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BBenenue

B nacrosiiiee Bpemst oiHMM W3 HanboJiee 3HAUMMBIX METOJOB MCCIEAOBaHWS KiMmara U
JUHAMUKKU atMocdepbl sIBISETCS MPOBEJCHHE YMCICHHBIX HKCMEPUMEHTOB ¢ MOAEIsIMU 00LLei
uupkyasiuun armocdepsl (OLIA). Mopenn OLIA Bxiatouator B ceOsi IBeé OCHOBHbIE 4YaCTH:
pelieHre ypaBHEHUH THAPOTEPMOIMHAMUKN aTMochephl U BBIYUCIEHHE MPABbIX yacTeil K 3TUM
ypaBHeHusM. B mogensx OLIA craparoTcst yduThIBaTh BCE OCHOBHBIE KIMMAaTooOpasyroline
npouecchl  HauOojee  TOJHBIM ~ Ha  HACTOSIIIMNA ~ MOMEHT  cnocoOoM.  YpaBHEHUs
T'MJAPOTEPMOMHAMUKH  aTMocdepbl  SIBASIOTCS  3BOJNIOLMOHHBIMU - YPaBHEHUSIMH, TOITOMY
NMpoBeJeHUE YUCIEHHOro skcriepumenta ¢ Mmojeinto OLIA npeacrasiaser coboit 3ananue
HauvaibHOIO COCTOSIHWSI MOJENILHOM aTMocdepbl U pacueT coCTOsIHUS MOJAEIbHON arMocdepb! B
clielylolMe MOMEHTBI BpEeMEHH Ha 3aJJaHHOM BPEMEHHOM MHTEpBaJe.

Mogenn OLIA wucnoaes3yroTcs 118 TpeX OCHOBHBIX —[eJei: TMporHoza MOTrojsl,
MOJIEJTMPOBAHNS KITUMaTa U yCBOEHMSI TAHHBIX HAOIIOIEHUH.

KpatkocpouHblil (1eTepMUHUCTHUECKUI) TTPOTHO3 MOTO/ABI COCTOMT B TOM, YTO B KaueCTBE
HayvaJbHBIX JAHHBIX OepyTcsl KaK MOXHO Oosiee MoApoOHbIE HAOMIOAEHWS HA ONpeaeNeHHBIN
MOMEHT BpEMEHM, MNPOBOJAMTCS HMHWLMAIMA3ALWSA, M 3aTeM COOCTBEHHO pacueT COCTOSHUS
arMocdepbl B MocieylolMe MOMEHTbl BpemeHu. [Ipoao/KuTenbHOCTL Takoro pacuera
cocrapisieT 00bIUHO OT HeckoJbkux 10 10-15 cyrok. Beneacreue HeycToHUMBOCTH, MpUCYLLEH
arMocdepe, nepuoj, Ha KOTOPbLI B MPUHLUMIE MOXHO Npeacka3aTh MIHOBEHHOE COCTOSHHE
atMocepbl, He MOXeT NpeBocxoauTh 15-20 cytok. MIMeHHO 3a Takoe BpeMs pelleHus,
WHTErPUPYEMBIE C JIBYX HAUYANBHBIX COCTOSHUMN, OTINYAOIUXCA HA MUHUMAJIBHYIO BEUUNHY B
npejesax OAWHAPHON MAalIMHHOW TOYHOCTH, PAcXOAATCS Ha PAacCTOSHUE, AENarllee MPOTHO3
Oecriosie3HbIM. B €fCTBUTENBHOCTH, MOCKOJNBKY OIIMOKM B HauyajlbHBIX JAHHBIX TOpas3io
60Jblle, a caMM MOJEJIM HECOBEPLICHHBI, Mpejesl MoJe3HON MPeacKa3yeMoCTH elle MEeHbLIE M
cocTarJIseT B Hacrosilee Bpems 5-10 cyTok.

ITpu MozenupoBaHuM KivMara HauyajibHOE COCTOSSHUE MOJAEILHOW arMocdepbl He MMeeT
pewatouiero 3HaueHus. YHcaeHHbIH 3KCNepuMEeHT Mo MOACIUPOBAHUIO KIUMMAaTa MPOBOJAUTCS
00BIYHO Ha MHOrO JieT. Eciu HavyaneHOe COCTOSAHWE JaleKo OT MOJAENBHOrO KJIMMara, TO B
T€YeHHe HEKOTOPOro BPEMEHH (OOBIYHO OT HECKOJIBKMX MECSLEB J0 HECKONBKHMX JIET, €ClH
Temneparypa noeepxHocTtu okeaHa (T110) 3amaHa) MpoMCXOANT BBIXOJ Ha KBAa3UPaBHOBECHOE
COCTOSIHME, M TIOCNe 3TOT0 MOAeTbHas atMocdepa BBIXOAWUT Ha CBOM KIMMAaT, KOTOPBIH, eciu
MOJellb XOpollasi, He CAMIIKOM Jajiek oT Habmopaemoro. [Toa kaumarom noapasymeaeTcs
aHcam0Jib COCTOSIHMI, pealu3yemblii KJAMMaTUUeCKOW CHCTeMOW 3a JIOCTaTOYHO JA0Jrui
MPOMEKYTOK BPEMEHH.

Cospemennble  mogean OLIA, kak npaBuio, XOpOLIO BOCIPOU3BOAST OCHOBHbIE
KpyMHOMacITaOHble YCPEAHEHHbIE MO0 BpeMEHW napameTpsl kinmata. Hampumep, Ha puc.l.]
NPUBEICHO JaBlIeHNEe Ha YpOBHE MOps B JiekaOpe-(eBpase Mo JaHHBIM HabMoAeHui (peananusa
NCEP, Kalnay et al. (1996)) 3a 1979-1994r.r. 1 1o aanaeM Moaenu MBM, cpeanee 3a 17 net
pacueta. BuzyanbHo puUCyHKH oueHb OJM3KH APYT K Apyry. OTAWUYMs COCTaBISAIOT B OCHOBHOM
1-3 rlla, B ormeabHbix Mecrax po 5 rlla. Ha puc.1.2 npuBeneHa 30HajIbHO OcCpenHEHHAs
Temneparypa B aekabpe-(eBpasie no tem xe AaHHbIM HabaOAeHWH W aaHHbIM Modenn. CHoBa
BM3yaJlbHO PUCYHKH O4YeHb MOX0xU. B Tpornocdepe oTianuus B OCHOBHOM He mnpeBocxoast 1-2
rpanaycoB, B ctpatocdepe (Boie 200 rlla) onu qocTuraroT Mectamu 5-7 rpaycoB.

Mopaenu OLIA wucnons3yroTcs Adsl AOJATOCPOUHBIX (CE30HHBIX) MPOTHO30B MO 3aJaHHOMN
anomanuu TT1O. Ha puc.3 nzobpaxena anomanus TIIO B Tponukax Tuxoro okeaHa B WioHe-
aBrycte Bo Bpems Dnb-HuHpo. lonoxurensHsle anomanun TIIO BOMM3KM DkBatopa AOCTHraroT
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2 rpanycoB. Ha 3ToM ke prucyHKe u300paxeH OTKIMK MOJEIH 7Sl CKOPOCTH 30HANBHOTO BETpa
Ha BeicoTe 200 rlla Ha 3aaannyro anomanuto TIIO (Bomoaun, 2005), a Takske HabnwosaeMast
aHomanus BO BpeMsa Dab-Hunbo. Kak JlokanbHBIM OTKAWK B Tponukax TuUXoro okeaHa, Tak W
MHOTHE YEPTHI YIATEHHOTO OTKIMKA OJIU3KK K HAOMI0AaeMbIM aHOMANHSAM.

Mopenn OLIA u okeaHa B HacTOsLLEe BPEMs LIMPOKO MCIOJIb3YIOTCS 1Sl MOAEIUPOBAHUS
HabloaBIIMXCs B MOCJAEAHEE CTOJeTHE M3MEHEHWH KiuMara, a TakkKe TNpelcKa3aHus
BEPOSATHBIX OYyAyIIMX W3MEHEHUWI KiumaTa, CBS3aHHbIX MPEXKIE BCEro C YBEIMYCHUEM
KOHLIGHTPALMK NMapHUKOBBIX razoB. [TpoBoasSTCsS MEXKAyHApOAHbIE CPABHEHUSI MOJCIHPOBAHUS
WU3MEHEeHUH kaumata B 21-22 cTojeTusx, a Takke BOCMPOM3BENEHUS KIMMaTa MPOULIbIX 3IMOX.
Ha puc.4 mnpencraBieH BpeMEeHHOW XOJ rio0anbHO OCPEAHEHHOW aHOMAalud TeMMepaTypbl
BO3/IyXa y MOBEPXHOCTH MO JaHHBIM HabmoaeHuit u moaenu MBM 3a 1871-2000 r.r. (BonoauH,
Juanckuii, 2006). Jlanawie ocpeaHeHbl 3a Jecarunetus. [lpu TpoBeeHUH MOAENBHOTO
3KCMEPUMEHTA YUYUThIBAJIOCh M3MEHEHWE KOHLEHTpalWKW MapHUKOBBLIX Ta3oB, cylbdaTHoro
aspo30Jisl, BYJKAHWYECKOrO a’po30Jisl, COJHEYHOU TNOoCcTOsiHHOW. Mojeib BOCNPOHU3BOJMT Kak
obuiee norenienue B Teuenue 20 cronerus na 0.6-0.7 rpaayca, Tak 1 MaKCUMyM TeMrnepaTypbl B
cepearue 20 cronetus 1 MuHumyMm B 1960-1970r.r. Eciin Moaenb npaBuiibHO BOCITPOM3BOAMT
HaOmoaeMble M3MEHEHUs KJIMMaTa, MOXKHO MOMBITAThCS MpejcKa3zaTh Oyayliue U3MEHEHUs
KITMMaTa, €CJIM 3aJaThCsl CLIEHapUsIMU pocTa KOHIIEHTPallMK MapHUKOBBIX Ta3oB. [lpumep Takoro
MporHo3a MpPUBEJAEH Ha pHUC.5S, rae W300pakeH BPEMEHHON XOoJ Tj00aibHO OCpeAHEHHOMN
MPU3EMHOM TeMnepaTypsl Mo JaHHBIM MOJENH B 19-22 cTodeTHsX Mpu pazIuyHBIX CHEHAPUIX
M3MEHEHHSI KOHLIGHTpaLMK MapHUKOBBIX ra30B, & TAKKe JIAHHBIC KOHTPOJILHOTO 3KCMEPUMEHTA C
BHELIHWMHU BO3JEHCTBUSIMU cooTBETCTBYIOIUMU 18711,

OpaHako, pacueT KOHUEHTPALMM MapHUKOBBIX Ta30B, W MpPEkKAEe BCEro YrjeKMCIOoro rasa,
JaXe Npy 3aaHHON SMUCCHH, - HEMPOCTas 3ajada, MOTOMY UTO BbIOPOIICHHBIH YIJICKHUCIbIN ra3
HE TIPOCTO HakaruiMBaeTcsi B aTMocdepe, a elle TmnepepacrnpesienseTcss MeKIy OKeaHOM,
pacTeHus MM ¥ TIouBoi. B koHie 20 - nauane 21 croneTust mpuMepHo MoJioBHHA BeIOpocoB CO2
UJeT Ha yBEIWYEHHWE ero KOHIIEHTpalluu B atMocdepe, a ocTaBIiascs MOJOBHHA MOTIOMIAETCS
okeaHoM M 3kocuctemamu cymn (Houghton 2001). Tlpuuem, nornouieHue CyliecTBEHHO
3aBUCUT KakK OT LMPKYJSALMUU OKeaHa, TaK W OT M3MEHEeHWi kiaumara Ha cyuie. [TosTtomy ais
npeackazanust OyayuiMx u3MeHeHuid kaumara Heooxoaumo moaensb OLIA u okeana 10MOAHUTH
MOJIeJIbIO YTIEPOJHOTO LMKAA B aTMocepe, okeaHe U Ha cyie. [Ipumep pacuera KOHLEHTpaLWK
CO2 B 19-20 cronerusix ¢ MOMOINBIO TAKOW MOJenu MpuBeAeH Ha puc.6. Mojens Hemioxo
BOCTIpOW3BOIUT HabmoaeMblil poct CO2 B atMocdepe (Bomoann, 2007).

Eme ogHO BakHOE MPUIIOKEHUE, B TJI€ B KAYECTBE COCTABHOU YaCTH MCMONB3YIOTCS MOJAEITH
OLIA — mojaenu AMHaAMUKH U XMMHHA o30HA. Ha puc.7 mpuBedeH BpeMEHHOW X0/ 00Imero
coaepxkanus ozoHa (OCO) B 1970-2000 r.r. no paHHeiM HabmoaeHnii U moaeaun (CI'B 2004).
Mopenb Heroxo BOCNpou3BOAMT Hadmopaemble ocobennoctn umenenus OCO. OOuiee
ymenbiienne OCO cBa3aHO ¢ BblIOpocamMu  030HOpa3pyILIAKOLIMX  BELIECTB  UEJIOBEKOM,
makciMymbl  okojo 1980, 1990 wu 2000 r.r. oOycioBleHbl MakKCUMyMamu COJIHEUHOM
aKTUBHOCTH, a ApPKO BBIPAXKEHHBIH MUHMMYM B 1993r. - BBIOPOCOM O30HOpa3pyIIAOIIAX
BEIIECTB B Pe3yJbTaTE U3BEPKEHUS BYJIKaHA.
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Puc.1.1. larnenue Ha ypoBHe Mops B Aekabpe-(erpasie no JaHHbLIM HabMI0ACHUH (BBEPXY) M
Mojieau (BHU3Y).
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Puc.1.2. Cpeanerojioras Temneparypa Bo3jayxa no HabmoAeHusM (BBEpXY) U B Mojiesin (BHU3Y).
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Puc.1.3. AHOoManus Temnepatrypbl MOBEPXHOCTH OKeaHa Npy 3nb-HUHbO(BBEPXY), OTKINK
Mojienu Ha Dnb-HuHbo (B cepenvbe) U Habar0jaeMasi aHoMalusi CKOpocTH BeTpa Ha BeicoTe 200
rl1a (RHU3Y).
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Puc.1.4. U3meHenue npuzeMHol TeMneparypsl Bo3ayxa B 1871-2000 r.r. mo 1aHHbIM
HaOMrOIeHUH (GKUpHAst IMHUS) U MOJIeTU (TOHKAst JTUHUS)
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Puc.1.5. M3meHeHune npunoBepXHOCTHOMN TeMIiepaTyphbl Bozayxa B 20-22 cToneTusx npu
pa3IMYHbBIX CLEHAPHUAX U3MEHEHUS COJePkKaHUsl MAPHUKOBLIX W APYruX ra3oB. CUHUS JIMHus —
JaHHbIE KOHTPOJBLHOI0 3KCNEPUMEHTA, 3e/1eHast IMHNUS — JaHHbIC 3KCIIEPUMEHTA C
BO3/eHCTBUAMM, HabmoaaBiMmMucs B 19-20 cTonerusx, xxeiras, opaHxkeBas U KpacHast IMHUU —
NMPOrHO3bl cornacHo cueHapusm B1, A1B n A2
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Puc.1.6. Ceepxy BHU3: amMuccust CO2 (I'T B ros) BeneACTBUE CKUTAHMS TOTUIMRA (GKMpHAS
JVHUS) W 3eMIIeTIONb30BaHus (ToHKas TuHNs); KoHIeHTpans CO2 B atMocdepe (yacTeit Ha
MJITH) TI0 TaHHBIM HaOMoAeHUH (CKUpHas TMHUS) U MojeTH (TOHKAas JIMHUS); U3BMEHEHUe
conepxkanus yriepoaa (I'T) B okeaHe (CrjoiHas AUHUS), pacTeHUsX (MyHKTUPHAS JIMHUS) U
nouse (IITPUXOBas JUHUS) B MOJeH; noTok yriaepoaa (I'T B rol1) B okeaH (crjolHas JuHUs), B
pacteHus (MyHKTUPHAS JIMHWS) U MOYBY (LITPUXOBAS JIMHUS).
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Puc.1.7. Anomanus obriero cojiep:kanusi 030Ha Mo AaHHBIM HaOMoAeHUH (3HAYKHW) U MOJIeNTH
(nuHug).
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1. YpaBHeHust JMHAMUKH aTMOC(epbl.

Hexoaubimu - ypasuenusimu i moaeneit OLIA  sisnsitores canenytomme (Batchelor 1967,
Houghton 2002).

YpaBHeHUe A5 BEKTOpa CKOPOCTH (BTOpOi 3akoH HbloTOHA):

d—V=g-£DP+F\,, (1.2
dt o}

ypaBHeHUe IS TeMIepaTypbl (MepBoe Haualo TePMOANHAMUKN):

dT dP RT
LI LIS (1.2)
d dt PCp
ypaBHEHWE HEPa3PbIBHOCTH:
op .
9P+ div(pV) =0, (1.3)
ot
ypaBHCHI/IC COCTOAHHUA UACAJTBHOTO ra3a:
P
- 14
P — (1.4)
ypaBHCHI/IC nepeHoca BIIA’JKHOCTHU:
R_p, (15)

3neck V —TpexmepHbIii BEKTOp CKOPOCTH, T —Temneparypa, P — naBienue,
Q — yzaenbHas BJAQXKHOCTh, P - MIOTHOCTh BO3AyXa, R — rasoBas moctositHHas Bo3ayxa, t —
BpeMsi, § — YCKOpEeHHe CBOOOJIHOTO MajieHus, F — npaBble 4acTH ypaBHEHHIA.

Vpapnenue (1.1) 3anMcaHo B uWHepuuadbHON cucTeMe oTcueta. UToOBl 3amucarh ero BoO
Bpalaronielics cicteMe oTcueTa, Hy’KHO BOCIIOJIB30BaThCS PABEHCTBOM:

OdAQ _ [dA[Q

BEH=HEHR+QXA, (16)

rae A — MpOW3BONBHBIN BekTop, Q - BekTOp BparieHust 3eMau, uHaekcsl | 1 R cooTBeTCTBYIOT
WHEPIMANIBHOM M Bpallarolleiics cucteMam otcyeta. Torjaa MoKHO NMOJYyYHUTh, UTO

dv O _dv O

stk BEHHzva + Qx(Qxr), (1.7)
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rie r — paadyc-BekTop. BTopoe crnaraemoe B TpaBoi 4YacTW ypaBHeHus 1.7 sBusercs
yckopennem Kopuonnca, a TpeThe — 1IeHTpoOeKHBIM ycKopeHueM. [Ipu pemenumn ypaBHeHUil B
mozensx OLIA 1eHTpoOekHOe YyCKOpeHMe, KaK TMpaBWIO, HE VYUYUTHIBAETCS, TMOCKOJBKY
BEpTHKaJbHasg KOMIMOHEHTA YCKOPEHHWSI MHOrO MEHblle {, a rOpu30HTajlibHas KOMIOHEHTa B
TOUHOCTH KOMMEHCUPYETCS MPOEKLWEH J Ha TOPU30HTANIbHYIO MJIOCKOCTh M3-3a HECEPUUHOCTH
3emiu.

B kauecTBe ropuszoHTaNbHBIX KOOPAWHAT NMPU WCCCI0BAHWW CBOWCTB YpaBHEHWI OObLIYHO
UCTIONB3YIOTCS JIEKApTOBBI KOOPAWHATHI X W Y, XOTS B MOJIETSIX HCTIONB3YIOTCA chepuueckne
KoopauHaTel A U ¢ (gonrota w mupota). OOBIYHO OyAeM paccMaTpuBaTh pelleHHe B 001acTh
x[[0;1], yOI[0; 1] m meproauueckne yCIoBUs HA TpaHuIax, To ectb A(X=0) = A(Xx=1),
Aly=0)=A(y=1), rae A —nobas pyHKLHS.

[To BepTHKaNM MCNIOABL3YIOTCA CAELYIOLNE KOOPAMHATDI:

Z -koopanHara. YaoOHa, eciu otcyrcTByeT peibed. [lpu HeHysneBoM peiibed)e BO3ZHUKAIOT
CIIO’KHOCTH € 3aMUCHI0 HIJKHETO TPAHUYHOTO YCIOBHSL.

P -koopaunata. Ee BBeseHHE BO3MOXKHO, €CIIM TIPUHATH MPUONMIKEHUE THAPOCTATHKH, TO €CTh
CUUTATh, YTO

P -p9, (1.8)

0z

OTo npubNMKEHWe BEPHO C XOpOMIed TOYHOCTBIO Al KPYMHOMACINTAOHBIX ABWXKeHUH. [lpu

3TOM Mbl HE PacCMaTpHUBAEM 3BYKOBbIC BOJIHBI, UMEIOLLME OUEeHb 00JIbLIYIO (Pa30BYIO CKOPOCTL U

TpeOyiolLre NO3TOMY YMEHbllIeHus wwara no spemenu. s P -koopauHartsl ypaBHEHUSI UMEIOT

CaMblii TPOCTOMH BUJ, U MOITOMY OHA UCTIOJIb3YETCA 111 AEMOHCTPALIUU CBONCTB YPABHEHUIA.
ITpumepno B nonoBuHe wmopeneit OLIA  ucnonb3yercss B KauecTBE BEPTUKAJIbLHOWM

KOOpAMHATBI O-KOOPAWHATA. O ONpeAeIAeTcs KaK

o= E, (19)

rie uHaekc S cooTBeTcTBYeT nosepxHocTH 3emin. Ona yaobHa Tem, 4TO MO3BOJISET MPOCTO
3anucarb HUXKHEE rpaHWyHOE YCJIOBHME: BepTUKaIbHAs CKOpPOCTh paBHa Hyio. OnHako, B
BepXxHell wyacTW pacueTHOW obmacTu, B crTparocdepe u Mmezochepe ymoOHee, Korna
KOOpPJIMHATHBIE MOBEPXHOCTH OJNM3KHM K TOPU3OHTANBHBIM. |loaToMy mpHMepHO B MOJIOBHHE
Mojelell B KauecTBe BEPTHUKANbHONW KOOPAWHATHI UCMOJB3yeTcsd THOpUAHAsS KoopauHaTa I,
KoTopasi B HWXkHeH yacTr atmocgeps! 6J1M3ka K 0-KOOpAUHATE, a B BEpXHEH HacTh armocdeps! —
Kk P-xoopaunare. Bomnpoc o Bbeibope ontumaneHod ana moneneit OLIA  BepTHkanbHON
KOOPJIMHATHI HA HACTOAINEE BPEMS OCTAETCS OTKPBITHIM.
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2. YpaBHeHus B NPUOJIMKEHHH THAPOCTATUKHA. {ajibHelue ynpoumeHust
YPaBHEHMH.

3anuiieM ypaBHEHUS FMAPOTEPMOAUHAMHUKM B MPUOJIMKEHUN MMAPOCTATHKM, TJE B KaUeCTBe
BEpTUKANLHOU KOOpJMHATH ucnonbsyercs z u P (Houghton 2002). [/lnsa cnywas koopawHat
X, Y, Z ypaBHEHHWS BbITJIAASAT CICAYIOLIMM 00pa3oMm.

ou ou ou ou _16P

—+uU—+v—+w—-fv=—"—+Fy, (2.1)
ot ox oy 0z p 0X
ﬁ+uﬂ+v@+wﬁ+fu:—ia—P+Fv, (2.2)
ot ox oy 0z p oy

oT uaT +va—T+wa—T+wi = Fr, (2.3)

ot ox ay 0z Cp

99,4994y Rk, (2.4)
ot ox ay 0z

9p , 0pu  9pv , opw _ (2.5)
o0 ox ody o0z
oP
——=-pY, (2.6)
0z
P
=, 2.7
R 2.7)

rae U,V,W — KOMMOHEHThbl CKOPOCTH BlIOJbL KoopAnHaT X, Y,z f — napameTp Kopuonuca.
B koopannaTax X, Y, P ypaBHeHHS 3aMHCBHIBAIOTCS CIEAYIONUM 00pazoMm:

a—u+u@+v@+r6—u—fv=—aﬁ+Fu, (2.8)
ot ox ody OP 0X
L @+v@+rﬂ+fu:—a£+l:v, (2.9)
ot ox oy OP y
a—T+ua—T+va—T+ra—T—Tﬂ=FT, (2.10)
ot [6)4 oy 0z PCp
9Q,,99,,99Q,,9_¢, (2.12)

ot 0x oy OP
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ou ov 01

—+—+—=0, (2.12)
ox oy OP
©@__P (213
oP RT

rae T - aHanor BepTHKaHBHOﬁ CKOpPOCTH, o= JZ - reornoTeHuHall.

B P-cucreme koopaMHaT MHOrMe 3aKOHbl TMAPOTEPMOAMHAMMKHU BBIMISAAT Haubolee
npocto. B ypaeHenusx (2.8) u (2.9) nas kpynHomaciiTaOHBIX JBHUXKEHWH arMocdepbl ¢
XapaKTepHbIM NMPOCTPaHCTBEHHLIM MaciuTaboMm He menblue 100 KM M BpemMeHHbIM maclTabom
HE MEHbIIE HECKOJIbKMX 4YacOB € TOYHOCTbIO npumepHo 10% rpaaueHt paBiaeHus
komreHcupyerca yckopeurem Kopuonuca. Ecim npeneOpeub M3MEHEHHWEM CKOPOCTH BO
BPEMEHU M  aJIBEKTUBHBIMHU CJIaraéMbIMW, TO MOJy4aTcsd YpaBHEHHWs Jii reocTpoPpUUECcKnX
CKOpOCTeM:

10® u= _10® (2.14)

f ox

DTH ypaBHEHHWS 03HAYalOT, YTO B reocTpoGUUecKOM NpUOIMKEHWW BETEep AyeT BAOJb W30JIMHUM
PaABHOT'O TCONOTCHOHUAlAa, OCTaBJIsAA B CEBCPHOM MONYIHAPHWH BBICOKOC 3HAUYCHHUE CIIpaBa. U3
reocTpouuecknx COOTHONIEHWH TyTeM anudQepeHipoBaHus MO p CIEAYIOT COOTHOINEHUS
TEPMHUUYCCKOTO BETpaA:

v _10mdO  RAT

o _20on _RoT 215
0 f ox BGP fP ox ( )
du_ 100PO RAT

u__209 RoT 2.16
P foyHPH P oy (2.16)

M3 3TUX COOTHOILIEHUH CIENyeT, B 4YaCTHOCTH, YTO, MOCKOJIBKY B CCBCPHOM TIOJYyIIapHuH, KakK

oT ou
npasuio, 6_ <0, TO ecTb B TPOIMMKAX TEIJee, YeM B BLICOKHX LLIMPOTAX, TO a—P <0. [Mockonbky

y MOBEPXHOCTH 3eMJIM M3-3a TPEHUSI BETPbl KaK MPaBUJIO HECHJIbHBIC, HA JOCTCTOYHO OOJbLIMX
BbICOTaxX J0JOKHO ObITb U>0, TO ectb B Oousblieil yacth arMocdepbl BeTep A0KEH ObIThb
3anagHbiM. C MOMOLLBIO COOTHOLICHWH TEPMHUUECKOro BeTpa MOXHO MoKa3aTh TakKe, YTO eCilv B
HEKOTOPOM CJIO€ BO3/yXa HarpaBlleHHe, OTKyJa AYeT reocTpouueckuii Berep, cIBUraeTcsi C
pOCTOM BBICOTHl BMpaBO, TO TaM, OTKyAa JAyeT BeTep, Temmeparypa BbIllEe, 4YeM B
paccMaTpuBaeMoii Touke, TO €CTh MPOUCXOUT MepeHoc HoJiee TEerIoro Bo3ayxa.

Eme oauuM npubavKeHHeM ABIsSETCS COOTHOIIEHHE UMKIOCTpodHuueckoro BeTpa, TNMpH
KOTOPOM MOJIHAsl MPOU3BOHAS CKOPOCTH YPaBHOBEIIMBAETCS IPaJUEHTOM reonoTeHmrana:

du_ 0P dv_ 09

— = == (2.17)
dt ox dt oy
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Takoe npubnuxKeHue crnpape/yIMBO, €ClU BeIUYMHA 3aBUXPEHHOCTH BeJMKa, HanpuMep BOIU3H
LeHTpa Tay0okoro uukiaoHa. C MOMOIINBIO 3TOTO COOTHOWIEHHWS MOYKHO BHAETh, YTO OYEHb
OonbIIMe TPaJMEeHTHl JaBNeHUs WIH TeornoTeHrana BO3MOXKHBI JIUIIb BOJU3U LIEHTpa HU3KOTO
JIaBJI€HHSA, HO HEBO3MOJKHBI, MO KpaliHell Mepe B pamMKax LUKIOCTPO(UUECKOro MpHOIMKEHUs,
BOJIM3M LIEHTPA BBLICOKOTO IaBJICHMUS.

Hns kpynHomacwtabHbIX [BWXKEHWH B ypaBHEHMM HepaspbiBHocTH 2.12 cnaraemoe ¢
BEPTUKAJILHOI CKOPOCTbIO OOLIYHO HA HECKOJILKO MOPSAKOB MEHbLIE MO BEJIUUMHE KaXI0ro W3
ocraBwnxcst cinaraembix. [loaTomy MoOXHO B 3TOM MpUOAMIKEHWM 3anucarb YpaBHEHHE
Hepa3pbIBHOCTH Kak

U, v (2.18)
ox oy
M B 3TOM npubavkeHun w3 AByX ypaHeuuii (2.8), (2.9) 3anucars 0aHO ypaBHeHWE s
3aBUXpeHHOCTH. MTak, eciin BBeCTH 3aBUXpEeHHOCTL { =?—g—u, TO [ HEE MOKHO MOJIyYHTh
X oy
ypaBHeHUe:
£+u£+v£+vﬁ:0, (2.19)
ot dx oy

rie 8 :a—. Ecnu BBectn monnyro 3aBuxpenHocTh Q= +Qo, e Qo — 3aBUXpPEHHOCTS,

o0yciloBJIeHHas BpalleHnem 3eMJI1, TO JJ1sl Hee CITPaBeAJIMBO YpaBHEHUE

dQ _y, (2.20)

dt

TO €CTh B JIBUXKYLIEMCs 00beMe BO3/1yXa UMEET MECTO COXpaHeHHe MOJHONW 3aBUXPEHHOCTH. JTO
O3HauaeT, Hafnpumep, YTO TNpW JBHXKEHUM BO3AyXa Ha CeBep MNPOUCXOAWT YyBeJlWYeHHe
3aBMXPEHHOCTH, CBSI3AHHOW € BpalleHueM 3emiiM, U, CJIeJoBaTe/bHO, YMEHbLICHHE
OTHOCHTEJILHOW 3aBUXPEHHOCTH. DTOT 3¢ dekT, Kak OyaeT nokazaHo HUXKE, SABISETCS NPUUMHON
BO3HWKHOBEHMS BOJIH PoccOu. YpaBHenue HepazpbiBHOCTH (2.18) Mo3BoseT BBeCTH (BYHKITHIO
Toka W, Takyro uTo

u=- =% (221)
dx oy
T0 { = AW, 1 ypaBHenue (2.19) nepenuiiercst CNEAYIOIMM 00pa3zoM:
0(AY) _a¥ a(AY) +6_LIJ6(ALIJ +B) 0. 2.22)

ot dy 0x 0x oy
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TO €CTh MBI MONYYUIN ypaBHEHWE TOJIbKO i (yHKIMH Toka Y. MoXHO mokas3aTh, 4TO TMPH
COOTBETCTBYIOIIMX KPAeBBIX YCIOBUSX U ATOTO YPABHEHUS BBIMOIHAIOTCS 3aKOHBI COXPaHEeHWU s
3aBUXPEHHOCTH, KBAJ[paTa 3aBUXPEHHOCTH (FHCTPO(HH) U SHEPTUH.

Bepruemcsi k ypapHenusm (2.1) — (2.7). PaccMOTpuUM 3aKOHBI COXpaHEHWUs, KOTOpbIE
BBITIOJHSIFOTCSL JIISI 9TUX ypaBHeHW. [lycTh MBI permaem ux B obmactu Q: x[J[0;1], yO[0;1],
z[J[0;1], mo X ¥ y Ha TpaHWUIAX UMEIT MECTO YCIOBUS MEPHOJIUUYHOCTH, & N0 Z — YCIOBHE
Henporekanua: W=0 npu z=0 u z=1. 3akoHOM coxpaHeHus s BeauunHbl K HazoBewm
BBIMOJTHEHUE PABEHCTBA

I%—fdg =0 (2.23)

rje MHTerpupoBaHue paccmarpupaercs 1o obiactu Q, a dQ = dxdydz.
M3 ypaBuenus nepazpbiBHOCTH (2.5) ciieqyeT, 4TO coxpaHnsieTcst Macca arMocdepbl

M =[pdQ, (2.24)

MOCKONBKY ypaBHEHHME 3alucaHo B JIUBEpreHTHoM Buje. Boobmie, ecnu XoTAT Joka3arh
BBITTOJTHEHUE 3aKOHA COXPAHEHUS JI1 HEKOTOPOU BETWUMHBI, TO JIJIs1 TPOU3BOIHOMN 1O BPEMEHH OT
3TOW BEJIMMUHBI MbITAIOTCS 3anucarb ypaBHEHHE B JIMBEpreHTHOM Buje. Hanpumep, u3
ypaBHeHuit (2.4) v (2.5) MOXHO MONYYUTh 3aKOH COXpaHEeHHs 118 Biaaru. Eciav ymMHOXWUTBH
ypaBHenue (2.4) na P, a ypaBHenue (2.5) Ha Q M CIOXKHTb, TO MOJYHUTCS ClEayroliee
ypaBHeHHUeE:

9pQ , 0pUQ  9p\VQ  9pWQ _ o (2.25)
ot ox oy 0z ’ |

3arnucaHHoe B auBepreHTHOM Buje. CiegoBarenbHo, nHTerpai rno obsactu Q ot Benanuunbl PQ
coxpaHsietcsi. MOKHO nokaszaTh Takxke, 4to Jyis ypaBHeHuil (2.1)-(2.7) BbINOJHSETCS 3aKOH
COXPAHEHUSI CYMMbl KHHETUUYECKOM, TETJIOBOI M MOTEHUMAIILHON 3HEPTHU:

2 2
I%( p(% +CoT +g2))dQ =0 (2.26)

Kpome Toro, oyeHn BaKeH 3aKOH COXpPaHEHWS MOMEHTA BpallCHUs BOKPYI OCH BpallCHHs
3emau. Ecnu ypaBHeHust 3anucaHbl B KoopauWHatax A, @, Z, TO OH BBINISAUT B clyvae
OTCYTCTBHS pesibeda ciaeayroinm odbpazom:

J’%(a3 cos’ pp(Q,acose +u))dAdgdz =0, (2.27)

rje a — paauyc 3emuu, Qo— yrioBas CKOpOCTh BpauleHUs 3eMIH.
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3. Meroasbl penieHusi ypaBHeHU THAPOTEPMOTUHAMUKH.

OCHOBHYIO CJIOKHOCTH TIPH YHCJIEHHOM pelieHUH YpaBHEHWH THUAPOTEPMOTUHAMUKU
BBI3BIBACT ypaBHeHHWe TmepeHoca. B momemsx OLIA ucmonb3ytoTes clenyrone MeTOJIbI
pelieHusl YpaBHEHUs TiepeHoca: KOHEUHO-Pa3HOCTHBIN, CHEKTPANbHBIA W MONyJIarpaHKeBhIi.
3nech 6oJiee NoApoOHO PacCMOTPUM KOHEUHO-pa3zHOCTHbIH meToa (I"oayHoB, Psabenbkuii 1973)
Ha NpUMepe OJHOMEPHOrO YPaBHEHHs MepeHoca TeMIeparypbl NOCTOSHHON ckopocThio. MUTak,
MBI peLIaeM ypaBHEHUE

a—T+ua—T:O (3.1
ot 0X

B 00nacTH XD[O;l] C NMEePHUOJMYECKUMU FpaHHuHbIMU yeaoBusamu: T(Xx=0) =T(x=1).

1
ITycTb Bes obnacTh paszzesieHa Ha | paBHbIX WAroB Mo NpocTPaHCTBY, Tak uto AX = T

Hanuuiewm pasnoxenus B psin Teisopa jist T.,, v T, B OKPeCTHOCTH TOUKH i

2 3 4

T =T+ 0T 4 By B, B v axt) (3.2)
2 6 24
2 3 4

T, =T - T+ B By B vy ok (33)
2 6 24

U 3arnuiem ABe ﬂpOCTGﬁLLW]G KOHCYHO-PAa3HOCTHLIC alllTpOKCUMaLun a—B TOYKE i: METOIOM
X

HarpaBJICHHBIX paBHOCTCﬁ

OTO_T-T,

T (34)

H OCHTPAJIBHBIX paSHOCTeﬁZ

OTO_T,~T

B& H = —ZAX (3.5)

C nomolupto paznoxeHuii B psg Teitsopa (3.2), (3.3) aerko nokaszaTh, 4TO CXema HarnpaBJIEHHbIX
pa3HOCTEN MMEET MEpBbIA MOPALOK annpoKCUMaUMK, a4 CXEMa LEHTPAJIbHbIX PA3HOCTEH —
BTOpO#i, TO ecTh paBeHCTBO (3.4) BBIMONHSETCS ¢ TouHOCTRIO 10 O(AX) , a paBenctBo (3.5) ¢

TOUHOCTBIO 10 O(AX?)
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T-T AX

i-1 :T'_T"_+O AX 36

A > (A%) (3.6)
_ 2

T Ti_lzT.+T...A_X+O(AXz) (3.7)
2AX 6

Pemenanem ncxoanoro audgepenimanbHoro ypapaeHus (3.1) snsercs
T :Toeik(x—ut) (38)

TO €CTh €CJIM Mbl UMeEM B HauaJlbHbIi MOMEHT BPEMEHH BOJIHY C BOJHOBBIM YMCIIOM K, TO OHa
OyZAeT MepeHOCUThCS CO CKOpocThio U. Ecnu mbl pemmaem ypaBHenue (3.1) mo BpemMeHH TOUHO, a
MO MPOCTPAHCTBY MPOU3BOAHYIO 3aMEHsieM KOHEUHOW pa3HocTbio (3.4), TO C TOYHOCTBIO IO
BeJIMUMH 60Jiee BLICOKOIO MOPsiIKa Mbl pelliaemM ypaBHeHHe

oT N 0T 0°T AxO

—+UuG—-——[F0, 39
ot Hox o¢ 2H (39)
peuiCHUE KOTOPOI'o 3alnChiBACTCH KaK
_ukPtax
T=Te 2 gt (3.10)

DTO 03HayaeT, UTO BOJHA C BOJHOBLIM UMCIOM K He MpOCTO MepeHOCUTCs CO CKOPOCThIO U, HO
€e aMILIUTY1a YMEHbIIACTCS CO BPEMEHEM, NPUYEM TEM CHilbHEe, YeM OoJibiiie K.

Eciu MBI 3aMeHsieM MPOW3BOJHYIO MO MPOCTPAHCTBY ILEHTPadbHOU paszHocThio (3.5), To ¢
TOYHOCTBIO JIO BEJIMYUH O0Jiee BBICOKOTO NMOPsKa MBI pelllaeM ypaBHEHHE

oT N 0T  0°T AX* O

—+u +—— 3.11
ot Hox o 6 1 (1D
pelIeHre KOTOPOTO 3alUCHIBAETCS KaK
ik(x-u =2 11y
T=Te 6 (3.12)

DTO 03Ha4aeT, 4TO BOJIHA C BOJHOBBIM 4YMCIOM K MEpeHOCUTCS He CO CKOpOCThiO U, a ¢
MeHBIIel CKOpPOCThIO, MpHYeM ¢ TeM MeHblnei, yeM Oombime K. Bonna ¢ mepmomom 2AX
BooOLIe OyEeT NMePeHOCUTLCS € HYJIEBOH CKOPOCTBIO.

MoskHO HammcaTh KOHEUHO-Pa3HOCTHYHO aNMpOKCHMAIMI0 WCXOJHOTO YpPaBHEHUs CKOJb
YTFOJHO BBICOKOTO Topsiaka. Hampumep, w3 cxembl BToporo mopsaka (3.7) MOXHO TONYYHTh
CXEMY TPeThero Mopsjka, €CM 3aMEHUTh B TIaBHOM ciaraeMoM omuOku T ™ Ha ee KOHEYHO-
Pa3HOCTHYIO anmpoKCUMalIUFo:

Ti+1 _3Ti +3Ti—1 _Ti—2

~ (3.13)
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MoXHO mnokazaTh, YTO JAJS CXEM HEYETHBIX TNOPSIAKOB omuOKa OyAeT B aMIUIMTYAE
MEPEHOCUMO BOJIHBIL, & [Tl CXEM YETHBIX NMOPSIAKOB — B CKOPOCTHU MEPEHOCA.

3aMeHHMM Tenepb KOHEUHBIMU Pa3HOCTAMH MEPBOTO M BTOPOrO MOPSAAKA MPOM3BOJHYIO MO
BPEMEHHU U PACCMOTPUM MojyuuBLirecs: cxembl. [TycTb BEpXHUI MHAEKC O3HAUaeT HOMEp Lluara
no BpemeHu. Cxema rnepBoro nopsiika rno NpocTpaHCTBY U BPEMEHU BbIMJISAUT TaK:

n+l _n n_ n
LU ST B Y (314)
At AX

Jist Toro, uToObl peleHrue KOHEUHO-PA3HOCTHOM cxeMbl cxoaniochk npu AX -0 n At- 0
penIeHnto ncXoaHoro auddepeHIMansHOT0 ypaBHEHUS, OIHO anMmpoKCUMAaIIUi HeJIOCTaTOYHO.
HyxHo einte, yToObI cXema OblNia yCTOMUUBOM. Y CTOWUHMBOCTh 03HAYAET OTPAHUUYEHHOCTh
peLeHus, TO ecThb ecau Ha ware no pemenn N [Ti" < Mg, To aast mo6oro k>0 [T < M, rae
Mo, M — HekoTopbIe MOJOKUTENbHBIC KOHCTaHThI. Haliaem, npu kakom yciosuu cxema (3.14)
Oyaer ycroitunpoii. Cxemy MOXKHO repernucarh Kak

uAt [ UAt
T = ﬁl—— T nUAt 3.15
' ' AX EV " Ax (3.19)

Ecau [Ti"| £ Mo, 7o |T; ™™ < Mo npu yeaosuu, uto

ﬁl_ UALL, (3.16)
AX

u U= 0. Yernosue (3.16) HaswiBaetcs yciaouem Kypanra. Takum obOpazom, cxema (3.14)
SBISIETC  YCIIOBHO  yCTOMUWMBOW. DTa cXeMa SBIseTCs sBHOW, TO €CTh 3HAuYeHHe
MPOTHOCTUYECKOW TIepeMEeHHOW Ha CIeAyIoleM Iare SBHO BBIpayKaeTcsl yepe3 3HaueHue Ha
NpeabIAyIHMX nrarax. MoKHO 3amicaTh HESIBHYIO CXEMY:

n+l _n n+l _ n+l
L/ I il MY, (3.17)
At AX

Jlns BhIYMCIIGHMS pelleHUusl Ha Clie/lylolleM 1are no BpemeHu no cxeme (3.17) Heobxoaumo
pewaTb CUCTeMYy JIMHEWHBIX YypaBHEHMI ¢ JByxauaroHaibHoi matpuueid. Cxema (3.17)
ycToiturBa npu J11000M COOTHOLLEHHWH LLIAroB M0 BPEMEHH U MPOCTPAHCTBY.

PaccMoTpum Tenepb cXeMbl ¢ LIEHTPalTbHBIMU Pa3HOCTSMHU MO MPOCTPAHCTBY. SIBHas cxema,
UMelolIas NepBblii MOPsIIOK MO BpEMEHHU U BTOPOI MOPSAA0K MO MPOCTPAHCTBY:

n+tl _n n_ n
Ti Tl +u Ti+1 Ti—l — O (318)
At 27X

HeycTolHuMBa MpH J10O60M 1are rno BpemeHu. [ToaTromy B TOM cilyuae, eciiu HY’KHO MCIOJIb30BaTh
LEHTpaNbHbIE PA3HOCTH BTOPOTO MOPsIAKA MO MPOCTPAHCTBY U SIBHYIO CXEMY MO BPEMEHH, 3a/1auy
penraroT 100 MPH MOMOIIHN CXEMBI LIEHTPAITBHBIX Pa3HOCTEN MO BPEMEHHU:
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n+tl _ n-1 n_ n
Ti Tl +uTi+1 Ti—l = 0 (319)
2At 2AX

a1bo ¢ MoMolIbIO cXeMbl Diijepa:

Tin+1* _Tn T n_T n

A tumEo =0 (3.20)
X
n+l _-n n+r* n+1*
Ti AtT| +uTi+1 ZATi—l :O (321)
X

O06e >TU cxembl YCTOWUMBBI MpU TOM ke camoM ycioBuu Kypanta (3.16). Jlns BbiuucieHus
pewenust o cxeme uexapabl (3.19) Tpebyercs pelueHue Ha JBYX MNPEAbLAYIIMX LIarax.
CrnenoBarensHO, A Hee HY)KHO 3a/7aBaTh JBa HadalbHBIX ycioBHs. Kpome Toro, 4roObl He
OBINO PAcXOJUMOCTH MEXK/Y PEUIEHWEM Ha YETHBIX M HEYETHBIX Hlarax Mo BPEMEHHU, B CXEMY
(3.19) BROJAT crnenMalbHOE claraeMoe, UMeEKIee BUJ KOHEYHO-PAa3HOCTHON anmnmpoKCHMalluU
BTOPOM NMPOU3BOIHON MO BPEMEHMU.

ITpu pewenun ypaBHenuit ruaporepmoarHamMmukn B moaensx OLIA cxema nepBoro nopsuka
Mo MPOCTPAHCTBY HE MPUMEHSETCs M3-3a 00blloli oMbk B amrinTyae. CaMbIMU MPOCTbIMU
CXEMaMH, KOTOPbIE UCMOJIL3YIOTCS B MOJIESX, ABIsAOTCS cxembl (3.19) u (3.20-3.21). BozmoxkHO
WCIOIL30BaHUE CXEMbI TpeThero nopsiaka (3.13).

B ofmem crnydae, Korja ¢ TOMOINBIO ABHOM CXEMBI pelllaeTcs CUCTEMA YpaBHEHH
THIPOTEPMOJIMHAMHUKHN atMoc(ephl, ycioBHeM ycToluuBocTH Oyaer ycnoBue Kypanrta (3.16),
rje B KayecTBe U OepeTcs CKOPOCTh caMoro OBICTPOTO Mpoliecca, OMUCHIBAEMOT0 YPaBHEHHSIMH.
B cnyuae ypasHenuii HaBbe-CTokca 310 ckopocTh 3ByKa. Eciin peliaercs cucrema ypaBHEHUI B
NpUOIMKEHWW TUAPOCTATUKH, TO CambiM OBICTPBIM MPOLECCOM OYJeT pacrnpocTpaHeHHe
rpaBUTaLMOHHBIX BOJH. [ToaTomy Haubojee ynorpedUTE/IbHBIMU B HACTOSIIIIEE BPEMSl SIBJISIOTCS
CXEeMbl, TIJ€ cllaraéMbie, OTBETCTBEHHBIC 3a pACMPOCTPaHEHWE TI'PABUTALMOHHBLIX BOJH,
OTMCBIBAIOTCS HESIBHO, a OCTajJbHas cUCTeMa ypaBHEHM penraerca sBHO no cxeme (3.19). Lllar
MO MPOCTPAHCTBY A1 MOJENEH MpOrHo3a Morojibl Ha CeroJHSIIHUNA JIeHb COCTaBMSET OOBIYHO
20-100 xm., mis moneneit kmumata 100-500 km. Illar mo BpeMeHU COCTaBISE€T OT HECKOJIbKHX
CEKYH/ 10 HECKOJTbKUX MUHYT.

B npeapinyiiedi aexkunyu o0cCykaanuch 3aKOHbI COXPAHEHUS, KOTOPbIE BBIMOJHSIOTCS B
ypaBHeHUsiX. XOTenoch Obl, YTOObI aHAJIOrMUHbIC 3aKOHbI COXPAHEHWS BBIMOJHSINCL U B
KOHEUHO-pa3HOCTHLIX cxemax. Camblii mpocToi crnocod A0CTHUL 3TOr0 — arnpoKCUMMHUPOBATDH
KOHEUHbIMU Pa3HOCTSMMW YypaBHEHUs, 3afucaHHble B JAMBEpreHTHOM Buae. Hanpumep, ecau
anpOKCHMHUPOBATh KOHEYHBIMH Pa3HOCTSAMHU BTOPOTO MOPsiIKa MO MPOCTPAHCTBY U MO BPEMEHHU
ypaBHeHue (2.25), To MOJyuuTcs SIBHAS cXema:

injkn+l -pQ ijkn_l + pQui+1jkn - pQui—ljkn + pQVij+1kn - pQVij—lkn + pQ\Nijk+1n - pQuijk—ln
2At 2AX 20y 20z

=0(322)

rae i, j,kK —uHaekcbl mo X,y,z. Cxema ycroiiunsa npu yciosuu Kypanra (3.16), u obnanaer
3aKOHOM COXPaHEHHUST MACCHI BJIATH TPU COOTBETCTBYIOIMUX TPAHHUYHBIX YCIOBUSIX, TO €CTh
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Z ijkn+l :Z ijkn_l (3.23)

rae Q - KoHeuUHOpa3HOCTHAs 00J1acTh ONpee/ieHNs 3a1aquHu.
s ypaBHEHUS TEMJIONPOBOAHOCTH C MOCTOSIHHLIM KO3 HULIMEeHTOM:

2
aT:kaT

bl z 3.24
ot x> (324)

MOHO 3arucarb CXeMy BTOPOro nopsijka ro npocTpaHcTBy U MEPBOro nopsiaka rno BpeMeHu:

An+1 —-Tn - on_ N 4T "
T - LA iTx T (3.25)
KOoTOpas 6}7I[€T YCTOﬁqHBOﬁ npu yCJIOBHUH
2
At < AZLk (3.26)

AHanornyHasi HesiBHasi 10 BPEMEHH cxeMa OyJeT YCTOWYMBOW MpH JIFOOOM Iare no BpPEMEHH,
OJHAaKO TpeOyeT Ha KaX/JIOM [are peHieHns JIMHEHHOW CHCTEMBI € TpeXAuaroHaIbHON
mMaTpuueh. 3aMeTHM, YTO CXeMa deXapAbl [l YPaBHEHUS TEIUIONPOBOJHOCTH HENPUMEHUMA,
TaK Kak HeyCcToWuuBa rpu giodom 1ware no Bpemenu. s cxembl (3.25) BbinonHsercss 3aKoH
COXpaHEHUs TEMIEPATYPBbI, TO €CTh

Z Tin+1 — Z Tin (3.27)

Boobiue, 3aKoH coxpaHeHus j1s1 HEKOTOPOM BEJAMUUHbBI A BBIMOJHIETCS MPU COOTBETCTBYIOLIMX
rpaHUYHBIX YCJOBHUSIX JJISi KOHEYHO-PA3HOCTHOM CXEMbl, €CJIM 3TY CXEMY Y/aeTcs 3anucarb B
CITETYIOIIEM BUJIE:

A" -A"=F, -F (3.28)

riae F — HekoTopoe KoHeuHO-pa3HOCTHOE BbIpakKeHHE.

B nacrosiee Bpems npumepHo 30-40% wmogeneit OIIA  pewator  ypaBHEHUS
rMAPOTEPMOJMHAMUKH KOHEUYHO-Pa3HOCTHBIM MeToJoM. Haubonee pacnpocTpaHeHHbIM ceiivac
SIBISIETCS CTIEKTPATbHBIH METOJ pellleHus] ypaBHEHUM, KOTja Bce NMPOTrHOCTHYECKHE TepeMeHble
paznararorcs B psj o cheprueckum GyHkimam (Kpymuataukos, Kypoarkun 1991). Hampumep,
nepeMeHHast A TIpe/ICTaBIsAETCs KakK

M N(m)

AA.¢) = mZM ;1 AP (@)™ (329)

rae A, — kodhdurmentsr Oypre, P, (§) — nonmnomsl Jleskanapa, P._€™ - chepuueckue

¢ynknuu, M — HOMep yceuenus, N(m) — dyHKIus, onpeenstonias BUa ycedeHus. B vactHom
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cyyae N(m) =M (TpeyronbHoe yceueHue). Y paBHEHUs TIEPETTHCHIBAIOTCS sl KO (DUITHEHTOB
Oypre. Takne cxeMbl 001aal0T TEMU Ke 3aKOHAMU COXPAHEHHUsI, YTO U UCXOJHBIE YPABHEHHS.
Henoctatkom siBisgercs Oonbliioe BpeMsi, HEOOXOJIMMOE Ha NMpsiIMoe M 00paTHoe MpeoOpa3zoBaHue
U3 CETOYHOTO B CMEKTpalbHbIU BU. [IpH yiydineHnn pazperieHns 105 3TOro npeodpazoBaHus
BO BCEeM aylropuTMme yBeauuupaercs. [Ipy npumMeHEeHMU CNEeKTpaibHOro MEeToja cXema Mo
BEPTUKAJIM OCTAETCS KOHEUHO-Pa3HOCTHOMN.

TTonynarpanxeBblii METO/ pelleHUsl YPaBHEHHWS NePEeHOCa COCTOWUT B TOM, UTO JUISl KaXKJ0ro
y3Jla CeTKW MILETCS MECTO, U3 KOTOPOTO WCXOJUT TPACKTOPUS HACTHLIbl HA TIPE/bIAYLIEM [are
M0 BPEMEHHU, U 3HAUYEHHE W3 ITOU TOYKHM MEPEHOCUTCS B paccMaTpuBaeMblil y3en. Takoi meTon
MO3BOJISIET JIENATh [Aru Mo BpPeMeHW, OOJbIINE, YeM s SBHBIX KOHEYHO-PA3HOCTHBIX CXEM.
DTOT MeToA XOpolll TaM, T[J€ HaA0 NPaBHIBHO TMEPEHOCHTh BEIWYHHY C OOJBIIMMH
rpagueHTamMu. Hemoctatkom MeTo/ia sIBASIETCSl OTCYTCTBUE 3aKOHOB COXPAHEHMSL.
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4. ITapameTpu3anuu NOACETOYHBIX MpoueccoB. TypOy1eHTHOCTH B
MOrPAHUYHOM cJjioe aTMoc(epsbl. IIponeccsl B mouBe M HA MOBEPXHOCTH.

PaccMoTpeHHble B MpeAblAyLIMX JIEKLMSX YPAaBHEHWs 3alMCaHbl B MPEANONI0KEHUU
HeNnpepbIBHOCTH aTMOcdepbl, 8 KOHEUHOMEPHbIE aNMPOKCUMALIMKA — B MPEATNONI0KEHUN TOTO, U4TO
Iar Mo MPOCTPAHCTBY W IO BPEMEHU Maj MO CPaBHEHHMIO € XapaKTEPHBIM pa3MEPOM BCEX
CYIIECTBEHHBIX Ul JAWHAaMHMKU aTtMocgepsl mpoueccoB. OnHako, mar Mo MpoCTPaHCTBY B
mozenax OLIA cocTaBnsieT OT HECKOJIBKMX JAECATKOB J0 HECKONBKMX COTEH KM., U MHOTHE
BRXHBIE MOroj000pasyroline Mpoueccsl MMET pa3Mep MEHbIIE Mara Mo MNpOoCTPaHCTBY,
MCIOJIb3YEMOMY B MoOJelsiX. UTOObl MOHSTbL, KaK M3MEHSATCS HallW ypaBHEHUS, €C/IM Mbl He
paszperiaeM MpoLecchl ¢ XapaKTepHbIM MaclliTaboM MEHbLIEe HEKOTOPOro, 3aruiieM ypaBHEHHE
JUis U-KOMIIOHEHThI ckopocTH (2.8) ¢ yueTom ypaBHeHUs Hepa3pbiBHOCTH (2.12):

@Jr o(uu) N o(uv) N o(ur) fy = _0®

(4.2
ot ox oy oP 0x

M MpPEICTaBUM BCE MEPEeMEHHbIE KaK CyMMY KpyMHOMAclITabHbIX, pa3peliaeMbiXx MOJICJbIO, U
MeJikomacluTabHbIX, He pa3pelaeMbiX MOJACbIO:

W=[y]+yr (4.2)

rie W =u, v, T, q, [W] — kpynuomacitadbuas cocragositomas W, a W' — menkomacirrabhas,
Takas 4to

[W]=O0. 4.3
IMoacrasus B (4.1) Beipakenus (4.2) u Bocnob3osasuiuck (4.3), nonyunm ypasuenve aist [U]:

olu] , dlullu] , d[u'uT , Al |, dlullr] , dlu'v] , ofu't] _
ot 0x 0x oy oP oy oP

_3e]
0

flv] = (4.4)

D10 ypaBHeHue oriaudaercs or (4.1) Tem, uro comepxkuT crnaraembie O[U'T']/0p, a Takke
aHajlorMuHbIe ciaaraembie no X v Y. UroOwl peuiath Takoe ypaBHeHHe, HEOOXOAMMO BbIPa3UTh
craraeMble TaKOro THWMA 4epe3 KpyMHOMAacIiTaOHble MepeMeHHble. Takue BbIpaKeHUs
Ha3pIBAIOTCS  MapamerpuzanusMid. OHU  MONYYalOTCs, €CNM  MPUBIEYD JOMOJHUTENbHbIE
COOOpakeHUsT 0 TOM, KaKOBa MPUPO/Ia METKOMACIITAOHBIX HEOTHOPOAHOCTEN paccMaTpuBaeMbIX
noneii. B 5ToM Kypce Mbl pacCMOTPUM TapaMeTpH3aliii TYpOYJIEHTHOCTH B MOTPAHUYHOM CIOE
arMocdepbl, NapameTpu3alii KOHBEKLIMK U KOHACHCALMH U MapamMeTpu3alnio rpaBuTalioHHO-
BOJIHOBOI'O COMPOTHBIICHHS.

TMpocreiias napamerpusainmsi TypOyJISHTHOCTH B MOMPAHHYHOM CJI0€ COCTOUT B TOM, YTO
notok Benuuunbl W, rie W = u, v, T, ¢, B cpeiHeM HampasieH OT OOJbIIUX 3HAUCHUH STOM
BEJIMUMHBI K MeHbIIMM (MonuH, O6yxoB 1954)

a¥]

[Wr]=-k=2

(4.5)
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rie K — HekoTophli  KOd(QUIIMEHT, Ha3bBAEMBI  KOIPOHUIIMEHTOM TYpOYJIEHTHOCTH.
Beipaskenne (4.5) 06BIYHO HA3BIBAIOT THIOTE30M ByccrHecka. AHATOTHYHBIE cllaraeMeblie 10 X 1
Y ropasjio MeHbIIE 10 BEJHYHHE, TaK Kak TOPH30OHTAIBHEIE TpaaueHTsl [W] ropasio MeHsIIe mo
BeNWYKHE, YeM BepTHKaibHble. KoddHuiuenT TypOYIEHTHOCTH OUYEHb CHJIBHO 3aBHCHT OT
BEPTUKANBHON CTpaTH(WKAIIMK: OH BEJNWK TPW HEYCTOWYMBON CTpaTH(UKAIMH W Mal TIpH
yeroiunBoii. KpoMe TOTo, OH 3aBUCHT OT BEPTUKAIBHOTO C/BHra BeETpa W OT Maciirada
TYpOYIEHTHOCTH, KOTOPBIH JI0 BBHICOTBI HECKOJBKO COTEH METPOB MO MOPS/KY BETHUMHBI paBeH
z. Takum obpazom (Businger et a., 1971 , Mouun u O6yxos, 1954),

_,6 ov [
k—kBa—Z,aZ, E (4.6)

rae 0 - moTeHIManBHas TemrepaTypa, | —MacmTad TypOyJIeHTHOCTH.

VCII0BHO Pa3iiMualoT KOHBEKTHBHYIO TYpOYJIE€HTHOCTb, KOTOpasi 00yCJIOBJIEHA B OCHOBHOM
TEeMMeparypHoi HEYCTOWUYMBOCTbIO, M CABHMIOBYIO, KOTOpas OOyCJ/OB/IEHA BEPTUKAIbHLIM
capurom Betpa. KoadpduuueHt TypOyAeHTHOCTH, KakK MPaBWJIO, MO BEJAUYMHE HAa MHOIO
MOPSIKOB MpeBbIIIaeT KOYPPHUIMEHT MONEKYIIPHOU BAKOCTH U TEMIONPOBOAHOCTH.

Takum oOpazom, yueT TypOyJEHTHOCTH B TMOTPaHUYHOM cjioe atMocdepbl NMPUBOJIUT K
JIOTIOJHUTENBHBIM CllaraéMbIM BUJA BA3KOCTH WM TETUTONMPOBOJAHOCTH:

oW _ 9, 0w _0oF,

97 -9 9 (4.7)
dt oP oP oP

rae Fy - notok no Beprukanu Beamunubl W. Takoe ypaBHeHHe OObIUHO pellaeTcsi KOHEUHO-
Pa3HOCTHBIM METOJOM C MOMOIIBIO HESBHOM cXxembl, Tak Kak koddduuuentsr K mMoryTt GbiTh
OueHb OOJILLIIMMU, YTO MPUBOAMT K HEYCTOMUMBOCTHM SIBHOM cxembl. B kauecTBe BepxHero
rpaHUYHOrO YCJIOBUSI 0ObIUHO OepeTcst HyJeBOW noTok. B kauecTBe HMXKHEro rpaHUUHOrO
YCIIOBUS HY’KHO CTaBUTb MOTOK Ha NoBepXxHOCTH. [TpocTeiinii cnocod BbIUMCIIEHUS NOTOKOB Ha
MOBEPXHOCTH, UCMOJB3YEMbIH B MOJIENAX, COCOTOUT B NMPUMEHEHUM a’dpOJMHAMUYECKUX, WIH
Oank- dpopmyn. Maes 3aech Ta ke, 4To U B runortese byccuHecka: MOTOK HEKOTOPOH BETUUHHBI
HarnpaslieH OT OOJIbIIEero 3HaUeHHs BETMYMHBI K MEHBLIEMY.

Ry =0G, IV, (U, -u,), (48)
R = 0C, IV, (v, -v,), (49)
R =G, IV, (6, -6,), (410
Fy = PC, IV, 1(Q.-Q.). (4.12)

rae Cy n Cr — GespasmepHsble ko uineHTsr oOMeHa, 3aBucsiue ot crparudukanun, Cpu L —
yAenbHas TEMJIOEMKOCTh BO3JlyXa M TemnjoTa mnapoobpazoBaHus. UHaekc S o0o3Hauaer
BCJIMYKMHBI HA MOBEPXHOCTU 3EMIIM, MHICKC @ — BEJWUMHbI Ha HUXKHEM YPOBHE arMOC(epHOi
MOJICJIM, KOTOPbIH HAXOJAUTCS, KaK MPABUJIO, B HECKOJILKHX JecsiTKaXx MeTpoB Haj 3emiieii. [1pu
BLIYMCICHUM [TOTOKOB MMITYJIbCA MOXHO MOJOXHUTL Us = Vg = 0. Jlns pacuera temrneparypsbl
MOBEPXHOCTH OKeaHa WCMONB3YIOTCS MOJIeNH OOIlel TMpKYJSIUYA  OKeaHa, WIH, ecld
MPOBOJIUTCS pacueT Todabko no mojenu OLlA, To TemnepaTypa MOBEpXHOCTH OKeaHa 3ajaetcs. B
ciy4ae CyIu JUIsl OTipe/ielieHrs] TeMIepaTyphl MOBEPXHOCTH PelaeTcsl ypaBHEeHHe:
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oT,
psCsE = _FT - FQ + FRAD + FSOIL (4-12)

rae Ps Cs - MIOTHOCTB M TEMI0EMKOCTb NouBbl, Fr u Fg — noroku siBHOro u ckpbiToro Ternia
(4.10) n (4.11), Frap ¥ FsoiL — paauanmonHbiii 6anaHc Ha TOBEPXHOCTH W MOTOK Terja w3
nouBbl. [l BBIUMCIEHWS TIOTOKA Terja M3 TOYBBI, a TakKXKe A OMpejeieHus BIaKHOCTH
MOBEPXHOCTH, B TIOUBE PEINAOTCS ypaBHEHUs TerutoBnaronpoBoaHoct (JIsikocos u [lanarus,

1978):

orT o0 oT

L9, %k, 413
ot a9z a9z (4.13)
oW 00, ow oT O

CALUUAT WAL UM LIy 4.14
ot GZET\W 0z Aur 0z VHI- W (4.14)

rie W — yzenbHash BIAXHOCTh MOYBBL, AT,Aw, Awt, Y - KOI(D(QUIIHEHTH TETLIONPOBOTHOCTH,
BJIarorpoOBOHOCTH, BIArOTENJIONPOAOAHOCTA U THAPABINYECKHH MOTOK. Fr — HCTOUHMK Tenna
BCre/ICTBUE (Da30BhIX MEepexoa0B BOJbI, Ry — NCTOYHMK BIaru BeneAcTBUE (Da30BBIX MEPexXo10B
M nepexojia NoUBeHHOMW BoAbl B CTOK. Ha HukHEl rpaHuie cTaBsTCsl yC/IOBUS HYJIEBbIX MOTOKOB,
Ha BepXHel rpaHuiie — NoToKkKH Ha noBepxHocTu. Cucremy (4.13), (4.14) pewator aubO HESIBHBIM
METOJI0OM, cOBMecTHO ypaBHeHueMm (4.12), (4.10), (4.11) n ypaBHeHHEeM TeMmJIONPOBOAHOCTH B
NMOTPaHUYHOM clioe aTMmochepsl, Tudo OTAeNbHO OT atMmocdepsl, Torjaa ANs OmpeaeneHus
TEeMMepaTypbl MOBEPXHOCTH TPeOYIOTCS UTEPAIIUN.

B kauecTBe BnaXHOCTH MOBepXHOCTH Qs TPW BBIYMCIEHWM TOTOKA BJIArv HCMOIb3yeTCs
3HaYeHHe HACBIIEHHON BIAKHOCTH TIPU JIAHHOUW TeMIiepatype W JaBJIeHWH, €ClU TTOBEPXHOCTh
MOKpbITa BOJOW MK cHeroMm. Eciau nmoBepxHocTh nmpeacTaBisieT co00i OTKPhITYIO MouBy, TO Qg
ecTh (PYHKLUHS HACBILICHHOW BJAXHOCTH W BJIAXKHOCTU MPHUIOBEPXHOCTHBIX CJIOEB MMOYBbI.
Haubonbinuii uHTepec npeacTapiseT BbIUUCIEHWE MOTOKA BJark ¢ MOBEPXHOCTH paCTEHHUH, Tak
KaK OHWU MOKPbIBAIOT OO0JIbIIYIO YacTh CYIIW, U NMPaBUJIbHBII pacueT TeMneparypbl MOBEPXHOCTH
CYIIIM HEBO3MOEH 0e3 MPaBUIBLHOTO BBIUMCIEHUS HCTIapeHus ¢ pacTeHuii. B aTom cnyuae motok
BJIArW 3anmucBaeTcs cieayromuM obpaszom (Sellers et al., 1986):

F, = Lp(QI;— Q.) (4.15)

rae R - COMPOTHUBJCHHUEC UCITAPEHHIO,

1
R=———=4+R, (4.16)
C V.l ™
1
m - 00BIMHOE a9POAMHAMUYECKOE CONPOTHBICHHE, & Ryeg — yCTBHUHOE CONPOTHBIICHHE,
a

3aBUCALLICC OT MHTCHCUBHOCTHU Cl)OTOCl/lHTGSaI

Re = F(T)F(W)F(RAD) (4.17)

27



rae (bYHK[II/II/I F BBIpaXXarOT 3aBUCHMOCTL YCTBHYHOT'O COIIPOTHUBJICHUS OT TEMIICPATYPHI,
BJIA>XHOCTH ITOYBBI, HpI/IXO)]HHICﬁ paaruanmu U Jpyrux BEJIMYHH. OTn q)YHKI_H/H/I UMCKOT MUHUMYM
npu 6HaF0]’IpHHTHHX I paCTEHHUA YCITOBUAX, U MAKCUMYM — TIpHU He6HaFOHpI/I$[THBIX.

5. IlapameTpu3anus KOHJAEHCAIUU U IJIyOOKOH KOHBEKIMH.

TMepeuncanm OCHOBHbIE MPOLIECCHI, KOTOpbIe NPUBOAAT K KoHaeHcauuu (Houghton 2002).
Konaencauust BogsiHoro napa B armocdepe npoucxoanT o0bIYHO MpH aa11MadaTUuecKoM NoabeMe
U oxsaxaeHnu Bozayxa. OanH U3 ciayyaes, Koraa 3To ObiBaeT — riyOokasi BlaxHasi KOHBEKLMUSI.
Takast KOHBEKLMSI NMPOUCXOIMT B OCHOBHOM B TPOIMMKAX M B YMEPEHHBIX LIMPOTAX JIETOM, MpH
HalTMUUU BIAXHON HEYCTOMUMBOCTH M JOCTATOYHOrO KOJMYECTBA BOJASHOIO TNapa B HHMXKHEH
qyacTh atMocdepbl. XapakTepHblii MaciiTad BepTUKAIBHBIX JABMXKEHUH MpH ITyOOKOH BlakHOU
KOHBEKIIUU COCTaBJIAET OOBIYHO OT COTEH METPOB JI0 AECATKOB KuiaoMmeTpoB. ClenoBarenbHo,
TaKoH mpotiecc ABAsieTcs MOACETOUHBIM U HY)K/aeTcsl B MapameTpu3alivy.

Ewe oannm npoueccom, NpUBOASIUMM K KOHAEGHCALMW W 00pa30BaHWIO OCAJIKOB, SIBJSICTCS
OapokirHHas HeycToiuMBOCTb. Jis peannsaunn GapoOKJAMHHON HEyCTOMUMBOCTH HEOOXO0anM
00JbIIOW TrOPHU3OHTANILHBIM TIPaAWeHT TeMmmnepaTypbl U OTCYTCTBME OOBIYHONH BEPTHMKAILHOM
HeyctoiiunBocTu. Torma, eciu W30JIMHWMM TOTEHUMAILHON TemnepaTypbl HaKJIOHEHbI K
TOPU30HTY Ha yroji O, TO 4acTHIa BO3/yXa, JBUTasch B CTOPOHY Ooljiee XOJOJHOTO BO3AyXa U
BBEpX, OyAeT Teriee M Jerde OKPYXKarollero BO3/AyXa, €ClM OHa TMOJHUMAaeTcd MoJ Yriom
MEHBIIUM O. B 3ToM ciaydae wacTuiia OyJeT ABUTaThCs B CTOPOHY XONOAHOTO BO3/yXa U BBEPX
Janbllle ¢ yCKOpeHneM. AHATOTMYHO, ABUKEHUE YacTUIbl BO3/lyXa BHHU3 MOJ YIJIOM MeHblIe O U
B CTOpPOHY Oosiee Temnoro Bo3jayxa OyAeT HeycTOMUMBBIM, YacTHIa OyJeT XONoHee U TshKenee
OKpY’Kalollero Bo3ayxa W OyleT ABHMraThcs C ycKOpeHueMm. Boinajenue ocaikoB B cpeaHMX
HIUPOTax CBS3aHO B OCHOBHOM C MOABEMOM BO3/yXa MNpU OapOKIMHHOM HEyCTOHUYMBOCTH.
XapakTepHblii MacmTad Takoi HEYCTOHUMBOCTM COCTaBsleT OT HECKOJBKMX COTEH [0
HECKOJIBKUX ThICSIY KM. OCHOBHasi MpUYMHA U3MEHYMBOCTH TOTOJbI B CPEHUX MIMPOTAX JE€Hb
oTO JHS — OapokivHHas HeycToWuuBocTh. [lpouecchl koHaeHcaunu npu  OAPOKIMHHON
HEYCTOWUMBOCTH B MEPBOM MPUOIMKEHNUHN SBJIAIOTCS KPYMHOMACIITAOHBIMU, UX YUET B MOJEIH
TpedyeT npoueaypbl KpynHomMaciTabHol KOHASHCALHH.

Ewe oaHum mnpoueccoM, nmpu KOTOPOM NPOUCXOAMT KOHJACHCALMS, SIBISCTCS CMELleHUE
JIOCTAaTOYHO BJQXHOTO BO3JyXa ¢ pa3duuHoi Temmepatypoil. [lpu 53TOM, NOCKOJBKY
3aBUCUMOCTb HACBILEHHON BIAXXHOCTH OT TeMMepaTypsl OJM3Ka K SKCTIOHEHIMATbHON U UMeeT
BTOPYIO MPOW3BOAHYIO OONblIE HYJs, TO B CMECH OTHOCHTENbHAs BJIAXHOCTh OyJeT Oosblie,
4eM B KaXJOHW vacTulle Mo OTAeNbHOCTH. EcIM B MCXOAHBIX YacTHLaX BO3AyXa C pasHOU
TemMneparypoi BiaxkHOCTb OJIM3Ka K HAChILUEHHOMW, MPU CMELIEHUHU BJIAXHOCTbL Oyaer Oouiblie
HACBILLEHHOMH, TO ecTh OyAeT NPOUCXoauTh KoHaeHcalus. Takol BUa KOHAEHCALMU MPUBOAUT K
00pa30BaHWIO CIOMCTOW 00JaYHOCTH, KOTOpas MOKET CYLIeCTBOBaTL JO0JIrOe Bpems U
MOKpbIBaTh OosbliMe miomani. Ocaaky, BeIMajalole U3 Takux obgakoB, Hebobmue. Ecnu
o0saka Haxo/ATCs He Yy MOBEPXHOCTH 3€MITH, TO TaKUE 0CAJIKH OOBIYHO MOJHOCTBIO HCTIAPSIFOTCS.
JIIst OnMMCcaHus Takoro TUMa KOHAEHCAllMM B MOJENH, Kak MUHUMYM, HeoOXOAHMO Xopoliee
BEPTHKANBHOE pa3pellieHHe, ¢ 11aroM He MeHbIIe HECKOJIbKMX JEeCATKOB METpOB, a TaKke
Xopouiee BOCMpoW3BeAeHHEe TypOYJEHTHOro repeMeliuBaHus B MNOrpaHuyHom cioe. B
JEHCTBUTEILHOCTH pa3pelieHne M0 BepTHKaiu B OOJbLIIMHCTBE MOJEJCH cocTaBisieT B
Tpornocdepe OT HECKOJbKUX COTEH METPOB [0 KWJOMETpa, NO3TOMY JUIsi BOCITPOU3BEACHUE 3TOr0
THna 06J1a4HOCTH HeoOXoAMMa crieuraibHas napameTpu3ams.

Hrak, npu noOom paspemieHud MoJield  HeoOXOAWM  y4eT KpynHomaclTaOHOM
KoHJeHcalmu. [1ycTh B HekoTopo#t Touke Monenn temneparypa T u yaensHas BaaxkHocTh Q >
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Qmax(T). Haiinem Temnepatypy u Braxuocts T + AT u Q - AQ mocie KOHJISHCAIIMH TpH
YCIIOBUU, UTO BJara nocje KOHJEHCAIMW paBHA HACBHIIEHHOW W HACHIIIEHHAs Biara JUHEWHO
3aBHCHUT OT TeMIepaTyphl:

_ L
AT = c AQ (5.1

P

Q-8Q=Qu (T+8T)=Q, (M+aT =D oq_ )+ = AQanax(T) (5.2)

OTKya
. Q.M-Q
R .M
C, oT 53
ol 9.M-Q
Cp 14 b 9Quu(T)
c, oT

Heo6x0a1Mo yuuTBIBATh TaKKe UCMAPEHHE OCAJIKOB, KOTOPOE paccUMThIBAETCs B Cl0dX, rae Q <
Qrmax 110 popMyJiam, aHaaoruuHbIM (5.3), HO ¢ HEKOTOPBIM AMIUPHYECKUM KodpduumeHTom K<1:

v Qu(M-Q

AQ—k max ,

14 L Q. (T)

C, oT

L Qu(M-Q (549
AT =k— max

Cp 1+ — L anax(T)

C, oT

[IpocTeiinmas mapameTpu3aiis BIaKHON KOHBEKIINY (KOHBEKTHBHOE TPUCTTOCOOIEHNE) COCTOUT
B TOM, YTO €CITd B HEKOTOPOM CJI0€ BO3JyXa TPajMeHT TeMrepaTyphl Mo BemuurHe Ooblle
BlakHOoaaMabatnyeckoro.  Haiinem, deMy paBeH  BIakHOaauabaTHUECKWH  TpajJdeHT
TeMMeparypsbl Ye. [lycts cyxoaanabarnyeckuii rpaguent ya = -g/Cp, 1 uactiua Ha HEKOTOPOM
ypoBHE Z umeeT Temmepatypy T 1 B1axHOCTh Q = Qunax(T). B pesynbrate noabema Ha ypoBEHb Z
+ Az ee Temneparypa Oyaetr T + AT. Pazaenum nporiecc BraxkHoaauadaTuyeckoro mojabeMa Ha
JBa: cyxoaauabaruueckuii noabem M konaeHcauuio. [locie cyxoaauabarvyeckoro noabeMa
temneparypa 6yaer T + AZ Y, BiaxHOCTh Qmax(T), @ HAChILIGHHAS BIQXKHOCTD

T+Azy. )= T)+Az
Qi ( Va) = Qua (T) + A2y, o

[Tocne koHaeHcaumu Temneparypa u3MeHuTest cornacHo (5.4) u cocraBut
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0Qna (T)

L aT
T+AT=T+Azy, ——Az 5.6
ya Cp ya 1+L6Qmax (T) ( )
C, oT
OTKyJ1a
S L 0Q,.(T) E
C oT
AT=Azy 1-—F [(=Az 5.
yaD 1+L anax(T) |:| y{;a ( 7)
H " c, ot
rae

0 LaQ,(M C
0 o C

C
=y 1-—= L 5.8
Ve ST a0, M &9
C, oT

[TycTh BaaXHast HEYCTOMUMBOCTL MMEET MeCTO Mexay aAsymsi yposusmu: K n K+1. Tlycrs
M3BECTHBI TEMIEPATYPA U BJIAXKHOCTh 0 KOHBEKTHBHOTO cornmacoBanus Tk, Tyl Q") Qket -
Haiinem TemnepaTypy ¥ BIaKHOCTh Ha JABYX YPOBHSAX MOCHIE KOHBEKTUBHOTO MPUCHOCOONEHUS
T Ted™ QM Q™™ Jlnst HaxoxzaeHus YETBIPEX HEW3BECTHBIX HYKHO Hamucath 4
ypaBHeHus. OmHO W3  HUX —  YCIIOBUE  paBEHCTBA  TpajJiIieHTa  TeMIMepaTypbl
BlaxxHoaanabaTuueckomy. Jlpyroe — 3akoH coxpaHeHust TenjoBoi aHeprun. OcraBiivecs aBa
yCJIOBHS MPOM3BOJIbHLI. Hanpumep, MOXHO 3aaTh, 4TO OTHOCHTENbHAS BIAXHOCTb [ MocCje
KOHBEKTHBHOIO MPUCNOCOOICHNS paBHa 3a/laHHO

n+l n+l
Tk +1 Tk —

- y(fa (5-9)
Zk+1 - Zk
(CPTknJrl + Lan+l)AZk + (CPTkﬂnJr1 + I-Qk+1n+l)AZk+l = (5 10)
= (C:PTkr| + Lan)Azk + (C:PTI<+1n + LQk+1n)Azk+1
n+l =r T n+l ,
Qk kaax( k ) (511)

1 1
Qk+1n+ - k+1Qma>< (Tk+1n+ )

CyuiecTByloT 000011eHUST METOJa KOHBEKTUBHOrO npucrnocodaeHus. OHu 3akiovaroTes B
TOM, 4TO BMECTO BJIKHOaAHa0aTUUYECKOro rpaJueHTa Temneparypsl B ypaBHenuu (5.9) Gepercs
Jpyrasi BeJvMuKHa, Harpumep B3gTas u3 00001ieHns naHubix HabaoaeHuit (Betts, 1986). [Ipyroe
W3MEHEHHE COCTOUT B TOM, YTOOBI HE 3aMEHSIThH MPOQHIL TEMIIEPATYPHI M BIAXKHOCTH 3a/1aHHbIM,
a TpubIMKaTh MOJIENbHBIM Npoduis K 3aJaHHOMY C XapakTepHbIM BpeMeHeM TMopsjKa
HECKOJbKUX YacoB.
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Eme onna mapameTpusaiids riyboKoM KOHBEKI[MM M3BECTHA MOJA Ha3BaHueM “Mass flux”
(notok Maccel, Tiedtke, 1989). Ee naest COCTOMT B TOM, 4TO BCS siueiika MOJETHN MOApa3aensercs
Ha oOmauHyto W Oe3o0mauHyro 4dacTh. [lycTh m07s, 3aHMMaeMas KOHBEKTHBHBIMHU OOIaKaMW,
cocrapisieT O, a A0Js, 3aHartas HUCXOIALMMHU IBWXkeHusMH, (1-a). B obnakax cyuecrByer
notok Fy Bemmuunaer W. 3necs W = U, V, O - SKBUBaNeHTHO-TTOTEHIMATBLHAS TeMTIEpaTypa

R
6. =+ (5.12)
0 GO

KOTOpasi COXpaHseTCsi B TMOJHMMAIOLICHCS YacTHULE BJIAXKHOrO BO3[yXa, B KOTOPOH MOMKET
NMPOUCXOAUTh KOHJEHCAllMs, HO HEeT ApPYrux HeaaunabaTuueckux mnpuTokoB Tenja. [ToTok
Besmunuel W B obsnake Ha JaHHOM YpPOBHE MPONOPLHMOHANIEH Pa3HOCTH TEMIIEpaTyp MEXy
00J1aKOM U OKpYKEHHEM:

Fy =

W=k(T, -T ¥, (5.13

001 [ oxp

rae W — BepTUKajibHasi ckopocTh B obnake, K — koadduumeHT nponopumoHaibHOCTH, WHICKC
001 oTHOcUTCS K 0071aKky, a OKp K okpyxkenuto. Mamenenenume W B obsiake coOTBETCTBYET
KOHBEPreHuunm noToKa:

al.puﬁ.'l —_ aFW

ot 0z

(5.14)

AHANOTUYHO BBIYMCISAETCS TTOTOK MAcChl M DBOJIONMS TIPOTHOCTHYECKUX BEIWYWH BHe oOJsaka.
[lpy BeIUMCIEHWU BEepPTHKATHHOW CKOPOCTH BHe o0Jiaka TpejrnojaraeTcsi, YTo cymMma IMoToKa
Macchl B 00J1aKe W OKpPYKEHWM paBHa HYJIO, TO ecTh (1-0) W + O Wes, =0. OkoHuaTensHo
3HaueHre W, ocpemHeHHOe TO suelike, BBIYMCHIAETCS € YYeTOM 3HAUeHW B oOnake wu
okpyxeHnn: W = o Wy, + (1-0) Wosp.

B mpupone oOpa3zoBaHuWe oOOMaYHOCTH W BHITIAJIGHWE OCAJAKOB TPH  KOHACHCAINU
MPEICTABNAIOT COOOW OAWH W TOT ke Tipotiecc. OnHaKko, B coBpeMeHHBIX Mojemsax OLIA, k
CO’KaJIeHWIo, TapamMeTpu3aliis 00JauyHOCTH HENMOCPEeJICTBEHHO He CBsA3aHa ¢ KOHJIEHCAIlHeH.
[lpocTeiitmas cxemMa BBIYHMCIEHHs Oanna o0JAYHOCTH COCTOMT B HWCIOJB30BAHUHM KYCOUHO-
JIMHENHOI 3aBMcuMocTH Oajia o0aunocT C OT OTHOCHTENILHON BIAXKHOCTHU:

C=ar+b (5.15)
¢ orpanuuenusimu C=0, C<1. 3aech a, b — HekoTopbie sMnupuuecky MogoOpaHHbIC 4KCIIA,
KOTOpbIC 3aBUCAT, BOOOLLUE rOBOPS, OT CUTyallMu, B KOTOpOM oOpasyercsi 00J1au4HOCTh U OT
CBOWMCTB MOJEJIH.
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6. 30HAILHO-OCPeAHEHHAS LMPKYJISALHUA aTMOC(ephbl.

MHorue uepThl aTMOC(EPHON HUPKYISIUM MOTYT OBITh OOBSICHEHBl KaK MpsSMbIe
TepMuyeckue sueiku. [lycTe B 3aMKHYTOM cocyjie B JIEBOW TMOJOBUHE TeMIeparypa BO3ayXa
coctasnsier T1, a B npapoit T2, T1>T2. CornacHo ypaBHeHHWIO THIPOCTATUKA W YPABHEHUIO
COCTOSIHUSL MJI€aJbHOTO Ta3a, MPU HEU3MEHHOM MO BBICOTE TeMIepaType JaBleHUe YMEHbIIAeTCs
C BBICOTOH Kak

3le

P=Re (6.2)

TO ecTb Npu OoJiblICH Temreparype OHO NMajlaeT C BbICOTOH MeljieHHee, a MPU MEeHblueld —
obicTpee. JTO 3HAUMT, YTO MNpu Temrneparype T1 paBienue HaBepxy OyJeT MeHbllie, a BHU3Y
6oablue, yem npu temneparype T2. Boznyx npu orcyrcTBuu BpauieHuss OyaeT ABUrarbcsi OT
OoJiplllero AaBJeHUs K MEHbIIIEMY, cM. puc.6.1.

T1 T2

Puc.6.1. Cxemarnueckoe n300paxeHne TEPMUUECKH BbIHYKACHHOW LMPKYISLMU BO3JyXa NpH
TI1<T2.

[MToabem Bo3ayxa OyneT MpoOUCXoanTh NpU GoJIblIICH TeMMepaType, a ONnyCKaHUe MPu MEHbIICH.
Taknum 00pa3oM ycTpoeHa MepuaAMOHANBHAs Aueiika aTMochepHON LHUPKYISIUH, TJe BO3AYX
MOJIHUMAETCA B TPOMMUKAX, BOJM3M MakCUMyMa TeMIepaTypbl, a OMycKaeTcd B CyOTpONHKax.
OHa HazbIBaeTcsl siueikoil XoaaM. YUWThIBas roJ0BOM XOJ TeMIepaTyphl, BOCXOA11as BETBb
STYeKK pacrnoiokeHa, KaK MpaBuio, B JIETHEM MOJYyIIapuH, OTKyAa Oonbllas 4acTh BO3JyXa
nepellaeTcs B BEpxHeil Tponocdepe B 3UMHEE [MOJylIapUe W OMycKaeTcss B 3UMHHUX
cyOTponukax, a MeHbllas 4yacTh — B cyOTponukax JeTHero nojaywapus. Jlus onucanus
MEpPUIMOHAILHOW LMPKYASIUMK YA00HO BBECTH MEPUAMOHANIBHYIO (YHKLHIO TOKA. YpaBHEHHE
HEPA3PBIBHOCTH /ISl 30HATBHO OCPETHEHHBIX CKOPOCTEH V U T BRITJSLANT CAEAYIOMUM 00pa3oMm:

Ll + o1 _ (6.2)
dy OP

Oyukums Toka W onpenensercs TakuM o0pazoM, UTo
a_LIJ:V’—a_LIJ:‘[ (63)
oP oy

CkopocTH, ompeaeneHHble TakuM 00pa3oM, aBTOMATHUECKH YJIOBJIETBOPSAIOT YpPaBHEHUIO
Hepa3pbIBHOCTH (6.2). MepuauonanbHas (yHKIHAA Toka mo AaHHbM mozaenu OLIA UBM nans
CPEHEroI0BbIX YCIOBHH, STHBAPS U UI0J H300pakeHa Ha puc.6.2.
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Puc.6.2. MepuanonansHas pyHKINsA Toka B Moaenn OLIA MBM (1 0° KT/C) AN CpeIHer0/TIOBhIX

yclloBUit (BBEpXY), A5t sHBaps (B cepeante) v nioJst (BHH3Y).
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Puc.6.3. 3oHanbHO ocpeaHenHas U-KoMnoHeHTa ckopocTH (M/c) o aaHHbIM peanannza NCEP
JUISI CPEIHETOIOBLIX YCNoBUM (BBEPXY), AJs sHBApPS (B cepearHe) U uions (BHU3Y).
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OTMedeHHble 0COOEHOCTH LMPKYJALMU X3AJM XOpoulo BUAHBI Ha pucyHke. Ilpu Hanuumum
BpallleHUs] YacTHlla BO3JyXa, MOJHABINASACS y DKBaTOpa ¢ 30HANBHOH CKOPOCTBIO OJM3KOH K
HyJl0, OyAeT mnpuoOpeTaTh 3amajHyl0 COCTaBIAIOIYID CKOPOCTH MO Mepe YAaJeHHs OT
DkBatopa DTO clelyeT U3 COXpaHeHHMs MMMynbca B JBWXKYILIEHcs yacTule MpU OTCYTCTBUU
ApYyrux cuil. HMI’IyJ’le | Ha CANMHULY TJIOTHOCTU COCTOUT U3 ABHIKCHWUA OTHOCUTCIIBHO 3emiu 1
BpaLLEHUsl BMECTE C 3eMJIei:

| =u+Qr cos¢ (6.9

COS ¢ mo mepe yaaleHusi OT DKBaTOpa YMEHbLIAETCs, CleJoBaTelbHO U yBeauunuBaeTcs. ITHM
00BACHSETCS MaKCUMYM 3aMajiHoi CKOPOCTH BeTpa B BepXHei Tponocdepe BOMNU3M TOH HIMPOTHI,
r7le BO3/lyX TMEPECTaeT yJansIThes OT JKBATOpa U HAYWHAeT omyckaThes (puc.6.3). 3umMoli 3ToT
MaKCHUMYM BBbIpaXkeH 0oJiee sIpKo, UeM JIETOM, U3-3a O0oJiee MHTEHCUBHON UMpKyIsnnn Xaamu. U3
3TOr0 paccMOTPEeHMs CleAdyeT Takxke, 4To cyOTponuueckue 3anaaHblie BeTpbl Haubosee
MHTEHCHBHbl B TOM Cllyyae, KOrJa BOCXOSIIAs 4acTb siueikn XdMJIM  pacrosoxkeHa
HEMNOCPEACTBEHHO HaJl DKBATOPOM. DTO MPOUCXOANT, HANPUMED, BO BpeMs siBjeHUs Db-HuHbo.
B0au3u nosepxHocTH ananornuHblii 3¢dekt obyciaBivBaeT MPUNOBEPXHOCTHLIE BOCTOUHBIC
BETpHI B Tponukax. OHaKo, TaM OHW HE JOCTUTAIOT Takoil CUIbl, Kak B BepxHel Tpomocdepe,
TaK KaK KOMIIEHCUPYIOTCSI TPDEHHEM O MOBEPXHOCTb.

Kpome tmpkynsitiu X714, MPIMOH TEPMUUYECKOW SUelKol siBRsieTcs UMPKYyIauust Y okepa.
[lprunnoit tmMpkynsuun Yokepa sBIseTcd JOJITOTHAs HEOJHOPOJHOCTb TEMIEpAaTyphl B
Tponukax. Temneparypa nosepxHocTy Ha 3anaae Tuxoro okeana Ha 2-4 rpazayca Bbllle, YeM HA
BOocTOKe TUXOro okeaHa u B NpU3KBaTOpuaibLHOW ATnantuku. [TpuunHa Takoro pacnpeneeHus
TemMrneparypbl — BOCTOYHBLIC MPHU3EMHbLIE BETPbI B TPOMUKAaX, KOTOPbIE BbI3LIBAIOT MOABEM
rTyOUHHBIX O0Jiee XOJOIHBIX BOJ Y BOCTOYHOTO nobepekbs Tuxoro okeana. Han 6onee tennoi
BOJIOW Ha 3amaje Tuxoro okeaHa BO3AyX MOJAHUMAETCS, a HaJ Ooyiee XOIOAHON HaJ BOCTOKOM
Tuxoro okeaHa U ATIaHTHKOH OINMycKaeTcs. XOpoIo HILTIOCTPUPYET JAHHYIO LIUPKYJISLIHIO MToJe
noreHuuana ckopoctu Ha seicore 200 rlla (puc.6.4). IToreHuman ckopoctu X onpeaesiercs Tak,
yToObl Janjacuad OT Hero ObuUl paBeH AMBEPreHLMH CKOPOCTH, TO €CTh B Cilydae JAEKapTOBbIX
KOOpAHWHAT

2 2
9 )2(+6)2(:6_u+@ (6.5)
ox~ ody- o0x oy

OTpl/l]_laTeﬂbe]e 3HA4YCHUA noTeHuuasjia CKOPOCTH COOTBCTCTBYIOT MOJIOKUTEILHON
AUBEPICHUKWUA, a NMOJIOKNUTCIILHLIC — OTpl/]LlaTeﬂbHOﬁ ANBEPreHLINU.

Eme oaHuM mnpuMepoM TNpsSMOM TepMHUYECKOW IMPKYNALUM SBIIETCS MYCCOHHas
UPKYISAKs. Jlydine BCero MyccoHHas UUPKYJSIIUS BbIpakeHa B palioHe FOKHOW W I0TO-
BOCTOUHOM A3uu, TJe KOHTpPAcThl TeMIEepaTryp MeXAy CYIed W OKeaHOM 3acTaBisIoOT JETOM
BO3/lyX MOJHUMAThCS Haja Harperoii cymeil. Ha ero mecto B HWXKHHMX closx atrMmocdeps
nocTynaet Bo3yx M3 6ojee OJM3KHX K DKBATOPY paioHOB, YTO MPUBOJAMT K 3aMaJHbiM BETpam
corjacHo (6.4). B BepxHeii Tponocdepe noaHABUIMACS HAJ KOHTUHEHTOM BO3JyX MepeMellaeTcs
o0paTtHO K DKBaTopy, 4TO SIBJASETCA NMPUUMHON MPUIKBATOPHUAILHBIX BOCTOUHBLIX BETPOB B
MYCCOHHOM paioHe (puc.6.5). 3uMoii cuTyalus MeHsSIeTCS Ha MPOTHBOMOJIOKHYIO.

Korna Xoanu BeICKa3anl TMpeanosioKeHHWE O HAMYMM TIPSMOW siUelKd IMPKYISAIUH, OH
npeanonarai, uYToO BO3JyX JOJDKEH TMOJAHMMATHCS B TPOMHMKAX W OMYCKAaThCs Ha TOJHOCAX.
YucnenHsle skcniepuMeHThl ¢ MosiensiMu OLLA, a Takke 1abopaTopHbIe OMBITH TTOKA3BIBAIOT, YTO
B JIEWCTBUTENBHOCTH TaK ObLIO OBl MTPY OTCYTCTBUY BpallieHUs 3eMIIH.
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Puc.6.4. Cpennexnumaruueckuii moteHIuan ckopocty (1 0° M2/c) Ha BeIicoTe 200 rlla no
naHHbIM peaHanu3a NCEP.
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V 850 hPo Jon V 200 hPa Jan
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Puc.6.5. CkopocTs BeTpa (M/c) B MyccOHHOM paiioHe Ha BeicoTe 850 rlla (cnesa) n 200 rlla
(cripaBa) B siHBape (BBepXy) W Wrone (BHU3Y) Mo AaHHBIM peaHanuza NCEP.
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Ilpy Hanuuuu BpallleHHs BO3IYX ONMyCKAaeTcs HE Ha Momocax, a B CyOTpomnMKax, a B
YMEPEHHBIX MUPOTaX MOSIBISETCsS oOpaTHas A4elka IUpKyIsauny (sauelika @eppend), B KOTOPOi
BO3/lyX NojaHuMaeTcs BOau3n 60 rpagayca u onyckaercs B cyOTponukax. PaccMoTpum mpuuuHy
BO3HWKHOBEHUS TAKOW TYEUKH.

CHauana paccMOTpHM pacrnpocTpaHeHue BojH PoccOu. B ypaBHeHMM Al 3aBUXPEHHOCTH
(2.22) npeacraBum (yHKLUMIO TOKA B BUAE CYMMbl KPYMHOMAacITaOHOrO 30HAJLHOIO MOTOKA
(KkBaapaTHbIe CKOOKH) M BOJIH (IUTPUXH):

W=[Y]+W. (6.6)

ITpu 3Tom, KpynHOmMacuITabHbII NMOTOK NMyCcTh OyjAeT 3anajHbiM U HE 3aBUCSLIMM OT HIUPOTHI U
nonrotel. Toraa, noacrasinss (6.6) B (2.22) u nmpeHedperas ciaraeMbIMH, KOTOpble cojepxaTt W’
CTETIeHU BBIIIIE MePBO, TOJYYUM YpaBHEHHUE /TSt SBONFOIIUH BOTHOBOH KOMIIOHEHTHI:

0AY' AN oy’
+[U]—+B—=0 6.7
ot o AX P ox 67

I/Ima PECUICHUC 3TOT0 YPAaBHCHHA B BUJIC TIJTOCKOI BOJTHEI
— A (kxHly-at
P = dketyan) (6.8)

NnoJyuymum JUCITIEPCUOHHOC COOTHOUWICHNE

w:[U]k—%, (6.9)

OTKYJa MO>KHO HaWTH rpynnoBylo v Ga3zoBylo CKOpOcTh BoJH PoccOu.
KomnonenTs! (ha30BO¥ CKOPOCTH paBHbI:

_nin. B _k B C
Cp =]~ ny—laU] i (6.10)

2+|2’

Orcroaa, Hanpumep, CIEAYET, 4TO MO OTHOLICHUIO K CPEAHEMY MOTOKY BOJIHbBI BCEMAA JABUIKYTCS
¢ BocToka Ha 3anaj. CraunoHapHbie BOJIHBI POcCOM BO3MOMKHBI TOJILKO B 3aMajHOM MOTOKE, TO
ectb ripu [U]>0.

KoMmoHeHTBI TpyIIoBoOii CKOPOCTH PABHBI

Co =[U] +—L(3|E,2(i|_2|)22) Gy = —(kzzflldz)z (6.11)
TMycrb

W'=Y, cos(kx+ly—wt) =W cos¢ (6.12)
Toraa
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oY’

u'=-9 "1y, sing, 6.13
oy oSing (6.13)

vi=2 - sng (6.14)
0X

H, CJICO0BATCIBHO,
U'V'=-KW2sin?¢ (6.15)

CpaBumuBasg (6.15) u (6.11), momyuaem, uro UV’ u Cg paBHBEI € TOYHOCTBIO 0O
OTPUIATETHHOTO MHOXKHUTEIIS.

OCHOBHbIM HMCTOYHMKOM BOJH PoccOW sBIsieTCs OTKJIOHEHWE BeTpa OT 30HAJbHOIO
reocTpouyeckoro, UTO MPOUCXOAUT MPH  Pa3BUTHM  OAPOKIVHHOW  HEYCTOMUMBOCTH.
Bapoknunnas HeycTOWYMBOCTH MOPOKAACTCS MEPHAMOHANBHBIM TPaJMEHTOM TeMMepaTyphbl,
KOTOPbI MMEeT camylo OO0JblIYIO BEJIMUMHY B cpeaHux wmupotax. CiaeaoparesibHO, OCHOBHOM
UCTOYHHK BOJIH PoccOM HaxoauTcst B CpeIHUX IMUPOTax, OTKYJA OHU PACTpOCTPAHSIOTCS K FOTY
¥ K ceBepy. 3HAUWT, K 0Ty OT CPEIHUX IHUPOT JOMKHO ObITh Cyy < 0 m U'V’>0, a k ceBepy oT
CpeHNX MHUPOT, Hao0opoT, Cyy > 0 u U'V’'< 0. B cpemnnx muporax d [U'V’']/0y <0. Hanumem
yYpaBHEHWE IS HBOJIONWK 30HAIBHO OCPETHEHHOW U-KOMIOHEHTHI CKOpocTH. Kcmonb3ys
ypaBHenus (2.8) u (2.12) nonyuum:

Ju Jduu oJuv our 0P
+ + + -fv=-

ou il (6.16)
o ox ody OP 0x

IIpenctaBuB nepeMeHHbIe KaK CyMMY CpPEAHErO BAOJbL Kpyra MUpOTHl (B KBaJpaTHBIX CKOOKax)
U OTKJOHEHHA OT cpeaHero (INTPUXH), MOJYyYUM YypaBHEHHWE AN 30HAJIBHO OCpPEeAHEHHOMN
CKOPOCTH BeTpa:

o[u] N o[u][v] N o[u][T] N o[u'v] N ou't
ot oy oP oy oP

~f[v]=0 (6.17)

UeTBepTOE craraeMoe B 9TOM ypaBHEHUH BBIPAXKAeT YCKOPEHHE 30HATBLHOTO BETPA BCIIE/CTBHE
B3aUMO/IEHCTBUSI CPeIHErO MOTOKA ¢ BUXPSIMH. B cpefHHMX mMpoTax 3T0 craraemoe, Kak Mbl
BH/ICNH, OTPWIATENHHOE, YTO O3HAYAET YCKOPEHHE 3aMajHOTO 30HANBHOTO MOTOKA BHXPSIMH.
[TockonmbKy B cpeiHeM 3a GONBIIONH TTPOMEKYTOK BPEMEHH YCKOPEHHE JOKHO OBITh OIH3KO K
HYJIIO, 3TO CJIAraemMoe J0JKHO ObITh CKOMIEHCUPOBAHO MPOTUBOMOJIOKHBIM MO 3HaKY. OObIUHO
OHO KOMTeHcupyeTesi yckopenuem Kopuosanca, TO €CTb B CPEAHHMX WIMPOTax CEBEPHOro
nosyapusi, Tam rjae 0[u’'v']1/dy < 0, aokuo ObiTh [V]<0. MakcHmalibHbIX 3HaYCHHI yeKopeHue
JOCTUraeT B BEpxHei Tponocdepe, MIMEHHO TaMm pacrojiokeHa BEpXHss yacThb sueiiku deppens ¢
v<0. V noBepXxHOCTH, HAOOOPOT, CYLIECTBCHBIA BKaJ BHOCHT CHUJa TPEHHUS O MOBEPXHOCTh,
KOTOpasi 3aMeIfeT 3anaiHbliii MOTOK W MPHUBOAMUT K MOJIONKHUTEIbHBIM 3HAYECHUSM V Y
nosepxHoctu. B obuiem ciyuae, eciau Ha TMOTOK, HAXOASALIMICA B TreOCTPOPUUECKOM
paBHOBECHH, HAUWHAET JCHCTBOBATH CHIA, 3aMEISIONAs TMOTOK (CHIa TPEeHWs), TO MOTOK
OTKJIOHSIETCS OT TeOCTPO(PUUECKOTO TaK, UTO MOSBIAETCS COCTABISIONIAS JIBHXKEHUS OT
BBICOKOTO JIaBJICHUSI K HU3KOMY. ECIH Ke cHna BBI3BIBAET YCKOPEHHE TMOTOKA, PaBHOE &, TO
TMOSIBIISIETCS. KOMIIOHEHTa JIBMIKEHHs, HAmpaBlieHHass OT HHM3KOrO JABNEHUs] K BBICOKOMY, U
paBHas, Kak ciaeayer u3 (6.17),
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(6.18)

IMToTok 30HanbLHOMN ckopocTH Ha cerep [U'V’], nonyuennniii B moaenn OLIA MBM, npeacraraen
Ha puc.6.6. OH HanpapjieH OT CYOTPOMMUKOB K CpPEIHWUM LIMPOTaM W OT BBICOKUX ILIHUPOT K
CPEeIHHWM [IMPOTaM, YTO COOTBETCTBYET MCTOUHWUKY BOJH PoccOW B cpeaHHMX IMpOTax.
MHTeHCHBHOCTE MOTOKA Oonbllie B 3MMHMNA TMEpPHOJ, U4TO OOBSCHSETCs Oonbliel reHepanueit
BOJTH BCJIEJICTBHE OOMbInel 0apoKIMHHON HEYCTOMUHUBOCTH.

BzanmoselicTBe BOJNH ¢ 30HATBHBIM TOTOKOM SIBISETCS OJAHUM M3 HanOomee BaKHBIX

MEXaHU3MOB (POPMHUPOBAHUS JIOJTOKUBYIIUX aHOMANUKM aTMOC(EpHON LUPKYISAIUHN, TIPexie
BCEro aHOMaJIMil 30HaJILHOIO MOTOKA.
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Puc.6.6. IloTok 30HanbHON ckopocTH Ha ceBep [U'V’] (M/c)2 B Mosienn UBM cpeaneronopoit
(BBEpXY), B siHBape (B cepeuye) u utosie (BHU3Y).
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7. Hupkyasiuust me3oc(epnbl. [ paBUTAIMOHHO-BOJIHOBOE CONIPOTHBJICHHUE.

3o0HaNBHO OCpeTHEHHAs TeMTiepaTypa B atMocdepe Ha BeicoTax oT 0 10 90 kM B sTHBape
npejacTaBineHa Ha puc.7.1.

January temperature CIRA—-86

0.01

1004 A

1000

170 200 230 260

Puc.7.1. Habmonaemas Temmnepatypa Bo3ayxa (K) B saBape no nanasiv CIRA-86 (Fleming et
al., 1990).

B tponocdepe Temneparypa ¢ BbICOTOH ymeHbliaeTcd. B Tponukax nageHue TemnepaTyphl ©
BLICOTOM 0JIM3KO K BiaxxHoaauabaTuueckoMy rpaaueHty. B crpatocdepe npoucxoauT poct
TeMrneparypbl C BbICOTOH, UTO OOYCJIOBJAEHO HAJIMYMEM TaM O30Ha, KOTOPbIA MOriouiaeT
yibTpaduoneToroe m3iydeHue U OT 3Toro Harpesaetcs. Harpesanne makcumaibHO Ha JieTHEM
MOJNIFOCE B YCJOBUAX TMONspHOTO nHA. BeIme, B me3ocdepe, ¢ yMeHbIIEHHEM KOHIIEHTPAIMK
030Ha, TeMmIiepaTypa CHOBa yMeHbINaeTcs. B BepxHell Mmesocdepe Temmeparypa B 3MMHEM
nonyiapuu OoJjblie, 4eM B JeTHeEM. MHUHUMaNbHbIE TeMIepaTypbl BO3JyXa JOCTHUTAIOTCA B
BepxHell Mmezocepe BOMM3M TONFOCa B YCIOBUSIX TMONSPHOTO JHS. 3HAUWT, TeMmrieparypa B
me3ocepe naneka oT TemrepaTypbl paJuMalMOHHOrO pPaBHOBECHS, KOTOpasi J0JDKHA ObITh B
3UMHEM MOJylIapuyu MeHble, 4eM B JieTHeM. ['eocTpoduueckue cKopocTH 30HANLHOIO BETpa,
COOTBETCTBYIOLIME TemMeparype, Hzo0paxeHnl Ha puc.7.2. B cooTBercTBUM ¢ TeM, 4YTO
Temneparypa B crparocdepe yMEHbLIAeTCs OT JIETHEro Mojitoca K 3WMHEMY, B 3UMHEM
NONyIIapuu BeTep B cTpatocdepe u Mme3ocdepe 3anagHbii, a B JeTHEM MOMYIIAPUN BOCTOUHBIH.
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Puc.7.2. Ckopocthb 30HanbLHOro Betpa (m/c) B ssuBape no aaHHsim CIRA-86.

Makcumymbl ckopoctn Haxoastcs okosio 0.1 rlTa (60-70 km), Ha GoJee BBHICOKHX YPOBHSIX
CKOpPOCTH yMeHbIlatoTcs W Ha BbicoTe 80-90 kM cTaHOBATCS OnM3KUMM K Hymo. [lpuunboii
YMEHBIIIEHUs] CKOpOCTe B BepxHel Me3ocdepe, a Takxke Oojee BBICOKOW TeMrepaTrypbl B
3UMHEM MOJYyIIapu, YeM B JIETHEM, SIBJIAETCS B3aUMOJACHCTBHE T'PaBUTALIMOHHBIX BOJH C
30HAJBHBIM MOTOKOM. PaccMOTpuM 3TO sIBIEHUE.

I'paBuTaLlOHHBIE BOJHBLI BO3HHMKAIOT B CTpaTH(PUUMPOBAHHON cpeae MpW HapyLICHUU
ruapocTaTuueckoro paBHoBecusi. OHU ABISIOTCS MOMNEPEUHbIMU, TO €CTh KOJeOaHUs YacTHLbI B
BOJIHE MPOUCXOAAT NMEPNEeHAUKYISPHO pacnpoCTpaHeHHIO BOIHbI. MCTOUHUKK rpaBUTALIMOHHbBIX
BOJIH HaXOASTCS B OCHOBHOM B Tpornocdepe. DTO KOHBEKLMS, TypOYJEHTHOCTb BO3HHKaloLlas
NpyU BepTUKAIBHOM CJIBUTE BETpa, a TaKXKe HaTeKaHWe BO3JlyXa Ha HEOJHOPOAHOCTU penbeda.
Ilpu pacnpocTpaHeHrMr BOJH BBepX O€3 3aTyxaHUsi TPOHUCXOJWUT COXpaHEHWE TIOTHOCTH
BOJIHOBOM 3HEPTUU

pv?
2

E=

(7.1)

HOCKOJ’[BK}’ TJIOTHOCTH BO3JAyXa C BLICOTOM Y6BIB21€T, CKOPOCTh BOJIHOBOT'O JIBHUKCHHSA AOJIKHaA
BO3pacCTaThb. O)]HaKO, 0EeCKOHEUHOTO poCTa aMIUTUTYAbl BOJIHBI TMMPOUCXOJUTHE HE MOKCT. HpI/I
HCKOTOpOﬁ AMITIIMTYZAE  BOJIHBI  BO3HHUKHYT 6HaFOHpI/I$[THBIC YCIOBHUA  OJIA  Pa3sBUTHA
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TypOYJIEHTHOCTH, TIOCKOJIBKY B BOJHE Oyaer 00/0z <0, umu |0V/0z| >C. Torma npownzoiineT

oOpyIlieHne BOIHBI, U HUMITYIThC, TIEPEHOCUMBIH BOITHOM, OY/IeT Tiepe/iaH cpeTHEMY MOTOKY.
[lycTh peanmsyetcs BTopoe U3 HANMMCAHHBIX YCJIOBHIH OOpYINEHUs BOJNHBL. Ecnu BoJHA WMeeT

BOJTHOBOE YHCIIO M 10 BEPTUKAIH, TO YCIOBUE OOPYIIEHHS BOJHBI OYIET BBITIISIETh TaK:

Vm>C, (7.2)

WJIU, €CJIN 0003HAUNTD NEPEMCHHBLIC HA YPOBHE N'EHEpALUU I'paBUTAlMOHHBIX BOJH HHIACKCOM | H
Bocnosb3oBathes (7.1),

5

' g m>C, (7.3)

|
iS)

V,

Sl

TO €cTh MPU OJAMHAKOBOW HayalbHOW aMIUIMTy/le W ypOBHe 00pa3oBaHMs cKopee oOpyIuTCs
BOJIHA, UMetoMasi 0omblliee BEPTUKAIbHOE BOJHOBOE UMCHO. PaccMOTpuM cuTyannio, Korjaa Ha
BCEX BBICOTAX HalpaBleHWE BETpa 3amajgHoe, a CKOpPOCTh BeTpa pacTeT C BBICOTOW, dYTO
COOTBETCTBYET YCJOBUSIM 3WMbl B YMEpEHHbIX iuporax. [lycTh BOJIHBI OT MCTOYHHMKA
pacnpocTpaHsiloTCsi BO BCEX HarpaBjieHUsX, OJIHAKO paccMaTrpuBaTbcsi OyAYT  BOJIHBI,
pacripocTpaHsiolMecs BBEpX W Ha 3anaj, M BBepX v Ha BocTok (puc.7.3). Jlas BoOJH,
pacnipocTpansolmMxed Ha 3anaj, [UwW’] >0, To ecTb OHM NMEPEeHOCAT 3aMaaHyI0 KOMMOHEHTY
CKOPOCTH, a /i1 BOJIH, PAcMpOCTPaHSIOIIMXCA Ha BOCTOK, [U'W’]<0, M OHM mepeHocAT
BOCTOUHYIO KOMIIOHEHTY CKOpOCTH. M3MeHeHHe CKOpOCTH 30HANBHOTO TMOTOKA C BBICOTOU
NPUBOJAMT K TOMY, YTO BEPTUKATBLHOE BOJHOBOE YHCIO BOJH, TMEPEHOCSIINX 3amajHyro
KOMITOHEHTY CKOPOCTH, YBEIMUWBAETCS, a BOIH, TEPEHOCANINX BOCTOUYHYIO KOMITOHEHTY
CKOpOCTH, yMeHblaercs. [ToaToMy npu BepTUKaILHOM pacnpoOCTpaHEHHH BOJIHBI, MEPEHOCSIIIHE
3anajiHyl0 KOMMOHEHTY CKOpPOCTH, OOpYIIMBAIOTCS MEPBBIMU. DTO MPOUCXOAUT B OCHOBHOM Ha
BbicOTax crpatochepnl. BosHbl nepenaioT 30HaJLHOMY MOTOKY CBOH WMIYJIbC, TEM CaMbIM
yckopsisi ero. OIHaKo, MOCKONBKY Ha ATHX BBICOTAX MIOTHOCTH BO3JyXa ellle He OYeHb Marna,
abCOMOTHBIE W3MEHEHHUS] CKOPOCTH BCIEJACTBHE OOpYIIEHHsS T'PaBUTAIIMOHHBIX BOJH OyIyT He
OueHb BeNWKH. PacmpocTpaHsfomuecs — Janbilie  BBEpX  BOJHBI  MEPEHOCAT  Temephb
MPEeUMYIIECTBEHHO BOCTOUHYIO KOMIIOHEHTY CKOpocTH. WX aMmiaWTyaa pacreT, MO3ITOMY,
HECMOTPSl Ha YMEHbIIEHUE BOJHOBOIO 4KCIa, Ha HEKOTOPOUW BBICOTE ATH BOJHbI TaKKe
o0pyIlIMBaIOTCS W TMEpeaaloT MMIYJbC CPeAHEeMY MOTOKY. DTO MPOUCXOAUT B OCHOBHOM B
me3ocdepe. Ha »Toli BbiCOTE TMJIOTHOCTH HACTOJILKO Maja, 4YTO aOCOJIIOTHBIE HM3MEHEHUS
CKOPOCTW  BCJCACTBME Tepeaayu UMMyJbca CpeJHEMY MOTOKY MOryT ObITh OYEHb
3HaYuTeNbHBIMU. Hampumep, Ha Bbicote 80-90 kM amMnnuTyaa cKOpOCTH OOPYIIHUBAIOIIUXCS
BOJIH MOXKET cocTaBiasiTh 50 M/c, a 3aMmejjieHde 3anajgHoro mnortoka gocturath 0.002 M/C?.
AHaANOTUYHO, MOXKHO TIOKa3aTh, YTO B JIETHEM TONYIIapuu B Mezocdepe OyJeT MpOUCXOIUTh
TOPMO’KEHUE BOCTOUHOTO TMOTOKA, a B cTparocdepe ero HeboibIoe ycKopeHue. TopMoxeHHne
30HaJLHOrO MOTOKA COMJIacHO JIEKLMU 6 BbI3bIBACT MEPUAMOHANIBLHOE JBUKEHHWE BO3/YXa,
HanpapJICHHOE OT BLICOKOIO JaBJICHHSI K HU3KOMY, TO €CTh U3 JIETHEro MOJylIapvs K 3UMHEMY.
MepuaroHanabHas CKOPOCTh BCJICACTBHE ATOMO MOKET ObITh BhIUKC/ICHA KaK

, (7.4)



rjie a — yCKOpeHue 30HAJBHOTO MoToKa. HeTpyaHo mojcuuTath, YTO CKOPOCTH B Me3ocdepe B
clydae 3uMbl B 000MX MONyHMIapusax OyJeT MOJOKHUTETbHON, TO €CTh HAMPABIEHHOW ¢ fora Ha
ceBep, M €€ BelnuuMHa MoxeT mnpesbimnath 10 M/c. UToOBI yAOBIETBOPHUTH YpPaBHEHHIO
HEpa3pBIBHOCTH, BO3/AYX MOJDKEH MOAHUMATHCS B BBICOKHMX IIMPOTAX B JIETHEM MOJYIIAPUH U
OMyCKaThCst B 3UMHEM. MHTEHCUBHOCTL 3TUX BEPTUKAILHBIX JBMIKCHUI MOKET gocTurath | m/c.
AnmabaTvuueckoe OXJaXACHUE NMPU MOAbEME W SBJISETCS NPUUYMHON TOro, uTo B Me3zochepe
caMble HU3KHE TEMMEpaTypbl HaOIIOJal0TCA B BLICOKMX LIMPOTAX BO BpPeMs MOJSIpHOro aHs. B
3MMHEM MOJIYLIAPUU BCJICACTBUE aavabdaTuuyeckoro HarpeBaHusi Temrneparypa 3amMeTHO BBbILIE,
yeM B JleTHeM. B 00macTi MUHUMATBHBIX TeMIepatyp B Mesocdepe obpasyroTcest cepeOpucThie
obnaka. bonee moOAPOOHO MapameTpH3allid TPABUTAIIMOHHO-BOIHOBOTO — COMPOTHUBJICHUS
paccMoTtpena B Lindzen (1981) u Hines (1997).
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Puc.7.3. Cxema B3auMo/IeliCTBHS IpaBUTALlMOHHBIX BOJH ¢ (JOHOBBIM BeTpoM. PaccmarpuBaercs
cllyyall 3UMBl B YMEpPEHHBIX MIMPOTax CEBEpHOro Mojyllapusi, KOrja BeTep Ha BCeX BBICOTAaX
3anajiHblid, U €ro CKOPOCTb BO3PACTAET OT MOBEPXHOCTH 3EMIIM 10 BbICOThI 60-70 KM.
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8. CraniuoHapHbIe ¥ HECTALIMOHAPHBbIE BOJIHBI.

B Tpomocdepe mpuMepHO TIOJOBMHA KHHETHUECKOH SHEPTHH TIPUXOAWUTCS Ha 30HAIBHO
OCPEJHEHHYIO IIMPKYINAINIO, a OCTaBINascsd MOJOBUHA — HA CTAIMOHAPHBIE W HECTallMOHAPHBIE
BOJIHBI. B cpeaHux 1muporax HecTalMOHApHbLIE BOJIHBL B 3HAUUTEJLHOUW CTENEHM SIBIISIOTCS
OapOKJIMHHLIMM  BOJIHAMM. PaccMoTpum  CTpyKTypy OapOKIMHHBIX BOJIH, CHayaja Mnpu
oTcyTcTBUM BpaweHust 3emuin. Takhe BOJIHBI MPEACTABISAIOT COOOW uepeaoBaHUE TMOTOKOB
TErJIoro BO3jlyXa, JBUKYLIErocs K ceBepy W BBEPX, U XOJOJHOI0 BO3/lyXa, ABUKYILIErocs K tory
n BHW3. CornacHo Jekiyu 6, TEeNmJIoMy BO3AYXY COOTBETCTBYET MUWHHUMYM TPU3EMHOTO
JIaBlIeHHsI, a XOJOJAHOMY — MakcumMyM. Ecnm Tenawsii Bo3ayx o0o3Haunth T, a xonogaueiit X,
HU3KOE Tpu3eMHoe jamneHue H, a Bwicokoe B, To cxemarwdecku OapoKiIWHHas BOJIHA TIPU
OTCYTCTBWH BpallleHHus OyJIET BHITNIAICTh TaK:

HT B.X HT B,X

Ecin Mb1 yutem Bpauienue, TO BCIEACTBHE TOTo, U4TO BeTep OJIM30K K reocrpoduueckomy,
I0)KHBIH BeTep OyJeT BBIHOCHTH TETUTBI BO3MYX CIpaBa OT HU3KOTO JaBJEHWS, a CEBEPHBIH —
XOJIOJIHBIH BO3JYX CTpaBa OT BBICOKOTO AaBleHWs. Ecnu cTpeiakamu 0003HaYHMTh HarpaBlieHHe
BETpa, TO cXeMaTuuecku OApOKIMHHAs BOJHA NMPU HAMYWK BpalleHUs 3eMIH OyIeT BHITSACTh
TakK:

H T1 B X H T1 B X !

ITockoJibKy K BOCTOKY OT MMHMMYMa MPU3EMHOr0 AaBJICHUS BO3AYX Teriee, 4YeM K 3anauy, a
JlaBJICHWE C BLICOTOH B XOJIOAHOM BO3jyXe rnajaer ObicTpee, YyeM B TEMJoM, MakCHMyMbl W
MUHUMYMbI JaBJCHHS C BLICOTOW OYyT CABMIraThCcs Ha 3anaj.

PaccmoTpum Teneppb craiMoHapHble BoJHBL. Ha puc.8.1 nzobpaxkeHo noje reonoTteHiyana
1000, 200 u 10 rlla ans sHBapa. Y NOBEpXHOCTU 3eMau HaJ XONOJAHBIMM KOHTUHEHTAMU
3HaUEHHA TeonoTeHMana Bellle, YeM Haj Ooliee TeruibIMU okeaHamu. [lockonbky MmeeTcs Ba
OoKeaHa W JIBa KOHTHHEHTa, TO TMpeoljajaeT BOJHA C BOJHOBBIM uuciaom 2. llpu
pacripocTpaneHnn BBepx (haza BOJIHBI CIBMIraeTcs Ha 3anaj 1o TOW e NMPUYMHE, YTO W JJis
6apoknunnoit Boiubl. Ha Boicote 200 rlla kananckuii mMakcumyM, aieyTCKMil M McjaHICKWN
MUHMMYM CJBHMHYTBI Ha 3anajl no OTHOLIEGHHWIO K CBOEMY MOJIOKEHUIO y noBepxHocTh 3emin. Ha
3TOM YPOBHE Takxke rnpeodiagaer BojHOBOe uncio k=2. [IpuurHa 3TOro He TOJILKO B TOM, UYTO
BOJIHA C TAKWM BOJTHOBBIM YKCJIOM OOJIBIIE BCETO FEHEPUPYETCS Y MOBEPXHOCTHU, HO U B TOM, UTO
oHa OnM3Ka K CcTallMOHApHOM, TO ecTh ans Hee (azopas ckopocTh Cy, BeUUCIeHHas o (6.10),
Onauzka k Hymo. Amnautyaa BonHel Ha Beicote 200 rlla Gonblile, ueM y TNOBEPXHOCTH,
MOCKOJIBKY BC€ BOJHBI TMPHU BEPTUKAIBHOM paclpoOCTpaHEHWH, KaK MOKa3aHO B JEKUHH 7,
YBEJMUMBAIOT aMILIUTYly BCJIEACTBME YMEHbLIECHUs TuloTHOCTH. Elne Boiie, Ha BoicoTe 10 rlla,
aMIUIMTY/Ia CTallMOHAPHBIX BOJIH elle Oosiblie, HO rnpeobianaer BojHoBoe uucio k=1. Dro
MPOUCXOAUT MOTOMY, YTO B 3MMHEH cTpaTtocdepe CKOpPOCTh 30HAILHOIO BETpa Bblllie, YEM B
cpeaHux wupotax B Tponocdepe, u dazoBas CKOPOCTb BOJIHLI OJIM3KA K HYJIO AJISi BOJHOBOIO
yucna 1. McTouyHMK BOJHBI K=1, Kak U APYrUX CTAIIMOHAPHBIX BOJH, HAXOJUTCS B OCHOBHOM B
HIDKHEW Tporocdepe, TaMm, Te KOHTPACThl TeMMepaTyphbl TeXAy MaTepukaMu M OKeaHaMu
MaKCHUMaJbHBbI.
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Puc.8.1 Beicora (M) nmosepxuoctu 1000 rlla (Brepxy), 200 rlla (B cepenune) u 10 rlla (BHURY) B
stHBape 1o JaHHbIM peaHanuza NCEP.
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Puc.8.2. Boicora (m) noeepxHoctu 1000 rlla (Brepxy) , 200 rlla (B cepeanne) u 10 rlla (BHU3Y)
B MioJie o fanHbiM peanann3a NCEP.
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B urone (puc.8.2) oxeaHbl XOJojHee CYIIH, MOATOMY HaJ OKEaHAMHM y TOBEPXHOCTH 3eMiu
(dopMUpPYIOTCS aHTHUIMKIOHBI, a Haa cymed — o0JacTd TOHWKEHHOTO JaBleHus. Y
MOBEPXHOCTH, KaK W 3UMOM, mpeobrnagaer BomHOBoe uucino 2. B BepxHelt Tpomocdepe, B
OTIIMYMH OT 3UMBI, HE MPOUCXOJUT MPOCTOTO PACMPOCTPAHEHHUST CTAIMOHAPHBIX BOJH BBEPX CO
CABHMIOM Ha 3amnaj, NOTOMY UTO JICTOM 3anadHblil MOTOK B CPEIHUX LIMPOTaX ciadee, Hem 3UMMON,
1 OJIM3KYIO K HYJIO (Ja30BYIO0 CKOPOCTh UMEIOT BOJIHBI C BOJHOBBIM YMCIIOM He 2-2.5, KaK 3UMO,
a 5-6. Tloaromy Ha nosepxHoctu 200 rlla B yMEpPEHHbIX IHMPOTAX Mbl BUAUM HUMEHHO BOJIHBI C
k=5-6, uMerole HEOOJbLIYIO aMIIMTYAY, MOCKOJbKY MCTOYHWUK TakWx BOJH HeBenuk. Ewle
BhilIe, Ha 10 rlla, craumoHapHbIE BOJHBI MPAKTUYECKU OTCYTCTBYIOT. DTO MPOUCXOAHUT MOTOMY,
41O B cTpartocdepe JeTOM BeTep BOCTOUHBIH, a B BOCTOYHOM MOTOKE CTAIl[MOHAPHBIE BOJHBI
PoccOuM HEBO3MOKHBI. AMIUIUTYAA CTAllMOHAPHBIX BOJH 11 TOPHU3OHTAIBHBIX KOMITOHEHT
CKOPOCTH BeTpa I SHBapsl M MIOJs NpeacTaBieHa Ha puc.8.3. B sHBape B cpeiHHX mIMpoTax
CEBEPHOTO TMOJIyllapyUs amIuIMTya CTAalMOHAPHLIX BOJIH HAapacTaeT C BLICOTOW W J10CTUraeT
Makcumyma B BepxHei Tporocdepe. Tam MakcHMaibHYIO aMIUIMTYy MMEIOT BOJIHBI € K=2 W
k=3. Jlanbuie B cTparocepy OHM pacnpoCTpaHSIOTCS HE OueHb CHJbHO. PocT amnautyabl B
CeBepHOii cTparocdepe NPOMCXOANT B OCHOBHOM 32 CHET BOJHOBOTO uucia k=1. 3aTyxaHue 3Toi
BOJTHBI HAUMHAETCS JUIIL Ha BeicoTax O6onee 50 km (1 rlla). Makcumym B Tponuueckoi BepxHeit
Tpornocepe OOYCIOBIEH MYCCOHHOUM UMpPKYyJsiMeid. B roxkHoM monymapun B Tpomnocdepe
aMTUTUTY/Ia BOJH HEBENTMKA, U B cTpaTocdhepy OHM MPaKTUUECKH He paclpOoCTPaHSIOTCA.

B wutone B yMepeHHBIX IMPOTAaX CEBEPHOTO MOJYyIapusi MaKCUMalbHas aMIluTUTya
CTalLlMOHAPHBIX BOJH B cpeiHei M BepxHel Tponocgepe. B crparocdepe amruintyna BoJH
HeOoJiblIas, Tak Kak TaM BOCTOUHBIH BeTep. B Tponukax MakCMMyMbl CTaUMOHAPHBIX BOJIH
BOsm3u 900 rlla w 150 rlla oOycnoBiaeHbl UMPKYJASLMEH JeTHEro a3uaTckoro mMyccoHa. B
I0’KHOM MOJIYLIapUU CTallMOHAPHBIE BOJHBLI B 3aMajHOM MOTOKE M3 Tpornochepbl ycrneuHo
pacnpoCTpaHstoTCs B cTpatocdepy.

XapakTepHoW uepToif HaAOMIOJAEMBIX CTAllMOHAPHBIX BOJH SIBASIIOTCA  MakCHMYMBI
CyOTpOMMUECKUX CTPYHHBIX TeUeHU B BepXHel Tpornocdepe. PaccMoTpum ux pacmonokeHue u
npuunnbl  Gopmupoanus. CkopocTh 30HaNLHOrO BeTpa Ha Bbicore 200 rlla B suBape
npeacrasieHa Ha puc.8.4. Xopowo BUAEH MAaKCMMYM 3allajJHOrO BeTpa K IOro-BOCTOKY OT
Anouunn, pocruratommit 70 M/C, M MaKCUMYM |y BOCTOUHOro rnodepexnbs AMepHKH,
npesbiwatolinii 40 m/c. TlockosbKy BeTep B cpeiHMX IKMpoTax OJIM30K K reoctpoduueckomy,
MaKCMMYMY CKOpPOCTHM 3alajJIHOro BETpa JOMKEH COOTBETCTBOBATh MUHUMYM T€ONMOTEHIMANa
ceBepHee M MakcMMyM toxkHee. Kak BugHo w3 puc.8.1, nelcTBUTENBbHO, CABUHYTHIM Ha 3amaj
aneyTCKUii MHUHHUMYM T€OMOTEHIMala B CPEIHUX IOUPOTaX COOTBETCTBYET MAaKCUMyMy Y
AnoHMH, a MCNAHACKUA MHUHUMYM — MaKCUMyMY CKOPOCTH BETpa y BOCTOUHOTO MOOepexas
Awmepukn. Kpome Ttoro, makcumymam cyOTpONMMYECKOro 3anajHoro BeTpa COOTBETCTBYIOT
MaKCMYMBbl OCaJKOB B TPOMHKaX, KOTOpbIC MPUBEAEHbI HA 3TOM ke pucyHke. Tpornuyeckum
ocajkaM COOTBETCTBYET BOCXOAALIMI TMOTOK, KOTOpbI B BepxHei Tponocdepe aBHKETCH,
yaansisicb OT JKBaropa, B CyOTPONMKM 3UMHEro MoJlyllapus M BCJICACTBUE BpalleHUs 3eMilu
MpUoOpeTaeT 3anajHyr COCTABISIONLYIO TBUKEHUSI.

B wurone (puc.8.5) OCHOBHBIE TPOMUYECKUE OCAIKH COCPENOTOYEHHI B palioHe IETHETO
azuaTckoro Myccona. OTTyzna B BepxHell Tpornocdepe BO3AyX cHauana TpuOIMKaercs K
DKBaToOpy W TNpUOOpETAET BOCTOUYHYIO COCTABISAIOILYHO JIBHJKEHHA, a 3aTeM yJaansieTcsi OT
DkBaropa v npuodOpeTaeT 3anajHylo COCTABISIOLLYIO IBUKEHHUS, YEM OOBIACHSETCS MaKCUMYyM
3anajiHoOro BeTpa B pailoHe ABCTpaluu.
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Precipitation January
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Puc.8.4. Ocaaxn (MM/CyT) M CKOPOCTh 30HalIBHOTO BeTpa Ha BeicoTe 200 rlla (m/c) B sHBape mo
naHHbIM peaHanu3a NCEP.
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Puc.8.6. Orknonenne dynrunn toka (108 M%/c) na 200 rlTa B siHBape OT 30HAILHONO CPEIHETO.

HaxkxoHen, paccMOTpUM MEPUAMOHANBHOE PACMpPOCTPAHEHUE CTALIMOHAPHBIX BOJH. [lpumep
TAKOTO pacrpocTpaHeHusi TpuBeleH Ha puc.8.6, rae nzoOpaxkeHa MepUaAWOHANbHAs (YHKIUS
TOKa A1 OTKJIOHEHHS OT 30HaJBHOTrO cpefHero B ssHBape Ha BeicoTe 200 rlla. Han Atnantukoit
MOHO BHJAETH pacrpocTpaHstoyrocs BoaHy PoccOu ¢ ceBepa Ha tor. HanomHum, 4to s
TakoW BOJIHbI JAOOKHO ObITh [U'V']>0, 4TO XOpOIIO BUAHO HA PUCYHKE, €CIAM MPHHSTH BO
BHUMaHUWE, YTO BeTEp AYET BJOJb U30JUHUIN PYHKIIMHK TOKA.
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9. [lapuuxoBbIii 3ppexT. U3MeHeHNsT KIANMMATA U UX NMPEACKA3YeMOCTh.

IlycTh mnaneta He uMeeT aTMocdepbl U TpeAcTaBisieT coboli uepHoe Teno. Torma ee
TemIiepaTypa NOBEPXHOCTH T MOKET ObITh BBIUKMCIIEHA U3 COOTHOIICHUS

F, =0T*, (9.1)

rae  Fe — norolieHHas noBepXHOCTBIO COJIHEUHAsH Paarallus.

[TycTh Temeph miaHeTa UMeeT atMochepy ¢ ONTHYECKON TOMIUHON Xo B JTMHHOBOIHOBOM
YacTW CIEKTpa, HO He B3aWMOJIEHCTBYIOIIAs C COJNHEYHBIM H3NMydeHneM. Haiiem mnotoku
BOCXOJIAINEH W  HHUCXOMMIMIEH JUIMHHOBOJIHOBOW —pajdalli, a TakkKe pacrpejielieHue
TeMrepaTypsl B artMocdepe TUIaHETHI W Ha €€ TOBEPXHOCTH. YpaBHEHWE TMepeHoca
JUIMHHOBOJIHOBOTO M3JIyuCHUsl BBINIUT clieaytoiinm obpazom (Houghton, 2002):

a—z =—pkF + pkB, 9.2)

rie F — MoTok NIMHHOBOIHOBOW pajuanuu, O - TUIOTHOCTh BO3ayXa, K — koadduiment

nornomenus, B =0T*. MoskHO BBECTH ONTHYECKYFO TONIIMHY X, TAKYFO YTO
dx = pkdz, (9.3)
U nepenucarh ypasHenue (9.2) caenyiolnmM odpa3om:

a—F:—F+B. (9.4

ox
HaneBaHI/IC BCJICACTBUEC TICPCHOCA U3ITYUCHUS 3aMNIICTCA KaK

aT _ oF

7 9.5
P ot 0z (©35)

Jiist Hawied 3ajauyd  HanuieMm YpaBHEHMs IS HUCXOJsLLEH F' u Bocxoasueii F'
JITUHHOBOITHOBOW pajualivii.

oF'/ox = -F* + B, (9.6)
oF'/ox = F'- B, (9.7)

T'pPaHUYHBIE YCITOBHS.

F'(x=0)= 0 9.9)
F'(Xo) = Fsol + F' (X0) (9.9

Hns peuwenus cucremsl (9.6), (9.7) 3ameTrm, uTO ypaBHeHue s HarperaHus (9.5) B ciayuae
JIBYX MOTOKOB MEperuuiercs cieiylommm odpazom:
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pCRIT/ot = - A(F'-F')/oz (9.10)

[TockonbKy MBI CUMTAEM, YTO JOCTUTHYTA PaBHOBECHAs TEMIIEpATypa, KOTOpas ¢ TeYeHHEeM
BpEMEHU He MeHseTcs, 00e yacTu paBeHcTBa (9.10) T0MKHBI OBITH PaBHBI HYHO, TO ecTh F'-F'
HE JIOJKHO 3aBUCETH OT Z, U, clieloBatensHo, oT X. Toraa

FT - Fl + FSOl (911)
Crnoxum (9.6) u (9.7):
A(F' +F')ox = F'- F' = Fy, (9.12)

TTopcraBui B (9.12) (9.11), noayuum

20F' 10X = Fg, (9.13)
OTKy/ia
F' =%y, (9.14)
F'=%X + F, (9.15)
B =% (X + Fs)) B armocdepe, n B = ¥2Xo + Fs Ha nosepxHoOCTH. (9.16)

Takum oOpazoM, MOTOKW HUCXOJAIIENH U BOCXOsINEH paauanny, a Takke B nuaeliHo pactyT ¢
POCTOM OMTHUYECKOW TONIIMHBI, 2 B UCTILITBIBAET pa3phiB Y MOBEpXHOCTH 3eMiu. Temneparypa y
MoBepxXHOCTH 3eMJiH, KaK caeayet u3 (9.16), 6yaer onpeaensiTbesi U3 COOTHOLLEHHUSI:

Fol + ¥2X0=0 T4, (9.17)

CpaBauB ero ¢ (9.1), monxyunm, 4TO HM3NyYeHWE MOBEPXHOCTH B Clydae HaaWuuus atMoceps
cTano OoJpiie Ha Y2 Xo. DTO cnaraeMoe W BBIpaKaeT MapHUKOBBIM dddekT. 3ameTuM, yTo
ypaBHeHue (9.17) MokeT He UMETh pelleHus, eclii Xo JOCTATOYHO CHIIBHO 3aBHCHUT OT
Temnepatypel. B ciydae armocdepsl MonHas conHeUYHas paauaius, MPUXoAsdinas K BepxHei
rpanuiie atMocdepsbl, cocTaBnseT 342 BT/MZ, nornoleHHas pajauanus okono 240 BT/MZ,

Temneparypa, BoiuuciaeHHas no (9.1) 6e3 yuera napuukoBoro addekra cocrapasier 258 K, a
JieficTBUTEIbHAsS Temreparypa noBepxHocTh coctapisier 288 K, To ectb napHukoBblid sddexT
cocrapiser 30 K. Tlapuuxossiii a¢gdekr B atmocdepe 3eMiiM BbI3bIBAIOT TakWe rasbl, Kak
BOJSHOW mnap, yrjekuciblii ras, mMeTaH, 3akuchb a3oTa, 030H, obzaka. [Tpoduan temneparypsl
paaraliMOHHOTO PaBHOBECHS] MOKHO HAaWTH, €CNM JOMYCTUTh, UTO pacripesiefieHre apHUKOBBIX
razoB B atMocdepe paBHoMmepHoe. Torma onTuueckas TONIIMHA MPOMOPIMOHATIBHA JaBIEHUIO
BO3/yXa, W TPUOIMIKEHHO BBITIONHAETCS OKCTIOHEHIMALHOE YMEHbIEHHe OTIMHYeCKON
TOJIIIMHBI C BBICOTOM:

-

X=xe ™ (9.18)

rae To — cpeanss remneparypa. M3 (9.16) ¢ yuerom (9.18) 3aBucumocth Temneparypbl Bo3ayxa
OT BbICOTbI BbIPAXKAETCsl ClIEAYIOLMM 00pazom:
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T=Te ™ +T, (9.19)

roe T; u T, — HekoTopwblie nocrosiHubie. Takum oOpa3om, Temmneparypa paavalMOHHOTO
paBHOBECUSI DKCTIOHEHIMAILHO YMEHBINACTCS C BLICOTOW, & y TMOBEPXHOCTH 3eMJIM CYLIECTBYET
paspbiB Temneparypbl. B IeHCTBUTENBHOCTH TakKoro ObICTPOro yObIBaHWS TeMmrepaTypbl ¢
BLICOTOW HE MPOUCXOJMT, MOCKOJBLKY FPaJMEHT TeMIEepaTypbl HE MOMET HAMHOTO MPEBbILIATD
cyxoanuabatuueckuil. Hwxkasst oOnacte  atmocdepbl, T/le KOHBEKIHS  OMpeaenseT
BEPTUKANILHBIA TpagueHT TeMIeparypbl, Ha3biBaeTcsi Tpomocdepoil. Beiime, B cTpatocdepe,
atMocdepa HaxoOAUTCSd TIPAaKTUYECKW B pajguallMOHHOM paBHoBecHd. Jlnsi Toro, 4YTOOBI
peanucTUYHO BOCTPOW3BECTH BEPTUKANBHBIM MPOQUIs TeMrepaTypbl, HEJOCTAaTOYHO MOeTn
paaMaluMoOHHOIO pPaBHOBECHs, camasi [pocTas MoOJIe/lb, KOTOpasi MOMXKET peallMCTHYHO
BOCIIPOU3BECTH TEMIIEPATYPY — PaMaAlMOHHO-KOHBEKTHBHAS.

Hrak, temneparypa noBepxHOCTH MpPU 3aJJAHHOM [OTOKE MOrJIOLIEHHOH KOPOTKOBOJIHOBOM
paauauuu BbluMcaseTcs cornacHo (9.17). OpHako, onThueckass TOJIIMHA Xo caMa MOMKET
3aBrceTh OT Temreparypbl. B ciyyae 3emiu oHa pacTeT € Temreparypoid MNoToMy, uTo
KOJIMYECTBO BOJSHOTO Tfapa pacrer ¢ TeMreparypoil. Eciau 3Ta 3aBMCHMOCTb JIOCTATOHHO
cunbHast, To peteHus (9.17) MoxeT He ObITh. DTO O3HAYACT, YTO KJIMMATHYecKas cucTema npu
HEOONMBIIOM M3MEHEHHWH MOTJIOIIEHHOW COMHEYHON pajualiii MOKET HarpeBaTbes KaK YroJHO
CUNBHO, 0 TeX Mop, MOKa 3Ta 3aBUCUMOCTh HE€ HapywmuTcs. Hanpumep, mpu yBeiauueHUH
CONTHEYHOM paznanuu Ha 30% Ha 3emMie MOKET HacCTYMUTh TaKoe SIBIEHUE, KOTOPOe MPUBEAET K
npeBpalieHUO B Map BCeil BOJAbI OKEAHOB, MOCJIE YEro NapHUKOBbIN ekt nepectaHeT pacT ¢
TEMINEPATYPOil, U YCTAHOBUTCS PABHOBECHbBIH KIUMAT.

Urobwl npeackaszars OyaylMe W3MEHEHUsT KIMMara, HY>KHO OTBETHTh Ha BOTPOC, HACKOJILKO
CYLIECTBEHHbBIMU MOTYT ObITh W3MEHEHUS, OOYCJORBJICHHbIE COOCTBEHHOW HW3MEHUYHMBOCTHIO
KITMMaTHYecKol cucteMbl aTMocdepa — okeaH. [ 7TOro MOKHO MOCTYMUTh ABYMSI COCOOAMHU.
IlepBblif — mpoBeneHUE TUTENBHOTO YHUCIEHHOTO JKCMEPUMEHTA C COBMECTHON MOJEbIO
obmield mMpkynsaiym atMocdepsl U okeaHa ¢ (PUKCHMPOBAHHBIMHU BHEITHUMH BO37CHCTBUSMU:
KOHIIEHTpAle paJuallMOHHO-aKTHBHBIX Ta30B, COJHEYHOrO HM3My4yeHHs W T.A. B HacTosuiee
BpEMSi TPOBOJIUIINCH TAKWE YUCIICHHbIE SKCMEPUMEHTHI TPOJ0JIKUTELHOCTLIO MOpPsijiKa ThICIUN
aetr. OHM MOKa3aju, YTO COOCTBEHHAs M3MEHUMBOCThL I100AJIbHO OCPEJHEHHOH TeMrepaTyphbl
BO3AYyXa y MOBEPXHOCTH HA BPEMEHHBIX MaciuTabax OT JECATKOB /10 COTEH JIET HE MpPEBbIlIACT
0.1-0.2 rpagyca (Houghton, 2001). UroGel mnoayuuth ©Oo0ee CYLIECTBEHHLIC W3MEHEHUS
KITMMaTa, Hy’KHO U3MEHUTh BHEIIHHE MO OTHOIIEHHUIO K KIIMMAaTHYECKON crcTeMe BO3IEHCTBHUSA.

Bropoii cnoco® — aHanmu3 MpUYMH HK3MEHEHWs KiuMara B mpomioM. Takoil aHanus
MOKa3bIBAET, YTO U3MEHEHHUS KJIMMaTa ¢ BpEMEHHBIMHM MaclITabaMy JECATKH ThIcAY JIET U OoJee
MPOUCXOJMAN  BCIIEJICTBUE WM3MEHEHUS BHEIIHWUX BO3JEHUCTBUNA, a WMEHHO W3MEHEHUM
napametpoB opoutsl 3emusin. [lpu TakMx M3MeHEHMsSX CyMMapHas 3a roj v no Bceid 3emJe
COJIHEYHas paaualus, NPUXOAsALLAs K BepXHel rpaHuie atmocdepbl, HE MEHSJIACh, @ MEHSJIOCh
ee pacrpejielieHHe MEXLy 3UMOU W JIETOM W MEXAY TPOTIMKAMU U BLICOKUMH liupoTamu. M3-3a
HEJIMHEHHOCTU  KJAMMAaTUYeCKOW CHCTEMbl 3TO MNPUBOJAMIO K M3MEHEHUIO I100abHOM
TemrepaTypbl 3eMiiM. TakoBo MmoclenHee ONeleHEHHE, KOTOPOE 3aKOHUUIOCHh OKOJ0 20 ThICSY
JeT Ha3aj, Korjaa teMrneparypa Oblia B cpeHeM Ha 5-10 rpajycoB HUXKE COBPEMEHHOM, a TaKxKe
TaK Ha3bIBa€MbIil ONTUMYM TOJIOIEHA OKOJIO 6 ThICSY JIeT Ha3aj, Korja Obllo B cpefHeM Ha |
rpajayc Temnjee, yeM ceiiyac. 3a mocneiHue 1-2 ThICAYW JET, COTJAacHO PEKOHCTPYKIIUSAM,
MPOUCXOAWIIM U3MEHEHUS T100abHOM TeMrepaTyphbl, He MpeBbillarollre no BejanurHe 1 rpaayc,
00YCJIOBJICHHBIC UBMEHEHHSIMU COJIHEYHON MOCTOSIHHOM M M3BEpkKEeHUsIMK ByJkaHoB. [TpumepHo
JIECSITh ThICSU JIET Hazaj NMpW TasHUM JIGAHUKOB MPOUCXOJMIN KoJieOaHUsl TemrepaTyphl ¢
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XapaKTepHBIM BPEMEHEM HECKOJIBKO COT JIET ¢ aMIUTUTYAONH HECKOJBKO rpaaycoB. OHH, MO Bcei
BHJIUMOCTH, HE OBLITH BbI3BaHBI BHEIIHUMH BO3JEHCTBUAMH. | [pUunHON 3THX KoJaeOaHW MOrnu
OBITH BBIOPOCHI MPECHOW BOJBI B 00MaCTh OKEAHWYECKOW KOHBEKIIMM B CEBEPHOU ATIAHTHKE.
Takue BBHIOPOCHI MOTIIM MPUBOJUTH K TOMY, YTO BOJa Ha MOBEPXHOCTH CTAHOBHMJACH JETKOM,
KOHBEKLMS 3aMejyisiiach, MU TMOBEPXHOCTHOE TEIJIOe TeUeHWE TiepecraBailo Tedb B CEBEPHYIO
aTJaHTUKY, 4TO MPUBOJWIIO K noxoJioaanuio Haja CesepHoit AtnanTukoii, EBponoii u CesepHoi
Amepukoil. DT0, MO-BUAMMOMY, €IWHCTBEHHBII W3BECTHBLI MEXaHW3M, CMOCOOHBII BbI3BATH
3HAYUTEILHOE HEBBIHYKIEHHOE U3MEHEHUE KMMaTa.

Takum oOpazoMm, OOJBIIMHCTBO HW3MEHEHWH KiIMMara SIBISIOTCS  BBIHYKJIEHHBIMH.
[TocMOTpHM, Kakhe BHEUIHWE BO3AECHCTBUS M3MEHWJIHCH B 20 CTONETHH, U Kakoil BKJIaJ OHHU
BHOCAT B W3MEHEHHWs Kiumata. BBelem TOHsATHE paauallMOHHOTO (OpCHUHTAa OT HM3MEHEHHUs
KOHIIEHTpaIMd TOTO WM MHOTO raza. PaguanyvoHHbli (OPCUHT — U3MEHEHHE paaualiioHHOTO
OanaHca Ha BepxHel rpaHuue armocdepbl WM Ha APYroM 3aJaHHOM YpPOBHE, BCJICICTBHE
33J]aHHOT0 M3MEHEHMS! KOHLIEHTpallMKM rasza M[pv COXPAHEHUU BCEX OCTaJbHbIX YCIOBUH B
KJIMMaTU4YeCKol cucreme HeusmeHHbiMU. Ha puc.9.1 npuBeseHbl OLEHKU HU3MEHEHUS
paavauMoHHbIX (OPCHMHIOB Pa3MUHbIX Ta3oB B KoHUE 20 CTOJIeTHS MO CpPaBHEHUIO C
NpeIbIH Iy CTPUAbHBIM BpeMeHeM, KOoTopble omybarkoBansl B [Houghton, 2007].
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Puc.9.1. Pagnaunonusie popcuuru (B1/M?) BCIICACTBIE M3MEHEH WS KOHLIEHTPALMK Pa3IMUHbIX

razoB B 2004r.r. Mo cpaBHEHUIO ¢ JJOMH/YCTPUATBLHBIM MTEPHUOI0M.

HanGonbmii mosoXuTenbHbIH paguallioHHbIH (DOPCUHT BBI3BIBAET yBENUUEHHE COJEpIKaHUSA
YIIIEKUCIIOTO ra3a. MeHee CynieCTBEHHBIW, HO 3aMETHBIN BKJIAJ BHOCAT METaH, 3aKUCh a30Ta U
TpornocdepHblii 030H. OTpHUuaATeNbHbIIN BKJAJ B PaivMalUOHHBIA (OPCUHI BHOCAT MPSMON M
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HenpsaMoit dddekT oT cynbhaTHOTO a’po30Jsi, U, B MEHBIIEH CTeTNeHH, YBeIuueHue amb0eno.
VBenuueHne CONMHEUHOW MOCTOSHHOM BHOCUT BKJaa B 5-10 pa3 MeHbIIUM, ueM MapHUKOBBIH
a¢dekt. Takum oOpazom, uTOOBI TMpejcKazaTh OyaylIvMe W3MEHEHHMs KiIuMmara, HeoOXOJUMO
BKITFOUMTH B KITUMATHUYECKYIO MOJIENTh IBOIOIMIO MAPHUKOBBIX Ta30B U CYJTh(ATHOTO adpo307Isl.

Tem He MeHee, caMbiM CYLIECTBEHHbIM siBjisieTcsi Bausinne ypenuuenue CO,. PacecmoTpum,
YTO MPOM30IJET € KiMMaruueckoil cucremoi, ecim koHuentpauus CO; yasoutcs. Jlius atoro
Ha/0 3HaTh paavauuoHHbli popeuur AF ot yaeoenus koHueHtpauun CO2 Ha BepxHei rpaHule
atmocepsl. On cocrasiser okono 4 Br/m?. Ecin Temneparypa KIMMAaTHUYECKOW CHCTEMb
onpeaensercs w3 (9.1), To wH3MEHeHHE Temmeparypbl HW3-3a W3MEHEHUS paaualMOHHOIrO
dbopcunTa 6y aeT:

o\(T*) =40T3AT = AF (9.20)

nmu, aens ooe uactu (9.20) va (9.1),
4—=— (9.21)

IMoacrasiuss uncaennsie 3uauenus F = 240 BT/MZ, T=260K, AT =4 BT/MZ, nonayuaem AT =
1.1K. Ecnu yuuTbiBaTh elle TO, YTO MApHUKOBBIA 3(pdexkrT BoasHOro napa npu MOBbILIEHWH
Temrneparypbl yBeauuuBaetcs, To noayunMm AT = 2.0 K. Ecau npussth BO BHUMaHuE
MOJIOKHMTENbHYIO 00paTHYIO CBSI3b MEXKAY TeMMepaTypoil U yMeHbllIeHUeM aib0el0 BCaeACTRUE
TasTHUSI CHETa W JibJa, TO OLIEHKW MoTerieHus 0yayT uzmensatecs oT 2.3 o 2.7 K. Moaenun OLIA
JIAFOT BENTMUWHBI TJI00aNbHOTO MoTerieHns ot 1.5 no 4.5 rpaayca, a oTAenbHble KOH(UTYpalun
MoJieiell TpecKa3bIBaloT erle OOJbIIYI0 UyBCTBUTENbHOCTh: 0 8-10 rpaaycoB. OcHoBHOU
NMPUYUHON paziniusi YyBCTBUTEIBRHOCTH MOJIENel SBIsETCS pa3IuuHOe OMUCcaHhe OOJauHOCTH.
[Tpu rnoGanbHOM MOTEMJICHWH KOJMYECTBO KOHBEKTHBHBIX 00JaKOB JOKHO YMEHBIIUTHCS, a
KOJIMYECTBO CJIOUCTHIX 00JaKoB BOJM3M TMOBEPXHOCTH yBenauuuThes. Ecau B momenu
npeobnagaer  ymeHbllEHWE  00JAYHOCTM  MpU  MOTEMJeHMH, OHa  JaeT  OoJblIYIO
YYBCTBUTEIILHOCTh, €CJIM YBEJIMYeHUEe TO MasieHbkyto. [lockosibky oOpa3oBaHue o006JakoB
SIBISIETCS MOJCETOUHBIM TIPOIIECCOM, KOTOPBIH HE OMUCHIBAETCS SIBHO, a MapaMeTpu3yeTcsl, TO OT
cnocoba mapaMeTpHu3alii 00NavyHOCTH 3aBHCUT YYBCTBUTENBHOCTh MOJiend K yaBoeHnio COs.
[IlpoGnema yTOuHEHWS BETWUWHBI OOPAaTHOW CBSI3M MEXIY TMOTENNIeHHeM W OOJauHOCTHIO
SIBJISICTCS OJIHOM M3 LEHTPAJIbHBIX B COBPEMEHHOM HayKe O KiumMare.

PaccmoTpuM cpeaHerosioBoe paBHOBECHOE W3MEHEHWE TeMreparypbl B arMocdepe ¢
BoicoToi nmpu yasoenun CO2 B Mozenun armocdeps M okeana, puc.9.2 (Bonoaun, duanckuii
2003). B tponocdepe B cooTBETCTBUM C MapHUKOBLIM 3 dekToM Temneparypa Bospactaer. B
TPOTMUKAX CHUJIbHEE BCEro TerUieeT B BepxHel Tpomocdepe. ITO MPOUCXOAUT MOTOMY, YTO B
TPOMUKAX BEPTHUKATBHBIN TPAJUEHT TeMIEepaTypbl KOHTPOJUPYETCS BIAKHOW KOHBEKIMEH |
O0Mu30K K BlIaxkHoaauabatnyeckoMy. BraxHoaawabaTuueckuit TpajMeHT YMEHBINAeTcsl To
BeTMYMHE C pocToM Temmepatypbl (5.10), mostoMy mpu OomblieM TapHUKOBOM 3ddekTe
Temreparypa B TPOMUKax HE TaK CUJILHO MajaeT ¢ BbICOTOM, TO €CTh HaBepXy TernJjeer 0oJblile,
yeM BHUM3Y. B BbICOKMX 1IMpOTax MoTenjaeHWe MaKCMMajbHO Y MOBEPXHOCTH, a B CpejaHEeH U
BepxHei Tponocdepe OHO HEe CTOJIb CHIIbHO. ITO NMPOUCXOANT HU3-3a MOJIOKHTEILHOH 00paTHOM
CBSI3U MEXJAy TeMmrepaTypoli W yMeHbIeHHeM aib0es0, 4TO TPUBOAMT K Ooliee CUIBHOMY
nporpery NoBepxHocTU. BBepX M3-3a OTCYTCTBUS KOHBEKLIMHW MOTEMJICHHWE PACNPOCTpaHsIeTCs He
Tak CWIbHO, Kak B Tponukax. B crpatocdepe ysennuenne COz MpUBOAMT K MOXOJ0AAHHWIO
BCJICJICTBHE YBEIMUYCHUS JJIMHHOBOJIHOBOTO BbIXOJIaKHBaHMUS.
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Puc.9.2. 3menenue cpeaneronosoii remneparypsl Bo3zayxa (K) B mogenu npu yngoeHun
coaepxkanusi CO, o ganuabiv moaenn UBM.
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Puc.9.3. Msmenenne TemnepaTypbl Bo3ayxa (K) y norepxHoctu B Mojienu npu yapoeanu CO; B
nekabpe-(despasie M MIOHEe-aBrrycTe no gaHHeiM Moaenn MBM.
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PaccMoTpuM M3MEHEHHe TeMIepaTyphl BO3/lyXa y MOBEPXHOCTH MPU yIBOEHUHU COJEPIKAHUS
CO2 (puc.9.3). Camoe OGonbiioe MOTENNeHWe TPOUCXOUT B 3UMHEE BpeMs B Te€X MECTax, e
BMECTO MOPCKOrO JbJa MOSIBISIETCS OTKpbITasg BojAa. TaM moTenjJeHue B HECKOJbKO pa3
MpEeBBIIAET cpeaHee Mo 3emie. Benuwko Takke moTenjeHWe Ha KOHTMHEHTaX B YMEPEHHBIX
imporax 3uMoi. Jletom mnoTenjieHMe Ha KOHTMHEHTax MEHblle, TaK KakK, BO-TIEPBbIX,
MOBBILICHUIO TEMIIEPATYPhbl MPENSATCTBYET YBEIMUEHHE WCMAPEHUS, U, BO-BTOPLIX, JIETOM H3-3a
KOHBEKLIMM MOTEMJIEHUE pacrpocTpaHsieTcss Ha Bcio Tponocdepy. Ha koHTHHEHTaX nMpu npoumx
paBHBIX YCJIOBUSIX MOTeMjieHWe 0oJbllle, YeM Haj OKeaHamu, ONSAThb-TaKW, U3-3a YBEJIMUCHUS
UCTIapeHMs! TIPU MOTEMJIEHUN HAJl OKEaHAMH.

MHTepecHO CcpaBHUTH MOJIEIUPYEMOE HW3MEHEHHE TEeMIepaTypbl C HaOMI0JaeMbIM B
nocJeJHUe JecATUIeTusd. M3MeHeHHe cpeaHeroJoBoi TemmepaTypbl MO JaHHBIM peaHanu3a
NCEP 3a nociennee aBaiatuieTie Mo cpaBHEHUIO ¢ MPEBITYIIM H300pakeHo Ha pruc.9.4. Ha
PUCYHKE MOXHO BUIETh T€ K€ OCOOCHHOCTH, 4TO M Ha puc.9.2: noxosogaHue B ctparocdepe,
norernieHue B Tpornocdepe, MmakcMMaibHOE B TPOMUYECKOW BepxHel Tponocdepe v B BHICOKMX
lMpoTax y noBepxXxHocTH. OaHaKo, MakCMMyMbl MOTEMeHUs BOJM3KM TpOnonaysbl B HKHOM
noJjyuiapum, a Takxke Haj APKTHKOH HE COOTBETCTBYIOT JaHHBIM MOJenHpoBaHusi. Brnpouewm,
3/16Ch TOUHOCTh JIAaHHBIX pe€aHain3a MOKET ObITh HEJJOCTATOUHOM.

CpapuuM HabmoaeMoe ToOTeIIeHUe y TOBEPXHOCTH (prc.9.5) ¢ MPOTHO3ZUPYEMBIM TIpU
rio0ankHOM mnoTeniaeHun. HaOarogaemoe mMoTenieHHe MakCUMaJbHO Ha KOHTHMHEHTAaxX B
YMEPEHHBIX IMUPOTaX CEeBEpHOTO noaymapus 3umoi. Tam oHo nocturaer 1.5-2.5 rpamycos.
Jlerom norensienne cocrasisier Tosbko okoJsio 0.5 rpanyca. CHOBa, Kak v B cllyyae 30HaJIbHO
OCpPEIHEHHOM TeMnepaTypbl, UMEETCs JiMillb YaCTUYHOE COrjlacie JaHHbIX MOJCIMPOBAHUS W
HaOmonennii. Tem He MeHee, W3MEHEHWs TrJ00anbHO OCPEIHEHHOW Temneparyphbl
BOCTIPOU3BOJIMTCS HETIJIOXO MHOTUMU MOJEsIMH (CM. JieKkuuio 1.)
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Puc.9.4. U3menenue 3oHanbHO ocpeaneHHoi Temneparypsl (K) B 1984-2003r.r. no cpaBHeHMIo ¢
1964-1983r.r. no nanubsiM peanannza NCEP.
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Puc.9.5. Wsmenenre TemnepaTypbl Bo3ayxa y noBepxHocTd (K) B sitHBape-mapte (BBEpXY) U
utose-aBrycte (BHU3Y) B 1984-2003r.r. mo cpaBuenuro ¢ 1964-1983r.r. mo nanasivm NCEP.
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Takum 06pazom, 4TOOBI MpeACKa3aTh M3MEHEHHST KiuMaTta B OYIyIIeM, HY)KHA HE TOJBKO
COBMECTHast MOJieNlb atMocepsl W OKeaHa, HO W MOJENh DBOJNIOIWH MAlbIX Ta30BBIX
COCTABJISIOIINX, BIUSIONINX Ha M3MEHEHHe KIMMara. JTo MOJENh AWHAMHKA W XHMHHU 030Ha,
Merana, cylibaraoro asposous. Kpome T0ro, HEOOX0AMM HHTEPAKTHUBHBIN pacueT yriepoaHOro
uukaa. Jlas pacyera Ha nepuoj HECKOJBKO CTOJETHH M Bollee JKeaare/bHO TakkKe BBEACHHE
):lV]HaMV]'—IeCKOﬁ pPacTUTECIbHOCTH WU pacvecTa 3BOJIIOUWHU KOHTUHCHTAJIbHbLIX JIb10B.

biok xumuu o30Ha U ApYyrux ra3oBbiX COCTaBJIAIOLIKUX O6b]"]HO YUNUTBLIBAET HECKOJILKO
JIECSITKOB XHMHUECKHUX peakimii. KOMIBIOTEpHOE BpeMsi, 3aTpaulBaeMoe Ha HETO, CPABHUMO ¢
BpEMEHEM, 3aTpPauMBaeMbIM Ha caMy MOJENh OOIIel UPKYISHH atMocepsl W OKeaHa. 3/iech
MBI HE paccMaTpUBaeM YCTPOMCTBO 3TOTro OJI0Ka, BBHAY €ro ciIokHOCTH. Kparko paccMoTpum
OCHOBHBIE KOMIOHEHTHI YTIEPOAHOTO IMKJIA, KOTOPHIE YYHTHIBAIOT COBPEMEHHBIE MOJIENH
knumara, puc. 9.6 (Houghton, 2001).

Atmocepa 7501t + 3.5 "1/ron

1 60+55 1
Pacrenus 550 T'T 1
160+2+2 L +2
1 60+45 1 Okean 38000 I't
1 +6
TToura 1500TT - - 1
Hckomaemoe 1

Tonaueo 5000TT - - - o

Puc.9.6. YrnepoaHsIil MK 1 €ro U3MEHEHUs BCIECTBUE JAESITEIbHOCTH YEIOBEKA.
Copep:xkaHue yriepoja B pa3nUyHbIX KOMITIOHEHTaX yriepoJIHOTO LUK BEIPAKEHO B
ruraToHHax yriepoja, notoku B I't yriaepoja B roa. HYucna, crositme rnociie 3Haka +, BbIpaXkaroT
M3MEHEHHE YIrIIepOJHOr0 LMKJA MO CPABHEHHIO C JOMHAYCTPHAJIbHBIM.

CornacHo COBpeMEHHBIM TIPEICTABIEHUSIM, TOCTYTHBIN A1 aTMOchepsl yriaepoa HaX0uTcs
B pactennsax (550 I't), mouse (1500 I'T) u okeane (38000 I'T), a Takxke B atMocdepe (750 I't B
2000r., 600 I't B pounayctpuanbHoe Bpems). [lpu sToM, pacTeHus MOTIOMAOT Yriaepoj M3
atMocdepbl co ckopocThio 60 I'T/roa. [locne oTMupaHust pacTeHWH WX yriepoja MepexoauT B
noury. M3 nougsel, kotopas nox aeiicreuem 0akrepuil paznaraercs, yriepo B BUAE yrieKUCIOro
raza cHoBa nepexoaut B armoc(epy. OkeaH B JOMHIYCTPUAILHOM COCTOSIHUM HAXOAUTCS B
paBHOBecuM ¢ aTMOC(Epoi, U CyMMapHbIi MOTOK yriepoaa TyJa paBeH HYJIO. 3aMeTHM, UTO
CAMHCTBEHHAst XOPOLLIO M3MepsiemMasi BeJIMUMHA B YrJIEpOJHOM LMKIE — KOJMUYECTBO yrjepoja B
atMocgepe. OcTanbHble 3HAUCHUS ABISIOTCS BECbMa MPUOTMKEHHBIMU.

B uHAaycTpuanbHYIO DSIOXY YeNOBEeK CXKHUTaeT TOTUIMBO, pa3BejJaHHBIE 3armachl KOTOPOTO
cocTtaBastoT okoso 5000 I't yrnepona. Cxopocts cxkuranusi B koHie 20-Hauane 21 cromerus
cocraBisieT okono 6.5 I't B roa. Kpome toro, B armocdepy nmocrynaet okoso 2 ['t yraeposaa B
rog B pe3ysibTaTe 3eMJIernojb30oBaHHus (BbIpYOKM JiecOB W 3po3uu  nousbl). M3 s3Tux
JOMOJIHUTENIbHBIX BbIOPOCOB TOJLKO 3.5 I'T B roa maer Ha yseauueHue coaepxanus COz B
armocdepe. Okono 2 I't/ron noraowatocst B okeane, 1 okoJio 1.5 T't B akocucremax cyuu. Ilpu
3TOM, YBEJMWYEHUE TMEePBUUHON MPOAYKUMH cocTaBiasieT okojo 5.5 I'1/roa, a ysenuuenue
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JIBIXaHHS TIOUBHI BCIIEJICTBUE MOBBIINEHUS Temmeparypsl okono 2 ['t/roa. CornacHo clieHapusMm
Pa3BUTHS YENOBEUECTBA, UMEIOIIEECS TOMIMBO MOXKET OBITh COAKEHO 3a HECKOJIBKO CTOJIETHH.
CornacHo JaHHBIM MOJIEIUPOBAHUSA, MO-BUAUMOMY, MPUMEPHO MOJOBHHA YIriepoaa, Kak U B
HacTodAlllee BpeMs, NMPU TakUX TEMMax CKUraHud MOHJAET Ha YBENWYEHUE COJCpKAHUS B
arMocdepe, a NoJOBHHA MOrJOTUTCS OKEaHOM M 3KocHcTemMamu cyuin. To ecTh MakcumalbHas
konuentpauusi COz uepex HECKOJbKO CTOJIETHH MOXKET TMPEBbICHTh JAOUHAYCTPUAILHYIO
npumepHo B 5 pa3s. Ilocie npekpallueHns BbIOPOCOB OCHOBHYIO 4acThb M3OLITOYHOrO yriepoja
MOrJIOTUT OKeaH, 3T0 OyJeT NPOUCXOINTb, KaK U YCTAHOBJICHHE TEMIEPaTypHOro paBHOBECHS], C
XapaKTepHbIM BPEMEHEM OT THICSYM JO HECKOIBKHX ThICAY JeT. PaBHOBecHas KOHIEHTpalus
COg U1l HEMHOTO TIPEBBICUT JOUHAYCTPUATBHYIO U COCTABUT OKoJio 320 MiH L,

Ha puc.9.7 npeacrasnen mnporHoz usMmeHeHus koHieHTpauuun COz k 2100r. npu 6
Pa3MYHBIX  CLEHAapUsX  CKWraHust  TomnuBa. [IporHo3  onyOnWkoBaH B OT4eETE
MEKIPAaBUTEILCTBEHHON pynnbl 3KkcrnepToB no usmenenuto kaumara (IPCC) B 2007r. Tlpu
CaMOM yMepeHHOM cueHapuu npeanosaraercsa cxedb 1000 T'r yruepoaa B 21 crosiervu, npu
camoMm TerjioMm 2.5 T't. Pa3dmep cronbuoB o3HauaeT HEONPEAEICHHOCTh, OOYCJOBJICHHYIO
pazinndHbIMK  (OPMYJIMPOBKaMK MOJCAM YIIEpOAHOro UMKIa. MuHUMalibHAs KOHLEHTpauus
CO, B 2100r. cocraBnger oxomo 450 MnH'l, MakcuMaibHast okono 1200 wmum.
HeonpeneneHHocT mnipu  BBIOPAaHHOM  CIIEHApUU  cOCTaBIAOT okono 20% ot camoit
KoHieHTpanuu B 2100r.

HeonpeneneHHocTs nporHoza temnepatyp (puc.9.8) ckiajpiBaeTcsl U3 HEONPENEICHHOCTH
nporuo3a koHueHTpauuu COz ¥ pa3IMuHON UyBCTBUTEIBLHOCTH MOJENeH K OJHOMY M TOMY ke
uzmeHeHnto CO,. TlosTomy oHM cocTaBasitoT st BbIOpaHHOTO clieHapusi yxe Oosiee 50% ot
CpeaHero no BCEM MOJE/sM TMOTETUIeHUsT Ul 3TOro cueHepus. B uenom s pazinubbix
cuenapueB k 2100r. npeanosiaraercst NOBbILIEHWE r1100aIbLHO OCpeHEHHON TemMnepaTypbl oT 1.5
J0 6 TpaaycoB.

OauH M3 IMUPOKO 00CYKIAaEMBIX aCMEKTOB OKHUAEMOT0 MOTEMNIEHH — MOBBIIIEHHE YPOBHS
okeana. Ha prc.9.9 nokazana orieHka CKOpOCTH M3MeHEeHHUsl ypoBHS okeaHa 3a 1993-2003r.r., a
TAK)KE OLEHKM BKJaJa pa3/MUHbIX MEXaHW3MOB B 3TO u3MeHeHue. CKOpOCThb MOBBILICHUS
YPOBHSI OKeaHa 3a paccmaTpuBaemMoe JAecsiTWieTHe cocTaBuia oT 2 10 4 MM B Toj.
MakcumalbHblii  BKJal B MOBBILIEHWE YPOBHS BHOCHT TEPMHUECKOE pPaCLIMPEHUE BOJbI.
Heckosibko MeHbLINI BKJaa BHOCUT TasitHME FOpHBIX JieaHWKOB. Bkiiag Tasuus ['pennananu u
AHTapkTUabl 6,1M30K K HyJI0. CymMMa BCeX BKIIA/I0B HECKONBKO MEHbINE HaOII0IaeMOTo pocTa,
HO B Mpejaenax HEONpeIeTeHHOCTH 3TH JBE BENUYMHBI COBMAJAOT. MOMKHO HAJEsIThCs, UTO
COBPEMEHHBIE MOJENU KJIuMaTa MOTYT MPaBHIBHO BOCHPOW3BOJWTH BKIAJ, OO0YCIOBIEHHBIN
TEPMUYECKUM pPACIIUPEHUEM BOJBL. ['OpHBIE JNEAHUKM SBASIOTCA MOACETOYHBIMH, MO3TOMY WX
TasHUE HE MOXKET BOCNPOU3BOAUTLCS aaeksarHo. Ha puc.9.10 npeacrasneno usmMeHeHue yposHs
okeana B mogzensx s 20 cronerns w s 21-23 crosietuid npu pasiMUHBIX CLEHApHUSX
YBEJIMUEHHS KOHLEHTPaLMKW NMapHUKOBLIX ra3oB. B 20 cronernn moaenn B cpeiHeM NMOKa3biBaloT
MOBBILICHUE YpPOBHS okeaHa Ha 4-7 cm., uro Menbuie nHabmoaaemoro (10-15 cm.). Paznuna
o0OycroBiieHa, Mo KpaifHel Mepe, YaCTUYHO, HEYYETOM B MOJEIN TasiHUSl TOpPHBIX NeAHHKoB. K
2100r. Moaenu NpeacKa3biBalOT yBellnueHue ypoBHS okeaHa Ha 9-40 cm. J/luamazoH olgHOK B
JIAHHOM ciTydae OnHKe, 4yeM Mo JaHHBIM mpeasiayinero ortduera (Houghton 2001), roe paz6poc
MOJEIBHBIX oleHOK Obl1 oT 9 no 80 cM. B pesyabTaTe yTOUHEHHS HCYE3NU MOJIENH,
npeAcKa3biBaoLMe OUeHb 00JbLIOE MOBbILICHHE YPOBHS okeaHa. COrjlacHO MOJEsM, YPOBEHb
okeaHa Oyzaer npojaoskarh nopbiuaTecs ¥ nocie 2100r., XoTs B cLueHApUKM KOHLIEHTPALUs BCEX
napHUKOBLIX ra3oB nocie 2100r. O6wina 3agaHa Ha yposHe 2100r. 3To mpoucxoaut 3a cyeT
60J1bLIOH TEPMHUYECKOWH MHEPLIMK OKeaHa.
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Puc.9.7. TIpornos konuentpaumu CO2 115 pazanuHbix clieHapves no aanHbim Houghton (2007).
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nanasiM Houghton (2007).
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Houghton (2007).

aas 21-23 croneruit npu paznvydbix cueHapusx. [1To gaHHbIM

69



15 : - : : : : - : : : :
O
S

- Wil HH

) 0,
. . . . = 2 e)e, >
.. 2 ) y e (C () C =
10 . . - . : ) ) ,'!"_i'-'-“' LS

“‘iu
gl
—

PN

AP & T
o

@ @Te
‘L1,

1890 1920 1950 1980 2010 2040 2070 2100 2130 2160 2190

1890 1920 1950 1980 2010 2040 2070 210 2130 2160 2190

Puc.9.11. M3menenue niomaan MOpckoro Jjbjaa B Apkruke (MJH km?) B siHBape-mapre (BBepXy)
W utosie-ceHTsope (BHM3Y) mo gaHHbiM mojaenu MUBM (Bonoaun, Jlnanckuii 2006) nns 1871-
2200r.r. B KOHTpPOJBHOM 3KclepuMeHTe (CrhmoinHas IuHus), npu cieHapun Bl (mycrteie
KpyxKku), A1B (uepHble KpykKu) U A2 (KpeCTUKH).
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HakoHen, paccMOTpUM W3MEHeHHe TIOINaJAd MOPCKOTO Nbjaa B Apkrtuke (puc.9.11). Jlns
BCEX PAaCCMOTPEHHBIX clieHapueB K 2100r. rioma s MOPCKOTo IibJia B KOHIIE JIeTa YMEHbIIaeTCs
W CTaHOBUTCA ONM3KOW K Hymo. 3WMON W3MEHEHWs TUIOMAAM MOPCKOTO Jhja He Tak
CyLIECTBEHHbI. M3MeHeHMs TmuiolmaaM MOPCKOro JbAa B AHTapKTUKE Takke HE CTOJb
CYLIECTBEHHbI, Kak B ApkTuke JjetoM. [logoOHble M3MEHEHWs MIolaAd MOPCKOro Jbja
MpeACKa3bIBAOT O0JLIIMHCTBO MOIEJIEH.
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10. ITpencka3zyemasi 10JIronepuoaHAsi BHYTPEHHSISA U3MEHYUBOCTH B
KJIMMATHYECKOM cucTemMe

B sTOM pazzene paccMOTpUM J10JIrONEPHOAHYIO BHYTPEHHIOIO W3MEHUMBOCTbL B CHCTEME
aTMocdepa-okeaH, KOTopas TIOBBIIIAET MpecKa3yeMocTh atMocdepHoi mupkynsanuu 3a 10-15
JTHEBHBIM TIpe/Ie]IOM JIETEPMUHUCTUYECKOW TIpe/ICKa3yeMOCTH. 37eCh PacCMOTPUM TPH TaKUX
SBJICHHS: KBa3WJBYXJeTHee KoieOaHWe B MpUIKBAaTOpUanbHON crpatocdepe; Dnb-Hunbo n
I0JKHOE KosiebaHue; apKkTHueckoe KojebaHue.

KpazuaByxiernee kosnebanue npeiacrasisieT co00il M3MeHeHne CKOPOCTH 30HaILHOTO BETpa
B npuaKBaropuaibHoii crpatochepe (puc.10.1). D10 konebanue nposisasiercs Ha BoicoTax ot 40
10 15 KM, 1ocTHraeT aMiiMTybl B HECKOJIbKO JECATKOB M/C U pacrpoCTpaHseTcsl CBEpXY BHHU3.
INeproa konebanuit cocrasisier 28 mecsiues. [TpuunHoii konebanus sBisSeTCS B3aMMOJCiiCTBHE
rPaBUTAIIMOHHBIX W JIPYTMX BOIIH CO CPEeJIHWUM TIOTOKOM, pacCMOTpeHHoe B pazzaene 7.
HauGonkiiee TOpMOXKEHWE 30HAJBHOTO TIOTOKA, B CHIY pPacCMOTPEHHBIX CBOWCTB
rPaBUTAIIMOHHBIX BOJH, TPOUCXOJUT HECKOJIBKO BBHINIE MaKCUMyma CKOPOCTH 30HANIbHOTO
noroka. Ha 6ojee HWXXKHHMX YPOBHSX, HA00OPOT, MPOUCXOIUT HEOOJBINIOE YCKOPEHHE MOTOKA.
DTO NPUBOAUT K TOMY, YTO MAKCHMMYM CKOPOCTH 30HAJbHOrO MOTOKAa C TEUEHWEM BpEeMEHU
nepemewiaercss BHU3. TakoW MeXaHW3M ABJISETCS OCHOBHOW NPUUYMHONW KBa3WABYXJIETHErO
kojebanusi. OrpaHMueHHOCTL obOsiacTH KoJiebaHWs 3KBATOPOM OOBACHSETCS TEM, 4YTO Ha
HKBATOpE HET reocTpohUUeCcKOro COOTHOIICHUS, TOITOMY OObIITHE U3MEHEHUS] CKOPOCTH MOTYT
MPOUCXOANUTE 0e3 CYIIECTBEHHBIX W3MEHEHW Temreparyphl. B ocTtadbHBIX palioHax GONBITAM
W3MEHEHHWSIM CKOPOCTH JIOJDKHBI COTYTCTBOBaTh OOJNbBIME WM3MEHEHUs Temreparypbl B
HIDKENe)KalluX CIoSIX, 4TO JOMKHO OTKIOHATH cTpatocdepy OT pajuallMOHHOTO paBHOBECHS.
KBazuaByxierHee kosnebaHue BAUSIET HA MPEICKa3yeMOCTb MPU3EMHOr0 COCTOSIHUSE aTMocdepsl
B OCHOBHOM uepe3 MW3MEHEHWE WHJEKCa apKTUUecKkoro koJjebdaHusi: BOCTOUHOW (ase
KBa3WBYXJIETHEr0  KojebaHWs  COOTBETCTBYET OTPULATE/bHBIA  MHIEKC  apKTHUYECKOro
koJjiebanusl.

HanGonee BakHBIM SIBIEHUEM, TMO3BOJISIONIUM JelaTh MPOTHO3BI HA CPOK JI0 HECKONBKUX
MecsIIeB, sIBIeTcs sBneHrue Dnb-HUHBO U CBA3aHHOE ¢ HUM IOXKHOE KosebaHue. DTo siBIeHUe
npeJcTaBnsieT co0O0i TOBBIINIEHUE TeMIepaTrypbl MOBEPXHOCTH B MPUIKBATOPHATHEHOM THxoM
okeane. HaubGonee BeIpaxkeHO OHO B lleHTpe W Ha BocToke Tuxoro okeana (puc.10.2). Taxoe
cOObITHE MPOUCXOAUT OOBIUHO Pa3 B HECKOJIBKO JIET, U MPOAOJIKAETCA OT HECKOJbKUX MECcsLEeB
jgo rojaa. CuabHbie 3Oab-Hubbo npoucxoaunu B 1982-1983r., 1987-1988r., 1997-1998r.
(puc.10.3). Xapakreproe Bpemsi uzmeHunoctu TITIO B npuskearopuansHom Tuxom okeane
cocrasisier 2-7 ner.

UToOBl MOHATH, OTYEr0 MPOUCXOAUT Ib-HUHBO, paccMOTpuUM, Kak yCTpoeHa cpeaHsis
UPKYJISAHS Tponrueckoro Tuxoro okeaHa. Betep y moBepxHocTH Haj TUXUM OKeaHOM JAyeT C
BOCTOKA Ha 3armaj, 4To co3/aeT MPUMOBEPXHOCTHOE TeUeHHE, HalpaBIeHHOe ¢ BOCTOKA Ha 3amnajl.
[looTomMy y BocTouHOrOo Oepera Tuxoro okeaHa TPOUCXOAWT MOMBEM BOJBI, W BOJAA VY
nosepxHocTu Oosiee X0s0AHas, a 'y 3anajaHoro 6epera —onyckaHue BO/bl, U TaM Boja Teruiast. Ha
rayoune 150-200M. cyuiecTByeT NpOTUBOTEUEHHME, HaMpaBlEHHOE C 3anaja Ha BOCTOK
(puc.10.4). Kpome Toro, Ha ABHKYlleecs MOBEPXHOCTHOE TeueHue aelcTryeT cuia Kopuonuca,
KOTOpasi OTKJIOHSIET €ro B CEBEPHOM MOJIyLIApUK BIIPARO, a B 10)KHOM — BJiieBO. [ToaTomy, B cuity
YpaBHEHHUs HEpa3phIBHOCTH, HA DKBATOpE JIOMKEH OBITh TOABEM TINyOWHHBIX BOJA Ha
MOBEPXHOCTh, & HA HEKOTOPOM PACCTOSTHUM OT Hero — onyckanue (puc.10.5). [Toaromy TTIO nHa
HKBATOpE JONMKHA OBITH HECKOJBKO HHM)KE, YeM Ha HEKOTOPOM pacCTOSTHUM OT Hero. JTu
ocobendoctH pacnpeaenenus TIO sugnbl Ha puc.10.2 (BBEpXY).
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Puc.10.1. CkopocTb 30HanbLHOro Betpa (M/c) ocpeaHeHHas BIOJbL 3KBaTopa B crparocdepe B
1994-2004r.r. no panubiM peaHanuza NCEP.
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Puc.10.2. Cpeanexnumaruueckas remneparypa nopepxHoctu tponuueckoro Tuxoro okeana (C)
BBepxy W anomanust TTTO Bo Bpemst Dnb-Huubo, okrsadps 1997r. — despans 1998r.
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SST anomaly

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Puc.10.3. Bpemennoit xoa awomanuu TIIO (C) B ueHTpasbHOM W BOCTOYHOM
npudkBaropuaibHoM Truxom okeane B 1948-2004r. no qanubiM peananuza NCEP.

BeTEP
3anajn - Bocrtok
Ternno - - - Xoion
! 1
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Puc.10.4. CxemaTuueckoe U300pakeHue MEpUMOHANBHON [TUPKYISIIMA B MPUIKBATOPUATHHOM
TwuxoMm okeaHe.
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tOr DKBaTOp Cenep

Puc.10.5. Cxemarnueckoe wu300paxeHHe 30HAILHOW LMPKYJISLUMM B Tponuueckom Tuxom
OKeaHe.

ITpu ocnabiennn BOCTOUHOrO BeTpa, BO3HMKAIOLIErO H3-3a €CTECTBEHHOW arMmocdepHoit
M3MEHUYMBOCTH, MPOUCXOAUT OCj1abieHre KakK 30HaIbHOM, TaK U MEPUANOHAILHOW LIMPKYJISLIWH,
nokasanHelx Ha puc.10.4 u 10.5. D10 3HAUUT, YTO NPOUCXOAUT TMOBLILIEHUE TEMMEPATYPHI
BOJIM3M 3KBaTOpa M y BOCTOYHOro Oepera. BaxkHo, uTo cyluecTByeT MnojioxuTelibHas odparHas
cBa3p Mexay noselneHreM TIIO u ocnabneHneMm BocToyHOro BeTpa. OOBIYHO KOHBEKIMS W
BOCXO/IAIIME ABHKEHUS MPOUCXOJAT Haj 3anajoM Tuxoro okeaHa (Haa caMoif Tenioi BoJoM), a
HaJi BOCTOKOM MpeoOnajaeT OmycKaHWe, 4TO MOAAEPKUBAET CUJBHBIA BOCTOUHBIA BETEp Y
NMOBEPXHOCTH. Takad NMPKyIsuusi HasbBaeTcsl UUpKymsuued Yoxepa. [lpu ocnabnenun
BOCTOUHOIO Berpa W nosbilieHnn TTIO Ha BocToke THXOoro okeaHa KOHBEKLMS U BOCXOJSILINE
JBUKEHWS BO3HMKAIOT W Tam, siueiika Yokepa ociadussiercsi, YTo NMPUBOAMT K AaibHeliemy
ocjabJaeHnI0O BOCTOYHOrO MPUINIOBEPXHOCTHOrO BeTpa. Takas nojoxurelbHas oOparHasi CBSI3b
MPUBOAMT K TOMY, uTo aHomanuu TI1O ¥ npunoBepXHOCTHOro BeTpa AOCTHraloT OOJIbLINX
BETMYMH. AHOMAJIUHU OCAJKOB M MPUIMOBEPXHOCTHOTO 30HANBHOTO BETpa BO BpeMs Dib-HHHBO
npuBejiedsl Ha puc.10.6. Takum oOpazom, Dib-HuHbo — 3T0 KosebaHe B COBMECTHOM cHucTeMe
aTMocdepa — OKeaH, €ro Helb3s MOJYUUTh B UUCICHHOM DKCTIEpUMEHTE C MOJIENBbIO OKeaHa Tpu
(UKCUPOBAaHHOM HAMPsHKEHWHW TPEHUs BeTpa Ha TOBEpXHOCTH. B Mojaenum atmocdepsl ¢
¢ukcuposannoit  TITO Takxke Henb3st MNOAYUYUTb CTOJbL OOJIbLIYIO MO  BEJIMYMHE U
NMPOAOCKUTEIBHOCTH aHOMAJIMIO 30HAJBHOIO BETPA, KaK 3TO MPOUCXOAMT B COBMECTHOM
cucreme.

OpaHako, Kpome MOJOXKUTENLHOW 00paTHOM CBsI3M, CYLUECTBYET eule W oTpuuaresbHas
oOpaTHas cBA3b ¢ 3ana3apiBaHueM. OHa MPUBOANUT K TOMY, YTO MOCIE MOJOKUTENLHON aHOMalu
TI1O nocratoyHo 6OABUION BETUUUHBI HA CAEAYIOIIUNA ro/1 0043aTeNbHO OBIBACT OTpUIlATENbHAS
anomanus TI1O. CyniHocTs oTpULIaTENbHON 00paTHOM CBSA3M COCTOMT B TOM, UTO ocllabieHue
MUPKYIMi, n3o0paxkenHbix Ha puc.10.4 u 10.5, npuBoAUT K yMeHbIlIEHUIO TiepeHoca Oonee
TENJa0M BOAbI MPOTHBOTEUEHWSIMM Ha TriyOuHe B pailon Dab-Hunbo. 310 npuBoant K
OXJIQXKICHHIO MOANOBEPXHOCTHON BO/bl, KOTOPOE MPU Clly4ailHOM YCUJIEHUU BOCTOUHOIO BETpA
JIOCTUTAeT MOBEPXHOCTH, U, TeM caMbiM, Dib-HuHbo npekpawaercs. lanubie HabatoaeHMi
JEACTBUTENBHO CBUIETENLCTBYIOT O TOM, YTO [MPU pa3BUTUM U ‘“‘crapeHun” ib-Huubo
MPOUCXOUT CHauana TMoxojioJgaHue Ha rayoune oxono 100-200m., a 3atem oHO
pacrpoCTpaHseTCsl HA MOBEPXHOCTD.

PaccmoTpuM  OTKIWK atMocdepHoit 1HpKymaumu Ha Dnb-Hubbo, puc.10.7 (Bomoaws,
Huanckuii 2004).
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Puc.10.6. AHomManum ocajikoB, MM/CYT (BBepXY) U CKOPOCTH 30HATLHOTO BETpa Ha BBIcoTe 925
rlla, m/c (BHU3Y) BO Bpems Dab-Hunbo no nanueiM peanannza NCEP. Jlns ocagkoB BbieneHBI
00JaCTH CTaTUCTUYECKON 3HAYMMOCTH C BEPOITHOATHIO 95%.
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Puc.10.7. Pa3zHocTh naBiaeHuns Ha ypoBHe Mops (MO) B iekabpe-denparne B roasl Inb-HuHBO 11 BO

Bce roasl mo fgaHHbeIM peaHann3a NCEP (Beepxy) u mojaenn atmocdepsl M okeaHa (BHHU3Y).
Beinenensl 061acTH CTATUCTUUECKOH 3HAUUMOCTH € BEPOSITHOCTHIO 95%.
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B Tponukax mo gaHHBIM HaOMOAEHUH BO BpeMs Dnb-HUHBO MPOUCXOIUT MaJieHUe JaBJIeHHs Ha
1-2 rlla nap 6onee Temniol BOAON B IEHTpaIbHOW W BOCTOUHOUM YacTu THWXOro okeaHa, a pocT
JIaBJIEHUS — HaJl OOJBIIEH YacThIO OCTANBbHBIX TPOMUKOB, 0COOEHHO HaJ 3anajaoM THxoro okeaHa
u  Huponesmeit. Tlockonbky Dab-Hunbo npexacraBiser coboil  OCHOBHOM — MexaHHM3M
JIOJINONIEPUOIHON U3MEHUYMBOCTU B TPOMNUKAX, TO aHOMAIMW AABJIEHMUsI Hal BOCTOKOM Tuxoro
okeana n Mnjgonesneit cuiibHO CKOPPEaNpPOBaHbl, U KO3 (PHULUMEHT KOppeasiuMK OTpHULATEIbHbIN.
D10 OblIO 3aMeueHo Yokepom elle B Hauvase 20 cronerus. Ha ocHose 3Toil Koppesiuu oH BBel
WHJIEKC FOJKHOTO KOJeOaHUs, KOTOPBI MpeacTaBisieT co00il HOPMUPOBAHHYIO Pa3HOCTh MEKIY
aHomanuel narnedus Ha o. [lacxu (Boctounslti Tuxwii okean) u B Jlapsune (cerep ABcTpanuu).
BpemeHHOI X0a WHAEKca KOKHOTO KoJebaHWs, ¢ TOYHOCTBIO [0 MHOXMUTENsd, OJNM30K K
anomanun TIIO B palione Dab-Huawo, nzobpaxkendoit Ha puc.10.3. MameHenue uHjekca
I05KHOTO KOJ1Ie0aHUsI CBUIETEIILCTBYET 00 U3MEHEHUH MHTEHCUBHOCTH LIMPKYJISLM YoKkepa.

Kpome Tponuyeckoro oTkiimka, CylECTBYET 3aMeTHBIH OTKIMK Ha Diab-Hunbo B armocdepe
B CpeJHHUX LIMpOoTax, ocoO0eHHO B 3umMHeM nonayumapun (puc.10.7). Tak, Ha ceBepe Tuxoro
okeana npu Oab-Hunbo npoucxoautr ymenblienue aasieHus Ha 4-6 rlla. B npusemnoii
TeMIepaType OCHOBHOW UepTOi OTKIMKa Ha Diab-HWHBO sBIsleTcs 3UMHee moTernieHue Ha 2-3
rpaayca Ha Oonbmield yactu Kanamapl. CpeHEMUPOTHBIN OTKIUK (OPMUPYETCS B OCHOBHOM 3a
cUeT pacmpocTpaHeHust BoH PoccOu B BepxHeit Tponocdepe u3 paiioHa Dnb-HuHbO B cpeanne
mupoThl. Hanbonee OnaronpusTHeIE YCIOBUS AJIS1 3TOrO UMEIOTCS B 3UMHEM MOJYIIapUU, U3-3a
cTabuibHbIX 3aMaHbIX BETPOB.

CoBpemeHHble Mojenn arMocdepbl MU OKeaHa BOCIPOM3BOAST OCHOBHBLIE YEPThbl SIBJICHUS
Dnb-HuHbo, a Takke JIOKalbHbIH U yAaleHHbIM OTKJIWK aTMOC(EpHOH LMPKYISLMHU HA HEro
(puc.10.7). TlpaBaa, OCHOBHLIM HEIOCTATKOM MOJEJEH SIBASETCS TO, YTO OHW 3aBbILIAIOT
WHTEHCUBHOCTh SABIAHUS Onb-HuHBO B 1IeHTpe THxoro okeaHa, M 3aHMKAIOT Y BOCTOYHOTO
noGepexps. ITo, TNO  KpailHeH Mepe  4YacTHUYHO, OOBACHAETCA  HENOCTATOYHBIM
MPOCTPAHCTBEHHBIM pa3pelieHHeM B MOJIENSIX OKEaHa.

M3-3a nosbienus TIIO Bo Bpemst Diib-HHHBO HEnocpeacTBEHHO Yy DKBaropa, OCaiKu Mpu
Dnb-HuHbo yBeanumBaloTcs Takxke HenocpeacTseHHo y Dkearopa (puc.10.6). Dto npuBoauT K
TOMy, 4YTO BOCXOAALAs YacTb sfueilkn Xoaau Bo Bpems Oub-HuHbo pacnosaraercst B
HernocpeacTBeHHON Onuzoctu or Dkparopa. [lostomy B BepxHeil Tpornocdepe ycuienue
3anajiHbIX BETPOB B CYOTPONMUKAx BO cpeMst DIb-HUHBO MPOUCXOIUT CUIIbHEE, YEM B CpPEJHEM
(puc.1.3). AHOMaTUU CKOPOCTH BETpa BO BepxHeit Tpornocdepe Bo BpeMs Inb-HuHBO nocTHTraror
Takoll BeNMWYMHBI, 4TO aTtMocepe B 1eqoM BO Bpemsi Dnb-HuHBO mpuoOpeTtaroT GONBIIYIO
3aMajHyl0 COCTABIAIONIYIO BpaimieHusi, 4eMm oObuHO. [lockoneky 3emns u artMocdepa
COCTABJISIIOT MPAKTHUECKU 3aMKHYTYIO CUCTEMY, CKOPOCTb BpaLLEHUsi 3€MJIM BOKPYI CBOEH OCH
BO Bpemsi Dib-Hunbo HemHoro 3samMemisercss (CyTKM YBEJIMUMBAIOTCS HA HECKOJIBKO
MUWJIMCEKYH 1), YTO MOATBEPKAAETCS aCTPOHOMUUYECKUMU MeToAaMu HaOJIl0AeHHA.
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11. ApkTH4eckoe Kojie0anue

Eie ogHuM siBneHuem, 6narojapsi KOTOpoMy MOBBIIIAETCS TIPeICcKa3yeMoCTh aTMOC(epHBIX
MPOIECCOB B CPEJAHUX WHIMPOTaX CEBEPHOTO TMONYMIapHsi, SIBIAETCS apKTHUeckoe KonedaHue
(AK). Jlns ero onpeniefieHns BBeJIeM MOHITHE SMITMPHUECKUX OPTOPOHANBHBIX (yHKIHH (DOD).
[lycth y Hac ecTh HabOp MaHHBIX Tip, T/ | — MHAEKC TO MpocTpaHcTBy, | = 1, ...,I; N — uHmekc
no Bpemenu, N=1,...,N. Maccur T moxeT npeacTBAsTL cOOOH JaHHbIE Ha PeryJsipHOH CeTKe,
uin Ha ctaHuusix. [Tycts cpennee no BpeMeHHW 3HaueHWe T B KaA0W TOUKE MO MPOCTPAHCTRY
paBHO HYJIIO, TO €CTh

N
ZiTi,n = 0 ms mroboro | (11.1)
n=

Ecau 310 He Tak, To BEIUTEM Cpe/iHee 3HaUeHHe U3 Hallero maccupa T.
Cymmapnas aucnepcust D srtoro maccuBa ecth cCymMMa AWchepcMid B KaXKAOW TOUYKe MO
MPOCTPAHCTRY:

D =r:§1 Ilngi,nz (11.2)

B paccmarpriBaeMom NpocTpaHCTBE MOKHO BBECTH OPTOHOPMUPOBAHHbINH 6a3uC 13 BEKTOPOB
Ei, no xoropomy paznoxum Haiil maccus T:

|
Tin= gl CinE (11.3)

rae G, — koadpuumentol Dypue. Beegem noustue aucnepcun Dj, npuxoasiueiics Ha 6a3UCHbIH
BekTop E;:

N
Di=5 G2 (11.4)
n=1

Cymma qucnepcuii, mpuxoasiuxcst Ha Bce 6a3rcHbIe BEKTOPbI, paBHA MOJHON AMCNEPCHU:

D= _I;Di (11.5)

Onpenenum sMNUpUUecKre OpTOTOHATBHBIE (DYHKIMU MaccuBa T kak 6aszuc, A5 KOTOpPOTO Ha
MEPBBI  BEKTOP MPUXOAUTCS MaKCUMalbHas JHUCMEPCUs U3 BCEX BO3MOXKHBIX BEKTOPOB
€IMHUYHON JUTMHBI; BTOPOW BEKTOp OpPTOrOHaJE€H TMEepBOMY, M Ha HEro MNpPHXOJUTCS
MaKcuMalibHasg AMCIEepPCHs M3 BCEX €MHUYHBIX BEKTOPOB, OPTOTOHANBHBIX MEPBOMY; TPETHI
BEKTOP OPTOrOHAJICH EPBbIM JIBYM, U Ha HEro NpHXOJMTCS MakcMMallbHash JIMCNEepCUst U3 BCex
BEKTOPOB, OPTOrOHAJLHBIX MNEPBLIM JBYM, U T.A. MoxHOo nokazarb, 4to DODbI sBIASIOTCS
COOCTBEHHBIMH BEKTOpPaMU KOBapHaLIMOHHOIK MaTpulibl C ¢ 2jieMeHTamMu

N
Ci’j = %:1Ti'n T]"n (11.6)

€[010)3 OTIPEACIICHBI, TAKUM 06p330M, C TOYHOCTBHO A0 YHUCJICHHOTO MHOXKHTCIIA.

Hanpuwmep, eciin Mbl nMeem B kauecTBe maccuBa T HekoppesmpoBaHHbINA Oenblil miym, TO
DO®s1 11 TaKOro MaccuBa OyAyT BbITISAECTH CELYIOLNMM 00pa3om:
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E1=(1,0;0,...,0),

E; =(0;1,;0,...,0),
E;=(0;0;1;...,0), (11.7)
Ex=(000;...1)

Yacro Haubosbiumnii uutepec npeacrariser codoii nepsas 30D, To ecTh 6a3UCHBIN BEKTOD,
Ha KOTOPbIWA MPUXOAUTCS MakcumaibHas aucrepcus nos T.

Hanpumep, eciu 1=2, B kadecTBe T1, B3sTh rapMOHMUECKOE KoJebaHue, a B KauecTBe o —
Takoe e rapMoOHHYecKoe KonedaHue, HO ¢ MPOTHBOTIONIOKHBIM 3HaKOM, To TiepBasg DOD Oynet
umeth Bua: By = (1;-1).

Ecmu Tin=Typ, TO

E:=(1,1;1;...;1). (11.8)

Ecan uamenunBocTh no Bpemenu Beavuuubl T B Toukax 2, 3, ...,| He coBnagaer, HO Oau3Ka K
W3MEHYMBOCTH B Touke 1, To mepBasg 0@ Gyaer 6mska k (11.8). Kak npasuno, ecnu nepsas
D0® oTtaeneHa Mo JUCIEPCUM OT CAEAYIOIUX, TO OHAa ONpeesseTcss KaKMM-TO OJHHM
(pU3MUYECKUM TIPOIIECCOM, BHOCAIMM MaKCUMalbHBIA BKJIaJ B JAMCIIEPCHIO paccMaTpUBAeMOTo
MaccuBa. Hampumep, ecnm B kauecTBe MaccHBa T paccMOTpeTh CpelHEMECIUYHYIO aHOMAJHIO
TeMMneparypbl MOBEpPXHOCTH Tponuueckoro Tuxoro okeana, To neppas 0® Oyaer ¢ TOUHOCTbIO
10 MHOuTens 6im3ka k anomannu TTT1O, nzobpaxennoit na puc.10.2 BHu3y, a ee koappuumeHt
®Dypbe — K BpemeHHoMY xoy aHomanuu TTTO Ha puc.10.3. Kak npaBuiio, npoiieccom, Jaroiium
HanOOJIbIIMK BKIAA B JUCMEPCUIO KAaKOW-1MOO METEeOpOJIOrMYecKoi BEJIMYMHBI, SIBISIETCA ee
rojoBoi xo. Iloatomy, ecnu cnenuanbHO HE CTABUTCS 3a/aua UCClieJOBaHUS TOJ0BOTO X0/1a, TO
s Beruncierus DO® U3 maccuBa JaHHBIX FOI0BOM X0/ BBIYUTAIOT.

Paccmotpum nepByro DO® namieHus Ha YpOBHE MOPsl AJs 3UMBI M ISl CPEIHUX HIUPOT
cesepHoro noayiapus (puc.11.1). Ona npencrasasierT codboit ymeHbllIeHUE AaBJICHHS B BBICOKMX
LIMPOTAaX W YBeJWYeHHUE B CyOTponuKax, ¢ MakcCMMymaMmH BEJIMUYMHbI Haj okeaHamu. Jta 20O
Ha3bIBACTCS apKTUUECKWM KosiebaHuem, a ee korpduuueHT Dypbe — HHACKCOM apKTHUYECKOTO
kosebanus (Thompson, Wallace 2000). Muaekce apkruueckoro kojedanus G1M30K K MHACKCY
CEBEPO-aTIAHTUUYECKOTO KOoJeOaHUsl, KOTOPBI BBIUUCISETCS KaK HOPMHpPOBaHHAas pa3HOCTh
napieHnii mexnay Mcmanaueit m [lopTyranueif, Tak Kak UMEHHO B 3THUX JBYX MecTax TiepBas
D0® wmeer Haubollee  BBIPAKEHHbIE  MAaKCHMyMBI  MPOTHUBOMOJOXKHBIX  3HAKOB.
[TonoxxuTenbHOMY WHAEKCY COOTBETCTBYET HHM3KOE JAABICHHWE HAJA BBICOKMMHU IIUPOTAMH W
BbICOKOE Haj cyOTponukamu. [TockobKy B CpeiHMX LLIMPOTAxX BETep MOYTH reocTpodpuueckui,
nosoxureanHomy uuaekcy AK coorBercTByeT 3anajHas aHomaius BeTpa Ha OOJbluel yacTu
yMmepeHHbx wupor. C aHomanusimu mujekca AK cBsizaHbl 3HauMTENbHBbIC TEMIEpaTypHbIC
anomanuu (puc.l11.1). TlogoxurenLHOMY HMHAEGKCY COOTBETCTBYET MOJIOKWTE/IbHAS aHOMAJIMS
TemrepaTypsl B 3-5 rpaaycoB Ha Oonbineit yactu Poccuu v 3anagHoit EBponsl, M oTpuiiatenbHas
aHoMaJusl TeMreparypbl Ha BocToke KaHaapl. DTO HAampsMyro CBA3aHO C YCHUJIEHHEM 3amnajHoro
BETpa B YMEPEHHBIX MIMPOTAX.

Kax BuaHo u3 puc.11.1, ocHOBHOHW BKIaa B u3MeHeHHe ckopocTu Berpa npu AK BHocHUT
30HasbHas coctasistowas. [Tpu aTom, nonoxkurensHomy nuaekcy AK coorsercTByeT ycuieHue
3arnagHoro BETpa HE TOJIbKO Y MOBEPXHOCTH, HO M BO Bcei Tponocdepe u crparocdepe
(puc.11.2). Tlpn 3TOM NPOUCXOANUT NMOHUKEHHE TEMIEpaTypbl B BLICOKUX LLIUPOTaX, OCOOEHHO B
HUKHeH cTpaTocdepe.
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Puc.11.1. Tlepgas D0® cpeaHemecayHOro AaBieHUs HA YPOBHE MOps B Jekabpe-mapre B
YMEPEHHBIX [MUPOTAX CEBEPHOrO nonymapus (BBepxy). BHU3y — pasHOCTe Temneparypsl
NpUNoBEpXHOCTHOrO Bo3ayxa (K) 1 MecsAleB ¢ TOJOXKUTENBHBIM W OTPULATEIBHBIM
koapunmerTom Oypoe.
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Puc.11.2. Pa3HOCTh 30HANBHO OCpPETHEHHOW CKOPOCTH 30HAJIBHOTO BeTpa (M/C) BBEpXy U
Temnepatrypbl (K) BHM3y 115 OJOXKUATENBHOTO U oTpuliatenbHoro uaaekca AK.
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Puc.11.3. PaznocTb noroka 30HajbHOW CKOPOCTH Ha ceBep (M7/c”) BBepXy M (pyHKLMH TOKa Ha
BeicoTe 250 rlla (1 0° MZ/C) BHU3Y JUTS MOJIOKUTENBHOTO U oTpHIlaTenbHOro uHaekca AK.
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B paznene 6 roBopuioch 0 TOM, YTO CYIIECTBYET MOJIOKUTENbHAsE OOpaTHas CBA3b MEXIY
aHoMaJlMel CKOPOCTH 30HANBHOTO BETpa B CPEJHUX HIUPOTAX U TreHepanued OapoKIMHHON
HEYCTOWYMBOCTBIO BOJMH PoccOM, AUBEpreHIrs KOTOPBIX YBENIWYMBAET MCXOJHYKD aHOMATUIO
CKOPOCTH 30HaNbHOTO BeTpa. Ha puc.11.3 npeacrapieHa pa3HoCcTh MOTOKA 30HABHON CKOPOCTH
Ha cesep [U'V’] ang nojoxurensHoro u orpuuarensHoro nujaekca AK. B BepxHeii Tponochepe
B YMEPEHHBIX IIMPOTaX MPOUCXOAWUT YBEJIMUYEHUE T[OTOKAa Ha CeBep, UYTO COOTBETCTBYET
YBEJIMUEHHIO TOTOKA BOJHOBOW sHepruv Ha tor. Bkian B M3MeHeHME noTOoKa AAIOT Kak
KOPOTKOMEPHUOAHbIE, TaKk W  KBa3ucTauuoHapHblie  BOJHBL.  OCHOBHbIE  M3MEHEHMS
KBa3UCTAllMOHAPHBIX BOJH MPOUCXOAAT B ATnaHTHke. Ecnu cpaBHUTH puc.11.3 BHU3Y U puc.8.6,
TO MOXHO BWJAETh, 4YTO TpH YyBenuyeHuu wuHAekca AK yBenuuuBaeTcs amruudtyaa
KBa3UCTAllMOHAPHOUN BOJIHBI HaJl ATJIaHTHKOM.

[TonoxurenbHas oOpaTHas CBSI3b MEXIY 30HAJBHBIM TMOTOKOM B YMEPEHHBIX WIMPOTaxX U
nojjepkaHueM 30HaILHOrO MOTOKA BOJHAMHK SABISETCS NMPUUMHON npeobiaaaHusi 30HaNbLHOM
CKOPOCTH, a HE MEPUAMOHANLHOMI, B nepBoil DOd B yMEPEHHbIX LIMPOTAX, a TaKKe NMPUUMHON
uHepunonnoctu uuaekca AK. Tak, ecim mocTpouTb aBTOKOPPEASLMOHHYIO (YHKLUMIO s
00JbIIMHCTBA METEOREIMUYKNH, HAOII0JAI0ILMXCS B YMEPEHHBIX LIMPOTax, To oHa Oyaer Oin3ka K
HYJTIO TIPU BPEMEHHBIX c/BUrax HauuHas ¢ 10 cytok. OmHaKo, A5 cpeHEMEeCAYHbIX 3HAUYEHUH
uHaekca AK xoddduumeHT koppensiuu mpu CABUre Ha Mecdll cocTariseT okono 0.5. Dto
3HAYUT, YTO BO MHOTHX CJIy4asX MOKHO JaBaTh “MHEPIMOHHBIA MPOTHO3” Ha Mecdll BMepe.
Ocoboe BHUMaHHWE cle/lyeT YAeIUTh BIUSHUIO cTpaTocepHoit yact AK Ha mMpKynsiumo B
Tponocepe. OHO Takxke mMoAAepKUBACTCS B3auMojeiicTBueM BoJH Poccbu co cpeanum
MOTOKOM, B TOM UWCJe KBa3WCTaLMOHAPHBIX BOJH. [lockoJbKy — MepuaMOHalIbHOE
pacnpocTpaHeHHe KBa3ucTalMOHApHbIX BOJH Haubosiee BbipaxkeHo B ATiaHThke (pazaen §), To
3TO SBJISIETCS MPUUYMHOM TOro, 4ro amrumrtyna nepsod D0d makcrMalbHa WMEHHO B
AtnanTtuke. llpu mnonoxutenbHoM HHIekce AK TpOHUCXOIUT yBENWUYEHWE aMIUIUTYbI
KBa3UCTAllMOHAPHOU BOJIHBI B ATJIAaHTUKE, a TPH OTPUIIATETLHOM — €€ YMEHbIIIEHHE.

Bnusaue umpkynsiiuu crpatocdepbl Ha Tporocdepy MPUBOJUT K TOMY, UTO CIEAYIOIINAE
SIBJICHHUS OKa3bIBAIOT BIMSHWE HA MpeAcKa3yeMOCTb LMPKYJsSLUMK y noBepxHocTh: |l1-nerHuid
LMKJ COJHEUHOH aKTMBHOCTH, W3BEPKEHUS BYJKAHOB, MPHU KOTOPHIX 3HAUMTENILHOE KOJINYECTBO
a’po30Jis  BeIOpacbiBaeTcs B crparocepy, a Takke KBazWIByxJjeTHee KoljebaHue B
NpUIKBaTOpUaNIbHONK cTparocdepe.

[lpu BBICOKOI COMHEUHOW aKTMBHOCTHM YBEIMUWBAETCS W3MyUYeHHE B YIbTpaduoieToBOH
YacTy CMeKTpa, KOTOpoe TMPUBOAMT K YBEIMUYEHUIO TEeMIEpaTyphbl cTparocdepbl BCleACTBUE
MOTTIOMIEHUsT U3TyueHus: 030HOM. B cpenHem, B Takue rojbl ctpatocdepa TereeT Ha | rpamyc.
OpanHako, Takoe MOTEIUIEHWE HE pachpocTpaHsieTcsl Ha 00nacTh MoJsspHOM Houu. Bo3zHuKiee
M3MEHEHWE  MEPHUIUOHANBLHOIO  rpajMeHTa  TeMIeparypbl  BCJIEACTBME  COOTHOLLEHUS
TEPMHUYECKOr0 BEeTpa MNPHUBOAWT K YCWICHUIO 3anagHoro BeTpa B cTpartocdepe BOINU3M
MOJIIPHOTO Kpyra. DTO, B CBOIO OYepellb, MPUBOAMT K MoOjokuTedbLHOMY HHaekcy AK B
Tpornocdepe. OaHaKO, TAKOE BIMSHUE HE CAMIIKOM CHilbHO. Koa(puumreHT koppeasiuun Mexay
nHaekcoM AK 1 uHAeKCOM coTHeuHO# akTUBHOCTH He npeBocxoanT 0.30-0.35.

AHaNOTUYHO, B cly4yae MOIIHOTO BBIOpOCa BYJIKAaHMUECKOTO a’po3ofisi B cTpatocdepy, oHa
HarpepaeTcs Be3jle, KpoMe 00NacTH MOJSIPHON HOYM, YTO TaKKe MPUBOJUT K MOJOKHUTEIBHOMY
nnjaekcy AK. IMocneanuii pa3 takue 3umbl Habmoaanuck B 1982-83r.r. u B 1992-93r.r1.

Kpome Toro, musmenenue ¢asbl KBa3WABYXJETHEro KoJeOaHusi MPUBOIMT K W3MEHEHUIO
YCIOBHI 17151 MEPUANOHAIBHOTO pacnpocTpaHeHus BoiH PoccOu, uto Takke HEMHOrO BIMSICT HA
unaeke AK. A umeHHo, 3anaaHoli (pase BeTpa B nMpuIKBaTOpHasibHOK cTpatocdepe B cpeaHem
cooTBercTByeT 3anannas ¢aza AK (ycunenue 3anajHoro Berpa B ymepeHHbIX uportax). Ho
KOO PUITMEHT KOPENAIUYA CHOBA HE CITUINIKOM BENHK U He mpeBocxoauT 0.3.
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AK sBnseTcs uucto atMocepHBIM SIBIeHHMEM, He CBS3aHHBIM ¢ oKeaHoM. bonee Toro,
obOparHas cBiI3b Mexay uHjaekcoM AK u anomanusmu TIO sBnserca crabooTpuuaTenbHON.
AMruTyia u3MeHeHus: uHaekca AK B Mojensx atMmocdepsl, Kak TpaBUIO, BHIINIE, YeM B
COBMECTHBIX MOJIENISIX aTMocephl U OKeaHa.

PaccmoTpum TpeH i jaBiieHHs HAa YpOBHE MOPS B riociieaHue aecsitnierns (puc.11.4).

SLP Jan—Mar (1984—2003)— (1964—1983) NCEP
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Puc.11.4. 3meHeHue naBieHus] HA YPOBHE MOPs B sTHBape-mapTe (BBEPXY) U UIOHE-aBrycTe
(BHM3Y) 1984-2003r.1. o cparHeHuto ¢ 1964-1983r.1.
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NCEP NAO index in Jan—March
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Puc.11.5. Unpekc cepepo-ariantuueckoro kosebaHus B supape-mapte 1955-2004r.

3uMoli TpeHa AaBieHus 61u30k K niepBoit I0®, ocobeHHO B ceBepHOU ATnaHTuke. To ecTh
MPOUCXOUT yBenuueHue naaekca AK u ceBepo-aTnanTuyeckoro konedanus. Jletom uzmenenus
JIaBJICHUS] MEHbIIE MO BeJMuuHe, U He ctoib 6sn3ku k AK. Ha puc.11.5 nzobpaxeH cpeanuii 3a
SIHBApb-MapT MHIEKC ceBepo-ariaHThueckoro kosiebanus 3a nociaeanuve 50 ner. Kpowme
M3MEHUYMBOCTH O] OT TrOAa, WMEEeTCs SICHO BBIPAXKEHHBIH MOJ0KHUTENbHBIA  TpeH.
MakcrMallbHbIX 3HaYSHWH WHIEKC jocTuraeT B 90-e rojibl, 1ocjie 4ero HEeMHOTO YMEHbIIaeTcsl.
HMmenHo Onarogaps yBennueHuro uWHAekca AK W ceBepo-aTIaHTUYECKOTO KojeOaHus B
YMEpPEHHBIX mUpoTax EBpe3nn npoucxo uT notenaeHre 3uMoil B 3-4 paza Oounbliee, 4eM JIETOM
(puc.9.5). [lprunHa cToAb CHJIBHOTO TPEH1a Ha HACTOSAIMH MOMEHT JI0 KOHIIA He SICHA.
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