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TlokasaHa OGIHOCTb 3aKOHOB M3MEHEHHSI TePMOXHHAMHYeCKOTO COCTOSHUsI aTMOcdephl
K OKeaHa, B3aHMOCBSI3aHHBIX 4Yepe3 ypaBHeHHS O6aJIaHCOB KOJHYeCTBA JABMIKEHHS, Tenja H
BOJIHO-COJeBOro GaJsiaHca. 3aKOHOMEDHOCTH IePeHOCd BXOASIIMX B HHX NOTOKOB cyGCTaHImu it
ornpefiefieHbl KaK (YHKIHH COCTOSIHHS CONPHKACAIOIIHXCS CJIOEB BO3JYXa M BOAM. PacemoT:
PEHO CTPOEHHe B3aHMOAEHCTBYIOUUX NOFPAHUYHBIX CJAOeB aTMOchepH H OKeaHa, a TaK¥Ke BET-
pOBBIE BONMB H JeJ Kak DPOAYKT 3TOro, B3anMogelicTeyy. B 3aK/I09HTEeNIbHHX IJIaBAX H3J0-
JKEHO BJHsHHE OOMeHa WMMIOYJbCOM, TEIJIOM M BJAaroil MeXay atMocdepoil  OKeaHOM Ha

‘npm‘exalom.ne B HUX prl’lHOMaC!ﬂTaﬁHb}e Mponeccol.

IIpejHasHaueHa B KadecTBe yueGHOTo HOCOOHS A CTYAEHTOB, CIENMANH3UDYIOWHXCS
B 067ACTH OKeaHOJOTUH H METeODOJOIHH.
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The book by Yu. P. Doronin “The Ocean — Atmosphere Interaction” presents the com-
mon character of -the atmosphere -and ocean thermodynamics change interrelated thro-
ugh the momentum balance,. heat and water-salt balance equations. The laws of pro-
perty flux transport are defined as state functions of the adjoining air and water la-
yers. The structure -of interacting sea — air boundary layers, wind waves and ice as
a product of this interaction are traced here. The last chapters discuss the influence
of momentum, heat and moisture exchange hetween the atmosphere and the -ocean on
the large-scale processes. - :

The book can be recommended as a manual for the students of oceanography . and
meteorology. e . ’
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TIPEIUCTIOBUE

OcHoBOH J/1s1 HaCTOSIIEro y4yeGHOrO MOCOOHS IOCTYRKHIH JIEeKIHH
0 B3auMoje#cTBHH aTMocephl H OKeaHa, KOTOpble YHTAJNNChL B JlenuH-
TPaJCKOM THIPOMETEOPONOTHUECKOM HHCTHTYTE. ‘

B ¢Bsis¥ c TeM, UTO K 3aK/IOUHTENLHOMY KYDPCY CTYIEHTHl IpHOO-
peraioT 3HaHHs IO ¢U3NKe H IUHAMHKE OKeaHa; a TaKXKe IIOJyYaioT
OCHOBHBIE IPEICTABJIEHUS O METeOPOJOTHUECKHX Ipoleccax, B rJase 1
KHUTH NPeACTaBJIAJIOCH 1e1eco00pasHEIM II0Ka3aTh OOLIHOCTh ONHCAHUSA
TJIaBHBIX TEPMOLHHAMHYECKHX IPOLIECCOB M 3aKOHOB COXPAHEHHUS SHEp-
IHH ¥ BellleCTBA Kak B atMocdepe, Tak U B OKeaHe.

Ilpu usnoxKeHHH 3aKOHOMepHOCTeH o6MeHa sHepruel M BJArod Me-
XKJy CONpPHKAaCaoUMHCA Ta3000pasHOd u KUIKOH chepamu Halleh
TIJIaHeTH OCHOBHOE BHUMAHHE yeJeHO PAacCMOTPEHHI0 B3AHMHOTO BJIHS-
HUsI 3THX cpej Ha NoTokH. CYuTajoch, YTO OCHOBH OOMeHA KOJIHYECT-
BOM JIBHKEHHS, TEIJIOM ¥ BOASHBIM IIapOM MeXKIY NOACTHJIAoIEed Io-
BEPXHOCTbIO H arMocepodl CTyzeHTaM H3BECTHBL H HOSTOMy OHH 3]IeCh
ONYILEHHL.

Hecmorpa Ha 6oJblioe BHHMaHHe, YJedseMoe MeTeoponoraMH u
OKE4aHOJIOraMH TIOTPaHUYHBIM CJIOSIM aTMOChepsl H OKeaHa, U IOsiBJIeHHe
B MOCJIEIHHE TOAbl KPYIHEX o6o6Mmarnix Kuur bpaysa [6] JI. P. Op-
aenko [531], B. U. Kanaunkoro [24], c6opuuka pabor mo Monenupo-
BaHMIO BepXHEro cjosi okeana [41] u psnma npyrux wucc/iefoBaHui,
B JaHHOH KHHre 3TOH mpobiaeme OTBeleHa TOJBKO OXHA TJiaBa. Takoe
MAaJioe MECTO, OTBENEHHOE CTOJb Cepbe3HOH npobJieMe, CBI3aHO C TeM,
YTO BOIPOCH CTPOEHHS IVIaHETAaPHEIX IIOTPAHMYHBIX CJI0EB KaK aTMoC-
(epbl, TAK H OKeaHa IOJAPOGHO H3J4ralTcsi B CIelHaJbHOH METEopo-
JIOTHYECKOH W OKeaHoJIOTHUYecKoH yueOHOE JiuTeparype.

B ‘BacrosieM chaydae ImpecjenoBajach Iesib NOKas3aTb B3aHMHOE
npHcnocobleHye NMOTPaHHYHBIX c/I0eB APYr K Apyry. K coxasnenmo,
HCCJIeNOBaHHH 5TOrO HalpaB/eHus MoKa HEMHOTO.

B cBA3H ¢ 0co060H BaxKHOCTBIO JJIS1 METEOPOJOrOB M OKEaHOJOTroB
onpeneNeHus BJAUAHUS oOMeHa 5HepTHed W BOISHBIM I1apOM. MEXAY
atmocepoll ¥ oKeaHoM Ha NIpoTeKaillhe B HUX KpynHoOMAacIITaOHbIE
IIPOLECCHl B 3aK/IOUHTENBHBIX IJlaBaX ClieJlaHa IONBITKA H3J0XKEeHH:
npeIcTaBjIeHuA 1o 3THM BolpocaM. B psifie caIyyaes J0CTaTOYHOrO Ma-
Tepuasa JJIs I0KasaTe/bCTBAa TOTO MJIM MHOTO IOJIONKEHHs He HMeJoCh,
He Bcerja CyIIeCTBYeT eIMHCTBeHHAs ToYKa 3DEHHs Ha IPHPORY He-
KOTOPBIX KPYIHOMACIITAOHBIX IPOABJIEHHH B3aWMONEHCTBHSA aTMOC-
Gepr! 1 okeana. ITosToMy B JlaHHBIX pasfelaX Kak HUTAE NPOSIBJISIETCS
cy0GbeKTHBHAs aBTOPCKasl TPaKTOBKa.

['naBa 6 KHHIH HaUCaHa COBMECTHO CO CTapIIMM HAyYHBIM COTPYI-
HuKoM M. M. 3yGoBo#, a raasbl 10 1 11 — co cTapiiuM HayyHBIM CO-
tpyzuukoM M. H. Pycunbm.
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Beenenue

Hacymiabie norpeGHOCTH 4yesIoBeYecTBa B IJIaHe HCIOAb30BAHUS NPH-
POIHEIX PEeCypCcoB, H3MeHEHHs KJAUMara U yJydlleHHs KayecTBa THI-
POMETEOPOIOTHUECKHX NPOTHO30B YCKODHJIH B IOC/]eNHHe NBa-TpH Je-
CATUIETHA HccenoBaHus atMmocheprl M okeaHa. Bce cuibHee uyBCrT-
BYIOTCSL HELOCTATKH OMHCATeNBHEIX METONOB H3yUeHHs THIPOMETEOPO-
JIOTHYECKHX IIPOIECcCcoB, XOTs OeccopHO HX 3HAaueHHe IpH CTaHOBJe-
HUM METEODOJIOTHH M OKeaHOJOrHH. Kak HayK. B HacTosiee Bpems
B OoJiblllell CTeNeHH, YeM paHbllie CTAHOBATCS HEeOOXOXUMEIMH KOJIH-
YeCTBEHHBIC KPUTEpHU COCTOSIHUS U M3MeHeHHS aTtMocdepbl U OKeaHa.
TTockonbKy cocTosiHHe Ji0GOE Cpefpl 3aBHCHT KaK OT ee CBOMCTB, TaK
H OT NMPHUTOKa U HepepacmpenefeHHs SHEPTHH, TO B K3uecTBE OCHOBHOH
3ajauyd, pelleHHE KOTOpOH MO3BOJISET ONpPEfeNdTb DAasBUTHE MHOTHX
THAPOMETEOPOTOT HYECKHX TPOLECCOB, ABJISETCS UCCIENOBAHHE MOCTYI-
JleHHs U npeoOpas3oBaHuUl :-)Hepmu B ra3000pa3HoH, XKUIKOH, U TBep-
Jo# o6osouKax 3eMJid.

HcTounnkoM XH3HH Ha 3eMie sBJseTcs morJjollaeMas ee o60/04-
KaMH coJHeuHast paguanus. ITpu sToM Ha om0 arMocdepbl HPHXOIUTCS
TOJBKO TPEThb PajHamyH, a OCTaJbHasl 4acThb INOIJIONIaeTCsl TOHKHM. IO-
BEPXHOCTHBIM CJIOEM CYIIH U OKeaHa, pacXoAyscCh Ha HarpeBaHHe 5THX
cpen, a Takxe TPaHCHOPMHUPYSACh B JJIMHHOBOJHOBOE H3JyUeHHE H
TypOyJeHTHEE TOTOKH TeIa, KOTOphle HepefaloTcd Bo3gyxy. Ilo-
3TOMY BIIOJHE OOBACHHM HHTEPEC, NMPOSBJAsSeMBIH K HCCICNOBAHUIO 3a-
KOHOMepHOCTeH HpeoOpa30BaHHA 3HEPTHH B MOTPaHHYHHIX CJIOAX aT-
Mocephl, OKeaHa U HESATENBHOM CJIOE CyIIH.

Poxb ocoGeHHOCTell MOACTUMAIONIEN TTOBEPXHOCTH B Hepepacnpeue-
JIeHHU 3HepPTHH HACTOJBKO BeJHKAa, YTO B 3aBUCHMOCTH OT HUX (OpMHU-
PYIOTCS BO3AYIIHEIE MAcChl PIIOGANBHEIX MACIITAGOB CO CBOMMEL CrenHt-
(dHYCCKHUMH YepTaMy. DTO BIAKHLIA U TEMJbI B 3UMHEe BPEMSA MJIH TPO-

XJaAHLIA JIeToM BO3AYX Haja OK€aHaMHU H BO3AYX C NMPOTHUBOMIOJIOXKHBIMH -

CBOMACTBaMH HaJ, MaTepuKaMH. F3yueHre XapaKTepPUCTHK KOHTHHEHTAlb-
HBIX U OKeaHHYeCKHX BO3JYIUHLIX Macc, HX W3MEHEHHH B mpolecce ABH-
JKEeHHUSl SBJAIOTCS INpeAMeToM Bcel MereopoJsioruu. [losTomy Brnosne
€CTECTBeHHO, 4TO IPH pa3paboTKe TEOPHH KJUMAaTa U MPOTHO3a Mook
HeoOXOAUMO YYUTHIBaTh B3aHMognelicTBHe aTMocdephl Kak ¢ OKeaHaMH,
TaK U ¢ MatepuKamd. M6o pasnuuue CBOHCTB NOACTH/IaOIel IoBepX-
HOCTH €CTb NepBONpHYMHA, CO3Jalollas OTK/IOHEHHe LHUPKYJALHUH aT-
Moceprl OT 30HaNbHOH U (opMmupylowas MHoroob6pasHe KJuMarhye-
CKHX U MOTOAHHIX ycioBui#i. OnHako Bo B3aHMoOZeHCTBHH aTMOchephl
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C OKE4aHOM MHOI'0 CHeLH(HYECKOTO, YTO 3acCTABJSET €ro BBIAEIATh H3
OOLIEro Kpyra B3aUMOAEACTBHE BO3AyXa ¢ MOACTHJAKIEH IoBepX-
HOCTBIO.

Pazjingue ¢usnyecKux CBOHCTB CyIH ¥ BOLBL HpPIBOI[PIT K TOMY,
4TO B IIEPBOM CJyudae JeATeJbHEI CJIOH, B KOTOPOM CYIIECTBYIOT H3-
MeHeHHs BO BpPeMEeHH TeMIIepaTyphl H BJArH, 3HAYMTENbHO MEHBHIE Jesi-
TeJILHOTO ¢JIosl okKeaHa. Kpome TOro, cpaBHHTENbHO MaJjasi TEIJIOEM- -
KOCTb IIOYBL! IPHBOAHNT K MEHBIINM, YeM B OKeaHe, 3aTPaTaM COJIHeY-
‘HOH SHeprHH Ha €e IIPOorpeB, a GoJpliasi Ao/ IOrJIOMEHHOH paguanni
B TpaHchOpMHPOBAHHOM BHJe mepefaeTcst o6parHO B arMmocepy.. Ma-
TepuKH 006/1afaloT BO MHOTO Da3 MeHblIeH TEIIOBOH HHepLHeH, ueMm
OKEaHHl, ¥ B K4KOU-TO CTENeHH UX MOXKHO HOJAaraTh cpefo#, Juillb OT-
paxKarolllei pajuauuio B arMocdepy, NyCcTh Jaxe B NpeoGpa3oBaHHOM
Buje. O10 obseryaer ydyeT HOCTYIJIEHHS SHeprHH B armochepy Hax
cymeit. ITosTomy .B. nepBHIX THAPOAMHAMHYECKHX MOJENSX IO oOmiet:
OUPKYASIHE aTMocdephl TENJIOEMKOCTb CYILIH IOJAaraiach HYJEBOH.

Okxeansl, BeJeACTBHE HX GOJBIIOH TEPMUYECKOH HHEPIUH, SBJSIOTCS
aKKyMyJsITOpaMH TellJla CO CPABHHTEJIBHO HeGONBIINM JHANa30HOM H3-
MEHeHHSl TeMIepaTyphl BOAEl BO BpeMeHH. TeIJIoBHe IOTOKH MeXLy
HUMH ¥ aTMocepoll paclpefessiioTcsi HHaye, 4eM HajJ MaTepUKaMH,
IpHYeM IOPHU30HTAJNBHEE IEDEHOCH! TellJa TeUeHHSIMH IPHBOLAT K TOMY,
4TO HEKOTOphIe IIOTOKHW CTaHOBATCH JaiKke [0 HANpPaBJIEHUIO ADYTHMH,
. ueM Haj cymlel. EcjiH MaTepUKH NPAKTHUECKH He pearupyoT Ha JHHA-
- MHYECKoe JieficTBHe Ha HHX aTMoctephbl, TO OKeaHbl- H MOpsl GHICTPO OT-
BeUaloT Ha armocepHBle Bo3leHcTBHA. MeXay HUMH cO3Jal0TCi pas-
JMYHOTO MacmiTaba ob6parHble cBasH. M ecin B kakofi-To Mepe MOXKHO
NOHSATh M OOBACHUTH MEXAaHH3M MpOIECCOB, HCCTeAysl atMochepy H. -
OKeaH pasfieNbHO, TO NPEABHIUUCIAATL THEPOMETEOPOJOTHUECKHE Mpo-
" meccrl, ocoGeHHO Ha [IJIMTEJbHHIH CpoK, 0e3 ydera o6parHBIX CBsA3el
Henb3si. B Haubosee I'PaHJHOSHBIX Maclitabax Takasi CBA3L LPOAB-
JsieTcss B CE30HHOM H3MeHeHHH OKEaHHUYeCKOro MeXJyLIHPOTHOTro 06-
MeHa. YBeJHYeHHE KOHTPAacra TEMIEPATYP MeXy TOJIoCoM H 5KBaTO-
pOM 3UMOH M YCHJIGHHE MepUIHOHATbHOH aTMOC(bepHou ITUPKYJIALMH
NPHUBOAAT K BO3DACTAaHHIO CKOPOCTH TeUeHHH M IOTOKA OKEaHHYECKOro
TelJIa. B MEPHIHOHAJBHOM HanpasJeHHH. [locienHee ke crnocoOCTByer
YMeHBIIEHHIO LIHPOTHOTO KOHTPACTA TeMIepaTyphl KaK B OKeaHe, Tak
1 B atMocepe. SpKUM IpHMepoM TAKOTO Pofia ABJSETCS XOPOWIO BbI-
paXeHHas CE30HHOCTb B 2JIBEKIUMH Tel/a aTaHTHYCCKHMH BOJAMH B
CeBepHriil JlenoButhlit OKeaH. _

AtmocthepHble NBUKEHHS BBISHIBAIOT  I€peMellleHHs] GoJBIIHX Macc
BOJBI, EPEeHOCAINUX HAKOIJIEHHOe HMH TEIJIO B PAHOHEI C COBEPUIEHHO
WHBIMH KJMMATHYECKHMH XapakTepHCTHKaMu, TJle 3TOT . Telio3anac
BOJIbl MEHSET CBOACTBA BO3AYLIHON MAacChl HaJ OKEAHOM W OHH MOLYT
OUeHb CHJBHO OTJIHYATHCS OT CPEAHEe3OHANbHEIX 3HaueHui.

O6parnble CBSI3H YCTAHABJIUBAIOTCSA M B 00J/1aCTH MeJIKOMACIITAOHBIX
B3aUMOJEHCTBHH}, Korjia, HalpHMep, B pe3yJabTaTe TeDPMOLUHAMHUYECKOTO
ofMeHa noToKaMH (OpMHPYIOTCS -NIOTPAaHUYHEIE CIOH B arMocdepe H
OKeaHe CO:B33aHMHO 3aBHCHMBIMH XapaKTepHCTHKaMU.
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Oxean He TONMBKO fIBIsieTCS aKKyMYJATOPOM M Iepepacrpeneavre- .

JleM TellJla B TIPOCTPAHCTBEe M BPeMeHH, HO M ' IVIaBHLIM HOCTaBUIHKOM
BJaru B armocdepy, KOTOpas OKashiBaeT BJIMSHME HA TEPMOAHHAMUKY
armoceprl He MeHblile, ueM COJIHeuUHast paguanus. JlocraTouHo OTMe-
THTB, YTO 32 CYET KOHAEHCAIMH BJArH BO3AYX NosaydaeT Gosblie Temia,
yeM IPHHOCHT eMy TypOy/eHTHBI IepeHOC H . IOTIJIOLIeHHe COJNHEYHOMH

panvanuyu. Besnka posib BIarm U B CKOHAEHCHPOBAHHOM COCTOSHHH

Kak 3KpaHa, [lepepaclpeesionlero TelJIoBkle TOTOKH He TOMbKO B aT-
Mocepe, HO ¥ Ha NOACTUNAIOIEH NOBepXHOCTH. BiarooOmen okeaHa
¢ aTMoc{pepoii BJIHsIeT Yepe3 H3MEHeHHE COJIEHOCTH Ha COCTOSIHHE OKeaHa.

Ecim oxeaH Brusier Ha aTMocdepHEe HPOLECCH B OCHOBHOM Hepes
Temsio- U BiaarooOmeH, To aTMocdepa BO3IEHCTBYET Ha OKeaH He TOJNbKO
yepes OTMEUeHHbIe ITOTOKH, HO ¥ JUHAMUUECKH. TepMHKa H COJIEHOCTH
BOJL OKEaHOB U MOpe#, PeXKUM TeueHHH B 3HAUHTEJbHOH Mepe 00yCJ/IOB-
JICHbI lIePICTBPIeM aTMOC(I)epr, €CJIN He HenocpeucheHHo TO KOCBEHHBIM
o6pasoM. [loCTaTOUHO OTMETHTH, UTO BCE KOHBEKIHMOHHBIE H TpajyeHT-
HHE Te4YeHUs HAXOAATCA IOA HeNOCPEACTBEHHHM BJHAHHEM TeIJo-
u BJaroob6meHa C atmocepoi.

Bes, COBOKyrIHOCTb 0C066HHOCTGH TEIJIOBHIX, JHHAMHUECKHX B3aH-

MOJIEACTBUH, NepepacnpesiesieHHli Bjaru, oOyCAOBieHHBIX MMH Npomec-
COB C BhIpaXKeHHBIMH OODATHBHIMH CBA3AMM H 3aCTaBJSIOT paccMarpH-
BaTh atMocdepy U oKeaH KaK eIyHYI0 CHCTeMY, paGoTalollyo O, AeHCT-
BHEM OJHOTO HCTOYHHKA SHEPTUH —— COJHEYHOH pajyaliH.

Muorue ¢usnueckue cBoHCTBA HpHCYIIM Kak TrasoobpasHoH, Tak
¥ KHJKOH cpeflaM CHCTeMbl ¥ [IO3TOMY OCHOBHBIE IIPMHIMIIE! TePMOT -
DOIMHAMUKH NpUMeHHMbl K oGeuM yacrsiM chcTeMbl. Ha stor BaxKHEBIHR
daxt yxe naBHO obpamas sHHMaHue B. B. Illynefikun u. B mociennue
TOAbl IOABUJINCH IOMNBITKY . pellleHUs] ypPaBHeHHH, ONHCHIBAIOIMX THO-
BeJlenne J1uOo BCeHl cHCTeMbl, JIMOO NMOrPAaHMYHLIX CJIOEB CONpPHKACAIO-
muxca cpei. OJHAKO CYIIECTBEHHHIX DPe3Y/IbTATOB eHle He MOoJyYeHO
U3-3a TPYIHOCTell He TONBKO MAaTeMaTHYecKOro XxapakTepa, HO M ¢wu3H-

gecxoro. B mepByio ouepenb ciofa cieLyeT OTHeCTH HeoOXOXHMMOCTb |

Ype3BLIYafHO TOUHOTO yuera npeo6pasoBaHHﬁ sHeprud. JleliCcTBHTEIBHO,
Hanpnmep, KHHeTHYeCKast SHEPrusi BCeHl ATMOCQepE! COCTAB/ISeT MeHee

1 % samacoB ee noTeHunanpHON M BHyTPeHHell sHepruu. Eme Menbure
COOTHOIIEHHE 3THX BHJOB 3HEPrHH B OKeaHe. ITo3ToMy OTHOCHTENBHO

HeGoJblIHe HETOYHOCTH B OoHnpelaeJeHud IIOTOKOB TeEIlJla H BJIaru Mo- -

YT CYLUIECTBEHHO HCKAa3UTh pe3yJbTaThl BBIYUCIAEHUH JMHAMHUYECKHX
XapakTepucTuK. MHOro HesiCHOro B MeXaHH3Me 00pas3oBaHUs CBsf3eH
IpH PAasBHTHU THADOMETEOPONOTHYECKMX IponeccoB. Hanpumep, Mme-
XaH¥3M, 3aMBIKAOMHUN MexAy coOofl IPUTOK Tellsa, HclapeHHe, KOH-
JEHCALMIO BJATH U reHesHc 00JaKOB, U3BECTEH JIMIINL B KJIMMaTHUECKOM
acrekTe. Bo MHOTHX ciyyasiX HeT SICHOCTH, Jaxe B KaUeCTBEHHOM OT-
HOINEHMH, KaKyl0 poJib UIpaeT TepMHUYECKOS H JHHAMHUYecKoe BO3Lel-
crBue atMocheps! B GOPMHPOBAHHH OKeaHWYECKHX TeueHHI.

Takum ofpasoM, BHIENAIOTCA JBa Kpyra BOIPOCOB, MOAJEXKAIIH X
H3YYeHHIO B HepBYIO ouepelb. JTO 3aKOHOMEPHOCTH O0MeHa sHeprHe it
MexIy arMmochepodi H oOKeaHOM M IIposiB/JeHHe TePMOLHHAMHYECKOT O
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B3aUMOJEHCTBYS B THAPOMETEOPOJOrHIeCKHX Tpoueccax. B coorserer-
BHH C MacluTaboM sBJEHHH _epBLie MOXHO 0XapakKTepH3oBaTh Kak
MEJIKOMAacITabHble BsanMo/:LeHCTBnﬁ a BTOprE'— KaK ' KpymHoMac-
nmTabHbIe.

Iloxa elne ‘HET TOYHOTO onpe/:LeJIeHnsi MaciuTaGoB B3aHMMOJeHCTBHSA
‘atMochepnl U okeana. OGbMHO NpH HEOOXONHMOCTH TAKOro HOAPa3e/Ie-
HUSL TIOJB3YIOTCS JHGO XapakTepHBIMH MacluTabamy arMocepHbX W
OKeaHHYeCKHX JABHKeHUH, qu60 pasMepaMu obsacTe#f, B KOTOPHIX Npo-
MCXOIUT OCHOBHOH NMPUTOK 3HEPrHH OT arMmocdepsl K Okeany. Ilo Hum
BLIIEJISIIOTCS MeJKoMACIITaOHbIe BJAEHHS ¢ KOeOaHHUSAMH THIpoMeTe-
OpPOJIOTHYECKHX 3JE€MEHTOB OT JoJeH CeKYHJ [0 - HeCKOJIbKUX MHHYT.
OHH . JOCTAaTOUHO XOPOIUO IIPOCJEXUBAIOTCA Ha CHEKTPaxX Kak B aTMo-
chepe, Hampumep, IO CKOPOCTH BETpa, TdK U B OKeaHe — II0 CHIeKTPY
BeTPOBLIX BOJIH.

[lon mesomacmrraGHEIMM IpoLeccaMyl HOHUMAIOT TAKHe, XapaKTepHbIH
NepHOA KOTOpBIX COCTaBJSET HECKONbKO YacoB. DTOT KJacc fBJIeHHH
BbIIEJISIETCST B CBA3H C YOYTH ITOBCEMECTHO CYLIECTBYIOMWIEH BHYTPHCY-
TOYHOH HM3MEHUHBOCTBIO ['HJPOMETEOPOIOTHYECKHX 3JICMEHTOB.

IlpuHATO BHIENATb TaKXKe HNPOLECCH CHHONTHYECKOro Maciiraba
¢ XapakTepHLIM NEPHOAOM B HECKOJbKO CYTOK, IPOLECCHI CE30HHOrO
macmitaba B Gosee KpynHble. Jacto ux o6bpefuHsIOT B OOILYIO IPYHITY
KpyIHoMAacWTaGHbIX nponeccoB. Ha cnekrpax pasivuHBIX THAPOMETEO-
POJIOTHYECKHX 3JeMEHTOB 3TOT MacluTal Takxe NOBOJBHO YETKO 3ame-
TeH.

B ofmem Takag kJaccupuxanus MacilitaGoB B3aUMOJAEHCTBHS HOA-
TBepX/JaeTcA XapaKTeDHLIMU pasMepaMd 30H IOCTYIVIEHHS KHHeTHYe-
CKOH aHepruu ot armocdepsl K okeany. P. B. O3Muzos nokasas, 9To
BBIIE/NSHOTCS TPH TAKHe 30HBL: B Macurtabe BETPOBBEIX BOJIH, MHEPIHOH-
HBIX U IPUJIHBHEIX KosteGanuil U B MaciiTabe IHKJIOHOB H AHTHIMKJIOHOB,
T. €. CHHOIITHYECKOM.

Js nmpakTHueckoH AeATENTHHOCTH YejoBeyecTBa HAUOOJBIIMH MH-
Tepec TIpeJCcTaBJIseT INPOSIBJEHUE B3aNMOJEHCTBHS arMmocepsl H
OKeaHa B THAPOMETEOPOJOIHYECKHX KpoHeccax KpylHomacuiTaGHOro
xapagrepa. Opuako pellleHHe 3THX BOIPOCOB GOJbIIEH 4YacTbio He-
BO3MOXKHO 0e3 omnpejeneHHsi IOTOKOB SHEPT'HM H Macchl, 3aBHCHMOCTD
KOTOpDBIX OT CPeIHUX 3HauYeHHH THAPOMETEOPOJOTHYECKHX 3JIEMEHTOB
OINHUCHIBAeTCA C NO3HIUH MeaKoMacmTaCHOro B3auMOAEHCTBUSA AaTMoC-
tdephl u okeaHa.

K Hacrosmemy BpeMeHY B HauGoJblieH CTelleHH H3y4YeHHl 3aKOHO--
MEpPHOCTH of6MeHa 5HeprHell U BOAAHBIM HapoM MeXAy armochepoil u
OKeaHOM, XOTsi MHOT'He IpOoGJEeME! ellle XKAyT cBoero peumenus. Ilossu-
auch o6Gobmarniye. pagorsl [5, 26, 31, 62], B KoTOpHIX ocBellleHa clie-
nupuKa 3aKOHOMepHOCTelH - 06MeHa KOJHYECTBOM JABMIKEHHS, TerJIoM
¥ mapom armoc(eph C.0KeaHOM IO CpaBHeHHIO ¢ cymlell. IlogBuxHOCTD
H MeHsoWuica ‘Macitab HepOBHOCTeH OKeaHHYeCKOH IOBEPXHOCTH,
HX 3aBHCHMOCTb OT aTMochepHOro BO3AeHCTBHS, a TakXe BJAMSHHE HA
3T0 BO3JAeHCTBHE HPUBOZMT K TOMY, YTO pa3paboTaHHBIE METEOPOJO-
ramu GopMysBEl AJsi ONpeleseHUs] MOTOKOB 3HEPrHH H BOASHOIO mapa
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Haj cylled TpeGyIOT YTOYHEHMS NPH MX HCHONB30BAHMH MJIS OLEHKH
9TUX NOTOKOB Hall okeaHoM. CoBepLUICHHO Das/uyeH XapakTep pacrpo-
CTpaHeHHsI Tellla B IVy0b OKeaHa U CyIUH, Pasju4HbIM 06pasoM Hpoas-
JIeTCsl peakIus OKeaHa M CYIIM Ha IOTOK uUmmysbca. Jlaxe JensaHoH
‘MOKPOB, ABJSIOMUNC IPOLYKTOM B3auMozeHicTBUS aTMoctephl H OKeaHa
NPHBOAHT K 0COGeHHOCTAM B oOMeHe sHepruell W MacCoH MeXay CONpH-
KacaiolluMHCA ¢ HUM CPelaMH, Tak KaK 3TH IIOTOKH 3aBUCAT OT TOJ-
'[IMHBI, PasMepoB M INPOCTPAHCTBEHHOro pacmpeneneHus JAbAHH. Ilo-
AIBJISIETCS ellle OJMH HCTOUHMK Tellia B-pe3yJbraTe (a3oBhIX Ipeobpaso-
BaHUH BOJB! HA HUXKHEN IIOBEPXHOCTH M B Tojlle Jbia. TasHHe H of-
pasoBaHUe JIbIOB OUYEHb CHJBHO BJAHSET Ha IUIOTHOCTHYIO CTpaTH(HKa-
IMI0 OBEPXHOCTHBIX BOJ, a CJeN0BaTe/]bHO, Ha HHTEHCHBHOCTb TYpOy-
JIEHTHOTO ~TlepeMelUHMBaHHS = CO BCEMHM BHITEKAIOUINMH NOCJIEACTBH-
STMH. : '

PassepHmeHecn 9KCIepUMEHTANbHble HCCJIENOBaHUS DPa3JHUHBIX
acCIIeKTOB BBaI/IMO,I[eI/ICTBI/Ii{ aTMOC(bepr U OKeaHa.C Hay4yHO-HCCJI€loBa-
TeJbCKUX CYIOB, CIIENHAJM3HPOBAHHBIX CYAOB-GyeB, a Takke pasJnd-
HOTO poJia 3asIKOPEHHHIX OyeB i BeX BHIIBWIH clieludpruecKue sBJIEHHUSA
u ocobeHHOCTH TnpoueccoB. Cpeid HHX IOCTATOYHO OTMETHTb TaKHe,
KaK "XoJoAHas «IJIEHKa» Ha  IIOBEepXHOCTH OKeaHa, HUHAYIUPOBaHue
OyJabcanuil BOJHAMH, BJAHSIHHE IITOPMOBBIX OpBI3r Ha IOTOKH 3HEPruu
1 Macchl. ITH, a TakXkKe PAL APYTHX XapaKTePHBIX CTOPOH B3aMMOJEHCT-
BHS, MOCJAYXKMJIM OCHOBOH JJis1 COBEpLUEHCTBOBAHMS TEOPHHU obmeHa
sHeprueil M BJaaroff Mexny armochepoii U OKeaHOM.

IIposiBiienye sHepreTHyecKnx npeo6pa3oBaHuil B T'HIPOMETEOPOJIO-
‘THUECKHX [Ipoleccax ¥ QopMHpoBaHMe 06DaTHEIX CBA3€H MEXKLY - 1Po-
1ieccaMy B oKeaHe M atMochepe poucXoAUT 0ObIYHO B IPOCTPAHCTBEHHO-
BPeMeHHBIX MacliTa0ax, MCYHC/IsSeMbIX KujomerpaMu M dacamu. Ilo-
5TOMY HX LeJecoo6pasHo paccMarpuBaTh C IO3HIMi KpynHoMaciuTat-
HOTO B3aHUMOJEUCTBUS. _

B nepByio ouepesb, K 5ToMY KJacCy 3ajay cJeAyeT OTHECTH HCcJle-
JOBaHUs TEIJIOBOTO Y BOLHOI'O 6a/aHCOB B KJAHMAaTHYECKOM OTHOILIEHUH.

OHK uMeroT OI'pOMHOE 3HauyeHHe, TaK KaK onpeneasioT HCTOUHHKH H -

CTOKH 5HEPTHH, HX DaclpeleNeHHe B IPOCTPaHCTBe U BpeMeHH. ITo cyTH
Jlella X pe3yJbTaThl ABJASIOTCS TOM 6a3of, Ha KOTOPOH MOXKET ObiTh
OCHOBaHO IIONOTBOPHOE H3yueHHe TreHe3Hca IpaKTHYECKH BCeX THADO-
METeOPOJIOTHYECKHX MpoleccoB. [los3ToMy Ha KJIMMATOJOTHIO TEIJIO-
BOro M BOAHOro GasaHCOB ofpalaercsl upe3BhMAiiHO GoJbllioe BHHMA-
HHEe U B 3TOM HAIPABJEHHH BHIMOJHeH DAl (yHIamMeHTANbHHIX HCCJIE-
nosauuil (Iynefikun, Bynwiko, xeko6c, Komon u ap.). Heemorps
Ha CPaBHUTEJBHO HEGOMbIIYI0 TOYHOCTH ONpeeeHHs] HEKOTOPHIX KOM-
TIOHeHTOB 0aslaHCa, OHY BIIOJIHE JAlOT NPEICTaBJeHNe O XapaKTepe Ipe-
- o0pa3oBaHHsl SHEPI'MH B TOM WM HHOH cpeme. B wacTHOCTH, OlEHKH
COCTABJIAOIUX TelVIoBoro GanaHca NOKa3anu, YTo TEIIO OT OKeaHa
K arMoctepe TNepenaeTcss B OCHOBHOM 3a CUET HCNapeHHs BAard. BE-
Jessiolneecs: CKpHITOe TelJIo IPU KOHAeHCAIMM HIpaeT, OYEBHIHO,
ypesBHIYafiHo Go/bllyi0 posib B GOPMUPOBAaHHH aTMOCHEDHBIX JBHIKE-
Hui. IloKa B CHHONTHYECKON NpaKTHKE TEMJIOTAa KOHJEHCAIMH He YuH_
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ThBaeTcs. TONBKO B rHAPOJHHAMHYECKUX MOAEMSX Jealorcs, 0 CYTH,
TIepBbIe HONLITKH NPUHATL BO BHUMaHHe 3TOT UCTOYHMK SHepruu. Maj-
~ KYC B CBOHX WCCJIEIOBAHHSX ‘TIO KJIMMATONOTHH TEIIOBOTO ¥ BOLHOTO
6aJlaHCOB NIpejJaraeT X paccMaTpHBaTh KaK OCHOBY HJs TEOpHi Cra-
' HMOHApHOH ‘HHUPKYJSLUH, B KOTOPOH HauGoJee OTUETIHBO MOXKET GhITh
3aMeTHa poJb U (GYHKHHOHAJIbHAS 3aBHCHUMOCTb ABMIMKEHUH OT HCTOY-
HUKOB H CTOKOB 3Hepruu.

BaslaHCOBEIe YpAaBHEHHS He SBISIOTCS HpOI‘HOCTI/I'-IeCKI/IMI/I 0 He
[IO3BOJIAIOT .UCCJAENOBaTh BJHSHHME oOMeHa 3Heprued Mexny-armoche-
poil ¥ oKeaHoM Ha pasBUTHE THIPOMETEOPOIOTHUECKHX MpOIECCOB U
(dopmupoBaHHe o6paTHBIX cBf3ell. Ha HauanbHBIX CTYNEHSX Pa3BHTHSA
HallHX SHAHU# O B3aMMOJEHCTBYMM JJis PelIeHUs 3THX 3ajau MCIOJb30-

BaJIMCh pasJu4YHble CTATHCTHYECKHE CBSI3U. HpPI 3TOM Halie BCero Ccrpou- ‘

JIACh 33BHCHMOCTH aHOMAJ/HE KAaKOro-1u6o METEOpOJIOTHYECKOro 3J1e-
MEHTa OT COCTOSIHUA oKeaHa HJH H3MEHeHHS OKeaHOJOTHYeCKHUX  Xa-
PaKTepPHUCTHK OT MeTeoposordueckux. M B HacTosiee BpeMsl TaKue
CBAISH JOBOJILHO HIMPOKO PACHPOCTPAHEHE! M HPHMEHSIOTCH B NPOTHO-
cruyeckolt cnyx6e. Ho npu o6paGorke ucxopHo# undopManuu s ux
HOCTPOEHHSI HE BCErda YAAercs BHIIEIUTH H3MeHeHHe GYHKIHH IIOf
IedCTBHeM TOTO WM HHOT'O apryMeHTa, TaK Kak Ha6MoLeHus GUKCH-
PYIOT TOMBKO DE3yNbTAaT COBOKYIIHOIO AEACTBHS MHOTUX (aKTODPOB.
Jlaxe npu coBpeMeHHOM Pa3sBHUTOM CTATHCTHYECKOM annapare, B IpDHH-
IHIe [O3BOJSIOMWEM BHIISIUTE POJb OZHOrO (hakKTopa Cpein MHOTHX,
''B METEOPOJIOTHH U OKEaHOJIOTHH 5TO He YAAeTcs CHeJaTh, XOTd 6bl U3-
3a MHOroo6pasus HeACTBYIOIIUX CHJ H OI‘paHH'—IeHHOCTI/I IJIMHBL psifia
HaGoeHnH.

Hecmotrps Ha TH OrpaHHYEHHS CTATHCTUYECKHH METOJ, HCCJIefoBa-
HHUA TEePCIeKTUBEeH IpH pelleHHH ONpefefeHHHIX 3aJad B3auMOJAEHCT-
BUA. B wacTHOCTH, H3yYeHHe CTAaTHCTHUECKOH CTPYKTYpHI THIPOMETEO-
POJIOrHYECKUX HoJel, BRIAeeH e IPY NOMOIIH CIEKTPaAbHOro aHaIu3a
nepuogHyHocTedl B UX KoJMeOaHHUSX, BEHIIBIEHHE CBA3eH MeXAy HONIMU
MeTEOpONIOIHYeCKHX . U OKeaHOJOTHYECKHX 3JEMEHTOB NPOBOAATCA CTa-
THCTHYECKHMH MeToxamu. Kpyr ucciemoBaTesnell 3Toro HampaBJieHHS
Haubosiee MHPOK, U HOJYYEHHBlE HMMH pe3y/bTarhl IIOKa elle He To-
JIyUHIIY Hajfexaunero o6o0meHus.

MexaHusm npeoGpa3soBaHUsl 3HEPTHU B3aUMOLEHCTBHA M IIpOsBJe-
HUe ee B FHIPOMETEOPOTOTHIECKHX IpOLieccax YCTAHABIHUBACTCS B BUJE
INPUYHMHHO-CIEACTBEHHEIX CBsI3€#l B ypaBHeHWSX THIPOIVHAMUKH, KO-
TOphIe COCTABJAIOT MaTEeMATHYCCKYIO MOJeNb, C-TOR H/H HHOH CTeneHhio
TOYHOCTH OIHCHIBAIONLYIO DEaNbHLI npomecc B 3aBHCHMOCTH OT IIOJI-
HOTHl yueTa JeHCTByOUHX (aKTOPOB.

IMosiBnenne GLICTPONEACTBYIOUIMX BHIYHCAUTENBHEIX MaLIUH - 1AJ10

. BO3MOXHOCTb IIP€OJOJIEBATh TPYAHOCTH, CBSI3aHHLIE C HEJHHEHHOCTHIO
H CJIOXHOCTBIO ypaBHeHUH, B De3yJbTare Yero HX pelleHue Jaer Bo3-
MOXHOCTb TIPOCJeIUTh IIOCJEACTBHS JeHACTBUS HCTOYHHKA 3SHEPTHH.
Maremariyeckoe MoJeNUPOBaHHE FBAAETCA MOIIHBIM CPENCTBOM HC-
- CJIeNOBaHUS, [103BOJISIONLUM TAKKeE IPOBOANTL OUECHKH BAUAHUSA pas3idy-
HEIX $AaKTOPOB Ha pa3BuTHe Ipolecca jaxe HPH OTCYTCTBUU dakTHue-
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CKHX CBeJleHHH 00 ¥X HHTEHCHBHOCTH. DTOrO ROOMBAIOTCS IIOCPEACTBOM
Takoro BhIGOpa HEH3BECTHOTO 3JeMeHTa, IIPH KOTOPOM JOCTHIaercs
Haugyuyuiee COBHaAEHHe BBIYUCJ/ICHHBIX H HaﬁﬂIOAeHHbIX xapaKTepH-

CTHK. HOSTOMy 3TOT METOXA PICC.HEZIOBaHHH HayaJl H_II/IpOKO IIPHMEHATBCSH

NpH H3YUEHHH UUPKYJIANLH atmochepsl U OKeaHa.

Ho B maTemaTnuecko#i Molend jpo/mkHa ObITh B aHaJII/ITI/I‘IeCKOI/I
dopMe CTPOTO yCTaHOBJeHa CBA3b MHTEHCHBHOCTH MCTOYHHMKOB SHEPTHH
C BBHYHCIAAEeMBIMM 3JeMEHTAMH, NOITOMY IOBHIIAIOTCS TpeGOBaHHUS
K HallUM NPEeNCTaB/IeHUsM O (pU3HKe NPOLECcCOB. B CcBA3M ¢ 3THUM BO3-
HHKAIOT HEKOTOpble 3ajayM, Ha TNepBBIH B3IVISL Majo CBs3aHHBIE C
B3auMoOZieACTBHEM, HO pelileHHe KOTOpPBHIX JOJKHO INpealiecTBoBaTh
pellleHHI0 OCHOBHOH mnpo6nembl. K HuM, B IepBylo ouepenb, clenyer
otHectd (basoBrle mpeoGpasoBaHHs BJard B arMmocdepe, ofpasoBaHue
¥ pacceuBaHue 00GJaKOB, a TAKMKe CBA3AHHYIO C HHMH TpaHc(opMamuio
sHepruy. He MeHBIIYIO BaXKHOCTH MMeET NapaMeTPH3aLUs PA3MHYHBIX
npoleccoB B aTMochepe W B OKeaHe IOJCeTOYyHOro Macmraba. Hap
STHMH U [IPYTHMH 3aJadaMi METeOPOJIOTHH H OKCaHOJIOIHH, BXOLAIIUMH
B npobieMy B3auMOZeHCTBUS IKHIKOH M rascobpasHofi cpep Hamlel
nJ1aHersl, yculeHHO pafoTaT yueHble MHOTHX CTPaH, M K HACTOSIIEMY
BpeMeHH YiKe H3BeCTHbI yCTOHYHBO paboTaloliie MOAENH, NO3BOJUBIIHE
BLIIBUTb MHOTHE CTOPOHB! B3aHMHOTO BJHSHHMS armochephl U OKeaHa
Ipyr Ha Jpyra B npeaenax [JIMTEJLHOTO IlepHOJA BpeMeHH, NOXOAA-
IIEro A0 HeCKONBKUX JIET.

Bospinoe BausHME Ha pe3ysabTaThl MOZENUPOBAHUS KpyIHOMAc-
INTabHEIX NpoleccoB B arMochepe H B OKeaHe OKa3bBAaeT BHIOOp MeTona

YHC/JIEHHOH peajiM3allMHd MOJENH M ee KOHEYHO-DA3HOCTHOH ammpoKCH- .
manus. PeimleHuto 3Toft npo6iieMBl NMOCBAIEHO MHOTO HCCJENOBAHUH -

COBeTCKUX M MHOCTPAHHBIX YueHhIX. ¥ HAac B CTpaHe 0CoOeHHO clenyer
OTMETHTb OpPUT'HHAJbHBIN NOAX0], paspabareiBaeMblit akajeMHkoM Map-
9YKOM H €ro HIKOJOM.

Hecmorps Ha GoJibloil KPYT YUeHHIX, 3aHSATHIX pellleHueM npobJem
KpynHOMaciTabHOTO B3amMOAEHCTBHSI aTMocdepsl M oKeaHa, H 60Jb-

. HIHe NOCTUIKeHUA B PACKPHITHH €e TalH MHOTHe CTOPOHBI B3aHMOJEHCT-

BuA NOKa He NOJNYUYUIH HaIJeXalllero OCBellleHMs HJH Pe3y/bTaThl Hc-
CIeNoBaHu# He ofHosHauHbl. HosTomy B HacTosmem yueGHOM. HocoGHu
H3JI0XKeHb TOJbKO OCHOBHBIE MEXaHHM3MBl KpyMHOMACIUTaOHOro B3au-
MOJIEHCTBHS M OCHOBHEIE, C TOUKHM 3pDEHHS aBTOpA, NPOSBJIEHHS 3TOTO
B3auMOJeHCTBHS B aTMochepHBIX M OKeaHHMUYeCKMX mpoueccaX. Ilpu
STOM Jaxke TaKWe Ba)KHble fBJEHMS, KaK TPONHUYeCKHe yparasel, oco-
GeHHOCTH 3KBAaTOPHAIBLHO-TPOIHYECKOH UMPKYJASUHH, KPYIIHBIE OKea-
HHYECKHE TeYeHHMS H MHOTHe ApYyrue, He HallVIH OTPAxkKeHHs] B KHHIre
N0 MPHYHHE CPaBHUTENBHO cJabofl H3y4yeHHOCTH, He MO3BOJIMBIIEH MX
OOBACHUTH C MO3HIMI B3auMoneHACTBHs aTMocdephl H OKeaHa.

" TlockosibKy OCHOBHOH HampaBJIEHHOCTBIO B H3J0XKEHWH JaHHOH
npobiieMbl GBIIM O6IMe (U3NYIECKHE acIeKThl, TO BOIPOCH NMpOABJEHHUS
B3auMoJleHcTBHA aTtMochepbl H OKeaHa B KOHKPETHBIX DPEerHOHaJbHBIX
YCJIOBHAX NMPAaKTHUYECKH He OCBelayIuch, HecMOTps Ha GoJblloe KOJIH-
4ecTBo NMyOauMKamui IO 5TOH TeMe. '
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M3-3a upe3BHMAaiHO GOMBINOLO KPYra BOMPOCOB, BXONAMIHX KaKk
B cOOCTBeHHO IpobiieMy B3aHMOREHCTBHS aTMochephl H OKeaHa, TaK H
B CONpHKAacawINHecy ¢ HeH MeTeopoJIOTHUECKHE H OKeaHOJOTHUECKHE 3a- -
JauH, 0Ka3aJoCh HEBO3MOMKHEIM B PaBHOH CTeNeHH OCBETHTH DPe3y.b-
Tarbl BCeX HCCAENOBAaHME M OTMETHTb BKJAJ KaxkJOro HccjaefoBatels.
HocratouHo orMeruTb, yTo I1naxoTHHK B KHHIe HO HCTODHH HU3YUYEHUS
B3auMoReHcTBHA aTMocephbl U. OKeaHa, COCTABJIEHHOH B CBOeH OCHOBe
Ha OTeYeCTBEHHHIX MaTepHasax, HCNoJb3oBan okojio 1000 ucrounukos.
B xuure Keppu u Yokepa «Cucrema okean — arMocepa» HCIOIb30-
BaHO oKo/e 600 HCTOYHHKOB, B OCHOBHOM MHOCTpaHHBIX. IIpumepHo
Takoe e 9UCI0 cchoK Y Pomia u T. x. TloatoMy npu uUsJoKeHuu ma-
TepHaJa B HacTosAleH KHHre pand oOJervyeHHsl 4TeHHs LHTHPOBAHHE
Pa3HUHBIX HCTOUHHKOB CBOAHJIOCH K MHHHUMYMY, XOTA B NOJHO{ Mepe
HMEJHCD B BHJY 34C/TyTH BCeX HCCJIe0BaTe/ el B peIeHHH TEX HIH HHBIX
paspenos 9T0# MHOIOrpaHHOH mpoGJieMsl.



1. O6mHOCTD 3aKOHOB M3MEHEHUS
OCHOBHBIX TepPMOIHHAMHYECKHUX
XapaKTePHCTHK aTMOCdepbl H OKeaHa

1.1. OcHoBHBIe ONpeneseHNsi TepMOJUHAMHUKHU

Ilpu n3yuenun aTMocepHBIX M OKCAHHYECKHX TIPOLIECCOB HEU30eKHO
NPUXOJMTCS CTaNKMBAThCA C PAas3/IMYHBIMH BHAAMHM IpeoGpasoBaHMs
SHeprud. B nepByio ouepelb 3TO OTHOCHUTCA K TpaHchopMaluH JydH-
croii sHepruu CoJHIA, 3a CYET KOTOpOH, B KOHEUHOM cueTe, (opMu-
pyIoTCS BCe BHIbl ABHXKEHHS B rasoo0pasHoi M XHAKOH 000/0YKax
Hamefi nnanern. lccaegoBaHHe 3aKoHOMepHOCTEH NIpeoOpa3oBaHHs
OJHOrO BHAA dHEPruu B JAPYToH, CBsi3eH SHEPTHH C COCTOSHMEM Bewie-
CTBa fBJIsieTCs, KaK U3BECTHO, IPEAMETOM TePMOAHHAMHKH, onpenemno-
el HanboJee OGLLHE 3aKOHLI, IIPHCYIIHe J0O0MY BellecTBY. B nanHon
rnaBe GyAyT paccCMOTPEHHI JHIIb Te 3aKOHBI TePMOJAHHAMHKH, KOTOpHIE
HeoOXO[MMBl IIPH HU3YYeHHH B3aUMOJEHCTBHS arMocdephl U OKeaHa.

TepmonunaMuKa HCCAEAYET COCTOSIHHE CHCTEMBI, T. €. HEKOTOpOro
onpefie/IeHHOr0 KOJIMYEeCTBa BEleCTBa, KOTOpoe He MoXer OulTh Hu Gec-
KOHeYHO O60JIbLINM, HH OGeCKOHEYHO MaJbiM, COCTOSIIHM, HampHMep,
M3 HECKOJIBKHX MoJIeKyJ. ATMocepa H oKeaH Kak B LeJoM, TaK H pas-
LeJbHO, Jaxe B OTPAaHHYEHHHIX 00beMaX, yAOBJETBOPSIOT THM TpeCo-
BaHHAM. [losToMy K HHM DpHMeHHMBI TIOJIOXKEHHSI TEPMOAHHAMHKH, a
camH o6beMbl BO3JYyXa M BOAHI, WM BCsi arMocdepa H MupOBo#i okeaH
Ha3bIBAIOTCSH MEPMOOUHAMUHECKUMU CUCTEMAMLL.

CoBOKYIIHOCTb CBOMCTB CHCTEMBI TaKHX Kak IJIOTHOCTb, TeMIIepa-
Typa, JaB/jeHHEe, BJAaXKHOCTh, COICHOCTb U T. X, ONPENENsIOT COCHIOAHUE
TEeDPMOJMHAMHUYECKOH CHCTeMBl, a H3MeHeHHe ee COCTOSIHMSA, a CJENOBa-
TeJbHO U €e CBOHCTB, HaskIBaeTcs npoyeccom. B cBere 3THX ompenene-
HUfl mo0ble npeoOpasoBanusl SHEPT¥M, V3MEHEHHs KOJUUYECTBA Bemle-
CTBA M €ro CBOHACTB Kak B IeJoM AJsi arMochepsl H OK€aHa, TakK H s
HX OTpaHHUYeHHHIX 0OBEMOB, IlepeHoC BellecTBa M T. [. SIBJAAIOTES IIPO-
ueccamy, NpPOUCXOISAIIUMH B TepMoAWHaMH4YeCKo# cHcreme. OOMmeH
TEIJIOM, IIapOoM M KOJHYECTBOM JBHKEHUS MeXIY atMmocepoli u okea-
HOM, OKE€aHHYeCKHe M BO3[yMIHBlEe TeYeHHs, H3MEHEHHs arperaTHoro
COCTOSIHHS BOZBI M MHOTOe ADYToe MOTYT CITyKHTD HpUMEpPAMH TepMO-
JYHAMHYECKHX IIPOLECCOB.

ITpu paccmorpeHHu CBOHACTB U cocTosinusg atmochepel M OKeaHa
C TOYKM 3DeHHS] TePMOTMAPOAHHAMHKH MOXKHO OTMETHTb DS OOLIMX
4epPT 3TUX cpel. B mepByio oueperb BO3AyX M BOAa B JAHHOM cjydde
paccMaTpHBaOTCA KaK CRAOUIHbIE MAMEPUanbHble ClcMembl C Hempe-
PLHIBHEIM pacnpejiefleHHeM BellecTBa H (HU3MYECKHX XAPAKTEPHCTHK.
llpu sToM MonmeKyasipHasi CTPYKTypa BellleCTBa BO BHUMaHHE HE IIPH-
HHM2eTcs, a ero MaKPOCKONHYeCKHe xapamepncmxn OLIpEeNISHOTCS
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OCpPeNIHeHNeM I10. HEKOTOPOMY .3/eMeHTapHOMY o0reMy ¢ XapaKTepHbIM
pasmepoM, CyIIECTBeHHO GOJBIIHM, 4eM AJHHA CBOOOAHOTC Ipobera
‘MoJIeKynel B KyGe. Tlostomy MO IJIOTHOCTBIO ‘P, TeMueparypoi T,
BJIaXKHOCTRIO, . COMEHOCTBIO M JPYTHMH XapaKTepUCTHKaMY BellecTBa
B KAaKOM-TO TOYKe mPOCTPaHCTBA B  JAHHOM CJIyYae ‘Clefyer NOHMMATh
COOTBETCTBYIOIIHE XapaKTeDHCTHKH 3JeMeHTapHOro obbeMa BOAbl HJIH
BO3/lyXa C LEHTPOM B YKa3aHHOH TOUKe U COfepiKaIero 60Jblioe YHCI0
MOJIEKYJI. .

ClienyioliiM BaXKHEIM CBOHCTBOM BO3JlyXa H BOABl ABJAETCA HX
CoiC UMAemocmy, T. €. HX IJIOTHOCTb MeHseTcsl B JOBOJABHO GOJBINMX Mpe-
nenax. Ho amech xe MeXMy XHAKOCTBIO U Ta30M HMEETCSH CyIIECTBEH-
HO€ Das3/IMuue, 3aKJ0YAIOeecs B TOM, UTO PACCTOSAHUSA MEXAY MoJe-
KyJlaMH B BOJie MHOTO MeHbllle, YeM B BO3JyXe. D10 NPUBOLHUT K BOZHHK-
HOBEHHIO' B BOJ€ 3HAYMTENbHBIX CHJ CLENJEHHsi, 0COGEHHO CHJABHO
BHIPAXKEHHBIX Ha IOBEPXHOCTH, OTJEJSIOEH €e OT ADPYIoro BelllecTBa.
IToatomy 3TH CHJBl HAa3BaJH nosepxHocmubimu. TTof X AeHicTBHeM Boia
HACTOIbKO CHJIBHO CXKAaTa, YTO APYIHEe CHJIB! BHISBIBAIOT Yy Hee UPe3BhI-
yafiHO He3HAUMTENbHOE IO CPABHEHHIO C BO3AYXOM H3MeHeHHe obbema.
3aBHCHMOCTb YAENBHOTO o0BeMa MM IJIOTHOCTH BO3AyXa H BOAHI OT
onpenessiiomux GaKTOPOB BHIPAXKAETCST ypasHeHuem cocmoanus. 11 Bos-
IyX, U MOpCKas BoJa IpPEeACTaBJsOT COOOH CMECH €O CPaBHUTENBHO
MaJibiM KosuuecTBoM npumecell S. ITosromy Bo MHOrMX Ciay4asx K HUM
NPHMEHVUMHl 3aKOHOMEDPHOCTH, CHpAaBeAIHBbLIE JHIIb A XUMHUECKH
YHCTBIX BeINECTB.

B ofmem Buje ypaBHeHHE COCTOSHHS uepes yIeAbHBIH 0ofbeM v
MOXKeT OBIThb IpejcTaBieHO. Belpaxkenwem v =v (T, P, S). Orciona
noJHeE  nuddepenuruan (GYHKIME COCTOSHHS CHCTEMBl V MPENCTaB-
JseTcss B BUAe QYHKIMH TPeX NepeMEeHHBIX:

= (), () ()05

Ecnu Bce usieHEB! HOJYYeHHOTO BEIpAXKEHUA IOANUTh Ha yeIbHBI
ofpeM v, TO KO3(pbHIHeHTaMH IDH Ampq)epeﬂunanax TeMHepaTypr
Iasnenusi P u npuMecu 6yAyT:

K03hhUUNEeHT TePMUUECKOTO DaCILIMpEeHUst

1 ,
:7_5%), (1.2)

KO03(pUIHEHT NVIOTHOCTHOH CXKHMaeMOCTH

E
kp=—i{ﬁl , (1.3)
‘V .
Kosdhdbunyent obvemHO# HedopManyH 3a CYET IPHMECH v
1 ¢ dv :
ho=— — — —) . 1.4
N ) (1.4)
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I—Iepea nepeqncneﬁﬁme nmapaMerpsl ypaBHeHHe COCTOSHHA Boanyxa
H' BOZEI BBIpazkaercsi B AH@)@epeHunaﬂbHOM BHUIE:

v : .
: AT —kpdP — kgdS. | (1.5)

Hmes B BHAY, UTO MJIGTHOCThL 06GpaTHa yAeMbHOMY 00beMy 0 = 1/v,
JIETKO NOJYYHTb aHAJOTMYHOE BHIpaxKEHHe JJIsi H3MEeHEHMs IJIOTHOCTH.

HecMmoTpss Ha CpaBHUTeJBbHO MPOCTyi0 GopMmy 3anmuch nuddepeH-
HKaJbHOTO yPaBHEHHsI COCTOSTHHS, OHO He BCeria yHoOHO IVisi IPaKTH-
4ECKOT0 HCIOJNBb30BAHUS U3-32 H3MEHUYHBOCTH BXOASMHX B HETO KoaddH-
nHedToB. [lo3ToMy YacTo IOJB3YIOTCA YNPOUIEHHLIMH BbIPaKEHH MU
ypaBHeHHsi COCTOSIHHSI CHCTeMbl. IIpH 3ToM BO3AYX CUHUTaeTCs CMECHIO
ujeanbHEX Ta30B, MOJEKYJbl KOTOPHX He ¥MeloT o0beMa U He B3aUMo-
mefictBylor MexnAy coloii. ITosaraercsi, 4To rasoBblfl COCTaB CYXOTO
BO3LyXa HeH3MeHEH H ero CpelHAs OTHOCHTe/JbHas Macca paBHA M, =
= 28,97. CunbHO MeHsIeTCS B BO3AYyXe JHIIb MJIOTHOCTb BOASHHIX Ha-
POB (g, OTHOCHTeJbHasi MOJEKYJsipHasi Macca KOTophlx m, = 18,02.
YpaBHeHHe COCTOSIHUS JIst CMECH HJEaJIbHEIX Ia30B INIOTHOCTBIO Py,
cocTosmell U3 CyXoro BO3LyXa W BOASHOTO Iapa, WMeeT BHJ

P— RT(pc n) T (Rpe+ Ruor)s (1.6)

rae R, = 8313 Jx/(xI'-K) — yHuBepcanbHas rasosas IOCTOSIHHAS,
R = Ry/mc = 287 JIx/(xr-K) —rasoBasi IOCTOSIHHas CyXOro BO3-
nyxa;, Ry, = Ry/m; =461 [x/(xr-K)— rasosas INoOCTosfHHas BO-
IsHOro mapa.

Yaitie B dopmyae (1.6) Hcmoab3yercs MJIOTHOCTh BJIaXKHOT'O BO3-
IyXa ¥ yAedbHas BJaxKHOCTh S, == ¢ = p,/p,. Torza oHa no dopme
COBIIafiaeT C YpaBHEHHEM COCTOSIHHS HIeajbHOTO Tasa

P=RplT§[1+q(1;" -— 1)]=Rp1Ta. (1.7)

B METEOPOIOTHY BbIpaXKeHHe T 1 + q (R./R—1)] naswBaercs
BHPTyasnbHOH Temmeparypoil Tj.

B Bose cBOGORHOE MPOCTPAHCTBO Mexmy MOJIEKYJIaMH HEeCpPaBHHMO
MeHbILE, a CHJbl MPUTSKEHHS MOJNEKyJ BOZBl ADPYT K APYTY 3HAYH-
TeJbHO GoJbille, ueM B Bo3ayxe. IlosToMy ypaBHeHHEe COCTOAHMS HJe-
aJbHOI'o rasa 3hecb He HMPHMEHHMO. AHaJIOi‘HH C BO3JYyXOM CBOAUTCA
K TOMY, YTO ypaBHeHHe COCTOSIHHsI NPecHOH BOIbI ONpefelsiercs TeMH
JKe XapaKTepHCTHKaMH, T. €. JaBJeHHeM, TeMOepaTypoll ¥ IIOTHOCTHIO.

Poab coseli B Mopcko# Boje MOMKHO KaueCTBEHHO YHOJOOHTb POJIH.

BJIATH B BO3LyXe. B 3TOM ciyuae cosleHOCTb S HEoOXOAMMO paccMarpH-
BaTh KakK mapaMerp cocTosiHusi. OCHOBHOE SMIHPHYECKOe COOTHOUIEHHE
MEXIy OTMEUeHHBIMH XapaKTepHCTHKaMy IIPHBEeHO B oKeaHorpadude-
ckux Tabaunax. Ho oHO oueHb rpoMO37Koe M Ha. MPaKTHKE 4acro 3a-
MeHseTcs GoJiee YIPOUIEHHBEIMH ypaBHEHHsIMH cocTosHud. VI3 HHX Hau-
Gosee UIMPOKOE pACIPOCTPAaHEHHE B Halllefl CTpaHe NOJIYUYHJIH ypaBHe-
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HUS, HpeILJIO}KeHHbIe H C. JluHeAKMHBIM (1 8) u O. H. MaMaeBmM
(1.9):

02 (T, S, P)lpy=1 +710_5 (31T—"32T2'f83817j+348 +2sP), (1.8)

rge po = 1 r/em’; &, = 6,89 °C1; &, = 0,918 °C2; g, = 0,39 °C-1x
X (0/go)t; €0 = 82 (0/go)™"; & = 5:107° ITa™.

0, (T, S, 0)/py=1--10""[2815,2— &, T —e; T + (e1—esT) (S — So)],

o (1.9
rae & = 7,35 °C‘1' g, = 0,469 °C?; g, = 0,2°C™ (%/4)%; &, =

802 (/40)7% = 35 /0.

HsectHBl 1 npyrue NPHOJIMKEHHBIE TPEACTABNEHHS yPABHEHHUS
coCTosiHUA MOPCKoH Bombl. ITonpoGHBIR NX aHANM3 NpHBENEH B paﬁoTe
[361.

B TepmonuHamuKe pasnnyaioT TOJNLKO [Ba BHJAA SHEPTUH: BHYTPEH-
Hioto 1 BHewHol0 [60]. Ileppas ck/anbBaeTcsi B OCHOBHOM H3 SHEPTHH
IIOCTYIATeJbHOTO ¥ BPAILATENbHOIO ABIKEHHS MOJIEKYJ, KX B3aHMO-
JEHCTBHUS, U3 BHYTPHATOMHOH M BHYTPHAJEPHOH sHepruu. Bo Bropo#
BHJI 3HEPIUU BXOJUT SHEPTHsl ABIKEHMs BCEH CHCTeMBI, KAaK €IHHOI'O
eJIOT0, U 3HEPTHA HOJIOKEHHS CUCTEMHl B IIOJ€ CHJI HpPU YCIOBHH HE-
HSMEHHOCTH BHYTpeHHell sHepruy. B mporusHoOM ciyuae HaCTE SHEPrHH
TNOJIOKEHUS IEPEfifeT BO BHYTPEHHIOMW.

Jlio6o# BUA 3HePTHH ) sIBJASETCS OJHO3HAYHOH Q)yHKuHeH COCTOSL
HHsl CHCTEMBl M He 3aBHCHT OT IIyTH, IO KOTODOMY COBEpHIaercsi nepe-
X0l OT OJHOTO COCTOSIHMSA K ApyroMy. EAuHCTBEHHO BO3MOKHEIME Tep-
MOJAMHAMHYeCKHMH ¢(opMaMHU Iepefauyy SHeprud OT OZHOH cucrembl K
Ipyro# sBasercs Tensora Q u pabora §. MameHeHHe 3HepTUH B pe3y.ib-
TATe STHX TPOIECCOB COCTABJACT CYTh NEPBOrO Hayala TepPMOAMHAMHKH
1 BBHIpaxkaercs ¢opmyJsof

49 = dQ—dg. (1.10)

B npuHmume u3MeHeHHS SHEPUHHM KakK B BUIE Tellja, TaK H uepes pa-
00Ty 3aBHCAT OT OYyTH IpoLecca, NOCKOJABKY MPH STOM. PA3JTHYHBIM
Oyner BkJaK x0Ts 6Bl TpeHus. OJiHAKo B 3HepreTHKe GOJBLIMHCTBA Me-
TEOPOJIOTHYECKUX M THAPOJOTHYECKUX IIPOLECCOB €r0 POJIb HesHauH-
TeJbHA, ¥ TOITOMY YJeHH NIpaBoit gacTd gopmyast (1.10) mMoxkHO pac-
cMaTpuBaTh Kak audepeHmalIbL.

OueHb BaXHBIM TEPMOAMHAMHYECKHM IIapaMeTpoM SIBJIACICH IH-
mponus. ~ 1), XapaKTepHU3yIOasi MAaKPOCKOIHUECKOE COCTOSIHHE CH-
CTeMBI B 3aBHCHMOCTH OT €€ MHUKPOCTPYKTYpH. OHa MakcuMmasbHa IpPH
PaBHOMEPHOM . paclpeieNieHuy BCeX IIapaMeTpPOB COCTOSIHHS B CHUCTEMe.
Uem MeHee PaBHOMEPHO OHM paclpefieleHbl, TeM MeHbIIe 3HAaueHHue
SHTPOIHH. cHCTeMBl. CBSI3b MEXIY 3Heprueil, sHTpouuedi U TaKUMH Ia-
paMeTpaMM COCTOSIHMS CHCTeMBl Kax Temneparypa T, naBieHue P, Ko-
JINYecTBO TnpuMecedl S, Ol'IpelleJIHeTCH [70] ocHOBHEIM ypaBHEHHEM Tep-
MOZHHAMUKH

d9 = Tdn— Pdv -+ udS. (1.11y
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Ecin B KaueCTBe TepMOAHHAMMYECKOH CHCTEMbI PACCMATPHBAETCA BO3-
IyX, T0 S oBosHayaer _OTHOCHTe/IbHYIO JIOMO BJIaTH B 06beMe v, a NpH -
paccMOTPEHUH MOPCKOM Bogbl S 0003HAYAET CONEHOCTE. I'IapameTp u
NPEACTABAAET COO0OH PAasHOCTb MeXLY XUMHYECKUMH I[OTEHIHMAIaMH
BCeX NPUMECEH ¥ OCHOBHBIM BellECTBOM CHCTEMEL.

Ypapnenne tepmoanHamuky (1.11) omuceiBaer CBA3h MeXIy PsiIOM
NapaMeTPOB TEPMOLHHAMHUYECKOH cHCTeMbl, Oyab €0 BO3AYX UM BOZA.
Takue mapamerpnl, Kax sHeprus, SHTaJbNHsA, SHTPOMUS OOBIYHO He-
IIOCPEACTBEHHO HE H3MEepdAioTCs, a BBIUYHCASIOTCA Yepes TeMmIeparypy
H TEMJIOeMKOCTb. JTa B3aHMOCBS3b BHITEKAeT M3 YIOMAHYTOIO ypaBHe-
Hust. Ecaim B KayecTBe He3aBHCHMBIX TIePEMeHHBIX B HeM HCHOJB30BaTh
Gosiee WJIH MeHee JIELKO H3MepsieMble TEMIIePaTypy, YHeNbHEIH o0beM
M KOJUYECTBO INpHMeceHd — yJeNbHYI0 BJAXHOCTh HJH COJIEHOCTD U
NOJMHBIA auddepennyan BHyTpeHHed SHepPruM NMPEICTABUTD Yepes 4acr-
HBIe IPOM3BOAHbIE [0 ITHM TPEM 3JIeMeHTaM, TO NIOyYaercsl BbipaXKeHne

43 a3 a3
—) dT+(— —" = dS —Pdv (1.12
(\DT vS +(0V Tsdv+(58 TvdS Tdn+p v{1.12)

B Tom cayyae, Korja He IIPOMCXOLUT U3MEHEHUS o0beMa ¥ IPUMECH
CHCTEMHI, 5TO ypaBHEHHe YIIPOLIAETCS.

Ilpn mepeuncieHHHIX ofpaHHYeHUsX YacTHHIE Auddepernnan cos-
Najaer ¢ IOJHEIM, 4 3HaueHHe IIOMyYeHHBIX BBIPAXKEHHH 3aBHCUT OT
(pH3HYECKUX CBOMCTB BEIECTBA M HOCHT Ha3BaHHE MENA0eMKOCMU Npu
NOCHOAHHbIX 00BeMe U Koauvecmse npumecets

(42N (Y . 1.13
Gs=\Tar )vs T(ar )vs (113

OHo sBasieTcs OGIMM KaK AJisT BO3LYX4, TaK W AJs BOABL.

Tlpouecc Moxker HpoTeKaTh He IPH HNOCTOSTHHOM 0oO0beMe CHCTEMHI,
a NpH HeM3MeHHoM JaBJjieHHH. B stom cayuae ynorpebiasiercs menio-
eMKOCIb npu  NOCMOSHHOM OaéAeHuy WIH W300apuuecKas TelioeM-
KOCTb, KOTOpas aHAJOTMYHO Haxoaurcs us ypabHenus (1.12)

cPs—cver[ %z—) +P](%)PS. N (1.14)

Ilocnenuuii unen atofi GopMyJE! XapakTepH3yeT KOJHUECTBO TelJa,
: rdv
KOTOpOe IOIILIO Ha CoBeplleHHe PaboThl PFF U Ha ¥3MEHEeHue BHYT-

peHHell sHepruM, CBSI3aHHOH C M3MeHeHHeM o0beMa.

Bosee mpocroe BhIpaxkeHHe H300apHUECKOH TEMJIOEMKOCTH HOJY-
yaeTcsl IPH HCNOJb30BAHMH SHTAJNBIHH §, = I -+ Pv. Ilpu sToM B oc-
HOBHOM ypaBHEHHWHM TePMOIHHAMHKH Jejlaercs IIepeXoi OT 3HepPIUu
K SHTAJbIUHM M IPOU3BOASATCA TakHe XK€ olepaluH, KaK ¥ IPH IONY-
YeHMH HM30XOPHOH TeIIOEMKOCTH. B pesy/braTe IOJy4aeTcsl BhIpaxke-
HHE TEeNJOEMKOCTH IpH IIOCTOSTHHOM JABJIEHHH HJIH u300apu4eckol

menaoemKocmu ‘
(), (), oo
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Tel’IJ'IoeMKOCTb IIPH TIOCTOSTHHOM JNABJIEHHH He GHIBAET MeHbILIe, yeM
H30XOpHas TemnoeMKocTh. M3 obmelt dopmysst (1.14) stor BHBOZ He
CHIeflyer cpasy ABHEIM 06pasoM, OLHAKO I0C/IE HEKOTOPHIX npeoGpaso-
BaHUH BHJ (bopMlebl CTaHOBHTCS 0oJiee MPOCTHIM

eps—cys = THVIEp. | (1.16)
HpaBas{ uacth 1o# POPMYJIEI BCETAA NOJOKHTENbHA, T. €.
Cps > Cys.

Ecin nosiarate Bo3AyX uieaJbHBIM Ta30M, TO H3 YPABHEHHS COCTOS- .
HHAS JIETKO HaXofsATcs KosbduuueHTsl Ry ¥ kp u Torga -

cp—c,=R. (L 17)

C ZOCTaTOuHOH AMA MHOTHX IPAKTHYECKHUX LieJedl TOUHOCTBIO IS
Bo3nyxa ¢p = 0,99 IIxk/(r-K). ITockoabky R = 0,287 Ox(r-K), to
¢, mouru Ha 30 % MEHBLIE, YeM Cp.

PasHocTb TemJoeMKOCTell Bojbl 3HAUHTENLHO MeHblIe, 4eM BO3LyXa,
¥ 3aBucHT OT Temnepatypsl [51}. ITockobKy IpH TemmepaType HanGob-
LIed IoTHOCTH By = 0, ToCpg= C,s. Bo BCeX ocTaibHEIX caydasnx, Kak
npu kp >0, Tak u npu ky <<0, TEIIOEMKOCTb BOABI IIPH IOCTOSSHHOM
AaBJeHUH GoJIpLIE TEIVIOEMKOCTH IIpH IOCTOsIHHOM oO6beme. OpHako
H3-32 MAJOCTH Ry 5Ta pasHOCTb 0GBIMHO He mpepbiiiaer 5- 1078 [Tk /(r- K)

TepmozuHaMHyecKHe HpONeCCHl, Npoucxofismue Ge3 ofMeHa Tel-
JIOM MeXKAY CHCTEMOH M OKPYKalollUM IIPOCTPaHCTBOM Kak B atmoctepe,
TAK M B OKeaHe, HaswlBawTca aduabamudeckumu. OueHb YACTO TIpU
BEPTHKAJBHEIX IePeMellleHHsX Bo3AyXa U BoAbl U3MEHEHHe Temmepa-
TYpHI 32 CYET MePenajoB AaBJeHHS OKAa3bIBAETCS MHOTO OOJBIIHM, YeM
3a cueT NpHUTOKa TemJa. B sTom caydae mpoliecc CTaHOBHUTCS RpaKmu-
Hecku aduabamuueckum. ,

I oB6paTUMbIX HpPOLECCOB, INPOHCXONAIIUX  0e3 o6MeHa IIpUMe-
. CSIMH ¢ OKpYy:KatollleH cpefoll, OTCYTCTBHE NMPUTOKA TEIJAa COOTBETCT-
BYeT HEH3MEHHOCTH SHTPONHM, IIOSTOMY TaKHe IIPOIECCHl MOXKHO Ha-
3HIBATh usdsumponuueckumy. I1py nepeyncieHHEIX YCJIOBUAX ypaBHeHHE
tepmopuHaMuxy (1.12), B koTopoM H3MeHeHHe BHYTPEHHeH sHepruu
BBIPAXKEHO Yepe3 Tel/OEMKOCTh, UMEET BHJ

cysdT + [("—3 o P] dv =0, (1.18)
ov Jrs ,
C yuerom Bripaxennit (1.14) u (1.16) nmonyuaercs
(_23_ 4+Pp=TF1, ' (1.19)
v Jrs kp
CrenoBaTeLHO,
Tk
AT = ——TL (v, _ » (1.20)
gvS{fP

3 dbopmysbl gCHO BUIHA CBA3H MEXKAY H3MEHEHUSAMH ofbeMa U TeM-
neparypbl. B ciayyae -noabema Bo3nyXa /M BOAbl M NPOHCXOAAMIErO
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IpH 3ToM pacliupeHun ofbema. dv >0 mpoucxoaut anuabaruyeckoe
HoHuKeHHe TeMuepatypdl, TaKk Kak dT < 0. Ma-3a Toro, uro npu TeM-
nepaType HHMKe, deM TeMIEPATypa HAuGOJIBIIOH IIOTHOCTH, 3HAK by
y BOIH MeHsieTcsl Ha oOpaTHHIA, TO IPH 3TOM JHANasoHe TeMHepaTyp
BOZa IIPH pacllMpeHHM anuabaTHuecKH HarpeBaercs.

B SoabiiuHcTBE IIPaKTHYECKUX .pacyeToB BMECTO H3MEHEHH H y}];eJIb-
Horo o6bpema ynoGHee HCIIONBb30BATb H3MEHEHHE JaBJieHUdA, KOTOopoe
CBSI3aHO OYeHb IPOCTOH 3aBHCHMOCTBIO € BePTHKAJbHBLIM IEpeMell HBa-
HHEM BO3ZyXa H Bofbl. [[15 NOMYYeHUS TAKOTO BHIPaXKEHHA yHAOOHO
Hcrob3oBath Gopmyay (1.14), ymuHoxennyio Ha dT. Ilocienyiomas
3aMeHa C nomolnbio Gopmya (1.18) u (1.19) useros, B KOTOpBIE BXOAAT
Cys H -9HEprHsi, TPHBOJHT K BHIPAKEHHIO

TR (&N -y aw]. |
cpsdT == [(dT dT dv] (1.21)

HcnonssoBanue ypaBHeHHs coctosaua (1.5) pas 3aMeHbl BbIpaXKe-
HUA B cKoOKax paer

dT = Tkv 4p. (1.22)
Cps .

[TockosbKy

dT 4T dP

dz . dP dz
a NocaAefHUA MHOXKHTEIb HAa OCHOBAaHWH YPABHEHHSI CTaTHKH paBeH

2

dz v ’

10 u3 ¢opmyas (1.22) ¢ HoMowpio HepedHCIeHHBIX NpeobpasoBanuil
HaxofuTca aduabamuueckuil epaduenm memnepamypol

(L )= ngT. | ‘.(1.23)_

STOT TpajHeHT JaeT IpeJCTaBJeHHEe 06 H3MEHEHUSX TeMIlepaTyphl
BO3JyXa M MOPCKOH BOAB NPH HX BEPTHKA/JbHBIX IepEMENeHHsX Ge3
o6MeHa TeIIOM H IPHMECSIMH C OKpyKamwliell cpepoii. HrucaoBoe 3Ha-
yeHHe 3TOTO I'PajfiieHTa B aTMochepe TIPH OTCYTCTBHH ¢a3oBerx npeoGpa-
soBaHuil Biaru cocrasiaser 0,99-10~2 K/wm.

AnuaGaTHueCKHi TPAafHeHT TeMIEDATypH LI MOPCKOH BOZHI To-
pasno MeHbIIE, ueM IJisT BO3LYyXa, H He OCTAercsi HOCTOSIHHBIM H3-33 CY-
ECTBEHHOTO H3MeHeHUsi ky. IIpu Temmeparype Haubosbllef NJIOTHO-
CTH OH paBeH HYJIO, @ HpH Gosee HUSKOH TpajHeHT Jaxe MeHAET
cBofi 3HaK. B pnanasoue remneparypst 10—20 °C, rpe by ~ 1,5- 107K,
aguabaTHYeCKHH TpajHeHT TeMIeparyphl IPHMEpHO Ha JBa mopsiKa
MeHbllle, ueM B BO3/yXe.

BelieicTBHe afuabaTHUECKUX U3MEHEHHH TeMIepaTypl BO31LyH.IHbIX

U BOJHBIX MacCC 3a CUYET CMEHBI ,I[aBJ'IeHHﬂ H3MepEeHHaf TeMHepaTypa'

yacTo He OTPAXKAeT TellJIOBOe B3aUMOJIEACTBYE MeXKAY BBIAENIECHHOH Mac-
colt ¥ oKpyxamwlnei cpefoii. ITosTomy B METEOPOJIOTHH H OKEAHOJLOTHH
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NPHHATO TemlepaTypy IPHBOAMTL aXHAGATHYECKHM IyTEM K HEKOTO-
poMy CTaHIAPTHOMY [aBjleHHWI0, HCK/IIOUAS TeM CaMBIM ee ajyabarHde-
CKHe H3MeHeHHs. B mereoposoruum B KauecTBe TaKoro CTAaHZAPTHOrO
ZasJienus npuHaTo 1000 mMBap, 7. e. 10° [1a; a B OKEaHOJIOTHH — [1aB-
JieHHe Ha NOBEepPXHOCTH OKeaHa,

HpI/IBeJleHHyIO TakuM 00pasoM TeMHepaTypy HA3BIBAIOT NOMeHYyu-
arvrotl memnepamypoii 6. .

Bripaxkenue, onpejenisiomiee NOTEHIHMAIbHYIO TeMIeparypy BO3-
IyXa, Jerko noayuuts H3 Qopmyasl (1.22), eciu B Hell IPEICTaBHTD
Ko3(}puIeHT TepMuyecKoro pacilupeHUa uepe3 ypaBHeHHe COCTOSHHSA,
a 3aTeM INPOHHTEIPHPOBATh IOJYUEHHOE BhIpa)KeHHe OT HayaJbHOro
COCTOSIHHA [I0 KOHEYHOTO CTaHZapTHOTrO AaBjeHHs P, u Temneparypsl T o

T0=6=T(-£;)9-)R/CP. . (129

‘Dra dopmyna HocHuT HasBauHe ¢opmyasl IlyaccoHa u: mHupoxko mpume-
HsEeTCS B METEOPOJIOTHH s [gpaBHeHm{ TepPMOLAHHAMHYECKOTO COCTOS-
HUS BO3AYIIHEIX Macc'_,] I ONpefiesieHHs H3MeHeHHSI MX TeIJIOBOro
COCTOSIHHUSI oA AeHCTBHEM HeafHabaTHUECKHX HCTOUHHUKOB Tella # T. X.

BhipaxeHye INOTeHIHAAbHOH TeMIeparypbl MOPCKOH BOZBl B NMPHH-
I¥le MOJXKHO IIOJTYUHTh TeM. 3Xe cllocoboM, UTo M AJjs BosAyxa. OnHako
H3-3a CJOXKHOI'O BHJA 3aBHCHMOCTH Ko3a(hdHIHeHTa TepMHYECKOTO pac-
LIHPEHHs BOABI OT ONMpeAe/soUX (aKTOPOB He HOMydYaercss MPOCTOro
BhIpaXkeHHusl THna dopmyant Ilyaccona. IlosTomy BHIpaenue anuala-
THUeCKOH NONpaBKH OGHIYHO JaeTcst B HHTErpajbHOM BHJE

0
8T = Sﬂ dz, (1.25)
. P CP

Tle z — paccTosiiue OT NOBEPXHOCTH OKeaHa.

B naHHOM ciayuae mepemMeHHas T BXOJHMT IoJ 3HaK WHTerpaja, yTo
- eme GoJpllle 3aTpyAHSeT ero BhEUHcAeHHe. [losToMmy nemnecooGpasHee
HaxofuTh NOTEHIHMANbHYI0 Temmeparypy H3 ¢dopmyawl (1.23), mpensa-
PHTeJNBHO NepeHecs: TeMIeparypy B ee JeBYIo 4acTb. 1OrAa HHTErPHPO-

BaHHe nacer
. 0

0=Texp j__’fl"_ dz |. (1.26)
¢ °p :

Hecmorpst Ha oueHb Masyi0 CKHMaeMOCTh BOJBI, NIpH ee GOJBLIHX Bep-

THKAJIbHBIX ' ITepeMellleHHAX aauabaTHiecKas MONpPaBKa MOXKET ObiTh

CyIIECTBEHHOH.

Ilpu ompenenenun HeaguaGaTHuecKHX H3MeHeHHH TeMIIepaTy phl
MOPCKOH BOJIBl, TaK K€ KaK M /I BO3AyXa, cjelyeT HUCIO/Ib30BaTh I0-
TeHIHAJbHYIO Temmepartypy. Ha mpakruxe, ocoGeHHO NpH Hccaeno-
BAHUH TEIVIOBOTO COCTOSIHHS MOBEPXHOCTHOLO €/IOsi OKeaHa, OGBIYHO
TeMIlleparypa He HPUBOIUTCA K craunapmomy JIABJICHHIO H3-33 MaJloH
anuadaTHueckol IONpaBKH.

24




1.2."YpaBHeHHe JIBUKEHHS BO3JAYyXa H BOIHI

I Bmxenre arMoceprl ¥ okeaHa Kak CIVIOMIHBIX CpeJ NPOHCXOLHUT
mof JeHCTBHEM MHOTHX CHJI, KOTOphle B COOTBETCTBHH C IIOJOXKEHHIMH
rugposuHaMukd [34] mpHHSITO NMoxpasienaTh Ha ABa BHAA: 00BeMHbIE
WM MAcCOBEIE U nosepxHocmmoie. K TEpBEIM OTHOCATCA Te CHJIBI, KO-

TOphle NeHCTBYIOT cpasy Ha Bce sJeMeHTH o0beMa: IPaBHTAIHOHHbLIE

snekTpoMarHuTHEE U T. A. Ko BTOpOfi KaTeropuu cuJ OTHOCATCS Te,
KOTOpble AeACTBYIOT HENOCPEACTBEHHO HAa CPABHUTENBHO TOHKHMH CJIOH
YaCTHI, paclo/IoKeHHbIX No nepudepun obbema. Ciofia OTHOCATCS CHIIBI
IaBleHUS ¥ TPEHHS Kak Mexny arMmochepol U OKEaHOM, TaK H MEXKLY
ofbeMaMH ra3a WM KHIKOCTH BHYTPH 3THX cpel. KoHeuHo, AaBjeHue
H TpeHHe NepejaloTcsl BHYTPH oObeMa, Kak, Hampumep, Nepenaercs
B I1y6b OKeaHa TpeHHe BO3AyXa O BOAY, BLI3LbIBas JpefcoBoe TeueHHe,
HO HeIIOCPeACTBEHHO Nepefaya CUJbl TPEHHs OT OXHOH Cpemel K Apyrok
B JaHHOM NpHMepe IPOHUCXONUT Ha NMOBEPXHOCTH HX pasjela.

Crporo roBopsi, IpH U3yYeHHH AMHAMUKU atMochephl 1 OKeaHa Kak
CIJIQHIHBIX CPEA paccMATpPHBAIOTCH He caMM oObeMHEE HJIH NOBEpXHOCT-
Hble CWIBI, a IJIOTHOCTb HX pacnpefenenusa. CorjacHo onpefeleHHIo,
IaBaeMOMYy B MeXaHWKe CIUIOMHEIX cpel [34], mox mioTHoCThIO pac-
npefiejleHds oObeMHEIX CHJ B ToukKe O NOHUMAIOT NpPeNesa OTHOLIEHHS
PaBHONEHCTBYIOIMX CHJ, AeACTBYIOMMX Ha 9acTHuUBl Majoro obbema
Av ¢ uentpom B Touke O0—AF, x macce sToro o6bema

e AR, - ,
F= lim pM) | (1.27)

Unn pna sneMeHTapHOro ofbpema dv ¢ IEHTPOM B O .
' dF,=Fpdv. (1.28)

IloBepxHOCTHBIE CHJEL P, Takke omnpemenAlorcsi MJIOTHOCTBIO HX
pacnpesie/leHusl WIH HanpsrkeHHeM, HO He IO o6beMy, a IO NOBEPXHO-
ctd /1. B TakoM clyyae Iof BeKTODOM NOBEPXHOCTHOM CHJIBI B TOUKE
O mnonyMaroT NpOHM3BElleHHE BeKTOPA HAINpPsKEHHsS Ha 3/EMEHTapHYIO
nJowanky ¢ ueHrpom B Touke O dP, = P.dIl. _

J1s Toro, YTOGEI NMOJYUYHTbL OCHOBHOE ypaBHEHHe ABHIKEHHS 3Je-
MEHTapHOTO 00beMa KAaK.BO3LyXa, TaK H BOAH HCIOAb3YeTcs 3aKOH
H3MeHeHHs KOJUYecTBa ABHKEHMd, IJIacAmUi, uTo U3MeHeHHEe IJIaBHOTO

BE€KTOpa KOJHYECTB ABIKE€HHUA CHCTEMbl MAaTCPHAJNBLHBIX YaCTHIL 1 paBHO -

TJIaBHOMY BeKTOpY BHEIIHHX MACCOBBIX H IIOBEPXHOCTHHIX cui. Tax Kak
I paBen uHTerpasny mo o6beMy OT NpOH3BENeHMI aGCOMIOTHBIX CKOPO-
creft 'V, Ha sJeMeHTapHbIe Macchl wacTul dV

I={VdM = V,pdv, (1.29)
v v

TO

ad
7{_=W£Vapdv=£pfdv+LPndn. (1. 0)
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IIpu HensveHHOM BhbiTeNeHHOM OGbeMe H Macce BelIECTBa B HeM Je-
Basi 4acTb BoipaxkeHus (1.30) MO}KE’I‘ 6EITH npeobpasoBaHa CENyIOUHM
o6pasom

—dz—jv,,pdv= pdv Lo (1.31)
4 :

B HOJIy‘-IeI-IHOM ypaBHeHHH CKOPOCTH JIBHKEHHUS OTIPEJeJISieTCs TI0
OTHOIIIEHHIO K HHepUHaIbHOH cucreme Koopaunat. Ho B ‘mereoposoruu
H OKEaHOJOrMH MHTepPECYIoTCsl, KaK IPaBHJIO, CKOPOCTHIO IO OTHOLIE-
HUIO K TIOBePXHOCTH Bpamlamomeficss 3eMiH, T. €. HeHHEPIHAJIbHON CH-

.~ creMol KoopiaumHar. J[jgs Toro

z 0 4TOOH! Y4€CThb YCKOPeHHe, BO3HU-

Kajolee 3a CUeT BpalleHUs 3eMITH,

. HPOU3BOIUTCA IIepeXol K KOOPJH-

N »y  HaraM, CBS3aHHBIM ~C 3ewmJefl.

r/ R IlycTb BEKTOp T Ompejessier  [mo-

_ 7 JoKeHNe [EeHTpa. BEIENEHHOTO

i " 3JIEMEHTApPHOTO 00BeMa .B Hemo-

" . JIBUJKHOH CHCTeMe KOOPJMHAT X,

’ ' Y1, 24, @ Ig~— B IIOIBUXKHOH ¥,

x : y, z (puc. 1.1). Torma, ecam r,

‘ ™Y1 obo3Hauaer mepeMellleHHEe IEHTpA

HOABHUAKHOH CHCTEMBl KOOPJMHAT,
MOKHO 3anucaTh

X r=ry+r,=r;+ (xi + yj -+ 2k).

Puc. 1.1. CxeMa nOM0MKeHUS TOUKH 4 u .
B HENOABHIKHON H IOLBHKHON cuCTe-, TOOBI IEPEATH K YCKOPEHHUAM,

MaX KOOPEHUHAT HYKHO 3TO BbIDa)KeHHe JIBaXKAbl
: nponuddepeHnupoBaTh MO ¢ U
BBeCTI/I YIVIOBYIO CKOPOCTb ®, B PE3yJIETaTe Hero Io/yYaercs

Zy
l .

d2t2 = Lf;;zl +( X Fo)r+0)><(v(0 Xro)—i—_d_t—v—{—Q'(va)’ (1.32)

3peck V — CKOPOCTh ABIIKEHHS OTHOCHUTENBHO NOBEPXHOCTH 3eMJIH,
Bpammamleficss ¢ YraoBoH CKOPOCTBIO .

ITockoibky @ = 7,29-107° ¢! ecTp BeiuuMHA [OCTOSIHHASI, TO
- BTOpOH wieH mpaBoll wactu Bolpaxenus (1.32) pasen uymo. Takxe
paBeH HyJO U IMepBbIH uieH HU3-3a PABHOMEPHOCTH IIOCTYNATENbHOrO
IBIKeHHS 3emau. B TakoM caydae abcosioTHOE YCKOPEHHE TPEICTaB-
aserca dopmysiol

tii‘;a =%-+mx(6xr0)+2(me), ) (1.33)

IloBepXHOCTHEIE MHTErpas B IpaBok yacTy Bulpaxenus (1.30) mpen-
CTABJSETCS Yepe3 CyMMY - IPoeKUMH HAanpsiKeHHH Ha KOOPAMHATHEIE
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TVIOCKOCTH _
ig P.dIl = Ii (Punt,+ Pyny +Po11,) ar,

a 3aTeM 5TOT [IOBEPXHOCTHEIA WHTErpal npeoGpasyercst B 06'beMHb1ﬁ
andH S(ap, aal;y ap’ )dv

Ilocne HpOBelleHHbIX npe06pa3013annn JIeBO ¥ TIpaBoit yacreit ypaB-
Hernusa (1.30) oHo npuHHMaeT BUJI

HT““”X (mxro)+2(mXV)]dM=§£dM_|_

+S (6"” +-G 4 apz)dM '(1.54)

TTockonbKy 06BeM BHIGPAH IPOMSBOJIBHO, TO 3TO YPaBHEHHE MOXKHO
sanucatbk B AngdepeHnnaNbHOH hopMme

dv 1/ oP oP,  oP '
B —F—ox(@xr)—2(0xV)+ (G2 +SL+ 52 ) (1.3)

Tagum O6p330M, JBHXKEHHE BO34yXa H BOAbl ONHCHIBAETCHA OAHHM
¥ TEM K€ YDaBHEHHEM, HO C COOTBETCTBYIOLIMMHE IapaMeTpaMy.

B MeTeopOosIOriuH ¥ OKeaHOJIOTHH U3 00BEMHBIX CHJI'OGBIYHO BBIAEISIOT
IJIOTHOCTD PAacpesiesieHHsI CHJIBI 3€MHOTO IDHTSKEHHsI M BbISEIBaeMoe
MM YCKODEHHe, KOTOPOE CYMMHDYIOT C LEHTPOGEKHEIM YCKODEHHEM,
ONKCHIBAEMEIM BTODHIM WIEHOM mpaBoil dactu ypapHenus. IlepBoe u3
HHX HaIPaBJeHO K IEHTPY IIAHETH, a BTOPOE — IO NMEPIeHIHKYJISApY
oT ocH BpameHus 3emid. [IoCKONBKY LEHTPOGEKHOE YCKOPEHHE B 3€M-
HBIX YCJIOBHMSX COCTaBisieT NpuMepHo /3 % yckopenusi, cosjabae-
MOTr'O IIPpHTA2XKCHHEM, TC I/IX CyMMa, HasbiBaeMdasi YCKOpPEHHEM CBO6OIL-
HOTO na,uemm

e

g=F—ox(®Xr,), - (1.36)

MpaKTHYECKH ONMHAKOBA KaK JUIf arMoctephl, TaK H JUIS OKeaHa Ha
ONHOH M TOH Ke HIMpOTE.

AHajlorMYHO JEHCTBHIO CHJIbl TSIXKECTH IPOMCXOAHT JefICTBHE 1pu-
AUB006PABYIGWUX  CUA, BHISBAHHBIX TPaBHTALMOHHEIM IPUTS2KEHHEM
3emmn J1yno#t u Conmnnem. Otinuue 3aK/IOYaeTCs B TOM, YTO OHY HMEIOT
TIepHONHYECKUH Xapakrep H BHISHIBAIOT IlepHOIMYECKHe KoJebaHHs
atMocepsl M OKeaHa. B 1aHHOM ciydae 3TH KojeOaHHS paccMaTpH-
BaTbcsl He OyAyT M IepeMeHHas cjaraemas 4acTb cuisl .F onymena.l

B METEOPONIOTHH H OKEaHOJOT#H NPHHATO BLIIENATH U3 HaNpsKe-
Hult P ruppocrarnyeckoe fapienne P, a oCTaBIIyIOCH YaCTh-HaIPsixKe-
HUI HA3HIBATE BSISKUMH U3-3a TOTO, UTG OHH NPOTIOPUMOHANBHEI I'Pa-
IMEeHTaM CKOPOCTH H Koab(hHIHEeHTaM KHHeMaTHUeCKOH BSI3KOCTH BQ3-
JyXa WM BOJABl Xy Y BhIpaxarb uepes TeH30p T.
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194

C yueroM- mepedyHc/IeHHOr0 YPaBHEHHE JBIKERHS NPUHHMACT BHJ

o g 2(0)><V)——VP+—~—-d1v1: (1.37)

rjie -y — 3HaK rpajueHTa.

- Bsskue HanpsukéHMs NOAPa3NeNsioOTCs Ha KacarelbHBIE K IJIOCKO-
CTH TPEHHSA ¥ HODMAJbHBIE; /s KOTODHIX 3aBUCHMOCTb OT CKOPOCTH
pasyuyna. Ecnum HHZeKcOM i 0GO3HAUHTH OCh, NMEPHEHAHKYJSIPHYIO
K IJIOCKOCTH TPEHHS, a HHAEKCOM | J1io0yio JPYTYIO MepHeH HKYASIPHYIO

OCb, TO IPOEKIMS KaCATeJbHOTO HaNpsMKeHHs Ha 3Ty OCb NpPEICTaB-
Jaserca dopmyJoit

ov; aV; )

o (1.38)

Tij = P (
i = %y 9%
Hopmanenoe mampsikeHHe Ha IJIOCKOCTh, HEPHEHAMKYJISIPHYIO OCH X;
onpefeasieTcs BhIPaXKeHUEM '
‘ 9V;

= 2va( :

Ox;

1 .. "
—5 div V) (1.39)

IToncranoBka mnpuBefleHHBIX BHIPaXKeHMH BASKHX HANpPSXKEHHH B
ypaBrenue (1.37) mpuBogut ero K usBectHoil ¢opme HaBbe—Croxca
dv 1 .

7 =8—2(0oxV) ——~VP + %y [VW —l——S—V(dIV V)} J (1.40)
Tle y2~— 3HaK JamjiacHaHa. '

- Mrak, ofuee yckopeHHe NBHKEHHS BO3LYXA M BOIBL CKJIaszIBaeTcsi

U3 ypaBHeHMH, 00yC/IOBIEHHBIX IPABHTAIINOHHBIMU CUJIaMH, BpallleHHeM

3emJH, TPafHEHTOM JAABJEHHS H BASKUMU Hal'IpH}KeHHHMH. Hocnennee

13-3a MaJIOCTH KoapduiuenTa BaskocTy (Tada. 1.1) HeBesHKH # B 60Jb-

IIMHCTBE CJIy4YaeB IPH ONpeleeHHH CKOpOCTI/I BeTpa HJU Te‘-IeHI/Iﬂ BO
BHHMaHHe He IPUHUMAIOTCS.

Ta6auna 1.1
Koadbuuuent xunemarHueckoll BsS3KOCTH BO3LYXa Ky H BOJR %y
T°C ... .... —3 0 10 20 30 40
xpem¥e ... ... 0,107 0,132 0,14 0,150 . 0,159 0,169
Uy oM ... — 0,018 0,013 0,010 0,008 0,007

- Ecam atmoctepa win oxeaHn HaxopsiTcs B HeTIO/BUIKHOM COCTOSHHUH,
T0-V = 0 u u3 ypasHenus (1.40) cnenyer

go=vP. / (1.41)

ATo TAK Ha3bIBAEMOE YPasHeHue cmamuki, XapaKTepusyiolilee COOTHO-
[lleHVe MeXKIy CHJIOH TAMXKECTH H rpajueHToM Japjenus. OHO ocraercs
CIPaBEJIUBBIM TAKXKe IHPH MELJEHHBIX JIBHMXEHHSAX BO3AyXa H BOAHI,

KOTOpbIE MMEIOT MeCTO B KpymHomaciiTabHo# mupxynsnuu. B mpupon-
HEIX YCJIOBHSIX MPOEKLMH TPajHeHTa IABJEHHs HA TOPH30OHTA/IBHYIO
0Ch Ha HECKOJNBKO MOPSIKOB MeHBllle, YeM Ha BePTHKANbHYIO, TO3TOMY
NPUHMMAETCsT BO BHUMaHHE TOJMBKO HOCJENHsis. B pesynbrare ypaBHe-
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HHE€ CTaTHKH B Me'reoponornn H B oxeaﬂonornn Bal’LPICbIBaeTCH TOJBKO
B NPOEKIHH Ha BEPTHKAJIbHYIO OCh

aP
az

3HaK MHEHYC NOSIBJSETCS H3-32 TOrO, YTO OCh 2 OGBIYHO HampasJsgercs
BE€PTHKaJbHO BBepX, a MPoeKUHusl g efl IPOTHBONOJNOXHA. B oKeaHoso-
I'HH 9acTo OCb 2 HampapJiseTcsl OT YPOBEHHOH IIOBEPXHOCTH B TJyGb
OKeaHa M B TaKOM cJyuae 3HaK MHHYC B dopmyJse (1.42) orcyrcTByer.

Fgo= (1.42)

1.3. YpaBHeHHe COXPaHEHHSI MaCChl

Bosayx u Boja obsanaior 60/bHION HOABMKHOCTRIO U II09TOMY B HX
cpefie He GBIBaeT PA3pHIBOB BeIECTBA. JTO NPHUBOJAUT K TOMY, UTO II0-
TOK BellleCTBa yepe3 NOBEepPXHOCTb [I BBIIEISHHOTO 00BEMAa v BHI3LIBAET
B HeM H3MeHEHHE€ IJIOTHOCTH BO3AyXa HJIH BOIBI.

Ilycre uepes ajemeHTapHYIO IVIOWANKY d/l mpoTekaer BO3LYX WU
Boza co ckopocrbio V (puc. 1.2). Torna vepes miomanky dfl B Hanpas-
JIEHHH BHelIHel HODMaJH n B €IHHH-
Iy BpeMeHH npoteuer pV, dll, depes
BCIO TTOBepXHOCTh /I mporeyer macca

[ OVadIT = p (V 1o+ Vyn, + V1) dll.
I7 I

(1.43)

B pesynbraTe BhITEKaHHSI MJIH IPHTOKA
Macchl B BRIIeJeHHOM 0ObeMe IIpOoMuC-
XOIMT H3MeHeHHe IJIOTHOCTH BelIeCTBa

Sip_dv

Pnc. 1.2. Cxema HanpapJjeHHS
MOTOKA XKUIKOCTH

Ecin BHyTpH o0BeMa He MPOMCXOAUT 00PA30BaHHS MM HCUE3HOBEHUS
KaKo#H-TO Macchl BelleCcTBA, TO IIOBEPXHOCTHBIH HHTETPa] KOMIIEHCH-
pyercss o0beMHEIM H HX CyMMa DaBHSETCA HYJIO

g %te— dv+ S o (Van, +Vyn, - V,n,) dIT =0. (1.44)

Ilepexon mo Teopeme I aycca—Oc"rporpancxoro OT TIOBEPXHOCTHOTrO
MHTErpasa K o0beMHOMY, MO3BOJIseT MOIYyduTb Gosee ynoOHOe Bhipa-
XKeHHe

X . dv+5’pdw Vdv—0. (1.45)

B CHJTY IIPOH3BOJILHOCTH BIGODA 0G/IACTH HHTET PHPOBAHHS MOXKHO OT
WHTET paJbHOH GhopMbl NepeliTH K nudpepeHnnanbHOR

L tpdivV=0. (1.46)
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TNonyueHHOE BHIpa;KEHHE IIOJ HA3BAHHEM YPAGHEHUS HePa3pbieHOCMLL
HIMPOKO MPHMEHSETCS B METEOPOJIOTHH M OKeaHoJiorud. Yacrto Hemosib-
syercs uHasi ¢opMa 3alHCH 3TOTO ypaBHeHMsi, CBA3AaHHASI C Olpenesie-
HYieM JIOKaJbHOTO H3MeHEeHHS IJIOTHOCTH ,

dp dp
L =L vy
dt .8t o . (1'47)

O6penunenye B Boipaxenuax (1.46) u (1.47) 4ieHoB, ompenesio-
- IIMX JMBePTeHIHI0 CKOPOCTH M aABEKIIHIO NIJIOTHOCTH, NPHBOAMT K ADY-
rofi  Gopme 3amycH ypaBHEHHS Hepa3phIBHOCTH

% +div (pV) = 0. (1.48)

Ilpu PACCMOTPEHHH He IOTOKA MAcChl BO3JyXa WJIH BOJEI, a KAKOH-
Jubo apyro#l cyGCTaHuHMH, HAanmpHMep, BOAAHOTO mapa WM Colel, BCe
paccy:KJieHHsl OCTaloTCs TaKMMH e, HO BMECTO IIOTOKa Mmacchl pV,
B YPaBHEHHAX JOJIKeH (UrypuHpoBarThb NoTok cyberanmuu S. Ilpu pac-
CMOTPEHNH H3MeHEHHs BJAXKHOCTH HJIH COJNIEHOCTH TaKuUM IIOTOKOM 6Y-
' leT TIOTOK BOZASIHOTO mapa uid coid ®g, a BMECTO NJIOTHOCTH BO3AyXa
WM BOAL B YpaBHeHHWe JOJIKHZ BXONHUTH IJIOTHOCTb TipuMmecel pS.
IlpumeHUTENBHO K 3TOMY CJY4Yal ypaBHeHHe, ONHCHBAOILee JIOKajb-
HOe H3MeHeHHe Macchl BOASHOIO Hapa WM cojefl, GyleT aHaJnoTrHUHBIM
ypasHenuw (1.48) u umerh BUJ

: ""S L div®g =0, o (1.49)

Ecau cymecTBYIOT KaKue-TO MCTOYHHKH HJIH CTOKH cybcrannuu S,
TO B NpaBoil YaCTH 3TOTO YPaBHEHHS BMECTO HYJA JOJKHA BXOIMTH
HX HHTEHCHBHOCTb [g

""S’+d1v Ps=1g. (1.50)

HpumepaMH TAKHX HCTOYHHKOB BOJSHOTO Iapa MOTYT 6bITb obJaaxa,
HCIapeHye KOTOPHIX BhI3kIBaeT pocT S. B oKeaHax M MOpSX |HCTOYHHM-
KOM COJIEHOCTH MoKeT GHITb Jiefi, oOpasoBaHue KOTOPOIO COHpPOBOXK-
JlaeTcs BHJesNeHHeM coJell. ‘

ITotok @5 o00ycioBAHBAETCS JABYMS OCHOBHEIMH MEXaHH3MaMH:
YIOPSIOYEHHBIM NIEPEHOCOM — adéexyueti ¥ XaOTHYECKUM MOJEKYJasip-
HHIM TlepeMellinBanneM — Judhysueri. Ilepas, KaKk H3BECTHO, NpOMNOp-
HMOHAJbHA KOHIEHTPAUUK IpUMecell M CKOPOCTH BeTpa WIH TeYeHHus,
a  BTopas TNpOIOPHMOHAAbHA MOJIEKYJspHOMY KoabdHnyeHty auddy-
3UH ®g W TpajMeHTy OpHMeceld, T. e.’

Pg=pVS—pugyS. . o (1.51y

3HaK MuHYC Tepen Au(GY3HOHHOH YacThbio IOTOKA YKAasbiBaeT Ha To,
YTO OH HANpapjeH B CTOPOHY, NPOTHBONOJOXKHYIO TPaJIHEHTY IpHME-
ceil. Bripaxenne (1.49) MoXXHO BUJOU3MEHHUTD, BEAEIHUB H3 HErO YJeHH,
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CBfI3aHHBIE ¢ HM3MEHEHHEM IJIOTHOCTHU OCHOBHOTO BeI]J.eCTBa ]
"" O 1 5 95 S div(pV)—pVyS +div (oxsyS) + Is. (1.52)

Hemee YJIeHb! .neBoﬁ H' paBoil qac*reﬁ seipaxenus (1.52) B cymme
paBHB! HYJIIO Ha OCHOBaHUHM ypaBHeHus (1.48), a cymma BTOPHIX YJIEHOB
COCTaBJISIET MHAMBHAYAJbHYIO [IPOM3BONHYI0 OT IIpHMeced. B pesyib- -
Tare OKOHUATENBHO NOJYYaeTcs ypaBHEHHe, OMHMCHIBAIOUICE M3MEHEHHe
MacChl BOJSIHOTO. Iapa HJH CoJel

'p7t~=div(p%sVS)+Is. B )

1.4. YpaBHeHUs] MeXaHUUECKOH W BHYTpeHHEH
9HEPr¥H BO3JyXa M BOJIEI

Jlm{ TI0Jy4eHHsl ypaBHeHHs, ONMMCHIBAIOIIErO 3amackl MeXaHHYeCKOH
SHEPTHH BO3AYyXa M BOjB!, HYXHO ypaBHeHMe IBUKeHHA (1. 3/) YMHO-
XKUTb CKalsgpHO Ha Vp '

d V2 ot o% ot
pW(T):pg'V_V'VP+V'( TR TR ) (1.54)
Yckopenue Kopuosuca npu 3ToM nmpeoGpasoBaHHH NPONAJAeT H3-
3a TOrO, UTO CKajsipHOoe Ipou3BefeHHe (@ X V)-V paBHO HYJIIO.
JleBass 4acTb ypaBHEHHS! €CTb H3MEHEHHe KHHETHUECKOH SHEPTHH
B equHuie obbema ;. Ilepphiil wien mpaBoit yacru ypaBHeHus (1.54)

npencTasiserT cobolt H3MeHeHHe NOTeHHaAbHOM sHepruH (d2y). Ieficr-
BHTEJILHO, ' : ’

da,
dt

Ocpb 0z HampaB/ieHa BBepX INPOTHBONOJIOXHO ycKopeHuio g. Ilo-
CKOJIbKY NPHHATO IOJIb30BAaThCsl aOCONIOTHBIM 3HAueHHeM g, TO Hepen
npemrnocefHHM WIeHOM, B KOTOpPOM (GHI'YpHDYET BepTHKaJbHOe CMe-
1lieHNe, IOCTaBJeH 3HAK MHHYC. -

JI71 BHISICHEHHS BKJI2Ja, ABAEMOI'0 BTODHIM M TPETHHM C/araeMbIMHU
ypaBHenus (1.54) B u3MeHeHWe 3HepruM, HX OOBIUHO NpeoGpasyioT,
BBOJIsi CKOPOCTb ITOJ 3HaK AuddepeHnnana

. . dz .
pg-V=pgW=—pg——— (1.55)

veyp v (Ze il )= —div (PV) + P div V—

B S ) s

IMepBBiit 4eH MpaBOd YacTH 3TOTO BHIpAaXKEHUs MPELCTaBJsier cobol
BKJIal, THAPOCTAaTHUECKOTO JABJEHMS H BASKHUX HaNPsKeHUH B H3Me-
HeHHe MeXaHHYeCKOH 3HepruH, T. €. 3TO BKJaJ, IOBEPXHOCTHBIX CHJI.

BTopoe cinaraemoe XxapakTepuUsyer H3MeHEHHE SHEPrHM 3a Cyer
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CXKaTus Hau pacCllupeHud. JleI/ICTBI/ITeJIbHO, U3 YypaBHeHUSA HepaSprB-
HOCTH (1.46) crenyer

1 dp

diyve—L d
p dt
T. €
PdivV=——%-ZTp. (1.57)

INocnepnuft unen Belpaxenus (1.56) mpencrassiser cofofi BIHSHUE
'BASKMX HanpsKeHUH Ha HM3MeHeHHMe MeXaHHdYecKol sHepruu. Ilnsa Ha-
PASITHOCTH LielecooGpasHee MepedTH OT HaNpsiKeHWH K rpajueHTaMm
cKopoctefi, moab3ysice ¢opmynamu (1.38) u (1.39)

r;c'%‘l“‘y'%_:“‘"‘f%zxvp{2 [(_‘;_‘;_) ( ) ( )2]+

(R (B (R
' .1_—(;—;-_}-2—:) }E@ (1.58)

W3 mnpencraBieHHOTO BHIpaXKeHHS cJlefyeT, YTO KAKOBBI-Obl HH OBLIH

rpajiieHThl CKOpocTell BO3ZyXa MM BOJBl 3HayeHHe &) Bcerja NoJIOXKH-

TeJbHO, 3a HCKJOUeHWeM IIoKosl, Korma % = 0. IlockosibKy B ypas-

HeHHe MeXaHHYeCKol SHeprHH 5TO c/laraeMoe BXOAHT CO 3HAKOM MHHYC,

TO 3TO O3HAUYaer, YTO OHO XapaKTepH3yeT pacx0n, MeXaHH4ecKoH sHep-

TUY M HasblBaeTcs Ouccunayuet.

IloxcranoBKa Bcex mpeo6pasoBaHHBHIX CJaraeMblX B ypaBHEHHe

(1.54) mpuBomuT €ro K BUAY: :
4 (3, +38,)= _d_g__iﬂ_'@’ (1.59)
dt dt p dt

rie

d%/dt = div PV,

Ha ocHoBaHWH MNepBOro Hayajla TeDMOAUHAMHKHM H3MEHeHHe 3Hep-

THU ompeJessercs BeIpaxKeHHeM ,
d d dg

L. (1.60)

dt  dt dt
B MeTeopoJIOTHH U B OKEAHOJOTHH NPH H3y4YeHHH TepMOJAHHAMHYye-
CKOT'O COCTOSIHHMSI BO3JyXa H.BOABl YYHTHIBAIOTCS TOJNBKO TDH BHAA
sHeprun 3: BHYTPEHHA 3,, KuHeruyeckas I, W IOTeHIHanbHAA I;.
Bprax&eHHe nepBOH HaXOIMTCsl, KaK NPaBWIo, B BHAE PasHOCTH ypaB-
unenui (1.60) u (1.59)
d3g dQ. P dp

= o T (1.61)



Taxum o6pasoM, BHYTPEHHsS 3HEPTHs 3/1eMEHTapHOLO 00beMa BO3-
JyXa HJIH BOJH ONpPENeNsI€TCs IPUTOKOM HJIH CTOKOM SHEPTHH IOCPECT-
BOM Temjonepenaun, paborofi cxXaTusfi WAM pacliypeHus M JWUCCHIA-
nuell KuHernueckoit sHepruu. IlociellHee cJjaraeMoe = CyLIECTBEHHO
MeHbllle JIBYX IEPBHIX c/laraeMbiX. Jlaxe njig NpaKTHYECKH HECKHMAae-
MOTO OKeaHa BKJajg &) COCTaBjafeT B Jy4llleM CJyuae HECKOJBKO IpO-
IeHTOB oT s¢ipekTa cxkatusa. [1losToMy NpH pacuerax W3MeHEHHi BHYT-
peHHe#l sHepruu aTtMmocthepH WM. OKeaHa- IMCCHIIANMIO, KAK IIPaBHJoO,
BO BHHMaHHe He npuHUMaioT. Ho npyu pacemorpenny GajiaHca KHHETH-
qeCKOH 3HepruH, 0Co6eHHO B IOTPAHMYHHIX 09X, TAe TPEHHE BEJIHKO,
9TH NIOTepH SHepruu ABHKeHU S IIPHXOAHUTCS YUHTEIBATh, TAK KAK HMEHHO
AUCCHNANUA HpPensTCTBYeT 6ecnpenenbnomy POCTY  KUHETHYECKOH
sHepruu atMocdephl U OKeaHa.

ITockonbky Ha ocHoBanuu (1.13) M3MeHeHHe BHYTpeHHEH SHePruHU
eMHNYHOro o6beMa NpHK H30XopHoM nponecce dJ, = cyspdT, To ypas-
Hernue (1.61) moxkeT ObITH Npeo6pa3oBaHO B ypPaBHEHUe, KOTOpOe OIH-
CHIBACT H3MEHEeHHe. TeMNepaTyphl BOSAyXa W/IH BOJBL

dar  dQ P dp '
—_— = +D. - (1.62
, OGS T ( )
g TofyueHHST aHAJOTHYHOTO BHIPAXKEHHS, ONUCHLIBAIOLICTO" »‘14-:13"{-
MeHeHHe TeMIlepaTypbl NpH H300apHUYECKOM TIPOLiECCE [e/ieco06pasHo
WCIIOJIb30BaTh yPaBHEHHE HM3MEHEHHs SHTPONMHH HEKOTOPOro 3JIeMeH-
TapHOTo 06beMa KUIKOCTH MM Tasa, nosydeHHoro us (1.11) Ges yyera

Auddysuu npumeceli, sHepreTHyeckas poJb KOTOPHIX MaJja
dn 1 d3; P dv 1 dQ D

=T a ma-rtatr 16

Ionueiit puddepeHnnan oT H3MEHEHHS 3HTPONHH MOXKET GbITh CyM-
MOH 4acTHBIX IPOHM3BOJHBIX

an=(53),, 4T +(3).. dp+(j—2)w ds. . (1.64)

HO, Ha OCHOBaHHH COOTHOLIeHHSI MakcBesia

o (P~ (), (1.6%)

Ecau ortHecTH wu3MeHeHHs nmapamMeTpoB COCTOAHHA B Bblpa)KEHI/II/[

(1.64) x enmHwWYHOMY 00BeMy H 3JeMEHTapHOMY BpeMeHH df, yyecTb
cootHomeHust (1.15) u (1.65) u He NPUHKMATD BO BHMMAHWE SHepreTH-
YeCKHii BKJ/IajJl H3MeHeHHH YNeJbHOH BAa:KHOCTH M CONEHOCTH, TO BHI-
paxenue (1.64) mpuBoauTCa K BHAY

dn _op 4T 1 covy dP
dt VT dt v (6T )p a (1'.66)’
IopncranoBka aToro Bblpameﬁnﬂ' B Bhpaxkenue (1.63) maer -
oL =9 oy P g (.67
dt dt - odi - ,
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- . ¥Ypasuenus-(1.62) u (1.67) swasiorcs npeoGpasoBaHHBIMU BBIpaxe-
HUSIMH = BHyTPeHHEH SHEPrHHM M OOBIYHO -HA3HIBAIOTCH - YPABHEHUSMH
TEINJIONPOBOAHOCTH. B HHUX MOMXKHO MCK/IIOUMTH anuabaTHyecKyio J1o-
-6GaBKy K TeMIepaType, BEIPaXKaeMyio-BTODHIM CJalaeMblM IpPaBbIX Ya-
crell ypaBHenuil. JleficTBHTeNbHO, KAk cienyer u3 (1.22),-agmaGaTuye-
CKOE H3MEHEHHE TeMIepaTyprl olpenensercs GopMyaoi

dar Tky  dP '
—_— — i ) 1 .
( dt )a cpo  dt ‘ (1.68)

IlosToMy IpH BBEJEHHH IIOTeHIMaAbHOHA TemmepaTypsl O 3To caa-
_TaeMoe B ypaBHeHHH (1.67) ncuesaer ¥ OHO MPUHUMAET BUJ

Pp‘fT? dQ L) (1.69)

IlpuToK M CTOK 3HEPrHM MOCPENCTBOM TeIonepenaun ¢ cK/ajbl-
Baercsi M3 sHepruu (asosbiX mpeobpasopanuil (,, AuBepreHUud Aub-
¢ysuonHoro @, u ayuucroro b moroxos Tensa. B armocdepe nmpuTok
3HePruH (), UPOHCXOANT B pesysbTare (asoBblXx NpeobpasoBaHHi
BJary HpH oﬁpaSOBaHHH 00/1aK0B, 2 B OKeaHe — IpH o6pa3’oBaHHM
asaa. Mcnapenue o6/akoB M BJard ¢ IIOBEPXHOCTH OKeaHa, a TaKXKe
TasiHye JIbJ]a BI3BIBAIOT YMeHbIleHHe BHYTPEHHEH 5HePTHY, T. €. €e CTOK.

JudpysuoHHEH NIOTOK Tensa B aTMocdepe U B OKeaHe HpONOPLHO-
Ha/leH KO3(hQUIHEHTY MOJNEKYJIsPHOH TelIonpoBOAHOCTH 3THX CDEX
Ay M Ay ¥ TPAIHEHTAM TEMIIEPATYPHI, B3STHIM ¢ OGPATHBHIM 3HAKOM, TaK
KaK HampaBjieHHe [OTOKa Tellla OOparHO HANpPaBJdeHHIO TpajueHTa
¢ D ;"V ef,.

Jl =
B Takom cinyuae

div &, = My?20. , (1.70)

JluBepreHuus Jy4HCTOro IIOTOKAa Tella Kak B arMocdepe, Tak U
B OKeaHe MPOHCXOAHT B OCHOBHOM B BEePTHKAJbHOM HalpaBJIeHHH, T. €.

dive=—295, (1.71)
' 0z - .

"Tlocsie yyera MepeyrC/IeHHBIX BEIPaXKeHHil NPUTOK®E ¥ CTOKOB 3HEp-
THH ypaBHeHHe (1.69) cBomutcs K BUAY

L= ape—L ot 7))

¢
13Y a2

Htak, usMeHeHWe NOTEHIHATBHON TemnepaTypr 9JIeMEeHTapHBIX
00beMOB BO3AYXa H BOJEI IPOHCXOJUT 32 CYET OXHUX H TeX ¥Ke IIpollec-
CoB: ()asOBBIX NEPEXOJIOB BOABI, TeIIoOOMeHa ¢ OKpyxarolleli cpesiof,
IMBEepPTeHIMH JYYUCTHIX IIOTOKOB TeIls1a M JUCCHIAIMH MeXaHHYeCKOH
sHepruu. OjHAaKO. BK/JIaX . NepeunC/IeHHLIX  KOMIIOHEHTOB B armoc(epe
¥ B OKeaHe He OIMHAKOB H NOSTOMY IPH KOHKPETHBIX OUEHKAaX H3Me-
HeHHH TeMmepaTypsl BTOpOCTeHeHHbIe cilaraemble OGBLIYHO BO BHHMaHUe
He HPUHHUMAIOT. » -
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1.5. OcpenHeHHble. ypaBHEHHs THAPOTEPMOAUHAMHKH
- AJst arMocdepsl ‘OKeaHa

nepe'-IHCJ'IeHHbIe B. IIPEABLIAYIHX DasfiefiaX ypaBHeHHs rnnpm‘epmo-
JAHHAMHKY ONHCHIBAIOT HM3MEHEHUS COOTBETCTBYIOIIUX T'HAPOMETEOPO-
JIOTHYECKHX XapaKTeDHCTHK B TOM Ciydyae, €C/IM JIBUXKEHHE BO3/yXa
H Bofbl ycrounBo. OHAKO JIAMMHADHBIA XapaKTep NBUKEHHsS OTMe-
uaercsi B IOBOJIBHO Y3KOM JHANa3OHe YCIOBUE: IIDH OUeHb CJIaGhiX CKO-
pOCTSIX M NpH GosbIIOH MIOTHOCTHOR ycTOHYHBOCTH. B npeo6majaromem
OOBLIMHCTBE C/YY4€B B JBHXKYIIEMcH BO3JAyXe M Boje BO3HWKAeT He-
YCTOHUUBOCTb NOTOKA, NPOSBAAIOIIAACA B HEYIOPALOYEHHBIX H3MeHe-
HHSIX BEKTOPAa CKOPOCTH. ECTeCTBeHHO, U4TO IPH 3TOM HMEIOT MECTO
GayKkTyauuu IepeHOCHMOH MHOTOKOM cyOcraHmuu. Takoe [BuKeHHe
BO3JyXa U BOIbl HasbiBalOT TYpOy/eHTHBIM. B HeM moje duyKkTyupylo-
IMX XapPaKTeDUCTUK MOXKET MMETb B CpEIHeM OUpeNeleHHYIO TeHIeH-
M0 H3MEeHeHUs, KoTopas B JajbHeilieM GyHeT HpE)lCTaBJ'IHTb npexgmer
H3y4eHHs.

UTo6kl OTCEATh GIIYKTYaLMOHHBIH «IIyM» M HOJYYUTH CPefHee 3Ha-
UeHHe “XapaKTepPHCTUKH, B METEOPOJIOTHH U B OKEAHOJNOrMH IIPOBOAMTCA
ocpefHeHYe II0 BpeMeHH WJH IO0 npocrtpaHcTBY. Ms-3a Goubiieit mpo-
CTOTBI OCYIUECTBJIEHHS OCPEIHEHUs II0 BpeMeHH, YeM II0 IIPOCTPaHCTBY,
nepBoe IpHUMeHsiercs Yalle. JIOCTaTOYHO 4eTKOro KPHTepHUs Olpesienie-
HHs TIepHofa ocpenHeHus Af noka eme Her. OGbIYHO NPUHSTO €ro ole-
HUBATb TAKUM, UTOOH CcpejHee 3HaUeHHMe OCDeNHAEMON XapaKTepuc-
THKH B Ipefienax Af ObUIO IPaKTHYECKH TIOCTOSHHBIM U He 3aBuCeJo
ot Af.

ITpu omucanuu TypOyJEHTHOTO IBHMKEHHS PenHonb;Lc B 1895 r.

NPEeLIoKHUJ CKOPOCTL T€UEHHUS IIPEACTABJATE B BUJ€ CYMMEI €€ CPEHETO

3HAYEHHUA U INyJbCAUUU. AHaJOTMYHOE -IPENCTaBJeHHe HCIONb3YeTCs
U NPY OCPeJHeHHH JI000r0 THAPOMETEOpOJIOIHYECKOTO 3/eMeHTa

_ ++1/2A¢ ; . '
—. — 1 1.73)
¢=9+¢; o=— | @xyz td. (1.73)
At —ipat . ,
Ilpu onucanHoM MaciTaGe OCpemHEHHS cpefiHee 3Haqe1-me 6 oc-
TaeTcd HeU3MeHHBIM, a cpezmee 3HayeHue nlebcalmn oT ¢’ paBHHeTCﬂ
HYJIIO

?=9 ¢ =0. - (1.74)

CrnezyiolyM BaXXKHBIM COOTHOIIEHHEM OCPENHEHHs [POU3BOAHOH ¢
II0 KOOPJAHHATE 1 ABJISETCS '

9 _ 0% (WL75)
on on

OTH- YCNOBHSA OCPEJHEHHs HCIOJB3YIOTCA KaK B METEOPOJOTHH, TaK

H B OKeaHOJIOTHUH. CJIGIIYET TOJIBKO UMETL B BHLY, qTo oCpelHeHue Jo~
6oro I‘I/IleOMeTeopO.HOI‘H'-IeCKOI‘O 3JIeMeHTa IIPOBOJAHUTCA B - (I)I/IKCPIpOBaH-
HOH TouKe, a He B ILBI/I}KyHJ,I/IXCH BO3JYXE ¥ BoJe. HOSTOMY I/IHllHBI/IILy~

2% 35.




aJbHble . TIPOMSBOLHLIE ‘B YPABHEHHSIX 3aMEHSIOTCH Ha JoKalbHHE H
amekmmo. llocnennsss, Kak WSBeCTHO, MpPeACTaB/sAeT COGOH IHpOH3Be-
JeHue JBYX (DIYKTYHPYIOIIMX BeJNHMYHH, OCpPelHeHHe KOTOpHIX CoXpa-
HSCT IPoH3BejienNe QyKTyauunit Beauuni. Ocpennenne xe oaHol Gyk-
TYHPYVIOIed BeJHUYUHBI WJH €e TpajJueHTa B COOTBEICTBHH C YCJO-
BusiMu: (1.74) mpuBoguT K Tponajanuio GIyKryanu.

[Ipu ocpennenun ypaBHeHHH THAPOAHHAMUKH OGBIYHO HUCIOJMbB3YETCs
-OCpefHeHHOe ypaBHeHHe HePa3phIBHOCTH, KOTOpPOe II0 CBOEMY BHIY
He OTyiH4aeTcsi oT ucxomHoro (1.48). I[eHCTBnTeJIbHo, IPENCTaBHB /IS
HarJIsiAHOCTH

div (V)= oV,

rie i = 1, 2, 3 ofosHauaeT HOMED KOOPAMHATHI, YPABHEHHE HePas3phiB-
HOCTH IIOCJIe OCpeNHeHHs IPHMeT BHJ

? AV
Vi) = 5y 00 Vit Vi) =
~ % ‘99 +5—(p ‘7»')+A gxiv(p'v;)=0. (1.76)

IJockoJBKY Kak B Tponoubepe, TaK H B OKeaHe NOPANOK OTHOLIEHUSA
- (p'lp) &~ 10~3 u (V'/V) ~ 1, To nociegHuil 4ieH npaBoH 4acTH BLIpa-
xkenus (1.76) na TPH TODSAKA MEHbIle MPEATIOCTEHErO. ITostomy ¢
TOYHOCTBIO L0 HOJIEH INPOIEHTa OCpefHeHHOoe ypaBHeHne HepasphbIBHO-
CTH CBOJMTCA K DaBeHCTBY

0p+

(p ,):Vd. S am

Ox;

‘B kpynHomacmraGHolt arMochepHO!l M OKEaHMUECKOH HMUPKYJISALHH
TIPOU3BOJHLIE [IJIOTHOCTH BO3AYXa W BOABl IO BpeMeHH CYHIECTBEHHO
MeHbllle KaxKaoH M3 cjaraeMblX JuBepreHnud. Hampumep, B mereopo-
JIOTHH ITTOKAa3aHo, 4To B arMoctepe OHM PA3JHyYaOTCsS Ha JABa Iopsjka.
Eme cymecTBeHHee 510 pas/iuyHe B MOPCKHX TeUeHMSX M3-3a MaJsIod
CKHMaeMOCTH MopcKo# Bojpl.- [Tosromy uwacto ypaBHeHHe HepaspbiB-
HOCTH 3aIlHChIBaeTCsl B YIpOLIEeHHOH dopme

(oV:) =0, - (178)

Ox;
Uy eme Gojiee YNPOLIEHHO ,
div (V) =0. (1.79)
‘Omu6Ka TAKOTO NMPEJCTABJEHHsI B KPYIHOMACIITAGHBIX MPOLECCAX He
TpeBbIIaeT JoJaell MpolleHTa W BIIOJHE AONYyCTHMA.

[Ipu nosyueHn: ypaBHeHHUH, ONpPEASNSAIOMHAX U3MEHEHHe OCpEeJHeH-
‘HbIX 3HAUCHUH BOASHOTO Mapa B BO3AYyXe W cojed -B MOPCKOH Bole,
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yI06HO. HCXOAUTb U3 BhIpaxkenus (1. 50) Kotopoe ¢ yueroM (1.51) mpen-

CcTaBJsercs B Buie : : :
2pS = :

ot ox;, - , 0x2

i

=Is. (180

OcpezHenHe NOMYYEHHOTO YpaBHEHHUS MPOU3BOAUTCS TEM Ke CII0COGOM,
4TO M YpaBHEHHUs] HePa3pEIBHOCTH, HO, KaK TOJbKO 4TO GHLIO [IOKA3aHO,
Ny/IbCAIMH IVIOTHOCTH MOMXHO BO BHHMAHHE He NPUHMMATh M3-33 HX
OTHOCHTEJBHOH ManocTH

%3S d (=sT o (~TT
__gt s (PSVL')—I——(;;(PVL )-—
) - 93 _
—x% =/, 1.81
sP ax% S ( )

JTo ypaBHEHHEe OT/IMYaeTcs OT HCXOZHOTO NOSIBJEHHEM CJaraeMoro,
COLIEPIKAIIET0 NPOU3BENCHHE nyJabcanuit ckopocrd H S”.. O6wuno V'
u S” Mexny coBoi KoppelTHpYIOTCS H [I03TOMY HX IPOU3BEJEHHE MOXKET
OT/IMYATBCS OT HYJs. B COOTBETCTBYIOIMX KypCax METeOPOOTHH H
OKEaHOJIOTHH II0Ka34aHO, YTO 3TOT WieH BBIpaxkaer coboH. ¢aykKrya-
LMOHHBIA NOTOK CyGCTAHIMM H ero NPUHATO HashBaTh TYpPOYJIeHTHBIM
moToKoM cybcTaHuus S.

Ecin u3 sblpaxenus (1.80) BbIYeCTD . ypaBHeHHE HePa3phHIBHOCTH
(1.76), YMHOXKEHHOe Ha S, a JoKaabHOe HSMeHeHHe S 06BenuHHTD C
anBexnueit S, To mosyuaercs

ds . - = 9 ([~ 5 o N
o] Tt- =»d1V (%SPVS)——a; (pVLS )+IS * (1'82)

DT0 X0polllo U3BECTHOe ypaBHeHue Auddysuu npumecH S, B KOTOPOM
uMeercs TYpOyJIeHTHOE cjaraeMoe, BbIpaXKaeMoe uepes _KospuuueHT

TypOy/ieHTHOR An(dYSUH Kg W TPajueHT cyGCTaHIHH S

O T e (w5 BN,
—= (S = - (K:S,p, = ) \ (189

Ilocsie wcnonb3oBaHus 3TOro HpeACTaBjieHHss ypaBHenue (1.84) samu-
criBaeTcsl B Gosee KoMHAKTHOH dopme .

b5 —div[pes +R) V4T ()

Hrak, ocpenHenHble ypaBHeHHs Aubbysuu Bo;r,;moro napa u coJei
UMEIOT OJIHHAKOBYIO CTPYKTYPY M OTJHYAKIOTCSI OT HCXOAHEIX TEM, UTO
B HHX NOfABAAETCA KoaddHuMeHT TypOyneHTHoH nudpdysuu xg. Ero
3HAYeHHe JJis BOASHOTO mapa M CoJefl DPasJUYHO W OGLIYHO MHOIO
GoJiplie KO3(OhHIHEHTOB MOJEKyJAsipHOH aupdpysun. ITostoMy uacto
HocJHefHUl BO BHUMAHHE HE IPHHHUMAIOT.

Ocpennenve ypaBHeHusi aBuxkenus (1.40) mpousBogsAT crocoGoM
AHAJIOTHYHBIM omHCaHHOMY. Ero ymHOXKamT Ha IUIOTHOCTD M CYMMH-
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PYIOT ¢ ypaBHEHHeM HepasphiBHOCTH (1.46), YMHOXKEHHBIM Ha CKOPOCTb,
a 3aTeM BHICAAIOT aABEKTUBHHIE cllaracMble H 3aMEHAOT 3HaUeHUs BceX
IlepeMeHHBbIX Uepe3 CpelHHe BeJHUHHB M. NyJabcanud. B pesynbrare
noc/Ienylolllell Onepanuyu OCPEIHEHHs NOABISETCA c/laraeMoe, COJep-
JKallee INPOU3BEJEHHe INYJbCalMi cKopocTefi. B ‘mrore noayuenHoe
ypaBHeHHE OTIHYAETCsT OT HCXOAHOTO (1.37) JMIIb TeM, YTO-K TEH3Opy
BA3KUX HanpsuKeHUH I[OﬁaB.HHE’I‘Cﬂ TeH30p HanpsekeHu# PefiHosbzca

d" —g—2{0xV)— L VP+— div (t—p VV') . (1.85)
Hponssenenne nyﬂb‘(:aunﬁ cxopOCTeﬁ BO3/LyXa M BOJB IPUHSATO BHIpa-

3KaTh uepe3. PALHEHT OCPEIHEHHOH CKOPOCTH M Koapduuuent Typly-
JICHTHOTO TIepeHOCa KOJIMYECTBa /IBI/I}KeHI/Iﬂ II0 COOTHOLIEHHIO

(1.86)

o
— (V) = pieye 2L
| 5VV) = T
Ecnn MCTOUHUKM Telsia B yPaBHEHHH TEMJIONPOBORHOCTH (1. 72)
dQy 05
2 e — 4D, Bbl)leJIHTb B HeM ajBex-
. 74
THBHBIE CJlaraeMble; NONeNUTb Ha Cp M TPOCYMMHDOBATh C ypaBHEHHEM
- Hepa3pHIBHOCTH, YMHOXKEHHBIM Ha 0, TO IOJyYHTCS BEHIpaxKeHHE
6 0 020 1
(00) + (e8V:) i T . (1.87)

o axi S ox;  cp

dﬁ’be/I[I/IHI/ITb E_Bujie I,=-

OHo ‘aHaJIOTHYHO y}Ke paccMOTpEHHOMY ypaBHeHHo AHddy3uu npu-
mecH. Ero ocpepnenne no TeM Xe IpaBHIaM HpI/IBO}lI/IT K OCPeHeHHOMY
ypaBHeHmo TeMHepaTyponpOBonHocm

p —— =div [p(xr+x7) v 0] + Lz

(1.88)

rie TypOyJeHTHBIH NOTOK Tenaa @, Bblpa}KeH qepeé Koaqo(pHuHeH'T TYyp-
GyJeHTHOR TeMIIepaTypOIpOBOXHOCTH H rpazmeHT cpepHefl TemIlepa-

TYypBI |
s -
Pni =cppV; 0 =—CpPKTi— - (1.89)

i
INosiBuBlIHECS B IEpEUYHCJEHHEX YPaBHEHHUAX IY/IbCALMOHHBIE CJlla-
raemble 3aCTaBJISIIOT HCKATh HONOJHHUTEIbHBIE (OPMYJEl LISl HX OIpefe-
JeHusd. B kauecTBe TaKOBHIX OORYHO HCHOJB3YIOTCHA ypaBHeHHe 0a-
JaHca TypOyJeHTHOH SHEPrHM M COOTHOMIEHHS MeXKLy KoagdHIHeHToM
TYypOyaeHTHOH BA3KOCTH M ApYruxX .cybcranuuii. Basanc kuHernueckok
sHepTud TYpOYJEHTHOCTH NS €AHHMIBI Macchl I, Kak B atMochepe,

TaK U B OKeaHe Bpra}KaeTCﬂ o6IIUM ypaBHeHHEM

I 4 03V + 0Dy =1.. ’ (190)

Ox; Ox;

[epsriit ueH 6aJicha xapaKTepn3yeT JIOKaJbHOE H3MeHeHHE SHepTHu
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TypOyJ/ieHTHOCTH B efUHHMIE ofbeMa rasa uau Xupkoctd. Crenyrouiue
claraeMele XapakTepH3yloT ajBekuuio B Jubdysuio D, sHeprus typ-
OynentHocTH. [Toc/enHss npuHUMaeTcsl IPONOPIMOHANBHON T'PaIHEHTY -
9 ¥ KoapOHLIHEHTY K,, KOTOPHIH OGBIYHO CBSI3bIBaeTCH C KO3(HUIHEH-
TOM TYpPOYJIEHTHOCTH Ky COOTHOIIEHHMEeM &, = K./ky. B TakoM ciaydae

D, ;= —akyp ZST - , . (1.91)
g
IlpaBas wacTb ypaBHeHus1 6Gajianca BKJ/IOYAeT MCTOYHHKH H CTOKH
SHEePruH TYpOYyJeHTHOCTH, OCHOBHBIMH H3 KOTOPHIX SIBASIOTCS 3HEPTHS
OCHOBHOTO JBHKEHHSA, lepexofisiias B TypOyJeHTHyw [y; pabGora
cunbt ApxuMesa I;, CTOK KMHETHYECKOH SHepTHH Typ6yJ1eH'rHocrH BO
BHYTPEHHIOIO B pe3yJbTarte JHCCHNANHMH gy

ITepBeIfi M3 HCTOYHHKOB ONpeNEeNsiETCs HpOHSBeLLeHHeM Hanpske-
HYsl TPeHHS] HA TPAJHEHT CKOPOCTH

Iy = —oVi V, a"‘ , (1.92)

Xj

BTOpOﬁ HCTOYHHK 3aBHCHT OT pacrnpeiejeHHs IVIOTHOCTH Bo3AyXxa H
BOAHL 10 BeanKaJm H BHIpaXKaercs (bopmynon

W, (1.93)

Juccunanyus KHHETHUECKOH 5HePrHHM B TeIo ompefeneHa dopmyon
(1.58), HO, XaK npaBuJI0, MPHOBEHHBIE CKOPOCTH IIOTOKA He GBIBAIOT
uspectHHl. IloaToMy Ajs omHcaHuMs 3TOro CTOKA' SHEPrHMH OGBHIYHO HC-
noJib3yercsl noayamnupHueckas rumoresa A. H. Koamoroposa

X : 2 ‘

]@zcap Ky

(1.94)

rie ¢,= 0,046.
Hocxo.any KHUHeTHYecKast 3Heprnﬂ Typ6yJIeHTHOCTH 3, Bpra)KaeTCH

[

yepes NyJbCalMH cKopocreil BO3JAyXa HJH BoOgbl I, =%(V5)2 , TO

BBefieHHe ypaBHeHMs (1.90) yMmeHbIIaeT KOJIHYECTBO HeOIpeNessieMblX
napamerpoB. OcrajibHbie ypaBHeHHS, 3aMBbIKAlOUMe cHCTeMY; OyAyT
IIPUBEACHB! B COOTBETCTBYIOUHX pasgeax.

B norpanuuHHX ciosix atMocdeprl M oKeaHa H3MeHEHHE CBOHCTB
B BePTHKAJIbHOM HaNpaBJeHHH IPOUCXOLHUT rOpasio CHJIbHee, YeM B Io-
pH3oHTaNBHOM. IlosToMY 06RIUHO B ypaBHEHHH AJs TYpOysieHTHOH 3HEp-
THH YYHTBIBA€TCS [IEPEHOC IO BEPTHKA/IH, B pesy/bTare 4ero oHo cy-
IMIECTBEHHO YHpoIIaeTcs

09: _, 0 (. 89
ot Y ( v 0z
o' wr’ . 92
g2V L3 Py, (1.95)
P . Ky p 0z .
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TlonyueHHOe . ypaBHeHMe 'BbIpaxkKaerT TO ‘00CTOSTENbCTBO, UTO M3MEHe-
HHE TYpOy/IeHTHOH 3HeprHH B IOIDAHHYHOM CJIOe IIPOHCXOAMT 3a CYeT
ee nuddysun o BepTHKANH, B pe3y/bTaTe TeHepaluy NIpH CABHIre CKO-
POCTH, Ha Hee OKasbIBAIOT BJIUSHHE CUJB IJIaByYyecTH, 4acTh ee QUCCH-
nupyer B Temo. IlocnegHull 4ieH oNHCHIBAeT IE€peHOC SHEPTHH, CO3-
naBaeMoii QumokTyanusiMu AaBjienus. OH BbleeH CllenHanbHO H3 00-
IMX HCTOYHHKOB SHEPTHH B CBfI3H C NpoM3BOAsiuMHCA B 60—70-€
rofipl MCC/IeJOBAHHSIMH BJHSHHS BOJH Ha TeHepAIMio SHEepTHU Typoy-
JIGHTHOCTH He TOJbKO B BoJe, HO U B Bo3gyxe. Vi3-3a cpaBHHUTeBbHO
He0oJIbIIOH Macchl M 3HEPrUM, HPUXOAAMIMXCS Ha eQVHHNY- INIOMIanH
HOTrpaHUYHBIH cJIof OBICTPO IpHciocabiHuBaeTcs K MeHSIOLUMMCS BHeI-
HHAM VCJIOBHSIM U  OOBIUHO €rQ pacCcMAaTpUBAIOT B KBa3HCTALMOHADHOM
npuONHKEeHHH, T. €. NPH HyJeBoi JeBoH uacti ypaBHeHus (1.95).
Ecan mofienuTh 3aTeM KaxKAoe CJIaraeMoe Ha NMPHUTOK SHEPruu Typoy-
JEHTHOCTH, 34 CU€T CJBUTa CKOPOCTeH, TO B IUIOCKOCTH, COBNAJAOMIEH
C HanpapJeHHeM CKOPOCTH BeTpa WM TeUeHHs, T0Jydaercs

10— (1 %g—)zRer Rp, (1.96)
rjre pagu KpaTKOCTI/I BBEIEHBI 0603Ha‘-IeHI/IH
D=a,— Py (ICV % )'—-lmop(bysnﬁ 9HePTHH TYpOYJIEHTHOCTH,

2
g=¢, —— — JHCCHIAIHS SHepTHH Typ6yﬂeHTHocm

Ky

/=T v . , v
Ri=gp W / (Pu2 ) — IIOTOKOBOE 4HcJ0 PHyYapicoHa,

a(W P’)/az; E=UW .
pu? ou
0z -

Bespasmepnoe upcno Ri mpeacrasiser cobodl OTHOLIEHHE CHJMl IJIABY-
yecTH K DeHHOJBJICOBBIM, BOSHHUKAIOUUM B IIOTOKe co casurom. Ilo-
CKOJIbKY HOCJEJHHE SIBJISIOTCS OCHOBHBIMH JHHAMHUECKMMHU CHJAMH,
To uacto ompefensior Ri Kak orHouleHne paGoThl CHJ nJIaByqec'm
K pabore IMHAMHYECKHX CHJI.

‘ BespasmepHoe UHCIO Rp XapakTepusyer OTHOCHTEJNBHHIH BKJaL
paboThl IyJIbCanuil AABJIEHHs [0 CPaBHEHHMIO ¢ PaloTolt peHHOMBICO-
BBEIX CHJI. Yacro Beipaxkenue (1.96) mepenuchiBaioT B APYro# dopme,

YMHOZXHB eI‘O YjeHBl Ha LZ_ aU
: u2 02
z oU %z \ z z
X =2 (e—D) =+, (1.97)
2 0z u L Lp
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