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OBHIASA XAPAKTEPUCTHUKA PABOTbI

AKTYyajJIbHOCTL H CTelleHb Pa3padoTKu TeMbl HccJeaoBaHus. 3meHeHue
KJIMMaTa Ha 3emJie Ha CETOAHSIIHUNA JeHb PacCMaTPUBAETCS HAyYHBIM COOOIIECTBOM Kak
ofHa M3 TI00aNmbHBIX TpobieM dvenmoBeuectBa [Jlammo u ap., 1990]. Ilpomeccwr Tero-,
Macco- W JHeprooOMeHa Ha MOBepXHOCTH MupoBoro okeana [[lanun, 1985] wurpator
3HAYMMYIO pOJib B (POPMUPOBAHUH MOTO/IbI M KiauMara. M3BecTHO, 4TO TerIoMaccooOMeH Ha
TpaHuIle paslena oKeaH-aTMoc(epa €CTeCTBEHHBIM 00pa3oM JIOTOJHSETCS IMpolleccaMu
razooomena (CO, CO,, O,, N, u nap.) U BOASHOrO mMapa, SBISIOMUMHUCS (aKTOpaMu
dbopMUpOBaHMS KIMMATUYECKOTO paBHOBECHS Ha 3emiie, a MOSIBICHHE Ha MOBEPXHOCTHU
BOAbl Pa3IMYHOTO poOJAa 3arpsA3HEHUM MOXKET B pa3bl YMEHbBIIATh WHTEHCHUBHOCTH
razooOMeHa. 3a CcYeT BBIXOJ@XHMBAHUSI W  OCOJOHEHMS TpHU  JIeA00Opa30BaHUU
MOBEPXHOCTHBIX BOJI B BHICOKHMX IIMpoTax (B Mopsix Mpmunrepa, Jlabpagopckom, Yaauenna,
Pocca) nnu ucnapeHus ¢ moBepxXHOCTU U ocolioHeHus B Tponukax (CpenuzeMuoe, Kpachoe,
Tumopckoe Mopsi) TPOUCXOAUT (HOPMHUPOBAHKE TOHKOTO MPUIIOBEPXHOCTHOTO CJIOSI BOJBI C
MJIOTHOCTHIO OONBINIEH, YeM y moAcTriIaronmx Boa [[onoBuH u nap., 2011; [magpimes u ap.,
2016; Stommel, Fedorov, 1967].

AHanu3 pe3ylbTaTOB paHee BBHIMOJHEHHBIX HWHCTPYMEHTAIBHBIX HM3MEpPEHUM
[Mopo3oB u jap., 2015] B mpuUIIOBEpXHOCTHOM CJIO€ BOJbl B PA3JIUYHBIX AKBATOPUSIX
MupoBoro okeaHna mokazaj Halu4due (pIyKTyaluil MIOTHOCTU (TeMIIepaTypbl U COJICHOCTH)
B ATOM CJIO€, KOTOpbI€ OBLIM HHTEPIPETHPOBaHBI psiaoM aBTopoB [Penopos, ['mH30ypr,
1988] xak ciencTBre MOTPYKAOMIMXCS KOHBEKTUBHBIX 3J1€MEHTOB. V3BeCTHBIE pe3ylbTaThl
1abopaTOpHBIX JIKCHEPUMEHTOB IOKa3aJid, YTO TMPOLECC PACIPOCTPAHCHUS TMOTOKA
OTPULIATEIILHON TIUJIaBy4eCTH C TMOBEPXHOCTH MOps B NIYOMHY MPOUCXOAUT B BHUIE
MOTPYXKEHUS CITy4aiiHOTO aHCaMOJIsl KOHBEKTHUBHBIX 3JIEMEHTOB.

B nomonnenne k 1a00paTOpHBIM SKCIIEPUMEHTAM Pa3BUBAINCH AHATUTUYECKOE U
YUCJICHHOE MOJIETMPOBAaHUE KOHBEKTHBHBIX MpoleccoB. JlJis HEKOTOPHIX KJIACCOB 3ajad
ObUIH TONYYEeHBI MOTYIMIUPUUYECKHUE 3aBUCUMOCTH U OIICHKHM U3MEHYMBOCTH IUIOTHOCTU U
JTMHAaMHUKN KOHBEKTUBHOTO cios [Ckopep, 1980; Dxanypus, 1983; Nurens, 2016], koTopsie,
WCIIONB3YsI TOAXOAbl TEOPHUH TMOAOOWS, MOIIH OBbITh TMEPEHECEHbl Ha OKEaHUYECKHE
MacmtaObl. OJHAKO BCE 3aBUCMMOCTHM M OLEHKH OrPaHWYEHBI MPEINOJIIOKEHUSIMUA O
JUHEHHOW 3aBUCUMOCTH pajuyca KOHBEKTHBHBIX JJEMEHTOB OT BpeMeHH u 00

OCCCUMMCTPHUYIHOCTH HX (bOpMBI, KOTOPBIC JIMIIb YaCTUYHO COOTBCTCTBYIOT pPCaJIbHO



HaOMromaemMbIM  SIBJICHUSAM. lcmonb3yemMble B COBPEMEHHBIX MOZENSAX  [3eNeHBKO,
Pecusinckuit, 2007] aguHaMUKH  OKeaHa METOABl  MapaMeTpU3allMid  MEXaHH3Ma
BEPTUKAJIbHOIO OOMEHa KOHBEKTUBHOM MpUpOAbl (U3NYECKHM HENOJIHO OLICHHUBAIOT
IIPOLIECCHI, IPOTEKAIOIIME B KOHTAaKTHBIX 30HaX (BoAa-Bo3lyX, Boga-nén). Iloromy
npoOiieMa napaMeTpu3aldd KOHBEKTHMBHOIO TNIEPEMELIMBAaHUA B KPYMHOMACIITAOHBIX
MOJIEJIIX OKeaHa, U OCOOEHHO KIMMAaTUYECKHX, MO-NPEeXHEMY BakHa. Bce 3To mo3Bossier
TOBOPUTH 00 aKTyaJbHOCTH pacCMaTpuBaeMbIX B paboTe 3a1au.

Heas padoTbl 3aKIIOYaETCs B HCCICOOBAHWU IUIOTHOCTHOW CTPYKTYpPBl H
MEJIKOMAacITA0HOW JUHAMUKHM IPUIIOBEPXHOCTHOIO CJOS MOpSi Ha HadajgbHOM 3Tare
KOHBEKTUBHBIX JIBUKEHUI IIPU OCEHHE-3UMHEM BBIXOJIAKMBAHUU C TOBEPXHOCTH, U3yUEHUHN
M3MEHYUBOCTU CTPYKTYpPbl U IMPOLIECCOB MEpPEMENINBAHUS KOHBEKTHUBHBIX 3JIEMEHTOB NpU
NOTPY’)KEHUH B MOJACTWJIAIOIIME BOABI METOIOM JIAOOpPAaTOPHOIO U YHCIEHHOIO
MOJIEIMPOBAHUS, U3YUEHHUH MPOLECCAa OCEHHETO BBIXOJIAKMBAHNS MOPCKUX BOJ Ha IIpUMEpE
npuOpexHoi 30Hbl bantuiickoro mopsi (y OeperoB Kamununrpanckoir obmactu). s
JOCTHKEHUS ITOCTABIEHHOM 1I€TIM MCCIIel0BaHMsl ObUIN MOCTABIIEHBI U PELLEHb! CIIeTyIoIINe
3a4a4M:

1. Pazpaborare MHPPaCTPYKTypy BBINOJHEHHUS JIa0OPATOPHBIX SKCIIEPUMEHTOB,
BKJIFOYAIOLIYO ITPOLIEYPhl NOATOTOBKH U MOIa4H PacTBOPOB, COXPAHEHUS TEMIIEPATyPHOIO
peXrMa, CO3/IaHUSI OPUTHHAIBHBIX BXOIHBIX YCTPOMCTB, KOTOpas 00eCeyuT CTaOUIbHOCTh
BOCIIPOU3BEACHUSI ~ KOHBEKTHBHBIX  JJIEMEHTOB.  BbIMOMHUTE  00pabOTKy  JaHHBIX
BUJICOPETUCTPALIMN TIPOLECCA TMOrPYKEHHUs KOHBEKTHBHBIX 3JIEMEHTOB B HIKEJIEKAIUE
BOJIBI.

2. [lonyunTh  KOJMYECTBEHHBIE  OLEHKH, XapaKTEpU3YIOIIUE  JIUHAMUKY
3arIyOJieHusl U NepeMEelIMBAHUE OTAEJbHBIX KOHBEKTHBHBIX 3JIEMEHTOB M UX aHcaMOms
(KOHBEKTHUBHOTO CJI0s1) C OKPY>KaroLIel BOIOK.

3. [IpoBecTn naboparopHble FKCIEPUMEHTHI 10 POPMUPOBAHNIO KOHBEKTHUBHBIX
AJIEMEHTOB B IIPUIIOBEPXHOCTHOM CJIO€ BOJbI IIPH PA3JIMYHBIX BEIMYMHAX HAYAIBHOIO
o0beMa W 3HA4YeHHs Mepenaja IUIOTHOCTH, OMHUCAaTh H3MEHYMBOCTh HUX CTPYKTYpbl U
JUHAMUKHU [IPHU NOTPY>KEHUHU B MOJICTUIIAIOILYIO BOJY.

4. OnpenenuTs HEOOXOMMBIE pacUETHbIE YCIOBUS HAa CBOOOJHON MOBEPXHOCTHU

KUAKOCTHU I y4d€Ta IPOHCCCa BBIXOJAXKXKUBAHUA TIPUITIOBCPXHOCTHOI'O CJIOA BOIBI B



HEJIMHEMHON JIBYMEPHOM MOJENM JHMHAMUKUA HEOJHOPOJHOM IO IUIOTHOCTH JKMAKOCTH, a
TaKXe MPOBECTH PacueThl HEOOXOAUMBIX XapAKTEPUCTUK KOHBEKTUBHBIX JIBHXKECHUM.

5. [Ipoananu3upoBarh MpPOIECC OCEHHETO BBIXOJIaXKUBAHMSI BOJbI B banTuiickom
Mope y OeperoB KanmHuHrpaackoit 00JacTyi Ha OCHOBE JAHHBIX H3MEPEHHA TEPMOKOCHI
(mnardopma D-6, bantuiickoe mope) 3a 2015-2020 rr.

Hayunasi HoBu3Ha. B paMKkax BBINOJIHEHHBIX UCCIEIOBAHUMN BIIEPBHIE:

o yAaJIOCh BBIICTUTH JIBa PEKMMa OCEHHETO BBIXOJIAXKUBAHUSI MPUOPEKHBIX BOJ
B mnoxpaiione IOro-Bocrounoit bantuku (y OeperoB Kyprickoil Kocbl) Ha OCHOBE
MHOTOJIETHUX HMHCTPYMEHTAJIbHBIX H3MepeHuil (Ar=1 MuHyTa): THUNHYHBIN (MeIuaHHas
cKopocCTh BbixonaxuBauusi Boasl: 0,06 < d7/d¢ < 0,15 °C/cyTku) u aHOMaJIBHBIN (CKOPOCTH
BbIxoNaxuBaHus Boasl: d77/ds > 0,2 °C/cyTkn);

o NoKa3aHa HEJIMHEHHOCTh HAYaJIbHOTO JTama IOrPY>KEHUs KOHBEKTHBHBIX
AJIEMEHTOB (OTAENBHBIX M B COCTaBe aHcaMOlil) Ha OCHOBE aHalM3a pe3yJbTaToB
71a00paTOPHBIX U YUCIEHHBIX SKCIIEPUMEHTOB;

o oOHapyxkeH 3(QeKT nepecroeHHOCTH B TMOJI€ IJIOTHOCTH TMEPBUYHOTO
AJIEeMEHTa CBOOOIHOM KOHBEKIIMH MPU €T0 B3aUMOICHCTBUM C OKPYIKAIOIIEH BOMIOH;

o pa3paboTaHbl OpPHUTMHAJIbHBIE BXOJHBbIE YCTpOHCTBA A (HOPMHpPOBAHUS B
MIPUTIOBEPXHOCTHOM CJIO€ BOJBI KaK OTACIbHBIX KOHBEKTHBHBIX SJIEMEHTOB, TaK U HX
aHcaMO:1s1 (KOHBEKTUBHOTO CJI0s1);

o OpeyIoKeHa TeoMeTpuyeckass MoJenb Ui eAMHOOOpa3us U3MepeHUs
JUHEHWHBIX MacIITaOOB KOHBEKTUBHBIX DJIEMEHTOB B THIPOJIOTKE.

IToJ10:keHUs, BBIHOCHMbIE HA 3a1IUTY:

1. MeronamMu 1a00paTOPHOTO W YHUCIEHHOTO MOJEIMPOBAHUS IOKA3aHO, YTO
3anTy0JieHUe TJIOTHOCTHOTO (DPOHTA KOHBEKTUBHOTO CJIOSI UMEET TPU CTAIUU C Pa3IMYHBIM
M3MEHEHHUEM BEPTHKAJIbHOW CKOPOCTH: OBICTPBHI POCT 10 MAaKCHMMAaJbHOTO 3HAYeHUs Ha
HayajgbHOM A7Tane (mpu kotopoM uuciao Ppyna 0 < Fr < 1,1), nBuxeHue ¢ ObICTPO
yoObIBaroreit ckopocthio norpyxenus (1,1 < Fr < 0,44) u npoaomkuTenbHOE TT0 BPEMEHU
MOTPpYy’KeHHE ¢ MeIJIeHHO yObIBarotiei ckopocthio (0,44 < Fr <0,1).

2. OO0HapyxeHOo, 4TO OApOKIMHHBIA MEXaHU3M IMMOPOXKICHUS 3aBUXPEHHOCTU B
YCIOBUSIX Hadajlla CBOOOJHOW KOHBEKIIMM B 30HE KOHTAaKTa BOJ TMOTPYKAIOIIETOCS

KOHBCKTHBHOI'O OJICMCHTA n Oprn(anmeﬁ €ro BOJbI ABJIACTCA OCHOBHBIM



CTPYKTYpPOOOpPA3yIOUIMM MEXaHU3MOM JWHAMUKUA KOHBEKTHUBHBIX OJJIEMEHTOB MPHU HUX
CMEILICHUU C OKPY>KAIOIIEH BOIOM.

3. KoMIuIeKCHBIM  aHamM3 pe3yapTaroB  MOJCIMPOBAHUS TMOATBEPAWI, 4YTO
JUHAMUKa KOHBEKTHUBHBIX JIBHJKEHUH HOCHUT JIaMUHApHBIM XapakTtep. BbIsiBIEHO, 4TO
HaOOAAIOIIMECS] TPY MHCTPYMEHTAJBHBIX HM3MEPEHUAX (IyKTyalluu TeMIepaTypbl WU
ANIEKTPOIIPOBOJHOCTH B paboTax pPas3IMYHBIX AaBTOPOB MOPOXKIAKOTCS MPOCTPAHCTBEHHO-
BPEMEHHOM XaOTU3ALMEN JTUX IIOJIEW 3a CUET CIy4YauHOCTH 3apOXKACHUSA U IOTPY)KEHUs
KOHBEKTUBHBIX DJIEMEHTOB, a Takke 3a cyeT Ad¢@deKra NepecioeHHOCTH MpHU
B3aMMOJICIICTBUH BOJ| 3JIEMEHTOB C OKPYXKarOUIEeil BOJOM.

4. BrepBble yCTaHOBIEHO, 4YTO B YCIOBHUSIX CHJIBHOIO IITOpPMa BO3MOXKHO
aHOMAJIbHOE BBIXOJIAKMBAHUE MTOBEPXHOCTHBIX BO/I, ONPEAEIIEMOE COBMECTHBIM JCHCTBUEM
BETPO-BOJIHOBOTO M KOHBEKTMBHOIO IEPEMEIIMBAHMS: CKOPOCTh BBIXOJIAKMBAHMSI BOJbI
d7/dt= 0,9 °C/cytkn 3a mepuon mropMa (~5 mHeil); mepemaja TemmepaTyp Ha TpaHHULE
pasnena Bo3ayx-Boaa (14 u 18 °C, coorBeTcTBeHHO) coctaBisul 4 °C Ha Hayajlo mTOopMa U
npuOIMKAIICS K HYJIO 110 €r0 OKOHUAHUIO C TeMIepaTypoit Bozsl U Bozayxa 7 °C.

CreneHb [0CTOBEPHOCTH HAYYHBIX Pe3yJbTATOB OOCCIEYUBACTCS TEM, YTO:
pE3yabTaThl UCCIIEOBAHMS, MOTYUYEHHbIE B J1JA0OPATOPHBIX SKCIEPUMEHTaX, (PU3NUECKU HE
IPOTUBOPEUYMBBI; MPUMEHSEMblE METOAMKHM IPOBEACHUS J1a0OpAaTOPHBIX AKCIEPUMEHTOB
MOKa3ajy PETyIIpHYIO TOBTOPSAEMOCTb OSKCIIEPUMEHTAIbHBIX TEUEHUH; METOIUKH,
NpUMEHEHHbIE B OO0paOOTKE MAacCHMBOB JAHHBIX, HPOLUUIM YCHEIIHYK BaJIUJIALHUI0 C
pe3ynbTaraMy JpPyruxX aBTOPOB; JMHAMHUYECKHE MapaMeTpbl (CKOPOCTh IMOTIPYKEHMS,
M3MEHUYUBOCTD JINHEWHBIX Pa3MEPOB) KOHBEKTUBHBIX 3JIEMEHTOB IOJIYYEHBI IIyTEM IPSIMBIX
M3MEpPEeHUN C UCHOJb30BaHMEM (oToanmaparypbl C BBICOKMM IPOCTPAHCTBEHHBIM
pa3peleHreM; HCII0b30BaJIach paHee anpoOUPOBaHHAs YMCICHHAsS MOJIEIb U CTaHJapTHBIE
METO/Ibl CTaTUCTUYECKONH O0OpaOOTKH BPEMEHHBIX PSJAOB; BPEMEHHBIE PSIbl TEMIIEpPaTyphl
MOPCKO# Bofbl ¢ Tu1atopmMbl D-6 ucnonb3oBaauck B paboTax APYrUMHU UCCIIET0BATENSAMU.

Teopernueckasi 1 NIpaKTHYECKAs 3HAYUMOCTb. [loyueHHbIe B paboTe pe3ysbTaThl
JIOTIOJTHWJIMA TIPEJICTABJICHUSI O Ha4aJIbHOM 3Tale Pa3BUTHUSA CBOOOAHOI KOHBEKLIMU B MODE.
OOHapyxeHHasi HENMHEMHOCTh TMOTPYXEHHS KOHBEKTHBHBIX 3JEMEHTOB IOKazala
HEMOJHOTY paHee MMEBIIUXCS IpejcTaBieHui. Pa3paboTaHHble NOAXOABI MPOBEACHUS
7a00paTOPHBIX ~ AKCIIEPUMEHTOB MOTYT OBITh HCHOJNB30BAaHBl S IJIAHUPOBAHUS

OKCIICPUMCHTOB IPH H3YUYCHHMM KOHBCKTHBHBLIX TIIPOHOCCCOB B  BOAC. Pe3y.TIBTaTBI



1abopaTOPHBIX KCIIEPUMEHTOB M PACUYe€TOB MOTYT HaWTH CBO€ MPUMEHEHHE B PEIICHUU
3a7a4  MapaMeTpu3alid  MPOLIECCOB  BBIXOJAXXKMBAHUS BOABI C  TOBEPXHOCTH B
KpyITHOMACIITAaOHBIX YHUCIEHHBIX MOJACISIX IUPKYIAIHMH OKeaHa W arMoc(ephl, a TakkKe B
aNropuTMax PEKOHCTPYKIMU TEMIEpPATypbl MOBEPXHOCTU OKEaHAa MPU JIUCTAHIIMOHHBIX
U3MEPECHUSX. AHAIU3 JOJTONEPUOJHOTO HM3MEPEHUs TEMIIepaTypbl MNPUOPEKHBIX BOJ
BanTuiickoro Mmopst y Kypiuickoit KOChl 1oka3ajl CylieCTBOBaHUE JBYX Pa3JIMYHBIX PEKUMOB
BBIXOJIAKMBAHUS — THIUYHOIO M aHOMAJIbHOIO, YTO MOXET OBITh HCIIOJIB30BAHO B
MIPOTHO3UPOBAHUH THIPOJIOTUUECKUX XapAKTEPUCTUK MOPCKUX BOJ PETHOHA.

Metonosiorussi W MeTOAbl HcciaenoBanusi. JlanHas pabora ocHOBaHa Ha
WCIOJNIb30BAHUM METOAOJOTUM MEXaHMKW CIUIOIIHOW CpeAbl TMpU [OCTAHOBKE U
WHTEpIpETAllMd JIa0OPATOPHBIX M YHCJICHHBIX SKCHEPUMEHTOB. YMCIEHHBIE METObI
HCTOJB30BAJIMCh KAaK BCIIOMOTAaTENIbHBIE CPEJACTBA, KOTOPBIE IO3BOJISUIM  BBINOJIHATH
WHTEPIPETAIUIO TEUCHU, TOTyUYEHHBIX B JJaOOPATOPHBIX yCIOBUSX.

JInunbiii Bkiag asropa. A.E. KynpusHoBa npuHMMana JWYHOE y4acTHE BO BCEX
JTamax BBIMOJTHEHUS WCCIEIOBAaHUs, BKIIOYas JabopaTOpHbIE SKCIEPUMEHTHI. JIMUHO
aBTOPOM: BBITMIOJHEHA BUJEOpPErHCTpanus Tmporecca GOPMUPOBAHUS U DBOJIOIUHU
MJIOTHOCTHOW HEOJHOPOAHOCTH B TMPUIIOBEPXHOCTHOM CJIO€ BOJABI THUIPOJOTKA Ha
1MdpoBBIe KaMepbl; MPOBEJcHA KOMIbIOTEpHAs 00paboTKa MacCUBOB IKCIIEPUMEHTATBHBIX
JAHHBIX [0 5BOJIOLUHU IUIOTHOCTHONM HEOAHOPOAHOCTH C PA3jIUYHBIM [0 BEJIMYHMHE
nepenajoM IUIOTHOCTU;, OLICHEHBI TOPU30HTATIbHBIE U BEPTUKAIbHBIE MACIITA0bl pa3MepoB
KOHBEKTHBHBIX 3JIEMEHTOB IIPH TIOMOINM pa3pabOTaHHONW TEOMETPUUYECKOH MOJENH;
COTIOCTABIIEHBI PE3YJIBTATHI SKCIIEPUMEHTOB MO (POPMHUPOBAHUIO OT/IEIHHBIX KOHBEKTHUBHBIX
NIEMEHTOB M UX aHcaMOlsi (KOHBEKTHBHOTO CJIOSI) B TIOBEPXHOCTHOM CJIO€ BOJIBI;
BBITIOJIHEHO TUTAHMPOBAHHWE YHCICHHBIX OKCIIEPUMEHTOB, BKIIOUas (OPMYIHPOBKY
TpeOOBaHUN K PACUYETHHIM YCIOBHUSM Ha TPaHUIAX MOJEIBHOTO MPOCTPAHCTBA. ABTOpPOM
COBMECTHO C HAay4YHbIM PYKOBOAMTENIEM BBINOJIHEHO: IUIAHUPOBAHUE U TOJATOTOBKA
AKCIEPUMEHTOB B THJPOJIOTKE; YHMCJICHHBIE PAacYEThl HA HEJIMHEHHON JIBYMEPHOM MOEIU
JUHAMHUKNA HEOJHOPOAHOW MO TUIOTHOCTHU JKUJIKOCTU; CPABHUTEIBHBIN aHAlU3 PE3yJabTaToOB
7a00OpaTOPHBIX W YUCICHHBIX OKCIIEPUMEHTOB C YK€ HW3BECTHBIMU pE3yJbTaTamu;
MOJIFTOTOBKA BPEMEHHBIX PSIOB ¢ TepMOKOochl Ha tuiarpopme D-6 (bantuiickoe mope), ux
aHanmu3 W wuHTepnperanus. CoucKaTelleM COBMECTHO C COaBTOpaMU O0eCIeurBaiach

IMOATOTOBKA ITOJTYYCHHBIX PE3YJIbTATOB K HY6J'H/IK3,HI/II/I B CTAaTbsAX B PCHCH3UPYCMBIX HAYyYHBIX



W3JAHUAX, a TakKe B TE3UCaX YCTHBIX JIOKIAJOB aBTOpa HA BCEPOCCHUMCKUX U
MEXAYHAPOIHBIX KOH(EPEHIUSX.

Anpo6auusi palorel. Pe3ynbrarhl AMCCEPTALIMOHHOIO HUCCIIEAOBAaHUS  ObLIM
npencrasinensl 10 HoaOps 2023 . u 19 anpenst 2024 r. Ha 3acenanuu Ydenoro Cosera
®uznyeckoro HampasineHus HMucruryra okeanonorun um. ILII. [Hwupmosa PAH, nHa
MEXIyHAPOIAHBIX M POCCUMCKMX HaydHbIX KOH(pepeHuMsx (11 ycTHBIX M 4 CTEHIIOBBIX
noknaznos): V, VI u VII Bcepoccuiickoil HaydHON KOH(EPEHIUH MOJIOIBIX YYEHBIX —
«KUMO»y», Kanuaunrpan, 2020, Mocksa, 2021 u Cankr-IlerepOypr, 2023 rr.; Ilectoi,
CelbMOM M BOCBMOM MEXIyHapOJHOW Hay4HON KOH(EPEHIMM-IIKOJIE MOJIOJBIX YUYEHBIX,
«Du3nueckoe W MaTeMaTHUYeCcKOe MOJEIMPOBAaHHE MPOLECCOB B reocpenax», MOCKBa,
2020-2022 rr.; IV u V I06uneiinoit Beepoccuiickoit koHpepeHuu «I MapoMeTeoponorus u
DKOJIOTHS: JIOCTHMKEHHMsT M IepcrnekTuBbl pasButus» umenun JLH. Kapmuna n 11
Kondepenunu «ABuanuoHHas u cryTHHKoBass mereoposorusi 2021», Caunkr-IlerepOypr,
2020-2021 rr; XI MexayHapoaHoil HayyHO-TIpakTU4Yeckol KoHgpepeHuun «Mopckue
uccnenopanuss u odbpazopanue (MARESEDU-2022)», MockBa, 2022; 13-oii u 14-oi
MEXTyHapOIHON KOH(EPEHIMU-IIKOJIE MOJOABIX YUYEHbIX, «BOTHBI U BUXPHU B CIIOKHBIX
cpenax», Mocksa, 2022-2023 rr; Bcepoccuiickoli KoH(MEpEeHIMU € MEXTyHapOIHbIM
yuyactueM «XXIX beperosas kondepenuus: HatypHble U TeopeTUUECKHE UCCIICOBAaHUS — B
NpaKkTUKy Oeperomnonb3oBanusy», Kanunuurpaza, 2022 r.; X MexayHapoaHoM banruiickom
MopckoM ¢opyme, Kanununarpan, 2022 r.; XVIII MexayHapoaHoil HayYHO-TEXHUYECKOU
koH(pepeHuny, «COBpEeMEHHbIE METO/bl M CPElICTBA OKEAHOJOTMYECKUX HCCIEOBaHUMN
(MCOHM)», Mocksa, 2023 1r.; I Bcepoccuiickoii Hay4HO-IPaKTUYECKOM KOH(EpeHLuH,
«I'unpomereoponiorust U ¢u3nKa arMoc@epbl: COBPEMEHHbIE IOCTHKEHUS W TEHICHIUHU
pasButus», Cankr-IlerepOypr, 2023 1. Psan 3amau ucciaemnoBaHus ObUIM PEIICHBI TPH
nonzaepxkke Poccuiickoro Hayunoro ¢onaa (mpoekt Ne 23-27-00150, ucnomHUTEND),

https://rscf.ru/project/23-27-00150/).

Myonukanuu. Ilo Teme auCCEpPTAMOHHOTO UCCIEIOBAHUS OMYOJIMKOBaHbBI 22
paboThl, B TOM YHClIe 5 cTareil B pelEH3UPYyEeMbIX JKypHaiax, pekoMeHIoBaHHBIX BAK,
1 cratbst B MoHorpadum, 3 cratbd B COOpHUKAX TpyaoB KoHpepeHiuii, 13 Te3ucon
JTOKJIaJI0B HA POCCUMCKHUX U MEXIYHAPOIHBIX HayYHBIX KOH(PEpEeHIHUSX.

BaarogapuocTu. ABTOp GrarogapuT Hay4yHOTO pyKoBoOaUTENs 1.¢.-M.H. ipodeccopa

I'punenko Bnanumupa AnekceeBMua 3a TIOCTAaHOBKY 3aJauyd, MOMOIIb B pabore u


https://rscf.ru/project/23-27-00150/

3aMeuyaHusi, BhIpaXaeT MPHU3HATENLHOCTh 3aBenyronieit Jlaboparopuu dusmku mops, a.¢.-
M.H. YybOapenko Hpune IleTpoBHE 3a MmomoIlb W IIEHHBIE COBETHI B pabOTe, HMCKPEHHE
npu3HaTelNieH 3aBeayroiemMy JlabopaTopueil sSKkCiepuMeHTalbHON (HU3UKK OKeaHa, A.(].-M.H.
3anenuny Aujapero ['eoprueBudy 3a 00Cy X IeHHUE PE3yAbTATOB HccienoBanus. Poccuiickomy
HayyHOMY (OHIYy — 3a TOAJEPKKY MPOEKTa MO TeMe, ONMU3KOM K JHUCCePTAllMOHHOMY

uccaeaoanuto (mpoekT Ne 23-27-00150, https://rscf.ru/project/23-27-00150/).

CrpykTypa n 00beM auccepranuu. J(MccepTallMOHHOE UCCIEIOBAHUE COCTOUT U3
Brenenus, 3-x maB u 3akimouenus. B pabore comepxkutcs 63 wimocTpanuu U 4 TaOIUIIbL.
B pabore mumtupyercs 169 ucrounukoB. OOmmii ob6veM amccepranuu coctaBiseT 135

CTpaHHULL.

OCHOBHOE COJEPKAHUE PABOTbI

Bo BBeaennu copmynupoBaHsl 1 000CHOBAHBI aKTyalbHOCTh, HaAyYHAasi HOBU3HA U
MpaKkTUYECKasi 3HAYMMOCTh MCCIICIOBAHUSA, & TakXe COPMYIUPOBAHBI €r0 OCHOBHAS 1I€JIb,
KOHKPETHbBIE 3a/1adyl U TOJIOKEHHUS, BBIHOCHMBIE Ha 3allWTy, JUYHBIA BKJIAJ aBTOpa M
anpoOans MoTy4YeHHBIX Pe3yJIbTaTOB.

B TInaBe 1 npuBomutcsi 0030p COBPEMEHHOTO COCTOSIHUSI —HCCJIEIOBAHUI
TEPMOTrPABUTAIIMOHHOMN KOHBEKIIUU U KOHBEKTHUBHOTO nepeMenInBaHus B
MPUTMIOBEPXHOCTHOM CJIO€ MOpS, BBIOpaHBl OCHOBHBIC HANpPaBIEHUS JIUCCEPTAIMOHHOTO
uccnenaoBanusi. B pasmene 1.1 naHpl omucaHus HATypHBIX MPUMEPOB CYIIECTBOBAHUS
MPUNOBEPXHOCTHOM  KOHBEKIIMM B  HEKOTOPBIX  akBaTOpusix MHpPOBOTO  OKeaHa,
CBUJICTEIILCTBYIOIIME O PaCIpOCTPAaHEHHOCTH ©  MHOrooOpasuu siBiaeHus. [lpu
MOBECTBOBAaHUU O0OpaIllaJloCh BHUMAaHUE Ha pa3HooOpasue (PU3NUECKUX MEXaHU3MOB
(oxyaxaeHue, ucnapeHue, 0Cajku, JIbI000pa30BaHNe) BOZHUKHOBEHUS TPUIIOBEPXHOCTHOM
KOHBEKIIMM B OKeaHe. B pasmene 1.2 mpuBoAaWTCS KpaTKuil 0030p pE3y/IbTATOB paHEe
BBITIOJIHCHHBIX JIA0OPATOPHBIX M YHUCIEHHBIX HCCIEJOBAaHUN CBOOOIHOM KOHBEKIMU B
MPUIMOBEPXHOCTHOM ciioe Bonbl. OmnucaHbl pe3yiabTarhl J1a0OpAaTOPHBIX 3KCIEPUMEHTOB
pa3IMYHBIX aBTOPOB, B KOTOPBIX AaKIEHTUPOBAJIOCH BHHMAaHHME Ha OCHOBHBIX 4YepTax
€CTECTBEHHON KOHBEKIIMU: CTPYKTypa, JIMHEWHBIE pa3Mepbl M MaclITadbl BPEMEHHU,
nepeMellBaHue, XapakTepHble 3HaueHus Oe3pa3MepHbIX MapameTpoB (uucna Pernes,
Hyccenvbra, Peitnonbaca, [Ipanaris), u3MeHYMBOCTh Nepenaga IIoTHOCTH (Ap) u apyrue

mapaMeTpbl  Ipounccca. Ha60paT0pHHe HCCICIOBAaHUA IMOKa3aJiu, 4qTO mponecc


https://rscf.ru/en/project/23-27-00150/
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MPOHUKHOBEHHSI TOTOKA OTPUIIATEIIBHONW IUIABYYECTH C IOBEPXHOCTH B TIIyOHHY
MPOUCXOJUT B BHUJAEC TMOTPYKEHHUS CIIy4allHOTO aHcamOJii KOHBEKTUBHBIX JJIEMEHTOB.
TpyaHOCTH NMPOBEACHUS UHCTPYMEHTAJIBHBIX U3MEPEHUI B KOHTAKTHOM 30HE BOAA—BO3AYX
npuBend K (ParMeHTapHOCTH ONUCAHUSI WU3MEHYMBOCTH TEPMHUYECKOM CTPYKTYpPhl U
JUHAMUKHA TPUIIOBEPXHOCTHOTO CJIOA TPHU BBIXOJIAXXMBAaHUU BOJIbI C MOBEpXHOCTU. Panee
BBITIOJIHEHHBIE MCCJIEIOBAHMS MTO3BOJMIN OMUCATh CTPYKTYpYy U NMHAMUKY HEOAHOPOIHOM
M0 TUIOTHOCTHU JKHUJIKOCTA B BEPTUKAJIBbHOM IIJIOCKOCTH, HCXOMAS M3 MPEANOJIOKEHUN O
JUHEHHOW  3aBUCMMOCTH  paJuyca KOHBEKTHBHBIX DJIEMEHTOB OT BpPEMEHU U
OCECUMMETPUYHOCTH UX (popmbl. OHAKO B TaHHON MOCTAHOBKE KOHBEKTHUBHBIE MPOIIECCHI
JUIIF YaCTUYHO COOTBETCTBYIOT pEaIbHO HAOII0MaeMbIM siBIEeHUAM. Vcmonb3yembie B
HACTOSAIIEE BpeMs METOAbl MapamMeTpu3ali MeXaHH3Ma BEpPTUKAIbHOTO OOMeHa B
OKEAHWYECKUX MOJENIX MOTYT MPUBOAUTH K HEAOOLEHKE AMHAMUYECKUX IMPOIECCOB,
MIPOTEKAIOIIMX B IPUOPEIKHON YACTH WM Y JICASTHOTO MOKPOBA.

B 3aBepmaromeii uyactu ImaBbl 1 crenansl BbIBOABI, OOOCHOBBIBAIOIINE
MOCTAaHOBKY 3a/1a4M M BHIOPAHHBIX MMOIX0/I0B (JTA00PaTOPHBIA U YUCIICHHBIN SKCTIEPUMEHT) K
X pemnieHuro. beuta Takke chopMyIMpoBaHA IMOCIEIOBATEILHOCTh ATAlOB B HM3YYCHUU
cBOOOIHON KOHBEKIMU: UCCIIEIOBAaHNE OCOOCHHOCTEW CTPYKTYPhl U AUHAMHUKU OTIEIBHBIX
KOHBEKTUBHBIX DJIEMEHTOB; HCCJECIOBAHUE CTPYKTYphl M JUHAMUKHA CJIOS  BOJBI,
OXBaY€HHOTO0 KOHBEKTUBHBIMH JBIKEHUSIMH; aHAIIU3 MPOIECCA OCEHHETO BBIXOJAXKUBAHUS
npuOpexHblx Boj bantuiickoro Mopss B okpecTHOCTH Iuiargopmbl D-6; u3ydeHue
0COOEHHOCTEH BIOIBCKIOHOBBIX JIBH)KEHUH KOHBEKTHUBHBIX 3JIEMEHTOB.

Bo Bropoii m1aBe W3JIOKEHBI PE3yIbTaThl JIAOOPATOPHOTO U YHUCIEHHOTO
MOJICIUPOBAHUSL CTPYKTYpbl M JTUHAMUKH OTIEJIbHBIX KOHBEKTHBHBIX JJIEMEHTOB M HX
aHcamOnsi (KOHBEKTHBHOTO CIIOSI) TMpH UX TMOrpykeHuud. B pasgene 2.1 mnpuBomutcs
omnucaHue Ja0OpaTOPHON YCTAaHOBKH (THUIAPOJOTOK, PHUC. 1), OPUTMHAIBHBIX BXOIHBIX
YCTPOMCTB JI1 CO3JAHMSI HCCIEAYEMBIX OOBEKTOB, KOTOpPHIE TO3BOJMWIM JOOUTHCA
MOBTOPSIEMOCTH OOBEKTOB MCCIIEAOBAHUS, METOAUKN TIPOBEJCHUS IKCIIEPUMEHTOB, a TaKKE
ONMCAHUE HEJIWHEWMHOM JABYMEPHOM MOJEIH HEOJHOPOJHOW IO IUJIOTHOCTU KUJKOCTH
[Kupriyanova, Gritsenko, 2023]. B pa3sgene 2.2 omwmcanbl OOIIME YEPTHl SBOJIOIUHU
MEPBUYHBIX DIIEMEHTOB (MasblX 00BEMOB BONBI C M30BITOYHOW IUIOTHOCTHIO) CBOOOIHOM
KOHBEKIIUU TPHU UX MOTPYKEHUH B MOJCTUIAIONIYI0 OJHOPOJHYIO MO IUIOTHOCTH Boxy. B

pE3YyIbTATC J1a60paToprIx N YHUCIICHHBIX OKCIICPUMCHTOB ObUIM  OIMCAHBI  ATaIbl
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TpaHC(I)OpMaHI/II/I KOHBCKTUBHBIX 3JICMCHTOB U IIPOBCACH aHAJIN3 JTUHAMUKU UX IMOT'PYKCHUS.

Jlnana3oHbl CKOPOCTH MOTPYKEHUS OKa3aluch B npenenax ot 0,5 u g0 8 mm/c.

i N

Pucynok 1 — OOmuit BUJ THIPOJIOTKA C CHCTEMOM ocBemeHus. Ha 3aaHeit cTeHke 3akperieHa
KaJIMOpOBOYHAS CETKa 2X2 CM

ITokazaHo, 4TO MpoLIECC NOTPYKEHUS KOHBEKTUBHBIX 3JIEMEHTOB HAa HAYaJIbHOM 3Talie
HOCUT HEIIMHEWHBIN Xapaktep (puc. 2) W €ro pa3BUTHE BO BPEMEHU MOXKET OBITh
MoJIpa3/ieJIeH0 Ha TPHU dTama: HadaJbHBIA POCT BEPTUKAIBHOW CKOPOCTH MOTPYKEHUS
(camblii OBICTpBII TTO BPEMEHH), 3aMETHOE YMEHBIIIEHUE CKOPOCTH, MAJOe MO BEIUYHHE U

MMPOAOJIZKUTCIIBHOC IO BpECMCHH YMCHBIIICHUC CKOPOCTH.

0.45 . . . i L .
| j—‘—l‘il&'liu'rllml‘ .'IiIIIIII-I\]
|

Pacuerdrie naHHkR

A TDECICpPHM. TaNHLR | T 0.4
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1Ty Sy paiga

t

30 35 40

Pucynok 2 — ['paduku 3aBUCUMOCTH BEPTUKAJIbHOIN CKOPOCTH OT BPEMEHHU MOTPYKEHUS OJTHOTO U3
KOHBEKTUBHBIX JIEMEHTOB Ha OCHOBaHMU: A — JTaHHBIX U3 JJAOOPATOPHOI'O SKCIIEPUMEHTA,

b — gucnennoro skcniepumenta [Kupriyanova, Gritsenko, 2023]

PacuetHbie TeueHUs IIPOACMOHCTPUPOBAIN CKOPOCTH IIOIPYKCHHA B IIPCACIax

HAOJIIOIAEMBIX OIIGHOK B JIA0OpaTOpHOW JKcriepuMeHTax (mepBbie cm/c). M3meHeHus
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BEPTUKAJIbHOW CKOPOCTH TOTPY>KEHHsS] KOHBEKTHBHBIX 3JIEMEHTOB B JaOOpaTOPHBIX U
YHMCIICHHBIX JKCIIEPUMEHTAaX IIOKa3aJld XOpoUIee KadeCTBEHHoe comracue. lIpemnoxeno
00OCHOBaHHE CKayka CKOPOCTH Ha HadaJlbHOM 3Tale MOTPY)KEHHUs ¢ MOMOUIbI aHalIu3a
NoJIel pacueTHBIX TedyeHHWW. B pasmene 2.3 W3JI0KEHBI pe3ylbTaThl W3Y4YEHHs 3BOJIOLUU
IJIOTHOCTHOW CTPYKTYpBI IIEPBUYHBIX AIEMEHTOB KOHBEKIIMM B MPOLECCE UX MOTPYKEHUS.
Pesynbrarsl J1a0OpaToOpHBIX SKCHEPUMEHTOB MoOKa3anu (puc. 3), 4To NpH MOTPYKEHUU
OTIEIBbHOTO KOHBEKTUBHOIO 3JIEMEHTA IIPOUCXOIUT €0 CMEIIEHUE C OKPYXKarolen Bofon. B
pesyabrare paboThl MEXaHHM3Ma 3aBUXPEHHOCTH OapOKIMHHOM NPHUPOILI MPOUCXOIUT
CIMPAJICBUHBIM 3aXBaT OKPY)KAIOIIEH NPECHOM BOABI BHYTPb KOHBEKTHBHOIO JJIEMEHTA,

4TO NPUBOJUT K XaO0TU3aIWH CI'0 ITOJIA IIJIOTHOCTH.

p

a) 0)

Pucynok 3 — IlorpyxeHne AByX KOHBEKTUBHBIX 3JIEMEHTOB IIPH Ha4aJaIbHOM 00beMe ~2 MIT U

Ap =0,0001 r/cm® [Kynpusinosa, ['punienxo, 2023a]

Pacuer rpagueHTOB mOJIA IJIOTHOCTH BAOJAb M MONEPEK JIMHUM TOKa IOKa3al
NIEPECIIOEHHOCTh B IIOJIE€ IJIOTHOCTH BHYTPH KOHBEKTHUBHBIX 3JEMEHTOB Ha HauyaJbHBIX
sTanax norpyxenus. Ha pucynke 4 no BepTUKaIbHON OCH — KOJIMYECTBO Y3JIOB PACUETHON
cetku (ot 80 mo 1533), coOTBETCTByIOIIEH NECATH WHTEpBajaM 3HAUCHUN TPaTUEHTOB
IJIOTHOCTH BIOJb (TPEYrOJIbHUKH) U MOTEPEK (3BE30UYKH) TUHUN TOKA, 10 TOPU3OHTAIIbHON
OCH — HOPMHPOBAHHbIE HAa MAaKCUMyM 3HAuU€HUs TPAJUEHTOB IUIOTHOCTH. MOMEHT
Oe3pa3sMepHOro BpeMeHH time = i Az, Tae § — urepauMoHHbIi war, A7 = 0,5 - Ax* — miar
no Bpemenu, Ax=Az=0,05 — BemuuuHBl Oe3pa3MepHON MPOCTPAHCTBEHHOU
nuckpetusaunu. Ha rpaduke oTmeuaercs Haiuyue Y3JI0B C OOJBIIMMH 3HAYEHUSMU
IpaJIueHTa MJIOTHOCTH, KOJIMYECTBO KOTOPBIX pacTeT co BpemeHeM oT 50 mo 600 mt npu
3HAYCHWH pacueTHOro BpemeHH time =7,5 u 17,5, coorBercTBeHHO. Ha Oonee mo3mHmMX
ctamusix (time =22,5) mOrpy)XeHHs WX KOJWYECTBO COKpAIAeTCsl TOJ JeHCTBHEM

MOJIeKyJIsIipHOM Tuddy3un.
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JUis  KBa3HBEPTHKAJIbHBIX M KBa3UTOPU3OHTAIBHBIX YYacCTKOB TEYCHHUS OBLIH
MOJyYE€Hbl OLEHKU KpUTEpUs CABUTOBOM HeycroiiumBocTH (uucen PeiiHonbaca wu
Puuapncona). Uucna PeliHonbpaca okasanuck Maiibl (IEpBbI€ €IMHUIBI), YTO I1O3BOJIAIIO
TOBOPUTH O JJAMUHAPHOM XapakTepe UCCIEAYEMOro Te4eHUs. 3Ha4eHHs uncen Pudapacona
MOKa3ajy MOTCHUHMAIBHYI0 YCTOMYMBOCTH JUIsi OOJbIIE 1O MPOCTPAHCTBY YacTH
CTPaTU(PULUHUPOBAHHOIO MO IIJIOTHOCTU TedeHus. Takum oOpa3oM, HaOIOIaemMble B
MHCTPYMEHTAIbHBIX M JIAOOPATOPHBIX H3MEPEHUSX (QIYKTyallMd IUIOTHOCTH Pa3IUYHBIX
aBTOPOB MOTYT BO3HHMKaThb B pe3yibrare 3¢ (eKra MepecioeHHOCTH IUJIOTHOCTU BHYTPU

OTACJIIbHBIX KOHBCKTHBHBIX 3JICMCHTOB IIPH UX CMCIICHUHU C 01<py>1<alomel71 BOIOM.

1600 T - - T T
time=7.5
time =12,5| 7
-time =17.5
time = 22,5

1400 -

1200

B. 1IT.

11000 -

800 |-
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0 1 1 1 1 1
-0.2 0 0.2 0.4 0.6 0.8 1 1.2
G'r M G'p , HOPMUPOBAHHLIE HA MakCHMYM, Despaim. el

Pucynok 4 — I'uctorpaMma pacrpeznenacHusi 3Ha4€HUM rpaIue€HTOB 0JIs IVNIOTHOCTHU JJIs1 YETBIPEX

¢a3 norpyxenus snementa [Kynpusaosa, ['punienxo, 2023a]

Paznen 2.4 moCBsIIEH U3YYEHHUIO TOBEJACHUS aHCAMOJNs MOTPYXKAIOUIUXCS
KOHBEKTHBHBIX JIEMEHTOB (KOHBEKTHUBHOI'O CJIOS1) KaK aHAJIOra €CTECTBEHHOW KOHBEKIUU B
okeane. [IpuBomguTcs KpaTkuii 0030p peE3yabTaToB J1aOOPATOPHBIX HM  YHCJICHHBIX
HKCIEPUMEHTOB M0 HM3YUYEHUIO TaKoro poja mporeccoB. Kak u juis ciydas OTIEIbHBIX
KOHBEKTUBHBIX 3JIEMEHTOB, OKa3aJI0Ch, YTO KaXKJIbIM AJIEMEHT W3 aHCAMOJIsl TOTPY>KAETCs 110
cxeme [Kupriyanova, Gritsenko, 2023] ¢ TpeMsi CKOPOCTHBIMHU peXUMaMu (CM. pHC. 5).

Jnst mony4deHWs OILIGHOK JMHAMUKHM KOHBEKTHBHOTO cCJosi Oblia pa3paboraHa
reoMeTpuuecKas MOJeNb, KOTOpas TIO3BOJWIA €IMHOOOPA3HO BBIMONHITh W3MEPEHUS
BEPTUKAJIBHBIX W TOPHU30HTAJIBHBIX pPa3MEPOB KOHBEKTHUBHBIX 3J€MEHTOB. (OCHOBHBIM
napamMeTpoM, BIHSIONIMM Ha M3MEHEHHE BEPTHKAIbHOW CKOPOCTH, OKas3aiach HayajabHas

TOJIIIIMHA KOHBCKTHBHOI'O CJIOA. Hp?[MBIe U3MCPCHUA B THIAPOJOTKES MOATBCPANIIN
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3HAYMMOCTh HAYaJIbHOM TONIIMHBI CIO0d B HMHTCHCHU(PHMKAIMKA KOHBEKTHUBHBIX IBM)KEHUI
[Tepuep, 1977].

Jnst onuvcaHusl SBONIOIUU MOTPAHUYHOTO CJIOS ¢ THIPOCTATUYECKH HEYCTONYHMBBIM
pacrpezielieHeM IIOTHOCTU B Mojenu [Bonkosa, I'punienko, 2019] Ha BepxHel rpanuiie
MOJIETEHOTO MPOCTPAHCTBA HMCIIOJIB30BATOCh YCIOBUE TBEPAOW KPBIIMIKH CO CKOJBKCHUEM.
VY4er noToka OTpULIaTEIbHON TUIABYYECTH 334aBAJICS B MSITH BEPXHUX PACUETHBIX CIOSX, TIe
IUIOTHOCTH 3aJ[aBalach JIMHEHHBIM poQUIIeM co caydaiiHoi mainoii (B 4-5 3Hake) qo6aBKon

IIOTHOCTH Ha KaXX10M U3 Y3JIOB.

01
1.5 *,-:, 02
03
i / D — - 04

20 40 60 80 100
2.6

Pucynok 5 — I'paduk BepTUKAIbHON CKOPOCTH B KQXKJIbIi MOMEHT BPEMEHH 7151 KOHBEKTHBHBIX

AIIEMEHTOB U3 aHCaMOIIs (CHHSS )KUPHAS JTMHUS — CKOPOCTbH MOTPY>KEHHsI aHCamMOIIs)

MogenbHble pacdeThl MOKa3alu KaueCTBEHHO OJIM3KYH0 KapTUHY K HaOIltogaeMoMy
MPOLIECCY B JIOTKE. PacueTsl CKOPOCTH MOrPYKEHUS Ha MOJAEIU MPOBOAWINCH MO JaHHBIM
3HaYeHUW TIIyOWHBI CpeaHel TJIOTHOCTH (PpoHTa aHCaMOIs KOHBEKTHMBHBIX 3JIEMEHTOB.
[TomydyeHHble TMOKa3aTeNd CKOPOCTH  OKa3aluCh ONU3KUMHU K  HaOIOmaeMbIM B
1a00PaTOPHBIX IKCIIEPUMEHTAX.

BoiBoabl no ImaBe 2. B maGopaTopHBIX SKCIEPUMEHTAX 3apPETHCTPUPOBAH CKAYOK
BEPTHKAIBHOW CKOPOCTH TOTPY)KEHUS MEPBUYHOTO AJIEMEHTAa CBOOOAHOW KOHBEKIIMU Ha
HavaIbHOM dTarne (Ha 4—9 cekyHe), 3aTeM MPOUCXOIUT ObICTPOE YMEHBIICHUE CKOPOCTH U
JanbHeiee MEUICHHOE W TPOAOJDKUTEIbHOE YOBbIBaHHE CKOPOCTH. MakcumanbHOe U
CpellHEee 3HAYEHUSI CKOPOCTH TMOTPYXKEHUS OTJEIbHBIX KOHBEKTHUBHBIX 3JIEMEHTOB
COCTaBIISIOT, COOTBETCTBEHHO, 6,5 MM/c 1 ~1,8 MM/c pu nepenane mwiotHoct 10~ r/em’ u

oobeme 2 mut. [lpu yBenwuenun oObema Ha 1 mu (T. €. oOmmii o0beM — 3 MJI) cpenHss
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CKOpPOCTh IOTPYKE€HHUsl JJIEMEHTa yBenuuuBaercs B 1,5 pasa. BeprukanbHas CKOpOCTb

MOTPYKEHHUSI KOHBEKTUBHOT'O CJIOS TIPU €r0 HadalbHOM Tommuuae 3—5 MM — 1o 1,5 mm/c. B
1a0b0paTOPHBIX JKCIEPUMEHTAX XOPOIIO Pa3IUYMMbl BBICOKOTPATUEHTHBIC CIIOW B IIOJIE
IJIOTHOCTH KOHBEKTHMBHOI'O 3JIEMEHTA, @ Majibleé CKOPOCTU IMOIPYKEHUs dJeMeHTa (IepBble
MM/C) TOATBEPKIAIOT JIAMUHAPHBIN XapaKTep ABHKEHUS BOJIBI.

I'maBa 3 mocesmieHa aHaiau3y Mpolecca OCEHHEro BBIXOJAXKHUBAHUS BOJA B
npudpexHoi 30He banrmiickoro mops. B maGopaTopHBIX M YHCICHHBIX KCIIEPUMEHTAX
paccMoTpeH ciyyail, korjaa GopMHUpyrOIIHecs: B MPUITOBEPXHOCTHOM CJIO€ BOJIbI IEPBUYHbBIE
AIIEMEHTHI CBOOOTHOW KOHBEKIIMM MOTYT JOCTUTaTh CKJIOHA JHA M HAYMHATH JABUKCHHE I10
HeMmy. B pa3nesie 3.1 npuBoasTCs pe3ynbTarhl aHalW3a JaHHBIX HATYPHBIX HAOIIONCHUN B
bantuiickom mope 3a 2015-2020 rr. (puc. 6), MONTY4YEHHBIX TPH TOMOINM JATYUKOB
TepMOKOChl ¢ tuiardgopmbl D-6, pacmonoxkenHoit B 22,5 kM oT Oepera Kyprickoit KocChI.
JononuurensHo ObUIM  HMCHOJb30BaHbl ciyTHUKOBble JaHHble TIIO (Meteop-A),
MeteocTaHuu B IluoHepckoM u manHbie peaHanuza (NOAA). Ananmmu3 Bcero obnema
JIAHHBIX TIO3BOJIMJI BBIIETIUTh CYIIECTBOBAHHE JABYX PEXUMOB BBIXOIAXKUBAHUSA: TUIUYHBINA

U aHOMAJIbHBIIA.
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Pucynok 6 — l3MeHeHue Temreparypsl Bo3yXa (CHHHIA I[BET), BOAbI (KPACHBIM LIBET), CUIIBI U
HarpaBJIeHUs BeTpa (YepHbIe cTpenku) Uit TunuyHoro (2018, a) u anomansHoro (2016, 6)
PEKMMOB BBIXOJIAXXHBAHUS IPUIIOBEPXHOCTHOTO cJiog pubpexHbix Boj FOro-Bocrounoit bantuku
[KynpusiHoBa u ap., 2023]

B nepuon ¢ centsi0ps no nexkadps B 2017-2019 rr. meTeoycnoBusi cnocoOCTBOBAIH

OXJXICHUIO BCEW TOJIIA BOALI C MEAUAHHOM CKOPOCTBIO BBIXOJIA)KMBAHUA BOIbBI:
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0,06 <d7/d¢t < 0,15 °C/cytku. Takoit xapakTep OXJaKIEHUS BOIbI ObLI KiaccuuimpoBaH
Kak TUNUYHbIA. B 2016 T. mpu MITOPMOBBIX YCIOBUAX ObLI OOHApYKEH KOPOTKHI Mepuos
BpeMeHH (C 5 OKTSI0ps 1o 9 okTsa0ps) co ckaukoOOpa3HBIM U3MEHEHHEM TeMIIepaTyphbl BOJIbI
c 17 no 7 °C, usmenenuem temneparypsl Bo3ayxa ¢ 20 1o —2 °C, MeaIuaHHON CKOPOCTHIO
BeIxonakuBanus Boael d7/d¢r = 0,9 °C/cytkm 3a mepuon mTopma. Takoil pexum
BBIXOJIQXKMBAHUSI ObLI OIpe/iesieH KaKk aHOMaJIbHbIN (Ha puc. 6 BbIIEJIEH BEPTUKAIbHBIMU
MYHKTUPHBIMU JIMHUSIMH ), TIPUPOJIa KOTOPOTO OMPEEISIETCS COYETAHUEM BETPO-BOITHOBOTO
¥ KOHBEKTHBHOTO IEPEMEIIMBAHMS B IITOPMOBBIX yCioBHSX. Ha pucyHke 6 mpuBencHBI
rpaduku HM3MEHEHHs] TeMIepaTypbl BOABI U BO3AyXa M JIMHUM MECSUYHBIX TPEHJIOB
(TyHKTUpPHBIE JUHUHM) B M3MEHEHHH TEMIIEpaTypbl BOIbI IS TIEPUONIOB C CEHTSIOpsS 1O
sHBapb. B pasaene 3.2 naboparopHbie SKCIEPUMEHTHI CO CKJIOHOM JHA MOKa3aju, 4To MpU
MOCJeI0BaTeIbHOM  (DOPMHUPOBAHMM Y TOBEPXHOCTH KOHBEKTHBHBIX 3JE€MEHTOB C
MepernayioM MIOTHOCTH, COOTBETCTBYIOIIUM YCIOBUSAM banTuiickoro Mopsi, OHU JOCTUTAIOT
CKJIOHA JTHA. BBIIENICHBI ATanbl IBIKEHUSI KOHBEKTUBHBIX AJICMEHTOB 10 CKJIOHY JTHA U UX

oObeMHEHNE B €IUHBIN 00BEKT, MPOIOJDKAIOIINK IBHKEHHUE TI0 CKJIOHY JHA (puc. 7).

6

PHCYHOK 7 — JIOCTI/I)KCHI/IG KOHBCKTHUBHBIMU 3JICMCHTAMU CKJIOHA JJHA U UX O6T)GJII/IHGHI/IC B

enuHbIid 00bekT [ KynpusHoBa, ['punienko, 2021a, puc. 6]

[TpuBeneHs! pe3yapTaThl HAOMIOAEHUS 32 OCOOCHHOCTSIMH JUHAMUKHA 9acTH 00BEMOB
KOHBEKTHBHBIX 3JIEMEHTOB IIPH UX JBIKEHUH BBEPX IO CKIIOHY JHA (pHUC. 8) C MaJbIM yIJIOM

HakJoOHa (4°), uro Onu3ko K MopdoJjoruu oTMensix OeperoB bantuiickoro mopsi.
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doropeructpanys NOCIEAOBATEIbHBIX 3TAllOB IMOIPYKEHUS KOHBEKTHBHBIX 3JIEMEHTOB M
MOJIEIbHBIE PACUEThI IO3BOJIMIN BbIIEIUTH OCHOBHBIE 3TAIlbl UX JIBUKEHUS HA MEJIKOBOBE:
HOTPY’>KEHUE NEPBOIo AIEeMEHTa (CUHUM, pHc. 8) U BTOPOro 3jeMeHTa (KpacHsbli, puc. 8) 110
CJIOHA, ABM)KEHHME MX BOJ BHU3 M YaCTUYHO BBEPX 10 HEMY; BBITECHEHHUE OT JIHA IEPBOTO
AJIEMEHTA; UX BUXPEBOE JIBJKEHUE M OOpPYIIEHHE COBMECTHBIX BOJI 3JIEMEHTOB Ha CKIIOH
nHa. B 30He KOHTakTa JIByX KOHBEKTHUBHBIX JJIEMEHTOB Takke HaOmrofanach
NIEPECIIOEHHOCTh UX BOI.

BoeiBoabl mo I'maBe 3. AHann3 MHOTONETHHUX H3MepeHUM B banTuiickom Mope 3a
2015-2020 rr. mo3BOJIUI BBIIEAUTh TUIIWYHBIA U aHOMAJbHBIM PEXXHMMBI BBIXOJAKMBAHUS
npuOpexHBIX BoJ. JIabopaTopHbIe U YHCIEHHBIE SKCIIEPUMEHTHI CO CKJIOHOM JHA TIOKa3alin
BO3MOXHOCTb JIOCTHI)KEHUS] KOHBEKTHBHBIMHU 3JIEMEHTaMH CKJIOHAa JHAa M (OpMUPOBaHUS
BIOJIbCKJIOHOBOTO TUIOTHOCTHOTO TEU€HHUs. BBIsABIEHB O0COOEHHOCTH CTPYKTYpbl U
JUHAMUKHA B3aUMOJIEUCTBYIOIIMX MEXIY COO0l KOHBEKTHUBHBIX 3JIEMEHTOB Ha CKJIOHE JIHa

IIpH X OBHXXCHUHU KaK BHU3, TaK 1 BBCPX I1O CKIIOHY.

B
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Y
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P HCYHOK 8 — BiauMoaeicTBe KOHBEKTUBHBIX QJICMCHTOB, JIBUTAOINNUXCA BBEPX IO CKJIOHY OHA

[Kynpusinosa, I'punienko, 2022a]

B 3akusouennu npuBeeHbl OCHOBHBIC PE3YIBTAThI JUCCEPTAIMOHHON PAOOTHI:
1. Pazpaborana mH(pacTpykTypa BBIIOITHEHUSI J1AOOPATOPHBIX IKCIIEPUMEHTOB

— OPHUI'MHAJIbHBIC BXOIHBIC YCTpOﬁCTBa, nmpouocaypnsl IOATOTOBKUM W IIOAAYH pa6ormx
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pacTBOPOB, BAPHUATHBHBLIC IIOACBCTKA H BHUACOPCTHUCTPALHA, — KOTOpad obecrieynBacT
CTaOMJIBHOCTD n IMOBTOPACMOCTD @OpMHpOBaHI/IH KOHBCKTHUBHBIX DJICMCHTOB B

IIPUITIOBECPXHOCTHOM CJIOC BOIBI.

2. BeprukanbHasi cKOpOCTh HMOTPYKEHUSI OTJCIbHBIX KOHBEKTHBHBIX 3JIEMEHTOB
(HagasbHBIM O00BEMOM 10 3 MJ) € NEPENnagoM IJIOTHOCTH, XapaKTEPHBIM IS MOPCKUX
yenosuit (107 r/em?’), mocturaer mepsBeix cm/c. CKOPOCTh IOTPYKEHHS IUIOTHOCTHOTO
(GpoHTa KOHBEKTUBHOTO CJIOSI (C HAYaJIbHOM TOJIIMHON 10 5 MM) IpH Tepenajie MIOTHOCTH
(107 r/cm®) 00ObeMOM OKOJNO 3 MII JOCTUraeT MEPBBIX MM/C. IIpu 3TOM MaKCHMAJbHBIE
3aUKCUpOBaHHbIE 3HAueHUs 4yucia PellHonmbaca s OTHEIbHBIX KOHBEKTHBHBIX

3neMeHToB — 70.

3. AHanu3 NOJyYEHHBIX OLIEHOK KPUTEPHs CABUIOBOM HEYCTOMYMBOCTH (UMCEN
Puuapacona u PeiiHonbica) KOHBEKTHBHBIX JABMKEHUW B YCJIOBHUSX Haudajia CBOOOIHOMU
KOHBEKIIMM W OTCYTCTBUSA MEJIKOMAacHITaOHON (HOHOBOM TypOYJICHTHOCTH ITO3BOJIHII
MPENIONIOKUATh, YTO HaOmogaemMbie (QIyKTyallud IUIOTHOCTH B HWHCTPYMEHTAIBHBIX
W3MEPEHHUSIX MOPCKOW BOJIBI BO3HUKAIOT B PE3yJabTaTe JOMHUHUPOBAHUS aJIBEKTUBHO-
BpAILIATEJIbHOTO B3aMMOIIPOHUKHOBEHHSI BOJIbl KOHBEKTMBHOTO 3JIEMEHTA U OKPY>KaloIIei

€ro BOJIbI HaJ| MMPOLIECCOM MOJIEKYIISIPHON Tuddy3uu.

4. Masbie CKOpOCTH 3arTyOJIeHHs TUIOTHOCTHOTO ()pOHTA KOHBEKTHBHOTO CIIOSI U
JUIMTENIBHOE COXPAaHEHHE BBICOKOTPAJMEHTHBIX CJIOEB B 30HE KOHTAaKTa KOHBEKTHMBHOIO
JJIEMEHTA C OKPYXKAIOLIEW CpeloM IMOATBEPKIAAOT JIAMUHAPHBIA XapakTep TEYCHUH,

BO3HHUKAIOIIUX B Ha60paT0pHBIX OKCIICPUMCHTAx.

5. Onpenenensl HEOOXOAUMbBIE PACUETHBIE YCIOBUS HA CBOOOAHON MOBEPXHOCTH
KHUAKOCTU U1 ydeTa MPOLECCa BBIXOJAXKUBAHUSA IIPUIIOBEPXHOCTHOIO CJIOS BOXIBI B
HEJIMHEWHOM JBYMEPHOW MOJENM HEOJHOPOAHOM IO IUIOTHOCTU JKUIKOCTH: YCJIOBHUE
TBEPAON KPBIIMIKK CO CKOJIb)KEHUE >KUIKOCTH Ha CBOOOJHOM MOBEPXHOCTH, JIMHEHHOE
pacrnpeneneHue 100aBOYHOM MJIOTHOCTH Uil BEPXHUX CJIOEB PACYETHOM CETKH, CilydaiiHas
no0aBKa MJIOTHOCTU B 4—5 3HaKe Ul KakJI0ro pacueTHOro y3ia B 3Tux ciosx. [IpoBeneHsl
pacyeTbl: MOJsl 3aBUXPEHHOCTH, (PYHKLUHU TOKa, JO0OABOYHOM MJIOTHOCTH, I'PAAMEHTHI MOJIs
IUIOTHOCTH BJOJIB/TIONEPEK JIMHUI TOKa, TPAAMEHTHI OIS IaBJICHHS, MOIYJIb BEPTUKAIHHON

Y TOPU30HTAIIBHON CKOPOCTH.
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6. [Tpu dbopMupoBaHUM BIOJIBCKIOHOBOTO JBMKEHUS KOHBEKTHUBHBIX AJIEMEHTOB
0Ka3aJI0Ch, YTO CJENYIOUIUI M0 BPEMEHU 3aITyCKa 3JIEMEHT C TEM K€ Ha4aJIbHbIM 00bEMOM U

nepenaaoM IJIOTHOCTH IIPHU IBHUIKCHUU 110 CKJIOHY JIHA BCCI/ld IOTOHACT HpeIH:-II[yulI/If/'I.

7. AHanu3 pe3yabTaToB Ja0OPATOPHBIX SKCIIEPUMEHTOB M MOJIEIbHBIX PacueToOB
10 B3aUMOJICHCTBUIO YaCTU BOJ, KOHBEKTUBHBIX 3JIEMEHTOB, ABMKYIIUXCS BBEPX MO CKIOHY
JIHa, T0Ka3aj HaJIW4yMe 3Tana «oOpyLIEHHs» BOJAbI 3JI€MEHTOB. JlaHHBIM 3Tam MOXET
YBEJIMYMBATh CTENEHb JUHAMUYECKOIO CMELICHUS KOHBEKTUBHBIX JJIEMEHTOB €
OKpY>KalomIe BOJOW M CIOCOOCTBOBATh 00jee OBICTPOMY BBIXOJIAKHBAHUIO MPHUOPEKHBIX

MOPCKHX BOJ IO CPaBHCHUIO C OTKpBITOfI qaCTbIO MOPA.

CIIUCOK PABOT, OINIYBJIMKOBAHHBIX 11O TEME JTUCCEPTALIUN
Cmambu, onybnuxkogantvle 8 u30anusx uz nepeuns BAK:

1. KynpusinoBa A.E., I'punienko B.A. bapoxinHHBIIH (DakTOp B CMELIEHUU BOJbI
MOTPY’KAIOIIETOCS TEPMUKA C OKPY)KAoIIeH ero Booi // @yHaaMeHTanbHast ¥ MPUKIaTHAS
runpo¢usuka. 2023. T. 16. Ne 4. C. 8—17. doi: 10.59887/2073-6673.2023.16(4)-1

2. KynpusinoBa A.E., ['punienko B.A. [lafgenue nsateH coji€HOM BOAbI HA HAKJIIOHHOE
JTHO B OKPY)KCHHH TPECHOW: JNWHAMHUKA W CTPYKTYpPHBIE OCOOCHHOCTH PACIPOCTPAHECHHUS
IUIOTHOCTHOTO (ppoHTa BBEpX 1O CKIOHY // Okeanonorunueckue uccnenoBanus. 2022. T. 50.
Ne 2. C. 106-124. doi: 10.29006/1564-2291.JOR-2022.50(2).5

3. KynpusinoBa A.E., I'punenxko B.A., Kuneco A.B., KopoGuenkoBa K.J[. O
TUOUYHOM M aHOMAaJbHOM DPEKUMaxX BBIXOJaKMBAHUS MOPCKUX BOJ B MPUOPEXKHOI 30HE
Kypmickoit kocer // T'uppomereoponorust u sxonorus. 2023. Ne 73. C. 666-683. doi:
10.33933/2713-3001-2023-73-666-683

4. KynpusinoBa A.E., ['punienko B.A. JlaGoparopHoe M YUCIIEHHOE HCCIIETOBaHHE
0COOEHHOCTEW MpoIecca BBHIXOJAXKUBAHUS BOABI C MOBEPXHOCTH B MPHOPEKHBIX BoAax //
N3Bectust PAH. ®usuka armocdepsl m okeana. 2021. T. 57. Ne 4. C. 484-494. doi:
10.31857/50002351521040076

5. KynpusinoBa A.E., I'punieako B.A. Oco0eHHOCTH MJIOTHOCTHOH CTPYKTYpBI

MMIIYJIbCHBIX B/IOJIbCKJIOHOBBIX TE€UEHUI KOHBEKTHBHOM npupossl // [Iponeccsl B reocpenax.
2021. Ne 4 (30). C. 1383-1392.

I hasvl 6 monoepaghusx:

6. Kupriyanova A.E., Gritsenko V.A. Experimental estimates of the rate of

deepening of individual thermals. In: Chaplina, T. (eds) Processes in GeoMedia—Volume



20

VII. Springer Geology. Springer, Singapore. 2023. P. 139-152. doi: 10.1007/978-981-99-
6575-5 13

Cmambvu 6 cOOpHUKax mpyoos KoHpepeHyuu:

7. KynpusinoBa A.E., I'puuenko B.A. JlabopaTtopHoe 1 yncI€HHOE MOJIEIUPOBAHUE
IPUCKIOHOBBIX KOHBEKTHBHBIX mporieccoB // Tpymsl IV Bceepoccuiickoii koHbpepeHIInn
«I'uIpoMeTeoposiorsi U HKOJIOTHUS: JAOCTHXKEHUS M MepcreKTUBbl pazBUTHIN/MGO 2020
umenu JI. H. Kapnuna. CI16.: XUMU3JAT, 2020. C. 216-219.

8. Kynpusinoa A.E., I'punienko B.A. JlabopaTopHO€ U YHCIEHHOE MOJEIUPOBAHUE
B3aMMOJICHCTBUS MSITEH COJIECHOM BOJIBI NP UX MOTPYXKEHUH B mipecHoi // COOpHUK TPyIOB
V HOO6uneiinoii Bcepoccuiickoit  koHdpepeHun "TuapoMeTeoposorus W IKOJOTHS:
JOCTHKeHUs U nepcnekTuBbl pa3Butus”" umenu JILH. Kapauna — WUsnarensctBo «Ilepoy,
2021. C. 206-216.

9. KynpusinoBa A.E., Ipunenxko B.A. Pasznuunbie ¢GopMbl TpOsSBICHUS
HEYCTOMYMBOCTH KOHBEKTHUBHOH MpUPOABI B MPUIOBEPXHOCTHOM cioe Mops // Tpyner XI
MexmyHapomHON HaydyHO-TIpaKTUYeCKo KoH(pepeHimu «Mopckue WCCIeOBaHuS U
obpazoBanne (MARESEDU)-2022» Towm II (IV): [c6opnuK]. TBeps: OO0 «IlonmulIPECCy.
2022. C. 280-284. ISBN 978-5-6049290-2-5.

Te3zucwvl 00K1a008 HA POCCULICKUX U MEHCOYHAPOOHBIX HAYUHBIX KOHGDEePpEeHYUSX:

10. Kynpusinoa A.E., I'punienko B.A. JIaboparopHoe 1 YuCICHHOE MOJIETUPOBAHUE
MPUCKJIOHOBBIX KOHBEKTHBHBIX TporeccoB // KommuekcHble wuccienoBanus MupoBoro
okeaHa : Marepuansl V Bcepoccuiickoil HayyHOW KOH(EpPEHIMH MOJOABIX YYEHbIX,
Kanmununrpan, 1822 wmas 2020 roma. — KanunuHrpan: ATJIaHTUYECKOE OTJIETICHUE
dbenepanbHOTO  TOCYAApCTBEHHOTO  OIO/DKETHOTO  yupekaeHus Hayku "MHcTUTYT
okeanosoruu uM. [L.I1. lupmosa Poccuiickoit akagemuu Hayk'", 2020. C. 104-105.

11. KynpusnoBa A.E., Ipunenko B.A. UYucneHHoe MoaenupoBaHUE
B3aMMOJICHCTBUSl TISITEH COJIGHOM BONBI, PACHpPOCTPAHSIONIUXCS IO CKJIOHY nHa //
du3znueckoe M MaTeMaTHYeCKOe MOAEIMPOBAaHHUE IpoueccoB B reocpenax : lllecras
MEXIyHapoaHasi HayuyHasi KOH(GEpPEHIUA-1ITKOJIa MOJIOJBIX YueHbIX, MockBa, 21-23 okTa0ps
2020 rona. Mocksa: OOO "IIpunt IIpo", 2020. C. 137-138.

12. KynpusinoBa A.E., I'punienko B.A. M3MeHUMBOCTH CpeaHUX XapaKTEPHUCTUK
BIOJIbCKJIOHOBBIX ~HMMITYJIbCHBIX IIJIOTHOCTHBIX TEUEHMM KOHBEKTUBHOW TIpUPOABI //
Komrmiekcubie uccnenosannss Muposoro okeana. Marepuansl VI Beepocculickoid HaydHOM
KOH(EPEHIIUU MOJOABIX y4eHbIX, I. MockBa, 18-24 ampens 2021 . MockBa: UucTUTYT
okeanosioruu uM. ILI1. upmosa PAH, 2021, C. 110-111.d01:10.29006/978-5-6045110-3-9



21

13. KynpusinoBa A.E., I'punienko B.A. YucnenHoe u 1aboparopHoe MOJEIUPOBAHUE
JIBIDKEHUS TISITEH COJCHOW BOIBI B JIBYXCIOWHOW skunkoct // dusmdeckoe u
MaTeMaTU4eCcKOe MOJEIMPOBaHUE MpoleccoB B reocpeaax : Ceapmas MexIyHapOAHas
Hay4yHas KOH(epeHUHUs-IIKoida MOJOoAbIX yueHbix; 20-22 oktsa0ps 2021 1., Mocksa:
Marepuanst kondepenmmu. M.: UTIMex PAH, 2021. C. 162-165.

14. KynpusinoBa A.E. JlaboparopHble © YHCIEHHBIE OKCIEPUMEHTHI IO
BBIXOJIAKMBAHUIO BOJABI C MOBepXHOCTH // Matepuansl X MexayHapoaHoro bantuiickoro
Mopckoro ¢opyma 26 centsaopst — 1 okta6ps 2022 roga [DnekTpoHHBIN pecypc]: B 7 ToMax.
Tom 6. «lHHOBanMU B MPO()ECCHOHATFHOM U JIOMIOJHUTEIFHOM 00pa30BaHUM» DJEKTPOH.
nan. Kanuaunarpan: MznarensctBo BIAP® ®I'BOY BO «KI'TVY», 2022. C. 193—-198.

15. KynpusinoBa A.E., Ipunenko B.A. Teomerpus mnons [aBlieHUs MpH
B3aMMOJICHCTBUH TIOTPY>KAIOMIMXCS TSTEH KOHBEKTUBHOW MpHUpOAsl / BomHBI M BUXpH B
CIoXHBIX cpemax: COopHHK MarepuanoB 13-0if MeXIyHapOmIHON KOH(EPEHIUU - IIKOJIBI
MostoAbIX yueHbIX, MockBa, 30 Hos0ps — 02 mekabps 2022 1. MockBa: OO0 «CIIO-
npuHT», 2022. C. 151-154.

16. KynpusinoBa A.E., I'punienko B.A. OcobeHHOCTH CTpOEHHSI CITyTHOTO ClIeaa 3a
NOTpyXaroummcs: TepMuKoM // Ou3ndeckoe U MaTeMaTH4eCcKoe MOACIMPOBAHKUE MPOIECCOB
B reocpenax: Marepuansl 8-if MexayHapoaHOW HAaydyHON KOH()EPEHIMH-IIKOJIBI MOJOBIX
yaeHbslx, MockBa, 12—14 okrsa0ps 2022 roma. MockBa: OOmecTBo ¢ OrpaHHYEHHOU
orBeTcTBeHHOCTHIO "[IpunT IIpo", 2022. C. 185-186.

17. KynpusinoBa A.E., I'puuenko B.A. Tonkas cTpykrypa AMHAMHUKH BOJ MpH
ce30HHOM KoHBekuuu // COopHMK wMarepuanoB Bcepoccuiickoii KoHGpEpeHIuu ¢
MexTyHapoaHbIM yuacTreM «XXIX beperosas kondepenmus: Harypusie u TeopeTuueckue
WCCTIeOBaHUS — B MPAKTUKY Oeperomonb3oBanusy, Kamuauarpan, 18—24 ampems 2022 T
Kanununrpan: U3n-so «b®Y um. . Kanrta». 2022. C. 225-227. ISBN 978-5-9971-0709-3.

18. KynpusinoBa A.E., I'punienko B.A. DkcniepuMeHTanbHOE U3yYEHUE TUHAMUKU
00bEMOB € OTpHUIATENIbHOM TUIaBy4eCThIO: KOJMYECTBEHHBIC XapaKTEPUCTHKU  //
KomnnekcHeie uccnenoannss Muposoro okeana. Marepuansl VII Beepocceniickoit HaydHOU
KoH(pepeHmnu Mononeix yuéHeix, T. Cankrt-IletepOypr, 15-19 mas 2023 1. Cankr-
[TerepOypr: CBoé m3narennctBo, 2023. C. 105-106. ISBN 978-5-4386-2269-7.

19. KynpusinoBa A.E., Ipunenxo B.A. JlaGoparopHbsle HCClIeI0BaHUS
MPUINOBEPXHOCTHOM KOHBEKIMHU // CoBpeMEHHbIE METOJbl U CPENICTBA OKEAHOJOTUYECKUX
uccinenoBanuii (MCOM-2023): Marepuansl XVIII MexayHapoaHON HAyYHO-TEXHUYECKON
koHpepenuu, MockBa, 23-25 mas 2023 roma / WacTuTyT OKeaHomoruu um. ILIIL
[Mupmosa PAH. Tom 2. Mocksa: 1O PAH, 2023. C. 99-102.



22

20. KynpusinoBa A.E., Ipunenko B.A. O cmemeHun BOJX MOIPYKaroLIErocs
TepMHKa © ToACTWiarommX Box // I'mapomereopornoruss u  gusuka armMocdepsl:
COBPEMEHHBIE JOCTIKEHUSI U TeHJEHIMU pa3Butus: Marepuansl Beepoccuiickoil Hay4HO-
npaktuueckod KoHpepenuuu, Cankr-lIletepOypr, 21-23 wmapra 2023 roma. CaHKT-
[TeTepOypr: Wznmarenscko-monurpadudeckasl acCcoUMausl BBICIINX YUeOHBIX 3aBEJACHUH,
2023. C. 263-265.

21. Kopo6GuenkoBa K., KynpusinoBa A.E., Kuneco A.B.
['mapomeTeoposornyeckue ycioBUs BbIXOJIAXKUBAHUS TOBEPXHOCTHBIX BOJ| FOrO-BOCTOUYHOM
yactu banruiickoro mops / ['mapomereoponorusi u (usmka arMoc@epsl: COBpeMEHHbBIE
JMOCTHKEHUS W TEHJIEHIIMU pa3BUTHs: Marepuaiibl Beepoccuiickoil HaydyHO-TIPaKTUYECKOU
koHpepenuuu, Cankr-IlerepOypr, 21-23 wmapra 2023 roma. Cankr-IlerepOypr:
N3narenscko-nonurpaduyeckasl accouanus BbICIIMX yueOHbIX 3aBenenuit, 2023. C. 255—
258.

22. KynpusinoBa A.E., I'punieako B.A. O ¢opme MmI0THOCTHON HEYyCTOWYHMBOCTH
MPUIOBEPXHOCTHOM KOHBeKIMM // MHoroga3zubie cucrembl. 2023. T. 18. Ne 4. C. 263-265.
doi: 10.21662/mfs2023.4.076



	ОБЩАЯ ХАРАКТЕРИСТИКА РАБОТЫ
	ОСНОВНОЕ СОДЕРЖАНИЕ РАБОТЫ
	СПИСОК РАБОТ, ОПУБЛИКОВАННЫХ ПО ТЕМЕ ДИССЕРТАЦИИ

