


~ ~ ~ A ~ O X ~ H H ~ J I  @epMM UAeR l lpkiMeHeHHR MeTOAOB C T ~ T H C T M ~ ~ C K O ~ ~  @M- 

s n ~ n  n n H  o n n c m n R  R n e p H b r x  ~ s n e ~ n i i  n e p e m s a e T  nepnon 6 y p H 0 r 0  p a s ~ n -  
T n R  B nocnenaee A e c R T m e T n e .  B q a m H o c T n ,  B p e n ~ ~ n ~ n c ~ c ~ o i i  ~ n e p ~ o i i  @n- 
3 n ~ e  m n p o K o e  p a c n p o c T p m e H n e  nonysmn c T a T n c T n s e c K n e  M o n e n u ,  OnnCbI-  

BaIOlIWe a a 3 0 ~ b 1 G  I l e p e X O n  U 3  aAPOHOB B KBaPK-rnI0OHHYH) nJIa3hl.y. O D H ~ K O  
HU O n H a  a3 HMX H e  YYnTbIBaeT COCyIIleCTBOBWHe aApOHOB M K B a p K O B ,  B TO 

sperm K a K  @ a s o ~ b r i i  nepexon B re~epo@a3~oA c n c T e M e  M o x e T  p e s ~ o  o T n n -  

s a T b c H  OT Qa30~0ro nepexona B c n c T e M e  n3 ~ U C T ~ I X  @a3. 
B pa6o~e 'l' 6 b 1 n n  ~ @ ~ p l v r y J I k i p ~ B a ~ b I  OCHOBHbIe IIpMHtlMnbI TeOpHM 

K B ~ ~ K - ~ ~ J ( ~ o H H O ~ ~  MaTepHH:  

1. K B ~ ~ K - ~ A ~ O H H ~ H  M a T e p H R  B K n l o s a e T  B c e 6 ~  BCe B 0 3 M O X H b I e  @a30Bb1e  

COCTORHWFI KBBPKOB:  KBBPK-T'JIH)OHHYH) n n a 3 M y  H 6 e ~ ~ 0 H e ~ b I f i  ~ a 6 o p  @a3 
M3 n-KBaPKOBbIX KJlaCTepOB ( n  =3,6,9,12,15, ...) . 

2. Y s e ~  p e a K q n n  C n n R H n R  n pacnana s a c T w u  n o 3 ~ o n ~ e ~  p a c c M a T p u -  

B a T b  ~ c T o ~ ~ W ~ B O ~  COCyLUeCTBOBaHHe n m 6 b r x  @a3 K B a p K O B ,  B TOM WiClIe 

a n p O H O B  M C B O ~ O A H ~ I X  K B a P K O B .  

3. BO B c e i i  kiccnenye~ofi o6nac~n  3 ~ a q e H n G  TepMOAMHaMHreCKkiX naps- 
M e T p O B  CUCTeMbI IIpHMeHReTCFI K B ~ H T O B O - M ~ X ~ H H ~ ~ C K H ~ ~ ,  MMKPOCKOIIM- 

s e c ~ n i i  nonxon. 

MATEMATMYECKAFI nOCTAHOBKA 3AnAYM 



3 ~ e c b  HeH3BeCTHbIMH RBIIRKJTCR @ Y H K ~ M I I  P ( ~ ) ( @ ,  p )  U_ p ( ' )  ( 0 , ~ )  - XHMW- 
9 

seCKHfi  nOTeHUUUl.  noCToRlrHb1e  M ., 6(n) , en), B, 33(0) , p  0 "PHHUMa- 

WT T e  Xe 3HaW?HHR, YTO kl B ( 1 ) .  T p e F j y e ~ c ~  H ~ G T H  . p ( ? ) ( @ ,  p)  , p ( ' ) ( @ ,  p )  H 9 
o n p e n e n m b  o 6 n a c ~ b  a 2= 1 0 ,  p  1 ,  B K O T O P O ~ ~  ( 2 )  u M e e T  peme~ne-  

Cpa3y OTMeTHM. YTO ecnu pell leHHR nOCTaBJIeH_HbIX 3 a A a q  B a CyLUeCT- 

~ y m  , TO o 6 r r a c ~ ~  ,H n 2  H e  n c p e c c x m T c H  n a =  st1 u a,. C n p a n e n n r z ~ o c ~ b  

3~01-o Y T B e p m e H m  6 y n e ~  y c T a H o n n e H a  H u x e  npn n o ~ a s a ~ e n ~ c ~ n e  cywec-r- 
BODaHUH H eAHHCTBeHHOCTH p~LlleE1~8 ( I ) ,  ( 2 ) .  

CYIU,ECTBOBAIIME M EAMIICTBEHIlOCTb 
PEIUEHMR 3A,4AZI ( 1 )  , ( 2 )  

-- 
a?' = dx + M + -a, a = 1 , 2 ,  1 P  



' 1 -- 
2 n P  0 x 2 -  1 - - 1 ' (0) ( p  - p ( p + -  B 

6 6  9 8 3  'P exp ( ---- ------------------ --- j + t(1) 

1 - B h6 + 9633(0) P + -- 
( 1 )  ((1) 3 

6 6~ " 
p l  5 ----a exp (- ---------------- 1 I- x 2exp (-x) dx , 

2 n  0 I o 

m 

[p!" 1 ' = ( )  f [ 1' dx. 
1  p ( 1 )  2 n 2  0 p(  1 )  

9 9 

r(n> " i l o ~ a ~ a r e ~ b c r e o .  p',2) npu (@ , p  , p ( 2 )  , p(g2) 1 GR ; n n n ~  -- [ I' dx 
2 ,2  0 ... 

npH (@ , p  , p ( 2 )  , p f )  ) C 6 ; MOWMO nOCTPOWTb MaXOPaHTHble CXOMI4ieCR 
nHTerpmbr, He s a s n c ~ m e  OT napaMeTpoB, HanpnMep: 

Teopema 1 .  C u c ~ e ~ a  y p a ~ ~ e ~ u i i  (1)  nMeeT pemeHnR pO6(@, p )  2 0 npn 
( 0 , p ) c  0 = I @ ,  p  ; SO10 & 1000, S O < p / p O ~  100 i MR n1o6brx @n~cnpo- 
B ~ H ~ I X  SO, Sp > 0. 



Torna no T e o p e M e  o H ~ H B H O ~ ~  a Y H K u u u / 2 / ,  ecnu C y U e c T B y e T  ~ a ~ i o p  napa- 
M e T P O B  @*, p* , p i1 )  * , T Z I K O ~ ~ ,  YTO BbInOJIHReTCR ( k ) ,  T O  B OKPeCTHOCTA 

T O Y e K  @ *, p * C y w e C T B y e T  e n H H C T B e H H a R  @ Y H K W R  phl) (@, p ) , T a K a R ,  9TO 

p(')  ( a * ,  p * )  = p ( l )  * , U ~e3ne'  B 3 ~ 0 f i  OKPeCTHOCTH B b I l l O n H R e T C R  ( 5 a ) .  
9 

n 8 ~ a x e M ,  wo  n n R  m 6 b u  ( 0  , p )  E Q ecerna M o m o  ~ a f i r u  p y )  T a K ,  rro 
( 5 a )  6 y n e ~  B e p H O .  ( P k i K c k i p y e ~  H e K O T O p b I e  3HaqeHHH 0 *> 0 ,  p*> 0. ~ T I ~ B ~ R  

Y a C T b  ( 5 a )  R B n R e T C R  ~ e n p e p b 1 ~ ~ 0 f i  ~ 0 3 p a c ~ a I O L U e f i  @ Y H K U H ~ ~  p ( (Y =p( '1 ) , 
9 9 

a n p a B a R  W C T b  ( 5 a )  - ~ e n p e p b I B ~ 0 g  y 6 b l B a l o L U e f i  @ Y H K U U ~ U  p ( l )  (Y = 9 
= p 1  , n p U 9 e M  pi1)  ( 0 )  = C > 0,  m e  Cp - H e K O T O p a R  lTOCTOl3H- 

H a R ,  a p(;) ("1 = 0. ~ O ~ T O M Y  C y w e C T B y e T  eAk iHCTBeHHaR T O q K a  I I e p e C e q e -  

HUH H e n p e p b I B H b I X  K p U B b I X  Y = p (i) U Y = p ( l )  ( ~ 4 1 )  ) . T ~ K H M  0 6 p a 3 0 ~ ,  I 
B C e  Y C n O B k I R  T e O p e M b I  0 H ~ R B H O ~ ~  @ Y H K ~ H H  B b I n O n H e H b I ,  . T O  e C T b  B e 3 n e  B 

C y U e C T B y e T  H e n p e p b I B H a R  ( 0 ,  p )  e m H C T B e H H a R  @ Y H K U H R  p ( ' )  ( 0 ,  p ) , 
9 

ynoane-rsopslowafi ( 5 a ) .  (PYHKLJHH ph1) (@, p )  ~ o s p a c ~ a e ~  no 0 . llpenno- 
J I O X U M  0 6 p a ~ ~ o e .  n y c ~ b  C y U e C T B y l o T  0 > 8 2 ,  HO p(d) h p(4) (@2 ) . 
Torna o ( : ) ( x ,  0 1 )  < ~ $ 1 )  ( x ,  O 2  ) n p i1 )  ( a 1 )  > p i1 )  ( e 2 ) .  "TO ~ P O T U B O -  

peuur u c x o w o ~ y  npennonoxemlo p(:) ( 0  ) = p y ) ( ~  1) i p(;) ( ~ 9 ~ )  = 

= p(:) (a2) .  W T ~ K ,  B e 3 n e  B Q Y p a B H e H H e  ( 5 a )  U M e e T  e n U H C T B e H H O e  H e n p e -  

p b I B H o e ,  ~ 0 3 p a c ~ a l o u e e  no o p e r u e H u e  p(:) ( a ,  p . 
P ~ C C M O T ~ U M  Y p a B H e H U e  ( 5 6 )  . M ~ ~ e r p a J I b l  p (,') (n = 3,6,9,12) B ( 5 6 )  

RBJIRloTCR H e I I p e p b I B H b I M H  @YHKUURMH (@, p ) , H a  OCHOBaHHH Y T B e P X A e -  

H U R  1 ,  U B 0 3 p a C T m T  no 0 .  ~ O ~ T O M ~  n p U  KaXCAOM @ U K C U ~ O B ~ H H O M  p U 3  

a @YHKLPIR 

R B n R e T c R  ~ e n p e p b I B ~ o f i  U y6bmae~ no @ . Ecnu n p U  @+ 0 +  U H e K O T O p O M  

p = p * > 0 Y p a B H e H U R  ( 5 )  6 y n y ~  U M e T b  P e m e H U R  po6(0+pp *) > 0 .  T O  W R  

p* 6 y ~ e ~  C y U e C T B O B a T b  0 * > 0,  n p M  KOTOPOM p 06 (@ *, p *) = 0. k l c n o n b 3 y R  

U 3 B e C T H b I e  MeTOnbI"3 /  , M O X H O  Y ~ ~ A H T ~ C R ,  qTO n p U  0 + 0+ Y p a B H e H U R  ( 5 )  
n e p e x o w  B 

A H ~ I I U ~  3TMX J 'paBr~e~kl f i ,  n p U  3 ~ a I l H b I X  3 I IaqeHUf iX  IIOCTORHHbIX Mn , (n) , 
7 

- 
((n) , n - 1,2,6, B ,  a 3 3  ( 0 )  , p 0 M 0 < p / p O  5 100, n O K a 3 b I B a e T ,  qTO n p M  

n n 0 T H O C T R X  p* = p / p o  2 1 CYUf?CTBYIoT  pO6 (0+ ,  p *) > 0. Y ~ H T ~ I B ~ R  H e n p e -  

P ~ I B H O C T ~  @YHKUHU pO6(@, p )  H ee y6~1nanue no 0 ,  n o n y q a c M :  AJIR n ~ 6 o r o  
p* = 2 1 C y U e C T B y e T  0 * (0,1000), T a K O e .  qTO pO6 ( 0  *,P *) 0. 
M H O X ~ C T B O  1Q *, p * 1 A a e T  r p a H k i u y  O ~ J I ~ C T U  Q - ( 0 ,  p ; /b6(@, > 0 I . Teo- 
p e M a  n o ~ a s a ~ a .  

O T M ~ T M M ,  qTO H a  T . p a H H u e  anl row, p * ; Po6 ( a  * , p *) = 0 1 BbInOJI-  

HRIoTCR Y p a B H e H k i R  ( 2 )  C 

HYCTL n2 =n ' . . l i  ,, T o r n a  po6 (0, p )  < o n n R  (o, p )  c-. Q ,  . n o ~ a m e ~ ,  
q T O  AJIR J I ~ ~ ~ I X  3 ~ a q e ~ ~ f i  @ U p a3 Q2 BhIIIOJIHReTCR H e p a B e H C T B O  ( 4 ) ,  ecnu 
3Waqa ( 2 )  MMeeT  PeI l I eHUe .  ( P Y H K ~ M R  

n J I R  e l < @ "  Y p a B H e H U R  ( 2 )  H e  U M e M T  C M b I C n a .  T a K ~ h l  0 6 p a 3 0 ~ ,  BCR 06- 
JIBCTb H 3 M e H e H U R  3 H a q e H H R  TePMOAkiHaMMqeCKMX I I a p a M e T p c B  11 = 1 %  p_) pas- - 
G u s a e T c n  H a  nse H e n e p e c e K a m m , u e c R  q a c T u :  Q , M Q 2 ,  Q = Q 1 U Q 2 .  B 0 cy-  
U e c T B y e T  p e l u e H u e  s a n a q u  ( 1 )  . n o ~ a x e ~ ,   TO p e u L e H u e  s w a q u  (2)  c y x u e c T -  

 ye^ B o6nac~u Q2. 



rIMCnEHHbIR AIIrOPkiTM PEIIIEHMR 3 W A W  
OnPEAEJIEHMR KOHUEHTPNMM 
MYnbTMKBAPKOBblX KJIACTEPOB 
B WEPHOR MATEPMM 

- 
n; = 10 ,  P ,  P T ) ,  P ( P ) ;  s < G  j a g ,  a p  z p / p O  L~~ , O C T ~ ~ T C H  IIOKa3aTb, qTO nJIH JIIO- 

0 - 6010 H a 6 0 p a  T O W K  (@*, p*) € 

1 - ( 2 )  < 1 1 ' E n ;  C y I 4 e C T B y l m  ( p  * , p? & 6; 
d 2 )  + - m3,(o) P ,  - x ~ ,  + -,a ,,nop - 8 ;  I , 

9 9 T a m e ,  q T 0  BbIIIOJIHHIOTCH (2).  

S,, S p y  S 2 * >  0 .  
@ H K C U P Y ~ M  (@* , *) c 6 . 

P ~ C C M O T ~ H M  @YHKWIO p(2)  K a K  
9  

A 0 ~ a 3 a ~ e f l b ~ ~ t 3 0 .  A ~ H  AOKa3aTeJIbCTBa CyIlleCTBOBaHUH U eAkiHCTBeHHOCTU @YHKWH) omoii n e p e ~ e ~ ~ o f i  p (2 ) .  

PeUleHIlH (2) HCIIOJIb3yeM T e O p e M y  0 HeHBHbIX @ Y ~ ~ Q M ~ ~ / 2 / .  M3  Y T B e P m e H U R  2 CJIeAyeT, q T 0  

n p e ~ I I o J I o X k i M ,  qTO CYLUeCTBYeT H a 6 o p  TOWK ( 0 (O) , p(O) , p  (O) , p  (O) I BCe H ~ C O ~ C T B ~ H H ~ I ~  HHTerpaJ'I bI - 
U 3  a,*, An53 KOTOpOrO BbIIIOJIHHeTCFI (2 ) .  T o r ~ a  AJ'IH TOrO, q ~ 0 6 b 1  IIpH BCeX 

p  L2) ( n  = 1,2,6,9,12) HBJIKIOTCH 

@ p  ,"AOCT~TOWO 6 n u 3 ~ u x  K 0 " )  , p(O) , C y ~ e C T B O B a J I O  HeI IpepbIBHOe PeUle-  
HenpepbIBHbIMM @ Y H K ~ H M H  CBO- 

wx n a p a M e T p o B  B 6 ?j . n e p ~ o e  
Hwe J2).  p  S) ( n p w u e ~  

y p a B H e H w e  (2) o n p e n e n H e T  p(2)  = 
@ Y H K W O H ~ J I ~ H ~ I ~ ~  0 n p e n e n w ~ e n b  9 

= f1 ( p (2 )  ) K a K  H e n p e p b m H y m  

D(F1.Fz) D = - - 

d F l  dF1 --- - 
+ ' 2 )  dp 

3F2 dF2 
--- --- 
d,, ( 2 )  dp (e )  

9 

B O ~ ~ ~ C T ~ I O L U ~ I O  @YHKWIO napa- 
M e T p a  J 2 )  , I IpuYeM p  f ' )  (-00) = 0, 

* p(;) ( + w )  = + w . B ~ 0 p O e  y p a s e -  

f 0  ~ u e  (2) o n p e n e n ~ e ~  p(:) = 
= f 2  (p (2 )  ) K a K  H e n p e p b m H y m  

y6bma1014y10 @YHKUHIO OT p ( 2 )  , 
n p a s e M  



~ ~ O P M T M  n 0 3 B O n R e T  O n p e n e -  

n R T b  PeIIIeHHe CHCTeMbI YpaB- 
HeHkifi F(U) = 0 C 3 ~ a H H 0 2  

TOWOCT~IO. F'(U) 0603~asa- 
eT MaTpHUy H K O ~ H  o~o6pa- 
X e H A R  F , [F ' (u)I - '  , o6pa~- 
HYIO K H ~ B ,  7 - H ~ K O T O P ~ I ~  

napaMe-rp ,  c n o M o l r I a m  KOTO- 

p O r 0  MOXHO YnpaBJIRTb np0- 
UeCCOM CXOHAMOCTA. 

B~asane p e m a n a c b  swasa 
(1) H H a x o n H n a c b  o 6 n a c ~ b  

fil=19 p ;  pOB(@, p )  L O ! .  
3 a ~ e ~  B o 6 n a c ~ ~  n = n\iiIpe- 
m a n a c b  3anasa (2) ( O ~ J I ~ C T H  

E l  H fi 2 I IpenCTaBneHbI  H a  

PAC. 2 ) .  
O C H O B H ~ I ~  TPYHHOCTA 6b1- 

JIR CBR3aHbI C BbIqkiCneHHeM pe- 
m e H w n  p (2) , p f )  3waw (2) , 
ll03TOMY OCTaHOBMMCR H a  M3- 

noxems a n r o p s T M a  (8) nnn 
H e e .  

Ann (2)  n M e e M  

n p A  U,, U 2  E n , , O < a , O  5 a l , a 2 < m .  

1 [F ' ( u )  1 - I  = - 
D 

- -- -- 
a, (el 

- 
c L u a r a M n  hg = 1000 /M e h p =  IOO/N. B y3nax I ai .  p I cemw n r! nona- 
nazomix B H Y T P ~  H H a  rpamiqy 06pac~p Q1, p e m e H u e  (2) H e  s b r s u c n m o c b .  

(2 )  (2 )  cna6o Me- YHCII€!HH~I~ 3KCnePHMeHTbI l lOKB3WH,  'IT0 @YHKUHM 1 , p 

HRIOTCR B 3aBHCHMOCTH OT TeMnepaTy1)bI  @. ~ O ~ T O M Y  n p H  @ H K C A P O B ~ H O M  

B w p/p 0 = h 38 H a v a n b H o e  n p w 6 n w ~ e ~ u e  w n  p(2) (  B , hp ) , ( O ,  h p )  

npMHHMaJIHCb 





h c .  5 

OCTaJIbHbIX MYnbTAKBaPKOB AC9e3aIOI4e MaJlbI: W g  w lZ < l o  -5. Kp0- 
M e  TOrO, AMeeTCFI O ~ L U A P H ~ F I  0 6 n a c ~ b  COCYI4eCTBOBaHAFI C B O ~ O J ~ H ~ I X  K B a p -  

KOB ( K B ~ P K - T J I I O O H H O ~ ~  n n a 3 M b I  pq)  C HYKnOHaMM A LUeCTRKBaPKaMA. rpa- 
@AKA, AeMOHCTpUpyMIU&ie 3EiEACAMOCTA W q  (a, p) = pq/p, W3(@, p)  = 3 p 3  / P , 
W 6  (a, p )  = 0p6/p OT T e M n e p a T y p b I  A nnOTHOCTA, lTpABeAeHbI H a  PAC. 3,4,5. 

h c .  4 

n o n y q e ~ b r  cneny$IU&ie p e 3 y n b ~ a ~ b 1 .  nps T e M n e p a T y p e  0 < O 1000 M3B. 
O , l  b P /lo 6 10 ( P o  - llnOTHOCTb H O P M B J I ~ H O ~ ~  FIAepHofi MaTePkiki, po= 

= 4 -10  M ~ B  3, A3 BCerO ~a6opa  MynbTkiKBapKOB p, ( n = 3,6,9,12) AOMA- 

HkipYIOT p 3-HYKJIOHbI A p6 -LUeCTHKBaPKA. ~ P R Y ~ M  KOHqeHTPaIJkiA W, =np,/ p 
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