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H enoKanbHbie ypaaueHHll ruapo.uuuaMHKH c rraMl!TbJO 

Ha ocuoaauHH LlHHBMHqecKoro o6o6meuHl! rrpu6nu~eHHll OpuwTeAua-Uep
HHKe rronyqeuhl HHTerpoaH$$epeuuuanbHhle ypaaueHHll uenoKanbuofi ruapoaH
uaMHKH c naMl!TbJO. PaccMoTpeu cnyqal!, Kor)la a'ru ypaaueHHll MO~Ho 
CBeCTH K LlH$$epeHUH8nbHblM ypaBHeHHl!M 6onee BbiCOKOro !IOpl!LlK8, qeM 
B cnyqae 06bJqHoA rHLlPOLlHH8MHKH, C .UOIIOnHHTenbHbiMH rrapaMeTpaMH LlnHHbl 
H apeMeHH Koppenl!UHH. AuaaupyeTCl! TaK~e cnyqai! JlBnbHHX H aonro~uay
IUHX Koppenl!UHi!, Koraa ypaaueHHll nepeuoca ue CBOLll!TCl! K au$$epeuuuanb

HhiM ypaBHeHHSIM. 
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Integrodifferential equations of nonlocal hydrodynamics with 
memory effects based on the dynamical generalization of Ornstein
Zernike theory are obtained. The case of the reduction of these 
equations to the differential ones, which are of higher order than 
in the case of ordinary hydrodynamics and involve the correlation 
length and time as parameters, is considered. Likewise, the occa
sion of long-ranged and long-lived correlations is analysed, while 
the transport equations do not reduce to differential equations. 
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1. Bae.neHHe 

HepaBHOBeCH8SI CT8THCTHqeCK8H TepMO,llHHaMHKa npHBO,llHT K HHTerpanb-

HbiM COOTHOIIIeHHSIM Me)I(Jly TepMO.llHH8MHqecKHMH CHnaMH H ITOTOK8MH1 ~.e. 

/1-5/ a 
K HenoKanbHbiM H aana3llbiBaiOtnHM ypaBHeHHH::-..1 nepeHoca • napa 

3THX nHHeitHblX HHTerpanbHblX COOTHOIIIeHHit ( H,llpa nepeHoca) 38BHCSIT OT 

pa3HOCTH KOOp.llHH8T H p83HOCTH BpeMeH, HnH, B ~ypbe-npe,ncTaBneHHH, OT 

BOnHOBoro BeKTOpa H qaCTOTblo Bblp8)KeHHSI .llnH HHTerpanbHblX H,llep nepe

HOCa qepea npocTpaHCTBeHHO-BpeMeHHble KOppenHUHOHHble <flyHKUHH oqeHb 

CnO)f{Hbl, H ,nnH cnyqag )KH,llKOCTH HX ITOKa He y,naeTCSI BbJqHCnHTb HCXO,llSI 

H3 nepBblX npHHUHITOBo 0.llH8KO CaMH HHTerpanbHble COOTHOIIIeHHSI nepeHOCa 

MoryT cny)KHTb OCHOBOit .llnH ITOCTpOeHHSI rHllpO,llHH8MHqecKHX MO.lleneit. 

06bJqHaH rH,llpO,llHH8MHK8 HCXO,llHT H3 npe,nnonO)KeHHS1 1 qTo Bee napa

MeTpbl, XapaKTepH3yiOtnHe KB83Hp8BHOBeCHOe COCTOSIHHe cpe,llbl ( TeMnepa

Typa, nnOTHOCTb1 M8CCOB8SI CKOpOCTb) Mano MeHSIIOTCSI H8 .llnHH8X H BpeMeHaX 

KoppenHUHit, H8 KOTOpblX Sl,llpa nepeHOC8 CytneCTBeHHO OTnHqHbl OT HynH 

( HanpHMep, anH raaa - Ha .nnHHax nopH.nKa .nnHHhi cao6o.nHoro npo6era H 

Ha BpeMeHaX ITOpH.llK8 BpeMeHH CB060.llHOro npo6era) • npH 3TOM MQ)KHO 

npeHe6peqb atPcPeKT8MH HenoKanbHOCTH H 38IT83,nhiBaHHSI 0 
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.( 
OnaaKo rrpeae6pe1KeRHe aenoKanbHOCTbJO H 3arraanbiB8HHeM Haorna ae 

norrycTHMo. TaKoB, aarrpHMep, cnyqaif paapeiKeaaoro ra3a, Korna H3Meae-

RHe xapaKTepabiX rrapaMeTpoB aa nnHRe cBo6onaoro rrpo6era cTaROBHTCH 

/6/ 
3H8'1HTenbHb!M , fipyrHM T8KHM IIpHMepoM, Korna HBneHHH rrepeaoca 

HOCHT cymeCTBeHHO RenoKanbHbiH XapaKTep, SIBnHeTCSI 8HOManbHbiH CKHH
/7-9/ 

~$eKT (ypaBHeRHe qeM6epca) • AaanorH'IH8SI CHTyaUHSI HMeeT MeCTO 

TBK/Ke B6nH3H KpHTH'IeCKHX TO'IeK, Korna M8ClliT86bi KOppenHUHH 8HOM8nbHO 

BoapacTaiOT, H orrHcaHHe rrpoueccoB rrepeaoca c IIOMOillbJO o6bi'IHOif rnnponH-

110-111 
H8MHKH CT8HOBHTCSI HeiipHrOUHbiM 

3$$eKTbl aenoKanbHOCTH H IIaMSITH MO/KHO 6binO 6bi y'leCTb 0 paanaraSI 

SIUpa rrepeHOCa B pSill IIO ManoCTH BOnHOBOrO BeKTOpa H '18CT0Thl, OllH8KO 

aTo naeT rrnoxoe rrpH6nHIKeHHe, TaK KaK rrpH paanoiKeRHH TepSI!OTCSI rron10ca 

KoppemiUHOHHbiX $yHKUHii. fopaano ny'llliHe peaynbTaTbi naeT pa3ndJKeHHe He 

C8MHX KOppenSIUHOHHblX $yHKUHH 0 a $yHKUHH HM o6paTHb!X ( B !l>ypbe-rrpen-

CTaBneHHH) • TaKOH IIpHeM HCIIOnbayeTCSI B TeopHH B03MymeHHM nnSI 
/12/ 

$yHKUHA fpHHa • HerrocpencTBeHHoe paano/KeHHe rrocnenHHX rro cTerre-

HHM Manoro rrapaMeTpa IIpHBOllHT K IIOTepe IIOnJOCOB, T8K K8K 9KBHBaneHTHO 

paanoiKeHHIO B pHll IIO IIOnJOCaM, DoaTOMy CTeiieHHOH pSill CTpOHTCSI He nnSI 

C8MOH $yHKUHH fpHRa, 8 llnSI o6paTHOM ee $yHKUHH - M8CCOBoro orrepaTopa, 

nono6HaSI rrpouenypa ne/KHT B OCHOBe rrpH6nH/KeHHSI OpHlliTeiiaa-Uep
/4,13/ 

HHKe nnH $nyKTyauHii rrnoTHOCTH , y'lhrhlBaJOmero nanbHHe rrpocTpaHcT-

BeHHhle KOppenHUHH, 

UenbJO H8CTOSI!lieif CT8TbH SIBnSieTCSI IIOCTpoeHHe aHanorH'IHOrO IIpH6nH-

/KeHHSI nnSI BpeMeHHbiX KOppenHUHOHHbiX $yHKUHH1 KOTOpoe y'IHTbtBanp Obi 

I 141 
T8K/Ke H ~$ eKTbl II8MSITH , 

B cnenyJO!lieM paanene IIpHBOUHTCSI BbiBOll HHTerpanbHI>IX COOTIIOIIteJIJtll 

rrepeHoca B $opMe, yno6aoii nnSI nanbHeii!liero. P a3nen 3 nocnmneu nocT(H>P

HHJO acHMIITOTH'IecKoro paanoJKeHHSI nnSI Sinep rrepeaoca B <Pypbe-upenc-;/111-

neHHH. B paanene 4 Sinpa rrepeaoca BbipaiKBJOTCSI B BHne 5IBHI>IX •l•yiiKU,«Il 
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OT KOOpllHHaT H BpeMeHH H paCCMaTpHBaiOTCf HHTerpO-llHcjl¢epeHuHanbHbie 

COOTHOWeHHSI nepeHoca B llBYX npeaenbHbiX CfiY'IBSIX: ManbiX H 6onbWHX MaC

WTa6oB KOppenSIUHH. llnst nepBOrO cny'laSI B paaaene 5 HHTerpOllH~¢epeH

UHanbHbie ypaBHeHHSI CBOllSITCSI K llH¢¢epeHUHanbHbiM nyTeM He3H8'1HTenbHOi!: 

MOllH¢HK8UHH HCITOnb30B8HHOrO B paaaene 3 paano*eHHSio CTaTbSI 38K8H'IH-

BaeTCSI KpaTKHM 06Cy*!leHHeM nonyqeHHbl~ ypaBHeHHi!: H o6naCTei!: HX ITpHnO-

2. YpaBHeHHSI nepeaoca p,nst npocToi!: 

OnHOKOMITOHeHTHOft mHnKOCTH 

0yCTb HepaBHOBeCHOe COCTOSIHHe OllHOKOMITOHeHTHOi!: CHOTeMhl 6eCCT-

pyKTypHbiX 'IBCTHU onpeaenSieTCSI cpe!lHHMH 3Ha'leHHSIMH onepaTopoB nnoT-

HOCTefi ::meprHH P0 (;) = H (;) 1 HMnynbca P1 (;) .. ;(;) H 'IHcna 

'laCTHU P2 ( ;) • n (;) o TaKOMY COCTOSIHHIO COOTBeTCTByeT noKanbHOpaB

HOBeCHbii!: CTBTHCTH'IeCKOi!: onepaTOp Pf ( t) 1 KOTOpbli!: peanHay'eT 3KCTpeMyM 

HH<fJopMaUHOHHofi SHTponHH S(t) "' - Tr I p (t) fn p (t) I npH aaaaHHbiX 

Tr I p (t) P (;) 
m 

, m .. 01 11 2: 

Pe ( t) .. exp I - S( t I 0 ) I . ( 2.1) 

S(t 1 0) ... ell (t) + i 
mcO 

I "a: F cxl, J P ( tJ I 
m m 

( 2.1a) 

2 -+ -+ 
«<l(t) "'fn Tr exp I- l: I Jx Fm (xlt) Pm (x) I 1 

m .. O 
( 2.16) 

rae F m (X It ) - napaMeTpb!l COITPSI*eHHbie K < p m (;) •>e' "' Tr I p m ( x) Pe (t) I 

B CHny TO*!leCTB 

.. -8 «<l(tJ!BF r;~,J 
m 

( 2.1c) 
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IToaToMy F ( x, t MO)KHO OTO)KJ]eCTBHTb .(; nOK8nbHblMH TepMOaHH8MH'IeCKH-
m 

MH BenH'IHH8MH: 

F, (; I t J .. - ; ( ;, t J I T ( ;, t J 

F2 (x,t J =-V (x,t) + mv 2 (x,t) I2T (x,t J I 

rae ·r (X, f ) - nOK8nbii8S! TeMIIepaTypa, V (X-+, t ) - M8CCOB8SI CKOpOCTb, 

v ( ;, t J .. Jl ( ;, t ) I T ( ;, t) I Jl (X, f) - noKanbHblH XHMH'IeCKHli IIOTeH-

uHan, m - M8CC8 '18CTHUbl, noKanbHOpaBHOBeCHblH CT8THCTH'IeCKHH orrepa-

TOp ( 2,1) aaeT H8M TepMOaHH8MHKy )I{HaKOCTH B K8)KJ]blH MOMeHT BpeMeHH 

0 
HO He OIIHCblB8eT 9BOniOUHIO CHCTeMbl BO BpeMeHH, IIOCKOnbKY He 

SIBnHeTCSI perneHHeM ypaBHeHHSI nHyBHnnR. PerneHHe rrocneaHero, cornacyiOme

/3 4,15/ 
eCSI C IIpHIIUHIIOM B03p8CT8HHSI 9HTpOIIHH 0 HMeeT B!il.l 

0 

t 

p ( t J .. exp I - S ( t, 0 J + f dt ' 

S(t+t',t') 

Et 
e 

+ (Pm (1,t '} -< Pm (X",t )>' J 

. -+ -1 -+ 
rae Pm ( x J "' (ill J [ P m ( x J, J{ ] , 

$(t+t',t'J I ( 2.2) 

+ ( 2.2a) 

I I 

J{ - OIIepaTOp faMHnbTOH8 CHCTe-

Mbl; apryMeHT t , orrepaTOpOB aHH8MH'IeCKHX rrepeMeHHblX 0603H8'18eT 

rei1:3eH6eprOBCKYIO 38BHCHMOCTb OT BpeMeHH 0 
< ... 1>' _ Tr l ••• p(t) I; t-++0 

rrocne Bbi'IHcneHHSI cpeaHHX B cTaTHCTH'IeCKOM rrpenene V -+ .oo , H ~ .00 , 

H V .. const, v - o6'beM )I{HaKoCTH, H - rronHoe 'IHcno '18CTHU B aTOM 

o6'beMe. 

HepaBHoBeCHbie sHa'leHHSI TepMoaHH8MH'IeCKHX rrapaMeTpOB F m (x, t J 

orrpeaenHIOTCSI H3 ycnoBHH: 

( 2.3) 
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i r 
f 

o6ecne'IHB8101UHX BbiiTOJIHeHHe TepMO.llHHaMH)tecKHX COOTHOIUeHHi!: ( 2.Jc) .!IJISI 

HepaBHOBeCHOro 8HC8M6JISI ( 2.2) • 

B nanbHei!:rueM 6yaeM paccMaTpHBBTb sBOJIIOUHIO *H.!IKOCTH ua cna6o-

HepaBHOBeCHOrO COCTOSIHHH K ITOJIHOMy paBHOBeCH100 KOTOpOe-xapaKTepuayeT

CH paBHOBeCHhJMH aHa'leHHSIMH napaMeTpoB Fm ( x-: t ) : 
0 0 0 

F0 - liT0 ; F1 .. -~IT0 .. o; F2 •-v
0 
--p

0
IT

0 
11CKJIIO'IHM ITpOH3BO.l1HbJe n·o BpeMeHH OT F (X, t) H3 ( 2.2a) C ITOMOIUbiO 

m 

JIHHeapH30B8HHbJX ypaBHeHHi!: 8Anepa: 

au(x,t) 

at 

.-+ -+ 
= -Ito v v (x, t ) , 

a ; ( ;, t J _ .. _ _ 1_ v P ( ;, t J 
at Po 

_ip_(x,t 

at 

( 2.4a) 

( 2.46) 

( 2.4c) 

rae u ( x, t) = < H(x) •>'e - ITJIOTHOCTb BHyTpeHHei!: SHeprHH, p ( x-+, t ) 

.!18BJieHHe, It ( x, t ) u(-;,t .+ p (X, t }- ITJIOTHOCTb SHT8JlbiTHH, 

p ( x, t ) .. m .< n ( i ) •> f . 11HaeKcoM "'0"' o6oaHa'ISIOTCSI paBHosec

HbJe 3H8'1eHHSI TepMO.llHH8MH'IeCKHX BeJIH'IHH. 'lJT06bJ B ypaBHeHHSIX ( 2.4) 

nepeATH K nepeMeHHhJM T ( x, t ) , v ( K, t) , npearrono*HM, 'ITO u (-;, t ) 

p ( t, t) • p ( t, t) 

UHHMH OT T (X) , v (i) 

B K8*.!10i!: TO'IKe i SIBJISIIOTCSI T8KHMH *e «flyHK

, KaK ux paaaoaecHbJe aHa'leHHH oT To 
' IIO 

x/ 

B '18CTHOCTH! 

8T 
(2.5) 

x/ 
8TO npearrono*eHHe HecnpaBe.llnHBO, H8ITpHMep, B6JIH3H KpHTH'IeCKOH 

TO'IKH I 101. B o6meM cny11ae u , p H p SIBJISIIOTCH HenoKanbHhJMH 

«PYHKUHoHanaMH oT T ( t, t ) H v ( K, t ) 151. B HaCTOSIIUei!: pa6oTe MhJ sToi!: 
HeJIOK8JibHOCTbiO npeHe6peraeM. 
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av "' (~) au 
au P 

l 
+ ( ~-) ap 

a P u 

Hcnonb3YH 9TH COOTHOUieHHSI, nony'IHM H3 ( 2.4): 

a T (x,t) .. _ T ( ..l..f_ ) V v ( x, t ) 
at 0 au p 

av(x,t)_ 
a t 

~ ~ T a v ( x, !' .. _ ~ v T ( ;, , ) ___ o v v (;, t) 
at p

0 
T0 m 

( 2.6) 

TIOJlCTaBnSIH (2.6) B (2.2a) H HCnOnb3YH TOT ¢laKT 0 'ITO fJi' p (i') -m 

HHTerpanbl llBH>KeHHH H 'ITO < p( K) ·> £ .. p ( K, r) ~ ( ;, t ) • nonyqHM B 
-+ 0 

nHHeHHOM no a Fm(i',t) Fm(x, t) - Fm npu6nH>KeHHH: 

sct+t',t'J -fJx 
2 

-H (x,t') aT(x,t+t')IT0 

; (;, t + t ' ) I T
0 

+ ( H ( x, t ') - u 0 ) ( ...1..JL ) au 

+(mn(;,t') -p) ( ~p ) v; (;,t+ t') I T0 + 
0 up u 

+ p (;, t ') V a T (;, t + t ') h 0 I Po T: I 
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rae 'lneHbl C 0 V B38RMHO COKp8III810TCSI J CRny 38KOH8 COXpaHeHRSI 

'IRena qacTnu ri (;) = -v p (;) / m • Terrepb, BbiiTDnHSIH RHTerpRposaHRe 

no qacTSIM s rpyrrrre 'lneHoB, coaep>KamRx orrepaTop " V ", R orrycKaSI 

llOBepXHOCTHbie 'lneHbl ( 0 F m (X , t ) = 0 Ha rpaHRUe c TepMocTaToM) , 

rrony'IRM OKOH'IaTenbHO: 

rae 

S ( t + f ', t ') = I J d; J m ( ;, t ' ) 0 F m (;, f+ t ' ) , 
m=O,I 

( 2.2 ~) 

h o -+ -+ -+ ho . -+ 
+ - V p ( x) = H ( x) - -- mn ( x) , 

Po P 

j (X) 
I 

p_,(;') + ( -.i..f._) V (H(;)-u ) +( .iL) V (mn(;) -p ). au p 0 ap u 0 

no/lCTaBnHH (2.2 a) B (2.2) R paanaraSI 3KCI10HeHTy (2.2) ITO 

o F m ( x, t) , rrony'IRM B nRHeil:HOM rrpR6nR>KeHRR: 

rae 

0 , I 

p(t) =pe(t) +J dt'ec' fdr p~ S(t+t',t')p-; p
0

, 

0 

p Y ( t ) "' l l - ]
0 

d T p: 0 S ( t, 0 ) p ~r l p 
0 

( 2. 2 ') 

( 2. 1 ") 

p .. exp l -
0 

l I T r exp I - }{ - fl 0 n l ; n = J d; n (;) 
To 

- orrepaTop rronnoro 'IRena 'laCTRu; o S( t, 0) = 

= I J d ; ( P m ( ; ) - < P m ( ; ) '> ) 0 F m ( ;, t ) ; < . . . •> : T r I . • • p 0 l • 
m 

YcpellHHSI orrepaTopbi Jm (;) no aacaM6n10 ( 2.2') c y'leToM ( 2.3) R 

ypaBHeHRH nRyBRnnSI, rrony'IRM ypaBHeHRSI rrepeHoca: 

-< ;, < xJ 
m 

( 2. 7) 
+oo 

,.. I J dt' 
na:O, J -oo 
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Hnpa nepeHoca ~mn ( ;, t 
( 

Bb!p8)1{810TtSI qepe3 penaKC8UHOHHbie !flyHKUHU 

I 
(J (x-:t), J (it',t'))=fc/r<J (it,t) lp 7 J (";',t'}p-T-<J (X''Jo>!>, 

m n 0 m on 0 n 

(2.8a) 

npn noMomH !flopMyn 

rne 

( ') -dt-t') (J (-> ) J (->' ') J ~ m n (it -l, t - t ') ~ (} t- t e m X, t , n X , t , 

J 
O(t)~ I 

0 
, ecnH 

, ecnH 

•> 0 

< 0 

( 2.85) 

KaK H BC!OllY B STOH CT8Tbe, f -> + 0 nocne BbiTIOnHeHHSI CT8THCTH'IeCKOrO 

npenenhHoro nepexona B cpenHHX (2.8a). 

PaccMoTpHM npocTpaHCTBeHHo-BpeMeHHbie npeo5pa3oBaHHSI cl>ypbe 

ypaBHeHHH ( 2. 7) 

- < p 
m ( 2. 7 ') 

-> -> 

l ~mn ( k 1 W ) Fn ( k , W ) , 

n:z:O, J 

rne 

( 2. 7 'a) 
--oo 

-+ -+ .......... -+ -+ 

p m ( k} = f cJ X e -I k x( pm (X) - < p m (X ) 1> } H T.ll. (2.7'5) 

-> 

B cuny npocTpaHCTBeHHOii. H30TponHH HHTerpanhHhie smpa ~mn ( k, w ) 

MO)KHO npencTaBHTb B BHne: 

~ oo ( k, w ) = k 2 Loa C& , w ) , 

~:1 (k, w} = i ka L
0
/( w), ~~~ o:,w) = ika L 10 (k,w ) , (2.9) 

~~~((w) = ka kf3L!l(k,w) +(8af3k
2
-ka kff L 2/k,w), 
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I 
I 

I 
I 

rne L nn (k, w ) - CK8n51pHble <PYHKUHH, 38BHC51IIIHe TOnbKO OT BenHqHHbl 

le
o+ l 

BOnHDBDrD B9KTOp8 1 HO He OT ero H8ITpaBn9HH51. 

Terrepb HJleHTHqmuHpyeM Bbipa)!(eHHSI, BXOJlS!IUHe B ypaBHeHH~ ( 2. 7'), 

( 2. 7 ) 1 Cp8BHHB85l HX C ypaBH9HHHMH rHJlp0JlHH8MHKH 1 o6o6rueHH9M KOTOpb!X 

OHH S!BnSIIOTCH. 0oCKOnbKY HHTerpanbHbl9 qneHbl B ( 2. 7) OTB9TCTB9HHbl 38 

JlliCCHIT8THBHbie rrpoueCCbl 1 a neBbl9 qaCTII 8THX ypaBH9HHH COOTB9TCTBYIOT 

o6p8THMblM JlBH)!(eHHSIM, TO eCT9CTBeHHO ITOTpe60B8Tb1 qT06bi IT pH fmn (( w) ;;;0 

BpeMeHHbl9 KOMITOHeHTbl ( 2. 7' ) B JlnHHHOBOnHOBOM rrpenene COBIT8Jl8nH C 

k - rrpencTaBneHHeM ypaBHeHHH 3i!:nepa ( 2.4). To rna JlnSI ManbiX r 
. ~ t ..... ..... .... 

< H ( lc) ·> E - - ·i lc h 0 v ( lc, t ) 
( 2.10) 

< p'-+ ( k) ·> f "' - ; k p ( r, t ) , 

HnH, B X - rrpeJlCT8Bn9HHII 

• f :.. ( -+) f -+ ) < H (;) ·> E ;; , 0 v ; ( ;, t ) , < p X 1> E ;;; v p (X, t . 

nanee, T8K K8K JlnHHHOBOnHOB851 H HH3KoqaCTOTH851 8CHMITTOTHK8 (2.7') 

non)!(Ha c::-oTBeTCTBOBaTb ypaBHeHHSIM HaBbe-CToKca, rronyqaeM nng ManbiX 

k H w 

- 0 . "' , 

c;:,a{3 o+ 4 ) ( 2 ) 
J... 1 1 ( lc , w ) - lc a lc {3 T 0 ( .( + "3 Tf + 8 a{3 lc -lc a lc {3 T 0 Tf 

( 2.11) 

rne A - KOa$$HUH9HT TerrnorrpOBOJlHOCTH, ( - o6'heMHaH, a ., -
CJlBHroBaSI B513KOCTH. T aKHM o6pa3oM, S!Jlpa rrepeKpecTHbiX rrpoueccoB rrepe-

Hoca f 01 (1:, W ) H f 10 ( lc-+, W 8CHMITTOTHqecKH Manbl ITO CpaBH9HHIO 

C f 0 0 o:, W ) H f 11 ( r, W ) IT pH f -+ 0 , W -+ 0 , TO-eCTb 

lim f 01 (k, w) I f 00 (k, w ) - 0 H T.Jl. 
w-+0, 1-+0 
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B nanhHeftrueM Mbi He 6yneM y<~HThiBaTh B ( 2. 7) 3TH rrepeKpecTHbie 

.( 

lloncTaBHM Terre ph COOTHOllleHHSI ( 2.10a) B ( 2. 7) If HCKniO'IHM IInOT-

HOCTb aHeprHH u (:, t ) H naBneHHe p (:, t ) c IIOMOlllhiO ypaBHeHHft 

COCTOSIHHSI ( 2.5). a a p ( x-: t) I a t- c IIOMOlllblO ypaBHeHHSI Herrpepb!BHOCTH 

( 2.4c). HaKoHeu, y'IHTbiBaH ( 2.9) H oTnenHH rroTeHUHanhHYIO V • ; ( x-+, t ) 

If BHXpeByiO '1/ X-; (;,f) KOMIIOHeHTbl IIOnSI CKOpOCTeft V-+( X-+, t ) , rrony'IHM 

nHHeapH30BaHHhle ypaBHeHHSI rrepeHOCa B OKOH'IaTenbHOM BHne: 

ar (ap J ... l +f""J'fJ ... 'LJ_. ... , ,h2T( ... ''J(212) c -- + T -- V v =- t x x -x ,t-t IV x ,t , • a 
v a, o a r P r2 o 

0 -"" 

-+ 
~ ( ..E...LJ v 2 P + ( .£...~!__ Jpv 2r Poat + ap T ar 

( 2.12) 

-+ j Jt' frlx-+, L 11(:-x ... ',t-t') v2v v-+(x ... ',t,) I 

0 -oo 

rne 
-+ -+ 

e 1 1c x 

v 

C v - TerrnoeMKOCTb" IlpH IIOCTOSIHHOM 06'beMe, OTHeCeHHaSI K eUHHH'IHOMY 

o6'heMy. 

llpH BhiBone 

r(l..L 1. 
ar P 

YpaBHeHHSI (2.12) 

(2.12a) HCIIOnb30BanOCb TepMOUHHaMH'IeCKOe TO*UeCTBo: 

_, p(~} 
ap T 

<flopManbHO conepJKaT ~<fleKTbl HenoKanhHOCTH H 38II83Ubl-

BaHHSI. OnHaKO ecnH HHTerpanhHbie Hnpa L," (it, t ) 6biCTpO 3aTyX8IOT Ha 

M8Cll1Ta6ax, Ha KOTOpbiX TepMOUHH8MH'IeCKHe CHnhl Mano MeHSIIOTCSI, TO, 

Bb!IIOnHSISI HHTerpHpoBaHHe B IIpaBbiX '18CTSIX ( 2.12), nony'IHM ypaBHeHHSI 

HaBbe-CTOKCa c KHHeTH'IeCKH:v!H KOacjl<fJHUHeHTaMH L m n 
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l 
-+ 

L mn = fim fim fim Lmn(k, W>= 0 ) 
( ->+-0 r--o V-+.oo 

( 2.13a) 

00 -+ -+ 

= fim fim fim I Jt 
-(f 

I J; e -'"" L ( ;, t ) e mn 
(->f-0 lt-+0 v-- 0 v 

( 2.136) 

ITpeaen&H&Ie rrepexoJl&I B ( 2.13 a,6) He rrepecTaHoBO'IH&I. 

Y'IHTb!B8H ( 2.9) H ( 2.11). H8XOJlHM 

L oo"' r;>.. ; Lo, 

4 
To((+J"'); 

( 2.13) 

B cneayJOilleM pa3aene Mbi y'ITeM 8<P!fleKTbi aenoKan&HOCTH H 3aiia3Jl&I-

B8HHH ( T.e. BKJI8Jl B L n n(;, t ) ) KOpOTKOBOJIHOBbiX H BbiCOK0'18CTOTHbiX 

rapMOHHK) Ha ocaose rrpocToJ:i MoaenH JlJIH HJlep rrepeaoca. 

3. ITocTpoeaHe acHMIITOTH'IecKoro rrpH6nHMeHHH JlJIH 

HHTerpan&HbiX HJlep rrepeaoca 

flepeJ:iJleM K HaweJ:i 38Jl8'1e - IIOCTpOeHHIO IIpH6JIHMeHHH JlJIH HHTerpanb-

Hb!X HJlep , 8<jlifleKTHBHo y'IHTbiBaJOmero HenoKan&HocTb H 3BIIa3-

Jl&IBBHHe B rrpoueccax rrepeaoca. 113 coo6paMeHHJ:i yao6cTsa 6yneM HCXOJlHTb 

H3 CHMMeTpH30B8HHbiX KOppenHUHOHHbiX ifJyHKUHJ:i: 

'I' ( x>- x>' , t - t , ) .. .< I J ( ;, t ) , J (;', t ' J - < J (; ') ·> I •> , ( 3 .]) 
mn m n n 

rne 

I J m 'J n I = -t ( J m J n + Jn J m ) • 

,!, " /16,4/ Ha OCHOBaHHH 't'JlYKTY8UHOHHO-JlHCCHII8UHOHHOH TeopeMbl KOMIIOHeHTbl 

9THX ifJYHKUHJ:i CBH3aHbl C fmn ( k, W ) COOTHOWeHHHMH 

Re f> mn ( k, W ) (3.2) 
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ITOCKOJlhKY f mn 
( k, W) H W ( ( w ) - CllMMeTpH"'Hble MaTpHUbl. llnH orre-

mn .J" 

paTO~OB Jm Jn onHHaKOBOK qeTHOCTH OTHOCHTenhHO o6pameHHH BpeMeHH 

~yHKUHH W (k, w) B OTCyTCTBHe MarHHTHOrO ITOJlH HBJlHeTCH qeTHOH ITO 
mn 

w I 16/ 

W (k,w) ,.W (k,-w) 
mn mn 

( 3.3) 

a B CHJlY rrpOCTpaHCTBeHHOH H30TpOITHH: 

W oo(k, w ) .. k 2 :J oo ( k, w 

waf3(k,w) .. Jc k{3:J (k,w)+(8{3k
2
-k k{3):J22(k,w), 

II a II a a 

( 3.4) 

rne j ( k, w) 3aBHCHT TOJlhKO OT BeJlH"'HHbl BOJlHOBoro BeKTOpa k ( T.e. 
mn 

OT k l ) • 

<t>opMyJlbl ( 3.4) HBJlHIOTCH orrpeneneHHeM ~YHKUHH j""" (k, W) ' KOTOpble 

CBH3aHbl C Re L •n ( k, w) TaK )l(e, KaK ~yHKUHH W nn ( k, W) C Re tmn(l, W ) ' 

TO-eCTb COOTHOllieHHHMH ( 3.2) • DoSTOMy 

eCJlH KHHeTH"'eCKHe KOsQJ¢HUHeHTbl ( 2.13) CyiUeCTBYIOT. 

BBeneM rrpHMYIO KOppenHUHOHHYIO ~YHKUHIO m nn (k, w ) 

114/ 
neneHHIO 

m <k. w nn "' l 

M3 orrpeneneHHH (3.6) H CBOHCTB (3.3)-(3.5) rronyqaeM 

.. m (k~-w) ... m (-k,w) n n n n 

f.im Eim :lJi n n (k, w ) 
u>...O it ->0 

l L -1 
z 2 nn 

( 3.5) 

cornacHo orrpe-

( 3.6) 

( 3.7a) 

( 3. 76) 

nocnenHee paBeHCTBO HMeeT CMbiCn, ecnH Lnn OTJlH"'Hbl OT HynH. CHa"'ana 

6yneM rrpenrronaraTh, "'TO L n11 < oo , a 3Ha"'HT rrpenen ( 3. 76) oTJlH"'eH oT 

HYJlH. CnyqaH L nn-+ oo 6yneT paccMoTpeH oco6o. 
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nns IIOSICHeHHSI ¢JH3H'l:feCKOrO CMbiCJia ~nn ( lc, W } IIpHBeneM aneCb 
. i 

rrpocThie H noaonhHO aarnRnHhie coo6pa)l{eHltR, BhmenHM a neBoJ:i qaCTH ... ... 
(3,6) CHHrynHpHbilt 'IJieH, rrpenCT8BHB M8TpHUbl ~ (lc,w) H J (lc, W} B BHne: 

... l -1 
:l!i(f,w) -11-m(lc,w)I.TL 

~ (f, (I) } 0: 2L • I I + I (( (I) } I . 

ToqKa 03H8'1aeT caepTKY ITO onaoJ:i rrape HHneKcoa. nnSI m a:, (I) ) H I (f, (I) } 

ypaBHeHHe {3,6) HMeeT BHn 

I (k, w ) • m (k, w } + m (lc-: w } 1((, w ) • ( 3,8) 

3To COOTHOllleHHe B rrepeMeHHh!X ; , t HMeeT ¢JopMy HHTerpanbHOrO ypaBHe

/4 13/ 
HHSI 0pHliiTeltaa-llepHHKe ' 1 HO B OTJIH'IHe OT IIOCJienaero CBSI3b!B8eT 

¢JyHKUHH1 38BHCSiliiHe K8K OT IIpOCTp8HCTBeHHbiX KOopnHH8T1 TaK H OT Bpe-

+oo 
l(;,t)- m(;,t} +J J;' f Jt' m(;-x ... ',t-t') l(x ... ',t'). ( 3,8a) 

YpaaaeHHe (3.8a) MO)I{HO paccMaTpHBaTb KaK pa3JIO)KeHHe KoppenSIUHOHHolt 

¢JyHKUHH I ( :, t} Ha CyMMy ¢JyHKUHH OT TO'IKH m ( x-: t ) H HHTerpanbHOrO 

'IJieHa, IPyHKUHIO m ( ~, t } MO)I{HO HHTeprrpeTHpOB8Tb K8K IIpSIMYIO KOppenSI

UHOHHYIO ¢JyHKUHI01 KOTopaSI OIIHCb!BaeT KOppeJISIUHH 1 B03HHK810ll1He H3-38 ae

nocpencTBeHHOro B38HMOneltCTBHSI MOJieKyn, noaTOMy m( :, fbTJIH'IH8 OT HyJISI 
... 

B M8JIOH o6naCTH X H t (nopRnKa panHyCa H BpeMeHH B38HMoneJ:iCTBHSI 

COOTBeTCTBeHHO), HHTerpanbHb!H 'l:fneH B ( 3,8a) OIIHCb!BaeT KOppemtUHH 1 

B03HHK810ll1He H3-38 B38HMoneltCTB~SI nByX MOJieKyJI qepe3 0Kpy)l{810ll1He HX 

'18CTHUbl H, Boo6me roBOpS1 1 conep)I{HT nanbHHe H nonrO)I{HByliiHe KOppeJISIUHH, 

TaKHM o6paaoM, cornacao (3,8~ Mbi MO)I{eM BhinenHTh llnHHHOBOJIHOBYIO ... 
H HH3KO'I8CTOTHYIO '18CTb KOppenSIUHOHHOlt ¢JyHKUHH l(lc,w}B BHne oTnenbHOrO 

cnaraeMoro m( f, w). EcnH m( ;, t) npennonaraeTCSI H3BeCTHolt, To xopoTKo

BonaoBaSI H Bb!COK0'18CTOTH8H '18CTb CIIeKTpa ¢lnyKTyaUHH onpenenHeTCH H3 

(3,8a) caMocornacoaaHHhiM o6paaoM. 
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> • 

OcHOBbiBaSICh Ha sTIIX sBpiiCTII'IeCKIIX coo6pa>KeHIISIX1 6yaeM ITpeaiTona-
1 

raTb1 'ITO 4JyHKUIIII mnn (Jt,t} 6biCTpO y6biBaiOT B ITpOCTpaHCTBe II BO BpeMeHII 1 

TaK 'ITO CyiiieCTByeT aocTaTO'IHOe anSI H8IIIIIX ueneil: KOnlltJeCTBO MOMeHTOB: 

I dx""" j dt 1 -; 1 q # m "" ( x>, t J , 

rae q, s - tJeTHbie HeoTplluaTenhHbie 'IIICna, 

Toraa B6nll311 TO'IKII ;; "' 0, (t) ,.,o 4JyHKUIIII m n n (k, (t) } ITpeacTaBIIMbl 

oTpe3KOM pS!aa Teil:nopa ITo cTeiTeHHM k 11 w . B c11ny (3,7a,6) sToT pS!a 

IIMeeT BHa 

m (k } l L-1 + a" w 2 + b " lc 2 + nn ' W • T nn • • • ' ( 3.9) 

rae 

l -1 
T L "" • m "" II 0, 0 I 

b 
n -rt m "" I 2,0 I , ... 

( 3,9a) 

... 
OrpaHII'IIIMCSI B (3,9) tJneHaMII ao BTOporo ITOpS!aKa ITO /c II W II ITepeiTIIIIIeM 

Bbipa>KeHIIe ami mn n {k, W } B Bllae 

( 3.10) 

Toraa ypaBHeHHe (3,6) cBoaiiTCH K ypaaHeHIIIO 

( 3.11) 
nn 

HeoTpHuaTenhHOCTh Kos¢4JIIuHeHTOB B ('3,10) BbiTeKaeT 113 ycnoBIIH cymecT

BoBaHHSI KIIHeTH'IeCKHX Kos¢4JIIUIIeHTOB (2,13), T,e, 113 ITpeaiTono>KeHIISI 0 CXO-

aiiMOCTH COOTBeTCTBYIOIIIIIX IIHTerpanoB: 
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I' 

L ~ t<"'clt 
n n J j f a : L c;, , J ~ 

2
1 +J""at f rlfX ~ ( :, , J 

nn • nn 
-oo 

< ( 3,12) 

B caMoM nene, Bbi'iHCmiSI ~"" (x, t) H3 (3.11), a:eTpyna:o y6ennTbcSI, 

'iTO eCJIH XOTSI 6bl onHH H3 Ko9<fJ<jJHUH€HTOB IT pH k 2 llllll Ci.J 
2 B ( 3, 11) OTpli

UaTeneH, TO HHTerpallbl ( 3,12) H€ Cyll{eCTBYIOT, 

HTaK, nnSI KoppenSIUHOHHblX <jJyHKUliH <f>nyKTyaUHH ~nn (it, f) Mbl CKOHCTpyli

poBanH 8CliMITTOTH'i€CKOe IT pH I k :I << 1 I en ' Ci.J << 1 I r n Bblp8)!{€HHe ( 3.11). 

B paMKax naHa:oM: MonenH ITpocTpaHCTBeHHO-BpeMeHHoe 3aTyxaHne KoppenSiunM: 

XapaKT€pH3y€TCSI nByMSI ITapaMeTpaMH: f n- nnHHOH li r n - Bp€M€H€M KOppenSI

U llll, 3TH ITapaMeTpbl H KHH€TH'i€CKH€ K03¢<jJHUli€HTbl Bb!p8)!{8JOTCH qepe3 

MoMeHTbi ncxonHbiX HHTerpanbHbiX Sinep L "" ( ;, t) : 

L "" "' L "" I 0, 0 I 
( 3. 13) 

r!~Lnni0,2!12Lnnl0,01 -h 2 112T:. 

-. 
B aTOM nerKo y6enHTbCH, nn¢¢epea:uHpyH (3.11) ITO k n w c nciTonb30BaHHeM 

(3.2) n ITepexonSI K ITpeneny k ... 0 , w -+ 0 B OKOH'iaTenbHbiX pe3y1lbTaTax. 

B paMKax a:arnero ITonxona MoMeHTbi ( 3,13) SI BnSIIOTCSI ITapaMeTpaMH 

Teopnn. Pa3JIO)!{eHne (3,9) MO)!{HO HHTepiTpeTnpoBaTb KaK acnMITTOTHqecKoe 

ITpll6JIH)!{€Hli€ ITO MOM€HT8M Sinep nepeHOCa ( 2,86) Hllll penaKCaUHOHHbiX <jJyHK

UHH ( 2.8a), npn 3TOM 0 ecnH C'iliTaTb OTllli'iHblM OT HYllSI TOllbKO HyneBOH 

MoMeHT L nn I 0, 0 I, To ITonyqnM o6bi'iHbie ypaBHeHHSI rnnponnHaMHKH c ¢opMy

naMH Ky6o nnSI KHH€TH'i€CKHX Koa¢<PHUHeHTOB: L nn"" L nn I 0, 0 I . B H8CTOSIUI€H 

pa6oTe Mbl orpaHH'iliMCSI o6o6ll{eHH€M rHnponHH8MHKH, OCHOB8HHOM Ha Tpex 

MOM€HT8X ( 3,13) HHTerpallbHblX Sinep ( 2.8) 1 'iTO IT03BOJISI€T Y'iHTb!B8Tb a<jJ<jJeK-

Tbl IT8MSITH li HellOK8llbHOCTH, 

B 3aKniO'ieHHe ITaparpa¢a 38M~THM 1 'iTO nnSI nanbHHx H nonrO)!{HBylllHX 

KoppenHUHM: MoMeHTbi Sinep ITepeHoca MoryT cTaTb a:eoiTpeneneHHbiMH nnn o6-

pamaTbCSI B 6ecKOH€'iHOCTb. npH 3TOM o6o6meHHbl€ ¢opMyllbl Ky6o (3.13) 
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TepSIIOT CMbiCn. B STOM cnyqae Yll06Ho rnb30B8TbCS! onpeaeneHHeM napa

MeTpOB 'Iepe3 MOMeHTbl ( 3.9a) 1IpS!MbiX KoppenS! UHOHHbiX ¢JyHKUHit ( 3.8) • 

4. 06o6meHHe ypaBHeHHlt rHUpOUHH8MHKH 

B sTOM paaaene aa ocaoee paccMoTpeHHoro B npellbiJlymeM naparpatl'e ... 
1IpH6nH)KeHHS! )]nS! S!)]ep nepeHoca L nn (lc, w 

uuanbHbJe ypaeHeHHS! unH TeMnepaTypbi T 

o6o6ma10T ypaBHeHHS! HaBbe-CToKca. 

Mbi nony'IHM HHTerponu¢!¢lepeH-
.... 

H CKOpOCTH V t KOTOpbJe 

Tipe*ne ecero HaltaeM Bbipa*eHue anSI CHMMeTpuaoeaHHOit KoppenH-

UHOHHOit ¢JyHKUHH .S: n n ct,, • CoeeplllaS! o6paTHoe npeo6paaoBaHHe 

~ypbe H8ll ¢JyHKUHS!MH j= nn (k, w 1 H8fi)]eHHbiMH H3 (3.11), nony'IHM 

-II 2 2 

s: ex-: t) .. 
L nn -I 

(z) . Z n =( l;i- +--;.-) l/2 Z n Kl I ( 4.1) 
nn 

27T 2 f! Tn 
n ' 

£ n T n ' 

rae K 1 ( z) 
-z cit t 

~cltchte - ¢JyHKUHS! ~8K)]OH8nb)]8. 

'ITO BhiPa*eHHe ( 4.1) cnpaeeanueo anSI HeorpaHH'IeHHoit cpellbi, Torna KaK 

ypaBHeHHe (3.11) HOCHT noKanbHhlfi XapaKTep H MO)KeT 6hiTb HCIIOnb30B8HO 

)]nS! H8XO)K)]eHHS! S:n n (;, t ) C y'IeTOM rpaHH'IHblX ycnOBHfi. 

HaitaeM Tenepb Bbipa)KeHHe anSI HHTerpanbHhiX S!)]ep nepeHoca 

L nn (X, t ) 1 1IpHHHM8S! BO BHHM8HHe COOTHOllleHHe (3.2): 

-+ _l_ 
00 ... 

L nn (lc,t) 8 ( t) I clw cos wt Re L (lc, w) 
nn 1T 0 

+oo 2T0 hw .... (4.2a) 
.. 8 ( t) I clw 

-IWt ,, j= nn (lc, w ) e 
277 --oo hw 2To 

+oo .... 
,. 8( t) I Jt' r ( t - t ' ) S: nn (lc, t ') ( 4.26) 
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/16/ 
rae l 

[' (t) 

2 To 
= -;;;;;-

hw 

2T0 
(4.3) 

+oo -IWt 
= -- J clw e 

21T -oo 

fncth ~~-. h 

3aech (4.2a) 

(4.26) - H3 
-> 

Re L ( ( w ) 
nn 

cneayeT H3 qeTHOCTH rro w H (3.2), a 

TeopeMbi o caepTKe. Coaepll!aH B (4.26) rrpeo6pa3oBaHHe 

cf>yphe no k , rronyqaeM oKoHqaTenhHO anH HAep rrepeHoca 

Lnn O(t) 

277 2 e3 r 
n n (4.4) 

YpaBHeHHHMH AHHBMHKH *HAKOCTH B aaHHOM cnyqae SIBnSIIDTCSI HHTerpoaH~~e
peHunanhHhie ypaaHeHHH ( 2.12) ·c SIApBMH ( 4.4). 3aMeTHM, qTo B rrpeaene 

KnBCCHqeCKOH CT8THCTHKH 

2 T0 hw 
~m ---- ~ • 1 

1 hw 2T
0 hw -.o 

To 

H BMeCTO ( 4.4) rronyqaeM 

L (;I , J .. e(t J ~ r;l , J 
nn nn 

rim r(t) -B(t) I 

, 0 
Tal tf-. 

(4.5) 

8 aanhHeHll!eM Mbl 6y,[(eM p8CCM8TpHB8Th o6naCTh CTOnh BhiCOKHX TeMrre-

paTyp H cTonh HH3KHx qacToT ( h w I T 
0 « 

1 qTo KB8HTOBbl-

MH g¢~eKT8MH MO*HO rrpeHe6peraTb H ITOnh30B8TbCH ~OpMynOH (4.5). 

PaccMoTpHM Terrepb aaa rrpeaenhHhiX cny"'aSI: 

( J) I ;, •» f n 1 t •» r n 
; B aToM cnyqae B rrpeaene f n-+ 0 1 r n -+ 0 

ypaaHeHHH rrepeHoca CBOASITCSI K ypaaHeHHSIM Haabe-CToKca;: 

( II ) Lnn -+ "" ; 9TOT cny"'aH HMeeT MecTo B6nH3H KpHTH"'ecKoi% TO"'KH 

H HH B K8KOM !IpH6nH*eHHH He CBO,[(HTCSI K rHApOAHH8MHKe. 

( 1) nonh3YHCh 8CHM!ITOTHKOH K I ( z ) 

12 K 1 ( z) - ( 77 / 2 z) exp ( -z ) 
1 

)9 

!IpH Z •>> 1 
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.,. 

/ 

----------......._-

H8XOllHM llml HHTerpanbHbiX Hllep: 

L ( ;, t) 
nn 

L nn 0 ( t) 

(2 rd 2 ) 3/2- r 
n n 

-3/2 z • 
n 

-:o n (4.6) 

flpH 9TOM ypaBHeHHH nepeHoca ( 2.12) HMeiOT BH.ll ( llnH KpaTKOCTH BblfiHWeM 

HX B cnyqae HeC>KHMaeMoit >KHllKOCTH V ; ( ;, t ) ., 0) : 

ar 
c: ---

v at 

A t - f J.t' J ... 
(2TTJ3/2 - f-x' 

..,oo r f3 

R2 (t-t') 2 I 
exp 1- Y 12 + r 2 V 2T(;', t ' ) , 0 

2 (t-t')2_ )3/4 0 0 
( ..!_ + ----~-f2 

0 
(4.7) 

exp I -v...l1!.. (t-t'J2 

Po 
iJvx; - ., . t Jt' ... 

at 
(2TT )3/2f- f Jx' 

f2 + -~· 

..,oo r2 T 
r 2 

2 
( R2 2 v2v ........ 

--;;r + (t-t')2 3/4 xv(x:t') 
f 2 2 ) , 

R 
.... 

-.I R I a 
l... .... x -x, I 

r2 

EcnH npeHe6pe'lb aana3llbiB8HHeM, ypaBHeHHR ( 4. 7) MO>KHO cBeCTH K 

ypaBHeHHHM 

ar 
c: -

v at 

Po 

A 4;"i2 f J;' 
0 

!1. 
4 7T f2 

2 

exp I - R If o I V 2 T ( x ' , t ) , 
R 

f Jx .... , exp I - R If 2 I_ V 2 V x ; ( x,' t J , 
R 

(4.7a) 

KOTOpbie fiO cfJopMe H8fiOMHH8IOT ypaBHeHHSl l.JeM6epca llnR 8HOM8nbHOro 

17/ IJBI 
CKHH-acpcfJeKTa H flHnrrap.oa .onR cBepxrrpoBOllRIIIero o6pasua , ycTa-

HaBnHB8IOIIIHe HenoKanbHyiO CBR3b Me>K.lly TOKOM H IIpHnO)f{eHHbiM rroneM. 

HarrpHMep, COOTHOWeHHe l.JeM6epca HMeeT BH.O: 

.. ( .... J 3a fJ .... , ii (R S(;'JJ I X =- X 

4TTi R 4 
e -R/f (4.8) 

l 
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rAe - rrnoTHOCTb TOKa, 
/ HarrpHMeHHOCTb 8neKTpH'IeCKO-

e - nnHHa KOppenHUHH, a - IIpOBO):lHMOCTb. CymecTBOB8HHe 
ro rronsr, 

CTOnb HerrocpencTBeHHOfi 8HanorHH ypaBHeHHH (4.7a) C COOTHOllleHHHMH 

qeM5epca (4.8) naeT HaM OCHOB8HHe HaneHTbCH
0 

'ITO ypaBHeHHSI (4.7a) 

HMeiOT CTOnb :me B8)1{HOe IIpHKnanHoe 3H8'1eHHe
1 

K8K H ( 4.8) ( H8IIpHMep, B 

TeopHH rrorpaHH'IHoro cnoH). 

B npyroM KpafiHeM cnyqae, Korna B (4.7) Mo:mao npeHe5pe'lb Heno-

KanbHOCTbiO, rronyqaeM ypaaHeHHH c rraMH TbiO 

iJT A t ,_ t' 
IV 

2 
T (;,t') 

c v f Jt' exp I -
(4.75) at ro -oo 'o 

il -> 
t 

t- t' 2 \ XV 
~ _.3_ -> -> 1-b fat, exp I - --lv v X V ( x, t') c1t r2 r2 

OGn ypnnnenHH ( 4. 75) onHoro THrra, II08ToMy HccnenyeM nepaoe H3 HHX -

ypnsnenne rrepeaoca TeMnepaTyphi. DH$$epemmpyH ero no apeMeHH, rrony-

'IHM sonnonoe ypaBHeHHe: 

+
ro 

ar 
at (4.9) 

H, cnenOB8TenbH0 0 KOHe'IHYIO CKOpOCTb pacrrpoCTpaHeHHH B03My!lleHHH TeMrre

paTypJ.I: uT -- y A I c v r 0 • TaKoe ypaaae"aHe 5bino BrrepBbie rrony'leHo H 
1191 

Hccnenosano KaTTaneo H HeonHoKpaTHo rrpHMeHHnOCb B pa3nH'IHhlX 

3ll/l8'11lX (nanp./
20

•
211

). Haxoneu, B rrpenene e -.0, r _, 0 ypaBHeHHH 
n n 

( 4. 7) rrepexonHT B o6bi'IHhie ypaBHeHHSI HaBbe-CToKca. 

( II ) PaccMoTpHM Tenepb cnyqatt, Korna L "" I q, s I _, _oo 

m 10, o 1 
"" 

q, s '"'0, 2 
0 

:Ill"" 10,21-.-2!a"tO; :Ill"" 12,0 I _,_J!b"I=O. 

Y'!IIThiBasr, 'ITo rrpa 8TOM z '"'y:lll I 0,0 I/ b x( c2 t 2 + I; !2 ) 112 -. 0 , rne 
n nn n n 
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2 
c 

n b 
n I an • H HCIIOnb3YSI: 8CHMIITOTHKy cjlyHKUHH MaK.!lOHanbna: 

K 1 ( z) 
- z-

1 
, 0 < z << 1 , rrony'!HM cneayiOmHe Bbrpa)!{eHHH .anH HHTer-

panbHhiX HLlep 

... ()( t) ... L nn ( X 1 f) ~ (c~t2+!x!2J-1 
(4.10) 4rr C n an 

ToT )!{e peaynbT8T Mbl IIony'IHM
1 

IIOnO)!{lfB L _, = 0 
B pasno)!{eHim ( 3.9). nn 

3TH Bb!pa)!{eHHS!: CBHLleTenbCTByiOT 0 'Ipe3Bbl'I8HHO Me.aneHHOM 38Ty-

X8HHH KOppenHUHH BO BpeMeHH II B IIpOCTpaHCTBe .llnH cny'!aSI: ( 1/ ) 
1 

KOTO -

/17/ . pb!H MO)!{eT HMeTb MeCTO B6nH3H KpHTH'IeCKOH TO'IKH • EcnH IIpeHe6peqb 

38Il83LlblB8HHeM ( an ~ 0 ) 1 TO BMeCTO ( 4.10) rrony'!HM H3BeCTHbie cjlopMy
/4,13/ 

nhr OpHwTet\Ha-UepHHKe • 

oc 

L nn (X) 
... _, 

f L (X-+ t) cit = -' - I X I 
- . nn ' 4rr b n (4.10a) 0 

H3 KOTOpb!X cne.ayeT, 'ITO pa.aHyC KOppenHUHH fn 
BospacTaeT .ao 6ecKo -

He'IHOCTH. B o6meM cnyqae (4.10) rrpu6nH)!{eHHe K KpHTH'IecKotl TO'!Ke 

XapaKTepHsyeTCSI: T8K)!{e pe3KHM B03paCT8HHeM BpeMeH KOppenHUHH 'n 
117/ 

TaK H83biBaeMoe KpHTH'IeCKOe 38MeLlneHHe • flpH Bb!BOLle ( 4.10) Mbl 

rrpenrronaranH, 'ITO OTHDWeHHe en I r n 
OCTaeTCSI: KOHe'!HbiM. 3To rrpe.arrono-

)!{eHHe, pasyMeeTcH, He MO)!{eT 6b!Tb CTporo o6ocHoBaHo, a Hawa HHTeprrpe-

TaUHH cnyqaH ( II 
SI:BnSI:eTCSI: nHWb IIOilb!TKOft Ka'IeCTBeHHOfi TpaKTOBKH 

KpHTH'IeCKHX HBneHHH. flpH 3TOM Ll8HHb!H IlO.!lXOLl II03BOnHeT c.aenaTb HHTe-

peCHhle Bb!BOLlbl OTHOCHTenbHO IIpOTeKaHHS!: rrpoueCCOB rrepeHOCa B KpHTH -

'!eCKOH o6naCTH. B CHny (4.10) ypaBHeHHH IIepeHoca (2.12) HMeiOT BHLl! 

ar 
cv a' + To (.i!!._)P V v ar 

, v2 ... . 
f c/ ' fc/ -+, T (X ', t '} 

~ ---------- f X , 
4rr

2
a 0 c 0 T~ -co c~ (t-t ') 2 + R 2 
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a v v 
p 

0 a t 
+ (..!!..LJ 2 P + (_L.e_J v2 r 

a P rv a r P 

... 
Po _a_.y,__x_v_ 

at 

( 4.11 ) 

2 -+ -+ 
1 (x',t') I dt , I dx-+, J V x v 2 

-oo c 2 (t-t') + R 2 

0oJl<JepKHeM 0 'ITO TepMOJlHHaMH<JeCKH9 ITpOH3BOJlHhie B neBbiX <JaCTHX ypaB

HeHHA ( 4.11) cneJlyeT 3aMeHHTb 3aBHCHIIIHMH OT JlBYX npOCTpaHCTBeHHbiX 

TO<JeK HHTerpanbHbiMH HJlpaMH 0 KOTOpbie CB9pTbiBaiOTCH C COOTBeTCTByiOIIIHMH 

npoCTpaHCTBeHHbiMH HnH BpeMeHHbiMH npOH3BOJlHbiMH OT T9pMOJlHHaMH<JeCKHX 

110 11/ 
napaMeTpOB 

0 
0 ITOCKOnbKy B6nH3H KpHTH<JeCKOit TO'JKH TepMpJlHHa¥HKa 

CTaHOBHTCSI HenoKanbHOito 0JlHaKO Mbl aToro SIBHO He JlenaeM, TaK KaK Hac 

HHTepecyJOT nHIIIb npaBhie qaCTH B ( 4.11) • 3aMe<JaTenbHbiM CBOitCTBOM ypaB

HeHHA (4.11) HBnSieTCSI OTCyTCTBHe KHH9TH'I9CKHX KO~RUHeHTOB B ypaBHe-

HHSIX nepeHoca. OpouecCbi nepeHoca Tenep& xapaKTepHayJOTcSI napal'v:H an 

H C n H SIBnSIJOTCSI cymeCTBeHHO HenoKanbHbiMHo R.llpa nepeHoca O<JeHb 

MeJlneHHO y6b!Ba!OT B npoCTpaHCTBe H BO BpeMeHH, TaK 'ITO HHTerpanbl OT 

... 
HHX ITO BCeMy npoCTpaHCTBy X, t paCXOJlSITCSI (B COOTB9TCTBHH C 

npeJlnono>KeHHeM, 'ITO L n n I 0, 0 1-+ ·00 ) • no aToA npH'IHHe noKanhHbie H 

KpaTKoBpeMeHHhie B03MymeHHH TeMnepaTyphi T (;, t J H MaccosoA: 

CKOpOCTH Bbl3biBaiOT ITOTOKH B o6naCTSIX IIpoCTpaHCTBa, pa3Mepbl 

KOTOpbiX 3Ha<JHTenbHO npeBOCXOJlSIT pa3M9pbl 30Hbl noKanH38UHH B03MymeHHA:1 

a BpeMH 0 B Te'leHHe KOTOpOrO 9TH ITOTOKH cymeCTByJOT 0 ropa3Jl0 6onbl1Ie 

ITpOJlOn>KHTen&HOCTH B03MymeHHSI. l1Hb!MH CnOB8MH1 TO'Ie<JH>Ie H MrHoBeHHbie 

0 -+ 
HeoJlHopoJlHOCTH ( T.e. HeOJlHOPOJlHOCTH THna ( Fm - Fm ) S(x) li(t) ) Bbi3biB810T 

JlOnro>KHBYIIIHe Boa6y)f(JleHHSI npaKTH<JeCKH ITOnHoro 06'beMa CHCTeMbi. 3TO 



~ 

~ 

CBOeo6pa3HOe HBneRHe, no-BHllHMOMY1 CB.II38HO C npH6nH:lKeRHeM CHCTeMbl 

K rpaRHUe ycToJ!:qHBOCTH no Mepe ee npH6nH*eRH.II K KpHTHqecKOH TOqKe. 

5. An!l>dJepeHunanbRbre vpasaeRHH nepeaoca 

B aacToHmee paanene Mbr nonbrTaeMcH csecTH HRTerpo-nw:j){jJepeaunanbHbre 

ypaBReRHH npenhrnymero naparpacjla K cncTeMe nncjJ<jJepeaunanbRhrx ypasaeanl!:, 

nocKonbKy TaKoe omfCaRHe *HllKOif cpenh! qacTo oKaahrBaeTCH 6onee 

yno6ahrM. 

npe*Ue BCero paCCMOTpHM ypaBReRHe nnH KOppen.HUHORROH cjJyRKUHH 

cjlnyKTyaUHH ~ n n (;, t ) • Cosepma.11 B (3.11) o6paTRoe npeo6paaosaane 

4>ypbe, aal!:neM, qTo npH I ; I ·» e , t ·>> r 
n n 

ynosneTBOp.IIIDT nncjJ<jJepeRUHanbROMy ypaBReRHID: 
2 

(J - r 2 _j..___ - e 2 ,,2 ) ~ ( x, t ) ,., 2 L 
n a ,~ n v nn nn 

cjJyRKUHH ~ nn r;, t ) 

o(~ 0 ( t) ( 5.1) 

0rMeTHM 1 qTo ypaBReRH.II ( 3.11) H ( 5.1) 9KBHBaneRTRbl nHllib B cnyqae 

6earpaanqaoll: cpenbr npH HaBecTRhiX orpaanqeffHHX aa Knacc cjJyHKUHll: 

~ n n (;, t ) • B qacTROCTH, KOppenHUHOHRh!e cjJyRKUHH nomKHbl ynosneT-

BOp.IITb npHRUHny ocna6neRH.II KOppenHUHJ!:: 

f'im 5 ( ;, t ) ,., e;m ~ nn r;, t ) "' 0 . 
~~~~-tOO nn t-+oo 

EcnH 9TH ycnoBHH Bb!IIOnRHIDTCH, To pemeaHeJI,_ ( 5.1) HBnHeTcH cjJyHKUHH ( 4. 1 }. 

OnaaKo npH aannqnn rpaanu Bhrnonaeane o6paTHoro npeo6paaoBaRHH 4>ypbe 

Tpe6yeT, KaK Y*e oTMeqanocb, yqeTa rpaaHqRbiX ycnoBHll: - HanpnMep, aana

RHH ycnoBHll: oTpa*eRHH aa rpaanue, KaK aTo nenanocb B pa6oTax no aao -

/8,9/ 
ManbROMy CKHR-acjJ<jJeKTy o npH 9TOM ypaBHeRHe ( 3.11) He CBOllHTCH K 

nncjJ<jJepeRUHanbROMy1 a BHll cjJyRKUHH (4.1) HeCKOnbKO H3MeRHeTCH. B RSCTOH-

mel!: pa6oTe Mbl 9THMH BOnpoCaMH 38RHM8TbC.II He 6yneM. 

i 
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06paTHMC51 K ypaBHeHIUO ( 5.1) 0 KOTOpOe SIBn!ileTCSI o6o6ru:eHHeM 

l /4,13/ 
H3BeCTHoro UH~epeauHanhHoro ypaBHeHH!il OpawTeii:aa-UepHHKe aa 

KOppen!iiUHOHHbie ljlyHKUHH ljlnyKTyaUHH, 38BHCSilll:He OT BpeMeHH. EcnH B 

( 5.1) rrepeii:TH K rrpeaeny r _. 0 
n 

H rrpoHHTerpHpoBaTh o6e qacTH .no 

BpeMeHH, H8HUeM, qTo cneKTpanbH8SI nnoTHOCTb KOppenSIUHOHHOH ljlyHKUHH 

~ (x,, J 
nn 

IIpH HyneBOH qaCTOTe, T.e. ljlyHKUH51 KOOpUHH8T 

1 ( xJ .. +qof dt ~ ( ;, , J 
n nn 

yaoBneTBop51eT ypaBHeHHIO OpawTeii:aa-UepHHKe. 

Cneii'Y!Oru:HM aTarroM 51Bnl1eTc51 rronyqeaHe UH~epeauHanhHhiX ypaBHeHHii: 

rrepeHOC8 H3 ypaBHeHHH ( 2.12) • 3TO MO)KHO 6hin0 6bi IIOIIbiT8TbCSI caenaTb 

HCXOU51 H3 ( 5.1) H HCIIOnh3YSI CB513b ( 4.5) ljlyHKUHH L ( ;, t ) H 
nn 

~"" (x,t) OaaaKo rrpH aToM Mhi BhiHy*UeHhi 6hmH 6bi aenaTb Mano-

060CHOB8HHbie B paMK8X HCXOUHOH MOUenH IIpH6nH)KeHHSI. 

Mbi H36epeM Upyroii: nyTh. I1MeHH0 0 MOUHijJHpyeM H8lliy Moaenb T8K 0 

qTo6bi OH8 IIpHBOUHna K IIpOCTOMY UH«jJ«jlepeHUH8nhHOMy ypaBHeHHIO ansr1 

L nn (;, 0 II03BOnSI!Olll:eMy CBeCTH ( 2.12) K UH«jJ«jlepeHUH8nhHbiM 

ypaBHeHH51M. llng 3TOH uenH onpeaenHM IlpSIMYIO KOppen51UHOHHyiO ljlyHKUHIO 

M (k, w) 
n n 

HeCKOnhKO HHaqe, qeM B §3: 

-+ 
L nn (k 1 W ) ., 1 ( 5.2) 

38BHC51T TOnhKO OT 

51Bn5110TC51 KOMIIneKCH03H8qHbiMH; OHH 0 K8K H paHee, 

k 2 
B CHny IIpOCTpaHCTBeHHOH H30TpOIIHH, HO He 

51BnSIIOTC51 qeTHbiMH ITO W 0 T8K K8K MHO)KHTenb {) ( t) HapywaeT CHM-

MeTpH!O penaKC8UHOHHbiX ljlyHKUHH OTHOCHTenhHO • 06ru:Hii: BHU pa3nO)KeHH51 

M nn ( k' w ) IIO CTeiieH51M k H w aaeTCSI p51llOM: 

-I 
= L nn + an W 

YqHThiBasr, qTo ( aanp., 
1161 ) 

Re Lnn(k, w) "' Re Lnn (k, -w ) , 

lm Lnn (G,w) .. -lm Lnn(&, -w) , 

25 
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b HaXO.QHM0 'ITO 
n - semecTsenno, a 

on - 'lHCTO MHHM00 .Uanee, 

orpaHH'lHBa.HCb B (6,3) nHIUb BblflHCaHHblMH 'lneaaMH, IIony'lHM H3 (5.2) 

ypasnenHe .on.s:r Lnn (k, CU) 

0-irncu 2 2 -+ 
+ f n /c ) L nn (/c, (U ) • L n n 

( 5.4) 

ITono}f{HTenhHOCTh b n cne.oyeT Ha ycnoBHSI ( 3.12), a a a ax lm on 

H3 rrpHHUHIIa IIpH'lHHHOCTH: B caMoM .oene, 'lT06bi Lnn (x-: t) o6pawanocb 

B aynh rrpH t .< 0 , Heo6xo.oHMo, 'lT06bi rromoc L (k, ru) ( HnH aynb 
nn 

Mnn (k, (U ) 

6brn pacrrono}f{eH B HH}f{Heli rronyrrnocxocTH KoMrrnexcaoli 
rrnoCKOCTH ru • ITapaMeTpbi L n n 

HHTerpanbHbiX .s:r.oep L nn ( ;, t ) 
H f n Bbipa}f{aJOTCSI 'lepea MOMeHTb! 

<l>opMynaMH (3.13), a r n - ljlopMynoli 

r" "' L "" I 0, 1 I I L "" I 0, 0 I 

YpaBHeHHe ( 5.4) C y}f{e YIIOMHHBBIIIHMHC.H OI"OBOpKaMH SKBHBaneHTHO 

cne.oy10meMy .oHljJ!jlepeauHanhHoMy ypaBHeHHJO: 

Dn Lnn (;,I) "'Lnn 8 (;) 8(t) , 

r.oe D n - .QH!jlljlepenuHanbHbili orrepaTop: 

D" .. 1 +r" a I at - f ~ v 2 • 

( 5.5) 

( 5.6) 

( 5.6a) 

YpasneaHe ( 5.6) Tax }f{e, xax H ( 5.1), .s:rBnHeTc.s:r .OHHaMH'IecxHM o6o6me

HHeM ypaBHeHHSI OpHIIITeliaa-llepHHKe. 

-+ 3.oecb yMeCTHO cpaBHHTb IIpH6nH}f{eHHbie Bbipa}f{eHH.H .QnSI L nn (lc, (U ) 

KOTOpbie Mb! IIpHHHMaeM B ( 5.4) ! 

-+ L nn L nn (/c' (U ) 

1 +f: /c
2

- irn ru 

C TeMH, KOTOpbie cne.oyJOT H3 
-+ 

L nn ( /c' (U ) 

1+f2fc2 
n 

xl 
( 3.11) H ( 3.2): 

L "" 
- i r ru V 1 + f1 fc1 

n n 

(5.4a) 

( 3.lla) 

x/ ( ) ,.. 
Bbpa}f{eHHe 3 .11a .onH . L ! lc, ru ) MO}f{HO rrony'lHTb, BoCcTaHaBnHBaSI 

lm L nn ( '; (U ) c liOMOIIlb10 COOTHo"weaHlt -KpaMepa-KpoHHI"a ( Harrp., /41rro 
Haii.oeaaoa Ha (3.11) H (3.2) .Re Lnn (,,cu). 

I 26 



~ 

06e <f>opMynbl ( 5.4a) H ( 3.JJ) COBII8Jl8IOT IIp~ f n = 0 (HnH B rrpeJlene 

' ~ 0 ) H COOTBeTCTBYIOT B STOM cnyqae MaKCBennoBCKOft penaKCaUHOHHOH 

<f>yHKUHH c speMeHeM penaxcauHH 'n • 3To speMR nnR rrpoueccos nepeaoca 

HMIIynbCa MOJKeT 6b!Tb BblpaJKeHO qepea Bb!COKO'I8CTOTHble MOJlynH ynpyroc-

TH. LleAcTBHTenbHo, BBelleM B cornacHH c onpeJleneHHeM Usaauura-Maya
/22/ 

TeHa BbiCOKO'I8CTOTHbie MOJlynH CllBHra G.oo H o6oeMHofi ynpyrocTH 

K 
.00 

4 -1 ~ 

Koo +---rGoo -To fim fim w lm LnOc,w ) , 
(5.7) i:-+0 w.._ 

T;1 
fim 

~ 

G 
0() 

.. fim w lm L 22 (1c,w) 
~ w--

Bbi'IHCnSIR IIpeJlen B IIpaBoft 'laCTH STHX paBeHCTB
1 
Bblp83HM r J H r 2 

qepe3 OTHOUJeHHe BR3KHX H ynpyrHX IIOCTORHHbiX: 

'J -
'+4/3 '2 

Koo +4/3 Goo 
; ( 5.8) 

ACHMIITOTH'IeCKHe <f>opMynbl ( 5.4a) H ( 3.JJa) COBII8£1810T Jlpyr C 

JlpyroM TaKJKe IIpH 'n • 0 H IIpH STOM COOTBeTCrByiOT IIpH6nHJKeHHIO 

OpHUJTeAHa-UepHHKe. B o6meM cnyqae ( f n .J, 0, r n rl 0 ) ( 5.4a) H 

( S.lla) rrpHBOilRT, paayMeeTcg, x paanH'!HbiM BbipaJKeHHRM QnH HHTerpanb

HbiX Rllep L n n (X , t ) 

Terrepb Mbi ucnonbayeM ypaBHeHue ( 5.6) llnR rrony'leHHH LlH<P<f>epeauuanb

HbiX ypaBHeHHA nepeHoca. llo!leftCTByeM Ha o6e '18CTH ypaBHeHHA ( 2.J2) 

llH<P<f>epeHUHanbHbiM onepaTopoM D n ( 5.6a), y'IHTbiBaR ( 5.6): 

D0 I c ~ + T0 (.l..£. ) V ; I • A V2 T , 
v a, ar P 

o 1 ay; +(~J .a +(..i!_J ·sl r 1-(( + ·
3
4 .,J v2 v 1 at ap TV P a r P 
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D2 Po 
2 

""7JV [v 
.... 

xv ( 5.9c) 

H JlOliOIIH:HM ( 5. 7a,6,c) ypaBaeaHeM aenpepb!BH:OCTH 

ap -+ 

a , -Po V v ( 5.9a) 

YpaBaeaHR (5.9) npeacTaBnRIDT cocoA aaMKayTyiD cHcTeMy llH~~epeauHanb-

JlhiX ypaBH:eHHft 1 OriHChiB8IDIJlHX 8BOIIIDUHID npOCTOft OllH:OKOMliOH:eHTHOii: :H<Hll

KOCTH C a<fxPeKT8MH HeiiOK81IbH:OCTH ll: ll8MRTll: H coaep:H<aT KpOMe KHH:eTH'l:eC

KHX Ko~~HuHea:ToB A 1 7J 1 ( wecTb aononaHTenbH:hiX napaMeTpoB: BpeMeaa 

'o r, '2 H JliiHH:hl e o• e I • e 2 KOppenRUlfA. B cnyqae I'aaa 

BCe r n - liOPRllK8 BpeMeHH CBOOOJlH:OI'O npooera, Bee f n - nopRJlKa 

JliiHH:bl CBOOOJlH:OI'O npooera, a OTHOWeHHe . en I r n - nopRJlKa cpeaaeft 

TennOBOft CKOpOCTH MOIIeKyn. OoaTOMY lliiR !'838 1 B aeii:CTBHT91IbH:OCTH1 

HMeeTCR OllHH JlOriOIIHHTellbHblit napaMeTp • .[lng :H<HllKOCTH 8TH napaMeTpbi 

MOI'YT CHIIbHO p831IH'I8TbCR 1 ll08TOMy Mt.I anpaBe npeanonai'aTb HX aeaaBH -

CHMhiMH H Jl8:H<e HeKOTOphie H3 HHX ITOIIOiKHTb paBHhiMH RyniD. Toraa CHCTe

M8 ypaBH:eHHii ( 5.9) MO:H<eT 3Ht:l'IHTenbHO yrrpocTHTbCR. 

3aKniO qea He 

B HaCTORIIIeA paooTe nony'leHhi ypal'ae•: !R nepeaoca, o6o6maiDIIIHe 

OOhi'IH:yiO I'HllPOllHHaMHKy aa MeHbWHe MacTaOhi anHH H BpeMea. OpH aTOM 

Mhl OCT89MCR B paMK8X I'HllPOllHH8MH'I9CKOI'O l10l1X0l181 T.e. OliHC8HHR :H<Hll

KOCTH HeOOIIbWHM 'IHCIIOM TepMOllHH8MH'IeCKHX napaMeTpoB: TeMnepaTypoit, 

nnoTHOCTbiD H MaccoBoft cKopocTbiD. TaKoe o6o6meaHe I'HllPOllHHaMHKH rroa-

BOIIReT H3y'l:aTb npoueCChi1 B KOTOpbiX cymecTB9HHhl npOCTpaH:CTBeH:HaR H 

BpeMeHHaR JlHCnepCHH KHH9TH'I9CKli:X KO~HUH9HTOB1 HanpHMep, pacrrpOCTpa

HeH:He I'HnepaByKa, aeynpyroe pacceRHHe aeATpoHoB H caeTa. 

I 
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ITpencTaBnHeT TaK~e HHTepec paccMoT~eHHe KnaccH~OCKHX aana~, 

nm1 KOTOpbiX HerrpHMeHHMbi ypaBHOHHH HaBhe-CToKca, HarrpHMep, Hccneno

BaHHe CTpyKTypb! CHnhHbiX ynapHbiX BOnH 1 Korna CKOpOCTh H TOMIIepaTypa 

Cyii!OCTBOHHO MOHHIOTCH H8 nmiHe CB06onHOI'O rrpo6era. 06b!~HO nnH perne-

/6/ 
HHH rrono6Hb!X aana~ HCIIOJIL3yeTCH ypaBHOHHe EonhUMBHa o 

C npyroi!: CTOpOHbl 1 H3BOCTHLI 8CHMIITOTH~OCKHe rrapanOKCb! 06b!~HOH 

/23/ 
I'HnponHH8MHKH 1 KOTOpb!O CBHneTenLCTByiOT 0 TOM 1 'ITO ypaBHeHHH 

HaBbe-CTOKCa HeaneKB8HTHO OIIHCb!BaiOT Te~eHHH C ManhiMH KHHeTH~OCKHMH 

Koa¢¢HUHOHT8MH. llpyi'HM IIapanoKCOM HBnHeTCH 6CCKOHC~H8H CKOpOCTh 

pacrrpoCTpaHOHHSI Manb!X B03Myii!OHHi!: TOMIIepaTypb! H BHXpH CKOpOCTH B 

/21/ 
cpene, rron~HHHIOII!ei!:cH ypaBHeHHHM o6LI'!Hoii rHnponHHBMHKH • ITony~eH-

Hbie B HaCTOHIIIOH pa6oTe ypaBHOHHH II03BOnHIOT YCTpaHHTh 9Tif rrapanoKCb! 1 

B ~aCTHOCTH 1 IIpHBOnHT K KOHO'IHOH CKOpocTH pacnpocTpaHeHHH MBnBIX 

303MYII!OHHH. 3TH BOI!pOCbl 6ynyT paCCMOTpOHbl B H8IIIHX nocnenyiOU!HX 

pa6oTax. 
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