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MockoBckuii rocy1apcTBeHHbI 00/IACTHON YHUBEPCUTET

OPTOrOHANbHOCTb COBCTBEHHbIX DYHKLIWIA XAPAKTEPNCTUYECKIX
YPABHEHWUW KAK METO[] PELUEHIA TPAHUYHBIX 3ALAY MOAESTbHBIX
KWHETWYECKWX YPABHEHWI

AHHOTauns. PaccmatpuBaetcsi fABa Kiacca JIMHENHbIX KUHETUYECKUX YPABHEHWI: C
MOCTOSIHHOW  YacTOTON CTOJIKHOBEHWI W € MOCTOSHHOW JIJIMHOW CBOBOAHOro rpobera
rasoBbIX MOJIEKY/ (T.€. C YacTOTOM CTOJIKHOBEHWIT MOJIEKYJI, MPONOPUNOHATIEHON MOZYITIO
MOJIEKYIAPHOW  ckopocTu). Ha ocHOBEe OJHOPOJHON KpaeBou 3ajaynm PumaHna c
KO3GhONLUNEHTOM, PABHbIM OTHOLLUEHWNIO TPAHNYHbIX 3HAYEHWIT ANCTIEPCUOHHON OYHKLNY,
pa3BuUBAETCS  TEOpus  NOJYNPOCTPAHCTBEHHOW — OPTOrOHANbHOCTU — 0000LEHHbIX
CUHTYNIAPHBIX COOCTBEHHBIX QOYHKLNI COOTBETCTBYIOLNX XaPAKTEPUCTUYECKUX YPABHEHNI,
K KOTOPbIM MPUBOANT PA3AENEHNE NEPEMEHHbIX.

Ha npumepe AByx rpaHnyHbix 3a4a4 KNHETUYECKO Teopun (0 AnGQy3un NErKON KOMITOHEHTb]
OMHapHOro rasa n 3agayvn Kpamepca o6 u30TepMnUYECKOM CKOJIbXKEHNM) MOKA3aHO NPUMEHEHNE
TEOPUN OPTOrOHAbHOCTH COOCTBEHHBIX QOYHKLWIA L1 AHATIUTUYECKOrO PELLIEHUS YKa3aHHbIX
3afavy.
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ORTHOGONALITY OF THE EIGENFUNCTIONS OF CHARACTERISTIC
EQUATIONS AS A METHOD FOR SOLVING BOUNDARY VALUE PROBLEMS
OF MODEL KINETIC EQUATIONS

Abstract. In the present work we consider two classes of linear kinetic equations: with constant
collision frequency and constant mean free path of gas molecules (i.e., frequency of molecular
collisions, proportional to the modulus molecular velocity). Based homogeneous Riemann
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boundary value problem with a coefficient equal to the ratio of the boundary values dispersion
function, develops the theory of the half-space orthogonality of generalized singular
eigenfunctions corresponding characteristic equations, which leads separation of variables.

On the example of a two boundary value problems of the kinetic theory (diffusion light
component of a binary gas and Kramers problem about isothermal slip) shows the application
of the theory orthogonality eigenfunctions for analytical solutions these problems.

Key words: kinetic equation, collision frequency, boundary value problems, eigenfunctions,
dispersion function, analytical solution.

1. BBegenue
IlocTpoeHne TOYHBIX pelIeHMII [ COJEP)KAaTeNbHBIX TPAaHMYHBIX 3afad
MareMaTn4eckoil Gu3NKM SBsAeTcsa OONbLION ypadeir. ITO B IIONHONM Mepe
OTHOCHUTCS ¥ K TPAHMYHBIM 3afadaM [/ KMHeTUIeCKUX YPaBHEHWIL.
B 1960 r. K. Keit3 B pabore [10] BmepBble MpeIIOKUT MeTO[
aHaMUTUYECKOTO PellleHNA IPAHNYHBIX 3a/4a4 Ji/I1 MOAE/NbHOrO YpaBHEHNSA ITepeHoca

HEITPOHOB
1

oh C
—+h =— | h Ndw'. 1.1)
pe+ GG Zf (% W)dp (
-1
O61mit MeTog| paseneHus nepeMeHHbIX Oypbe IPUBOAUT K MOACTAHOBKE

X
by (%, 1) = exp (- ﬁ) ®(n, ). (1.2)

ITopcranoska (1.2) ceopnt ypaBHeHue (1.1) K XapakTepUCTUIECKOMY

1
M —-wWem,p = n% f @, w)dy'. (1.3)
41

l'ennanbHas gorajgkKa K. Keri3za cocrosma B TOM, YTO OH MPpEeIOXKNTT NCKATh

pellleHMe XapaKTepUCcTUYecKoro ypaBHeHms (1.3) B mpocTpaHcTBe 00OOIIEHHBIX

$ynkunit [1]:
c 1
P, p) =N—=P——+ A1) — ), (1.4)
mw Liv=L g mdm—-p
rie A(z) - pucnepcuonHast GyHKIus,
1

A(z)=1+5f dz

2 )1t—-7
1

Px~1 - o606mennas ¢yHkuna (rraBHoe 3HayeHMe B cMbicie Komm mpnm

unTerpupoBanuu x 1), §(x) - nenpra-dynximsa Jupaxa.

\2/
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CaoiicTBa co6cTBeHHBIX GyHKINMI (1.4), pasnmo)keHne pelleHNI YpaBHEHNIA

(1.1) m ux 060611eHMIt 1O COOCTBeHHBIM QYHKILIMAM U3y4annuch B paborax [11-17].

OpHolt 3 HepBbIX TPAaHNMYHBIX 3aa4 JIA MOJE/NIbHOTO KIHETNYeCKOTo
ypasaenus bI'K (bxarmarap, I'pocc, Kpyk), mna xoTopoit 66110 IOTy4eHO TOYHOE
pelenye, Oblla JMHeapu3OBaHHas 3ajjadya  Kpamepca 00 m30TepMMYECKOM
cKonbXeHyn. Ity 3agavy pemnt B 1962 r. K. Yepunnbsanm [18].

ITocne paborel YepumHbssHM OBUIM IPeJUPUHATHI MHOTOYMC/IEHHbIE
HOMBITKY PelINTb aHANTIYeCKN 3aiaqy CMOTyXOBCKOTO O TeMIIepaTypHOM CKauke
u cnabom wmcnapeHun. O630p TaKMX MONIBITOK M3/MIOXKeH B paborax [2-4]. ITtu
HOTIBITKY IPOIO/DKA/INCD BIUIOTD JIO OAB/IeHN paboTeI [5], B KOTOPOIt OBbIT pasBUT
AHAMTUYECKMIT METOJl pelleHMA TPAaHMYHBIX 3afad I TaKOro Kjacca
KMHETNYeCKUX YpaBHEHMIl, KOTOpPble CBOAATCS K peIIeHMI0 BEKTOPHBIX MHTErpo-
nnddepeHIaTbHBIX YPaBHEHNII THUIIA ypaBHEHNII ITepeHoca.

K. UYepumnbsum [18] cBen pelneHne 3afauum 00 M30TEPMUYECKOM
CKOJIbKEHMM K PELIEHMIO CIEAYIOLIEN TPaHNYHO 3aa4n:

h 1 [
Uu—+h(,p) =— J exp(—u'?) h(x,u)dy’, x> 0,—00 < pu < +oo,

Ox N

h(0,u) =0, >0,
h(x, 1) = hgs(x, 1) +0(1), x = oo,

3mecp hgs(x, 1) - acummroTnyeckass QyHkums pacupenenenns YemmeHa-

DHCKora,
has(x' ,LL) = 2UO + ZGv(x - ﬂ):

Uy - HeusBecTHas Oe3pasMepHas CKOPOCTb CKOJIbKEHMs Trasa, IOJIeXalas
OTBICKAaHMIO, G, — 3a[JaHHBIN BJAMN OT CTEHKM I'pafijueHT O6e3pasMepHON MacCOBOII
ckopoctu, p = Cy, C = V/vp,vp =1/ \/ﬁ - TemwloBasg CKOpPOCTb Tasa, [ =
m/(2kT), m - macca Monexynel ra3a, k — nocrosnHas bombnmana, T = const. -
TeMIlepaTypa rasa.

B 3agmaye 00 wmcrmapeHMM Jerkoil KOMIIOHEHTBHI OmHapHOro rasa (cMm.,

HanpuMmep, [6]) nsydanoch ogHOIIapaMeTpUYeCcKoe CeMeiiCTBO YpaBHEHUIA

ah+h( )—cf (—w2)h(x, p)dy’ (1.5)
Hax ThOow =—= | exp(—17) h(x w)dw) :

rje ¢ — yucnosoit napametp, 0 < ¢ < 1,x > 0, —co < pu < oo,

0
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B paborax [7] u [8] upm pemeHuy TpaHMYHBIX 3amad /ST MOLEIBHOTO

KVHETUYECKOr0 YpPaBHEHU:A C 4YacTOTOM CTOJAKHOBEHWI, HPOINOPLUMOHAIBHON

MOZY/II0 MOJIEKY/IAPHOI CKOPOCTH, pacCCMATPUBATIOCh YPABHEHME

1

oh 3

moet h(x,p) = 2 f(l —wW?h& p)dp', x>0,-1<pu< (1.6)
-1

B nHacrosmert pabore pa3spuBaeTCsa TeOPUsA OPTOTOHANBHOCTY COOCTBEHHBIX
bYHKIIMI XapaKTepUCTUIeCKNX YpaBHEHUI, OTBeyanux ypaBHeHuaM (1.5) u (1.6).
B ocHoOBe 3TOI Teopum NeXUT pellleHMe Kpaepoil 3amaum Pumana [9] u3 teopum
(YHKIMIT KOMIIIEKCHOTO MepeMeHHOTro. JTa Teopus 3aTeM IIPUMEHSeTCs i

pellleHNs TPAHNYHBIX 33714 Jiig ypaBHeHuit (1.5) u (1.6).

2. Co6crBennsbie pyHkuuu B 3agave o nudPysmn nerkoit KOMIIOHEHThI
OGMHApHOrO ra3a ¥ MX OPTOTOHATBHOCTH
Paccmotrpum  ypaBuenme (1.5). O6muii meron Dypbe pasgeneHus

IMEpEMEHHDBIX ITPMBOJUT K ITIOACTAHOBKE

X
hy(x ) = exp (~ ) @), @.1)
ropemn — CHeKTpaHbeIf/I ImapaMeTp, B006U_[e rosop4, KOMII/IEKCHBIA.

[Mogpcrasnas (2.1) B (1.5), cpasy mony4yaeM XapaKTepUCTUYeCKOe YpaBHEeHe

- i —p'? ' 2.2
Mm—wem,p nﬁi exp(—u'?) ®(n, Wdy'. (2.2)

O603HaYMM
n(m) = fexp(—u’z) d(n, wWdp (2.3)

U IlepennineM ypaBHeHMe (2.2) B BUje
~n(n)
—n .
= n

B cuny opuopopHoctm ypaBHeHus (1.1) 6e3 orpaHuyeHMs: OOIJHOCTU

M-wemp =n (2.4)

MOXXHO CUNTATb, YTO

[oe]

n(n) = fexp(—p.’z) d(n,wdp’ = 1. (2.5)

— 00

N
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W3 ypaBHenmit (2.3) n (2.5) B mpoctpaHcTBe 00001eHHbIX pyHKumit [1]

HaXoMM coOCTBeHHbIe PYHKI[NY, OTBeYaIolIlie HEIIPEPHIBHOMY CIEKTPY

() = n\/i_Pi +exp(?) A ()8 — w. (2.6)
T N-p

3nech A.(z) - pucnepcuonHast QyHKIuS,

c wexp(—‘cz) dr
A =1 — | —

B OCHOBY T€OpUM OPTOTOHA/IbPHOCTU ITIO/IOKUM CKa/IAPpHOE IIPOU3BENEHNIE C

Becom p(u) = exp(—u?) y(w), e

Xt ()

A

3necp X(z) - pelienne ofHOPOHOI KpaeBoit 3agaun Pumana us [6]
X _ AW p
X~ AW’

Pewenne aToit 3afaun (cMm. [5]) zaercs paBeHCTBaMMu

oo

y(w) =u

> 0.

1 116 -
X(z) = Eexp V(z), V(2) = Ef %du,
0
Re A}
6(u) = arg A5 () = acot%, 8(0) =0,

AE() = Re AL (W) + ilm AF (1) = A (w) + icVmp exp(—u?),
1
M) = 1= 264 exp(=p?) [ exp(u?) et
0

CkanAgpHOe NpoNM3BefieHMe Ha MHOXeCTBe (YHKIUN, 3aBUCAINX OT

CKOPOCTHOJI IIEPEMEHHOM |, BBE[IEM PaBEHCTBOM

oo

(f.9) = f exp(—u®) y(W f (W) g(wdp.

0
Ilna ymoberBa cobcrBennble dynkumu O(n, u) 6ymem ob6o3Hayath depes

@, (1, ).
TEOPEMA 1. CkangpHOoe NpOU3BefleHNMe eAVHNIBI U COOCTBEHHOI

(YHKIMM HEIPepPhIBHOTO CIIEKTPA PABHO CIIEKTPaIbHOMY ITapaMeTpy, T. €.

(1,®,)=n, n>0. (2.7)

2
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HOKA3ATEJIbCTBO. Ilo ompegenene cKanapHOTO IPOU3BEfleHN IMeeM:

(Lo, = f exp(=12) y (1)@, (1)dr.
0

HpeﬂCTaBI/IM 3TO Bpra)KeHI/[e B ABHOM BUJE:
(1 CDn) f exp(—t2) v (1) [ P— +exp(?) A.(M)E(m — )| dr =

exp( —12)y(r)dr
\/_ T—1

+yMA(m6. (),

rge 6, - dyaxuusa XaBucaiipga.

BocrnonpayeMcs Tenepb MHTErpaJbHBIM IpecTaBieHneM (cM. [6])

3 c mexp(—rz)y(r)d‘r
X(Z) =1 +ﬁ0f .

T—Z

C IIOMOLIbIO 3TOTO NPEACTAB/IEHNA T10IyJaeM:

XT)AEm + ;)
ey > =1,

(1L, ®,) =—nX()+n+n
yTo n Tpe6OBaHOCb JOKa3aThb.

TEOPEMA 2. Cob6ctsennbie pynkiuu @ (i) 06pasyloT opToroHanbHoe

CeMeNCTBO U VIMEET MeCTO PaBEHCTBO

(@y, @) = NODS(M — ), (2.8)
rie
N(M) = exp(n?) yODA (A (). (2.9)
HOKA3ATEJ/IbCTBO. Ilo onpefeneHuo CKaJlsgpHOTO IIpOU3BeJeHUA
MMeeM:

r 1
(@) = Of exp(=T) (1) [ZL P+ exp(n) A ()OCn = )]

CU
\/_

,Z)Ac(n,)é‘(n, - T)] dT = 11 + 12 + 13 + 14.
3mech

zﬂ exp( —-12)y(t)dt
-0 -1’

I =

3
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SV
I, = L e A.01) Oj WCOYO "Dy,
1A °° _ 2 _

I3 =%e><p(n2)/1(;(n)f X 3]3/26(77 D,

0

I, = exp(n® + n’z)lc(n)ﬂ(n’)f exp(—=t3) y(0)é(n — 1)6(n' — 1)dT.
0

Bropoit, TpeTnit 1 4eTBEPThIN MHTETPAIbI IETKO BBIYMC/IAIOTCA KaK CBEPTKM
¢ fenbTa-pyHkumit Inpaka:

L= enAc(mDy(m')
2

-1’
- cn'Acmy (M)
S oNm( =)

I, = exp(m®) A2y —n").

BprumcnuM  mepBbIit  MHTerpaa.  BocmonbsyeMca — pasno)XeHueM — Ha

3/IeMeHTapHble Ipo6u

1 1 ( 1 1 )
-0 -0 n-n'\t—n -7/
a Taioke popmyroit ITyankape-beprpana
1 1 1 1
P— =P ,(P ; -P
n—u n-—Hu n—n\xn-—Hu n
B pesynbrate momydyaem, 4To
m'[_1 f exp(—t)y(dr 1 f exp(-?) y@dr| |
T n=nJ T n-nJ T-n

oo

+czm7’7rf exp(—12)y(1)6(n — 1)6(n’ — 1)dr.
0
Bocmosnb3yeMcst Tenephb MHTETPaIbHBIM HpeAcTaBIeHneM [6]

p

1 !
— #) +m28(m — w8’ — w.

11=C2

3 c cwexp(—rz)y(r)dr
X(2)=1+ \/Eof p— :

C ero noMoIb MHTErpan I; paBeH:

mxXm-Xa) , L., o, o
T =g e expCmymsn =m).

Il=

Y
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Bocnonbsyemcst onpenenennem ¢pyuxunu y (7). Torga monydaem, 410
cnn’ X)) X*(m)

= [)lc(ﬂ ) S — A o3|

Vr(n —n) Acm) A ()

3HaueHMe [VCHEPCUOHHOI (YHKLMM Ha paspese B 3TOM paBEHCTBE

12+I3=

3aMEHMM IIONyCyMMOIl €€ TPAaHMYHBIX SHA4YeHMI, a TaKXe BOCIONb3yeMCs

OTHOPOJHO KpaeBoﬁ[ 3afavert Pumana. B pesynbrate nonyqaeM q4TO

X"(n)+X ") X*(n)+X (n)]
\/_(

L+ [X(U ) =X

_w/—(r/ n)[

CxagbiBas BelpaxeHus Iy, I, + I3 v 1, mony4daem, 4To
(@, @) = [exp(?) A2() + c?mn? exp(—n D]y (S —n') =
= [A.() + iven exp(—n?)][Ac(n) — ivren exp(—n?)]e™ y(m)6( — ') =
= exp(M*) y(MAEMA: MM —n") = NS —n"),

4TO U TPeOOBaAIOCh JOKA3aTh.
[IpuMeHNM [OKA3aHHYIO TEOPEMY K pelieHuIo 3afaun o guddysun nerkoi
KOMIIOHEHTBI OMHAPHOTO rasa. B [6] mokasaHo, 4To pelneHye 9101 3aa4dy CBOANUTCS

K pelleHNI0 MHTErpaJbHOTO YPaBHEHUA

- f o', wam)dn. (2.10)
0

3neco G, = gpl, gn = dInn(y)/dy,l = vyt - gnuna cBobogHOrO MpObera
ra3oBbIX Monekyn, T =1/(vy +V,), V{ U V, — YacTOTbI CTOJIKHOBEHMII MOJIEKYJ
[IEPBOTO U BTOPOTO KOMIIOHEHTA raza MeXy co6oi.

Ymuoxum ypasHenue (2.10) na Bbipaxkenue exp(—u?)y(W®(m,u) n

HMpOMHTErpUPYEM ITONY4YE€HHOE YpaBHEHNe 110 . B pesynbTare momydaeM, 4To

Gn [o0] [o2] [o9]
2 [ expi) v et wdi = [ atydn’ [ espC-) rGoar @0 K,
0 0 0

VI, C TIOMOLLBIO BBEJJeHHBIX 0003HAYeHNI 1 JOKa3aHHOI TeOPeMbI,

GTL
T (L®y) = f a(m NS —n")dn'.
0

5
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Orcrofa c TOMOIBIO TeOpeMbI 1 nmeeM:

Gn 1 _ Gn Ul _ _Gn exp(=1*)
1-cN@m) 1-cexpm®)yMAMA: ) 1—-cXt*mAic()
YTO B TOYHOCTU COBIQJJAeT C Pe3y/IbTaTOM U3 [6].

a(n) =

BBezeMm elle ofHO CKa/lspHOe NMPOU3BefeHNEe Ha MHOXEeCTBe COOCTBEHHBIX

(GYHKIMIT C VHTerpuMpoOBaHMEM IO CIEKTPAIbHOMY INapameTpy u Becom 1(n) =
1/N():

[ee)

1
<f,g>=0jm)

Amnanoruyso TEOpEME 2 JOKa3bIBA€TCA

fmgmdn.

TEOPEMA 3. Cob6cTBeHHBIe (PYHKIMM XapaKTePUCTMYECKOTO YpaBHEHNS,

OTBEYAOIINE HENIPpEPBIBHOMY CIIEKTPY, OpTOTrOHa/IbHbI n nMeeT MeCTO

cootromente
(@0, By (W) = =80~ ), 1)
TIpecTaBuM B ABHOM BUJe paBeHCTBO (2.11):
(@ (1), By (1)) = ij y(n‘;jp((;;’;) oy 010y (10 =
= e}f((:;) S(u—u).

4K TeopeM 2 u 3 BIUIOHO, YTO IIpM II€pe€Xofi€ K OPTOTOHAJTBHOCTU IIO

CIIEKTpa/IbHOMY IIapaMeTpy MEHAKTCA MECTaMU BEC " HOpMI/IpOBO‘IHbII?[ VHTETpail.

3. KuneTtnyeckoe ypaBHeHMe C YaCTOTOM CTOIKHOBEHUI, IPONOPLMOHATbHOMN
MOJYII0 CKOPOCTY MONEKY
[Tepeiiiem k paccMmoTpenuto ypaBHenus (1.6). IToxcranoBka (2.1) cBogut

9TO YpaBHEHNE K XapaKTEPUCTUIECKOMY

3
Mm-—wem,w = il (3.1)

C eIVIHUYHOV HOPMUPOBKOII
1

n(n) = f(l—u’z)fb(n, w)dy' = 1. (3.2)
-1

D
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M3 ypasuenmit (3.1) wu (3.2) Haxogum coOCTBeHHBle (PYHKLIUM

XapaKTepHUCTUYECKOTO YPAaBHEHNA

3 1 A(m)
_3 _ 3.3
oM, 4"Pn—u+1—n28m W, (3.3)
e A(z) - pucnepcronHast GyHKLu,

1

1
3 1-—12 3 1-—1?
/1(2)=1+—zf TdT=—fT(—T)dT=

4 T—2Z 4 T—2Z
-1 -1
1 3 )
=—§+5(1—Z )20(2),
1
z dt z 1—2z
/10(2):14'5[1__—2:1'{'511’11_}_2.
-1

JIVICKpEeTHBI CHeKTp XapaKTepUCTUYECKOTO ypaBHEHNs, KaK ITOKa3aHo B [2,
6], cocroMT M3 OFHOM TOYKM 7); = 0O KPATHOCTU JBa. ITON TOYKE OTBEYAET
cobcrBenHas pyHKusa Py, = 1, orBevarolas Hopmuposke n(n) = 4/3.

OpnHopopiHas KpaeBas 3aadya Pumana
XT(w) AW

—=—", 0<u<i,
X~ @
KaK [TOKa3aHo B [2, 6] uMeeT pelieHne
1
X(z) = ~€xp V(2), (3.4)
rue
1 (6
-1
V(z) =— j H—du.
vis u—z
0
3mech (1) = arg AT (w), mnn
42(w)
(7] = t———.
() = aco 3mu(1 — u?)
BeesieM ckanAapHoi npousBefeHmne
1
(F.9) = [ = wr (g wan
0
B KOTOPOM

Xt
vy =pures W)

Tod4Ho Tak Xe, KaKk TeopeMa 1, TOKa3bIBaeTCA CAeAY0IIasa TeopeMa.

7
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TEOPEMA 4. VIMerT MeCTO cleAyolyie COOTHOIIEHN A

4
(q)oor q)oo) =% (35)
3
(0, @) = ——V1, (3.6)
rae
1
V= —;f[@(u) —m]du =~ 0.581946 ...,
n

(w®y)=m n>o0. (3.7)
ITOKA3ATEJIBCTBO. [JoxaxeMm paBenctBa (3.5) u (3.6). Bocronbayemcs

UHTErPabHBIM IpefiCTaB/IeHneM [6]

_ 22
X(z) = f () (O (3.8)

T—12Z
Pa3noxyuM B OKpeCTHOCTH 6ec1<0HeqH0 ynanexHoit Toukn ¢yuknmo X(z),

IpefiCTaB/IeHHYI0 paBeHCcTBamu (3.8) u (3.4):

1
1 3
X@ =3 f (1 — w?)y(Wdu —
0

1
1 3
7 Zf n(1—p?)y(wdp— -, z- oo, (3.9)
0
u
1 v
X =4 —F .- 3.10
() e b A (3.10)
W3 cpaBHeHus kKoabdunmeHToB panos (3.9) u (3.10) BbITEKAIOT paBEHCTBA
1
3 2
Zf(l —u)yWdu = -1
0
n

1

3
Zf u(1 = p?)y(udu = =y,
0
KOTOpBIe U TOKa3bIBAIOT paBeHCTBa (3.5) u (3.6).

OcranbHbIE PpaBeHCTBa NOKAa3bIBAKTCA aHAJIOTUIHO TEOPEME 1.

D
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TEOPEMA 5. Cob6ctBeHHble (YHKIMM  HENPEPBIBHOTO  CIIEKTpa

OPTOTOHAIBHBI MEXJy C000il M UMEWT MeCTO C/leAyioljye OTHOLIECHMS

OPTOTOHA/IBHOCTU
(®c, @y) =0, (3.11)
(@, @) =N —7"), (3.12)
rige
o ATmAT )
N@) = y(n)l_—nz.

IlokasbIBaeTcs TeopeMa 5 aHAJIOTMYHO TeopeMe 2.
IIpumenneM pasBUTyI0 Teopuio kK pemieHuto sajgaum Kpamepca. B [2, 6]

II0KA3aHo, YTO pellleHMe 3afauy Kpamepca CBOOUTCA K peLIeHUI0 MHTETPaTbHOTO

YpaBHEHUA
(e
ZUO_ZGvu+f ®(m’,wa(n’)dn’ = 0. (3.13)
0
3pece U, - HeusBecTHas Oe3pasMepHass CKOPOCTb CKOJB)KEHU,
MofjeXxxamas OTbICKaHuIo, a G, - 3amjaHHbI BRAAM OT CTEHKM TpafilieHT

6e3pasMepHOI MACCOBOI CKOPOCTH.
I HaXOXJIeHMsI CKOPOCTY CKOJIB)XEHUs YMHOXUM ypaBHeHMe (3.13) Ha
p(u) = (1 — u®)y(u) n npounterpupyem 1o u ot 0 o 1. B pesynbrare nomydaem

ypaBHeHUe

[ee)

2Uo(1,1) — 2Gypu(1, ) +j a(n)(1, @,/ )dn’ = 0. (3.14)
0
CornacHo Teopeme 5, (1, dJnr) = 0. ITosTomy u3 ypaBHenus (3.14) c yaetom

TeopeMbl 5 MOTy4aeM U3BECTHBIN U3 [2, 6] pe3ynbTaT:
_(w
(1,1)

Ilist HaxoxXpeHMsT KoaduieHTa HelIpepbIBHOTO CIIeKTpa a (1) yMHOXUM

UO GU = VIGU'

ypasuenue (3.14) na (1 — u?)y(w)®(n’, ) u npounterpupyem mo p ot 0 o 1. B

Pe3y/IbTaTe NOMYy4a€M YpaBHEHIE

[oe]

2Uo(1,@,/) — 2Gyu(p, ) +f a(m’)(®y, ¢, )dn’ =0 (3.15)
0

2
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CornacHo TeopeMe 5
(Loy)=0,  (mPy)=n  (Pp®y)=Nmsn—n).
[ToaTomy n3 ypaBHeHue (3.15) momydaem, 4To
(1-n*

a(’?)—N( )( Gv)_m( Gy),

YTO B TOYHOCTY COBIIA/IAET C M3BECTHBIM PE3Y/IbTaTOM U3 [2,6,7].

4, 3aKIo4eHne

B HaCTOHI.I.[eﬁ pa60Te Pa3BUBAETCA TEOPUA OPTOTOHA/IBHOCTA CcO6CTBEHHBIX

(GyHKIMIT XapaKTepUCTUYeCKMX YPABHEHMII, OTBEYAIOUIVX JBYM KUHETUYECKUM

ypaBHEHMAM. IJTa TeOpMsA pPasBMBAeTCA Ha IONOXUTENIbHON [efCTBUTENIbHOM

nonyocu (n B mHTepBase 0 <7 < 1) ¢ moMoupio KpaeBoit 3asaun Pumana [9] ¢

KOS(b(bI/ILU/IeHTOM, PaBHbIM OTHOLIEHUI TI'PAHNMYIHDBIX 3HaYeHU I[I/ICHGPCI/IOHHOﬁ

¢yHkuuy Ha paspede. OpTOrOHa/IBHOCTD IIPUMEHSETCS /IS pelleHus T'PAaHNYHBIX

3aja4 /11 pacCMaTpUBAaeMbIX ypaBHEHMI.
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