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I'naBHbMHI TeMaMH CeMuHapa, Npoxoauewero B JlyGue ¢ 19 mo 24 uioHs
1986 r., OGoinH BonpocH GCHOMCHONOIMMECKOIrO OMHCAaHHA XPOMOIMHAMUKH Gonb-
mMX DPACCTOAHMI /Mewku, CTPYHH, >bdeKTUBHME narpatuxkyaHsl, MyRbTHKBApKOUMC
cuéTeMn, CKPWMTHH nLBeT M T.A./, BAHAHUA KBapKOBHX CTeNeHeli cBo6OaH Ha
caoncwna ADep W AAEPHHIX peakuMit, ucCrnenoBaHWM CTPYKTYpHHX byHKuui anep
H KoMneKTHBHHX 3dhdexkTos B ANpo-ANEepHHX CTOJIKHOBEHHAX.

Ha npeAmAylux CeMUHApaX HEOAHOKPAaTHO NOAYEPKHBANOChb, YTO aCHMOTOTH-
yeckas o6NacCTb CTONKHOBEHHH ANPO~aAAPO HAaYHHAETCHA NOBONbHO PaHO - NpH
3geptun /3,5 - 4/A<T3B. B o6rmacTu sHepruit Afep Bulle 3TOH rpaHHKH 00
nocnenHero BpeMeHu penuchb paGoTH TONbKO HAa AYBHEHCKOM chHxpobdazoTpoHe.

B O6nuxafimee BpPEMA OXHJAETCH HAYaNo AKTHBHHX JKCIEPHMEHTANbHHX HCCnepo-
BaHMft B Nyuykax sAnep ¢ 2aHepruelt oo 12 A-T3B /Bpykxehined/ u 200 A-TaB
JUEPH/. B 3Tol ceA3u B nporpamme VIII cemunapa 3aMeTHOe MeCTO ylnemneHo
nponeccaM MHOXECTBEHHOr0 POXIOEHHS 4acTHL B PEJIATHBHCTCKHUX AAEPHLX CTOMK-
HOBEHHAX, BO3MOXHOCTAM OGHAPYXEHHSN M HCCIEROBAHHA KBAPK-TIWOHHOR Mma3Mul.
ABTOMONENBHOCTE 3ITHX MPOUECCOB B NMPOCTPAHCTBE OTHOCHTENbHHX CKOpPOCTE/H,
NpUHRHN ocnaGneHua KODPEenAUHil ¥ YHHBEpCanbHOCTb YeTHpexXMepHHX CTpYyit
CBHOETENbCTBY!IT O TOM, YTO XeXOH(bafiHMEHT KBapkOB W npeohnazawmas pollb
UBETHHX CTeNeHeR caoﬁonu aKTHBHO NpPOABIANTCA YX€ NPH 3HEPI'HH sAep

/3,5 - 4/A«T3aB, He ucknoueHo, uTo npu 3Heprusx amep Ao 200 A-T3B 6ynyT
oﬁuapymeuu TE Xe 3aKOHOMEPHOCTH MHOXECTBEHHOro POXOCHHA HACTHL B SIQpO-
ANepHLX B3aHMOREHCTBHAX, 4TO W OGCyxAabmWecs Ha NpeAWAYUHX CeMHHapax
Iroh cepuu. Mo 3TuM TeMaM MPOWNH HHTepecCHHe HMCKYCCHH.

B padoTe cemuHapa nPUHAAN yuacTHe Gonmee 200 yueuwx, NpEACTaBAMHUGX
65 HayuyHwmx UenTpoB u3 15 crTpan /CCCP,NPR,TIZP,MIP,4YcCe,BHP,MHP,CPP,KHAP,
WBeunn, Kawaow, ®pawunu, CHA, OPT, Sinowmu/. 97 ydacTHuKOB 6wmo u3 OMSH,
109 - y3 CCCP /Anma-Atn, BnanusocToka, lomens, laTuuim, HNywanbe, Epepa-
Ha, Kuema, Jleunarpapna, Muucxa, Mockew, floBocubGupcka, Cepnyxoma, Cyxym,
Tamxeura, T6HmMcH, ToMcka, Xapbkosa, OpyHae/, 26 - H3 CTpal-y4dyacCTHHUK
OHAH u 15 - W3 apyrux ctpan. Buno sacnywaso B obCyxpeno Gonee 100 po-
xnanop Y cootueHuii, 6OAbMUHCTBO U3 KOTOPHX ny6mixyercR B Tpynax ceMmpHapa.

HapecMcCA, 4TO npeanaraemiit C6O0pHHK C AOCTAaTOYHON MOMNOTOR OTpA3’HT
HayuHyWw NpoGNeMaTnKy ceMHHapa,

OprKkoMuTeT

© o6 R ety Jlybua, 1986,
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KECTHVE NPCHECCH HA fIAPAX B MOUEM SJIVKTOHOB C PECKENMHI'OM

H.ll.3070B, B.A.Canees
Hayuno-ucCaefoBATeNbCKIME MHCTUTYT AnepHold dusuxm MIY, Mockea

B.A.lapes
usuyeckuit uycTHTyT M.[I.H.Jledenesa AH CCCP, Mockpa

[lpopesientte » noclrenuue rofN BKCNEPUMEHTAABHHE MCCAGROBAHHA KyMy-~
RATHBHEX %wccos ¥ raySokoHeynpyroro paccesuus ('HP) nenroHos
He. ANpax BHABMAK CYNECTBEHHO® DBAXHUM® CTDYKTYPHHX DYHKIMH
Alep W cBOGOJMHX HYKAIOHOB. B panbHeflmem My GyneM MCXOAHTh M3 TOro,
YTO 3TO PA3JAMUME CBA3AHO C MNPHUCYTCTBHEM B ANDEX MHOT'OKBODPKOBHX KOH—
¢urypsuu#t ¥ OTAMUMEM NADTOHHLX pAChpefeXeHu#l P ANpPe W CBOGOLHEX Hy-
rxoHax, MHOrOXBADKOBHE KOHWIypaumi MH GyIeM yuMTHBATE B DaMKax
dayxronHofl mofean 1 “*/ c peckefaMHroOM NAPTOHHEX pacnpefeneHuft
B Apax. 9TOT (OZXOA, OnKCHBAST o6oTameHHe ANSD MACKHMH NepTOHA-
Mi npu X $ 0,3 , nonaBnaeHye gyna,qa PAJEHTHHX NBADHODP B OGXACTH
cpepnmx_ X (0,3 £ X £ 0,8) 344/ 4 naxuune » AZpaX NAPTOHOB C
X>1 7%/, xoTopHX HeT B CBOGONHHX HYKAOHAX.

lNepeas uacTs padoTH NocBANEHa onu}gym EMC-addexra M HEKOTODHX
0COBEHHOCTENR KyMYyASTHBHHX Tpolieccop . Bo Bropo#t uacru paccmarps-
BEDTCH ARApDHHe ofJeKTH B mpoleccax DoxAeHns JAenTOHHHX fap, npf-
wax GoroHoB M goropomnenna ¥Y —uscrun He ampax .

I. THP aenroHoB Ha fAApexX ¥ KyMyAATHBHHE NDOLECCH
Bo gaykronHOR Momexu 75,6/ CTpPYrRTypHAs GYHRUMA ALpA BHpaXaeTCA
uepes CTPYKTYPHHO GYHKUMM K ~HYKXOHHNX (JAyKTOHOB:

A
Fhoad) = 3 B(<AY B (x,at), (D
a gasa ouenku P (x, AY - cpegHero uucha GAYKTOHOB 3 K HYKAOHOB

B Afpe A - MCHOZbIYETCA NPHOAMKEHHO WOGAABHOT'O "HYKJIOHHOrC rasa”.
Pacrnpenesene xpapkoP BO (IYKTOHE OMPOLEAASTCA K&K CBEpPTKA HYKAOH~
HuX XBADXOBHX pacnpefiefiesHi C pacrpefieXeHHeM HyKXoHOB: Bo {ayxToHe.
Jxs mocaefMero UCHoAb3yeTCA MOAeAb c{:7aoaoro odseu7 ~/ 1/ .

B oranuse oT npeanAyuMx pacusToB &/ (n pagor 12,13/ , B KOTODHX
TAKK® MCNOAb3yeTCA WASA pecKefauHra aAs obbAcHenns EMC-ajdexra)




3flecb M GyneM ABHO YuuTHBATh fIEPMH-[BWEELMe HYKIOHOB B fAlpe, WC—
noAb3ys

~ Iy A
B onany= faglde Sx-y ) E, (4 ING (2 ()
¢ Ne(®) B BHIE (epMU-CTYTNEeHbKH 714/

CorjiacHo runorese IUHEMUUECKOTO pecxefauHra /7’12/ pacnpepereHnsa
apToOHOR OAHHOT'CO COPT& B ALpe U CBOGOJHOM HYKJOHE CBA3aHH CJSLyMUNM
COOTHOmEHHEeM

A N
q (x,a*) = q (%, 3.(@Ha™), (3)
TO ecTk "chsur" no Q* onpefenAeTCH rapaMeTpoM pecKeflauHIa
M(at
Yala) = (RE/RENA 3 (4)
rie
>A(Ql)= C‘(s (-EA-Z)/ Xsfal) . (5)

PasmepHHe napeMeTph R‘\z (v=A,N) , sxogmme B (4), onpepeasor
o6nacTs pacnpocTpatelua npera (o6aacTb xondaliiMenTa) B Afpe U HyK-
none, & Q= 4/ KIL - aHsuemma Q° , IpA KOTOPHX BECb UMNYABC HYyK-—
sona (CBOGOAHOrO MAM B sApe) HECYT BaNeHTHWE KBapku, - Hauato HX]
ABOJOLUMAY [EPTOHHHX facnpegenenun,

B paSorax /7,12,13/ napaMerp K, wunTepnperupyeTcs Kex pammyc
xonjafitmerra "cpegrero” hAn JEHHOTO Alpa KiacTepa, a Mol 9 (x,Q*)
{cm.(3)) nonmmaeTcs pacnpefiesieHue MAPTOHOB B 3TOM "cpejHem" kaacre-
pe. Tlpn Takoft MHTEpNpETALMM U3 DACCMOTPEHHA UCKANUBETCA KHHEeMaTH-
UECKH 3anpeleHHas LR DPACCeAHMA HE OTHeNAbHOM HyKROHe OGAecTb, B KO-
TOpoH BKABNH MHOTOKBAPKOBHX (MHOTOHYKAOHIBX) OGPR3IOBEHMA JOEHH
NPOABAATLCA HENOCPEJCTEEHHO, JTO OGCTOATENLCTBO ABHO YUHUTHBAETCS
BupexerveM (1) naa cTpyxTypHoR dyHkumm sgpa.

C ppyroit cropou, B HX[ ommuseTcsA, uTO B ANEPHON MaTepHy MOmeT
¥METH MECTO HM3MeHeHMe CBOACTE MHAMBMIYSAbLHOI'O CBA3&HHOI'O HYKXOHa,
ahpeKTHEHO Bupaxanileecfi B yBeJIUUSHMM ero paguyca kKoHpafiHMeHTa., ITO
"pa3fyxanue"” MoxeT OuWTb OGYCAOBAEHO, HENPHMEp, YMEHBIIEGHWEM BHEWHero
JAaBREHWS He HyKJIOH — KBAPKOBLH MelOk B SNSPHOA maTepuu - 7nu
NONABAEHNEM BKI&NA KBAPK-TVIOOHHHX KOMIGHEHT MaJoro pagxyce
MloaTomMy, ¢ Hemell TOuKM 3PEHMA, YBENHUEHME palMyca KovbafiHMeHTa B
A1pe eCTeCTBOHHO CBA3&Th He C KOJNeKTHBHHMH sdpexramy / °* 2’13/,

a ¢ "paaSyxaHueM" OTAENbHHX CBA3EHHHX HykaoHoB. Torga B cOOTHOWe-
HHU peckefaunra (3) gyHxuma qA 6yneT onucHBaTh pechpefencHue nap-
TOHOB B CBAJAHHOM HYKIOH® M3 AIpa A : q,‘ (x@t)= ﬁ(x, Q).
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3aBUCMMOCTE KBEpKOBMX pacrpefeAsHult oT Q" momto NepaMETPU3OBATD
chenyouuM o6pasoM:
A ( . A ( 2 1152
Cl,v X Q) = 9Qu XIQUB(Q/DQ) , (6)

rie fal0e {015 x). Texas napamerpuseuus mpy X =0,I (06-
A8CTb, KOTOPYD MH B ??bﬂeﬁmer# paccMarpusasM) Gauska ¥ H{l-onucaHmo
CTPYKTYPHEX (QyHKLKN
[lapameTp peckeftaunra 34 (av) IJA Kamaoro Afpa onpefeaseTcs
BEMY W3 YCIOBYS HAWAYUNOTO COTMACHT PACUSTOB C OHCHOPHMEHTANLHHMA
nesmioay | ©/ pas orrouenns be- 280 @Y/ A T2 (x,a™) npu X=0,6 ,
Korna 36 @) = FY(x @*) ., Paupyc KorepeHTHoCTH [} cp.nyx-
TOHHON Mofeny HOXOOHUTCA M3 nop,r-?sxu pacueTeB AAA A S /X, Q%)
npy X >1 K DKCNEPUMEeHTAaNbHBM JAaHHHEM
Ha puc.l noxesana saBHCH-
. 2 v-'z (x,a") MOCTH CTPYKTYPHOM (I)yﬂlcuuu yme-
10 1 pone or X mpn Q°=100(TaB/c)*
¢ yueToM 3djpeKToB peckelinuHra,
fepMu-aBAReHHA ¥ npuMecy JBYX-
HYRJNOHHWX mexmuon. Tipn aTom
fe (@%) =1,7 (npn Q%10 (T25/0)?),
a [=08du). Ha
pHC.2 npejcrabieHs 3ABHCHMOCTD
CTPYKTYpHO# fyHRUMM yraepoxa
or Q% maa pesnuum 3HaueHuA X.
Bunxo, yro T@OpeTHUECKHE KPHBLS
ma X # Q'-sasucimocrs CTpyX~-
TypHoRt dyHxuMK yTiepofa XOpouo
ONHMCNBENT IKCINEPHWEHTAXbHHE MaH—
X  Hwe . Kpome roro, mpesckesu-
Puc.1 BAETCA SABUCHMOCTb CTPYKTypROM
dynkmn or R B kywyaarupHo#t o6racTk ( X =I,3), Ha puc.3 nymurupoM
NOKA3AHN De3yNETATH . pacyeToB aaancsmocm or X orHomenwt Ry mpw
Q" =10(I'sB/c)*~ gan pessnueX afe 3naveHns cTPyKTYpHON (yHKIuM
neftrepna B ofzact™h 0,1 < X < 0,85 nan7e7uucb M3 TOATOHKM K BKCIe-
PYMEHTANbHEM AaHHWM EMC-xoxsaGopaumy (npu 0,05 < x< 0,5) u

17 Cpogma NIAPAMETPOB, MCMOANb3yeMHX NDH DACYeTaX, faHe 7 37d.mme.
SsmueHuﬁ depuenckoro munynsca Kg Gpuauch Mz pafoTn ;
Anexoruwnse pacueTH NMpopeneHH Has agsep Be,Ag, Ca,A (c.u./ 9o/ Y.
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StAc /177 (npn 0,5 <Xx< 0,85) gus oTHOweHns Ef x, Q%) npu
YCIOBMH, UTO DacCUUTaHHHEe 3HAYEHWS AJCOJRMTHOR BeMMUVHH CTPYKTYpPHOH
byHKUMY meNesa B oToli ofnactn X u Q2 cormacywres c 3KCMEPHMEHT b~
HEMH aHHEMA / (cm./ £4 ). CrurowHuMM AMHMAMM HA DHC.3 MOKB38HH PE3yb-
TaTH pacYeTOB X - 3BBUCMMOCTH OTHOMEHWA CeueHMit 26A/x,a‘)/.4~6'%x,al)
npu QZ=IO(FaB/c)2 IJAA TeX me sfep B NPEAfONOKEHMM, UuTO OTHOMEHMe
ceueHul NOTJOHEHMs BUPTyanbHbX (OTOHOB C NMPOJONBHON M NomNepeuHoR mo-
agpvastuell s 6, /6,.+ O ¥ MOXeT OHTb NpeficTaBNeHO B Bume /(A) =
=0,08 Als /21/ .TeOpeTHYSCKES PACYOTH COTVIACYWTCH C SKCIODHMOATALLHHMY
JLaHHEMA /17/. OrmeTm 'ra?me, UTO TEM CAMNM XOpOmo OnuckBasTca A~
3aBdcuMocTh EMC-addiexTa 9/.

Onpaxo 7ogsusumecn HelaBHO 3KCNEePMMEHTanbHhe faHHK2 BCDMS —gon-
nadopatuu =2/ DA OTHOWEHWA CTPYKTYpHUX PyHKUuMM asora ¥ gelirepHs,
npeficTaBAeHHHe Ha pHC.4, NOMOHCTPHPYOT, UTO PEANUUNE DHCHOPUMEHTANb-
Heix JaHHbX EMC-noanaSopauum 4 BCDMS MoxerT OWTh CBA38HO He ¢ T#O,
& C_OTAHUMEeM CTPYKTYPHHX DyHKuMRt ne#Tepus W CBOGOAHOTO HyKJOHE
( IZ’:, #1). s wumcTpanuu aTOrO Ha pUC.4 MyHKTHDHOM AWHMeN moKaseH
peaynbTaT pacuera oTHomeHus R G (= RN 3 8 CIIOWHOR AuHMelt —
QNOPOKCHMALMA 9KCIEPIMEHTAJIBHHX MaHHNX 17,24/ . Conocrasaan oty
KpUBHE, Mb HEIAM OTHOUEHHEe Rf, CTPYKTYPHHX yHKLMi RefiTepus v HyK-
NOHa, KOTOpoe Moka3aHo crnowHoft kpueo#t Ha puc.E. NlyHKTHpHas kpuBas
Ha DTOM %e DPHUCYHKe MOJyueHa M3 pacueTa IAS OTHOWEHUA E:f U annpo-
KCYMALUY DKCIIOPUMEHTANBHHEX JfaHHKX EMC-xoanatopaumy mis OTHOWEHHS
RS (nynkwupnas xpupas Ha puc.3s). OGe KpuBHe Ha yuc.S Kexar B
npefensx OWMGOK BKCNEPUMEHTANbHNX NAHHHX LAf lf, /3 , TO ecTb He
NO3EOAANT ONHO3HAYHO CYIUTb O CTPYKTYpHON QyHRLMM fedTepys Ha OCHO~
PRHMK fJeHHHX AuGo EMC—, au6o BCOMS - 7ouadopaxmn. Henoabays Hafi~
JeHHOe W3 3KCMePHMeHTaNbHHX JAHHHX /22 oTHomeHne K, ¥ Pe3yMbTATH
pacuera nna R 4+ MORHO npefckasarh oTHomenue K5, noxassHHoe
Ha puc,3B WTPUXIyHKTAPHOX KpuBof,
<Ny
4,2 R D

1,0

X

Pue, ©



Tenepb nepeiineM ® RPaTHOMY anaiusy
B pamrax Heme#t MomesH NpoUeccoB DOm~
JileHus aIpPOHOB He ANPAX B KyMYAATUB-
Hokt oGnacru ( X>I), B xoTopo# nose-
JleHMe CTPYKTYypHuX ByHKUMHA ANep ojHo-
3HAYHO CBA38HO C HAaXHIHEM MHOPOKBAp~
KOBMX KOHWTypauuid, daykrosos (puc.Il).
llockoabry cornacHo THnoTese npefeib-
Puc. 8 Hoft dparMenTanum ceueHne powue-
uug W -menoHon B pA - o A'A ~BasumofielcTBMAX B O6NACTY (parMeHTaiuH
ANpa ofpejienseTcs erc CTPyKTypHo# fyuxumelt, samucsaueft or macuraSHol

L
w00 A

nepeMerHoft X ,aHATOI'UYHOY ObepxeHcHoift nepemenHolr X v T'HP nen-
TOHOB, TO NPEACTABJAETCH MHTEPECHHM CDABHATR Hewu pacuers arg A-
38BUCUMOCTY OTHOWEHHA ﬂ:/ (%, Q%) npy x=1,3, Q% =IOO(1"aB/c‘;

a A =197Au ¢ JKCHepMMeHTalbHEMH 6,8!1)1!1 M 0 KYMyJAATHBHOMY DOWIEHWO
nuoror na sgpax nmpn X=I,3 » A'=208pg 1/. Han sumio ua puc.6, pe-
SyNLTATH TEOPETHUSCKUX PACUETOB KAUECTBEHHO corAacyOTCA C SKCrepu-
MEHTOM.

Hax oTMeuanoch B /8'9/, mogenn (aynToHoB ¢ yueToM pfexTos peckeft-
JI¥HPE TIPENICKA3HIAeT HeTPUBHANbHYE® X ~3ABUCMMOCTh OTHOWEHMA CTRyX-
TypHHX (YHKUMA sfep B KYMyAATMBHOA oGnsct, (OpHO M3 TAKMX Npepcka-
3aHuli NeMOHCTpUpyeTCA Ha puc.7, rge TeopeTHuecKas KpUBAA IA8 OTHO-
weHus CTPYKTYDHEX QyHKUMIt ceaHUAa ¥ yraepofla GyKBANbHO COBO&Na C
BKCTNIOPUMEHTANbHENMHM NaHHHMKY 1A BHXOLE xyygi:?mmmx fIDOTOHOB TIpK
TOTOPORIEHHK Ha FOpPAX 30X0T4& ¥ yriaepoma .

HopoTko ocTaHOBMMCA HA CyECTBEHHOM OTJINUMM OCHOBHUX MNapaMeTpos
Hamero nogxons K padoT 712/, [lps Gruakux anaveHusx naps.uefrga Eec—
keamira ¥,(Q*) ¥ mHac Ra/ Ry=1, 02-1,05, g B paGorax /7,17

30
24}
50 K. — e
094
4,0 "'0,‘{
0,81l Yro
U=-0,4
- 1 L
oS . 4,0 4,5 X [ 0,5 '3
Puc. 7 Puc. 8
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Ra/Ry=1,10-1,20. dopvansto 370 pasauuue OGYCIOBNEHO PA3NUYHEM Bbi-
60opoM TIapEMEeTuE HOPMKPOBKH p:= Qz UIW KOHCTAHTH s (ma") , OT l!‘r
KOTOpOil 3BBUCHT JHAUEGHHE X/ Q%) B ?opuy.uax (4) u (5): 8 Hameﬂ pa-
gore /Y MR «7C , a B paore Aary =23 mpw Q°=
=10(T'ab/c)*, To ecth HeGombloe yBeMHUeHUe penuyca KobDatinmenra (2-5%),
KOTOpoe MH caﬁsunaem c /paadyxaﬂueu HYKAOH& B A7pe, & He ¢ "ryAs-
KueM" iipera 10 .q,u,py » TpeyeT malopa cTaprobofi Touru KX[-apoio-
LHMHM NPY CAMIKOM M&AOM, C TOUKM 3PEHNA MOCAELOBATeAbHOM Teopud Bo3-~
Mymenuit, sHaueHWn Mo (GONMBWOM 3HaveHMM o5 (A" ). Omuako nocrem-
HEe oGCTOATEABCTBO He ABAAETCS CTOAb yAPYUEUMM, €CAM YyuecTb, UYTO
Jopmyna (4) ormevaer I'JII. Teoperuuec:m? 8.!-18.&7-‘3 A*_aapucumocty Mo~
MEHTOB c'rgyxrrypnux yHxuuit noxkasnpaer , UTO MpH BHOOPE Ma <
=1(T'eB/c)® LI KOIMYECTBEHHOTO COIVIACHR C SKCISDMMOHTOM HOOOXOIMM YueT
nonpapok x I'MIl, B ToM udcae creneHHwX. B TO ®e spem{ nor Buc{muuecxaﬂ
TEOpusA, NpPHMEHAEMES B TOUKe HOPMETNBKM /“A = 51072 (TaB/e)( ot /) =
=2), c Xopowel TOYHOCTBK BOCNPOLN. ORKT BKIAT HEYUTEHHHX B 3BOMOLMOH—
HHX yPaBHEHHMAX UNEHOB

TakuM 06pasoM, YBEIWYeHME® paguyca KoHpajfilMeHTa B ALpe MO CPABHEHMD
cO CBOGOGHHM HYKJNOHOM MOMET OWTbh BechbMa HeGoxbuwm (2-5%, a ne 10-
-R0%). Ormerum, uyro (2-5)% yseauuenue pemuycs xonbafitMenTa paeT npa-
BUAbHHE 3IHAUEHNA MOMeHTOB CTPYHTYDHEX HyHHKUMA , TIPABUABLHHE OLGHKU
VI ALepPHHX BB?H‘I?H H CODIACYOTCA C OTPAHMIOHUAMM , IOy IOHHHMY
23 y~ckelmHra JHaroHeLl,0HO COBMECTMMO C IMaydepoBcKoll Teoprell pac—
CefHUR 8FPOHOB Ha CBA3AHHEX HYKJNOH&X ;myaé/xo'ropon ?go'rusopeum‘
10-20% ysexuveHMe pejuycs KOHpeiHMEHTa B Anpe

2. PO!&SHHB XEeNTOHHEX N&ap M X GOTOHOB M (boromgeﬂue i
J -YacTull Ha Anpax

B aroft yacT¥ pafoTH GyHeT NORA38HO /1 O/ 4TS palAMUNe CTPYKTYPHHX
dyurumi Anep M cBOCOJHHX HYKAOHOB NMPHEOMMT K 3HauMTeAbHHM sSffexTam
3 pame JApyrkx mpoueccoB Ha Afpax. llpu pacuerax MH GyfeM YUMTHESTEH
nepecTpoftky BOAHOBHEX (YHKUMH HYKAOHOB B ANpE COTMACHO cooTHOmeHim (3)
u ucno.uaosmb BHRUEHHA TapaMeTpa peckeAnuHra Fa /%)  npu %=
=IO(I‘aB/c) u3 TadMMuH, HefileHHHe UAA PasHuX fAfgep B fIp# ONMCAHHH
aKcrepuMeHTanbHux AaHHux THP, lponeccw pomgeHds npaMux GOTOHOB M
NGNTOHHHX Nap B pA- BIaMMOJIEHNCTBHS( PRCCMATPHBEDTCA B KHHEMATHYECKOH
oﬁnac-rn, cTBROuENmelt 3HAUSHUAM APIYMEHTOB CTPYRTYPHHX (yHKumit Anep
£ 0,6, MomHo noxe3aTb, YTO B BOSHUKEDIMY NPH PHYACAEHUM CEOUOHUA
doropoxnenns J/Y -uacThi] MHTErpaX MO BPIYMEHTY PANOHHON ‘GyHKIMM

9/Cpaap napameTpa PSCKEAMHIE ¢ ANEpHHM . 11142 eM¥ MO3BOAAET TOBO- :
purL o " B7bHOCTH mexgy KXJ-nomxonom 2 ofuuHoll AmepHoR !
MOTIS b . i
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pacnpefiesierus supa s (x, Q%) 3Hauedns X> 0,6 gapT npeHe-
GpemyMo Masuit pragy. [losToMy B fadpHeifleM My He yuuTHBaeM adfexTs,
cBASEHHHE C GepMU-IBKEeHNUEeM HYKJOHOB M HalNuKeM BK30THYECKUX MHOTO-
KBAPKOBHX COCTOAHHN B AZpe, KOTODNWE CYUECTBEHHH Tojb¥o ppu X> 0,6,

Ceuetivie pomieHus MBCCUBHOW JENTOHHOW naph (M> 4 I'eB) p npouecce
pA™ L +X 5 Mogeru [ipenna-flua 3anUCHBAETCA B CAeLyomeM Buie:
- 3,
S dé (pA+e&X)/ it ay = TA K XX /9T T,
i < =i '
xZe‘-’[q; (X, MIQa(xg W) & qf(x‘,M")q”A(m.M‘)\’
t

rie & - wpafpar NMORHONA BHEPIUW CTANKHABEMWXCA YacTUl B pacueTe He
ONMH HYKJOH B MX CHCTEMe LEHTpAa Macce, Z=MZ/S , X,:J?-exp /#),
X2=VC-expl-y), - OueTpoTe JenTonHoW napu, XK - jak-
TOP, paBHLi npumeptio 2. Ha puc.B mokasaHo PHUMCNEHHOe HEMM B yKa3aH-
HOM MOLX0fe OTHoweHue cevenuit (Kex W Buile, IS UBOCKANAPHHX sfep)

-4 s > de ~
A d?—;{y'/f”q"’ eex)/ ditdy (PN"’ ee)() (8)
KaK QyHKUMH VT PasHHX ‘y npu A=22 =200 n }A =2,6. #a
pHC.B BHOHO, yro 3eBHCHMOCTH OTHOmeHHs (8) or /T xavecrpento nop-
Tg])ﬂeT B8BUCHMOCTb OTHOUWEHHA CTPYKTYPHEX dyHxumud smpa A (uanpumep,
I Au) 1 eitrepra oT OBEPKOHGKOA nepeMeHHOHR X 3,4,17/ . Bmecre ¢
TeM peJnyuHe spperra (OTKAOHeHME OT efMHMIE OTHOoweHMs (8)) cuanHo
38BUCHT OT GHCTPOTH NApH ¥ NPH MAXHX Y MOXeT ONTh 3HAYMTENbHO GoAb-
me, yoM BAA OTHOWEHWA CTPYKTYpHHX QyHkuui, Eme Gombwuit afexT Gymer
HadawgarscA B AA- B3aHMomeMCTBHAX, K&K 3TO BHAHO M3 puc,9, rge no-
KeseHO OTHOWMEHMe

(7}

-2 _de_ 7 A6 Y
A Gy (Ah— X))/ d&dy(mv &x) (9

u otnowenue (B) npm y=0, A=2 2 =12, }A =1,7.

v |
05 } )/

Puc.9 Puc.I0
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B paGote /3/ OHJO 3aMEUeHO, UTO BEJMUMHA NapsMeTpa HakNOHa B pac-
npegeNeHud no GueTyoTe

S= %[&(s d%(?"‘—’ezx)‘x y=0 (10)

uavepertas B peakqun P+ Pt - MM X | Gonpue, uem crenyer us
HEMEBHOTO OPRICTABACHWUS O CTPYKTYpHOU QyHHUMM AfpE X8R CyMMe CTDYK-
TYPHEIX (yHKUMA CBOGONHEX MPOTOHOB W HelTPOHOB fx;uaaﬂ I ua puc.I0).
JJI OTIMCABHMA BHCTIEPUMEHTAJILHHX JEHHHX BBTODPH /33 NPOLIMIORIWIL Cyme-
CTBOBAHHE CHIBHONW ACHMMOTDII Mexiy W — n Ol - KBEpKAMM B POTOHE:

Wptxy = (4= 00" B (Y. (1)

OmHaxo HeoOGXOAMMOCTb B Takol JONOJHWTENBHOA TMIOTe3e OTnanaeT, echy
YUECTE pecKeliIMHr NaPTOHHHX pacnpefieNeHufl B CBA3SHHHX HYKAOHEX, KOTO-
puli MOReT OOBACHUTH Goabuyo uscTh affexra (Kpmeas 2,puc.]0),

Ceuerve poxgeHus GoTOHA ¢ GOALUMM NONEPEUHHM MMOYILCOM 9,23 (I‘aB/c)z
B mOpouecce p+ A ¥ +2X. B CHCTeMe UEeHTpa Macc CTaJKHpap-
WUXCA YBCTHI MOWHO MPEACTAEuTL B BHIE

deé 'S“ | 46 — \\1

d‘?“”,”(PA—"x\u: M &g, dudy (ph=+ (W00, (12)
rae de (pA— ghX)/ d%g, duydy' - ceuenwe powmenus GoToHA
C TNOTEPEUHLM WMITYABbCOM Qu U GbicTpOTON & » anponHoit cTpyn h ¢ oucr-
potol ', W= Calx, /(2= Xpoexpl-y) | U= 12~ %L exprid)/ 0,
¥y =R q,/JS . fipueit Bun ceuenns mpotiecca P+A - y+h+X gan B /34/
C yyeTOoM I¥arpsMv NEPEON0 TOPASKA N0 KOHCTAHTE CUALHOTO B3amMogeR-
crBuA  »<s (@) . Ha puc.1l toKesali Pe3yAbTET BHUMCAEHWA BeJAUMHLI
OTHOWEHUR CeueHuil

-1 de AE (ol x)
At AE— (A x>/ (
pro ’ P ¢ d'g.ty s ¢ (13)
KaK JYHKUWH X, AR DE3HHX J npu A =2-2r—-200, EA =2,6. Bugmno, uro
10 b - — —_— —_
09 |
y=1

0,8 9Tt 4wl o8 - 1

° 0,2 ] X, /o o ro0 v, 58

Puc.11 Puc.12
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ceueHHe DOXAGHUA NpAMMX GOTOHOB Ha sApe TARAET ¢ PocToM X, GueTpee.

310 ABAFETCA CAEACTEMEM TOIO, UTO DACIPENENeHHE KBEpKOB M IJIOOHOB

B Anpe 00Xee MATKOE, yYeM B CBOGOZHOM HykMoHe. Hax u B POWOEHMM Jef-

TOHHHX Tap, BexuuwHa sddenTa TeM Goxbiie, ueM MeHblle GHCTPOT2 HOTOHA.
Ceuetue_goropomiigius /¥ ~ uscTMl B MOTENU FOTOH-TNOOHHOTO CJM-

fHUA JAeTCH BHpaXEeHWeM : -

& /A T/EXD ==q:'_/ /J*#-'r @xYam®, (19

rge #=1,5TsB, #, =1,87 ['uX - COOTRETCTBEHHO MACCH OUAPOBAHHO-
ro xpepka u O- mesona, £ =1/6, a

;-’6, (fA~ CEX)= § YT sty Galuls, M¥)x

[ p 2 3"")&[!:____4___ gt-dri/ l o J/_ o (15)
f1-omiin’ s

Y - 3Heprua HOTOHE B CUCTEME MOKOA Agpa, gA QM ~EyHKLAS

pacrpefieneHus IMOOHOB B supe. Ha puc.I2 norasan peayabTaT BHUMCAEHUA

38BUCMMOCTH OT )  OTHOWEHUS

Kt a(yh—>ThX)/ SEN->T4X) , (16)

rge A = B3, 2, =2,1. llpn Maaux Y pomieHue cT-Nap WIeT He XecT-
xux ravoHax (X = MY/2mY ), xoropwe B AOpax nofapreHy. C pocToM
avepruy doToHa Y 2pryMeHT GyHKUMM pacnpefefieHHs DTANOHOB X YMeHb—
WAETCHA W HAUMHEST WIDATb POAb QUOT'ANISHMA ANEP MArHMME TADOHEMH.

Kax pesynsrar, oTHowewwe (I6) creHoBMTCA GOAbLe efMHUUH F7s V=

740 T'sB, 310 xauecTBEHHQ corzacyeTcs ¢ HelspHO nosmyueHHsMu EMC-xon-

neopauuelt LaHHHEMY
TakuM o6pesoMm, NpPoBeJEHHOE B B3TOW WACTH DACCMOTPEHHe MoKa3LHBaeT,

YTO MPOUSCCH PORUEHUA ASNTOHHHX Tap M HpsMEX JOTOHOB B pA - BaRKMO-
IettcTeuAx, a Takme Qoropoxmenus Y¥- yacruy Ha AEpax, CYWECTBEHHO
OTANYENTCA OT BHENOTUYHHK (TPOUECCOB, NPOMCXOLANUX Ha CBOGOJHHX HY-
HIOHBX.
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ELASTIC ELECTRON-PROTON SCATTERING AT HIGH Q%

Submitted by Stephen Rock
The American Unsversity, Washington, D. C. 20016
and Stanford Linear Accelerator Center, Stanford, CA 84305
USA

1. Introduction

In the years it took to plan, run and analyze this experiment there have been significant
changes in the way the results can be interpreted. In tne early eighiies Brodsky aid Lepage'
had predicted that the proton form factor could be calculated using perturbative QCD. The
unknown parameters were the proton quark wave function and the QCD coupling constant «,.
The naive belief was that the wave function would be easy to determine and at most would affect
the absolute normalization of G§;. Our plan was to extract Gf; as a function of Q% from the
measurements of the elastic electron proton cross section from 3 to 31 (GeV'/¢)? . Thus we would
measure a, as a funstion of Q* and this would enable us to determine A . This pretty picture
has become more conplex in the past few years for two reasons. 1) There is a heated dispute
over whether perturbative QCD is relevant at experimentally measurable values of Q% . "~ 2)
Determining the proton wave function has become a complex and controversial subject. So now
using the value of A = 200MeV from other experiments’™ the tesults of this experiment can
be seen as an important constraint on the shape and normalization of the proton wave function
within the context of perturbative QCD.

The rest of this paper is divided as follows: I will review the current status of our knowledge
of elastic form factors including the measurements proposed and those in progress. Next will be
a brief introduction to the various theoretical models used to predict the nucleon elastic form
factor. Section 4 describes the experiment and the resuits and Section 5 compares the results
with theoretical predictions. '

* Work supporied by U, 5. Department of Energy contract DE-AC03-76F00515 and National Science Fuandation
Grant PHY85-10549.

17



2. The Elastic Form Factors of Nucleons

In the one photon exchange approximation the cross section for elastic electron preton scat-
tering can be written as:

do /41 = ool (GH(Q%) + 7G) /(1 + 1) + 2r Gy tan (/). ()

The symbol 7 = Q%/(4M?) and Gg(Q?) and Gpr(@3) are the electric and magnetic form
factors. The two form factors are often expressed in terms of the Dirac and Pauli form factors
Fy = (1Gpm + Gg)/(1+7) and Iy = (Gm — GE)/{1 + 7).

At large values of 7 the contributicn of Gz to the cross section dominates that of Gg. This
makes Gg difficult to determine at lacge Q% . The situation iz made sven more painfu) because
Gg has been found to be small compared to G at low Q2 for both proton and neutron. The
values of the two form factors can be determined by using values of cross section measured at
the same @7 but at different angles. Table I. shows the range of Q% where the form factors have
been determined and where new experiments will be improving our knowledge in the next few
years. Figure 1 shows the previously measured values of the form factors. The figure indicates
that form factor scaling G’E = G’f,/y,, represents the data quite well over its measured range.
Beyond @3 = 2.6 (GeV/c)? form fact-r scaling is just conjecture. However, people do extract
values for G’f, from cross section measurements at a single angle using the assumption of form
factor scaling well beyond its measured range of validity. This is probably quite safe at high @Q?
where Gg contributes little to the cross section. There is also zlectron neutron scattering data
shown in Figure 2 at Q% < 10{(GeV/c)? at a single angle which has not beer. used to separately
determine G}; and GJ¥.

™ (o) I P f }
08 h’}* .

L L L
20 I (o) .

1O [ 9 o go e’ gy ..“++ .

N )  f
1.4 j(c)i ]

6ilmGo) (nySB/GEF GEflay o

1.0 + J ‘?ﬁoo%t{}* —
N 1 1 L 7
(d)
N
£ ° § T
-002 . L L
0.01 O.l | 10

@ (Gev/ci?

1. Existing data for the elastic nuclear form factors. Gp is the
dipole form (1 + Q2/.71)77. a) G},/(upGD). b) (4,G%/Gh)3.
¢) G}/ (#xGp)- d} (GE)*.
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TABLE 1
EAPERIMENTAL STATUS OF NUCLEON FORM FACTORS
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2. The ratio of /of!. Open circles are at 10° and dark circles™”!

are at 48°,

3. Theory

Naively one expects that at high enough values of Q? quark dimensional acaling will predict
the behavior of the form factors. Figure 3 shows a photon interacting with one of the three
valence quarke in a nucleon and the gluons being exchanged to share the momentum transfer.
Each gluon propagator will introduce a factor of 1/Q? into the amplitude. The number of gluons
is equal to the number of spectator quarks = N, — i. For a pion the form factor ~ 1/Q3, for
a nucleon F ~ 1/@* and in general F ~ 1/Q%Ne-1), Figure 4 shows that these dimensional
scaling predictions are reasonable characterizations of -he data at high enough Q% .
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3. Diagrams for a photon interacting with onz valence quark in
elastic scattering. Two hard gluons are exchanged to redistribute
the photons momentum.
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4. The Q* d d of the elastic form factors of light nuclei

and pions. The form factor is approximated by the (o/op)!/?
where g)s is the Mott cross section. (@?)~("~1) is the Quark
Dimensional Scaling prediction for a particle with n quarks.
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Let us now focus on the nucleon and examine the calculation of the form factors in more
detail. One should be able to calculate the nucleon formn factors using QCD and in particular at
high enough @? one should be able to use perturbative QCD. It is still an open question as to
how large @ has to be before perturbative QCD dominates. For the moment let us assume that
PQCD is applicable and see what the model predicts. Figure 5 shows a nucieon of momentum p
with wave function ¢(zl,a:z,a:3,Q’) where z; are the fractional momenta of the valence quarks. It
undergoes a hard scatter of amplitude Ty which alters the momentum distribution of the quarks
so that their fractional momenta are now y;. The diagrams for the hard scattering amplitude,
shown in Figure 5b, are a sum of terms where the gluons are interchanged in different time order
with respect to the virtual photon. The form factor is then given by'™®

QF(Q%) = (47, (@)} /54 x |1af* [ rd'us(=)Tut'(w) (2)

where a, is the QCD coupling constant 4x/81n(Q?/A?) and f, is the normalization of the wave
function at the origin. Since «, decreases with Q% we expect Q*F to decrease with @? provided
that the effect of the evolution of the wave function with Q* is small. Ty is the sum of terms
wh-se form is [2;2;(1 — zx)Wi(1 — ¥m)(1 — va)]~!. Since the kinematic limits for x and y are
0 < z,y < 1 the integral is very sensitive to the values of the wave function at these Jimits. I
will discuss specific models for the wave function and compare them with the new experimental
results.

ulxl L ufnl ﬁ“g_

= ulxg ——‘—-——u(yz) R R
dix,) 9 dlys}

5. Hard scattering diagram. The incoming nucleon with momen-
tum p and wave function $(z1,x2,23) scatters from a photon
and leaves with momentum p’ and wave function ¢(y1,y2,y3).

4. New Experimental Results

A new experiment to measure the elastic elsctrci proton crosa section at high Q* was carried
out by a collaboration from American University, SLAC, Georgetown and Saclay. The experiment
spanned the kinematic range 3 < Q7 < 31(GeV/c)?. The electron beam energy was set ai values in
the range 5 < E, < 21GeV and had an energy spread of less than +£0.2%. The average intenaity of
up to 12x amps was measured by two toroidal charge monitors to an accuracy of +0.5%. Scattered
electrons were detected in the 8GeV [c apecirometer which was set at angles of 21°, 25°, and 33°
und at values of momentum in the range 3 < B’ < 8.5GeV /c. Moat of the data was ttken using
a 65 cm long liquid hydrogen target. The hquld was circulated thrcugh the target at high speed
to assure uniform density independent of beam intenasity.
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4.1 DETECTORS

Over this range of Q* the cross section varied by six orders of magnitude. At the highest
@? the elastic electron counting rate was as low as 3 events/day. Thus it was very important
to reduce backgrounds far below this level. To accomplish this the 8 GeV/c spectrometer was
equipped with some new detectors shown in Fig. 6. There were 10 planes of proportional wire
chambers designed to reject noise and spurious signala caused by neutral particles. Using the
tracks in the chambers the production angles and momentum of each event was reconstructed
and its missing mass determined. The nitrogen gas Cerenkov counter and the rebuilt two layer
lead glass shower counter rejected pions, muons and spurious signals by a factor of better than
104 and had an electron efficiency of about 99%. The target was long to maximize counting rate
and had its endcapa shielded from the spectrometer acceptance to reduce backgrounds. Figure
7 shows the clean separation between electrons and pions obtained with the two layer shower
counter.

Elastic electrons were selected on the basis of their missing mass. The number of events as
a function of missing mans and Monte Carlo calculation predictions are shown for two extreme
values of Q% in Figure 8. There is a clea signal seen at the missing mass of the proton. The
cross sections were obtained by using the radiative correction methods of Mo and Tsai fol

GAS CHERENKOV COUNTER WIRE CHAMBERS LEAD GLASS SHOWER COUNTER

SCINTILLATORS { \

13|

11

N S oo AL )

I A ==

_*Itﬂ_ttrﬂ;“:.ﬁju ﬁt— ‘[l:r_—_‘_ ;‘.j

6. The 8 GeV/c spectrometer detectors. From left to right the
electron passes through a gas chenkov detector, ten planes of
proportional wire chambers,two planes of scintillation counters
and two layers of lead glass.

4.2 SYSTEMATIC CHECKS

Data were taken under a variety of controlled experimental conditions to check on poesible
systematic uncertainties due to spectrometer acceptance, radiative corrections and target density.
A) Cross sections measured with the same kinematics but different target length agreed to within
(0.5£1.0)%. This checked acceptiance, radiative corrections and target density. B) Cross sections
measured at the same kinematics but with different amounts of material in the beamline agreed

to within (2.0 £ 1.5)%. This checked the calculation of the external bremsstrahlung portion
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of the radiative corrections. C) Measurements of G§, at the same Q2 but at three different
angles agreed to within (2 + 2)%. This checked acceptance and radiative corrections. D) Cross
sections were measured at the same kinematics but with different velocity of liquid hydrogen in the
target. This checked possible boiling in the target at high beam intensity. No variation in cross
section was found to within 1/2%. From these and other measurements we estimate 2 point to
point systematic uncertainty of about 2% and an overall normalization error due to spectrometer
acceptance of 2%.

43 G§

T want to emphasize that the experireentally measured quaniity is the cross section. To
compare with theoretical models of the magnetic form factor we extract Gf, from cross section
data using the assumption of form factor scaling. Tn Section 1 we alowed that at high Q? the
quantity Q4G}; should vary slowly with Q* . Figure 9 shows this variable (divided by )
plotted versus @% . Our new data is shown as dark circles while previous datz'? are shown as
open circles. The two data sets agree at low Q% . The new results show a clear decrease with Q?
in the region above 12 (GeV/c)? . A linear fit in this region shows this is a 5 standard deviation
effect. So the main trend of perturbative QCD predictions is confirmed. In the next section we
examine this in more detail with regard to particular models.

0.5

0.4

0.3

0.2

PR ENERGY

0.1

¢ 0.2 04 06 08 10O
TA ENERGY

7. The separation of 7 and e in the lead glass detector. The verti-
cal axis is the normalized energy deposited in the 3.6 radiation
length first counter (PR) and the horizontal axis is the normal-
ized energy deposited in the 15 radiation length total absorpion
counter (T A).
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8. The elastic peak at missing mass of M7. The curves are the
result of a monte carlo simulation of the experimental apperatus.
a) QF =12 (GeV/c)® b) @* =31 (GeV/c)?.
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5. Comparison with Theoretical Models

Both perturbative QCD #1041 4nd non perturbative ‘soft’ gluon models'™* have been used
to calculate the proton magnetic form factor. Proponents of both ideas seem quite convinced of
the virtues of their own approaches. Unfortunately the new data does not extend out to high
enough @3 to resolve the issue.

5.1 PERTURBATIVE QCD

After several years of theoretical work it seems clear now that perturbative QCD with a
symmetric wave function such as ¢ = z{z}z} results in an integral which is too small by a factor
of 100 compared to experimental data. However recent work"®*® using QCD sum rules as a
constraint on the proton wave function has shown that the wave function is highly asymmetric
in momentum space with one of the up quarks carrying most of the momentum. When the
wave function is large for large z1, the integral is greatly enhanced due to the functional form
of Ty. Their predictions are shown in Figure 9. Also shown are the predictions of Gari and
Krumpelmann VGARI who also use a fit to all the low @? elastic form factor data combined with
perturbative QCD with an asymmetric wave function derir~1 from QCD sum rules. They use
A = 210 MeV and claim a normalization uncertainty of 10%. They also predict that GE;’ will be
greater than G} at. Q7 > 4(GeV/c)2.

5.2 SOFT GLUONS

Nesterenko and Radyushkin™ as well as Isgur and Llewellyn Smith™ have pointed out that
G’f, can be calculated without the use of perturbative QCD. The results of the former are shown
in Figure 9. At larger @3 the non perturbative predictions for Q4G§, will fall like Q~? compared
to the logarithmic fall off predicted for perturbative QCD. Unfortunately our data does not
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extend to Q% > 50(GeV /c)? region where the above authors believe that perturbative QCD is
applicable. Thus it is still an open question if we can use perturbative QCD to check the proton
wave function calculations in the regime of Q2 < 31(GeV/c)?.

T I T ] T T

0.6 - O Previous Data —
® SLAC E-136

Q'Gy" /e [(GeV/c)*]

1 | b I 1 | 1
0 10 20 30

Q* [(Gev/c)?]

9. Q4G /pp derived from cross section measurements as a func-
tion of @* . The dark circles are new data from this experiment
and the open circles are from Ref 10. The dot-dashed curve
is the perturbative QCD model of Chernyak and Zhitnitsky."l
The solid curve is the model of Gari and Krumpelmaan' and
the dashed curve is the non perturbative model of Nesterenko
and Radyvshkin.”

6. Conclusions

1. QG decreases for Q* > 12(GeV/c)? .

2. We arestill unsure if perturbative QCD is applicable in elastic scattering for Q2 < 31(GeV [e)2.
Soft gluon calculations seem to describe the magnitude and shape of the form factor cor-
rectly.
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11.
12,

13,

. Perturbative QCD describes the elastic form factor magnitude and shape using a highly

asyminetric proton wave function derived from QCD sum rules. We need better estimates
of the proton and neutron wave functions.

. We need measurements at values of @* near 100 (GeV/c)® to settle the question of soft

contributions. This may be pessible using the 50 GeV electron beam soon to be available
at SLAC for the SLC.
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QUARK CLUSTER MODEL FOR HIGH ENERGY LEPTON-NUCLEUS AND HADRON-NUCLEUS
INTERACTIONS

James P.Vary and Avaroth Harindranath
Physics Department, Iowa State University
Ames, IA 50011
usa

1, Model assumptions

The gquark cluster model (QCM) was proposed1'5 to explain the deep
inelastic electron-aﬂe scattering (DIS) results from stacé. In the QcM
for any application one assumes the nucleus at all times is organized
into color singlet clusters. We label the clusters by their leading Fock
space component in the infinite momentum frame’ as three-quarck {3-q),
six-quark (6-q! etc. clusters. Larger clusters are assumed to form by
the overlap of small clusters. Specifically a 3-q cluster is assumed to
have a criticai radius, R, such that clusters of 6, 9, etc., quarks are
defined by the number of 3-q clusters juined by center of mass
seperations d ¢ 2 R.. The overlap probabilities, and coordinate and
momentum space probability distributions for these clusters are obtained
in the rest frame from conventional nuclear wavefunctions.

We have assumed a sharp transition radius, R., for two reasons.
First, it leads to a simple orthonormal cluster decomposition of a many-
body wavefuncllion. Second, the limited data available can determine at
most one parameter of the model. One may entertain the idea of relaxing
this restriction as additional data become available or as quantitative
results from non-perturbative calculations of QCD emerge. There are
established methods to generate an orthonormal cluster decomposition
with a transition function of finite spatial extent so that one may
generalize the QCM in a straightforward way. Since we view the QCM as a
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model which allows us to write down the quark distributions in nuclei we
expect it will be ultimately superceded by direct calculations within
non-perturbative QCD. In the meantime we expect the QCM to form a basis
for tiie uniform interpretation of a variety of high energy lepton-
nucleus and hadron-nucleus interactions. In this context we are able to
summarize all our efforts to date with the claim that all the data we
have examined are consistent with R.=0.50:0.05 fm which is the same
value determined by the initial gits! to pIs data on 3ie.

To apply the QCM to DIS and to the Drell-Yan (DY) processe'9
two additional assumptions. First, as is customary in parton
phenomenology, we assume that the participating quark (or antiquarkj is
quasiftee. That is, we ignore initial and final state interactions. In
the case of DY there has been much discussion of this approximationlo.
Second, since the cluster from which the participating quark originates
i, by the definition of cluster configurations, spatially isolated from
the remaining clusters, we assume the cluster is also quasifree.
Consistent with this second assumption we assign to an i-quark cluster a
mass equal to i/3 times the nucleon mass. This last assumption is also
equivalent to neglecting quark exchange processes between clusters.
Encouraging support for this approximation is obtained from the
demonstration by Frankfurt and strikman!l that the leading exchange
graph correction to a 3-q cluster contribution to the European Muon
Collaboration (EMC} effectl? virtually disappears for x > 0.3.

we make

2. 3He data and the determination of Rn

The earliest effort! obtained a best fit to DIS data from SLAC on
3eb, Subsequent analysesz‘5 with improved nuclear wavefunctions yield
no major differences from the first fits.

We will now summarize the model details for DIS on 3He. To conserve
on time and space this will be presented in a simplified version which
is nevertheless valid at high Qz. For proper accounting of O(QZ/HZ)
effects and thresholds see referencesl=d,

The variables employed are the 4-momentum transfer of the photon
sgquared (Qz), the lab energy loss of the lepton (v), the mags of the
nucleon (m), the baryon number of the nucleus (A) and the Bjorken
X = QZA(va) which has the range 0 < x < A. Then the measured DIS croes
section multiplied by v and divided by the Mott cross section gives the
nuclear structure function v Wz(V,Qz) if the data are restricted to
sufficiently small lab scattering angles of the lepton. The QCM gives
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2 - 2 x
v W, (v,Q7) = L e: 5 P.(x] (2.1)
v quarks 1873
J

where ey is the charge on guark j and Pj(x; is the probability that
gquark j carries fraction x,A of the total nuclear 4-momentum P in the
infinite momentum frame. wWe take weighted averages of up and down quark
distributions to obtiin'’a nucleus dependent P(x}

P(x) = 1 ﬁi Ei(x) (2.2)
clusters
3

where B; is the probability the quark is obtained from an i-q cluster
and Py is the x-distribution of quarks from an i-g cluster in the
nucleus. The quantities Py depend sensitively on R, and are obtained by
overlap integrals calculated with wavefunctions appropriate for each
nucleusl3, The distributions P;(x) are given by

) (2.3)

%

_ A i/3 u y
Pi(x) = g dy é du nq/i(u) Ni/A(Y) §( 755"
which is the convolution of the probability “q/i(“) that a quark carries
momentum fraction u/(i/3) of the cluster’s momentum with the
probability Ni/A(Y) the cluster carries momentum fraction y/A of the
total nuclear momentum P. The delta function selects those probability
products which give a quark the required momentum (x/A)P.

For 3-q clusters the distributions from best fits to the data and
from QCD evolution equations are employed14. Since the §; decrease
rapidly for increasing i (when R, is taken in the range of 0.50 fm) we
truncate the sum in Eq. (2.2) at the 9-q cluster term when applying the
model to heavier nuclei. Then, using ﬁq/i(iu/i) - (i/3) nq/i(u), the
quack distributions for 6-q and 9-g clusters are taken from counting
ruleslslls, Regge behaviour and QCD evolution to be

R/e(v) = (310.5,11+a8))™  (v)7H/2 (1-y)104eE (2.4)

Rge(v) = (205,167 ()72 (1-9)1° (2.5)

where B{a.,b] is Euler’s beta function, E-ln[as(QOZ)/as(Qz)], 002-1.8
Gevz/cz, a=2.4 and we nave neglected the QCD evolution of the 9-gq
cluster distribution. For our initial applicationsg to the DY process,
however, we will employ the quark distributions for 6~q clusters given
by Ref. 16 and we neglect the small contributions from 9-q clusters.
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The role played by Fermi motion in the analyses performed to date
has been minor compared to the change in guark distributions from 3-g
clusters to 6~q clusters. Hence it is sufficient to adopt a simplified
treatment of Fermi motion with

ey 2
1 -i/3
N, ()--—————exp-luL—Az-Ll (2.6)
Aty (2m172 5 20

for clusters with i ¢ 3A and &§(y-i/3) for i = 3A. A simple estimate for
the A-dependence of ¢ is obtained by using a smooth parametrization of
the Fermi momentum kp calculated in the Hartree-Fock approximation over
a range of nucleil?. rThis simple approximation consists of

13
1.16 A . 172
ke = 23,172 and ¢ = (1/5)

kg /m (2.7)

since the deviation in the calculated mass rms radius of a nucleus
<r25172 from systematics is seen to be correlated with the deviation in
the calculated rms momentum of a single nucleonl”?. In the initial
application to DY we have neglected the contributions of Fermi motion.
In order to fit the existing ge datab we incorporate the
contributions of the nucleon quasielzcztic peak. These contributions have
been carefully evaluated by the Hanover group18 and we employ their
results. Hence the final form of the nuclear structure function is

v wi%v,0%) = v W, + By v wg'ﬂ(v, 0% (2.8)

We fit the 3He data sets for 7.26 < E < 14.70 GeV since they span
0.8 ¢ @2 < 4 GevZ/c? and obtain Ry = 0.50% 0.05 fm, This value of R,
inplies (B3, Bg, Pg) = (0.88, 0.11, 0.01) respectively for the quark
cluster probabilities in 3ge when semi-realistic wavefunctions of 3pe
are used in the overlap calculations. Some fits are shown in Refs. 1-4.
Note especially that the Ige data span 0 < x < 3 and the most sensitive
region for 6-gq admixtures is 1 < x £ 2. Similarly, the most sensitive
region to 9-g admixtures is 2 ¢ x < 3., These are the regions where
traditional nuclear physics models produce far too small a cross section
to explain the data. It is the strong sensitivity to multi-quark cluster
admixtures that yields the small uncertainty in R..

We also note here tha*, as described in Refs. 2, 3, and 16, the QCM
gives an adequate description of the EMC effect provided one accounts
for the difference in the average nuclear densities of a heavy nucleus
compared to deuterium.
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3. Testing of QCHM with x > 1 data

This brings us to the question of how may we best determine the
correct model among the many proposed for the quark structure of nuclei.
Experiments in the x > 1 region should be decisiveZs5, rig. 1 presents a
few predictions for an extended range of x for the characteristic
behaviour of the ratio of structure functions of a heavy nucleus A to a

yWe(Al/A s
vWg(BY/B ’

Figure i. Characteristic behaviour of the ratio of nuclear
structure functions per nucleon for different models over

a wide kinematic range of x. The QCM gives the solid curve.
The dahed curve is due to the model of Ref. 19. The dashed-dot
curve approximates the predictions of Refs. 20 and 21.

light nucleus B with B > 4, The QCM predicts a sequence of steps in a
stair case where the height of a step in the region n-1 ¢ x ¢ n with

n > 1 is the ratio of 3n-q gluster probabilities of the heavier to the
lighter nucleus. By contrast rather smooth behaviour is predicted so far
by other models. The dashed curve is the type of behaviour expected from
the relativistic wavefunction model of Frankfurt and Strikmanl?® where
short range correlations give rise to a shoulder in the 1 ¢ x ¢ 2
region. Another relativistic wavefunction treatment by Garsevanishvili
and Menteshashvili?® and the color dielectric model of Pirner and
collaborators?l predict pehaviour indicated by the dash-dot curve. In
the color dielectric model the quarks at very high °2 are free to move
essentially throughout the volume of the entire nucleus. This naturally
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leads to softer momentum distributions of quarks in larger nuclei.
Exactly what values of 02 for which the color dielectric model is
expected to be valid must yet be specified. If the color dielectric
picture is valid at high Q2 the QCHM will still be valid if we introduce
a Q2 dependence for Re. Then, as QZ increases R will increase in a
manner predicted by the color dielectric model. In this case the steps
in Fig. 1 for % > 1 will drop with increasing Q2 and will eveutually
fall below unity until the curve reaches the smooth prediction shown for
the color dielectric model. This union of the QCM with the color
dielectric model produces a result which contrasts the work of Refs. 22
and 23 where the 6-q cluster probability always rises with Q2 and the
probability in a heavy nucleus never equals that of a lighter nucleus.
Thus the QCD evolution of the model in Refs. 22 and 23 will produce a
curve for Fig. 1 which always remains above unity for x > 1.

Clearly, the wide range of behaviour predicted and, in particular,
the dramatic signature of the QCM motivates experiments in the x > 1
region.

Of course at x = A the nucleus recoils intact and the experiment
obtains the elastic form factor. We refer the reader to Ref. 24 for an
extended presentation of the application of the QCM to the elastic
nuclear form factors. Particular emphasis has been placed on the
longstanding mystery of the A = 3 form factor and considerakle success
has been achieved?4.

4, Nuclear Drell-Yan process within the QCM

There has been much recent interest in the possibility that the nuclear
Drell-Yan (DY) process8 would either distinguish between models
successful in explaining the DIS experiments or would further refine
their 1ngred1ent59'25.

In the hadron-hadron center of momentum frame we denote the total
energy by /s. For hadrons A and B the 4-momenta are Pp=(Vs/2,0,0,/5/2)
and PB-(/s/Z,O,O,—/s/Z). Let x;(x,} denote the fraction of longitudinal
momentum carried by quark 1(2) in hadron A(B). Then the longitudinal
mementum of the lepton pair with invariant mass M is given by

PL-pl+p2-(xl—x2)/%'

The kinematical variable T = Xy %, becomes Mz/s since we are
consistently neglecting the transverse momentum of the lepton pair. Then
P o= (x) - HZ/[sxll)/s/Z, yielding p P3% « (1-M2/8)/8/2 .
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P X, = X
L 1 2
We also employ x; = = .
F P (1-v)

Experiments measure laboralory guantities sufficient to determine M,
Py and the lepton pair transverse momentum pp. We consider only po-
integrated cross sections. ’

According to the naive DY model® the differential cross section for
the process AB #+ #* 4~ X is given by

j—"f - 9“—5— £ e Jdx, dx, F (x), xp) 8(H - x;x;5), (4.1)
M
where

Palxpaxy) = g P x) G000 + 3Pxp qPixy). (4.2

Here the summation is over the flavor index a. Further, qu is the guark
distribution of flavor a in hadron A and GaB is the antiguark
distribution of flavor a in hadron B.

2
4na L

2
d°e 2
Thus 3?:3;; - —§E;I;; ey Fa(xl'xz)' (4.3)

Data is sometimes presented after transforming to the variables xp and H

2 2 XX
dfe ina 2 172
yielding, -—5~— = —=F (l-7) [ e —"— F_(x5,%;). (4.4)
) dm dxp 9H4 a K+ Xy a'tlrn2

Due to the constraints of space and time we will only discuss the
nucleon-nucleus and pion-nucleus DY process here. For a more complete
presentation including detailed comparisons with available data, a
discussion of the K factor, the A-dependence, and nucleus-nucleus DY
processes the reader is directed to Ref. 9.

The expression for the DY cross section depends on a product of
quark momentum distribution functions as opposed to the linear
dependence appearing in DIS cross section. By focusing on selected
values of projectile x;, DY can provide new information regarding target
distribution functions. Projectile valence terms are dominant for x; >
0.3 and projectile sea distributions are dominant for small values of
xj. Thus at large %1 DY measures the antiquark distributions of the
target nucleus. Due to the assumptions of QCM, the valence quarks carry
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a smaller fraction of the total momentum in a 6-q cluster than in a 3-q
cluster. If we assume that gluons carry the same momentum fractions in
all clusters then a certain enhancement of the sea is required to

conserve the total momentuml®, we adopt this assumption for the present
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Figure 2. QCM prediction for
the ratio of proton-nucleus

DY cross sections for Fe and

D as a function of x;. The two
different choices of x- iadic~
ate where the ratio is sensit-
ive to different ingredients
of the QCM. For x7=0.1(0.5)
the ratio is dominated by val-
ence(sea) quark distributions
of the target.

Figure 3. Predictions of QCM
{solid), pion exchange model29
(dot-dashl,.and the rescaling
modelgi'ﬂ'38 (dashed) are com-
pared with, the data of Abramovi-
cz et al.“®, for the ratio of
antTquark distributions in Fe
and D. The latter two predict-
ions are taken from Ref. 26

present the ratio of DY cross sections for Fe and D as
for two characteristic values of x;. Small values of xy
cross section similar to the ratio of valence guark

the DIS cross section'6:27, Large values of x; yield a
ratio of the sea quark contributivis which display the enhancement
arising from the assumed gluon behaviour. Clearly, if data can be
obtained at different values of x; it would be possible to seperately
test the valence and the sea distributions within the QCH.
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The ratio of the Fe and the nucleon antiquark distributions has been
measured in a deep inelastic neutrino scattering expetimentzs. In Fig. 3
we compare the QCM result for this ratio with the data. For comparison
we present the ratio of antiquark distributions obtained from the pion
exchange node12? and the rescaling model22:23+30 a5 summarized in Ref.
26. The existing experimental error bars make it impossible to draw any
definite conclusions.

In the pion-nucleus DY process we restrict our considerations to x;
> 0.4 and therefore neglect sea quark distribution in pion. Hence for
pion-nucleus the ratlo of DY cross sections closely resemble the DIS
cross section ratio. We have plotted the pion-nucleus DY cross section
ratio for Fe and D as a function of xp for constant M in Fig. 4.

1.04 —— T T T T

102 ——p, =00

1.00

098}

0.96 -

DY RATIO (Fe/D)

094+

0.92

0.90) i
53 01 01 03 05 07 09

Xe

Figure 4. Predictions for the ratio of pion-nucleus
DY cross sections with and without six quark clusters
for Fe and D, The ratios are given as a function of
xp for three different values of M at /s = 20.0 Gev.

Results are shown with and without six guark clusters. Here, v¥s = 20
GeV. For this value of ¢. m. energy and M = 4 GeV, xp varying from 0.0
to 0.8 corresponds to x; varying from 0.19 to 0.04. Thus, as Berger26
has pointed out, measurements of the ratio of cross sections in this
kinematicii domain is of great interest in the light of differences
between EHC12 and SLAC31 data on DIS from nuclear targets.

DY measurements of the sea quark (and hence the antiquark)
distributions are as fundamental as the DIS measurements. Future DY
experiments could provide precise determination of these ratios for
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x < 0.4 and would serve to eliminate some models of EMC effect and to
refine others. In the QCM these DY meacsurements could serve to fix what

has, to this stage, been assumed for the glucn and sea quark

distributions.
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EMC-2JEKT ¥ KXJ-9BOJKIA TPEXKBAPKOBOU
KAPTVHE HYKIOHA

J.A.TpuropsaH, B.A.llaxcassq

Epepasckuit fuanyeckut MHCTUTYT

I. Epenenme

Bxcnegmeum 1o r%doxoueyrrpyromy paccesHy MOOHOB H& AlLpax
IsBTpona 1/ 4 menesa 12/ noxasany, 9TO CTPYKTYpPHHe (QYHKLUUM CBA3GH-
RHX K CBOGONHHX HYKJOHOB He COBHATANT OpyT C IpYyToM, CXEHCTBHEM Herc
ABNAETCA HeTPUBMAJNBHOE NOLeleHNe OTHOmEHMA CTPYKTYpHoR diyHKIMEU HyRJIO-
HA B x3J7e3e K CTPYKTYpHOR (yHKUMM HyIJOHE B HeATPOHe B 3aBHCHMUCTH

OT OhepKeHOBCKORl NepemerHo#ft X . OpdexT He mCUe38ET NPH paccMOTpe—
HYM ¥ JIpYyTMX filep, & Takxe IPH 38MeHe MWOHHOI'0 Oy4KA Ha B8JEKTDOHHHM.
3ro ABnexne, HaspaHHoe EMC-5fexToM, NpenCTABIAETCA OUYEHh MHTEDECHHM,
T.K. OTKPHB&ET HOBHE BO3MOXHOCTY W3YYEHHA ANepHo# CTDYKTYDH Ha KBap-—
KOBOM YpOBHE

A omucanud 3TOTO ABNCGHMA OHIO BHIOJHEHO COJBIOEe HHCIO TeopeTh—
YeCKNX padoT , B KOTODHX pPasBMBANTCHA JBe OCHOEHHE MIex.

lleppad #3 HUX ~ 3TO HACTWYHHA nexoHpalHmeHT B AHpaX, NpHBOAAIME
K yBesmuexunw 3pPeKTUBHOI0 pa3Mepa CRABAHHOT'O HYKIOHA.

Bropaa -~ aTo y4eT B BOJHOBOR fyHKIM Alep HEHYKIOHHHX COCTOIHMR
( o ~Me30HNB, A -M300ap H T.Z.).

PaAx aBTOpOR NHTAETCA OCBACHUTH C [IOMOMBD NEPBOTO WIH BTODOID

(Ja) E™
MPeITIONORSHAA NOBelIEHNe OTHOWEKKA CTPYKTYDHHX QyHKIRt R= E%;AS—F-‘@,
B 00NacTAX, COOTBETCTBEHHO, GOJBUMX HJM MAINX X oyt AX 533&—
FMHO XOMOJHAKIMME IPYT IpyTda.

Haudojiee BaxHOR HaM MPEICTAPJAETCA MPOBepKa YaCTHYHOTO HeKoH(afH-
MEHT& XBApXoB B Axpax, T.€. [POBEPKE BO3MOXHOCTH OOMEHA UBOTHHMMY 0%~
oKTaMy (RBADKAMY ¥ DJADOHAME) MOEXY HYRIOHaMM AINpa. XpexRTEBHCO 5TO jox~
KHO [IDHBOCTE K yBeJUYEHHMO Dpa3MepA HYKJIOHOR B AnpaX. IIpE HCCJeROBaHWH
39TOI0 BOMpOCE CJOHYeT PMeTh B BHAY, 4YTO B INIyGOKOHeynpyrof odsacTw
anpoHH (B TOM 4YHOJe B HYKJAOH) NPeICTABMANTCA B BHIAE pPOA NApTOHOB (To~
KOBHX KBADKOB H IVIOOHOB), XADaKTEDHIYDUVXCA CBOMMHM DACHDeIeJseHWAMH,

B KOTOpHX, ONHAKO, HE& COIEOPMATCA ABHOM 3ABHCHMOCTH OT pA3MEpA ANPOHA.
HNosToMy AnA OmMCAHMA PA3CyXaHua HYRJOHE IPUXOIMTCA JBOO (eHOMeHONOTH~
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4eCKM BBONRTL B CI :UJMHTOBYD NEPEMEHHYH 3aBUCHMOCTH OT DasMeDda HyKIo-
Ha \CM., Hanpumep, 1/ ), JMGO KOCBEHHO YUUTHBATH €0 NYTeM HCCJIENOBE~
HMSl 33aBUCHMOCTH OT WMIYJIBCZ HOPMHUDOBKH ~ . B mocaemnem cayuae

IO HEeKOTOpo# CTereH¥ TepAeTCHA HATNAZHOCTE DAaCCMOTT'SHMA, & BHGOp Ipa~
HAYHHX YCJOBHE NIpeZCTaBIAETCH HECKOMBKO NPOM3BOJHMHM.

Bosiee nocsenoBaTeJbHHM ABJAETCA IORAYYEHVWEe CTPYKTYPHHX $yHruumt B
raydoxoHeyopyrot odracuy (Gosmpummx (%) n3 KXI~mojxoma ¢ ucHOIb30Ba~
EMEeM 3BOJMUWMOHHHX ypaBHemuit ArpTape/ym-llapdsy ijg pacnpelelieRult KBap~
KoB (¥ TVmoOoHOB). [IpM 9TOM OKa3HB2aeTCA BOSBMORHEHM B KAYeCTBe TDAHMYHOIO
YOJOBUA NpY MEJX (9% uonomm30BaTs PACHDeZE/eHMA COCTABHHX KBADKOB.
[locaegre MOTYT COMepXxaTh B cede 3aBACUMOCTH OT pasmepa HYKJIOHa, KOTOo-
puft yxe GyzeT QMIYpHDOBATE B OKOHYATEJBHOM pemeymﬁg}m};eﬂuﬂ. Taxoft
nomco,}mg%gﬁmm. B YaCTHOCTH, B padore ¥.Maprima (cM. Tagme pa-
60TH ), TaeT BOSMORHOCTH NOCJAELOBATENEHO YYeCTH 3ABMCUMUCTH
OT paiguyce HYKJIOHA ¥, CJefoBaTe/kHo, 3PJeKT pascyxaHuA HYKJIOHE B Af-
pe.

B Hacrosmelt padore jeJaeTcs r'ONHTEA MccJhelopauua EMC-adderra
¥MEHHO B TAKOM NOIXO0Xe. [Ip¥ 9TOM CTPYKTYpHad (yHKIMA CBAIAHHOTO HYK~
JIOHA NOJYydaeTcs U3 CTPYKTypHOR GyHKIIMM CBOGOINHOTO HYKJIOHE& TPCCTO W3~
MeHSHMEM Dauuyci, KOTOpOe yNaeTCA HOJAYIUTH NYTEeM MONTOHKK TeopeTHicC—
KOTO BHpaxkeHud k neHHEM EMC. Ciemyer OTMer#TBL, YTO IJIS BHARIGHMA af-
dexnra pa3CyxaHuUA HYKJIOHE B AXpe B UMCTOM BHIE MH OTPAHMYWIHCE OGJACTHD
nepemeroff A p mHrepBane 0,25< X< 0,65. GmesaHo 8T0 IIA TOIO, 4TO-
OH TIOK& OTBJIEeYLCS OT BHIANA HeHYKJIOHHHX KOMIIOHEHT (OMOHOB, A -~maosap
M T.I.), KOTODHE CYWECTBEHHW DA X <0,25, ¥ oT nenpaBok Ha fepMu~-
€BCKOe IBUXEHNWE, CYmecTBeRHHX npw x > 0,65 (Hazo, omisko, 3aMeTuT:,
YTO BKJAX ¥ TeX, ¥ IAPYTHX HONDABOK BIOJHE MOXHC yYeCThk B JAHHOM NOJ-
X0ms, 4ro OyIeT cHesaHo nosxe). Kak NMokasaHo B padoTe, yBeJWueHue pa-
IMyca HyRJIOHa 8 Anpe XeJesa Ha I0F ODMBOIMT X XopolileMy COTJACHD C SKC—
MepPAMBHTOM ¥ COTJIACYeTCA CO 3HaYeEmAMM 43 Ipyrux pador / '+ ~<» Y

2. Ommcanpe Mozesm

ManoxuM XpaTKO pe3yJbTATH PACCMOTPeHMA KBaHTOBOXPOMONMHAMUYECKUX
MomufmKalmlt TPeXKBADROBO! KADTHMHH HYWIOHE, CJhelysa padore /19/ . Pac~-
npefieleHMI BaJieHTHHX KBApPKOB, KBAPK-AHTHKBADKORQOIO MODA ¥ IVINOHOB 38—
MUCHBANTCA COOTBETCTBEHHO B BUIlE

1
O’v (X;Qz) = j%ﬁ. q’v (‘:T)F;v (”’t) ’ (1)
X
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i
_(dq @)E, (3t
q/(x Qﬂ)—fg y E’sv (v, )s ()
X

i ~
Cray= [F9 (5, Gb), ®

rre q, () - pacupenenenne crpymypmu: XBaproB {BAJOHOB) B HYKJOHe,
KOTOpO® MH OTORIECTBJIICM IPY MaJHX Q ?,* ¢ pacmipenernenuem
g, (1, Q7) (2,6, &=, , @f~ B2 F(4,t) - wotHoeTs Bepo-
ArHocrelt Toro, 4ro npm nepenave Q" BHYTPM CTPYKTyPHOI'O KBApKa
MOXHO OCHEpYXATS: NAPTOH { —ToTo copra (L=V, 9 a), yuocHamES NOMm
EMIYIBCA ¥ CTPYKTYPHOIO KBapka. ¢ nomoupmn ocSpaTHux npeodpa3opanit
Meamma: .

(400

F 1 x" t
Ej(y’t)'.zfe[_i[od" xRy (), (9

OHE CBA3EHH ¢ Moxydenmom B /107 fyurmmme  F,, (n, t) 5 (nt) =
Fg (ut) . Tax xax mu Oy,uem MCIIOMB30BATE TOJBKO Forlnd o
npuBeneM erc ABHHR BUY /

tAgq(n)
F,(nt)=e %, (5)

e 3 / ——_—-— +f
Aq@("‘) ‘9—' + 27— 20241 (P(n' ) c

_ 16 K = 7
f-jj"Zf‘ Zq(a(Qz)) )’ C 0,57 2

qJ(x):C—% In (%) ~ ner-gynwams,

K - mapameTp momrom®u.
BamermM Tarxe, uro  Fy,(%t) BXOIMT B pememme IR MOMEHTOB pac-
TpezieNleHEft BaJIEHTHHX KBAPKOB:

Mg, (n, Q") = Mg, (n,@*)F,, (nt), : (6)
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OOJYYanleroca ¢ NOMOWEBK CTAHTAPTHO! NPONEeRYpH M3 ypaBHeHua Ajbrapel-’
_ Jm-{lapnan:

,G*)
wb,,(x a _a(@“)‘s‘ ; ; q,(nQ%), "
rne
p - 2 (-1 :
‘H( ) ({-Z)+ (1+£)+ (E )’ (8)

i

( for L9 = Jan[ 4040 T

+
a

(MlompodEOCTH BHBOMA LAA BCeX TpeX pacliperexcHuil cM. dopmyms (I) —(8)
pagoTH ).

[moyerolt MYHKT NPUBOMAMOTO PACCMOTPEHWSI COCTOWT B TOM, YTO B
NOCTATOYHO WUWPOKOHE OGAacT MAJHX HeDefaBaeMHX UMITYJbCOB Can:R;Z
HYRJOH MOXHO NpPEJCTABAT: B BUNE TDPEX BAJICHTHHX KBADKOB ~ CTPYKTYDHHX
KBAPKOB WM BAJOHOB, nguqem JOJi MOPCHMX KBEPKOB ¥ IJIOOHOB DaBHA HY-

mo. llosromy, caelys , TPaHUdHHE DaclipeiejeHus Oepew B BUIe
XG(X)=O Py
xqs(x)zo,

a

Xq, (0= X(U, () +d, (x)=
aNpx p b3 D)+ MR () o

JHG0

/

e ML N X (%) .
Xq,00 - 5%+ ————R’?mﬁ] ! (10)
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Tlepsuft uner B pacupegeseruy (9) COOTBETCTBYET OCUMLLATODHON Mo,neJm/ZI/,
a B (I0) - MOZENM OOMeHA BEKTODHHM TVOHOM, WieHix W-x)° B mpasux
yacrax (9) u (I0) BBOEETCA IJA COGMOIEHAA COXDAHEHWA MMIYJIBCA H YKC~
Ja BaJISHTHHX KBADKOB: .

X)dx =
lx% w1, (1D

4
{q,mdr~3. (12)

Ina nac pasio, 970 o6a pacmpenesenua (9) u (I0) cosepxar ABHYD 388U~
CEMOCTE OT pDammyca HyKkIoHa. [lapameTp NOXTOHKY £, Onpeneidercd W3
SHCIEpMMERTANLHOTO HaxTal

{
i,
SF’:P(x)dx ~ 0,16 mm Q=4 3B,
o
UycacHHOe 3HaveHwe K OKa3uBseTcd paBHEM

K= 0,7.

(13)

(14)

Ecom 6u wu mpupasnam K= ds(Q2), TO NOUYIWI® OH, 9TO
QG ~ 0,7, W3 4eTO MOXHO GHNO OH ompejeymTe G, . Ommaxo
3I8CH CHOIYST COGMOIATH OCTOPURHOCTH,T.K. O, (@F)~I, mcrencreue e-

TO MOXeT OKARATHCA CYHeCTBEKHHM BKJAR BHCMKX upudiuxedult, XoTorde,
cywapyrcs, Moram on zats K= §@(@%) /19 aro caymur ompanma-
HHMeM J/i8 BHOOpA MAMHHX IPaHMuHHX yCJoBmR.

TpE NOAYYeHWE DecUpeleNeHad BANGHTHHX KBADROB 4§ (x. Qj) HANO
BHIOJHETE 00paTioe MpeodpasoRaiie MesmmHa pia pexoxmenatr F, (Lt) .
Jnsg 3TOrC MOXEHO BOCHONE30BATECA OPOCTHM NPHGMOM IV CBABH MEXLY MO~
venranm or F (0t)  mcamm  F,(nt) ¢ momomsp mosmomos le-
X8HIpa, ACMNOJB3IOBAHHHM B /25 . CyTs P TOM, 4TO €CAM NDHHATE Fw(x,t)
paBHHM Hymo B odyacTy -1 € X € 0, ToO MOXHO COBMECTHTE HCXOIHOE
Bupaxenye LI MOMEHTOB

i
= E oty *
K, (rnt) “[dx (KF, () 5

¢ NpeolpasopanueM '

R.w(n,t) - S’ PN F ot)d=

(16}
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' o
= S E,O‘)(" Fav("’t))d’xa (17)

[»]
TRE P,\(") - nomEHOME JlexaH)pa.
Owespmio, uro  K;,(n,t) omaxyrcs mHeHHHMYM ROMOMHAIETMI
K.(n,t) . = rorza, ompegmem ms (I?) XF, (%%) , nonyuaem

o0 -
~ n-‘-ff
fF, 00)= 2 255 RUOK, (0. (18)
n=0 —
Toxum o6pasox, sHan mowemr K, (M.t), momwo mocrpomrs K;, () g
¢ ux momomsp coriacto (I8) ompexemrs X F; (rnt) . B/ 25/ noma-
3aHO0, YTO HTA NPOUENyDPa OG/JANRST BHCOKOH TOYHOCTED RO IZ2 wieHoB pPANA,
T.}%. BiIAY Gofee BHCORYX MOMENTOB NpeHedpemmMo Man ¥ .

3. PesyapTerTdH pacdeTa ¥ OCCYRIGHEA

B pagoTe pacCMaTpABAeTCA 06JacTh 3navemmit 0,25 < X £ 0,65.

Kax yrRasHpaXoCh BO BROUGHEH, BHOOD HuXHeff I'paymi CBASAH ¢ TeM, 9TO
OpE pacdeTe He YTHTHRA/MCH BRIANH HOHYKJOHHHX KOMIOHEHT BOJHOBOR fiyH—~
KOEY Arpa (OEOMOB, ¥S0CAP ¥ T.A.) ® "MODCKMX" HBRDHOP, CYHOCTBeHHHE
179 x & 0,25, a BHOOp BepxHe® ~ ¢ TeM, YTO B HameM pacuere He
YUNTHBABTCA PEePMEEBCROS IPRROHMR HYKJIOHOB AIpPA, CYMECTBEHHOES DK

X 2 0,65. B ravecTse \mmeef mcrnoxbaopayMchk AXpa meBTepEA K XeJe-
8a. JoRTDOH HBAMOTCA HSOCKANAPOM, & X6Je30 CONEPXHT HeJOJLMOR M3GHTOR
HellTpooB, He cymecTBeHHuE IPH KONMYeCTBEHHHX pacderax (modasra oT
ero yuera cocrapaser ~ I,58). R meocRanApHHX MEWeHeR® CTPYRTYD-
HAA QYHKIMA rIyCOKOHOYNpYTOr0 paccedHsd B NepecdeTe HA HYKACH (B mpe-
HEODeREHR BRARIOM "MODCKEX" RBapEOB) EMOOT BUJ

14 0 Z z
LR 0@)=£xg, (1, %), -

% Mu Tax DONPOGHO OCTRHOBMAMCH HA OTOM TEXHWIOCKOM MOMEHTe, T.K, HC-
NoAbB0BaHNe NOJMHOMOP Jlexannpa FAA MOMYH6HHA OSPATHOIO HpPEcOpaso—
BAHUA MeJmMHa odJamaer aaueqar7.'muoﬂ npocrorof no cpaBHeRED ¢
OCHYHO MCMOJBSYOMHME MOTORAMM 19,29/
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By BHYMCJIEHH CTPYKTYpHhe $yHIUIMM HYKJOHE B KeTpOHe M ReJsese B 32—
muckMocTy or (p? mpu susdemmwsx X , paprux 0,25; 0,35; 0,45;
0,55; 0,65. TeopeTHyeckue 3HAYEHWA CPABHMBAIKCEH C SKCIEPUMEHTAJBHHMA
HaHHEMU M3 paoo'r/ L2.4/ . Pesymprar cpaBHenuA mpuBeneH Ha puc. I u
2. B mpomecce pacdera CHJmM 3afUTHDOBAHH A ¥ pamuyc HyWIOHa Ry .
B cnyuae neitrpona mosyuwwymchk 3uaderma A = 0,12 T'sB, R, = 0,484m,

X* ma_touky oxasamocs -~ I,5 (yuMTHBAMMCE TONBKO CTATHCTHYECKME
ouudku ‘'™ ; coaenyeT 3aMeTUTE, YTO y4YET N CHCTEMATHYECKMX OWMOOK
naxe Ha yposHe 20% OT CTATHCTMYECKMX OUWMGOK CHHM3MI OH X * 20D.B
cayyae Eesesa noayumaock A = 0,12 I'sB, a R:": 0,53 M. )(‘ Ha
TOYKY NOJywwIoCh mopsnka 0,5 (yUMTHRONMCE Kak CTarUCTHYECKWe, Tak o
cHCTeMaTHYecKMe ONMOKM Ha ypoBHe 7,5% 27y,

Taxum oCpasoM, pamMyc HYKJIOHa, safuTHpopaHHH! U3 TaHHHX 10 Teft—~
TPOHY , COBIIAT, XAK M OXMNAIOCH, C Jammdmy nmo R, Iia CBOGONHOTO Hy-
KJIOHA . B xeyese npoucxonuT afPexTHBHoe paslyXaHme HyKJIOHa C
YDeJIeHReM pamuyca npymepHo Ha I0% mo cpaBHEHH CO CBOGOIMEM HYRJIO—
HoM, llanee B padoTax, B KOTODHX MCIIOJL3OBANACE IKCIIEPUMEHTANBHHE

x=0,25 | { { Puc. I
l}f\?\\)\‘\‘\ * CTpyRTYpHAT (yHKIMA %F;”)(X,Q‘)
LA neTpoHa B 3aBHCHMOCTH OT
&* npu fuKCHpOBAHMHX BHaYE~

xeox } HuAX X , pasmux 0,25; 0,35;
o { i * 0,45; 0,55; 0,65, Brccne%maz}{-

TaJlbHHE JaHHHEe B3ATH U3 '

004

ceons HpH SHEPTHH HeJeTapuero M-
uJ }\T\y\l*\’\r\< ona B 280 I'aB. CujouHue Kpu~
BHE - TeopeTudecKkuft pacueT no
k dopmyse (I9), OumOKM yRasaHu

Ae088
o] W\ TONEKO CTETRCTHYECKUE.

H [ ® [ B (e Y

IAHHHE C OTHOCHTEJBHO MAJHMY Q" ( C—Q""vIO I‘aBz), SHavyeHEKe A o~
Jyvanock nopanra 0,5 I'eB, CoBpeMeHHHE BSRCNEPMMEHT NPOXBUHYJCA B OG-~
ABCTH coTen I'aB° (Q* ~100 I‘aBz). BesencTere STOTO sHadeHMA A
MMENT TeHNeHIMD K yMeHBlienwo 1o sHadenud 0,1 -~ 0,2 T'sB =8/ , C 4eM ¢
corJiacyeTca MOJydeHHoe HaMy 3HadeHme A , [lpudmHoft sroro Apiderca
YIydUeHKe NpUMeHMMOCTY NepTyhoaimonnolt KX, r.e. yMeHblieHMe DOJM He~
Meprypoaimontsx sHeKToOR mpy ymemmemm (7* .
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Puc, 2

CTPYKTYpHAs QyHKIMA ZI'FZ(M %, §)
INA ®ellesa B sapwcmMocT: oT QF
Opy UKCHMDOBAHHHX 3HAYEHMAX X ,
pasunx 0,25; 0,35; 0,45; 0,55;
¥ 0,65, JxcnepUMeHTANBHHE IAH—
Hie BaATH us /</ i sHepruit Ha-
JeTaxmero mooHa B I20 TeB ( ¢ ),
250 ToB (4 ) w 280 T'eB ( ¥ ).
CnuomxHe KpUpHe ~ TeopeTmdeckuit
pacyer no dopmyxre (I9). Oumdku
JKasaHK TOJBKO CTATHCTHYECKME.

A o
\ )
' §
n,_“m W i [V SRV TSGR |
o 5
. i ¥

1,20
0,65 LR} i o~
I 3 13 6 Gy <. 1004 L\\ x
~tv 3 \\l
N ~
& 0,904 ~
3 ~
Pﬂc.{ X = ’ g om0 \\"
= (%)F""(x, ere) ue
= B ~l=
O'rnomem!eﬂ_ R E (0 U5
o0

38BACHMOCTH OT X. OHCHEDEMEHTANB-| o> g3 o4 05 08 07 x
HHe TOYKM (YepHHE KDYXOUKM ¢ OUMCKaMu) — IaHHHe EMC 135 4./ IIyn-
KTEpHaA JHUHMSA - TeopeTwdeckul pacyer, BHNOJHEHHHH mpu QL= 50 I‘aBz.
KpecTHAKE — TeOopeTHYeCKde 3HAYSHUA OTHOWEHMA R , NOCUH-

TAHHHO ODM CPeNHWX SHAYCHMAX Q* (cBoMX miA Kaxmoro X ).

Q: =7',;; el - LA xaxmoro X , /i, - YMClNo TOYeK LA KaXIOoTo X.

Ha puc. 3 npuBeneHO OTHOWEHWE yCPEIHEHHHX /uo Qz CTPYKTYPHHX
dynaplt xelesa M mefiTepusa B 3ABMCHMOCTH OT X 3,4/ . TeopeTugeckune
TOYKM OCO3HAYEHH KPECTUKAMM M CPABHUTEJBHO HOIIOXO COIVIACYNTCA C BKC-
HeprMEeHTOM. JUIA CpeBReHMA NpHBEJIeH TAKXE TeopeTHdecKufl pacdeT OTHOmE~
HMA CTDYKTypHHX (yHxiumdt npm Q”= 50 I‘aBz. Ima nouHOTH KapTHHH Ha
puc.4 MPUBENEHO CPABHOHW® C IKCIHEDUMEHTAJLHHMA JAHHHME KOVLTAGODAIMK

BCAMS /4.5/ oryomerma R upw swavemwix  G* , pemmx 55 I'aB,
65 I‘aB?, 80 I‘sBz, 105 I'aBz, 140 I"aBz. Coryiacu® MOXHO CURTATE YIOBJAOT~
BOPHTEJLHHM,
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e ;
LE ’u,n’)/‘ LETd

Puc.

4
_ (A R, Q1)
Ot omeHne R- ‘l 72) Hm) X, BX}

BaBUCHMOCTH OT X Tpy 3Haye-

mx Q, pasHux 55 I'sB, 65T9B%, w 1
80 TeB®, 105 I'aB°, I40TeB* it
u 180 ToB. IKCIePUMeH TAL b {

HHO TOYKM B3ATH u3 * **
CrIomMHe JIMHUM — TeopeTrveckuit
pacyer.

Q% =55 reg? T a':esne?

/
| __L__,J

25 G35 o5 c85  GES 025 03 Ge5 S5 oS

B 3ar/pderue MH XOTHM NOJYEPKHYTH, YTO UPEJJIONSHHHE 3716CEH [TOIXOL
odnazgaer ONpemeNIeHHWM npevMyumecThRamn, B paMuax KA yranock BRIDYMTE
napaMeTpH KapTHHH CTPYKTYPHHX KBADKOB 1A olnhscHeHus EMC-adderra. Iro
ZaJ0 BO3MOXHOCTE ABHHM 00p&830M Opoc/elurh 3fdeKT PasCyXaHMuA HYKJIOHOB
B Anpax, Jlanee, Briojne BO3MOKHO B JAHHOM NONXOMNE YUYeCTh HEHYKJIOHHHE
KOMIIOHEHTH B BOJHOBoM (yHKIMM fpa (mWOHH, A -H300apH ¥ T.H.) IYTeM
COOTBETCTBYWNETO BHGOPA I'DaAHMYHHX YCJOBMHA NMPU MAUHX Q" , 4TO ABUTCA
npenMeToM JfasbHefllero paccmoTperud. llposeXeHuuf BHBOX NORASHBAET TaK-—
¥e, 49TO pacnpenefienuA BAJOHOB B wox}% gyﬁxp&x pasJM4YHH, 4YTO, BOOG-
ue rosopd, A0 CHMX IOP HE YIUTHBAJIOCH et
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TOWARDS PROBING SUPERDENSE NUCLEAR MATTER IN LEPTON-NUCLEUS
COLLISIONS
L.L.Frankfurt and M.I.Strikman
Lrningrad Nuclear Physics Institute,AS USSR
Gatchina, Leningrad 188350, USSR

In the talk we shall consider following questions.

1. Two options for the EMC effect at x < 0.2: valence versus see
quark shadowing/an:ishadowing phenomena. Experimentum crucis.

2, Are the EMC effecl at %~0.5 and related effects being a discovery
of point-like configurations in nucleons? The "EMC effect" in solid
states physics and its relationship witl phase transitions. Crucial
experiments to be done.

3. The x » 1 physics as a direct probe of superdense nuclear
matter. Options for searching of the non-nucleon degrees of freedom
nuclei.

Due to lack of space our discussion will be rether sketchy. (For

7,2/ and our review in

the detailed description and references see
Physics Reports - in press). So we will outline the problems and
suggest answers based on the space-time development of the strong
interaction cheracteristic for QCD and on the known properties

of bound staies in QCD.
1. The x<0,2 physics. BShadowing-antishadowing phenomena.

The essential distances probed in J*4 interaction

z fv1/me = 0.2 fm/x.,

This result is anoiher manifestation of the approximate Bjorken
scaling (Gribov, Ioffe, Pomeranchuk, 1969). It has been checked by
performing Fourier transform of the experimental data on F2p(x,Q2).
(Ioffe, 1969)., Our analysis shows that essential z are 1]me
for both sea quark and valence quark distributions. Thus, the

description of the J*A interaction in ferms of the convolution
models 1is unjustified for
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x £ 1/m1\[1:']\'].N ~ 0,15

(rNN is the everage internucleon distance).

At very small x: x £ 1/2mNRA J* converts into & quark-
~gluon system before nucleus. The interaction of this hadron
system transverse size b2 1/mP is strongly shadowed
(Gribov 1969, Bjorken 1971). In QCD nuclear shadowing is the
leading twist effect. (The parton WF of energetic J* contains
at large Q2 soft partons with transverse momentum < m and
a number of hard gluons, qd peirs.) This nonperturbative effect
logarithmically decreases with Q increase at fixed x and
increases at x + 0 but fixed Q2 (contribution of perturbative
QCD to the nuclear shadowing 1s negligible at x 2 10“4). Thus,

Ty ep(%,0%)
174 v 2) < 1 for x << Vmyry. ~ 0.15
J*N x?Q

and maximal shaedowing occurs for x < 1/2"‘NRA=D-025)A~$0- Shadowed
term in 0}*A is ~ﬂtRA2 and it logarithmically decreases with
Q2 at fixed x. (A.Mueller 1982; Frankfurt and Strikman 1983).

Shadowing of valence quark distributiom: V, = q,~ EA is
much stronger effect /1’2/:

2 o _
Va(xiQE) ~ Pyry = Uy =< Ry

The centre of nucleus is black and does not contribute into this
difference. (Note that at x -» 0 perturbative effects are

gmall - vierturhatlve ~x as compared 1o nonperturbative ones:
vRonpertu bative’/ f;).

Implications. &) Antishadowing

Tre region x 4 1/2mNRA gives large negative contribution
into the precise sum rule for baryon charge:

A
e - vyxe] axx = o.

Hence, én increase of VA(x,Qp)/A with A &t larger x should
compensate the contribution of nuclear shadowing phenomenon in
this sum rule. Numerically expected effect is comparable with
the size of the rise for FZA/FZD reported by Savin at this
Conference and .with the lack of EA enhancement in the ?ﬁv date.

Some enhancement for sea quark, gluon diastributions in nuclel
is expected at x » 1/2mNRA due to necessity to satisfy sum rules
for nucleus momentum (Zakharov, Nikoleev, 1975)
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F17a0a, (6,070, (3,020 48, (5, 0%0)= (0 g (%,02)+ T 00,870+ Ew Q%) da=0-
(4

However the relative role of enhancement of quarks and gluons is
unknown now.

To clear up what is genium origin of F2A(x,Q2) enhancement at
X £0.2 it is necessary to measure VA(x,QZ). The crucial
experiment to be done is the measurement of the A-dependence of

o (p+h -»/«+)r'+x) S G(M +th A+ 4X) o2 VA(x,Q2)

at x < 0.2 asg in this difference the sea quark contribution is
exactly cancelled.

Implication (b). In the current pion models of the EMC effect
the essential pion momenta k ~ 0.5 GeV/c. Therefore, relative
distances between pions and nucleons which are essential in the
calculation of the EMC effect are 9‘/2knx“ 0.6 fm. But
contribution of such configurations into G;*A is shadowed at
1/me 20.6 fm (x < 0.3)3 One cannot use the current pion models
in this x range as anii/shadowing completely distorts the
original predictions.

We conclude: only x >» 0.3 range can be used for probing
superdense nuclear matter.

2, The 0.2<«x<0.6 physics. Discovery of point-like
configurations in nucleons ?

"Nothing is new under the Moon". The EMC effect is really
known in the physics of excitons (electron-hole bound states).
To explain this point we describe in the figure R(k), which is the
ratio of the probabilities of electrona with momentum larger
than average one at large and small exciton densities in the
exciton llquid as a function of exciton density:

Bf(x) 1

Po(k) [k > <k

Electron-hole drops

Phase transition exciton
density
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Softening of the electron distribution with increase of the exciton
density is a consequence of several effects. a) Ccllisionaof
excitons in the medium lead to their excitations. But evidentily
electron distribution is the hardest for the ground state of an
atom. b) Smaller radius of exciton, weasker the interaction
between excitons. So to increase an interexciton atiraction, 1.e.
the energy binding the exciton radius should increase with the
exciton density. c¢) Permation of free elecironc and holes. Real
behaviour of R{K) can ve somewhat complicated due to formation of
biexciton molecules.

Substitute electrons,holes by quarks and you will get the EMC
effect., The theoretical foundation for this analogy is that
properties a), b) amre characteristic features of bound states in
QCD also. 1In particular a nucleon in a quark-gluon point-like
configuration (p.lg.) weakly interacts with other hadrons., If
EMC effect at 0.2<x<¢0.6 1is due to suppression of p.l.c. in a
bound nucleon it is easy to estimate its A dependence:

g 40608 = 278 By (1,000, 0 4 e <> 507

So 2A(X’Q2) probes density effects. (Remind that p.l.c. in
hadrons are widely searched for now in differenl reactions, cf.
B.Xopeliovich and Lapidus talk at this Conference). It is easy to
culeculate suppression of p.l.c. in a bound nucleon with momentum H

z .
St = 1 2Kk*rEa My -4 L K="+ EaMu 2)2.
. s L
PN E 2 m, at

Here AE ~my, - my ~(0.6-1)GeV is the typical energy excitation
for compregsed quark-gluon configurntions in a bound nucleon. At
large K (in the region of nuclear core) & (k%¥>1. This
hypothesis can well reproduce the ELC effect a % >»0.3. Really,
p.l.c.geems to dominate nucleon structlure funciion at x>0.3 but

AT, . 2+ &,
Z85>=1 - 20628 G o AL~ 0.8 GeV

which ia comparable with observed ElC cffect at x~0,5. Thiz model
leads to small admixture of Pexot’® small change of bound nuclecn
radius r%/r £1.03. Thus, we name the model as minidelocalization
model. To illusirate lhe qualitative difference between current
models of the EMC effeci we give in Table the probability of exotic
(nonnucleon) component per nucleon necegsary within the model to fit
the EMC effect =at x > 0.3,
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model minideloc. multiquark |rescaling, Pion model
bags Jaffe, Close..
Pexot Z4% ~ 30% ~ 80% ~(10-20)% extra
exot. pions

Predictions

At large Q2 p.l.c, dominate in elastic eN scattering. (This
statement can be easily proved in perturbative QCD). Thus, by
increasing Q2 one can enhance .n (e,e') reactions the role of
quark degrees of freedom in the kinematics where large nucleon
momenta are probed. The simplest reaciion is e+D -» e'4p+n at
large spectator momenta k . We expect

exporinenta1 (%:9%)

“» e+p+n - -
T theor. (two nucleon approximation) | . _ 4

at large Q2.

= 8(<K2)

This prediction is consistent with SLAC data, see /2/. Exclusive
data on this and similar reactions are needed to check this
interpretation. Another possible test feasible with a jet target:
deep inelastic e+D »e’+ p (spectator)+X; one can extract F2n(x,q2)
which should be certain function of spectator momentum.

In terms of the minidelocalization model (in analogy with
exciton - drop phase transition) the EMC effect is an indication
of phase transition at high nucleon density.

3. xy» 1 phyaics as a probe of superdense nuclear matter

The EMC effect unambiguously revealed the presence of nonnuclem
degrees of freedom in nuclei. To find out the real value of Poxot.
one hag to search for the situations where the role of exotic
component is enhanced thut is in the short-range nucleon
correlations which contribution is ~ <jﬂ) and n> 1 (instead of
2/A Fp,/Fap = 1~<> like in the EMC effect) s.rT.c. essential

internucleon distonces rijﬁ-1 fm so probed densityv‘(0.5—1)GeV/fm1

Obvious choice is to study x » 1 processes because

2 x4+0.5 2
0%ea(%Q%) o, 1,large Q2~<fA )'f(x’q )

Current knowledge on the short-range nucleon correlations comes from
(1) high Q2 (e,e'+X) reactions (SLAC)
(11) p+ A mse X, x>1, Q2~ 100 Gev? (BCDMS)
(iii1) kinematically forbidden fast nucleon and meson production
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in J,h+4 - N, ... (ITEP, JINR, LBL, ErFI,...)

(iv) correlations in ¥ +lNe +)u++fast backward nucleon +X reaction
(FIIM Collaboration at FNAL).

3 basic conclusions which follow from the enalysis of these
data are

a) large high momentum nucleon end quark components are presenicd
; 2 . 3 - .
in nucleir [y, 2(x)0(k-kp)a%k 4 o 1 ~(0.2-0.3);

b) nucleon degrees of freedom are important (dominate 7) in short-
-range corrclations because reactions (i)-(iv) are consistently
described within the few nucleon correlation approximation with
~30% accuracy (cf. /2/);

¢) for nucleon momenta k ¢ 0.2 GeV/c properties of bound end free
nucleons are quite close at least up to Q2- 4 GeV2

* ‘ .
Thound A1'TN free =1 <% % - (I.5ick)

The only direct way to study the structure of the s.r.c. is to
investigate its decay cauged by a probe which transferes large

energy to the s.r.c.:
»1 multiquark bags

+A'+forward N” ;\ <1 for Qez 2 geve

(e+d » e+N*(A’N’ospectator E
(e+A — e+Nspectator+A'+forward N) /x>1 5
~1 for Q%2 Gev2 ¢

g E

X

Remind that with Q2 increase one selects compressed (39> E‘g
configuretions in a bound nucleon. s
=

Another option: choose x ¢ 0.7, veto pion production and
consider e+A - e'+A' (A'= N,a ,Nx,NN,NNN)+ N reactions. It
enables to study s.r.c. wlth different baryon numher (B=2,3,...).

In the current plon models for the EMC effect the ratio

7 (e+h - e'+A'+leading 7)

0 (e+N ~ e'+N+leading 1)

should be enhanced if popular in nuclear physics hard formfactor
in the XNN vertex is used. Note thet leading x,N at Jare~ Q2
are produced in compressed configurations and weakly interacts with
A'. The necessary conditlon for the strong suppression of f.S.i.
of the forw&rdﬂpion, nuclson: 2q°//an 2 Ry« It i3 easily
satisfied av @*) 2-3 GeVa
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Conclusions

In the next 10 years the leptonic reactions would become
a fine microscope for investigation of superdense (up to 1
GeV/fmj) configurations in nuclei especially if combined with
experience accumulated in related J,h reactions with production
of the cumulative (kinematically forbidden for the scettering of
a single nucleon) particles.
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UBETOBHE CCLRULIALIY HYKJICHOB B SIFE

B.A.lletpos, A.0.CvmpHOB
Mro™vTyT USMEM BHCOKWX oHepruit, Cepmyxos

[IpoGmema HYKJIOH-HYRJIOHHOTO B3auMONEHCTBNA yXe NATHNECAT NeT fAB-
JIAeTeA OCHOBHOM B fAnepHoit fusuke. Bepa B TO, YTO OCKOBHHMYW KONMTIOHEH-
TaMy fIpa ABAADTCA HYKJIOHH, & B3awvonelicTBMe NeXEYy HMVM odecleyuBaeT-
Cfi OGMEHOM ME30HAMH, IOMMMO H3BECTHHX BHYTDOHHBX [POTWBODeuHft HHKAK
He OGOCHOBaHA ¥ B pavkax (yHEAMOHTAIBHON TEODMN CHABHNX B3am/ofeiicT-
Brit ~ HBAHTOROH XPOMOIMHAMAET. BONPOC O HEHYKJIOHHWX CTENeHAX CBOGOIH
cTajl eme oCTpee ¢ NOABJEGHNGM SKCNepmVeHTANLHHX IAHHNHX, Haxe KAYyecT-
BEHHO He VMeNIMX OCLACHEHMA Ha ABHKE Me30H-HYKIOHHHX cTeNeHefl cBoGo-
gy B Anpe. Ho zaxe eciu O yInanoch OCTATHECH B OMACAHWM BCEX MeRMMX-—
cA SKCIEPVMEHTOB P DPAMEAX Me30H-HYKJOHHOTO (ioprammusva, OCTaleTCHA He-
0CXOIFMOCTE IIOHWMAHWA IDOLEeCCOB, IPOXCXONANMX B AIpe HAa KBADK-TIRCH—~
HOM s3HKe. JIoMiTKe B3rIAHYTH HA AIPO Kak OOLEKT,COCTOAMUIt NMpexle BCE—
TO W3 KBADKOB 1 TVIOOHOB, ¥ IIOCBAmEHA nauHasA padora.

Haunem ¢ mpocTeftmerc "Ampa" - IBYXHYRMTOHHON cueTevH. Femw paccTo-
AHME MeRNY HyHJIOHaMi TAKOBO, UTO CYMECTBYeT HEHYNEBOEe NMePeKPHTHE HX
IIAPTOHHHX BOMHOBHX (jyHwimuft, TO NMOABHMTCS BO3NIORHOCTH IOBYM HYKJIOHEM
KOPPeJMPOBAHHO NepelT¥ B OKTOTH IO IBETY, He Hapymas OeCLBETHOCTH
Boeit cucTemy B uejior. [Ipn dUKCHDOBAHHONM KERHNYHNIOHHOM DACCTOAHMN MH
faKTHYeCRN ¥MeeM KBYXYDOBHEBYD KBAHTOBOMEXaHWYECKY® 38189y :

Vo=l ) NNy + JERY 38 = 16] v, +]g v,
E‘;Z’my , El: EQJ,

o{_ E|“‘El —):(v O EI—EZ

e '_Z" ) % J ) 2 .
[leXyaroHa pHHe SJIENMEHTH TaMuNTbTORMAHA M CyAYT UpHYMHON CrelmBaumA
GOCTOHHHﬁW+h17 qk;. CoGCTBEHHHME RO COCTOAHUAVY I&HHOT'O TANMbLTOHRA-

SR R, BeatiRl,

e [

A L5
H:lv E')_ _-OLI-‘-PG ’
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Tenepy ACHO, UTO E: <Y ['\{J4>‘ E «_<’\P_['L[Jl‘>,
- (F - F:)/;w['zf b, +)(E L wﬁn‘ﬁT Y |

Y@ BT ¥, - B Ig) Yy,

B pamedeifwer GyEer CUMTATh ALPO B OCHOBHOL COCTOSHHE COCTOSMIE!
ua A/2 CBOGOZEHX KBa3WyacTHIl, QLMUHCTBOHHHM OTTHYHEN KOTODHX OT BYX-—
HYRJIOHHOH cHCTerMy CYyIeT MOIMIMKAIMA BECOB £ ¢, 2 © yueTOM TOTO, UTO
BOXKDYT BHJISNIEHHOTO HYKJNoHa GyJeT He OIWH, & N gﬁ_coceneﬁ B (UHCUPOBAH-
HOM oOnens, ONpENENAeno) DANNyCOW KOPPenAImy [3» . CTOT DANMYC B CHOK
oyepenh HaXOIMTCA M3 HepABEHCTRA

Rfp =T ™ L‘/Ez‘E, = L‘/AE.

CMHCX BTOTO HEDABEHCTBA B TOM, YTO BPEMH RUBHY COCTOSHHA L 70IEHO Ipe-
BHIIATE BpeMA OOMeHa IVIOHOM MeMIY HYKNOHaMM. Dpevd XH3HM OKTeT-OKTET-
HOT'O COCTOSHMA oNpeJeNpeTcs HapylleHVeN 3aK0Ha COXPAHeHWS SHEePTHM B

9TOM Ipolecce ¥ MPONOPUMOHANBHC MOMHYKIOHHONY DacCTORHMD K, , =~ d/Mw .
liTepecHo MPOCHEIMTEL MEXaHM3M CHHTEB3 HIpa W3 A HYKIOHOB B 8TO# 10 —
Ienn. IlyeTs y Hac HweeTcs A HYKJIOHOB, COCPAHHEX B o0neve fgupa. Torga
cocTOANNe JIOOTO H3 9THX HYKRJICHOB ABIAETCH CMEChld KBARMIACTHYHHX
cocrosmmii 'V m 'U(+ . Coctosmme V¥, ,He BIAACH CTACUITBHHN,TEPEs He-
KoTopoe Bpems mepeiimer B Y, mamyuwws sHeprww £, 4 E :

2
- |g" - Ps _ ~ V/
£+At= E sE = %—I—F‘P’—'auq/ [ﬁ/ﬁs“Uaj“ afF.
$Ta W3JyUEHHAT SHEPIMA 1 OyLeT sHeprueli CBA3N HYKIOHA B ANpe, DaBHAA
THyOEHe NOTEHIMANBHOH AMH A SIEPHOTO HYKIOHA, Tak KAk My NpeHedpeT-
M KYHeTVUECKMY NBVXCHEEN HYKIOHOB. Telleph MeTKO CHENATE OUEHKY B6 -
poaTHocTH Halith cocrosmue ¥, B Ampe:

€28, Ud/awzvoe/%@—jw o Yé o gi1292,

Taxolf xe pes3yapTaT nomyywm OH MH,38J2B Hemaronannnuii srevent V us
Kaxofi—-Me00 KOHKPeTHOH womenm B3aMvOLEeRCTBUA KEADKOB. KCiM Xe BHODATH
N o~ wr( -?—/~R b} , TO TIOXYYMN HENOCPeNCTBOHHO HoTeHmman kasu

T ~ e"‘[’(‘/""z>/R . Taxm o0pasowv, WH BUIHMM, 4T0 IPUCYTCTBUE B
A¥pe ¢ BEPOATHOCTED L0+20% cocromumA Y, JopMupyeT AIEDHY) CRA3L.
Y7o ®e 2T0 3a cocTosmnme Y, ¢ OxasHBaeTcs,OCTATOYHO NSDEHYNEPOBATH
KBAPKY, YTOOH YBUIATE, YTO B XPyrov "TONONOTHIeCKOM" KaHaNe 2TO IBA
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%
HYKIOHHEX BO3CYXIEHUA ¢ KBAHTOBHMM YNCJIENY Aoy A . Taxmw odpasor,
nonyyaew Iaf BorHOEoft dyHRIMZ "HykIoH&" B flIpe BHpAKEHME

Y= JETIND H]E, WS, <wm Inv RS = 0.

3a ¢ueT OTCYTCTBUR UHTEePHSPOHIMOHHOTO YJEeHE B BI6KTDONMATHUTHON KOD-
penazrope AN [ DG /INXN Y DS = S ID GNPV TS = o
Horydaer GOpMyy A CTDYKTYpHORt fyHEIMM AZEepHOTO “HYRJIOHA":

FAtx, 0%)= €, E66%) ¢ £, £, (x 6% .

CrneloBaTeNbio, U3 NPEBEeNOHHOrO &HamU38 BHIHO, TTO NPEN/NIOXEHHAS MO—
Iesb B3a¥MOXeficTBHA HYKJIOHOB IO3BONAST BEPA3UTH CTPYRTYDHYD (JYHKINM
AIpA TOJBKO 4Yepe3 HYKJIOHHHE U JeNbTa-U300apHHE CTOlNeHd CBOCOIH ¥ B
3TOM CMHGTIE NMPOTAHYTE MOCTHE OT "mBeTHoro" vupa K "Cenony". Ilpn xe-
NAHUY MOXHO BOCCTAHOBUTE ¥ CTATYC IMOHOB B JEpE -~ OHM OKA3&MNCH B
9TOX KAPTHHE "38VYPOBEHH" B JeNbTa-U300apax ¥ ABRIANTCA KOLISKTYBHEMU
COCTOSHMAMY IBYX HyKJOHOB. [IpWMedaTenbHo, UTO Hav YIANOCE NDPUNKUDUTD
Taxwe pasHHe,Ha TepPBHIl B3TIAN,MOZENH, Kak “"panlyxanne" HYHKIOHA B
axpe © pmonommiremside A -maodapy mmm T -mesonw. Kpowe Toro, B Haumef
MOMleJM SIBHO IIPOCTERVBASTCH MUHAMUKA CAVAHWA HYKRJIOHHHX wMemkoB. Iloxy-
9oHHAH ONSHKA NPUMECH DAaBANyHOR ANePHOH BKIOTHKH XOpowo corjyacyer-
CA C HailleHHHMM ApPYrEMY aBTODAEMM X3 (MTHPOBAHXA BSHCMEeDUMEHT&NTEB—
HHX N@HHHX. PasymeeTcs, Opy JanbHeimed a,o( -Loc,:xeframsam VoIe
HE cocTAaBiIfAeT 0colOTO Tpyla HATEH, HADMMED, OUepSIHOe OORACHEHYUE
Bic-ofdexra. Me, OXHAKO, BHIAEM CBOD LIefb He B “OObLACHEHUZ" OTHONBH—
HHY BKCIEPEMEHTOB, & B TOM, YTOOH HNOHATEL MUKDOCTPYKTYDY fRep ¢ fo-
aunu#  KXu.

B sawmoyenve BHpamaeM GaroJapHOCTE: LOpOmymuMEY B.M. ® Cynraxo-
By C.P. 32 ypesmHualtHO mOMe3HHe OGCYRIEHHA.
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MHTEPIIPETALMA 22EKTA EMC-SLAC M EM0 A-3ABHCHMOCTL B
CAMOCOIIACOBAHHOM MOAXOAE BE3 "aH30THHU"

C.#.Haropumit, L.A.Kacarkuu, H.K.Kupuuenxo, Y.B.Mnonwun,
B.H.Kynpuxon

XapbKOBCKU]t §U3UKO-TexHHUeCKUA uHcTaTyT AH YCCP

OKCHEDUMEHTH N0 IMIYGOKOHAYIPYT'OMY DACCERHKD Mnouon/l/ M BJEKT-
poHos’<**/ Ha aAnpax oGHapymMIM cymecTBenHoe OTAMune orHomenus R, ()=
(2/%)4{%QA§?@0T I. B HacToamee BpeMA cymecTByeT LIEJHR DAL pPASIUUHBX,
MHOTZla BSAMMOMCKJOUEKUNX, BADHAHTOB TeopeTuueckoll uHTepmperaumu. On-
HEKO NMpPAKTHUECKK BCE ITH MOJENM HOCAT "OgHOPA3OBHH" xapakTep, T.S.
npHUcnocoSaeHy Aaf ofbacHenus EMC-ajfekTa Ha KOHKDETHOM AZpe W 3auac-
Ty He COrJAcoBaHW C ApYI'MMM NpOLECCaMy ¥ TPATHMLUHOHHOW HU3KORHEPreTH-
yeckoi AgepHoit fuzuHOR. B HacTOsmeM nokaane MH nocTapaeMcs OTBETHTH
Ha BONMpPOC: BO3MOXHO JJM CAMOCOIIACOBAHHOE onucanue A-saemcmmocTy EMC-
SLAC addexrra numb Ha OCHOBe CTAHIAPTHHX NPELCTABJEHMA O AREDHON CTDYK-
Type. llonpasymeBaeTcs TDAIMLUMOHHAA ME3OHHAS (EHOMEHOJIOrua ALEepHHX
cun Gea JOMOJHMTENLHOIO MpHBJAEuUEeHMA KBapKoBoi deHoMeHonaormu. Paccmar-
puBaA 3TU NOAXOZH JNMIb K&K NBA DA3JMUHHX A3HKA ONMCAHWA ONHHMX M Tex
xe PHU3UUECKHX ABAEHUR, MN CUMTAEM, UTO B HACTOAMEES BPEMA peub MOXET
KATH He G NPOTMBONOCTABJNEHMM 3THX A3yX CXeM, & JMDbL O NOMCKe mpouec-
COB, IR ONMCABHMA KOTOPWX TOT MAM MHOR A3WK AlexBaTHefl.

B Hacrosmee Bpema ouepugHO, uTo 2fdexT EMC B oGmacru x> 9,2 dop-
MaJbHO MOXHO "OnMCaTh" MCXOAA M3 COBEPNEHHO PA3JMUHHX MpPEeANnoNOXeHMRt o
ero MexaHuamax’ ", OpHawo peallbHO NpeTeHZOBATh Ha OObACHeHHe afdexra
HOTYT JMIL Te MOLEAs, KOTOpHe YAOBJAETBOPANT CJAEAYNIMM TPEeGOBAHHAM:

1) coxpanenue sHepruu-uMnyapca; 2) coxpaHeHHe GADHOHHOro 3apAna; 3) ca-
MOCOPJZACOBAHHO®  OMNCAaHMEe CTATHYECKMX, CNEeKTPOCKONMMUECKHX M AMHAMM-
YECKHX XADANTEPHCTHK Anep; 4) yueT NMPOCTPEHCTBEHHO-BPEMEHsC! KADTHHH
nponecca; 5) orcyrcTaue cBOGOLMHX MADAMETDOE MPH ONHCAHHH A-38MHCHMO-
cru offexra. lipaxTHueck¥ Bce CymEeCTBYDMHE MONEGNH HE YNOBAGTBOPADT Of-
HOMY MJIM HECKOAbLKKM NyHKTaM. C UesbD BHACHEHMA BOMPOCA O BO3MOKHOCTH
ROCTPOGHMA MOROAH, yOOBJeTBOpAMEER BCEM NEPEUMCHSHHHM TpelOBANHAM,
ocofoe BHMMaHKe O6paTM HAa KOPPEKTHOE M CAMOCOIJIACOBAHHOE ONMHUCAHHE

ANEePHOA CTDYKTYDH.
PaccuoTpun aMmanTyRy BMpTyaabHOro komnron-affexTa Ha ampe A,



MHMMAaS YacTh KOTODO# olpenenfeT CTPYKTYypPHHA TeH30p Wf,n) :
T, jdﬁn 10 (
I
A AT b 6wk 6oy,
3nech F’ - BeMMHA 7,{/,( A . aemuHaIA//Al 7, a G(7) - §ynkuus pac-
npoc'rpaﬂeﬂm{ "Hyraona" B cpeme. Cnegys pado'raM/ / ,BHOepeM JarpaHKu-
aH B BUfe
_ — _ 4
Lo =L (B oV)+9 ilp-go AVr v 5 BBy -5 BB +
V3 V% WA GH e,
rie A O K ¥, 1/4 v %, ~ HYKJIOHHH®, 06apuoHHHe ( A , AT 00) 1 Mesok-
Hue nonA. Bapempys (2), nomyuaeM cucremy ypaBHenui nas dyHKuM# pacnpo-
CTpAHEHNA HYKIOHOB, G&4DHOHOB W Me30HOB. llpH OoTCyTcTBMM NMpAMOA CBR3M
noset A/ n B cooTBeTCTRYNIHE yPRBHEHUA PEMANTCH HeaasHCHMO. B mpu-
GaumeHun XapTpu maa o) umeem Géa)—:?@”(p),'

G- 6w+ 62, 6 m
GO =) m2ie) ™+ 23e G0 ORI Ok 1), 3
2" ZS Zv =4 ¥ty - Fs V0 +4, e e QI 20 s

pemerne (3) umeer Bupn =0~ 2” : = "‘Zs ;

G PY=(B+ ") [P rr¥ics )™ +. 250 80 1D B) -1 @

Bamm u3 (4),uTo Hal#uue "cpeiN" LCDMBOIXT K CMOmeHMD NOMoCA B QYHKIUK
[ouna, pxopsmet B (I). O6paTum sHumamue, uTo addextw "cpesw” {mepe-
HODMMPOBKM MACC M MMIIYNbCOB), CBASAHHME C YUETOM muarpaMm THna "my-
3Hpb", He MOTYT OWTh YUTEHH TONLKO B BEpUMHAX /; , B OTAMYME OT Mepe-
HODMUDOBOK HONHOBHX fyHwumit (B@) (mam appe) ypapHeHus Bere-Connurepa
N0OEM KQIMUECTBOM ACTABOK M3 CBRSEHHEX AMArpPaMM. He ucroasayd ABHEX
sugos JA’X  Gaoxom 4 nponaratopos &%) , BEPA3UM CTPYKTYDHHI TeH30D
HYKIOHE 1Y, ,1CTIONB3YA YCNOBMA MOJHOTH X NMEPEXOAA K AMHAMUKE Ha CBe-
roBoM fpoure. llocnenxee nosponAeT HanGodee KOPPEKTHO yuecTh MpOCTpaN-
CTBEHHO-BPEMEHHYD KAPTUHy fpolecca, CBA3AHHYD C MO:NKMUTENBHO M OTpU-
LBTEeJbHO UYACTOTHHMHM TPOMEXYTOUHHMM COCTOAHMAMU. Hax MOKA3aHO B
NOJIOXEHKe [IOJ0COB MPU Mepexome HA cBeTOBOR PDOHT He MEHAEeTCA, & Ha
"Xopowyx" KOMIOOHEHTAX TOKE ZX - NAMACDAMMH OTC TCTBYNT, UTO MO3BOAAET
BHPA3UTL ‘W’w yepes light cone Bd anpa u v + YuurHBag, uTO B
crpymypmun TEH30D LBOT BKJAH TaKAE NUOHH, YDABHeHMe ANA CTPYKTYDHOH
dyurumr (CP) Anpa MORHO NPOLCTABMTH B BALE

o= [k ZI6T G lp) « S7k Y 0o £ G, ®)

2 e
roe X=AXg | f‘CFQé/%V, X=Q/2mY g paonwie GapuoHOB X TAXAIHX ME30-

(2)
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HOp 0D}eKTHBHO YUMTHBRETCA B NEPEHOPMUDOBKE MACCH M MMIYJIbCA BHYTDH-
ALSPHOIO HYKJIOHS. 7 K Z - DOMM MMOYJbCA ARDA, YHOCHMHE 3(pexTUBHHM
HYKJIOHOM W MMOHOM. YpabHenue (5) yno6uo npescTasuTs B fOpMe KOHBONN-

unK: Fzﬂ(x)"jdf’ 7;4&),42"&/{) + [ % '/47(2) £ tve),
(9% X

(6)

‘{4"(11(;),‘]0"3( /;;’"(’x) g(j—ﬁ(a,«kj)/(ffg’)),

rae £ u £ - oHepruM HykioHa (mmoma) W ocTaTounofl cHCTeMH. #;77(K)-
¢yHxuun pacnpegeneund "sddexTUBHHX" HYKIOHOB ¥ NMHOHOB I HMIYABLCAM:

v 2 7 3 . 2 I 14
e = "Z'/% AN e £, @/ ag)”, 7
3neck 'L/{” - HyknoHHas light cone B ampa A, A; - NKOHHEI mpona-

rarop B "cpeme":
P ~f 7, — 2 .
AW - AT - T B T K mRere, )

/Z,'(l) ~ NONAPUBALKOHHNHA ONepaTop, C(X/ - a(mk)%g-m[fm/”,,] .
3aMmeTuM, YTO XOTA poJb BTOpOro ciaraemorc b {(6) cymecTseHHa mmb B
obnacty X< 0,2, yueT ero HeoO6XOn¥M B IDABUNE CYNMM, OTPARANIEM 38KOH
coxpaHeHus: uMmyabca, OTpadorTaeM NOOUEPEAHO HYHJIOHHNWR U MHOHHHHA CEKTO-
PH.

B penarusucTckoM npubauxeHuu XapTpu ypasHeHne 1A B Hykaona B
Alpe MMeeT BUA .
[J/é'-%(m,czﬁ(x/)/?(ar) SH D=8 B, 9

llpeoGpasopanue Ponuu-Byyrxoysena mpusoput (9) x dopme ypasmenna lipe-
KHrepa: — "’_ y s
e gl el
; 2 2,4 A ’
H, = [E +(r-U) [ = 2r¥r) + £ it £,
by = Ut + (W 2ms ) or[Hregin)] €5,

rae Ug ~ noteruman, o6ycloBieHHHH OGMEHAMM CKANADHHX ME30HOB, KOTODHH
nepexopuupyer Maccy Hykaona ( 7-Z =p7®), 7/, - BDEMEHHAR KOMITOHEH-
Ta BEKTOPHOrO MOTEHUMAJA ¥ N0 CBOMM JODEHL-CBOACTBAM He CONEPEUTCH B
A, . YunTuBag, uTO Ha cpeToRoM (POHT® pA3NONEHWEe MPOBOTMTCA MO MpO-
MEXYTOUHHM COCTOAHWAM, KOTODHE SABJAANTCA COGCTBOHHMHMYU (YHKLMAMM CBOGON-
HOTO raMuIbTOHMAHA, BMOMM, UTO B CAyuae ALpa 3TO raMuibToHMau A, -
adderTuBHEX HyKAOHOB. [S HaxommeHWA Y,{ u m* pemanocs ypasuenve Xap-
Tpu-Boxa ¢ 3PPOXTUBHHM CKUDMOMOAOGHHM BRAMMOLEHCTBMEM:

[~ThY2mpm) T + U (R < B Y, -

(10)
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ot = 14 SOt o) 4t )R] e

rge g - HEe{iTPOHH UNK NPOTOHH; mt apfexTnBHAEN MaCCA HYKIOHA;

Z/¢ ~ UEHTPANbHHHA M CHMH-OPSMTANBHHY NOTeHUMaN; /g, - OJHOUACTHU-
HaA NNOTHOCTH HYKJIOHOB; Z‘, % 7, - napameTpu adjexTMBHOrO BaamioneiicT~
BuA. HyHeTHYeCcKan 9HEPrHA k7£¢7"> onpenenAaeTcA COGCTBEHHEMH SHAaYe-
HuaMu A, NYTeM CHELMANbHOIC YCDEeNHEHMs 47" , PApaHTHpYOWero apMUTO-
BOCTb ONEPATOPA KWHETHUECKONR OHepruu:

¥y _ | 3 2
(m'D = 5 fdr o 2% {13)
Torma 7‘ ONpeNenAeTCA ypaBHEHNeM
ﬂf/@t-(sj/(gk,‘{(i-/), (14)

rie &f=¢mie k2, EXL/M w % u B, | My (B A4 (Mo - oHeDrUn
epMU-yDOBHA; Mc << »7), 8 3, - dHEPIUMA OTOENCSHUA HYKJIOHA C 060JIOUKY
K . Torga cpenHAs HOJA MMOYJbCA AADA, NPUAXONALAACA Ha HYKJIOH,

<93y = (0B) Z Sk o 1Y P < < (15)

[loxaxem, uTo adfexT CBASAHHOCTW HYWJOHOB B Aupe, MMEKHMUil NOPENOX

(B>/r7 , NpK NOCINENOBATENLHOM yueTe OTDULATENBHO-UACTOTHHX MDOMERY-
TOUHMX COCTOSHMM, BKJSL KOTODHX Tome Mopamka (B3 ({BR>=Z48&4
T« « yucna 3aNOAHeHA oBosouek), KoMmencmpyeTcs. Hemonbays (I4) n
(15), sameuas, uTo mp¥ X< ] BamHy MMOYAbCH K~&- <« 27 , TNOXyYaeM

D= <Py = K vy - (B # K VR (16)

TaxuM o6pas3oM, yueT HNPOCTEAHCTBEHHO-BDEMEHHOW KADTMHE NPUBOIUT K KOM~
nedcauny afpexTa CBA3AHHOCTH » KOTOpH#t, MMeA NOPABOK </3>//1{¢ (Ho
ne (B> /» 1), HACTONBKO MAN, YTO He MOXET OHThL HONOMEH B OCHOBY OGBAC-
Henur sgdexra EMC. llpy Bauncnexun CO Feqf'X) MCNONbIOBANCA NMOTEHUNAN
Peiina. Cornacuo (15)-(I6) g mettrpona uveeM {4, = I, Torua kax ana
agpa (Mm<I w £ 7)4 <<7>¢‘ OTO HEepPABEHCTBO COBMECTHO C CAMOCOria-
COBAHHHM yueToM fepMu-IBMXSHWA B AApe NPHBOIUT k addexty EMC, Omauue~
CKaf CyTb DTOrO ABJEHUA C TOYKM 3PEHUA TPALMUMOHHON AREPHON $uaUku
00ycaoBAeHa CymeCTBEeHHO} HeJOKANLHOCTb CpPeAHEr0o AONEPHOIO NHOJR. OTO
JerKo MOHATL, 38METUB, UTO HANMUME JOKANLHHX CKANADHHX OGMEHOB npH
flepexolle K HepelAATMBMCTCKOMY Npefelly NPUBOSUT K CYMECTBEHHOR HEJO-
xexsmocty noxs’ .

Ha puc.l npepcTapnedy peayAbTaTH CAMOCOPAACOBARHHHX DACUETOB -
fiviv] !;’(7) nag agep: @ (wrpuxnyuxrup), 126 (conomnan KpuBAaA), Ope
{roueuHas kpusad) o Ag (nynkTup). HadmopnaeTca xapexTepHOe cMeme-
HUE MaKCUMyMa pAcnpefeNeHdlt B o6zacrb ¥ < I, uTo OTpamaeT yMeHbUEHHe
cpeaneR HOAY WMNYAbCA, YHOCMMO! BHYTPUARSDHHM HYKIOHOM C YBEJNuEHWeM
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aTOMHOr0 HOMepa (ycuieHne Henokanbhix adde«Ton). Temepb Jmub ¢ uesbp
UBINCTPALMY BHMOJHEHUSA BBKOHE COXPEHEHUA VMITYAbCA ¥ KEUSCTBEHHOR

N OueHKN BKAafe nuoHoB B CP /f: (X) npux<0,2
oI fi oTpadaTasM Me3OHHWH cexTOp. llponararop
A H(f),sudepem B NApAMETDY3 s , 8
C2 4, (¥-8 napameTpUBaLM 8, Torga, Ha-
quHag ¢  HYKJIOHHOT'O CEKTOpe M BhUMC-
na8 (7},, s, W3 38KOH& COXPAHEHMA MM-

nyabca
Y >y 4 <2, <1
Haxogim < Z >, + koTOpoe nad Ampa 5e’Fe
cocTaBafeT (I, = 0,051, 90 3HAue~-
Hue (z;.,__e , BO-TepsHX, Hax%y'rcﬁ B XO-
poweM coriacuu ¢ peayabratrom’ ¥/, 8 BO-
; BTODHX, MNONYUSETCA NMyTeM NPAMHX BHUMCIe-
Puc.1. PacnpeneieHue Hykmo- Hufl, HAYRHAA M3 ME30HHOIO CeKTopa,
HOB MO JOJe NpofoJbHOro MM- mo dopmynam (6)-(8) u(é}, = {dz @2 ,
aybCa. Mpy COOTBETCTBYNNEM BHGOpE CBOGOJHOPG
napaMeTpa {7, / R - 3ameTnM, UTO pasBHUTHR MOAXOM MOXeT (NTh HCMONb-
30BaH QA HaxomgeHns napaMerpa 2 /2 DA pasAMuHLX Aep.

3aXOH COXDAHEHMA GapMOHHOrO 3apAfa, KaK Jerko 3aMeTHTb U3 (5)-

(6), o6ecneueH npapuabHOW HOpMupoBHOR B "sberTUBHEX" HyKJIOHOB:
(a% nJ®)  a A,

Ha puc.2 npepncrabneHa yHKuMs R,,(X) . Bce pacueTn BHNOJHEHW C
eNMHIM IJIf BCex snep HaGopom napamerpos Ckupma, OfecneupBANTMX XOPo-
mee ONUCAHWE CTATHUECKUX, CMEOKTPOCKOMNWYECKMX M JMHAMHUUECKHX AfeDHLX
XapaxTepucTHK. [lyHKTHDOM rMoxasaH peayibTaT C yueTOM MUOHHOTO CEKTOpa.
Ans onucanun CP amep b oSnactu X > I HeoOxofuMo Gosee KOPPEKTHO, ueM
370 JesaeTcs B Merone Xaprpu-Boka, yuecTb BHCOKOMMIYJbCHYD KOMIIOHEH-
7y B Bd ampa. Yuer aTux addexrop nposenem, npemmnosarag, uTo "mecrraa"
acumnToTHKS, BE® npu K » k- onucupaerca » xpasumedTpoHHOR Mogseaw,
TOrga kKak "smarxea" - K < Ke = ofecneueHa xapTpu—~JOKOBCKUMH pacue—
TaMu .,

Ha puc.3 npepcrasnenn C2 anep ¢ u d . canomnas xpusag - C¥
aipse ““C ¢ yuerom "xecrxoit" wacru Bd, TouewHam KpHmam - TO X&, HO B
nercxe Xanrpu-Poxa. Ilynkrtup - CO nefirpona ¢ B@ Pefina, 3amTpuxopanHag
06JaCTh COOTEeTCTBYST HEOLHOIHAYHOCTAM NpH yuere "mecrxoft" uacru B3.

[lpopeneHnte KHoclaenoBaHHA NO3BOJANT CAGNATL CACGAYDIME BHBOAH:

1. loxasano, 4TO,0cTaBaAch B PAMKAX TPAAKLMOHHOW Me3OHHOH# feHo-
MEHONOPHK, BOBMORHO NMOCTPOEHWE TAKOH CXEMH ONMCAHUA "XOCTKHX" nenTo~
HOB ~ SIOPHHX NPOLECCOB,B KOTOPOR NMDH NOJTHOM BHIONHEHMM TPECOBAHKN
mn, I-5 afpexr EMC-SLAC npucyTcTByeT ¢ HEOGXOGHMOCTBE.

62




R,. 12
N
L0
09
08

1.4

69
a8

11

»

10

0,9
0,3

pﬁ' " fT”'ﬁ;em“"””""ée"mmﬁﬂ
] n = femoty o at 1 ‘t&b‘* J“{t% -{
|0 S ot i eyt 1 * IR
—1x IAA_L:A':I. l_lllllJK,l s g2l r_lll‘J_JlLAAJ‘]JI‘J—.
i r I %‘M ] | Ca )
SN
L $
jﬂw}) T .M b m“’mﬂ( 1
_IAI_LJAA'_LLAJ_:! -TIJ‘JLAIIAAJIA_II-rllJlllAlllLllLAlt-
. Fe | Ag } A
_”* T m {7
CIVN B N
L 1 Wl
e ' 4 o‘T”

Lot facad L

tadada o Lo L .ul...llnluul.

0 02 04 08 83 D2 04 0p 08

g2 04 06 08, X

Puc.2. @ynxuma R (0.

2, lloxsaaHo, uTo IIpH NOCASZORATENLHOM YueTe [1DOCTPaHCTBEHHO-BpEe-
MEHHOM KapTHHH BPPeKTW C¢BA"ANHONTH HYKJAOHE B ANpe KOMIEHCHPYNTCA

Fty
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T Ty
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PRV W1

T
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0 Q2o o5 &Y wR X
Puc.3yoCTpyrTypHue $ynxynu
anep 12¢ Eydy? Tytanpe

BKAAOOM Z - IjarpamM u, ¥MeAa NODANOK
<{8>/M, , He moryr Gurp nonomeHn ®
ocHoBy oGbAcHeHuA adperta ENC.

3. lloxasano, uro B oGaacTH X> Q0,2
sddexr EMC oGycnosnen Haamumem B sppe
CYMEeCcTREHHON ROJM CHANAPHHX OOGMEHOB
(He/0KANbHOCTHE CPENHEro SALEPHOro fo-
1) M oSbACHAETCA MHTepPopeHumel sf-
derToR HelOKANBHOCTH U DePMU-RBUKENUA .

4., C TOUKM 3pEHMA TPELULIMOHHLX
ADEDHHX npencTasieHuil 6e3 "aK30THRK"
OITUCAHN JKCNEPUMEHTANLHHS BAHHHE Mo
Cd agpa “~“C p obnacry X < I,4.

5. oddexkt EMC u "kymynaTupHan"
oGnacTh onmUceHk eIMHOOSPA3HO, B ITOJHOM
COOTHETCTBHH CO CTATHUGCKAMM M CIIEKT-

POCKOMMUECKUMH XADAKTEPUCTHKAMU ALeD, 6ed NuMBAcueHUA "IKIOTHKH",
6, Yuer anepHux adderToB HA OCHOBE Me30HHOA (OHOMEHOMOTHMH 2fpek-
THBHO NPHBOZAT K HEKOTODOMY MCKAMEHWD KPADKOBWX DACNPER®eHMH BO bBHy-
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TPUANGDHOM HYKJOHE, UTO MOJHOCTHL [ONTBEPXIAET 3KBUBAJIEHTHOCTbL (B
cMricie $U3MUECKOr0 CONEPRAHMS) ME3OHHOR U KBAPKOBOR TEpMUHONOI'MH.

Takum 06pasoM, sxcrnepumentn EMC-SLAC » o6nactu X > 0,2 , no-su-
IUMOMY, yKasHBalT Ha TPUBMANbHHE (AKT, XOpOWO M3BECTHHA B TPAIULNOH-
HOM HU3KOPHEpreTnyeckolt AfepHOl $U3MKe,- CBOGOOHHI HYKJIOH OTAMYEETCA
OT HYKJIOHA ,CBABEHHOT'O B ALpPe, M [03TOMYy NaHHHE OKCHMEPUMEHTH He ABIA-
OTCA ONHOBHAYHEM yKasaHUeM He HajJuuMe B ALPAX HK30TUUECKMX KOHPUI'ypa-
unii, Ueauit pam, xasanocb Obl, pa3iuuHbx Mojenell o6wbacHeHua adpexra EMC,
Nno-BUIAUMOMY, CHSMYeT pPacCMaTPMBATEL JMIUb KoK DPA3NMUHHI ASHK ONMCaHUA
ojHoro M Toro xe ¢uanueckoro apneHuA. OcHopHoR BwBOA: addext EMC n
ero A-3aBHCHUMOCTb HE KDMTHUHH K BHGOpY MEBOHHOM WM KBApDKOBOR deHOMe-
HOJIOPMM W He TPOCYWT NPUBIEUEHHA NOciemHedl B KauecTBe "3K30THKM" Ha
foHe OGHUHOr'O ONUCAHMA.
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PEIATYBICTCKHME BOJHOBHE YHKIMY M COOTHOUEHMA MEXIY
CTPYKTYPHEMY SYHKUAAMA K MOMEHTANMY COCTABHHX CHUCTEM

A1, JuEKeBAY
HoBONQUIOUKUK NonuTesHAUSCKEA MHC. {TYT MM. JOHHHCKOrG KOMCOMOJI&
besopyccuy
B.Y. Caspun
HayyHo~yceae0BaTedbCRlt RHCTETY T ALcpHol fusuxd MIY, Mockma
B.B. CaHanse
TowmcckEl roCcynAPCTBORHEN YHUBepCUTET

H.B. Crxauxom
O0beImMHe HHHY UHCTUTYT ANEPHHX HcodeloBaHuit , lydHa

Haumdag ¢ 1983 roma, Korma WM OTKDHT EMC-nddext 1/ , GOJIBIOE
BHAMABHNE YIeJAAOTCA MSYYCHMN OBASH MEXIY CTDYKTYDHWNME $yHKIWAME AN~
pa u COCTBMHXHI?X @T0 HYWIOHOB, 8 TAKEE MEXLY MOMEHTAMH STHX CTDYH~
TYDpHEX §yHKIAY ~5/ (cm. Tane/ /. ootrmo paccMaTPERaTCA JIAI
MOMEHTH CTDYKTypHuX QyHximi KopHyosta - HODPTOHA, XOTS XOpOmO #3-
BECTHO, ¥TO MOMEHTH HaxTwasa BKINIANT B Cedfl paAL "CIONOBHX" WIGHOB B
OIIGPATOPROM DA3TORSHAM NPOE3BOIEHMA TOKOB,KOTODHS YYATHBADT CTEIEH-
ue 1o 4/Q% nonmpaBrm. CTeMeHHHe NONPABKM DOSHEKALT TAKEE [
yueTe 9PHEKTOB CBABAHHOCTH HYWIOHOB B Afpe, KOTODHe, KAK IIpegnona-
TaeTca, MOTYT OKASATECH BAXKMHME A OCLACHEHWS PEe3yABTATOB BKCIEpH~
MEHTRIASHOTO HCCNeNOBAKAA INIYGOKOHEYNPYIOI'O DACCeAHHA ANGKTPOHOB (MDO~
HOB) Ha fnpax. TakuM 00pasoM, LIA HOCIENOBATENLHOTO YY6TR CTENeH-
HHX IIONPARBOK HEOOXON¥MO TIONYURTH BHDAXCHES LIA HAXTMAHOBCKEX MO-
MBHTOE CTDYKTYDHHX (YHKIMH snpa 4epes HAXTMAHOBCKAE MOMEHTH CTDYR-
TYpHEX @YHKIME HYKIOHOB M BAIHOBHE QYHKIMHE ARDA KAK CBASAHHOIO COC-
TOAHRA HYWIOHOB. 3amMeTHM, YTO 8Ta 3an4a44, B NpEHUMIG, OHAA DemeHa
Ham@ paHee B v » TIé paoOMATERAICA CIyYall TIYCOKOHEYyOpyroIo pac-
CesHuA JOITOHOB HA ANPOHAX, COCTARNEHHHX HS CHANADHHX NAPTOHOB
(xBapkoB). JIpuMeHEM cefMAC pesylbTaTH, NoxydeHHHe B /7/, I OIHCa-
HRf PACCEAHMA JONTOHOB H& AXP&X. B1a NpocTOTH GymeM DPACCMATIHBATH
HYKNOHH ¥ TOKM CHAMADHHMH. OTMSTEM, 70 000CmeHHe DeSysAbTATOB HE
crydall CIMHODHHX HYWIOHOB ¥ BOKTODHHX TOKOB He BOTPEYReT IPNHININ-



8NBHHX 3aTpyrmHeHmf#i, HO MX IDOMOBIKOCTH MOXET NDEIATCTBOBATDH MOHU—
MaHVD $U3KMYECKO# CYTR PACCMATPHBAEMOIQ NOTXOoma. Vg AMILINTYIH KOMD-—
TOFOBCKOTO DACcCesHMA BIepell BUPTYaNbHOTO -+ "0HA C mry.rmcoy 9
Ha ANpe ¢ UMIYABCOM P B HMIYIBCHOM NpUO/MEEHVH MMeeM

R
(P, 01)*(,,,)3& 7 1(P.9 tpa) .

g 1&“ )4 (2,8, @

Smecs BBENEHH GIeLYIIYE KUHEMATUHIECKNG N6 DeNBHHHe: =P 0(/1‘\. ,
Verpg/m Q*a- 0, , e M -macce smpe, a wm -MAcca
HywioHa. Amwmryza L(p,q) ONUCHRAST KOMITOHOBCKOE DacCedHHe
BIepeN BHPTYANBHOTO (OTOHA HA OTHENEHOM HYKIOHE ANpA, KOTOPHE 06—
nafaer mMmyascom p . fynxma 1(p,P)  ammercs mroTHocTsh pac-
npefleXeHHA 10 HMIYILCY p  HYRIOHA.

B cmcreMe moxof siEpa (rme P = ) u3 (2) noxydaeM

-.. ‘.’)

n_ M
Te0)- 1 & 3t o) \ :\u Lt 8, .

1

e X%&ﬁlﬂ — 6ncTpoTa xmr.nona pepxmait NpefieN MHTEIpADPCBAHMA

mo A OYZST YKA3sl :AXe, A NPENENH WHTEIDEDOBAHMA TO IepeMeHHOMH
Ve 3QHANTCA COOT™' i 16" iM

ey
D‘f')-—-VCR.’X + D'ﬁ&'x ; D‘ =J)Jt+0t .
IIOTHOGTE pPACIIPeReNSHB.” 10 OHCTpOT;J HyWIOHa Anpa
2
P = Gayan ( M) I () R (5)
Hopmponana YyonoBHeM

SWM puo=1. (6)

Beena cxeﬂ.nmironue Ile POMEHHHS a::-Q/flm\?c , xpaf /va, Bupa~
xomme (3) MOXHO TMPEXCTABATH B BHTE
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T @) i B0 Gt
" amf] + A2 "’;, a’ %)

THe npemesH MHTETDHDOBAHUA O NMEPeMeHHOR 9C, ONMpPeNeNAUTCA COOTHO-
meHweM

'J“__(&X J\'X- 11" G Xp IA

YeranoBEy ceffyac CBA3L MeXIy MoMmeHTamn KopHyosra - HoproHna
sapa M, (Q") = myxrona p(GY) . C sroft nenrw ¢ momomsn BmIBCO~
HOBCKOTO DAJIONEHEA NDEICTARHM aMITHTymd | # B BUAE DANOB
mo crenensM Lfx, n 1/%c:

(8)

q, ~n-i
pT(e@)= 210 0 MO =0 ®
-.ﬂ.-
Moncrasms (9),(I0) B (7) % WCLOIBIYA ONpeneseHne MOMEHTA
. N N
(@)= u\!sun 83&“3 xy » T(x, Q)=
Ay (II)
A
=';Lh~\ S,d"nx: ImoT(x,, Q) A=M/m,
& TaExe AHAIOTHYHHe JODPMYJIH IIA mn(G") , MH TIOMydaeM
@ & lm\" e [
M@ )=Z. (—Q?) Be,me.e Jﬂmze(o ), (12)
Q20
e 3
. Cna] el e d CQ.L ,.&\ )1-* )
E’e,rf—'w we " g 'X( X) ( ! Y(x ’ (13)

B 4aCTHOCTH,
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0 A s,

(n b

PopMyna (I2) yCTAHABIEBAST CBASH MOMIY MOMSHTAMK c'rpymvpumc PyHR~
Ipit sagpa m HyxioHa. Hak JxeTko Bamers, buparerme zma M. ( ),
Kpoue ‘WieHa, HpONOPIMOANBHOTO /’t.\( ) + COZepXuT GecKoHeUHHH
PSR CTEeNeHHHX No 1/0 NOIPABOK, IPOTOPLMOHANBHEX BHCIHM 1O~
MeHTaMm c'rpym'ypﬂon fiynxipM HywioHa. Ecam npeHedpeds STHEMA TIONPABRA-
MZ B Opemee QO —°  x mepeliTE K craTRYeckoMy mpexexy (X-?0)
TOTIA B CANY YOIOBMA HODMEDOBKE (6) HETDYNHO HOJYYMTH IPMMEDHOS
paBeHCTBO MoMeHTOB M, ™ M, .

YoTaHOBEM CB#I3h MORLY HAXTMAHOBCKAME MOMSHTAME AZpA H.,\(Q")
u Hywmowa Mn(Q%) . Bua aroro mMecro pasiamenma (9) mcnu}h}ryem—
Cfl CHOXYRIMM DA3JOREHUEeM SMIUTMTYIH [0 TonmHoMam Terexdayepa

T & Zc (&) T——q-q - q) R N P
BpeneM HAXTMAHOBCKAE CHREXIMHIOBHE OepPeMeHHLS /8/ :

! et (TN
- ,_‘\"T?{, *l (v'*U)"—‘ L+-§|- "'i.

L

Lm :’1+£‘-'!‘-:—c-l‘ +4 ’
{ Yt "“."’ im +1 (I5)
-—"E (P D) e l{m'n::' i
L EF-L

KOTODHS WSMEHANTCA B NMpeleXax O04F 41 OGEA£A(Q) =A,
Torna pasyoxexue (I4) MOXHO NPSICTARHTH B BHfE ‘%‘

b &) < M LAY 5, (16)
AHAJIOTHYHO
- N4
(2,09 =2m f\zl ;\n(Q") 8 - (17)

Honcrazam (I6),(I7) B dopMyay (7) E BOCNOMB3IYeMCA ONpeledenseM HAXT~
MBHGOBOKOI'C MOMSHTA




F\(Q‘)n e go\? £ »T(g,0)=
.. &o\g X, Ty T(, .09 (18)

b4 ana.nonmioﬁ dopMysoit A flu(Q) . B peaynsrare HaXxomuMm CBA3B
MOXIY Hax'rmanoncmwm MOMEHTaME :

Huned Dy
i (@)= Mo)&dx S, .

Yuer aﬂa.nn'mqecm cnoﬁc’rn amMmwIErys | z 1 , @ TagKe HCQIe-
IOBaHKE NOPOTOBOIC MOBENEHMA CTPYKTYDHHX (YHKIME moaBongeT onpenme-
JUTE BepxXsmit npenes EHTeTpupoBaHMa no X B 5Toft m mpemumyumt Gopmy-—
J8x:

%=l AQY).

(20)

TakuM 06pa30M, HAXTMAHOBCKME MOMEHTH CTDYKTYDHUX (YHKIME aupa =
HYWIOHa TPONODHEOHANEHH ADYr IPYTY, B OTIHYMe OT MOMEHTOB HopHyowia-
Hoproxa.

B TO ®e BpeMd MH 3ameuaeM, 4TO LA MOMERTA CTPYRTYpHO# dyHKImM
ARPAa KAk CBA3aHHO#{ cocTaBHOM cucTeMH, KpOMe Q" ~ 38BHCHMOCTH,
UPACYTCTBYmel B MOMEHTE HYRIOHA, CYlUleCTBYeT TaKXe HADYMeHHe CKeRrTaH-
Tra, O0yCIORIEHHOE OTHOCHTEJNBHHM IBUXKEHWEM HYWIOHOB BHYTPH sxpa. Xa-
paxTep sTOTO NONOJHUTENBPHOTO OTKIOHEHWA OT CKeWIMHTa 3aBUCHT OT BH-
Ia @yHKIMY ILIOTHOCTH DACHPEeIeNeHTA P(*) . TonbkO JI¥NE B CTATH-
4YaCcKOM Npenesie, KOIA MOKHO NpeHeGpedb IBUECHHEM HYKIOHOB BHYTDHA AN
pa, MoMentH M(QY) = ﬁn(()") OyRyT COBNANATh HPYT C APYTOM,

PaceMOoTpUM CBASH MERIY CTPYKTYDHHMM (YHKRIMAME apa F n
Hywiona { . [IOCKONEKY

F(EA‘QL) = _L Sm )‘)IT(EA !Qz)s

I, Q%)= ,m'sm »t(Ee,09),
TO, B3AB MEEMy® 4acThb (7), rro:ryqaam
(ZnA

(5, Q-4 m& “‘ e, 0. -

Ecan cauTaT: B HEXOTODOM upudmem HYWIOHH TOYeYHHMHA, TO

(2D
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1, Q%) =801 8D

% 13 dopmyar (22) c.nemveAT, YTo

[
d
Fg =1 § T PO,
s, |

B pHparerym (22) TIOMHACM M&czm TIOPANOK MHTETDHPOBAHNA :

At,
Flg, 0)=1 | 48 gis0n \ 4 g00=
Sih talg 5\

A
A4 (2 (/2.0 T(r ),
LA

Eer g >1/A , TO

A
s, =4 ) 32 1505 89 TGN, 5
Za

B pesyapTarTe MH NPHMIM K CBASH CTPYKTYPHHX @y7mm419 ARpa ¥ HYKIOHA,
0 BRIy GAA3KO# K BHUpAXEHHAM, NKONOABIYEeMHM B 2= . BaxHO OTMeTHTS,
970 B HAlleM TNOAXONe K3BECTeH TOUHHN CMMGT (yHHINM! T(y..,Q") :

A
U & %L 3. (24)
\Rag|

Orcprna JeTKO YCTaHOBHTE: cBoiicTeA aToff fyHRIMM, B YRCTHOCTH,

T3>0, wax[T(p.0H] =T(L,0Y,
A
{ga? ® T(?,QL) =i .
AlA

Come Bupexel-m?#m AMIIETYTH KOMOTOHOBCKOTO paccesHmi 1
NPHBeNiGHHNe HAMR B , CONEepXAT, KpOMe DACCMOTPEHHOTO 34ech Jo-
MEHEDyNmero WieHa (I), oTBeyanmero Iyvap PRccedHEa oToHa HA oT-
HenbHHEX HYRIOHAX ANDA, TKAe CyMMYy BRIANOB BOSBOIMOXHNX ApYTHX
npoueccoB { B TOM WMOAe C pacceArweM PoToHA HA me3oHaX, N N-—-
OnApaX, KBApEAX A T.N.). TeM He MeHee NpemBAPHTENbHAA OLPHKA EO—
Ra3HBAET, YTO 7AX6 YUeT ONHOTO JHID, NOMAHMPYNEETO BRGNS YRe MONeT,
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B OpZHIMIE, UPWBOMMTSL & EMC-a¢dexry. Bosee crporoe ommcaume EMC-
afferra Tpedyer Gosiee AKKYDPATHOIO AHANN3A,IOPEXI6® BCEI'0 ~ HUCIOIB30-
BamgA  NOCTATOUHO DOAMMCTHRHOM MMoTHoor® P(X) . C aroff meEn
Hy®HO Jado pellaTh KBASMNOTEHUMESNBHHE Y])aBHEHMA C DEJIATHBHCTCHIM
ododmeHMeM ACIONB3YEMHX B AlepHO# JuM3mice NOTEHUHANOB, JAGO HC.ONb~
30BATH BKCIIe PUMEHTANbHYD HHHODMAIMY O ILIOTHOCTH P(’JL) (KoTOpYD
MCRHO, HaUpEMep, [OJYYUTL A3 HNAHHHX MO (e,e’ F) -peaKiMm) .
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GLUON DISTRIBUTIONS IN THE B8MALL X -LIMIT
Jan KVIECINSKI

Dapartment »f Theoretical Fhysios, Institute of Nuclear Fhysics,
Radsikowskiego 152, 31-342 Krakéwv, Poland

The swall x limit of parton distribvtione correspomnds to the con~

ventional, high energy Regge limit of herd pr . Pr of

large virtuelities justifies the use of perturbetive QCD and so in
studying the small x limit the results concerning Regge limit of per-
turbative QQD [1 -~ 2] are appliocabls.

The "bare Pomeron® in perturbative QOD gives gluen dis~
tributions (wultiplied by X) which groy faster than any power of
1nj /x in the limit of small x and osn potentially violate uniturity,
The latter can hewever be reatored after adding the soreeming correc~
tions [1,3.9]. This inorsase of gluen distributions ian the region of
small x was found to have important implications for large p, gluon
(mini) Jet production in hadron-hadrom collisions (see Fig.1) 1 . ..ing
to very sirong inoremse ef the oress seotiens for this precess [lo,:i] .
The integrated inolusive oress seatien which is already in the mili-
barn range at OKRN pp ocollider emergies[6]is predioted te remch
100 - 200 mb or so [4,5] in the Te¥ energy region. This is no doubt
very important prediction of perturbative QO which war obtained how~
over starting firom the leading IO‘Q‘ approximation for the gluopn dis-
tritutions down to the vsry small (= 10"‘) values ef x. It is there-
fore important to cheok whether this mpproximatien ig still relisble
ia this regien, The purpeas of this talk is te report the reocent re-
sults ocencerning fairly detailed quantitative analysis of gluen dis-
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r-—-—=--—===-=- - Fig. 1. Mechenisem and ki-

] LY

| g(X“pl)nemal:ics of (large p, ) jet
{ production. g(x1,2.§f) are
~ the gluon dimtributions in
hadrons and Y denotes the
gluon~giuon hard scatter-
=_ ing cross section.

g(xzﬁf)

tributions in the region of swmall x (10"‘.6 x £ 10°%) ana large qg
(Q22 10 Govz) which 1is relevant for gluor jet production up to the
TeV energy region and which goes beyond the leading long approxime-
tion, This analysis includes the following "correctiona” to the lead-
ing 1ong approximation; (a) ths screening corrections [759,40] and
{b) the "correcticna® which come from treating the powers of J.agq2
and of log}/x on the same footing [8].

The underlying mechanisem of gluon jet production is presentsd in

Fig.1 and the corrsaponding integrated inclueive cross seotion G:‘ ies
7 (dx. dx. d p2 6
~
G- - = Xy O Xy G Py :
X )
%(XiJP4 ) %(XZJ PJ. )'
(1)

The funotions %(xiﬂ_)ﬁz) are the gluon distributions in a proton.g'

is the elsmentery hard soattering gg —* gg oross section , s de-
notes the total C.M. energy equared of the colliding hadrons.
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The kinematios implicss

X1X2 s > 4 F’.\-LZ (a)

and so the "typiosl" valueas of x whioh are probed in this prooess

1,4
oar be orudely estimated as

X D> 2 LR 3)

ToVE

min 4, the minimal velue of p. defining the (semi) hard sca-

whare p,

ttering (mee Fig.1). Aasuming prin 2 2 GeV/o one finds that

1wtse x> £ 1078 ()

~

for 4O Te¥ Z VB 3 .5TeV.

The leading 1o|Q2 gluon distribution g(x,Q‘) in the limit of small
x are presented in Fig.2. They were odtalned ovolving the input
gluon diatributions at qg =3 Go‘a assuming the CDHS parametrisstion
for the latter [11,15], and adopting some approximations typical for
the small x limit [7]. (They agree within 10% or so with the distri-
butions which were caloulated sxactly from the same input [12].)

ne finds from Fig.2 that the distributions xc(x.qa) can increasa
by a faotor 2 -~ % or po if x decreases freom x a 10-2 tox = 10'“

(and ¢ » 10 Ge¥?}, It 1s thie inorease (plus imcreasing phase space
available) which leads to the prediotion ef large ( @ 100 mb) cress
sections for jJet production in the TeY energy region,

Indefinite increase of glucn densities faster than any power of
in1/x 1s in oconfliot with unitarity for the auxiliary (off-shell)
gluon-hadron scattering amplitude [2,3] end so the leading long ap~
proximation oannot be valid for arbitrarily msall vaiues of x (for
rixea Q).

Potential vioclation of unitarity by the leading order distribution
as well as phyaical origin of correotions restoring unitarity cam be

understcod in a simple partonic pioture. The essential ingredieat of
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the leading logqa approximation for gluonm distributions (i.e. of the
QCD modified parton model) is the impulese spproximation where one
neglects interactions of partons (i.e. gluons which dom nate in the
snall x region) within a hedron, This approximation can only be valid =
provided the (transvorae) area ocoupied by partora is smaller than

the (transverse) area of the hadroz.

The former quantity is given by the fcllowing formulag .

= G X O (x @), (5)
> g9 © GO0
Where Gﬂ%% -~ :éjﬁ;i? is the elementary gluon~gluon elaatic oross

section which can be assumed to provide a meaaure of the transverse

area of a gluon and xg(x,Qz) messures the number of soft gluons

~

having x within the range x, x + Ax for Ax = x.

g->--r-=—-r—=-q
rreseerer ey pig, 2, G2 evolution of the

: {gluon distributions xg(x, Q%)

(in a proton in the leading

. glong approximation, The dot~

{ted line corresponds to x=

= 1072, dashed line to x=

= 1072, full line to x=10"%

;and deshed-dotted line to

Bocseavesisovascrsesfqest

K x=10"7,

2

D(Y-Y,Qk?)

-

Srecevecasniaaren ans

=

efescmacasacfenny

I CRTSRY TR T

G(Y,k,Qs,r*) :

GIYK Q% rY

sosrnsssmenvne snese sy
.
esssssansavras anennnaan

i

©

P S S
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The leading order gluon distributiona ¢(x.Q2) can be reliable

provided

2
S < w R (6)

P e
where RH is some parameter charscterising the hadronic radius. If the

inequality (6) starts to be violated (and this is inevitably going
to happen for sufficiently small value of x) then partans stert to

screen sach other and one has to take into acoount interactions of
gluons within a hadron [2,3,9]. The scroeniug corrections have a °
structure of the Reggeon ocaloulus with the “bare Pomeron® given by
the leading order QUD distributions and with the "triple Pomeron®*
vertices calculabls within perturbative QCD [2,3].

The firat orxrder ecreening corrections cerresponding to the triple
FPomeron disgram of Fig.3 give the following contribution to the gluon
distributions in a hadron [7]13

A Q* N ,
. N .
Q o 208
2 L’ ) kz
Q¢ o
o

[G Y & Q )]2 D(Y-Y Q% k).
: (7)

In this formula Y » Ini/x, (Y = n1/x’), 6(r, X*, Q}) = zg(x.?),
where g{x,k%) 1s the lesding logq® gluen distributien im & hedren

evolved from the ioput distributien at k¥ = ¢§ and the distribution
n(x - Y, d‘, K2) satisfies the same svolutien equaticn as that for
gluon diptribution in a gluon but with the foll2sing bhoumndary oendi~
tiom at @ = k*; D(T,k%,k%) = 1. The paremetur R which charscterises
the proten radius is the effeot of the loep imtegral over the memen-
tum transfer r alomg the ledder im the diagram ef Fig.3. Ome canr

argue {7] that umder the reasemable assumptiems the parameter .‘8
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Fig. 3» The triple gluon ladder diagram. The function G(Y',k ,Qo,r
equals at z‘2=0 to the giuon distribution x'g(x',kz) in a proton.

0)

should be approximately equal to the energy independent part of ihe
slope of the pp elastic acattering cross smection.

The screening corrections A(Y,Qz) are presented in Fig.4 for the
paraseter R2 set equal 5 ch-’: Comparing with Fig,2 one cen find that

for x < T

the screening corrections are relatively small and do
not exceed 10% - 15% of the leading order QCD distributions, Similar

conolusion wae alec reached in ref. [4] on the basis of semiquan-
titative analysis.

In Fig.5 we plot the parameter P(x,D,z)t
3T X (@)
R* @
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X %(x,Qﬁ) @)

P(x, @) =



which for the Gaussian form of the 2 dependence (see Flg.3) can be
shown to be equal to the central (i.e, b = 0) partial wave of descri-
bing the scattering of s giuon of high virtuality 0% on a proton. Its
wnitarity limit 1s P(x,Q’) =~ 1. One can see from this Figure that the
leading locﬁz gluon distributions atay etill beyond their unitarity
limit down to the very omall values of x,

The wost general treatment of soreening correoctions requires in
prinoiple kmovledge of the two-gluon distribution in a hadron [9],
The forwula (7) may be partly regarded as the (approximate) model
for this quantity obtained from the (hedron) pole dominance in the
lower part of the diagram of Fig.), This approximatisn made it pos-
sible (1) to express this quantity in. terms of the single gluon

[oz: T T LN I LI S IR M B BB R
]
L 4
10 ./‘/'/. =
- - E
E ]
S “
ST, _ ]
< |, ==
Y - .
[, ]
t,/ N rerrensT]
) J
L T
0‘, ."' Il T Ill]l__ AL_‘_ILIIIL] L 1 L1 L 1
10 0* 10° 10*

2 q.(Gev’)
g 4. Q° evolution of sore aorrections for different values
of x, The correspondsnce batween different lines and the x values is

the same as in Fig.2.
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distributions in a hadron end (2) relate the parameter Rz characte~
rising the hadronic size to the slope of the hadron-hadron cross
section, The two gluon distributions cen also be expressed in terms
of the single gluon distributions if the hadron is assumed to be a
loosely bound state of its conatituents (i.e. quarks) [9]. The sore-
ening correotions turn out to be small in this case too [9],

Let ua now turn to the "corrections” on the "bere Pomeron™ level
which go beyond the leading long approximation treating powers of
logl /x and 1ogQ2 on the same footing. The correeponding system of

evolution equations is [3,8]1

{ (v k) = 47 (morY) T
3 () [ K gfﬂﬁ Fom k) - §m, K
3_[- ‘1(% 1) hL hnl lh‘l _ kl]

P k.L ]
(W, \’{L) al )
+ . i ,L‘M ‘ZhL]%} “ g__d_?l_[,[\ () { (n k)
LR <) -4k " o5
Y

= A%Ci/(m) h (m, kﬂ)}o

ho(w kY = kc(m,k?) T
+ 3 oty (k) § hlz {A% h(‘h k) o+

T
ke

i ACW{(M) [{(m'w)ﬁ)' ®)
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Pig. 5. Q° evolution of the parameter P(x,Q°). The correspondence
betweer: different lines eand the z values 1s the same as 1n Fig.2.

In the equation (9) the moments f(n,kz) and h(n,kz) are the derivati-
ves with respect to lnkz of the moments of gluon and (ses) quark

distributions in a proton respectively, thu inhomogeneous terms fo

and ho ocan be computed in terms of the input distributions at kz- kg,
the functions ‘hb (n) are proportionml to the moments of the appropria-
te Altarelli-Farisi kernels exceri A“(n) which corresponds only to
that part which ia finite a3t 2 = 1 and F denotes the number of fla-~
vours, If only the term which is singular at n = 1 is retained in the
kernel one obtains the squation corresponding to the leading 1lpnt/x

approximation .. If enly t-‘a term is retained in the leeding 4l.o¢qa
approximation ene gets the double logarithm approximation, The glu-

on distributions which correspond to the qJf9) were oaloulated in
ref, 8 and are plotted in Fig.6 and oompared with the lesding

J.cuq2 distributions, (ne oan see that the "eorrectiors® coming from
treating both large logarithms on the same footing are small in the

relevant regiem of x (x 7 10"').




It ahould however be strongly emphasised that this resuit is true
provided that all terms in (9) are included. In particular the lemding
logl /x approximation gives gluon distributions which can differ by a

factor as large am 2 from their (double) logarithm approximation
counterpart [8]. The magnitude of the distributions is also large and
for large Q2 they can differ by a factor as large as 5 from the exact
leading logQ2 distributions, Thae leading lnl/x and, in particulsr,

the double logaritbm approximations have to be therefore regarded as

¥ fll!llll T lllll!ll T T T 1117

L L L

1.1 8 11

10

LR

xglx Q%)

_—

0

1 IIlJIl

NI R YeE | ul R | 1 i1

10* 10°? 10"
0 OszeVZJ 0

Fig., 6. The 02 evolution of gluon distributiona in which the powers
of logl/x and logQ2 are treated on the seme footing (full lines) com-
pared with Q2 evolution obtained ir the leading logQ2 approximation
(dotted linea) for different values of x. (1) x = 10'2, (2) x = 10’3,
(3) x = 1074, ana (4) x = 1075,
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the very crude mmd unreliable approximetions, In conclusion the fol-

lowing points should be emphasimedt

(1) T™he leading order QCD term givea gluon distributions whioh in~
crease indefinitely ir the limit x ~——+ O and can potentially violate
unitarity,., The latter can be rostored by moreening corrections whose
structure is known.

(11) Adding the sum of the leading powers of logl/x beyond the lea-
ding 1ogQ2 approximation still potentially enhances the i.crease of
the gluon disiributions in the small x region.

{ili) In the relevant regilon x » 107% the screoening corrections and
the correctionc({ii) cre relatively small ( £ 10% of the leading .i.ong
contribution) snd tend to cancel emch other,

(1) Very wtrong inoremse of the cross sections for "large” p {mint }
Jot production shenld be regurded ms ths valid predictien of perturba-
tive QCD, This concerns of course the incluasive cross sections which
measure by definition multiplicity of (mini) jets (times inelmstic
oross gection). The maguitude of contribution of semihard proocesses
to the totel hadron-hadron oroes seotion may be dAifforent and itas

estimate requires soparate discusaion [13].
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MYIBTHKBAPKOBbY: CBASAHHML M PE30HAHCHWY COCTOSEMA
B.A.Daxdassr, A.0.Keweuan, A.M.Tapacos

00s sAuMEEHHET HHOTHTYT SAGPHHX MOON8RoBaHEMH,lyCHa

S3anapmEch UENED BHAGHUTE poXs GApPHOHHOTO dACNA B, OTPaHHOOTH
2 u rEnepsapafia Y B CHNBHHX BBRHMOREHOTRRAX,MH Ip8ROpHHATHE
NOHOK QBASEHHHX H POBOHAHOHHX MYABTHKBAPKOBHX C00TOAHHMHA.HOTOpEYBORH
NOHOK PBYOHAHCHHX MYMBTHKBAPKOBHX ARPOHOP MH HAYANE PAHENS® OBASAH~
HHX,BHOONHME HOGASMOBAHKO ONBKTPOE HHBAPHAHTHHX MACC OOPOKS KBBATH
QIPOHHHX OHOTHM, BOpPBUPYA TPH KEEHTORHX 9HONA P ROBOABHO WHMPOKAX
npemenax; 0<B<6, - 2€ S<I, 06556, OxA38N00E, 9TO PESOHAHOHHD
OBKE OPOABAANTOA TOMBKO B OLBKTPAX M&OO 0HOTEM ¢ ramepsapafoM Y < I.
B 3K30THYB0KOM GBKTOPS OCHAPYRSHH KAHAEAATH B Rucaposs (Q°)-Ap ,
ApTy AA ; B TpECApmOH AMp-( (@?) = » srsoTRBOKMU} OAPHOH
(@' )- Amr 116/ 1 OGHADYROHH KEHEMIATH B MyAHTHKEAPKOBHS
COCTOAHKsS O TEuBpsapamoM ¥ > I /1= » Bop BTY 00BOKYDHOOTE (baKToB
MH [ONHTANECH OXBATHTH NPABHIOM OTOOPS IO THI6psapaAy: "T'Enspsapan
OBOCOMEHY &IPOHOB ( B TOM YHOAE M MYNBTHRBGPKOBHX) HE MOEST NPEHOQ-
YOMUTH BNMHMUH: ¥ < I". BosMORHO, ©TO OPABMAOC ABNASTOA LpPOABASHHSM
HOHSBBOTHOT'O PRHES NPAHUMIA CHMMETPHK.3180b Y=B+ S +C + 6. looxom-
Ky HAC/MOABHEHS OKSOTHYSOKME DPESOHAHOH YSKHEE M YXOBABTBOPAKT OPABE=—
Iy oTdOpa, MOXHO, BSPOATHO, OXENATE, YTO OTE8OHABHOGTE GCHEOTBMH HNOAXHE
B08pACTATS 0 yOHBAHHEM I'HNEpsapAla BINOTH N0 OCPESCRAHMS OBSBAHHHL
MY NBTERBAPKOBHX COQTOAHHY. JKQNEPHMEHTEZBHO STO OCYMECTERMO paOuM-
POHESM @COOPTHMBHTE GPOMATOR NIYT6M OCOTAMOHEA OHOTEM XBApHAMH O
MUEAMANBHHM TENEpSapaAgoM ¥ = -2/3, T.8. §S -, ¢ -, §-KBEPRAMH.D
oduon DH m# no 10 I'sB moorynHE AMwe .S ~ KBAPKH.MOABXM Mem~
npancxasuaam CymSOTBOBAHYS CTACRIBHOTO IMOADHOHA H ¢
namomum oiogame  JP=0*, I = 0, ¥=0.CTaCENEHOOTE K CHOTPHEM pAO~
IAaKaM 00e0NeUABAsTCA yCoBEeM M, < 2M.: Mu=2150/ 8/ 2164 MoB/c? /9.10/
[paBRibHu#t yveT IONpPABOK Ha NEUXEHED UGHTPS MA00, HA NHOHHOE
O0NAKO E OMASH O PEANBHMME MTM BEPTYAABHUMN K@QHSASME CHOTPHX pPaOLa-
AOB OOTABNAST NEPROHAYANLHOS NDSMIOKABANAS MOABAM MOIKOB O CTaGHIbL—
woorx H memsuermnM /11,12/ | CrNpMNOREWE MORGXM Taxxs mpeXoRAsH-
80T oylaouonna OTACHALHOrO AMCRPHEOH® 0 % =-2 U Maooo#f B mpems-
wr M, =(I500-2200) MsB/c®, B rewsorss HEKHECQ NPOREA MAOOH
H—ndl_uon.no-nmuouy, U8Z90000pasko npmuaTs M =880 MeB/o® 713/,
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Mouck OBASGHHHX MYIBTEKBADROBHX COCTOSHEA My Hadamu B I978 ro~
1y, T.8. Do noasueuma pador /11.12/, xorme ews me wckmouamscs He-
CTACHMNBHHE K CHOTpHM pacmamas H-nudeproHH O MaAcooi MH > 2MA.IIoaTony
norck H My HeYaIM B0 BCBM AONYCTHMOM OVAN&SOHE MacG,B T.4. ¥ C M“>,2M .
Ins oTex Uenei BOOJHEe HNORXORMT METORMKE NPONAHOBOY HYSHPBKOBOI KaMe-~

PH.

1. HomoK MyABTMKBADKOBNX gogroaumii o | SI>T u My> 2,

B omexrps mage A4 w3 I Izc—n nmc-—xaauuo,neﬁonm npu 4,0 1
7,0 PaB/c coOTBETCTBeHHO OOHEPYXSH DUk mpu My, =(2365,339,6) MaB/c*
[an =(47,4415,1) MaB/c‘a. CTaTHCTHIGCKAA 3HAYAMOCTE 6I'C OUPEASL/LABTCA
4,241,4 CTOHAAPTHHMY OTK/IOHBHMAMM.BUEHEE OCPA30BARAA 3TOrO0 KAHZURS-
a8 B AA - pEBOHAHCH COQT@BMABT 24,237,0 m I0,044,0 mmMKpoGapH Ha
anpo yruepona 8 M f*C-u 7 'AC-paaumoneiioreusx mpu 7,0 1 4,0 IaB/c
COOTEETOTBEHHO, KOo(dMIKEHT SCHMMETPUM B CUCTEME HOKOS AN M CpBIHAs
MOJIPU38UKA TMOSPOHOE COBMECTHMH B HpBLBNaX HOI'PBWHOCTEH G HYNBM.
Mu oxnomsewcs /1-6/ x rmmoress o TOM, YTO 3TOT OMK — XGHUBAAT 2
openoxeseumst 7910/ nmeapmwomme AA - pesomaEc D (0,2%,2414).

B omexrpe Macc AAP o0HAPYXSH MK LpPH MMP%GS,S MaB/c‘ Q UMpR-

* T < 60 MaBR/0®. Ceyenme oCpasoranEs nuxa cooTasndeT (I6,115,2) Muk-

pOCa)...« HA ALPO yriepogra.BrEgy OAm30CTR MaccH NHKA K NpEICKA3AHHOIH
maces AMpP-peaoHarca 79,10/ 3570 MaB/c® JP =5/2%, M ponsraeM, 4TO
MMBBM HBNO C KAHRUAATOM P 3TOT PE3OHEHGC.3aMBTHM, YTO 004 BHUBIPHEE=~
NBHHHX PE3YNBTATS NONY4YeHH ¢ Y96TOM B3amMuoro mauamms Mp- x M-muxos.

<. loucr H-nmoapuoHe B O0IAOTH Macc HUEe nopora M,

Koy Macca H QMOAapHOM& HEXE HAZHUSIENC HOpDOra OHCTPHX PACIANOB
i\=R23I,2 MaB/cz, TO paspelieHH TOJNbKO MOLIGHHHE pRCIANN H& TI'UIeDu:d
4 Hywion. Haudojee ymoOHo# Lif IOTSKTEDOBAHMA B OpouaHoBod kaMepe
¥ OIHOBDSMGHHO HaugoJI66 BEPOATHOL ABIA6TCA MOJS pacuala H+37+p / 8(
OHa DO3BOJIAGT MCCJIOKOBATE OGIACTH MACC ME—F M, < a.

Ha 59 K fororpaf®ax 2-M NpONEHOBOH NYBHPBRKOBOH KaMEpH, OORY4Y8Hw-
HOli ANpaME yraspola ¢ EMOyAooM 4,2 I'3B/0 He HYKNOH,He GHAO OGHApPY-
ESHO HE ONHOT'Q pacualle NONOCHOY TONOROI'MH,PS8BHO KEK H HE ORHOI'O R3&8M~
MOIBIiOTBES C OOpaBORAHMEM HBYX KA Conee A - runepoHon.loaromy
BepXHH#l OpepeN OBYBHEA oOpasoBaiua Hu A B MC-r.uwmm B3AEMOREHOT—
BEAX H8 90% ypOBHE 3HAYMUMOOTE COCTaplasT I MEKpodapH.@oTOTpafmE
55-0M HPOHAHOBOH HEMUPH,0CAYuSHHOM II™~ MBIOHEMY M HOHTPOHEMH O MMIYIb-
cami 4,0 u 7,0 I'sB/0,Ha Ty TONONOTMD HE ENOCMATDHBAAMOD.

Mexny Tem 350 K gororpadu#t 2-M OPONSHOEOY KAMBPH ,00My4EHHOK
LPOTOHAME ¢ HMIYNbooM IO I'sB/0,B HACTOANEE BPEMA NPOOMATpPEEADTOCS
H8 LPEeAMET NOXCKA OTPSHHHX YAQTHU, B TOM UHOJIE ¥ HA paOnamH OOXOCHHX
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TOOOROI'KH, CHOTEMATHYB0KAA HIORTRHRAUEA Y’ -goOuTHi ONl8 HAUATA B
mas I9683 roma. @ororpsfHa NBYX OTBPEONpPOSKUM# ONEOI0 H8 KAHIEAATOS
B H-muGapmoHy ,HaiineHHOro B ceHTAdpe 1983 roma mHa 40 K dororpedmax,
noxasau@ He puc.Il. B TOuKe, PACHONOMBHHOK HA 3/4 RAMHW KAMBPH, I8P~
BHYHNY DPOTOH O0pa3ysT OBYXNYYEBYRD 38E3LY, C KOTODOH 8COOUUHPYETCA
V°~uaoTHua.00a crena BREe3NH OPHHALNGEAT NOMOKMTHNbLHO 38PAXEHHHM
Y&CTHUEM ,IPHYEM CHIBHO HOHA3HMPYDWAEs Y80THUA WIEHTEPMUKPYBTCH KEK
OPOTOH.Y%8 IBPBEOB MSMBPEHME M LPENBAPMTENLHNY 8HEIH3 3TOI'0 COOHTHUA
HaneLHO OTBeprmE K-,A - B A - rumoress.Yomex CONYTCTEOEAN HMRWB H-Tu-
OoTE38.

Jna MORMNYEHWs BOBMOKHHX CAYYSHHNX OMHOOK COCHTHE H3MEPANOCH
MHOT'O pas HEeCKONLKUNU ONEPATOPEMH HA PA3HHX H3MBPATBNBHHX OpPHOOPAK.
W3 neBATH HOMAYYWMX USMEDEHHY! PABHOOTH OONEPEYHHX HMOYILOOB
AP=P;-P} (5:.’}": H:’:)B YOTHPSX M3MEPBHUAX OKBJI&NMCH NONOXUTBIALHLME, 8
B OATE -OTPAUSTEABHNMA.OTMETHM TaKX8 COBOANBHN® B IPBHRBAAX IOIpeu-
HOCTEM OaMEAX HOONSPEYHHX HMIYNECOB PI U Pj_,ycpenﬂsﬂﬂax oo 7t =9 HINE-
PSHUAM, § MATOCTH CTAHNAPTHNX OTKIOHeHEH S{ P ) v G(P1) : P* =115,8,

3 =6,4, §.=3 /V3 =2,1 MaB/c u P4=113,8, G =3,0, &= 5/(9 =1,0 MaB/c.
- Jlanss, cpefmne 0O 7t =9 U3MBPBHNAM yI'as I) ﬁmn_y OPAMOiA .,?,coe.u,u—
HAWEY EepmMHL B3@UMONLEiCTBMA ¥ pagmana V°-dacraupf/=I0*50" , g =6'24",

g =2'8"), 1 2) mexny ® npoexuﬂsﬁﬁ’ He 1I0CKOOTH pacname (¢ =3'4z",

G =II'41", 6'=3'54") 00BMECTEMN G HynSM.Bo® TN (8KTH 38CTAENADT Ly-
M8TH,9T0 JEO0 HadmnIeHHAR ¥ —gacTHma OpBTEPOBBEBT HBYXYACTHYHHY pac-
oal, Jmdo cyMmaphuft BEKTOp MMOYIbCA BOSX HSATpaNbHEX 4aCTHU pac-
nana KOMMHEADEH §2KTOPY 5. AM LONKEE ONTH PABGH HYNO E CHOTEMB IOKOSA
980THUN. MCCNIeNOBA78CE BOIMORHOCTH MMHTAUEA QOCHTHA (POHOBHMU Ipouscca-
MH,BHSPRHHLME ONHO- M LGBYXCTYI@HUYATHME OHCTPHME PEaKudaMR {(He Cons:
4yeM O ONHO# HeidTpanbHON 4YaCTUUEld B KOHBYHHX COCTOSHHSX), 8 TAKXE pac-
NANAME,PHSPAHHEMA CHSOHMRE B38AMONBHOTEMAME.][DSAEAPUTENBHEE pPE3YIBTE-
Th omyGmaxosany B /14,15/.

<. 1. Bml 8H b 338 B B H H g

3HAYAMHME OKO38IACH BCEI'0 KBE UYSIOYKH lmyxo'ryneuqarux pearnun:

I) pp~ PnR*m° co BTOPOH CTYHBEBD 8)nnpih(CL, =3,77%) nudo 6)n'tspr '
(CL, =3,77%) ;C,L, XQPAKTEPUBYET BCO LBYXOTYNPHYATYD pBaRuHD,Z)Pp—»AK;:ﬁu
4 @)An = ApF™ 3 A nT® (L =108) ,0)AnsIrd’{ C.L. =9,863) ,8)A 0> 2**C
(C.L,=2,76%) .Buxony 00CnTH# M3 I) X Z)ua 80 K dororpafusx cornsosc OPM
PaEHH 81075 u 2°1076.1ns nemmoro codhTEs psaxumn An+Lp B KS48OTHE
BTOpOY OTYUSHA NCKANYAETCS 38KOHOM COXPEHEHHA JHBPI'HH - MMIOYIbOE.

YonemwHOX OX&3AN8CH I'MOOTES8 O POXNSHEN H-ANIMOSPOHE HE BHYTPH-
ANSPHOM JUYKTOHe NeiTEpHEBOl Macow B psaxum  pd— HKYKp
()(:‘-1,67; C.L,=20,0%) ,0pauem K° B KOHEYHOM 00OTOSHHME paonanaer-




ca MHGO N0 MOILE K —> goz° ,AKGO 1O ONHOJ E3 MON NOMTOZHBYIETO

coorosnua K, .

TlonuepKyHEM, 9TO POKREHUS U (POHOBHE IPOUBCCH BO3MOKNH ¥ Ha 0o-
7ee MAOOMBHEX (AYKTOHax. OIHARKO, K COEANOHUD, KMHEMATHYS0KEA NpO-
HBPKA BOBMOEKS TCABKO H/IA MEWBHY MUHIMAMBHOM MAOCH - MMCapHOHHOM,
KOK 2TO M BHUOAHOHO BLMA. IJOSTOMY MH OTPAHHYABAEMOS NHNL YKA38HKAM
H& 8TOT NOMONHMTONRHW{ MOTCUHAK Kek s@Pskra, Tak # ¢oua.

2.2. Paopneoms 0o KBHSTAM 080X B3AUMONEBHOTEE}] (MBINBHHLS

Rsoname)

TunoTesh O MBAUBHHEX ML UAOTHYHHX Hananrouuux pacunafiax BCeX
RSNEOTHHY HEHTPAMEHHX OTDAHMHX daoTmy { K; ,AA, Z° Z° ) npHMens-
TBABHO K HailAsHHOH V° - vaoruue ( 3C-fur) o-rnapramoa A3~38
XY =162,8 ( 8 =I7,3; € =6,8), x¥=835,4 (S =9,3; ¢=3,I),
X" =62,4 ( B =2,0; 6=0,7), X2, =52,2( 8 =2,2; & =0, 7)

/{_ =23,I ( 8 =1,5; 6'=0,5), T'Endrasu o MoIax paomaios ¢'e”u yy

=z IAXE HP MONNTHBAANCH BEALY HOPABOHOTR Mypn <My <My < My
(Mgcos HaimeHHON V°-g4aoTHUH RAA I'MOOTSSH Vo gt - ooo-ra:mar
(371,0349B) MeB/c®) HBCOOTOATBARHOOTE THANOTE3H V°= K -

HeoOxonemo nanes HONNTATH I'ENOTB3W O TPIXYAOTMYHHX pPAONEnAX.
JTOT TEOT MHMBBT OMHCH, GO ANYXIA0TUYHAER a(QEKTHBHEA MBOCA MEHBEE
Magua uslao'moﬂ Yaorduw . Tak, CEOOTESH 000 BGBX MOAYIMDTOEHWX paona-
Rax A, =° A ¥ NpBNNONOXEHER f, =0 B 000TRETOTRYDWEX CHQTEMaX
HOKOsA npmonm k B~ wm BT - adfexTesEuM Maccam, KOTOpHE 3Ha-
YATEABHO BHOB MO0 NPBRNONATABMHX QACTHU ¥ KONEHH OHTH OTMBNTHYTH
(#enpumsp, Mp;= IS 548 Mﬁa* =]202413, M+ =1965350,

M  =(I1943445) MaB/0® ® T.n.). B HAmBM oNyyYae TOABKO IUIA TANOTS3H
x Zv-»:l‘:Il‘ mapen M < M,(- .Cnsno:aranbuo HEOOXOMMMO NPOFBPHTE I'AOO~

TE3y K-»T*fr"r » DPOANONOXGHMM, HTO EMOYNEC J ~KBEATE KON~
HeapeH BEKTOPY Pv,, .JIpougoc pamEaumOHHOTO pACHANa KAoHA 'rma 81BHO
H3y98A05 ¥ HBOKOABKMX BKOL6DUMBHTAX, B OCOGSHHOCTH 7/ Bumo mo-

K838HO, YTO HSMBPBHEHIl ONSKTP XOPOWO COr'AACYETGS CO OUBKTPOM NHYT~
PEHHEBTO TOPMOBHOTO M8RY4YeHHA,llofoTaRNAA BEMMYMHE ¥ HX OOT'PBHHOCTH
B Jopmyny uudPepeHUMENBLHOI'O OTHOMEHMA DANMAUMOHHOIO DACIALA KacHa
G 7 - xBEHTOM, ZLOOYWEHHHEM B TENBOHOM yI'/IB, ONUGAHHOM OKOJO
PK; - BBKTOPA H OUPEXENAVMOM DUUPSUHOCTAMY 2KONEBPUMBHTA ,MMBAM
dr(K”-»JTJrTV(K omgnr)=l,7 * 1078,

Baxon K Sy g pacnamos Ha 80 K ¢ororpaddax oxasanca Maiiee
2 107

Honrouxa KUMHBMATUKY PANKAUMOHHOI'O paciafa NOA COCHTHS OKasa-
180b yONBUWMO} TOMBKO LM )~ ~ KBAHTA, UCTYWEHHOrO HEsal (/T: =I,31;
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C.L. =25,0%) .I'unorssa 0 7 -KHGHTB, MONYWMEHHOM BISPSN B CHOTEME

HOKOA K°, orseprasros us-3aX2 =43,0. )
OGpaTMMOsA , HAKONET, K I'ENOTEBE O ABYXYACTEYNOM pacmeme H-Z+P,

MsM8pEHHEE M HOKOrHAHEWE HMIYZALOH MAS 5TOH T'MOOTESH,YOPOAHIHHHSE

oo I8BATH WUBMEPEHMAM, OPEBSNBHH B Tacdnwue I. Pacmen Z - nsr~ HB

oCuapyxupasTos Ha gororpafuu (puc.I). ONHAKO BEPOATHOOTH BHEMTE ¥

5 - - I'HOOPOHA ¢ EMOYIECOM 5073,9 MeB/0 Ha mmuue Tpska 40,92 ou
coorapaast II,36%. CpenHss 3HAUBHUE HAMLYUmSji nonodpaunoﬁ MBOCH
M =(2I73,94 + I,32) MaB/o® mMesT meoto npK X =0,143;0,040,

HCL =93,10% u oornaoya'ros 0 U3MBPIHKHM opammu SHEIBHKOM
(2178,82415,47) MpB/c® (radmiua 2), pemHO X8K H O IpeJOKA3AK
sMacoaMd a1a H-murmnepora: 2I50 MsB/o 8 u 2164 MaB/02 /9,10, «Bpe-
M7 XUSHH 000HTMA oocraBinser 0,668 *I0™"Y o, T.8. NOpPAAKE ENIPOH—
HHX BJ)EMBN RHM3HM, JTO TOKKS HS OPOTMBOPSYMT HPSANONETEEMHM BPEMBHAM
248RE T'EOOT#TAYECKOro H-purmmepoHa

LonM OTOXMEOTENTH HEGMONSHHOE COCHTRS O H-XUTHENSPOHOM,IPEHAB
T8M CAMHM OTHOOETBIABKYD BSPOATHOOTH MOIH pacmama H-»>zZ~+ p/8/,
TO 0 yI6TOM 9(@SKTUBHOGTE) NPOCMOTPA, W3MEPSHHA M NETEKTHPOBAHHA
$opManEHO BHTRONEHHOS OS4eHME poxnsHEsa H ousiupastosa 5 40 HaHo-
0apd BO B3ANMOKLSHOTBEAX NpOoTOH-Opomaw nr 4 IO I‘aB/o/. 3aMeTEM, 4TO
NpeREAPATE IbHAA OUEHKA 0B4eRMs 83 HaHOOADH Ou78 DOMydeHa
N8 nspsnx 40 K dororpafusx.Ha mocamenymmmx 40 ¥ gororpafuax we ouio
OCHAPYXSHO HE OIHOre KamunaTa B H-muGapmonn. OTobRa HOB&A OUBHKA
osyedMs Ba 80 K gororpedusx - 40 maxoOapH.llomex H o maccoi M, <AM,
OpPOMONEASTOA.

3. lloHok H- yaQTHUH OO O0OCBHHOATAM 68 OMIBHHYL
B3amMoNiBfoTamit

Cpend pasmMYHKX KSHANOB CHALHHX B3AHMONSHOTEMH H-mHGapuoHe

HONXEH OyWBOTBOBATH ONRUR{MYSOKEH NpOUBCC KOHBEEPOKM B JB& I'ANGPOHA
HN=YYN, DOpEcyusyi BI'0 OMABHHM BHYTPHARSPHHM BS&MMONBICTBHAM.
9TOT OpPOUECC MOXBT OHTH MBOCQAB80BEH MNA momoxa H.

JdefloreuTsapHO, BOAR 36UKCBPOEATE MAocy H npa ompemensHHOM
8HAUBHEM, TO MOXNO OOYNBOTBHTH OCUNOHKY KUHOMATHKM 5TOf pEAXUUM ©
ORHOfl OTENSERD 0BOCOAH.B HANBM 2KCOBPAMSHTS TAKEA NPOUENYPS BHOON-
HEMA N8 KoHena Hp-»AAp .C aTodl usineb Bos AA — KOMOMHAUME WS
0= K n - 3Konosmuuil 55-0M OpONBHOBON LMySHPHKOBOM KAMEpH dacnoM 79,
8 TaxKE® HEOXOUbKO/MW-COOHTE{ WS OPOTOHHOU BKCNOSMURK 2-M IPONAROBOI
xeMeps Opa I0 I'sB/0 GHAM MCHHTENH W8 TUIOTEsy Hp>Mp .Maocoa H-mu-
THNBPOHA OHra 8almKoNpOBaHa OpH CABAYDEMX TPOX SHAYEHRAK:I) IpH Hux-
HeM npemens I1880,00 IlsB/o?', 2) Npu 3HEYSHMAX M8OQH KAHEMmATa E H,
HEJREHHOTO B 3TOM eKONSpuMeHTs, M =2173,94 MoB/0°, 38) mpE HHBApHEHT-




Taoneua T

UsMepeHHWE ¥ OONOTHSHHHE MMOyAscH P(MpB/c) mma rumorsas H-I 4+p ,
YCPOTHOHHHO [0 NEBATH MBMEPBHMAM. S - CTAHAGPTHOE OTKAOKBHUS,
£~ nOrpBUHOCTE CPEIHETO

z” P H

Hamepen~ | loloruan~|Hsuepsn~ |Hoporsan~ | lsuepsH~ | [ogorra-
HH HBii HEH HHJ HH} HREY

P | 50533376 |50744217 |28804184 |28663146 |79304434 | 79334260
gl 56 6| 50 3| II I| 13 I 0 7| 60 2
| 168 I7 | 149 9| 32 4| 40 3 | 210 20 | 168 7

Tacmua 2
HamspenHaa ¥ DOTOrHaHHEs Maccd (MaB/cz) u x”, YCPETHEHHNE 1O
N8BT WMEPEHUAM, B-NOTPeWHOCTE opeRuero J - CTAHNAPTHOE
orxnonesus. C.L. (%)

Macca Mu
i WeuepsuHeA | [ONOTHAH— PO
P u84 X% C.L
2I72,82415,47 | 2173,9 0,1432 | g3 1o
& 1,8 0,62 I,32 0,0398
3 5,39 1,57 3,9 0,1194

Tadmaua 3
3HaYEHMA )(§ mna  J3C -KuEBMATHYECKEX TORCOHOK THIOTEd
A u K ,CO0TBETCTEYOWES YPOBHE SHAYMMOOTE C [, H MHHEMANEHHE
U3 KOMIOHWNT YOTHDOXMODHHX BEKTOPOR 3HEPPHAM ~ MMIYNBCE F

| A K

Ve
/t: CL(B) | F (eB) X} oL (# F (M2B)

Ni | 6,042 | 10,96 | 107 | 19,656 | 2,0 * I07% | 1070
Nz | 1,295 | 7s,08 | 1079 31.31J 1,0 - 108 | 1074
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HOi#i Ma8cce AA  pacCcMaTpPUBSEMOTO COOHTHA.HEHSMATEKS PEAKUAK YCIEMHO )
OOArOHABTOR TOABKO HON ORHO cods'rnann TONBKO LpA M'a =2173,94 MoB/c*®.
3T0 COCHTME ,pPOXNBHHOE B HBHATPOE - “*“C - B38EMONBIOTBHE,IOKA3EHO HA
pEC.Z. Jlpa A -TUNSpPOHA MCOYHEEN X9 YSTHPBXNYU8BOi 3BE3UH C ONHUM
OCTAHABNMEBALUWALCA E DPONSHE OPOTOROM.J8TANM,KAECANRECS KERSHTHROAKALER
A -THOEpOHOE, IpuUBENeHH B Te0rmus 3.HneHTEfNKeUMA pACIALEHX YAQTHL

THUNBPOHOB N0 MOHH3AUME OKA381S8CH BUOOMHMMON KA OCOUX TPBKOE A -Tume-
poa NI ( p,7”) ¥ TONBKO HAsi OTPEUATENEHOJ PACHALHOH YAOTHUN TMEEPOHS
¥ & (I"),T.K. HMOYNBC HONOXMTENLHO} pAOLANHON YaCTHUH, paBHHit
1265,2 MaB/c.™oRumaeT BepXHud Opafies UMIOYJIBCOB LA LUEHTAQURALZY
OPOTOHOB B . oOBHOBHX Ly3HPHKOBHX Hamepax.[lis rumoTes N zH 3nauenus
%3 pasuk 6062,0 u 4084,0 ma nepsolt V®-uacTmm u 97,0 # 5195,0 mia
BTOpOf SAGTHLH C “TBOTCTBOHHO.TAKIM 00pa30M,UneHTEQUKAIHA 006uX Vo
YaoTLy KAK A ~-TEIGPOHOB COBEDNEHHO OJHO3HAYHA./|3MEDOHHHe ¥ LNOXOTHEHHHE
napameTpH HallmeHroro codwrua (pme.2) npupeienn B Taduume 4.JloxroHxa
OKg3anack yomsmHoii,¢ C.L,=I4,8%,7onbko WA Maccnm <I73,94 MsB/c,npucy-
WEF COCHTHW,HAUNSHHONY 0O MONE ME8NNeHHOTO pacnska H*AItpP ,CoOuTus ¢
IBYNS A ~TUN8POHEME BIOMHB MOTYT OWTE pP83YALTATOM BHYTRIls MEepHO# KOH-
BEpCEE Zp*AA wm Z°n>AA,  mpudYeM GPOTOH MOXST GWTh BHGMT B
KPYTHX OTANKAX KACKANHOTO mpouecca.KMHsMaTHMKA 3TUX OPOUGCCOR HE yHOB-
N8TROPAET COPHTHO C ]‘” =329,8 # 329,3 000TH.TCTEIHHC )

Bir3ocTs HHRAPUBHTHOU MAGCH A 3TOTO cOCHTHR 2344 MaB/c®
K HaCNWTeHHOMY DEKy X365 MoB/c® » cnexTpe Maoc M mosBouseT Ny~
MATH,9T0 KOHBEPOAA, BOBMOXHO,IPOTERAET O 00PAIOBAHUEM AA ~D630HAHOA ©
LDOCHSAYRUMM CHOTPEM pacHaloM Ha nEa A - runepona: Hp - Rp,
R+AA. B 10 x8 camot BPEMs WHPADUAHTHAHA MAC08 ITOTO GOOHTHA,pPAE-
Has 3363 IlaB/cz, R8AEKO OTCTOMT OT HBHLOHEOrC B CHAKTPE Nacc Mp nu-
xa 3568 MBB/Cz.HOSTOMJ},EEpOHTHBi BOETrO,HA0MOUBHHOS AP —  komegHos
00OTORHAE HE KOPPEMEPYET C BO3MORHuM ANPO — pesoHaHcoM.Taxuu odpa-
30M, ML OQVIyTAIM HOBO® YKAB8HME HA8 CYWBCTEOBAHME CTACHNEHOI'O RECApHO—
Ha.llouck H-mEdapHona BO BCel pespewsHHOi odnecTd Mscc My mpomon-
E8BTCA.

L8 _DBIOHE B_CQC

llpoxoARANOA NOKCK MYNETEKBEAPKOBh: PESOHENCHHX COOTOSHRM.

B nIZC -B3aAMORBACTREAX upd 7,0 I'sB/0 OCHSPYXBH HOBHH IAEK
B omeKTPs Mace /p o mapemsTpasm M=(2223,640,2) MaB/c &
I'=(22,041,0) MsB/0. CTATHCTHYECRAA BKEYUMOOTH LUKA X8PAKTSpPHIYT-
of 6,24+1,23 oTAHNAPTHHMH OTKIOHBHUAMM.CEY8HUE OCPA3OBAKMA NHAKE CO-
craenaer (504I0) mmrpoGapH Ha SApPO yraspoms.

BeposaTHO,HACIDNASTOA KAHIALAT B 0‘-oooroaula /lp G Macooi
2240, JP=4*/9,10/
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L6

TaCpaua 4

AodepeHANE K nONOrHAEHHE P (MaB/c), t,q R (paruaH) ( P - UMOyMBCH,o-yI'IH DOTPYyEEHAA,
(’) — a3MMYTaNbHHE YIIH) OCOHK A - reneposoB, DpoTOEE d H - LUGapEOHa; XI’“, ypoREEE BHAYE-
MOOTY C.L.{%) B MBKCEMBTHbEAH M3 KOMIOOHBNMT YSTHDEXMSDHOLO BEKTORE SHBPTHX — uMmynbca F (MoB)

-

: T
Iamdne & I JAMGna § 2 i ipOTOH | H

—e
MEDS- | liomorua—~ Ksmepes~ | [omorya- Wameps~ | Honorxa~, llozoras- (
HO HO HG HO | HO ' HC

985,93 ( 985,65 | 132,04 | 1384,64 | 384,9 384,64 | 2539,0
AR AR R R K g6t | “gele®

10,4393 | -0,43934 | 0,06634 | 0,0664¢ |-C,12I0|-0,1203¢ ' -0,1395¢  I1,6.1010) 2,008 | 14,8
0,0082 | 0,0032" | 0,0085 | 0,0055 | 0,0063 | 0,0065 | 0,0067

j
1,4653; | 1,465¢ | [,7977¢| 1,7917¢ | 1,9409%; 2,5463¢ | 1,78062

0,0031 | 0,0081 0,001< | 0,00Ix |O0,4Ib3 U,0I56 0,0042




CoexTp M8CC AP N3 R38HMONANOTEBUE P IBC opu I0 I'sB/c, DOAYYBHREKI
10KA H8 OrPaHUYGHHON CTATECGTHMKE, BOCNPOMIBORKT HGS IIMKK,PAHE® HEOMmo~
LABUKSCA HaME OPHd OONSE HASKUX BHEPrUAX

AHANOTMYHO CUEKTD MAcG APS W3 COOHTHE 9TOf %e SKCHOZMUME HOG~
NpOMSBORMYT ,TAKKE HA OUDAHMYBHHOI OTATHCTHKS, PAHBE HACIWNABIMICA MHMK
np 2495 MaB/o® /46/.

HeGop oTaTUCTEKE 0O MYNBTUKBAPKOEHM PEB3OHAHCHHM COQTOAHMAM IpO~
LONKA BTCA.

Puc. I

{ Puc. 2
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Y3y DIPOTOHHhy Pu3OHAHCK B PrAKM np - ppi”
Py Pa = 1,257 TsB/c ¥ MOLwIb BPANAKINMXCH
COLTMLHHNK OPYHTUPOBAHHLY CTPYH

n.A.TporH,A. B, Hurarun, B.H, lleuénos,
B.H.Mopoa, A.ll.Mepycaiumosn,A.ll,Crenpmax

0CbBOMHOHHEIA MHCTUTYT ANBPHHX MOCCNBHOBaHUN,Ly0Ha

B pacorax /122 gy cootuwam o Hadmomemu y3mux ( My <I0 Nal/c)
OCOGRHHOCTBH E paclpsneNeHBAX 3QPSKTUBHNX M&cG HBYX NPOTOHOE B pas—
HYHE X PeaKUMHX NP - B3aUMORBHCTBNI MOHOXPOMATHUUBCKUY HeliTpO--
HOB p&a3RuX SHepTHil B I - meTpoBOod RONLOpOUHOW raMeps J29 UVril.

30eck HA CONBIEH CTSTHCTHKE 4 C LYYUMM DA3PBUEHUNNM MH 11pHI-
CTayNAEM MCCNPNOEAHMS ULSKTPE 3QDEKTHBHUX 1aCl IBYX .iDOTCHOB W3
peaxumy P+ badi upu Pn =(I1,25740,035) Tab/c.

PeakUMs BHIRAAETCH MSTONOM X% C YsTufbMH CTOUBHIL! CBOCOLL.
Besro raxkmm o0pasom BHUYARHG 3665 COCHTMY peBKUMM WD —+PPN.Cede-
HUS PeAKUMM NPK YKA34HHOM MMIYNLCE DABHO 5119—,Fpﬁ'=(0»59i0-15) MG .

Ins ONMCAHUA pBaKUMM HCNONB30EANMCH MBTDUYHHS IMEMsHTY TREX
OOUMPOUSCCOB: OOMSH X ~ M830HOM, OCMSH Ass ~u300apami, oCW#H UpCTO-
HOM.XOpOWe# OIMCAHME X8PAKTePHACTHK PIAKUMY (38 MCKMOURHUEM [B30OHAH--
CHHX 2(fUKTOE) N8ET HOKOTBPBHTHAH CYMMA PACHPaNANBHMA: 43% ofMsya

T - MusoHOM H D7 oCMsHS A,y - u3o0apemu.TaKan cMsCh HCALIBSL-
Banacy B XA4YeCGTHEe QOH2 NNA aPPSKTMBHEYX MACC NBYX [POTOHOB.

He puc.l npencTapisHO pacnpeudieHEd s@ESKTUBHMX MBCC LBYX
HPOTOKOE M3 peaKwm h.p - PPJC opg Y. = 1,257 Tobsc.OHo
aNnpoKOHMHPOBA/IOCE HEKOT'EPEHTHON CYMMOHl pacnpeldNeHMit oT (oHOBOTO
npouscca, ONMCABHHOI'O BHIG, U BOCHMH PS83OHAHCOE.IYHKTHpOM n300paKe-
Ha GoHOBAA KPURAH, HOPMMPOBAHHAA HA YHMCNO HEPE3OHAHCHHX COCHTHH.

He TOM ke pHMCYHKE BODTMKAJLHHMY JUHMAME OTMOYOHW LOJCEEHMA BPPOR-—
THBHHK M&CO ILBYX DNPOTOHOE, HOPSNCKA3WBAIMHE MONSNSbH BpAWADWEXCA
GOBHOMHEHHHX OPUSHTHUPOBAHHHY CTPYyH 3 , 0 KOTOpOHl NMONNET peYb HUXG.

Pe3ynbTaTH SNIPCKCHMAUUM 3KQNEPHMEHTANEHOI'O PACHPEILE K8HHUA
npupsneey B Tacmug I. TaM %8 B YeTBRPTOH KOROHKE LCOKA3AHH 3HAYS~
HUA HOMHHX WAPMH JyHKUMR paspemeHusNO MaocaM B COOTBSTOTHYOWMX
o0naoTAL. YTOCH NMONYYKTL 3IHAUEHMA MCTHHHHY HOMHHX WMPHEH DPB30HAH~
CoB, Hamo U3 IHAYBHMUY r'aucn_ BHYSOTH BHBQBHHS‘ﬂpaap BrmoysnHe
B BNDPOKCUMEUMO CTETHCTHYECHM He3HEYUMHX OCOOSHHOCT WD npy Maccax
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UyHRTUp-HEep830HAHGRHHA QOH ,c0TaWMACs NOGAES BANPOK~
CMAUMY , BOPTUKANLHEE TUHAN~OPBNOKAISHAA MONB Y BUYHGASH CIBKTD

BCOC:nyuutkp~ang J =0,cnnomnas nmuma - J =I, Mace WsSCTUKRAP~
NYRETUD G TOUKON —~ J =2. XOBHX BADOHOD,
OOQTPOSHHHX M3 "W 1 "d."-
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Taduana I Hoxommum SBIASTCA OpIf-
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19014 {46145 {7240} 45 kX BO3CYXASHMAX CHCTEMA M3
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4979+4 | 48*25|15839( 38 panrka 2,4 ¢spmu.llpa Tarux
x MaB/ct CONplUX PBOCTOSHARX CMIH
w uKE B3ISUMONRHCTEHNA MEXLNY KBEp-
N KOMU , COYQ/IOBNGHHNG TIOTHH=

uuenasy Braa V-~ P ( P>»4{ ), SHQURTSILHO OCNAGWPBEKT 4,HE000DQT,
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BO3PACTANT OMAH C noTeHuManems Tung V~ ¥ (p zI),T.8. C NoTeHUANA~
My KoHPaisMeHTa. TOrmA DPMMRHMMH LPBACTABNEHEA O KBAPK~T/MOHHHX
CTpYHEX.

B DOCTPORHMA MOXSJM UCLHONHL30BAHA MASH O TPHANLHO OPHIHTHUPO-
senimx orpynax padors 10/, B Hell mokesaHo, 9TO B paMKAX pASBMTHX
NpeNCTABNAHUY WPCTAKBAPKOBNH SANOH MOXST CUTH IOCTPOSH MHIb KAK
anpoH "yaromoro" Tuna.[IpMMEHENYS TPHENBHOK ODMEHTAUEM K pacmamam
OPUEOIMT K NpaBuny, 4TO pACHEmH QIPOHOB, B KOTOPHX AAQ <0 (3mece

4N; - pasHOGTH NOMHOTO YMC/A YSMOE KOHRYHWX U HAYANBHOTO ALpO-
HOBL 3anpelieds.Ha puc.< usoOpaxéH 38NpeNeEHHHY paclanR WEeOTHKBAPKOBOTO
anpoHa A;He 1B TPOXKBAPKOBLX Ba.B 5TOM CHAyYae AA{,-:- 2.

Tadmuma 2
Zn
2= 00 | 10| 01]20 | 11 | 02]2r 112 (0302 |13 ] 23

3 ( 2

1876,5) 1889 |1898 [ 1902 {1911 | 1920 [ 1925 | 1952 | 1941 | 1945 | 1954 | 1966

19105]1923 1932 | 1936 | 1945 | 1954 | 1957 | 1966 {1975 | 4979 | 1981 { 2000

1978,5{1991 [2000 {2004 | 2013 {2022 | 2025 | 2054 | 2043 12047 | 2056 | 2068

20B05|2093 |2102 |2106 [2115 |2124 |2127 | 2136 | 2145|2149 | 2158 | 2170

9216,5|2229 [2238 f2242 (2251 [2260 |2263 | 2272 | 2281 | 2285|2294 | 2306

(S 00 S KOV SO PP Y

2386,5{ 2399|2408 [2412 202t |2430 2433 12442 | 2450 [2455 2464 | 24T6

HampamneHus CTPEJIOK ONDeJEJANTCS NPABANAMH TDUATBHOR ODHeHTAIMX
CTPYH.3N8CH COXpPAHAHH OCO3HAYEHMs pPaCOTH /10/ o7A WICTHKBEEPKOBOTO
H TPOXKBAPKOBOI'O ALpPOHOR.

Janss OpSUNONArasTCA, YTO WBCTUMKBAPKOBHI 8HPOH, IOCTPOEHHHIL
no tuny A, HAXORUTCA B [ONE ONJ NOTEHUMANE V~K.I",_-z QouunA-
TOPHOI'O THNA, I'I§ (¢ — OTHOCHTB/BHHS DACOTOAHMA MEKIY Y3/AMU KM
yanamu-xeapkema. B pacorax / 11,12/ noxesaHo, uTo Takas cucreMa xe-
PAKTBPHAYETCA MAATEO YAOTOTAMH, TPM U3 KOTOPHX ONMHAKOBH, 8 4B8 OC-
TaBuMe0a MBHELS B V3  pas.

BoaGyxneHus 480TOT MOT'YT IDOWCKXORUTHL B pa3HCM LOpALKe, M LOOITO-
My, B IpUHUMIG, BO3MOKHO BO3HUKHOBBHHME IBEHANUATH OCHOBHHYX Koneda-
TEABHHX YPOBHBi.

Janse OpeRnonaraeTca, YTO MECTUKNEPKOBAA OMOTEMA C HECTHUME
OPOCTPEHOTE EHHHMH OOBIMHEHUAMM OG7ARABT HBcdepUYHOCTEHD (amBeT, CKO-
P86, KOHGErYpausl RHOKA) M BpaWSETos HOCTATOYHO MERNsHHO (Ma-aa
CONMBWKX PA3MEPOD OMOTEMH TOT & OPOMTANbHHI MOMSHT HaCUpaeTCA 38
CYST pamuyoa, & HE GKOPOOTM BpauleHus). Kok M3BECTHO M3 ANepHON (u-
3UKM, 3THX YONOBU# LOOTETOUHO NNA BOSHUKHOBEHHA ROHONHMTBIBHHX
BOSOYXISHUA OMOTBMH, T8K HOBLHBASMHX POTAUMOHHHX HONOC,CHBXTP KOTO-



pux ompefeaAeTca GopMysoi

%)\r)\o Ej=f-d(3+4), @

e I ~ MOMSHT MHSpUEH, J ~nOJ-

As B, 8 Hifi MOMBHT CHCTEMS.
39TO BO3CyEUEHME amuaCaTUIHO
Puc. 2 [0 OTHOWBHM® K LPYTHM OTBIEHAM
BanpemedHult pacnan Tpu~ OBOCONH, X H& KAENOM KONBCaTENb-

M iB M
ATBHO OPUEHTHPOBAHHOTO HOM YPOBHE MOXHO no%%c:%b/ 0BOK
BpaWATeABHYD NOIOCY .
WOCTAKBAPKOBOrG &IPOHA
OxoHZaTB NbKAs $opMyna LIA

A He nBa opuenTupOBaN-
QIEKTP3 MAOO WBOTHMKEAPKOBOH# CMC~
HEX ampoHa By. TBMH 3/ TMCHBABTCA B BULE

M ’4_sm+iw(zw +-—-Z_m)+0\,3(3*1) @)

PP
llapameTps nomompawnTod us DROIBPMMBHTANLHHE nauuux ¥ DaBEH
6 m =1876,5 MaB/o , 3/2 W, =R1,5 MaB/o , O =I7 MaB/c ’
w,=90, m =I. J =0,1,2,...

Hanphuap, BHOOP WUJ, IPOXSBSUEH X3 PACHPERE/BHMA MAOC LBYX
OPOTOHOB KBS DPEAKUMK V\,p-v peR” mpr P =I,257 T'aB/c,n007~
POBHHOrO O YOTOBMEM, UTOOH PASHOOTH KBARPATOB IBTHPBXMEPHHX CKOPO-
oreft by~  Ouna domsmwe 3,2 /18/ | 3o PECHPEABNBHMR IOKASAHO
B BEpPXHEM OpaBoM yruy puc.I. Us nero SHaYeHHs 1—1— W o Ompexs-
A%HO papmuM ( I889-I876,5) MaB/o® = 12,5 MsB/c%,

Moo nenoBaTE NEHOOTh YPOBHO#, BHUKONBHHAA IIC q)opuyne (2) o yxa~
38HHHME 3HAYAHUAMH LIAPAMSTPOB, LHPSHOTABNBHA B TACAENE 2 M H& pHO.I.

BunHO XOpoWee QOr7IACHE NPSACKASEHEY 0 3KCHEPUMOHTANBHHME IFKe-
MH.

H8 puo,3 OpsuOTEBNEHH BC® MEHHHE, MMEOWHMEOS B MNTBPATYPE, IO
moMepsHin G'pp B yMKuMg T, NANAKWETO HPOTOHA /17,18/ po
Tgpy = 300 MaB.Okono BHOPOCOR B GBYSHHAX YKESAHH SHAUGHEA COOT-
BBTOTBYDWAX a¢JSKTHRHHX MO0 JIBYX OPOTOHOR (mIOMYepKHYTO).Tam x6 B
OKOOKAX YKasaHH 3HAYOHAS OXKMAASMHX MACC PEBOHAHCOB K3 MONEME BpA=—
UADUHULOA COBNMHBHHHY OPMEHTHPOBAHHHX OTPYH.BMRHO OOOTHETOTEME HO-
TOEEHNA BHOPOCOR MPSNOKABAHEAM MOJONHE.

Lony nMpMHATE KAA OBYBHEA YOPYTOTO PACCEAHEA B pPSBOHAHCE SHA—
YPHEE BTO JHMTAPHOrO Opegena & = 2kt (27+4), KOTOpOE MO-
%27 NOCTNTETE B 3TOfi OGnACTH 9Heprmd pena4wut I0O0 M6, X NpEEATL pag-
Opoe 8 PUBPTHAX NBPBAYHONO Hyuka mopAxkxa 5 MsB, 7o npe wepuHaxr pe-
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YBOKO} PHEPrUM OANANWKX OPOTCHOB.Lmppy y orpe-
NOK: NOOUBPKHYTO — SKCOSPUMEHTAJABHNO 3HAYOHHs
P4::?’a OKOoOKax - npelncKAsaKusa Momsau BCOC,

BOHBHOOE QKOO
0,2 MaB/c® mu
DONKHE OHMY OH
BULBTH B GOOTHET—
CTBYOIMX MBOGTEX
CHKBYKM B CeYSHUM
nopanka (I-2) MG.
Takan manas
UMPHHE PB30HAHGOR
HE NPOTHBOPEYUT
U KAPTUHE JHUC.Z
K3 pBaKUMN
np-~ ppIT.
T.04 4 MORHO
3aKMOYMTE, YTO
HadmonABMHE Ha
ONHTE BHOpOCH E
pacnpe e N8HUAK
SPDERTUBHHX MAce
IBYX NPOTOHOB MO-—
I'yT OHTE OCABAHKE
CYIECTROBAHMI0
W8CTURBAPKOBHX
PESOHAHCOBD , MBI~
WMX O46Hb MAIYw
uaprry(nom MaB/c %.
Mangs LMPHHA CBs—
3aHa , N0-BAIUMOMY ,
C CYWEOTBOBEHUEM
3anpsTOR H& pac~
nens TOKHX CHC—
TEM, BCIM B HMX
HapymasTea OpocT—
PAHOTROHHAR MIU
UBBTOBSA OPHEHTA-
U4s OTPYH,008Nd~
HAOWHX ANPOHH B
TAKUX CHCTBMEX.

O4eBRIHO, YTO HCCRSNORSBHNE TAKMKX YAKMX COCTOAHM{ TpPSOyeT moc-
TOHOPKM ONHTOP HE OOBBpIWBHHO KPYI'OM YLOBHE, 4Y8SM IO o¥x ROp.HeoOxo-
IuMH OOHTH ¢ HeOpepHERO{ Bapuauuefl nepEUYHOU BHEPTUE ¥ C PA3PSUSHUSM
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0O MaceaMm, IO KpBHHE# Mepe, HA NOPANOK NYYNAM, 9EM B MMSIOMUXCA B
HacTOANOE HPEMA HKOMBPUMBHTEK.
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MULTIQUARK RESONANCES AND BAG MOIEL
L.A.Kondratyuk, M,I.Krivoruchenko, B,V,Martemianov, M.G.Schepkin

Institute of Theoretical and Experimental Physics, Moscow, USSR

I. Nongtability of dilambda and of strange quark matter

It is known that the quark bag model (QBM) describes the sta-
tic properties of mesons g3 and baryons qqq rather well 1 .
After generalization of QBM on dibaryon 6q systems it was predicted
the H dihyperon or dilambda My = 2.15 GeV 72/ | which is on
80 MeV below the AA threshold and therefore is not stable due
to weak interaction only. Although the available data on existing
of double hypernuclel /3 do not confirm this prediction and give
the evidence that MMy > 2,219 GeV, the iterest to possible exis-
tence of the long~lived H particle became much higher recently
due to assumption /4 that 1t might be a source of signal coming
from the pulsar Cygnus X - 3 (see also /5/ ). Moreover, it was
discussed the possibility that the bulk strange querk matter may
also be stable (see ref, /),

However, as we have shown in ref, /7 , Gue to nonuniversality
of the bag constant B , which describes the nonuniversality of
the QD vacuum pressure on a bag, the H particle is found essen—
tially heavier (and sbove the A /] threshold) and the bulk
strange querk matter becomes apparently unstable, A serious eviden-
ce in favour of nonuniversality of B <follows from the QCD sum
Tules /6/ and in particular from the fact that the energy of phy-
sical vachum Eo=- L 40| %‘- /:, G):, [0> = ~(240 MeV)* 15 no~
ticesbly larger than B , The inequelity B << €] means that
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ipside simplest hadrons the nomperturbative fluctuations of QCD va=-
cuum are not suppressed completely.

It is natural to assume that B becomes larger when the colour
charge density increases, For a bag with n quarks R ~ \:1‘1/4 and
njYy ~ n!’4 , Then we can expect that B, increases with increg-
sing of the number of quarks in a beg, i.e. B, < 33 £ Bg & ees
'4 Boo . This hypothesis was used earlier in ref, ” s where the
spectra of light mesons and baryons were described with different
constants B, < B3 < ‘Eol .

The ratio B6/133 wag estimated in ref, /7 using the limitations
on the §g-bag admixture in deuteron which, follows from the data on

j(d . It was found that qujk , €1,12, Then taking into

account the relation e""/R-"‘L = 1,32 (33/36)1/4 which is valid
in the MIT bag model we got

Bw} = 1,93,

It is known that the predictions of MIT bag model can be impro-
ved when a pion cloud surrounding a bag is taken into account (it
corrssponds to the chiral or cloudy bag model - CBEM). The calcula-
tions of rz = !36/133 performed in ref, 4 using CBM gave the re-
sult fz By = 1+86 or 1.82 for By = 0,84 or 1.06 fm, The corres-
ponding calculations for the ITEP bag model 19/ with c,m, correc-
tions gave 36133 = 1,81, Therefore for all the models considered
we have l!s/B3 > 1.8,

Nonuniversality of B essgentially changes the predictions of

QBM on the possible existence of the bound dilambda state /2/ a8
well as of the stable strange quark matter /6/. The masses of the H
particle calculated in different guark models ars as follows (in
GeV)t 2,15 at By = B3 and 2,46 at Bg = 1,93 B for MIT /M s 2402
st Bg,= B, and 2,29 at Bg = 1,81 B, for ITEP /95 2,10 gt Bg = B,
and 2,37 at Bg = 1,82 By for CBM with By, = 1,06 fmj 2,34 ab
Bg = B3 end 2,66 at Bg = 1,86 B3 for CBM with R3q = 0,84 fm,
At BG/BB > 1.8 for all the models consldered the dilambdas is not
bound, Due to increasing of B the mass of dilambda becomes larger
on 270=300 MeV, This effect is noticeably larger than the value of
hadronic shift which was estimated in refs, -1/

For the MIT bag model we find that BY/* > 170 MeV, We glso

" expect that for bags with a number of Quarks n >6 B, > Bg. Accor-
&ing to calculations of Farhi and Jaffe /6/ for such values of B,
the strange gquark matter is unstable at zeroth pressure, It can only
exist at high external pressure which may be, for example, inside
the neutron stars (see ref. /12/).
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2. Dibaryon 6g-yesonances as stretched rotating bags

Therefore, the nonuniversality of the bag constant B makes
spherically symmetrical multiquark states for nq 2. 6 essentially
heavier, Due to the coupling with hadronic channels (see ref, /45/)
most of the spherical 6gq-bags would acquire rather large widths and
would be dissolved within continuous spectrum, In this situation
6q-states consisting of separated colour quark clusters can be dyna~
mically more preferable

Here we consider the spectra of nonstrange dibaryons using
the model of stretohed rotating (string~-like) bags with colour
quark clusters at the ends, Such model of dibaryons had already been
discugsed in ref, /7/. The main new point of our approach is the itc-
lusion of gpin-orbit interaction, which we consider using the appro-
ach developed in ref, /45/. We treat also in a different way the
quark cluster masses,

The model of stretched rotating bags with spin-orbit coupling
wag applied in ref. /1 to the Jdescription of orbitally excited
nonstrange mesons and baryons. Meson trajectories were described
using two parameterss the quark mass m_ and string tension vV .
For the description of the whole met of trajectories (q - ¢ amd
q - gq) only two additional parameters were introduced ~ the masses
of diquarks with the spins O and 13 'm(ﬂ,,)- 220 MeV and m (9, |=
= 530-550 lleV.

There is verlety of splittings of the 6g~system into colour
quark clusters, The configuration 442 wlth colour triplet clusters
has minimal mass for fixed values of spin and isospin.

We find that the well-known rotatjional series of dibaryons
3F3(2.25), 104(2.43), 335(2.7), 116(2.9)... is most probably descri-
bed by the configuration oFg4- Qu. where D,y = (Eq)T-ﬂ,Sﬂ .

Q°1 = (49)T-O,S-1 . This configuration occurs to have lower mass as
compared to another possible configuration Ja,,- GLA because of
infivence of spin-spin and spin-orbit forces, Pi{ting the masses of
3?3, gy, 3115, 1g we found M (Qog) = 1.04 + 1,14 GeV(see the Tab-
le). Substituting diquarks D, by a singlet diquark ADoo  we get
the new series of diberyons with TwO, The lowest state of this se-
ries for £=4 is predicted to be rather light: M(d’) .=

= 1,95 ~ 2,05 GeV with the most probable value being around 2,05
GeV, Because of spin orbit coupling the lowest state is splitted
into 3 levelss 4'(2.05; 27), 4% (2,08; 17) ana 4’’’ (2.11; 07). It
is important to point out that the states 2~ and 0™ camnot decsy
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Tgble 1. Dibaryon masses in configuration (¢, 2] -
= 530 MeV, (Do) = 220 Mev Drg fjhs_l 4

7P T “ i}o,faﬂu (l{ﬂoréi)ﬂ Mi)u'@doo Boxpt 7

b (4q) GeV 1,04 1,14 1.3
= 4 2,09 2,19 2,19 2,2540,05(°F5)
g 4 2,43 2,52 2.54 2.42:0.07(6))
5= 4 2,70 2,79 2,82 2.7040,10(H5)
gt 4 2.94 3,03 3,06 2.9040,10( 1)
77 1 3.16 3,25 3,28 ?
2= o 1.95(d")  2,05(d")  “F5 50 gey 4'71(07)
* 0 2,31 2,41 2060 mev 4"
- 0 2,60 2,70 4 a2
5* 0 2,85 2,95

into NP and thus should be rather narrow, NN belng the main
decay model for them. Moreover we cannot exclude an intriguing
possibility for 2~ state to be below the & NN threshold with dr
and MPY being the main decay channels,

If we would believe into the hierarchy of gquark cluster masses
predicted by the MIT bag model, the state da'(27) were expected, to
be the lightest dibaryon, described by the configuration 442 .
States with T«1 should be heavier. Nevertheless there were observed
the candidates into very narrow p resonances with the masses
1,936, 1,965 and 2,020 GeV 7?82V | mo gescribe these states in
our model we have to assume the diquark structure of those diba-
ryonst &og - 0%11 - "900 .

In the classical limit a star-like configuration does not corres-—
pond to the minimum of energy but to a saddle point 22/ o The true
minimum of energy in the potential model for thri:e diquarks would
correspond to the configuration (dgo*edg)~ Bpg si.e. to the )
cluster structure of the 4g-cluster itaellf (we denote Q;1 -,%”43“)_
Using this essumption and choosing M{(Q;,) = 1,03 GeV we can de=
scribe properly the scale of splittings between three levels consi=-
dered (see fig. 4a)., They could be rather narrow due to relative
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stability of diquarks and negative parity. Combining the clusters
Q,;., ] DOD + Dyq end D.11 we find new series of dibaryons with T=0,
1 and 2 and masses 2,05 ¢ 2,3 GeV which is shown in fig. 1b. (Here
we neglect by the spin-spin interaction between clusters)., Note
that in this mass interval there are also candidates into narrow di-
baryon states

Big, 1. Dibaryons for configurations Qq4=Dgq (a) and Q44-D44 (b
Tt _ 2.3 GeV 17(Tm0,2} Sm2)

0 (1-98-1.99) O-(Tﬂ' SI1)

17(1.96+~1.97) 2:2&-0,2; Sw2) )

17(Tw1§ Sa1)

17(T=0,2; S=0)

27(T=13 S=1)

37(Tm0,2; Su2)

27(1.93~1,94)

a) 2.1 GeV
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AJIPOB-AUPOHHOE BSAUMOLEACTBUE ( NV , N , TH , TK , KV)
B MOIENY COCTABHHX KBAPKOBHX MEIKOB
U.Jl.Tpag, N.C.Kanamsuxosa, U.M.Hapozeimutt, D.A,CauMon0B

YacTuTyT TEODOTHUOCKON M 3KcmepuMeHTanbHON QusHk ,Mocksa

B HacrommeM AOKNAAS CyAyT EANOX8HH pOBYIAbTATN, NOJYYEHHNE COB~-
smacrHo ¢ H.A.Tpaq, 0.C.Kazamiauronolt, H.M.Hapozenxus, a TAKRe peaylb-
74a%H 2THX ABTOPOP N0 MOZeNM COCTABEEX KBapKoBux Meumkos (CKM). Boxmee
paNENe pesyubTaTH Nno Moiexw CKM cM. 3 [I] . B ocHOBE MerTozs HKemur
IpEACTaBIEHKE O CYMECTBOHHO DRBEHX AWEAMUYECHUX MOXAHUIMAX,OMEHM-
pyomux Ha mamix ( r< 4 ) % Gousmux ( r » £ ) paccTOANEAX
MeXZy appoHauM. Aa MAINX pacCTOAHEAX AOMMHEDYDEUM ABAAOTCH B3aUMO-
ZoflcTBKO MCEAY KBADKAMM N DPLEDOHAME, EaXoaamemucHd 3 of0mel ofxacry
(oCmeu uemxe), Ha COURNMX AZDOMH BBAKMONOUCTBYDT ¢ NOMOLBY HepK({s-—
pPEYSCKUX MEBOHNHX OOMeROB, Taxad KapTHHA N0 cymecTsy Ipeinoxaraer-
cA B COXBMMHECTBE COBPEMOHHHX KBADKOBMY MojeXefi. MCXoZHOK Zam woze-
au CKM ssarercs pedora Jmadpe u oy [2] , rae ycrauomaeHa csassp
MOXZY SEAYONWAMM ROJANCOB P-MaTDEUW M YPOBHAME COCTABHOI'O KBADKOBOI'D
semxa (IpUMATHBAMYM, IO TepudHomorUM {21 ).

P-uatpuna, T.6. Iorapuauuueckan Ipo4aBopHEA &ApOE-aZpOHHOR Bom-
Komoft gyuxuuk B Touke r =&  AxA ciysad & =0 ¥ oREoro
OpMMMTUBA C Maccofl  Z,, , SaNNCHBAeTCA B BUAe [3] :

/ 2,
mef P _
Plot)= Frlne) + -2, AlkY &, @
/
rae f3= ecrs CROCoZEan P-MarpEna §68 OfHOTO DOANCA:

/ 2.
P () = kotgnt + § T gz, @

; = acmMuTOTHYecxaf NOCTOAMNGA 0T BKABZA NANGKEX NOANCOB,
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Al = /E—K Y amy)(2-8), Fi= (VB —m& ),
p=F o v=IF.

3neck Zy u Cy  6CTH CODTBOTCTBEHHO SHODTHA M BNUEST NPAMMTH—
Ba, ¥, = /Fﬁ‘_-f?’ gy s THEE jy" 6CTh NpPUMECH ARHHOTO KaHala
azpoos ¢ /,- u /7 - wBapxau# 3 CKM. IapameTpaud P-uaTpumu (1—2),
a rakxe napauarpams CKK noreumuama V(' p/ Z) asnsercs ‘

C, » Zy . B ropuMHax 3TX MapaMerTpos norexuman lmeer
BUA

Vipr 2y=5 #0254 (rs2 ®
v

2‘ - zy
rAe gopugartop £, (r, )  ecms

Az = EFl-68rm8)+ %(3=-2)Rml®

InA HaxoxAeH®a NapaMeTpos g s &y Zp 00HUHO HCMOABByET-
cf P-MaTpHYHH{ amanMs, Bnepsus npezaomernul » [2] . lipu aroM axcme-
PHMOHTRIBHHO 3HAYEHAA (A3 MOT'YT MCRONB30BATHCH KEHOCPEK CTEOHHO, E€CIKE
NepuepUueCKUM B3aHMOZelHcTBMIN Opu rz £ MOXHO Mperespeds,
Kak aro Aenadock B [2] . Torga monyvaeM zuR S -ROJE

P = Koy (k€ + 5lk). (5)

Taxoro poja NpuCIMEEHEe HeNI0XO padoraer ANA o7 -, Tx-,
JTALe KA/~ ppamogelicrsul, Tax Kax Tau IefiCTByeT mepUpepHYEcKult
oduex /- s & — MOBORaMH, EOTOpDHMHM MOZEO NDONOCDSYB OADH 7 > £,
KOrZa £~ 1,5 §M. Onsaxo B ciyyae A/A/— cUCTEMH NEOGXOAMMO
JudTUPATS OOMOH Jf ~MOS0EaMH, YT0 ZeNaloch HAXOZAeNHeM TOYHHX De-
pemuff npy = £ 3 xpoCcTe EMHKEIeNCKOTO WIM RApHTOXOTO NOTANM-
ORaxe, 5o HXOTNX CAyYaAX TAKE® EOOCXOZMMO yqnuan HOyNpyToCTH,
9?0 ACIAeTC BBEZeHEEM HOYNpYPHX KaHanos ( KN —F% N g AN - 7,1/ .
MV —=NA g 2.3.)e
P-uarpuumill cmains AN -~ nuuo:oncunn 3 o0xacTM aNOprxit Ao
~I T'3B Oux sumozmex 3 [4] 27 mepudopMIECEOr0 EMHMOTONCKOTO B3aNNo-
zeﬁcuuu a3 [5] AL fepudepruocKOro HapNECKOTO DoaHMOXSHCETINA AXN

BOAE Sons 2, .
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PuTHPOBARME IKCNEPHMEHTANBHOA P-MATDHUH TEOpSTUYSGCKMME BHDAKGHMA-~
ui Buga (I~2) oOHapysuBaeT pAX OTPARWYOHMI, KOTODNEe HAAO BHIONHATS,
9T00H u3dexars He(USHYECKHX CBOMCTS MONy4YaNKHXCA P-i ,S' ~MaTpHb.
lipexze Bcero, saMeTwd, yTo fmoAwca P-marpuud (I-2) oupaor Tpex TE-
noB [3]:

a) MpHMUTUBH Opy 2Z = Zp, Loz

) ruHemMaTHyecKue, WA ROMISHCHDYONME, IOJNCA NpH Zc" = UF'&
{ A= 2,3,0s.) C BRUSTAME 1 = BT >0,

») florelmuanteuit momoc us~8a .A(k*) =p , UTO AA6T

okt Y ytz
2= o= ZG(—- x);zy d ()

2 -2
Y, = -~  am—— ~
C BHYCTOM P 2/.2‘,;" Dkp? naeTcAd B (2)-

Ycxosne npEyMHHOCTH Burgepa rpelyeTr, YTOCH
K, €
AL ’LC ) <o, %)

-z 1
OTKyZA CHBZYOT, YT, BCE BHYOTH B NOALCAX, T.0. & , X3 W

r,,", AOMXHH OHTH FONOXMTEAbHH, HOpymeHHe 2TOre yCHOBUA NMPHBOLHT
K TIOABNEHMD KOMMISKCHHX [0JNKCOB S ~ MarTpHUN Ha (MSHYECKOM AHCTB.
YroOH nsUexaTs Takoft CHTyauwsm H_YAOBAETBODHUTE (7), X  ACEXHO Te~
%xaTh (a) B odmacT X < X,= }/%’; <4 ( Z- souunsmnil ®3 Opa-

-]

MUTHEOB), 1udo (0) X = I, mbo (B) BHYOT NOTEHUKENHROrO 10—
mca F* = 0, ne.Ky=Xp .
SauorEu, yro o6ZacTs X, < X < L NpHBOAKT X CymecTBOBa-

HED ROqMBMYECKUX CBABAMHHX cOCTORMMH ( Zp <0 ) B NOTOMY ROINHE
OuTh MoxImyema, 00macts (a) ama AN — pacCoAHMR Ke BaeT CooT-
BETCTPHA IKCHOPEMOHTANBHNM (esaM. Budopw (6) ® (B) npm»ozs? KR P-marT~
pELaM, oTiHYapmMuMcA Ha IOCTORHHYN; OAHAKO BXIAAZK A&ISKNX NOANCeB P-
MaTpHUN TEKEe 3QJexTHBEO CBOZMTCH K IOCTOSHHOH, Tax YTO pOBYARTATH
(6) 4 (3) pasmuyap?cA T0MbK0 TOR pOXED, KOTOPYD RIpANT BHCEHE UO-
apca » JUEaMEXe afpOR~aAPOMHOIO0 COCTOARMA.

Pax noreMymanos CEM 3 sapuwairax (6) # (3) gna " g % 3 wHETOpBAEe
12w s € ¢ 1,7 dupaa 'So-x 3.5, - nozewuuanos ouz ¥e-
nasxd maltxer 4,X.I'pau, P.C.KanamsmxoBoit ¥ U.M.Hapozeoxuu. Cxexyer
HORYOPRAYTH, YTO BO BCOX BApHAHTAX HACTOAMEIO H NPORHAYENX [1,4.5]
NcoNogorammli spavenMe X, CNMBKO X GAMHEIO M TOM COMHM X TEOpe-
theecxouy smavemn X2 =I,I [6]. Bauerum TaKKe, YTO BOBMOXHHE
ReQM3UUOCKU® CBOUCTBA BOSHMKARNT TONBKO AIA X # 0, T.0. ZnA 8x80~
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THUYSCKKX COCTABHHX MOEKOB M OTCYTCTBYOT NpH PAasHOM KBAPKOBOM COCTaBe
azpoHos M CEM. MomHO nMpocuezurh, 4uTo Hpd Xy = 0 NOTEHOMAXBHHA WOAKC
B (I) "coegaser" xoumeHcHpyOMEi moane B (2) M pesyasTRpyDEes P-MaTpH-
4a ecTs cyMmMa cBOOoZHOf P-MaTpHLn M BKIAZS OpMMATNBA. [lpesen Hesaak-~
MOZOfCTBYDMUX 8ZpOHOB RoMyYaeTeR mpk Cy—» O, P P
{Zipyrofi BOSMORHHA MepeXOR K CBOGOZHOMY CaydYal, Zy~» Z. A MC, -»/;
itpeznonaraetca 3 pacere {21 , oAHaKO HeT apryMeHTOB B HOIBIY €ro
RPeANOYTATONEHOCTH) -

3aueTHM, YTO B KOHeyHOM cueTe "omacHocTH" cuTyauME ¢ X £ O
HAYT 0T HOOPTOrOHANBHOCTH COCTOAHUYN ABYX azpoHod M CKM, na cyér yero
MOXHO HepeonpejeAdTs BOJNHOPYD (YBKUE® BEyTpM CEM pasHuMM ClOocOOaNk,
HOpEMep, AJNA OXHOrO NPEMUTHBE :

;{r)—_- %{r)+;74’77 ayXy 7,;/;“)9(5-’9, (8)

270 OPUBOZET K APYyTOMYy NOTEHUHany BMecto (3), KorTopuft B /J ~npeacran-
JeHUY HMOOT BUX

‘/Vv'/p,,oﬁ 2= (2 F B Fp), (9

TXRe

Fp= FBz+ X (2= £)0p

HE 3aBMCHT OT JHEPI¥Y K
—£
()= [lz=2)(1~ 5+ % (35— 2)], 2= Z a0)

~
Opx Xy =I HoBuf noteEnda; J/~ He saBHCNT OT SHEpIHM, JIg
IooMx Xy o0a MoreHuMana AapT ORHY M Ty X6 Z -maTpuny Ha uo-
BIPXHOCTN PHOPLHK, T.6. OHE (A30BO-SKBABANGHTHH.

Kax Gumo norasaio Kanammuxosoft ¥ Hapozenuud [7] y UMEHHO ‘V'
ZIONXHO OHTH BANTO B KAYeCTBE UapHOIO BSaRMOZEYCTBMA HpM NOpPeXofie OT
KBYX~-X TPOXYaCTHYHUM CHCTEMAM.

Moxexs CEM mosBoineT HPOBGOTM SRAINS ZUCAPUOHMMI COCTORHNR ¢
DeXED BUABNGANA DEBOHABHGHOM CTPYXTYDH H ONDEZOZEHEA HADAMOTPOB
B3aUMOZOflcTPHA B ZAHHOM KAHANG, IPK 9TOM 76%© MMPOKMO COCTOAHMA Ha-
ZSXHO ONMCHBANTCR 30 BCEM HHTOPBAXG 2HOPTHN. [IpMMOpOM ABAASTCA
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Tabumia I

Kanan §. Mg (TsB) Xy
MU CKM MM CKM
v (TPt . 1,34 2,16 216 I,I I 3S
0 0 3p
muy ( 7P=0Y) 1,34 2,24 2,19 I,I I
v ( 7P=2%) 1,55 2,34 2,34 o o '
M ! i ! 1,6 1,655
I,54 1,50 1,473 0,866 0,757¥
aN S ’ ’ ’ 4,5 0,4I3yw
! 1,70 1,631 0,4 0,51 m
-0,7 0,79 yw
gt ( L =J=0) 1,18 0,65 0,69 0,9 I
I,I 1,05 0,5
FX (T =0, I=1/2) 1,38 0,9 0,96 0,8 0,8
aX (T =0,T=3/2) 1,09 1,32 I,4 0,8 1,4
1,9 1,8 0 =0
XN T=1/2 ~,T=0) I,51 1,7 1,7 I I

Tadmma 2
[lapameTpr AHCADHOHHNX DO3OHAHCOB

NN VA g, g 15;,TeB My, T2B g, M3

‘D, Y 5S, 1,5 2,34 2,16 200
3R 5P, 2,0 2,32 2,24 150
36, p+B IS 2,30 2,20 100
D6, " I,8-20 2,20-2,30 2,18 2,I9 200-250

+) CKM-anaums, ocTayhbHMe — P MaTpmanyil asams,
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Ipz [A,A/)-coctomme, amajM3 KOTOpOro ¢ y4YeToM CBABH C XARAIOM
5 Su /44 npusezed B [8]. Mapaserpu CHM-cOcTORHHA npHBeme-
me B Tadx.l ¥ HaxozATCH B NPEKPACHOM COTJRCHKH C MOXENED MemKo® MTU.
#cnonssys napsMerps CHM,moXxHO HHTd nOZONMERMe ¥ WHMPMHY [OXINCa
MaTDHIM

Me =2,05+ 2,17 TsB,  [7 =100 + 200 WeB, ‘4z =0,

AHGMH3 00JI86 PHOOKHUX JMOapHOHHHX COCTOAHME MDOMSBOANTCA B HACTOAMES
BpeMA, OO NpeABapHTeNbHHO DPO3YyRBTATH, fodyyeHHue I'pay, KauamHuxomolt
n HapopenmxuM, NpuBezeHH B Tadr. 2.

OfpaTvMCH TON6DH KX MESOH~MGBOHHONY M MOIOH-HYKIOHHOMY BaayMO~
AellorBup. Nepsue P-uaTpHyHHE afdaiMsM B I -, JTXK ~cucrensx Gu~
n Bunonnens 3 [2] ® Ounu mampamgesmn Ba moJyveHwe MACC M BHYSTOR
ODHMETNBOR, XOTODHE OHA3AnMCH CIMBHMME K BRUMCIeHs:M B [2] . Hpa
onmucannn B pamkax CKM-Mozear npomsBOZMTCA ONMCAHAE JIAHHHWY BO BCeR
o6racT® 3HEPrift, rAe uMeeTcA GasoBMii aHaiIN®, OrpaHUYGHHE BO3HUKAGT
TOABKO 38 CYST HOOCXOAHMOCTH PBOJOHMA HOBHX KaHanoB ZAA yduera He-
yUDYTOCTH.

CETyaIRE DPAIMIANTCA B CIYY8AX HE3KBOTHYSCKAX M 3XBOTHUECHMX
IOpMMHTEBOB. B MODBOM cydas Y, =0, xax mpa®uio, Buyer &, W
DNPNHA RPUMRTHDA OKAsHBANTCA OTHOCMTONBEO MamNMB, [IDHMEPH: I7oT( J:) ,

aK (](') N TNA,N, ¥ (1440)), xnn xoropux sHeprs mps-
NHTHBA JOXHT HOMHOTO BPHNG NOZIOROHMA pesomaHca (.~ 50 MaB zna g797 )
88 CYOT aAPONNOI'O CZBHIS&.
Bo Beex cayyafx sHaveuue 4  ONGHNBASTCA N0 (HOPMyAS [2.1]
€= 137/8 12 R, TRe H,-WHCHO KBBPXOB B 3ADOHS ¢ ,
OZHAEO sHauemNe - £ B GOABEMHCTB® ONYYaEP WCHOIBSYBTCR Kax

napaxerTp NOArORKN. JHa4WOHREe X, Zas JANHOTO OPNMHTNBA BM-
RHCTAGTCA X8E Xy = A 7L, + Z 2 rae #, R /], — wmoxo

TORASCTROHENX KBA&DKOB B 8ZPOHAX [1.2]. 00 KOTODHM HAaAC NDPOBOAMTH am-
TECHMME TPESAIND, gy - regeanoriyecxmlt xoaddsiunent, duuEcanAcMuil
» uozean NTH.

3ugueHEA Iy LI ,.S',,[er/)cucm'em, BHYMCJII6MHE B MoneJm MTH m
ONpONONSHANE H3 NONTOHKM K ase M HeympyrocT: B Mojesm CKM,IpaBeneHu
B Tadmme I.KavecTBO MOLTOEKM BHAHO HS DHCYHKOD,I'Ne IOEKASAHH TAKK® IO-
JIOXOHRA XBYX SK30THIOCKKX mpuMuTEROB ( 2 ) # COOTBETCTRYDMUX DO3ICHAH-
GOB B +S -MATpDHIE. Vx TOTHHG NADAMOTDH CYTH

Me— LB =I,530 - 0,033 ToB &
Me— ifg  =1,660 - 0,067 ToB.
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OrMeTmM, 9TO HEILUIOX0® COLJNACHS IADAMETDOB Xy B S, bﬁ}mxa::e
C pesyirTarTamy Moresm MIM HeTpuBmASBHO, TAK KAK B NOCJNSHHEM CJydae
Bropolt npmvrras (I,7) I'sB B Mozexwt MIN 8CTL CMecH JByX OpexcTaB—
neHmd 45 rpymm SY(3)F ¢ ONPeNGNOHHHM YTJIOM CMeIMBAHNA.

CpaBHeHNe JAHHHX MoXeuxelf CKM z MTH moxaswsaeT xopomee COIVE-~
CHe Du3yJLTATOB, T.©. NHHAMMKA ANDOH-SIPOHHHX KAHAJNOB MONET GHTH ONE~
0afAa B TepMMHAX OPUMRTYBOB MoIeiw MTM ¢ BHUACHGHHEME TaM 3FAYOHUAME

4 X, IS, = Z,. Bosmdraer, oNHAKO, BONPOC, HACKOMBKO COTVACYDT-
oa monesm ML z CKM ¢ IpyryM¥ BCHOJAB3YyeMHME B HACTOANGe BPEMA MoIeJd-
MH,

C aToff mesrlo M B3AMM LOTOHLMAJ B3AEMOIEHOTBEA MemIy KB&DHKAMH,

Gmuskuii X moTemmWaxy KOpHQIBCROTO,HO C NADAMETDAME LIA JEIKEX EBApROB,
Halijequn A.M.Banands. [oTeHIMAI HMEOT BAX

V= V) + b)),

TIe
— A = =
Ve = — % ~ 5 +c,¥v= ‘;;,Ts,f’,;[F) Ar A 6205,

00 3HavyeHWDMZ rapamerpos  ( BT®B)

Cier =-0,955 2  =0,52 o =0,735
Ces =0,9 a =2,34
Css = 0,84 m, =0,33 ms  =0,593

SHAaYeHMA ¥ACC CAPHOHOR ¥ HUOADMOHGB HAXOEWIMCH IO odmuy GopMytaMm Me—
Toga rymepcdepmueckux Gymirmdt [971, NIApaMeTpH, IpHEeTeHHNe BHIO, GHIA
[OnO6pand, YTOGH BOCHDOMBBOIUTL LIGHTDH TAXECTH MOBOHHEX X GaDMOHHHX
CINHOBHX MyJBTEIIOTOB, & C JaHHHM o TaKEe HYyKJIOHOB I -
Tymepora. [ONYYeHHHO SHaueHEA maccH mméapwowa 35, , S, , M  (mm-
J8MOma) paBHH cooTBercTBEHHO 2,5 TIeB , 2,5 I'aB o 2,5 IsB,
uro HA 200 - 300 MeB Bume 3HgueHns MAcC npuMuTueop MIU, ¥ Hac Her
OCHOEBaHU ;a7 mpegmouTeHus KBapkoBoft moTemruaisxo#t Momesm nepen MTH,
Tak KAk B NepBoft He YYUTHBAWTCA IVIKOHHHEe BAKYYMHHO CTOIOHE CBOGONH,
gprcyTcTBywIMe B MIU B Bame Memwa. Buia cresasa momuTka pacdyeTon CKM
Ixd MeoHbmEX snavemmit £ , DX KOTODHX Madca NpmvuTEBa CKM IOJXy4aeToA
Goxbme, B kamane 'S, amasma C¥M, mpomesamsmi Y, J.Tpau, maer Torga

€ =1 gu = V5, 22,5 9B, Tora Kak B kemane 45, + 3D,  anams,
IpoBejeHHH coBMecTHO ¢ B.Bakkspom (Amorepmam), He HAeT NPABRALHOTO
nopezenua P-warpmu npz € < T Gu.
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MACCH ¥ IMPVHH DK30TWYECKMX BEAPMOHOB C OTPMUATEIBHON YETHOCTHD
D.B.Kysmm

XaperopcRR# JwsrRo-TexunqecKxR mHCTATYT AH YCCP

I. Brezeure

Boopoc o cymecTEOBAHMN 3X30TEYECKNX CADEOHOB ABJIAETCH OJHEM N3
BaxHelmux BOODOCOB B (M3EKe AIPOHOB, K HACTOANEeMy BpeMeHE IOJYYEHH
8KCIEPEMEHTANBEHE nan,m;?i i HEADONE HA BOSMOXHOE CymEeCTBOBAHEE pe—
90HaHCOB 0 I=5/2 ¥ § ~Ya Tapme pOSOHAHCE CO CKDHTOK ar3oTEEOH '/,
lomyueHHHe B HOCI6ZHEO  BpeMd 3HAYGHNA ﬂnmm CC GApAOHOE
¢ I=5/2 mMepT O/maxEe 3HadeHmA: I4I6+7 MsB/ , 1438 Mo 5/ , 1443¢
43 Mo 64Mccazenosanns 0apEoHOB ¢ MAHMMANBHLME MACCAMH IPeJCTABIANT HH-
Tepec OO HpNYRHE OTHOCNTEeNLHEO HpPOCTOR TeopeTNIecRoR m’repnperﬁl,.

OK30THYECKN® CApNOHH NDOJICKAZHBADTGH B KBA3NANOPHOM HOIXOD, 8
HA& OCHOE® CBODICXOIAUMXCH NPABNJ CY 9/, B KBApPKOBHX MOJ@JILX 10-12/ .
B MOZieJX MEDXOB NpDeJCKA3aEN IBA 00CTOSHEA 4QQ-cEcrTemu: omuo ¢ ”=
=3(/j—i7 Ipyroe-c7P=I1/2" m waccamn MsB 2 2250 MeB cCoOTBETCTEBEH~ °
no/ L . TaxmM oGpasoM,IpenckKasann / mo wACAHy OaproHoB ¢ I=5/2 m EX
MACCAM HAXOZATCA B OPOTHBODEYNE C BRCHEDEMEHTANLHHMN IAHHHME —
4QQ ~cHCTeMa COIGPERT (ECLBETHHE LOACNCTEMH { 3QnQ§) B COCTOSHEA CO
CKDHTHM LIBETOM, HDNYOM GeCOBETHHE COCTOAENA B 4NpOHE HE OCA3AHM yIep-
ZEBATHCH HA TEX Xe DACCTOAHNAX, YTO N I[BeTHHE. [J03TOMy BOJHOBHE FyHK-
NN 3K30THYOCKNX GApNOHOB JOJKHH OHTH CYNeDHO3NUMNSAMN BOJHOBHX §yHK-
unf anpOHEHX N MHOTORBADKOBHX CNCTeM., Takoe CMEmMBAHNE COCTOAENR pac-
CMRTPEBAJIOCH 13-17 (INN)-x | Q) -cocTogmNA B BoHOBOR (ymRUAN nefiT-
poEa ) X 37 8 (1202@> = (7o) B BoxHOBOR (YRXINN CRAJAPHOTO MESOH2 ).

B macTonmef pacdoTe PACCMOTDEHH MACCH N MNPNHM 9K30TNUOCKEX 6apNo-—
Ho» ¢ JP=3/2" B mozenx, yusTuBammefl CMemRBANNA 14QQ> IDP) - niDY>-
cocroarn® (P cooTeeTcTEyeT lexamanety, a P x Y - OKTeTy TpymmM apo-
maror S$U(3, F ). HockoapXy M KsyuaeM SK30TAUECKNE CADEOHH C MEHAMALb—
HMMA MACCAMH, TO 6CTOCTBEHHHM ABAAETCA DACCMOTDEHNE I{QQ -CHCTEM C
RBADKAME B OCHOBPHOM COGTOSHENN. Torna MesoHH M GapNoEH B DP - B DY-
CECTeMAX DOJAKHM NMETEH HyJneEof OTHOCNTEAEHME ODONTANBHHR MOMEHT.

2. MaccoBne Jopayau
Boxercreme npamusna [aysm And KBapkoB ¥-, d-, s- apomaToB B
OCHOEHOM COCTG/AHEX GOCIBOTHHSL/QR ~CloTey omicumawrca mpencramte-
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umavm rpymne SU(6, F7) pasmepuocTe# 56,70, I1134. Iocuezsee npencras—
JEHAE AMEET CHeAYNU26 DABNOXEHRE [0 NPeNCTARIERNAM CpyIIH
SU(3,F)x §U(2,3): (1)

1I34= 33x 4+ 352+ 27x 6+ (27x 4)+ (7x4)o+ (27 %21+ (7% 2)o+
T0wsr T0%2+ I0wG+ (0% 4)p+ (10X 4)g+ (10 2)p+ (10x2)p+ Bx 6+
(Bmd)p+ (@xd)ot (Bx4)gr (BX2)y+ (Bx2)o+ (Bx2)gr Ix4r Ix2.

Cocrosnms 4QR~crcreMy ¢ 1=5/2 M §=0 MOTYT COLEPEATHCA TONBKD B
35-mnere SU(3,F ). Tpn BuTMcaeRHR Mace Bocmoasayemcd fopMymoit

=g 385 (), (),

?
My = Mgd= 5 Mg -56'0M98 B/mu -S'OM‘f/I /

KOTOpasA npeAcT 2T c0o06o odocuzemxe ccoBolt dopmy Ba Gapro—~
HOB, Ycmosways TeH3ODH Z " ozoly Ay} , COOTBeTCTByNURe 35~ LI6TY

SU¢s,F), o1y IAeM L1 corTomum c 1=5/2, §=0 M(4AQq , L TP=3/27)=
2050 MaB, M(4QR .7 P=1/2")= 2350 MoB. Taxmm 0GpasoM,My HOIYIAZR
MACCH ‘Im-cnc'remu, GmM3REe K noﬁqe?-nm B , KOTODHE HAMHOTO
IpEBHWAXT HAGMOAAEMHE HA ONOHTe

Bnenem OPTOHODMEDOBAHNED Casnc [HQRR> -~ +{DP>-» I DVp —cocToR-

”‘9""“”; 1%>= & (VF IDe> - 1463>),
[¥e>= ‘T;/';—S'-(;'V;!Dv)—lm» + VE14RT).,

Bna cocromun ¢ I=5/2 m §=0 M( ¥, )=2050 MsB, N(ﬁ)=1250 MaB,
M(¥3)=1925 MeB. Tax xax B|Y,dexonar IDP) m[yAE» TO OyAeM paccMaTpE-
BATH CJAeAyNINe JMIKIECKRE COCTOAMEA:

12 = 1454165, |ZP> =~ gI6S + 21ty @

129> =1y, <'4p’= 1.
Tpedys, ‘ETOOH M( Z €4) )=1430 MeB naa cocromums ¢ 1=5/2 , § =0, moay-
uneM o 2=0,224 B M( 2 2? )= 1870 MsB, M(Z® )=I925 MsB,

Ecm npemnonoxaTs, uTo B (4) He M3MEHSAETCH IpK mepexone ot
cocroaumgt ¢ I1=5/2, § =0 B cocromHmaM ¢15) I, TO MOXHO LOJAYINTS
(BMoB): mra S=I, I=2 M( 2V )=I647, M( 2* ) =2085, M(Z 3))x

22068; mna  S=0, I=3/2 M( Z ‘? )aI867, M(2°? ) =2198, u(z"’ )=
2155; noa S =1, I=2 M(Z' )=1637, M(Z @ )=2023, M( Z 3))m
=2008; mma  § =-=I, I=I M(2¢D )aI970, M(Z ‘3 )=2283, M( 2% )=
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=2368. B /20/ HORA38HO, WTO IpE o/ 2< 0,12 MORET CymeCTBOBATH CTACHNE~
Hut SK30TAYECKM} CApMOH CO CTPAHHOCTEHN, pABHOX -4, BsocHEHoM I=I/2,
3. Bapmonn ¢ I=5/2 1 $=0
SHAK e(p N3 MACCOBHX (OPMyJ OHpeNeJMTH HEBO3MONMHO. IUIA ompexeJeHMs
SHAKA fp DACCMOTPNM DACHATH Z‘"—»?W- B Tadimie OpelCTABTIE~
HH WMpANHH STHX pacOafoB, BHUNCJIEHHHe B 21/ . BapHO, 9TO BHOOP mOJO-
HMTEJBHOTO SHAKA o5 TPEBOINT K JYWIEMy COTVACAD C BKCIEDMMCHTOM.

Tagzmua. MacCH B UMPMHN GapMoHos ¢ I=5/2 m 7 £ =3/2" ( B MeB )

r ( Z —»ATT) Homep
CocTosHNe Teop.
M'reop. <6>0 48<0 My kem. r;xcn. P

1440 | 43 I

Z0 1430 | 24 I Ial6s7 | 1347 | 4
1438 23 5

144313 | 011 6

1740 30 2

z@ 1870 12 84 750 |50 3
1894 | <40 5

1894 | <40 5

4, Bepmonu ¢ I =3/2 1 8$=0

JTA CApMOHH ABJANTCA COCTOSHMAME CO CKDHTOR CTDAaHHOCTED., B TouHOf

SU(3, F )~ crmMerpau mMpmEW DacnamoB 9TEX OapmouoB H2 A ,Aw ,
Z“K oTHOCATCH, KaR I1:5:10. B Hadmyiancss pesonasc B ¥ (I385)K'-
cicTeMe ¢ Maccoft I956 MoB » mmpmnoit I4-I2 MeB. Macca aroro peaonanca
ommska k Macce cocrommma Z ‘1) ¢ 7%3/27, 1 =3/2, §=0 ( M(ZYV)-
=867 MaB ), KOTOpad DOJydYeHa B DPMOJMACHME HNOCTOSHCTEA o . Pacxoxie-
HEe 3HAUYEHNE Macc MOXHO OCBACHHTL HETOUROCTHD (2), € e AIIOJIOXNTS
aro (2) ( mMewmas TowuHocTh 3% B cayuae 3Q~cCapronoB 197 s I/Qa'_
cBCTEeM CNpaBeIumBa ¢ TOWHOCTHL 5% ( T.e. okoao I00 MaB). Iockoxery
SKCIEDAMEHTAJNBHHE JAHHHE He OIMCHBANTCA NOJHOCTED B CJAYYSE€ peso-
maxca ¢ J° =3/2" , TO IODENCTABIAET MHTEPEC AHAJNS OTEX IAHHHX C yU&-
TOM BHCONX NADGNAJBEMX BOMH B pacmage Z < —>3 (1385)K*. Hna mnen-
TudERALEN DaSOHAHOA /Y BAXHOO 3HAYEHEE NMEDT INDNEY €r0 paclafoB
ga AsrE 3 (I1385)K',a Takxe maywemme X.*(I385)K'- cEcrem.
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5, PaaHauROHHHE pACN&IH

PaccMoTpEM DaCnaiH Zzz)s —»D+¥, npemnosaras, 4I0 B cuCTEME
paBHHX ckopocTedl mepexon 3/2 — 3/:2+ + ¥ ONpenenAeTCA MATHATHOY
ZANOABROR ammmry,uot. B pamMxax MOAeJ¥, KCilogp3yemolf IpE BHYWCIEHER
aMIUmITyL pAacnanos Z ——>A.77' <L , TOJyunM

r(29py)= e”’(i- )(m>+m.a)[6+""’*””)-JA(Z Loy),
ARG Y)= ‘ﬂFro)(-x»,E),A(Z“ L3 ¥)= “*{:(o) P*F)
AP ¥)= LY LT 0,9, o+ (=) G i) O,

e F (9,2) -(I)dpmi)axrop mepexona ‘/3'—»'_:p+ TOK /21/ . C noMome Tehdopa
Bna 35- mwreta Tpymne S{Y(3,F) MOXHO BHYMCJHMTEL KOHCTaHTH “r 7
a,,, 3 (5). PaccMarpepas papgaliiOHHHE pacHajH Zzz ss, umeem s

Z:o-»A“x Ap=ay=-1//E; PR EH—AY
a,P ‘2/'/3—0_ 6. Sakyoyenns

B Mozeim cO CMeWBBaEEEM [YQQ>-, IDF —, [DV) -cocTommmt nad Jme-
6oro HMAaNYEeCKOTO COCTOAHMS C ONpENeJSHHMMM 3Havemmam# I u § Opencxa-
suBamca mecTh GapHOHOB c oTpriaTeJpHO# uETHOCTEO: IBA C J 4 =I/2",
™R ¢J _3/2 X OmHO C.J" -5/2 « HekoTopHe cOCTOAHASA, COOTBETCTEYKILEE
OpPTOHOPMEPOBAHHOMY Gaskcy ( CcocTORHASA [Yf, ) B (3)) mmewT Macck Ham-
HOTO MeHnme macc 4QQ -cmcTem ( cocrommms /¥,» B (3)). 310 mo3RO-
JfeT OOJNY4UMTH SHAUEHAA MAcC GWBMYSCKEX cocrosnull,Ciuskne K HAGmnae-
MEM Ha ONNTE, 19 ANEHTEIHKAUMA IPENCKABHBACMHX CAPHOHOB 2 ‘;,’ s B
HaGMIEEMHX HEOOXORMMA MHODMAIMA O CIMHAX X YETHOCTAX SK30THUECKNX
CapHmOHHHX pesOHAHCOB. MHTepec MOTYT NpeACTABAATE TAKEE HCCJENOBAHMA
PAIBAUMOHHHY DACUALOB B HOMCKE CTACHJIBHOTO 3K30THYECKOTO GapEOHA CO
CTPaHHOCTEN, PABHON -4,
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i10MCK SK3OTHMECKMX BAFFOHHHX CHCTEM B PEAKLMAX PASBAJA
PEIMTUBUCTCKUX SIEP

H.0,Asigpeesa, 3.B.Auaox, B.M.Byouos, A.U.laiirunos,
O.K, Karmaruna, ¥ 8. Yacuuxos, I.U.laxosa

HucTuryr usuin ascoxmx sHepruk AR HasCCP, Aama-Ara

B nocreanne romd MHOIC BHMMARENMA YHEARAGCH SKCHEDHMEHTAZBHOMY K
TEODSTHUGEKOMY HCCACHCBAMKD BKSCTHUSCKNX CHCTEM, B UBCTHOCTM, RHO-
MANGHOB - AHOMAXLHO B3AHMOZCHCTEYDENX DEASTHRNCTCKHX §parMenTor
ANeD~CHAPNAOR, OGPRIYDEMXCA B CTONKHOPEHMAX MIED RMCOXMA SHeDrMi.
Aueerca orpowHoe xoAWuecTPo MySAHKALNMR, B KOTODMX NpMBEfieHM XX Jio-
AORMYOARHNE, TAX M OTPHLATESHNME PE3YALTATM MNONCKA AHoxaAoHOS, ln-
TEpPATYHY NO AHOMANO! suoxHo Haltre, Hanpuwep, s paforax ¥ Ap.

B naweit padore pacCMaTpPNBAIACh POIMONHOCTD OCHADYEGHHA K-~
sornueckux cucreM ¢ 2 =1 m A>3. B peaxumun nossoro passasa snpa
HeoHa-22 ¢ umnyapcom 4,1 T'aB/c ua Hy®AOH Ha ORMO3ADAEMME GPAMEHTH
HOMK OWXO oOHApYXeHo runepaxpe .# (cHcTema, cocTOMMAR M3 OTHOTO
APOTOHE, ARYX HERTDOHOR H OAHOrC A ~THIEPOHA),

B Hacrosumem coolweHHH TPMBORATCH DE3yARTATH AAXbHEAWETO NOHCKA
THNEDAZED CPERM OFMO3ADANHMX {PAIMEHTOB BO BaAMMOAGHCTENAX DEAATH-
BHCTCXHX #UED YIZEPOAM ¥ HEOHA B ANEDHMMX JOTOIMYABCHAX,

B paGore ucnoasaopazuce $orosmynncun rhna BP-2, obxyuennwe Ha
ycropurene OMAM mapamn “C w *Me ¢ mmyancow P, =4,1 I'sB/c na uyx-
noH. Meromwyecxue BONPOCH, CBA3AHHEE C no”?on n umeHTHiHNamMeRt of-
HOSApyIHEX $parMeHTOBD, M3AOoEeHM B paGore .

B peaximsx +A GMAM HIMEDEHM MMIYABCH M MOHH3AUMA 254 omiosa-
prma gparseHros us 204 pyamvonefcrsnt u B “He+A — 556 fparnen -
rop 43 S05 psanmomeicremft. CooTHOmeHMe uHCAR $PAIMEHTOR C BeAMUM -
HaMH oac  , pasiaMp (2-6) 'sB; (6-10) 'aB u Gonee 10 I'aB, pam:o
62%, 2%, 109 anx 120, BaaMMOReRCTBHR, [ AR uACTHI, uurwubcy Xo -
Topux He Ouau onpemexeri, cocrapaser 7%, Ilo aanHsu paGorw /5 »

A maammoneRcTaHaX foAR £ ~fparmeHToB cocrapaner 57%, o ~fpar-
senrop - I14%, ¢ -§parmenros - 2,4%, Apyrux uacrhy (xedparmenmos) -
27%.

Ha puc.Ia » IS npeacreBxens pacnpeieneHus Ao SHEPTMK, TOuHEe,No
BEANULME AOC, JAA ORHOSADARHMX JPATMeHTOB, OODASCBAHHMX B0 BIRKMO~
ASRCTBHAX I2C4A u 22Me+ A, Hex BMAHO M3 DACTpesexeHMit no psc
p ofaacTn 4, 8 u I2 I'sB  muemrcs 3sMeTHME INKN, KOTOpMO COOTBETCT-
BYW? MpOTOHAYK.: RUATDORAM H TDNTOHAGM. HECHTN{MKAUMA $PArwSHTOB npoBO-
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AMIACh TAKKE NYTEM HIMEPEHHs
HOHHBALMM, & B DEAKIMAX MOAHO-
ro pa3Bada SAep~CHAPAROB,

20 KOrJs OMIHM MSMEPEeHN HMIlydbeH
Bcex (parmeHTOR M BTODAUHMX
0 P 4 yacrTmy, H MyTeM KMHEMaTHue -

J' CKOI'0 AHAAN3A

& 3

Puc.1.Pacnpenenenne no pe-
LY o AWUMHE PAC  =OFHOSEPAL=
HHX YBCTHI
a) ua 204-A paanMonefter-
40 BufA (yron munera uacrTuy
s 4 ¢ 85 59);

6) ua “Ve+A manummosef-
\ , R o creufi {yron ssnera uac-
4 ! ” %pge,8 wuy g< B5O),

20

Paccmorpru cpepnue menmuuiad npoGeros GpATMEHTOB  MMenEMX pasAKu-
Hue BenwuuHW ppc . Cpepuuit caoGomHsd npoGer ans d.arMenTo® ¢ on-
peneneHHHM 3HAUGHHEM BENHUHHW 04C HAXOBHACH XaKk A=S/# , rlie S-
CYMMSDHAA [POCAeNEHHAS [/MHA, & A - UKCAO OCHADYREeHHMX BIAWMOREH-
creuft, Ha pue.2 mpemcramsnesa 3RBUCHMOCTD CDENHMX 2HAUEHMR A B caH-
THMETPAX KX (DAPMEHTOB, HMEDIMX DA3HME BEAMUMHMM LeC .

Aen ] Puc.2. 3aBHcHMOCTE cpep-
[ P Hell JAHHM CBOSOAHOIO
28 / d npoGera A or peAKuH-
HM J6C  nAA PASAMIHEX
24} \\ YECTHI M ONHOIADAMHMX
20 | . > fpamierToR B
\ p3aumogedcravax, Teu-
6 N Hue TOYKH ~ NPOTOHM,
2 AN H IGelTpOHH B o(-umcTHIM
\\‘ '—j"—* { @ PAAT" M3 pAGO-
P ‘ . o i /<), Ocraavhue Tou-
7 I 2] * pAc, /38 K¥ — NOHOHOHNA B TeKcTe,

Kpecrwxan cooTmercraywr sHaueHua A Ges yuera nsaumomeHcrTamt usc—
™™ ¢ axuHok MeHbme I cu. YucAo Taxmx gparmeHzoB, HA KOTOPMX M3-33
MazoR AXMHM He yAAMOCH ONDEAeAHTL WX SHEPTWD X NPMPORY, COCTABXNET
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7% B 2cea w 9% B ?*Ne+A  pasmiopeficTBuAx. TeMuuM TpeyrOABHM-
KaM CODTBETCTEBYNT SHaueHWs A, NOAYUEHHHE NPHM yJyeTe uuUcCha KOPOT-
KonpoGexHHX HEUHeHTHOMIMPOBAHHHX UACTHL, NpONOpHMOHaABRHO uncay fpar-
MEHTOB, MONAZANNMX B MMTepBaaM no 28¢ : (2-6) T'sB, (6-I0) I'aB u
Gonee 10 I'sB, lipy Taxom yuere KODOTHONDOGEEHHX (pPAIrMEHTOP CPEIHHN
cpoGomuuit npo6er gng vacTuy ¢ L8C =(2-6) I'sB, cocTamasmmkx B oc-
HOBHOM IDOTOHH, OKA3WPAGTCA SHAUHTEEBHO HKXE BEXMUMHH CBOGOZHOr'O
npofera nAs npoToHoB ¢ MMmyabcos 4,5 I'sB/c 6/, Ceerma Tpeyrofis-
HHKAM COOTHETCTBYST (POAMONOMEHHE O TOM, UTO HOpoTkonpobexine ¢par-
MEHTH uMenT BeIWusHN gec Gopbwe 6 I'sB u ceernoft Touke - p6C
Gonpme 10 ['aB. Ananus propuusux BaauMopeficreuft (pecnanos) KopoTko-
npoGextux ¢par¥eHTOP NMOKASHWBAET, UTO NocnenHee NPERNONONEHME ABASA-
ercs HauGonee npasgonomobHuM. Kek Buano us puc.2, mpu moGoM yuere
KOPOTKONpOGexthX $parMeHTos BENHUMHA cpefiHero cBoomHoro mpodera
A OmHOSapAfHHX URCTHL ¢ A4C > 6 'sB saMeTHO MeHpme BEAMUMHH A
ANA NefTOHOBR K of -uACTHL. ONHAM 43 BOBMOXKHEX OOBACHeHMR Mamof pe-
AMUMHH A MOXET GHTb MPEAMOAOKEHHE O TOM, UTO CPeAM (parMeHTOR c
£A¢ > 6 I'aB np: cyTCTBYDT runepsaps ¢ BpeMeHeM mugHH ~ 107V ¢,
pacUaNaImEecH HA DACCTOAKHH BCEro NMMb HECKONBXO CAHTMETpoB.Jns
HueHTHHIMDOBAHHEX I'MIIEpATED ,{H ¢ maccoft M pHeprneft, Guuskoft k
MBCCEe M SiHeprHM o -UacTHlj, BEAMUMHA cPOSOAHOI'O mpoGera A CKasa-
Rach NpUMEDHO B OB& DASA MEHBNE BOIHUMHM A JAAs o -uyacTHL.3ame-
THM, UTO H3 6 {PACMEHTOB XAHAMUATOB B , /7 4 ¥ omHO Ampo 7/ 06~
HApYXeHH B DeaKUHAX HGAHOr'O pa3Bana fApe-CHADAZA.
Ha puc.3 mpHBegsieHa sasucuMocTh BemwyuH A maA paa%ymx anep

oT aromHoro HoMepa A (TeMHMe TOUKM — JaHHWe 3 paloTH ).

A,em ! P
3%
k)
28 [ A
t
\\
d's
20 N
\\
Puc.3. 3amxciniocTs cpemieft Tee
t + 4y
AAHHE cBOGOmHOrc mpofera 2} - ~~F
A or aromHoro Homepa A. oy
A
Honcienue 3 remcre. I I N , .
’ 2 4 0 "o A
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Tam xe npuBefeHH Beauuuyn -1 RIA ofHORApspHWX ($parweHToB (mpoTo-
HOB, IoftTPOHOB, TPUTOHOB X THUEDPSAep ;/ ), AREHTHEMLIMDOBAHHMX TONB~
KO B COGHTHAX TONHOrO pA3BANA HANETANEETO PeARTMBHCTCKOrO sAapa HE
onHosapsamHe fparsent. B “NVe <A  paaumomefictusx B 2000 coGuTHmX
ofHapyxeHa OOHE PESKUHMA NOJIMOrO pa3BANS HANeTaNmero supa Ha gpar-
MeHTH ¢ ¥ =l, a B A p3auMonefcTeuax ~ B 70l cobwruu - II peax-
uH#t Taxoro paseasa. Mz pucymnxa 3 BmmHo, yTO BeamuMMd A Ang TPH -
TOHOB W runepsaep ;H MEHblE BEefMuUMHM A A ¢ -yacTHl,

Ha?ec'rﬂo, YTO CymecCTBYOT H MHOIO38pSAHME THOEPANpPA 4. , .8 H
np./ 7 , KOTOpME TaKEE MMEDT BpeMa mMsHM ~I107 0 ¢ H, chenoBaTenb-
HO, Majse QAMHM cBoGopHOro npoGera. Brnoame BO3MOXHO, UTO cpeaM Tak
HASWBAEMHX SHOMANOHOB NPHCYTCTBYDT TMNEpAgpa. Anf NOATPEpAREHHs ITOH
rHnoTead HeoOXoQMMu RajibHeftmHe HCCAGAORAHHMSA CBOMCTE PeNATHBMCTCKHX
THRepAfep HA SHAUMTERBHO GONLEEM CTATHCTHYECKOM MATEepHale,

B aa,meuue apTopM GnarodspAtr pykosouacTso JBYO OMAM m corpyarmue-
cTBo /2 sa npeAocradnenue suepHmx Goroswmyxscult u YOK OMAH aa oScyx-
JI€HHE YACTH DPESYJbLTATOB, NPEACTABACHHMY B HACTOSHEM COOCMEHHH.
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PROBING NUCLEAR MATTER WITH DILEPTONS
L. S. Schroeder

Nuclear Science Division
tawrence Berkeley Laboratory
University of California
Berkeley, California 94720
usa

1. Introduction

Dileptons have a long and distinguished history in particle physics, e.g., the
discovery of the J/¢ and its impact on QCD. 1In nuclear science dileptons are now
being employed to study many interesting features associated with pA and AA
collisions at intermediate and high energies. From a theoretical point of view,
dileptons are particularly interesting since at high energies they can arise from
basic quark-quark or quark-antiquark processes as shown in Fig. 1 (a,b,c)--as such
they can be used to probe the quark “degrees-of-freedom” in the collision. In
addition, there are other potential sources of dileptons, such as the q+—'_ anni-
hilation and hadronic(both baryons and mesons) bremsstrahlung processes indicated
in Fig. 1 (d,e). We shall see these are also of interest in helping probe extreme
conditions of temperature (T) and density (p) 1n nuclear matter. From the

Sa g A T A . A
2y AN PG

a) q-q annihilation b) annihilation & c) q bremsstrahlung

x+

gluon-bremsstrahlung

'l\"I Y* ﬂf
T r

) b 4
d) hadronic annihilation e} hadronic bremsstrahlung

Fig. 1. Examples of processes yielding dileptons (e*e™ or u*u~) 1n
hadron-nucleus and nucleus-nucleus collisions.
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experimental side, leptons and dilepton are felt to be particularly useful since
they interact weakly with matter and therefore serve as relatively undistorted
probes of various stages (pre-equilibrium, equilibrium and the late frozen phase)
of the collision process.
In the remainder of the talt 1 will:
a) Briefly describe what's known experimentally about dileptons,
b) Review their use in upcoming experiments with 1ight ions at the CERN
SPS1'2——possib1e signatures of quark matter 1’ormation,3’4 and
¢) Discuss their use in an upcoming experiment with a new spectrometer at
Berkeley--probing the nuclear matter equation of state (EQS) at high

T, p.

2. Some Features of Dilepton Spectra

Fig. 2 displays the dimuon mass specirum as measured by the Chicago-Princeton
group in « -nucleon collisions at 225 GeV/c.5 The solid curve represents the
estimates of the Drell-Yan hard quark-antiquark scattering process. A rich
spectrum of resonances are observed above an apparently smooth background. The
Drell-Yan process provides an adequate explanation of the data for M_ >3 GeV,
i.e., in the region where perturbative QCD is expected to be valid. However, it
completely underestimates the yield at lower masses. The region below a few GeV
then appears to have an "anomalous enhancement” of dileptons. At present, there is
no adequate explanation for these low-mass pairs; although such things as the
decay of heavy mesons and quark/hadronic bremsstrahlung processes have been
considered--and must provide a portion of the observed signzl. In Fig. 3 we see
that pair masses in this region (< few GeV) scale as ~ 1/H2, where M = dilepton
mass. Also the yield appears to be relatively insensitive to energy and projectile
type between 13-225 GeV/c.ﬁ_g A more detailed discussion of dileptons and direct
leptons (whose source should be dileptons) can be found in the review article by H.
Specht in the Proceedings of 0H'B4.1o Since the dilepton spectrum is sensitive
to the quark "degrees-of-freedom," and because dileptons can exit the interaction
volume unscathed, they have been high on the 1ist »f experimental observables in
the search for the quark-gluon plasma (OGP).S'4 Recently, L. MclLerren has
provided a sunnary1] of the physics that one is sensitive to for various ranges
of dilepton masses. This is summarized below:

Dilepton Pair Mass Physics Probed

a) < 50 Mev coherent emission from local charge
fluctuations

b}  50-500 MeVv 0GP emission plus hadronic decays

c) 500-3000 Mev QGP emission

d)  3000-10000 MeV Drell-Yan, perturbative QCD
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The region below 3 GeV is clearly a region of non-perturbative QCD and is the
one receiving the most experimental attention in the upcoming high energy 1ight ion
program at the CERN SPS.

3. Dilepton Program at the CERN SPS

Beginning in November 1986 there will be a major 17 day running period with
160 ions for physics studies at 60-200 T ¥/nucleon at the CERN SPS.] This is
to be followed by an additional period in September-October 1987. Simultaneous
with this, 1ight ions (up 1o 32S) will be available at the Brookhaven AGS at 14
GeV/nucleon.lz For the future, Brookhaven is planning a dedicated Relativistic
Heavy lon Collider (RHIC) which would feature Au+Au collisions at 100 GeV/nucleon
in each beam. The central thrust of studying nucleus-nucleus collisions at high
energies is to produce and study the QGP. In this talk I will be discussing only
the CERN program on dileptons.

High energy nuclear beams at the CERN accelerator complex have been made
possible by the addition of an ion source {built by Geller) and a RFQ (built by GSI
and LBL) which are used to inject an existing 1inmac at the PS. Ions are
accelerated in the PS, transferred and accelerated to the desired energy in the
SPS, and finally extracted into the North and West experimental halls for physics
studies in a variety of detectors.1 Six major experiments and several smaller
ones, invalving ~300 nuclear and particle physicists are paised to carry out this
program. Two of these experiments (NA34 and NA38) have the capacity of measuring
the spectrum of dileptons. To give you a feeling for the scale of these
measurements, Fig. 4 shows the NA34 setup. It consists of five different

CUIEANAL SPECTROMEVER )l SPLLrROMETER

L1
Regret . 108 "1 L1 O T a7
LTI mograt
1

i —u:-_l:lvlun t — y hurse
a

Fig. 4. Schematic of the NA34 experiment at the CERN SPS.
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elements:2 1) target + vertex detector system, 2) 4r calorimeter with separate
EM and hadronic sections, 3) compact forward electron spectrometer (Hee < 1000
MeV}), 4) forward muon spectrameter (farmerly NA3} covering from 250 MeV to beyond
the J/y and 5) wide angle external spectrometer. Strong filtering (~10 inter-
action lengths) is used after the target to remove hadrons and 1imit decays of
's and K's into muons. 1In this way they expect to reduce the problems arising
from high multiplicities (expect events with ~100-1000 particles at 200 GeV/
nucleon), lepton identification, and combinatorics. The guestion of individual
electron tracking and identificatian is made particularly difficult in the front
-end of the system by the 1-2 e-pairs expected from «°-Dalitz decay alone (they
anticipate ~100-200 x°'s for central collision events). A wide angle pair
spectrometer is being designed, but will not be available for the first round of
experiments. Clearly NA34 has undertaken a very ambitious plan to search for the
QGP. As in a1l the CERN experiments, ane will not look for a single signature but
must Jook at correlations within a given event, e.qg., dilepton mass spectrum
correlated with high multiplicity (M) or high transverse energy flow (ET),
correlations between strange particle production and global observables (M, ET'
dN/dy, ...}, etc.

Before leaving this section a word 1s in order on what we might expect from
dilepton measurements at SPS energies. Fig. 5 shows a dimuon mass spectrum as

25 — T T
7, = 100 MaV

20— —

Ty = 170 ey

AN (wbittary Scae)

Fig. 5. Shape of dilepton (w*uw")
low—ma;s spectrum (caiculated by
Ref.(3) for different values of
the temperature of the source
(Tg = 15?. 170, 180 MeV) for a
fixed critical temperature of

Te = 160 MeV. Mass. MiGe)
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calculated by S. [:h1n13 assuming only two contributions: 1) « -« annihilation

and 2) a thermalized QGP with a critical temperature of Tc = 160 Mev. For a
source at To = 150 MeV, only the annihilation process (dominated by the e-form
factor) contributes but above Tc =160 MeV the QGP provides a substantial yield,
particularly for Hpu < 500 MeV. MNote that the stromng roll over at ~400 Ee!

is due to the finite muon mass, znd would not be there for the case of e e
production. Clearly such a calculation is meant to be illustrative et best since
it neglects many other potential sources of dileptons. But it does jindicate that
the low-mass region is of particular interest if one is searching for effects due
to the QGP. As a further experimental handle on detecting quark matter, one would
want to study the mass spectrum of Fig. 5 for increasing projectile mass, since the
QGP should bz sensitive to the volume (=A}, while the annihilation process should
be more of a surface term («AZ/B) assoclated with the later hadronic phase of

the collision.

4. Dileptons at the Bevalac

Over the last two years an LBL/Clermont-Ferrand/Johns-Hopkins/Louisiana State/
Northwestern/UCLA co]]aboration]4 has undertaken the design and construction of a
major new system called the Dilepton Spectrometer (OLS). The OLS will measure the
effective mass of e'e” pairs at Bevalac energies. At 1-2 GeV/nucleon in the
laboratory one does not expect dileptons to arise from formation of the QGP, but
rather as the smission of bremsstrahlung (virtual y » e+e—) from cascading
baryons in the hot, compressed stage of the collision process (see Fig.le) and from
e annihilation (see Fig. 1d). Just as in the high energy case, at
Bevalac energies dileptons serve as excellent probes since they can exit the
interaction volume without being distorted. I(apusta.l5 has indicated that the
region from 20-250 MeV should be sensitive to the hadronic bremsstrahlung (both
initial and final state particles), while above 280 MeV (~2 m') the w'-v"
annihilation contribution can be studied. A very preliminary estimate of the
expected production yield per unit volume per unit mass for these two processes is
shown in Fig. 6 for nucleus-nucleus collisions at Bevalac energles. Two fireball
temperatures (T = 50 and 100 Mev) were assumed at a baryon density of 2p0. At
50 MeV the ' -v~ annihilation process will be undetectabie, but by 100 MeV
it should be observable. In addition, the annihilation contribution should be
sensitive to the pion dispersion relation in hot, compressed matter. Experimental
data on dileptons (e+e~ at Bevalac) will then be compared with various
theoretical models to gain more insighi into the €05 of nuclear matter at high T, p.
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Fig. 6.Preliminary estimate (Ref. 15) of the rate of dilepton (e*e™) emission
in nucleus-nucleus collisions at Bevalac energies. Two source temperatures
are assumed (solid = 100 MeV, dashed = 50 MeV).
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Fig. 7 shows a plan view of the DLS. It consists of two identical magnetic

arms each of AQ ~170 msr. Each arm contains: 1) a large arerture dipole

(Bmax ~5 k), 2) segmented gas cerenkov counters (front and back of magnet; to
identify electrons and positrons, 3) scintillation hodoscopes to provide fast
electronic signals, and 4) drift chambers in front and back of the magnet for

tracking the et's Segmented targets are located inside a scattering chamber.

BEVALAC

~

LEGEND

Multiplicity Array
Cerenkov Counter
Drifi Chamber
Hodoscope
Lead-Glass Counter
Magnat Pole
Segmented Target
Wiré Chamber

EHTrIToON

XBL 8512-9990

Fig. 7- Plan view of the DLS.

This chamber 1s surrounded by a multiplicity array to help distinguish between

central and periphera) events. The DLS has had one test run (May 1986) and will}

commence full-scale operation in late 1986/early 1987.
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A fundamental limitation to our ee” studies at Berkeley lies in the fact
that the Bevalac intensity for masses > 56 is insufficient for a systematic
dilepton program. But it is precisely the heavier masses that one needs to produce
high T, p nuclear matter. Berkeley has recently proposed 2 Bevalac Upgrade16
whereby the Bevatron's main ring would be replaced by a modern synchrotron such as
that shown in Fig. 8. Such a device would be capable of providing increased beam
currents of ~100~1000 over those presently available and would serve as the focus
of a very broad-based nuclear science program. In particular, for the DLS program
the Bevalac Upgrade would provide:

a) loglsec for heavy (A »100 beams),

b) Enhance data rate (~10X),

c) Permit e'e” measurements to lTower energies and to do/dM ~ nb/GeV

level (presently expect 1-10 ub/GeYy at the Bevalac),

d) Allow data at higher Pl's (~1 GeV/c) for ete” palrs, which

should help distinguish between different production mechanisms.

BEVALAC UPGRADE

\ ’
Existing Experimentsl Facikties

Fig. 8. View of Bevalac Upgrade showing replacement synchrotron and existing
experimenta) halls.
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Summary
Bileptons are widely considered as one of the fundamental tools available for
gaining insight into nuclear matter under extreme conditions--whether in the quest
for the QGP or learning more about the EOS ot nuclear matter at high T, ,.

At Berkeley by mid-1987 we expect to have our first results on pA =+ ete”
+ x(~2.1 Gev/nuclepon). On the same time-scale several groups should have early
results on the e+e_ and p+u_ mass spectra in 160+A collisions at
60-200 GeV/nucleon at the CERN SPS. These will be eageriy awaited for at the next
Quark Matter meeting (August 1987) as perhaps our first inkling of the QGP. There
is no dedicated experiment at the Brookhaven AGS to measure dileptons at present,
but experiments are expected later-~particularly when the heavy beam capability
(AGS booster) is realized (~1989). Finally, several groups are looking at
dilepton possibilities for RHIC (physics in the 1990's). The future for this probe

looks promising!
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1. 1Introduction .
———— -

The philosophy behind the QUARKS -—,. O\‘

Stockholm diguark model Cry

can be pictured in the ~ O -
following way: EATE - N
DIQUARKS Q
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Hence we argue that the non-perturbative QCD forces can bind two
quarks into a small diquark system, and we believe that we have found
evidence in the experimental data for the drastic conclusion that
this effect is the second-strongest QCD phenomenon. The strongest

is naturally confinement, while we think that perturbative gluon
forces qualify only for the bronze medal.

These arguments can be true only 1if

- diguarks can explain the bulk of QCD phenomena that are usually
blamed on perturbative gluons, and

- the perturbative expansion parameter AQCD 1s much smaller than
believed so far.

It should be noted that there are no basic theoretical arguments

against such a view, however ridiculous it may seem at first sight.

The free parameter AQCD 1s anyhow only fitted to the datz, and a non-

perturbative binding effect such as that inside a bound diquark can-

not at present be rigorously analvsed within QCD {compare the con-

finement problem). The real challenge at present for Stockholm di-

quarks is instead that perturbative QCD has been fairly successful

in explaining the bulk of high-energy data. In our first round of pub-

lications we were therefore busy trying to explain the typical "gluon

evidence" in terms of diquarks, while we now concentrate more on fin-

ding a "smcking gun" in the form of data and reactions where our

model and perturbative QCD give completely different predictions.

A problem has been that the groups working with perturbative gluon

effects very rarely make critical predictions, while the market is

full of successful postdictions. The theme of this talk will there-

fore be discusslions of a few examples of such critical reactions.

The basic philosophy behind the Stockholm diquark model, and our way
of working, 1s discussed in Ref. 1: ’

Vorume 51, Numbes 24 PHYSICAL REVIEW LETTERS 12 Decemuen 1983

Are “Gluon Effects’* Caused by Diquarks?

Sverker Fredriksson, Magnus Jindel, and Tomas L Larsson
Depitriment of Theovetical Physics, Roynl Institute of Techiology, $-10044 hhofry, Sweden

By now we have analysed the following types of reactions and phenomena
within the Stockholm diquark model:
- rescattering in hadron-deuteron reactions 2/
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- formation of nuclear matter with only diquarks ("demon nuclei"
in heavy-ion collisions /3=1/
- deep-inelastic leptor-nucleon scattering

- deep-inelastic lepton-nucleus scattering and the EMC effect

/8-10/
/117

- neutrino-nucleon scattering and backward-jet fragmentation 12/
- large-pq proton production in hadron-proton reactions /13-14/

- electron-positron annihilation into hadrons /15-17/

- formation of a diquark plasma in heavy-ion reactions /18_19/,

Review articles can be found in Refs. 20-21, as well as in the two

PhD theses by Larsson and Jandel /22~23/

2. The Stockholm diquark

The specific features of the Stockholm diquark that distinguish it
from other diquarks on the theoretical market are that it is a bound
(but not confined) two-quark state with spin-parity 0" and colour 3%,
and that it is very small. We see no phenomenological need, so far,
for any kind of excited diquarks, which means that the "“allowed"
ones are (ud), (us}, {ds), (uc), etc; all in spin 0 and internal S
wave. The (ud) is first of all found inside protons and neutrons,
while the heavier diquarks could exist inside other baryons. Observe
that a heavy guark makes a diquark smaller than the (ud), because of
trivial kinematic effects.

The most obvious consequence of this model is naturally that a nuc-
leon looks like this:

u or d
Cd

or if illustrated in
terms of potentials

experienced by a

quark inside the
{ud) diquark:
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The "extra” nucleon substructure reveals itself in, for instance, the
deep-inelastic structure function Fz, which for a charged lepton beam
reads {neglecting sea guarks):

Fz(x,Qzl = eéxq(XJ + eng(x)Fz(Qz) + eé

Here g 1is the single quark (u in protons, d in neutrons), D is the
(ud) diquark and dp is the "average” quark, 4(u+d), inside the (ud)
diquark, while eq etc.are their charges. F(Q") 1is the diguark elect-
romagnetic form factor, which represents the size of the {(ud). The
three terms signify the contributions from the following three sub-

2
quD(x)(1-F ).

processes:

The corresponding constituent momentum distributions are expected to
look something like this:

xq (x) xD (x) xqp (x)
1 1 2
T . ' x ' 0.5

This illustrates how we expect the diquark distribution to be fairly
similar to that of the single quark, while the two quarks inside the
diquark carry, on average, less momentum. With this formalism we take
into account the fact that the (ud) is not point-like and therefore
must be dissolved into its two constituents, a u and a 4, if only 02
is high enough. That explains the factor 1-F2 in the third contribu-
tion, which avolds double-counting of quarks and diquarks. In this
sense we can also argue that a nucleon always is in a guark-diguark
state, but with the digquark itself being a two-guark state. In other
diquark models one normally assumes that a nucleon is a clean-cut
quark-diguark state some fraction of its time, and a normal three-
gquark state the other fraction. Then one ignores two important facts,
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namely that the transition into a three-quark state is highly Q2 de-
pendent, and that the three quarks behave quite differently even

in the "three-quark state", since two of them are still captured in
the small volume of the (ud) diquark. The latter fact ohviously ex-
plains why the {average) u and the d have so different momentum dis-

tributions inside a proton.

The important diguark form factor is parametrised as

F(QZ) = (1 + QZ/MZ)—1, with M2 as a free parameter.

In Refs. 8-10 we have shown that one can indeed fit the world data on
deep-inelastic scattering, including those with neutrino beams, with
momentum distributions ¢i{x), D(x) and qD(x) that are quite realistic,
and in line with naive dimensional counting rules. For the form
factor, the data give

")
M~ 10 Gev2.

This astonishingly high value corresponds to the small diquark radius
promoted by us. As you will see, this value appears also in data from

other, and quite independent, reactions.

Diquarks are also of importance in e+e_ reactions, where they are
produced as diquark-antidiquark pairs. There they can be created on
two levels, and by two completely different mechanisms.

First, there are the pairs produced indirectly, in the strong colour

field stretched by the originally produced gq pair /15’17/:

D -
EC'_ ¥pp
‘ R antibaryon

Here the important quantity is the probability for a pair of scalars
to appear in the colour field, as compared to that for a qa pair.
This number also depends on the diquark mass, and the data on baryon
production in e*e” reactions have therefore been used by us 115/ to
fix the {ud) mass to 200-300 MeV (in the current-mass sense, with

masgless u and d quarks).
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Secondly, diquark-antidiquark pairs can also be produced directly
from the virtual photon 15 H

D X, antibaryon

Now the cross section is instead entirely determined by the charge
and form factor of the diguark, and since our diquarks are so small,
the rates of certain diquarks can be substantial in energy regions
where the form factor is not yet too suppressive. Of special impor~
tance is the (uc), since it has charge 4/3. It is therefore favoured
by a factor 16 over the (ud}, not counting the fact that it is also
smaller. A clear bump in the e+e- cross section at 5-8 GeV can,

in fact, be attributed to the strong influence of charmed diquarks,
as has been shown by us in Ref. 16.

Before telling about our most recent projects, I would like to end
this section by guoting an interesting effort by a Soviet group to
justify the concept of small diquarks with the help of basic theory.
This 1s due to Betman and Laperashvili /24/, who claim that the in-
stantcn model by 't Hooft supports the view that the spin-0 (ud)
diguark is very small, This comes about because of the instanton part
of the quark-quark and quark-antiquark interaction. Consequently,
also the gq pair in a pion is very small, and that explains the
"paradox" in our model that the Stockholm diquark 1s smaller than the
pion. The size of the pion, as seen in strong-interaction total cross
sections, is determined by the extension of the hadronic field around
the gg pair. If the pion could be probed in deep-inelastic scattering
it would turn out to be much smaller. Betman and Laperashvili find a
{ud) radius of 0.3 fm and a mass of 330 MeV, which are close to our
purely phenomenological values (taking the current mass).

In a nailve constituent picture we instead expect a quark to have a
mass of around 400 MeV in order to fit the A mass of 1,200 Mev, since
the spin-3/2 A cannot contaln any spin-0 diquarks, But then the mass
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of the (ud) diguark must be around 500 MeV in order to fit a nucleon
mass of 900 MeV. It is interesting to note 710/ that a bound system
of 500 MeV, which contains two objects of mass 400 MeV should have a

radius of around 0.25 fm, according to simple quantum me-<hanics.

3. Proton~neutron deep-inelastic differences

The first recent project I would like to mention is the one of Ref.
10. There we point out that the structure function difference of

Fg - Fg gives a 02 independent result in our model, since the (ud)
diquark is the same in protons and neutrons. The two Q2 dependent
contributions to F2 therefore cancel in p-n, unlike the situation
in perturbative QCD, wherc the same Q2 dependence is expected in
p~n as in p and n taken separately, i.e. at high x values where the

sea quarks do not contribute,

The existing data are not accurate enough to discriminate for sure
between the two models, although the EMC data 725/ have a best-fit
value for the perturbative QCD parameter of only AQCD ~ 1 MeV, if
determined from p~n (with huge error bars, though). There is also

a recent analysis of neutrino data 726/ giving AQCD = 55 j1§g Mev,
which is consistently lower than the values for n and p separately.

727/ uhich

One can also compare the EMC data with those from SLAC
are taken at much lower Q2 values. The figure shows that the Q2 inte-
grated structure function difference is, within limits, the same in
the SLAC and EMC data, which is almost incompatible with the predic-
tion from perturbative QCD, shown here as a dashed curve for the Q2

values of the EMC data. T T T T T T T -7 T

T
1

e S[LAC
o EMC |

03

The figure shows the —
structure function cC
difference p~n versus 102
the scaling variable x. !
The SLAC and EMC data ﬁiy
from Refs. 27 and 25 —
are taken at very 01
different Q° values.

Oyr model predicts a

Q“ independent p-n,

while perturbative QCD 0 —
predicts the dashed

curve for the EMC data.

The full line is drawn 0' 1

to guide the eye.
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Also the structure function ratio F2/Fp is 1nterest1ng for testing
our model and perturbative QCD. We predict a Q dependent ratlo,
since n and p have different admixtures of Q independent and Q de-
pendent contributions. Perturbative QCD, on the other hand, has a fac-
torised 02 dependence that cancels in lowest order in the n/p ratio.
The figure shows that there is indeed a clear difference between the
low—Q2 SLAC and the high—Q2 EMC data, which can be perfectly accoun-
ted for in our model, as shown by the two full curves. The new expe-
riment NMC at CERN will hopefully clear out whether this trend is
real or whether it can be blamed on systematic errors in the EMC or
- SLAC data.

The figure shows the 10
structure function

ratio of neutrons to

protons. The band

shows the SLAC data

of Ref, 27 and the 08
points the EMC data

of Ref, 25, taken at
censiderably higher a

Q” values. Pertur~ o~
bative QCD predicts ~ Oﬁ
the SLAC and EMC data <

to coincide in the ue
valence quark region

at x » 0.3, while our

model gives the 04
result illustrated by

the two curves. The

effect is a result

of the wvanishing of 02
the diquark contri- -
butions at high Q.

T T
1

We have also predicted the ratio R of structure functions for longi-
tudinally to transversely polarised photons as functions of Q2 and x,
and for both proton and deuteron targets. The results are shown in
the figure on the next page, together with the scarce data from

SLAC r21/ and EMC /28/. Note that perturbative QCD predicts essenti-
ally R = 0 at x > 0.4. It has, in fact, been suggested several years
ago /29/ that the high-x SLAC data here can be explained in terms of
diquark effects.
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T
The figure shows the Y,
° : 4 65
cross section ratio 7/ \\
for longitudinally 04 /
and transversely
polarised photons o
versus,x for dircfe-
rent @ values and
for both proton
and deuteron tar-~
gets. The data are
from SLAC (Ref. 27) >
and EMC (Ref. 28}). 0}
The lines show our
predictions, while .
perturbative QCD Y
predicts R to be
much smaller at -02,
x > 0.4, 1 | 1

o /o
T

R=
1
<
-
\
\

T

4. Large transverse momentum proton production

My second topic deals with the possibility of knocking out a whole

diquark from a proton. If we suppose that the (ud) reacts collecti-
vely and stays together with a probability given by the form factor
{squared), then it must appear inside a baryon at the end (we neg-~

lect the possibility of diquark-antidiquark "mesons"). One may

therefore ask if there are "too many" protons in some reactions.

The most well-known example is proton production at large P in pion-
proton ard proton-proton collisions. Conventionally one expects such
protons from the knock-out of a quark that picks up a diguark creatod
in the colour field together with an antidiquark. However, in our
model there are also scattered diquarks, whose rate is given by the
diquark form factor and the cross section for quark-diquark and

diquark-diquark scattering:
q or B, q or D

M
=0

VA
‘ol g
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There is by now a wealth of such data, demonstrating that there are
far too many protons to be explained by quark scattering only. An in-
teresting indirect "proof" is also that no other explanations than
those involving small diquarks have been published after the appear-
ing of those data about three years ago.

We have worked mostly with the data from the CERN ISR /30/. An earli-

k]
er analysis by Larsson 113/ treated some Fermilab data from a pion
beam. There are also other diquark model analyses of various 1arge-pT

/31-33/

proton data ., and an upcoming analysis by Efremov and Kim at

JINR of new 70 GeV/c Serpukhov data

Our comparison 714/ between the ISR data and the Stockholm diquark
model is shown in the figure below. As can be seen, we have tested
three different values of the diquark size parameter MZ, with a clear
preference for the "old" value 10 Gevz. The shaded band for M2 = 10
GeV2 shows the sensitivity to the fragmentation function for (ud) di-
guarks turning into protons. This function was varied within a wide
range. For the constituent scattering processes we used the Feynman-
Field model.

T ! T r 4

The figure shows the )

fraction of protons g’o MZ
among the large-p =W . 2
positive hadrons 20 GeVic

in pp collisions at ~ wz 10 -~

the CERN ISR. The
data are from Ref.
30, and from three
different scattering
angles. The lines
show the result

from our model for

sns/all posit
o

o
X

X4 0
three different size ‘9 20
parameters in the ao.t bl -
diquark form factor. ) AL '}455
The band marks the | Tl
dispersion when a 0 Lo—i 4 { —1 g
whole set of diffe- 2 3

4 5
p, (Gevk)

rent fragmentation
functions was used
for the (ud) diquark.

A similar analysis, with somewhat diffcrent details, was performed by

/30/

the experimental (Split Field Magnet) group The conclusions are
the same as ours, namely that models without diquarks seem incapable
of explaining the many protons, that the success of the diquark fit
is a result of choosing a very high M2 value, and that other details
of the modael seem of less importance for the fit, In addition, the

SPM group found some very inceresting independent pieces of evidence
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for diquarks in protons. First, the correlation between large—pT
hadrons and those in the forward direction clearly shows that a lar-
ger fraction of the initial quantum numbers disappear from the for-
ward diirection when triggering on a large—pT proton instead of on a
pion. Hence the large~pT proton contains more than one quark from the
initial proton. Secondly, the charge composition of the away-side
jet, when triggering on a large—pT hadron, is poorly understood with-
in perturbative QCD, but can be well reproduced if the (ud) diquark

can act as a single entity in the scattering process.

In conclusion, it therefore seems like many important features of the
data, such as the P angle, energy and projectlle~type dependences
of large-pT proton production can be well fitted with only one essen-
tial parameter, the size parameter M2 in the diquark form factor. It
should be added t} it the Lund model, where only gquark interactions
are allowed, is capable of fitting only the high general level of
proton yields, but not the dependence on Pps 8 and s. The high number
of protons can, however, be achieved only after adding a very high
fraction of so-called pop-corn events to the previous version of the
Lund model, and the full consequences of such a step has not Yyet been
analysed for other high-energy reactions /35/.

5. Digquark plasma

Nuclear matter contains as many tightly bound {ud) diquarks as single
quarks according to our model. Therefore we expect diquarks to play
an important role also when (and if) a quark-~gluon plasma is formed
by compressed nuclear matter in a high-energy heavy-ion collision.
{Observe that in the following we discuss only the plasma in the nuc-
lear fragmentation regions, and not the baryon-poor central plasma.)

If there 1s a bound two-guark state, there must start a chemical re-~

action in any plasma of free quarks:
u+d< (ud) + heat,
just like when hydrogen atoms form molecules: H + H ke Hy.

The balance of this reaction is naturally determined by the tempera-~
ture and the diquark binding energy. We arque (see Ch. 2} that the
diquark binding energy is typically 300 MeV (2.400 - 500 Mev), which
means that a temperature below 300 MeV would favour the forming of
diguarks. The point here 1s that in a plasma the quarks are delibera-
ted to form more diquarks than could be present in normal nuclear

matter.
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Probably, the temperature in the plasma just after the phase transi-
tion will exceed 300 MeV in average "plasma events", but the tempera-
ture of importance for the phenomenon of diquark formation is the one
just before the moment of hadronisation when the plasma has cooled
down. That temperature is believed to be close to 150 MeV. The figu-
res below show calculations by Ekelin /197 of the fraction of (ud}
diquarks among all plasma constituents (quarks plus diquarks) as a

function of temperature, under various assumptions about other condi-

tions.

.8 a
.6f i - N ]
X X
LI & ] [ & ¢y .
1 I [l 5. i 1 1.
1.2 .3 .4 .5 .1.2 .3 .4 L5
T (GeV) T (GeV)
Diguark fractions in Diquark fractions as
the plasma as functions of the functions of temperature for
temperature for consfant volume. constant pressure. Curves
Curve 3 corresponds to the A, B, €, and D correspond to
density n = 4n¢ and curve B the pressures
to n=7np . no 1is the den- A : P = P(T=.15,n=4n,)
sity of ordinary nuclear matter. B : P = P(T=.20,n=7ny)
C : P = P{T=,30,n%4n,)
D : P = P|T=.30,n=7ng)

(T in GeV!

It can be scen that at & hadronisation temperature of 150 MeVv, the
diquark fraction will be almost 70%, which is far in excess of the
50% in normal nuclear matter. This number means, for instance, that
if an oxygen nucleus, dumped into a fixed target, turns completely
into a QCD plasma, then it might contain as much as 20 diquarks and
only eight single gquarks at the moment of hadronisation. Of all these
diquarks only eight can escape into baryons together with the eight
quarks, while the other twelve have no simple way to escape. They
must form four dibaryons, or even more complicated multiguark sys-
tems, which will decay int. baryons long after the hadronisation.
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We therefore predict a strong dibaryon sighal whenever a quark plasma ﬁ
is formed in the nuclear fragmentation regions of heavy-ion colli-

sions. Two-proton correlations, deuteron rates etc.should therefore

be measured, if possible in combination with more "conventional"

signals , such as enhanced rates of large-pT pions, hard photons and

dileptons.

/36/.

"too many" deuterons with high momenta, which are frequently reported

Maybe such signals exist even in current data Examples could be
from nuclear tarqéts, an excess of proton pairs with low internal
energy, as has been detected in a few experiments, or the so-called
anomalons, which we have earlier attributed /3-14 to the formation of
"demon nuclei”, built by diquarks only. These "demons” are naturally
examples of a rare form of digquark matter with very exotic proper-
ties. The bulk of the dibaryons formed from the excess diquarks are
expected to have fairly normal quantum numbers and decay characteris-

tics.

Finally, I would like to express my sincere gratitude to Professor
Aleksander Baldin and the Organisers for inviting me to this Seminar
and for providing the friendly atmosphere that characterised the
whole week in Dubna. Inspiring discussions with Svante Ekelin while
preparing this talk are gratefully acknowledgec.
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IEKTH SKPAHMPOBAHILY LIBETA B JMOPAKUMOHHOM PACCEAHVM
AJTPOHOB HA STIPAX

E. 3.Konesmopwd,

O0neIuHEeHHL WHCTHTYT ANEPHHX Hccaenopanmlt, lyoua

6CCH B

Usyuenme mepujepmyecKoro BaamMoNe#CTBRA AXDOHOE IpE BHCOKEX SHED—
TRAX HATAJIKWBAARTCH Ha HepemerHy®n B KXJ mpodnemMy GoBIMX paccTodnuf,
Moxxo TeM He MeHee cPOTMyJMPOBATE: HEKOTOpHE Oo0mme CJONCTERA TOrO, UTO
B KXI msammomeficTEde LiBeTHOE. AINPOHH, COCTOANHE H3 IBEYHHX OCLEKTOB,
camMi CecitBeTHH. Jix B3gmMoneflcThMe HamoMmHaeT BsapmomefcTEHe HeATpashb-
HHX cEcTeM (mO3HTpOHEE K 8TOMH ...) B K3l. LiBeT BEYTpE 8IDOHOB OpOCI-
PAHCTBEHHO paclpeneliey, X BSamMoNedCTBAC IMceT FHNOIBEHE XapexTep.
Ecsm permumne T xapexkTepasyeT NonepedHHR paamep OCJRCTH, B KOTOpoH
pacopeneJieH BHYyTpeBHEHN mBeT uppCHA, TO CJeIyeT OXHIATH, WTO cedyeHHe
BeammoneitcTEEs TaroR KOEQUTYpaIEHM PAEHO

A(z) = _T_;'. G, .. (1)
{Te) ot

amecs <=2 = [d°T 72| V(z))?; ¥(z) - pomEopas yyHIEA aXpoHa.
To, 9ro mpg T —» O ceuenme G (xr) — 0O, osHawmeT, ¥ro ToYewHuf
decnpeTHH 8pOH He MOZeT B3aMMONeidcTBORATE.
Haumras o pador Joy /Y 2 HyocuHosa » YUpyroe paccedHEE axpo-
HOB YACTO OMMOHBADT 3,4/ B IBYXTXDOHHOM NpEdmuxeHEE. CoOTBEeTCTEYINHE
Tpaefurn DOKASAHN HA pEC.] A MesOH-HYRJIOHHOTO paccesHms. Iorpasyme-

a [}
Pac.I, JRyXIvI0OHEHe JNATDEMMM LA MESOH-HYKIOHHOTO DACCESHNA.
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BAETCA CyMMADOBaHWE IO BCEM cIocoday IPACOGIMHEHHs IJINOHOB K KBap-
RAM HyKACHA. EcTecTBEHHO, YTO HPAMEHEMOCTDH COPHOBCKOTO ODMGIAXEHEA
He MOXeT OHTH MOTHREDOEGHA B IyXe TEOpHE BOaMymeHu#, Tark Kak KOHCTaH-
T8 CRA3N o(_‘ ~ 0,5 smecs pesmka. [[pEYMHA XODOWETO COOTBETCTEAR
ABYXTUIHOHHOT'0 OPACIMXEHHSA SKCIEPEMEHTAJbHEM NAHHHM IO IOJHHM CEeYEHM—
AM 3AKINUASTCA B TOM, 9TO OHA OPAREILHO BOCHDOE3BOIAT 38BACHMOCTH

(I) ceuenns BzammolefcTBEA OT pasMepa aIpoHA. JeHCTBATENBHO, BKAAN B

@(<) cywu TpaduKor Ha pEc.] EMeeT BHN

2 - -
.y _ 32 dk tkz 2 (2)
G) = ?stjmq <'{ - e )({ */M(/()),
lIeyxxsapxonutt fopmPaxrTop HykIOHa BHGepeM B rayccoBckof fopme:

£, (€)= ConpliF KEENY, = exp(-k2%),

rre N = 3,2 qm’z 3mecs j{ {=1,2,3) - OprilesBHHe NapaMeT-
PH KBADKOB B HYWORe, IO KOTODHM INDPOM3BOIMTCH ycpelHeHWe. Bupaxenge
(2) npEBOZETCH K BULY 5/

G) = iéigz‘ii [1+C -expt-))+ Zn/—(p,/);_:i(_ﬂ], 3)

rme [ =32 r-2/1/ KoncraHTs ofg QHKCHDYETGA YCIORHEM GM/
= (16/3)T %% /A%,
Ws (3) mumHo, 4TO mpH T = 0 ceuenme jeffcTEATENEHO NazaeT
kak T2fn'T. Jomommressunft mo cpamHenmv ¢ BupaxeHmeM (I) daxTop
fnT obssan ERIANY MATONLEOTO KEMBHONEACTEZA B gopmyse (2).

2. Iorsomenwe anpoHoB anemsoldl cperoit. Heynmpyrue mompesre

PaccmoTpmm 3859y O HOTJIONMEHHE 8ITPOHOB BHCOKOH SHEDIEM NpH Hpo-
XOXJICHHMA 9epes sAUePHYD cpelly. CodeHRe &GPOH-AINPOHHOrO BsammolelicTmas,
KAaR OWJIO IIOKA3aHO B pe3fiese 1, 3aBACAT OT IONEPEYHOrO pasMepa ¢
HaJleTaNuero aupoRe. B CECTeMe MOKOA &IpOHE BeammHa T QIYKTyHpyeT
sa BpeMs t*¥ =~ 7, THe /4 ~ M8CCOBHH NapameTp IOpANKA DPASHOCTH
Macc aIpoHa ¥ MepBoroe mcbpammonnoro BO3CyXIeHBA, B j.c. 2T0 BpeMs
yne.mmae'rcﬁ go t= E//M Ecmz sHeprnst aapoHa E JOCTATOUHO Beym~-
xa E > M*R,, rme Ra ~ pemmyc ampa Mmemn, To RBAPKE HajeTamme-
TO arpoHa MOXHO CYMTATH "38MODOMEHHLMA"™ HA BDEMA ODOXOXNEHHA Yepes
ARpO. Hoa'r74ry BePOATHOCTD AUPOHY OpOMTE depes gmpo Ges paamuoneficy-
BEA pania

w(T) = [de ] ¥, @] ep (- 6@T) =Cxpbe@nl), . @)
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31mech T= f da j’CE) — EHTerpaX oT SgepHoft WIOTHOCTH BEOIL
TpAeKTOpEE anpona. Ecym & (T) nomcraswrs B (3) B fopme (I) B Boi-
HOEY® fymiamm agpora ¥, () - B rayccorckolt fopme:

l\l’h((r)le = (‘ﬁ'(":"))"exp (-Té/Ke?),
T0

wir) = (4 +6T)™, @

TaxuM odpasoM, BMECTO SKCHOHEGHIANBHOT'O 3ATYXAHAS OyYKa B sueprnoft
CpelNle EMEeT MeCTO JHNEL cTeéneHHoe manerme /. DemeTmM, 4TO TAKEe mo-
IJIOMANTCA NO3RTPOHME IIDA IPOXCEUEHAR UYepR3 BEmecTEO,

pperTH, KOTODHE MpPUEESM K CTONH CRJIBHOMY "IDOCBeTJOHED" sxey-
HOR cpefH, B Teopd# MHOTOKDATHOrO Nepepaccestus [Jaylepa~CHTeHKO 6-8/
ABJANTCA OCHYHHME HeYUpPyTHMZ IONpABKAMH. VX KOHKDOTHHN] Bﬂf OMpPeNSILg~
eTof BHOOpOM dasmca COCCTREHHHX cocToauufl BsammojeitcTmHs o/ , KOTO-
phit 3RBACHT OT MONEJVI. B Gasmce (WITGECKEX COCTOARML BTH HODPEBKE
BHTJIANAT RAK Y9eT BOIMOXHOCTE IrpariMoRHO# IMCCOLHMAIMHE 8XPOHA HA OO~
HOM HYKJOHG ¥ Nepexona CTDyW ONAT: B ANPOH HA JPYIOM HYRJIOHe. SICHO
NIO2TOMY, 9TO HEynpyr#e IOIDABKA YMSHLIADT BHOHEAHME AIPOHOB A3 IyYRA,
T.e. "HpOCBETIANT" AXPO.

Ecom HavaubHAA SHEPIEA HEIOCTETOIHO BE&JIMKA IR YCJIOBKS
E //4’" >> R, , HeoOXOIMMO yUHTHEATE CMEIMBEHEE COCCTBEHHHX COCTOS-

o~ /IO/.

HER Cc peVMTHNME SHaweHHAMA ¢
OHHO® DECCEeSHAe HOB HA

}é}pﬂaﬂ Indpaxu@oNHan aMIETYNA ANPOR-ANSPHOI'O DACCEAHAA EMEST
BHA /

;A(A) =1 - (axp[-fC'SCfc)T(b)]> . (5
e

Zmecs b - IpAUeNbHH napaMeTp.

Yepemiende mo ‘€ BO BTOpPOM onaraeMoM B (5) OJMBONET COIVIACHO
(4) x SHRUMTENEHOMY YBEJIMIEGHHN €T0 [0 CPABHOHAD C INAYJePOBOKEM DH-
PAXEHHOM, eCN 61’:2/ T(b)>>1. lipg 2roM, OHAKO, BTOpOE CJATAEMOS
B (5) smagercs Jmmp Manofl IOMpaEROR K emEAEIE, NOSTOMy oTymrame (5) oT
aMILTHTYOH, BHIMOJeHHOR B mpadmmmermr Iymydepa~CETeHKO, T.€. Heynpyras
HoupeBKa, Mano. (NeNOBATENEHO, NI 3KCHepMMeHT&IbHOf mpoBeprE (5) cae—
IyeT ESYUATH NPOLECCH, CEYEHRe ROTOPHX CONEDEET B KauyecTee farTopa
BepPOATHOOTH: HPOXOXNOHHA BIPOHE wepas Axpo (oM. HExe),

BHAA aMIUIETYAY YUPYIOTO DACCEAHMA, JIOTKO BHYMCJMTE COYEHEEe HEYI-
pyro? xorepenrHOR IR anpoHa Ha ANpe, HPOCYMMEPOBAHHOE MO RO~
HOUHHM COCTORHEAM 8JPOHA %,
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hA 2 2
Gy = JALfig b2, = <L 4251 ()
aro HEe HE COINOPEHT HEHSBeCTHHX IADEMETDOB, M DesyJbT&TH pacye-
ra /5 XOpOlo COOTBETCTEYNT JKCHEDAMGHTANGHNM JAHHHM.
JacTo nponeccH Heynpyrof mMGpexiEa ECHOJB3yNT B Xa4eCTBE MOTONA
LA HaMepemns ceveREA O X  B3AEMONEACTEHA C HyRIOHOM HeCTAGAJIBHLX
aPOHHHX CECTEM, DORKEEHHHX HPH IEPPAKINOHHOR IMCCONEAIMA HAJSTANESTO
afpoEa. [[poneiypa TeOPeTHYECKOTO aHe m3a ASHHHX, ECOOIbSyeMad Opa
PTOM, IOJROCTHSD ETHODHDYOT HeyIpyIHe HONpABRA. Kag ciencTsHe 9TOTO
naltieEEHe H3 anaMM3a ceveHMs O, OKASHBADTOA AHOMATLHO MEJH, TRCTO
MeHEIe CeYeEMd HANETANMero axpoHa, B HefW3WUHOCTE TAXOrO PE3YJETATA
ZeTEQ YOOXRTHCH, NPOREJRB “reopeTHyccKRd aKCHepEMeHT": ONpeXeJmM Gx
X3 ceveHEa FRpperumoHHO} ZECCOIMAINNE, BHMMCIEHHOTO mo fopMyxe (5).
PeayapTaT TEKOTO ANAJNE3a IMBENeH Ha PHC.2. BMIHO, YTO C POCTOM TOJ-
mmy anpe serwma Ox  mamaer H cra-
nomares weuste O, . fCHO, ONAKO,
aro Manocts G,  ecTh GJGNCTHEAS He-
ydera HeyipyraX NONPABOK, NPOCBETIAN-
WX AXpO. OTO HE 8CTH CeveHHMe NOIJome—
HHA B Afpe DPOXAEHHOTO AXPOHHOT'O COOTOH-
HEA, XOTODOS o0pa3yeTcS JEWE EHO ANpa.
N JpyroR mpawep mna peaxmm LA~ Xd
1 2 rme cevyorte (G, OxXA9NBANOCH OTIMIA-
T(‘?“-a) TeNLHMM, OHA DRCCMOTpeH B pacoTe I,

0./

S e

Puc.2. BABACHMOCTD UAPENETDE 4. Peremepamia Ks ~M830HOB HA

©, Or TOMRHH ArpE. Axpax
Bume oTMeuANoCh, TTO HANOOJEe MO~

XOIsmpMA JUIA HpoBersm coorHomeHRa (I)
ABIADTCA IPOUECCH, I'fe PerMCTPApYeTCH NPOUEMNAR ysped SIpo BOJHA.
[IpEMEDPOM BTOTO ABAACTCS KOUEDEHTHAA perchepamms Kg-Me3CHOB HA Al-
pax/ 12/ 3ror mpouecc 3aMevaTeNeH eme TeM,uTO 0OMeH (U ~DOZEEOHOM,OT-
percreenmufl 3a CP-mepesapamxy K; — Kg , muOmpeer B masammes myd-
ke K, @QIyxTyRINE ¢ yBeMEYGHHHM LONEDEURHM DA3SMEDOM:

R(E,b) = RS + 4 bn (2585 ™

’
3nech ol = 0,75 (T'aB/c)~2 - mapamerp mawiona & ~TpaeKTOpER;
R2 =~ 0,26 @u° - cpemmit xBanpar pemyca K-Mescma; F - PHe[THA myu~
KA /l 24TsB ~ macconuf napeMeTp; j’, =~ 0,I5 q»a’3 - CpemyAs IJOT-
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14
HOCTH HyWIOHOB B fAlipe. Bmarojaps doammoft Bemmamie ofy  pamyc
R(E,b) OHCTPO pacTeT ¢ sHeprwed M sameTHO mpeBmmaseT R, . CooT-
BETCTBEHHO LOTVIOMEHXEe K-ME3CHOB AIpOM BO3pacTaer.

Ha puc.3/xlzg CHEHH DPesyJEb-
TeTH pacyera SMIUIATYIH DO~ 20,
TeBepellEy, BHIIOJHEHHOTO NpH
PaBHHX SHEPIUSX M A Da3umd-
HHX Afep. PacueT He comepmuT
HEeMSHEeCTHHX MAPEMETPOB K XODPO—
Mo corJacyerca ¢ BKCISDHMEH-
TEJBHEME TAHHHMA.

PacomoTpernult uponecc
HHTePOCEH TeM, UTO HEYIpyTHe
TIONPaBKA 3716Ch He yBeJMYKBa—
DUT, 8 yMEHBUANT HPO3PaTHOCTDH
snpa (oM. Taxme Mmme).

IIpopefeEHHl pacueT cor=-
JacyeTcs ¢ OmpencrasamreM KXT
(I}, (2). Tem me Memee pac-
var/ 1%/ conenus pereHepaly

K ~630H0B , BHIOMHEHENE B MO~ ,
‘ 20 30 30 100 m

e COCTABIAKNMY KBapKOB,

TaKge OPUBOIUT K XOpolieMy CO- B, (T'oB/c)

TJjacEw. LHoaToMy 3TOT IpoLece

HEe HBIFOTCA KPUTHIOCKMM. Prc.3, AMIUmMTYZa KOTepEeRTHOR mepe: 2?5/
5. Keasmynpyroe pacces- pamar K, ~ K ua :

HH6 8IPOHOB HA SNpax

B.T.3axaposwm 2 omum u3 apropos /14:30/  pecemorpero rmas-
CBOGONHOE pACCEAHNE hA HYWJIOHAX AXpe K&k CHOCO0 NPOBEPKY SEBACHMOCTE
(I). MoxHO OXEEATE, UTO B MeSOH-HYKIOHHOM DACCESHHE O NepeAHHEM BEM-—
TyJIBCOM 9 formdarTop "EHOEpeeT" B MeSOHe QUIYKTyamuum MAJIOTO MOme-
PeYHOTrO pasMepa T = 1/9, . TlosToMy ecyH peccedHEEe DOPOMCXOIMT B
IICYTOTEAN HoTjomamel AxepHolt cpelii, TO HOIJIOWMEHME MESOHE B COOT—
percremm ¢ (I) OymeT CHIBHO 3@EMCETEH OT g E C POOTOM ROJIXHO
xewesuyrs. Bomrume /3 ﬁ;f ’ (?’a ).—.-(a/d“é/?zg/(d@b‘ydf? RoumHE
Pesro BOSpACTATH OT A 92 «< Mg ‘16 A mm 2 mZ

Cevenme OIROKDATHOTO KBASHEYNDYTOr'O PACOEAHMA HE ANpe MOXHO B8a—
ImeaTs B ERNe :

2
$Gut= A [T gDexpl-Fo@TEL, . @
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AMIUIATYRY YIDYTOre MeSOH-HYEJIOHHOTO PACCEHUs ,/g[(?, ?)  u momice
ceverme G (T) = Im [,y (0,7) mrmcomm » IPyXTaNOHHOM TpEGIIREREY:

gee Ry -oldl w9

{4,2) =t %ﬁéfd’k(e””i S R 9%, ))29)
g -1 PR, -1
@3- ) (G5 FPmT

3necs 'Z:, = 0,7 @M - CpelHSKBAIpATEUHH! DAMYC HYKIOHE; of;= 0,726 -
koHcTanTa KXJ, (MKCADOBAMEAS M3 HODMIDOBIM Ha IOJHOE CedeHHe @f:: =
= 24,5 M0 ; ‘P, (T) noporaBnAnAck B rayccockofl fopme ¢ Tg= 0,59 fm.
Ins yoTpeHeHRs pacoIMMOCTH B BAKIOHE NP MAJHX g B (9) peeflena
afferTHEHAA MAacca INHOHA M, . Oua mmeer BEJIYRHY NODANKA OCPAaTHOT'O
pasMepa ampoHa M BHGpana pesHO# 0,I7 T'aB/c®.

Pacger Aq (4%) zns pra smep, BmOMHEHwdh To gopwyxam (8),
(9), moraszaH cmu JUHBAME Ha pHc.4. TaM Xe IyHKTAPOM IOKA38H
pacysT B TJAYCOEpOBCKOM MpUCIMXeHuwH. Banno, WTO Ag# pacTer ¢ 2
SHATMTEJNBHO MeLlcHHee, UeM OXMUAIOCh. BesmdmHa »fferTs Toro xe DOpRIl-

‘g L. 2 i Y A 1 j
ot 03 05 0¥
a2(Tan/c)®

Pac.4. Suauemus Ae#(tf)m ONHOKPATHOI'C KBARUYIPYYOr'0 DPACCEMHEA.
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xa, wro © B AKM, [[pyomea 9700, KAk JIGI'RO HOHATH, B TOM, 270 IH
qf‘ > m2 s JUDYIOM pecCesHwH LoMurwpyeT rpajex puc. 106, KoTo-

plm X8R yRe I'OBOPHJIOCH, He COHepauT JOPMPRxTOD MEe30HA ¥ HE BHIENS-
T MOJHE DA3MEpH.

CEMEeTEM, 9TO UDH 3HEYHTANLHOM YBeUMTIOHHE l} fAiTepHOe SKPAHRH~
POBEHME P KBABUYIPYI'OM DACCESHHA BCE Xe IOJXHO HCUe3HYTE. [eilorem.-
TeJEHO, NI TOr0 YTOOH paccedHHM2 KBAPDROR ¢ COJNRIMM IEDEAAHHHM AM-
Oy/ZbCOM He COMPOBOMIAJNIOCE TOIMO3NHM HSJIYYEeHEEM TJIOOHOB, HYXHO, YXOOH
H KBADRE K EX IBeTHOe NoJe OWM JIOKAJIOBEHH B MauoR odascta Z .

6. Kpasmopodomuns NEpEsSDANKA HE ANEDHHX HYRJOHAX

B omymyEe OT KBASHAYLDYI'OT0 DACCEAHHA,NIPOLESCC ¢ HSMEHOHHMEM KBAH-
TOBHX 9HCEJ MeSOHs B Tol! odinacTE Hepeneu, Irie LOMPEHEDyeT
XOBOKEX DOINCOB, Ne#CTEATENHHO BHNEJAET Masmll pasMep Me3oHa
Pengeor, RAR BHEIHO A3 DHC.50, DepelaeT MMIYIELC 9 s omouy B3
RBEPKOB MESOHA, WT0 IPERCIRT K HoangerMn dopmderTope.

Pec.5. KeaproBHe IEarpeMMu IS AMILDE- :T
TYRH TEPe3aPAIKH.

CeueHue OXNHOMPATHO! KBASMCBOOOIHONX nepesapAlixy HAa HYKIOH® ALpa
salMueM B BAIS

3‘{%0‘" = 81%: f—jd% Tt) Sp {(?c:x(g,'z)ex’:[-jécz)T(szx(m)
¢ MOLL s SO }.

AMDCHTYIR HEDO38PATKY fcex (9 »T) = mgtpsmA 22 B mpocTpAECTBE
CHHHS HyRJIOHA. JaiMieM ee B EEIe

f&;,'z) =Fle +3M)exp-29°+ 5§ 7). (1

Snechk F comepxMT Boe QAETODH, HE SERNCANEE OT 9 7T A - emm~
HEMHHR BERTOD HODMAIE ¥ ILTOOKOOTM DPACCEAHRA.
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PacesMorpaM peaiumo p - , B no'mpoi ERIY peflXeBCKO-
To Ag~moamea, Bu.umo,,uommpye'r "o g 2~ I (T'eB)<. 3o BAKHO M3 0=~
BeleHus e peHIWANEHOI'O CEeYeHAA 3TOH Dearui, MOKA34HHOTO Ha pHC.6
JuHRel, mpoBereHHO! Yepes SKCIEDHMEHTAJbHHE TOUKE

N Pac.6. [ndfepeHimansiie ceYeHus peaKumh

3 W‘f*?l"’nnﬁ,b—' °n.

X KpEEN® IPOBEleHH MO JAHMHHM pado-

31 'nu/ 15/ npe 40 I'aB/c.

g Pacuer Z e gt (1 ) sumommm g

S IByX BapuaHToB 3apucmmocT® O(T) : I -

w G () muvmenneres no fopmyae (I); 0 -
G () BHIACAAETCA B JNBYXTUIOOHHOM NDECH~
zeHER no gopmyne (2). IlpocTpeHCTBEHHHE

16’ 9acTE BOHOBMX Jywamd ¥4 (T) m ¥, (T,

8 CIeNOBATEJBHO, ¥ CEUeHAA 6'7"’ z G
éyzeM cUMTATh OINMHEKOEHMA.

PesysbTaTH pacueTe LI AXpA 120 mo
dopmysmem (10), (II) B pepmantex I ¥ I mpe-
BeIeHH HA pAC.7 NTPUXTYHKTADHHMMA JIAHFAMM .
Bamio, wTO E.fe . nenc'rm're.mro gHCTDO
pacrer ¢ 7, IlyHRTR-
POM HOKA38H pe3yJBTaT
TIay0epOBCROLO MpMGIm=-
Zennd, He zarucaumd or
tlz . Pazmrwme mEyX
pacYeTOB 6CTHh BHTHIK=
PAHEPYNIE BRIAN Heyl-
PYTEX HONPABOK, NOCTE=
TammHX B NAHHOM Ciyvae
COTeH HpomeHTOB. Pocr
B AKM TOTO Re NOPAMKE,
YTO B KBASHYNPYTOM DAC-

1r CesHuH, T.e. HOYTE OT—
CyTCTEYyeT. gnezmqnxoﬂ
0 95 + io’ — peaxim T P —e TR
1'(/39/&) ABNAGTCA MEHEMYM B W
fepeHIHRIEHOM Ccede~

Pro.7. (penokasauns min Zgps(4*) B peexikE sun/ T8 npu . 3%
omnoxrpaTHo# xBasmcpodomHof mepesapsi- ~(Q,6 (['aB/c)”,uaHHOM
k¥ Ha smpe <C. Ha pac.6. HspecTHH XEA
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OGHACHOHES STOT'0 ABJEHEA. ONLO CBASHBAET MUHMMYM ¢ OCDANCHHEM B HYJb
BHYETa 57 ~losmwca B Towke ¢ “HempamwmariHoft" cmruarypoft. Ipyras Boz-
MONHAS ODUYMHA — NeCTPYKTHBHAA METepjepenlitd BKIANOB P ~ToJmoes, 1
PJP ~BeTRICHAA B OMILIATYNE ¢ NepeBOpOTOM cMuHa. 06e MHTepIpeYanmn
HMeNT CBOM TPYIHOCTH, M EOHDOC O TOM, KAKAA NpABRILHEA, NOKA HE HME~
6T OTBeTA.

Wsywenue KBESUCBOGOIHOA mMepesapamxu T — W ° HA AApax OTKpH-
BAET HOBHE BOSMOXHOCTH LJIA TUCKDPMEHMAIMY MEXaHM3M8 OCpR3I0BAHAA MHHH—
Myma. B NepBOM CJyuae MOBONGHMe & oty (3°) mpexTEvecku He ommMIAETCA
oT pacueTon M peaxmz T A - X , MOKAAAHHHX HA DHC.7 WTDMX—
TYHRTHpHEME JHHHEAME. BO BTOpOM ciyiae EHTeppepeHIHs HOJICE ¥ BETRIE-
HMR Ha AfNpe IODOMCXOIMT  UHAYe, 4YeM Ha Bojopone. JeficTEATeNEHO,

B paffone MMREMyME DomocHhil rpafek, moxasaHEMf Ha puc.5a, ycmiaeH Ha
Anpe exTopoM X, ¢ = Z . BrpeduRe a prc.56, orBovAXmeM f'f -
BOTRIGHED, HMIYJBC IepelaeTcA JCOEM KBADROM Me3OHA, fopmferTop OoTCyT—
CTBYeT, ¥ STOT BRJAIL YCHJICH He ALpe JEIb (ARTOPOM Z.:,#z 213, ho-
STOMy MUHUMYM B COYEHMM ONHOKpATHOR nepesapamKke HA SIDe IOJMXEH CMeC—
THTECA B CTOPOHY JONBIIX sHadermlt g" , 8 Ha TRXeJHX RIpeX COBCEeM
ACYesHyTH. JTO MWBOIMT X cuelmfraecxoli q, ~38BACAMOCTH ZC” , OO—
xaszaHHO# A SHpA 12; na pHC.7 CITOUHHME JOTHILAMY .

B cymecTEymIMX SKCUEDUMEHTAJNbHHY. Luahii, X CORAJCHHD, He RHTEJEH
BiAYL OTHOKDATHOTO paccedHnA. [I03ToMy CuemyeT yIeCTh RBAJIAIL LONOJHE-
TeJBHHX YOPYTHX Hepepaccesuull B Arpe. I[aarmHyb HONpaBKy XHaeT LBYXKpaT-
HOE pacceAnEe, BHYACJIAeMOe B momxoRe Iyaydepa-CHTEHKO:

@ } 2 "
j-gracex = é?- ﬂ(ﬁ :{)fd% T?L)ﬁ%a 3}{(/“)(([()::) x a2
x.f:é(i L. i L (bj>t<(:¢ (ke ﬂ (7~ K,z)expl- 2‘6(:)‘1'((,)]){ J )

CywapemB Braan (10) m (I2) naa nepes?pmum T~ —9° -
R I2; cpammeaerca na puc.8 ¢ meAEM:MM /19 B SKCepEMEHTE /1 colu-
TEA ¢ IPOTOHAME OTIAYE He DeIECTPRPOBAJECH, moeroMy B (I2) BEOmMICA
nonpesowu faxTop 5/I2.

Axaﬁg‘mui pacuer miA mepesapamkm W —=T °  CpABHEBaETOR ©
TECTHHME Ha pc.9. CIUIONHAA H NTPUXOYHKTUPHAA RpMBHE COOTBATCT-—
BYyDT KMBEuM B BepmeHTe I Ha pMc.7. [yExTEp oTBedaeT WpHC/EXEHED Ay~
Gara~CureHKo. BHIEo, YTO CIIOWHAR KpHBAL Jywle COIJECYeTCH C JNAHHHMA,
00 ARIAGTCR APTYMEHTOM B NOJB3Y BAXHOR poym BeTRICHER B OOBACHEHER
MENENYMA B COYCHEE DeAKIEM W — T °. HeHOONce ADKEM ABAASTOR CRUE~
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Puc.8. Z, (?z) B DeaKIjY Kbash-
cnoﬁom{oﬂ TlepesapamKH

LaHHHe paco-

/ IS/ 7 Cn;xommie KpUBHE -

pacqe:r mo fopmymam (1),
(2), (I0). TyurrupHas

KpMBas - pacyeT B MpUGmM-

®eHuy Trnaylepa~CUTEeHKO.

HOE PACXOXIeHHe NaHHHX C Ipac/m—
xenneM I'nayGepa-Carenko m AKM.
TamiM odpazoM, OpoBeIEHHOE
CpaBHeHWe pacdYeTOB ¢ SKCHepEMEH—
TAJBHHMA JaHHHMI JaeT Cephe3sHHe
apT'yMeHTH B IONB3Y IIpelCKas3uBae—
Mol KXI| sapucumocTi (1) ceueHms
OT pasMmepa aipona. TeM He mMeHee
KeJaTeJBHO TOJYyYEHHe HOBHX JAHHILX
Ha doyee TaReJHX Apax, rge 9
DeKT cuabHee, a Takke IPYIMX Opo-
LIECCOE Iepe3apanky (HaIpiMep,
an/ - KA ). TpeGyerca Tarke Bli-
JeJleHne ONHOKDATHHX COOHTHH, JIq
Yero Hy¥HO pPel'MCTPRpOBATH HYKJIOH
omiaws (B mydte T T ~ 5T0 HPOTOH).

7. O0pasoBaHUE aIpOHOB HA

B_TpeXpenkeOHHOH

ognacTy

7.1. TpexpenxeonHue Ipadukn
B KXIL

PaccmoTpM MHRJIOSHEHYYW Hepe~
sapsgky a +b —=c +Xp Tpexpen-
XCOHHOM oOJIac'm mmema'rmecm e~
DEMEHHIHX ¢ s/M > I, Mx >>1 TaB°,
B ceusHMH 3TOr'0 Ipolecca
MOXHO BHIIGJMTH HKIQIH TPEXPEIXKEOH—
HEX rpajukoB mEyx msmos: RRR
¥ RRP , noxasamnux Ha pme.I0a
# ITa. IlyHkTHpHAA JWHHA OCO3HAA—
eT B3fTHe adcopClMoHHOR QacTH.
3BEHCUMOCTDL HKJIGNOB STHX rpad%gy

oT @ei&maﬂoscxoﬁ ImepeMeHHOH X pmaercsa BhpareHmAMM (CM., HampuMep,

( )RRR FV%)QXP{ 9/2 R“R"Qdéfn(‘{-x)]},

(To%%)kap Ceep(©) a"f’{ #[Reae - 2ot g"(/"()]}

(13)

(I4)

Brecs 6(9¥= G(O)&Xf:("i R% . 000YBETCT YIS affleKTEENHE TpEX-

penecHEHe BepmH; of’ =

I (T'aB/c)?

— napamMeTp HAKJIOHA DeHEEBCKUX
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0 oS 1,5

1,0

2
9*raskf
Puc.9. To xe, 9r0o HA pEc.8. [ITpUXOYyHKTHAPHAA JMHAA OTBEYAET

NOJDCHOMY BA[HAHTY B @MIUMTYRe TeDe3apAnKa qr"o ~-T’n
(oM. TercT).

E—:—_—:% '2 a ; a
1
b C\
ISX b=f=b
a g B

Prc,I0. KpapRoBue mRarpemsu nis rpedsma RR R
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AN

2
/(i]\ 5%
Z g = 3i:ig+gﬁ+.

¢ B T

Puc.II. Keapromwe mmarpemuu mis rpafuka RREP .

TpaeKkTOpEt; cuMTaeTcd, YTO AHTEDCENTH DEIXEeBCKMX Tpaexropaf a( )=
/2, p(0) =1,

Huarpamve Ha pic.10a orBevanT mwiaHapsHe rpafuxd, TOKA3SHHHE HA
mc.I0 6 4 B.

Tlpoiecc TpOMCXOIMT caelymumM o0pa3oM. Kpapru HajeTaxlero ANpoHA
HaXOmATCA B CANLHO ACHMMOTDHYHOR 1O MMIyJahbcaM KOHJUTYypeUmM: OIMH H3
RBaPKOB HeceT BeCh MMITYJABC. BeposaTrocts Taro# xoHdurypaimy moranie-
Ha faxtopom 1/75 . Mocne Toro, Kak MemieHHHR KBAPK (aHTHKBADK)
NIpOAHHUTWIHPOBAY, HaWMHAEeTCA fparMeHTalms GHCTPOrO RBADKA, HAIPEMED,
OyTeM ANpOHN3AINK UBeTHOR TpmILteTHOM CTpYHH, OGpasopammeflcH MERLy
GHCTDHM KBApKOM ¥ INKBADKOM MUNEHM (IyCTH, IS OIpeneJeHHOCTH, b= ).
AZpoHR3AIMA MPOMCXOMAT JIWE JO MMIYNECOB P & -x)s/2m, , mocre
Yerc SHTHKBADK C DTHM EMIYJECOM (pa3y HOIXBETHBAESTCHA JMIEPYDMHM KBaD~
KOM. BeposiTHOCTHL TEKOT'O NOAXBATH €CTH dx/ﬁ__;‘ . Bce 3™ daxTopH
IellCTRHTENEHO COZEPXATCS B Bupaxenmm (I3).

Wurepnperaima Tpafuxa R RP na mc.1Ia mMeHee TPWRHAJLHA.
HaneTapupl me3oH, KAk NORA38HO Ha mac.1l ¢, HAXOIMTCA B KOHJWTypaum:,
ROTIa GHCTphH KBADK HeCeT NOJD MMIYIBCA X1+ 2 MEIJIEHHHE - I—xI. Be-
poaTHocTs sroro pamsa 1/VI-xy . Ibcie oOMeHa IJNOHOM OZHOrO M3
KBAPKOB C MAWEHLP MEIIeHHHE RBApK NOJHOCTED parMEHTHPYeT B CTDYD C
maccot M, = Vx5 , & OHCTPH# xBapr gparmenmipyer Xo Maccs Mp=/sxjx,
¥ 3aTeM no;una'ruaae'r KBApK ¢ mMmyAbcoM P = (1 —~ X/x;)8/2m, . Be-
POATHOCTE Taxoro JOOXBarTa pamHa I/ v I-i7xI . llpon3penense CTPYKTyp-
Hoft dymximm HaneTAXWETo Me3oHA M JyHMEM PperMeHTAImE CJIeXyeT IPOMH~-
TeTpEPOBATE N0 XI» YTO H8ET

de,afng(x,xz Y- X1~ x/ﬁ,)] S I,(x [x,4-xXx x)] (15)



HerpyaHo BHAETH, WTO Ip# X —= I BTOT HHTErpal He 34BHCHT OT X. Jro
KAK pas COOTBeTCTEyeT EupaxeHmy (I4) I ARIAETCA CIENCTEMEN HeIIEHAD-
Hoft {mumminpEueckoft) fopmy rpadwxa wa pme.II .

XOoTA RRAPKOENE mMarpeMvi Ha pac.]l §,B MDHBONAT K X~SABHCHMOC-
TH, coOoTBeTCTEYRmeR TpexpeaxeouHo#t denomenosormm (I4), TeM He MeHee
wMeeTCH NPWHUAIHMANLHOS DAasJmTAe MeRNy rpefemass Ha pEc.IJa ®w IIB,T.
OdH9gad EHTepIpeTaIdA rpafixe ™ 3 COCTORT B TOM, UTO DeNxeoH R
yOPYT'0 DaccemBaeTcA Ha MMIIEH TyTeM odMeHa NOMEepOHOM. BafmHo, onHako,
yro rpadek Ha prc. 1IB He uMeeT AHAJIOTHUHOIO Ipajwra, sKpaHEDYXWEIro
1uBeT B pexnxecHe (cpamnm c pmc.Is,d). DBosee Toro. rpajmx Ha pac,IIr
Boodme He HONyCKaeT TpexpelxeoHHOR EHTepnperamud. lIpmmma Taxoro He—
GOOTBETCTAAA COCTOMT B ToM, YTo B KXJ monsTme TpexperxeoHHofl Bepomn,
JIOKAAS0BAKHON B MHAJE CHCTDPOT, HMEeT cMHea JMmb LuA mepmme R R R,
®aR Ha puc.I0. B oTmruwe OT cranspHofl TeopHm Ar? | ofdumHo memoTB-
sonannefics padHee, B XXI BosMoxHO BsamNoXelcTEEE ¢ COJBIMM EHTODBAJIOM
OHCTPOTH HyTeM OCMEH& IoHOM. [[03TOMy HCIOZB3OBaHe Tpafmxop RRP |
PPF B T.U. BOSMOXHO JHMIEL LIA uejed HOHOMEHONOTHE, MOCKOABKY OHE IAXT
TPARWIBHYD X-BABACUMMOCTb. OZHAKO B CJIydY&e BSAEMONEHCTREA C AIPOM,
REK NOKSSAHO HAXe, HeOOXONHMA IpaBRAIRHAA "pacumdpoBka” 91X rpafEkos,
®8K Ha pEC.II.

7.2. JmAe $parmMeHTEIME JIIEDYIREro ampoHa

B oTmdRe OT YUDPYIOI'0 DauC2eHAA HAH CEHAIHOH mepesapiii., B ¥H-
RINSEEHOM ITponecce JEIEDy:mmi anpoH ofpasyeTcsa He cpasdy, & HA HEKOTO-~
DOM DACCTOAHHE NOCJE B38MMONGACTEAS C MENGRED. He ciexyeT, OIHAXO,
IyMaTh, 9TO HE HTOM HHTEDBAJE ¢ J B3amMozielcTENe HeBoaMOXHO. Jlo
TOI'0, KAX BAKOHYGIACH, AEDOHMBAIMA, OBeTHAA CTPYHA, EMeXmes noleped-—
Buft pasMep mopamxe I & ® mmuy (B J.c.) Memee I dm, moxer nsammonef-
CTBOPATE C CEYeHHMeM NOpAmKA AUNPOHHOTO. OmHAKO Bsamo,uencrﬁs CTPYHH
OpAKTHYECKY HE CHASHBEDTCA HA MMIYJIHCE JEIEPYXHELO aNpoHa , IXO-
CRONBKY JHCcTpuft KBADK B CTPYHO R TaK TOPMOSHTCH ¢ cunoff 2@ |, rge
® - phpexTueuilt KOSHIMIEEHT HATAXEHMA CTPYHH (C YUOTOM TOPMOSHOIO
NSJYYeHEA IANOHOB). TOIMOXEHEe NMpeEpamaeTCs JENE IOCHe OROHYARMA 8Ji-
POEN3AHE, T.6. DOXXBATA CHCTDHHY KBADKOM BHTAKBADKA H OCP&SOBAHNA
deonpernoro odsexra. C npyroff cropoHH, Heympyrue saamMofefcTERs mpm
NpOXOXIeENE GecBOTHHX QNPOHOB Yepes AXpC CXeAyeT SANpeTHTH, TAK KAk
B Opomecce h/\/ —~ h X TEpASTCA BHAUNTENBHAN TAOTH EMEYABCA.

Taxuu o6pa30M, B NHRINGEEHOM IOponecce, HANDEMED, B HepPeSADANKe,
BEARMEA Aidmeor s, orxammit or (I0):

é‘i"'o x) “[JUJ&Y(B ?-)Kex pl- 48[ TW- f a2 Pls, z')]}> l (16)
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AHanorHuHEM odpasoM MonEdEEpyeTcs Bupamenme (8). DBeawuE-
-7 Ae‘” B (I6) saBECHT OT X , HOCKOILEY Zf, 3aBACEAT OT
X /17/ :

ftg = jf@(f"‘). (17)

3necy E — SHEPrEA HATETANMMEro Me30HA B J.C. CuHca (I7) dAceH: KBADK
¢ sHepruefl E X0 OKOHUAHAA ANPOHASAINM TepAeT HA ENHUHAleC IIMHH SHEP—
™y 2R ., losromy BpeMs fparMeRTaIE B aIpoH ¢ SHeprrelt xE naeTcs
aupaxermed (I7). lpm x — I Bamwma Z# — 0. Nlpg 27OM BHpAXeHHE
(16) nmepexomar B (I0).

Besmamna ® |, HaftnenHas us m}m%g? 0Gpa3OBAHAN CHMMOTDAY=
HHX DAp ANpoROB ¢ Coubmam Py HA Afpax HIE TAHAHX OO aXpOHHOMY
poxzermo /Y ma anpex /19/, oxasumaetca ombuoft, a2 = 3 I'aB/dm.
JaMeTHOE npennmenne HAJN 3HAYEHHeM 3 IJA cTarmyecKoff cTpyHu
® =7« a} = I TaB/dm oOpAcHAETeH SEPEKTHEHHM BRIANOM TOPMOZHOIC
HSJYyYEHRS IVINOHOB.

7.3. Peaxmua M A —~ 7 X

B padore /20/ Oh E3MEPEHH MMITYJIbCHHE CHEeKTDH 7°-Me"onon
POXREHHHX HE PRsIIHHX AEpax mmy.uce 10,5 TeB/c. Ha pmc.I2
IoRasax otmomenmA R(X) = (d57d)‘)'{d6 A una ampa Cu . Tipesewazess-
HHN eTCH POCT BeJIHIHHH R C yBeJWYeHHeM X. 3TO OTJIKYAET JaH-
HHe OT &BAJOTAYHHX DESYJBTATOB LAF IDYTEX HpON1ECCOB.

PaccMOTDEN HEKOTODHE HEACHNITOTHYECKMe TIOHNpREKH K dopMyre (I4),
B KOTOpoft He Owi y v OTHOCETeNBHul dasomult oGsem aEyx cIpyf (cm.
prc.II), Ipg X —» I "war> CTPYS NEPEXONET B DEBOHAHC E BOIM3N IOPO—
ra OOPABOBAHHEA IBF™ e 0HOB Mo = M+ My nogsimerca mozanimmaf
faxTop, 00A3aMAHE IBYXGACTHYHOMY $A30BOMY OGBOMY

Q VM Zm +mp M,
9TOT PARTOP CHASHBAETCH JHMUL Opa I-x 2 (m,+mz)a/5 , T.e. O BHCO—
KAX SHeDTHAX MOXeT CHTEL ONymeH.

MaraMasEHHEe MaccCH, KOTODHE MOXHO MOJCTABHTEH B (I8) -~ sro

M= WMo . m,= m,, . OIHAKO BEPOATHOCTE DPEKOMOHHAIE KBADKOB B
IHOH HofanteHa faxTopoM I/3 Mo cpamEHeHmD ¢ P ~ME3OHOM. Cpameane
REMHHX [0 ceveHmAM pealam® WP —-7°n m Tpe— P°LN * (1236)
NOKASHBAET, YTO HSOTONMISCKNE EMIUBMTYIH BTHX IOpoleccoB ¢ ] = 3/2 E
I = I/2 npemeso pamiH. J70 OBHAuAeT, YTO oM BzamMofefcTERE ¢ mef-
TpoHoM (B TANGJNME AIPEME) TEKBADR MENEHE fparMentEpye? B A (1236)
€ BePOATHOCTHEY B IBA paA3a Goxkmell, YoM B HYRJOH.

Taxes odpasoM, safuKCHpyeM AnA oneRkE B faxrtope (I8) M, f .

m;:= mA.

(18)
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Puc.I2. OTHOmEHNS® EMIYIBCHHX CHOKTDPOB B pearumy r,,-+/1 — 7°X A
amep Cu & d . Toux® - zamEKe padorTy / mpe 10,5 TeB/c.
IiyERTEpHAR JHEFEA ~ DAOTOT B IPACNRSHEN Iiaydepa-CETEHXO.
IrpEXTYEXTEDEAR JWHEA - 08CU8T Ry,4 B MuaEATENX
mmarpasd. Kpepag I — pacdeT ¢ yuerod BRIANA MLIEHIPAIOCEOTO
rpejuxa. Kmmpana 2 -mpencxasexme Ras 40 TeB/c.
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R i
CdosEaymm wepes A'H X A“f! apbexTHEHNE ATOMHHO WMCIA
COOTBETCTBEHAO A rpefuros Ha pre.10 m II. Jnd 3aEdcEMOCTE
B fope (I) mz (10) m (8B) JSIRG mOMyIT: PR ﬂf: 0

I T(b) (19)
Ay J 4 1+ T()

4 2 (t) (20)
Aoy =J‘{ b MPIW]—‘/ '

lIpeneGperas /nonpanm Ha Nepepaccessne B JefTpowe, aanmmmeM BIA OT-
HODeERA /21

R £
Aes V5.78 A A VA= X
R‘Vd()().— g \ JS,/S + A JX. - X ) e

3uecs AcmospaoBaHE BhpaxeHma (I3) @ (I4), rme cumraeTcs, WTO

R2 =R%p 3 A= QRRE(O)/GMQCO) ; b (I4) nodannen
gexrop (18); 1 - %, =(MP+M5)2/S ; OpE X > X, BRI Tpadera

R £  paBeH HyiD; ?%?emz, qTO SAEACHMOCTL CedeHHS OT q,z oxm-
HAKOBA JUIA Bcex ANep .

PacoMOTpUM TLE BOIMONHOCTH: R p

{) npE EcnosB3oBANER NpROXEEeRms Tiaydepa-Caremxo A,,, = A, =

re 3 i3 L 74
= Aegg B oTom coymme Ryy () aA¢;¢/2 HE SEHNCAT OT X.
CooTBeTCTRYINES SHEUYOHWE DOKA3SAHO HR puc.I2 mynkrapsioff npEweR;

{{) ewm BocHpEEEMaT: TpexperxeorHu# Ipajex RRP  dyxsammo
K2K DeSyJZbTaT DACCEAHMA DefKeOHA HA MEIEHH, TO A“;# = A:,( nReT—
ca gopuynolt (19). Ry y =Aq:, /2 He saBECET oT X. COOTBETCTHYNmEe
3HAYEHNEe TOKAZAHO Ha DPAC.I2 NTpHMXIyRRTEDHOR JHRmeRs;

11!) npx yuere sxpemmpomammd mperTa H, BHYRCNALTOS 1O
gopmyne (20), wro aaa ampe Cu  maer A4E,,7 = 9. B srom caywse ws
(2I) moxywsem pacTymyn ¢ x fynxmm R 4/ (%), moKasaHHyD He pEc.I2
cunomnofl smrmeft. IIpw 2ToM mApAMeTD A  BHODAR DAEHUM elMAle, 91O
XOpOO COOTBOTCTHEYET COOTHOMEHED MEXNY NOMEDOHHHM X PEJREOHHHM BHYE-
TAME B CHHADHHX DOAKIRAX.

EcTeoTBeHHO, 9T0 C POCTOM 2HEITEN COOTHONEHHS MEXIY TDajERaME

RRPL &m RRR  wenmercs, xax mmmio ms (I3), (I4). O6umcTs Zoum-
mmposasms rpajexa RR R cmemaerca B odnacts dossmex x - I. Kpowe
TOro, CTAHOBATCA BaMETHMME 2fPeKTH IymmH fparventamaa (I7), mpasoad-
me X IOCTy Aq£ I yBemvers® I-x. CoOoTBeTCTHyNINE MDeNCRR3A-
mea nie R,y  TpE oweprym 40 T'sB nokasard ®a puc.IZ2.

163




8. limeroBas CTPYRTYDR LOMEPOHA ¥ DACCEeSHMe HA MOCTHKBADROBOH
RoMIOHeHTe mefiTpoks

R padorax /22,23/ OHZA PACCMOTDEHA NByXKPATHAA IBETOBAA Iepesa-
pAma Ha NefiTpoHe ¢ ofecClBSIMBAHMEM HeJeTAamnero agpoHA. IOCKOIBKY
noMepOR "pacleIieH” Ha IBA HYKMOHA, TO STOT BRIAN HE YSHTHBAETCA B
crangaprHofi raaydeposckoll cxeme (Exmouanmel w HeympyIue HOUDABKE),
KOTOp&H MCIONB3YyeT JIUNp HyKJIOHHYD HOMIIOHeHTy BoaHoBol ymmume (BE).

C npyro#t cropoms, mmommmenme IJaySepa-CHTEHKO HOBBOJAET ODW-
CATE JIGHHHS N0 MOJHHM CeTeHMAM pPd ~ DACCeaHms C AHOOKOR TOWHOC-
'rsn/24/ .losToMy 00CYAZAeMad 376Ch HOUPABKA A&G tot K TNOAHOMY C6&-
YOHAD He MOEOT OHTH dojbmof:

8¢5, (pd) < 0,55 . (22)

U3 aToro yCJOERS NOJNXHH CISNOBATH Karae~TO OUpAHNUEHNA Ha MeCTH—
KBAPKOEYD KOMTOHeHTy DD nefiTpona. IlocnenHsa moxeT GHTE 3&IMCAHA ¢ IO~
MOWBD METOZE PEe3CHUPYMIMX TpyIn 725/ B mme (mpm yvete omaoro AN
XaHesa)

& A
Y, (e 6) = A (i—_é ;ﬁﬁ) Y (1.2.3)Y.04,56) 123)

3nech P.,, - QIEPATOD NEPeCTHHOHKZ KBAPKOB; V’,’V ~ KBBPKCBax Kb HyK-
JIOH& § ,f, e HOPMEDOBOUHKEH dakrop.

BY dozee odmero BENA MOXET, KpOME TOI'O, BRINYATH IPEMECH BOSCyE~
IeHHOTO COOTOAHMS THIA MECTHKBADKOBOTO MEmHEA “1/55 (4,..., 6) , xoro-

PoMy OYZeT IPMIHOHBATECHA S‘— ROHfECypaims ¢
ViU,uny6) = & Yoy (e, 6) + p Y6 (4,...,6)
o+ 2up (¥l WD + B2 =1,

TIpocTpaHCTBeRHY® TacTh BP HyRJOHE 5; -MemrA 3anmEmeM B $opme,
xapaemol ocmuuitrorHoR MOZeJBD:

- -1 g —
d%(?,,...,'znﬁAn expl- E_ntk'{%"zz"zﬂe], (25)

rge N - monc ksapkoB. LA pammyom HYEJOHA KOIOJB3YeM BHAYCHNe
Ry = Ry=0,80um, & R - pameyc S ®- coorommst dymem owmrars
CBOCONHHM IRPEMETDOM.

2
¥ Ho woxmriora Taxxe Bexuad poxs sp’. EORNGHTY DRI /26/. xoTopas
BIIeCh HE DACOMATTRLBAGTCH.

(24)
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Ina mongerypammm S cymecTEyeT TOMEKO OXHO 69, ~COCTOMNEE
¢ ¥BARTOBRHMI THOJAME XofiTpoHa 2%, Ero nosHoByL Jymxmm B STC -
NpOCTPSHCTBe (CIMH, HBOCHNH, IBET) MONHO BAIMMCATH B BMIe

5TC

6 A
‘-}éﬂfi.,.,éhAé (1 -;;79,‘15)\!/ij1,2,5)%5€‘7,5,6), (26)
ATT= 1043,

WisyuneMyp NONDEBKY K JOJHOMY CeueHu® AQ©4°{ (Fo/) ‘BENECIIM
o JopmyJe

A Bt pd) = Ot = 262 (pn), 2

THE 6{2‘:% ~ CeveHe, BHUACJGHHOR B IEYXTUMWOHEOM ITPHOITKOHHN.

AMIUMITYTA YUDYTOro PECCEAHMA aXpooB h, n  h, , cocrommm
COOTBETCTBEHHO B3 Y4 ® N, XBADKOB, ONACHPAEMHX HEDOJSTHRECTCKW-
M B3, mMeeT BHR

24 18 o£2 1o 2 VGEEIVGD (28)
T gy = eetshull ‘dek*:” V11—
huba I (K P ] (F-FE 1

3pecs MCNOJLIOBAHH OCOBHAYEHM®, IpmasTHe B paslene 1.1, a Taxzme

Vg, =EG) -6GF) ; o
Eq=le”ly>s  6aD=<%IAGpv>;

d
A G = 2= X X explilF+F)T, + i (F-F )F)
) 76 {1~y A; Ay explild 1h¢ 2l .

Tlonperra K OoJHOMy ceuerum Ag Sy (P”/ ), BuwMoIeHEAs HO oMy~
nam (27)-(29) ¢ BY meftrpona (23), mendercs B mperenax - Ag Gy, (pd) =
=0,0240,027 M6 , uWTO TOpasIO MeHRie orpaHmueHma (22).

Pesyasrary pacuere Ap G, (pd) c Bb (24) noxaseym, TT0 mpm He~
KOTOPHX PHAYEHWIX MAJEMETPCRE 3 ¥ K¢ TOUpaBKa MONET ONTBH COMb-
moff. He pwc.I3 nORAaSaHS 00JACTE 3HATCHMH j3 g R¢ , mosBoAmMX
yIOBXeTBOpATE yosommn (22), Bamwo, wro mpr A% 2 0,02 MoEEO mouy-
TWTL BECEMA TOWHYD ONEHKY peymyca S° - cocrosmms:

R =~ {o,%o.e@m npe 3> 0,
’6 ~

(30)
0,5¢0,95 gut mpr R < 0-
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Pac.13. OdnacTs zomycTvMX SHaZeHWl napaMeTpoB ﬂ z Rs .

OTMOTEM, IO OTH OLOHKK BEJWIMHH /1 .  COTJACYDTCH C DRSMOLOM
MeCTHKBAQKOBOTO MEMERA RE;;g = 1,32 gm, puuncremons B Mogens MIT &/
JloACTBATSNEHO, JETKG LOK234Th, MO OPENHEKBAKPATHYHHS PAIRYCH

86 cocTosmma B mopeaz MIT B wepessthBacTCROre S° - costosmms
commagant pr  Rg = 0,87 dm. o 2a

Jlanee MOXHO CINTh eMLmrymy (29) Tr,g" (9) upr ¢ # 0.
PacueTH NORAZAM , 4To B cayume BD (23) umm 2"-,5 0,2 {TeB/c)
OTJMYHe 9708 AMIUMTYZH OT Pe3yibTATA MMOY.TBCHOIC NPAGIMREHRT, HOJY-
verxoro ¢ To# xe B mefitpona, He Tpepumaer 5%.

B cayuae BY (24) 3ar1mcczpye7 g}nﬂxﬂ; Ry = 0,8 a3 nawunx

6) d) Pacwers noxasupapt /¥ , wro upR IOCaBReEMt  5°- coo- |

o {of(P

TOREEA nOABIAGTCA Cymocrmernoe omvmmme T, 33 ( g%) OT poayuTATA k-
OyJMBCHOTO HmpAcUoEeHHs, OmpHexo NpE SToM MehreTes B QOpMIEKTOD XSATNO-

Ha E' d (rﬁ . Omiaxo B fopMysaXx IaaydepOBCKOro MpHIIHREHMA eCTeCTBEH~

HO HOMONES0BSTH HYKAOHHYD B, ONECHBANKYD marHe mo ed — paccesnmy.
[09TOMy IPeNCTABAAET MHTEDOC He OTJIATIe Tp? {4}) or pesynsTaTa
HMI[YJIBCHOTO TpHG/BDREHHA, 8 OTKJIOHONEE OTHOUGHRS }:Tpié(ﬁ / E} (49

OT BOJEUMHH },=T£(?L)/F; (g2) . fleio, qr0 F =¥, , ecum pac-

CMATIEBATE 16 n p—cHOTEMY .

Pacuers %g?nnomamf aro |¥ - 3./ ,/}' 4 0,0l mpm 9% &
£0,2 aB/c)2 B 3¢ 0,1 Rag xguA nedrpouroft BY Peiza ¢ MArREM Ko-
pou/ 23 ,Ta¥ B LEA PayccoBcKoft fopmu BP,Boodme Ee oolepmamelt ¥4/ -Rop.
Taxau oSpasoM, eCHN B JoIMyJAX IVIRYOePOBCKOT'O DPHCIBXEFNA ACION%:IO0w
BaTH RYRIOHHYD DD neffrpona, TOSBONAXEYD OMMCATH NAHHHE L0 ed—pao-
cespmn, TO STH PODMYJH KONNHN NABRTH NPAREARMHE DPeSYIBLTETH LA am-
worrymi  hol— pecoesmma.

TexaM OOpASOM, MOXRO CHEJATEH BHBOX, UTO XOpomee COIJIACKe IJayCe—
POBCROre TDHO/HEEHAR C SKCOSDHMEHTOM HAXOYHT oCTSCTBEHHOEe OOnAsHEKHe,

2
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ecyd TOIBKO B RpapropoR BP nelTpoHa He NMCYTCTEYeT C 3aMeTHOH Bepo-
ATHOCTED ,Ss- COCTOSHME THIA MEeCTHKBAPKOBOI'O MeMKa C DAIAyCOM, CY-
WECTBEHHO OTTEHHM or R, = 0,8 dm.

9. Bumomd

Teopas MHOTOKDATHRX lepepaccesull [aydepa~CHTeHKO BHEEeDRAJA
THATENLEYN NPOBEPKY B CAMHX DAIVINUHNX afpON-~ANCDHNX (M SApO~AHelrHX)
Hpoleccax NpM BHCOKAX 2HEPIRAX. B mocselrm®e I'ONH QUPOH~ATEDHHE B3aN-
MofeficTEASA NMEPOKO HCTOJB3YNTCA EIA MONydYeHHsa HHPODMAEIEE O IpHpoxe
AGSPHHX CRJI, IPOCTPRHCTBEHHO-BPEMEEHOR KapTHHe CHIUILHHX RaamdoneficT-
=i ® T.0. Yacro 5Ta ENdopmampy ApareTcH yHmrawmsHOf. [Ipr sTOM TeopuA
Taaydepa-CureHKe asngercd "CascoM™, HCXCAR H3 KOTOPGTG MOXHO 00CYR—
FaTh karkue-uEdo SPfeRTH.

B macTosAmEM 0G30pe MPeNCT8BAEHH HEKOTOpHE OpEMEpPH ILIOJOTBOPROC—
TR TAROrO nomxoma. Tak, B pOARUEE KBABHCBOGOmOR HepesapilixE Me30HOB
HA Afpax BHepBHe NOJYIeHO HaZexHoe MONTBEpPXIeHWe TpeNCRasHBaemof KXI-
3ABECAMUCTH CceYeHMs B3AEwMOjelCTEEA aiXpoHOB OT uX pasmepa. B A-~3apdcE-
MOCTH HMHRNSHBHNX CHEKTDOB B TPEeXPELXEOHHOW OCJACTH DPOSBIASTCH Clie-
mferteckoe g KXI marnHome#cTeme 1m0 OncTpoTaM. Tlo BEVIMYNEe OTRIOHE=
HEA DOJHOI'O CeYCHRN Pd — paccesHmMA oT mpeickazanuflt Moxexms LaayGepa-
CETEHKO MOXHO CYIMTH O PasMepe MECTEKBAPKOBOTO Memra B melTpoHe.
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QUARK MODELS OF MULTIPRODUCTION OFF NUCLEAR TARGETS

B.B.Levcheunko
Research Institute of Nuclear Physics, Moscow State University,
Moscow, USSR

N.N.Nikolaev
L.D.Landau Ingtitute for Theoretical Physics,AS USSR
142432 Chernogo.:vka, Moscow Region, USSR

1. Introduction

Nucleus is a live target, sensitive to the spatio-temporal evo-
lution of the hadronic final states. The recent models of the multipro-
duction off nuclear targets fall broadly intc the two categories, de-
pending on assumptions on ihe intranuclear interactions of the inci-
dent and produced hadrons.

In the first approach [1,2], the syntheris of the comstituent
guark model (AQM)f3) and formation length concepti [4], the number of
the inelagtic enllisions of the projectile system is bounded from
above by a number of the constituent quarks of the projectile. A par-
ticular czse iz that of the incident leptons where there isg precisely
one inelastic interaction of the projectile. On top of that, the mo-
del incorporates the truncated intranuclear cascading of secondaries
having the formation length shorter than a size of the target nucleus,
The latter processes account for about 30~40% of the nuclear excess
multiplicity [1,2]. Were it mot for this cascading, the guantitative
description of the nucleus fragmentation would have been impossible.
in allowance for the cascading is especialiy important for any esti-
mations of the energy/matter density of the baryon-rich hadronic
matter produced in the high energy heavy lon collisions,

In the second, eikonsl type model, one ignores tha cascading of
the secondary hadrona altogether, whereas the wounded projectils is
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allowed to reinteract many times, the number of interactiona being
deduced from tke probabilisgtic interpretation of the Glauber-Gribov
multiple scattering theory. Though the model fails erossly in the
nucleus fregmentation region, for many mean quar’ities its predic-
tions are very alike those of the gquark model [1,25.

A gubject of this talk is a review of principal predictions of
the quark model [1,2), with particular emphasis on the intranuclear
interactlons and the nucleus responce. Some novel applications of the
model to the deep inelastic leptoproduction off nuclei, the process
best tailored to test the formation length concept, are reported.

Our numerical calculations are based on the Monte-Carlo code
which produces exolugive final states, which can be subjected to preci-
gely the same cuts as applied experimentally. Az important ingredient
is the multi-nucleon short-range correlation mechanism of the cumula-
tive proton production [7}, which contributes significantly in the
forward hemisphere too [2] . Such &n exclusive analyais emables to
understand the origin of certain giriking similarities the pion end
neutrino induced reaction in neon: these are alike as the elementary
pion-nucleon and neutrino~nucleon interactions do differ in a rather
special way.

2. Interactions of the conmtituent qusks and formation
length of the .«oduced particles

A comparigon of the proton-xenon and proton-~proton interactions
in Fig. 1 exemplifies the situation with the inclusive spectra of the
seoondary hadrons. In the central region Ry axceeds unity as the mean
number of the wounded constituent quarks of ihe incident proton (V>

1.87 while \)pp" 1. The absorption of more constituents in the pxe
nuclewa is a sousce of depletion at
#+ large rapidities. With the cascading
pXe, AQM switched off we ghould have had

200 OeY Ry = (V) in the nucleus fragmenta-
- - ~ 3000GeV

S ISy S
E o \\\ Pig.1.The relative rapidity spectrum
05¢ ?o N Ry=(dN/dy)pxe/(dN/dy)p, in pXe and
- pp interactions at ZOBEeV {points

o L1 1 (8) and the polid histogram) and
0 2 4 6 & Y 3000 Gev (dashed line).
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tion region too: the gteep rime of towards small rapidities l1s
entirely due to the intranuclear cascading of the relaiively slow
secondaries, formed well ingide the nucleua.

In the Glauber models one rather predicta the plateau =
AG;;}S/ d;g: % 3 in the central and nucleus fragmentation regiona.

That is not yet ruled out by the experimental date as the projectile
fragmentation reglon extends downwards in rapldity by 3-3.5 unita,
go that the central plateau is gtill elugive. However, the model
failes completely in the target fragmentation region.

3. The charge flow of gecondary particles

Shomn in Fig.2 is the charge flow in the hadronic final state of
pXe interactions [8). Remarkable features of this distribution are
projJeotiles charge retention in the forward hemisphere and feirly
large contribution of protons off the short-range two-nucleon pairas
envigaged to explain the cumulative protons in the backward hemishpe-
re (in the lab., frame). According to the selection criterions in
Ref, 8 8ll poaitive tracks with p> 0.6 GeV/c have taken for pioms,
hence fairly large rapidities of these protons.

Pig.2, The charge flow of secondary pions
and unidentified protons with p» 600 MeV/c.
The solid histogram is a total charge flow,
the dached line is a contribution of pro-~
tons into dQ/dy, and the contribution

of protons off the correlated two-~ nucleon
pairs is shown by crosses.

pXe,200Gev

4. Two-particle rapidily correlationa

The intranuclear interactions result
in a remarkable asymmetry of the two-
particle rapldity correlation function
Ry(r,y) 1in pXe interactions {8) compared
to pp interaotions (Fig.3). The rise

of R, towards small rapidities is to a large extesnt due to uncor-
rolntad production of secondaries in meny intranuclear collisions,

what wipes out the negative correlations in the elementary pp.
collisions.
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5. Multiplicity distributions: correlations with the
nucleus' reaponse

The larger the multiplicity of the Imocked-out protona, the
higher the fraction of collisions with three wounded quarks of the
projectile proton. Im the limit of N —»o00 one wculd expect the do-

p
g o 3
RI("Y];! l Rz (1,.Y})=N§;Y';—E7v‘z——l \§}-+ 200 6ev
! i } & pe fr'aifaww S b — phe
b e SF ¢ — pXe

o 5 10 15 N,

Fig.4. The Wroblewskl ratio

B ’ D/<Ng> versus N, in pXe and

Fig. 3. The two-particle rapidity pAr interactions at 200 GeV
correlations "n the pp and pXe [8) . The AQM predictions are
at 200 GeV l&). The golid and shown by histograms. The
dashed lines are the models pre-~ horizontal dash-dotted line
dictions. im an asymptotic value of

(D/<N)a expected at V*Vpux

minance of <V) = Vmax =3, what would immediately result inr(D/<Ng)a
= (D/<F)y/Wpuy « The detailed Monte~Carlo shows that in view of the
well developed cascades the dominance of VW= Vy,y ia unattainable;
yet the predicted decrease of (D/<Ng) )A with Np does perfectly agree
with the date (Fig.4).

6., The nucleus'! response: knocked-out protons

There are two sources of the lmocked-out protons:the recoil pro-
tons and <he spectator protons of the correlated short-range two-nuc-
leon pa'rs [7). The latter protons flow into the backward (cumuletive
protone ) as well ag the forward hemigphere in the lab, frame. We
have already seen the importance of these forward protons in the dmxge
flow. In Fig.5 we demonatrate that the model provides an adequate
deacription of the angular distribution of the Imocked-out protons.
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Fig.5. Angular dia-

<036, .
W(% gt pEm 7 Em tribution of the
0-400Gey [ —+ 50-2006eV § Teb.ierin inier
10.0 | —¢ 20-400GeV JT‘ ) actions of protona
. b end piong with the

emulgion nuclei .
L [] The higtograms are

73 R the AQM predictions.
50 r‘ .f‘_.,lf
[ )
25 o5
0,0 PR TR ESVNS TR NN N N S | [ DN SN U SO N QR N SO £
4 6 0 6 - b,
cosBy wsBS
WiNg, % Fig.6. Tne glow proton, 200< k < 600 MeV/c,
ﬂ 500 GeV ‘multiplicity distributions \8] versus the
1 AQM predictions.

T. The nucleus’responge: multiplicity
distribution of the kmocked~out protons

The model reproduces perfectly the
multiplicity distribution of the alow pro-
tons in interactions with the argon and
xenon nuclei (Fig.6). We restriot ourselves
to a ptatement that this digtributions, in
particular their large Ng tails, couldn't
be reproduced unless the cascading and
ghort-range correlations have been included in.

8. Neutrinoproduction off nuclei

Technically, the neutrino (muon) interactions in the non-diffrac-
tion region of x> 0.01-0.,03 are alike to the single quark absorption
in the hadronic interactions. The plon-nucleor and neutrino-nucleon
collisiong sre alike in many aspects but the multiplicity distribu-~
tiong. Hence the Monte-~Carlo code for leptons sghould start with the
slightly modified generator of the firsi interaction to allow for

thege differences, while the secondary interactions of the produced
hadrons -are degcribed by the Monte~Carlo as for the incident pions.
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Pig,7. A comparison of mean multi- Fig.8. A comparison of the KNG
plicities, a), and the correlation digtributions in W Ne and v Ne
parameters fp = D - <n> ., b),in interactiona., The golid and

dashed curves are predictions

—t s
VP and M'p interactions. The so- of our models.

1id and dashed curves are model
calculations.

In Fig .7 we demongtrate how the modified Monte-Carlo desc-
ribes the multiplicity distributions in the +p interactions. Notice
that for the neutrino the multiplicity distributions are narrower than
those fcr pions. At the moderate energies this difference is about the
game as that of the single~quark and two-quark collisions of pions
with nuclei.

9. W Ne and 3 Ne interactions: where and why they are alike
and unlike

Some time ago, the striking similarity of the v Ne and iU Ne
multiplicity distributions has been noticed [11). The Fig.8 demonstra-
te that this similarity is well describod by our celculations. The
VvNe and J(Ne KNO distributions come out about the same since in the
Vv Ne interactiona one starts with one input and only haas single-quark
interaction, wheras in the & Ne case one starts with another input but
mixes up the single~ and two-quark collisions.

10. Where and why vNe and & Ne are allke and unlike:
the nucleus' responsge

For the above numerical reasons the VA and %A KNO digtributicns
cannot tell neutrinos from pions. The nucleus' regponse 1s much more
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001 2 3 4N Fig.10. The relative repidity

. 3 R= of the negative ge-
Fig.9. A comparison of the multip- SPegirum &
licity distributions of the knocked- ©9B48ry particles in U Ne and
Up interactioneg in BEEC [12]

g;t‘fﬁgtgﬁg’ﬂgﬁgsfhféigésigggfc ! versus predictions of our model.

gsengitive to the number of th interacting quarks. In Pig.9 we show
the knocked-out proton multiplicity distridbutions in 9Re and X Ne.
We find (Np>0Ne = 0,33 and <Np)xﬂe = 0,70 what nicely agrees with
the experimental data.

Recall that in xNe interactiona there is & sizable admixture of
the two~quark interactions and, on top of thet. the mean cascadirg
length is larger than in v Ne interactiona.

11. £A Interactions: incluslve gpectra of the secondary
particles

In our approach the intranuclear cascading, which 1s confined to
the target fragmentation regiom, is the only source of the suplus
multiplicity in vA and ILA interactions. Qur calculations of
By = (dN/dy)“Ne/(dN/dy)vp are shown in Fig.10. The experimental data
glve a clear-cut evidence for cascading. Besides, as the energy inc-
reages the formation lengths become larger so that the forward dep-
letion goes away, in good agreement with the experimental data.

The similar calculations for the neutrino-emulsion interactions
are shown in Fig.11. Remarkable, the forward multipicities in VEm
and VD are identical, as at guch a high energy the formation length
well exceeds the nucleus dlameters. Thege data ¢ clearly demonstrate
that no quantitative description of the multiproduction off nuclei is
possible unless cascading is properly taken into account. Henceforth,
the eikonal type models should be discarded, as their ability to
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H: reproduce crudely the mean
7 multiplicities in hadron-nucleus

= llEm collisions is just accidental
vD one,

Fig.11. The relative rapidity

gpectrum of gecondary particles
- { in. VEm and VD interactions
[13) versus prediciions of our
model.

T} SN %l_-}’_ +_ _ 12. Conclusions

N ) . . The constituent quark model
= | 0 1 2 3 4 5 7] gupplemzrted by the formation
length formalism, doeg remarkab-
le well in the hadron-nucleus
and lepton-nucleus colligions. The fragmentation of nucleus can only
be understood at a quantitative level at an expense of significant.cas-
cading, which accounts for 30-40% of the suplus multiplicity. That is
partlcularly evident in the lepiton~nucleus interactions. None of the
numerous models where this cascading is ignored can be regarded es

credible.
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DESCRIPTION OF THE PARTICLE PRODUCTION IN
PION - NUCLEUS COLLISIONS BY THE ADDITIVE QUARK MODEL

R. Hotyriski, M, Jezabek and K. WoZniak

Institute of Nuclear Physics
Kawiory 26A, 30-055 Krakéw, Polend

1. Introduction

In this paper we present the analysis of experimental data for
plon-nucleus interactions in the energy range 60 GeV = 300 GeV. The
aim of this analysis is to test whether the particle densities in pro-
Jectile fragmentation region can be adequately described by additive
quark model., To do this it was neceesary to find the relation between
the average number of wounded quarks in the projectile and the number
of fast protons emitted from struck nucleus, After deriving thie rela-
tion it was possible to extract from the experiwmental 71"~ emulsion
data the fragmentation functions for both wounded and spectator quarks.

2. Experimental Matarial

The data analyzed in this peper consist of 788, 973 and 2115
1: elastic interactions of negative pions in nuclear emulsion at the
energlies of 60 GeV, 200 GeV and 300 GeV respactively. The deta have
been gathered by Cracow Emulsion Group ard were published,e.g.sin
/14243 . In each event the emission angles O of relativistic ((»>0.7)
shower particles n, were measured and the mumber of heavy ionizing
((b<0.7) disintegration products of struck target nucleus were care-
fully counted. The latter were divided into two categories: gray track
producing particles Ng which velocities fall into the intervel
0,25< 50,7 (1t corresponds to proton ebergiea 30 MeV< E <400 MeV) and
particles producing bleck tracks Nb with velocitlies > < 0,25, The gray
tracks can be recoil protons as well as protons originating from low
energy nucleonic cascade initiated by recoil protons. The black tracks
are evaporation products of the remaining excited lLarget nucleus.

778




In Fig. 1 the normalized inclusive angular distributions of
shower particles ng produced in I - emulsion interactiona at diffe-
rent energies are presented in the antylaboratory frame, using pseu-
dorapidity variable m'= 7 - Ygaxs "here B = - 1n tan (9 ),/2) and
Ypax 15 the rapidity of the projectile. It is seen from Fig. 1 that
the pseudorapidity distributions for different energies exibit the
scaling behavior for '\?2:- 4.0,

| e 60 GeV
x 200 GeV
3r * *# - 300 GeV
£
i *+ f'ﬂ
2F ** i N
1dn ¢ ) b
Ndv R
1F . A }
L]
TS OPTN y i | y | "

‘109 8 -7 6 5 -4 3 -2 -1 O
(\’2 }

Fig. 1.The inclusive pasudorapidlty distributlions of shower
particles transformed into the rest frame of incident
pion for incident 60 GeV (e ), 200 GeV { x ) amd
300 GaV (—) energies,

3., Dependemce of the Number w of Wounded Quarks In the Projectile
and the Number Ns of Fast Protons Emitted from Struck Nucleus

We shall derive formulae for P: (Ng). the probability distri-
bution for w constituent quark to be wounded in a pion, scattered
inelaatically on a nucleus A yielding Ng gray tracks in the final
state, We consider two models, called A and B, which give us the re-
lation between the number v of pion collisions with target nucleus
and the average numbar w of wounded projectile constituents, These
two models are representative of a veriety of realistic possibilitiss,
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In model A it is assumed that each target nucleon can interact with
one and only one pion constituent.The joint probability of ) target
nucleons,being struck by any of two constituents interacting inelasii-
cally i and j times, respectively, i9% ;
- -V . -4 a ~ A A=Y

P,,j;v(bho’,u:&,,‘u} TSNS, (-0 ™
whers o;‘A'-Sd’B [1-(1-6;",)‘] and we take 20 mb for the value of the ine-
lastic pion-nucleon cross-section. From (1) one can easily derive
pA w,v ¢ the probability distribution of w constituents to be wounded for
u.von v ¢ The corresponding formulae for one or two constituents to be
wourkied are given below:

Sy = ()&, 0-5,, )"“, (2)

(b) "Zf, V-n;v =G, (1-2 NG (1- 8, 07 ()

(b) =2p2

Now we ghall make use of the relation between the number v of colli-
sions of the projeotile with nucleons inside the target nuclsus and the
number N of fast protons emitted from struck nucleus,derived by Ander-

= et al, 4 « In their model the probabilliiy to cbserve N' fast pro-
to..4 for Vv collisions is:

A N, +v -1 Y N
Pring = (™ v b %07 Y. )

From relation (4) it follows that for a given N‘ the probability distri-~
bution of w constituents to be wounded is given by:

A

(N = JdB L PLNPL L (b) )

vzl
Hence

P:(N%)=2 LXMAE RN, &y, (1-0)/ 2,1 8 (6)

(37

* For sny cross-section 6‘ we use the notation:

L o
Fb) =6 Ty(b)= & [dz g, (I,b).
For Q, , the density of nuclear matter in m nucleus A, we taks the
Sexon = Woods distributio
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and

A A _ -1 N 25 A A
PyINg)+ P, (Ng) = &7 X 3 fd BE(Ng, 0, (1-X),1- 00 ) (M)
A -1 0 A-n
where ** FA(m,u,v)=Z1(¢1)(m:v? Yuvhn
n:
Equation (5) can be generalized for a given distribution {Ng} of gray
tracks:

~ A N A N
P, (gh) —n‘Z{-Nq]s(n) P (ny 8}

where a8 (n) denotes the probability of n gray tracks in the distribu-
tion !Ng]B « From (8) one can calculate the average number of wounded
constituents for a given distribution {N 81 of gray tracks and a given
nucleus of atomic number A as:

— " ~ - ~A ~A

WA NG = [ g+ 28, NG/ TP, (g B (g D] - (9)
Finally for a mixture of different atomic nuclei, such as nuclear
emulsion one obtains:

- ~Ay{
= (o .

W (INgf) = Zn, o, WNG) / 5on, oy, (10)

where n, denotes the number of atoms of type A per cm3.

In the second model, B, the other one which we have considered,

the two constituents of a pion interact independently with the target

nucleons.

Consequently
A - A O A (IA-Y
P, (o) = 2";;;(5)(0;0 (1- &) (1)
~ A v A -
Py y(B) + P70 = o, (3 [1-00-8, ) 146, ) ) (12)

We take 17 mb for the quark-nucleon inelastic cross-section,

By repeating the derivation discussed for the mocdel A we oktain the
formulae for T”’# ({NE“ and Pg ({Ng])as well as for WA ({Nsl) in the
model B.

*
*He use the equivalent foraula for Fus

Ayim-i L VAL
FA(m,u,)v)= El (‘-)(L-ﬂ)u- (LL*'J) m
(wrvyh- yh m=0

A\"4
-
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Both models considered give for P, { Dlg ), P, (N_ ) and
w ( B_ ) unsignificantly different results, therefore these functions
are not sensitive to the detailed asaumptions of AQM, The average mm-
ber W of wounded quarks as a function of Ng is depicted in Fig. 2.
It is seen from this figure,
that using the number N_ of gray
| s " tracks as a measure of W we are
o not able to select events with W
b legs than 1,15, However, we can
. analyze the characteristics of
¢ 91"~ emulsion interactions in
* the wide interval of w up to

S T LN
N!
Fig. 2. The correlation between the average number w of
wounded quarks in the incident pion and the number N

of gray particles emitted from the struck nucleus.

4, Determination of the Quark Fragmentation Functions

The general assumption of the additive quark model (AQM) of
high energy collisions /5+6,7/ is that each constituent valence quark
taking part in the interaction gives am independent contributicn to
the particle production, Thus it is natural to assume that the parti-
cle production depends in the target fragmentation regior upon the
number ¥ of struck target nucleons while in the projectile fragsenta.
tion region on the number of wounded constituents of the primary
hadron, For pionenucleus interactions the projectile fragmentation
region is described by two fragmentation functions only 8 ¥

g(mY= F ()& + F (g (2-%), (13)

where i" and I-‘. are the fragmentation functions of the wounded and
spectator quarks respectively and W is the average muber of wounded
quarks ip the impinging pion. The scaling in energy in antylaboratory
freme assumed in (13) 13 in agreement with our experimental observa-
tions (see Fig. "),

To select the intei.ctions with different average mumber % of
wounded projectile quarks we d.vided the inclusive date of §™- emul-
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sion interactions into subsamples according to the number Ng of gray
tracks emitted from the target nucleus,
The details are given in the Table.

Table. Number ¢f events in subsamples characterized by different
average number N for three priwmary energies

1
Number of Eventa

Ng FE w 60 GeV 200 GeV 300 GeV
4] [o] 1.15 308 318 736

1 1 1.27 182 2444 480

2 2 1.41 105 122 260
3=4 Bk 1,53 102 143 326
5«8 6.0 1.68 T4 104 240
>9 10.9 1.82 17 42 73

The experimepntal pseudorapidity densities have been analysed as a fun-
ction of w in the pseudorapidity intervals 0.5 unit wide, By fitting

a straight line to the g (%') va ¥ dependence (Eg. 13) the values of
the fragmentation functions of wounded Fv and spectator FB quarks
have been obtained, Fitted values of fragmentation functions for three
primary energies considered acale within statistical errors, Thus the
final values of F, and Fs have been obtained using the pooled 60 GeV,
200 GeV and 300 GeV data, The result is depicted in Fig, 3.

For m'¥- 3.0 the numerical velues
of F, end F, are equal and {13)
can be writter asg(m') = 2F, i.e.
the particle density depends nei-
ther on primery energy nor on the
atomic number of the target., For
Ivz'é -3.,0 the values of F, are gre-
ater than those of Fs and E‘s dec-
reases rapidly to zero with dec-

~gasing frz' .
The particle production in pion-
ek

4 3 2 41 0 nucleus collision can be satiafac-
v torily deacribed by (13) in thep’

Fig. 3. Fragmentation functe interval (-A.os_«? £ 0,0) or equi-

ions of wounded F,, (m) and valently 729, (7= -ln2y ).
spectator Fg (7’) querks, For m£7,, an attempt to desaribe
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the Jdate by (13) has failed (the calculated %* values for linear fit
are not acceptable or calculated values of F‘ are significantly less
than zero), This result is not surprising, becauss in AGM the particle
production in the backward hemisphers depends on the rumber of wounded

constituents in the target.
Using F' and F. values determined from the emulsion data we

can predict the particle densities in pion-proton interactiona. Fer
9"~ p interactions eq. (13) can be written with & good eccuracy in

the form:
G(7) = F, (y) + Fy ('), (14)
In Fig. 4 the particles densities g (rrz) at 100 GeY cbtained from

ﬁ'—p data, gathered in the experiment using the Fermilab 30~ inch
bubble ch.amber/% are compared to the predistione calculated from
eqe (14). The excellent agrsement within the uncertainties of the
determined fragmentation functions is observed.

204
1] S Fig. 4, The comparison of pse-
gl , wdorapidity distributions of
o1 "}” shower particles produced in
os ‘s 91"~ proton interactions at
* o, 100 GeV (q) with AQM predic-
" 1 " 8 n . tions ( ¢ ).
3 4 5 6 7
7

5. Concluaions

- Taking the advantege of the relation between the mumber of colli~
sions of the projectile inside the nuclsus and the mumber of
emitted fast protons from the struck target nucleus it is possi-
ble in the framework of the additive quark model to calculate the
average number ¥ of wounded querks as the function of N_,

« Using the W on N‘ dependence the fragmentation functions of wo-
unded F' and spectator F. quarks can be extracted from 7~ - emul-
sion data,
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- At f\y ~ =~ 3,0 the numerical values of F and F are equal and
the particle density g (n?) should not depend on the atomic
number of the target nucleus,

- The fragmentation functions derived from 7 - emulsion data
adequately describe the results from 9y~ - proton experiment,
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A UNIFIED PHYSICAL PICTURE OF HADRON~HADRON AID e e COLLISIONS
T. 1. Chou

Physics Department, Unlversity of Georgia, Athens, GA 30602 USA

This report consists of a summary of some published work on multiparticle pro-
duction in hadron-hadron and c+e_ collisions by Professor C.N. Yang and myself.
Essential physical ideas in the peometrical model of multiparticle nroduction in
hadron-hadron collisions are reviewed, which lead to a simple descrintion of the
single-particle spectrum. These ldeas are then applied to twn-jet events in ¢ ¢
annihilations. A unified phvsical picture for both collisions emerses which is com-
pared with experimental data. A number of prediciions are made {ncludins the pre-

P g . N + - .
diction that KNO scallng does not obtain for e'e  two-jcl cvents,

1. HADRON~HADRON COLLISTONS

In a very-high-energy nondiffractive inelastic hadron-hadron collision, the
emitted hadrons can be divided into two groups: the fragmentation particles and
the central particles. The fragmentation particles, i.e., the leading narticies,
are few in number. In the geometrical picture, fragmentation particles are pieces
broken off from chunks of the incoming particles that pass by without meeting verv
much of the other particles. They proceed with essentially their ariginal veloc-
ities {n the c.m. system. On the ather hand, the overlapping parts of the incoming
particles undergo a more violent coliision, yielding a larec number of cutgoiag
particles In the central rapiditv region. [ shall concentrate mv discussion on the
multiplicity and momentum distributions of these central particles.

A, Multiplicity distribution

(.

Based on the idea of limiting fragmentation, Koba, Nlelsen and Olesen nro-

posed[z] in 1972 that the multiplicity distributfon Pn satisfies the (KNO) scalling
law:

apo= p(a). (n
where = = the KNO-variable * n/n. Early CERN SppS Collider experiments[3‘4] at

540 GeV confirmed the approximate valldity of this hypothesis. More recent meas-
urements and analysesls’ indicate that the multipllcity distributions seem to fit

the negative binomial (W3) form better. Such distributions, KNO or NB, imply very
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large mean fluctuation, (An)” 7~ n° -f", for the charged-particle multiplicity:

.
on 7
2 = constant for KNO-sealing, (2)
n
and
increases with energy for NB-distriburiom, (3)
n
We call these brouad distributions nonstochastic. In cantrast, a stochastic distri-

bution, like Polsson or binomial, gives typically

. (4)

-
A
Thus 4 stochastic disctribution will become increasingly narrower compared to a nen-
stochastic one, as noincreases.

When KNO scaling was first proposed, we were reluctant to accept it.  We took
this attitude because for o high energy collision with the emission of dozens of
particles, it was difficult for us o believe that the nrocess ceuld be as nonsto-
chastic as the KNO distribution. However, after csperiments at the CERN Collid
confirmed in 1981 the broa., approximate KNO, j.e., nonstoohastic, distribution for
the multiplicity, we were forced to the view that while some aspect of the dynamics
af hadron-hadron vollision might indeed he nonstochastic, there must Le some éle~
ments of the process which are =t Yastic. The guestion was then which aspect of

the dynamics is stochastic, and which nonstochastic?

of particie sroduction processes

B. The stochastic and ncastochastic aspe
6
The UAS Caltaberation published‘o] tn 1983 the probability distribution

P(nF,nB) of events for 340 CeV collisions with nF ind My denoting the forward and

backward charge multiplicities respectively. Their scatter plot is reproduced

here in Fig. 1. The distribution of events with respect ta n (=nF+nB) 1s approxi-
mately KNOC as nuted above. Whe. -ne examineslﬁ'/l the distribution along each fixed
n (=nF+nB) line with respect to the variable n-Ng, one finds that the probability
distribution is well fitted by a binomial rurT;] which is, of course, a stochastic

that in the n_-n_  plane, the dis-

F B

tribution s nonstochastic along the nF+‘nB direction and is stochastic along the

direction. This separation of *he stachastic from nonstochastic aspects of

distribution. Thus we reached the conclusion

b
multiparticle production prucesses gives conceptually a clear and attractive physi-

cal picture of high energy hadron-hadron collisions.
(71

If this separation should remain valid at much higher energies, we argued
that, because a stochastlic distribution becomes increasingly narrower relative to a
nonstochastic distributlon when © increases, the population of events in the np g
plane would become more and more concentrated in an elongated region along the

n.=n, axis.
F '8
(6]

In terms of the forwar-d-backward multiplicity correlation parameter b,
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Thus vur prediction thar the popalation will Lecom m and morc concentrated inog

narrow cigar-shaped band s 0 incroones mea that the correlation paraimeter b

for hadron-hadron collisions will incresse with encrey and approachos anity in the
Limit of n o= .

ls thig prediction in apreoment with experimentad d gt We list below some

18]

DS enerey range:

b vilnes for Fp callisions over the ISR and

medsared

[}
B
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0.14 at 62 Gev

0,44 at 200 Gev
0.57 at 546 Gev
0.63 at 900 Gev

The trend is clearly consistent with our conjecture.

<. Envrgy partition, partition temperature and sinale-particle momentum

distribution

IT eventually the population of events clusters and torms a very narrow band
at very high energies and very-high-average multiplicities n, the distribution with
respect to ng for Fixed ne would be concentrated nein AN with a fluctuation of
the order of /E;. (Fig. 2) That is, far given Nps the charge muleiplicity diseri-
bution in the backward hemisphere would be stochastic,

Accepting this conclusfon, we considered it most natural that the energy and
momentum distributions of the outgoing ventral particles in the backward hemisphere

191

(a) The total energy of these particles is th. While the total energy in

would also be stochastic but subject to the following conditions:
the backward direction is EO (the c.m. energy of the incoming hadron), only a frac-
tion h of this we 1d be carried by the central region particles in the backward
hemisphere., The remaining fraction I-h would be taken awiyv hy the fragmentation
particies in the backward direction.

{b) Fach emitted particle carr?es)n bremsstrahlung favtor d3p/E, which was
10

first used in multihadron production in the 1940s.

(¢j  For each particle, there 1s a transverse momentum-cutoff factor which we

{11}

take from experimental results to be

g(py) = exp(-upy) (7
where a2 = 5.25 (GeV/c)_l for 540 GeV collisions.

Subject to these conditions the simplest stochastic distribution of the parti-

cles in the backward hemisphere gives a probabilitv of the form
Te 3 .
5(€Li th)n(d P /EDB(RL) (8)
i

where the summation and product extend over all tuce jarticles, charged or neutral,
in the central region in the backward hemisphere. To evaluate the single-particle
spectrum from Eq.(8), we use the equivalence relationship between a microcanonical
ensemble and a canonicul ensemble. Equation (8) describes a microcanonical ensem—
ble at a fixed energy, For larpe multiplicities this givesig] a single-particle

canonical particle distribution
(a’p/E) g(pexp(-E/T ) 9

where Tp is a rtemperature~like parameter whi~h we have called partition temperature.
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Equation (9) glves the single-particie distribution along the vertical line
t.e., for a fixed e in Fig. 2 . Fixing ne is approximately equivalent to fixing
=n_+
n=n;tn,
there is a partition temperature Tp.

, as Fig. 2 indicates. Thus we arrive at the conclusion that for each n

At 540 GeV, as Fig. 1 shows, the distribution is not yet a narrow band. Never-
theless, we went ahead to test the validity of Fq.{(%) by evaluating the single-par-

tirle angular distribution from it. We write for the pseudorapidity n

n = cnshAl(llsinﬂ) (10}
Thus, dn/dn = 27 sin0 (dn/de)

2 ,Eoh 2
= K 2r stn“g f p (dp/ﬂ)g(psLnd)exp(-E/Tp) (S8))
4]

whaere K is a normallzation sonstant. Only pions are included in this caleulation.
Tt is fnund!9] that the curve for each multiplicicy is well described by Eg. (1))
for one value of T . The good it (see Fig. 3) to the UAS data indicates the use-
fulness of the fdea of the purtiticen temperature. We like ra emphasize here that
there are no adjustable parameters +dn this computation, the pT—cutnff factor having
been taken from experiments., The ecnergy fraction h and narmalization constant X are
both determined from the curves themselves.

It should also be polnted ont that the partition temperature introduced here is
a very different concept [rom the temperature jfdea used in previous high energy col-
lision theorles. The partitinn temperature in the present theory is just a mathe-
matical parameter that governs the partition of energy in the stochastic process at

glven multiplicity. This concept nelther requires nor implies thermal equilibrium.

o. The physical picture

The physical picture for multiparticle production described above can be summar-
ized as follows: The hadron-badron collislon process is regarded ds a superpositicn
of many collisions, each at a single impact parameter, {.e., a single total angular
momentum J. For pp collisions at 540 GeV, J ranges from O to 2000k, For higher in-
coming energies, the ranqe of total angular momentum would further increase. This
very large range of anguiar momentum ls the underlying physical rensnn[lzl for the
wide fluctuation of multiplicity, since obviously collisions at angular momenta @ and
20008 are not expected to yleld the same average multiplicities, However, for each
angular momentum J, the multiplicity should fluctuate very little, i.e., only sto-
chastically. The extent of fluctuation at eacl. J 1s schematically renresented {n
Fig. 2 by one small circle. The wide fluctuation of multipliclties characteristic of
(nonstochastic) KNO or NB distribution 1s due to the superposition of the multitude
of circles. It therefore ylelds a long cigar-shaped distribution in the np-fip plane.
Since the width of the cigar is - v/n, the radius of each circle is of the urder of vn.
That 1s, the fluctuationsof L3S and ng are both of the order of Yi for each angular

momentum. In fact, we predict that for each angular momentum the clrcle represents
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Accepting whot we just said that for a fixed nngullr momentum, the parcicle
number distribucson fa each hemisphere 15 stochastic, {t would then seem most nat-
ural that the energy partitfon on each sfde must also be sLachastic. This idea
results f{n the concept of partitvion temperature, and ¥y.(9) for the single-particle

momentum distribution.

E. Predictions

We have made a number of specific prediutinns[lJ] for wadron-hadron collislons

which are summarized below:

(1) The multiplicity d{isribution fluctuates widely, Or more precisely,
as the total emergy increases, (a2 - #2) /52 approaches a positive constant or infin=
ity. Notice that this statement is consistent with both approximate KNO scaling

and NB distributions.

7]

(i1) For a Fixed n=nF+n the distribution with respect to e i{s propor-

B’
.n

tional to ¢ . .
nF/Z
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(111) The forward-backward multiplicity correlation parameter b increases
with total energy, approaching unity in the Iimic,
(iv) (rms net charge in each hemisphere)/v& approaches 0, as o + =,

(v) The single-particle momentum distribution for central particles is

dn = (vonstant)(dap/E)g(pT)exp(—E/Tp)

for cach value of the total charged-particle muletiplicity n, where Tp depends on n.
(vi}) Because the sum of all the orbital angular momenta carried awav by the

outgoing particles is not sufficient to make up the incoming total angular momentum,

there is a strong tendency‘l“] for the spins of any two outgolng central particles

to line up parallel to each other in the transverse direction:

(nT'oT) ~ 0,

1 "27average

1. eteTannmHILATION
The physical {deas developed orfginally for multiparticte production processes
in hadron-hadron coilisions were tater applied to hadron production in e+e_ annihi-
lations, resulting in a coherent and unified picture for both collisfons., We con-
sider only two-jet events, Ignoring those with gluon emlssion, and take the thrust
axis or the sphericity axls as the analog of the incoming hadron direction in

hadrun-hadron collisions.

A. Foisson-type multiplicity distribution

We proposed that in hadron-hadron collisions, the observed wide !luctuation of
multiplicities is due to the I'luctwitions of the total anpgular mementum.  While 1or
each angular momentum of the incoming system the multiplicity Jdistriburion follows
a Poisson distribucion, it is the superposition of a large range of angular momen-
tum that gives rise to the wide lluctuation of multiplicities chiaracteristic of
approximate KNO ¢r NB distributions in hadron-hadron collisfons. In u+e— annihi-
lation, on the other hand, the reaction diagramwise goes through an intermediate
state of one virtual phoron. The angular momentum is thus 0 or i and does not vary
over a «lde range. The multiplicity being the superposition of two almost identical
Poissons is then an essentially Poisson distribution. 1In the Lwo-d®mensional nF~nB

(15} that there should

plane 1¢ (s represented by Just one circle., We thus conclude
be no wide multiplicity fluctuacion like KNO scaling, exact or approximate, for
e+e_ two-iet events,

Is this predicecion in agreement with experiments? Because the energy range of
existing data is too small, we cannot glve a conclusive answer to this question.
However, existing data do seem ta exhibit characteristics that suggest that our pre-~
diction is correct:

(i) In Fig. 4 we reproduced for corparison multiplicity fluctuation ploc
[16] and UASIB]

for e+e_ and hadron-hadron experiments by TASS50 Collaborativns. We

+ -
emphasize that for the e ¢ data (left column) the peak is much more left-right
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mnihiiation {left column) and pp collisions (right celumn). ({Reproduced

from Reas, 8 and 16.)

sywnet rical than for the pp duta (right column)} Aiso the left-column figures ex-

hibit un the Tow multiplicity side of the peaks a region where the curve has posi-
tive second~derlvatives. Such regions are absent in the flgures of the right column.

These propertles all mavk the left column figures as Peisson-like, in contrast to

the figures in the right column.
(i1) The HRS Group operated at PEP at c¢.m. energy of 29 GeV has just pub-
lished“” a charged-parcicle aultiplicity distribution which can be firted ex-

tremely well by a Poissoalan curve, Their data and fits are reproduced in Fig. 5.
f18)

(i1i) A left-right multiplicity correlation parameter b has been measured,

+ - + -
yielding b=0 for e e annihflatien. According to our view for e e annihilation,

the ni—n, distribution 18 a circle, f.e,, a producr.“s] of two Polsson dlstribu-

F B
tions with respect to fp and ngt

P(ng.ng) = f(E/‘l,nF/Z)i(EM.nB/z) Q12)
= (cona:ﬂn:)f(ﬁ/Z,n/Z)C:/i,, . (13)
we:
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compared to the Polsson distribution with the siame mean value: (a) inclu-
sive data sample, (b) two-jet data sumple. (Reproduced from Ref., 17.)

where f(a,n) = exp(—a)an/n! . and u/2 is the average charged multiplicity on each
side. The factors 2 in nF/Z and nB/2 derive from the fact that pairs of particles
of opposite charge are emitted. For such a product distribution one maturally ex-

pect5[13] b=0.

5. Single-particle momentum spectrum

In the physical picture described above, e+e— annihilation 1s similar to had-
ron-hadron collision at near-zerv {mpact parameter. Exactly as in hadron-hadron
collision the same argument leads to the concept of a partition temperature and the

single-particle momentum distribution for ete” colllsion:

do = (constant)(dap/E)G(pT)exp(—E/Tp). {14)

where all quantities are in the c.m. system, Py 1s the transverse mamentum with re-
spect to the jet axis, and G(pT) i1s a cutoff{ factor, As there is only one angular
momentum, there 18 now only one partition temperature T for each c.m. collision

[15]

energy W. We found that for W=14 and 34 GeV, excellent fits to the charged par-

ticle spectra are obtailned with Tp equal to 1.6 and 3.3 GeV.

+ -
c. Predictions for e e annihilation

[13]

+ - .
Experiments that would test our predictions about e e two-jet events are

listed below:
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(i) The muitiplicity distribution is essentfally a Poisson.

(il) The ng g distribution is a product of two Poissons, as exhibited in
Eq.(12).

(iii) The forward-backward multiplicity correlacion parameter b = 0.

(iv) Approximate zero net charge Vor each jel.“s} More speciffcally,

{(rms net charge on each side)//ﬁ * 0, ag n o+,

{v} The single-particle momentum distribution is glven by Eq.(14).
p + -
(vi) The spin-spin currelation[h] for outgoing particles [s absent in e e
collisions. T.e., (u-" o =0 , where superscript T refers to transversality

vy =
1 "2%average

relative to the jet axis.

No.

12,
3.
14,
15,
16.
17.
18.
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CLE PRODUCTION N
CTTONS

ACSTATISTICAL MODEE FOR MULTIPA
HADRON-DADRON INTER:

oMl ler, N.W.Rarz and H.Schulz

Centralinstitut fiir Kernforschung Rossendorl, BOSE Dresden, GDR

I Inlreduclion

Ho reantinn theory exists sa far which can describe moltiparticle pro-
duclion processes in soll hadron-hadron interactions, Thevefore phene -
mennlogical mndels have been developed to interproed the experimentsl
results with quite different physicul assumptions /170 Amnog them
{fragmenitatlion and recambinglion models are very popular. As input
these approaches use [ragmentation functlions of quarks and struc-

ture fanctions of hadrons interred from electron-positron and deep
-inelastlic lepton-hadron interactions. We present here a model which
is baserd lto a large extent on the pure ole*iz*i- 41 featores of multi-
particle production processes and does not need further information
from nther reactions. It 1s an improved and generalized version of

the cluster excitation mndel /27 which has originally heen developeo
to descrihe cumulative particle production in hadron-nucleus inter-
actions. The main inyredients of the model are briefly described in
ihe next section. As o first application of the model the multipar-
ticle production in proten-proton interactions at 100 GeV/c and

175 GeV/c {correspunding to the c.m. energies of ﬁ; = 13.8 GeV and
18.2 Gev) is culculated and compared with dato. To demonstrate in
which region of energy the model seems to be applicable some calcu-
lations have been done tn describe data measured atl BOD MeV kinetic
incidence energy (¥s' = 2.24 Gev) and at V;‘: 62.2 GeV. A summary of the

results achieved is given in sect. 4.

2. The model

An inelastic reaction between the incident hadrons h1 and h2 is as-
sumed to result in an excitation of one or both of the colliding
hadrons and in a certain deflection described by lhe scattering angle 8
* *
ha+hb_’h] +h2. (1)
In a second stage of the process the exciled systems decay indepen-
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dentiy nf each other into hadrons. Among these hadrons there are short-
living resonances which decay into ather hadreons. A& schematic picture
of this process is shown in fig. L.

@\? ) m

“/\"}4‘3 i,
ot

=z
P

&

S

frg. boSchematic reprecentation of a hadron-hadion 1iater
actinn: excitation and deflection of the colliding
hadrens, decay of ihe excited hadrons ang decay of
shartliving resnnances.
tatiber spucifreations are necessary to yget a moded which allows con-
foentation with experimental resnlte.
Ite rrage section 06 contains contribulione d€% f1am ail possible

finel channeis labellen by of o Here, a channel &« 14 defined by the num-

nep oo oacd the types of particles in the finnd state. The partial cross
. . . in
Coectienn 068 ate aurmeliszed to the lotal inelastic crose section &0
. . o .
Codyo cow velative provabilitics Wo(e) which are valecalated as fuinc-

Livn f 45 1etal com. cnergy Y?. So we get
46(s) -5 u6%s) 6T aw(s) (2)
with the cotmalization
of
P MCTEEN »

The relative probabilities Nq(s) are determined ty both the kinema-

tice and lhe dynamics of the process according to

aW*(s) o dRe(s) <f£lali>?. ()
The Lorentz-invariant phase space of the channel
N ”
R (s) =TT, ~2£~ S (p- 2i.p) (5)

depends on the momernta 51 af all n pavticles, where energy-momentum
conservalion is taken inlo account. The encrgy of the i-th particle

is tenoted by Ej, its four-momentium by Py and the four-momentum of the
whole system by p. Eg. (5) contains the kinematics of the process while
its dyvamice is given by the square of the reaction matrix element
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FIALL) 2 The matrix element is factorized into a component
AZx(Sl’SZ)’ which describes the excitation of the two calliding
particles with invariant masses ﬁa and Vg;, and a factar AZC(B; which

determines the angular dependence

<opnii> Zoc a2 () 5,0 02 (8). 3

fac the distribution function of the invariant masses the relation
Azx(sl,sz)q exp(—VEI/Tl—y;;/Tz) 7

is proposed, where the parameters II and T2 determine the amount of

kinetic energy, which is converted into excitation energy, i.e. they

restrict the phase space available to each of the excited systems.

(nly in the case of high excitation energies, where a large number of

particles is created, the parameters Ti can be identified with the tem-

peratures of the subsystems.

for tne angular distribution the expressian

AgC(B)W expih t) (8

is used which is known from diffractive processes. The slope parame-
ter b depends on the size of the colliding objects and t ts the square
of Lhe four-momentum transfer.

By using a recursion formula /3/ the whole phase space of n partic-
les is decomposed into the parts dR::(sl) and dR;:(sz) belaonging
to the two subsyslems

AR (s)= ds, ds, dR,(s,s,,5,) dR.! (s,) RS (s,) (9

with n = np+r,. The decay of an excited system is assumed to prneeed
2 .
statistically, i.e. the decay probability of hj (3 - L or 2} intu chan-
nel “j is proportional ta the number of states in this chaannel. This

number is given by the partition sum

720 9 8 (i) (W3 senam) afits), o
which follows from integration over momentum- and coordinate space.
Here, the volume Vj—ﬂppnﬂrﬂ with the exponent nj-l because of center-of
-mass conservation, the spin degeneracy factor is 261'1 and m stands
for the mass of the i-th particle. The factor i% takes intn account
the permutations of identical particles tn prevent mulliple counting of
states. The guantity dgs symbiolizes ithe probability of channel d) as
follows from guark statistics. According to ref. /4/ the final hadrnns
are formed by random combinatinns of quarks g and antiquarks q. I1 is
supposed that all possibie combinations have the same probability.
fFurthermore the excited hadrons are considered to be & mixture of the

valence quarks of the incident particle with a random number of qq
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-pairs (sea quarks) created in the course of the interaction process.
All numbers of these gg-pairs are assumed to have the same a priori
probability. Making use of the Monte-Carlo techrique the final hadrons
are built-up according to the following rules

a+g —> M

g+q+q —> M+g

q+g+qg —-+ 8 (11)

G+G+q ——s M+§

g+g+q -—> B8 ,
where M, B and 8 denote a meson, a bar, nd an antibaryon, respec-
tively. In contrast to ref. /4/, here, we do not distinguish between
valence and sea quarks. In this way all quarks are joined in hadrons.
This procedure determines thz ratio of (anti-) baryons to mesons in
dependence on the random number of created sea-~quark pairs. As final
hadrons the lowest SU(6) multipletts with zero angular momentum are
taken into account: the nonets of pseudoscalar (JF= 07) and vector
mesons (I = 17), as well as the (anti-) baryon singlett (af- 1/27),
octett (3= 1/2%) and decuplett (3= 3/2*). The oniy violation of SU(8)
symmetry is due to suppression of strange guark production relative to
up and down quarks described by the parameter A= 1/3 (u:d:s = 1:1:A).

From eqs. (4) - (10} we gei [inally fur the relative probability

AW« ds, sy dRy(555,5,) A (0) L, exp (-F57/T) a 2050, (12)

where the limits of the integration over the invariant masses are

given by
Zomc s )5 £ ¥ (13)

The phase space factnr of the two excited systems dRz(s;sl,sz) en-
sures energy-momentum conservation. Although the product

exp(-f_ﬂ/T ) dZ ‘(5 ) resembles the partition sum of a canonical
ensemble there are essent131 differences to thermodynamics. Here,

we have small particle numbers compared with thermodynamical systems
and the resulting function of exp(-f_; / TJ) multiplied by the in-
creasing function dZ ’(s ) represents a rather broad distribution
the maximum of which 11es at a kinetic energy per particle of 3/2 T
only in the case of large particle numbers.

The essential parameters of the model are the temperatures Tj of
the two excited systems and the radii R. of the volumina
Vj= 47 R; / 3 in which the particles are created. The mean multipli-
city {n)> is sensitive to the product T. R., and the mean trans-
verse momentum <pT> depends practically on Tj only. Both parame-
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ters can be adjusted to reproduce the experimental data for ¢(n)>

and <pT>' There is also the slope parameter b, which is only sensitive
to single-diffractive dissocialion. We have taken b = 4 (GEV/C)-Z

in all calculations which are discussed in the next section.

Except the parameters 1.,R. and b there is no other input employed,
i.e. we do not need any [rﬁgmcntation functions from e'e -appihilating
nor any structure functinn from lepton-hadron scattering nor any
arbitrary recombination functiong as it is necessary in the case of

fragmeniation- and recombination models.

5. Resulls

The expectation value for any physical quantity 1 faliows from the

. o, .
relative probabilitices oW Yy of ey, (12) according 1o

- g . -
H(s) Z“J(m“""f:,u 07 d[nw"‘ gy, s,
M O]

where 1he sum puns cver all possible final channels m},dy; the inte.
graltion is performed nver all variables escept U, Becaonse of ihe Yarge
numbet of shannepls and variables this task has been solved hy oean
of Manle-Carlo technigues. The simelation of complete evonls acooruing
to gn. (123 0llows Hne to valeulate any physical anantity we are
interested in,

Alihough the model s capatic of heiong applicd 1o ainy coshy otion of

colliding bhadrans, we have mainly pp interactione jrvestigaten ue far

In fig. 2 the multipiicity distribution of charges pmrticles

red in pp collision at 17" eVl /c is shown. The agreement of ihe rcalco-

lation with the data is excellent.

T L —— . .

P e T
wl e ML

175 GeV/c ]

6{mb)
=

10 LL—

Fig. 2.
Multiplicity distribution of charged
particles /5/. The histogramm repre-

sents model calculation with_ihe pa- 102 L 1 L )
rameter values b = 4 (GeV/c)™ °, 0 10 20
T = 300 MeV and R = 1.18 fm. Neh
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The irwvariant cross section integrated over the transverse momentum
as function of Feynman Xg for the different final particles is also
fairly well described (see figs. 3 and 4). Even the diffractive behav-
igur of the outgoing protans for xp—> 1 is reproduced. The main contri-
bution in this part of the spectrum arises from locident protons which
remain simply protons in the reaction. All the other particles at large
X stem from processes in which aonly a small number of sca guarks is
involved. Therefore, the valence-quark stiructure of the incoming hadron
is decisive for the relative yields. At low xr-valuns the particles
arise mainly from highly excited systems where a large number of
guark pairs is created. In this case ihe presence of the valence
yuarks af ihe incident particie becomes less any less important.

, e e 1 s B e A i B i R T
107 prp—a+X ’ 107 p+p-—=—a+X 7
- 175 GeV/c : 100 GeV/c
~ 105+ e 2. .
=10 S pix104 ~ 105 :
3 -1 o pix104)
T T, 7 E L Tvog B
309 ¥ | e
g 10 5 105t —2_ q':_,q
o I~ t1.9 1*(x107)
1w o w(x10%) a0
x o - qué
k 10} 7R BRI

_,-""m_10.;,'2,.:-~5 L o

1030—— - 107 Ry
0 05 10
Xe
Fig. 3. Fig. 4.
Invariant cross section as a Invariant crouss section as a
function of x./5/. function of x,/5/.
for parameters see fig. 2. Far parameters see fig. 2

except R - 1.15 fm.

Fig. 5 shows the dependence of the crass section on the transverse
momentum for outgoing p,ﬁ’,K’ and p at x, = 0.3. Again a guite
satisfactory description of the data could be achieved. Similar results
for outgoing pratons at different values of xp can be seen in fig. 6.
The curve at Xg = 0.94 near the diffractive peak is practically the
only result which is sensitive to the value of the slone parameter b.
for protons which remain in their ground state the transverse distri-
bution is determined by the factor exp(b-t). However, for particles
arising ‘from the decay of an excited hadron the momentum gained in the
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108 prp——a+X p+p—p*X |
175GeVle x;=0.3 L'l'—«_.—‘_ltws Gevic
104 0 plx104) 102 e T x=03(x108 ]
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= Bro,, 7007

7 (x10%

Ed36/dpI (mb-Gev2.c?)
S

1 i 16 S L
"‘ph1o . 0 5 llo 15
105 s 0 15 P (Gevic)
py{Gevic)
Fig. 6.
Fig. 5. Invariant cross section as a
Invarint cross section as a function of ihe transverse
function of the transverse mamentum for outgoing protons
momentum at x, = 0.3 /9/. at different values of x. /5/.
For parameters see fig. 2. For parameters see fig. 2.
. -
~10° prp—p*X .
'E 800 MeV (——T——ﬂ-—v——7——-r;—j———r——7—
F M M
>
© ,q2 ¢
x 10 3 P ] .
5 & et T 10? T
i TR R - *
I v E | ¥s:622Gev ¢4 7
gt 180107 __oresy [ sl 7R HPU
3 r“'T L ' | inalastic events x_LT
8 2%t ’) o X i
O b e * * . : , -
W07 25““’9_‘,’,1 o 1 102... R
A TS l
Ssoelxpsy ¢t o J
168 : . 7L Y SR U
0 05 10 15 0 20 40
Piab (Gevic} Neh
Fig. 7. Fig. B.
Differential cross section of Mu1t1p11c1ty distribution of r
inelastically scattered protons charged particles /7/.
for different angles at lab. For parameters see fig. 2 except
energy of 800 MeV. R = 1.23 fm.
for parameters sce fig. 2 except
R =1.05 Im.
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correshonding c.m. system dominates the transverse momentum of the sub-
system as a whole. Figs. 7 and 8 demonsrtrale 1n which energy region

the model seems to be applicable. At the low incident energy

cf B00 MeV the unly particle which can be produced is the pion. There
is no multiparticle production at all. Hevartheless, the spectraof
1aelostically scattered protons are guite well reproduced (see fig. 7).
Also for the very high energetic reaction at c.m. energy of 62.2 GeV
the myltiplicity distribution is well reprodured up to the highest
value nf 40 charged particles {(see fig. 8)

All calculations have heen carried out with the same parameter
valuegs with the exception of the radius R, which is slightly changed ia

itependence on the incidence energy.

4

4. Summary

We have developed a phase space model for two subsystems the phase
spaces of which are restricted by exponentially decreasing energy
distributions. This model is able to describe multiparticle production
processes in a large energy interval without any input from other reac-
tions. Two essential parameters enter the calculations, namely the
volume in which the particles are created and the pactition parameter 1T
which restricts the ghase space awailable to an excited hadron. The
gquark struct.re of hadrons is taken into acrrunt by building the final
hadraons out of the valence and sea guarks. A generalization of the
method te nucleus-nucleus collision at ultrarelativistic energies is
pussible. Such a model permits us to study whether experimental data
can be explained by a conventional approach or whether the formation of
a guark~gluon plasma has to be invoked.
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HBAP A~ ATPOHHNI ®a30BHHA (IFPEXO] 8 PEIATUBUCTCHON TWIPOIMHAMUKE
. . ToperuTeits
WHcruryT Teoperudeckol dusuxy AH YCCP,  dueB

Januu#t TOKnaT nOCBAWEH HEKOTCDWM BONPOCaM Teopud YNApHWX BOAH
(y.B.) B penaruBucTcKOl THIpOIMHAmiMke u npodneme $a3CBOTC Nepexona
U3 COCTOAHUA KBEPK-IAWOHHON Onas3my B ra3 anpooB’ ~'*/. Poip Hepens-
TUBUCTCKO! Teopk# y.B. B D23TMUHHX 38I1a4YaXx PUINKN U TEXHUKE obmen3-
BecTHa. 4TO e KacaeTcs peNATUBUCTCKOM TeOpHM,TO K3-38 OTCYTCTBEA
MHTEPECHHX {YUSMYECKUX 3aKay OHA UPAKTMYECK: He DasBMBANACh. CATyaLus
pe3Ko uaMeHMAAch 2-3 roza Hasal nocie pasor’ °** 3 koropux 6HmO mpen-
TOMEHO DPACCMATpMPATL DENATUBUCTCKHEE Y.B. B K8UECTBE BOSMOKHOTO Mexa-
HN3Ma amPOHM3ALMM KBapK-TNwOHHON nnasmu. llpy §asoBom nepexone i3
KBapKOBO# MaTepRy B aNpPOHHYO BHEenAeTcAa Gonmmas "ckpuras remmora",
KOTOp&A MOKET CKAQYKOM TMNA Y.B. TPaHCEODMHPOBATHCA B KMHETHUYECKYR
9HEPTHHD KONMMEKTMBHOTO IBMKEHWS QXPOHOB. MO®eT oxa3aThed,4YTO JKCIE-
PUMEHTANbHHE YK&38HUA HE DPOCT CPenBHMX NONEDEYHHYX WMIYTbCOB BTODHYHHX
alpOHOB B YIbTPAPENATABUCTCKUX AIPO-ANEPHHX COYLApeHuAX KaK pa3 #
ABNIAKTCA CUTHANAM¥ alponu3all4y KBAapK-TAWOHHOR nnasmy B BuIe y.B.

KpapK-anpoHnuft nepexol,ecnu OH HLeACTBHUTENBHO NPOMUCXOBRUT B BULE
CHUIBHOTO runponu7ayuqecxoro paspwBa,npencrabnser coboft y.s. g 3pere—
nus (mednarpauna 3 ). COrnacHo TeOpHH HEepEeNATUBUCTCKUX y.B./ CHUABHHE
paspyBH Da3peReHiUs BO3MOKHW TOMBKO B BeleCTBE C SHOMANbHHMU cBOACT-
BEMU N0 Kpalinelt Mepe ANS HewoTOpHX o6nacrelt anauenuit TepmoIMHAMUYEC-
KX napameTpoB. My Haltiem ycnoBue,onpelensiilee HOPMENBLHNE ¥ QHOMANb-
HHE BellecTBa B DENATUBACTCKOA TUIpOXMHaMUKe,8 Takke ofumli KpuTeprit
yCTONYUBOCTH INA DENATMBUCTCKUX y.B. llomTyueHHHe pesyinbTaTtH OYyOYT 3a-
TEM WCTONB3OBEHN NIA 2HANU3E BO3MOKHOCTU KBapK-aIpOHHGT'O $azoBoro
nepexona B Bule y.B. B MOLEAM MEUWKOB M B DemeTOYHOR KBARTOBOX XpOMO-
KUHaMUKeE .

I. 3axoHN coxpaneHus M YCNOBUS YCTOHYBBOCTH

ByZeM DacCMaTpPEBaTh HNEANbHYH PENSTMBUITCKYO KULKOCTH C TEHIODOM

JHEPI' UM-UMIYIBCa y
T = (8+p)u,“u"-p;“”, (1)
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rle & - _[MOTHOCTh SHEDLEL, /3 - napmense, (™ 4-ckopoors ( WS
= 3/(1, lr ), )/= (I - i; ) /2). Ilns HenpepUBKHX TKAPONMHAMUYECKAY
TEYERUN YpABNEHUA HNBUREHMR UMEDT BUN NuphepeBLBaNbLEYX 38KOHOB COXpa-
HEHUA: 5 T
XA =uv. (2)

[Inockoll y.B. H@3HBAETCA CUALHNY DASPHE IALpOTMHEMUYECKHX mepe-
meHHuY (pac.I), Ha KOTOPOM BHNONHSNTGA UHTElDaliHHE 28KOHH COXPAHEH:A
UOTOKOB 9HEPT'MM M MMNYNBCA. B cucreme MOKos §POHTA y.B. OHA AMEKT

BAL
Puct ] T = T 0,4.(3
ue. = 0 = (3
GI,PA so'Po’ (‘) (o) ’ M 2
Hocne noxcrawosku (I) B (3) xuwemarudeckne (T.e. cne%mmue U3 38K0-
HOB cOXpaHerun) ycmoBus (3) momeO mepenucers b Buze

PolPi=P)(8ssPo) o (B-RI(EetP)
o= (€1 ~80) (Bo t 1) 25T (€1-80)(E1 +P)
Y700y ChenaTh YPEBHEHUS PeASTUBUCTCKOF TUALOLANAMAKE IAMKHYTUME,
HEOOKOLUNO HONOMHETL HX YPEGBHEHMEM COCTOSHMA.B CHCTEME C HYNEBHMM
COXDaHANUMMKCRA JaDANEMA MNERNT MECTO COOTHOWNEHMS

tp-Ts =0, (5)
de = TdS, ' (€)

rae T~ vemmeparype, & - nnoTHOCTL anTpomAk. Yomomme (5) BHpamser
cofoft PEEZHCTBO HYMO XHMUYECKOTO NOTEHLKanAa cHeTemw,a (6) - Bropoe
Hayaao TepMmolunamuKk, Hanuuue ycnowuft (5),(6) ocraBmser ceoGony BH-
6opa TONBKO onuoff TepmonuHamuueckol dyHKM# oT odHOf nepemenmoft { B
3TOM OTHOWEHWW CHTYalKA NPONE,YeM B HEPERRTHBUCTCKOM CTydae,lne Be-
TR BHIOMHAGTCA 38KOH COXDAHEHHS TUCNA YaCcTHl, U IOITOMY HE38BHCHMN-
M ABRANTCA IBe TepMOINMHAMUYECKUe NepeMeHHWe). B mantHefmem Ham yHoG-
HO OYHer BecT# aHENW3 B TEPMUHEX JYHRUML P(8) ,huncupyome® ypapre-
HUE COCTORHUMA penarmsmcrcxoﬁ rugrocri. llpu 3anansoft qyHKuuuM p(g) u3
(5) u (6) nomyuaem

s(8) = S(&.) exp[ “P‘S)] T[22 3 —

Borw (By~8o) r——) O ,43 (4) Haxolmm
%=1 =95, (8)
Benuyuna cﬁD/dg ,KaK M3IBECTHO ,ABRACTCH KBALDATOM CKOPOCTH 3BYKE B
naxHoft cpemle. h3 (8) BULHO,YTO Y.B. GECKOHEYHO MaNoi UHTEHCHBHOCTH
pauIpocTpaHgeTcAd CO CKODOCTHD 3BYKA. My noTpedyeMm BuroRHeHMS ecreoTt-

205



BEHHOTO PU3EYecCKoTo YCAOBMA: dp
[}

0« = H 9

de P )< 1. (9)
Jlerko noka3aTs,uTo IpH Bsncinnezmzn (9) xupemarTHyeckue ycnoBua (4) nce-
ris paspemsmy, T.¢. 0§ U, , U4 £ 1. Jpyrams cnopami,38KOHH COXLA-
HeHus (3) nonyckaor paspuBHHE NIEPEXOAN MEXNy MofHMM TBYMS TOUKAME
( E¢» Po) 1 { &1, P1) HE Kpumolt P(:),ynosnewopmomeﬁ yonoeuw (9).

Henonesya (9),u3 (4) merko raxme DOAFIATH

. 2 2 .
SR Yy - ¥) = Sc.gnlswh). (10)

JNanee,n1s oupeleneHHoCTR,bynem Beerna pacoMaTpuBarh nepexomy "0—s5'1I"
(#ar Ha pue.I). Ha (I0) crenyer,uTo XapaKTep NBRECHAS MATEDHH M CAMO-
TO paspyBg E CHCTEMC NOKOA HEYANLHOTO COCTOAHMA C MNOTHOCTEO 3HEPTHH

er “GHOR 43 IDYX BO3IMOXHOCTEH:
§o coorsercrayer A-D Amyx 2 a) - y.B. paspemenus,

2}
r— — 6) ~ y.n. cxarna,
T ckopocTh (posTa y.B.
§1 B cHGTeMe NOKOA Ha-
& 1 Y3MBLHOTO COCTOARMSA
S
£y t & CKOpOGTD BelecT-

pa "l
1a] +)0r
a Puc.2 ] = Tllmi’l .
Ycnonuem repmonuHamuueckolt ycrofdgBOCTM Y.B. SBRAETCA HEDALEHCTBO
S4Uafs > Solafo (1D
B CHCTeme NOKOS JpPOHTY Y.B.,KOTOpOE BHpaxaeT cofoft ycnopre pocra mon-
HOP SHTPONHM CECTEMN B De3ynbTaTe DEPeXoha &, +—» 4.

[omamo repMomuHamMugecuof ycroftuusootu {I1) mecdwomamo paccMOTDETE
TEKKE yCTIOBHE Mexannqigyon ycrofarBOCTH, DOX KOTOPHM OyLeM, KAK ¥ B He-
DENnATHBACTCKOM CIy4ae’ ™/, NOHMMETL HeBO3MOXHOCTL pachalg y.B. HA IDY-
THe CRaukp MeHbmel sMnIUTYNH. B Hamem cmydse ycrmosue yeroRuupocTu
y.B. §,+> §0THOCATENEHC ee Dacnana Ha KBa CHauka S+ 8 u =6,
( & navonurca Mexty &4 &) cOGTOUT B TpeGOBAHMM TOTO,4TO0H CKAYOK
Mexay § u §1LOTOHAN CRAYOK MEXIy ol ©:

(P-P)(E1tP) S (P -P)(& +P) (12)
(E-64) (8 +P1) (8-E) (& +P5) -
a -3 oﬂ' ¢ ’__’b” rue.3
o o4 Yonopne mexanudecwoft
Y ¥ YCTORYKHOCTH 179 Y. B.
Eo £, j paspexenus (a) @
¢ § cratas (6):
81_ go ‘8~ > 08' .

et e SERE R o L



lepas uacTe (12) ecTr KBAUIpaT CKODOGCTH Da3pHBa & ——» §4 B CHCTEME NO-
KOR MUTKOCTM C DIOTHOGTRI BHEPTUM § ,a mpapas 4Yacts (I2) - KBampar
CKOPOCTHM PasphBa §41—>» & B ToO}t xe cucreme orcyers (cm. pHe,3).

HunemaTydeckne ycncBus (4),yCnoBue TepMOTAHAMUYECKOH YCTONUMBOCTY
(II) n ycnoBue Mexamuuecxolh ycrofiumsocru (I2) Symem paccMaTpuBaTh Kak
NonHp{t #adop ycenoBull CywecTsNBaHUA yCToRUuMBO¥ y.B. "U"+—"I".

2. HepmanpHde ¥ guomanbHEHe YP4BHEHMA COCTOAHMA B PETATHBMCTCKOM
Tugpogunamike. dpurepuit yeroluMBOCTY YIADEHX BONH

SpaTEMCR K YOMOBMW MexamumdecKol ycroftuusocru (I2). Yerpemnas §
sHavana K 80,7 3aTeM X S,,Ms (I2) nomyuaem

P'(‘)< (Pi-R)(§4tP) P‘(gj)> (Ps-R){(8c +Pu) (13)
N (84-8&)(&tP)” 7 (84-8) (€1t P)

W3 cpamxenus (I3) ¢ (4) sakmouyaes:,uTo CKOPOCTHL RULKOCTH ,BIeKanilell B
noxoAnaitcs paspss ( I, ), 007Mbme CKOPOCTH 3BYKE B 3TOR RUIKOCTH 'D'(g,)).
a CKOPOGTL RMIKOCTY,BHTekamuelt u3 peapuwsa ( U3),menbme ckopocTs 3ByKa
B nelt (VP_'(E:)'). llpocran Iu3uyeckan MHTEpNpPETaLMs BTUX YCNOBuf B Hepe-
AATHUBACTCKON Teopiu (Teopema llemnnena) naHa B

BpeneM Tenepb B PACCMOTpEHME BEMMIMHY

/ byt

5= phg) + Ps) (1 - Pls))
' : E+pE) 7

KoTOpas SydeT WIDATH OJpenensplyld PONb BO BCEM NOCTeLywueM aHanuse,
FacomoTpuM cHadana y.B. feckoreuHo mgmolt amumaryis. Packnagwsas cooT-

owenue (I2) mo crenensm A § = £ - §o ,yOexnaemcs,uro ipn & § =» O
ycrnoBne (12) CTAHOBUTGA IKBABANTEHTHHM HEDABEHCTBY

sigh (£4-8) X(E) > 0. (15)

{lycrs Tenepp ycnoBue (I5) BunonHAeTcs O1A BCEX § Ha KOHEUHOM OTpe3Ke
vexny o 1 &4 . HeTDYRHO MOKasaTs,YTo B 9TOM CAyYae IapAHTHPYETCH BH-
nonHenue ycnoputt yoroftumsocrs (II) u (IR). Bemnumna X (S) , TAKIUM
00pa3oM,onpeRenneT TEPMORUHAMAYECKYR HODMaNBHOCTH WAM 8HOMANLHOCTH
BellecTBA B DENSTUBACTCKOM TeopMH:
I) Z(§)> O ,"nopmansHoe" ypaBHeHMe COCTOSHMA (HampuMep,
=& ,04 ¢ =const £ I) - yoroftuusy y.B. cEarus;
2)  Z (£)< 0,"aHomanbHoe"ypaBHEHRE COCTOAHEA - YCTOPNUMBY
y.B. paspemenus.
Kag OymeT fACHO, Haudonsuilt uHTEpec npencTapiser oduwul onyuaft
BewecTBa ¢ NEPEMEHHHMY TEPMOAMHAMAYECKUMM CBOMCTBAME,KOTHE 3HAK BEMd-
yzyy Z () He coxpaHaeTcs neu3MEHHEM.

(14)
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Pacerorpes nudfepedlnantHoe ypaBHEHUE
ra . T
Z{E)=0 (16
orHocuTenbHo dynkuums P (&) 1mm amadenudt pepemensoli & mHa oTpeske
vexny &ou Ei. Ubuee pemenne ypashenus (I6) umeer BUT

~ C
P& = A- 551> (1)

I'Le NpOoA3BONhHNE ng\’cTOHHHUe MH'I:SI‘pMpoBaHMﬂ A [ C OnNpenenswnrcs U3
PPAHAYMEEY YCROBAH ID(&,) =Pon P(%4)=’P113 BULe

.._§_1_.Ei_:_.é_n_fv__ (18
A= v Pt )

C = (A-p)(Ave) = (A-p)(Ares). oo

OYHKLKSA ﬁ(g) (17) wrpaer KIKYEBYK DONL B NpOGIeMe YCTORYABOGTH
y-B.,TaKk Kak oHa onpelenser pellenue HepapeHerBa (I12). Ilyrenm 3nemen-
TApHOTO aWanusa yde:znaemcs,yro pemexne (I2) ITaercs HepaBeHCTBOM
. ~

sigr(s-5.) [P&)- P&)] >0 @
ana neex & mewny o4 4. Taxum 06pasom,nns MEXBHUUECKON ycroftyuso-
GTH y.B., HeoOXomumo ¥ ZOCTaTo4HO BunonHeHwe (20): KNS y.B. DA3PEKEHHA
Kp#Ban P(&) LNOMEHS OHTHL PAaclONOXEHs BHme KpuBoH f)’(g) (upuBas A Ha
puc.4),nna y.B. CKaTus Kpusad p(g)nonmﬁa OHTL DHCNONOREHE HHKE KpU-

Boft P’(g)(KpMBaH B Ha puc.4), Ecnu ®e menruuna P(g)-PN(s) MEHAET
3KAK Ha OTpe3Ke MEWLY €, k &g,yoroftuuBye y.B. HeBO3IMOMEN (Kpumas C Ha

(a]

puc.4). P Puc.4. Pasruyugye Tuny ypaBHeHHS COGTOS-
Hua P(&). UrpuxQBanyo#t nuHuelt no-
Ku3aha KpuBag P&),coenuuaman to-
uki ( 8o, Po) U (§1, Py). Hpupas
A coorsercrsyer ycrofunsocTy V.B.

paspexesus o > §4,KpuBag B -
%croﬁwmcm ¥.B. cxarusn 81> §,.
cmyaae P(8),0nUcHBEEMOTO KpUBOit
K C,ycTofunBre’ y.B. MERLY COGTORHU-

7 AME §o i &4 HEBO3MORHY.

lloxaxem Teneps,YTO YGHOBME MexaHuueckolt ycrofiumpoctu (20) rapan-
TUPYET BWNONHEHME YCNOBUA TepluoLuHaMudeckolt ycroftumsocry (II). llpu
punondenun (20) ¢ nomowsi (7) # (I9) momyyaem

3
T T ] S e[ )

(R}

=S (gi"'Pi)(gi*PO) 4/1 = 1o Yo
ol (eo +P°)(8°+P1) = 90 Y1’
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yTo B rounccTi coenagaer ¢ (II). Yemomue TErMOTUHEMEVECKOH YCTONUMBU-
cri {1I) ABNAETCA, TE&KAM OCPA30M, CHENCTEMEN YCHOEVA MEeX&HHYECKOH yo-
TofuurocTy (IR). BaxHO NONYEDKHYTH,YTO OGDATHOE YTBEpXIeHME B OGlieM
cny4ae HeBepHO. POCT SHTPONMM SBAAETCA TAlb H2OGXOLUMHM,HO HE HOGCTa-
TOYHHM YCHOBKEM YCTORUKBOCTH y.B. (QHONOTUUHES CUTYALIMA MMEET MECTC M
B HEpeNATHBUCTCKORX Teop#u, CM. y CTP.228).

Ana BemecTsa,B KOTOPOM BENHYMHA Z(8) COYparAeT CBOK 3HZK HEM3-
MEHHHM H&8 OTDEe3Ke Mewny Eo 1 Siwycnosms (11) » {12) cTamOBATCA YKBU-
BaNleHTHHMH, T.€. DM BHNOMHEHMM OCOTO L3 HMX TEPZHTHPYETCH MU BHION-
Henue spyroro. [lpn uaydennu cunbrobaauvonelicTeyomelt marepur HaUGOMb-
muit YHTEPeC NpeNCTaBNAeT, ONHAKO, cNyyall, KOTL. BeuecTBO UMeeT NepemeH-
HHe TepMOfMHAMUYECKMe cBOMCTBA (uM3MEHEHMe 3H&Ky BelUunHy & (8) ). Ile-
MO B TOM,4YTO CHIBHOB3aMMOLefcTBYlian MaTepisi ABNAETCA TEPMOLUHAMUYS-
cku mopmanbro#t ( Z (&) > 0) wax npa manyx § (rieanphylt o3 agpoHOB),
rax » npu § 2 OO (umeancHs#t KBapK-THkOHWNE ras). llpn npoMexyToy-
HHX NROTHOCTAX 9HepTuy (o6nacTd $a30BOTO IEpPeXola) MOTYT ONHTH OGNacTH
C AHOMaNbHHMK TepMoLuHamMdeckmnmy cBoHcTBavi,fle Z(£)L 0. B srom cny-
yge yCIOBMEM CYWECTBOBAHUA y.B. ABRAETCA MMEHHO YCTOBHE MEXaHUUYECKOH
yerolumsocrr (I2),a TepMonuHamuuecKasd ycroliumBocrr (I1) okaswBaerca
ero CNefcTBHEM.

3. PenATHBUCTCKME YIADHWE BOMHH B OSDUOHHON MUTEDHMM

B aroM pasmene My DACCMOTDMM BONPOC O DENATUBKCTCKUX ¥.B. B GUC-
TeMax ¢ HeHyMeBuM CapUOHHNM uMcloM. PuauvecKuld MHTEpEC kK LaHHOK npo-
OneMe odeBUTeH: TI&BHHE HaleRiy HA BO3MOXHOCTH JODPMUPOBAHMA KBADK-
THOOHHON TNa3My B 7860DaTOPHHY YCHAOBUAX CBA3WBAKNT C IKCNEDHAMEHTANBHOH
TIPOTPaMMOP MO YABTPApENATHBUCTCKAM COYNHDEHUAM THRENHX ATOMHHX ALED.

Tey30p 3uepruu-umnynsca (1) u 38KOHH coxpaHeHus (3) UMeOT TOT %e
BHI,0NHAKO NOGABIAETCHA 32KOH COXpaHeHMs OapuoHHoro ducha ( M - nmor-
HOCTH GEDHOHHOTQ UMCTa):

Raw s = Aol o (22)

MeHAWTCA M TepMOLMHAMUYECKHe COOTHOmeHMsA. Bmecro (5) M (6) Mmeem Te-
e g+p-Ts = un, (23)
=4 dg . & g o

dS—,T. § T h, {

rge A - xumpveckuft NOTeHUMAN,CBAGHHEA C COXDAHAKIMMCS GaPHOHHHM
ucnoM, TepMmoTunamuxa Gap4OHHOA CHCTEMH COLEDKAT IBe He3aBuUcUMHe De-
peMelHNe,B KaueCTHe KOTODYX MH BNGepeM Benuuusy § u M ,a ypaswenme
COCTOAHUA Oymer PuxcupoBaTHCA 3aRaHuem $ynrumu ;J(S, n).

Nycrs (o, Po sHo) €CTh NapaMeTpH HAY&NBHOI'O COCTOAHHMA B ¥.B.
Ws (22) ¢ nomompo (4) H&XOmMM,uTo IODYyCTwMHE 3Hauenss ( & ./D , )
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KOHEeYHOT'O COCTOAHMA YIAOBIETBOPANT COOTHOUEHND

Wizt (8+P) (& +PI5,n))
(& +P) (8o t PleN)) -
Jdns 3a8XaHHOTO YPABHEHKA COCTOAHMA P (& , n) fopmyna (25) paer
ypupnenne A dysKuna A ( § ). Ero pewenue #, (&) sensercs ymapuol
anuadaroit B nepementux ( § , A ). B nepemennwx ( & , £ ) yuapnas

anuadara 3anaeTca Kpuboll
F S = P é h 26
H( ) = (J )/n_‘ } H(f) ’ ( )

a nauanenyn Touky ( o, Po, o) HA3WBALT UeHTpOM yHApHOR aXMaCaTH.

Ilycrs P;f)(s) (y1apnas anmabata ¢ uenrpom B Touke ( &o, Po,Mo))
npoxozut yepes Touxy { &, Pa, Ny). Torna B:‘)(f)(mapﬂaﬁ anuasate ¢
ileyrpom B Touke ( &, P, , Ay ))rarxe npoxogur vepes 1ouxy ( €o, AHo).
OLNBKO B OGTENBHHX TO“;fax € (r.e. niph € # o v & # &) ynaphwe
annadaTy P,_‘o)(S) " PH (€) ornidapTes IpyT or Ipyra.

Yenosue mexanuyecxoff ycroftuuBocTd y.B. meHser cBofl suE. Teneps
OHO O3HaYAeT HeBO3MOKHOCTL pacnend ¥.B. ( &o. Po s Mo )2 (¢ ,p, Ay)
wa y.B. ( &y forho) = (& , P, h ) MensueRt aunnuTyi # N p o # -
3B0NTpHNMA paspyB mexny cocrosruams (§ , P , ) a (é}.P‘,
f41) (oOparEM BRUMaHME H@ CYMeECTBEHHOe OTARYEe OT CNydYas HYyNeporo
Gapgonnore wacua: ¥.B. ( § . P , N )I+>(§y, Py, h4) oxasuBeercs
yxe sanpeileBHO 3KoHami coxpewenns (3) u (22) ), r.e. mnA Bcex &
mexny &, ¢ §4 rpedyercs BHIOMHeHHe HepaBeHCTBa

(PPo)(814Ps) < (P-R)(E+Po) (2
(gj'gc)(go *PA} (g-go)(g°+lb) ’
B KOTODOM 1eBas 9acTh NpelcTaBAseT COGOR KeaipaT CKOpOCT# JpoHTa
uoxonsoRt y.B. ( €0, Po,Mo)+—>( 8y, p, . Ny) B cuCTENE NOKOA HaYANb-

Horo semecrsa ( o, Pos Ne).d NpaBap vacTh - KBAAPAT CKOpocTu dpoHTA
y.B. (&, vPorhe) > (&, p, A) B TOR e cicrene orcdera (puc.5).

(25)

a — O 6 , Frc.5
1 ,-8 Yenopre weraHyyecxof
& &4 L yerchugroeTy T8 y,E.
: palpereHud (4) K
£ i 8 cxatas (6):
€4 B & H>H.

dameTUM TaKke,YTo BENMUMHd PwB (27) nomkHa YHOBMETS)EATE YP&BHEHUN
yiepro#t eguadery, T.e. P =f,(€).
Peense HepaBeHcTBa (27) uMeeT BML

Sign (8o~ 8)[ P (s) - Ple)] > 0 )
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(roe ﬁ(E) naercs opmynot (I7)),4YTo B TOYHOCTM COBNAZEET CC CIydaem
HYTeBOTO GapUOHHOTO qycna (20).

Momso mokazars /2 ,YTO PesYTLTaTH NpeSHAYUWero paslena NEepeHOCATCSH
He cnydvalt HeHy/NeBHX OSpPUOBEWX YuceNl: KpUTHY2CKad KpHBES P’({) MERLY
rourama ( §e¢, Po) B (&4, P1) ocraercs Tolt we,a pons dyHKLMu ypasHe-
HUA COCTOSHUA P(i) urpaeT ymapHas anuabara P,s"’(g),xo'ropaﬂ 3aBUCUT He
TONBEKO OT BHOOpA YDPABHEHHA COCTOAHMA P(g) n ) ,HO 1 OT HAvaNEHHX Na-
pamerpoB ( &o, Po + Ne).

4. Agponuaslus KBADK-TANOHHOR NNA3MH

B KavecTBe NpABOXEHAS NOIMYYEHHOTO BHUEE KpUTEpUA ycrokumsocTH
PBCCMOTDMM BO3MOXHOCTE aNPOHM3&LIMA KBapK-TMOOHHO! Dnasvy B Bule Y.B.
nna cnydaAs ML= 0 B UBYX NONYNADHYX B HECTOHWEE BpemA mMomenaAx: I) mo-
Nenh MEWKOB; 2) pelleTodHas KBAHTOBAA YPOMOMMHAMUKA.

Monens memxoB AeeT fIEHOMEHONOTHMUecKoe onucaHue $asoBOrO Lepexona
I-ro poxa Me7uy ampoHNoft ¥ KRapK-TAOHHORA MmaTepuelt (DoxpoGHee cM.,
Hanpumep, B 9/). AmpoHHa# ¢asa COCTOUT M3 WIEHNBHOTO rasa "0e3macco-
BHX" J -Me30HOB a2
e P,L(T)=ggh(7’)=§6jh71q} jh";s

a dasza mapx-rmgouuon n1asMy ONUCHBaeTCs :I)opzmynamn‘
’ [~
R(T) =9, T'-8, 6(T)=- 59, T+ 8,

e DapameTy BHPOKLEHNR gg DpM yueTe TOTMBKO TIXOHOB U NMETKEX (-, of-

KBEPKOB DABEH = (82 + 3-2:2:2:7/8) = 37.
Nonorurensnas nocrossuas B ("BaxyymHoe nemmeyue") COTTACHO COBpPEMEH-
HUM OUEHKBM ecTh BY/4. (200% 50) MeB.

$asoByfl DepexoX NpoucXoRMT B Touke T,,B KOTOpOH DEBHY N&BREHUS H‘(‘w
a Pg( T) . NnorHoors 9HepTHM B 3TOM TOuUKe umMeeT CKavYok ("ckpuras

rennora”) ,BenidEHA KOTOPOTO DEBHA
a6 = §(T) - §(T.)=48.
YpaBHeHse COCTOAHMA P(g ) MOLEeNH MEWKOD NOKB38HO Ha DHC.6.

Pac.6. KpaTayeckue
napaMeIPH MOZeH
MemEOB P, = 3/34 B:
8;’ 9/ 34°B,

&%= 145/34 B.
NyHxrEpHOft nMEHKEl
WORLY TOUKEME

C
(&%, p*) i (&, p).




Henonesys kpureprd yoerotuuzacth (20),0D0nyvaen (My He Kacaercs
ATect 330poca v MeTacTal I HuY CDCT.’)HHMH‘().'-!TO alpOoHK3aLuA KBapK-
THOORHOU NNasMy B BrAe Y.5. paspelenua moXeT RaYMRETHLCSH TOHNLKO B
KpUTHYeckoil Touke Sg {rousz N na DHC.6) ¥ 3aKaHUMBATLCA B ANPOHHOH
fase ¢ DNOTHOCTLKY SHEpTUU &) € Eé*, 5:) (orpesox {; M na puc.6). lu-
HUMETBHEA TAOTHOCTL vHeprun §%( §%=2 0,091 B) coormercTeysT Maxcu-
MENBHO BOUNOMHONR N0 KDHTEDUO MEXuHMUeCKON yCTOMUMBOCTU CKODOCTHM BhH-
PEKEHAA &lDOHHOM MaTEpRN 23 IUKOALETOCH DESDPHBH,KOTOPES DABHE CKOpPO-
CTYH 3BYKY B alPOHHON BEUECTHE (1/.’5)I 2, Teomerpuyecky Benuypna & %
(rouke & wa pHc.8) onpefengercs YCNOBUEM KACAHUA KPUBOH }Sng.npo—
xonsmeli vepes touku ( ¥, P*) u (8;, Pe)sc mpawott O, (&)= 43 & .

Ecnu paccmarpuaTh TUALKC TpedOoBAHME DOCTa OHTPONLM B mepexole
Eo > §4 ,Kux ITO NENaNochk b padorTax 9 ,TO BO3MOKHHY HauaNbHHY M
KOHeUHWY cocToAHMAl cTano 6u JHaYuTenbHo Gonblte: 1) BMecTo OZHOH Ha-
Y4TLHON TOYKM §§, NONYYAETCA OTPESOK [§QU 2;’“) (oTpesox NP us
puc.6,8;0§?4,35 B); 2) mononsurenbuuft oTpesoK {’&f“f g'] KOHEYHHYX
anpoHHHX cocrosnuit (orpesus K L Ha puc.6, 8;"1? 0,032 B). CornacHo
Kpurepuw () TaKde Iepexony ABNROTCH MEXGHMUECKH HEYCTONUIuBHMY X
1ON%HY paclalaThcs Ha yCToWuMBNEe y.B. W NPOCTHe BOM:H D&3DEHEHRs.

(06paTumMcs Teneps KO BTOPOMY DpDUMEDPY - pe3yAbTaTaMm NOCHENHMX pac-
YeTOE TEPMOLUMHAMMKM CHAbHOB3auMonelcTByOMeh waTEPAU B DEUETOYHOH
KB4HTOBOH Xpomomuuamuke. Hs puc.? NpelcTaBleHy JaHHHE MOHTEe-KaploB-~
CK#X pacyeroB B SU@3 ~KanuOpoBOYHOR Teopuy ¢ LMHAMUYECKUMK KBapKa-
Mn/IO/.ABTopH paOOTH/IO/ VHTEPIPOTHPYRT JAHHHS ,NIOIYYEHHHS MMH II0 Me-
Tony MoHTe-Kapio,Kak CBUNOTEIECTBYKUMS O fasoBoM Oepexole 2-T'0 pola
MeRIy AZpoHHOH! ¥ KBADK-DINOHHOHN MaTepzeii.

P/ 10°AY
10
Puc.7. & -~ -
10 we /107~ e
10 . NROWHOR ™ nuANed
TOK&38HO ypaBHe-
I (1 HNE COCTOAHMA
WIEANLHOrO r'aag
"o $e3MaccoBwX Yac-
4 e eane-a THL  Petfy £,
2 PP G/IOQAf Pemeroynnft mac-
.® > - i wrabHLft napamerp
i 8 12 16 20  10%10%0% A, ¥ 1,5 HoB.
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Beuny manoro gucna ‘MoMTE~KapTOBCKHX' TOUEK B OGNACTE BO3MOKHOA V.B.
pas3pexeHdn MeRLY KBapKOBO# W ampoHHolt maTepuell OKOHuYSTeNnbHa#s NpPOBEPKa
KpuTepus ycrohaumsocry (20) DpelcTABAAETCA NOKa 3aTPYRHUTEnbHOH. Ha
puc,? nyHxrépHoft nunHue#t nokazama KpuBas if(g) ,KoTOpAS DpOEBeNeHd ue-
Pea IBe MOHTE-KapNOBCKME TOUKM &o # &1 . lIDOMEKYTOUHAs TOUKA MeKLy &o
1 §1 OKa3yBaeTcA Huxe KpMBOH iS(E), T.e, COTN&CHO HalleMy KpUTepuo ¥.B.
pa3PEREHHA §o —» §4 ABNAETCA HeyCTORUNBOH. 3ameTim,ONHAKO,YTO "MOHTE-
raprosckue” nannye LA P(&) B aroft o6nacrd DNOTHOCTEH @HEDrAM COOTBET-
CTBYOT 3HaveHuAM Benuuuuy £ (§)(14), Onusxoft Kk HymO (MH DpoBepHEM TaK-
Xe,4To TepmMoLdHamivecKoe HepapeHcrso (I1) gna nepexona §eo e §4 NPEB-
pallgeTcAs B P@BEHCTBO C TOYHOCTBHK ~I%). [l0TTiy BOIMOKHOCTE gcToﬁanoﬂ
y.B. @iPOHU3ElMY HE IPOTMBOPEYHMT ‘MOHTE-KapIOBCKMM' NAHHEM /10/5 npe-
genax Mx OWMOOK ¥ JNMA OKOHYaTeRLHOIC BWBOLY TPECyeTCA YTOYHEHME BULE
dyuxuue P (E) B NDOMERYTOUHO! OGNACTH MAOTHUCTE! SHEpTHH.

PaccemoTpenie Bompoca od ycrofumBocTd y.B. IpH a3rmux nepexomax
B CapuoHHOfl MaTepuy NOKE HEBO3MOWHO OGyUECTBUTL,TaK k&KX B NUTEPATYpE
VMewTCH MWL HEKOTOpHE NPENBADUTENBHHE NaHHHE LN5 TEPMOLMHAMHUECKMX
BeMHMYMH B DEWETOYHO! KBAHTCBOR XxpomomuHamuke’ ~*/ .

A1 onaronaper K.A.Byraesy u B.U.MnaroBy 3a COTpYLHUYECTBO,8 TaKke
T.M.3uroBreBY 1 0.A.MoTlineBcKoMy 38 NONE3HHE OGCYXIEHMA.
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SKCNEPUMEHTANBHKE [TPOBAEMN NOUCKA HBAPK-TAKOHHON
MJA3KN B iAPO-1AEPHNX B3AMNOAEHNCTBUAX

3.0.0xcHOB
OCbezuHEHHEA MHCTHUTYT AZODHWX McCneaoBsHul, IyoHa

HeoGxoauMuM, H0 OTHOAE HE AUCTATOYHHM YCNOBMEM NONYYEHHS KBSPK-~
rnooHHOR maTepur ("kKBarMa") B ANDO-AUEPHHX B3AUMOIEHCTBUAX ABIAASGTCH
TepMaNN33UHA AR6DEOrO BeWwecTss, NPY KOTOPoHl NepBOHAYONBHOA NMPOACHB~
H8A aHeprMA NepepecnpesensieTCs N0 Pa3NUUHNM CTENEHAN CBOGOAW, npe-—
BpSWSACH B APYrUe (OPMN 3HEPPUK: [ON6PAUNYL 3HEPTUL, B MBCCY o(pe-
3yOUBXCH YOCTHY M COCTOAHME, B NOTEHUMBABHYD 3JIHOPTLHUL CXBTHA.

CTeneHE TEPMANK39UUM BEBHCHT OT B3SUMHOM TopMO3HON CnOoCOGHOCTH
CT3NKRBADUAXCH SA€D M OnNpeAenfeTCA B 3ROUMTENLHOW Mepe Heynpyrofl
Y9CTHD CEYSHAN BAPOH-8APCHHNX B3gUMOAEHCTBMU, T.A4. NOCNENOBATENBHLMA
1POHOCCEMN MHOXECTBEHHOT'0 00PA30B8HAA YOCTHN.

OcHopHOfl JOBOA NPOTHB NPUMEHKMOCTH TEDMOZHHIMWYECKOTO ONHCHHHER
AAPO-AABPEHX B38MMUAGHCTBUA NpU PEAATHBACTCKMX BHEPIUAX COCTOSA B
70M, YTO CPEAHMS NpoGerd HYKIOHOB M NMOHOB B SAEPHOM BeuecTse
(A~0,5%1,5 M) HENOCTATOUHO MBJH NO CPEBHEHUW C PE3M5SDEMHM [8X@ CO-
MHX TAXGAHX sAep AAS TOro, JTOOW OGECHEYMTH ZOCTSTOYHOE YMCNO 8IPOH~
HHX CTDJIKHOBEHMH, HEOOXOLMMHX ANA YCTOHOBIEHMA TEPMOAHHOMHUECKOTO
DOBHOBECHSA .,

BucracHBanNCH TOHXE 6CTECTHEHHHE GOMHEHHMA B TOM, yCneeT 14 ycra-
HOBHTHCS XMMMYECKOE MAM 13XE KUHETHYECKOE DAIBHOBECME BO BCell 0GNaCTH
NepexpHTA AA6P 38 ByeMs UX R3suNoAeHCTBMA ("B3SHMONPOHMKHOBAHMA"),

CTOPOHMMKY TEPMOAUHAMHLYECKOTO NOAXOAA MPMBOAMAN CBOM KOHTDBPry-
NMEHTH, YK83WBOA H8 TO, YTO YYeT BO3MOXHWX A...0JHUTBABHHX 3PpEeKTOB,
TOKKX, KOK YASODHOE CX3THE, OGpE30BSHUE ¥ B3gHMOAGHCTBHE HYKNOHOBCKHX
%3008p, ABYXHYKNOHHWU 38XB8T NHMOHOB, NPHBOAMT K CYWUECTBEHHOMY yMEHB~
WEHKO PE3YABTETOB OLUEHKM seauuns A (a0 0,140,2 ¢u). Tipy aTou oTue-
4Y8J0Ch TOKEE, YTO TEPMOANHOMMUOCKOE DOBHOBECHE MOXAT YCTOHOBATHCA He
BO BC@M 0OGbeMe B38UMOZAUCTBUA, 8 JNOROABHO, B NpE AeNax HECOABWOrO 8A-
POHHOI'0 CI'YCTK8, BOSHMKWEr0, HOMPUMEpP, 38 CUET QAyKTysuwi. Kek scer-
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A3 B NOJOOHHX TEOPETHYECKMX CNOP3X, pewsiuyee CHOBO OCT3€TCA 38 3KCne-
PUMEHTOM,

HepeBHO B i€ PHHX NYUK8X CHHXPO(QA30TPOHA ¥ $2B8NAKS OHIN MOJIYYEHH
NEpBHE 3KCIEDUMAHTANBHNE JHHHE 1+3 , YKO3LBOWWME HA TEPMBIM3UNN 81~
POHHOPO BEUWECTB3 F LEHTRBNEHHX B3auMOAEMCTBUAX peNATUBUCTCKMX AAED.

Liesecoo6pasHo paruMDTPET,> MMENWHKECH JA3HHHE B NOpAAKE yBenuueHus
SHEPIUM HBNETAIUMY fZEP, MCHONB3OB3HHHX 8 2KCIEPIMEHTOX.

B oGoux oxciepMMeHTax Ha O5Balake, n[pOBEABHHWX B MHTepBale
aHeprul k. =U,441 A I'aB, B Ke4eCTEO KLMTEDKA CTEN8HK UBOTPORHOCTH yI-
JIOBEX JECNpeAENEHKA 33pAX6HHHX MPOAYKTOB B38MMOAGMCTBUA UCNONBIOBE-
n10Ch OTHOWEHME: R = 2/? [ psl /9T E;.l ptl , rae pr ® p, - mo-
NepeyHsn W NpPOAONBHAA KOMMOHEHTH MMNYABCOB yacTull B l[M-CucTeme B3ay-
uoAsdcTBYOUUX sdep. OYEBMAHO, YTO [pW MIOTPONHOW PBCHpPELENEHMU R=1,
4YTO YKS3WBAET H8 TODMOXgHKE (TEDMBNU3BLHMN), B TO BPEMA KaK R < { CBU-
AGT8IBCTBYET 00 OTHOCUTENEHOX NMPO3PavYHOCTU BIBMMOAGHCTBYWUMX ALEp.

U3 pe3ynpTETOB pasoTH caeayeT, 410 BENMUMHA R yBenMunBaeTcA C
POCTOM ODTHOCHUTERBHOTO YACJ2 32 PAKEHHKX GPOAYKTOB B3sumopAeficTBMU
N2/ Z, KHOTOpOE X3pEKTEpM3YET CTENEHH LGHTPBABHOCTH ¢ YAapeHUMH, M
BHXOLHT H8 II&TO ApH rqz/z ~ ! 5 DpUOINRBACH BRAOTHYW  "PB8BHOBECHC-
My 3Havuesnnp" R =1 Ans Nb N&- BaaumiozeiicTBus (Ap T=95) i1pK
B =0,4 A Tag, B 70 ke BpoMd Apu GOABUNX IHEDIURX (Ep=6,65 A Tag) u
(Mau) MeHBWMX AP,T (Cala ) 3T3 BeNUUAHS OK83BNBCH MEHHWE 6AUHKUS
(R<t).

OCyweCTBUTE TOPMOXEHUE AApa-CHapsA8 (Ar ) npy Gonbwei 3HepPruu
(Ep=0,77 A T'sB) yasnoCch B ADPYroM 3KCISDUMEHTE Ha (2BAJaKe ¢ UC~-
RONB30BGHUEM OYENH TAXGAOW Mumahy (Pb ). [ipn 2ToM Own0 NOK833HO, UTO
B 39BACUMOCTHM OT MHOXECTBEHHOCTH NDOTOHOB BO B3asMMoZeicTBUM (M)
CpalHAfA BEINYMHE R AOCTHIPB8ET €ZMHULH IpU MP=4U. B TO BpE€MA K8K H8C-
K8AHBA M0484b A8eT R = 0,8, YT0 yK83WBAEeT H3 MNPOABJEHUE HEK2CKAUHHX
( KONNEKTUBHHX) NpOIECCOB.,

CnenyeT MMETB B BMAY, 4Tc Kpurepuil R=1, UCNONB3OB3HHHI B 0GOMX 3K-
CNOPUMEHTEX, KOK OTMETUN COBBTOD OAHOT'O M3 HUX /,HBHHGTCH HEOGXOKMMHM
HO HE JOCTBTOYHHM ANA X8D3KTEPUCTUKKA M30TPONHOrO (CPHopHI6CKU-CHMMETDH I~
HOTO) pacnpeseneHHH, Kpoue TOro, BoxHelwiM YCAOBHGM TEPMBIMBBLUM CYM—
P8ETCA CONBUMBHOBCKMA X8PSKTEP CAGKTPOB YSCTHULU-MPOAYKTOB 13suMoieicr-
BMA B LM—cHCT6NE CTRIKABLOUHXCH AZEpP. [IpOBEPKS 3TOr0 YCHOBHSE NPOBOZU-
NaCh B [16pBOR 43 DICCMOTPEHHWX P3GOT M OCHBLYEMAS OTHIOHEHME OT OXUZa—
6MOI'0 KCMOHEHUMBIBHOI'O X8PAKTE P8 CRNEKTpP8, 4TO NOTpedosaNo AAA YADBRE—
TBOPKTONBHOI'0 (XTa BBELEHUA KpoMe reunepaTyph (T =32 MaB) euye oaHoTO
nepaneTpa, TOK HO3uBoEMOY paAwsnbHOM cxopocT (v, =0,33 c).
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B #CCHBADBAHNAX, NPOBEAGHNNX B AAGDHHWX NYYK8X CHHXpOodasQTPOHA
(E =3,67 A I'aB) c noxoips CTPUMEPHOrD CHeKTpoMeTps CKM~200/*/, npu
8HBJM3E MCNOALIOBBICH NOXHWW HAGOP OCWENPHMHATHX KPUTEpUEB TepManM3a-
LMK ~ K30TPORHHE (cdepHYECEU—-CHMMETPMYHKE) XapaKTep YrIOBHX pPacOpene-—
neNull YMCH8 OGpPAIOBABUMXCS YSCTHL M MX SHprul, COOTBETCTBME KX CIEK-—
TPOB pacipexeleHun MaKcBenNa-BoAbLMans.

IyCHeHCKOR NOCTSHOBKA SHCNEDHMENTO DTAMYANSCH TAKke GONLUEN XeCT-
KOCTBN TPUPIGD8 0TCODS LEHTPSNBHWX CTOAKHOBEHMH AZ6p, ROTOpuY TpeGo-
Ball OTCYTCTBHA CpEAM (POAYKTOB B3SUMOZEUCTBUA (PpOIMEHTOB-CHEKTETOPOB
HaneTaguwero AApa, B TOM UMCNE M HEHTPOHOB (B NMOCHEZHMX OCJyUOHHMAX).
Jlns 8HO/M38 OTOMPANHCH COCHTHA C GOABLMM JOKOJBHHM BO3CYXJGHHAEM, CBf-
38HHRM C 00p830BoHMEM N8pn CTPeHHHX wscTHU (A ¥ K )} B UGHTPSABHHX
BaguMozaticTeuAX aacp (UB).

lposuenuakposaieue yraoswe pacnpezeneuwns  dM, /d Cos 8" =

dEY /dCos8" aas A-runepoxos, 06ps30B8BUHXCA B LEHTDAABHNX
B3auMozelicTBUAX Zaxe CcpeBuWTERBHO nerkux szep ( CC ,C.Ne, ONe )
0KB38/IHCH NDAKTHUECKN M3OTDORHHMHE , yTPOTHB [pM STOM X8PAKTEDHYN
0COGEHHOCT: AMHAMMAKM nponecca pommenua A B NN -B3smMogeficrsuax
(DuxK BHepen ¥ Ha3sz), Xoropes OCYCHAOBAEHS 3)HeKTOM NHIMPOBAHMA Gapu—
OHHOI'O nuunagxa ¥ Apro nponsaneTcA B HenenrpansHux He Li~uCLC -cron-
Rﬂoaex-nmx/s' / /M. puec. I).

Puc., I

_Yraoopue pacnpezenesus dN, /d Cos8”:

a) ana pp-pasuMozepcraufl (5 I'sB);

G) AN HEUBHTPBNBHHX BIBMMOASHCTBAR
Heli,CC(3,4+43,6 A T'sB);

B) AIA NEHTPBNBHHX B33MMOZeicTBUY

b CC, CNe ,ONe (3,6 A I';B),

-ab -a2 02 a6
Cosg”

X ¥raosue pacnpezenenna A -uacrun #3 LB agep CCu x CZr cmmusru
K WBOTDONHHM, HO OCHOPYX¥BANT  HEEKOTOPYD ACHMMOTDED, o0yC—
ROBIAHRYD BTODHUHHEMM TIDOLECCEMH, KOTODAA OKA3HBHETC: LHBUMTEABLHON
ana ews Gozee raAmennx anep-mumeHeR ( To ,Pb ).

216




JHepreT#yecKuil cnexTp /A -YaCTHL XOpOWO YATWMPOBANCH B NpeACTIBAE—-
Hun 436/4d pl ~exp (-'T‘"/ T,) s UTO YHB3WBAET H8 €r0
CONBLUMAHOBCKUA Xxapakrep (puc. 2). Iipu cdepuyecKoll cCuMmeTpPU¥ YTAOBHX
pacnpe AeneHuldl onpeseNeHHH N0 GUTUPOLIHUK flaPAMETD T0=ISOII9 ft3B npu-
OGpeTaeT (U3MYeCKMil CMHCH - 3T0 3GPEKTUBHAA TEMNEpaTyps MCTOUHHMKE
(QaitepGona), 0GpPa3OBBBUETOCHA B LM~CUCTEME CTBIKMBAWWMXCA Anep. Jdpder-
TYBHEA TEMNEPATYP3 MOXET OWTb HAWAEHS TAKKE #3 COOTHOmEHNA Mexly na-
pameTpsMM < Pr> M T, , BWBBAEHHOTO B CONBLUMSHOSCKOM MPUONMKEHUH
(cu.,ﬂanpnuep{7/),qTo 86T BENNYMHY T0=150112Nmo, COBNajan@myn ¢
npeAnayues oueHkol., TaKuM CnocoGOM MOTYT GWTH INONYYEHH N8LSMETpH T0
W A7A HEpPSBHOBECHHX DACNpeJEeleHMit: B ITOM CNYyUS8E OHM HE KUMENT YETKO-
TO QUBAYECKOTO CMHCJI8, 8 X3DPEKTEPU3YWT HBKOTOPYN yCPEAHEHHYK TeMIlep3-

Typy.

} " t
¢ te
-l *
} f
A po Tp=lla ek Yo7 L{50 iaB |
B | v L 0 3
Fe l ‘\
Tt' ' . ‘ ’
by .
1
T de 35 Q8 13 12 14 A '.‘g
T*(Tab)
a o]

Puc. 2. PacnpezZeneHusi noO KuHETHYECKON 3aHeprum (T *):
8) ann JC ~ME30HO3, DOXAGHHHX COBMECTHO C /\K ~Y3CTULAMM
G) ang /\ -THNEPOHOB W3 LEHTPANBHNX AA-B3auMOzeicTBMI.

B pesynbTaTsex AyChEeHCKMX MCCNELOBaHMU 00pauseT Ha cels BHUMEHUE
TOT (8KT, YTO NO Mepe NOJNYYEHMA Gojiee DOBHOMEDHHX pacnpeaeneHull ¢
YHENVYEHNEM CTENEHN MHOI'OHYKJIOHHOCTH (LEHTDPAABHOCTH) AA-coyaapeHKii
puCYeT TAKKE CpeAnui nonepeymult uunyasc A -runepoHos < R, >
¥ COOTBETCTBYNUSA eMy apfeKTHBHOA reMnepsrypa. 3Ty 38KOHOMEPHOCTE i~
ANCTPMpYET puc, 3, H8 KOTOPOM B 38BUCHUMOCTH OT CTEMEHA LOHTPANBHOCTH,
X8P3KTE p2yEMOl unCnoM HPOB33UMOACACTSOBABUWMX NILOTOHOB (C})) nNpKBENE~
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Puc. 3 T R
& s
3BBACMMOCT DT YHCH3 NPOB38BHMOLEHCTBOBIB- 00 .
wKx nporoHos (Q.): ’ ’
8) ¢- N8pAMETPE ¥30TPONAM 8 (oM. TERCT); 250 S 20
G) ¢- TAMBEDBTYPHS ,
B) A~ OTMOCHTENBHOIO BNKOKS KYMyRATHBHHX A . ' ks
¢ p*z I I'sB/c; wop 7 ,
r) +-omocuennnoro BHXOZS KYMYAATUBHHX A l ‘]' o
7
¢ pr= I Tab/e. 50 /,I_{%l
A I
100 j/ ¥ //f
»‘t.‘:_.?;___. _____P B-.u
5"*;———‘—TT5]
7] 5 6 K[

HN COOTBETCTBYDUUE 3HOUeBMA T, M BENHUMHH "N6PIMETPS U30TPONAR"
3_—_-(0“- D) /(D,; D), TA8 D, D,,D, - zucnepcus yrmoewx psc-
npsheneuufl — RCCASAYEMOr0, H3OTPORHOFD M 248 NN -B3ENOAGHCTBUR.

EpyruM NpUMEYETENBHUM DEe3yNBTOTOM ABNAGTCS OOAYYEHHOS YKOIoHME
€8 TO, YTO yrAOBHE pacnpexenes¥a JU ™ -Me30HOB, COUNDPOBOEZSOWMUX POXAE-
HU® KYMyIATHBENX A" -r¥nepoHon (¢ p* > I T'oB/c)¥ ,orasHBanTcs TaxXS
B Npefienax OMEOOK © M30TJONEHME, 8 CIGRTDH — GOABUMSHOBCKMMN
(puc. 2), # B T0 X6 BydMA SHOUGHHA NIPEMETPOB < P> @ To TOKXG He~
CKONBKO yBEnMYHBERTCA ( < P> © 23434 WaB/¢  znA "o0Wumwx" JU 3
4B a0 279%21 MaB/c).

BosuuxeeT BORPOC, OOYEMY B CEDKAMEBCKHX BKCMEPHUSHTBX HE YZSADCH
AOCTHTHYTH NOJHOMO TOPMOXEHHWA NpH Ep> 0,8 A I'sB gexe B 046HP TAXEANX
aapex-mnuesAx (Pb ), B TO BpeMA K8K OpE SHEDIMAX CEEXPodAsSOTPOHA
(Ep=3.67 A 3B} B l{B CPeBHATENBHO NEIKWX 8hep (AP'IaIZfZO) Gras nomy-
YEHA TEPMOAWN3ELUA NDW DOP230BSHMK A\ -THNEPOHOB, 8 TAKKE HPY MCOYCKB-—
HMW MHOHOB, CONPOBORASDWMYX DOXAGHM® KYMYAATHBHNX A“-uscrun. Boauox-
HOA DPHYHHS 2TOr0 (OHOMEHO - B OCUUEHHOCTRX AYOHEHCKON NOCTEHOBEM
DKCIGPHMOHTS, B KOTOPOM OTOMPBANCH ¥_&KEIM3¥POBBINCE pSAKHE AA-B3SEMO-
AelcTBUS H8 ypoBHe cevenal 6~(IO‘3+IO"") 6., ¢ BHCOKOM CTEnsHBD
HONTPSRBHOCTE M CONBWHM NOKENBHHM BO3CySAeRMOM (poxaenue nmapy A, K ).

X lpeseasmos snevenns Beruwus Q¥ ( P,) Am A -runeposs, PORASHHO~
ro » peakuss NN —-—N A K, cocrssaser 0,98 I'sB/c.
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Ka4ysCTBOBEHYN KB8PTHHY MpOUECCOB, MPOXCXOAAUUX B TBKMX COOHTHAX,
MOXHO NpEACTaBMTL ca0a CHeAyowuHM OOP330M. B pe3ynpTaTe O4YEHE XECTKO-
PO coyAapeHus siAep B o0naCTK poxAeHua A ¥ K 06p33ysrcs JOKSRBHO
Tepusnn30Banuulit "ropaunit” crycror (JaiepGon), xoTopHA ABARETCH MCTOY-
HUKOM DSBHONEDHO DBCHpEigNieHHHX /\ ~48CTHL C Gonbuoll GoaBLUMBHOBCKOU
TeunepsTypoit. [[p# Conee BHCOKOH CTeneHA BO3CyaAeHUA (DOXIEHNE "KyMy-
aATEBENX" A -YsCTHI) 3T8 TEPMAIM3BUUA DACNDPOCTPAHAGTCH H8 CONBUYH
Yy8CTh O0NSCTH NEPEKPHTUA AZEP, 4TO NPHBOJKT TBKKE K WIOTPONHOMY pac—
npefene sy NAOHOB ¥ NOBHWEHMNO UX CONBUMBHOBCKON TEMNEpaTypH. AyOueH-
CH#e SKCIEPUMEHTSIBHHE LOHHWE HOXOAATCH B X0POWSM KOJIMU6CTBEHHOM CO~
I8CHK C pE3YABTATSMM DECUBTOB, CHENBHHHX B PBMKSX TEPMOIMHBMHYECKOH
MOZA8NH 8/ g Npe ANONOREHXM NMOJHOrO TOPMONEHMA ¥ TEDMANN3BUMYA B33 HMMO-
AeflcTBynmero AZ6pPHODO BELECTR3.

Copnsienke B Npelgnex OWKCOK IKXCNEDPHMEHTANEBHHX M PACUETHHX 3HBYE-
HA To B UX 39BHCMMOCTH OT SHEPI'MM BISUMOLEUCTByOUUX Azep (cu.’”**/)
CBMZETENBCTBYET B 013y TOKOI0 TEPMOAMHOMUUECKGDO MOJAXDA3, 8 COOTHO-~
UEHUS To(Jt )<.T0(/\) 0TD3k86T 3HAUATEJIbHHN BHJISZ NMOHOB OT pACnans
4 -pe30HGHCOB, KOTODHE NO NpPE ANOJOACHHKN MOAE M HOXOAATCA B XUMMHUE-
CKOM D8BHOBECHMM C OCTSNBHO! NUOH-HYKNOHHOA KOMMOHEHTOM.

CaenyeT NnoAYEpKXHYTH, YTO B PSCCMOTDEHHOM 3KCNEPHMEHTINBHOM NOAX0~-
I8, MCNOJNB3OBBHHOM 5 AAEDHNX MYyYKsX CHHXDO)83OTPOHE, YASNOCH HOCTHUD-
HYTh, K8K ObAO OTMGUEHO B 0G30DHO~8HBIUTUYECKOR padoTe s H8MOONB~
ugXx {noksl) TemnepsTyp "pazorpess" AZepHOro BEWECTBS ( KOTOpHE OXMA8-—
OTCA COrNaCHO oueuxau? B ALEPHHX NYuKax ycKopursaa LUEPHS npu
200 A T=B). .

Tagnuua I

SHCNEePHMBHTSABHHE DPE3YRB~ TEODPETHUYECKHES OLGH—
TaTH (cunxpogesorpon OWHM, ku ( SPS, LEPH)
yCTaHOBKA CKM—BOO/I/)

dueprua Ax6p 3,67 A I'sB 200 %'PSB
¢
(Aghg) (CC,CNe,0ONe) (t6o0 1%0)
<Pp> 590t40 usB/c 600 MaB/c
To 150812 MaB 150 MaB

1l po8Has3¥pOBAHHNE SKCIIGDUMGHTBJNBHNE ASHHNE YKS3NBOOT H8 BO3MOXHOCTB
nonyyenad B AA~BSBHMOZGHCTBUAX TEDMONM30BSHHOIO fAAEPHOTO Beuwecrae (fo~
KSNBHOrO CPYCTKE)} NPM AOBONBHO BHCOKKUK reuneperypaxx (T0=150 M3B),

X' B zeMCcTBMTENBHOCTH NEDBOHAYENBHAR TEMREPATYPS8 DBAOrpeBs, AOCTHLHY-
TOr0 B ZYOHOHCKOM 3KCNEDUMEHTS, NO-BAZAMOMY, CY@ECTBEHHO GONBWS,
ueM NOJNYYOHHBS B peay/nBToTe Mauepenud, TOK K&K OH8 ONpeXelsnachs He
Gozee NOAAHUX CTEAMAX MPOLECCE.
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9T0 CUETAeTCA HEOOXOJNUMHM YCJAOBLEM LI BO3MOXHOTO (azoBo-
ro Nepexofs B KBapK-TAWONHYD naasMy (“kmeruy").

Hs BompoC 0 ToM, X8HME YCHOBRA ABAAKICA AOCTOTOUHHMH ANA 0Gpa30-
BOBMA HBET'MH, “E0DHA He MOXET A8TH NOK3 0npeAeNGHHOTO 0TBETE, HBCMOT—
Pf Ha cyuecTBeHHWE ycnexu KXE-rTepMozMHSMUKHM. OUEHKM KPUTUYBCRUX Naps-
M@TDOB FNA TOKOTO (830BOI'0 NEPEXOA8, CleN8HHHE B PA3HHX TEOPATUYECKUX
pacoTex, ZONT CHABHO Da3IMUAWULAECA BENAHUYMHH, UTO CBA3IAHO, NO~BUZUMOMY,
B [ePBYD 0YepPEnb C OTCYTCTBHMEM HAZEexHOH MHPOPMOLUAM OG yPABHEHHMH COCTO-
AHUA 8LPOHHOTO (KPEPH~IZIMOHHOrO) BEWECTBA,

[lpE Texoff HeOnpeAeNEHKOCTH TEOPETHYECKHX NPeACHE3SHHA OHM MOTYT
CHOYXUTH NHUD OPUGHTHPOM NDH SHOTM3E M NAOHHPOBOHUY BHCNEDUMEHTOB. Qu-
3HKM XZYT OTBETA HE NOCTABNEHHNH BONPOC OT BKCHAPUMEHTONBHHX HCCIBHO-
BOHRH LEHTPSNbKHX (MHOTOHYKNOHHHX) COYAopeHuH AAep, B KOTODHX MOTYT
OuTH NONYYeHH HOMOONBUKE MIOTHOCTH (£ ) M TENnaparTypu (To).

Tred)
200 . Puc. 4
\k..npk;i:::mtnq .
150 . 2 OxuzseMye TPOHUNN MeXAy 8APOHHOH u
\00 qpt?:;< KBOPK-TNONOHHON §osaMu: 13/
s \ 8) -+ - -+ COINSCHO P8GOTE y
sof 4, : 6) ————— CoTnacHo padord 14{
2990 - H e
o ‘.E@F, S B) — COTNI9CHO padoTe 8

Hs puc. 4 uaodpaxéuu ZRarpasus §830BHX COCTOAHMA B NGPEMBHHHX P
u T,, B3ATHE M3 MOCAGAHAX TEOPETHYBCKHX DPAGOT 13415 » KOTODHE onpeze-~
IA0T OPHMEDHYN CpOHULlY MexZy 8ADOHHOM A KBApPK-TANOHMOA Desemu. Jaa
oOmeft OPHEHTHPOBKM HE BTOM AUSrpaMue NPUBEAGHS BOIMOXHEA TPOEKTOPHUA
HCCIEROBAHHHX APOLECCOB, B HOTOPHX YX€ NOXYyYeH® TeMIeparTypa
To= 150 MaB. YTo xe KacagTCA BOIMONHNX BHSUGHHE MNOTHOCTH BEUGCTHEE B
00I8CTH N6PEKPHTHA UGHTPENBHO B3SUMOZEHCTByDRHX Ajep (npu A6= AT),
TO KX MOXHO ONGHMTE ¥3 COOTHOUWEHMA:

p=24 +pE=20(1+ 54) +pEs,

TAe NepBult YIeH onpee IAETCH DEAATHBHCTCKEM QIKTOPOM CE8THS OGHEME

BOAHMOZGHCTBUR V RpH HODMBNbHOR fXePHOK AROTHOCTH Po =0,I7 PaB/QuB.
8 BTOpON CBA38H C YASPHHM CEETHMEM, KOTODOS MOXEO CUMTETH B ZOCTSTOY-
HO X0OPOREM NPMCAAXEHMM IPOLOPIEOBANLHHM BHE PIHE Ep C KO3(ijEnMe HTOM
nponog,uonanauocru ﬁ s S8BUCANMM OT MPEXANCABTE6MOr0 YDOBHAHHR COCTOA~
uns/I « llo aroit npMuMHE OLGHKM BEANYMHN £ JZepr Compmoll psadpoc B
OXUZBOMNY. SHEYEHKAX (F/f5= 5410), TeM HE MEHEE OHM YK83HBANT (CM.
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pUC. 4) Ha BO3NOKHOCTH OCYWECTBJEHUA ()830BOr0 NEUEXOAE yEe NpU 2HEp-
FUAX CHHXpPO(Ha30TPOHE (Ep’—* 344 A I'sB), 4TO NpEeACKB3HBAETCA B DALE TeO-
peTnyeckux paGor.

[ipn aToM CnezyeT UNETH B BWAY, YTO B AYCEEHCKOM NOCT3HOBKE 3KCNA-
DMMEHT8 OTGMPANUCH PeAKME LEHTP3JIBHHE BISUMOZLEUCTBMA fZEP CO 3HBUM-
TeNEHNM JIOK8JIPHHM BO3CYRAGHMEM, B KOTOPWX CPYCTOK "KBarMu" MoxeT 00~
p830BaTHCA B peaynbTaTe PaykTyauuh. OZHMM M3 HauGONEe BEPOATHHX Npo-
AIBAGHUY CABNOB ZOCTATOYHO ropAyeil "kBarumuw" (c TO?.ISO MaB) cunTaercs
yBENUYEHUE BHXOZS CTPBHHHX Y3CTML (NPEMMYBECTBEHHO C CONBUNMY 3IH3YE~
HUAMI PT) B pe3ynbTaTE 06pPY3OBAHUA N8P CTPAHHHX unapuon B KB8PK-

P 0OKHOU (q,g-) miasMe 38 c4eT npougccoB G, —&g 9192-——35 ’
U3 KOTOpHX NOCHEAHWI ZgeT nO pscueT8M LOMUHUDywbuul BrIOZ s UTO No-
3BONAET OUGHUTH BIMAHME IIIDOHHOY HOMNOHEHTH.

B cooTBETCTBMM C 3TUM NPCACKO3BHUEM B ZYOHEHCKOM 3KCNEDUMEHTE HA~—
GANABNCS 3aMETHHN POCT OTHOCHTENBHOIO BHX0Z8 AKX -runeponos ¢
PT'—; I T'aB/c np¥ yBeNUUYEHHN CTENeHH LEHTPaNBHOCTA (MHOT'OHYKJIOHHOCTH )
AA~coynapeHul, KOTOPOS NPUBOAUNO TAKKE K TEPUINMBBUUM ¥ YBERNUEHUHD
3dperTuBHOY TemnepaTypw ¢ 80 M3B zo IS0 MaB (cm. puc. 3).

Ha aTou e pUCYHKe NpUBEZEHH 3HAYEHUA OTHOCWTEJNBHOIO BHXOZ8 0oGWe-
ro wicna AF -vactuy ¢ napamerpou p* = I T'sB/c, KOTOpHH B OTIMUME
oT P ABAAGTCA NOPBMETPOM, (QYHKUMOHAIBHO HE 33BUCALMM OT W3MEHEHUA
ymosux pacnpezeneHul. CaezyeT, OAH8KO, UMETH B BMAY, 4ro /A ~Trune-
POEN ¢ Conpuuuh 3xsuenuaMu P (p (M-cucTeme nepsuusx NN -B3auMo-
LedCTBHA) MOryT BOBHMKHYTH T8KKE 38 CUET BTODUYHHX [POLECCOB B AApax

" AT, Npy 3TOM MOXHO OXMZ8ThL YuUMPEHWA GHCTPOTHHX pacnpexeneHui u
YCHI@HNA YyrA0BOW aHU3OTPONNH.

HauGoxee m-upopuamm-xuu NpeACTaBNAETCA W3YUEHME OTHOWEHMA CpPeZHel
uHoxecTBeHHocTH A-uscrul c PT/I Tak/c Kk cpeXHeli MHOXECTEEHHOCTH
JC "-uesoH0B {(Fra=<Nnx>/<ng.>), uT0 N03BONASBT MCCHNEZ0BATH NOBEAE~
HUE NBPAMETPE <« M., > HA (OH4 TAKUX “TPUBMBNBHNX" (QBKTODOB €I0 yBE—
AUYEHHA, K8K poCT uMca8 NN ~B3guMOZEACTBUA B LEHTPAIBHWX COYZA8pEHKAX
AZep M o0pa3oB8HKEe /\ -43CTHUl BO BTOPUYHHX NPOLECCHX.

B uccuezoB8HHOM UHTEPBAJNE H3MeHEHUA napauerps O /, XapaKTepu-
3yoieM CTeNEHb LUOHTPaAbBHOCTH B3suMOZelCTBYwWMX szep, omomeuue Fa
yBenuuMBanoch ¢ (212)-107% 10 (25t8)-107% (umm (18%5)-107% ¢ yuerom
UB azep CCu # CZr ). XapsKTepHo, YTO COOTBETCTBYHWAS OTHOWEHHE

Fpv = LN > /< Ny> ARA KYMJAATHBHHX NPOTOHOB C
P (P¥)2 (1,241,3) I'aB/c He 0GHBpYRMBBET ﬂO].lOGHO[‘O Bocma B [@HTPSJNBHHX

(uHDPOHyMOHHHx) coyzapeuuax aggp CC # CCu
EcTeCTBOHHHM NPOABREHMEM OCHApYXe@HHNX B LB ocodeuuocweﬂ ABNAECTCA

yBeiKuehue (B 244 p83a) NNOTHOCTH A" ~yacTHL M BX NONEPEYHHX SHEpP-
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it <E,> dNa/dy B o6macTh cpesnux ducrper ( Yy = y.10,5),
YTO TOKEE IpPELCKOBHBAGTCI K8K BO3MOXHNA CHI'HS8N (830BOTD [6pPEX0A8 B
KBOPK-T700HHY® Nno3My (CM., HaNpEMep, el,e2 ).

PaccuoTpeHHHE "OHOMONBHHE™ 3PfeKTH COrZ8CYOTCR C [pAANONOXEHUEM
0 TOM, UTO B TeDPM8NH30B3HHOM "pasorpeToM" CrycTkeé 8ZDOHHOr'O BEMNECTES,
BOSHIKLEM B PE3YAbTATE AOKANBHOI'O BO30yxAeEMs ((PIyKTysuuu), NPOM3OUI0
00pa30BaHME KBABPK- PIOOHHOHM "kanau", KOTOpeA ABAASCH MCTOUHHKOM A -~
TUNOPOROB C CONBUMMK 3HEYEHHUAMH PT. 9TH ofijeKTH, ONHBKO, HeNbasd CYM—
T8TH CBHAETENBCTBOM OCHOLYXEHMA MNOZOGHOTO (830BOr0 NEPexXois, [OKA He
OyAyT HCUEPNOHH ApYrue, C0NE€e NPOCTHE OUBACHEHMA M MOZBNBHHE WHTEpNpe-
Tauuu, C Apyroff ¢TOPOHH, HEOOXOZMMH ZanbHeMuME, CT3 THCTUYECKH Colee
006CNeYeHHHE UCCIOZO0BAHUA, ONMxXafiMe NepCHeKTHBH KOTOPHX DACCMOTDEHH
B HameM Npeznoxe HUM .

Kak yxe ynomuHanoch, HaMGONBmHI{ MHTEPEC MpeE/ACT3BIASNT OTHOCUTENb-
HHi BPHXOZ, CHEKTPONBHHE (TEMNEpPSTYDHHE) XOPSKTEDPUCTHKE AF ~THIEpo-
HOB (C CONBUMMHM 3HAYEHHAMM Py), 8 TeKxe 8cCOUBSTMBHO POXAGHHHX NHO-
HOB. [lpM 2TOM OYeHb BOXHO YCTOHOBUTH, ABAAGTCA AW 3T8 rpynne A -ru-
1@pPOHOB H3OHTOYHOH, OTAHYEOMOACA CBOMM [DOUCXOXZIEHMEM OT OCTANBHHX
YgCTHU 8APOHHOR (asu.

Jnf BHABJEHEA OCHAPYXEHHHX HEOOHWYHHX 3PHEKTOB B UEHTPOIBHHX (MHO-
TONYKIOHEHX) CTONKHOBEHHAX fiZ@P MCHOONB30BONACH B KOYGCTBE OCDHEKTA
cpeBHenuA HeuexrpenpHue He Li- 1 CL  -pagumozelicTBuA, KOTOpHE MOXHO
P8cCMATDUBATD KBK CyMMy He38BHCUMHX NN -coyzapeHH{, yCpeZAHEHHWX OO
38pAAY BaBMMOAEACTBYOUWHX RYKAOHOB M MX Hepuu-HMOyNBCY. TeKo# CpaBHu-
TenbEHN 9HONMZ ABAAETCA Oonee 3pPeKTHBHLM, 48M MCOONB30OBOHHOE B Pz
p8601/24,25/ cpaBHEeHHME C AGHHHMM N0 PP -BaaHMoAeACTBHAM., Cneayer, 0a-
H8KO, MMETH B BHAY, YTO ZJA JEIKMX AXep $epMU~MMOYNBCH 38METHO paszid-
gapTci. Kpome Toro, pepmu-aBHXEeHME HYKJNOHOB B AZPE MOMET MMO-PO3HOMY
BINATD HO HCCIOZYGMHO X8DIKTEDHCTHKK OGpPa30BOBEMXCH YSCTHI B 38BACH-
MOCTM 0T CTONEHHM LEGHTPONBHOCTH CTONKHOBOHER sAzep, T.e¢. OT NAPAMETDPS
HX coyAspeHus. OT 3TOro NApaMETpPS 3IEBMCHT W BHASL BTODHYHHX NPOLECCOB,
YTO TOKXE BAMAGT HO UCCHGAYOMHE X8DOKTEPHCTHKEM. MOXHO OEMA8TH, YTO
Ip# CTOAKHOBGHMM fZeD C A ~= Ar agbexTH BTODHUHHX B3amMozeficTeuil, cpap-
HNTENBHO HeCoabmme NpH nepudeprueckux ("KecaTeJbHHX") coyA8peEMAX, Oy-
AYT CHOY87JA DACTH ¢ YBOJHYGHHUEM CTENEHH NEPOKDHNTHA fAZEp,.a SarTem YMOEL—
WATHECA 88 C4YeT "BHMHBAHEA" HYKIOHOB B N@pPBHYHHX B38MMOASHCTBHAX
(ecam OHK He BOBJEKAKTCA B KOIIGKTHBHHE NpPOLECCH 00PA30BOHMA Halte pGo-
1a).

OTMeueHHHE OOCTOATENBCTBO 38TDPYAHANT MHTEPNPOTOLHN PE3YABTATOB M
TpeSynT Gonee THOTENBHOIO UX 9HOZNN3E.
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OueHp BagHyl MHPODMOLMN MOKET ZBTH MCCINEA0B8HWE NOIApPU3aLuM o6pa~
30B9BUKXCA 4aCTHll, KOoTOp2s AN A -T'UNEPOHUB JErKO 0NpeiBNAGTCA 3KCIE~
DHMOHTAAbHO. MOEHO ORMASTH, YTO 3T8 NOMALU3IALUA (g; ), X8p3KTepHaf
Zna N N- 1 NA -B3anuolellcTBuil ocoGeHHO npy GONBWMX PT, CHIBHO YMEHB~
WATCA MK BOBCE MCUB3HET NPW LOCTUKErMH YCIOBMA 0o6pa3oBaHMA "kB&I—
uu" s

lccne ioBaKUE MONAPU38UMM A ~IMNEPOHOB, DOKASHHHX B AA-B3avMoxeit—
CTBMAX, TONBKO HOUMHBeTCs, B aToR cBAsM cmepyeT yxasaTh, 9TO MMEme-
cA nonuTxn/II’26 MCTONKOBATH DPE3YNBTATH HAWMX MCCAEAOBBEMR NOBeASHHA
BOJUUMHN ﬂi B 39BMCUMOCTH OT PT L7 K8K oCHapyseH#e SHEYMMHX
30HeKTOB ABNAKNTCA HBCOCTOATEJBHHMY BBUAY HEZOCTAaTOUHOM CTETMCTHYSCKOR
06eCneUeRHOCTH NONYUEHHHX DE3YNBTETOB.

OYHZBMEHTANBHBA BIKHOCTS M CAOSHOCTH OCCYX43eMHX NPOGAEM TpedyeT
NOMCKE ¥ MCCNOJIOBSHMA APYTUX B03MOXHHX NPOABNGHUU OCPS30BSHMA KBAI'MH
B AA-~CoymapeHMAX, TEKMX K8K NOJNODPOr0OBO8 POXAEHME ﬁ\—qBCTuu, NOBHUEH~
HEft BuXOJ Gonee CTPBHHWX TMNEPoHOB = K & , 8 Taxxe Pl (§g) ~ yac~
Til, 00pa30B8HME KOTOPHX B NN ~B3auuozeidicTBMAX CUNBHD MOA3BNEHO. He-~
O0XOZUMO TOK%68 HMCKATH OKCNEDPUMEHTBABHHE BO3MOXKHOCTH M3YYEHMA MPAMHX
NENTOHHHX Nap ¥ ¥ -KBOHTOB, MCOYUSHHNX N3 KBEIMH, HaCADAEHHE KOTOPHX
OYEHE 33TPYAHEHO SHBUNTENBHHM (OHOM. BeChMs NpuBiIeKaTeNBHHM NpEACTEB~
NAETCA NOMCK M MCCNEZOBaHME "aHOMBABHHX" 7J -KBSHTOB 0T fpoliecca

58§ —7%9 . KOTOPWH ZONXEH GWTb CKOPPENUDOBAH C YBEAMYEHMEM BHX0Z8
CTpaHHHX Y4CTHL 33 CYéT anpoHM3almy § (5) ~KBAPKOB, 00pA3OBABINIXCH

B KBarme.

FY

B 3aknpyeHue cleAyeT OTMETHTE, YTO MCROAB30BAHHHA B AYGHEHCKRUX
UCCNENOBBHMAX 2KCNEePUMEHTINEENR N0 AXOA S

- 0T60p peAKMX COOHTHR (PayxTysuuHd) B UEHTpPANBHNKX BIAMMOAEHCTBHAX
AZep C CONBlMM NOKSTNEHHM BO3CYXIGHMEM,

- NONCK M MCCAEA0B8HME (B 3BACHMMOCTM OT CTENEHM BO3CYMIAEHHA)
0COGEHHOCTEk B PORACHAM CTDEBHHHX YSCTUL M B 8CCOUMBTUBHOM MHOHOOGpPE-
JOBBHUH,

- KCMONHIOBBHME CTPUMEDHOI'O CNEKTPOMETDA C TpurrepHolt cucTemol
XGCTHOTO 0TGOPS LUB,—
oxg3ancHs 2pHeKTHBHEM, MHOTOOCEumoLUMM M TpeCywumu AenbHeHRmErc ps3BUTHA,
He aToM nyTH yXe NOAYYGHH BKCNEPAMEHTEABHWE PE3yAbTOTH (CM. Ta0X. 2),
KOTOpnE YKS3HBEWT HE8 BOIMOKHOCTD OCYUSCTBHUTE TEPMOAM3ALMIO AZLEDPHOI'O B~
WeCTB8 NPH JHAUATOZBHOM @r0 pasorpeBd. OCHEPYZEHH TOKXE 3QPEKTH, OXH-
/96una Np¥ OCP830BOHHA KBODPK-TINOHHOK GN83MH, OJHOKO HX OKOHYAT8NBHAA
MHTEpPpeTUUA TpeCyaT 00llge AETaNBHNX nccneaosaanﬁ/30 N
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Tagnuua 2

[lpagcrasuBaeuult cursan xen.
O0uapyxertul appexT BURGCAEAYOLMX FABIE Huil : iy
Anst A us LEHTD. AA-BaauMoz 8 Hic TBUH
(B cpaBHEHRM O HEUEHTDP., AA-P3.):
- usorponua B d N,/dCoesg” TOPUORGHHE , T€ PMEIN3BULA o)
(loKeABHBAT)
- uzorponus B d.E}/dCas g TODMOXERHE, TAPUBIMABLHT @
( nox8ARHOA?)
-~ GONBUMBH. X8PBKTED "ﬂ;_cnexmpe TEpUBIMBBLYA (AOKBIbHBAT) g
- YBEJMUEHME < 0.> M A pasorpes (NOKARBHHRN) /o, +
{c 80 xo ISOpﬂaBzi °(,} odpaagnauﬁe unaruu)/as'ag/? P
- oTCyTCTBHe nonApuseumy £ Tk TEDMBIIM3BIMA, 0CP830BAHKE @
(B npeaensx A (T )~0,140,2) KBB“H/ZG (7 :
Z1a_JC" p8 uenrp.AA-B3. o N\
(B CPBBHEHHM CO BCEMM HEHTD, AA):
- msorponna B d N, /d CosB” TODMOXGHME, TEPMBAN3ALMA o)
(B O0nsm.4YaCcTH 06K, AA-E3.)
- uaorponna B d E} / dCas 8" TODMOEGENE, TEPMSAN3BLMA P

(B Combu.u8cTH 00#. AA-B3,)

~ COABLMBH. X8paKTep T,:— CNEKTpa TepMsanuasuus (B Coapmed F
Ya8CTK O0RSCTH AA-B38HMOZ.)

- YBYRUUEHHE < D.> n T, 0m) peaorpep (Coabwel yacTu oG-
{c 90 zo II5 MaB) nacta AA-BaauMoneHcTBUA ) .

- coorromesne T,(T)=08 T, (A) T@pPMOAHHAMAYECKO® DABHOBE~ F
1 TN=TKT(p) oS AADOHOB( AT N K)

azn A" _us nenrp.As-paamwoz,

(B CpeBHEHMM C HELGHTD, AA-B3aMM.):

~ YBOMMYGHUE <Nac>/LMy> o0pasoBaHue ksaruy/ 16417/ .
npn p*>I I'sB/c (~ B 2 psas)

- YBONHYGHHE < N> /<Ng> 00pa30BEHHE kparuy/ 16417/ 3
np# p > I TaB/c (~B 6410 pss)

- yBenmuyeHHE d N,</ dy 00psaoBaRne xnaruu/ el,22/ T

B 0CXBCTH < y> (~ B 294 peaas)

Zasa M3 UEeHTP.AA-B3sHMOJ.

- OTHOCHTOABBHU Buxo07 At 00pa30nanNe KIBBI‘IH/17/

<ngp>/en,s <1072 B ~ 10~2aT0=3
(c 90% ypoBEEM ZOCTOBEDHOCTK) (SNz>/<N>=107541077)

3

X 3geX @ 0SHOYBET COOTBATCTBHE OCHAPYXEHHOrD apdoxre
NpeACKasUDAGMOMY CHIHAAY, & ANMHE CRAOWHOK yacTH OKpYX-
HOCTH XSpSKTEpM3yer (YyCHOBHO) CTATHCTHYECKYD ofdcnedeH-
HOCTH (XOCTOBSPHOCTH) NOAYYOHHOrO pe3yabTaTA. :
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ANTIQUARK AND ANTIMUCLEON CONDENSATES IN NUCLEAR REACTIONS
R.J. Slobodrian

tniversité Laval, Département de Physique, Laboratoire de physique nucléaire
Québec, G1K 7P4, Canada

1. Introduction

Cne of the consequences of GUT theories is the dethronement of the absolute vali-
dity of baryon number conservation/]/. Several experirents have been performed or
are still in prooress in order to search far proton decayle/ (4R=1 process) where
the transition ought to yield a yet unknown distribution of fragments. The Grand
Unification Theory of Eeorgi and Glashow ¥/ assigns the group SU(5) to forces of
elementary particles, strong, electromagnetic and weak:

Su(3) @ su{z) @su(1) & su(s) (1)

the SU(5) group 1s a minimal group of gauge transformations permitting unification.
Clearly, larger groups may also be constructed. However, the SU(5) group as pro-
posed allows proton decay but no n-n oscillations. The nredicted proton lifetimes
are in the range of 1027 to 103! years. The difficulties for such experiments
increase towards the longer 1ifetimes due to low energy single pion production by
atmospheric electron-neutrinos. Presently the nroton lifetime is estimated to be

T 2 5x1032 years/zl from so called "classic” decay modes. There are indeed "candi-
dates" for events originating in the decay of the proton, but background problems
are severe, particularly in the range of lifetimes of the order of 1032 years.
There is no clustering of candidates about a dominant decay mode as might be case
for nucleon decavs. Improved experiments are underway, but evidence seems to be
mounting against the SU(S} GUT of Reorgi and Glashowla/, even 1f the proton were
indeed unstable but with a much longer 1ifetime.
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The neutron-antineutron oscillation process n«fi implies transitions with aB=2,
AL=0, Mohpatra and Marshak/M have formulated a model of "partial unification" of
electroweak and stronq interactions/sl based on a group SU(Z)L®SU(2)R®SU(4'),
where SU(4') unifies color and B-L symmetry. This implies the existence of Majorana
neutrinos (AL:Z)/G/ and also n«+h transitions, i.e. aB=2 processes. This group
accomodates intermediate mass scales between Hw and HX of the minimal SU(5) GUT.

The mass hierarchy would be my > my =»my >1 GeV. In the present “minimal" mode}
the proton is stable but n-n oscillations with Thon T 10% sec, are allowed. In
addition processes of the type

NN, Al « n-mesons (2)
are allowed, The transition nn is related to a period (fi=c-1)
I N RRCILILY (3)

where H is determined by the effective Lagrangian 'Ceff’ and dM is the nn mass
splitting. The transition is operated by a six fermion (quark) vertex fﬁf

or ~ Llana.da@) v wc. . (a)
The current status of the search for n-i oscillations yields Ton 10% sec and
experiments at Pavia, Grenoble and Moskow are underway or planned with capabilities
up to 198 sec 17/

There are some more exotic groups, like the SU(16) griwp and its spontaneous
symmetry breaking, which can allaw simultaneously proton decay and n-n oscilla-
tionslﬂ/. At this point it seems clear that predictions about both processes are
based on extrapolations which are necessarily difficult. In addition the calcula-
tions for nucleons and antinucleons for n-n oscillations have been carried out using
the Schrodinaer equation, whereas, even for zero energy a Dirac (or relativistic)
treatment should be required/g/. It is templina to state that theory is qualitative
at best and it has opened the door to violations of some subatomic conservation
laws.

2. Antinucleons in nuclear reactions qualitative model independent approach

The possibility of non-conservation of baryon number may have far reaching
consequences, Hhether or not it occurs in the contex of present theories, it is a
distinct experimental research problem, The absolute conservation of baryon number
requires a conservation law based on a global symmetry. However there are no
grounds to supnort a baryonic phase symmetry as a local gauge invariance/1/.
Pczpecting all "hard" conservation laws, that is, mass-energy, charge, momentum
{1inear and angular) valid in classical, quantum and submicroscopic physics it is
possible to write the equations of reactions 1ike the followina

“58 + ‘z'He ~ 100 + _}ﬁ (5)

18 + JHe » 1iN 4+ 1Ay (6)
where there is a change of baiyon number AR=2. Note that p+p would be a forbidden
transition for an isolated proton as it would violate charge conservation. There are
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qualitative reasons to believe that the cross section for processes like (5) or (6)
may be enhanced compared to free proton decay or the n-n oscillations in an isolated
nucleus: The energy transition is between discrete quantum states, which implies a
resonance in mass-energy, in contrast to a free proton decay to particles in a con-
tiruum, Within the present understanding of nuclear systems as ensembles of quarks
and qluons it is certainly possible to have "virtual" antinucleons and particularly,
in reactions at reasonably high energies, to enhance the virtual antinucleon density
in the reacting system. ODuring the transient of nuclear reactions the interacting
systems are subject to strong accelerations and decelerations, where both non-local
and non-inertial phenomena may disturb strongly symmetries and symmetry laws.

On the basis of quark models of nucleons, antinucleons and pions it is possible
to estimate the proportion of virtual antinucleons that one may find in a multi-
nucleon system. In reactions (5) and (6), carried out at energies around 1 GeV,
there is an enhancement in the virtual (and real) pion density with respect to the
undisturbed nuclear systems. In ol der prequark theories pions were conceived as
bound nucleon-antinucleon doublets. Correspondingly in quark theories three pion
systems can have a nucleon-antinucleon parentaae. The » resonance is coupled to
nucleon-antinucleon pairs.

It is possible to envisage a mechanism
for three virtual pion collisions in
nuclei considering four nucleon clus-
ters: For example, the overlap of a
two pion exchanae (TPE) process with a
single pion exchange (OPE) as shown in
A Fig. 1. I. is feasible to estimate
phenomenologically the probability of
three pion overlap with respect to the
"normal” pion density and, subsequently,
the upper 1imi+ of the probability of
condensina an antinucleon from this
overlap. Notice that the "crossed" TPE,
OPE process between four nucleons is
the one with highest overlap probabi-
lity. From the relation of the ranpne of the TPE process to the OPE process (a
factor of two) it is easy to find that cross sections related to TPL processes are
reduced to a few percent of OPE processes. Here we require the overlap of the two-
pion system with a single pion. Geometrically it is small and the characteristic
times of OPE processes are 10723 sec /70/, similar to lifetimes of p mesons. The
overlap glves a factor between 107! and 1072, Hence the density of three pion
overlap is about 107* compared with the normal pion density. Combinatorial analysis
can be applied to the overlapping three nion system consisting of six quark-

Fig. 1. Schematic of a three pion
collision.
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antiquarks, in orcer to estimate the clustering of three quarks yielding an anti-
nu~leon: V2 = £!/3!x3! = 20. That is, the probability is around 1/200.05. Geo-
metry (topology)/]l/ of auarks and their intertwining will reduce further this
value. Hence, even optimistically the probability of producing spatial antinucleon-
"like systems of anti-quarks is reduced by a factor of about 5x10~¢ with respect to
the usual pion probability densities, the latter beinqg responsible for first order
nuclear processes, as main agents of the strong force/]Z/. Correspondingly, the
cross sections would also be reduced by a similar tactor in the range of 107 with
respect to ordinary processes in the ranae of 107%7em?.  That is, wich a millibarn
as measure of first order nucle » processes, the cross section for production of an
antinucleon within the nuclear interaction volume would be in the range of nanobarns
(10-33 ¢m?) from the crude estimates qiven above, without considering other hindran-
ce factors, some of unknown maonitude, necessary to estimate the probability of
emission of the antinucieon. The Tatter may of course annihilate within the
nuclear interaction volume with a nucleon. As stated above there is no interdiction
stemming from the "hard" conservation laws of physics , heretofore satisfied in
classical and quantum physics. The formation of antinucleons from three pion sys-
tems requires rearrangement of quarks and energies, The question is really in what
way the usual principle of haryon number conservation is related to the dynamics of
interaction process of reactions like (5) and (6). The experimental non-observation
of antinucleon production in nuclear phenomena t5 date may be related to a rather
small probahility of condensino and emitting an antinucleon [or an additional
nucleon) from the overlap of three pion systems. The conventional production of
antinucleons from an incident beam of protons on a target, i.e. with a direct
nucleon-nucleon collision is lacking the essantial feature of multinucleon systems,
like the tightly bound a-particle upon a collision: the possible overlap of three
pion systems from crossed TPE and OPE processes between four nucleons {see fig, 1}.
This situation is probably materialized when the colliding two nucleon system
exceeds four nucleon (antinucleon) masses permittina the crossed pion currents to be
established between rea) and virtual nucleons. Then the two nucleon system is capa-
ble of condensing nucleon-antinucleon pairs, amona other open channels. In such
circumstances there is also a four nucleon channel open, which to my knowledge has
not been investinatel, reauirina also aAB=2., The reactions (5) and (6) may result
in reaction product stars if the antinucleons are condensed inside the nuclear
reaction volume, or they may yield free antinucleons if they are produced peripheral-
ly in a typical "direct"” reaction. The "condensation" of an antinucleon may be fol-
towed by a subsequent “evaporation". 1f the condensation is peripheral and in con-
junction with a coherant outward motion of quarks the antinucleon may be emitted,
enhancing the expectation value of the "condensation operator" (corresponding to our
model for the mechanism). In the context of such a peripheral reaction experiments
may be afded by the detection of the associated heavy recoil in reactions like (5)
and {6).
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It is clear that in re=actions there is a local hiah temperature reaion around
the contact point, Choosina heavier target nuclei, for example 298Pb, the proiec-
tites kinetic energy will he essentially accumulated in a small volume for head-on
collisions around 1 GeV, before beina distributed to the ensemble of nucleons.

Thus it is possible to create "dense" strongly interacting hadronic matter leading
to "deconfinement” of quarks and to a local quark-gluon plasma. Within our knowled~
ge of interactions of a-particle with nuclei it is clear that the kinetic eneray of
the system, starting with an incident energy of 1 GeV, will accumulate this energy
in a rather small volume in the farm of quanta of the field (gluons-mesons). There
is enough enerqy for three real pions or a nucleon (antinucleon}. Hon-local - non
Lorentz invariant interactions are a distinct possibility, with correspondiig
violations of symmetries and non conservation of quantum numbers.

3. Antinucleons {nucleons) condensed from a quark-gluon plasma

{n the context of OCD the Lagrangian may be written as
- wfi. p - f 1 Y
L- i, - m - (s, @) (7

where 5 = 8 + igBu H R“ = ;-1£b£ is a three by three matrix in color space,

I4

lr are the qenerators of the SU(3) gauge groups and bf are the eight color gauge
fields, G T Gz = ava - BUB + 1n[B B 1 is the q1uon field strenuth tensor.
The A—matr1ces are s:m1]ar to the flavor SH(3) svrmetry: {x J] = 21f13k The

spinor ¢ consists of the color triplet of quarks. Flavors f can be restricted to
the u,d quarks, sufficient for the production of nonstranae mesons and baryons,
with which we are concernad here. In peneral, however, the nucleons are complex
and in addition to the constituent or valence guarks we have many quark-antiquark
pairs (sea quarks}. In such a context only the heavier flavor quark pairs € could
be neglected. The term containing the quark gluon interaction in the ACD Lagran-~
gian is
!nt i g b wf e f (8)
which leads to the Feynman rule for a q-3- qluon vertex. Fig, 2 shows a transition
of a quark of calor «fR,B,6) into a
FB quark of color index 8 and a gluon with
Lorentz index u and color a(a=1,2...8).
The vertex factor is

-lzﬂ M . (9

uBu
The repartition of processes based
a /}1 on this vertex for hadrons yields camplex
structures like that shown on Figure 3
far nucleons, consisting of valence
quarks, gluons and a "sea" of quark-
Fig. 2. Basic quark-antiquark- antiquark pairs. Of course this picture
gluon vertex, has to be taken with a grain of salt.
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The observed narticles are nucleons,
pions and their resonant states. That

N
d, is, the algebra of the unobserved quarks
{é‘<a and gluons should produce as physical
s expectation values the observed parti-
u
E v cles.
iy, N During a collision the overlap of

nucleons implies that there is ar increa-
sed quark density and, in the sense of

w2
&

“(hl
i: o
Al
=
o

b) I Bohrs "compound nucleus", quarks loose
_ s the infarmation on which particies were
$ their partners in the initial nucleons
m leadina to some hiaher density "quark
matter", It is possible to reason decon-
Fig. 3a). Interaction between hadrons finement along the lines of the Mott
(f.ex. protons). The blob is a similar transition, defininn a color conductivi-
structure as the nucieon below: quarks, ty o, -mh,’?!T
gluons and quark-antiquark pairs, a.~ e ! (10)
b). example of gluon “structure”. where LN is the mass of the lowest qq
state. ILoca'l hadron production is the
analogue of 'iom'sation/n/. Here one should have
ac=0,TSTcandac>0,T>Tc . (1)

It is thus, in principle nossible to attack the problem of QCD in a statistical
farmulation based on the Lagrangian density. Perturbative QCD: however, does not
permit to express the behavior of the system from confinement to asymptotic freedom.
Lattice QCD nrovides a techninue/4/ which together with renormalisation allows to
carry thermodynamic observahles over the full range of coupling strength. Computer
simulation of the lattice formulation of statistical QCD has been aided by the
advent of larne and fast supercomputers, capable of handling systems with a larne
nunber of deqrees of freedom. A first sten consists of gauge field thermodynamics
(without aquarks: re = 0 dn 7) of Sli{n) keeping n general. The following steo
includes dynamical quarks. The QCD action S is
5 = Sg + Sq (12)

s - t(1-Yeerrmuy + £2 s lperruon) . (13)

9 P, 3 % Mop 3
The U's are for n=3 SI!(3) color group matrices.

@

omlo'
n.lna
Q |a

The couplino parameters 9, 4. correspond to space and time parameters, necessary
as long as the lattice spacings a and a_are independent. If a,=a =aa single
coupling is recovered

a{a) =gla) = g . (14)
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The SU{2) system at high temperatures agrees well with an ideal gas of gluonium
states atm = 1 GeV. For the SU(3) system the behaviour is more discontinuous and
the transition is at higher temperature. For Vo T 400 both SU(2) and SU{3} systems
have a critical temperature

Tc < 150-200 MeV . (15}
Adding dynamic quarks there is a reduced contrast between confined and deconfined
regimes. At low temperatures the system behaves like a gas of mesons (m,p,w...).
There is local hadron production (process similar to jonisation in the atomic case).
There are some interesting details related to the spontaneously broken chiral sym-
metry when mf=0. In the confinement regime it is indeed broken, leadina to valence
quarks with an effective mass around 300 MeV far non~strange quarks. In the decon-
fined plasma, at high temperatures gquarks become massless again and chiral symmetry
is restored. Massless matter fields Tead to a transition between broken to restored
chiral symmetry. For finite quark masses (dynamic quarks) it is possible to obtain
approximate coincidence of the transition for deconfinement and chiral symmetry

restaration. The values for

T, ¥ 200-250 MeV (16}
are deemed to be reasonable. It is clear that statistical QCD provides a deconfine-
ment transition for hadronic matter (at small baryonic density). A "meson gas"”
color screening unbinds quarks and antiquarks producing a plasma of colored parti-
cles. A high density of quarks can be also aobtained by nucleon compression, in
nuclear collisions, The ideal colliding nuclei and the direct evidence af the for-
mation of a quark-gluon plasma are still debatable. It is difficult to accept the
applicability of equilibrium thermodynamics for processes where a local high energy
density s established. However the results quoted above show that on the basis of
such arguments it is possible to establish, independently, the conditions for meson
densities similar to those established quatitatively in 2. Hadron condensation
includes of course also antinucleon systems. \dhat is required is simply that the
local energy density be high enough, such that the mean free path of quarks and
qluons be small with respect to the volume of interaction. Finally, if quarks are
themselves composite, new degrees of freedom may appear and the temperatures for
transitions would be certainly modified.

4, Unified theories applied to the guark-gluon plasma for antinucleon production in
nuclear reactions and nucleon decay.

It is rather simple to proceed in analogy with 8-decay and define the constant
(i.e.: implication scale)
a .
Lo gl/oe? an
in analogy to the Fermi constant. The effective four-fermion Lagrangian from lepto-

quark terms in the interaction SU(5) Lagrangian is
_ My ~cY y Bro= C @ 2C @  =C_p ¥ =C_ G
off = 7T eusy[u Y uL(ZeL yudL+eRyudR + Uy dL YRYudR] + H.C, (18)
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for a generation, ignoring mixing between generations (where a,f,y are color indexes).
In our case we are interested in transitions leading to final states of equations
(5) and (6), ignoring of course baryon number conservation. Inverse processes to
nucleon decay which particularly interesting are:

e n® > p e p? » n e’ - P (19)

e+ﬂ+ +n e+p+ +n viX ~+n (20)
These processes can indeed take place in the quark gluon environment of a collision
described by (5) and (6). The actual Q values of these reactions are rather negli-
gible, but carried out a GeV energies, there is a local quark gluon plasma produced
in a small contact volume. Nucleon individuality can be partially lost to deconfi-
nement. The transitions (19) and (20) can condense antiprotons or antineutrons from
the plasma leading to equations (5) and (6). At such energies the transition rate
corresponding to free nucleons may be enhanced considerably. The antinucieon emis-
sion at 1 GeV should be enhanced in a manner similar to leptonic transitions in
nuclei, where the g-transition rate is a very strong function of energy. On the
basis of this energy dependence we can obtain huge enhancement factors leading to
transition rates in the range of 1019 sec™! and to measurable antinucleon yields in
reactions like (5) and (6). Additional lepton emission will satisfy the conserva-
tion of B-L, difference of baryon and lepton number, as is generally required in

unified theories/15’16/. The basic transition may be written as
p[-)fL+T
nn + T -+ quark-gluon plasma + (21)
nn+ L+ T
for example, in more detail
ntn+T > qg plasma + pvé plasma » p+p+L+T . (22)

5. Baryophores and nucleon-antinucleon transitions

There is another alternative for the emission of antinucleons, this ane consis-
tent with all conservation laws, including baryon number conservation, patterned
along lepton emission from nuclei. It is conceivable that reactions (5) and (6)
could proceede in the following way

11 Ye » 1% 15
B+ JHe g0t Pt 2y (23)

B

“5B * léHe -+ I';N + [l}ﬁ + 2vps (24)
where vy is a “baryophore" or "baryonic neutrino", of small mass carrying one unit of
B, or (ZvB) would be a particle carrying two units of B, scalar or vector.

Under the assumption of the emission of two vg particles the transition rate for
(22) would be given at fixed T- energy in the final state by (fi=c=1, m, ¥ 0)
B

1 2 2 2
= — f M|c d 25
w oo oogl R R (M| Py ? (25)
where p des1gnates momenta, p, " +p, = T- T-, with T final state energy, T- anti-
neutron kinetic energy, tM|2 is a %rans1t1on matrix elerent: = <f|V|1>, with V:
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operator of the transition. Assuming
incident “He energies of 1 GeY it is
possible to estimate {23) and the corres-
ponding cross sections provided that
[M{? depends smoothly on p and p
without singularities and that an a%era-
ge M can replace it as a factor of the
reduced integral. The result depends on
the strenath of v, If it were related
to a weak interaction {G=9~10""“"MeV cm3),
for Tﬁ = 0,5 GeV and a medium target
Fig. 2. Schematic of reactions (23) (A-120) w = 2.4-10° sec”" and the cross
or (24), section would be o ¥ 4410”37 em?.
Surming over anti neutron energies
¥ T107**cm?  one may take these esti-

mates as upper bound values. From mass

scaling it is tempting to assign some

20 keV rest mass to baryophores if
neutrino rest masses are around 10 eV. Both transitions p«+p and nesn for free
particles would be forbidden by eneray conservation if nucleons-antinucleons from
degenerate mass doublets, or if the splittina is below vaB . but could become pos-
sible for excited nucleons (antinucleons). There is no clear a priori reason to

rule out such processes.

6. Concluding remarks

There is a clear baryon excess and asymmetry in the universe known to us today
and it is appealing to speculate on the disappearance of the baryonic symmetry
existing at t=0. If such is the case baryon number violating processes, or else
some _dark matter carrying it (baryophores) are necessary. There is also evidence
of microscopic CP violation of Kaons and more recently of T in nuclear reactions/]7{
General CPT invariance is not proven for non-local, non-Lorentz invariant interac-
tions, and this may imply relevant symmetry violations in processes where accelera-
tions and decelerations acguire extreme values. Clearly "new physics” may, lie
ahead. The study of the production of antinucleons in nuclear reactions seems to be
a challenging and intriguing endevour, which may provide some answers and introduce
new guestions. To my knowledge there has been no experiments to date designed to
study this production substantially below energies required for the emission of

nucleon-antinucleon pairs.
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ALPHA~PARTICLE INTERACTIONS WITH NUCLEI at 12A GeV/c

Chandigarh - Jaipur - Jammu - Lund Collaboration/l/

1. Otterlund
pivision of Cosmic and Subatomic Physics
University of Lund
S6lvegatan Lé
$-223 62 LUND, Sweden

We have undertaken a study of ¢-nucleus collisions in stacks of Ilford
G5 emulsions exposed to beams of 12A GeV/c g-particles at the CERN PS,

72/

Experimental results

In Fig. 1 we have plotted pgeudorapidity {n=-1ptg(©/2)}) density
distributions of shower particles,n , in different intervala of heavy
track producing particles, N, and id Flg. 2 <n> for different Nr
intervales as a function of <na>:‘
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particles in o-Fm reactions at 1A Gev, "
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Fig. 3. The longitudinal momentum
distributions of protons and deute-

rons in the ca ¢ m s for two dif- P, =5
X =
ferent pp slices., A simultanecus
fit of the proton and deuteron
spectra to two Gaussian distribu-
tions is also shown/3/. . t
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Spectator fragments

Prevailing models for fragmentation of a-particles have been tesated in
the CERN ISR /3/. The momentum per nucleon of the incident a particles
in the ISR reference system was 15.6 A GeV/c, 1 e about the same
momentum per nucleon that will be available for heavy ions at the BNL
AGS. Fig. 3 (taken from ref,3) therefore exhibits an illustration of
the longitudinal momentum distributions expected for spectator protons
and deuterons in a fixed target experiment at 15.6 A GeV/c,
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In Fig. 1l(e) the solid unit-normalized curve represents the n region
where the proton spectators are expected to appear in @-nucleus

reaction at 12 A GeV.

Quasie elastic scattering

For peripheral reactions the quasi-elastic scattering may play an
important role. Formalisms where the momentum distrlbutions arise from
direct nucleon-nucleon interactions, have been developed /4-6/. The
free proton-proton elastic crogs-section in the interval 0.01
<|t|<.5(Gev/c)' can be parametrized, by virtue of the optical theorem,

as
2
do . 2 bt
Gz} = "(EFE—) (Lva"je -, (1}
free
where ¢ is the total cross-section, 0 is the ratio of the real to

the imaginary part of the scattering amplitude and the slope parameter
b 1ls 8.0 and 10.3 {GeV/c) ? at s=10 and 100 GeV’ respectively. Above
8=100 Gev? a rather weak energy dependence is observed. If we use thig
formula, the distributions of longltudinal, ¢ and transverse

momentum, p_, of the scattered proton in the rest CErame of the o~

nucleus will be /3/

2bm p
:—ZL « e L pEl-=c0] (2
2
bp,
952 e T ppelo,=] - (31
de

The average longitudinal momentuw is given by <p >=—l/2bn whereas the
average trangverse momentum is given by <p >-/l/lb. The longitudinal
spectrum is thus declining faster than the t:unuvcrle one. If the
degcription is valid, we would expect the longitudinal momentum
spectra of the proton fragments to be only weakly perturbed and the
widths to wmainly reflexct the Fermi motion. On the other hand the
tzansverss spectra would be dominated by the quasi-elastic scattering

process.,
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Fig. 4. n~distributions for spectator and yuasi-elastically scattered
protons.

Fig. 4. shows pseudo-rapidity distributions to be expected tor
spectator and quasi-elastically scattered protons in heavy ion
interaction at 15 A GeV. The mean values of the distributions are

= > .
<n>sp-1n pinc+3 and <n qelsln pinc+2 cespectively

As mentioned above the differential elastic pp scattering cross
section can be parametrized as:

darde - Pt {4)

where t is the squared four-momentum transfer. We have used
b=7,6610.11(GeV/c)”* which is measured at /3=4.93 GeV /7/(E, . =12A
GeV) in the t region [-1.,-.1] (Gev/c)?. Under the assumption o%ugnall
scattering angles, longitudinal and transverse momentum distributions
for the scattered protons are derived from eq 4. These distributions
are convoluted with the Gaussians describing the Fermi momentum in
order to obtein the distributionc for the quasi-elastically scattered
protons. Nucleons scattered quasi-elastically at 12 GeV are expacted
to be found in the n space given by the dashed curve (unit-normalized)
in Fig. 1 e. As can be seen ln Fig., 1(e}, the shower—particles from
the Nhs 0,L : n_ =2 type of events appear in the 1 regions where the
spectator protons and the quasi-elastically acattered protons are
expected to fall. Most Of the spectators have emission angles smaller
than about 1,3°. A similac figure for the quasi-elastically scattered

protons is 3.5°.

As N increases the yield of quasi-elastically scattered nucleons and
spectators decreases and for events with “h’ 35, the spectator region
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is empty. The density of charged particles increases wita N and for
the N _? 35 type of events it reaches a value of= 10 in the mid pseudo-
rapidity region. Thus the observed features are in qualitative
agreement with what is normally associated with central collisions.
Essentially all the incident nucleons have interacted and some of them
might have been stopped in the nuclear environment giving rise to high
charged particle density.

Participants

In Fig. 5, the distribution of the number of participating nucleons
from the target, PA' are given for all impact parameter events
{1€P_&4) and for spectator veto events (P_ = 4). PB denotes the number
of projectile nucleons that take part in the interaction. The points
result from a Monte.Carlo simulation of ‘He + '°*Ag interaciions.
Generated target nuclei are bombarded by a beam of generated
projectile nuclei. By counting the number of hit nucleons in each
interaction and using a frozen straight line geometry the distribution
of wounded nucleons are obtained. A nucleon is considered to be struck

whenever a hadron passes within a distance of /Gku ‘ne. EAR
s,

10? rﬁ T T T T
° <Py st "He+ 1%tAg
10? oq%izzaxnk n
:. ﬁ%
10 [ % N
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o L] PE=I" <]
3
£ 4t a .
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Fig. 5. P, distributions resulting from Monte-Carlo simulation of

“He + MlAg interactions. Observe that only the production cross-
section is given., The curve Pp = 4 represents events where all
projectile nucleons have participated in the interaction (spectator

veto events).

240



Comparison with a wounded nucleon model.

The dashed curves in Fig. 1(2),(b) and (c) are derived from a
phenomenological model /2/. In this model the particle density is
given by:

pig.x} = PBpol7)ll+Bl7)lk—l)J = PEPpA]?,k) s

where k is defined as k=pA/pB and ,u(y) is the rapidity density in
nucleon-nucleon collislons at the corresponding energy. The function
B(q) 1s determined from nucleon-nucleus data. We have used proton-
emulsion data 1In order to determine the distributions g A(q,k) where
the k-values are taken from Fig. 2. (See text below) As can be seen
the model represents the data falrly well, However, with increasing Nh
there is a statistically significant excess of particles in the mid
psuedo-rapldity reglon and, for N » 35 type of events the particle
density in the target region is lower than what is predicted by the
model.

Fig. 2 shows <n> for different N  intervals as a function of <n >~°,
<n> angd <ns> are calculated with a cut at n=4.5 in order to exclude
spectator protons. In ref. /8/ it has been shown that for p+Em
interactlons <n> increases linearly with increasing <ns> “!, The solid
lines represent the expected number of participants from the
projectile, P_, and from the target, P, , respectively derived from a
simple wounded nucleon model /2/. The dashed curve results when pA is
held fixed and one calculates the average PB. The Jdotted curve is
obtained by the reversed procedure. The lines are derived from a
parametrization of proton-emulsion data and the curves are the result
of Monte -Carlo simulations. The error bars shown are from statistics
only.

Conclusions

Besides the aa& and dd experiments at the CERN ISR, this is the first
study of nucleus-nucleus collisions at energies above 5A GeV peformed
in an accelerator based experiment. The energy domain discussed in
this paper is of speclal interest because of the possibilities to
reach maximum baryon densities and it will soon be available for
studies of heavy ion interactions induced by lons up to Sulphur at the
BNL AGS. We have observed a strong correlation between the number of
participants and the multiplicity of target associated framgment (Nh).
The pseudo-rapidity density distributions and the correlation between
<n> and <n_> can be reasonably well understood from a wounded nucleon
model, c.f. Fig. 2. However, when compared to the model, an excess of
particles appears in the mid pseudo-rapidity reglon for the central
a+(Ag,Pr) interactions.
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SPECIFIC ENTROPY AND THE LIGHT PARTICLE YIELD IN
RELATIVISTIC HEAVY TON COLLISION

H. Schulz

Central Institute for Nuclear Research, Rossendorf, GOR

G. Rdpke
Wilhelm Pieck uJniversity, Rostock, GDR

1. The study of the entropy production in relativistic heavy ion colli~
sions permits us to investipate the behaviour of matter far from the
ground state. This is because the entropy is assumed to grow rapidly
when the nucleons make their first collisions and to remain almost con-
stant in the expansion phase when the interaction between the constitu-
ents of the nuclear fireball ceases. Cascade /},2/ and hydrodynamical
model /3,4/ calculations are capable of describing the complicated col-
lisjon dynamics and therefore,can provide us witn a window et an early
stage of the reaction where matter was still hot and dense.

According to the suggestions of Siemens and Kapusta /5/ the entro-
py per baryon produced during the collision process can be extracted in
an indirect way via the yield of the composite particles. The "experi-
mental" entropy was originally inferred from inclusive measurements
which gave significantly larger entropy values than those following
from cascade calculations for central collisions or from estimates based
on ordinary equations of state for hot nuclear matter. This discrepancy
between theory and experiment made up the co-called entropy puzzle (see
ref. /6/ for a2 recent review). The experimental situation has substan-
tially been improved by measuring the charge multiplicity dependence of
the light composite particle yield. In fact, Gutbrod et al. /7/ and
Doss et al. /8/ have shown (cf. fig. 1) that the yield of d, T , 3He,
*He increases steadily with baryon charge muliiplicity and levels off at
high multiplicity values. In view of these new data it becomes evident
that the thermal model assuming chemical equilibrium /9,10/ and the
original coalescence medel /11/ which both predict a cluster yield in-
dependent of the size of the emitting source may only be applied for
large multiplicity events (small impact parameters) when the bulk dy-
namics limit may asymptotically be reached.
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Utilizing the coalescence model of Sato and Yasaki /12/ the trend
of the experimental data for the cluster production as a function of
the baryon charge multiplicity Aﬂa could be flsted by Doss et al. /8/
introducing a source radius proportional to A/ s and a con=tant temper-
ature inferred from the proton spectrum. These assumptlons imply that
the break-up density and the associated specific entropy values remain
constant as a function of the participant number or the impact parame-
ter. However, such assumptions are unsatisfactory from a physical point
of view becsuse the consideration of a fictitious source obscures the
complicated dynamical aspects of the freeze-out process. They also con-
trast with the predictions of rascade calculations /2,13,14/ which show
that the specific entropy increases with the impact parameter and that
the maximum density reached in the participant region is the lower the
more peripheral the collision process is.

2. The entropy value is calculated by means of the indepandent parti-
cle approximation, i.e. one introduces a probability that a certain
single-particle state or a certain phase space volume is occupied. In
the fermi gas approximation one has

gdyH@wﬁ«U—U@H(A-iﬂ, (1

where d X' is the phase space volume element containing the usual spin-
isospin degeneracy factors and the distribution function { is normal-

ized to the particle number A of the system. In the classical limit

(1(‘) «4 , one finds the expression

3/,
S/ = % - B d>2 7)), @
which can be compared to the Siemens-Kapusta formula /5/

S/A =5 - &“['\RAP“}B 7 ) ()

whereupldél is the ratio of the deuteron-like fragments to the proton-
like particles. The cascade model permits us to calculate the phase {
space occupancy and the‘igwﬁé' ratio separately.

The method for the evaluation of the entropy vla the phase space
distribution function { has been described in a prev1ous paper /2/.
There it was assumed that a local thermodynamical equilibrium is es-
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tablished in each subvolume AV, of the whole interacting zone of the
two jons. In this case the distribution function for a single cell is

= - 2
flgd)-fevpl-g-md@) 2mT ) @
with
—_ 3 _
—g _ Ni[\l - g '\
SN o (s)

where N- is the mean particle number in A\/' , the factor 4 is due to
the spin-isaspin degeneracy, g denotes the mean particle density in
the considered subvnlume, 1JU:) is the mean velocity of a cell and

s (2w T H—Y) stands for the thermal wave length of a nucleon.
The temperatur I‘H,) is determined via energy conservation, whereby the
cooling effect due to the pion and other particle production is taken
into account. In the calculation we have used everywhere relativistic
formulae and employed the relativistic Boltzmann distribution function.

The ratio"e,,lph of quasideuterons A(’,"\u to the proton-like parti-
cles is given by /15/

(‘L) v
T’S?ZRU{ £ £ ,(j ,% .E‘Q(&L"C)'(s)

@»
vhere np is the two-particle distribution function of neutron-proton

pairs and 3& stands for the Wigner transform of the deuteron density.
The factor 3/4 is due to spin-isospin degeneracy and-the integration
has to be performed over relative and center-of-mass conrdlnatef. Appro-

‘e

ximating the deuteron wave function by a Gaussian one,

oxp C‘ ‘_2/2 \—7;\ j , then 3, (r,p) 1is given by

A 2
. - - 7
3d(flf>' “3(2)(6-,( v/\—(,1 Prd), )
We make the replacement
b) @)
= LG w[f o) (8)

Assuming an emitting source of radius RP and a Gaussian spatial nucleon
distribution the integration (6) can be performed and the final result

is
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« . A2 <1€m> (9

‘2 237 T 153
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Here the average phase space occupancy <¥ 715 given by

3 3
m]> Cas N - (g > f\__
f 4 (Lq Ry ™) " W2 ) (10)

where A(“S stands for the number of struck particles calculated in the
cascade model and(§$ is their average density. Inserting (10) inte (%)
the expression for "RdP" goes over into that derived by Sato and
Yazaki /12/ and employed in vefs. /7,8/ to infer the mean sizes of the
source and the deuteron-like pairs from experimental data

6Np .

Ryo W an
¢ L1+T£> (14 )

For the sake of simplicity we have considered symmetric nuclear matter
and Aco«s/l replaced by the number of charges 'Vf’ triggered in the ex-~
periments of refs. /7,8/.

Doss et al. /8/ used expression (11) in order to infer directly
from the comparison with the data the size uf th1e fictitious source
emitting the particles by assuming RP = rn A/P) and the parameter
characterizing the extension of the deuteron like pairs. Keeping in mind
the freeze-out concept in a cascade model the value RP(NP) is a calcu-
lable but timedependent quantity which determines the break-up density.
Furthermore, the "source" radius RP and the temperatur ] are also not
independent quantities. Thus, applying the cascade model one can play
around with the cluster size parameter Y and consider different break-
up situations in order to fit the experimental cluster abundances.

In the case Rp»'l , at which the bulh limit dynamics should work,
one obtains

12 <D
12 £35S Ro>>+
« Q\ t T ) ) Ferd (129}
Rd() = -‘5/{ u
3[—] Lkd')» (’MU‘ 3 t‘) ) Ron ’ (12b)
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Using the first expression (12a), one calculates within the cascade model
the mean phase space occupancy (~F“)> which does not change after the
free motion sets in and the associated entropy is

SA4=.% - 6»‘L( Fh%>21€] The quasi-deuteron effective radius ry has

then to be adjusted to fit the experimertal QA? values. The second
expression (12b) has been used by Doss et al. /8/ to predict "asympto-
tic" Qaf: values,.

In interpreting the radii of the composites, one has to consider
that they are embedded in a nuclear medium which affects their effec-
tive binding energies in such a way that they become less bound as
denser and/or cooler the medium is. Only for a low density medium, one
can expect that the effective radii are equal to those of the free com-
posites. In other cases they are larger /16/.

3. Since the ratio A [N (p&Lu increases with charge mu1t1p11c1ty NP N
the data suggest (see fig. 1) that the phase space occupancy (,( > is
significantly larger for central collisions than for peripheral ones.
This behaviour has as a conseguence that the specific entropy should
increase with impact parameter because the entropy is the larger the
further the nucleons are from each other in phase space, i.e. the
smaller the probability of forming composites is. The cascade model
calculations reproduce this tendency quite well. From fig. 1 it is
clearly seen that the calculated entrupy decreases sleadily as the
charge multiplicity A’P increases. At small impact parameters (large
multiplicity values) the entropy curve shows a saturation-like tendency.
This behaviour is in accord with the results of refs. /13,14/.

In the right-hand part of
fig. 1 we compare these entropy
values with those following from
applying formula (3) and show the
1 ratio 12 £ /(d i | Pertne )

which can be interpreted as

SiA

t

4 measure of how close the cascade
é results are to the so-called bulk

equilibrium limit. The results

0 point out that this limit is far

to be reached. In other words, the

specific entropy values extracted
by means of formula (3) are for central collisions between 4 and 5 units
whereas the cascade model gives a value which is more than one unit
lower. Similar results have been found in ref. /14/.
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The situation is not substantially changed when considering a some-
what heavier system. In fact, for the reaction ¥b+Nb at 0.4 GeV/nucle-
on /8/, the entropy value following from the cascade calculations for
central collisions is 5[4 = 3.0, whereas formula (3) gives SAA = 4.3,
This fact and the results for thela +Ca system indicate that the ac-

count of the finite size ef-

[ Ih'Cu'CD ! » mv#ww fects of the emitting source
105GV nucteon

seems to play a decisive role
in explaining the connection
between entropy and fragment
production which is made more
transparent in fig. 2. There
we show for three different
impact parameters for the reac-
tionCa +Ca at 1050 MeV/nucleon
the density, the specific en-~
tropy and the "ﬂd(; values.
The time dependence of these quantities has been rescaled in such a way
that 4 = 0 corresponds to the situation where the two nuclei having

initially a Woods-Saxon density profile touch and the value of the over-
-3
).

lapping density at this point amounts to &, /10 ( 9, = 0.15 fm

The curves for the entropy evolution illustrate that the system
formed by the participants gains entropy mostly during a short time
interval at the compression stage (see also refs. /1,2,13,14/) and that
the entropy remains fairly constant when the expan51on phase sets in.

In the lower part of fig. 2 the theoret1c31 R;ﬂf values are com-
pared with experimental ones. It is seen that “R dP is a slightly in-
creasing function of time, although the entire system expands adiabati-
cally. This behaviour is an artifact which is mainly due to a too simple
picture behind the sudden freeze-out concept. This can be seen in the
upper part of fig. 2 where the number of struck particles considered in
calculating the density &€ is shaun. Far the central callisian the den-
sity @ reaches its maximum value when only 60 % of the nucleons has
suffered a collision. Thus, such a behaviour of the entire collision
process would require a dynamical treatment of the freeze-out mechanism
itself (cf. ref. /17/) which is not considered in the present work,

Interesting enough, the results obtained for‘.R(ﬂp“ according to
(9) suggest that with a reasonatle choice of the radii of the clusters
and by fixing the break-up moment by choosing a break-up density of say
9; /3 the experimental data can be reproduced. As concerns the rms~radii
of the fragments there is the tendency that smaller(rd 2 values are
required to fit the data the higher the specific entropy is. This
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agrees with the predictions of ref. /16/ in which the changes of the
rms-radii of clusters embedded in a hot nuclear medium have been calcu-
lated.

The results shown in figs. 1 and 2 demonsirate that the cascade
model predicts entropy values which are smaller than those following
from the bulk equlibrium limit and that at the same time the model is
able to reproduce the cluster abundances reasonably weil, although the
consideration of the freeze-out process itself is lacking desirable
qualities. Our analysis of central collisions of ¥b +Nb at 400 Mev/
nucleon gives also strong support ta the fact that the bulk equilibrium
limit for the specific entropy is not yet reached and that the col-
liding systems have to be larger to diminish the influence of the finite
size effects in the fragment formation. Furthermore, to retain the
validity of a simple relationship like (3) between theory and experiment
(i.e. between the specific entropy aid the cluster abundances) a low
accupance <A{ 7 of the available phase space is necessary. It could
te achieved by passing to higher beam energics, because the available
phase space is determined by that portion of the beam energy which is
converted into thermal motion. From the experimental data of ref., /B/
such a tendency can be seen when comparing, e.g., the cluster yield of
Ca +Co at 0.4 and 1.05 GeV/nucleon. But it is still an open question
which degree of global thermalization at higher beam energies say
(2 - 3) GeV/nucleon ist established.

As caoncerns a mare peripheral collision processes, the influence of
the decay of the spectator matter and its contribution to the entropy
and the fragment yield should also be investigated. The cascade approach
permits us to distinguish between the spectators and participants and
allows us teo calculate their disintegration process separately. It could
well be that the cluster yield as measured by the 4 W detector could
turn out to bLe somewhat lower for low multiplicity events when experi-
mentally a clear distinction between spectator and participant matter
would be possible.

In summary we would like to say that in spite of the fact that
there exist still open problems mentioned above, the theoretical inves-
tigation of the charge multiplicity and impact parameter dependence of
the light particle yield has substantially reduced the original puzzling
of the entropy problem.
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B. Rolb, H. Ldhner, B, Ludewigt, A.M. Poskanzer,
H.G. Ritter, H.R. Schmidt and H. Wieman

Gesellschaft fur Schwerionenforschung, D-6100 Darmstadt, BRD

Nuclear Science Division, Lawrence Berkeley Laboratory,
University of California, Berkeley, CA 94720 USa

I. Introduction

One of the -wultimate goals in studying relativistic nuclear collisions is to
study the behaviour of nuclear matter at densities different Erom the ground
state density. It has been suggested that composite particle production [1-5] as
well as two-particle correlations {1,6] are relevant observables to determine
the slize of the participant volume at freezeout. However, the two particle
correlation method determines the thermal freezeout density, the density at
which collisions between fragments cease, while the composite particle produc-
tion method determines the chemical freezeout density, the density at which com-
posite particles cease to form and break up. Futhermore, there are calculations
[7-9] showing that the observed ratio of deuterons to protons can be related to
the produced entropy in the system. If the entropy stays constant duting the ex-
pansion phase [10,11].the composite particles contain information not only about
the freezeout but also about the initial stage of the collision, where the nuc-
lear matter is compressed and hot.

The importance of contributions from heavier clusters (A>4) for the entropy
production has been discussed [3,9]. Since the cross-section for producing heavy
cluster goes down with increasing bombarding energy [9] this effect is most im-
portant at low bombarding energles while at higher energies the contribution is
thought to be negligible. In additlon there are also different suggestions
[8,10] as to how the production of composite particles other than deuterons
should be counted. Up to now all information about composite particle produc-
tion except for refs. 4 and 5 is based on single particle inclusive data which
averages over all impact parameters. Most of the models, however, are for infi-
nite nuclear matter which means that it is of great lmportance to hnow how the

a) present address: Division of Cosmic and Subatomic Physics,
University of Lund, S-223 62 Lund, SWEDEN
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observables vary with the size of the reaction zone to make a reasonable
extrapolation for comparison with calculated quantities. In ref. 4 the deuteron
to proton ratio was reported for the first time to depend strongly on charge
particle multiplicity, i.e. on the size of the participant volume. This
presentation is a continuation of the results reported in ref. 5 where the
deduced freezeout densities and entropies were compared to model predictions.

I11. Experiment

The experiments, studying 400 and 650 MeV/nucleon Ca+Ca, Nb+Nb and AutAu and
1050 MeV/nucleon Ca+Ca were carried out at the Berkeley Bevalac. The data were
taken with the Plastic Ball/Wall spectrometer [12] which consists of 815 DE-E
telescopes each capable of identifying hydrogen and helium isotopes as well as
positive pions. The Plastic Ball covers an angular range of 9-160 degrees in the
laboratory system. The DE information is obtained from a 4 mm thick CaF, crystal
while the E information comes from a 36 cm thick plastic scintillator. Both the
DE and E signals are read out by a common photomultiplier and separated electro-
nically by applying different gates to two ADC's. Positive pions are detected by
recording the positrons coming Erom the (ST decay. The forward angular range
from O0-9 degrees is covered by the Plastic Wall which measures time-of-flighe,
DE and the angles of the particles. This part of the detector system only iden-
tifies the nuclear charge of the particles and does not identify the different
isotopes. The Wall is in part aiso used to define the event trigger. The data
presented here were taken using both a minimum bias trigger and a central colli-
sion trigger. The minimum bias trigger means that events in which a beam par-
ticle appears at 0 degree are rejected, while the central trigger means that
events in which any particle with beam velocity appearing within + 2 degrees in
the forward cone are rejected. The experimental set-up is schematicaliy shown in
figure 1.
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Fig. 1. Schematic view of the Plastic Ball/Wall spectrometer.
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III. Composite particle production

To extract information about the size and density of the participant volume,
it is very important to exclude the target and projectile spectators in the ana-
lysis as well as covering the same area in phase space when comparing the pro-
duction rates for different species. The d/p ratio determines the volume of the
system at freezeout and to determine the density one needs to know the number of
baryons in this volume. The participant baryon charge multiplicity is defined as
N . This quantity also takes the participant protons bound in clusters (d,
t,’He,"He) into account. The contribution to N from these clusters can easily
reach 40 percent. The participant multiplicity is determined in the same way as
described in ref. 5. The participant baryon charge multiplicity, Np. will in the
preceding discussions be abbreviated to proton multiplicity.

The Plastic Ball spectrometer has full particle identification only in a Lli-
mited part of the full phase space. To extrapolate from differentially measured
to total integrated yields one therefore needs a model. Here the coalescence
formalism described in ref. 3 will be used to fit the deuteron to proton ratios.
This model was also used [5] to illustrate how the overlap area in phase space
for the different species is determined.

The data in fig. 2,3 and 4 are presented as ratios, determined in the overlap
region, of the composite particles (d,t,’He,"He) to protons as a function of N
for the three systems Ca+Ca,Nb+Nb and Au+hu at different projectile energies.
The relation between the baryon charge multiplicity and the observed protons,
N /p, 1is also shown in the Eigures. These ratios are about 10/l and the reason
Eor this is that N_ is determined using all particle while p is determined using
only those in the overlap region mentioned above. All curves show approximately
the same behaviour of increasing cluster production with increasing proton
multiplicity and that the curves are levelling off at high N_ faster Eor the
higher bombarding energies. P

The dlike/plike ratios, determined in the overlap region, are shown in figure
5 as a function of N for Ca+Ca and Nb+Nb at different bombarding energies. The
definition of dlike was taken from ref. 10 and is given by
d . =d+ 3/2(t + *He} + 3 "He (1)
like

and the quantity Plike is defined as

Pliye ~P+d+t+ 2(’He+ “He). (2)

The functional forms of the observed dlike/Plike ratio are understood in
terms of the coalescence model [1,4,5,13]. Here an improved version of the model
[1] is used. This is a complete 6 dimensional phase space calculation [3] where
the radii of the deuteron and the participant zone are related to coordinate
space, and where the temperature of the interacting region is related to the

momentum space. The temperature, T, and the radius, r , of the participant zone

d
as well as the deuteron radius, rd, are related to dlike and pllke through
-3/2
= - 1+ 2 : N
dllke/plike 6{(A - 2)/2)( (rp/rd) } o
3/2 (3)

i
x (1 + ZmTrd)
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<] ‘ Fig. 2. Ratios of the produced com—

1 posite particles x (x = d,t,
’He, "He) to protons as a func-
tion of the proton multipli-
city (N ) for the system
ca+ca af 400 and 1050 Mev/
nucleon., The N to p ratio
is also shown.P

Ratio x/p

L PcavCa « sy
{400 MeVirucicon - 1050 sy rucran

Ratio x/p

2

Whttn RTT6T & g W “Npb o+ PN Fnn + Fp

N, - 400 Mev/iucleon 650 MeV/nuclaon

2

1

T
[ S

L L _l F— .
20 40 €0 B0 0O 20 43 63 <o
NP
Fig. 3., Ratios of the produced compo-
gite particles x {(x = a,t, He,
“He) to protons as a function
of the proton multiplicity (N:)
For the system Nb+Nb at 400 °
and 650 MeV/nucleon. The N
to p ratio is also shown.
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Fig. 4. Ratios of the produced composite
particles x (x = d,t, He, "He) to
0.01 - protons as a function of the pro-
ton multiplicity (N} for the
system Nb+Nb at 400Pand €50

T T A T R MeV/nucleon. The N_ to p ratios is
also shown. The cufves are from
0 50 100 150 the calculation described in ref.
Np 9.
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where the factor (A ~ Z)/Z makes up for the difference between neutron and pro-
ton number and m is the nucleon mass. The radius r_, assuming a spherical source

is parameterized as r_ = ro(AN /Z) , where A7 ig the Eactor converting the
participant baryon charge muftiplxcity to participant baryon multiplicity. The
reduced radiug, r , is then related to thke density by p = 1/(4ncd). The

paramet: ization for r_ used here is the same as in ref. 5 which differs from the
one used in ref. 4, Tﬁe temperature in Eg. (3) is the apparent one obtained from
particle spectra. This is a first -vder approximation to the original full §
dimensional phase space calculation [3] where both the parallel and the
longltudinal temperatures enter. In the fits to the experimentally observed
ratios, :0 and r, wece free parameters. The temperature, T, was taken to be the
mean temperature obtained from Boltzmann tits [14] to the proton spectra at 20
degrees In the center of mass system. The fits are presented as solid curves in
fig. 5. The temperatures used as well as the extracted parameters are given in
Table 1. The r_ values are the rms values for a Caussian density distribution.
To convert these values to equivalent sharp sphere radii the listed values have
to be multiplied by (5/3)1 2. The resulting freezeout densities are shown in
fig. 6.

Table 1. Temperatures used in the fits and the rms radii extracted using

Eq.(3).
System Energy T r r
(MeV/nucleon} (MeV) (Em) {(fm)
Ca + Ca 400 50 1.13 + 0.05 4.5 ¢« 0.4
Ca + Ca 1050 85 0.87 + 0.06 4.1 0.4
Nb + Nb 400 50 1.15 + 0.05 5.1 0.5
Nb + Nb 650 70 0.97 s+ 0.06 4.6 = 0.5
Au + Au 400 65 1.02 + 0.03 1.9 0.4
Au + Au 650 75 0.94 ¢+ 0.03 5.2 + 0.5

These densities between 0.5 and 1.0 times normal nuclear matter density dif-
fer from the results obtained from two-particle correlations [15] which give a
thermal freezeout density of about 0.25 times normal density. Some possible ex-
planations for this observed difference were discussed in ref. 5.

From £ig. 5 It is seen that, when comparing two system at the same energy and
number of participants, the production of composite particles is approximately
the same. On the other hand when comparing the low energy data with data at the
higher energies it is seen that the production of heavier particles decreases
wlth increasing projectile energy. This is thought to be due to higher tempera-
ture thus suppressing the production of composlte particles. The increasing
ratios with increasing proton multiplicity was for a while interpreted as being
an effect of finite particle number limiting the formation of clusters at low
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multiplicity. This was, however, ruled out in ref. 5 based on a calculation

using a statistical model [16], and the behaviour of the curves in fig. 5 is

instead believed to be an effect of the finite size of the deuteron which, at
low proton multiplicities has less overlap with the small participant volume

[a,s].

IV. Entropy production for infinite nuclear matter

The production of composite particles are through different models related to
the prcduced entropy in the system. Here we use the same methods to extract the
entroples from the measured d ratios as was described and discussed in
ref. 5.

The models used are calculations for infinite nuclear matter and use the
asymptotic values for large N_of the ratio, (dlike/plike)asymo' to determine
the produced entropy. The asymptotic values were determined by using Eg. (3) for

like’Plike

infinite proton rultiplicity which then gives:

_ -1 -3
(dlike/plike)asymp =2.1218A "R

32, (4

x (1 + ZmTr;)
where N = nunber of neutrons, A = mass number and R = r /rd. With the parameters
extracted from the fits shown in fig. 5 and given in Table 1, the asymptotic
values were determined for all systems. These values and the corresponding
entropy values 5/A obtained from the different models are given in Table 2. The
errors given are based on the errors in the fit parameters due to statistics.
Also shown are the dlike/plike ratios at maximum charge baryon number (Z of the
projectile plus the Z of the target). These values could be used to extract
entropy for comparison with calculations for a finite nuclear system at zero
impact parameter.

Table 2. The asymptotlc (d values and the entropy per nucleon

11ke/plike)asymp
for the different systems extracted by using cthe two models described
in the text. The values are determined using the fit parameters from

Table 1. Given is also the ratios at maximum charge baryon number

(dlike/plike)max'

System (Hei;::gieon) (dlike/pllke’astP (dlike/plike’max (Fazﬁ:ta) (Stgéier)
Ca+Ca 400 0.9420.12 0.53:0.04 4.20¢0.25 2.25:0.50
Ca+Ca 1050 0.9520.19 0.48:0.03 4.20:0.25 2.206290.50
Nb+Nb 400 1,00:0.13 0.68:0.05 4.15£0.20 2.400.35
Nb+Nb 650 1.0110.15 0.6620.05 4,15:0.25 2.40£0.50
AutAu 400 1.07:0.10 0.78:0.03 4.09:0.07 2.40:20.20

Au+tAu 650 1.11:0.10 0.73:0.03 4.0520.12 2.25:0.2%
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The entropy per nucleon extracted using the different models is shown in fig.
7 as a function of the projectile energy. The lower points are from the model by
Stocker [9] and the upper ones are from the model by Kapusta [B]. The most
striking feature of fig. 7 is the big difference in entropy obtained from the
two models, even though the basic physics going into them is essentially the
same. The main differences between the two models are that in ref. 9 the
contribution to the entropy from the decay of unbound resonances and pion
production is included while these effects are not taken into account in ref, 8.
Tne first effect is most important at low bombarding energy while the second one
contributes to the entropy mainly at the higher projectile energies. It is,
however, not clear which of these effects that cortribute most to the difference
in the extracted entropy values.

It is also known that at the highest proton multiplicity the experimental data

[17] account for most of the charges in the system not allowing much room for
heavy clusters. This is in agreement with the calculation of Stdcker [9] which

Sk —~Fig. 7.

Entropy per nucleon {(S/A) as a func-

% tion of bombarding energy for the

—| three systems Ca+Ca (open circles),
Nb+Nb (filled circles}) and Au+Au
{open squares). The smaller error
3+ . T —]|bars are Erom statistics only while
T the bigger ones also include the con-
tributions from systematic errors.

[

1+ -
0 1 | i 1
g 250 500 750 1000 1250
; v T +
Bombarding energy {MeV/nucleon} P -
- s
° (o )
>
[ e —W
/
<, -/ Mean Field  _|
. [%2)
U ]
Fig. 8. [
Entropy per nucleon {S/A), extracted 1 r. ]
using the model in ref. 9 as a func- 7
i £ bardi « The sym-
;0?2 :avzoth:rsa:z ::::gig aaein Fig. - 1 ] L
6. The curves labelled Fireball and 0 250 500 750 1000 1250 ¢
Mean Field are results of calculations
described in the text. Bombarding energy (MeV/nucleon)

258




gives about 1 % of all charges in clusters heavier than alphas. For infinite
nuclear matter the same calculation gives about 15 % of all charges in fragments
heavier than alphas indicating that the production of heavy fragments cannot
alone be responsible for the observed difference in the extracted entropies. The
s50lid curves in fig. 4 are the predictions for Au + Au at 400 MeV/nucleon using
the model described in ref. 9 and it demonstrates the good agreement with the
experimentally measured composite particle ratios.

If the produced entropy stays constant during the expansion then it contains
information on the eguation of state which controlled the reaction. However, one
is still forced to rely on models relating the bombarding energy to the density,
Fig. 8 shows the result of a comparison between the experimentally extracted
entropy values wuging the model by Stécker [9] and two model calculations. The
dashed curve is a fireball calculation where per definition all available
kinetic energy goes into thermal degrees of freedom and no compression or
density increase is implied. This calculation for a freezeout density of o/oo =
1, gives too high entropy values compared to the experimentally extracted ones.

In the hydrodynamical model some of the available kinetic epergy naturally
goes into compressional energy. Such a calculation using an equation of state
based on the relativistic mean field theory of ref. 18 show very good agreement
with the experimentally extracted entropy values using the method of ref. 9. The
choice of the egquation of state does not change the entropy production
significantly as was pouinted out by Stdcker et al [19]. To differentiate and
determine more precisely the proper equation of state is not possible partly due
to the systematic errors in the method of extrapolation to infinite matter. We
therefore emphasize the need for methods and models describing tae finite size
of nuclear systems, where our data are of higher precision. However, from fig. 8
it is clearly secn that compression has to be present to explain the produced

entropy in the collision.
V . Conclusions

We have presented data on composite particle production as a function of
multiplicity for different colliding systems and energies. These data can be
understood by the improved cnalescence model []]. The obtained radii for the
interacting volume give chemical freezeout densities close to normal nuclear
density. We have also presented results on entropy production in the systems
studied by considering two different models for the determination of the
The results show large differences showing that the determination of

entropy.
nuclear collisions is strongly model dependent. Favouring the model

entropy in
by Stocker [9] we conclude that compression is achieved in the collision and
that the no-compression fireball model produces too much entropy. A further
distinction between compressional potential-and compressional kinetic energy is
not possible since these two quantities are not independent of each other., A
determination of the proper equation of state from data would be improved by a
model which does not need to extrapolate from the finite size volumes in nuclear
collisions to that of infinite matter, but rather uses the higher accuracy of

the experimental data themselves,.
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ITPOCTPAHCTREHHO~BPEMEHHAA KAPTVHA PREIATVBHCTCKAX
SEPHHX  CTOJIHOBEHMR ¥ EE IPOSBIERVE B CIOEKTPAX
BTOPIMHEX YACTH

A.C.Borrmia, A.C,.Mapmaon
Hacraryr arepaax mcoaexpopamed AH CCCP, Mocxsa
K. K, T'ymama
Urcraryr mprriapuof gmszrm AH Mosmascrof#i CCP, Kmmwmes
0.B.MiBarop, W.H. Memycran, B.H.Pycckmx, JI.M,Carapos
lBcTRTYT atomHol Smeprwn M, W,B.Kypwaroma, Mocksa

1. BERIEHME

OcHOBHAA Nea: JUSHKE TARENHX HOHOB TPOMEXYTOUHHX E BHCOKEX
sHepruft cocTONT B M3YYCHEW HOBHX COCTOAEXY ampoHHOX MeTepHH,yualeH-
HHX OT OCHOBHOTO COCTOAHHA fIep., HamGoanmmil mHTepeC BH3KBAET BO3MOX-
HOCTh HaOMOIEeHHs (a30BHX IEDEeXONOP B ANCDHOM BEMECTEE,TAKHX  Kax
IUIKOCTE-ra8, IMOHHAH KOHIECHCAIMA, AeKoB(RIMeHT (KBADR-TVIDOHHAS
wasMe), CnenedEra ANePHHX CTOAKHOBEHHEY COCTOHT B TOM, 3TO H3MEHe-
HHEE COCTOAHEA SEEPHOT'C Bemec?Ba OPORCXONET B GHCTPOM IHHAMAYECKOM
oponecce, IloaToMy NOCTHXGHHe yRA3aHHOY BHNE LOeX? TECHO CBASAHO C
N3YYeHMEM MEeXAHW3MOB ANCPHHX pearudii IpH PAVMYHHX 3HEDIEAX.

Mexamwamy SnepHNX CTOJEKROBEHMH Np# BHCOKMX SHEPTEAX ( E {ah BHUE
HECKOJBKEX coTeH MaB/Hyrn,) ERTEHCEEHO M3yYanrca yxe. OROIO IO JeT,H
ceflyac MOMHO CYHTATH YCTEHOBJAGHHHME HX TJABHHE YepTH. (ueHp MAONOT-

‘BOPHOﬂ BHeCH OKasalack HIed, corMyJmpoRaHRAA €me B pado're/ 1% , COT-
JIACHO KOTOpofi B CTANKMBANMEXCA ANpPAX BHEGNAOTCA SKTHEHHE YACTH, [O-
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nalspm@e B 06]acTh TeOMEeTPAYSCKOIO TEePEeKPHTHA, M NACCEBHHE YACTH,Je~
xamwe BAe sTof#t 03KacTH, B KadecTBe HYJAGBOrO MIWONAKEHHA MOFGIO CUH-
Tarb, 4TO B IPOlleCCe CTOJKHOBEHWA ALED CYMOCTBEHHOE BIAEMCfieHRCTHEE

ECIHHTHBADT JOOIk AKTHBHHE 49acTH AneD, JTA KAPTHHA BHOCASICTBUA NOIY-
que HA3BAHNE MOXEJM "yqacTHAKA-Hadmogare/m”, KadecTBeHHO OHA UON—
TBEPRUAETCA DKCUEDIMEHTANEHEME Jauuumy’ 7/, Ha reoMeTpHyecrdmx Hpen-
CTABJIGHEAX MO 'YIaCTHUKE-~HACAaTe M OCHOBAHH MOZLeIH dafepdosa u
dailepCTPUKA,B KOTOPHX NPELNONATAETCA LOJHOE TEPMONMHAMMYACKOE DAF~
HOBecHe P BKTEBHO# 30He, boJee peamiCTHIECKas MPOCTPAHCTBEHHO-BDE -
MEeHHAA KapTHHA Opolecca CTOJKHOBEHWA SAIep IPH BHCOKOW SHepIHm laeT-
cA raxpommHamuaeckol mopensw (ITM) ¥ MOmeMBRHn BHYTDMALSHOTO KAC -

xama (MBK).

Ha ypoBHe HHKMNBABHHX XADAKTEDUCTUX SONLUEHCTBO MOINENCH UADT
HEIIOX0E OHHCAHFe PMEREXCA SKCHEUMEHTANBHHX BaHHHX. [lcoToMy opois-
HeHEe Ramuod KOHKDeTHo#t MOoIe ® C OTPEHWYEHHHM HaCOPOM KEMHMUX HE Le-
T BOIMOXHOCTH YCTAHOBETE LOCTOBEDHYD (E3RMIECKyn KEPTHHY Oponecca
CTOJKHOBEHHR fAxep. Hax OymeT npoLeMOHCTDAPOBEHO HEMZE, JoJes TIGKOT—
BODHHM ORASHBAGTCH COBMECTHHS HEM®S NPeNCHA3AHRHA HECKOIBKRX Xapax-
TepHHX Mozedell, B 9ACTHOCTA pacXoxneHrY Mexiy zmmz, ITOT anaims
OPERONAT X BHBOXNY O TOM, UTO I'EOMETPAYECKAR KADTHHA MOLEJE "yuacT -
HERB-HAOInJaTeqH" cinmmoM Tpyda. B RefCTBRTENEHOCTH B pOLECC B3GR~
MoXefcTBEA ANeD BOBJIEKADTCA He TOXBKO 30HA TEPeRDETHS (ropaymit xa~
H&J}, HO Tar®e, XOTH M B MeHbmER CTENEHHE, CUERTATOPKHE UaCTE HEED.

2, PEQYABTATH MOJNEARHHX PACYETOB
2,1, OMMCAHME MOIENEH

K coxamenmp, B HacTOAmEE BpeMA He CYMECTBYeT TeOpPeTHIGCKOR mo-
neJH, KOTopas OHAa OH coocodHa ANEKBATHO OMECATE BCe MHOIoodpasme
opoliecca B3amMole#CTBAA ANep OpEX BHCOROR aHEprEE, 3TO CBAZAHO C TeM
YTO CTOJRHOBEHHE flep mpencTasafer codoft ducTpai musamrweckwfl mpo-
nece, compoBoxnapmuiica mepenauel sHEDrHW B EMIyJBCE MEXLY IDYILTAME
9aCTHI, HAXOLAEAXCH B CHNBHO DA3NAIANUEXCA (HapdeckEX yciaomusx (To-
pAYAER KaHAaM B CHEKTATOPH)., B proft crTyammw ABNETCHA eCTECTREmUM
CYueCTBOBAHHE MHOTEX, MHOTZA AJbTEPHATHBHHX MogeJeft, IpeTeRIy X
HA ONECAHHEe OTIEeJBHHX CTODOH 2TOI0 CIOXKHOTO Hpouecca. [IpH 3ToM cpa-—
BHETEJBHER aHamws mopened MOxeT NaTE OoJee NOResHyn mHfO[MAIIVE, e
KarJad MOISJb B OTLEJbHOCTH,

B HameM aHa/MB3E PACCMATDEBENTCH TPH, RAR BAM KaxeTcs, THIMYHNE

262




MOXeN®, KAmNad M3 KOTODHX H8eT XODOmee OmMCaNEe HHRAN3MBHHX KAHHHX.
3TO CPAEBHRTENHHO ugoc'ra.q MOJeJb YACTRIHOM Tpo3 almoc'm (vt ) yea-
BETAd B pado-mx/ / TIM, ommcasnes B pador 9,6 , " MBK/# 8
ANBTEPHATRERHM npnsnaxou g 3THX Mozexefl SBIAETCA CTENEHF TePMOIRA—
HaMEIEeCROTC ¥ XEMEYECKOTO DABHOBECHA, NPEINOJATaeMad B Iporecce
B3amMoneficTora spep. [IM mpemmosaraer HaymuEe JOKATBPHOTO DABHOBECHA
anepnoro semeorss, MBK nomyckaeT MpORSBOJLHYRD CTENCHb HepaBHOBECHO-
cTH, a MYl BHgeaReT Hamndonee CYmeCTBEHHYD, IO MHEHWD aBTOPO 24/ R
IBYXIOTOKOBYN HEPAEHOBECHOCTH. JT4 HEPABEOBECHOCTH OGYCIOBAEHZ COJB-~
moft BeJMUMHOR IMMH TODMOXEHHA OCHCTPOTO HYKJIOHA B ANEPHOM BOMECTBE
Ao (mapaserp MUI)., Kpome 5TOTO IJIABROIO OTIHUMTENEHOTO IPU3HAKA
PAcCMATUHBAEMNE MOIENZ OCJANANT TARRE IUDPYTEME XSPAKTEDHHMA T4 HEX
NOCTOMHCTBAME ¥ HeXocTATKam#, B uactHocT:, [IM m MBK, B orTimume oT
MUIl, mamT DOJHOe TPEeXMEepHOe OUECAHEEe IPOnecca CTOJKHOBOHER SHEP,%TO
NO3BOAAET CYZETH O BAMHOCTE offORTOB HEONHOMEPHOCTY BTOIC Opomecca,

2.2, VHKINO3MEHHE CHEKTPH TPOTOHOB

B nacrosmee Bpems HapGoJee HOJHAA SKCHepUMeHTaNbHAR HBHOpMAIRA
HAKOILIERA 0 WHHINIMEHHM DACHPONEASHHAM ODOTOHOB, OODAsyDMEXCA B Af-
PO~ANSPHHX CTONKHOBEHEAX NI® 3HEpreax ot 0,8 mo 3,6 I'sB/uyra, HosrTo-
My OepBHM TecTOM kaxnoff moToNM IONXHA OHTHL ee CHOCOCHOCTH ONMCATH
AHKAMIMBHEE 2HGUTeTHIeCKHe H YIVIOBHE . pacHDeZeleHEA IPOTOHOB B IIMPO—
KOM HMHTEpBANé aHEPrafl ® yIAOB BHJETA.

Ha puc.I nprBeneHH pacCUHTANHHE HA OCHOBE ONMCAHHHX BHHIE MOLE-—
ze}l BHRM3EBHENE GHOTPOTHHE DACIHDPEHENIOHEA MPOTOHOB, O6pasyIMmXcsd B
pearmmz C + C npe sAeprew 3,6 I'sB/mymi. (srcoepmMeHTaNBHHE AANHNE X

c+c~p+X 3,6 T'aB/HyRL.
6"‘v T T T T T

Pme,1, HHBapEaETHOE CEUEHHE BHXOZA OpO-

TOHOB B CTOJKHOBeHRE ~“C + ““C mpm 'l
Ewp = 3.6 I‘aB/nm Srecs ® HEEE
iy =Ed3d/d (u6-c3-TaB2.cpl), o

VHRADSHREHE COEKTDH, DACCYNTARENE B DaM-
Eax M, IIM ¢ MBK, mapros COOTBETCT-
BOHHO  CIMONHNMK, ITPEXIYHETEDHHME
JEARAME B BEPXHENE TMOTO. . Toumm-
SKCU6DAMGHTAABEHE  ASHMH 9 . CoerTpu
¢ ordopoM meRTpansEux codurat (h<hH* =
= 1,3 fu) mpescTABAEEH mTPEXOBHME (M),
oyHRTEDEMME (ITM) JHEEAME B = HEXHEME ,
TucTOTpamMMesm (MBK). -
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TeopeTEYECKUe KpEBHE Ha DpEHC,I1,2,3 M3odpaxapT pacrnpeflceHns "mepBUI-
HHX" MPOTOHOB, T.€. C JOOABJEHWEM IIPOTOHOB, BHJIETANEX B COCTAaBE
JIETHUX KJAaCTepoB d , ..o JKCHEePAMEHTAIbHNE JaHHNEe AMERTCHA IOKAa
b B o6AacTm fparmeHTtanmv mmerm (OIM), KoTopad onpemesAeTCH HURE
RaX 06IacTh sHauemufi NPOJOMBHHX OHCTpor mpoToHoB Y £ 0,2 m Gespas-
MepHOT'Q IomepevHore mMuyasca X = P, /mc 0,3 (M - macca HyRIO-
K)o Bce TP MoZeJm HanT XOpolee OMMCAHNE DTHX SKCNepPHMEeHTaILHHN
JAHHNA, 3aMeTHOe DpaCXOMNEeHUMEe MEeRNY MOJEeJAMH BO3RMKAeT IIA CEMMOTDHY-~
EHY ANEePRHX CTOJKH..“GHE# B LeHTpaapHOR odmactx owerpor (LOB). 3ro
pacxozlieE¥e BO3DACTAET NPY YBEJWYEHAM DHEPIWA CTOJKHOBeHMA, MU
] UBOIMT 2NECH K (oJjee DesKoMy OPOBAIY, YeM IBe Fpyrue moremm, K
COXaIeHmD, SKCICPUMEHTANEHHE JAHHHe UpH SHeprmu 3,6 IB/Hywi. B [OD
OTCYTCTBYNT. JaHHHE N[O MHEJID3HBHHM HPOTOHHHM CHEKTpaM OpH E b=
=2,1 I‘aB/mc.u./ 2/ 0XBATHRANT GOI66 UMPOKYH KAHEMATHWSCKYD OGNACTE,9T6M
mpu sHepray 3,6 I'sB/uywn, CoTnacHo PHC,2 BKCIEPEMEHTANBHHE OHCTPOT-
HHEe pacrzpe,n;e.nem YEasHBaT Ha Hagwyme npoBana B [{0B, IIpy donee Hmz-
KX BHEePIWAX E{qb pazmagie nopeucraszanei Mopmeqe#t B LOB ?aqecxn
CTUPaeTsA, 49T0 OOBACHAETCA MeHbumell posEn OpOBPAvYHOCTH AIe

2.3, OTBOP LEHTPAINKE CTONKHOBEDM

Kag NOKa3aHo BHuEe, MHKMD3UBHHE CHEKTPH,sa AciipdeHueM L0B, mve-
¥P cradyn YYBCTBHTENHHOCTH K MUNCJIBHHM NMDEINONOMEHHAM. IJGBHEM 06—
pe3oM, 9TO CBA3AHO C YCDernHeHueM IO HpHIICJBHHM HapaMeTpaM. Ecrecr -
BLHHHM CJAENYX[MM MATOM ARTAETCA AHAJM3 CIEKTPOB IPOTOHOB, 06DAsyn -
MUXCA B UEHTIANBHHX CTOJKAOBEHHAX,

Ha pme,I,2 morasaHH HpeNCKasARMA Mozeselt Zid GHCTPOTHHX MPOTOH-

HHX COEKTPOB B NEHTPAIBHHX CTOJKHOBEHH- NesNaF - piX 2,1 I’BB/IQM-
AX OIMHAKOBNX ANep., Bemyy Tore, 4T0 MaA s, - T

1

ﬁ
Pac,2, To x6, 970 % Ra MC.]1,B CTOMKHO - 1'
Benmm Mg +®Ne mm £ fab = P
=2,1 T'eB/HyrioH,[EKIOSEEHNG CISRTDH,pac— |
cumTanHNe B pamxax MW, IIM w MBK, na - “
DTCA COOTBETCTBOHHO CIUIONHHMA, DTTHXO —
BHMY JEHRAMH H CIUIONHHME TRCTOTDEMMAMN,
CrmexTpi ¢ OTGOPOM HEHTPANBHHX COCHTER
(bbb =1 §M) mperCcTARIGHH NTPEXIYHEE-
ropE  (MOD), mymxrEpumae (TIM) me- A
HEAMZ H OTMXOBNME THCTorpammamz (MBK). '".r— 5 YT Ty

']
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HaBO0Jee HATEDECHHX pearxumfl SKCICPEMOHTSJBHHE NAHHHE HOKA OTCYTCT -
BYDT, B pacueTax HCHOJL3OBAICA HEMGOJNee mpocTolft ¢ TeoperAdeckolt ro-
9KE 3peHms KPETepE# ordopa: UGHTDANBHHME CYHTAMMCEH CTOJEHOBEHEA C
OPENeNbHNM TaPEMeTPOM MEHBEE HEKOTOpOTO b " Kax pamno ms pme,l,mpm
OTdOpe LEHTPANBHHX CTOJNKHOBeHER I/M OpABOAT K CHALHOMY M3MEHEHED
fopMH GHCTPOTHHX pacHperenenmit: EMecTo mpoBana B [0 BozHRERaeT MaK-
CHMyM, JTO CBHSGHO C TeM, 9YTO O OTGOPe IEHTPAJBEHX - “JHTHE B CcHM—
METPHYHHX ARSPHHX CTOJHHOBEHHAX POSKO HOXABAAETCA DPuwib CIEKTATOPOB,
C BO3GYXIEHAEM W Da3BeJOM KOTODHX CHIM CBA3AHH MAKCEMyMH B OGJACTAX
$parMEeHTAUEA MANOHA B CHapila B HHKO3MBHHX cOeKTpaX. COBOPmEHHO
HHag curyaned Haduomaerca B MUl m MBK, B MUl jopMa CHOKTDOB HOUTH
He WeHAercA. MBK zammu@eT OpoMexyTouHOe NOJNOXCHHE MEXNY ABYMA LDy -
THME MoZenaME, Taxoe moBeneHme odycaoBiIeHo Tem, uro B MUl m MBK na-
xe mpu oTdope HEHTPATBHHX coCuTmk B Taro#t merxoft cucreme, kar C + C
He OPOHCXOIWT TePMAJIM3AIEE HAYANGHOTO EMIYJABCE. B OTIEUES OT CHMMO-
TPRYHHYX ROMOHHEIHH, TPH CTONKEOBCHUMN FIED O CHIBHO DA3JITIANMHMECH
MACCaMH Naxe B NEHTPANBHHX CTOJKHOBEHMAX OCTaeTCA BO3GYRNEHHHH CIEK-
TaTrop Joxee MACCHBHOTO AINpa. [l ero pacmafe 3acesnfeTcs COOTBETCT-
Bynmas o6nacTh fparMenranmu, JAA STHX CAYYREB BCE DACCMATPHBAEMHE
MONeJR IpenCKASHBANT IONOCHHE RO fopMe OPOTOHHHE CHEKTPH.
OrvedepHHe Bhme OCOCUSHHOCTE IPOTOHHNX CHEKTPOB COXDSHANTCA TAK-
%€ B HHTETDANBLHHY YTJAOBHX pacnpenexeHmax, Ha pec.3 mpencranieHH
DPE3YNBTATH MONSALHHX DaCYEeTOB STHX pacmpenedeHul des oTdopa (Bepx—
HE} Hasop KPEBHX) H C OTGOPOM NEHTPRNBHHX CTONKHOBOHMS (HEXHAe KpHM-
Bue) gua pearwd C + C opR &gy = 3,6 IsB/nyn, Kar m crenosaio
OXHLATH, BCe TPE MOJexXd HEMIOXO OMMCHBADT MHRJN3HBHOE JTHOBOE Pac -
opegeserre, CJaepyeT Jamup OTMETHTH, 4TO g ey e

MUl sasmmaer ceveHEe B OCAACTE YTJIOB | da/af?, MG« cp |
Blab F 100*500. 310 CEBRRETENECTBYeT O s CeC = p+X 3,6 I"B/HyAxn.
TOM, 9TO nu7 xanHol peaximm MY mpen ~ ; )

CHASHBAET CJMURGM CoAsmOR mpoar B LOE \:_\]i
H, CTENOBATENHHO, 3SHMEAGT CTENEHb Tep- A

H L“ N HHKM0AHAHKE
o e, peaxiiy
10 L

Pac,3.YTaoBHe pacHpenejaeREd TOHOB B
Jag,cncTeMe B CTOJKHOBEHEE ~“C + 120 10
opr E¢p = 3,6 ToB/ayrn, Coommue

mc-ror?am ~ DKCHG[MMCHTANFHKE JaH ~ 7
e/ -0 . ConomEHe M NTPEXOBHE KDHBHE ~ T

MY 7 TN I B '
pauR ' ~
PacHeTH B ax 2 COOTBETCT~ [lunpnhubw (x10 I) Lr~ ﬁ
BeHHO, TOYeuUHHE I'ECTOYPaMMH - IPSHCKE- hs ;, ({m Mo

sanma MBK, i T 0 ST Gy
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van¥3anEi. Kaxk BEANO ¥3 prc.3, OTOOD UEHTPAJBHHX CTOIKHOReHMH Cia-
60 mepfeT {OPMYy YTIOBOT'O pacupereseHEfA. Taxoe NOBENEHAE Jyule COT -
aAacyerca ¢ upepcxasanmavz MW1 m MBK, IIM sameTHo 3aHUXaeT cedeHHe
nox Gomsumva yruamx 8 g,p = 50% 120°, llepeonenka npospaTHoCTE B Ml
ABHO BRIHA R M3 CpPABHEHWA KCUONB30BAHHOE B pacdeTe MLIMHH TOPMONEHHA
I\o ¢ ee MAKpPOCKOmMAwReCKO# omenxoft 11 . Sanmmende OpospaguHocTE B MU
gRaAeTCGA CISNCTBHEM OJHOMEPHOro Xapaxrepa Mogeau. Pacuers B ITM =
MUl norasuBanT, 370 sdfCKTH "TpeXMePHOCTH" B 5)PEeKTH NBYXIOTOKOBOR
HeDABHOBECHOCTHE NPHBOZAT K NOXORMM HECJNIACMHM CJENCTBESAM B MHK-
3EBHHX HPOTOHHUX cneKkTpaX, llosroMy orcyrcTMe B MUl NOJHOIO Tpexmep~
HOTO ONMCAHWA HpollecCa CTOMKHOBEHMA YACTHYHO KOMIIEHCHDyeTCHA 38BH -
meHHOR B3aEMHON MPOBPAYHOCTLL AAED.

3. 0 MPUPOIE YHMBEPCAJBHOCTH JIKIGBUBHNX [POTOHHHX CIEKTPOR

WHKAPSHBHHE CHNEKTPH [POTOHOB, OGpA3YNMIUXCHA B DEJATHEBACTCKEX
ATpo~AKePHHX B 8IPOH-ANe[HHX CTCJKHOBEHEAX, 00JajanT BaxHhM CBofcT~
BOM YHUBEDCANBHOCTR: B OIM mx JopMa M, B 9ACTHOCTH, HARJOHH OPAKTU-—
UeCKH HE S8BHCAT OT SHeprEm & tab E COpPTa HameTapmedl dacTmmH.Ha oc-
HoBe (PEHOMEHOJOIWYBCKOIO AHAIM3A NaHHHX IO RIPo-AlepHHM CTOJKHOEBE -
HEAY B AuanascHe axeprait or 0,8 mo 3,6 I'aB/ayki, s paﬁo'ra.)c/g'Iz (1339
CIelaE BHBOL O CYMECTBOBUHME YHABODPCAJNLHOTO IPOMEXYTOTHOTO MCTOURE—
na ¢ "rempeparypolt” 55 MaB, YumpepcamrHOe OOBeHeHHME IDOTORHHX CHER~
TPOB B ANPOH-ANEPHNX CTOJRHOBEHRAX, KOTODOEe HEOrIA ?own?pye'rcﬁ
Rax "anepusit crefumHTI", n3yuanock BO MHOTHEX padoTax 13-16 .

Jna odnAcHeRNS §Toff YHEBEDCANBHOCTH BHABHIGACCE MHOI'O IHHOTE3,
B TOM JECJE OCHOBA&HHMX HA BEEJEHAM KBEDKOBHX CTeneHell cpodomu, Ha~
ma OeJb COCTOMT B TOM, YTOGH BHACHETH, CHOCQOHH JM OCHWHHE MOIEJNH:,
onepHpyMNEMe DDEBHYHHME ANCPHHMA [OBATAAME, OCBACHATL 9TY yEMBEPCAIL-
HOCTH., Haml aHasd3 HO3BONAET HaTh OOJORHTENHHHA OTBET HA JTOT EO-
OpoC.

JefcTBRTENMBHO, PEC,I,2 IIORASHBADT, YTO BCE TP MOLEJE HEIJIOXO
BOCIPOM3BOMAT YHUBEDCANBHOE NOBELEHMEe CHCTPOTHHX pacmperelieHml =2
0dM, CaepyeT, OmHAX0, OTMETHThH CAEXYXEHEEe OOCTOATEJLCTBA:

I, TIM OpMBOXET JMNE X OMOIMREHHO! YHEBEPCAMBHOCTE CHEKTPOB,
IIr® msMeHeHER SHepTm® uyuka ot 0,4 xo I0 I'sB/Hyxn, ILid mEPOKOI0 Ha-
Gopa crayrEBamEXCA AXep IIM MpeXCRasHBAET HARJOHH GHSTPOTHHX pac -
mpexeseHn®t B OIM, oruevammme "remmepaTypaM® oT 50 mo 75 MsB, Taxue
CaalHe PapHeUER TEMNEeDaTyDH OYeHb TDYZAO 38METETH B SHCIEDAMCHTE.

2, B MYII ynEBepcasbHOE OOBEfeHEEe MPOTOHHHX CHeKTPOB B (MM mo-
Jyqeercd Kak DeSYJIETAT YHMBEDPCAMNBHOCTH BsamMonelcTBHA uepHpepryec -
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KHX HYKIOHOB Afpa-~CHapARa ¢ IWMOTHHMU 0GnacTAMK AHpa-MueHy .

3. B pamxax MBK Tpympo IpOCHeXETH CTENeHb YHEBEDCE&NBHOCTH, TaK
Rax Ha "XBOoOTAX" COUeHEe M2T0 H Tpedyerca Jompmaa craTAcTARA, MBK
HOCROJBKO 32BHMAET HARIOHH OpE Joxpwmx X, ONHAXO He fACHO, He ABANA -~
eTesa JN 3TO MposSBIEHHMeM Majxol craTECTHRE.

Kax BEfHO M3 pEC.I,2, OTUOpP LEHTPANBHHX CTOAKHOBEHHE B CHEMME -
TPEYHHX KOMOHHAUMAX STep DPABOSET K HADYNOHND yHEBOPCANPHOCTH IO -
TOHHHX CHOKTPOB, OCOUEHHO CRULHO 970 mposasudercA B I,

[popefienHut aHaAXs TOSBOJAAET HAM CHEJATH CJEIyNuee yTBODRISHHE:
B Oponecc:’ HPOTOH-ANEePHOrO WM ApO-ANePHOrO CTOMKIOBEHEA NP BHCO-
Koft aHepram o4pasypTCA 3 CYmeCTBEEHO pasINYENe PPyImH uacTEr. K mep-
poll oTHOCATCH OHCTDHe GAOTENH (HYRIOHM-yuacTHNx®, A -pesomaEcH ,
92 K-Me30HH,...) X3 OGAACTE MPAMOTO NEpPeXpHTEA ANep. Ko BTOpoR -
CPRBHRTENBRO XOXOZHHE CIeRTATOYH. ¥ K Tperpel - uacTHIN E3 HpOMOXy-
TOUHOR 20HH, He MONABMEe B COCTAB NEPBHX NBYX. KoHue HpOMeXyTCY~
HOr'0 "ropAvYero cXof™ OuMa BHUBHHYTA eme B pacore Ha OCHOBAHNN
(fleHOMEHOJOTNIOCROTO aHANN?a., Hamm McHessHHe DPAcYeTH NOATBOPKEADT €€,
Jle#icTERTOXERG, HpoMEXyTOUHHE ropsuri cxoft mpECYTCTBYeT BO BCEeX TpSX
MONEXAX, XOTS MOXSHH3M 6ro BozdyxucHEA pasamdeH, B MU - 3To odmacTs
Arpa-MEmeHR BOKDYT NOIepevHEER ANpa~CHapana, KoTopad BOsUyRZAeTCR B
pesyxsrare BsamMomeficrswe - Heft nepmpepEIECKEX HYRJAOHOR ARDa~CHApH-
na. B ITM, e pusgexmenwe HA'yJacTHEROE'E "HadmpmarexefR” wWECTO yo ~
JOBHOE, TaExe BOPHEKAET YMEDEHHO pasorperHit mepexomnu caol}, opei-
Kapmm K ropAveMy Eaemaxy., Ero posdymnemme CBSASaHO ¢ KOANCKTEBHEM
MOXSHE3MOM OOpeRayH SECPIEx X n:'ﬁca OOKOBHM CJIOSM SIEPHOTO Beme-—
crea, B pamxax MBK oSmapyxmBaer onrasr affenra “acromenms” HEOT-
HOCTE NPMIPAHNYHNEX CHEXTATOPHEX o0aAacTef MEANOHM ¢ BHXOXOM HA DeXEM
agepsoro oxelmura, Jror sfidexT NMeeT MEOTO B IPOMEcce PASBETEA
BHYTPRAXOHOTO KACKATA N[N XOCTATOWHO BHCOKEX BHeprwax L'g.p o

MMeHHO C E3XYICHNEeM N3 TOPSYEIO CXOS MM CBASHBAGM YHNBEPCANE —
HHe cpoficTBA HERANSLAHNY TPOTOHHHX CHERTPOR. o HameMy MHOHNED, NpE-
9YNEA YHEBEPCAXHHOCTN COCTONT B TOM, YTO ropausft caof fopsmpyerca B
OCHOBHOM N3 HYKJOHOE OTAAYN, NONMTHBABIMX He 0QN6e OQHOTO X6CTEOTO
CTOXKHOBOHES C YACTHIIAME cHapAnA. Kax H3BecTHO, CeYeHHe HYKAOH-BYR-
JOHHOTO B3aEMONERCTBEA IPN BHCOKEX SHEDPIEAX XADAKTETA3YeTCA HOCTOSH-
CTBOM CpeIHETQ. KBAZPATA NOPUORENKYApHoro mamymca = <P2> =
= (300 MeB/c)?, TEM 0GeCHEMBASTCH MOCTORHCTBO SHEDINE BOSCYRESHES
Ha HYRIOR TOpAYero CloR. Tax xax OTHOCKTeJNBHHE CKOPOCTE HACTED B
3TOM oxoe Mami, TO 3ffexTEBHO HPONCXORAT HepepacCesHNd YACTEN, PR~
BOJAmNE K TEPMAMN3AINR 5TOR IpymIM wACTEI, 3TO NPEBONNT K sfexTEn-
gol rexmeparype T = (pf)/Zm = 50 MpB, ROTOpDAA HOIIOXO COTXECYETON

267



¢ PKCUHEPEMCHTANBHHMR UaHHHMA ¥ MpPAaKTHYECKH HE 3&BACHT OT CODTE X
sHeprEE Hanertemmed dacTHIlH, [IpE 3TOM HaYaisHas SHEDPIEA LOIXHA OHTH
HOCTaTOYHO BeJWK&, TTOCH Ha BCeM MPOTAXSHMA TDYORE OCYMECTRIANCA
yHEBEpCANLHKE pexEM HyRIOH-EYKJAOHHOTO BsammomeficTsEs, Te HYRJIOHH,
KOTOPHS [ONANApT B OGIAcTh CHJIBHOTO HEPEeXpHTRA ANEp, Boodme T'OBODA,
HCOHTHBANT GoJee ONHOIO XECTROIO coyxapemwsd, OHm npmodpeTanT SHAME-
TensHEY OpozonnENR M DomepevHmit mumyasc m monagswt B 1[0B, rme ymm ~
BOPCAMBHOCTS HapymaeTcd, [I0 CpaBHEHHD ¢ TOpATMM CAOeM 3Td Ipymma
4aCTHI XApaKTepmsyeTcd 6oJee BHCOXOR aHepruell Boadyxmenma, Ty CH -
TYalkD MOXHO BHPEINTh OJOBAMH: HENESA NeDPefaTh CACTEMe YACTHU $0JEL~
mym sHEPTER BO3CyRNEHEA, He NepPenaB eff ONHOBDEMEHHO JoJNhuoR aumeluHft
EMOYJIBC, B Ha060poT, CoeKTarTopHHe 9YacTE Hiep NPHOCDETADT HOCOJLUYR
SRepTHY Bo3dysZeHEf E JENelunl mMuyxec,2 mo 9TOf mpEuEHe TaK Xe,Kak
7 ropauult caoft, nOAXEN OGKAZATE YHEBCDCANGHNME CBOfICTBaME, IT0 Hefi-
CTBYTEJRHO NOATBePRIABTCH SKCICPRMEBTANLEHMY (axTamM, Hampmdep, Mac-—
COBHE DACHPSIGJEHMSA MOINSHHHX TAXSJNHX {parMeHToB, 0oCpasymMxcs B
IPOTOH-ANOPHHX peaxyft . IDARTAYOCKN HE 3ABHCAT OT 3HEPIWR IPOTOHOB
B odxacTm pume 5 I 8/ « llo RameMy MHOHED, 3TO OGCTOATONBCTBO HE -~
O6XONMMG YIHTHBATE UM OCCYXIEHEH NpHPONH SiepHoro crefmunra,

4, CROMCTBA AUEPHHX CHCTEM IIPM SHEPTYAX BOSBYRHAEHUA
~ 10 MoB/uymrx.

Kax yxe ropopsxoch BHme,BaxHO# cOCTABHOR JACTHR IPOCTPAHCTBEH-
Ho-BpeMeHEOR EapTHHE AXPOH~ANeDHHX N AXPO~ARODHHX CTOJKHBOBOHNE AB-
" xHeToR BOSOYXUSENe B pacHaX CHeRTRTOpHHX uyacTell anep. Tax Rar sTE
9aCTH Afep, OO ONPONGNSHAD, JeraT BHe OCAACTE MOPeKPHTEA, HpROGpe-
TaeMOS HME SHODINS BOBCYXHEHES SHAUNTENHHO HAXE, YeM B IOPSYOM. KA
gaxe, [o oneHKaM,0EA COCTABATET BeANTMHH mopdmxa I-I0 MsB/Hyrs, B
SAEXCHMOCTE OT PHEPIEE CTONKHOBSENS, COOTHOMEHNS MACC A%ep E Him -
MeALHOTO NApAMeTDS,

Hsygense mpomeccoB, DTPORCXOZANEX B CHEKTATOPHHX 9aCTAX ANep,
OpefcTABAAsT 60XsNMOR RHTEDEC AR NOHEMAHNA MOZAHRSMOD AMEIHMEX DEax-
oyt UpE BUCOENX BSHOPIWAX. B mocxemise I'OgH GHME JOCTHIHYT SHAUXTENE-
Huft uporpecC B MOHEMSHEE CBOficTB ANepHHY CHCTEM IDN SHEDIRAX BOSOyR~
IOHNY, GDABHEMHX ¢ oHepruefl cBAsE Anep. ORA28N0CH, UTO BAXHHM RaHa-
JXOM pacmais TAXEX CNCTEM JRNAOTCH MHOXOCTBEHHO@ O6DRATO @ CAOXBHX
AnepEHX Jparwsntos (MyAsTEfparMenTaINT). B pamrm:?lra.B omxa pas-
BNTR CTATEOTNIECHAT MOROJb LM OMECAHNA DACIANA CHILPHOBOSOYRLOHHHX .
axep. B 9T0M MORXOXS BEPOATHOCTE DPASANYAHX ROHETHNX COCTOSHEE ™ ;f "
SBIENTCA CTATECTNYOCKEM DACIpeeNcHNen
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W, = 3 exp[S;(E% A, 2.)] @

rne S* (E ':AO,Z)- SHTPOIEA CHCTOMH B COCTOANME § OpE sanamHoR
moxoft oHepruE BosdyxueErs E*, wmexe uactem A, z sapume Z, . B
opocTefimeM BAPEARTE MOREXE KOHEYHHE COCTOAHMA CHCTEMH KIACCHJAIHpY—
DTCA JOIE TMCEAMN (MHOXSCTBEHHOCTAME) (parMeHTOB Kaxlioro copra ”AZ
(A - nacca, Z - 3apan gparMeHTa), 6eSOTHOCETOJHHO K EX HMIYALCY X
SHEPrEE BO3CyXmeHEsa, Tarwm odpasom,

§={NAz}, 1<A< Ay, 0<Z<Z,, (2)

A/Az PacmoJaraprca B DOPARKe BOIPACTaHES AuZ YIORIeTBODADT KBYM
OrpaHEYEeHRAM Ha DOJHOe WHCJO TACTHI Ao ¥ mommd sapan Z o CHCTEMH.

DpeamonaraeTes, UTO K MOMEHTY Dacuaga yCTaHARIMBAETCH RACTAY -~
HOe (IO OTHENEHHM CTeNeHAM CBOGONH) W NONHOE CTATHCTEYECKOe DaB —
HOBEeCEe, XapaKTepHsymieecd TeMumepaTypod T cmcTeMH B COCTOAHHE f .
Opm semaHOM SHAYEOERH IAA RaXNOTO COCTOAHEA TeMrepaTypa Ompe-
Iengercs B3 OalaHCA SHePIEE B, CIOZOBATEALHO, QUIYKTYHpyeT OT COCTO~
SAHES K COCTOAHHW, SAKPHTHM KaHAJAM Dachaua ormevaer T£0, Cpemmas
SHEPTHEA OTHEeAbHOTO (paTMeHTA CKAANHBAETCA B3 BHYTDOHHeH, KyJOHOBCROH
¥ TPAHCAADHOHHOR SHEPIEN, BHYTDeHHAA 2HEpIWd, CBS3aEHAd C BHYTDEHHHM
BOSCYXGEHEEM NOCTATOYHO TameaHX (A 74) fparMenToB, DPAacCIATHBAETCA B
FUNKOEATEABHOM HTPHOJHXCHHE, KyJOHOBCKAH 3HEDIHA CHCTOMH BHYMCAAETCA
B NpE(yMXeHEY BETHEepa - 3eina. TpascxduEoHBas sHEpPIER (PAIMEHTOB HAa-
XOQETCH B NPRCJHECHAN GOABUMAHOBCROTO I'asé B OTDaHNYSHHOM OCheMe
V, = %V, Tme Vp - odsem. cECTeMs npm ROpMATLHOE suepmoffl mEOTHOC-
™, X ~1 - papeMeTh MOFEJK, KOTOpHER MOXHO CBE3ATH CO.C .pac -
CTOAHHEM MEXLy IOBeDXROCTAME fpaTMeEToB (mompocHee CM. 2/,

MOJ¢ TUDOBEHNA Hpomecca MHOTOJPATMEHTHOTO PasBANA ANED B Da=-

GoT <0 Gina paspadoTaHR YKCAGHHAA IpOUenypa, OCHOBAHHES HA MeTOxe
MonTe-Kapro, 3TOT HOAXON mO3BOXAET TOYHO yIECTh OTPAHEYEHHS HA HOJ~
HO® YHCAO YaCTRI H 38DAN CECTEMH, XOTOPOE OK&SHBRETCH CYmMEeCTBeHHHM
B CJydae PASBANA CHCTeMH HA HECEONBKO (~I0) @HTOB, B XOHKpeT-
HoR umCZeHHOR pealMSanuE MSTOLA Honre-Kap.uo/ 207y KagecTBe HOnXOmAmeR
"rnodansHoff IepeMmerHO#™ ECHOAB3OBANACH NOJHAA MHOXECTBEHHOOTH (fpar—
menros M = .1)”4! » Koropas muper ScHHH fEamuecKmit cammca.B momeus-
HHY  BHCAM BKIDYANOCH TeM SoXpmle KoHfurypaiult ¢ MHOXECTBeHHOCTED
M , uem Gosrme TaREX KOM(WTYDalEd CPeNM BCEROAMONHHY pasCieHEf wu-
Cr4 A, Ha craraeMue,

B ravecTse NpHEMepa OPEMEHOHEA ONNCAHHOR MONOIM HAa DEC,4 IOKASA~
HA 3AEECHMOCTD OT BHODI'HE BOSCYXIEHMH CPeIHero 3HAYEHHA K JNCHEPCEN
MHOXeCTBEHHOCTH (pATMEHTOB ITE pAsBRIE CHCTOMH 4, = 100, moxygeHHHX
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PR yCPEeIHOHMH no cTaTHCTHYCCROMy pacupezesensy (1), Ipg sHeprmm
Boadymrermz &= F /,4 = 3 MsB/Ryri, XOpOWO BHIER Do3riEll mepexox or
PexXrMA KOMIAYHI-SHPA, <M> = I, & MyaprTafparsentamm, <M> >>1 ,
A COOTBETCTBYDHAA TEMIepaTypa cocTamigeT oxoxo 6 MaB, 3ror mepexox,
moxyauBiml HaspaHme "pacTpPeCKEBAHEE", XADAKTEDPEH NRA CHCTEMH HOHET-
HOTO pasmepa. "Ipydo" OR oTBEUAeT SHEDIBH BO3OYXREHHEA, UPH KOTOpOR
OOTEMATEHHE pAsMep Kemeuay xumroi fasx CTaHOBATCA MEHHNE pasMepa
cacTemd, OyeBHIHO, 4TO B SeCKOHEwROR cMCTeMe OTBEYANNAs ITOMYy Hepe-—
XOny SHEDIER BO3UyRNemms odpamaeTcd B HyNb, OTimuMTexsHoR ocodemHo-
CTED OKPECTHOCTE TOYKM DRCTDECREBAHNA ARIASTOR U -vopasnan  gopma
MACCOBOTO pacupenensHEA JparMeNToB, NP Koropoll fparweHTH pasamqHOR
MACCH EMEPNT CPABHEMHO BOPOATHCCTH OCDASOBAHEA.
Ha wirc,4 BRAEE €me ONEH HINOM B S8~ o .
nuceMocts < M) npu omeprmm mosdyxmemma .. |,
E* = I5 MeB/myRa,, oTpeuanmel TeMuepaTy~ ) .
Pug,4, Cpemgas suoxecTnenHocts < M) nep~ 2 o
BEURHX {parMenTos B 6¢ JHCHepeEs ( oma ~ {
88HA OTDESKAMH) Kok {yHKIA SHeprEA BO3~ .
GyXIeHNA HA HYRAOR IRA CHCTOMH AD = 100, ! fl
Crpesrolt mOXASAE IODOT MyARTEPDAIMEHTAIMR & : 5 5
E'/A,, MeB

pe I0-I2 MaB, lerxo HOEATH, WTO JTOT HANOM OTBCNAET CHTYAUEN, KOTI&
B cHOToM® HCuesanT Taxexue (A> 4) KIacTepH, T.E. BCE BENOCTEO Hepe-
XOIMT B TA30BYD $asy. Taxum oO6pasoM, 2aTOT BM3JOM OTBEYAST KDETHYEC -
ROR TouRe mam $a30B0OTO mepeXois EMEROCTH~Ia3,

5, SPATMEHTAUNA CIEKTATOPHOR MATEPYH

[ommaa ApOCTPAECTBREHO-BPEMEHHAA KAPTEHA PeAATUBHCTCREX AMPOH-
ANEOPHHX H ANPO-ANSDHHX CTOJKHOBeHER Bripyaer BO3CyXIEHHe H Daocnan
CHEeRTATOPHHX odnactel guep. [T HaxoxueHRd fOopMH ¥ DA3MEDOB CIOKTE-
TOPOB, DECHPEICNCHESA IO HEM SHEPIME BOSOYENEHMA Tpedyerca pemeHHe
noanoft mEHeME7ecKo#t sapaun, HEEe MH DRCCMOTIEM Xamp cay4efl HDOTOR -
AnepHHX peamamit, INA ROTOPHX HAXOINEH (oJsmof SKCHOpAMEHTAIBRHN Ma-
TepHal 0O RHXONAM X cnexne)?u 4711013!11 ANepHHX PparmenTos, Ja ommca-
HEA TOKNX Dearuk® B pador OHAR MPeRNOXEHA TPOXCTYIEEJATAA MO -~
Iesb, BRIDRANMAA KACKATHYD, (pArMeATAIROHHYD ¥ HCHADHTEAREYD CTATAM,
Cymraered, 4ro odpasymmwecd B Hpolecce BHYTPEANGPHOTO KACKANA GHCT—
PHe UACTAOH BWJIETANT HOX MANHME YIVISME BIEDSH, & CPADHETONBEO MOI~
JerHHe uactmix (¢ SAeprmefl Huxe daphepa AROPHOR MOTERIMANLHOM sm)
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SaxBaTHBANTCA AXPOM-OCTATROM H NEPeXepT €My BCD CBOD DSHODIED X HM —
oyasc. Jlanee mpexmoxaraeTcs, 9T0 IPORCXOIET CHCTDAH TOPMAIH3AIEA
3ToR SEEPI'EN ¥ HMOYXECA BO BCEM O0%eMe CIERTaTOpoB, OCHOBaHMEM XAA
STOTO ABASETCA T0, 9TO B CAAGOBOSCYRNGHHOM SHEDHOM BemecTse AMHHA
CBOGOEHOTO IMpodera MeEZCHHHX HYKJIOROB Be/MKE B 3PJeRTHBEHM MeXaHES—
MOM XECCRUGINN OK&3HBASTCS B3aEMOZefCTBEE C CAMOCOTILCOBSHEHM AHEep-—
HuM moxeM. Ha ocaemyimef cTammm TDORCIONHT NEBO3CYXIOHEE AXpa-0CTAT—
ka, Ipx mecTaTrovyHo COaBbEOR mpEOCpeTeHHO! 3HEPrEM BO3CYXEOHES DJTOT
aponecc HOCET XApAXTED PASBaXA HA MHOXeCTBO “ropAux” ¢parmeRToB,
xoTopuft MOReXEpyeTca HA OCHOP® ONECAHHOTO EHme Merona Momre-Kapio.
Ha saxmranrexszoft fase fparMeRTH COPACHEANT BO3CYXNEHEe LyTEM HCOA~
PSHEA XeTREX YacCTull WM epMEOBCKOTO pasBaja, ECAE SHEDIWA BO3OyX -
HeHES SHpa~OCTATRA HeBeJHEa, TO0 PPATMOHTEIHWORHAA CTATEE OTCYTCTBYST
K NeBo3CyXIEeHEe OPOECXONHT IyTeM ECOADEHEA YACTHIl K3 KOMIAYHI~ALDA.
It omEcAHMS ECHADOHEA HCOOAB3CBANACE yCOBODIEHCTBOBAHEAS TPOTDAMIR,
YIETHBAXAAA BOSMOXHOCTB HOCAEIOBATEJHHOTC BHAETA BCEX WACTRI ,aoI 0.

Ha prc.5 moxapan pesyanTeT pacueTa MacCoBOTO pPACHDEReNGHER
$parmentos, o6pasymEXxcs B peamme p(4,9 TsB) + AJ . Cmromn
RpEBasg — PE3yAbTAT NOLTONKN SKCOCDEMEOHTANLHHX NAHHHX H3 paoor? 5/
Coxommad TECTOrDAMMAB - HAm PACUET C yYETOM MyAsTRDDAIMEHTANNN, HyH-
KTNpHAS I'NCTOTDaMMA ~ pacder Jes ydeTe (PATMEHTAIMOHEHOR Cragkm. Ben—
H7, 9TO MOEOXD TOLAOXO BOCHPOESBOJNET SHCHEDAMeHTANMEHE IQHEHE B
EHPOKOM MRTODBAXe MACC fipaTMeHTOB, 34 ECRENYCHAEM OGXACTE MACC OT
30 mo 60, Hemovmemxa BHXOzA (parMeHTC ° B 3TOM HHTODB&ES Macc, OO~
BANEMOMY, CBABSAHA C DOSKEM BRMNIeHNeM fparMeRTanmogHOR CTamms Opx
sHeprEN BOsdyxzesmg 5 MeB/KyxX. X EEJOCTATOUHEC DEAINCTEISCKEM ONN~
CaHNeM JeJNTeNbEOIO Karana. KackamHo-mcoapATeAsHHR BAPNAHT MONSXN
OPHBOMNT X PE3KOMY jac7ouem TOOPEX C SK"OEPEMPHTOU, KAK 8TO YX8
OTMEYANOCh B padoT » B XoTOpoR apamrsMpoBagcs §0Aee yoxmit RETOD—
Bax wmacc Pparsenros (mo A = 30),

Yxe KABHO HMIBECTHO, 4T0 JYHROME BOSCYRICGHHA TANEAHX (pATMERTOB
B OpoTOR~ANEPHHZ BSAEMOZORCTBHAY BHXOAAT H& HaCHMEHNE upx 3HEPIAX

S 1 —

4

Prc,5, Maccosoe pacmpeleseHNe io?

(IJpanlenron B pearmuEr p(4,9TB)+
+Ag—~ A + X, Txapras xpwses -
pesyxsrar NONTONXKE DSKCIHe;
MOHTAXBHHY NAHHHX N8 Dpado /
Cnxomnaqg M NYHRTRpHAA TIMCTO —
TpaMMH - pacyetr ¢ y9nToM m Ges
yiera MyXSTRDparMeHTamN,

\ p(4 9 I'gB) + Ag ~ A +x




Iy4Ke BHEE HEeCKOJBKEX I'9B, MHTEpecHO BHACHMTH, CHOCOCHA JM ONHMCAH -~
HAA BHME MOJEJE BOCHDOESBECTH TAKOE HOBEIECHHE.

Ha pnc.b npencrmena paccumTanEad QyHEKITMA BosOyamemmA (par -
MeHTa Nq B pe Ag . Tem xe IpEBENEHH 9KCHEPUMEHTAJIbHHE
LaHHHE H3 pado'm/ . Bmmo, YT0 TEODHA HPABHISHO BOCIPOEZBOIAT ab-
COMWTHHE BHXOIH K Tennemmn K HACHNEHUX OPE COABMHX SHEPTHAX IyIHA.
Ha Tou =e pDHCYHRe HOKasaH pesy/bTaT pacuera, He yURTHBAWNESIO BOIMOE-
HOCTS My sTRPpaTMeHTaNAE (NTPEXOBas KDHBaRA), Hopmponxa pacaeTEoR
EDEBOY BHODAHA TaK, UTO OHR COBNATAET C 2KCIEPEMCHTEIRHHM BHATEHIUEM
opa sReprmE 0,5 I9B, Bn.guo. 9TO DTOT BAPHAHT MONEJM IDUBOUAT K CHJIB- '
HOf! HemoOLEHRe BHXONA DpY BHCOKBX SHEDTEAX IydKa,. .

llo caMoMy CMHCJIY paccuo'rpermoﬁ MOJZIEJIM HACHIOHHE LHXONA TAREJMK
(parMeHTOB 02HAYAET, YTO BHXOUHT HA HACHNCHE® TAKES  CDENHAA BHep~
TES BO3CYXISHHA CIEKTaTOpPOB, [IpelesrHoe 3HAYeHRe cpemHed sHeprim
BO3CyXEeHRA Jiex:T B mpemexax 4 - 6 MsB, 4To OTRedUA®T TemmepaTypaM
5 - 7 MgB,

ME‘_ | T I ‘_‘
5 MO T, . !
Puc,6, Tymmaa BosCyxneHES A ° 1
MpNq B peaxmmx p+Ag . WL . ; g
Toury - axcnepmeyra?mue p+ Ag “Wa+X |
IeHHHe ®3 padoTH . . )
’6‘ - e )
TaruM QOpasSOM,B OPOTOH- ,’
S7eTHNX . CTOIKHOBEHHAX NDE BH- 4 '
COXEX SHEPTRAX OCYHECTBISETCA {
JHEBEPCAFEEHE DexdM neperavm maj_“""* 1,10 - ',J” - lﬂLb “"E‘;b;f,aB

SHePI'HE M3 TOpAYero KaHama B
CHEKTATOPHHe O0IacTH Anep. Kark yEe OTMEYRJIOCH BHNE, B MOJEJH BHYTpH-
ATEPHOTO KACKAA BHXON Ha YHEBepCaNbHHE pexmd KoppeampoBal c ofder—~
TOM HCTOWGHHA ILIOTHOCTE CHERTATODHNX odjaacreit Anep, OpAMMRaXIEX K
rop:mem/* x7na.ny (fopMEpoBaNEe HpPOMEXYTOWHOTO CJOA). Helaswme skcme-
PEMEHTH HNOKASMBANT, YTO BHANOTWIHHEA YHABEDCAJNBLHHMY DexEM HMeeT
MECTO B AXPO~ANEPHHX CTOJKHOBEHEAX,

6. SAKIKIEHHE

Oporenennnft apaIRs NOK232J, YTO JA¥e EHKIDIRBEHE TDOTOHHHE
'COBKTPH B CTOXKBOBEHEAX OIMHAKOBHX HIEp OKASHBANTCA YYBCTBETENE—
HEMH K MONEJEHHM UPEINOXOXCHESM IPE BO3DACTAHMN HAavamsHOR sHeprEm
crommonermsa ( E¢yp 32 2 I'oB/HyrE, 417 JETREX ANED). 574 UyBCTBE-
TeJEHOCTE BosHEEaeT B I[0F ¥ Hamdosmee OTYETIHIBO NDOABIASTCA B CHCT-
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POTHOM IPEACTABICHEM ZHANDSMBHHX CUGKTpPOB. Eme GoXbiNe DACZOXICEAS
B OPeLCRASABAAX PASIMTHHX Mofejell TOABJIADTCA OpE OTOOD® LEBTDANBHHX
COOHTER B CHMMOTDHYHEX SNEDHHX CTOMRHOBCHHAX IpE BHCORHX BSHEDIHAX,
IIpr TakoM OTGope HpelCKASAHMS MOTYT OTARIATLCA IAXe K2YECTBEHHO
(Tops max mpopax B 1IGB). Tawmmd o6pasoM, LIS RPUTEYECEOR IPOBEDXM
PACCMOTDEHHHX Bume MORchel BaxHO mOAyYe:e SECHEDEMOHTANDEHX IEHHHX
B [I0F HpefuoYTRTONEHO ¢ OTCOPOM HEHTDAXLHHX COCHTEE B CTOIRHOBOHMAX
OJMHAKOBHX S1OD.

Tor daxr, uro MU Xopomo ONECHBAGT AMENIHECA IKCHEDHMEHTEMBMHE
JoRHHe H HEIIOXO COTJAcyeTcA ¢ Ipencrasanamz MBK, cBEgeTexncTByeT
‘0 TOM, YTO ORA KAYECTBEHHO NPABEILHO BOCIPORSBOIMT XEPAKTSD OCHOB—
HOTO HEDABHOBECHOTO OPOHECCAR ~ NBYXNOTOKOBOTO DEXEMA - B ANEDHHX
CTOJFHOBEHBAX Op¥ BHCOKOR dHeprmm, 3T0 HACJENEHNe NO3BOAAET HAM KO-
JEYECTBEHHO OIOHUTY TPRHRYEYD SHEPImD E {ab » UI® KOTOpOR mpoECXO -
IBT B3AEMHAA OCTAHOBRA CTAJARABADWEXCA AHep. Ha puc,7 NORSsaHH pac -
cumrannNe B pamkax MU o6xamcTE "GCTAROBKH™ B "IPO3PEYHOCTE” B 3ABHE~
CEMOCTH OT MACCH CTASKEBANMELCA AAeD, MHKIJDINBHHE UPONECCH MPELCTa-
BEEHH CTONKHOBGHZEM TpySox mmmof R , & mpexesHO meHTparbHHe
B3aEMOgeicTEHA ~ CTOIKHOBGEHEM TPYOOK mmmHoRk 2R ( R - bamyc
CTAIKHBANIEXCH A0ep), Ha ToM Xe puCcyHEKe HOKA38FW COOTBETCTBYDUHE
00JACTE IAA OPOTOH-SIEDENX CTONRHOBeHEY. CHemyeT OGPRTETS> BHEMAHHE
H& TO 00CTOATENHCTBO, YTO IDE DHEDI'mE CTOAKHOBSHHA BHIE HDEMEDHO
6 I'sB/myxi. 9aCTETHO HDOSPLTHHME CTAHOBATCA Jaxe TAKAe TAXSNHO SLpa,
rex {/ , 370 LDPeJICKASEHNE KAYECTBEHHO COTIHACYeTCA C GIOHKAME Ipy-
THX 8BTODOB, KOTODHEe XexaT B mpegexax 5-20 I’aB/Hym.(cu.,uanpue}/,zaff
(IpoBeReHEH! aHAIA3 NOEA3HBAST TAKXS, 4IT0 ofPEKTH TPEXMEPHOCTH MAC—

KRPYDT adferTH MpO3padHOCTH,

Elﬂh 3 raB/Elen-

8 R
Puc,7, OCIacTH B3aUMHON OCTABEOBKE B 4aC—

TAYEOR mpOSpAYHOCTE AUSP HA ILUIOCKOCTR R
SHEPTRS HATSTAMETO AIPA B X.C. £ fgh ~ L Ul pasbie” A4

MacC4 gFpa MEBeHM A, HEXRAA EpEBag 0T~

HOCETCH K CJYYAD OPOTOH~ALEDHOTO CTONE~-
HoBeHRH, CpepHAA ¥ RECDXHAH KPEBHE OTHO~ 4
CATCA K EHRADZRBHEM NponeccaM B HEHT -
PaXBLHEM CTOJRHOBEHEAM OJMHAXOBHX SA¥ep.

={,=2-R}
f=4=2 ""__\_

ko anntue

ArAal=4=R) |

ﬁcn ocrananku” )

Ha ocoBag#® HPOBEHEHHHX HCCAENO-
BSHER MOXHO CEesatrh CAONymmEd cymecTBEeH-

a 1 i
HE} BHBOZX: B UPONECCe CTOARHOBEHES anep 0' 'y 100‘ 20(: ) A
OpE RYUCOKEX SHEDI'HAX BOSHNKAOT TpH CYy~ £ Ar Cu Sn P U
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MeCTBeHHO pasHHe TPYIIHN YacTul, KAk 3T0 AUINCTPEPYeTCHd Ha puc.8. Iep-
Bad rpyma sactan I ("daitepdon”) olpasyeTcs M3 30HH MOPEKDHTEA ANED
¥ BRINYEET HYKJOHH-YIACTHEEA H BHOBP DOXUSEHHEe 9YACTHOH, TAKWEe Kar
mouH, A -gacrmmu, K-ME3OHH H Ep. 9TOT HCTOYHHE YACTHI 3acelfer
LEeHTPAIbHYD 0GJacTh GHCTPOT H XaparTepH3yeTcd BHCOROY TemmepaTypol,
T ~ I00 MsB, XaparTepMCTEERR 5TOff I'DyNOH 9YACTHI CYWECTBEHHO SABHCAT
OT PHEepI'WE ¥ COpTa HajeTamuell YacTROH (HeT YEMBEDCAIBHOCTHE), BTopas
Tpyma gacThd I ("mpoMexyTodnHd caoi") JOpMEpyeTCs K3 MEpeXONHOIO
cJof, OpPUMHKANIEIOo K TODAYeMy RaHany, B cocmas sTolt rpynnmH B OCHOB-
HOM BXOZAT HYRAOHH, A -9acTmiu ® Jerkwe AZepHHe {pATMEHTH (d .t,d).
OTH 4acTHUH 3aCejADnT KRHEMATAYECKYD OCRACTH (parMeHTanMy MUEEHE ¥
CRapaza. [lapaMeTpH COOTBETCTBYNNEX MCTOYHWKOB YAaCTHL, OYeHb caado
38BMCAT OT SHEPIHE ¥ copra HajgeTaxrmed uacTmnu (suepumtt crefumr), B
9acTHOCTE, affeXTEBHAA TeMnepaTypa EMEET SHauenHe Oxoao 55 MaB. ¥
TpeThA Ipynua dacTm fopmapyeTcs H3 CHEKTATODHHX odxaactelt anep, yua-
JICHHHX OT ropAdero KaHAJA OPH JIOCTATOYHO BHCOKOH 3HEDIEM CTOAKHOBE-
HEA, JTH OGMACTE NPHOGDETANT SHEPTHD BO3CYXKNEHMS B patone 5 MsB/HyRI.,
LOCTATOYAYD LA pas3Baja HAa CJIOXHHE ANepHHE (QparMenTH, XaparRTepHCTH-—
KE (PATMEHTAIHONHOTO OPOLECCa OGAAKENT APKO BHDAXCHHHME CBORCTBaME
YHEBEDCAIBHOCTH: OpA SHEPIWAX CTOJRHOBEHEA BHNEe HeCKROJHKEX I'oB/uymr.
BHXOIOAT Ha HachmeEEe (YHKIA BO3CYRICHER TAREJHX HpAIMEHTOB B 9§ -
(eKTHBHAA TEMIEpaTypa COOTBETCTBYINErO M3AYIADHeI0 KCTOYHEEA,

Pac,B, KavecTBeHHad IpOCTpaH-
CTBEHRAA RAPTEHA HIpO-AHepHO-
To B3auMoneficTBEA UPE BHCOKEX
SHepraax., Crepa - IO CTOARHO-
BEHEA, COpaBa — OOCHE CTOJR-
HOBeHHMH, O6nacts I - 30HA
OpAMOTO mepeKpHTHs, I - mpo-
MexyToqmEnft ropaumit caoff, Il -
CHNeXTaTOPHEesa 9aoTh ANpa~MENECHHA,

K cozanenmp, MMEDUEXCA SKCHCPEMSHTANBHHY NaHHHX HOJZOCTATOYHO
Bud ySemRTeNBHOI'O OGOCHOBAHWA NpeniaraeMof KapTeEHH DeXATHBACTCHEX
ANepHHX CTOJKHOBEHER M OPEPOINH YHHBEDCEJRFHOCTHE CBONCTB BTOPMYHHX
qacTHn, Ham mpencTammmeTcH odeHh BAXHHM COBMECTHOE HM3yYeHHE BCEX
XSDARTEeDHCTHR BTODHYHHX YacTHl, OCJaRamiiX CBOACTBOM YHHBEDCAJIBHO—
CTH, & Takxe IpOBeleHAEe SHCIEPAMEHTOB, HANPABACGHHHX Ha HCCJIEeNOBaHHE
ycnosuft HapymeHHA yAXBEPCANBHOCTH: HH3KNME JHSDPIHE Iyura, OTGOp HEeH-
TPaJBHHX CToIRHOBeMMl!, mamepenwa B I0B m xp. o camMoMy CMHCIY BHE -
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BRAYTOR TENOTE3H YHWBEPCANLEHE DeXWM yCTAHABAHBAGTCS TOTHE, KOTHA
DPORCXOIMT 38METHOEe pasleJeRre HYRIOROB HA IDYNIy yJY4CTHEROB M Ha-
dmparexe, T.e. KOLUa CHApAN "OpoOEBAeT" ANpO-MEmEHB. Hs OCIEX
cooSpaxeHm#t NOHATHO, 4TO neodxomme;x I 2TOTO BHeprEA cHapAna(Ha
HYRJAOK ) ZOJEHA BECTH celf Eax A , Tie A, - macca supa-umme-
HE, Ouedp xXeJaTeNbHH TaKxe xoppemnmome H3MEepPeHRs THHA ‘GHCTpAd
9&CTHIA BIEPeN ~ YMOPEHHO GHCTDHE RyxjoH B O0M - menuemHHE ramesnft
¢pareny. Hemuume Taxoft KOppe/Am: CBA34HO C TeM, UYTO B KARIOM CO~
OHTER NOJXHH BOSHMEATH TPE yKA34HHHEe BHUE IpyNnH vacTenm, Mia opo -~
BEDKN - TDABATHOCTE Npexniarsemolt duspyecroft KADTEAH OY6HE OOIXOnA ~
DEME SBIANTCA MOTONEKE THUS TMOGAIBHONO AHANMSA OTHGABHHX coouTmE,
Oposenemne TaxmX MSMepPeHMR 03BAYANO OH DOANESANED "IOXHOTO OMmHTA"
B AKEPHHX CTOJIRHOBEHHAX.

LY

Aprops BHpamarr rayGoxyn daarojgpHoctT: B, J,ToHeeRy za IOMOAE B
pagoTe B MHOTQUHCJIGHHHE LeHHHE SaMEYAHEA, NH SAATOZADNM TAEXE
C.T.,beasena, X,0,Tpewyxmma, 0.M,Iparopesma, B.J MaEsKO X 0.E, llox-
POBCROTO 34 IOJe3BHe ofcyxnenms, E,K Kiammwxyn sa npenoc'ramxene

~T@PEMEHTANBERX JaBHHX,

IHTEPATYPA

I, beaenprzk C.A., lammay I,X. Y®H, 1955, 55, c,309.

2, Nagamiya S. et al. Phys. Rev., 1381, v. C24, p. 971;
Mosller E. et al. Preprint LBL-12257, Berkeley, 1981.

3. ¥sanop D,5., MEmycrxe H.H.,, Carapos I.M. [Imcrua B X3T¥, 1983,
38, 6,400 ; Nuol. Phys.,. 1985, A433, 713.

4, ¥Barom D.B;, Carapos I.M. IImcrua B X3T®, I985, 43, ¢.296;
Nuecl. Phys,, 1985, A446, 727.

5, Pomaxs A.C,, Pyccexmx B.H, %, 1981, 33, c¢.I520,

6. Pyccxmx B,H. A®, 1983, 38, c.641.

7. I'ynuma K.K,, Tomees B, M. @, 1978, 27, c¢.658.

8, Toneov V,D., Gudima K.K. Nuel. Phys., 1983, A400, p. 173e.

9, Adyamsevioh B.P. et al. Phys. Lett., 1984, 142B, p. 245.

10,Araxamues T4, 7 gp. 40, 1983, 38, c,I52,

II,Danielevio 2.P., Namyalowski J.M. Acta Phys. Polom., 1981, B12,
p. 695.

I2,Adyszevich B,P. et al, Phys, Lett., 1985, 16113, P. 55.

13,Jexcan T'.d. XVI MexxyHapoxHas EOBJODEHIMA 110 JESEES BHCOREX
ssepraf. OWAM,JI,2-10400, JXyoea,IS77,7.1,c.A6-3.

I4;5axmxn A.M, x xp. Opeapwar OMAM FI-1I168, Eyoma, I977.

275



15,
16,
17,
18.
19,

20,

21

23,

24,
25,

26,
27,

28,

Crasmrcrnft B,C, 39AH, 1979, I0, c.949.

Nakai K. et al. Phys. Lett., 1983, 121B, p. 373.

Manko V.I., Nagamiya S. Nucl. Phys., 1982, A384, p. 475.

Hirsh A.S. et al. Phys. Rev., 1984, C29, p. 508.

Borzopd A., Mamycren M, H,, [Herex K. Tpyau Memmysapomuofi mkoJm-
ceMpHApa 00 WSEKE TAREJNX HOHOB, Anymra, I4-2I ampess 1983 r.
OMAM, I7-83-644, Iyowa, 1983, c.354.

Bondort J.P., Donangelo R., Mishustin I.N., Pethick J.,Sneppen K.
Phys.Lett., 1985, 150B, p. 57.

Bondorf J.F., Donangelo R., Mishustin I.N., Pethick J.,Sohulz H.,
Sneppen K. Nucl. Phys., 1985, A443, p. 321.

Bondorf J.P., Donangelo R., Mishustin I.N., Schulz H. Nucl.
Phys., 1985, Ad44, p. 460,

Mishustin I.N. Proc. of the Second International Conference on
Nueleus-Nucleus Collisions, Visby, Swedan, June 10 - 14, 1985;
Nucl. Phys., 1985, A447, p. 67c.

Forsena A,C,, WmeEros A,C,, Mmmycrmr U.H, Ilmcema B X3T®, 1985,
42, c.462,

Campi X. et al. Phys. Lett., 1984, 138B, p. 353.

West?all G.D. et al. Phys. Rev., 1978, C17, p. 136,

Loveland W., Aleklett K., Seaborg T. Proc. of the Second Inter-
national Conference on Nucleus~Nucleus Collisions, Vieby,
Sweden, June 10 - 14, 19853 Nucl. Phys., 1985, 4447, p. 101c.
Date S., Gyulassy' M., Sumioshi H, Preprint LBL-19377, 1985.

276




OOUCK KOLIEKTWBHWX 30IEKTOB B COYNAPEHIX
PELTTVIBICTCKIIX ANEP C SIPAMI

P.P.Mextres, A.ll.9emwraxcs

O0bemaHEHRNS EHCTET, HANepHHX McchejoBaHuft, LyoHa

[odcKk HeTPEBHANBHHX ABISHAR B AOPO~ANEPHHMX B32IMOZSHCTBUAX B
HACTOAUee BPEMA NPOBOIMTCH HYTEM QHAMM3S DA3JIYHHX KODPDEJIIAOHHHX
XapaxkTepuCcTUK Ipoliecca.. BechMa Moie3HHM B TAKOM IONXOIE OKA3HBAETCHA
cpaBHEHe SKCHEPEMEHTATBHHX UESYABTATOB C PACcYETAME, BHITOJHEHHHMY
B pAMEAX MOIEJ®, DPaccMaTpmBanmell coyUAapeHWA Anep KaK CYHepPHOSHIED
HYRJIOH~HYWIOHHNX CTONKHOBEHEM X yuMTHBammel HCKAEeHEA $A30BOTO O0HEMA
B OTHENBHHX EHOODKAX COCHTAH 10X RMAHUEM 3a%OHOB coxpé.uem SHepIUr-—
mMITyabca. OxMmaeTcA, YTO HamGoNee OJATONPAATHHE HPEMICCHIKE IJIA Opo-—
HBJICHIS MEXAHASMOB KOJLIEKTABHOI'O THDA BO3HAKADT B COYHADEHHAX peJd-
TEBACTCKAX fANep NpH MAJHX NPHEHEABHHX NapamMeTpax.

B nauHoff padoTe /accne,twmca HEKOTOpHEe KOpp OHHHE XapaKTe—
PHCTHER HEYUPYTHX /1 CTa~ & CC~ MHOTOHYKIOHHHX B3ammonefic TRAN
opx 4,2 TeB/c Ha Hywnou. [IpoBomaTcs /17 CcpaBHeHMe C pacuéTamu IyOHeH-
cKoi#t Bepomm XackagHo#l momesm (JIHM) 3 . XapaKTepHCTHKE BTODHIHHX
QACTHIl ZSYJeHH B 3REMCEMOCTE oT Np - umesa B3aMMONeHCTBYNIWX mpo-
TOHOB CTAJKABANMIMXCH ATep.

Pacnpenenemzst mo Np B CTa~it CC — MHOTOHYWIOHHHX COYIADPEHEAX
upEBeneHo Ha pac, 1. OcHOBY 3xd aHaymsa coctaswms 520 CTa-psammogefi—
creut (B M Guno creHepuposaro I070 codutuit)m 1400 (3200) CC-mHoro-
HYWIOHHNX coynapeHmit., Kax mumHo m3 pHC. I, X@amasoH naue7e7w{ N,.
JOBOJIHO IMPOK, OCOGEHHO B CTa-CToNKHOBeHWAX. B padoTe I OHII0
IOKASAHO HAJYME CuJBHOff Koppendimy sHademma A B BEJHYMHAH
NpENENEHOIo HapameTpa COylAayeHHS: OTCEpaA COCHTEA C GOJNBIAM THCJOM

POTOHOB~YYACTHEKOB, MH OTCPDASM, D OCHOBHOM, LEHTDAJBHHE SNpo—

ANepHHE coynapeaimi /B KavecTBe WUMNCTPALME HA pHC. 2 HpeNCTARIEHA
B3ATAA S padoTH /%7 sapmcumocTs CPeTHEr0 UHCJA NpPOTOHOB~Y4aCTHEKOB

N‘-. QT BeJHYMHH OpEHEJEHOTO napameTpa and CTa-psammomeftcrrmit,
CTeHEePAPOBAHENX ¢ IoMommso JHM,
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Puc. I. Pacopemenexue 110 wiCTy B3amMonedcTDyDUpIX
TIPOTOHOB B (Ta— M CC-MHOTOHYKJNOHHHX COyZa—
penuax. Iucrtorpamma - pacuér mo MMM, modxu -
SKCHepUMEHTANRHNE TaHHHE.
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Puc. 3. CpepHAA MHOROCTBEHHOCTSD, ar |
HONEPeYHHE MMIyJbC W MONepey- oo L.

Haf dHeprus [[ -Me30HOB B 3aBH-
CHMOCTH OT uLcJa IIPOTOHOB-yYacT-—
HukoR B CTA-BaaumoneiicTeiax. Tou-
Ki — BKCIIGPMMOHT, TLCTOrpamMa -
pacgeT mo LK.
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3aBRCAMOCTE CPENHAX XAPAKTEPACTAK [ -MeSOHOB, HAGMMEAEMHX B
9KCUIEpPAMeHTe, Of SHAYEeHHA ‘VP npaBeneHa Ha peEc. 3. B EMume rmcTo-~
rpaMMi DpeRcTaBAeHH pacuéT JMM. Bampo, 9TO DpE MamMx Ap  cOIvA-
CHe pacyéToB ¢ SKCIEPMMEHTOM HEILIOXOe, HO B 0GNacTH GOMBIEX NP
HACKRAIHAA MOIeNh HCOHTHBAET TPYMHOCTR HOPH OMXCANMM DKCHEDHMEOHTAIBHHX

LAaHHHX,
B mocanemsme romW LA aHaqmm3a RKonfurypanum BsemMoneficTeuA ampo-
HOB K Alep B AMUYJIBCHOM IPOCTDAHCTBE ORI HPENTOXEH PAN HOBHX HONXO—
IoB. B wacTeocT#, B padore /47 KOLTeKTUBHHE cBoftcTea CC-p3aumoreft-
creufl opA 4,2 TeB/c HE HYRIOH CHJM HSYUEHH B TOPMUHAX TAKEX OepEMEH-
HHX,R8R cfepacETR, dUIDTHECC B XP. AHAMOTHYHNE IOAXOX UDHMEHEH X B
nargoft padore zuaa mecxexopamms CTA- u CC-MHOTOHYWJIOHHHX cOyUapeRmit.
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Puc. 4. Pacnpenesense mo mepeMenHoff cepacEATE RO Bcex
COCHTHEAX K B COOHTEAX ¢ dJoubmmM M . IEcTOrpama~
SKCUEPHMEHT, OYHKTED -~ pacyér no IIM. Yrasauu
cpelHEe SHaueHMA CEpHCHTE 5 Pas3HHX BHOOPKAX B
9KcuepHMeRTe E B JMM (B crolxax).

Al
Ha pmc. 4 IpSICTABNSHO DACUPeXeNeHHe DO Nepemennol S -~cpepa~
cate B0 Bcex (TR — E CC ~ COYXApeHUSX ¥ B COCHTHAX ¢ COJBINM TC-
JIOM NPOTOHOB~YYACTHEKOB. MOXHO cRasaTs, WTO B SKCHGIAMOHTE ABOTDON-
HHe COCHTHEA Had/NIApTCH 4Yame, dYeM B JHM. Hamomuym, d9To SHAUEHHE
6 = D oTmeuaeT KoumMHeapRot, a S = I ~ cfepudecrof KOEGETYpaUEE
COCHTHA. B CC = MHOT'ONYRMOHHHX COYEKADEHEAX RACKATHAA MOLSJE KA%ecT-
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BEHHO BOCIPOM3BOUAT pacCHpefieleHEs N0 S BO BCEX COGHTAAX ¥ IIpX
AJr = II. [lpg pTOM CperHee 3HAYeH¥e < S> B ofoux CAy4adx
pazmyaeTcs He3HAWMTONBHO. Ina CTa-coymapermi TaxXe HacamgaeTcd Ha-
YeCTBEHHOE COIVIACHE DKCHepMMeHTa M AiMM, OIHAKO OTCOp COCHTHH C
N,, > 30 cyulecTBeHHC CIBMIaeT pacnpeneseHe mo S mopaBo. CoGH-
THA ¢ GOJBUMM YWCJOM B3aMMONeHCTBYWIMX OPOTOHOB 10 JopMe GVM3KA K
chepudeckuM.

OnHako ¥ pacrhpenesieduss 0o S, U cpemHMe sHavyeHua < $> He
ABIARTCA, [T0-BUIAMOMY, XOCTATOYHO YYBCTRUTENIBHHMY K HOPOABJICHUD 2K30-
TUYECKNX MEXAHU3MOB B ANDPO-ANEPHHX COYUapeHHAX.

TloMma ~pRIMLFOHKEOIO CIIOcosa o%e QlIeHAA KOLISKTUBHHX OEpe—
MEeHHHX B .oucliefHee BPeMa B pARle padoT LIS aHaM3a ANPO-ANeDPHHX
B3amMonedcTRUHE MCIONE30BANCA TEH30pP "HOTOKA KMHETUYEecKoit SHeprum":

K,=Z pi)P] () [ 2m), (0

TIe Pa‘ (V) - aT0 | ~Ta7 KOMIOHEHTE HMIyJIbca YV -TOji WACTHIH
(B cumcTeMe ueHTpa Macc) MaccH m (¥ ) ¥ cyMmvmpoBaHue Bem€TcA IO
BCEM dacTuIaM, B3apEeTUCTPUPOBAHHHM B NEHHOM COGHTHH.

B paGorax CTOJKHOBEHMA ANep Ipd KNHETHUYECKIX BHEPTUAX OT
50 MsB nmo I,8 I'sB Ha HyRJIOH aHA/MBUPYBTCH P TepMMHaX "yTya BHHOCA
sueprmn” ( ' Flow ahg le’) 8¢ , koTOpHI ompemeNTETCA KAK YTON HAKJIOHA
TyIaBHO# OCH aBmIicoMNA HMIYJBECOB, NOAYYEHHO Ipy ,MaroHal - 1mn
reHaopa (I). A pasHHX ypaBHEHM# COCTOAHMA ANEpHOTO RewecTsa Opel-
CKABaHO pasyMYHOe NOBENEHME pacnpeneneHuit mo ¢ . Dosee Toro, moka-
38HO, 49TO NP KAHEeTHYECKUX BHEePIHAX ~ I I'eB rakolf aHam3 Ho3BOIAeT
CHeJATh BHOOD MERLY KAcKamHo#l ¥ TumpomuHanmdeckoft mMomessmm. Bo BcA-
KOM CJIy9ae OXMAAQETCH, 9TO PeSYNBbTATH SKCIEPUMEHTa C IOMOWBWD &
OMOTYT CIeJaTh KACKANHYR MOIENs GoJee peaymcTUyHO#. STE BHBOIH
WILMNCTPAPYeT pEC. 5, IMe IPEBONATCA CMOIEJMPOBAHHHE pacHpeleseHEA
mo §, [maa xackamHoll ¥ TMAPOIMHAMAYECKOf MONeJM M KX cPaBHeHEe C
sxcnepmventom ( b +ANb , 400 MaB).

Pacnpenenenan mo yruy §¢ B CC- u CTa-B3aumomeli¢cTBEAX Ipm
4,2 T9B/c Ha HYKION NpEBENEHH H& DEC. 6 JJIA BCeX COOHTHH M AIA coCH-
A ¢ GONBUMM WACJIOM B3amMolelicTBYMIMX TIPOTOHOB. KM KazecTBeHHO
omucusaeT fopMy pacupeneneunit naa CC-coyuapetmit, XOTA Ha ONHTE Ha-
dimnasTcAd A3CHTOR COCHTHE ¢ COJMBIMME yIUI2MM, TO 6CTh CYMECTBOHOH BHHOC
HepTMH BTODHYHHMA YaCTHIGMM B NolepedHoMm HampasneHun. i CTa-coyna-
peHEt pacdéTH IO KACKANHO! MOXENZ KOJAYeCTBEHHO COIVIACYDTCA ¢ DKCIe-
PMMEHTAJIBHHME NAHHEMHE IJIA BCeX coCHTHH, B To ®e BpeMA [OpelCKABAHHA
IKM cymecTBeHHO pacxoiATcA ¢ pesyapraTemum B CTa~BsammonmelicTmmax ¢
COJBImAM TUCJOM BaaEMmonelcTByHUX TPOTOHOB, NP? 30.
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Nb+Nb

400 MaB/Hyxax.

0<be3 pm

{ Prc. 5. PacupexmeNeHEa Do "yriy BuHOCA
seprmr” @ , moxydeHHHE
B padoTax 6/ . Paseane xpmBHe
OTBeYanT BHOOpKaM COCHTAR M0
MHOXECTBEHHOCTY M IO IDE-

UEJBHOMY TapaMeTpy.

g
—— g
i
@ T
“w
8 4 e E. ; cc | ce
2 I e @ tot ! NP3
‘% 3811 @potoz t 114108
— A (60 " (74)
of| Ln 1 )
g '. !
> 3]
I S . !
oo 10 6° % ‘\
O ol Mo
ot w 0 40"
€
4.0 1
o
N : ot |
@
[CREYCF )
3| CE |
Puc. 6. Pacmpesenesus no&f B CC- |
¥ CTa~coyrapenusx. I'ucrorpamma- A
SKCIODUMOHT, NyHKTHD ~ JKM. IpmBO- \

LeHH cpezuue Beamrdmdd < Or> B

OKCIOOPMMEHT® M B MOLSVIM.

Ha pEc. 7 mpeicTaBnieHa SABACHMOCTH CPefHeTrO "yraa BHROcA SHepruy"
< §> OT WHCJA OPOTOHOB~YUACTHHKOB B CC-MHOTOHyRNOHFHX B CTa-
BoaMMORelficTREAX, BENHO, YTO C POCTOM 9HCJS NPOTOHOB~YYACTHHKOB yBEJH—
wgBaeTcd <& fe >  H CoNee SEMETHHM CTAHOBATCA DACXOXIEHHE SKCHEDE-

MEHTATBHMX JAHHHX O pacudramx JKM.
TaiaM odpasoM, aHaars SKCMEPHMENTANEHHX NAHHHX 3 TODMEHAX
¥ — "yIiAa BNHOCA PHEPIRH" — OHAPHBAETCA IGJESHEM NJA IPOACHEHHH
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IMHAMHKN ANpO-ANepHHX BaauMonelfcrreuit, mis MOECKA TarMX €& 0CoGeHHO~
cTelf, KOTOpHE HE YHAQUHBAWTCA B NpeACTARICHES O BaauMoleficTBMM Axep
KAX TPOCTOHR CYIEPHOSHIMY HYKIOH-HYEKJIOHHHX CQYZAperuit.

<6 ety cc

Puc. 7. Bwavemua < Gf > B 32BACHMOCTE OT WACJA IDOTi!,B-
yuacTuukoB B CC- u (Ta-B3aumomeficrBusax. Iucrorpamma-
-pacuér no IKM. Kpyssu - aKcDepMMEHTANRHNE IAHHHE,
KBANPATHEKA ~ HAHHHE, OOJMyYeHHHe NIPM AMATOHETAIALMH
rensopa (I), MOCTPOEHHOTO IVIA YACTUL C Ef > 0,
KOTIa MCKIOYaeTCs OoGNacTh hparMeHTAUmY MUAMEHH,

JTUTEPATYPA

I. Boaxea B. u mp. [pempuut O, PI-85-607, Iycdua, [985.

2. Agekighiev H.N. et al. 3.Phys. C, 1983, 16, p.307.

3. Iygmma K.K., Touees B.I. A0, 1978, 27, c.658,
Toneev V.d., Gudime K.K. Nucl. Phys., 1983, A400, p.173c.

4. Araxmmmes T'.H. @ np. [penpaur OW, PI-82-508, lycna, I982,
i, 1983, 37, c.I495.

5. Gyulassy M. et al. Pnys. Lett., 110B, 1982, p.1t5,
Sandoval A. et al. Preprint GSI-B2-15, Darmstadt, 1982.
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.

Stock R. Preprint GSI~84-59, Darmstadt, 1984,
Molitorise J.J., Stdcker H. Preprint UPTP 166/1985, Frankfurt,1985,
Molitoris J.J., Stdcker H. Phys. Lett., 162B, 1985, p.47,
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HEYIPYTWE CTOAKHOBEHWH fLIEP HEOHA~22 C HAPAMU
QOTOBMYALCUM TP UMBYIRCE 4,1 A I'aB/c

CoTpyAHMYECTBO: Amie—-ATe - ByxapecT - I'sruMHe - JyoHs - Jlymsuce —
- EpeBsr - Komuue ~ Kpsxkos - J@HHHrpax - Mocxkeg - Toun@HT ~
~ Yneu~barop

(Npencrasun K.A.Toncron}

Wccnenoparin Heynpyrne CTORKHOBEHHA AED HEOH8-22, YCKOPEHHHX HA
cunxpodesorpore OMik, ¢ Azpsmu Qoroamynscuit bP-2 TocHIXIMPoTonpoexTa
H8 CTATHCTHKE 4309 colhTui [},2,ﬂ .

Way4eBH NpoueCCH QPerMEeHTOLMM CTENKUBEOUMXCA AZED, BKNOYIA MX
NoJHOe PaspyueH#e, TOHODALME NMAOHOB, KOPPEAALMOHHNE COOTHOWEHMA; NO-
NYY6HO0 YKO83IGHHO HO 'HONMYKE OCOONWX CNy486B B a){é - 3NYJIBCHOHHHX
CTONKE OBOHUAX .

®parMgHTBLMA CHADAAB. J8pAld PeNATHBHCTCKUX Axep zzj{é Ouny on-
pezemiMy C HaZexHOft TOTHOCTBO N0 M3MEPEHMAM pacnpefeneHuit J -anex-
TPOROB, OCPOIYOMHX (pBIwoiiismn, TOK KOK OWHMOKM B 3THX MIMEPEHHAX COC-
TYRIANM MeHee 0,5 6AKHALN 3spAgs8. PACc. I nokesusaeT pacnpe nenenue

. draruweHToB N0 38pAAeM. W3 Hero

I ClIEAyeT, YTO NOCHSAOBATEABHOS
YMEHBUGHHAE HOMOONMbWEIO 38pAAE
(¢parMeHTe B ASHHOM COCHTHM NpH-
BOAMT K COMbWEHR ZUCHEPCHM MO
38pALEM BCEX OCTBABFNX (porueH-
TOB, CIOJ0B8T2ABHO, NIPH ITOM
yBeNKYKBBETCA BO3OyRAeHMe ¢par-
MEHTHpYwOUere Aaps. Hadnwaserca
3HAYHTENBHNI BHXOA (POIMOHTOB
Cc 3spaaom 2. Ho pHC. 2 A8HO YTJIOBOE DBCIpPEZENEHM8 (POrMEHTOB ¢ 38pA-
AOM 2, KOTOpOE NMPOCTH :'TCH A0 YIJIOB > S°. Y70 MMEOT MECTO M apH Zpy-
rux 2 .

BuACHEHO, 4?0 YHCA0 CHyYseB C CYMM8DHHM 38pHAOM GPSIMEHTOB GL
38BHCHT OT UMCNE YO8CTHLl, HCIOYCKAGMHX ANDOM MAUGHED j(h s T.8. OT
posMeps NapeKpHTOR MAWEHB YaCTH CHODAAS, KOTODHE NonyyseT npy CTOMK-
HOBEHMH BHOWMTENbHHM nonepeudui Wunynsc: < P>~ 0,5 I'sB/c. Cpeznnuft
nonepeyntit MMNYIBC HYKNOHOB B CHCTEME KOHOB (PALMEHTADYOWErO AZpPS CO-
creBasAaT ~ 105 MaB/c.
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HOWMX ZOHAHX CBUAETENBCTBYAT, UTO NpOLBCC (pPOrMEHTaUUM CHEPAZ8 00yCnNo-—

He puc. 3 A8HH CpezHME NONEPeUHHE MMNYABCH QPaTMEHTOB K3K (YHKLMK
HX 38pRA8. 9TH PE3yABT3TH ABHO DACXOAATCA C Bunonauupadorn[gj, B KO-
TOPO} U3y4sNACH (PATMEHTAUMA ALEp I60 Cc uunyunbcoM 2,1 A I'aB/c B yraax
< I5 ¥ & H creJaH BHBOZL O QaxTopmsauumu cedeHuii. COBORYIHOCTE

BINBSGTCA OCOMMY CTSAKMBADWLUMUCHA ALDAMM, HE KMEeT MECTS (AKTOPHIBLUS
ceyeHul, T.6. YCAOBHOCTHK MOAEJM CNEKTATOLOB U y4yaCTHHKOB.

Puc. 3

$pOTMEHTBIMA MUWEHH. He pDHUC. 4 MOKA38HO DECHpBAGNEHME YUCHA8 COOH-

- Bee

“ouit k8K dynxuma Q. u napsuerps Nh ,

M3 KOTOpPOIO CHEAyeT M8N0E Da3pyueHue
AKep MUUWEHEW npu nepudepHyaCKEX
CTONKHOBOHMAX, KOTZE (L BeNHKO,u
ANPEUMYUECT BEHHO MONHOE pP33pYyWeHHE,
worae Q= 0 u Nuy> 27.

Y4CIO HYKIOHOB CHApAZA, KOTOPHE
KCIHTH/IM Heynpyroe CTONKHOBEHUE, Ha-~
XOZMTCH W3

h= A(4- %),

OTKYA® CJenyeT, UTO LAA HEOH& NpH
Q=4 u yranepozs npu @ =0 B CTOIRHO-
BEHMM YY8CTBYET 0;MHBKOBOE YMCJO
HYKAOHOB - [2.

Ox1EKO cpemude TRCHA 3,—qacmuu
B3 MMWeHM (B OCHOBHOM ODOTOHH C aHEp~

284

B Ay AR



rueh 26 MaB< E <500 hsB) pasnuuapTca JoiMee ueM B 2 pass;
<V\3>_NL = 7,850,4; <h5>c =16,6+0,8.

OuEHUBER comacuoj_S] NBpaMeTp yAspa @ IA CTONKHOBeHMi
ZZ_NL 8% ¢ azpsus ke , By B {HOTOSMYNBCHH, TOAYUMM, YTO GHU3-
KHN MHOX8CTSEHHOCTSM %—%acmu COOTBETCCEYWT M GMM3KME BENMUMHH §
YTO NOK838HO B TAGA. L. "

. TeGauys I

CpeAHsia MHOXECTBEHHOCTh g, -YBCTHL B CTOAKHOBGHUAX C RADSUH

dto, B, 22\ u 1eg ek gynxusa QL u nepemerps yzsps b

EZ-N’e Iz,

Q (™ < Wg» ¢ AK {y>
0 2,9%0,1 21,3%0,6 4,0t0,2 16,6%0,8
1 4,1t0,1 17,8%0,6 5,4%0,2 I1,4%0,7
2 5,I%0,1 12,9%0,6 6,5t0,2 7,580,6
3 6,0%0,1 10,4%0,5
4 6,780,1 7,8%0,4
5 7,580,1 5,8£0,3
He pHc. 5 Z8HN CpOIHME KOCHHYCH
yraos sunets < (08D > G -vscrun ¥ wer-
€c0s8;> A'% neHHEX { -yacTkL ¢ SHEprHed ¢ 26 WaB
o Kok Gyuxuuy (., 43 KoTOGpPOro cAezyeT,
470 yraw < Bg > 38KknoveHs B MHTED-
0,400»”*)”“\ 1 } % sone 66-69° anA ¢ -uscrun, 8 £ OLY~
*M i ﬂ B MHTEPBANA B6-B70B aToM fAKTe,a TAKEe
0300, } NpK COMOCTSBAGHUM CPERHEH SHEDLHH § -
H $-vacTHAn ¢ AHANOTHYUHHMA IAHHEME QA
ADYTHX CHBDAZLOB [s.ﬂ EACAIAeTCS BH~
ar00] ABAEHHEN POHEE CNBC6A 38BECHMOCTE YI'—
'y )}* *)g {. IOBHX # 3HE PPeTKYSCKUX DSCIpEKen oMt
% ﬂi 3“_ $PBIMEHTOB sLep MULEHEH OT MACCH M
0 2 4 8 8 ba DHOPIUM CHADANUE, HO UMEOT MECTO WHPO~-
Puc.5 xaulﬁ =;akcuuyu Anf B COOHTHAX C

Teye psuust nMOKOB. PecnpelgnedHHe CoOHTHH KB (QYHKUMA 9UC N8 Ng ’
nMPHEBHX usCTHY Gk nepaMeTps G faEo He DUC. 6. UMCAO 38PAXGHHHX
OMOHOB -C ZOCTOTOVHOM TOYHOCTBHN MOXHO NDHHATH PABHHM h‘: N~ (2- e_) .
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s

’]!57

150

0

Q-0

500 5 0 5 X0 B 0 & N % K ng

Puc. 6

Paapenenue § ~-vyeCcTHL HS DMOHH ¥ ONpeJ@JIEHME MX MMOYABCOB OWAG BHOOJ-
HEHO C NOMOWBD W3MEDPEHMA HOHMBBUUOHHHX NOTEPS W BENUYMH Py . Pe3yns-
TSTH NOK838HW B TA0AULE 2.

+ Taonnua 2
Cpe AHME X8DPAKTEPUCTHKHU cnexrpon'ST" u P

Cpe niine Bee G
3HaYEHNnA COOHTHA }ﬂ, <7 Jfk)'? w2 710
Ps MeB/c 650ty 0t30 620130 60040 69040
Pp MaB/c 2I90t50 23906y 2070t 2020%%0 234070
65 rpeg  38tI 27t2 432 4yt 32%2
gp rpaz  Ietl 121 18t1 18t1,6 121
Y¢ 1,14%0,03  1,45%0,05 I,02%0,04 O0,99t0,06 1,3%0,u6
Yo 1,36t0,02  1,5%0,03 I,29t0,03 1,27%0,05 I,49%0,03
B¢ MaB/c 28010 240ty 29010 280t15S 245115
Py MaB/c S00t20 430820  s4ptes 53030 410%30

Ni /b 1,6t0,291  1,2t0,2U+11,8t0,39:2 1,9t0,4Y+3 1,3%0,2
¥
B he (Py> = 620%5 (MaB/c)

B comoxynsocTH M3 Tesauy I ¥ 2 CHeAyeT, YTO C yMeHbileHMeM napa-
ueTpa yzaps i ysemuyennedm Ny, , T.e. npd nepexoxe K LUSHTPSJLHHM COy—
KA9peHMAM, KOTODHM COOTBETCTBYET ofabusa Tongnna AA6PHDA MBTEDUM HE
NyTH CHEpAA8, CpPEAHME MMNYABCH MMOHOB M MNPOTOHOB MEHAWTCA HE3HAYM-
T81bHO. KpoMe TOrO, CPSILHME UMNYNBCH NACHOB CIM3KM K MX 3HOYEHUAM B
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y) P~ COyASpPEHUAX, |UTO CAGNYST M3 TaCiAMiy 2. BTH Pe3yNbT8TH B COYET8-—
HUM C MIBECTHHM MOCTOAHCTBOM KO3Q(UUMEHTS HEYNpyrocTd AONYCKANT 00B-
fICHEHME H8 OCHOBE KOHLENUMM “ANMHH (opMUpPOBBHURY [_8], Heo0xoznMolt znn
"ROCCTIHOBNGHNA" 3APOHOB NOCNE CTOJKHOBEHMA. AHS8NOIMYHBR NPUYNUHE, BO3~-
MOXHO, IDUBOZAMT K OCPS30BOHMK NUOHOB B KOHEYHOM COCTORHHMM BHE fALDE U3
KJI8CTEP8, MICC8 KOTOPOro OGYCAOBAMBABTCH HEYNDYyIOCTHEK, 8 HE YMCIOM

HYKJIOHOB HO MYTH CHOpsid8 B 38BUCHMMOCTM OT N8pSMETDPS yA8pa.
KoppenALMOHHNE COOTHOUWEHUSA MEXAY 4ac-—

THLEMM NIOK838HW Ha pHUC., 78, PA6 L8H CpeX-

<CD‘SU> HUM KOCHHYC ¢ [3059> 83UMYT8NBHOTO
02 S yrna MexRy N8paMy 4acTul, B NIOCKOCTH,Nep-
NEHAUKYAAPHO/ OCH CTOJKHOHEHUA,H,KOK BUL~
T $ 20 Q HO, 93MMYTENIbHEA 8CHNMETDUH YBEIUYKBEETCA
02 ,§ (QOS,;) > 0 K USHTpSNBHEM (MeNHE @)
¢ cronkHoBeHuAM. Ha puc. 70 NOK838HH yETKHE
? KOppensuusd - "npoTMBOMCIyCK8HHE" B yK83aH-
02 HOW L7IOCKOCTM S— W .- YBCTAL, X8PEKTOpPU~
010 : 3y6M068 23MMYTANBHHM YTJIOM ybs MEXLY
P 420 Q HUEMHE, ¥
-02 [lonHoe paspyueHue fAzep W 0cOOHE COCH-
THA. K COONTHAM MOJIHOTO DB83PYWLEHHA fAAEp
02 b § OTHECGHH CIAYyY8H, KOI'Z8 CYMMSpHHEt 38pAzx
3THX UOCTHL P8BEH MAM OAM30K K & ans
0] 8 e a Anep , B . BEPOATHOCTH TBKMX COOH-
Tri auatmrensua: 20LI%.
-02 38BHCHMOCTD CPEAHUX BHEUEHHH 4hgy,
Puc. 78 LNy ,<Nh> OT uMCn8 S-usc-

THI NOKB38HS KO DHC. B C MOKCHMYMOM ZMA
£ Vg¢? npu g~ 35. ockobky coraecso

W ] : PHC. 6 POCT W g COOTBEICTBYET yMEHBWE-
» » i o Bl , T.€. LHEHTPSNBHOCTH CTOIKHOBEHMH,
TO YMOERWSHES {V.,> , BOSMOXHO,
00yCHOBMMBAGTCA YXOCTOUOHNEM MX
clexrTpa H "mepexauKu" TACTH B
" S ~wacTumy, a ywenzmemme Nz -

pacoanoM "ropa" M3 HYREOHOB CIeE-
TATODOB HA (PATMOHTH ¢ CoxzumM ¥ mpm .
nponeTe CHapaAs MO LEHTPY HAPO MMEOHH.

by Ans Beex BaskuozeMcTBuf Ne. ~ DM
7 e <hgy =6,3280,04 ¥ ¢Eg» = I55tI MsB,
Puc. 76 8 IR NOTHOTO DIAPYUSHMA ¢ hg> YPOMNN-
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BeeTea 4o 24,31  u Toxme meckoabko pscrer < Eg> =159%2 MaB. Ipu
<hiy = 8,6‘—'1 Ha0nwaeeTcs GONBWOM BaXOX —~ 2,3‘—'0,1 q98CTHL CC Cpex-

Heil asneprueidl 0,62 MaB, T.a. rayGoKy NoACSPBEPHHX 4YACTHI[, & T8K KK
HET 38METHOrC fzpa OCTATKE, TO,CNEA0BATENbHO, KOHBUHBA CTBAMR NpoLec-
€8 NOAHOro pa83pyueHNs GKOpee LpeAcramider codofl He "ucmapenue", a
ApoGnenue AAP8 HE OCKONKH.

{3 BCex Clyyses CTOJKHOBEHHH C AJPSMA ﬁy‘ by —(2400) 6wno BuAe-
JI€HO 243 U6HTPONBHHX C Q= O, U B 3TOM HAGOPS HAOJIWASANACH 3BE3ZH, B
KOTOPHX K€ OWNO § —~YSCTUL C yTHBMHM BHAETE < 7° & HanmpamTeHMD CH8pA-
z8, xoTA £ Wg> anA atux aseazy 33%2 u < Ng»= 32%I, Bepoarmocrs
HOfiBIeHNA B 3BE3Z8 4 BCEX sh-qacruu ¢ yrnsuu BHRET8 Goabue G paB-
He W=4-wied]
rae W - uucno n ;- uusuueneHmM yron S -uscTHN B apesie 4 .

w (8i) HEXOAMNOCE K3 YIIOBOr0 DECHPELENEHKA S -4Y8CTHL AMA BCEX [EHT~
panbHux BasuModelicTsuil. YcnoBuo W, < 5% yZoBneTBOpAaM I8 3BE3x;, AnA
goropux < W> = 0,025, CnezoBaTensio, oxuxseuoe ((OHOBOE) UHCXO CAY-
yees W, = 243:.<W =6 u B ciyyee pscnpesensuun Uyaccona BeposT-
HOCTB [OABNGHEA I8 COGWTMHA ~ 107°, KoppenfuuoHHHE COOTHOLGHMUA NS
NCEBAOGHCTPOT & -Y8CTHL NOATBEPXABWT BHAGNEHHOCTH I8 COOWTUH, TOTHAA
KAK DOSHTPHE L0 MeTomy MoHTe-Kapao He HOKA3HBAST OTAMUATENBEHX O0COJeH-
HocTel, EcCiM BHYUGCTE WECTH POHOBWX COOHTMH, TO AONA OCOOHX coouTRil
0T BCOX B3gMMOAelCcTBUU C AZDINK j— CQCT8BHT 10.005 U ceyeHua
g= I,S'I(J’26 cnl. Npuuuues, 910 ‘G, = h A oe, rae A oe
60TH DPBCCTOAHME MEXAY LGHTDOME Axep, noayuuM A% e¢e = 0,62 §M, OTHY~
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1/14

A8 <AP1.27 =0,33TsB/c n < |Pul>= 0,68 I'aB/c, T.€¢. madmia-
oTCA CYNOCTBOHHOS YBGAXYGHHEe, YTO, BOAMOKHO, E OCYCIOBIMBAOT YMOHL—
[I6HH6 BEPOATHOCTE BHISTA YaCTHI C MANHMA YIUAMA,

COBOKYNHEOCTE ASHHHX YKG3HBOGT HO NPOABAEHUE  KONAGKTMBHNX 3dPeK-—
TOB B IPOLACCAX HEYNPYTUX CTONKHOBEHWH peNSTUBACTCKUX AHEP.

I.
2.
3.
4,

5.
6.

7.

lureparypes

Auzpeese H.DI. u Ap. Coodmemus OUHM, PI-85-692, Iydma, 1965.
Boxkanoss A. u Ap.KpaTkEe coodusHma OWAM KI2-85,Ilydua,l1%®5,c.15,

Aunpeesa H.ll. u 4p. Coolmenus OMAU PI-86-8, Iyoua, I986.
Steiner H. Preprint LBL-2144, 1973.

Anronuax B.A. 4 ;p. 1979, d¢, 29,17.

baunuk B.Il. u Ap. TpyZu CopomaHds IO ACCASHOBAHAB B 0GIACTH
pesATARRCTCROE AmepHO! dmsmxu. OWMI,JR-82-568,JycHa,1982,c.78.
Borzeuos B.D. u zp. A®, 1983, 38, c.I493.

deiucepr B.A. YOH, 198G, 132, 255.
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VHKDBMBHHE CTIEKTPH JETKUX ITPOIYKTOB B3AMMONENCTBUA
PEIATHBHCTCKMX AOEP B KMHEMATHYECKOR OBIACTH
OPATMEHTAI SJPA-MUIERN
B.}.Manzx0
HHCTHTYT aToMHOM sHeprmu mmMenz M.B.Kypuarosa, Mockpa

WsMepe sl MHRINAMEHHE CUOKTDH OpPOTOHOB, MONYCKAAMHX PR D3AUMO-
Io#CTEEN BOBOB % ¢ amepreEelt 3,6 T'sB/HYRJIOH B ZOHOB e ¢ 2Heprmeit
4,9 T3B/HY®IOH ¢ DA3THUNGMM SUpaME. AHAMAS STMX JAHEHX, 4 TAKEe MMo-
DNEXCA JAEEHX 0O ANePHO-FZIepitiM P3amMoiefCTBEAM OpPE IPYIAX IBEPIMAX
(0,8 1 2,I I'sB/HyRAOH) B &nA APYTEX XOMOREAUZR CTAIREBADTAXCH AXLD
(or “He + C no Ar + Pb ) moRrasan, 4T0 B 00JacTE {PAIMEHTAIME ALDa-
MAGHY BHBADHAHTHO® COYOHHe OINACHBAETCA HEXOTOpoldl yHEBepCcaabHOM
(fyarmwofl, ecum mepefTR B HONXONAUYD IBEEYUYNCA CECTOMY ROODIHEHAT,
[DociexBNy 6CTGCTEGHHO KHTEPOPETEPOBATH KAk Deanbuull Jmapvockul 061
eKT - ImpHxymuficA HCTOYHEK. KAK ORA3’HBAOTCA, STOT HCTOYHMR CHILAO pa-
sorpe? (cpemuas sHepIma 2 90 MeB/mywioH), OpEUeM ero BHyTpEHEEe CBOM-
ctea (3HODTES Bo3CYXISHMA ¥ (OpMa pAcHpefioNeHES) He 3ABHCAT HY OT
9HEDPI'AE CTOAXHOBOHHEA, HH OT KOMOEHANHYM CTAXKERADMEXCA anep. C mpyroft
CTOPOHH, CKOPOCTH ECTQUHHRA K GMCJO EXONAUNX B BET0 HYKJIOHOB CHCTe-
MATEYECKA SABACAT OT YCJIOBKE CTONREOBSENA.

Cornacro mogesm Jaitepdonia [I] yiideley A0 C1OSKHORERIA
RO OpEwoHZoMofl 1A ONACAHNA CTOAKHOBOHHR
Afep NHPR BHCORHEX SHOPINAX, HAYRIOHN CT&A- ANPO~MHDEHB

KUBADMEXCA AJ6p PABIOAADTCA HA RBe IPyI: ' -
TaKk HAHBAGMHX yYACTHMKOR ¥ HadmmnarTe-
nof. llephHe NPEHALJIERAT X ICOMOTDNYOCKE
OepeKPHBADMAMCA 00JACTAM STEX ANEp, aBTO-
1‘9 ~ HYRAOHM, E© BXONImEe B 3TN o0xacTx nocjie CTONKHOB@HUs
(pmc.I). Hocre CTOIREOBOMNA FHACTNEKN
o0pasynT ONXLHO pasorperdil npusymmics mC-
TOYRME - (aflep, a HAGUDIATONR, BIOLAUNE

Hanevawuee sapo |

.:\:‘{‘/

2%+ 0y nabawpateny

‘)"{ e :" Hane Taomero
7/.' l\ appa
YUACTHHKH
{dattepBon/
Puo.I.Mozexs y9acTRMROB R EAGHMRATeNefl. ...~

AQpa—MHMEHH |
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Prc.2. XapanTepEHe 0GIACTE IO KMEEMATHIOC— S4B /Mc
Rrofl ILIOCROCTH.

pbaiiepGo

-
B COCTAR OCTABMNICA XOJOIHMX OCKOJKOB *
IBYX ANSD, TPARTENOOKK H6 MOHANT COCTOAHMA
©BOBIO NBREGHEA. COOTBETCTBEHEC, KEHOMRTE- 1
9eCKYD IXCOK0CTH (C KOODIMERTAMA, OXQEOM, |ibparver-\.

"] dparmen-
Tarus

owctpora Y  m momepewm# mamymse Pp ) | Y cuapana
MOXEO DasfiesTh Ha TPE odnacTR (pac.2). n o —
Bdmwsm ouerporH sAmpa-smumeny (Y = 0) pac- ;’ ;‘ ;
IONATRETCA OGIACTS PPATMGHTAIME (IDA-ME- (3.6 FaBfHyK.)

WOHE, KOTOpad MNONKHA SACONATHCA 38 CYeT
HYKJIOHOB-HACIDAATONER aToro Axpa.

AHRJIOTEYHO 2TOMYy 00JACThH fparMeHTAIME HANOTADNEI'0 ANPA, PACIOJIONSH-
HAA BOJM3E OHCTPOTH DODPBOHAYANBHOrO Mywka ( Yp ), HOIRHA 38CEJATHCH
EYKJIOHAMA-YIaC THEKAME ,

KenoMaTHdocKHf amama [z] SRCOEPFMEHTANLHEX JAHHHY, IOIYIOHHHX
Ope 9EEPrEw 800 MsB/HYKIOH, OCHAPYXRN, YTO HMONTCS HYRJIOHH, KOTOPH®
HO ABNANTCA HE YIACTHEKAME, HE HAC/OIATONAMA. 3TH HYRJIOHH 00pasypT
CENBHO PA30IPOTHE MCTOUHAKE - ropAYml MMmOHHHY ECTOYHRR W ropsamit mc—
TOYHAK HAJOTALNOro ALpa. Ha CymeCTROBAHEME TOPAYEI'0 MENOHHOTO HCTOUHE~
K4 yKA3HBADT, BATDEMOD, MAKCAMyMH B CKODOCTHHX DACHDOASNOHEAX Hpar-
MOHTOB NPE 3HAYEHEAX CHCTPOT, CYWGCTBOHHO OTMHRANMEXCA OT Yy B Vg4
(pEc.3). 3TH PeSYARTATH CTEMYJIHDOBATE KHTOPOC K KCCIONOBAHMAM CNOKT-
POB BTOPHYHHX 9ACTHN B oGnacTE $parMoHTam®y SIpa-MANOHE OPR SHATA-
TeABHO GONBINX 3HOPIUAX B3AMMORORCTBEN. Ot
Tpymuoft ¥AS mM.J.B.KypuaToBa OWwm HCCJHERO~
BAHH CNORTIH OPOTOHOB, MCOYCHAOMHX HPH
CTOJIKHOBOHEAX Afep ~“C ¢ 3Heprzeft
3,6 T'aB/HyR/IOH,a TaK®e suep 3He ¢ aHepru-—
oft 4,9 I'oB/HyRIOH C PASMMUHIMA AIPAMI-Mu- ||
meHAMK. ([lepeyelh UOCVIOZOBAKHEX BaamMolielicT- |/
pult mex B Tadumale).[pE TakEX BHCOKAX ZHOp- A
TAAX KAHOTEYOCKES® OGIACTH ,COOTBOTCTBYXUHO

- 0,8 I'sB/nyxn.

yeacTHuRAM ¥ HAGINIATOLAM,0TCTOAT TOPE3AO0 | AroPb

RAMLIG EPYT OT APyTA, WM NpX OHGPrER °x =04
4xx1,2 } npoTon

/o x100/
Pitc. 3. BCTPOTENO pacmpejesemui fparMeETos, L v "%’ wpwroms

#OIyoRaoMIX UDH BaamMopeficTEE 800 MsB/Ey- g i e wiuD Uy
®I0E Ar + Pb, .
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800 MaB/uyrn.loaToMy MORHO GHIO HANeAThCA MCCJAONOBATH OGIACTEH dpar—
MeHTalUMY AApA-MENIEOHY B I'OpPasho Golee WACTHX yCIOBUAX.Pe3yisTaTH 3THX
nccaenopaseff 4aCTAYHO OomySAuKoBaHH B padoTax [3.4,5] .

DKCHepHMeHTH OHJF BHIOJNHOHH H& BHBOJOHHHX IydRAX :meg 125 g 3He
cruxpodasorpona OWAU. Hemomp3oBamsce EHTeHCHBHOCTE ~ 5xI0 amep C/mm—
OyJeC TOK2 R ~IO7 fanep 3He/ MMIYALC TOKE OPM LIUTEXHHOCTH MMIY /B~
ca oxoso 400 mc ¥ wyacToTe ~0,I/TN. MomONMP30BANMCH MRIIOHR MS ©CTECT~
BOHHOM CMECH H30TONOB TOJLMHAMM: yTuepox - 0,86 r/cnz, memp ~ 1,34 r/c
o080 ~ 0,91 I‘/CMZ u cpumen - I,I r/onC, CnexTpy (parMeHTOB K3-
MODANIKCE ¢ HOMOWBD CLMHTALIAIMOHHOIO CHAXTPOMETDA, OCHOBOR ROTOPOIO
OHJI TeNeCKOIN, B8 TPeX ILIACTMACCOBHX CURHTHLIATOPOB. JBa HMEpPBHX GHJIH
TOHKIMM ~ ToJumHaMmy 0,5 cM z I cM, a Tperult OWn TommuHo#t 32 cM. Pac-
CTOAHEe MOALY NODBHME NBYMH CURHTELIATODAME CHJIO OKOMO 2 M. A Kax~
J0ro COCHTHA HMBMODPAIOCH BPOMA NMPOJETa 3TOTO PACCTOAHWA ¥ 3HEePrad, BH-
IoJeHHas B TOJCTOM NETOKTOpe. C HOMOMB TAKOrO CISKTPOMETDA MOXHO OH-
J0 uHeHTRPUIEPOBATs UPOTOHH M ONPSIeNATH MX DHEePrHL B BHTepBale 50 -
350 MoB. CmewTps M3Mepaauch B EmATepsate yraos or 20° mo I50° c marou
10°. feransHoe omucaHue SKCHEPUMEHTANbHOE YyCTAHOBKHM, 3JEKTDOIMKH H
npoueyps m3mepeHmd cozepamtca B padotax [ 6,7 ].

1A aRaumM3a CHAX HCHOJB30BAHH EHBAPHAHTHHE CEYeHHs, Opeodpas’o—
BaHHHE K NODPOGMOHHEM Y P'r' B0 oGHapvaxeHo, wTo Hopma poaseda uuBa-
PHAHTHOI'O CEYSHHA B olnacTy fparMeHTAIMYM AKpA-MANEHM M0 BCeX CJydasx
OKasHBaeTCs omHoOd ¥ Tolf xe, ecum B KAMIOM cJayYae NPOE3BECTH TOAXOHAuMHA
CHBMI' 0 GHCTPOTE. BHpARAACH TOYHO, COKADYREHO, GYTO MHBAPHAHTHEOE ce-

GeHEE §,,  MOET OWTh IpeICTaBieHo opwyiof

giuv :go(AP)At»E)f('j—‘jS(AP,At)E)) PT); (1)
Ine . At — MACCOBHC 4YHACJA HAJSTADWEI'0 Apa ¥ ANDA-MHELOHE COOTBET-
CTBEHHO;

E - 9Heprma, NDHXOIAMBACA HA ONMH HYKJIOH HaJeTanuero Ampa;

éo( Ay ,E) ~ HexoTopyil MacumTacHH} MBOMUTENL, ompele moumi adco-
JOTHYD BEJHYNHY COUOHUA;

Js(AuA¢ E) - crpur mo GHCTpOTe;

f - HeK0?0paA YHMBEPCANbHAR (YHKUMS, Bui KOTOPOd He 3aBHCET HM OT
KOMCEHAIHY CTAJIKMBANMXCA 416D, HY OT DHEPIAR CTOJHHOBOHEA.

70 HAGMDAOHME WLINCTPEPYeTCS DACYHKOM 4 , Ha KOTODOM IpuBeleHH
OTHONOHAA 6;uy /8, B 3aBHCEMOCTE OT pasHooTs Y - Ys npm (uxcuponas-
HMX 3HAYEHEAX DODEPEYHOTO MMIyALCA AIS TpeX BaamMolelicreEf 4,9T8B/mHyx-
a0 SHe+C, Cu, Pb . Ha aToM %9 DHCYHKe B KA98CTBE OpEMepa OpkBe-
XGHO TAKO® X8 OTHCNEHM® [id BaamMoxefctsra 3,6 T'eB/mywnor ~“C+ Sh .
3HavoHHA gapaMeTpuB Y &, UpuBeLeHH B TAsNENS. BEOHO, ¥TO BO
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Puc. 4. 3aBACAMOCTS BOJHMHE G;,y /8, OT £

i
¥~ Ys n1a cayuaes Baaumoneficrpu ; %
4,9 ToB/uywion “He+C,Cu, Pb u 3,6 TaB/Hyk- ]

I2 S 16" “pmezls

C+ Sn. 0'; M_ -

- Hom :

BCEX CJHYYAafiX BKCIEPMMEHTAJEHHE TOYKH JIO- L f” K

HATCA HE HOKOTODYW YHMBOPCAIHHYD 3aBUCH- ‘\263; ‘ ! o v/ 1:'

MOCTB, KOTOPY® MOMHO 3aNAThL rpafmyecku  © | fI' 56 2(’1’;"' q

IPUBONEHHHME Ha DPUCYHKS CILIOMHHMY JIMHWAMY. f A oran/uysal H",,c .
Ky il

JameTuM 3T8CEH, YTO M LJA_OCTaJLHNX B3&MMO- 103‘ 7 Hedey o

meficTsuft 3,6 TaB/Hywion 15C + C,Cu ,Pb g Heepy o -

SKCIEDUMOHTILHNO TOUKN JIOEATCA HA Ty Xe f j

YHUBEDCATBHYK 3aBHCMMOCTE. PopMyaa (I) os- ! )

Il 1 ). 1
HAYEOT, UTO BO BCEX CJIYVAAX MHBADUAHTHOO 0 -05 y-oy, 05 10 15
COYOHMe HMEST OmMH W TOT X8 peased, ecau
TOJBKO B KANIOM M3 HUX Tepe#Tn B HEKOTOPYD MONXOLALYY IBUXYIYBCHA CHC-
TeMy KOOPLKMHAT. ECTSCTBOHHO NDEIIONORUTE, YTO MOCTOMHAA CBA3AHA C He-
KOTOPHM DOANBHHM (U3NIOCKNM OCBORTOM — IBHXYLMMCA BCTOUHWKOM, E3Jyda-
DIEM BTODEYHHE TACTHIM.

C HesBD MCCACNOBATH, HAGMNIAETCA JHM HallloHHAS 32KOHOMOPHOCTE
(fopmyna (1)) B cxyvuasX CYMECTBOHHO GOJOE TAFRIHX HANSTAVIMX AUSP R
IPH CYMECTBEHHO OTJMYANLMXCH OT SHOPIEH CTOJIKHOBOHMA, CHJE IPOAHAM-~
3UPOBAHH ZMODEHEe NAHEHE IO CTOMKHoPemmsM Me ¥ Ar ¢ pasimumHME
ALpaMA-MEIOHAME mpE SReprEAX 0,8 T'eB/mywmon m 2,1 T'sB/Hywon [8,9].
Oxasaroch, 4TO BO BCOX STHX CJAyYasX B KAHeMaTHdIeCKoft o6iacTE, COOT-
BercTeypuelt fparMenTanAn ARpa~MUMOHY, HHBAPHAHTHHE CEYeHMA OCHADyXM-—
BaNT Ty X6 3aKOHOMEPHOCTH (BHMOJNHASTCA cooTHomemEe (I)). 3roT BHBOJ
WLINCTPSPYeTCA pEC.5, HA KOTOPOM IDEBRLO—
HO HOCKONBKO HpEMepoB (HONHHY CHMCOK Hpo- [ “ / |
GHAIMANPOBAHHHX BIAMMONRCTEAR CONSPRUTCH 4 [f 4Py fre-05 _'
B TaluEme). v T qss

o} -

PEC. 5. 3aBHCEMOCTE BOJMTEE €:,/¢, OT }/f‘?ﬁ p :

Y-Ys A1 ciyuaen BaamMofieficrnmd 2 |

0,8 TaB/uykt. Av + KC1,P5;2,I ToB/myxn. & .l/
Ne+ Pb 7 3,6 ToB/uykr. 12 +S, St |

/

J [

O 2,1 I'sB/uykn. Ne+Pb
A 0,8 MaB/uykn. Ar+Pb
® 0,8 T'aB/Hykn, Ar+KCl
4 3,6 ToB/uykn. C+Sn

HaftneHHas 3aBECEMOCTH YKA3HBAET, 9TO oS
B SI8pHO~AIPPHOM CTOJKEOBOHER O00XACTH
fparMeHTammE 3aceaqOTCS HYRKNORAMN, MOmyC= L.t ..+ .|

RAGMEME HOKOTODHM JBEAYUMMCA ECTOTHHENOM, R oy_xm v
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BHYTpSHHHE CBOflcTBa KoToporo (sHEpIrMA BO3CYXISHAA E BHJ, pacHpejere-
HUA yacTHl]) He B3aBMCUT HM OT KOMOMHAUMK CTalKXBamtuxcd fzep (mo xpatft-
Holt Mepe oT SHe4C 10 Ay +P ),HM OT BPHODPIMH CTONKHOBEHMA (Mo Kpaf-
Hoft Mepe oT 0,8 T'aB/mywaod no ~ 5 T'aB/uyruon),.

B kupeMarmdeckoff o0iacTE, COOTBETCTEYLMER GONLINM yIVIAM M CpaB-
HATOJBEO MATHM mMyiscaM, fymmms f (Y-Ys,Pr) BocmpomssommTCA pac-
npeie J0HEOM GOJIBIMAHOBCHOT'O THIIA ¢ Temueparypoll T=55 MaB. HuuMe cijoBa-
My, B JTOH o0nACTH MHPRPMAHTHOS COUSHMO MONAT CHTH BOCHPOEIBOISHO C
nomomeo dopMyJm

Gy = & (10 Ws mctYenp (=W /), @

re o
W = mct( 1« (Pr/mct) cosh(y-Ys)y-1) ~

KNHeTEYOCKRAA DHOPTHA fparMedTa B CACTeMe ABZEYMEIOCH ACTOUHHKZ,

-~ macca fparmenTa. Ha prc.f OPEBONEED HOCKOJLRO NPEMOPOB OIECE-
HES PKCHOPEMOETANBHHX AauuMx opaysoR (2). Bummo, 9To mMeeTCHA XOpo-
[mee COrJacHe B OOMACTE IANMAX JINoB.,  YMOHLIOHEOM YTAA HAGKTVIASTCA
CHCTOMATEIOCKOO OTRAOHONEE IXCIGPHMOHTAJLHMX TOYOK BREepX OT pacweT—
HHX KPEBUX IO MODO® YBEJRGOHHA EMUYEbcA, DOSMOXEN IBa pasiAfHHX OJRAC-
HEHNA TAKOr0 OTRAOHeHMA. Bo- -~
NEPBHX ~ BO3MOKHO, 970 B HC—
TOYHEKO HO JCIABAOT YCTAHORATH-
CA QOJHO® DABHOBOCHe H B HOM
COXDAHAOTCA O “naMATn" O IBE-
XOHNR NePBOEAYANbHRUR JACTHIM,
ocrapEbmell B HOM 9ACTH IHEPIHN.

4.9 TaB/uyki. 3He+Cu<-p +X

T

((T9B-M6) {ep(T2B/)

9 102
Pic.6, UpaMopH BOCHPOH3IBONOHESA %Ili
HXCHGPEMOETANBHEX IARHHX GOJBL- Wit 45! : o -
MBHOBCKEM PACIDOReASHASM C 400 600 80,3 ey 500 800
Toupeparypok T = 55 MaB,

9T0 UPEBOIOHO K UPSHEMyHECTBOHHOMy NCOYCKAHND BTODNYRMX (pATMOETOB B
nepeaon aoxycdepy. lpyroe BozuoxHOe OGBACHEHM® COCTOMT B TOM, 1710
10 Mepe YMOHLNOHNWA yIJia B yBeJwdoHHS EMOY<hCa HRUMHAOT BO3IPACTATSH
praan oT fakepdona, 00pasOBAMEOrO HYKAOHAMN~YZACTHHKAME, HTO TOXE
NpEROeSeT X YBOJWMYEHED Co4cHEH# N0 GPABHOHED ¢ DACCYATAHHMME B [OPEHNO-
JOXOHNN RJIYYCHEA OUMHCTBOHEOTO TOILIOBOrO NCTOYHREKA. B HACTOAN®E Bpo-
Mg TPYIHO CHEJATh BHOOP MOXIY OTNME IBYMA OCBACHOHHAME, XOTA Halm-
IaeMad yHMBGDPCAALHOCTDL PyHHKIER f TOBOPET O TOM, 4YT0 OCHORHYD DPOJb,
CKopee, AIPasT HenoJHOe TOMmICBOe PABHOBOONE B HCTOTHHKO.
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B JIDGOM CIY9AS ECTOUHHE OKASHBASTCA CEJBHO DA3OTDeTHM. JUIA GOMBI-
MAHOBCKOH KOMIOHOHTH CpSJHAA KMHOTHUOCKA HHOPTHA, IPEXOLMIAACA HA
omeE Hykion W/, , CBAsRHA C TOMISDPATYDO! CIOIYDUMM BHDAXOHEOM:

Ki(mcr/T)
- 2 SR S .S B
(w> =3T-me*({ Kz(ml/'r)>’ @

rme K; w K, - yHrmER MaxgoBATHIA.

Opr T = 55 MeB moxygzaem SW> 2 90 MeB, 4T0 BO MHOTO pa3 NPEBHmA-
oT CDOIHDD PHEPIAD HYRJIOHOB-omexTaTopos (~I2 MaB [10] ). Hamrme
HODABHOBACHO! KOMIOHOHTH MONAT TOJBKO elie §0Ji6e YBOJMIATSL 3HAYEHHME
LWy |

EcTecTBeHHO HPEIIOJIOXATH, YTO AHAJOTHYHHE MCTOYHEK odpasyeTcs
E B OGNACTH (PArNOHTAIMM HATETADMEro ALPR (B CiAydae CTOJKHOBEHEA OIH~
HAKOBHX ANOP 3TO CAGLYOT M3 CHMMETDHH KAPTEHH CTOJKHOBEHHA B CHCTOMS
neHTpa Macc). Torma 9To 03HAYAeT, UTO B PESIYALTATE CTOJKEOBOHEA Aep
00pasyeTCA LATh KCTOYHHROB,

ECIOycKanmmX QparNeHTH, KaK
8TO OOKA3RHO HA pnc.’?. bparMenTH sAmpa-mMHuWeHH

HeHTpanbHbIl
Prc.7. Momeas MATH ECTOMHMKOB. denTpan

- ropauMi croit
HUP IO (7 .
ropa s Hane raomero AQpa

CKOPOCTEL IBEXSHMS ECTOY- ampa-vumenn . & e
mwrka (wm dHerpora Ys ) =
MHOXKETO.JIb gﬂ ’ onpe,t[emmm bparmenT Hanerawmero aapa
adCOMNTHEYD BOJNYEHY CeYOHEA,
0o0HADYXABANT CHCTOMATHYOCKYD
3ABHCHMOCTE KoK OT SHODIER
CTOJKHOEGHEA E , Tak ® OT MACCOBHX HMCOJ CTAJKHBATUMXCS ALSD B
Ay . 3HoveHEA APAMOTPOB Ye = J, IJ17 BCOX IPOAHANM3EDOBAHHHY HAMH
BaammoseffcTEER NPEBOJOHM B TACJHENS.

Ha pEc.8 OoKa3aHM 3aBACHMOCTE BOJNYHH Ys orEnm Pa3IHIHEX
KOMOHHAIKH cTa/IKNBaMuMXCsA Afep. JRHAM DPOBOJeHH U6pe3 TOYRM C OfEHA-~
KOBHME (EIM CUMAKEMN) OTHOMOHEAME Ap/At . Bumso, 4TO OpE QAHHOM 3BA-
JoHHE A;/At CKOPOCTE HCTOYHEKA YMOHBNAOTCA C yBOJANYOHHMEM SHODIHH.
Ho-BHAMMOMY, UMEOTCS TORIOHINA K BHXOLY EA WiaTo mpx E 2 2 TaB/Hyr-
Jod. [IpE pasmoR 2HEDIMM CKOPOCTE PacTeT C YBEJHYeHWeM OTHONEHES

At . 310 BaC/NUOHNG® HAMMOTPEPYETCA PHC.9, HE KOTODOM ROCTPOSHM
SAPUCEMOCTE BOJNUNH Yo or Ap/A; mupm sueprzm 0,8 T'2B/Ryrnod X B 00-
180TH 3HEPIER OT 2 Mo 5 I'aB/MyKnOH. BHNHO, ITO CKOPOCTh HOTOUHNKA
OCHApPYXABAeT cJalyn 3aBECMMOCTBH OT Ap/At THOA Y ~ (AP/A,:)!, TIe
¥x~ 0,I5 opr E = 0,8 I'2B/uyxnon ¥ 2~ 0,17 B ofracta Taarto.
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Prc.8.B3asucumocT® Y5 oT E Wa pasimIHHX
ciayyaeB Baammoge#cTBus, KpuBHe mpoBeleHH

4Yepe3 TOIKE C ONMHAKOBHMM OTHOUIGMAMA 03}

A/A, -

Eesm pasnemTh mMacHTaoHW{#t MHOXE@Tear  02-

o, 2 TeOMeTDIMECKoR Conelo bgeo =Jity’
(A" +A*)*, o orHOwemye 6./d,,, mpomOp-
IMOHANBHO TUCHY HYKIOHOB B uc'roqmlxe me . oif
Ha puc.IO noc'rpoel-xu OTHOmeHNT 8, /8ge0 BIA

T T

HAJIle TARUMX HIep
OT Ag .

Ay TEma mg~ Ay, Tae A %

C B 3aBUCHMOCTH
BunHo, 4YTO 4YMCJO HYKJIOHOB B MCTOY- gl
HAKE OCHADYXMBAET CUJNLHYH 32BUCHMOCTE OT
0,7. Takoe

a Cr
o He+C 4 Cv%u |
® He+Cu s Ce % X
¢ He+Pp v C+Pb
bwaa P R _{
1 5
E (I'sb/uyxa,)

nydxa

donpwioe 3payeHue o o3HAYEET, YTO POpLMPOBAHME MCTOYHMKA HS MOKET

T T T T T Ty

Y
05

A

b
/Hj':”
120(3,6

He (4,9 I'3B/uyxmn)+mumens

Ne (0,8 I'sB/uyxn)+Muwens

I'3B/1yxn) +MuueHs

L] 3B /HyKa) +Multe L
t AONE 2,1
! A""Ar(0,8 I'aB/uyxn)+Munens
; .

, .
107 107

0’ A,

GHTH OGDBACHEHO BHPO32aHUeM Ha-
JeTawIMM ANPOM U3 AApa-MaleHu
TPYOXYM ONpPeleJeHAOTO pasmepa,
MOCKOMBLKY TOTHAa W g¢ OHio O
NpOIOPLMOHANIRHO JMHefiHHN pa3-
MepaM AIpa-MAleEX, T.e.o OH-
Ja O pasHa I1/3. To-BRmMMOLY,
9TO 03HAyaeT, YTO IO MEpe Npo-
IBMESHUA HajeTapmero ANpa
BHOJb AApa-MylleHy IomepeyHHl
pasmep o0JacTH, ¥3 KOTOpod 3a-
Tem fopmMupyeTcAa ropAumit MumeH-

Puc.9, 3aBucEMCCTE  Ye

oT Ap/At,

HHE HMCTOYHHX,DACcUPAETCH.

Virax, BANpO-ANEDHOM CTOJKHOBEMMM mpy ¥
BHCOKOJ}t 9HEPIuE objacTb fparMeHTAIMHN Apa-
MUGHE 3aC6JIAeTCA HYKJIOHAMI M3 HEKOTODOro
JBUEYMETOCA BHCOKO BO3CYALOHHOTO HCTOMHH~
¥a. JHSDYHA BORCYEICHWS MCTOUHUKA HE 22BR-
CHT HM OT KOMOMHALMY CTAIKABADMAXCA AXSD

o
Ty

o'k

T T Al T

P
}

Ay,A,, HE OT PHOPIME CTOJKHOBeMMsA E. C

Apyrofl CTOPOMH, CHODOCTh MCTOYHWKA M 4ymc- | A

JIO BXOZAUEX B METO HYWIDHOB CHCTEMATEIOC- [4

KE 3aBHMCAT OT A¢ , u E. | © 3,6 FaB/uykn. 'ZCtmumens
Puc, IC. Ba.mq?moc'rb é, /6’.,, T At' 6"‘,' :::,,’,-‘3 ® 4,9 FaB/H!Kn l;iE"‘MHlueHb.
(At/l , vme ¥, =1I1,2 gm. 10 A 102
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Tacmr:a

Pearin Y s 6, CpMJ(é _}(; ;é%
4,9 TaB/A SHe + C 1,08 0,20 2,6 x 108
4,9 T3B/A “He + Cu 0,83 0;I4 1,9 x 104
4,9 TaB/A °He + Pb 0,69 0,11 8,2 x 104
3,6 T+B/A C+C 1,13 0,23 6,2 x 10°
3,6 TeB/A  C + Cu 0,91 0,I9 3,8 x 104
3,6 TaB/A  C +5n 0,83 0,17 1,0 x I0°
3,6 TsB/A C +Pb 0,76 0,14 1,6 x I0°
2,1 ToB/A Nes+NzF 0,92 0,24 1,5 x 104
2,1 TsB/A Ne +Pb 0,65 0.I7 1,5 x I0°
0,8 TsB/A Ar + KCi 0,62 0,31 4,I x 10%
0,8 TaB/A Ar + Pb 0,46 0,24 1,3 x 10°
0.8 TaB/A Ne +NaF 0,62 0,31 1,3 x I0*
0,8 TaB/A Ne + Cu 0,51 0 2% 3,7 x 104
0,8 TsB/A Nz +Pb 0,41 0,22 1,0 x I0°
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CHARGE EXCHAMGE REACTIONS WITH RELATIVISTIC COMPLEX NUCLEI AT SATURNE
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Charge exchange reactions above about 166 MeV per nucleon are a very

1023 These

effective and selective way of producing collective spin excitations in nuclei
excitations are particularly strong at 0° and small angles.

At low excitation energy of the residual nucleus, one induces preferentially
Gamow-Teller transitions 45 = 1, AL = O, corresponding to allowed beta decay G.T.
transitions. These are one step (I1p-1h) excitations. It has been shown 12/ that a very simple
'Sﬁ+ =3(N-2Z), where S, and S, ,

sum rule applies for the Gamow-Teller strength : Sr
are the P- and the (5" decay strengths; the Indiana (p,n) experiments revealed that ‘the

observed low energy G.T. excitations exhaust only a fraction - at most up to 0% - of this sum
rule strength 2 .

Several theoreticians remarked & that spin-isospin excitations in nuclei
could lead not only to low energy G.T. states, but could possibly also excite the quark internal
degrees of freedom of the nucleons.They could thus lead to the formation of A resonance-
nucleon hole states in the nucleus, taking into account the correlations between nucleons. As

there is no Pauli blocking, all nucleons of the nucleus can play a role .
The (3He,t) reaction

In order to study such a possibility, we started, at the beginning of 1982, an
extensive experimental programme on charge exchange reactions at Laboratoire National

Saturne, The first experiment showed indeed a strong excitation of the 4 resonance in the
(3He,t) reaction at 2 GeV and 0° (see figure l)/3/.
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We use the magnetic spectrometer SPES el which allows analysis of
tritons up to 2.3 GeV (figure 2). This is a D35Q6 spectrometer with a distance of 35 m between
the target and the final focal plane, The detection (figure 3)/6/ consists of two sets of drift
chambers, about 1 m apart, allowing the reconstruction of the trajectories, two scintillator
hodoscopes, the first one at the intermediate focal plane in the middie of the spectrometer,

the second located after the final focal plane. These sets of scintillators give a trigger signal

and allow precise time of flight measuremen
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Figure 3 . Detection system of SPES 4.

photomultiplier on each side, resulting in a very efficient mass identification . A typical solid
angle seen by the spectrometer is of the order of 0.3 msr, the analysed momentum range can
be of 7%, and the resolution is better than §p/p = 1072, SPES 4 is a very efficient apparatus
for the identification of different nuclei at 0° and small angle.

We i.ave performed measurements with the (JHe,t) reactions on hydrogen ,
deuterium, lzC, I‘OCa,l‘sca, 5"‘Fe, 89Y, UgTb and 208Pb at 2 GeV. Measurements on some
nuclei have also been performed at 600 MeV, 1.2 GeV , 1.5 GeV and 2.3 GeV. We have shown,
in particular for the test case of 89Y at 600 Mev(figure 4), that the (3He,t) reaction is as
selective as the (p,n) reaction. In some sense, it can even be considered as simpler than the
(p,n) reaction, since the projectile excitation into a 4 , with the subsequent formation of the
trilon ground-state, should be extremely small. At these energies, (JHe,t) is clearly a one-step
process and the impulse approximation can be used.
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=
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Figure 4 . Energy spectra for (p,n} and ]
(3He,t) reactions on neighbour nuclei 5 35 50 .
with the same neutron number . EXCITATION ENERGY {MeV)
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Concerning the ground-state region, several interesting results have been
obtained. In particular, it has been possible to measure the ratio of the cross-sections to the
ground-state (1/2-) and the 3.51 MeV state (3/2-) of 13N, for the 13¢ target nuclei present in
our natural carbon target,The ground-state transition contains a mixture of Fermi and Gamow-
Teller strengths, whereas the transition to the 3.51 MeV state is purely Gamow-Teller. The
respective Fermi and Gamow-Teller strengths are known, and it becomes thus possible,
assuming that the distortion factor is the same for the two transitions, to determine the ratio
R between the volume integrals of the effective nucleon-nucleon interaction in the &% and
the T transfer channels. The result is shown in figure 5, The ratio R does not decrease abov::

200 MeV per nucleon, which is unexpected.

6.0+ B
Figure 5: L0k % T 4
Zo i \‘

0 200 400 600 800
ENERGY PER NUCLEON, Mev'

We have studied in detail the fermation of the 4 resonance in the reaction

pCrieny A 17/

outside the resonance. It is interesting to note that the integrated cross section da/dt

. This is a pure A production reaction : there is practically nc background

depends only on the invariant four momentum transfer t. These results have been analysed,
with the help of V. Dmitriev and O.Sushkev from Novosibirsk, in a plane wave approximation,
assuming a one pion exchange interaction and a transition matrix element factorizing into an
NN -» NA matrix element and a form factor for the 3He - t system. Very good fits have been
obtained of the triton spectra at different angles and energies (figure 6). One might also use
these results to obtain an effective >He-t form-facter. Calculations have been performed

including f meson exchange. It appears that a possible g contribution should be very small.
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Figure 6. Figure 7.

Concerning the A resonance produced in complex nuclei /8/, it is
remarkable that for all targets, starting with carbon,the resonance observed at a given angle
has the same shape and the same position (figure 7). At 0°, the A peaks at an energy transfer
(lab. system) of 255 MeV. When comparing the position of the A for complex nuclel with the &
produced on hydrogen, a shift of 70 MeV appears, which is reduced to 35 MeV when all
kinematic effects are taken into account. This shift in position is significant and appears to
arise from a nuclear medium effect. It could be considered as a kind of A -binding energy in
the nucleus. Similar results have been reported for the (p,n) reaction at 800 MeV and for 3He
measurements at Dubna /9/. Several explanations have been proposed to account for these
results : in the frame of a A -hole model taking into account the surface character of the
(3He,t) reaction“o/, or in the frame of a nuclear longitudinal response function calculation
/“/. Another explanation has been proposed in the frame of a surface response model ! . The
analysis of this shift, which is nct observed in experiments on the absorption of photons {(which

excite the 4 through a transverse spin coupling), is a very stimulating problem.
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—PZ .
The (d,“He) reaction

In order to investigate the inverse {n,p)-type charge exchange reaction at
Saturne, we decided to study the (IzHe) reaction. Here 2He represents the unbound singlet 5
state of two protons in final state interaction. It is possible tc measure simuftanesusly the *wo
protons in the SPES & spectrometer; the finite angular and momentum apertures select (with a
calculable efficiency) the S0 state (figure 8). The main background arises from deuteron

break-up protons at 0°. Narrow time windows and fast coincidence conditions are necessary.
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It has been possible to obtain very good energy spectra (with, for example,
an energy resolution of 1.4 MeV for 650 MeV deuterons), which show the same general features
and the same selectivity than in the mirror (]He,t) reaction : for the first time, we see here in
an {n,p)-type reaction the Gamow-Teller states and the A resonance. From the low excitation
energy data, it will be possible to extract P+ strength functions which will be used for
checking the sum rule. Figure 9 shows results obtained for carbon and hydrogen at 2 GeV and
2°. One can note again the shift in energy for the A resonance between these two rnclei.
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The results for hydrogen allow a comparison of the production of the A°
resonance through the 141(d,2He) reaction, relatively to the &'* resonance produced through
lH (3He,t), normalized by the production rate of deltas on the symmetric target nucleus of
carbon : one obtains a ratio close to 1/3, corresponding to the ratio between the Clebsch-
Gordan coefficients.

The deuterons used in these experiments, between 650 MeV and 2 GeV, are
tensor polarized, and give thus the kind of information obtained through double scattering

/13/. The measured quantity is Tzo(q) + ¢ Tyylq), where c is a coefficient

experiments
depending on the angle and the aperture of the magnetic spectrometer. We expect to be able
to separate, through the tensor analyzing power, the longitudinal and the transverse reponses.

We hope also to distinguish, in specific cases, the excitation of 27, ™ and 0~ states.
Charge exchange induced by I2c, l[‘N, 160 and 2%Ne projectiles.

Using the relativistic 12C, “"N, 165y and 20Ne beams available at Saturne,
we initiated a charge exchange heavy ion programme, It is possible with the same ion, e.g. 12(.'
or 20Ne, to study and compare {p,n) and (n,p)-type reactions. Measurements have been
performed between 0.32 and 1.l GeV per nucleon. Each spectrum js obtained in a single
momentum byte of the SPES & spectrometer; the energy resolution ranges from 6 to 20 MeV.
For the first time it has been possible to observe the A-resonance in refativistic heavy ion
charge exchange“”. The charge exchange cross-sections are very forward peaked : they
decrease by an order of magnitude in less than 1°. The ejectile can be in an excited state, but it
must be a bound - particle stable - state in order to be detected in the focal plane of the
spectrometer,

At low excitation energy appear the nuclear spin-isospin excitations
corresponding to the different particle-hole states of the residual nucleus and/or the ejectite,
The spin-flip in the target has to be matched by the spin-flip in the projectile.We observe the
lzC (MN,MC) charge exchange at 880 MeV per nucleon, but not the mirror 12¢ (MN,MO)
reaction, Now it is known from P -decay that the ground state transitions 1l“C-*H‘N and
Yo 14N are strongly hindered :ior 1l"C, the observed reaction should lead to particle stable
excited states whereas in MO the ground state is the only bound state, This shows that
relativistic heavy-ion charge exchange is a direct one-step reaction.

An analysis of the relative intensities of the A resonance in the different
mirror reactions studied reveal some striking features . The A appears very strongly in Wy
induced reactions, On different symmetrical or nearly symmetrical target nuclei, the cross
sections are larger in the (ZDNe, 2OF) channel than in the (ZONe, ZONa) channel (figure 10). We
note that, even at 0°, because of the energy transfer necessary for the excitation of the A
1 at 950 Mev

per nucleon); at such transfers the projectile-ejectile form factor favours AL 0 transitions

resonance, the momentum transfer is important (the four momentum g2 0.9 fm

(e.g. dipole or quadrupole)/ljl. Now the number of such bound states, carrying isospin-spin
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strength,is larger for the 20F than for the 20Na ejectiles, and this can explain the stronger
cross-sections. Such an effect should be enhanced by the peripheral character of this heavy ion
reaction. The A resonance we observe in 12¢ (lzC,lzB) is weaker than in 12C (ZONe,ZOF); itis
still weaker in 12C(IZC,IZN). At the corresponding momentum transier, the form factor for
the ground state A L = 0 spin-flip transition (which is maximum at q = 0) has become very
small, whereas the A L = | form factor is close to its maximum/”/- A production should thus
proceed preferentially via AL = 1, or possibly AL = 2 transitions, The A resonance appears
also strongly in the (160, 16y reaction at 900 Mev per nuzleon.

We have just completed a series of new measurements on lH, 2H, 12C, 8y
and Pb targets (figure 11), The analysis is under way. Comparison of the A excitation in the
complex targets with the production on the proton (or possibly on the neutron in the deuteron,
obtained by substraction) is very interesting. A shift in energy for the position of the A
appears also here in the energy spectra, but kinematical effects i.ave still to be taken into
account before conciuding. The larger neutron excess in Pb target nuclei plays an important
role when comparing mirror reacticns, both for the strength of the low lying states and for the
strength of the A excitation (figure 12). 0° heavy ion reactions are extremely peripheral. We
have still to assess how this peripherality appears, qualitatively and quantitatively, in charge

exchange.
Other relativistic heavy projectiles will be used for this programme after

the starting in 1987 of the new Saturne injector, Mimas, and the new heavy ion source, Dioné,
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OEHAPYXEHME B IPOUECCE (°He, 7 )-IEPESAPANKM IFY BHCOKMX 3HEPTHAX
IOMMHMPOBAHMA A - M30BAPHHX BOREVEUEHMY SIPA-MMIERM ¥ MX
KOILIEKTURHOTO XAPAKTEPA

C.M,Emmceen, C.A.3amopoxen, B.U.MHoSemmes, B.HaymamH,
X.Haywamu, A.A.HomojmnoB, H.M.[IuckynoB, H.M.CETHEE,
E.A.CrpoxoBerutt, J.H,Crpysos, B.U.llapos
O0benuuéNHEl HHCTETYT ANePHEEX EccxeloBammit, IyoHa
B.I.Adneen
Hayuso-E0o0XeKOBATANBCKEN KHOTATYT ANepmol fmsmxu MIY, Mooksa
X, lImuzrpon, I.[leH%eB
HeaTpalsyag JadopaTopis ABTOMATESAMEE HAYWHOrO NPHOOPOCTPOSHRA BAH,
Cofax
A1 KoGymRem
Haeraryr TeoperHvecKod {msHRa AH YCCP, Kues

B.Hofidepr
IlentpaxpHnt HHCTHTYT AREPHHY Hcoxexopaxmit AH TIP, PooceHunopd

3KCOEPAMOHTAIBHOe H3yIeHHe COHH-HSOCHHHOBHX BO3Oyazermd anepHo#
MATEpHH ¢ mepexadyelt B Heé SHOpPrEM NOPAZKA HECKNJIBKHMX coTeH, ~ 300 MaB
HHTEHCHBEO IDOBOINTCS B IOCJeHee BpeMd, B TOM UHcIe ¢ MOMONED peaK-
bros g (3He,t)-nepeaapmn. HHTEpEC K STOMy KJXaccy peaKUmE cB43aH Upexke
BCGIO C TOM, 4YTO CBORCTBA Hsofap B ANPRX MOI'YT OKABATHECA OTHNIHNME
o7 cpoficTs cnodomHol A m3-3a BSaEMOXSHRCTRES C NPYTHMM EYRIOHOMI AI-~
pa; MOTYT NMpOABRTECA H IpyrEe sdfierTH KoanexTEBHOE (He o 7uyuonxoﬁ)
DDXPOAH — BIXOTH N0 00paSOBAHEA CHCTEMH B304JlepHOro THma' ~/ . Bnaro -
ODEATHMG YCXOBHA JAR BsamMonefcTBEA DOXESHHOR B Anpe A - msodapH ¢
OCTABCNMNECH HYEJOHAME CHIM OGeCHeYeEM B HAWAX OOHTAX /2,3/. TeM, 9T0
nepenazaeMuit off EMIyJAsc CHI CPABEETENBHO MAA (~ 300 + 400 MeB/c),
T.KE. OpE BHCOKEY HAUAJBHHX mMuyapcax (or 4,4 mo 18,3 I'eB/c) TPNTOHM
POTHOTPEPOBAIHCEH HON Mammu (& £ 0,4%) yr7m 9ra HOCTAHOBKA BKCHE-
PEMEHTA DOSBONAAAR HAM BNeDBHe OCHADYXRTH 2,8/ y 9TO IPH BHOOKHX
SHEPIEAX COYGHE® IepesaDANKM HA 4Upe OUPeNeXdeTCA, B OCHOBHOM, BRI&-
AoM 0T BROOXAX (~300 MeB) cIIi-HZOCINHOBHX Boadyxnewmmft Amepoft mare-
PEN X UTO MOBENGHHE COYOHN 120(350 R ¢ p(3He £ )~-peaxumit xavscTBeH~
HO pasaxdaercd:
Q) MaxCEMYM " A - H300apHOTO" IEKA B 120(3He.t}-nepeaap:mo CABENYT
KX MOGRNIM SHEPTHAM BOSCYRNOHEA HO OTHONOHND X HONOKGHED MAKCEMYMA
AHQXOINTHOI'O INXA B Iepesapdixe HA OBOCONHOM IPOTOHe;
6) ENpNHA STOTO IEKA_COABI®, TeM LA p(aﬂe.‘t) H_peaxmun;
B) oTHowesxe Buxoga 1°C(°He,t)-pesxmMk & Buxomy p(°He,t) AT -peaxumn
OYNeCTBONRO RuNe, JeM OXNIAeTCA Ma OCROP® I'NAYGSDORCKEX DACY&TOB,
I'X¢ NOUOABSORAMNCH NSBOCTHWe gawme o6 NANV—+ANA cevenmax. Cxsmr
X800apHOr'0 NKXA B 120(3He,.t_')-poanm HOAE3X OCSNCHNTH BANAHEOM (epuME-
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IBRUREGHNA HYRJIOHOB B AXNpe 120, Bes sr0 TOBOPHT O cymecTBEeHHOR poJam a—
¢erToR KoMMeRTEEHOHA mpEpOmH npE BHCOREX (-~ 300 M3B) CIMH-Z30CIHMHOBHX
BOSOYXIOHEAX ANEPHOT'O BEMACTBA. MOmeJ b OXHONHMOHHOTO odmera (OPE) mos-
BOJAET YCTAHOBHTL CBASH 3THX 5)JEETOB C AHAJOTHYHHME SBJCHEAME B He-
yupyro#t (P, )-nepesapalke Ha ANPAX M B BHEPreTHIECKOH SABHECHEMOCTH
momuux FA-cevenmtt, yRasHBAA HA OONHOCTH OpHpORH 8THX 9PHEKTOB.

I.I.HsmMepenna MMIyIBCHHX CIOKTPOB TPRTOHOB, ECIYMEHHHX HOJ MAJEHME
yonaMm, Bnnonnen757a cumaxpofasorpore OMfl ¢ HOMOMBD MATHATHOTO CIEK-
TpoMeTpa "AMEfa"/ Y/, loxmpodHoe omEcanme TPOLEIYPH HAKOMAEHBA a.yayx-
38 JuHHHX, BE/MMUYAA y96T ofderToB paspemleHEA, COLEPAETCA B padoTe 6

Ha puc. I a-r OpencTaBNeRH B3MePeHHHE HAME ZHBADHAHTHHE IEfdepeH-
EAJIbHHE (eY6HRA (3He ,{ j~DEOXIH Ha ANpAX yTJepoZa X NPOTOHAX B 3aBH-
CEMOCTH OT NepefianHOR uumesE sHeprim, &=Es—£, . Cevenus p(3He,i')-
PERKIME EMEDT IIMK B OCAAcTH 3HAYeHME @ ~ ?00 MsB, $opma KOTOpPOro X0 ~
pomo gmHcHBAeTCA A~ pPe3oHaHCHOU Jmmeﬁ/ 7 , HcxaxeHHOR $opmparTopoMm
Ampa “He (cmiromHas JsuHEA HE puc, Ia-T), Bpeltr-BHrHepOBCKEE DAapaMeTpH
&, ¥/, KembTa-peacHsHca, HellnenHWe Npu aHaimse cedeHHH Nepe3apAIKY
H& TPOTOHAX, XOPONO COIMACYDTCA MeXZLy cosolf OpM BceX sHeprwax. ix cpen-
HHMe SHaueHBA &, = 123413 MsB, 7, = II6t7 MsB corsacypred ¢ TAGIEIHH-

£ Jpr mmyascax Bume 7 T'eB/C B CeTeHMAX p(3He,t)—peamn B 00GIACTH
Q > 500 MeB 3sMeTeH BRJAN OT BO3CYXIEHES TAXENHX MS00AD ¢ HSOCIHHOM
3/2 cemeitcTs A(I600) E A(I900). MpE muynrce 18,3 T'aB/c aToT BRJAZ
(oueHeHHHt Se3 BBeIeHEsA BOSMOXHOI'O HepPe3OHAHCHOTO JOHA) JNOCTETAET Be-
Jraene 30 + 35%.

CodeHEe DeaKImE IepesapdAlKy HA yIJepolle XapaKTepH3yeTCA HANEIHOM
EBYX IEKOB — IDE MAJHX H COMBIMX SHEPTEAX BOSJyxnmeHmA. Ms pme. I a-r
BHZHO, 9YTO C POCTOM SHEPIHM CHADANA BKJAH B CedeHEe NepeSapANKE Ha
AIpe OT BO3CYRIGHEA ANEPHNX ypoegeli COHcTpe  mamaer, a
Bo30yXIeHEe A - OOJOCHHX cTeneRef cBOOONH B ANpe-MENEHE JOMRHEDYET
B 12¢( e,l)-nepesapaKe, HAYEHAA ¢ MMOYJbCOB Bume 4,4 I'sB/c. B peax-
IMA HA ANDE MAKCEMYyM A - OEKA CIBEHYT K MenbmmM @ , 4eM B Dearime

Ha OPOTOHe; WmADAHA 6er0 SaMeTHO OJoJsme; OTHOWeHAs cevenml
de(c)/dC ) cocranaer  BemmumHy ~ 2 (oM. TadmEy ).
an A’ 2 7 Tad.z’mla
mymc | Doxoxenme marcmMyma FwHM R = Sete) /22,
nygxa A - npa , MsB ' Yan ”)
T—
T3B/c |p%He,t) | c(3He.®) | p(He.#) | C(%He,?)
4,40 322%2,5 274%2,5 ~138 ~Ine 1,82%0,05
6,81 327%1,5 295%1,5 ~129 ~ 204 I,77:0,03
10,79 32742 30542 ~I29 ~ 267 1,95%0,03
8,3 | - - - - 2,14%0,17
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Lk Dlfe 4,4 Dab/c
A

t eCuet) 3 2eCHet)A |
§ plHets

.

I 6O bbe | 68 Tsble

dd/pdQdQ) (ub/cs TIB(MR/C)

108 TsBre ]

1.2

Q (8 Q (MB)
Prc, I. & -T : wnBapEaHTHNE codema peakmmm L<C(SHe,#) x p(3He.ra™
nooxe yuéra SipeRTOR SHEPreTHYECKO0 pASPOMOHES. [yEKTEpOM HOXA3aH
OXEpsesiit BXAAL OT "XBOCTA" NNKA AREPANX BOSCYRAeHEH;:n ~N :NHBADNAHT-
HHe CeUeHNA DOAKINE IZC(SHe.t)"%" ¢ BOSOYANOHEOM A ~NSUCADH, DOXYReH-
Hie 00CKS BEINTAHEA BRAAZA OT "XBOCTA" HMRA AfepMi Bosdymnermd,llrpu-
XOBKOR BMNIONSHA 00AACTB OXUlaeMix cedenKl KBasMCBOGOTHOTO POXneHRH
H300apH IPX PASHMX ONO00BX yaéra JepMN-NEENGRNA TFRIGHOB B AXDS.
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Ina pudopa GyHRIME, apIpOKCEMEDyDmell MHK HABKONEXAMWX AXNEPHHX BOICYE-
IeHE# B peaKmEE Iz C(3He 1) Izn * ECHOMR30BAJMCE JAHHHEe DPacoTH /gx
[Imx A- Bo3CyXmeHmt amlpoxcmpone.ncx Tol xe Opefir-BErHepoBcrofi PHyHK-
OEe#t, 9T0 E B cAyjYae DeAKIHEE Nepe3apAnKd Ha BOUOpole (CHOACHHAA JHHEA
Ha pEc. I a-r). EpefiT-BATHeDOBCKEe NapaMeTPH ¢, & /, 118 A -~ mERa B

C(3He #)-peaxnEn BeIUVIOXO COTJIACYNTCH MeBLY codoﬂ OpH BCeX SHODPIEAX,
ONHAKO HX CPOUHEE SHAYEHRS w 1304310 MoB = f' 33020 MeB cymecT-
BEHHO OTJHYADTCSA OT HOJYyIeHHHX NAA DeaxHa p(3He,t ). (lapamerpu Bafi-
JileHH P OPeIOJOXEHER O DOXNOHEE A- E300apH HA NOKOANEMCA EYRJIOHS
Ampa).

B odnacte R > 600 MeB, HawMHas ¢ mMmyasca 10,79 I'sB/c, Tarze
BHIEH BRJAK OT BOSCYXUEHEA CoJee TAREJHX H800ap ¢ ESocHmHOM 3/2. lipm
mmynsce 18,3 I'sB/c oM cocrapager ~ 40%.

1,2, OTMeYeHEDE BH® DASJATEE XAPAKTEPHECTHK A - BO3CyxzeHal Ha
Afpe H UPOTOHAX HeJbSA OOBACHETH B DAMKAX MOXAHWSMA T.H. "KBASHCRO -

OOZHOT'O DOXEEHHA .\ — E300apH". B camoM gese, B 9TOM cayuae fopma A -

mEKe OyReT OUpelesAThHCA CBEPTKo# cedeHHA "sJeMeHTApHOA"™ p(SHe,t) Att-

PEeAKIME HR& CBOCONHOM LPOTOHe ¢ (yHKIKe# EMIyABLCHOTO pacHpemedeHEd
HYRJIOHOB B yTaepome AP (jB,) :

5255 S ﬁfNUPJT‘J{gE (tQRw’e, £, (LI)

r.ue I(3)- orHOmenme moTOXOB aawmnux wacrmn naa p(SHe,? ) A *—pe-
AETME Ha NOKOANGMCA K ABEEYNEMCH C EMIYABCOM F, HyEIOHe,PHEPIHA KO-

TOPOro HAXOZETCA COTJACHO COOTHOMEHHND :
2 2
y-!

£E,.=M-M - .ﬁ_.—-— = - P . A —

i A A7 2 MA..y ”7~ 6“’ 2 (MA-mN-EJEP) ’ (1.2)
Tie MA - MACCA ANpA TUEeHH, /77, - MACCA HYKJIOHA, éSEP - DHEDI'EA OT-
JeJIeHBA ONHOT'O HYRJAOHA: a 3)

—Esgp = My =Yg = T

M,_; = MAcca CHCTOMH W8 ocTaBmExcd ( A-I )-BEyKIoHOB. PaccumTHBeA
sffexTH PepME-TBEXCHNA, MH HCHONBSOBANE B RaJeCTBe £¢rp KAK MHHM -
MAJBHOE 3HAYeHNe SHeprumm oTnesemus . { 16,0 MeB), Tar = ¢ © DHa-
9eHMA E.., , BIATHE B3 JAHHHX IO PACCeAHND SJIEKTDOHOB /1 ¢ 22 MeB
(cpenuad SHEPTEA OTHeJeHNA HYRJIOHA OT yriepoma), I7,5 MeB (cpemmas
SHEPrEA OTHeNeHNA HYRJIOHA p-odoyouyrd) E 38,1 MeB (cpemuas sHeprus
OTTeXEHHA HYRIOHA S - OCONOWKHN). McIOAB30BAJECH EMOYABCHNE pacupe-
NeJeHEd HYREOEOB B yraepoge, OTBevalmie KAK MONGJH IapMOHEIECKOIO
OCIMLIATOPA, Tk ¥ MOfjesm epME-rasa. Buunciemme cBeprx (I.I) Owmm
BHOOJHEHH B IBYX OCHOBHHX BApDHAHTAX.

B I-M BapEAHTE NpeINONATaN0Ch, YTO IADAMETDH «, B /, OpekrT~
BETHePOBCKOM (yHKIEE Te Xe caMmie, YTO H JAA DEAKMNE HA CBOCOIHOM
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HpoTOHe. B KadecTBe aprymexnra w” DA cedeHHA "ssemeHTapHO®"
p(3He,t ) A*t-pearimm Gpanack BesmTEHA 2

W= (0+E,) = (PPt ) s (I.4)
AMERUIaa CMHCJ KBaXpaTa NOJHOH SHepr¥m B cECTeMe LeHTpa Macc BHYTDE —
ANEPHOrO0 HYKJAOHE Y BHEPTYANbHOR uacTmH, BCloymuaome#t ero. Taxoli pac-
9ET COOTBETCTBYyeT KUHeMATUYECKE DOXIeHED cBOOOmHOR A ~ us00apH Ha
HYKJIOHe ¢ Maccolf, MeHbWweli MACCH cBOGOZHOrO HyKJIOHa (E3-3a sddexToB
CBASKE ero B Afpe). HoaToMy YTOOR BO3CYIMTE H300apy "HOMUEEIBHOK"
MaccH &, = 1232 MeB, TpedyeTcA 3aTpPaTATh COJBNE BHEPI'EM, UeM B DeaK-
UMM HA CBOCOTHOM OpoTOHe. Tako#f cmocod ywera fepMmu-IBEREHHA OPUBONHAT
K yWHpDEHHD A - IEKQ E CIBEI'Y eIo Makcemyma Ha ~ (30 + 40) MaB B cTo~-
POHY, IPOTHBONOJOMHY® SKCIEPHMEHTJbHO HaduoiaeMoMy CIBHL'Y (T.e. K
doapmuM & ).

B mpyrom BapdaliTe pacyéra Opelnoaaraiock, YTO PE3OHRHC B CHCTe-
Me "BEDTyaJbHAA 9ACTHLA + BHYTPUANEDHHE HYKJIOH" HACTyIAaeT UpH TAKOM
X6 OTHOCHTEJEHOM MMUIYJbCe B CUCTEMe LieHTpa MacC ITHX YACTHI,YTO H IpH
paccesHEM DealbHHX MHNHOB HE& CBOGOJHOM NIpOTOHe, B 5TOM BapmaHTe A -
IORK YUEPAETCA ¥ CIBHTAeTcA K MeHpmmM & . OIHEKO CIBAI' MBKCEMYMA ILDH
BEMIyJbcax Buue 4,4 I'sB/c mpeHeOpeswmo MaJu, a npd 4,4 I'sB/c od cocraB~
et ~25 MaB, 49T0 3aMeTHO MeHblle SKCHEPEMEHTANBHO HACJONEeMGIrG (OpH
4,4 TsB/c oH cocraBiger 48 ¥ 4 MsB).

I oleHKY BeJMUMHH Ce9eHMA Deaklfyd Nepe3apdiKy Ha YLiepo-

ZIe HAMM OHJ BHIOJHEH pacyeT no mofemn Iuaylepa~CeresKO b Opelioloxe-

HEN O DORNEHMH A -~ u300apH HA KBABHECBOGONHOM HYKJOHE ¢ HCIOMAb3OBAHU-

6M H3BECTHHX JaHHHX O CeYeHHAX "SAeMeHTApHOR" Ao —AA'“peawmum. On-

HOBpEMeHHO CHIM paccqMTanH JufepeHnuaTbube ceuerud FIRTE nepe-

38pANKE He UPOTOHAX. PaccuUMTAHHNEe CedeHMA Iepe3apAnKd Ha OPOTOHE X0-

POTO COTACYDTCHA C NARHHMH , HO OTHONeHEe R = j"_,—f (C)/ a—,‘f—’{ (p)  so-
Aee UeM B 2 pasa MeHblle SKCNEPEMEHTANHPHOTO {(CM. TAGIHILY).

TaxuM 0o0pasoM, Ha OCHOBE NPeICTABJAEHHAA O KBASMCBOOONHOM DOENEHEM

A - m300ap B AFpe OCHOBHHE OCOCSHHOCTH cedeHEl mepesapanxd Aunep “He

B TPETOHH HA Rnpe 125 ospacunTs Hemsas.

2.I. SfferTH, OOHapyxeHHNe HaMH B { 3He, ¢ )-mepesapanxe Ha yIvie-
pole, IOAXHH ROABJATHECA M B IPYT'HX DeQKUMAX C DOXUEHEEM u300ap B A~
pax, KOPIA MUMeH# NepelanTcA CPABHATEJIbHO MAJHE TpOJONbHHY u HyJdeBoR
ponepeuHH# EMOy.NBCH. B IepByD OdYepenb MX cJaelyeT HCRATH B (o, # )-He-
pesapanKe NP OPOMEeXyTOURHX SHEPrEAx. A axamMsa HYRICH-HYRJIOHHHX
peakuut B sTolt odmacTm oHeprmf MMPORO HCHOJL3YETCA MOIENb ONHONEOMHC-
r0 o6MeHa (OPE), OHA jaeT yMOCHYD OCHOBY JAR YCTAHOBJEGHES CBASH MEXLY
(3He. t)s (p,n)-2 mpyrian peaximaMme. OcHOBMB&ACH HA LEarpaMMe DEC.Z,
MOXHO NOKA8aTh, UTO CEYSHEA p(°He, t )A*-& p(p , 7 ) A+ -pearumtt
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CBASAHH COOTHOWOHEEM
o€

Pr SRS

e exp(RPt/3) -

(U t) = oLt 5 (1)
opuferrop axpa “He (R = 1,8 dm), g, (829, (0)= O, ~

R/3 o6

o (pp+na®tt, (2.1)

BHIECAGEHAS IO MOZeM Iaydepa- CHTEHKO NOUDEBKA HA IeDPePACCEAHud
HyKIOHA-MENOHE B DOXNEHHOf A — HSOOAPH HyKJIOHAMEM cHApRia, I -KBaN-
Abca, CONEHRA PP /77 A®’-peakliiy pacciuTHBA -

paT OepejaHHOro 4-
nTCd 0o Monenm OP

e t
P n
a3
——-———-c_—_-=—'_l"'\
P A++ )
PEc. 2. OcmoBraa OPE-mmarpamMa

s p(

3He, t )-peaxmus.

¢ WCHONBBOBAHEEM NAHHHX O Gy« (F7p). Pesympraru

pacyéToB XOpomo COTJIACYDTCA ¢
Haue# paCoTH M JNAHHEMA HI
caxne’ & (cm. puc. 3 # 4}, 3ro
HOATBEPATAET CHOJAHHHHE panee/ 2,3/
BHBOX O TOM, 9TO HPE B3HEDr
rau mume 800 MeB/BYRJIOH oupeze -
aaomeM MexenasmoM p(°He, ¢ )-pe -
aKUAM C BHJeTOM TPETOHOB ON
MAJEME YT78ME ABIAGTCA POXIeHEE
A ttp wmenn.
Ananormunnft OPE - ana-
JiE3 BHITOJHEH HEMA IIA

[}
[
o

-

o

o
I

o
(=]

#6/pdRde. (§/ormep: 387 ¢ )
ul
()

50

y

T T

D(aHe. thatt

T

o

10.8 FQBIC

' ZeswHx mo p{p ,n7)ote

PeaKiAE, KOTOPHe HOJAy-
YeHH TPH BHE 5=
=600 + 1000 MgB 71011/
B OaBSKO K HANMM OIH-
TBM][72'3 B ONHTaM B
Camne oxeMe uKaMepe-
Hmlt, Vs psc. 5 BmmHoO,
gr0o pacysr mo OPE xo-
poOmo COTJACYeTCA ¢ JaH~
HHMR ., AHANOI'EIHO®
CPaBHEHRE pesyJLTAaTOB
OPE - pacqéTa ¢ AaHHEH-
M / Hyio PeaKIEE

p(p ,7) paa eHeprult

—R

S0t 4,40T38/c ) 7o = 798, 764 u 647MeB
BT » | | 1 J_" IoxasaHo HA pPHOC. 8.
e . ,
200 400 500 300 Bm%/uo OPE B pep-
QiMs8) CEE * ™ XOpOmO BOCIPO-
H3BOJZET DOBYABTATH H5—
Puc. 3 a . MupapuanTHNe COUGHES DeaKLEE Mepexull npa 798 K

p(%He,t)A Hus pa.doru/ 6/, JImma-0PE-pacIdr.
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r—f — " EOCTE HODMEDOBEH = I5%) B odmacta
pCHet) 4 BE3002pHOTO IHKA,0NHAKO B HESKOBHOD-

0 reTEYeckoll dacTE cmexTpa Eadmuna-
18,3 2B/c 6T PACXOXICEHe, OHO He CBASAHO
200} ¢ BHOOPOM KOHKpeTHOre BapEanTta OPE:

B pador I NOKA3aHO,4YTO B 3T0#
9ACTH CHeKTpa HeRTpONOP HDH HA -
QaIEHNX SRepruAx mmxe 700 MsB
B3REMONOfACTEEe MeXIy NPOTOHOM X
HeBTPOROM B KOHETHOM COCTOAHME
IaeT samMeTHHR BRJAK B CeYCHNWe,
OHO MOEeT, .B YACTHOCTN, HPEBECTN
K 00pasoBANEN NefTPOROB (ceueHme

100+

do/pdQdll | 8/crep/TaB/(MaB/c )

T I PP AT - Do 2§ MAKCEMAZLHO
. Prete { upe 7, = 600 MeB . HosTomy
. ol
R R R SEANOTEWYMNY paCUET AAA p(aﬂe,t.‘)é -
Q (rads PearIEE npk dHeprEm 500 MeB/Byz-
PEc, 3 ¢ . VHBApEAHTHNE ceYe, J0H DOYTR OPANOR PACKOEATCH
Deariud p(aﬂe’t)AHIB p&GOTl?g/- ¢ JAHHHME %/lj
T -~ p8CYeT U0 MOKEIH Taxkmu o0pasoM, TpK
TnayGepa-Crremrg, ' sHepruax suwe 70(MoB

Ma HYKNOH K MAMHX yT—
naX BHXETA PerECTPEpY-
eMHX YSCTNI, XOpomee
P 3ne, 8%, 00 omxcaxze p(°He, t )~x
T, = 2,38 (P, 1 )-peaxuml B 06~
He JACTE A ~ K300apHOTO
IEKR IOCTHIAeTCH C
TOMORBY MOZSAX OUHO-
MO30HHOTQ oCMeHa (C
y9éroM PRASNOB TOMBKO
{ F ~ oOMemOB).
250 2.2. Yonex OPE B
ONECAENK p(3Ho. t)x
Pl p,n)-pamuux (Opx
8HOPIuAX Bume 700 MsB
01600 " dee T 2o h;no HA 1, RAOR) HA OCHOBE
Ty Ma8 : EHfopMATME 00 SHOPIO-—
SABNCHMOCTN DOXHMX X*p-
Pxc. 4. Cevesue p(SHe, t )—penmtn/ 8/ ceueErit NOPBOASET HPEN:-
(TROTOrDEMMA) . CHAOWHAA XARHHMA - OOMOXETEH, 4TO OCEADY-
pesyaprar samero OPE - pacudra. EeNHHR EaMM ONBEr A -
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! ! ! ! 1 '

200 i~
P(P,n) X

Tp=1000M38

-

(=2}

o
1

{ud/cp-M3B
® ™
o o

P
o

—
o
o

d6/dRdT,

D
o

20 N
1 ] ] 1 Sa ) L
400 600 800
Tn (M3B)
Puc, 5. !6711& p(p .7 )-peaxipm Opx
1000 Me. . JHHEX - DOSYABTATH RAuWEro

OPE-paoaéTa ¢ yuéToM bfipexTom paspemeHEs.
Ins yraoB 7,5 u 11,3° mauansuas SHeprus
OPOTONOE BAPHNPOBAJIACH B IpeNenaX TOYHOCTN
s ompemexeNE: (2%)/ 1/ ; OH& NpXHATA paBmoft
980 MsB(7,5°) x 990 MeB (II,3°). Sro mumAer
TOABKO HA HOJNOXOHNE MAKCHMYMS DeBOHAHCHOI'O
ONR&, He MeHAS ero JOpMil N BHCOTH.

B800ADHOrC NHKA Z ero
yO#peHHe MpH (‘3He. t)-
nepesapAmke HA fXpe Ho
CPABHOHED C Hepesapai-
Roft He MmpOTOHe HOJXHH
onpenessaThcA SHOProsa-
BACHMOCTED HONBHX A -
cevoHAR B ODDACYTCTBO-—
Ba’s B couemmAxA (p,n)-
NEpe3epALKE ¢ ‘BOICYE~
IeHMOM H3o0ap; OHN
JOJXEH TIOPOXTATHCA 00—
WEMH IAR STHEX pearimil
opuuEHeMd, JAHHHe 10
A(p ,n )-nepesapanKe
¢ BO3CYXIepNeM Hsodap
ALpax I OHH B
padoTax /10,1 y O~
HAKO aBTOPH HO yme—
JWIE IOCTATOYHOT'O
BHEMAHEY CPABHOEND
HX ©CO OBONME PpO3yAb~
TaTaMx 10 p(p,n )=~
peammx/m'lg/.PKax i
oxEnAeTCH, OPE TAROM
CPSBHOHNN BEJOH 3aM6T-
Hiff cupar A - mxa kK
MeHEEEM BHepPI'EAM Bo3dy-
XIeHEA K 6r'0 JWEDOHN®
OO0 CPaBHORED ¢ K3odap-
HHM ONROM B COYOHEAX
P{ P.h )-mepesapannx.
COBEr MaXCHMyMA
PESOHAHCHOT'O INKA K
MOHBIAM SHEPTEAM N eI'0
VIHpeHRe B SHOPT'OTH —
gJecKoff SaBNCHMOCTE

momsux ceuemnft 7'4-Bsemmorellorsua OHa odeapyxer B I970 r./ 14/ «OcBomaOR

KAYeCTBO!
m7

NTOr TEOPeTEYECROI'0 AHAMNES BOBMOKEHHX HPHYEN #T0I'0 CIBE-

_15-16 SARANYAGTOA B TOM, YTO YCOORHOS® OUNCANN® XAPAKTODNCTER 7 A—
BaaMMOzefioTBEA B 002a0TH A- pe30HAHCH TPe’yeT KOPPEKTHOrO yuéra
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BIHAHEA KOJUIEKTEBHHX 3fexToB AmepHOX cpenH Kax HA CBOECTBA BHYTDM-
ANSPHOTO HYKJOHA M A - U300apHOro BOBJYXZeHEa B Anpe, Tak ¥ HA caMm
IpoLecc Nepexoiia ANpa HS OCHYHOI'O COCTOAHMA B COCTOAHMe ¢ A - BO3-
OyXneHueM,

T T T 17 T T Heodxommo oT-

Lp(p nlx:0° +H“+ } - METETH, 4TO aHa~
" Tp =647M3B ] b JOTHYHHE afider ~
¢ - TH CHBHEIa K yME~-
. pesuA M300apHOro
— IMKa CHJM HelaB~
4 HO HACIDLeHH &
B pacCesHME
3JEKTPOHOB  fN ~
pemy
KOrj8 KuHeMaTH ~
qecKue yoJaoBHA
(e, e’)-srcme -
DHMEHTOB OuJla
OIarONPHATHH
JJLA B3gMMOTeR ~
1100 ¥ CTBEA DOXEEHHOR
] B AIpe H30GapH
N ¢ OCTAJIBHHME
N HYKJIOHAME ALpa.

8

(=]

120 60F
B ¢
40— ]
L eyt

20}
I

-

o
[

8

500 700

401 1,=798 MaB

T 46/dSdP, (ub/cp.T9B/c)
@
o
LN S M W

”n®

¢
I T N I N T S T T 4

500 700 900 100
P, (Mag/cl

Puc. 6 ot 2?aqam P( p,Nn )-peaKiiuE, ESMeDeNHHE B Da-
oore Jmuum - Han OPE-pacuéT ¢ yagrom sdjex -
TOBR pagspemeHus. A cpaBHeHEA (OPMH DPACCYMTAHHOTO
H REMOpPeHHOT'0 (¢ TOYHOCTEDL HOpMUPOBRE fI5%) cmerr-
DOB DACCINTANEN® CeUeHHd yMHONeHH Ha daErop 0,85
oA sHepreld 764 m 798 MeB,

T

3. Hrax, pesyinTaTi MamEX usMepesBl NufpepeHUNATHHEX Ceqexmi
(3He, T )~nepesapankE Ha SIpaX yIAepoNs M DPOTOBEX DOKABHBADT ,TTO
a) peamuNd HA Axpe HUDH BHCOREX BHOPIEAX ELET B OCHOBNOM T8pes BO3 —
dyxuenme A- H300ap; ) HpOmecC TAKOTO BOSCYXUENES He CBOINTCH X
POXZEHND NS00ADH HA OT[EJBHOM IBEXYMOMCA BHYTPRAZGPNOM NYRIOH® R HOC-
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JeLylueMy CBOSOAHOMY XBHXKGHED MS00RDH CKBO3E AXpo: ffeHTH KOLIEK -
TUBHOZ OPNPONH, OCYCUOBJAGHHHE YYACTNEM NPYTEX HYKJOHOB, MIpPamT Cy ~
HeeTBeRHYD pm/ 2,3/ . OcEOBHBAafACH pesyibTarax Hamero SHAJINSA -
HHX noi?gl!e,t)-nepesapm 13:6,8/ 4 (p ,ﬂ.)—-nepeaapme/m'u,uox-
HO HONAr8Y5, 9T0 HIPNINHH, DDPHBOLANMEe X KOJJIEKTHBHHM ABJORMAM LDE A -
N3008pDHHX BO3OYKIeHAAX ANpa B STEX pﬁ?&%@ u B FA-BaauogeficTBREAX
B pesoHaHCHOR OCJACTE SHepril NMOHOB AMenT olmml naA sTHX
OPOIEeCcCOR XAPAKTED,

Ina zexcHeflerc SKCHEPEMEHTANBHOIO MSyIeHNA A - E300&8pHHX BOS~
dyaxerult B AOpax OpsECTABAASTCH HOOOXOUNMHM BMecTe ¢ perNcTpaimel
TOK MaJHM yraoM CHCTpoft JacTm (HampEMep, TDNToHA B (“He,l)-mepesa-
pAZKe) pasiedeHHe PASINYHHX KAHANOB CHATEA A - HB00a8pHHX BOSCyXIe-
ux Anpa. Ocoduffi ¥HTepec WPOACTABJIAET OTHEJIGHES KAHAJOB pacIAlls BO3~
OYRIGHHOr0 SUpe 63 ECNICKAHNI LONOKOB OT KEHAXOB C EX HE3LYIeHEOM.

ABTODH SnarofapHH cOTpyIrEEaM JadopaTopMA BHCOKEX SHeprui sa
DOLNSPEKY E ENTEPEC K STHM HccuemoBanmaM, A M,Banmemy, 0.B.Iamomosy,
B.0.hmurpuepy u K.Tome - sa nonesmie o0CymIeERA LOJYYeHHHX pPO3YAbTA-
TOB, a Taume E.M.MaeBy 3a mpemocTARVIEHRHE MM TROJEIH SKCIODEMOHTANB—
MHX ZOHHHX 00 { p,” )-PeaKiME OPR eHeprmm mpoToHoB I000 MeB., Mu
nmpeEsHaTeXbEd 3,0.MoTEHof  P.H.lleTtpoBoi sa Gossmyn moMomp IPH BHIOJ-
HOHEH IaHHON pAvoTH E 08 OJODMIGHEMA.
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OCOBEHHOCTY KOPPENFLWI 1 HAPYWEHWE KHO~-CHEWIMHTA B OBJACTU
MAJHX ¥ BOJBUMX MEPEJAHHHX WMIVIBCOB B AJIPOH-ALPOHHHX Y
AIPOH~ANEPHHX POLECCAX

E,C.Hoxoynuna, B.U.Kysuunos
Vueruryr duouxn AH BCCP, Mumex

chnepuMe7T?rrbHue IaHHWe 1o pp -coygapeHuam oT [0 T'eB Bmrors go

sHepruit ISR NOATBEPKIAKT MPUCAH3NTEREHOE MacwTabHNe }05ep.erme
dymriun HKHO <n> Pa—> € (£) 5 A ,env> 0o, F = 2/in> Ppynna
UAS, UEPH, coofina 0 HapyWleHMM MacwraGHOTO MNOREJEHNS B HEYTIpYIMx
GezonHogubpPaKLUIH PP — CTONKHOBEHURX Opn auepruu SpFS — komnaft-
nepa (s wH40 T2 M 0 NOBEAEHUM pACHpeneneHuit 00 MHOMEeCTBEeHHOCTH
(PM) B pa%?tmmc ofnacTax fo NCepnoCWcTpoTe b5 (GHCTPOTHOE OKHO |72 \<
LRe . JKCmepuMertasibHme PM B Heympyrux GesomHonndpaKLyoHHWX

Al pOHHKX BaaumcaeicTBUAX B duepreTnueckoli ofaactu or IO mo 900 T'=B
OIMCHBAXNTCH OTPUIRTENLHNMU OGUHOMAANbMMY pacnpensieHumyu (OBP) (pac-
mpezenenus lloita)

pin < Ui W) o @

148k ] (1 <rr/k)S 2

¢ neapaMeTpaMi <"y M K , 3aBUCAUMMA OT dHepruu Y5 . Anmpoxcumaums
3HAUEeHMIt napameTpa K7 JaeT cRefywiyl SHEpreTHUecKyn 3aBuCU~

MQCTEH

K'=d 1t plus. 2)

C pocTOM mUpuHW NCeBROCHCTPOTHOPO MHTEpBANe Rc TNapaMeTp X pac-
TeT NPUMEpPHO AuHeRHo, npu 4?4 B 001aCT¥ MaiuX 3HEUEHMN 2. He HACmomaeT-
cf Hapyuwenus cKeflauura KH HaSmonasuuiica panee cxeltaunr KHO B muTep-
pase aneprust 10-62 T'B unrepnperTupyercs Kak cryuaiioe o6cTOATENbCTBO,
BH3BAHHCE "Wrpofl" NApEMETPOB 4AW> B ¥ .

B prne TeopeTHueckux M0AXOLOB MpeiCKABWBANOC: U OGBACHANOCH HApPY—
uenne KHO~creltnuura (B UaCTHOCTH, B MOLENAX HEOKPUTHUECKOrO 1oMepo-
na’ , IBYXKOMIOHOHTHOM HOLX0N8,YyuuTHBAKMmeM KXI| frygﬁqﬂ CTpYi) ,MoLeAX
B npencTaBfeHUM MpULEABHOrC napamerpa (cM.oB3op u cemnxu Tem)).llpu
arom OBP, H& KOTOpOM HACTAMBANLT 9KCNEPUMEHTATOPH, HE BOBHMKANT ECTEeCT—
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BEHHO B 3THX MOAXOsax. llpescTaBNAET UHTEpPeC DPACCMOTPEHMEe Momeseit, Ko-
TOpHE HeNoCPefCcTBEHHO Napanu “u OBP,u cmicn napameTpa K B HuX.

Jlns OBP, unTepnpeTupyemoro Kax pacnpeseienue Bose-ditnmreiina,napa-
MeTp K [ROMKeH Obiob uenouygyermhm (uicno He3aPUCHMMEX TOMISCTBEHHHX MC—
TOUHUKOB BTOPUUHEX uvacTry */ ). B npesene K-»oo OHO MPEBPALAETCA B Pac-
npegenexne llyaccona, B cayuae K =l cosmagaer ¢ reoMeTpuueckum (pac-
npenenexnne dappr), B npemene HHO mepexomur e ramme-pachpegencHve Mo
rnepemMeHHolt F = /L ny

K K-1 _~KE
ns P (w,amy, k)~ (K /F(z))? e . (23

Hammuue cxeiinuira KO TpeGyeT HesaBucuMocT: LapameTpa K OT SHep~
I'vu, uTo He HabmwgaercaA. llpu 9TOM vKcnepuMmeHT TpeSyeT HeLeNHx € ,
YMEHBUWAKIUXCA € 3HEPI'MEeR, XOTaA eCTECTBeHHee SHI0 Sbl OKUEATH YBEIUUECHUS
uMcae UeTouHMKOB. C yBenMueHWeM uMDHHE GHCTPOTHOI'O MHTepBANA b Mapa-
MeTp K pacTeT, UTO CBULETENbCTByeT of yae.nuueu%o CA& UCTOUHUKOB.

K OBP npuBopAT Takxe cTOXACTHYECKME MOISMY » Mofenb BHHYHIEH-
HOI'0 UACTUUHOIO UCITYCKAHM , DJA KOTOPHX BBOOUTCA Becosaa QyHKLMA
4(n) =+ )F (ne1) / Fon) ( F(n) ~ BepoATHOCTHL OGHApyXelUs N uac-

). llpennosaras NMHEHHY 32BUCUMOCTE %) m o+ €n | momuo mputiTn x
OBP. [lpu aTom napameTp X~ ' MOMHO MHTEPNPETUPOBATH KAK CPENHIk JOJK
yacTHl], CTHMYNUPYOUMX UCIyCKaHME MNONOJSHUTENbHON uacTuui. [lockombKy
NCeBNOCHCTPOTHAA OGNACTh (o36-diHmTeliHoBCKOR MHTEphEeperHIMK KOHEuHa,
Jong uacTiwl X', CTMMyIMpymmMX IOTIOSHUTENbHOE WCOYCKAHME, YMEHEmaer
CA C POCTOM WMPUHH GHCTPOTHOPO OKHa, ( POCTOM IHEPPUK 33 CUET YUMPEHUA

UEHTPaNbHO! OGMACTU YBENUUMBASTCA O6JaCTh WHTeplHEpeHUMH, YTO NPUBOAUT
1

K weﬂb%lf K,
B npenJioxeHa TaKme KackagHam Momenb, npusomsmaa k OBP. B
Heit BBOIMTCA NOHATHE HEMYCTOr'o KiacTepa, IJA KOoToporo g(n‘)- § Hey U
npexnonaraeTcA, UTO KJIacrepk PORNANTCA HeaaBMCHMHM ofpasoM. Corac—
w0/ e w Fe (1)/4-6 | Fo(1)=-8/8a(1-6)
OueByHEM 06pasoM NOMydaeM We=n/g - 7/1-§,6>1 wm € =4-%/7 e
N -CpeJHEe UMCJIO KJaacTepoB. [IpM HMBKUX BHEPruAX, Kormpa npeolasnsnT
ORHOUACTHUHHE KiacTeps (A x~ &) , napaMerp 4 Gauzor k Hymo (HeT BWHYX-
IEHHOTO ucnyckaHun). Menonbasys npuGITUXEHHOE 3HaUEHME =1~/ , ole~

w Fo ()2 1/0n(@/F) , 0 = [RLXCI R

-1_ 8 - WF , W
K-/aw"_:oo =t = (4)

3HaA uoBeneHue MONHOM MHOXECTBEHHOCTH W , MOMHO HallTM SHepreTH-
yecKyln 3aBUCHMOCTb x™ . Bocno bB}BaBmMCb fopMy10#t, VHKLKUDOBEHHOM
cToxacTHueckuM npubiuxennem HKXII 12 A~explys) , npugem x 3aBucH-
MocTu (3), npy sTOM

320

A e



dx-{1-~ -’:r')g:.—'r—x—e-i‘j p= . (%)
n Xy F., ) ‘.T-'-
ilpn orpaHnuenHo#t Mo nceBmoGHCTPOTE O6nacTH sHaueHue x~'  onpeme-
ageTcA BupaxeHueM ¥ w (1= N/R/)/Fba (RY/FY) . [lockonbky eKCnEPU-
MEHT yKa3uBaeT Ha NpeoblagaHMe MHOMECTBEHHOCTH B LIEHTpalkHO# o6aacTi
(R=w'), O ylipenue SLCTPOTHONO OKHA CBARAHO C YBENMUEHUEM

unena & -xnactepor N, uTO MDMBOTMT K BO3PACTAHAK K C POCTOM De .

OrmeTuM, uTo B /13/ DPAsBUBAKNTCA MOJENHM, OCHOBAHHHE HA MEXaHWamax
venycKaHus yac™ml K o@derTUBHHMY MCTOUHWkamu, [loBemeHHe napameTpa K
np¥ BTOM OO KQHLE HE BHACHEHO.

B pado're? napaMeTp K~' MHTEpNpeTupyeTcA kak Temneparypa T ,
COOTBETCTBYLWAA NINOTHOCTU MAECCOBHX COCTOAHWA KjacTepoB TUna XaremopHa-
Gpayam: PCM) = a@) (M /w57 T, e acn) L 6T - gynk-
MM TeMnepaTyps T . BeposTHOCTE POXZEHUA #t uacTHy npu GUKCUpoBaHHOR
Macce M

— M Ly

LMy = (M) e S g
[lonnoe PM sanaeTca uHTerpasom . u
b W\~ MLn> -8) ~= huk
P, (e M= S{@%r’)"e '"/11 aN(z) € Tj =) @

Ecqm moxommrs sgecs o (1) =!\.4?-1).‘ y G(T)=$ -1 , monyuaem OBP, rgeT
UMEET CMHICN TEMIePaTYDh.

B o6nacTu HM3KMX SHEPrMil TeMrnepaTypa TaKoid cUCTeMu MOXeT OWTh OT-
pHuaTenbHoit (cp.c /). [loHATve OTPHUATEILHHX TEMNEepPATYD BOIHUKAET B Tex
chayuvanx, Korna cymeCTByeT KOHEUYHOE UnUCJ0 COCTOEHMﬁ CHCTEMW, B JA&HHOM
cryyae KOHEUHOE UKCJAO MACCOBHX COCTOAHWMHA, x%'g e MOP'YT peasU30BbHBATL~
CA HAe CTaOuu ajponuaalyu. Hak oTMeuasoch B J , PM npu orpuuaTesbHoM
SHAUEHMN MapaMeTpa K COBNAZ2eT C GuHOMMaNEHwM pacrnpereneHuem (OBP c
OTpUIlaTENbHNM TapaMeTpoM). C pocToM BHEprum napameTp X' yBesuuMBacT-
ca (pacrer TemnepaTypa cucTem). [JIA CTPyi B 06nacTd Tz o CTamUA
KBapK-DIDOHHOTQ geiteHus ( T>0) craHoeuTcs cpabHMMOR cO cTaguenh ag-
ponusanmu (T<Q) ¥ npu T>O nopapsAer aqpoHM3alMp.

TemneparypHas uHTepnperauua napameTpa XK'= T KauecTBEeHHO OGBACHA-
er noseleHde (2) Kak POCT TEMIEPATYDW CUCTEMH MpM BO3IPACTAHMM BHEPIHK
C BEDOATHHM BHXOILOM H& KOHCTaHTy T -» 4 U YMeHblieHue T ¢ yeeapue-
HAEM MHTepBane Mo 5 3a cueT fofaBiaeHMA K UeHTpanpHoH, Gonee"ropmuett
ofracru" nepupepuuecxoit, "Gosee xomomHOR".

Kak MapecTHO, OCHOBHY® [OJTD [TPOLECCOB MHONECTBEHHOI'O POXLEHUN
COCTABNADT MATKUE Mpoliecch. B 2Tux mpoueccax BecrefCTBME MANHX Oepenau
BTOPHUHbE UACTHUMN POXIENTCA C MAJIHMUA MONEPEeuHEMA MMIYJALCAMH P «IIpo-
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HeCCH ¢ SOXbIMMM Nepefauamy WMITyAbca (XecTHMe NpOUECCH) BeTPeuanTea
HauHoro pexe,CorsmacHo KXl p aTux mpoueccaex o6pasylTCA KBAPKOBMWE U Iip-
OHHHE CTPYY, ONuCHBagMHe 10 Teopuu BoawymeHut (TB) KXA. C pocrom aHep-
rum Brnag xectiux (CrTpyfHnx) npoueccon, Kak CBUOETENbCTBYET 3KCIEPUMEHT,
YBEIUUUBAaeTCH.

MomHO nM OBBACHUTE HapymeHue ckettnmura HHO mnocpemersom paccmMoTpe-
HUA CYMepno3yuuMy MACKMX U xecTrux npoueccop? [lpu ommcanum ReCTKMX MPO-
ueccoB kpome TB KXI, mpumeHsAeMolt K CTaIuM KBApPX~IOOHHOTO NENEHUA,Cle-
AyeT UCTOJb30BATH (BEHOMEHOMOIMUECKYR CXeMy 8gPOHU3ALMK /15 » TMOCKOJEKY
TB HXI Ha aroit cranuu He paGoraeT. MArkue mpoLiecCH Takxe He MOTYT ONH-
cuBarbea no TB KX, JnA HUX MCROAB3YNTCA pasauuHie (eHOMEHOJOrMUecKHe
mogeau - myabrunepudepuueckan, dopmanusM Peaxe u npyrue. Bmecre ¢ Tem
MATKME TIPOLIECCH TAaKMe NOJNXHK EKAOYaTE CTAIMI BIPOHU3ALMU,

B npoueccax 4HCTO XECTKOTO XQpaxTepa OSHEIUHMHTCH [Be cTaﬁuu:
CTamUR KBAPH-IVIDOHHOTO [IeJEHUA W CTAIuM ajgpoHusaumu, B mogenu 15/ HE
3Tofl 0CHOBE OMMCAHH faHHwe 1o PM B npouecca? ete™ - annurMARDUM B an-
POHH, B TDPEXIVIOOHHOM pacnale KBapKOHMEB /18, .

liporiecew anpoH-anpoHHLX (MoepHwx) coymapeHuél ¢ o6pasoBaHueM BTO-
DUUHEX U@CTHL C GONbuMMKM p,, ABIAKTCA CMEChO MATKMX ¥ MECTKUX NpoiieccosB.
Paccmorpum TR {mponasonamyn dymxipm) Q(S.2) pna PM £,(s) B markux
coynapeHunx. CorzacHo runorese MACKOro 00eCLBEUMBAHMA OHA TpPELCTABINET
mponseeneque PM rawowon, yuacTsyomux Bo BaaumogeficTsuu (B MArkux mpo-
eccax 1peoSaananT TJIQHHKE OGMeHN) , B.i (s) na T® nna PM va crammum
agponnsal  Q (5,2)~ Z_ B 2E©ret (s,]°"" BeaB fan Q" (52) Gunomu-
aNmbHO8 pacnpefe’eHue, NOJYUnM

o~ g 0 ol (2mv2)
Q(s,z)=zofm“)[1" ",';;;] ’ (7)

rue w® -cpefHee uMCIO 8LPOHOB, O0GPA3YOIMXCA M3 OLHOI'O IJIKOHA Ha
CTAIMN 8EPOHM3ALIUM, M% ~-napaMeTp OUHOMASJIBHOTO pachpeneieHun (mMakcu-
MaJIbHOE UMCNO AOPOHOB, DOKIAUMXCA M3 DTOro riamcHa). [lpegmosaras pas—
JMUHKEE MEXAHM3MM OGDA3OBAHUA OGMEHHWX IJINOHOB, NONYyuaeM pasinuHWe Pes.
HauBonee npocroit U3 HuMx ~ HesaBucUMoe ofpasopBaHue,ONUCHBAGMOS pacmpene-
neriveM [lyaccona. OuesugHo, uro pacnpeneiexna Pappu u [loka Tawme Moryr
ObTh KanaupaTaMmH AN DPAcCMOTDEHHA.
OueHuM BPOPOR KOppelALMOHHWI MoMeHT 4, , ompemenmoumit Tvn PM

( §, 40 —cBepxy3KOe, §y =0 - yoxoe, § >0 - wMpoxoe), u BuL GymHKIMK
KHO. Coraacho (7) §, =4 43 ™2,y & gt —e(me/fy , rae £ -
BTOPOY KODPENAUMOHHEI MOMeHT sam £ 2.(s) . B cayuae HeaapucuMoro o6-
PasoBAHHA BIAMMOZEHCTBYIUMX T/NOHHMX map §3 = 0 u 5, =Lom - 2Ey )

x wh ‘ox M 54/(LAy-1) P4 B DoHOE cdCTEM® ~ CBEPXY3KO® (f=e pacmpe~

Reaerus IllyaccoHa),CpefiEge WACIO IAWOHOB (2% + 2)<£ 2,4,4T0 YRA3HBAeT Ha
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npeoSnafaHne MpU MATHX BHEepruax moMeponHoro odMeHa {ecau [P =2 3 }. C
DOCTOM BHEPrMM M pacTeT, HAPALY C MATKMMM TJIOOHaMM BO B3aumomeflcTBuy
MOT'YyT yuacTBOBaTb ¥ ReCTKMe I'JOHW. {x cregyer omucwears ro TB HXI,
Jaone#t dKCNOHEHIMANbHO PACTYWY® MHOMECTBEHHOCTb. [103TOMy [OAHAA MHOMe-
CTBEHHOCTh pacTeT OHCTpPee, UEM B UMCTO MATKMX npolec..ax. [lpy srom PN
B TONHOW cMCTeMe yWMpSeTCA 32 CueT JacTyuero BKA2Qa XeCTKOW craiuM K
Vi)
meHmeTcs sug Qynkuuu KHO, B paore npuBeegexn pacuers PM B agpon-
AfEPHX COYJAPEHUAX NPY BHCOKYX DHEPIUAX C 06pa30BAHUEM BTOPHUHHX uaC—
THU C GOonbuMMA Pyt h+A=h' + crpyn + fon . [lpu oTommecrsnenuu doHa c
BKJI2JOM MATKUX Mpoleccos GHAO [OKa3aHo, uTo npd GUKCHpoBAHHON nodHol
OHEPruy C POCTOM D, MOXET HaGMGaTsCs addert cyme'wn PM B nosnoft cuc-
TeMe. [IpuuMHA Oro - BO3MOMHOCTH CYWECTBOBAHIA OFHOBPEMEHHO yakux doHa
u crpyd. Ha Agepex MutleHsx a@heKT BeiefcTBUE KPLTHOrO NAPTOHHOrO pac-
CeAHNA ZHAUMTENbHO ycunupaeTcdA. Hpome Toro, HBOXHO HAGCHORATLCA CyXeHue
PM, cpasaHHOE ¢ POCTOM ATOMHOIO HOMEpA ANEPHOH MUUEHH.
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OT CHMHXPO®A3OTPOHA K HYKIIOTPOHY

A.ll.KoBaneHko

06beOMHCHHBT WHCTHTYT SIJIEPHBIX HCCllefloBaHH#i, [ybua

OrkphiTHe B 1944 r, akagemMukoM B./.Bexcrnepom ABaAeHWS aBToda3HPOBKH
NpKH PE30OHAHCHOM YCKOPEHHH 3apAXKEHHLIX YaCTHLU YCTPaHHIIO [PHHUMNHAJIBHOE Or-
paHHueHHe Ha MoJIYuyeHHe DPENIITUBUCTCKHUX 4YaCTHL B 11ab6OpaTOPHBIX YCIORUAX H
C0o3[0ano OCHOBY ANf peanu3aiudy MHOTHX MOKOJEeHUH yCKOpDHUTeNeidl H YCKOpHUTEJNb-
HbIX KOMIUIEKCOB, O6ecneuuBaiomuX MnoTpeSHoCTH GHIUKOB-2KCIEPUMEHTATOPOB
YHUKaNbHbEIMM NYYKaMH yaCTHL BLICOKHX 3HepTHA. B 3TOM pany OyGHEHCKHA CHH-
Xpoda30TPOH HA IHEPTHI0 NPOTOHOB 10 FaB/]/, CO3aaBHbiA MOX PYKOBOACTBOM
B.W.Bekcnepa ¥ BBeneHHwt B 1957 r, B pa6oTy, 3aHHMaeT M CeromHs BUOHOE
MECTO.

B 1970 romy #a cHHxpoha’oTpoHe OwU10 OCYMECTB/IEHO YCKOpEHHe NelTpo-
HOB OO0 3Heprud 8,9 FaB/Z/ M MpoOBeneHb 3KCNEePUMEHTH, OOHAapYXKHBUHE
CYmZCTBOBaHUE MPEOCKa’3aHHOTO akadeMUkoM A.M.BanoMHeM KYMYJIATHBHOLO
anenHoro addekra M MacwTaGHOW MHBADHAHTHOCTH DENSTUBHCTCKUX SAOEPHBX
CTOHKHOBeHHﬁ/3'4/ 3TO 6BUTM TMEpPBble MYUKH PEAATHBUCTCKHX Aaep, MNOnydeH-~
Hbie Ha YCKODHTENsX, ¥ NepBLE 3KCNEepPHMEHTh, B KOTOPHIX HCCIEAOBaloCh BIIH-
fAHNe KBAPKOBbIX CTeneHed cBobonp Ha CBOACTBA Anep H sAnepHuX peakuuit. Ha
OCHOBREe 3TuX paborT A,M.BannuHem Guina copMynuposaMa nanbHedmas nporpam-
Ma MCCREenoB4aHMA, OTKpHIBIAaf HOBOE HampaBlieHue - PENSTUBUCTCKYD SAOEpHY
bu3Hky Kak 06JacTh GMIUKH BBHICOKMX THEprufi, UCCHenyouwyw KBapK-COOHHYK
CTPYKTYPY fioep. 3TO CTHMYNXpOBAaJO pPa3BUTHE CHHXPO0Da30TPOHA KaK YCKOPH~
TeNd PEeNATHBHCTCKUX fANep, OlpedeliMno 3anavyy NOoMCKOB MYTER COo3gaHus cre-
LHaJIN3HPOBAHHOTO YCKOPHTENS PEeNfATUBHCTCKUX faep - HyknorpoHa. CymecT-
BOBAdHWE YCTAHOBJEHHO/I NYOHEHCKHMU PU3HKAMH H MONTBEPKIEHHOH MocCneayio~
HUMU ONBHTaMu Ha EeagTaoue H CEeprnyxoBCKOM YCKOPHMTENe rpaHdlik npepesib-
HOA ¢parmeHrTauuud sgep (3,544 TaB/HyknoH) nocrasuno cuhxpodha3oTpoH B
MONOXKeHHE eOHHCTBEHHOrO YCKOpDHUTEIA B MMpe, obfagawmero Nyykamw fdzaep ¢
3HEPIHEN Boille 3TOH rpaHulpl. ACHMITOTHUECKUH PEXHM B CTONKHOBEHUM pelisi~

v

THBMUCTCKHUX AREp, HaudliawmMACs npd 3Heprun 3,5 - 4 [aB/uyknon, onpeae- i
€T, ¢ ONHON CTOPOHL, CaMbliii rIaBHWA MapamMeTp NMPOEKTUPYEMOrO0 YCKODHTEens L
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(BepxXHHH TIpefen 3HEPrHMH MYUYKOB [OJIXEH HPCBLWATL 3TY BEJNHUHHY), C Opy-
roif - obecneudBaeT KOHKYPEHTOCHOCOGHOCTbL MPOBOOMMLIX B [lyGHe HcCcClenoBa-
HUI, HECMOTPS Ha niadupyeMoe NOJyY€Hue MyuykoB fAdep c Gonbmed 3IHeprue.

Ha nyuykax cuHxpoda30TpoHa BHIOJHEHb OGWHPHHIE NporpamMmbl HCCllenoBa-
HH#t, MOJIYUEHHHE Pe3YNbTaTh NOCTOAHHO NOKIAAbIBAJMCH Ha MEXKAYHAPOOHBIX
KOHPEPEHUHAX KaK No dHM3HKE BLHICOKHX 3HEpPrHit, TaK U no aaepHoM @HBHKG/S’?/
AOCTATOYHO MOMHO H3S0XeHH B Tpyaax AYOGHEHCKHX MeXAYHapOAHHX CEeMHHapoB
/MlalHoil CepHu, MOCBRALEHHBX MYNbTHKBapKOBbiM B3aWMomedcTRuam M KXI. Oc-
HOBHble 3Tanbl paGoT ¥ PE3YNbTATH N0 Pa3BHUTHI cHHxnoda3oTposa KaK YCKOpHM-
Tens PeNsTHBUCTCKMX H MONApH30BaHHHX sgep M co3nauuvi B JJa6opaTOpPWH BH-
COKHX JHEpTUA CBepXNpPOBOAAWEro CHHXPOTPOHA - HYKJOTpOHA TaKke HeopHo-
KPaTHO nyGnukoBanHCb/7 W B [JOCTATOUHOH CcTeneHd MIBECTHLl HAYUHOH o0Of-
MeCTHEeHHOCTH .

YckopeHHe Ha cHHXpoda3oTpoHe AEHUTPOHOB U AA€p resius BbUIO oCcymecT-
BreHo 6€3 3HAYWTE/bHLIX W3MEHEeHHil CHUCTEeM YCKOPHUTens, OJHAKO TNpPOJBHUXEHHE
B 06N4CTb 60nee TaAkENbX SAOEp, HauMHAA yke C siAep yrnepoga, H Heob6Xoau-
MOCTb YAOBJIETBOPEHHA PAacTyWHX 3anpoCoB JxkcnepHMeHTa norpelGoBany pewe-
HUS PALA CIIOWHBIX WHKEHEDHO-DM3IMUECKHX W TeXHUYECKMX npobieM, TNaBHHE H3
KOTOpHIX: C030aHMEe MCTOYHUMKOB BLICOKO3apAAHBIX HOHOB M sAlep W NOJYUeHWe Ha
WHXeKTOpe CHHXpoba3oTpoOHa AOCTATOUHO HHTEHCHUBHLX nyykoB aaep, obecneye-
HHE C Pa3YMHbBMH MOTEDPAMHM YacCTHI PeXHMa CHHXPOTPOHHOro YCKODEHHS, paspa-
6OTK3A BHCOKO3DbEKTHBHBX CUCTEM BHBOAA YCKOpPEHHUX fAep B WMPOKOM HHTEp-

" 8
Bane 3HEPruN B 3IKCIlIEpHMEHTAJlIbHble 3anbl /.

1./lna 3dDeKTHBHOIO YCKOpeHHs 4aCTHI, BO3MOKHOCTH OOCTHMXEHH1S MaKCH~
ManbHOR 0N CUHXpOoD)A30TPORA SHepPruM sAAep HCTOYHHK nomkeH obecneuwBaTthb
nojiiyuenue NGO ronmix Anep, nubO MOHOB C AOCTATOYHO OONbEMM OTHOWEHMEM
3apana k Macce (Z/A). 3Ty 3apauy, KoTopas CTOMT nepea GH34KaMH Yke Hou~-
TH TpUALATL €T, pemwawT AByMA nyTamk. [lepBuii NyTb - co3gaHHe NpexBaph-
TenbHbHX YCKOpHTenel (HMIW Kackaga YCKOPHTeneH) OTHOCHTENbHO HHU3KO 3apa-
KEHHBIX HOHOB (Hanpumep, OT HCTOYHHUKA [leHHHHra) C mpoMexyTouHoW "obaup-
KOK' HMOHOB Ha TBepOwX H rasoofpasHux MHuewaAXx. [IpM 3ToM ¢ yueToM Tpebo-
BaHH# K 3HepruM NMyuKa, BOBHUKAaWUWMUX NpH ''oBaMUpKE' HOHOB, Mbl NMPHXOOHMM K
npobneme CO30AHUS OONOJIHUTESNbHBX ClELUHaNMIupOBAHHBIX yCcKopuTened. [lpyroi
NyT. - MOJlydyeHHe TonbiX AAep HernocPeACTBEHHO B KOMIAKTHOM MOHHOM HCTOYHH-
K€ U YCKOPEHHE 3THUX fANEP B OOGLIUHOM NMPOTOHHOM JIMHERHOM ycCKopHUTeNle Ha BTO~-
,POfl KpaTHOCTH - mpeanokeH ¥ pa3BuT B [lySHe. B JlaGopaTopuu BHCOKMX sHep-
ruft 6u1d paspa6oTaHbl U UCNOJIbL3YWTCA [OBA THNa OPUTHHANbHLIX MUCTOYHUKOB:
KPHOFEHHbIl 3NMeKTpOHHO-RYyUYeBOit UcTOUHMK [HoHua KPUOH M naszepHblit HCTouHHK.
B UCTOUHHKE ﬂoHua/g/ HCIIONbIYeTCA NoCne/lNoBdTEeNbHass HOHH3alUUs aTo-
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MOB HeATpajbHOTO ra3da MNOTHHM 3NE€KTPOHHHM MYYKOM B MarHMTHOM mone ¢ Ha-
mpAxeHHocThbio 243 T, co3gaBaeMoM CBEDXIPOEORAMAM coleHoHmoM. C Mapra

1977 ropa HoHu3aTophl cepurd KPUOH perynapHo 3KCIlyaTHPYWTCH Ha YCKOpPH-
TeldbHOM KOMIUIEKCE. B MCTOUHHKAX 3TOrO THIA MOJYUEHH AONEPHHE NYYKH PJIOTH
[0 KPUNITOHA M HOHbLI xe52+. lporpecc B nony4YeHHH DPeKOPAHHX NapamMeTpoB HO-
HU3aluK NO3BOJIAET OXHOATH MOJNYUEHHS HOHOB BCEX AOCTATOYHO CTAGHIIbHBX
3J1eMeHTOB Tabnuibl MeHneneesa B MCTOUHMKAX 3TOTO TWUNA.

TlepBbi 3KCNEPUMEHT MO HCMONb3IOBAHWK NAa3€PHON MIa3Mbl B KauecTBe HC-
TOYHMKA AKep yriepoma Obll ocymecTBJieH Ha cuHxpoba3zoTpoHe B 1976 rony/19/
llpy 3TOM nNpPUMEHANCA TBepOOTENbHHH Jasep Ha HUOJNMMOBOM CTekJie C Bhbi-
XomHo# MomHocTei ~ 1 TI'Br, ofecneudBawniii MIOTHOCTb MOTOKA H3NYUEHHWA Ha
MHWEHN A-1013 BT/CMZ. Hrorom skcmepumeHTa 6BUIO YCKOpPeHHe saep yriepoga
B cCuMHXpoda3oTpoHe H obnyueHue CTOMKH GOTOOMYNbLCHH HAa BbHBENEHHOM MYyuKe
PeNIATHBMCTCKHX sfigmep yriepoma. OOHako nmpUMeHeHHE Ha YCKODHTEese Na3epHo-~
ro ucrouidka (/IM] B >TOM BapHaHTe OrpaHMUHBAaJIOCh HEJOCTATOYHOH HageXHO-
CTbi0 Na3epHOA CHCTEMB H Masofl yaCTOTOM /<0,02 T'u/ mocwnox pa6ouux MM~
nynbCoB,MO3TOMY OasibHeHwasa pa3pabcTka JIH 6buia OPHEHTHPOBAaHA Ha MCMONB30-~
BaHHe C0,~nasepa, CPOGOONHOFO OT .YKa3aHHHX HeJOCTATKOB H, KpoMe Toro,
MO3BONAOMEr0 CYMECTBEHHO CHHU3HTH MIOTHOCTb MOTOKAa H3JIyYeHHd, Tpebyemywn
Ond NonyuyeHHs HOHOB OOHOH W ToH Xe BapﬁﬂHOCTH/11/

WToroM uccrnegoeaHHii ¥ paboT B 2TOM HaNpaBlI€HHM ABUIOCh Co3naHHe
JH/IZ/ Ha ocHoBe CO,~nasepa c ynbTpaduoneToBOi NpenuoHW3auueil, HMewLEro
BHXOOHY® 3Hepruit ~-10 [Ix 0pH yacToTe nmoBTOpPeHHA uMnyiascos 1 T'u. Ilpu pa-
60Te 3TOro MCTOYHMKA HAa JHHeHHOM yckopuresne JIY-20 6bnu nosiyueHo YCKO-
peHHne a0 S MaB/HyKnoH aapa Li » C, Mg c MaxCHMafibHHMH HHTEHCHUBHOCTAMH :
LU w3507, LS~ 510’0, ) c6‘~1 5.101%, Mg"%% 1,0-10°
anep 3a umnynbc, HSIUTENLHOCTE KOTOPOro CocTasiana -~ 5 mrc(C,Mg) u
~-10 mMkc ana nutHa. [pejseilbHas MIOTHOCTH noToka H3JIydeHHUs Ha MHUIEeHH
cocTaBHNa h"D‘oBT/CMl. Wcnonb3opaHne JIM o6ecneyusio mobblleHHE HHTEHCHB-
HOCTH YCKOPEHHBX [0 PENHTHBUCTCKMX 3Hepruit sagep yrnepooa B cTO pa?, Oa-
/10 BO3MOXHOCTb YCKODHTb Ha CHHXxpothaloTpoHe aZpa PAAa HOBHIX 3JIEMEHTOB.

HmewTca uauHue/ls/ O MOJIYYEHHH NPH MIOTHOCTH MOMHOCTH H3INYUEHHS
€O, -nasepa 1013 015 BT/CMz HHTEHCHBHHX MOTOKOB HOHOB C KPaTHOCTbI HO-
HH3auuu Z ~ 34 ona oMeMeHTOB C aTOMHbM HOMepoM A ™40,

Taxkum obpa3som, ]I uMeeT BO3IMOXHOCTH HZalbHeHWero pa3BUTHA H ABJIAETCA
Xopolieit anbTepHaTHBOM HcTOyHMkam THna KPUOH, oco6eHHo B 06J1aCTH JIErKHX

agep.

2. Monyuesye MONMHOCTbIO HOHM3WPOBAHHMX (rosikx) Agep eme He pewaeT
npo6ieMs yCKOpPEHHsI TsAXesbX saep Ha OO6bHuHHX CHHXPOTPOHax. 3apagoBo-obMeH-
Hple MpOLeCCH, HMewmHe MECTO DPH B3aHMOAEHCTBHH YCKNAPAEMOro JIyukKa ¢ aTo-
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MaMH OCTaTOYHOrO rasa B KaMepe YCKOpHTeNs, HPHBOLAT K PE3KOMY YMeHblie-
HMIO MHTEHCHBHOCTH Ny4Yka B Mnpouecce yckopeHud. [Ipu IIPOEKTHOM ypoBHE BaKy-
y™ma h4(2-3)-10-6Top B Kamepe CHHXpoda3zOoTpoHa Yxe HPH YCKODEHHH sjaep mar-
HUA MoTepy HHTEHCHBHOCTH B pea3ylbTaTe NojxBaTa SJIEKTPOHOR OKa3LIBAWTCA
He[olycTUMO GonbliiMu, [na ynyyweHus Bakyyma B KaMmepy cuHxpoda3zoTpona Obi-
4 BBeneHu [OBEDPXHOCTH,OX/aKAdEMHE KHIKUM rejifem,- CO30aHa CHCTEMd KpHO-
OTKa4ku, KoTopas obecrneuyuna yinyymeHue Bakyyma npumepuo B 10 pa3 (ao
2-3 - 10_7Top). B pexuMe HCNHTAaHHH 3TOH CHUCTEMH [IONIYUEHO YBenHuehne HH-
TEHCHBHOCTH, HanpuMmep,Adep KPEMHHS 8 2'103 pa3. BBoa B OEHCTBUE CHUCTCMbI
o6ecneysT BO3MOXHOCTH YCKODEeHHS saep B 06jaCTH aTOMBLX Macc ~ 40-50 c

JTONYCTUMBIMU NOTEPSMH .

3. Baxuedmwum ycnosHem ang obecneucHus pabor B 0o6macTH PENATHBUCT-
CKOH sAnepHoW dH3HUKU ABIAETCA NOCTHXEHHE BLCOKHX MHTCHCHBHOCTEN IYUKOH.
Bsoa B aeiicteue B 1974 rogy HOBOI'O MHXEKTOpa CHuxpoda3zorpoHa - JH-

/14/, 8

HeltHOro vckopHuTens JI¥Y-20 Ha aHepruk nporonon 20 M2B obecneuun
4acTHOCTH, yBeJIMYeHHEe TOKa HHKEeKTUDPYeMbX npoTohHoB /0 50 MA, neiTpouos -
a0 16 mA. Ilpu yckopeHuu agep ansd obecrnedcius CHHXPOHHIMA ¢ B.Y. YCKODAW-
UM TNOJleM YCHOBHS HHXEKUMW BhIHYKOCHHO IHOJIKHb GhTh H3MeHEeHH, UTO NPHBO-
IMT K YMEHBUWEHHI0 KOHCYHOH oHepruu agep jo 5 MaB/uywnon. Yckopsawme-DporycH-
pybuas cTpykTypa JI¥-20 B npuHuuie ofecneunpaerT H YCKOPCHHE HOHOB ¢ E/A~
~0,33. Ona Gonee yCcTOMUMBOrO yCKOpeHus sjgep Ghoa HIPORCIEHA MOAEpHH3a-
UHS CHCTEMH F.4. YCKOPEHMS B CHHXpodazoTpoHe, YTO IIPUBENC K YBeJIMUeHHI

HHTEHCHUBHOCTH YCKOPEHHHIX aaep MNpHUMepHy B 3 pasija.

4. YuuThiBas GONbWON WHTEpec IKCNEpPHMEHTAaTOPOB K NPOBEAEHHI0 HCChAe-
10BaHMP C HCIONb30BAaHHEM [IYYKOB NOJSPHU30BAHHLIX DEJIATHBHCTCKUX yacTHy,

crneuranucTe JIBD ocymecTBrHnIM KoMnsiekc pa6oT 110 MNOJIYUEHHI0O W YC-

KOPEHHIN NYUKOB MNONSPHU30BaHHWX AeRTpoHOB., (O3NaHHW [nA STCH Uen HC-
Tounuk ''MNoNnApKC', NOCTPOEHHHM 110 NPHUHLUMIIY NONAPH3ANUHH ATOMapHOro mnyuka,
/15/

UMeeT psAa ocobeHHoCTER B CBA3M C WHPOKHM MCIIOJTibloBalHeM KPHOI@HHKH
Hcxcanbli nyyok aToMapHoro gedTepus uMeeT Temnepatypy 20 K, pa3sgenurenn-
HBIff WEeCTHUINONKCHLIA MarHUT U colleHona WoHi3arTopa [leHiHMHra - CBepXNpoBoOdf-
wie, OTCYTCTBYET ob6buHAA CUCTemMa BaKYYMHON OTKaukM. MCTouHuK obecneuH-
BaeT NOJIYUEHHE BEKTOPHOW M TEH30PHOW NoONsApU3auuH AEHTPOHOB. [N KOHTpoOns
ronApH3aUMK Ha Bbixoge f1Y-20 M npu yckopcHMHM B cHHxpobaszoTpoHe co3daHH
COOTBETCTEYHMHE AHAIHOCTHUECKHE YCTpoilcTBa. [l[poBeneHHue ceaHcH Mo YCKo-
PEHHI TONIAPU30BaHHKX AENTPOHOB MOKa3lanH, 4YTO BNJIOTHE OO0 MAKCHMAIIBHON 23HEp-
run (s~ 5§ 3B/HYKIOH) HenonspH3anHA MpakTHYECKH OTCYTCTByeT. HadaTu pery-
nAPHbEe dH3UYECKHe IKCIEPUMEHTH .
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5. [IpakTHyecku BCe HCCne/OBaHWA, HBIIO/IHSEeMme Ha CHHXpodasorTpolie,
NPOBOMAATCS HA BbIBEI2HHOM H3 YCKODHTENSA IYYKe. BmBOX 4acCTHL, YCKOPEHHbIX
no TpebyeMOHW 3HEPI'HH, OCYHMECTBNSETCS MocleaoBaTeNbHO NO /1BYM Hanpasie-
HUAM B OAHOM LMKIe paboTw yYckopuTens {puc.1). Ilo uanpasieHuic 1 obecne-
YHBAaeTCs MenJleHHb BHBOA Nyuka B Teuenne 500 Mc c adpexkTusHocTbH GOnb-
we 90%. ITO HampaBlIEHHE UCNOAB3YeTCH ANt GOPMHPOBAHMA B 3IKCMEPHMEHTAbL-
oM 3ase nnomagbio 6000 M2 8 nyuxoB C 3IHepruedl yacTHU BNAOTL A0 MAaKCH-
MasjibHoM., Ha »THX Nyukax MOryT ognoBpeMeHHo paboraThk oT 2 pno 4 d¢usnuec-
KHX ycTaHoBok. [M0 HanpasieHHiw Z NpoBOOMTCH OuicTpui (< 1 Mc) BuBOAZ 4ac-
THIL ¢ 3HEpPruell BNNOTb A0 MAKCHManbHOR Ha OHNHY M3 IBYX My3npbKOBLX (1-M
KWIKOBO/OPOAHYIW WM Z-M mnponalioByin) kaMep. HMeeTcs Tak¥e BO3MOXHOCTB 110
JTOMY HallpaBlleHHi0 BHBOOMTL yaCTHIM C 3Heprued go 3,5 TiB/Hyknon i
1IY UKH cpedHHx 2Hepruit (0,3 - 3,5) I'aB/uyxkion 3a Bpema 200 mc,

B uacrosmee Bpems B JlaGopaTopMn WMeercs 12 KaHajgoB vacTHl, Ha KO-

Topbix paboralT 16 ycralioBok mnabopatopuit OMAM W upyrux opraHmszaudit, B
TeueHHe roma cuuxpopaszoTpon paboraeT okono 4000 uacoB 5-10 cealicamu,
70% BpeMeHH yckepHTenb paboTaeT B pexdMMe YCKopeHus sgep. [lpocToM yckopu-
Tels, CRA3aHHHE C OTKa3oM obGopyloBay¥Hus, COCTaBiasfAlT 6-7% OT NMNaHUPyeMoro
BpeMeHU paboTh.

OCHOBHLIE XapPaKTepPHCTHKH BuBEJEHHbIX H3 CHHXpoda3zoTpoHa [1YyUKOB NRPH-

peneHn B Tabnuue 1.

Takum obpa3soM, cHHxpodaszoTpoH ceroaHs obecneywsaeT JOCTATOYHO WHDPO-
KHi Habop YHHKaJIBHbLIX [IYUKOB, MHTEPEC. K HCMNONBb3IOBAHHK KOTOPHIX MOCTOSHHO
pacteT. OpOHT HccnenoBalui B OONACTH DPENIATUBUCTCKOH ANEPHOH SduUIUKH 10C-
TOAHHO pacuwMpdAeTCcs, 3a7TPpOoCbl HA NYUYKH YCKOPHUTENH PAa3JIMUHBIX CPYMNN 3IKCNEepH-
MEHT2TOPOB MOAYMAC MPOTHBOPEYHBH, YCKOPHTENbHbIA KOMIIEKC HyXNaeTcs B He-
MPEPHIBHCM DA3IBHTHH W ONTHUMH3ALHW €r'o 3KCNAyaTauun. [leppoe NpeSIoKEeHHE
110 CO3OaHHK CMeLUanH3UPOBAHHOro CBEPXNpoOBoAsHeEro xecTkobokycHpykmero
CHHXPOTPOHA - MYKJIOTPOHA 6buio caenato B 1973 r./l6/ lIna pemeHus 3Toi
3afgauyd B nocienywmue roasl 3HepruuHO pa3BHBAJHCL paboTsl MO nMporpamMme HC-
MONb30BaHUA CBEPXIPOBOAMMOCTH B YCKODPHTENhHOH TexXHHKe, B DPAMKAX KOTODOW
CO7AaHb IKOHOMHUHbLIE CBEDPXIIPOBOASAWMUE MarHUTH, CHCTEMB HX KpPHOCTaTHpoBa-
HuA M obecneveHHA HHOKHMM rejneM H gpyroe ofopynoBaHue. 3aBepmeHHeM 3Toit
NpOrpamMMbl SBHJIOCH COOPYXEHHE MOOEIBHOro CBEPXNPOBOASMErO meCTgo¢oxycuf
pywmero cuHxporpoHa (CHIHMH} wa sweprmwo 1,5 F3B no nporoHam 7( Onpir,
HakKomieHHuH npH cosmaHud CIIMHa, ycnemHnle WCOWTaHUA NONHOMAcCWTaGHBIX Mar-
HUTOB MOIBOJIMIK MNPHCTYNHTE K peanddalUK NPOEKTa PEKOHCTPYKLMH MarHHUTHOH
CHCTEMB CHHXPO}a3oTpoHA Ha CBEpXIpOBOAANYW, B Pe3YABTATE Yero K KOHUY
80-X romoB C HMCNONb3IOBaHHEM HMCHWHMXCH COODPYXEHHH H IKCMEPUMEHTANbHLIX

3anor GymeT co3gaH HYKIOTPOH.
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Ta6nuna 1

f’?iggﬁ;ﬂ;ﬁﬂ“g Jueprus HuaTencupsocTs  (d4/umMn.) .
HacTHUN (FoB) 1975 1980 1985
P 9 2,5 - 1018 4 . g2 4 - 1012
4 8,2 g - 1010 4. gl T AE:
dt 8,2 - - s - 108
P, =-0,5%
Pys ==0,58
9 1
n 9 - 10 10
Jhe* 17,2 . - 2 - 1010
Jhe?t 16,4 107 2 - 10'0 5 . 1010
(L3 24,6 - - 1,5 « 108
3 23,9 - - 2 10°
126 49,2 - 2 - 10" 5 - 108
160" 65,6 - s - 107 5+ 107
1oF 73,1 - - 1,5 + 10/
10 . 4
S Ne 81,0 - - 10
2a4g 'Y 98,4 - - 10°
AR 114,8 - - 3 - 104

OCHOBHHE NPOEKTHHE MapamMeTrpn HYKNOTPOHA B CpaRleHUM C cHHXpobdaso~

TPOHOM TNpUBEfeHH B TaBiyue 2.

Ta6nnua 2
44 HapameTpo Hykno~ CuHxpoga -~
TPOH 30TPOH v
1. Maxcumanshasa aneprusn ([2B/uyxnon) 7 4,5
2. Yacrora unkno {(TI'u) 4,5 - 1 0,1
3. MakcumanbHad OIMTENbHOCTDb ' :
BHBONa mpH unkne 10 c (c) 9 0,6
4. MuTencusHocTb (uact/uukm) 12 12
DeATpOoHOB 3 - 10 T <10
12+ . 1 5
24Ms 1 10 i0
i 1+ 10° -
5., [oTpe6nsgeMas momyocTh (MB1T) 1,5 10
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BUIHO, UTO HYKMOTPOH ob6ecneuwBaeT pan npeumymecTn. Ocobenno BaxHO NoOBhbi-
WeHHC HHTEHCHBHOCTH I[lyYKOB JIEMKHX fA/ep W flep Cpeayero Beca, T.K. ceue-
uus Haubonee 3HAUMMBIX JIIs TEOPHW NPCHECCOB, [PHBOAAMHX X oBpa3oBaHHi
4acTHI C GONbWHMH OTHOCHTENIbHBIMH CKODOCTSMH, O4eHb Manbl. CymecTBeHuoe
3H4YEHHE HMEET MOBhEHHEe 3JFHEepI'Hd lad KPUTHUECKOH BefiMuHHOH 3,594F3B/HYK'
non  npH  nepexofle € CHHXpoda3OTPOHZ Ha HYKIOTDPOHK. YAYUMHTCH KauecT-
BO NYUYKOB, HX BPEMEHHME H NPOCTPAHCTBEHHHIE XAPAKTEPUCTHKH, MOABHUTCH
BO3MOXKHOCTb OCYMECTBIISITh BBBON YaCTHL H3 YCKODPHTENf CO 3HAuYUTENnbHO Hosib-
WeH pacTAKKON Myukd Bo BpeMend. Boicokuit yposelb Bakyyma B KaMepe HYK/IO-
TpOHa, 06YCNOBIEHHHA KPHOTEHHKON, NAaCT BO3MOKHOCTH YCKOPATL C OONYCTH=

MLIMI [TOTEpSAMH BLICOKO3APS/IHKE HOlNb W AAPa BMJIOTH /10 ypaHa.

HyxkimoTpol CTPAUTCA € HCHCALIOBAHHEM OPHI'MHAIbHLIX CHBEPXOWDOBOIAMUX
(Cll) MarsuToB,paspaGoTanusx B JIBD u monyuusmMx HazBanme MarkiuToB "llyGua'
MaruuTsl JToro Tvna odecricudpawT nonyvyenne paboyero noix nopamka 2,1-
~2,3 T W BHTOONO OT/HYAITCS KAK OT OGLIYHHIX TEIIKX MarHMTOB C moJiem 1,8-
-2,0 T, Tak ¥ OT CREpXMPOBONSUMX Mar#uToB C_moxem 4,0-5,0 T/18/.

Haoeonmorua CM-maruuros /ly6us paspaborana M.A.llenmaeswm. B 3THX wmar-
HUTaX ONA GOPMUPOBANHA NOJA HMCIOABL3YETCH B IONHON MEpe Xeres3Hoe ApMo ¢
6nH3kopacnonoxenuon Cl-obMOTKOH. APMO MarHWTa NPpHMEDHO B B2 pPa’a yMmMeln-
waeT HeoGXOAMMbIE AMIEP-RUTKH, o6ecmeunsaeT BBICOKYK OAKOPORHOCTb MArHUT-
Hor'o 1105 ¥ DUKCHDYET reoMeTpuw 0BMOTkM. B maruwrax batasum, uHanpumep,
BKIal CTaNbHOrO 3KPaHa B aMNAMTYRy Mons cocTasBiseT sBcero (5%, 3Hauutenn-
Ho 00beM MarsuTa BaTaBui, 3aHATWA nOMAMM pacceauusi, npuMepHo B 10 pai
MOBHUMAET IHEPrHo, 3allaCeHHY Ha eQuHHUuy AJHRbL Mar#HTa. B KOHEUHOM HTO-
re Maryurh "'ly6ua’; co3uawuMe B aBa pas3a MeHbWEC [OJe, OKa3bHAWTCH il
MopsiNoK MeHee MaTEPHANOEeMKHUMHM, CYUWECTREHHO Gonee MPocCThHIMH , TEXHOMNO MPHUHMNM
H TPebYWT MeHee DHEPIOeMKHX CHCTEM MMTAHHA U OXJIa¥,ICHHA .

H3aroroBneHuue cepuu MarnnuTos Jlybum ans ycTtanopkyt CHHH yBeauTeiibHo
noKa3ano, 4YTO NPHHATAS TEXHOJOrHS O00eCleuUdBaeT BHCOKYHW BOCIPOH3HO M~
MOCTb NMapaMeTpPoOB MAI'HHTOB Oaxe 1IPH W3rOTORIIEHHM KX B JIABOpPATOPHHX YCI0-
HMHK/

YctanoBka CMHH npencrasnaer coboil xeCTKODOKYCHPYIOMHIT CBEPXIPOBOIS -
UHIA CHHXPOTDOH C DA3BENIEHHHMY DYHKUMAMH MOHOPOTa H MOKYCHDOBKH YCKOpHC-
MbIX gacTdu. [lpy obmeMm nepumeTpe ycKopuTena 54 M KoHeuHaH IHCPIHA UPOTO-
HoB cocTasnaeT 1500 M3B, saep - 526 MoB/HYKNOH, a TAKCIMX HepelATHBHCT-
CKHX HOHOB - 2700 (Z/A)Z, rpe #/A - OTHOWEHHe 3apsifia HOHA K Cro
Macce, Bpipak€HHOE€ B NPOTOHHbLIX eawHuuax. BHewwu#i Bux yckoputens CIWH no-
kasaH Ha pHc.1. Ha paccrosannn 60 M oT CMHHa ycTanOBJieH relHEBbIft OXIKH~
Tenb, obecrieunsawuuh oxnakiienne ClHHa go 4,2 K v nonnepxaine pabouei

TeMInepaTyphl.
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Puc.t. Mopenwunit cpepxnpopouaruit cunxporpon CMHMH (Bua csepxy).
B uentpe - thopuHKeKTOpP YCKOPHTEAS H HCTOUHUKH TMWUTAHHA MATHUTOB
3 oaMH3.

Pyc, 2. Moayih MAardpTHOH CHCTEMB HYKIOTPOHA HA WCOMTIHUAX.
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K MOMeHTY HandcaHHA 3TOH CTATbH Ha CO6paHHOM YCKODPHTESNlEe HOYT MYyCKO-
asiafloyHele  PaboThl, [OJNyueHa YCTOMUMBAS UMDKYJNALMS NMydka B TedyeHHe

100 MC B TENJOM PEKHME, HWCCIEAYeTCsd DPEeXHM OXMawieHHUd .

HyxnoTpoH 6yaeT NMpenCcTaBAsATh KECTKOMOKYCHDYKIMIE CHHXPOTPOH C pas-
neneHHuMH GyHKuMaMH. O6was AJMHA HYKIOTpoHa ~257 M, MarHuTHas CHCTeMma
HYKNOTpOHA cobupaeTcs H3 48 OTAENnbHBIX BaKYYMHO-KPHOCTATHHX Moayne#

{puc. 2), B KakIOM M3 KOTOPLIX DPA3MEMAKTCs JABa OHIONbHHX MArHWTa M OJHA
KBaApynonhHasa nuMH3a, OHaMeTp xpyrinoro saxkyymHoro 6aka ~0,7 M, B Maruur-
HOH cHCcTeMe 6yayT HMCMOAB30BaHL MAarHUTe THra 'dy6ua', HO, B OTJAHYME OT
marHuToB CllMda, u3 Tpy6uaroro ceepxnpoBoAHMka. TaKhe MarHuThH,
npeanoxkentsie A,A,CMHPHOBBIM, MO3BOJAKNT MCKIIOYHUTD M3 KOHCTPYKUHM OTAENb-
HLIl renMeBuIl cocyl H 06€CNeyYHBAWT PSSO TEXHOJOIMYECKHX M DKCIyaTalHoH-
HBIX NpexMyllecTB: ob6reryaetrcs AOCTYN K MarHWTam, CHH¥aKWTCH TpeboBaHHUs

i TepMeTHUYHOCTh CBApHLIX WBOB, YMEHLIAETCH KONUYECTHO XUAKOIrO renus B
cucTeMe M Op.

OxflakneHue MAaTHHTHLIX 2A€eMeHTOR GyOeT MNPOHMIBOAUTBLCS JBYXMA3HBIM Ie-
JineM, KpHOTEeHHbLIl KOMIIEKC HYKJOTPOHA MPOEKTHPYETCH H3 THIIOBLIX OKHKHWTE-
neit KI'Yy-1600/4,5. OxcnepuMeHTanbHas npoBepka paboTocnoCoBHOCTH MAarHH-
Ton Tuna "Hy6Ha' nmosBonseT 3IAKNWYHTH, YTO HAa HX OCHOBe BO3MOKHO CO3OaHHe
yCKOpUTENs, paboTawmero ¢ 4acToToid MOBTOpeHus UMkiaoB 0,5-1,0 Tu npu npu-
eMJIeMBIX paCXoJax Ha KpHOreHHoe ofecreyeHue.

B HacToslwee BpeMsa npoBoasTcs paboTe MO NMOATNOTOBKe TOHHENs AN pas-
MelleHUd MarHWTHOH CHCTEeMbl HYKIOTPOHA, MAET W3rOTOBIEHHE RAKYYMHO-KDPHOC -
TaTHLX MOoAyneA u apyroro obopynoBaHusi. 3aBepulieHHe OCHOBHBIX MOHTaXHLIX
paboT nnaHupyeTcsi Ha kKoHel 1988 roma. B nmepron A0 OKOHUAHHMA NYCKO-Hana-
OOUHbIX paGoT Ha HYKJIOTPOHe MpeayCMaTPHBAEeTCs HENPEpHBHASA BKCIUlyaTaLMusd
cuHxpoda3oTpoHa B OOHYHOM O6beMe, MOBHIIEHUE HHTEHCHBHOCTEH HMMENMHXCHA Iyy-~
KOB, pacuMpeHde Habopa yCKOPSEeMbX YAaCTHL, pa3BHTHe aBTOMaTHIaLMH, CHCTe-
Mbl KaHasjioB YacTHI ¥ CUCTEeM BHBOAA.

CoszaHHe HyxnoTpoHa ofecnmeuuBaeT IKCMNEPUMEHTATOpaM HOBble, Golee
WHPOKHE BO3MOXHOCTH B HCC/E€AOBAaHUM PENSATHUBUCTCKUX SLEPHbIX CTONKHOBEHHIL,

B sakimnyeHne aBTOP CYHTAET MPUATHHIM JOJrOM BHPa3HUTh 6JarogapHoCTb
akafeMuky A.M.BaniMHy 3a npensiokeHue CAellaTh NaHHu#A xoknanm, JI,T.Makapo-
By, U.H.CemeHouknHy, U.A.llenaeBy U A.A.CMUPDHOBY 3a MoJie3Hble O6CYKIEHHs
W npenocTaBlIeHWe MaTepuasnoB.
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THEORY OF VANOMATONS™
Y. E. Kim
Department of Physics, Purdue University
West Lafayette, Indiana 47907 U.S.A.
1. INTRODUCTION

Recently, a parameter~-free theory/l/ has been proposed to explain anomalously
short mean free paths (mfp's) of the secondary projectile fragments (PF's) [called
"anomalous projectile fragments’ (APF’'s) or "anomalons'] observed [n emulsion and
other detectors from the relativistic heavy-ion collisions. 1In this paper, the new
parameter-free cheory ls described and its application to the Z = 2 APF data mea-
sured by Band et al,/z/ using the Dubna Synchrophasotron is presented to demonstrate
the validity of the new theory of "anomalons'.

The APF's in emulsion were first reported in 1954 bv A. MiIOne/3/ and later by
otharslh/ in high-energy cosmic ray studies. 1In 1980, Friedlander et al./S/ con-
firmed the previous cosmic ray observations of the APF's using the Bevalac accelera-
tor beams of - 2 AGeV 16O and SéFe at the Lawrence Berkeley laboratory. Since then,
there have been many controversial experimental results on the APF effect, published

mostly in Physical Review Letters/ﬁ_gl and other jOUrnals/lo_IS/ using either the

emUIsion/6’7/ or other/8’9/ detectors. The experimental results of references 2-6,
8 and 12 show the positive APF effect, whlle those of references 7, 9, and 13 shows
na ¢ - very snall APF effect. The proposed new theory of “anomalons" described here
can provide a consistent explanation of these conflicting claims/Z_IJ/ on the APF

effect.

2. THE APF DATA PARAMETERIZATION
In the APF experiments, the primary nucleus enters the detector (emulsion,
plastic, bubble chamber, etc.) at y = 0 and travels a distance y until it creates

the secondaries (or primary stars) at the primary interaction point, y. One of the

*
This work was supported fn part by the U.S. National Science Foundation.
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secondaries created at y or x = 0 travels a distance x unvil it creates the ter-
tiaries (or the secondary stars). The probability density (PD) function for the

primiry 1s a function of y and given by
-y/).

£, = e T )
where Ap is the mfp of the primaries,. Ap is known to be a constant independent of y
at a fixed energy or momentum of the primaries. 1In most of the APF experiments, it
ia customary to count the number, N(x), of the secondary stars at the end of the
secondary PF tracks as a function of the distance x measured from the point of
creation of the secondaries, x = 0, {.e. from the primary interaction point, v.
Neglecting the y-dependence (which is not measured in the APF experiments), N(x) is

then parameterized Iin a form

-x/2, (%)
N(x)> =n[l -e ] (2)
x -x/ ).e(x)
which originates from /S fe(x)dx =1-e with the PD function, fe(x) =
=x/2_(x) °
e € /Ae(x), assuning that Ae(x) is Independent of x. We note that eq. (2) is

not self-consistent since ke(x\ depends on x. The consistent expression fou

<N(x)> would be “x/3 (x)
N(x)> =n [l - c e 4 N ()] . 3)
where
8(o)
N () = f xe XB(W4q @
B(x)
which is obtained from
x -x/)_(x) X _ B(x)  _
rodxe © ) = re ¥y xa(x)) - ooy X 8 {x)yg (5
1

with B(x) = A; (x). However, we can still repard eq. (2) as a parameterization or
representation of the AFP data.

With the above parameterization of N(x) described by eq. (2), the extracted
values of e-XIAe(X) show that Ae(x) is not a constant but seems to contain a
shorter mfp component, A;, with a fraction a' at small distance x in addition to

the expected lonper normal component mfp, A;. It 1s therefore customary to de~

scribe Ae(x) by fitting it with & local mfp, A'(x), of the form

335



a')y! a'y
M) = 1=, TV, S, &
a'y! 2 12
where fA S(x) is the PD function defined as (see eqs. (10) - 13))
2

a'Xé -S/Xi —x/);
£, (x) = (1 -a") /xé +a'e /A; s (@)
3
and
ot tyr _ ' _ '
a') x a'i x/Ak x/)\S

i 8 (x) = f £, fx)dx = 1 - [(1 - a")e +a'e 1 . (8)
M !

'

Q R

A'(x) is normalized such that 2'(0) = [(L - a')/)i + a'x;]_l‘ and 2 (=) = x;, and
hence A'(0) < A"(w), A typical fit of A'(x) with a' = 0.0106, A; = 7.5 em, and

12/ in Fig. 1.

A; = 230 ¢m to Ae(x) is shown for the Z = 2 APF data of Bdné et al.
However, there 1s no theoretical justificatlon to equate Ae(x) of eq. {2) to X' {(x)

of eq. (6) as customarily done, since the original data for <N(x)> can not be re-
a'a!

lated theoretically to A'(x) but should be represented by <N(x)> = n Fl' S(x),
a"y! [}
given the PD function, fA' s , €q. 7, or by
L
a'x!
M) = ex/in [1- B, S0 (9

%
Aé(x) of eq. (9) and A'(x) of eq. (6) do not give the same results and can be sub-
stantially different when the y~dependence is integrated as described later. There~
fore, we should r;gard A'(x), eq. (6), with a set of the parameters a', A;. and
XL, as another convenient parameterization or representation of the AVF data for
Xe(x). The fitted parameters, a', A; and Ai, are therefore not necessarily the

physical quantities which can be determined from other independent experiments,

3. NEW PARAMETER-FREE THEORY
/14-16/
We start with a generalized energy-dependent formulation which has
been recently developed to accommodate the energy (or momentum) dependent intevac-
tion e¢ross-sections, ui(P) « le(p), for the ith component PF with a laboratory

J-momentum p. We define the probability density (PD) function for the 1th com-

ponent secondary PF as ~x/%, (p

)
£, (x,p) = A (ple ! e, (10)
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i 1 1 1 | 1 1

I0 20 30 40 50 60 7O
X (cm)

Fig. 1. Comparison of the calculated values of the local mfp, *(x), with the ex-

12/

perimental data. The dotted curve is our theoretical values calculated

with the physical values of (a, Agr XQ) = (0.55, 215 cm, 260 cm) using

eq. (20). The thick solid curve 1s a best fit/a/ to

the data with the

values of parameters, (a' ,k;, AL) = 0.0106, 7.5 cm, 230 cnm) using eq. (6).

Dashed lines and thin solid lines are for A(x) = 215 cm and 230 cm, re=-
12/

spectively.

and the total PD function as f(x,p) = i fi(x,p), where x 1s the distance measured
from the point of creation. The PD functions are normalized such that

J J £(x,p)dpdx = i ! Ai(p)dp = i a, = 1, where ag = I Al(p)dp reoresents a fraction
for the ith component PF with Ai(p) representing the momentum distribution. The
momentum folded PD function is defined as

/()
£,(x) = 7 £,(x,p)dp = J A (P)e A (pdp (11)

We apply eq. (11) to the recent APF data of Bano et al./z/

gecondaries (consisting wostly of 4He and 3He) from the 4He primary PF interacting

for the 2 = 2

with hydrogen in a 1 m hydrogen bubble chamber at the incident lab momenta of

p(l) = 8.6 GeV/c. Fig. 1 shows the experimentally extracted values of the secondary

(1)

local mfp, Ae(x), with p = 8.6 GeV/c. They have also determined the correspond-

ing momentum distributions, Ai(p), for the secondaries, 4He (1 = 1) and 3He (1 =2)

as shown in Fig., 2 (Fig, 1 of reference 2). Since Al(p) and Az(p) are well separa-
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Fig. 2. The momentum distribu~ T T T T T T T
tion of the secondary Z=2 nu-
clei emitted in a forward

cone of 10° from 8.6 GeV/c ﬂ
4He interacting with hydrogen 600
in the hydrogen bubble cham-
ber/2/. The solid lines rep-
resent events from the
2~prong primary interactions,
and the dashed lines corres-
pond to events from the 4-
and 6-prong primary interac-
tions.

NUMBER OF EVENTS

200

Yoormend

1
4 5 6 7 8 9 10
P (GeV/c)

ted and rather narrow, we can approximate Al(P) =a &(p - pl) for AHe and Az(p) =

(1- &) 6(p ~ py) for JMe, with p; = 8.6 GeV/c and p, = 8.6 (3/4) GeV/e = 6.45 Gev/c.
The fraction, a = / Al(p)dp, can be determined from Fig. 2 and turns out to be a
2 0.55 for AHe and (l-a) . 0.45 for 3Hc secondaries, so that we can write the PD

functions approximately as
. -x/)1
fl(x) =/ f](x.p)dp =ae /xl . (12)

and
R -x/A2
fz(x) =/ fz(x,P)dP = (1 ~ a)e /‘2 - (13)
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Fig. 3. A plot of the experimental data/2'17/ far the momentum (or energy)

dependent mfp, * = Ai(p), of 4He and 3He in a hydrogen bubble chamber

as a function of the laboratory 3-momentum, p.

In addition, for the first term, the momentum (or energy) dependence of the AHe and

3He mfp, kl(p) and Kz(p), have been measured as shown in Fig. 3./17/ From Fig. 3,
we can read off and determine Xl(pl) = 215 cm (AHe) and Xz(pz) - 260 cm (3He). We
note that we may have Al(p) = Az(p) at much lower values of p since the rms radii

of AHe and 3He determined from the electron scatterinp are R(AHe) = 1.67 + 0.01 fm
and RCHe) = 1.86 + 0.3 fm, L.e. R 1(%He) > R71CHe), while A (p)) (“He) < A (p,) CHa.
The above dlscussion shows that one must take into account the energy dependence in
extracting the rms of interaction radii from the high-enerpy mfp's or interaction

crosa-sections./18’19’20/

In order to obtain a quantitative deseription of the APF data of Banoet aL,/Z/
one must take into account the effect of the finite size of their detector (1 m
hydrogen bubble chamber). For a finite size detector with a length D, we define

the PD f~ction as
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*y/lp —x/x, -x/Ag
O Nl i v e S S N ¢ 7
p FE(D) 3 FS(D) 3 i

where Ap is the wfp of che primary PF, and y and x represent the track lengths of
the primary and secondary PF's, respectively. The normalization constant ND repre-
sents a fraction N(D) /no, where N(D) is the number of the secondary stars actually

counted in the detector of size D = 100 cm. %E(D) and is(D) are defined by

- x b-x e -y/kp e_x/Ki
Fl(x) =f dx S dy(i- Y= T Y, (15)
) o p L
and X x Dx “y/A e-x“s
F()=rdx £ dy &~ ) G5 (1)
s o ) P s
x D~-x

a,h . N
FA S(x) defined by eq. (8) 1s now replaced by F(x) = fD dx fo dy f(x,v), or
2

e = Ny B2 F ) 4 =2 b )] an
F (D) FS(D)
which has the normalizatfion, ;(D) = ND. For the special case of Bdnd et al.!z/
)P = As, and hence we have, from eqs. (15) and (16),
. —x/)g A -D/A_ (A;l - A;l)x
F(x)=(l-e Y- e (e -1,
L XE— A
s
(18)
and . -x/ X % =D/
F@=Q0-e %H-Fe 5, (19)
s /\q
-x/le(x) .
Ae(x) is calculated by setting 1 - e = F(x) (see eq. (2)) or from
200 = M) = xfenll - FGOT (20)

Compared to the D = « case, Ae(x) is more severely altered toward near the end of
the detector, x > D, and hence we are justified to choose the asymptotic condition
away from x = D. We choose ND = 0.2420 to satisfy the asymptotic conditionm,
Xzalc(x) = 230 cm at X = 40 cm. It should be nnted that we can determine the
physical quantity, ND’ by other independent experiments or we can regard N_ =

D
0.2420 as a value determined by the APF data of Bang ot al /¥
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We note that the number of the secondary stars, N(D), and the number of the
primaty stars, Np(D), have been determined by Band et al./z/ to be 4197 and 23435,
respectively, thus determining the experimental value of the ratio, ﬁD = N(D)/NP(D).
to be ﬁD = 0.1791. To check the consistency of our new theory, we can calculate
and compare ﬁD with the above experimental value. The calculated value of N(D) can
be obtained from

NGx) = np[NEi‘i(x) +N_F (0] (21)
with a normalization N(«) = nP[Nl + Ns] = nP or Ne + NS = 1, For N(D), we have

from eq. (21)
N(D) = np[NzFE(D) + NsFS(D)] = 4197. (22)

Np(D) can be calculated from eq. (1) to be
-D/Xp .
N (D =n{ -~ = 0.3719 n 23
p( p( e ) p (23)
with Xp = 215 cm and D = 100 cm. Eq. (23) with the experimental value of Np(D) =

23435 determines nP = $3014. 1In order to relate eqs. (21) and (22) to our eq.

(17), we identify
N, = LLmaND) g (24
onE(D)
and

= 2ND) . 5 4590 (25)

L} =
ons(D)

=3

which in turn yield NQ + Ns = 00,9015 instead of the required value of Nl + Ns = 1.
We emphasize that they differ only by - 10% and can be made identical by adjusting
n_ and/or a by ~ 10%. If we reduce nP by a factor of 0.9015, i.e. np = 63014
(0.9015) = 56807, we obtain NE = 0.4909, N5 = 0.5091, so0 that Nl + Ns = 1. How-
ever, we obtain from eq. (23) NP(D) = 0,3719 np = 21127 which agrees with the ex-
perimental value of 23435 within ~ 10%Z, and hence the calculated value of the ratio
iD = N(D)/NP(D) = 0.1987 also agrees with the experimental value of 0.1791 within
* 10%.

However, n appearing in eq. (2) and in ND = N(D)/n0 of eq. (14) 1is not same

as NP(D) calculated above, as discussed below. Eq., (2) is obtained by assuming
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that xe(x) is a counstant independent of x., Since Ae(x) depends on x, the PD

it

function has a new corrected normalization (see eqs. (3) and (4)), fe(x)
o X ) 8(0) -x8 (x) -
[1+K ()] e /2 (), where N (=) = Tg=y ¥ © dg with g(x) = 1 _"(x).

Therefore, n, in eq. (3) is related to np in eqs. (1) and (21) - (25) by the rela-

tion, nD = np 1+ Ne(W)]_l. However, 0, in eq. (2) must be regarded as a mnon-
physical parameter to be determined by experimental data, since the term Ne(x) in
eq. (3) is incorractly omitted in eq, (2). Our value of ND = 00,2420 for the 8.6
CeV/c case corresponds to n = N(D)/EB;?ZG = 4197/0.2420 = 17343,

We note that, as D lncreases, e 8 appearing in egs. (18) and (19) de-
creases and hence the APF effect 1s expected to become smaller. The above
prediction can be tested by future experiments. However, the APF effect may not

vanish completely even for the limiting case of D -+ = as discussed below.

For the case of D » =, eq. (17) reduces to

. -x/.\!Z -x/x
F(x) = Nyf1 - (1-a)e ~ ae 9] (26)

where ND = np/nc = {1 + Ne(w)] using eq. (3) lustead of inconsistent eg. (Z). From

eqs. (3) and (26), we obtain

-x/x_(x) -x/y -x/)
l-e & +86] -0+ EIM-A-a)e -ae  °l 27

Although Ne(x) and Ne(m) depend on B(x) = A;l(x) which are yet to be determined
experimentally, we can still extract the limiting values of Xe(O) and Xe(w) using
Ne(O) = 0 and the normallzatlon condition, Xe(w) = Al. For the limiting case of
X + <, we obtain from eq. (27)

-x/A (=) —x/)‘q
e ©  =n+ N (=}](1 - a)e (28)

which lead to Ae(m) = Al with the normalization [1 + Ne(w)] = (1 —a)_l. For the
limiting case of x - 0, from eq. (27) together with Ne(O) and {1 + Ne(w)] =

(¢ a)_l, we obtain
3 (0) = (1-a)/[(1-a)/2, +ar] (29)

which together with the condition
Xe(w) = Xl (30)
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leads to Xe(O) < Xe(m). Therefore we conclude that the APF effect may become
smaller as D increases but may not vanish completely even for the limiting case

of D+ =,

4. RESULTS

We now apply our formulae developed in the previous section to the APF data

/2/

of Bano et al. and compare our calculated resulfs with the experimental data
¢

for the Z = 2 APF data from 8.6 GeV/c QHe/Z/. With a set of physical values of

parameters, (a, Xs, AQ) = {0.55, 215 cm, 260 cm) and the normalization ND = 0.2420

{from xzalc {40 cm) = 230 cm), Azalc(x) are calculated as a function of x uslng
eq. (20). The calculated values of A:alc(x) using eq. (20) are plotted as a

12/

dotted curve in Fip. 1 for comparison with the APF data of Béné et al. As can

be seen from Fig. 1, the calculated values of lzalc(x) agree reasonably well for

x ¢ 50 cm, considering the fact that the input parameters are all physical quan-
tities and are not adjusted, and also the fact that the APF data of Bano et al./Z/
for Xe(x) are of low statistics and fluctuate widely. A faster rise of the calcu-
lated values of lzalc(x) beyond x > 50 cm is a characteristic of the effect of a
finite size detector, and is expected, since the finite size detector tends to
dismiss more numbers of the tracks at increaslngly larger x, so that <N(x)> 1s much
more depleted at larger x and in turn yields a correspondingly larger value of Ae(x)
compared to the case of a larger or infinite size detector. Furthermore, the experi-

mental values of Ae(x) are expected to become less accurate at larger distances

near x : D for the same reason, as Fig. 1 demonstrates.

S. CONCLUSTIONS
i/

The new theory of "anomalons” is parameter-free and gives a consistent qual-

{tative explanation of the "anomalon" data for the two-component 2= 2 case of Bano

et al./zl Additional theoretlcal calculations of the mfp’s, Agalc(x), for other

72/ 121/

Z = 2 APF data of Band et al. will be published elsewhere. A generalization

to the multi-component casesla—ll’zol is straightforward and will be given else-

where.
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Even with the two-component formulae, eqs. (14-20}, we can draw several impor-

tant conclusions as discussed below.

(1) The primaries with a single constant mfp, Ap, are not expected to produce

/2-13/

the APF effect. We note that the APF experiments are consistent with this

conclusion.
(11) The APF effect is expected to occur for the secondaries, even if the
secondaries consist of only one species wi-h the same mfp as the primary PF. The

/5/

6
APF data for Z = 8 secondaries from 1 0 - auclei (in emulsion) interactions and
/12/

also for 2 = 5 and 6 gecondaries from 120 -~ propane (C3H8) interactions tend to

support this conclusion.

(111} 1In a particular APF experiment, the APF effect may or may not be ob-
served depending on whether the expected slope of A:alc(x) at small distances are
large enough and can be distinguished from the zero slope within the accuracy of
the APF data.

(1v) The APF effect is expected to decrease as the detector size is increased

but may not vanish even for the limiting case of infinite (or very large) size

detectors. The above prediction can be tested by future experiments.

As summarized by BénB et al./Z/, there are about a dozen other APF data for

Z = 2 secondaries, some showing the APF effect and others showing small or no APF
effect. These conflicting results on the APF effect can be understood in terms

of our new formulation and the above comment (iii). Other conflicting claims/3_l3/
on the APF effect can also be understood with a similar reasoning. For all other
cases of the APF data/3—13/, the new theory of "anomalons™ can be also tested if
all of the physical input parameters are determined from additional independent
experiments.

I wish to thank Dr. T. Siemiarczuk for sending me the experimental data shown

in Figs. 1, 2 and 3 before publication.
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BARYON MULTIPLICITY DISTRIBUTION IN NUCLEAR MATTER
PRODUCED BY HEAVY ION COLLISIONS AT STOPPING ENERGY REGIME

Y.Iga, R.lamatsu, S.Yamazaki

Department of Physics, Tokyo Metropclitan University, Setagaya-ku

Tokyo 158, JAPAN

H.Sumiyoshi
Matsusho-gakuen Junior College, Niimura 2117-3, Matsumoto-city,

Nagano 390-12, JAPAN

In the near future, the high energy (Elabﬂ‘IS GeV/N) heavy
ion collision experiments will start at BNLl). The main subjects
of these experiments are to create the quark-gluon plasma (QGP)
in the baryon rich region and to detect the signs of QGP
formation. For the analysis of the forthcoming data, we need the
information about the initial conditions such as baryon density
or chemical potential, energy density or temperature, volume and
so on of the produced system through heavy ion collisions,

When heavy lons with radii RA 2 6 fm collide at impact
parameter brs(l'\-z)fm and at the energy of BNL reglon, nucleons

sitting near the collision axis in both of nuclei will be stopped
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with each other.z’ Usually, such conclusion on the baryon

2),3) of high energy

stopping is extracted from the analysis
proton-nucleus {(p-A} collision data and from its direct
application to the heavy ion collision process. However, in this
application of the results on p-A collision to nucleus-nucleus
(Ap-At} collision, it should be noticed that every nucleon in the
projectile nucleus Ap does not always behave similarly even if it
hits the target nucleus At at the same impact parameter. Owing
to the. fluctuations, all nucleons in the colliding nuclei are not
always involved within the nuclear matter composed both of the
stopped nucleons and produced pions, even if the conditions, Rh;t
6 fm and Elabfszo GeV/N,z) are satisfied, Then we have to know
the distribution P(Ns) of the number of nucleons NS' which are
really stopped and are put together to make high density matter
in Ap—At collisions. We also need the information about the
dependence of P(NS) on the incident energy and the mass number of
colliding nuclei.

In this paper, firstly, the Monte-Carlo event generator
{MCMHA)} for high energy p-A collisions, which is developed on the
basis of the multi-chain model (MCH)", is introduced. Next,
based on the results of MCMHA, we obtain the probability, P_s of
the incident proton losing more than half of its incident
rapidity in p-A collisions. Applying this result to high energy
AP-At collisions, we estimate P(Ns) and investigate its incident
energy and mass number dependences.

Here we briefly summarize our Monte~Carlo event generator
(MCMHA) by drawing the flow chart and the schematic diagram of

MCM in Fig.l for the help of the understanding of MCMHA.
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leading barycn
UCM event generator fiow chart

Eq. (2)

ach event

Eq. (5)

End

Fig.l. The flow chart of the Monte-Carlo event generator (MCMHA)
for high energy p~A interactions. The schematic diagram of MCM
is also shown for the help of understanding of the explanation of

MCMHA.

The MCMHA consists of four main parts:

(1) Determine the number M of the inelastic collisions of the
incident proton.

{(2) Fix the light-like momentum fraction x of the leading
system after an inelastic collision.

(3) For the fragmentation of a chain into pions, determine the
hadron multiplicity and x's of secondary particles.

(4) Include the intranuclear cascades of secondary particles

inside the target nucleus. In this procedure, the formation zone
concepts) is properly considered.

The light-like momentum fraction x, which is connected with
rapidity by the following relation;

m, e, (1)

x = (E+ Pz)/(E + Pz)inc = Mp

is used in the MCMHA, where (E+Pz)inc is the energy and momentum

of the incident proton and My is the transverse mass of the
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produced hadron. In this article, however, we concentrate our
attention to the stopping of the incident proton. Therefore, we
will avoid an entire explanation of the MCMHA and introduce only
the related parts with the stopping of the incident proton.

In the part (1), we sample V according to the probability
function P(V,4b) obtained by using the Glauber formulaﬁ). The
probability P(M,4b) that the incident hadron hits the target

nucleus at impact parameter between b and b+ b and interacts with

nucleons in the target A, is expressed as follows:

. 2 A) Voo A~y _pA
P(U,Ab)‘,A)d b(u a1, (0) /A" (1-N, By /M) g B A, ap)  (2)
and

pA i//- 2 T A
0, am=f a% 1-(-n, 1 /m ) (3)

In eqs. {2} and {3}, NA(b)/A is the average probability of taking
place the interaction between a target nucleon and a propagating

baryonic system at impact parameter b and is given by

_ NN
N, (b) = (. /c;z PA(z,b). (4)

2)

For the Wood-Saxson density f?A[z,b), we take the parameters of

1/3 -1/3

R=1.19A -1.61A and d=0.54 fm. Then, we can compute the
probability of getting M inelastic collisions within A at any
impact parameter b. In practice, we fix the bin of b with db=1fm
according to the weight factor of eq.({3) and then fix VY according
to eq.(2) where we take VM =15 as the maximum.

In the part (2), we determine the light-like momentum
fraction x of the outgoing baryonic system after an inelastic

4)

collision, According to the MCM ', x can be fixed by a kernel

function K(x};
Kix) = olx %72, 15)

which contains all the dynamical information in MCM through the
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only one free parameter O{. Following Ref.2, we choose of =13

) the proton spectra of

because this value reproduces very well2
p-A collisions at 100 GeV/c7'. It should be remarked that the
spectrum of the leading proton, which appears as a fragment of
the leading system after the final collision, is fixed4) by using
the N-N collision data itself. The remaining parts of MCMHA,
especially parts (3) and (4), will be explained precisely in
elsewhere.8

Firstly, applying the Monte-Carlo event generator MCMHA to

p-A interaction, we examine the baryon stopping power of nuclei.

We show in Fig.2 the contour plots for event population ih the
p-A central (OSbgbc, where the integration of b from 0 to bc in

eq. (3) corresponds to the half of the p-A inelastic cross section
(j?ﬁ) and for the peripheral (bcilﬂ collisions with incident
energy 200 GeV/N and 16 GeV/N. The vertical axis is the rapidity
shift AyB of the incident baryon and the horizontal one is the
mass number A of the target nucleus. The event population p
attached to each ce.atour line is defined as the prabability of
finding events of which the incident baryon loses its rapidity
from 0 upto AyB through c¢-~i’ia.ons with a nucleus A. Namely,

the number of events v '+ . pidity shifts of 0 upto Ays

P ® the total number of events . {6)
As A increases the population of events clearly shifts to higher
ayy regions at fixed incident e.,.rgy. This tendency is also
apparent from the comparison of the results between central and
peripheral collisions. At high incident energy, even if fhe
target nmicleus is fairy large projectile baryon scarcely enters
into the stopping domain, which is defined as the region with

AyB = yinc/Z and corresponds to the region above dash-dotted
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(@) 200 cev/c Peripheral (b) 200 Gev/c central

T T [ e s 1 T

Mass Number A Mass Number A
P
Fig.2. The contour plots for the population of the finally

observed baryons in Aya(rapidity shift of incldent proton) and A

{mass number of the target nucleus} plane. Three cases are

considered; (a,b) E=200 GeV with (§§:=32 mb, (c,d) E=16 GeV with
NN . N . NN

Oin=32 mb and {e,f) E-16 GeV with imaginal 01n=53 mb, In each

case, traget nucleus is divided into two parts. One is central

part {inner half; b,d,f) and the other is peripheral part (outer

half; a,c,e).

lines in Fig.2. As the incident energy and therefore Yinc
decreases, however, the events become to populate densely in the
stopping domain. This is very natural result from the viewpoint

of MCM.4)

The average rapidity shift of the incident baryon by
one inelastic collision is constant and is equal te 1n{(d+1)/d}
in MCM. 1In addition, CI?: does not change drastically within the
energy range considered. Therefore, the baryon stopping becomes
easier for smaller Yine*

At the BNL energy region, not only the baryon stopping but

also the energy stopping are expectable.z) Moreover, it is the

necessary condition for the complete energy stopping that the
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secondary pions should be produced inside the colliding nuclei
and also within the time interval of Ap and At passing through
with each other. Once the energy stopping happens, the pions
inevitably make cascade interactions with nucleons. In effect,
this causes the decrease of the mean free path of nucleons within
the colliding nuclei. Taking this effect of the energy stopping
on the baryon stopping into account through the enlargementg) of
ngﬁ upto 53 mb, we obtain the contour plots in Figs.2{e) and
(£).

Now, we calculate the distribution P(NS) of the number of
baryons NS, which are stopped within the nuclear matter by the
heavy icn collisions. Tor simplicity, only the collisions of
nuclei with equal mass number and at impact parameter b1=0 fm are
considered., Then, we derive the P(Ns)'s both for the central

part (Oéngbc) and for the peripheral part (bcglﬂ of colliding

(@) 200 Gev/N Peripheral () 200 Gev/n central
T T T T T T T 04 T T T — T T
0.3 -
X 1
0z -
a
£
2
Y
0.1 o —
Aupy
: : 00 A VA N E AN NN
5 10 is 20 25 0 40 60 80 100 120
- Number of Baryons Number of Baryons

Fig.3. The distribution of the stopped nucleon multiplicity, NS’
for head on collisions of heavy ions with equal mass number. The )
values of Ai {i=central) employed here are 8(C}, 18(al), 27(ar),

43{Cu), 74 (Ag), 91(Xe}, 137(Au) and 144 (Pb}.
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nuclei. We obtain from Fig.2 the probability P of finding the
baryons in the stopping region, namely, AyBg)an/Z. Using P
P(NS) is expressed as follows;

B(N) =(2|\§\Si)psNS (1-p_) s, 7
where Ai is the total nucleon number within the central or
peripheral part of one of colliding nuclei. The numerical
results of P(NS) are shown in Fig.3. We have calculated for
three cases: [(i)E=200 CeV/N with QJjy =32 mb, (ii) =16 GeV/N and
0?:‘\ =32 mb and (iii) E=16 GeV/N and o':: =53 mb. At higher
energy (200 GeV/N}, most of nucleons even in the central part
pass through without stopping. As the incident energy decreases
and at 16 Gev/MN, the number of stopped nucleons, NS, increases
more than twice of that at 200 GeV/N. This is the direct
reflection of the cnergy depandence of p_ as was shown in Fig.2.
In the peripheral part, only small fraction of the nucleons will
be stopped with each other. Therefore, we are lead to the
similar space-time picture of Ap—At collisions to the spectator

! developed in the lower energy region. In

-participant model10
the case (iii), the cascade interactions of nucleons with
produced pions are effectively taken into accéunt by the
increaseg) of C)?:. The inclusion of the cascade interaction of
pions affects to increase NS by about 56%. From thi= result, it
iw also obvious that the interplay hetween energy stopping and
baryon stopping will be very useful for creating an equilibrium
state of high density and high temperature matter. We will
always have high density matter with nucleon number more than
150 (for case {ii)) or more than 220 (for case (iii)) in what is

called the participant region of the head on Pb-Pb collisions.
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For cases of colliding nuclei other than Pb nucleus, it is easy
to read off from the figure the number of the stopped nucleons
involved in the nuclear matter.

We can conclude that the baryon rich states can be surely
obtained in the heavy ion collisions'at BNL energy regions, even
if we take the fluctuation in the behaviour of the colliding
nucleons into account in the calculation of baryon stopping. In
the state, nucleons more than 55% (= NS/ZAi) for case (ii) and
75% for case (iii) of those within the central part of the

colliding heavy nuclei are involved.
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