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B H8CTOS!illee BpeMH TeOpHS! rnay6epa HBnHeTCSI ~aKTH'leCKH eaHHCTBeH

HbiM MeToaoM1 II03BOnHIOillHM Bbl'lHCnHTb Ce'!eHHS! B38HMoaeftCTBHft aByX Haep 

6es HcrronbsoBaHHH ~eaoMeaonorHqecKHx rroaroHO'lHhiX rrapaMeTpoB. OaaaKo1 

6yay•IH CBSI38HHhiMH C Bbl'lHCneHHeM CnOlKHblX MHOrOKp8THblX HHTerpanoB1 IIO

ao6Hbl9 pacqeTbl BeCbM8 TpyaoeMKH H H8 1Ip8KTHKe yaaeTCSI JlOB9CTH HX JlO 

KOHU8 nHllb B HeKOTOpbiX CIIeUH8nbHhlX CnyqaHXo 

MoJKHO 6btnO 6bi cymecTBeHHO yrrpocTHTb Bhi'!HcneHHH1 ecnH C'IHT8Tb1 

'ITO CTOnKHOBeHHe JlBYX Haep IIpOHCXOaHT T8KHM o6pa30M1 'ITO OJlHO H3 STHX 

gaep KaK eaHHOe uenoe BSaHMOJleftcTByeT c oTaenbHhiMH HyKnoHaMH apyroro 

Hapa. CeqeaHe B3aHMOJleftcTBHH HJlep BbipaJKaeTcH B aToM cnyqae qepes aMrr

nHTyay HyKnoa-HaepHoro pacceHHHH A HH ( q) : 

A (q) 
AB 

i . 
--fd2b-> tqb 
2 rrll: . e 

A 

<11* r-;: ... ,-;. J 11 - n ( 1- r r b - s Jll x 
A AI AA HSI A.\ 

.\=I 

A 
(1) 

""""" --) 3 -Jo 

x¢A(rAI, ... ,rAA)fl d rAn 
n=J 

...... 
lt -i q b 

r e A 
2 ... 

(q)d q. r (b) 
2rri HSI HSI 

... 

3aeCb r HSI (b) - IIpO~HnHpyiOill8SI ~yHKUHSI B38HMO)leftCTBHSI HyKnOH8 Hapa 

A C Hap oM 8 1 BCe OCTanbHbie o603H8'leHHH CT8HJl8pTHbie ( CM., H81IpHMep, 

o6sop /1/). AMIInHTYJlY A HSI ( q) 1 B CBOIO oqepeab1 C IIOMOIIlbiO COOTHOme-

HHH1 aaanorH'lHOrO ( 1) 1MOlKHO Bb!p83HTb 'lepes 8MIInHTyay HyKnOH-HyKnOHHOro 

3 



l. 

pacceSIHHS!o 0KOH'I8TenbHOe Bblp8)KeHHe IJ.nH A AB (q) nHWb BH/J.OM npo<!JHnH..,; . ... 
pyiOmen <I>YHKUHH •rAB (b) OTnHqaeTCSI OT H3BeCTHon <jJopMynhi fnay6epa: 

-+ A 2-+ A 2-+ -+ -+ -+ 8 

r (b)=l-(lld s p(s Jlll(d s p'(s )[1-[LI(b-s +s Jll (2) 
AB · A.t ·A A.t i=I B B B fi ,Ai B 

l=l 

-+ A 2-+ 2 A -+ -+ B 

r r b; = 1 - r n d s P r s ; 1 r d ; P r s ; n [ 1 - r r b- s +; ;JI , 
AB rn ' A.t A A.\ B B ll ._

1 
HH Ai B 1=1 ,_ 

(3) 

rae 

r 
... 

(x) 
• 2 

[a (1- 'a)/4rrf3].exp (-x 12{3) 
t 

HH 

- HyKnOH-HyKnOHH8SI npo<jJHnHpyiOIII8SI <!JyHKUHSI ( Mbl npearronO)KHnH, 'ITO HIJ.ep

Hbie rrnOTHOCTH <JlaKTOpH3yiOTCSI} • 

Ha conocTaeneHHH Bhlpa)KeHHA (2) H (3) cneayeT, 'ITO paccMaTpn:eae

MbiM npH6nH)KeHHeM. MO)KHO llOnb30B8TbCSI 0 KOriJ.a SI/l.pO B 3H8'IHTenbHO MeHb-
-+ 

we HIJ.pa A , T.K. B aToM cnyqae rrpn: HHTerpn:poBaHHH rro rrepeMeHHOR s 8 

OTHOCHTenbHO MeaneHHO H3MeHSIIOII1HeCSI c!JyHKUHH l1 - r HH) MO)KHO ITO 
... 

TeopeMe 0 CpeiJ.HeM 3H8'IeHHH BbiHeCTH 38 300K HHTerpana B TO 'IKe S B = 0 

H Bbip8)KeHHSI IJ.nH f' AB (b) H r AB ( b 1--f\ llpH06peTaiOT 0/lHH H TOT )Ke BHilo 

B qacTHOCTH, anSI rayccoscKn:x rrnoTHOCTeft p ( s) , Koraa see HHTer-

panbi MoryT 6b!Tb Bbi'IHCneHbl 8H8nHTH'IeCKH 

i q 
2R} q 2 

2 2 
A (q)=--exp( A )IA8a

1 
(1,-ia)exp(--(RA+ R (1-J/8)+2{:3)]-

AB 4rr/.. 4 ., 4 B 

A! 8! 
2 

(a
1
(1-ia)].

2 

---(---) q
2 

2 2 
2f(A-2)! (8-J)! 4rr(R;+R8}1-l:il8)+2~] exp[-R(RA+R8(1-J/8)+2{:3J)~ 

2 
8! [arJ-iaJ] 

-A--- t ·--·--
2! (8-2)! 4rr[ R 2(1-2/8) + 2fl] 

8 

(4) 
2 

q 2 2 
exp(--(2R +R (l-2/8)+2fl)]+ ... l 

R A 8 

4 

fi 
'~' 

I 
I 
! 

J 

( 3/J.eCb R A H R 8 -pall.HYChi H/l.ep; anSI npocToTbi Mbi 

OTHOCH!I:(HeCH K 0/l.HO- H IJ.ByKpaTHbiM CTOnKHOBeHHSI 

ecnn: R 
8 

..::< R A , To sTo Bbipa)KeHHe nepexoll.HT B , 

)KeHHe TeOpHH fnay6epa x/. 

2 2 2 2 
i q RA q RB 

A (q) =--exp(-A-+-
8
-)!A8a(l-ia) 

AB rn 4TTA 4 4 t 

2 
A! B! a (1-ia)]. [ q 

t exp --
2 2 . R 2!(A-2)!(B-2)! 4 17 (RA +R 

8 
+ 2{3) 

8! 
-A----

2!( 8-2)! 

A! 
-8----

2!(A-2)! 

2 
[ a

1 
(1-ia)], 

4TT(R + 2{3) 
B 

q 2 2 
exp [- -( 2 R + R 

R A 1 

[ at (1-i a)] ,2 2 
2 exp [ _ q 2 

4rr(R +2{3) -(R +2R. A 8 A 1 

M O)KHO ayMaTb, 'ITO rrpn:6nn:)KeHHe ( 1), ( 2) 6: 

OllHCbiB8Tb B38HMOAefiCTBHe a + Sl/l.pO, ITOCKOnbKy f 

Mano oTnn:qaiOTCH OT pa3Mepos HyKnoHa. H3 pn:c. 1 

3Ha'IeHn:SI cpeaHero rrpo6era a -'IaCTHU B <!>oTosMynb 

poWO COrnaCyiOTCH C H3BeCTHbiMH 9KCITepn:MeHTanbHbll 

0/l.HBKO, HMeTb B BHIJ.y, 'ITO 8KCilepHMeHTanbHbie OWl 

senHKH). 

x/ ( B HMrrynbCHOM rrpn:6nn:)l(eHHH Bbipa)KeHHSI 4) 
n1061>IX 3Ha'IeHHHX RA. H R 8 , oaHaKo TO'IHOCTb aTI 

MB He3U8'IHTenbH8o 
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l 

( 3Aec& R A H R 8 -paAHYCbi HAep; AnH rrpocTOTbi Mbi BbiiiHcanH nHillb 'lneHbi, 

OTHOCHUIHeCH K OJlHO- H JlByKpaTHbiM CTOnKHOBeHHHM) • JierKO BHJleTb, 'ITO 

ecnH R B << R A , TO STO Bbipa:>KeHHe rrepexoAHT B COOTBeTCTBYIOUiee Bb!pa

:>KeHHe TeopHH fnay6epa x/. 

2 2 
i q R A 

A AB (q)rn = 4rr>.. exp ( 4A + 
q 

2R 2 
q 

2 
2 2 

B 
8 

)IABa (1-ia)exp[--(R +R +2f:l}],... 
4 t 4 A B 

2 2 
[ U 1 (1-ia)]. q 2 2 

----=------- exp [- R ( R + R + 2 13 Jl .-
2f(A-2)f(B-2)! 471(R~+R~+ 2 i3J A B 

A!B! 

-A 
2 

[a 1 (1-ia)], q2 2 2 

---- ---=--.....------ exp [- -( 2 R + R + 2 {3)] -
2!(8-2)! 4rr(R

8 
+ 2{3) 1f A B 

(5) B! 

A! 
2 

[at(l-ia)]. q2 2 2 

2 exp [- -( R + 2 R 
8 

+ 2 J3)] ,+ ... I . 
4 77( R A + 2 {3) 8 A 

-B -----
2f(A-2)! 

M O:>KHO JlyMaT&, 'ITO rrpH6nH:>KeHHe ( 1), I 2) 6yJleT oco6eaao xopowo 

OIIHCbiB8Tb B38HMOJleHCTBHe a + HJlpO, IIOCKOn&Ky pa3Mepb! a · -'laCTHUbl 

Mano OTnH'IBIOTCH OT pa3MepOB HyKnOHa. J.13 pHC. 1 BHJlH0
0 

'ITO paC'IeTHbie 

3H8'19HHH cpeAHero rrpo6era a -'18CTHU B ¢oTOSMynbCHH )leftCTBHTenbHO XO

pOIIIO cornacy10TCH c H3BeCTHbiMH aKcrrepHMeHTan&HbiMH JlaHHbiMH. ( CneJlyeT, 

OAH8KO, HMeTb B BHJlY, 'ITO SKCIIepHMeHTanbHbie OIDH6KH IIOKa ewe BeCbMa 

BenHKH) • 

x/ 
B HMrrynbCHOM 1IpH6nH:>KeHHH Bbipa:>KeHHH ( 4) H ( 5) COBII8Jl810T II pH 

n106ux 3Ha'leHHHX RA H R 8 , OJlHaKO TO'IHOCT& aToro rrpH6nH:lKeHHH aec&-
Ma He3H8'1HTen&H8o 
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nocKonbKY a ocaoae paccMaTpHaaeMoro npH6nH*eHHH ne*HT rnay6e

poBCKHfi pacqeT HyKnOH-HJlepHb!X B38HMOJlefi:CTBHfi:1 rrpHMeHHMbiit B o6n8CTF 

9HeprHfi, 6onbiiiHX HeCKOnbKHX COTeH M 9B /2/, 9TO orpaaHqeHHe OCT89TCH1 

aoo6Uie roao pH, H JlnH ~opMyn ( 1), ( 2): 9HeprHH aaneT810Uiero Hapa a na-

6opaTopaofi: CHCTeMe KOOpJlHH8T T > ( 200 - 300) M 9BIHyKnOH. nocKonhKy, 
"' 

0JlH8K0 1 B38HMOJl9fi:CTBHe JlBYX HJlep X8p8KT9pH3Y9TCH CHnbHbiM nornOUieHHeM, 

OCHOBHOit BKn8Jl Jl810T nepH¢epHqeCKHe CTOnKHOB9HHH 1 rae Tpe60B8HHH H8 

npHM9HHMOCTb npH6nH*9HHH ocna6nHIOTCH 1 ll09TOMy He HCKniQqeHo, qTo ¢op

Mynhi ( 1), ( 2) OK8*YTCH rrpHMeHHMbiMH H llpH 3H8qHTenbHO M9HblliHX 9Hep

rHHX, 3TOT Bonpoc Tpe6yeT eUie H3yqeHHH, 

fnay6epOBCKOe Bbipa*eHHe ( 3) rrpHM9HHMO nHIIIb rrpH Cylli9CTB9HHO 6onb

UIHX 9HeprHHX aaneTBIOUiero Hnpa, qeM ¢opMynhi ( 1), ( 2). 
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