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1. BBE.QEHHE 

npHMeHeHHe MeTOAOB TeOPHH nOA06HR OKa3anOCb HCKn~4HTenbHO 
3$cJ>eKTHBHbiM B MeXaHHKe cnnOWHbiX cpeA, B TeOpHH AHcJ>cJ>Y3~1H 

H e ~enoM PRAe aaAa4, onHCbiBaeMbiX HenHHe~HbiMH ypaeHeHHRMH 
HeCKOnbKHX nepeMeHHbiX, 

B CI>H3HKe 3neMeHTapHbiX 4aCTH~ WHPOKo npHMeHR~TCR aaKoHbl no
A06H~, o6ycnoeneHHble paaMepHbiMH coo6pa>KeHHRMH e o6nacTH P~ >>m~, 
rAe P1 - TpexMepHble HMnynbCbl 4aCTH~, a m1 - HX MaCCbl. ABTOMO
AenbHOCTb npH 3TOM B03HHKaeT KaK Tpe6oeaHHe HHBapHaHTHOCTH 
pacnpeAeneHH~ BTopH4HbiX 4aCTH~ /ce4eHH~/ npH npeo6paaoeaHHH 
P 1 ... >.p1 , 4To npHBOAHT K aaeHCHMOCTRM ce4eHH~ TonbKO oT OTHo
weHH~ HMnynbCHbiX nepeMeHHbiX. 0AHaKO ycnoBHe P~ » m~ CHnbHO 
CY>KHBaeT o6nacTb npHMeHHMOCTH HAeH aeToMOAenbHOCTH, TaK KaK 
B aAPOHHbiX CTOnKHOBeHHRX B nOAaBnR~~eM 6onbWHHCTBe cny4aeB 
PO>KAa~TCR 4aCTH~bl KaK C 6onbWHMH, TaK H C ManbiMH HMnynbcaMH. 
HcnonbayeMbl~ HaMH noAXOA K MHO>KecTeeHHbiM npp~eccaM noaepnReT 
CcJ>opMynHPOBaTb npHH~Hn aBTOMOAenbHOCTH B CaMOM o6~eM BHAe 
H nony4HTb PRA cneACTBH~ 0 npeAenbHbiX aCHMnTOTH4eCKHX COCTOR

HHRX aAPOHHOH MaTepHH. 
PeweHHe HaableaeTCR aeToMoAenbHbiM /caMonoAo6HbiM/, ecnH oHo 

He 3aBHCHT OT KaKHX-nH60 onpeAenR~HX napaMeTpOB, a 3aBHCHT 
TOnbKO OT HX KOM6HHa~HH, HanpHMep OT OTHOWeHHR HMnynbCHbiX ne
peMeHHbiX, a He OT CaMHX HMnynbCOB. npH 3TOM 4HCnO He3aBHCHMbiX 
nepeMeHHbiX 3aAa4 yMeHbWaeTCR, 4TO cy~eCTBeHHO o6ner4aeT HCCne
AOBaHHe, PaaMepHble coo6pa>KeHHR /TaK HaableaeMaR n~TeopeMa/ no
aeonR~T ycTpaHHTb nepeMeHHble, o6naAa~~He HeaaeHCHMo~ paaMepHo
CTb~, H nepe~TH K 6eapaaMepHb1M nepeMeHHbiM. EcnH aaAa4a o6na
AaeT CHMMeTpHeH, TO nepeXOA K nepeMeHHbiM, HHBapHaHTHbiM no OT
HOWeHH~ K COOTBeTCTBY~~eH rpynhe npeo6paaoeaHHH, TaK>Ke cy
~eCTBeHHO yMeHbWaeT 4HCnO He3aBHCHMbiX nepeMeHHbiX • 

.QnR OnHCaHHR MHO>KeCTBeHHbiX npo~eCCOB Mbl HCnOnbayeM penRTH
BHCTCKH-HHBapHaHTHble 6eapa3MepHble BenH4HHbl8/ : 

( 
pl pk )2 2 

blk = - - - -- = = ( u 1 - uk ) • 
mi mk 

/1/ 

3Aecb P1 , Pk - 4eTblpexHMnynbcbl, a m 1, mk - Maccbl paccMaTpH
eaeMbiX 4aCTH~. PenRTI1p•gsrsrw-•rtHeank!aHruLJe pacnpeAeneHHR eepo-

6l1SJI} l CTE!,~A --
~ 
~ 
f 
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.RTHOCTeH /Ce4eHIII.R/ W 3a8111CRT TOnbKO OT 8en~~t4HH bik• noMIIIMO 
Y*e ~~tcnonb308aHH~x coo6pa*eH~~t~ paaMepHoCTH H ~~tH8ap~~taHTHOCTIII 
M~ ~~tcnonbayeM e~e r~~tnoTeay o TOM, 4To np~~t cTpeMneH~~tH HeKoTo
p~x bik K 6eCKOHe4HOCTiil Ce4eHH.R o6naAaiOT onpeAeneHH~M /HCKO
M~M/ ac~~tMnTOTiil4ecK~~tM no8eAeH~~teM. HaTeMaTH4eCKiil ~~tcnonbayeM~H 
HaMill npliiH~Iiln a8TOMOAenbHOCTiil ~OpMynlilpyeTC.R cneAYIO~IiiM o6pa-
30M/G/ : 

W(bak'b/3k' ba/3 , ••• )I =+W1(balt' 
ba/3-+ oo b a/3 

b/3k 
--···· ). xk = b 

a/3 
/2/ 

W1 04e8111AHO He 3a81i1CIIIT OT ba/3 Ill o6naAaeT no 3TOH nepeMeHHO~ 
a8TOMOAenbHOCTbiO. TaKa.R a8ToMoAenbHOCTb He o6ycno8neHa coo6-
pa*eH~~t.RMI-! pa3MepHOCTiil ~~tmt rpynno8~MH coo6pa*eH~~t.RMiil. 0Ha Haa~
saeTC.R a8TOMOAenbHOCTbiO 8TOporo poAa 1121 , a COOT8eTCT8YIO~Iile 
ac~~tMnTOTIIIKiil - npoMe*yT04H~MH ac~~tMnToT~~tKaM~~t. Ben~~t4111Ha m MO*eT 
6~Tb 4111CnoM, a MO*eT 6~Tb ~YHK~IileH apryMeHT08 w~ OnpeAeneH~~te 
m 1113 MOAeneH 111 ypa8HeHIIIH - 3aAa4a 6onee npocTa.R, 4eM oT~CKa
H~~te o6~111x peweH~~tH np111 nonHoM Ha6ope HeaaBHCIIIM~x 8enH4111H /on
peAen.RK>~Iilx napaMeTpo8/. Ben~~t4HH~ blk, cocTa8n.R~Iile Tpeyronb
HIIIK /To eCTb coeAIIIH.R~He 3 T04KH va. uk H V/3/. He .R8n.RIOTC.R 
nonHoCTbiO He3a8111CIIIM~Miil: np111 ba/3 -+ "" OAHa +t3 A8YX APYr~~tx CTo
;::::: b a~t, b P.& AC!'1M!H~ TaK~e c-rpeM!"!'!"!:C~ ~ 6ec~o~e~~ot:T~. G~h~t: -~ 
8~Pa*eHiii.R /2/ 3aKnl04aeTC.R 8 TOM, 4TO Ce4eHiii.R W He AOn*H~ 3a-
8111CeTb OT 6eCKOHe4H~X 8en~~t4HH, HO MOryT 3a8HCeTb OT IIIX OTHO
WeHIII~, liiMeiO~IiiX KOHe4HYIO 8enlii4HHy. 

npocTpaHCT80 4er~pexCKOPOCTeH .R8n.ReTC.R nHHeHH~M. 3TO n0380-
n.ReT o6paaoB~8aTb cyMM~ Iu1 111 Ha 3TOH ocHo8e B~Aen.RTb rpynn~ 

i 
To4eK, 6n~~t3Ko pacnono*eHH~x APYr K APYrY, - KnacTep~. UeHTP 
KnacTepa - cpeAH.R.R T04Ka onpeAen.ReTC.R KaK 

va 

t. ut 
i 

y(I u )2 

1 1 

KnacTep~ oKa3~8aiOTC.R ~~taon~~tpo8aHH~Miil yH~~t8epcanbH~Miil c~~tcTeMaMiil 

6naroAap.R e~e OAHOMY o6~eMy np~~tH~Hny - npHH~Iilny ocna6neH~~t.R 
Koppen.R~IIIH/4/ . 

3ToT np~~tH~Iiln 6~n npo8epeH 111 nony4Hn 3KcnepHMeHTanbHOe noA
T8eP*AeH~~te. B pa6oTax 11 · 31 c noM~biO on~~tcaHHoro nOAXOAa 6~no 
noKa3aHO, 4TO 8 pen.RT1i181i1CTCKIIIX .RAepH~X CTOnKH08eHiii.RX o6paay
IOTC.R 6apliiOHH~e KnacTep~, COOT8eTCTBY~He npeAenbHOMY aCIIIMnTo-

2 

T~~t4ecKoMy .cocTo.RHIIIIO ao36y>KAeHHO~ MaTep~~t~~t. C8o~cT8a 3TIIIX Knac
Tepo8 nOA06H~ C80~CT8aM KBapK08~X CTpy~, o6pa3y~IIIXC.R 8 aApOH
aAPOHH~X Ill aAPOH~.RAePH~X B3aHMOAe~CT8Iii.RX nplil B~COKIIIX 3Heprlii.RX. 
H3y4eH~~te KnacTepo8 AaeT 803MO*HOCTb 8cecTopoHHe npo8ep~~tTb np~~tH

~~~~n~ ocna6neHiii.R Koppen.R~~~~~ Ill a8TOMOAenbHOCTiii.KaK 8111AHO 1113 ~op
Myn~ /2/,cy~eCT8yeT He OAIIIH napaMeTp nOA06Iii.R /KaK 3TO liiMeeT Me
CTO B cny4ae cnpa8eAnliiBOCTiil MaCWTa6HO~ liiHBap~~taHTHOCTIII/,a MIIIHIII
MYM 2. OAIIIH 1113 HIIIX .RBn.ReTc.R MacwTa6Ho-~~tH8ap~~taHTHO~ 8en~~t4111HO~ 

xk , a APYro~ - MacwTa6Ho-He~~tHaap~~taHTHO~ bak. 
8 pa6oTax11-S/ lii3Y4anaCb YHIIIBepcanbHOCTb C80~CT8 pacnpeAe

neHIIIH 4-MepH~x 6ap~~toHH~x KnacTepo8 no OAHOMY 1113 napaMeTpo8 
nOA06Iii.R bak - KBaAPaTy 4eT~peXCKOPOCTiil npOTOH08 OTHOCII!TenbHO 
~eHTpa KnacTepa Va: 

bak "' - ( va - u: ) e = b k • /3/ 

B AaHHOH pa6oTe npeACTaaneH 6onee WIIIPOKIIIH aHan~~t3 C80HCT8 6a
p~~toHH~x KnacTepo8, o6paay~IIIXC.R 8 npoMe*yTo4HOH o6nacTiil pe
n.RTIIIBIIICTCKIIIX .RAePH~x 83aHMOAeHCTBIIIH ~ , d- , He- , C- H "--~..~a
CTIII~ C .RAPaMiil yrnepoAa B liiHTep8ane 3HeprliiH 4 +40 r3B/c Ha 
HyKnOH. 

2. METO~HKA 3KCnEPHMEHTA 

~aHH~e nony4eH~ C noM~biO 2-MeTpOBOH nponaH080H ny3~PbKOBOH 
KaMep~, o6ny4eHHOH B ny4Ke npOTOHOB H .RAep Ha CliiHXP~a30TPOHe 
flB3 OH~H H 8 ny4Ke nHoHoa Ha ycKopHTene H~B3 /npoT8~~tHo/, Me
TOAH4ecKHe OC06eHHOCTiil 3KCnepHMeHT08 on~~tCaH~ 8 pa6oTaX /7,8/ • 
CTaTHCTHKa co6~THH npHBeAeHa B Ta6n.1. 3AeCb He06XOAHMO OTMe
THTb cneA~He MeTOAH4eCKHe oco6eHHOCTiil. H~~t*H.R.R rpaHiil~a, Ha'-1111-
Ha.R C KOTOPOH perliiCTPIIIPOBanHCb npOTOH~ B KaMepe, COCTa8n.ReT 
p naO = 150 H38/ C. no npo6ery H HOHH3a~lillil npOTOH~ MO*HO OT nH-
4HTb OT "+-Me30H08 AO 3Ha4eHHH HMnynbcoa Pnao = 800 M3B/c. • 
nono*HTenbH~e OAH03aP.RAH~e 4aCTiil~~ c Pna6 > 800 M3B/c 80 

B3aHMOAeHCTBH.RX npOTOHOB H .RAep C .RAPaMiil yrnePOAa C4111Tan~~tCb 

npoToHaM~~t, a a "-c-8aa~~tMOAeHCT8H.RX - w+-Me3oHaMH. MaKCIIIManb
Ha.R np~~tMeCb w+-Me~OHOB cpeAH nonO*IiiTenbH~X 4aCTiil~ B pC- , dC-, 
aC- H CC-co6~TH.RX COCTaBn.ReT -12%. npHMeCb AeHTPOH08 (d) Ill 
TpHToHo8 ( t) cpeAH MeceneHH~x npoToHo8 c Pnao < 800 M3B/ c, no 
pa3nlii4H~M o~eHKaM ;g,l I , COCTa8n.ReT 10 + 15%. 8 HHTepaane IIIM
nynbCOB 1 < Pna6 < 2 r3B/c AeHTpOH~ Ill TpliiTOH~ OTnH4aiOTC.R OT npo
TOH08 no HOHH3a~~~~~~~. B .RAPO-.RAePH~x /HeC 111 CCI cTonKHOBeH~~t.Rx 
8~Aen.Rnli!Cb ABa KnaCTepa nyTeM OT~CKaHiii.R nplil MliiHIIIMiil3a~lillil CYMM~ 

K8aApaT08 4-CKOPOCTeH 8TOPH4H~X npoTOH08 ~eHTp08 KnacTepo8 
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CTaTHCTHKa C06b1THH 

THn HMnyJihC ny'lKo- biii 
BSaHMOAeHCTBHH BbiX 'laCTH~, r3B/c 

p(CsHs) 4,2 7' 16 
d(C 3H8) 4,2·A 7' 16 
a (Cg H8) 4,2·A 7' 16 
C(CgHs) 4,2·A 7' 16 
p(CsHa> 10 19,4 
rr-c 40 570 

Va HV~. ApyrHMH c~oeaMH, MHHHMH3Hpoaa~acb ae~H4HHa 

A 2 = min ( - I ( Va - u ~ )2
- I. ( V ~ - u f> 2

]. 
- k 1 

Ta6nH~a 1 

CTaTHCTHKa 

6207 
8724 
3795 

10199 
2706 
8791 

/4/ 

B c~y4ae aHamtaa pC- "' dC -co6b1THH BMecTo BToporo K~acTepa 
8 o6~aCTH $parMeHTa4HH ny4Ka paCCMaTpHBa~aCb 8 OCHOBHOM OAHa 
nO~O*HTe~bHO 3aPR*eHHaR 4aCTH4a, TO eCTb BK~aA BTOporo 4~eHa 
a paaeHcTao /4/ 6bl~ paaeH Hyno. 

CneKTaTopHble ( P nae ::; 250 M3B/c) "' ·cTpa..nnHHroable (Pnae ~ 
~ ., r-o ,_ ... .Qo,.. J,o, _...__ ..... _,,., ........ ""l'"""'"rt.._ , .. ,....,,..., •• ""'"'",..L ""'"' L_J..,._ 
~ J 1 'tol.,l""" r• v ·~ • 1 ••1""'-''-''"" .,.,.., u••u•'"'""'"" "''-'"'"""'-.-", .. , ..... ...,. ,....,,,. ••-

XO*AeHHR ae~H4HHbl A2 H BbiAe~eHHR ABYX /H~H OAHoro/ K~acTepoa 
8 Ka*AOM C06b1THH C MHO*eCTBeHHOCTb~ OT06paHHbiX npOTOHOB np ~4 
paCCMaTpHBa~HCb BCe B03MO*Hble pa36HeHHR np npOTOHOB Ha ABe 
rpynnbl. C4HTa~ocb, 4To a co6b1THH o6paay~TCR ABa K~acTepa H~H 
1 K~aCTep H no~O*HTe~bHO aapR*eHHaR 4aCTH4a, eC~H paCCTORHHe 
Me*AY BbiAe~eHHbiMH rpynnaMH npOTOHOB 8 npOCTpaHCTBe 4-cKopo
CTeH ba~ 6bi~O 6o~bWe 1 , TO eCTb 

2 
ba~ = - ( V a - V ~) ~ 1. /51 

B npoTHBHOM c~y4ae BbiAe~eHHble K~acTepbl C4HTa~HCb HepaaAe~eH
HbiMH a npocTpaHCTBe 4-cKopocTel:i. Ao~R HepaaAe~eHHbiX co6b1THI:i 
C np ~ 4 COCTaBH~a 32%· B pC-B3aHMOAeHCTBHRX npH p = 4,2 r3B/c, 
16% B pC-aaaHMOAeHCTBHRX npH p = 10 r3B/c, 22%, 12% H 14% 
a c!C- , aC- H CC -coyAapeHHRX cooTBeTCTBeHHO. B Aa~bHel:iweM 
/CM. pa3Ae~bl 3 H 5/ 3TH C06b1THR paCCMaTpHBa~HCb KaK OAHH K~a
CTep, nOCKO~bKY A06aa~eHHe HX 8 o~y~ CTaTHCTHKY C06biTHH 
C pa3Ae~eHHbiMH K~acTepaMH He MeHR~O 8 npeAe~aX OWH60K 3KCne
pHMeHTa no~y4eHHbiX pacnpeAe~eHHH, HHHHMa~bHaR MHO*eCTBeHHOCTb 
npOTOHOB 8 K~aCTepax COCTaB~R~a np = 2, 

4 

B AaHHOH pa6oTe H3y4a~HCb K~acTepbl, o6paay~~HeCR a o6~aCTH 
$parMeHTa~HH RAPa-MHWeHH /To ecTb a o6~acTH $parMeHTa~HH C/. 

~R HX pa3Ae~eHHR HCnO~b30Ba~HCb nepeMeHHble Xtc H XIJC , 
onHCaHHble 8 pa6oTe/l/ , KOTOpble xapaKTepH3Y~T AOno 4eTblpex
HMny~bCa RApa-MHWeHH H~~ naAa~~el:i 4aCTH4bl, YHOCHMY~ K~acTepoM, 
OnpeAe~R~TCR 3TH nepeMeHHble c~eAY~HM o6paaoM: 

a(/3) 
(Va({j) il~ me 

X ----
(ui ·Un) IIC - mu 

/6/ 

m a</J> ( V a(/3 ) u II) c 
XIC = (ui-:u;> ml 

171 

B Ka4ecTae ae~H4HH m1 "' mu noAcTaB~R~acb Macca npoToHa m1 = 
= mu = mP = 0,938 M3B. nocKo~bKY Ko~H4ecTao aaaHMoAel:icTay~Hx 
HYK~OHOB RApa-MHWeHH H Ha~eTa~~ero RAPa MOr~o 6b1Tb > 1, TO 
Be~H4HHbl XI H X II C MOr ~H npHHHMaTb 3Ha4eHHR > 1 , 

06~aCTb ~O~bWHX 3Ha4eHHH XJIC COOTBeTCTByeT o6~aCTH $parMeH
Ta~HH MHWeHH, a 60~bWHX XJC -$parMeHTa4Hio1 Ha~eTa~~ero RApa. 
B Aa~bHel:iweM C4HTa~ocb, 4To ec~H xuc > xic, To K~acTep o6pa
ayeTCR 8 06~aCTH $parMeHTa4HH MHWeHH, a ec~H XIC > XIIC - 8 o6-
~aCTH $parMeHTQ4HH ny4Ka, 

3. ABTOMOAEnbH~E CBO~CTBA HHBAPHAHTH~X 
F(bk) PACnPEAEnEHH~ nPOTOHOB B KnACTEPAX 

A~R H3y4eHHR aBTOMOAe~bHbiX caol:icTa 6apHoHHblx K~acTepoa 
aHa~H3Hpoaa~Hcb HHBapHaHTHble F(bk) pacnpeAe~eHHR npoTOHOB 
8 HHX, KOTOpble MO*HO 3anHCaTb C~eAY~~HM 06pa30M: 

2 1 ) 1 -I 2;4 F(bk = N m: vbk + bk 
dO. !81 

3TH pacnpeAe~eHHR o6~aAa~T TeM 3aMe4aTe~bHbiM CBOHCTBOM, 4TO 
a CHCTeMe noKOR K~acTepa Va = 0 cpeAHRA ae~H4HHa < bk >, no~y-
4aeMaR H3 pacnpeAe~eHHR /8/, OAH03Ha4HO CBR3aHa CO cpeAHeH 
KHHeTH4eCKOH· 3HeprHeH npOTOHOB 8 K~acTepe, KOTOpaR 06b14HO 
Ha3biBaeTcR 11TeMnepaTypol:111

: 

2Ek 2< Tk > 
<b > = <-- -2 > = -

k mN mN 
/9/ 
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pC - Hevnpvluc I 
100 

~· dC- ><e•npvtue F~ \ r-:;r.-; 1t,2 raB/c 

f(fiK) \ 
4p. r•P./c 
.&"''"' 0 
o&o<.j>~1 74t2(Ma&) 

·- I • '-'J> •O 

-~~o I I \ ":t2 IM~Rl I I ~/ o~t~1 
o LJ>>t1 

1,01-- l ~ 1,0l \ ~ 10 

0,11-- 1
11 l 0,11 , 1 0,1 

I \. 

~ 
0,01 0 0,01 (),01 

1,0 2,0 0 1,0 ~K 2,0 0 1,0 -f,K 2p 

~K 

PHc. I. 'HHsapHaHTHble 41YHK~HH F(b k) ,I:VI.!I 'npoToHOB B xnacTepe, 
o6pa3YJOIIUfXC·.!I B pC- H dC-BsaHMOAeiiCTBH.!IX. TeMHble TOqKH Ha rpa
!liHKaX COOTBeTCTBYJOT pC- H dC -BsaHMOAeiiCTBH.!IM C yqeTOM C06bi
THH, B KOTOpbiX BCe npOTOHbl paCCMaTpHBanHCh KaK OAHH KnaCTep. 
CnnomHble nHHHH - pesynhTaT annpoKCHMa~HH ~KcnepHMeHTanhHbiX 
AaHHb~ sKcnoHeH~HanhHoA saBHCHMOCTh~. 

1001 
1001 

o( c Hl\j .. ,..n... 1 F c& K. 

4,2. r.s;c 

T, = 6Tt4 (Me&) 

10~v 
1J=118t10 (~ 

1,0 
1,0 

OJ 
0,1 

op1 
0,01 

0 1,0 "f,K 
2,0 
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I 
' I' 

' I '\ 
\ I 

\ 

CC- Hl•n~•<wo 
~.2 r.P./c 

t7(M3B) 

\1 

0 

\ .. 
" \\ \ ,. 

I 
I 
I 

\ 
I 
I 
I 
I 

\ 
\ 
I 
I 

1,0 

I 
I 
\ 
I 
I 
I 

f,K 

PHc.2. HHBapHaHT-
Hble 41YHK~HH F(bk) 
,I:Vl.!l npOTOHOB B Kna-
cTepax, o6pasYJOIIUfX-
c.11 B aC- H CC-BsaH-
MOAeACTBH.!IX.Cnnom-
Hble nHHHH - pesynh-
TaT annpOKCHMa~HH 
3KCnepHMeHTanhHbiX 
AaHHbiX BbiP~eHHeM, 
COCTO.!IDUfM HS CyMMbl 

2,0 ABYX 3KcnoHeH~Hanh-
HbiX. clJyHK~H. 

8 CHny no~eH~-HHBapHaHTHOCTH aenH4HHW ~ 3TO COOTHOWeHHe 
cnpaaeAnHBO H a o6~eM cny4ae. TaKHM o6pa3oM, aHanH3HPYR pac
npeAeneHHR 181 B pa3nH4HWX peaK~HRX, MO*HO onpeAenHTb CPeAH~~ 
TeMnepaTypy npoToHoB a KnacT-epax. 

3aBHCHMOCTH F(bk),nony4eHHwe a 3KcnepHMeHTe AnR pC-, dC-, 
aC- H CC-a3aHMOAeHCTBHH, npeACTasneHw Ha pHc.1 H 2. H3 pHcyH
KoB BHAHO, 4TO B pC- H dC-co6WTHRX pacnpeAeneHHR npOTOHOB 
B KnaCTepax no nepeMeHHOH bk OnHCWBa~TCR 3KCnoHeH~HanbHOH 
3aBHCHMOCTb~ 

F(bk) = a 1exp(-btl< bk >1 ) 1101 

co cpeAHHMH 3Ha4eHHRMH < bt >1 = 0,13 IAnR pC- I H 0,15 IAnR dC
co6WTHHI. Pe3ynbTaTw annpoKCHMa~HH npHBOARTCR a Ta6n.2. 3TH 
aenH4HHW COOTBeTCTBy~T cpeAHeH TeMnepaType npOTOHOB <Tk >t= 62 
H 74 M3B. B Ta6n. 2 npHBOARTCR cTaTHCTH4eCKHe owH6KH a napa
MeTpax <bt> H<1k >; CHCTeMaTH4eCKHe OWH6KH, CBR3aHHWe C no
rpeWHOCTRMH B HAeHTH~HKa~HH nonO*HTenbHWX 4aCTH~, COCTaBnR~T 
-10%. 

B aC- H ccrco6WTHRX 3aBHCHMOCTb F(bk) MO*HO onHCaTb awpa
*eHHeM, COCTOR~HM H3 CYMMW ABYX 3KCnOHeH~HanbHWX ~YHK~HH: 

F(bk) = a1 exp(-~l<bt>t>+ a 2exp(-bkl<bk>2), 111 I 

CO cpeAHHMH 3Ha4eHHRMH < bk >t H < b k >2!0TnH4a~~HMHCR 
Apyra no4TH B 2 pa3a 1Ta6n.21. nony4eHHWH pe3ynbTaT 
0 TOM, 4TO B RAPO-RAePHWX CTOnKHOBeHHRX Ha6n~AaeTCR 

APYr OT 
rosopHT 
o6pa3osa-

Ta6nH~a 2 
CpeAHHe xapaKTepHCTHKH npoToHoB B xnacTepax 

THn BSaHMo- 3Hepi'H.!I 
AeACTBH.!I f3B/c 

pC 4,2 
dC 4 2•A , ' 

aC 4,2•A 
cc 4,2•A 
pC 10 
CC-MHoro- 4,2·A 
HyKnOHHble 

KnacTep I 

<bt >t 

0,133±0,004 
0,147±0,002 
0,147±0,008 
0,154±0,014 
0,158±0,005 

• 

<Tt>t>M3B 

62±2 
67±1 
67±4 
72±7 
74±2 

KnacTep II 

< ht '2 <Tt>J!,M3B 

0,248±0,022 118±10 
0,288±0,028 135±13 

0,256±0,005 120±2 
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ns-0 

10 

<T> =120 :!:2 (M~) 

1p 

o;t 

(\01 

0 1,0 '1.,0 3,0 
f,K 

3Y~TCR 8 OCH08HOM KnaCTep~ C 
/pHC. 3/. 

PHc.3. HHBapHaHTHaH ~YHK~HH 
F(bk)AflH rrpoToHoB B KnaCTepax, 
o6pasyro~XCH B MHOrOHyKnOHHhlX 
CC-cTonKHoBeHHHX. CrrnomHaH nH
HHH - pesynbTaT arrrrpOKCHM~HH 
sKcrrepHMeHTanbHhlX AaHHhlX sKcrro
HeH~anbHOH 3aBHCHMOCTbiD. 

HHe KnacTepo8 A8YX THno8: OAHH 
H3 HHX (I) HMeeT TeMnepaTypy 
< Tk>1 = 67 + 72 M3B, TaKy~ lKe, 
KaK KnacTep~, o6paay~HecR 
8 pC- H dC-coyAapeHHRX, a APY
roH (II) HMeeT 6onee 8~COKY~ 
TeMnepaTypy: <Tk >2= 118 +135 M3B. 

AHanHa aa8HCHMOCTH F(bk) AnR 
MHoroHyKnoHH~x CC-83aHMOAeHcT-
8HH/11/ noKaaan, 4TO 3AeCb o6pa

TeMnepaTypo.:1 <Tk >= 120 M3B 

TaKHM o6pa30M 0 C080KynHOCTb nony4eHH~X HaMH peaynbTaT08 
0 C80HCT8aX HH8apHaHTH~X F(bk) pacnpeAeneHHH npOTOH08 8 KnacTe-
n..,v nhu..,f"'\\1\UIAO~oT IJTn o nonaTIAQIArTrVIAV onnn-an,::::~onuL.IV rTnnvun-,... ........ __ ., .... ,...., ... r•---,' • • ._. - ,__.,., • ··-··- • _, .......... ,.,,..._ ••n-r-··-·· .. - • _., ..... ..... 

8eHHRX o6paay~TCR 6apHOHH~e KnacTep~ A8YX THno8, paanH4a~He
CR MelKAY C060H 3Ha4eHHRMH cpeAHeH KHHeTH4eCKOH 3HeprHH npOTO
H08 8 HX CHCTeMe noKOR /TeMnepaTYPOH/, npH 3TOM POlKAeHHe 
8~COKOTeMnepaTypH~X KnacTepo8 C8R3aHo, no-8HAHMOMY, C MHOro
HYKnOHH~MH CTOnKH08eHHRMH. 

4. ABTOMOAEnbH~E CBO~CTBA HHBAPHAHTH~X F(xk) 
PACnPEAEnEHH~ nPOTOHOB B KnACTEPAX 

nepeMeHHaR xk AnR npoToHo8 H3 KnacTepa a onpeAenReTCR 
OTHOWeHHeM 

b /lk 
a ~-X = 
k bafl 

X k' rAe b /3k = -(V f3- u: )2. 

~ 

/12/ 

HeTPYAHO noKaaaTb, 4To 8 cHcTeMe noKoR KnacTepa a Va= 0 nepe-
MeHHaR Xk nepeXOAHT 8 H38eCTHY~ nepeMeHHY~ C8eT080rO $POHTa 
x: = u:

0 
- u:z npH AOCTaT04HO 6onbWHX baf3 . 3AeCb OCb Z onpe

AenReT Hanpa8neHHe nHHHH, COeAHHR~eH 4eHTP~ KnacTep08 Va 

• 
8 

· H Va 8 3-MepHOM npocTpaHCT8e. OTC~Aa cneAyeT, 4To aa8HCHMOCTb 
HH8apHaHTHo.:1 $YHK4HH F oT nepeMeHHOH xk oaHa4aeT 3a8HCHMOCTb 
OT Hanpa8neHHR OTpe3Ka, COeAHHR~ero 4eHTP~ KnacTepo8 Va H Vf3• 
3TO, 8 C80~ 04epeAb, 03Ha4aeT, 4TO H30nHp08aHHaR CHCTeMa /Kna
CTep/ AOnlKHa pacnaAaTbCR,aHH30TponHO no OTHOWeHH~ K YKa3aHHOMY 
Hanpa8neHH~ 8 CHCTeMe noKOR KnacTepa. 

HH8apHaHTHaR $YHK4HR F(xk) npeACTa8nReTCR cneAY~~HM o6paaoM: 

2 1 
F(xk ) = 2 f - --

mNbaf3 v'xkba/3 + (xkbaf3)
2

/4 
/13/ 

nony4eHH~e 8 3KCnepHMeHTe 3a8HCHMOCTH F(xk) /HopMHP08aHH~e 
Ha ce4eHHR/ AnR pC·, dC- , aC- H CC-8aaHMOAea:1cTsH.:1 npeAcTa8neH~ 
Ha pHc.4. Ha pHCYHKa MOlKHo 8HAeTb, 4To aa8HCHMOCTH F(xk)AnR 
pC- H dC-83aHMOAeHCT8HH C08naAa~T 8 npeAenax OWH6oK 3KCnepH

MeHTa 8 HHTep8ane 3HeprHH 4 + 1 0 r3B. AnR aC- H CC-cTOnKH08eHHH 
3TH $yHK4HH TaKlKe OAHHaK08~, HO HeCKOnbKO WHpe, 4eM 8 pC· H 
dC-coyAapeHHRX, nocneAHee 06CTORTenbCT80 R8nReTCR OTpalKeHHeM 
cy~eCT808aHHR 8 aC- H Cc-co6~THRX 6apHOHH~X KnacTep08 C 6onee 
8~COKOH, 4eM 8 pC- H dC-83aHMOAeHCT8HRX, TeMnepaTYPOH. 

F'(:x~o~ I : "' :-. -~ F'b:J I I I • 'cc 'I 

1,0 

0~ 

qo1 

0 

w f"\ITU.'-';-+,c laO/C 

o pC ; 10 13B,k 

~~~ . ~ 

~ ~ 

+ \ 

2 

,._ 

+ 

tt 

J:K 
4 

0,1 

qo1 

o,oo1 

0 

~~a a ... 
t a" ., 

2 

~ • 

o DlC 

• + 
~ .. 

t + 

:l:K 

t 

4 

PHc.4. HHBapHaHT~e ~yHK~HH F(xk) AflH rrpo
TOHOB B KnaCTepax, o6pasy~XCH B pC- , dC- , aC
H CC-cTonKHoBeHHHx. 
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T 

Fc:x:K) ..,..,.i. 
t' .. t r +tt 

• pC, 4~ ro8/c 
ode, 4,2 roB/c 
• pC, 10 roB/c 
A dC ,4,2 ro6/c 
--n-c,4oroB/c 

PHc. 5. HHBapHaHTH&Ie cllYHKWW F(xk) 
AnH npOTOHOB C HMllYnhCOM 0,30 ~ 
·~ Pnao ·~ 0,8 rsB/c B pasJIHtiHbJX 
THnax B3aHMOAeHCTBHH. 1,01-

OJ 't 4To6~ cpaBHHTb nony4eHH~e 3a-
1\ BHCHMOCTH F(xk) AnR 6apHOHH~X 
~~ KnacTepoe c AaHH~MH AnR "~CTonK-

' HoBeHHH npH HMnynbce 40 f3B/c 
~ H3-3a MeTOAH4eCKHX oco6eHHOCTeH 

OfJ1 

f\ 3KcnepHMeHTOB Hcnonb30BancR yn-
0.001 .o 1 2 3 

P0114eHH~H MeToA onpeAeneHHR xa-

~K. 
paKTepHCTHK KnacTepoe. AHanorH4-
Ho pa6oTe/l/ OT6HpanHCb npoTOH~ 
B HHTepeane HMnynbCOB 250+ 

+800 M3B/c, ~nR TaKHX rpynn npOTOHOB C MHO*eCTBeHHOCTb~ Dp ~ 2 
HaxoAHncR 4eHTP KnacTepa Va. nepeMeHHaR xk npH6nH*eHHo onpe
AenRnacb cneAY~~HM o6pa30M: xk= b 1k /b 1a • 

3AeCb HHAeKC I OTHOCHTCR K HaneTa~~eH 4aCTH4e, H, cneAOBa
TenbHO, nepeMeHH~e btk H b1a B~4HcnRnHCb cornacHo <llopMynaM 

b.. =-Cu. - u ~ ) 2 ; 
.La • -

b,n =-(u 1 -Va. ) 2
• /14/ 

nony4eHH~e 3aBHCHMOCTH ~Xk) AnR npOTOHOB B KnaCTepax BO BCeX 
paCCMaTpHBaeM~X THnax B3aHMOAeHCTBHH npeACTaeneH~ Ha PHC.5. 
B cny4ae aC- H cc-coyAapeHHH oTo6paHH~e TaKHM o6pa30M npoToH~ 
OTHOCHnHCb K KnacTepaM THna I. H3 pHCyHKa MO*HO BHAeTb, 4TO 
ace pacnpeAeneHHR coenaAa~T B npe~enax 3KcnepHMeHTanbH~x owH-
6oK. CoeMecTHo c AaHH~MH pa6oT 11~ 3TO 03Ha4aeT, 4To B~AeneH
H~e 6apHOHH~e KnacTep~ o6naAa~T YHHBepcanbH~MH CBOHCTBaMH no 
ABYM penRTHBHCTCKH-HHBapHaHTH~M napaMeTpaM xk H bk He3aBHCHMo 
OT THna B3aHMOAeHCTBHR Hero 3HeprHH B HHTepeane 4 +40 f38/C. 

5. HHBAPHAHTHbiE F( buc) PACnPE~EflEHH.R KAACTEPOB 
OTHOCHTEflbHO .R~PA-MHWEHH 

~nR H3Y4eHHR oco6eHHOCTeH o6pa30BaHHR KnacTepOB 060HX THnOB 

aHanH3HpoeanHCb 3aBHCHMOCTH HHeapHaHTHoro ce4eHHR E dso oT ne-
2 dP 9 

peMeHHOH bliC , rfe biiC = - ( V a - UII) , HHAeKC fi , KaK H B npeA~-
AY~HX pa60TaX /l- 1, OTHOCHTCR K RAPY-MHWeHH. <llyHK4HR F(buc) 3a
nHC~BaeTCR aHanorH4HO /8/. nony4eHH~e B 3KCnepHMeHTe 3aBHCHMO-

10 

I 

J 

) 

10 
pC - .. evnpv<."• 

F(toci 4,2 roBft 

• ~""' ~0 
10 0 ~ .. f>~1 

~ 
I 

. •,vi \ <tnc> ·0,14t0,01 
0,1 

0~ 0,01 

~ 
d.c -w.ewnpvz.u.e. 

4,z r.s,.<: 
·-6c.t 
o-:X:.ncH,O 

<~uc > =0,11t0,01 

I 

I 
t t 

l 

Ft~uc) 

0,1 

0,01 

pC - ti£Y"f"'t"o 
10 r.s;c 

<~oc > •O,fH o,o1 

\t 
(\01 0 1,0 2,0 

0,001 ~-'----L _ _J___j 
0 1,0 ~ 2,0 

0,001 
0 1, 6 

toe [iC oc 
PHc. 6. HHBapHaHTH&Je clJyHK~HH F( buc) AnR npoToHHbiX KJiacTepoB, 
oopasYID~XCH B pC- H dC -B3aHMOAeHCTBHHX, CnJIOWHhle JIHHHH -
pesyJibTaT annpoKCHMa~HH sKcnepHMeHTar.bH&m gaHHbiX sKcnoHeH
~HaJibHOH 3aBHCHMOCTb~. 

1 
I I 10 

. CC -Ktrvnp••~• I lrrl--rl -·~--~~-~ 
1-\&~c) 1 1~ ~;c· ·· ........... ['(.g._ \ • o<C -IUvn,...uo 

l'f J I \ VtU •• jl cp~. MUIUtNU 

l,ot-\ 
11

• \ .. ..<{jc~=O,Io•o.oz 
< o~c >, = 0,14i0,02 1,0 

'' \ 
',\..' 

0,1 \'', <floc>. =o,suo.os 0,1 I 

\ • I 
\ 

\ I 
\ 0,01 I 
\ \ t 0,01 

\ I 

\ I 
0$)01 I ~01U-------~------L---~ 

1,0 2,0 0 1,0 2P 

f>ilc ~l]c 
0 

PHc.7. HHBapHaHTH~e clJYHK~HH ~~Ic)AJIR npoToH
HbJX KJiacTepoB, o6pa3YID~XCR B ac- H CC-B3aHMo
geHCTBHRx. CnnomHhle JIHHHH - pegynbTaT annpoKCH
Ma~HH 3KCnepHMeHTaJlbH&m gaHH&m Bhlp~eHHeM, co
CTOR~M H3 cyMM&I ,c;Byx 3KCnoHeH~HaJibH&IX cllYHK~HH. 

zp 

11 



CTI1 F(bnc> AJlR 6apl1oHHbiX KJlacTepoa, o6pa3YIOIJ.II1XCR a o611acT11 
!l>parMeHTa'-'1111 M11WeHI1 8 pC-, dC- , aC- H CC-a3aHMOAeHCTBHRX, 
noKa3aHbl Ha pHc.6 H 7. TeMHble T04KH Ha rpa!I>HKe AJlR pC-co6biTHH 
npH p = 4 '2 r3B/c npeAcTaBJlRIOT !I>YHK'"'HIO F(bnc ) ' noJly4eHHYIO 
C y4eTOM C06b1THH, B KOTOPbiX BeJ1114HHa ba~ OKa3aJlaCb MeHbWe I 
11 ace npoTOHbl paccMaTpHBaJlHCb KaK OAHH KJlacTep. CaeTJlble T04KI1 
- «l>YHK'-'HR F(bnc> AJlR co6biTHH c bcz,B ~ 1. KaK BHAHo H3 p11cyHKa, 
A06aBJleHHe C06b1TI1H C bcz{J .< 1 B o5qyl() CTaTHCTI1KY aHaJ111311pyeMbiX 
B3ai1MOAeHCTBI1H He 113MeHReT nOJly4eHHbiX 3aBI1CHMOCTeH. no-BHAI1-
MOMY, 3TI1 C06b1TI1R COOTBeTCTBYIOT TaKOMY CJ1y4al0, KOrAa B 06JlaCTI1 
!l>parMeHTa'-'11H nepBI14HOro npOTOHa o6pa3yiOTCR OAHa 11J1H ABe HeHT
paJlbHble 4aCTH'-'bl, a 8 o6JlaCTI1 !l>parMeHTa'-'HH RAPa yrJlepoAa -
KJlaCTep. !l>yliK'"'HR F(buc) AJlR pC-aaaHMOAeHCTBHH npH p ::;:4 ,2 r3B/c 
OnHCbiBaeTCR 3KCnOHeH'-'HaJlbHOH 3aBHCHMOCTbiO 

F( bn 0 ) = c1 exp ( ... bn0 /< b11 0 >1 ) /15/ 

co cpeAHHM 3Ha4eHHeM < b nc >1 = 0, 14 ± 0, 01 • .ll11R pC -co6b1THH npH 
p = 10 r3B/c H dC -aaaHMQAeHCTBHH npHBOARTCR 3aBHCHMOCTH F(buc> 
npH 6011ee >KeCTKHX YCJlOBHRX OT6opa KJlaCTepoB XIIC ~ 2, TaK KaK 
npoaHaJ1H3HPOBaTb pacnpeAeJleHHe a o6JlaCTH b110> 1 H3-3a MaJloH 
CTaTHCTHKH He npeACTaBJlReTCR B03MOlKHbiM. 

npeACTaBJleHHble pacnpeAeJleHHR F(bu c) AJlR pC- H dC -aaaHMO
AeHCTBHH MOlKHO annpOKCHMHPOBaTb 3KCOOHeH'-'HaJlbHOH !I>YHK'-'HeH /15/ 
rn rn~n& .. HAUIA .,u ··:ou •ou• .. n•u.r ........ ..... __ .._. •• •• •• • n 1 1 • n n 1 n 1 1.4--n '"' 4 -- -~-n········ -··-·-· ... , ... , ... '~IO,..l' .,n:tunDIMI't u,•• -u,u• VI u,•..,-u,ul 

AJlR dC- H pC (10 r3B/c)-S3aHMOAeHCTBHH COOTBeTCTBeHHO. 
.ll11R aC- H CG-cToJlKHoaeHHH aaaHCHMOCTH F(b110 ) AJlR 6apHoHHbiX 

KJlaCTepoa, o6pa3YIOIJ.IHXCR B 06JlaCTH $parMeHTa'-'HH MHWeHH, MO>KHO 
OnHCaTb Bblpa>KeHHeM, COCTORIJ.IHM H3 CYMMbl ABYX 3KCnOHeH'-'HaJlbHbiX 
!I>YHK'-'HH: 

F(buc) = 0 1 exp(- buc /< b nc >1) + 0 2 exp( -bnc /< b no >2) • /16/ 

3Ha4eHHR napaMeTpoa, noJly4eHHble npH annpoKCHMa'-'HH 3KcnepHMeH
TaJlbHbiX AaHHbiX, npHBeAeHbl a Ta6J1.3. KaK BHAHO H3 Ta6J1H'-'bl• ae
JlH4HHa nepaoro napaMeTpa <buc >1 a npeAeJlax owH6oK coanaAaeT 
co aHa4eHHeM <buc > 1 AJlR pC- H dC-coyAapeHHH. B pa6oTe /8/ noKa-
3aHo, 4TO AJlR "~-CTOJlKHOBeHHH npH HMnyJlbCe HaJ1eTa10111ero OHOHa 
40 r3B/c BeJ1H4HHa <b nc>t TO>Ke npH6JlH3HTeJlbHO paBHa 0' 11. Be
JlH4HHa BToporo napaMeTpa .<buc >2= 0,5+ 0,6 3Ha4HTeJlbHO 6oJlbwe 
< b110>1• BKJlaA BToporo 4JleHa B cl>YHK'-'HIO /16/ HeBeJlHK H COCTaBJlR
eT acero JlHWb 6% H 13% AJlR aC- H CC-aaaHMOAeHCTBHH cooTaeT
cTaeHHo. 

noJly4eHHble AaHHble HaBOART Ha MbiCJlb 0 TOM, 4TO ABa THna 
KJlaCTepoB C pa3J1H4HOH TeMnepaTypOH HMeiOT pa3JlH4HOe pacnpeAeJle-

12 

THrr B3aHMo-
AeAcTBHH 

pC 
dC 
aC 
cc 
pC 

F<~J 0 

•o 
10 •• 

• o. 

3HatieHHH 

:3HeprHH c1 rsB/c 

4,2 I 
4,2·A l 
4,2•A o, 94±0, 13 
4,2·A 0,87±0,14 
10 1 

cc -ltellnpUUll 

e ~iiC~q6 
o~iJC<~4 

o <~>o:O,~I tO,OOf 
• dk>=o,2~t0,002 

0. 
...... 
~ur 

0,1 

0,01 

o• 
o• 

0 • 

~~ 

(\001t I I 

0 1 

-

• 
~ + 

t 

t t 
t t -

t 
-

I I 

2 

~~ 

Ta6JIHI~a 3 
napa.MeTpoB 

< bu c>1 c2 < bii c >2 

0, 14±0,02 
0,11±0,01 
0,10±0,02 0,06±0,01 0,6 ±0, 1 
o, 14±0,02 0, 13±0,04 0,51±0,05 
0, 14±0,01 

PHc.S. HHBapHaHTHble ~YHK~HH 
F(bk) AnH IIPOTOHOB H3 KJiaCTe
poB C pa3JIH'IHOH BeJIH'IHHOA bllC, 
o6pasyro~xc» B CC-BsaHMoAeAcT
BHHX. 

HHe no 4-MepHbiM CKOpOCTRM OTHO
CHTeJlbHO RApa-MHWeHH. A11R npo
aepKH 3TOrO npeAnOJlO>KeHHR 6biJ1H 
nocTpoeHbl !I>YHK'-'HH F(bk) AJlR 
npOTOHOB H3 KJlaCTepoB C pa3JlH4-
HbiMH 3Ha4eHHRMH nepeMeHHOH biiC: 
bnc ~ 0,6 ""buc< 0,4. 

noJly4eHHble 3aBHCHMOCTH F(b0 
a OC-aaaHMOAeHCTBHRX noKaaaHbl 
Ha PHC.8. KaK BHAHO H3 pHCYHKa, 
KJlacTepbl c buc> 0,6 xapaKTepH-
3YIOTCR 60JlbWHM cpeAHHM 3Ha4eHH
eM<bk> = 0,254± 0,002, a CJle
AOBaTeJlbHO, H TeMnepaTypoH<Tk> 
BXOARIJ.IHX B HHX npoTOHOB. 

TaKHM o6pa30M, MO>KHo CAeJlaTb 
BbiBOA 0 TOM, 4TO HYKJlOHHble KJlaC
Tepbl C pa3J1H4HOH TeMnepaTYPOH 
xapaKTepH3YIOTCR pa3JlH4HbiM pac
npeAeJleHHeM OTHOCHTeJlbHO RApa

MHWeHH B npoCTpaHCTBe 4-cKOpOCTeH. HyKJlOHHble KJlaCTepbl C TeMne
paTypOH < T k > 1 = 60 + 70 M3B xapaKTePH3YIOTCR cpeAHHM 3Ha4eHHeM 
4-CKOPOCTH OTHOCHTeJlbHO RApa-MHWeHH < bll C >1 = 0,11 + 0,14. :ha 
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eenH4HHa, KaK 6~no noKa3aHo paHbwe, TaK *e KaK H cpeAH~~ TeM
nepaTypa KnacTepa H nepeMeHHa~ < xk>, ,He 3aBHCHT HH oT THna 
B3aHMOAe.:iCTBH~, HH OT ero 3HeprHH B HHTepeane 4 + 40 r3B/c, 

nony4eHH~H pe3ynbTaT cneAyeT paccMaTpHeaTb KaK npo~eneHHe 
aBTOMOAeflbHOCTH no ManOMY MaCWTa6Ho-HeHHBapHaHTHOMY napaMeT
py b IIC • 

HyKnOHH~e KnacTepbl c 6onee ewcoKoH TeMnepaTypoH < T~r.> = 
= 130 H38 xapaKTePH3Y~TC~ 6onbwe.:i eenH4HHOH 4-cKOPOCTH OTHO
CHTenbHO MHWeHH .<bnc >2 = 0,5 + 0,6, CBOHCTBa 3THX KnacTepos 
B 3aBHCHMOCTH OT THna H 3HeprHH B3aHMOAe.:iCTBH~ HY*Aa~TC~ B 
AaflbHeHWeM HCCfleAOBaHHH. 

6. HEKOTOP~E OC06EHHOCTW XAPAKTEPWCTWK 
HYKflOHH~X KflACTEPOB 

B AaHHOM pa3Aene Mbl paccMOTPHM HeKoTop~e TPaAH~HOHH~e xa
paKTePHCTHKH KnacTepos ABYX THnOB: pacnpeAeneHH~ npoTOHOB 
B KnacTepax nononepe4HOMY HMnYflbCY OTHOCHTeflbHO OCH peaK~HH, 
no 6biCTpOTe y* B CHCTeMe NN-CTOflKHOBeHH~ H yrnoa~e pacnpeAe
neHH~ B CHCTeMe nOKO~ KnacTepoB. Pa3AeneHHe ABYX THnOB KnaCTe
POB npOH3BOAHflOCb C noM~b~ nepeMeHHOH ~10: C4HTanocb, 4TO 
B o6naCTH bnc < 0, 6 B aC· H CQ-eaaHMOAeHCTIIH~X npeo6naAa~T 
KnacTep~ c TeMnepaTVOOH < T. >. = 60 + 70 M3B. "' R nf5_na'='TLol b-1-1'-,..,. .. .. . , -
> 0, 6 - KnacTep~ c 6onee BbiCOKOH TeMnepaTypo.:i: < T lr. >2 = 
= 120 + 130 H3B. 

Ha pHc.9 noKa3aH~ yrnoe~e pacnpeAeneHH~ npoToHoe e CHCTeMe 
noKo~ KnacTepoe THna I e pC-, dC- , CC· H ,.-c-aaaHMoAeHCTBH~x. 
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PHC.9. Yrnos~e pacnpe~eneHHH npOTOHOB B CHCTeMe DOKOH KnaCTe
POB THna I, o6pasosasmHXcH s pC-, dC·, ,.-c-H CC-ssaHMo~eAcTBHHx. 
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PHc,IO. Yrnosoe pacnpe~eneHHe npo
TOHOB B CHCTeMe DOKOH KnaCTepOB 
c TeMnepaTypo:H <T1r.> = 120+130 M3B, 
o6pa3YIOIIUfXCH B CC- H aC -CTOflKHOBe
HHHX, 

KaK BHAHO H3 pHCYHKa, 3TH pacnpeAe
neHH~ e npeAenax 3KcnepHMeHTanbH~x 
OWH60K Mano OTflH4a~TC~ OT H30Tpon
HOrO. B KnacTepax THna U yrnoeoe 
pacnpeAeneHHe nPOTOHOB B aC- H CC -
CTOflKHOBeHH~X /pHC,10/ aHH30TPOnHO, 

TaKHM o6paaoM, KnacTepbl c paa
nH4HOH TeMnepaTYPOH xapaKTepH3Y~TC~ 
paanH4HbiM yrnoB~M pacnpeAeneHHeM 
npOTOHOB B HX CHCTeMe nOKO~. 

PacnpeAeneHH~ npoToHoB no KBaA
paTy nonepe4Horo HMnynbca oTHocH
TenbHO OCH peaK~HH Pf B KnaCTepax 

o6oHx THnoe, o6paay~Hxc~ e CC-eaaHMoAeHCTBH~x, npHBeAeH~ Ha 
PHC. 11. W3 3Toro PHCYHKa TaK*e BHAHO, 4TO KnacTepbl C pa3flH4HOH 
TeMnepaTYPOH XapaKTePH3V~TC~ Oa3nH~H~M nnRPAPH~~M ~ ~~~ ~~C~C

HOB no nonepe4H~M HMnynbcaM: e KnacTepax c 6onee e~coKoH TeM
nepaTypoH npOTOH~ HMe~T 60flbWHe 3Ha4eHH~ nonepe4HbiX HMnynbCOB 
(<P~>= 0,51±0,05 (r3B/c) 2), 4eM B KnacTepax C HH3KOH TeMne
paTYPOH (<Pi>= 0,254±0,005 (r3B/c} 2 ). AHanorH4Ha~ KapTHHa 
Ha6n~AaeTC~ H B aC -CTOflKHOBeHH~X. 

0 (),2 Of+ 0,6 0,8 

lcos81 

THn saauMo 
~e:HCTBHH 

aC b110 <0,6 

aC b110 ?_ 0, 6 

cc ~IC < 0,6 
cc b110 ~0,6 

Ta6nHQa 4 
3uaqeHHH napaMeTpos 

AI 
2 -- ---2 

< p .&. > lo A < p J. >/?9 
(r3B/ cr . 2 (r3B/ cr 

0,91±0, 10 0,07±0,02 0,09±0,01 0,38±0,04 

0,73±0,12 0,21±0,06 0,27±0,06 0,70±0,09 

0,89±0,11 0, 10±0,01 0,11±0,01 0,45±0,02 

0,80±0,08 0,29±0,05 0,20±0,05 0, 71 ±0,06 
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PHc.ll. PacnpegeneHHH npoToHoB no BenHqHHe 
Pf B xnacTepax c pasnHqHoH TeMnepaTypoH, 
oopasYID~CH B CC-BsaHMogeHCTBHHx: 
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~· 
PHc.12. PacnpegeneHHH npoTOHOB H3 KnacTepoB 
c pasnHqHoH TeMnepaTypoH no o~cTpoTe y* 
B c.~.H. CC-cTonKHoBeHHH. 

npeACTasneHH~e pacnpeAeneHHR dN/~ MOmHO annpoKCHMHPOBaTb 
3aBHCHMOCTb~, COCTOR~e~ H3 CYMM~ ABYX 3KCnoHeH4HanbH~X $YHK-
4H~ : 

2 2 2 (2 2) f(P.&.) = A1 exp{-P.r. /.<P.r. >1 ) +A2exp -P.&. /<P.r. >2 • /17/ 

3Ha4eHHR napaMeTpos, nony4eHH~e npH annpoKCHMa4HH, AnR aC· 
H CC-co6~TH~ npHseAeH~ B Ta6n.4. KaK BHAHO H3 Ta6nH4~, AnR 
s~coKoTeMnepaTypH~x KnacTepos cpeAHHe 3Hal.leHHR < Pf >1H .<Pf ~ cy
~qecTseHHo 6onbwe, l.feM AnR KnacTepos c TeMnepaTypo~ .< T k > = 
= 60+70 M3B. 

Ha pHc.12 npeACTasneH~ pacnpeAeneHHR npoTOHOB s KnacTepax 
o6oHx THnos, o6pasy~HXCR B CC-co6~THRX, no 6~cTpoTe y*. BHAHO, 
I.ITO 3TH pacnpeAeneHHR TaKme pasnHI.IH~ AnR KnacTepos c pasnHI.IHO~ 

TeMnepaTypo~. KnacTep~ c HH3KO~ TeMnepaTypo~ 6onbwe CMe~eH~ 
B o6naCTb $parMeHTa4HH MHWeHH /.<y*> = -0,83/, l.leM KnacTep~ 
c B~COKOH TeMnepaTypo.:i l<y* > = -0,37/. AHanorHI.IHaR KapTHHa 
Ha6~AaeTCR H AnR aC-ssaHMOAe~cTBH~. CneAoBaTenbHo, KnacTep~ 
c 6onee s~coKo.:i TeMnepaTypo~ o6pasy~TCR 6nHme K 4eHTpanbHO~ 
o6naCTH /no 6~CTpOTe/ RAPO-RAePH~X B3aHMOAe.:iCTBHH. 

BbiBO,llbl 

TaKHM o6pa3oM,H3YI.IeHHe cso.:icTB HYKnoHH~x KnacTepoe B aApoH
RAePH~x H RAPO-RAePH~X CTOnKHOBeHHRX noKa3~BaeT cnpaBeAnHBOCTb 
QCHQBH~X cneACTBH~ npHH4Hna OCna6neHHR KOppenR4H~ H npHH4Hna 
aBTOMOAenbHOCTH, C$OpMynHpoeaHH~X B O~eM BHAe/&/. 

1. HyKnoHH~e KnacTep~, o6pasy~HecR e npoMemyToi.IHO~ o6nacTH 
penRTHSHCTCKHX ftAepH~X CTOnKHOBeHH~, xapaKTepH3y~TCR YHHBep
canbH~MH CBO~CTBaMH no ABYM napaMeTpaM nOA06HR: MaCWTa6Ho
HeHHBapHaHTHOMY bk H MaCWTa6HO-HHBapHaHTHOMY Xk , TO eCTb pac
npeAeneHHR npOTOHOB B KnacTepax AnR OAHOro H Taro me RAPa
MHWeHH no 3THM nepeMeHH~M He 3aBHCRT OT THna HaneTa~e~ l.laCTH-
4~ H ee 3HeprHH B HHTepeane 4 + 40 r3B, 3TH AaHH~e nOATBepmAa~T 
B~BOA/2/ 0 cy~eCTBOBaHHH nepBO~ npOMemyTOI.IHO~ aCHMnTOTHKH, 

2. B aC- H CC-ssaHMOAe~CTBHRX npH HMnynbce 4 '2 r3B/ c Ha HyK
noH enepe~e B~Aene.H~ ABa THna HyKnoHt-t~x KnacTepos, pasnHI.Ia~Hx

CR CBOHMH CBOHCTBaMH. 0AHH H3 HHX xapaKT8pH3Y8TCR TeMnepaTypo~ 
.<T k>t = 60 + 70 M38, Man~MH nonepei.IH~MH HMnynbCaMH H H30TponH~M 
s npeAenax owH6oK yrnos~M pacnpeAeneHHeM npoTOHOB s CHCTeMe 
nOKOR KnacTepa. ,llpyro~ - TeMnepaTypo~ < T k >2 = 120 + 130 M3B, 
aHH30TpOnH~M yrnoS~M pacnpeAeneHHeM npOTOHOB H cpaBHHTenbHO 
6onbWHMH nonepei.IH~MH HMnynbcaMH. 
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B 3aKn~4eHHe aBTOp~ paA~ B~pa3HTb CBO~ 6naroAapHOCTb COTpyA
HH4eCTBY no o6pa6oTKe CHHMKOB C nponaHOBO~ KaMep~ sa y4aCTHe 
e nony4eHHH 3KcnepHMeHTanbHoro MaTepHana H nonesH~e o6cY*AeHH~. 
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I 

6anAHH A.H. H AP· 
ABTOMQAenbHWe CBOHCTBa 6apHOHHWX KnacTepoB BO B3aHMOAeHCTBHRX 
p-, d-, He-, C- H w--~aCTH~ C RAPaMH yrnePOAa 
B HHTepaane HMnynbCOB 4+40 f38/c Ha HYKnOH 

P1-88-331 

CaoMCTBa 6apHOHHWX KnacTepoa, o6pa3y~HXCR ao B3aHMOAeKcTBHRx p-, d-, 
He-, c- H w--~aCTH~ c AAPaMH yrnePOAa, H3Y~a~TCR c ~enb~ 3KCnepHMeHranbHOH 
npoaepKH npHH~Hna ocna6neHHA KoppenA~HH H npHH~Hna aBTOMQAenbHOCTH BTOporo 
PRAa, ctoPMYnHPOBaHHWX a penATHBHCTCKH-HHaapHaHTHoM noAxoAe. noKa3aHo, ~ro 
6apHOHHWe KDaCTepw, o6pa3~HeCR B npoMe*YTO~HOH o6naCTH penRTHBHCTCKHX RAep
HWX CTDnKHOBeHHM, xapaKTepH3Y~TCA YHHBepcanbHWMH CBOHCTBaMH no ABYM napaMeT
paM nQA06MA: MaCWTa6Ho-HeHHBapHaHTHOMY ~ H MaCWTa6HO-HHBapHaHTHOMY Xk, TO 
eCTb pacnpeAeneHHA npoTOHOB a Knacrepax AnA QAHoro H roro *e RApa-MHWeHH no 
3THM nepeMeHHWM He 3aBHCAT OT THna HaneTa~eM ~aCTH~W H ee 3HeprHH B HHTepaa
ne 4+40 f3B. 

Pa6oTa awnonHeHa a na6opaTOPHH awcoKHX 3HeprHM OHRH. 

fipenpHHT ()th.e,!UIH8IDIOrO HHCTHTyTa RAepHJ>IX HCcne.ttoBaHIIA. )ly6Ha 1988 

nepeBQA O.C.BHHOrpaAOBOH 

Baldin A.H. et al. 
Automodel Properties of Baryon Clusters in Interactions 
of p-, d-, He-, C- and w--Particles with Carbon Nuclei 
within 4-40 GeV/c per Nucleon Momentum Interval 

P1-88-331 

The properties of baryon clusters produced in interactions of p-, d-, 
He-, C- and w--particles with carbon nuclei are studied for the experimen

tal correction of properties of the correlation depletion and those of the 
second range automodelity formulated in the relativistic invariant approach. 
It is shown that baryon clusters produced in the int~diate region of re
lativistic nuclear Interactions a~e characterized by universal properties 

over two similar parameters: scale invarian-t bk and scale invariant xk, i.e. 
proton distributions in clusters for the same nuclear target on these va
riables depend neither on the type of the projectile not on its energy 

within the 4-40 GeV interval. 

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

Preprint of the .Joint Inatitute for Nuclear Research. Dubna 1988 
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