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Pi X , O P O U ~ ~ ~  o ~ ~ ~ ~ ~ T ~ I B ~ ~ M o c T ~ K I .  
n p M 6 0 p b l  H e 3 b 3 R  06pa6a~b1sarb I I p N  T e M n e p a T Y p e  CBbILUC 

400-450" C, T a K  K a K  B HHX e C T b  MNKa;IeKC I4 C T e K J O .  ~ O ~ T O > I \ . I S '  n;.;IFI 
II0,'I)'qeIIMR BbICOKHX K O ~ @ @ H ~ M ~ H T O B  B ~ . ' O P H ~ H O ~  3>1MCCNN 3MIITTC-  

110s a K T N B a u H H  3>IIMTTel)3E B e A e T C R  n l l l i  Te?J . lnepaType  650-700" C - 
9 
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B Iiaruebr c.?yqac BTO BOJIHOBOC conpoTec.qelule p a m o  75 onr. 
Ilpil perilcrpausil orile"-rbHbIx nrnynbcon m a  6 b 1 c r p o ~ e ~ n l o q ~ i t c ~  

n O T O K O B  l)eHTT€!HOECIiOrO I I J I M  CBe'l.OBUr0 113,?YYeHMR H e  6e3pa3 ,1~~1-  

HO A I R  npaer.rn~~aoro no~cr rpow3~er re~w~ ( t ) o y ) ~ b ~  ~ p ~ c o i i  perMcTpi5- 
p> ' eMOrO iIB;!eHilR, 1ialiUii ~}.B2TBIiTe,~bHflCTW nPLI4ieHRTb AilTYiiK, 

T a K  K a K  npIl 'Il)e3hle[)HQ 6o.-rbmoB ~3'BCTBlITeuqbH~OC.IM @JI!!I<T~~QII!)!!- 

Hble U ~ ~ T ~ I I M R  B caxoM npa6ope M O ~ ~ T  I I C K ~ ~ M I - I ,  I < ~ P T M H V  per!r.- 
cTpapyehforo npouecca. Onpe~e.~zlzr sepes j,,,, rr1)eirenb~o ~ o ? -  
~ l ~ n c ~ b ~ i i  I ~ O ~ @ + I I L I I I ~ F I T  O T K ~ T O I I ~ H H F I  aaTsarCa, o ~ ~ e c e t r ~ b r i i  K ~ I < I I ~ I I \ .  

s n e ~ ~ l > o r ~ ~ ~ o - n y ' i e ~ o i i  T P ~ ~ K M  c c u ~ ~ ~ : r o r p a q ~ a ,  npH K O T O ~ ~ > I  c(P.:~yr;~y- 

arwollabre RBJICHMR e u e  He 6 ~ 3 ~ - r  C K ~ ~ L I B ~ T ~ C R  I I ~  ~a11a:1~1. ::an;f:?I. 
MOIKCM IIarIMl'aTb 

me N - noanoe L ~ ~ ~ c . ~ o  ~ ~ ~ c ~ i r p o ~ ~ o n  ( I ) ,  B ~ I W ~ J I ~ I ~ - e  

onHoepeMeHHo B n ] ~ e ~ ~ e : ~ a x  pa3peu1an1uero npearcr<H T ( ce~ i . )  co uceR pa6o~e i i  nonepxIrucrl1 rzaronoa w nanruec ira s r ~ ~ a i r c  s. lca- 
~poar~o-nj . l iesoi i  ~pyG;ia O T I I J . ? O M ~ H I , I ~  ,1y11a I I ~  1 . 1 1 ~ :  

- - . - - - I,/' ;? , -2 . -- 1 -7 " 2 ,  

crpyKqpffi ~~oroKaHaJlbHb1X fiaTIIIIKOB lle nl*enbIwaeT lo-' a, 'IT0 
AaeT oTHomeHwe cMrHaJIa K wY\IY n p H  MHHkIh1aL?bHOM BbIX0)lHOM 

Tone, 0 6 e c n e y n ~ a i o w e ~  n p e  ~ a r p y z ~ c e  7.5 OM OTKnOHPHifP s y s a  Ha.  

3KpaHe o,-~~.nnorpa@a iia O ~ M H  MMJl~fMeTp, panHoe no nOpRAIiV 
BefiifqpiHbI 104, M a ~ c ~ M a ~ i b I I a n  aMnL'IlrT] ,aa OTK.?13tleHIfR ~ 1 ) ' ~ a  !la 

3KpaHe oculm.lorpa$a npM r i o 3 4 1 @ ~ n ~ e r n e  O T i J O H e H H H  sneirpoli- 
Ha-ayqesofi Tp~6hM 20 B/,N,I~ ~ J X T  IIPM dTti\I ' I B i Z i l K l ~ I ~ H a  B IIpCl- 
nejqax QT 8 AO 26 MA4 B 3aBMCM;yrOCTEI OT BC.IH1fkIIfbI BbIXOAllOl'O 1Oka 

npubopa. 
n p a s e n e ~ a b l e  BbIWe BeJMYMHbI q)'BCl B H T ~ ; I ~ H O C T C ? ~  M110rO- 

~aHaJIbHbl)( CMCTeM AaTqMKOB 6 b ~ ~ 3 ~ < ~  K npeAe IbIIU AOn~~TMMb1ivl I1 

s anb~e2mee  wit yoenmeliee sa cscr yneqi:Illellen nosrl,[\)arleer~ra 
ycMneHMn H e u e ~ e c o o h p a j ~ o .  c a M u M  jC're, no.lar;ln, Y l O  i i l r ~ i l ~ l i i  

npenen fi-qn N ,  06ecneseoa~)1mii ijeucKaxeHrr) K, @ ~ ) K T ~ ~ U U O H H L I -  
M H  RBfieHMflMM 3 a n ~ c b  Haqa'Ia perMCTpE1pJK)WeTO npouecca, p a s e ~  
10 3 1 1 e ~ ~ ~ ~ ~ / ~ ~ f ,  MOIKHO OilPeZe"THTb, ITO=lb3).RCb BbIPa2KeHMR- 

uw ( 1 )  - (3 ) ,  npefleL7bHo aonJ'~Tli&fblfi :CL'~@$'?UMWT 51HOrO- 

,fie , = 2.7. 10-9 c e ~ . .  i = 75 ()a, 1"' 10 3nefcrpo~/hla, 
= 20 6 / , ~ ~  EI e = 1,6. 10-'"c, C n e ~ o s a r e n ~ ~ n o ,  npeje,enblro na- 

.nyCTMMaR ~)BCTBMTe.lbIlOCTb i I I B  OCHOBBIIIIII  nhIjlBiKellIIll ( I )  A,'IR 
nLnoUafiH KaTofia S ,  p a ~ r ~ o i i  60 c ~ "  ,:ic,lit;iIa 6 ~ T b  IIe G O I I W  
npen <: 6,48. a .  c,c12 ce / i /~na f i l~ .  

n p ~ ~ e ~ e ~ ~ e  MnI.;a;leriCa B o~rraiirrs~x l ~ ~ ~ I c ~ ; I z o B a 1 c ~ ) ' > 1 1 l b ~ X  npM- 
bopax, p a 6 0 ~ a m ~ u x  npil BbICOKMX HBn~>FIXZCilIIflS Ha 3JeIZTJ)OA21X, 

npMBeJI0 Ii H ~ O ~ ~ O A ~ ~ X ~ ~ C T E I  113)T111:Tb BaK)'Y>lHbl? C B C ) ~ ~ C T I I ~  XIIll<aJli'I<- 

Ca M BJIIlRHHe H ~ ; ~ I ~ H ~ H M ~ C  BaKYJ.Ma Ma p a 6 o ~ y  fiaTTiMKa. 

Mccnexosaaue noj~asano, zrro nome npenBaj)i?TeuqbHom oGe:3- 
r a x m a H m  B naK);ynfe B reseakle 60-80 Llac. rrpkr TexrnepaTppc 
450-480" 11 naBJIeHIlPi A0 M &  P T .  CT. MIIKaGIeKC npk106pe~ae.r 
c e o i i c ~ ~ a  n o r n o ~ ~ ~ a ~ b  r a m  cnoet ck1nb1:o p a 3 ~ ~ ~ 0 i i  nouepxHocTbm, 

obpasym~~~e i i~c i r  FI p e 3 y ~ b ~ a ~ e  , ~ n ~ r e . n s ~ o i i  T e p ~ ~ r I e c ~ o i i  06pa6o~r ta  

B BarcyyMe. n'ocne npe6br~at1en Ha ~ 0 3 n y x e  B TewIrue 60 sac.  0 ' 6 ~ 3 -  

r a x e ~ ~ b ~ i i  xfer<aneK,c, CHjOBa n o ~ s e p r ~ y ~ b ~ i i  ~ennonoii 0 6 p a 6 o ~ ~ e  
(080-400" C )  B BaKyyMe, IIO.IMOlCTLK) BOCCTaHaC .IHDaeT CBOIl ~ ~ 0 2 -  



H e  H 3 M e H R e T C g l  3 a T O  3 a n H H f i  $ J ~ O I I T  ~ c e  c ~ ~ q b ~ e e  pacTnrHBaeTcrl MexYTKOB ~ ~ p o f i  
KaTyLUKH P Y M K O P @ ~  myMb12 B'03HHKa*mie 

BO w e ~ e ~ a  u ncnaxae rcn ,  nolia, H a i - o a c l l ,  rips H a K y y M e  nopRAi:a H a J l ~ u H R  rp~3i l ,  T a K H M  c n o ~ 0 6 0 ~  0 6 b l ' i ~ o  
' 

HJ%~ P T .  CT. A a T q n K  n e p e C T a e ~  p a 6 0 ~ a T b  ~ 3 - 3 2  C M J ~ H ~ L , ~ ~  my- M,H,nraa AaT'inK n P ~  c i j o p ~ e  n o n a A a I o T  n b I f i e B H A H b I e  Boll::I~Hbr 

M O B ~ I X  TOKOR U MfCTHblX n p o 6 o r ~ .  npH ~ c ~ y ~ I m e I I u H  Baxyyna R r r l  opraHllqecKoro f l p 0 ~ 1 C ~ o X A e H H f l -  nocne r e ~ ~ i l ' i e c ~ o e  06pa6''riin 
K a p T N H a  B O ' c C T a H a B i l H B a e T C R  H @ ~ p \ ~ a  ~ \ ~ n y v ~ b ~ a  T O K ~  Ha Aoslleli BaKYYMe OHM 0 6 j ' ~ k i B B m T C f l  Pi CTaHOBRTCA npoBOARUIIIMn' 

rope n p ~ o 6 p e ~ a e ~  n p e x ~ n r i  B a a .  aajrbileGllrep !:~ylIloPHwe c o n p o T ~ ~ e ~ ~ e  I I O P ~ A K ~  5-7 r b l c .  o". *pN BaJ~m'ieHHH HanpRxe- 

y h l a  H e  M e H n e T  i p o ' p ~ b ~  HMn)..lbCa , T O K ~  ~a K O f l n e I ( T O p e  BaKyyhl M e x ~ y  3 M P i T T e p a M M  B ~ P C ~ ~ ~ ~  OPNeHTRPywTCH ' 
n ~ s 6 0 ~ e  n"pTHficR n l l o r ] ) e B o M  ua I3PeMR O T K a q K n  c T e m t 1 H o r o  re(. 3 a ~ b ~ ~ a H H e  M e x A y  nayMn coceAHwMH 3MMTTePaMN COnpOTUB"C- 

~ e p ~ o r o  c ~ a a a w n x a ,  npunanxooro K R a K ) ' ) . I I { o M Y  06beM)., I{OTli- lIHeM 3aMb11(aHHR WPO me n o ~ f i n ~ a .  n p o x n r  0T KaTYUIKu 
 OM I I ~ X O A M ~ ~ C R  npu6op. pyuKopq,a p a 3 p y ~ a e ~  ~ o p C H H b 1 ,  il 3 a M b I K a H i i e  f i H K B H a H P Y e T C R -  

OAHaKo TaKOM npM60pe, K a K  n p a B H J I O ,  B 0 3 H H K a m T  cH.nhHbIe  M H o r o ~ a ~ a f i b ~ b ~ e  A a T q I l K N  n p H  ~ a n p ~ x e ~ ~ m s  H a  ~ a , c ~ a ~ a x  A, j  
3a CgeT 

a B T 0 3 J e ~ ~ p , ~ H ~ ~ f i  3MMCCMM C O C T a T K O B  BOPCMHbl,  MMemuuX- 300 ceGn ~ k h 3 ~ o r l r ~ 1 1 1 o  c y 1 4 e C T B J ' m ~ M ~  n p o ~ r , I ~ w T c I I l r ~  
C R  Ha 60KOBbI~ ~ o B ~ P X H O C T R X  I )MNTTePOB,  rAe r p a A H e H T b l  HanpR- 

0 6 ~ a 3 ~ a ~  321eKTPQHHbIX Y M H O X N T ~ ? , ~ ~ ~ ~  I j  B 6 ( ) b i I b m B ~ C T D e  C a y y a e I 3  
xeHHR BenHKu. M ~ o ~ ~ ~ p a ~ ~ b ~ i i l  n p o n i H r  EICKPOH C H M x a e T  W M b l  

MMemT YPoBeHb LL1YMOB7 H 3 M e p e H ! l b I f i  H a  K O j l G 7 e K T O p e ,  3 ~ a q ~ ~ e j b ~ 0  
H u m e  10" - lo-* a. n p u  n o B b l m e H ~ ~  w a l l p H x r H H n  Ha KacaaAax 3 T H x  npli6opax n p u M e p H o  ~a ol l i i l  nOpnnoK CHwHieHHe ypoBHn 
OT 300 O Bblme Y P O B e H b  m Y M O B  p e 3 K 0  ~ 0 3 p a c ~ a e r  11 npu ~ a n p ~ -  ,yMoB 

~ ~ p 0 1 ~ a H a J b H b I x  4 a T ' I E I K a X ,  p a 6 0 ~ a m W ~ I x  npN BblCoKHX 

Han,pnxeHHnx H~ ~ a c ~ a y a n  H i i o l n e ~ i r o p e ,  A0 10 flKa 
H n x e  He- 

>r<eHuu Ha K a c K a A a x  n O  500 8 O ~ ~ I ~ I I O  ~ a 6 j l K ) ~ a ~ ~ ~ ~  n e p e K o c b 1  ~ a -  06xoAwMo, q - 0 6 ~ ~  n 0 ~ l b 3 0 B a T b C R  ~b1.co l i0OMHbIM1.I  AeJIMTe'TfiMM Ha- n p R x e ~ l i W  Ha K a ' c K a A a x  ( H ~ ~ ~ H > K ~ H H R  # H a  K a ' C K a A a x  y & l e H b m a m ~ c ~  
npRxeHHR H o n p e ~ e ~ ~ f l T b  ~ ) ' B c T B E I T C . ~ ~ H O C T ~  n p M  M a J b I x  B b l s ~ R b r X  no Mepe npQABH>r<eHiIH K K O ~ ~ J I ~ K T O P ) ' )  ; M C 9 e 3 1 I O R e H N e  H a n p f l x < e ~ r H n  
TOKaX, K ~ r ~ a  M,oH(HO C q H T a T b ,  ' i T 0  O'I'CeB 3"7eKTPOtIoB 'I3 n)'lJKa 

O A H o x - A B y x  B b l X o A H b l X  K a ' C K a A a x  H n e p e K o c  H a n p R x e H ~ R  

c n e A p m w e M  3a HMMH K a c K a A e ;  u c s e s l ~ o ~ e ~ ~ a e  H a n p n x e H H n  M P ~ , ~ ) ~  
o , 6 y c ~ o s j e H  ~ o J b K 0  ~ ~ O M ~ T ~ M ~ ~ C K M ~ H  [PaKTO~a"' 

B 3 a ~ f i m q e , H H e  a a l r ~ p b 1  B b I p a X a l O T  ~ , ~ ~ a r o ~ a p ~ ~ o c ~ b  H. M M K ~ -  
AnyMR co 'ceAIIHMu K a c K a A a M B ,  K O T O p O e  >IO>IteT n o 3 1 1 ~ r { f l j . r b  B ;IK)- 
6 0 ~  M e C T e  A a T s H K a .  0. A. marep, n p ~ ~ ~ ~ a a m a n  ) . q a c ~ l l e  p a 3 P a f i ( ' ~ ~ c p  IJclco- 

T o p b ~ ~  B O ~ P O C O B ,  3 a T P O I I Y T b I X  I3 H ~ C T O ~ ~ I Q C ~ "  C'1';1T6C' 
3TM R B ~ l e I I n f l  N ~ ~ J I H ) A ~ K ) T C R  n p M  n a . r a I l M u  , q a T r r H K o n  OT , ~ c -  
H a n P R x e H H f l  'C C O ~ P O T M B ~ I ~ H M R ~ \ . I M  M e X A y  K a c ~ a , ~ a > l j l  no- .7 [ ~ ' ~ E P A T Y P A  

P R A I < a  O A I I o r o  M e r o M a  u ~06ycno~ne1r~1 B O ~ H H I { H ~ B ~ I I J ~ ~ , M  t j o ~ b m ~ ~  
W y M o B b r x  TOKNOB, ~ P M ' I U H O , ~ ~  K O T O P ~ I X  RBJIRmTCR p a 3 . q ~ g 1 1 0 r o  p O A a  1. R. F. P o s t, N. S. S c h i r  e ll; P l l ~ s ,  Rc'J. 78, 80-81 (1950). 
~ ~ ~ P R ~ H ~ H H R  EI n b I J I b ,  n o n a A a m u n e  B npuGop n p H  era M 3 r o T o s n e -  2. A. L u n d 1 y, P h ~ s .  Rev. 80, 41) (1g50), . 
HBEI. 3 . w .  C.  all, B. M, ~ o r r o n ,  J .  W. K e l l e r ,  S. H. [ a i e b s o n ,  

Nucleonics 11, 1, 49--55 (1953). 
n ' o c ; l e  C n e U H a J I b H b I X  Q n b I T O B  f j b 1 ~ ~  BbIRCjJeHbJ  IIe]<(JToDbIe ~ D ) . I -  4, J. D. S h i p m a  n, M,  R. MC C r a V C r l ,  IR[x T r a n s i l c t i o n s  On 

'[HHbI B03HPfKHOBeHIIR ~ ~ ~ L U N X  I U Y M O B ~ I X  TOICOB. T a K ,  3 a r p ~ 3 ~ e ~ ~ ~ ~  science 3, 1, 10 (1956). 

BHAC Tolll(MX n a e H O K ,  HMemLIIMX I l e C K O J b K O  MOJIeKYLJ1511)111,1~ C J I O ~ B ,  
'Ha K p a f l x  pe6pax 3 M N T T e P O B ,  I 'Ae  r p a A i I e ( H T b 1  ~ a n p ~ x e ~ u j j  ~ a ~ c u -  
M a J b H b r ,  r I o C J e  0 6 p a 6 0 r ~ ~  B B a K y y M C  npa T e M n e p a T y p e  380- 
4000C T c q e H H e  20-30 I J a C .  A a I o T  ~ B T O ~ J I ~ I < T ~ O I ~ H ) : I ~  3 ~ r l g c c a 1 0  

H P a  I I a n P R x e E r M f l r c  M e X A y  r i a c K a A a m i  n o p H a K a  400-500 0, r lpw.  
WM 3fieIiTPOFIL1, H c n y c K a e u b r e  nneartofi, n o n a n a R  B MexKa: ; raar IL1,2  

n P O M C x Y T K H ,  3 a X B a T b I B a I O T ' C R  n O n e M  y h f f i o x u T e n n  a 0 6 p a y ~ o . r  II;l 
K " n n e K T o p e  6 e c n o S p f l ~ 0 s ~ b l e  I l I y M O B b l e  TOKH 6 0 f i b m o j i  B,. p:IM1iTiHbI. 

nbmb nWJe T e p ~ U . ~ e c K o f i  0 6 p a 6 0 ~ ~ u  B BaKyl7 ; f le  0 6 y r ~ l ~ ~ a e r ~ ~ ;  

H n P H  r I a n p r r x e u a H x  H a  K a ' c a a A a x  csbrme 400-500 8 o p x e H T b I p y e r -  
CR no n0n1o; B M e C T a X  C 60 . r lbUI~hf11  r P a A H e H T a M M  ~ a r l p f l i l < t I I : . l i i  CBR 

A a e T  a B T o 3 n e K T p O H I I y m  ~ M H ~ C H ~ ,  B p e 3 y n b ~ a ~ e  1~o~opoi2 Ti lKiKC 

D O S I I B K ~ K ) T  U I y M O B b l e  T O K N  T e M  6 0 J I b U I e f i  B e J H Y H H b l ,  g e M  6 n ~ m c  
K K a T O A Y  MaXOAHTCR MCTO'iHMK ILIyMa.  ~ J ' M ~ I ,  B 0 3 M H K a I O U U e  C i l P U -  
6opax H 3 - 3 a  I IaJ lH ' I I iR  n h I i I l l ,  0 6 b 1 ~ 1 1 0  J'AaCTCR ,TI iKBlIAHPOBaTb IIJII 

y M e H b ~ 1 H ~ b  H a  2-3 n O p H A I < a  H p O X N r a H I I e M  M e X K a c K a f l H 1 , I X  lip,)- 
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JIMHEBHASI CXEMA IlPOIlYCKAHMR AJIR MMHYJIbCOB 
JIfO6OrO 3HAKA 

O n ~ c a ~ a  n r i ~ c i r ~ a x  c x e M a  n p u n q c k . a t I r r a  gnn r r b r n q n b c o B  nit>- 
601-0 3 H a K a  C a M l I J I I < T y ; l a M I f  O T  0.5 1 0  50-60 8 N C K O P O C T b K )  H a -  

pacraam H M n y n b c o R  H a  ee s b r x o l e  nopn2h.a 450-300 s/,qwceh 
C X C M ~  N C ~ O J l b 3 y e T C R  B M H O r O K a H a . T b I i O M  a H a n N 3 a T O p e  C 6 b l c T p b 1 h 1  
3 a n O M M H a l l H e M  M H O T N X  a M n j l N T Y J  I!MIIYJlbCDD H a  11OTeHI[NaJIO-  

H O C l l T e J e  ~ J I C K T ~ O H H O - A ~ . I ~ B O ~ ~  ~ a ~ o n N T e J I b ~ 0 f i  T P Y ~ K N  I1 60nec 
Me,TJIeHHbIM C q l I T b l R a H U e M  N p e r N c ~ p a ~ N e f i  I f f .  

O C H O B H ~ ~ ~  T P ~ ~ O B ~ H M R ,  I I p e A ' b R B J I R e h l b I e  K J ~ M H ~ ~ H I ~ I M  C X e M a M  

n p o n y c I i a r l M R ,  COCTORT B c n e n y m m e M .  1 )  K O ~ $ + M U H ~ H T  npony- 
C K a H H f f  C X e M b l  d O J I ? K e H  6 b 1 ~ b  p a B e H  e A N H U I L e  H n M  H y A K ,  B 3 a B l I C H -  

~ I O C T M  OT 3 ~ a ~ ; a  y n p a B m m u e r o  H a n p R x c w m .  ECJIM I C O ~ + $ I I I ~ ~ ~ ~ I I T  

M e H b U I e  eXMHMUb1, T O  OH L O J I X e H  6 b l ~ b  nOCTORHHlbIhl,  H e 3 a B M C N -  

M ~ I M  OT a b l n n m y n b l  n p o n y c K a e M o r o  a M n y n L c a ;  2) C O ~ C T B ~ H H O ~  
B P e b l R  H a p a C T a H M R  C X e M b I  A O J I X H O  6 b 1 ~ b  H e 3 H a 1 1 M T e n b H b l h I  no 
C p a B H e H k f I o  C BpeMeHeTvl  H a p 2 l C T a H E i R  n p O I I y C K a e h I O r 0  E i M n y J b C a ;  
3) ynpasnnmmce H a n p m I t e H M c  Hle A o n x H o  npoxonmb H a  B L I X O , ~  

c s e M b r ;  4 )  a M n n M T y n a  ynpannnmuero H a n p n x e H c r R  H e  aonawa 
  LIT^ Y p e 3 M e p H O  6on~moB.  

R p o s e ~ e ~ ~ o e  H a m  M c c n e r r o s a H u e  c x e ~  n p o n y c e a H m  pa3nu.r- 
H O r O  T H n a  n O K a 3 a A 0 ,  YTO 3 7 M M  T P ~ ~ O B ~ H H R R ~  Y A O B J I e T B O P R e T  B 
6 0 n ~ m e G  c ~ e n e e u  ? * i o c T o n a s r  c x e M a  H a  s e T b I p e x  B a K y y h f H b I x  AMO- 
L[aX *) ,  j ' n p a B J I i 7 C h f a R  O,L(NHaKOBbIMII no BeJ lEiqHHe,  HO / la3JIMqt l lb l -  

hlM IIO 3 H a I i y  M M n y J l b C a M M ,  n p N 4 e M  3 T N  U h l ~ ) . u l b C t ~ I  IIOAaIOTCrl H a  

C X e z l y  T;lIOICe q e p e 3  B a K y J ' h l H b I e  DHOAbI .  

h o e - c x e ~ a  n ~ ~ e i i ~ o r o  y c ~ p o i i c ~ n a  n p o n y c K a H l i R  n p u s e j e I m  

H a  ~ M C .  1 ,  ero n p w r r M n L i a . v b H a f f  cxem - H a  p ~ c .  2. M ~ n y . ~ b c b r  no- 
c T y n a m r  I I a  c x e M y  n p o n y c x a m f i  (CI7) sepes s x o ~ ~ o i i  K ~ T O A H ~ I ~  
nonropmenb (f in). ~brsoay 6 " ~ o ~ a  C f l  n p t t c o e n I i n e r r  n b l x o n -  

MOI? KII. H a n p n x C e ~ ~ ~ ,  y n p a ~ ~ ~ ~ m m ~ e  G n o r < o h r  CI7, C O ~ A ~ I O T C R  
~ ~ m s e n o i i  c t e k ~ o f i  ( K C ) .  Ha ~ x o n  6.701ia KC noc-r) namr  M M ~ I ~ J - I ~ C L I ,  

q ~ o p ~ u p y e ~ b r e  y n p a s n m u m  T p M r r e p o k ~  (YT) . I~.~ToK YT J n p a n -  

" )  J. hl i l l nl a n, T. I' 11 c k c t t ,  I'roc. I R E ,  J V 2  1. 2!)11955). 
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Y n p a ~ n n m l ~ l a e  I I a n p R x e n k i R  n o a a m T c R  K c x w e  M o c T a  s e p e 3  

AN'OA~I J77 M J 7 8 .  OHII B K J T ~ ~ I ~ M ~ I  T a l c ,   TO ~ C , I M  w p e a  1 1 u x  npoxoaar 
TOK, T O  QIIM RBJIRIOTCR HenI)OBOARWMMM, A H ~ O ~ O P O T .   TO I I 0 3 B 0 -  

n R e T  oGoii~ucb y n p a B n f l m r q l m t t  m n p R x e m R M M ,  B e u 7 u 1 1 m a  KOTO- 

p b I X  C Q M 3 M e p H M a  C M ~ K C H M ~ ; I ~ H O ~ ~  ~ M ~ . z I ? T ~ A O ~ ~  n 1 ) O n y c K a e M b l X  NM- 

n y J b C O B .  ~ o M M ~ H ~  T O r O ,  C X e M a  O K a 3 b I B a e T C R  H ~ ~ ~ B C T B H T ~ A ~ J ~ ~ U O  I< 

pa36ana~cy ~ T N X  ~ a n p n x i e ~ ~ i .  
H ~ H H ~ I ~  C x e M b I  n p 0 n y C K a H ~ R :  1) K O ~ @ @ H Q M ~ I < T  n P O n Y C K a ~ H N R  

CXeMbI ,  T. e. OTIlOIUeHkfP a M n J H T y A b 1  MMn!,?bCa H a  B b I X O A e  K ero 
a M n J I M T y A e  H a  B X O A e  I I O p R A K a  0,88; 2)  BO B p e % l R  H e n p O n y C I < a H M R  

H M n y J I b C b I  H a  BbIXOAe Cxelc lbI  0TC)'TCTBYDT; 3) CKOPOCTb H a p a C T a -  

H M R  n o a o x A i T e a b H o r o  + ~ O I I T ~  MsIny; Ibc 'a  H a  BLIXOAC IZaTOAHOrO 

n o B T 0 1 p k l T e J I R  J 1 4 - 1 5  n o p R A K a  450 L?/~l<c'eh-, O T p N U a T e u 7 b l i O r 0  -- 



/ P u c  2. r I p u s u u n u a n ~ l ~ a n  cxehfs n l ~ ~ r l l t r o r o  yc rpo l i c~sa  nponycKailria 

I UMnyJLCOB. I 

Puc.  3. r p a @ s ~  n u ~ ~ e i i ~ o c r r i  cxeMbl nponycKaHHR Ann 
OTPUU,aTeJIbHblX U nOflOXUTenLIIblX UhfnyflbCOB. 

Ynpaennwqnii Tpnrrep c o 6 p a ~  H a  naMnax 6lI6 co caasblo no 
3KPaHHblM CeTKaM. Ha YnpaBzlHIOIUHe CeTKH JIaMn IIOAaloTCR MM- 
nynbcu, coenaaamuwe ao ilpeMelru c HasanoM a O K O l l W H H e M  UII- 

Tepsazla nponycKaHnR. A ~ H  + n ~ c a u ~ ~ $  COCTORHMR <<nponycKaHMe>> 
B CeTo'IHyK) nenb naMnbx n12 BseAeH ~ y ~ 6 ~ T e l l  <<c6pocs. Ann ynyli- 
meHuR ycno~lifi  nepeaaru @ ~ O H T O B  M A T ~ ~ J ~ C O B  c aHoAoB Tpurrepa 
H a  CeTKK KJIIOqeBbIX A a M n  AeJIATejIA HanpRXeIIUR B UenHx 3KpaII- 



O n ~ r b l s a e ~ a n  c x e M a  nponycnaann n c n o . 7 b s y e ~ c n  H a m  P. 

M H O r O K a M a J I b H O M  a H a J I P i 3 a T O P e  C ~ ~ I C T ~ ~ I X I  3 a n O M E I I l a H M e M  MHOrEIS 

a M n J I R r y A  NMnj+JibCOB H a  ~ O T ~ H U N ~ J I O H O C H T ~ J ~ ~  3 . l e K T p O 1 3 H O - ~ l j y e -  

I 3 0 i  ~ a l r O n P i ~ e J I b ~ 0 6  T ~ Y ~ K H  I? 6oaee ,\IeAJIeHHbIM C W T b I B a I i M e M  11 

p e r ~ c ~ p a u ~ + e i  nx. 
I3 3anmoqe1iue asrop 6naronaprrr K. 3. 3 p r ~ ~ c a  s B. M. Eape -  

M e H K O  38 H O M O q b  I3 P ~ ~ ~ O T C .  

P A C ~ E T  M 3 l (CnEPMMEHTAf lbHblE  XAPAKTEPMCTMKM 
n p M l 5 0 P A  Ji,JlR M3MEPEHMR YCTAHOBMBUIErOCR 

n E P M O A A  R A E P H O F O  PEAKTOPA 

I ( ~ K  U 3 B e C T H 0 ,  B e J I N g M H a  YCTaHOBMBUIeTOCFI n e p U O A a  R A e p H O r O  

P e a K T O p a  T, C B R 3 a H a  C T ~ K Y L Q ~ ~  n A O T H O C T b I o  H ~ ~ ~ T P O H O B  12 COOT- 
HOrUeHNRMU [ I ]  

1 - 1 dn --- - - . - 
TI,  n d t  ' (1 



E c n ~  I - r u n  ~o~jwsaqaonsoii  a a ~ e p b ~ ,  rorna I = AP, rile 
A - K O ~ @ @ U U U ~ H T  n p o n o p q u o H a n b l I o c T u .  

f l ~ r a p i l @ ~ ~ p y l o ~ U f i  3 J l e M e l i T  N YCHIIHTeJIb  I I O C T O A l l H O r o  TOI(:, 
c o a A q e c r I I o  npenc-raannmr ~ l o r a p ~ @ u ~ p y m q ~ B  y c i i . a N r e n b  ['L], R ~ I -  

x o n H o e  l i a n p R x e H u e  K o T o p o r o  I/ n p o I I o p u M o H a n b H o  . i ~ o r a p ~ $ ~ v  
T O K a  / 

~ ~ ' I u W H ~  r o K a  I,, nporesalowero sepes r a n b e a e o u e r p ,  06pa.r- 
l-ro n p o n o p q H u H a n b H a  nepnony peamopa; o I I a  o n p e a e n R e T c x  u3 
Y p a B H e H B H  

~ ~ H K U H O H B ~ ~ H ~ .  cxeMa npn6opr n pacser napaMsrpus 
3BeHbeB 

pnc. 3, a, 6. 
B K a W C T B e  .norapa@unpyrouero 3 n e ~ e ~ ~ a  u c n o n b 3 y e ~ c ~  AMOJ 

6a4X 131, w ~ e l o ~ ~ f i  n o r a p s @ ~ u ~ e c ~ y l o  a o n b r a u n e p I l y l o  x a p a ~ -  
T e p u c r e e y  B m e p o K o M  ~ ~ a n a j o ~ e .  Kpsnue n o r a p u + ~ a  a H o n H o r o  

T o K a  B @)THKUHU H a n p R X e l l l l R  H a  B H O A e  ui U I R  P.MOAa 6n4X 
B b l q e p s e H b l  H a  PMC. 4. AJIA p a c l u n p e H u n  A u a n a j u H a  ~orapsglaw- 
p o B a a u a  O K a 3 a j T O C b  H ~ O ~ X O ~ ~ M M ~ I M  Hu?R H a I t a T a  K a T O A a  A H O A a  HC- 
n O J I b g O B a T b  ~ X T * O R H H ~ I ~  TOK M uenb H a K a . ? a  n p U C O e A H k I H T b  I< I<a-  

T O ~ ~ . ' A J I R  o b e c n e s e ~ a ~  H y n e B o r o  n o T e H u a a n a  K a T o A a  H a n p R x t t e -  

H U e  H a K a J I a  AHOfla  ~ b l 6 p a ~ o  P a B H b I M  2,7 0. 
K O ~ @ @ H L ( U ~ H T  n e p e A a q H  A M o A a  ki p a B e a  il, 15 a H a  o n ~ y  Aeica i l \ r  

( f i e c f i ~ u l ~ p a ~ ~ o e  m u e ~ e ~ r u e )  r o K a  la BJI!~ 0,0652 a ] l a  e - ~ l ~ a ~ r r o c  
H 3 M e H e H H e .  

a.ile p e r p i c T p a u H H  3 ~ a q e 1 r ~ f i  nepuoga np~*ue!rerr B O C ~ M E ~ L L I , I E ~ ~ ~ ] ) -  

ocu~nnorpa@ m n a  MnO-2 c B H ~ ~ ~ T O [ ) ~ M I I  V H IV, HVEH)-  

q U M A  M a K C I I M a A b H O  AOn).CTMMble aMnJIMTJ'Ab1 T O X a  (COOTB~TCTBC:I- 

H O  10 N 25 M U ) .  AOCTOUHCTB~MW M a r H N T H O T O  O c u H n J I o r p a $ a  HB- 
J I R l o K R  M a J I a R  HHepL(H0HHOCTb ~ N b p a ~ o p a  M A O C T a T O s H O  B b l C O I t a R  

TOgHOCTb B O C ~ P O N 3 B e A e H I I R  C H T H a J I a ,  a H ~ A O C T ~ T K O M  - M ~ J ~ O ?  
BXOAHOe C O n p O T U B J I e H H e .  ~ o c J I ~ A H ~ ~  O ~ C T O R T ~ J I ~ C T B O  n l ) e E b R B -  

n R e T  o n p e a e n e H H b I e  r p e 6 0 s a ~ ~ ~  K B ~ I X O A H O M Y  K a c K a A y  - y c H n M -  
T e a l o  M B U H O C T H ,  K O T O P ~ I ~  A O A X e H  B M e T b  M a A O e  B b l X O A l l O e  conPo- 
T H B ; I e H H e  H, K p O M e  TOTO, o ~ ~ c I I ~ Y M B ~ T ~  n e p e M e H Y  3 H a K a  T O K a  U 

~ ~ B U C M M K T H  OT 3 ~ a ~ a  c B r H a . r l a ,  n o c T y n a r o w e r o  Iia ero BXOA. 
n o c ~ o e ~ ~ a ~  B p e M e r r u  nu@@epe~uupymuero snclra 7 ,  ~ b l 6 ~ -  

p a e T C R  H 3  U 3 B e C T H O r O  YCJIOBBR 

z3 = l?AcJ .< 7",  
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3 T ~  H a n ~ R x e H ~ e  n o c ~ y n a e ~  Ha cewy naMnb1 J; BuiroAlloro aa,. npH R,r (P + 1) >> R~ KaAa. TOK Ha BbIXOAe CXeMbI paljell ~ R a z  
1 ks= - R,, + 2R,' 

(14) 
f, = kC,R,S - - . 

T~ ( 1 0) CxeMa BblxoAHoro K a c ~ a ~ a  npeACTaBJHeT ~ 0 6 o f i  f i a $ $ e ~ ) ~ ~ ~ ~ ~ -  
3anaomscb KOnKpeTHbIMH JmOBHRMH, nonoxne, q ~ o  nelIH- anbHYB KaTOAHbig nOB~~pHTeJIb, raJIbBaHH'JeCKH c~R3aHHb1B A")- 

Oay ',, P ~ B H O M Y  295 c e ~ . ,  m x N a  co@TBeTcTBo~a~b o n p e n e ~ l ~ , ~ .  ~epeHsaaJImYM ycaJmeaeM ~anpnxeHHn. ~ O B T O P ~ T ~ J ~  ' yea- 
If lo ,  HcnOJIbrl~ BblpaxeHpfe ( l o ) ,  HaGneM nurub co6panbI coo~~e~cTBeHHO Ha 6n1n ' 6H1n '"' 

kCfiRbS = I,, T,, . ripe nonBneHaN c H r ~ a ~ a  Ha CeTKe JaMnbI f l 5  noTeHUiran CCTK'r 

(11)  naMnbl J, a3MeNaTcR Ha ~enHqImy 01, a n o ~ e ~ l ~ ~ ~ a f i  c e ~ m  na.Anbl 
n o c r o n ~ ~ a n  'peMeHw C~ R, = 0,07 CeK., a K o s i ) @ n q n e ~ ~  4 Jle - Ha BeaWqaHY u2 ,  npaqeM 01 H u2 n p o ~ H B o n o n ~ ~ ~ ~ ~  

KaK 6b1~0 WMeqeHo, paseH n p o n 3 s e a e ~ ~ m  k ,  . k2. 
3 a ~ e r u M 9  n e ~ ~ ~ ~  KaCKaAe ycirne~lm n a ~ n a  ~ l r  pa60raeT 3HaKY. ,TOK HarPY3~e  R* ~bIxoAHOr0 xaclcana O n l r e ~ e J n e T c n  

cne4Ha~bHoM PexHMe, He n o 3 s o n n m q e ~  nOJyyHrrb oblcoKIlfi K ~ ~ ~ , -  
Q H u H e ~ T  YcbIneHHX, n03TOMy OH p a ~ ~ e ~  2-3. @p"ynbl. 

Heo6xoneMan KPYTH3Ha BbIXOAHOrO xacxaqa onpcfiefinercl IH = -- RiR, 
TaK: RH [Ri I (I + P) RKI + 2 R ~ R ~  

( u l - ;  U2)S '  (15) 

J I a ~ n a  6 X l X  nepeoro Kacnaua ycilneHNn pa6oraer B cnemi- 
aJIbHOM PeXHMt: HanpPXCHMe Ha aHOAe U, = 10 0, H,? nepico.[ 
CeT!Ce (i,~ = 1 8, Ha I?lo!Iofi CeTKe Uc2 = 10 0, [la l p e ~ b e k  CeThe 
Uc3 = --3,7 8, HanpHXeHHe ~aKa.na OH = 4 8. Hanpnxesun mi.- 
WHHR Ha nepByro H n~opym ceTKii s anam~cn  AemreneM, a I I C ~  

*rperbro cmxy - naAcHaeM eanpnxeHlrn Ha conporllsneneu R,(, . 
BTOT pexam p l 6 o ~ b 1  n m n  6 X l X  06ecnevneaei bcnbmoe axu:~ 
troe conpoTaBneHne H - AXR CIfHxeHnn YPOBHR m y ~ 3  - ~ a n h ~ i i  CC-  

TWIHb1fi TOK. 

B~opoi i  KaCKaA yCHJIHTUIFl c o 6 p a ~  Ha AaMne 6H2H. Tali KaJ, 
nOTeH4HaJI alHOAa JIaMnbI 6 X 1 X  BXOAHOrO KaCKaAa CrTHOCMT?JhHO 

3eMJIH EIeBbICOK (14-15 0 )  , TO IIOBbIuIeHHe IIOTeHUMaXa KaTOnA 
JIaMnM 6H21I nloporo iiac!iaira Ha 1,5-2 8 no cpanf,efrlrm c no- 
lerrusanoM aHoAa naMrIbI 6 X 1 X  06eCneqH~ae~ ~opreanbrrhrii pe- 
X N M  H JIMKBHABPj'eT nOIeH4NOMeTPI.lrIeCIiym CBR3b MeXA\: KaCIta- 
n a m .  O~gu l r a r e r lb~aa  o 6 p a r ~ a n  csnsb, 06yc~roone~ilan conporrrij- 
jreaMeM RK2, ~ o ~ n e ~ ~ c ~ t p y e r c ~  npanoii n o n o ~ ~ l ~ ~ o i i  naMnhr 6 ~ 2 r l .  
pa6oraroweri B PeXHMP KaTOAlIOrO nOBTOpHTe.,IH. 

B b l p a ~ e ~ w e  nna ~03r~l j~l1lr i ler l~a ycwnefIwn sropor o 1acltan.i 
meeT BHA: 

m e  Ri, )I, S - napaMerpb1 JIaMnbI f l 7  H f l s ;  R. - R, I = Rr5; 
R,, - conpwuanwae mnefi@a, pasHoe 6 on. 

HanpHxeHun Ui H U2 nsnnmTcn peaynbiarozl ~ C H J I ~ H H F I  "a- 
npnmeHun On" CoOTBeTCTBy~~HMH CeKUilflMH ~ T N ~ ) ( ~ ) ~ ~ I ~ I I U H ~ L -  

k, ----- - <hRa2 

R~231-- ' (13) rAe RR, = Rai = Rai. 
R,, - R, t ( :J  1). --- C yseToM (19) Bblpa>KeHHe AJR ~@@€!KTH"B"" 1il)l))1M311L1 "I- 

RL -+ ([L + I) RK2 XOAHO~Q ~ a c ~ a a a  MOXeT 6b1Tb 3anMCaHO 
' A c  IL l ~ ~ - C O o T ~ e T C T B e ~ ~ ~  CTaTIlrlec~I.lfi ~ o ~ @ $ ~ ~ ~ ~ ~ ~ ~  >CIIJIe- RLRKS - . :*,Rd 

S ,  = 
(20) 

BIIYTPeHHee CO~POTEIB~I~HM~ J I ~ M ~ ~ I .  R, [R, + (I + p) RK] I- 2RLRt\ &I  Rd ' 

26 27 



1 iptf  Ea=27U a ,  RlI=6 ON. RK4=RKj=4, 1 K O J ~ ,  S,=50 wn n, 
HI, I , \o , ! I I I~~~~ i \ a c K a n  o 6 : i a ~ a e r  ~ 1 ~ 1 r e R ~ o r i  a a p a ~ r e p s c ~ u ~ o l  B npc - 
ne.irax -- 28 < I,, + 28 MU H ohecneliilnaer a b l c O ~ ) - l a  y c r o d s ~ ~ -  
DOCTb D e ~ l E i q N l i M  I l aqa J IbHOTO T O K a  H a  B L I l O A e .  

A ~ ~ a ~ ~ s e c x e e  x a p a K T e p K T L I K H  nJn nepuolla co 3 H a ~ 1 e I l i 1 n ~ s  

2,77, 11,7 u 27,5 c e K .  npeACTaB. r lPHhI  I I a  p H r  7. OHM CIIflTbI n p H  

H a q a J I b H O M  3Ha4eHMM TOKa H a  R l O A e  . 1 0 ~ a l > i l $ i l a ~ 0 ~ ~ ~  1 -  10 7 a 
p, CTQPOHY ero YMeMbUIeHM*. 

B p e ~ a ,  B T e q e n E i e  K o T o p o r o  nprr6op p e r a c T p H i p o B a n  Bejlu.iwcry 

p a 3 n H 9 H b I X  TIepEiOfiOB, BO BCeX CJIYzlaRX n p e B b I u I a J 0  EiX T p e X K p a T -  

H o e  3 H a Y e H N e .  A H ~ A B ~  AMHaMMZIeCKBX XaPaI<TePMCTI1K l lOI<a3b IBaeT ,  

9 T O  OTHOCUTeJIbHaR ' O U I U ~ K ~  M3MePeHHR E IIllM 3TOM I I e  n p e B b I -  
U a e T  0,03. ~ K C ~ ? ~ U M ~ H T ~ J L H O  y C T a H O B J e H 0 ,  sT;! 3 ' I H ~ k i Y I a n b H a R  

B e n u q u H s  T o K a ,  n p o T e K a m w e r o  sepe3 ABOA, p a B H a  1 . lop8 a. I I ~ M  
MeHbl l lUX 3 H a W H U R X  TOKa  I l O r P e U H O C T b  BbIXOABT 3a n p e A e L 1 b I  Ao- 
n y c ~ u ~ o t i  se Jms r? I rb I .  A a a n a s o ~  B ~ I X O A H ~ I X  n o ~ a 3 a ~ ~ i i  n p a b o ~ a  
I I e p e K p b I B a e T  OKOinO IIRTU A e K a A  BXOiI.HOr0 TOKa .  

Y Y E C T B M T ~ A ~ H O C T ~  npu6opa . 



J ' IMTE I ' A T Y  P A  

2. t a  c k y W e  i l I ,  Nucleonics 3, 36 (1953). 
3. n. M. n o  n o B, A B T O M ~ T ~ ~ K ~  11 TeneSrexaHuKa, C ~ O P H H K  c r a ~ e k .  MLi@M. 

1958, crp. 85. 
4. a. J'I. e K a 6 p y H, Bonpocb~ 3JleKTPORtlh.M B ~ ~ M ~ O ~ O C T ~ O ~ H H H ,  C ~ O P H U K  

HaysHblx pabor, & 12. Mamrua, 1957. 

Pnc. 7. & i ~ a ~ n s e c ~ n e  xapaKrepncrnKu npu6opa. 



__ --- -- 
luta 0,1 urce. n BpeMeHeM CnaAa 0.2 MKCCk-. n p l l  60JIbmHx MH- 
T m b H m ~ n x  @ ~ p ~ a  HMnynbCa - nPRMOyrO?lbIIaR C QPOHTOM Ha- 
~acraHHR nopRnKa 0,l m c e K .  

M c n o n b s o s a ~ u e  r a 3 o p a 3 p n ~ ~ b t u  c v e ~ s u ~ o e  B pexuMe 3npaR- 
nneMoro HMnynbcHoro naTaMuR, Iiorna HanpnxeHHe Ha CserqHklI 
nonaeTcH sepea ~ e 6 o ~ ~ b r n o i i  npoxTexyToK BpeSleHH noc:re M O M ~ I I I ~ I  

rrpoxoxneiuih- sacTaub1, ~ A ~ t a n a e r  pnnov  AOCTOHHCTB: j ~ l a l e q e l ,  
I IOA pa3pemamweA rnoco6sorrblo, 6o.~bmoil ~ e ~ ~ a s i i ~ o h  (no 1 1x1 I 
H ICPj T N ~ H O ;  PiMnyJlbCa. 

l l p ~  noMouu TenecKona 113 nnyx csersaKon, BwrmYelilrF,rx 1: 

c x e q  c o ~ n a a e r r ~ i i ,  perHcTpapymrcR KocmsecKae ~ I ~ C T M U ~ I .  MSI- 
nynbc cosnanerrr~ii s a n y c ~ a e ~  reueparop,  nb~paf j a~brnamqui i  mkl- 
nynbc narar-lun AnMTezrbIiocTbm OT 0,3 SO 4,5 M K c e K  11 a ~ n : ~ a ~ y ~ o i i  
A0 3 k-a. - - 

M ~ n y n t c  nHraHHn nonaercn Ha ucmenyeilbrli c s e r s s a ,  noae -  
wet~t~bt i i  Mrxny A e y m  CqeTwiKailu c o a n a g e ~ ~ i i .  B icasecrne reire- 
paropa acnonb3ye~cn cxeMa, onacaaaarr B p a 6 o ~ e  [I] ,  a TaKxe 
cxeMa Ha B O A O ~ O A I I O M  ~ u p a ~ p o t r e  TTM- 1-5015 c @o!)srup!.mueii 
. , ' I M H M ~ ~ .  3 a n e p x ~ a  m n y b c a  naTarrrlrr no c~~rrorrierrrlro I; M O M ~ ' H T \ .  

rrlloxo>KqeasH ~ ~ C T I ~ U ~ I  perjr.7rrp!.ercn OT - 0,7 30 50 meek-. FIa- 
rpyslia Ira cqerKIHIce :30 k-o.u. I3 c.~yrrar A . : I U T ~ : I ~ I I O C T I ~  1I~rny:~hc:~ 
0.3 Mlicek- - unnynbc T P ~ ~ I - D ; I L I I O M  $ '0 j1~bl  P BI )CI IC~C\I  HillJaC'la- 

32 
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0 ~ 1 1 0 f i  IIalpTI1H a M n J I r I T y A H M e  X a p a K T e p E l C T N K N  MeI-IRtoTCR O ~ C J ~ ~  
c.na6o OT CrIeTrIElKa K C9eTYMKY, X a p a K T e p H C T N K U  x e  J O X I I  
p a 3 p f l A O E  U3MeHRIOTCR O q e H b  CElJIbHO. no.-BMANMOMY, n P N r I N I  
3TOTO R B J R e T C R  p a 3 J I M q H O e  COCTORHMe ~ O B ~ P X I I O C T ~ ~ ~  I I I I  

C9eTqMKOB.  
A M ~ J I E ~ T ~ A H ~ I ~  X a p a K T e p l r C T M K N  C q e T q E l K O B  TC-9 H rC-30 r l p ~  

fIOCTORHHOM , H a n P R X e H E l I I ,  n l ) e B b I U I a I O w e M  n O p O r  o 6 n a c ~ 1 1  r a h r  
I I a  100 8, npalKTI1 ' leCKN C O ' B I I a A a t O T  C n ' p H B e A e H H b I M I i  t l a  pMC. 1 ,  J [O 

J l O X H b l e  P a 3 P R A b I  HaZIMHalIOTCR n p N  M e H b I H H X  a M n J M T y A a X  H M I I ~ : I L .  
C a  I INTaHMR U q U C J I 0  P a 3 p R A O B  ~ ~ I C T P O  p a c T e T  C y B e J U s e 1 - 1 U ~ ~ , ~  
a 'MnJIElTyAb1; BCJIeACTEI1e 3TOT,O p a 6 o q a ~  0 6 n a c ~ b  CZIeTLIII'K'OR ('0. 

C T a B J I R e T  150-200 8 AJIR CTIeT.IIIKOB rc-9 H 100 0 AJIR C'IeTZINli(,n 

rC-50 n p U  AJIllTeJIbHOCTN H M n y J I b C a  nOpR,I(Ka 0,3-0,5 AtKCeU. n1,jI 
A . n M T e n b l l ' o c T R x  u M n y n b C a  n u T a a m ,  6onbruux 1 M K C ~ K ,  c s e T l l u l : a  
TC-9 U O C O ~ ~ H H O  rC-30 HMeJII1 O Y e I i b  M a n y t o  pa6o~syto o6nac~b ,  1, 

!33Mept?HUR npki TaKElX ,I(..TMTe.rlbHOCTRX M M n y J I b C a  I IMTaHIlR A J R  IILI.Y 

HC nPOBO,I(M.JlNCb. 
~ @ @ ~ K T U B H D C T ~  C ' l e T q M K a  j O / O  3 a B I I C H T  CYW,eCTBeHHO O T  Bl)(i- 

MeHM 3 a A e p X K I . i  P i M n y J I b C a  n P t T a H H R  OTHOCHTeJIbHO n ~ O ~ X I i O X ~ e H 1 . I g  
Y a C T M q b I ,  n P I 1 9 e M  B P e M R ,  R T e q e H l I e  K O T O P O I O  C q e T 4 N K  <<nOMHM.l'>> 

npOXO>r<Aef lNe q a C T N q b 1 ,  3aBHCkiT OT 'IMCJIa 3 a P R A O B ,  COs3fiaHHbIX H PHC. 2. ~ ~ ~ ~ ~ ~ ~ b l e  x a p a ~ ~ e p l l C T B K I 1  CqeT1l"KOB MC-9 
o b a e ~ e  c s e ~ q a ~ a ,  M C K O ~ O ' C T M  NX c 0 6 ~ j 1 a ~ ~ ~ .  R 0 6 n a c ~ 1 1  raiirel,a (T, ,~," = 0,3 ,RKC~K) :  

c t n a m T b > >  c s e T s u x a ,  l i a K  6 4 ; ~ ~  RMAJiO 113 nanbseiirrrero, ~ ~ B U C I I T  I - llc = -720 ", 2 uo = -750 8, 3 - L!o = -900 " 9  

4 - uo = - 730 0. 
T a K X e  O T  B P e M e H M  p a C n p O C T p a H e t I N R  P 2 3 P R A a  B A O A b  CqeTLIMKa. 

C ~ M ~ ~ C T B O  RPeMleHHbIX X a ' p a K T e p U C T i i K  CZieTYUKOB MC-9 nOK:l- 

3 a H O  H a  pMC. 2. M 3 M e p e ~ k i R  I l p O B C n e H b l  npI1 I I e C K ~ O J b K H X  IIOCTOR11- 
HbIX H a n p R X e H M i r X  H a  C q e T q H K a X .  BHAHO, rITO < < n a M R T b > >  CqeTYl4K;L 
C O C T a B J I R e T  5-6 MKCt'K; 3 T 0  IIPOff 'MBO~Pe~EIT A a H H b I M  pa60~b1  [ I ] ,  
A a I O U I 1 M  p e 3 y A b T a T  R H e C K O j I b K O  pa3 6onbuuii. M3 PHC.  2 BMA.HO, 

r I T 0  3aBM8CNh10CTb ~@@€?KTIIBHOCTH O T  nOCTOR'HHOTO H a n p R X e H H R  H e  
RBJIReTCR MOH'OTOH'HO~. B ~ . ~ I I ? ~ N  n O p O r a  rafirepa K p E l B a R  ~ @ @ ~ K T H B -  

HOCTI? p f ? r I 1 ~ C T p a ~ I I N  KalK @ Y H K ~ N N  f IO 'CTORHHOr0 H a n p R X e H H R  n p l i  
- @ I ~ ' K C H ~ O B ~ H H O M  B p e M e H l I  3 a A e ' p x K P i  M M n y J I b C a  M M e e T  pe3~kili 

MaK"2MJ'&f ((PNC. 3).  T a ~ o i i  B U R  K ~ H B O ~ ~  M O W H O  O ~ % R . C H U T ~  C J e -  

AytOLLl,r?M M e X a H H 3 M O M .  B p e ~ n ,  O ~ n p e A e J l R I O r r 7 e e  < < n a M R T b > >  C4eTYHK;I 

B of i . lac~u raiirepa,, CO~CTONT 113 ABYX qacreii: B p e M e H u  p a c n p o c T p a -  
I IeHi?R ]Ia311R,I(a B A O X b  HI1TI1 N' BpeMeFII1 ,  B T e q e H K e  KOTOpO'TO n O J 0 -  

XUT&'IbHbIe NOHbI  Y C n e B a t O T  O T O ~ ~ T U  O T  H H T B  H a  PaCCTOli lHUe,  ACJ- 
C'rnTOrIHOe AJIR TOTO, 9~0661 B M O M e H T  n O A a q N  B M n y J I L C a  nHTaHPf51 

11O.lIe B Tf i I IKe  IIa,,XO>nAeHElR MOHOB G ~ I J I O  M e H b L U e  H ~ O ~ X O A M ' M O ~ O  A.,7H 
I I ( > I i I 1 3 a ~ M M  M , o J I e K y n  T a 3 a  n O ~ T O X I I T e L ? b H b I M I 1  @OHaMH.  R p e ~ n  cofiu- 
p a I I N R  3JIeKT'pOHO.B H e  Y r l N T b I B a e T C R ,  T a K  K a K  O H 0  MaJI 'O. 

POCT ~ @ @ ~ K T N B H O C T N  npki I I p e B b I I U e H M H  n O p O r O B O T 0  H a n p R X e -  
HNR 0 6 J I a . c ~ ~  rafirepa (720 6)  B b I 3 b I B a e T C R  B 0 3 H M K H O B e H N e M  C J a -  pHC, 3, ~ ~ R H C N M O C T ~  ~ $ $ ~ K T I I R H O C T I I  OT Il°CTORHH"ro 'lanr'RxC1l'tfl 

ijoro rai i repo~a > p a s . p ~ n a ,  p a c n p o c ~ p a ~ ~ m r r 7 e r o c ~  ~ h o n b  IIIITH. n p ~  (T,,, tj XKCIK,  T M ~ ~  -=: 0.3 YKCP'):  

n a . r l b ~ e G I H e ~  YEeJINzIeHBU I I a n p R X e H N R  CElJIbHO B O 3 p a C T a e T  CKO- 0 V,,,,, =: 2260 a. - V:,\cn == 2060 a +  

P O C T b  P a C n P O C T P a H e H N R  p a 3 I ) R A a  B A O J b  HN'I'II Pi n P U  A ~ H H O ~  3a- 
, q e p X l i e  (6 .UKCPR) S @ + ~ K T U B H O C T ~  p e 3 K O  Y M e H b I l I a e T C R .  2* 
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M3 K P H B ~ I X  BHAIIO, YTO npu -750 B npevem < r n a M n r u x  pj [n  
cnyvan 2 B nsa pa la  bwsrile, u e a  w n  caysan I.  TO n O A T B e p X -  

A a W T  n P U B e A e H H b I e  B L I U e  c o o 6 p a x e ~ ~ s  
nO3BOw'IFIWT BhIrlWCJIMTh 

C K O ~ O C T ~  p a c n p o c T p a H e H u x  p a c c p ~ ~ a  B c q e T I 1 m e  MC-9 rpa  ~ T O X  

I I a n p m K e H H N :  
TWlBHOCTM C POCTOM IIOCTORIIHOrO H a I I P R X e H R R  ki3-3a Y B e A U r l e H M R  
c ~ o p o c ~ u  p a c n p w r p a H e H u n  p a s p n ~ a  B A o n b  ~ [ n ~ i l  C q e r U u K a .  K ~ H -  
Bafl  3 C W B e T C T B y e T  66nbrueG a M n . i l M T y A e  H M n y A b C H O r O  F I a n p R X e -  
HWR (2200 8 ) .  M3 P U C .  5 C J I e A y e T ,  s T 0  B p e M e H a  < < n a M f l T H > >  C s e T s H -  

KOB rc-30 nOPRAKal 3-5 HKCelC. B p e ~ e ~ U b I e  X a p a I i T e p U C T M I i U  CIIeT-  
'IHUOB rc-9 n04TH C O B I l a A a W T  C IlPUBefieHHblM1.1 !la P I f C .  5. 

Ha PHC.  6 l l O K a 3 a H b I  B p e M e I I H b I e  X a p a K T e p M C T M K H  C r C T Y H K V E  

MC-9 npn p a 3 n ~ r ~ ~ 1 x  ~ O C T ~ R H H ~ I X  H a n p n x e H u n x .  Ha 3 ~ c n e p n -  
M e H T a J I b H L I x  K P H B L I X  ~ @ $ ~ K T ~ ~ B H O C T ~  y M e H b L u a e T C R  C POCTOM nn no- 



I 

CTORHHOrO H a n p R X e H U R  6o~1ee ~ ~ I C T P O ,  r l e M  H a  E P e M e H H b I X  X a p a K -  

T e P U C T M K a X  C 4 e T 9 U K O B  MC-9, I I O J I Y ~ e H H b l X  B p a 6 0 ~ e  [I ] .  MOXHO 
n O K a 3 a T b ,  9 T O  3 T 0  C B R 3 a H O  C C U J I ~ H O ~ ~  3aBUCUMOCTbIO ~ @ @ ~ K T u I ~ -  

HOCTN P e T H C T p a U k I U  O T  AJIUTeJIbHOCTM @ P O H T ~  lNMIIYJlbCa n U T a -  

HMR (3a C%T Y ~ E I ~ ~ H M R  3JIeKTl)OHOB BO B P e M R  H a p a C T a H U R  

n ~ n y n b c z )  . 

PHC. 6. Bpel~eHHble X d p i l K T e p H C T M K H  C ' l eTYMKOU MC-9: 'cWM1, = 
= 1.8 .uKceK, V,,, --- 1900 a. 3 ~ c n e p e ~ e ~ r a n b a u e  K p m b r e :  
I - . (J  - ~ - - - l j  8. 2-u - 

0 - - - 10 a; 3- U, = - 5 a. P a c s e ~ -  
Hue KpHBble: 4 - uo = - 10 6, 2@pollTa= 0; 5- u, =- - 10 8 ,  

2@pollTa =: 0 , l  MKCCK. 
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JIMH3b1 AJIR KOMIIEHCAUMM BJIMBHMR 
MEXCEKU,MOHHbIX I IPOMEXYTKOB B JIMH EL3HOM 

YCKOPMTEJIE IIPOTOHOB 

A.  A. Bnacos 
P ~ C C M ~ T ~ H B ~ ~ T C R  3 a A a q a  0 K O M n e H C a U k i k i  H C ~ J I ~ ~ O ~ D N R T H O ~ O  

B n M R H N R  M e X C e K q B O H H b l X  I l P O M e X Y T K O B  H a  P a n R a A b H b l e  ~ 0 n e 6 a -  
HMR q a C T N q  B J I N H ~ R H O M  n p O T O H H O M  Y C K O p l i T e J I e  CO 3 H a K O n e p C -  

~ e r i i i o f i  @o~ycupoe~oB.  3 ~ y  K o M n e r j c a q n l o  n p e a n a r a e T c R  o6ec- 
I l e q L i T b  C  I l O M O I U b l O  C n e q M a J I b H b l X  ~ e T b l p ~ X l l O n I 0 C H b l X  M a r H M T H b l X  

n N H 3  & B Y X  T N n O B  - T a K  H a 3 b l B a e M b l X  e,'lMHH'4HblX M Y l J I M H e H H b l X  

JIMH3. 

f l M ~ e f i H b 1 e  yCK'OpMTeJIM I I P O T O N O B  H a  Y H e P r M f O  B b I U I e  lIeCKOJ1b- 

I<MX Ae 'CRTKOB M38 CO'CTaBJIRfOTCR M3 O T A e J I b H b I X  ce~qaf i ,  M e X A V  
K O T O P b I M A  l T 0  K O H C T P Y K T l I B H b I M  M A P Y T l I M  I I p M W H a M  I I p e A y C M a T -  

P M B a f O T C R  I I P O M e X Y T K M  M ~ B ~ c T H ' o ~ ~  AJIMHbI.  ~ T M  M e X C e K q M I O H H b I e  

I I p O M e X y T K M ,  I I p e p b I B a ~ R  H O p M a n b H y f O  C T P Y K T Y P Y  Y C K O P R ~ ~ U ~ - @ O K Y -  
~ M p y f O r r I s f i  CMmCTeMbI, B b I 3 b l B a f O T  ~ o I I o ~ H M T ~ J ~ ~ H ~ I ~  P O C T  P a A M a J b -  

H b I X  ~ 0 u l e 6 a ~ M f i  y C K ' O P R e M b l X  YalCTUU, O C O ~ ~ H H ~ O  3 a M e ~ ~ b l f i  VCKO- 

p M T e J I R X  C O  ~ E I ~ K ~ I I ' ? ~ ~ M ~ H H o ~ ~  ( ' C U J I b H o f i )  @ o ' K ~ c M ~ o B K o ~ ~ .  

B n U l f l ~ , a e  M e X ~ C e K q U O H H b I X  I I ~ p O M ~ e X Y T K O ~ B  M O X e T  6 b 1 ~ b  A0 M3- 

B ~ ~ C T H O ~ ~  C T e I I e H U  C H M X e H O  I I y T e M  I I p O A O l r l X e H M R  06b19~0fi @OKYCM- 

p y I o ~ e f i  CM'CTeMbI  B n p e A e J I a X  I I P O ' M e X Y T K O B ,  O A H a K O  IIOJIHOcTbIO 

Y C T P a H M T b  3 T O  B J I M R H U e  MOXlI lO I I P U  I I ~ O M O ~ U A  s e T b I p e X n O u ? l O C H b I X  

M a T f I U T H b I X  J I M H 3  ,CO ' C I l e Q M a J I b H O  ~ ' O A O ~ P ~ I H ~ H ~ I M M  3 a K O H a M U  M 3 M e -  

I l e H M R  T p a A U e H T a  M a T H l I T H O r ' O  IIOJIR B A O J I b  JIMH3bI.  H ~ x e  PaCmCMaT- 

PUBalOTsCR J I U U I b  J INH3b1 ,  C O ' C T a B J I e H H b I e  M3 O T A e J I b H b I X  I IPOCTbIX 

J IMH3,  T .  e. U 3  Y r i a C T K O B  C I IOCTORIlHbIMM T p a A U e H T a M M ,  M, K a K  IIpa- 
BMJbO, C U M M e T P U r I ' H b I e  OTIIOCMTeJIb130  c ~ ~ e ~  C e p e A U H b I .  

B ~ M R H H ~  M e M ~ C e K Q U O H H O I . 0  I I p O M e X Y T K a  M O X e T  G ~ I T ~  JIUKBM- 

f i l i p O B a H 0  J I m 3 0 f i ,  obnanamweii T e M  C B O ~ ~ C T B O M ,  r i T 0  Z J I H  ~11060ii 
' l aCTUQb1 O T K J O H e H M e  O T  CFCM M H a K J O H  I ' P a e K T O P M M  ( B  IIPOeKQMR.\ 

H a  T J a B H b I e  OCM ~ ~ ~ 3 6 1 )  H a  B b I X O A e  J IMH3bI  T a K O B b I  Xe, K a K  M H a  

40 



BXOAC!, EIJIEI oba O T J I M s a f O T C R  3 H a K O M .  T a K a R  J M H 3 a  B K~XAOG E13 

~ J I ~ B H ~ I X  n . n o c ~ o c ~ e t i  nonxaa o n H c b I ~ a , t ~ , c ~  e n ~ l r r ~ l r l ~ l o i i  M.;IH o ~ ~ 1 1 . r -  

1 ~ ~ ~ 1 ~ ~ 1 1 ~ ~ 1 U ~ ~  ~ J ~ E I ~ I H ' I ~ I O ~ ~  ~ 2 l r r l j M ~ C ? f i  

A3 pyIoqe8 CPiCTeMbI Y C K O P P ~ T ~ J I R )  P a B e H  k = = --- 
0. ' rAe 

I - - - -  
2 

a - AO,TR nepaona, n p M x o A m q a R c R  I I a  3a3oj1~1 M e x A y  n a a s a ~ ~ i ,  M 

-1, - n a p a M e T p ,  o6b1s~o  6 . r 1 ~ 3 1 d i  K 2112. A m  o n p e n e n e H H o c T M  

I I p M M e M  14, = 1,6 Pi (3 = 0,25; T O r A a  A = 1,83. 
~ ~ K O H  M 3 M e H e I I H R  r p a A E I e H T a 1 ,  C O O T B ~ T C T B ] ~ O ~ M ~  C A M E I M ~ H O ~ ~  

J IP iH3e ,  H ~ ~ T E I  C P a F 3 H I i T W b H O  H e T P Y A I I O .  R ~ K  M 3 B e C T H O  Pi3 TeOPMI.1 

3 H a K 0 n e p e ~ e H H 0 6  @ O K ~ ' C H ~ O B I < H  *) , B C I J C T e M e ,  C O C T ~ B J I ~ H H O ~  M 3  

I IpOCTbIX .ilNH3 O A H H ~ K O B O ~ ~  A.lIMHbI M C OAMFlaKOI3blMPi,  110 qepeAyIo- 
WMMMCFI no 3 H a K Y  T P a A M e H T a M E I ,  ~ e f i c T B P i e  n n e p H O A O I 3  O I I M C b l B a e T -  

CR B TJIalBHbIX IIJIOCKOCTRX M a T P M Q a M l l  RPiAa  

cos pn v sin ptz 

sin pn cos pn 1 
hl k l  

~ A ~ C I I  AJIR o6eux r J I a u H b I X  ~ J I O C K O C T ~ ~ ?  C O S  C O S  ctl -- 2n 211 ' 
1 - A n M r r a  n n e p k f o u v n  C M c T e M b I  B AOJIRX n o J I y n e p M o A a  L, 2; - I I a p a -  

MeT11, ~ ~ B M C R Q N ~  OT k, 1, n Pi H e  O A N H ~ K O B ~ I ~ ~  A.nR l l a 3 H b I X  II2lV- 

c ~ o c - r e i i ,  

O ~ ~ B M A H U ,  n I I e p P i O n O B  ' I a K o f i  CPiCTeMbt  Pi II l leACTaR,I[FIK)T ~ 0 6 0 5  
eAMfl l f r lF Iy l0  JIPiI13y,  eCJIM pn K P a T H O  2I. ~ ~ I O C T ~ ~ I U ~ C  p e U e l I M C  

( n  = 1, 11 ' n), K C O X < a J I e H I l I o ,  O K a 3 b I B a e T C R  I l e B 0 3 M O X I I b I M  BBMlLY 

0 6 p a W e H ~ F I  v B o ~ ~ o i i  143 r J a n a b I x  n n o c ~ o c ~ e i i  B I{~:III, a B ~ p y -  
1.0fi - B ~ ~ C K O I I ~ Z I H O ' C T ~  nJ)M 1 COS = 1. E13 C'CTaJ lbHLIX pellle1-1Mii 



~ p e 6 y e ~  I r a m e H b r u e r o  r p a u M e H T a  npm s a n a r r t r u i i  AJrMfre  n p o M e x c v T -  

K a ,  T O  e C T b  A j I M H e  ~ A M H H ~ I I O I " ~  J IMH3bI  f. 
I la  ~ M C .  1 n o ~ a 3 a ~  ~ ~ K O H  M ~ M ~ H ~ I ~ M H  r p a n M e r r T a  nonn u u n l l o i i  

M.3 r J l a B H b I X  I I J I O C K O C T ~ ~ ~  AJIR C I I M M e T I J M W O T O  (a)  M 1leCHMMYrl )M' i -  

rror o (6) B a p M a H T o s  e n w t r u s a o i i  J I M H ~ ~ I .  r p a n u e t r ~  n u m  u npyr uii 
~ , r l a ~ 1 1 0 I Y !  IIL?OCKOCTK I I P O T K B O n O J I O X e H  IIO 3 I r a K y .  

Pnc. 2. 

E':A!IIIMYII~I~ JIMH3L1, OTJIM1laHCb I I ~ o c T o T o I " ~  CT1)OekIMH M I)aCYCTZl, 

[ I M e I O T  T O T  i i e A O C T a T O K ,  l i T 0  I I p M  O T F l O C M ~ e ~ b t l O  KOI)OTI<MX M e X C C ' K -  

UMOtIHbIX n [ ) O M e X Y T K a X  T [ ) ~ ~ ~ I o T  B e C b M a  3 l l a ' i M T e J I b H O r U  TI)BAMeH- 

,ra n o J r n .  K p M o a H  I I r a  IIMC. 2 I I O K ~ ~ ~ I B ~ ~ T  u r H o u I e l r M e  r p a n M e r r T u r :  
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B ~ A M H R ~ H O ~ ~  M 0 6 b 1 9 ~ 0 f i  J I M H J a X .  Ecnu n p l 4  I = 1,5 r p e b ) e r ~ R : ~ a U l b  

n R . r u l c p a T H o e  y u c n M s e H a e  rpanaeara, TO npu M e x c e K q m m o M  11110- 

M e x y m e  A J I E I I ~ O ~ ~  B r~onnepaona cf,o~ycapymuefi c a c T e M b l  ( I  = 1 ) 
t ~ e o b x o ~ a ~ o  y x e  12-rcpa.r~oe, a npu I = 0.5 -- 5 0 - ~ p a ~ n o e  4 r l e f l H -  

q e H k i e  r p a n l l e I I T a  no C p a B H e E l H I O  C 06brs~oii J I I I ' H ~ O ~ .  

Y & T u H ~ H H ~ I ~  JlUH3bI H 3  ABYX 3 B e H b e B  

T l ) e b ) c ~ b ~ i i  r 1 1 a A H e H T  M O X H O  C H M 3 A T b  n j ' T e M  n O C T l l O e I I M H  C n e -  

Q H a J I b H b I X  J M H 3 ,  3 a l l N M a t O u H X  H e  T O J b K O  M e X C e K 4 P i O H H b I e  n [ ) O M e -  

X Y T K N ,  H O  M M e C T a  n p M M b 1 K a I O u M X  K I I H M  0 6 6 1 ' i H b I ~  J111H3 3 H a K O -  

n e p e ~ e ~ ~ o i i  $ o ~ y c a p o e ~ u .  
J Ia~3y,  01ca3b1~amuym H a  j1m6y10 a3 L I ~ C T E I L I  T a l c o e  x e  A ~ ~ C T -  

B H e ,  K a K  N A a H H a R  n P Q C T a R  J U H 3 a ,  H O  RMeIOUQ'H3 6 0 f i b ~ ~ 1 0  HJIMHY, 

6 y ~ e ~  H a 3 b l B a l T b  ~ ~ J M H ~ H H O ~  J H H ~ o ~ ~ .  
A ~ ~ ~ C T B E I ~  0 6 b 1 ' 4 ~ 0 f i  J I N H 3 b I  O n M C b I B a e T C R  B r J l a B H b I X  IIJLOCKOCTRX 

MaTPMI&lMM 

1 
cos 0 -*- sin 7 , [ C ~ B  - s h ~  

- .I sin 0 cos 0 A s h 0  chf i  
1-7 

3 n e c b  0 = 1 ,  I = - - r a  0 6 b r r 1 ~ 0 i i  J I U H ~ ~ I ,  

N-suc~~o  JIUIIB B nonynepaone. Ilpa N = 1 n o l r I y s a e M  0 = 1,37; 
npx N = 2 n o n y s a e M  fi = 0,685. 



t l a s o u e ~  T a r i y m  n ~ 1 ~ 3 y  c c n ~ y x s ~ e r r ~ ~ o i i ~ .  nycrr ,  r p a n n e I I r  u ~ p a i i -  
HEIx 2IMH3aX COOTBeTCTBYeT k = ki, a I1X o611la~ fiJlMlIa p a R I r a  11. If 
411 = kdl .  Ann C p e n H e r O  3 B e I I a  ~ O O T l 3 ~ T C T B ~ I I I I o  u B e A e M  o6o.311a- 

s e H I 1 R  k2, 12, +z = kztz. 
~ ~ ~ ~ M H o X ~ H E I ~ M  MaTpEIU COCTaBJIRlOUEIX IlpOCTbIX JIM113 H e -  

- 

T P Y E H O  I l O J I y ~ E I T b  MaTpEIL&J U I1 a, OnEICbIBalOU,EIe AB)X3BelIHJ'K) AMIT- 

3 Y  B TJlaBHblX IIJIOCKOCTRX: 

k; - k;l 
all = a,, = cos ch 9, -+ --- 

2klkZ 
sin 'ill sh I?,, 

k; - k f  
sin ch +, - ---- k; 4- k: 

2k,&,  COS 91 ~h $2 - 1 -  -- Lk1kz 

k ;  - k;L k ;  $ k;  
a21 = kl (-sin ch 92+ -i=k; cos sh q2 -+ sh +, 2k,kz 
-- - 
all =a,, = ch +, cos 9, - --- 2k,k,  sh $1 sin $2,  

~ o c K o J I ~ K ~  OnpeneJIEITeJIEI  MaTPMU p a B H b I  eAHHHNe ,  To f ibKO 9e- 
- 

T b I p e  E13 BOCbMEI 3 J l eMeHTOR a,, a ,  Fle3aBkiCMMbI. 

M a ~ p E I u b l  a, ii AOJIX<IIbI ~ JaBI l f lTbCf l  C O O T B e T C m e l i I ~ O  .blaTllli- 

U a M  ( 2 ) ,  y KOTOPbIX M O X H O  EI3MeHRTb 3 H a K B  B npOEI3BOJhHbIX L O -  

9 e T a H M R X :  - 
all = _t cos 0, all= t ch 8 .  (74 

K ~ O M C  TOTO, MaTPEIUbI  (2) M O X H O  n O M e H R T b  MeCTBMII: 
- 

all -- ri ch 0, a,, = I cos 0. (76) 

Bcero n o n y s a ~ e h i  n o c e M b  p a s n n s ~ b ~ x  cEIcTeM ) . pa s r r e~~ i i  c 
LreTblpbMR H e I 1 3 B e C ~ I l b I M I i  ~ I I ,  $ 8 ,  k l ,  k2. K a x ~ a ~  CEICTeMa COCTOMT 

I13 ZIeTbIPeX J'paBHeHkifi. B b l r u e  BbInEICaHO TOJIbKO IT0 A B a  Y p a B i i e -  

HEIR (7a) MnM (76) ~ a x ~ o i i  C E I C T ~ M ~ I .  B I i a r I e c T n e  O C T ~ B U I M X C R  

A B y X  Y ~ ~ B H ~ H E I ~ ~  M O X R O  ~ b 1 6 p a ~ b ,  H a n p U M e p ,  Yl)aBHeHMR 

1 .  -. 

l 2  =: -- s f a,, = 1 sl, f), '4 21 (8 ;I) 

1 - 1 a,, - -1- -- SIT f), a,, = 1 s in0 
A1 (86) 



paCKI)OeM 3 T 0  C O O T ~ 1 0 l r r e l I M ~  C TIOMOIUbH) (4) M (6) .  H~XOAEIM,  q T O  

AJIR BblnOJIHeIfMR (10) A O J I X I I O  6 b T ~ b  MJIM k :  = - k 2  , , 9 T O  COOTBTBeT- 

C T B y e T  B h I p O X A e H M I o  A B ) ' X ~ B ~ I ~ I I O ~  JIMlI3bI B nI)OCTYK) M I l e  A a e T  

p e u r e m R ,  u n M  

k; -  k: sh  .L s h + ,  cos +, -- sin +, sin +, ch +, .- - -- 
2k1kn (CII - cos '+I) sin +, s h  +, (11) 

sin +, s h  +, 
COS p = c ~ + , - c o s + ,  9 

t g ~ = *  th $2 ' 

sin? b. a,, = I/ ] - 1 -  :.-I sin ( p 1 -  y). 
s11L' *+, ' 

a,, sh +, 
19 (p + cp) =a, l  ,in ,k 

K ~ K  BMAIIO 143 (13), C E I C T ~ M ~ ~  y p a ~ ~ e k r ~ i i  (7a) ,  (8a) H e  M~OI'YT 
MMeTb ~ ) e l I I e H M f i .  AJIR OCTaJIbHbIX Y e T b l p e X  CHCTeM Y ~ ~ B H ~ H E I ~  (76) ,  

(86) i l a x o A a M  npu 0 < 0 < -;- 
tg 0 f ,  tg-- th fl 

1.2 > I ,  tg(p f - c p ) = * - = f  tg 0 ctgcp. 

I t a X f l O M y  PI3 KOTOpblX COOTBeTCTBYeT 6 e c s ~ c J I e ~ ~ o e  M H O X e C T B O  

3 1 t a s e H M f i  qi. O A H ~ K O  H e  K a X A O e  N 3  HMX RBJIReTCR P e u I e H M e M  3a- 
A a s K ,  IIOCKOJIbKy MS y p a ~ H e H M f i  (7) EI (10) C J I e A y e T  OANHaKOBOCTb 

J r e B b r x  M ~ P L I B ~ I X  gac~ei.i M C X O A H ~ I X  y p a ~ ~ ~ e r ~ e i i  (8) . I I P I U I ~  no  aricn- 
4 5 



n m r ~ o i i  senusme, HO ~e no B H ~ K Y .  K ~ K  n o ~ a m r ~ a e ~  nposepea, 
nPMTOAMbIMM RBJIRFOTCR J I H l l I b  3 H a Y e H M R  $1, C O O T B e T C T B Y F O w U e  

n e p e i i n e ~  K ~ ) ~ ~ C C M O T ~ C I I U K )  6onee C J I O X I I ~ I X ,  T ~ ~ ~ $ I ~ ~ I I I I M Y  ~111113. 

T p e x 3 n e 1 - l r r b l e  JIMIl3LI O B ~ ) ~ - ~ O T C R  A O ~ ~ B J ~ ~ I I M C M  I< A B Y X ~ B ~ H ~ I O ~  

J t M H 3 e  C o6e1lx CTO]lOlI  A B y X  O A M H a K O B b l X  n P O C T b I X  J M H 3 ,  CO- 

C T a B J I R F O w H X  B M e C T ?  T p e T b e  3 B e H O .  H y ~ e p a s ~ m  3 B e H b e B  6 y n e ~  
BeCTII ,  K a K  H B ? J l y Y a e  A B v X 3 B e H H b I X  ,?HH3, OT K I ) a e B  K C e P e A M H e  

( ~ I I C .  3 , 6 ) .  
T p e X 3 B e l l H b I X  JlMl13,  BBMAY H X  O T H O C M T ~ J I ~ H O ~ ~  CJIOXIIOCTII ,  

3 a T p y A H I I T e J l b H O  n p O H 3 B e C T M  n O 7 I H O e  H C C J I c A O B a H M e ,  nono611oe np0- 
A e J I a H I I O M y  B b I I I I e  AJIR AB)'X3BeHFIbIX JIMH? H a p R a y  C r P O M O 3 A -  

I<OCTbFO I I O J I y W e M b I X  C H C T e M  U 3  9 e T b I p e X  Y p a B ~ e ~ U f i ,  9 I I C J l O  H e M 3 -  

B e C T H b I X  B H H X  I ) a B H O  IIIeCTM ($1, 413, k l ,  k2, k 3 ) ,  T a K  9 T O  A B a  

I l ~ M 3 B e C T I l b I X  I I J M  Al3a C O O T H O l l I e H U R  M C X A y  I I e U 3 B e C T ~ I b f ~ l I f  M O r Y T  

G ~ I T ~  ~ b 1 6 ~ a ~ b 1  A O  A ~ R ~ C T H O I ?  C T e n e H M  njJOII3BOJIbI IO.  M ~ I  Or l )aFIU-  

YUMCR s ~ e c b  p a c c M o r p e r i u e M  nrrmb o a H o r o  K n a c c a  T ~ ~ X ~ B ~ I I I I ~ I S  

J I U H 3 ,  a M M e H H O ,  p a C C M O T P U M  J I I I H 3 b I  C T P a A H e H T O M ,  4ePeA)'FOWNMCR 

I T 0  3 1 I a K y  M O A M H a K O R b l h l  B O  B C e Y  3 B e H h R X  n 0  ~ ~ C O A K ) T I I O ~ ~  BC.IU- 

LIMIIC ( ~ u c .  3, 6) 



I 
(112 =- tk ( ~ h  cos *), ~h $ J : ~  -1 sh ch $5 , 3  1 ch ~ l l ) ~  s in l k 2 ) ,  

41 = 11 (ch COS 'I2 sh  +:, 1- sh ch  I),,  - ch sin (I,), 
- - 
O I I  = fl22 -= CoS c h  11, cos I),, s in 0, sin $ J ~ ,  (16) 
- 1 
I - ti ( 0  $ 1 1  9 s i r  . ; s i r  o , 1 0 s  s ) 
- 
41 -- k (- cos ch l j 2  sin t), - sin cos $.? -4 cos 9, sh 11,). J (17) 

M ~ T P N Q ~ I  a, a AOJIXHbI 6 b 1 ~ b  PaBHbI MaTPNQaM (2),  B3RTbIM 
C TeMN NAN NHbIMN 3HaKaMU N B T O M  NJIN HHOM nOpRAKe. I ( ~ K  N B 

npenhrayuen? paonene, noJlysaeM BoceMb cucreM no rIeTbIpe ypaB- 
HeIIMR, TIpMrIeM IIeU3BeCTHbIMM TeTlepb RB.JIRKITCR $1, q 2 ,  $3, k. 
R KavecTne YeTblpex ypas11e11uh 1sb16epe~ ypas1reIran ( 14), ( 16) 11 

ABa ypanlremiR, noslysamuiuxcR u3 (15), (17) : 

ha,, - 'zz I . - - .. 
k 2 ch sin r),, 

. -- , ( 1 2 3  
l ( f l ~ o ,  I t L  = 2 ~ 0 s , $ ~ s h f / ~ ~ .  

1 

cli +, sin r + 2  . - 1- 
cos +, sI1 '+: 



C O B M ~ C T I I O ~  P e l L I e H U e  Y ~ ~ B H ~ H M G  (14) ,  (16) H (19) AjIR K a ) l i -  

BOG Pi3 B O C b M U  CNCTeM n p M B e J I 0  K O T b I C K a H U I o  U e J I O r O  P R A a  );L.rlll- 

I Ie I i I IbIX J IHH3.  H e T  C M b I c ~ 7 a  I lPUBOAMTb 3 A e C b  B C e  PeLUeHMR, no- 
CKOJIbKY ~ O J ~ ~ I I I U H C T B O  H X  RBHO H e  O T B e s a e T  n p e A ' b R B J I R e M b 1 M  T p e -  

~ o B ~ H U R M .  H a ~ n y ~ ~ r u ~ e  T I a p a ~ M e T p b I  O K a 3 a J l M C b  y JIHH3,  YAOBJIeTBO- 

P R I o U M X  Y P a B H e H J I R M  all = ch 8, zil = -COS 6. ~ T A  n a p a M e T p b 1  

n13eACTaBJIeI IbI  B ~ a 6 n .  2. 3 a c J I y > r < U ~ a I o ~  y n O M H H a I i U R  T a K X e  JrIfII3b1, 

- 

y A O B J I e T B O p R I o m U e  Y P a B H e H H R M  U l l  = - ~h 0, U i i  = -'COmS 0. OHH 
I I p e A C T a B J I R I o T  co608 e A H H M s I I y I o  J l M I I 3 y  C k = A ( ~ H c .  1, a ) ,  K KO- 

~ O p o ' f i  C O ~ O H X  KOHUOB I IpUClOeAUHeHbI  nOJIOBHHb1 0 6 b l l r r r o i i  .rlMH3bI. 

F ~ ~ A N ~ H T  B ~ T ' o W  Y A J I M H ~ H H O ~ ~  J l U H 3 e  T a K O B  Xe, K a K  B O ~ ~ I , I I I I I O ~ ~ ,  

OAI3aKlO AJIHI3a CJIUIIIKOM B e J I U K a .  

B T P e X 3 B e H H b I X  YAJIUHeHHbIX J I M H 3 a X ,  n a p a M e T p b I  KOTOpbIX n p M -  

B e A e H b I  B ~ a 6 n .  2, r P a A M e H T  n'OJIR BO MIlO'rO pa3 M e H b I I I e ,  9 e M  B 

eAHHM'iHbIX J I N H 3 a X  n P U  ~ ' O f i  Xe A J I U H e  M ~ e X ' C e K U H ' O H H O r O  I I p O M e -  

X y T K a  (.cM. K P H B Y I o  3 H a  P N C .  2).  donee n o ~ ~ ~ o r ~ o  C y X A e H H R  

0 I IPNMeHMMOCTH .YAJIH'HeHHbIX J H H 3  n O A C 9 U T a e M  3HaZIeHNR r p a A H -  

e H T a  n o n H  ( I ) ,  3 a ~ ~ c ~ m u e  T a K x e  n OT 311eprn~ y c K o ~ p R e M b r x  s a ' c ~ 1 . 1 ~  

N O T  3a 'KO'Ha H 3 M e H e H H R  I I e p N O A a  @~~yckipyIoUefi 'CM"2TeMbI C POCTOM 

a r i e ' p r n M ' .  
I l y c ~ b  nepa,oA 2L p a ' c T e T  n p o , n o p u n o H a n b H o  CKOPOCTH nporo- 

H'OB V. T , o r ~ a  ~ p e d y e ~ b l i i  r p a A U e H T  n8OJIR (1)  C POCTOM 3 H e P T M H  

c H a z I a n a  y M e H b m a e F c R  n p H M e p H o  K a K  llv, s a r e ~  M e A J r e H H e e ,  AO- 

cwrae r  M H H N M y M a  npx 3~ep1-m 388 M38 ( V  = CI 1/31, no'cJle 
9 e r O  C H O B a  B O 3 p a C T a e T .  

E'CJIM, C K a X e M ,  n p U  3 H e P r H H  IIP'OT'OHOB 2 M ~ B  ( V  = 0,0653 C) 

l T O ~ J I y n e ' p l l O A  P a B e H  25 Chi, TO B T ~ ~ X ~ B ~ H H O ~  ~ A J I U H ~ H I I O ~  JIMI33C 

C 0 = 1,37 r p a A M e H T  n O J I R  ( I )  A O J I X e H  6 b l ~ b  p a B e H  6800 Zc/::.hl. 

npll 3 H e p ~ I i M  5 M36 r p a A H e I I T  Y M e H b L I I a e T C R  A 0  4300 ~ C l C h i ,  n [ ) I l  

3 l I e p r U M  388 M36 A O C T H r a e T  MNHUMYMB B 890 ZC/CM. 

~ A J I M H ~ H ' H O ~ ~  .rIHH3bl C 0 =  0,685 TIPU T a K O M  XI? 3aKOHFi 

I I ~ M ~ H ~ I - I M R  n o n y n e p M o n a  ~peCiye~r,rii r p a n l . r e r r T  n o . , l R  3rrn11nre..irlrro 
45 





K PACY ETY n P O a M J I E A  MArHMTHblX n0JIH)COB 

'2 ( r  , 2) = 2 yn ( r )  . zn, 
n 

r A e  ( r )  - H e I i O T O p b I e  @ Y H K ~ M M ,  n o A J I ~ - x a w M e  O n p e A e a e H u w ;  
r ,  Z - u U J I U H A P U r I e C K H e  KOOPANHaTbI .  

50 



l I c ~ p j n ~ [ o  u u n e T b ,  I I r o  o cany l I c s e T I ~ o c T ~ 1  @ ~ H I < I ~ I T I ~  (P (r, Z)  01 - 
HOCMIeJIbHO K 0 O ~ ) ~ k i I I a T b I  2 ( P ~ C C T O R H H ~  OT IIJIOCKOiTIl CBMMeTPMM 

n0,ilR) YZ M O X e T  I l p H I l k l M a T b  TOJIbKO I I e ' l e T H b l e  3 l l a ' l e H M I l  

(n  = 1,3, 5 , . . .  ) .  
r I o n c ~ a r r o ~ ~ c a  s b r p a x e r r a R  (2) B Y p a B I I e m e  ( I )  n p m o n H r  Ii  

P e K Y P P e H T H b I M  COOT~IOUIeIIk iRM B M n a  

H3 ROTOPbIX I IOCJIeAOBaTeJlbHO 0 I I p e A e J I R K ) T C R  B C e  9, (r)  B I Ia3J lO-  

X e H M H  ( 2 ) .  M M ~ H ,  K p o b l e  T O r O ,  B BH,EY, ' l T o  91 (r)  = - I l ( r ) ,  me 
H(r) - P a C I I p e n e J I e I J M e  I I a I l p R X e H H O C T I l  M a r H I l T H O r O  IIOJIR R II . lOC- 

K0CTI.i CMMMCTPEIH, I I O j I y Y a e M  OKOHzIaTeJIbHO 

z V  d  d H ( r )  - r ,  2 - 2 )  -1- ----- [ r  -1 . . .  
3! r  fir - dr . 

O ~ c l O f l a  BMflHO, zIT0 ~ a r 1 1 1 l ~ H b l i i  I lOTeIIl[Ma,l  (r(r , .Z) 4e.7II.1KObI 

o n p c j i e = r n e T c z r  3 a n a 1 1 ~ i e ~  @ Y H K ~ E I P ~  H ( r )  14 ee IIpOPi3BOAIIbIX 13 nnoc- 
I\OCTM CMhI3leTPEIM IIO.IR. 

B b ~ p a X e H I l c  (3) I I p e A C T a B J I R e T  co6oii IIO CYlqeCTB)' y p a B H e l 1 M C  

~ K B B I I O T ~ H ~ ~ ~ J I ~ H ~ I X  r~osepxnocreri B I l e n n H o M  n~rnc .  P a ~ p e r ~ ~ w r h  
 TO ) I p a B l I e H H e  o T I r o c a T e n b H o  z p, o 6 u e b 1  B a n e ,  o w w i n l r o ,  11eao3- 
MOXHO. O ~ ~ I - T ~ I < O  n P I l  ,EOCTaTOzIHO Ma,rlLIX 2, r. P. 136.'111 IM 11.lOCI<O.CIII 

CIILlMeT1lItH, M O X I I O  O T ~ ) & ~ N Z I I I T ~ C R  IIel3nLIMM All] hIZ[ '.IJIf?llaMlZ ])a3.lIO- 

XeHLiR (pC'lUC'11Pie R O  RI'OPOM I I P H ~ J ~ M X ~ I I E I E I ) .  

3 a n a m e ~  T e n e p b  y p a n i j e I I u e  ~ I < B E I I I ~ T C I - I I ~ L I ~ , ~ L I I O ~  n o B e p x I l o ~ ~ . r r r ,  

n p o x o j ~ ~ ~ ~ [ e i i  c r c l l e j  I re r<oTop>rc ,  T O ~ I I < ~  r ~ ,  20, 13 c a e n j ~ o ~ q e > ~  ~nl.~nc: 
2' 1 a 

- I r = - H (r) i ?, 7- d;- ( r  F) , (4) 



AT r=-?) .F (-- - 6 ( 1  + 6 ) h 3  - - I .  1 A?:; [ ( h ,  f 2h:) + 26 (Ph, -1- 3h,) 4- 322 (::ha + 'rh,) + . . .I 1 
E c n ~  Xe h 3 a A a H O  r p a @ I ? s e C ~ k i  (kina T ~ ~ . ~ H . I H o ) ,  TO COOTBeTCT- 

B y m W M e  I I p O H 3 B O n H b I e  BbIZIHCnRmTCR I G i K  06b1q~0, B KOHe4HbIX pa?- 
HOCTRX. 

C O B O K ~ ' ~ H O C T ~  3 t i a s e H H f i ,  I I O J I ~ s e H H b I X  .OIIHCaHHbIM BbII I Ie  CIIO- 

C O ~ O M ,  0 n p e A e ~ T R e T  K O H ~ H T Y P ~ I ~ E I H )  ~ K B M I I o T ~ H ~ H ~ = I ~ H O ~ ~  I I O B e p X -  
HOCTH, a C J I e A O B a T e J I b H O ,  H @ O ~ M Y  I I p o @ H J I R  IIOJIlOCOB M a r H H T a  BO 

BTOPOM I I P M ~ J ~ X X ~ H M H .  

n p e n c r a ~ ~ e ~ u e  o C o o T s e T c T B m  p a c s e r H b I x  npo+anefi n o a l o c a  
P e a J I b H O M Y  A a e T  PHCYHOK. 

n p 0 4 1 m H  M a r H H T H b I X  1IOJIK)COB IIJIOCKO-IIapajIJIeJIbHbIX I I o . ? ~ ~  
PaCC4MTbIBaH3TCR a H a J O T M 9 H O :  

. - h" ) - I  -- .  d"lz 
6 ' h ( x )  = Ho . hfi - 

H (x , )  ' ax2 ' 



O A H ~ K O  MOXHO CzIOTaTb, ~ I T O  nocnemee ycnooae n p a i < r m e c e u  no- 
CTaTOIIHO TOzIMO BbInOJIHReTCR 3;Xe H J R  T e X  TOzIeK IlOJlR, ICOTUPbIC 

paCI IOJ IOXeHb1  OT K p a R  nOJIKlCa H a  PaCCTORHHH n O p R A K a  BeJIHIIHHbI 

M ~ X ~ O J ~ C H O ~ O  sasopa. 



t-c 
-aHed~o do~nr? xe~oged xa~s n frrlzruedw a~~sluudu 3 eurrL OJOH~~I~ 
-13WWH3-OHqVeH3XC OJOH~OLW~~ MHVOU ~1s~riatnadw3 Ou edarn~d) 
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q P i n c R  p a c c M o T p e H P i e M  p a B H o n " 7 e s e B o r o  cnyqan 11 noxrl Q N n P i H n p M -  

I W C K O r O  K O H A e H C a T O p a  (- $1. 

B I l J O C K O C T U  2 = 0 M O X I I O  H a i l M C a T b  U b I P a X e H H c  paBIIOBCCl . l f l  

qe~rpobewaoii M ~ ~ H A T H O ~  Ii ~ " T , ? ~ K T P M Z T P C K O ~ ~  Cl?,T, K O T O P O e  ( ~ ~ ' ~ 1 1 1  

B e K T O p  I? H a n p a B J l e H  no r ,  a B e K T O p  H O p T O r O H a J e H  I ~ J ~ O C K O C T M )  

6j.nc-r U M e T b  BAA: 

mu? - 
P 

= fH +- f~,,, 

VO -k AV - C K O P O C T L  r IaCTPiubT B M O M e H T  ee B b i J e T a  Pi3 UCTOrlHPi I ia  

(Av  - paa6poc c ~ o p o c ~ e i i  M n U  n p o C T o  O T K J I O i i e H U e  07 ~ e 1 i o ~ o p O i i  

CKOPOCTM VO,  ~ ~ A ~ H H O G  C O O T H O U C H l l e M  (3) npU HCKOTOPO>l nllOII3- 
n o j r b H o M  ~b160pe Vo). n o n c l a n n ~ ~  (2) M ( I )  H m M e s a n ,  Ilrc. 
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orrrn~~.r.cia~o .ra.4n~s~aa.~oo3 '0 = y eU.roa 'MU~;CI~S 0.1.h 'I~VEI.l.~IV.L~) 

.!lrrIrcnoZnrssM xumyarrslrel? was8 urrv XTI~IIUOXJM 10U,i9 (pj aF1bl;)1~ 

-ned,q .oc~ 11 of[ .~Uxam ~CL(R~, .~a~xr?drqa oa.~s~an~d S3Hh%I."JilU OLE 

IL) '2i' + 1 = 121 - 

ul?o~n.ro 

'2/ - 121- = 1 
~vwr,,Crrou (p) FEI I?U.IOL '0 = ,IV = ~UV II 0 = 11 = ,II = IL 

(u = A) I?M~IOL\I~E~L p~lTad5 EH OL~ '~T.ML~I~I?E L~,~U~VS ~DJT~C 

\ / ii, 
() '1, [ ( - $3 + ?i 4 -1- 1 -- pi, ( ~ .-I-[ \I 

(p) '---- " B- - '8 : ~ 9,;:- 'r-.~ .. , t 
?. 

(. , . .!- , z5." ! $18 1) (5. -i- !) f'l 



rOll~~lbF10 PaflM! CJ' 3T0h T O ~ K M )  ; TOrAa TlJaeKTOPMM I3 nO.?e 6j.nyr 

IIOfl4MIIRTbCR ypaBHeHlIIo ( 4 ) ,  IIpM4CM CJIeBa OT nofin (30Ha I )  OIIIi 

6 y ~ q . ~  ~ ~ ~ M I , I M H ,  I ~ C X O A R U J M M H  113 TO4fiM 01, cilpaBa OHM 6 y ~ y 1  
.raK>ne npnMbIMH (3o11a I I I ) .  Pa lcnpenene~~e  nonR no panayc) I 

B 3 o ~ e  I I ,  npPi sana1-iHLr.r aophrax I<paer3 301ib1 I I ,  I I C O ~ X O A I I M O  D ~ I -  

6paTb Talc, ~ 1 ~ 0 6 b l  TpaeKTOpMLI ~ ~ I J I M  I : ~ ) O I \ ~ ' C E I P O B ~ ~ ~ ~ I  U T04h)i 0 2 .  

O ~ O ~ H ~ ' I I I M  ~ ~ O , J I  POQ sepe3 cp ~i G y f i e ~  I I ~ ~ ~ I B ~ T L  ero ! r , ~ o ~  ceh- 

Topa M:IM 4 ~ J I O M  noBoporra n y w a .  
Tpaek~opPiPi n y w a  B 06nacTPi norm ( w n a  11)  orrpenennmrcn 

113 (4) npPi HarUI lx  YC;IOUMRX (hi! = 0 M a171 = 0) CLleflyK)14MM 06- 
p a 3 o ~ :  

~ J C ' C ~  IIC~O~~b30HaIIO 1 ilI<X<C yC.70BPie (7) .  
B I J C A ~ M  napaMeTp c e ~ e i i c ~ ~ a  ~ p a e ~ ~ o p u i i  (p) . ~ Y C T L  JI == 0 
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s a p a ~ ~ e p ~ 3 y e r  T p a e K T o p m o  r = ro, T. e. q = 0,  T o r n a  MOXHO 

( ( A a p a ~ c N a n b ~ b 1 8 > >  l l y 9 O K  I I p e A C T a B I i T b  PRAOM A 0  C T e n e H R M  

71 = f l  ((F) P + f 2  (4 I-)? 4- - . (9) 
n 0 C J I e  AOnCTaHOBKIl  B (8), NCllOJIb3YR MeTOA CPaBHeHHSI ZIJIeHOB 

J2pN OflMHaKOBbIX CTe l l eHRX n a p a M e T p a  p, IIOJIyqMM P e K y l l p e H T H y I O  

c'IiCl('h7)' ! ' ] ) ~ B H ~ H I I ~ ~  OTHOCNTeJIbIIO f l  ((P), f2 ((P) . . . 

 TOT MeTOA PeLUeHMR P a 3 B M T  H a M N  [7] IIaHbLUe AJIR 9NCTO MaTHMT- 

HOrO nOJIR n p N  I I O M e U e H H N  MCTOWlMKa I? n p I 1 e M H N K a  BHYTpI1 eDO, 

n l l H  3TOM B K a q e 8 C T B e  I I a p a M e T l l a  p 6 b 1 n  B3RT T a H r e H C  a-yma P a C -  

XOAMM0,CTN 9 a C T N U  IIO rOpk i3OHTaJ l f  IIO O'THOLUCHMK) I< O'CHOBIIOMV 

nysy ( r  = r o j .  ~ ~ I V I ~ T M M ,  .ITO n e p B o e  y p a s H e a M e  m e e T  T ~ M T O H O -  
h l e T p M s e c K o e  penreme n p M  o2 > 0 (cnysac o2 < 0 r I a c  H e  M u T e p e -  

c y e T ,  n o , c K o n b I i y  n a e T  p e n r e H M e  B r ~ n e p 6 0 ~ ~ ~ 4 e c ~ ; ~ x  @ ~ H I < ~ ~ R x ,  TITO 

H e  C'OOTBeTCTByeT @ O I < Y C H I I ~ K ) ~ M M  n0 .7HM.  n l ) M  TPMrOHOMeTPMYC- 

CKOM PeLLIeHkil? AJIR f i  MbI, O"IeBIfAfIO', n@blYLIMM T a K O e  X<e M 

n n R  fa w T. A., 9 ~ 9  c n e n y e T  ~3 x a p a K T C p a  y p a ~ ~ e n r r i ? .  r I p ~ ~ u ~ n a a . r ~ b -  

HbIX TPYAHO'CT~~" :  I I pH  peLUeHMM BCTpeTHTbCR H e  MOXieT. HO L f ~ ~ b ~ ~  
3 T H  PeLUeHNR OTBesaAPi  A ~ H H O ~  3 a A a s e ,  ~ e o 6 x o n ~ ~ o  BBeCTH B HCe 

C 'OOTBeTCTByIoUMe H a s a J l b H b I e  yCnO'BHSI, I<OTOpbIe  A y n y ~  npOAHl<TO- 

H a m  X a p a i i T e p o ' M  K p a e s  cemopa. 
P~C'CMOTPHM T e n e p b  3aHIiCHMOCTh I!2i'Ia.:lbIILIX yc.'lonI?K @T KPaCl l  

C e K T O p a  M H b I B e n e M  3TM YCJlOBIIR. ECJEI (V =- 0 CCTb YPaRI IeHMe n P H -  

M ~ f i  O P  11 y T 0 n  OTCLlMlbIBZleTCR C i I e B a  HaTTiIaRO (CZ/I. ] I H C Y H O I ~ ) ,  

TO no~r~pr r 'oe  y p a n w e H H e  n y w a  n p R h l b I x ,  M C X O A R I U M ~  113 TOqliM 01, 
6 y a e ~  I1Mf:Tb BHA 

.1 + a,)., r = - -- - 
cos 'j - al sin (; ' 

rne % -- a:rr?aa 01P ( e c . 7 ~  O P  = 1 = r o ) ,  (11 - T a I I r e H c  l r r j I a  i 
M e x n y  R[ l0 l i 3BOJ lb l Ib iM J ~ ~ O M  M J I Y ~ O M  OiP, o ~ c w ~ ~ b r n a e a ~ ~ r i i  npo- i 

T W R  sac 'o~of i  c rpenm co ~ I I ~ K O M  nnmc. r I t t p e s o , m  I( o b o n i i a l l c l ~ ~ l t o  

1 - ;  z,L1 
- - ' -- cos .; - 2 ,  sin .g 1. 



T. C!. 110 - hieCTO BCT]leYN JIY1Ia C KpaeM - rCTb C~)YIII\UMR Or Cpo 

/ ( ~ < o o p n ~ ~ l a ~ a  (p Ira npsw) .  T ~ I <  K a K  ~ p a i i  nepecPxaer uce paciMar- 
1)HBaCMbIe TpaeIXOpNM, To y o  Ii CpO MOXHO CYHTaTb 3aBHCNMblMIl OT 

: IlapaMCTpa /, C C M ~ ~ ~ C T E ~  ~ p a e ~ ~ 0 p N f i  N nlle,J(CTaBMTb Kpafi I3 1315,Qe 

I lma  

0rcro:rn cor.:IacIIo (9) no.lysriiu nepnhIc r1acra:IhIrLIc yc.;IouIln. (;par3- 

1 1 1 1 ~  hlc&ny co6uii 3afla11110e B ~ I ~ ~ ~ X C H M C  ( 1  8 )  c nbIpaXeHrreM ( 14) , 
frdiinehi c i ; ~ ~ . 3 ~  \ I C ) I < I ~  ( P O  M p; B [ I I ~ ~ ) ~ B  11an6o~lec yno611oe 11 ]Cali 

(]I!.IIKIIMIO ern, 11aiine~ a1 IT a.. ~ ~ M ~ T H M ,  riro 11 ~ O ~ I X I I O  6 6 1 ~ ~  MajIo 
onIIospcMelrlro c cpo nanee  IIa npanfepax ~ I I , I  nor~axeM, K a K  yno6- 
Hee OC) tqecTI3JInTb ~ ~ 1 6 0 ~  napaMeTp3 p. 

H a s o l ~ n  rncrIcM nepcceseHNn n y w a  (12) c KpaeM (13), M ~ I  

,yo:i>KabI nonol t tan  B (12) q = 110 N cp = cpn; Torna ~3 cpaBHetrMn 
~io;~! l ~ ~ ~ x i  ubIpa>I<ctiue Ann a1 

[N, (.g,,) t I ]  cos - 1 
5( - - -  ---- 

I - [)lJ1 (y, ,)  + I ]  s i n  .g,, + )., ' 

, (1  - 1  a , ) . , )  ( s i n  y,, $ a, cos p,,) -,j = -- 
o (( os ? , I -  a, s i n  .g,,)" (16) 

I l ~ l [ ~ . l a ~ ~ i l ~  (15) B (16), MbI MCKJIIOYHM a1 M ~ O J T ~ ~ J ~ M  l1,: I\l-11< 

(/I)'IIKIINIO To, a C.rIeAOBaTeJIbH0, M p, npH Pa3JIOXeHHN B PRa n0 

CTenCHnM KOTOPOTO 6 y n e ~  NMeTb 

n o c n e f i ~ e e  n b t p a x e m e  BMecTe c n p o ~ 3 ~ o n ~ o i i  or (9) n p u  (p=cpr 
AaeT BTopbre IIaya.rIbHbIe YCJIGBMR. I l p o n e ~ e ~  peruerrue nepBoro ~3 

4 ' p a ~ ~ e ~ N f i  (10) 
fl  == Cl sin toy 1 D,  co:: urcp. ( 1  9) 

alp -t a,p2 j -  . . . = (C, sin my, -t Dl cos ocp,,) p -~i-  f ,  (cp,)p2. (20) 

Haxi M3BeCTH0, WO (po N p 0,QIIOHpeMeHIIO paBI%bI H)l.IlIO, n03TOMY (00 

MOXeT 6 b 1 ~ b  pa3JIOXeIIO B pRn no IlOJIOXMTeJbHbIM CTeIlC'liRM 17 

cpo = g1p + g2p2. (21 

~o,II .cT~B.JIRR (21) B (20) N C p a B H N B a R  YJIeHbI C ~ C P B O ~ ~  C1.C- 

IIeHbIO p, IIOnyYHM BbIpaXeHNe DI = at. 
fla@@epe~UMpyR (19) M (9) ,  ITOnCTaBjIRR nOCJIe  3TOTO (19) 

B (9) 11 CpaBHNBaR C (17) npIl cp = (po, nOJj9MM 

blp , b,p2 $ . . . = pcu (C1:cos ocp, - D1:sin my,)-+ p2f' (cp,]) + . . . 
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sin wcp 
f l ( ~ ) = b ~  7 +al cos wcq. (22 

A H ~ J I o ~ I P ~ H ~ I M  M e T O A O M  M O X H O  M C K a T b  f 2  (9) , f 3  (rp) U T. A. 
n p o c n e ~ a ~  T e n e p b  3a B ~ I X O A O M  n y s K a  133 n o m .  n y c ~ b  B T O P O ~  

~ p a f i  3 a A a H  Y p a B H e H M e M  

.iK=N(yK) =N2 ( E K ) ,  (23) 
r A e  E, = cp, - d+ (?, - 3 ~ a s e ~ ~ e  cp H a  ~ p a ~ o ) .  

~ Y C T ~  PaCCTORHEIe  0 2 Q  = h 2 ;  T O r A a  Y p a B l I e H M e  n p O X O A H L U e r 0  

sepcs 0 2  n y s K a  n p R M b I X  ~ Y A ~ T  M M e T b  BMA 

1 + a,A2 - - 1, 71 = cos E 4- a? sin s 

11; 110 l)'lC'IlIIOrO P a B C H C T B a  M O X H O  H ~ ~ T M  

E,-=f.,(p)=h,p 1 - h , p 2 + .  . . (27) 

nun21 ~ B , I R R  M3 ( 2 6 )  N2(E,  ) tl (25) M 3 a T e M  O C B O ~ O X A ~ R C ~  OT E, 
11c.pc3 (27),  n o j i > s a M  

a 2  = Llp + lep2 + . . . (28) 

4 ~ 0 6 ~ 1  nOJIyZIMTb K O H K p e T H b l e  3HaZIeHMR A J R  11, 12 M T. n., ~ e 0 6 -  
XOfiPiMO EiMeTb K O H K P e T H O e  3 a A a H M e  K p a H  TK= N 2 ( j K ) .   TOT BO- 

npoc M b I  P a C C M O T P M M  OTAeJlbHO.  

6U 



(1  -1- *,I.,) (2, cos 5 ,  - s i n  k,) ^ I jK  - .- 

(cos i, 4- 2, sin E,)g 

UJTM, r i c n o n s s ) ~  ( 2 2 )  B 6onee p a 3 ~ e p ~ y r o ~  B A A e ,  H a n m u e h l  

1,: ;- p:[bl cos ( 1 )  (I! i E,)  - a,(#) s in  cl) (t; t !,)I 4 - p2f;K . . . (30')  

~ T N  IIOCJIeAHMe P a B e H C T B a  n p e A C T a B ; I R K ) T  co6oii, C O A H O ~  Cl.OI)OIIbI, 

y c n o B a R  @ O K ~ C U ~ O B K N  pa3~b1x  ~ O P R A K O B ,  a c ~ p y r o i i  CTOPOIII,~ - 

C N C T e M y  C B H ~ & ,  H a J I O X e F I H b I X  H a  CNCTehlbI  K O ~ $ I $ I E I L ( N ~ H T O B  P R A O B  

AJIR 3JIeKTPUrI@CKOIO N M a r H N T H O r O  ~ O J I ~ U ,  BXOAHOI'O N B b I X O A H O r O  

K p a e B  0 6 n a c ~ ~  I I o J I e f i .  B KOIIeYHOM C q e T e  3~0 f i  C U C T ~ M O ~ ~  HaJIOIKC-  

H a  O A H a  C E R 3 b  H a  n e p e c I N C J e H H b l e  H a M N  ZIeTbIPe  B e J I N q N H b I ,  CJIeAO-  

B a T e J I b H O ,  T P N  N 3  FINX MbI M O X e M  3 a A a B a T b  npON3BO, ' IbHO,  q e T B e l 3 -  

T a R  n p N  3 T O M  O n p e A e J I N T C R  O A H 0 3 H a q H O .  

T ~ K N M  n y T e h l  P e L U a e T C R  o 6 w a R  3aAaqa 0 T O P N ~ ~ H T ~ . ~ I ~ H O ~ ~  
@ O K ~ C H ~ O B K ~ .  o ~ ~ e J I b H b 1 e  Y a C T H b I e  C J I > q a N ,  K O T O P b I e  M O r Y T  nI ) I i  

3TOM n l > e A C T a B M T b r R ,  p a 3 0 6 b e ~  H a  A B a  K J I a C C a .  O T H ~ C ~ M  K neg- 
BOMY N 3  HNX B C e  CJIYqaM,  K O r A a  06a K p a R  y0=N1 ( T O )  I4 TiK =N2 (E,) 
M O r Y T  6 b 1 ~ b  n p e A C T a B J I e H b 1  P R A a M N  no U e J I b I M  C T e n e H R M  C B O e r O  

a p r l M e H T a ,  K O  BTOPOMY K J I a c c )  O T I I e c e M  B c e  c d y q a N ,  K o r a a  NC-  

n O J I b 3 0 B a H N C  T a K N h  P R A O B  H e R 0 3 M O X H O  XOTR 661 AJIR OAIIOrO N 3  

K p a e B .  

P a 3 6 e p e ~  c H a q a n a  nep~br t i  K n a c c  c n y . r a e B ,  icozda ypusHeHun 
icpaes noizn NOWHO npedc~anu~b  8 sude p ~ d o s  no yenbut crene- 
HRN TO u g,. 

M T ~ K ,  n Y C T b  

?qo = N l  (yo)  = a,?,, $ a,?: i- . . . (32) 



(EF) If 
(~1) 0~3err.10~ ~016 kidu fgar0~1 ado~na3 a ~~do~naed~ ~vu Ekia 
-0lirA ai4HqVBhBH XeX (1s) M (PC) ~LEBM~.LBW~~B~ OHXOW stIaua~ 

(tc) ... + ,drv + dru = oh 
oh onawa d oJarI a RH~BL~~OU '(s;E) axxBL ~hrarnuua~da~ 



l7onc~an:rnn a:! H (27) n (29), 6 y n e M  ~ I M C T ~  

I l a X O A R  I I P O N 3 B O a H Y l O  O T  (36) ITpM cp = $ + E,, B b I p a X a R  E ,  Y e -  

pe3 (27) N n p e A C T a B J I R R  H ~ ~ A ~ H H O ~  B b I p a X e H N e  P R A O M  II0 C T e n e -  

HFIM P, IIOJlYYPiM 

- h [ (1 + ) ' a ,  cos ell$] p 1 -  . . . 
( a H a . ' I o r N q H ~  I I O J I y q l l M  f ) .  ~ O J I ~ ~ Y R C ~  (30) 1.1 l l O ; I ~ l I e H I 1 b I M N  

R L I p ; l > K e t l N R M M  AdlR f i k ,  f;, , . . ., G y n e ~  M M e T b  

COS - alw sin (41 

tg (4 - ~- (LI - ( l j )  k , t  4- a t ( k ,  --I-. A ? )  -- -- I 

( I ]  0 . 2  - t , )  (a ,  -+ it,) -t w?a,t,)L,2., 

C ~ ~ B H N B  COOTBeTCTBeHIfO K O ~ @ ( ~ H ~ M C ~ I ? ~ I  I I p N  p2,  M b I  IIOJIYY1.IJN i)1J 

yCJIOBMe (POKYCMPOBKII BT0I)OI.O I I O P R A K a  Pi T .  A. ECJIN 3 a f i a T L C 5 1  

n ; r e q a M w  (hi ,  ?a) N K p a R M N  ( a i t l ) ,  a T a I t x e  j r r n o M  $ c e r < T o p a  no=rn. 
TO 113 ( 4 2 )  MOXHO n0JI)'qEITb ~ H Z I Y ~ H H ~  A n R  o, I C o T o p o e  cor.;rac- 
HO ( 1  1 )  C B F I 3 b I B a e T  MeXAJ '  ~060 ;  Ai  M Bi - n e p B b I e  K O ~ @ @ H U M ~ H -  

T b I  C O O T B e T C T B e H H O  M a r H N T I I O r O  N 3 J I e I i T P N 4 e C K O ~ O  I I 0 J I e g  ( 5 ) .  
E c n 1 4  OAHO H 3  HMX 3 a A a H 0 ,  T O  ,ll]?)'rOe O n p e A e J I N T C F I  O A H O 3 H a Y l I O .  

M3 Y C A O B N n  @OKYCMPOBKEI B T O P O r O  I l O p R A K a  M O X H O  IIOJIYYPiTb a H a -  

J I O r M Y H y I o  C B R 3 b  M e X A y  K O ~ @ ( ~ E I ~ N ~ H ? . ~ M M  A2 N Be n0nefi ( 5 )  Pi T. A. 
P~CCMOTPMM H e l < O T O p b I e  liaCTHble CAyilaU. 

1) C H M M ~ T P M ~ H ~ I ~  K p a R  I I p N  p a 3 H b I X  I I J l e Y a X :  

2 )  E c n ~  K p a R  n p e A C T a B J I F I B T  ~060i i  A y Y N  Pi3 TOYKN 0 C e K T O p a  

nonn (CM.  PHCYHOK)  , TO a1 = co a 
4, 

ctg w 7 j -  
t, = 

0 
(42") 

3) Ecna hl = 0, TO 



l 3 a R  @ o K ) ' c N ~ O B ~ , ~ ) ,  C C T a X b H b I e  3 1 l a q e I i H R  0) J3eA)'T I{ r I O l 3 T O l ~ I I H \ I  
( ~ O I < ~ . C M P O B K ~ M .  

B CBRBEI C 0~060i i  B a X H O C T b K )  n O C J I e A H e r O  CJIYYaR,  I)RBHOCM:IL- 

1 1 o r o  no .To>r<e l ruIo ,  K o r n a  B c e  n p o c - r p a t i c , I u o  o a f r r i r o  no:IeM, M ~ I  pac- 
C M O T P N M  er0 O T A e J I b H O ,  r I J I O C b l e A N B  TPaCI<TOl l I IM M ~ I O J I ~  A 0  I l I e T b e T O  

n O l ) R n K a  BlLlIloYMTe.iTbH0, r p a ~ M ~ 1 l l b l e  YC.1OUNR B 3TOM C j l y q l t e  IIb1.leIuI 

I ~ H A  yo = 0 ,  q,,' = a ,  r A e  a - T a H r e H c  grira M e x a y  l i a c a ~ e n b ~ i o i i  1z 

TI)aCr<TOpNH r I P  9 = 0 (13 T O q h e  ~ b i ~ 1 e ~ a )  PI H O P M a C 7 b H O  K ]3aiTH)..C\.- 

B e K T O p y  TOYKII BbI.r lCTa.  Uej1e~0061)a31{0 13 AalIEIOiM C. l I )Yae  IIpHMe- 
M R T ~  ?a n a p a M e T p  p B ~ . ~ ~ ' I M I I ! '  a 

nj)~  3T11.X l i a 4 a J I b H b I X  YC.T1013&1RX n e p B O e  N 3  ! ' ] > H B I I ~ H N ~ ~  (10) C l l a 3 y  

A a e T  

s i n  I L I ~  
fl (cp) = -1 0. 

10 

I I p H  ~ c n o n b s o n a r r u ~  T ~ ~ ~ O B ~ ~ I I I H  r $ o ~ y c r ~ p o ~ r i ~  ~ O . I I ~ ~ M E V I  

s in  w6 fl,!, = --" = 0; 
(I> 



( k -  1 ) j B  L I  - A 1 ) -  k ( B I  t 3 ) = ( 3  

T ~ K M M  061la30~,  B YCJIOBNRX ( ~ O K ~ C I I ~ O B I < I I  MbI  HaLLIJIM C B R ~ ~  hf\lelIi,lY 

I I e p B b I h I U  K O ~ @ @ H L [ I ~ ~ H T ~ M H  II0, ' Ief i  (5) At I1 Bi. P e l I I a R  Q C T a J I b H M e  

Y P a B H e H M R  C N C T e M b I  (10) C Y K a 3 a l J H b I M N  H a g a J I b I I b I M M  (110 = 0 PI 
7 ;  = a)  a 4.CZIOBNRMN U T I ) € ~ O B ~ H I I R M N  ~ I O K ~ C I I ~ O B ~ ~ M  (qt+ = o ) ,  
I I o i n y 9 H b l  B b I P a X e H M R  AJIR TPZleI<TOl)I?M N IIOJIR 

B B, 
H 1 - k  2 k ( ~  + ; - T , Z  - 3 - ~ : i - k . . .  
- - -- pp 

!. ~ ~ 

) i- 
ff,, - - - - ~ -- - ~ -  X 

--- 
7 j ( ,  =: cos yo - 1 - sin ?,, 1 )I(;:; - 1) sin2 y , ,  - I., sin 2,. 

n p N  MaJIbTX cpo 9 T 0  y p a B H f ? f l U e  6y f i e~  HMeTL BMA: 

M3 3 T 0 r 0  Y P a B H e H M R  j'xe BEIfitlO, 9 T O  ?lo H e  M O X e T  6 b 1 ~ b  n p e A C T a L 3 -  

J I e H o  PRAOM no q e n b r M  c T e n e m M  cpo, c . r l e n o u a r e n b r r o ,   TOT c.ny.raii 
s ~ a m e i i  ~ n a c c l r @ ~ ~ a r ~ ~ a  o~rroccr~czr KO B T O I I O M ~  h S 1 r a c c y  ( 3 ~ e c b  

y x e  B K a q e c T B e  n a p a M e T p a  p H e n b s R  TIPMFIRTL rru). 
~ O J I O X U M  

r-- 

,!.I -- :- - 2/ t r? , , ;  (46) 
5- 325 65 



1  
( 1  + P + - ~ ~ P 2 ) c o s p , - I  

a1 = 
1 

(1 t i) + pl ) sin + hl 

~ P N H N M B R  BO BHMMaHNe  (46), n p e H C T a B H M  a1 K a K  P R f i  110 C r e I I e -  

HRM P 
I 1 

a1 = T p + i g p 2 i -  . . .  
n o n c ~ a ~ n ~ n  ul a cpu a3 (46) B (16) a n p e A c T a B n R R  nonysemoe 
B b I p a X e H M e  PRAOM no CTene I IHM p, 6 y n e ~  NMeTb  

r 1 1 
7,,] = , P f  -&-p2f (48) 

T ~ K E I M  oBpa30~ ,  MbI nOJI3.91.IJlI.I H a q a J I b F I b l e  VC.1OBMR (47) M (48); 
C p a B H H B a R  NX C (14) N (17), H ~ G A ~ ~ I  

1 1 1 al = 1, a2 =- - . b l - -  b 2 =  ), , . . .  
A, ' 

~ ~ o ~ c T ~ B A R R  I I O J y q e H H b I e  B b l p a X e H N R  B (22) li B aHaJOI 'H ' lHbIe  

B b I p a X e H I I R  A J R  f~ M f 2 ,  I IOJIyWiM, ' H a I I p l l M e p ,  AJR f i  

sin op  + cos my. (49) 

Ecnu B s e c T u  T e n e p b  n e p e M e H H y r o  E, = cp -g, TO B ~ e i i  y p a B H e H a e  
BTOpOI'O K p a R  (OKPYXIHOCTM C UeHTPOM B 0 2 )  IIPeA.CTaBMTCR a H a -  
JlOI'PiqHO j'paBI3CHMIO (47) n J R  I I e p B O r O  K p a R  

rAe 
/-- 

1 - - 2h,E1,. (5  1 

n e p e x o ~ ~  K HO~BOG n e p e ~ e ~ ~ , o f i  R (49) 11 M C ~ O J I ~ ~ Y R  (51), nony- 
'IMM npa E, = 5, 

1 
f (E,) = 7.7 sin (9) 

HAM, llpe, ' lCTaBNB B K a q e C T R e  P R A a  n 0  CTene I IRM Pi, 
cos .I+ ( )  - '  sin {VI.  1 -  cos ,o+ i " ( ~ sir1 (ot; - 1 -  pi - / -  ~d., 2.; 

- . . . .= F1 ( p ) .  



M3 3 ~ 0 r o  D I ~ I ~ ~ X ~ H E I R  AJIH f,, ~1 aaan'orwil[brx n ~ r p a x e ~ r ~ i i  n.nH 
f n r c  ' F f l  ( p i ) ,  F I O M H O ' X H E  NX CO'OTBeTCTBeHHO Ha / I " ,  ii)'&eM M M U b  T, ,  
cpasHirean Korcjpoe c (50), n'onyqehr 

1 F ( I  - F ( I , )  1 -  . . . = 1 1 ~  1 -  - 1,: + . . . 
t 2 

I 11' = -- sin of$ + cos  oq. (,>Al (53) 

1 a. =7 - p 1 
I . ,  1 + T,,., p: 

I I o n c ~ a s n ~ ~  ( 5 1 )  u nocnenrIee BbIpaxeHlle AnR u2 B ( 2 9 ) ,  nony- 
ZIMM nocne p a 3 n o x e ~ 1 . r ~  E p z , ~  n o  cTeneHRM pl 

' I 1 0)rJ 

f = T- cos (I)$ - o) sin (I)+ - 
1, k1 (3G COS "1 f 

(LI 

I- -- 2).,i.2 sin rv? 1 hi2 p2 + . . 

1 r,: = (T '0s o)+ - 0) sin W l + j  P t . . . 



 TO P a B e I I C T B O  e C T b  yCJIOBEIe ( ~ O I < Y C H P O R K H  n e ] ) B O T O  llOl)RAK;1 

( a ~ a n o r ~ s ~ b ~ e  ycnosm MOXHO n o q Y E I T b  EI AJIR Gonee B ~ I C O K M X  

~ O ~ H A K O B ) .  M3 (55) n p E I  3 a A a H E I I I  hlhz kI $ MOX<MO IIOJIYsEITb 01, 

s H a H E I e  ~o ropo i i  c o r a a c H o  ( 1 1 )  A a e T  C B R ~ ~  b i e x A y  A1 II B1. C ~ K -  
T O P  C B ~ I ~ P ~ H H ~ I M M  TaKEIM C I I O C O ~ O M  K P a R M E I  N M e e T  TO I I P e N M \ j -  

U e C T B O  IIepeA APYrEIMEI, 9 T O  B C e  JIY9EI B H e  IIOJIR I IpOXOAHT B OAEI- 

H a K O B b I X  YCJIOBEIHX; BXOAR B n O J I e  EI BbIXOAR M3 H e r 0  IIOA I IPRMbIM 

Y m f O M  K K P a R M ,  H e  EICIIbITbIBaMT B ~ ~ T M K ~ J I ~ H o ~ ~  @ O K ~ C M ~ O B K H ;  

IIOCJIeAHHH, TaKEIM 0 6 p a 3 0 ~ ,  6 y A e ~  B 3 T O M  C J I y 9 a e  O I I p e A e J I R T b C H  

T O J ~ L K O  x a p a m e p o M  c a M o r o  n o n R  B H Y T ~ E I  cewopa. 
B 9 a C T H O M  C J I y s Z i e  hi = hi = h (55) 6 y A e ~  EIM€!Tb cJIefl)'FOwEIfi 

BEIA: 

9 ctg w -*- 
h = 

(U 

1.  J. T h o  I I I  s o n, Phil. Mag. 21, 225 (1911). 
2. W. B a r t  k y, A .  J. D e m p s  t e r ,  Phys. Rev. 33, 1019 ( 1 9 9 ) .  
3. R. H e r z o g, 2. Phys. 89, 4-17 (1934). 
4. W. B l e a k n y .  J .  A. H i p p l e, Phys. Rev. 53, 5" ((1938). 
5. D. F i  s c h e r ,  2. Phys., B, 133, 455 (1952). 
6. D. F i  s c h e r ,  Z. Phys., B, 133, 471 (1952). 
7. C. A. B a p a ~ o ~ ,  A .  0. h t a n o s ,  K. H. L l l n ~ r n ~ ,  n p ~ 6 o p ~ 1  11 TCS- 

HNKa 3KCllePHMeHTa N? 1 (1956). 



M c c n e a y e ~ c ~  pacnperrenemc I I ~ I T ~ H C M R H O C T H  u T ~ I I I I ,  o r6~1a -  
c b 1 s a e ~ o 8  TOHKO? n p o ~ o n o ~ o l i .  P a c c ~ r a ~ b l n a e ~ c ~  Tonrulllra npomo- 

JIOKA,  K O T O p a R  MOXCT O T ~ P O C N T ~  3aMt?T11)'10 Telib. I ~ [ > O B O , \ I ~ T C R  

IIOCTpOeHkle o6nac~1 i  BMAAMOCTN. 

B C T a T b e  M. B. O b p e k i ~ o ~ a  [ I ]  B b I q P i C J I e H a  BPiALiivlOCTb TCHI1, 

o ~ T ~ ~ o H I ~ H H o ~  I I e O ~ H O p O A H O C T b ~  B n O K a 3 a T e J I e  n p e n O M J I e H M R  C p C A  

( ~ a n p ~ ~ e p ,  B n n o c ~ o - n a p a n n e n b ~ o 8  n n a c T M H K c ,  o c sewae~o i i  
nnoc~ofi  M O H O Y ~ O M ~ T M ' I ~ C I ~ ~ ~ ~  B O J I H O ~ ~ ,  o ~ . ' I ~ c T ~  I M M e e T  n o ~ c a s a -  

T c n b  n p e . 7 o M n e H m  pi ,  o b n a c ~ b  I1 - p; o 6 n a c ~ a  I n I1 C B F I ~ ~ I I ~ I  

nepexon~oG obnacrbro, u ~ o ~ o p o i i  n o ~ a 3 a ~ e ~ l b  ~ ~ ~ J I O M J I ~ H I I R  M e -  

HReTCR no J I M H ~ ~ H o M ~  3 a K O H )  O T  pi A 0  p). 
O A H ~ K O  M. B. O ~ ~ ~ M M O B  caejlan Aon) U ~ H M ~ ,  ~ I T O  I J ~ J ~ C T L ,  I I I 

I I I U p O K a ,  T. e. ' I T 0  O H a  M M e e T  11POTRXPIIHOC'Tb B M I I t  I  ML' @ l ) ~ 1 1 ~ . l l ( ' l l l ~ i  

3OHbI.  B H ~ L U ~ G  C T a T b e  3 T O r 0  A O n y I Q e H M R  I I e  ~ ) ' J C T  

~ ~ ~ A ~ o J I o x < H M  *) , s T 0  IlJIOCKaFl M O H O x p O M a T M Y e C I < a R  B o u l H a  

C AJIUHOIO B o J I H b I  h n a A a e T  B A O J I b  OCM. B nJIOCKOCTM Z = 0 I I P O B O -  

Alihl K O O P A M H a T b I  OCIl OX M 09. H~OAHOPOAIIOCT~ B C p e A e  BHOCII I  

B B O J H Y ,  Y n a B H I Y I O  H a  nJ IOCKOCTb Z = 0, C J I e A Y I O U Y I O  p a 3 H O C T b  

r xoAa n (PHC. 1) :  
0 6 J a c ~ b  I O ~ J ~ C T ~  11 1 



OL 

"S -1 ,IS t~I4.i.l OXqUOI F?HI?BOb'3If331{ 

~au.Cg a~agvd MamuoLJeH g .i) = 11 M 0 = q H~U 1 - 1 o.rh 'EMR 
-oi;~.i rrr k!k+rrnl~~arrhrcrn ~~HO\I $1 EDLJBI"~V~~UO 2) .I~J~u~u~~)(~FO)I 



B b ~ t i e l , ~ ~  ~ 3 - r i o : ~  311aka H H T P ~ ~ ) ~ . I I ~  13 ( [ )O~)M): IC ( : 3 )  sin I,J-C M 
2n 

cos O)T, r'Ae o = , n o n y s a M  

S ;  .= C; cos (or + S; sin w r ,  1 

S ;  = C; cos to r  +- S; sin (a-, 

rne 
b b - 2 -X, - - -  xo 

%E= C1 - cos dt-, S; = sin -dE, Zh 2~ L 
-M 

a, 

I 
(5) 

Ea -1 n > d E ,  C ;  5 coszn(, 
6 - -  - x ,  
2 

F2  
S' z 

2 5 sir, 2n ( G ~  i 1 2 )  (I:, 
6 - 
1 X" 

f = a2 {(c; + c:)? 4- (s;  + s;)"). (6) 

/ I ,  - M a J I b l e  BC2JIMrlMtIbI. 
T ~ K I I M  o 6 p a 3 0 ~ ,  I A a e T  H a h f  p a C 1 I p e A e J e H I I e  NHTeHCIIBtIOCTM 

I3 IIJOCKO~CTM 2 - const B Tel I I I ,  0 ~ 6 p a ~ b l ~ a e M 0 f i  T O H K O ~  IlPOBlOJIO- 

K O ~ ,  n p a s e M  cpena c,npana 11 c . n e B a  OT Hcie BIIOCMT p a 3 ~ 0 c ~ b  xoaa, 
P a B H y I o  n AJIMtI BUJIH. E,C.TIM fZ = 0, T O  M b I  M M e e M  Ben0 C T e H b I o  

OT 0 6 b i q ~ 0 f i  T B O H K O ~ ~  npOBOAOYKII .  

I --= I - 2p [sin 

n11J 
z2----2 -+ c o s -  . 7 1 



(i 

wtaJ mill 

-Lawsc saYa ~aea~qxdg~o a'lna lvtv 10'0 yommvoL WI~OI:OQO~U w 1 
IINHHOL~~B~I ell '3 'L 'ww 600'0 = W3 r-O1 . 600'0 < WJ 001 7- I 

iidu OL~ '~~WM~IIBII 'IYM~KIPOII '~3 s_O1 .s = y ~aulwdu PIL"~ 

lya~,r.idu 

(z I) '9~0'0 z A 
~L~OWN~MFI n1r3a 'BHL~IN~E aha IIL~OH 

-Hamaas0 a s~Jouvodoa.ana~ OL~ '[g] oralesd o~~crr.~o~ '~nrk~irf~~ 

TH~L orii~r~a~ec ~LI~JO~~J.O L~XON EHI,OV 

-0codII 1q11HhllfOL !!O\IC>I 'lLBLIi1i3~0lI OIIXON (L) iqrr.C~'do@ FM 

(1 1) .L- ?/Z = ;?I 
I 

XKNHahl?liE NdlI ~lf.<11 PI 

(o~r311h aovah - y am) -c + qz = :n '0 = 77 
I 

:n Xl3PiHahElI£ XNm 
-or,Cra~ra ~du ~~LT~CNJ~.LJRF. laam KIITIRHK~ 'i; .311d BII imvaand~~ 



Zl = S ( u )  - c ( u )  (16)  



'+ .3~d A (L) arri(wdo9 
or-i~ev.103 'e~~ecl XI< s~~oru&~ua~ .m = n II rn = 77 adu os3aru ~oia1~1 

arsdorolr ~eaedrr:, ao~iCruad~zo~s xisudarr siCuF msownrua A~rar, 
-r?vaa 'ear?tfu~ m~d~f(l?dgo~r? 11~0~~38ds110~ hdd~ I?€ vdnruxd~ 

.I~HML~I?X ~OI%HOH~XL'~@AF AH~L~W~~M~B a 
~1~deu1q~ex3 ~NH~UUTOY~~U dLpaaleCexou a ~LJ~HUO~OI~VO~~~ -H>I~QL 

HspmrrLaaJ e'dosaw ~L~OII~I~~LH~LXIC~ eii ~ILLIULTUO~ sawom mHav 

-ruovadu MWHVaIREBXOU I/NI~H~UV£E~ 3 Fad3 x?CBU I(HH~HOH~O?IB~LI 
-03 OJOlllOLrUaH aUhMVeH OY4UOY38Il 'qsl.lllaho OHXOi'4 1!4da~1a~ 



M3  POPM MY.^^^ (14) Bl iAMMOCTb C M M M ~ T P M Y I { O ~  1 ia r )TMHhI  [ ) ~ R H ;  

V C , , ~ ,  - 1) v-2 -: p.2,82. 
[ < p e ~ I l o J I o ~ ~ h f ,  YTO a C M M M e T l l H R  3 a M e T H a ,  eCJI l I  

A = E VCNMM. (1 9) 
Torna (14), (18) M (19) M M e e M ,  q T 0  a C M M M e T p R r I H a R  K a p T M H a  

' ( a M e T H a ,  eCJIM 

y >, c p .  10,3. ( 20) 

1 r a : r u w l e  r p a l i M u h 1  6 0 ~ 1 ~  y j ~ o i i ,  r I e M  2p = 0,05, y x e  H e  M e u r a e r  

. l a M e T H T b  a C I i M M e T p H H ,  K a P T H H b I ,  C B R 3 a H H y W  C I IeOAIIOPOAHOCThK)  

n O K a 3 a T e n R  I I p e J I O M J I e H H R  I I P H  cp = 0,025, no 06e CTOQOHbI  H e n J I O T -  

I4OCTH. 

T ~ K M M  o 6 p a 3 0 ~ ,  nocTaTOz1.kro  O r p a r l H s M T b c H  paCCMOT]3eHHC'M C n y -  

TraH cp > 0, 11 > 0. 
I l r r~epcc t~o  H e c I c o n b l i o  nonpo611et. o c r a t r o n u T 1 , c n  Ira nccnei~oua- 

111m @YHKUMH 

z = [qzi ( l l )  + PLI (u)]. (23)  



!)I. 
.[t] '2- = (lll--)az '8z.0- z (111-) rr 

'z = (0) 'Iz '$0- = (on) '2 

o I '0 > (,?i) 1z > (011) 12 u 0 < (0) az < (,n) zz Hex neL 
-(rn--) zzd + 

+ (117-) rzd) < (0) azd + (on) rzh o~h 'r~axexou ~u3a 'orIet 

-enoi: .I an.Cg ole .on > ,n > 0 ' (n - ) z < (,n) z O.L~ 'Iliaxenou 
.[(,n)z '(rn-)z] HnM = z HMK 

aehlCu-3 VIOHU~~ oa 'LM~~HE 'Tn ',?I 'rn - xenh0.L a ~..ifl 
-,(g I~NLI~~MHMW qdaua~ '071 > ,n > 0 OLh 'naHOX13H 'WM~OL'OLI~~~~U 

' [("n) z '(En -) z] HNN =; z HMN 

eaom 01 '(ln-)z < (rn)z new neL ~eHweruMHMIn! 
- in 'on 'in - xenhol a e 'er1srreluM3ne11: ~aU'49 ,n anrloL a (v .JPI~) 

Hl1N II 3x1311: KMt1~~0Uadah LL~MD a In > ,?I > 017 Olh 'I~IIIS.~LIO~ 

aehlCrr3 lyo.Le a 'LU~FHE 

'In 9 n ~du 0 < 77duz - h srraluxoew ~OHUO~~CHO~U yodo~u 
rtrrfl ($2) Mkrr~a>~edrqa a xe>r XEL '~I~H~~~EMIM~H~W -in 'on- XEX 
-~OL a e '~I~H'IL.ENMHMA .l..hthg 071 'In - XBH~OL ff eu~0.1 'rn < ,n 
IL~A~ '0 < ,n M)IhO1 KI~H~~oL'ou~~c~ 10 M.L30KI<3MBEE 8 U341LIH 

-aw ~an~4g z HMN U~F al?Haxedlqa ~3~01llUadah ICIM.~~~L~)IE am 
-.irrs rY0g01rr g .(rn 'rn-) el1 (n) z .~~.eakid~e~u~>ed OH~OL~L~~ 

. (rn 'rn-) 
e~.eada~wl.r aHa LAHJ~IL~OU s~rsg Laxoru as 2 HMK ~.LX 01 

1 9~) ( ) = (I) d I (Tn -) Izh < (n) 9d :- (n) Ii6, = (n) 2 

'o~sua~eaonaIfL) 

( rn-) az c (n)a I 

1 ' (rn-) rz < (n) rz 



M a K C  Z = Z  (--- LI,,). 
~ ~ M ~ T H M ,   TO n p e a c T a B J I e H u e  B (27) AJIR MIIII  z MOXHO ynpo- 
C T M T ~ .  I~O.JIOXHM 

z ( - U I )  = (PZI  ( - U I )  + p~e( -u l )  = 

= cpzl (uo) + pze (uo) = z (uo) . (28)  
 TO A a e T  

  TO e c T b  y p a B H e H H e  npr r~o i i ,  npoxonrrueii sepes H a q a n o  KOOPAH- 

EIaT cp, p. n p P l  p = 0 

MHH 2 = 



1 h $jC()'() > 0' 
, d 9'E - Z 

b, 86'0 

I 
= (d 'h) A 

' hrz'o-z- 
'& 8F0'0 < d d 9.S LL'o 

IWlfOSI!II 

'8'~ - 2 (Ij7 -) Zz '*c"~o -- _ (I, -) '2 

'8'2 (Un -) Zz 'fj~'0 -t = (''11 -) '2 

'$3'5 (on) Zz '~P'o - = ("n) Iz 
naHaheHE arsaomah 5L~suona~ 

- 1. 

6 
"" > ' G: [(On) 12 - (i'n -1 21 

==(d - 'h) A 
h [(ln --) rz -1 (071 -) !z] + z 

'ha <- '1 ' I/ ((111-) zz-(on-) ezj 3.h l(Ln-1 Tz- (u~)-) It] I 11 [("?I) ir -1 (I 11 - ) 
'bin 2 d [(on) It - (I'n - 

h 7 -) z (b -) '21 - *&,<d ' -- 

d [(In- ) 62- (On-) 2.71 

, (On) 2 4- ("n -) z + z .;,a > d (On) i -- (On -) z 
(IF) ('11-)z) 

'bu .; (/ 
(In --) z -. (91 --) z , 

- - -- 
(d 'b) ly (if 'A) 111 ' -- 

- ((I - '&)A (d 'br) W + (d 'br) ZLI - 

(On) z - ('In -) -7 - - Z: .&n )-- (1 --- 
(on)~ - ("n -)z 

(n-) (on )z-z 
'dn ., tI - -- I 

I (In -) ? -- (On -) z , 



~ o i i  o 6 n a c ~ m .  B H ~ L U I ~ R H  r p a ~ r ~ u a  < < 0 6 = l a c ~ u  BUAUMOCTU>> y A a n e f I a  

I IaCTOJIbhO,  4 T O  T e p R e T  CMbICJI B C B R 3 U  C TeM, 4 T O  B b I p a X e H N e  (7) 
AJIR / qepe3 cp, p C n p a H e A J I P i B O  ~ ~ U ~ A N ~ K ~ H H O  J I J I U b  H J I R  M a J I b I X  (P, P. 

M C T N H H ~ R  r p a I < N u a  S ,  n o - B N A P l M O M y ,  r J r a A K a R  O B a J I b H a R  KPM- 

B a R ,  n J I R  K O T O P O ~  MHOTOYTOJIbIINK, M 3 0 6 ~ a ~ e H ~ b 1 ~  H a  P N C .  5, R R -  

.7RCTCR ~ I P N ~ J I M ~ ~ F I E I ~ M .  

Bbrpaxaro ~ J I ~ ~ O A ~ ~ I ~ O C T ~  M O e M y  I IaJ r . I I1OMy P y h O B O A M T e J I W  

a h a A e M M K y  M. B. O ~ ~ ~ H M O B ~ .  

I. M. B. 0 6 p e N M 0 R ,  O ~ T U K ~  N CIIeKTpOCKOIINR 4, BbIII. 5 658 (19581. 
2. M. B. 0 6 p e N M o B ,  0 npNnoweHw1 + p e ~ e n e ~ o f i  n n + p a ~ q ~ ~  nnn +nsrr- 

YecKllX M TeXHNY?CKNX n3~epelrufi. M3n. AH CCCP, 1945. 
3 Scientilic Papers of John-William Strutt  (lord Rayleigh),  v. 111, p. 277. 
4. 9. H. n &I Jl l[) e h 11, Ta6nn11br CI~?lI1laJlbHbIX ( P Y H K ~ N ~ ,  T. 1. ~ O C T O X -  

HSAaT, 1934. 



PACCERHME I ~ . - M E ~ O H O B  C MMIlYJlbCOM 
OKOJIO 100 M38.c-I B MEAM M X E J I E 3 E  

B. r'. Kupunnos-Yzpronzos, 6 .  A .  Aonzotuerrn, 
A .  M .  Moc~suves ,  J. n. Mopoaoea 

M ~ B ~ C T H O ,  rITO M H O r H e  a B T O p b I ,  MCCdIeAOBaBUlllC? I IaCCeRIIMe 
[L-hle30I-IOB H a  RA1)aX. H E ~ ~ J I I O A ~ - ~ M  H ~ ~ ~ I T O K  r IBCJla  C.114'9aeB p a C C e n -  
IIHR no OTI3OIlIeHHIo K O X M A a e b l O M y  n p H  I<J'JITIOMOBCKOM B 3 a I i M O -  
A ~ ~ ~ c T B H B  p - M e 3 0 H O B  C R A P a M H .  

Haw6onee n o n ~ ~ 1 l Y i  0 6 3 0 ~  A a H N b I Y  no p a c c e R t I r I I o  P - M ~ ~ O H O B  

CAeJIaJIH Q a y J I e p  M B o J I b @ e ~ ~ a ~ ? b  [I]. n o  IIX MHeHHIO, a H O M a J I b l I O C  
p a c c e R H B e  B O ~ J I ~ C T N  Ma,lILlX 3 ~ e p 1 ' B f i  ( ~ e H e e  600 M 3 8 )  OTCYTCT- 

B y e T ,  a H ~ K O T O P ~ I ~ ~  H ~ ~ L T T O K ,  H ~ ~ J I I ~ A ~ ~ M L I ~ I  B OTAeJIbHblX B C C n e -  
A O B a H H R X ,  C B R 3 a H  C O U I M ~ K ~ M I ?  3I<CI'ICpB%leHTa.  TO M H e H H e  n O A -  

T B e p X A a e T C R  p e 3 y J I b T a T a M M  T p e X  HeAaBEIBX p a 6 0 ~  C MeAJIeIIHbIMM 
p - M e 3 0 H a M H .  

I ( H ~ M J I . X O B - ~ ~ ~ I O M O B  H M ~ C K B M ~ ~ B  [2] H C C ~ e A O B ~ S I B  P a C C e R l I U C  
p - M e 3 0 H O B  C H M n y J I b C a M N  130 k 16 M36.c-I B n J I a C T M H a X  ~ ' ~ T ) N J I -  

n m  ~ o n m a ~ o i i  1 CM, K o T o p L I e  6b1,11~ pacnonoxemr B H Y T ~ M  K a M e p b I  
B H . J I ~ c o H ~ .  M3 2250 C n y r I a e B  p a c c e R H H R  p - M e 3 O H O B  H e  6 b 1 J I o  3 a l l e r H -  
C T p H p O B a l I O  HM OJHOTO C J I j q a R  p a C C e R H M R  H a  6onbme 6". M M e -  

J O C b  YAOBJIeTBOPATeJIbHOe COI'JIaCHe 3 K C n e P M M e H T a J I b H b l X  M UbI- 
r I a c n e H H b I x  no T e o p r m  Monbep yrnosbrx pacnpenene~~i i .  

M c n o J I b 3 y R  a , ~ a r e 3 c ~ ~ i i  ~ a c c - c n e ~ < ~ p o ~ e ~ p ,  A J I r i x a ~ n ~  M Apy- 
T I o H R H  [3], M3MepHAPi  P a C C e R H H e  p - M e 3 O H O B  B CBHHUOBbIX HJIaGTM- 
H a X  ( t  = 7 M A ) .  0 6 ~ 1 . ~ 3  npober p - M e 3 0 H O B  COCTaBBJI 19 Y. no-  
3KOJIbKY MAleJIOCb COrJIaCEIe  3 K C n e p H M C H T a  C ~ e o p ~ e f i ,  YrIMTbIBaIo- 
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weii K o H e w b r e  p a s ~ e p b r  R n p a ,  a s T o p b I  O U ~ F I M J M  ~ e p x ~ ~ i i  n p e A e n  

B03MO>KHOI'O akIOMaJIbHOT0 paCCeRFfMR K a K  I?" C M ~ H ~ ~ K A O ~ L .  

O ~ p M ~ a ~ e J I b l I b I f i  p e 3 y : I b T a T  B OTI-IOllleHUM C Y q e C T B O B a H M R  a H O -  

M a J I b H O r O  paCCeRI-IUR 6 b 1 ~  n 0 J I ) Z i e H  Y U A J I l l  M A P .  [4], K O T O p b I e  1134- 

qanu  p a c c c R H M e  p - M ~ ~ O I I O B  c 3~1epr~e i i  23 M3e B C B M I - I U O B O ~ ~  n,na- 
CTIIHKe (0,56 M M ) ,  I I ~ ~ t ? l ~ _ l e F I l l O f i  BHYTPM n p 0 n a H O B 0 f i  n y 3 6 1 p b K 0 ~ 0 8  

K a M e p b l .  

@ ) K Y U ,  K M ~ a ~ y p a  M B a ~ a s :  *) 112 0 6 H a p y x u n ~  ; i H O M a J I b H O r O  

P a C C e R H U R  p - M e 3 O H O B  I1 B O ~ . J I ~ C T H  6 0 J I b l l l M X  3 H e p r M f i  (oKoJIO 

1638), XOTR 3TOT p e ' 3 ) J b T a T  I<aXOAMTCR B M3BeCTHOM n p O T M B O p e -  

ZiMM C Ap4TMMM 3 K C ~ e I ) M M e I < T a s n b H b I M M  A a H H b I M M  M TeOPeTMZIeCKMMM 

n p e A I I O J I O X e H U R M M ,  p a 3 B M B a e M b I M U  13 3 T O M  063ope. C Y ~ ~ C T B C ! F I I I O ,  

ZiTO a B T O p b 1  IlOJIyZIalOT COr.'laCUe C T ~ O ~ M ~ U ,  ) I I M T ~ I B ~ I O ~ ~ ~  Ky.JI0- 
HOBCKOe B ~ ~ M M O ~ ~ ~ ~ C T B M ~ ,  T O . I b h 0  I c O r A a  0 ~ 6 0 ~  T ~ ) ~ ~ K T O P M ~  p-Me- 
s o r f o n  ~ ~ I O E ~ B O A M T C R  ~ 1 e r M c ~ p a U ~ e h  p - e - p a c n a ~ a  n p H  oc-rarrourte. 

Y Z ~ M T ~ I B ~ R  B a X H O C T b  OKOIILIaTeJIbIIbIX C\XAeIIMI. i  06 OTCYTCTBMM 

M.?M FIaZIMZIMM a M 0 M a ~ l b I I O r 0  l)aCCeFiIiMR, MbI M3MepM.TU ]?DCCCRIfIIe 

!I-Me301IOB C MMnyJIbCaMM 8 1 , 2 1 4 4  M ~ B .  C-I H 9eTbIJ)eXMMJur lMMeT-  

j)GBbIX MeAHbIX M X f < e ~ 1 ~ 3 1 I b I S  II ,IaCTMHaX. 

XOTR OTHOCMT?JlbklOe ZiMC.10 II~K. 'IOIIOB B R A p a X  3 T U X  3; IeMeHTOB 

BeJIUKO, I I p U  B ~ I ~ ~ ~ I < I [ O M  M H T e F B a d I e  3 1 - I e p r U i  H J'r,703 A,IR C O n O C T a B -  

JIeHMR C 3 K C n e ] I M M e H T a J I b I I b I M I i  p e 3 y J I b T a T a M M  M O X H O  I I O J I b 3 0 B a ' I b -  

CR T O Z I H O ~ ~  @ o p ~ 4 , n 0 1 i  M o n b e p ,  H e  n p M B J I e K a R  ~ ~ M ~ J I M X ~ F I H ~ I X  A a H -  

H ~ I X  no p a c n p e n e n e l t u m  3 a l : ~ ~ a  B R n p a x .  

C x e ~ a  y c T a I I o s K M  n o ~ a 3 a ~ a  H a  PMC.  1. E j o n m a ~  n p R M o y r o J I b -  

H a R  K a M e p a  B u n b c o ~ a  [5] p a 3 ~ e p o ~  (55 X 40 X 14) C M ~  ynpasnn-  
J I a C b  TeJIeCKOIIOM CZIeTZIMKOB, Y K O T O p O r O  I lRAbl  C1, Ce U C3 6 b l J I ~  

BKamZieHbI  FIa c o s n a A e H M e ,  a ~ R A  AC - H a  a r i T M c o s n a A e H M e .  Y T O ~ ~ I  
4 M e H b U I M T b  n[)CC~I: 'TbI p R A a  ~ I - I T M c ~ B I I ~ A ~ H I ~ u ,  IIOA HMM n O M e Q a J I C R  

~ 0 ~ ~ ~ 0 J I b l I b 1 i l  J:fI,T ( K P )  , ~ ~ J I ~ Z i e 1 1 1 1 b I f i  B a y 6 n ~ p y m ~ y m  CXeM) 

a ~ ~ u c o s n a ~ e l i ~ i i .  B ~ e A e 1 1 M e    TO TO ~ R A D  ~ O ~ B O J I M . ~ I O  C H M ~ M T ~  w c n o  
n p o c q e T o n  C X C M ~ I  AO 0,5n/o. 

BCR )rCTaHOBKa 6 b 1 n a  C M O H T U P O B a H a  H a  Y P O B H e  M O P R .  CBMHUO- 
s b ~ i i  @M, ' I~TP T O J I ~ H H O ~ ~  15 cu I I ~ A  ~ a ~ e p a f i  B M J I b c o H a  n p c ~ ~ a 3 ~ a -  
ZiaJICR AJIR n O r J I O I I ~ e H U R  3 ~ c h ~ p 0 1 1 1 1 0 k  ItOMnOHeI-ITbI KOCMMZIeCKMX 

nyqeii. 
AJR p e r U C T p a U M M  OCTaHOBOl\ k - M e 3 O H O B  M U 3 M e p e H M R  p a C C e R -  

HMR BHYTPU K a M e p b I  B u n b c o ~ a  p a 3 M e w a J O C b  f i e B R T b  ZIeTbIpeXMUJ-  

. n ~ ~ e ~ p o n b r x  M C ~ I I ~ I X ,  a B ~ p y r o i i  c e p m  ~3~epe111 l i i  X < ~ J I ~ ~ H ~ I Y  

lIJIaCTI1H. 

Y T O ~ ~ I  3,iIeKTPOHbI 1 l a C n a A a  OT p - M e s O I I O B ,  OCTaI~OB1.lBIUUXCR I3 

n n a c m H a x ,  H e  A o c T M r a J r u  p n A a  a ~ ~ u c o s n a ~ e ~ ~ i i ,  noa ~ a ~ e p o i i  no- 
M e w a n c R  c ~ u ~ r l o s b r i i  @ u n b . r p  T O , Z ~ M H O ~ ~  0,s CM. 



M A ~ H T H ~ ~ I ? I < ~ U H ~  1IaCTHJl  n p O N 3 B O n H  H a  ma3 no nJIOTHOCTH 

M O H N 3 a I i N H  N MHOTOI<PaTIIOMY I ) a C C e R > I I I D  rIaCTMIl R n J I a C T N H a X  K a -  

M e p b I .  

P ~ C C ~ R H N ~  N r p a A H e H T  nJIOTHOCr\N CJIeAOB LL-MeSOHOB, OCTaHO- 

BNBLUHXCR B n J I a C T N H a X  B H y T p N  K a \ l e p b I ,  3 a M e T H O  OTJINrIaJJkiCb OT 

C.ReAOB 3 J I e K T P O H Q H  N n P O T O H O B .  O U ~ H I C ~  O X H J a e M O T O  rIMC.'Ia OCTa-  

HOBOK n p O T O H O B  A O J I X I I a  6b1,r1a C O C T a B H T b  M e H e e  2'10 O T  BCeX 3a- 
P e r N C T P M P O B a H H b I X  q a C T E I 4 .  H a 6 ~ 1 w ~ r l a e ~ b r i i  n p O q e H T  ZraCTMU, NAeH-  

T N @ I ~ L ~ I P O B ~ H H ~ I X  K a K  ~ ~ I O T O I I I ~ ~ ,  COCTaBMJI (1,5 f 0,5)'/0. ~ T B  

r I a C T N q b 1  B ~ I , J I N  NCKJIEO~ieHbI II : ~ a . r l h ~ e i i L U e f i  o 6 p a 6 0 ~ ~ ~  no p a C *  

CeRHIIEO. 

C ~ ~ ~ C T B ~ ~ ~ I I O ,  Y r o  q H C J 1 0  OCTaHOBOK kL-Me3OHOB, C O n l l O B O X A a B -  

IIIMXCR 3 J I e K T p O H O M  pacnaza, I IaXOANJIOCb B XOPOLUeM COTJlaCMM 

82 



C B ~ ~ ~ I I C J I ~ H I I ~ I M ,  C Y 4 e T O h I  COOTHOUIeHNR ~ I O J I O > K N T ~ J I ~ H ~ I X  U O T p U -  

U.aTe.IbIIbIX ~ l - h l e 3 O H O B ,  a T a I < X e  r e O M e T p N H  yCTa1iOBKH.  

Y ~ a 3 a 1 1 1 1 6 1 G  M e m n  H A C T I T H @ M I < ~ I ~ ~ H  61x1 H e  n p H r o n e H  A m  pas- 
A e - q e r I u n  n- M 1 1 - M ~ ~ O I ~ O B .  O A I ~ ~ I < O  ~ I P O B ~ A ~ E I I $ M ;  ~ H ~ J I H ~  no~a3a.11, 
4TO nPMMCCb f i -Me 'JOI lOB B I I ~ L I I H X  YCJIIIOBHRX O n b I T a  COCTaBJIReT H e  

h l e H e e  l V / o  OT 4 U C 7 a  OCTalIOBOK 11-MC30HOB. MOX<HO n O K a 3 a T b ,  4 T O  

TilIi i lR n p I f M e c b  f i - M e ? o I l o n  n p a K r a s c c l a  I I ~  I ~ ~ M ~ I I H T  O x M A a e -  

m r o  T e o p e r H c I c c K o r o  p a c i I p c n e n e I r H n  no  y m a M  p a c c e R H N n  

p - ~ e s o ~ ~ o n .  
B ~ I ~ N C J I F H I I ~ R  no q m a M  M r I o r o I c p a T H o r o  p a c c e m m  EI n p 0 6 e r a ~  

b l a c c a  CracTMu, ~ r ~ e ~ ~ ~ ~ c l ) w r ~ ~ p o n a ~ ~ f ~ ~ l x  I i a v r r  K a K  p - M e ? o l r b I ,  o K a ? a -  

~ a c b  pan~roii (209 + 10) m e  ( c x l .  n p M n o x e I i H e  I ) .  
n 0 ~ 1 < 0 , 7 b k . y  TeOIIeTM'I~CI \MC YI'JIOBbIe I ) ~ C I I P ~ A ~ J I ~ I I N R  CYL&eCT- 

B e H H O  O T J I H 4 a D T C H  A.7R 11-MC30IIOB ,QZi>Ke C ~ . ~ M ~ K H M E I  3I IaZIeI IHRMN 

N x m y n b c o s ,  B o n b l T a X  n o  H ~ ~ ~ ~ C H N K I  p a c c e R I I m  n l 1 ~ 0 6 p e ~ a e ~  s a x -  
I-loe s ~ a s e ~ ~ e  T O ~ H O C T ~  n H ~ M ~ P ~ H I I H  H M ~ ~ ~ ~ ~ C O B  N y r . 7 0 ~  p a c c e R -  

IiNR IL-11e30HOI1 n 0 3 T 7 1 ~ ~  ,&7R p e r H C l p a 4 P l E I  OCTal lOBOK H NCCJIeAO- 

BillIMR 13aCCeRHMR MLI M C n O L 7 b 3 O B ~ ; I N  C ~ a B H N T C , l b l I O  TOHKMe n U 7 a -  

CTMIibI. 

M 3 ~ e p e 1 1 N e  E I n n q  IbCOB p-34e3OIIOB ~ ~ O N 3 B O A M J I O C L  no O C T a T O 4 -  

HOMY npo6ery. n p c f i n o n a r a n o c b ,  s ~ o  p a c c e z l m e  H o c T a F r o n r t s  W-Me-  

3 0 H O B  IIPONCXOART B 4 e I I T j ) e  IIJIaCTNHbI. 

n p N  BI>I~INCJIeI1NN OCTaTO4IIOTO npoAera y ~ I I T b I B a u I O C b  OTKXOHe-  

HNC Y r - 7 2  BX0,Qa ~ - M e 3 O l l O B  B nJIaCTl l l l ) '  O T  BepTNKaJILI .  3TOTO 

CTpONJINCb 3 l < C n e p N M e H T a J I b H b I e  p a C n p e n e J I e H H R  YrJIOB B X O n a  I3 

n n a l c m H y ,  me n p o H c x o A M  r p a c c c m i a e :  

- - 1 H e B e p T H n a . l l > i l O C  I I1 -- B X O J a  - p - M c 3 O l l O ?  6 y n e ~  6 0 ~ b U I e  N C T M H H O ~ ~  
-2 

r.. - 

I T O . ' I U I I H ~ I  B sec l il,,,,, p a s ,  rne 1) v~,,,, - c p e n ~ e ~ ~ a n p a ~ ~ ~ s ~ b r i i  
yron uxona. 

O U I E I ~ I ~ M  B onpeneneam H M n y n b c a  B T o w e  p a c c e n H m ,  C B R B ~ H -  

H b I e  C H e T O q H O C T b D  O C T a T O g H O r O  np06era R 3 - 3 a  K O H ~ ~ H O ~ ~  TOJIL&HHbI 

IIjIaCTNHbI, a T a K X e  C N3MeHeHEIeM M M n y J I b C a  B I l J I a C T N H e ,  r A e  np0- 
IICXOJNT P a C C e H H I l l e ,  6b1JIN BhILllICJIeHbI N y 4 H T b I B a J I H C b  npI.1 no- 
c T p o e H m  K ~ N B ~ I X  p a c c e R H H n .  

P a c c e s l ~ a e  ~ 3 1  s a n o c b  B n ; I a c T m a x ,  H a w t I a R  co B T O P O ~ ~  nxa- 
CTNHhI OT hlCCTa OCTaIIOBI<H, T B K  K a K  B IIJIaCTIIHC, I Ipef l I I IeCTi3yIo-  

L&eG OCTaHOBl<e, CJIMUIItOM BeJIEIKa o U I N ~ K ~  B OnpCne;IeI-lEI>I H M -  

n y n b c a .  

Y r J I b 1  p a C C e R H M R  H j M e p R J I H C b  B rIPOek413kI I I a  IIJIOCKOCTb, 

n a p a n n e n b H y m  n e p e A a e M y  c T e K n y  K a M e p b r :  s T a  n n o c r < o c T b  ornss- 
H a ,  ~oo6 rqe  r O B O p R ,  OT ~ J I O C K O C T H ,  npoxoncrweii q e p e 3  nepno- 
H a Y a J I b H O e  I l a n p a B J I e H H e  4 a C T N u b 1 ,  AJIR K O T O P O ~ ~  BLIBOANTCR T e O -  
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p e T s s e c K o e  p a c n p e n e n e 1 - ~ u e  y r n o B  p a c c e m m .  O A H ~ K O  6 n a ~ o ~ a p n  
T O M Y ,  9 T O  K a M e p a  y 3 K a  ( ~ $ @ ~ I C T M H I I ~ H  r . r I y 6 M ~ a  K a M e p b I  9,s cN) 

N B b I c o K a  (40 C M ) ,  nepeoaasanbaoe ~ r a n p a ~ ~ e ~ ~ e  ~ ~ C T N W ~ I  M M e e T  

O T K J t O H e H M e  O T  B e p T N K a J I M  I 3 e  6 0 ~ 1 e e  s e M  H a  4-so, n O 3 T O M Y  OT,rlM- 

slle n p 0 e ~ ~ N f i  Y r J I O B  H a  3 T M  A B e  nJ IOCKOCTN .TIeXMT B n p e A e J a X  T O s -  

HOCTN N ~ M ~ P ~ H M ~  YTJIOB. Y r J I b 1  p a C C e R H M R  1 1 - M e 3 O H O B  M 3 M e P R J M r b  

M H O r O K P a T H O  H e C K O J I b K N M N  H ~ ~ J I w A ~ T ? J I R M M ;  C l ) e A I I e K B a A P a T N g H a R  

omu6ea B N ~ M ~ P ~ H U N  y rJa  H e  n p e s b I m a e T  30'. 
AJIR N 3 M e p e H N R  3 K C n e P N M e H T a J I b H O T O  ) T J I O B O T O  ] l a C n ] l e A e J e H M R  

C Y I W e C T B e I i H b I M N  O K a 3 b I B a I O T C R  r e O M e T P M Y e C K M e  p a 3 M e j ) b I  p e r M c r -  

pupymwero ~ C T ~ O ~ ~ C T B ~ .  K ~ K  n O K a 3 a J I N  K O ~ M H C  13 np. [6], r e o M e r -  

1 ) w r e c K N e  n o n p a m u ,  C B R ~ ~ H H ~ I ~  c p a ~ n ~ s ~ o i i  u e p o H r l < o c T b m  p e r M -  

C T P a I & N N  I I a 3 H b I X  YT,UOB, M O r Y T  n p M B e C T M  I{ l l e n p a B M r l b l l b l h 1  I 3 h I n O n a \ l  

M 3  3 I < C n e l ) M M e H T a J I b H b l X  A a H H b I X .  

B ~ a c ~ o ~ w e i i  p a 6 o ~ e  r e o M e T p M s e c K M e  n o n p a s w  y w r b l B a . l : M c b  

M BHOCMJINCb n I l N  n O C T l l O e H M M  3 K C n e P N M e I l T a ~ 7 b H b l X  K P U B b l X  yr.UO- 

Bore p a c n p e n e i I e H M n  paccezrrmn l l - M e ? o k r o n .  P a c ~ i e ~  r e o M e T p M s e -  

C K N X  n o n p a s o I <  (CM. npMno>r\eHMe 11) n o K a 3 b l e a e r . .  o n H a r < o ,   TO O M M  

BL'CbMa Ma,'lC: C K a j b I B a I O T C R  H a  ()OPI\.IC KJ lMBbIS .   TO 0 6 ~ ~ 0 H ~ e ; l b -  

C T B O  C B R 3 a H O  C T e M ,  9 r 0  L U M P N H a  K a M e l l b l  (55 C N )  A O C T a T O r i H O  B e -  

J I M K a  no C p a B H e H M I O  C A O B 0 , I b H O  4 3 K M M  T e . l e C H b I M  V r . l O M ,  B KOTO- 

 OM I L - M ~ ~ O H ~ I  BXOAFIT B ~ a h ~ e p ~ .  M a J l a R  x e  r ~ y 6 u r r a  r c a w e p b r  I r e -  

c ' y w e c ~ ~ e ~ ~ a :  ~ 0 x 1 ~ 0  n01 ia3a~b ,   TO p a c c e R H M e  B IIJIOCICOCTM, 

n e p n e ~ n ~ ~ i y n ~ p ~ o i i  n , r l o c l i o c r a  $ o ~ o r p a @ ~ p o ~ a ~ ~ ~ ,  H e  BIIOCMT no- 
n p a s o K  B 3 1 i c n e p ~ ~ e ~ ~ a n b 1 < 0 e  y r n o B o e  pacnpeneneme  T TO cnpa- 
B c a n M B o ,  r<orAa y r , n o n o e  pacnpenene~ue  p a c c e R E r m  a n p o K c M M M -  

])J'eTCR H O P M a J I b H b I M  [ ) a ~ I l l l e ~ e J I e ~ N e M ) .  

E b l J I 0  I I p O B e A e H O  J I B e  p a 3 A e . 7 b F I b I e  C e p M M  N 3 ~ e p e ~ M f i  C M e a H b I M M  

M x e J I e 3 I I b I M M  n , I a C T M I I a M M .  

3 a  3600 s a C O B  p a 6 0 ~ b 1  JJCTaI IOBKN C M e A H b I M M  n J I a C T N H a M M  

6 6 1 ~ 1 0  3 a p e r M C T p M p O B a H O  475 O C T a H O B O K  E L - M t 3 O H O B  B H Y T P N  K a -  

M e p b I  B N J I ~ c o H ~ ,  KOT01)bIM C O O 1 B e T C T B Y K ) T  1460 C j I y c I a e B  P a C C e R -  

I I N R  B n J I a C T M l I a X  C 1 1 M n 4 J I b C O M  H e  M e H e  75 M38 C I .  ~ L > N  N 3 M e -  

I l e H N M  C X e J I e 3 H b I M M  n J I a C T N H a M M  3 a ] > e r M C T P N 1 ) O B a I i 0  890 C J I J J s a e n  

p a c c e R a M R .  

P a C C e R H M R  b l - M e 3 0 H O B  B 4 - M M  M e A H b I X  MJIN X e J I e 3 H b I X  n Ja -  
C T M H a X  M O X H O  I I O J I E 9 0 B a T b C R  T ~ O P M C ~ ~  M o J ~ b t 3 p ,  T a K  K a K  K O H e g H b T e  

p a 3 M e p b I  R A p a  H a . I M l I a I O T  C K a 3 b l B a T L C ' R  B 0 6 ~ a c ~ i l  YTJIOB, ~ O J ' I ~ L U M Y  

5- ( h  - A J I M H a  BO.JIHb1 b l - M e i O H a .  R - paAM).C R ~ p a ) ,  YTO COOT- 

B e T C T B y e T  A J I R  HaLUMX M M n ~ J b C O B  y r b l a M  - 25--35". 
A M @ @ e p e ~ ~ & i Z i J I b ~ b ~ e  Y r J I O B b I e  ]>aCn]I€!Ae.leHMR ~ ~ I J I M  n O C T p O e H b 1  

O T A e J I b H O  A J l R  l < a > r < ~ O G  r p y n n b I  p - M e 3 0 f i O B  C O A M H a K O B b I M  MMnJ' j Ib-  

COM.  ~ T M  3 K C n f l J M M e H T a J I b H b l e  X a H l l b l e  C p a B H M I 3 a . n M C b  C T e O p e T M -  

81 





zIeCKIlMIi I<pHBLIMM PaCCeRHMR y-Me3OlIOI3, 11OCT~)OeIIflbIMH no @0p- 
MyJaM Monbep UAfl  TOsezIHOrO RApa. 

C ~ ~ B H ~ H E I ~  nJIH TOqeLIHOrO 5IAIla TeOpIIM Pi 3KCnepHMeHTa AaeT 
ynoBneTnopmenbHoe cornacw ~ 1 a 6 n m n a e ~ o r o  H o x u n a e ~ o r o  pac- 
n p e n e ~ ~ e ~ ~ f i  no ncex ymosbIx EilITepna:lax ( p ~ c .  2) .  

K ~ o M ~  Taro, 6 b 1 ~ 0  nocTpoeao cyMMapHoe n i i @ @ e p e ~ q ~ a n b ~ o e  
pacnpeneneHMe Kai< QYIIKUIIR 6e3pa3~epaoro napaMeTpa cpo, paw 
IIoro 

iv - s M C J l 0  aTOM0Il 13 1 CU'; t - TOJIUIIHa nJIaCTBHb1 B 2/c,4t2; 

- 3apRH RAPa paCCCHBaTCJIR; Z- 3apnn qaCTMqbl; P - MMnYJIbC 
sacTsqbr; V - C K O P O C T ~  ee. 

C y ~ ~ a p a o e  yrnoBoe pacnpencneme ~ J I R  MenM M xenesa no 
6e3pa3MepHoMy napaMeTpy rpo npmeneao Ha p ~ c .  3. OHO xapame- 
prrsye~ pacceRHMe BO BceM 113~epne~oh1  IiHTepBane HMnynbcoB or  
81,2 no 144 M38. C-l. 

Mcno~rh?yrr ~ p u ~ c p u i i  x" M ~ I  nonywmi xopomee corJracIre >KC- 
nepHMeMTa c ~ e o p ~ e i i  (P,> = 0,4).  

~ J I F I  CpaBHeIIMH 3IiCnepUMeI-iTa,TbHOrO 11 TeOpf?'TIiLIeCKO~O HWTe- 
~ I I ~ J I I A I ~ I X  p a c n p e ~ e ~ ~ e ~ ~ ~ f i  no yr;!a~ paccemim rraxe nprrBo,lnvrcn 
EIX 3HaqeHIiR nJIR RCerO klMnYJILCHOrO MIITepBaJIa OT 85 
no 144 Maa . c-1 (pacce~r - r~e  E M ~ A H )  : 



r J I a C N e  3KCrIePMMeHTaJlbHbl .X Pi O X N R a e M b I X  p a c r I p e ~ e J I e ~ N f i  I3 06- 
JIaCTN MalJlbIX yrJ IOB,  a B 0 6 J a ~ ~ 1 i  y r J l O B  6 0 n b r u e  15" N M e J C R  H e -  

6 o l i r b r u o i i  ~ 3 6 6 1 ~ 0 ~  3 a P C T M C T P N P O B a H H b I S  C J I y Y a e B  p a C C e R I l M R  ( ~ a -  
6n10nanocb 23 cnysaa, a oxunanocb 15,67). no-BNANMOM~,  TO 

p a C X 0 X A e H P i e  C B R 3 a H O  C T e M ,  YTO YTOJI B X O A a  p - M P 3 0 H O B  B K a M e P Y  

B U ~ ~ C O H ~  b l a l C C - C I I e K T p O M e T p a  6b1.7 OTHOCPiTcJIbHO BeJINK,  Pi reo- 
M e T p U Y e C K a n  n O n p a B I < a ,  B b I Y P i C J e H H a X  no M e T o n y  [6], M O X e T  n p H -  

I3eCTII I< nOLIHOMJ' COTJIaCHIO T e O P e T N Y e C I < H X  N 3 K C n e P N M e H T a J I b -  

HbIX A a H I I b I X .  C ~ U ~ C T B ~ H H O ,  YTO A J R  f l - M e 3 0 i I O B  yl.Ojl  B S O A a  6 y ~ e ~  
21eI IbI I Ie  OTb'INLlaTLCn OT BePTPiKaJIM,  Y e h I  A J R  kL-Me3OHOB, Pi T e O M e T -  

p M Y e C K a R  n O n p a B I < a  6 y n e ~  COOTBeTCTBeHHO MeHbLUe.  f i e 8 c T ~ P i T e i I h -  

HO, B j ~ a 3 a 1 H H o f i  p a 6 o ~ e  T e O p e T M Y e C K U e  N 3 K C l T e P M M e H T a J b H b I e  

P a H I I b I e  AJIR f l - M e 3 O H O B  COI'JIaCOBbIBaJlPiCb JIyYLLIe, Y e M  AJIR p - M e -  

3 0 t I O B .  

T ~ K H M  0 6 p a 3 0 ~ ,  B p a 6 0 T a x  [2], [3], [4] Pi [7], a T a K X e  B ~aruei i  
pa60~e H e  n O J I y q e k I 0  Z a F I H b I X  B n O J b 3 y  C y W e C T B O B a H E i R  a H O M a ~ n b -  

I I o r o  p a C C e R H I l R  y - M e 3 0 1 3 O B  B O ~ J I ~ C T N  M a J I b I X  313eprPi f i .  

~ O . ~ I ~ ~ Y ~ M C R  C J I y Y a e M  no6naronapa~b Y J . - K O p p .  AH CCCP 
A. M. A n P i x a ~ l n ~ ~ a  3a ~ O C T O R H I I ~ I ~  N M T e p e C  PI u e H I 3 h l e  ANCKYCCMM, 

5. M. J I q s ~ o n a  3a 6 o n ~ ~ ~ y m  n o M o u b  n paf60~e,  a T a K x e  a. P. Apy- 
TIOHRIIa  Pi M. M. T e p - M M ~ a 3 n R ~ a ,  I IpMHNMaBIIIMX y Y a C T P i e  B o6cyx-  



OnPEflEJlEHWE MACCbl y - M E 3 0 H O B  f l 0  OCTATOYHOMY 
f l P O 6 E r Y  12 PACCEflHWIO 

4MIjbI 122 -- Oil?:, rne Ui - rlpoetiqrilr yrnos pacceRHuR, Ri -- C O O T B ~ T C T B ~ I O -  

UMe IIM O C T ~ T O ~ H ~ I C  n p o 6 e r ~ ,  a - 0,55, m - Macca pacceneatoue8ca qacrrrqbr. 
me - ~ a c c a  sneKTpoHa, rz-wcno ~a6JIlo~aeMblx yrnoo pacceRHnR; rlpaean 
11aCTb PaBeHCTBa-- KOHCTaHTa, 3aBIICRUaR B nepBOM npM6JIMwtt'~~lr TOnbKO 
OT C H O ~ I C T B  paccelieatoulero s e u e c m a .  

AnR MCAHbIx nnaCTHH TonuPi~ofi 4 nl,ri t = 3,4 2/ck12, .A = 63, .Z = 29, 
A' = 6.02 . loz3 z - ' ~HoA~- - ' ,  r e  = 2 , s .  10-1'; CM. 

Ann ublqrrcnctrrijl G H p a 6 o ~ e  [8] :(acTcn @ o p ~ y n a  

h. - 4,9 [ (pad ,  2 c.u-)"I 280 [(zpnd.z-1. C M ~ ) " ] .  . 



r I o n y s e ~ ~ a n  M a c c a  xopollro c o r n a c y e T c R  c ~ a c c o a  p - ~ e s o ~ a ,  pae- 
] r o c  207 me. 

PACYET FEOMETPHqECKHX I l O n P A B O K  n P H  H 3 M E P E H H H  
Y r n o B  

E c n l r  rrc Y Y E I T ~ I B ~ T I ,  p a c c e m I k 1 e  1% ~ J I ~ C T I ~ H ~ X ,  I r p e a m e c T B y m u I i x  n n a c r k i -  
H e  m, TO JTOT m r c p a a n  y r n o B  x a p a ~ ~ e p ~ 3 y c ~ c ~  n ~ a r p a ~ ~ o f i ,  ~ j o 6 p a n < e ~ ~ o ~  
H a  PMC. 5 Y C T ~ H O B K ~  CMMMeTPMYHa,  n 0 3 T O M Y  p a C C M a T p N B a e T C R  TOJlhKO n o ~ l o -  
u l l a a  K a M e p H ,  T e 25,5 c u  ,= x > 0 

B B M ~ Y  TOTO,  TO N m e p e a n  y r n m  sxona ancr nm6oro x n o c T a T o s H o  M a n  
(- 1O0) ,  MOXHO C q M T a T h ,  I ITO B H Y T ~ E I  3 ~ 0 r o  N H T e p B a n a  ymosoc p a c n p e , T c -  

n e l l n e  ~ - M ~ ~ O H O B  N ~ O T ~ O ~ H O  Turna n n o u l a , T l ,  J u a r p a M h r b r  S n p o I l c l l l q M o k l a n r , ~ l ~ l  

14ePORTHOCTM I I O n a A a I l M R  p - M e 3 O H a  B n J I a C T M H y  m 
IIPN p a c c e R H u M  B n n a c T m a x ,  n p e n m e c T B y m u N x  n n a c T N H e  m A M a r p a M M a  

f l O n K H a  c c p a C n n b I T b C R > >  no O ~ ~ H M  OCRM X A 0. MOXHO n O K a 3 a T L  C n O C T a T O 4 -  

H O ~  TOYHOCTL,~, YTO p a c c e R H N e  n p a e e a e T  K p a c n n b r e a H M m  B n o n b  o c ~  O I r a  s e -  

J I M ~ M H Y  a l  = 0,35 a u B A O J I ~  OCN x - H a  B e n w n i H y  ll tg  al,  me 0 - c p e a e e -  

l < B a a p a T N q ~ b l a  Y r O n  p a C C e H H H R  p - M e 3 0 H a  C I T M n y n L C O M ,  p a B H b l M  MMllYJlhCY 
L l - M e 3 0 H a ,  O C T a H O B N B U I e r O C R  B I l J I a C T N H e  n, B T O n U M H e  t, P ~ B H O ~  C y M M e  B C e A  

n n a c ~ ~ ~ ,  n p e n m e c T B y m u N x  n n a c T M H e  m, a 1, - p a c c T o R H H e  OT sepxa K a M e P b I  

no nJIaCTNHb1 m. 
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Anx Y ' I ~ T ~  yxo;la p - M f 3 O M O U  3a I l p e n e J I b I  K a M e p b I  3a C' IeT 3 T I I X  B c e x  B 0 3 -  

M O X H O C T ~ U  c 4 1 2 ~ a e ~  (UO UCXKOM c . i y q a e  H e  n p e y M e t l b u r a n  nonpasw H a  reo- 
MCTPMH)),  ' IT0  P a C C e R H l l e  I3 T O q K e  I I n a C T l l H b I  rn H a  Y r O n  U 3 K B M B a n e H T H O  

p a c c e x H r r m  u n-rn n n a c T a a a x  H a  yron o1 -- 0 prnGZz. Torna Bel)OHTHOCTb. 
 TO q a c T M q a  O c T a H e T c n  B K a M e p e ,  6 y n e ~  s a a n c e ~ b  OT npenenmoro yrna B X O n a ,  

O I l p e ~ ~ e ~ ~ C M O r O  113 1:00THOIIIeHMII 

l i p ~ i u a ~  a,,,,, = j ( x ,  0) o r c e K a e T  OT A H a r p a M M b l ,  n p o n o p u n o ~ a n b ~ o l i  

~ l I i C . R y  BXOflfiUIllX N I I J IaCIMHY m M e 3 0 1 i 0 B I  q a C T b ,  ~ p O I I O ~ U M O H a J ! b H y l O  9MCJlv 
~esorron,  yxoxnmkr:; 3a n p e n e n b I  e a M e p b r  1 4 3 - 3 a  p a c c e n H r l n .  

Torna BeJ lORTHOCTbH)  P e r l l C T p a U M I I  M e 3 0 H a ,  1 I M e H ) U e T O  MMIlyJ lbC,  COOTBeT-  
~ ~ B ~ l o I L ( l l f i  o c T a w o B K e  B n n a c T a H e  n, M p a c c e n B u e r o c R  B n n a c T m 5 e  m H a  won 0, 
6 y n e ~  O T H O I l J e H H e  ~ ~ I I I T ~ M X O B ~ H H O ~ ~  IIJIOlIJ.aAb1 n E i a r p a M M b 1  K I l 0 3 ~ 0 f i  nn0- 
U~,I I I  S. 

3 ~ a n  113 3 K c n e p M M e a T a n b H b I x  y r n o B b l x  p a c n p e n e n e ~ l i f i  A n n  n a H H o r o  H M -  

u y n b c a  (T e. nnn n-rn=const) O T I i o c s T e n b a y r o  nonm pacce~~ ia f i  B nnac~ki- 



Hax t r t  = 1, 2 , .  . . , i, M O X H O  OnpejennTb F (11, 0 ) .  T. e. nonpamy Ha pe ru -  
c-rpasum yrna 0 (p ix  6). 

nprt nocTpoeaaw s ~ c n e p u ~ e ~ ~ a n b ~ b r x  yrnonbtx pacnpe~eneanii ,  cnenoBa- 
TefibHO, HaAO UCnOJIb30BaTb BeJlliqUHy N .= NaKCn ( I , ,  0) . F (P, O), me 
N,,,,, (p ,  0) qUcJI0 ~ ~ C C ~ R H H ~  p-Me3OHOU C MhlllyJTbCOM p Ha yI'OJI 0, IIOJIy- 
'1eHHOe I3 3KCIIepkiMeHTe. 
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nOJ5lPM3AU,M5l IIOTOKA p+-ME30HOB 
HA YPOBHE MOPR 

M s y y e ~ a  C T e n e H b  I l O J I R p H 3 a 4 l l i r  K O C M U Y e C K N X  P + - M ~ ~ O H O B  
C UMIIJ'JIbCOM H a  Y p O B H e  M O p R  p 2 1,2 6 3 0 1 ~  ~ o J I ~ ~ ~ H O  a l l a ~ l c -  

tine c T e n e u N  n o n i r p u r a r ~ r i a  r l  = 0,98100;:. 

Cnenc~n~ear  F r a p y u r e H H R  s a ~ o ~ a  c o x p a r I e a H n  qerrrocra u m a -  
661); B ~ ~ M M O A ~ ~ ~ C T B U R X  RB;IReTCR nl l0 , ' lOJ lbHaR nOJlfl l lM3aVMfl p-,Mt?30- 
H a  n p H  n -+ p - p a c n a ~ e  n c M c T e M e  ~[eai-pa M a c c .  I L - M ~ ~ O H ~ I ,  p e r a c i -  

p M p j ' e M b l e  H a  y p O B H e  \ rOpf l ,  U ~ ! > ~ ~ ) ' K ) T C R  nl1M P i i C n a A e  n - M e 3 0 H O E  

I r a  J I e T y .  ~ O T O K  p- ivejo~on c 3~1epraeti E,, r e I l e p M p y e T c n  n - ~ e s o -  
I I a M I i  R M H T e p B a J I e  3 1 1 ~ p 1 1 1 ~  41%. G ~ r a r o n a l 1 n  T'IMJ', q T O  3I-lellTeTM- 

q e c ~ ~ i i  C I I ~ K T I I  ~ - M ~ ~ O I I O U  P a ~ ~ o c a e p e  C k i ~ l b l I O  ~ G b ~ ~ a e l  c 31ie l ) -  

I M e 3  ( - E:-'), R 0 3 H M K a e T  ~ 3 6 b 1 ~ 0 ~  p - M e 3 O H O B ,  BblZIeTaIOLqMY 

n c a c T e M e  q e H T p a  M a c -  B nepcmmm nonycdpepy o ~ ~ ~ o c a r e n b ~ o  ABH- 
X e H M R  X - M e 3 O H a ,  T. e. B 0 3 H H K a e T  nOJIRpM3aI[I4R n O T O K a  p - M e 3 0 H O B  

o T H o c n T e : l b H o  u e p r a 1 , a . w .  C r e n e ~ b  non~1p~3aqaa  B b r n a  T e o p e T E i -  

q e c K a  p a c c q a r a H a  B p a 6 o ~ e  [ I ]  *) M o n a c b I s a e T c R  E b l p a x e H M e M  

r A e  v - C K O ~ O C T ~  L C - M ~ ~ O ~ I ~  B c a c r e M e  q e i r r p a  M a c c ,  a -\: - l l a p a -  

M e r p ,  x a p a ~ r e p ~ s y m L q a i i  j l < e p r e T a q e c K I r M  C n e K T p  T f a c T I m ,  rc1ier)M- 
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c T e l l e b r x  ( T O J I ~ H ' I I ~  cT'c?lIIrrr 0,2 mi) r r ' e p x a B e m q a x  T P ~ A O K  AH?- 
M e T l l O M  4 M 5 A M ,  oApa3y~ K O J ~ ~ ~ B O ~  3a301p, no KOTOPOIMY n p O T e -  

K a n a  1 lTYTb (PNC.  2 ) .  BIH)'T~€!HIIRR T I I ~ ~ K ~  MMI.JTa B 0 3 M O X H O C T L  

~ ~ ' 0 ' 6 0 ~ ~ 0  p2+CLU11pRTbcR I3 O n l l Y  CTO~l)OlIiY, KIT0 Tal ) i lHTI . lPORZJIO ee (1.1. 

p a 3 J I H s H b l X  A ~ $ o ~ M ~ ~ H ; I .  T o ] l r i o n ~ , r e  BT\i.ilK!I C I I ~ > o ~ ~ P L ' ~ c ] ~ ~ I ~ ~ ~ H I - ~ ~ I -  
M M  n a 3 a ~ ~  J ~ J I H  npoxona ~ \ . . T I I  ( ~ l i i i ~ M ~ 0 ~ ; 1 , ' 1 1 1  1 1 9  p a l n H y c y  P:O.IL- 

q e ~ o i i  aa3op >le;r<ay T p y 6 K a x ? i i r .  

K O H C T ~ ? ~ K U J W  o n b 1 i . i 1 o r O  \i"ra,c.r~<a ( I ~ ~ C I I C ~ I M U ~ ~ I ~  ; loc : , ra . rosHo 

aanewc~~brii ~<o.abue~oii onsop  13 ~ I ~ O I I I C I I M M  ~ I < C I L ~ I I T I ) I . I C W T ~ T ~  ~ p y -  
GOK. 
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BOK, T. e. B ~ p y r J T 0 f i  M ~ A K O ~  T p y 6 e .  ~ T I I  O ~ n b I T b I  RBJlRJlEICb T a K X C e  

~ ~ ~ A Y H ~ O B K O ~ ~  O l l b l T H O ~ r O  YLlaCTKa k l  MeTOAMKIl 3 K ' C n e p a M e H T a .  

O ~ ~ I T ~ H ~ I ~  TOZIKN 3 T H X  3 K C n e l ) I I M e ' H T O B  C T O Y H O C T b D  5-7"/0 C O r n a -  

C)'H)TCSI C A a H I l b I M H  A ~ O H C O H ~  [5] no T e n J I O O T A a Z I e  PTYTIf M A a H H b I -  

M I I  l )a60~b1 [6] no  T e n n o o . r A a s e  I J a T p l r R  Er  t l e c K o n L K o  s b r r u e  (npa- 
Me'pIio H a  15O/0) n a I I I I b r x  M ~ s e e n a ,  f i a y ~ a ,  R o c ~ p e c e ~ l c ~ o r o  a @e- 
~ b I k I C K O P 0  [7] 110 TenJIOOTflaYt?  1)TYTIf I4 '9131i2 kTIIKH CUHHeU-BMCMYI' 

( ~ E I ' c .  4 ) .  

PHC. 4. r p a , ~ y ~ l [ l O ~ ~ a  O n b l T H O r O  y Y a C T K a  I l a  PTYTII :  

- - -. -- !!ZiC:ICT!3aFl K p i ! B X ' l  (ATu = 4,s f 0,014 P(~"' ' ) ,  @ - -  Oiib l l 'Hble  

A a H H b I e .  







Cli;l3blB~,~IIICI~ ilKCMa,'ll~lll~le nC'p€!TCqIZII TCII.I;L Ilil CTCHKC 0II:~l'fHO~O 

)'lLic'rlZ;i LI II(:  i . i l~Oii  1114'[.11, 11, IiO-t3TOJ)I~IS, 'l'i'kl '1,l.i; E])lI !~Mt'I11,111('- 

111j:i l ~ ~ , ~ ( - . j ~ a  I<(: 11 I I ~ I I ~ ~ , ! I L I ~ K ~ I I M L ~  K . 7 ~ ; ~ ~ . ~ ~ j ~ r ; ~ l ) ~ ~ o i i  O ~ , I I ~ I ~ ; , I I I  I { I , I C B C I ~ )  
~ ) : I C ~ I C T I I O I O  : L H : ~ A I C T ~ ~  J J ~ I F I  I < O ~ ! I L I L V I ~ O ~ O  ;$a:{oj)ii 13 I%~(ZC\  ~ . j ~ ~ % o t x ~ ~ ~ r o i i  

T O . : I I I I H I I ~ I  : ~ :{opa  (&,, =~=  2(>) ~ 3 1 1 ~ ~ 4  . - I I ~  011pauaii11 [<-)I. 
13 o6:rac~li quce.il I'c > "00 nalrrrbrc n o  Tcn.iloo-rAallc: 11.1 \ I 11 1 %  

l i O . ' l b l ~ ~ l 3 ~ ~ ~  :321:30\)<! I ~ ~ ~ l k ~ l l i t I O T  BO:<\)aC;TaTl, 11 1 l ~ ~ l l 6 , ~ l l l ~ i l ~ l  l>i.il l l \ ) l l  

[rcl:.:ia\; /'r -- 400 I< J ~ ; I I I I I ~ , I M  no ~on.rrr~o.rjiairc~ >KJI,CII\MX LI (~ . I . ; I , I . IOI~  1 5  

lii)~F.:lOLt r:la~l<oii ~ ] 1 ) . 6 e .  06:1ac.r~ lIMCC.'I J'c > 500 TelI.TIOOl~:~il~ltl 

])T>.TM 13 06011x IiO.:lblJ,?UblX \ ; ~ ; I x I ~ J ~ x  npw cl,,,, - 2Ci npa8K.l.rj1lecKM 

corirranaer c pacLlerr-rbr?+Ili ypautre1lMnh1~ nu ~c~nz~oo.r-na~re r n i i u ~ ~ s  

xreramros B K ~ I ~ I . , : ~ ~ I x  T J I ~ A , K H S  ~p) - t i as .  0 6 u ~ a z l  l!Ol'jJeUll1::'~TI,  KC- 

n e p ~ l x e ~ i ~ o n  oueHllBaeTczl K npene;Ian 10- 15:'/11. 

B s a t c ~ ~ ~ o ~ ~ e r r ~ r e  I I ~ X I I O  C ' ~ a ' 3 a . r ~ .  LITU ~ ~ I D U ~ I ~ I  I I ~ C T : ~ F I I I [ ~ ~ . ~  I I B ~ O -  

Thl 1IGCR.I. ~ ~ ) ? ~ B a l ) ~ ~ e , i l b ~ b l ~  Xa]Ial<Te]J, ~:) ; Icc  TO'III1,IC' M C'lllOrM~ 

~fCC'~lC'A~?BBIIMH BJIL1HIIMZI TC?ONleTPMM Ilii TCn.:IO(?~l'LIa'1)' XllflKIIX \ : I t -  

Tafl.llOB AOJI>KIIbI G L I . ~ ~  Il])OAOJlXeHbl. 

I .  \V. 13. H a 11, H o ~ n a j  JVJ 8/P/417, n p e n c ~ a ~ n e ~ r j b ~ i i  A~rrnrrcii Ira 1 h'Jcm,rv- 
rraptr,ltryK) K O H @ ~ ~ ~ ~ I < I ~ ~ Z I O  rro M M I I H O M ~  N C I I O . ~ ~ ~ ~ ~ ~ ~ ~ F I I I I O  i ~ . r o ~ ~ o i i  ~ I I C [ ) I . I I I I .  

7Keflc~a. 1955. 
2. L. iM. T r e f e t h e n ,  General discussion o t ~  hcal transrrr, 1951. 
3. (:. C:. K y ~ a ~ e n a ; 1 3 e ,  I3. M. 6 o p n u r a 1 < c ~ ~ 8 ,  1.1. 14. H O B H K O I : ,  

0. C. @ e a br H c K H 8, ) K & i n ~ o ~ r ~ a . n n ~ r ~ r e c ~ u e  Ter~aot!ocll.l.cnH. A~owusna.r, 
M., 1958. 

4. R. A .  S e b a n, Trans  ASME 79, 1514 (1957). 
5. H. A. J o h r ~ s o n .  W. J.  C i l a b a ~ ~ c l ~ ,  J .  1 ) .  I - l a r l ~ l c ~ l l ,  ' l ' l -a~lh. 

)[ bl 11 C K IT fi, L[ol<nafihr col!~rcKoii ,~<'jIcraL~rlll I I ~  Mcx:~y~iapouioii ~orlrllc~ 
[)ellul.ik[ IlO MMpllOMy PiCllOflh30nilllAIO ~ T O M ' I O ~ ~  3HCI)lIIIf. ~ ~ c ~ ~ l ~ O ~ l ~ ~ ~ ~ > O C ' l l l i ( '  

M TrOpIln [ I C ~ K T O ~ O H .  AH CCCP, M o c ~ n a .  1955. 
8.  b1. A.  M 21 X C t. H ,  O C H O I ~ ~ I  T~llJl0lli'pC;I~YII. M., ~ ' O C Y I : C [ ) ~ O I I Y Y ~ ~ T ,  1!)5(j. 
9. 6 .  A .  L[ C' U H T I< A 11, C ~ O ~ H I I K  Ilay9HblX T[)Y:LOI3 K Y R ~ ~ I U I C I ~ C K O C O  IIIIIIV- 

cT!~llanl,rloro I?:lCTPlTyTa. Hl,r~r. V l ,  K H .  1, 1956. 





OT r I z x H e r o  i p a ~  p a c n h r J I t r T e n R .  Hari- 
. n y s l u a R  n e 3 a r p e r a u ~ ~  a r n o M e p a r o B  

nocmranacb T o r A a ,  r<o rAa  K o H e u  

K a n H J I J I R p a  HaXOABJICR Ha OAHOM y p O B -  

H e  c ICpaeM p a c n b I n t r T e J r R  B n H  x e  OT- 
crynajr o r  r i e r o  H a  0,2-0,4 ,U.M [8]. 

C ~ ~ K J J H I I I I ~ R  n n a c T H r I K a  c p a 3 p e 3 a ~ -  
H O ~  H a  K B a A P a T L I  K o J I J I o A H ~ B o ~  I IJ Ie l f -  

~ 0 f i  O n y C K a J I a C L  B AHCTBJIJIllPOBaHHYKJ 

 BOA^. Yepes r l e c r < o n b K o  M B H ~ T  n n e H K a  

OTAeJIRJIaCb OT I lJ IaCTBHKB B BCnJIbI- 

B a J I a .  Ha OTAeJ IbHbIe  K B a n p a T b I  IIJieII-  

KB nOMe14aJIEICb M e A H b I e  CeTOsKH B 

200 r/lC?lll, ICOTOpLl-le BbIJlaB,IIHBaJIMCb I1 

nPOCyIIIHBaJI l?Cb.  ~ ~ o c J ' L I I ~ H H ~ I ~  IcyCOu- 

KB nJ I eHKU C HaIIeCCHF!bIMU H a  HBX s a -  
~ B ~ I ~ M B  n o p o 1 1 1 ~ a  n o ~ i e w a n ~ c b  B m e ~ -  Pric 1. Cxenta pacnbr- 
T P O H H ~ I ~  MMKPOCKOn iT*[R I I ~ ~ J I K J A ~ H E I R .  JIRTeJIR KOMOgKOB 

nopourea. 
nOMOIII+bKJ T a K 0 I  0 paCnb1J IBTeJ IR  y A a -  

J L O C ~  ~ O C ~ I ~ T O ~ H O  XOPOIUO pa3py111~~b K O M O ~ I < M  n o p o I m a  ( p w .  2 ) .  



e:rautI 
/jx 9 IJO\IJOI~'II 811 elrn r MMII)I~O([JI 11 1'11101 .II EIIJOL ~HL~~IIXC~~~IOII 

1 r31?11'i <<1111>> I <<1ca1>, 7s If 1s 'I 1 .lCu ~oI~L.)OIIY(I.~~I 

-on ~!o>rue~.~-orrrlo3iC,I 3 A 01ra1 .)01 ~III~I '~(l~ua~ w~d LOW~~I?~ 

.rl~~orrx.dan 
-on aa PIuemorn gamgo ~IIN~OI~OII ollnr?d LJY,K~ I~~LJII([) :IOH~OIPLI 

Hex ux.~uaYf~>dnr) 
aahnsotlrr bllielrroli.ll (aml~uli;i~<o ao\lsa!~u~~?~ua~e~~) amar~ewc aarr 



T a i i r ~ ~  o 6 p a 3 o ~ ,  M3bT.lel)RR I ~ ~ K I ~ M - J ~ E I ~ O I  C X I O C O ~ ~ O ~ I  n j I o 1 u a A L  

I rpoeKuEIH s a c T e u b 1 ,  M ~ I  MOXCM O K ~ I I M T ~  c p e A H e e  ? ~ a s e l l ~ e  ee no- 
~ ? e p x i r c c ~ ~ .  A j r n  n o ' p o m k a ,  u I < O T O , P ~ M  EI;Mee?:cR G C ) . ~ I L I I I ~ ~  ~ I M C . ; I O  

rIa'CTMI[ CCTeCTBeHlIO IIOCnO.:Ib:3Ol?ilTLC~ M e T O a a M M  CTaTM'CTMKM. n . n H  

~ a ; ~ c f i o i i  WCTMLIM N~MCPR,CI .CZ[  r1.:Iou[a,v, ee n p o e K u l i w ,  n o . ; ~ y l ~ c . i r ~ ~ o i i  

Ira ~ r ~ r ; l ) o ~ ) o ~ o r 1 1 a $ n 1 ~ ,  3 a u c ~  r ionc .~ iM~rb rnaml . cR  r r :~c~ura~jrcr  npoc,ic- 
r r ~ i i  &i C y M M a p r r a F l  nou ' e I )x I i oCTt ,  ucex s a c T u u .  3 1 1 a ~  M a c c j I  Xrarl'wrl, 

&lO;I<I[O OnpeneJ Ik iT t ,  y/l(?uTI,llJ'IO r l O B ~ p 5 H O ' C T b  n O ~ p O l I l K a .  ~ T C I  0 , l J l l l  El? 

MPTOAOII, ICOTO~) LIM M I)I ITO.!I b?o l3a.11 M ~ I ,  n:rn o n p c \ n e . i ~ c l  ~ r n  ~ . n c ' . r ~ b ~ l o  ii 
IIOBe])SIIO~C~TM. 

-- 
A .s - cpenme or- ~ e r r b ~  u I:IG.~I.  I ,  1 . 2 ~  ~ ~ ~ ~ ~ ~ L ~ ~ M ~ ~ : ~ L ~ I I L I I C ,  :) -- s 
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Bce s a C T M U b I  U C C J I e A y e M h I X  I I O p O l r r K O B  H M e I o T  n p a B M J I b H y I o  I j  

a e n p a B H n L H y m  ( P o p ~ y .  n p o e e u u ~  racniu n p a ~ ~ n b ~ o f i  cbop~r,r 
H M e I O T  B I I A  O K P Y X H W T ~ ~ ~ ,  I I P R M O Y ~ O J b H A K O B ,  T p e y r O J I b i I A -  
KOIl II T. A. (PAC. 3) .  



~ I < B M B ~ : I ~ ~ I T H U ~ ~  rro nnomaAu r rpoe~q~e i i  mwpooBpa3~oii ~ J ~ C T M I ~ M ,  
maMeTp l io~opoi i  an!l'eAeJrn,n8cR T ~ I C  cperIRee a p a @ ~ e ~ u ~ ~ c c ~ o e  pas- 
hrepon peanLrrbIx sacmrr, ~ : ~ S I T I : I I X  13 rrnyx u s a a ~ ~ r o  nepneHAmy- 
JTRPHbIX ;ianlIaB.JIeHIr~X: MR~KCMMaJILHOT~O I J  MUHEIMaJIbHOrO none- 
petramios. 

K ~ K  I3EIAII~O a:< ~a6Jlliqb1, IlJIOUlaAb npOeKuHM saCTRLI ITpaBM.nb- 
110G C])OP;\I~I MOXeT 61d~b Onl~~CAe.,T~E!IIa M3 J I E I H ~ ~ ~ H ~ I X  pa3MepOB np0- 

eKI~M11 'IaCTMU: M;lKCMMaJIbHO~e OTIIOCI'ITenLHOe PaCXOXACHUC Ire 
rrpent,rIlracT 1~1Vl0, a arico.nro.rrran nc.:l>irrHrIa cpenlrero oTHocMTe.nb- 

rroro 1)acxoxAerrm - 4O/o. 
1 lpi? onl~c,~e.neaan n.r loIIran~ nouepxI3ocTM IIacTMq IIenpaBMnb- 

rroii ( ) o ~ ) M ~ I  M U  !ICI~MIIII MX I I ~  A T ~ C  rpynrrL1. I( ncpuoii ~pyl-rrre o'Trre- 
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M3 ~ a 6 n ~ u b l  BNAHO, rITO 3 a M e l i a  n . J I O l ~ a l E I  n p o e ~ u k i ~ f  rIaCTIIIL 
n J l O U a A F I M N  p a B l r 0 B e ~ 7 N K N X  ~ p a B N ~ ' I L H L 1 X  d l ~ r y p  ) . ~ l C I I I ~ I ~ ~ e T  BCJIN- 
r I U H y  0THOCIITe.JIbEIOTO p a C X O X A e H M R  Gonee I I e M  B nna c noao~aaoti  
pa3a no C p a B H e H M I o  C ~ O M O I 4 b I o  COOTBeTCTB)'IoU(fTO K p y r a .  Cnc- 
A y e T ,  O A H a K O ,  3 a M e T M T L ,  rITO C ~ O C O ~  3 a M C I I L I  I I J l O U a A U  n p O e K q I I I ?  

s a C T N U  H e n p a ~ N J I b ~ ~ f i  (POPMLI n J I O U a A R M M  P a B I i O B e j I P I K H X  I T p a B H J I b -  

I-IMX @ ~ r y p  BHOCNT ~ { e ~ o ~ o p ~ r i i  ~ ~ O N ~ B O J  B peq . m T a T  onpenener-IH;. 
B C a M O M  Bent?, MbI  B I I N C b I B a e l l  r I a C T M U y  H?nOJl I IOCTbK)  B n J O U a a b  
~ o i i  @ ~ r y p ~ ,  ho~opoi i  ee 3 a ~ e 1 1 n e ~  [ l l ] ,  a ncerna o T c e e a e n ?  ee H a M -  

6onee B b I c T y n a I o w N e  YWCTKM, HO T ~ K ,  s T 0 6 b 1  npw n p ~ S n u x e ~ ~ o i i  
~ a s y a n b ~ o i i  oqeme n n o u a A H  oTcerreHHL,Ix J s a c m o n  h r o r n u  n0no.n- 
H I I T b  H a X O A R U H e C R  B H Y T P H  ~ ~ ~ B M J I ~ H O ~  $32trypb1 i laCTH O q e I l M V a e -  
~ 0 f i  T r J I O U a A N  r Ia 'CTM9 A 0  p a 3 M e l ) O B  ~ ~ ~ B H O B C J I N K O ~  n.JIOUaAll  

(CM.  PNC.  4) .  
E c n ~  K O H T Y P ~ I  npoe~qa i i  L I a c i a q  MMCIOT H e n p a m n b m I e  o s e p T a -  

ma ,  TO O n p e A e j I e H H e  nnoutaau n p o e ~ ~ q u i i  T a K M x  . ~ I ~ C T I I I ~  no n J 1 o -  

U a A N  3 K B M B a J e H T H O T O  K P Y r a  J a e T  p e 3 y J I b T d T b 1 ,  3 a M e T I I 0  O T f i I I r I a I o -  
U,IIeCfI OT p e 3 y J I b T a T O B  nJI i IaHHMeTpMpOBaHEIR.  HO~TL);LIY A J R  OQeHXEI 

n . ? O ~ a A I I  T a K U X  r I a C T H q  M b l  p a 3 6 1 1 ~ i l J T H  IIX H a  COBOKYnHOCTb Y s a C T -  

KOB 6onee u n H  M e H e e  ~ ~ ~ B I L T L H O ~  @ O ~ M ~ I  N n n o w a n k I  n p o e K I u i H  

sacmu o n p e A e n a n M  K a K  CYMMY n , i ~ o u ~ a n e t i  COCT~B:IRK)LUHX ee 
YrIaCTKOB n p a ~ ~ J I b H 0 f i  @OPMM. 

T a 6 n 1 i q a  4 

B ~a6.n. 4 npuneneabr p e 3 y n b . r a ~ ~ 1  1 : 3 ~ r e p e ~ 1 ? n  n n o u a ~ e j i  npo- 
e ~ u ~ i i  r I a c T u u ,  n o , n j r I e r r r - r h I x  C ~ M M H ~ O B ~ I I : . ~ C > I  n n o u a ~ e i i  o r n e z l b -  
HLIX Y Y ~ C T K O B ,  ~a KOTOPLIB pa3Awna:1ac~ n a t I H a n  ~ ~ I O C ~ I L M H ,  B ~ B C -  

U I H B a H M e M ,  n O A C s e T O M  no fl ,IOlIla,qH 3 K B k l i 3 ~ J e H T H O r O  I<p\.ra.  PI3 
~a6naub1 c n e n y e T ,  YTO n J r o w a A L  npoeeqau L I ~ C T N I I  ~ i e n ~ ~ a u n n b ~ o i i  
$ 0 p k l b 1  M O X e T  6 b 1 T b  N 3 M e p e I I a  C n l ) H M e P I I O  O A I . I I ~ ~ I < O B O ~  T O ~ I I O C T b 1 0  
K a K  B 3 B e m H B a H M e h l ,  T a K  H C) H \ I ~ ~ O B 3 1 I L I C \ 1  i ~ , 7 % e  IbHbI 'C J r I a C T K O B  

nnowaaa n p o e K q m  r I a c r M q b 1 .  

Hpa o n p e n e n e m i I I  r p a a y : I o M e T p M r I e c k o r o  c o c T a n a  n o p o r u l < o n  

n p o e K u m  s a c T M s  ~ ~ o p o i i  r p y n n h I  Y T I I ~ T L I B ~ J I I I C ~  O T A C I ~ I I C / ,  T ~ I <  K ~ K  

NX C p a B I l b I M  I I p a B O M  MO))\IIO 6 b l J I 0  CZiHTaTh ~ ~ ( J ~ K Z L M R ~ I H  K a K  O T -  

A e J I b H b I X  Y a c T a q ,  T ~ K  a q e n b 1 s  a r ao \~ i -pa~on  B C J I C ~ C T ~ ~ I ~  H X  3118- 

s H T e J I b H b I X  p a 3 M C p O B  (I3 ACCHTKI! pa3 6 ~ ~ b 1 l l e  c C l a J I b I I L I S  n p O e  ;- 

4~; ) .  T a K M e  n p O e K n M I ?  C(:Cl ~ B P I  ?I? BCeTO l f ' /o  06Zler0 K O J I l I g e C T B a .  
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6AJlAHCHOE YCTPOWCTBO PAAMOCnEKTPOCKOnA 
3JlEKTPOHHOTO n A P A M A r H M T H O r 0  P E 3 0 H A H C A  

B. B. Baxnuna, B. @. Ce~ercos  

~ Y B C T B I I T ~ J I ~ H O C T ~  paAkiOCnt?KTpOCK,Ona I I O ~ B b I l l I a e l K R  C POCTO,M 

M O U H O C T N  A.CTOrIHNKa R ~ I C O K O ~ ~  rIaCTOTbI.  B 0 6 4 e ~  C J I y r I a e  M O W -  

'H'OCTb O ' r P a H N r I N R a e T C R  ' H a ' C b I 4 e H N e M  NC'CJIeAj 'eMOrO B e U e C T B a .  

O A H ~ K O  AJIR ~ ~ , I I ~ I I I M I + C T B ~  I I a p a M a r H N T H b I X  B'eWf?CTB 0 6 J I a ' c ~ b  Hal- 
C b I U e H N R  I I P N  K O M H ~ T H O ~ ~  I l  n p N  6 o ~ e e  BbICOKNX T e M n e p a T y p a X  H a -  

XOlnIlT'CR MHOFO B b I m e  ~ ~ f i ,  KOTOPYH) M O r Y T  0 6 e ~ 1 1 e r I I l T b  n p N M e H R e -  

M b I e  B P a A l l O C I I e K T P O C K O n N N  IICT'OrIHNKII ( K J I N C T P O H ~ I )  . 
~ ~ ~ ~ R T C T B N ~ M  K I I p N M e H e H N H )  M O U H b I X  N~CTOrIHIlKOB ( ~ a r ~ e -  

TPOHOB) RBJIReTCR C p a B ~ I I N T e J I b B O  B ~ I C ' O K M ?  Y P O B e H b  IIIYMOB B T N S  

IICTOrIHNKOB. H ~ A O C T ~ T O ~ I H O  B ~ I , C O K L ~ ~ ~  b a n a m ,  K O T O P ~ I ~ ~  M O r Y T 0 6 e c -  

n ' e r Ik iTb  I I p I l M e H R e M b I e  B 'I-IXTORU€!e B P e M R  BOJIHO'B'OAI-IbIe K O J b U a  

NJIN A B O ~ ~ H ~ I ~  T P O ~ ~ H N I C N ,  H e  A a e T  B O 3 M O X H O C T N  nOmBbICIlTb O'THOIUC- 

EIkIe CIlrHaJI-IlI j 'M H a  B X O A e  n p I 4 e M H N K a  p a A I l O ~ C n e K T p ' O C K O n a  n p I l  
N C I I O J I b 3 0 B a H N N  M a T I + e T ~ l O , H O B  B KarIemCTBe M'CTOrIHNKOlB BbICOKO- 

' ~ ~ C T O T H O ~  3i1eprrz~. 
E a n a ~ c ~ o e  Y C T ~ O ~ ~ C T B O  c 60~1ee B ~ I ' C O K O ~ ~  c T e n e H b m  6 a n a ~ c a  

o 6 . e c n e r 1 ~ ~ a e ~  C H M X e H M e  Y P O B H R  n O M ' e X ,  I IPOCarINBaIOUUXlCR I i a  

B X O A  I IpMeMHNICa O T  NCTOrIIIMKa N, C J I e A O B a T e J I b H O ,  IIO3B'OJIReT no- 
B b I C I l T b  ~ I Y B C T B N T ~ J ~ ~ H O C T ~  paAN~OCn"2KTPOCKOIIa .  

C H N X ~ H N ~  n O T e p b  MOUHO'CTU B ~ I ' C O K O ~ ~  rIa 'CTOTbI B C T e H K a X  

~ ~ J I ~ H C H O ~ O  ~ C T ~ O ~ ~ ' C T B ~  TamKXe nO3BcrJ lR 'eT ~ I o B ~ I ~ T ~  9 j ' B C T B N T e J l b -  

HOCTb P a A N O C I l e K T p O C K O n a ,  860 n p H  3 T O M  C H N X a e T C R  Y P O B e H b  
T e n J I O B b I X  LLIYMOB H a  B X O n e  I I p U e M H N K a .  

n p ~ ~ q ~ n ~ a n b r r a ~  c x e M a  6 a n a ~ c ~ o r o  y c ~ l ~ o i i c ~ ~ a  c ynysruea- 
HbIM ~ ~ J I ~ , H , C O M  COCTONT I13 A B Y X  p e 3 0 H a T O p O R  -- RXOAHOFO Pi n p I l e M -  
H O M ,  C B R 3 a H H b I X  A B Y M R  .OTBePCTNRMN C B R 3 I l .  
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B e q e c T ~ o  HaXOAriTCR BO BYOAHOM l J e 3 0 H a T O p e  H a  OAHOM M3 OT- 

B ~ ~ C T I I ~ ~ .  P e 3 0 ~ a ~ o p b l  11 OTBepCTMR CRR3M P a C I I O J I a r a I O T C n  T a K ,  
ZIT06b1 n p M  OTCJ'TCTB!!EI P e 3 0 H a l I C H O r O  I I a 2 a M a T H M T H O r O  IlOrJIOQeHMR 
MOII[HOCTH BeQeCTBOM, p a C n O J I O X e H H b I M  H a  OTBepCTMM, nofie BXOA- 

H O r O  l l e 3 0 H a T O P a  H e  ~ 0 3 6 ~ i K A a J I 0  pa60qee n 0 A e  E n p H e M H O M  p e 3 O -  
HaTo] :e .  

I'llc. 1. ~ ~ O C T C U L I I ~ H  CXt3la ~ ~ J ~ ~ H c H o ~ o  y ~ ~ p 9 l " i c T ~ a :  
I - ycry,vl?pyroqafl s a c n o ~ ~ ~ a ,  2 - irprlhroyronr~ribru pesosarop 

(none H o l l ) ,  3 -- ~02K~r ia~ l l ,~b l f i  pesoHarop (none TEA,II), 4 - seurecrBo. 

Ha pic .  1 c x e M a T E i s e c K M  n o ~ a 3 a ~ o  ~ ~ J I ~ H C H O ~  Y C T ~ O ~ ~ C T B O ,  C O -  

CTORQee M3 nPRMO)'F'O3bHOTO BXOAHOTO (none H o i i )  P! K O a I t C l i a ~ T b -  

H O r O  n p H e M H O r o  (none T E M t )  p e 3 0 H a T O p O B .  
PIIMR MOLIJHOCTII B e u e C T -  IIpa O T C ~ T C T B U ~  p e j o ~ a ~ c a o r o  nor,~ow- 

BOM, PaCnO.TIOW,eHHbIM H a  O l B t P C r M H  SL, OCHOBIIOe n0Je B I<OaKCPI- 

a J I b H O M  p e 3 0 H a T O p e  H e  B O 3 I i M K a e T ,  1,160 a M n J I I I T Y i I b I  M ~ T H M T I - ~ O ~ ~  CO-  

C T ~ B J I R K I I I I ~ C I  n o m  TEhli, ~os6yxnael~rbre n o n c y :  :loll ha  o T u e p  
CTIIRX CBR3II  Si M S" P ~ B H ~ I  no B e n u w H e  K ~ ~ O T E I B O ~ O ~ T O H C H ~ I  no 
s ~ a ~ y .  B M o a I e H T  p e 3 0 ~ a ~ c ~ r o r o  n o r j r o w e a a n  ~ ~ ; c o ~ o u a c ~ o ~ a o : i  
M O q H O C T I I  B e I q e C T B O M  IIOjre  J' O T B ~ ~ C T H ~ ~  CBR3M S2, me P a C l i O j I O -  

x e H o  B e u I e c T B o ,  M c K a x a e T c ~ ~  11 n I < o a I t c m a - ~ b ~ o v  p e 3 0 ~ a ~ o p e  BO?- 

11MKaeT n o , I c  ~ C H O B I I O ~ ~  B O J I I ~ I  TEMi. 
E a , ~ a ~ 1 c  p e r y n n p y e T c a  ~ ? v e ~ e r r r : t . ~ ~  Be;lIIYMHbI 0,THOTO M3 O ~ B ~ P -  

C T M ~  c ~ O M O I U ~ I O  pery;mp] mue i i  ~ ~ C J I O H K I I .  
B Apyrov u a p M a H T e  B:l i a H c I I o r o  y c ~ p o i i c ~ s a  n p M a : e f I R m T c H  

TC).iIbKO I I ~ R > I O Y T O J T ~ H ~ I ~  P e J O I l a T O P b I  (PHC. 2 ) .  BO LIXOAHOM pe30- 
H a T o p e  pabosa~i  H R s s i e T c R  n o . T e  Hioi. B rIprie;\.IEoaI - Hior. I I ~ M  
OrCYTCTBMM n a p a M a r H M T H O r 0  KOT;IOLL&eHMR IIOJIR j' O T B ~ P C T ~ ~ ~  CBR3II 
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B n P U e M H O M  p e 3 0 H a T O i l e  P a B H b I  M ~ p O T U B O n O J I O X H b 1  no 3 H a I t y ,  a B 
M O M e H r  e T 0  B:j3IIMKfIOBeHMfl 1 3 0 3 6 y X ~ a e T ~ ~  n0Je H i 0 2 .  6 a J I a H c  pery- 
J M p y e T C X  I I e p e 2 B M X e H L I e L T  HCeCTKO CBR3aHHbI .Y ~ O P U I H C ~ ~ .  

B oBer~r li:!iICT]~3'I<U!lRX 6 a . m ~ ~  H e  RB.?ReTCR ( b y H ~ i q M e i i  r I a C T O -  
T ~ I  H C T C Z I H M : ~ ~  m crenem x o c T H x r r M o r o  6arrauca ~ ~ B I ~ C U T  TO. ' I~KO OT 

T O ~ I - I O C I M  E I ~ I - O ~ O B - T ~ H M H  M ~ Y ~ H M ~ M ~  n e p e i l B M x e H m  n o p ~ u ~ e j i  M n x  
3aSJIOHI<!I. 

n p H B e , ' l e ~ ~ b ~ e  I T p l l M e p b l  H e  M C Y e p n b I B a I O T  p a 3 ~ 0 0 6 p a 3 M R  KOH- 
cTpyl<l!,Mfi ~ ~ J I ~ H C H ~ I X  Y C T I ; O ~ ~ C T B ,  MX ~ b 1 6 0 ~  3aBMCPIT OT COBOKYIIHO- 
CTH ~pe60sa~r i f i ,  n p e a z R B . T R e m r s  I< p a n a o c n e e T p o c ; c o n y  B qe-qo\~ . '  

Pec 2 6 a n a w c ~ o e  ycrpoircrno u3 IlpflMOYrO~lbHblX I I ~ ~ O ~ I ~ T O I I O H  

I ,  2, 3 - perynupymxlle nopureli 

Y T O ~ ~ I  TeOPeTMYeCKM O ~ O C I I O B L ~ T ~  KOHCTI)Y1<4BH) ~ ~ J I ~ H C H O ~ O  

~ C T ~ O ~ ~ C T B ~  C ~ ~ ~ O H ~ H C H O ~ ~  n a p a h l a r ~ ~ k i ~ ~ ~ i i  CBRBbIO, a T a K X e  C X e M y  

A e T e K T M p O B a H M R ,  H ~ O ~ X O A H M O  p a C C h l O T p e T b :  a )  I I p O u e C C  E e p e A a . l M  
3 H e p r M H  O T  BCTOZIHBKa I< A e T e K T O P Y ,  A e T e K T M p O B a H M e  M BJIMRHMe 

o c r a T o s a o r o  p a 3 6 a ~ ~ a ~ c a  H a  y l t a 3 a ~ ~ b r e  npoueccbr; 6) U I Y M ~ I  
MCTOZIHHKa B ~ ~ C O I C O ~ ~ C T O T H O ~ ~  >fOII[HOCTH U T e I I J I O B b I e  LuyhlbI .  

~ ~ O U ~ C C  n e p e A a l i M  bIOWHOCTM MCTOYHHKa K A e T e K T O P Y  nZ)M 
n a p a M a r r i H T I I o M  n o r J I o q e H m  (noJ1e3ab~ii caraan) , a T a K x e  BJIHR- 
H M e  O C T a T O s H O r O  p a 3 6 a . T a ~ c a  ~ A O ~ H O  P a C C M O T p e T b  H a  3 K B P i R a J I e H T -  
HOG c x e M e  (CM.  ~ I I C .  :3, y n p o u e H : ' a R  c x e M a  n o ~ a 3 a ~ a  H a  PMC. 4).  
 OH^ COCTOMT M3 ABYX CEII3FiHHbIX P e 3 0 H a H C I I b l X  KOHTYPOB, 3 K B M B a -  

A e H T H b I X  P ~ ~ O Y M M  lTOJIRhZ BYOAHOF'O M I IPMeMHOTO P e 3 0 H a T O P O B .  
<<BLICLUM~>> TIl l lb I  C O ~ C T B ~ H H ~ I X  l T 0 ~ e f i  B 3~0f i  C X e M e  H e  YYTeHbI ,  ~ 6 0  
3 H e p r H ~  n e p e H o c H i C R  r;IaBHbI.\I  0 6 p a 3 0 ~  OCHOBHLIMH ( ~ ~ ~ o ~ I M M N )  

rIO;IR.MM. 
Bseae~r~rb~c 13 n e p s b l i i  I ~ O H T Y ~  3. A. C. V H C o n p o T M B J I e H M e  RO 

3KBIiBa , ' IeHTHbI  3 A .  C. H B H y T P e H H e M Y  COIIPOTMBJeHMIO i i C T 0 r I H U K a  
B ~ I C O K O ~ ~ C T O T H O ~ ~  3Hepr&!H,  n p U B e , Q e H H b I M  K n e p B 0 M Y  KOHTYPY. 

C o n p o ~ P i w r e ~ ~ ~ e  R,, ~ K B I I B ~ J I ~ H T H O  n p m e f i e I I r I o > f y  KO B T O ~ O M Y  KOH- 

T y p v  C0npOTMB;ICHMIO H a T p Y 3 K M  ( A ~ T ~ K T O ~ ) .  ~ O M ~ ~ ~ K C H O ~  C O n p O -  
TMBJeHMe Zc = r ,  f j , ~  3KBMBaJICHTHO CBR3M no~ef i  BXOAHOrO H 

n p M e M H O r 0  pe3Gl- iaTOpOB.  ~ ~ ~ ~ ~ c T B u T ~ J I ~ H ~ R  Y a C T b  K O M n J I e K C H O r o  

COIIPOTMB.JIeIIMR I', CO0TBeTCTB)'eT CBR3M M e X n Y  p e 3 O H a T O p a M M ,  
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PHC 4 Y n p o I U e H H a R  3 K B R B a J I e H T H a R  C S e M a  

I ~ O J ~ ~ Y R C ~  ( P O P M Y J I ~ M U  CXeM 3 a M e W e H M R  C B R 3 a H H b I X  KOHTY- 

P O B  [ I ] ,  M O X H O  O n p e A e J I M T b  H a n p R X e H H e  ua, nOABOAr?MOe K Ae- 
T e K T O p j '  ( ~ H c .  4) 

R, I j l -=  V (rB -; i x ) ,  
21, .Z1 

r A e  zi - n o n l l o e  c o n p o T M n L 7 r e H u e  nep~oi-o K o r r r y p a ,  zK - n o ~ a o e  
COnpOTMBJIeHMe B T O p O r O  E ; O H T > p a  C J T I e T O M  C O n p O T A B u T e l l H R ,  BIIOCH- 

h i o r 0  M3 I I e p B O r O  K O H T Y p a .  . O q e ~ ~ a ] r o ,   TO I / ,  M O X H O  I I p e A C T a B H T b  B BMUe HBVX COCTBB- 

n R l o u M x :  

u,, = uc -+ jup, 
R,, 

,Ae U, = V -- . r ,  -- H a n p R x t e H M e  no:iesaoro C M T H a - f l a ,  
Z1.2, 

H a n p ~ x e ~ k i e  none3eo1.0 caraana n p e A c T a s ; l r ; e T  co6oii xa1n)-:~t,c 

C B b I C O K O Y a C T O T H b I ~ I  3aIlO.?IIt?HI?eSi. Y ~ C T O T ~  OI!II0,7IICHIlR P a B I I a  

g n C T O T e  EIcTOYHIIKa B ~ ~ C O I { O Y ~ C T ~ ) T H O ~ I  3HCPTI!II. 

Q o p h t a  H>IIly.?bCa connajar.1- c ( l ~ o p ~ o i i  .lll!!rrH n O r , ? ( j I I ~ i . H : i ~  r3e- 

W e C T B a .  

n e p M 0 , I  I IOBTOPeHIIR M41n!..?bCa T,, j la13eH n t? l l i lO;J ,~  1~o . - Ie6a111~1~,  

M o A y n M p y I o w e r o  senaswry no:m n o c T o R H a o r o  h l a r b l r r T a .  n p ~  ~ a 3 -  
~ 0 f i  Y a C T O T e  M O A J ' J I M p ) W U e T O  ~ < o . ? ~ ~ ~ H E I R  BMHIiR II0T;IOWeHHR B e -  
W e C T B a  ( ' C H r l 1 ~ ~ )  <<npOXOAIITCiI>> MeA,?eHHO. n l l M  3 T 0 1 1  F I a n p R X e -  

m e  c M r a a n a  M O X ~ T  6 b l ~ l )  J ) ~ C C W T ~ H O  no @ o p k ~ y = ~ a b l  A J I ~ ~  y c T a -  
IJOBBBLUHXCR nporLecco3 n n e ' r r e T o p e .  

H a n p ~ x e ~ u e  pa36a;ra~ca c n n M r f y T o  no O T H O U I ~ H M ~  I i  I i a n p R -  

j K e H I I f 0  C M r H a n a  H a  90'. n l l k 1  OTCYT'CTBMIi W M O B  HCTO9HMKa BbI- 
c o ~ o f i  s a c T o T b I  H a n p R x e l l l i e  pa?6a~1aeca n o c T o R I I b I o  no a M n ; l a T y A e  

i{ @a3e I* A a e T  H a  B b l X O A e  A e T ? I i T O p a  JTIILLIb I I O ~ C T O R H I I ~ I O  COCTaB-  

J I H I O W ~ I O  H a n p R x e H b r x .  O ~ ~ a l i o  npoqecc r e I I e p r i p o s a I I M n  ~ h ~ c o ~ t o i i  

l IaCTOTbI B C e r A a  C O ~ p O B O i K A a e T C n  @ ~ ~ ~ I ~ T ~ ~ I ~ U O H I I ~ I M H  I I I ~ S I O B b I > I I I  

r I p o u e c . c a a t a .  B p e 3 y n b ~ a ~ e  I i a n p x x e r r M e  pa36ana~ca  x H a n p R x e -  

I I a e  c H r n a n a  B c e r A a  M o n y n M p o s a H b r  no a ~ n ~ u ~ y n e  M ease. I<a~i  
I IpaBMJIO,  K O ~ @ @ H U E I ~ H T  ~ Y M O B O G  MOAYJIRIlHEl HeBe;lMK. ~ O ~ T O M ) '  

L U y M O B a R  MOAYJIRUMR n O J l e 3 H O r O  CMr'l laJIa H e  M e L U a e T  e T 0  0 6 H a l ; ~ -  

X ~ H N I O  ~a ( P o ~ e  n o M e x  M M o x e T  H e  y w i ~ b r ~ a ~ b c n .  LLIy~onarr 
5IOflYJIRUMR H a n P R X e H M R  O C T a T O ~ H ~ O r O  pa36ana~ca  M O X i e T  c o a ~ a -  
R a T b  C P a B H M M b I e  C CNTHadTOM n O M e X M ,  e C J M  pa36ana~ .c  AOCTaTOrI l lO 
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