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I § 1. B B e n e H H e 

B naHHOll paooTe Mbi paccMoTpHM · ypanaeaue lllpenunrapa: 

Cl'l' " ". 
IJ. --· = li (t, x,p )'I' at ( 1.1) 

Ami . CUCTeMI,I C V CTeneHHMH CBOOOnbi H raMHJ!bTOilllai!OM B anne npOB3BOnbHO 

" aaaucnmell OT npeMeHn KBanpaTH'li!Oll ~OpMhl OT KOOpAHH8T X H HMIIYJ!bCOB 

p 

" " 1 "a "f3 f3 "a" '" "a af3 " " ll(t,x;p)="TIA
0
f3(t)x x +B 0 '(t)(x Pf3+pf3x )+C (t)papf3l (1.2) 

no IIOBTOpH!OlllHMCSJ rpe'leCKHM HHneKC8M.3AeCb H nanee nonpaayMeBaeTCSJ cyMMHpOB8HHe 

oT 1 no v • K TaKOil aanaqe, TOJ!bKO C oeCKOite'lHbiM. 'liiCJ!OM CTeneHell CBOOOAbi, 

npHBOnHT llpOOJieMa KB8HTOBQHHII IIOJiefi B 1!p0113BOi!bHO aanai!HOM IICeBAOPHM81IOBOU 

llpOCTpllHCTBeitHo-npeMei!IIOM MHpe. Ho paCCMaTpHB8eMOH 38A8'l81 O'leBHnHo, HHTepec

Ha II He38BIICHMO OT ee llpHJIOlKeitHii K KB8HTOBOli TeOpHH IIOJIH. 

Kone'liiO, pewHTh sTy aanaqy n Yll<e IlayqeHI!biX ~YHKUHHX B o6meM cnyqae ne

noaMmi<Ho. 3To senroMolKno 1 naJKe nnn coOTneTcTnyiOmux K:naccuqecKux ypanHeHHll 

raMHJ!bTOH8: / 

dxa ap a f3 af3 . 
( 1.3a) -= --· = n 8 (t)x +C (t)pf3 

dt dpo . 

dp a __ ~ = _ A{J ( t )x f3- B ~( t) P f3 • 
dt - dX 0 >U 

( 1.36) 
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Ho. 3lleCb 6yneT UOK831:1HO, KSK ItOCTpOHTb nonHyiO CHCTeMy pemeHHil: ypaBHeHHR ( 1.1), 

KOnb CKOpO H3BeCTHO o6mee pellleHHe 

xa = F ~ (t)x~ + taf3 (t) ~;, xa I t=to 

P =M·R (t)x{J+Nf3(t)p~ 
a '"'a o a I"' P a I t=t 

0 

=Xa 
0 

=Po 
a 

( 1.4a) 

( 1.46) 

ypaaHeHH~'(1.3). TaxnM o6pa3oM, anech 6yneT noxaaaHo, 'ITO <jlaKTn'leCKH aaeecTHO 

noeeneHHe KBSHTOBOil: CHCTeMbl C f'8MHnbTOHH8HOM (1.2), KOnb CKOpO 113BeCTHO UOBe

neHHe COOTBeTCTBYIOllleil: KnaCCH'!eCKOH CHCTeMbl. 

B cnenyromeM naparpa<jle npennpamrra nonhiTKa ynoaneTeopnTb ypaBHeHHIO WpenHH-

repa <jlyHKUHell: enna: 

'I' =yp e 

1(7· 

h 

( 1.5) 

npnpaaHnBaSI Hynro ace KOa<jl<jlnuneHTbi npn aTeneHSIX h • 0Ka3b!BaeTcSI, 'ITO nng ra

MHnbTOHHana ( 1.2) aTo B03MOlKHO. B TpeTbeM na parpa<jle nalineHO o6111ee pemenne 

TSKOf'O BHJl8o Mbl 6y)leM H83biB8Tb ero OCHOBHblM pellleHneM ypaBHeHHR illpenHHr'epa. 

KalKnoe ocHOBHOe pemenne xapaKTepn3yeTCR v + 1 KOMnneKCHblMH napaMeTpaMH 

v(v+l) 
U

11 
II --

2
-- KOMnneKCHblMH napaMeTpaMH Saf3 =Sf3a TiapaMeTpbi uo , ux , 

ud 'ul ' ••• ' ·uv npoas.BO/lliHhi. Ha aemecTBeHHYIO 'ISCTb uaTpHUbi S a{f'Ratfl Qaf3 
He HaKn8l1blB8eTCR HHKSKHX Of'paHH'IeHHH, KpOMe ycnOBI!Sl CHMMeTpH'IHOCTH. MaTpn-

na Qaf3 npe.llnonaraeTCR nonolKnTenhHO onpenenenHoii. 3To nylKHO JlnH T_oro, 'IT06bi 

OCHOBHOe pemenne HMeno HOPMY• ~YHKUHR p yJlOBneTBOpS!eT ypaaneHHIO nenpe-

pb!BHOCTH H paBHS!eTCR: 

P = P
0
IIK ~ (t)+ Lay (t) ~Y/311- 1 

, ( 1.6) 

f')le p
0 

- HOpMHpOBO'IHSS! KOHCTSHTS. ~yHKUIIS! 

faMHnbTOH8-HK06H 

u YilOBneTBOpS!eT_.ypaB_HeHHIO 

~+_!_I A (t)xaxf3 +2Bf3(t)xa au + caf3(t) ~~I =0 
at 2 a{J a ~ . . a xa axf3 ( 1.7) 

H HS'!anbHOMy ycnOBI!IO: 

ul =U +U xa+...Ls xax{J 
o a 2 af3 

( 1.8) 
t=t 

0 

4 

B OTHomemm napaMeTpoa 

rpanoM ypaeHenn g ( 1. 7). 

u , u 
0 . 1 

JlH~epennnpyg no napaMeTpaM 

repa, Mbl nony'!aeM BCe HOBble II HOBb 

eepTOM naparpa<jle npoH3BOllRIIIYID 'I' -

ypannenng Wpennnrepa 11 naeT noJiny; 
) 

cnelllllle OTnH'!SlOTCS! OT OCHOBIIOf'O peL 

l.fe6blllJeB8 OT HeKOTOpblX nnneiiHbiX KO: 

38BllCSIIIII!Mll OT BpeMellll. 

EnaronapR aTOMY nng cncTeMbi 
. /] 

ynanoch enecTn npencTaenenne ~oKa 

B cooTBeTCTBIIH c TepMHHonorneii, np1 

pemeHne ypaenennR WpennHrepa na3hll 

llleHIIR, KOTOpble naeT npOH3BOllSIIII8R tP 
,, 

'ISCTHU. OnepaTopbi X a 11 Pn BblC 

Topoe •. tie pea HIIX onpeJleneHHhiM o6pa 

pOlKJleHHR qaCTnu. Benny KOHe'IHOI'O 'II 

Mbl npOCTp8RCTBO KOH<jlnrypauHii BBellC 

1!3 V TO'IeK. 

3TOT pe3ynh.T8T HeTp!!BI!SneH na: 

B = 0 • C = E : H3BeCTHbiii pe3ynbTaT o 

U=O·, R=O Q=E • 

OnpeneniiB BBKYYMHOe COCTOS!HI! 

napaMeTpaMH S U , Mbl 3H8'1HTen 

KyyMHOe COCTOS!Hlle npHHS!TO CBSI3biBB 

meM cnyqae aaBHCSilllero OT speMeHI! 

6hi SIBHThCR ero cpenHee saKyyMnoe :J 

TOHHSH { 1.2) He o6RaaTenbHO nomKeJ 

B o6111eM cny'lae nenb3R CTSBI!Th aonpc 

Jl8:ll{e ecnn ycnOBHTbCR, 'ITO f'8MllnbTC 

MOMenT apeMenn, ero cpennee no sa~ 

ynaeTCSI MI!HI!M1!3Hp0B8Tb B KS:ll{Jlblil 1\1 

Tip~nJla, Ha 3TOM nyTI! MO:ll{!IO npniiTI! 

MO)l{HO nOK838Tb 7 
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nonHyiO CHCTeMy peWeHHli ypaBHeHHSl ( 1.1), 

xal 
t=t

0 

a 
=xo • ( 1.4a) 

P I =Po ' 
( 1.46) 

a t=t o a { 

6yAeT AOK838HO, qTQ ~aKTHqecKH H3BeCTHO 
~ 

(1.2), KOnb CKOpO H3BeCTHO nose-

lnm.,t<ITS UOUbiTKS YAOBneTBOpHTb ypaBHeHHIO lllpeAHH-

1C7 
h 

( 1.5) 

npH aTeneHBX h , 0Ka3biBSeTCH, qTo AnSI ra

Tp8Tb8M naparpa~e HaliAeHo o6wee peweHHe 

OCHOBHbiM peweHHeM ypaBHSHHSl lllpeAHHI'epa, 

v+l KOMnneKCH~MH napaMeTpSMH 

napaMeTpSMH Saf3 = S f3 a napaMeTp~ 

S a{f'Ratfi Qaf3 

KpoMe ycnosaH CHMMeTpaqHocTH. MaTpH

onpeAeneHHOli. 8TO HylKHO AnB TOI'O, qTo6bi 

¢yHKUHB p YAOBnSTBOpBeT ypaBHSHHIO Henpe~ 

t)+ Lay (t)Syf31l-
1 

l1.6) 

¢yHKUHB U YAOBnSTBOpSieT.ypaBHSHHIO 

X a au· a --:;-]3 + C a,..,( t) 
ax . 

~~1=0 
axa axf3 (1.7) 

u +U xa+ -
2
1 S {3 xa xf3 o a a 

(1.8) 

1 

B OTHOWSHHH napaMeTpOB 

I'panOM ypaBHSIIH Sl ( 1. 7). 

u ' u 
0 1 

u 
l' 

q>yHKUIIR (1 · HnnneTcH nonnhiM IIHTe-

nnq:¢ep8!1UHpyst TIO napaMeTpaM Ua OCHOBHOe peweHI!e. ypaBHeHIIR lllpe)lllll-

repa, Mbi nonyqaeM see HOBbie n HOBb!e era pewennn. 8To no3aomwo ssecTn B 'leT

sepToM naparpa~e npOH3BOJlSIIIlYIO 'I' -¢'yHKUIIIO, KOTOpaSI CSt-18 HBnSieTCSI peii!eHHeM 

ypasneHHSI lllpeJlHHI'epa ll )laeT TIO.'lHYIO opTOI'OHSIIbHYIO CIICTeMy ero pewennii. no

cne)lHIIe OTIIH'ISIOTCSI OT OCIIOBIJOI'O peii!eiiHll MHOlKUTeneM B BH)le nonnHOMa 8pMHTa-

t.{ e6biW8Ba OT HSKOTOpbiX IIHHeiiHbiX KOM6UH8UUI1 IWOpJlUil8T x a c· K09~¢'nuaeuTaMH, 

38BHCHII!HMH OT BpeMeHH. 

Enaro)lapSI 3TOMY JliiH CIICTeMbl C I'8MI!nbTOIIII8HOM ( 1.2) B USITOM naparpa~e 
. Ill 

Yll8110Cb BBeCTH npeACTSBIIeHHe ¢aKa , CTOnb yJl06Hoe B KB81lTOBOli TeOpllH UOIISI, 

B cooTseTCTBHn c Tept.mnonorneii, npnHSITOii s KsanToaoii _TeopHH nonn, ocnosnoe 

peweHHe ypaBHeHUSI il!PSJlllHI'epa H83biBaeTCSI B8KYYMllbiM COCTOSIHHeM; OCTallbHbie pe-

II!eHHH, KOTOpbH'l )laeT npOH3BOJlSIW8SI tj>yHKilllll, - COCTOSIHHSIMH C 3anauHbiM qucnoM 
,, 

qacTHU. OnepaTOpbi x" H Pn BbiCTynmoT npn 9TOM B Ka'leCTBe noneBbiX onepa-

TOpOB, t.{epe3 HHX onpeJlelleHHbiM o6pa30M BblpalKaJOTCSI onepaTOpbl YHH'ITOlKeHHll ll 

pOlK)leHHH qaCTnll. Bsnny KOHe'IIIOI'O 'IHCIIa CTeneueif paCCMaTpnsaeMOii 3)leCb. CUCTe

Mbl npocTpaHCTBO KOH<\Jnrypaunfi BBeneHHbiX TaKHM_ o6pa30M ~aCTllll COCTOIIT BCero 

H3 II TO'IeK. 

B=O 

8ToT peaym~TaT ueTpasnaneu nalKe nnH npocTefiwefi cncTeMbi, Korna A= F , 

C = E : H3BeCTHblli pe3yllbTaT OTHOCIITCSI 3)leCb nlllllb K BeCbMa '18CTHOMY 

U=O R =0 Q=E • 

OnpenennB BSKYYMHOe COCTORHne KaK yKa3aHUOe Bbiii!e_ OCHOBIIOe peweune . C 

napaMeTpaMn S u , Mbi 3Ha'lnTenbHO pacwnpnnn 3TO noHRTne, n6o o6bi'IHO sa-

KyyMHOe COCTORHI!e npi!HHTO CBH3biB.IJTb C 11811MeHbWHM 3H8'1eHI!eM auepi'IIII. B o6-
" ••• ., '"< ·'·. • • 

weM cnyqae aasacnwero OT speMeHn raMnnbTonnaHa ( 1.2) auanoroM 3Hepran Morna 

6bi S!BIITbCst er<;> cpenuee saKyyMHOe aHa'lenne. Ho B uaweM paccMoTpemm ra.MHnb

TOHnau ( 1.2) He OflH38TellbHO )lOIIlKeH 6b!Tb llOIIOlKUTenbHO onpeneneHHb!M, noaTOMY 

s o6weM cnyqae Henb3st cTaBHTb sonpoc o ero uanMeHbWSM cpenHeM aHa'leHnn. Ho 

naJKe ecnn ycnosnTbCH, qTo raMnllhTOHIIaH ( 1.2) nonoJKnTenhHO onpeneneH B KalK)lbili 

MOMeHT speMeHH, era CpenHee no BSKYYMY 6yneT 38Bl!CeTb OT speMeHII, ll ero He 

ynaeTCSI MHHHMH3Hp0B8Tb B K8ll()lblii MOMenT speMeHn, BapbnpySI KOHCT8HTbl S , U 

np:.~sna, Ha 3TOM UyTH MOlKHO npnfiTn K paBeHCTBY U·=0 • ·neiiCTBl!TellbHO, K8K 

MOlKHO llOK838Tbt 
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rne 

<OIH(t,;,_P)IO> =H(t,;,p)=+ 

+.!_ 
4 

cnen Q-1(K'+S*t" M+S*N) eBB~) (

K+LS']· 

M'+N'S ' 

I 

. [ 

_.,I 

x = < 01 ;I 0> =_!_((K+LS*)Q-1u'- (K+LS)Q-1 u ], 
2 

" I 1 p =<01 pl0>-=-[uQ-1(M+S*N)-u*Q-(M+SN)]. 2 . . 

l1.9) 

ll.lO). 

npnMeneHHbie anecb MaTpn'IHbie o6oana'IennH o6'bHcneHbi s § 3. Cpennne sa-

KYYMHbie X p non'IHHHIOTCH KllaCCH'IeCKHM ypasHeHHHM f8MBnhTOH8 ( 1.3). 

Ecnn raMnnhTonnan nonolKnTenhHO onpenenen s KalKnbxii MOMenT speMenn,. To 

" " II(t,x,p )>0, ·~onb cKopo He see; , p paSHbi nynro, n H(t,0,0)=0 • Ho 

ecnn X= 0 , p = 0 , TO u = 0 • Cnen MaTpHUbl so STOp OM cnaraeMOM ( 1.9) 
MOlKeT aasnceTb OT speMenn, n Torna ne ynaeTCH MHHHMnanposaTb ero B KalKnbiii 

MOMeHT speMeHII HII np~ KaKOM Bbi60pe napaMeTpOB S 

B cnyqae ne aasncnwero oT speMeHII raMnnhTonnana, no ne nonolKnTenbno 
I 

onpenenennoro,npnnunn MHHnMyMa TaKlKe ne neiicTsyeT. HanpnMep, npn A= 0 

B=O C = E: H3 yCllOBHH MHHHMyMa Mbl nony'IHllH 6bl p = 0 S=O • Ho no-

cnennee. pasencTBO npOTnsope'IHT ycnosnro nonolKnTenbnoii onpeJlenennocTn MaTpn-

Ubi Q KpoMe · Toro x ocTaeTCH cosepwenno npoaasonbHbiM. 

TeM ne Menee, npencTasnenne <PoKa, a B qacTnocTn, a npennolKennoe wnpo

Koe TOnKOSSHBe BSKYYMI1 nonyCTHMO B CaM OM 06WeM CnyqaeM raMHllbTOHBaHa ( 1.2) • 

Ecnn lKe yKaaan neKOTOpbili nonolKnTenbno ·onpenenenHbili nnTerpan nsnlKennn, To· 

OUTHManbHblil Bbi60p napaMeTpOB MOlKHO aanaTb ycnOBHeM MHHHMYMS ero cpennero 
I 

ana~eHnH no saKyyMy. 

§ 2. nonbiTKS peWHTb ypaBHenne lllpenn'arepa 

- Ypasnenne lllpennnrepa Mbi 6yneM pewaTb B. x -npencTasneH!IB, nonaraH 

6 

'l'='l'(t,x! ••• ,xv), ;a= x' 

Ecnn npencTasnTh 'I' s sane (1.5), 
I ,x ' XV (Mbl He Tpe6yeM 

ypaenenne (1.1) aanaweTCH s sine: 

aa aa ih [ ap - + II(t,x,-) = --. --+ 
at ax 2p at 

rne 

Va= B;(t)x,B+ ( 

nonbiTaeMCH peWBTb ypasneHne (2.2) 1 I 

HHX h • HynesaH cTenenb baeT ypasn 

nenh ypasnenne nenpepbiBHOCTH 

~+ 
at 

a 
a xa ( 

naKoneu, sTopaH CTeneHb - ypasnenne 

caf3 ( . a2 t)--
a x' 

nycTb tPYHKUltH a= a ( t, xI, ••• , XV 

HK06H ( 1. 7) H B HS'IanbHblli MOMeHT Sp 

Bocnonbaosaswncb nasecTnoii s Teopnn 

TeopeMoii naysnnnn-nnnnenecpa, H3 ~ 

Bsnny sa>KIIOCTH sonpoca Mbi npnseneM 
a a 

Ecnn noncTasnM B \1.3a) P[ja-;1 

llbiX nmp¢epenunanhllbiX . ypasnennii 

d xa B~(t)xf3+ Caf3 
dt 

06wee pewenne sToii cncTeMbl Mbl naiiJ 

o a <1. v < 4 p =---z;cp X , ••• ,X) B 1, 
f3 a-P o o Xo 
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=H (t 1 X1 P) c+ 

S*N) · eBB~) 
(

K+LS'l. 
l1.9) 

M'+N'S ' 

I 

*)Q-1u'- (K+LS)Q-1 u ], tl.lO) 
' 

..A 

+ S* N ) - u * Q -
1
( M + S N ) ] • 

o6osaaqeaast o6'bncaeHbi B § 3. Cpenaae Ba-

raMRnbToaa ( 1.3) .• 

B K8lKllbllf MOMeHT BpeM9HH1 TO 

x , p paBHhi Hymo, n II(t,01 0)=0 • Ho 

Cnen M8TPHilbl BO BTOpOM cnaraeMOM ( 1.9) 

He ynaeTCSl MHHHMH3HpOB8Tb ero B K8lKAblfi 

napaMeTpOB S 

uo ae nonolKnTenbHO 

A=O 

n?ny'lana 6bi p = 0 S= 0 ·• Ho no-

nonolKaTenhuofi onpeneneuaocTn MaTpn-. 

wupo-

(1.2). 

•aTenbuo ·onpeneneaabilt uaTerpan ABHlKeunn, To· 

ycnosneM MnHiiMYMa ero cpennero 

ypasueuae lllpe)lH'arepa 

x -npeAcTaBneu~a, nonaran 

Ul ITf ( 1 V) "'z. a " h a -r=~ t 1 X 1 ···~x I x =X I p =-1 -- •• 
a a X a (2.1) 

Ecna npencTaBHTb 'I' B Bane (1.5), r.rie p ·a a H9KOT0pble tj>yHKilHH ·oT 

,X 
1 

1 
••• , XV (Mbl He TpeflyeM, 'IT06bl OHH 6binH BeweCTBeHHbiMH! ), TO 

ypaaaeaae (1.1) sanameTcn B Bane: 

2 2 ,..-
~ +II(t X 3.5!...) = ~[i!..e_+_a_(pva)]+-h-caf3(t) a VP ., (2.2) 
at I 'ax 2p' at axQ 2vp axaaxf3 

rne 
{3 afJ aa Ba(t)x + c (t )-:;::?3a • 

{3 X 
Va= (2.3) 

nonbiT89MCH peWHTb ypaBH9HH9 (2.2), npapaBHHBSH Hymo K03tP(jJII!ll!eHTbl npa CTene

HHX h • HyneBSSl CTeneHb aaeT ypaBU9HH9 raMUnbTOHa-HKo6n \1.7), nepB8Sl CTe

neHb - ypaBHeune uenpepwBHOCTH 

ar a - + ( a at axa pv )=0, (2.4) 

HaKoaeu, BTOpan CTeneHb - ypaBueune . 

2 -
caf3 (t) a ..; p = o. 

axaaxf3 
{2:5) 

nycTb cpyHKil!iSl a= a ( t, X I, ••• , XV) YliOBneTBOpneT ypaBHSHHIO faMl!nbTOH8-

HKo6n ( 1. 7) 1i B H8'18nbHblfi MOMSHT BpeMeHU t = tO paBHSISTCSI al =¢(x~ .•• ,xv). 
t=t

0 
BocnonbaoBaBWHCb U3BSCTHOfi B Teopnn o6hiKHOB9HIIhiX nn¢¢epearinanbllbiX ypaBaeuuii 

TeopeMolf nnyBnnnn-nnanenilcpa, H3 ypaBHeHHSl (2.4) HSTPYAHO HafiTH ¢YIIKUHIO p • 

BBHJlY B8lKI!OCTll BOnpoca Mbl llpBB9Jl9M A9T8nbHbl9 BbiKn8)lKII. 
. aa 

Ecnn IIOACT8BHM B \ 1.3a) p ~ a-;f'> , TO nony'IHM CllCTeMy v 06biKHOB9H-

Hb!X JlllcpcpepeHUI!8nbllbiX ypaBHS!lllfi 

. d X a a ( ) {3 af3 ( ) a . ( 1 v a 
-- = B Q t X + C t -;-::]3 a t, X 1 ••• , X )= v • 
dt p ax (2.6) 

06mee peweune STolt CUCT9Mhl Mbl UafiJleM, SCnl! IIO)lCT8BHM 

o a ( 1 .p "' --;s ¢ X I ••• I 

{3 a xp 0 
0 

v ' x
0

) B (1,4a) : 
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. a {J af3 a ( I · . v) xa~Ktl(t)x +·L (t)----;o;¢ x ~···~x 0 • 
tJ 0 a xP 0 

. 0 

0Tcroria nony'laiOTCH nepabie HHTerpanhl xa~ x·a(t
1
x 1

1 
... 

1 
xv) 

0 0 

ypaaHeHHii (2.6). Oiin no.n'IHHHIOTCH ypaaHeHHro B 'laCTHbiX nponaao.nHbiX 

ax~ . axa 
- + vf3~~o. 
at a xP 

... . 
.lln<!J<jlepemmpysr (2.8) no x Y , nonyqaeM 

(~+ 
at 

{3 a ax: avf3 ax: 
v a;T3) axY ~- axY -a;l3' 

Cne.noaaTenbH01 

a t:J a a( x 11 ... 1x"') 
( _ + ·v "'- ) o o 

at -a/3 a(x 1
1 

,.,
1 

XV) 

1. v a ( xol .. 'I xo) 

a(x 1
1 ... ;x"') 

TeM caMbiM Mbi Hanmn pemeHne ypaaHeHnn (2.4): 

l v) a( XOI"'IXO 
2 

avf3 

a xf3 

(2.7)' 

CHCTeMbl 

(2.8) 

(2.9) 

(2.10} 

p~p I v )' 
o a< x I .. ·~ x 

II. a( ) ay ) a 1 VI --1 
p 1\t:Jt +L (t {3¢(x l"'lx I 

o ~-' axYax o o • 
(2.11) 

0 . 0 

'tiT06bl YAOBneTBOpHTb ypaaHeHHIO (2.5)1 AOCTSTO'IJIO 38):18Tb Jia'lanbHYIO <jlyHK-

UHIO cP B BHAe nonRJIOM8 BTOpoil CTeneJIH ( 1.8), 8 TSKOM cnyqae p aoo6me 
. . 1 . ,. ( ) 

He 38BHCHT OT X 1 •., 1 X H paBJISieTCSI 1,6 , 

TaKHM o6paaoM, iiama nonbiTKa peuiHTb ypaaaenae (2.2) 1 a TeM caMbiM n 

ypaaaeane lllpe.nnarepa, onpaaAanacb, OcTaeTcn nnmh pemHTb ypaaaeane faMano

TOHa-HKo6ii ( 1. 7) c Jia'lanbaoii: <jlyaKnaeii ( 1.8). 

§ 3 .. Ocaoaaoe pemeHne 

.!lnn Kp8TKOCTH H, .no6aBHM, Bblp83HTenbHOCTH nHCbM8 npHMeHHM M8TpH'IHOe 
. {3 af3 

acqncneane. CoaoKynaocTa aenn'IHJibi aa.na .x a ; A d 1. B 1 C pacnonoJKHM cne-
. · ap a 

AYIOWHM o6pa30M: 

8 

! ' 

X~ I'~~~ 
A • f." 

xvl 
. A . v 

CoaoKynHOCTb aenn'IHH anna 
a f1pOH3BO):lHble 
axa 

o6paay; 
a 

CTon6Ubl H CTpOKH TH ap 
USMH. lliTpHXOM 6y.neM 0603Hl 

CTOil6eu X SIBmieTCSI CTpOKO 

p '. MaTpHUbi A 11 C. , axo.nf 

·c'~c • CHMMeTpH'IHa H Ma 

B MaTpH'IHbiX o6oaHa'leHn 

dx -~=Bx+C d't- ap 

a nx pemenne - a· an.ne: 

x"'l\x
0
+ 

p =X, M 
0 

HaM aa.no peWllTb ypaanenne r. 

au _l_ I X, Ax+ -+ 2 at 

c aaqanbHbiM ycnoaneM 

a! . 
t=t 

fio MeTOAy XapaKTepHCTHK 

OTcro.na 

da 

dt 

·aH 
-li+pa; 

1 
a·;...p(x~)-2 

a~ 



a f3 . af3 ) a I · . V K (t) X + L (t --c; ¢ (X ..... X ). 
f3 0 a xfJ 0 0 

0 

a a ( 1 v) 
X O = x·

0 
t 1 X · 1 .. , 1 X 

. ypaBH9HH10 B 'laCTHbiX 1IpOH3BOllHbiX 

ax~ axa 
- + vf3~=0. 
at a xP 

x Y , nony'laeM 

f3 a ax~ 
+ v ·--r~) -- = 

ax~"' axY 

a (x 1 , .... xV) 

avf3 axa 
--- 0 

axY a;/3' 

( 
1 v f3 a xo•"'' xo) av 

a(x 1, ... ;XV). axf3 

ypaBHSHHll (2.4): 

2 

...J 

(2.7) 

CHCT9Mbl 

(2.8) 

(2.9) 

(2.10} 

(2.11) II. a( ) ay ) a 1 VI -1 p Kf3t +L (t {3</>(x , ... ,x I 
0 axYax 0 0 • 

0 0 

ypaBH9llll10 (2.5), llOCTaTO'IHO 3attaTb Ha'lanhHylO. ljlyHK

BTOpoll: CTeneHH ( 1.8), B TaKOM cny'!ae p . B006me 

ll paBHllSTCll ( 1.6), 

nonhiTKa pell!HTh ypaaaeaae (2.2), a TeM caMb~M ~ 
nHlllh pelllnTh ypaaaeane faManh-

ljlyHKUHefi ( 1.8), 

§ 3.. Ocaoauoe pell!enae 

no6aBHM, Bbipa3HT9nhHOCTH llHChMa npHMeHHM MaTpli'IHOe 

aena'lnHbi anna x a· ; A d , B f3 , C af3 pacnonolKHM cne-
ap a 

8 

' 
I 

Xc 

1 
X 

XV 

A~ B= 

\
:11 :·:: A:'v] 
. ... . 
A v1'" Avv 

B I 
, I 

V• 
Bl .... 

B 
11 [ cil c· 1v1 v ••• 
• C= • .... • 
. . ... . 
. . ... . 

B v cvl . c vv 
v ... 

COBOKYUHOCTb BenH'IHH BHlla Pa pacnonoJKHM B CTpOKY 1l = ( P I • • • P v ). 
a a · 

CTpOKY -- , a ·npOH3BonHbl9 -- - CTOn6eu ax apa 
a 

o6pa3yroT TipOH3BOnHbl9 a . axa 
ap CTon6Ubl H. CTpOKil Tllna X p 6yneM C'lHTaTb UpllMOYI'OnbHblMH MaTpH-

UaMH. lllTpHXOM 6yneM o6o3Ha'laTb TpaacnoanpoBanne. TaK, TpaacnoanpoBaHHbiH 

CTOil6eu X llBnllSTCll CTpOKOH X' , a TpaHCUOHHpOBaHHSll CTpOKa p -CTOn6UOM 

p ', MaTpHUbl A 11 C , axonlll!lne B raMnnhTOHHaH , cnMMeTpll'lllbi, TO -eCTh A 'c A, 

·c'=C • CnMMeTpnqua a MaTpnua S , BXOllllll!Bll B ua'!anhuoe ycnoBne ( 1.8). 

B MSTpll'lHblX 0603Ha'leHllllX ypaBH9Hllll f aMHnbTOHa 381llllliYTCll B Bane: 

dx -~=Bx+Cp', dt- ap 
dp __ .i.!!_=-x'A-pB, 

d't- ax 

a ax pell!eane - B. Bnne: 

X= K X 0 + L p~ , xi· = x , 
t =t 0 0 

P=x' M+p N, 
0 0 PI =Po • 

t =t 0 

HaM natto pell!HTh ypaa11enne faMnnhTOHa-HKo6n: 

a a ( I , a a a a a a I --+- x Ax+2-Bx+-C-- =0 at 2 ,ax ax ax' 

c aaqanbHbiM ycnoaneM 

aJ =¢(x)cU 0 +ux+t-x'Slc. 
t=t 0 · 

i 
Tio MeTony XapaKTepnCTliK !lMeeM: 

OTcrona 

da 

dt 

" · aH 1 I , , A I . 1 -n+p-=- pCp -x x -=-a p 2 2 
d 
dt px. 

.. . 1 aq,(xJ 1 1 . 
- a=<f>(x )-- ---x +·-

2 
px=u 0+-

2 
(ux +px). 

() 2 ax 0 0 

9 

\3.1) 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

\3.6) 



1·1To6bi Bblp83RTb X 0 H p B 38BHCHMOCTII OT X , HSJlO IlOJlCTilBHTb: 

a 
P

0 
~-- </> (x 

0
)=. u+ x~ S 

ox 0 
(3.7) 

, B pemeaae (3.2) ypaaaeaalt faMllnbTOHa (3.i): 

x;:(K+LS)x +Ln', p,x' OI+SN)+nN. 
0 0 

(3.8) 

Orcid.aa MO)KHO aaliTH x , a 3aTeM p npa ycnoaaa, 'ITO 1\K+ LS 11.- .f. 0. 0 . . 

Mbi JlOKa)KeM nocne)laee aepaaeacTao, npe1monarasr, •ITO 'l' -4JyaKilHSI (1.5) aMeeT 

HOPMY· .Unsr sToro aaM noTpe6yroTCSI aeKOTOpbie cae)leaasr o MaTpanax K , L , M , 

N X 
y 

Ecna aeKTOP ( q') 4Jaaoaoro npocTpaacTaa TSK )Ke, KaK H BBKTOp ( p,) IlOJl-

'lHHSI9TCSI ypaBH9HHSIM faMHnbTOHS (3.1), TO 

d 
dt(qx-py)=O T.e. q X - p y ~ q 0 X 0- p 0 y 0 • 

(3.9) 

Cne)loaaTenbHO, pemeaae (3.2) ypaaaeaaii faMHnbTOHa (3.1) aaJlaeT caMnneKTH'l~
cKoe npeo6pa3oaaaae !Jlaaoaoro npcicTpaacTaa. Ha (3.9) nenocpeJlCTaeaao cnenyeT 

MSTpH'lHOe paaeHCTBO 

(K' M) (0 -E) (K L ) (0 -E) 
L' N E 0 M' N' =· E 0. • 

. (3.10) 

0Tcrona nony~aeM 

( N -L') (K L) (E 0) 
-M K' M' N' = 0 E 

(
K L)(.N -t'\ 
M' N' -M K -),_, 

(3.11) 

'TO eCTb 
MK=K'M', KL'=LK', KN-LM=N'K'-M'L'= E, 

(3.12) 

NL=L'N', M'N=N'M, NK-L'M'~K'N'-ML=E. 

Mo)KHO TaK)Ke noKaaaTb, "'TO )leTepMHHaHT nro6oro .cnMnneKTH"leCKoro npeo6paaoaa-:

HHSI paaea enanane. fpynnoawe caoltcTaa caMnneKTH'leCKHX npeo6paaoaaaaii o"leBHll

Hbi. !llopMyna (3.11) noaaonsxeT paapemHTb ypaaneHHll (3.2) OTHO<;HTenbHO x0 H p 0 

10 

.. ~ 

I 
.I 

\' 

I 
I 

·~· 
( 
I 

\ 
IJ·. 

1. 

I 
'I 
I 

x =Nx-L'p·', 
0 . 

3THX caenenaii o MaTpanax K , L 

Pa3nO)KHM T~nepb MaTpany S 

S= ~ +" 

.Qnsx TOI"O "lT06hl 'l' -4Jy~Kdasx (1.5) 

MS .X' Q X llOn)KH8 6biTb nonO)KHTe 

"!ae MaTpana K + L S H!'deeT o6pa1 

(

K + LR L) 
M'+N'R N' = 

CHMnneKTH"l9CK8Sl0 TSK KSK. o6a. MHC 

MSTpHUbi. BBHJlY TOI"O, "'TO )leTepMl 

B9H nynro, CTpOKH npstMOYI"OnbHOii I 

B npocTpaHCTB9 3THX CTpOK 38ll8Tb 

( ~-l ~ ) , To npoaaaeneaae 

(K+LR t) .. (Q-1
0)(K'+ 

0 Q t, 

6yneT MaTpanelt fpaMa ~nsx sTHX c 

· x'G x nono)KHTenbHO onpenenen1 

aaaenenae 

-I 
G=(K+ LS )Q (K '+ S 

.Unsx npoaepKH sToro aano·aocno~ 

pana K + L S aMeeT o6paTayro. 

Tenepb Mbi MO)KeM. pemaTb 

yJlo6aee UOnb30B8TbCSI JlPYI"HM ypl 

p(K+LS) 

1 



0T .X , HSAO llOAC'J'SBHTb: 

p=x' (M+ SN)+uN. 
0 

(3.7) 

(3.8) 

p npa·ycnoBHil, '!TO I!K+LSII." 0. 

npennonaraSI, TITO 1J' -cpyHKilHSI (1.5) aMeeT ·-' 

cneneHHSI o MaTpanax K , L , M , 

X 

TSK )Ke 0 KSK H BeKTOp ( p,) llOA-

1), TO 

T.e. q X - p y = q 0 X 0- p 0 y D • (3.9) 

faManbTOHa (3.1) aanaeT caMnneKTH'!:e-

11a (3.9) ueilOcpencTaeaao cnenyeT 

l ) (0 -E) 
N' =, E o· · 

. (3.10) 

0 ) (K L )fN -L ') 
E = M'N'l-M K', 

(3.11) 

-LM-=N'K'-M'l'= E, 

(3.12) 
Nl\ -L'M'=K'N'-ML= E. 

nrooorO.CHMnneKTH'!:eCKOrO npeo6pa3QBS~ 

CHMnneKTH'!:eCKHX npeoopa30BSHHH O'!:eBHA

ypaBHeHHSI (3.2) OTIIO'::HTenbHO x
0 

H p
0 

i 
l 

\ 
') 
I 
I! 

l 
! 
\ ,, 
f 
I 

! 

,i 
J.t,,t 

x
0

=Nx-L'p·' 

oTHX CBeneaal!: . 0 MaTpanax K ' l 

Paano)KHM T~nepb MaTpany S 

p
0
-- x'M~+ pK. 

(3.13) 

M , N HSM 6yneT. AOCTSTO'!:HO. 

Ha nelfCTBHTenbHYID H MHHMYID '!:SCTH ' 

S-= R +'iQ. (3.14) 

.llnSI TOrO '!:TOObl 'I' -cjlyHKUH!I (1.5) npa t";' t 0 ... !IMena HOpMy, KBanpaTH'!:IIS!I cjlop:- . 

Ma X 'Q X AOn)KH8 OblTb nonO)KHTenbHO onpeneneHHOH • .lloKa)KeM, '!TO B aTOM cny-

qae MaTpana K + l S H~eeT OopaTHyiD. npe)I{Ae BCero 38MeTHM 0 '!TO MaTpHila 

( 

K + L R l ) (K l ) (E 0 ) 

M'+N'R N' = M' N' R E 

l3.15) 

CHMnneKTH'!:eCKSli, TSK KSK o6a MHO)KHTen!I B aTOM npOH3BeAeHHH-CHMnneKTH'!:eCKH7 

MSTpHilbl. BBHAY TOro, '!TO neTepMHIISIIT BC!IKOH CHMnneKTH'!:eCKOfi MaTpHilbl He pa-

Bell aynro, cTpoKH npstMoyronhHOli: MaTpHilbi (I\+ l R L) naaell:Ho aeaanacaMhl. Ecna 
I 

B npOCTpSHCTBe aTHX CTpOK 

( ~-l ~ ) , TO npoaaneneaae 

3SA8Tb CKan!IpHOe npOH3BeAeHHe C llOMOWbiD MSTpllllbl 

(K+n t). (~-l:)(Kl',+RLJ =(I<+ LR)Q-
1
(K'+RL') +LQL '= G 

(3.16) 

oyneT MSTpHileli: fpaMa AnSI aTHX CTpOK. BcneACTBHe aToro KBanpaTH'!:HaR cjlopMa 

x'G x nono)KaTenbHO onpeneneaaa 11 II G II" 0 Ho MaTpana paanaraeTCSI B npo-

aaneneaae 

-1 -1 
G=(K+ts)Q (I<'+S*l')=(R+LS*)Q (K'+SL'). 

llnn nponepKH aToro· aano· nocnonbaonaTbCSI (3.12). 11a (3.17) 

pana K + l s HMeeT oopaTHyro. 

(3.17) 

cnenyeT, '!TO MaT-

Tenepb Mbi MO)KeM pewaTb ypanHeHHSI (3.8). OnaaKo nnSI. onpeneneHHSI p 

YAOOHee llOnb30BSTbCSI ApyraM ypaBHeHHeM, a ·aMeHHO: 

p~K+LS)-x'( M'+N'S)-u=O,· (3.18) 

11 



KOTopoe cnenyeT n~ (3.13), ecnn Tyna noncTaBHTh (3.7). Ha (3.8) naxonnM: 

-1 -1 
x
0 
~ ( K + LS) x - ( K + L S) L u ', 

a na (3.18): 
-1 -1 

p ~ x' ( M '+ N 'S ) ( K + L S) + u ( K.+ l S) 

noncT813nllll ABa IIOCI19AHIIX Bbip8)1{9HIISI B (3.6), H8XOAIIM, H8!'0H9U, !jlyHKUHlO a 

""' 
rne 

a ~ u - _.!_ u r L u , + u r X + ...L X 'Q. X 
0 2 2 

-1 
r~(K+LS) , 

-I 
10.~ (M'+ N'S)(K+lS) 

C IIOMOUlblO {3.12) HeTpynHO IIOK838Tb, 'ITO !l' ~ Q , r L = l 'r '. 

(3.19) 

(3.20) 

(3.21) 

{3.22) 

Co61!p8S! BMe_<:Te !jlopMylibl ( 1.5), ( 1.6) H {3.21), Mbl rrony'IaeM OCHOBHOe peme-

Hl!e ypaBHeHIISI lllpennnrepa 

J · · 1 
X 'nx 

'I' ( u ) = o liT 1\ exp ! - -- + 
0 J 0 2h 

turx luo 
--+---

h h 

turt u' 

2h 
l. 

3aMeTI!M, 'ITO MaTpnua Q. ynoBneTBOpSieT ypaBHennro PnKKaTn: 

l_c!!!_+A+ 10.B+IB'0.-Q.C0=0, 
d t 

tnl = s. 
!= t 

Q 

3TO cnenyeT H3 ypaBH9Hitll !'aMHIIbTOHa (1.3), KOTOpb!e nalOT 

d (K L) (B C )(K l) 
---;jt M' N' = -A' -B' M' N' (: ' ~) = (~ OE). 

!=! 
0 

(3.23) 

(3.24) 

(3.2q) 

Ecnn H3B9CTHa MaTpnua n , TO pemaTb ypaaneHH Sl { 1.3) He o6SI3aTelibHO. Llell:CTBH-

TEmbHO·, TOrAa M8TpHUY. r MQ)I{HO H8HTH H3 ypaBH9HHSI: 
• I 

~=-r(B+IC!J), 
dt 

r1 =E, 
t=t 

0 
{3.26} 

KOTOpOe TBK)I{e cnenyeT H3 {3.25). 3H8SI fl 

nall:Tn rl • HMeHHO, H3 {3.17) HaXOAHM 

H r ,> M0)1{1!0 &llre6paH'I9CKIIM rryTeM 

rL= --1-r[(K+LS)-(K+LS*)lQ--1 =-l...:.Q-1 
+ -

1
-rGr'. 

2 . 2 2 . l3.27) 

12 

Ho, KaK aTo cnenyeT na (3.17) a {3. 

-1 
fl=G -I[(M'+N 

TaKnM o6paaoM, 

. I -1 . . 
rt=-- Q +i 

2 
) 

Ecna MaTpHUhi A , 

ypaBHeHHSI 

B • C H 

A + SB.+ B 'S · 

To,cornaCHO {3.24), In~ s • Ha { 

r = e(B+CSJ(t 0-t 

YpaBHellne {3.30), OAHSKO, MO)I{€ 

.. neHHOH MHHMOH '18CTblO Q , H Torna 

· x)A 0 nanpnMep, B cny'Iae = , B~ 0, C ~ E 

onpeneneu, To ypaaueune {3.30): nMe 

CTnraeTt:SI MHHHMYM Cli9Jl8 M8TpHUbl1 I 

§ 4. npoH3130AS!IIlSSI ljl -!jlyH 

TaK K8K OCHOBHOe pemeHne {3.~: 

BCeX 3Ha'IeHHS!X U
0

, U I' • • ., u
11

, TO H BC 

T8K)I{9 YAOBI19TBOpS!lOT TOMY )1{9 ypaBHI 

nanell:no ueaaaacnMhi. 3To cnenyeT na 

a 

~h). a 'I' 0 (u: 
au •.. au 

al as 

x) 
B cnyqae A=O , B=O , C 

/2/ 
KOM C IIOMOUlblO BeCbMa HarliSIAHbll! 
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ccnn Tyaa noJJ.CTaBI!Tb (3.7). H3 (3.8) aa:iOJJ.IIM: , " ., 

-1 -1 
LS) x-(K+LS) tu', 

(3.19) 

-1 -1 
N'S)(K+LS) +u(K+LS) • 

I 
Bb!palKeHIIli B (3.6), H8XOJJ.UM, H8!'0Hen, tPYHKllii!O a 

(3.20) 

u r L U '+ U r X + _!_ X 'Q X . 2 

-1 
s) ' 

-I 
IU=(M'+N'S)(K+lS) 

noKa3aTb, 'ITO Q' = n ' r L = L , r,. 

~ (3.21) 

(3.22) 

( 1.5), ( 1.6) II ( 3.21 ) , Mbl nony'laeM OCHOBHOe pewe-

x '!1x iurx 10 o lurt u' l 
exp I - -- + -- + -- - • 

2h h h 2 h 

u yJJ.ol3neTaopSieT ypaanea11ro PIIKKaTn: 

B + tB'n -ucn .. o, lUI "'s. 
I= t 

Q 

( 1.3) 1 KOTOpble Jl8IOT 

~) (~ , ~) = (~ OE). 
t=t 

0 

(3.23) 

(3.24) 

(3.2q) 

To pewaTb ypaaaenn li ( 1.3) ne o5SiaaTelibHo. LleiicTaii

MOlKHo II~HTII 113 ypaaHeHIIli: 

B+!CO), 

3.25). 3aag n 
7) II8XOJJ.IIM 

r1 .. E, (3.26J t"'to 

II r , MOlKHO ~l!re5p811'leCKl!M nyTeM 

LS)-CK+LS*)lQ-1 .. -~Q-1 + __!_rGr'. 
2 2 . (3.27) 

12" 

Ho, xax aTo cneayeT 1!3 (3.17) 11 (3.12), • 

0 ,· G -I - l[ ( M '+ N 'R ) Q - 1 (R '+ IH ') + N 'q L ']- G -I. 
.• : (3.28) 

TaKHM o5paaoM, 

I -1 .· · -1 
rt =- 2 o + 1 n n + n* 1 r,. (3.29) 

Ecn11 MaTpllllhi A , B 1 C He 38BIICliT OT apeMeHII, .a S liBlilleTCli xopHeM 

ypaaHeHHli 

A+SB.+B'S+SCS=O, 

To,cornaCHO (3.24), Inc s • H3 (3.26) 11 (3.29) a aTOM cny'lae HaXOJJ.IIM: 

c B+ c s lC t 0- o r=e rL 1 Q-1 1 ro..:.1r, . =-- +- . 2 2 .. 

(3.30) 

(3.31) 

YpaBHeHue (3.30), OAH8KO, MOlKeT II He HMeTb KOpHli C llOl!OlKHTel!bHO onpeJJ.e .. 

,. neHIIOH MHHMOH 'l8CTb!O Q , II TOI',[l8 MaTpHlly fi Hel!b3ll C'IHT8Tb llOCTOliH!lOli, K8K 

nanpnMep, a cnyqaex)A=O, B=O, c .. E • EcnH raMHlibTOHHaa (1.2) nono.lKHTenbHO 

onpeneneH, TO ypaBHeHIIe (3.30) · HMeeT T8KOll KOpeHb. Tip11 aTOM 3Ha'leHHH KOpHS! AO

CTlll'8eT.Cli MHHIIMYM cnena M8Tpll!lhl, BXOJJ.lllllelt B ( 1.9). 

§ 4. Tipoii3BOJJ.lllll8li W -cpyHKllllli H nonHali CHCTeMa pewea11li 

Tax KaK ocnoanoe pemeaHe (3.23) ynoaneTBOplleT ypaaaeiiHIO lllpeJJ.xmrepa npu 

acex 3IIa'!eHIIRX u0 , u 
1

, ••• , u
11

, TO 11 ace ero npou3BOAHhie n 111 aTHM napaMeTpaM 

T8K.lKe YAOBlieTBOpliiOT TO My lKe ypaBHeHIIIO, npH'leM npOII3BOAHbie no U I, ••• , u
11 

liiiHelt.a:o neaaaacaMhi. 8To cnenyeT Ha T·oro, 'ITO: 

a 
a a . a a . . 

~h) '1' 0 (u)=lxJJ 1 ••• x 8 +1> IW (u), au ... au 0 s-1 0 
a 

1 
a

0 

( 4. i )' 

x) B cnyqae -A= 0 , B= 0 , c .. I! pewea11e BHAa .(3.23) .nonyqeao B.A.¢o-
n/ .. 

KOM C llOMOlllb!O BeCbM8 H8l'liSIJJ.IIblX npeACT8BlieiiHli. 
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a 
rue 

x
0 

onpeuemtroTCll no ljlopMyne (3.19), P
8

_ 1 -ononaHOM cTeneHHOos-1 

OT 
x;,, .. , X~ • 0AH8KO <iJyiiKUHll (4.1) Heyno6Hhl l3 TOM OTHoWeHHH, 'iTO 01111 He-

opTOrOl!Sllbllhl. 'iT06hi nocTpOHTb opTOrOl!SllbiiYIO Cl!CTeMy peweHHil, paCCMOTpHM 

CKangpllhie npoll3l3eneHHSI .pyaKnail ( 4.1). Ona, oqennnno, paDHhi yMHOJi<:el!HhiM Ha 

/ r+s (-lh) npoaaaonHhiM no ua , ..... ua , v~ , .. ,-v~ OT aaTerpana 
1 r 1 a 

,) f""'l' (u)'l'* (v)dx ~ 
0 0 

(4.2) 
-oo 

v/2 r-:" f( - v* ) .1 - 1 ' + I (rrh) VP"P~ uo- o _ -(u-v*)Q (u -v) --===-o __ o exp ! . -~ 'th • 
JiTQii' 

npH v* = u* (3 (3 • 
l13 l4.2) cnenyeT, 'iTO OCl!ODHOe peWeHI!e 6yueT l!OpM!ipODSl!O 118 eAHIIHUY, 

ecnn nonoJKI!Tb 

-v/2 ~ 1 -1 + 
p

0
=(rrh) v'l\0\l, !(u

0
-u*

0
)= 4 (u-u*)Q (u'-u ). (4.3) 

Tenepb MOiKHO HaiiTU, 'iTO nnOT!!OCTb aepOliTl!OCTil nonoJKei!Hll CI!CTeMhl D OCIIOBHOM 

'COCTOlllldH paDI!lleTCll 

~x'G-1~x I 
1 expl- ' 'l' (u)\jl* (u >= v/2 ~IICII h 

0 0 (rrh) vllull 
(4.4) 

rue ~x~x-i" , a x paDHO (1.10). 

BneneM nanee ljlynKUHIO 'I' (u, v) = 'l' 0 (u- i v ) 
npli ycnODHH, 'iTO 

1 -1 i -1 + 
v =--vQ v'--vQ (u'-u ) 

0 4 2 ~ 
(4.5) 

'" vr~x 1 . 
-r (u,v)= \l (u) exp 1--- -vr ar' v'l. 

0 h 4h 
TO eCTb 

Ha (4.2) n (4.3) cnenyeT, 'iTO 

"" 1 -1 + f ljJ (u, v)'l'* (u,w)dx = exp 1-vQ w I. 
-oo 2h 

(4.7} 

OT 'I' (u, v) , D3SIThle 
0TCIOA8 l3l!Al!O, 'iTO npO!i3BOAIIhie pa3llh!X nopl!AKOB no V a 

npH V= 0 
, opTorol!anhl!hl npyr K upyry. 'iT06hi opTOI'Oll8llH30B8Tb ll npOH3l30A-

14 

l!hle OAHHSKOBhiX nopi!JlKOB, 

0
3To uocTnraeTcll B nponecce 

Kl38Up8TOB Y 'y C noMOIUb 

IIIiTh V 118 Ji.h VA , TO B 

'I' (u, v) =~ 
) 

"'~ o (u) exp I JI. 
vh 

Bee npoaaaonHhie KOTopoil no 

l!OpMHp0l38Hhl 118 enHHHUy. 31 

qepea nonnHOMhi 3pMaTa-'ief 

UHli. 

Bee STH np01!3l30Al!hle ) 

repa, TaK KaK eMyo ynosneTB• 

ny'!Hllll T8KHM o6pa30M nona~ 

'Po(u)Hal. 

ypasaeHHll liJpeuaarepa c raJ 

nyeT H83hll38Tb np0113BOAS!IUei 

masr 'l' -¢yHKUllll yno6aa a_ 

W(u,v) ='l'(u,J2hv)=~ 

PaanoJKHM B PM no c 

qi c 1 

Kos¢¢nnaeaThi sToro pi!Jla c 

COJ3 a • Ecna STH 'Kos<iJij!HI 

npeucTaanSieT o6mee peweHl! 

fiOUC'iHTaeM -HOpMy '1p 

oo-
f '{' ( _.,. 

LlaqxpepeHUHPYll STOT lli!Tel 



\ 

( 3.19), P s _ 1 - non,naoM cTeneau s - 1 

aeyno6Hhl J3 TOM OTHOWeHHH, 'ITO OHH He

CHCTeMy peweanii:, paCCMOTpHM 

O'leJ31!llHO, pal3Hbl YMHOJKeHHbiM Ha 

* * ., ua , vR , •• , v13 • r 1-" 1 s 
OT HHTerpana 

(4.2) 

-'t~ (u-v*)Q-1(u'-v+)l 
_.,l 

peweHI!e 6ytteT HOpMI!pOBBHO Ha e.QI!HIIUY, 

1 -1 + 
-u*)e-(u-u*)Q (u'-u ). 

0 0 4 (4.3) 

aepO!ITHOCTll nonoJKeHI!H CI!CTeMbl B OCHOJ31IOM 

expl- 1'1x'G-11'1x 
h I, (4.4) 

(1.10). 

"' 'I' 0 (u- 1 v ) npn ycnoann, 'ITO 

I -1 + 
-TvQ (u'-u )~ (4.5) 

~ __ 1-vr cr· v'l. 
h 4h 

tlvQ-1 + 
2h w I. (4.7} 

nopsulKoa no v a OT lf(u, v) , sagTbie 

rtpyry. liT06bi opToroaannaoaaTb n nponaso.n-

Hhle O.QHH8KOBbiX nopg.nKOB, 118!10 npe.QCT8BHTb MaTpliUY Q 

3To nocTnraeTcg a npouecce npuae.neanH KBa.npaTH'IHOli «!>c:iP.Mhi 

B BIUte Q .. A 'A, 

X 'Q X - K CyMMe 

xsanpaTOB y 'y c noMombro nuaeliaoro npeo6paaoaaanH y .. A x • • Ecnu aaMe"" 

HHTb V Ha ~VA , TO B peaynbTaTe nony'IHTCH ljlyHKUDH 

'P (u, v) "''P (u, v'2h v A) "' 
(4.8) 

- Ji' 1 
.,tp (u)expl--=:-vAr&x- -vArGr'A'v'l, 

0 v'h 2 .· .. 

ace npon3BO.QHbie KoTopoii: no v a npn v=O OpTOI'OHanbHbl llpyr K ttpyry II 

HOpMHpOB8Hbl Ha 8.QHHBUy • 3TH npOH3J30llHhie O'l8BH.QHblM 06p~30M J3blp8lK810TCH 

'Iepea nonnaoMbi 3pMnTa-lfe6biWeaa n cocTaanHroT 6aanc a npocTpaacTse 1JI -ljlyax

nnli. 

Bee 3TH nponaao.QHhie y.nosneTaopgroT paccMaTpnaaeMoMy ypasaeanro lllpe.nna

repa, TaK KaK eMy y.noaneTaopgeT ljlya~UHH (4.8) npn scex aaaqeanHx v • Mb1 no

ny'lann TaKHM o6paaoM nonayro cncTeMy peweanii: 

a ••• a a• 
'P0 (u)ll 1 •(u)= 'l'(u,v)l 

av ... av T"'O 
a a 

I . a 

(4.9) 

ypasaeHHH lllpe.nnarepa c raMnnbTOHHaHOM ( 1.2}. Banny 3Toro ljlyaxnnro ( 4.8) cne

nyeT H83biB8Tb npOH3BOllgmeii 'I' -ljlyHKUHeii. 0rMeTHM, OllH8KO, 'ITO npOH3BO.Qg

maH 'I' -ljlyHKnag yno6aa a. B anne 

wcu,v> ='~'<u.J2hv>~'l'0 <u>exptli vrl'ix- .:!_ ~rcr'vl. . . Jh 2 (4.10) 

PaanOJKHM B pg.n no CHCTeMe (4.9) npOH3BOnbHY10 lp -ljlyHKUHIO 

qi=lf (u)l: 1 c . Ha 1.'a• (u) 
0 s=O ys! a1 .••• a s 

(4.11) 

Ko31jlljJHUBeHTbl 3TOI'O pg.na cnenyeT C'li!T8Tb CHMMeTpB'IHblMB OTHOCI!TenhHO HHlleK-. 

COB a • Ecna 3TH 'KOS«jJQJHUHei!Tbl He 38UHC!IT OT BpeMeHH, TO lJ1 -ljlyHKUBH (4.11) 

npe.ncTaangeT o5mee peweane ypasaeaag lllpennarepa: 

flOllC'lHTaeM HOp My 1p -ljlyHKUHH ( 4.11) • .'HMeeM 

tlo- - T\Y:+ 
J 1F-(u, v) 'I'* (u, w) dx = e _,... (4.12) 

.On«l>«PepeauapyH STOT HHTerpan no v , nonyqaeM 
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F '1!
0 

(u.) llal,"''a•(u)~* (u,w)dx= w* 
. a 

-eo 

CneAOBaTenbHO, Ami lj' - ,Pyi!Kllllll . ( 4.11 ) HBXOAHM 

; 00~ -1 * 
ifl(w*)cf IJ'IJ'*(u,w)dx ~I --.=;-Ca ••• awa 

s=O V s! I s I 

.A 
.Qu¢¢epeHllllpyn (4.14) no w* , nonyqaeM 

w* 
a • 

w* 
a 

s 

oo a •• • a r--:r f 'I' [ 'I' 0 ( u ) II I 8
( u ) ] * d X = \( s ! c • 

at ••• as 

0rCIO!t8 HBXOAIIM KBB.r:tpaT II~pMbl IJ' 

.. 
f 'I' IJ·* dx = ::£ 

-co· •=O 

-¢YHKllliH ( 4.11) 

cat''' a s 
c* a ! .•. a 

j 

(4.i3) 

(4.14) 

( 4.15) 

( 4.16) 

<l>opMynhi ( 4.11) u ( 4.14) no3aomuoT pewuTb np0113BOnbl!YIO aaJ:ta'ly Kowu nnn 

ypaBHeHHSI llJpe.r:tiiHI'epa C raMIInbTOHHaHOM ( 1 :2). 

§ 5. npe.r:tCTaBneHIIe ¢OK8 

PeaynbTaTbl npe.r:thl.r:tywero naparpa¢a yKaabmmoT, 'ITO Koa¢¢unuel!Thl c , c , 
o a 

Cap' ·••• o6pa3yiOT CTon6en <l>oKa/1/• no TepMIIHOnOI'IIIjo 11pi!HSITOll B ~BaHTOBOll Teo-

pull nonn, OCHOBHOe peWeHI!e 6yneM l!a3blBaTb DllKYYMllblM Cc;>CTOSIHIIeM, a peweHI!e 

(4.9) S -'laCTII'IHblM COCTOSIHI!eM. npocTpaHCTDO KOH,PIII'ypalll!ll 'qaCTIIUb!' COCTOHT 

111 
3.r:teCb BCero 113 II.· TO•IeK. <PopMyna (4.14) .r:taeT ¢YHKll110Hlln <l>oKa ·• 

HaiiJ:teM Tenepb onepaTopbl YHH'ITOlKel!hSI w pO)K!leHI!SI 'I8CTI!ll. nnn 9TOI'O 3aMe

TIIM, 'ITO OCHOBHOe peweHI!e (3.23 )', Hapn.r:ty C ypaBHei!HeM llJpe.r:ti!HI'epa, YAOBneTBO-

pneT eme cncTeMe 11 ypaBHeHnfi 

" ,, ' ,. 

lp (1<+1S)-x'(M'+Ii'S)-ul'r (u')=!'. 
.. ,. ·, 0 '. 

(5.1) 

PaBeHCTBo (5.1) nerKo npoBepneTcn Henocpe.r:tCTBeHHO. 0Ho cooiaeTCTByeT Knac

cuqecKoMy paBeHCTBY (3.18). CnpaBeAnnBo eme oano KnaccnqecKoe paBeHCTBo, a 

HMeHHO: 

\ 

16 

.• 

(k'+S*l')p'-(M+S' 

K HeMy O'IeHb npocTo npBfiTu, ecn11 11:3 

IzOHHpOJWHHOe K (3.18) B BOCI!Onb30B8T 

MY paBeHCTBy (5.2) COOTBeTCTayeT KB. 

I (I\ '+ S* 1 ') p '- (M +: 

KoTopoe TBK)Ke ·nerxo npoaepneTcn Hem 

Ha (5.1) u (5.3) cpaay )Ke c:Ie.r:t: 

me.l! 'I' -¢yHKlliiH (4.8), KOTopan no c 

Y cnoase )Ke ( 4.5) np11 All¢¢epeHnBpoaa 

cs. HTaK, IIMeeM,· ao-~epabxx, 

I ; ( K + l S) - ; '(~' '+ N 'S ) - u l IJ' ( 

II, BQ-BTOpbiX, 

" " I(!<'+ S*1') p '-(M+ S*N) x-u 

= 21Qr(x-Lu'+f, 

noACTaBnSISI CIOAa (3.27), nonyqaeM: 

" I C K '+ s * l ') p' - ( M + : 

~I21Qr£\x-lv2h Qr 

TO, eCTb, OKOH'IaTenbHO, 

" " + I(K'+S*L')p'-(Pl+S*N)x-u l 

Y)Ke OTCIO.r:ta BHAHO, 'ITO IICKOMbie 

lOT CTpOKy 

z = I . " Ji.hlp (K+LS) 
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(u,w)dx=- w* 
a 1 

(4.11) H8XOJlHM 

w* Ca 
1 
•• • a 

6 
a 

1 

w* 
a 

s 

w* 
a 

s 

•(u) ]*dx =,r;:! c • 
al ••. as 

-tjlyHKUHH ( 4.11 ) 

a ••• a 
I s 

c* a t" •• a 

'·· 

(4.13) 

(4.11) 

,..J 

( 4.15) 

(4.16) 

npoaanonhnyio aanaqy Kowa nng 

(1:2). 

<PoKa 

rpatjla YIW3hiBQJOT, 'ITO K09tjltjJHUHeHThl C , C , 
• o a 

• I1o 'TepMIIIIOnoru~~, npi!IIIITOH B KBai!TOBOH Teo-

Ha3hiB8Tb DllKYYMHhiM COCTOHUI!eM, a peweHHe 

pOCTpllUCTDO KOH<jmrypaUHH ''IaCTHUhl 6 COCTOHT 
. /1/ 

(4.14) naeT tjlynxuaoHan <Pmca ·• 

W polK)leUIH! 'IaCTHU. L!n11 9TOrO 3aMe

HapHJly c ypannenaeM Wpenanrepa, ynonneTno-

N 's )-u 1'1' (u·)~ !'. 
0 ' 

(5.1) 

HenocpencTnenao. Oao cooTneTcTnyeT Knac-

ewe OJlHo KnaccaqecKoe panencTno, a 

(I<'+S*l')p'-(M+S*k)x -u'=21Qx
0

! (5.2) 

K HeMy O'IeHb npOCTO npHHTH, ecna H3 nenoll 'I8CTH 9TOrO paneHCTBa Bbi'IeCTb Tpaac

noaHpOBSHHOe K (3 •. 18) 11 socnonbaonaTbCH ~aTeM paneHCTBOM (3.13). KnaccaqecKo

MY paneHCTBY (5,2) COOTBeTCTayeT KBBHTOBOe 

I (I<'+S*l ')p'-(M+S*k)x-u']IJ' (u)=21Qx IJ' (u), 
0 0 0 (5.3) 

KOTOpoe TBK*e nerxo nponepHeTCH aenocpencTneaao. 

Ha (5.1) H (5.3) cpaay *e c:~enyroT aaanorH'IHbie paneacTna nnH npoaanong-

mefi IJ' -tjlyaxuaa '(4.8), KOTopag no onpenen~aaro panaa: IJ'
0

(u-lv'ThvA). 

Ycnonae *e (4.5) npa natjltjlepeauaponaHHH no x . , oqenanao, .HHKBK ae CKaahlnaeT-

ca. HTaK, HMeeM, no-nepnhix, 

I ; ( K + l S ) - ; 'U' ' + N 'S ) - u I IJ' ( u, v ) ,;. -I J2'h' v A iV ( u, v ) 
(5.4) 

H, BQ-BTOpbiX, 

l (K '+S*l') ;'-(M+ S*k) ;_u '+ t/2h A 'v' I q, (u, v)= 
(5.5) 

= 21 Q r (x- L u '+ I$L A.'~')tV (u,v ). 

I1oncTannaH crona (3.27), nonyqaeM: 

I ( K '+ S * l ');' - ( M + S* k ) ; - u + I W (u, v) .. 

(5.6) 

"'I21Qrl\.x-h/2h QrGr'A'v'IIJI (u,v). 

T~ eCTb, OKOII'ISTenbHO, 

" "+-. ,........, a-1 (K'+S*L')p'-(A':+S*k)x-u ]IJI(u,v)e lv'2hA'-IJI(u,v) 
. . . . av . (5.7.) 

Y*e OTCIOJlS BHJlHO, 'ITO IICKOMbie onepaTOpbl .YHH'ITO*eiiiiH 'qaCTHU COCTaBnSI~' 

JOT CTpOKY 

i " " -1 
z = --lp (I<+LS)-x'(M'+k'S)-u]A 

J2h 
(5.8) 
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a onepaTOphl pO)[()leHUH '18CTIIU - 3pMIITOBCKil COUpg)[(ellllhli\ CTOn6eU 

+ 1 -1 +I z e- -r=; A' I (K '+ S* L ') p'- (M + S* N) x - u • 
y2h 

nposepi!M 3TO YTBep)!{nenne. Cor-nacno (5.4) " (5.7)' 

- - - iJ ·-
z'l'(u,v)= v'l'(u, v), z+'l'(u,v)=-'l'(u,v). 

iJv 

..A 
PaccMOTpnM pnn: 

If' e :£ .--. 
seO ysl 

as 
e · · 'I' (u,v) 

al •• ' 0 s iJ v ... a v 
a 1 as 

(5.9) 

(5.10) 

(5.11) 

6onee o6mnii, 'I eM (4.11). nocneJ:tnnll nony'laeTCH u3 (5.11), ecnu nonO)!{UTh v = 0 • 

Ha OCHOBlliiUU (5.10) 3llKni0'18eM, 'ITO B npuMeHeHUU K (5.11) 

z'l'=v'l'+:£ 
{3 {3 s=O 

,!s+I' a 'I' (u,v) --e 
;-;o f3a 1 ... aaav ••• ava 

V s• a I s 
(5.12) 

+ 
z{3 'I' = I 

s=O 

1 as+ I 
--e 'I' 17' a ••• a a (u, v ). 
v s! 1 s v pa v ••• a v 

t_j a a 
I s 

(5.13) 

0TC10Jlll cneJ:tyeT, 'ITO onepaTop z {3 
I • 

npespamaeT cTon6eu ct>oKa c 'c , c , ... o a
1 

a
1
a

2 
n CTo6&u <l>oKa e , c , e -o -a

1 
-a

1
a 2 

' I'Jle 

. ..---. 
e =vs+l c 13 , 
- a x· • .as a 1 •• • a s 

(5.14) 

!! '!TO onepaTop 
+ 

%{3 npespamaeT TOT )l<e cTon6eu ct>oKa B cTon6eu c 0 , e , e , .•• 
a I a Ia 2 

I'Jle e =0 
0 

- 1 c =--lop e + ... +op e · + ... +8{3 e a ... a r----:-r ,..~a a -a ,_.,a a .. -a a ... a a a 
I 8 V S + 1 I I 8 k - I k -1 k+l s s 

... a 1.(5.15) 
s-1 

+ To eCTh, onepaTOphl zf> u z {3 J:tellcTBnTenhno nsmiroTcn onepaTopaMn ynu'ITO)!{e-

nun U pO)!(JleHU!I '18CTI!Uhl B TO'!Ke p 
HnTepecno TBK)!{e neuocpencTsenno BhmecTn peaynbTaT Jlei:cTsnn onepaTopoa 

z " z+ nacjly!IKUUOI!an <l>oKa (4.14). B cuny (4.12). nnn pnna (5.11) IIMeeM: 

18 

.. .. ·t 
.f 'I'* (u,w )'l'dx =I. -- e . r-:· a 

-oo •=O V s! 

OTCroJla u ua (5.10) nonyqaeM 

.. t> 
,_ 'I' d ~ I. --· e a .•• a f'l'"'(u,w)z {3 . x a=o .,[;! 1 _.., 

.. ~ a . 
f 'I'* (u, w) z ~'I' dx = -·[ ¢ (w*) 

-oo t-' av {3 

CnenosaTenhHO, KaK u JlOn)!{HO 6h1Th 
a 

¢ ( w*) B !jlyHKUROH8n -- lfl ( W*) 
aw* 

PaccMoipuM TenepfJ o6mee yp1 

lh.i!=ll' 
at 

I'Jle H - no-npe)!{HeMy aa}laeTcn !jlc 

MRnhTOHHBHY H -aa}la'la, THIIR'!Han 

.Linn pnna (5.11) nMeeM: 

- a 
f 'l'*(u;w)[lh--Hl at 

a 
TO ecTb onepaTop l h -. - - H npeBI at 
CneAOBaTenhHO, B npellCTasnenuu ct> 

" rne x 

lh~at -

" U p H8Jl0 BJ;oiP83BTh qepe3 

.Linn 3T.OI'0 aaMeTBM, 'ITO 

(

-M-SN K'+·SL'). ( 

-M -S*N K '+ ~*L ' 
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- gpMMTODCKH COIIpiDKE'HHbiH CTOnoeu 

S*L ') p'- (M+ S*N )x -u+l. 

e. Corna,cno (5.4) H (5.7) t 

- a ·-z+wcu,v)=- 'I' (u,v). 
av 

as 
• • a a 'I' ( s v ... av u,v) 

0 1 a 

(5.9) 

(S.10) 

~ 

( 5.11 ) 

'rronyqaeTcg na (5.11), ecnn rronolKHTb v=O • 

B !IpHMeHeHHH K (5.11) 

a s 

{3a1 ... a.av 'I' (u, v) 
a ••• av (5.12) 

I a s 

as+ I - (5.13) 

t1v a v · .. a v 
'I' (ul v ). 

{3 . a a 
s 

npeapamaeT cTon6eu Cl>oKa c • c , c , ... o a 
1 

a 
1
a 

2 
~ 

, rae 

----. . 
= v s + 1 c ~a 

1
• ·.as (5.14) 

TOT lKe CTon6eu Cl>oKa a cTonoeu c
0

, c I c I ••• 

"1 a 1"2 

+llR c · + ••• +8{3 e 
tJa k a .... a a ... a a a 
· . I k-lk+l s s 

••• a 1.(5.15) 
s-1 

aefiCTDHT911bH.O !ID1l!IIDTCn orrepaTopaMH YHH'IT.OlKe-
{3 

pesynhTaT aei.CTDHSI orrepaTopoa 

B cuny (4.12).nnn p11aa (5.11) IIMeeM: 

.. .. ·1 a·· · +· + 
f'P*(u,w)IJidx=l: --.c '·e"w -=¢(w~)e"w 

-oo •=O Vr;;t_ a, ... a.av •••av 
a, "• 

(5.16) 

0TCroaa H H3 (.5.10) n,onyqaeM 

- .. 1 a• -+ a · + fiJI•(u,w)z~IJidx., l: --·c ·v~e"w -=-·-[¢(w*)e"w 1 
-eo · a=O ·,;;;. "l···"a av ... ()y · aw* 

.a, "• ~. 

(5.17) 

.. ~ + a v + vw+ 
J'l••(u,w)z~IJidx=-·[¢(w*)e w. 1=w~¢(w*)e 

-oo av~ 

(5.18) 

CneaoaaTenbHo, KaK n aomKHo ObiTb , onepaTop z ~ npeapamaeT ljlyHKlll!OHan Cl>oKa 
a + 

¢ ( w*) B ljlyHKllHOHan -- ¢ ( w*) , a onepaTop z · R - B <jiyHKIIHOHan w• ¢(w~~<), 
~ aw* tJ 

PaccMOTpHM Tenepti oomee ypaBHeHHe lllpeaHHrepa 

a'P " " ih -·=I H+V(t~x~p)IIJI, 
at (5.19) 

rae It - no-npelKHeMy saaaeTcst ljlopMynofi (1.2), a V - HeKoTopas ao6aaKa K ra

MHnhTOHHaHy I! -3a):l8'I81 THIIH'IHS!I B TeOpHH .B03MY!IleHHfi. 

Llna p~~J:ta (5.11) HMeeM: 

oo- . a a + 
f 'I'* (u,w)[ lh- -H]'l' dx =ih- ti> (w*) e vw 

-oo at at . 

TO ecTb onepaTop lh ..i._- H 
at 

npeapamaeT ljlyRKilHORan <lloKa ¢ (w*) 

(5~0) 

a . 
B lh-¢ (w*). 

at 
·.Cnej]ODaTe1lbHO, B npeacTasneHHH <IJoKa ypaBHeHHe (5,19) 381IH!Il9TCS1· B BH):le: 

a¢ . " " 
lh--=V(t~x~p)¢1 at 

... " + ·rae X H p HSilO BJ:>Ip83HTb qepe3 Z H Z 

Llnst aToro 38MSTHM, 'ITO 

(

-M-SN K'+·SL')- (K+LS* -K-LS \ 

.-M-S*N K'+~*L' M'+N'S* .. -M'-N's) 

19 

{.5.21) 

(-210Q -2~Q). (5.22) 



IIepaaSI aa STHX M'aTpHil B3HTa us (5.8 ) .. u (5.9) ~ BTopaH nocTpoena .ua nepaoll: no. 

o6paany (3.11) ' IIp.H Bhl'iHcneRHH ax npouaseAeimH HaAO Bocno11b30BaTbCSI (3.12. ) .• 

C fiOMO!IlbiO (5.22) HeTpyAHO nony'iHTb, 'iTO 
- ~ -" - v b -1 -1 + 
X = X + --,=:;[ ( K + L S*) A %, + ( K + l s) A % ]. 

V2 - (5.23) 

p = p + Jh[ z A ,-1 (M+ S*N )+ z ,+ A'-tM+ SN)], 
_Jj 

I'A!'l.J X p paBHb1 (1.10). OcTaeTcSI T011bKO noACTaBHTb (5.23) B (5.21) a aa-

a + 
Ha a w* , Z MeHHTb Z aa w* • IIocneAaero, Bnpo'ieM, MO)KHO H ae Ae-

naTb, ecna AnSI !jlyHKilHOHana ct>oKa npaMeHSITb o6oaaa'l:eHHS! 

<ll= ~ 
1 r. c %+ .. + 

ys! a1 ••• asa1·••%a lg> 
s s=O 

H, Y'iHTb!BSTb nepeCTSHOBO'l:Hhl": COOTHOllleHHS! 

+ + 0 
zazf3-zf3za= af3 

H ycnoBue aopMnpoBKH BaKyyMa < 0 I 0>-= 1 • 

n 11: T e p a T y p a 

1. B.A. ct>oK. Pa60Tbl no KBSHTOBOii TeOpHH nonS!, l13A. nrY; 1957. 

2. B.A. ct>oK. KBaHTOBSS! !jlH3BKa H CTpoeane MaTepHH. -l13A. nrY, 1965. 

PyKonncb nocTynnna B H3AaTenbCKHH OTAen 
15 MapTa '1967 r. 
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(5.24) 

(5.25) 

·._, 


