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1. Ycrrexn rnay6epoBCKOfi Teopnn MHoroKpaTHoro pacceHHHH 

(TMP) / l/ B o6'bHCHeHHH SKCrrepnMeHTanbHbIX aaHHblX rro yrrpyroMy n 

KBasnyrrpyroMy pacceHHIIIO '18CTHU Bb!COKHX SHeprnfi HitpaMH Il03BOnHIOT 

aaaeHTbCH, 'ITO H apyrue npoueccbl B38HMoaefiCTBHH 6bICTpbIX '18CTHU C 

stnpaMn M·oryT 6b1Tb TaK:lKe ycrreurno orrncaHbI Teopnefi MHoroKpaTHoro pac

ceHHHH rrocne cooTBeTCTBy10mero ee o6oomeHnH,OnaaKo iaKoe o6o6meHne 

HBnHeTCH aaneKo He TpHBnanbHofi saaa'Iefi n rroaToMy nnrnb rrpocTefirnne 

aeyrrpyrue rrpoueccbI Tnrra 1 + A ➔ 2+ A paccMaTpnBanncb no cux rrop 

B paMKBX TM p 12,31• Ho na)Ke rrpn TpaKTOBKe STHX rrpoueccoB B03HH

KaeT pHa TpyaHocTefi TexHH'IeCKoro xapaKTepa, KOTOpbie B pa6oTax 12•31 

He 6bmn rronnocTblO rrpeononeHbI, BBnay 'Iero pesynbTaTbI aTHX pa6oT 

TaK, HarrpHMep, aBTOpb! pa6oT /2/ I OT'IeTnHBO C03H8B8H Ba:lKHOCTb 

y"ieTa 38BHCHMOCTH aMrrnnTya rrpoueccoB 1 +A ➔ 2+A oT rrpononhHoi!: 

m) -mz 
rrepeaa'In nMrrynbca L'1 = ---------

2k 
, TeM He MeHee He cMornu y-qecTb 

STY 38BHCHMOCTb B paMKax pa3BHBaeMoro HMH ~OpManHsMa H rro cymecT-

BY ~Onb30BanUCb BbICOKOSHepreTH'IeCKHM rrpn6nH:lKeHHeM( f1 0) anH 

aMrrnHTYll aTnx rrpoueccoB. OTc10aa 1 Kasanocb 6b1, non:lKHO cneaoBaTb, "iTo 

Bee rrony'IeHHble HMH pesynbTaTbI crrpaBeanHBbI 1 rro Kpai!:Hefi Mepe, rrpH 
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O'18Hb Bh!COKIIX sHeprm1x. Ha caMO~ )1{8 JJ.ene STO OTHOCIITCSI nIIlIIb 

K Bhipa)KeHIISIM JJ.nSI aMnnIITyJJ. II C8'18HIIH KorepeHTHhIX, npoueccoa, nony'leH

HhIM B pa6oTax 121• PeaynbT8T JJ.nSI Ce'leHIISI HeKorepeHTHOro po)KJJ.eHIISI 

'laCTIIU, rrony'leHHhIH TaM )Ke, K8K STO HII CTpaHHO,', OK83hIBaeTCSI crrpaBellnII

BhIM nIIlIIb B rrpeJJ.ene HII3KIIX sueprIIfi II 3-38 Toro, 'ITO aBTOphi orrycTIInII 

H8KOTOpbie cnaraeMbie B o6meM Bhip8)K8HIIII JJ.nSI ce•reHIISI, KOTOphi8 B TeopIIII, 

rrpaBIInbHO Y'IIIThlB810lII8H /),. -38BIICIIMOCTb aMIInIITYll, OK83h!B8IOTCSI ManhI

MII nHlIIb IIpII lIII3KIIX SHeprIISIX ( CM. HII)Ke rr. 6). KpoMe Toro, o6naCTb IIpH

MeHIIMOCTII STOro peaynhTaTa orpaHH'leHa T8K)K8 llOCT8TO'IHO ManhlMII rrepe

J].8'18MII IIMIIynbca II3-38 HeJJ.oy'leTa B yIIOMSIHYThIX pa6oTax scpcpeKTOB MHoro

KpaTHhlX CTOnKHOB8HIIH 6bJCTphIX '18CTIIU C HyKnOH8MII Sl)lpa, COIIpOBO)KJl8IO

mIIXCSI II3MeHeHIIeM HarrpaaneHIISI llBII )K8HIISI '18CTIIUhl. 

4To )Ke KacaeTCSI pa6oT Tpeq>IIna II JJ.p. 131 , TO IIX OCHOBHOH HeJJ.OCTa

TOK COCTOIIT B TOM, 'ITO rrony'leHHhie B HIIX peaynbTaTbl crrpaBe/lnIIBhl nIIlIIb 

/lnSI peaKUIIH Ha S!)lpax, IInOTHOCTb pacrrpe/leneHIIH MaTepIIII B KOTOph!X C xo

pornefi TO'IHOCTblO MO)K8T 6b!Tb arrrrpoKCIIMIIpoBaHa rayccoaofi cpopMofi, 'ITO 

He Bh!IIOnHSieTCSI llnSI cpeJJ.HIIX II TSl)KenhIX S!llep, KOTOpbre HaII6onee '18CTO 

HCIIQnb3YIOTCSI B K8'18CTBe MIIlIIeHefi. KpoMe Toro, peuerrT y'leTa /),. -38BH-

CHMOCTII aMIInIITYJJ.; rrpe)lnO>K8HHhlH B STIIX pa6o-rax, He acer)la rrpaBHnen, 'ITO 

T8K)K8 Cy)K88T o6naCTb IIpIIM8HHMOCTII rrony'leHHhlX B IIIIX peaynbT8TOB. 

Uenb HaCTOS!lII8H pa60Thl - llaTb rrocne/lOBaTenbHOe II3nO)K8HIIe TeOpIIH 

KorepeHTHoro H HeKorepeHT!IOro pO)K/J.8IIIISI '18CTIIU B rrpoueccax 1 +·A ➔2 +A 

IIpII IICIIOnb3OBallIIII no BO3MO)KllOCTII MIIHIIManbHoro 'IIICna orpaim'leHIItt. 

HH)KecneJJ.yIOmee paCCMOTpeHIIe 6aanpyeTCSI Ha peaynbTaTax pa60Th/
41 

I 

B. KOTopofi rrony'leHo Bb!pa)KeIJHe /lnSI aMIInHTYllhl rrpoueccoB TaKoro polla, 

11 cnellY!OlIIIIX llBYX JJ.OIIymeHIISIX, rrpaKTH'l8CKH acerJ].a IICIIOnhayeMbIX IIpll 

IIOJJ.06HhlX paCCMOTpeHHSIX I l-4/: 

A. KoppenSIUHII HyKnOHOB B Slllpe HecymecTB8HHhl B paCCM8TpIIB80MOil: 

381l8'18, T8K 'ITO rrnoTHOCTb pacrrpe)leneHllSI HYKnOHOB B S!llpe MO)KHO 9'1HT8Tb 

cpaKTopnayIOmettcSI cpyHKllHett 
,_=--, 
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➔ ➔ ➔ ➔ . 2 A p (r;) 
p (rl ••• r )~ r, ¢. (r ... r J.I = n ---

A ,. 1 A n=l A 

fp(r )dr=A, ➔ ➔ j 
.. ------..._n 

/; 

B, YcnoBrre rronHoTw 

I¢ ¢*=1 
f f f 

( I) 

(la) 

C xopoweR TQqffQCTbro HacwmaeTCH TeMH COCTOHHHHMH B036ymneHHH Hilpn, 

K0Topb1e "BKnroqaroTcH" rrpn 06b1q110M pa3pememrn rro 311eprnu neTeKTnpye-

MOR 6hlCTpoA qacTHUhl i\E2 -~ 50 f- 100 M 3B, 

2, TTpeHe6peraH B03MO.>KHbIMII gcj,qieKTBMH 118CTa6nnbHOCTH po;>KnarorneA

CH qacnmbl, rrepemIUJeM BblpMr<emie ( 5) pa60Tbl 141 nnH /lMllnHTyilhl Fil 

rrpouecca 1 +A ➔ 2+ A n cnenyrorr1eM, 6onee yno6HoM LWH nanhHeiimero; 

nune: 

• ik 2 A ➔ ➔ iqb ➔ ➔ 
F

1
•1 (q,;'-.)=-fd b Il dr 'Pj(r le r(b,r ,11)¢. (i') 

2 77 n=l n . n' . n • , • n (3) 

A 

r ( b, ; , 11) = Ir. ( b ,r , 11) .. .n . . . j=1 J . n 

➔ ➔ A-J 
r. ( b , r , 11 ) = I I 

l n m=O p • 

A-m-1 ➔ ➔ • 

l II 0(z-z.)[1-[: (b-s)]lx 
k=O k J 22 · k . (3a) 
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rae ¢ -BonHoBall ~yHKUHll HaqanbHoro 
i ( f) . . 

(KOHeqHoro) COCTOllHHll ll)lpa, 

➔ -iqb➔ 
.r (b)= - 1- ff rf}e d 2q 

xy 2 11-ik xy L>" 
x,y=l,2, (4) 

fxy -aMnnnTyaa aneMeHTapHoro npouecca x+ ·N ➔ y +·N ; 3HaK I O3Ha-

qaeT cyMMHpoaaHne no ('A-1) ! Im! ( A -1 - m) ! paa6nemrnM 
p 

(A-1) 

HyKnOHOB Ha )lBe rpynnbI, COCTOR!Illle n 3 m H (A...;m-1) HyKnOHOB COOT-

BeCTBeHHO, Hannqne 0 ➔YHKUllii a Bb!pa:>KeHllll ( 3B) OTpa>1meT xpononorn-

qecKyJO nocneaoaaTenhHOCTh npoueccoa paccenHHll naaaromei! qacTHUbI ( 1) 

HyKnOH8MH ll)lpa, pO:>KJleHnll eJO qacTllUbl 2 Ha j -OM HyKnoue n nocn:eayro-

mero · nepepaccenmrn pO:>KJleHHoii qacTHUbI, MHO:>KHTenh exp (.i t>..z;) B aTOM 

Bb!pa:>Ketnm O3HaqaeT, qTo OT)laqy t,._ llCilbIT.bIB8eT HYKnoH, Ha KOTopoM nponc

XO)lllT pO:>K)leHne qacTHUbl 2. 

3. PaccMoTpnM cnaqana KorepenTaoe po:>Kaenne ( f = ,i ) qacTnu Ha 

napax. ITpu Bb1rionnennn ycnoann ( 1) na. Bbipa:>KeHni! ( 3, 3a, 3B) nonyqaeM 

➔ •i k 2 ➔➔ 1 2 .,. ➔ F. (q, ti..)= -·-fa b dzexp(.iqb+1it>..z)A[A- fd sr12 (b...,s)x 
Ii 211 

➔ A-1 (A-1)! -1 2 ➔ ➔ A-M-1 
xp(s,z)] I -----{·A f d·s[l-•J;2 (b-·s}]'f (z,oo)I x · 

M=O M!(A-M-1)! 
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-1 2 ➔ ➔ ➔ M 
XIA f.d s[l-·r11(b-·s)]T(-oo,z,·s)I 

(5) 

' 2[ ➔➔ ➔ ➔)] 
X exp 1-fd ·s r11 (b-sJT (-oo,z,s)+r22 (b--s)T(z,oo,s) I ' 

A,1 . 

rne 

(5a) 

a 

A-k 
exp (x)a(1+2L) 

A,k A k =0,1,2, 
(5B) 

exp A,k (x):: exp(x) A•»l (5c) 

PeaynhTaT (5) no cymecTny nonyqen D npene6pe~ennn cnnnosott 

aaBHCHMOCTbIO aMnnHTYll f xy • ITpn yqeTe »m 8TOfi 38DHCHMOCTH, Benuqu-

Hbl r~Y n nrupa~emrn (5) cnenyeT paccMaTpnBaTb KaK ycpenuennh10 no 

HyKnOHllOMY cnnny. 
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B cny<rne peaKUHH Ha cpe/lHHX H TSI)KenbIX SI/lpax, pasMepbl R KOTO-

pbIX cymecTBeHHO 6onbrne pannyca aneMeHTapHOI'O B3aHMO}leHCTBHSI d 

B Bbipa)KeHHH ( 5) MO)KHO llpOH3BeCTH rrpn6nH)KeHHoe HHTerpnpoBamrn: 
'" 

:-fl ➔ ➔ 2 ➔ ➔➔ 2 Jr (b-s)p (s,z)d 'S -p (b,z) Ir (b-'s)d 'S= 
xy xy • 

_ EI_ f (O)p (b,z). 
- •ik xy 

(8) 

ITocne 9TOI'O OHO rrepeXO/lHT B H3BeCTHOe Bblpa)KeHHe OllTnqecKOH Monenn 

nm1 aMllnHTY/lbl KorepeHTHOI'O po)KJleHHSI /5/. 3aMeTHM, qTo qiopMynhI OllTH

qecKOH Monenn llpHMeHHMbl nHlllb K OllHCaHHIO KorepeHTHOI'O pO)K}leHHSI qac-

THU B nmfipaKUHOHHhIX rrpoueccax, T.e •. TaKHX, B KOTOpbIX BO3MO)KeH f)-06-

MeH H l:WSI KOTOpblX 712 (0) I, 0 (qepTa O3HaqaeT ycpenHeHHe no CllHHy ~--
HyKnoHa). ITpn paCCMOTpeHHH )Ke KorepeHTHOI'O pO)KJleHHSI B aennqipaKUHOH-

HhlX rrpoueccax THlla 17-(k-)+A-•p-(rA)+A HnH y+A ➔ 11°(11°)+A - ' ' ' 

nnsi KOTOpblX l,i.2 (0) =;O , cnenye_T rronb3OBaTbCSI ToqHb!M Bbipa)KeHI!eM 

nnsi aM~nIITY/lbl KorepeHTHOI'O PO)K}leHIISI (5) HnH HeKoTopoii ero MO/lHqll!Ka

UHefi, 6onee aKKypaTHOH He)Ken11 Ta, qTo llpHBO/lIIT K pesynbTaTaM OllTI!qec

KOH Monem1. 

HaKOHeu, paccMoTpHM aMrrnHTyny KorepeHTHOI'O pO)KJleHHSI qacTHU B 

nnqipaKUHOHHhIX rrpoueccax Ha nerKHX sinpax. 

ITonarasi nnsi aToro cnyqasi B Bhlpa)KeHnH (5) 

➔ 2 -3/2 2 2 
p (r)=A (rr R ) exp(-r /R ) (7) 
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I! 

f (q)= f 
xy xy 

a q2 
(OJ exp (- --), 

2 

rrony'IHM cnenywmm1 peaynbTaT 

•➔ 2 + + ... 

F (q,t.)=1
12 

(OJ (d bdzcxp(iqb+·it\z)p (b,zJy_ 
ii eff 

, . , 2rr f 22 (0) " • , , 
{p (b, z )dz - ----- / fJ (h,z Jdz I, 

_;__ cft ·ik " <'ff . 

2rr I 11 (OJ 
> exp [- ------

A ,1 ik 

7. 

rnc 

• 2 
p (b,z)=A(rrR 
pf( 

-1/2 :l -1 z2 / 
J [rr(R ~2aJI cxpl------

2
--- I. 

K R "'-2a 

( 8) 

( g) 

TaKlll\1 o6paaoM, c!1opMym,1 onTll'IeCK011 Monenn nocne aaMeH p , fJ cfl 

II cxp(x) ,exp (x) MoryT l!CITOnb30BaTbC51 ll nnH OTIHCHIIJIH KorepeHTIIOro 
A ,1 

po,1me111151 'WCTIIU fill nerKIIX Hnpax. CMbJCn BenH'llfHbl p eff llOBOnbHO rrpocT: 

Y'JeT KOll8'1110CTII paa11yca 9neMel!TllpHOrO B3aHMOll8HCTBHH d = \'a B pac-

CI\WTpl!Bll8MOII 3DlllllJe 9KBHBDne!IT8H yBenH'l8Hl!JO rrorrepe'll!b!X paaMepoB smpa. 

OTM8TIIM, 'ITO np11 ncnonb30B8HIIH ½~YHKUIIII rrnoTHOCTH B mine ( 7) II rrpll 

ycnoBJill r11 = r22 rronyqaeTCH cnenywmaH rrpocTaH 38BI!CIIMOCTb BMIT-

nHTYllbl 1rnrepeHTl!Oro po,1memrn OT rrpononbHOH rrepellB'II! IIMITynbCB 

F 
➔ t./R 2 ➔ 

(q,t.)=exp(- ---)F .. (q,O). 
ii 4 11 

( 11) 

4, O6bI'IHO npaKTI!'l8CKll H8B03MOiKHO ~aperncTpllpOBBTb rrpouecc 6ea 

B036yiKllellllH Hllpa-Ml!WeHl! II Ha 011hlTe 113M8pHeTcR ce'leHne I!CCnenyeMoro 

rrpouecca, rrpocyMMllpOBBHHOe 110 uenoMy crreKTpy COCTOHHI!H B036YiKll8HIIH 

Rnpa. 
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nm1 npoueccoB p0>KlleHHSI 1 +A ➔ 2 +A 

nyromyro CTPYKTypy 

Taxoe ceqeHHe HMeeT cne-

A , 
...!f.E_ .. ..!L i:1 F :f = .L f d 2 

b d
2 
b' n ~2 r :1 c,b (; Yl 2 

X 
dt k.2 f if ,417 n=1 n ·l n 

( 12) 
➔ ➔ 

XI r/o;,; ,!),.J-r.: (b' ➔r AJ :lq(b-b') 
J,J, . n I, . , n, u e 

ITpH nonyqeHHH Bb1pa>Kemrn ( 12) Hcnonhaoeanocb npencTaeneHHe (3, 3a) am1 

aMnnHTYllhl npouecca, a cyMMHpoBa1me no K0ffeqffbIM C0CT0HHHHM Hllpa Ohino 

Bb!Il0nHeHo C ll0M0illbIO ycnoBHH nonH0TbI. 

O6oaaaqnM BKnaa nnaroaanbHhIX cnaraeMbIX ( j =i ' 
dad 

) B ceqeaHe 

( 12) qepea ___ , a. exnan HeanaroaanbHhIX cnaraeMbIX ( ii, j' ) -
dt . . 

qepea cbNd/ dt • IToacTaemrn aaTeM B Bb1pa>Keane ( 12) r1 B BHlle (3B) 

H ncnonh3YH npencTaBneane ( 1) llnH qiyHKUHlI nnoTH0CTH, nocne BhmonHeHIIH 

aecno>KHOfi 1rnM6HHaTopHn nonyqnM cnenyromHfi peaynbTaT: 

dad 1 ➔ ➔ ➔ 2 2 ' ➔ ➔ ➔ ➔ ➔ 2 
-- = - f exp I !i q(b- b ') I d bd b' dz •r.

12 
(b-·s)·r:* (b'--s)p (s, z) d ·s x 

dt .417 12 

➔, ➔ ➔ ➔ ➔ ➔ ➔ ➔ ➔ 2 
x exp 1- f[r

11 
( b-·s)+•r

1
J (b '--s)-r

11
(b-·s )rjj (b '--s))T(""'°",z;s)d s-

A,1 . 
(13) 

➔➔ ➔➔ •➔➔ ➔ ➔ ➔ 2 -J[ r (b-s)+r:* (b'--s)-f' (b-·s)r* (b'-·sJ lT (z, ""•·s)d·s I 
22 22 22 22 . 
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d -1 
<JNd_= (J-A ) 

dt ,41r 

[ I ➔ ➔ * ➔ ➔ ➔ 2 ][ "', ➔ ➔ ... ➔ x Jr (b-s)(l-f' (b'--s))p(s,z 2 )d s ff'* (b--s)(l-f' (b-s1)p~,z
1

)x 
· - 12 22 _ 12 11 

➔ ➔ ➔ ➔ ➔ ➔ ➔ . ➔ .2 
x d2·s]exp 1- f[f' (b-s)+ f' * (b'-s)-f' (b ... ;)f'*(b'--s)lT(_,.,,z ,s)<rs-

A 2 11 11 11 11 1 . 

➔➔ ➔➔ ➔➔ 1, ➔] ::>,.2 
-J[f'

22 
(b-·s)+f'·* (b'-s)-r (b--s)f'*.( '-s) T(z

2 
,oo,s,a-·sl. 

Z2 22 · :n 

Om!Tb-TSKH DpH HSnH'IHH HeTpHBHanbH0tl: CDHHOBOA CTpyKTypbI y aMn-
➔ ➔ ➔ ➔ ➔ ➔ [ . ➔, ➔.] 

.nHTYJl f x.y KOM6HHSUHH r, 2 (b --s) ·r, 2 (b '--s) , ·r, 2 (b--s) 1-J;'; (b -'S) , 

➔ ➔➔ $ ➔ ➔ .. ,r
3 

(it-·s) +-f'j~ (b '-·s) - 1;
1 

( -·s)f'
1

; (b '-·s) 

H JlP• B Bbipa>KeHHHX ( 13, 14) Jl0mK.Hbl pacCMaTpHBO~bCH KSK ycp8JlH8HHbl0 

no cnHHY .11yxno11a. 

OrpaHH'IHMCH B nanb.HeAweM paccMoTpeuHeM perucuutl: Ha cpeJlHHX 11 

II BbID0nHSII0TCs.l np116mnKeHHb1e C0OTHO

wemrn ( 6). B 8T0M cny'lae nns.i HHTerpanoB OT 6HnHnetl:HbIX KOM6HHSUHA 

HMeeM ( CM., HanpHMep, / l /): 

11 
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i 
'· 

-·• -► ➔ ➔ 2 
f r (b-s) r* (b'-·s)p(s,z)d ·s -
· xy UV ~ 

• ➔ -iq(i,>_;;,> 
-p( b+b') ff (q)l* (q)e 

2 xy UV 

d2q 
--~2 

k 

( 15) 

x,y,u, ·v=l,2. 

nanhHe1''nuasi cxeMa yrrpomeHnH Bb1~a)Kem1il: ( 13, 14) ansi cnyqasi 

R ·>> d TaKaH )Ke, KaK II B pa6oTax 111 • IToaToMy, orrycKasi rroapo611ocTII, 

KOTOpbie MO)KHO H8l!TH B 8THX pa6oTax, rrpIIBO,lHM OKOH'IaTenhHblli pe3ynh-

TaT ansi ce'IeHIIH rrpouecca 1 +A ➔ 2 + A Ha siapax c R '» d , rrpocyM-

MlipOBaHHoro ITO KOHe'IHhlM COCTOHHHHM siapa: 

da daR da8 -=--+---
dt dt dt ( 16) 

➔ ➔ ➔ 
iq(b-b')+i/i(z2 -z1 ) ➔ ➔ 

d~ = (A-Q_la;i2 fcrbd2b'dz
1
dz

2
e p(b,z/p(b',z

2
)x 

dt 16rrA 

a/ ➔ a; ➔ 
xexp l- -·--T(-.oo,z

1
,b)- --T(z

1 
,.oo,b)-

A,2 2 2 

a'* ➔ a'* ➔ 
--1-T(-,oo,z ,b')-...:2_·y(;,,: 1 .oo,b')} 

2 2 2 2 

das 

dt 

dad 
=---+ 

dt 

daNd 

dt 

dad 

dt 

daNd da~ 
+(-- - --). 

dt dt 

12 
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1 2 - f d f3e 
Arr 

2 ➔ ➔ 

·N(x,y)=fd Blexp [-xT(B)]-exp (-yT(B)]l/(y-x) (19) 
A,O A,0 

. ➔- . ➔ 
T (B ) es 1" ( - oo , .oo , B ) 

xp(B,z,,)p(B,zl. )[exp 1-[a -Cu rffiJlT(-oo,z ,B)-
• A~ 1 11 1 

. a*, 
+ _:J_ 

2 

➔ ➔ ➔ ➔-

- eu (/3) ]T(z, z ,B)-[a -eu ({3)]T(z,,,oo,B)lx 
12 1 2 2 22 • 

~;, a~* , 2 · , 2 
x [eu eu - •-- _(u . - _o - eu + :I .!Q.. I l -1..!:Q_ I exp 1-

02 1 0 2 ' 1 0 2 02 2 2 A ,2 

. ➔ a' a 2* . ➔ . ·-Jo 

-a T(-oo,z ,B)-(-1- +--)T(z ,z ,B)-a T(z ,oo,B)I]. 
1 1 2 2 12 2 2 

Bb1UJe npIIHHThI cnenyroruue o5oana,iennH 
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( 20) 



af Ref(O)/'[mf (0) 
. f f ' 

( 22) 

➔➔ 
➔ -iq/3 

w&
1 

(/3) :cflf (q)l:(q)e 
d2q 

,1 
'f,m=0,1,2, 

( 23) 

rae 

1o =112 ' 11= 111' 12 =122· ( 24) 

➔ ➔ 

HaKDHeu, BM8CTD nepeMeHHbIX b H b' 

,;± "i-
2 

B Bblp8>K8HHHX ( 19,20) HCnonb3DB8Hbl 
➔ 

HX nHH8ftHbl8 KDM6HHSUHH B = E - G-Z' 

B npeaene BbICOKHX aHeprHfl ( k ... oo ' t:,. ➔ 0 ) HHTerpHpOBSHH.11 

no dz
1 

, dz
2 B BbIP8>K8HHHX ( 17, 20) MOI'yT 6bITb BbmonHeHbl B SIB-

HOM BHlle, H B 3TOM ciiyi1ae HM8eM: 

du 1 a0' 2 .2. 2 ➔ ➔ ➔ 
_R_(t:,.=0)=--1 , . , :1 fabd b'exp[!iq(b-b')]x 
dt ,4rr u

1 
-a

2 

X l: 
f,m=l,2 

-
duNd 

dt 

f+m u' '* 
(-1) exp [-~ ·r(b)- <Tm 

A,O 2 2 

➔ 

T ( b ')] 

➔➔ 

· · 2Re 2-+ iqfJ ,. a'* 
(!,,.=0)=--fdf3e l(w'<u -~<u __ o_<u + 

4 TT 02 10 2 10 2 20 

. u' . . ➔ a' a'* ➔ ➔ a' 
+ ,1-o f) [N(u1-<u11(f3); .::..t...+~ '.""<Ll ( :/3))-N(a -<u ({3); _1_+ 

2 2 2 12 2 ·Zl 2 
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( 25) 



-' 

i 

a'* - ➔- ➔ -+ -1 a0 : 2 
+-2--eu (,B))][a -a -eu (,B)+eu (,B)] -11--l x 

2 12 1 .2 11 22 2 

(26) 

xi 
EcnH npH 9TOM no KaKHM-nH6o npH'IHHaM Bb!ITOIIHSieTCSI COOTHOW0HHe 

rne g 
1

-n g 
2 

-BemecTBeHHbl0 KOHCTaHTbI, TO no11y11aeTCSI cneny10mee 

das 
dt 

npocToe Bbip8)K0HJl0 JllISI B0llll'IHHbl ( 18) 

➔ ➔ 
i q,8 

e I 
e,m=1,2 

f+m 
(-1) X 

a' a:,;* __ ➔ a{ af: ➔ • (28) 
xi exp [- _f_ - -- -eu (,B)]T(B)-exp [- - ---]T(B) }. 

A,O 2 2 fm A,O .2 2 

HsBeCTHbIH pesynhTaT, rnacsimntt, 'ITO B M0Jl0llll B0KTOpHoit JlOMHH8HT-

HOCTH ceti:e.ane q>OTOp0)KJl0HHSI VO -M03OHOB Ha sinpax B npenene BbICOKHX 

9H0pI'HH nponopuHOH8llhHO ceti:eHHIO paccesiHHSI yO -M03OHOB SIJlp8Mll 0 .HBII.H-

0TC.H ti:aCTHbIM cnyti:aeM ( II pH f 1 = 0) COOTHOW0HHfi ( 25) H ( 28). 

~ . . . . 
BbmonHeHHe TaKOI'O pona COOTHOWeHH.H npenrronaraeTC.H o6bi'IHO npH 

paCCMOTp0HHH npoueccoB' qlOTOpO)KJl0Hll.H ( f 1 = 0) BeKTOpHblX M03OHOB l{a 

.HJlpax B MOJl0lIH B0KTOPHOH JlOMHH8HTHOCTH, Ilmi npoH3BOllhHblX
0 

JlHq>paKUHOH

HbIX npoueccoB COOTHOW0HHe ( 27) MO)K0T Bb!ITOIIH.HThC.H, HanpnMep, B CHIIY 

JlOMHHaHTHOCTH p -o6MeHa n"pn CB0pXBbICOKHX 9H0pI'll.HX, 
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5. Bem111IIH1,1 
daR 

dt 
If 

das 

dt 
, orrpeneneJUibJe Bb1me, rrpencTaBmr-

JOT 61,1cTpo M8IH!!OlllY!OCH C rrepenaqeii q ll MenneHHO Mer:H!OlllY!OCH qacTll 

1!3MCpH81\10ro ce 1 ie111rn, pa3nene,rne KOTOpblX Bcertla IIp0113BOlll!TCH IIpll o6pa

OOTK8 9KCilepl!M8HTllnbllblX naHHbIX, TTpoBOlllIMOe 061,1qno OTOX(ll8CTBneHll8 

61,ICTflO MCII1I!OIJICiic11 •rnCTJI ce•iemrn C ceqenneM KorepeHTHoro p0)!(ll8HIIH II 

,'l[lnhIICiillll! ii lllltlJ1113 ero 110 c/1opMyJ1aM OIITIPieCKOII Mon em, orrpaBnam,1 1111 

C/IMOM {1CJ1C Jll!IIlb nn11 nocTaTO'IHO TH)!(en1,1x 11nep A>> I. TTp11 .i11am13e )Ke 

f10X({1Cllllll 'WCTIIU llll nerio1x 11npax cnenyeT ITOJ1b30BaThCll TO'lllblM BblJ)llX<e-
d~ . 

llllel\l ( 17) ilJlH BCJlll'illllbl ---
dt 

, n 1<0TopoM n 9TOM cnyqae non 

I' (b, z) /lOJl)J(lll,1 110{1fltl3)'MCBllTbCll 9cJ1cj1e1(TIIBlll,Ie 11J10TIIOCTII ( 10). J]nH npaK

Tl1'18CKOro IICIIOJ1b30BLlllllll 5onec yno6110 CJ10f1YI0111CE' IlflC/lCTllBJlel!lie 9TOii 

nem1 1111111,1: 

daR_ 1 \:-2 (A-1).'(-Jf 

-;;;- . -;-;;;- k::-0 k _l(A-2-k).' A 2k+I 

! iq/J't i \ z 
a {dbdz,, p(h,zh 

(J 

( 28) 

k -• • 2 
x Q (b,z)e.xp [Q(b,z)li 

. A,k · 

rne 

➔ a/ z ➔ a.2 N ➔ 
Q( b, z)=- - - f p ( b, z 'J dz' - -- ( p ( b, z ')dz', ( 29a) 

2 -oc 2 z 

np11qeM o6bi'IHO nocTaTO'!HO yqecTb TOnbKO nBa nepBbIX cnaraeMblX ( k = 

o, 1) B 9TOII cyMMe, Pa3HOCTb M8)!(ilY Benll'IIIHOI! ( 17) II C8'18Hl!eM KorepeHT

HOro p0)!(ll8HIJH 

dac 

dt 

- 1 . ➔ -16 laofd2bd iqb+i~z 
7T z e 

➔ ➔ 2 
p (b, z) exp Q(b,z)I 

A,1 

rrpencTaBnHeT qacTb ce'!eHJJH HeKorepeHTHoro po)!(neHJJH 
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( 31) 

OTBeTCTBeHHyro aa HeKOTOpyro HeMOHOTOHHOCTb B noBeneHHH nocnenHero 

npu q- R-1 
• AHanorll''iHhiil: a<pcpeKT B npoueccax KBaauynpyroro paccesi-

HHSI "l8CTHU sinpaMH nonpo6Ho paCCMOTpeH B paooTe / 1 /. M bl He oyneM 

ocTaHaBnrrBaTbCSI Ha neTanbHOM oocyllineHuu aToro scpcpeKTa B npoueccax 

pollineHrrsi BBrrny ero npaKTH"lecKoil: HeHaonronaeMocTu, a nprrBeneM numb 

~ dac 
dt dt 

npocToe Bb!pallieHrre nnsi rnaBHOil: "lBCTH pa3HOCTH 

B npenene Bh!COKHX aHepru ti: ( .1 R << 1 ) , KOTopoe MOllieT cnylliHTb nnsi 

oueHKll TO"lHOCTH OTO*ileCTBneHHSI 9THX ilBYX BenH"lHH, 0 KOTOpOM ynoMHHa

nocb Bh1we: 

_ daR 

dt 

1 

16 rrA 

➔➔ 

__ a_o_'_ f d 2 be iqb [a ;T(b)x 
a/-a; 

, ➔ a' ➔ 
x exp(-lT(bj) - a/ 'T(b)exp(- 2-T(bJ)lJ 2• 

2 2 
(32) 

6. PacCMOTpllM HeCKOnbKO nonpo6Hee BenH"lHHy 
dt 

I COBna-

naromyro c ce"leHrreM HeKorepeHTHoro pollineHrrsi npu qR •>> 1. B Hee naroT 

BKnan KaK cyMMa KBanpaToB Monyneil: aMnnrrTyn pollineHHSI Ha oTnenbHhIX 

dad 
HyKnoHax -· -

d t , OOCYlliilBBUIBSICSI BnepBh!e B paMKaX Teopuu fnay6epa 
d;j . 

B /2/, TaK u cyMMa llHTepcpepeH11HOHHh!X cnaraeMblX -----1J.!L_ • ITepBaSI 
dt 

ll3 HUX, B OCHOBHOM, IlOBTOpSieT SHepreTH"leCKyro aaBHCHMOCTb ce"leHHSI 

da0 
dt 

17 
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9HepreTIIqecKaH saBIICIIMOCTb BTopofi, B OCHOBHOM, onpenenneTCH OCUIInnII

PYIOIUIIMII MHO)l{IITenHMII non 3HaKOM IIHTerpana B onpeneneHIIll ( 20) 9TOH 

BenJiql!HhI. 8TH MHO)l{l!TenII npIIBOilHT K cymecTB8lIHOMY nonaaneHHIO 

BKnana HHTepcj:,epeHUHOHHhlX cnaraeMhlX 
du~d 

dt 
npH HH3KHX 3HepI'HHX 

( ~ R ;:: 1) t TaK qTo B 9TOM cnyqae ceqeHIIe HeKorepeHTHOf'O p0)1{il9HIIH npaKTH-

du ·· 
qecKH coananaeT c aenIIqIIHoit al . Bb1pa)l{eHIIe ( 19) nnH aToit ae-

nJiqHHhI, B OTnIIqHe OT pesynbTaTOB /2;, BKn10qaeT a¢cj:,eKTbl Bcex MHoro-

KpaTHhlX HeKorepeHTHbIX ( TO eCTb npIIBOilHIIlHX K II3MeHeHIIIO HanpaBneH HH 

ilBII)l{9HllH qacTIIUb!) CTOnKHOB9HIIfi 6bICTpb!X qacTIIU B nnpe, KOTOpbie, KaK 

II3B9CTHO / 1, 2/' CTaHoBHTCH cymecTBeHl!b!Ml! B peaKUHHX C 6onblllHMll nepe

s1aHHblMII HMnynbCaMH. IlnH oueHKll HX ponII nonO)l{llM B Bbipa)l{eHHII ( 19) 
➔ ➔ 132 

u 1 = u 2 = u <u 1 / f3) = <u 2 2 ( f{) = u ee exp ( - 7t: ) 
➔ 132 

<u (f3)=<u (O)exp(- --), 
00 00 14a 

nocne qero OHO MO)l{eT 6bITb nepenncaHo B BIIne: 

dud ➔ du0 ➔ ; n-1 n-1 2 .N 
--(q)=----(q) .. E exp(-- aq ) (u), 
dt dt n=l n n 

rAe E = 
uee 

u ' a 

N (u)= (un! r1 f d
2
B (uT(ii)/ exp(-uT(B)). 

n 

(33) 

(34) 

-1 
3 necb n B nanbHeitllleM onycKa10TcH cnaraeMbie nopHAKa A n nonaraeTcH 

exp A, ix)= exp(x), 

yqJITbIBan, qTo aennqHHhl .N n - Me.llneHHO y6b1Ba10m11e cj:,yHKUHII ,, n 

nonyqnM .(lnH oueHKII acj:,cj:,eKTHBlIOro •rncna HeKorepeHTHhIX CTOnKHOB8HHfi, 

cymecTDeHHhIX npn na1rnofi nepenaqe nMnynhca: 

2 

( 
aq ·. 

E exp ---)::: 1 
n ell 

IInH n elf 

aq2 

I en( I 
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HoMep cnaraeMoro, 1l8101Ilero MBKCHManbHbii!: BKij81l B cyMMy ( 33). orrpelle-

d aq2 n-1 
-- (£ exp(--)) = 0 , paBeH nmax =-..Jnefl 
dn n 

nsreMOH HS ycnoBHSI 

0TCIO/l8 BllllHO, '!TO rrpH rrepell8'18X rropSI/lK8 q ~ 1 faB/ C JI CT8Hll8pTHblX 

SHa'leHHSIX a = 8 ➔ 10 (faB/c) 
2, t = o, 15 - 0 ,2 rnaBHbIMH B ( 19) CTaao-

BSITCSI BTopoe JI TpeTbe cnaraeMbie1 8 'IHCno cnaraeMbIX, llBIOIIlHX cymeCTBeH-

Hbli!: BKnall B cyMMY. /lOCTJlraeT• IISITH-wecTH. TaKJIM o6pasoM, Bb!p8)1{8Hll8 

( 31) pa60Tbl /2/ I Y'IHTbIBBIOIIlee nHWb 0/lHOKpaTHbie H llByKpaTHbl8 HeKore

peHTHbie CTOnKHOBeH11~,MO)KOT OKasaTbCSI HerrpeMBllHMbIM /lnSI OIIJICBHHSI npo

ueccoB HeKorepeHTHoro PO)K/leHHSI IIpll HIISKHX aaeprHSIX { /),. ·~ R-
1 

) H 

6onhw 11x rrepellaBaeMbIX 11Mrrynbcax. 

HaKOHeu, rrpH CBepXBbICOKJIX 8HeprHSIX ( /),. .<< 'R-
1 

) , KOrita llHTep<l>e

a ~ 
peHUHOHHbie 'lneHbl B ...::!!Ji.!i. CTaHOBSITCSI MaKCHManbHblMll, HCIIOnbSOBaHHe 

dt 

aToro Bb1pa)KeJI11sr lln5I aHan11sa neKorepeHTJioro po)K/lOHH5I lla)Ke rrp11 ManbIX 

rrepellat.Jax HMrrynbca ( q ~ a-1 ) MO)KeT rrp11BeCTH K nerrpaBHnhHbIM pesynh

dore /-doo 
TaTaM. BBO/l5I a<l><i>eKTJIBHbie 'IHCna HyKnOHOB .N elf = 

dt dt 

H orpaHH'IHBBSICb Manb!Mll rrep8/l8'18Mll JIMIIynbca q ~ a-1 
1 TBK '!TO a<l><t>eKTbl 

MHoroKpaTHblX HeKorepeHTHbIX CTonKHOBeJIHi!: MO)KHO C'IJIT8Tb HecymecTBeH

libIMll, a Benll'llllibl :N elf He saBJICSIIIlHMJI OT q , llnH rrpellenbHblX SH8'18-

Hlli!: 8THX Benll'IIIH, COOTB~TCTBY!OlllllX rrpellenbHO HHSKJIM ( L ) { /),.r-;,YR -l) 

JI npe/lenbHO BbICOKJIM { H ( /),. .<< R- 1 
) aueprllsrM, 113 Bblp8)K8Jilli!: 

(19) 11 (20) MO)KJIO rrony'lllTb: 

(35) 

H 2 o 1T(B) o 2-Y(B) ] 
.N = f d B T(B) j [01' exp(----)- 02' exp(-

2 
) X 

ell ·· 2 (38) 
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. L(H) 
B Ta6nnue rrprrneneHbI .3Ha"IeHHH N elf anH nayx ua6opoB rrapaMeTpoB 

a) a/= 0, a 2 

b) a = a = 25 
1 2 

2i a2 = O; 

a
1

=a
2

=0, 

IlC!pBLii'I 113 KOTOpb!X COOTBeTCTByeT lpOTopo>KneHHICJ ( HarrpHMep, BeKTOpHblX 

Me3onos), 11 BTopo i1: - rrpoueccy rr- A ➔ A; A . 

Ta6nnua 

C Al Cu ·Ag Pb 

NL 01 = 0 8,3 15,5 29 41, 7 65, 1 
02 = 25M6II 

NH· 01 = 0 5,6 
' 

8,6 12, 1 14,3 17,2 

(12 = 25 M6II 

NL; a 1 =0 2= 25 l\1611 5,6 8,6 12, 1 14,3 17,2 

H 
N ; a1 =a2 = 25 MG11 2,7 3,4 4,43 ·5, 7 8,2 

J13 pa3nJJq1rn sem11rnH 
L 

Neff 
H 

II Neff oqem1nna Ba>KnocTb yqeTa He-

nnaronanbHhIX ( nnn "rronyKorepeHTHux" / 2/) cnaraeMbIX rrpn BhICDKnx snep-.. 
nrnx. TTpn IlpOl\1e)•:yTO"IHbIX 3Heprrrnx N elf non>KIILI pacC"IIITblB8TbCH IIO 

TO"IHblM qiopMynaM ( 19-20) • .llnH rrpH6nH>KeHHOII oueHKII 38BIICJIMOCTH OT 

8Heprn11 MO>KHO rronb30B8TbCH IIHTeprronHUIIOHHbIMH Bhlpa>KeHHHMII H3 pa6o-

Tb! /61: 

.Neff 

.H 
Neff 

2 L 
+ e N elf 

1+ e2 e=~ 
OP, • 

0 

K HBCTOHJUeMy BpeMeHH rrpH nocTaTO"IHO Bb!COKHX 8HeprmIx ( £ 
77 

H3Mepeuo·ceqenne HeKorepeHTHoro po>KneHHH nHrnb nnH rrpouecca 

20 
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TT -A ➔ ·A ;A 
2 

d ac 

/7 /~-. Ha pncyHKe npnBenena Bennqnna 

2 
d a1c 

= ----+ 
dt'dm

317 
dt' dm 

3TT 

, paccqnTaHHaH npn nByx paaHbIX npennono-

:1Kemrnx: 

1) ceqenne HeKorepeHTHoro po:1KneHHH naeTCH <jlopMynaMH Mapronnca 

n np. /2/ (BepXHHH KpnBaH); 

2) ceqenne ueKorepeHTHoro po:1Kneun51 naeTCH Bb1pa:1KeHHHMH ( 18-20) 

H8CT051IIteii: pa60Tbl ( IIH:1KH51 51 KpHBaSI) npH 

a 1 = a 2 = 25 M6H, a1 = a 2 =-0, 1 

X=0,1,2 

Hhle TO'IKH B351Tbl H3 pa60Tbl /7 / • 

. , 

cnenyromeM Bb16ope _ napaMeTpoB: 

dax(t) / dtrx(O) = exp (ax t ), 
dt dt 

--2 
a 2 =10( r::m/c) • 3KcnepnMeuTanb-

; KaK BHilHO H3 pHCYHKa, B H8KorepeHTHOH o6naCTH 
-1 

q>>R nyqmee 

cornacHe C 8KCnepnMeHTOM JlBIOT pacqeTbl ITO <jlopMynaM HaCTOHIIteti pa60TbI, 
~ . ..· 

IJTO cny)KHT IlOilTB8p)KJleHHeM npaBHnbHOCTH HCXOilHblX nonomeantt, ncnonbay-

21 



-eMbIX rrpu rronyqenuu rrepequcnenHhIX Bhillle pesynhTaToB. B saKmoqenue 

saMeTHM, qTo Bb1pa*enm1 ( 18-20) nonyqeHhI B rrpenrrono,KeHirn f 1i0) ~ 0 

TO eCTh nmr nmppaKIIlIOHHbIX rrpoueccoB. HennqipaKIIIIOHlibie rrpouecCbl Tl!Ila 

y A ➔ "OA "-A ➔ p- A, ' lI npyrne non,KHbl ananusupoBaTbClI C IlOMOlllhIO 

TO'IHbIX lICXO/llibIX qiopMyn ( 13-14), yrrpomemre KOTOpb!X non,KHO IlpOBO/lllTbCSI 

c y'l'.eTOM cTpyKTypbl aMrrnuTyn f 12 ( q) 

ABTOpbl Bblp8,K8IOT rrpusnaTenhHOCTb E.3. KorrenllOBil'IY, n.11. narrunycy, 
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feBopKSIH C.P., 3at!Mnnopora O.A., TapacoB A,B. P2-6581 

KorepeHTHoe II HeKorepeHTHoe polKneHne qacTnu Ha Sinpax 
B TeOpllli MHoroKpaTHoro pacceSIHllSI 

PolKneHJrn "!aCTllU Ha Sinpax paCCMOTp8HO B Teoplili MHoroKpaTHOro 
pacceSIHliSI. ITony"!eHbI cjiopMynbI, crrpaBennuBbJe B urnpoKoM IIHTepBane aHep
rnt! 11 nepenaq 11Mrrynbca. ITpoBeneHo cpaBH8Hlie Teopun c aKcnepnMeHTOM, 

TipenpHHT 06'be~1rneHHOrO HHCTHTyTa H~epHbIX HCCJie~OBaHHii. 
,l);y6Ha, }972 

Gevorkian S.R., Zaimidoroga O.A:,Tarasov A.V. P2-6581 

Coherent and Noncoherent Particle Production 
on Nuclei in the Multiple Scattering Theory 

Particle production on nuclei is considered in the 
multiple scattering theory. The formulae are derived 
which are valid in a wide range of energies and momentum 
transfers. Comparison of the theory with experiment is 
made. 
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