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B 0 f l p 0 ~ b l  B ~ ~ ~ ~ M o A ~ ~ ~ c T B L I R  C T ~ ~ L ~ O H ~ ~ H O ~  f l J l 0 ~ ~ 0 ~  BOJlHbl @ M K C ~ ~ P O '  

B ~ H H O ~ ~  qaCTOTbl w  C kl30TPOflHblM AM3f leKTPkl~eCKMM MaTepklaflOM, f l 0 -  

Ka3aTeJ lb  IlpeJlOMJleHklR KOTOpOrO 3aBklCklT OT BeKJOpa 3 J l e ~ ~ p k l r e c ~ o f i  

HaflPRMeHHOCTkl KaK n ( o  , / 9 1 ) = n o ( w )  + n  l ( r ~ ~ )  1 E  1 , 0 6 ~ y M ~ a f l k l ~ b ,  

HanpklMep, B '- 3! B p a 6 0 ~ a x ' ~ ~  5 /  6blflkl H a f i ~ e H b l  TOrHble PeUJeHklR 

~ e n v l t i e i t i b ~ x  y p a e ~ e ~ ~ f i  Ma~ceenna, o n k l c b l e a w v l x  npoqecc nepeiioca 
3 f l e ~ ~ p 0 ~ a r H k l ~ H 0 ~  3Heprk lM B CpeAaX,Akl3fleKTpklreCKaR f lpOHklqae- 

MOCTb KOTOPblX 3aBMCklT OT BeKTOpa E  f l 0  3aKOHY f l l  = f Z 2  = 

= w + E l 2  + l E 2 I 2 ) .  c 3 3  = f , ,  ( 0 1 )  . B p a 6 0 ~ a x ' ~ - ~ ' 8 b i -  

Jlkl H a # ~ e H b l  TOrHble PeUJeHklR HeflklHeklHblX y p a ~ ~ e ~ k l g  Ma~ceenna AflR 

CnOklCTblX C T p y K T y p  B f l f l ~ ~ ~ ~ f l a p a f l f l e f l b ~ ~ f i  reOMeTpklL4. B ' flpHBeAeHbl 

KflaCCbl TOrHblX peUJeHklfi y p a B H e H k l i  Ma~ceenna  6 ~ p k l ~ ~ f l k l ~ e i ~ b l ~  CM- 

CTeMaX KOOPAklHaT AJlR COflpRMeHHblX CpeA,  Ak l3 f leKTpM~eCKaR SpOHklqa- 

eMOCTb KOTOpblX +3aBklCklT OT flOflR CfleAyKHqMM 0 6 ~ ~ 1 3 0 ~ :  f (o , E )  = 
2  

= E,(G))  - I o ( w ) I  E  . 
npv peuenm f l 0 ~ 0 6 H b l ~  s a ~ a r  B O ~ H M K ~ ~ T  ~ e m ~ e f i ~ o e  y p a B H e H u e  

BklAa 

+ + -. 
A A  + D ( A 1 ,  A z ,  A 3 )  = V ( V . A ) ,  / I/ 

+ + 

r A e  A .  - J -XOMflOHeHT BeKTOpa A ,  J = 1,2,3; D - B 0614e~ C f l y r a e  1 
f lpOkl3BOf l~HaR BeKTOpHaR KyCOrHO-Hei'lpepblBHaR @ Y H K ~ M R  KOMflOHeHTOB 

BeKTOpa A .  B H ~ c T o R I ~ ~ ~ ~  p a 6 0 ~ e  f lOf ly reHbl  HeKOTOpble KJlaCCbl TOrHblX 

peUJeHL48 TaKMX y p a ~ ~ e ~ k l f i ,  3aAaHHMX B COflpRMeHHbIX o6nacinx 
G  C C , ~ R ~  B f l p R ~ ~ y r ~ f l b ~ ~ f i ,  ~ k l f l k l ~ ~ p k l r e ~ ~ ~ i i r  kl c @ e p k l r e c ~ o i  CklCTe- 

M a x  KOOPAklHaT. 

6 y ~ e M  flOJlaraTb, r T 0  o 6 n a c ~ ~  kl G 2  COAepMaT BHyTpeHHkle T O W  

KM T ~ ~ ~ , ~ ~ O A O ~ H M X  A P Y r  Apyry,klMeUU&lX qeHTpaflbHYt0 klflkl O C ~ B Y ~  CMM- 
MeTPMkl kl PaCflOflOMeHHbIX TaKklM o 6 p a 3 0 ~ ,  r ~ o 6 b 1  klX UeHTPM MJlM OCkl 

CklMMeTPMkl COBnaAaflkl. B e n M r k l ~ b l ,  OTHOCRU&leCR K B H Y T P ~ H H ~ ~ ~  0 6 f l a ~ ~ k l ,  

6 y ~ e ~  f l 0 M e W T b  YIHACKCOM l , a  BHeUJHefi - MHAeKCOM 2 .  Ha r p a H k l q e  

COflpRMeHklR 06nac~e f i  AOflMHO 6 b 1 9  BblflOnHeHO PaBeHCTBO TaHreHqk l -  

aflbHMX COCTaBflRKU&lX BeKTOpOB A i .  H ~ R A ~ M  TaKMe KflaCCM TOrHblX pe- 
u e t i ~ f i  y p a e H e t i m  /I/, KoTopble R B ~ R ~ T C R  TaKme M peuetiMRMkl c k l c T e W  



r A e  x 1, X29 B  - s e u e c ~ s e ~ ~ b l e  ~ O C T O ~ H H ~ I ~ .  Tpe6oea~me p a e e ~ c ~ s a  
TaHretiqManbHux cocTasnmowx Ha rpaHMqe p a s ~ e n a  npnsoAMT K ~ e o 6 -  
XOAMMOCTkl PaCCMaTpMBaTb fiBa TMna @ Y H K ~ M M  BMAa /4/  B 3aBMCMMO- 

CTM OT TOTO, B K ~ K O ~  CTefleHM BXOAMT B /4/ TaHreHqManbHaR K h i l O -  
. 

HeHTa. 6 f i a n b ~ e h l l e ~  6 y ~ e ~  COKpaueHHO 0603HaW~b:  3aBMCMMOCTb 

MeMfiy KOMflOHeHTaMM BeKTOpa BMAa /3/-KO / K B ~ A P ~ T M ~ H ~ R  @ o p ~ a / ,  
BMAa /4/ nepeoro TMna / ~ a ~ r e ~ q ~ a n b ~ a ~  KoMnoHeHTa B nepeoii cTe- 

n e w  - fl l  /napa6ono~n/ ,  s w a  /4/ BToporo TMna / ~ a ~ r e ~ q m a n b n a ~  

KOMflOHeHTa BO B T O P O ~  C T ~ ~ ~ H M /  - fl2. T ~ K ,  HaflpMMep, 3aflMCb fl1-fl2 
6 y A e ~  03HaLiaTb, lrT0 AnR B H Y T P ~ H H ~ ~ ~  @Mrypbl @ Y H K ~ M R  f HMeeT BMA 

/4/, n p ~ r e ~  ~ a ~ r e ~ q ~ a n b ~ a ~  c o c ~ a s n ~ m q a ~  BXOAMT B f B nepeoii 
cTeneHM, a aria e ~ e w ~ e i  @ ~ r y p b ~  - BMA /4/, HO TanreHqManbHaR 

COCTaBnRwgR BXOAMT B f 2  09 B T O P O ~ ~  CTefleHM. f l0 f i06~b l i  Me CMblCn 
MMeKlT 0603tiare~MR TMna f l l - K O ,  K O - f l l ,  f l2- f l l ,  f l2- f l l ,  fl2-KO, K@-fl2. 
Clepe3 a i  O ~ O ~ H ~ ~ H M  s e n ~ r ~ n y  p a w  H, x,, x l i  , repes c - ~ e -  
KOTOP* ~ O ~ T ~ R H H Y K ~ ,  A  11 = , A  = A ,  /fl2/ A t  = A z  , 

I 

A~ = \ I A ~  + A: / I /  p = B ~  / B . . lcnM pewewe MueTcR Knacce I 
BeueCTBeHHUX rHCen, TO eCT€?C-TBeHHble OrPaHML(eHMR Ha flapaMeTpbl 

CneAytOT HellOCpeACTBeHHO M3 IlpblBeAeHHblX BblpaMe~MR. 
6 I ~ ~ R M O ~ ~ O ~ ~ H O R  CMCTeMe KOOPAMHaT flOnYrMM C n e f i w M e  KnaCCbl 

T O ~ H ~ I X  p e w e ~ ~ i i l  / ~ e 3 ~ e  A = A  /: 
I 

A,,, = B 2 b .  A 2 ,  = B 2 ( ( 1  - x 1 2 b 2 ) x ; : ) * ,  

A , ,  = B  , ( ( I  - x 11 p 2 b 2 )  x ~ f  ) %  
1 - 

b = - ( c ?  \I3 ( X y k  - ~ 3 % )  
2 

rAe K ~ ,  K y ,  K CBR3aHM MeMay ~ 0 6 0 i i  COOTHOUleHMeM K + K :  + ~ 2 2  = 0, 
b  = b  ix + b  , b  OnpepenReTcR @ o p ~ y n o i i  CooTBeTcTBywero nnacca 
M3 p a c c ~ o ~ p e & b l x  e w e ,  b  2x = b c o s  + 2 ,  b  2y = b s i n d  2 ,  b  l x  = p b c o ~ + ~ .  



1y 4 = arctg (:) , b lz = b2, . 
I 

I a1x 

XOTR 6b1 OAHO M 3  a i  ,He PaBHO 1, 



A , , .  = A i l  a c o s 4  + A i l  (1 - a 2 ) % s i n +  , 

A , ,  = A , ,  - 
I l p k l p a e ~ ~ s a ~  A i r  kl A  H a  r p a H H u e  conpRmet iHg,  ~ ~ H X O A H M  K ycno- 
BHW A l l  = A , , .  TO eCTb,  B ~ H J ~ H H A P H ~ ~ C K O ~  CHCTeMe KOOPAMHaT 

4 0 p ~ y n b l  AnR KOMnOHeHTOB BeKTOpOB A i j  , IlOJlycleHHMe AnR n2-n? 
vl Il l-Ill, coenaAai0-r M e m n y  c o 6 o i .  E c n ~  me B O ~ ~ ~ C T R X  G i  H G 2  
A ~ ~ C T B ~ T  OflepaToPM L = A + f i  ( A i l  , A l e ,  1 , )  c I$YHK~HFIMH 

p a a - ~ ~ q ~ ~ x  T H ~ O B ,  T O  nonyqm cnefiyroqne p e 3 y n b ~ a ~ ~ .  

1.17(n1-n2 v n H  n l - K O )  . 

o n p e A e n w o T c q ,  KaK B K n a c c e  1 .3  H n u  B K n a c c e  1.1. 
i . i 8 ( ~ 0 - n i ) .  

A l l  = B l ( ( 1  - x 1 1 p 2 b 2 )  X;:)'. 

o n p e A e n m o T c n ,  KaK B K n a c c e  1.2.  
i . i g ( n 2 - n i ) .  

A ,  , A l n ,  A z , ,  OIlpeAeJlRlOTCR TaK Me, KaK H B IlpeAMAyu(eM KnaCCe.  

B ~ H J ~ H H A ~ H ' ~ ~ c K o ~  CHCTeMe KOOPAHHaT MOrYT 6 b l ~ b  T a K W  f lOnyqe-  

Hbl KnaCCbI TOqHblX peUeHHfi ,  eCnH KOMflOHeHTbl BeKTOPOB 3aBHCRT OT 

r H Z ' .  

1.20(KO, n, KO-n, n-KO) . K o ~ n o H e H ~ b l  A  i j  ~ ~ B H C R T  TOnbKO OT r . 
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~ ~ O C K O ~ ~ K Y  3HaqeHMR U1, U 2 y M e  M3BeCTHb1, TO YCnOBMe ( 7 )  n p e A -  

c T a s n R e T  c o 6 o i  H e K o T o p o e  o r p a H m e H m e  H a  napaMeTpb1 a a ~ a ~  a 

M c .  

K n a c c ~  qacTHb lx  p e w e ~ ~ i  y p a s H e H m  (I), nonyqeHHb le  B n p o ~ a -  
B o J ~ ~ H o ~ ~  ~ P T O T O H ~ ~ ~ H O ~ ~  CMCTeMe KOOPAMHaT B C n y q a e  BbIPOMAeHMFI 

( 6 )  B OAHO YpaBHeHMe  TO MMeeT MeCTO An5I M B O T P O ~ ~ H O ~ ~  c p e ~ b l ) ,  

6blnM n o A p 0 6 ~ 0  PaCCMOTpeHbl B"'. 

f l o n y w ~  T a m e  K n a c c b l  T O ~ H ~ I X  pewe~mf i  B q n n ~ ~ ~ p m r e c ~ o f i  n 
c @ e p M q e c ~ o f i  CMCTeMaX+KOOpAMHaT. 

f l y c ~ b  KOMnOHeHTbI A  3aBMCRT TOnbKO OT p a A M a n b ~ 0 f i  KOOpAMHa- 

Tbl f . B 3TOM C n y q a e  B ~ M ~ M H A P M ~ ~ C K O ~ ~  CMCTeMe KOOPAMHaT Y p a B -  

H e w e  AnR r  -KoMnoHeHTa  nepexoAr l rT  B ycnome Dr = 0, M3 KOTO- 

p O r 0  MOMHO Bblpa3MTb KOMnOHeHT A r  KaK @ Y H K ~ V I H )  A+M A Z .  Y P ~ B -  
HeHMe AnR A ,  npMHMMaeT BklA ', 
d C ~ ,  1 d A z  

+ -- + D z ( A + ,  A , ,  A r ( A + ,  A,.))  = 0. 
d r  r  d r  



K O M ~ O H ~ H T  A +  BblpamaeTcR vepes A, M e r o  n p o v l 3 ~ o ~ t i b l e  c n o ~ o q b ~ )  

YpaBHeHMR 

2  ' r r  Ad = A 4 =  0 ,  A, = - I .err = = c r 4 ,  l a r r  I = l a @  t = i a r 4 1 .  
I ' rr 

MOMHO I l O n y W I T b  TaKMe KnaCCbl TOvHMX pe tueHMi  YPaBHeHMR (I), 
YAOBneTBOpRlaqMX ( 2 ) ,  ( 5 ) ,  E ~ M ~ M H A ~ M ~ ~ ~ c K o ~  M 4 c @ e p M v e c ~ 0 i  CM- 

CTeMaX KOOPAMHaT, eCnH KOMnOHeHTM BeKTOPOB A l  3aBMCRT OT ABYX 

nepeMeHHblx:  r M z B n e p s o M  cnyvae M r M 0 - BO B T O P O M . ~ ~ P M    TOM 

Ilona TdeM, C(T0 BblflOnHeHbt YCnOBMR 

lak41 = i d e m ,  l a k z  1 = i d e m ,  l a k e  ( = i d e m ,  

r A e  k = r ,  4, z MnM k = r ,  8 ,  4 .  
B ~ T M X  cnyvanx A, , A ,  MnM A, ,  A,g o n p e A e n R m c R  ~3 y p a e ~ e ~ u i  

(10)-(11) MnM (lo), (12) COOTBeTCTBeHHO: 

- 
4 . 4  a1 = - 3 f  sin $ ( \ a r z  l ~ g - c r z ) ,  - 

2  2  2  
a 2  = 3f  s i n  4 ( ( a r , I A 4 - c , ,  ) ,  

- 4  4 2  - 2  2  
a, = - 2 f  s i n  a ,  1 ( a  1 4  - 6 l3- 2 f  s i n  $ l a , ,  I l a r C I A C -  

- 
+ l a r $ A 4 ( \ ~ r z  l A $ - f r z  ) 2 +  ( ~ $ I a r r  I - 6 r r  ) I a r r  1 f 2 s i n 2 4 e  - 

2  2  - 2  2  2  
a5 = 4 f  s i n  4 1 a r 4 J l a r Z  ( A + +  6 f  s i n  $ \ a r d l * + ( / a r ,  I A 4 -  

2  2  2  
- f r ~  ) - l a r $  A 4 ( l a r ,  I A g - f r , )  - 2 ( l a r z  IA; - 

@opMynbl AnR IlOCTOslHHMX b j  IlOflYClaDTCR H3  TOnbKO VTO nPMBeAeH- 

HMX @ O P M Y ~  n y T e M  3 a ~ e 1 - 1  B HMX: s i n  4 2 cos 4 ,  r 2 z B T o p o r o  
MHAeKCa. @0pMynbl AnR IlOCTORHHblX a j , b j  B C @ ~ P M ~ ~ C K O ~  CMCTeMe 

KOOPAMHaT n0nYClaH)TCR M3 COOTBeTCTBYwMX CbopMyfl AflR a j ,  b j  B 

~ L I ~ L I H ~ ~ L I ~ ~ C K O ~  CMCTeMe KOOPAMHaT f l yTeM 3aMeHbl MHAeKCa z H a  

MHAeKC 6 . K O M ~ O H ~ H T ~ I  A i 4  BblpaMaIOTCR Clepe3 r , z HnH 0 , 
T a K  Me, KaK M B nepBOM p a 3 A e n e .  C O O T B ~ T C T B ~ ~ M ~  XapaKTepMCTM- 

15 
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