPOKAX MAKCHMYMOB, Kak, HalpuMep, Ha
puc. 3 [8]. B Teoperuyeckoit pabore [9] npoaHanMsMpOBaHbI pasMMYHbIE
daxToprl, NpUBOAIKE K PAaCHIMPEHUIO COEKTPa, B pesylbTaTe clelaH
BBIBOJ[, YTO HablOfaeMble WHPHHE CIEKTPOB CBABAHBI ¢ OPOHTAILHBIM
IBAXEeHHEM pe3CHAHCHOH CAaHTHMeTPOBOM pPAGM B moje JINHHOBOJIHOBOTI'O
dHeproHecyuero BonseHus. K TakoMy Xe BHIBOJy NDHLIIM M aBTOPHI BKC-
nepuMeHTalIbHOM paboTH [10].
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Puc. 2. 3aBHCHMOCTD CMeELLEHHS LIEHTPATbHOM YacTOThI OT U3/y4aeMoil AHHBL BOJ-
#bt {7]. ITyHKTHPOM MOKa3aHbl 3ABHCHMOCTH /= 2v cOSW, / Ay, pacCudTaHHbIe i1
A8YX 3Ha4YeHHH CKOPOCTH v. BuIHO, 4TO IKCMEepUMEHTaNbHbIE TOYKH JIOKATCH Ha
KPHBYIO, PacCUMTaHHYI0 No ¢opmyrne (2), 2 HE Ha MYHKTUPHBIC IHHUH, COOTBETCT-
BYIOLUHE {OTUIEPOBCKOMY CABHIY Ha (PUKCHPOBaHHO# CKOPOCTH

CnexTpaJIsHAR IWIOTHOCTD

Puc. 3. Mpumepsi aomre-
POBCKHX CaexTpoB (A, =
= 3,2 cM) NMpH pasTHYHbIX

1 L, 1 1 1 ol
Yrnax naneHus; ckopocTb -20 -100 0 100 200 f
BeTpa 7-9 m/c 8] Homneposckas wacrora, I'n
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Puc. 4. AsuMyTabHas 3aBHCHMOCTb JOTUIEPOBCKOTO CIIEKTPA,
Ao = 10 cM, ckopocTs Betpa 5 M/c [11]

Od4eBHAHO, eClIE CPENHEKBAXPATHIECKOE HOIIEPOBCKOE CMEIEHNE Ha Op-
6UTAILHOM CKODOCTH IIpEBHINIaeT 3HaYeHHe, onpefendeMoe opmyion (2),
TO B CHIEKTPax, HONYIeHHHIX 33 JOCTATOIHO GONBIIOH O CPABHEHHIO ¢ IIepy-
OJ{OM OCHOBHOM SHEpIrOHeCYlIel BONHLI OTPE3OK BpEMEHH, HCXONHEIE THHUM
He paspewaloTcs. Hx MoxuO HabmofgaTh AM60 B OTCYTCTBHE KPYIOHOMAc-
WITabHOTO BOIHEHHS, TH60 IPH OTHOCATEILHO C1aboM BONHEHUH | 3OHIUPO-
BaHHUH IONepeK reHepalbHOrO HANPABIEHHS SHEPrOHECYUHX BONH, Kak 9TO
BHAHO Ha pHc. 4 [11], rpe noxasaHa asUMyTalbHas 3aBECAMOCTb JOIIEPOB-
CKOT'O CHeKTPa. YOKMMM OKaSHIBAIOTCA M CHEKTPHI, ONTyYeHHbIe ¢ TOMOLIBIO
YSKOHANpaBlIeHHEIX aHTEHH 33 KOPOTKHe B YKaSaHHOM BBIUlE CMEICIE OT-
pesKku BpeMeHH; OfHAKO 9TH CNEKTPH HECTAMOHAPHEHI, OHN MEPHONHYECKH
CMeLaIoOTCH B Ty WM HHYIO CTOPOHY B 3aBHCAMOCTH OT BeIHYMHHI H Hampa-
BlleHHS OpGHTAlbHON CKOPOCTH Ha OCBELIEHHOM yYacCTKe KPYNMHOH BOMHBI
(pmc. 5 u 6 [12]). Ecnu B aToM ciydae samucaTs GyHkOuio c(t) — cmeutenue
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[eHTpa TSAXECTH CNeKTPa CHTHala, a BaTeM HalTH CHeKTp 3TOoH QyHKUHK
G(f), To o Gopmyuze

Ge(f) = (%)2Gc(f) 3)

MOXHO HaHTH cmekTp BosBhimlennii G¢(f) oHepromecyuero BonHeHHA (Ha
5TOM IPHHUHANE PaboTaeT PafUOBOIHOMED, HOBBOIAIOU[HHA H3MEPATH CHEKTD
BOJIHEHMA Ha paccTosHuAX fo 1 xm [13]).

TaxuMm o6pasom, k cepefue 70-x rogos (cM. Takxe [14-18]) 6binu BoisAC-
HeHE! OCHOBHHIE 3aKOHOMepHOCTH PopMmupoBanus ciekTpoB CBY-curnanos,
PacCessHHRIX MOBEPXHOCTHIO MOPA.

B Teyenne paga nociexyomnx eT 0CHOBHOE BHEMaHHe GhIN0 06pallleHo
Ha Hoy4ieHHe DHEPreTUYecKOH XapaKTEPHCTUKH - ceYeHHs o6paTHOro pac-
cefiHUA; KOHEYHOH LENbIO HTOr0 HAaNpaBleHHA ABIANOCH IIOCTPOEHHE AJITrO-
PHUTMOB BOCCTAHOBIIEHHA CKOPOCTH TPUIIOBEPXHOCTHOTO BeTPa IO JaHHHIM
KOCMHYECKHX PagUONOKaTOPOB—CKaTTEPOMETPOB.

HoBulit MMITyIBC HCCIC{OBaHAA JOMAEPOBCKOrO CHEKTPa MOIYYMIH TOCHe
BalycKoB OKeaHOrpaPuIecKMX CIy THHKOB C PAJIHOJIOKaTOPAMM C CHHTE3UPO-
Bauno# aneprypoil (PCA), xorga BcTan Bompoc o ToM, KakaM 06pasoM Ko-
repeaTHHE PCA ”BHIuT” gBHXYyU(yIOCA ClyJadHRIM 06pa3oM MOBEPXHOCTh
OKeaHa, IIOCKONbKY pealibHas 5BOMIONHS JOIIEPOBCKOH YaCTOTHl CUTHANA OT
(pUKCUPOBAHHOTO DIEMEHTA NMOBEPXHOCTH CYLIECTBEHHO OTANYAETCH OT TOH,
KOTOpasi 3aKklIa[fbBaeTCca B IPOLE[YPY CUHTE3UPOBaHUS ANepTYpPHI.

Kpome Toro, Hempexpaujaomuici HETEPEC BHISEHIBaeT 06IacTh MalbiX
YIJIOB CKOIbL)XEHHS, Iie HabMofaloTcs 0cO6EHAOCTH, He YKIaibIBaloMecs B
06pUCOBaHHYIO BHIIE KADTHUHY ¥ NPOABIAIOWNECH B JOMIEPOBCKOM CIEKTpe
paccestHHOro moist (IORPO6HO CM. B CIERYIOLEM Dasfiele).

[lpuMeRATENBHO K O6MAacTH cpegHEX yrioB magenus (25° < 6 < 759)
NPOBORMIUCH TEOPETHYECKHE H BKCIIEPUMEHTAIbHbBIE HCCIE[OBAHNASA AeTalb-
HOWl CTPYKTYPH [IONepOBCKOro crekTpa [8, 11, 19-24, 25-30]. B wacTHO-
cTH, B paboTe [8] BHIIONHEHO CpaBHEHNE SKCIIEPUMEHTAIBHBIX JOMIEPOBCKAX
CIIEKTPOB ¢ MOJENbHHIMH, NOMYYeHHHMH ¢ MOMOU[LIO PasBUTOro B paGoTe
[10] nonysmnupuyeckoro nogxoxa ¢ MpMBicYeHNeM GPOTTOBCKOH TEOPHH H
RByxMacuITaGHOM MOfienu MOBEPXHOCTH, B KMaNasoHe MIMH BONH oT 2,5 fo
20 cM; xoHCTATHPYeTCHA XOpOLIEEe COBIAEHHUE.
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Puc. 5. "MruoBeHHbIe" CIEKTPbl PACCESHHOrO CHrHama s ckiyowa (I),
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snaguHel (II), rpebus (III) anunHo# BOMHBI Ay = 3 cM, yron nazequs
6, = 45°[12]
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Puc. 6. VisMeHeHus BO BpeMEHH CpelHel YacTOThI "MIHOBEHHbIX" CIICK-
TPOB PAcCEAHHOro CHrHaja (BBEpPXY) U BO3BBLIWEHHH MOBEPXHOCTH
(BHM3Y) B MECTE PACCESHUH; Ay = 3 cM, yron nageHus 6, = 45° [12]



Teopust KonmaepoBCKOro CHEKTPa, OCHOBaHHAs Ha GpSITOBCKOM MpHGIH-
JeHHWH, mpeficTaBieHa B [28]. B ujgeliHOM cMBicie 5Ta paboTa NPORONKAET
pa6oty H. M. Pyxca [9], npudem s onncanus MOP CKOil TOBEPXHOCTH 3feCh
HCToNb3yeTcA HauGoneé COBpeMeHHas MOfelb clekTpa BonHenud. Popma
HOIIEPOBCKOTO crekTpa B [28] monyyeHa B BHJie rayccOBCKOM KPHBOH, cMe-
WEHHOH OTHOCHUTEIbHO HYNeBOW 4acTOTH. ACHMMMETPHS CHEKTPa OTHOCH-
TeNbHO HyJA NPH CHMMETPHYHOM C HyJIEeBHIM CpefHEM pacHpefellcHHH Op-
6HTANBbHEIX CKOPOCTEH €CTh CIEACTBHE aMIUIATYRHOM MORY/IAUMY OTPaXKeH-
HOTO IOJA KPYNHLIMH BONHaMH. MCTOYHMKaMH ®TOH MORYIAUMHA ABAAIOTCS
H3MeHEHNA JIOKAIbHOrO YIia CKOJbXEHUA Mafalolero Nojis OTHOCHTENLHO
alleMeHTa KPYIHOMAacIITaGHOM MOBEPXHOCTH, a TaKXe UBMeHEeHHUA HHTEH-
CHBHOCTH Pe3OHAHCHOM CAaHTHMeTDPOBOM pAGH, KOTOpad B OCHOBHOM cOCpe-
JOTO4YeHa Ha NepefHeM CKIOHe KpymnHO#l BoiaHbl. O4eBHEHO, YAaCTOTHI, CO-
OTBETCTBYIOU{HEe OPGUTANBHEIM CKOPOCTAM Ha Y4aCTKaX ¢ MaKCHMAIbHHIM
OTpaXKeHHeM, CHIIbHee NPe[CTaBIeHH B CIEKTPe OTPaXeHHOro CUrHajla, 4To
M BEISBIBAET €r0 aCHMMETPHIO.

Cpasnenne Teopuu [28] ¢ pesynbTaTaMu HaTYPHOTO BKCIIEPAMERTA [29]
NORTBEPAMIO afeKBATHOCTb TEOPHH, a TakXe II0Kasalo, YTO LIMPHHA JO-
[UIEPOBCKOTO CHEKTPa BeChMa YyBCTBHTENbHA K HOMEHEHHAM NapaMeTpOB
BOJIHEHHS.

HakoHen, OTMETHM YHCIeHHYIO MOJelb AomepoBckoro crmekTpa Tom-
ncona [30], ocHoBaHHyI0 Ha BekTopHOM (opmyiie Kupxroda u Taxxe mpegy-
CMAaTpPHBAIOLIYIO pasfeleHHe MOPCKOH MOBEPXHOCTH Ha KpymHoOMacuITabHOe
BOJNHEHME U MENKYIO pAbb.

Paccesuue
MO CKOJBbSAILIMMHU yINIaMH

O6nacTh CKOAB3AUMX YIIOB 3aHHMaeT 0c060€e MECTO B PaccMaTpUBaeMOR
npo6ieMe. ATa 061acTh, IOMHMO €€ YACTO NPHKIATHOH BHAYHMOCTH, NIpH-
BlleKaeT kK ce6e BHUMaHKe TeM, 9TO B[{ech HabMOal0TCs SHAaTHTelbHEE pac-
XOXK[eHHS MEeX[y TeOpHell GPSITOBCKOrO PacCesHUs U skcnepuMeHTOM [31].
PacxoxfieHns BHIPaXaloTCsd B TOM, YTO BXOCHTHAI Ha POPH3OHTAJIBLHOM HO-
napusaunn (1) uMeeT XapakTep BCIIECKOB M OKaBHIBAETCS SHAYHTENBHO
6onee HHTEHCHBHBIM, 9€M HTO ClEyeT U3 GPIrroBCKOH TeOpHH, a €ro KO-
IIEPOBCKHl CMEKTP CABMHYTHIM B CTOPOHY BHICOKMX dacTOT (pHC. 7 [26]).
Yro xacaercs BepTmKanbHOM monspusaumu (BII), To coorsercTBylOWMI
9XOCHI'HaJ CAaHTHMETPOBOTO MANasoHa B OCHOBHOM ONHCHIBaeTCH TeopHeil
6poerrosckoro paccesuns [32].
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YxacaHuble 0CO6€HHOCTH CBHEETENLCTBYIOT NpEXAe BCErO O TOM, YTO
paccesHHe TOPH3OHTANLHO MOMAPHSOBAHHOIO UBIYYEeHUA MPOHMCXORUT Ha
Kakax-To 6onee GHICTPHIX paccemBaTenax. Boobule roBops, Takue pacce-
HBaTenH CYWIeCTBYIOT, HAmpHMep, B BUfe TaK HashlBaeMou ’CBA3AHHON”
pabu, XoTOpas reHepupyeTcs Ha MepelHUX CKIOHAX KPYNMHLIX BONH M JIBU-
XeTca ¢ ux PasoBoi CKOPOCTHIO B OTIiHYHME OT " cBoGogHOU” pabi, KBUXKY-
eHcs CO CKOPOCTHIO OP GUTANLHOM, T. €. BHAvKTeNbHO MeHbulell. OfHaxo,
eC¥ TOBOPHTD O PacCeAHHN Ha CBASAHHOM PAGH, TO OCTAaeTCA HEMOHATHBIM,
noYeMy Ha 3TOH ”“6hicTpoi” PAGH NpH CKOABSAIAX YITaX paccenBaeTCH
FIaBHLEIM 06pa30M rOpPHBSOHTANLHO, & He BEPTHKAIBHO MMOIAPA30BaHHOE N3-
nydeHne.
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MMo-BuguMoMy, 60nee GIMOKUM K NeHCTBATENLHOCTH ABISETCA HpPENIO-
noxeHune 06 ompefensiomed poan o6pyuIeHU TOBEPXHOCTHHIX BOIH B pac-
ceaunn I'l-usnyyenns. Tak, B [33] noxasano, yro Momnkne (Ha 10-15 gb
TpeBHIaLAe ypoBeHb PoHa) Bemmeckn I'II-curaalia TpexcaHTHMETPOBOTO
KUanasoHa KOPPeNHPYIOT ¢ HHTEHCHBHBIMH 06pYyLIeHUAMHE, 3aUKCHpOBaH-
HEIME $OTOCHEMKOM.

Boo6iie, npun KOCTATOYHO MPONOMXKMTEILHOM BeTpe OGpYLIEHHS Mpo-
MCXONAT O BCEMY MUANAaBOHY NOBEPXHOCTHHIX BOXH (HAa4MHasg OT KaNmi-
NAPHBEIX) ¢ 4aCTOTOM TeM Gombuteil, 4eM KOpode COOTBETCTBYIOMas BONHA
[34]. O6pymenns mMel0T CIOpPafAYecKHd XapakTep, NMPHYeM MPOCTPaH-
CTBeHHas CTPYKTYpPa HCHEITHIBaOUled o6pyllleHde BOIHBI HEPEPHIBHO Me-
HfeTcd, 06pasys dleMeHTHl ¢ 6onblIoH (M, CKOpee BCero, pasidvyHOM HKiIA
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BOJIH PaSHOM [UIMHH) KPUBASHOHM W HeMalLIMH HakioHaMmu. B psapge pa6oT
paccMaTpHBAIOTCA MOJIeIA TAaKMX dJIeMEHTOB M fuPpakuus Ha HUX: JUDIEK-
TpHYECKUH KINH, MOREIUPYIOWMA 060CTPEeHHHI Ipe6Gendb BOIHK nepen o6-
pyuwennem [35], a Takxe CTPYKTYpH, MOREIHpYIOUIHE NOBEPXHOCTH HEMo-
CPEACTBEHHO B MOMeHT o6pymenus u nocie Hero [36]. PesyanTaTh oTHX
paGoT CBHAETENLCTBYIOT O TOM, YTO KaXAad H3 PACCMOTPEHHBEIX CTPYKTYP
HrpaeT onpefeneH Yo poib B OpMUPOBAHAM PACCESHHOTO CHPHAJIA, OfHAKO
KeTalbHasi KapTHHA ABICHNA NOKa He MOJNydeHa.

3aMeTHHIM WIaroM B ©TOM HalpaBleHHHM NpeXcTaBiseTcs pabora [37],
rjie TPOBOMUTCA aHAJIHM3 SXOCHTHAJIA Ha ABYX MONAPUSANMAX MyTeM Pasiio-
XKEHHs €ro HOINIEPOBCKOrO CHEKTpa MO TpeM GasHcHHIM QYHKIHAM, KaXKas
B3 KOTOPHIX COOTBETCTBYeT ONpeNelleHHOMY MexaRWoMy paccesHus. B [37]
BHINIONIHEHE! PaslOXEHHs SKCIEPHEMEHTAIBHRIX CHEKTPOB, NOMYYEHHBIX Pad-
JAWYHLEIMK aBTOpaMH Ha BonHax 3 u 5 cM. Oxasallock, YTO B padJioXKeHHHU [fO-
NIEPOBCKOTO CNEKTPa BEPTHKANBLHO NONAPA30BaHHOIO CHIHAJIA [OMHHUDYeET
rayccoB CIEKTP, XapakTepHHI JJiA 6GPSIrroBckoro paccesHus Ha CBOGORHOM
pA6H (CM. BhIE).

Bropas 6asucHas GpyHKUMA — JOpeHIeBa CIeKTpalbHad TMHUS, COOTBET-
CTBYIOWIadA PacCeMBaTENIO, ABHXYUEMycs ¢ (UKCHPOBAHHOH CKOPOCTHIO M
o6nafaueMy KOHEYHHIM BPEMEHEM XUSHHU:

_ r/2nx? @)
R ARV
rie fr — YacTOTa, COOTBETCTBYIOUaA MUKy crexTpa, I'~! - xapaxTepHoe
Bpems xusHH paccensarens (I'/2r - nmonymupuna Ha yposse 0,5). Ecre-
CTBEHHO MPEIONOXATL, YTO TAKHM PacCeMBATEleM SABIAETCS HEKOTOPHIH
(moxa He sicHO, KakOM MMEHHO) DJIEMEHT BONHHI Ha OfHOH M3 CTagHi o6py-
WeHHs, {BHXYLWHACHA ¢ (Jas0BOM CKOPOCTHIO 9TOM BOJHH M Kalowui Tpeoby-
eMmbiit nonspusanuonHni apdext. Cormacho [37] mopennesa Popma JeTKO
‘BhipaxeHa B cnekTpe I'll-curnana (B orauume or BH). -«
¢ Tperbs 6asucnas Pynxnusa — Ppynxuus Poiurra [38], npegcrapngouas
co6oit CBepTKY IraycCcOBOH M NOpeHNeBoi Popm:

o

T _exp(=4?)
a exp (—y
H(a,u)=— — g dy, (5)
n) G-wita :

rge u = (f — fv)/fe, fv — 4yacroTa nuxa B cnextpe Poirrra, f, - noayum-
PHHa rayccoBa cmekTpa Ha ypoBHe e~ !, mapamerp Poirra a = I'/27f, -
OTHoueR¥e nonywnput cnektpos Poiirra u laycca. Pusnuecku Ppopma iu-

v \
Hum Poirra COOTBETCTBYET PACCENBATENIM ¢ KOHEYHHIM BpeMeHEM XHOHH
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¥ HOpDMalILHHEIM pacupefieienueM ckopocteir. Kax nokxasano B [38], popma
aunun Pourra B CHALHON cTeNeHH NMPHCYTCTBYeT B cuekTpax I'Il-currana
H aun cnabo npencrabieHa B HekoTophix BIl-cmexTpax.

Taxum o6pasom, coraacHO [37] HOIIEPOBCKHH CNEKTP FOPH3OHTAIBHO
HONAPA3OBAHHOTO MBNYYEeHUS CaHTHMETpPOBOTO. [HANa30Ha ONUCHIBAETCA €
NOMOIILIO BTOPOH M TpeTheil 6asucHMX Pyukuui. B cooTBeTcTBHH ¢ KaH-
HOH BBillie HHTepNpeTalunell 9TO O3HAYAET, YTO paccesHHe NMPOUCXORMUT He
TONBKO Ha OGpYLIEHUAX OCHOBHOM BHEproHecyuiell BOXHEL (JopeHieBa $op-
Ma), HO B Ha O6pylIeHHAX 6ojiee KOPOTKMX BOIH U3 GIMBIEXKAIUIEro CIeK-
TPaJbHOrO MHTEPBAJIA.

OTMeTHM, 9TO NIPH MAJBIX YriaX ckolbXeHns cnexTpel I'II-curnanos
CaHTHMETPOBOr'O AUANa30HAa YacTO 6HIBAIOT ABYMOJOBLIMH, IIPHYEM JIODPEH-
eBOH KPUBOI ONUCHBAETCA OTHOCATENHHO YSKHI N HHTEHCHUBHBIH BHICOKO-
4acTOTHHIHA MakcumyM [37].

XapakTepHEIME ocob6eHHOCTAMHU paccesnud ['II-curnanos MuamumeTpo-
Boro fuanas’oHa (Ag = 0,8 cM) ABAAIOTCA BHaYNTENBHO 6OlNee BHICOKas, He-
Xenu Ha A\g = 3,2 cM, YaCTOTa BCIIECKOB, a TakXe 6olee WHpokuit (B Ie-
pecyeTe Ha CKOPOCTH pacceHBaTelnell) OTHOMONOBHIA KOMIEPOBCKHM CIEKTD
- puc. 8, a [39]. B cBasu ¢ aTuM B [39] 6b110 BHCKaBaHO NPEANOIOKEHHE,
COTIacHO KOTOPOMY pacCesiHHe MHIIMMETPOBLIX BOJIH IPONCXOXMUT B BHAYH-
TelbHOM ClielleHH Ha O6GDYILIEHHAX MOBEPXHOCTHRIX BOJXH Maibix (CaHTHMe-
TPOBBIX — AeIMMETPOBHIX) MacIITa60B, Al KOTOPHIX XapakTepHa GOoMblIast
qacroTa obpymwennit [34]. CooTBeTcTByOWME pacceHBaTend O6MafaloOT
MEHBIINM BpEeMEHEM XUSHH H Gollee IMAPOKHM paclpeieleHAeM CKOpOCTel
(co6cTBennbie PasoBbie MMIOC OpGUTAIBHBIE).

Ha puc. 8, 6 [39] nokasaun gBymoposbiit cnekTp I'II-curHana canTHMe-
TPOBOrO [MaNasoHa ¢ Y3KHM IMNIaBHHIM MakCAMYMOM M WIMPOKUN OffHOMOJO-
BHIIl CIEKTP MHUIMMETPOBOTO CHTHAJA TakXe [OPH3OHTAIBHOM MONApU33-
[HHE.

M3 ckasaHHOrO ACHO, YTO KAPTHHA PacCeAHMA MO CKOALBALAMHE YTIaMy
CyLIeCTBEeHHBIM 06Gpa3oM BaBHCAT OT [IMHH BJEKTPOMAarHMHTHOM BONHBI U
BeCbMa BEPOATHO, YTO 9Ta 3aBHCHMOCTH MOXET AaTh KJIOY K NOHHMAaHHIO
aBnerns. IloaToMy npefcraBnseTcs Henecoo6pasHHIM B falbHeiuleM Ipo-
BORUTH HATypHHE N3MePeHHUs OHOBPEMEHHO Ha CAHTHMETDOBBIX W MHMI-
NHMETPOBHIX BOIHAX, NPUYeM He TONLKO B MOPCKHX M OKEaHMIECKHX YCIO-
BHSX, HO TakXe H B CDaBHHTEIbHO HeGoNbIHUX BoKoeMax (03epo, BOJOXpa-
HUJHILE), KOTOPHM MNPHCYHEe BOJHEHHE CO CPABHHTEILHO HPOCTHIM CIEK-
TpoM [27, 39).

308



40 80 120 160 260 cM/e
10}

05 |

40 80 120 160 200 cM/c

Puc. 8. JlonnepoBckHe CriexTPbl, NEPECUHTAHHbIE HA CKOPOCTH
paccensarenet v = Aof / 2cosyy [ - Ay =32¢M, 2 - Ay =
=0,8 cM; yron ckoseXeHus y, = 1° (@) ¥ YTroN CKONbKEHHA
Wy = 5° (6) [38}

Taxum o6pasoM, K HacTOALlEMY BpeMeHH MOJeIN KOMIEPOBCKAX CIIEK-
TpoB I'[I-curEanoB npu cKOALBALIEM NafeEUH BbIPHCOBLIBAIOTCH B BUAE CY-
nepnosuuun AByx 6asucHbix Qyuxuui (muaun Poirra u Jlopenua) B cauTH-
MEeTPOBOM [UalIa30He i OfHOM (1uHKA PORITa) B MULIAMETPOBOM, IPHIEM
riaBHBIE MAKCAMYMBI CIIEKTPOB OIASKH K MONOXEHHIO, COOTBETCTBYIOWEMY
($asoBOM CXOPOCTH OCHOBHOM BHeproHecylied BOJIHB B IOBEPXHOCTHOM BOI-
Henuu. Ilo Mepe mpubayXkeHUs K CPEXHHM YriaM NajeHud B CHEKTpe fo-
ABINseTCA TaycCoBa COCTABAAIOUIaA, OTBeHalouas GpIrrOBCKOM KOMIIOHEHTE
paccessHHOro Mojs, KOTOpad CTAHOBHTCA AOMHUHHMpYIOUEH B 061acTH Cpef-
RUX yrioB. Bamxaiwei sagadeil ABAfeTCH TapaMeTPH3ALHA 9THX MOTeneH.
HTo KacaeTcs BepTEKAJbHOH IONAPMBALMH, TO NOJOXKEHNWE MaKCHMyMa H
WHpyHa rayccosckoro cnextpa Bll-curnana onpepensiores QyHxumen pac-
npefenieHUs CKOPOCTeH GPIrroBCKOl pA6H Ha BHEUMLIX (T. €. He GaTeHeH-
HBIX) Y4aCTKaX MOBEPXHOCTH.
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Mansie yribl nafgeHus
4 nepexofHas ob6nacThb

B o6nacTn Manbix yrioB nagenus (B6IMSM Hagupa) OTpaxeHHOEe MOJe, a
CHIEOBATENbHO M AOMIEPOBCKHA CHEKTP, PAcCUNTHIBAIOTCA B NPUGINKEHNH
Kupxroda [28, 40, 41]. B aToMm cayuae o6paTHO paccesHHOe noie gopmu-
pyeTcs 8epKanbHHIMHA IUIOIaFKaMHu — y9acTKaMM KpyIMHOMacWTaGHOH Io-
BEpXHOCTH, OPMEHTHPOBAHHBLIMH TEpNEHRMKYIApHO NafaiolieMy aydy. B
FUINOTETUYECKOM CIIy4ae MOHOXPOMATHYECKOTO BONHEHHA STH IIOMAXKH,
o6pasyeMbie CTPOrO ONpeXeIeHHBIME Y4acTKaMi BOIHOBOro nNpoduis, BH-
XyTcH TOPHBOHTANBLHO BMeCTe ¢ BONHOH, (paB0Bad CKOPOCTb KOTOPOH Vg.
OTpaXeHHBI CMTHAI NPH 9TOM 6yfeT MOHOXpPOMATHYECKUM C 4acTOTOH,
cMelieHHOM Ha Benm4uHY | fou |= (2vp/A)sinbp , rpe 6o — yrom nagennus.
C pacuigpenueM COeKTpa BOIHEHHs [OJle 3epKalbHBIX INIOLIANOK, 06pasy-
€MBIX Ha H5TOT pa® COBOKYMHOCTBIO BOIH, Gerylux ¢ pasiuyHbIME (aso-
BBIMU CKOPOCTAMH U Ciy4aiHBIMH (as30BHIMA COOTHOUIEHHAMM, CTAHOBHTCS
CIy4aHBIM, a ”BpeMs XU3HKM® KaX[o#l IIOLafKX KOHEYHEIM, IDHYEM TeM
MEHBUIAM, YEM IUMApE CIEKTP BOMHEHMS; KpOME TOro, IVIOWAJKH MOLYYaloT
ciyJalHBIe BEpTHKAJILHEIE CKOPOCTH. Bce 9TO OPMBOAMT K paCUIMpEHHIO
CIIEKTPa OTPAXEHHOTO NOIsA; IPH STOM CMellleHHe MaxCUMyMa cnexTpa Gy-
[ET ONpeNeNsThc HEKOTOPOH cpefHell (PasoBOM CKOPOCTHIO MOPCKMX BOJH.

[l pasiuyYHBIX THNOB BOJHEHHA INMPHHA COEKTPa BOJIHEHMS, C OFHOH
CTOpOHHI, ¥ (PaBOBHIE CKOPOCTH BOIH, ¢ APYTOH CTOPOHBI, COOTHOCATCSH
MeXARy co60lf Mo-pasHOMY. OTO OBHAYAET, YTO CUTYAlMH, OTBedalolye
PasHBIM THIIAM BOIHEHMS, MOTYT GHITb pasfielleHbl B CHCTEME KOOPLUHAT
” LIXpHHA — CMellleHHe” NONNepOBCKOTO CHEeKTpa NP He CIUIIKOM GONBIINX
(HeXOCMHHYECKMX) CKOPOCTHX HOCATENA pajuHoiokaTopa [41].

C yBenuwseHnem yria nafeHuf BKIaj KBa3H3ePKalbHOrO MeXaHU3Ma OT-
paxxeHHs TafiaeT U OMHOBPEMEHHO BO3pacTaeT GpPIriOBCKasd KOMIIOHEHTA.
O6nacrs yrmos magenns 15° < 6y < 25°, rme mpucyrcTByloT 06e KoMm-
HOHEeHTH! (TpaHMUH 9ToH 061acTH, Boo6LIe FOBOPS, BaBHCAT OT CTENEHU
BOJIHEHNA ), ABIAETCA NEPEXOJHOH OT KBa3H3epPKaIbHOM K 6porroBckoi. 3a-
fa4a ” COCTHIKOBKH” [BYX TEOpHi paccesHUs B IIepPEXOLHOR 06IacTu HeTPH-
BHAIbHA, MOCKONBKY TeOpHs GPSITGBLKOTO paccesiHus B €€ TPagULUOHHOM
QopMynHpOBKe [aeT Sfech ABHO 3aBHIICHHLIE BHAYEHWS WHTEHCHUBHOCTHU
OTpaXeHHOI'0 CMrHalla, a moToMy TpebyeT Mopndukanun [42).
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B paborax (43, 44] TeopeTuyecku mpefckasaH, a 3aTeM SKCIepHMeH-
TaNbHO MORTBEPXAeH cnenu@uve ckHil [ NepexofRHoM o6nact sddekT, xo-
Ifa HalHyMe Ha MOPCKOW IOBEPXHOCTH CIMKA — yYacTKa C BHIIMIaXEHHbIM
MeNKOMaclITaGHBIM BONHEHNEM, HampuMep He(TAHOrO MATHA, OPUBOTUT K
peskoMy W3MeHeHMIO OPMEI JOMIEPOBCKOrO CIHEKTPa M CHBHTY YacTOTHI
OTPaXeHHOro cHrHaja. [leno B TOM, 4TO CMEXTPH GPSrrOBCKOM M KBalH-
3epKaIbHOM KOMIOHEHT CHIHAIa PasHeCeHb [0 4acTOTe U B ob6uwieM ciydae
He TepPeKpHIBAIOTCH NonHocThio. [109TOMy mofaBieHHe GPSrTOBCKOM KOMIIO-
HEHTHl IPX OTPAXEHUH OT CIKKa MPUBONUT K CMEL[EHUIO UEHTPA TAXKECTH
CYMMapHOTrO CHEeKTpa H, CIefOBaTeTbHO, K CABHUTY CPeFHeH HOINIEpOBCKOM
gactorhl. Ha puc. 9 mokasaHhl pacCYMTaHHBIE CHEKTPHl CUTHANOB, OTpa-
#EHHBIX OT CJIHKA M OT BHECIHMKOBOI'O y4dacrTka, a Ha puc. 10 — sadaxcupo-
BaHHOE B HATYPHOM BKCIIEPHMEHTE PE3KOe yBelW4eHHe CPEFHETO [OIIEpOB-
CKOT'O CBHra IPU OTPAXEHUH OT MCKYCCTBEHHBIX CIHMKOB.

1.0 =

OTHOCH FE/IbHas MOLWHOCTb

-50 0 5 100 150 .

Puc. 9. JonnepoBcKHe CHEKTPhI CUIHANOB, OTPRXEHHBIX OT BHECIHMKOBO#M
o6mactu (/) u ot ciuka (2); Ay = 3 cM, yron nanenns 6, = 20° (pacuer) [42]
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Puc. 10. Cpennuii monsepoBckuit casur; Ay = 2,6 cM, yron nanenus
0, = 18° (3kcnepumenr) [43]

OT1oT s¢dexT MOXeT OHITH HCNONLBOBAH TAaKXe [ OMpENeleHHs CTe-
NMeHd PasSBUTHA BONHEHHS NPH.- KOCMHYECKOM MOHMTOPHHTE NOBEPXHOCTH
OKeaHa, HOCKOJIbKY Ha PaSHHIX CTAJUAX Pa3BUTHS CCOTHOLIEHUE MEX/Y Mel-
KOMacwTabHO!d ¥ KPYNMHOMAcIITaGHOM KOMIOHERTaMH BOJNHEHHS MeHfeTcd,
a ClIefOBaTeIbHO MEHAETCA U CPETHHM NOMIEPOBCKHH CEBHI OTPaXKEHHOTO
CHTHaJa.

% % X

3Hanne o PudHKe B3AMMOJeHCTBUA DIEKTPOMATHETHRIX BOMH C B3BOIHOBAH-
HOIt BOJHOHM IOBEPXHOCTHIO PABBABAJIOCEH (M PaBBHBAETCA) B TECHOM CBASH C
HCCIeOBaHAAMH JONIEPOBCKOFO CIEKTPa OTPaXeHHOro NolA #, Golee Toro,
61arofapsa 9THM HCCIEfOBaHHAM. ITO KacaeTcs pelieHAd O6GpPaTHHX 3a-
Kad, TO BOBMOXHOCTH KOT€PEHTHHIX METOJOB OTHIONb He MCUePHOBIBAIOTCS
DpUBefeHHLIMHA BhIlIE IPHMEPAMH — POIb KOTepEeHTHON PagRONOKALHM B TH-
CTaHIMOHHOW JUATrHOCTHMKe NMOBEPXHOCTH OKeaHa HENPEPHIBHO BO3PACTAET.
B cBaau ¢ 5THM cTaHOBHYCH OYEBHJHOH aXTYalbHOCTb 3aZa4YHM COB[AHNA
MOJeNIN JOIIEPOBCKOTO CMEeKTPa B UIMPOKOM HHTEpBajle yTJIOB NaJeHUs.

Pa6oTa BeinonHeHa npu ¢unaHcosodt mopmepxke Poccmitckoro Qoupe
dyHpaMeHTaNBHEIX HcclegoBaHMi (mpoexT 96-02-17501) m INTAS (rpant
96-1665) ’
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Radar signatures of internal waves
in coastal zones

S. A. Ermakov; J.C. da Silva, 1. S. Robinson

Institute of Appliéd Physics RAS, N. Novgorod;
Southampton Oceanography Centre, UK

It is shown that short-period internal waves in synthetic aperture radar
images in coastal zones can be imaged in the form of bright/dark or dark
bands (“positive/negative” and “negative” contrast signatures, respec-
tively); and as bright bands (“positive contrast signatures”) at very low
wind. Instrumental observations of the surface manifestations of internal
waves in coastal zones of the Black Sea and on the Iberian Shelf are de-
scribed. Slicks associated with internal waves are found to correspond to
internal wave troughs, film pressure and film elasticity in the slicks are ob-
tained to be higher than in surrounding nonslick areas. Large-scale peri-
odic bands associated with internal tidal waves are also shown to occur in
radar images of the shelf. Analysis of modulation of short surface waves
under the action of internal waves has shown that the radar signatures of
internal waves can be explained taking into account the action surface-
active films on surface waves.

1. Introduction

Surface manifestations;' of short-period internal waves (IW) representing
groups of bands with periods of order 1 km in optical and radar images, in
particlular, in synthetic aperture radar (SAR) images, have been extensively
discussed in literature last decades (see, €. 8. Vesecky and Stewart, 1982; Apel
and Gonzalez, 1983; Alpers, 1985; Thompson and Gasparovic, 1986; Onstott
and Rufenach, 1992). These signatures were frequently discussed as bright
and dark bands on a grey background (see, e. g. Alpers, 1985, Onstott and
Rufenach, 1992). On some occasions, however, they are seen as dark bands,
the expected associated bright bands being either absent or strongly attenu-
ated. Additionally, one can see another form of IW signatures. This is when
internal waves appear as bright bands in a very low (dark) SAR background
level, which is close to the radar noise level. Such single bright features could
be seen in some SAR images (see, e. g. Casparovic et al., 1986) when there is
very little backscatter from the ambient sea presumably due to low wind
speeds. The IW surface manifestations result from the modulation of wind
generated surface waves by the nonuniform surface currents associated with
IWs. The change in the sea surface roughness can be caused by straining of
surface waves in the gradients of the surface velocity field (so-called kine-
matic effect, see Basovich et al., 1982; 1985) and/or by variations of wave
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damping due to films of varying thickness when periodically compacted and
expanded in the iriternal wave field (Ermakov et al., 1982, Erinakov and Peli-
novsky, 1984). The radar imaging of IWs in the form of bright/dark bands
was discussed by Alpers (1985) for L-band radar i images (radar wavelengths
of order 20 cm), who suggested that the signatures could be satisfactorily
explained by the straining effect, resulting both in surface wave intensifica-
tion and depression over the IW profile. Decimeter-scale wind waves are
weakly affected by marine surface films, however, for imaging of the sea
surface by radars operating in the cm-wavelength range (C-band and
X-band radars with wavelenghts of about 6 cm and'3 cm) the role of surface
films can be important.

In this paper it is shown that in general both straining and film mecha-
nisms are important and appear to be necessary to explain different signa-
tures of IW that are observed in radar images of coastal zones. Results of an
analysis of a set of the European Remote Sensing satellite (ERS-1) SAR im-
ages (C-band radar) are presented, demonstrating the existence of different
types of IW signatures. Field observations of IW surface manifestations in
the coastal areas of the Black Sea from a platform and on the Portuguese
continental shelf from a ship co-located with ERS SAR observations are
described. Large-scale signatures on SAR images of the shelf connected with
internal tidal waves are shown to occur. A simple model is developed which
predicts the surface roughness modulations caused by both hydrodynamic
straining and differential film damping resulting from internal waves. The
model results give a qualitative explaination of SAR signatures of internal
waves in coastal zones.

2. Internal wave signatures on ers-1,-2 sar images

The Iberian shelf is a good example of an area where surface manifestations
of short-scale IW occur (see, e. g. Alpers, 1985). Such IW propagate as pack-
ets originating from the interaction of a barotropic tide with the shelf edge
topography (see, e. g. Maxworthy, 1979, Baines, 1982). Aselection of ERS-1
SAR images showing IW signatures over the Iberian shelf are shown in
Fig. 1. These images are extracts from the original full SAR frames and are
aproximately 12 x 12 km. Radar images of IWs usually present bright and
dark bands as compared to the unmodulated background. Figure 1,a is a
typical example of such a situation and we will refer to this signature as be-
ing of double sign (+/-). On some occasions the dark bands are wider and
much more intense then the accompanying bright bands, which may even be
absent from the imagery. Examples of these cases are shown in Fig. 1, b and
1, ¢, and we refer to such signatures as a single negative sign (-). Another
type of signature, although more rare, is when the SAR backscatter is very
low and the IWs appear as bright bands in a homogeneously dark back-
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ground (Fig. 1, d). This signature we describe as a single positive sign (+).
We, however, will not discuss here the positive sign signatures (see da Silva
et. al., 1998).

IW signatures can be characterised by relative variations 8//Io = (I-lo)/Io
of the backscatier intensity I in SAR images, lo 'is the intensity of the image
background. The background is taken from a homogeneous area in the im-
age away from the IW field (in our case, a square of side 2.5 km).

The SAR intensity variations corresponding to the images of Fig. 1 are
shown in Fig. 2. The different signature character types discussed above can
be recognised in the profiles. Low wind conditions prevailed in all cases. In
the first case (Fig. 2, a) the wind speed was between 4 and 5 m/s. For the
two following cases (Fig. 2, b and ¢) the wind speed was between 2 and
3 'm/s. For the last case (Fig. 2, d), which shows a single positive signature,
significantly calmer conditions prevailed with wind speeds lower than 2m/s.

It was possible to perform a statistical analysis of the IW train proﬁles,
since a relatively large data set of SAR images was processed and in each

case several IW trains were usually found. The profiles were computed from
" a total of 62 ERS-1 SAR images, corresponding to the period from Febru-
ary 1992 to September 1994. The profiles were categorised according to the
internal wave propagation direction relative to the radar look direction.
Waves propagating in the radar look direction were termed range propagat-
ing waves, while those propagating in the satellite flight direction were
termed gzimuth propagating waves. For polar orbiting satellites, such as
ERS-1, the range direction is approximately east-west and in the case of the
Western Iberian peninsula this corresponds to across-shelf propagating
waves. Profiles such as those shown in Fig. 2 were obtained for 296 IW seli-
tons propagating in the range direction, but only 157 solitons travelling in
the azimuth direction; suggesting that in this region IW predominantly
propagate over the shelf towards the coast.

The mean maximum and mean minimun contrasts were calculated as a
function of wind speed for range and azimuth propagating IW (Fig. 3). The
means were based on all IW profiles lying within wind speed intervals of
1 m/s. The wind speed was estimated from the background backscatter val-
ues using an adapted version of the CMODA4 scatterometer model (see Scoon
et al., 1996) for ERS-1 SAR imagery. This required an estimate of the wind
dlrectnon, which was obtained from the ECMWF ‘atmospheric model, and
whenever possible from ships of opportunity. Data from the nearest ground
meteorological stations were used to confirm the model results and ship
measurements. When disagreement was found, an average direction was es-
timated from all data available.
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Fig. 3. Mean maximum (triangles) and minimum (squares) contrasts
as a function of wind speed for range (a) and azimuth (b) propagating
IW (from da Silva et. al., 1998)°

The absolute values of the mean maximum and minimum cortrasts de-
crease as wind velocity increases. These absolute values are smaller for azi-
muth propagating IW than they are for range propagating IW. The mean
maximun contrast is always close to zero for azimuth propagating IW, con-
firming the dominance of the single- negative signature type. The mean
maximum contrast at wind speeds lower than 2 m/s for range propagating
waves is significantly higher than any other value. Much higher contrasts are
expected for this case since Io is very small. It should be noted also that the
contrast dependencies on wind are not symmetrical, that is, for a given wind
speed the absolute minimum contrast is generally greater than the absolute
maximum.
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3. In situ observations
of internal wave surface manifestations

There are quite a number of observations of the double-sign signatures of
internal waves, conducted using contact and remore measurements (see, e. g.
Hudges and Grant, 1978, Basovich et. al, 1985). Field observations of the
“negative sign” manifestations are very odd. We, therefore, present here
briefly two groups of field observations where simultaneous measurements
of characteristics of both surface/internal waves and surface films were car-
ried out. The first group of observations was conducted from an Oceano-
graphic Platform on the Black Sea (see Ermakov et al., 1992). The observa-
tions were conducted at low wind conditions (wind speed of 2-2.5 m/s).
Variations of the wavenumber spectrum of short surface waves were measured
using an Optical Spectrum Analyser, the thermocline oscillations due to IW
were retrieved from STD profile measurements. Film pressure inside and out-
side slick bands was measured with the method of spreading drops. Fig. 4
shows simultaneous records of the current wavenumber spectrum of short

Fig. 4. Records of isotherm oscillations and variations of the wind wave spectrum
at fixed wavelengths, measured from a platform on the Black Sea. The arrows
and digits denote the measured values of the film pressure (from Ermakov et. al.,
1992)
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wind waves at some fixed wavenumbers, the thermocline oscillations and
results of measurements of film pressure inside/outside banded slicks. The
observations showed that the slicks were located over IW troughs, the film
pressure values in the slick bands were higher than outside the slicks thus
confirming the accumulation of surfactants within the banded slicks. Strong
damping was observed over IW troughs for centimetre-scale wind waves,
spectrum variations in the decimeter-scale wavelength range were compara-
tively weak. Note, that the wind wave spectrum was measured in the surface
wavevector direction which is nearly perpendicular to the IW propagation
direction (as in the case of azimuth propagating waves, see above), in this
case the wave straining effect is ineffective.

The second group of field observations of the IW surface manifesta-
tions was conducted in the Iberian Sheif during an oceanographic cruise in
August, 1994 on the University of Bergen’s research vessel on the shelf near
41° N. The observations included, in particular, measurements of IW with a
thermistor chain deployed from a lightweight moored buoy, visual observa-
tions of the sea surface and film sampling from a small boat. A Fast Deliv-
ery ERS-1 SAR image from 8th August was used in near real time to predict
the location.of the IW trains (see da Silva et al., 1997), as an aid to planning
the in situ measurements performed, in particular, on the 11th August. On
11th August, 1994 the IW surface manifestations appeared as slick bands in a
gentle ruffled sea (negative contrast manifestations), the wind speed average
was <V> = 1.9 m/s from the South, as measured on the ship. The IW observed
on the 11th of August are represented by the thermocline oscillations, derived
from the thermistor chain data (see Fig. 5, where visual observations of the sea
surface roughness are also indicated). Slicks are generally observed over the
IW troughs, consistent with previous observations on the Black Sea. Samples
of surface films were collected from the sea surface using small nylon nets.
Then in laboratory the surfactants collected by a net were dissolved with
ethanol and spreaded on the suiface of distilled water in a small tank, where
the damping of standing waves of longitudinal modes with frequencies from
10 Hz to 25 Hz was measured (see Ermakov et al.,, 1995). The film elasticity
parameter corresponding to the damping coefficient values was retrieved for
the studied film samples, assuming the model of purely elastic films. The
damping coefficient ys is given by the following expression (see, e. g. Levich,
1962, Lucassen-Reynders and Lucassen, 1969):

B EX?
32 3/2 52 2
Ye=2yp py2ve 4J—_v 7" (6
Ex? ( EX? )
o \/’2;(03/2 oy 2ve 2
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Fig. 5. Isotherm record and visual surface roughness observations on 11th August,
1994 (the Iberian Shelf) (from da Silva et. al,, 1998)

Here y, = 2vk? is the damping coefficient for clean water of ripples with wave-
number k, v is the kinematic viscosity of water, E is the film elasticity modulus,

p denotes water density and o(k)=(gk + (a/p)k*)? is the eigenfrequency of
gravity-capillary waves, ¢ denotes the surface tension of water. It was found,
however, that the retrieved elasticity values were different at different frequen-
cies, generally increasing with frequency. This means that the medel for purely
elastic films is not quite adequate to describe marine films and can be used only
approximately. Estimated film elasticity values at relative concentration which is
assumed to correspond to the in situ concentration are given in Table 1 (see, in
more detail, da Silva et al., 1998).
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Table 1

Retrieved elasticities of marine films sampled over IWs
on 11th August, 1994

Film Elasticities (mN/m)
Frequency (Hz.) 10 15 20 .25
Sample No. 1 (S1) 18 23 25 30
Sample No. 2 (Nsl) 8 8 11 16
Sample No. 3 (Nsl) 18 16 20 25
Sample No. 4 (S}) 23 23 35 45

It is seen from Table 1 that the retrieved elasticities for slick sample
No. 1 exceed the elasticity values for the non-slick sample No. 2. However,
for samples No. 3 and No. 4, the correspondent elasticity values are closer to
each other, which can be explained by the fact that the corresponding IW
were of smaller amplitude than for samples No.1 and 2 (see Fig. 5). Besides,
samples No. 3, 4 were taken over the ITW trough, where additional surfac-
tant accumulation is expected due to the internal tidal flow (see, below). It
should be stressed that according to the theoretical expression (4) the rela-
tive damping coefficient is not very sensitive to the elasticity parameter in
the tested frequency range and thus the accuracy of our estimation of the
elasticity values is not high. Therefore the obtained E-values should be con-
sidered only as a rough estimation of the elasticity parameter of marine
films. Nevertheless they are in good agreement with those obtained from
earlier measurements with the Langmuir trough technique (see Ermakov et
al., 1986; Frew and Nelson, 19922.b),

The field observations of IW manifestations on 11th August were not
simultaneous with SAR observations. However, there was an ERS-1 over-
pass covering the study area on 8 August 1994, i. e. before the field observa-
tions. The thermocline oscillations simultaneous with ERS-1 overpasses
were recorded by a moored buoy located in the study area. The buoy re-
corded a train of large amplitude IW. Since the time of the overpass and the
time when the train was recorded by the buoy are krown it was possible to
estimate the phase speed of the IW train, when measuring distances in the
SAR image and locating the buoy position (the image was navigated first us-
ing reference control points). The value of the phase speed thus obtained
is C,= 0.55 m/s, the thermocline oscillation spatial profile, calculated using the
estimated phase velocity value is shown in Fig. 6, a. Note, that parameters of
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Fig. 6. Thermistor chain record and ERS-1 SAR image acquired on &th August,
1994 (from da Silva et. al., 1998)

IW on 8 and 11 August are close to each other. This is not surprising if we
assume the IW to be generated by a tidal flow over the shelf break and that
the tidal flow and stratification did not change significantly between August
8 and August 11. Therefore, one can expect simularity of surface manifesta-
tions of TW on 8 and 11 August. The relevant fragment of the image from 8
August 1994 is given in Fig. 6, b showing that the TW signature is a double
sign contrast feature for the leading wave of the IW train and single negative
for the remaining two solitons.
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4. Theoretical modelling of the iw action
on short surface waves in the presence
of surface films

In order to model the action of IW surface currents on centimeter-decimeter
wind waves it is necessary to account not only for the straining effect of
these currents, but also the effect of damping due to advected surfactants.
To take account of this, we examine the wind wave spectrum variations in
the IW field, which can be described by the wave action-balance equation
(see, e. g., Hasselmann, 1968; Keller and Wright, 1975)

ON _, 2U; N

N
ON . +UN)Z k.
o Co e e

=(B-v,)-N-aN? ®

where N (k,x,1) = pS (k,x,1)o (k)/[k| is the spectral density of wave action,

X = X; = (x, y), S is the surface wave height spectrum, k denotes a wavevec-

tor of wind waves and o(k) their instrinsic frequency, C, is the wind wave
group velocity, and U(x, 1) is the velocity of surface flow due to the IW mo-
tion. The r.h.s of (2) in the form suggested by Hughes (1978) represents the
wind input characterised by the wind wave growth rate p, wave dissipation
due to films given by the damping coefficient ys, depending on the surfactant
concentration I' and non-linear limitation of the spectrum determined by a
phenomenological coefficient o.

The last term in Lh.s. of (2) is responsible for wave straining (kinematic
effect) of surface waves due to inhomogeneous current induced by IW, film
effect in (2) is described by the term proportional to the damping coeffi-
cient. In general it is difficult to take into account both the film and kine-
matic effects in (2). However, if to assume that both effecis transform
weakly the unperturbed wave action spectrum, i. e. variations SN =
= N-No <<Nj, (N is the equilibrium spectrum given by No = (B-ys)/a for the
assumed r.h.s of [2]), then the relative spectrum variations (the contrast)
K(k) = 3NI/No can be given by a superposition of the kinematic contrast Ki
and film contrast K. (see Ermakov et al., 1992):

Ky = 14Byy,) - (OU/:) (8 In No/d in k); G)
Ky = (1, - YIEDD / By-vy)- )

Here 8, and v, are the wind wave growth and wave damping respectively

away from the IW field, y[E()] is the ripple damping rate across the IW
which can be approximated by (1) in the case of an elastic film and E(T') is
the elasticity dependence on surfactant concentration. Representation of the
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combined contrast by superposition of (3) and (4) is valid, in general, under
the following conditions (see, also, Ermakov et al, 1992):

Yk, E) <<B (k,v), VU-CHL << B (k,v)

where L is a characteristic scale of IW.

The surfactant distribution in the surface flow field of the IW can be de-
scribed from the conservation equation (see Levich,1962), which in the sim-
plest form can be written as follows

%Itl+div(r-0) =0, ©®)

Here we neglscted the surfactant relaxation and diffusion, it provides a real-
istic approximation if the characteristic times of surfactant exchange with
subsurface layers (relaxation) and surface diffusion to be larger than the IW
periods. Equation (3) can be easily solved, in particular, for the case of a
plane IW profile U(z) = U(x — C,t) propagating at velocity C,, in the x-
direction (see, €. g., Ermakov and Pelinovsky, 1984)

-1
l‘(z)=l‘0[ —yﬁ] , z=x-C,1, ©6)
Cp

where Iy is the unperturbed surfactant concentraiion when U = 0. It should be
noted that the IW orbital velocities on the sea surface are in counterphase with the
thermocline displacements, and according to (6) this implies that there is increased
surfactant concentration over IW troughs, as observed and discussed above.

In order to caiculate the damping variations over the IW field and accord-
ingly the film contrast, it is necessary to consider the dependence of film elastic-
ity on surfactant concentration. There have been very few experimental studies
about the equation of state for real marine films. Frew and Nelson (1992) and
Bock and Frew (1993) have suggested to describe marine films by a Virial
equation of state. Although their data set is sparse, and the description of marine
films in terms of a single generalised isotherm is probably not valid over a range
of water types and biological regimes, the Virial equation at present is the only
equation of state for marine films. The Virial equation of state relates the film area
A and the film pressure m, which is defined as the difference between the surface
tension o, of clean water, and  of water covered by a film (n = 6, - ©). The equa-

tion is as following (see Frew and Nelson, 1992° and Barger and Means, 1985):
ﬂ.A=C0 +C|1!+C21(2, (7)

where A is the area measured in lab during compression of water samples.
The coefficients C, (n = 0,17and 2) in (7) were averaged from the results pre-
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sented by Frew and Nelson (1992%). The coefficients thus obtained and used
in the model are as following Co = 85.16, Ci = 227.50 and C>=-5.00.
To determine the elasticity we have assumed that I = 1/4. The film elas-

dn

ticity parameter, given by E(I")= Fg—:_t--«- _AZI' can then be written as fol-

lows

E(T/Ty)=E(A)= —-;i,-{l + EC‘ _A)? —4C,4Cy ]'%(C, -, ®)
G J

where A = Ao (I/To)! and 4o = Co/mo + C + Cano is the film area corre-

sponding to unperturbed conditions (away from the IW field), and the value

of surface pressure is 7. As will be discussed later, the unperturbed surface

pressure ©, will determine significant differences in the character of the IW

contrasts, being a crucial tuning parameter of the model. We choose the
positive sign in equation [8] to represent the elasticity, since the negative sign
in (8) corresponds to a solution without physical meaning (values of the
elasticity parameter decrease monotonically with surfactant concentration).
The resulting solution for the elasticity dependence on surfactant con-
centration E = E (I/T) is represented in Fig. 7 for different values of unper-
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Fig. 7. Elasticity and film pressure vs. relative surfactant concentration for
different values of the unperturbed film pressure (from da Silva et. al.,
1998)
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turbed surface pressure (n, =0.5, 1 and 1.5 mN/m). The range of surfactant

concentrations expected in the IW field over the Iberian shelf is I'/T’o =~ [1, 3].
It can be seen that the isotherms respond quickly to small increases in the
unperturbed value of surface pressure n;. The model predicts realistic film

pressures and elasticities reported in past work (see, e. g. Garrer, 1965,
Sturdy and Fischer, 1966 and Ermakov et al, 1992).

When calculating contrasts from (6), (7) we assumed the wind wave
growth rate B for centimeter-decimeter waves in the form by Hughes (1978):

B=o [(u* cosB)/ ¢ ph] {o.on+o.016.|cose|.u. /cph}x

X {1 —exp [-— 89 (us Ie ph~ 0.03)112 ]} o)

where 0 is the angle between the surface wave propagation and the wind di-
rections, c,, is the phase speed of the surface waves and u« is the friction

velocity. The empirical relation between wind speed V at a standard height
of 10 m and u« is taken as ux ~0.034V at V' <7 m/s.

The model was also applied to estimate contrasts for the IW signatures
observed on August 8, 1994. The wind velocity estimated from the SAR im-
age using the combination of the CMOD4 and ECMWF model is about
3 m/s from 210°. Retrieved IW current velocity, relative surface concentra-
tion and corresponding current elasticity and spectrum contrasts at wave-
lengths of A=7 cm (dashed lines) and A = 21 cm (solid lines) are given in
Fig. 8. The model calculations indicates growth of surfactant concentration
up to 2.5-3 and film elasticity up to 30 mN/m over IW troughs. The elastic-
ity values qualitatively correspond to.those obtained experimentally above,
and are also consistent with those previously presented by Ermakov et al.
(1986) and Bock and Frew (1993). From Fig. 5 it is seen also that the visually
recorded location of slicks is in good correspondence with the calculated
depressions of the wavenumber spectrum. Note that Ermdkov et. al. (1992)
when describing IW surface manifestations on the Black Sea used a semiem-
pirical equation of state of elastic films and obtained similar variations of
surfactant concentration and elasticity; the calculated contrasts corre-
sponded qualitatively to the observed values.

Predicted theoretically values of the spectrum variations are stronger
than the observed backscatter variations for cm-scale waves, but correspond
well to the observations for dm-scale waves. Note that the contrast in the
cm-scale-sange is predominantly negative (single negative sign contrast) cot-
respondifig to-strong wave damping over IW troughs; the film effect for ¢m-
waves dominates. For dm-scalé waves, as can be seen from Fig. 8, both wave
intensification and damping occur- due to a combination of the film and
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straining effects (a double sign contrast). Our calculations show that the higher
the film pressure 7o is, the stronger is the role of films in the total contrast, and
the contrasts also become predominantly negative for dm-scale waves.

To mterpret SAR sjgnatures of IWs one should consider a model of ra-
dar backscattering. Radar beckscattering at low to moderate incidence 4n-
gles, at which operate, éan be supposed to result from integration of
discrete contributions from surface waves in a wavelength range from the
Bragg wavelength A» to serveral Av, and can be described by the Holliday’s

model (see Holliday et al., 1986). This range in the case of ERS-1 SAR is
from 7 cm to about 20-30 cm. We thus can conclude that SAR backscatter
contrasts rgsult from the spectrum variations in the cm-dm-wavelength
range. The radar contrast, in general, s determined by the relation between
negative speéctrum variations in the cm-wavelength range and nega-
tive/positive variations in the dm-wavelength range. In the particular case of
azimuthally propagating IWs, positive variations are absent in our model
and the backscatter contrast is expected to be negatlve the last fact agrees
with the observations.

Since our observations of SAR contrasts show a clear dependence on
wind speed, we seek for a similar dependence in the model results. For that
we have calculated maximum and minimum contrasts as a function of wind
speed for typical {parameters of the IWs that are similar to those observed
over the Iberian shelf. The parameters chosen were: C,, = 0.5 m/s, IW
wavelength A = 600 metres and maximum IW orbital velocity at the sur-
face Ub = 0.35 mfs, which are based on our SAR observations and in situ
measurements (it should be noted here that we define IW wavelength, A, as
the length scale -over which a cycle of variations of the surface velocity is
observed). Fi. 9 pres¢nts those results for centimetre (A = 7 cm) and decime-
tre (A = 21 cm) for the cases of range (k//K) and azimuth (k L X)
propagating IWs. We have calculated contrasts for two values of unper-
turbed surface pressure mo, representing relatively "clean" (low contami-
nated) ocean waters (1o = 0.5 mN/m) and more contaminated waters (no =
= 1.5 mN/m), respectively plotted as triangles and squares. The behaviour of
the contrast curves for centimetre surface waves is almost identical for both
range and azimuth propagating IWs, therefore we omit the plot for azimuth
IWs. The dashed lines in Fig. 9 represent the kinematic contrast alone, in the
absence of films. Several contrast characteristics can be observed. The first is
the single negative sign character of contrasts for cm-scale waves at all wind
speeds (Fig. 9, a). This is observed both for surface pressures typical of clean
and contaminated waters (triangles and squares). One can see that for low
wind speeds in the absence of films the kinematic contrast is not negligible.
However, even small amounts of surfactant (mo = 0.5 mN/m) can suppress
completely the positive part of the total contrasts in the cm-wavelength range.
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For dm-scale ripples (A = 21 cm), double sign contrasts are obtained for
clean surfaces (mo = 0.5 mN/m) at low wind speeds (2-4 m/s), but an increase
in surfactant concentration reduces strongly the positive part of the con-
trasts. It is seen from Fig. 9, b that as surface pressure increases from
0.5 mN/m to 1.5 mN/m, the character of the contrasts changes from double
to single negative. It should also be noted that even small amounts of surfac-
tants are sufficient to transform symmetric double sign contrasts (mo = 0)
into predominantly single negative contrasts (mo = 0.5 mN/m), for which the
positive part of contrasts are significantly less intense then their negative
pairs. We also note here that the mean SAR contrasts plotted in Fig. 3, a for
range travelling IWs lie within the contrasts predicted by the model both for
centimetre and decimetre waves.

In the case when the IW propagation direction is normal to the radar
look direction the backscatter from surface waves propagating in this direc-
tion is not modulated due to the straining effect. Fig. 9, ¢ presents the con-
trasts in this situation for decimetre waves, and as expected, it is seen that
single negative signatures are predicted (we do not present contrasts for cen-
timetre waves, as they are practically the same as in Fig. 9, a). Comparing
the experimental and calculated dependencies of contrasts on wind velocity
we can conclude that they are in qualitative agreement.

5. SAR signatures of internal tidal waves

Intensity variations in SAR images can exhibit some large-scale variability.
In particular, large scale banded structures with characteristic wavelengths
of 10-20 km, parallel to the shelf break can be seen in some ERS-1 SAR
images. One can assume that these bands are surface manifestations of in-
ternal tidal waves (ITW) (see Ermakov et al., 1998). Note, that Pingree and
New (1995) recently presented evidences for imaging ot ITW in the visible
and infrared ranges obtained from satellite observations of the Bay of Bis-
cay, although the imaging mechanism, as they mentioned, was not clear.
Surprisingly, such evident phenomena seem to have received very little men-
tion in the SAR literature, except for an allusion by Fu and Holt (1982).

The bottom topography of the area on the Iberian shelf in which the
ITWs have been studied, is characterised by a shallow water zone and sharp
continental break at which tidal waves are generated by a barotropic tide. An
example of an ERS-1 SAR image of the area is presented in Fig. 10. It is seen
that except of packets of bands associated with short-period IW there are also
large-scale dark and bright bands in phase with the groups of short-period
bands. The large-scale periodicity is more clearly demonstrated by the
backscatter profile from the image along the line perpendicular to the bands
also shown in Fig. 10. The period of these large-scale bands is about 1020 km.
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Fig. 10. ERS-1 SAR image 1 (Orbit: 10481; Frame: 819; Date: 17.07.93). The inset box on the
bottom right corner is a zoom in the “xy” region of the image showing short-scale [W signa-
tures. AB is smoothed backscatter profile (along the line “4B”) showing large-scale image
contrast variations due to internal tides. Profile CD is a fraction of the image data without the
low pass filter applied and shows short-period IW. High resolution image profile “xy” is also
presented showing a packet of IW solitons (from Ermakov et. al., 1998)

338



The mean trend of the backscatter in Fig. 10 is due to the NRCS
(Normalised Radar Cross Section) decrease with the local incidence angle.
A fragment of a backscatter profile (“xy”) without the low pass filter ap-
plied is also presented in Fig. 10 showing short-period variations associated
with a packet of short-period IW in a corresponding phase of the large-scale
variations. The large-scale bands are parallel to the shelf break, they have
wavelengths typical of internal tidal waves, and it is reasonable to consider
them as radar signatures of internal tides. Similar large-scale bands are often
seen in SAR images over the shelf, however, at very low wind the large-scale
bands are usually not discernible in the images, the effect being masked by
manifestations of wind irregularities.

Obviously, that imaging mechanism based on the kinematic effect of
modulation of surface waves due to IW orbital currents is ineffective for
ITW. However, the film mechanism of modulation can explain the radar
imaging of ITW.

Here we analyse IW measurements carried out in August 1994 over
ITW scales. The surface current deduced from moored thermistor chain
measurements of the thermocline displacement conducted on 08.08.1994 is
presented in Fig. 11. Estimation of the IW phase velocity (see, above) en-
abled us to interpret the time series of thermistor measurements as a func-
tion of distance across the shelf. The smoothed curve in Fig. 11 demon-
strates the low-frequency (large-scale) internal tide oscillations. Calculated
profiles of the relative surfactant concentration and corresponding varia-
tions of film pressure based on an undisturbed film pressure value mo =
= 0.75 mN/m are also shown in Fig. 11.

The calculated film and combined contrasts (the last accounts for varia-
tions of the relative wind velocity due to orbital velocities of ITW, this cor-
rection is, however, quite small) are presented in Fig. 12 for surface wave-
lengths of 7 cm, 14 cm and 21 cm and for the wind conditions at the time of
observations (wind direction 320°; wind velocity 5.5 m/s). For comparison,
variations of the surface wave spectrum for the unsmoothed velocity profile
of Fig. 11 are presented. These are shown as dashed lines in Fig. 12, clearly
demonstrating the significance of the straining (kinematic) effect for short-
period IW and its insignificance for ITWs. From the model results presented
it follows that for cm-scale waves the film contrast is negative and large, i. e.
cm-scale waves are damped strongly over ITW troughs, over ITW crests the
contrast is positive and comparatively weak.

Variations of the surfactant concentration, film pressure and film elas-
ticity along the ITW profile can be considered as large-scale variations of
background parameters. As it is seen from our model calculations presented
above, positive contrasts in the wind wave spectrum due to short-period IW
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Fig. 11. Surface velocity field retrieved from the buoy thermistor measurements
of August 8th, 1994 (smoothed and unsmothed profiles), and corresponding cal-
culated variations of surfactant concentration and film pressure across the shelf
(from Ermakov et. al., 1998)

decrease and negative contrasts increase when the film pressure values in-
crease (see Fig. 8). One, therefore, can assume that short-period IW can ex-
hibit different types of SAR signatures in different phases of ITW. Usually
the most intense short-period IW trains are observed on the rear slopes and
troughs of ITW. Then transition from positive/negative IW signatures to
negative signatures can occur within one IW wavetrain. It is seen from the
model calculations presented in Fig. 12 and usually occurs in SAR images,
especially those in which ITW manifestations are prominent.
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6. Conclusions

Analysis of SAR images has revealed three types of SAR signatures of
short-period IW in coastal zones, corresponding to positive/negative, nega-
tive and positive sign variations of radar backscatter. Radar contrasts de-
crese with wind. At low to moderate wind velocities (higher than 2 m/s)
double and single negative signatures are observed for range propagating
IWs; for azimuth propagating IW the negative signatures prevails.

Field observations of the IW surface manifestations in coastal zones
showed that slick bands occur over IW troughs. Measurements of film pres-
sure and film elasticity proved that surfactant concentration over IW
troughs is higher than over IW crests, thus evidencing in favour of the film
origin of these slick bands.

Mode! calculations of modulation of short wind waves by IW taking
into account both the kinematic and film effects were conducted for typical
parameters of IWs and films. The hydrodynamic effect predicts posi-
tive/negative variations of the surface wave spectrum, and the film effect is
responsible mainly for negative variations. The relation between the two
effects depends on the surface wavelength, wind velocity and film parame-
ters. For dm-scale waves travelling at small angles to IW, and for low to
moderate winds, the kinematic and film effects are comparable in magnitude
and their combined effect leads to positive/negative contrasts. The film con-
trast is dominant for cm-scale waves and for dm-scale waves in the case of
azimuth travelling Iws.

SAR images of shelf zones show large scale banded structures with
characteristic wavelengths of 10-20 km, representing surface manifestations
of internal tidal waves. The effect of radar imaging of ITW can be explained
by modulation of cm-dm-scale surface waves caused by the redistribution of
surface-active substances by internal tidal currents.
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ABHALHOHHbIE THJAPHBIC METOABI
HCC/IeIOBAHUS BEPTHKAIbLHOMH CTPYKTYpbI
ONTHYECKHX XaPAKTEPHCTHK

BEPXHero CJIosi OKeaHa

IO. A. I'onvoun, A. I'. JTywunun

UnctuTyT okeanosnorun um. I1. I1. Lllupmwosa PAH, Mocksa,
Hucruryr npuknaanoii pusuku PAH, H. Hosropon

Jlan 0630p cOBpPeMEHHOro COCTOAHMS Pa3paCoToK JMRAPHBIX METONOB
HCCIIEIOBAHHUA ONTHYECKHX XaPaKTEPHCTHK BEPXHETo CJIOA OKeaHa C BO3-
RymwHeiX HocuTenelt. TIpuBenens! TeopeTusieckie MOREIH W OMHCAHBI IKC-
MEPUMEHTANIbHbIC Pe3Y/ILTaThl, MOAYYCHHLIC DPA3MHYHBIMM MHCCIIEA0BA-
TeJIb,CKHMH rpynnaMu B Poccum 1 3a py6exoM ¢ NOMOIIbIO IMAAPOB pa3-
JMYHOTO THNA. Bhiienensl Tpu rpynibl NPUMEHAECMBIX JIMIAPOB: JMAAPL
JUIS PETHCTPAaLHK CHTHAJA OGPaTHOrO paccesHHA Ha HECMELICHHO uTHHe
BOJIHbI, JIMAAPbI, PETHCTPUPYIOIHE cCNEKTp giyopecieniun Mopckoil Bo-
IIbl ¥ ee npuMeceii, ¥ TMAAPHI, B KOTOPLIX NMPH MPHEME HCTIONB3YIOTCH JABE
B3aHMHO OPTOrOHaJIbHbie NOJIAPH3ALMH CUTHaNa o6paTHOro paccesHus.
IMoka3aHo NMpeUMyLIECTBO MOCICAHEr0 THNA JHAAPOB JJI PErHCTPaLMH
TIPOCTPAHCTBEHHOrO pacnpeAc/icHHs BepTHKaNLHOH cTpaTuduxauuu on-
THYECKHX XapPaKTEPHCTHK.

Bsenenne

ABHalLHOHHbIE IUAAPbI HCMIONB3YIOTCA NP NPOBEACHHH OKEAHOIOTHYECKHX
MCCIIeA0BaHMi, NOACTYTHHKOBBIX H3MepeHHIt B Pa3NHYHBIX palOHaX Okea-
Ha, IKOJIOTHYECKOr0 MOHUTOPHHIA AKBATOPHIA, HCMBITHIBAIOINX NOBbILIEH-
HYI0 aHTPONOreHHYIO' Harpy3ky, a Takxe npu Gatumerpuueckoi cbhémke
NpuBPeXHOM METKOBOAHON 30HBI KOHTHHEHTANbHOTO wenbda. TIpusrexa-
TEAbHOCTh ABHALMOHHDIX IMAAPHBIX METONOB O6YCIOBNEHA BO3MONKHOCTBIO
6uicTporo c6opa onepaTUBHONA HHPOPMALMA O PA3IIHBIX NOBEPXHOCTHBIX
M MOINMOBEPXHOCTHLIX MPOHECCAX HAa 3HAYMTENBHBIX AKBATOPHIX. BakHo
OTMETHTb, YTO 32 CYET BLICOKOH CKOPOCTH C60pa AAHHBIX 3TH METONB! AAIOT
YHHKaJIbHYIO BO3MOXHOCTb MOJNYYHTh CUHONTHYECKYIO KapTHity hpocTpan-
CTBEHHOrO DPAcCIpE/ieNIeHHs HIMEPAEMbIX XapAKTEPHCTHK, MPAaKTHWCCKH He
VCKKEHHYIO BPEMEHHON M3MEHYHBOCTBIO. K OME TOro, OHH HO3BONAIOT
MPOBOAMTL U3MEPEHHA HAa MENKOBONHBIX AKBATOPHAX CO CIOXKHLIM Peibe-
dom, Hafipumep BOIH3M MPHOPEXHBIX PUGOB, TAE MPOBEACHHE HCCIELOBA-
Hui C CyXOB 3aTPYAHEHO NITH BOOGILE HEBO3MOKHO.

Onua u3 HauGonee aKTYaNbHBIX 32124 JIA3€PHOr0 30HAHPOBAHNA OKea-
Ha — PErHCTPalMs BEPTHKAILHOTO PAchpefeicHHA pasiMuHbIX Xapiire-
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PHCTHK B TOJIE MOPCKOH BOALI, B TOM YHCJIE ONpeAeNcHHe MOJIOKEHHS
H XapaKTEPHCTHK MOANOBEPXHOCTHBIX -CBETOPACCEHBAIOLLMX ClIOeB. B ocHo-
BE JIMIAPHBIX METOJIOB PETHCTPALIMH BEPTHKAIBHBIX MpoduieH XapaKTepH-
CTHK MOPCKO# BOJbI JIEXHT aHANH3 BpeMEHHOH QOPMbI cUrHasma o6paTHoOro
paccestns (COP), Bo3HHKalOLIEro nMpu 30HAUPOBAHMHM TONIMH OKEAHCKOI

BOZbl KOPOTKHM Ja3epHbIM umnyibcom!. IToaToMy npemmasHaueHHble s
HCCNIEAOBaHUs BePTUKANbHBIX pacnpeneleHdil numapbl KomkHbl obecneun-
BaTb peructpaumio COP ¢ BLICOKHMM BpeMeHHbIM paspeleHueM. Byzaem
Ha3bIBATh TAKHE TMAAPbI HMITYbCHBIMUZ,

WmnynbcHble aBHaLMOHHbIE TMAAPBl U NPOBEAEHUS OKEeaHOJNOTHYe-
CKHX MCCNEXOBaHMI Hayalu MPHMEHATL B KoHue 60-x roxos [1]. Bce nocie-
AyIolliie TOolbl OCHOBHOE HamnpaBlleHHE Pa3BMTHA HMIYJbCHbIX aBHAaLMOH-
HbIX JTHAAPOB 6bUIO CBA3aHO ¢ Ja3epHoit 6aTuMerpueil. K HacTrosiueMy Bpe-
MeHH B 06J1acTi 1a3zepHOi 6aTHMETPHU JOCTUTHYThI 3HAUHTENbHbBIE YCIEXH,
HalleLUMe MPaKTHYECKOE BOMJIOILEHHE B LIEJIOM pssie CTPaH [2-6].

OnOHOBPEMEHHO € MCCIIEHOBAHUAMH MO JIa3epHO# GaTHMETpUM NMpPOBO-
IMITHCh PaboThl MO CO3AAHMIO UMMYJIbCHBIX JIMIAPHBIX METONOB ONpexese-
HHMA Pa3MYHBIX ONTHYECKHX XaPAKTEPHCTHK BEPXHEH TOMILH BOJ OKeaHa M
PErHCTPaliMi BePTHKANbHBIX pacnpeiesieHHit 3THX Xxapakrepuctuk. Ilpu
NpOBENEHNU HATYPHBIX MCCIEXOBAHHI BO3MOXHOCTH ONpENENCHHS BEPTH-
KaJbHbIX Mpoduieil ONTHYECKMX XapaKTEPUCTHK BOAbI HMCMOIb3OBAJIKCH
MOJEPHU3UPOBaHHbIE GaTHMETPHYECKHE NMAAPbl WJIH YHHBEPCAJbHbIE HC-
ClIeOBATENbCKHE HMMMYNbCHbIE JIMAAPHI, BKIIOYAOWUe GaTHMeTpHYecKHi
KaHaJl ¥ KaHall C perucTpauueii BpeMEHHOH 3aBMCUMOCTH MOWMHOCTH MM
Kako#i-nubo apyroi xapakrepuctuku COP,

Amnnutyna u popma COP onpenensercs BeIMMHHAMH H BEPTHKAJIb-
HbIM pacnpeaeieHHeM ONTHYECKHX XapaKTEPUCTHK MOPCKOi Boabl. OnHa-
KO CyLIECTBOBaHHE KOPPEJIALHOHHBIX CBA3€H TMAPOONTHYECKUX XapaKTe-
PHCTHK C KOHLEHTPaLMel B3BELIEHHbIX B MOPCKOH BOJIE YaCTHL H PacTBO-
PEHHOTO BELLECTBA, a TAKXKeE C LEJbIM PANOM GHOJOTrHYECKHX, THAPOXHMH-
YECKHX M THAPONIOTMYECKHX XapaKTEPHUCTUK, MO3BOJIAET ONpeaeiaTb C
NOMOLIbIO THAAPOB He TONBKO ONTHYECKHE XapPaKTEPHUCTHKH BOAbl, HO
MCCNEN0BATh TAKXe CONEPKAHHE M pacnpeaeneHue B TOJIE BOAbI GHO-
NPOJYKUMH H MUHEPATILHOK B3BecU [7-9], Pa3MMUHLIX PACTBOPEHHDBIX Be-
wectB [9, 10], perucTpupoBaTh CJIOM NOBLIWEHHON MYTHOCTH M onpepe-
JATb HX XapaKTepUCTHKH [11-14], n3yyaTh BHyTpeHHHE BOJHBI M OKeaH-
ckue ¢pouthl [9, 15-17], koHTpONHpPOBaTL NpOLECCHI AHTPONOTEHHOTO
3arpasHeHus okeaHa [18].

! B ;mrepaTtype, ocobeHHO 3apy6exHoit, CHTHaJI 0GPaTHOrO PacCesHHS YacTO Ha3bIBAIOT
3XOCHTHAJIOM. B 1aHHOM ciTy4ae 3TH TePMHHBI IOHOCTLIO 3KBUBAJIEHTHDI,

2 B cniekTpanbHbIX WIH QITyOpPECLEHTHBIX IMAApaXx, B KOTOPLIX 30HAMPOBAHHE MPOU3BO-
JIMTCA TaK)Ke Na3€PHBIM UMITYJIbCOM, PETHCTPHPYETCS OGBIYHO TONLKO NMPOHHTErPUPOBAHHBII
no BpeMenu cnextp COP.
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HeobxoaumocTb ydera 60MbIIOrO KONHYECTBA (AKTOPOB, BIMSAIOLIMX
Ha COP, npyBOANT K 3HAUHTENbHBIM CIIOXHOCTAM NPH NMOCTPOEHKH JOCTa-
TOYHO TOYHbIX H NPHTOAHBIX A MPAKTHYECKOTO NPHUMEHEHHS aJITOPHTMOB
onpeneneHns BEPTHKANbHbIX Npoduiieii XapaKTepHUCTUK BOILI MO JAHHLIM
MMNYJIBCHOTO JIa3ePHOrO 3OHAMpOBaHWA. MHTepnperauus pe3ynbTaToB
M3MEPEHUH CYLIECTBEHHO YCIOXHAETCS NPH TNPOBENEHUH 3OHAHPOBAHHS
c apuaHocutens, korga COP ucnbiThIBaeT ciyvaiiHble HCKaXEeHHS 3a CYET
JIBOMHOTrO NMPOXOXICHHA JIa3ePHOrO M3NMYYeHHs Yepe3 B3BOJNHOBAHHYIO MMO-
BEPXHOCTh BoAbl. B noxapnsioimeM 6ONbIUIMHCTBE BbINOJHEHHBIX K HACTOS-
leMy BPEMEHM PaboT MO ONpENENeHMIO C ABHAHOCHTENA BEPTHKANbHbIX
npo¢unell pa3IMYHbIX XapaKTEPUCTHK BOIbI MOBEPXHOCTb MPEINOJNaraeTcs
rAaaxKoii. 3TO NMPHBOINUT K CHHKEHHIO TOYHOCTH H3MEPEHHH, BO3MOXHOCTH
HEOJIHO3HAYHOM MHTEPNPETALMH Pe3yNLTATOB U3MEPEHHH U NOTepe 3HAaYM-
TeNbHOM YacTH JaHHBIX H3MEPEHHIH, HCTIOPYEHHBIX NIOBEPXHOCTbIO M OTOpa-
KOBbIBaeMbIX Npu 06paboTke. B nocneanee BpeMsa TeopeTHYECKHE HCCIENO0-
BaHHA MPOXOXKHEHHA JIa3ePHbIX MMNYJIbCOB YEPE3 B3BOIHOBAHHYIO MOBEPX-
HOCTb NPOBOAATCA BECbMa MHTEHCHBHO. TeM He MeHee mpobiieMa co3faHHs
anexBaTHbIX Mojeneit minapHoro COP, anroputrmoB peileHHs oOpaTHBIX
3aay U pa3paboTka METONOB KOHTPOJIA M CHHIKEHHS BIMAHUA B3BOJHOBAH-
HOI MOBEPXHOCTH BOAbI HAa NaHHbIE JIMJAPHbIX N3MEPEHUH ¢ aBHAHOCHUTENS
OCTaeTca KpaitHe akTyanbHOM.

B nanHoit pabore pacCMOTPEHO COBPEMEHHOE COCTOSHHE MPOOGIEMbI
pa3paboTKH aBHALMOHHBIX JIMIAAPHBIX METONOB HCCIEOBAHHUA BEPTHKAllb-
HOIf CTPYKTYPbl Pa3lINYHbIX XapaKTEPHCTHK BOMBI.

YpaBHeHue ONTHICCKO# JIOKALMA

B0O3MOXHOCTH OKEaHOJNOTMYECKHX JIMAAPOB KaK CPENCTBA AHUArHOCTHKH
ONTHYECKHX XaPAKTEPHCTHK NOANOBEPXHOCTHOTO CJION BOIbI 00YCIIOBIEHBI
HanMuHeM B Bojge oGpatHoro paccesnus. UmenHo B COP comepxurcs MH-
dopmanud 06 ITHX XapaKTEPUCTHKaX, ¥ Ha ee pacluuppOBKY K NPaBUIIbHYIO
HHTEPNPETALNIO NOJDKHbI ObITh HAaNpaBJeHbl YCHIIUA NPH CO3AAHHH Teope-

- THYeCKUX Mozeneii  06paboTke 3KCNepUMEHTaJIbHbIX NAHHbIX. 3AeCh NPH-
Bemem Ge3 BbiBoma BhipaxkeHHe mis COP Bopbl, mpeactaBnsiouiee coGor
0606wieHe BbIpaXKeHHs, nonyyenHoro JonunbiM 1 CaBenbeBbIM A NMOI-
BOJHOTO ONTHYECKOro JokaTopa [19]. DTo ypaBHeHHe, Tak ke kak H B [197
NOJIy4eHO Ha OCHOBE TEOPEMbI ONTHYECKOH B3aMMHOCTH M MaJIOYIJIOBOrO
PelleHUs YPaBHEHHA MepeHoca u3nyueHHs (CpaBeMINBOCTb KOTOPOro Ms
MOpCKOH BOIbLI M TPacC PacnpOCTpaHEHHs, MPEACTaBIAIOLIMX HHTEPEC
€ TOYKH 3PEHHA NMPAKTHYECKOTO NMPHMEHEHHS IHAAPOB, HEOXHOKPATHO MPO-
Bepanach JKcrnepuMeHTanbHO M MonTte-Kapino MopemupoBanuem). OHo
NMeeT BUI:
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Py =T JdzoZ)jdi,E,(5,.Z)

xE, (rl,Z)f(t—f(mmZ)--“—fl , )

rae P(f) — 3aBHCHMOCTb MOILHOCTH PETHCTPHPYEMOrO CUTHAJNIA OT BPEMEHH;
Wo - 3neprus 30HJMPYIOLUETO HMIYJIbCa; Z, 1 Q - muowagp MpHeMHOMH
anepTypbl H WHPHHA MPHEMHO# IHATPAMMbI; M — Koaqubnuuen'r npenomie-
HUs BOAbL; ¢ = (m — 1)/m; o (Z) — 3aBUCUMOCTb OT ryGuHbI K03duLHeHTa
06paTHOro paccesHus (Koropoe npeanonaraeTcs ):lmbd)ysnbm), E, E, -
pacrpefie/ieHys OCBELEHHOCTH, CO3AaBAEMbIE B TOPH30HTAIbHOM MIOCKOCTH
Ha rybuse Z 3ommpyloumu MyuKoM (W3yyaTeneM) H GUKTHBHBIM HCTOY-
HMKOM €IMHMYHON HAYQIBHOX MOLIHOCTH C TAKUMH Xe, KaK Y NPUEMHHUKA,
npocmaﬂcmeuﬂo-yrnonbmu XapakrepHcTHKamy; f(f) — QyHKuMA, onuCk-
Bawoilas GopMy 30HAMPYIOIIErO MMIMYJbCa, HOPMHPOBAHHAA HAa EAHHMLLY;
AZ - nonpaBka K 3anasbiBaHuUIO, ABNAomascy ¢yHkuuell ycnoBuit Ha rpa-
HHULE W MONEPEYHbIX KOOPAMHAT H OOYCIIOBIICHHAA CIIyYaiHbIM H3MEHEHHEM
ONTHYECKOH UIMHBI MyTH IUIA JIEMEHTAPHOrO Jiyya NpH HaJM4YUHM NOBEPX-
HOCTHOTO BOJIHEHHA; H — BbICOTAa DACMONOXKEHMS JHIApa Haj CPEOHUM
yYpOBHEM MOBEepXHOCTH. [ MPOCTOTHI B AajibHEiIIeM MOJOXKUM (KaK 3TO
obbiuno U nenaercs) f{¢) = 6 (), YTO AONMYCTHMO, ECIIH [UIUTENLHOCTb 30HIH-
PYIOLIEro HMIYJbCa MHOTO MeHblle BpeMeHH cBob6oaHoro npobera ¢poToHa
B BOZE.

HecmoTps Ha BHEIHIOO MOX0XeECTh ypaBHeHHs (1) U COOTBETCTBYIOLIE-
IO BBIPAXKEHUA IS YHCTO MOABOAHON TPACCHI JIOLUPOBAHHSA, OHO HMEET
HECKOJIbKO HHOE dH3uUeckoe conepianue. B camom Aerne, B cuity cnyyaiiHo-
ro xapakrepa noﬁepxnocmoro BOJIHEeHMA pacnipenenenus E, (r, Z) u AZ(r))
TAKXKE UMEIOT CTyYalHbIi xapakTep, # dynkuus P(r) npuobperaer cmbici
cny9aitHol peamusaumy cHraala o6paTHoT® Paccesnus. TI03TOMy NOMBITKH
H3BIICYCHHS umbopmauﬂu 06 OnTHYeCKHX xabak'repncmkax 30HIHPYEMOTO
cnos BOAbI U3 3TOH yHKUH HOJDKITEI IPOBOANTHES C YUETOM €€ CTATHCTH-
ueckux xapakrepuctuk. SHbie Bbpaxenns wis E, TLZ) u AZ(r,) umeroT
BUJI:

E, =7n7;- §.-JF., {k,,k,——i(—'ﬁlm é(r,)f}O(kz Z+8)x

)]
x exp {" ik, (r, - r,) +ik,n +Kk,n(x) [Z + §("|)]q}dk| af“z dr;;

AZ=§(r)+8&(xr), 3



rae T - xo3¢duumeHT nponyckaHua rpaHuupbl; F,, — Gypbe-TpaHcOpMaHTbl
NPOCTPAHCTBEHHO-YIJIOBOTO  PACNpEACNeHHs HCTOYHHKOB  U3Ny4eHud,
(2m)* @ (k, Z) — cniexTp MOMEPEYHOro pacnpeleneHus OCBELIEHHOCTH, CO3/a-
BaeMOro Ha rirybuHe Z To4eyHbIM MOHOHANpPaBJIEHHbIM UCTOYHHKOM CBETA
NP1 HOPMAJbHOM MAJEHHH Ha rpaHuuy; N (r,) ¥ &(§,) yKIoHb M BO3-

BbilIEHHA TOBEPXHOCTH B TOYKE C KOODAMHATaMM I, M, Boobuie roeops,

B MOMEHT BPEMEHH !.

OTH BbIpaXeHHA TaKKe CIPABEAJIMBbI B MPEAEIaX NPUMEHUMOCTH Ma-
JIOYTTIOBOTO NPUOIMKEHHS U OXHOBPEMEHHO OMMCLIBAIOT 3¢ dEKTbl MHOrO-
KPaTHOTO paccesiHHs ¥ NMOTIOLEHUA cBeTa B Boae (pyHkuns © (k, Z) saBns-
€TCA HEKOTOPbIM MHTerpajioM oT ¢yHkuuH I'pHHA ypaBHEHHA mnepeHoca
M3JIyueHHs U C TOYHOCTbIO JO NMOCTOSHHOrO KO3(HLHEHTa COBNAJAET C
YaCTOTHO-KOHTPACTHON XapaKTePUCTUKOM Cos Boabl TONMLMHOA Z [20]) u
3¢dexTbl, CBA3aHHbIE C IBYKPATHBIM MPOXOXAEHHEM CBETAa 4Yepe3 B3BOJHO-
BaHHYIO NMOBEPXHOCTb: (OKYCHPOBKY CBEeTa, H3MEHEHHE ONMTHYECKOTO MyTH
H, KaK CleACTBHE, U3MeHEHHE 3ana3/[biBaHUA UMITYJIbCA H ero ocilabnenus, a
TaKXe KOPpeNsSLUUOHHbIE CBA3H MEXAY 3THMH ABJICHUAMH. Bee 3T addexTsl,
NOPOXIEHHbIE MOBEPXHOCTHBIM BOJHEHHEM, NMPHBOAAT K MOABICHHIO JHO-
nonuutensHoro mwyMa B COP, koTopblit HMeeT MYyJIbTUMIMKATHBHBIH Xa-
paxTep, U €ro BIUAHUE HE MOXET GbITh CKOMIIEHCHPOBAHO NPOCTHIM YBENH-
YeHHEM 3HEPreTHYECKOro MnoTeHuHana jupmapa. K xapakTepucTHke 3THX
WIYMOB U BO3MOXHBIX C1oco60B 60pbObl ¢ HUMH Mbl 06PaTHMCH HECKONbKO
no3xe, a ceyac OTMETHM OZHO BaxkHoe obcToaTeNbCcTBO. IIpH AocTaTouHO
60MbIIOM BPEMEHHOM HWIM (M) MPOCTPAHCTBEHHOM YCPEXHEHHWH BIHMAHHE
¢dnykTyauui, BbI3BaHHbIX BOJHEHHEM, MOXET ObITb MMHUMH3HPOBAHO, HO €
OLHOIA CyLuecTBeHHON oroBopkoit. CTaTHcTHYeCKH cpefqHss BenuunHa COP
OTHIOAb HE paBHAa BEJIMYMHE CMIHAJa, KOTOpas Obl MMeNa MECTO B Cllyuae
rafkoi rpaHuLbl. DTO CMELIEHHE OLIEHKH BEIMUMHBI CHTHANA NpH CTaTH-
CTHYECKOM YCPEXHEHHH BbI3BAHO KOPPEIALMOHHBIMHU CBA3AMH MEXAY BbIXO-
HALMMH M3-IOX NOBEPXHOCTH W MPOHHKAIOWNMH B BOAY CBETOBbLIMH MOJA-
MH U TIOJTYYHJTO Ha3BaHHe adexTa ycunenus obpaTHoro pacceauus (YOP)3
[21-24, 32]. OtoT 3¢hdexT 3aMeTeH NpH Mabix IayGuHax u 6bicTpo cnazaer
C yBenuueHneM rayGuHbl 3oHaMpoBanua. ITosTomy aa riy6uH, Gombuiux
10 M, npy oLieHKe CTATHCTHYECKH CpefHeil BeIMYUHbI CHTHAIa MOXHO MOJIb-

3 BriepBbie 3pexT ycHNeHHs 06paTHOTO paccesiius B BOJIHOBOH NOCTRHOBKE, IPUMEHH-
TEJILHO K CBETOBBIM NOJIAM, Gbul omicaH B paGoTe [25), [BaKABI TIPESTOMITEHHBIM B3BOJTHOBAH-
HO#i moBepXxHocThIO, — B [21]. B 3Toi %e paGoTe, No-BHAMMOMY BrepBbie, CHOPMYITHPOBAHO
YPaBHEHHE ONTHYECKOH JIOKALUWH C Y4ETOM B3BOJHOBAHHOMN MOBEPXHOCTH B MPHOIKEHHH
3xBUBasIEHTHOro (a3oBoro skpaHa (6e3 yuera Bossbillichuif). B namsHeliem addekr ycune-
HUS B Pa3HOH MOCTAHOBKE HMCCIEAOBANICS PAJOM ABTOPOB; 0B30pP Pa3HUHBIXK NpPOABICHHIT
3TOro 3(dpexTa NPUMEHHTENLHO K JIMIAPAM COMEPXKUTCS B MOHOrpadun [32].

-
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30BaThCA JIOKALIMOHHbIM YpaBHEHUEM B NMPHOMMKEHHN TNafaKoi TpaHHLbI
pasgenat. OnHako WIS MambiX rNyOMH WIM JJIA THAAPOB, MCTOMB3YIOWMX
COP, npouHTErpHpOBaHHblii N0 riy6HHE, yuer 3Toro 3ddexra Heo6X0aHM.

OTMeTHM ellle HECKOJILKO 0COOEHHOCTEH NPHBEAECHHBIX Bbillie HOPMYJL.
Ilo cBoeMy cMbicTy M BCIEACTBHE 3aJIOXKEHHDBIX MPH HUX BLIBOZAE NMPEATNONO-
WEHHI OHM CTIpaBeMIMBbI MPAKTHYECKN IJIA BCEX, HE BLIXOAAINX 32 Mpeae-
JIbl MaNoyrioBoro npuémikenus koHdurypaumii nunapa. B yacTHocTH, ¢
9TO# OroBOpKO# OHH MPHMEHHMbI NMPH MPOH3BOILHOM COOTHOLIEHHH YIJIO-
BbIX AMarpaMm NpHEMHHMKAa M M3JyyaTesis M npu moboit ux dopme, npu
NPOMN3BOJIbHOI BeNuuuHe 6a3bl (PaCCTOSHHA MEXAY NPUEMHHUKOM M H3Jyya-
TeNeM), NpHYeM He 06A3aTeNbHO, YTOObl OHA HAXOAMJIACh B TOPH3OHTAJIb-
HOH MIIOCKOCTH — M3Jy4aTelib MOXeET ObITb PAacloOJoXKeH BbIlE MIH HHXE
npHemHHKa. Bce 3T 0COOEHHOCTH yYHMTBIBAIOTCS COOTBETCTBYIOLIMM 3aka-
HHeM GyHkuu# F,, F, (MOHATHO, YTO B CJIy4ae Pa3HbIX BBLICOT pPacHoJOXe-
HHA M3Ny4aTens U npueMHuka B popmynax mia E, E, nomkHbl GUTrypHpoO-
BaTb pa3Hble BEJIMUMHbBI BbICOTbI H).

Ho, 6biTh MOXeET, 6oJiee BaxkHOe CBOIHCTBO NMpHBEAEHHBIX GOpMYI 3a-
KJIOYAETCH B TOM, YTO OHH MOTYT ObiTh NPHMEHEHBI JIA onucaHus Gonee
LIMPOKOTO KJiacca NpuGOpOB, YeM 3TO MOXET NOKa3aTbCid HA MNepBBHIi
B3rnag. IIpy ux HanmMCaHUM MOMYAJIMBO MPEANONAranoch, YTO pedb HIET O
PeXHMe MOHOXPOMATHYECKOTO 30HAUPOBAHHA B HEMOJIAPH3OBAHHOM CBETE.
Mexay TeM CyliecTBYeT pAl BaXKHbIX Moaudukauuii Muaapos, ycTpoHCTBO
KOTODbIX M, TIaBHOE, aNrOPUTMb! U3BNIEYeHHA HHPOPMALIHK NPEANONaraoT
MCMONIb30BaHNE JIHOGO0 MHOTOYaCTOTHOrO (TOJHMCNEKTPATILHOIO) MpHeMa,
160 ucnoaL30BaHNE MONIPH3OBAHHOrO cBeTa. OKa3biBaeTcs, NpUBEAEHHbIE
dopMynbl ¢ Hebonbiroi MomMdukaumed MOryT ObIThb NMPHUMEHEHbI U IUIS
ITHX cilyyaeB. B yacTHOCTH, OHM cnpaBeIHBbI IS ONMUCAHUA GIIyOpHUMET-
PHYECKHX JTMJAPHBIX U3MEPEHHH, PH ITOM BEIHYMHA Gr HMEET CMbICH KO-
3¢ duumeHTa, NPONOPLHOHAILHOTO CEYeHUI0 0GpaTHOro paccesHus ¢iryo-
pecueHuun, a E, u E, — pacnpeneneHns OCBEIEHHOCTH, CO3aBaeMble H3IIy-
yaTeneM U PUKTHBHBIM MCTOYHHKOM C MapaMeTpaMH MPHEMHHKA NMPH U31y-
YeHHU Ha JUIMHE BOJHbI QuiyopecueHUnH [26]. AHaIOrMYHOE YTBEPXKIEHHE
MOJXHO CAEeNaTb U B OTHOLIEHHH NTHIapa, paboTaiouiero B nNojaspu3oBaHHOM
ceete. B aToM ciyyae koapduLKEHTY O, clexyer NMPHAATh CMbICI COOTBET-
CTBYIOLLETO 3JIEMEHTa MaTpHLbl paccesHHs MNOJIAPH3OBAHHOTO CBETa, a
¢ynkuusam E, v E, - pacnipeneneHnii OCBEIEHHOCTH, CO3AABAEMbIX HCTOYHHU-
KaMH C COOTBETCTBYIOLLEH monspu3aLuell u3mydeHrs. Mbl elle BepHeMcs K
npobieMe onucaHus pabouux XxapaKTEpPUCTHK JIMAApa B NOJSPU3OBAHHOM

4 PasyMmeercs, 3TO He O3Ha4aeT, YTo TaM, rae Man apdpexr YOP, MoxHO npeHeGpeub 1
dnyxTyaumamu curdana. Ux Heo6xoaumo yuuThIBaTH BO BceM pabouem amana3oHe riyGuH
30HAMPOBaHUSA, MOCKONbKY MMEHHO OHM OMpENENsIoT MpelebHble BO3MOXHOCTH JInapa 1o
JNarHOCTHKEe HEOQHOPOAHOCTEH BOMHO# Cpelibl.
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CBETE, a ceiiyac npuBeaeM Hauboee MONMYNAPHYIO GOPMYITY, HCTIONbL3YEMYIO
ANs OnHcaHus paboTbl OKEAHOJOTHYECKHX JIMAAPOB, KOTOpas CledyeT M3
dopmyn (1)~(3) B npeHeOpexXeHHH NOBEPXHOCTHBLIM BOMHEHHEM M MpPH LM~
pHHE NPHEMHO# AMarpaMMbl MHOTO GOJIbLIIE XapaKTEPHOH YIIOBO# IWIMpH-
Hbl 30HIHPYIOILErO MyYyKa C YYETOM €ro paccesHHs B BOJE M IJIA JIOOBIX
rny6uH 30oHaMpoBaHHA. POPMATBLHO NMepexod K 3TOMY NPHOIIKEHHIO DOC-
TUraeTcs, €CIIM NoJNoXuTh B dopmynax (2), 3) n = 0, & = 0 n ycTpeMuts
HIMPUHY NPHEMHO JuarpaMMbl NpH 3aJaHHU GYHKLUU F, K 6€CKOHEYHOCTH.
B 3ToM cnyyae ypaBHEHHe ONTHYECKO# IOKaLuy npuoGpeTaeT BUL,

exp(-zfx,(z)dl)

p(, =3ﬁicz_§.'_"_]= Ao (Z) o)

rae A — x03pdHUNEHT, He 3aBUCALLMI OT BpEMEHH U onpelenseMblii Xxapak-
TEPUCTHKAMH JIHAAPa, K; — "MaJIoyrioBoi" kxoadpduuveHT nornomenns [27,
28], onpenendeMsblii CIIEAYIOIMM COOTHOILICHHEM:

K=xk+(1-p)o,

0
(mH + Z)?

rae Kk — kKo3QPULHEHT HCTUHHOrO MOIJNOWEHHs BOAbI, ¢ — K03 duLMeHT
o6beMHOro paccesiHus, 8 — mapaMeTrp MHOMKATPUChI PacCesHHs, PaBHbIi
JloJIe YHEPTHM, pacceuBaeMoii IeMEHTapHbLIM 00bEMOM Cpelbl B HHTEPBAI
YTJIOB B Npelenax MajJiOyrioBOro npuOamkeHHs (Kak MpaBMIIO, MeHee 45°)
[20]. Kak BugHO 13 3THX GopMYII, O XapaKTEPUCTUKAM HMMYJIbca 06paTHO-
ro paccesHus (MpU HAJIMYUH HEKOTOPOi anmpHOPHOH MHAOPMALMH) MOXHO
CyANTb O BEPTHKAIbHOM npoduie ko3pduureHta oOpaTHOro paccesHHs
WIH (B NPEANOIOKEHHH 06 OMHOPOAHOCTH ONTHYECKHX CBOMCTB 1Mo ray6u-
He) 0 Ko3(duLMEHTe NOTMOLEHHS BOAbl (B CHIIy MaJOCTH KoadHuMeHTa
(1-B)). B uenom psaae paboT ajis 0603HaUEHNA NOKA3ATENA IKCIIOHEHTHI B (4)
ucnons3yercd TepMUH "addekTHBHDIN noka3arenb ocnabnenus” k. Ctporo
ToBODA, k; 3aBHCHT OT K, © H 3P (PeKTHBHOI IHPUHBI NPUEMHOH THarpaMMbl
HQ,/2: k; = x + of (x, o, HQ,/2). B 3aBucumMocTi oT HQ,/2 BenH4YHHA f MEHA-
erca ot | mo 0. IIpu ManoM 3HaueHnu 3pQPEeKTHBHON WIHPHUHBI MPHEMHOM
nnarpaMmsbl k; = €, Iie € = K + ¢ — noka3sareib ocjabieHus cBeTa MOPCKO#
BOJIO#, NIpH ZOCTaTOYHO 6ONBLIIOM k; = K, B MPOMEXYTOYHBIX CIOAX k; =~ a. |,
rae oy — MnokasaTelib BEPTHKAIbHOro ociabnenus obmyuyenHoctu. Bonee
noapo6HO BO3MOXHOCTH AMCTAHLMOHHOTO M3MEPEHHA YKa3aHHbIX XapakTe-
PHCTHK IMIAPHBIMM METOJaMH OyAyT pacCMOTpEHbI B CIIEAYIOLIEM pa3ziele.
OuyeBHIHO, YTO NOMYYHTb HAJIEKHYIO aNPHOPHYI0 HHPOpPMALMIO, HE0O-
XOAMMYIO Ul MPaBHIBHON paclingpoBKH CHrHana oO6paTHOro paccesHus,
MOXHO janexo He Bceraa. IlosToMy cyuiecTByer octpas moTpeGHOCTb B
pa3paboTke caMONOCTATOYHbIX METORXOB H CPEACTB ONMTHYECKOrO 30HAUPO-
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BaHHA. OZHUM U3 3THX METOXOB SABJIAETCA METOA HAaKIOHHBIX Tpacc [9, 28],
KOTOpbIA NpeanonaraeT OAHOBPEMEHHOE 30HAMPOBAHUE CpPedbl MO BEPTH-
KaJIbHOH W HAKJIOHHOM TpaccaM, YTO NMO3BOJIAET HE3ABUCHMO BOCCTAHOBHTD
npodunu o, u Ki. IIpn Beeli MPUBNIEKATENLHOCTH 3TOrO €nocoba 30HAUPO-
BaHMA OH obnafgaeT TpeMs CyLIECTBEHHbIMM HeqocTaTkaMu. IlepBblit cBA3aH
¢ noTtepell 3¢(QeKTHBHON MOIIHOCTH NPH PACILETUIEHHH 3OHAMPYIOLIETO
NyyKa UM NOCIEAOBATENLHOM M3MEHEHHH YIIa 30HAUPOBAHMUA, BTOPOH — C
HEBO3MOXHOCTBIO BLIATH 3a npenenb! "MalOyIioBbIX" XapaKTEPHCTHK BO-
Ibl. Kpome Toro, ero ucnosib30BaHHe NpeAnoiaraeT OXHOPOAHOCTb pacrpe-
JEeHNs ONTHYECKUX XaPAaKTEPUCTHK B TOPU3OHTANbHOM MIIOCKOCTH B Mac-
wTabax pa3HeceHUA 3OHIMPYIOLIMX MYYKOB, YTO pealM3yercs AANEKo He
BCErZia M MOXET BHECTH OO0JIbILYIO MOTPELIHOCTD NP U3MEPEHHH HE TOJILKO
MeJIKOMacliTabHO# M3MEHYMBOCTH, HO H NPH YCPEAHEHHH PE3YJIbTATOB
M3MepeHuii o 6osbwoii BeiGopke.

B nocneguue roapl pa3pabaTbiBaeTCA MONAPU3ALMOHHBIA METON HMM-
NyJbCHOTO 30HIMPOBAaHMSA, KOTOPblA MMEET 3HAYHTENbHbIE MPEUMYLIECTBA.
AnnapaTypHas peanu3alis 3TOr0 METoJda U HEKOTOpble pe3yJbTaThl €ro
NPUMEHEHHA B OKEAHONOTMYECKHX H3MEpeHHsAX OydyT npuBedeHbl HHKeE.
3mech OCTAaHOBUMCA Ha €ro TeopeTHYeckoM obocHoBanuu. Eciu nonycTuTs,
YTO MaJIOyrJIOBOE MPUOIMKEHHE CNpaBEIMBO MPH BEKTOPHOM OMHMCAHHH
cBeroBoro noius [29, 30], To BbipaxkeHHs, aHANOTHYHbIE (4), MOXHO MOJy-
YMTb AJIA MEpBbIX ABYX napamerpoB Crokca. B 3ToM ciyyae koddpduuueHT
obpaTHOro paccesHHs, KaK OTMEYaJOoChb BbIllE, HMEET CMBLICI COOTBETCT-
BYIOLLETO 37IEMEHTa MaTpHLbl paccesHHud, a ko3(uuueHTsl B (pa3Hble WA
kaxcgoro napamerpa CTOKCa) MMEIOT CMbICII MHTErPAJIOB OT YIJIOBbIX 3aBH-
CUMOCTeH JMaroHaJbHbIX 2JIEMEHTOB MaTPHLIbI MO MAJIbIM YI1aM PaccesHHs.
Torna mna xoapduurenta nonapusauun COP co BceMH MepeyHCIICHHBIMH
BbIlLIE OTOBOPKaMH MOXKHO MOJIyYHTb clieAyiollee BbipaxkeHue [31]:

_Dy(n,2) L,z _
"D, (% 2) exp[ 2 ‘f) ¢ o)) dl), )

rae
¢= O-ST (Dyy = Dy) ydy

uD; - ;marouanbﬂue JMIEMEHTBI MATPULIbI PACCETHHA. M3 pusnueckux coob-
PpaXeHHi# MOXHO npe.unonox(wrb YTO M3MEHYMBOCTb D“(n, Z)) Dy(n, Z) u
€ (Z)no CPaBHEHHIO ¢ nzmeuquaocruo o(Z) omocwrenbuo HeBeNnuka. B aTom
clyyae u3 BpCMeHHOH 3aBucuMoc1'n CTeneHu nonxpmauuu yZaeTcs BOCCTaHO-
BUTb BEPTHKAJIbHBIH l'IpO(meb FONHOTO noxasa'rena paccesHus Boabl [31]:

0'(Z)=—E;;lnp(2). ©)
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Pacnonaras stoii ¢yHxuMeH, MOXHO (MMes B CBOEM PacNOPMKEHHH
CHTHaJIbl OOPAaTHOTO paccesHus JUIS ABYX CKpeLICHHBbIX MONApHu3almii) pac-
cynuTaTh K03ddHUHEHTH oOpaTHOro paccesHHa M norjoueHus. Crporo
'roBOp#, CAETAHHOE NMpPEeAMNookeHHe aGCOMOTHO CNpaBeaJIuBO, ECIIH C [iy-
6GMHOI MEHSETCH TONbKO KOHLIEHTPALMA PaCCEMBAIOLMX YACTHL, HO HE HX
pud. CuTyalus, KOraa B 3aBUCUMOCTH OT INIyOUHbI H3MEHAETCS KaueCTBeH-
Hblii COCTaB r'UAPO30IisA, TpebyeT MOMOJHUTENbHBIX MCCIEAOBAHUH, BKIIIO-
YAIOIMX H3MEPEHHA JJIEMEHTOB MAaTpDHLbl PaccesHUs MOPCKOH BOIbI.
B moboMm cnyyae neTanbHOE HCCIEAOBAHHE MANOYIJOBOH MAaTpHLbI pacces-
HHUS NpeAcTaBiseTcd HeOOXOAUMOI YacTbi0 Pa3BUTHUA JIMAAPHBIX NONAPH3a-
LHOHHBbIX METOAOB 30HAHPOBAHHUA.

Hanee mbl 06CcymuM MeTonbl U3MepeHHid, cnocobbi MX peanu3auuu H
NOJIyYeHHbIE IKCIIEPUMEHTANIbHbIE JaHHbIE, OMYOIHKOBAHHbBIE B JOCTYMHBIX
ABTOpaM MCTOYHHKAX.

SKcnepumemam.nue HCCJICNOBAHHSA

TIpakTHyeckas peanu3aLus UMMYJIbCHbIX JTHAAPHBIX METONOB ONMpENeJIeHUS
XapaKTEePHUCTHK MOPCKO# BOABI M UX BEPTHKAJIbLHBIX NpoduItel conpsxeHa ¢
uenbIM pAnOM TpyaHocTeit. Bonbuas ckopocts cnaga yposas COP c ruy-
6uHoii o6ycioBnuBaeT TpeGOBaHHE NMpPENENbHO BOIMOXHOIO PaCIIHPEHHA
AMHAMMYECKOTO NWAana3OHa PErucTpaLuu cHrHama. Bo MHorux caydasx
rny6ruHa 30HAUPOBAHHS ONPEAENACTCA HE IOPOTOM YYBCTBHTENLHOCTH NpH-
€MHOIi CHCTEMbI, 2 OTPAHUYEHHOCTBIO €€ THHAMHYECKOTO AHATIa30HA.

IIpuemHo-perucTpupymoas annaparypa AO/DkHa obecrieynBaTh PErucT-
pauuio Majbix M3MEHEHHH ypoBHA MOWHOCTH COP, BbI3BaHHBIX HEOXHOPOX-
HOCTAMH B BEPTHKAITBHOM paclpeielieHHH XapaKTepHCTHK BOMBI, MPH YCIIO-
Bun n3MeneHns COP B wmpoxoM auvaMugeckoM auanasoHe. OTHOCHTENbHO
MOILHBIA MMITYJIbC OTPaXKEHUS OT MOBEPXHOCTH NMPHUBOJMT K MEperpy3Kam
NpHUeMHOI cucTeMb! i HCKaXkeHHIM dopmbl COP Ha HRYATTLHOM y4acTke.

H3-3a aByKpaTHOro NMPOXOXIEHUs W3yueHUs Yepe3 BIBONHOBAHHYIO
NMOBEPXHOCTL BOHUKAOT ClTyuaitnsie GuyKTyaunn cArHant. JddexTsi, 06y-
CIOBJIEHHbIE B3BONHOBAHHON MOBEPXHOCTHIO, NMOHPOGHO PACCMOTPEHLI B
ClenyroniemM paspene.

Kpome Toro, HykHO yUUTHIBATH, YTO H3MEPEHS € MOMOIILIO aBHALIM-
'OHHOT'O JIHAAPA — ITO ROCBEHHDBIE H3Mepenns. Cxopmsie HIMEHEHus GOPMbI
COP moryT 6GbiTh BusBAHLI pasiuIHLMU npusiHAM. [TosTomy npu npo-
BelleHHHM CHEMKH 3afaHHOYO pafioHa C HCHONLIOBEAVEM ABHALMOHHOIO
‘Mmgapa ANA YNPOUCHM! HHTEPHPETAUMH W NOBLIMICHHN XOCTOBEPHOCTH
NOMyyaeMbiX Pe3ylibTaToB HeNECOOBPASHO B PHEE OMOPHLIX TOTEK TPOBECTH
CONYTCTBYIOIIHE CYROBLIE HIMEPCHHA C HOTpYXaeMuiMy ripubopamu. A Ha,
Jtane oTpaboTK¥ COOTBETCTBYIOLUETO METOAA W alNAPATYpPbl COMYTCTBYIO-
e cymoBbre N3MepeHus abCOMOTHO HEOOXONHMBI.
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Bce pasBuTbie K HACTOALLEMY BPEMEHH MMIYJIbCHbIE TUAAPHBIE METObI
JHUCTAaHUHOHHOTO ONpeleNeHUs XapaKTEPUCTHK MOPCKOii BOAbI M UX BEPTH-
KalbHbIX npo¢uiteli MOXHO pa3fenuTb Ha TPH IPYNNbIL:

— METOZbl, OCHOBaHHbIE HA aHAJIM3e BPEMEHHOH 3aBUCMMOCTH MOLIHO-
cti COP Ha HecMellleHHOH MMHE BOJIHBI Ao (Ao — JJIMHA BOJIHBI 30HIHPYIO-
LLIETO JIa3€PHOT'O HMMNYJIbCA);

— METOAbl JUCTAHLMOHHOM KMHETHYECKO#H JIa3epHOH CIEKTPOCKONHH, B
KOTOPbIX aHaIH3UpyeTcs BpeMeHHas 3aBUCUMOCTh COP Ha cMelleHHbIx
JUIMHaX BOJH A (HampHMep, Ha IJIHHE BOJIHbI, BO30YIeHHOH 30HAUpYIO-
UM JIa3ePHbIM UMIYIbCOM (IIyOpEeCLIEHLIMM MOPCKOI BOAbI MM PaMaHOB-
CKOTO paccesHu1A);

~ MONAPH3ALHOHHbIE METOAbI, B KOTOPbIX HHGOPMaLIUs U3BJIEKAETCA U3
BPEMEHHOW 3aBHCMMOCTH cocTosHHs nonspusauuu COP, Bo3HuKalowero
NpH 30HAUPOBAHMH MOPCKOH BOJb! JIa3ePHLIM MMIYJIBCOM C ONPENENeHHO
(HanpHMep, NTHHEHHOMH) MoIIpH3aLHei.

HccnenoBanus ¢ ingapamu,
perucTpupyolnmMu BpemeHHyto ¢opmy COP
Ha HECMELLEHHOH JUTHHE BOJIHBI

Bonbuias yacTh ony6nukoBaHHbIX paboT BbINONHEHA C IMIapaMH, B KOTO-
PbIX PETHCTPHPYETCA BPEMEHHAaA 3aBMCHMMOCTb MOLIHOCTH P(f) Ha HecMe-
IIEHHOH JUTHHE BOJIHbI Ao. Cpeau HUX OTMETHM HCCIIEIOBAaHHSA COTPYIHHKOB
HO® PAH [11, 32, 33], ucnonb30BaBIIKX JMAAPbI C 30HIUPYIOLIUM HM-
nyJIbCOM Ha Ao = 532 HM M PErMCTPHPOBABLINX BPEMEHHYIO (OpPMY BCEro
COP, nnu (nyTeM BBeAEHUS BpeMEHHOro crpobupoBanua) Mounocts COP B
3aaHHble MOMEHTbI BpeMeHH. HaTypHble uccrenqoBaHUA, MPOBENEHHbIE B
YepHoM, KacnniickoM 1 apKTHYECKHX MOPSAX, MO3BOJIMIN 3a(pPUKCHPOBAThL
pa3iHuHble 0COOEHHOCTH B (JopMe IXOCHrHala, CBA3aHHbIE C HEOXHOPOIHO-
CTAMU BEPTHKAJIbHON CTPYKTYPbl XapaKTEPUCTHK BOABI.

Pab6ortbt [34, 35] nocealLueHbl HCCIEAOBAHUAM B NMPUOPEXHON akBaTo-
PHH C CHIIbHOI NPOCTPAHCTBEHHON W3MEHUHBOCTBIO XapPaKTEPUCTHK BOIbI.
HccnenoBaHus NMPOBOAWINCH C aBHALMOHHLIM JIMAAPOM, CO3JaHHbIM Ha
OCHOBE MMMYJbCHOTO Jla3epa Ha napax Meau (Ao = 510 HM, yacToTa NOBTO-
PEHHs 30HIUPYIOWIMX UMNYIbeoB f, = 12-16 xI'u). Ucnonb3oBaHue B peru-
CTpHpyIOLleil cHCTeMe aHamu3aTopa ObICTPONPOTEKAIOWUX MPOLECCOB
(ABII) no3Bonuno 3anucbiBaTh BpeMeHHYI0 ¢popmy COP u npoBOIuTh U3-
MEPEHHS C BLICOKMM IPOCTPaHCTBEHHbIM paspelreHueM. Coobwaercs o
PETHCTPALIHM PA3NUYHbIX NMPOCTPAHCTBEHHBIX HEOAHOPOAHOCTEH, CBA3aH-
HbIX ¢ BBIGPOCOM OCaJlOYHOTO MaTepHaja, H MX pacnpeelieHuid no npo-
CTPAHCTBY W IMyOuHe. YKa3aHHble HCCIEAOBAHUSA, K COXKANIEHUIO, HE COMPO-
BOXAAINCh COMYTCTBYIOIUMMH CYJOBbIMH M3MEDEHHAMH, YTO CYLIECTBEHHO
3aTPYAHUIO aHAJIU3 U HHTEPNPETALHIO MOJNyYEHHBIX PE3YIbTATOB.
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O6cTosATeNbHBIC HATYPHbIE MCCIENOBAHHUA MO OMNpPENENEHHIO ONTHYE-
CKHMX XapakKTEPHUCTHK MOPCKOH BOJbl, HX NPOCTPAaHCTBEHHOTO pacrpexene-
HHA U BEPTHKaJIbHBIX Npoduiel npoBeaeHbl aBCTPANMACKUMH ydeHbIMH [12,
36, 37]. dAna uccnenoBaHmii Ncnonb30BaH MOAMGHUMPOBaHHBINH GaTuMer-
puueckuii uaap WRELADS II (Weapons Research Establichment Laser
Airborne Depth Sounder). JInnap umen ciemyiomme TeEXHU4eCKHE XapaKTe-
PUCTUKH: Ao = 532 HM, Wo = 5 MJIX, INIMTENbHOCTb 30HANPYIOLIETO HMIYJIb-
ca Atos= 5 Hc, 2, = 3,2 x 103 M2, Q, = (1-40) Mpag, IMcKpeTHOCTb OLMGPOB-
KM 3XOCHTHana 2 He. JIng ycTpaHeHHs MMITYJIbCA OTPaXXEHUA OT MOBEPXHOCTH
BOJIbI 30HAMPYIOLLHIA JTa3epHblf MY4OK OTKIOHAJICA OT HanpaBJieHUs B HAIUP
Ha 15°. BeicoTa nonera npu npoBefeHUH U3MepeHnii cocrasisna H = 500 M.

Hcnonb3oBaHHbIE aBTOPaMH 3THX paboT JIMAApHbIE METObl ONpexese-
HHS ONTHYECKHX XapaKTepHUCTHK Boabl 6a3upyioTcs Ha ypaBHeHHH (4). Hns
ciyyas BOX C OXHODOOHLIMHM MO riny6uHe Z ONTHYECKMMH CBOWCTBAMH M
rnagxKoi NMOBEPXHOCTBIO €r0 MOXHO 3anucaTh B Buage [36, 38]

P (Z=ct/2) = B exp (-2k,Z),

rae B=(A4 Tzc,)/ (mH +2Z)* - napamerp obpaTHOro paccesHus, A — Io-
CTOSHHBINA KO3Q(PHLHEHT, BeJIMYMHA KOTOPOIO 3aBHCHT TOJBKO OT Xapak-
TepucTUK nupapa. IIpu crabunbHbix MapaMeTpax anmnapaTtypbl H BbICOTE
noJjera K03GGHULHEHT G, CBA3aH C NapaMeTpoM B JIHHeHOH 3aBHCHMOCTBIO.
3T0 maeT BO3MOXHOCTb MPH COOTBETCTBYIoLIel KaiubpoBke nHaapa Haxo-
JIMTh MO 3aperncTPUPOBaHHOI BelMuHHe B abcomoTHoe 3HaYeHue o, Jlna
OrnpeneNieHHs NMOJHOro MnoKa3aTens paccesHus o B [37] npeasioxkeH IBYXyr-
nosoii meroa. Kak ormeuanoch Belle, 41 3¢exkTHBHOro nokasartens oc-
nabeHus cnpaBeIMBO BbipaxeHue k; =k + o f (k, o, HQ,/ 2), rae f B 3aBu-
cumoctH oT HQ, / 2 menserca ot 1 no 0. ITo BpemenHo# 3aBucumoctH P(f),
3aperucTPHpPOBAHHON UIA ABYX 3HaueHHWi Q, — Manoro u 6onblioro, pac-
CYMTBIBAIOTCH COOTBETCTBYIOLIHE 3HaueHHs 3(PGEKTUBHOrO MoKa3aTens
ocnabnenns ks u k.. Bennuuna o onpeaenseTcs no HOMorpammas, nocTpo-
€HHbIM C HCMOJIb30BAHHEM pe3yJIbTATOB YMCIEHHbIX PACYETOB METOXOM
MoHre-Kapno [37-39]. PesynbTaThl HaTypHBIX 3KCIEPHMEHTOB, NPOBENEH-
HbIX ¢ Q, = 6 Mpax u 25 Mpag W COMPOBOXAABLIMXCA  CONYTCTBYIOIMHMH
CYJOBBbIMH U3MEPEHHUAMH, MOATBEPAUIN paboTOCNOCOGHOCTH METOAA.

B pa6ore [36] B pe3synbTaTe aHanu3a Gonbwioro o6beMa JaHHBIX Ha-
TYPHBIX UCCIIEAOBAHHI rOPH3OHTANILHOM MPOCTPAHCTBEHHOH H3MEHUYHBOCTH
B u k, BbINONMHEHHBIX B Pa3JIMYHbIX AKBATOPHAX C OQHOPOAHBIMH MO IIIyOH-
He BOJaMH M MpPHU J0CTaTOYHO GonblIOM Q,, TakK YTO K = K, MOKAa3aHO, 4TO
3TH BEJIMYMHBI MEHSIOTCHA COTJIACOBAHHO M JUIA HUX CMPABEAJIMBO MOJNYYEH-
Hoe paHee Juis aTMocdepHoro muaapa [40] cootHowenne B = C &, roe C -
NOCTOAHHBINA KO3()GHULHEHT, a BEIHUYHNHA NOKA3ATENS 1 OCTAETCA MOCTOSH-
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HOM NpH M3MEHEHMH B U k B LIMPOKUX Mpemenax Ui BOA ONHOrO THNA H
MeHAETCS TIpH Mepexofie K BogaM Apyroro tuna. Ipeanonoxus, 4To 3TO
COOTHOILUEHHE CIPaBEMIHBO TAKXKe JUISl Cllyyas BEPTHKaJIbHOW H3MEHYMBO-
CTH, a P He CIIULIKOM CHJIbHOM cTpaTHdHUKaLMHu n He 3aBUCHT OT Z, U3 (7)
MO’HO MOJIYYHTb CiiefyIoLlee BbipaxeHue s k (Z):

V4
k(Z)=f(Z)/[kL+(2/m) 5/(2')612'], Q)

m

rae f(Z) = exp {[P(Z) - P(Z,))Z}, Z,, — makcuMalnbHas riny6uHa, Ha KOTO-
poil 3aperHCTPHPOBAH IXOCHTHAI, a k,, — COOTBETCTBYIOILEE 3TOi raybune
3nauenue k. ®opma COP, 3aperucTpupoBaHHOro B CTPaTHOULMPOBAHHOM
no Z BoIe, ¥ paccUHTaHHbil ¢ ucnonszosanuem (7) npoduns k (Z) nokasa-
Hbl Ha puc. 1. IIpopuns, npuBeneHHbI Ha pUc. 1, 6 XOpoLLIO coriacyercs ¢
JNAHHBIMH CYHOBbIX W3MEPEHM, BHIMONHEHHbIX OAHOBPEMEHHO C JIMIAPHbI-
MH B TOM )€ TOYKE aKBATOPHHU.

AnroputM pacuera k(Z), ocHOBaHHbIi Ha cooTHomeHuH (7), He MOXeET
6bITb MPHMEHEH, ECIIM Ha Pa3HbIX ITyOHHAX PacroNOXKEHbl BOAbI Pa3THYHBIX
THMOB, U N cyiecTBeHHO 3aBUcHT OoT Z. IIpumep dopmbl COP, 3aperucrpu-
POBaHHOTO B paiioHe ¢ APKO BbipaKeHHOH ABYXCIIOHHOH CTPYKTypoi BOZ,
rie HWKHHUIA ClOH XapaKkTepH3yeTCa BbICOKHMH 3HAYCHUAMH G, MOKa3aH Ha
puc. 2. Pacuer k (Z) mns sToro cnyyas npoBecTd He yaaerca. OnHaxo noio-
XeHHe BepxHell IpaHHLbl NPUIOHHOTO CIIOA MOBLIIIEHHOH MYTHOCTH IO
¢dopme COP onpenensercs uerko. OnpenenenHas Takum oOpasom rirybuHa
3aJIeraHus CJI0OA COOTBETCTBYET JAHHbLIM COMYTCTBYIOIMX CYROBbIX H3MEPEHHIA.

ObdexTHBHOCTb HUCTIONB30BAHUA ABHALMOHHOIO JIMAApa JUIA PErHCT-
PalUH MOJIOKEHUA MOAMOBEPXHOCTHBIX CBETOPACCEHMBAIOLIMX CIIOEB U MO-
CTPOEHNA IBYMEPHBIX MPOCTPAHCTBEHHLIX pacnpeneneHHil UX XapakTepH-
CTHK Ha MPOTAXEHHBIX TPaccax, kak B memsGoBofi 30He, TaK U B OTKPBITHIX
paiioHax OKeaHa C OTHOCHUTENbHO ciaboif BepTuranbHO#i crpaTudukauuei,
HarJIsAHO MPOAEMOHCTpUpoBaHa B paborte corpyanmkos BamnoncoBckoro
netHoro tientpa HACA [13]. HatypHsie uccneopanus Gbuiu nposeneHst ¢
HCMONb30BaHHEM CHeLHaNbHO MoxuduuuposanHoro mumapa AOL (Air-
borne Oceanographic Lidar), o6ecneunsatomero perucrpauuio ¢gopmsl COP
C BEICOKUM BpeMeHHbIM paspewetinem. AOL uMen caexyroniue TeXHHIECKHE
XapaKTEPUCTHKH: Ao = 532 uM, Wo = 300 mIIx, Atos= S He, X, = 9 x 102 M2,
Q, = 8 mMpaz, auckperroctb ouudporku COP 1kc. Hsin nonasinenus usmy-
“eHUs, OTPAXKEHHOTO OT MOBEPXHOCTH BOJbI, ONTHYECKAA OCh CHCTEMBI OT-
KJIOHANACh OT HalpAaBNeHNs B HAMHD Ha 7°, a B HpHeMHON ontuyeckoii cuc-
TeMe YCTaHaBIMBAJICA CACHUANBHO M3rOTOBJICHABI MPOCTPAHCTBEHHBIH
¢unbtp. A3MepeHus mpoBoaUIHCH B TEMHOE Bpems cyTok mpu H = 150 m.
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Pnc. 1. ®opma COP, 3aperucrpuposannoro migapoM WRELADS B neomso-
PouHBIX O ry6HuHe Boax (@), ¥ paccanTaHHbI NO Hell npoduns ddexTuBHO-
ro nokasarens ocnabienus k(Z) (6) [12]
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Tpacca nonera, npone-
- - raiomas ot Gepera no
OTKPbITBIX paiioHOB
- OoKeaHa, 3axBaThiBaja
npuOpexHbie wwenbpo-
Bble BOIbI, BOAbI KOH-
THHEHTAJILHOI'O CKJIOHA
W [po3payHbie OAHO-
pomHbie Boabi Caprac-
| coBa Mop#4.
- - s o6paboTku
-4 COP 6bua wucnons3o-
BaHa pa3BUTas paHee
0 10 20 A GaTHMETPHYECKHX
I'ny6una, M U3MEpeHHi TeXHHKa
"BpiyMTaHUs 6a3oBOro
Puc. 2. ®opma COP, 3apeructpuposauHoro mapor CHrnana’. Ilo nanHeiM
WRELADS 8 Bomax ¢ pe3ko BbipaXeHHOi# aByxcnoii- H3MEDEHHH B BOJaxX ¢
HO# CTpYKTYpOii [12] IKCTPEMAIIBHO HHU3KOH
KOHLIeHTpauyed THiapo-
3054 (B JaHHOM ciydae B Bogax CapraccoBa MOps) CO3a€TCA KOMIbIOTED-
Has CNpaBoyYHas MaTpuyHada Tabiuua, comepxamas HWHpopmauuio o op-
max COP mna HaOopa 3HaYeHHH aMIUTHTYA B KJIIOYEBOM KaHaje (T. €. B 3a-
JaHHBIH MOMEHT BpPEMEHM !, OTCYMTBIBAEMOTO OT Hayaja 3XOCHrHaMNa).
[TonoxeHue KIIOYEBOro KaHajia BbIOHpaeTCs Ha Hawane cCnafa Tak, YTOOb
rapaHTHPOBaTh B MOMEHT BPEMEHM !, OTCYTCTBHE BKNaJa OTPAXKEHHA OT
noBepxHocTH. [Tpu nposenenun o6paborkn COP, 3aperucTpupoBaHHOro B
BoJax ¢ 6omnee BbICOKUM TMAPO3ONbHLIM PACCESHHEM, BO 3HAUEHHIO aMILTH-
TY/Ibl B KI}OYEBOM KkaHajie B CIPaBO4HOH TabiMue BbIOHpAeTCs COOTBETCT-
BYIOWUHMI "6a30Bblil CUTHANI YHCTOH BOABI", KOTODbIH 3aTEM BLIYUTAETCA U3
koHkpetHoro COP. ®opMy OCTaTOYHOro WMIYJbCA, MOJIYYEHHOrO B pe-
3yIbTaTe 37O NPOLERYPhi, B MEPBOM NMPUOIMXEHHH MOXHO MHTEPHpPETH-
poBaTh KakK pacnpeneieHHe o Z ruapo30ibHOM COCTAaBIAOLIEH moKa3aTens
obpaTHOTo paccesHHs MOPCKOH BOLbI, KOTOPOE OTPaXKaeT pacnpeneneHue
KOHLEHTpaUu# B BOJe B3BeLIEHHLIX YacTul. KpoMme Toro, npouenypa BbluM-
TaHUA CHWXAET BIHAHHE Ha IONYYEHHOE pacrpeAelieHHe WMIYJIbCHOM
(QYHKLHMH W3MEPHTENBHOH anmapaTyphbl, CYIIeCTBEHHO MOBLILIAA MPOCTPaH-
CTBEHHOE pa3pelleHHe 1o riaybuHe.

Haubosee sipkue pe3ynbTaThl 6bUIM MOJTyYeHbl B 00MacTH NMpubpexHo-
ro MeIKOBOJHOIO IleNb(a, XapaKTEPHU3YIOIWErOCi. HANHYHUEM MOUIHOTO
NPHAOHHOTO CBETOPACCEHMBAIOLIETO CIIOA, 06Pa30BAaHHOT'O BLIHOCOM TEPPH-
redHbix yactiu. Ha puc. 3 moxasaHa TUNHYHaA IS 3TOTO yYacTKa TPAcChl
¢opma COP ¢ umnyiabcaMu, OTPaXKEHHBIMH OT CBETOPACCEHBAIOILErO CIOS
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H OT mHa. [IByMepHOE MPOCTPAHCTBEHHOE PACMpendeieHHe TMIPO3OIbHOI
COCTaBINAIOLIEH MOKa3aTeNs oBpaTHOrO paccesHHs, MOCTPOEHHOE MO NaH-
HBIM JTMAAPHBIX M3MEPEHHH MAA PACMONIOXKEHHOro B 30HE MPHOPEXHOro
wenbpa yyacTka MPOTHKEHHOCThIO 3,6 KM, Moka3aHo Ha puc. 4. Hannumne
4eTKO 3a(MKCHPOBAHHOIO C MOMOIIBIO JHAAPHBIX H3MEPEHHH NOMINOBEpX-
HOCTHOrO wufeHipa MOBLILIEHHOW MYTHOCTH TOXTBEPXIACHO NaHHBIMH CO-
MYTCTBYIOWMX CYXOBbIX H3MEPEHHI Ha OTHENBHBIX CTAHLHMAX BAOTH TPACCHI
noJyera.
§' [l

«~ IloBepxHOCTB
§- -~ IHo
PacceuBarowmit
§‘ cno#
A Y
3
(]
8-
c T L] T T
0 5 10 15 20

I'nyGuna, M.

Puc. 3. Tunuunaa ¢opma COP, 3apeructpupoBartoro muaapom ACL B Bomax 30HbI
MeJIKOBOMHOro MpubpexxHoro wenbda, xapakrepusyloueiics HaIMYUEM MOUIHOIO CIIOS
nosbimeRHON MyTHOCTH [13]

Puc. 4. ToTHOCTHas AuarpaMma MPOCTPAHCTBEHHOTO pacnpefeleHus nokasatens o6-
paTHOro paccesiHus Ha y4acTKe TPacchl MOJIETa, PAcHoIOKEeHHOM B 30He NpHOpexHOro
MeJIKOBOAHOro wenbda. [To BepTHKaM OTIOKEHa rny6HHa, N0 FOPH3OHTAIH — PACCTONA-
HHe BIOML Tpacchl moneta. Bonee cBeTnble yyacTku muarpaMMbl COOTBETCTBYIOT Goree
BbICOKHM 3HAYEHUAM [0Ka3aTels o6paTHoro paccesuus [13]
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Ha aHanorHyHbiX NPOCTPAHCTBEHHBIX PACHpPEACNEHHAX MOKA3ATENs
ob6paTHOro paccesHHs, MOCTPOEHHbIX A 6omee riTy6OKOBOAHBIX YYaCTKOB
B 30He KOHTHHEHTAJIILHOTO CKIIOHA, TaKXe NPOABHIIMCh CYLIECTBEHHO Gonee
ciabble MOONOBEPXHOCTHbIE CBETOPACCEHBAIOLIHE CIOH, O6YCIOBIICHHbIE
NOBBIIIEHHOH KOHL{eHTpaLueH GUTOIIAHKTOHA.

PesynbTaThl paboTh! [13] HOCAT OTYaCTH KaueCTBEHHbIH XapakTep, No-
CKOJIBKY TOYHbI€ 3HAYECHUA ONTHYECKHX XapaKTEPHUCTHK BOIbI HE ONMpe/es-
JIMCh, TEM He MEHEE OHM HATJAHO MOKa3allM, YTO aBHALMOHHbBIC IMAAPHbIE
METOIbl NMPERXOCTABIAIOT OTPOMHBIE BO3MOXHOCTH A W3YYEHHS MOZNO-
BEPXHOCTHbIX CIIOEB B OKEaHe.

B vemoM pajge NMAApHBIX IKCNIEPUMEHTOB (Hanpumep, [12, 13, 34-36])
B MOINOBEPXHOCTHBIX PacCEUBAIOLIMX CIOAX M NPH MpoJieTe Haj obracTaMu
NOBLILIEHHOH MYTHOCTH 6bLIO 3aperKCTPUPOBAHO AHOMANbHOE BO3pacTa-
HUe BelIHYMHBI NapaMeTpa 06paTHOro paccesHus B, NuHeHHO CBA3aHHOTIO C
Gy, KOTOPOE HE COMPOBOXAANIOCh COOTBETCTBYIOILIUM POCTOM 3¢peKTHBHOrO
nokasatens ocnabnenus k;, 6xuskoro no BenMumHe K k. Takoe Bo3pacranue
B, kak npaBUIO, KOJMYECTREHHO HE COTJIACYETCHA C Pe3ylbTaTaMH COMyTCT-
BYIOIMX CYNOBBIX H3MEpeHMit ¥, kak oTMmeueHo B [41, 42], npoTuBOpeuUT
XapaKTepy KOPPEJIALUOHHBIX CBA3el ONTHYECKMX XapaKTEPHCTHK OKeaH-
CKMX BOJ, HaliIeHHbIX pa3iIMYHBIMH ABTOPAMHU 3IMITUPHYECKH.

B HacTosluee Bpems HET YHOBIETBOPDHTENHHOTO W NOATBEPKIAECHHOIO
3IKCIMEPHMEHTANIbHO OOBACHEHNA ITOMY ABJICHHIO, XOTA W NPEIJIOKEHbI pa3-
JIMYHBbIE MOJENH KauyeCTBEHHOro XapakTepa. B uactHocTH, aBTopamu [41,
42] chopmynupoBaHa TaKk Ha3biBaeMas ABYXKOMIOHEHTHAas MOJENb 9XOCHT-
Haja, B KOTOpOii NpeAnonaraercs, YTo aHOMaJbHOe YBEIHYeHHE 0OpaTHOro
paccesHus B BOAAX C MOBBIIIEHHOH MYTHOCTbIO CBA3aHO C OCOOBIMH CBOWCT-
BaMH 4acTHL, 06pa3yloiuX NOATIOBEPXHOCTHBIH CIIOH H HMEIOLIMX CHIbHYIO
aHH3OTPOIHIO paccesHHA B HanNpaBlieHWH Ha3zaid. B HemasHeil pabote [43]
NpH U3MEPEHHUsX in situ Gbin 0OHapyXeH y3Kuii MUK B HHANKATpPHCE pacces-
HUA NOX yrioMm, 6nuskum k 180°, yto kak GYATO MOATBEPKAAET CNIPaBEMIH-
BOCTb 3TOro mpepnonoxenus. C apyroif cTopoHsl, 06bACHEHHE TaKo#i aHu-
30TPONHM MOXHO JaTh, H He npusiiekas coobpaxeHuii 06 ocobbix cBOiCT-
Bax yacTii. Bo3MOXHO, 4TO MK B YIJIOBO# 32BUCHMOCTH TMOKa3aTeNs pac-
cesHnd npu 6 = 180° moxer 6biTh 06ycioBneH apdextom YOP [25], koTO-
Pblif, B CBOIO OY€pesib, MOXET NPOSBUTbCA M NPHU JIMAAPHBIX H3IMEPEHUAX C
HCIIONb30BAaHHEM COBMELIEHHOH ONTHYEeCKON CHCTEMbl, HO JMIIb JUIS He-
6osbiinx rIy6HH, HA KOTOPbIX BENHKA JOJIA ONHOKPATHO PacCEsHHOTO CBETA.

‘MoaTomy 3dpdexT aHOMaNBbHOrO BO3pacTaHUs OGpPaTHOrO paccesHus
MOXET NMPOABMTHCA TOJLKO Ha OTHOCHMTENBHO MalbiX riyOMHax, rae BKIak
ONHOKDPAaTHO pacCesHHOrc cBeTa, ObICTPO yMeHblualowuiica ¢ poctom Z,
ele cywiecTBeH. B 4acTHOCTH, YHCIIEHHbIE OLIEHKH, BLINOMHEHHbIE METOIOM
Motnre-Kapio [44], noka3bIBaioT, YTO NpH HavajdbHOM YrIOBO# pacxoauMo-
CTH 30HIUpYyIowero nyyka ~10' Bknax HepaccesHHO# cocTaBiaouleil Ha ocH
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ApAMOro My4Yka 3aMeTeH A0 ONTHYECKUX TNyOuH T = €Z =~ 8-10. CooTBeTCT-
BEHHO, B PEKHME 30HIHPOBAHHSA BKJAJ OJHOKPATHOTO PACCEAHHMA MOXKET
ArpaTh 3aMETHYIO poib A0 T =~ 4-5. Ha 6onbumx rny6uHax a¢dekTHBHOCTD
JMJAPHBIX METONOB PErMCTPAaLHH MOJOXEHHS NOANOBEPXHOCTHBLIX CBETO-
pacceMBaloluX cnoeB no gopme P(f) Ha Ao nagaer. Kak orMeuanoch Bbilue,
H3 TEOPMH M Pe3yJNbTaTOB YHCIEHHbIX pacyeroB [31, 38] cmenyer, uto npn
OnpeneNeHHOM COOTHOLIEHHH ., H u t MOXHO cuuTaTh k; = oy. [lna ciy-
yas OXHOPOAHBIX NO IIIy6HHE BOA 3TO GbLIIO MOATBEPKIEHO Pe3yNnbTaTaMH
HATYPHBIX M3MepeHUii B OTHOCHTENLHO MYTHBIX Bogax YepHoro u Bantuii-
ckoro Mopeii [45, 46].

ABHaUMOHHBIA UMMNYJbCHBIA JIMAAPHBIA METOJ MO3BOJAET ONMPEACNATD
TaKXKe BepTHKaNbHble Npoduiu oy (Z) B HEOQHOPOAHbIX NO ITyOHHE BoJax.
B o61ueM ciyuae, xorga oT Z 3aBHCAT Kak K (Z), Tak H o, (Z), 3 (4) cnegyer

oo
b@)=3 -2 |- kay- L 22 o)

Bo MHOTHMX CTy4astx I BOA OTKPbITOrO OK€aHa MOXHO CUYHTaTb do,/ dZ = 0
H, CJIEOBATENbHO,

k (Z) ~ -dinP2dZ = k(Z). (10)

Bo3MOXHOCTb NOJIy4eHHs BEPTHKANbHBIX npoduneit ol (Z) npomeMoH-
ctpupoBaHa B [47, 48]. Ucnonb3oBaH aBuauuoHHbIi mumpap OWL (Ocean
Water Lidar), cosnannblii B JJabopaTopuu npuxnaaHoi Gpu3uku YHHUBepCH-
tera JIx. Xonkuuca (CILIA). F3MepeHns nNpoBOOUIHCh B NPO3pPayHbIX BO-
Hax OTKPBITHIX palioHOB OkeaHa BOGM3M ["aBaiickux octpoBoB u B Caprac-
COBOM MODE B TEMHO€ BpeMs CyTOK. BaxkHas ocobeHHOCTb 3THX paboTt —
UCMOJIb30BaHHE 30HAMPYIOIUX MMNYIbCOB C JUIMHOH BOMHBI Ao = 480 HM,
I8 KOTOpO#t ocnabiieHne B MPO3PayHbIX OKEAHCKHX BOAAX MHHHUMANbHOQ.
Bce 3TO MO3BONMIIO 3aperHCTPHpPOBaTh BEPTHKANbHbIE MpPOoQHIH 0 (Z)
Ho BecbMa Gombiunx rybuH Z ~ 120-140 M. JIupapHbie H3MEpEHHS COMPO-
BOXAAJTUCh CHHXPOHHBIMH CONYTCTBYIOIIMMH CyIOBbIMH H3MEPEHUIMH €(Z),
k(Z), o(Z), a Taxoke u3MepeHUAMH 0.} (Z), BHINONHABLIMMHCH JHEM.

ITpumep npoduns k(Z), nocTpoeHHOro No JaHHLIM JIMAAPHLIX H3MEpe-
Huii B CapraccoBom Mope 6e3 yyera mpOCTpPaHCTBEHHOTO IpafiMeHTa G,(Z)
H COOTBETCTBYIOLIEro Npoduia oy (Z) nokasaH Ha puc. 5. @opmbl npoduei
AoCcTaTO4HO Xopouo coBnanaioT. Ha puc. 5 HaHeceHa Takxke KpHBas
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JdbdexraBunit noxasarens ocnabnenus kél),l/u Puc. 5. BepruxaibHbiii npoguns
0.0t 002 0.03 004 0.05 "0.06 a¢pekTHBHOrO nokasarens ocnab-
) ' ) ' o nenust k(Z) ans Ao = 480 HM, pac-

or CUMTAHHBIA NO JaHHBIM JTHAAPHLIX
H3mepenuit (xpuas ), npoduas
20F ay(Z) ana Ao = 488 uM, nonyueu-

Hbli NMPH NPOBEICHHH COMYTCT-
BYIOIIMX CYROBBIX H3MEPEHHH B
Toil *e Touke (xpuBast 2) W mo-
CTPOEHHbIH MO MAHHBIM CYAOBBIX

H3MEpEHHH NpoQwIs  QYHKUMH

-——

£

Cny6usaZ, M
3

(@)-{[1/20,(2))[Cox(Z)0Z]}
(xpuBas 3) (41]
80}
100+
120t

a(2) - [0'«(2)/204(Z)] (cruroIHaS TIMHKA), KOTOPaA MPAKTHYECKH COBMANAET C
0y(Z). MocneaHee 0GCTOATENBCTBO NOATBEPXKAAET MPABOMEPHOCTb HCMOIB30-
BaHHA B JaHHOM ciTy4yae cooTHouieHHs (10).

IIpuMeHeHHe METOROB AUCTAHUHOHHOW
KHHETHYECKOH JTa3epHO# CrIEKTPOCKONHHU

Metonpl AUCTaHUMOHHON Ta3e€pPHON CIEKTPOCKOMHH, MO3BOJIAIOILKE OMNpe-
[eNATh KOHLUEHTPALUMIO PACTBOPEHHBIX M B3BEIIEHHBIX B MOPCKOH BOJE
(UTyOpECLHPYIOIIMX BEIECTB H HCCIIEAOBATh HX TOPH3OHTANIbHOE MPOCTPaH-
CTBEHHOE pacrpeneneHye, K HacTOALIEMY BPEMEHH MONYYMIH HOCTATOYHO
WHpoKoe pacnpocrpaHeHHe. ONHAKO BO BCeX W3BECTHBIX PIyOpECUEHTHBIX
JMJapax PErMCTPUPYIOTCA TONbKO WHTErpalbHble MO BPEMEHH CIEKTPalib-
Hble XxapakTepuctuky COP, Hecyue HHPOPMALIHIO, YCPEAHEHHYIO MO BEPX-
HeMy MOANOBEPXHOCTHOMY CJIOI0 BOmbI. B jHTepaType HeOMHOKPATHO yka-
3bIBANIOCh Ha LeNnecooGpa3sHOCTb BBENEHHWd BPEMEHHOHW Da3BEpPTKH CIiek-
TpansHoro COP ¢ uenbio onpeneneHus BEPTHKAIbLHbIX MpodiIeld KOHIEH-
Tpauun QIyopecUMPYIOINX TPHMECEii, B NepBYI0 ouependb (uyopecuupyio-
IIHX MHTMEHTOB (PHUTOIUIAaHKTOHA.

ITpuHUMNMaNbLHAas BO3MOXHOCTD pelleHHs 3TOH 3aJauy nokasaHa B pa-
6oTax [49, 50], rae Ha OCHOBe pelLIEHHs HECTALMOHAPHOTO ypaBHEHHS MEPeHO-
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Ca ¥ Pe3yNbTATOB YUCIICHHBIX PACYETOB HAHIEH ANTOPHTM OMNpeENeHHs Bep-
THKaJIbHQIO NPOQUIA KOHUEHTpauuH ¢iryopecumpyiomux yactuu n{Z) no
BPEMEHHO# 3aBHCMMOCTH (utyopecueHTHOro napamerpa ®o(z,A). l'Iapame’rp
@o(t,\,) paBen oTHowleHHIo MolHocTH COP Ha [uTHHE BONHBI (TyopecueHLMH
A, k MowHocTH COP Ha [IHHE BONHbI KOMOMHALMOHHOTO PacCesHHs BOMbI
Acp: @o(t,A) = P(1, A)/P(I, Axp). ANTOPHTM, YUMTHLIBAIOWIHH BHI (GyHKLMM
BPEMEHHOTO OTKJIMKA (IyopecueHMH B HMYJIbCHOX (GYHKLUMH H3MEpHTEIb-
HOIi CHCTEMBI, 103BOJIAET BOCCTAHABIINBATb PeaibHbIA npodums n,(Z).

MouenbHblii 3KCIEPUMEHT IS NMPOBEPKH Pa3pabOTaHHOTO ajlropuTMa
6b11 MPOBE/IGH B rugpobacceitne MI'Y. Bbut HCONb30BaH JIa3epHbIii H3MEpH-
TenbHblil kKommeke (Ao = 532 HM, Po = 1| MBT, Atos = 7 Hc, IMHAMUYECKHi
QMana3oH npueuuo-pemnpupynomeu CHCTeMbI 6 MOPAAKOB, MIMTENLHOCTR
MMNYIbCHOH (QYHKUMH MPHEMHOH CHCTeMbl 2,5 Hc), oGecneuvBaBlumii mpo-
CTpaHCTBEHHOE pa3pelueHne ~ | M. Fi3mepeHns Gbinn npoBefeHbl 10 paccTos-
Hui 10-12 M gns cyyaeB OXHOPOAHOTO M HEOAHOPOHOTO PAaCTpeneieHHs
¢uryopecunpyromux npuMeceii. Xopollee coBnaaeHHe TEOPETUUECKHUX M IKCIIe-
PHMEHTANILHBIX PE3YJIbTATOB MOATBEPAWIO paboTocnocoGHOCTL pa3paboTaH-
HOTO aNropuTMa H BO3MOXXHOCTb JMUCTAHLIMOHHOrO OMNpEZeNIeHHs NOJIOKEHUA U
TOJILMHBI CIIOEB C MOBBIILIEHHOH KOHLEHTpALHeii (ITyopecLMpPYIOLLMX YaCTHIL,

OcHOBHast TPYAHOCTb NPAKTHYECKOH peanu3ald¥ METONOB IMUCTaH-
LIMOHHOH KMHETHYECKOH J1a3epHOH CMNEKTPOCKONMH CBA3aHA C CHIIbHBIM
ocnabieHneM NpH pacnpoCTPaHEHHH B MOPCKO#M BOJE CHTHAJIOB Ha IUTMHAX
BOJH (JIyOpeCHEHUMH NMIMEHTOB (UTOMIAHKTOHA, PACMONIOKEHHLIX B
KpacHo#H o6JyacTH crekTpa, rie NOrloLieHHe CBETa MOPCKOi BOJOMH BENHKO.
JlocTHXEHHE MHTEPECHbIX U MPAaKTHKU IMyOHH 30HAMPOBAHMA, HA KOTO-
pbiIX B OKEaHE PAacHONIOXEHbl CIOH NOBLIEHHOH KOHLEHTpauuu ¢uto-
riaHktoHa (10-20 M u 6onee), TpebyeT OueHb BLICOKOTO IHEPreTHUECKOrO
NOTeHUMaNa JUAZPA, TPYAHO PEANM3yeMOro NpH NpPOBENEHHH HATYPHbIX
u3MepeHuil ¢ aBuaHocuTens. FIMEHHO 3THM, MO-BUAMMOMY, OOBACHAETCH
OTCYTCTBHE HATYPHBIX HccefoBaHui kuHeTHkH COP Ha A,

Peructpauus popmer COP Ha Axp OCylLHECTBIANACH JIPH NMPOBEACHHH
HaTYPHbIX HCCIIENOBaHHH B ATIAHTHKE C HCNONb30BaHHEM OHHON M3 MOJH-
¢ukaunit numapa AOL [S51]. B kauecTBe renepaTopa 30HAMPYIOLIMX HM-
nynbCcoB 6bUT HCMONL30BAH a30THbIA Jasep (Ao = 337,]1 um, Po = 100 kBT,
Atos = 8 Hc, f, = 500 I'). ®opma COP Ha Axp = 381 HM perucrpupoBanach
C BPEMEHHDBIM pa3pelleHHeM ~ 2 HC. 3aMETHM, YTO OTCYTCTBHE OTpPaXXeHHH
OT NOBEPXHOCTH Ha Axp ympoluaer 3agauy perucrpauun COP u nossonser
aHANH3NPOBaTL €ro GopMy ¢ MEPBOro MOMEHTa, He OTOpAchIBad HCKaKeH-
Hbif MOBEPXHOCTHLIM OTPaXKCHHEM HawaibHbifi yyacTok. Ilpu H = 150 M
COP Ha A = Axp ObIN 3aperuCTPHPOBaH A0 TIIYOHHBI Z ~ 7-8 M B YHCTBIX
BOJaX M 10 Z = 3—-4 M B MyTHbIX NpuOGpexHbIX Boaax. Hcnonb3ys HaiimeH-
HYIO TEOPETHYECKH CBS3b BEIHYHHBI U NMOJIOKEeHHA Makcumyma COP ¢ noka-
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3aTeNieM OCNablieHHsa cBeTa MOPCKON BOMO#, NO AaHHBIM JHAAPHBIX H3Me-
PEHHii yaanoCch MOCTPOHTb FOPU3OHTANbHOE NMPOCTPAHCTBEHHOE pacnpere-
JieHHe MNoKa3aTeNs ocnabieHHs B NPUNOBEPXHOCTHOM CJIO€ BOAbI TOJILH-
HOit ~ 2,5-3 M ¢ BBICOKMM MpPOCTPaHCTBEHHbIM pa3peiueHueM (< 100 m).
.BepTukanbHble MPOPHIH XapaKTEPUCTHK BOAbI PH ITOM He ONPEAEIIHCD.

HccnenoBaHus ¢ NoJIApH3aLMOHHbIMH JIMAapaMH

BpeMmeHHas 3aBHCHMOCTb cocTosiHusa nonspusauuu COP onpenensercs Bep-
THKQJIbHBIM pacnpefeleHHeM ONTHYECKHX XapaKkTepucTHK Boabl. UHpopma-
THBHOCTb JIMAAPHBIX MONAPU3ALHOHHbIX H3IMEPEHHIl OKa3aHa B TeOpeTHYE-
ckux paborax [30, 31], rae Ha ocHOBe pelleHUss BEKTOPHOTO YpaBHEHHUS Ie-
PEHOCa M3JIyYEHHA B'MAJIOYTJIOBOM MPHUOIHXKEHHU HalIeHbl aHATMTHYECKHE
BbIpaXKeHHs, CBA3bIBaIolue creneHb nonspusauuu COP p(f).c pacnpenerne-
HHEM ONMTHYECKHX XapaKTepHCTUK no Z, a Takxke B pabote [54], B koTopoii
NnyTeM YHCJIEHHOTO MoHendpoBaHus MeronoM MonTte-Kapno npu pasnuy-
HbIX MPEANOIIOKEHHAX O XapaKTepe pacnpenesieHHs ONTHYECKHX CBOWCTB MO
Z nonydeHbl HEKOTOpbIE THMbI CBA3M OcCoDOeHHOCTeH p(f) ¢ mapamerpamu
CTpaTHUKALHH.

OxcnepuMeHTaNbHble H3MepeHHA 3aBucHMocTH p(f) COP c 6opTa aBHa-
Hocuteleil GbUTH BBIMOJHEHBI C MOMOLIBIO ABHALIHOHHOTO MOJAPH3ALHOH-
Horo suaapa (ATLT) MO PAH (14, 51, 52] u 6opToBoro miaapa “Maxpenb”
HOA CO PAH (53, 54] B pa3nMyHbIX aKkBaTOPHAX MHPOBOrO OKeaHa.
B u3MepeHHsx, BLINOJIHEHHBIX ¢ camosiera B bapeHiieBoM Mope ¢ HCNOJIb30-
BaHHeM JHIapa “Makpenb”, 3aperHCTPHPOBaHbl BLICOKHE 3HaYEHUs CTerne-
Hu aenonspusaunu 8(f) = 1 - p(r) COP (> 40-50%) npu Z ~ 10-20 m, a Tak-
e HEeMOHOTOHHOCTb Xoza (), B YaCTHOCTH yMeHblueHHe 8(f) OT BecbMa
BbICOKUX 3Ha4yeHH# Ha HayanbHOM yuactke COP. K coxanenuio, 3T uzme-
PEHHsl He COMPOBOXIANHCH MOTHOUEHHbIMH CONMYTCTBYIOWIUMHU CYAOBBIMH
W3MEPEHHUAMH ONTHYECKHX XAPaKTEPUCTHK BOMAbI, UTO 3ATPYAHAET aHAIM3
nony4yeHHbIX pe3ynbTaToB. OTMETHM TOJIbKO, YTO BHICOKHE 3HauYeHHs 5(¢) B
HayasibHble MOMEHTbl BpPEMEHH MOTYT ObITb CBS3aHbl C BIUAHHEM BOJIHEHHS
(u3MepeHHs NPOBOAHIIHCH MIPH BOJIHEHMHU ~ 5 6aJUIOB), HaNpHUMEP € HAJIMYM-
€M My3bIpbKOB B IPHIIOBEPXHOCTHOM CJIO€ BOJbI.

Pe3ynbTathl HaTYpHBIX HcclenoBaHuit ¢ numapoM AILJl paccmMoTpuMm
6onee noapobHO.

Kak 6bu10 yka3aHo B NMpeablayllieM pasziesne, NPH ONpeneieHHbIX Npej-
MOJIOXKEHHAX MO P(f) MOXKHO BOCCTAHOBHTb BEPTHKaNbHLI npoduis o(Z).
OTMETHM HECKOJIbKO BaXKHBIX OCOOEHHOCTE! IMAaPHOro MONAPU3ALHOHHO-
ro MeToJa onpeneyieHHs 6(Z), OCHOBaHHOTO Ha cooTHoweHuH (6). ITonspu-
3aLtHOHHBIH METOJ MO3BOJISET ONpEAENATh pacipefie/iecHHe No riayouHe non-
HOTO Moka3saTens pacceaHus o(Z), B TO BpeMsa KaK 0CO6eHHOCTH BpeMEHHOIii
3aBucuMocti P(f) COP 3aBHCAT B OCHOBHOM OT HEOJHOPONHOCTEX BepTH-
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KaJIbHOTo pacnpenelieHus noxasatens obpaTHoro paccesHus ox(Z). Pesyin-
TaTbl HATYPHBIX M3MepeHHii [56] nokasbiBatoT, uTo cTpaTHduKauui o(Z) B
OKEaHe BbIpaXXeHa HAMHOTO OTYETJIMBeEE, YeM CTpaTHHKaLKA G(Z). B me-
TOJe HE UCMIONb3YETCH anpHOpHas HHPOPMaLMA O BEPTHKAILHOM pacmnpele-
aeHun «(Z) u o(Z). Onpenenenue npoduns o(Z) He Tpebyer npoBemeHHA
H3MepeHHi abCcoMOTHBIX 3HaveHuit P(7). Ho wia nosyyeHus aGCOMIOTHBIX
3HayeHHi o(Z) Heo6XOAUMO NMpPOBENEHHE COOTBETCTBYIOLIEH KamHGpoOBKH.
Bennuuna o(Z), onpenensemas 1no cooTHoweHuio (6), He 3aBUCUT OT yria
nons 3peHus GporonpueMHuka €, B JOCTATOYHO LUMPOKOM JHUANa3oHe 3Ha-
ueHuid. YnucneHHble oueHkH [31] nokasanu, yTo npu paGoTte ¢ aBHaHOCHTENA
BIIOJIHE JOCTATOYHBIM ABJIAETCA YCiIOBHE 2,2 1°.

HatypHble HccneaoBaHUS BO3MOXHOCTEH MONSAPH3ALUOHHOIO METOAA
6bu1H BbIMonHeHb! ¢ nuaapoM AILJT B Bogax ¢ pasnMyHbIMH ONTHYECKHMH
XapaKTepUCTHKaAMM M pa3iMYHBIMU THNMamMM ctpatudukauuu. IlepBolit Ba-
puanT AILI [14, 52, 53] uMen cneayromue TEXHHHYECKHE XapaKTEPUCTHKH:
M= 539,5uM, Wo = 45 Mk, Atos = 5 Huc, f, = 17 Tu, Qo = 0,7 mpag,
2,=6x 102 M2, Q, = 2,4°. 3oHaupylowMii UMMYJNIbC GbiN NHHEHHO MONAPH-
3o0BaH. [IpuemHas cucremMa obecneunBana PerdcTpauUuIo ABYX KOMMOHEHT
COP - Py/(r) c nonapusauueil napaunensHod ucxomHo#t u P,(f) ¢ oproro-
HalbHO# nonspusauueil. g pasaesneHus CBETOBOTO MOTOKa HA KOMMOHEH-
Thl C B3aHMHO OPTOrOHAJIbHBLIMM MNONAPH3ALMAMH HCNONb30BaHa CTONA
CroneroBa. OnTHueckas cucreMa obecrieynBaiia NMOMAPH3ALMOHHBIA KOH-
tpact K, ~ 102. Perucrpauus ¢opmbi COP ocymecTBianach crpo6ockonu-
YECKHM METOJOM. DTO JAJI0 BO3MOXXHOCTb BBECTH BPEMEHHYIO PETYJIHPOBKY
YYBCTBUTENLHOCTH (OoTONpPHUEMHOI cucTeMbl M perucTpupoBath COP B au-
HaMH4yecKOM Juamna3zoHe ~ 5 x 102, MuHHMalbHOE BpEMS PErHCTPaLHUH
dopmbt ogoro COP cocrasnso ¢,= 2 c.

HatypHble uccienoBaHua ObuUIM NpoBeNEeHbI B MYTHBIX MPHOPEKHDBIX
Bogax UepHoro Mops [14, 52, 53]. JIupap AIlJI ycranaBnuBajyics Ha 60pT
Bepronera MU-8. U3mepenns npoBoanKch npu BoicoTe noiuera H = 300 m.
ConyTcTByIolHE CYXOBbIe H3MEPEHHS 3aPUKCHPOBANIH B pailoHe H3IMEpeHHi
IOBYXCIOAHYIO CTPYKTYDPY BOJ, C 3aMyTHEHHBIM NPHIIOBEPXHOCTHBIM CIIOEM
(e = 1,1- 1,2 m*!). BonHenre Bo BpeMa u3MepeHuii He npesbitano 1 6asnna.

IIpumep paccYMTaHHOTO NO AAHHLIM JIMAAPHbIX U3MEPEHHI C HCTIONb-
3oBaHHEM COOTHOWIEHHA (6) mpoduns o(Z) B CpaBHEHHH C W3MEPEHHLIM
norpyxaembiM npubopom npodunem €(Z) npuseneH Ha puc. 6. ITockoabky
Ans Box YepHoro mopa o =~ 0,8 €, a H3MEHYHBOCTb K B 3aBUCHMOCTH OT Z
s A = 532 HM cyuiecTBeHHO Oonee ciiabas, ueM H3IMEHYHBOCTb o(Z), CTpa-
THuKauus €(Z) onpeaenseTca B OCHOBHOM H3MEHUHBOCTbIO ©(Z). C yue-
TOM 3TOro OOGCTOATENLCTBA PACCYMTAHHOE U M3MEPEHHOE BEPTHKAaNbHbIE
pacnpeneneHHs KayeCTBEHHO COBMaqaloT.
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0, OTH. e/l. Puc. 6. CpaBreHue BEPTHKAIBLHOTO

0 0,5 1 15 npoduns o(Z), paccCuMTaHNOro Mo

T i JanHbiM n3MepeHuit AT, u u3me-

peHHoro npoduns (Z): 1 - npodunn

0(Z), PACCUNTAHHBIA MO BPEMEHHOM

3aBHCIIMOCTH CTENEHH ernosspusa-

M (B OTHOCHUTEIbHBIX €IHHMLAX);

5+ 2 - npoduns €(Z), wn3MepeHHbii
[OTPYXAEMbIM NPO3PaYHOMEPOM

Z,m

15 i L

AHanu3 nokasal, 4To pasiuyns B popme npoduieii, pacCYMTaHHBIX MO
JaHHBIM JINJAPHBIX W3MEPEHHH, BbIMOJMHEHHBIX B OJHOI U TOM Xe TOUKe, He
BLIXOJAT 32 Mpeselbl NOrpelHoCcTe u3MepeHui. B To e Bpems KpuBble,
OTHOCAILMECA K PA3INYHBIM TOYKAM aKBATOPHH, YETKO PA3IHYAIOTCH.

Pe3ynbTaTsl MepBbIX HATYPHBIX HCCIEXOBAHUI MONAPH3ALUHOHHOTO MeE-
TOZA2 NMOATBEPIHIHN €ro paboTOCIOCOOHOCTD U MO3BOIHIH CHOPMYIHPOBAThL
nytH ycoepiueHcTBoBaHUA AIIJI. TIpu Momepunsauum B coctaB AILT Gsi-
Ja BBelleHa PErHCTPUPYIOLUAN CUCTEMA, UCMOAbL3YIOWas ObICTPOAEHCTBYIO-
e ALITT (muckperHOCTh ouKpoBky 2 HC), obecnedunBIIas PerHCTpaLUIo
tpopms enqunnyHoro COP ¢ yactoro#i | I'u. Buina paspaGorana AByxka-
HaJbHas onTHYeckas cucrema (X, = 12 x 104 M2 1 KaHana, perucTpUpylo-
wero Py(t), 2, = 17 x 103 M2 jura xaiana, peructpupymwotero P, (1), Q, = 2°)
C YCTAHOBJICHHBIMU MeEpel BXOAHBLIMU JIMH3aMH KAaXAOTO KaHana [IEHOY-
HbIMH NONApOHIaMH. DTa CHCTEMA NMO3BOJMIA NOBbICUTH K, o 3 x 103,

Hatypubie HccnemoBaHHs ¢ MONEPHW3HPOBaHHbIM BapHaHTOM AILJI
ObinK BLINONHEHB! B XOJ€ POCCHHCKO-dMEPHKAHCKOTO JIMIAPHOTO 3KCIEpH-
meHTa APLE (Airborne Polarization Lidar Experiment), npoBexeHHoro Ha
6a3e Banmoncosckoro nerHoro ueHtpa HACA B aBrycre-centabpe 1996 r.
(C poccwuiickoil cToponbl B dkcrepuMmenTe yyacrsoBaiu A. I1. Bacumbkos,
IO. A. Tomsaun, b. A. T'ypees, ¢ amepuxanckoi — . E. Xor, P. H. Ceugrt u
COTPYOHHMKH HX PYNIIbI).
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H3MepeHns BbINONHAIMCL C CAMOJIETa NPH BbicoTe nonera H = 150 M.
PesynbraThl mM3MepeHuii ¢ MCNONb3OBaHHEM MNONSAPH3ALHOHHOIO METOAA,
MOATBEPXKACHHBIE JAHHBIMH COMYTCTBYIOLUMX CYAOBBIX M3MEDEHHIi, MoKa3a-
M1 BO3MOXXHOCTb PETHCTpPALMM MOANOBEPXHOCTHBIX CBETOPACCEHBAIOLIMX
CJIOEB M MX BEPTHKaNbHOW CTPYKTYPbl A0 riybuH Z = 20-25 M. IIpn stoM
ryOuHbI PErHCTPALMH OTPAaHHYMBAINCL TONBKO AWHAMHYECKUM OUamna3o-
HOM perucrpupyiouleii cucreMbl. ITocTpoeHHbIE MO HaHHBIM €XKECEKYHAHBIX
JMMOAPHBIX U3MEPEHUIi IBYMepHBIE NMPOCTPAHCTBEHHbIE pacnpeeNieH!s pac-
CYHTAHHOTO G(Z) MO3BOJMIIM MOJNYYHTb YETKYIO W MOAPOOHYIO KapTHHY
MOANOBEPXHOCTHBIX M NPUAOHHDIX C/I0€B NOBBILLIEHHOH MYTHOCTH.

Cnenyer OTMETHTDb, YTO 6oNbIIOE KONMYECTBO HAHHBIX, 0COOEHHO npH
M3MEPEHHAX B NMPO3PAayHbIX BOJAX OTKPHIThIX PaHOHOB OKEaHa, OKa3aJioch
HCNOPYEHO 3HAYUTENbHBIMH QIyKTyauuamMu amruTyasl ¥ Gopmsl Pj/(f) U
Py(¢). Ot dykTyanun o6ycioBiieHbl AByMS OCHOBHbIMM NMPUYHHAMM: Ha-
JIMYMEM MENKOMaclITabHOH NPOCTPAHCTBEHHOH N3MEHYHMBOCTH ONMTHYECKUX
CBOWCTB BOIbl, CBS3aHHOW B OCHOBHOM C MATHUCTOCTbIO pacnpeneneHHs
(GUTONNIAHKTOHA, U C BIMAHHEM B3BOJHOBAHHO! NMOBEPXHOCTH. XapakTep-
HbI# NPOCTPAaHCTBEHHBI pa3Mmep naTeH puromnankrona 1-10 km. ITostomy
npHu yacrote 30HAMpoBaHus | T, coOTBETCTBYIOLIEH MPOCTPAHCTBEHHOMY
paspewenuto 150-170 M, nMpocTpaHCTBEHHass H3MEHYHBOCTb OMNTHYECKHX
CBOWCTB BbI3bIBAET HW3MEHEHHE MOILIHOCTH HE OTHENbHbIX MMIYNbCOB, a
rpynmn, cocrosmux u3 4-5 u 6onee UMNyNbCOB.

BiusHue B3BOJNHOBaHHOW MNMOBEpXHOCTH o6ycnoBmuBaer (uyKkTyauuu
moiHoctn COP oT uMnyJibca K UMNYJIbCY, BbI3bIBas pe3kue BHIOPOCH OT-
IenbHbIX UMMYNbcOB. MNYKTyalu MakCHMaJibHbl B BEPXHEM ClOe ~ 5 M.
B MyTHBIX BoAax aMmiauTyna GayKTyauuii cyliecCTBEHHO CHHXXAeTcs.

®IyKTyalHOHHbIE XapAKTEPHCTHKH
JINJAPHBIX CHIHAJIOB

O6paTuMcs Tenepb K ONMMCAHKIO QIYKTyaluii curHajia obpaTHoro pacces-
HHS, KOTOpbIE, C OTHON CTOPOHBI, ONPEAENAIOT €r0 MUHUMalIbHO PETHCTPH-
pyeMble HM3MEHEHHs, BbI3BaHHbiE B CBOIO OHYEpEAb NPOCTPAHCTBEHHO-
BPEMEHHbIM DAaCMpPENENEHUEM ONTHYECKHX XaPAaKTEPHCTHK, U TEM CaMbIM
MHHMMAJIbHO pa3peliNMblii KOHTPACT 3TOTO pachpejesieHus, a ¢ Apyrom
CTOPOHbI, 324aCTyl0 OTPaHHYMBAIOT AMaNa3oH pabouux riy6uH 30HAMPO-
BaHMA. 3apaHee SCHO, YTO €CJIH MCKIIIOYHUTb U3 PACCMOTPEHHA QIIYKTyaluH
CHTHalla annapaTypHOro MPOUCXOXAEHHS (Hanpuuep, CBA3aHHbIE C H3MEHE-
HHEM OT HMMIYJbCA K MMIYNbCYy M3Jy4yaeMOH MOLIHOCTH, KOTOpbIE JIETKO
KOHTPOJHPYEMBI W MOTYT ObITh MCKIIIOYEHBI ¢ OMOLILIO MPOLEAYPhI HOP-
MHPOBKH), TO OCHOBHBIMH IyMoO6pa3yiouumu GpakTopaMu OCTaIOTCA APO-
60Bble PrykTyaunu GoTOoTOKA NPH AETEKTHPOBAHHU CBETOBOTO HMMYJIbCa H
bnykTyauun, BbI3BaHHbIE MOBEPXHOCTHHIM BOJMHeHHeM. Pacuer mpo6oBbix
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iyMoB (oTONMpUEMHNKA He MpeAcTaBaseT ocobbix TpyaHocTeii U He 6yaem
3/IeCb HA HEM OCTAHABJIMBATLCA; €CIIM U3BECTHbl MOILHOCTHbIE XapaKTepH-
‘CTMKH CUTHaJa M napameTpbl (OTONPHEMHHKA, MOXHO BOCNOJIb30BATbCA
H3BECTHbIMH (popMynaMHu. 3aMeTHM TONbLKO, YTO STOT BHA QIIYKTyauHi
CTAHOBHTCA CYILECTBEHHBIM JUI 3HAUHTENbHBIX IIIyOHH 30HAUPYEMOTO CIIOf,
IUIA KOTOPBIX CHTHAJI OOpaTHOTO paccesHHs BCIEACTBUE OCNabiieHus B Boxe
craHoBuTca Man. He crons TpuBHasieH Bonpoc o GIyKTyaLHsX, BbI3BaHHBIX
BoJIHeHHeM. JleTanbHblil pacyer 3THX QIIYKTyauuli Ha OCHOBE aHAJIMTHYe-
CKHMX MOfeJieli Ype3BbIYaifHO 3aTPyAHEH U AAeT OCA3aeMblif pe3yabTaT JHLIb
Onarogaps MpPHMEHEHHIO JOCTATOYHO IPyObix MpHONMHKEHHH, Takke HYX-
HaoIUMXcs B 000CHOBaHMH. DTO BHOHO U3 CTPYKTYpbl dopmya (1)-(3) mns
ciayyaiHbIX peaM3aLMii CHHANA: JUIA TOTO, YTOObI PaCCYUTATh CTATHCTHYE-
CKHe MOMEHTbI CHTHaJIa — CPeHEr0 M OucnepcHu (He roBops yxe o Gomee
BbICOKMX MOMEHTaX) — NPHUXOAMTCA HMETb HEJIO C MHOTOKPAaTHbIMM MHTE-
rpajlaMH, COIEpXKallUMH JABYX- M YETbIpEXTOYEYHbIE XapaKTePHCTHYECKUE
(GYHKUMH YKJIOHOB M BO3BbIlIEHHI MOBEPXHOCTH U KOMOMHALMHK U3 cTeme-
Heil YaCTOTHO-KOHTPACTHON XapaKTEPUCTUKHU CJIOA BOAbI H HAYANIbHBIX JUa-
rpamMM NpHeMHUKa W u3nywatens. I[IpuBeneM ommcaHue 3TOro BHIa QIyk-
Tyauuii, OCHOBbIBajACb Ha cepuu pabot [26, 57-61], rae noBepxXHOCTh yno-
nobnserca dKBUBaJNIEHTHOMY (pazoBoMy 3kpaHy. Ilpu atom duyktyauun,
CBA3aHHbIE C KOHEYHOH BBICOTOH NMOBEPXHOCTHBIX BOJIH, HE YUHTHIBAIOTCA.
3mech ykaxeM TOJNLKO Ha HEKOTOpble HX ocobeHHocTH. Kak HeTpyaHO BH-
IEeTb M3 CTPYKTYpbl (opMynbl (2), OHH HMEIOT IABOAKHiIt xapakrtep. Bo-
NEPBbIX, UIMEHAETCA TOJLUMHA ONTHUYECKOrO CJIOA, MEXAY IPaHHULEH pasge-
Ja U 30HIMPYEMBIM ciloeM. MakcHMaNbHYIO BEIMYMHY 3THUX (QIIyKTyaLuid,
OYEBHAHO, MOXHO OLICHHTb HAa OCHOBaHHU (GOPMYJIbI A HOPMHPOBAHHOMH
- AUCNIEPCHH MOLIHOCTH CHUTHAaJIa:

5P = 5622x2, )

rae &’ - mucnepcus BO3BbIIEHMH NOBEPXHOCTH. CYLIECTBEHHO, YTO 3TOT

TN GAyKTyauui NpaKTHYECKU He 3aBUCHT OT IJIyGHHBI H MOXET OKa3LIBaTh
3aMETHOE BIIMAHUE N0 MEPE YBEIHYEHHS IIyOHHbI 30HAUPYEMOTO CIIOf, OX-
HaKoO Jaxe MPH CHJILHOM BeTpe’ XapakTepHOe 3HaYeHHEe OTHOCHTENbHOM
IUCTIEPCHH He mpeBbimaet 10-4.

Bo-BTOpbIX, MEHAETCA BpeMs 3ana3fbiBaHuA curHaia. ITockonbky (ak-
THYECKH NpU paclinPpoBKe CHTHaNa “IPHBA3KY” CHIHaNA K riTyOHHe Heus-

5 CuibHBIM BETPOM 1A Hallleil 3aia4H, MO-BHAMMOMY, CIIEAYET CYMTAThL BETEP CO CKOPO-
cTbio nopamka 1S m/c, nockonbKy npu Gollee CHILHOM BETpE JIMAAPHBIC H3MEPEHHUS TEPAIOT
CMBICST M3-38 HAJIMYHA Ha MOBEPXHOCTH MEHHbIX 00pa3oBaHHil, CPLIBOB GpHIIr Ha rpeGHAX
BOJIH H 3aXBaYCHHbIX My3bIPbKOB B MPHIPAHHYHOM CJIO€.
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GEKHO MPUXOAMTCA AENATh MO BPEMEHH MPHXOAA TOrO WM MHOTO OTpe3Ka
MMI1YJIbCa OGPATHOTO PAacCesHHUA, TO TAKHE H3IMEHEHHS MPHBOIAT K HEKOTO-
poil HeONpeaeNeHHOCTH B COOTBETCTBMH MEXAY BPEMEHHOH M MPOCTPAHCT-
BEHHO# WKanaMu. ITY HEONMPEAENEHHOCTb MOXHO OLIEHHTb (OPMYIIOit

AZ? =8 . (12)

Bonee nim MeHee ACHO, YTO 3Ta BEJIMYHHA BPAM JIM MOXET HIrPaTh 3aMeT-
HYI0 poJib B GOpMUPOBaHMH (IIYKTYaLUMOHHOMN COCTABJIAIONICH CUTHAJNA MpH
MOHHMTODHHIE€ ONITHYECKHMX XapaKTEPUCTHK. OHAKO MOXHO cebe NpeacTaBuTh
CHTYaLlHH, KOTIA OHA MOXET OKa3aTbCA ONMpeAeNAIoLIeH, HanpHMep, MPH ToY-
HOM OTpeAeNeHHH IIyOuHBI NpH J1a3epHO 6aTHMETPHUHM aKBATOPHU HIIH IITy-
GUHBI 3aJIeraHUA PaCCEUBAIOLLIETO CIIOA NMPH HATHYUY PE3KUX IPaHHL.

CyuecTByer ewle oqHa NpHYHHa 06pa3oBaHus QIyKTyauuii, 0 KOTOpoOi
CTOMT YMOMSHYTb — 3TO CilyyaiHoe GiyXZaHHe TOYKH MPENOMIICHHA JIydya
M3-32 HAJIMYMA BO3BbilleHUH. ITOT GakTOp TPYAHO NMOAKAETCA aNpPHOPHOI
OLIEHKE, OJTHAKO MO (PU3HYECKUM COOOpaKEHHAM MOXKHO MOJaraTh, YTO OH
CYIECTBEHHO MeHbllE, HEXeNH (IIYKTyalMH, BbI3BaHHbiE MpPEIOMICHHEM
NOJ CIIyYaiHbIMH YIIIaMH U CBA3aHHBIMH C HHM ABJICHHAMH GOKYCHPOBKH.

BosBpamasch kK (UyKTyauusaM, oOO6YCIOBIIEHHbIM YKJIOHAMH BOJIH
(cny4aitHo#i $OKyCHPOBKOii), MpUBEAEM HECKOJIbKO NMPHMEPOB OLIEHKH Be-
JMYHHBI 3THX QIIYKTyalLiHii H BO3MOXXHBIE METOAbI €¢ yMeHblueHus. Kak yxe
OTMEeYaNIoCh, (IIyKTyallHH CHTHaJa, BbI3BaHHbIE ABYKPATHLIM MPEIOMIICHH-
€M CBETa Ha B3BOJIHOBAHHOW MOBEPXHOCTH, NPHBOIAT K CMEILEHHIO OLICHKH
CHTHaJIa B OTJIMYHE, HANIPHMEP, OT QUIYKTyalMii CBeTa, MPOHUKAIOLIErO NMOJ
MOBEPXHOCTb MJIH OTPaXXEHHOTO OT Hee. BelIMUMHA 3TOrO CMELIEHHA MOXET
ObITh paccYMTaHa aHAJMTHYECKH HA ocHOBe (opmyi (1)-(3) mpu ux cratu-
CTHYECKOM YCPEAHEHMH MO aHcaMOmo peanusauuii NMPOCTPaHCTBEHHOTO
pacnpenefieHHs YKJIOHOB. TakHM crnocoGoM NpH Pa3HbiX YNPOLIAIOHX
NpeAnonoXeH!AXx ObUIH BBINOJHEHbI pacuerbl 3Toro 3d¢exra B paborax
[21-24]. Bonee 3¢ dexTHBHAS npoueaypa Obila peann3oBaHa B [61], rae onu-
CaH METOJ CTaTHCTHYECKOrO MOAEIMPOBAHHSA JIHAAPHOIO CHIHAjNa MyTeM
BbIYHCIICHUA €r0 CHay4YalHbIX peanu3auHil NpH aHAJIHTHYECKOM 3aJaHHH
¢yHkuun I'pHHA ypaBHEHHS W TeHEPUPOBAaHMH PacIpefie/ieHHH YKIOHOB B
BUJIC CyMMbl TapMOHHK CO cilydyaiHbIMH (a3aMu H aMIUIMTYAaMH, obecne-
YHBAIOLIHMH B CPEHEM CMEKTP BOJNIHEHHA, ONMHCbiBaeMbiii Gopmyinoii ITnp-
coHa — MockosuTtiia [62]. DdpdexkTHBHOCT, TaKoi mpouedypbl CBA3aHA C
BO3MOXXHOCTbIO, BO-MEPBbIX, BbIATH 3a NpeReNbl JIHHEHHOTO MO YKJIOHaM
BOJIH MPHOMHXCHHA NPH BLIYHCICHUH AMCTIEPCHH (IyKTyauuid (1 TeM ca-
MbiM OMpEJACIHTb IPaHULIbI €r0 MPUMEHHMOCTH) H, BO-BTOPHIX, PACCUMTATD
6onee BbICOKHE CTATHCTHYECKHE MOMEHTDbI HJIH OLIEHHTh (QYHKUHIO pacmpe-
AeneHHus nuaapHoro curHana. Ilpusenem 3auMcTBOBaHHbIe M3 [61] wmoCT-
paluH H3IMEHEHHS MEPBbIX ABYX CTATHCTHYECKHX MOMEHTOB MOLIHOCTH CHI-
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Hana obpaTHoro paccesHus u anpdepeHunanbHOR GyHKUMHA PacTpeReIeHUA
¢ rny6uHoii. Ha puc. 7 n3o6paxeHa 3aBUCHMOCTb KO3 (HLIHEHTA YCHUIIEHHS
obpaTHOro paccesHus (CMElEHHA OLIeHKH CHTHAJIA) H CPeNHEKBaAPaTHYHO-
ro OTKIOHEHHS B 3aBHCMMOCTH OT IJTyGHHBbI 30HAMPYEMOro CNIOA, MPHYEM
nocnenHss paccuuraHa Ha ocHose popmyn (1)—~(3) npu & = 0 (kpuBas 3) n
NpH yAepXaHHU JHHEHHOTO UJeHa NPH pa3NoXKeHHWH (2) Mo BeTHYMHE 1
(xpuBas 2). He ocraHaBauBasAch Ha AETAaNAX 3THX pacyeToB, 0OpaTHM BHH-
MaHKe Ha JiBe Ba)KHble 0COOEHHOCTH B MoBeNeHHH 3THX KpuBbiX. [lepBas u3
HHUX CBfi3aHa C noBefieHHeM ko3dduiMeHTa ycueHns o6paTHOro paccesHus.
Jlerko BHAETDb, YTO €ro BEJIHYHHA, JOCTHIas MaKCHMyMa NPH MaJbIX riry6u-
Hax, JOBOJIbHO OLICTPO CTPEMMTCS K €AHHHLE. DTO MO3BOJAET OLEHHBATD
CPEIHECTATHCTHYECKYIO BEIMYMHY CHIHajla, OCHOBbIBasACb Ha (opMynax B
npubivxeHun riaagkodl rpaHulbl. Bropas ocoGeHHOCTh CBfi3aHa € JOCTa-
TOYHO ObICTPbIM COMMKEHHEM KPHBBIX HHUCIEPCHH, PACCYHTAHHBIX C NMOMO-
wbio “To4HOi” popMynsl (2) U B NMuHEHHOM NpUOMMXKEHHH. DTO AAET BO3-
MOXHOCTb B psle CIy4YaeB OLEHMBaTh AUcHepcuio GIykTyanuii Ha OCHOBE

169 F 5 r0s
139 - 0.4
1.4 1
- 0.3
1.3 -
1 - 0.2
1.2 4
i - 0.1
* —
1.0 e 0.0

30 35 40 45 S50 Zm

Puc. 7. KoapduumeHT ycunenuns o6paTtHoro paccesHus (kpusas I) U cpeIHeKBaj-
patnuHoe otkinoHeHHe COP B smHeiiHoM nO yKJIOHaM BOJNH NPHOIHKEHHH
(xpHBas 2) U NIPH OTKa3e OT Hero (kpuBas J), pacCUMTaHHbIC JUIS PA3NUYHbIX IITy-
OMH MyTEM CTaTHCTHYECKOTOo MoaeaupoBaHHsi. CKOpOCTb NPHBOJHOIO BeTpa
6 m/c,0=0,12 M

6 3gech H B JaJIbHEHIIMX MPHMEPaX NOBEPXHOCTHOE BOJIHEHHE MpEANONAaracTcs CTaTH-
CTHYECKH OZIHOPOAHBLIM, ONHOMEPHDLIM M CO CTIEKTPOM, OMHChiBaeMbiM (opmyroii Mupcona —
MockoeuTua [63].
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Gonee mpocTeix, 4eM (2) GopMyn, YTO MOXKET OKA3aThCs MNOJE3HBIM NPU
HCCIIEOBAHUH MOBEACHHS 3TON BENHYMHBI B 3aBHCHMOCTH OT GOJNBIIOFO
YhCcIa NapaMeTPoB 3aAa4H, MOCKONbKY CYIECTBEHHO COKPALUAET BbIYHCIH-
TeNbHbIe 3aTpaThl. IIpuBeaeM 34ech IUIA CNPaBKH HECKONBKO KPHBBIX, Xa-
paxkTepu3yolMX BUA GYHKLUMH pacnpefelieHHs CHTHala Ul HEeCKOJIbKHX
ray6uH 3oHaupoBanus (puc. 8). U3 Buga pyHxuMu pacnpemesaeHus MOXHO
3aKIIOYHTh, YTO Ha IITyOMHAX 30HAMPOBaHHS, TAe (IIYKTyallHH MaKCHMAaJIbHbl
(GYHKLMS pacrpeaelieHHs CYLIECTBEHHO aCHMMETPHYHA M BEPOATHOCTb GOJIb-
KX BbI6pOCOB curHana 6osblie, yeM Manbix. BoicTphie H3MeHeHNns GyHKLHIH
pacrpeziernieHus B HeOOMNbILIOM HHTEpBaJle ITyOHH 00yCIOBJIEHb! KOHKYPEHLIH-
eii HEeCKOJIbKMX MEXaHH3MOB (hopmupoBanus noiua: GoxycHpOBKO#, cTeneHb U
maciuTabpl KOTOPOii Taloke ABNAIOTCA (GyHKLHeH rmyOUHBI, MOTIOWIEHUEM U
paccesHHEeM, KOTOPble MEHAIOT COOTHOLUEHHE MEXHY HepaccesHHOH W aud-
¢y3Ho# KOMITIOHEHTaMH CBETOBOTO MOJIA B BoAe (yBelHueHne Bkiajga quddys-
HOW cocTaBJsoLlel MPUBOANT K ociabieHuio ¢okycHpoBok). BaxHo oTme-
THTb, YTO HOPMAJIM3ALIUA CTATUCTUKH MPOHCXOIMT C yBeIHYEHUEM IITyOUHbI,
TaM, rae ¥ Ko3pGULHEHT YCHIIEHHS 06PaTHOrO PacCcesHHUA CTAHOBHTCS MaJIbIM
n aucniepcus QuykTyauunii MuHoBasa cBoit MakcuMyM. K coxanenuio, uccie-
noBaHuA (PyHKUMI pacnipelieieHus CHrHaJIa 06paTHOro paccessHHs HaXOOATCS
B HaYaJIbHOM CTaJuM U NOCTPOCHHE AETANbHON MOAEIN XapaKTEPHUCTHK CHr-
HaJla fesio OyAyInero, XOTA ¥ He CTOJIb OTAAJIEHHOTO.

Mb! HaMEpeHHO He NPUBOIMM 3€ECh JETANLHOTO ONMHCAHUA MPOLEAYPH
PacyeToOB M BceX 3HaYeHUH NMapaMeTpoB, NPH KOTOPbIX OHH MPOBOAMIHCH B
uMTHpYyeMo# paboTe, MOCKONbKY OCHOBHYIO 3aJiady 3TOTO pa3jena BUIHM B
ONHMCaHMM M OLEHKE MPHHLMNHANLHO BaXKHbIX 3((exToB, COMPOBOXKAAIO-
IMX 30HOIMPOBAaHHE Yepe3 B3BOJIHOBAHHYIO MOBEPXHOCTb, a TaKXe COCTOfA-
HuA pa3paboTk¥ TeopeTHYecKMX Mojenei W TEHHEHLUMH WX Ppa3BHTHA.
C 3TO# TOYKHM 3pEHMA NMPEACTABNAETCA BaXHLIM YNOMAHYTH O MPEAJIOKEH-
HbiX B paborax [58-60] MeTomax s¢dexTBHOrO NojgasjieHus GayxTyauMi.
Hx cyTb 3axmoyaercs B cnenyioiem. Ecnu 3apaHee H3BECTHO O MPOCTPaH-
CTBEHHBIX MacliTabax HcceayeMbIX MPOLECCOB MPU MOHUTOPHHTE BEPXHETO
CJI08 OKeaHa C MOMOLUBI0 aBHALUMOHHOIO JIMAApa, TO MOXHO ONPEAEIHUTb
MHHHUMaJIbHBIH MacTab NpOCTPaHCTBEHHOTO ycpemHeHHA. B atoMm ciyuae
YMECTHOH TPEACTABIIAETCA NOCTAaHOBKA BOMPOCa: KakuM oGpa3om pacnono-
XHTb Ha 3TOM MacliTabe 30HIUpYIOLIHE UMITYJIbChI, C TEM 4TOObI NPH HX
MHHHMAaJIbHOM KOJIMYecTBe AOOHMTbCS MAKCHMAILHOIO YCpeAHeHHs ¢Iyk-
Tyauuil npu 3ajgaHHo#l muHe BbiOGOpku. OkasbiBaeTcs, YTO OTBET Ha 3TOT
BOINPOC He COBCEM TpHBHasleH. B yacTHOCTH, kak noka3aHo B [58], mus 3a-
NaHHOW rayOHHBbI 30HAUPOBaHHA MOXHO HaliTH Takol PEeXHM H3NyYeHHd,
4TO NPH YCPEOHEHHH NO MOCHEAOBATELHOCTH M3YYEHHbIX Ha 3aJaHHOM
MHTEpBaJIc HMNYJILCOB 3G (PEKTHBHOCTb YCPERHEHHS CYLIECTBEHHO MOBbILIA-
€TCA [0 CPaBHEHHMIO C PEXHMOM H3JIyYeHHS, COOTBETCTBYIOLUETO 3KBH-
JMCTaHTHOM BO BPEMEHH MOCIEAOBATENbHOCTH MMNYJbCOB. Tako# pexuM
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Puc. 8. ®yuxuun pacripenenenus MoutnoctH COP ¢ pasnuyHbix rIyGHH mpH Tex
Xe napamerpax, YyTo M Ha puc. 7:a—-Z=1m,6-2M,6-3M,2-4M,0-5 ™,
e — 10 M. TTyHxTHpOM NMoKa3aHb! GyHKLIMH HOPMAILHOTO PACIpefeNeHHs C TEMH
%€ MOMEHTAMH
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NPEnnoNaraeT M3NMy4eHHe NOCTENOBATENbHOCTH NayeK U3 ABYX MMMYNbCOB,
3afepKKa MeXAY KOTOPbIMH BbiOHpaeTca TakuM o6pasoM, uToObl ITH uM-
NyJbCbi MONANANH HAa YYACTKH NMOBEPXHOCTH, CO3ZAOIME HA [NyOHHE 30H-
AMPOBaHUA "aHTHKOPPENHpOBaHHbie" GnykTyaunu’. Pasymeerca, BemuunHa
ITOH 3afepKKH JODKHA ObiTb NONOOpaHa B COOTBETCTBHU C YCIOBHAMH Ha
MOBEPXHOCTH (B 3aBUCHMOCTH -OT CKOPOCTH BETpa H OAJIILHOCTH BONHEHMS)
H CKOPOCTBIO IBHXEHHA JIMIapa HaX MoBepXHOCTHI0. CylecTBeHHbIM (ak-
TOPOM NpH ONpeaeNeHNH 3TOW 3aAePKKH U BOOOLIE KaYecTBa yCpeIHEeHUs
ABJIAETCA HanpaBieHUe JBMIKEHHA JHAAPA MO OTHOLICHHIO K HANPABICHHIO
Oera BOJIH. Puc. 9 neMoHCTpUpYyeT 3pPeKTHBHOCTb yCPeOHEHHS TAKOTO THMNa
PEKMMOB MPH HEKOTOPLIX YCIOBHUAX 30HAUPOBaHuA. Ha 3ToM prcyHke no-
Ka3aHa 3aBHCUMOCTb HMCNEPCHH GIIYKTyauui, HOPMHPOBAHHOH Ha CBOe
3HayeHWe TpH  OUEHKe

CHUTHQJIA NO OOHOMY HM- 50 100 L,™m
NyIbcy W TMPH MPOCTPaH- : -
CTBEHHOM  pa3pelleHHH,
OfpenensieMOM €CTECTBEH-

HOIT PACXOAHMOCTBIO HC-

TOYHHKAa B 3aBHCHMOCTH

ot Macwitaba npocTpaH- -1
CTBEHHOTO  YCDEIOHEHHUA.
[ToscHum ero 6onee noxn-

poGuo. Kpusaa [ storo

PHCYHKA MOKa3bIBAET, KaK

YMEHbUIAETCH  AMUCTIEPCHA y

tbayktyaunid npu  npo- a
creifieM cnocobe ycpea-

HCHHS —~ ONHOBPEMEHHOH g p I
3acBeTKe BCErO IIEMEHTa

paspelieHds OAHHM 30H- 26
IMPYIOWMM  HMMYIbCOM. =31 3
Kpusbie 2 cooTBETCTBYIOT

ycpeaHeHuio 1o 6onbo- 4
My UHCIy HMMIMYJbCOB,

pPaBHOMEPHO 3aCBEYH-

BAJOLMX J/IEMEHT paspe- Puc. 9. 3aBucuMocTs aMCNEpCHH (HOPMUPOBRHHOM
WEHHA C WHTEPBAJIOM, Ha CBOC€ 3HA4YCHMUE MPU OLIEHKE CHTHAJNA 110 OJHOMY
MEHBLIKHM paJMyca Kop- OTCHETY) OT MaciuTaba ycpeaHeHMA L npd pasiMu-
PeISUNKM BONHEHWs, npn PIX PEXHMaX wumposaaugd ,Cxoggmg ApHKEHHs
PAasHbiX  HATIPABNEHMAX AMAapa Hal MOBEPXHOCTIO 20 M/c. [1ybuna 30HIM-

pyemoro cnos 25 M
JIBUKEHHSA: 2@ paccyMTaHa

7 O Hab/momeHKHH CTPOBOCKONMHYECKHUX (heKTOB NPH 30HIMPOBaAHHH mmmmoﬁ
NOC;1E10BATENLHOCTLIO HMITYJILCOB, NO-BHAWMOMY, BriepBhie cooduiaeTca B paGore (62].
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IJIS CNYTHOTO JABMXKCHUA, 26 — U1 BCTPEYHOro. Pa3Huua Mexay HHMH H NO
OTHOWIEHUIO K KpHBOil ] 06yclioB/ieHA Pa3JIMYHBIM YHCIOM HEKOPPEIHPO-
BaHHLIX YYaCTKOB MOBEPXHOCTH, "NMPOMNEHHBIX" TMAapOM 3a BpeMa yCpen-
HeHus. IIpu cnyTHOM nBrokeHHH BO3HUKaeT 3PQeKT CHHXPOHH3MA, OMHCAH-
Hblii B [53]: nunap mBuxkeTCH BMEcTe ¢ BOTHaMH, popmupyromnMn GrykTya-
UMM C 3afaHHOH TIyOHHBI, U 3G (DEKTHBHOrO YCPEIHEHHA HE MPOHCXOIMT.
KpuBas 3 cOOTBETCTBYET ONTHMH3ALMH PEXHMA H3Ty4YEHHA NOX YCIOBHA Ha
NMOBEPXHOCTH: MPH €€ pacyeTe NMPEANONarajoch, YTO EMEHT pa3pelicHHs
3acBEYHBAETCA MOCIEAOBATENLHOCTLIO Mayek, COCTOALUMX M3 ABYX HMMITYlb-
COB, pa3HecEeHHbIX Ha onTHManbHoe paccrosHue. HakoHel, kpuBas 4 nokasbl-
BaeT JOMOJNHHTENbHbIE BO3MOXHOCTH YCPeAHEHHs NMpPH OOOralleHHH Npebl-
JyIIETO PeXXMMa 30HAMPOBAHMA 32 CYET PACIUEIUIEHHS 30HAMPYIOLIEro Jyya
Ha [IBa MpPH ONTHUMAJIbHOM NPOCTPAHCTBEHHOM Pa3HECEHHH MEXAY HHMH.
Takoe paciuensyieHne AaeT ZOMOMHUTENbHBIN 3(PGEKT JIHLIb NPH 3HAYUTENbHBIX
Macwtabax ycpenHeHHs, MOCKOJbKY B MPOTHBHOM Ciy4ae HeH30exXHble nMpH
TAaKOM PEXHMe NPONYCKH B 3aCBETKE YYacTKa NMOBEPXHOCTH CTAHOBATCA CO-
nocraBUMbI ¢ MacuTabom ycpenHenus [59, 60].

B 3aknioyeHHe 3TOro paszesia KOCHEMCA BONpoca O (IYKTYaLUAX CUT-
Hana obpaTHoro paccesHus npu pabore numapa B NoNIpU3OBaHHOM CBETE,
T. €. NONIAPU3ALHOHHOrO JIMAAapa THNA ONMUCAHHOTO B MPEAbIAYLLEM pa3zerne.
CpenaeM 3gech cyry6o mnpeasapHTeNbHbie OLEHKM 3THX (uykryauuii Ha
OCHOBE JIHHEHHOro Mo YKJIOHAM BOJIH NPUONHKEHHUA, ojiaras B COOTBETCT-
BHH C BbIILEU3JIOKEHHDBIM, YTO BCE YCIIOBHA €ro MPUMEHWMOCTH BbIMOJHE-
HbI®. B 3TOM cilyuae B COOTBETCTBMH C YpaBHeHUAMH (1)—(2) mia HopmHpo-
BaHHOM aucnepcun QuykTyaunii (k0ahduuueHTOB aBTOKOPPENALMH) MOX-
HO 3aM1CcaTh:

8Py = (:g’”” ) [[F2 (ko KH)(®11 £ %2)* Gy (K)k*dk, (13)

rae Py ¥ P, — MOWHOCTH CHI'Halla, PErHCTPHUpPYeMble MPUEMHHKAMH, C BbifIe-
JIeHHeM MONApU3aLUK, COBNAAIONLIei ¢ Moaspu3aLHeii 30HUPYIOILEro myy-
Ka 1 el OPTOrOHANBHOM COOTBETCTBEHHO, 3HAK ~ COOTBETCTBYET HOPMHPOB-
Ke GyHKUMH Ha COOCTBEHHOE 3HaUeHHE NPH HYJIEBOM 3HAYEHHH apryMeHTa,
ko= ki(14+Z/mH), pynkunn @; HMEIOT TOT ke CMbICH, YTO U D B BbIpaxkeHHH

8 Ctporo roBops, isl BbIBOJA JIMAAPHOTO YPaBHEHHS B MONSAPH3OBAHHOM CBETE HEVGXO0-
mMa GopMyIMpOBKa TeOpeMbl ONTHYECKOH B3aHMHOCTH JUIA BekTop-niapaMerpa Crokca. Ham
He yaaloch HaliTH B JMTepaType Takoif (GOpMy/MpOBKH. B HeABHOM BHIE 3TO cIEsIaHO B
pabore JonuHa [64], rae noka3aHo, YTO B3aMMHOCTb BBINOJHAETCA He IJI8 cOOCTBEHHO napa-
metpoB CToKkca, a A1 BTOPbIX MOMEHTOB 3JIEKTPHYCCKHX KOMIIOHEHT cBeroBoro momst Ej,
ABJMIOLIMXCA MHelHO# xoMOnHauueit napamerpoB Ctokca (cM., HanpuMep, [65]). Bmecre ¢
TeM B MAJIOYIJIOBOM MPMOGIIHKEHHH YNAETCS NOMYYHTh HE3aBUCHMbIE "CKaApHble” ypaBHEHHS
s napamerpoB Ctokca [66) H, COOTBETCTBEHHO, BCE TEOPEMBI.
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(2) ana HEMOAAPM3OBAHHOIO CBETA%, HO JUIA COOTBETCTBYIOLMX KOMIOHEHT
BexTopa CTokca (pasHHLA B MaJIOYIJIOBOH YacTH QYHKUMIE paccesnms pis
3THX KOMIIOHEHT 33JaBajach B COOTBETCTBHMH ¢ padoToii [31]), G¢(k) — npo-
CTPAHCTBEHHBIH CNEeKTp BO3BbIlIEHHH noBepXHOCcTH. DopMmy:na (13) onucki-
BaET AMCIEPCHIO OLEHKH CHUTHANA, BLIMONHEHHOH MO OJXHOMY OTCYETy, Oe3
TOTFO JOMONHUTENIBLHOTO YCPEAHEHHA MO MPOCTPAHCTBY, O KOTOPOM TOBOPH-
nock Bbiille. B kayecTse npumepa npuseneM puc. 10, Ha koTopoM npencras-
jieHa 3aBUCHMOCTD OT TNTy6HHBI KO3 HLUHEHTOB ABTOKOPPENALMH BEIHYMH
Py u P;, 13 KOTOPO# CIAEAYET, YTO MPUEM CHUTHaJa Ha CKPEIEHHOMH nonspu-
3aUMH, MOMMMO BBIMIPHIIIA B AUHAMHYECKOM [AHAMNa3OHE U MOBbIllEHHH
KOHTPACTHOM YYBCTBMTENbHOCTH JHAApa [PH 1ETEKTHPOBAHHWH BEPTHKAJIb-
HbIX HEONHODOIOHOCTEH ONTHYECKHX XAPAaKTEPMCTHK, O KOTOPbLIX IOBODH-
J0Ch B NpeAblAylleM pa3fienie, MMEeT HEKOTOpOe MPEUMYILECTBO H 10 Iyk-
TYalUMOHHBbIM XapaKTepHUCTHKaM. Pasznuune Mexay ko3pduunHeHTaMu aBToO-
KODPpeNsALNHA MOLWHOCTH CUTHaNa, MPUHATOTO B OBYX OPTOTOHANILHBIX MOJNSs-
pu3auusx, o6ycnoBneno 3pGHeKTOM AENoNApU3aLUyU CBETa NP MHOIOKpart-
HOM ManoyrnoBoM paccesHuu [30, 31]: yeM MeHblle HeNONAPH3ALMA NPH
OXHOKPATHOM PAaCCEAHMH, TEM MEIUIEHHEE WIOET NepeKayka U3 OXHOMW Mosus-
pH3aUMH B JPYTYIO, B Pe3ylIbTaTe Yero CBET, MOJAPH3OBAaHHBLIH OPTOro-
HAJbHO MO OTHOWEHHIO K NEPBOHAYAILHOMY W3NIyueHHIO, ObicTpee
"3abbiBaeT” 0 Ciy4aiHOI rpaHuLe.

—
gGPL,) 0 ———

Puc. 10. 3aBucuMocts aucnepcuu ¢iyx-
Tyauuit COP oT rny6GuHbI IpH 30HAMPO-

- l | i
BAHHU JIMHEHHO MONAPH3OBAHHBIM MyY- 6 0 10 20 30 40
KOM H MPH MpHEME Ha [BE OPTOrOHaNbHbIE
noJIApH3aLUu Z,m

9 Tpu OMMCaHWH METONMKH pacyeTa GIYKTYaUMOHHbIX XapPaKTEPUCTHK MONAPU3OBAH-
HOT'O CBET2 BO3HMKAIOT HEKOTODbIe TEPMHHONIOIHY¢cKHe TPYRHOCTH. B yacTHOCTH, He cymecT-
BYET MOHATHA YaCTOTHO KOHTPACTHONH XapaKTEPHCTHKH CJIOA BOIbl M1 KOMIOHEHT BEKTOpa
Croxkca. Mostomy onpenenenue ¢pyHkimit @y 3ByYHT Tak: NPOCTPAHCTBEHHBIH CMEKTp fore-
PEYHOro pacnpeneiecHHA TUIOTHOCTH NOTOKa KOMMOHeHTHI BekTopa CToKca, cO3aBaeMoro
TOYEYHBIM MOHOHAIMPABJICHHbIM HCTOYHHKOM Ha rTyOMHe L NpH HOPMalnbHOM MaJeHUH Ha
riajIKylo rpaHuny pasgena 2.
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EcTecTBeHHO, YTO METOAbI noAaByieHUA nykTyauuii 3a CYeT ONTHMH-
3aLMH PEXMMOB 30HAMPOBAHHSA, O KOTOPBIX LIJIa Peyb Bbillle, B paBHOH Mepe
MOTYT OBbITh NMpeIOXeHbl M WIA TWAapa, paboraloliero B NOMAPH3IOBAHHOM
cere. Kpome TOro, CTOMT 3aMeTHTb, YTO B BbipaxkeHus g ¢yHxkuuii Dy
(He3aBHCHMO OT TOTO, KaKO€ MpeACTaBiieHHe MajoyraoBoi GpyHkuun I'puxa
HCTIONIb3YETCA U HX PacyeTa) B IBHOM BHAC BXOAAT NapaMeTpbl MANOYIIO-
BOI{ YaCTH 3JIEMEHTOB MaTPHUbI paccesHua. I103TOMy MOXeT OKa3aTbCH, 4TO
HE3aBMCHMbIC H3MEpEHHs (IYKTYAUHOHHbIX XAPAKTEPUCTHK JHAAPHBIX
CHTHaNoB GyAyT MONE3Hb! W AAS OHArHOCTHYECKHX ueieii. PaGora B 3ToM
HanpaBJieHHU NPEJICTABNAETCA YPE3BLIYANHO BaXHOI, MOCKONbLKY, MOMHMO
ONTHYECKUX XAPAKTEPHCTUK, BO QNYKTyauusx CHUrHajia COAEPKHUTCA HH-
¢dopmauua M 00 yCIOBHAX HAa MOBEPXHOCTH M €CTh HaAeXJa Ha CO3JaHHE
JIMAAPHOTO METOJA M3MEPEHHS MOJNIHOFO HAbOpa ONTHYECKHX XapaKTEPHCTHK
BOJbI M COCTOSIHHA MOBEPXHOCTHOT'O BOJIHEHMS.

3aogenue

0630p ony6aHKOBaHHBIX PabOT M He Ny6AMKOBABLIMXCE paHee pe3yIbTaTUB
HarJIAAHO NOKAa3biBACT, YTO IPPEKTUBHLIM HHCTPYMEHTOM AJIA HCCIENOBA-
HUA NOJNOBEPXHOCTHBIX COEB, SBJIAIOLIMXCE XOPOLWIHM HHAMKATOPOM pa3-
JIMYHbIX MPOLECCOB, NMPOHCXOMALIMX B TOJMLIE OKEaHa, MOTYT CTaTh HM-
NyJbCHble aBUALMOHHbIE MUAAPbl. B 4acTHOCTH, OHH HAIOT HEXOCTYMHYIO
Ui JPYrUX METOAOB BO3MOXHOCTb TMOMYYEHUS AETaNbHO#H TpexMepHOM
KapTHHbI NPOCTPAHCTBEHHBIX PACHPENENCHHA Pa3IMHHbIX XapaKTEPHCTHK
MOpPCKOH Boabl. OQHAKO MPaKTHYECKH BCE BLIMONHEHHbIE JO MOCICAHETO
BpeMeHH pabGoTbl HOCAT HCCNEHOBATENbCKMM, nHGO ncmoucmauuoaublﬁ
xapakrep. [lna Toro qroﬁu MMNYJIbCHbIE ABHALIMOHHbIE THAAPHI CTANH Jei-
CTBEHHBIM pabounm uncmyuenrou M BOUUIY B MOBCSAHEBHYIO MPAKTHKY,
HeoOXO0ANMO PELIXTh UENbli PAA npofieM, 4acTb U3 KOTOPBIX yXe yNOMHM-
Hanach B mpenbityudx pasaenax. CoopMynupyem Hambosiee BaxHbie, MO
HalleMy MHEHHIO, HaNpaBIeHHA AaTbHEHIIMX HCCICAOBANMIA:

1. YTouHeHHe TeOpeTHYECKHX MOAeneli CUrHana o6paTHOro paccesHus,
JIOJKHO BK/IIOYATh!

+ 000CHOBaHHE MAJIOYIJIOBOTO NPHOIMKEHHA U ONMCAHUA MOJAPH-
30BaHHOTO CBETA;

+ HeTaAbHOE HCCIENOBAHHE MANIOYTOBOH MATPHLbI PACCEAHNA;

« co3gaHue mopmenu QuykTyauudi NHAAPHOrO CHTHANA B MONAPH3O-
B3aHHOM CBETE H 0COOEHHO HCCIIEXOBAHHE €r0 CTATHCTHKH METOAAMH
YHCHEHHOT) MOREIMPOBAHAS;

. HCEUEAOBAHME PONM AHH3OTPONHH OGPATHOTO | paccesHus, B 4aCTHO-
¢TH KOONIEPATHBHBIX HDEKTOB NPH PACCEAHUH HAZAA H BOTHOBOTO
sdbexTa ycuneHns oOPaTHOrO PaccesHuA NPH GOPMHPOBAHHH HH-
OMKaTPHCbl PACCEAHHUA.
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2. Paspabotka Ha 6ase Teopernueckux Monesiei COP HOBbIX anropur-
MOB H3BJIEYEHHA HHPOPMALMH, B MEPBYIO OYepeab O KAYECTBEHHBIX M KOJHYE-
CTBEHHbIX XaPaKTEPHCTHKAX B3BEIIEHHOTO ¥ PACTBOPEHHOTO B BOJE BELLIECTBA.

3. Pa3paboTka aganTHBHbIX METOLOB H PEXHMOB 30HAMPOBAHHUSA, MH-
HUMM3UPYIOWMX (GIIYKTyalMH JHAAPHOTO CHTHAJIA, BbI3BaHHbIE MOBEPXHO-
CTHbIM BOJIHEHHEM, BKJIIOYas AJTOPHTMbI CAMOAZANTALMH JIHAAapa MOX yc-
JIOBHMA 30HAMPOBAHHA HA HAYAJILHOM 3TaIe NPOBEJICHUA H3MEPEHHUIA,

4. HccnenoBaHue BO3MOXHOCTEH M3BIEYEHHs HHPOPMALMK O MOBEpX-
HOCTHOM BOJIHEHHH H 00 ONTHYECKMX XapaKTepUCTHKAX BOAbI U3 QykTya-
LIMOHHBIX XapaKTEPHCTHK NHAApHbIX curHauoB. OuLeHka IUIMH BbIGOpOK
HEOOXOOMMBIX AJIA NOCTOBEPHOH OLIEHKH H3MEPAEMbIX NMapaMeTpoB, B TOM
YHCIIe TPYU U3IMEPEHHH AUCTIEPCHH QIyKTyauuii.

5. PazpaboTka numapHo# annapaTtypsl, no3soisioleii noixyyaTb Heob-
XOIUMYIO HHOOPMALMIO B PeajlbHOM BpeMeHH (Mporpecc B CO3JaHHM arnmna-
patypsl mus undpoBoii percTpauuu U 06paboTKM MMNYJIbCHBIX IIHPOKO-
MOMIOCHBIX CHTHAJIOB HENAET 3Ty 3aJavy NPaKTHYECKH peau3yemoii) u 06-
Jajaouiell BO3MOXHOCTBIO aflaNTaLMH K YCIOBUAM 30HAHPOBaHHUA.

Pa6ota BhImosiHeHa npu nomaepxke Poccuiickoro ¢onma ¢yHmaMeH-
TaJIbHBIX HCCEAOBaHUH (KOX npoekTa 96-05-64697).
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ITpuMeHeHHe MHKPOBOJIHOBBIX
pagHOMETPHYECKHX METOIOB

ISl CIEKTPOMETPHH MOBEPXHOCTH OKEAHA
H NpelH3HOHHBIX H3MEPeHHH TeMIepaTyphbl
CKHH-CJION

IO. I'. Tpoxumosckuti, FO. A. Kpasyos, A. B. Kysemun

HucruryT KocMuyeckux uccnenosanuii PAH, Mocksa

TMonapuszannonusie CBY-pammoMerpuyeckne U3MepeHHs, BLIMOIHEHHbIE
Ha Pa3MYHBIX YriIaX HaGMoJeHHS, NO3BONAIOT MEPEHTH OT PagHOAPKO-
CTHBIX KOHTPACTOB K TaKHM MapaMerpaM, Kak CpeIHeKBaXpaTHYHBIA YK-
JIOH KPYMHBIX BOJH M CIIEKTP KPHBH3HbI B IPaBUTALMOHHO-KAMIWUIAPHOM
HHTepBase Ge3 KaKHX-TM6O anpHOPHLIX MpeINoNokeHUit 0 GopMme crek-
Tpa. Takoe BOCCTAHORJICHHE MPOBEACHO NO AaHHBIM, COGPaHHBIM B pa3-
JIMYHBIX HATYPHbIX SKCMEPHMEHTaX B MOCTHeAHWE ABaAUATb JieT.
J1ONONHHTEIILHO MHKPOBOJIHOBbIE PaMOMETPhl JAalOT BO3MOXHOCTb H3-
MEpATh TEMIIEPATYPY BOIbl B MOBEPXHOCTHOM CKHH-clioe. JlaGopaTopHsie
H3MEPEHHs TIOKA3aJH, YTO Pa3HOCTb MEXIY TEMINEPaTypoil CKHH-CJIos U
TEMINepaTypoii NepeMeIaHHOrO CJIOS BOMbI CHIILHO KOPPENMPYET € MOTO-
KOM TCIUIa Yepe3 MOBEPXHOCTb.

PaguosapkocTHas TeMnepaTypa MOPCKOii MOBEPXHOCTH 3aBHCHT OT K0dddu-
LiHEHTa M3NyYeHUS H TeMmmepaTypbl Boabl. KoadduuueHT usimyueHus omnpe-
Jensercs OHINEKTPUYECKHMH CBOWCTBaMH BOABI, GOpPMOH NOBEPXHOCTH M
HAJIMYMEM HEHbl Ha NOBEPXHOCTH MOPA. B HEIITOPMOBBIX YCIIOBHSAX BIMSHHE
MeHbl MO, W H3MCHEHHS PaJUOAPKOCTHON TeMMEpaTyphl BBI3bIBAIOTCA
MOBEPXHOCTHBIMH BOJIHAMU Pa3lMYABbIX MacwiTaboB. DTO 0OCTOATENBCTBO
ABISETCA (U3NYecCKOH OCHOBOH HMCIONL30BAHUA MHKPOBOJHOBBIX DajaHO-
METPOB JUIi HCCIIEXOBAHHA NMOBEPXHOCTHOTO BOJIHEHHA M €r0 MOIYNSLMU
Pa3JMYHBIMH TIPOLIECCAMH B JIEATENLHOM CJIoe OKeaHa. Pagnomerpuueckue
W3MEPEHHUSA, B CHIy MNPUCYLIMX WM OcoOeHHOCTeH, o6CyXIOaeMblXx HHUXKe,
NOJIE3HBIM 06Pa30M JOMONHAIOT PAAHOIOKALIMOHHBIE H ONITHYECKHE METObI
HabmogpeHnus. Kpome wuccinemoBanus XapaKTepHUCTHMK [OBEPXHOCTHOTO
BOJTHEHHA, MMKPOBOJIHOBbIE DPAaAHMOMETPbl MOTYT MCHOJb30BATHCA I
BOCCTAHOBJICHHS TEMIEPaTypbl CKHH-CIOA MOBEPXHOCTH okeana. VIMeHHO
9THM BOMpPOCaM, HMEIOIUM BaXXHOE 3HA4YeHHE IJIA HMCIIOIb30BAHHA PaAMO-
METPOB B HCCIENOBAaHMM MOPCKON TMOBEPXHOCTH, MOCBALIEHA HacTOsILasA
pabora. CBa3b panHOAPKOCTHON TEMAEPATYpPhbl C NapaMeTPaMM MOBEPXHO-
CTHOTO BOJIHEHHS ABJIAETCH OCHOBOH AJIA PEILEHHA TaKHX 3afay, KaKk UHOHU-
Kalusd # H3MEpPEHHE MOBEPXHOCTHLIX MNPOSABJICHWH BHYTPEHHHUX BOJIH
[Becenos u dp., 1984; I'aiidanckuii u Op., 1988; Bencnasckuii u op., 1987,
Trokhimovski, 1992; Tpoxumosckuii, 1996], onpeneneHne CKOpOCTH H Ha-
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NpaBjieHHss NPHNOBEPXHOCTHOrO BETPa IO MONAPH3ALMOHHBIM H a3UMy-
TaJIbHBIM PaJIMOMETPHYECKHM H3MepeHuaM [Becnanosa u dp., 1982; Tpoxu-
Mmosckuii u dp., 1983; Trokhimovski and Irisov, 1995d], muarHocTuka 3arpss-
HeHHH Ha MOpCKOH MoBepXHOCTH. IIpeLH3HOHHBIE H3MepEHUS TeMIIEpaTyPhbl
BOJIbl B MOBEPXHOCTHOM CKHH-CIIOE MMEIOT BaXKHeiilee 3HaUeHHe JUIs uccre-
JOBaHUA B3aMMONEHCTBUA OKeaHa H aTMOc(ephl, TaK KaK ¢ MX MOMOIUIbIO
BO3MOXHO HalTH HOBbIE MOAXOMbI IUIA BOCCTAHOBJIEHNA NMOTOKOB Teljia Ha
MOBEPXHOCTH OKEaHa.

Teopernyeckue ocHoBbl. MI3BECTHO, YTO OT BOAHOH NOBEPXHOCTH MCXO-
IOUT TEMJIOBOE MOJAPH3OBAHHOE JJIEKTPOMArHWTHOe M3nydeHue. CoriacHo
3akoHy Kupxroda, TermmoBoe usnydeHne noriouawomeii noBepxHOCTH -S B
HampaBlieHUH n(0,p) MPOoNOPLHOHANILHO NOIJIOLIEHHON HEPTHH BCIIOMOTa-
TenbHO# BOJIHBI, Nafaoieii Ha MOBEPXHOCTDb S B HaNpaBlIeHHH HaOMmoneH!s
Nobs(0,9), MPOTHBONONOXKHOM HanpasieHHIO n(0,¢): Nobs(0,p) = -n(0,p), rae 6
— yroJl MecTa, a (¢ — a3UMYTaJIbHBbIii yron HabmoneHus (puc. 1).

Nobs(0,9)

Puc. 1. I'eomeTpus HabmoaeHNA: Nobs(0,¢) — €AUHUYHLIH BEKTOpP HAMpaBJIeHHS
Habmonenus, n(0,p) — HanpaplIeHHE TEMIOBOrO MUKPOBOJIHOBOTO H3JTy4EHHS;
(@ — a3UMyTabHLIH yron, ¥V — BexTOp BeTpa
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B TepMuHax fApKOCTHOH TemnepaTypbl 3akoH Kupxroga npuobperaer
CleayIOlui BUA;

T, 6, 0)=Tx0, ¢). ()]

rae Ts (0,) — ApKoCTHasA TeMiepaTypa B HanpasieHuu n(0,¢); T — bu3uye-
ckas TeMIepaTypa BOXHOH MOBEPXHOCTH; ¥ (0,9) — k03dPHLHEHT U3NyyeHHs
MOBEPXHOCTH, KOJIMYECTBEHHO PAaBHbI OTHOCHTENBHOM J0Ji€ NOTIOLEHHON
9HEPTHH B HANPABJIEHHH Nobs(0,P).

B ciryuae mmockoit noBepxHOCTH S ko3dduuuenT usnydenns x(0,9) He
3aBUCHT OT a3MMYTAJILHOTO yria ¢ u paBeH | - |[R(O)2, roe R(6) — xo3ddu-
uMeHT oTpaxenns @peHens. TaxuM oOpa3om, ApKOCTHas TeMmmepaTypa
TUIOCKO# MOBEPXHOCTH MMEET a3UMYTANbHYIO CHMMETPHIO:

7,6.9)=T[1-|R@)['| @

Koapduuuentsl oTpaxkeHns DpeHens MIs BEPTHKAIbHOH W FOPHU3OH-
TaJIbHOW MOJIApH3aLUil OTIHYAIOTCA IOPYr oT apyra: Rv (6) # Ru (8). OTo
MPUBOAUT K HEPAaBEHCTBY APKOCTHBIX TeMmepatyp 7v (0) # Tu (0) u coot-
BETCTBYET JUIMNTHYECKON mongpusauuu. UckmodyeHue cocrasiseT Habmo-
neHue B Hagup 6 = 0, xorna Rv (0) = Ru (0), u asumyTaibHas CHMMETpHUA
MPUBOIMT K MOJIAPU3ALHOHHON CHMMETPHH: TEIUIOBOE U3Ny4YeHue npu 6 = 0
CTaHOBHTCS HEMOJNAPU30BAHHbIM.

B npucyTCTBMH BETpa TEMJIOBOE H3JTyYeHUe MOPCKOI NMOBEPXHOCTH Te-
PAeT a3UMYTaJbHYI0 CUMMETPHIO. Bce NONApH3aLMOHHBIE XapaKTEPUCTHKH
U3JIyYeHHS MOPCKO# MOBEPXHOCTH (APKOCTHas TeMIepaTypa Ha pa3HbIX
TIOJIAPH3ALMAX, POpMa NONAPH3ALUOHHOIO JUIHIICA, KOMIOHEHTHI BEKTOPa
Croxca S) [Born and Wolf, 1975] nprnobpeTaioT Teneps 3aBHCHMOCTb OT
a3UMYTaNbHOTO yria ¢. Kpome Toro, nonspusaluoHHble XapaKTepPUCTHKH
3aBMCAT OT CKOPOCTH M HampaBJicHMs NPHIOBEPXHOCTHOro Berpa V, Tak,
ckaxeMm, Wis BekTopa Crokca

S=S(@ 9,7). 3

OCHOBHO}## LIENbIO MOJNAPUMETPHYECKHX H3MEPEHHH ABJIAETCS ONpenee-
HHE NapaMeTpoB IMOBEPXHOCTH M3 MNOJNAPH3ALHOHHLIX XapaKTEPHUCTHK
TeroBoro usnydeHus. IlpobremMa BOCCTAHOBIIEHHA CIEKTPA MOBEPXHOCT-
HbIX BOJIH U3 MOJAPHMETPHYECKHX H3MEPEHHH MOXeT ObITh mpolle BCero
peuteHa i HabmozneHus B Hagup (0 = 0). B sToMm ciyuae HemonApU3OBaH-
HOE M3ITyYyeHHe CTAHOBHTCA JUIMNTHYECKH MOJIAPH3OBAHHBIM, ITIABHBIE OCH
NOJNAPH3ALHMOHHOrO 3JLIMIICA OPHEHTHUPOBAaHbI BIONb M NONEPEK BEKTOpa
BeTpa V, a cTeneHb MOJAPU3ALHH 3aBHCHT OT CKOPOCTH BeTpa.
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Pasnuua Mexny kodpduumueHTamMH cTpaxeHus DpeHens Wis BepTH-
KanbHOM (Rv) U ropusoHTanbHOH (RH) monspH3auuii, 3HaUYCHUAMH Ru u Ry
Ha yrjax BU3HPOBaHMA, GIM3KMX K HaIMpy, HEBEJIHKA, W POJb YKIIOHOB
KPYNHOMacIITabHOro BOJIHEHHA HEe3HAYMTENbHA. 31ech MpeBaNHpyeT Mexa-
HU3M (QOPMHPOBAHHS MONAPHU3ALMOHHBIX KOHTPACTOB TEMUIOBOI'O M3Nydye-
HHA, CBA3aHHBIN C MenkoMmaclTabHo# pAbbio. ITOT MexaHu3M ObLT npes-
CKa3aH TeopeTHYeckH B pabore [Kpasyos u dp., 1978] n o6HapyxeH Ixcre-
PUMeEHTaNbHO [Omxun u dp., 1978]. ItoT 3ddekT cBA3aH ¢ TaK HA3LIBAEMbI-
MH KPHUTUYECKMMH ABIICHUAMH Ha MeJKoMaciiTabHO# wepoxoBaToii mo-
BEPXHOCTH ¥ MMeeT AM(PPAKLIUOHHYIO MPUPOAY.

s Gonbiiux yrioB Bu3upoBaHus (6 ~ 50-60°) koHTpacTsl, BbI3BaH-
Hble MeJKOMaciTabHOi pAOBI0O W H3MEHEHHAMH YKJIOHOB KPYMHBIX BOJIH,
CTAHOBATCA CPaBHMMBIMHA. Hike paccMOTpUM MONAPH3AUUOHHBIE MEXAHHU3-
MbI Gonee neTanbHO U 0OpaTHM OCHOBHOE BHHUMaHHE Ha OXWAAEMble NMOJA-
pH3alHOHHBIE KOHTPACTH! APKOCTHOH TEMNEPAaTypbi U Te€ MOJENH CMEKTpa
MOBEPXHOCTHOTO BOJIHEHHA, KOTOPbIE JIy4Ilie MOrYT OOBACHUTh Habmonae-
MbI€ KOHTPACThI.

IIpn HaKIOHHBIX M3MEPEHHAX W3IMEHEHHE JJUIUNCA MONAPHU3ALMH Bbl-
3BaHO NMPEMMYLUECTBEHHO KPYNHOMAc/TabHbIMH KOMIOHEHTAMH CMeEeKTpa
BeTpoBOro BonHeHud. KpynHomaciutabHoe BoTHEHHE ONpeReNnseT JOKallb-
HBli yro 0’ Mexny nuHuell HaGoAeHUA U JTOKANbHOH HOPMAJIBIO K MNO-
BepXHOCTH Mop# [Stogryn, 1967). Ilpupainenue ko3dppuuHeHTa N3nyUeHNs
MO3KeT OBITh PACCYMTAHO C HCMONb30BaHHEM JBYXMEPHOIO pacnpeieiieHu
YKJIOHOB MOBEPXHOCTH. BrusHue KpynHoMaciiTaGHOTO BOJIHEHHA HA MOJA-
PH3aLHMOHHBIE XAPAKTEPHCTUKH TEMNOBOTO M3JIyYeHUs MOPCKOH MOBEPXHO-
CTH aHAJIM3UPOBANOCH Takxke B paborte [Gasievski and Kunkee, 1994].

Vuer MekomMaciuTaGHbIX BOH. B MHKPOBOJIIHOBOM gHana3oHe 3aMeT-
Hbilf TeMIepaTypHbIif KOHTpacT, Habmoxaemblit B HAAMpP Ha ABYX MONADH-
3alMAX, BbI3bIBAaeTCA, IJIABHbIM OOpPa3OM, TEMIOBLIMH NOBEPXHOCTHBIMHU
3JIEKTPOMArHUTHBIMH BOJHAMH, PaClPOCTPAHMIOWMMHUCA BIONb TPaHMLbI
BOZa-BO3AyX. Takue BOJHbI He OGHapyXHBaloT ce6A HO-TeX MOp, Moka
BOZIHaA MOBEPXHOCTb Miuockas. OAHAKO NMPH HANMYHH METKOMACIUTaGHBIX
BO3MYLIEHHI, HaNpHMeP IPaBHTALHIOHHO-KAMMHILIAPHBIX KOMIIOHEHT CrekK-
Tpa BOJHEHHs C JUIHHOMK BonHbl 0,5-5,0 cM, NOBEPXHOCTHBIE 3JeKTpOMar-
HUTHBIE BOJIHBI CAHTHMETPOBOI'O AHANA30HA MOTYT TPaHCHOPMHPOBATHLCA B
NOBEPXHOCTHBIE PacnpoCTpaHsiomuecs Monbl 6naromaps audpakuuu Ha
MOBEPXHOCTHOH peuieTke, ob6pasyeMoii MeIKOMACIITaGHLIM BOJIHEHHEM.
VnpouesHas aByxMepHas (B X—Z~TUIOCKOCTH) KapTHHA Takoro npeopaso-
BaHHS NMOKAa3aHa Ha PHC. 2.

IToBepXHOCTHas 3JIEKTPOMArHHTHAs BOJIHA MMEET BEPTHKAIBHYIO MO-
nsapusaumo E,, TaK 4TO 3JEKTPAYCCKHH BEKTOP MHTEHCMBHOCTH AHdparu-
PYIOLIeii BOJHbI HA peIIeTKe Z = z(X) NEXHT B X—2Z-NIOCKOCTH H COOTBETCT-
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BYET, B OObIYHO MPHHMMAEMOH TEPMHHOJIOTHH, BEPTHKANLHON NOJIAPH3a-
und. Jlndparupyiomas noOBEPXHOCTHAd BOJHA SBIAETCA NPHYHHOH ANs
CYILIECTBEHHOTO H3MEHEHHA MOJNAPH3aLMOHHOTO COCTOSHHA Pe3yNabTHPYIO-
mero TeruoBoro CBYU-u3nyuenns.

ITonapu3auuOHHBbIH KOHTPACT 3aBHCHT OT COOTHOLIEHHA MEXAY 3JieK-
TPOMAarHUTHOH JUIMHOMN BOJHBI M JUIHHOW BOJNHbI HA NMOBEPXHOCTH BOIbLI A,
noKasbiBas crneluHUecKoe «KpHTHYECKOe noseneHne». Takoe noseneHHe,
onHcanHoe B pabore [Kpasyos u op., 1978], npencrasnser coboii MUKpOBOJI-
HOBYIO aHAJIOTHIO ¢ aHOMaNHAMH Byna B onTuke.

A,

Judpakunoinas
3/IEKTPOMArHKTHas

BONTHA Eeurt

IMoBepxHoCcTHaR
3JIEKTPOMarHHTHas BOJIHA

TloBepXHOCTHAA rPABHTALHOHHO- e
KaNH/UIApHas BOIHA

Puc.2. BepTHkanbHO NONSPH30BRHHAS TEMJIOBas NMOBEPXHOCTHAs 3JI€K-
TPOMArHHWTHas BOJIHA MCMBITBIBaeT AudpakiMio Ha peluerke z = z (x),
chopMHPOBaHHO#i NMOBEPXHOCTHOH TIpPaBHUTALMOHHO-KAMMWILUIAPHO# BOJI-
Ho#. Takasa noBepxHOCTHas AM(parupyolias BOJIHA YBEIHYMBACT SPKO-
CTHYIO TEMNepaTypy B HampaBicHdu 0, oGecrieunBas, takum obpasom,
CYILECTBEHHBIH NMONAPH3ALMOHHbIH KOHTPACT Ha MOPCKO# MOBEPXHOCTH

ITpoananu3upyeM TemnoBoe M3NyYeHHE CHHYCOMANbHON BOAHOM Io-
BEPXHOCTH:

z(x)=acoskx, K=2m/A. @)

Bynem paccmatpuBaTh 3akoH Kupxroda B popme (2), kKoTopblii ABNIsET-
Cs NMPHUMEHHMBbIM HE TOJIKO B Mpefeax IeOMETPUYECKOd ONTHKH, HO H B
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MPHCYTCTBHH AndpakunoHHbiX dddexToB [Poimos u dp., 1989). AMmmTyRa
NOBEPXHOCTHON BONHBI OyHAET paccMaTpHBaTbCA NOCTATOYHO MAJIOH no
CPABHEHHIO H C 3JIEKTPOMArHUTHOMH IUIHHO# BOMNHBI A, M C JUIMHOMN BOJHBI A

rpannmuuouuo-kannnmpﬂoﬁ KOMITOHCHTbI BOJIHOBOT'O CNEKTpaA:

a<<lk, a<<A.

370 No3BOJNIAET BBECTH Mallblii NapaMeTp

a~ka ~Ka <<l1, k=31—t-, K=Z-1-t-, o)
A A
M HCMONB30BaTh €r0 B METOAE Maiibix Bo3MylueHuH. Ilycth BcomoraTein-
Has BOJIHA EAMHHYHOW aMIUIMTYIb! MAJaeT Ha MOBEPXHOCTb S B MIOCKOCTH
(z, x) U nopoxnaer 3epKaJbHO OTPAaXEHHYO BOJHY (HMPPaKLMOHHBIH
MaKCHMYM HYJIEBOTO MOPAAKA) C aMIUIHTYIOH Ao U ABYMS BOJIHAMHM, COOT-
BETCTBYIOLIMMH IHQPAKLUHOHHBIM MaKCHMyMaM IepBOro Nopsaxa, ¢ aM-
nutyRamMu A* 1 A", AMIUIMTYIObl A* HMEIOT TIEpBbIi MOPANOK MAJOCTH 110
napameTpy o, B TO BpeMA KaK aMIUIMTyAa Ay OTIMYAETC OT HEBO3MYILEH-
HOIi BeIMunHbI R(0) BO BTOPOM MOPAIKE O.:

4,=R@)-B, B~a’. O)

ITo3TOMYy BLIYHCIEHHA MOTMOLIEHHONH MONIHOCTH CIEAYeT NPOBOAHTD
IO BTOPOTO MOPAAKA MO o.. ITO O3HAYAET, YTO AUPPAKUHOHHBIMH MaKCH-
MyMaMH BTOPOTO MOPAAKA MOXHO npeHeOpeyb.

ITycTh BONHOBOIi BEKTOP BCIIOMOTaTebLHOTrO BOJMHOBOro nois k nuMeer
KOMMOHEHThI kx = ksin® M kz=-kcosf. Torma KOMNOHEHTHI BOJIHOBOTO

BexTopa k*, cooTBercTBylOlIMe AMPPAKLUMOHHBIM MaKCHMyMaM MepBOro
NOpAAKa, paBHbI

kf=k +K=ksin0tK, ki =‘sz ().

Kpm‘nqecxoe 3HA4YCHHE

kf=0 m

paszenseT pacHpoCTPaHAIOIMECA BOJHbI, KOTOPbIM COOTBETCTBYIOT Bellie-
CTBEHHbIE 3HaUeHUs k. , MPH YCIOBUH ]kf <k, OT HEOHOPOIHBIX MOJ C

MHHMBIMH BOJTHOBBIMH YHCIaMH & (B NOCHeZHEM ClTydyae |k,fi >k).

IIpn kpuTnyeckoM 3HaueHnu k; =0 uiou k; =0 oaun n3 audpakuu-
OHHBbIX MaKCHMYMOB DacCNpOCTPAHAETCA CTPOTO FOPH3OHTANBHO, MPOXOAS
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BIONb HeBO3MyuleHHOH mmockoctd z =0. IlycTh HayaabHOe NEpBHUYHOE
BOJIHOBOE T0JIe BEPTHKAJIbHO MOJSPU3OBAHO TAK, YTO BEKTOP MHTEHCUBHO-
ctH 3nexTpHueckoro nois E exut B mrockoctH (x, z). Takoe none reHepu-
PYeT MOBEPXHOCTHBIE 3JIEKTPOMATHUTHbIE BOJIHBI, YTO NMPHBOAMT K YBENH-
YeHHIO TorNIomeHHoi MoumHocTh. Toraa nmo 3akoHy Kupxroda (2) spxoct-
Has TeMIepaTypa TEIIOBOTO M3/yYeHHUd, MONAPH3OBAHHOIO B X—z-
IUIOCKOCTH, CYIIECTBEHHO YBEJIHYMBAETCA, B TO BPEMA KaK APKOCTHAadA TeM-
nepatypa IJIA TOPH3OHTAJIbHO TOJNSPU3OBAHHOTO H3NYYEHHSA H3MEHAETCS
HE3HAYMTENBHO.

JIa BbINONHEHHS KPHTHYECKOTO YCIOBHA k; =0 HOMMKHO YIOBJIETBO-
PATHCH CIIEAYIOLIEe COOTHOLIEHHE:

K =k(1£sin8). : ®

3HauyMTeNbHOE YBeJIMdEHHE APKOCTHOH TeMMNEPATYphl UL BEPTHKAIb-
HO# NONApU3aLMHK JOIDKHO HMETb MECTO NPH BBIMOJIHEH!H YyciioBHA (8). B TO
BpeMsi KaK Ui TOPH3OHTAIbHON MOJNAPH3ALMH MOXET OXKHIATHCA Hecylle-
CTBEHHOE M3MeHeHHe. DddeKkT yBeNIHUEHHA APKOCTHOH TeMmmepaTypbl Ha
BEPTUKANbHON MOJAPH3ALMH TIPH BBINOJHEHHU KPHUTHUYECKUX ycinoBuii (8)
MOJIyYWT Ha3BaHUE «KKPUTHUYECKUX ABIEHUI» [Kpasyos u dp., 1978].

CornacHo 3Toii cTaThe OTHOCHTENIbHOE NpHpalUeHHE APKOCTHOW TeM-
nepaTypel paBHAETCA

Ty ~Tyo =Ty - (ka)'8,(K 1 k),
rae 6e3pa3MepHas GyHKIMA &1 onpeneAteTcs KaK

Re(2BR *cosb + |4*[c* +

cosO

ale)

8.(K k)=~ ©

3mech
b* =1-s5s*sind, c*= l—(s*)z,

s¥ =sinB+x, x=£=i,
k A

A* — aMmmMTyABl IMPaKIMOHHBIX MAaKCUMYMOB t1-ro nopsaka, B — npu-
pauieHne aMIuIMTYAbl Ay B ypaBHeHHH (6), R — koadduument Dpenend u
& = g2 — manbidi napamerp (|| << 1), xapakTepu3yIoLHi JHITEKTPHYECKHE
cBoiictBa Mopcko# Boabl B CBU-muana3one. Mamoctbh x genaer BO3MOX-
HbIM TIPUMEHUTD rpaHnYHbIe ycoBua JleonToBuua Ei = E[nHy| ma Mopckoit
MOBEPXHOCTH.
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Jins ropusonTanbHoi (H) nonspusaumy (B JaHHOH CHTyauu 3To y-no-
JApU3aLMA) BbIIIEYTIOMAHYThIE TapaMeTPhbl ONPEAENAIOTCA KaK

_cos@-1 ., icosO
M7 cos0+1" "M cosf+1

__ cosb + + - -\
2(cos9+1) [M (C +eb )+M é +§b) gx’],
= (-eer) 1Qeee).

a Uit BEPTHKAIbHOM (V) MONAPH3aLMK (BEKTOP HANPHKEHHOCTH NIEKTPHYE-
CKOT'O MOJIA B X—Z-[UIOCKOCTH):

cosO —‘é; + _ icos@ It
cos@+§&’ cosf+&

0 +
B, =- 2(0::;+§)2P@c +b )+L (&c +b)+§|< ]

L= -2) 1 € +2)

Ha puc. 3, a nokazaHo NOCTPOEHHOE 3HAa4YeHHE Siv JUI BEPTHKAIbHOMH
NONApU3aLMH OT napaMerpa K = K/k Juid pa3snuyHbIX YIJOB HabGmromenus
0, a Ha puc. 3, b npeAcTaBIeHO aHAJIOTHYHOE 3HaYeHHE Si1H MU FOPH30H-
TalbHOH nonspu3auuu. JlusnekTpuyeckas NPOHMLAEMOCTb € ObLa NpUHATA
pasHoit 77,3 + i-18,3, 4T0o cooTBeTCTBYET npecuon Boge npu 15°C mns
IUTHHBI BOJIHBI A = 8 cM.

Paznmnuue Mexay aByms rpadukaMu paaukainbHo. Eciim Ha ropusol-

TaJbHOH NONAPH3AUMH HAGMIONAIOTCA TONLKO HEGONbIUME CTyNEHYaThbie
H3MEHEHHS. TEMIIEPATYPbl B KPUTHYECKHX TOUKaX Ker = 11sind, TO Ha BepTH-
KaJIbHOM MONApH3alMK MOABIAIOTCA BBICOKHE y3kue nuku. IIpn nabmoge-
HuH B Haaup (0 =0) o6a xputHueckux ycnosua (8) coBmamawT Apyr c
IPYroM M JalOT Ker = |, YTO OTBevaeT yCJIOBHIO A = A (HaaupHOE yClIOBHe
pe3oHaHca). B pesynbraTe ammiuTyAa nuka npu 8 =0 craHOBHTCA BIBOE
Gounbllle aMIUIMTYAbI TMKOB Ha COCENHHX MANbiX YIJaX, YTO OTBEYAET YABO-
€HHOMY MOJIPU3ALMOHHOMY KOHTPACTY.

CornacHo puc. 3 OTHOCHTENbHbIE TeMIiepaTypHbie MpHpPalieHus |Sv| 1
|31 MoryT oTnuuyaTbecs B 50-100 pa3, u aGcomoTHOEe npHUpalleHne SPKOCT-
Hoii TemnepaTtypbl MoxeT gocrurats 70-150 K. C apyroii cTopoHbl, WIHpH-

Ha TEMMEPAaTyPHOrO MNHKAa HAa BEPTHKAJbHON NONAPH3ALHH HOCTATOYHO
Mana: Ax/k =~ 0,01.

V=
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Puc. 3. HopMann3oBanHoe npupallieHHe ApKOCTHOI TeMNepaTyphl Ha ro-
PH3OHTANIBHO# (@) ¥ BEPTHKAIbHO (6) MONApU3aLMAX U1 CHHYCOMAAb-
HOW BOIHON TNMOBEPXHOCTH, MOCTPOCHHOE B 3aBHCHMOCTH OT mapameTpa
k = A/A nox pa3MYHBIMK yriiaMu HaGmopacHus 0. Beicokue 1 y3kue nuku
Ha BEPTHKAJIbHOH! NMONAPU3ALIMH COOTBETCTBYIOT YCIOBHIO (8)

IlepBoe 3KCrIEpUMEHTaNbHOE HaOMONEeHe KPUTHYECKUX ABJIEHHH GbINO
MOJNyYeHO B N1aGOPaTOPHBIX yCIOBUAX [Omxun u dp., 1978]. danbHeiiumne
TeOpeTH4YeCKHe M IKCIEepPUMEHTaNIbHble McciienoBaHus [Mpucos, 1984; Tpo-
xumosckuii u Imxun, 1985] ycTaHOBHIM Npenenbl METOa MaJIbIX BO3MYIie-
HHi o maHHO# mpo6neMbl. BbUIO MPOAEMOHCTPHPOBAHO, YTO JAJIEKO OT
«ycloBHit pe3oHaHca» A = A, HanpuMep npu A = 0,51 A, MeTox BO3MYILEHHi
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BepeH Ui aMIuMTyA o 0,1A, B To Bpems kak B 06nacTH pe3oHaHca, cka-
xeM, mpu A =0,99A, MeTon BO3MYLIEHHH HapylIaeTcd NPH aMILIMTyHax
Bcero 0,04M.

Bce ckazaHHOE BbilllE KacaeTcs Ciiydyas, KOTAa BOJIHOBOH BEKTOD CHHY-
COMAANbHOW MOBEPXHOCTHOI "BOAHOH" BONHBI K JEXMT B MIOCKOCTH Ha-
6monenus (x, z). Ecu noBepxHOCTHas BOAHAA BOJNIHA NOBEPHYTA MO YIIIOM
¢ K TUIOCKOCTH HabmoneHus (x, z), To MOABIIEHHE WM NponafaHue audpak-
LMOHHBIX MaKCUMYMOB +1-ro nopaaxa MPOHCXOAMUT MpPH yCIOBHHU [Hpucos,
1984]

K?* +2Kkcos@sin® = k2 cos? 6, (10)

KOTOpOE 3aMeHseT Tenepb ycionue (8).

PeanbHas rpaHuna BOJa-BO3OyX He 4BJIF€TCd CHHYCOMITANbHOH IO-
BEPXHOCTbIO, @ COCTaBJIeHa M3 BOJH pa3iIMYHBIX MaciTaboB M Hanpasie-
HHH:

2(p)=[Z(K) exp(iKp) dK , an

rae p=(x,y) n Z(K) — ammiutyna ¢pypbe-ceKTpa MOpPCKoi IOBEPXHOCTH,
cBa3aHHas co cnekTpoM F (K) cooTHoLIeHHEM

<Z(K)Z*(K')> = F(K)s (K- K'). (12)

3neck ckoOKH 03HAYAIOT YCPEXHEHHUE 1O aHCaMbImo.

JIns HenpepbIBHOrO CHEKTPa BO3MYIIEHHH Takas omnepauus KOJDKHa
NPHMEHATHCA K KaXHOi rapMoHuke. Pe3yabTHPYIOIHH KOHTPACT APKOCT-
HOHM TeMnepaTypbl MOXET ObITb PACCYMTaH KaK MHTErpali Mo BCEM BOJIHO-
BbIM BEKTODaM:

ATy(k9)= 2Tk | | FUK)S,(K | ko — ¢ )KdKdy'. (13)

Kogn -%

3nece mBymepHasa GyHkuua S,(K/k, @ — ¢') omucbiBaeT BKJIaj NOBEpX-
HOCTHO# rapMOHHUKH C BOIHOBBIM BekTOpoM K = (Kcosg', Ksing'), u unTer-
PHMpPOBaHHeE BbINOJIHAETCH [0 BCEM BOJIHOBbIM BEKTOPaM, HaYHHasA C HEKOTO-
poii BenmuuuHB Kmin, KOTOpas 0ObiyHO cocTaBiser 1/3-1/5 oT BenMuMHBI
3JIEKTPOMAarHUTHOT'O BOJIHOBOTO UMCIa k.

BansiHne J/IMHHBIX NOBEPXHOCTHBIX BOJIH. ITMOHEpaMu TeopeTHyecKux
M 9KCMEPHMEHTANBHBIX HMCCIENOBaHUH BKIafa MIHHHBIX BOJNH B KOHTPAcT
APKOCTHO# TeMmmepaTypbl Obimu aBTOpBI pabot [Stogrin, 1967; Hollinger,
1971; Swift, 1974; Wu u Fung, 1972], ocHoBaHHbIX Ha moaxone Kupxroga
(«MCTOJ.I TAHTEHUMANBHBIX MIOCKOCTeH»). COrNacHo 3TOMy MeToly Ko3d-
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(GHULMEHT U3Ny4YeHHS x=l-|R|2 ycpenHsieTcs Mo (QYHKUHM pacnpencieHus
BEPOATHOCTH YKJIOHOB NMOBEPXHOCTH P(6x,9y) M ApKOCTHad TeMmnepaTypa
onpeaensercs Kak

T, = ][ P(8,.8,)-[T,(1- |R12 )+ T..,.,lRf]de,dey . (19)

3neck R’ - noxanbHblit koagduuuent Opexens, 3aBuciuuii oT yria Habmo-
IEHUs U JIOKAJIbHBIX YKIOHOB Ox M Oy, Tatm — APKOCTHASA TEMIIEpATYpa H3Iy-
yeHHs aTMOChepbl, OTpaxaloweica OT MOPCKOH MOBEPXHOCTH. YpaBHEHHE
(14) MoxeT OBITb PACIIMPEHO C LENBIO y4eTa 3Q(PeKTOB 3aTEHEHUH H MHOTO-
KpaTHoro pacceuBaHus [Mpucos u op., 1990; Kunkee u Gasievski, 1994].

Jucnepcuu yKJIOHOB Ox2 M Gy? MOTYT OBITb BbIpaXEHBI Yepe3 CHeK-
TpaibHyio morHocts F (K) (12):

o) = [KIF(K)d’K,

1
o) = [K}F(K)d’K. (13)

PeanvHoe pacnpeenieHHe YKIOHOB MOPCKOi MOBEPXHOCTH HMEET He-
MHOrO HErayCCOBCKOE pacnpelelieHHe M3-3a HelMHeHHbIXx mpoueccoB. He-
6onblLIMe OTKIOHEHHS (PYHKLMH pacnpeneiieHHa BepOATHOCTH P(6x,08y) oT
rayccoBckoii 611 npogeMoHcTpupoBaHbl B pabote [Cox u Munk, 1957].

AnNbTepHaTHBHBIN MOAXOX IUIA pacueTa W3NyYeHHs KpyMHOMacuTab-
HbIX IIEPOXOBATOCTEH MOXET ObITh OCHOBAH HAa METORE MAJIbIX HAKJIOHOB,
NpeUIOXKEHHOM B nyOnukauuu [Boporosuy, 1985] nns aHanu3a paccesHHOro
NOJIA ¥ MPUMEHEHHOTO B pabote [Irisov, 1994] 1 MomenMpoBaHUA MHUKpPO-
BOJIHOBOT'O TeIu1oBoro usnyueHus. Cornacyo paborawm [Irisov, 1994; Irisov,
1995)] dynxums 82Kk, j) B ypaBHeHuu (13), nepBoHa4anbHO MONy4eHHAA
I KOPOTKHX MOBEPXHOCTHLIX BOJNH, (paKTHYECKH OKa3alach NMPHUMEHHMOM
M WIA NOJOTMX JIMHHBIX BOJMH Gonmbmoii ammumtynsl. Ecnu aucnepcnu
YKJIOHOB Gx? U Gy2 JOCTATOYHO MaJibl, MOXXHO BbIYHUCIATH KOHTPACT APKOCT-
HOM TeMnepaTyphl, HCTIONb3ysA ypaBHeHus (13) ¢ HIKHUM NPEAEIOM MHTEr-
PHPOBaHKs PaBHbIM HYJIIO.

Panuomerpuueckas cnexTpockonus Mopckoii nosepxHoctH. Mcnons3ys
JaHHbIE MHOTOYaCTOTHBIX PaHOMETPHYECKHX H3MEPEHMH, MOyYeHHBIX Ha
Pa3’NHYHBIX YIJIax HabimoZeHHs, MOXHO BOCCTAHOBHTb CHEKTpPbI IPaBHTa-
L{MOHHO-KANWUIAPHBIX BOJH W ONPEHENMTh CPENHEKBaAPATHYHBIA YKJIOH
KpynHoMacmtabHoro BonHeHus. Jns pemeHus 3rod 3amauu B pabote
[Tpoxumosckusi, 1997] ucnonb30BaMCh JaHHblE, NPHUBEACHHbIE B Tabm. 1.
AHaNM3HPOBAIMCL PAJHOAPKOCTHbIE KOHTPACThl NPH CKOPOCTH BeTpa
10 M/c npu usmepennu B Hagup (A = 0,8; 1,5; 2,0; 8,0; 12 cM) [Tpoxumosckui:
u dp., 1983; Hpucoe u dp., 1987; Blume et al., 1977], annpoxcHMauLus HaH-
HbIX Ha yrie 50° ot Hagupa [Sasaki et al., 1987] v pe3ynbTaThl HACTHIBHBIX
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usMepeHnid Ha BonHe A = 0,8 cM [Omxun u dp., 1987]. Ana usMepenuii B
HaJIMp HCMOJb30BAJIMCh AAHHbIE, YCPEAHEHHBIE N0 a3UMyTaNbHOMY yriy. Ha
yrne Habmonenus 50° B 9KCIEpUMEHTAaX HanpaBlIeHHE BETPA HE YYHTbIBA-
J10Ch, HO TaK KaK OTHOCHTEIbHOE 3HaYEHHE aHU3OTPONHH PAJHOAPKOCTHOI
TEMIEPATYpbl Ha GONbIIMX Yriax HAaGMIONEHHA MANO, TO MOXHO NMPHHATD,
YTO BCE PAZMOAPKOCTHbIE KOHTPACTbl COOTBETCTBYIOT 3HAYECHHAM, yCpen-
HEHHbIM MO Pa3jiMYHbIM HanpaBneHusM Berpa. COOTBETCTBEHHO BOCCTa-
HOBJIEHHbBIE 3HAUEHNA CHEKTPANIbHON MIOTHOCTH KOJDKHBI PaCCMATPHBATHCA
Kax 3HaYeHHS, YCPEAHEHHBIE N0 BCEM a3HMYTaJIbHbIM HaNpPaBICHHUAM.

Tabnuya 1

3xcnepumen‘ranwue 3HAYCHHA PANHOAPKOCTHLIX KOHTPACTOB

i A, cM 0, rpan Monspuzauus AT, K Di
1 0,8 0 - 43 2,0
2 1,5 0 - 3,5 2,0
3 2,0 0 - 31 2,0
4 8,0 0 - 32 0,2
5 12,0 0 - 1,9 3,0
6 0,8 50 B 33 0,7
7 1,5 50 B 2,3 0,6
8 3,0 50 B 1,8 0,6
9 5,0 50 B 1,6 0,5
10 20,0 50 B 1,5 0,5
11 0,8 50 r 12,3 0,7
12 1,5 50 r 8.8 0,5
13 3,0 50 r 6,2 0,5
14 5,0 50 r 50 0,4
15 20,0 50 r 30 ° 0,3
16 0,8 80 B -26,0 0,2

Pewenne o6paTHoii 3agauu nposoauioch MeronoM Monte-Kapno. Hc-
clenyemblii HHTEPBAJ BOJHOBbIX YHCEN ciyyaliHbiM o6pa3oM pa3buBaiica Ha
,BOCeMb TIOILIHTEPBATIOB NPHMEPHO ONHHAKOBOH UIHHbI B JIOrapHpMuye-
ckom Macwrabe. B Tabi. 2 npuBOAATCA CpeAHMe 3HAYEHUA BEPXHUX IPAHHL
MHTEPBAJIOB M HX CPEJHEKBAJPATHYHOE OTKIOHEHHE 0 COPOKA HE3ABHCH-
MbIM peanu3auusM. HidkHAs rpaHuiia nepBoro mHTepBana 6bina ¢puxcupo-
BaHa: Ko = 0,031 pap/cm. s kaxmoi peanu3auiy CYMTAIOCH, YTO CIEKTP

kpusu3sHel B(K)=F(K)K* B unTepBane c MHAEKCOM i MMEET MOCTOAHHYIO

393



BEJIHYHHY Bi. 3aTeM IS KXAOr0 H3 pPaCCMaTPHUBAEMbIX PaHOMETPHYECKHX
H3MepeHHii C y4eTOM IUTHHBI BOJHbI Aj, OJNAPH3ALNK U yriia HabmoaeHus 6;
no dopmynam paborsi [Hpucos u dp., 1987] Boruncnsanuc, ko3pPHLHEHTHI
bij, No3BONAIOLIHE ONMPENENTUTb PATHOAPKOCTHBI KOHTPAcT KOPOTKHX BOJH
NPOCTHIM CyMMHPOBaHHEM

Tis = an -B; .
Tabnuya 2
HnTepBansl pa3tueHns BOJIHOBBIX HCE
i Ki, pap/cm oK, pa/cM
1 0,151 0,07
2 0,523 0,23
3 1,81 0,75
4 4,42 1,6
5 8,66 2,8
6 14,4 3,6
7 24,1 44
8 35,8 43

IIpu BriuuciieHnn kK03hPUUHEHTOB bij YIUTHIBAJIUCH TOJBKO BOJIHOBbIE
YucNa, yAOBIETBOPAIOLIHE ycloBuio K > K . JIng MHTEpBajioB ¢ BONHOBLIMH

yucnaMu MeHbWHMH K; koddduumentsr b; nonaranuck paBHBIMH HYIIO:
b;=0.

JUng Kaxmoro paguoMeTPHUECKOro KaHajla 3aTeM ONpenensiach AWC-
TepCHs YKJIOHOB KPYNHBIX BOJIH, COOTBETCTBYIOLIAs 3aJaHHOH IUINHE BOJIHbI
¥ ycnosuio K ; = 0,1 kj :

K.
j j F(K)K?cos’p KdKdp =c2+7 Y B, m{— +7B, ., In KL’ ,

i=l,m i1 m
rae 0'(2, ~ AUCTNIEPCHA YKIIOHOB BOJIH C BOJTHOBbIMH YHCIIAMH K< KO’ a 3Haye-

HHE m PaBHO MAaKCHMAaJbHOMY 3HAYCHHIO MHIEKCA i, JUIS KOTOPOTO ele
BbINONHsAETCA yenoBue K; < K.

MonenbHblii KOHTPAcT PafHOAPKOCTHOH TeMIepaTypbl, 00YCIOBJI€EH-
HBI# JUIMHHBIMU ¥ KOPOTKHMMM BOJIHAMH, ONPENENAETCA KaK

AT =ATis+ AT} =Y b;-B; +co) +cz(°1?)2’ (16)
J
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rie KO3QPHUUHEHTHI ¢ ONMPENENANMCh M3 MOMEIbHBIX PACUETOB METOXOM
Kupxroda. Ins kaxaoii u3 peanusauuii paz6ueHHs BOMHOBBIX YHCEN METO-

oM MonTe-Kapno onpenensnuch 3HaueHMs G©. W B,, AocTaBisiomme
MHHHUMYM QYHKUHH HEBAZKH

e=Y|AT - AT}

'pj’

TZe pj — BecoBble K03OdHLHEHTDI, TPHBENEHHbIE B nocneaHel rpade Tabu. 1.
Ipn HaXOXIEHNH MHHMMYMa BBINOMHANOCH A0 2-10° HTepaumii.

ITocne onpeaencHuds MUHUMHA3BHPYIOLIECTO PELIEHHS Ui KaXIo#l u3 co-
poka peanusauuﬁ pe3yIbTaT HAXOAMIICA YCPEAHEHHEM BCEX pemeuui»i.

Onepauus ycpenHeHns 060CHOBaHHA, TaK Kak 3aBUcHMOCTb ATy OT o) u
B, npaxTHueckH nuHeliHa. KBaapaTHuHblii uieH B ypaBHeHuH (16) BHOCHT

He3HAYHTENbHbLIA BKIIaK, U €r0 BIUAHHEM 0ObIYHO MOXKHO NpeHeOpeyb.
BoccTaHoBneHHbIN cneKTp KpuBu3HbBI B(K) mpu ckopocTH BeTpa
V=10 M/c nokasaH Ha puc. 4. HeoXnzaHHbIM pe3yabTaTOM ABHIOCH HAJIH-
ype maxcumyMa B(K) npu BostHoBoM uucie K = 12 pan/cM (JuIMHa BOJHbBI
A=0,5 cMm). Pasymeercda, Ha cnektpe F(K) 3TOT MakCHMyM NpPOABIAETCS
TONBKO B BHJE H3MEHEHHS HaKNOHA 3aBMCHMOCTH. Bhina npoBepeHa ycToii-
YHBOCTb Pe3yJbTaTa K BbIOOpPY BecoBBIX (PyHKLHiH, YHCHy HTEpauui, Kxonu-
4ecTBY MOJBIHTEPBAJIOB pa3Ouenns. KauecTBeHHO pe3ynbTaT ocTaBajca
TAKUM Xe, XOTH B pajie ClIyyaeB OTMEYaoCh H3IMEHEHHE YPOBHA CNEKTPalb-
HOi myoTHocTH Ha 20-40%. Haumbonbiume owmbKu CcleayeT OXuOAaTb B
JUIMHHOBOJIHOBOW YacTM paccMaTpHBaeMbiX BOJHOBBIX uucen npH K <

<0,1 pag/cm. Cpenree 3HaueHHe c?) cocrasuwiio 0,0070+0,0025 (K <

< 0,031 pag/cm). HanoMHuM, 4TO pe3ynbTaThl ClElyeT TPaKTOBAaTb Kak
yCPEAHEHHbBIE 3HaYEHUs N0 PAa3IHYHBIM HaNIPaB/IEHNAM NPHIIOBEPXHOCTHOTO
BETpa.

B nutepaType OTCYTCTBYIOT PE3yNbTaThl HaTYpHBIX ,H3MEpPEHHii Mpo-
CTPaHCTBEHHOTO CMEKTPa Ha OOJNbIINX BOJMHOBLIX YHciax. B nabopaTopHbix
YCIOBHAX TaKHE U3MEPEHHs NMPOBOAMIMCH C HCMOJIb30BaHUEM ONTHYECKHX
meronuk. B pabote [Pysumckuii, Ppeiioman, 1981] ormeuanocs, uto
“napa3suTHbIe KaNnWUIAPHbIE BOJIHbI, BOSHUKAIOIME HA IPeOHAX KOPOTKHX
TPaBUTALIMOHHO-KAMHJUIAPHBIX TapPMOHMK, MMEIOT AJIMHY Kak pa3 OKOJIO
5 mM. Tloxoxas ¢opMa cnekTpa KpUBU3HBI C MAKCUMYMOM Ha JUIMHAX BOJIH
MeHee OHOTO CaHTHMeTpa Oblia nmoyyueHa U B J1aBOpaTOPHLIX HCCIenoOBa-
Husx [Jane, Riemer, 1990].

Ha puc. 4 npuBeneHbl TakKe MOZENH CIEKTPOB, NMPENIOKEHHBIE pas-
JMYHBIMH aBTOPaMH Ha OCHOBE HM3MEPEHMi, BBINOJHEHHBIX C MOMOULIO
PagvoJIOKaTOPOB H CKATTEPOMETPOB.

395

\



B(K)
o —

0.004

0.001 4\

1
0.01 10 100
K, pan/cm

Puc. 4. BespasMepHas cCnekTpajibHas IUIOTHOCTb B TIPaBUTALIMOHHO-
KanWwUIAPHOM HWHTEpBaje, YCPEAHEHHas MO a3uMYTAJbHOMY YTIIy.
T - oLieHKa HAa OCHOBE paJHOMeTpHyYeckuX usMepeHuii [Tpoxumosckuii, 1997],
D&P - [Donelan and Pierson, 1987), A — [Apel, 1994], R — [Romeiser, 1997]

Jna BbluucieHns 0Ty / OV BOCCTaHOBNEHHbIH CrEKTP I'PaBUTALHOHHO-
KanuwuIApHbIX BoJH npu V' = 10 m/c [Tpoxumoscrusi, 1997] moimkeH ObiTh
IOMOJIHEH 3aBHCMMOCTBIO CIIEKTPAIbHON IUIOTHOCTH OT CKOPOCTH BeTpa.
B kauecTBe MepBOro MPUONMDKEHHA MOXHO B3ATb 3HAYEHHS MOKa3aTens
CTefleHH Y B 3aBHCMMOCTH CE€Y€HHA PAJHOJNOKALHOHHOTO PpacCesHHs
(BepTHKaNbHas nonapu3auua, 6=30-60°) oT ckOPOCTH BETPa H CUUTATh, YTO
Ta e CTeleHHas 3aBUCHMOCTb CTpaBeIHBa U4 COOTBETCTBYIOILHMX Gper-
FOBCKHX KOMIOHEHT BoJHeHHA. Mcnoiib3ya pe3ynbTaThl aHainuW3a pasidy-
HBIX 3KCNIEPUMEHTOB, Mbl PHHAIH CICAYIOUYIO POCTYIO anNpOKCHMALHIO
111 BETPOBO# 3aBHCHMOCTH CTEKTPAJIbHOMH NMIOTHOCTH:

F(KV)=F(X)-(V/10)',
_Jo21+072K, K <3pan/cwm,
=1 23, K >3pan/cMm,

rae F,(K) - cnexTpanbHas IIOTHOCTb NPH CKOpocTH Berpa V= 10 m/c.

Panuosprocrubiii konTpacr npu V=10 m/c. Pacuet, npoBeaeHHbI HaMu
B paMKax JByXMaclITaOGHO# MOIENM JUIA PasNHYHBIX MOJAENeil CreKkTpa,
CPaBHMBAJICA C PA3NIMYHBIMM IKCIIEPHMEHTANIbLHLIMU JaHHbIMU. B pacuerax
HCMOJNb30BAJIOCh NPUOIIHKEHHE FOPH3OHTAJIbHO-OXHOPOAHOM Ge306aaunoM
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aTMoctepnl. Jlna pacuera paaMOSPKOCTHOrO KOHTpacTa 3(deKkTHBHas
TeMnepaTypa aTMocepbl NMPHHMUMaJach PaBHOH TeMmepaType 3OHIUpY-
eMoii moBepxHOcTH. X0TH Takoe NpubiIKeHne BHOCHT olHOkH B abcosroT-
Hble 3HaYEHUA PAAMOAPKOCTHOH TeMNEPaTyphl Ha MHUIMMETPOBBIX BOJIHAX,
NOTPEIIHOCTH, BO3HHKAIOLIHE B PaJHOAPKOCTHOM KOHTpacTe, NpeHeOpexu-
Mo Manbl. ITornomesne B aTMochepe BbIYHCIANOCH MO MOAENH paGoThl
[Liebe, 1989] c yueTom Bkiiajia BOOAHOTO Napa M JIMHUIA MOTIIOLIEHHS MOJTe-
'KyJaspHoro kuciopopa. KoOHUEHTpauusa BOIAHOTO mapa Yy MOBEPXHOCTH
okeaHa npuHuManach paBHoi 10 r/M3, a ero BbICOTHOE pacmpeneleHHE
NPEANONAragoch IKCNOHEHUHAIbHBIM C XapaKTepHOii BbicoTOM 1,7 KM.

Juanexrpuueckas MPOHULIAEMOCTb BOIbI, HCIIOJNIb3yeMas Ul pacyeTa Ko-
a¢pduunenta Ppenenst, onpenenanach Mo MONENH, NMPUBENEHHOH B paboTe
[Ulaby et al., 1986). Bo Bcex pacyeTrax Mbi HCIONbL30BAIN TEMIIEPATYPY BOMLI
Ty, pasnyio 20°C, 1 coleHOCTb MOPCKO# BOIBI CYMTAIIM PaBHOI 35 mpoMuILTe.

PaccunTaHHbIH pagHOAPKOCTHBIH KOHTPACT U AaHHbIE CAMOJIETHLIX H3-
mepenut [Tpoxumoeckuii u dp., 1983; Hpucos u op., 1987; Blume et al., 1977]
Ins HabmiofeHus B Haaup nokasaHbl Ha puc. 5. CoBnajeHHe pe3yJbTaToOB
OYeHb Xopollee IJIA CIEKTPa, BOCCTAHOBICHHOI'O IO PaqHOMETPUYECKUM
M3MEPEHUAM, M HECKOJIbKO XyXke I APYrux Moxenei. OTMeTuM, 4TO OT-
YeTJIMBO BUIHA JIMHMA NMOTMOLEHHA BOAAHOro napa 22,235 I'T'y, uto ceupe-
TENbCTBYET O BaXXHOCTH y4eTa MOJACBETA aTMOCGEpPBI.
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Prc. 5. DxciepuMeRTaNBHBIC 3HAYCHHA PANMOAPKOCTHONO KOHTPACTA NpH
ckopocTH BeTpa 10 M/ic # HAGMOZCHUN B HAXMD H PESYALTATE MOASIIRPO-
BAHUN C HCRO/B3OBAHMEM PANTHYHBIX CIEKTPOS BOAHeHAA. O6osHRCHIn
CM. Ha pu<. 4 M B TeKcTe
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Ha puc. 6 aHanornyHoe conocTaBlieHHe NPOBOAUTCA WA yriia Habimo-
ngeHus 50° npu U3MepeHHAX Ha BEPTHKANbLHOH M FOPU3OHTAJILHOH NONApH-
3anusax. Kpatkoe onmucanue pasiM4HbIX 3KCIIEPHMEHTOB, Pe3YIbTaThbl KOTO-
PbIX MpHBeAEHbI HA puc. 7, naerca B pabote [Sasaki et al., 1987] . OTMeTM
TOJILKO, YTO W3MEpeHMs, NMpuBeneHHbie B [Sasaki et al., 1987; Hollinger,
1970; Izosaki et al., 1984), BoinonHeHb! ¢ MOpckux mnatrhopm, a HaHHbIE
pabotsi [Wentz, 1983] 6a3zupyloTcs Ha H3MEPEHHSAX CO CTIyTHHKOB “Seasat” u
”Nimbus-7”. U3 puc. 6 BUAHO, YTO MOJHOE COBNAJEHHE MOAETBHBIX pacye-
TOB U 3KCIIEPUMEHTANBHBIX PE3YJILTATOB HMEET MECTO TONbKO JUI CIEKTpa
[Tpoxumoscruii, 1997].
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Puc. 6. CpaBHeHue pe3ynbTaTOB pacuera npu yriie HabmopeHusa S50°
€ IKCTIEpUMEHTAJIbHBIMH JaHHbIMH. O003Ha4€eHMA CM. Ha PHC. 4 H B TEKCTe
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Puc. 7. Kpytnsna pagyaluoHHO-BETPOBOM 3aBHCHMOCTH ITPH HabJIOACHUH Ha
HeGOJbIIMX YIJIaX OT Hamupa. Pacuer: mrrpuxoBoit myHkTHp — V' = 6,1 M/c,
crutonHas mHus — ¥ = 7,2 M/c, ToueuHslit myHkTup — V' = 8,7 M/c
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IIpoBeneHHOE cOMOCTaBIEHHE MOKA3bIBAET, YTO BOCCTAHOBIICHHBIA MO
MHKPOBOJIHOBbIM Pa{HOMETPUYECKHM M3MEPEHHAM CIIEKTP FPaBUTALMOHHO-
KalnWUIAPHbIX BOJIH NEHCTBHUTENLHO XOpowo OOBACHAET Habmozaemuie
OCOOEHHOCTH PaJMOAPKOCTHBIX KOHTPACTOB B3BOJIHOBaHHOH MOPCKOI
NOBEPXHOCTU. I'TaIKOCTh MOJENBHBIX 3aBUCMMOCTEN CBUAETENbCTBYET, UTO,
npoLeAypa PeryjispH3aliii NPH pelieHHH oOpaTHO# 3amaun Gbia BHINOI-
HeHa KOpPpeKTHO. PazyMeeTcs, JOCTOBEPHOCTb BOCCTAHOBJIEHHOTO CNEKTpa
HanpsAMYI0O CBfi3aHa C JOCTOBEPHOCTBIO HCXOAHBIX PagHOMETPHUYECKHX
OaHHBIX.

Kpyrnana paamaumonHo-eTpoBoii 3aBHcuMocTH. KpyTusna pamuanu-
OHHO-BETPOBOH 3aBHCHMOCTU OMpefensercs Kak mpousBogHas 0Ty /0V .

IToHATHO, YTO OHa NOCTOSIHHA TOJILKO B CIIy4ae, €CIH PaaHOAPKOCTHAsA
TeMIlepaTypa JIMHEHHO 3aBHCHT OT ckopocTH Berpa. Ha camom amene 3aBu-
CUMOCTb OJIM3Ka K CTENEHHOM € MoKa3aTeNeM CTENeHH, MeHsiomumcs ot 0,3~
0,5 ms nenuMeTpOBbIX BOJNH IO 3HauYeHHH 2-3 is BOJNH MHILIMMETPOBOIO

auamna3soHa. ITosTomy, aHamu3upys BenuuuHy 0Ty / OV , HeOOXOZUMO YUYHTBI-

BaTb CPEAHIOI0 CKOPOCTh BETPa, IPH KOTOPO# H3MEPEHa 3Ta BENIHYHMHA.

KpyTH3Ha ~paaMalMOHHO-BETPOBOi 3aBUCHMOCTH OMNpEAENAIach BO
MHOTHX 3KCMEPMMEHTaX. DTO Mpole, YeM H3MEPEHHd DaIHOAPKOCTHOTO
KOHTPAcTa Mo OTHOUIEHUIO K IITafKOH BOAHOMN MOBEPXHOCTH, TaK KakK yclo-
BHUs a0GCONMIOTHOrO IUTHIA KpaiHE PeIKH IJIA OTKPBITHIX aKBaTOpHH, a
WCMOJIb30BaHHE PACYETHOTO 3HAYEHUA APKOCTHOH TeMNepaTypbl Iiankoi
BOJIBI JUTA CPABHEHHA C JAHHBIMU 9KCNIEPUMEHTA TPeOyeT BbICOKO TOUHOCTH
a6comoTHOl KaIMGPOBKH pagvoMeTpudeckoil cucTeMbl. JIOMOMHUTENbHbIE
omubKM MOTYT BO3HHMKATh 3a CYET IOTPEIIHOCTEH MOZENU AHINIEKTpHUYE-
CKOif TPOHMLIaeMOCTH BoAbl. B TO Xe BpeMs KpPyTH3Ha paaMallMOHHO-
BETPOBOH 3aBHCHMOCTH ONpeAeNsAeTcs MO PpEerpeccHd PpanHOfspKOCTHOMH
TEMNEPATYPbl M CKOPOCTH HNPHUIOBEPXHOCTHOrO BeTpa Oe€3 mpoBemeHHs
abCOMOTHBIX usuepeuuﬁ H Ge3 MCMOoNb30BaHUA KaKHMX-MM60 Momened s
IUINIEKTPUUECKHX CBOHCTB BOJBI.

PacyeTHble 3HaYEHHUA KPYTH3HBI panuauuonuo-ne'lponou 3aBHCHMOCTH
CPaBHHBAIOTCA C 9KCMNEPHMMEHTAIbHBIMH JaHHBIMH, TNOJYYEHHbIMH IIpH
n3MepeHHH B Hagup [Tpoxumoesckuit u dp., 1983; HUpucoe u op., 1987; Blume
et al., 1977), npu yrne 20° [Sasaki et al., 1987; Hollinger, 1970] u 25° [Swift,
1974}, na puc. 7. MopenbHble 3aBUCHMOCTH ONpEAEIeHb A Habmonenus B
HaJup npH ckopocTsx Berpa V = 6,1 m/c, V' =17,2 m/c u V = 8,7 m/c. U3me-
penus B Hagup [Tpoxumosckuii u Op., 1983] nonyuenel ¢ camornera-
nmaboparopun AH-12 B ceBepo-3anagnoii yact THXoro okeaHa nmpu ckopo-
ctu Betpa 4-11 m/c. Tot ke camoner-nabopaTopus HCHONb30BANCA A
M3MepeHHii, B KOTOPLIX CKOPOCTb BETpa MeHANach B mpemenax 2-22 M/c
[Trokhimovski et al., 1995]. U3mepenus Xomuumkepa [Hollinger, 1970]
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(6=20°) nmpoBOAMIIMCL C MCCIECAOBATENbCKON NuaTGopMbl MPH CKOPOCTH
npunoBepxHoctHoro Berpa 0,5-13,5 m/c. lannbie paGothl [Swift, 1974]
(6=25°) nomyuensl CBHTOM C XKeNE3HOAOPOXKHOIO MOCTAa 4epe3 KaHai B
paiione Maccauycerca mpu ckopoctd Berpa 1,5-15,4 wm/c. PesynbraThbi
[Sasaki et al., 1987] (6=20°) NOCTpOEHbI MO U3MEPEHHSM C MOPCKO# HCCIe-
JIOBaTeNbCKOM rmaTgopmbl B SIMOHCKOM MOpE NpH CKOPOCTH Berpa (-
11 m/c. ing usMepeHuii B HAAUP Mb! HCIOJIb30BAIM AAHHbIE, YCPEXHEHHbIE
1o asuMyTanbHOMY yruy [Tpoxumosckuii u dp., 1983). ins apyrux usmepe-

Huii BemmuuHa 0T / OV noisyueHa B pe3ylbTaTe YCPEAHEHHA JaHHbIX A

BEPTHKAJILHON M TOPM3OHTANBLHOW MONAPU3alMii, YTO HOJDKHO B 3HAUM-
TENbHOW CTeNMEeHH YCTPaHUTb BIMAHHE HanpaBlleHHs BeTpa. JlaHHble, moiy-
“YeHHbIE Ha HeGONIbIIMX YIIIaX OT HaAUpa, NPaBOMEPHO CPABHUBATH C pacye-
TOM, BbINOJIHEHHBIM s O = 0°, Tak K4K PafMOAPKOCTHLIA KOHTPACT UMEET
NPaKTHYECKH OCTOSHHOE 3HaYeHHe npy yraax 0-30°.

B uenom puc. 7 cBuzeTenbcTBYeT 06 OYEHb XOPOIIEM COTNIACHH Mpe.-
CKa3aHMs MOIEIM M IKCIIEPHMEHTAIbHBIX JaHHBIX, MOMYyYEHHBIX Ha Yrjiax
Habmonenus, 6iuskux k Hagupy. He MeHee xopoluee COOTBETCTBHE UMeEET
MECTO H JUIfl APYTHX YIIIOB HaGIIIONEHHS.

Ipewu3uoHHbIe H3MEPEHHUSI TEMIIEPATYpPbI NoBepxHOcTH Boabl. Kak uH-
¢bpakpacHble, TaK H MHKPOBOJIHOBbIE PaZIHOMETPbI U3MEPAIOT TEMIEPATYPY
BOJbl B TOHKOM IOBEPXHOCTHOM CJIO€ — TaK Ha3bIBAEMOM CKHH-CIIOE IO-
BepxHocTH. Ero Tommuuna cocrasmser 0,01-0,1 MM B uHdpakpacHOM auana-
30HE JUTMH BOJIH M MEHAETCA OT HECKOJIbKHX JECATBIX 0Neii MHIUIMMETPa 1O
HecKoNbKHX MuutMMeTpoB B CBU-auanasone B 3aBHCHMOCTH OT JUTHHBI
BOJIHBI M COJIEHOCTH MOpPckoii Boasl. IIpoueccsl 06MeHa Temnua, Bnaru Mexuy
OKeaHOM M aTMoc(epoil NPUBOAAT K MOABJICHUIO NMOJ MOBEPXHOCTBIO 60JIb-
wux rpaguenToB Temnepatypsl. Ilo 3Toii npuunHe TeMnepaTypa Boawl,
onpepenseMas CTAHAAPTHbIMH KOHTaKTHbIMH JaTunkaMi (Kak NpaBWiIo, HA
rny6uHe 1-2 M MOX MOBEPXHOCTHIO), M TeMmmepaTypa, ompenendemas Mo
PamMOMETPHYECKUM H3MEPEHHAM, MOTYT CYLUECTBEHHO OTIMYATbLCA OPYL OT
zapyra.

MoOXHO M HM3MEPHTb CKHH-TEMIEPATypPy MOPCKOH NOBEPXHOCTH B
CBY-ananasone ¢ Tounoctsio ayume 0,1 K? Hamm viccnenopanus nokassi-
BAIOT, YTO peliieHHe ITOH 3aAa4yn BOIMOXHO, HO JJIA 3TOro Heobxomumo

. HCTIOJIB30BATh CreLHalbHble JIHHLI BONH H CHELMANbHYIO METOAMKY pa-
IDMOMETPHYECKHX W3MepeHuil. SIpkoctHas Temnepatypa onpenensercs
TeMmepaTypoft Boxabl, ee nsnyqa'reiibnoﬂ cnocoBHOCTBIO M OTPANEHHBIM
M3TyYeHHeM fopackera HeBochopa. [Jlmm BoccraHoBMeHui Temmeparyphl
BoIbl 1ie0BX0MMMO yduMthiBAaTH Bapnalum koddbuilenta ulnyweHun u
HeoAHOPOAHOETH atmochEPHOro NMONcBeta, K LA 3TOr0 yuera tpebyerca
cnennaibHax Méroamka #3Mepenuit. JImi MHpakpacHoro auamazoHa
UCHOJNIB3YIOT MEPUOMUYECKYI0 KATHOPOBKY MO KIOBETE C MOPCKOi BOZOIA,
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KOTOpas BCe BPEMA CHILHO NEPEMELIHBACTCS JUIA Pa3spyLIEHH NOBEPXHOCT-
Hoii xomonxo# nueHku [Schluessel et al, 1990), a TeMneparypa Bozbl u3Mepa-
eTcs C BhICOKO#H TOYHOCTbIO. B paGore [Schluessel et al, 1990] yka3zaHo, uto
TaKOH METOJ MO3BOJISET PEalU30BaTb TOYHOCTb aOCOMIOTHBIX H3MEpEHHii
TeMNEpaTypbl CKHH-CIIOA MOPCKOii NoBepXHOCTH nopazka (.05 K. B mukpo-
BOJIHOBOM JiHana3oHe Noo6Has MeToauKa He MPOXOMMT, Tak Kak ko3p¢u-
LIMEHT H3ITy4YeHHA MOBEPXHOCTH B 3HAYHTENbHON CTENEHN 3aBUCHT OT LIEPO-
xoBaTocTeii noBepxHocru. B pabote [Gaikovich et al., 1987] npoBoannocs
BOCCTAHOBJIEHHE Mpoduieli TeMNepaTypbl B HEMOCPEACTBEHHOIH GMM3ocTH
OT BOAHOM MOBEPXHOCTH C NMOMOLIBI0 MHKPOBONHOBBIX PAXHOMETPOB, HO
6buU10 OTMEYEHO, YTO NOAOGHere poga H3IMEPEHHA MOXHO IPOBOAMTH
TONBKO B J1aOOPaTOPHbIX YCIOBMAX, KOIJAa Ha MOBEPXHOCTH OTCYTCTBYIOT
BOJIHbI, 2 MOACBET MMEET NMOCTOAHHYIO APKOCTHYIO TEMMEPaTypy, 3HaUeHue
KOTOpOii 65u3Kko k usuyeckoil TeMmneparype Boibl. B uTore B HaTypHbix
YCHIOBHAX TOYHOCTb BOCCTAHOBJIEHHS TEMNEPATYpbl BOIbi C MOMOILbIO
TPAJULMOHHbIX PATUOMETPHYECKHX H3MEPEHHH COCTABNAECT BENUYHHY He
ayyie 0.5 K [Vesecky et al., 1994, Bolotnikova et al., 1992], naxe npu KoH-
TPOJIE COCTOSAHHUA MOPA C NMOMOIIBIO CKATTEPOMETPOB WU PaJHOMETPOB-
NONAPUMETPOB.

Ob6ecneunth TpeOyemMyi0 TOYHOCTb BOCCTAHOBJIEHHA TEMMEPATYpPhbl
ckuH-cnoa B CBY-gnana3zone BO3MOXHO, €CITH UCNOJIb30BATh JUIMHY BOJIHBI
C OTHOCHTENIbHO OONbLIMM morjouleHHeM B aTMocdepe. B aToM ciyuae
H3JIyueHHE C TOPH3OHTAILHOTO HANMPABJIEHHS MOXET CIYXHTb E€CTECTBEH-
HBIM 3TaJIOHOM, OT KOTOPOro NPOBOJMUTCSH OTCUET APKOCTHBIX TEMIEPaTyp
Ha BCeX APYTHX yriax HaOGmionmeHus. SIpkocTHas Temneparypa npd Ha6mo-
JEHUH B TOPU3OHT C BBICOKOH CTENeHbIO TOYHOCTH PaBHAa TEMIEPaType
BO3[yXa Ha BbICOTe u3MepeHuii. PagmomerpHueckue u3MepeHHMs cieayeT
NPOBOAUTh B CKaHUPYIOILEM PEXHME JUI1 NOCTOAHHOTO KOHTPOJA H3Me-
HAIOILEHCA PaAHOAPKOCTH HHCXOAALLETO U3y EHHS.

Hawu6onee noaxopsueii WIHHON BOJHbI JUIA MPELHU3UOHHOTO H3Mepe-
HHMS CKMH-TEMIEPaTypbl B MHKPOBOJIHOBOM JHana3oHe SBJAETCA JUIMHA
BOJHBI 5 MM, COOTBETCTBYIOWIAs MNOJIOCE MOMJIOUIEHHS MOJIEKYISPHOrO
kucnopona. OGbLIYHO 3TOT AMANMA30H MCTONL3YETCH JUIS BOCCTAHOBJIEHWA
npoduneii TemnepaTtypsl Bo3ayxa. H3-3a CHIbHOIO NOIJIOUIEHHA B aTMO-
cepe B HATYPHBIX H3MEPEHHUAX yAaeTcA H36exaTh OLIMGOK BOCCTAHOBIIEHHS
TeMNnepaTypbl BOABI H3-32 HEONpPENENeHHOCTH KOIPHLHEHTa H3IY4CHHS,
CBA3aHHOTO C MOBEPXHOCTHbIM BOJIHEHHEM H MPHOMMKEHHOCTHIO 3HAHHUA
AHITIEKTPHYECKHX CBOMCTB MOpCKO# BOAbI. BbicOkas TOYHOCTL BOCCTaHOB-
JIEHHS CKHH-TEMMEpaTypbl MO H3MEPEHHAM Ha JJIHHE BOJNHBI 5 MM Oblna
npoaeMoncTpupoBaHa B sxcnepumentax JUSREX'92 [Gasparovic and Etkin,
1994; Trokhimovski and V. Leuskiy, 1993; Trokhimovski et al., 1995a] n
COPE [Trokhimovski et al., 1995b; Trokhimovski et al., 1995c}. Ha puc.8
NPHBONATCA PE3YJNbTATHl CPAaBHEHHA MAAHHbIX KOHTAKTHbIX H3MEPEHHH
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TEMIEPATYPLl BOAbI NO CTAHAAPTHBIM KOPAOENbHbIM M3MEPEHHAM M CKHH-
TeMIEpaTypbl, BOCCTAHOBJIEHHOH MO paJiHOMETPHUECKHM M3MEPEHHAM B
xoxe sxcnepuMenta JUSREX’92.

Puc. 8 meMoHcTpHpYyer xopotlee Ka4eCTBEHHOE COBMNajeHHe KOHTAKT-
HBIX W OUCTAHLMOHHBIX AAHHLIX, ONHAKO aMILUIMTyNA H3MEHEHHil TeMmepa-
TYPbl, H3MEPEHHOH Ha HEKOTOPO#i rirybuHe, ropasno Gonblue, 4eM H3IMEHe-
HHA TEMIEPATYpbl B CKHH-CIO€ MOBEPXHOCTH. B HeyCTOWYMBBIX YCIOBHSAX
pa3HMIa MEXAYy KOHTAaKTHbIMM HAaHHBIMH W CKHH-TEMIEPaTypoil BOABI
nocruraer 2 K. B cBA31 ¢ 3THM BO3HUKAET BOMPOC: MOXKHO JIH HCTIONb30BaTh
Pa3HHLY MeXAy TeMNepaTypoi CKHH-CIOf H TeMnepaTypoit Ha rinybune
1-2M s napaMeTpM3alMH NOTOKOB TemJia Ha MNOBEPXHOCTH OKeaHa?
B ciyyae noJOXKHTENLHOIO OTBETa, CPaBHHUBasA CIyTHHKOBbIE AaHHbIE (IPH
YCIIOBHHM MX KOPPEeKTHO!H Kan6poBKH, KOTopas Oymer oGcyxaena HuXe) C
JaHHbIMH KOpa0eJIbHbIX H3MEpeHUii, MOXHO KapTHPOBATh NIOTOKHM TeNJIa 1o
BceMy MHpOBOMY OKeaHy.
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Puc. 8. Pashuuna Ttemnepatypsi Bompl (CrutomHas — riy6uHa 2 M,
KPECTHKH — CKMH-CJI0#) no aaHHbIM aKkcnepuMenTa JUSREX

Jns nposepku aroii umen B UKW PAH Obin npoBefieH 1abopaTopHbiii
3KCTIEPUMEHT, Lieb KOTOPOro 3aKIoyajach B MOCTPOEHHH 3aBHCHMOCTH
NOTOKA TeIUIa C MOBEPXHOCTH BOIbI OT Pa3HOCTH TEMIIEPATyp NepeMelaH-
HOTO CIIOfl U CKHH-TEMIIEPATYPbi BOAbI. DKCEPUMEHT NPOBOAMIICA COBMECT-
Ho c¢ maGoparopueii 0. A. BonkoBa U®A PAH, xoTopas BbINOJHANA
cuHXpoHHble n3Mepenus B MK-nnanazone. Vi3Mepenns BBIMONHMINCH NPH
TeMInepaType BOIbl, KOTOpas OTJIMYanach OT TEMMNEPaTypbl BO3AyXa B
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KkomHate B npenenax +5-10 rpagyco. HaubGonbiumii MHTEpEC MMEIOT man-
Hbl€, MOJIyuYeHHbIC NIPH OCTHIBAHMH BOABI. B 9TOM ciyyae B 06beme Boapl
BO3HMKAET KOHBEKTHBHOE NEPEMEIINBAHHE, H NMPaBOMOYHO TOBOPHUTL O
CpeziHei TeMIepaType NepeMEIaHHOrO ClIoA BoAbl. 'pagHeHT TeMnepaTypsl
COCPE[IOTOYEH B TOHKOM TOJMNOBEPXHOCTHOM cioe. IToTok Temma uepes
MOBEPXHOCTb BbIYHCIIAJICA 11O CKOPOCTH OCThIBaHMA 00beMa Boasl. C 1ienbio
YBEIMYEHHS AMANa3oHa 3Ha4YCHUH MOTOKOB TeMnJia H3MEPEHUA MPOBOAMIINCEH
KaK B YCJIOBHAX CBOOOZHOM, Tak M BLIHYXACHHO# KOHBEKLIMHM NpH 06ayse
NOBEPXHOCTH BEHTHIIATOPOM C paccToAHHii ot 3,5 no 1,5 metpa.

IToTok Tenua, Br/m?
600 —

500-3 ®

‘II]IHIII

H
[
(=]

W
(=4
o
¥
IREEREAFRIRERET!
~

[ J
200 =5 }o

100

A%
LN

v
AL
Cd

-

lllllllllIU‘HL

0 llIIIlllI|[lIIII|II]rlTIIIIII'Il’llTTﬂl

.0 0.5 1.0 1.5 2.0
T,- T,

skm’

(=4

Puc. 9. TToTok Tenna yepes noBepxXHOCTb (M3 BOALI B BO3AYX) B 3aBUCUMO-
CTH OT pa3sHHIBI MEXAY CKHH-TEMNEPATYpoil W TeMIepaTypoil mepeme-
LIAHHOTO CJIOA. YCIIOBHs CBOGOHOMH M BbIHYKICHHOH KOHBEKLIHH

O60061menne Bcex NMONMYyYEHHBIX Pe3ybTaToB (CBOOOAHAA M BHIHYXMIEH-
Hasg KOHBEKLHi) NPOBOAMTCA Ha puc. 9. Ha pHcyHKe MOCTpOeH TemIoBoii
MOTOK OT BOABI K BO3IyXy Kak ¢yHkuus pasHoctd T, -T,, . PesynbraThl,

NOJIyYeHHbIE B PA3IHYHBIX CEPHAX H3MEPEHHIA, XOPOLIO KOPPEIUPYIOT APYr
C OPYrOM H MMEIOT He3HAYHTENbHbLIH pa3bpoc. 3HAYEHHA NMOTOKOB TEIUIa,
Habmonapmuecs B IKCIIEPHMEHTE, SBIAIOTCA MOCTATOYHO THMIHYHBIMH
3HaYeHUAMM U MODCKMX ycinoBuii. Ha pucyHke NMyHKTHpOM mnokasaHa
KBaJpaTHYHas annpOKCHMALMs. IKCIIEPUMEHT MOXTBEP/IAI, YTO OCHOBHBIM
daxTopoM, ONpeneNAIOWMM Pa3HHUIY TEMIEPATYPb CKHH-CNIOA H TeMmepa-
TYpbl B NepeMEIaHHOM MOJIIOBEPXHOCTHOM CJIO€, ABJISAETCA HMEHHO MOTOK
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Teruia. OIHOBPEMEHHO OH IMOKa3ajl, YTO MPaBOMOYHO CTABMTh 3aiauy
napamMeTpU3allii MMOTOKA TErJa MeXIy MOPCKOi MOBEPXHOCTHIO H aTMO-
chepoii Mo M3MEPEHHAM TEMNEPATYPbl CKMH-CJIOA BOABI M TEMIEPATyphbl B
NOANOBEPXHOCTHOM IEPEMEIIAHHOM CJIOE.

3akmouenue. IIpuBefeHHbIE PE3YIbTAaThl IOKA3bIBAIOT, YTO MUKPOBOJI-
HOBbIE PaTHOMETPHYECKHE H3MEPEHHA MOTYT MCTIONb30BATLCA IIA PELIEHUs
IIKPOKOro Kpyra 3afay MCCAeJOBaHUS MOBEPXHOCTH MOpsA, OOHapyXeHHs
MOBEPXHOCTHBIX MPONBICHNH DPa3IH4HbIX OKEAHHYECKHX MPOLIECCOB, BO3-
MYIIAOIMX CHEKTPbl MOPCKOTO BOJNHEHHS, HM3YYeHHA B3aUMOJIEHCTBUA
okeaHa u atMocdepsl. C MOMOLIBIO PaZHOMETPOB HEOMHOKPATHO PETHMCT-
PHPOBAIHCh TIOBEPXHOCTHBIE MPOABICHAS BHYTPEHHHX BONH, PPOHTaNbHbIE
Pasfenbi, H3MEHEHHS BONHEHMA 33 CUET KPYNHOMACIITAOHbIX TedeHHH
BIMAHHSA TOBEPXHOCTHO-aKTHBHbIX BEIIECTB. PagHoMeTpHYecKHe METObI
HCCIIEAOBAHUA HOMONHAIOT ONTHYECKUE U PATHONIOKALHOHHbIE IaHHbIE, 3 B
pAlie CIyyaeB YCNEIHO KOHKYPHDYIOT ¢ 3THMH 6oNiee TpaaMLHOHHBLIMHU
METONMKAMH JUCTAHLMOHHOTO U3y4yeHHs okeaHa. Tak, MeTOX onpeaeneHus
CKOPOCTH M HampaBJIeHUA BETPA MO a3UMyTaNbHOM aHU3OTPOMHH COOCTBEH-
HOT'O TEIIOBOTO H3JIyYeHHsA MOPCKO# MOBEPXHOCTH MPOILE U NePCreKTUBHEE
CKaTTEPOMETPUYECKHX METONMK. PamuoMeTpbl ABNAIOTCS He3aMEHHMbIM
HHCTPYMEHTOM B KBa3HIUTHUIIEBBIX YCIOBHAX, KOIJA HA MOBEPXHOCTH Mpak-
THYECKH OTCYTCTBYIOT GPErTOBCKHME PE30HAHCHBIE KOMMOHEHTbI BOJIHEHHS, H
KOHEYHO TPYHAHO HAUTH MM 3aMeHy /UIA NpPELU3HMOHHBIX BCEMOTOAHbIX
M3MEpeHHil TEMNEPATYPbl BOAbI B CKHH-CIIOE IOBEPXHOCTH.

Pe3ynbTaThl, MpUBEAEHHbIE B HacTOALEH paboTe, ObUIK MOMyYeHbI MPU
nopnaepxke rpaitoB POOU Ne97-05-65602 u Ne97-02-17275.
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OkeaHo/10ruYecKne pe3yIbTaThl
nonera KA “Aimaz-1”

A. IO. Hearnos
UncTutyT okeanonornd PAH.um. I1. I1. Ulnpmosa, Mocksa

Poccuiicknit kocMuyecknii annmapat (KA) "AnMa3-1" HaxomH/CAs Ha opOu-
Te ¢ 31.03.91 no 17.10.92. Ha ero 6opTy HaxoaMnes PagHONOKATOP € CHH-
TeaupoBaHHoi aneptypoti (PCA). Bo Bpems nonera Gbutu nonyueHs! pa-
JAHoJIoKaunoHuble u3obpaxenus (PJIN) Mopckoit noBepXHOCTH, Ha KOTO-
pbix 3apHKCHPOBaHBI NPOSBIICHHS PA3NIUYHBLIX NPOLIECCOB U ABEHMIT Kak
B OKeaHe, TaK W NPH ero B3auMmomelicTBuu ¢ atMoctepoil. B cratbe cym-
MHpYyloTcs pesynbTaThl aHamusa PJIM KA “Anmas-1”, oGcyxaatorcs
BO3MOXHOCTH i orpaHudeHus PCA mia ucciiexoBaHus pala sSBieHHil B
OKeaHe, a Takxke JAIOTC HEXOTOpHIE OLICHKH B CBEeTe MOATOTOBKHM Gyiry-
HIHX MPOTPaMM HCCIIEIOBAHUA OKeaHa M3 kocMmoca. [Tokasano, yto PCA
BBICOKOTO paspelleHHs LEeIeCOO6Opa3HO NPHUMEHSATh JUIA HCCICAOBaHHUS
GONLUIMHCTBA OKEAHCKHX M@IKOMACIHTAGHBIX SABJICHHIA, IPH'IEM MOHHTO-
PHHT PAfa H3 HHX, & TAKXKE ONEPATHBHBIH KOHTPONb Ype3BbIYAifHLIX CH-
Tyauuii Ha MOpe BO3MOXeH ToNbko ¢ noMousio PCA. IpuBeaens! npu-
Mepbl PJIA Mopckoit noBepxHOCTH.

Ha noBepXHOCTH OKeaHa NPOABJIAIOTCSA caMble pa3HOoOpa3sHbie ruapodusuyde-
CKHe ¥ TMAPOGHONIOTHUECKHE NPOLIECChI; TPOMCXOIIHE KAK BHYTPH OKeaHa,
TaK M NPH €ro B3aUMOZENHCTBUM ¢ aTtMocdepoil. [IpAMbie MeTOb! OLEHKH
COCTOAHMSL OK€aHa Ha OCHOBE KOHTAKTHbIX JAHHBIX COMPSKEHb! CO 3HAYH-
TeNbHbIMH MaTEPUAIbHBIMH 3aTPATaMH, NNOITOMY B HACTOSALLEE BPEMS 3HAYH-
TENbHO BO3PACTaET poJiib AATYMKOB JUCTAHLHOHHOro 3oHmupoBanus (JI3),
KOTOpbIE MO3BOJIAIOT PETYIAPHO MONy4aTh HeoOXOOuMble HaHHbIC M CTaNH
BaXKHEHIIUM McTOYHHKOM HHpopMmaimu o6 okeane. Bonee Toro, Ao nossie-
HHUA JAMCTAHLUMOHHBIX JAHHBIX OKEAHOJIOTHM HE UMEIH UCTHHHOW KapTMHbI
NPOCTPaHCTBEHHO-BPEMEHHON HU3MEHYMBOCTH OKeaHa. IToBepXxHOCTb okeaHa
HaQMONAIOT AUCTAHUMOHHBIMH METOARMH B Pa3iIHYHBIX JHANA30HaX CEKTPa
3MIEKTPOMATHHTHBIX BOJH: BUIMMOM, HHppakpacHoMm (UK) u CBY. Onxako
HaubOosiee MHPOPMATHBHLIM OKa3anoch 3oHaMpoBaHHe B CBU-mnanazone.
Pa6orocnocobnocts onThyeckux ¥ UK-IaTYMKOB B 3HAUMTENbHOM cTeneHH
OrpaHHYeHa MOrOAHbBIMH YCIOBHAMH (B NMEPBYIO ouepelb HaJMuHeM obnauHo-
CTH), COCTOSIHHEM aTMOChepbl H OCBELJEHHOCTbIO. Pa3paGoTaHHbie H HbIHE
IKCIUTyaTHpYeMble PagHONIOKAaTOPbI -00KOBOro 0630pa ¢ CHHTE3HPOBAHHOMN
(PCA) u peanbnoii aneptypoii (PJICBO) npomeMOHCTPHPOBAIH LWHPOKHE
BO3MOXHOCTH VIS MOJYYEHHA NAHHBIX O COCTOAHHH MOpeil U OKeaHOB He3a-
BHCUMO OT 06JIJaYHOCTH H OCBEILIEHHOCTH. B Hacrosinee Bpems MCCIEROBaHHUS
OKeaHa NpH MOMOLUH DPAJHONIOKALIHH ABJIAIOTCA OJHHUM H3 PA3BHBAIOLMXCS
HarnpaBJIeHHi CTyTHHKOBOH OKeaHOrpaguH.
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PaauonokauuoHHas cheMKa OKeaHa H3 KOCMOCAa HMEET OrPOMHbIE BO3-
MOXHOCTH € TOYKH 3pEHUA IMOJIyUeHHs OKeaHoJoruyeckodl MHpopMmauuu o
MTHOBEHHOM COCTOSHHM OKeaHa. JTO CBA3AHO C YHHKAJIbHOM YYBCTBHTEb-
HOCTBIO PaJHOBOJH K MEIKOMAacIITaOHbIM MOPCKMM BOJIHAM, @ TAKXKeE C HX
CriocoGHOCTbIO MPOHMKATb CKBO3b 0GNayHblif NOKPOB. BO3MOXHOCTL peru-
CTpPauMH MPOLECCOB, MPOMCXOAAIIMX B OKEaHe, CBA3aHa C PACCEMBAIOLMMH
cBoiictBaMn Mopckoii moBepxHocth (MII). I'maBHBIM “BH3yanH3npyIOUWMM”
($aKTOpOM SABIAIOTCA KOPOTKHE TIPaBHTALMOHHO-KANMMIUIAPHbIE BOJHbLI
(T'KB) ¢ caHTHUMETPOBBIMH IJIMHAMH BOJIH, KOTOPbIE, 32 PEAKMM HCKIIOYe-
HHEM, NPaKTHYECKH BCErJa MPUCYTCTBYIOT Ha MOBEPXHOCTH OKeaHa. OCHOB-
HbIM QH3HYECKUM MEXaHHU3MOM, ONpenensiomuM obpaTHoe paccesuue PJI-
curHasma ot MII, saBnsercs GperroBckoe paccesHHE 3NEKTPOMArHHUTHOM
3HEPrHH MOBEPXHOCTHbIMM BOJHAMM, JUIMHA KOTOPBIX CPaBHMMA C JUIMHOMN
BOJIHbI pagiHoniokaTopa (npu yriax nageHus ot 20 go 70°). Pa3nnuHble BOJI-
HOBble H JMHAMHYECKHE MPOLECChI, IPOMCXOAAILME B MPUBOAHOM CJIOE at-
mocdepbl, Ha MOBEPXHOCTH OKEaHa U B €r0 BEPXHEM CJIOE, BbI3bIBAIOT H3MeE-
HEHHS CMEKTPATIbHBIX XapaKTEPHCTHK 3THX BOJNH M TakuM o6pa3oM dopmu-
pywoT pacceuBarowue csoiicrsa MII. PaguonokaTopbl perucTpHpYIOT Mpo-
CTPaHCTBEHHbIE BapHAaLMH MEJIKOMACIITAOHbIX BETPOBBIX BOJIH, CBA3aHHbIE
C a3pOAMHAMHYECKHMH M THIPOAMHAMHYECKHMH Bo3MyleHusamu MII, B
BUJE KapTHH MPOCTPAHCTBEHHOTO paclpegeNieHHsd BeJIMYHHbI 0OpaTHOro
paccesHUA WIH PaAHOAPKOCTH.

Ipumenenne PJI-maHHbIX Ha NpaKTHKE OrPAaHMYEHO H3-32 YPE3BbIYAli-
HO CJIOXKHBIX (PM3MYECKMX MEXaHM3MO3, BOBJIEYEHHLIX B npouecc HopMHPO-
Banus PJIM MII, noHuMaHHe KOTOpbIX HEOOXOAMMO IS MX HHTEpMpeTa-
uuH. Pag skcnepuMeHTOB, MPOBENEHHLIX ellie BO BpeMs MOJIETOB KOCMHYe-
ckoro anmnapata “Kocmoc-1870” [1], a 3a1em u "Anmas-1" [2, 3], no3Bonun
yCTaHOBUTb, 4TO PCA, oGecneuuBas BbicokQe paspemenne (10-15 m), mo-
3BOJIAET MOMYYaTh HE TOJbKO KayeCTBEHHYIO, HO H B pAlle ClIyyaeB KOJIHYe-
CTBEHHYI0O MHopMauuio; aeTanbHblli aHanu3 PJIV nossonun ycraHOBHTH
pan ocobenHocTeit npouecca popmupoBanus PJIN MII. Lenecoobpa3znoctsb
ucnomb3oBauus PCA mrs HabmoaeHHs NOBEPXHOCTHBIX M BHYTPEHHHX
BOJIH, TEUEHHI H uupkymluuu $poHTANbHEIX pa3aeNos, MOpCKHX 3arpasHe-
HWH, NbXOB, MOABOAHON TOomorpaguu Ha MeNKkoBoJbe ObUia Takxke Mpoje-
MOHCTPHPOBaHa B XOJI¢ NPOBECHHS ChEMOK C oTeuecTBeHHOTo KA "Anmas-1"
B CreLHaNIbHbIX a9POKOCMHUYECKUX IKCNEPUMEHTAX, BLIMOJIHEHHBIX B paMKax
nporpammbl "Okean-H" [2, 3]: NAECS, "T'onsdcrpum”, DOSE’91, B coBer-

cko-amepukaHckoM dxcnepumente PRE-CHERI, “ERS-1/Anmas-1” u ap.

Poccuiicknii KA "Anmas-1" nHaxomwncs Ha opbure ¢ 31.03.91 no
17.10.92. Ha ero 6opry Haxommnaca PCA “Dxop-A”, paspaboraMHbiii B
HIIO "Bera-M" (manee PCA KA "Anma3s-1"). OcHoBHble cBefieHus 06. PCA
npusegeHsl B Tabu. 1. Bo Bpems nomera 6bu10 Noy4eHO HEKOTOPOE KOJH-
4YECTBO PaJHONOKALUHOHHBbIX H306paxenuii (PJIM) okeana, QUKCHpYIOLIHX
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pasnnuHble aBieHus Ha MII. ITocne 3aBepiueHns nonera Gbita nNpoBexcHa
o6paboTka, aHanu3 W MHTepnperauus nony4eHHbix PJIM; GonblumHCTBO
pe3yibTaToB ony6nukoBaHo [2-24]. B HacTosweli paGoTe aHanM3HUPYOTCA
OCHOBHbIE JaHHbIE, NOJIy4YeHHBIE BO BpeMs nojera KA “Anmas-1”, obcyx-
DaloTCA BO3MOXHOCTH M orpaHuyeHuss PCA BbicOKOro paspeuieHHs LA
HCCIIEROBaHHUA pAZia ABJNIEHHiE B OKeaHe, a TaKxke AAalOTCA HEKOTOPbIE OLICHKH
B CBETE NOATOTOBKH GyAyLIMX MPOrPaMM HCCIIENOBaHHA OKeaHa U3 KOCMOCa.

Tabnuya 1
OcHosnble napametpbl PCA cnythHuka “Anmas-1”

ITapamerpb! 3naueHus
CpokH aKTHBHOTO CYLIIECTBOBaHHS 31.03.91-17.10.92
HomunanbHas BbicoTa OpOHTHI 300 kM
PeanbHas BbICOTa NoJieTa B Pa3jiH4HbIC NIEPHOBI 270-380 xm
HasemHas ckopocTtb 7,3 km/c
HaxnoHeHue op6uTbI 72,7°
THn aHTEHHbI BOJIHOBOZHO-LIIE/IEBas
Pa3Mepb1 aHTEHHbI 15x1,5m
YacroTa 3,1 T
JInHa BOJIHbI 9,6 cM
Monspusanus (H3ny4eHHE U NIPHEM) ropusoHTanbHas (I'T)
Yron nageHus paguoiyya 25-60°
HiMnysbcHas MOIHOCTD NepefaTyuKa 190 xBT
JInUTENbHOCTh UMNTYJIbCa 0,07-0,1 Mkc
YacroTa NOBTOpEHHs HMIYJIbCOB 3000 I'nn
BpeMs KOrepeHTHOro HaKOTJIEHHs (BpEMst CHHTe3a) 03c
OTHOLLEHHE CHHA/IIYM 10 nb
HexorepeHTHOE HaKOMJICHHE HET
ITpocTpaHCTBEHHOE pa3pellieHHE 10-15™m
CxopocTb nepegayu JaHHbIX
uepe3 CNyTHUK-PETPAHCIIATOD 10 M6urt/c
1IupuHa nonock! CbeMKH
npH pas/INYHbIX yrjax najeHus 30-55 xm
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IToBepxHoCTHBIE BOJIHBI

JInMHHbIE NOBEPXHOCTHBIE BOJHBI X0powo pa3nuyumbl Ha PJIM B ocHoBHOM
M3-32 HAJIMYHA Ha HX noBepxHocTH KopoTkux I'’KB, koTopbie MOMYIHPYIOT-
csi OpOMTANIbHBIM ABKKEHHEM, GOopMOit BOJHBI, 2 TAKXKE JIOKAILHBIM BETPO-
BbIM MOTOKOM BAOJNbL Npoduia BomHbl. Ha PJIM MOXHO BLIZENUTb pasnny-
Hbl€ CHCTEMbI BOJH, PacnpOCTPAHAIOIHXCS B Pa3NMYHLIX HANpaBJIEHHsX,
pedpakuMIo BONH Ha MEJKOBOAbE M MHTEPQEPEHLHIO 33 MPENATCTBUAMM,
npuboiinyio 30Hy. Meronamu criektpansHoro aHanusa PJIM moxHo ompe-
HeNATb CNEAyIOLIHe NapaMeTpsl MOPCKOTO BONHEHHS, paspewaemoro PCA:
IUTMHY BOJIHBI, HANpaBJieHUe PacnpOCTPaHEHHS M KOJIHYECTBO CHCTEM BOJI-
Henus. Ha pasnnuHbIX cTagusx pa3sBUTHA BOJHEHHS KapTHHA B3BOJIHOBaH-
HOM NOBEPXHOCTH, U3MEHAACh CO BPEMEHEM H B MPOCTPAHCTBE, H3MEHAET H
CTPYKTYpY H300pakeHHs, YTO MO3BOJIAET NMPH NMOMOLIH AMCTAHLMOHHBIX
CPEACTB KOHTPOJIMPOBATh 3TH H3MEHEHHS.

Onnako npouenypa ¢opmupoBanus usobpaxennii MIT B PCA-
cucteMax obnagaer pagoM O0COOEHHOCTEH, CBA3AHHBIX C IepeMeLleHHeM
MII 3a BpeMsa CHHTE3a, YTO NPHUBOAHT K HCKXKEHHIO AOMJIEPOBCKOTO CMEK-
TPa PacCesHHOro CUrHaJa M, KaK CJIeACTBHE, K CYLIECTBEHHbIM HMCKaXXEHHUAM
OCHOBHbIX XapaKTepPUCTHK NMOBEPXHOCTHOro BoiHeHHs Ha PJIM no cpaBsHe-
HUIO C peanbHbIM BoNHeHUeM. Jlns untepnperauun gaHHeIX PCA Heobxo-
AMMO MHUHMMH3UPOBATb OGYCIOBIEHHbIE 3TUMH MCKaXCHHAMM OLUMOKH, B
TOM YHCJIe He0OOXOUMO HMETb Y€TKHE NPEACTABICHHS O BIMAHHUM MapaMeT-
poB PCA Ha 3TOT nponecc.

Bosmoxuoctn PCA KA “Anma3s-1” no HabmoaeHuo MOPCKOro BeTpo-
BOI'O BOJIHEHHS H 3b16M HccnenoBanuce B [9-13]. B aTux paborax 6bL10 npo-
BefeHo cpaBHeHHe Bo3MoxHocTell PCA KA "Anmas-1" u eBponeiickoro
cnytHuka ERS-1 mo oToGpaXkeHHI0 MOPCKOTO BOJIHEHHS IYTEM aHalu3a
PJIH, nonyyenusix B 1991-1992 rr. B CeBepHoii Atnantuke. OcHOBHas
MOed 3THX IKCMNEPUMEHTOB COCTOANA B HCMOJb30BAaHMH COBMAAAOIMX B
MPOCTPAHCTBE U MAKCHMaJIbHO GNIM3KHX 1Mo BpeMeHH (pasHuua no 1 uyaca)
cbemok aBYX PCA ¢ pasnMyHbIMH XapaKTepHCTHKaMH. DTO MO3BOJIMIO NO-
ayuyutb PJIM oboux cyTHAKOB NPaKkTH4YECKH OXHOTO M TOrO Xe MO CBOUM
CTaTHCTHYECKUM XapPaKTEPUCTHKAM BOJIHOBOTO MOJIA.

B [9-11] 6but0 MpOBEREHO CpaBHEHHE NAHHDLIX, MONYYEHHBIX BO BpeMA
skcniepumenta “ERS-1/Anma3s-1", nposeneHHoro B oktabpe 1992 r. [lna
nonyyeHHoix PJIM 6binu paccumTaHbl ABYMEPHBIE CTIEKTPbI BapHaLuii pa-
nuospkocty (ciextpsl PJIM), koTopble 3aTEM CONOCTaBJIANHChH MEXAY CO-
60it M co CnEKTPaMH, PaCCYHTAHHBIMH MO TEOPETHYECKOH MOJENH, OMUCHI-
Barolueil npeoGpa3oBaHHe CIEXTPa BOJHEHNS B CIEKTp H300paxKeHus, riue B
KayecTBE BXOJHBIX CNEKTPOB (CMEKTPOB BOJHEHHA) MCNONb30BANHCHL CIIEK-
Tphl, BuluKceHHble N0 WAM-Mopenu [25], u nmpoaHanM3npoBaHbl nepena-
TO4Hble QYHKUMU I 06oux PCA, 4TO MO3BOMUIO ONPERENHTD PPeKTHB-
HOe mpocTpaHCTBeHHOe pa3speweHue Ha MII. Kpome Toro, 6su10 nposene-
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HO mnpeoOpa3zoBaHue IKCIIEPHMEHTANbLHBIX crniekTpoB PJIM B cnekTphbl BO3-
BoliieHuit MII ¢ Hcnosib30BaHHEM 3aMKHYTOT'O HETHHEHHOr0 MHTErpaibHO-
ro npeo6pa3oBaHHsA CMEKTPOB MO METOAHMKE, U3NIOXKEHHOH B [26], H cpaBHe-
Hue co cnektpamu WAM-monenu. TTonyyesHbie 3KCIEpUMEHTANIbHbIE JaH-
Hbl€ U Pe3yJIbTaThl PacueToB OblIM 0606LIEHBI H COOTHECEHBI C MapaMeTpa-
MH oboux PCA, rJaBHBIM H3 KOTODbIX SABIAETCA OTHOlWEHHE R/V
(OTHOLIEHHME HAKJIOHHOH NaNbHOCTH R — paccrosnua oT aHTeHHbl PCA mo
toukH Ha MII, k V - npoexuun ckopocti KA na 3emmo). Panee 65110 ycra-
HOBJIEHO TEOPETHYECKH H IKCTIEPHMEHTANIbHO [27-29], 4TO OCHOBHBIMH dak-
TOPaMH, ONpERENSIOWNMH CTeneHb HckaxkeHHs PCA-cmekTpa no cpaBHe-
HHIO CO CMEKTPOM PEaNbHOrO BOJNHEHUS, ABJAIOTCA HANpaBlieHHE pacnpo-
CTPaHEHHUA BOJIH B KOOPAMHATAaX AATbHOCTb — a3UMYT U OTHOLueHHe R/V, a
TaKXe TO, YTO 3TH HCKaXeHHA TeM Oonbiue, yeM Oonbiie R/V U Hanpasiie-
HUE pacnpoCcTpaHeHHs BOJIH 6iiHxke K a3HMyTalbHOMY.

B pa6orax [12, 13] uccnemoBanue Bo3moxHocteli PCA ERS-1 u
"AnMas-1" no oTob6paxKkeHHI0 MOPCKOr0 MOBEPXHOCTHOrO BOJIHEHHS OblIO
NpPORODKEHO. BbUIH paccuMTaHbl NMPOCTPAHCTBEHHbIE CIEKTPHI NO 4 mapam
IPYTHX, MPOCTPAHCTBEHHO MEPEKPBIBAIOIMXCA H306paXKeHHU i, MOIyYEHHbIX
KBa3HMCHHXPOHHO, H MOKa3aHO, YTO M3-3a GoJbuiero (MPHMEPHO BABOE) OT-
Howenua R/V cnektpbl ERS-1 noaBepxeHbl 3HaYMTENbHBIM HCKaXEHHAM B
obnacth 6ONbLIMX a3MMYTaJIbHBIX BOJHOBBIX yucen (> 0,04-0,05 m') no
CPaBHEHHIO CO criekTpaMH "AnMa3s-1". DTH UCKaXEeHHA COCTOAT B OTKIIOHE-
HHM NIAPaMETPOB BOJIHOBBIX CHCTEM OT MAapaMeTpOB, MOJNYYEHHbIX MO CIeK-
TpaM "AsnmMas-1". BenuunHa 3TUX OTKIIOHEHHI BO3PACTAET C POCTOM a3uMy-
TaJIbHOTO BOJIHOBOTO YMCJIa M COOTHOLIEHWA napamerpoB R/V ERS-1
(R/V=~130c) u "Anmas-1" (R/V = 60 c).

ITpumeps cnektpoB PJIM ERS-1 u "AnMas-1", nosy4eHHbIX ¢ pa3HH-
ueit ~ 30 MMH X BOoCTOKY OT 0. HolodayHmnena, nokasaHbl Ha puc. 1, a, u3
KOTOPOTO BHIHO, YTO OMIKHOKa B ONpeNEeACHHH BOIHOBOIO BEKTOPA MO IO-
noxenuio nuka B cnektpe PJIUA asyx PCA Mmoxer 6biTh 3HaunTeNnbHOH. Ha
puc. 1, 6 mokazaHO CpaBHEHME MJIMH W HanpaBlieHHi pacrnpocTpaHeHHs
B0JIH, H3MepeHHbIX B criekTpax PJIM ERS-1 u "Anmas-1". J{nsg nanpapieHuii
pacnpoCTpaHeHHs pa3sHMLIA MEXIY ABYMS CNyTHHUKaMH HE3HAUWTENbHad, B
TO BpeMs KaK JUIA JUIHH BOJIH OHa MOXeT ObITh cymecTBeHHO# (10 20%).

TaxuM o6pa3zom, 6nmarogaps 6osnee BbICOKOMY pa3speleHHIo y "Anmas-1"
CMEKTP BOJIHEHHS YBEPEHHO oTOOpaxkasca B 06xacTu 6oiee KOPOTKHX BOJIH,
yeM y ERS-1. OgHako H3-3a TPeXKpaTHOrO HEKOTE€PEHTHOrO HaKOTUICHHA
CHEKJI-liyMa ypOBeHb IIYyMOBOH MOACTaBKH B CneKTpe Obln MeHbILE Y
ERS-1, yTo B npHHLHIIE NO3BOJANO ONpenensTh Goiee cnabbie crieKTpaib-
Hble KOMIOHEHTbI. PacyeThl N0 HHTErpalbHOMY NPeo6pa3oOBaHHIO U HHBEP-
cua mo Merony XaccenbMaHa [26] moka3anu, YTO cneKTpanbHas HHpopMa-
uusa Ha PJIM coxpaHserca AoCTaTo4yHo nonHo, cnekrpsl PJIM Mmoryt uc-
NOJIb30BaTbCA I YTOYHEHHA CIIEKTPOB BOJIHEHHA HIIH B Ka4€CTBE TAKOBbIX.
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ERS-1 ALMAZ-1

\

Puc. 1a. CriekTpbl panvoNOKaLHOHHBIX H306paxenuii ERS-1 u "Anmas-1",
no:ryueHnbix 7.01.91.8 14:21 u 13:52 UTC k Bocroky ot o. Huiodaynmnena.
Kpyru cootsercrBytoT muHam Bons 100, 150, 200 u 250 M; BepTHKa/ibHbIE OCH
OPHEHTUPOBAHbI Ha CEBED
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Puc. 16. CpaBHEHME IUTHH H HaNpaB/IeHHI PaCPOCTPaHEHHSA BOJIH, U3MEPEHHBIX
B cnektpax PJIU ERS-1 u "Anmas-1", nosmyyeHnbix xBasucuuxponHo. Cnnouu-
Hbie IMHHH COOTBETCTBYIOT NMPAMOii y = x
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ITpouecc orobpaxenns Bonn y PCA ERS-1 cymecrBenHo 6Gonee HenuHeit-
Hbli, yeM y PCA "Anmas-1", 4To nposBnsiioch B 3HAYMTENbHOMN a3UMyTallb-
HO# OTCeyke U CyLIeCTBEHHOH noTepe HHPOPMaLMK O BOJNIHAX, pacnpocTpa-
HAIOLIMXCA B HaupaBlieHHAX, GMH3KUX K HanpaBieHuio nonera. IIpuunHa
3TOrO B TOM, 4YTO BbICOTa Op6HuTHI Y cnyTHuka ERS-1 npumepHo B 2 pa3a
6onbiue, yem y KA "Anmas-1" (4, COOTBETCTBEHHO, OTHOHIEHHE R/V).

O6uuii BbIBOA cOCTOMT B TOM, uto XoTA PCA KA “Anmas-1” He no
BCEM napaMeTpaM 6bin onTHMalneH Mg 0TOOpaKeHWd MOPCKOTO BOIHEHHA,
OH 3HauHTENbHO Gonee JMHEHHO 0TOOpaxan MOpPCKOe BOJIHEHHE, YeM, Ha-
npumep, PCA ERS-1, u noatoMy ero u3o6paxxeHusa npaBoOMepHO HCMOJL30-
BaTb I aHaJM3a M OLEHKH UIMHHOBOJHOBbIX KOMIIOHEHT BOIJHEHHA.
B uTore pagHoNnoKaTop IS HCCIEAOBaHMS MOPCKOTO BOJIHEHHS M3 KOCMOca
JOJDKEH UMETh KaK MOXHO GoJiee HU3KYI0O OPOHTY M HEKOTEPEHTHbBIE HaKOT-
JIeHHS NMPH BbICOKOM pa3pelnaioniei cnocoGHOCTH.

BuyTpenHne BOJIHbI

BryTtpennue BonHbl (BB) — moBonbHO pacnpocTpaHeHHOe fBJIEHHE, OObIYHO
BCTpeyarolleecs B CTpaTUOULIMPOBAHHBIX BOAAX OKEAHOB, MOpE H KPYMHBIX
NPECHOBOAHBIX 03€p. JIMBEpreHTHbIE U KOHBEPTeHTHbIE KOMIIOHEHThI MOBEPX-
HocTHBIX TeyeHuit BB monymupyior I'KB u co3pator Ha MII kapTuHy B BHIE
NepHOIMYECKMX KBA3UNAPAUIENbHbIX NMONOC (YEPEAYIOIUXCS CBETIbIX ¥ TEM-
Hbix nonoc Ha PJIH) [30]. B xauecTBe OCHOBHBIX MEXaHHU3MOB, OObACHAIOIMX
xoHTpacThl BB, paccMaTpyBaloTcs kKnHeMaTH4ecKUid U nieHOYHbIH. OcobeHHO
yacto BB B0o30yxXnaloTcs NMPUIKBOM OKOJIO IPaHHLIbl MATEPHKOBOTO CKJIOHA,
OIIHAKO MOTYT ObITb FeHEepHPOBaHbLI MEPEMEHHbIM TEUEHHEM NPU 0OTEKaHHH
HEOMHOPOAHOCTeH JHA, aHeMOOapHYecKHMH cHIaMHu (Mepemelnarowieics
Hapryeckoil cucTeMmoit WK GPOHTANBLHOMN 30HOM, CO3MAMIMMH PE3KHe KOole-
6aHus JaBJICHUS WM BETPa), anBEJUIMHIOM M APYTHMH npuurMHamu [31].
Onnako, XOTA U HaKoruIeH 60JIbLION 3KCrepUMEHTaNIbHBI MaTepuall, uy-
yeHbl BB noka sSBHO HEOCTATOYHO, B YACTHOCTH — HE BMOJIHE ACHbI MEXaHHU3MbI
reHepaLK Tex WM HHbIX BB, yciioBus ux pacnpocrpatenus 1 TpaHchopmaLyy,
IMHaMHYecKas YCTOMYMBOCTb M auccunauus sHeprud. M3 meromos JI3 HauGo-
iee 3 ek TUBHBIMU I OBGHAPYXKEHHs M UCCIIETOBaHUA BHYTPEHHUX BOJIH OKa-
3auck camoleTHble B kocMuueckue P;JICBO u PCA. PJIU no3sonunu cyauTs o
NPOCTPAHCTBEHHDBIX XapaKTEPHCTHKAX MOBEPXHOCTHLIX MPOsABNeHni BB,
KunemaTtnueckuii Mexanusm usobpaxenus BB Ha PJIU ananusupoBai-
ca B pabote [16], rme nmoka3aHo, YTO TOT MEXAHU3M BO MHOTHX Clyuasx
obecrieyuBaer H306paxkeHue BB Ha xocMHuueckuXx H300paKeHUAX, MOMYUEH-
HbIX PaJHOJIOKATOPaMH B CAHTUMETPOBOM H IELMMETPOBOM JAHana3oHax,
ApUYEM KayeCTBEHHbIH aHaiM3 ObUT NPOMIUIIOCTPUPOBAH pacyeTaMu, Mpo-
BefeHHbIMH npuMeHHTENbHO K PCA KA SEASAT, ERS-] ,n “Anmaz-1".
Bropoii ocHOBHO#1 MexaHn3M oTob6paxeHus BB — nneHounblit [30]. OH ‘meii-
CTBYET NpeuMylIecTBeHHO Ha pe3oHaHcHble KB mnunoit menee 10 cMm. Ku-
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HEMATHUYECKMil MeXaHM3M paboTaeT TONbKO B YCHOBHSX CHHXPOHM3MA
ckopoctedt BB u pesonancHsix I'KB, a niieHOuHbIH — TOJIBKO MpH  onpene-
JIEHHOT KOHLIEHTPaLHH NOBEPXHOCTHO-aKTHBHbIX BewecTB (TTAB) na MII.
[TosepxHocTHble npoasietns BB Ha PJIM KA “Anmas-1” anamusupo-
Banuch B pabotax [1, 4-6, 14, 15, 17]; paccMOTpeHHbIE B ITHX CTATbiX NpH-
Mepbl MMOKa3biBAKOT, YTO COBMECTHAs MHTepnpetauusa PJIM BB ¢ npusneye-
HIEM OKeaHOrpa(UueCKHX U METEOPONOTHYECKHX OaHHbIX, C YYETOM Mexa-
HH3MOB oTo6paxeHusa BB Ha PJI Bo MHOTHX cly4asx no3BONAET HE TOJb-
KO onpemennTh mMHY BB, pa3sMeps! uyra u HanpaBiieHHe pacnpocTpaHe-
HHA, HO W CIENaTh BbIBOJLI O PANE APYTHX B3aHMOCBA3AHHBIX XapaKTepu-
ctukax BB: o npuyHHE BO3HMKHOBEHHA H MECTE MX Fe€HEpallUK, MHTEpBase
BPEMEHH, B TE4EHHE KOTOPOTO OHH BO3HHKAJIH, O PaKTOPaX, OMpPEAEIAIOLUHX
topMy M pa3mepsl 1yra, o pa3oBoit ckopoctu. [IpumusHbie BB — HaubGonee

Puc. 2. BuyTpenHue BosHbi B JIafoKckoM O3epe Ha PagHONOKALMOHHOM H306paXxe-
ann KA "Anmas-1" (26.06.91, 04:54 UTC). © HITO MaiuHHOCTpOEHUS
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pacnpocrpaHenHbiii TH BB, 3aperucrpuposannbix Ha PJIU; npyrue Tunbi
BCTpe4aloTcs AOBOMbHO peaxo. HM3o6paxkenvue BB B kpymHom [PecHP5OI-
HOM 03€pe MOKA3aHO Ha PHC. 2, 3 FeHEPUPOBAHHbBIX ANMBEILTUHIOM — HA PYC. 3

woe el

Puc. 3. OGmIHpHbIE CITHKH U nonepxaomle MPOABNIEHHA BHYTPEHHHUX BOJIH, CBS-
3aHHBIE C anBeJUIMHIOM, Ha PAJHONOKALMOHHOM H3o6paxennu KA "Anmas-1"
(5.07.91, 06:41 UTC), nosryaeHHOM B CEBEPHOH ATIAHTHKE K 10ro-amagy oT

Anrnuu. © HITO mamHOCTpOCHUA
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3ameTuM, 4TO NOCNEAHHE ABA THNA GbUIH BNEPBbIE 0GHAPYXKEHbI AUCTAHLH-
onHo ¢ nomowpbio PCA KA “Asnmas-1”. Cnenyer takxe 3ameruts, uto
6onbiwMHCTBO BB, KOTOpbIE aHANM3MPOBAIMCh B MEPEUHCIEHHBIX BLILIE
paborax, oTHocatcs x BB, koTopbie BO36YXHalOTCS B NPUGPEXHO-Lueb-
doBoii 3oxe. PJIN yenuHeHHbIX BHYTPEHHHX BONH U CONIMTOHOB, KOTOpbIE
HabJI0AAI0TCA B OTKPBITOM OKeaHe, NOKa MeHee HHPOPMAaTHUBHBI.

PesynbraThl pabot [4-6, 14, 15, 17] HIUIOCTPHPYIOT BO3MOXHOCTH KOC-
muueckoit PJI-cbeMku Ui MONMyYeHHs HOBBIX JAHHLIX O MPUPONE W AUHA-
muke BB. Tak, anamu3 paga PJIM KA "Anma3-1" nosBonun nonyuuts Ho-
Bble JlaHHble O BOSHUKHOBEHHH M pa3BuTHH BB B okeaHe n B o3epe. ITokasa-
HO TaKXe, YTO NMPHUBIICYEHHE M aeKBATHOE HCNOJB30BAHHE NOMOIHUTENDb-
HBIX JaHHbIX, a TakXKe y4eT MeXaHu3MoB H3o0paxeHus BB na PJIH, Bo
MHOTHX CIIy4asXx NO3BOJIAET OLECHHTb MapaMeTpbl Lyra H OOBACHUTL Mexa-
HU3MbI €r0 FeHepaLuH.

Teuenus u NPpHIUBHbBIC ABJICHHS

W3BecTHO, YTO BapuauuM CKOPOCTH TEYEHHS BHUIOMU3MEHSIOT MapaMerphbl
I'KB, koTopble, B CBOIO Ouepenb, NepepacnpedensioT HHTEHCUBHOCTb OTpa-
xeHHoro PJI-curuana, a Taxke NPOCTPAHCTBEHHbIA CMEKTP BOJHEHUS KaK B
KOPOTKOBOJIHOBO#, TaK U B JUIMHHOBOJIHOBO# obnacrax. [Toatomy yyactku
TEYEHHS C PE3KUMH M3MEHEHMAMH IPafiHeHTa CKOPOCTH WM HanpaBlieHUs
(rpaHuLbl, CTPYKTYPA M MEPEMEXAEMOCTb TE4YeHMH) NMPH 6IaronpHATHbLIX
yCIIOBHAX MOryT otobpasutbca Ha PJIU; 30HbI ycuneHHs MM ocnabieHus
TeyeHHit, MOIyUpya M Oosiee MJIMHHOBOJIHOBblE KOMIIOHEHTbl BOJIHEHHS,
TaKXe MOTYT CO3/1aBaTh XapaKTepHble KAPTHHbI Ha W300paxeHusx [21, 22].
Cmuku ITAB npu cnaGoMm Berpe TPacCHPYIOT OCHOBHbi€ T€YEHHMS, B TOM
YHCIie U BUXPeBbIE CTPYKTYpbI, co3aaBas Ha PJIM MyapoByio Tekctypy [24].

Bo3MoxxHOCTH n3MepeHHs ¢ nomolbio PCA xapakTepHUCTHK OKEaHCKHX
TeyeHHii paccmaTpuBainch B paborax [19, 20], rae Teopernyeckn nokasaHa
M JKCNEPUMEHTAILHO MOATBEPXKICHA BO3MOXHOCTb M3MEPEHUS Me3oMac-
WTabHOTO MOJNA CKOPOCTH WHTEHCHBHBIX TEYEHHWH MpH NOMOLIM KOCMHUUeE-
cko#i pamuonokauuu. Hanpumep, B [19] nokasaHo, YyTo ckajspHoe moie
TEYeHHH BO3MOXHO BOCCTAaHABIMBATb C pa3pelieHHeM 1-3 KM, a mpeanpu-
Hatas B [20] nonbiTka ucnonb3oBath AaHHbie PCA KA “Anmas-1” mna Boc-
CTAHOBJIEHUS MOJIT CKOPOCTH Ha HebGonbiioM ydactke Ioabdcrprma Obuia
YCTELIHOH B TOM CMBICIIE, YTO OXHMAAEMasi TOYHOCTb M3MEPEHHA CKOPOCTH
6bina nocturyra. Opsako PCA KA "Anmas-1” He Gbln npHrofeH 4ua Ta-
KHX M3MEPEHHIl, Tak KaKk MU He obecneuuBajl BEKTOPHbIX H3MEPEHHl, H HE
NO3BONUI MOJNY4aTb NPOCTPaHCTBEHHbIE KaPTHHbI NOMA ckOpocTH. Jns
BOCCT2HOBJICHHSA MOJiel YPOBHA U TeueHHH He0OXOAMMO CO3JaHMe CreLHa-
JIM3HPOBAHHBIX PAaZAMONIOKALHOHHBIX JaTYHKOB HA OCHOBE METOJIOB, pa3BH-
BaeMbix B [19, 32).
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IIpunuBbl M npuiaMBHLIE sBIeHNS BUAHbI Ha PJIM Gnarozaps Tomy, 4To
OHH FeHepHPYIOT Ha MEJIKOBOALE HIIM B NPHOpexHOIi 30He — Ha GaHkax, OTMe-
JIAX U Y3KOCTAX — NPHIHBHBIC TEYEHHS Pa3NHYHON MHTEHCHBHOCTH, KOTODbIE
MpH B3aMMOACHCTBMH C BOJIHEHHEM H MOPCKMM JHOM CO3NAIOT Pa3jIMyHble
addextnl Ha MII. IIposBinenns, coznaBaeMbie Ha MII NpUIMBHBLIMM TEYEHHs-
mu Ha PJIU KA "Anmas-1”, anamusuposanncs B [18]. ITpu B3aumoneiicrsnu
NPUWIMBHBIX U MOCTOAHHBIX TEUYEHHI MOTYT BO3HHMKaTb CHOM, TOJNYes, MIPH-
NUBHO# 60p; 3TH sBNIEHNS perucTpupyiotcs Ha PJIM B BHe OMMHOYHBIX CBET-
nbix nonoc win narex. C nomowpio PCA KA “Anmas-1” 6butn Takke nomy-
yeHbl yHuKanbHbie PJIM, Ha KOTOPbIX 3adHKCHPOBaHBI TOTOKH BOABI B NPH-
NHBHO-OT/IMBHBIX JXKeno6ax Ha oOchixalomMX BO BpeMs OTJIMBA BaTTax
(ormensax) Tembronanpckoi 6yxtsl CeepHoro Mops [23].

DponTh! H GPOHTAILHBIE 30HA]

DpoHTbl ¥ (PPOHTAJIbHBIE 30HbI XaPAKTEPH3YIOTCA PE3KUMH MPOCTPAHCT-
BEHHEIMU U3MEHEHHAMH TEPMOJMHAMHUYECKHX XapaKTePHCTHK MODCKOH cpe-
Ibl H, CIIEA0BATENbHO, 6OJILIIMMH NPOCTPAHCTBEHHBIMH IPANHEHTAMH, YEM
B oKkpyxarouux Bogax. MII Bo ¢ppoHTaNbHOH 30HE WIM B OKPECTHOCTAX
¢poHTa MOXET ObITh YpE3BBIYAHHO M3MEHUYMBOI: B 30HaX KOHBEpreHLHii
ckarnvBatotces miueHku ITAB, BonHoBoe none B 30HE (QpOHTa NOABEPKEHO
3HAYHTENbHOMY BIIMSHHIO CABHIAa CKOPOCTH — T€ BOJTHOBbIE CHCTEMBI, KOTO-
Pbl€ PacpOCTPAHAIOTCA MO HEGONbLLINM YITIOM K JTIMHUH HPOHTA MIH CHBH-
ra CKOpOCTH MNpETepneBaoT peppakuuio WK noinoe orpaxeHue [30].
Kpome Toro, BonHeHne B IIMPOKOM CIIEKTPAJIbHOM AMANAa30He 3HAYUTENIbHO
BHOH3MEHAETCA Ha CHJIbHBIX TEUEHHAX, YaCTO NMOABNAIOTCA 0bnactv ocnab-
JIEHUS WIIM YCHIIEHHS BOJIHEHHA. DTOMY CNOCOOCTBYIOT KOHBEPreHLUHUH TIO-
BEPXHOCTHBIX TEYCHHH H CABUTH CKOPOCTH, KOTOpble 00bIYHO HabmonaroTcs
BO (poHTaNbHBIX 30HaX. bosee Toro, uacro 6aaromaps 3ToMy no OnHY CTO-
poHy (poHTa MHTEHCHBHOCTb BOJIHEHMS MOJXKET PE3KO BO3pacTaTh, a MO
Ipyryio CTOpoHy HaGniomaroTcsi 30HbI “BOJNIHOBOI TeHH”. YacTo BO PpoH-
TalbHON 30HE C CWIbHBIM T€YE€HHEM MNOABJAIOTCA “3aXBauyeHHbie BOJIHbI”,
KOTOpblE PaCNPOCTPAHAIOTCA B Hell, kak o BonHoBoay. IToaTomy BomHOBOE
noie no 06e cropoHbl HPOHTA MOXET HMETh PA3IH4YHbIE BOJIIHOBBIE XapaK-
TEPHUCTHKH, KOTOPbIE cniocobeH pernctpupoBath PCA.

CyluecTBEeHHO BJIMAHHE TEMIIEPATYPHbIX KOHTPACTOB M Pa3HOCTH TEM-
nepatyp Boaa — Bo3ayx Ha PJI-xontpactsi [39). Ilpu cnabuix Berpax 06-
NacTh TeMJO#H BOAbI YaCTO NMOKPLITA HHTEHCUBHOH pA0bIO, B TO BpeMsa Kak
XonoAHas 4acTb GPOHTANBLHON 30HBI BBITJIAXKEHAa WJIH MEHee 1IepOXOBaTa.
Takue cuTyaunu 4acTo UMEIOT MECTO, KOTZIa TeMIepaTypa Bo3ayxa Gim3ka
K TeMrepaType BoIbl. B 3THX ciyuyasix Haj XOJNOXHO# BOXOW MOXeET Co3na-
BaThCA YCTOHYMBAs CTPaTUHKALUA NPUBOTHOTO CJIOS aTMOChephbi, a HaX
TeMmnoi — HeycTOWYMBAsg WM HEHTpaJibHasf, a CKOPOCTb TPEHHS, KOTOpas
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onpenenser wepoxosatoctb MII, Han Temnoi o6nacTbio He3HAUMTENbHO
yBenuuuBacrca, u3MeHas mapamerpbl KB [39]. UYacro 6niBaer Tak, uto
CKOpPOCTb BeTpa Hajx TerIodl BOXOW CTaHOBHTCA GoJblie MOpOroBol s
reHepaunn I'KB, noatoMy ¢ oanoii croponsl ¢pponra MII noxpeita pabeio,
a ¢ gpyroii Her. Takum 06pa3oM, HaIHYHE 3HAYUTENbHBIX TEPMHUYECKHX
KOHTPAacTOB M BapHalMi Pa3’HOCTH TEMIIEPaTyp Boja — BO3JAYX MOmepek
(GpoHTa MOXET MPUBOAUTDL K YCHJICHHIO KOHTpacToB Ha PJIN.

Be3ycnoBHO, HanbGonee HHPOPMATHBHBIMU KOCMHYECKHMH JaTYHKAMU
I8 MOHHTOPHHIa (POHTOB, Pe3KO BhIpaxKeHHbIX B moje TIIO, sBnAoTCA
WK-1aTunKu, OAHAKO HCCAENOBAHHS MOCHEAHMX JIET MOKA3alH, 4TO KOCMH-
yeckne PCA Taxke MOTyT JaBaTh LEHHYI0 MHbopmauuio o ¢poHTtax B
okease [21, 22, 35, 36). Mexanusm otobGpaxeHus ¢ponroB Ha PJIH, kak
NOKa3aHo BbIlle, CBA3aH ¢ BINAHHEM Ha none I'KB rpaaueHTOB CKOPOCTH
Te4YeHHUs U TPAAWEHTOB TEMITEPATYPhI. '

B3aumopneiicTBME TIOBEPXHOCTHBIX BOJNH M Me30MaclITaGHBIX HHTEH-
CHBHLIX TeYEHHMi sABNAETCA NPHYMHOW 3HAYMTENLHOH NPOCTPAHCTBEHHOIH
M3MEHYMBOCTH BOJHeHHA. B pabGorax [21, 22, 36] Obin1 ApOaHANIM3UPOBaH
3¢ dexT oTpaxkeHHs BOJH, oOHapyxeHHbIH Ha Tonbdcrpume, mpu pacnpo-
CTpPaHEeHHH BOJIH MOMYTHO TEYEHUIO. 4 TaKXKe AHHefuyaThie CTPYKTYpbI, Tpac-
cupyioimme GpoHTalbHbIE pa3zfeibl H 30HbI kOoHBepreHunH. Cbremku ¢ KA
"AnMa3-1” CONPOBOXAANUCh KBAa3HCHHXPOHHBIMH U3MEPEHUAMH TEYEHHH N
APYTHX THAPOMETEOPOIOTHYECKHX MapamerpoB ¢ 6opra HHUC “Akanemux
BepHaackuii”, 4TO MO3BOJIMIO NOCTATOYHO YOEAUTENILHO HMHTEPNPETUPO-
BaTh JaHHble [{3. DxcnepuMeHThbi ObUTH NPOBENEHBI B KOHLIE aBryCTa — Ha-
yase ceHta0pa 1991 r. ITo gaHHBIM CYAOBLIX U3MEpEeHHH B MOMEHT CbEMOK
Habimronaca 3anagHbli BeTep ckopoctbio 7-10 M/c, a Habmoxaemoe BOJHO-
BOE MOJIe COCTOANIO M3 HECKONbKMX BOJIHOBBIX CHCTEM, MpHueM npeo€ia-
Jaouleit 6b1a 3bI0b, paCIPOCTPAHAIOLIAACA B AHAMA30HE OT BOCTOUYHbIX JIO
CEBEPHLIX HAMpaBJieHWi. AHaluM3 CNYTHUKOBBIX HaHHBIX MOKa3aj, 4YTO
MMEHHO 3TH BOMHbI Oblin 3apukcupoBanbi Ha PJIU KA “Anmas-1”. IIpeo6-
najgamolee TedeHHe Ha 3ToM yvactke lonbdcrpuma GbUTO HampaBeHO Ha
CB; BoJiHbI 36101 HMENM KOMNOHEHTY BOJTHOBOTO BEKTOPa, MONYTHYIO Teue-
HUIO. B 3THX cIyyasx MOXHO Oblio OXHIATh, YTO Ha rpaHuuax I'ombdcer-
puMa MoryT HabmonaTbes 3¢ deKTbl OTPaXKEHHS BOJH CHYTHBIM TEYEHHEM.
AHanu3 TPaeKTOPH BOJIHOBBIX NAKETOB U CNEKTPalibHbIH aHAJIM3 MOCIENO-
BaTeNbHbiX pparmentoB PJIM mo3Bonun caenath BHIBOX O HaIHYMM OTpa-
XEHHbIX BOJIH. BbUIO Moka3zaHo, YTO 3apMKCHPOBAHHOE BOJIHOBOE IOJIE,
cocTosLiee U3 MMPOXOASAILNX H QTPaXKEHHBIX BOJIH, ObLIO CHOPMHPOBaHO NpH
B3aUMOJIEHCTBHH (POHOBOTO BOJTHEHHUS C CWIbHbIM CHBUTOBLIM TEUEHHEM H3-
3a pedpakuuu BonH. Ilnenkn ITAB, ckannuBasch B 30HaX KOHBEpPreHLUH
TeYeHUi U MOAABIAL CaHTHMETPOBYIO pAbb, cosgasanu Ha PJIU Temubie
JIHHEeHYaTble CTPYKTYPbl, KOTOPbIE YACTO ABJISAIOTCA €LIe OXHUM NPH3HAKOM
¢bpoHTOB npH cabbiX BeTpax, B TO BpeMs KaK APKiie H3-3a MHTeHCH(HKALIUH
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BOJIHEHUA JIMHEHYATble CTPYKTYpPbl, TPaCCHPYIOUIUE 30HbI KOHBEPIEHLUMH H
COBHra CKOPOCTH, CO3JABald XapaKTepHble MOBEPXHOCTHbIC NPOSABJIEHHS,
npucyume ppoHTaM, U HabmoAANHCH NpH 6oJee CHIIbHOM BETpE.

TaxuM o6pa3zoM, okeannyeckue ppontsl oTobpaxamice Ha PJIM KA
"Anma3s-1" wiM B BUAE YETKO# PaHHULbI, HIK 32 ceT MOAM(HUKALMH MONA
IUIMHHBIX BOJH. OIHaKo H3-3a TOro, YTO MPOLIECCHI, MPOMCXOAALIME HA
¢poHTax 1 BO HPOHTANbHBIX 30HAX, HMEIOT CaMylo pa3HOO6pa3HyIO MPHPO-
Iy ¥ MaciuTabbl, OHM ‘He BCEra UMEIOT THNHYHbIE PU3HAKH, KOTOPbIE NO-
3ROJIUIIH Obl CO CTOMPOLIEHTHOH YBEPEHHOCTbIO OOHapyXuTh MX Ha PJIH.
Bonee TOoro, OHM MOTYT MMETb Pa3lHYHble MOBEPXHOCTHbIE NPOSBIEHUS B
3aBUCHMOCTH OT CKOPOCTH BeTpPa, WHTEHCHBHOCTH BOJIHEHUS M pAla APYTHX
¢akTopoB [36]. AHanH3 BOMIOLMH BOJHOBOTO MOJIsA BO GPOHTAILHON 30HE
MO3BOJIAET MOJYYHTb UHGOPMALIMIO O GPPOHTANBHLIX pa3fesiax Jaxe B Tex
ciyyasx, KOTAa Apyrue NMOBEPXHOCTHbIE NPOABJIEHNS OTCYTCTBYIOT, IPUYEM
MOHHTOPHHI MJIH ONEPATHBHbIH KOHTPOJb TAaKHX CHTyaLHHd BO3MOXEH
TOJbKO C noMolbio kocmuyeckoro PCA.

ANBeJUIHHT

B nuTepaType OTMEYANoCh, YTO paiioOHbl BLIXOAA HA MOBEPXHOCTb IIYOHH-
HbIX BOJ HMEIOT BbITJIaXEHHYIO, MACIAHUCTYIO OBEPXHOCTb M BLIFNAIAT Ha
PJIN kak o6mupHbIe TeMHbIE 06/1aCTH ¢ PE3KUMHU I'PaHHULIAMH, OXBATbIBAIO-
IMe aKBaTOpPHM 3HayMTeNbHbIX pasmepoB [30]. 3aech BO3MOXHBI iBa Hali-
Gonee BepoATHBIX OOBACHeHHS. B nepBoMm ciyuae — QOpMHMpPOBaHHE Hax
XOJIONHOH BOHO# yCcTOH4YMBOLI cTpaTH¢HKaIMU, YTO NPUBOAUT K YMEHbILIE-
HHIo wwepoxoBaToctH MII (ckopocTh BeTpa MeHbIUe NOPOTOBOH, M pe3o-
HaHcHble KB He B036yxIaioTcs); BO BTOPOM, BO3MOXHO, BCA 061acTb XO-
NOAHOW BOAbI B 30HE anBeJUIHHra Nokpbita mieHkamu ITAB, o6pa3oBas-
wuMHcs 3a cueT BoiHOca ITAB Ha MII u akTHBHOH JKM3HEXEATENLHOCTH
nnaHkToHa. Temneparypa BOIbl B 30HE anBeJUIMHTa 3HAYUTENBHO HHXKE
okpyxamomeii U Gonee HacbileHa GHOTEHHbIMU BeLIECTBaMH, uTo Gmaro-
NPHUATCTBYET Pa3BUTHIO NUIAHKTOHHBIX OpraHu3MoB. Boimensrowmecs npu
9TOM OpraHHYecKHe BelleCTBa CKAIIMBAIOTCA Ha MOBEPXHOCTH, COOUpasch
B TUTEHKH ¥ raci MeJIkoMaciiTabHoe noBepxHocTHoe BoiHenue [30]. TeMm He
MeHee, B HacTosLiee BpeMa OJHO3HAYHOTO OTBETA Ha BOMPOC: KaKoi U3 Mexa-
HH3MOB Npeobyajaer — He MOJy4eHO; BO3MOXHO, OHH paboTaloT oxHOBpe-
MeHHo. Yacro A MHTEHCHMBHOrO NpHOPEXHOro anBeJUTMHIA XapaKTepHa
redepauns BB, a Taxoke obpasoBaHue JOKaNbHOrO (poOHTa, OTAENAIOIIErO
BOJly anBeJUIMHIA OT OKPYXalolLeit Boabl. XOTA anBeJUIMHIH H3y4aJluCh paHee
KOHTAKTHLIMU OKeaHOrpapH4eCKHMH MeTOJaMH, MHOTHE HX OCOOEHHOCTH O
CHX NMOp OCTAIOTCA HeBbIACHEHHBIMH. B 3TOM cMbiciie PCA-chemka okeaHa
MO3BOJHIET NOJIYYUTb JOMONHUTENbHYIO HHPOPMALIHIO 00 3TOM ABJIEHHH.

Ha puc. 3 npusenero PN KA “Anmas-1” anBeluiuHra B ATIaHTHKE K
1oro-zanajy ot no6epexps AHITIMN; OHO OXBAaTbIBAeT OOUMIMPHBIE CITUKOBbIE
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0651aCTH, KOTOPble OrPaHHYEHbI OBEPXHOCTHLIMH MposABieHUaMH BB. Us-
32 OTCYTCTBHA MOICNYTHHUKOBLIX M3MEPEHUHl TOUHYIO NMPHYMHY 0Opa3oBa-
HUS anBeJUIMHIA YCTAHOBUTL HE YAaJiOoCh, ONHAKO, COTIACHO METEOJaHHBIM,
NOYTH BECh MPEALIECTBYIOLHIA ACHb AYJ CEBEPO-BOCTOUHBINA BETEP CO CKO-
poctbio 10-12 M/c, koTophlii pe3ko ocnaben B noiHOYb. BniojiHe BepoATHO,
YTO 3TO MOTJIO NPUBECTH K CrOHY NMOBEPXHOCTHOH BOJbI U NMOLbEMY Ha MNO-
BEPXHOCTb BJOJIb MATEPUKOBOI'O CKJIOHA XOJIOXHBIX IIyOHHHBIX Bo#. DakT
obpasoBanus anBewtuHra noareepxaaoT 1 UK-ciumkn cnytHuka NOAA.
Bounbine no momany cavMku (MATHA BbIrJIAXUBAHUA pAOH) MOXHO 0OBsic-
HUTb, C ONHOHN CTOPOHbI, YCTORYHUBOCTBIO MOTPAHUYHOIO CJI0A aTMOChephbl
HaJ XOIOXHOHN BOHOH M3-3a YMEHbLICHHOTO HampsbhkeHus Berpa. C npyroi
CTOPOHbI, BLIHOC OMOreHHBIX BEWECTB HAa MOBEPXHOCTb NMPHBEI K 06pa3oBa-
Huto mieHox ITAB. Otu nBa 3ddexra npu cnabom BeTpe, NO-BHIMMOMY,
UTpaloT 3HAYUTENbHYIO posib B yMeHbiueHnH YIIIP MIL. Bonee Toro, Bo3-
MoxHo, auccunauus KB B 30He anBe/uiMHra CTaHOBHTCA Bblilie, YeM B
OKpyXamollel BoAe, U3-3a YBENHUYEHHS MOBEPXHOCTHOIO HATMKEHUSA U BA3-
kocty [33]. TocneaHuit pakTop TOXKE MOXKET AATh CYLLIECTBEHHbIH BKJIAJ B
ymenbwieHne YOIIP mnpH 3HayMTeNbHBIX TEMMEPATYPHBIX KOHTPACTax.
B nutepaTtype ormeuannch KOHTpacThbl B 2-5 ab B paiioHe 3kBaTOpHaIbHOTO
ansesunHra [34)]. Ipyroii unTepecHoii ocobeHHocTbio PJIU Ha puc. 2 aBns-
I0TCS MHOTOYHCIEHHbie nposBieHHs BB, uTo sBnseTcs ewe OOHUM MOA-
TBEPXKIEHHEM TOr'0, YTO HabmMogaeMoe ABJIeHHE — aNBEJUIMHT [6].

TakuM 06pa3oM, anBeJUTMHIH, 3aMETHO NposBisiouecs Ha MII, nomu-
MO JaT4yHKoB, pabotaroumx B MK-muanazone, BO3MOXHO Habmoaate U Mc-
ClleI0BaTh C OMOLIBIO KOCMH4ECKOH PafHOIOKaLMU 1, TeM Boree, OpraHu3o-
BaTb MX MOCTOAHHbIA MOHHUTOPHHI. OIHAKO B CBA3M C TEM, YTO MaciuTabbl
anBeJUIMHra 0CTaTOYHO Pa3’HOOOpa3Hbl M HE OYeHb MOHATHO, KOMOMHALMA
Kakux (aKTOpoB BHEWUHeH cpedbl crnocoOCTByeT ero mpossieHnio Ha MII,
anBeJUIMHTH He BCerga OXHO3Ha4yHO uaeHTHHuUpyoTces Ha PJIH, uto roso-
PHT 0 HEOOXOUMOCTH IOTIOJIHUTENbHBIX IKCIEPUMEHTANIbHBIX UCCHENOBAHHII,

IToxsoanas Tonorpadus (peabed ana)

OKCrepUMEHTaNIbHbIE HCCIENOBaHUS TOCHEAHMX JIeT mokasanu, yto PCA-
CbeMKa 11eNb(OBbIX 30H MO3BOJNAET MONYYHTb HHPOPMALMIO O MOABOAHOM
Tonorpaduu, a B paae cayyaeB o nmpoueccax B NpubpexHoit 30He. Xopoio
M3BECTHO, YTO IEPBble HabMONEHUs NOABOAHOI Tonorpaduu GbinK TIpoBe-
neHbl ¢ nomoubio camosnerHoro PJICBO B koHue 60-x romos. Bo Bpems
nonera okeaHorpaguyeckoro cnytHuka SEASAT B 1978 r. Obina Bnepebie
nokKa3aHa BO3MOXHOCTb PETHCTPaLUK JIEMEHTOB MOABOAHON Tonorpaduu
¢ nomoipio PCA u 6bumn nonyuenst PJIN nogsoaHoit Tonorpadun; Teope-
THYECKOE 06bscHeHne Ob10 naHo B [37]. [IoBEpXHOCTHBIE NPOABIIEHNA, CBA-
3aHHble ¢ MOABOAHON Tonorpadueit, Habmonanucs taxxe Ha PJIHU, nony-
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yeHHbIX cnyTHUKamu "Kocmoc-1870" u "Anmas-1" [3, 6]. Xors PJIU nox-
BOAHOH Tonorpaduu ny6IMKYIOTCS TOBOJIHO YacTO M CTAJIM yXe KJacchuye-
CKHMH, HeKoTopble ocobeHHocTH npouecca popmupoBanus PCA-u3obpa-
KEHHIl IO CUX NTOP OCTAJIUCh HEBbIACHEHHBIMH.

Bbino ycraHoBnEHO, 4TO 3TH ABJIeHna Habmonatotca Ha MIT nocrarou-
HO PETYNAPHO W BBIABIAIOTCA HEKOTOPbIE 3aKOHOMEPHOCTH H 0COGEHHOCTH
npouecca GopmupoBanns uzobpaxenus. Blanmoneiicteue ¢opm noasoa-
HOro penbeda, MPHIUBHLIX TeYEHHI U BETPOBOTO BOJIHEHHS CO3AAET YCIIO-
BUS TS NOABEHUS NMOJOCO0OPa3HbIX HEONHOPOAHOCTEH pa3nyHOH GopMbl
Ha MODCKO#H NMOBEPXHOCTH, KOTOpble pUKCHpYET paguosokaTop. MexaHu3m
nosBiieHus noxsogHo#t tonorpaduu Ha PJIU cBasan ¢ obTekanueM npu-
JMBHbIM TeueHHeM popMm noHHOTO penbeda (Hanmpumep, necyaHbix 6aHOK);
BapuaLMu TeueHHs Npu oO6TexaHUM GaHOK MOIYIMPYIOT KOPOTKHE BETPO-
Bble BosiHbl Ha MII. IToxBonHblit penbed Habmomaercs npu nomowu PCA B
NPHIMBHBIX MOPAX H HEOOXOMMMBIM YCIOBHEM ero HabiofeHus sBisgeTcs
HajM4YMe CUIIbHOTO NMPHIMBHOTO TEYEHHS W BETPOBOrO BOJHEHHS (BETpa).
IIpoBenenHble uccnenoBanus [37 v ap.] No3BOMMIM B OOLIMX YepTax 06bsc-
HUTb MexaHu3m ¢opmupoBanus PJIU u nokasanu, yto xocmuyeckuii PCA
JaeT YHUKanbHYI0 BO3MOXHOCTb WCCIEHOBaHMS (MOHMTOPHHIA) JOHHOTO
penbeda MEIKOBOAHBLIX Y4acTKOB Lienbga ¢ rmyouHamu 5-40 M. Jdpyrumu
cpeacrBamu A3 Takyio HHpopMauuIo MOMYYUTb MPAKTHYECKH HEBO3MOXHO.
Tax, B 10HOI, MenkoBoxHO# 4yacT CeBepHOro Mops GblIO MOJIyYEHO He-
ckonbko PJIM KA "Anmas-1”, ¢uKCHPYIOIUMX NPOSABIECHHS MOABOAHOI
tonorpaduu [2, 6]. Onn dpukcuposanuce B none 'KB, koTopoe Monymupo-
BAlOCh MPHIMBHBIM MOTOKOM MpPHU €ro TpaHcpopMauHH Hal NecyaHbIMH
6anxamu. OHaKO 3aMETHM, YTO CYIIECTBYIOLUME TEOPHU M MOJEIH 1OKa He
B COCTOSSHUM OOBACHWTb BCE acnekThl MexaHu3Ma ¢opmupoBaHus PCA-
u3obpaxeHuit nogsoaHod TomorpaduH, B TOM uucie 3To kacaercs PJIU,
nonyueHHbIXx KA "Anmas-1”.

KocBeHHO nHGOpMaLMIO O MOJABOJHOM pelibede MOXKHO MOJIYyYUTh, UC-
cinenys 3¢dexTsl pedppakuuH JUIMHHBIX BOJIH B NPUOpEXHON 30He U Haj
OTHENbHBIMM (OpMaMH MOJBOXHOIrO penbeda, BHYTPEHHHE BOJHBI H HX
MOBEPXHOCTHbIE TMPOSABIEHNA B wienbdoBoi 30He U B riIyOOKOM OKeaHe
(0cOGEHHOCTH reHepalH, PaCNIpOCTPaHEeHUs H AUCCHMALMH KOTOPbIX 4acTo
CBA3aHbl C KpYNHOMACIUTaOHbIMM (HOpMaMH NMOIBOAHOTO penbeda) U B3au-
MoJeHCTBHE pa3IMYHbIX JHHAMUYECKHUX UIIH BOJHOBBIX NPOLIECCOB B TOJILE
oKeaHa ¢ rilyOOKOBOAHbLIMH (OpMaMH MOABOAHOrO penbeda, CIEACTBHEM
4ero SBJIAIOTCA pa3jIMYHble aHOMANMU M HeoOHopoaHocTH Ha MII. Ilpu
sToM Ha PJIU KA "Anma3-1" 4acTto perHcTpHpoBaIKch JBa OCHOBHbBIX THIA
MOBEPXHOCTHBIX MPOABIEHHH — B BUAAE YEPEOYIOLMXCA MOJOC WIM OOUHOY-
HbIX MOJIOC-TPaHMLL.

Habmonexune ¢popm nogsogHoro penbeda Ha wenbde ¢ nomousio PCA
CYUTAETCA ONHMUM H3 CaMbIX BaXXHbIX PE3YJIbTATOB, MOJYYEHHbIX BO BpeMs
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noneta KA "Anma3s-1". B pabotax [2, 8, 23] Ha KOHKPETHbIX NpUMepax aHa-
u3a v uatepnperaunu PJIM KA "Anma3-1", nonyyeHHbIX Ha MEIKOBOAHbBIX
yuactkax CesepHoro Mops (puc. 4, ciieBa), B ycTbe p. Dnb6bl (puc. 4, cnpa-
Ba) 1 B bapeHueBoM Mope, noka3aHa BaxxHoctb PJI-uHpopmauun mns reo-
JIOr0-reoMop(OIOrHYeCKUX, MPUPOAHO-PECYPCHBIX M IKOJIOTHYECKHX HC-
cnenoBaHui wenbGoBbix 30H. AHanu3 PJIM no3Bosua BbIABHUTb Takue Je-
TaJIM NOABOJHOTO pPelibeda, KaK KOHTYPbl 6AHOK M Meleil, ONpeenuTb UX
MOpdoMeTpHUECKHE XapPaKTEPHCTHKH; B PAlE CIyyaeB IO PaJHOJIOKaLUOH-
HbIM JaHHbIM BO3MOXHO BOCCTAHOBHMTb NPOQHIbL MOPCKOTO AHa, o6Hapy-
XUTb MOJBOJAHBIE TOPbl U BMAAUHbI. B NPUIMBHO-OTIMBHOI 30HE wLieNibda
BO BpeMs oTiuBa Ha PJIV BbimensioTCs OCHOBHblE MOP(OCTPYKTYpPbI, OCO-
6eHHOCTH TreoJIoro-reoMopdoJIOrHyecKoro CTPOEHHs IHA, YTO MO3BOJISAET
OLIEHWUTb HHTEHCUBHOCTb NPHOPENHBIX NPOLIECCOB.

Mopclme 3arpasHeHHA,
IUVICHKH MOBEPXHOCTHO-AaKTHBHBIX BCIIECTB

Kak nsBectHo, Ha MII noBcemectHO obpasyrorcs rieHk IIAB u 3arpszne-
HHUH, KOHLEHTPALUMH KOTOPbIX HOCTATOYHbI IS H3MEHEHUA (U3NYECKUX
coiicte MII. PCA-u3006paxceHus MIeHOYHbIX 3arpA3HeHuit ¢popmupylorcs
3a CYeT BbIMJIAKMBAHUA B HeDTAHBIX MATHAX MeEIKOMACIUTaGHBIX COCTaB-
JSIOIMX BETPOBOro BOJNHEHUA — MieHkH [IAB u HedTenpoaykToB aKTHBHO
MOJABNAIOT CAHTUMETPOBLIE H IELIUMETPOBbIE BOJIHBI, OHH TaK)Ke NPENATCT-
BYIOT MX T€Hepaluuy npu cinabbix BeTpax, U nostromy Ha MII nosasnsioTcsa
obnacTH BbIITTaXHBaHHA pAbu — cnuku. FI3-3a 3TOro niieHKH MOBEPXHOCT-
HbIX 3arpa3HeHuil U HedTtenpoaykToB BuAHbI Ha PJIM kax TeMHble nATHA
pasnuyHoi GopMbl H KOHOUIypaLUHi; HHOTAA OHU NMPHYYMAIHBO BbITATMBA-
I0TCs, OTCIIEXHBasA CTPYKTYPY TeueHHH. B page cnyyaeB narHa HepTH HMe-
10T TekcTypHble ocobeHHocTu. PJIM, monyueHHble Bo Bpems nonera KA
“Anmas-1", 6bUIM MPOAHANU3UPOBaHbI B [24] ¢ LeNbI0 OLEHUTb BO3MOXHO-
cti 9,6-cantumerpoBoro PCA mns o6HapyxeHus pa3nuBoB HepTH Ha MII.
Ha PJIU mops 6bian 06HapyKeHbl NATHA MOBEPXHOCTHBIX 3arpA3HEHUH
Pa3MYHBIX Pa3MEPOB MPH CKOPOCTAX BETpa OT cabbix Ho cuiibHbIX. Bomb-
wMHCTBO o6HapyxxeHHbIX Ha PJIU cnukoB dopMmupoBanyu pa3nuyHbie BUAbI
He()TeNnpOAYKTOB, UCKYCCTBEHHbIX U ecrecTBeHHbIX ITAB. Ha PJIM 6bumn
o6HapyxeHb! 3arpasHeHns MII cobipoii HedTbIO, KOpabenbHbBIM TOIUIHBOM,
ObITOBLIMH M NPOMBILIEHHBIMH oTX0AaMH. CniocoGHocts PCA KA "Au-
Ma3-1" oOHapyxuBaTb 3arpasHeHMs Ha MII 3aBucena OT CKOpOCTH BeTpa
(COCTOHMSA MOBEPXHOCTH MOPA), THNA 3aTPA3HAIOLIErO BEILECTBA U BO3PACTa
naTeH. ToHKME MIEHKH HeQTENPOAYKTOB U IIEHKH GHOTEHHOTO HPOUCXOXIE-
HUA Taioke 6bu 06HapyxeHbl Ha PJIV; BO3MOXHOCTbL MX HabJIOfeHHs ¢ Mo-
molpio PCA cyiecTBEHHO 3aBHceNla OT CKOPOCTH NPHBOAHOIO BeTpa. ToH-
kue nieHkd [IAB o6biuHo HaGmonamuch mpu ckopocTax BeTpa 3-6 Mm/c,
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natHa HedrenponykToB — npu Berpe go 12 m/c. Ha PJIM KA "Anmaz-i”
NOBOJIbHO TOYHO OMPENAENANOCH MOJIOXKEHHE, GopMa M pPa3Mep MATEH; Mpu
MOBTOPHBIX CbEMKaX — HAampaBJieHHE U ckopocThb Apeiida. Bo Beex cnyyasx
U1 TOYHOTO OMNpEAENIeHUs TUNA 3arpA3HEHUs MPUBJIEKANACH HOMONHUTENb-
Has uHpopmanus. Ha puc. 5 npusenens! Tpu ¢pparmenta PJIM KA "Anmaz-
1" ¢ maTHamu HedTH, Pa3NUTOH BO BpEMA MPOBEHCHHA OKCIEPUMEHTA
DOSE’91 B Hopsexckom Mope [38], 1 X OTHOCHTENIbHbIE paXHOMeTpHue-
CKHE KOHTpAcThl. DTH NATHA 6bUIM 3aPETUCTPHPOBAHBI MPH CKOPOCTH BETpa
ot 5 no 12 m/c. Ha nepBoM M TpeTbeM M300paKEHUAX 3aMETHO YCHJIEHHE
paguospxoctd PJIM (KOpOTKMX BETPOBbIX BOJH) Y HABETPEHHOrO Kpas
nsTeH; B HacCTosALIee BpeMs 3TOT 3 dekT nsyqaercs.

Takum obpaszom, PCA KA "Anmas-1" nokasan BbiCOKYIO 3ddexTnn-
HOCTb BCEMOTOIHOrO OOHApPYXXEHHs M PErMCTPALMU NMATEH Pa3HOOOPa3Hbix
TUTEHOYHbIX 3arpsA3HeHWil Ha Mopckod moBepxHocTH. C momowsio PCA
BBICOKOT'O pa3pelleHnus BO3MOXHO OCYLUECTBIATH JIOKAAbHbIH MOHUTOPHH
paitoHoB Mopckoii HebTenoObiun Ha wWwenbde MOPCKMX NyTeil MnepeBo3KIi
Hed)TH, ONEPaTHBHO KOHTPOJIMPOBATh MECTa aBapHii TAHKEPOB, IKOJIOTHYE-
CKyi0 0OCTaHOBKY BO BHYTDEHHHX MODAX, B MOpTax W B MecTax cbpoca
cToyHbIX BoA. s peleHus 3aayv oOHapyKEeHHS M JOKAIH3ALUM HedTs-
HbIX 3arpA3Hennii na MII, B npuHuune, noaxoaun pexxum paborsl PCA Ha
KA "Anmas-1", ognako BusyanbHblii aHanus PJIM He nmo3Bosser mocraTouy-
HO HaJeXHO Mo GopMe U CTPYKType KiacCHPUUUPOBAThL MATHA PA3NUUYHBIX
sarpasHennii Ha MII, oTnuunTb HedTAHDBIE CIIMKHM OT CIIMKOB OPraHH4ECKNX
ITAB 6uoreHHoro npoucxoxiaeHus. [Ins u3MepeHnii paavOIOKALHOHHbBIX
koutpactoB PCA nomxkeH ObITh kaTuOpoBaH.

ATMocdepHbie SBJICHHS H BETPOBble 2HOMAJINH
Ha MOPCKOii MOBepXHOCTH

Atmocdepa npospauna s PJI-curHana, u noatoMy atMocdepHbie npouec-
Cbl U ABJIEHHS MOTYT ObITh BUAMMbI Ha PJIM TONbKO Kak HEOAHOPOIHOCTH B
noJje menakomaciitabHoro BonHeHus Ha MII. Bo3HukiMEe Ha MOBEPXHOCTH
MOpS BETPOBbIE NATHA PAGH M 3¢ deKThbl BbITIAXKMBAHUA, 30Hb! U TPAHHULIbI
yCUJIEHUs BETPA, BHYTPEHHHE IPaBUTALIMOHHbIE BOJIHbI B aTMOChepe (ABB),
aTMocthepHble GPOHTbI, KOHBEKTHBHbIE SAYEHKH PA3MUYHbIX THIOB TaKKe
peructpupyiotcs PCA [39]. BeTposble HEOMHOPOIHOCTH MOTYT Taikxke 0bpa-
30BaThCA NPHU JOKAJILHOM YCHJIEHHM WM ocnablieHHW Berpa, M3-3a aTMO-
chepHoit TYpOYIEHTHOCTH, KOHBEKLIMH, TPY OOTEKAHHU NPENATCTBHIA U T. I,
ATMochepHbie mpouecchl, MOAYJIHPYIOLUIME MOje MPUBOAHOIO BETpa, CO3-
AT YCHJIEHHYIO WM NOHHXXEHHYI0 MHTEHCMBHOCTb BOJIH pabu na MII,
kotopas puxcupyercsa Ha PJIU kak nosne "3amopoxernHoro" Berpa [30].

Ha PJIN “Anma3s-1”, nmosyyeHHbIX B OKeaHe, ObliH OOHapyxXeHbl Npo-
SBJIEHUA Pa3NUUHbIX aTMOC(EPHbIX MPOLECCOB, a TaKXKe CTPYKTYpbl, CBS-
3aHHbIE C BUXPAMH B MOTPAHHYHOM CJI0€ aTMOC(HEpDI.
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Puc: 5. HedTanbie 3arpAsHeHHs Ha pajHONOKaUMOHHbIX u3oBpaxenmax KA "Ajmas-1",
ndmydenHsix Bo Bpema 3xkcnepuMenta DOSE'91 B HopBekckoM Mope, H HX OTHOCHTE/IbHLIE
pazHoMeTpHYecKHe KOHTpacTsi: a) 22.08.91, 16:41 UTC; b) 23.08.91, 06:03 UTC; c) 27.08.91,

10:52 UTC, 3aperucTpupoBaHHbie NpH ckopocTH Betpa 5, 7 u 12 m/c. Ha nepBom u TpeTbem
M300paXeHUAX 3aMCTHO YCHJICHHE KOPOTKHX BETPOBBIX BOJH y HaBETPEHHOrO Kpas MATHA.

© HITO MawmHOCTpOeHHS
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Ha puc. 6 npuseneno PJIM KA "Anmas-1” ¢ ABB k 1ory ot 0. HoBas
3emna, xoTopbie nmposBasiorcs Ha MII 3a cueT MOAYIALUMH NPUBOZHOIO
Berpa U I'KB. IIpoucxoxaenne ABB B 3ToM paiione 0ObIYHO CBS3LIBAIOT C
obTexkaHHeM BETPOM oporpaduu ocTpoBa MNH (POHTANbHOMN HeycTOHYH-
BocThIO [39, 40]. Tak kak 60JBIIMHCTBO ATMOCHEPHLIX MPOLECCOB KPATKO-
BpeMeHHbI, OHM (HkcupyloTcs Ha PJIM mouytn Bcerma ciyuaiHo, a mis ux
MOHHTOPHHra HEOOXOOHMO MMETb KOCMHYECKHE HATYHKH HENPEPbIBHOTO
Habmopnenus. Ilpn ananunse takux PJIM Hanbonee yacro ynaerca nolyuynTs
CKOopee KaueCTBEHHYI0O HHGOPMALHIO, YEM KOJIMYECTBEHHYIO, a Ul MOJHO-
LEHHOT'O aHAJIN3a HEO6XOAHMbI CHHXPOHHbIE PAIHO3OHAUPOBAHHSA U METEO-
ponornueckue uaMepeHus. OnbiT paboThl ¢ CAMOJIETHBIMH H KOCMHYECKHMH
PJICBO u PCA noka3sai, 4yTo uis 3THX Lejeit Hanbonee nHpopMaTHBHBIMH
asnsioTcs cbeMkd B Ku- u X-nuanaszonax Ha BB u I'T nonsapusaumnax oxHo-
BpPEMEHHO. B 3TOM CMbICIIE HHTEPECHbIE Pe3yIbTaThbl ObIIIH MOJNYYEHbl CaMO-
netusiM PJICBO “Hutb” (@ivHa BOMHBI 2,25 CM), KOTODbIH NMO3BOJNAN Ha-

_6mozaTh mposABiieHHs aTMocdepHbIx npoueccoB Ha MII B mmpoxom auana-
30He yCIOBMil OKpyXarouieil cperbi (cM., Hanpumep, [41]). Ha HekoTopbIx
PJIN KA "Anmas-1" 6bun 3adHKCHPOBaHbI NTOBEPXHOCTHBIE BO3MYIIEHH,
CBA32HHBIE C BbINaJeHNeM aTMOCheEpHbIX ocankos [42].

Taxum o6pa3om, ¢ oaHoii cropoHsi, xoTs PCA KA “Anmas-1” He 6bu1
npenHasHaueH A1 HabmoaeHus aTMocepHbIX NMpoueccoB, Ha ero PJIH 6bin
3adHKCHPOBAH PAJL ABJIEHHI, CBA3aHHBIX ¢ aTMOC(epoii. C Apyroit cTopoHs!,
PCA BbicOKOTO pa3pelleHHs MO3BOJNAI HabmonaTb MejlKoMaclTabHble
npoueccsl B3aHMOAEHCTBHA OKeaHa W aTMOC(epbl, HapHMep LUPKYISLHH
Jlenrmiopa [2].

Mopckne Jbabl

HccnenoBanne MOPCKHX JIbJAOB ABJAETCA ONHON M3 BaXKHbIX 3aAay AWArHo-
CTHYecKoro 3oHAHpoBaHus ([3). AKTHBHbIE MHKPOBOIHOBbBIE AATYHKH NO-
3BOJIAIOT M3MEPHTb PAA BAXKHEHLINX XaPaKTEPUCTHK Mopckoro ibja. Ipu-
meHenre PCA s onpeneneHns XapaKTepUCTHK MOPCKHMX JIbJIOB OCHOBaHO
Ha CBA3M XapaKTepUCTHK pacceaHus PJI-curHanma (nOBEPXHOCTHOTO M BHYT-
peHHero) ¢ GpuU3NKo-XHMHYECKHMH cBoiicTBaMu nba0B [39]. Mopckue Jbabl
xopoio pasnuyuMbl Ha MII u3-3a pasnuuHoro paccesHus PJI-uznydenus
JILIOM W MOBEPXHOCTbIO MOpA. ITo pamHOAPKOCTHBIM XapaKTEPHCTHKaM
JIbIOB MOXHO ONPEACNATh KOHLEHTPALHUIO, CTPYKTYPY, NMONOXKEHHE IPaHH-
Hbl, BO3PACT U APYTHE XapaKTEPHCTHKH [39]. B cruioHOM JIeiTHOM NIOKPOBE
npHu nomouwiy PCA MOXHO BHIABHTb pa3jinuHbie AehopMaLUK U CTPYKTYp-
Hble HEOMHOPOQHOCTH: TPELMHBI, MOJILIHbH, Pa3BOAbA, CKIAAYaTOCThb, TOPO-
Cbl, @ TaKXe Ciieabl NeHoKoNoB. IlnaByunii MeJIKOOUTBII el YacTo ABJIAETCA
TPaccepoM OCHOBHBIX TeyeHHil. OHAKO INIaBHbIM MPEHMYILECTBOM JHMCTaH-
LMOHHOTO 30HANPOBaHHUA ¢ nomolbio PCA BBICOKOTO pa3peleHHs SBIAETCS
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Puc. 6. ITpospnerns aTMOCHEPHBIX TPAaBUTALMOHHBIX BOJIH Y 0. HoBas ey
Ha pafHoJIoKaLMOHHOM H30GpaxkeHun KA "Anmas-1" (10.07.91, 20:34 UTC).
© HIIO maimHOCTpoeHUs
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BO3MOXHOCTb JIETAJIbHOIO M3YYEHHS CTPYKTYPbl MOPCKOIrO JIbJAa M €ro au-
HaMMKH HE3aBHCHMO OT MOTOJHbIX YCIOBUH M OCBELIEHHOCTH, YTO HENaeT
€ro HaealbHbIM HHCTPYMEHTOM I ITHX 3a4a4.

Panuonokauuonnsie naHHsie KA “Anmas-1” ucnonbs3oBanuch B kave-
CTBE HCTOYHHKA HH(POPMALIUK NPH BLIBOAE 30 JIbJOB AHTADKTHKH HAYYHO-
sxcneguuuonHoro cyaHa (HIC) “Muxaun ComoB”, koTopoe 6bu10 610KH-
POBaHO MHOTOJIETHUMH JibJaMu B ione 1991 r. B paiioHe aHTapKTHYeCKOM
craHuun “MomonexHasn”. [Ins obecneyeHus BbIBOAA CyAHa Oblia HEOGXO-
IuMa AetanbHas HHQopMaLus o enoBbIX YCIOBUAX B paiioHe apeiida HOC,
C Hauana uions no KoHew ceHTaOps 1991 r. mpoBoaMNIKCh CheMKH paiioHa
apeiipa HIC ¢ KA “Anmas-1” B ycioBHAX NONAPHON HOYM U MPAKTHYECKH
CrIOIWHOM obmauHocTH (Bcero Obuno caenano 35 cbhemok). IlosnyueHHble
PJIH onepatuBHO 06pabaTbiBamnch M nepepaBanucs B AAHUH nna ananu-
3a ¥ JewnpUpoBaHus, TIe CO3AABAIMCH KapThl JIEXOBOH 06CTaHOBKH, KO-
TOpble 3aTeM MepeNaBaMCb B OomepaTHBHylo rpynmy I'ockoMruapomera.
Hanusie PCA Bbicokoro paspeileHHUs BrepBble HCMOMb30BAINCh B MHPOBOIi
npaxTuke s obecrieueHUs MPOBOAKH CyJHA B 3KCTPEMalbHbIX JIEHOBbIX
YCIOBUAX M ObUIM €JMHCTBEHHBIM MCTOYHHKOM JAeTaNbHON uH(popMmauuy.
CobpatHble JaHHbIE MO3BOJIMIIM PeanbHO OLEHUTH JIEAOBYIO OOCTAHOBKY M
NPHHATL €JUHCTBEHHO NpaBUIIbHOE pelieHue. s npumepa Ha puc. 7 noka-
3anbl ABa PJIU KA “Anmas-1”, nonyuyeHHble B paiioHe gpeiida; Ha ofHOM
U3 HUX KPYrOM MOKa3aHO MecTo, rae Haxoaunocs HOC, n Ha oboux kBai-
paTamM — rpynna OJJHUX U TeX e HENOABHKHBIX aiicGepros.

B pesynbrate ananuza PJIM KA "Anmas-1" Mopckux JbaoB. 6si10 yc-
TAHOBJIEHO, YTO OHU COLEPXAT AOCTATOUHbIH 06beM MHPOPMALIHHK JIA ON-
peliesieHUs. OCHOBHbBIX XapaKTEPUCTHK JIEATHOTO MOKPOBa, IPaHHL pacnpo-
CTPaHeHHd IJIaBYYHX JIbJOB, 30H YCTOWYMBOrO U HEYCTOHYHMBOTrO mpumas,
NOSCOB MOBBIIIEHHOTO TOPOIUEHHS, NMO3BONAIOT OOHApYXHBaTh Apeiidyro-
wre M HenoasuxHble aiicbepru. PCA KA “AnMas-1” no3Boisi mMpousBso-
JWUTb AETAIbHOE KAPTUPOBaHHE MOPCKHX JIBAOB JUIS ONPEREIEHUA OCHOBHBIX
THIMOB JIbAOB (MHOTOJIETHHE, OXHOJIETHHE H AP.) U HAPYWeEHHH CIIOIMHOCTH
JIeASHOTO NMOKPOBa (TPELUHHbI, NOJNbIHbH, pa3Boaba). [TocnenoBaTenbHbIE
CbEMKH MO3BOJIMIM MOJYYUTh NaHHbIE O HANPABIEHHH H CKOpPOCTH Apeiida
nensAHbIX noneii u aiicbepros. Biarogapsa BbICOKOMY pa3spellieHHI0 U FOPH-
30HTaNbHOH nosnapusaund PCA ¢ Gombwoil TOYHOCTBIO 6bUIO BO3MOXHO
ONMpenessTh TaKHe XapaKTEPUCTHKH MOPCKHMX JIbAOB, KaK CIJIOYEHHOCTb,
KOHLEHTpallis W MOJIOXKEHHE KPOMKH, a Takoke pa3linyaTh y4acTKH MOpH,
NOKPbITbIE U HE NMOKPLITHIE JILJAOM, YTO 3HAYHTENLHO CIIOXKHEE AENaTh C 110-
mousio PCA ¢ BepTukanbHoii mongpusauueii. PCA KA “Anmas-1” nosso-
nsn oOHapyXuBaTh JIEAOKONbI M CyHda BO JIbAaxX, ux cieabl. AHanus PJIH
MO3BOJIMII YCTAHOBHTb, YTO MHHHMAaNbHbIA pa3Mep (AHaMeTP) OTAENBHBIX
JIbAYH, alicOeproB, TpeWMH K NojibiHed cocrasiger 30-50 M; mocraTouHO
TOYHO ONPEAEIANOCH NONOKEHHE KPOMKH Jibaa [6].
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Onbit npuMenenus PCA KA “AnMas-1” s peleHHs ONepaTHBHbIX
3a7a4 MPOAEMOHCTPHPOBAJI BO3MOXHOCTH PafHONOKALMOHHON KOCMHYe-
CKOH CbEMKM I MOHMTOPHHIa MOPCKHX JIbZOB, MIOMCKOB CYZIOB M JIEZOKO-
noB Bo nbaax. Takue mpeumymecrBa PCA KA "Ainmas-1", kak Bhicokoe
pa3spewenne, I'T-nonspusauns 1 nepeMeHHble Yriibi BH3HPOBAHHA TOJIHO-
CTblO OnpaBjanu cebs BO BpeMs onepaTMBHbIX NpuMeHeHHH. OxHako 3ana-
ya gewndpuposanus nabjoB Ha PJIN Tpebyer yueta MHOTHX JOMOJHHTEL-
HbIX (PaKTOPOB, MEHAIOIUXCA 1O MEPE Pa3BUTHUA JIEAAHOIO NOKPOBA B MpO-
CTpaHCTBE U BO BpeMeHH. Boee Toro, ceifyac Xopowio H3BECTHO, YTO MOHO-
4aCTOTHOrO PafHoOIOKaTOpa SIBHO HEXOCTATOYHO IS TOYHLIX OLEHOK ma-
pPaMeTpOB MOPCKOTO JIbJIa, X MOITOMY COBMECTHOE HCIOJIb30BAHNE NAHHBIX
pa3aH4HbIX JaTYUKOB JI3 cymiecTBeHHO noBbiiaeT 3¢¢eKTHBHOCTL JUCTAH-
LIMOHHOTO 30HAMPOBaHHA JbIOB. ONHOM M3 BaXKHbIX 3aJay ABJIAETCA OINpe-
AeNeHHe ONTHMANTbHOTO COYETAHHS YIVIOB BU3HPOBAHUA U YacTOT, Heobxo-
JUMbIX IUIS 3THUX LieJeH.

Kopa6.im u xopabeJibHble cJieIbl

Kopabau u cyna Bcerna BuaHbl Ha PJIM xak spkue Oenble TOUKH HIIHM He-
6osbLne naTHa Ha “cepoil” MIIL. B otnmune ot PCA ¢ BepTHKanbHOM mo-
napusauueii, Hanpumep ERS-1, PCA KA “Anmas-1” nosBonsn pukcHpo-
BaTh CyZa ¢ XxapakTepHbIM pa3mepoM 20-30 M npu ckopocTax Berpa ot 0 1o
15 m/c 6naronaps BLICOKOMY pa3peLlEeHHIO, YIIaM BU3HUpoBaHus 6onee 20° u
MeHbLIeil YyBCTBUTENBHOCTH K ckopocTh Berpa. PJIM KA “Anmas-1”, noka-
3aHHOE Ha pUC. §, OXBaTbIBaeT akBaTOpHIO K Iory ot CHHranypa, Ha KOTO-
poii BuaHbI cyna miuHod ot ~20 mo 200 M. HM306paxkeHus CynoB, ABUralo-
LUMXCA B HaMpaBlIeHWsX, OIM3KUX K HANpPaBJIEHHIO JAJbHOCTH, ObLIM cMe-
eHbl OTHOCUTENbHO ciefa u3-3a 3¢d¢exra Homiepa, no BenuuyHHE ITOroO
CMELLEHNd MOXHO ONpeNeNnuTh CKOpPOCTh ABWXeHHs cyana. Ha PJIM KA
“Anmas-1” okono u306paxKeHHs CyAHa MOABIMINCL TOHKHE TEMHBIE MOJIO-
Cbl, TaK Ha3biBaeMble “ycbl”, cBA3aHHbIe co cnieudukoii paborsl PCA. OtH
noyiocbl CNoco6CcTBOBaNH OOHAapYXXEHHIO CyHOB NpPH IITOPMOBOM MODE.
KopabenbHbie cneabt BuaHbl Ha PJIM Gnaronaps reHepauuy ABUXYIIMMHCA
cynaMu crnieunduyeckoit cucTeMbl BOJIH — BOJH KellbBHHA — pacxomAuimuxcs
NpOROJIbHBIX (KOChIX), TMOMEPEUHbIX BONH W TypOymeHTHoro cmema. Ilpu
Pa3IMYHBIX THAPOMETEOPONOTHYECKHX YCIOBHAX JUIMHA CIIEfa CYLIECTBEHHO
BapbHpOBaJia, OH MOJHOCTHIO HCue3asl NpH WTOopMOBOi noroxe. Kopabenb-
Hble cllefibl B pAle Ciy4aeB Takxke Habmomamuch Ha PJIU “Anmas-1”, npu-
yeM Haubolnee yacTo — TypOyneHTHbI crnen. UHorna npu cnabbix BeTpax oH
COTPOBOXMAAJICS OXHON WM ABYMS APKUMHU MOJIOCAMH MO KpasM M Habumo-
nancs Ha 60MbIIOM PAacCTOAHHM OT ABHXYLLerocd cyaHa (mo 40 xm), a KOH-
TPACT CJIEAA YaCTO MEHAJCA ¢ TEMHOTO Ha CBETJIbIIA.
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Puc. 8. Ckorutesine pa3tHOMEPHBIX CYIOB Ha CHHTaITypCKOM pefile Ha paanoiio-
KauuoHHOM u3obpaxennn KA "Anmas-1" (22.07.91, 20:19 UTC). ® HIIO
MAIUIHHOCTPOEHHS

ITpoBeneHHbIH aHANTH3 NMOKa3all, YTO WIA HAOMONEHHS CYNOB Pa3itNyMbIX
pa3MepoB MpH BeTpax OT CNabbiX KO CHIbHBIX HeoOxoauM PCA ¢ BbICOKUM
paspelleHHeM, TOPH3OHTANILHOH nosiApH3aLineif U yrnamu BusupoBanus 30—40°.

3aKai09eHHe H BLIBOALI

PCA sBNAIOTCA OOHHMH H3 CaMbIX HHPOPMATHBHBIX HHCTPYMeHTOB A3 aa
NIOTy4eHHA JaHHbIX O COCTOSHHH Mope# H oxeaHoB. [IpumeHenine PCA ot-
KpbiBaeT WHPOKHE BO3MOXHOCTH IJIA HaGmiomeHus OONbIIMHCTBA OKeaH-
CKHX MENKOMAacCIUTaOHBIX ABJIEHHH, MO3BONIAET OCYINECTBIATH UX MOCTOAH-
Hblif MOHHTODWHT, NpPHYEM OMNEPATUBHBIA KOHTPOJIb OONBIUMHCTBA ITHX
ABJIEHHH, a TaKXKe YPe3BblYalHbIX CHTyallHii Ha MOpPE BO3MOXEH TONBbKO C
nomolpio kocmuyeckoro PCA Bbicokoro paspewenusa. PaspaboraHHbie
METOIbl aHANM3Aa M MHTEPNPETaUWHM DPaAMOJOKALMOHHBIX H306pakeHUi
MODCKOH MOBEPXHOCTH MO3BOJAIOT MONY4aTh KAYECTBEHHYIO M KOJNHYECT-
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BEHHYIO MHpOpMaLHIO 0 Hanbonee BaXKHbIX MPOLECCaX M ABJIEHUAX B OKea-
HE: BETPOBbIX W BHYTPEHHHX BOJIHAX, TEYEHUAX, anNBEJNIHHrax, PpoHTax u
(GpOoHTaNILHBIX 30HAX, MOBEPXHOCTHLIX 3arpA3HEHHAX, NOABOAHOH TONOrpa-
¢uM ¥ MOPCKHX JIbJAxX, a TaKKe MPOBOJUTH OMEPaTHBHLIE HabNMOAEHHUs 3a
NOJIOXEHHEM M MEPEMELLEHHEM CYIO0B. DTO MOATBEPXKIAETCA ONBITOM pabo-
Thl C PAJAHOIOKALMOHHBIMHU HaHHbIMH KA “Asnmaz-1” [2-24, 36]. B Tta6a. 2
cymmupyoTcs Bo3mMoxHocTH PCA KA "Anmas-1” no Habmoaenuio aBnexuii
B OKeaHe; B Heil e KaHO cpaBHeHue ¢ 3apyb6exxHbiMu PCA. K npeumyiuecr-
BaMm PCA KA "Anma3-1" npn MOpCKMX MPHUMEHEHUAX CIEXYET OTHECTH Bbl-
COKO€ paspellieHHe, TOPH3OHTANIbHYIO MOJIAPH3ALIMIO CUTHAJA, NEPEMEHHbIE
yriibl BU3HPOBAaHHUA W HU3KYIO BbICOTY OPOMTBI, 3aMUCh AaHHBIX BHE 30HbI
BHIMMOCTH Ha3eMHOI'O NYHKTAa NpHeMa Ha 60pTOBOIi MarHUTOQOH, K Cylie-
CTBEHHbIM HEINOCTATKaM — OTHOCHTENBHO Y3KYIO MOJIOCY CheMKH, OTCYTCT-
BHE PAAHOMETPHYECKOH KaIMOPOBKM HaHHBLIX H HEKOTEPEHTHBIX HAKOILie-
Huil npu 06paboTke. 3aMETUM TaKkXxe, 4TO BO BpeMs fo’eTa ObL10o nojiyueHo
oueHb Mano PJIH, uto roBoput o kpaiiHe HeIPHEKTHUBHOM HCNONB30BAHHH
noTeHlMaNa cnyTHUKa. Boilee TOro, mocne HeCKOJLKMX MeCALEB MOJeTa
PCA KA "Anmas-1" no TexHH4YeCKUM NMPUYMHAM BbILUEN H3 HOMHHAJILHOTO
pexuMa paboTsl, U3-3a Yero pe3ko yxyAwunocsk kauectso PJIU.

IIpoBeneHHbIE HCCIEROBAHUA NOKA3bIBAIOT PEATbHYIO OCYILECTBHMOCTD
PagHOoIOKalIHOHHOTO MOHHUTOPHHIA Mopeidl M okeaHOB. XOTA KOHLENUUs
HCCHE0OBaHUA OoKeaHa cpeacTBaMu JI3 B oOuieM ciiyyae mpeaycMaTpuBaeT
paboTy no TpexwbApycHoi#t cxeme: cnyTHMK — camoneT — HUC, oanaxo, c
yYETOM 3apyOeXHOr0 W OTEYECTBEHHOTO OFbITA, B HACTOALLEe BpEMs BO3-
MOXXHO OPraHM30BaTh MOHMTOPHHI TOJbKO HAa OCHOBE JAHHBIX W3 KOCMOCA.
Bonee Toro, uenecoobpa3zHo B paMKax NMoACNYTHHKOBBIX IKCIIEPHMEHTOB Ha
OKeaHOrpapHuecKUX MONUIOHAaX MPOAOIDKUTb HCCIEAOBAHUA pAa OKEaH-
CKHX ABJIEHHH, U3YYHTb BO3MOXHOCTH OPraHM3alU{ PagHOJIOKaIIHOHHOTO
MOHHMTOPHHIa IHEPrOaKTHBHbIX paiiloHOB MHPOBOro OKeaHa, B TOM YHCIE H
moper Poccun. B kauecTBe MCTOYHMKA pagHONIOKALMOHHON HH(OpMALMH
MOXHO 6b1I0 6bl HCMOJNIb30BaTh TaKHEe KOCMHUYECKHe cpencTsa, kak PJICBO
Ha cnyTHukax cepun “Oxean”, PCA cnytiukoB RADARSAT u ERS-2,
CaMOJIETHblE PaAHOIOKATOPbI, NaHHbiE KOTOPBIX HOCTYMHbLI B HACTOALLEE
Bpems. CyllecTBEHHO NOBbICUTb 3((eKTHBHOCTL MCCIIENOBaHHi MeTonaMH
JI3 noMoxeT CHHXPOHHOE NpHUMeHeHHe AaTYMKOB, paboTaromux B CBU- 1
HK-muana3onax, Takux, HanpuMep, kak paguoMerp ATSR, anbTuMerp H
ckatTepoMeTp Ha cnyTHukax ERS, paauomerpsl Ha cnyTHukax NOAA u
ap. Baxcnoli 3amaveii aBIsAETCA Takxke pa3paboTka M CO3AaHHE OTEUECTBEH-
HOM CHCTEMbI OKEaHOJIOTHYECKHX CryTHHKOB [43].
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Tabruya 2

Bo3moxHocTH PCA KA "Anmas-1" no HabmoxeHHIo sBneHuii
M NPOLIECCOB B OKEAHE M CPaBHEHHE C IPYTUMH CyTHUKaMH

“Anmas-1”, | ERS-1/ERS-2, | JERS-1, | RADARSAT,
Poccus Espona SAnonns Kanana

1 2 3 4 5
TemnepaTypa BOIbl - ATSR - -
Conepxatue
xnopodunna - - - -
Beperosas nunus + + + +
Teuenus,
YpOBEHb MOPS - anbTHMETD - -
Buxpu, puHru + + + +
DpoHTHI,
(pOHTaJIbHbIE 30HbI + + + +
AnBe/UTHHr + + + +
TMoBepxHOCTHOE
BOJTHEHHE + + + +
BHyTpeHHHE BOJIHBI + + + +
IpuBoaHbIii BeTep - CKaTTEPOMETP - -
Hedraubie
3arpsasHeHus, [IAB + + + +
IMonsonnas
Tonorpadus + + + +
Mopckoii nen + + + +
Kopabisun
H HX clieabl + + + +

Takxum obpazom, xocmuuyeckuii PCA BbicOkoro pa3speuieHus, kaxk Hau-
6onee onepaTUBHLIH M BCENOTOAHBbIH HAaTHYHK, 3QGDEKTUBHO NMPUMEHATDb VI
HabJIIOEHHA W HCCIENOBAaHMSA PAa3IMYHBIX MEIKOMACIITAGHBIX ABJIEHHUH M
NPOLIECCOB B OKeaHe, MOBEPXHOCTHbIX 3arpA3HEHUNl M MOPCKHMX JIBAOB, a
TaKKe AJIA CNeXEHHs 3a MONOXKEHUEM U NnepeMelleHHeM Kopabneit n pbibo-
JOBHBIX cynoB. OHAKO AJIA perucTpauuu Me3oMaciiTabHOi U3MEHYHBOCTH
oKkeaHa M HabofeHHs 3a MONAMU YPOBHS, TCUYCHHH, BOIHEHHS U MPUBOJ-
HOTO BeTpa HEOOXOAMMO CO3AaHHE CHEeLHaTM3HPOBAHHBIX KOCMHUYECKHX
annapaToB, OCHAIUEHHbIX PAaAMOJOKALMOHHOH annapatypoii ¢ IIHPOKOH
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nonocoii 063opa (300--500 kM) n paspeweHnem ~1 kM [32], npuuem Hau-
Jyylive pe3ynbTaThl Janud Obl MHOrOJaTYHKOBbIE CHCTEMbl, OMHOBPEMERHO
paboratowme B CBU- u MK-gunanasonax.

B TO e BpeMs, XOTA NOJIydeHHble Pe3yJbTaThl H CBHAETENbCTBYIOT O
3HAYMUTENbHBIX NPHHUMITHANBLHBIX BO3MOXHOCTAX KocMHuecknx PCA s
M3y4eHHs Pa3MYHbIX ABJICHHI B OKeaHe, ellle He BCeraa fiCHO, Kakue Gusu-
YyecKHe MEXaHW3Mbl M BapHalUMH KaKHX MapaMeTpOB MOPCKO# cpenbl cro-
co6CTBYIOT OTOOpaXKeHHIO Tex 1K UHBbIX ABieHuii Ha PJIU, kakue couera-
HHA YIJIOB BU3MUPOBAHHUA, MOJNAPU3AUMA M 4acTOT Haubolee ONMTHUMANbHbI
s ux HabmogeHus. DTO noapasyMmeBaeT HEOOXOAMMOCTb BbIMOJHEHIIS
60NbLIOr0 KONHYECTBA MOMOJIHHUTENbHbIX MCCIEAOBaHWH W NpOBENEHMS
creunaNbHbIX 3KCNEPHMEHTOB.
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processes in the upper ocean (large thermostratified basin of IAP RAS).

The results of physical modeling of the upper ocean are given. An effective and oecologi-
cally pure method of producing and sustaining stable stratification in large laboratory basins is
described. The technological and measuring equipment for performing the experiments on studying
hydrophysical processes, characteristic for the upper ocean, is described.

Bogatyrev S. D., Druzhinin O. A., Zaborskikh D. V., Kazakov V. 1., Korotkov D. A.,
Reznik S. N., Serin B. V., Talanov V. I, Troitskaya Yu. I. Generation of wave perturba-
tions in the turbulent stratified shear flow observed in the large thermostratified
basin.

The results of experimental investigation of a submerged turbulent jet in a stratified fluid
performed in the large thermostratified tank of IAP are presented. Time-space variability of the
temperature and velocity profiles averaged over turbulent fluctuations is studied. When the jet
velocity exceeds a certain critical value, excitation of internal waves with a narrow frequency
spectrum is revealed. The phenomenon is identified as generation of self-oscillations.

Hllemep JI., Yemec M., Tanunoéa T. ®azobas CKOPOCTh IPaBUTALHOHHO-
KanuLIAPHbIX BOJIIL.

®Pa3oBas CKOPOCTb IPaBHTALMOHHO-KANWUIAPHBLIX BOJIH H3MEpeHa B J1aGopaTopHOM
BOJTHOBOM JIOTKE MPH TPeX Pa3lHYHbIX YCAOBUAX. JI/i kaXAOro W3 HUX NMPOBEAEHA COOTBETCT-
ByIoLlasi cepua u3Mepenuii. IepBas cepus H3MepeHHit NpoBoIMAAcCh, KOIA JIOTOK TOJLKO 4TO
6buT 3amonHeH cBexel (uIbTpoBaHHOH BomompoBoaHo# Bomoii. Bropas cepust u3amepeHuii
Oblna caenaHa uepe3 ABaJLATL YETHIPE Haca MOCNeE 3anoHeHHd JIOTKa BoAoii. Tperbsa cepus
NPOBOIMNACHE NOCNE BTOPOii, KOrAa MOBEPXHOCTb BOJbI B NOTKE ObliIa TINATEBHO OYMLIEHA C
noMoubio GpUIbTPoBaJIbHOM GyMaru, u GobiIas 4yacTh IUIEHKH Obina yaaneHa. Kaxmas akc-
NepHMENTANbHAA cepusi GbUTa OTHOCUTENTLHO KOPOTKOIf, He Gonee oqHOro' yaca. Bouto caenaxo
HECKOJIbKO PANOB H3MepeRruit B Kaxmoii cepuu. IddexkTHBHAA BETHYHHA KO3QPHULIMEHTA 110-
BEPXHOCTHOTO HaTAXEHHS ONPENEIVIACh U3 KHCMIEPCHOHHOIO COOTHOILICHHS U CPaBHHBAJIACh C
COOTBETCTBYIOIUMH BEIHYHHAMH, TONYYEHHLIMH SKCMEPUMEHTANILHO C MOMOUIBIO METOHA
B3BELICHHBIX Kaneib. Takxke NpeACTaBIeHO PACUIHPEHHE TEOPETHYECKON MOIEIHM, KOTOpoe
YUHTBIBACT BITHAHHE TUICHKH NOBEPXHOCTHO-aKTHBHBIX BeulecTB (ITAB) Ha ckopocts pacnpo-
CTPaHEHHA KOPOTKHX MOBEPXHOCTHLIX BoMH. ITpeacka3aHus MOJENH CPaBHUBAIOTCA C Pe3yiib-
TaTaMH 3KCMIEPHMEHTA.

Kanevskii M. B., Karaev V. Yu. Doppler-spectrum of electromagnetic microwave
field scattered by water surface and diagnostics of the ocean.

A review of models of Doppler spectrum of the electromagnetic microwave field backscat-
tered by a rough water surface in a wide range of incidence angles (from close to nadir to grazing) is
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presented. The description of the models is given in the context of historical development of ideas
concerning mechanisms of interaction between the microwave field and the water surface as well as
the methods of radar probing of the ocean.

Epmaxoe C. A., 0a Cunvéa )K., Pobuncon H. PanuosiokauuoHHoe H300paxKeHHe
BHYTPEHHHX BOJIH B MPHOPEXKHBIX 30HAX.

INokasaHo, 4To MPOSABICHHS KOPOTKONEPHOAHBIX BHYTPEHHHX BOJIH B MPUGPEXHBIX 30-
HaX Ha HW300pa)KeHMAX PaJMOTIOKaTOPOB C CHHTE3WPOBAHHOM anepTypoii MOTYT MMETb BMA
APKHX M TEMHBIX, JIMGO TEMHBIX MOJOC (XapaKTepH3YeMbIX, COOTBETCTBEHHO, 3HAKOIEPEMEH-
HbIMH, JIHGO OTPHUATENLHLIMH KOHTPAaCTaMH); NPH OYeHb cIaboM BeTpe H300paXeHHs BHYT-
PEHHHUX BOJIH MOTYT HMETb BHI SPKHX NOJIOC (MOJIOXHTENbHBIH KOHTpact). OnucaHbl HHCT-
PYMeHTanbHbie HabmoeH s MOBEPXHOCTHDIX NMPOABJICHNI BHYTPEHHHX BONH Ha UcpHoM mope
u Ha UbepuiickoM wenbde.

MomyueHo, YTO CIHKH, CBA3aHHbIE C BHYTPEHHHMH BOJTHAMH, COOTBETCTBYIOT BIIAHHAM
BHYTPEHHHX BOJIH, JaBJICHHE H YNPYTOCTh TUICHOK B CIIMKaX MpPEBbILUAIM WX 3HAYEHUA B coced-
HHMX HecIMKOBBIX oGnacrax. [lokasaHo Takxke, YTO Ha PaJHONIOKALHOHHBIX M206pakeHHAX
NPOSBAAIOTCA KPYMHOMAcCIWITaGHble NEPHOAMYECKHE MOJIOCHI, CBA3aHHbIE C BHYTPEHHHMH
NPHIMBAMH, TeHEpHPYEMbIMH Ha rpaHuile weibda. [1puGmkeHHO NMpoaHaIM3UpoBaHA MO-
JynAuKs KOPOTKHX NOBEPXHOCTHBIX BOJH MOX AeHCTBHEM BHYTPEHHHX, C YYETOM 3aTyXaHHs
H3-3a IuleHok. ClienaH BbIBOJ, YTO pa3Hble POPMbI NPOSIBIIEHHI KOPOTKONEPHOAHBIX BHYTpPEH-
HHMX BOJIH, TaKXke KaK M BHYTPEHHHX NMPWIMBHBIX BOJH, Ha pafHOM306paxkeHHSAX MODCKO#M
TIOBEPXHOCTH MOXXHO OGBACHHTD NIPH yueTe BO3EHCTBHA NIEHOK Ha MOBEPXHOCTHbIE BOMHBI.

Gol'din Yu. A., Luchinin A. G. Air-borne lidar methods of studying the vertical
structure of the optic characteristics of the upper ocean layer.

The state-of-the art of the developments of lidar methods of studying optic characteristics of
the upper ocean layer from air-carriers is reviewed.

Theoretical models are given. Experimental results obtained by various research teams in
Russia and abroad using lidars of various types are described. Three groups of applied lidars are
singled out: lidars for detecting the backscattered signal at the unbiased wavelength, lidars detecting
the spectrum of fluorescence of the sea water and its impurities and lidars which use at the reception
two reciprocally orthogonal polarizations of the backscattered signal. The advantage of the last type
of lidars for detecting the space distribution of the vertical stratification of optic characteristics is
shown.

Trokhimovski Yu. G., Kravtsov Yu. A., Kuzmin A. V. Radiometric study of hydro-
physical processes in the near-surface layer.

Polarimetric measurements performed by microwave radiometers at several view angles and
frequencies give an opportunity to convert the sea surface brightness temperatures to mean square
slope of long waves and curvature spectral density in the gravity-capillary interval without a priori
assumptions about the shape of spectrum. Such an inversion was made using radiometric data
collected during the last twenty years in different fieid experiments.

Additionally, microwave radiometers provide information about water skin temperature.
Laboratory experiments showed that the difference between skin and bulk water temperatureis
strongly relagéd with the heat flux through water ocean surface.
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Ivanov A. Yu. Oceanological results of the flight of "almaz-1'"" space apparatus.

The Russian space apparatus (SA) "ALMAZ-1" remained in orbit from 31.03.91 to 17.10.92.
A radar with synthesized aperture (RSA) was on its board. During the flight radar images (RI) of the
sea surface, on which manifestations of different processes and phenomena were detected occurring
both in the ocean and at the ocean interaction with atmosphere, are obtained. The results of the
analysis of RI of "ALMAZ-1" SA are summarized in the paper. Opportunities and limitations of
RSA for studying a number of phenomena in the ocean are discussed. Some estimates in the light of
preparation of future programs of the ocean investigation from space are given. It is shown that
RSA of high resolution is expedient to be used for studying a majority of ocean small-scale phe-
nomena, in particular monitoring some of them. It is shown also that routine monitoring of extraor-

dinary situations in the sea can be performed only by RSA. The examples of RI of the sea surface
are given.
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