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OElilAH XAPAKTEPHCTHKA PAEOTli 

AKTYS»J,HOCTJ, npo6ne11u. Sa nocneAHH8 H8CKOniKO neT OEHBHnHCl, HC
cneAOBSHHH B OAHOI H3 BSEHYX o6nacTel WH3HKH BYCOKHX 3HeprHI - B pe
nHTHBHCTCKOI HA8PHOI g/H3HKe. 

HSPHM C HayqeHH81l TPB.lUIIOIOHHYX 06111HX BOilpOCOB MH0~8CTB8HHOro 
pOQ8HHH B B8~8CTB8 381l8TH08 ll8CTO B Hel 38HHnH HHTepeCHY8 H B8EHY8 
npo6ne1W t B03HHK8!llJIH8 npH om!C8HHH HHK»ll3HBHOro cneKTpa pOlKA8HHWC 
qacrnu B Tofi ero qacrn, KOTOpaR aanpemeaa aaxoHaMli coxpa.Hemrn wm 
8,IijlOH-8,IlpoHHWC CTOJIKH0Beimii (Hanpm.tep, qacTl!Ull c 60JU,llIID.m HMIIYJil>cru.m, 
BWieTa.IW!Ue B 8a,JU{IOIO no.nycqiepy) • 

Eon1,wol BKR8A B DOCT8HOBKY H HCCn8AOB8HH8 3THX npo6neu BH8CnH 
A.M.EanAHH (np8ACK838BWHI awteKT B uenou) H rpynna B.C.CTSBHHCKOro 
B OMID1X( 1\HKn B8llHYX 3KCnepHM8HTOB npoBeAeH T8Kll8 rpynnoli f • A.JleKCH
Ha B 11T~xx/ • 

0TKPYTHe H HCC»8AOB8HH8 xyuynHTHBHOro s!WJ8KT8 IlOCT8BHnO nepeA 
Teopael PHA cep1,e8HYX BOnpOCOB. 

HaH6onee B8EHYI H8 HHX - B08MOJIUW RH HHTepnpeTSUHH 3W(peKT8 C 
TOqKH apeHHH o6~HX npeACT8BneHHli O CH»J,HOM B38HMOA8ilCTBHH Hero HC
nonl>30B8HHe B xaqeCTBe HCTOqHHK8 AOilOnHHT8Hl>HOil HHWOPMSUHH 06 STOil 
B38HMOA8£iCTBHH! 

H3B8CTHO, qro OCHOBHOil peayniT8T npe,11npHHHTOro B nocne.1tHee Bpe
llH HHT8HCHBHOro HCCne,110B8HHH 8APOH-M8PHHX CTOnKHOB8HHil saxmoqaeTCH 
B YCT8HOBn8HHH H806XO,lUIMOCTH yqeTa npocTp8HCTB8HHO-BpeueHHYX ~8KTO
p0B,B npouecce POEA8HHH B 8KT8 CHHl>HOro B38HMOAeliCTBHH. Pesynl>T8T 
3TOT HOCHT xaqecTB8HHHil xapaKTep. Heo6XOAHMHY ycnoBHeM nonyqeHHH KO
nHqecTB6HHOli HH~OPMSUHH O p83BHTHH npouecca B np~CTp8HCTBe H .BpeMeHH 
HBnHeTCH IlOCTpoeHHe B03MOZHO 6onee nonHO OTpa~an~el peanl>HYD CHTYBUHE 
llOA6nH, KOTOP8-H CBOAHna 6H BC~ COBOKynHOCTJ, ~8HHHX no npoueccau KYMY
HHTHBHOro THil8 K MHHHMBnl>HOMY qucny npe,11nonOE8HHli H napaueTpon. 

x/ A.M.Baldin. Heavy ion interactions at high energies.- Santa Fe 
Conf. on Hieh Energy Physics and Nucl. Structure, 1975, p. 621-
-641. 

xx/ r.A.HeKCHH. H.1tepHYll cxeilnHHr, M~~l1. Cep.: HeKOTOpHe Bonpocu 3KC
nepHM8HT8nl>H~X HCcne,110B8HHil B o6naCTH ~H3HKH BHCOKHX SHeprHli, 
I9?S, 43 c. 
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EunH npe;ztnpHHHTU nonUTKH o6~HCHH~b npnpo;zty KYMYlIHTHBHUX nponec
COB H8 OCHOBe Tpa;ztHUHOHHUX MeX8HH3MOB wepuH-;ztBHXeHHH li ajlweKTOB nepe
pacceHHHH. 0AH8KO ,OHH He MoryT o6~HCHHTb BennqHHy Ha6JIDAaeuux 
ceqeHHH H xaprucTepHue 38KOHOMepHOCTH. 

B nocne;ztHee BpeMH HHTeHCHBHO paapa6aTUBaDTCH HOBUe no;ztXOAll, oc
HOBaHHue Ha KBap,t-rrapTOHHblX npe;ztCT8BJieHHHX O CTPYKType a;ztpOHOB. 

liHTepeCHUMli BapHaHTaMH STOro HanpaBneHHH HBHHDTCH pa60TU, OCHO
B8HHUe H8 H;ztee O pA8lIH3aUHH B xono;ztHUX.H;ztpax WiOrOKB8PKOBUX KOH~Hry
panntt - w»YKTOHOB 

0;ztH8KO TaKOtt nyTb He HBnHeTCH eAHHCTBeHHUM. YqHTUBaH nonou
TeilbHUe peaynnTaTu, nonyqeHHUe npH onHCaHHH nponecca MHOXeCTB6HHoro 
poJK,J:teHHH B H;ztepHoa cpe;zte B paMK8X npocTp8HCTBeHHO-BpeMeHHUX cxeM, ' 
MOEHO Ha;zteHTbCH nocTpOHTb MO;ztenn, OCHOB8HHYD Ha aHanorHqaux npHHUH
nax H cnoco6HyD OnHCUB8Tb pox;zteHHe KyMynHTHBHUX qacTHUo B TaKHX cxe
M8X CO;ztepxaTCH sneMeHTU, Heo6XO;ltHMl,fe Alifl peanzaanHH KYMYlIHTHBHOrO 
MeXaHH3Ma.GornacHO STOH MO;ztenHpOJK'AeHH8H B HAP8 a;ztpOHH8H CliCTeMa, 
KnacTep, npOXO;ztfl qepea ero Toney H HCilllTUB8H PHA HeynpyrHx CTOnKHO
BeHHtt C HYKlIOHaMH, KOHB8pTHpyeT 3H8qHTelibHYD qaCTb saeprHH nocTyna~ 
TeJibHOro ABHEeHHH BO BHyTpeHHDD (KyMylIHpyeT ee), KOTOp8H peannsyeTCH 
B ;ztannHettmeM nyTeM MHOEeCTBeHHOro po:at;!teHHfl qaCTHU. TaKIDI o6p830M, 
M8CCHBH8fl 8APOHH8H CHCTeMa, 06ecnequaD11tafl BlilXO;!t pox.zteHHUX qaCTHU aa 
KHHeU8THqecKyD rpaHHny HyKnOH-HYKlIOHHUX coy;ztapeHHtt, He o6H88TennHO 
HBilfleTCH unmeHnD, npHrOTOBJieHHOi aapaaee. Oaa MOEeT BOSHHKHYTb B pe
aynnTBTe pa;zta aeynpyrHx coy;ztapeHHa. Ilpe;ztennautt cnyqaa, KOr;zta nepBHq
Hwt a;ztpOH o6paayeT C HeCKOlibKHMH HYKlIOH8MH H;ztpa o6uzyD KOUnayH;zt-CHC
TeyY (B ;lt8HHOU cnyqae - "ropH~YD" WiOrOKBBPKOBYD CHCTeMy), COOTBeT,
CTBY8T KyMynHTHBHOUy nponeccy. 

B STOM H8np8BH8HHH H npo~OAHnHCb HCCne;ztOB8HHH, Je8YlibT8Tll KOTO
pux H8nOE8Hll B AHCCepT8UHH. 

Ueno pa6oTu - rrocTpoe1me weaoJ.ieaonornqecxoa uo;ztena nponecca xy
uynHUHH, OllHCUB8Dllt8! era npocTp8HCTB6HHO-BpeueHH06 p88BHTHe; ycT8llO
BneHH6 HS STOtt OCHOB6 CBHSH KYMYJIHTHBHUX nponeccoB C 0611tHUH 8Cll6KT8-
UH MHOEeCTB6HHOro poz;zt8HHH qsCTHU B lllIOTHOK fl'A6PHOtt cpe;zte. 

HayqaaH HOBH8H8 H np8KTHqecK8H U6HHOCTb. B AHCCepTSUHH c~opuy
nHpOB8H8 MO;ztenn, npe;ztCT8BJIHDilt8H CBMOCTOHTelibHOe HSllpSBJieHHe HCCJie;zto
BSHH! KyuynHTHBHllX nponeccoB. 

OHS ycnemao HHTepnpeTHpyeT SKCnepHMeHTSlibHHe 'A8HHU6 B mHpOKOU 
' '" HHTepBsne saeprHtt: 2 raB L.£p~ 400 rsB. Ee usTeuaTHqecKHl annspaT 

noaBOlIHeT nonyqaTn s6conDTHUe BUXO;ztH KyuynHTHBHUX qacTHU. Mo;ztenn oc
HOB8H8 HS BUCKS88HHUX paaee llpe,zuIOJIOJKemmx:' 
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- o pea.,maarnm npx6.mDKeHHOli MacmTa6HOii ruraapHaHTHOCTH HHKJII0-

3HBHoro crreKTpa qacTHU. poJ!(,ll;eHHIDC B KOJIJIBKTHBHOM B3aHMO,ll;BliCTBHH 
a,n;poHOB I H 

- o aeo6xo,n;mJOCTH .HBHOro yqeTa IIpoCTpaHCTBeHHO-BpeMeHHb!X q:,aKTO
pOB B rrpouecce p0Jl(,ll;BHHJI,qaCTHU B IIJIOTHOli si;n;epHOH Cpe,n;e. 

o 'AHCCepT8UHH BnepBue HCCJieAOB8Hll 38BHCHMOCTb OT HaqaJibHOH SHep
rHH OCHOBHUX xap8KT6pHCTHK, onpe;ztelIHDlllHX XOA paaBHTHH nponecca, a 
T8KX6 BOSUOlltHOe BlIHHHHe H;ztepHOli cpe;zt~ HS BUXO'A pol!t,lteHHblX KYMYlIHTHB
HllX qaCTHUo 

Ha OCHOBe STHX HCCJie;ztOB8HHtt BnepBue nonyqeHS HH~OpMBUHH O TOM, 
qTQ K8HSn pe8KUIUI B CTOlIKHOB8HHH aitpOHOB, HAY~Hli qepea o6paaOB8HHe 
8;ztHHOH KOJ.4Il8YH;zt-CHCTeMH, H6 11BUMHpSeT11 C pOCTOM SH6prm1. Ero ceqeHHe 

Ge npH Ep, ~ 6 raB npH6lIH8HTelibHO OOCTOHHHO H HaXO;ztHTCH HS 

ypOBHe 0,25 o;; _ 
liayqeHO llOB8;zt6HHe H ;ztpyroro B8lKHOro napaMeTpa To, CBH88HHOro 

co BpeueHeM llCHSHH KOMilSYHA-CHCTeMU no OTHOlll8HH~ K HcnyCK8HlllD SHep
rnqHUX'KYUYlIHTlllBHUX qacTHU. 

B ;ztHccepTSUHH HcnonnaoBaHa TBKJKe rlllnoTeaa 06 H;zteHTlllqaocTH HHK
lID8HBHux cneKTpOB B 8APOHHUX CTOlIKHOBemrnx Ill Ko,rneKTHBHOM, B8aHLIO;lt6H
CTBHl/l a;ztpOHOB nplll' O;ztHH8KOBOH Macce npoM~lKYTOqHoii CHCTeM,ll •. Otta Il08BO
lIH6T pacnpOCTp8HHTb HCClI8AOB8HHe KOlIJieK'rHBHOro B381/lMO.ZJ;ettcTBHH 8,llpo
HOB Ha c;nyqaii usnux sHepr11a~ KOr;zta MBClllTB<5HaH HHBSpHBHTHOCTn yitte ne 

HUeeT U8CT8. . . . , , 
Cq)opuyJIHpOBSHHSH· MO;ztelin ll08BOJlHeT nonyqHTb npaKTHqeCKH 3HSqH

uue ·peay;nnaTu. OHa no'aBOJIHeT npoBeCTH pacqeTu - npe;ztcKaaaHHH AilH 
KYMYlIHTHBllblX nponeccoB, e~e He HayqeHHliX 3KCnepHMeHT8libHO. 

CJI8AYDmHe pe8YlibT8TU BllABHrSDTCH AHH 88lljHTU 

I. IlocTpoeHa <pBHOMeHOJIOI'.WieCKaR MO.IrBJib JIBJIBHV..II KYMYJIHU11H ,ocno

BaHHM HB H;zt6HX, HCilOlIL80B8HHUX paHee 'AlIH npOCTp8HCTBeHHO-BpeU6HHOro 
OnHcaHHH WIOJKecTBeHaoro pOJK.ZJ;eHHH BAPOHOB B nnoTHOI a;ztepnoH cpeite H 
HS rHnOTeae O Ll8C~T86HO-HHB8plllaHTHUX CBoncTBax lllHKlID81/lBHOro cneKTpa 
qacTHU,pOJ!(,ll;BHHIDC B. KOnneKTlllBHOLI ,B88HMO.ZJ;eUCTBl/lH a;ztpOHOB. 

2. Ha OCHOBe 3TOii MO.!!;eJIII IIpOBe,neH aH2.1Ill3 m.mlO!JleI'OCJI axcrrepHMBH
T8Jil,HOro r~Tepmwa IIO KYJ.!yJ1JITUBHl!M npoueccru,1, IT03BOJIJIIO!lU1ii yTBepr..,naT1>, 
qro a1,cirrepnMeHT He rrpoT1mopc'!::T rnrroTeae o MacmTa6Ho-rurnapnrutTHllX 
CBOMCTBaX ruritmoil11BJ1oro crrew:pa B KOJ'.JieKTHBHblX asam..o,n;eficTmunc a,n;ponoa. 

3. ilOKa3aHO, qTQ o6CYJl~aeMall MO,ll;BJ!l, He Tpe6yeT HaJill'llIJl B smpe 
roTOBOro o6LeKTa C y,n;BoeHHOli, yTpoeHHOli H T • .n;. HYKJIOHHOi.l: mccoi1, T.e. 
He Tpe6yeT ,ll;OIIQj.JillTBJil,HblX npe.l(IIO~OlltBHHli o CTPYXTYJ)B smpa.OHa HCXO,ll;RT 
H3 Hena6Ell!U19CT~ BOSffi!KHOBeHIDI Trutoro o6~exTa B rrpouecce Heyrrpyroro 
B8filllJO,neiicTBIDI ,c HYK,,10H8MlJ smpa nepBH'lHOI'O a,n;poaa, uacca KOTOporo 

. ' ~ 
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HBMHOI'O npeBbllllaeT Ma.KCHMaJII,HO B08M0:1ltHy!O Macey B N N -B8aHMO,l(eiicTmm 
Ilpll TOR xe Ha'laJll,HOii aHepI'lm. 

ITOCKOllLKY 8TOT M8X8HH8M H6 TOnLKO o6~HCHH8T OCHOBHN8 88KOHOMep
HOCTH, HOH npaBHnLHO BOCilpOH3BO,l(HT BenHqHHY BbllC0,!(8 KyMynHTHBHNX qac
THU, OH MOE8T npeT8H,l(OB8TL H8 pom, ,l(OMHHHPyD~ero. 

4. IlonyqeHa 0~6HK8 BP6M6HH qiopMHpOB8HHH KyMynHTHBHbllC qaCTHU B 
KOMnayH,l(-CHCTeMe. 

5. B urapoKou HHTepBane HaqanLHhlX irneprHt 2 raB ~ E;n. ~ 400 raB 
.., p -

onpe,l(elleHO ceqeime o6pa30£8HEH K01mayH,l(-CHCTe1.1, CilOCOOHblX CK0HU8HTPH-
POBaT:r, 3HaqnTen:r,HyIO ZIOll!O SHepr.m Ha ns:nyqeHn~I 0,l(HOi1 'Q8CTHl.lbl. Kattan 
peaKunn B CTOJIKHOB8HHU 8JlPOHOB, H,l(y~el1 qepea o6pa30B8HUe e~HHOli KOM
nayHa-cnc:reuu, He 11 Bb!Mll. P88! 11 C pOCTOM SHeprnn. Ero ceqeHH8 npn 

.f;~ 6. l'aB npn6JIH8HT8JII,HO IlOCTOHHHO ll HaXO}tUTCfl Ha YPOBH8 
0 

- ,,, 
,25 "PP • . 

6. Ha OCHOBe HH1JOPM8UUH O Il0B8}t8HHM napaueTpOB MO}t8llH,nonyqe11-
HOii H3 aHaJIHSa .1t8HH!,IX O POE}t8HHM eyMynHTHBHblX M830HOB H rnnepOHOB, 
a Taue o6pasoBaHHH qacTnu c 6on:r,mn1.1u nonepeqHwn n1.1nyn:r,caMH Ha H'A
pax onncauu KyuynHTHBHhle SIMJeKThl B npoueccax c yqacTneu .I(eiiTpoHa H 
noitnoporoBoe pog.1teHH8 8HTHilPOTOHOB Ha H,l(pax. C.1t8ll8Hhl pacqeThl~npe,l(
CR838HllH .1t1IH HHBapnaHT~~x HHKlll08HBHhlX ceqemdl eyMyllHTHBHblX 1i830HOB 
n a11TnnpoT0HoB npn Ep = 400 raB. Ilpe,l(cxaaaHHH 11axo.1taTca B cornacnn 
C peaynLTBTBlm H8,l(8BHHX 3RCil8PHM8HTOB. 

PaccMaTPHBBJOTCa TaKX8 ll Jtpyrne npouecchl KYMyIDITHBHOro THna, 
r.1te MOEeT npOHBllHTI>CH npe]tJIOE8HHIDi M8X8HH3M KYMylIHUHH. K TBKHM npo
ueccaM OTHOCHTCH: o6pasOB8HI48 11SB8S,!(11 C 6on:r,mm,1 'QHCllOM POllt,l(8HHhlX 
qac:rnu - "cBepxsBea:zt" B konneKTHBHOM Baanuo.I(eiicl'BHH aitpOHOB n xoppe
llHUHH KYMYllHTHBHbllC IlHOHOB C HB118HH8M 11IlOllHOro P83B8ll811 H,l(pa-MHmeHn: 

Anpo6amm pa60TH. Peayn:r,TaThl. ,l(HCC8PT8Ulill ,l(OK1Ia,l(HBaJIHCL Ha ce1m
Hapax JIT<r2, JIBS omm n !:'!~BS 'AH Kaa CCP, Ha ceccHHX Off~ AH CCCP I978r~ 
I98Ir.~ Ha MelfmYHapo.I(Hoii mxone no H.1tep11oii qinanxe (r. EnseHTan:r,, r.11P, 
f98Ir). . 

Ily6llHK8UHH. no peayn:r,TaTaM ,l(HCC8PT8UHH ony6nHKOB8HO 8 CTaTett. 

06MM paO'OTbl • .UnccepTaUHH COCTOllT HS BB8,l(8HHH, Tpex rnaB OCHOB
Horo C0.1t8~XaHHH, saxnJOqeHllH, C0.1t8PEHT II9 CTPaHHU MamHHOilHCHoro T8K
CT8, 36 pncyHKOB, 2 TaO'nnuu n 6nO'nnorpawnqecKHtt cnncoK nnTepaTyphl 
HS 85 HaSEBHml. 

COJIEPJff.AH!:'IE PAIDTll 
Bo BB8,1{8HIIH ,!(88TCH KPBTKHff oO'aop cymecTBYIOmnx M0.1teneli eyuymi:

THBIINX npoueccon. KpaTKO oxapaKT8PH80B8Hhl TPY'AHOCTll, C KOTOP!JMH 
BCTpeqalOTCH 8TH !.!0,l(8llH. IlpocnemraaeTCH CBHSI, M8JltltY eyMynHTHBHh!MH 
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npo11eccaUH n npocTpaHCTBeHHO-Bpeuett11h!M11 acnexTaMH npouecca MHOlltecr
BeHHoro POX1!8HHH '18CTHU B llllOTHOit H,l(epHot: cpe]te • 

CTaBHTCH 88,l(aqa OIIHCaHHH RYl.fY1!HTHBHhlX npoueccOB C TO'QRH speHHH 
oo~nx npe,l(CTaBll8HHli O CHllI>HOI.! BS81U!0.1te'1cTBllll 11 t'ICil01!I,30BaHHH TaKHx 
npoueccOB B xaqecTBe .1t0Il0llHt'IT8llI,HOro MCTQqHnKa HH!!,opuannn 06 STOA! 
Baanuo1tet'.cT1lHH. Ilepeq11cne11h! npoO'neim, uccneityem,re B .1tnccepTauu11. 

B Il8pB0'1 rnaBe ,l(HCC8pT8ijHH ,!(8H8 WOPMYnHPOBK8 npOCTp8HCTB8HHO
Bp8U8HH0'1 K8pTBHhl npoueccoB KYMYllfiTHBHOro THna. Bee OCHOBY nonoxeHa 
cxeua, KOTOpy10 MOXHO ~ql8KTHBHO OilHC8TL M8X8Hll8MOM 11 C06Hp8HHHn n H,l(-
pe fl HYKBOHOB H8JI8T8!0UIHM 8.1tPOHOM B nocne.1tOB8TenI>HhlX 8KT8X CTOlIK-
HOB8HHH c KOS<M/HUH8HTOM 11eynpyrocTn K,;:, I H ceqe11ue11 6 .::< <:5 JJ . 
IlpH 8TOM.ylll!ThlB88TCH BOSMOJKHOCTL pacna,l(a npo11ezyToq11on CHCT8Mhl, T.e. 
BllX0,!(8 ee H3 KyMynHTHBHOro 11COO'Hp8T81!I,HOr011 K8Hana H8 K8E,l(OM ST8Il8 
npouecca. TaKnu o6paaou, cornacHo uo.1tenH npouecc pasBHB88TCH B npe
,l(enax onpe.I(eneHHoro npocTpaHCTBeHHo-BpeueHHOro HHTepBana. 

~nH OilHC8HHH HHKHI03HBHOrO Cil8KTp8 pacna.1t8JO~elicH CHCT81Lbl,K8K 
npaBHno,ncnon:r,syeTCH npHHrµ!Il M8CmTa6HOH HHB8pH8HTHOCTH. 

06Cyiit,!(88TCH 'l8KE8 rHnOT888, 3HaqnTenLHO pacmnpH10~8H B03MOlllliOCTH 
140,l(enn. CornaCHO 3TOH rHilOTeae HHB8pH8HTHhle HHKHI03HBHhl8 C8'Q8HHH o6-
p880B8HHH qacTl4U B KonneKTldllHLIX BS8HMO_,l(elicTBHfiX npn6m!llt8HHO HJ:{6HTHq
Hhl T8M xe .ceqeHHHM B aneM8HT8pHOU 8KTe npH TOli xe C8MOU Macce npOMe
xyToqHoU CHCT81Lbl. T8K8H WOPMYlIHpOBK8 M0,!(8HH IlOSBOlIH8T nepeliTH K 8H8-
llH3Y KYMYllHTHBH!,IX npoueccon H npn COBC8M He6on:&illHX SHeprHHX, KOr,!(8 
npHHUHil uacmT86HOU HHB8pH8HTHOCTH S8B8.1t0MO HapymeH. 

B nepBOU naparpaqie ,l(8Hhl OCHOBHhle COOTHOlll8HHH, OilHCLIB8ID~He npo
uecc B P8MK8X cwopuynupOB8HHOU K8PTHHhl. MHB8pH8HTH08 ceqeHne poE,l(e
HHH 'Q8CTHl.lhl copTa ni• onpe,l(81!H8TCH Bhlp8E8HH8M 

(i) . (n) 1 (0) . 

RA ( 5,X, I{)=~. ~ · i5Tn F; ( Sn ,Xn ,P.1. ), {I) 
. n-mt.11 . NH 

r~ -
r,l(e 0.(s X A) - HHB8PH8HTHOe ceqeHH8 pOJK,!(8HHH 'Q8CTH~l:J -OOpTa . ., n, n• :l p /PmaJt nma1t 
.,l B NH - CTOJIKHOB8HHH; X n = 11 llti)<n}H 'llri) <n) 

M8KCHM8llI,H08 s11aqemrn np0,1tOJILHOro iwnyn:r,ca qaCTHUhl .i'' npH 88,!(8HHOM 
aHaqeHHH ee nonepetrnoro mmym,ca_ fj_ 

~anee: 

Sn = 2 nm E)n+ (n 2
+ l)m 2 , (2) 

n - qHcno "co6p8HHhlX11 HYKllOHOB H,l(p8. . · . · tn 
T8KHM oO'paaow, 8CJIH nepnnqHaH 3Heprim p8BH8 £ p , TO B Ky-

uynHTHBHOM npouecce n -ro nop!l,l(Ka ncnOJII,syeTCH \PYHK~. 
HauepeHHaH B pp - CTOnKHOBeHHH npH aHeprHn 
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I [ ·n 
EPP = zm rn 2+f)m2.,.2nmE;,oJ-m. (3) 

Ec:rm aa:eHCDOCTL F OT S OTCYTCT:eyeT: F <5,X) = F (x), 

nonyqaeu 118CmTa6HyD HH:BSPHSHTHOCTL. 
W <nJ . 

Be.JlHqHHY A - ceqeHHH C06Hp8HHH·cHCT81W, :BK1I!lqallllteA n 
uyKnoHo:e H.ltPB-MHilleHH c uacco:ew qHcno1,1 A, · pa:euu: 

W rn~ 1t f6cP) n f2Rz+ f c'n} '([2;2(6c:P.,.ll,c)R] l , 
A 2 IT<<J,p+a/() K=I K r <J,p+ aKJ 2 J 

· X:1, .. n 
r;zte 

(4) 

a,:. DC. (n} = TT (6.p+a ) [~ (aK~ar>] 
K#{ C 2 J-1 ... n 

;:\=f ... n f lK 
) 'lit- f n <n} 

. [
1
~ =-[ I+ (-1) 11 2.. C,c ] . 

K- f K:2 

B (4) 6c - ceqeHH8 38XB8'?8 HYKHOHS :B KOMnayH)t-CHCT8My, 
p - H~8PH8H nnOTH(;>QTL, R = Zo A I/$ - ps~yc HAPS, _ 
"/.• = 1,2 I™, Q - onpe;zt8HH8TCH KHH8M8THKOA nponecca H £

0
• 

Bp8M8H8M ZHSHH KOMnsyH)t-CHCT8M, cnooo6HYX HSnyq.sTL KYIIYHHTH:BHl,18 qsc-

THW,,. - -1/z I . 
l{anee, r. = '[o (Sn_,) ;C - CBH3L, llO;ztCK838HH8H COOTHOm8HH8M 

Heonpe1,1eneHHOCTeA H HS6HD)t88110A o6~eA T8H)t8Hl{H8A H3M8H8HHH BP8118HH 
lUISHK pe30H8HCOB C pOCTOM HX MBCCY. 

Bo Hopou nsparpaqie o6cyz;ztaeTCH A -as:eHcHuocu, HH:eapHSHTHoro 
ceqeHHH. Ana HCC118~0B8HHH 38BHCHMOCTH HHB8pH8HTHOrO ceqeHBH OT ,rc
COBOrO qffcna H;ztpa-MHW8HH paCCIISTPHBS8fCH noB8)t8HH8 qiyHKUHI w.; 
B (4) B lJ.JJYX npe;ztenLHblX cnyqsax: uanoro H 6onLmoro BpeueaH, T.e. 

an> f H lln ~ f ( 6c - C'llHT88TCH 11anu11). IlOCKO.JI1,KY 
6c << 6,/J;, TO 1,1nH narKHX H c pe;ztHHX H].18 p: QJ = 2 6', p R < I. 

Tor1,1s :e cnyqae wanoro :epeueHH an> I ua (4) cne;ztyeT: 

W.'n'J_!!, (6cP ;n•/ fzR2- t[2;2t5epRJl ~ .!t.._7lR5 (6cPY"' ,..., A 
A-2 TT(f1cp+a;t) (6cp)2 J 3 7T(<5cp1-a;r) .(5) 

X=f ... n ilC=t ... n 
Ha BYP8Z8H.1Ui (5) BH~o, q!fo B 1ID60M DOPfl.ltK8 fl KYMY11HUHK 38-

BHCHMOCTL HHBSpH8HfHOro ceqeHHH HBnH8TCH "o67>8MHOA0 • B T8PIIHHSX mH
poKO pacnpocTpaHeHHOA snnpoKCHMSUHH A -SBBHCBMOCTH qiyHKUH8A BH;lt8 

R ~ A II aTo oausqseT, qTo noxssaTem. N paBeH I • B c;nyqae 
60111,ux Bpeweu an <: I n 
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\) 
I 

w<m ,....._, (6 -Z.P)n: R2 .,.,,_ ,,_ A 2/.3+n.~ 
A , (6) 

(2+h)/ 
8 llOKS3ST811L N pSB8H IV= /3 • "06'I>eMH8H11 . 38BHCHMOCTL 
(5) o6:&HCHH8TCH TeM, qTo npH usmi1x :epeueHax nponecc "coC!upaHHH11 npo
HCXO;ztHT B OTHOCHT81ILHO 11snott o6nSCTH H;ztpa, npuqeu no nopfl,ltKY B81IH'IH-

~z-== -J ~ co12st(1~.). 
z . 

Hbl 

• T. rffl Ilponecc :e aToM cnyqae "110Ka11eu". IlpH 6onLmHx Bpeweasx w A .- A , 
TBK KBK 6c - uano • .na:nLaettmee y:eenHqeuze N c pocToM n. ua 
I/3 o6ycnOB118HO TSU, qTo BKnBA KSZ)tOro nopH;ztK8 KYMYHHUHH nponopnuo-
HS118H aqiq,eKTHBHOMy npoC!ery B H;ztpe R.--A tl.J • in 

TSKHM o6paaou, npH q>HKCHPOBBHHOM 3HSqeHHH £ YB8:71HqeHH8 
BP8M8HH To ( T • 8 • yB8:71HqeaHe ;ztonyCTHMOtt CTeneHH ;ztHCCHnanHH 3H8p
rHH B KOMnBYH].I-CHC'f8M8) )t:71H O)tHOro KYMYHHTHBHOro nponeccs no·OTHOme
HHD K ;itpyro1,1y ;ztonzHo npHBOAHTL K ycuneHHll A -aSBHCHMOCTH HHBSpH
BHTHoro ceqeHHH, T.e. K pocTy N 

N = f era) - pacTy111a.a qiyHKUHH. 

PeanLHBH A -aaBHCHMOCTL onpe;ztenHeTc.a SHSqeHHHMH nspa1,1eTpoB 
MOA811H 0c H '2:; , YCT8HOB118HHYMH nyTeM Cp8BH8HHH C ASHHYMH no 
cneKTPBM KYMY1IHTHBHYX qaCTHit. 

B Tpe'?Lew nspsrpsqie uccne;ztyllTCH yrnoBble pscnpe;zteneHHH xyuynH-· 
-THBHYX qscTHU. YcTaHoBneHo, q!fo sqiq,eKTBMH ·norno~eHlffl KYMYHHTHBHblX 
'IBCTHU, pOJE)t8HHblX BH;ztpe, B npouecce HX npoX:OZA8HH.H qepea ero T01IIIIY 
MOlltHO npeue6peqL B HH3mHX nopH;ztKSX KyuynHUHH, OOCKOnLKY B npouecce 
11C06HpSHHH" o6psayincH K8H8:71 C pe3KO noHHJK8HHOit lllIOTHOCTLll Hy.KJIOHOB. 
IIOK8°88HO TSKllt8 ,· qTo npoX:OlK)t8HH6 7'[ -M830HOB B K8HS118 1 OKPYllt8HHOM 
nnoTuoA norno111s1>111eA cpe;ztoA, uozeT no:enHHTb HS HX yrnoBoe pscnpe;ztene
HHe B peaynLT8T8 npOHB118HHH AH~p8KUHOHHblX 3q>q,8KTOB. 

B qeTBepTOM naparpa~e o6cylltltS8TCH xaqecTB8HHoe cpSBH8HHe uo;ztenH 
C H8KOTOPblMH axcnepHM8HTSnLHblMH T8H;zt8HUHHMH. B qacTHOCTH, noK838HO, 
q!fo ycuneHBe BYXO;zta KywynHTHBHYX qacTHU c pocToM A npoucxo;ztHT 
HHT8HCHBH88 )t1Iff Tex H3 HHX, KOTOpYe Bbl118T81lT C 6onLWHMH 3HaqeHHHMH 

7,r; (TBK KBK )t1I.li HHX n - 60:71Lme). 

B T6PMHHSX annpOKCHM8Uff.H RA (1;J- exp{7ir17o) ,KOTOpaJI 
qacTo HCnonLayeTCH ;ltHH 8MllHPH'l8CKOro OllHCBHHH cneKTpS KYMYJIHTHBHYX 
1[ -M830HOB llOA yrnoM rso0 , 3TO 03HSqaeT, qTo npH q>BKCHPOBSHHOA 

1.n. -r 
aueprHH £ napaueTp 10 , Boo6111e roBOpH, HBn.aeTCH pacTy111e! 
(no-BHAHMOMY, cnsC!o pscry~eA) qiyHKUH8A OT A 
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~HCCepTaUHH cqiopuynupOB8HHaH MO;ztenb KyMYHHUHH 
conocTaBJIH6TCH C 3KCnepHM6HTOM H HayqaeTCH noBe.zt6HH6 ee OCHOBHhlX xa
p8KT6pHCTHK. 

B nepBOl,l naparpaq>e MO.zt6JII, "co6HpaHHH11 conoCT8BnH6TCH C 3KcnepH-
M6HTaJibHhlMH .ztaHHblLIH • YTOQH6HH6 napa11eTpOB ~ H ¼ npOB6.zt6HO 
no .ztaHHblM, nonyqeHHhlM B KaKOM-nH60 qaCTHOM cnyqae npouecca Ky11yn~HH. 
3aT6M HX 3HaQ6Hl1H CQHTaIOTCH H3B6CTllhlMl1 H q)HKCHPOB8l!HhlMH. Ha11ny11mee 
C0!:!!,8Cl16 C 3KCnepHM6HTOJ4 .ztOCTHr86TCH, 6CJIH ~ = 0,25 ol:, , 

Ta= 4-ro-24 c. . 
ho BTOpOM naparpawe npoBe;zteH 8H8JIH3 38BHCl1MOCTH napa11eTpOB MO

;zt6JIH OT HaqanbHOil 3Heprn11. ,llJIH 3T0'1 U6JIH llCilOJib30B8Hhl 3KcnepHMeHTa7Il>
Hble ~aHHble 0 

a) KY:MYJIJITHBHl:lX 7l- MesoHax B p .,_ A ~ n: ~ X npouecce , 
6) KyMyJIJITHBHblX /(';. H 11 i; - Tffi.CTlW,a.X, 
B) p<>J!Ol;emm Q8CTHU C 60JibWHMH Ii HB H:ztpax npH BhlCOKHX 

3HeprHHX. 
IlpOB6;zt6HHhlti 8H8JIH3 Il03BOnHJI nonyqHTb Hllq>OpM8Ul1!0 0 TOM,qTo B pe

ax~ cTOJIKHOBemm a,n;poHoB Ka.Harr, ImYI!liIB· qepes o6pasoBaIDie e~oil: 
KOJ.mayH,ll-CHCTeMhl, He 11llhl.14Hp8eT11 C poCTOM. aHepr.1111. Ero C6Q6HH6 np.11 
ej') ~ raB npu6nH3HT6JibHO nOCTOHHHO H H8XO;ztHTCH Ha YPOBH6 

0,25opp • AH8JIH3 TaKl!C6 He npOTHBOp6QHT IlOJIOl!t6HHD O nOCTOHHCTBe 
napa11eTp8 ~o , CBH38HHOro C Bp6M6H6M l!tH3HH KOMil8YH:zt-CHCT6Mhl, H 
OTCYTCT:BHH ero 38BHCHMOCTH OT aueprHH CTOJIKHOB6HHH npH ;ztOCT8TOllHO 
BhlCOKHX 3HeprHHX. 9TO npHBO;ztHT K IlOCTOHHCTllY :ztJIHHhl ll38HMO.zt6'1CTllHH 
8,llpOHOll B CHCTeMe U6HTpa M8CC .ztJIH npoueccoB KYMYlIHTHBHoro THna. 

B TP8Tb8M naparpawe HB OCHOB8 nonyqeHHOH HHqJOpM8UHH O IlOB8.zt6HHH 
napaMeTpOll MO,l!6JIH ,l!JIH llhlHCH8HHH CT6Il8HH 061IiHOCTl1 (B p8MK8X npHHHThlX 
npHC5JIHl!t6HHH) o6naCTH npl1M6Hl1MOCTH 11 :ztJIH"B03MOXHhlX yToqHeHHH H3JIOl!teH
HOti K8pT11Hhl KYMYJIHTHBliHX npoueccoB npoBe.zteHH pactzeTH - npe;ztCK838HHH 
.ztnH HH:Bap11aHTHhlX C8Q6HHH pOl!t.l!6Hl1H ll npoueccax, 61lt6 He. 11syqeHHHX 3KC
nepH. MeHTan1,. HO. 06cyx.ztaeTcH poE.ztettue KYMYJIHTHBHHX K: - 11esottoB 11 , "' ~ n ill · 
aHTHnpoTOHOB B rrpou;ecce P+A-+-(P, K-)+)( npH r;o = 8,6 raB/c. 

C;zt6JI8HH npe.ztCKa38HHH .ztJIH P0l!t,l!6HHH KYMYJIHTilllHhlX B6KTOpHHX 11630-

HOB ,1h r.unepoHoB, a TaKxe .ztJIH npo11ecca P +A➔ (!r_-;<; p }-t- X. npH & = 400 raB/c. He.ztaBHHe 3KCnepHMeHThl no POl!C,l!eHHIO KYMYJIHTHBHHX 
.:ir--14830HOll np11 6.aTaBCKHX 3HeprHHX no.ztTB6pl!t.l(8lOT C.l(eJI8HHb16 npe.ztCK838HHfl. 

B qeT:aepTOM naparpaqie HCC/18,l!OB8HO llHHHHH8 H,ll8pHOti cpe.ztH H8 Bbl
XO:zt KYMYJIHTHBHHX qacT11u np11 6onl>WHX nopH.ztKBX KyMynauu11 n. . IloKa
satto, qTO B ll61IH'llHHY 11HB8PH8HTHOro C:6Q8Hl1H pOl!C.l!6HllblX Q8CTl1U MOryT 

,l!8B8Tb BKJI8,l!bl .ztononHHT8JibHhl6 aitxiieKThl (B38HMH08 OTT8JIKHBaID!e HYKJIO
HOB Ha M8JihlX paccTOHHHHX 11 3~6KT "norJIOllteHHH11 ). 
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B IlHTOM .naparpaqie .11ccne.ztOll8H Bonpoc O CTeneH.H KOHJI8KTHBl138UHH · 
B38HMO;zt8'1CTBHH penHTHBHCTCKHX 8:ztpOHOB C H.ztp8MH. Ha OCHOBe 8H8JIH38 
.zt8HHhlX no KYMYlIHTHBHOMY M830H006pa30B8HHD H o6p830B8HHD Q8CTHU C 

60nbmHMH nonepequb1J411 HMllyJibC8Jm Ha H.ztpax IlOK838HO, QTO HCllOJib3Y8Mhltt 
B H6KOTOPhlX pa60T8X YilP01Ii6HHhltt M8X8HH3M KorepeHTHoro B38w.to~eticTBHH 
a;ztpOHa C HYKllOH8MH Tpy6KH B p8CCM8TPHB88YOti o6naCTB 3Heprutt He pea
nHayeTCH. 

B Tp8Tb8ti rn8B6 IlOK838HO, QTO npOCTp8HCTB8HHO-Bp8M8HH8H WOPMY
nHpOBK8.ql6HOM8HOJIOrHqecKOti MO.zteJI.H KYMYJIHTHBHIDC npouecco11, ocHoBaH
HOti HB cxeue "co6Hp8HHH11 B.ztPOHOB B 8:ztHHyD KOJ4Il8,YH;zt-CHCT8MY, M.OllC6T 
6h1Tb c ycnexo11 Hcnon1,aoBaHa :ztna HHTepnpeTaUHH :ztpyrnx npoueccoB KY
uynHTHBHoro THna. 

B nepBou naparpaqie paccuoTpeHhl npoueccu c yqacT11eu ~enTpoHa,B 
KOTOpHX T8KllC8 npOHBJIHIOTCH 3WqJ6KTH KYMYJIHUHH. 9TO npOU6CChl THil8 

( P, d) - ll - (8 = 180·) + X 
H 

{11.,A) --ll (B=D~)+X. 
·Bo BTOpOM naparpate H3JIOllC8HHhlti B ;ztHccepT8UHH M8X8HH3M KYJl,JJIH

l{H.11 npHM6HH8TCH ;ztJIH HH1'8pnp8T8UHH ynpyroro ( P,d r - p8CC8HHHH Ha
sa,n;. B aTOM cnyqae pacCMarp:irnaeTCH: pacna,n; "co6paHHoii'; xoMIIay~-CHCTe;. 
Mhl B Haqarrl>Hllli KaliaJI. . 

B Tp8Tb8M naparpate 11ayqaeTCH 3Wql8KT llOMOpOrOBOrO POllt.l!6HllH 8H
THllpOTOHOB H8 H;ztpax. Ilpe.ztCT8Bll8HHhl8 pesynbT8Tbl nonyqeHhl npH auaqeHH
HX napa11eTpOB, KOTOphle Il03BOJIHDT OilHC8Tb H KYMYJIIITHBH06 M830H006pa-
30B8HH8, T.e. npoHBnHeTCH po:ztcTBO 06011x npoueccoB, KBK npoueccoB~ 
npOT8K8!01ItHX B6llH3H npe.zteJII,HhlX 3H8Q8HHtt KHH6M8THqeCKHX nepeueHHNX. 

B Q8TB8pTOM naparpa~e HCCJI8;ztOB8HH APYrHe B03MOJKHH8 npOHBn8HHH 
KYMYJIHTHllHOro 3qiql8KT8 B T8KHX npo~eccax~ K8KHYH HBnHD~CH o6p830B8HH8 
ncBepX3B83;zt11 , KOppenHUHH KYMYJilITHBHhlX 7[ -J4830HOB C HBJI8HH8M "noJIHo
ro p83Bana 11 H.ztP8-JmW6HH. PeaynbT8Thl 3Toro naparpaq?a HOCHT ll OCHOBHOM 
K8Q8Cl'B8HHhltt, npeACK838T8JlbHhlti xapaK~ep. 

B 38KnDq8HHl1 nepeq11cn8Hhl OCHOBHH8 peaynbT8TH, nonyqeHHH6 B ,l!HC
cepT8UHH. 
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