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Pedepar. Cpenu cniequanucToB B 00JaCTH MaTeMaTHYECKOTO MOJCIMPOBAHUS
KIIMMaTHYECKOW CHCTEMBI CYIIECTBYIOT pa3iIMYHbIe MHEHHS O TOM, KaKUM KJIACCOM
Mojieiell Hy>)KHO TMOJIb30BATHCS YISl aHANIW3a M MPOTHO3a KiMMara JUIl BPEMEHHBIX
MaciTadoB, COOTBETCTBYIOIIMX KIMMATHYECKHM TiporieccaM. B maHHO# pabote
WCCIIETyIOTCS CBOWCTBA MOJIENH, TIOCTPOEHHOI C MCIONB30BaHUEM THApPOCTaTHYC-
cKoli runote3sl. PaccMoTpeHa ojHoMepHast (TOpPH30HTAIBHO-0THOPOIHASI) THAPOCTA-
THYeCKasi MOJIENIb CyxoW artMmocdepsl. Bo3myx cuWtaeTcs wHIealbHBIM Ta30M.
HUctounukoMm Temia SBISETCS BHEIIHUMA ITOTOK KOPOTKOBOJIHOBOI'O HU3JIYyUYCHUS,
MOCTYNAIOMINI Ha BEPXHIOIO TPaHUILy aTMOc(hephl. DTa SHEPTUsl YACTHYHO MOTIIONIA-
eTcst aTMOC(EepPHBIMH CIIOSMH U TIOJICTHIIAIOIIEH TTOBEPXHOCTHIO, & YACTHYHO ITOCTY-
maer oOpaTHO B KocMoc. ATMmochepHBIE CIIOM W TOJICTHIIAIONIAS TIOBEPXHOCTH
M3JIy4yaroT B JJIMHHOBOJIHOBOM Juana3oHe. KoaduuueHT noriomenus 1 TerioeM-
KOCTb, BOOOIIE TOBOPSI, CHEM(DUIHBI JIsi aTMOC(EPHBIX CIOEB U BCIOAY TMOJIOMKH-
TeNbHBL. B Mozenu paauanvoHHbIA OajlaHC cerMeHTa arMocepHOro crojda Haj
€IMHUYHON TUIOMIAAKON MOACTHIIAIOMICH TOBEPXHOCTH OINpeeNsieT H3MEHEHHUE
BHYTpPEHHEH SHeprun M odbema cerMeHrta. lIpm 5TOM A Majoro cermMeHTra 3Ha-
YeHHE JaBJICHHs BCETNa COXPAHSETCS PaBHBIM BeCy yacTH aTtMmocdepHoro croiba
HaJl paccMaTpUBaeMbIM CETMEHTOM (THApOcTaTH4ecKas rumoresa). [loacrunaromast
TTOBEPXHOCTH BCErJla HAXO/AUTCS B COCTOSIHUM PaUAIlMOHHOTO paBHOBECHS. B aTHx
MPEATNOIOKEHHSX: a) B CTOJIOE CYIIECTBYET €IMHCTBEHHOE PABHOBECHOE BEPTHKAIIb-
HOE pacrpelesieHue TeMIepaTypbl, KOTOPOMY COOTBETCTBYIOT paclpeneeHus
JTABJICHUS ¥ TUTOTHOCTH (OHM BBIYHCIIAIOTCS C MCIIONB30BAaHUEM MPEIIOIOKEHHUS O
THAPOCTaTHYHOCTH W YPaBHECHUsI COCTOSIHUSI HMJCaNbHOrO rasza), U 0) 3TO
pacripe/iefieHie TeMIepaTyphl SBISIETCS aCUMITOTHYECKH YCTOWYUBEIM, T. €. JII000e
WHOE pachpesiefiecHHe HEOTPHIATENFHBIX 3HAYEHWH TeMIlepaTypbl, 33/JlaHHOE€ B Ha-
YaJIbHbIA MOMEHT BPEMEHH, CTPEMHTCSI CO BPEMEHEM K paBHOBECHOMY PaBHOMEPHO Ha
BepTHKaMM. TakuM 00pa3oM, MOXHO OXHIaTh, YTO YHCICHHBIC aHAJOTH
PacCMOTPEHHO B JaHHOW paboTe MOJENM TakXkKe OyIyT YCTOWYHBBI, YTO BAXKHO JUIS
BBIYMCIIUTENBHON peaTi3alii Kak OAHOMEPHOH MOJIETIH, TaK U €€ TPEXMEPHON BEPCHUHL.

KmioueBbie ciaoBa. Cyxas armocdepa, OgHOMEpHash MOJEINb, THIPOCTaTHYe-
CKasi TUIIOTEe3a, PABHOBECHOE COCTOSIHHUE, ACUMIITOTHYECKAs YCTOUYMBOCTb.
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BBepeHue

OpHOMepHasi, TOPU30HTAIBLHO-OHOPOAHAS. MOJAENb arMocdepbl — MPeAMET
cyry0o TeopeTmueckux uccienoBanuidl. C ee MOMOIIBI0 MOXXHO JIUIIb YTOYHSTh
MMOHMMaHUE OCHOBHBIX IIPOIIECCOB, MPOTEKAIOIMX B pealbHOW armocdepe. B
OTHOIIIEHUU aTMOC(epbl 3eMJIM 13 OTEUECTBEHHBIX YUCHBIX MOJI00HBIC HCCIIeI0Ba-
Hus pooaui emie A.A. @puaman (1914) ¢ ucnonp3oBaHueM MpoCTEUIIel BEpCUU
ypaBHeHnii HaBbe-Crokca; cM. Takxke MeMopualibHOe coOpanue TpyaoB (Ppuj-
MaH, 1966).

B nanHO# paboTe MCIONB3YIOTCS CIeMyIoIIre YIPOIIeHHbIe MOACTbHBIE MPel-
CTaBJICHUS O JMHAMHKE OJIHOMEPHON armMocdepsl.

I. O6mas macca (kr) Bosmyxa M, B cTonde atMocdepbl Hal IIOMAAKoH | M2,
KOHEYHA U HEM3MEHHA; e pacipeneneHue p(, z) mo BeICOTE z (z = 0 COOTBETCTBYET
MOJICTHJIAIONICH MOBEPXHOCTH) B JIFOOOH MOMEHT BpeMeHH ¢ (C) BCHOJY ITOJIOMKH-
TEJIBHO.

1. B nro0o#t MoMeHT BpeMenu ¢ nasnenue P(?, z) (I1a) B Touke Ha BbICOTE z paBHO

gj: o) de

(g — yckopenue cBoOojmHOro majaeHus, 9.8 m c'2), T.e. BECy BO31yXa Hal
IUIOMAKOH 1 M2 (ruppocraruunocts). Ha Beicotax mo 100 kM H.y.M., T.e. 10
OOIIETIPIHATON YCIIOBHOW BBICOTHOH TPAaHWIIBI 3€MHOH aTMOC(Epbl, YCKOPECHHE
CBOOO/IHOTO TIaJIEeHUSI MOYKHO CYHTATh MOCTOSHHBIM C YAOBJIETBOPHUTEIHHOMN
TOYHOCTBIO JJIs1 TEOPETUUECKHUX UCCIIETIOBAHUM.

PU. Huemamynun (2018) cuumaem, umo sudpocmamuyeckas 2unomesa npume-
HUMA Npu pacyemax ammocq@epuvix npoyecco8 Hd 3HAYUMEIbHbIX 8PeMEHAX, HA
KOMOPbIX 8 CpeoHeM 8epMUKANbHbIE COCMABNAIOWUE CUL UHEPYUU CYUIeCBEHHO
MeHble epasuUmayiOHHOU CUibl. Xoms Ha MOm cyem u Cyuecmayom onpeoeien-
Hble pA3HO2NACUS CpedU CNeyuarucmos, 8 OAHHOU cmamve 2UOPOCMAamuyecKkas
eunomesda NPUHUMAemcs.

IIl. PacnpeneneHue mIOTHOCTH (KT M ) BO3yXa 1O BepTHKAIU p(f, z) IBOIIO-
IMOHUPYET BO BPEMEHHU TaKHM 00pa3oM, 4To

+ oo

p(t,$) dé,
z(t)

rie z(¢) — TpaeKkTopus 000 3aJaHHOM TOUKH, COXPaHAETCS; TEM CaMbIM, OCTaeTCs
HEM3MEHHBIM M 3HaYeHue JaBieHus — cM. 1. 1L

OTO 03HAYaeT, B YACTHOCTH, YTO JJISI KaXJIOTO ! MOXKHO HMCIIOJb30BaTh 3aMEHY
[IEPEMEHHBIX M = f: p(t,&) dE, Ipu KOTOPOH 0Tpe3KaM IO BBICOTE 21, 23], 21 <z,
OyzyT OHO3HAYHO COOTBETCTBOBATH ONPEIENICHHBIE OTPE3KH 110 Macce [my, m,], m
<m, , 1 HA000POT. Takas 3aMeHa IePEMEHHBIX LIMPOKO UCIIOb3YETCSI — CM., HAIIPH-
mep, (benos, 1975). Ilpu 3ToM A5l ManbIX OTPE3KOB Az =z, -z; U Am = my - my
BBIIIOJIHEHO Am = p Az ¢ TOYHOCTBIO IO MaJIbIX 00JIEE BHICOKOTO MOPSIIKA.
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Omo ceoticmeo 260110yUU NIOMHOCTIU 80 BPEMEHU UMeen Mecmo U 8 Klaccuye-
cxotl o0nomeprou mooenu Hasve-Cmokca, 6 cucmemy ypagHenutl KOmopotu 6xooum
ypasHenue Hepa3pbleHOCmU

dp(t, z)

ad
%~ 22 (v(t.z)p(t.z}).

JleificTBUTENBHO, B MIPEANOJIMKEHUN O TOM, YTO Ha MOACTUIIAIOIICH MOBEPXHO-
ctu (z = 0) BepTHKaIbHAS CKOPOCTh Bo3ayxa v(t, 0) Bcerma HyJeBas,

=z(£)

d. z(t]a :
L[ pwoar= [ 22D

at J, , e B ve=®) p(ta0) =

—v(t,z(0) p(t,2(0)) + v(¢,0) p(£,0) + v(e,2z(0)) p(t,2(2)) = 0.

Omo, 6 wacmuocmu, o3Havaem, Ymo 8 MoOelU He NPOUCXOOUN GEPMUKATLHOSO
nepemewusanus. Eciu 6 nekomopuiii momenm epemenu ty z(ty) > z(ty), mo coom-
Houtenue z,(t) > z;(t) 6yoem cnpaseonuso u énocredcmeuu npu t > t.

I'V. Jlns mo6oro oTpeska mMacc [my, m,] npu Maaom Am = my - m; > 0 1 ManoM
At> () ¢ TOYHOCTBIO IO MAJIBIX OOJIee BHICOKOTO MOPSIKA H3MEHEHHE TEMITEPaTyphl
T otpe3ka mMacc [my, m,| yIOBIETBOPSIET YCIOBUIO

cp (1 )Am AT + PAV = g Am Az, )

IJie €y — TEIIOEMKOCTh MAacChl BO3/yXa JAaHHOIO OTPe3Ka IPH IOCTOSHHOM 00bEME;
V' — mumHa oTpe3Ka BBICOT, COOTBETCTBYIOLIETO OTPE3KY Macc [my, my], AV — ee
U3MEHEHUe 3a BpeMs Af; g — paAMallMOHHbIM OanaHCc Ha OTpe3ke Macc [my, m,] B
pacueTe Ha eMHAILY MACCHl M €IMHUIY BpeMeH!. HeTTo-nocTyIienne paauanioH-
HOTO Teruia ¢ Am At pacxomyercs TOJIbKO Ha M3MEeHeHus o0bema AV U Temmepa-
TypBI paccMaTpuBaeMoii Macchl Ami.

V. ENVHCTBEHHBIM TIEPBUYHBIM MCTOYHUKOM TEIJIa B MOJIENN SIBISETCS TTOTOK
KOPOTKOBOJIHOBOTO M3ITYYEHUS, OCTYIAIONIMN Ha BEPXHIOK TPAHUIY aTMOCQEpHI.
OTo M3IyYeHHE MOXET B HEKOTOPOH CTENEeHH MOIOLAThCS aTMOC(HEpHBIMHU CIIO-
SIMH ¥ TIOJICTHJIAIONIECH MOBEPXHOCTHIO, & TAKKE HAIMPABIISETCS 0OpaTHO B KOCMOC
BCJICZICTBUE OTPa)KEHUsI MOJACTHIIAIONIEH MOBEPXHOCTBIO M PaCCEsiHUsI aTMocdep-
HBIMH CJIOSIMH.

VI. AtMocdepHbIe clior W TIOACTHIIAIOIIAS TTOBEPXHOCTD M3IYYAIOT B IJTUHHO-
BOJIHOBOM JiMamna3oHe. B Mozienu noacTunaomas moBepXHOCTh HaleNIo TOIIOIIaeT
JUTMHHOBOJIHOBOE M3JIy4eHHEe aTMOC(EpHBIX CII0eB, K Hell nocrtynatomiee. [lomcTu-
JIAIoNIas MOBEPXHOCTh HAXOAUTCSA B PAAMAIlMOHHOM PaBHOBECHH, T.€. HUCXOISIINN
CYMMapHBIH TIOTOK M3JIy4eHHs U3 aTMOC(ephl BCeraa paBeH BOCXOISIIEMY MOTOKY
JUTHHHOBOJTHOBOTO M3JTY4YEeHHS OT MOJCTHUIIAIONICH TOBEPXHOCTH.

YpaBHEHHE COCTOSHHS HMICAIBHOTO Ta3a JJIi CyXOTro arMOC(epHOro BO3ayXa
Ul OTpEe3Ka BBICOT [z}, Zp] Aa€T COOTHOLLICHHE

R
PV = (—) AmT,
u
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e R = 8.314 Jlx moms "K' — rasosast mocrostsmas, a i =0.029 kr/mosb —MoJeKy-
JIsIpHAasi Macca BO3/1yXxa.

[Tepexons k mpupallleHUsIM JIEBOW M MPABOM YacCTH, YUYMTHIBAs HEU3MEHHOCTD
nasinenus P (cm. 1. 1) ¢ TOUHOCTBIO 10 MalbIX 00JIee BHICOKOTO MOPSIIKA U MaCChI
Am (cm. 1. 1II), momydaeM cooTHOIIEHHE

R
PAV = ; Am AT.

KomOuHMpyst 5T0 cooTHOLIEHNE ¢ cooTHomeHreM (1) U mepexonst K mpeaerny
npu At — 0 nosryyaeM ypaBHEHHE

oT(tm,) 1
at  cp(my)

q(t,my) (2),

rae 1(t, m;) — abconmoTHas Temiiepatypa Bo3ayxa (K) B Takoii Touke Ha BBICOTE Z,
Macca BOo3JlyXa 0]l KOTOpOo B cToji0e aTMocdepbl Haj MIIOIAAKOH MMOICTHIIAI0-
1ieii moBepxHocTH 1 M? paBHa my KT, ¢p(m;) — TEIIIOEMKOCTb BO3yXa B ATON TOUKE
IIPU IIOCTOSIHHOM JABJICHUH, a ¢(1,m1) — PAJUALUOHHBII OajlaHC B 3TOH TOYKE B
pacdere Ha €AMHUILY MacChl U eAMHUIYy BpeMeHU. OH 3aBUCHUT OT HHCXOZSIIETO O
BOCXOJISIIIIETO TIOTOKOB H3JTyuYeHHsI, KOTOPBIC, B CBOKO OYEPE/b, OMPEACISIOTCS
MOTOKaMH KOPOTKOBOITHOBOTO (COJTHEUHOTO) M3IyYECHHUsI, TOTOKAMH JUTAHHOBOJTHO-
BOT0 aTMOC(EPHBIX CIIOEB M MOACTUIIAIONICH OBEPXHOCTH, a Takke KoddduimeH-
TaMH MOTVIONIEHHUS aTMOC(EPHBIX CIIOEB. DTH MOTOKH JICTAIN3UPOBAHBI B pasJieie
«Pe3ynbprath».

Takum 00pa3om, ypaBHeHHEM (2) oIpenesnsieTcss SBOJIONMS BO BPEMEHH Mpo-
¢wnst remmneparypst (¢, my). [lpuHrMast BO BHUMaHHE TPEAIIOIOKEHHE O THAPO-
CTaTUYHOCTH

P(t, my) = g(My—my). (3)
V3MeHeHne BO BpeMeHU NpO(MIS MIIOTHOCTH BO3MyXa MOXHO HaliTH M3 ypaBHeE-

R
HHUS COCTOSIHUS MIC€abHOTO raza P = — P T:
7

p(t,m,) = e — g(My — my). 4)

RT(t.m,)

Beicora z{, cOOTBETCTBYIOLIAs Macce 11, PaBHA

M1 dm
L
o pPtm)

Cootnomenus (2), (3) u (4) onuCHBAIOT W3MEHEHUE BO BPEMEHHU MpoduIeit
TEMIIEPATypPhl, JABJICHUS M IUIOTHOCTH aTMOC(EpPHOro BO3Ayxa B paccMarpuBac-
Mot mozenu. CyIIecTBOBaHHWE W yCTOMYMBOCTh COCTOSIHUS PABHOBECHS B ATOH
MO/IENTN TIOJTHOCTHIO OTIPENENSIeTCs ITUMH CBOMCTBAMHU JUTsI YpaBHEHUS (2).

Ilenv oannoit pabomul — ucciedoeams ceolicmea ypasHeHus (2), a UMEHHO: —
OIIHCATh €r0 CTAIMOHAPHOE PEICHUE, XapaKTePU3YIOIee COCTOSHUE PAaBHOBECHSI,
— UCCIIEIOBATh YCTOMYUBOCTD ATOTO COCTOSTHHUSI.
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MeTopgonornyeckme 3amevyaHus

s uccnenoBanus ypaBHeHUs (2) Ha YCTOWYUBOCTD MOTPEOYIOTCS JIBE TEXHHU-
YEeCKHE JIEMMBI, IPUBEICHHBIE B 3TOM METOIMYECKOM pazfene. OHM KacaroTcs
MOBEACHUS peIIeHUH IudQepeHnnanbHbIX ypaBHEHUH A1l QyHKLMHA, apryMeHT
KOTOPBIX — ACWCTBHUTENbHAs MEpeMEHHas1, a ee 3Ha4eHUs] — QYHKIHH Ha OTpe3Ke,
MPUHUMAIOIINE JCHCTBUTENbHBIEC 3HaUeHHA. [Ipu 3TOM B IpaBoii yacTu 3TUX AUQ-
(hepeHInanbHbIX YPaBHEHNH TPUCYTCTBYET JIMHEHHBI MHTETPANBHBIA Oreparop,
npeoOpasyromuii paccMarpuBaeMyto (yHkuuio. Takue omeparopsl M CBOMCTBa
CUCTEM, B M3YYEHHMH 3BOJIOLMM KOTOPHIX BO BPEMEHHM OHH HCIIOJIB3YIOTCS, OIU-
cansl B paborax (Kpacnocensckuii, 1962; UaTerpansasie ypaBHenus, 1968; [To3n-
TUBHBIE JIMHEHHBIE CUCTEMBI, 1985).

3amaga TaHHOTO METOJMYECKOTO pas3ziesia BeChbMa yacTHas, & HMEHHO, pasrpy-
3UTh W3JIOKEHHE HCCIEAOBAaHUS CTAIlMOHAPHOTO pelIeHUs ypaBHEHHS (2) M €ro
YCTOMYMBOCTH, KOTOPOE MPHUBOAMTCS B cielyiouieM paszaene «Pe3ymbrare», oT
TeXHUYecKux JAerajieid. IloaToMy oHM BbIHECEHBI B CHOPMYIHPOBAHHBIE B 3TOM
METOJIUUECKOM pas3zielie JIBe TEXHUYECKUE JeMMbI. [Ipu O3HAKOMIICHHH C JTaHHON
CTaTheil YMTATEIh MOXKET MPOIYCTUTH ITOT pa3zies U MPOAOIKUTH YTCHHE C pa3-
nena «Pe3ynprars», a BEpHYTBECS K 3TOMY pa3leily INpH HEOOXOIUMOCTH MOIYIUTh
MHQOPMAIIHIO O TEXHUUYECKHUX JICTAIISX.

Hwxe mns ynxumu f cumBonamu f- u f, 0003HauEHBI HEMOJOXKUTENbHAS U
HEOTpULaTeNbHAsl YacTH f, T.e. cooTBeTcTBeHHO min{-f, 0} n max{f, 0}. CumBon m
03HAYaeT 3aBEPLICHUE 10KA3aTE/IbCTBA.

Jlemma 1. ITycts (¢, m) — HenpepbIBHAs GyHKUUS Ha [f , +o0) X [0, My], mucpde-
peHLupyemast 1o f, IpuIeM AFEm) Takoke HETpepbIBHA, U f{¢,m) yIOBICTBOPSICT

YCIIOBHIO .ilt
af(t,
¥=g(t.m) f k(m,m)f(t,m,)dm, — f(t,m) ¢,

0
rae g(¢, m) — HenpepsiBHas QyHKIMA Ha (¢, ) x [0, M|, npuHUMarOIas UL
HOJIOKUTEIbHBIE 3HAUEHNUs, a k(m, m,) - HenpepbiBHas QyHkuus Ha [0, M) x [0,
M), npuHHUMaroLas JULIb HEOTDHULATEIbHBIE 3HAYEHUS, NPUYEM CYLIECTBYET
M,
rakoe C, 0 < C < 1,uro [ k(m,m;)dm, < C nns moGoro me [0, M.
Torga
a) ynkuus @(t) = sup f, (t,m) HenpepbIBHA, U AJS JOOBIX £, = f, £>t,
m [0, My]
npu @ (t,) > 0 BBITIOJIHEHO @ (t*)<(o (t.), anipu @ (¢,) = () BBIIIOJIHEHO (Z*) =0;
— 1 ES
6) pyskuus PO = El[glf%]f_ (t,m) wenpepwIBHA, M 115 JHOOBIX 1, > 1, t >1,
pu ¥ (£:) < 0 BeimosHeHo ¥ (£°) > (), a ipu ¥ (£.)= 0 BbimonHeHo y (¢°) = 0.

JoxkazatenbctBo. IlockonbKy yTBepkaeHHE 0) SKBUBAJCHTHO YTBEPIKICHUIO a)
pu 3aMmeHe QyHKIUH f Ha (-f), TO TOCTATOYHO JOKa3aTh YTBEP)KICHHUE a).

1. B cuny ycnoBus geMmbl st QyHKIUH f, g ¥ k MOJTyJIb TIPABOM YacTH ypaBHe-
. 3f(t.
Hus (a, 3HAYWUT, U JIEBOM YacTH %)paBHOMepHO OTpaHHUYCH 10 M Ha JII0OOM

OTpesKe [f, bp], 1, 1, >ty CienoBatenbHO, Ha OTpE3Ke [¢, t,] bdyHkuus f{t, m) pas-
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HOMepHO HenpepbiBHA 110 ¢. [Tockoibky f, = (|f] + f)/2, TO 3TO0 *Ke CIpaBeIMBO U B
OTHOILICHUH [ .
JUst m100BIX £+, t* > 1) BBIIOJIIHEHO:

|(p(t*) - (p(t*) | = | Sup f+ (t*rm) - Sup f+ (t*’m)l S
m e[0, My m e[0, Mo
sup |f+ (t*!m) _f+ (twm)l .
m e[0, My]

BrIpaxeHnue, IPpUBEJCHHOE B IPABOM YaCTU HEPABEHCTBA, CTPEMHUTCS K HYJIIO IIPU

'~ t, B CHITy PaBHOMEPHOI HENPEPHIBHOCTH (BYHKIIMH f} TI0 7.
2. Ilyctb t > tyu ¢ ()= a > 0. O0o3HauUM 4epe3 X HOAMHOXKECTBO Takux m € [0,
M), aro f(t, m) = a. IlockonbKy f— HenpepbiBHas PyHKIMA, TO X — KOMIIAKT.

ITokaxkeM, 4TO AJIs JTHOO0TO 71 € X BBIMOJIHEHO @ < 0. JleiicTBuTensHo,
Mg
af(t, m)
T2 g { [ kamm e mydm, ~ fem) -
0 ,
Mg
af(t, m)
T2 —agem | [ kGmmirEm)/alam,~ 1} <
1]
My

a g(t,m) f k(mymy)dm, —1; < ag(t,m)(C—1)<0.

1]

B cuny HenpepbIBHOCTH f 1 % , 13151 1F000T0 71 € X CyIIeCTBYET TaKasi OKpecT-
nocts U, u At >0, uto 2L < b, na wexoroporo b, < 0, u f> 0 Ha MHOKECTBE
U, x[t, 1+ Af]. a

IMTockonbKy X — KOMIIAKT, @ OTKPbITbIe MHOXKECTBA U, 00pa3yloT ero HOKphITUE,
TO M3 HUX MOXKHO BBIOpaTh KOHeYHOE NOKpbITHE. O003HaunM uepe3 U obbenune-
HHE 9TOH KOHEYHOH COBOKYITHOCTH, COOTBETCTBYIOICE MUHHMMAJIbHOE A, ! uepe3
At, a cCOOTBETCTBYIOILEE MAKCUMANbHOE b,, uepe3 b; b < 0.

O06o3HayuM uepes Y nononnenue muoxectsa U B [0, My].

[Tycts MHOXecTBO Y He mycTto. OHO KOMITAKTHO W HE MIEPECEKAeTCsl ¢ KOMIIaK-

tom X. IToaromy @, = sup f(t,m) < a . B cuty HenpepblBHOCTH (GyHKIHHK f TIpH
meY
Mauibx ¢ > () BBITIOJHEHO:

sup f(t +8t,m) < sup f(t+8t,m) < sup f(t+ &,m).
meyY meX m e U

To ecTh npu 3HAYEHUU TIEPBOTO apryMeHTa (¢ + Of) ToYHas BEpXHsisl TpaHb 3Ha-
4yeHUi (PYHKIMU f IO BTOPOMY aprymeHTy Ha BceM [0, M()] Takas ke, Kak Ha MHO-
xectse U.

OcraeTcst 3aMETHTh, YTO TPH MAJTBIX MOJOKUTENBHBIX 0f < At

0< sup f(t+ 6t,m)<a+b ét<a

me U

10 TIOCTPOEHUI0 MHO)kecTBa U.
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Ecnu ke Y mycTo, TO TOCTaTOUHO TOCIEHETO 3aMeUaHHs.
TaxuMm 00pazoM, okasaHo uTo, eciau ¢(f) > 0, To npu MansIx (¢ - £) > 0 BbIION-
HEHO (1) < (7).
* *

3. Myets t> ¢, > to u ¢ (t) > 0. Iokaxkem, uto ¢ (t) < ¢ (t,).
3.1. [Ipenmonoxxum, 9To ¢ (t*) > ¢ (tx). O603HAUNM Yepe3 ¢, TOUHYIO BEPXHIOI
IpaHb TakuX ¢ € [ £, 1], uto ¢ () < ¢ (t,). TlockonbKy @ HempepbIBHA, @ (t) =0 (t,)
v t,<t". Torna nus t € [t5, t'] ¢ () > ¢ (t,), 4TO HEBO3MOKHO IPH MANBIX (¢ — £5) > 0,

KaK TIOKa3aHo B 1I. 2.

3.2. Ilpenmooxum, 9To ¢ (t*) =0 (ty).

Torna B cuity HepepbIBHOCTH QPYHKIMHU :

— b0 CYIIECTBYET TAKOE 1, € [, 1], ut0 0<¢ (1,) < ¢ (t,),9TO HEBO3MOXKHO,
Kak TTOKa3aHo B 1I. 3.1;

— 100 CYIIECTBYET TAKOE £, € [1,, 1], uT0 ¢ (1) > ¢ (1,) > 0, 4TO HEBO3MOKHO,
Kak Ioka3aHo B 1I. 3.1;

— b0 ¢ () = ¢ (t,) Ha [t,, t*], 9TO TaK)Ke HEBO3MOXKHO, IIOCKOJIBKY ¢ (,) > 0,
Y TIpU MalbIX (¢ —¢.) > 0) B cHiTy 1. 2 TOIDKHO OBITH @ (1) < ¢ (Z+).

Takum o6pasom, npu ¢ >t >ty u ¢(t:) > 0 Bemonaeno @ (£*) < ¢ () .
4. Tpeanonoxum, uto t*>t, >, u ¢ (t,) = 0. [lokaxem, uto ¢ (¢*) = 0.

JleficTBUTENBHO, ECITH (i t*) > (0, TO B CHJIY HENIPEPBIBHOCTH (PYHKIIUH () CYIIIECT-
BYET TaKOE #, € [£«, '], uTo 0 <@ (1,) < ¢ (t,), YTO HEBO3MOXKHO, KaK II0Ka3aHO B
m 3.2

|
Caencrsue u3 nemmsl 1. B ycnoBusx nemmsl 1 i mo0oro ¢ > ¢,

sup |[f(t,m)| < sup [f(to,m)].

m [0, Mp] m e[0, My]

JlokaszaTenbcTBO. ITO CJICAYCT U3 COOTHOLICHU

sup |f(t,m)| = max{e (1), - (0)}.
m [0, My]

@yHKIMA B NpPaBOM YacTH HTOTO pPaBEHCTBA SBIISETCS HEBO3pACTAOILEH,
IIOCKOJIBKY OHA €CTh MAaKCUMYM U3 IByX HEBO3PACTAOIIMX (yHKIH. M

3ameuanue k semme 1. Huxakue cBoiictBa orpeska [0, M;], kpoMe Hanuyus
Mepbl 1 KOMIIAaKTHOCTH, IIPH A0KA3aTeIbCTBE JIEMMBI | HE HCIIONB30BaIKCh. TeM ca-
MBIM OHa CIIpaBeUIMBA HE TOJbKO s oTpeska [0, My], HO u 1 M060ro Kom-
MaKTa ¢ MEpoi.

Jlemma 2. Ilycts f(t, m) — HenpepsiBHast GyHKIMA Ha (£ , +0) X [0, M), nudde-
penmupyemas 110 ¢, ipuuem 2 (B1) taksxe HenpepbiBHA, U f{t, m) YIOBIETBOPSET

YCIIOBHIO ot

af;tt.m] =g(t,m) {J"C:lffu k(m,m,)f(t,m,)dm, _f(t-m)}.

rae g(t, m) — HempepblBHas GpyHKUUA Ha (¢, o) x [0, M,)], npuuem g(t, m) > C,
npu HekotopoM Cj > 0 Ha Bcell ob6nacTu onpeneneHus, a k(m, m;) — HelpepbIBHAs
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¢dynxuus Ha [0, My] x [0, M)], npuHUMarOIas UL HEOTPULIATEIbHBIE 3HAUEHHS
o M,

Ha Bcell 001acTH onpeiesieHus], IpuueM npu Hekotopom C< 1 fo *k(m,m,)dm,; < C

st moboro m e [0, M].

Torna
a) Gynkuus @(t) = sup f, (tm) SBISETCS HEBO3pACTAIOIEH U cTpeMsLIercs
m e[0, Mg]
K HYJIIO IIpU { — ~+00;
0) dynxmus w(t) = inf f (t,m) sBISETCA HEYOBIBAIOIIEW M CTpeMSIIeHcs K
m [0, My]

HYJTIO TIPH { — 00,

JokasarenberBo. [TockonbKy yTBepikieHHE 0) SKBUBAJICHTHO YTBEPIKICHUIO a)
npu 3aMeHe QyHKIMH f Ha (-f), TO TOCTATOYHO J10Ka3aTh YTBEPKICHUE a).

Ecmu ¢ (t)) =0, 10 ¢ (¢) =0 B cuiy J1eMMsI 1, T.e. yTBEpaKI€HHE a) BBIIIOJIHEHO.

ITycts ¢ (ty) > 0. B cuny nemmsl | HeoTpunatenbHast GyHKIMS ¢ (2) Ipu £ > £
SBJISIETCS] HEBO3PACTAIOLICH.

Ipennonosxum, uto A = lim @(t) > 0. Bribepem Takoe ¢ > 0, uTo mis
nroooro m € [0, M) o

Mg

A+

% J’ k(m,m;)dm, < 1.
0

s aToro mpurozeH 1r060# nonoxkutenbHbii € < A(1/C — 1), TOCKOIBKY 10 yCIIo-
BHIO JIEMMBI _J";'f" k(m,m,)dm, < C < 1 uns mo6oro m e [0, My].

Bri6epeM Takoe t, > f, 4TO IpH ¢ > t, BBIIONHEHO ¢ (f) < A + &. Jlns Kaxa0ro
t > t, 00603HauuM 4epes X, nogMHoxecTBO [0, M), Ha KOTOpOM f(£, M) > A. DTO —
BJIO’KCHHAsI COBOKYIIHOCTb 3aMKHYTBIX MHOXECTB, T.e. X;4,; <X; mpu At > 0.
Jleli-cTBUTENIBHO, eciy Obl HEKOTOpasi TOUKa 71 yIOBIETBOpPSJIA yCIOBUIO M &X,,
HO m € Xi4pq, TO CYILIECTBYET Takoe Ot, 0 < 8¢ < At uto npu ¢ € [t, t +6t] 66110 OB
BBINONHEHO f(t;, m;) < A, HO f(t + Ot, m; ) = A. OgHAaKO 3TO HEBO3MOXKHO,
HOCKOJIBKY

a &t my M,
%= g(t + 8¢, mﬂ{fo k(m,,m,)f(t + 8t,m,)dm, — f(t+

st, mlj} — g(t+8t, my) {J"OM" k(m,,my)f(t + 8t,my)dm, — A} -
Ag(t+8t, my) Efo‘“" k(m,,m,)f(t + &t,m,)dm, — 1} =

(A

A g(t+ 8t, ml]{ ) fc;% k(m,,m,)dm, — l] <0

A
B CHJIy BBIOOpA € U MOJIOKUTEIbHOCTU (DYHKIIUU g.

Takum oOpa3zom, MHOkecTBa X, HpU ¢ > f, 00pa3ylOT BIOXKEHHYIO COBOKYII-
HOCTb. IlOCKONIBKY 3TO 3aMKHYTble HOAMHOXecTBa kommakTa [0, M;], To oHH
UMEIOT OOIYI0 TOUKY mx € [0, Mj)].

3uHaueHust f{f, mx) IpHU ¢ > ¢, HAXOIATCS B mpenenax orpeska [A4, 4 + ]. OnHaxo
9TO HEBO3MOYKHO IIPH  —> +00, IIOCKOIBKY
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7 m) gty m){[ kGm, m)f (e my)dm, — f(6,m.)} =

g(e, m){[;* kGm.,m;)f (e, my)dm, — A} =
Ag(e, m)E [ kOn, my)f(emy)dm, — 1} <

(a

g, m)f

Mg

£) M, (A-F E)

: fof’k(m*-mz)dmz_l]i AC, Tf k(m,m,)dm, —1;<0
(4]

B CWJIy OTPAaHMYCHHOCTH CHM3Yy (YHKIMH g MONOXHUTEIbHOW koHcTaHTod Cj U
BBIOODA €.

3T0 NPOTHBOPEUHE MOKA3BIBALT, YTO, eciu O(Zy) > 0, 10, 1_1.1};10D @(t)=0.

[

Cauencreue u3 nemmbl 2. B ycnoBusix nemmsr 2 sup  |f(t,m)| , HE Bo3pac-
Tast, CTPEMHTCS K HYJIIO TP ¢ —> +00. m € [0. Mo]

JloKa3aTenbeTBO. YTBEPXKICHHUE CIIEAYET U3 TOTO, YTO

sup |f(t,m)| = max{p (), —p(1)}.

m e[, My]

O0e (yHKUMHM B TIpaBOW YacTH TOH (OPMYJIBI HE BO3PACTAIOT M CTPEMSTCI K
HYJIIO TIPU ¢ —> +00 B CHITy JieMMbI 2.l
3ameuanue k 1emme 2. Hukakue cBoiictBa otpeska [0, M()], kpoMe Haauyus Mepsl
¥ KOMITAKTHOCTH, TIPY JOKa3aTeIbCTBE JIEMMBI 2 HE HCITOJIb30BAIHCE. TeM
caMbIM OHa CIIpaBeUIMBa He TOJIbKO Ayt oTpeska [0, M), Ho u [y1 1:000r0 KOM-
MaKTa C MEPOM.

PesynbraThl

Cocmosnnue pagnosecusn

Beenewm cneytomire 0003HaYCHUS:

—JY(m) u J'(m) — COOTBETCTBEHHO HUCXOJSIINN U BOCXOMSIIUNA MTOTOKU JJTHH-
HOBOJTHOBOTO H3JIyY€HHs B TOYKE Ha BBICOTE Z, Macca BO3AyXa IO KOTOPOil B
cToyoe atMocdephl Ha/T TUTOMIAIKON TOACTIIIAONISH MTOBEPXHOCTH pazMepoM | M2
paBHa m;

— w(m) > 0 — KO3pPUIHESHT MOMIONICHHS IITMHHOBOIHOBOTO H3JIYYCHHUS B 3TOM
TOYKE B pacueTe Ha eIMHUIY Macchl | KT;

— s(m) > 0 — MOTOK KOPOTKOBOJTHOBOTO M3TYUYCHHUS, TIOTTIONIAEMOTO B 9TOM TOUKE
B pacyeTe Ha eMHHILY MacChl BO3AyXa | Kr Ha/l TAKOH IUIOMIAIKOM;

— 89 > 0 — IOTOK KOPOTKOBOJIHOBOTO M3IIy4E€HHs, MOIVIOIIAEMBIN ILIOIIAIKON
MOJICTUJIAIONIEH TOBEPXHOCTH 1 M2,

3HaueHue sy U Npoduib s(m) sSBIASAIOTCS BXOAHOM MH(OpMaLuen A JaHHOM
MOJIENI ¥ MOTYT OBITh BBIYHMCIICHBI, HAIIPUMED, CIEAYS allTOPUTMY, HIIIOKEHHOMY B
pab6ote (Semenov, Popov, 2011).

B 3THX npeanonokeHus X B COCTOSIHUU PaBHOBECHS BBIMIOIHSIOTCS COOTHOIIIE-
HUS:

112



dyHaameHTanbHasa 1 npuknagHasa knuvartonorus, 4/2020

d]r(m]
dm

= —w(m)]'(m) + 0.5[w(m) (J'(m) + J*(m) ) + s(m)]
(5)

d};;ml =w(m)J*(m)—05 [Wlfm) (jT (m) +]‘(m)) 4 S(m)]_

Taxke, B COCTOSHUN PaBHOBECHS BOCXOJISIIHNNA ITOTOK JTTHHHOBOJIHOBOTO H3ITY-
YeHHsI OT CJI0s1 aTMOC(Ephl C MacCOi BO3yXa m, MPUMBIKAIOIIETO K MOACTHIIA0-
el TOBEPXHOCTH, JIOJDKEH OBbITh paBeH CyMME HHCXOSIIETO IOTOKA
JUTHHHOBOJTHOBOTO HW3JIYYEHHs] W TOTJIOIIEHHOTO B 3TOM CJIO€ W TOACTHJIAIOIIEH
MTOBEPXHOCTHIO MOTOKA KOPOTKOBOIIHOBOTO M3TYUCHUS:

J'(m) = s, + fom s(m,)dm, + J*(m) (6)
KOMOMHHPYs 3TO COOTHOLICHHE C NIEPBBIM U3 ypaBHEHUH (5), mosydaem:

d—j;;mJ =0.5s(m) — 0.5w(m)s, — 0.5w(m)(f0ms(m1) dm,). -

Wnterpupys ot m 10 M 1 yuuTsiBasi paBeHCTBO (6), IoTydaeM:

J(m) = s, + _]"G'IMC’ s(m,)dm, — 0.5 fr:" s(m,)dm, + 0.5 s, fr:" w(m,)dm, +
0.5 fn:f" w(m;) [fom* s(my)dm, |dm,

®)

J*(m) = 0.5 fr:c’ s(m,)dm, + 0.5 s, fr::o w(m,)dm, +
0.5 J;:“ w(m,) [foml s(my)dm, |dm,;

Jm) + JHom) = s+ [1° sGmy)dmy + s, [ w(my)dm, +

fr:‘t’ w(m,) [foml s(my)dm,|dm,

PaBHOBecHBIN MpoduIs 3HAUYCHHUI TeMIeparypbl Bo3ayXa Tx«(7) BBIYHCISIETCS
W3 YCJIOBUSI PABEHCTBA HYIIIO paJAHAlMOHHOTO OajaHca celyommM 00pa3oM:

2 0 wm)TA(m) = w(m) (J'0m) + J*(m) ) + s(m);

4 s(m) (9)
T.(m)= ‘(05072 (J'om) + J(m) +322).
w(m)
3nech 6 = 5.670367 +10® Bt M K™* — nocrosnnas Credana.
HpI/I 9TOM, IMOCKOJIBKY IOJACTHIAIOIIasd MOBEPXHOCTb HAXOAUTCA B COCTOAHHUUN
pazmanoHHoro paBHoBecusi (cM. Benenue, npegnonoxenue 1. VI), To temnepa-
Typa [ocjienIHel paBHa

T.o= Y o 1(J'(0) +54) (10)
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B cnydae, ecnu atMocdepa BooOIIe HE MOTJIOMAET KOPOTKOBOIHOBOE H3ITyde-
Hue (s(m) = 0), a moaydJaeT TEIUIo JUIIH B BUAC JTHHHOBOJHOBOTO M3JTYICHISI TTO/I-
CTWJIAIONICH MOBEPXHOCTH, (hopmyib (8-10) CYIIECTBEHHO YIIPOIIAOTCS:

J'(m)=s,+ 055, _J';:D w(m,)dm, .

f‘L(m) =055, f;{o w(m,)dm,;

Jim)+ JHm) = s (L+ f " wmy)dmy)

T.(m) = jO.SJ‘lso (1+ j:“ w(m,)dm,) ;

T, = \/ 6715, (1+0.5 fc;“" w(m,)dm,)

3ametuM, 4to Tx) >T+(0). B peanbHoll arMochepe nogo0HbIE pa3pbIBbl TEMIIE-
paTypHOro IOJsl Ha IpaHMLE CPeA KOMIICHCHUPYIOTCS B XOHE IepeJadd Teruia
WHBIMH, HEPaIUallMOHHBIMU TPOIECCAMHU.

Urak, B Mogenu (2 - 4) cyuiecTByeT €JUHCTBEHHBIH PaBHOBECHBIH MPOQUIb
TeMIIepaTypsl BO3AyXa, XapakTepu3yeMblit popmyioii (9). [lpu sTom hopMysr

P.(m) =g (My—m); (11)

p.(m) = —— g(M, — m) (12)

RT,(m)

XapaKTepr3yIOT COOTBETCTBYIOIINE BEPTUKAIbHBIE MPO(HIN JaBICHUS U TIOTHO-
CTH BO3/[yXa B PABHOBECHH.

Yemoiniuueocmo paenoeecusn

B monenu (2) paBHOBecHe yCTaHABIMBACTCS B X0J€ OOMEHA TEIJIOM C TIOMO-
IO TIOTOKOB JIYYHCTON SHEPTUH MEKITY aTMOCPEPHBIMH CIIOSMH, & TAKKE MEXKITY
HUMH U TOJICTHIAIONIEH MOBEPXHOCThIO. JTOT OOMEH OCYIIECTBIISCTCS Ha JUIMH-
HBIX BOJIHAX, XOTS MEPBUYHBIM HCTOYHUKOM JHEPTUU B MOJICIHU SIBISICTCS TMOTOK
KOPOTKOBOJTHOBOTO (COJIHEYHOT0) m3iydeHus. OH MOTIomaercss arMocepHBIMH

crnosivi (s (m), m € [0, Mj]) n noacTunaromeil NOBEPXHOCTHIO (. B cymme 3emHas

2

CHCTEMa B MOJC/IM IIOIJIOIALT S, = (s, + fOM" s(m,)dm,) BT M snepruu B opme

KOPOTKOBOJIHOBOI'O U3JTYUCHU.

HanomuuM, 4TO eIMHCTBEHHOE CTAallMOHAPHOE pelieHne 1 «(m) ypaBHeHus (2)

CTPOTO TOJIOKUTEIBHO, TIOCKOJIbKY YIOBJIETBOPSIET YCIOBHIO

T.(m) = /0507 1s, > 0.

npu Beex m € [0, M) (cM. hopmyny (9) B peabiayieM pas3jene).
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C ydYeToM TOTrO, YTO TOJCTHIIAONIAS MOBEPXHOCTh ITOCTOSHHO HAXOIWUTCS B
COCTOSIHUW paJUaIliOHHOTO paBHOBecHs (cM. Bmemenwme, mpeamonoxenue m. VI),
CJIOM BO3JyXa MaJiO MacChl dm, HAXOMASAIIMICS HA TaKOW BBICOTE, UTO Macca BO3-
JtyXa IOl HUM B CTOJIO€ BO3JyXa HaJI TUIOIIAIKON | M2 paBHa m, abcopOupyer 3a
MaJjioe BpeMsl dt CIICIYIOIIHE TOPIIHH JTyYUCTOTO TeIa;

— s(m) dm dt KOpOTKOBOJIHOBOTO M3JIyYEHHS,

- w(m)s, exp(— [ Om w(m,)dm,) dmdt JUIMHHOBOJIHOBOI'O KBUBAJIEHTAa KOPOT-

KOBOJIHOBOI'O M3JIy4YC€HHUS, ITOITIOMICHHOTO TOJICTHJTAFOIIIC TIOBEPXHOCTBIO;

m

m 1
—  wim)exp[—| f wim,)dm, — f wimz)dms| ] {w(m,) o T*(t.m,) dm,} dm dt
(1] (1]
JUTMHHOBOJTHOBOTO W3JTy4YCHHSI, TPOMYIICHHOTO aTMOC(EpPOi OT CJI0SI MAJIOW MACChI
dm, Macca 1o KOTOpbIM paBHa 1 ;

my

- wiﬁm)exp[—{fmw{mz)dmﬁf wimz)dmz )] { wimy) ¢ T*(t.m,) dm, }dm dt
1] 1]

JUTMHHOBOJIHOBOT'O M3JIyY€HUS, IPOIYIIEHHOT0 aTMOC(Eepoii OT CI0s1 MaJIOH MaccChl
dmy K IOACTHIIAIONIEH TOBEPXHOCTH, €10 U3JIyIEHHOTO M MPOIYIIEHHOTO aTMocde-
PO K CII0I0 MaJlol Macchl dm, Macca Moj KOTOPBIM PaBHA 711.

B sTux ycnoBusx mpouecc oOMeHa TEIIOM MEXAY aTMOC(hEpHBIMHU CIOSIMH, a
TaKKe MEXIy HUMH U TOJICTHIIAIONIEH MOBEPXHOCTHIO, MPUBOAUT B MojaenH (2) K
YCTaHOBJIEHHIO PaBHOBECHOTO BEPTHKAJIBHOTO paclpe/leleHns] TEMIEepaTyphbl BO3-
nyxa. [Tokaxem sTO.

Teopema. Ilycts 7(¢, m) — HenpepsIBHas GyHKUUS Ha [f , o) x [0, M,)], mud-

dbepennupyemas 1o ¢, mpudaem 274 Tagoke HenpepsiHa, U T(f, m) YIOBIETBOPSET
YCIIOBUIO ot
Mg
aT(t, m) 1
s ) w(m)J’ K(m,m,) w(m,)o T*(t,m,)dm, + s(m)
P
0

i (13)
+ w(im) s, exp(— J’ w(m,)dm,) — 2 w(im)aT*(t,m) ¢,

rae so > 0, a w(m) u cp(m) — HenpepbIBHbIE NONOKUTEIbHbIE (QyHKIMHU Ha [0, M), n

K (m,m,) = exp[| [;" w(mz)dm, — ["* w(m,)dm,|] +
exp[—(J] w(mz)dm; + [ *w(m;)dm,)] .

Torna npu nro6oM HavaneHOM ycnouu I(t,, m), Takom, uto 1(f,, m) > 0 npu
Bcex m € [0, My], T(¢, m) cTpeMHUTCS K CTAMOHAPHOMY pelIeHHIO ypaBHeHHs (13)
T«(m) paBHOMEPHO 10 M.

JlokazarenbCcTBO.

1. Beibepem kakoe-nubo takoe Cj, 4To

0<C, < 10.50‘150 exp(— ff" w(m, )dm,)
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Torna, MOCKOIBKY TEpBBIE JBa YieHAa B (PUTYPHBIX CKOOKaxX B MPaBOW YacTH
ypaBHeHus (13) HeoTpunarenpHsl, a W(m) U ¢p(m) NOI0KUTEIbHBI U HEIIPEPbIBHBI
Ha [0, M), To npu 7(¢, m) < C BBIIIOJIHEHO

aT(t.m)
at

> {inf w(m*]} {so exp (— fo ° w(mljdml)— 2 aCf} =v>0.

m, €[0,M,] cpl(my )

CrnenoBarenbHO, 3a KOHEUHOE BpeMs, He Oonbluee Cy/ v, Uit Kaxzaoro m € [0, M)
3HaueHue nepemeHHoi 7(¢, m) craHoButcs Oonblie C;. IIpu 3ToM OHO BHOCIEn-
CTBUU HE MO)KCT BepHyTLCﬂ B nipeienibl otpeska [0, C], mockonbky npu (¢, m) < C,
MPOU3BOHAST — ( ) IPeBOCXONHUT MOTOKUTENBHOE YHCIIO0 V. TakuM 06pa3om, TIpu
L= ty=1to+ Cl /v Bemonneno 7(t, m) > Cy > 0 npu Bcex m € [0, M].

2. B cumy yenoswust (13), mist 7(¢, m) u T«(m) BBITIOIIHEHO:

ar;:t.m] =- (m {w(m f K(m,m,) w(m,) ¢ T*(t,m,)dm, + s(m) +

w(m) s, exp(— fo w(m,)dm,) — 2 w(m)aT* (t,m)];

antm) 1
at  cp(m)

w(m) s, exp(— fom w(m,)dm,) —2w(m)e T}* (m))}.

Brranras u3 IEPBOT0 COOTHOIIECHUA BTOPOE, IMOTy4aceM

{w(m) foM" K(m,m,) w(im,) o T* (m,)dm, + s(m) +

oTm) _ L iy 1% Km,m) wim,) & (T4 Cemy) — T2 Gmy)) dm, —

2w(m) o(T*(t,m)— T* (m))} =
222 {75 0.5 K(m,my) wm)(T* (6 my) — T (my) dm, — (T*(6;m) -

cplm)
T* (m))}.

I[anee, C YUC€TOM 2TOro COOTHOLICHUA,

a(TH(t,m) — T* (m)) _ a(T*(t,m)) _
ot ot

aT(t, m) B
ac

= 4 (T*(,m)

Sewlm) L) {46 0.5 (m,m,) wim,) (T*(6m,) — T (m,)) dm, —

cplm)
(T4, m) — T* (m))}.

3. Ecam, Teneph, B COOTHOIIICHIH

a(T*(,m) — T (m))

Jt
W {IU% 0.5 K(m,m,) w(m,) (T*(t,m;) — T.* (my)) dm, —
(T*(&,m) — T* (m)} (14)

0003HauMTh f(f, m) = T4(t m) — T*4(m) k(m, m;)= 0.5 K(m,m;)w(m;) n
g o wlm) T3(tm)
g(t, m)= — o TompH t >t MBI OKa3bIBAEMCs B YCIOBUSX JIEMMBI 2 (CM.
c
METOJOJOTHICCKUHN Pa3ae).

116



dyHaameHTanbHasa 1 npuknagHasa knuvartonorus, 4/2020

T3(t, .
IeficTBHTENBHO, g(t, m) = Eowm TEm) - gg4 {inf w} Cci =
cp(m) my €[0,M,] cp(my)

Co > 0. Kpome Toro. J‘OMO k(m,my)dm; = 0.5 fGM" K(m,m,) w(m,) dm,=

1-0.5 {exp[— [ w(m;)dm;] + exp[— [ w(m;)dm;, — [)° w(m;)dm,]} =
1- 0.5 exp[— J " w(m,)dm;){exp[ [, w(mz)dmy] + exp[— [ w(m;)dm,]}
<1—exp [— fUMD w(m:)dmz] =C<1.

B nocnennem nepexoze UCIONB30BaH TO (PAKT, YTO CyMMa TOJIOKUTEITHHOTO YUCIIa
m
exp[ ) o wim; )dmz] 1 00paTHOTO BCET/Ia HE MEHBIIE 2.

Takum 00pazoM, B CHITY CIEICTBUS U3 JIEMMBI 2 f{f, m) CTPEMUTCS K HYJIIO IPU
t — +oo paBHOMepHO 110 m € [0, My]. &

3aknrouyeHue

CoBpeMeHHbIE KIMMaTHYeCKHE MOJIEIH IIHPOKO MCTIONB3YIOTCS B MIPUKIIAIHBIX
nensx. OHM 4acTo BECbMa CIOXKHBI, OMUCBIBAIOT COBMECTHOE M3MEHEHHE B ITPO-
CTPAHCTBE M BO BPEMEHH COTEH M THICSY NepeMeHHbIX. KOHeuHO, ncciaeioBanne ux
Ha YCTOHMYMBOCTH MpOOJIIEMAaTHYHO B CHIIy MX CIOXHOCTH. OIHaKo Bce XKe €ero
HEOOXOIMMO ITPOBOANUTH XOTS Obl B OTHOILLIEHUH UX YNPOILIEHHbBIX aHAIOTOB — MOJIe-
Jiell YMEHbIIEHHONH 1 MUHUMAJIBHON CIIOKHOCTH. MHaye He Oy/neT yBEpeHHOCTH B
aJIEeKBaTHOCTH MIPUMEHAEMON TEXHOJIOTUN MOJIEJIMPOBAHUS — BEb PEAJIBHBIA KIIH-
Mar, HECOMHEHHO, YCTONYMUB.

B nannoii paborte oOcyxknaeTcs BechbMa YacTHBIH BONPOC — YCTOHYMBOCTH
OJHOMEPHOH TMApOCTaTHYeCKOM Mozaenn cyxoi atmocepsl. Heobxonnmo npose-
cTH 00JIee IIMPOKOE UCCIICAOBAHNE COCTOSIHUS PAaBHOBECHSI MOZIEIIM M €r0 yCTOHYH-
BOCTH, BKJIIOYMB B MOJIE€Ib HEPaJHAIIMOHHBINA MEPEHOC Teria, BOMY B Pa3IMYHBIX
¢azax u ee (azoBble MPEBPALICHUS, & TAKKE 3aMEHUTH MTPEAIIOIOKEHUE O paaua-
[IMOHHOM PaBHOBECHUM MOJCTUJIAIOIIEN TOBEPXHOCTH HA MEHEE OTPAHUYUBAIOIIIEE.
KoneuHo, nMest B BUy OTPEOHOCTH UCCIECIOBAHHS PEaIbHOTO KIMMara, ObLI0 ObI
BaYKHO PaCCMOTPETH TPEXMEPHBIN CITydail.

B 3aBepriierne oTMeTHM, YTO /IS OKOHYATEITHFHOTO BBIBOJIA O IIeIecoo0pa3Ho-
CTH NMPUMEHEHUS TUAPOCTATUUECKUX MOJEIEH Ul ONMHUCaHUs 3BOJIIOLMU KIMMaTa
[IOKa HE XBaraeT OOOCHOBaHMS THAPOCTAaTUYECKOM T'MIIOTE3bl (HAampUMep, Kak
ACHMIITOTHKH), MCXOJsl U3 YHHBEPCAJIHHOTO OIMHMCAHUS TUHAMUKU arMocdepsl ¢
nomMoInpto ypaBHeHuit HaBre-Ctokca.
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Abstract. Experts in the field of mathematical modeling of the climate system have
different views about which class of models should be employed to analyze and predict
climate for time scales corresponding to climatic processes. In this paper, we investigate
the properties of a model constructed using the hydrostatic hypothesis. A one-
dimensional (horizontally homogeneous) hydrostatic model of a dry atmosphere is
considered. Air is considered an ideal gas. The source of heat is the external short-wave
radiation flux entering the upper boundary of the atmosphere. This energy is partly
absorbed by the atmospheric layers and the underlying surface, partly returned to space.
The atmospheric layers and the underlying surface radiate in the long-wave range. In
general, the absorption coefficient and heat capacity are specific for the atmospheric
layers and are everywhere positive. In the model, the radiation balance of a segment of
the atmospheric column above a unit area of the underlying surface determines the
change in the internal energy and the volume occupied by the segment.The pressure
value of small segment always remains equal to the weight of a part of the atmospheric
column above the segment (hydrostatic hypothesis). The underlying surface is always in
the state of radiation equilibrium. Under these assumptions: a) there is a single
equilibrium vertical temperature distribution in the column and corresponding air
pressure and density distributions (they are calculated using the hydrostatic assumption
and the equation of a state of the ideal gas); b) the temperature distribution is
asymptotically stable, i.e. any other initial distribution of non-negative temperature
values tends with time to equilibrium uniformly on the vertical. Thus, one can expect
that the numerical analogs of the model considered in this work will also be stable,
which is important for the computational implementation of both the one-dimensional
model and its three-dimensional version.

Keywords. Dry atmosphere, one-dimensional model, hydrostatic hypothesis,
equilibrium state, asymptotic stability.
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