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BBE,11,EHIIE 

KaK H3BeCTHO, aHaJIHTH'IeCKHe perneHH5I, B 

l.f3CTHOCTH, aBTOMOIJ;eJihHhie H KBa3HCTaIJ;HOHapHbie, 

AO CHX nop IIIHpOKO npHMeH5IIOTC5I B reoKpHOJIOrHH, 

5IBJI5I5ICb OCHOBOH IJ;JI5I nporH03HbIX cxeM pacl.feTa, B 

TOM l.fHCJie B HOpMaTHBHOH JIHTepaType, H tJ;aBa5I 

BITOJIHe YAOBJieTBOpHTeJihHOe Kal.feCTBeHHoe H KO

JIHl.fe.CTBeHHOe COilOCTaBJieHHe c tJ;aHHbIMH HaTyp

HbIX Ha6nrotJ;eHHH. CpaBHeHHe TO'-IHOCTH pa3JIHl.f

HhIX cPOPMY JI IJ;JI5I Bbil.fHCJieHH5I CKOpOCTH npoMep-

3aHH5I-OTTaHBaHH5I, IlOJiyl.feHHbIX Ha OCHOBe KBa-

3HCTaIJ;HOHapHoro npH6JimKeHH5I, npoBetJ;eHO [Bo
mmwaa, 1972 ], a 3aTeM 6onee nonHo [I'pe<iul.11ea u 
8p., 1980 ]. B IlOCJietJ;HeH pa60Te OCHOBHOe BHH

MaHHe ytJ;eJieHo Bonpocy 06 OilTHMaJibHOH TOl.fHOCTH 

pacl.feTOB, npH yl.feTe pa3JIHl.fHOro l.fHCJia BJIH5IIOIIJ;HX 

Ha HHTeHCHBHOCTb npou:ecca npoMep3aHH5I ¢aKTO

poB. 0tJ;HaKO BCe npoaHaJIH3HpOBaHHbie COOTHOIIIe

HH5I CTe¢aHa, BeprpeHa, XaKHMOBa, ,11,oKyl.faeBa, 

IlaBJIOBa H Bano6aeBa 6bIJIH nonyl.feHhI aBTopaMH 

etJ;HHbIM MeTOIJ;OM npH npetJ;ITOJIO:>KeHHH 0 JIHHeH-

~ 11. A. KoMapoB, 1997 

HOCTH npo¢HJI5I TeMnepaTyp B rrpoMep3amru:eil (OT

TaHBaroru:eil ) 30He H Il03TOMY yl.feT HecTaIJ;HOHap

HOCTH peaJihHhIX TeMnepaTypHbIX noneil (pHC. 1) 

MO:>KeT npHBeCTH K onpetJ;eJieHHhIM KOppeKTHBaM 

pe3yJihTaTa. c IJ;pyroil CTOpOHhl, aBTOMOIJ;eJihHhie 

pemeHH5I IIIHpOKO HCilOJib3YJOTC5I KaK TeCTOBhie npH 

l.fHCJieHHOH peaJIH3aIJ;HH 3a}J;al.f npoMep3aHH5I-OT

TaHBaHH5I Ha 3BM. Ilo3TOMY ou;eHKH BeJIHl.fHH nor

pemHOCTeH, B03HHKaJOIIJ;HX Me:>KAY TOl.J:HblM (He

CTaIJ;HOHapHbIM) pemeHHeM H ero npH6JIH:>KeHHbIM 

perneHHeM, IlOJiyl.feHHbIM Ha OCHOBe KBa3HCTaU:MO

HapHOCTH, a TaK:>Ke HaXO:>KIJ;eHHe npetJ;eJIOB npH

MeHHMOCTH IIOCJie}J;HHX 5IBJI5IeTC5I IJ;OCTaTOl.fHO aKTy

aJihHOH 3atJ;al.feH, KOTopym Mbl pemaeM, HCIIOJlb3Y5I 

MeTOA Manoro rrapaMeTpa [K038o6a, 1975 ]. Ilpn

MeHeHHe MeTOIJ;a B03MyIIJ;eHHH Il03BOJrneT rrpoBeC'l'H 

Ha etJ;HHOH OCHOBe o6o6ru:eHHe pe3yJihTaTOB, rrony

l.feHHhIX TaK:>Ke H tJ;pyrHMH MeTOIJ;aMH, HarrpnMep 

6anaHCOBhIM MeTOIJ;OM KytJ;p5IBU:eBa, n npetJ;JIO:>KHTh 

p5IIJ; HOBbIX pe3yJihTaTOB, IIOJiyl.feHne KOTOpbIX c 
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PMc. 1. XapaKTep pacnpe.n,enemrn TeMnepaTyp B 

Mep3JIOH Ji! TaJIOH 30ttax MaCCHBa. 

I1p11 OTCYTCTBl1H Terrnoo6MeHa c n0)1CTHJia!Oll.(11MH n opo)1aMl1 (a) 
11 np11 ero HaJIHqHH (6): 1 - aBTOM0)1eJibHOe pewett11e no 
cjJopMyJie (3) )1JISI rnyqasi a, 11 KJiacc11qecKoe pewettHe (cjJopMyJia 
Hei1Matta) )1JISI rnyqasi 6; 2 - pewett11e MeTOJ10M MaJioro napa
MeTpa (6) H (7) )1JISI a, no (10) )1JISI 6; 3 - KBa311CTa[.\HOHapHoe 
npH6JIHlKeHHe (cjJopMyJia CTecjJatta) 111rn a, cjJopMyJia KpbrJiosa 
)1JI SI 6; 4 - peweHHe MeT0)10M Jlei16eH30Ha (11) )1JISI 6; tn , t0 , 

t3 - COOTBeTCTBCHHO, TeMnepaTypa Ha nosepxHOCTl1 nopo11, Ha 

TI0)10IllBe CJIOSI HYJICBblX r0)10BblX aMnJIHTYJ1. Ha rpaHl1[.\e pa3)1eJia 
30H (TeMnepaTypa HaqaJia 3aMep3amrn). 

nOMOIIIhIO ]:1pyr11x MeTOAOB npo6JieMaTHqHo. Pac

CMOTpHM Ha.1160Jiee npOCTOH CJiyqa:H. 

a. Ilp0Mep3au11e Macc11sa nopoJJ,, uaqaJihttasi: 

TeMnepaTypa KOTOporo IlOCT051HHa H pastta TeM 

nepaType ¢a3osoro nepexoJJ,a t,. 3ToT cJiyqa:H 

onHchrnaeTC51 aBTOMoi:i;eJihHOH 3a]:laqe:H CTe¢aHa 

(3ai:i;aqa JlaM3-KJia:HnepoHa). TeMnepaTypa Ha 

IlOBepxHOCTH IlOJiy6ecKOHequoro MaCCHBa nopoi:i; B 

HaqaJihHbIH MOMeHT MrHOBeHHO CTaHOBHTC51 ITOCT0-

5IHHOH H paBHOH tn. ITpH 3TOM IT051BJI5IeTC51 

ITO):(BH)KHa51 rpaHH~a pa3i:i;eJia ¢a3 .;(r). PerneHHe 

3a]:laqH H3BeCTHO [0CH08bl .. . , 1959] H HMeeT BHA: 

t)x, r) = trr + (t
3 

- tn) erf (x/2 Va~r)/ 

d/ erf (/3/2 va:,), .; = f3 ¥r. (1) 

3i:i;ech f3 onpeAeJI5IeTC51 113 ypaBHeHH51: 

z ~.XP (z2) erf (z ) = CM(trr - t3)/Qq, Vii, a z={312 va:,; 
CM = A.j aM; ri:i;e erf () - HHTerpaJI orntt6oK; A.M, aM, 
CM - TenJionpoBO):(HOCTh, TeMnepaTyponpoBOA

HOCTh H TeilJIOeMKOCTh Mep3JihIX nopOA COOTBeTCT

BeHHO; Qcp - TeITJIOTa ¢a30BbIX nepeXOAOB; x, T -

KOOPAHHaTa H BpeMSI COOTBeTCTBeHHO. 

YpaBtteHHe (1) pernaeTc51 Ha 3BM c noMOIIIhIO 

q11cJieHHbIX MeTOAOB' a npH6JIH)KeHHOe perneHHe 

noJiyqaeTC51 nyTeM pa3JIOYKeHH51 cPYHK~HH erf ( z ) H 

exp ( - z2) B P51Ahl AJI51 MaJihIX z. ITocKOJihKY Bhirne

yKa3aHHbie p51AhI 51BJI5IIOTC51 6hICTpocxoA511IIHMHC51, 

TO npH z « 1, MO)KHO orpaHHqHTbC51 nepBbIMH qJie

HaMH pa3JIOYKeHH51 p5Ii:i;a. IToi:i;cTaBJI5151 3TH 3HaqeHH51 

B (1), noJiyq11M: 

2z = o = [2C (t - t )IQ ]112 np.11 z « 1, (2) 
M IT 3 cp ' 
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a, IlOLJ;CTaBJI5151 (2) B (1)' IlOJiyqHM H3BeCTHYIO 

¢opMyJiy CTe¢aHa. Oi:i;HaKo 3To YKe cooTHorneHHe 

MOYKHO noJiyqHTb H3 perneHH51 HCXOLJ;HOH CHCTeMbl 

AJl51 CJiyqa51 JIHHeHHOH annpOKCHMa~HH npo¢HJI51 

TeMnepaTyp (CM. pHC. 1)' T . e . HCITOJib3Y51 

KBa3HCTa~HOHa pHoe np116JIHYKeHHe, npHMeHHMOCTb 

KOToporo CB513aHO c BbIIlOJIHeHHeM ycJIOBH51 z « 1 B 

(2). <DH3HqecKH 3TO o6yCJIOBJieHO Tpe6oBaHHeM, 

qTo6hI TeITJIOTa, KOTOpa51 HLJ;eT Ha nepeCTpOHKY IlOJI51 

B Mep3JIOH 30He CM/'i,.t, 6hIJia MHoro MeHhrne, qeM Ta, 

KOTopa51 HLJ;eT Ha ¢a30Bbie nepeXOLJ;bI, T. e . 

CM/'i,.t « Qq,. B npei:i;eJiax, Kori:i;a CM/'i,.t ~ 0, Bee noi:i;

BOAHMoe TeITJIO HLJ;eT Ha ¢a30Bhie nepexOLJ;bI, a 

npo¢HJib . TeMnepaTyp 6yi:i;eT JIHHeHHbIM. l1HbIMH 

CJIOBaMH, n p HMeHHMOCTb KBa3HCTa~HOHapHoro 

npH6JIH)KeHH51 o6ycJIOBJieHa Tpe6oBaHHeM, npH KO

TOpOM H3MeHeHHe MaCCbI KpHCTaJIJIH3YIOIIIeHC51 BO

Ahl 3a BpeM51 ycTaHOBJieHH51 ITOJI51 TeMnepaTyp B 

30He 6hlJIO HHqTO)KHO MaJio. KaK cJiei:i;yeT H3 (2), 

¢opMyJia CTe¢aHa np11 npoq11x paBHhIX ycJIOBH5IX 

6yi:i;eT Jiyqrne pa6oTaTb AJl51 CJiyqaeB: OTTaHBaHHSI 

CHJibHOJibLJ;HCTbIX MaCCHBOB; npoMep3aHH51 HH3HH, 

Top¢5IHHKOB c 6oJihIIIHM BJiarocoi:i;epYKaHHeM 11 xy 

YKe, AJI51 BOLJ;Opa3i:i;eJihHbIX 3JieMeHTOB peJihe¢a, CJIO

YKeHHbIX xoporno i:i;peHHpyeMhIMH nopoi:i;aMH H T . A· 

Bb1IIIenp11Bei:i;eHHh1e coo6pa)KeHH51 o npaBoMo qHOCTH 

HCITOJib30BaHH51 KBa3HCTa~HOHa pHoro npH6JIH)Ke

HH51, AJl51 HaXOYKLJ;eHH51 BeJIHqHHbl .; 5IBJI5IIOTC51 Kaqe

CTBeHHbIMH, IlOCKOJibKY He yKa3bIBaIOT rpaHH~ 

npHMeHHMOCTH . .Il,JI51 TaKOH o~eHKH BOCITOJib3YeMCSI 

MeTOAOM MaJioro napaMeTpa. MaJihIH napaMeTp MO

)KeT BbITeKaTb H3 IlOCTaHOBKH 3ai:i;aq11 HJIH BBOLJ;HTC51 

HCKYCCTBeHHO • .Il,JI51 06cy)Ki:i;aeMoro cJiyqa51 BeJIH

q11Ha MaJioro napaMeTpa HMeeT COBeprneHHO 51CHbIH 

¢11311qeCKHH CMbICJI, yKa3aHHbIH BbIIIIe B COOTHO 

meHHH (2). IT pH BBei:i;eHHH HOBhrx n epeMeHHhIX: 

T = (t3 - t )/(t3 - trr), e = C.,(t3 - tn)/Qcp H 
µ = t:TaM 11cxoi:i;Ha5I KpaeBa51 3a,D,aqa np.1106peTaeT 

BHLJ;: 

aT a2T 
e aµ = ax2 , µ > 0 x E (0 (u)). - iJT I = d~ . 

ax x = ~(uJ d,L1' 

T(oo,µ) = T (x 0) = 0· T(O µ) = l; 

T.,( (u) µ) = 0. 

IIJJB1003"::z:::::=.::!'!mi 

aBJieH

H3Me-

(3) 

_..""'u 1..1a30BaHHYIO 
~-~~ peH~HpyeM 



OEOEII(EHHE ABTOMOPEJibHblX J1 KBA3l1CTAL{J10HAPHblX PEllJEHHJf 

T = 1 - f [ 1 - ~ (;~ - 1) + 

+ ~ c~~4 + ::4 - ... ) J, 
µ = ~ (1 + ~ - ~e; + ... ) . 

(4) 

(5) 

AHa1urn p51)J,OB ( 4, 5) ITOKa3hrnaeT, qTo Bb1pa

:>Kemre )J,JISI rrepBoro qJieHa pa3JIO:>Kemrn (n = 0 -
,,HyJieBoe" ITpH6m1:>Kem1e) B HCXO)J,HbIX rrepeMeH

HblX COOTBeTCTByeT JIHHeMHOMY (cTauHOHapHOMy) 

rrpoq:mmo TeMrrepaTyp B Mep3JIOM 30He (CM. pHC. 1) 
ff BeJIHqHHe MOUIHOCTH 3TOM 30Hbl ; ' paccqHTaHHOM 

ITO ¢opMyJie CTe¢aHa. BTOpoe (n = 1) H TpeThe (n = 
= 2) CJiaraeMbie p51)J,OB 51BJI5UOTC51 ,,HeCTauHOHap

HbU.ra " )J,06aBKaMH K HeB03MyUieHHOMY (CTauHO

Ha pHOMy) perneHHIO. Pe3yJihTaThI cpaBHeHH51 3Ha

l!eIDJ.:i:i. ;, paccqHTaHHhie ITO ¢opMyJie CTe¢aHa c 

IIOMO~IO p51)J,a (5) H aBTOMO)J,eJihHOM 3a)J,aqH (1)' 
KOTOpa51 ITpHHHMaeTC51 3a ,,TOlJ:HOe" perneHHe, ITpe)J,

CTaBJieHbl Ha pHC. 2. 113 Hero BH)J,HO, qTo ITPH M3JibIX 

e < 0' 15 HCITOJib30BaHHe KB33HCTauHOHapHoro 

ITpH6mI:>KeHH51 rrpaBorrpaBOMOl!HO c ITOrpeITIHOCTbIO 

M Hee 10 % , a CJie)J,OBaTeJibHO, oueHKa rJiy6HHbl 

e30HHOro ITpOMep3aHH51 (OTT3HB3HH51) ITO ¢opMyJie 

CTe¢aHa He ITpHBO)J,HT K cyUieCTBeHHhIM ITorpernHo

CTIDvL 0 )],HaKo, KOr)J,a COOTHOITieHHe TeITJIOaKKYMY

JI5I]J:HOHHOM crroco6HOCTH MaCCHBa rropO)J, H )J,HHa -

1IDU1 ero BJia:>KHOCTHOro IIOJI51 TaKOBO, qTO 

e > 0' 15' TO )J,JI51 HaXO:>K)J,eHH51 TeMnepaTypHbIX ITO

;ie.11 M BeJIHl!HHbl ; ueJiecoo6pa3HO MCIIOJib30BaHMe 

a BTOMO)J,eJihHOro perneHH51 HJIH peIIIeHH51 (4, 5). 
f1 pHLieM )J,JI51 rnHpoqaifmero cITeKTpa ITPHPOAHhTX 

C.iIOBHM, Kor)J,a e < 2,0, TPH CJiaraeMbie p51)J,a (7) 
6ecrre'!MBaIOT YAOBJieTBOpMTeJihHYID TOl!HOCTh 

o u eHKH ;. 

c,;c,CT 
1,5 

1,4 

1,,3 

1,2 -

-/ 

/ -
/ --· 

/ --· //. 
//' 

#'. ,,. 
I 1 . 1 

1,0+-----

0 0,5 1,0 1,5 2,0 E 

P11c. 2. CpaBHeHtte pacqeTHbrx 3Haqetttti1 MOIU

HOCTH 30Hbl npoMep3aHHSI HOpMttpOBaHHOH no co

OTBeTCTBy10ruei1 BeJIHl{liHe ; ' oueHeHHOH no 

cpopMy ne CTecpatta, B saBHCHMOCTH OT BeJIHl{HHbI 

Manoro napaMeTpa <:. 

I - anTOMO).leJihHOe pewem1e (3), np11H11MaeMoe 3a TO•rnoe; 2 -
np116JI11)KeHHOe peweH11e MeTO).IOM MaJioro napaMeTpa, c TO'IHO
CThJO ).10 3-ro 'IJieHa ac11MTITOTl1'1eCKOro p!!).la (7); 3 - KBa311-
CTa!..1110HapHoe peweH11e (cj:JopMyJia CTecj:Jana). 

6. YqeT TeITnoo6MeHa c no)J,CTttJialOIUHMH 

nopO)J,3MH. 3TOT CJiyl!aM OITHCbIBaeTC51 KJiaccwrec

KOM aBTOMO)J,eJibHoii 3a)J,aqeif CTe¢aHa [0cH0<3bL .. ., 

1974 ]. Hcxo)J,51 M3 coo6pa:>KeHnii o ueJiecoo6pa3-

HOCTM KOMITaKTHOro M3JIO:>KeHH51 MaTepHaJia 

33ITHIIIeM cpa3y o6o6UieHHOe COOTHOIIIeHtte )J,JI51 Ha

XO:>K)J,eHH51 (3 H3 3a)J,al!H ITPOMep3aHH51, npH HaJIHl!HH 

CHe:>KHOro IIOKpOBa Ha IIOBepXHOCTM MOUIHOCTbIO 

lcH ' KOTOpbIM MeH51eTC51 BO BpeMeHH ITO ITapa60JIHlJ:e

CKOMy 3aKOHY lcJr) = y Yr . .[LJI51 rroJiy6ecKOHel!HO

ro MaCCMBa ITPH nOCT051HHOM TeMrrepaType ITOBepx

HOCTH, 3a)J,aqa CBO)J,HTC51 K aBTOMO)J,eJibHOM H H3Be

CTHO ee TOqHoe peIIIeHMe [<l>eJLbOMait, 1977]. BM}:( 

TpaHcueH)J,eHTHOro ypaBHeHM51 c yqeTOM COOTHO

IIIeHHM (3(aM) l/2 = 2z = 0 6y)J,eT: 

0 C (t -t) exp (-z2) z- _ M 3 0 

2 v'i'Qq,erf (z )+(ljlett) (ac/a)l/2 erf (y/2v~~) 

CCH(t0 - t,) exp (-z2aM/aT) 

Qq,(aM/ aT)l/2 erfc (z (aM/ aT)l/2)' 
(6) 

r)J,e HH)J,eKCbI "T" H ,,CH" OTHOC51TC51 COOTBeTCTBeHHO 

K TaJihIM nopo)J,aM H CHe:>KHOMY rroKpOBy. 

Kor)J,a y = 0, ypaBHem1e (6) )J,aeT cooTHome

HHe )J,JI51 oueHKH (3 B KJiaccnllecKoii 3a)J,aLie CTe¢a

Ha, a ecJIH n t0 = t
3

, TO (6) ITepexO)J,HT B (1). ITpn 

peIIIeHHH paccMaTpHBaeMOM 3a)J,al{H MeTO)J,OM B03-

MYUieHHM, 51CHoe cPH3HqecKoe o6ocHoBaHHe BBe)J,eH

Horo MaJioro ITapaMeTpa, KOTOpoe 6bIJIO )J,3HO BbIIIIe, 

y:>Ke HerrpHeMJieMo. MaJihIM ITapaMeTp BBO/:IMTCSI 60-

Jiee HCKYCCTBeHHbIM cnoco60M [KOMapoa U op., 
1987], HO TaK, l!T06hr BeJIHqMHa 6e3pa3MepHoro 

ITapaMeTpa e )J,JI51 nepeMeHHhIX <:1 = C)t
3 

- t,)!Qq, 
H <: 2 = C/t0 - t,)!Qq, B peaJihHhIX ycJIOBH51X HMeJia 

IT0p51)J,OK e < 1 H MOrJia cqnTaTbC51 MaJibIM qHCJIOM. 

Tor)J,a MaJihIM rrapaMeTp BBO)J,HTC51 B ypaBHeHMe (6) 
rrpH y = 0 cJie)J,yIDUIHM crroco6oM. 06o3Haqa51 qepe3 

t (o) cPYHKunro, KoTopa51 IToJiyqHTCSJ, ecJIM 3a

MeHHTh Z = o/2 H pa3)J,eJIHTb Ha rrpaByIO LiaCTb 

paBeHCTBa (6) , rroJiyqHM: f (o) = <:2, ITPH 

<: E [0, 1 ]. BocrrOJih30BaBIIIMCh TeM, qTo f (<:) 51BJI5I

eTC51 aHaJIMTHl!eCKOM cPYHKuHeM rrapaMeTpa E M 

MO:>KeT 6bITb pa3JIO:>KeHa B p51)J, )J,JI51 ero MaJihIX 

3Haqem1ii, KOpeHb ypaBHeHH51 (6) rrpe)J,CTaBJI51eTC51 

p51)J,OM 110 CTeITeH51M rrapaMeTpa B03MyUieHH51 £: 
n = oo 

O(E) = 2: On En, r)J,eOn: 
n=l 
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I1HTepeCHO OTMeTMTb, l!TO nepBoe CJiaraeMoe 

MMeeT BMA ¢opMyJihI CTe¢aHa, no):(KopeHHoe Bbipa

:tKeHtte KOTOporo B )J,aJibHelirIIeM 6y):(eM o6o3HatiaTb 

.;~,a BTopoe cJiaraeMoe o6o3HatIMM S. Ll,JI5I cJiyLiaeB, 

KOr):(a e < 1, ¢opMyJia (8) )J,aeT YAOBJieTBopMTeJih

Hoe conOCTaBJieHMe c 11;aHHbIMM, noJiytieHHhlMM M3 

aBTOMO)J,eJibHOH 3a11;aLIM, M 6JIM3Ka no TOLJ:HOCTM K 

OJieHKe .; no ¢opMyJie Jieli6eH30Ha [OcHOGbL .. ., 

1974]: 

.; = (t2 + S2)1/2 - S· S = C It I (a r/n)l/2/Q . (9) SCT ' T 0 T cp 

Ll,JI5I mttpoKoro cneKTpa HaTypHbIX ycJIOBMH 

ce30HHOro npoMep3aHM5I BeJIMllMHa s < 1 M n03TOMY 

.;~T » S2, TOr)J;a ypaBHeHMe (9) CTaHOBMTC5I M)J;eH-

TMl!HbIM pemeHmo, noJiytieHHOMY c nOMOliibIO ABYX 

LIJieHOB p5I)J;a (8). 

KBa3MCTaIIMOHapHoe pemeHMe 3a11;atIM npoMep-

3aHM5I npM ycJIOBMM nOCT05IHCTBa BeJIMLJ:MHbI TenJIO

nOTOKa M3 no)J,CTMJiaIOliIMX nopo11; (qT = const) 6hIJIO 

11;aHo KpbIJIOBhIM [OciiOGbl .. ., 1959 ]. PemeHMeM 

5IBJI5IeTrn ypaBHeHMe TMna (9), me S = qTr I Q<P. 
BottTKOBCKMH (1954), EaJio6aeB (1966), IlaBJIOB 

(1975) nOJIYllMJIM no11;06Hhle pemeHM5I nyTeM MH

TerpttpoBaHM5I ycJIOBM5I CTe¢aHa npM HeCTaJIMOHap

HOM nOTOKe CHM3y, O)J;HaKO B OTJIMLJ:Me OT Jieli6eH-

30Ha npo¢MJib B HM:tKHeH (TaJioll) 30He HMM He 

HaXO)J;MJIC5I M3 pemeHM5I nO)J,llMHeHHOH 3a11;a1IM c 

npMBJietieHMeM pa3JIM1IHOro po11;a 3MnMpMLieCKOH 

MH¢opMaJIMM. B LiaCTHOCTM, pemeHMe IlaBJIOBa 

( 197 5) npe11;cTaBJI5IeTC5I B BM)J;e ypaBHeHM5I (9): 

A t 'rl/2 
S = T O M 

(na )lf2(Q + 1 2C t ' n- 1/2) 
T <P ' TO 

Ut T .;2 _ n 

CT - Q + 1 2C t ' n-1/2' cp ' T 0 

r;:i,e t
0

' - ycpe):(HeHHoe 3HaLieHMe TeMnepaTyphI, 

KOTopoe MCnOJih3yeTC5I BMeCTO 3a)J;aBaeMoro Ha

LiaJihHOro pacnpe):(eJiemrn B TaJioli 30He t/x, 0) M 

MOX<eT onpe11;eJI5IThC5I JIM6o KaK cpe11;HeMHTerpaJih

Ha5I B CJIOe HyJieBhIX rO)J,OBbIX aMnJIMTy):(, JIM6o Ha 

OCHOBaHMM Ha6JIIO)J;eHMH Ha CTaJIMOHapax. 

B. TeMnepaTypa Ha nosepxHOCTH MeHReTCR 

no nepHOAHLieCKOMY 3aKotty, yLIHThrnaeTCR TenJio

o6Mett c noLl,CTHJiaIOll.l,HMH nopoL1,aMH. PaccMoTpMM 

attaJIOrMllHYIO 3a11;aqy (nyHKT 6) npM ycJIOBMM, l!TO 

Ha noBepxHOCTM nopo11; TeMnepaTypa M3MeH5IeTC5I 

no nepMO)J,MLJ:eCKOMY 3aKoHy. 

IlpM6JIM)KeHHOe pememi:e 3a)J;aLIM noJiyLieHO 

Ky11;p5IBJieBhIM [OciioGbt .. ., 1975], ocHOBHa5I M1J;e5I 

aMnJIMTYA H 0 3a11;aeTC5I 3aBe11;0Mo MCKaX<eHHhIM oT

HOCMTeJibHO MCTMHHoro, ii:o TaKMM o6pa3oM, LIT06hl 

BhlnOJIH5IJIMCb ycJIOBM5I 6aJiaHca TenJia (TenJioo6o

pOTOB) B 3TOM CJIOe 3a onpe11;eJieHHbIH nepMOA Bpe

MeHM, paBHhIH ro11;y T. TaKMM o6pa3oM, ypaBHeHMe 

TenJionpoBOAHOCTH YAOBJieTBOp5IJIOCh B cpe11;HeM. 

Ll,JI5I CJiyLia5I, Kor11;a TenJIOcPM3HLJ:eCKMe xapaKTepMC

TMKM B TaJIOM M Mep3JIOM COCT05IHMM paBHbI, a 

TeMnepaTypHa5I C)J,BM:tKKa OTCYTCTByeT' BhlpaX<eHMe 

)J;JI5I HaXO)K)J;eHM5I BeJIMllMHbI MOliIHOCTM .; MMe eT BM)]; 

[0Cii06bl .. ., 1975 ]: 

2(A
0 

- I t0 I) (ATC )1/2 

.; = n l/2 + 

(2A g2 C + SQT)Qd_,(AT!nC )1/2 / 
cp c 2A C+ (10) 

2A g C+Q g+(2A C+Q )(AT/nC )112 cp Q<P , 
cp 2c cji cp cji 

TpaHCJieH)J,eHTHOro ypaBHeHM5I, KOTopoe pemaeTC5I 

LJ:MCJieHHbIM MeTO)J;OM. 

CooTHomeHMe MeX<AY 3HaLJ:eHM5IMM aMnJIMTYA 

Ao, Acp' Anp (COOTBeTCTBeHHO, MaKCMMaJihHOH, cpe11;

HeH M npMBe)J;eHHOH) 11;aHO Ha pMC. 3. 
B 3aBMCMMOCTM OT COOTHOIIIeHM5I TenJioo6opo

TOB, MAYliIMX Ha ¢a30Bbie nepeXO):(hI Qw M Ha nepe

CTpoliKy TeMnepaTypHoro nOJI5I B Mep3JIOH M TaJIOH 

30Hax, QC npMHJIMnMaJihHO MOryT peaJIM30BaTbC5I 

)];Ba npe11;eJihHhlX cJiyLJ:a5I : n epBbIH, Kor11;a Qw « Qc 
xapaKTepHbIH, HanpMMep, AJI5I npoMep3amrn HeBo

AOHaChiliieHHhIX nopo11;. Tor11;a A ~ A M BeJIM-
ne cp 

llMHa .; ' MCXO)J;5I M3 (10) ' 6 y11;eT HaXO)J;MTC5I no 

M3BeCTHOMY COOTHomeHMIO )J;JI5I c p e):(hI , B KOTOpOH 

OTCYTCTBYIOT ¢a30Bhie nepexo.qi,1: 

x 

Pttc. 3. Ilpocp11;Tb 3a·ryxa1:11:Wr ~m..n·1T 

6tttte CJI05I HyJieBblX ifO>:t@ n' .. 
B. A. Ky,!1,p5IBU,eB ) s::i;ecJ> - cooTBeT-

CTBeHHO a l\m illiT)'.iJa Ha mr 

npHBe)J,eHHaR a MII.J[llT )f a . 

nO)J,XO)J,a KOToporo 3aKJIIOLiaeTC5I B TOM, LJ:TO BM)]; Qq, - TenJio, 11JzyIIl,ee 

TeMnepaTypHoro npo¢MJI5I B cJioe ttyJieBbIX ro11;0BhIX KOCTb. 
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OEOEll(EHHE ABTOM04EllbHhIX JI KBA3HCTAL(l10HAPHhIX PEIJJEHHif 

f, = (J..T/C:n)112 ln(A0/lt0 1), r)l,e f,=H0 ; BTopoli, 

KOr)l,a Qw » Qc (npoMep3aHHe YBJia)l(HeHHhIX nopo)l,, 

o rraHBaHHe CHJihHOJih)l,HCThIX MaCCHBOB J1 T. )],.) . 

Targa , KaK 3TO cJie)l,yeT H3 pHc. 3, BeJIH'IttHa 

A => Qj2C, a A => 0. 011,eHHM yrnoBH5I Korga 
np '!' cp 

3To peamrnyeTcsr, BBe)l,sr nepeMeHHhie e1 = 

= 2CA
0
/Qq, = a H e2 = =2C I t0 1 !Qq, = {3, KaK 3TO 

::ie.rraHo B. E. PoMaHoBCKHM, rrocTpOHBIIIHM Ha HX 

o HOBe HOMorpaMMhI )l,JI5I pacl.J:eTa no ¢opMyJie Kyg-

SIBD,eBa. Ho B nyHKTax a, 6 noKa3aHo, '-ITO napa-

• ceTpbI TaKOH CTpyKTYPhI ITOJIHOCThIO aHaJIOrHl.J:HhI 

BBe,!l.eHHOMY MaJIOMY napaMeTpy e. IlapaMeTpbI B03-

' m_emrl'r 6ygyT MaJihI (T. e . el« 1 H e2 « 1) B 

;ryqae, Kor.u.a Qq, » 2CA0 tt Qq, » 2C I t0 I . Ilpeo6-

pa3 y sr Bhipa)l(eHtte )l,JI5I cpe]l,Heil anJIHTYAhI (10) 

rryTeM .n.eJieHH5I lJHCJIHTeJI5I H 3HaMeHaTeJI5I Ha 

0 / 2C , noJiylJttM, 'ITO A => 0, Kor.u.a c 3a)l,aHHOM . cp 
TO'IHOCThIO BhIIIOJIH5IIOTC5! COOTHOIIIeHH5! ln ( e 1 + 
+ 1) = e1 H ln (e2 + 1) = e2• <l>opMyJia Ky)l,p5IBil,eBa 

(1 0 ) AJI5I rny'-la5I, KOr)l,a Acp = 0 cyurecTBeHHO yn

p uraeTC5I H nocJie npeo6pa30BaHHH CBO)l,HTC5I K 

paccM oTpeHHOMY y)l(e Tttny KBa.n.paTHOro ypaBHe

IDl.5I (9), r .n.e S = [2 (A0 - I t0 I) (J..TC/ n)l/2 ]/ Qq,, a 

~ = 2A ( A 0 - - I t0 I ) TI nQq,. Bhrpa)l(eHwe 5IBJI5IeTC5I 

aHaJIOroM cPOPMYJihI Jleii6eH30Ha )l,JI5I cPHKCHpOBaH

HOrO .n.ttana3oHa BpeMeHtt paBHoro T (nptt 3HaKe 

,, - " rrepe)l, S). Ha pttc. 4 rrpttBe,!l.eHhI pe3yJihTaThI 

paclfeTOB no KBa]l,paTHOMY ypaBHeHHIO (9) H ¢op

My Jie (10). CpaBHeHtte noKa3hrnaeT, 'ITO B IIIH

p oqaumeM )l,Hana3oHe npHpOgHhIX ycJIOBHH, B KOTO

poM peaJIH3YIOTC5I COOTHOIIIeHH5I 0 :5 e 1 (/3) :5 3 '0 :5 

:Se/a) :5 9,0, om116Ka paclfeTa He rrpeBhrmaeT 

20 % , a B cneKTpe qacTo BCTpeqaeMhIX ycJIOBHH oHa 

M eHbIIIe BeJIH'-IHHhI 13-15 %. Mo)l(HO OTMeTHTh 

eure O)l,HH npe)l,eJibHhIH CJiy'IaH, B03HHKaIOurHH ga

)l(e TOr)l,a, KOr)l,a TenJioo6opoThr, HAYurtte Ha ¢a30-

Bhre nepeXO)l,hI, conocTaBHMhI c Te1rnoo6opoTaMH, 

HAYIIIHMH Ha rrepecTpOHKY TeMrrepaTypHoro nOJI5I. 

OH peaJitt3yeTC5I B TOM cJiyqae, Kor.u.a BeJIH'IHHa 

11, o/o 

0 2 4 6 810 £ 

P11c. 4. 3aBHCHMOCTh norpeIUHOCTH n, % pe3y Jih

TaTOB pac<JeTa BeJIH'IHHbI MOill,HOCTH 30Hbl npoMep-

3aHH5I f, no ¢opMyJie KYAP5IBU,eBa (10) H no 

ypaBHeHHIO THna (9) B 3aBHCHMOCTJ1 OT BeJIH'IHHbl 

Manoro napaMeTpa e. 

a 11 {J - eeJIW!HHhI Manoro napaMeTpa no cpeJ1HeroJ10Boi1 
TeMnepaType 11 ee aMnJII1TYJle COOTBeTCTBeHHO. 

aMrrJIHTYAhI A0 CTaHOBHTC5I 6JIH3Ka K I t0 I, T . e. 

A
0

/ I t
0 

I => l, H a => {3. Tor)l,a pa3Jiara5I BeJiw-IHHY 

ln ((a+ 1)/(/3 + 1)) B p5I)l,, rrpH ycJIOBHH , lJTO 

(a + 1) I (/3 + 1) => 1 H p5I)l, 6bICTpo cxogHTC5I, MmK

HO orpaHHl.J:HThC5I nepBbIM lJJieHOM pa3JIO)l(eHH5I B 

p5I)l,. Tor]l,a JiorapmpMHlJeCKHM npo¢HJih TeMnepa

TYPhI MO)l(HO 3aMeHHTh Ha JIHHeiiHhrii (cM. pttc. 3) , 
a BeJIHl.J:HHY TenJioo6opoTOB O'IeHh npoCTO 011,eHHTh 

no BeJIH'IHHe nJiouraAH TpeyroJihHHKa. Ll,JI5I 

npaKTHlJeCKHX 11,eJieii, onrn6Ka pac'-leTa no JIHHeil

HoMy npo¢HJIIO He npeBhrIIIaeT 20 % , ecmr BhTIIOJI

H5IeTC5I ycJIOBHe: [A0 + Qq/2C ]/ [I t0 I + Q q/2C ] < 
< 1,5' KOTOpoe MO)l(eT peaJIH30BaThC5I, HanpHMep, 

)l,JI5I paiiOHOB c MOpCKHM THnOM ce30HHOro npoMep-

3aHH5I (no aMnJIHTy)l,e) H ycTOHl.J:HBhIM (no cpegHe

rO)l,OBOH TeMnepaType) (Bee no KJiaCCHcPHKall,HH 

B. A. KYAP5IB11,eBa). 

r. Y<JeT HaJIH'IHR tta rroBepxttOCTH ctte)l{ttoro 

noKpOBa (CJIOSI H30JISIQHH) c 3agaHHblM BO Bpe

MeHH 3aKOHOM CHerottaKOIIJieHHSI. ABTOMO)l,eJihHasr 

3a)l,atJa paccMOTpeHa B [ <:De;ib8Mmi, 19 77], r)l, e )l,JI5I 

ee peaJIH3all,HH HcnoJih3oBaJiach napa6oJIHl.J:ecKa5T 

annpOKCHMall,HSI 3aKOHa yBeJIHlJeHHSI MOUIHOCTH 

CHe)l(HOro noKpOBa BO BpeMeHH, TeMnepaTy pa Ha 

noBepXHOCTH 3agaBaJiaCb nOCT05IHHOH tn = canst. 

Tor)l,a noJIO)l(eHHe ¢poHTa onpegeJI5IeTC5I no ypaB

HeHHIO (1), r)l,e f3 Haxo)l,HTC5I H3 (6). PaccMofpHM 

pemeHHe 3TOH 3a]l,alJH MeTO)l,OM MaJioro napaMeTpa 

)l,JI5I rnyqa51, KOr)l,a y > 0. KopeHh ypaBHeHHsr (6) 

6ygeT npegcTaBJISIThC5I p5I)l,OM no CTeneH5IM e2 ' B 

OTJIHl.J:HH OT CJiyqasr y = 0, H TOr)l,a: 

(11) 

0.u.HaKo IIOJIHOCThIO peaJIH30B3Th 3a,!l.a'Iy BO 

BCeM ,!l.Hana30He Bemr'IHH y He ygaeTC5I , noCKOJihKY 

gJI5I MaJibIX y « 1 (MOW:HOCTb CHe)KHOro CJI05I He 

BeJIHKa)' }l,JI5I o6ecrre'IeHJ15I 3a)l,aHHOH TO'IHOCTH orr

pe)l,eJieHH5I IIOJIO)l(eHH5I IIO,!l.BH)l(HOH rpaHHil,bI Hy)l(

HO HCITOJih30BaTh MHOro 'IJieHOB p5I)l,a (11)' HO )l,a )l(e 

B rrpegeJibHOM CJiy'Iae, KOr)l,a y = 0, K03cPcPHil,lteHThI 

p5I]l,a (11) He nepexO)l,5IT B K03cPcPHil,HeHTbI psr.u.a (7) ' 
T. e . pa3JIO)l(emre MeH5IeTC5I CK3'IKOM, XOT5I H 3 cPH-

3H'IeCKHX coo6pa)l(eHHH CJie)l,yeT' 'ITO TO'IHOe pe 

IIIeHtte ypaBHemrn (6) rrpH y => 0 ,!l.OJI)l(HO CTpe

MHTC5I K TO'IHOMy peIIIem110 3a,!l.al.J:H 6e3 H30JI5Ill,HH. 

Ll,eikTBHTeJibHO ypaBHeHHe (6) Targa, KOr)l,a y = 0 

rrepexogHT B J13BeCTHOe TpaHCil,eH)l,eHTHOe ypaB

HeHHe, IlOJiy'IeHHOe rrpH peIIIeHHH KJI3CCH'IeCKOH 

aBTOMO)l,eJihHOM 3a,!l.a'Itt CTe¢aHa. TaKHM o6pa3oM, 

B paMKax e,!l.HHOro aCCHMIITOTHl.J:eCKOrO pa3JIO)l(eHH5I 

peaJIH30BaTb 3a]l,a<Jy c rrpOH3BOJibHOH BeJIH'IHHOH 

MOW:HOCTH CHe)l(HOro IIOKpOBa He ygaeTC5I H Tpe6y

eTC5I onpe.u.eJieHHa5I ee AH¢¢epeHIJ,Hail,HSI, B 'IaCT

HOCTH ycJIOBHOe pa3,!l.eJieHHe noTeHirHaJibHO B03-

MO)l(HOH MOW:HOCTH CHera (H30JI5IIl,HH) Ha ,!I.Ba CJiy 

qa51: "TOHKOrO" H "TOJICTOro". H eCMOTp5I Ha TO' 'ITO 

TaKOH npHeM o6ycJIOBJieH HCKJIIOl.J:HTeJibHO cnell,H-
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Jf.A. KOMAPOB 

¢HKOH HCnOJih3yeMoro MaTeMaTH'IeCKOro annapaTa, 

OH MO)J(eT 6bITh ¢H3H1IeCKH HHTepnpeTHPOBaH. 

3a)J,a1Ia c ,,TOJICTbIM" c11oeM H30JISIU,HH. Ko

peHh ypaBHeHHSI (6) 6y)J,eT onHChlBaThCSI pSI)J,OM co 

CTeneHSIMH t:2 ( 11) , r,[(e K03¢¢ttu,HeHT 0 n 3a)'.(aeTCSI 

KaK: o = n! do 1 (o) I 0 = 0 , rAe nepBhle K0-1 (d)n -l] o )nj 
3¢¢mi;11eHThI pSl)'.(a eIOT B )'.( : 

0 - 2 ( CMltnlACH (aM)l/2 

1 - 'Vii Q<jJAM erf (/3/2 VaCH) aCH 

CTI t01 (aT) 
112 

- -- - ) H 
Q<ji QM 

0 _ ~ CH CH + _T _ -ol (c It I c A c I to I) 
2 - 7'iC Q<P CM AM erf (/3/2 va-:H) Q<P • 

<DopMy Jia AJISI HaXO)J()'.(eHHSI f3 no (1) 3anmneTCS1 B 

BH)'.(e: {3 = v'a:; (01 + 02) = f31 + f32· 
3aAalJa c ,,TOHKHM" c11oeM 113011siu,1111. B CBSl3H 

c HeB03MO)J(HOCTblO peamrnau,HH 3a)'.(a1IH )'.(JISI CJiyqa51 

e)'.(HHOro pa3JIO.IKeHHSI BOCnOJih3yeMCSI npHeMOM, 

npHMeHeHHblM BbIIIIe, a HMeHHO - pa3JIO.IKeHHeM 

¢YHKU,HH exp ( z ) H erf ( z ) B PSI.[(. Ilo)'.(CTaBHB HX 

npH6JIH)J(eHHhie 3Ha1IeHirn B ypaBHeHHe (6) H OT-

6pornB cJiaraeMhie, HMe10ni;tte nopSl)'.(OK O(t:t + t:D, 
noJiyqaeM AJISI onpe)'.(eJieHHSI KOpHeli Bh1pa.1KeHHS1 

(8) KBa)'.(paTHOe ypaBHeHHe: 

Ao2 + Bo + c = o, (12) 

A = 1 - ;M (;H) 

112 

erf (yl2 VacJ, 
CH T 

B = v'ir ; M (:cH) 

112 

erf (f3 I Ya;:.) + 
CH M 

+~ ~ +-T- -2. >0 C I t I (a ) 
112 

C I t0 I (a ) 
112 

Vii Q<P aT Q<P aM ' 

[

C It l(a a )11
2

.Jc C It I) c = 2 T 
0 ~ ~H M erf ({3 / Ya;:.) -~ < 0. 
~ M CH ~ 

Ha pHc. 5 npe)'.(CTaBJieHhl pe3yJihTaThI cpaB

HeHHSI BeJIH'IHH, paCC'IHTaHHhIX no KBa)'.(paTHOMY 

(12) H TpaHCIJ;eH)'.(eHTHOMY (6) ypaBHeHHSIM, noKa-

3aBrrrne, 'ITO npe)'.(JI0.1KeHHaS1 ¢opMyJia (12) MO)J(eT 

6hITb npHMeHeHa AJISI npaKTH'IeCKOro HCnOJih30-

BaHHSI (norpemHOCTb He Bblme 15-20 %) B CJiyqa

SIX, KOr)'.(a BeJIH'IHHa TeMna CHeroHaKonJieHHSI y 
MeHee y < 5 · 10-3 M2lq1/ 2, TenJionpoBOAHOCTh no

POA B Mep3JIOM H TaJIOM COCTOSIHHSIX H3MeHSleTCSI B 

)'.(Hana30He 0,6 < A.M H A.T < 2 BT/M' rpa)'.(, a CJIOSI CHe

ra A.CH5· 10-2 <A.CH<2BTIM · rpa)'.(, T. e. OT 3Ha-

1IeHHH, 6JIH3KHX K TenJionpoBO)'.(HOCTH B03)'.(yxa AO 

Jlh)'.(a; 3Ha1IeHHH TeMnepaTypbl Ha noBepxHOCTH npo

Mep3aIOIIJ;HX nopO)'.( tn = - 1 + - 20 ·c H Ha my-

6HHe HyJieBhIX fO)'.(OBblX aMilJIHTYA ta> 0. <DopMyJia 

npHMeHHMa npH H3MeHeHHH napaMeTpa 

8 

t: = 1 

0 C2:'.J 1 

-----1,0 / 
/~.-- · - [2]2 

0,5 
// 

(I 
f 

0 1,0 2,0 £ 

Pttc. 5. CpaBHeHHe pe3y11bTaToB paclleTa napa

MeTpa o, onpe)J,em11011J;ero npoTSI)KeHHOCTh 30HbJ 

npoMep3aHHSI npH HaJIHlJHH CHe)KHOrO noKpOBa OT 

BeJIHlJHHbI Ma11oro napaMeTpa t:. 

1 - no cpopMyJie <!JeJib)1MaHa (6) (aBTOM011enb1me pewe1rn:e); 
2 - no cpopMyne (12) (MeT0/1 Ma110ro napaMeTpa). 

= C M I tn I I Q<P B o6JiaCTH 3Ha1IeHHH 0,01 < t: < 1 , 3 

COOTBeTCTBYIOIIJ;HX, HanpHMep )'.(Hana30HY H3MeHe

HHH BeJIHlJHHhI TenJIOThI ¢a30BhIX nepexoAOB 

12 000 < Q<P < 336 000 KLI:.1KIM3, a TaK)J(e npH COOT

HomeHHH napaMeTpOB t:/ t:2 > 0,5. TaKHM o6pa30M, 

npeAJI0.1KeHHaS1 ¢opMyJia (12) npHMeHHMa )J,JISI mH

poKoro cneKTpa npHpO)'.(HhIX ycJIOBHM npoTeKaHHSI 

npo11;ecca H HMeeT CXOAHYIO CTPYKTYPY c ¢opMy

JiaMH pS1Aa aBTopoB: IlaBJIOBa, liepHSl)'.(heBa, Xa-
' KHMOBa H )'.(p., paccMaTpHBaIOIIJ;HX 3a)'.(a1IH npoMep-

3aHHSI )'.(JISI KBa3HCTaIJ;HOHapHoro npH6JIH)J(eHHSI. 

y 'leT TenJIOH30JISIIJ;HH ocyni;eCTBJISIJICSI HMH c no

MOIIJ;hlO MeTO)'.(a 3KBHBaJieHTHOro CJIOSI. 3aMeHSISI Ha-

6JIIO)'.(aeMyIO B HaTypHbIX ycJIOBHSIX MOIIJ;HOCTh 

CHe.IKHOrO noKpOBa /CH Ha 3KBHBaJieHTHYIO (¢HK

THBHyIO) MOIIJ;HOCTh /
3

, Y1IHThrna10ni;y10 TepMH'Iec

Koe conpOTHBJieHHe 3TOro noKpOBa, 6hlJia paCC'IHTa

Ha no (9) my6HHa npoMep3aHHSI, me 

s = /CH A.Ml A.CH, 

/J.. BJIHSIHHe Ten11006MeHa c npH3eMHhIM c110-

eM B03)1,yxa H npO)J,OJibHO ¢HJibTPYIOIIJ;eHCSI )KH)J,

KOCTblO. 11)'.(eSI MeTO)'.(a 3KBHBaJieHTHOro CJIOSI MO.IKeT 

HCIIOJib30BaTbCSI H AJISI y q eTa HHTeHCHBHOCTH Ten

JI006MeHa c npH3eMHDI 1 cJioeM B03Ayxa. Tor)'.(a 

MO.IKHO 3anHcaTb , 'ITO l, = (J..M/?..8 ) l
8 

= ?..M/aT, rAe l" 
H A.B - MOIIJ;HOCTb 3KBHBaJieHTHOro CJIOSI H ero 

3¢¢eKTHBHaS1 (c yqeTOM KORBeKII,HH) TenJionpOBOA

HOCTh; a T - K03cp¢HIT;HeHT T p6yJieHTHOro TenJIO

o6MeHa. IlOCKOJThK 3KCil p.H:MeHTaJibHOe HaXO)J(

,[(eHHe BeJIH1.J:.KH la H B MeTO.J;Ifl!ecKH H TeXHH'IeCKH 

3aTPYAHeHO TO, SI pa,..OTe [fl al3JZOl3, 1975], 
rJiy6HHY c e30HROr .1 p3allllSI MO:>K.HO OIJ;eHHTh c 

nOMOIIJ;blO COOTH meIIB:ll: TIDia (9) rge s = A.Ml aT, a 

; 2 = U t ' -r:/ O · A b ' = l . (R - LE )la -
CT MB3 .. 33 33 T 

TenJia Ha Bena. 

B 3 • xa R - paAHa

LE - 3aTpaThl 

IIOKa3hlBaeT, 'ITO 

J ila OHa COOTBeT-
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B eT BeJn11.ume l
3

, xapaKTep113yro:u::i;ei1 3KBJrnaJieH

TH}'10 10IIl;HOCTb HeKOH cPHKTHBHOH npoMep3aIO:u::i;eH: 

RaCbrrrn:, CJIO)f(eHHOH nopoJ:J;aMH TOH )Ke JIHTOJior11qe

oli pa3HOCTH, l!TO 11 B HaType, KOTopa51 YllHThrnaeT 

:rr 6pal1lleCKYIO J:J;06aBKY K BeJIHllHHe .; , noJiylleH

HOJ no ¢opMyJie CTetjJaHa 3a Cl!eT ttaJIHl!H51 Ha 

Il B pXHOCTH nOKpOBOB HJIH H30JI51Il;I:!J1; BJIH51HH51 

JIB K THBHOro TenJioo6MeHa c npH3eMHbIM CJIOeM 

3;:{yxa HJIH BO):l;HbIM noTOKOM noBepXHOCTHOro 

Ka . B./IJ151HH51 TenJIOBOro nOTOKa 113 no):l;CTl1Jla-

m;IIX n opoJJ. . A1rnJior11l!HO MO)f(eT paccMaTpHBaThC51 

ai'i: npoMep3aHH51 BOJ:J;OHOCHOro ropH30HTa npH 

yqcre B3aHMOJ:J;eHCTBH51 cPPOHTa npoMep3aHH51 c 

rrp OJibHO cPHJibTpyIO:u::i;eH:rn BO):l;OH. 3J:J;eCb Ha J:J;HeB

H H noBepxHOCTH 11 Ha ¢poHTe npoMep3aHH51 .;(r) 
3a}J.aHhr rpaHHl!Hhre ycJIOBH51 3-ro poJ:J;a, HHTeH-

IIBHOCTh TenJioo6MeHa Ha KOTOpbIX nponopu:110-

HaJibHa K03cPcPHU:HeHTaM Typ6yJieHTHOro TenJI006-

1eaa aT B03J:J;yxa B np113eMHOM CJIOe H a)I( - TenJI0-

0 6 1eHa c ¢11JibTpyIO:u::i;eH:c51 )KHJ:J;KOCThIO. Ha noBep

XHOCTH npoMep3aIO:u::i;ero MaCCHBa HMeeTC51 CHe)f(

milli: noKpOB co cpeJ:J;HeH 3a nepHOA rrpoMep3aHH51 

rn~OCThIO lrn . TenJionepeHoc B noKpoBe 11 Mep3-

noH: 30He nopoJ:J; nponcxoJ:J;HT KOHAYKTHBHbIM nyTeM, 

a Ha rpaHnu:e pa3J:J;eJia peaJIH3YIOTC51 ycJIOBH51 HJ:J;e

aJibHoro K OHTaKTa. PeIIIeHne MeTOJ:J;OM MaJioro na

paMeTpa c TOl!HOCTbIO AO 2 l!JieHOB p51J:J;a HMeeT BHJ:J; : 

v = - __!__ [ ip17 - In I - 1/!(1 - 11)] + 
1/!2 I -1/! 

+ c:{ 2 + 11 _ 2_ In I - 1/!(1 + 11 ) + 
3(1 + 11)2 1J 31/! I - 1/J 

+ 1/! + 2 [-17-+ ip ln (I+ 17)(1 -1/J)] }+c:2{ ... } (13) 
3 17 + I I - 1/J(l + 17) ' 

a (t - t) 

r):l;e ip = AM; (~3 - 3tn); B = AM [(!/ a1) + (lc)AcH)l ; 

CM (13 - In) 
v = aM T B2 c:; 1J = .;B; c: = Q + c (t _ t ); t"' -

cp )!( )I( 3 

cpeJ:J;Heo6oeMHa51 TeMnepaTypa cPHJibTpyIO:u::i;eH:rn 

BOJ:J;hI ; v, 1J, ip - 6e3pa3MepHhre napaMeTph1; c: -
MaJihIH napaMeTp; B - MOIIl;HOCTh 3KBHBaJieHTHoro 

CJI051 'Cl) . 
CpaBHeHne pacl!eTHhrx J:J;aHHhIX, noJiyl!eHHhIX 

no (13) H no ypaBHeHHIO 113 [JlyJCbJlH06 U ap., 
1957], npH HaJIHl!HH npOJ:J;OJlhHOH cPHJibTpau:1111 no

Ka3aJIO YAOBJieTBopnTeJihHoe coBnaJ:J;eHne B AHana-

30He c: :s 0,5 npn ncnOJih30BaHHH ABYX llJieHOB 

aCCHMnTOTHl!eCKOro pa3JIO)f(eHH51 (pnc. 6) . 
e. )1.11HaM11Ka np0Mep3amrn: np11 np0113BOJib

HOM Bl1)1.e 3aBl1Cl1MOCTl1 MOtu:HOCTl1 CHe)ICHOro IlOK

posa 11 TeMnepaTyphl )J.HeBHOH nosepxHOCTl1 OT 

BpeMett11. 3aJ:J;al!a npoMep3aHH51 npH npOH3BOJibHOM 

BH,[(e 3aBHCHMOCTeH TeMnepaTypbl noBepxHOCTH H 

MOIIl;HOCTH IlOKpOBa OT BpeMeHH HMeeT BHJ:J;: 

at (x, -r) a2 tcH (x, -r) CH :: Q 
a-r CH ax2 

(14) 

L,«lC ~1 
4000 

i:;::-:-~2 
3000 ~ 

2000 
~ 

" 1000 '-

0 0,5 1,0 £ 

P11c. 6. CpastteH11e pac11eTtth1x 3tta11ett11i1 speMett11 

npoMep3aHl1SI T cPl1KCHpOBaHHOH 30Hbl MOtu:HOCTbIO 

.; np11 HaJil1'1IU1 oceBOM cPPOHTY ¢11JlbTpau,1111 BO)J.hl, 

OT seJ1111rntthI MaJJoro napaMeTpa c:. 
1 - no MO/:IHcPl1L\11POBaHHOH cjJopMyn e JlyKbSIHOBa-roJIOBKO; 
2 - MeTO):IOM Manora napaMeTpa ):IJISI J:IBYX 'IJieHOB p51):1a (15). 

a tM (x, -r) a2 t (x, -r) a t (x, <) 
M , T :: Q 

a2 t (x, T) 
T • ---=---=a a-r M ax2 ' aT T ax2 

t11H.n . (-lcJr), r) = rp(r), (15) 

t/x, 0) = ip(x ), tjO, r) = t
0
(0, r), 

tM(.;(r), r) = tT(.;(r), r) = t,. 
a t a t 

A.M axM (0, r) = A.cu a~H (0, r), 

d i: a t a t 
+Q 2-::A, _ T -A. _r:: (16) 
- cp d-r T ax Ix=~ M ax Ix = ~· 

(tT (x, r) - gx - f
3
)2 dx < oo 

HJIH I tT (x, r) I < M. (17) 

Ha HH)f(HeH rpaHnu:e ycJioBJ1e ( 1 7) 3aJ:J;aeT 

JI1160 reoTepM1111ecK11H: rpamreHT, ml6o npe,[(noJiara -

eTC51 orpatt11:11eHHOCTh TeMnepaTyphl. C1!11TaeTC5I , 

1ITO Ha1!aJibHbie 11 rpaHH1IHbie ycJIOBH51 51BJI51IOTC51 

rJiaJ:J;KHMH cPYHKU:H51MH H, eCJIH 3TO Heo6xO}J.HMO, 

BhIITOJIH51IOTC51 ycJIOBH51 nx corJiacoBaHH.sI . P emeHne 

TaKOH o6:u::i;eH: 3a)J.a1111 paccMaTpHBaJiacb B [KoMapoa 
U ap. , 1986, 1987] . IlpH 3THX npeJ:J;nOCbIJIKaX H3Be 

CTHblMH M eTOJ:J;aMH MO)f(HO J:J;OKa3aTb TeopeMy cy:u::i;e

CTBOBaHH51 H eJ:J;HHCTBeHHOCTH peIIIeHl151 ,[(aHHOH 3a -

J:J;a1IH. KaK H ):l;JI51 aBTOMOJ:J;eJihHOH 3aJ:J;allH (CM. a) B 

paMKax eJ:J;HHOro acCHMnTOTHlleCKoro pa3JIO)f(eHH5I 

peIIIHTb 3aJ:J;a1Iy He yJ:J;aeTC5111 Tpe6yeTC51 onpe):(eJJeH

Ha51 Att¢¢epeHu:nau:1151, ycJJoBHoe pa3,[(eJieHne no

TeHU:HaJibHO B03M0)f(HOH MOIIl;HOCTH CHe)KHOrO HOK

poBa Ha ):!;Ba CJiyqa51: ,,TOHKOro" H ,, TOJICTOro " CJI051 

H30JI51U:HH. ,il.JI51 3TOro BBeJ:J;eM 6 e3pa3MepHblH MaJiblH 

napaMeTp £ CJieJ:J;yIOID;HM o6pa30M. 3aMeHHM TOJI

IIl;HHY CJ1051 H30JI5IU:HH lCH (r) B ycJIOBHH (15) Ha 

cPYHKU:HIO c:x le,,( T), ri::i;e x npo6eraeT 1IHCJia 0, 1, a 

npaByIO llaCTh y rnoBH5I CTe¢atta Cl 6) YMHO)KHM Ha 

c: 2 (3HaK ,,nJIIOC" COOTBeTCTByeT CJiyllaIO npo

TaHBaHH51, a ,,M11ttyc" - npoMep3aHH51) . Bh16op 

9 



Jf.A. KOMAPOB 

l{HCJia x 3aBHCHT OT CKOpOCTH H3MeHeHH51 ¢YHKU:HH 

lcJr) H <p(r) - t
3 

B oKpecTHOCTH TOl!KH T = 0. CJiy

qaii, Korga x = 1, ycJioBHO Ha3oBeM 3agaqeil. c 

,,TOHKHM" CJIOeM, a Korga x = 0 - c ,,TOJICTbIM" 

cJioeM H30JI51IJ,HH. OrrpegeJieHtte ,, TOHKHH" HJIH 

"TOJICTbIH" CJiegyeT paccMaTpHBaTb KaK :mepre

THl!eCKOe, a He reoMeTpHl!eCKOe IIOH51THe, xapaK

TepH3YIOIIIee MOIIIHOCTb CJI051 H30JI51U:HH. B CJiyqae 
,,TOJICTOro" CJI051 BJIH51HHe TeMrra H xapaKTepa H3-

MeHeHH51 TeMrrepaTypHbIX ycJIOBHH Ha rroBepxHOCTH 

HeCyII1eCTBeHHO CKa3bIBaeTC51 Ha AHHaMHKe ¢poHTa 
rrpoMep3aHH51 (OTTaHBaHH51) H Hao6opoT, OKa3bIBa

eT orrpegeJI51IOIIIee BJIH51HHe B CJiyqae ,,TOHKoro" 

cJiosr. CJioii H30JI51U:HH ClIHTaeTC51 ,, TOHKHM", ecJIH 

orrpegeJieHHbIH napaMeTp 3agalIH 6ygeT MeHbrne 

HJIH OAHOro rropsrgKa c BeJIHl!HHOH 8..1.~./ .A.M Qq, [Ko

Mapoa u ap., 1987]. )J,eJia51 P51A rrpeo6pa30BaHHH, 

rreperrttmeM rrocJiegHee yTBep:tKgemre B BHAe KpH

TepttaJihHOro ypaBHeHH51: 

1/ Fo = 8(A.ctt Cc./.A.M CJ Ky, (18) 

rge KPHTepttii <Dyphe Fo = acH TI ~"(r), Ky - 6e3-

pa3MepHbIH rrapaMeTp, paBHbIH Ky= E = 
=CM Q/Qq, T, 3gecb Q = J I f

3 
- rp(r) I dr - ox

Jia:tKgaIOIIIHH HMIIYJibC (Mopo3orpagycoqacb1). 

IlapaMeTp E 51BJI51eTcsr aHaJioroM ,,MaJioro rra
paMeTpa", 3arr11caHHbIM AJI51 cJiylia51, Korga TeMrre

paTypa Ha IIOBepxHOCTH - rrpOH3BOJibHa51 ¢yHKI.J:H5I 

BpeMeHH, H OH MO:tKeT paccMaTpHBaTbC51 KaK crre

U:H¢11l!eCKHH KPHTepttii. 3mom Kpumepui.i. npe8JZa
zaemnt 1-ta3aamb a 1.£ecmb u3aecmHozo Mep3llomo
aeaa B. A. Ky8pRau,eaa ( npe8JZazaemrn anepabte ). 
OH xapaKTeptt3yeT cooTHomeHHe B rogOBbIX TerrJio

o6opoTax KOJIHl!eCTBa TeIIJia, HAYIIIero Ha rrepecT
poil.Ky TeMrrepaTypHoro rroJI51 s 3oHax, K TenJiy Ha 

¢a30Bhre rrepexoghr H 51BmreTC51 aHaJioroM KpttTeptt51 

CTetj)aHa, B TOM lIHCJie AJISI cJiyl!asr rrepttog11lieCKH 

yCTaHOBHBmeroC51 pe:tK11Ma. CooTHomeHtte (18) He 

CB513aHO co crreu:11¢HKOH TOJibKO rogOBbIX KOJie -

6aHHH TeMrrepaTypbI H MO:tKeT 6bITb o6o6IIIeHO Ha 

CJiyl!aH rrpOH3BOJibHOH liaCTOTbl KOJie6aHl1H paBHOH 

2n/T. Torga rrpHMeHHMOCTb KBa3HCTa11,110HapHoro 

ripn6JIH:>KeHH51 AJI51 Haxo:tKgeHHSI AHHaMHKH TeMrre

paTypHbIX IIOJieil. o6ycJIOBJieHa He TOJibKO Tpe6o

BaHHeM 0 rrpeo6JiagaIOII1eM BJIH51HHH B 06II1eM 3Hep

reT11l!eCKOM 6aJiaHce, AOJIH TerrJia HAYIIIero Ha 

¢a30Bbie rrepeXOAbI, HO H Tpe6oBaHHeM l!T06bI Bpe

M51 peJiaKCaU:HH TeMrrepaTypHblX IIOJieil. B rrpoMep-

3aIOIIIeH (rrpOTaHBaIOIIIett) 30He 6bIJIO HeCOH3Me

pHMO c rrepHOAOM KOJie6aHHH TeMrrepaTyphl Ha 

rrosepxHOCTH. KpttTepttil. Ky cogep:>K11T orrocpego

BaHHO B CBOeil. CTPYKType Bee lieTbipe OCHOBHbIX 

KJiaCCHtjJHKaU:HOHHbIX rrp113HaKa THIIOB ce30HHOro 

rrpoMep3aHH51 - OTTaHBaHH51 rropog B. A. Kygp51B

u:eBa. TaK11M o6pa3oM, comarno (18), Bhr6op pac

l!eTHbIX cxeM AJI51 "TOHKOro" HJIH "TOJICTOro" CJIOSI 

o6ycJIOBJieH He TOJibKO BepTHKaJibHOH rrpOT51)KeHHO

CTblO CHe:tKHOro IIOKpOBa, HO H KJll1MaTHl!eCKHMl1 
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¢aKTOpaMH, THIIOM rropog ll HX BJia:>KHOCTbIO, a 

TaK:>Ke B u:eJioM, CTPYKTypoil. u RHTeHCRBHOCTbJO 
TeIIJI006opOTOB B CJIOe HyJieBbIX rogOBbIX aMIIJIHTYA· 

3aga'-!a c ,,TOHKHM" CJIOeM l130JISIJJ;Hl1. Ilpeg

IIOJiara51, l{TO pemeHHe BCilOMOraTeJibHOH 3agal!H c 

rrapaMeTpOM MO:tKHO rrpegcTaBiiTb B BHAe CTerreHHbIX 

P51AOB: 

dt(x,r,t:)-"t. (x,r)t:n, i=0,1,2, L.J 1, n 

;(r) - L ;n (r) t:n. 

IlogCTaBJI51SI 3TH psrgbr B ycJioBusr 3aga lil1 11 

BbIAeJI515I l!JieHbI rrpH OAHHaKOBbIX CTerreHSIX MaJioro 
rrapaMeTpa, OTbICKHBaeM 3HalieHH51 K03¢¢m1.11eH

TOB P51AOB. IlepBblH K03¢¢uu:neHT HaXOAHTCSI 113 

perneHH51 3agal!H Korn11: 

ds1(r) A.M I t
3 

- t
11

tt.n.Cr) I 
~ = Qq, [s1(r) + (A.Mn.c,.> lcH(r)J' ;(O) = 0, (19) 

KOTOpoe B KBagpaTypax He BbIIIHCbrnaeTC51, H 3agaqa 

peaJIH3yeTC51 lIHCJieHHbIMH MeTogaMH. OgHaKo AJI51 

rrpOCTbIX l!aCTHbIX CJiyl!aeB (HeKOTOpbie 113 HHX 

paccMaTpHBaJIHCb BbIIIIe) MO:>KHO rrpuseCTl1 l!aCTHbie 

pemeHHSI 3agal!H. TaK rrpn OTCYTCTBHl1 H30JI51U:HH, 

Korga lc"(r) = 0, ypaBHeHHe (19) npn HHTerp11-

posaHHH gaeT ¢opMyJiy CTetj)aHa: 

; 1(r) = (~M J I f
3 

- tn(r) I dr)1/ 2 =(UM Q/Qq,)1/2. 
q, 0 

B cJiyl!ae, Korga TeMrrepaTypa gHesHoil. rroBep

XHOCTl1 H MOIIIHOCTb CHe:tKHOro IIOKpOBa CBSI3aHbI 

cooTHorneH11eM lc"(r) = f3(f I f
3 

- <p(r) I dr) l/2, H 

eCJil1 rp(r) = const, T. e. TeMnepaTypa AHeBHOH IIO

sepXHOCTH npHHHMaeTC51 IlOCT051HHOH (cpegHeHH

TerpaJibHOH 3a rrepHOA rrpoMep3aHmr), To HMeeM 
rrapa60JIHl!eCKl1ll 3aKOH 113MeHeHH51 MOIIIHOCTH IIOK

posa lc
11
(r) = y( I t

3 
- rp I r) l/2. Herrocpeg cTBeHHOM 

npoBepKOH MO:IKHO y6egl1TC51, 1.fTO pemeHHe 3agaq11 

(19), ygosJieTBopsrroIIIee y CJiosmo ; ~ 0, HMeeT 

s11g: ; 1 (r) = /3 (j I tq, - cp(r' ) I dr ')l/2, r g e f3 orrpege

JISieTrn KaK f3 = [(A. ,,,,y/ U cJ2 + (U j Qq,)J112 -
- A.My /2{ctt ' 

Kor}J,a MOIIIHOCTb CHe:>KHoro IIOKposa rrp11HHMa

eTC51 ocpe]],HeHHoli 3a rrep1rn rrpoMep 3aHHSI rrocTo-
51HHoii BeJIHl!JIBOH TO (1 9 rrep ex owrT B (12) . )J,JI51 

CJiy l!aSI , KOr l(a t:ra .IL H lCH B513aHbl c BpeMeHeM 

rrpo113BOJibHOH nap ,,., Oillfl{ KOH 3aBHCHMOCTbIO 

<p(r) = = i3 + rn n = 0 1 lCH(r) = yr(n + l J/2, TOr-

;:B.JL (r) = t + A sin wr, 
ifr) = D sin (wr/2), 

f3 = { ( ,. 1/ .aJ (w/ ~ I I ) + 

+ (U / Q,p}} - ( ,,. y/ "cs)[(w /21 A I) ]1/2. 
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3a)J,aqa CTecpatta c ,,TOJICThIM" cnoeM 1130-

.rurn,1111. IloJIO)l(HM napaMeTp x B ycJIOBH5IX (14) H 

(1 5) paBHhIM 0. PernettHe 3a)J,a1m ttru;eM B BH)J,e 

P5IAOB: 

ti (x, T, t:) - L: ti,n (x, r)t:2n H c;(r, t:) - Lt (r)t:2
n. 

IloACTaBJI5I5I p5IJl.hI B ycJioBH5I 3aAalfH H BhIAe

JUI5I K03¢¢mi;HeHTbI npH OAHHaKOBbIX CTeneH5IX c' 
IlOJiylfaeM CHCTeMy ypaBHeHHH AJI5I HaXO)l(AeHH5I 

IlOCJieAyIOill;HX K03cPcPHU:HeHTOB pa3JIO)l(eHH5I [Ko
.'. tap06 u ap., 1987 ]. IloJiylfeHHbie Bbrpa)l(eHH5I AJI5I 

mrx B 5IBHOM BHAe He BbIITHCbIBaIOTC5I, a peaJIH3y

IOTC5I lfHCJieHHbIMH MeTOAaMH. CJieAyeT OTMeTHTb, 

'IT O AJI5I 3TOro cneKTpa 3a):l.alf HX HyJieBoe npH6-

illDKeHHe 3HalfHTeJibHO xy)l(e CO!'JiacyeTC5I c MO

JJ,eJibIO CHe)l(HOI'O IlOKpOBa KaK TepMHlfeCKOI'O conpo

THB ileHH5I B CHJIY MaJIOH lfYBCTBHTeJibHOCTH AH

Ha IBKH cPPOHTa K 3aKOHOMepHOCT5IM CHeroHaKOil

; remrn H APYI'HM ¢aKTopaM, BJIH5IIOill;HM Ha HH

TeHCHBHOCTb npoTeKaHH5I npou:ecca. 

BhIBO,il;hI 

1. IloKa3aHo, 'ITO p5IA H3BeCTHbIX B reoKpHo-

orn:rr aHaJIHTHlfeCKHX COOTHOIIIeHHH, noJiylfeHHbIX 

CTe¢aHoM, Jieil6eH30HOM, KpbIJIOBhIM, JlyKb5IHO

BbIM H roJIOBKO, cf>eJib):IMaHOM MOI'YT 6bITb IlOJiylfe

HbI, KaK lfaCTHbIH cJiylfail H3 6oJiee o6ru;ero perneHH5I 

M eTOAOM MaJioro napaMeTpa, Il03BOJI5I5I ou:eHHTb 

rrp eAeJibI npHMeHHMOCTH, nop5I):IOK norpeIIIHOCTH H 

)'TOlfHHTb cPH3HlfeCKHe npe):IITOCbIJIKH HCilOJih3ye

MbIX MOAeJieil. IlocJieAHee KacaeTC5I H p5IAa ¢opMyJI, 

IIOJiylfeHHbIX c IlOMOill;blO KBa3HCTaU:HOHapHoro 

rrpu6Jitt)l(eHH5I EaJio6aeBbIM, BoilTKOBCKHM, IlaBJio

BbI M . 

2. 1'1cnoJib3Y5I BBe):leHHhlll MaJibIH napaMeTp, 

BbI5IBJieHbI npe):leJibHbie CJiylfaH, KOI'):la npH6JIH)l(eH

Ha5I ¢opMyJia KyJ:I.p5IBU:eBa, npHMeHHTeJibHO K cJiy

l.faIO OTCYTCTBH5I TeMnepaTypHOH C):IBH)l(KH, ynpo

ru;aeTC5I, B lfaCTHOCTH, CBO):IHTC5I K ¢opMyJie THITa 

Jieil6ett3oHa; ):lpyroil CJiylfail peaJIH3yeTC5I, KOrAa 

BeJIHlfHHhl aMITJIHTYAhl H cpe):IHero):IOBOH TeMnepa

TypbI 6JIH3KH. 

3; B paMKax e):IHHoro accHMITTOTHlfecKoro pa3-

JIO>KeH:rr5I peIIIHTb 3a):lalfy c npOH3BOJibHbIM BH):IOM 

cPYHKU:HH cHerottaKonJieHH5I BO BpeMeHH He YAaeTC5I 

H Tpe6yeTC5I onpeAeJieHHa5I AH¢¢epettu;HaU:H5I 3a-

):lalfH. Hail):leHbI ycJIOBH5I npeAeJibHOro nepexo):la OT 

O):IHOro THna acCHMITTOTHlfeCKOI'O pa3JIO)l(eHH5I K 

APYroMy, KOTOpbre KOJIHlfeCTBeHHo Bbrpa)l(aJOTC5I c 

noMOill;bIO HOBoro KpHTepH5I. Ero npeAJiaraeTc5I Ha-

3BaTb B lfeCTb H3BeCTHOro Mep3JIOTOBeAa B. A. KyA

p5IBU:eBa, xapaKTepH3yIOru;ero COOTHOIIIeHHe B ro):IO

BbIX TenJioo6opornx AOJIH HAyru;eil Ha nepecTpoilKy 

TeMnepaTypHoro IlOJI5I B 30Hax K AOJle HAyru;eil Ha 

¢a30Bbie nepexOAbL KpHTepHil co):lep>KHT onocpe):lo

BaHHO B CBOeH CTPYKType BCe lfeTbipe OCHOBHbie 

npH3HaKa COOTBeTCTByIOru;eli KJiaCCHcPHKaU:HH TH

ITOB Ce30HHOro npoMep3aHH5I-OTTaHBaHH5I. 
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