


C C O B ~ ~ M ~ H H O ~ ~  TOUKM 3peHMR H a  KBaHTOBYD MeXaHMKy  Ol lepaTOpb4 

Cf lMHa M O n e p a T O p b l  " P O M ~ ~ H U R  M Y H U ~ T O M ~ H U R "  c laCTMu RBJlRDTCR  TO^ 
M ~ T ~ M ~ T U ~ ~ C K O ~  O C H O B O ~ ~ ,  C nOMou(b0 K O T O P O ~  MOMHO I lOCTPOMTb BCD 

KBaHTOByD MeXaHMKy.  O T C D A ~  C J l e A y e T ,  '4TO,UMeR a H a n o r M  O n e p a T O -  

p O B  CnMHa, " p 0 M ~ e H M R  M Y H M ~ ~ T O M ~ H M R "  q a C T M u ,  MOMHO 6un0 6b1 n0- 
C T P O H T ~  T e o p n o ,  a H a n o r u w y o  c y q e c ~ e y o q e i  K B ~ H T O B O ~  M e x a H u K e .  

CBR3b  CTPYKTYPU M a T P H u  CnMHa 1 /2  M MaTPMu,  COOTBeTCTBYDqMX 

O f l e p a T O p a M  POMAeHMR M YHHqTOMeHMR @ePMMOHOB, C KBaApaTMqHblMM 

@OpMaMM 6una 0 6 ~ a p y m e ~ a  eqe H a  3 a p e  B03HMKHOBeHMR K B ~ H T O B O ~ ~  

MeXaHUKM. Boo6qe, C J l e A y e T  OTMeTMTb,  q T O  KBaAPaTMqHble  @OPMbl Jle- 
m a T  B o c H o e e  M a T e M a T u q e c K o r o  a n n a p a T a  ~ c e i  c o e p e ~ e ~ ~ o f i  @ u a n q e c -  

K 0 f i  TeOPMM. B TeOPMM ABMMeHHR q a C T M u  C nOJ lyuef lb lM CnMHOM M a T p U -  

u b ~  flaynu u k  /k = 1,2,3/, c O A H O ~  CTOPOH~I,  R B ~ R D T C R  ~ ~ ~ M C O M ,  

no O T H o w e H u o  K K O T O P O M ~  K e a A p a T u q H a R  @ o p ~ a  p a 3 n a r a e ~ c ~  Ha  nu- 
Hef iHbIe fl0 UMf l y f l bCaM MHOMMTeflM, C ~ p y r o i  - OHM C TOqHOCTbD 

~o ~ O C T O R H H O ~ ~  f l n a ~ ~ a  c o e n a A a o T  c o n e p a T o p a M u  c n u H a  1/2.  J lu~ef i -  
Hble K O M ~ H H ~ ~ H H  MaTPMu nayflu M3OMOp@Hbl O n e p a T O p a M  "POMA~HUR 

M YHHL(TOM~HHR" @ e P ~ M O ~ O B '  ' I .  ~ ~ C K O H ~ L ( H O M ~ P H M ~  O n e p a T O p b l  Y r f lOBO-  

r0 MOMeHTa MOMHO I lOJ l yqMTb  n y T e M  o 6 p a 3 0 s a ~ u ~  T a K  Ha3b lBaeM0k  

m o p ~ a ~ o e o i  UIOPMU '  2': 



B /  3/ n o ~ a 3 a ~ 0 ,   TO p a B e H c T B o  /4 /  6 y ~ e ~  BunonHeHo, ecnn 
43, (In= 1, 2, . .a ,  M) YAOBneTBOpRloT n 0 n ~ n c l H e k H b l ~  COOTHOlUeHMRM aH- 
THKOMMYTauMM 

B A a n b H e k l l l e ~  Mbl OrPaHCIclMBaeMCR TOnbKO CnyclaeM N =  3. 0 6 0 3 H a c l ~ ~  
qepes A, A,1 KOPHM ypasHeHnR /6/ npn N =  3. 3 ~ n  BennclnHu YAOB- 

neTBOPRDT COOTHOUeHklRM 

C p a e ~ n e a ~  c M a T p n u a M n  f l a y n n  

- 
, P[x, y, z] :  = A x  + Ay + z. /9 / 

I C O O T B ~ T C T B ~ H H O ,  MMeR KOpHn YpaBHeHMR /6/, MOmHO B B e C T n  n no- 
1 HRTHe Pa3HOCTM MeMAY N BenHclHHaMM [ x,,, n = 1, 2, ... , N 1: 

A ~ a n o r o ~  o n e p a T o p a  c l n c n a  c l a c T n u  N = a 1 a 2  R B n R e T c n  Bb lpameHne 
N = b l b 2 b 3 ,  a a H a n o r  B ~ K Y Y M H O G  Q Y H K ~ M M  o n p e A e n n M  T a K :  
b3Y,  = 0. 

MomHo npnsecTn c n e A y o q n e  H a e o A n q n e  c o o 6 p a m e ~ n ~  c uenbo no- 
nyqeHnfl aHanornclHblx @ o p ~ y n  A n n  o n e p a T o p o e  b ,, b 2 ,  b 3 .  O n e p a ~ o 7  



pbl a,, a MeHRDT n H a  1 , TO e C T b  H a  PeWeHHR YPaBHeHHR x2-1.0. 
C n e ~ o e a ~ e n b ~ o ,  ~ e k c ~ ~ u e  bl, bP b3 c n e A y e T  o n p e A e n n T b  T a K ,  

~ ( ~ 0 6 b l  OHM MeHRnM n H a  BenHqUHY Oi / i  = 1 ,2,3/, TO  e C T b  H a  pe- 
WeHMR YPaBHeHMR x 3  - 1 = 0 ,  a HOpMUpOBOqHble KO3@@bl~UeHTbl  BM- 

6 e p e ~  T a K ,  r l ~ 0 6 b l  O n e p a T o p  N = b ,b 2b w e n  u e n o c l u c n e ~ ~ ~ f i  

C n e K T p .  H C K O M U ~  @0pMynb l  MMeKlT BHA 

Onpedene H U A  

A ~ H H u ~ ~  ~ b 1 6 0 p  n a p a M e T p o B :  Oi : /8 = 1 , 8 2= 1 , O 3  = -2/ ,  
n o s e o n ~ e ~  T p a K T o B a T b  O n e p a T o p u  b ,, b2, b K a K  OnepaTOpb l ,  nopom- 
AaIOqUe 3 a p R A  KBapKOB.  A ~ ~ C T B H T ~ ~ ~ H O ,  0 ~ p U u a ~ e n b ~ b l f i  3 a P R A  K B a P -  

KOB U ,  d ,  S C T04HOCTb10 A 0  MHOMMTenR 1 /3  e C T b  Q U  = -2,  Q d =  1 ,  
Q s  = 1.  O ~ c l o ~ a  b l  MOMHO T P a K T O B a T b  K a K  O n e p a T O p  " ~ O M A ~ H U R "  3a- 
p R A a  Qs, b 2  - K a K  o n e p a T o p  "POMA~HMR" 3 a p ~ ~ a  Q d, a b 3  - 3 a ~ ~ ~ a  
QU. C O B M ~ C T H O ~  A ~ ~ ~ C T B U ~  3TMX O n e p a T O p O B ,  a MMeHHO O n e P a T O P  



6 y ~ e ~  HCXOAHTb H 3  f lpeAl lOnOMeHHR,  4 T O  " K Y ~ H U H ~ R "  KBaHTOBaR 

M e x a H u K a  p e a n w 3 y e ~ c ~  B T p e x M e p H o M  n p o c T p a H c T s e .  Tpex~epwe - 
3 1 0  MHHHManbHaR pa3MepHOCTb  I l pOCTpaHCTB AnR K Y ~ H U H ~ I X  COOTHOWe- 

H H ~ .  n p e M ~ e  B C e r O  OTMeTHM, UTO AnR K Y ~ U U H O ~  @ 0 p ~ b l  /8/ H e  CY-  

q e C T B y e T  JlHHekHbcx n p e o 6 p a 3 0 ~ a ~ u k  T u n a  nOBOpOTa MeMAY TpeMR B e -  

~ H U H H ~ M H  pll P 2, PS. MOMHO Y ~ ~ A H T ~ C R  B TOM, UTO ~ A U H C T B ~ H H O ~  

KaHOHHUeCKOH @OPMOG, Aonyc~aaqek n b l ~ e h ~ b l e  n p e o 6 p a 3 0 s a ~ u ~  

B TpeXMepHOM n p O C T p a H C T B e ,  aHanOrHUHb le  f lOBOpOTaM H a  f lnOCKOCTH, 

RBnReTCR @OpMa 



AHAJlOrM YPABHEHWU KJlEUHA-TOPAAHA M AWPAKA 

T ~ K M M  o 6 p a 3 0 ~ ,  Mbl nonyL(HM " a ~ a n o r "  ypaBHeHHR K n e k ~ a - r o p ~ a ~ a :  



AHAJlOr YPABHEHMR AHPAKA 

3 ~ e c b  @ Y H K ~ M R  [: = ( 4 1 4 2 d 3 )  R e n R e T c R  a n a n o r o M  cnnnopa. Ypaene- 
nne /34/  Momno  p a c c M a T p n s a T b  K a K  ananor y p a e n e n n R  A n p a ~ a  e ~ y -  
6nq~0k  K B ~ H T O B O ~  MeXaHMKe.  

B o6urnok K B ~ H T O B O ~  M e x a H n K e  B p a M K a x  T e o p n n  A n p a ~ a  penfl- 
THBMCTCKOe COOTHOWeHMe AJlR 3HepTMM 

? 2 2 1'2 & = +[(PC) + (mc? 1 

@ ( I )  @(2) ,  @(3 )  
@ ~ H K U M M  ~ 3 a n ~ o c o n p ~ m e ~ b l .  T ~ K M M  06pa30t.4, 

Q y n ~ u M n  / i  '= 1 ,2,3/ n p n 3 B a n b l  Onncb IBaTb  T p e x 3 a p R A o B b l e  

COCTORHHR. K a m ~ o ~ y  3apRAOBOMy COCTORHMO C O r n a C H O  /34/  COOTBeT-  

C T B Y e T  CBOR " ~ H T H L ( ~ c T M ~ ~ " .  K ~ K  M ~ B ~ C T H O ' ~ ' ,  TpeX3apRAOBb lM  / T p e X -  

~ B ~ T O B M M /  COCTORHMeM o 6 n a ~ a o ~  KBapKM.  M T ~ K ,  MM CHOBa 3 A e C b  MMe- 

e M  A e n o  c T e o p e T n q e c K n M  y ~ a 3 a n n e ~  H a  C B n 3 b  K Y ~ M ~ H O ~  K B ~ H T O B O ~ ~  

MeXaHHKH C K B a  PKaMM . 
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