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3KcnepHMeHT8JlbHbie !jlaKTbl : llOCTOSIHCTBO nonepe'IHOI"O HMnyJibC8 

BTOpH'IHbiX '18CTHU 1 CJI86b!ft pOCT MHO>KeCTBeHHOCTH C ::meprHeft, HaJIH'IHe 

BbineJieHHbiX ( JlHJlHPYIOWHX) '18CTHU H ToJlo YK83b!B810T H8 T0 1 'ITO npH 

YJibTp8Bb!COKHX aHeprHSIX BTOpH'IHbie '18CTHUbl 1 o6pa30B8HHbie H8'18JlbHbiMH 

8Jlp0H8MH 1 He Jl0CTHI"810T 38 BpeMSI B38HMOJ]eftCTBHSI CT8THCTH'IeCKOI"O paB-

HOBeCHSI. 

nnSI OllHC8HHSI T8KOI"O HepaBHOBeCHOI"O COCTOSIHHSI BOCllOJlb3yeMCSI npH-

6JIH>KeHHeM CJiyqafiHbiX npOUeCCOB 1 npH KOTOpOM K8>KJ]8SI peaKUHSI B 06'beMe 

B38HMOJ]eltCTBHSI xapaKTepH3yeTCSI onpeaeneHHOlt BepoSITHOCTblOo 

/2/ 
AHanorH'IHbxlt TeopeTH<~eCKHlt noaxoa 6biJI HcnoJib30BaH <l>appH JlJISI 

"'t1b!COK09HepreTH'IeCKHX aneKTpOHOB, npOXOJlSIWHX qepe3 CJIOH TSI>KeJlbiX BeWeCTB1 

/3/ 
a <l>yJl>KHBapa H KHTa-3oe - JlJISI o6pa3oBaHHSI nHOHOB B ""- , rrH-

H H H - B3aHMoaeltcTBHSIX. 

Uenb pa6oTbi - HccneaoBaTb B03MO>KHOCTb npOH3BOJibHbiX CTaJIKHBaJO

WHXCSI '18CTHU1 KOI"Jla B 06'beMe B38HMOJ]eltCTBHSI o6pa3yJOTCSI He TOJlbKO 

/3/ 
nHOHbi, HO T8K>Ke KBOHbi H rHnepoHbi. Pe3yJibT8Tbi npeJlbiJlywelt pa60Tbi 

CJieJlyJOT OTCIOJ18 K8K '18CTHbllt cnyqalt. 

PaccMOTpHM aae npoH3BOJibHbie CTaJIKHB8JOWHecSI qaCTHUbi H nono>KHM, 

'ITO OHH Ha eJ]HHHUe nyTH C BepOSITHOCTbJO: 

a J MOI"YT npOH3BeCTH peaKUHJO: H8'1o '18CTHUbl -+ TT + ewe 'ITO

HH6yab; 

a 2 MoryT npOH3BecTH peaKUHJO: Ha'l. qaCTHUbi .... K + ewe 'ITo-

HH6YJlb; 
a3 MOI"YT npOH3BeCTH peaKUHJO: H8'1. '18CTHUbl -+ Y+ ewe 'ITo-

HH6y.llbo 
3 



KpoMe Toro noene o6paaoBaHHH nepBoro nHoHa, Kaoaa H rHnepoaa 

IT-+IT+ IT-

IT-+K+K-

BepOHTHOeTb Ha enHHHUe nyTH ~I 

fi-2 

K ... K+IT(K ... K+IT) ~3 

y ... y+IT ~--
0603Ha'IHM qepe3 p: (x) - BepoHTHOeTb pO:IK,lleHHH n -fiHOHOB Ha 

nnHHe X 0 'lepe3 p k (x) - BepoHTHOeTb po>KneHHH n -KaOHOB Ha nnHHe , 
x H qepea P Y ( x) - BepoHTHoeTb po>KneHHH n -rHnepoaoB aa nnnae x. , 

- IT Henonb3YH aaKOH eoxpaHeHHH BepoHTHoeTH, MO>KeM aanHeaTb nnH P,(x), 

P: ( x) , P,v ( x) enenyiOutYIO eHeTeMy ypaBHeHHif: 

• y IT 
PIT(x)=-[n(~ 1 -~ 2 )+a 1 +2(I. nP'YxJJ~3 +(!. nP (x))~ 41P (x)+ 

n n n n n n 

~ y IT +[(n-l)(~ 1 -~2 )+a 1 +2(I. nP,txJJ~ 3+( I. nP,(x))~41P,_ 1 (x) , , (1) 

-..., • K IT K K 
P,(x) =-[a 2+ ( ~ nP, (x))~ 2 HP, (x)-P,_ 1 (x)] 

• y y y 
P, ( x ) = - a 3[ P, ( x ) - P,_ 1 ( x ) 1 

HaqanbHbie yenoBHH nnH aToif eHeTeMbi 

IT K Y 
P, ( 0) = P, ( 0) = P, ( 0) = 0 , n ~ 0 

( 2) 
IT ~ y 

P 0 ( 0) = P0 1 0 ) = P 
0 

( 0) = J . 

CHeTeMy ( I) B o6uteM enyqae pewHTb aeB03MO>KHo. 

4 

li'• 
%: 
'1/ 

B KaqeeTBe nepBoro npH6nH>KeHHH npHMeM enenyiO~ee 4 
npennono>Keaue: Bee npoueeebJ npoHexonHT BHpTyanbHO B npet 

TOpOif o6naeTH, llOKHnaH KOTOpyiO Bee 'laeTHUbl npeBpautaJOTeH 

Opu TaKoM nonxone BenH'IHHa In P,
0

( x)=NJxJHBnHeTeH noeTo , 
No (e ), rne e - P83Mep o6naeTH B38HMonetieTBHH. 

B STOM llpH6nH>KeHHH peuteHHe eHeTeMbi ( J) e H8'18nbHl 

(2) naHO B llpHJIO>KeHHH J. 

B peaynbTaTe HMeeM enenyiOutHe paenpeneneHHH <!JH3H'Iec 

/ 
pIT (e)= , (a 1 +2 b3 N K+b4 Ny) ... ((n-l )(b rb:z )+a

1 
+2 b 

3 
N~b4 ----- ----

(b,-b2 )"n! 

• [ l- exp (- b 1 + b2 J1" exp (-a 
1
-2 b

3 
N K- b

4 
N y) 

n! 
exp ( -a2 -b2 NIT) 

, 
P Y ( e) = ~ exp (-a 

3 
) • 

, n/ 

CpenaHe 'IHena o6paaoBaHHbiX 'laeTHU paBHbi 

(a 1+2a 2b 3 +a 3 b4 )[exp(b
1
-b:z}-l 1 

NIT=----

b,-b2 -2b 2b 3 [exp(b
1
-b2 )-l 1 

NK a2 ( b 1 - b 2 ) + (a 1 b 2 + a3 b 2 b 
4 

)[ exp ( b
1

- b 
2 

) - J 1 

- --
b 1 - b 2 - 2 b2 b 3 [ exp ( b 1 - b 2 ) - 1] 

Ny = a 3 • 

5 



'~'J 

B KaqeeTBe nepsoro npH6nH*eHHH npHMeM eneay~mee ~H3H"!eeKoe 

npeanono*eHHe: see npoueeebi npoHexoaHT BHpTyanbHO B npeaenax HeKo

Topoil o6naeTH 0 flOKHA8H KOTOpy~ Bee qaeTHUbl npespaUia~TeH B ~H3H"!eCKHe, 

npn TaKOM noaxoae senH"'HHa ~ n P"
0

( x)=NJx)HanHeTCH noeTOHHHoA, paBHoA 

Na (e ), rae e - p83Mep o6naeTH B38HMoaeiieTBHH. 

B 8TOM npH6nH*eHHH peweHHe eHeTeMbi ( 1) e HaqanbHbiMH yenoBHHMH 

(2) A8HO B npHn0*9HHH 1, 

B pe3ynbTaTe HMeeM eneay~wHe paenpeaeneHHH ~H3H"!eeKHX "!aeTHU 

/11 (a 1 +2b3 N K+b4 Ny) ... ((n-1 )(b 1 ~ )u1 +2 b 3 N~b4 Ny) 
P (e J = -

n 

PK (e) = 
n 

(b 1 -b 2 t"n! 

• [ 1-exp(-b 1 +b2 )]" exp(-a 1-2b3 NK-b4 Ny) 

( a2 +b2 N17) n 

n! 

n 

exp (- a2 - b 2 N 
17

) 

pY(e)= _!2_ 
n I 

exp (-a 
3

). 
n. 

CpeaHHe "!Hena o6pa30BaHHNX "!aCTHU paBHhl 

(a 1 +2a 2b 3 +a 3 b4 Hexp(b 1 -~)-1] 
N 17 = 

b 1 - b 2 - 2 b 2b 3 [ exp ( b 1- b2 )-1 l 

NK 
a2 ( b J - b 2 ) + ( a J b 2 + a3 b 2 b 4 )[ exp ( bl- b 2 ) - 1 ] 

b 1 - b 2 - 2 b2 b 3 [ exp ( b 1 - b 2 ) - l] 

Ny = a 3 • 

5 

(3) 

(4) 



l 

LlHcnepCHJI HMeiOT BHll: 

D = 1T 

0 I + 2 b 3 N K+ b 4 N y 

b I- b2 

o 1+2b3NK+b4NY+ b I- b2 exp(bl-b2)

b 1- b2 

oi+263NK+b.,NY-bl+b2 Hexp(bl-b2)-J] 

b 1- b2 

DK=02+b2 NTT 

Dy = 0 3 • 

PaccMoTpHM B03MOlKHbie cny'laH BaaHMO.lleAcTBHA. 

1. 1T rr- CTOnKHOBeHHe 

0 I = 2 ( b 1- b 2) I 0 2 = 2 b 2 I 0 3 = 0 

Ny=0 1 P Y(f) =Bon 
n 

N K = 2b 2 

( b 1- b 2 ) exp ( b 1 - b 2 ) ·---
b 1- b 2 -2 b 1 b 2[ exp ( b 1 - b 2 ) -ll 

P : ( f ) = (2 b2 ) n 

n! 

b ,-b2 n --- ::......_____ I. 
b 1- b 2-2b 1 b 2 [ exp(b1 -b2)-ll 

• exp I (b 1-b 2 )n-

N • 2 ( b 1 - b 2 ) exp ( b 1 - b 2 ) 

2 b 2 ( b 1- b 2 ) exp ( b 1- b2 ) 
I 

b 1 - b 2-2b 1 b 2[exp(b 1- b 2)-l] 

17 b 1-b 2 -2b1b 2[exp(b 1 -b 2 )-Jl 

6 

( 5) 

( 6) 

I ! 

ikl 

2.rrK- CTOnKHOBeHHe 

o 1 =b 1-b 2 +b 31 o 2 =b 21 o 3 =0 

N y =0 I P Y (f ) =Bon n 

( b 1-b2 )+b2 (b 1 - b 2-b3 Hexp(b 1- b2 )- J] 
NK = 

b1 -b2-2b2 b 3[exp(b 1-b2 )-l] 

n 

PK(f)= .!2__
1 

(bl-b2)exp(b,-b2)+b3[exp{b 1-b2 )-l] 
n n/ 

b 1 - b 2 - 2 b 2 b 3 [ exp ( b r- b2 ) - l ] 

• exp 1- bib J- b 2) exp ( b 1- b2) + b 2 b 3 [ exp ( b 1- b • 

br-b2-2b2b3[exp(b 1-b2 )-l] 

N 
2 b 3[ exp ( b 1 - b2 ) -1 ] 

1T 

b 1- b 2 -2b 2 b 3 [ex p(b 1 -b 2)-l] 

3. K K...cTonKHOBeHHe 

o 1 =2b 31 o 2 =0 1 o 3 =0 
y 

N y= fll p n (V ) = 0 0 n 

b,- b 2 
N K = ·--,.--,----:--: 

b 1- b 2-2 b 2 b 3[exp(b 1 -b2 )-l] 

pnK(P) = (2b.{:_! 
n! 

.b2[exp(b r-bl)-1] I "• 
b r- b r2b 2 b 3[exp(b, -b2 )-l] 

• exp 1 _ 2 b 2 b :I exp ( b 1 - b 2 ) - 1 ] 

br-b2-2b2b3[exp(b r-b2)-l] 

2b3[exp(br-b2)-1] 
N rr = -

b
1
-b 2 ·-2b2 b 3 [exp(b 1-b 2)-1] 

7 
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2. rr K - cTOllKHoaeHHe 

a 1 =b 1-b 2 +b 3 , a 2 =b 2 , a 3 =0 

N y =0, P Y (f ) =Bon 
n 

( b 1-b2 )+b2(b 1 -b2-b3Hexp(b 1-b2 )-1] 
NK = 

b1 -b 2-2b2 b 3[exp(b 1-b2 )-1] 

n 

P
K( b2 I (b,-b2)exp(b,-b2)+b3[exp(b,-b2)-1] n 
0=-- -1. 

n n! 

N 
TT 

• exp 1-

b 1 - b 2 -2 b 2 b 3[ exp ( b 1 b2 ) -1 ] 

bib,- b 2) exp ( b 1- b2 ) + b 2 b 3[ exp ( b ,- b 2 )-1 ] 

b,- b 2-262 b3[exp ( b 1 -b2)-1 ] 

2b 3[exp (b 1 -b2 )-1] 

b ,-b2 -2b 2 b3 [exp(b 1 -b2)-l] 

3. K K....cTonKHoaeHHe 

a 1 =26 3 , a 2 =0, a 3 = 0 
y 

N y= fl' p n (0 ) = 8 0 n 

b,- b 2 

N t< = 
b 1- b 2-2 b 2 b 3[exp(b 1 -b2 )-ll 

pni<(P ) = (2 b 3)" I 
n! 

b 2[ exp( b ,- b2 )-l] 
I "· 

b 1- b r2b 2 b 3[exp(b, -b2 )-l] 

•expl ____ 2_b~2~b~i-·~~~(b_1~---b~2 _)-__ 1~]---
b 1- b r 2 b 2b 3 [ exp ( b 1 - b 2 ) - 1 ] 

N TT = 
2b3[exp(b,-b2)-1] 

b 
1
-b 

2 
-2 b2 b 3 [exp(b 1-b 2)-l] 

7 

( 7) 
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l_ 

4, YK -cTonKHoaeHHe 

a,=b3+b4, a2=0, a3=0 

H y= 1 , p y (e ) = 8 0 n 
n 

HK= 
( b 

1 
- b 

2 
) + b i b 4- b 3 )[ exp ( b 1- b 2 ) -1 ] 

b 1- b 2 -2 b 2 b 3 [ exp ( b 1 - b 2 ) -1 ] 

b" (b3 +b4 )[exp(b,-b2)-11 -l=· 
I( 2 I -

Pnte). -;;r b b 2b b [exp(b,-b2)-1 ] 

H = 17 

,- 2- 2 3 ~ 

• exp I -
b2( b 3 +b4 Hexp(b 1 -b 2 )-1] 

b 1- b 2 -2 b 2 b 3 [ exp ( b 1- b 2 ) - 1 ] 

( b3 +b4)[ exp ( b ,- b2) -11 

b ~ b 2 -2b 2 b 3 [exp(b 1 -b2 )-1] 

5, Y y -CTOnKHOBeHHe 

a 1 =2b 4 , a 2 =0, a 3 =0 

y 
H Y = 2' p n (e)= 80 n 

26
2 

b4 [exp(b 1 -b2 )-1] 
H K= 

b
1

- b 2-2 b 2 b 3[exp(b 1- b 2 )-11 

PK (e)= (2b2 b4 )" I exp(b 1 -b 2 )-1 l". 

n n! b,-b2-2b2b3[exp(b,-~J-11 

I 
2b2b4[exp(b,-b1 )-1] l 

• exp - -
b 

1 
-b 2-2b2 b3[exp(b 1-b 2 )-11 

2b [exp(b 1 -b2)-1 1 
H17 = --- ----

b1-b2-2b2b3 [exp(b 1 -b 2 )-11 

8 

(9) 

( 10) 

I
' 
' ' ,, 

'',1~,,. 
·~1·:" 
fl~; 

',~ 
J~~1' 
)'.' 

'i~ 

'""\ 

'!: 
:1• 

6, 17 Y -CTOnKHOBeHHe 

al=bl-b2+b4; a2=b2; a3=0 

H y= 1 ' p ny (e ) = 8 0 n 

H _ b ( b 1 - b 2 ) exp ( b 1- b2 ) + b 4 [ exp ( b 1 - b2 ) - 1] 
K- 2 

b 1- b 2-2 b 2 b3[exp( b 1 - b 2) -11 

n 
K b2 

PnW= ---;;r 
( b1 - b 2)exp( b 1- b 2)+b i exp(b

1 
-b2 )-1] 

b 1- b 2- 2b 2 b 3[ exp( b 1 - b 2 )-1] 

I b (bl-b 2 )exp(b 1 -b2 )+b4 [exp(b 1 -b:}-11 I 
• exp - 2 -

b 1-b2-2 b 2b Jexp( b 1 - b2 )-1] 

2b 3[exp(b 1-b2 )-1] 
H17 .. 

b r-b2-2b2b3[exp(b~-~)-1] 

7, HH -cTonKHOBeHHe 
xl 

a 1 =2b 5 , a 2=2b 6 , a 3 =2b 6 

y (2 b )" 
H y = 2 b o ; P n (e)= / exp ( -2 b 

6 
) 

n. 

H K= 
2( b, - b 2) bo +2 b 2(bs +b4b6 )[ exp(b 1- b2J-l1 

b 1-b2 -2b2 b 3[exp(b 1 -b 2 )-1] 

p K(e)= _J_( 2(bl-b2)b6+2b2(bs+b4b6)[exp(b,-b2)-1] l n 

n n 1 b 1- b r 2 b2 b 3 [ exp ( b 1 - b2 ) -1 1 

x/ 3JleCb bs- BepoHTHOCTb rrpouecca H ... H + 11 , b 6 - aepc 
rrpouecca H ... Y + K . 

9 
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6, TTY -CTOIIKHOB9HH9 

a 1=b 1 -b 2+b 4 ; a 2=b 2 ; a 3 =0 

N y= J I p "y (f ) = 8 0 " 

N K = b 
2 

( b 1 - b 2 ) exp ( b I- b2 ) + b 4 [ exp ( b I - b2 ) - J] 

b 1- b 2-2 b 2 b 3[exp( b 1 - b 2)-1] 

" b2 
P "Kw = -;;r 

(b 1 -b 2)exp(b 1-b 2)+bi exp(b1 -b2 )-l] I "• 

b 1 - b 2 - 2 b 2 b 3 [ exp ( b 1 - b 2 )-1 ] 

I b (bl-b2)exp(b 1 -lz.2 )+b4 [exp(b 7 -bj-J1 I 
• exp - 2 -

b 1-b 2-2b 2b J.exp(b 1 -b2 )-1] 

2b3[exp(bl-b2)-1] 
Nrr= 

b ,- b 2-2 b 2b 3 [exp(b 1 -bz)-1] 

7, NN -cTOIIKHOBeHHex/ 

a 1 =2b 5 I a 2 =2b 6 I a 3=2b 6 

y (2 b 6 )" 
N y = 2 b 0 ; P" (f)= --

1
- exp (-2 b 6 ) 

n. 

N K= 
2(bl -b2Jbo +2b2(bs+b4b6Hexp(bl -b2J-J1 

b 1-b2 -2b2 b 3[exp(b 1 -b 2 )-1] 

p K(e) = _1_
1 

2(bl-b2 )b 6 +2b2(b5 +b4 b6 )[exp(b1 -b2 )-l] ". 
" n 1 I 

· b 1- b r 2 b2 b 3 [ exp ( b 1 - b2 ) - J ] 

( II) 

x/ 3.uecb bs- aepoHTHOCTb npouecca N ... N + rr , b 6 - aepoHTHOCTb 
npouecca N ... Y + K . 

9 



..... 

l 

2(b 1 -b2)b 6+2b2 (b5+b4 b6 )[exp(b 1-b2 i ·-ll 
•expl- -1 

N = 
TT 

b 1- b 2-2 b 2 b 3[ exp ( b 1- b 2) -ll 

( 2 b 
5 

+4 b 3 b5 + b 4 b6 )[ exp ( b 1 - b 2 )-l] 

b 
1

- b 
2
-2 b 

2 
b 

3
[ exp ( b 1 - b2) -ll 

8. NY -cTonKHoBeHHe 

a 1 =b4 +b 51 a 2=b 61 a 3 =b 6 

n 

N y = b 6 + I 1 P :w = 4 exp (- b 6 ) 
n. 

N 
( b1 - b 2 ) b6 + b/ b 4 + b5 + b 4b6 )[ exp(b 1 - b2 )-l] 

K = 
b 1- b 2 -2b 2 b 3[ exp( b 1 - b2 )- l ] 

P K (e)= _J_ I ( b ~- b 2) b 6+ b2 ( b 4+b5 +b4 b 6)[exp(b I -b2 J-ll 

n I n. b 1-b 2-2b 2 b 3 [exp(b 1 -b2 )-Jl 

N TT"" 

• exp I-
( b 1 - b 2) b 6 + b 2(b 4+b5 + b 4 b 6)[ exp(b 1 -b 2)-Jl 

b 
1

- b z-2b 2b 3 [exp(b 1-b 2)-J] 

( b4 + b 5 + 2 b 3 b 6+ b4 b4 )[ exp( b 1- b2) -ll 

b 1-b2-2b2b3 [exp(bl-b2 J-ll 

9. N K-cTonKHoBeHHe 

a 1 =b 3 +b 51 a 2 =6 61 a 3 =b 6 

b n 

Ny = b 6 1 P ny (e)= ~ exp(- b 6) 
n. 

10 

( 12) 

. :;,y . 

( 13) 

n. 

( b 1 - b2 )(J +b6) +( b 5 - b 3+ b4 b6 ) b 2 [ exp( 6 1 -62 J-i 
N - . 

K-
b 1- b 2 - 2 b 2 b3 [ exp ( b 1 - b 2 ) - J ] 

pK(e)= _1_
1 

(bl-b 2)b6 +b2(b 3 +b 5+b4b 6)[exp(b 1-b2) 

n n! 
b1 - b 2-2 b 2 b3 [exp( b1 - b2)-l] 

• exp I- (b1-b2Jb6+b2 (b3 +b5+b4b6)[exp(b J-b2 )· 

b rb2 -2b2b3[exp(bl-b2)-J] 

( b 3 + b 5 + 2 b3 b 6 + b 4 b 6) [ exp (b 1 - b2)- J ] 
N = . 

77 b 1-b2'-2b2 b 3·[exp(b 1-b2 )-l] 

]0. TT N-cTOnKHOB9HHe 

a 1=b 1-b 2 +b 51 a 2 -b 2+b 6 1 a 3 ,.,b 6 

y b; 
N y "' b 6 I p n ( n - --;:;r- exp ( - b 6 ) 

N = K 

( b
1 

- b2 )( b 
2 

+ b6 ) + b2 (~ -b2 + b 
5 

+ b4 b 6)[ exp( b1-, 

b 1 ..:.. b 2 - 2 b 2 b 3 [ exp ( b 1 - b2 ) - J ] 

P 
K J (bl -b2Kb2+ b6J+b2(61-b2+b5+b4b6[exp(b1 

(f l = ---=r I ____ ...;____ 
n n. b 1-b2 -2b 2 b3 [exp(b 

1
-b2 J-J] 

NTT-

( b 1-b2)(b2 +b6 )+ b 2( b1 -b2+b 5+b4 b6[expl 
•expl- ---

b 1- b 2 - 2b 2 b 3 [ exp ( b 1 - b 2 ) - l 1 

( b1 - b2 Jexp( b 1-b2) + ( b 5+ 2 b3 b 6+ b 4b6)[exp(b1 

b
1

- b2 -2 b2 b3 [ exp ( b 1 - b2) -J ] 

11 



.iJ'j 

\' l 

(b
1 
-b

2
J(l+b

6
J+(b 5-b 3+ b4 b6 Jb 2 [exp(b 1 -b2 J-ll 

NK= ··--------------
, I- b 2 - 2 b 2 b3 [ exp ( b I - b 2 J - J ] 

K 1 (b 1 -b 2Jb6 +b2(b 3 +b 5 +b4b 6J[exp(b 1 -b2 J-ll n 

P UJ =-I I · 
n n I · b1-b 2-2b 2 b 3[exp(b 1 -b2 J-ll 

( 14) 

• exp I- (b,-b2Jb6+b2(b3 +h5+b4b6J[exp(brb2J-l] 

b rb2 -2b 2 b3[exp(b ,-b2J-l] 

( b 3 + b 5 + 2 b3 b 6 + b 4 b 6J[ •xp (b 1 - b2J- l 1 
N = . 

17 b ,- b2 ._ 2 b2 b 3-[ exp ( b I - b2 J- J] 

10. rrHlcTOnKHOBeHHe 

a, .. b,-b2+b5, a2-b2+b6, a3'"'"6 

y , : 
N y .. b 

6 
, P (f J • --- exp ( - b6 J 

n n! 

( b, - b2 J( b 2 + b6 J + b2 ("' -b2 + b 5 + b4 b 6J[ exp( b,- b2 J-l 1 N K = _, _______ _..;.. _ __,;_ __ 

b I - b 2 - 2 b 2 b 3 [ exp ( b I - b2 J - J ] 

b I -· b2 - 2 b 2 b 3 [ exp ( b I- b2 J- J ] 

p K(f )= --b I (b, -b2Kb2+ b6J+b2(b,-b2+b5+b4b6[exp(b,-b2J-l] l"· 
n n. 

Nrr• 

( 15) 

( b 1- b2 J(b2 +.b6 J+ b z( b1 -b2 +b 5+b4 b6 [exp(b 1 -b2 J-l] 
•expl- ---

b ,- b z- 2b 2 b 3 [ exp ( b 1- b 2 J- l 1 

( b
1 

-b2 J exp( b 1-b2J + ( b5+ 2 b3b6+ b4b6Hexp(b, -b2J-ll 

b
1 
-b

2 
-2 b2 b3 [ exp ( b 1 -b2J-l] 

II 
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l 

3aKaHqHBaH paCCMOTpeHHe pa3.'IHqHoro THfla B3aHMOUe~CTBH~, 3aMeTHM
0 

qTo, ecnH nono)I{HTb o 7 =b 7, a Bee ocTanbHhie napaMeTphi paBHhiMH Hymo, 

TO npHXOUHM K pacnpeaeneHH~ flHOHOB B OaHoa qHCTO~ CTpye. Donarag 

o 7= 2 b1 , a Bee ocTanbHhie napaMeTphi aynHMH, npHaeM K pacnpeaeneHH~ 
DHOHOB B a By X qHCThiX CTpyHXo Cnyqa~ 0 l= b1 +bs npHBO):lHT Hac K pacnpe-

/3/ aeneHH~ nHoHoB B rr N -cTpye. 3TH qacTHbie cnyqan nonyqeHhi B pa6oTe 

/3/ apyrHM MeToaoM. TaKHM o6pasoM, pesynbTaThi pa6oThi cneay~T H3 

H8111HX pellleHHa flpH CHnbHhlX ynpollla~lllHX npeanonO)I{eHHHX. 

OapaMeTpbl b j MOryT 6biTb CBH3aHbl C CeqeHHHMH COOTBeTCTBY~IllHX 
npoueCCOB COOTHOIIleHHHMH BHUa 

[P~ (f) p "<e>l L= 
0 O,r:J 

a:, ( o b) 

a 2 (ob)-, 
tot 

( 1 6) 

rae HH)I{HHe HHUeKChl o, b o6o3Haqa~T THn cTanKHBa~IIIHXCH qacTHU, K co-

)KaneHH~, CnO)I{HaH CTpyKTypa BepOHTHOCTeJ:I He fl03BO.'IHeT Bbipa3HTb aa-

BHCHMOCTb napaMeTpOB b; OT CeqeHHJ:I B aaanHTHqecKOM BH):le, 

B npHnO)I{eHHH II npHBeaeHhi saaqeaHH BenHqHHhi -A In P
0
"( f) anH paa-

nHqHhiX eaaHMoaeacTBHJ:I. 11cnonb3YH 9TH Bhipa)l{eHHH, nerKo nposepHTb co

/4/ rn~oBaHHOCTb MoaenH c npaBHnoM cyMM Pea)l{e • llnH yao6CTBa MO)I{HO 

BOCflOnb30B8TbCH 9KBHBaneHTHhlM Bbipa)l{eHHeM anH 9THX npaBHn B BRae 

2[-Ain P;(e)]
0
,= [-AinP

0
c(e)]

00 
+[-A/nP

0
c(e) 1,,. ( 1 7) 

rae HH)I{HHe HHaeKChl ob,, KBK H B COOTHOIIleHHH ( 16), 03Haqa~T THfl 

HaqanbHhlX qacTHUo nerKO BHaeTb - Bblpa)l{eHHH ( 1 7) BhlflDnHH~TCH aa)l{e 

npH c, He coBnana~meM c o H b 

12 

DpHno)l{eHHe I 

Dpearrono)l{eHHe N 0( X)= N o(e) = Const rrpHBOaHT K TO! 

TeMa ( 1) pacrraaaeTcH aa TpH rpynnhl ypaBHeHHJ:I, npHqeM ypa 

K y 
P ( x) H P ( x) oaiDTHflHhi. DpHMeHHM K 9THM ypaBHeHHHM 

n n 

Jlarrnaca, Toraa 

P p: ( p ) - p: ( 0) = - [ a2 + N 1T (f) {32 )][ pn K( P)- ~-~ ( P)] 

- - -
pPY(p)-PY(O)=-a [pY(p)-P Y1 (p)], 

n n 3 n n-

rae P 0 
( p ) = f P 

0 
( x ) exp ( - p x ) d x • 

n n 
0 

11crronb3YH aaqaJibHhie ycnoBHH ( 2), nerKo rronyqHTb peu 

CHCTeMhl ypaBHeHH~ B BHae 

p K ( p) 
n 

p y( p) 
n 

[ a2+ NTT(f) {32] n 

[ P +a +N (f) ~:l) n+l 
2 1T ~'-'2 

n 
a3 

( p + a )n+l 
3 

npHMeHHH o6pnTIIOe rrpeo6pa30B8Hile Jlarrnaca, rrpHXOaHM K 

K 
p (X) 

p y (X) 
n 

[ ll + N (f ) {3 2 ) n X n [ a X - N (f) {3 2 X ] 
2 11 exp - 2 rr 

n! 

n n ) 

-~~- exp (- u 3 x · 
n! 

13 



DpHno>KeHHe I 

Dpenrrono>KeHHe N a( X)= N a(f) = Const IlpHBODHT K TOMy, ~TO CHC-

TeMa ( 1) pacrranaeTCSI Ha TpH rpyiiilbl ypaBHeHHl% 0 rrpH~eM ypaBHeHHSI DliSI 

K y P ( x) H P ( x) ODIDTHilHbi. DpHMeHHM K 9THM ypaBHeHHSIM rrpeo6paaoBaHHe 

" " 
Jlarrnaca, Torna 

pP:(p)-P:(O)=-[a
2

+N 
17

(f)f32 )][P"K(p)-~-~(p)) 
( 1.1) 

- - -
pPY(p)-PY(O)=-a [PY(p)-P Y1 (p)], 

n n 3 n n-

rne 
P a ( p ) = f P a ( x ) exp ( - p X ) J X • 

" " 0 
Hcrrollb3YSI Ha'laJibHbie ycnoBHSI ( 2), nerKo rrony~HTb pellleHHSI aToA 

CHCTeMbl ypaBHeHHll B BHDe 

pK(p)= 
" 

p y( p) 

" 

[a
2
+N (£){3 1" 

- TT 2 

[ P +a +N ( £) R] n~l 
2 TT ~'-'2 

" a3 

( p + a )"+I 
3 

DpHMeHHH o6pnTnoe rrpeo6paaoaaHHe Jlarrnaca, rrpHXOJlHM K 

K 
p (X) 

" 

[ u + N (I' ) f3 2 ] "x" [ a x - N <f ) f3 2 x ] 
2 TT exp - 2 TT 

n! 

" " 
p y (X) 

" 

II 3 X ) 
------ exp (- a x . 

I 3 n. 

13 

( 1.2) 

( 1.3) 



I~ 
! 

l 

PacrrpeneneHHe $H3H~ecKHX ~aCTHU rrony~aeTCH H3 3THX perneHHli ua BhiXone 

H3 o6naCTH B38HMoneliCTBHH, T.e. ITpH X = e • BsonH o603Ha~eHHH a 2 e = a 2 I 

a3 f=a3,{32 f=b2 , rrocne aneMeHTapuoro rrpeo6pa3oBaHHH (1.3), rrony~aeM 

p K(e) = 
n 

p y(f)-
n 

a2+H77(f)b2( exp(-a2-b2H77(f)), 
n! 

n 

~-3 _ exp (- a 
3 

) • 
n! 

B CHCTeMe ypaBH9HHlf UnH p 
17 

(X) ITpOH3B;UeM ITDUCT8HOBKy 
n 

P "
17 

( x ) .. f n ( x) exp [ -n ({3 1- {32 )x- a 1x -2 N ,.W f3 3x- N .,U) f3 
4 

x] . 

B pe3ynbTaTe HMeeM 

( 1.4) 

( 1.5) 

...... f/ x) = [(n -1 H{3 1 - {32 )+a 1 +2 N" (f) {33 +Hy<O {34 lf n-/x) exp(f3 1 x -{3 2~ ,1.8) 

DTKyna 

f ( x) = I[ a r+ 2 N K( e) f3 3 + N y<f) f3 4]... [( n-1 )({3 
1
-f3.)+at+-2N ,l..f) f3p-N y(f){3 ,.11• 

n (1.7). 

a a ' ' 1 x tn(~-'l-t-'2) n 'n-1({3,-{32) n- '2 tl({3l-{32J 
I e dtn I e dtn-li ... Ie dt 1 • 

0 0 0 0 

3aMeHa 1 -exp( {3 J t I- {3 2 t I)= U I ITpHBDUHT K Bblpa:>KeHHIO 

14 

[ a 1 +2 N f1- f) f3 3+Hy( f) {341... [ (n-J )({31 {3 2)+a 1+2H K' 
f (X)= 
n )" 

<f3,-f32 

J-•xp({3lx-{32x) un un-1 

.(-l)" f dun I dun-J I 
0 0 0 

DpoH3BenH HHTerpHpoBaHHe, rrony~aeM 

u2 

I Ju J 
0 

[a 1 +2 H J.fl {3
5 

+Ny(f) {3
4 

]. .. [(n-1 )( {3 1 -{32 )+ a 1 +2 H ,(..f 
fn ( x)= __ 

n! (f3r-f32)" 

.[ exp ( f3 1 x - f3 2 x ) - J J" 

OTKyaa cnenyeT 

P 77( x) = [(n- l )({3 1- f32 )+a 1 +2 H ,.{3 3+ H y{3) ... [a J +2 H ,jJ 3 + 
n n 

n/ ({3, -{32) 

n 
• [J-.xp (- f3 1 x + f3 2 x }] exp (-a 1 x -2 H Kx f3 3 - H y f3 

BsoaH o6o3Ha~eHHH {3 1f= b 1, {33 f=b3 ,a1f .. a"rrpHxonHM rrocn 

rrpeo6p830B8HHH ( J.JO) K KOH9'1HOMy Bblp8}1(9HHIO 

P77 (f)= [a 1+2b 3 H K+b4 H yl... [(n-1 )(b1 -b 2 )+a 1+2b3 HK+b4 
n 

n! (b 1-b 2 )" 

n 
• D-exp(b 2-b 1 )] exp(-a 1-2b 3 H,.-b 4 Hy) • 

15 



I· 

[ a
1 
+2 N ,(.f) f3 

3
+Ny( f) {34 ]. •• [ (n-1 )({3,-/3 2) +a 1+2N K(f) {33 +N y(f>/34 1 

f (x}= ------------------·------------------~------" )" ({31-{32 (1.8) 

1-expl{31x-/32x) u 

.(-JJ" f Ju f 
0 n 0 

n un- I 

Jun-1 f 
0 

TipOH3BeaH HHTerpHpOB8HHe 1 nony~aeM 

u2 

f Ju 1 
0 

[a
1 
+2 N K(f) {3

5 
+Ny(f) f3 

4 
]. •• [(n-1 }( {3 1 -{32 )+ a 1 +2 N ,(..f) f3 ;FNy(f) {34] 

fn(x}= . 
n! ({31-{32}" ( 1.9) 

n 

.[ exp ( {3 I X - {3 2 X } - 1 ) 

oTKyaa cneayeT 

p "( x} = [(n- l )({3 1- f32 )+a 1 +2N ,.{3 3+ N y{3) ••• [a 1 +2 N ,J3 3 + Ny {3_4_1 __ . 
n n n! ({31-{32) (1.10) 

n 
• ll-exp ( - f3 

1 
x + f3 

2 
x }] exp ( - a 1 x - 2 N K x f3 3 - N y f3 4 x } • 

BBoaH o6oaaa~eHHH {3
1
f= b 1, {33 f=b3 ,a1f=a 1 ,npHxoaHM nocne npocToro 

npeo6pa30B8HHH ( 1.10) K KOHe~HOMy BbJpa>KeHHJO 

p rr (f)= [a 1+2b 3 N K+b4 N yl..• [(n-1 }(b1 - b 2 }u 1+ 2b3 NK+b4 N y 
n n! (bl-b2}" (1.11) 

n 
• tJ - exp ( b 

2
- b 1 }] exp (-a 1- 2 b 3 N lc- b 4 N y} 

15 
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flpHno>KeHHe II 

BsouH o6oaaaqeaHH A=h,-bz-2b3b3[exp(b,-b2 )-1], HMeeM cneuyiO

IUHe Bbipa>KeHHH unH se;mqHHbi -A In P0a (f) B paanHqHbiX B38HMoueiicTBHRX: 
1T 

rr .,_ pacceHHHe - A In P0 ( f ) = 2 ( b
1 

- b
2

) ( b 
1 

- b 
2 

+ 2 b
2 

b 
3 

) 

...... 

K 
- AlnP 0 (f)=2b2 (b 1 -b

2
)+2b

2
(b

1
-b

2
)(exp(b

1 
-b

2
)-1) 

- A In P/'(f ) = 0 

rrK-pacceHHHe -A In P;(i)=(b1 -b
2

)(b
1
-h

2
+h 3+2b

2 
b

3
) 

K 
-A lnP0 (f)=bzlb 1-b2 )+b2 (b1 -bz +h3Hexp(b 1-b

2
)-l) 

-A In P ~(f)= 0 

K K-pacceHHHe -A In P0"(f) = 2( b 
1

- b
2 

) b 
3 

-A In P 0K ( f ) = 2 b 
2 

b i exp ( b 
1 

- b
2 

) -1 ) 

- A In P v (f ) = 0 . 
0 

1T 
YY-pacceHHHe -AinP

0 
(f)=2(b

1
-b

2
)b

4 

-A In ~{f)= 2b 2 b/ exp ( b
1 

-b
2 

)-1) 

y 
-A In P 

0 
( f ) = 0 

1T 
Y rr- pacceHHHH -A In P 0 (f)= ( b 1 - b 2 )( b 1- b 

2 
+ b

4 
+2 b 

2
b

3
) 

-A In "c,~f) = b2 ( b 1 - b2 ) +h2 ( b 1-bz +h
4
)( exp(b 

1 
-b

2
)-l) 

- A In P: ( f) :0 

YK-pacceHHH.II -A In P
0
"(f>=(b

1
-b

2
)(b3 +h

4
) 

K 
-A In P

0 
(f)= bzlb3+b

4
)(exp(b

1
-b

2
)-1) 

y 
-A In P 

0 
( f) = 0 

16 

HH pacceHHHe -A In P/(f) = 2( b 1- b2 )( b5 + b6 + 2 b3 b 6
) 

-A In P OK ( f ) = 2 ( b 1 - b 2 ) b 6 + 2 b2 ( b
5 

+ b 
4 

b 
6 

; 

- A In P v (f ) = 2 A b 
0 6 

H rr pacceHHHe -A In P; (f) .. ( b 1- b
2 

)( b1 -b
2 

+ h
5

+ b
6 

+2 b
2 

1 

K 
-A In P 0 (f)= (b 1-bz )(b 2 +b6 )+bJb 1 -b2+b 5 

x ( exp (b 1 -
y 

- A In P 
0 

(f) = A b 6 

1T 
H K pacceHHHe -A In P

0 
( f ) = ( b 1 - b

2 
)( b 

3 
+ b 

5
+ b 

6 
+ 2 b 

3 
b 

6
, 

-A In P 
0
K(f )=(b 

1
-b

2
)b

6 
+ b

2 
(b3 + b

5 
+ b 

4 
b 

6
K exp( 

y . 
-A In P

0 
(f) =A b 

6 

1T 
HY -pacceHaHe -AinP0 (f) .. (b

1
-b

2
)(b 4 +h5 +h 6 +2b3 b6 , 

-Ain P~(fl=(b 1-b2 )b
6

+h
2
(h

4
+h

5
+h

4
bj{t 

y 
-A In P 

0 
(f) .. A b

6 

nHTepaTypa 

1. A. Wroblewski. ParrrropTepcKHii liOKnau Ha XY Me>KuyHapo! 

KOH<f>epeHUHH IIO cjJH3HKe Bb!COKHX SHepruti, KHeB ( 1970). 

2. w. Furry. Phys. Rev., g 569 (1937). 

3. K. Fujiwara, T. Kitazoe. Progr. Theor. Phys., :!1_, 12 

4. H.M.Chan.flperrpHHT CERN, 67-16, HIOHb ( 1967). 
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HH pacceslHHe -A In P0 
17 (f)= 2 ( b 1- b2 )( b5 + b6 + 2b3 b 6) 

-A In P 
0
K( f)= 2( b 1 - b 2 )b 6 + 2b2 ( b5 +b4 b 6 Hexp(b 1 -b 2)-1} 

y 
- A In P ( f) = 2 A b 

0 6 

H" pacceHHHe -A In P;(e) .. (b 1-b2 )(b 1 -b2 + b5 + b6 +2b2 b3+2b3 b6 ) 

-A In P~ W= (b 1 -~ )(b 2 +b6 )+bJb 1 -b2+b 5+b4 b6 ) 

x ( exp (b 1 - b2 )-l) 
y 

- A In P 
0 

(f) = A b 6 

1T 
H K pacceHHHe -A In Po ( e ) = (,I -,2 )(, 3 + , s+ , 6 + 2b 3 , 6) 

-A In P
0
KU)=(b

1
-b

2
)b

6 
+b

2
(b

3
+b

5
+b

4 
b6Kexp(b 1 -b2 )-l) 

y 
-A In P

0 
(f) .. A b 

6 

1T 
HY -pacceHHHe - A In Po (e)= ( b 1 - b 2 )( b 4 + b5 + b 6 + 2 b3 b 6 ) 

-A In P ~( 0 = ( b 1- b2 ) b 6 +b/ b 4+b 5+b4 bj(exp(b 1 -b2 )-J) 

y 
-A In P 

0 
(e) .. A b

6 

nnTepaTypa 

I, A. Wroblewski. PannopTepcKHI1 .uoKnaJl Ha XY Me)KJlyHapo.uHol1 

KoH¢epeHUHH no ¢nanKe BbiCOKHX 3Heprnl1, Knes ( 1970). 

2. w. Furry. Phys. Rev., g 569 (1937). 

3. K. Fujiwara, '1'. Kitazoe. Progr. 'l'heor. Phys., ~ 1244 ( 1970). 

4. H.M.Chan.DpenpHHT CERN, 67-16, HIOHb ( 1967). 
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