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Tononor~4eCK~e ce4eH~R ~ KOppenR~~OHH~e 3~~eKT~ 
80 83a~MOAeHCT8~RX aAPOH08 8~COK~X 3Hepr~H 

B paMKax MHOrOKOMnoHeHTHOH KnacTepHOH MOAen~ paccMaT
P~8aeTCR npo6neMa eA~Horo on~caH~R Tononor~4eCK~x xapaKTe
p~cT~K MHO~eCT8eHH~X pacnpeAeneH~H, cpeAH~X MHO~eCTBeHHO

CTeH, APYr~x KoppenR~~OHHbiX napaMeTp08 ~ ~x 3HepreT~4eCKOH 
3a8~C~MOCT~ AnR pa3n~4H~X T~n08 CTanK~8a~~XCR np~ 8~COK~X 
3Hepr~Rx aAPOH08. MoAenb AaeT xopowee cornac~e c ~Me~~M~CR 

- + + 
3Kcnep~MeHTanbH~M~ AaHH~M~ no PP, PP , k -p , "- P coyAa-
peH~RM 8 w~pOKOM ~HTep8ane 3Hepr~H. Aena~TCR 8~BOA~ 

0 C80HCT8aX aAPOHH~X acco~~a~~H /KnaCTepo8, pe30HaHC08/ 
~ MeXaH~3M08 06pa308aH~R 8T0p~4H~X 4aCT~~. 8 4aCTHOCT~, 
noKa3aHO 803pacTaH~e np~ 8~COK~X 3Hepr~RX 8KnaAa MHOro-
4aCT~4H~X aAPOHH~X KnaCTep08. 

Pa6oTa 8~nonHeHa 8 na6opaTop~~ TeopeT~4eCKOH 
~~3~K~ OHRH. 

npenpKKT 06'b8llKK&KKOr'O HKCTKTYT8 Hl18pHblX HCCn&llOB8KKII. Lly6Ha 1979 

Mavrod iev S.S., Sissakian A.N . , 
Torosian H.T. 

P2 - 12570 

Topological Cross Sections and Correlation 
Effects in High Energy Colliding Hadrons 

The problem of description of topological characteris
tics of multiple distributions, average multiplicities, 
other correlation parameters and their energy dependence 
for different types of high energy colliding hadrons is 
considered within the developed many-component cluster 
model. The model gives a good agreement with available 
experimental data for PP, pp ,k±p,TT±p collisions in 
a wide energy range. The model analysis allows one to 
make some conclusions as to properties of hadron associa
tions (clusters, resonances) and on secondary particle 
production mechanisms. In particular, the rising contri
bution of many-particle hadron clusters with increasing 
energy is shown. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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§1. BBE,l{EHHE 

Kai< 83BeCTHo,•80~ coy,~~;apeH8i a,~~;poHOB np8 BhiCOI<8X 3Hepr8JIX 

CODpOBOlK,II;&eTCJI MHOlKeCTBeHHhiM po)l(,ll;eH8eM BTOp8'1HhiX 'I&CT8U 

/npe8MYJUeCTBeHHO "·Me30HOB/. K '18cny Ha86onee npocTo 83-

MepJieMhiX B 3J<CDep8MeHTe xapai<Tep8CT81< MHOlKeCTBeHHhiX npo· 

UeCCOB OTHOCJITCJI T .H. TODOBOr8'1eCJ<8e Ce'leH8JI 8 BX MOMeHThl 

/napaMeTphl/ , T&J<Be, 1<&1< cpe,IUIJIJI MHOlKeCTBeHHOCTh, ,II;BCDepC8JI 

8 ,~~;p . 3TH aenB'IBHhl, HecMoTpJI Ha caoi 8HTerpan&Hhli xapaJ<Tep, 

HeCyT ,II;OCT&TO'IHO ,ll;eT&BhHYIO 8HcllOpME...i4810 0 npouecce . 

B T O lKe apeMJI TeopeT8'1eCI<8i aHan83 Tononor8'1eCI<8X xapai< 

T ep8CT 81< , JIBBJIJICh O,II;HOi 83 UeHTpan&HhiX npo6neM MHOlKeCTBeH· 

HOrO pOlK,II;eH8JI, CODpJilKeH CO MHOr8M8 Tpy,II;HOCTJIM8, OCHOBHaJI 

83 J<OTOphiX • OD8C&H8e C e,IUIHhiX TeopeT8'1eC¥ •. ·~ D038U8i COBO " 

J<yDHOCT8 83BeCTHhiX 3&J<OHOMepHOCTei 8 CBOiCTB pa3B8'1HhiX npo

uecCOB. 

B nocne.D;H8e ro,~~;w cTano o'leB8.D;HhiM, 'ITO on8caH8e T&I<BX 

npoueccoa a paMJ<ax Toi ana BHoi ranoTe3hl o e.D;BHOM MexaH83Me 

o6pa30B&H8JI BTOp8'1HhiX 'laCT8U He JIBBJieTCJI Y.D;OBJV~TBOpBTen&HhiM . 

B pa6oTe nt 6wna BWCJ<a3aHa H,ll;eJI 0 He06XO,II;HMOCTB Bhl,ll;eneH8JI 

p&3BH'IHhiX o6naCTei clla30BOrO DpOCTpaHCTBa, COOTBeTCTBYJOUUIX 

o6pa3oaaHHJO pa3n&'IHhiX no np8po,~~;e rpynn 'I&CTHU, naw& a coao

I<ynHocTH ,II;&IOJU8X Ha6nJO.D;aeMYJO MHOlKeCTBeHHOCTh. 

3Ta 8,11;eJI CTHMYBBpOBana pa3BHTHe T.H. MHOrOI<OMDOHeHTHOrO 

DO,II;XO,II;a 12.lO/ B Teop8H MHOlKeCTBeHHOrO pOlK,II;eHHJI, J<OTOphli HC • 

XO,II;8T 83 HaB8'18JI B J<&lK,II;OM &I<Te B3&8MO.D;eiCTBHJI HeCI<OBhi<HX 

MeX&H83MOB o6pa30BaHHJI BTOp8'1HhiX 'laCTHU. 

0TMeT8M, 'ITO 3TOT DO,II;XO,II; pa3BHBaeTCJI B opr&HH'IeCJ<OH CBJI3H 

c ranoTe3oA: CYJUeCTaoaaHHJI I<nacTepoa, Ha6nJO,~~;aeMhiX Ha ODbiTe 
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xax xoppenapoaaaawe rpyoow 'laCTBQ. HaT epee x oo~o6aww wo

~enJIM o6ycnoaneH, B 'laCTHOCTB, 31CCDepBMeHTanLHLIMB yxa3aHBJI

MB Ha 3Ha'IHTenLHOe opeo6na~aHHe BTOpB'IHLIX 'laCTBU, polK,II;aJO

IUHXCJI 'lepe3 xnacTepw /ana pe3oaaacw/, T .e. ae aenocpe~cTaeaao. 

TaiCBM o6pa30M, BCTaeT BOOpOC 0 e~BHOM OOBCaHBB TOnonora

'leCICBX xapaiCTepBCTBIC B BX 3HepreTB'IeCICOA 3aBBCBMOCTB ~nJI 

pa3nB'IHLIX TBnOB CTaniCBBaiOJUHXCJI 'laCTBQ, B CBJI3aHHaJI C 3TBM 

opo6neMa BLIJICHeHBJI cliB3B'IeCICOrO CMLICna pa3nB'IHLIX MeXaHB3MOB 

o6pa30BaHBJI 'laCTBQ B CBOICTB a~pOHHLIX aCCOQBaQHI /xnacTepoB, 

pe3oaaacoa/. 

PaCCMOTpeHBIO 3TBX BOnpOCOB B pawxax clleHOMeaonorB'IeCICOA 

MHOrOICOMnOHeHTHOR MO~ena 13/ B nOCBJIIUeHa HaCTOJI!UaJI pa6oTa. 

B §2 ~aeTCJI OnBCaHBe cliB3B'IeCICOA ICapTBHLI, B03HBICaJOIUeA npB 

B3y'leHBB wo~ena. · B cne~YJOIUeii 'laCTB pa6oTw /§3/ npoao~BTCJI 
CpaBHeHBe BLIBO~OB MO~enB C 31CCnepBMeHTanLHLIMB ~aHHLIMB 0 TO

nonorB'IeCICBX xapaiCTepBCTBICaX pp , pp , k ±p, 11 ±p - B3aBMO

~eRCTBBR B WBPOICOM BHTepaane 3HeprBR. llpB 3TOM ~enaeTCJI 

nonWTICa opoaaanB3BpOBaTL 3aBBCBMOCTB npB BLICOICBX 3HeprBJIX 

MHO*eCTBeHHLIX pacnpe~eneHBR OT ICBaHTOBLIX 'IBCen CTaniCBBaJO

IUHXCJI 'laCTBQ. B §4 npe~CTaBneHiol OCHOBHiole BLIBO~Iol B3 npoae

~eaaoro aaana3a. 

§2. OIIHCAHHB MO,l(BJJH 

B pa6oTe 13/ 6wna pa38BTa xnacTepaaJI wo~enL ~ayx wexaaa3-

MOB /M~M/ ~m1 onacaHRJI Tononor&'lecxax pacnpe~eneaaii a cpe~

aeA wao•ecT8eaaocTB a PP ... nch + X 0 npoQeccax. Cxewa wo•eT 

6wTL opaweaeaa ~nJI onacaaa• Tononora'lecxax pacnpe~eneaaii 
- + + . 
pp , k- p , 11- p npoQeCC08 npB 8LICOICBX 3HeprRJIX. 

Mo~enL cTpoBTCJI a ope~nono•eaaa o cyiUeCTB08aHBB ~ayx 

H~3aBBCBMLIX MeXaHB3M08 PO*~eHBJI 'laCTRU B a~poa-a~pOHHOM 

nponecce: 

a/ ~cconaanaa cTanxaaaJOJUHxc• na~apy10uuix 'laCTBU c o6pa-
30BaBBeM 8TOPB'IBLIX; 

6/ He3a8BCBMOrO BCnyciCaHRJI pa3HOro COpTa HeRTpanLHLIX a~

pOHHLIX accoQaanaii /xnacTepoa/ c B3ocnaaow I = 0. 
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OcaoawsaJICL aa 3TBX ope~oono•eaa•x ~· aepoJITHOCTB pac

ope~eneaa• no 'IBCny xnacTepoa, aweeM 

Wi,j =a.f3.P (<n
1

>)P (<n 2 >) •••• 
n

1
,n

2
,... 1 J n1 n 2 

/1/ 

r~e ai , {3 j • aepoJITHOCTB i -Toro B j -Toro xaaanoa ~acconaa

QBB aaneTaJOIUeB 'laCTBULI B 'laCTBQLI MBWeHB COOTBeTCTBeHHO, 

n f ( <n f >) - MBOliCeCTBeHBOCTL B cpe~·· MHO*eCTBeHHOCTL xnac

Tepoa Tana f; P (<n>)- oyaccoaoacxoe pacope~eneaae~ 
~nJI nony'leHBJI aa6n10~aewoA BHTerpanLHOR xapaxTepBCTBICB -

Tononora'lecxoro ce'leHBJI- aeo6xo~BMO npocywwapoaaTL /1/ no 

'IBCny B03MO*HLIX xaaanoa ~acconaaQBB B no 'IBCny xnacTepoa, 

y'IBTWBaJI npH 3TOM 3aiCOH COXpaHeHBJI 3apJI~a. 
clleaoweaonora'lecxaA aaana3 no3BOnJieT ope~oono.uTL, 'ITO 

cTanxaaaJOIU&ec• 'laCTBQLI ~ccoQBBPYJOT ae 6onee 'leM aa TPB 
'laCTBULI, B 'ITO aepo .. THOCTB OpO~CCOUBBpOBaTL &a TpB 3ap•liCeH

Biole 'laC THULl paBHLI xaJC ~nJI aaneT&IOIUeA 'laC THULl, TalC B ~n· 'laC

THULl waweaa. ~anee, ope~onolKBM ~n• xnacTepo8 cne~YJOJUHe wo
~w pacoa~o8: u(a ... 71±71-;71°71°), w(w ... 71+ ·71-ir0

), B(B-> ~+271-,71+71-271°,471°). 
Taxa• cxewa 8 npaanaoe ~ooycxaeT 803MOlKHOCTL JCnacTepaM pac

oa~aTLCJI 'lepe3 opoMeliCyTO'IBiole pe30H&BCLI. 

HeTpy~HO noiCa3aTL, 'ITO 83 /1/ B paMICaX C~enaBHbiX ICOHIC

peTHLIX ~OOYJUeHRA pacnpe~eneaae no MHOliCeCTBeHBOCTR 3apJI*ea-
- + +) 

awx 'laCTRQ 8 npoQeccax ap ... nch +- X0 (a=p, p, k-, 11 - 6y~eT aweTL 

88~ 

wnc 

n -2 n -4 
[-~---] 

4 [-~---] 
4 

a 2 l 
n = 0 

Pn(b)P (a)+2a(l-a) l Pn(b)P (a)+ 
~.P-=-~=~~- n = 0 ~_p_-:_~_:-4n_ 

2 2 

n -6 
[-~---] 

2 4 
+ (1-a) l Pn(b)Pn _ 6 _ 4n (a), 

n = 0 _:.!; ______ _ 
/2/ 

2 

* cllopwyna I 1/, aweJOIUaJI •cawii: ¢la3R'Iecxaii cwwcn, aaxo~RT 
o6ocao8aaae 8 pawxax TeopeTaxo-none8WX wo~eneii a npa6na
•eaaa OpJIMOnBHeRHLIX nyTeR /4/, ICOTOpoe JI8nJieTCJI TeopeTB
'IeCICOH peanR3aQ&eii: rBDOTe3LI nB~RpYJOIUHX 'laCTRQ, 803HBICWeii 

B cliB3BICe ICOCMB'IeCICBX ny'leR IS/. 

5 



rAe a R b - cpeA&Re 'IRena ICJJacTepoo, pacnaAaJOUUIXCJI ua ABe 

R 'leTialpe 3apJI)I(eHHWe 'laCTRQW COOTBeTCTBeHHO: 

a = <n + _ > + < n + _ 0 > + < n + _ 0 > 
TT TT TT TT TT rr TT 2TT 

b = < n + _> . 
2TT 2TT 

3AeCb a - BepOJITHOCTb RPOARCCOI{BBpOBaTb He 6onee, 'leM Ha OAHY 

3apJI)I(eHHYJO 'laCTBQy, (A] - Qena• 'laCTb 'IRena A. : 

lJRCnO 3apJI)I(eHHWX B HeJiTpanbHWX 'laCTRQ B KOHe'IBOM CO

CTOJIHRR MO)I(HO npeACTaBBTb B cneAYJOII{eM BBAe: 

nc = 2nrr+ "- + 2n + _ o+ 2n + - · 0 + 4n + _+ f 0 , 
1T 1T 1T 1T 1T 2TT 217 2TT 

n = ·2n o o 
0 1T 1T 

+2n + - · o +2n + _ o +4n o +f
0 

• 
1T 1T 1T 1T 1T 2TT 4TT 

rAe f c B fO - J(OnB'IeCTBO 3apJI)I(eHHWX It HeiTpanbHWX 'laCTRQ 

cpeAR RPOAYKTOB ARCCOQRaQRB CTanKBBaJOUUIXCJI aApOHOB. llpR 3TOM 

OCHOBHWe xapaKTepRCTRKR pacnpeAeneHRJI no MHO)I(eCTBeHHOCTB 

3apJI)I(eHHWX 'laCTBI{ /2/ RMeJOT cneAYJOII{BI BBA:* 

<nc > = f t 

f2 

fa 

r4 

2a + 4b + 2 + 4(1- a), 

2a+ 12b -8a2+ 1az-s . 

24b - 32a2 + 72a 2- 48a + 12, /4/ 

24 b - 192a 4 + 576a 3 - 600a 2 + 240a- 36. 

* llpB cpaBHeHBR C 3KCnepRMeHTanbHWMB AaHHWMR An.ll npoBep

KR ·cxeMw ua caMocornacooauuocTb paccMaTpRBanoc& owpa)l(eHRe 

AnJI <n0 > C AOnOnHBTenbHWM napaMeTpOM 

< n 0 > = 2a+ 4b+ C+ 4(1-a), /4a/ 
KOTOpWI nony'IBnC.II 6nR3KBM K CBOeMy TeopeTR'IeCKOMY 3Ha'leHRJO: 

c = 1,93±.10. 
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§3. CPABHBHHE MO,aEJIH 
C 3KCIIEPHMEHTAJihHMMH ,llAHHMMH 
IIO A,aPOH- A,aPOHHMM CTOJIKHOBEHHHM 

B 3TOM pa3Ae]Je 6yAeT AaHO COBMeCTHOe OnRCaHRe C noMOII{bJO 

4lopMyn /2/, I 4/ RMeJOUUIXCJI B uacTOJIII{ee opeMJI ycxopRTen&uwx 
- · + + 

3KcnepRMeuTan&uwx Aauuwx no pp , PP , k -p , rr- P -o3aRMOAeA-

CTBRJIM npB BWCOKBX 3HeprB.IIX jS > 100 T3B 2;, a TaK)I(e auanB3 

ua ocuooe 3Toro cpaoueuuJI 3HepreTB'Iecxux 3aoucuMocTeii B 3aou

CBMOCTeii: napaMeTpOB 3aAa'IB OT KBaHTOBWX 'IBCen CTanKBBaJO

UUIXC.II aApOHOB. 

Cpaoueuue npoBOARnoc& c ucnon&3oBauueM 3KcnepRMeHTan&uwx 

pe3yn&TaTOB, ony6nBKOBaHHWX B pa6oTaX A'J/ R COOTBeTCTBYJOII{RX 

cneAYJOII{BM 3HeprR.IIM: 1/ pp, S = 189 T3B 2; 2/ pp, S = 193, 
386, 570, 762, 962, 2025, 2810, 3970 F3B~ 3/ k- p , S = 277 T3B 2 ; 

4/k+p , S = 189 T3#;5jrr+ p, , S = 114, 189 T3B 2 ; 6/ rr-P , 

S = 189, 277, 386 T3B 2• 3xcnepRMeHTan&HWB MaTepRan BKnJO'Ian 

185 TO'IeK no 3apJIAOBWM pacnpeAeneHR.IIM R 35 TO'IeK no cpeAHeB 

MHO)I(eCTBeHHOCTB. 

)J;nJI a , b B a 6wn ow6pau cneAYJOII{RB BRA 3HepreTR'Iecxoii 

3aBRCBMOCTR /eM. 131 I *: 

a2 
a = at(ln s/ s

0
) , b = a 

3
(ln s/ s 

0
) a2 

1 + a 4 ln s/s0 
/5/ 

a = 
1 + ln s/ s0 

)J;n.11 OAH03Ha'luoro onpeAeneHR.II wecTB rpynn napaMeTpOB at, 

a 2 , a 3 , a 4 paCCMa TpBBaeMWX WeCTR npoQeCCOB AOCTa TO'IHO 

OTnR'IaTb CTanKRBaJOUUieC.II 'laCTRQW no Macce R 3apJIAY. liwn 

BW6pau cneAYJOII{RI npoCTOB BRA 3aBRCRMOCTR at, a 2 , a 3 ,a 4 OT 

KBaHTOBWX 'IRCen: 

* Taxoii ow6op 3HepreTR'Iecxoii 3aBRCBMOCTB An.ll a CBJI3aH 

CO cna6o MeHJIJOII{RMC.II BKnaAOM AR4lpaKQROHHOrO MeXaHR3Ma C po

CTOM 3HeprRR. )J;n.ll a R b BW60p CAenaH BCXOA.II B3 CB.II3B 3TRX 

napaMeTpOB CO cpeAHeB MHO)I(eCTBeHHOCTbJO <n 0 > /eM. /4//. 
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2 2 
at= ct + c2(ma+mb) +C3(qa+qb) ' 

' 2 2 
a2= C4+C5(ma+mb) + c6(qa+qb) ' 

2 2 
a3=C7 +Cs(ma+mb) + c9(qa +qb) ' 

2 2 
a4= cto +Cu(ma+mb) + ct2(qa+qb) 

3aa'leHa• uapaweTpOB c i (i = 1, .. :. ;12) 
CHCTeMhl ypaBHeHHI: 

oupe)len•roTc• B3 pemeHHJI 

Teop . 3KC 
w (s. c • j) - wn (j) = 0 nc c j = 1, ... ; 185, 

Teop ( ") 3KC (") O <nc > 8• ci • J - <n c > J = • j=l, ... ,35, 

xoTopa• pewanacb w:eTO.AOM aaToperynapoaaHHhlx HTepauaoHHhiX 

DPOlleCCOB THDa DPOlleCCOB raycca-HbiOTOHa/7 / C DOMOU(biO npo-
. 18 1 * 

rpaMMHoro KOMnne,Kca COMPIL ' . ~m1 nony'leHHJI rpafliaqecKoA HH-
"' "s· , ; g; ..,opMallHH HCDOnb30BanC.8 .83hiK Igma . 

B npouecce no)lrOHKH HeKoTophle H3 ci oxa3anHcb paBHhiMH 
Hynro. 0KOH'IaTenbHO )lnJI a t• a 2 , aS, a 4 6hlnB Hal)leHhl 3aBHCH
MOCTH OT MaCC H 3apJIJlOB: 

2 
a 1 = At (m a + m b) 

2 2 
a2=A2+A3(ma+mb) +A4(qa+qb) • 

2 
a 3 = A5 (m a + m b .) ' 

2 
a 4 = A6 + A7 (m a + mb) ' 

/6/ 

* nporpaMMa C401, 421 H3 .6H6naoTeKH cTaH)lapTHhiX nporpaMM 
OHJIH, peanH30BaHHhiX Ha 3BM CDC-6500. · 

a 

r )le m a , m b H q a , q b. - COOTBeTCTBeHHO MaCChi H 3apJIJlhl CTan
KHBaiOU(HXCJI 'laCTHll a , b H 

A 1 = .029 ± .008; A 2 = 2,226 ± .072; A 3 = -.162 ± .070; 

A 4 =-.006± .001: A&= .013 ± .Q02; As= .513 ± .041 /7/ 

A 1 = .o58± .oa>. 

Pe3ynLTaThl cpaBHeHa• MOJlena /fliopMynbl /2/ a /4/ I c 3Kcne
PHMeHTOM npeJlCTasneHbl Ha puc. 1-5. 3Ha'leHH.8 napaMeTpoa a

1
, 

a 2 , a 3 , a 4 , a JlnJI pa3nH'IHhiX upoueccos npaae)leHhl B 111a6A. 1. 
llpH 3TH X 3Ha'leHHJIX CeMH DOJlrOHO'IIlhiX napaMeTpOB 3KCnepHMeH-

295 TanbHhle TO'IKH ODHCbiBaiOTCJI BDOnHe YJlOBneTBOpHTenbHO (x = - - - -=> 
185 

=1,6). 

Ta6AU11a 1 

3Ha'leHHJI napaMeTpOB a 1 , a 2 , a 3 , a 4 H a )lnJI paCCMOTpeHHhiX 
npoueccoa 

a1 a2 a3 a4 a 

- .IOI 1. 655 .047 .?IS .77-1 
pp 

±.022 ±.085 ±,004 ±.I02 +.753 

PP .IOI 1.630 .047 .?IB .774 
'±.022 ±.090 ±.004 ±.ro2 +.753 

K-p .059 1.894 .028 .632 .694 
±.OI3 ±,076 ±.002 ±.076 +.67~ 

K+p . 059 I.068 .028 +.632 .694 
±.OI3 ±.OBI ±.002 -.076 +.675 

77-p .033 2.038 .OI6 .581 .649 
±,QO? ±.o7o ±.oor ±.060 +.630 

77+p .033 2.0I2 .OI6 .581 .649 
±.oo7 ±.075 ±.oor - ±.060 +.630 

- -----L_ 
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Puc. la. Pacnpec)eAeHue BIIOPU'IHI>IX t~ac•ull no MHOJrrec•eeHHoc•u 
c)AJI p p u p p npo11eccoe npu 3Hep2UJIX s - 200 +4000 F3B ~ 

linB3JCBe 3Ba'leHBJI X 2 ,D;aHHOrO ODBCaHBJI B OT,D;enhHOrO ODB· 

caHBll PP ... nch +X 0 nponeccos /cMJ31,r,D;e x2~1.8/yJCa3WBaiOT 
Ha TO, 'ITO C TOH lKe CTeDeHhiO TO'IHOCTB, C ICOTOpol B 13/ 6wn ODB" 

CaB nponecc pp, B HaCTOJII1(eM BCCne,D;OBaHBB Hai,D;eHW 3aBBCHM0" 

CTH a , b B a OT JCBaHTOBWX 'IBCen H 3HeprBI ,D;nJI WeCTB pac • 

CMOTpeHHWX DpOl(~CCOB. 

HHTepeCHO OTMeTBTh, 'ITO B a 
1 

B aS 3aBBCBMOCTh OT 3apJI,D;a 

oJCa3anach O'leHh cna6oii:, B To speMJI JCaJC a B b nponopnaoaanhHW 

JCBa,D;paTy MaCCW CBC':{eMW CTanJCBBaiOI1(BXCJI 'laCTBl(. B a 2 3Ta 

3aBBCBMOCTh TaiClKe cna6aJI B npaJCTB'IeCJCB eiOMOlKHO npeae6pe'lh 

(A 4 "'0). 
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~ 

Wn • • .. b 

~ .. ~ 277 
.1 (Oev2 ) (Gn2)1 .1 

nt .01 .01 

.uuq 
I ' l I I ,001 
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,, 
24 n 

.:':~·-1 
• • lfr 189 b 0 277 

·'\ (Gn2 ·' ~····'> 
.01 ~ 

.01, 
.01 I 

.001 .UVII I I I .001 I 
8 16· 24 n 8 16 24 n 8 16 24 n 

wn 

_,,~· .~: .. 
.o1 • 

.oo1 I I -----8 16 24 n 

Puc. 16. Pacnpec)eAeHue e•oput~HI>IX t~ac•ull no MHOJrrec•eeHHoc•u 
c)JIJI "±p u k ± p npo11eccoe npu 3HepzuJix s - 200+ 400 F3B2 • 

§4. O.SCY)f(~EHHE PE3YJihTATOB 

llpose,D;eHHWI MO,D;enhHWI aHanB3 ,D;aeT B03MOlKHOCTh C,D;enaTh 

pJI,D; BWBO,D;OB 0 DpOJIBneHBB HeJCOTOpWX 3aJCOHOMepHOCTel MHOlKeCT" 

BeHHWX pacnpe,D;eneHBI B BX ICOppenJil(BOHHWX napaMeTpOB DpB BW" 

COICBI 3HeprBJIX, a TaiClKe 0 DpOJIBneHBB onpe,D;eneHHWX pa3nB'IBI 

3TBX xapaJCTepBCTBIC B 3aBBCBMOCTB OT COpTa CTanJCBBaiOI1(BXCJI 

'laCTBl(. llpBBe,D;eM 3,D;eCh OCHOBBWe B3 3TBX cne,D;CTBBH. 
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28~ f2 
24 
20 
16 
12 
8 
4 

200 

1K+P 
2 p p 
3n+p 

1000 

1 
2 
3 

s F3B 2 

f2 1 n• P 
2 K+ P 
3P P 

s F3B 2 

Puc. 2. 3aaucuMOCIII> Koppe/IJIIIUOHHozo napaMellpa f 2 Ollf 3Hepzuu 
0/IJJ pp , kp U rrp np011eCC06: a/ npu UMePOIIIUXCJJ )I_CKOpUJfe/II>HI>IX 

5 6 2 3Hepzu.Rx, 6/ npu caepxai>ICOKUX 3Hepzu.Rx s > 10 - 10 F3B . 

1. Paenpe.nenenu.11 no MHO:lKeeTseuuoeTB /eM. puc. 1/ paewu
P.IIIOTe.ll e poe ToM 3Hepruu /paenpe.nenenu.ll 3Ha'IBTem.uo wupe nyae
eOHOBeKBX e .ZJ;aHBOB epe.ZJ;HeB MHO:lKeeTBeHHOeTbiO/. llpB'IeM eKO
pOeTb paewupeHB.II pa3JJB'IHa .ZJ;JI.II pa3HWX npoueeeOB Vpp <Vkp <V

77
p 

DpB esepXBWeOKBX 3HeprB.IIX. 

13 
12 
11 
10 
9 
8 
7 

(n) 

3 
1 
2 

200 

1 K+ P 
2 p p 
3n•p 

1 
2 
3 

1000 s F3B2 

r (n) 1 n+ P 
2 K• P 
3 p p 

2 
s r3B 

Puc. 3. 3aaucuMOCIIfl> cpeoHei1 3ap.RxeHHoi1 MHoxecJ~aeHHOCIIfU <n > 
o• 3Hepzuu OIIJJ pp , kp u rrP npo11eccoa: a/ npu uMePDIIIUXCJJ ycKo: 
pUife/II>HI>IX 3HepZUJJX, 6/ npu C6epX61>1COKUX 3HepZUJJX S > 
> 10

5
- 106 F3B 2

• 

12 

2 
3 

2 

3 

28 
26 
22 
18 
14 
10 

f3 

200 

1 K+ P 
2PP 
3 rr•p 

1 
2 
3 

1000 8 F3B 2 

f) 1l{+p 
2 K+P 
3PP 

1 

2 

3 

s F3B 2 

Puc. 4. 3aaucuMoc•r. Koppeii.RIIUOHHOZO napaMelfpa ! 3 o• 3Hepzuu 
O/IJJ pp , kp u rrp npo11eccoa: a/ npu uMePDr~~uxcJJ ycKopu•e/11>" 
Hf>IX 3Hepzu.Rx, 6/ npu ceepxei>ICOKUX 3Hepzu.Rx 8 > 10 5 - 106 F3B 2 • 

Ha 3TY oeo6euuoeTb uarJJ.II.IJ:HO yKa3wsaeT pa3ua.11 eTeneub 
poeT a eOOTBeTeTBYJOUUIX KOppemiUBOHBWX napaMeTpOB ( 2 npB 
esepXBLieOKBX 3HeprB.IIX /eM. puc. 2/. 3TH .IIBJJeHB.II jywupeHBe, 
pe3KOe OTJJB'IBe OT nyaeeOHOBeKoro paenpe.ZJ;eJJeHB.II/ e~eeTBeHHO 
eB.II3aHLI e MHOrOKOMDOHeHTHOA eTpyKTypoA W n ; BX TaK:lKe MO:lKHO 
paeeMaTpBBaTb KaK yKa3auae ua npeuM~eeTseuuoe o6pa3osauue 

24 ~ f4 
20 
16 
10 
8 

~L 2 
1 
3 

....I 

200 

1 K+ P 
2 rr• P 
3 p p 

1 
2 
3 

1000 s F3B
2 

f4 1 rr•p 

~~·~~ 

7 
s F3B2 

Puc. 5. 3aaucuMoc•r. Koppeii.RIIUOHHozo napaMe•pa f 4 o• 3Hepzuu 
O/IJJ pp , kp u rrp npo11eccoa: a/ npu uMePOIJIUXCJJ ycKopulteiii>HI>IX 
3Hepzu.Rx, 6/ npu caepxai>ICOKUX 3Hepzu.Rx s > 10 5- 10 6 F3B2 
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BTOPB'IHWX 'l&eTun 'lepe3 a,D.poaawe aeeonuanuu /xnaeTepw, pe-
30H&Hehl B T .n./*. 

2. Cpe,D.HJIJI MHO)I(eeTBeHBoeTJ. paeTeT npu6nB3BTenJ.Ho xax 

ln s -;-In 2 s. · Tipu'leM ,D.nJI pa3nB'IHWX nponeeeos eTeneHJ. poeTa 

:noii senB'IBHW pa3ua• /eM. puc. 3 u •a6A. 1/. Ha paenpe,D.eneHBJIX 

no MHO)I(eeTBeaaoeTB I puc. 1/ :no npoJIBnJieTeJI B eMemeauu e 

poeTOM 3HeprBB M&JCeBMyMa ci»YHKnBB W n Bnp&BO /B o6naeTJ. 

6onJ.wux n I. 0TaoeuTenJ.aoe paenono)l(eaue 3TH X MaKeBMYMOB 

npH 3a,D.aaaoii 3HeprHH ,D.nJI pa3HWX nponeeeos perynupyeTeJI eo

OTHoweaueM eooTBeTeTBYJOmHX xoppen•nuouuwx napaMeTpos f 3 
/eM. puc. 4/. TionO)I(BTenJ.HJ.Ie 3H&'IeHHJI 3Toro napaMeTpa eBH,D.e

TenJ.eTBYJOT 06 "OTeTaB&HHB" M&JCeHMyMa Wn OT M&KeHMyMa nyae

eOHOBeJCOrO paenpe,D.eneHBJI e ,D.&HHOB epe,D.ueii MHO)I(eeTBeHHOeTJ.JO. 

0TMeTHM, 'ITO ena6aJI 3&BHeBMOeTh eTeneHH poeTa a H b 

npHBO.D.BT x paeTymeMy c 3ueprueii pa3nH'IBJO Me)I(.D.Y xoppen•n&ou

HWMH napaMeTpaMu nponeccoo a+ p H a- p (a = p, k, 11), JCoTopoe 

MO)I(eT 6WTh eymeeTBeHHWM npB O'leHh BWeOJCBX 3HeprBJIX. 

3. KaJC BB,D.HO B3 cl»opMyn /5/ H /6/, OTHOWeHHe epe,D.HHX 'IBeen 

KnacTepOB, paena,D.&JOtnHXeJI eOOTBeTeTBeHHO H& ,D.Be H 'leTJ.Ipe 

3&pJI)I(eHHWe 'I&CTBnw a(s) B b(S), noeTOJIHHO ( ~~L,2,13).llopJI,D.OlC 
3Ha'leHBJI 3Toro OTHOWeHB.II COOTBeTCTByeT ci»Hr~WeeKOB JCapTBHe1 

r.D.e 'leTwpex'laeTB'IHJ.Iii xnaeTep e H3oenuaoM I= 0 paena,D.aeTCJI 

eHa'lana Ha ,D.Be CBeTeMW e B30enBH&MB I 1 = 12 = 1, lCOTopwe, B eBOJO 

O'lepe,D.h, pacna,D.aJOTC.II aa 11 -Me3oHw. Jlerxo BH.D.eTJ., 'ITO · TaxyJO 

eBTyanHJO MO)I(HO nony'IBTh, HanpBMep, paceM&TpHB&.II 'leTJ.Ipex

'I&CTH'IHWB Kn&CTep JC&JC eoeTOJIHBe .D.BYX BeKTOpHWX p ·Me30HOB 

e B3oenBHOM, paBHWM HynJO: 

[( )
I= 0 + _ + 0 _ 

01 w pp -> p p -> 11 11 11 11 J 
2. 

[( )I= 0 o o + - + -) w pp -> p p -> 11 11 1T 11 

* 0TN:eTBM, 'ITO npH O'leHh BWeOJCBX 3HeprBJIX eyMM&pHoe 
MHO)I(eeTseuuoe paenpe,D.eneuue Wn MO)I(eT npuo6peeTB onpe,D.eneu
uwe HeperynJipHOeTB B CTpyKType /.D.BnW, nBKB B T .n./, eBJI3&HHWe 
C "urpoA:" pa3nB'IHhiX lCOMnOHeHT /auanor BBnheOHOBeJCoro ,D.B
na /10/ I. Taxue ueperyn•puoeTB, .D.onyexaJOtnBee• B ,D.auuoii Mo
,D.enu, 6wnu uecne,D.oBaHJ.I B pa6oTe 1111. 
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0TMeTBM, 'ITO npose,D.eHuwA auanu3 yxa3wsaeT ua poeT c 3Hep

rueii BKna,D.a MHoro'laCTB'IHWX xnaeTepos n > 2 /TJI)I(enwx xnaeTe

pos M KJI ~ 2 T3B 112
';'. 

4. 41yuxnB.II a(s), eBJI3&BH&JI e ,D.Beconuanueii, nO'ITB He MeHJieT

CJI ,D.nJI ,D.&HHOrO nponecea B B3y'leHHOM BBTepsane 3HeprBii, 'ITO 

rosopBT o ena6oM B3Meueauu sxna,D.a .D.Bcl»paxn&ouuoro wexaHB3Ma 

e pocTOM 3HeprBB. O,D.aaxo, xax BB.D.HO B3 /5/, /6/ B /7 I, 3H&'Ieuue 

BenB'IBBhl a 

•a6A. 1/. 
CBnhBO 3&BBeBT OT M&Ce H&'l&nhBWX 'l&eTBn /eM. 

5. 06patnaJOT ua ee6• BHBMauue paeTymue B paecwaTpusaeMoii 

o6naeTB nono)I(BTenJ.uwe 3Ha'leHBJI xoppen•nuouuoro napaMeTpa 

f 4 • :3Ta oeo6eHHOCTh eBB,D.eTenhCTByeT B nOnh3Y uanB'IBJI 3,D.eeh 

eymeeTBeuuwx 'leTwpex'laeTB'IHWX xoppenan&ii. Hx Heene,D.osauue 

,D.aeT np•wwe cse,D.eHB.II o uanB'IBB npe,D.nono)l(euuwx B wo.D.enu 'le

Twpex'laeTB'IBWX xnacTepos. PaecwoTpBM 3TOT sonpoc no,D.po6uee. 

<n> 
Kax yxa3wsaeT 3ICcnepuweuT, senB'IBHa Zc = -r:/-- oeTaeTeJI 

DOCTOJIHHOB B paBHOB DpB6nB3BTenhBO Zc=2 B B3Y'I~HBOM BHTep

BaJJe 3HepruA*· 

3Ty senB'IBHY nerxo swpa3BTh 'lepe3 xoppen•nuouuwii napa

weTp r;- pacnpe,D.eneBBJI OTpBnaTenhHO 3&p.ll)l(eHHWX 'I&CTBn 
/eM. 1111/: 

z = c 
<nc > 

/8/ 
y' 2<nc >+4f~- -4 

xoTopa• B paMxax uaweii MO.D.enu O.D.H03B&'IBO eB.II3aua c uanu

'IHeM 'leTwpeX'I&CTB'IHWX ICnacTepOB. 

llpu f 2 =0 paBeBCTBO Z c =2 BWDOnBJieTeJI DpB <nc> a4 /T.e. 

npu PL = 19 T3B/c B pp -nponeeeax/. llpu ,D.anJ.ueiiweM poeTe 

3Hepruu swnonueuue paseueTBa Z c -2 Tpe6yeT nonO)I(BTenhBWx 
3H&'Ieuaii !2-- . 

B3AB <n c> B3 3ICenepBMeHTa B DO,D.e'IBT&B r;- no cl»opMyne 
-- -- 1 111 

! 2 =(! 2 -<n c > +4)/4 /eM. /, MO)I(eM epaBHBTh DOny'leHHWe 

* PaseHCTBO Zc = 2 03H&'IaeT TO'IHoe swnonueaue KHO -cxeii
nuara 1131• 
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TAJCHM o6pa30M Zc C ero 3JCCDepaMeHTAJIIoH:WMH 3HA'IeHHJIMH. 3TO 

cpaaueuae wmtceT B:WJIBHTJo JCOJIH'IeCTBeuuoe cornacae paccwoT

peuu:wx 'leT:wpex'laCTH'IH:WX xnacTepoa c 3JCcnepaweHTOM. Kax 

BH,IlBO 83 •a6A. 2, COrJIACHe Y.llOBJieTBOpHTeJIJoBOe, 'ITO CBH,IleTeJIJo· 

CTByeT 0 BA~OH pOJIH 'leT:WpeX'IaCTB'IH:WX JCJIACTepOB /B yJCa3aH· 

HOM HHTepBaJie 3Heprai/ H, B 'laCTHOCTB, 06 BX 3HA'IeHBH B aHaJIH3e 

3axoua no,llo6a• KHO . 

Ta6Auf4a 2 

Cpaaueuae 3JCcnepaweuTaJIJoo:wx a MO,IleJIJoo:wx 3Ha'leuai nepeweuuoi 

<nc> 
Bpo6neacxoro Zc = ~. 

s( r3a2 ) 193 386 5?0 762 962 2025 2810 39'70 I 

r Teop. z "c 1.835 1.93 1.98 1.88 1.92 2.0II 2.06 2.12 
~ 

z3KC, 
c 2 • .JOI 1.967 2.023 1.89 1.'267 1.867 1.841 1.843 

- ------

C ,llpyroi CTOpOB:W, DO,IlC'IHTaHB:We DO MO,IleJIB 3BA'IeBHJI Zc=2 

roaopJIT o npo6JIH3BTeJIJoBOM a:wnonueuaa 3axoua KHO B MO,Ilenu, 

a B03BBJCWBe OTJCJIOBeBBJI CBJI3aB:W C JCOBJCypeBUBeH JCOMDOBeHT. 

B 3aJCJIIO'IeBHe OTMeTBM, 'ITO DpOBe,lleBB:WH B:WWe B paMJCaX 

MO,IleJIH clleuoweuonoro'lecxai aoaJIH3 yJCa3:waaeT ua B03pacTaiOIUYJO 

pon1o MBoro'laCTB'IBWX a,llpouu:wx accouuauaii /xnacTepoa c nKJI >4 I 
B DPOUeCCAX C 60JIIoWBMB MBO:liCeCTBeBBOCTJIMH, BBe,lleBBe JCOTOp:WX 

Be Tpe6yeTCJI ,llJIJI ODBCABHJI 3JCCDepBMeBTOB DpB OTBOCBTeJIJoBO 
/14/ 

Man:wx 3BeproJix /Pr. · ::; 100 T3B/c '/. Ho, x co:liCaneouiO, BMeJO· 

IUBeCJI 3JCCDepBMeBTAJIIoB:We ,llABB:We Be ,llAIOT DOJCa DpJIM:WX B O,llHO· 

3BA'IB:WX OTBeTOB BA BODpOC 0 JCOJIB'IeCTBeBBOM B JCA'IeCTBeBBOM 

cocTaae a,llpouu:wx accouuauai. 

,lJ;JIJI DOJiy'leBBJI 6~Jiee DOJIBOH BHcllOPMAUHB 0 MexaBB3MaX MHO· 

:liCecTaeuuoro po:liC,IleooJI a,llpouoa :liCeJiaTen~ouo B:W,Ileneuue a ,lle· 

TAJIIoBOe 3JCCDepBMeBTAJIIoBOe BCCJie,llOBABBe BKJIA,IlOB B MBO:liCeCT· 

aeuu:we xapaxTepocTBKB pa3JIB'IB:WX o6nacTeii clla3oaoro npocTpau

CTBa!161ie3ycnoauo, nonu:we cae,lleooJI o nocTaaneuu:wx 3,1leCJo ao

npocax BeB03MO~O B3BJie'llo 6e3 pa3BBTBJI KOBKpeTB:WX TeopeTB· 

'leCKBX CXeM, a,lleKBATB:WX MeXaBB3MAM o6pa30BABHJI 'IACTBU, yc· 

TABABJIBBAIOIUBX CBJI31o 3TBX MeXABB3MOB CO CTpyKTypoii A,llpO· 

BOB 1 151• 
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ABTop:w rny6oxo 6naro,llapu:w H.H. 6oroJII06oay a A.H. Taoxe

JIH,Il3e 3A DOCTOJIHBYJO BAY'fBYJO DO,Il,llep:liCKy. 

M:w awena B03MO:liCBOCTJo ueo,lluoxpaTuo o6cy:liC,IlaTJo pe3yJIJoTaT:w 

pa6oT:w c IO.A.Iiy,llaroa:wM, B.r .Ka,ll:wweacKow, A.H.KaBHBXB.Il3e, 

C.O.Kynewoa:ww, B.A.MaTaeea:ww, P.M.Mup·KacBMOB:WM, 

B.K.MuTpiOwxuu:ww, B.H.Caopuu:ww, JI.A.Cnen'leoxo . u rny6oxo 

DpH3BaTeJIJoB:W BM 3a UeBH:We COBeT:W. 
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