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BBEIEHHE

B nocnemame romd GHAR NOCTATHYTH CYNECTBEHHHE YCHEXH B
N3y9eH 1N 3IEKTPOHHHX W SANEPHHX CMMHOBHX CHCTEM B TBEUIHX Te-
Jax OpA BHCOKAX TemiIeparypax (Jﬂw« KT . rne R - 9Hepraa
36eMAHOBCHOTO pacmennenms, K - mocroammas BonsmmMana, a | -
TeMneparypa CHMH~-CHCTeMH ). [lepBiil mar B 9TOM HaNpaBleHmn CHI
cnenan B padore Kezmmmpa u /o [lpe / I /, B roTopoll Gira Bmep-
BHE [Ipe//IOReHa KOHIEMIMA CIMHOBOI Temmneparyph. [0 cymecTsy
9Ta HnIed, CHrpamuasd COJBNYD DOJNP B NOHEMAHUN TEpMOTMHAMIKH
MaTHITHHX CHCTeM, O3HAYaeT, 4T0 BHAauale, Ojaarofapd CHOME-—CONHO-
BHM B3amMOneiicTBmIM, YCTaHARINBEETCA TEpPMOIMHaAMIYECKO€ paBHO-
BECMeé PBRAYTPH COME—~CHCTEMH N JINME 3aTeM TO0CTAraeTCd paBHOBEcHe
MeRIy CHmH-CHCTemMOil ! pemeTroil. OZHERO BO MHOI'MX HepaBHOBEC—
HHX CATYauUAX ONACAHME COMA-CHCTEMH TONABKO ONHHEM T€pMOTAHaMH—
YeCKAM [apaMeTpoM — COMHOBOH Temnepartypoil HenocTaTodro. Taras
KapTHHa OHJa paccMOTpena, HamnpmMep, B padorax llamompmroBa / 2,
3 /, Xymmennz / 4-6 / m OCOGEHRO BamnHE pE3yALTATH HA 3TOM
oyTH Guam monydens Pexdmasmom / 7 / m [IpoBOTOpDOBHM / 8/, KO-
TOpHEe DPacCMOTPeN’ HACHIEeHWe MarhATHOTO pe30HAaHCa B TBEDIHX Te-

Kax m3BecTHO, B TBEpNHX Tenax, B OTINYME OT EANKOCTEH M
T830B, CIMH~-CIMHOBHE B3aMMONEHCTEAA HE YCPENHADTCA I 00yCIOB-
JIWBADT CYmMeCTBOBaHNE B COMHOBHX CHCTeMax M&IOro Macmrada Bpe-
MeHH pejlaKcalnn. BcaencTsme 9TOro, CTEHOBATCA BO3MOMAHM HOCTIEe-
LOBATENBHOE KBA3NWTEPMONMHAMAYECKOE OIMCaHNE COMH-CHCTEMH HE
ONpere/eHHOM 3Tale €e JBOJNIMHA NyTeM BBENSHAA HECKONBKHAX Tep-
MONMRaMEYECKAX HapameTporR., Kag Guio moraszano B pacorax / 4-6,8
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I CHMHOB ONHOT'O COpTa, CBAZAHHHX IANONB-IAMONBHEM {A - c\ )
B3amMONgiCTRACM U _RaXONAMEXCA B CHIBHOM MOCTOSAHAOM MATHUTHOM
nose H° (‘4.‘*}iau_ , Tne }4a¢_ - JIORAJABHOE mone, melicr-
ByDmee Ha OTAEABAHI COMH CO CTOPONMH OCTANBRHX CIOMHOB) TaRMME
TEPMOLHHAMATUECRAMA ROODIMHATAMA MOTYT OHTH B3ATH 3€EeMAHOBCRad
Temgeparypa, COOTBETCTEYDMAA PHENRAM CTENEHAM CBOCONH CHOMH-
CHCTEMH — 366MAHOBCKO/I MONCHCTEME M Tak HasHBaeMas MANOARHas
TemnepaTtypa, NPAMACHBAEMAA BRHYTPEHANM CTeNcHAM CBOCONH CHOHMH-
CACTEMH - IAOOAB-IUNOABHOMY pe3epByapy (LIP). B 3Ty nocaenamp
IONCHCTEMY RHIEAAETCS JHEDPIrud ¢J —-d B3aNMONEiiCTBAA CIRHOB
A TaumILTOBNER ee, KaKk OyIeT MORa3an0 nume B ruase I, MORET
GHTEL HNpencTaniel CEeKyIdpHO#l YacTED 3TOr0 Bsammqneﬁcrnnﬂ: TeCe
4acTED ROMMYTHpYDLUell C ravmabTORHaHOM 3E8MaHOBCKOIl MONCHCTEMH.
Ora TeOpHT B CBO€ BpeMd NpABENa K NEPECMOTPY CIORMENNXCHA HOpei-
cranlennii 0 MOBeNEHAN COMH-CMCTEMH BO BREMHAX NEPEeMEHHHX Mar-
HATHHX OOJAX, OO3BOJMAA OCBACHATE HEROTODHE SKCAEpPAMEHTaIbHHE
1eHHHE, HE COIVIacywmimecs C paHee NMENIUMHACA TeOopeTHYSCKAMA
[npennoCHARaMN 1 npexcxésarn DAl HOBHX SBNEHRMI, YTO B KOHEYHOM
ATOre, IaI0 Gojee SCHOE MOHMMAHNMe [MHAMAKA 1 KARETHKH [apamar-
netngoB / 9 /. OCHOBHHE DE3yIBTATH TEOPHA GHAN MONTBEPXIEHH
'akCIe pEMEHTATBHO RAK B saek?pohsol '/ 10,1I /, ter'd B 'aiidphdm’ '
pesonance / 12-14 /. '

O6o0menne EBHMEM3JORCHRHX Aneil ma 00JacTs HU3RKHX TeMnepa—
TYp (jﬁto > KT ) naranxmpaercd Ha ONperncleHAHE NPURTANASNE—
nHe Tpyzaocta / IS5 /, x0Ta HMCCNeNOBAHME IMHAMAKA DPa3AMYHEX
CACTEM MMEHHO [pH TAKAX TEeMIeparypex BO MHOTHX CIydasx npen-
cTarnIfgeT Baméonbnmii marepec. K Racrodmeny BpeMeHH 3Ta 3anaua
DONHOCTHD eme He perneHa. [ero B TOM, 4YTO [IPR HV3KAX TeMIeEpa-
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TYpaxX COMHOBHE MATHNTHHE MOMEHTH BHCTPEMBaNTCS B ONHOM Hampap-
JIGHARN W, TeM CamMHM, CO3NAnT OTIANYROE OT HYAA JOKaANIbHOEe Mar-
HITHOE [0J€, ONMHAROBOE 18 BCEX NapaMarnuTHHX dacTtmi. B pe-
3yABTATE 3TOT'O, DE3OHAHCHHI MWK CMermaeTcsd, CTAHOBATCA OTINY-
HHM OT Ryas I-ii moment dopmH JMEAR MArHATHOIO pe30OHaHCa, &
napUAa JAnARA (MAM 9TO TORE camMoe 2-if MOMEHT) YMERBNaeTCHd H B
npenene CTpeMmTcs K HyaD. [JORATHO, YTO mepBHi mMoMeHnT DopuH
NMURAR NOARER CHTH LOCamlIeH B 3€eMAaHOBCKYD SHEDPIHD, T.E. CTa-
THYECKYD 4YacTh cl - d B3aUMONeiiCTRASA HATO BHECTH P IaMiib-
TORMaH 38EMaHOBCKOIl nojcmcremMd, B CBA3N C 2TAM 36EMaHOBCRafA
noncucrema n /[P He ABIADTCA yRe CTATHCTHYECKN HE3aBHCHMHMA.
Tarmm oGpasomM, rOPPEKTHOE paslelcHNe CHNH-CACTEMH A& B8 Tel-
JOBHX pe3epByapa [Pl HH3KHX Temmeparypax Tpedyer domee CTpOro-
0 paCCMOTpeHms. JTOil mpoGaems He CYMECTEYEeT B npenene BHCO-
RUX TEeMIEparyp, [NOCKOMBKY B sTom ciaydee I-ii moment fopmu am-
HNR OodpanaeTcs B HyABb. Tarmm o6pasoM, 3€eMaHOBCKaA NOoncHcrema
n JUIP MOTyT CUMTaTHCHS KBA3MHE3ABNCHMHMI B IBYXTeMnepaTypnasd
MOIENs CIMA-CACTEMH SBIAETCS BIONHE &8IEKBATHOI.

B HEROTOPHX ®OHKDETHHX CIyYaAX VA&eTCd H30eRare yrasaH-
HHX Tnynﬂocmeﬁ. Tak, B nocnernne IoxH GHAN ONMyCAMKOBAHH Teope-
TAYECKNE DAGOTH, KACANMEECS NMHAMUKN CIOMHOBHX CHCTEM MMEHHO
npn Hn3kmx Temneparypax / 16-21 /. B cBA3M C JUHaMHYECKONl MO~
napazammeii agep (AA) / 16 /, nongpusammeil Anep METOLOM LAHE~
mmgecroro oxnaxmenns (10) / 17 /, nacumenmem oxmopomso / I8,
19 / n neoxnopomuo / 20 / ymmpeHHHX JHMHA{ MArRATHOT'O DE30HEH-
ca namGosee MHTEPECHHM ABAAETCA Npere] HHU3KAX Temmeparyp, Tak
KAK MMEHHO B HTHX YCIOBHAX YAAE6TCHA NOAYYATH HEMCOABUYR ANep—
HYD OOAAPM3aIMD, Handolee CWIBHOE OTKIOReHME TemneparTypd [P
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OT &r0 DaBHOBECHOI'0 3HEYEHAA M 1p. HecmoTpa Ha 10, YTO B HERO-
TOPHX 13 YKA38HHHX paCOT HE NPHHAMAINCHE BO BHUMAANE BHIEOTME-
YeHHHE 3aMEYaHndg 0O MOROJNY CTATHCTHYECKOH B3aMMOCBA32HHOCTH
36EMAHOBCKOI M MUOONBHOI HONCHCTEeM OPA HA3KNX TemMIOeparypax,
BCE ®E€ KOHEYHHE pe3ynbTaTH ABMANTCA [IPaBWIBHHMA, TaK KGR ORN
OLIN [OJYYEeHH B TE€X YaCTHHX CAyuadx, KOINa B CHMH-CACTEME
AMEET MECTO BHYTDEHHEE DaBHOBECHE N HET HEOOXONMMOCTH €€ pas—
IeJeHHs na CTATHCTHYECKA HE3&8BACHMEHE MONCHCTEMH.

Beuny OTMEYEHHHX BHIE CJOXHOCTE [pMm OMUCEHAN HEpapBHO-
BECHHX [pONECCOR B OCNACTH HM3KAX TEMneparyp, DAL BaXHHX BOI-
DOCOE NMHAMHEKN MATHATHHX CHCTEM [HOTDOGHO HE NCCAENOBAaNCH.

l3yuenne HU3KOTEMIEPATYPHOH XKpocc—penarcalmn ABIgeTCHa
aRTYanbHHM HE TOJABKO B TEODHR VATHUTHHX CHCTeM, HO W OCOGEH-
HO BAYHO B ONTHYECKAX ABnNeHMaAX. fero B rom, 4T0 Ciraromaps
COABmMO] BEeNNUMHE SHEPIHN SJEKTDOHRHOTO NEpexona B aTomejfw P
yCI0BAE HM3KOTeMIEepaTypHOTO mnpenena (HQ>KT ) BHIOXHAETCH
B [I0Z&BIAONNEM GCOJBIMHCTBE SKCHEPMMEHTOR I OyIeT ClpapBenjanEBHM
INng TeMmepaTyp o6pasua NopAlKa COTeH rpanycoe Keapsrua.

Baxpnoe 3HaYeHNE TER®E HMEET B MATHNTHHX H ONTHYECHAX
CHCTEMax Hepe3OHaHCHas xpocc—penaxcaunﬂ (Tepmnncm ‘aepeso—
nepenadun, OpA ROTOpOM 49aCTh PHEDIUNM B KARNOM SAEMEHTapHOM ax-
Te B3amMoneiicTBMA pacxonyeTCd Ha DOMIEHNE RBAHTOB KOaAeCanmil
I TaR@AM 06pa30M VHOCHTCA B DEmNEeTKY, WIR Hao00poT, BOCHIONRAET-
CA W3 PEmeTRN 3& CYeT YHAYTOXEHNA KBAHTOB KOJNeCGanmi). I10T
[IpoLecC MOWET HMETH MECTO B CJydYae, KOINA DOJNEB KBEHTOB KOJE-
Ganmii mrpaonT WIA BHYTDEMONERYAADHHE KOJeCaTeNBHHE BO3CYRIE—
anst win $ononH. OTMeTHMM, YTO HEpPEe30HaHCHAaA KpOCC-pelaKcanus
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geagercs oxumy n3 mexammamor Il (sdfexr Opepxayzepa B TBEp=
IHX Tenxax), UTO caMO no cefe TpelyeT MOCHENOBATENBHOTO HCCIE-
TOBARNUA . npu "“‘25"‘““ Te,-:-&nqom"a /JM

Kpocc~pesaKcaimonnte MnpoleCCH B COMROBHX I ONTHIECEAX
cmeTemax BH3HBADT cnexTpanbhyd anidysmp (Cll) - marpammpo sHEp-
TN B HEONHOPOIHO VUHpeHHHX auHEAX. [Ipn HESEHEX TeMmmeparypax,
ROTNE NAMONBHAS MADAHA JHNARNN YMERBUAETCs, HA JKCHEePAMEHTEX No
I8 n 10 wame BCTpedYsnTCS HEONHOPONHO yumpennue symamn JP. B
CRASHA C HTHM CTAHOBATCA HEOCXONMMHM YYET BINAHNAA, OKA3HBaEMO-
TO0 PHYTpPEHHE(l IUMRaMHRO} HEOIAOPONHO! JAUHHMN Ha KHMAETWKY pac—
CMATPABAEMOTO ABNEHNAA, T.€. HEOGXOAMMO [NOCHELOBATENBHOE H3yYe-
pme Cll, rmoTOpass BeleT K MepepaclnpelefeAnD SHEPInA Merny pas-—
JAYHHMA YacTamn jnann JlP, 9Ta sanada axTyalbHa Tagk®e @ B On-
rage, rhe Cl mMOXeT CymecTBEHHO H3MEHATH KapTHHY J23epHoil rene-
parmn .

Kpome FHIEN3MOREHRAHX BOMPOCOB B NHUCCEpTalmMi KCCAENOBana
BO3MORHOCTH NETEKTApOBannsa npogpinenfii /[P 9JeKTPOHAHX CHNHOB
npm nacumenmn JIP B marmmroonTmYsckux sfderTax. W ﬁmsm

kactuu l g -)?ﬂ4 f) A 2 Tvk Aoreiuik.



*9*

TIABA I

KBASUTEPMOIMUANMYECKAA TEOPAA KPOCC~PEIARCAING H
COEKTPANBROA INGY3UN IIPH BHCORNX TEMIEPATYPAX

§ I.1. Hepasnompecnull cTarRCTHUSCRA
omneparop

MeTon HepaBROBECHOTO CTATACTHIeCEOro omeparopa (HCO),
npennomentEil 3yGapersm / 22,23 /, ARIAETCA YNOORHM anmaparoM
NCCIEeNOBEHAS HEPABROBECHHX CHCTEM W TOSTOMY BCE uYame MpumMe~
HAeTCA B DA3ANUHHX o6nacTAxX coBpemMennoil fusmxE. HecmoTps HA
70, 970 MeToxy HCO nocmamens monorpajms / 23 /, pan crareil
/ 24,25 /, naomux conee CTporoe oGocHoBamme mocrpoenmm HCO, &
rapEe HEDHORDATHO M3Narancs panes B padorax / 26-28 /, rTem Re
Menee npmEeNeM ero RpaTrO, TAK KAk OH REMOCDENCTBeHRO IpmMe-
ASETCA BO BCEM [MOCAENYDMEM HM3NOXCHMH,

Mocrposnme HCO ocromuimsercs na wieax boroamdosa o6 mepap-
XUl BDEMEH DEJSRCAIAN E HEPABHOBECHON CTATHCTHYECKO] MeXaHmKe
/ 29=31 /. Ecam neuannnoe COCTOSHME CHACTEMH ABASETCH HEDABHO-
BECHHM, TO IS €U0 OMMCEHNA HYERO 387arh NONHYD MHOIOYACTHYRYD
Jynmimo pacnpesnencHns, T.e., Tpedyerca TOYROE DeneHne YpaBHEHRA

={Jo I i §>

t=o0
onpeneAseTes CHOCOGOM "NpATOTORNERHA™ [ ABROBECHOTO COCTOARIA

¢ HAUATHRHM YCIOBHEM ?@)\

1) 3nect m Besje Janee HCOOABL3YEM CACTeMY GNMEMI, B KOTOpPOL

F=14 = K=1-
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chcTeMH, 978 (VAKIMA pacnpexeseHms TOATHE B OOmEM Ciyvdae 3&Bh-
ceThr OT [AHAMWYSCKHX NepeMeRAHX BCeX BXOASTHX B DacCMarpRBASMYD
cncTeMy UacTHi, [o3TOMY pEmMT: TERYD 381849y NPaKTHYECKE HEepO3-
momno,. O7RaR0 ¢ revenmeM BpeMEnE B CHCTEME NPORCXONUT "CHHXDO-
npnsamma™ ® HACTyNaeT TAR HA3HBaeMas KMHeTHYECKad crammda, Ha
9TOM 9TaNe I TOr0, YTOOH NOAYUATE HON:YD RMAPOpMAUMD O COCTOS-
RAN CHCTEMH, NTOCTATOYRO 3HATE €e ONHOYACTHYHYD fynRimD pacupe-
nenenng, Jaag odasnmx macmracor BpeMenn eme GONee COKRDANAETCH
YRG0 NMApAMeTpOB, HEOOXONMMHX N1# ONNCAHAA CACTeMH W HAcTyHaer
CTaNuAg, ROTOPYD MORHO ONMCHBATH I'MIPONHASMNYECKHME ¥paBHEHUAMA
VIS Ccpenumx sHeuennmil dm3mueckKMx BeaMumR cmeress (cpexnmm wHC-
JoM uYacTHi, Cpenseil sHeprueil m cpenmell cropocThD). MROTOYaC-
rryses (ynRIAs pacnpeneneHns MOReT 38BHCETH OT BpEMen: TOABKO
JMAmE Yepes JTH napamerpH. MHEHMA CrOBaMm, NPDOMCXONHT NEPEXON K
MeHee NeTANHHOMY ONNCAHND, NOCKOIBKY DBOMADIAS CHCTEMH BO Bpe-
MEHR ONpenenseTCs Teneph I'opaszo MEeHBMEM YRCIOM MELIEHHO MEHMD-
MAXCS RO BpeMenm napamerpoB. B TEDMOTHREMAYECROM DABHOBECHH
COCTOARNE CHCTEMH MOWHO 38IATE: TOJABKO OIHMM BRYTDEHHNM IApa-
MeTpom cuCTeMH - ee remneparypoil / 32 /. flppuil sm; “coxpamenpo-
ro" radopa MARPOCKONNYECKNX NEDEeMEHHHX, 8 TEREe KOAHYECTBO 3Ta~
‘IO0R TeonpaneRus™ onpenendeTes XOHKDPETRHM ‘BANOM ‘IAMISIATONNAN - -
paccmaTpaRaemoil CACTeMH, XOTH, BOOOME IOBODA, 3TOT HAGOD MOEET
OHTEL yoTanonien m u3 {mamueckmx coodpawenmi / 33 /. Bce marpo-
CROMMYECKAE BEIAMUMAH, X8DARTEDH3YDNAE CHCTEMY, B TOM 4nCIe X
CROpDOCTH N3MEHERMd NAnHHX IApAMETDOB, ONDEeNeldnTCs Yepes camy
9TH napauerpi, Tagmm 06pa30M, YPaABHERHA g TEpMOIMEaMAYECRAX
NMepeMeRHHX ABNANTCA JDABHEHHAMA NEpBOTO nOpALRa. [ UX noay-
YEHMA N BUYRCAGHAS KRMHETHYEC:HX ROS){MIMEnTOB, EXONANAX B 3TU
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ynABHEHAS, BOCMONR3yeMCH Meromom nocrpoenms HCO,

Bynem cumrars, B COOTBeTCTREM ¢ miueeidl boromwGoma, 4To
?(t) mns spemen t >> T (rme ¥ - xaparTepHoe npeus “CHHXpO-
nusammn® - mammi macmrad BpeMEHR peNarcanmyi CHCTeMH) SRIgeTes
fynRUMONENOM OT F: @"t) -~ TEPMOIMHAMAYECKAX HADAMETDOB CHCTE-
MH, [[(muaMmueckme nepemennne (omeparop) P,,_ COOTBETCTRYDINE
napamerpam [, (3('.{:) He MEHADTCH B TEUGHHE BpeMENm T W B
STOM CMHCJE ABIANTCA AHTErpenaMm TBRREnns. KONRpeTno miad Cil-
nomofl cmeTemH ¢ d -4 B3ammoneiicTEmeM, nOMSeMERHO! B CHABROE
[OCTOAANOE MATRATHOE HONAE \T, (ﬁ >>ﬂ &Q , B TEUEHNHE BpEMERN
CIMH-CHAHOBOI peJarCalal ycTaHaminpaeTCd KBA3ADABHOBECHOE COC—
TOAHUE, KOTOPOE, KAK y®e OTMeYanoCh, MOEHO MONHOCTHD OX&paRTe-
PUSOBATE 3ANARNEN 36eMaRoBerofl %-: I IMNOAEROM @-j Pe~
neparyp. Oneparops, COOTBETCTRYDNAE HE3ABACHMEHM CIMHOBHM TEN~
nepaTypeaM, NONEAH ROMMYTApORatTs ¢ 9QhexTHBHON YaCTED COME-CIME-
HOBOT'O B3ammMoneiicTEmg, T.6. C TOl 6T'0 HYACTHD, KOTOpas OTBETCT-
BenHa 3a mamuil macnrad BpeMSHHW B CmuH~cHCTEMe. [eificTRATENERRO,
Kaxk OyneT noxasan0 p cicxymmenm naparpabe, sherTHRHHM B3aNMO-
neilcrTemeM B paccMmarpuBacMoll Cmmr-CUCTEME ABAAETCA CEKyNAphas
yacts 4 -d  psamsozedcrEms (T.e. YACTH KOMMYTHPYDHAT © [OM-
'ubil BécuaHOBCKDIl SHeprmel ‘camuscneretH ), '0TCHNA CrENOBATCS’ 10~
NATHHM [PEBOMEPHOCTH BHOODA NMHAMAYECKAX [€DeMEHRHX - IavmiIsTo-
HEAHa 3eeMAHOBCKON SHEDIMA M ceryagphol usctm A —d  BaamMO-
neficTemg, COOTBETCTEYDIMAX TEPMOIMHAMAYECRAM 1apameTpam ‘3, n

% 4 » Rax KBasHMATErpalos [NBANEHUT,

Ompenemms omeparopy B, &,t) rax mnsapmantayn wacTs
onepatopor T, KEP (&) ornocarersno ssommn ¢ rasmrsronma~
nom He
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rie R Cx:£i) o Pné( e o3navyeer npencramnenme Iefizen-

Gepra, nad omeparopa RC’K‘) ¢ TeMATBTORMAHOM |\ paccMaTpH-
paemoil cmcremH, ne 3aEmCAMEM OT BpemeHM gBHO. Camn Dh_ ar=~
LADTCA NANAMAYECKIMN NEpeMEHHHWH, COOTBETCTRYDNAMA TO[MOIMHE-
MAYECKAM [1apaMeTpam F:LCR' ‘t) « B fopuynax (I.2) €& —=O
gocne TEpMONMHAMIYECKOTD MPENeABHOro mepexona 4/s o , V>

w
Momno noxasars / 23 /, 4T0 ecam BAGDATH CTATHACTAYECHHH
oneparop CHCTEMH B BHALE

B Q‘iw{-; an@ac)c!fj (1.3)
- G- g{: MF[UZ{ an@‘Q&% (1.4)

19 oy Oyner OpMCHBATE HERAPHOBCCHHE NPOLIECCH P MaHnOli cnereme,
Vinrerpuponanne B Hopuynax (I1.3) m (I.4) npomsponaATCA 0O BCEMY
ofpeMy o6pasng, B ciyuse CTaTHCTAYECKOIO pABHOBECAd, KOIa BCE
TEPMOTARAMUYCCRIE BEJNYMHH CRCTEMH MOCTOMHHH BO BpEMEHH M
npocrpancree (I1.3) mepexomm? B pacnpernenchane I'mbeea,

[lyrem muterpupossang no dacram (I.2) sammmem B RHLE:
0

2. G = LEHPE) - (EHF F ) K 7o)+

(1.5,

- o



& TR
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3rees K, & {:Q ~ NPeNcTEBIADT OGOl IIOTHOCTH ONEpaTo-
pOB MOTOKOB, CTOANWE B MPABHX YACTAX NMAAMAYECKNX ypaphenni
nemvenma it T X) :

KDR A B (1.6)
Y R T[p“_ | H} = KH_C"*)

B3dTHE B Opencrasnenmn I'eiiseptepra.
s cTarmMoRADHHX HEDABHOBECHHX HpOHECCOB T€pMOIEAaMIvuec—

KAe nNapamerpd |y He 38BACAT OT BpEMEHN W TOTNE

E’%Qﬂ -E®OP®

(1.7)
]
R®@ =g\ RE@d - P@ -\ K Eo &
AL E g e o s i e b h.o o .
HeTpynro yGemmTECs B TOM, 4TO Ph 5{') npencraprmoT ¢06oH ao-

RanpuHe METErpand TEMXEHAA cHCTeMH B mpemere £ < +0° /23 /.,
Nomcramnas (I1.5) B (I.3) monyumm genuit pag ang HCO

KJ:@%{"Z ReaR@ds - .8
ZS “géa QH[F( A KL E ) '9?( : DP( i]
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HCO (I.8) sameTno ynpomaeTes B CTANNOHADHOM @ OIHOPOLHOM IO
BCEMY O0pasiy ciayuae:

?=Q{%?E—ZNEPW+ Z*LE: e K, (5)dt (1.9)

lenonssys yenoeme kpasmcrarmunoctn / 34 / ¢ nomousn (I1.9),
MORHO NOAYYNTE: BHUEYNOMSHYTHE YDSBHERWA LA TEpMONMHAMHYECRAX
BEJINYNH .

fenm cueremse mMeeT HpOCTPAHCTBEHHYD WI¥ CHERTPANLAYD HEOm-
HODONHOCTH, TO TOrNA GHBEET ynoGuHM szamcars HCO B HECROABKO
npoii fopme,. [l STOTO ypamhenme NBARERHS A Fi,cf)

nepenmmen B BUNE JORAILHOI'O 38KONE COXPAHEHNT, AHATOTNYHO TOMY .,
gag 970 cnerano B / 23,34 /:

R paye T
- T;qu [ " (I...ID)

-0

ccccccccccccccccccccccccccccccccccccccccc

SI9ecROll BeITNAH, :Shﬁf)w BO3paCTAHNE TIOTHOCTA 9Tl Besmdn—
HH. 3XECH [Ox 53 MORHO NONNMATH WIA OpPOCTpPaHCTBEHHYD KOODIN-—
RATY nAn qacraryz). WM B TO B NCyIOe EBMecTe.

Caenya / 34 /, NocTpomM JORANBHHE KBA3MUATErDANH JBHECHNS

2) Taroii caydail cnexTpanenoil HEOTHOPOZROCTH PACCMOTPEH RUXE
B Iase [,
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o

RC’—{) = P\,L(Ff) 5 Q,% q%_(}‘;‘n(fgc)— Ih@g.{._) de (I.ID)

- oo

—>

rne A’n ] Sm BafgTH B npencramnennn [eilzendepra.
C nomomen (I,II) mocrpomm HCO B BAmE:

p-Qenph [ROROS|
p-Qesh-[RoR®O+

Meron mocrpoenma [ICO, mnepmHe NpHMEHEHRHN K 3an2YaM mar-
HATHOTO pesonanca B / 34,35 /, cran BHOCHASNCTRAN MOMHHM METONOM
NCCAELOBAHAS HEDABHOBECHHX OPONECCOB B CIHHOBHX CHCTEMAX.

B mamnoii rourpernoil 3anave sunengerca sfdexTmBHOE B3&NMO-
neficTene, yCran@pinBannee KBA3WPABHOBECHOE COCTOAHAE 3a Masi
Macmret BpEMERH, @ OnpeneiadeTes Hatop HE3aRNCHMHX TEpMOIRRaMU-
ECKNX NApAUETNOD, NOMHOCTED OMACHPANNAX 970 COCTOZAME. loCT-
pous zarem HCO e mmpe (I,9) man (I.I2) u, ncnoxesys ycromue
gBasncra™anecT™ / 34 /, MOmHO MONYUNTH BHMEYNOMAHYTHE ypaBHe-
AAA, ONNCHBAUUE SBOADLAD paccMaTpuBaeMOil CHCTEMH.

B GonpnmHECTEE pacCMaTpHBacMHX HERE BONpOCEX HCHONB3YETCH

N3NOTEHHHT 371€CH MEeTON.



- 16 =

§ 1.2, Teopna KpoCC-pEIaKCATMA MPH BHCOKHX
TEMiIepaTy pax

Ker OTMEUanOCH paHee, B TREDNHX TejJax CIMH-CHCTEMa MOZET
XaparTepN30BaTRCA ByMd BpEMEHAME DeJaKcanmim: FFL - BpeMa
CONMH-CHOMA0BOI penargcaimn n Ti - BpeMA CIMH-DEMETOYHO0ll pe’xar—
cammu, OOHYHO mag HEe 0YeHB CWIBHO Da3GaBIeHHHX OapaMarneéTHmEOB
TTL <<'T]_ . Onnero aTM 1Ba napaMerpa He BCerna SBIFOTCS N0C-
TATOUHHMA /19 ONUCANHAA NPONECCOB IapaMarHATHON pesarcammn. B
pagotax / 36-38 / GHIO NORA&3a810, YTO NAPORAR Kpyr Sraenmii mo-
®eT OHTH OOBACHEH C €IWHOI TOYKA 3DEHHS OyTel BREIERHA NOHATHA
nepexpecThoil pernaxcammn (zpocc-peraKcarmn), ¢ XapaxTepHHM Bpe-
Menen TYLr , ROTOQOE VIORIETBOpAET neganencrﬂy’T;_<<rrcr<KTYi.

Tark, ecIn mMeeTed CHCTEMa CNMHOB C IBYMS DE30RAHCHHMA

gacroramm Wy m W, 3)

, TO 118 [EPBOM KOPOTKOM JTaNe JBOJDINAN
yCTaHARINBAECTCHA BHYTPEHHEES DABHOBECHE R KAm0id m3 Ipynn Wi nap
ypoBueil comuoB. B pesynsTare CIMH-CACTEMA DA300BETCA Ha IBE,
HEXOLAMMECH BO BHYTDEHHEM DaBHOBECHE [NOACHCTEMH, Kaxnoil M3 KO-
TOPHX COOTBETCTBYET CBOS CHMHOBAA TeMioeparypa. {pm srom, ecian
I18pMODOBCKME YacToTd Wy B W¢ 3HAYATENBHO OTANYEWTCH ADYT
0T ApyTa, NoncHoTeMs He EaamMojeRcrynt. Ecim Xe otm uacrom
TaKOBH, 4TO UX DaA3HOCTE W, — Wy [OO DOPALKY BeINYnHH paBHa M-
DHHE DEe30HaHCHOIl KpHEROil, TO BO3HAKAET BO3MOXHOCTHL 3JHEProOGMena
MERNY CHMNOBHMNA [OJCACTeMaMH, OCYCIORIMBamras BHDaRRNBaHNE CHA~-

HOBHX TEMIepaTyp.

3) Tarkaa caTyauusa MORET OCYMECTBUTHCA HpPM HalMgmn JAnGO JBYX
COpTOR CHOMNOB C MOJOBMARHME CIMnaMm, JANGO OZHOTO COpTa -
CO CHMHOM COJBINE [OJOBMHH, SHEPTEeTNYSCKNI CHERTD KOTOPHX
MOReT OHTH NpPENCTERIEH B BUIE COBOKYIHOCTH IEYX Nnap ypop-
peil ¢ MATEpBAJIAMNA HE OYEHb OTANYaDIAMACH ApPYyT OT npyra.



Big o R

3meck caenyeT OTMETATH, YTO KpOCC-peNarCanionHHe [IpOolecCH
mMEenT MECTO HE TOABKO B CHOMHOBHX chcreMax. Tak, nanpumep, ecan
B ofpasne uMenTcd aroMi IBYX COpPTOB U OJHHA W3 HHX BO3GYRIanT-—
Cs1 BHEMAMM BO3JeiicTEHEM, TO OHN MOTYT HEpenaTs HeRO3CGYRIECHHHM
aroMaMm YacTh WAN BCD SHeprmp Bosdymzenms / 39,40 /. Taxmt o6-
nasoM, €CAN paccMarpEBATE COBOKYIHOCTE 8TOMOBR ONHOTO COpTa,

K8R OTIEABHYD HOZCHCTEMY CO CBO€il Temmeparypoil, xapaxrepnayomel
pacipenenenne naceneHHocTell na OCHOBHOM I BO3CGYRIEHHOM YDOBHAX,
70 KDOCC—DENSKCANNT OYAeT NPUBONATE [ BHDABHNBEHAD TEMIEDaTyp
TARHEHX nojcucreM, B namdonee ofmemM CiIydac KpocC-DeNarcanyn
MOZHO ONPELEeNdT: KaK 9Tall yCTanOBISHNA DABHOBECHA MERLY HOM-
cacremMamMn, roropHe CHODMAPOBHBAITCA B NOJAHOI CHCTEME 1O HCTE-
YEHNN MaIOro Macmrada BpeMeHN Dejlarcall I OpelCTARIANTCS KBa-
SHHATEerpalaMi JBUREGHNSI.

B yxaszappHx padorax 1o kpocc-penarcarmn / 36-38 / He yun-
THBANOCH M3MEHEHNE HHEPIHN ITHHOOABHOT0 B3amMoneiicrensg, KOTOpDOE
GRTABHO BANAET HA OCMERn BSHeprueil MexIy COOTBETCTEYDNAMEA NOI-
cmcfemamn. [locaeroparensnasn TeOpHs KpoCC-pejaxcaimn GHiIa nas—
mira B padorax / 41,42 /.

[IpnBeneM rpatiRuil BHBON ypapnennii, ONMCHRADIAX [poIece
kKpoce~patakcatny’ © cnmr-cutrTeme Hpn' HaNAuun ‘B'He# NHyX' COpTOB
crmnaop (ROTOpHX oCosnaumM | W S crmpamm), MOMEmMEHHHX B IOC~
TOSHHOE METUHNTROE [OJae —H: (O0H) m crasannux 8—& B3aMMO~
nciicrsmen, caenya padore / 43 /.

Tammnpronman 3ama4m 3ammmen B BHOE:

H=H +H+ Hj * Hz + U5 (1.I3)

d



e P

3Lech }{1-—'-&0121? n H =W Z S - 3@EMGHOBCEAE BHEpPIHN
I n 8 cmeos coozrnercmenao, wy =fiHe mw=YH
MX 36SMANOBCKUE WACTOTH B [OJE H, , @ H‘- n {2 - rmpo-

MATrHNTHHE OTHOMEHNd. H 4 ~— TaummIsronnaH d -d spsamvoneiicT-

pus 1 comRos, H" - ramsronman d —d  s3amdoneficreas
S - cmmnos, - d-d moamuoneticreme memzy 1 @ O
crmpavm.

Kar xopomo H3BECTHO, YaCTO CHBaeT IEJeco0o0pasiHy pa3ne-
AATE TauMiikTOHAEH ci——d paanmorellcTema na Cexyaaphyn (mommy-
THPYDUYD C 3€eManoBeroil smeprmeil) m necerynapayn (HexomMyTH-
pyDmyD C 366MAROBCKOIl sneprueii) vacrm. Tar, mig I comnos
OHN HAMEDT BUI:

Z[ 22y ]5+—<I I I,_I)X
HE zf[sﬂ (T +1 1) +ﬁ§‘(1-%1;+1: )+
+ 15;;.* L_ If + S

3 ?; - pazznyc - BEKTOQ, coen;nnﬂnmﬁ CIHH L

CcO Ccromuon j .
L I
HecnoTpa Ha 7O, 4TO }*Aa; i} Einéac OnHOI'0 NOpsAxKa, NX
RINARNE Ha MAHSMAYECKIE CBOICTBE CHMHODON CHCTEMH MORET OHTH
COPEpmEnHo pasanunii, OYens YacTO SKCHOEPHMEHTH NPOBONATCA B

CIAJIBHHX NOCTOAHHRHX MaGriATHHX OOAAXS

Ho 25 M. (1.14)



w IO
rne Heo, ™ XL ( OL - paccTospme MERIY COCEINRHMA CHRREaME)
@CThH TORANBHOE 10Je, INeillcTRynrice na OTNSABHHK CHMH CO CTOPOHH
Hm BH3HBEET B COMHOBOHI cncTeMe mepexo-
IH, KOTOpHE CONPOBORNAITCS N3MEHEHMEM 3e6ManOBCKOiIl aneprmnm Ha

OCT&ABHHEX CIMHOB,

W; B ch.JI . B cuay 3akoHa COXpaHenHd SHEpPIrAn, N3MEHEHHE
3€eMaROBCKOYl DHEDPIME NOARHO KOMIIGHCHDORATHCSA H3MEHEHHEM BHep-
THN SANONBHOTO B3ammoneificTRmA nnd pemerkm, lepBoe 3arpynHeno
ns-32 yenorng (I1.I4), a Bropoe Giaronapsa TOMY, UTO KAK yIe OT-
MeUAN0Ch, B TBEPNHX Teaax CHUR-CONHOBHE B3amMONCiCTERA TIOpasno
CHJABHEE COMH-DEmeTOYHHX, M B [PONIECCE [EesEXOn0B, O00YCAOBICHHHX
d -4 =msamioneiicTemeM, cOAR-CHCTEMY MOZHO CUUTATH NPAKTHYECKH
N301Ap0Bann0l OT peneTKR. YTO RacaeTCs N6DEXONOB, BH3BAHAHX
Hiz,_— Ceryaspnoil uacTen, TO UX BEDOATHOCTH IOnas3no Goasme,
TER KAx B NPOIECCE STAX MEpeX0n0B 36E€MAHOBCKAs SHEpPIMA COUHO-
ROil cnCTeMH HE MEHAeTCH [HI) H M‘] QO . Taram oGpaszom.

H Agc OTBEPCTBEHHO 32 GHCTDHE COMH-CIOMNOBHE NPOUECCH, NPUBO-
TAMME R YCTAHOBJIEGHMD BHYTDEHNEI0 KBa3WpaABHOBECHOTO COCTOSHHA B
CIMH-CHCTEME M XADAKTepU3yeMHe BpeMeHeM CHUA-CIOMHOBOL pesarca-—
mn Tz . 38 970 BpemMd B RamNOil W3 rpyon COMHOB, yYacTBYDMONX
B RpocC-nenarcamm”, cHOpMIpOBHBADTCA B JHEPIeTHYSCKAX pesep-
Byapa: sdemdndbrcknil 1 nanons-tamoasnai ([1P),’ onncanaemMue’ ¢EOM-
M TepuoOnmHaMnUecrUMn napamMerpami.

PovmipTONAARH TANONBHHX HOXCUCTEM | @ O CIMAOR mpefi-
CTABAADTCA CERYIAPHHMA JaCTMIMN d -d  p3amuoneficTeAs MEELY

1 comnamm Him 1 vexy S crmmamm H:u_ COOTBETCT-
BCHHO., B ravmisTOHHAHE A ~d psamvoneiicrems | m S cmmEOB
MeRTY COGoil st cexynsgpnofl YacTED (T.6. YACTHED KOMMYTADYD-
neii ¢ H,_ n Hs ) GymeTr TOMBRO Zt:“' ?Sff If Si. Ona ne rommy-
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THpYeT C Him z H;,.. Hosrouy ara sacrs d-d ssemmonetier
BAA Takxe OGYCIORIMBAET MMpONMecc CHCTPOrO 3Heproodmena (3a T0 ze
BpeMs CIMH-CIMEOBOI pesaxcaumm ‘T;_ )s TONBRO MERNY Hf& n \‘\i“.
obsenmnsa mx B emmmuk LIP H 4,063 M3NMEHEHVS NpH STOM 3EeMAHOBCKOI!
SHEpPTNMN Kamnoil Ipynns CHNMAOB. laMmWiIkTORWMAR odwsexnmnennoro AP sa-
mumeM B BUIE:

H = Ho +HL + s TS,

Tag 49TO na nNepBoM PTane 9BOJIIMMA CONA-CACTEMa NDUIET B KBA3NDAB~
HOBECHOE COCTOfHHE, B ROTOpOM ORA OyIEeT HDENCTaBIATH CO60H COBO~
KYIOHOCTH HEXOLAUMXCA BO BHYTpPEHHEM DABHOBECHH [OJCHCTEM H,_ ’ Hs
n HA , Xa8parTepR3yOINXcs OGpaTHHMME TeMIlepaTypamn SSI " ?’5 n %‘
COOTBETCTBEHHO, [locaenywmas SBOADIMA COMH-CACTEMH CBOINTCA K MEI-
NTEHHOMY NPHUGANREHAD X CTAIMORAPHOMY COCTOSHHD 32 CYET HEeCEeKyILip-
HHX YacTeil d - d B3anmoneiicTEAA HI: .

3ammmeM RamGonee CYMECTBEHHYD B RDOCC—~pejaKCammn YacTh A—A
B3AAMOE/iCTRIS MEeXNY CIMEAaMHA N3 Da3ANYHHX [NaKeTOB

N, = 32 5 (Ts + 1)

.Hc; OGYCIOBINBAET MPONECCH B3ANMHOTI'O ONPORHNHBAHAS CHOHHOB
(f&f -gﬂbf NepexonH), KOTOpHEe W BH3HBADT NEepelavy SHREPIAR MERLY

Onmpexo 37MeCh CAeNyeT YKa3arTh, UTO YaCTO CHRH=CHNHOBHE B3AMMO-
A
nellcTEMA HE CONepRaT ciaaraeMHx THOA [/ Vin LPn . Tagasg cm-
Lh
Tyanasa HMeeT Mecro, HanpmmMep, B MaTrHATOYIOPALOYEHRHX RpHCTaLIaX,
rLe IR8 TANA ANEpHHX CIMHOB CRA38HH CYJI-HAKaMypPOBCKHM B3ammMomeil-
cremem / 44-46 /.
B nannoM ciay4ae raMmibTORMAH 387n84M OynHeT HMET: BHXL:

R = R+ \'\s N H:«l N \-\ii * Her (1.I5)



S

rae kiiJ n }{;4 - TaMANHTOHNERH CYI-HAKaMYPOBCEOIO B3aMuMO-
feicTEA 1 B O  CHNHOB B OTAENBHOCTH, Hep - CyA-haRaMy-
DOBCROE B3EMMONElCTEAE Memny L\ 1 N cnompaMm, OTBETCTBEHHOE
38 KpOCC=peJarcalm,

B revyenmne manoro macmrada BpEMERN DENaRcalmn OONCACTEMH

\ﬁsj i ¥{:J ne o0BenmEAnTCA, Tarmm 00pa30oM, IS ONNCAHMA

Beeil cucTemMu Teneps TpedyeTcA 4YeTHDE TepMONMHaMHYECKUX napamer-
P8 PBr ?s " ?1 n (, , KOTOpHE XapakTepusyn? Raaafpanao-
BECHOe COCTOfHME B NOACHCTEMAX H1 ’ }l HsJ n i1gJ cooT-
BETCTBERHO,. [lanee noxy neficremem B3ammorneiicTs=ma H@, 38 BpemMA
RpOCC~peNaKCaimn B paccMaTpupaemoil cucTeMe yCTaHARIMBAETCH CTa~
MAOnapHOE COCTOAHNE MEeRIAY IaHHHMA nojcumcremamm. Tarad xaprmHa
KpOCC—penaxcalan ¢ yJ4acTmeM IBYX CyJA-RaraMypoOBCKHX DE3epByapos
(CHP) ouna mecciernosana B padore / 47 /.

Anasnornynas CATyalls OmncHBeercd nmxe B rmape [, rae pac—-
cMaTpUBacTCA Neperava SHEPIHA MERNY JABYXYPOEBHEEHMN aTOMaMA.

BoszBpamasack R DacCMOTPERAD KpPOCC-DENaRCaiymi MEexmny TByMA
CIMUOBHMEA naxeramm 1 oGpexmnennum [P, 3anmmmes oneparopHHe ypap-
HERMSA OOCMeHa SHepIrheil MeRILy HHUMMS

Ky =~;“§-—Z ,-.’::(1: 5 -1151)
K, =2 ¥ G (gl RS

-4 @) + ()

1
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rne (If&i) =%Xli\3:t )HJ

JTOT 3Tan SBOANIMA CHAH-CACTEMH YIOGRO ONMCHRATE METONOM 3y-
gapesa. HCO cmcremu B coorsercreun ¢ Gopmynoid (I.9) Oyner
AMETH BHI:

X ‘Qi@‘?ﬁ-%n“r&“s“%a“ﬁ

+_ ggpeﬁ):Kr_({) bx K@) s * K, ® Q;}L;} (1.17)
K-8

17 COMHOBHX [ONCHCTEM MCHOAB3YeM YCIOBHE BHCOROTEMIEparyp—
HOT'0 MIPHOANREHAS %LQI«& n %Su‘:s« & . Kpome rOoro, pas-
neras (1,I7) no maromy Bosmynenmn (poas roToporo mrpaer H .. )
cornacro fopuynes

ooooooooooooooooooooooooooooooooooooooooooo

oxongarensno aasa HCO Oynem mmeTs:

SD: {& B AR L PR LI

[+3

€t '
-\-Zﬂ, SQ KMQ’)G»\.A{:} Mm=T ¢d. (1.I9)

©wo
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Ycpennas nanee (I1.1I6) ¢ momomsm (I,1I9) m npernmonaras BHEOOJHEH-
HHM VCHAOEHE KBasMCTaTHYHOCTH / 34 /, MORHO P HA3mMEM MODAILKE [0

TEOpu? BO3My €HA{ REUTR A1 CpEnHEX MNOTOKORB:

R_; ks SPQKI =Zn({>1 +’Z):r.<.. %s x Z’Id %d
_IZS i SF?KS & 'és: %1 *ng%s +'A§d %d (I.20)
_}ZA = SPQK& » 'édl %r. Thy ?s T 'éc{d %é

Tie kpneTnyeckne rosdfdmimenTH MMenT BRI

br =05 (7 by =G b2 G
Lon =-0r0:03G  Lyg=-0s(@s-9G  wan
iy = oy~ 0% {5 A“? 243‘"‘
G =326 G, Gamo)

WG}L—MSD apencrarnder codoil fopMy AREEHR RpOCC-penaxcanui,
B cayvae, ecam fopma NMHAN KaxnOil Irpynnd CHAROB MMeeT BRI KpPH-
.20} Taycce ¢ mmpmpamm . .A; .8 . R .r)-?a(wa.“l«k). jammmercd. .

cAenyommy 00pa3ons:
_ (wr —Ws)
e 2(8% + 4)

A
LA \as(as + &)

loncremnaa (I.2I) B (I.20), & Taxkwe, NPHHAMAS BO BHHAMaHRE, YTO



& ko

dfn ‘C«.% T R

B¢

Tne dt
ek et Y
Cy = Y SR i % 4
Z
g _SpH
— 2 - " ]
3 4/:‘ 5 f@) COOTBETCTBYET KBanpary “cpenpeil

gacrora LIP,

W, = umero cmmon L , A, - umeno emmos O oy
ypaBneHnd, AT OGDATHHX TEMIEpaTyp, ONACHBANMHUX KPOCC-DelaK-
cammp B paccMarpmnaemoll cmcereme:

Fo-oi-nee %5

(I.22)

SR a2 )

A p Wi~ - Ys Wy —0¢
Pt S s ( 4 gl

rnedWe, = l‘(% BEDOATHOCTE KpOCC=DEIaRCAIIORAOTO

I
1epexona.
MeHHOe HAaCHmammee moie uacTo™H L = Ws ., Torna B cucreMe ypap-
nennii (I.22) MORHO HOMORATH %55 =0 . Pemasg npum 3ToM ypaBHEeHAA
M $: B (b, C HESATHHHME JCIORRANMI jsl =9>a=&’>1. , B CTa-
INOHADHOM CHAYYSE [OMYUMM:

' jwl'ws)m .o D:Q\J:—‘*’S)
%1 h@*—"”s)% Ly %L ’ (S‘l* (Lp=10g) + Wy ?" (1.23)




B

Vs supazenns (1,23) caexyeT, 9TO B MPONECCE KDPOCC-DEAaR-
cammmn [PORCXONUT CYMECTBERHOE u3MeHenme Temueparypd P, B 3&-
BACHMOCTA OT 3HaKa paccrpoimm W, - Ws JUIP wm oxnampaeres
(3HaR moc) mam meperpepaerca (3Hak umAayc). Oruermm Lpyroi
Bamnuil gaxr, KOTOpHiI Tarme cienyer m3 (1.23). B pesyasrare
KpOoCC~penarcarmn, BOOOmME I'OBODA, HE [NPONCXOJNNAT RHpABANBaHRA
3€6eMAHOBCRUAX TeuMOepaTyp. Pampbe Tempeparypd cnnm;“ N8KETOB
%l= [ss ycranapmsapres ammp opu W, = Ws . Jror nocnexmmii
caydail cOOTBETCTBYET DE3YABTATAM TEOPDHR KpOCC~penarcamun bBiom-
Geprena / 36 /.

[IpmBeneM Teneps ypapHeHmnd A CAyYas KpOCC-pelarcalmn
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