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CEOMCTEa RUBpHOM MBTBpRR npR 60nbWHK 

nBpBTypBK yxe lIBBHO B~3~~BroT HHTBpBC ~SMR
HO ClKBTOi1 H ~o36YlKIIBHH0}1 R,1J;epHoJli: MBTepU 
n8KTOE p8HRTHBHCTCKOM RllBpHOM ~HaHI{H. 

nnOTHOCTRK ~ ~~COKHX 

O~ /1-7/.06PBaO~BHRB 
- OIU1H as HHTBpeCHblK 

TSM

CHHb

BC

BHCKB3~BBIDTCR npennOnOlKBHHR O B03MOlKHOCTM ~BaOB~K nBp8KOnO~ 

RUBp,HOH MBTepHR B llHOHH~M ROHUBHCBT /1,~/, BHOManbHYID RuepHYro MBTe
PEID/ 3 ,4I , KBapK-rnrooHHYID nnaaMY /6/. OCHOEHOM Eonpoc,npeucTBBHHIDW~ 
HHTepBc B HaCTORWBB BpBMR,OOCTOMT B TOM, KaKHe RuepH~e nnOTHOCTH H 
TeMnBpBTYP~ UOCTH~b1 B RUpO-RUBpH~K CTOHKHOBBHRRK npH cywecTEyroWRK 
nyqKaK RUBP R aHBprRH HK YCKOpBHRR. 

3KcnBpRMBHT8nbH~B nBHH~B no onpeuen8HRID aTRK napBMBTpOB UHR 
anap C, We'H !lI( npa KImBTI1qeCKRK 8HBprRRK O,S faB/A R ~,1 faB/A 
ony6nHKOBaH~ B pa60TBK /8,9/. 

B 118HHOlll pa60TB Ml>l nonsranacs On8HHTb "TeMIlepaTYPY" 11. IJJIOTHOCTb 
RnBpHo~ MBTSpRH, OdpBSyroWSMCR E CC- BaBRMOUSMCTIlMRK npH P/A=4,GfaB.
nHH 8HBnRSB HcnonbaossnOCb 3550 HsynpyrHK B3BHMOUSMCTIlH~,nonyqBHH~K 

c nOMOWbD MBTOURKH 2-M8TpOBOJli: nponBHoBoM UY3~PbROBOM KaM8p~ ~ 

OMHM.OTlIBrrbHo BaBnRBHpOBSnRcb TaK~B MHorOHYKrrOHH~B CC-CTOrrKHOBBHRR. 
MaoroHYKnoHHHMR HJrn "UBHTpBrrbHHMH" CC-CTOHKH01l8HHRMH CqHTBIDICb TBKMS 

C06~THR, ~ ROTOp~K OTOYTCTBOBBllH MHorosapRUHH8 ~parMeHTH OT HBrrBTaD

wero RllpB yrnepona, B ROnHqeCTBO onHoaBpRllHHK cTpHllllHHro~HK qBCTHU 
c yrnoM () OTHOCJiTenbHO nBplH1qHOrO HBnpBsn8HHR f}<:.40 H RMnynbcoM I 

P / 3,0 faB/c HB npsBHwano ~ /11,12< CTBTHCTRRB MHorOHYKnOHHHK CC-BSBliI

Mouei1cTlIHM COCTBJuxna 2000 C06b1THM. B HaUleM BHBnHae lIJlH onpsnaneaaa 
TBMn8p8TypH RnBpHo~ M8TSpKH RcnonbSOB8nHCb npOTOHH H OTpHU8TBnbH~8 

nHOHH; OUBHKH nrrOTHOCTH nonyqeHH c nOMOWbID npOTOHOB.TIPOTOHH J H8meM 
aKCnepHMBHTB OTnHqarrRCb OT rr+- MBSOHO~ B HHTspllBnB HMnynbcoB 

150 ~ PnB6.:S. SOO MaB/c.TIpRMBcb rP"-MBaoHoB CpBIW npOTOHOIl c O,Ss. P J.tB"Í. 
~ 2,5 faBio COCT8BHnB 13,5%. TIpOToH~ c 'RMUYllbCOM Pna Cí ::: 300 MaB/c 

mCKHIDqSHMCb H3 aHBnH3B,nocKorrbKY • aToll oCínacTR ~BHHRB npRMecb npo
TOHOJ - ~parMBHToB RUPB-MmillBHH. CpBlIa npOTOHOJ «M8BTCR TBKX8 npHMBCb 
UBMTpOHOB, KOTOpHB ~ HBm8M aKCnapHMBHT8 npBKTRqBCRM Ha HneHT~aUHpo

B8nRCb.nOHR UBMTpOHOE OpBnH npoToHoB,oCíp83YBM~K IlH8 oCínacTH ~pBrMBH
TBQKK Rnep, OU8H~BrrBCb 'o nOMOWbID MOuenH JHYTPHBUBpHoro KBcKanB c 
Y~8TOM KOanHcueHqHR/IO~Eonee nonpoCíHo aTOT ~onpoc pBCCMOTpBH HH~e. 

T~ATYPA 

3KcnipRMBHTBrrbHO UllR onpaUineHHR TeMnepBTypH RuepHOM MBTBpRR 

HcnOnbaOJarrCR TpBUHUHOHHH~ MBTon.AHBnM3HPO»BrrRCb HH~apHBHTHHe HHKnD

1 o~v. IJKH.f'1iHhifi KHcruryr l 
Qle~a~x ij(r~~~opauu~ 

6I1SJr"RJTEHA 



,_ 13,~ 1. ~ 
aaaaus cnexrps (C c;r-~ -= J) c/.J2-dT ) orpauar exsasx nROHOll .VI 

npOTOHOll,aOns~8HHbllC nou yrnoM,ÓJ1M3KaM K 90 0,E o.u,.a.OTaJ1KaEaIDWHlCOR 

RUBP yr11Bpoua.3nBOE> P -RMnynE>C, T - KaHSTHqeOKBR 3HeprLiR paOOMaT

paEaSMblX qaOTMu, E o.u,.a. Yro11,ÓnR3Ka~ K 90 0, EblóapaBTOR UnB Toro, 

qTOÓbl aOKHIDqMTE> B03MO~HO~ EJlV1RHaB n8pa~epaqBOKMJ{ E3aRMOUS~OTEa~.MbI 

paccaorpe na cuexrps -k dI:.. npOTOHOE R OTpnuaTS11E>HbllC naonos .oopa
1/ cl I ' 

3yroWLilCOB BO EOel{ GC-a CC- U8HTpB11E>Hbll{ OTOJ1KHOEBHV1BX E onBuyro~HX 

80 0+1000•aHTepBÇlJI3X yr110E () E C.U.H.: 1)60°+1200, 2) 70°-tIIOO R 3) 

CnBKTpbl UllH npoToHoB n011yqa11aOE> nYT6M BblqaTaHHR M3 HHKHD3V1BHblX 

onBKTpoB Boe~ n0110~TB11bHbllC qaOTHu" B3BTblX c Macoo~ npoToHoB,onBKT
pOE OTpHu,aT811bHblX ~aOTV1U, TaK~B B3RTbll{ o Macoo~ npoToHs.MaKCKMB11b

HaR npMMBCE> ueiíTpoHOB cpsna npcroaoa B 3THX HHTBpEa11Bx ,YrnOB OOCT8BV1

11a~ 3,5%, qTO npaKTHqSORR Ha B11HflBT Ha EB11V1qV1H,Y TBMnepBTypbl,nonyqas

MYID~On8KTPOE npoToHoE.Ha pao.la li Ó np~ucTaE11eHbI pBOnpeUBJ1BHRH 

~ dT UJIíl OTpauar EIlbHbI X rrn:OHOE H npOTOHOB, acnylUs HHbI x B HHT epaa
11B B=eOO+IOOO UllH ECSX CC-H CC-u,BHTpaJ1E>HHX BsaRMon8MCTEV1M.3TH pao
npeUS11BHHR annpOKOV1MHpOEanaCb 3KcnÓHBHIJ,V1anE>HO~ SaEHOHMOCTE>ID: 

P(T) := -b %~ = lí cJX/.) (- T/To '). (I) 

PBsY11bTaTH annpoKcRMau,HH TaK*S nOKasaHbI Ha pHc.la H Ó • 

BS1IlIqHHa To E <POPMY11B (I) OnpeUBJIíleT cpeUHIDIO KHHBTMqBCKYID 8HBprlliO 

paCCMaTpaBaSMbllC qaCTHu, a,011BuOEBTB11E>HO, xapaKTspHsYST TSMnBpBTYPY 
RuepHo~ MaTBpaM B TOM oTaUHH ee paCillapSHRH, Korua acnycKaIDTcR uaH

HblS qaCTa~.IT08TOMY napaM8Tp To OÓblqHO HaSblEaBTOR opBUHe~ TBMnapa

Typo~.3HaqeHHR To, KOTopble n01l.YqaIDTCR npH annpOKGaMBu,aa cnBKTpoB 
/	 . 

~ ~ ~,YHKu,HB~ (I) UnB npoToHoE a nl-M8S0HOE UllH TpSX MHTepEa-
I C" I li
110E yrRoE ~ EO B08X CC-H CC - u,6HTpanE>HHX BSBaMOU8nCTERflX,npSUCTaE
116H1I E TaÓJ1Ru,6 I. CpSUHHB SHaqBHKH To nOKasaHbI TaRRS Ha p~c.~ COE

MSCTHO	 c uaHHblM~ upyrax 8KCnSpaMBHTOE. 
KaK EMUHO HS TaÓ1IlIIJ,bI, SHaqSHRH To E npaUBnalC omaÓOK 8KcnspRMBH

Ta HB MSHRIDTOR o aSMBHBHHBM yrnoEblx HHTBpBa110B 61 .BSJ1MqRHa To UnB 
npoToHoB nOJ1yqaSTCR ÓOnE>WB, qSM UnB nHoHoE.3TO rOEopR~ o TOM, qTO 

npOTOHbI, EBpORTHO, aonYCKaIDTCR Ha donss pBHHe~ CTanaa paClliMpBHHR 

RUSPHOH MaTSpRH no cpaEH8HHID c llMOHBMaX .ilO1l.YqSHHblB PBSY11E>TBTbI COE
nBuaIDT c uaHHblMH paÓOTbI /I3~ BblnonH8HHo~ Há MSHE>WS~ CTaTaCTHKS. 

Ml» IlPoEeJlH TaKlKS oueaxa TSMllBpaTYPbl RcnYCKBHRB (,lP0TOB ,J1 nao

HOE nyTSM annpoxcaaauaa HsaHEàpHaHTHblx cnsxrpoa ~ =- e> ~~f 8KC
nOHBHUHB11E>HO~ SBEHOHMOCTE>ID (I).TBKOH nouxou paSEMEaBTCH E PRUS T80

pSTHqeCKnX paÓOT. 
x ~OJK.HO, qTO sa B8JIli'tll1He To (Ir) OKB3b1EaBTCB pacnan p830HaHooE, 

KOTOpblM npRBOllMT K YM8HbW8HaID To. 
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I ~ 'CC-TI-+X' I Cc-p+x ~J 
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o 0,4 0,8 1,2 1,6	 0,4 0,8 1,2 1,6 

T, r3B	 T, r3B 

L c/f!
P~.	 ~EBpkIBHTHble pacnpanenaaaa P «r : a6 lr-MBsotjOE H 

Ó) npOTOHOE, MCnyOKB8MblX non ,YrnOM 80 ~o..:. 100 E 
C.U,.H. NA! - CTOJlKHOBeHWl UnB CC-HaynpyrRX (o ) H 
CC-u,8HTpa11E>HbllC Ce ) B3aRMouei1cTEHti.ITpRMaR IDIHRR H 
llYHKTMpHBR - pssynE>T8TbI arrnpOKCHM~ll 3KcnepRMeHTanE>H~X 
UBHHHX aKonOHBHIJ,Ha11E>HO~ SBBHCHMOCTE>ID UJlR OÓOHX THnOB 
BSaHMOUe~CTBH~ OOOTEBTCTESHHO. 

~~--r-----.----'-'-~---'-

~. Cpe~e 2HBqBHRH TBMnsp8TY
.. NQ .. P~ 

!,c/il\ll .............
 PH ~R rr--MeSOHOB H npOTO·1 ~ .. 
HOE, acnycxaeasx non srnOM e=: 900 

g p 
Ne"P& 

B C .u, H. B paanaxaux ranax anpo-anep" 
i 140 

J14.:J' ~ ~ HHX E3aHMOUe~CTEHM, E SBERCRMOCTH ..... 

,;J n	 OT KHHBTHqBCKO~ 3HeprRH CT01lKHOBe
,"o_Lo 

• '~P HRR. 
eo .. ~. ri _~" ... '''.lU~ 

rJ-_ .....,po...~1O(' 1 

... Nli'·-..ar 

3HaqBHRR To, KOTOpH8 nonyqBIDTOR E 
L ----l. .J. _L .L J0'----'---' 

50) Gon 10IJ 81í l 300' '00O 100 ZOO 3TOM CnyqBB, npeUCT8BneHH B TBÓIDI
T(Uu/A,M:t8 

qB G. OHH HBCKOnE>KO HH~B, qSM BBIDI

qa~ To,nonyqBHHbl6 npH pBCCMOTpBHHH 

HHBBpHBHTHblX CneKTpOB ETOPRqHblX qBOTHU, H COOTBBJ1RIDT 150+160 MaB 
UrrE npOTOHOE Li ~ 100 MaB UJlR Dr-MBSOHOE BO BCBX CC-H CC-u,BHTpanE>

HHX BSBRMOue~OTEHRX. 

unOTHOCTb 

~JlR onpen8neHRR nrrOTHOOTH EOSÓY~UBHHO~ RUBPHOM MBTepKR~p~p8SYID
lUB~OR B OTOmrnOEeHWlX peJ1BTHEHCTOKaX Ruep,MbI HCnOnE>SOBaJlH MBTOn, 
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TaCíJll1ua r. dHaq;;11II51 T8MI1BjJ8TY.PL: To (UsB) 

TRll B3aKMOAeRCTBRfl 
TkIn qaCTMU 60~t9 5: 120

0 70~{}5- 1100 80~U~IOOo 

CC-U8HTpanll
HhlB 

P 

lr 
I 87±0 

I:G8±2 
1B:G±d 

I26j;3 
177,±5 

I23±4 

CC-Hsynpyrlls 
P 

Ir 
I 76±0 

13~±2 

I 71±4 
. 133;t3 

I7I±6 

I34±4 

TaCírraua ~. 3HaqSH~n T5MI1Sy8TYpU To (MsB) 

TE BS8.IDlI0AeRCTBIDI 
THn qaCTIIU 

6cfA--I20
0 

70~61~ 1100 80~9~IOOo 

GC-U8HTpanll
HhlB 

P 
Ir 

I62±3 
97±2 

I59~ 

97±2 
157,±5 
95±3 

CC-HBynpyrRB 
P 
Ir 

I55±3 
99±2 

I5:G±3 
99±2 

I5I.;t5 
99±3 

npe~oxeHHHH E paCíOT8X 18,9,141. OH OCHOEaH Ha MSYQ8HHH HHTB~8peH
-UHB nap To~nBCTBBHHhIX qaCTHU, C nOMomllID KOTOphIX MO~HO nonyqaTll HHWoP
MaqRID O paSMepax oCínaCTH HonYCK8HKR aTax qaCTHu/ I 5+2I/. Onpan8JlRB T8K
~8 qacno ES8KMOn8~CTBYIDmMX HYKnOHOB,MO~HO OU8HRTll nnOTHOCTll B08Cíy~
nBHiO~ RnepHO~ MaT8pMM.STOT MBTOn CíhIn npKM8H8H nJIR H8XOmn8HRn fillOTHO-
CTa R~8PH9~ MaTspaa BO BCBX CC-a CC-~eHTpaHDHHX BsaMMO~8MCTBKflX 

npa P=4,2 faB/c Ha HYRnOH. 

HsoCíxo~o OTMBTMTll, qTO aayq8HHB KOppeHRuaij nap To~nBCTB8HHhIX 

qáCTHU nOSBOllfl8T OnpSn8Jll1Tll paUKYC (}l ) Toro OCí~8M8 HSJIYq8HKR, B KO

TOpOM q8bT~ CTaHOBRTCH CBoCíOIUihIIIIl, T.8. R, aKCo~ rZ RCT. (H8npMM8p, 

nocnB pacnana p8S0HaHCOB, paCC8RHMR Ha npyrHX a~pOH8X).rroaToMy,8CJlH 

q8CTH~ IlM8IDT ManYID nJll1HY cBoCíonaoro npoCíara (HanpaMep,~OHhI) HJll1 
oCípaaYIDTCR OT pacna~' p8S0HaHCOB, MhI H8 CMo~eM OrrpBnBJlHTll P8~YC 

R~BPHoL1 M8T8pO aa paHH8ti CTa,n;IDr se p8Cnwp8HIDJ. 
~ Onp8~8JIRJIR p8nRYC oCín80TIl HOnyUR8HHH q8CTHU nyTBM HaYQ8HRR 

KOPP~ nap rrpOTOHOB,C~TaH,QTO rr~eHHoe TaKKM oCípaaOM SHa

4 

QeHHe p~ca COOTBeTcTByeT 06~8MY HÃepHoli MaTeplill Ha 60~ee paHHell
 
CTa,IJ;Hll ee pacinapeaaa, no cpasaeaan co 3Ha1l8HHeM Q, orrpe,ne.neHHhlM rry

TeM H3yq8HY.R KOPpG~RURM rrap llliOHOB.
 
llpBnBapHTBnllHhIB OU8HKH panHyca·oCínBCTR acnYCKaHIDJ BTOPHqHhIX qaCTHU
 
H nnOTHOCTR RnepHoij MaTi§HH E CC - u8HTpanllHhIX CTOJlKHOB8HIDJX CíhIJIR
 
onyCímu{OBaHhI B CTaT1l8 I lo B naHHoij paCíOT8 HcnonllaY8TCR Cíon8B TOq


Hhlij M8Ton BhlqHCJI8HIDJ pa.IJ;Myca 06~aCTH HCrryCKaHHH npOTOHOB.
 
PanRYc Onpen8HRnCR nYTBM Cp8EH8HHH 8RcnepRM8HTanllHhIX ~YHK~ij 

c T80P6THq8C~H @YHRURRMH, ROTOphI8 BhIqaCJlRrrHCll no @opMynaM, BSRThlM 
as pacora 121/: . 

B(:I) p) ==' JI~(J!~)[l r 8{J rf) p~ '~'/ ~)) + 8('(fi ) P; '("ICZtJ). (:G) 

KHHBMaTaq8CKHe nepeMBHHhIB onp6n8n6H~ cornaCHO oCíwenpRHRThIM npaBH


1!8M: PpPz - 4-MMIIY~:Dchr; YI;P2 - 3-RMny~fChI nporoaca,
 
p = ( PI T P~)/2 ~:; p( - j:J2,) i z: /~ - i{ 7 -r -CROpOCTll
 
nporoaaon nap~, "0 ·::::./E( -E.z,/- pBSHOCTll aH8pra:t1 npOTOHOB,
 
1<.* x: tFq,.6 - RMnynllc onaoro as npOTOHOB B caCT8M8 nOROR
 

paccMaTpRÍa 8MOÍ{Í naps IlpOTOHOB (T. 8o nna ,?() =0); te;) H f;-aTo
 
napaM8TphI, OnpBn8JlRIDmM8 npOCTp8HCTE8HHO-EpeM8HHhl8 K8paRT8pKCTHKR
 
oCínaCTH HcnycKaHHH.
 

rrpB~OJI8ra8TCR, qTO paCCTORHRH M8~ny HCTOqHHKaMa RsnyqeHHR 
ETOPRqHHK qaCTRU E STofi oCínaCTH pacnp8ueneHhI B COOTB8TCTBKH c pac
npeneJI8HHBM rayccoacsoro TIma: 2- 2

1Ir(X') 1 (- L - .s: ) (3)dlY'l''1 vv = (4íi):J.Jr}CZo VÁ.J Lt7,;.,.l -Y"lc,.(...'...... -1 

rne X;;: X 1- Xz,' f:=;~ - f2 t =t( -t~ . JGI (11/ fi)H YZ( 'r2 12) 

npOCTP8HCTB8HHO-EpéM8HHhl8 RoopuaHaT~ ~yx HCTOQHHROB.~neHhI / 

8 c te )p). te I CZtJ') , .4 t (fI-.lf) R B~ (9) P; 7'0 /~zO ) 

B @op'ynB {I) OI1HC~BaIDT S~8RT~ KBaHTOBOÍ{Í CTaTHcTHKH,RynoHoBcRoro 
OTTaJlKHBaHHH a caUllHoro BS8HMOnBífícTBRR E ROHeQHOM COCTORHKRoHano 
OTMeTKTll, qTO B HCIlonllaYBMOU H8MB ~opMyne (2) ~opMa nOT8HUZ8nB 
PP-BsaRMlone~cTBHH B ROH8QHOM COCTORHaH yqTBHa B Ban8 npRMoyronD
Hoti RMhI 22/ o 

SRCnepHM8HT8UllHO RoppellilUHóHHhIB @YHRURH,S8BHCRWR8 OT nepBM8H
Hofi k~ ,KoTopaR RBJlRBTCR HaMCíon68 a~8KBaTHoÍ{Í nBpeM8HHoífí nJIR Ham8
ro aaaJlKsa, nOCTp08a~ R8R OTHom8HH8 nnOTHOCTR npoToHHhlX n8p B 

@asoBoM npOCTp8HCTB8 R nnOTHOCTH nap ~Ha: 

12 (K4')== 2JC K~)/ ~cJ}( (}!-Y) • (4) 

íl>YHRT.UlH 2)@OH (Jt~) nO~qBHa nYTBM CJIyqatlHoro Il8pBM8IIIRB8aIDI npo
TOHO~ KS p8SHhIX COCíHTHífí.BER~ TpYnHOCTa npR HBnocpancTB8HHOM annpoK
CRMa~ aRCIlSpHMSHTaUllHHK ~aHHhlX T80pSTHqaCROífí SaBHCKMOCTllID (2) 
)J.JIH. onpeneneaaa napaserpaV HcrrO~llSOBBJICH CJIe~ MeTO,Lt.o 
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o BSllHqRHB KOPPSllRUHOHHOrO 8~BKTa MO~HO cyn~Th no SHatIBHHID ~H


TBrpallar,B~q11CllBHHO~~ E O~llaCT11 8~BKTa. BHqHCllRH SHaqBHHH 1 ~llR

I = S1(-1'= (,('I-/.r~/i2()é''I-) d M"f'- (5) 

? x: /(J H'dfi/c . " 
TeopeTH~ecKoM KOpp~OHHOfi ~yHKURH (2) npR paSHHX SHa~eHRRX rrapa-


MeTpa ~o,MOJKHO, rroJIY'lliTl> 38.BRClmOCTl>I={("to ) ,H.1lli I =f(~ 22 > 'k),
 
rne < '(z./!.z=- ri r; - Cpe,IUi8RBa.rwaTH"tlllIDI paIl11YC ocnacra 11cnYCKaHHH
 

IlllR pacnpenBllBHâH RCTOqH11KOE, saIlaHHoro ~OPMYllO~ (3). Ms 8TO~ saEH

CliMOCT11 M01KHO onpsne aarr, SHaqaHHH 7c IlHH EB7illqMH aar erpanoa 1, 
~

]
> 

B~qHCllBHHa~ 11S 8KcnspRMBHTa.MBpo~ EBn11~H~ 8~BKTa Mo~eT Cí~Th Ta~B
 

CpBIlH8 B SHaqBH11B R(JI'!!) , E~qRCll8HHOB E oCínaCT11 ~qxp8KTa:
 
fI":::. tf<j flJ-t/(' 

< R'/ = fR(jIJlJf( jlJr) cJK'~ , (6) 
\ I!"" -lí)~{.rl}/['

P(j(If) _ nllOTHÕCTb npOTOHH~X: nap B <1JOHOBOM pacnpenaaeaaa nap ,
 

HOpMHpOBaHHaH Ha I E oCí~aCTR 8~BKTa (lO~k~~ 60, MaB/c).ITocTpoHB
 
T80P8TJ4qBOI\YIO KpJlEYlD,npBltCTaEllRJDIUYJD S8EIlORMOOTb <f2>.:= f(/o) ,M01KHO
 

onpanenars SH8q8HHH 'ft." n1l.Fl COOTE8TCTBYlOllUIX SH8qBHB:M < P> ,B~qHC

nsaaux 11S axcnepaxenra,
 

~YKllPOTOHHHB KOppBllRqaR B:syqa7illCh E paSHH~ 11HTBpBalla~ yrnoB 

11cnYCKaHHB nap npOTOHOE B C.U.R. CC- CTOllKHOBSHHB ( 30~L9~500 li
 

60~e~1200) H B paSHH~ RHTBp13alla~ H~ nonepsnasx RMnYllhCOB (/1?,
~300 MaB/c Jd 13.. ~ 500 MaB/c). OrpaHl1qSHHR na yr1lli Jd nonapaaaae HMnynb-:

CH BHCíRpanHch HCXOIlH 11S npBIlnOl101K8HKH o TOM, tITO E aTO~ oCíllaCT11 P01K

naroTcH npOTOHH, 11cpyCKaBM~B Ha CíOllBB paHHeM CTaIlHH paClliMpBHHH EOS

CíY1KIlBHHOM HIlSpHOH MaTBp11H.!(pOMB Toro,aTH OrpaHRqBHHB SHatIHTBllhHO 

YMSHhmaIOT 13KllaIl nspR<lJBpHqeCKHX E3aHMOIlBMCTEH~.rrpOTOHbI c RMnYllhCOM 

P lla Cí:<300 MaB/c, a TaKiK8 Pna Cí.?,3,0 faB/c H~l7l~40, rns OllaCí~yrOll
 
OTHOCHT8llbHO n8pEHqHOrO HanpaEllSHKH, HCKHJDqallMCh HS aHallM3a.TaKZ8
 

KpRTBp~ oTCíopa EblCípaH~ IlllR HCKHJDq8HHH HByqaCTBYIOWHX EO B3aRMOIlB~CT


BKB: IlcnapHTsllhHH~ npoToHo13 OT Hnpa MKill8HH H CTp11illlHHrOBHx,OT H8llB


TaI01ll8ro Hnpa.
 

Cp8nHHH CKOpOCTh npOTOHHbl~ rrap COCTaEHlla l.í =0,6,11 aTO 3HaqE


HHS npRHHTO E TBOPSTHqBCKRX 13hltUlCllSHHHX KOpPSllRW10HHblX fÍlYHKIUli1.
 

Ha pHc.3 nOKasaHO IlllR npRMBpa nOEenBHH8 aKcnepRMBHTallhH~~
 

KOpp~OHHHX <1JYHKqai1, nOCTpoeHHbI~ Il1l.Fl paSHbI~ YCllOEH~ oTCíopa 

nap npOTOHOB, H T80PBTHq8CK11~ <1JYHKUHM, BblqHC~8HHbI~ IlllR 3HaqBHHi1
 

to =1,2 <lJM 11 ~, =0,8 <1JM. M3 pHcYHKa EHIlHO, qTO c YBBnHtIeHH8M nonB


pBqHOrO HMnynbca H yrnoE HcnYCKaHKH nap npOTOHOE paIlHYC oCnaCTH B3aH


c-c- (pp).x .. C'C -(pP),x5,0 
0- p'>o (R> ., p.>ü;iI3Blc, 30"<8(1.50' 

• - P.) 0,5r.B/c, 3If<:El<150
0 

4,0
 
2{J
 

a)- ~.1,2 q>M.} 
5) _ c'0,8q>M. v.o{>"t.jq> ~ ~P/O3,ü 

1,5 

2,0 

1,0
1,0 o; 1,0 1? 2,0 3p 

Yc,cpM. 

o o 150 PHC. 4 ()
50 100 3aEHC11MOCTh B o 7111qliHI~« F>EHqHC

k~ M·Wc 718HH0Í1 IlllR 1'SOP8TliqBCKO~ KOppS
PRc.3 llRlUdOHHOí1 dJYH~lU'lH E 0071aCTH

3KCn8pHMeHTa71nH~B TOtIKH R TSOp8TH- 10~~~, 60 MaB/c, OT napaM8Tpa 
qeCKHB (Cn710lIlH~ 8 ID1HHH) ROppB llRUMOH- t; {Cll7IolIlHaH 71I1HIDI). TOtIKH ~a 
HblS <1JYHKUKH n7lH nap npOToHoB,ynoB- rpaWMK8 - pBSY71nTaTH paCqeTa
lleTBOpHIOmM~ pa37lHqHHM YCllOB~HM OTCío- <P?Il7lH aKcnsDRMBHranhHblx,KOPPB
Qa, E CC-HBynp~rH~ E3aHM. OUBMCTBHH~. 71HUHOHHblX ~YHKUH~ B TOi1 iKB 00
T80p8THqeCKHB <PYHKWUI BU-qa0JI8HU 71aCTH 3HaqBHHM ~Jr npa paS7111q
Il7lH IlBY~ SHaqeH11~ napaM8Tpa"~: H~~ YC710EMH~ oTCíopa nap npOTO
a)1~ =1,2 ~M, Cí) 1v =0,8 ~M H HOE E CC~HBynpyrHx ESaKMOIl8~GT
13 e 7111'liIH if =0; 6 11 C~ :::. I <1JM. EIDI X. 

napaaarpa r" . Ms aToiti 3aEHCHMOOT.l4 OnpBJJ;BneHbI SHaqBH.wI r, nllR ao ex 

n071YqBHH~~ .l4S aKcn8pRM8HTa .E8ID1qHH < 12,;> npa paaaux yc noaaax crcopa 

nap npOTOHOE EO BC8X H8ynpyrHx H U8HTpa71nHblX CC -BSaHMOn8~CTEHHX.PB

SY71bTaT~ npRB8IlBHa B TaCínRue 3. Ms TaCí71HUb! TaKiKB ERIlHO, qTO c pOCTOM 

nOIISpSqHOrO mmY71nca 11 yr71a E~71STa nap npOToHOE napaaarp 7'0 YMBHn

waeTCH.3TOT pa3Y71bTaT COOTE8TCTEYST HalIleMY npSIll10710~BHRJD o TOM, qTO 

qaCTKUbl c Cí071nlliMMH 3HaqeHHHM11 P~ RCnYCKaIDTCR Ha Cío71es paHH8~ CTaIlHH 

paCmHp8HHH EosCíY~IlBHHO~ BIl8pHO~ MaTep11H. 

n7lH Onp8Il971eHKH nnOTHOCTM RnBpHO~ MaTBpaM H80Cí~OIl11MO SHaTb cpeIl

HEB qHC710 yqaCTEYIOlll1!l~ BO E3aHMOIl8MCTEmI HYKnOHOB<.J)7. BB7illtIHHa<J)"/ 

OnpSIle7lHnaCh H3 paCnp8IlB718HHM no MHO~ECTEBHHOCTli ETOPHqHH~ q8CTKU: 
<v 7 ~ 2 (< nc:4 '7 -.2 <.J'L '7), ' 

r ne < J1c/..,) - CpBIlH8B tIl1C710 ECB~ aapaaeanux qaCTRU B COCíHTHM,38 acxnn
q8H118M npOTOHOE - cnaKTaTopOE OT Ha71BT8rowBro HIlpa 11 HcnapHTBnhHH~ OT 

anpa MillllBHJ4; < VJ _ » - cpenns S tIRC710 OTpI1uaT8 nhHIH n110HOE. MH0llU1TB71n 

~ B npaEoi1 qaCTR paBBHcTEa yqHTblEa8T EK71au E3aRMOJJ;8MCTBYIOW11~ H8iíiTponOB, 

MOIlBMCTBHH YMBHhwaSTCH. KOTOpHiti npenn071araeTCH paEHblM EK71aIlY npOTOHOE.B87lHtIRHa<j> n071yqH71aCn 

'Ha pRC. 4 noxasaaa 3aE11CRMOCTn EB1lliqHHbI < I~ » ,EblqHC llBHHOí1 nns pasao» 8,6±0,2 n7lH CC-HBynpyrl1x 1231 11 1'1,3.±0, I una CC - UBHTpanhHbI~ 
TBOpeTRtI8CKO~ KOpp81IHIJ,ROHH011 <1JYHKUHH B HHTBpBa71B 10( Jr~60 MaB/c ,OT 'E3aHMOIlel1cTE11i1.t
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J 

:! .pyrHx H ~8HTpanbH~X CC-B3aKMOne~CTBHH,rrpsnCTaBn~H~ B Ta6nM~e 4.KaK 
Ta6mm.a :3 BHnHO H3 Ta6na~, 3HaqeHRR nnOTHOCTH B036~eHHOH flnepHO~ MaTepKH, 

0~pa3yroills~Cfl KaK EO BCSX HeynpyrRx,TaK R E U~HTpanbH~X CC-.E3aRMO- neZCTERRx,OonbillS HopManbHO~ Rn8pHOH nnOTHOCTK, XOTfl 60nbillHB OillHOKH 
H3MspSHHn panMyca 06naCTM M3nyqSHKfl HS nOSEonflIDT cn8naTb 60nS8 TOq
H~X E~BonOB.OnHaKO Hs06xonHMo 3aMBTHTb, QTOpaCCMaTpHBaeMHnM8Ton 
onpensn6HKB paSMspOE 06naCTH HcnycKaHMR .ETOPMqH~X q~CT~~ rrYTSM M3Y
Q8HHfl KOppSJlH~M~ nap npOTOHOE HB naST .E03MO~HOCTH O~SHMTb nnOTHOCTb 
fln8pHO~ MaTspRH B HaqanbH~~ MOMSHT CTOill{HOBSHRB flusp.IToaTOMY nony-I:· 

CC-~eHTpanbH~e ESaKMOue~-CC-HeynpyrH6 ESaHMOn8MCTBHfl CT.EKfl 

OT60p < Ir '(;>1.1. ,q1M< t t>Y.2 , 'ÍlM I[i." ,'ÍlM·re) ~ Ipp-nap 
~ 11+0,4516+0,35 I :G:.:;+0,~5~I :':::5+0,'<;0Dl. 7() ' -0,35' -0,20, -0,15 ' -0,25 

-
2 tL."0,630~&5I500 I 90+0,45 1 ~4+0,35I IO+O,~5 ' 0,4, -0,;';;0 , ' -0,25' -0:35 

0 
~ 0+0,7602&5.1:':;0 1 00+0,4 I 0+0,4 4 0+0,'1 

, -0,3 ' -0,3 • -0,5' -0,5 

:.::: 0+0,5I 13+0,25I 05+0,~0 I 8+0• 35 P.L30,3 ' -0,4' -O.~O• -0,25' -0,15I'aB/c 

2 0+0,5 ))1 ~ 0,5 I 15+0,30I O:.:::+O.:':::º I 80+0• 35 
' -0,4,' -O 25 ' -0,45' -O.faI'aB/c 

____.____•___1-_ 

302&::= I50 e 
2 0+0,6+03 I 15+0,35I 6+0,5

0,9_0: 2 ' -0,4' -0,25' -0,4Pl?' 0,3
faB/c 

2 ~+0,7I 3+0 , 4 I 4+0,53O~e~I50c °8+0,B , -O,:'::: ' -0,5' -0,3' -0.4
P-Lt 0,5

aBlc 

. -
B np8unono~SHKM rayccoBcKoro pacnpansneHIrUl KCTOqHKKOB acnYCKa

HMfl npOTOHOB BHYTPH paCCMaTpliEaSMOrO 06~SMa Bos6y~ueHHo~ flnSpHO~ Ma
TSpKH MO~HO HallMCaTb cnBUJIDWsB B~pa~eHas nITH nnOTHOCT~: 

<..) ? ? _ J!: 
(.P 't}::: (2iir/- )J;'~ E. z r;«, (7) 

~rnOKaT8nb, CTOflWHM nspen aKcnoHaHTo~,Onp8neITHeTCfl ycnoEH8M HOpMHpOB
K14 • oD lf/i' e><l . Jt! 'l)clcz: ~ J ff{'{J tLd~dJL~ =: L J> . (8) 

cJ ,) 1

HopManbHafl nnOTHOCTb Rupa yraBpona, 06HqHO npHHHMaSMafl paBHO~ 

jOHOpM. =0,168 ~M-3, cooTBeTcT~sT MaKcRManbHo~ nnOTHOCTZ pacnpsne
nBHIrUl HJKnOHOB B R11PS npa t. =(/1:.4/. IloaToMY nnR onpsusnsaas OTHOCH
TBnbHO~ nnOTHOCTH .Eosoy~neHHoM MaTspKH ~~.~ HOpM. M~ .E~qHCITHnK 
.P (O), .E <1l0pMyns (7): ):Y
 

.. "p(o)~~iJ;>/(.2i,ro.z. 2/. (9)

'. HOpM

ITOJIyqeHHHe 3HalIeH.'WI IIJIOTHOCTli', j(O)!'p • ,cooTBeTCTByIDlIUle pa3JrnlIHblM 
ycnOBKRM onpS116neHHR panHyca oonacTH B3aHMOlle~CT.EHfl nnR Bcex Heyn

8 

qeHH~8 3HaQSHMF, OTHOill8HH~jD(D~;JHOPM. MO~HO paCCMaTpHEaTb TonbKO 
KaK HH~HIDID rpaHH~ nnOTHOCTH inepHOv. MaTepHH. 

TabnHUa 4. BBn~qHHa nnOTHOCTH ~f)({J~,HOPM. 

YcnOBRfl 
oT60pa 
nap npoToHoE 

PJ.. 70 

300 .: f9 < 1500 

600~ () ~ 1200 

1\ 'l 0,3 faB/c 

Pl- ~ 0,5 I'aB/c 

300~ ()~ 1500
 

PL ~ 0,3 faB/c

------- -~--, 

300~ O~ 1500
 

P1;;; 0.,5 fôB/c
 

3AK.1IlO~ 

CC-H8ynpyrl1.S CC -~eHTpanbH~ 8 

2 4+1 3 
, -1;7 

1 7+0,6 
, -0,8 

3 6+1, 8 
, -2,:'::: 

3 :.:::+2,9 
, -3,2 

2,8+i~3
-J,6 

3 1+1,4 
, -1,8 

-. 
4 3+:.:::,8 

, -3,4 

4,5+2~'f-- - 
-3,0 

6 4+4,8 
, -6,4 

~ 

3 0+2 , 1 
, -2,8 

4 3+.<;,8 
• -3,9 

3HaQSHHH nrrOTHOCTM H TSMnepaTYPU flUspHOV, MaTepHM, H3MepeHH~e 

.E CC-CTOnKHOESHHHX npH piA = 4,~ faB/c COEMeCTHO c naHH~MH upyrMx 
aKCnepHMSHTO.E,npgucTaEneH~ Ha pRc.5. 3n8cb ~e nOKasaHU T90pSTHqeCKMB 
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rpaHH~ B03MO~HHX ~a30BHX nepeXOUOB RUBpHOrO BellieCTBa.~nR CC-B3aHMO
ue~CTBHB TOqK~ H8 UH8rpaMM8 COOTB8TCTEyeT onpeuenSHllID nnOTHOCTM RUep
HOli M8TepHH 6es OrpaHHqeHHM no Pl u6JHa ycnoBRR oT6opa nap npOTOHOB 
(P170, Ta6rr.4). ~aK BllUHO ll3 pHCYHKa, y~B npH 3HeprllH 4,2 r3B/c Ha 
HYRllOH E CTOllRHOEBHHRX Ruep yrllBpoua MO~HO UOCTHrHYTb TaKO~ 06naCTM 
RuepHOM MaTepHH, KOTopaR RBnR8TCR n8pBxonHO~ Me~uy aupOHHOM MaTepHBM 
H,KBapK-rxrooHHoH nna3MOrl. 

Puc.5 
200 .:»e<e::: ktQP~<;;~:;k"Q~ ~arpa~Ma ~aaOEHX nepexo~oB.TOqKH 

Ha rpa~HK~ COOTEeTCTEYIDT onpeus
nSHHRM TSMUSP8TypH H nnOTHOCTH 
RUBpHoro EBlliBCTE8 E paarrHqHHX 

OSnac.mb	 ".~" N.=t ..Pb 

I
t 

3RcnBpRMeHTax no HsyqeHHID RUPOi::!:~~~~~~:~~~;;;~ 
BuepHHX E3aHMOue~CTEHM. 

....... 50 ~ _== nUOH.~bIÜ ~{
 =	 KOkgOk co", i 
oL- ,= I 

1 2 ~ 10
 

P/f HOP"
 

nnOTHOCTb >lDf:PHOfO
 

BElljECTSq
 

B 3aKnIDq~HH8 aETopH EHpa~a~T npH3HBTerrbHocTb COTPY~HHqeCTEY 

Ha 2-MeTpOBOH, nponaHoBoH KaMspe sa nOMOllib E o6padoTK8 uaHHHX H 

norresHHe 06CY~UBHKR. ABTOP~ 6narouapH~ TaR~B P.~eUHHUKOMY sa npeuo
CTaBHeHHe np0rpaMMH TeopeTH~ecKHX paCqeTOB. 
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J.i3naTCRbCKHH OTnen 05'benHHelJHOrO HHCTHTYTa HnepHblX HCCnenoeaHHJl 

fpHmHH B.r. HAP· Pl-86-639 
TeMnepaTypa H nnoTHOCTb HAepHOH MaTepHH 
B CC-B3aHMOAeHCTBHHX npH P = 4,2 f3B/c Ha HYKITOH 

nonyqeHbl ou;eHKH 11 TeMnepaTypbl11 H nnOTHOCTH H)lepHOH MaTe
PHH, o6pa3YJO~eHCH B CC-HeynpyrHX H MHOPOHYKrrOHHblX B3aHMOAeH
CTBHHX npH HMnynbCe P/A = 4,2 fgB/c. AnH onpe)leneHHH 3THX Be
nHqHH HCnonb30BanHCb AaHHbie no po~AeHHJO npoToHoB, B MHoro
HYKnOHHbiX CC-cTonKHoBeHHHX cpeAHHe 3HaqeHHH "TeMnepaTypb111 

H TIJIOTHOCTH cocTaBHnH T0 :! 180 M3B, p/pHopM, = 3,6+1 ,8, 
-2,2 

Pa6oTa BbiTIOnHeHa B na6opaTOPHH Bb!COKHX 3HeprHH OHHJII. 

JipenpHHT 06'be)lHHeHHOfO HHCTHTyra ll)lepHhiX HCCJie)lOBIIHHH. lly6Ha 1986 

ITepeBoA O.C.BHHorpaJlOBOH 

Grishin V.G. et al. Pl-86-639 
Temperature and Density of Nuclear Matter 
in CC-Interactions at P = 4.2 GeV/c per Nucleon 

An estimation of the temperature and density of nuclear 
matter in all CC-inelastic and CC-multinucleon interactions 
at P/A = 4.2 GeV/c is presented. In this analysis the proton 
data on determination of these characteristics are used. In 
multinucleon CC-collisions the average value of "temperature" 
and density are equal to: T0 ~ 180 MeV, p/pnorm. = 3.6+1.8, 

-2.2 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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