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§1. B a en e H He 

HHTepec K npoUeCC8M PO*PeHHH pe30H8HCOB npH CTOIIKHOBeHHH y -KBBH-

TOB, " - , K -Me3oHoB H npoToHOB c HnpaMH o6ycnosneH B03MD*HDCTbJO 

H3BIIeK8Tb HH~OpM8UHJO 0 napaMeTp8X pe30H8HC-HyKIIOHHOrO B38HMOPeACTBHH 

H3 aHanH3a aKcnepHMeHTBIIbHbiX naHHhiX o TBKHX npoueccax. OnuaKo H npH 

I 1,2/ 
TeopeTH'IeCKHX paCCMOTpeHHHX aTOA npo6neMbl t H npu o6pa6oTKe nony-

/3/ 
qaeMOA aKcnepHMeHT81IbHOA HH4'opM8UHH HCll01Ib3YJOTCH Bbipa*eHHH PIIH 

aMnnHTyn paccMaTpHsneMbiX npoueccoa, ue conep*amHe ocHosuoA xnpaKTe

pHCTHKH HeCT86HIIbHOCTH PD*P8JOWHXCH '18CTHU - HX KOHe'IHOA WHpHHblo On

pasnaHHeM TBKOMY npeue6pe*eHHJO :3l!>¢eKT8MH HeCT86111IbHOCTlf, no-BHPHMO-

My, MOryT CIIY*HTb Cp8BHHTellbHO M81Ibie p83Mepbl gpep H Cp8BHHTellbHO 

6onbwHe pacnanHhle nnHHhl npo6era 6hlcTponsH*YWHXCH pe3oHaucos. Bee 

*e nnH npoueccos PD*neHHH pe30H8HCOB c aHeprHHMH 3~6 rae Ha TH*ellb!X 

/3/ 
t OTHOWeHHe aTHX PBYX PIIHH COCTRB-gppax, T8KHX K8K Cu Pb 

nHeT seiiH'IHHy nopHPK8 0,3 ~ 0,5 (npH 06hl'IHhlX WHpHH8X pe30H8HCOB no

pHPK8 100 Mas H M8CC8X nopHnKa 1 rallt) H cosepweHHO He O'leBHijHO, 'ITO 

npeHe6pe*eHHe T8KHMH BeiiH'IHH8MH B flOK838Tene aKCllOHeHTbl He H3Me

HHeT 38MeTHO pe3yllbT8TOB COOTBeTCTBYJOWHX Bbi'IHCIIeHHA. 

B HaCTOHmeA pa6oTe nony'leHbi 3aMKHYTbie BhiPB*eHHH nnH aMnnHTy

Phi KorepeHTHOrO pO*PeHHH pe30H8HCOB H8 gppaX C y'li!!TOM WHpHHbl PO*P8-

JOWHXCH pe30H8HCOBo noK838H01 'ITO B onpeneneHHOM HHTepsane aHeprHH 

HaneT8JOWeA '18CTHUbl yq/!!T KOHe'IHOA WHpHHbl pe30H8HCOB OWyTHMO MeHHeT 

ce'leHHH. 
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§2. KBaaurnay6epoBCKoe npencTaBneHHe nnH 

aMnnHTyA QOmBeHHH qaCTHU Ha HApax 

J.1ccnenyH cTonKHOBeHHH 6biC.Tpoli qacTHUbi 1 c HapoM A , npHBoaSill!He 

K po>KaeHHIO qaCTHUbl 2 ( B o6meM cnyqae HeCTa6HnbHOli) t 6yaeM HCXOaHTb 

H3 ¢opManbHOli TeOpHH B3aHMoaeliCTBHSI 'laCTHU C SiapaMH, aHanorH'IHOli 
/4/ 

TeopHH MHoroKpaTHoro pacceSIHHSI BaTcoaa • 

B aToli TeopHH aMnnHTyaa npouecca npencTaBnSieTCH B BHae 6ecKo

aeqaoli cyMMbi cnaraeMbiX, oTBe'laromux paanH'IHbiM KOM6HHaUHSIM KPaTHbiX 

CTOnKHOBeHHli B Slape, 

CymecTBeHHbie ynpomeHHSI, B qacTHOCTH coKpameaue qucna cnaraeMbiX 

B 9TOli cyMMe, B03HHKaiOT B npenene 6onblliHX (nopSiaKa HeCKOnbKHX faB) 

aaepruli aaneTaroweli qacTHUbi 1. 

CxeMa nanbHeliwux BbiKnaaoK H aenaeMbie npu6nH>KeHHH - TaKHe >Ke, 
/5/ 

KaK H s pa6oTe , rae paccMaTpHBanocb pacceSIHHe 6biCTpbiX qacTHU ~npa-

MH, TioaTOMy ilpH nonyqeHHH peaynbTaTOB 9TOrO naparpa¢a Mhl QCTaHOBHMCH 

nHllib Ha HeKOTOpb!X MOMeHT8X Bb!Boaa, onycKaH MHOrHe aeTanH H OTCbinaH 
/5/ 

3a HHMH K pa6oTe , 

TipeHe6pe>KeHHe B ¢yHKUHHX fpHHa BeiTH'IHHaMH KHHeTH'IeCKOli H ilOTeH

UHanbHOli aaeprHH HyKnoHoB Siapa no cpaBHeHHIO c aaeprHHMH aaneTaromeli 

H po>Kaaroll!eliCSI '18CTHU 1103BOnHeT 3ailHCaTb npOH3BOnbHOe cnaraeMoe ..,e,m· 
nonHOli aMnnHTyabio OTBe'laiOll!ee pacceHHHIO qaCTHUbl 1 f HyKnOHaMH, pO>K-

aeHHIO '18CTHUbl 2 Ha f+ 1 -oM i'l:yKnoHe H nocneayromeMy ee pacceHHHIO 

m ayKnoHaMH, B cneayromeM suae: 

e m ... ... 1 m 

... ... ... ! (q... ... ) ... 
dq f (q ,q )e 5 -qs+1 •ne+s+l 

s 2 s s+t 
F • (k,q)=-

4
-J<t>* (r) n 
17 f k s= I -----------------------------·-----lx ... 

(217)2£2 (q->B)[£J(k)-£2(q->J+ 

... ... ... 
... ... ! (k: e - q ) r 

xf (ko q )e +1 I nf+.1 
12 t.+ 1 ' 1 X 

4 

I 
I 

irm2 

2£ 2 ( q-> B) . 

e 
x n 

t = 1 

~ -+-+ -+-+ 
d k . f (k k 1 I Itt -Itt+ 

t+t 1 t' t+t)e 

(217)2 ll (k ... t+l)[il(k)-l (k t+l) 

x<l> 
-> A -> 

(r ) n dr 
It It= I It 

B Bbipa>KeHHH ( 1) ¢ 1 H ¢ t - sonHOBbie ¢y• 

He'IHOrO COCTOHHHli Hapa; f 1 t f 2 - aMnnHTya 

1,2 Ha HyKnoHaX, HOpMHpOBaHHbie ycnoBHeM du/d 

nnHTyaa npouecca 1 + N-> 2 + N • BenH'IHHbi k 1 

npeacTaBnHIOT HMnynbC H 9HeprHIO qaCTI;IUbl 1 nepE 

HHeM H k = k 1 • AHanorH'IHO qs H l2(q8) 

H aHeprHH '18CTHUbl 2 nepea S -b!M CTOnKHOBeHH€ 

9TOli '18CTHUbl IIOCne IIOCneaHero CTOnKHOBeHHH, 

B nponaraTopbi po>KaaromeAcH qaCTHUbl 2 HBH 

pHH8 r /2 • a penHTHBHCTCKHli ¢aKTOP m 2 I l 2 11 

neqHTb yBenHqeHHe BpeMeHH >KH3HH ( B na6, CHCTel 
,. 

aecTa6HnbHOA qacTHUbl. HaKoHeu, HHaeKCbl n 1 Hyl 

TaBWHe 1 -oe coyaapeHHe, 

YqTeM Tenepb, 'ITO npH BbiCOKHX aaeprHHX p 

B ocHOBHOM snepea. 3To oaHaqaeT (s npeanono>KE 

38BHCSIT nHllib OT HHB8pH8HTHbiX nepeaaq HMnynbCf 
/5/ 

Bonpoca eM, B ) , 'ITO B o6nacTH, rae f 1 , f : 

OTnH'IHbl OT HynH, OHH HBnHIOTCSI ¢yHKUHHMH TOnbK 

HanbHbiX HanpasneHHIO naaaromero nyqKa - nepeaa· 
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§2. Ksaanrnay6eposcxoe rrpeAcTasneHHe Ansr 

aMrrnnTyA pomAeHHH qacTHU Ha HApax 

sr cTonKHoseHHH 6biC.Tpott qacTHUhi 1 c SIApoM A , rrpHBOAmnue 

aCTHUbl 2 ( B o6meM cnyqae HeCTa6HnbHOtf) 1 6yAeM HCXOAHTb 

tf TeOpHH B38HMOAeifcTBHSI qacTHn C SIAp8MH
1 

8H8nOrHqHotf 

/4/ 
KpaTHoro pacceSIHHSI BaTcoHa • 

TeopHH aMrrnHTyAa rrpouecca rrpeAcTaBnSieTcSI B BHAe 6ecxo-

I cnaraeMbiX1 oTseqaiOmHx paanHqHhiM KoM6HH8UHHM xpaTHbiX 

B SlApe. 

eHHbie yrrpomeHHSI1 B qaCTHOCTH COKpameHHe qHcna cnaraeMbiX 

1 B03HHK8IOT B rrpeAene 6onblliHX (rropSIAKa HeCKOnbKHX fas) 

a10mett qacTHUhi 1. 

anbHetfmnx BbiKnaaoK H aenaeMhie rrpn6nnmeHHH - TaKHe me, 
!51 

e , rae paccMaTpHBanocb pacceSIHHe 6biCTpbiX qacTHU ~apa-

rrpu rronyqeHHH peaynbT8TOB 9Toro rraparpa~a Mbl OCT8HOBHMCH 

Opb!X MOMeHTaX BbiBOA8 1 orrycKaSI MHOrHe AeTanH H OTCbin8H 
/5/ 

OTe 

meHHe B ~YHKUHSIX fpHHa BeiTUqHH8MH KHHeTHqecKotf H ITOTeH

rHH HyKnOHOB SIApa ITO Cp8BHeHHIO C 9HeprHSIMH HaneTaiOmetf 

SI qaCTHU IT03BOnSieT 38ITHC8Tb ITpOH3BOnbHOe CnaraeMoe ~,m· 

YAbi 1 OTseqaiOmee pacceSIHHIO qaCTHUbi 1 f HyKnOH8MH
1 

pom-

I 2 Ha f+ 1 -oM HyKnoHe H rrocneayiOmeMy ee pacce'HHHIO 

B cneayiOmeM snae: 

m 

J<l>; (rk) n 
s=l 

~ ~ ~ ~ 

dq f (Cj ,q . )el(qs-qs+11 rnf+s+l 
s 2 s s+ 1 

----------------------------------lx ... 
(217 ) 

2 
f 2 ( q ... s )[ f I ( k ) -t" 2 ( q ... s) + irm2 

2( 2 ( q ... s) . 
-. -+ .., -+ 

( k ... l (k e - q ) r 
12 f+1 ,q 

1
)e +I I nf+)./ 

4 

.,.... 

... ... ... ... ... ... l(k -k )r 

e d k f (k k ) e 1 t+ 1 n 1 t+ 1 1 t ' t + 1 
x n I 

X 
t "' 1 ... ... ... 

(217)2 fl (kt+1)[£1(k)-EI(kt+l) +i0). 

( 1) 

x<l> 
... A ... 

(r ) n dr 
k k"' 1 k 

B Bb!pameHHH ( 1) cp i H cp f - BOnHOBb!e ~YHKUHH HaqanbHOro H KO-

HeqHoro COCTOHHHtf SIApa; f I 1 f 2 - 8MITnHTYAbl pacceSI HHSI qaCTHU 

1,2 Ha HyKnOH8X1 HOpMHpOBaHHbie ycnOBHeM du/d0=lfl 2 : a f 
12 

-aM-

rrnHTyAa rrpouecca 1 + N ... 2 + N • BenuqHHbi k 
1 

H f ( k ) -= y k. 2 + m 2 
1 t · t I 

rrpeacTaBnSIIOT HMrrynbC H 9HeprHIO qacT~Ubl 1 rrepea t -biM CTOnKHOBe-

HHeM H k = k1 • AHanorH'IHO q s H E 
2
(q,.) -=yq !+m;- HMrryn&c 

H 3HeprHH 'laCTHUbl 2 rrepeg S -biM CTOnKHOBeHHeM, a. q"" q m +I - HMrrynbC 

9TOtf 'laCTHUbl rrocne rrocneaHero CTOnKHOBeHHSI. 

B nponaraTopbi pomaaiOmeAcSI 'laCTHUhl 2 SIBHO BKniO'IeHa ee rronywn-

PHHa r /2 , a penSITHBHCTCKHtf ~aKTop m 
2 
I E 

2 
rrpH Hett aonmeH o6ec-

rreqHT& yBenH'IeHHe BpeMeHH mH3HH ( B na6. Clf,CTeMe) 6biCTpOABHmymetfCSI 

HeCTa6Hn&HOtf qaCTHUbi. HaKOHeu, HHAeKCb! 0 1 HyMepyiOT HyKnOHbi
1 

HCITbi

TaBWHe 1 -oe coyaapeHue. 

Y'ITeM Tenep&, 'ITo npu BbiCOKHX aHeprHSIX paccesrHHe nponcxoaHT 

B OCHOBHOM Brrepea. 3TO 03HaqaeT ( B rrpeanonomeHHH
1 

qTQ aMrrnHTYllbl 

38BHCHT nHllib OT HHBapHaHTRb!X rrepe.rtaq HMrrynbca; o6cymaeHHe 9TOro 
/5/ 

sonpoca eM. B ) , 'ITO B o6nacTH, rae f 
1 

, f 
2 

, f 
12 

cymecTBeHRo 

OTnH'IHb! OT Hynsr, OHH SIBnSIIOTCSI ~YHKUHSIMH TOnbKO rronepe'IHbiX - OpToro

HanbHbiX HanpaaneHHIO naaa10mero rry'IKa - rrepeAaq HMrrynbca 
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~ I 

! 

1·. 
'iii 
~ 

(kt -kt+1)l ' 1 (q S-qs+! )l ' 1(kf+1-q l)l ' 

Baoag npo$HnHpywmyw $yHKUHID 

... ... 
... 1 

r(b)= 'k 
2 17 1 

f f(Kl') etl\Jb d 2 L\ l'' ( 2) 

npeue6perag B nponaraTopax saBHCHMOCThiD OT ManhiX aenH'IHH - none

pe'IHbiX KOMnOHeHT HMnynhCOB- H Y'IHTb!BBR nHIIIb rnaBHbie 'lneHbl 
/5/ 

pasno)KeHHR no npoaonhHhiM nepeaa'laM ( noapo6aocTH caoaa eM. B ) ... 
Bb!TIOnHHM B ( 1) HHTerpHpOBBHHe no npoMe)KyTO'IHbiM HMnynbCaM q 

s ... 
k t • 8To npHaoaHT K cneaywmeMy KBasHrnay6epoBCKOMy npeacTaBneHHID 

anR aMnnHTyahi 

... ... ... 
'k ... ... 1 ~,m (k,q) = 217 

f d 2 b e l (k - q )l b r e. m 

( 3) 

... 
(b ) , I 

rf,m (b)= (-1)f+m f <I!~ (rk)s~l ( r2 (1;-Snf+s+l )@(znf+s+._I -Znf+)x 

-y(z -z) _.-+ tl\z 
XC nf+s-;1 t£+s),r (b-S )e nf+l X 

12 nf+ I 

e ...... I ... A ... 

X II [ r (b-s 
I n t 

)®(z -z )].ell (rk) II drk. 
nt+l nt l k=l 

B (4) 

t= I 

Z H 
n S n - npoaonhHbie ( HanpaBneHH!:>Ie Baonh k ) 

(4) 

H nonepe'IHbie KOMnOHeHTb! paaHyc-BeKTOpOB 

paTaag pacnaaHaR nnHaa npo6era 'laCTHUbi 2, 

... 
rn y = r m 2/ 2 q - o6-

6 

I 
I 

.... 

~· 
>;t~ 

·: .. '( 

m 2-m2 
2 I m 

L\=k-q 
k+q 

- npoaonhHaR nepeaa'la HMnynhca B peaKUHI 

HanH'IHe @- CHMBOnOB B ( 4) HCKniD'IaeT Ta 

B KOTOpb!X K8KOt!:-nH6o HyKnOH Rapa Y'ISCTB) 

caMhiM orpaHH'IHBaR 'IHCno cnaraeMbiX F f • : 

HOt!: BenH'IHHOt!:. 

§ 3. KorepeHTRoe po?KlleHHe 'll 

~ 

PaccMoTpHM caa'lana po?KlleRHe cTa6H, 

CHpyg f +ffi +1 HyKnOHOB1 H8 KOTOpbiX 

Bbiiiie npouecc, H cyMMHpyg no BCeM nepec~ 

HBawmHx aaneTawmyw 'IBCTHUY, H no Be eM 

pacceHBawmHx po?KlleRHyw 'IBCTHIIY, nony'IH" 

(-1) f+m f, m , -+ m -+ 

r l: = f ell* (r ) II [r2 (b-
f k s= 1 

l· 

... ... l L\z nf f 
x r ( b -s ) e + I II [r 

12 nf+ 1 t= I 1 

A ... ... 
x<lll(rlt)II 

k =I 
d r k 
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-kt+1)j•' (qs-qs+l)j ,<(kf+l-ql)l · 

po!flHmrpyiOUIYIO lPYHKllHIO 

-+ -+ 

) = 1 
2 1T i k 

f f(~l) ell'1Jb d2!1l, ( 2) 

B rrporraraTopax 38BHCHMOCTbiO OT MBnbiX BenH'IHH - IlOIIe

H9HT HMIIynbCOB- H Y'IHTb!B8Sl nHlllb rnaBHb!9 'ln9Hb! 

/5/ 0 IIpO.llOnbHbiM IIepe.ll8'18M ( IlO.llp06HOCTH CHOBa CM. B ) 

-+ 
1) HHTerpHpoaaaHe rro rrpoMe)!(yTO'IHhiM HMIIynbcaM q s 

pHBO.llHT K cneayiOUieMy KB83HI'nay6epOBCKOMy IIp9.[(CT8BneHHIO 

hi 

ik 
-+ -+ -+ 

2 1 (k - q ~ b f m -+ 
d b e r · (b ) , , J 

21T 
(3) 

m -> 

1/+m J If>~ (;k)S~I [ r2 (b-snf+s+l )®(znf+s+._I -Zne+)X 

'z -z J ... ... 11'1zne n nf+ s,- I rf+s] .r ( b _ S ) e +I X 

12 ne+ 1 

-+-+ -+A -+ 

r (b-s )®(z -z )].tl> (r ) n drk. 
I n 1 nt+l n 1 1 k k=l 

(4) 

n H 
S n - IlpO.llOnbHb!e ( HarrpaBneHHb!9 B.llOnb k ) 

... OMIIOHeHTbl paaHyc-BeKTopos 

aH .llnHHa rrpo6era 'laCTHllbi 2, 

r 
n y = r m 2 / 2 q - o6-

6 

..,... 

1
., 

': ' 

'~-j\ 
'i' 

..... 

m 2-m2 
2 I 

m 2 - m 2 
2 I 1'1=k-q"' 

k+q 2k 

- rrpoaonbHaH rrepeaa'la HM:rrynbca B peaKuHH 1 + N... 2 + N srrepea. 

HanH'IHe ®- CHMBOnOB B ( 4) HCKni0'189T T8KHe KOM6HH811HH CTOnKHOB9HHlt, 

B KOTOpbiX K8KOlt-nH6o HyKnOH Sl.llpa Y'IBCTByeT 6onee O.llHOI'O paaa, T9M 

C8Mb!M orpaHH'IHB8Sl 'IHCno cnaraeMbiX Fe. m B rronaolt 8MIInHTyae KOHe•I

HOlt BenH'IHHOlt. 

§3. KorepeHTHoe po?KileHHe 'IBCTHU aa TSl)!(enhiX 

H.llpax 

PaccMoTpHM caaqana po)!(aeHHe cTa6HnbHhiX 'IBCTHU ( y = 0 ) • 4>HK-

CHPYSl e +m +1 HyKnOHOB1 Ha KOTOpb!X IIpOHCXO.llHT paCCMOTp911Hhllt 

Bbllll9 IlpOU9CC 1 H CyMMHpyH IIO BC9M IIepeCT8JIOBK8M e HyKnOHOB
1 

pacce-

HB810UIHX HaneTBIOUIYIO '18CTHlly, H IIO BC9M IIepecTaHOBKaM ffi HyKnOHOB, 

pacceHBaiOUIHx po?Kileaay10 'IBCTHny, rrony'IHM senH'Ir:ay 

(-l)e+m r e. m 
-+ m -> -> )] = J tl>* (r ) fl (r2(b-sn e 

1
)®(zn f 

1
-znp I X l: f k 8 = I s + + s+ + + 

(5) 
~·· ... ... 1 1'12! n e e ... ... x r ( b -s ) e + I n (r (b-s )® (z -z )] X 12 ne+ I 

t= I I nt ne+· nt 

A ... 
xt1> 1 (rk)ll 

k =I 

... 
d r k 
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li ,, 
! 

1 
' 

;I 
' 
~ I 

I 

I 
I 

i' 

, I 
]I 
I' 

At 

/1,2/ 
:3Ta BenH'IHH8 1 H8ITOMHH8H COOTB9TCTBYIOIUH9 8MITnHTYJlbl pa6oT 

1 
rrony-

'189Mb19 ITpH IIOITbiTKaX H9IIOCp9JlCTB9HHO o6o6IUHTb TeOpHIO fnay6epa Ha 

cnyqaA IIpOU9CCOB PD*Jl9HHH, BCe *9 OTnH'I89TCH OT HHX B JlBYX IIYHKT8X. 

Bo-rrepBbiX 1 ( 5) BKniO'IaeT 3aBHCHMOCTb oT rrpoaon~>HoA rrepeaa'IH 

HMrrynbca 11 • 

Bo-BTOpbiX~ B ( 5) "xpouonorH'IeCKH" ( B aaHHOM cnyqae ponb "speMe-

HH" HrpaeT KOOpJlHH8T8 Z HyKnOH8 1 HCIIbiTbiB8IOIUero CTOnKHOB9HHe) pa3-

)leneHbl rrpoueccbi pacceHHHH 'laCTHUbi 1, po*)leHHH qaCTHUbi 2 H ee rrocneayiO-

mero rrepepacceHHHH. 

nepeAaeM K paCCMOTpeHHIO KorepeHTHoro p0*Jl9HHH ( ell f = ell 
1 

CT86HnbHbiX '18CTHU 2. nonaraH, KaK OObl'IHO, 

I ell 1 ( t It) I z 
A 

n p(r""k ) , 
II:=} 

I;(i.)dr =1 
II: k 

( 6) 

( 7) 

H CyMMHpySI 8MIInHTYJlbl ( 5) t OTB9'18IOUIH9 BC9B03MO*Hb!M KOMOHH8UHHM 

CTOnKHOB9HHA, rrony'IHM C IIOMOIUbiO npOCTOA KOMOHH8TOpHKH cneJlyiOIUee 

rrpeacTasneHHe anH rronuoA EiMrrnHTYJlbi KorepeHTHoro po*JleHHH: 

... 
r (b) 

c 

... A 
I I dz ds I l: 

k-1 

l: 
A! k! 

-oo It= I (A-k)! k ! f= 0 f! (k-f-1)! 
( 8) 

00 

X [- I -o -> It -f- I 
(b -s')] x 

00 ... 

dz' Ids' p 
-oo 

... 
(z',s')r 

2 z 

X 

t.l\ z .... .... = .... z 00 .... ~ .... .... ... e 
x e r 12 ( b - s ) p ( z , s )[ - I d z" I d s" p ( z ", s ") r 

1 
( b ·- s ")] 1 • 

-oo -oo 

8 

I 
I 

" \ i 
I 

,t 

1 

EcnH B aMrrnHTYJlY ( 8) PO*Jl9HHSI u, 

BKna)l Jl8IOT H9CKOnbKO rrepBbiX 'lneHOB C 

B ( 8) A! /(A-k)! Ha A k , BBeCTH senu~ 

KOTOp8H1 K8K IIpHHHTO C'IHT8Tb1 JlnH TH*E 

H pacrrpocTpaHHTb cyMMHposauHe no K E 

Y'IHTbiBaH Toraa TO*JleCTBo 

oo It- I 

l: l: 
~c-e-. e 

X y 

k= 1 f= 0 t! ( k -f - 1 ) ~ 

rrony'IHM anH aMrrnHTYJlbi KorepeHTHoro p1 

Hapax 

.... 00 ... 00 00 ... 

r ( b ) = f J d z d s I exp [ - I d z' Ids c 
-oo z -oo 

x e•/1 z 
.... .... ... z 

p(z,s)r 12 (b-s)exp[- Idz 
-oo 

... ... 
Oejpl'IHO senH'IHHbl r( b-s) - Ob!CTpoy6 

apryMeHTOB, B TO Bp9MH K8K p (z, S)- C] 

BenH'IHHblo nosTOMy '18CTO IIpOH3BOJlHT 38 

00 ... .... .... r dsp(z,s)r(b-s) .. p(z,b)_ 
- 00 

=p(z,b)..l!r_ fl 
ik , 
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I 11 2/ 
HBIIOMifHBSI COOTB9TCTBYIOUlH9 BMIInHTYllbl pa5oT 1 IIOny-

llbiTKBX H9!10Cp9.1lCTB9HHO 0505UlHTb TeOpHIO fnay5epa HB 

OB p0*ll9HHSI1 ace *e OTnH'I89TCSI OT HHX B .llByX IIYHKTBX, 

IX ( 5) BKniO'IaeT 38BHCHMOCTb OT IIpO.OOnbHOft nepe.OS·'IH 

' 
,JX B ( 5) "XpOHOnOrH'I9CKH" ( B llBHHOM cnyqae ponb "BpeMe

! 

p.OHHBT8 Z HyKnOH8 1 HCIIb!TbiBBIOUlero CTOnKHOB9HHe) pa3-

Cbl pacCeSIHHSI '18CTHUbl 11 PO*.IleHHSI 'IBCTHUbl 2 H ee IIOCne.oyiO-

eSIHHSI, 

K pacCMOTpeHHIO KorepeHTHOrO po*)leHHSI ( fl> f = fl> I 

CTHU 2, nonaraSI 1 K8K 05bi'IH0 1 

A 

n "' -+ ) P ( r k ' , I II> I ( t k) I 2 

k=i 

Jp(t)dr =1 
k k 

( 6) 

( 7) 

nnHTY.Ilbl ( 5) 0 OTBe'ISIOUlHe BCeB03MO*HbiM KOM5HH8UHSIM 

ony'IHM C liOMOUlbiO I1pOCTOft KOM5HHBTOpHKH cne.OyiOUlee 

.llnSI rronHoft BMIInHTYllbl KorepeHTHOro PD*IleHHSI: 

-+ A 
f dz ds I I 

k-1 

I 
A! k! 

k =I (A-k)! k! f= 0 e! (k-f-1)! 

( 8) 

00 -+ 
dz' f ds' "' -+ 

(z',s') r 
2 

-+ -+ k -f- I 
(b-s')] x J p 

z -oo 

X 

b- ; ) ; ( z , ; ) r - / d z , j d i, ~ ( z ", s -;, > r 
1 
(I; ·-; ,d I. 

-oo -oo 

8 
_...., 

:~ 
' 

:f 

EcnH B aMnnHTy.oy ( 8) PD*.OeHHsr Ha TSI*enbiX sr.opax A>> 1 ocHOBHoft 

BKna.o .oaiOT HecKonbxo nepabiX qneHoa c k << A 1 To MO*HO aaMeHHTb 

k "' 
a ( 8) A! I (A-k)! aa A 1 aaecTH aenH'IHHy SI.oepHoft rrnoTHoCTH p = A pI, 

xoTopaSI, KaK npHHSITo C'IHTaTb, .onSI TSI*enbiX SI.Oep cna5o aaaHCHT oT A , 

H pacnpocTpaHHTb cyMMHpoBaHHe no K B (8) lo 5ecKoHe'IHOCTH, 

Y'IHTbiBasr Tor.oa TO*.IlecTao 

k-f-1 f 
X y 00 k-1 

I I 
k = 1 f= 0 

= e z e Y 
( 9) f!(k-f -1)! 

nony'IHM .onsr BMIInHTYllbl KOrepeHTHOrO PO*.IleHHSI '18CTHUbl 2 Ha TSI*enbiX 

sr.opax 

-+ 
0C1 ... 

00 
00 -+ -+ -+ -+ 

r ( b ) ... f I d z d s I exp [ - I d z ' I d s ' p ( z ', s '> r ( b- s ' ) 1 x 
c 2 -oo z -oo 

( 10) 
00 16 ... .... ... z ... .... ...... 

xe z p(z,s )r 12 (b-s)exp[- Jdz" fds" p(z",s")r
1 
(6-s")]l. 

-oo -oo 

... -+ 
05bi'IHO BenH'IHHbl r( b-s ) - 5biCTpoy5biaBIOUlHe cPYHKUHH MO.Oyneft CBOHX 

apryMeHTOB0 B TO BpeMSI K8K p (z, S) - Cp8BHHTenbHO nnaBHO MeHSIIOUlHeCSI 

BenH'IHHbi, no3TOMy 'IBCTO I1pOH3BO.IlSIT 38MeHy: 

T d s P ( z , 8 ) r ( b ... _ 8 ) .. P ( z , b) f r (f)-8 ) d s 
- 00 

( 11) 

-+ 2 
.. p(z,b) i: f(O). 

9 
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I I 
II;} ,.-. 

B aTOM npH6nH)I(eHHH ( 10) npeapamaeTcSI B H3BeCTH~e Bbxpa)l(eHHe, 

/2/ 
nony'laeMOe B OIITH'IeCKOll: MO)lenH. ( CM. 1 H81IpHMep1 ) • 

r (b)=~ f (O) j 00 a -+ 
dz I exp [- J ---2... p(z', b )dz'] x 

c ik 12 -oo z 2 

( 12) 

-+ z , -+ 
I~ z 

p ( z , b ) exp [ - J ~ p ( z ", b) d z,] l ' xe 
-00 2 

rne 

417 
f 1(2)(0) a I ( 2) ( 1-i a I ( 2 l ) ' a 

I ( 2 ) ik 

(13) 

a= Ref(O)!Imf(O). 

Bo acex BhiKnanKax no CHX rrop nonaranoc~:>, 'ITO aMrrnHTYllhi po)l()leHHH 

'18CTHUbl 2 118 llpOTOHe H Hell:TpOHe O)lH118KOBbi: f I = f I = f , 2,p 2,n 12 

EcnH OHH paanH'IHbl 1 T0 1 K8K HeTpy)lHO y6e)lHTbCH 1 BenH'IHH8 f B ( 12) 
12 

)l0n)I(H8 6hlTb 38MeHeHa BenH'IHHOll: 

f 
12 

z f 12. p + (A-Z)f 12yn 

'' 
A 

( 14) 

rne Z - 'IHCno rrpoToHoB B Hnpe c MaccoBbiM 'IHCnoM A • 

10 

I 

PacCMOTpHM Tenepb cnyqall: y ,;. 0 • nerKO E 

(4) )lnH STOrO cnyqag OTnH'IaeTCSI OT COOTBeTCTE 

y = 0 nHWb MHO)I(HTeneM 

-y ( z n D - z n D e l.+m+l l.+ I , 
' 

KOTOpbill: 38BHCHT TOnbKO OT nonHOrO nyTH 1 llpOJ 

OT MOMeHTa po)l()leHHSI )lO IIOCne)lHero CTOnKHOBel 

)lHH8T HyKnOHOB1 Y'I8CTBYIOWHX B npoMe)l(yTO'IllblX 

M0)1(110 rrpocyMMHpOB8Tb BenH'IHHbl ( 4) 1 COOTBeTC' 

K8M STHX npoMe)l(yTO'IllbiX (m-1) HyKnOHOB1 a Tl 

f HyKnOHOB1 pacceHB8lOWHX '18C'l'HUY 1. 3Ta cy 

rfim , BbirnSillHT cnenyiOWHM o6paaoM: 

i+ m e m -+ -+ -+ 
(-1) ri.' =Jcll*(r )lr (b-s )e 

m -I 
x II [ r 

2 s=x 

-+ -+ 
(b-s n 

f 2 n~m+l 

) ® (z -z ' 
ni+m+l ne+s+l B 

x r 
-+ -+ I~ 

'(b-s ) e znf+ 1 
e 
II 

-+ -+ 
[r (b-s 

12 nf+ I t= I 
I n 

A -+ 
x ell (r ) 

I k 
II 
k=l 

dr k 

3TO Bblp8)1(e}{He OTHOCHTCSI K cny'l8l0 mf. 0 

H3 ( 16) 1 ecnH MHO)I(HTenb 1 38KniO'IeHHbill: B cpHry] 

11 



lljJ.IIUJJ.IIJIWH.IUI \ JU} l'!t)eapamaeTCH B H3B9CTHoe Bbip8:H<9HHe, 
. 121 

B OIITH'I9CKOtl: MOllenH. ( CM., HaiipHMep, ) • 

00 

f 1 /0) I d z I exp [- I 
-oo z k 

.1 z P ( z ' b ) exp [ -
z , 

a 1 
I 

2 -00 

417 

a -+ 
---2.. p(z', b )dz'] x 

2 

.. 
p ( z ", b ) d z, ] l ' 

ik f 1(2)(0) a 1(2) (1-ia 1(2) ) ' 

a= Ref(O)!Imf(O). 

( 12) 

(13) 

axax no cHx nop nonaranocb, 'ITO aMnnHTYllbl po:H<ae.tim.R 

IIpOTOHe If Reti:Tpoae OllHH8KOBbl! f 
12

, P = f 
12

,n = f 
12 

• 

lf'1Hbl 0 TO, KBK H9TPYllHO y6e.QifTbCH
0 

aenH'l:H.Ha f 
12 

B ( 12) 

aMeaeaa aenH'l:HHotl: 

f z f 12, p +(A-Z)f12-.,.n 
12 ( 14) A 

rrpoToaoa a srnpe c MaccoBbiM 'l:HcnoM A • 

10 

,.. 

PaCCMOTpHM Terrepb cny'l:atl: y -j, 0 • nerKo BHll9Tb
0 

'ITO BMIInHTYllB 

( 4) llnH SToro cnyqag OTnH'I89TCH OT COOTB9TCTBYIOIII9tl: BMIInHTy.Qbl IIpH 

y = 0 nHIIlb MHO:H<HTeneM 

-y<zne -zne e +m+l +I . 
' (15) 

KOTOphltl: 38BHCHT TOnbKO OT IIOnHoro IIyTH0 IIpOXOllHMOrO 'IBCTHUetl: 2 

OT MOM9.HTa PO:H<ll9HHH JlO IIocnenaero CTOnKHOB9HHH
0 

H He C0ll9p:H<HT KOOp

.QHH8T HyKnoaoa, y'l:aCTBYIOlllHX B rrpoMe:H<yTo'l:HbiX cTonxaoaeHH.srx. DoaToMy 

MO:H<HO IIpocyMMHpOB8Tb BenH'l:lfHbl ( 4), COOTB9TCTBYIOlllH9 BCeM IIepeCT8HOB

K8M STHX npoMe:H<yTO'l:HbiX ( m -1) HyKnOHOB0 a T8K:H<e BCeM IIepeCT8HOBK8M 

e HYKnOHOB, pacceHB810U(HX 'l:BC'I'HUY I. 3Ta CYMMa, KOTopag o6oaHa'l:eHa 

rfim , Bbirn.RJllfT cneay!OlllHM o6paaoM: 

f+m fm -+ -+ -+ -y(z 
(-1) rl:· =I~*(r )lr (b-s )e ne+m+l 

f 2 n f+ m +I 

m -1 -+ .. 

- z ne ) 
+lx 

x IT [ r 
2 

(b-s 
n )® (z -z )®(z -z )Jl x 0

f+m+l 
0
f+s+l 

0
f+s+l 0 f+l 

s=l s 

( 16) 

x r 
12 

.. .. t.1 e 
( b-s ) e znf+ 1 IT 

ne+l t=! 

.. .. 
[r (b-s 

I n t 
)® (z n 

f+ I 
-z ) J X n 

X ~ (t ) 
1 k 

A 

IT 
k=l 

-+ 
dr k 

3To Bblp8:H<9HHe OTHOCHTCH K cny'l:BIO mf, 0 • BenH'l:HHa 
e. a 

r IIony'l:aeTCH 

.113 ( 16), ecnH MHO:H<HTenb, 38KniO'l:9HHbitl: B q>HrypHbi9 CK06KH
0 

38M9HHTb 

11 



li 

I I '• 
~ 

eanHnueit. HaKoHeu, cyMMHpySI senH"'HHbi 
r f, m • COOTBeTCTBy!OIUHe 

sceB03MOlKHbiM KOM6HR8UHSIM f H ID 
nony"'HM 1 y"'HTbiBBSI ( 6) anSI 

aMnnHTYilbl KOrepeHTHOrO pO>KileHHSI! 

00 -+ -+ -+ -+ ~~ 
r c (b) = f f d z d s I p ( z, s ) r 12· ( b -s ) e " x 

-oo 

X 

A A! 
I :__._---

z 00 -+ 

[- f dz' f ds' p (z' ,-;') r (b-s')]lt-t 1-
. I 

lr:=t (A-k)!(k-1)! -oo -oo 
( 17) 

-+ 

"" -+ 
-f[dzds 

-+ -+ -+ l~Z 
00 

"' 

p (z,s)r
12

(b-s)e f dz 

-+ -+ fds ; (;,;) r
2 

(b-S) X 

-yt~-z) A AI xe I . 
It= z (A-k)! k! 

It- I 

I 
f= 0 

z -oo 

k! 
X 

e! (k-f-1)! 

.. 
z 

X (- f 
oo-+ :::s -+-+ 0 

dz" f ds" p (z", s")r (b-s")]L I. 
2 

z -oo 

Depsoe cnaraeMoe B ( 17) eCTb cyMM8 BCeX Bbtpa>KeHHft r 
e. o 

BTopoe - cyMMa senH"lliH 
rf,m(mf0), llanee, HCTIOnb3YSI Te >Ke npH6nH-

JKeHHSI
1 

"'TO H npH BbiBOile $opMynbt ( 12), nerKO nony'IHTb 

r 
c 

X 11 

.. 
(b) = 

2 "" 1~ -+ z a' -+ 
--:--k" f 

1 2 
( 0) Jf d z e z p ( z , b ) exp [ - f ---2- p ( z ' , b ) d z ' ] x 

l -oo _ 00 2 ( 18) 

"" r di'~ 
z 2 

"' z 
p ( ;, b ) e -y 1"- "l exp [- J 

z 

12 

, -+ 

___!!_:;_ p ( z ", b )dz" 1 I 
2 

Ecnn y"leCTb, "'TO 

a~ ~ z ,... d 
- - p ( z, b ) exp [- f a' I 2 p ( z ", b ) d z "] = - e 

2 z 
2 dz 

TO nerKO y6ellHTbCSI 1 "'TO Bbipa>KeRH9 ( 18) B npel: 

B (12). HcnonbaySI (19), MHO>KHTenb B (18), aaK, 

CK06Ky
1 

MOlKHO TBK>Ke nepenHC8Tb B BHile 

00 

1- f 
z 

d; ~ 
2 

=y 

-+ z 
"' -y(z-z) a 

p(z,b)e exp[-Jz 

"' 00 ~ z 0 

J dz exp I- n-z- p (z ",' 
z z 

llnSI oueRKH a$$eKTOB ReCTa6HnbHOCTH pO>Kl: 

BOilHnOCb cpaBHeHH~ llH$$epeRUHBnbHhlX Ce"leRHft 

neRHSI p 0 -Me30HOB HB SI/lp8X MellH H CBHHU8 IlOil 

aosanacb Moaenb Sinpa B BHne onRoponRoil' c$epb 

DonRbie ce"leHI'ISI B38HMOileftCTBHSI p O -Me30HOB C 

paBHblMH a p N = a 
17 

N = 27 M6apH B COOTBeTCTBHH 

Moaeneft H peaynbT8T8MH 9KCnepHMeHTBnbHblX llE 

B npnnaraeMoil' Ta6nHne npencTasneRhi OTH 

0 
HblX Ce"leRHil' $oTOpO>KileHHSI p -Me30HOB snepeJJ 

!OIUHXCSI p0 -Me30HOB K TeM >Ke CBMbiM BenH"'HH 

BnnHo, "'TO anSI Re o"leRb 6onhlllHX aReprHit Han• 

JKenhiX SI/lep a~eKT HeCT86HnbHOCTH Re Man. 

aeTanbHblX pac"leTOB 6ynyT ony6nHKOB8Hbl TI03lKI 
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Hell, CyMMHpy.H BenH'IHHhl 
r f,m 

• COOTBeTCTBYlOIIlHe 

KOM6HH8UH.HM f H ffi nony'IHM, y'IHThiBa.H ( 6) JJ.n.H 

epeHTHoro po~neHH.H: 

-+ -+ -+ -+ I~ 
z ds I p (z, s) r12 (b-s.) e z X 

[- ( dz' j ds' P (z' ,-;') r (~-;, )J ~<-! 
I 

(k-1)! -oo 

( 17) 

"" 
... ... ... 

(z,s)r (i;_;)el~z 
12 

r di' 
oo::::::s:::=:::::::::: -+::::: 

( ds p (z, S ) r
2 

(b-S ) X 

z -oo 

A 

l 
lc -I 

l 
k! A! 

X 

=2 (A-k)! k! f= 0 f! (k-f-.2)! 

"" f d;" p (b-s ... ")]f I . ( z" s")r 
• 2 

naraeMoe 
f. 0 

B ( 17) eCTb CYMMa BCeX Bbipa~eHHA r 
a aemf'IIIH f'f,m (m~ 0) • .[lanee, Hcnonb3Y.H Te ~e npH6nH-

pH BhiBOJJ.e ¢opMynhi ( 12), nerKo nony'IHTb 

f I 2 

"" l~z ... z a; 
( 0 )I J d z e p ( z, b ) exp [- f -

2 
- P 

-oo 

z 

(z',b)dz']x 

(t8) 

p (i', b) e -y<z-z)exp[- r 
, ... 
~ p(z",b)dz")l 

2 z 

12 

,...., 

EcnH yqecTb, 'ITO 

o' · === ; =+ d ~ a' -+ 

- -
2 

p ( z, b ) exp [- f a' /2 p ( z ", b ) d z "] = --;;;- exp [- f ---2 p ( z ", b) dz "] 
2 z 

2 dz z 2 

(19) 

To nerKo y6ellHTbC.H, 'ITO Bbipa~eHHe ( 18) B npeJJ.ene y=O npeapamaeTc.H 

B (12).11cnonb3Y.H (19), MHO~HTenb B (18), 38KnlO'IeHHbiA B ¢HrypHylO 

CK06Ky, MO~HO T8K~e nepenHC8Tb B BHJJ.e 

00 

1- J 
z 

.. 
dz ~ 

2 

=y 

"' ... z , ... 
"' -y(z-z) a 2 

p(z,b)e exp[- 1---z- p(z",b)dz") 
z 

00 
.. , 

::::::s z a ... 
d z exp I - f [ l p ( z ", b ) + y 1 d z" I . .r 

z 

( 20) 

.[lng OUeHKH a¢¢eKTOB HeCTa6HnbHOCTH p0~/l8101UHXC.H '18CTHU npOH3-

BO/lHnOCb cpaBHeHH~ /lH$$epeHUH8nbHhiX Ce'!eHHA KOrepeHTHOrO $oTopo~

JleHHSI p
0
-Me30HOB H8 .H/lp8X Me/lH H CBHHU8 HO/l HyneBbiM yrnoM. J1cnonb-

A t! 3 
30BanaCb MO]lenb HJJ.pa B BH/le 0/lHOpOJJ.HOA tC¢epb! p8/lHyCa f = 1,12, 

flonHhJe Ce'!eHHSI B38HMOJleitcTBHSI p O -Me30HOB C HyKnOH8MH nonaranHCb 

paBHb!MH a p N = aTTN= 27 M6apH B COOTBeTCTBHH C npe/lCK838HHSIMH KB8pKOBbiX 

/3/ 
MOJJ.eneA H peaynbT8T8MH SKCnepHMeHTanbHbiX ll8HHh!X 

B npHnaraeMoA Ta6nHue npeJJ.cTaaneHhi oTaomeaHH R JJ.H¢¢epeHuHanb-

0 
Hh!X Ce'!eHHA $OTOpO~JJ.eHH.H p -Me30HOB Bnepe/l C y'IATOM lUHpHHhl po~JJ.a-

lOIIlHXC.H p0 
-Me30HOB K TeM ~e C8MbiM BenH'IHHaM, HO C HyneaoA lUHpHHOA. 

BHJJ.HO, 'ITO JJ.n.H ae o'leHb 6onbmHx aaeprHA HaneTa10mero y -KBaHTa H TH-

~enhiX HJJ.ep a¢$eKT aecTa6HnbHOCTH He Man. PeaynJ:>!'aThi 6onee 

aeTanbHhiX pac'IAToB 6yllYT ony6nHKoBaHbi noa~e. 

13 
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PyKonHCb nocTynHna B H3JlaTenbCKHA OTJlen 

4 ~espanH 1871 roJla, 

14 

E,,GeV 

-
3 

3,5 

4 

4,5 

5 

5,5 

6 

6,5 

7 

Ta6nHua 
Cu 

R 

1,26 1, 

1,24 1, 

1,21 1, 

1, 18 1, 

1,16 1, 

1, 14 1, 

1, 12 1, 

1,08 1, 

1,07 1, 
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U3p:om • .H<P, Jl, 978 ( 1970), 

PyKonucb nocTynHna a usaaTenbCKHA oTaen 

4 ~espang 1971 roaa. 

14 

,.... 

Cu 

E,,GeV 

3 

3,5 

4 

4,5 

5 

5,5 

6 

6,5 

7 

t I 

Taonuna 

Pb 

R R 

1,26 
1,23 

1,24 
1,26 

1,21 
1,32 

1,19 
1,35 

1, 16 
1,31 

1,14 
1,28 

I, 12 
1,26 

1,09 
1,24 

1,07 
1,21 
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