


B HaCTOf l qee  BpeMR klMeeT MeCTO ~ 3 B e c ~ H b l f i  flPOM3BOfl B ~ b 1 6 0 p e  

MaTepMaJlbHblX y p a B H e H k I i  Cpeflbl . B p a 6 0 ~ e  '" AeJlaeTCR nOf lb lTKa 

npennoHcnTb  npaenna o ~ 6 o p a  T a K n x  y p a e ~ e ~ w i :  n p e A n a r a e T c R  ~ b l 6 k l -  

P a T b  T a K M e  YpaBHeHcl f l  ~ a ~ e p k l a n b ~ o f i  Cpef lb l ,  AJlR KOTOPblX Y p a B H e -  

HMR M a ~ c ~ e n n a  , 3 a n n c a ~ ~ b t e  B T ~ H B O P H O ~  O o p M e ,  O K ~ ~ ~ I B ~ I O T C R  MH- 

BapWaHTHblMM OTHOCMTenbHO T e X  M e  rpy f l f lOBb lX n p e o 6 p a 3 o ~ a ~ k l f i ,  q T 0  

n npn p a c c M o T p e H n n  B a K y y M a .  Anfl r p y n n b l  KOHOOPMH~IX npeo6paso- 
satink C / 1  , 3 /  6bUlkl, B qaCTHOCTW, flOJlyqeHbl C J l e ~ y l O ~ k l e  YpaBHeHclR 

~ a ~ e p k I a J l b H 0 f i  Cpeflbl 

rf le ,L - M a r H M T H a f l  f lpOHMuaeMqCTb +Cpeflbl. 

6 y f l e ~  f l O J l a r a T b ,  q T 0  nonfl E H KBa3MCTauMOHapHbl .  B 3TOM C n y -  

qae flnR a M n n M T y f l  3 f l e K T p M q e C K O r O  kl M a r H M T H O r O  flofleh MMeIOT M e -  

CTO cneflymqne y p a e H e H n H  



/ 3 ~ e c b  Mbl 6 y ~ e ~  PaCCMaTpb lBaTb  COnpf lMeHHYKl 3 a A a r y  A n f l  CMCTeM 

c pa3nuwok r e o ~ e ~ p u e k / .  
flonyw.w p a ~ n u q ~ u e  K n a c c u  U a c T H u x  T O ~ H M X  peue~wk  CucTeMbt  

/0.2/- /0.5/ ,  H a n a r a q  A o n o n H u T e n b H u e  ycnoeuq 

HOM M BblnOnHeHMM H e p a B e H C T B a  / 1  . 2 /  B H e J l M t i e k t i ~ k  Cpe f l e  norno- 
UeHMe 6 y ~ e ~  OTCYTCTBOBaTb ,  XOTf l  M f J #  0.  00 C y q e C T B y  n o n y r e H -  

Hble pelUeHMfl nO3BOnf lOT MOAenMpOBaTb 3 @ @ e K T  M a p ~ y c a .  E c n ~  
B / 1 . 2 /  BblnOnHf leTCR 3 H a K  P a B e H C T B a ,  TO YpaBHeHMe u ( W )  = n ( w )  

f l B n f l e T c f l  y p a e t i e t i M e M  anfl o n p e n e n e H u f l  n o ~ x o A f l i q e k  r a C T O T b i  W = W  * , 
n p M  K O T O P O ~  BO3MOXHa p e a n M 3 a u U f l  O ~ M C ~ H H O ~  @ M ~ M ~ ~ C K O ~  CMTYauMM: 

M C ~ ~ ~ H O B ~ H M ~  nornoqetim B nornoqa~iqek cpeae. E C ~ M  /1 .2 /  H e  BM- 

nOnHf leTCf l ,  a aMnI lMTyAb l  BeUeCTBeHHbI ,  TO  K03@@MuMeHT I lOrnOiqeHMf l  ' 
Cpenb!  6 y ~ e ~  YMeHbIUaTbCfl B p e 3 y J l b T a T e  A ~ ~ C T B M ~ ~  H e J l M t i e k H b I ~  M e X a -  

HM3MOB n p M  BblnOnHeHMM H e p a B e H C T B a  

I 

B n p o T M B t i o M  cnyrae nornoqetiue t i e n ~ t i e G ~ o k  c p e A u  6 y ~ e ~  yeenwrw- 
BaTbCf l .  

2. f l p f l ~ o y ~ o n b ~ a f l  CMCTeMa KOOpAMHaT, O ~ H O M ~ P H ~ I ~  cnyrak / 3 a -  

na ra  6poepa 8'/ .  
1 f l o n a r a e ~  ,  TO n o n y n p o c T p a H c T B o  z > 0 3 a n o n ~ ~ e ~  ~ e n u ~ e k ~ a ~  

C p e A a ,  B KOTOPYO HOpManbHO n a A a e T  3 n e K T P O M a r H M T H a f l  BOnHa  kl3 nu- 
H e k H 0 k  CpeAbl ,  s a n o n t i f l l o q e k  f lOJ l ynpOCTpaHCTB0  Z < 0.  B 3TOM C r ( y r a e  

i k z  i k z  E, = A 2e  , H z =  B 2 e  . z < O ,  

B e n u c l u H a  d B e q e c T B e H H a .  T ~ K M M  06pa30t.4, npu c n e u u a n b t i o M  n o A -  

6ope a M n n n T y A  a n e K T p M r e c K o r o  M M a r H w T H o r o  B e K T o p a  nanaoqek 
BOnHM B H e J 7 ~ I i e f i H 0 k  C p e A e  3 n e K T P O M a r H M T H a f l  BOnHa 6 y A e ~  p a C n p 0 -  

C T p a H f l T b C f l ,  K a K  B C p e A e  6 e 3  n o r n o q e H M f l .  B raCTHOCTM,  OAHa 

M3 C p e A  / ~ 3  K O T O P O ~  nPMXOAMT B O ~ H ~ /  MOXeT 6 b l ~ k  J ~ M H ~ ~ H o ?  C 3 a -  

AaHHblM KOMnneKCHblM K O ~ @ @ M ~ M ~ H T O M  npeJlOMneHMfl  n .  f l p ~  B e U e C T B e H -  

* r A e  f ,  - K ~ ~ @ @ M ~ M ~ H T  OTpaXeHMf l .  f lpM YCnOBMM pO1A2= B 2  3 n e K T p o -  

I Ma rHMTHa f l  BOnHa PaCnpOCTpaHReTCf l  B H e n M H e k H ~ k  C p e A e  T a K  me ,  
K a K  M B B a K y y M e ,   TO H B n R e T c f l  o T p a x e H M e M  0 6 q e r p y n n o ~ b 1 x  C B O ~ C T B  

f laHH0k CpeAbl  M B a K y y M a .  f lpM B 2  > p  0 1 A  2  nOny'4MM A ~ ~ C T B M T ~ J I ~ H M ~  

n a p a M e T p  



4 n q d A  2 1'2 
d = 1 T  - 

~2 - - 
B M ~ C T ~  c T ~ M  k d d  n r p a e ~  p o n b  e o n ~ o e o r o  q n c n a  , kVid = K .  T o r  - 

2 2 
K C  ad=- . n p n p a e ~ n e a ~  A B ~  e b l p a m e ~ n ~  A ~ R  d ,  nonyqn~ cne- 

a 2  

M3 / 2 . 1 /  c n e A y e T ,   TO npn B 2 > poz A z  c p e a a  R s n R e T c R  A n c n e p c n o H -  
HOG. M O ~ H O  PaCCMOTpeTb  n A B e  HeJl~HekHbl~ CpeAbl .  B 3TOM C J l y q a e  
npn y c n o e n n  B >p A nonyqnM flea p a 3 n n q ~ b l x  s a ~ o ~ a  A n c n e p c n n  

0 2  2 

n p n e e ~ e ~  eqe p e w e t i n n  A ~ R  n n a c T n H K n  /6e3 y q e T a  A n Q p a K u n o H -  
HMX 3@@e KTOB/ : 

A i  (nnn Bi) - e  i o e / c  , x a p a ~ ~ e p ~ u k  A ~ R  n n ~ e k ~ u x  C p e A .  f l y c ~ b  A n n  
o n p e A e n e H t i o c T n  B @ o p M y n e  A ~ R  d i z e p e ~ c ~  3 ~ a ~  "MMHYC". T o r ~ a  
npn BMnonHeHnn H e p a e e H c T s a  I m ( d  d g )  > I m ( d d  a M n n n T y A a  B n n a  - 
CTblHKe 6 y ~ e ~  B O 3 p a C T a T b .  TOT m e  3@@eKT 6 y ~ e ~  MMeTb MeCTO, e C -  

nn B n e p e o k  ~ e n n ~ e k ~ o k  c p e A e  BunonHeHo H e p a e e H c T e o  

M3  / 3 . 1 /  CJ leAyeT ,  q T 0  npL4 p ,i > 1 3neKTpOMarHMTHaR BOflHa 6 y ~ e ~  
n o r n o q a T b c R  B cpene, a npn poi j 1 - P a c n p o c T p a H R T b c R  6e3 no- 
r J l O ~ e H M R .  T ~ K M M  o6pa30t-1, Haf lMqHe M ~ T H M T H O ~  flpOHMuaeMOCTM n p n e o -  
AHT K YMeHbtueHMO n ~ r f l ~ q a ~ e f l b ~ ~ f i  c n o c o 6 ~ o c ~ n  Cpeflbl /poi > 1 /  
~ n n o ~ b  AO nontioro ee n c q e s ~ o e e ~ n ~  /poi 2 l/. 

M o m ~ o  H ~ ~ T M + M  KJJaCC TOqHblX pel l le~nk A ~ H H O ~  CHCTeMbl, B KOTO- 
POM aMnnMTYAbl E H H Pa3JlMqHbl. T a ~ a f l  CHTYaUHR p e a n H 3 y e T C R  npM 
p a c c M o T p e n n n  A B ~ X  c o o c ~ ~ x  U n n n H A p o e ,  ecnn KoMnoHenTbl  Be t cTopoB  
3aBMCRT TOJlbKO OT C . P ~ W ~ H H R  MMeKlT BMA 

3 ~ a q e t - t ~ ~  d 1, d2 OnpeAef lROTCR T a K  He ,KaK M B n P R M 0 y r 0 f l b ~ 0 k  CMCTe- 
M e  K o o p A n H a T .  V e p e s  &(XI 0 6 0 3 ~ a q e ~ a  QYHKUHFI 6 e c c e n ~  n o p R R K a  n. 

P ~ C C M O T P M M  A a n e e  n a A e H n e  H a  w a p  nnn u n n n H A p  nnoc~ok MOHO- 

x p o ~ a ~ n q e c ~ o k  B O ~ H M  E = e-ikz H = e-ikY . P e t u e ~ n e  WR p a c c e ~ ~ -  
x Y 

HOG n n o r n o q e ~ ~ o k  B O ~ H ~  tuapoM n u n n n H A p o M ,  nonyqenHoe ~ n n  nn- 
H ~ ~ H M X  C p e A ,  npeACTaBSlReT co6oii AOBOflb HO rPOM03AKLle  PfjAbl /'-'/ . 



B o 6 q e ~  Cnyuae, C noMOqb0 3 T M X  PRAOB He YAaeTCfl YAOBfleTBOpMTb 
YcflOBblUl /0.7/.  n p e ~ c ~ a B f l R e T ,  OAHaKO, MHTepeC PaCCMOTepTb npM- 
6 f lM~eH~b le  peweHuR. I l y c ~ b  oKpymaoqaR wap unw L(HnMHAp cpeAa 06-  
nanaeT H ~ ~ H H ~ ~ H ~ I M M  c SO~~CTB~MI I .  Torna Ann n a ~ a o q e k  B O ~ H ~ I  3ann - 

T a ~ u e  BupameHMR YAoBneTBOpROT CMCTeMe /0,2/-/0.5/, /0,7/.  Bna- 

n u  OT wapa , MCnOflb3yR n ~ ~ e ~ ~ y o  Teopuw, MU ' w ,  3 a n ~ u l e ~  cneayo- 
qne acuMnToTuuecKue @ o p ~ y n b ~  

2n R - 2nR - x = - ,  y = d - ,  
d 1 a = \ ! - -  

A A 2 

/ M H ~ ~ K C  iil" OTHOCMTCR K wapy/, R - p a ~ u y c  wapa, A - ~ n u H a  na-  
naoqek B O ~ H ~ I ,  

- OYHKUMR X ~ H K ~ ~ R  nepeoro poAa cooTseTcTByoqero nopRAKa, 

non06Hble Me @oP~yJlbl, llO3BOflRo~Me OAUHaKOBblM o 6 p a 3 0 ~  BUPa3MTb 
Ha aCMMnT0TMKe E p  M H4,  E 4  M H p  , MOMHO 3 a n u c a ~ b  u f l n ~  ~ M ~ M H A -  

Pa. KaK BMAHO M 3  /3 .2/ - /3 .3/ ,  TaKMe PeweHMR YAOBfleTBOpflOT CM- 

CTeMe /0 .2 / - /0 .5 /  C AOnOJlHMTenbHblM YCnOBMeM /0.7/ .  npI4 3TOM 

BenuuuHa d z  OnpeAenReTcR cornacHo /3 .1 / .  T ~ K M M  06pa30~ ,  

- 
d = -  d 1 , Po, 5 1  

4nu2 -- 
1 ? d l - P o 2  

0 4 ~ 0 2  

n 0 ~ ~ 0 J l b K y  3aBMCMMOCTb d(0) B AaHHOM CJlyUae OTflMuaeTCR OT COOT - 
B ~ T C T B ~ O ~ ~ ~  BaBMCMMOCTM, M~e lO~e f i  MeCTO B J ~ M H ~ ~ H o ~  3anaue, 
T O  u3 /3.5/ cnenyeT, u ~ o  ~ e n u ~ e k ~ b ~ e  c e o f i c ~ s a  cpenu cyqecTseH- 
HO BflMRlOT Ha BeJlM4MHbl Pe30HaHCHUX uaCT0T. 6 UaCTHOCTM, npU pac-  
CMOTPeHMM MaTepMaflbHblX ypaBHeHMk CPeAbl BMAa /0. 1/ Ha 3HaW?HMR 
Pe30HaHCHMX YaCTOT BnMReT MarHMTHaR npOHMUaeMOCTb CpeAbl. 
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