


B n o c n e p H w e  ropu c T a n a  ~eocnopu~o f i  ~ @ @ ~ K T M B H O C T ~  anre6po- 
r e o M e T p u u e c K o r o  B a p u a H T a  M e T o p a  0 6 p a T H o f i  a a p a q u  p n ~  n o c T p o e H w i  

WMpOKOrO @ ~ H K ~ M o H ~ J ~ ~ H O ~ O  KJlaCCa p ~ e ~ k l f i  pfl HpaMeHTaJ lb  HblX 

~ e f l k l ~ e f i ~ b l ~  ypaBHeHMf i  M ~ T ~ M ~ T U ~ ~ C K O ~  @M3MKM . 
C Y T ~  M e T o p a  3 a ~ n t o q a e ~ c ~  B ~ M P O K O M  M C ~ O ~ ~ ~ O B ~ H M M  a n n a p a T a  

~ n a c c u q e c ~ o f i  a n r e 6 p a u ~ e c ~ o k  r e o M e T p u u  puMaHoeb l x  noeepx~oc~e f i  
M Onpepe f l eHHb lX  H a  HMX MepOMOp@HblX @ Y H K ~ M ~ ~  C C Y ~ ~ C T B ~ H H O ~ ~  OCO- 

~ ~ H H O C T ~ D  3 a A a H H O r O  BMpa pnfl HaXOMpeHMfl  p e ~ e H M k  H e f l M H e f i H b l ~  

A M @ @ e p e ~ u M a n b H b l x  y p a B H e H M f i .  

B n p e p n o ~ e ~ ~ o f i  p a 6 0 ~ e  n n o p o T a o p H o c T b  ~ T O ~ O  nopxoAa npoAe- 
MOHCTpMpOBaHa B nO f l yqeHMM B flBHOt4 B M p e  HOBOrO T M n a  AByXCOflM- 

TOHH~IX peue~wk B e K T o p H o r o  ~ e n u ~ e f i ~ o r o  y p a e H e H w f l  W p e ~ ~ ~ r e p a  
/BHYW/ C KOHpeHCaTHblMM rpaHMqHblMM YCJlOBMflMM. K ~ K  6 y ~ e ~  n O K a 3 a -  

HO B p a n b ~ e f i w e ~ ,   TOT H O B ~ I ~ ~  TMn C O ~ M T O H H ~ I X  peue~wf i  BHYW O T ~ M -  

q a e T c f l  ~ e ~ p u ~ u a n b ~ o f i  ~ M H ~ M M K O ~ ~ ,  ~ b ~ p a m a t o q e f i c ~  B n e p u o A M c l e c t c u x  

no BpeMeHM BapMauMf lX  @pMbl COJlMTOHOB M, no-BMpMMOMY, Cy l4eCTBeH-  

HO O ~ ~ C J I O B ~ ~ H H O ~ ~  BeKTOpHOCTbto ~ 3 6 p a H H 0 f i  M ~ T ~ M ~ T M ~ ~ C K O ~ ~  MOAeflM. 

Ha Haw B 3 r J l f l p , ~ a M 6 0 J l e e  apeKBaTHb lM  M 3@@eKTMBHblM Anfl  P a c C M a T -  

pusae~ok  a a p a q u  R s n R e T c R  B a p u a H T  a n r e 6 p o - r e o ~ e ~ p u q e c ~ o r o  noA- 
XOAa , npepJ l0MeHHb lk  B n e p B b l e  M .A. ~epepHMK0t-I J l f l  nOCTpOeHMfl  KO- 

Her(HO3OHHblX pewe~*lk BeKTOpHblX B e p ~ l t L (  HYU B4'/ M p a 3 ~ ~ ~ b l f i  

B pa f l bHe f i lUeM aBTOpaMM/4-6 / .  CneuM@MqecKMM pnfl 3 T O r 0  B a p M a H T a  

RBJl f leTCR M C n O n b 3 0 ~ a ~ ~ e  H e J l M H e f i H b l ~  C O O T H O ~ U ~ H M ~ ~  MeMAy  anre6po- 
TeOMeTPMqeCKMMM f lOTeHuMaf laMM HeCTauMOHapHOrO f l l I ~ e f i ~ 0 r 0  y p a B -  

H e H u n  Wpepu~repa M e ro  pewetiumu p n ~  n o c T p o e H u f l  K a K  ~ s a a ~ n e p ~ o -  
AMqeCKMX, T a K  M MHOrOCOflMTOHHblX M PauMOHanbHblX peweHMfi  BHYU. 

nuposana B c y q e c ~ s e ~ ~ o f i  c T e n e H u  M c c n e A o e a H u f l  a e T o p a .  

1 .  ~ O C T ~ H O B K ~  3 a p a u u .  C@OpMyflMpyeM 6onee n o ~ p o 6 ~ o  MC- 

X O p H y O  MaTeMaTMqeCKy to  3 a p a q y .  ~ Y C T ~  3 a p a H O  BeKTOpHOe He f lMHe f i -  

H o e  y p a e H e H u e  Upepu~repa c n e p y t o w r o  B u A a  : 



ik. ( x + k .  t ) + - i q .  
J J J 

a . ( x , t )  --+b.e 
J J . 

I X I - w  
rfle k .  M 7. - BeqeCTBeHHb le  flOCTOFlHHble. f lpM 3TOM JlOCTOFlHHMe @a3bl  

J J  
H a  +a, M - m ,  ~006qe r o B o p H ,  pa3Hb le .  'J O C T ~ H O B M M C R  H a  @u3wrec~ofi M m e p n p e r a q n w  p a c c ~ a ~ p w ~ a e ~ o f i  M a -  

~ e ~ a ~ u q e c ~ o f i  M o g e n u  M BBeAeHHMx n a p a M e T p o B  3 a ~ a q u .  Han6onee 
y ~ o 6 ~ o h  AnFl a H a n M 3 a  p e 3 Y n b T a T O B  @ M ~ U ~ ~ C K O ~  MOAenbO,  COOTBeTCT- 

ByloI&2fi YpaBHeHMO /I/ C yKa3aHHMM I lOTeHuManOM /3 /  M ~ b l 6 p a H H b l ~ M  

rPaHUCrHblMM YCnOBURMM / 4 / ,  RBnReTCR MOAenb  flBYXKOMflOHeHTHOr0 

603e-ra3a C TOcleqHblM flaPHblM B ~ ~ M M O ~ ~ ~ ~ C T B M ~ M  f l pM H y n e B o f i  TeMf l e -  

P a T Y p e .  O e ~ a J l b ~ b l f i  a H a n M 3  ee O C O ~ ~ H H O C T ~ ~  MOMHO H ~ ~ T M  B/7' M /s/. 
P e a y n b ~ a r b ~ ,  n o n y q e w u e  B p a w a x  3 ~ 0 h  MoAenM,  MomHo n e r K o  nepe- 
d I O p ~ y n M p 0 B a T b  M AnFi A p Y r M X  @M3ML(eCKUX 3aAall. K p o ~ e  T O r O ,  A B y X -  

KOMflOHeHTHaR BeKTOp-@YHKqMFl @(x  , t )  MMeeT CMblCn BOJlH0BOfi @YHK- 

L(MM. 

Toraa IlOCTORHHbIe by MOMHO PaCCMaTpMBaTb K a K  flJlOTHOCTb j-f i  
KOMnOHeHTbl ~ o ~ ~ - K o H ~ ~ H c ~ T ~  B OCHOBHOM COCTORHMM, 2kj - KaK  CKO- 

POCTb ~ J ~ o c K o ~ ~  BOJlHbl, p a C f l p 0 C T p a ~ R O ~ e k ~ F l  B j -k KOMnOHeHTe 603e- 
r a 3 a ,  a t. - K a K  flOCTORHHble B ~ ~ M M O A ~ ~ ~ C T B H R  MeMAy L(aCTMUaMM j-fi 

J 
KOMflOHeHTbl. f lpM 3TOM YCnOBHe ( c j  I = 1 Bb lTeKaeT  M3 IlPMHFlTOrO 

flpeAflOnOHteHMR 06 O ~ U H ~ K O B O ~  "MHT~HCHBHOCTM" B ~ ~ M M O ~ ~ ~ ~ C T B M F I  B 

o6ewx KOMflOHeHTaX r a 3 0 ~ 0 f i  CMeCM, a B M ~ O P  CMrHaTYPbl  f j  O n p e A e -  

nFleTCR X a p a K T e p O M  3 T O r O  B ~ ~ M M O ~ ~ ~ C T B M F I  / t .  = 1 - " O T T ~ ~ K M B ~ -  

H u e " ,  
J 

6 = - 1  - I ' ~ ~ P c I T R x ~ H M ~ " / .  ~ ~ O I ~ R T H O ,  clTO TOT MnU M H O ~  Bbl- 

60p CMrHaTypb l  flOCTORHHblX B ~ ~ M M O ~ ~ ~ ~ ~ C T B M R  Of l peAenReT  T y  MnM MHYO 

MeT PMKY U30TOflMUeC KOrO nPOCTPaKCTBa M , COOTBeTCTBeHHO , - TMn 

B H Y T ~ ~ H H ~ ~ ~  CMMMeTPMM paCCMaTpbIBaeMOr0 YpaBHeHMFl /7/ .  AnR  PaC-  

CMaTpMBaeMOrO YpaBHeHMFl 3 T O  KOMflaKTHble rpynflbl U(2,O)-(cl =t2 = - I )  

M U(0,2)-(fl = r2  = 1) , a B C n y c l a e  pa3HblX 3HaKOB t .  - HeKOMl laKT-  

HaR rpynna ~ H W T ~ ~ H O ~  CMMMeTpMM U(1, l ) .  J 

2. O n ~ c a ~ u e  M e T o A a .  K a K  yme r o e o p u n o c b  BO B B e n e H u M ,  pe- 
UleHMe ~~ocT~BI~~HHo~~ 3 a p a U M  MOMHO Bblpa3MTb flOCpeACTBOM C O ~ C T B ~ H -  

H ~ I X  Q I Y H K ~ M ~  nw ie f i ~o ro  H e c T a u u o H a p H o r o  y p a e H e H u R  W p e ~ n ~ r e p a  
C KOHCTpYMpOBaHHblM COOTBeTCTBYO~MM 0 6 p a 3 0 ~  CaMOCOrnaCOBaHHbIM 

nOTeHuManoM U ( X , t ) .  C 3 ~ 0 f i  UeJlbO PaCCMaTpUBaOTCR C O ~ C T B ~ H H M ~  

@YHKL(MW 4 ( X  , t , k) n ~ ~ e f i ~ o r o  onepampa c n e ~ y l o q e r o  B n A a :  

Boo6qe n o T e t i u u a n  u( x , t )  - ~ o ~ n n e u c ~ o 3 ~ a q ~ a ~ l  @YHK~MFI ,  HO A a -  

nee B COOTBeTCTBUM C T P ~ ~ O B ~ H M R M M  3 a ~ a q M  6 y n y ~  C@OpMyJlUp0BaHbl 

o r p a H w q e H w H  H a  n a p a M e T p b l  K O H C T P Y K ~ M M ,  0 6 e c n e c l ~ ~ a l o q u e  r n a m u e  
M BeueCTBeHHble  nOTeHL(Uanb1. AflR HaXOMAeHMR r n a A K M X  MHOrOCOnM- 

TOHHbjX peUleHMfi BHYW C KOHAeHCaTHblMM rPaHUL(HMMU YCnOBMFlMM B pa- 
6 0 ~ e / ~ /  n p e A n o m e H a  c n e A y l o q a R  c7nre6p0-re0~e~pUqe~KaFl K o H c ~ p y K -  

L(MR. 

B K a q e c T B e  C O ~ C T B ~ H H ~ I X  @ Y H K U H ~  $ ( x ,  t ,k)  n ~ ~ e f i t i o r o  o n e p a T o -  

pa ~ b l 6 M p a l o ~ ~ R  ~ Y H K ~ M M  6 e f i ~ e p a - A x ~ e 3 e p a .  Kau U B C e  OgHOTOL(eL(- 

Hbre @ Y H K ~ M M  6 e f i ~ e p a - A x u e 3 e p a ,  IJ ( x ,  t ,k) o n p e A e n e H a  H a  puMaHo-  

B O ~  nOBepXHOCTM HeKOTOpOrO T O l l O ~ O r M ~ e C K O r O  p O A a  g. Oco6e~-  
HOCT b 0  KOHCT PYKuMM, ~ ~ O A M K T O B ~ H H O ~  MenaHUeM n O n y q U T  b flPM no- 
MOUM $ ( x  ,t , k )  MHOrOCOnMTOHHble Pell leHHH BHYW, RBnFleTCR ~ b 1 6 0 p  PM- 

M ~ H O B O ~  nOBepXHOCTM p o A a  g =  0. MHMMM CJlO_BaMM, $ ( ~ , t ,  k )  O f l p e -  

# ? n e H a  H a  0 6 b 1 ~ ~ 0 h  K O M ~ ~ ~ ~ K C H O ~ ~  nnOCKOCTM C. 
K ~ K  06blc lH0/1/ ,  3 a ~ a e ~ c ~ l  CyqeCTBeHHaR O C O ~ ~ H H O C T ~  O f l p e A e n e H -  

H o r o  BMAa.  Ann p a c C M a T p u B a e ~ o h  K O H C T P Y K ~ U M  T P ~ ~ ~ ~ T C R ,  q ~ 0 6 b l  

B OKpeCTHOCTM ~ ~ C K O H ~ ~ H O  y ~ a n e H ~ 0 f i  TOqKM k = m  , $ (x , t , k )  UMe- 

na  BUR: 



Ann n 0 n k q e H U ~  MHOrQCOnHTOHHMX peUeHUfi ~ e o 6 x o ~ u ~ o  ~ O T P ~ ~ O B ~ T ~ ,  

~ T C ) ~ M  + ( ~ , t , k )  6unq M ~ P O M O P @ H O ~ ~  @yHKuUef i  B K O H ~ Y H O ~ ~  n n o c K o C T M  

C C  nonrocaMu nepeoro n o p n A K a  B H e K o T o p u x  tow ax^. j=1 ,2 ,  ..., 
1 . . N. OHM B U ~ U P ~ O T C ~  TaKUM 0 6 p a 3 0 ~ ,  Y T O ~ M  KOMnneKCH03HaYHble 

n o r e H u H a n u  u(x. t )  6unu B C o o T s e T c T B u u  c T P ~ ~ Q B ~ H M R M M  a a a a ~ u  

n o n o m e H u e  nomcoe B C. 
~ O C K O ~ ~ U ~  nlO6ylO MePOMOP@HylO @YHKuHlo MOMHO OAHO3HaYHO O n p e -  

GenMTb,  3HaR ee BblqeTbl B O C O ~ ~ I X  TOYKaX, TO & ( x ,  ~ , ~ ) M o M H o  UC- 

K a T b  B BUfle/6/  

- io 
res +(x , t , k )e  J 

N k = K j  
$ ( x , t , k )= [ l +  E. --------- l e i k ( x + k t ) ,  /9/ 

rae nUHefiHaFI @YHKuUR a j  ( X  , ~ ) c K  X +  K f t  . ~ O C K O ~ ~ K ~  BblqeTbl 
$j ( x .  t)= res $(x.  t, k )  r a s u c a ~  or  x u t , TO a n R  o a ~ o 3 ~ a ~ ~ o f i  onpe- 

k= K j  

&eneHHOCTU & Y H K ~ H H  $(x  e t ,k) H ~ O ~ X O ~ H M O  HanOMHTb H a  H e e  HeKOTO- 

pue a o n o n H u T e n b H u e  nu t ie i t i~e  ycnoeun euaa 

rae Cij - H e K o T o p a n  n a p a ~ e ~ p u 3 y l o q a n  M a T p u u a  pamepa N x N  c KOM- 

n n e K c H w u  3 n e ~ e ~ ~ a ~ t . t .  
B e p ~ e ~ c n  K KpUTepblRM su60pa PaCnOflOMeHMH TOqeK K,, npOaUK-  

T o e a H H o r o  H ~ O ~ X O ~ H M O C T ~ ~ O  n o n y q a T b  ~eoco6ue, B e u e c T B e H H u e  n o T e H -  

u u a n b l  U ( X ,  t )  , YTO, K o H e q H o ,  n p e a n o n a r a e T  npu B ~ I ~ P ~ H H O M  ycno- 
BHH C a M o c o r n a c o B a H u n  /3 /  TaKme H n o n y Y e H u e  r n a a K u x  no x M t pe- 
lue~ui3 $(x,  t ,k) . Kau n o ~ a 3 a t i o  B / ~ /  , nonyqewe r n a A K M x  no x 
H t peuletiui + (x ,  t * k )  H B e q e C T B e H H u x  H ~ O C O ~ U X  n o T e H u u a n o B  U ( X ,  t )  
06ecne~usae~cn  y c n o B w e M :  

- 
C.. = -c.. 

11 11 ' 

T.e.  n a p a ~ e ~ p u 3 y n q a n  M a T p u u a  Cij  K O C O ~ P M H T O B ~  , a T O ~ K M  K, pac- 
n o n o M e H u  B K O M ~ ~ ~ K C H O ~  n n o c K o c i  n o n p e a e n e H H u M  c o r n a c o e a H H b l M  

co s ~ a ~ o o n p e ~ e n e ~ ~ o c ~ b n  M a T p H u b ~  Cij  06pa3ob1, a uMeHHo : 

rae hJ - C O ~ C T B ~ H H ~ I ~  3HaYeHMR K O C O ~ P M M T O O O ~ ~  MaTpMubl CIJ . M H ~ I -  

MM CJlOBaMM, paCnOn0MeHMe K~ B e e p x ~ e f i  ~OSlynJlOCKOCTM ~ p e 6 y e ~  
n o n o m w - r e n b ~ o i .  o n p e n e n e H H o c T M ,  a p a c n o n o m e H w e  K~ B IiMMHefi nony- 

IlIlOCKOCTM - 0 ~ p M u a ~ e f l b H o f i  OnpeAef leHHOCTM COOTBeTCTBy lo~MX n04- 
MaTpUq  CIJ . 3 T y  3aKOHOOnpeAef leHHOCrb MOMHO CYMTaTb M HeCTpO-  

r 0 G .  ~ ~ M ~ T M M ,  YTO, ~oo6qe rOBOpR,  BCe nOSlloCbl K 1 MOMHO "CF~BU- 

H Y T ~ "  B HepXHlok'l I lOnYnnOCKOCTb , He  M3MeHMB npM 3TOM C O ~ C T ~ ~ H H ~ ~ X  

@ Y H K ~ M ~ ~  $(x, t ,  k) M nOTeHuMana .  O A H ~ K O  ASlR B b l 6 ~ a H H b l ~  HaMM no- 
TeHuMana  M rpaHM4HblX ~~J l~Bb l f i  MaTPMua Cl1 aHTMAUarOHaf lbHa ,  

M @MKcaumR nof l loCoB K]  B p a a n b ~ x  n o n y n n o c K o c T R x  c y q e c T s e H H a .  3a-  
MeTMM TaKMe,  YTO n p M  Cnel(MaSlbH0M s b l 6 o p e  CneKTpaf lbHblX AaHHblX K J 

M CIJ "OTeHuMan u ( x , ~ )  MOMeT 6 b l ~ b  K B ~ ~ H ~ ~ P H O ~ H ~ ~ ~ C K O ~  MnM ne- 
~ U O A M Y ~ C K O ~  no X U t @ ~ H K ~ M ~ G .  

P ~ C C M O T ~ M M  T e n e p b  KflaCCM@UKauUlo MHOrOCOSlMTOHHblX peue~wk.  
6 COOTBeTCTBMM C ~ ~ M H R T O ~ ~  T ~ P M u H o ~ ~ o ~ M ~ ~ ~  ~ C O ~ ~ M T O H H M M M  PeUeHUH- 

d e t i  ( x , k , t )  $ ( x  , t e k )  = ------------- e i k  ( x +  k t )  
I 

det M ( x , t )  

@ o p ~ y n b l  / 1 3 / - / I s /  MOMHO nOJlyYUTb,  n o ~ C T a B n R R  /9/  B f luHekHble  

YCnOBMR / l o /  H a  BblqeTbl @YHKuMM $ ( x  ,t,k). B ~ a f l b ~ e f i l l l e ~  Mbl ~ Y W M  

PaCCMaTpMBaTb ABYXCOnMTOHHMe PeUeHMR, YTO COOTBeTCTBYeT C y u e C T -  

BOBaHMO AByX nOJlloCOB x j  M pa3MepHOCTU MaTpUubl  C. .  1) 2x2. 



O n ~ w e ~  cnoco6 n o c T p o e H u f l  pewenuk BHYw c ~ ~ A ~ H H ~ I M M  r p a H H 4 ~ b l -  

MM YC~OBIIRM_M npw nonoqn C O ~ C T B ~ H H ~ I X  @ Y H K ~ M ~  $ ( x ,  t , k )  nuneknoro 
o n e p a T o p a  L. B n e p e b l e   TOT cnoc06 6 b l n  npeAr(omeH B p a 6 c ) ~ e  H.B .4e-  
peAHMKa/  3/ A n f l  nOJly4eHMfl  KOHel(H030HHblX pewenuk BeKTORHblX B e P -  

cuke HYw vr KA@, a B A a n b n e k w e ~  6b ln  p a 3 ~ ~ ~  H.M.Kpuueeepo~ 8 '  4/ 
An f l  nonyuenwn K O H ~ ~ H O ~ O H H M X  pewe~wk c A p y r w M  y c n o e u e M  cano- 
c o r - I ~ C O B ~ H M R  Anf l  n o T e H u u a n a .  B  TOM noAxoge peuenwfl 9HYU 
C KOHneHCaTHMMM TPaHM4HblMM YCnOBMflMM aJ ( x ,  t ) MOMHO nOr lY4MTb 

K a K  ~ H ~ ~ ~ H M F I  O Y H K ~ M M  b e k ~ e p a - A x ~ e a e p a  cL ( x ,  t , k )  B n o n l o c a x  k 
IlOAXOAflqMM 0 6 p a 3 0 ~  ~ b 1 6 p a H H o k  p a l ~ w o n a n b n o k  @ ~ H K ~ M M  J 

@ . ( x , t ) = b  cL(x,t,k) l k = k  . k G R .  
I 1 J /16/ 

J 

2 
r A e  r j  , bj , k j  - BeqeCTBeHHb le  KOHCTaHTbl, 0 KOTOPblX YMe TOBOPM- 

nOCb  B § 1 .  
~ O C K O ~ ~ K Y  4MCn0  OCuMJlJlMPYOU(HX aCMMilTOTMK O l l p e A e n f l e T C R  IIMC- 

n o M  n o n l o c o e  k . ,  TO A n f l  p a c c M a T p H B a e M o r o  c n y l c a f l  n o ~ p e 6 y e ~ ,  4 T o -  

6b1 ll= 2. 4TOdbl  y 4 e C T b  TpaHM4Hble YCnOBMR / 4 / ,  H ~ O ~ X O A H M O  HaJlO- 

M M T ~  M cne~yoqyo C B R B ~  MemAy  n a p a M e T p a M n  K .  , C . .  M p a u u o n a n b -  

H O ~  @ Y H K ~ M ~ ~  E ( k ) :  J 1 J  

K ~ K  HeTPYAHO n O K a 3 2 T b ,  3 T 0  YCnOBMe BblnOnHMMO TOnbKO A n f l  ABYX 

T u n o e  M a T p u u  C i j  - A u a r o n a n b n b l x  M a H T H A u a r o n a n b n b l x .  Bb16op  A u a -  

r o n a n b ~ o k  M a T p u u b l  c . .  ~ P M B O A M T  K n o n y ~ ( e ~ ~ o  pewenuk M C X O A H O ~  

3aAalcM B BMAe Hen~H2 f i no l ; i  c y n e p n o 3 ~ u M M  I I c ~ y n e n e ~ ~ ~  / A ~ I P O U H ~ I X  

MOA/. Bb160p ~ H T U A U ~ ~ O H ~ ~ ~ H O ~  MaTpMubl  Cij  npMBOAMT, K a K  Mbl no- 
KaMeM B ~ a J l b H e k w e M ,  K HOBblM HeTPHBManbHblM ABYXCOnMTOHHblM pewe- 
HMRM n o c ~ a e n e ~ ~ o k  a a ~ a q ~ .  

A H T M A W ~  r 0 H a n b H b l M  MaTPMuaM C i j  COOTBeTCTBYeT YCnOBMe " c ~ n e k -  
KM" BMAa 

B e H c T d 6 /  . HX MOHHO MHTepnpeTMPOBaTb  K a K  OrpaHk l4eHMf l  H a  CKO- 

POCT b ABYXCOJlMTOHHOrO PeWeHMfl. 

B B M A ~  KOCO3pMMTOBOCTM MaTPMubl CIJ  M YC4lOBMfl 3HaKOOnpeAeJ leH-  

HOCTM n o n l ~ c b l  A O ~ M H ~ I  6 b l ~ b  p a c n o n o m e ~ ~  B s e p x ~ e i  n t i u m ~ e i  no- 
J 

JlynnOCKOCTM COOTBeTCTBeHHQ. noC~0JlbKy MaTPMua Cij  aHTMf lMar0 -  

H a n b n a  , TO y c n o B u H  " n e p e r o ~ ~ u "  nonocoe B o ~ ~ y  n o n y n n o c K o c T b  

6e3 M3MeHeHMR PeUeHMR H e  gbln0nHfl loTCfl 16/. 
T ~ K  K a K  ycnoeue /18/ A e e T  HaM M ~ B ~ C T H M U  npOM3BOn B eu6ope 

CIJ  , TO Mbl MOMeM n p e A C T a B M T b  ee B CneAy!€Ju(eM, Y A O ~ H O M  H 3  TeXHH- 

4 e c K u x  coo6pame~uk BwRe : 
\ 

H a  K O C O ~ ~ M M T O B O C T ~  C i j ,  K o T o p a n  ~ p e 6 y e ~ c f l  Anf l  0 6 e c n e l c e ~ n f l  rnaa- 
KMX pewe~blk U' BeqeCTBeHHblX , H ~ O C O ~ ~ I X  nOTeHqManOB.  

nepefl TeM,  K a K  3aKOHqMTb 0 6 c y ~ ~ e ~ u e  ~ e o 6 x o ~ u ~ u x  0 r p a H M 4 e H M ~  

H a  napaMeTpb1  a a ~ a u u ,  o T M e T u M  B ~ I ~ O A H Y O  B T e x H u q e c K o M  nnatie eos- 
MomHocTb  c A e n a T b  ReKz= 0 c noMoqb lo  c A B u r a  nonocoe n a p a n n e n b n o  

B ~ ~ ~ C T B ~ H H O ~  OCM Rek . 3 ~ a  BO3MOXHOCTb Bb lTeKaeT  H 3  r annnee~o i  

6e3 AOnOnHHTenbHblX 0 6 c y m ~ e n ~ k  6yAet-4 n p e A n O n a r a T b  , 4TO Re K~ s 

=- a2 = 0. 6onee n o ~ p o 6 ~ o  o s a K O ~ e  npeo6pa30~a~u f l  CneKTpanbHb lX  

AaHHblX K~ , C . .  npu H e K o T o p b l x  npoc~ekuux npeo6pa30ea~n~x  ~ o o p -  
1 J 

AMHaT MOHHO I l pO l lMTaTb  B I4 1 6 '  . 
3. P e a  y n b  ~a T b ~ .  flpn HanomeHHblx  O r p a H n q e H m x  H a  n a p a M e T p b l  

y X e  HeTPYAHO H ~ ~ T M  ABYXCOnMTOHHble PeUleHMfl ~ O C T ~ B ~ ~ H H O ~  3aAa- 

4M. Anfl 3 T O r O  H ~ O ~ X O A M M O  nOACTaBMTb /20/  B /13-16/ M n O C n e  T p y -  

AOeMKMX, HO n p f l M 0 n b l H e k H b l ~  BblKnaAOK MOXHO n O n y l l H T b  c J ~ ~ / J Y I O I ~ H ~  pe- 

j 2Bx+4pt Px++t j -i(ax+ gt) j i(ax+gt) 
z e + e (z2e  + z3e I ) i k . ( x + k . t )  
1 = b .  [ I +  - - - - - - - - - - - - -  1.e I.. j=1 .2 .  



T.e. p e u e H M e  - O ~ ~ I Y H ~ R  n n o c K a R  eonwa. 
C n y q a k ,  K O r A a  a #  0, /3#  0 - c a y b l k  ~ H ~ e p e ~ H b l f i .  OH I lpHBOAHT 

K HOBOMY TMnY A s y x c o n u T o H H o r o  p e u e H u R .  Ann T o r o ,  u ~ o 6 u  uccne- 
A o e a T b  e ro  C B O ~ C T B ~ ,  Y A O ~ H O  nepe f i~n  K ~ o e o k  n e p e ~ e ~ ~ o k  

i k . ( x + k .  t ) +  i q .  
J I 1 

*j 
. 

B C n y q a e ,  K O r A a  @ < 0 ,  aCHMflTOTMKH n0 X MeHROTCR MeCTaMM. 

H 3  /24/ BHAHO,  TO n o n y q e H H o e  p e u e H u e  y A o e n e T B o p R e T  n o c T a B -  

neHHblM rpaHUqHblM YCflOBMRM . 6 3aBMCHHOCTM OT B3aMMHOrO PaCnOnO-  

HteHMR n0JlW)COB K K 2 ,  k ,, k pel l leHMe /21/ MOHeT 6 b l ~ b  K a K  COnM- 

T O H H W ,  T a K  M KBa3MflePMOAMqeCKHM, a MMeHHO: eCnM 
j 

2ni --- 

M3 /29/  BHAHO,  TO 06e K o M n o t i e H r M  peweHnR n o ~ a n u 3 0 e a ~ u  no ne- 
p e ~ e ~ H 0 f i  5, T . e .  3 T O  ~ e f i ~ T B M ~ e f l b H 0  COJlHTOH. f lpM 3TOM peWeHMe 

2 P P a c n p o c T p a H R e T c R  co c ~ o p o c ~ b o  v -  -- , o ~ l u ~ a ~ o e o t i  AnR o6enx 
a 

KOMnOHeHT. Ca~ok  k - I~epecHOk  O C O ~ ~ H H O C T ~ U J ,  O a H a  KO, RBnReTCR H 3 -  

M e H e H u e  ~IOPMU C o n u T o H a ,  n p o u c x o A R q e e  c n e p u o A o M  T, rae 

2 n 2 n Ts--=--. - 
g - a v  

/ 3 0 /  
g 

Bapuauuu qIOPMbl COflHTOHa 3KCnOHeHuMaf lbHO a a ~ y x a w  Ha 6 e c K o H e q -  
HOCTM no 6. 

C o n n ~ o ~ ~ o e  p e u e H w e  c a t i a n o r u q ~ o k  ~ M H ~ M M K O ~  npMBOAMTCR AnR 

r a ~ n n b T o ~ o e o k  C u c T e M u  T u n a  K&b 6onee e u c o K o r o  n o p R n K a  e pa6o- 
T e  H ) . M . M ~ H M H ~ / ~ ~ ~ '  . Ha Halu e 3 r n ~ ~ ,  T a K O e  c x o f l c ~ ~ o  H e  c f l y c l a k H 0  

M, no ecek BepORTHOCTU, BM3BaHO HCnOf lb30BaHMeM O ~ U H X  anre6po- 



- r e o M e T p M q e c K M x  n p e A n o c b l n o u  B p a 6 0 ~ a x  w -- p a c c M o T p e H m -  

e M  P ~ ~ M O H a n b H b I X  KPMBblX C O C O ~ ~ H H O C T R M ~ ~  T M n a  A B O G H ~ I X  T 0 4 e K  

C Pa3AeneHHblMM KaCaTenbHblMM , a TaKHte I lOpf lAKOM Or l epaTOpOB COOT- 

BeTCTBYOUMX Y P ~ B H ~ H M ~  f l a ~ c a .  
D,M.MaHMH C q M T a e T ,  4 T O  COnMTOHbl T a K O r O  TMna  r l P M H ~ M n M a n b H 0  

OTnMk4aOTCR OT MSBeCTHblX M H a 3 b l B a e T  MX MaTPMclHblMLl COnMTOHaMM. 

Ha H a w  B 3 r n R f l ,  MCXOAR M3 X a P a K T e P a  AMHaMMKM M RE3HOrO HanM4MR 

B H ~ T F J ~ H H ~ ~  C T e n e H M  C B O ~ O A ~ I ,  xa p a ~ T e p M 3 y e M o k  ~ ~ C T O T O ~  g, no a H a  - 
n O r M U  C 6 p ~ 3 e p a ~ u  YpaBHeHMR SG qenecoo6pa3~0 Ha:3BaTb HaWe A B y X -  

c o n w T o H H o e  peweHMe 6 p ~ 3 e p o ~  BHYU. no-BMAMMOMY, peweHMe T a u o r o  

T w n a  ~o CMX nop H e  p a c c M a T p M s a n o c b  B n u T e p a T y p e ,  ~ O C T ~ ~ H O ~ ~  ae -  
TOPY - 

T e n e p b  M ~ I  OcTaHoBMMcR H a  a ~ a n ~ 3 e  CMMMeTpMM n o n y 4 e H H o r o  6pw- 
a e p ~ o r o  pewetim. K ~ K  r o e o p M n o c b  B § 2 ,  C U M M ~ T P M G H ~ I ~  o r p a H n 4 e -  

HMR H a  K~ , K~ , k l, k2 MOMHO C @ O P M Y ~ M ~ O B ~ T ~  B TepMMHaX CKOpO- 

CTM 6pwaepa VB = Z p / i P  M HeKOTOpblX A p y r M X  KpWTMlleCKMX CKOPO- 

c ~ e k ,  n p M  n e p e x o A e  q e p e a  K o T o p b l e  TMnbl  C ~ M M e T p M u  p e w e H m  ~ 3 ~ e -  

HROTCR. ~ T M  OrPaHM4eHMR MOMHO n O n y 4 M T b  K a K  YCnOBMR BblnOnHeHMR 

" c K ~ ~ ~ K L I ~ ~  /19/ n p M  TOM MnM MHOM s b l 6 0 p e  3HaKOB A n R  c . 
Pewe~m.1~ c c ~ ~ ~ e ~ p u e k  U(I ,I) n o n y 4 a o T c R  npu BblnonAeHmm H e p a -  

BeHCTB 

2kl M 2k2 - CKOPOCTM n e p B O r O  M B T O p O r O  KOHfleHCaTa COOTBeTCTBeH-  

HO , 

Ecnw C K o p o C T b  6pu3epa paBHReTCR ORHOG M3 KpMTM4eCKMX, TO YCnO- 

BMe C K J ~ ~ ~ K M  /19/ pa3peLIJMM0, TOnbKO e C n M  bl = 0 n p M  VB= V3 

M b e =  0 n p M  VB= V1 , L(T0,  KOHeclHO, nPOTMBOPe4MT Bbl6paHHblM r p a -  
HM4HblM YCnOBMRM, HO HaXOnMTCR B COOTBeTCTBMM C TeM,  4 T O  V1 

H v3 - CKOPOCTM, n p ~  KOTOP~IX n p o M c x o n u T  n e p e c T p o k u a  T w n a  CMM- 

M e T p u M  peweHMR.  

P e w e ~ u ~  c C H M M ~ T P M ~ ~  U(2,O) M U(O ,2 ) nOny4aK)TCR,  e c n M  B ~ I -  

IlOSlHRMTCR YCnOBMR 

n p ~   TOM, ecnw vl < vB < v 2  , TO MMeeM U(2  - C M M M ~ T P H ~ H O ~  pe- 

WeHMe, a n P M  v < v < v - U( 0,2) - C M M M ~ T F ) M ~ H O ~  p e w e H M e .  
2 B 3  

P ~ C C M O T ~ ~ H H ~ I ~  YCnOBMR MMeOT 'blC.n, TOI lbKO e C n M  IlQnlOCa K 
1' 

K ~ ,  kl , k2 H e  n e m a T  Ha  o n ~ o k  O U P Y ~ , : ~ C T M .  B npoTMBHoM c n y c l a e  

y c n o e u R  c u n e k u ~  /19/ H e  wMeoT peweHMR.  O T M ~ T W M  T a u m e  M B O ~ M O ~ -  

HOCTb " B ~ I P O H ( ~ ~ H M ~ ~ " ,  U O r A a  HeKOTOpble M3 KPMTM4eCKMX C K O P O C T ~ ~  

COBnaAaOT MeHcAy C 0 6 0 k ,  M n p M  n p 0 ~ 3 ~ 0 n b H 0 k  CKOPOCTM VB BO3MOM- 

HM p e w e H m  T o n b u o  ABYX mnu name o A H o r o  T u n a  CMMMeTpuu,  H a n p w -  

MeP ,  nPM V1 = V3 OCTBOTCR T O n b K O  U (1 ,1 ) - C M M M ~ T P M ~ H M ~  PeUeHMR. 

'-i~06b1 6onee H a r n R A H O  npOMnnOCTpMpOBaTb  HanM4Me B H Y T P ~ H H ~ ~  

C T P Y K T Y P ~ I  n o n y 4 e H H o r o  A B y x c o n w T o H H o r o  p e w e H u R ,  6 b m u  c A e n a H b l  

KOMnbOTepHble PaC'ieTbl n p M  Y ~ O ~ H O M  e ~ 6 o p e  n a p a M e T p O B  PI=-@ / Z =  
2 = kl = k  / 2  = 1 ,  

2 
( p (  = 1 ,  [ =  0 M c 1 = - f 2  = - 1 ,  T . e .  CMMMeT- 

PMR peweHwR - U ( l  , l ) ( v ~  < v l ) .  
Ha PMC. 1 , 2 k1306pameHbl 3aBMCMMOCTM K B a A P a T a  MOaYnR n e p B 0 k  

KOMnOHeHTbl, H O P M M P O B ~ H H O ~  H a  eAMHMqY n p M  1 4' I + ca B pa3nM4Hb le  MO- 

MeHTbl BpeMeHM t ,  O n H O r O  n e p M O n a  T OT ~ ~ O C T ~ ~ H C T B ~ H H O ~  r I e p e M e H -  

HOG 4'. M3 HMX BMAHO,  TO B T e q e H M e  nepuona ~ a 6 n ~ ~ a e ~ c ~  ocqwn- 
JlRqMfl BAOnb  OCM X ABYX CBR3aHHblX OAHOCOnMTOHHblX pewe~uk - K a -  

Pwc. 1 .  
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