


C Y ~ ~ C T B Y K I T  pa3JIWfrlHbIe Ha60pb1  a M M H T y n ,  KOTOPbIe OITHCbIBWT 

K O H K ~ ~ T H ~ & ~  n p O u W C  C YWCTHeM W C T m  CO CnUHOM. OHH MOrYT 6 b 1 ~ b  

Y ~ O ~ H ~ I M U  W R  OnHCaHUH K ~ K O ~ O - H H ~ Y A ~  n p O u W C a  UJ'IM JlJIR HCnOIIb3OBa- 

HHR O n p w e n e H H O r O  MeTOna HCCJIwOBaHUH. 0 6 b 1 ~ 0  C poCTOM 3HarIeHHR 

cnma @ O ~ M ~ J I H ~ M  p a ~ o  YcnomiReTcR.  B ~ a ~ o i i  c n T y a w n  x e n a T e m H o  

H M e n  npoc~oii H 06uuii @ o p ~ a n m ~  n n ~  O ~ U I H P H O ~ O  K n a c c a  pea~uHii - 
W R  BCex 6 m a p ~ b l x  IIPOueCCOB, C YrIaCTHeM saCTHl&I C I I K I ~ ~ I M H  MaCCahUi 

H C n m a M u .  

O614iii @ O P M ~ J I ~ M  OnHCar im  6 m a p ~ b 1 x  npoueCCOB c n p o u 3 ~ o n b -  

HbIMY CnHH8MH HYXeH W R  0606ue~m H a  pe&lIbybIe cnysm TeX pe3yIIb- 

TaTOB, KOTOpbIe npoue CHasaJIa IIOIIyWiTb nIIR PaBHbIX MaCC H HyIIe@bIX 

C ~ H Q B ,  T.e. FUIR nepexona OT npouecca, ~ o ~ o p b r i i  M O ~ O  n p e n c T w n n  

pea~~uieii  * 

K O r n a  XOTR 6b1 O m 8  WCTHlJa HMeeT H ~ H ~ I I ~ B o ~ ~  C n m .  T a ~ o s a ,  HNIpkiMep, 

CHTY~LIHR npn H ~ Y ~ ~ H H H  manmwecrcsx C B O ~ ~ C T B  M8Tpm.m p a c c e R m i R ,  

me npoxue mywn npoqecc paccemm 6 e c c n m o ~ b 1 x  sacrm, a s a ~ e ~  
0606-b nOnyseHHbIe  pe3yIIbTaTbI H a  cnysaii saCTHl&I CO CnUHaMH. 

K p 0 M e  TOrO, CO CIIHHOM CBR3WbI OIIpeneJIeHHbIe O C O ~ ~ H H W T H  8MIIJIH- 

T y n ,  Ha3bIBaeMbIe KHHeMaTWIeCKHMH. HX H3yseHHe n a e T  B03MOXHOCTb 

nOIIysaTb TaKHe pe3ynbTaTb1, aI-IaJIOrOB KOTOpbIX B np~cTt?f iUIeM 6 e c c ~ -  
HOBOM c n y Y a e  H e  c y u e c T B y e r .  T ~ K O B ~ I M H  R B J I ~ T C R ,  H m p m e p ,  H H ~ K O -  

sxiepremsecscue ~ e o p e ~ b ~ / ' - S / .  O6wiii @ o p ~ a n u s ~ ,  nmxunii e m b ~ i i  

nomon npn omca~-~m pa3nb1x n p o u e c c o B ,  nonaea H nm H c c n w o B a H m  

"HOB~IX" IIpoIpXCOB B ~ ~ H M o ~ ~ ~ ~ c T B H R  WCTHlJ, KOTOPbIe B B O W C R  COBpe- 

MeHHbIMH TeOpHRMH (HNIpHMep, C YmCTHeM @ O T ~ O  H rpBBmHHO, ripen- 

c K a 3 y e M b I x  c y n e p c n ~ ~ e ~ p u e i i  /"'/ ) . 
B naHH0fi  pa6o~e PaCCMaTpHBaeTCR 3WaW e I I m O r 0  OnHCWHR 6 ~ -  

I HapHbIx ~3ak i~one i i c~~ td i  r I a c T w  co c n m o M ,  npn n o c n e n o B a T e m H o M  y s e T e  

CTpOrHX 3aKOHOB COXpaHeHHR. 



O C H O B ~ I B ~ R C ~  H a  IIpHHIWlYaX CHMMeTPHH, HHBaPHaHTHOCTH H 38KOHBg 

C o x p i l H e H m ,  M ~ I  n p e a n a r a e M  y ~ u s e p c a n b m ~ f i  @ o p ~ a n m ~  Anrr enmoro 
onucmm 6mapnb1x IIpoqeCCOB C Y'IaCTUeM 'IaCTHIJ C J I I O ~ ~ I M  3Ha'IeHHeM 

CllHHa. H a i b e ~ o  npeJlCTaBneHne MaTPKUbI PaCCeRHUU ( C  IIOMOIIJbIO HeKOTOpbIX 

a~nnuTyn)  , B KOTOPOM 0 6 e c n e w ~ a e ~ c ~  aBTOMaTH'IeCKOe BbInOJIHeHUe 3aKO- 

HOB COXPmeHHII.  H3 3TUX ZIMXUlUTYJl Bbu€!JIeHbI C B H 3 m H b I e  CO CnUHOM BCe 

KUHeMaTU'IeCKUe O C O ~ ~ H H O C T U  no nepeMeHHbIM t U U. B 3TUX aMnJIHTyAaX 

OTCYTCTBYIoT JIOXHbIe O C O ~ ~ H H O C T ~  no nepeMeHHbIM S . A ~ n n u ~ y ~ b i  
UMeloT H C H ~ I ~ ~  @ H ~ I N ~ C K W G  CMbICJI, OAUHaKOBbIe Pa3MePHOCTU. Ha6mnae- 
MbIe BWIHWHbI BbIpaXCWTCH IIOCpeJlCTBOM IIPeAJIOXeHHbIX aMnnHTYA n w C -  

TO. OHU y a 0 6 ~ b 1  AJIH H a n U C m U H  JlUCnepCUOHHbIX C O O T H O I I I ~ H U ~ ~  n p U  @HK- 

CHpOBilHHOM S HenOCpeJlCTBeHHO JUIH ~ a m 0 f i  c n t i p a n b ~ o f i  aMlIJIUTyAb1 

A n H  nm6oro 6 u ~ a p ~ o r o  IlpOUeCCa, AnH JlOKZ3aTeJIbCTBa MOAenbHO-He3a- 

BHCHMbIX 0 r p a I i H ' I e ~ U f i  ( A I I C ~ ~ P C Z ~ O H H ~ I X  HepaBeHCTB T U m  npN3UJI C ~ M M )  

a n H  A U @ @ ~ ~ ~ H ~ H ~ J I ~ H O ~ O  Ce'IeHtUf U T.n. ~ T U  aMMUTYAb1 MbI ~ Y A ~ M  Ha- 

3bIBaTb AUCllepCUOHHbIMU. 

P ~ C C ~ R H U ~  ' I a C T m  CO CnHHOM Y A O ~ H O  PaCCMaTPUBaTb H a  H3bIKe CnH- 

PaJIbHbIX ~ M M U T ~ A / ~ /  , UMeIOI4UX H C H ~ I ~  @ u ~ u ' I ~ c K H ~ ~  CMbICJI, OAUHaKOBbIe 

pa3MepHOCTU; OHM nPOCTbIM 06pa30~ CBR3ilHbI C H ~ ~ J I I O A @ ~ M ~ I M U  B m U -  

W H a M U .  O J ~ H ~ K O  CllUpaJIbHbIe aMIIJIHTyJlb1 06naaa.m~ U Cy4eCTBeHHbIMU 

HenOCTaTKaMU: B HUX H e  IIOnHOCTbK) YYreHbI ~ p e 6 0 ~ i l H m  38KOHOB C o x p a -  

HeHIiR H OHM, nOMHMO O C O ~ ~ H H O C T ~ ~ ~ ,  OnpeJlWIHeMbIX YCnoBUeM YHUTBP- 

HOCTH ( ~ U H ~ M U ' I ~ C K H X  O C O ~ ~ H H O C T ~ ~ ~ )  , HMeIOT AOlTOnHUTWbHbIe KUHeMa- 

TU'IeCKUe O C O ~ ~ H H O C T U ,  CBH3ilHHbIe CO CnUHOM, KOTOPbIX CaMa MaTpHIJa 

PaCCeHHUU H e  COAepXkiT. no 3~0c npHgHHe CnHpaJIbHbIe aMnJIUTyAb1 H a p a -  

MeTPU3yH)TCH IlOCpeACTBOM JlpYrUX aMlUIHTyA: HHBapHaHTHbIX/9'11/, 

n p u a e n e ~ ~ b 1 x / 1 2  -131, p e r y n ~ p u 3 o ~ a ~ ~ b 1 x  114-15  1 , A m a M u r e c m x  11 6-1 7 1  

u T.A. 

~ ~ K O H ~ I  C o x p m e H m  3anpe1~10~ n p o q e c c b 1 ,  UM n p o r u B o p e s a . u u e ,  

nO3TOMy HYXHO COBMeCTHO PaCCMaTPUBaTb COBOKynHOCTb OnHCbIBWUZIX 

npOUeCC @ y ~ ~ U i f i  U 3aKOHOB COXPmeHUU. 

I I p ~ s e n e ~  U ~ B ~ C T H ~ I ~ ~  n p u M e p  paccemm n ~ y x  ~ s a m o n e t i c ~ ~ y m -  
4 U X  WCTUU. Ecne gaCTEiUb1 H e  B ~ ~ U M O A ~ ~ ~ C T B Y I O T ,  MaTPUIJa PaCCeHHHH 

p m H a  enmuue. IIO~TOMY ee MOHO 3ENIHCaTb B B m e  

( M H o X H T W ~  i ( 2 ~ ) ~  BBOAHTCH AnH Y A O ~ C T B ~  APYrHX @op~yJI ) .  3 A e c b  H a  T- 
M a T p U y  3aKOHbI COXPilHeHHFI 3HePrHU U UMnyJIbCa H e  HaKJ ' IWbIBWT HHKaKUX 

ycnon&. T a ~ m  n a p a ~ e ~ p u 3 a q m  0 6 e c n e ~ ~ a e ~  m T o M a m y e c K o e  u rapm- 
T u p o B a m i o e  B b I n o n H e m e  B~KOHOB C o x p a n e H H H  s H e p r m  u H M n y n b c a .  6 - 
@YHKUHR OTBe'IaeT 38 KHHeMaTUKY I'IPOqeCCa, T COAepXHT J&MHaMWKY, 

a T a K X e  KHHeMaTU'IeCKyIo YZiCTb, CBR3;1HHYIO C 3aKOHOM COXPmeHHH MO- 

MeHTa KOnHYeCTBa D U X e H U U  H CO C-OM. 

Hac HHTepeCyIoT KHHeMaTHlreCKMe BOnpoCbI  B G m a p ~ b ~ x  npoqeccax, 
CBH38HHbIe CO CIIWOM. Ecnu ' I a C T m b I  HMeIQT H y n e B b I e  C m b I ,  TO npOqeCC 

(1) OnUChIBaeTCH OFLHOW ~ M I U I H T Y A O ~ ~  A ( 8 ,  t )  . Ecnu Y a C T m b I  HMeIOT 
H e H y n e B b I e  CnUHhI, TO QpOqeCC (2) y n o 6 ~ o  OnUCbIEaTb I'IOCpeACTBOM CnU- 

p a n b ~ b r x  a m n n u T y n .  Yuwo c m p a n b ~ b x x  (HJIH A p y r n x  H~GOPOB) amnmyn 
anrr paccewim M ~ C C ~ H L I X  q a c T u u  co cnmayu 8, p m ~ o  N = ( 28 + 1  ) ( 2s2+ 
+ 1 ) ( 2 8 a + 1 ) ( 2 8 4 +  1 )  . 

OAH~KO 3aKOH COXpmeHHR IIPOeKqUH MOMeHTa KOnW'IeCTBa D H X e -  

HUH ~ p e 6 y e ~ ,  ' I T o ~ ~ I  W U  OnpeAeneHHbIX ~mpmne~kifi, r A e  CHMMeTpHR 

npOUeCCa B b I U e ,  YHCnO W n J I U T y A  6 b 1 n o  MeHbIlle  N . 
P~CCMOTPUM PeaKUHIO B 8 -KBHBTIe, K O T O P m  OnUCbIBaeTCH aMlIJIUTy- 

A ~ M U  f is A,, A 1 ~ ,  ( 8 ,  t  ) . B ~ e n e ~  B ~ J ~ ~ W H ~ I  A = A A z  , p = A,- A, . 
C ~ I C J I  BWUWH An p CT~HOBUTCH H C H ~ I M ,  emu H ~ I I O M H H T ~ ,  'ITO B CHC- 

T e M e  q e H T p a  MaCC D e  WCTWJbI D H X Y T C H  B nPOTHBO~OJIOXHbIe  CTOpoHbI, 

~ O ~ T O M Y  A u ~1 HBJIJZJOTCH n p o e m M u  n o n H o r o  cnma H a  H a n p m n e H m  

ABHXBHHH A 0  U IIOCJle CTOnKHOBeHUH. ~ O C K O J I ~ K Y  nPOeKIJUH O P ~ H T ~ ~ ~ H Q .  

r0 MOMeHTa H a  3 T 0  HaI lpaWleHUe P a B H a  HyJ'IlO, A U p RBJIJZJOTCH @aKTU- 

Y S K U  H nPOeKIJHFIMU nOnHbIX YrJIOBbIX MOMeHTOB H a  HUpaBJIeHHH ABU- 

XeHHR A 0  H IIOCJ'Ie CTOJIKHOBeHUH. 

C o x p r u ~ e ~ U e  n p o e K q m  n o n H o r o  YrnOBOrO MOMeHTa T P ~ Y ~ T ,  ~ 0 6 b 1  
B H U p a B n e H H H  B n e p e A  8,  + 0 aMllJIHTyAb1 0 6 p ~ a J I ~ c b  B H y n b  BO BCeX 

crrywxx, K p o M e  A = p . A ~ a n o r ~ o ,  AJIR paccemm H a 3 a q  8, + n  , ~ ~ K O H  

COXPilHeHHR n w e K U H U  YrnOBOrO MOMeHTa T P ~ Y ~ T ,  Y T O ~ ~ I  8MMHTY-I 

0 6 p a ~ q a n u c b  B H y n b  BO BCeX CJIyYaRX, K p M e  A = - p  . 
M T ~ K ,  6 E W a p ~ b I e  IIPOqeCCbI C YlraCTUeM W C T W  CO C m M O M  OnHCbIEa- 

IOTCR N - ~ M X U ~ H T ~ A ~ M U  f A , A A ( 8 ,  t )  , H a  KOTOP~IX H a m a m m a -  
9 4  1 2  

IOTCH YCJIOBUU, Bb1PBI)KBH)LLUle 3aKOHbI COXpmeHUFi. 

3 d ~ e e ~  AJIH paccemim snepen 



MoXHO nki TaK llapaMeTpU30BaTb CnkipaJ'IbHbIe aMIIJIaTynb1, qT06b1 =TO- 

M a T a r e c m  y a o n n e m o p m b  YCJIOBWXM (6) a (7)?  B~opoii B o n p o c  cswm 
C KkiHeMaTH'IeCKHMW OCO~~HHOCTRMII,  KOTOPbIe COnePXCaTCR B ClllipaJ'Ib- I 

HbIX aMlUlHTY)JaX: KaK WX HafiTkI k i  BbI,4eJIaTb? 

B~IRCHFI~TCR, cTTO nOnOXHTeJIbH0 OTBeTIiB H a  nep~bm BOnpoC, T.e. 

npewoxm n a p a ~ e ~ p u 3 t ~ m  w~ c m p a n b a b ~ x  a M n n a T y n ,  06ecnewsm- 
WYH) BbInOJIHeHBe 3aKOHOB COXPaHeHZIR w F I  PaCCeRHHR B n e p e n  k i  HEl3W 

B C.9.H. S-KaHU'Ia, MOXHO OnHOBPeMeHHO BbIlIeJIHTb k i  KHHeMaTHqeCKUe 

o c o 6 e ~ ~ o c T a .  T a m  o6pa30~, MOXHO o m e T a T b  a H a  ~ T o p o i i  B o n p o c ,  U C -  

T a w o  - BBWR T.H. m c n e p c a o H H b I e  a M n n a T y n b 1  (WO n e n a e T c H  B m ~ o i i  
p a h ~ e ) ,  a n o n w o m b m  - _ n p e w o m B  T.H. n m a M a q e c K k i e  a M n n a T y n b I  (mo 
6 y n e ~  cnena~o B cnenymueii pa6o~e).  

0 6 e c n e w T b  BbInOnHeHHe TPt?&Bali& 3aKOHOB C O X p ~ e H H R  MOXHO, 

eWki BBWTH @yHKUZM 4 ( ' )  
A 3 A 4 ' A 1 A 2  

( 8 )  4 ~ 2 ~ A 4 , A l A 2  ( 8 ) .  3a- 

m C a B  CllHpU'IbHbIe aMlUln'I'ynb1 B E w e  

(1) 
4 ~ 3 ~ 4 .  hlh2 

(8) 0 6 p m a e ~ c ~  B ~ o n b  npki 8 =O AJIR " 3 a n p e ~ e ~ -  

(2) HHX" ~ M ~ I E I Y ~ ,  a 4 A A , A ( 0 )  - AnR COOTBeTCTByIOWX Cllli- 

3 4 
p a n b s o m e i i  npa 8 = n . B K a r e c m e  4 ( l )  (8) MOXHO n p e w o m ~ b  pa3- 

8 ~ A - P I  n 8 )lA-PI IA-PI lh-PI T .  
( , in8)lA-~' ,  ( s i  + , ( ain - t t g ? )  * ( T I  

m 
(9) 

(2) A~anomwo HeOnHOsHaqeH B b 1 6 0 ~  k i  4 A A , A  A ( 8) . K ~ K  sb16pan 
4yHwm ( 8) ? 3 4  1 2  

q~06b1 H&W @ O P M ~ ~ M ,  B K O T O ~ M  OpraHareCKH BnHCbIBmTCR 

38KOHbI COXPaHeHHH, H W O  0 6 p a ~ m b c ~  K "II~PBOIICTOPHHK~M" - HCIIOJIb- 

30BaTb CHMMeTpHIO. C~MM~TPIIH m T  38KOHbI COXpaHeIUifI. OHW Xe Onpe-  

nencno~ @masecm B b w e n e t r H H e  nepeMe-Ie ( ~ a n p u ~ e p ,  o m c b m m  

u e m p a n b H o e  c a M M e T p a w o e  none, yno6~0  a c n o m 3 0 ~ a ~ b  c@eparecme a 

K O O P ~ H H ~ T ~ I )  . CHMM~TPHH OnpeJWIJDOT @ W ~ ~ I I I ~ C K H  B b W e n m O e  pa3JIO- 

x e H n e  B p9q onacbmmwx npouecc @y~rav&i ~a nonmm ~ a 6 o p  onpe- 
neneHHbIx  6 a 3 a c ~ b 1 x  @ Y H K ~ M .  B w e n e H H b ~ ~  RBJZReTCR pa3nOXeHHe  H a  

I nomrarii ~ a 6 o p  @~HKII&, o 6 ~ 1 ~ a r o w x  c a ~ ~ m p a e i i  p a c c ~ a ~ p m a e ~ o i i  

1 ~ H ~ E F I ~ C K O ~ ~  CIICTeMbI. 

H a k ~ n  aseKBaTHym n a p a ~ e ~ p u 3 w m  c m p m b m ~ x  amnuryn MOXHO 

6yne~ ,  ecna a c n o n b s o a a ~ b  @ H ~ H I I B C K ~  BbIneneHHoe n none3~0e p a 3 n o x e H a e  

ClUpalIbHbIX aMIIJIkiTyn H a  d ~ H K U H H  Bnr~epa  ''1 20/ . 
C n e J I a e ~  3neCb H e 6 0 n b l u o e  OTCTyIIJIeHne H KPaTKO PBCCMOTPHM BO- 

npoc O none3~oc~n  pa3noxe~&i @ p K L T Z d i  B p a .  
q a c ~ o  a M n n a T y n y ,  ~ a s n c ~ u y m  OT nsyx n e p e M e H m I x ,  pa3nararo-r 

B pm H a  X O ~ L U O  o n p e n e n a l s b I e  (PYHK~WW on~o i i  m n e p e M e H m I x ,  c K03@- 

@kiq~eHTaMH,  KOTOpbIe 3aBHCFIT OT ~pyr0f i  n e p e ~ e H H 0 f i .  H ~ B ~ C T H ~ I M  npu- 
M e p M  TaKOrO pa3nOXeHWi MOXeT C n Y m T b  0 6 b 1 m o e  napuUaJ'IbH0-BOnHO- 

B o e  pmoxesae B B C K O H ~ Y H ~ I ~ ~  p ~ n  no n o n m o M a M  nexayqpa. 
B n p m H w n e  MOXHO B 3 m  npyroii 6a3ac - p n a r a r b  He  no nonmo- 

MaM J lemnpa,  a, H a n p n M e p ,  a c n o n b s o s a ~ b  p a 3 n o x e H n e  B p R n  @ypae 
KTIH no n m 6 b 1 ~  @YHKWM, KOTOpbIe COCTL1BnRH)T n o n m 1 f i  ~ a 6 o p  @YHK&. 

OWHM a3 K p n T e p n e B  none3~oc~a  p a 3 n o x e H m  FIsnReTcR npocrora. 
H M ~ ~ T  cMbIcn ,  H a n p u M e p ,  n c n o n b 3 0 ~ a ~ b  pa3noxeme no n o n m o M a M  ne- 
xannpa w~ ~ ~ C C M O T ~ ~ H H F I  paccemasi npn ~ S K W X  3~eprmx,  TaK KaK 

OKa3bIBaeTCR, 'IT0 B TaKOM CJIJWae TOnbKO HeCKOnbKO WIeHOB pma n m T  

xopoluee n p a 6 n a ~ e ~ n e  K a M n n m y n e .  Pa3noxe~ne B 6 e c K o ~ e ~ b 1 f i  p R n  

MOXHO cwiTaTb n o n e m b I M ,  ecnn e m b  ~ a ~ a e - n n &  a p r y M e m b I  B n o n b s y  

T o r o ,  vro a3yrae~ym @ y ~ ~ u m  MOXHO 6 y n e ~  p a 3 y h i n b 1 ~  0 6 ~ 8 3 0 ~  mpo~- 
CHMHPOBaTb OAHHM WIU HecKOJIbKUMH WIeHaMH pa3nOXeHWI. npHHuHIlb1 

CkiMMeTpkiH C y X m T  K n a c c  n o m i b u c  ~ ~ ~ H C O B ,  y n 0 6 H b 1 ~  nJZR pa3noXeHkiH. 

Ecna f ( k , 8) 0 6 J I U a e T  H ~ K O T O ~ O ~ ~  ~omoii  C W M M ~ T P H ~ ~ ~  npki 8 + g ( 8) , 
H a n p a M e p ,  

Ecnn @y~wkiw 6asaca H e  06.lIasm~ TaKkiMH Xe C B O ~ ~ C T ~ ~ M H  CkiMMeTpHH, 

YTO n pasnarae~m @ ~ H K W ,  TO MOXHO sapanee c ~ a 3 a ~ b ,   TO B TaKoM 

cnyrae H ~ T  H a a e m b I  a n n p o K c n M a p o s a T b  @YHKLWO O ~ H H M  m n  HecKonb-  

KUMH UJIeHaMW pa3nOXeHWl.  B TaKOM Cnyl lae  YcnOBne  CnMMeTPHW 6 y n e ~  

HaJ'IaraTb OnPeneneHHbIe  COOTHOlueHHFI Ha  K O ~ @ @ W ~ ~ H T ~ I  pa3nOXeHHH. 

B ~ I B o ~ :  @WSIN~CKW BbI&eJIeHHbIMW MOXHO CYkiTaTb pa3nOXeHW3 B pm Ha 

TaK0fi  noJIHb1fi ~ a 6 o p  @ y H m & ,  KOTOpbIe 0 6 n ~ a ~ 1 ~  TaK0fi  Xe CHMMeTpkiefi, 

KaK H p a w ~ a r a e ~ a ~  @y~mm.  



YAO~CTBO P83nOXeHHH CnHpaJIbHbIX 8MlUIHTYA no @yHKIJHHM BHrHe-  

pa a a m m v a e ~ c ~  B TOM, VTO mmmyna paccemiwi B cHcTeMe qempa M a c c  
u 

B -KWaJIa  fA A , A  A (B , t )  n p H  3TOM p 8 3 6 ~ B a e T c R  Ha  ABe YaCTH, OAHa 
3 4  1 2  

H3 KOTOPbIX OllpeAenReTCR C B O ~ ~ C T B ~ M H  CHMMeTPHH H COAePmTCR B @YHK- 

LIHRX d J   COB^) (memo  d  -@YHKIJWH 06ecneuar ~ B T O M ~ T H Y ~ C K O ~  
BbIIIOnH&He 3 m O H O B  COXPmMHH, CBR3WHbIX C MOMeHTOM KOnHW3CTBa 

ABHx~HHH), a A p y r a R  HMeeT AmaMHWCKYlO n p H p o A y  H COAePXkiTCR B nap- 
w a n b ~ a ~ x  cnHpanbHbIx  ahmmwnax f A A A A (8 )  . Pamoxenne no 

3 4 ' 1  e 
d - @ Y H K ~ M  B ( P H ~ H W C K O ~ ~  06nacTn  S -KaHaJIa COOTBeTCTByeT T O W ,  

VTO a M M H T y A a  BbIprultaeTCR vepe3 6a3~c~b1e 3neMeHTbI HellpHBOAHMOrO 

n p e A C T W e H w i  rpylTiIb1 n y W K a p e .  M a T p n q b ~  B p m e H w i  d  ( COB 6) RB- 

nRloTCR IIpeACT8BJXeIiHHMH MaJI0fi rpyrIIIb1 TpexMepHof i  rp$llllbI B p u e H H f i  

O ( 3 )  HJIH ee Y H H B ~ ~ c ~ J I ~ H O ~ ~  Ha~pbIBaIOrUei i  S U ( 2 ) .  COWI~CHO TeOpeMe 

n e T e p a  - Be$in~ IeO0 , MaTPHVHbIe 3neMeHTbI HenPUBOA&iMbIX npeACTaB- 

ne~tdi  r p y n m I  SU(2) o6pa3ym~ n o n ~ b r i i  6a3~c, vepe3 3 n e ~ e ~ ~ b 1  ~ o ~ o p o r o  
~ o m o  npertcrasm n1o6ym @YHKLZHH), K B a p a T n w o  m T e r p H p y e M y m  

Ha  r p y n n o B o M  M H O ~ O O ~ P ~ ~ H H .  

EUIH CnHHbI BCeX W C T m  PaBHbI HYIIlO, TO CTU1PBJIbHa.R aMnnHTYA8 

c o e n a a a e T  c HHB~PHBHTHO~~ H p83na raeTcR no n o n m o M a M  J l e m p a  (9). 
0 6 0 6 r ~ e ~ ~ e l y  napUHaJIbH0-BOnHOBOrO p 8 3 n O X e H m  AJIR U I y v a R  H q n e B b I x  

CnHHOB RBJIReTCR pa3nOXeHHe  CnHpaJIbHbIX aMnnHTyA H a  ~ - @ Y H K ~  

Bce 3aElHCHMOCTH OT e,, COAePXCaTCR B d  - @ Y H ~ ~ x .  COB a,, 38BHCHT OT 

s , t n e p e M e m b u r  H Macc .  B TOWCBX COB O,, = + 1, d ~ Y H K ~ H R  HMeeT 

OCO~~HHOCTH.  %H KHHeMaTWIeCKHe OCO&HHOCTH M o m 0  B b I A W m b  B Re- 
HOM B m e .  

YWTbIEaR COOTHOllleHHe 

J - Y  

n a p a ~ e r p ~ s a u m  (15) 06ecnew~ae~ a B ~ o ~ a T m e c ~ o e  BbInonneHHe  s a ~ o -  
HOB COXPWeHHH MOMeHTa m R :  PaCCeRHHR. B n e P A  H Ha389. @ o p M y n a  (15) 
3 a ~ e m e ~  ~CJIOBHFI (6) H (7).  

C 3aKOHaMH COXPmeHHII BCe B lTOpRAKe. ~ G M ~ M C R  T e n e p b  WaJIH- 

THVeCKHMH CBO~~CTBM CllHpaJIbHbIX 8MlUIHTYA - HaXOWeHHeM KHHeMa- 

THVeCKHX O C O ~ ~ H H O C T ~ ~ ~  no HHBaPHmTHbIM nepeMeHHbIM. B @OpMJVIe (15) 
cnesa mom @ y ~ ~ q m  OT 8 H t , npmm xe c T o p o H a  ~ ~ H C H T  OT 6 ,B H t . 

f i R  6 m a p ~ b 1 x  npoqeCcOB C MaCCaMB ID1 +m2 + Ill3 + Ill4 HMeeM 

onpenenmor TOVKH n o p o r o B  H ncesnonoporo~ . cos e n p H  (PHKCH~OBBH- 
HOM B nm&o B ~ B H C ~  OT t . ~ O ~ T O M ~  n o n m o M  no cos8 6ynm no- 
AHHOMOM H no t , a @ ~ H K I J ~ ,  p m a r a e M a R  no n o n m o M a M  no t B 0 6  

naCTH CXOAHMOCTH P a ,  no OnpeneJleHHlo,  H e  HMeeT KHHeMaTHVeCKHX 

oco6ennocreii no mofi nepe~enaoit. Orcm~a  BbrreKaeT,  VTO MHOXHTWH 



- K m e M a T m e c K s e  M H O ~ T W I H  B (15) C o n e p m T  B c e  K m e m T m e c w i e  

O C O ~ ~ H H O C T H  c n a p a n a H b m  a M n n H T y n  s-~axiana no nepe~emoii t /11-17/ 
( ~ p y r ~ e ,  3KBUBNIeHTHbIe OIIpWWIeHHR nOHRTHR KHHeMaTUYeCKZiX OCO- 

-6eHHoCTefi  PaCCMaTpHBWTCH B '23-25? ; KHHeMaTINeCKMe MHOXHTWIH 

B (15) 6e3pa3~ep~b1, n03TOMy BCe npUBWeHHbIe  CrulpanbHoCTs a M n n s -  

TynbI  HMeIoT OAUHaKOBbIe pa3MepHOCTU, C O B l l ~ W l l l H e  C pB3MePHOCTbIo 

c m p a n b ~ b ~ ~  aMnna. ryn .  

AMnnHTynb1 paccemx Wx 6map~b1x IIpOUeCCOB 3asscm o T  n ~ y x  
~ e s a s a c a ~ b ~ x  n e p e M e H m I x .  llapaxae~p~~a.qnx (15) x s m e T c x  ec~ecmemiofi, 
ecna B K a r e c T B e  H ~ ~ ~ B H C H M ~ I X  n e p e M e H m I x  B ~ I ~ U ~ ~ C ? T C J I  yron paccemm 
B c.u.M., 19 , H m B a p ~ m m a R  n e p e M e n n a R  s : 

O W ~ K O  YaCTO 6 b m a e ~  yno6~ee PaCCMaTpHBaTb aMNI?TrYnY PaCCeRHkiR 

IIOCpenCTBOM TOnbKO HHBaPHaHTHbIX ITepeMeHHbM. 

K m e ~ a ~ w x e c ~ a e  O C O ~ ~ H H O C T H  no t B ( 2 0 )  H ( 2 1 )  conepxa-rcx 
TOnbKO B YUCnHTWIRX. B ~ I ~ Z U ~ C ~ H U ~  f 2 ( S )  AeJ'IaeT KUHeWTHYeCKIie MHO- 

XUTWIU 6 e 3 p a 3 ~ e p ~ b 1 ~ H ,  HO OmOBpeMeHHO BBOnHT ROllOmlHTeJIbHbIe 

KHHeMBTHYeCKHe OCO&HHOCTH IIO nepeMeHHOCTH S nOhauM0 TeX, KOTOPbIe 

yxe c o n e p x a T c x  B mnnmynax. 3 ~ u  oco6emoc~s H a  c a M o M  nene noxame. 
Momo npemomn npyrofi @ o p ~ a n m ~ ,  COXP~HUIHB n e p e w c n m s b 1 e  

BbIUIe IlpHBneKaTWIbHbIe C B O ~ ~ C T B ~  l l apaMeTpH3aUI4  (15) , PaCCMaTpUBaR 
aMrIJIEiTynb1 K a K  @YHKUNH UHBapHBHTHbIX IIePeMeHHbIX H H e  B B O W  n O M -  

1 HHTeJIbHbIe (n0XHb1e)  KHHeMaTHYeCKHe O C O ~ ~ H H O C T H  B TOY= nOpOrOB 
I a nceanonoporo~, a nnx y n p y r ~ x  npoueccoa - H B  owe 8 = 0. 

,&IR npOUeCCOB C " M ~ C C O B O ~ ~  ~ O ~ @ H r y p a H e f i "  ( m  Illk ) : 

- 
OnpeneJ'IliM aMIUfHTynb1 f ( 8 ,  t ) , ~~060J&Hb1e OT KHHeMaTUYeCKHX OCO- 

6emoc~efi no t : 

1 rne 

~ P H  n a p a M e T p H 3 u H H  ( 2 4 )  H ( 2 7 )  3aKOHbI COXp8HeHEIR BbIlI0JIHRH)TCR 

BBTOMaTHYeCKH, BCe KIiHeMaTUYeCKIie O C O ~ ~ H H O C T H  IIO t H u (cMJ-IHx~) 

~ _ b m e n e ~ b ~ ,  nps =OM H e  BBO~RTCR. n o m b I e  O C O ~ ~ H H O C T H  no s . OYHKIIHH 
f ( s , t )  pa3narruo~cx B pm no n o n m o M a M  no t . I43 (17) BWHO, YTO 

n p H  @HKCHPOB~HHOM S 3T0  6 y n e ~  ZOnUHOMOM K a K  n0 t , TaK H n0 U , 
eCnH BBeCTH lIOCJIe,QHIoIo. ~ O ~ T O M Y  f (_8, t )  H e  COnePXkiT KUHeMaTHYeCICHX 

oco6e~~omefi H n0 u . A M ~ I J I H T ~ ~ ~ I  f $ ( @ ,  t )  BeCbMa Y ~ O ~ H ~ I  

n p H  H3YYeHHH aHUI8nHTUYeCKIIX C B O ~ ~ C T B  aMrIJIUTyn IIpU @ H K C H ~ ~ B ~ H I ~ O M  S :  

nnx HHX C ~ P B B W J I U B ~ I  n n c n e p c H o m b I e  C o o m o u e H w r .  l l o 3 ~ 0 ~ y  M ~ I  H 

IXpennaraeM Ha3BaTb UX nHCllePCHOHHbIMH aMILTIHTynBMH. *H aMlIJIHTyAb1 

M o m 0  HClIOnb30BaTb T a K X e  WIR. IIOnyYeHHFI MQAeJIbHO-He3aBHCHMbIX 

mCnePCHOHHbIX ' H ~ ~ B B ~ H c T B / ~  ' AJIH O I I p e ~ ~ e H H O  ~HHaMUYeCKHX 

a M n n s T y n  Wx nN - H NN -paccexHHR 'I1 'a 17" H ~ . q .  ~ H c n e p c H o ~ ~ b ~ e  aM- 

rIJIHTynb1 HMeIoT R C H ~ ~  @U3UYec& CMbICJI, OAUHBKOBbIe PZUMePHOCTH, 

OHH -0CTbI H YHHBePCaJIbHbI - OIIpeAWIeHbI AnR. nw6b1x  6 m a p ~ b 1 x  np0- 
UWCOB C YYaCTHeM YaCTW C lIpoH3BOJIhHbIMH 3HaYeHHRMH MaCC H C-OB. 

B CBS33H C ~e~pkiefi C Y l l e ~ W M M e T p H H  IIORBUJIaCb HOBaR IWllOTeTHYeCK8II 

r l a c r m a  - r p a s ~ m ~ o ,  K O T O ~ ~ R  B  TO# T e o p u n  HrpaeT  KnIoseBym porn. 
n p o ~ e C c b 1  C YYZTHeM ~ ~ ~ M ~ C C O B O ~ O  rPBBHTUHO ( Y ~ c T H ~ ~ I  CO C n m o M  3 / 2 ) ,  

pace H e  6 ~ 1 s  PaCCMOTpeHbI; COOTBeTCTBeHHO OTCYTCTBYeT @ O P M ~ ~ M ,  

onscbmarou&i  Tarcue  n p o q e c c b I .  ,&In ynpyroro paccexm rpaBmmo H a  

M ~ C C H B H O ~ ~  Y a m w e  C n p H 3 B O n b H b l M  CnHHOM J , eCnH HStnOXckiTb ~ p e h -  
B ~ H H R  n ~ c ~ p e m b ~ x  c m ~ e ~ p n i i ,  HMeeM ( 2J + 1 ) ( 2J + 2 ) H ~ ~ ~ B H C H M ~ I X  

aMrIJIUTyA. n a p a M e T p U 3 a U f I  CrulpaJIbHbIX aMllJIUTyn, O m C b m W U H X  3TH 

-0UeCCbI IIOCpeACTBOM mClIepcHOHHbIX, HMeeT B W :  



npocro~a n p e p n o x e H H o r o  B pa6o~e o m c a ~ s ~  n p o q e c c o B  co C ~ H O M  

OTHOCUTCR, KOHeWO, H e  TOnbKO K @ O T O H - ~ P O H H ~ I M  C B O ~ ~ C T B ~ M .  &If3 

n1o6brx  c n m o B  H M a c c  6 m a p ~ b 1 e  n p o u e c c b 1  n a p a ~ e ~ p u 3 y m ~ c ~  n o c p e n c T B o M  

,I(HCIIepcHOHHbIX aMrIJIHTyn YHIlsepCNIbHO H n p o C T 0 .  3 ~ a  n p o C T 0 T a  BbI-JIR- 

eTCR n p H  BbIpSXeHUU @ H ~ H V ~ C K H  ~ 8 6 r n O n a e ~ b 1 ~  BeAHlMH llOCPenCTBOM m C -  

n e p c n o H H b r x  a M m m y n ,  B O T n u w i e  OT B c e  &nee y c n o m m m e r o c f i  c poc- 

HMeIoT OHHO n F H M Y U e C T B 0  n e p n  nHCnePCHOHHb1MH 8 M M H T y n a M H  - OHH 

C B O ~ ~ W ~ I  OT KHHeMaTHVeCKHX 0 ~ 0 6 e ~ ~ o C T e f i  no BCeM UHBaPHaHTHbIM ne- 
PeMeHHbIM, T O W a  K a K  nHCnepCHOHHSIe a M W U T y n b I  S -K8HaJIa TOJ'IbKO no 
t H U ( I I p a B n a ,  K a K  OTMeVNIOCb BbIWe,  Wfl MHOrHX 3 m a V  3 T O r 0  B n O n H e  

O ~ ~ H M  nepeMeHHbIM - H a n p n M e p ,  perynrxpwoaaximre c m p a n b H b I e  mma- 
TYnbI (cM., HaIYpHMep /13v15*241,  KOTOPbIe UMeIoT P 3 H b I e  pa3MePHOCTLi, 

K TOMY Xe J a B H C R I U e  OT C ~ H ~ M ~ H O C T ~ ~ ~  VaCTW. Bonee Y E I O ~ H ~ I M U ,  

H a  H a  B3I'JIm, RBnRIoTCR T.H. nHHaMHVeCKHe 8 M M H T y ~ b 1 ,  KOTOPbIe C B O & ~ -  

HbI OT KHHeMamVeCKHX O C O ~ ~ H H O C T ~ $ ~  OT 06eux HeBBHCHMbIX HHBaPH8HT- 
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