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KparKue coo6UieHWi OHJ//1 N"18-86 
YAK 539. 12.01 

JINR Rapid Communications No.J8-86 

EAHHW~ AnrOPHTM BW4HCnEHHR HHKn~3HBHWX CE4EHH~ 
POIAEHHR 4ACTHU C 60nbWHMH nonEPE4HWMH HMnYnbCAMH 
H AAPOHOB KYMYnRTHBHOro THnA 

B.C.CTaBI1HCK11~ 

Ilpe,[I,JIOJKeH ep;HHbJH aJirOpHTM Bbi'!HCJieHHR HHKJIIOSHBHbiX 
CetJ:eHHH pOJKAeHHR tJ:aCTH~ C 60JibmHMH rrorrepetJ:Hb~H HMITYJib
CaMH H ap;pOHOB KyMyJIRTHBHoro THrra. BOSMOJKHOCTb e,IJ;HHO
ro OITHCaHHR 3THX rrpo~eCCOB o6yCJIOBJieHa BBe,IJ;eHHeM HO
BOro aprYMeHTa - MHHHMaJibHOH 3HeprHH CTaJIKHBaiO~XCR 

KOHCTHTyeHTOB, Heo6XOAHMOH ,IJ;ITR pOJKAeHHR Ha6JIIO,IJ;aeMOH 
tJ:aCTH~bl. Ilposep;eHO CpaBHeHHe C sKcrrepHMeHTaJibHb~H 
p;aHHb~H. 

Pa6oTa BbiDOJIHeHa B na6opaTOPHH BbJCOKHX sHeprH:H 
OIDIH. 

Unique Algorithm for Calculation of Inclusive 
Cross Sections of Particle Production· 
with Big Transverse Momenta and of Cumulative 
Type Hadrons 

V.S.Stavinskij 

Unique algorithm is proposed for calculating in
clusive cross sections of particle production with 
big transverse momenta and cumulative type hadrons. 
A possibility of unique description of these roces
ses is due to introduction of a new argument - of mi
nimal energy of colliding constituents needed for the 
production of observed particle. 

The investigation has been , performed at the Labo~ 
ratory of High Energies, JINR. 

1. BBeaewue 

PomAeHI1~ 4aCT114 C 6onbWI1M nonepe4H~M 11MnynbCOM COOTBeT
CTByeT Ha6n~AeHI1e aApOHOB C 11MnynbCOM 6onbwe 1 r3 B/c OTHO
CI1TenbHO OCI1 CTOnKHOBeH11R nepBI14H~X 4aCTI14. 

KyMynRTI1BH~e npo4ecc~ - cne411¢114ecKoe RAepHoe RBneH11e, 
B KOTOpOM pOmAeHI1e 4aCT114 COOTBeTCTByeT 11Mnynbcy KBapKa, 
npes~wa~~eMy 11Mnynbc OAHoro HyKnoHa (X> 1 ). 

Q6~11M AnR 3T11X ABYX peaK411~ RBnReTCR xapaKTepHaR, YCI1-
neHHaR A-saBI1CI1MOCTb, nponop4110HanbHOCTb ce4eH11~ aTOMHOMy 
secy RApa, CBI1AeTenbCTBy~~aR 0 noKanbHO~ nPI1POAe B3ai1MO
Ae~CTBI1R. 
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HcTo pH4eCKH 3KcnepHMeHTanbH~e HCCneAoBaHHfl KYMYnflTHBH~x 
npo~eccoe Ha4anHCb paHbwe ~eneHanpaeneHH~x H3y4eHHH npo
~eccoe c 6onbWHMH P.J.. Bo3MO>KHOCTb KyMynflTHBH~x npo~eccoe 
H rnaB H~e HX CBOHCTBa 6~nH npeACKa3aH~ /l/ Ha OCHOBe ~BTO
MOAenb HOCTH noKanbH~X B3aHMOAeHCTBHH. no-BHAHMOMY, n03TOMY 
H OCHOBH~e 3aKOHOMepHOCTH noKanbH~X aAPOHH~X npo~eCCOB 6~
nH enepe~e no~y4eH~ npH HCCneAOBaHHH KYMYnflTHBHOrO 3¢¢eK
T a /2/ . Ei~na HaHAeHa H H3y4eHa e npeAenax 0, 3 < X < 3, 3 
KBapK- n apTOHHafl CTpyKTYPHafl $yHK~Hfl flApa /3/ • KaK H3BecT
HO, CBOHCTBa KBapK-napTOHHOH $YHK~HH flApa noATBepAHnHCb 
B rny60 KOHeynpyrHX peaK~HflX C nenTOHaMH /4,5/. 

H3Me peHHfl eepOflTHOCTH po>KAeHHfl aAPOHOB c 6onbWHMH none
pe4H~MH HMnynbCaMH Aa~T n04TH npflMY~ HH$OpMa~H~ 0 BepOflT
HOCTH pacCeflHHfl KBapKOB Ha KBapKaX C nonepe4H~M HMnynbCOM, 
6nH3KH M K HMnynbCY Ha6n~AeHHOrO aApOHa/6/. npH 3TOM HH$op
Ma~Hfl 0 CTPYKTYPH~X $YHK~HflX B3aHMOAeHCTBY~HX aApOHOB 
(X<<l) He HrpaeT cy~eCTBeHHOH ponH. KaK npaeHno, CTPYKTyp
H~e $YH K~HH 6epyTCR H3 AaHH~X no rny6oKoHeynpyroMy paccefl
HH~ nen TOHOB. 

Bepo RTHOCTb polt(AeHHfl KyMynflTHBH~x 4aCTH~ onpeAenReT 
cTpyKTy pHaR $YHK~HR RApa, T .e. 6onbwHe X H Man~e P.J.; 3Kc
nepHMe HTanbHO H3MepeHH~e eenH4HH~ Ce4eHHH B TOM H APYrOM 
cny4ae H 3MeHR~TCR 6onee 4eM Ha 10 nOPRAKOB eenH4HH~. 

~aKTH4eCKH OTCyTCTByeT o6naCTb nepeKp~THfl Ha nnOCKOCTH 
nepeMeHH~x X H P.J., rAe OAHOBpeMeHHO cy~ecyey~T AaHH~e no 
6onbWHM nonepe4H~M HMnynbCaM H KyMynRTHBHOMY PO>KAeHH~. 

BHAHMO, no 3TOH npH4HHe pa6oTa /7/ , OCHOBaHHafl Ha no
KanbKOH npHPOAe "B3aHMOAeHCTBHfl, B KOTOPOH 7@enaHa non~TKa 
OnHCaTb C noM~b~ KBapK-napTOHHOro nOAXOAa B/ OAHOBpeMeH
HO H Aa HH~e no 6onbWHM P.J., H KyMynRTHBHoe pO>KAeHHe,H rny6o
KOHeynpy roe pacceflHHe, . He npHeena K >KenaeMOMY pe3ynbTaTy. 

B HaCTOfl~eA pa6oTe ~AeR coeMeCTHoro onHCaHHR AaHH~x 
no 6onbWHM p.J. H KyMynflTHBHOMY PO>KAeHH~ CBOAHTCR K BBeAe
HH~ HOBOro apryMeHTa - MHHHManbHOH 3HeprHH, Heo6XOAHMOH 
Anfl PO>KAeHHfl HHKn~3HBHOH 4aCTH~~ B CTOnKHOBeHHH. nepBH4H~X 
4aCTH~ / HX 4aCTeA/ /9/ . 

AeAc TBHTenbHO, nocKonbKy e peaK~HRX c 6onbwHMH P.J. nep
BH4H~e 4aCTH~~ B3aHMOAeAcTey~T c Man~M 3$$eKTHBH~M X, HX 
nonH§R 3Hep~R OKa3~BaeTCfl He6onbWOH no nOPRAKY eenH4HH~ 

(X 1 P1 + 4;1 P11 )
2 :: (4E;) , rAe E.J.- 3HeprHR /nonepe4HaR/ HH

Kn~3HBHoH 4aCTH~~. T.e. eenH4HH~ nOPflAKa HeCKOnbKHX r3B. 
B pea K~HflX KYMYnflTHBHoro THna 4eT~pexHMnynbc KeapKa 

$parMeHT~py~erQ RAPa oKa3~eaeTCfl 6onbWHM, TaK 4To eenH-
4HHa (X r PI +Xu Pu) 2 - TO>Ke nopflAKa HeCKOnbKHX r3B. 

TaKH M o6pa30M, H3MeHeHHe Ce4eHHH Ha MHOrO nOPRAKOB Be 
nH4HHbl MO>KeT 6b!Tb CBR3aHO C pOCTOM OAHOro H Toro >Ke apry
MeHTa - 3Hepr~~ B3a~MOAeHCTB~R nepBH4H~X KOHCTHTYeHTOB. 
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2 . MuH uMa~bHaR 3H e p c u R a cmo~ KH oBe Huu 

nep8U~H ~X KOHCmumy eH mOB 

B HHKn~aHBHoi1 peaK~HH POmAeHHH 4aCTH~~ m 1 npH e aaHMo
Aei1cTBHH 4aCTH~ M I H M II Mbl B~AenHM 3KCKni03HBH~i1 noA
npo~ecc 

(X I · MI ) + (X II · M II) -+ m1 +(X I· M I + Xn · M II+ m 2 ) , 11 I 

3aKOH~ COXpaHeHHH KOTOporo onpeAenH~T MHHHManbHO B03MOm
H~e AOnH XI H Xu , npH KOTop~x soaMomHo pomAeHHe 4aCTH
~bl m 1 c HMnynbCOM p 'J. H yrnoM B~neTa e1 • Macca m 2 o6ecne-
4HBaeT Bb!nOnHeHHe 3aKOHOB COXpaH~HHH KSaHTOBbiX 4HCen: 
ecnH m 1:K-, TO m 2 = m~, AnH m1 = P, m 2 - Macca HYKno Ha H 
T.A J 91 . 

Ha aaKOHOB coxpaHeHHH 4eT~pexHMnynbcos 
2 2 

(X I · pI + X II • p II - p 1 ) = (X I • M I + X II • M II + m 2 ) 

HMeeM 
A·XI + B 

X II = ------ , 
XI -C 

A =[(PI.P1 )+MI·m2 ]/[(PI.PII) -M 1 ·Mul, 

2B=[(m2 )2 -(m1 ) 2 ] / [(PI. Pn) -MI·Mul. 

C = [ ( ~I • p 1 ) + M II • m 2] /[ ( pI • p II ) - M I • M 2] 

121 

131 

H npOH3BeAeHHH 8 Kpyrn~X CK06KaX ~ KaK o6~4HO, CK nHpH~e 
npOH3BeAeHHH BeKTOPOB. 

Tenepb s~pameHHe AnH nonHoi1 3HeprHH cTanKHBa~~HXCH 
KOHCTHTyeHTOB aaBHCHT TOnbKO OT X I: 

s = (X I • pI + Xu (X I ) p n ) 2 • I 4 I 
Ha BHAa aaBHCHMOCTH Xn (X I) cneAyeT, 4To nonHaH a eprHH S 
HMeeT MHHHMYM S 1 ~2 npH HeKOTOPOM 3Ha4eHHH X I (X I .. (2+3) C) • 

B pa6oTe / 8/ ~~~o npoAeMOHCTpHposaHo, 4TO HHKn~aHBH~e 
Ce4eHHH pOmAeHHH KyMynHTHBH~X 4aCTH~ npH 3HeprHH 
8, 9 raB 12, 211 H pomAeHHH 4aCTH~ C 6onbWHMH P J. n H 
30 raB 1 !~~ npaKTH4eCKH COBnaAa~T B 3aBHCHMOCTH OT apry
MeHTa S min . CosnaAa~T H 3KcnepHMeHTanbHble senH4HH~ ce-
4eHHi1 pomAeHHi1 nHOHOB H3 pa6oT KpoHHHa 1111 l6onbwHe PJ. I 
H KOnna6opa~HH HT3~- neHCHnbBaHHH 1121 IKYMYnHTHBHOe pom
AeHHel npH 3HeprHH 400 raB H S11.2 < 4 raB. m1n 

noHBHBwHeCH noame aKcnepHMeHTanbH~e AaHH~e npH 3Hep-
rHHX BCTpe4H~X ny4KOB 540 raB 1131 npOHCHHnH CHTya~ H~ C 
aasHCHMOCTb~ oT 3HeprHH. EcnH HHKn~3HBH~e ce4eHHH KYMy
nHTHBHoro pomAeHHH npaKTH4eCKH He aaBHCHT OT nepB H4HOH 
3HeprHH, TO Ce4eHHH pomAeHHH 4aCTH~ C 6onbWHMH pl. npH 
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1/2 
60llbW11X BeJ111411HaX S min CI1IlbHO yseJ111411BaiOTCR C POCTOM 
nepB114HOH 3Heprl111. 

KaK n o Ka3all aHall113, napaMeTp, on11c~sa10~11H 3HepreTI14ec

KYIO 3aBI1C11MOCTb, 
1/2 1/2 

G = Smin I(X 1·M1 +Xu·Mu) =Smtni(QI +Qn) 151 
eCTb OTHOWeH11e MI1H11MallbHOH 3Heprl111 K CYMMe Mace CTallK11Ba-

10~11XCR KOHCTI1TyeHTOB, COOTBeTCTBY~11X 3TOMy MI1HI1MYMY. 

AnR npo~eccos c 6onbWI1MI1 PL 3TOT napaMeTp eCTb y-$aK

Top JlOpeH~eBCKOrO C~aTI1R CTaJlK11Bai0~11XCR HYKilOHOB (G ~ 

"'Js i 2MN). 
AnR n po~eccos KYMYilRT11BHoro T11na G = 1 ,3~2,5 11 o4eHb 

Clla6o 3aBI1C11T OT nepB114HOH 3Heprl111. 3aMeT11M, 4TO TaKoro 

nOPRAKa B elli1411H~ 11 y-$aKTOP $parMeHT11PYIO~ero RApa. 

3 . Cp aeHeHue c ::n<:cnepu.MeHma/lbHtJz.Mu oaHHbl.MU 

no ne p BOHa4allbHOMY 3aMbiCily ~ellb :HOH pa6oT~ CBOAI1JlaCb 

K HaXO~eH1110 aHaJ111TI14eCKOrO BI1Aa $YHK1~1111 perpeCCI111 AllR 

nocneAyiO~ero $11TI1poBaHI1R 11 Haxo~AeH11R cso6oAH~x napaMeT

pos B On i1 CaHI111 Ce4eH11H pO~AeH11R KYMYI1RT11BH~X ni10HOB 11"0
-

Me30HOB C 60JlbW11MI1 PL. 0AHaKO OKa3aJlOCb, 4TO BBeAeH11eM 

He60llbWI1 X nonpaBOK YAaeTCR BOCnpOI13BeCTI1 HeTpi1B11allbHYIO 

11 MHoror p aHHYIO KapT11HY 3Kcnepi1MeHTallbH~X AaHH~X no KyMy

IlRT11BHOMY po~AeH1110 11 6ollbWI1M PL AllR pa3H~x 1.1acT11~. 

C noMo~biO eA11Horo anrop11TMa YAanocb on11caTb B~XOA~ 

npoToHOB , KaK KyMyllRTI1BH~x, TaK 11 c 6ollbW11MI1 PL, 11 K+-Me-

30HOB. 3 T I1 4aCTI1~~ COCTaBilRIOT OTAellbHbiH KJlaCC co6~TI1H no 

A-3aBI1CI1MOCTI1 ce1.1eH11H lce1.1eH11R B03pacTaiOT CI1IlbHee, 4eM 
A 4/3 I. 

HHsap11 aHTHble 11HKI110311BHble ce1.1eH11R po~AeHI1R 4aCTI1~ 

AlE~ 11Me10T B nepBOM np116I111~eH1111 3KCnOHeH~11allbHy10 3aBI1-
dp 

CI1MOCTb 

1 da 1/2 I AE dp = a0 F 1 (G). F2 (A)· exp I-(D0 + D1 )(Smin- B) , 161 
rAe a 0 - HOPMI1POBKa I a

0 
= 66 M6 11 AllR CTpaHHbiX 4aCTI1~ 

22 M6 Ha eA11HI1~Y $OHOBOrO 06oeMa/. 

F 1 (G) = l + lln(G -0,9)1, 

1/3 
1 - (C 1 • ¢ 11Mn) 3 

F
2

(A) = ( - -----------) 
1- cc

1
. ¢

1
1 194)113 

C 1 =l AllR 

2 ml-m2 
¢ = (--- ) (----------------); 

m2 + 10-3 (mCm2) + w-3 

8 

171 

Mu ~ 10, 

181 

191 



Y 1 = c2 < 1 

y = 
2 

0,0513 (G - 1, 3) 
+ ---·---:--:::::--); c 2 = 2,578 ; 

1 + 0,039 • G 
1

• 
23 /10/ 

QI ~ QII - MaCC~ CTanK~Ba~~~XCR KOHCT~TyeHTOB, COOTBeTCT 
By~~~X M~H~MYMY 3Hepr~~ B3a~MOAe~CTB~R (Smin) 

(Q I = XI • M I Q 2 = Xu ' M II ) 

s 1/ 2 
min 

-3 
1,73 ·10 Smin 

Y s = l + c3 --------
1 + 14/G + (6 ,4/G) 8 

+ • c = 0,157 ; 
1 + (6600/GSmin f' 

0,087 __ .=.......;;..;_ __ ) c/J2 ' 
1 + 0,12(0 - 5) /11 / 

m2 1 
c/J2 = <--- >. -·----; c 4 = 1,15, 

m
2 

+ 10-3 1 + (m 1 - m 2)10 3 /12 / 

0,58 ( (m1 + m2) ) 
Y6 = (m 1 +me) + ---·---:- l- ; 

1 ( ) 4 0,273 + 13/G 2 
+ m 1 + m2 

2 
5 (m 1+ m 2) 1/ 2 4 

y
6 

= 1 + 4. 10- ----
8 

(S . - (m 1 + m2 )) , 
) mm 1 + 0,33 (m 1 + m2 

1,56 (1 + 0,001 X G) 2 2 
y 7 = 1 + (- - --------) 

S 
112 

- (m + m ) 
min 1 2 
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tQx+Qn) x 

B = C6 • cP1 1 + 0,12Smln 

1 X------------· 
1 + 2( E 1 -0,6)

2 ~LQn >:. 
E 1 - P1COB 81 (Q I I Q II )2 +3·10-

5 

Ce = 1,15.1131 

HaH6 onee npOCTOH BHA COOTHOWeHHe 161 HMeeT An~ pO~Ae
HH~ nHOHOB /T04Hee, m2 = 01. B 3TOM cny4ae D1 = B = 0 H 
F 2 = I . 

~YH KL!H~ F 1 (G) lcooTHoweHHe I 7/ I Y41HbleaeT saBHCHMOCTb 
oT G l nepBH4HOH 3HeprHH, oco6eHHO _ An~ nPOL!eccoe c 6onb
WHMH P~ I HOPMHPOB04HOro MHOmHTen~ - npOH3BeAeHH~ nonHoro 
Heynpy r oro Ce4eHH~ Ha 3~$eKTHBHY~ MHO~eCTBeHHOCTb. 

1/D O ( 8 min) - no $H3H4eCKOMY CMbiCny - cpeAH~~ 3HeprH~, 
He06XOAHMa~ An~ PO~AeHH~ HHKn~3HBHOH 4aCTHL!bl (1/D O "'1/ C 2 ; 
:: o, 3 7 r3BI. 

+ <l>yHK L!H~ F 2 (A) oTnH4Ha oT eAHHHL!bl An~ K , npoTOHOB, A , 
T . e. m 2 # 0 H m 1 ~ m2 , BbiAen~~ HX e oco6biH Knacc co6b1H1H. 
0Ha onHCbiBaeT 6onee CHnbHY~ A-3aBHCHMOCTb e po~AeHHH 3THX 
4aCTHL! H HMeeT npOCTOH teoMeTpH4eCKHH CMbiCn HenOKanbHOC
TH 3THX npOL!eCCOB/9,14,21/ • <!>yHKL!H~ HOpMHpoBaHa TaK, 
4T06bl An~ ~Apa CBHHL!a (M II= A·MN = 194) OHa 6blna pasHa eAw 
HHL!e. Ta KHM o6pasoM, no <I>H3H4eCKOMY CMbiCny F2 roeopHT o 
TOM, 4TO Ce4eHH~ pO~AeHH~ K+,p Ha nerKHX ~Apax CHnbHO 
noAaeneHbl . 

He6onbwa~ A013aeKa K 0 0 <I>YHK_L!HH D 1 lcooTHoweHHe 11111 
OnHCbiBae T CnOmHy~ 3aBHCHMOCTb OT p~ B pO~AeHHH pa3nH4HbiX 
4aCTHL! B WHPOKOM HHTepeane H3MeHeHH~ nepBH4HOH 3HeprHH. 

<!>yHKL! H~ B IH CB~3aHHa~ C HeH o6~HM MHO~HTeneM cP 1 $YHK
L!H~ F 2 (A) I Heo6xoAHMa ~n~ onHCaHH~ KYMYn~THBHoro po~Ae
HH~ K+ - Me30HOB H npoTOHOB IHyKnOHoel. B nepeoM np~6nH~e
HHH npH 8~~ < 3: B.::"Q 1 + QII' T.e. CyMMe MaCe CTanKHBa~-
~HXC~ KOHCTHTYeHTOB. 

112 
Po~AeHHe 3THX 4aCTHL! npH S mi < 3 onpeAen~eTc~ He non-
. 1/ 2 n 

HOH 3Hep rHeH (8 mi n) CTanKHBaJO~HXC~ KOHCTHTyeHTOB, a HX 

KHHenr~~CKOH 3HeprHeH 8 ~: - (Q 1+ QII) 1(1 + 0,128 min) • 
npH 8 mi n > 3 apryMeHTOM on~Tb 6yAeT 8 ~i~ . npH 60nbWHX p~ 
$yH KL!H~ B :: 0. 

$yHKL! H~ Y3 (0,S~~) onHCbleaeT saBHCHMOCTb oT nepBH4HOH 
3HeprHH HHKn~3HBHbiX ce4eHHH pO~AeHH~ 4aCTHL!bl C 60nbWHMH p ~ . 

<!>yHKL! H~ Yg OTnH4Ha OT KOHCTaHTbl 11 ,61 TOnbKO An~ KyMy
n~THBHOrO po~AeHH~ IManble G I T~~enblx 4aCTHL! laHTHnpoTOHbl 
H T.A. I 

<l>yHKL! HH Y
2

, Y
4

, v 8 ~en~~Tc~ ManbiMH nonpaeKaMH. 
npH 60nbWHX nepBH4HbiX 3HeprH~X (0 >> 1) Ce4eHHe pO~Ae 

HH~ 4aCTHL! C 6onbWHMH p ~ "' S ~: 1 2 HMeeT BHA 
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2,6 (1 + 1,32/G 0 •
26 

) 112 
+ ----------------------) s . ) ' mtn 

0,157 112 1,73·10-3 s . 
1 + S min + 6 mm 

1 + 14/G 1 + (6600/ a. S) 

/14/ 

a AnH npo~eccoe KYMYnHT~BHoro T~na e~e npo~e: 

1 d 1/2 
-E_!!_ =a .exp(-2,7Q.Smin ). 
A dp 0 

/15/ 

np~ 3TOM Hy~HO ~MeTb B B~AY, 4TO KOHCTaHTa 0 0 AnH CTpaH

HbiX 4aCT~~ paBHa u0 /3. 
AnR cpaeHeH~H een~4~H ce4eH~i1, Bbl4~cneHHbJX ~3 p~BeAeH

HbiX <IJOpMyn, c 3Kcnep~MeHTanbHbiM~ AaHHbiM~ 6bln~ ~cnonb30Ba

Hbl npaKT~4eCK~ Bee ~Me~~~eCH Ha cerOAHHWH~H AeHb ~ H~OpMa

T~BHble AaHHble no ~HKn~3~BHblM Ce4eH~HM pO~AeH~H Ka K 4aCT~~ 

KyMynHT~BHoro T~na, TaK ~ 4aCT~~ c 6onbw~~~ P~. 
Ha p~c. 1 np~BeAeHbl 3Kcnep~MeHT anbHbJe AaHHble no po~Ae

H~~ n~OHOB B 3aB~C~MOCT~ OT M~H~ManbHOH 3Hepr~~ B 3a~MOAe~

CTBY~~~X KOHCT~TyeHTOB 8 11.2 : 

a/(¢) - po~AeH~e rr 0-~J~oHOB /yron Ha6n~AeH~H 90°/ np~ 
B3a~MOAeHCTB~~ BCTpe4HbiX npoToH-aHT~npOTOHHbiX ny4 KOB C 

PHC.J. 3aBHCHMOCTb OT MH

HHMaiTbHOH 3HeprHH B3aHMO
~eHCTBYW~HX KOHCTHTyeHTOB 

HHKnW3HBHb~ Ce~eHHH po~

~eHHH KaK ITHOHOB KYMynHTHB
HOrO THITa { Jf), TaK H ITHOHOB 
c 5onhWHMH P~: (~ ) - rrpo
TOH-rrpoTOHHbie B3aHMOAeH
CTBHH ITPH 3HeprHH rrpOTOHOB 
70 r3B, (•) - BCTpe~Hbie 
ITpOTOH-rrpOTOHHbie B3aHMO

~eHCTBHH ITPH 3HeprHH rry~
KOB 31,5 r3B:, (o) - rrpo
TOH-aHTHITPOTOHHbie B3aHMO

~eHCTBHH ITPH 3HeprHH rry~

KOB 270 r3B. KpHBble - pac
~eT rro ¢opMyne /6/. 

-2 

10. 

';;:!? -4 
"0 

w 

<.') 
0 
-' -6 

-a 

5 10 
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0,5 

0,4 

0,2 

0,4 

0,2 

~.-;.+ 

~~ 

2 

~ 

4 

p 
.l 

K-lrr-

Plrr-

6 

PHc.2. 0THomeHHe ce~eHHH po~e
HHH ~aCTHu; rr-!rr +, K-I rr- H t! /rr
B 3aBHCHMOCTH OT p.l (B fgB/c). 
(~} - npOTOH-aHTHnpOTOHHbie 
BCTpe~Hbie ny~KH I no 270 f3B/, 
(e) - npoTOH-npOTOHHbie BCTpe~
Hbie ny~KH /no 26 f3B/, (i*) 
npOTOH-npOTOHHbie B3aHMO,D;eHCTBHH 
npH 3HeprHH 70 f3B. KpHBaH -
pac~eT no ¢opMyne /6/. 

3Hepn-!e.:1 2 70 I3B 115• 16• 131 

IAaHH~e pa60Tbl /13/ HOPMHpOBaH~ 
no nepeKp~sa~HMCR T04KaM pa6o
T~ /16/ I j 

61 ~) - pOmAeHHe rr0 -Me30HOB 
lyron Ha6n~AeHHR 90°1 npH B3a
HMOAe.:1cTBHH npOTOH-npOTOHHbiX 
nY4KOB C 3HeprHe.:1 31 ,5 13B 
(I SR) 117' 191 . IB pa6oTe 1191 no
ny4eH~ AaHH~e Ao S min =26 13B. 
Ha PHCYHKe oHH noKa3aH~ co 
CABHroM no wKane' S 1~~n Ha 1 0 13 Bl; 

sl /;, - pomAeHHe rr+ -Me3o
HOB lyfon Ha6n~AeHHR 9,17°1 
npH B3aHMOAe.:1CTBH~ npOTOHOB C 
3HeprHe.:1 70 13B c npoToHaMH / 201; 

rl ~) - pomAeHHe KYMYnRTHB
H~x "~.- -Me3oHoB lyron Ha6n~Ae
HHR 168°1 npH B3aHMOAe.:1CTBHH 
npOTOHOB C HMnynbCaMH 8,9 13Bic 
C RApaMH CBHH~a lce4eHHe HOp
MHpOBaHo Ha A I 1211 . Ha PHCyHKe 

E du b . 
noKa3aH~ TaKme senH4HH~ 'A'(r AnR pP -s3aHMOAe.:1CTBHR, no-

P o 
ny4e~H~e no3me An~~rna Ha6n~AeHHR 150 , P = 1100 H 
1150 M3 Bic (npH S min= 6,13 H 6,4 13B 15,3±1 ,7110-8 H 
13±1,7110-8 COOTBeTCTBeHHO). 

KpHB~e , npOXOAR~He 4epe3 COOTBeTCTBY~~He 3KCnepHMeHTanb
H~e AaHH~e,- pe3ynbTaT B~4~cneHH.:1 no $opMyne 161 c m2=0. 

Ha pH c .2 npHBeAeH~ 3KcnepHMeHTanbH~e AaHH~e no oTHowe
HH~ Ce4eHH.:1 HHKn~3HBHOrO POmAeH~R 4aCTH~ AnR pa3H~X nep
BH4HbiX 3HeprH.:1 B 3aBHCHMOCTH OT TpaAH~HOHHOrO apryMeHTa p.l 

. (npH 6onbWHX P.l E.l :!8 1: 212). CHMBOnbl (~) - ce4eH~R AnR 
mrn • 

npOTOH-anT~npOTOHH~X BCTpe4H~X ny4KOB C 3HeprHeH no 
270 13B 5 

j (t) - npOTOH-nPOTOHH~e BCTpe4H~e ny4KH C 
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3HeprHeA no 26 r3B 1241 ; (~) - 83aHMOAeACT8He npOTOH 0 8 C 
3HeprHeA 300 r38 C npOTOHaMH /yron Ha6n~AeHHH 4,4°/ 1221 ; 
(~) - 83aHMOAeACT8He npOTOH08 C 3HeprHeA 70 r3B C npOTOHa

MH /yron Ha6n~AeHHH 9,2°/120/, 
KpH8~e Ha pHCYHKe - pe3ynbTaT pac4eTa no ¢opMyne /6/. 

Pe3KHA nOA"beM 8Cex KPH8b1X npH Manblx 3Ha4eHHHX P.l. o6y cno8-
1/2 

neH TeM, 4TO AnH 6onee THmen~X pOmAeHHbiX 4aCTH4 Smin npH 
pa8H~X p.l. 6onbwe; yMeHbWeHHe 8biXOAa THmen~X 4aCTH4 C poe
TOM P.l. o6ycno8neHo ¢YHK4HeA D1 /cooTHoweHHe /11//. 3 TH 
A8a ¢aKTopa o6pa3y~T pe30HaHcHy~ ¢opMy pac4eTH~x KPH 8~x, 
4To xopowo cooT8eTCT8yeT 3KcnepHMeHTanbHbiM AaHHbiM. Oco6eH
Ho HpKo 3TO 8bJpameHo 8 OTHoweHHH P /TT - AnH 3HeprHA IS R. 
~YHK4HH D1 o6pa~aeTCH 8 Hynb npH 6onbWHX 3HeprHHX H OTH~we
HHH 8biXOA08 4aCTH4 8b1XOAHT Ha KOHCTaHTy: 1 AnH TT-/TT +, pj17 
H 1/3 AnH K-/TT-: 

AnH noHHMaHHH AeTaneA H8neHHH KYMYnHTH8Horo pomAe HHH 
4aCTH4 M~ paCCMOTpHM 8enH4HH~ OTHOWeHHA 3KCnepHMeHTa nbHbiX 
Ce4eHHA K TeopeTH4eCKHM, 8~4HCneHHb1M no ¢opMyne /6/ : 
E da(e)/ E da(T) 
"A·~ A-di>-. 

Ha pHc.3 noKa3aH~ 3TH 8enH4HH~ AnH pomA~HHH nHOH 0 8 1 

KaOH08 H npOTOH08. Ha pHCYHKe cne8a - 3KcnepHHeHTanb H~e 

AaHHble AnH pPb-83aHMOAeAcT8HH npH 3HeprHH npOTOH08 

1,5 

1.0 

0,5 

~ 
• 

. I· j 
v •• ., ., vi 

:'4\:= •• f 
-n± 

1.5 
.0 

'->.1,0 
!0 

t "' .. 
• • fl •••• . ... "' 

u 0,5 
.. 

K± 

1,5 ,. f .... 
1,0 

,. ,. . ,. ,. 
If'• ... ,. 
~· 

,. 
0,5 

p 

2 4 

~ !::_~ l 
•IW, l "'C6 6~)( 

. ·H 

h 
l • /f 

~ ... . ,. ,. .., . 
6 

8,9 r3B 121 • 141 , cn pa8a 
3KcnepHMeHTanbH~e AaHHble 
AnH pTa -83aHMOAeACT8HH 
npH 3HeprHH 400 r3B 123 • 12 ~ 

B 8epxHeA 4aCTH pHCYH
Ka noKa3aH~ AaHH~e AnH 
nHOH08. B pac4eTe rn 2 = 0 
He 3a8HCHT OT 3Ha Ka nHO
Ha. AnH 3HeprHH 8,9 r3B 
npeACTa8neH~ 3HepreTH4ec
KHe 3a8HCHMOCTH An H yr
no8 Ha6n~AeHHH 90° (iTT ;ATTJ , 

PHc.3. 0THomeHHe 3 KcrrepH
MeHTanhHb~ senHq HH HHKniD-
3HBHbiX CeqeHHH pOJKAeHH.R 
KyMynHTHBHb~ qaCTH~ K 
paCCqHTaHHb~ ITO $ OpMy
ne /6/ B 3aBHCHMOCTH OT 
S 11

1
2 AJIH pPb -B3a HMOp;eH:-mn 

CTBHH rrpH 3HeprHH 
8, 9 f3B /cnesa/ H pTa -
-s3aHMOp;eiJ:CTBHH rrpH 
3HeprHH 400 f3B / c rrpasa /. 
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/211 
120 (x) VI 163°( '17+, V17-) .AnR 3Hepntl1 400 raB npeACTaBneHbl 
3HepreTI1 4eCKI1e aaB11CI1MOCTI1 AllR yrnoe Ha61110AeHI1R 70°(ot7,•17~, 
90 ° (V 77-,,17+), 137°(+77-, X17+), 160° (!17+, ~17-/ 12.' B cpeA
He~ 4aCTI1 pi1CYHKa noKa3aH~ AaHH~e AllR KaOHOB. AnR aHepr11~ 

8,9 raB noKaaaH~ aHepreTI14eCKI1e aaBI1CI1MOCTI1 AllR yrno~211 
Ha61110Ae HI1R 90°(!K+,M-), 120°( xK+) 11 168°(fK+,vK) , 
AllR 3Heprl1~ 400 raB AaHH~e AllR 90 °(! K+' ~K-/12 : B HI1>KHe~ 
4aCTI1 p~ CYHKa noKaaaH~ 3Kcnepi1MeHTallbH~e AaHH~e AllR npo
TOHOB. Aflp, 3Heprl111 8,9 raB - 3TO yrn~ Ha61110AeHI1R 90°(!) 
11 180°(,)1141 , AllR 3Heprl111 400 raB AaHH~e AllR yrllOB Ha61110-
AeH11R 90°(!) 11 160 ° (f). 

Ha pl1 c.3 BI1AHO, 4TO c T04HOCTbiO AO K03$$11~11eHTa 1,5 
see 3Kcnepi1MeHTallbHble AaHH~e no 11HK1110311BHOMy PO>KAeHI110 4ac
TI1~ paBHbl B~411CJleHH~M BeJl~411HaM /coOTHOWeHI1e f?i I. npl1 
3TOM CaMI1 Be1111411H~ Ce4eHI111 B 3aBI1CI1MOCTI1 OT Smin MeHRIOTCR 
Ha 12 nOPRAKOB ee1111411H~. 

Xopow11M TecToM anropi1TMa /6/ RBllRIOTCR 3K30TI14eCKI1e 
peaK~1111 . B pa6oTe 1111 a pW -eaai1MOAe~CTBI111 np11 aHepr1111 
npOTOHOB 300 raB /yroll Ha61110AeHI1R 4,4°/ 113MepeH~ 11HK1110311B
H~e ce4e HI1R pO>KAeHI1R aHTI1Ae~TPOHOB. B Ta61111~e 1 no11BeAeH~ 
Be1111411H~ Ce4eHI1~ B 3aBI1C11MOCTI1 OT 11MnyJlbCa aHT11Ae~TpOHOB 
/eepXHRR CTPOKa/ 11 paC4eT /H11lKHRR CTpOKa/ no $OPMY1le /6/. 

Ta6mw;a 

p_ 29,7 39,6 49,6 59,5 
a 

(.!. ~C7) 
A dP • 

(1,42;!:0,"14) I0-7 (5,8;!:0,6)10-9 (3,8;!:0,6) 10-IO 0;!:4) Io- 12 

(.!. dal -7 5,4 · 10-9 2,1 ·10-IO 9 ·I0- 12 
A ciP T 

I, 72·10 

B pa6oTe 1251 np11 3Hepr11RX ecTee4H~x~npoToH-npoTOHH~x 
ny4KOB 31,5 raB 113MepeH~ B~XOA~ A - 11 E-rl1nepOHOB. npi1-
BOAP.TCR OTHOWeHI1R B~XOAOB aHT11rl1nepOHOB K B~XOAY aHT11npo
TOHOB C 11MnyllbCOM (1,5±0,5) raB/c 11 yrllOM Ha61110AeHI1R 
(90±45) 0

• B Ta61111~e 2 np11BeAeH~ 3Kcnepi1MeHTallbH~e ee1111411-
H~ 11 pac4eT no $opMyne /6/. 
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npH B3aHMOAeAcTBHH npoTOH-aHTHnpOTOHH~X BCTpe4H~X ny4-
KOB c 3HeprHeA 270 I3B H3MepeHo ce4eHHe pomAeHHH npoMe
myTo4Horo 6o3oHa W (Mw=-80 13B) c 3CI>ct>eKTHBH~M nonepe4HbiM 
HMnynbCOM 6,3 13Bic /26~ npoH3BeAeHHe Ce4eHHH Ha n ap~H
anbHYIO WHPHHY Ha6n10AaeMOA MOAb! pacnaAa (B) paBHO B(0,53+ 
+0,08)10-6 M6 Ha eAHHH~Y ct>a3osoro o6beMa. Hcnonb3YH pac: 
4eTHYIO senH4HHY B = 0,23, nony4HM AnH HHKn103HBHoro ce4e-

HHH pomAeHHH E: =(2,4+0,4)10-6
• Pac4eT no ct>opMyne 161 

p -da -6 
AaeT 6nH3KYIO senH4HHY E-d= IT -1 , 3 · 1 0 . 3To caM no ce6e 

p . 
sa~H~A ct>aKT. 0AHaKo e~e cy~ecTseHHee Apyroe. Corna c Ho Ha
weMy nOAXOAY TaKaH BenH4HHa Ce4eHHH OmHAaeTCH H AnH HH-

o ""' .... . 
Kni03HBHOrO pOmAeHHH rr -Me30Ha C senH4HHOH nonepe4 HOH 
COCTaBnHIO~eA HMnynbCa -43 13Bic, TaKHM o6pa30M, npH TaKOM 
nonepe4HOM HMnynbce ce4eHHe pomAeHHH nHoHa scero nHWb Ha 
nOPHAOK senH4HH~ MeHbWe Ce4eHHH pomAeHHH nHOHa C HMnynb
COM 7,5 13Bic (8~~:"'15 M3B, pHc.1). 

KsaHToso-xpoMOAHHaMH4ecKoe npeACKa3aHHe B npeAnonomeHHH 
3aBHCHMOCTH -P-4 AaeT yMeHbWeHHe ce4eHHH npHMepHo s 1000 

.l 
pa3. 

4. Bbi8001JI 

1. HaAAeH eAHH~A anropHTM lcooTHoweHHe 1611 B~4HCneHHH 

BenH4HH HHKni03HBHbiX ce4eHHA pOmAeHHH nl06b1X 4aCTH~ KaK C 
6onbWHMH nonepe4H~MH HMnynbCaMH, TaK H KYMYnHTHBHO r O THna. 
3aBHCHMOCTb 161 MOmeT 6b!Tb HCnOnb30BaHa B Ka4eCTBe C!>YHK
~HH perpeCCHH AnH C!>HTHposaHHH 3KcnepHMeHTanbH~x Aa HH~x. 

2. YIH1KJ1103HBHble Ce4eHHH 3aBHCHT OT ABYX nepeMeHHbiX smin 
H G ·= smin/(QI+Qu)· AcHMnTOTHKa npo~eccos c 6onb WHMH p.l 
AaeTCH COOTHOWeHHeM 1141, a npo~eCCOB KyMynHTHBHOrO THna -
COOTHOWeHHeM 1151, T.e. onpeAenHeTCH TOnbKO apryMeHTOM 
smin• 

3. ~OPMHPYIO~HA MHOmHTenb a 0 AnH pomAeHHH CTpaHHbiX 4ac
TH~ (K- , A, E H T. A. I s TPH pa3a MeHbWe, 4eM AnH o6bt4Hb1X. 

4. Bbt4HcneHH~e lcooTHoweHHe 161 I ce4eHHH pOmAe~HH npo
MemYT04Horo 6o3oHa, aHTHAeATpoHos, X H § cosnaAa~T c 3KC
nepHMeHTanbH~MH BenH4HHaMH. 

+ 5. PomAeHHH KyMynHTHBH~x HyKnoHOB, K -Me3oHOB H, cne-
AOBaTenbHo, A-rHnepoHOB cocTasnHIOT co6~THH oco6oro Knac
ca, B nepsy10 04epeAb, noA-3aBHCHMOCTH. B~xoA 3THX 4aCTH~ 
H3 nerKHX HAeP CHnbHO nOAaBneH. 
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5. n p e OC1<:a 3 aHU.R 

1. HHTepnonA~HOHH~e B~BOA~: a/ cornaCHO COOTHOWeHH~ /6/ 
Ce4eHHA KyMynATHBHOro pomAeHHA 4aCTH~ npH $HKCHpOBaHHO~ 
3HeprHH HHKn~3HBHO~ 4aCTH~bl B03pacTa~T C pOCTOM nepBH4HO~ 
3HeprHH H3-3a MaCCOB~X nonpaBOK H, Ha4HHaA C 3HeprH~ 
/30~40/ r3B, B~XOAAT Ha KOHCTaHTYj 6/ HeT HHKaKHX AOnon
HHTenbH~X orpaHH4eHH~ Ha KyMynATHBHOe pOmAeHHe pe30HaHCOB·, 
a AnA npo~eCCOB C 6onbWHMH p~ BCA 3aBHCHMOCTb OT Mace~ 

v gl/2 ~2E C pomAeHHOH 4aCTH~~ onpeAenAeTCA apr~MeHTOM in- . e4e-
HHe pOmAeHHA nHOHOB C nonepe4H~M HMnynbCOM ~OnbWe 10 r3B/c 
npaKTH4e CKH He 3aBHCHT OT p~ AnA 3HeprH~ BCTpe4H~X ny4KOB 
6omwe 250 r3B. 

2. 3KCTpanonA~HOHHb1171 B~BOA: npH 6onbWHX 3HeprHAX 
I > 30 r3B - 3HeprHA npoTOHOB B pA-eaaHMOAe171cTBHH AnA KYMY
nATHBHoro pOmAeHHA H > lQQ r3B- 3HeprHA BCTpe4H~X ny4KOB 
AnA npo~ eccoe c 6onbWHMH P~ I HMe~T MeCTO npocT~e $OpMyn~ 
/14/ H /15/. 

B Ka4e cTee rnaeHoro BbiBOAa cneAyeT oTMeTHTb cneAy10111ee. 
B pa6oTe YAanocb onHcaTb 3KcnepHMeHTanbH~e AaHR~e, KaK 
ce1714ac npeAcTasnAeTCA, pa3H~x no ceoe171 AHHaMH4eCKo171 npH
poAe npo~eccoe c eAHH0171 T04KH apeHHA, T04Hee, eAHHOI7t aHa
nHTH4ecKo171 3aBHCHMOCTb~. 3BpHCTH4eCKaA ~eHHOCTb pa60T~ -
B ee HHTepnonA~HOHH~X npeACKa3aHHAX, B~TeKa~~HX H3 CaMoro 
HMe~~erOCA Ha cerOAHAWHHi7t AeHb 3KCnepHMeHTanbHOro MaTepHa
na. 

Jlume pamy pa 

1. 5anAHH A.M. KpaTKHe coo6~eHHA no $H3HKe. $HAH, M., 
1971 , N' 1, c.35; oanAHH A.M. 34AH, 1977, T.8, c.429. 

2. CTaBHHCKH~ B.C. 34AH, 1979, T.lO, B.5, c.949; 
oanAHH A.M. HAP· H$, 1974, T. 20, e.6, c. 1201; 
5anAHH A.M. H AP· TPYA~ MemAYHapoAH~x ceMHHapoe no 
npo6neMaM $H3HKH e~cOKHX 3HeprH171: VI - OHHH Al ,2-81-
Al,2 - 81-728, Ay6Ha, 1981, c.205; VII- OHHH 
Al ,2 - 84-599, Ay6Ha, 1984, c. 19~. 

3. oanAHH A.M. HAP· AAH CCCP, 1984, T.279, N' 6, c.l352. 
4. CasH H H.A. TPYA~ VI MemAyHapOAHoro ceMHHapa no npo6-

neMaM $H3HKH s~cOKHX 3HeprH~, OHHH, Al ,2-81-728, 
Ay6H a , 1981, c . 223. 

5. Aube r t J.J. et al . Phys.Lett., 1983, 123, B, p.275; 
Bodek A. et al. Phys.Rev.Lett., 1983, 50, p.1431; 
1983 , 51, o.534; Arnold R.G. et al. SLAC-PUB-3257, 
1983 . . 

6. Fiel d R.D., Feynman R.P. Phys.Rev., 1977, 150, No.9, 
p.2590. 

16 



7. E~peMOB A.B. R~, 1976, T.24, c.1208; 34AR, 1982, T. 13, 
N' 3. 

8. r~opA~HeCKY H., CTaB~HCK~~ B.C. OHRH P2-81-369, AY6Ha , 
1981. 

9. CTaB~HCK~~ B.C. OHRH, P2-80-767, AY6Ha, 1980. 
10. Anderson E.W. et al. Phys.Rev., 1967, v.19, p.1 98. 
11. Cronin J.W. et al. Phys . Rev.D., 1975, v.11, p.3 105. 
12. Nikiforov N.A. et al. Phys.Rev.C., 1980, v.22, p .700. 
13. Arnison G. et al. Phys.Lett., 1982, v.118B, p.1 67. 
14. 6anA~H A.M. ~ AP. OHRH, P1-83-492, Ay6Ha, 1983. 
15. Banner M. et al. Phys.Lett., 1983, v.122B, p.32 2 . 
16. Banner M. et al. Phys.Lett., 1982, v.115B, p.59 . 
17. Alper B. et al. Nucl.Phys., 1975, v.100B, p.237 . 
18. Busser F.W. et al. Nucl.Phys., 1976, v.106B, p. l . 
19. Angelis A.L.S. et al. Phys.Lett., 1978, v.79B, p .505. 
20. A6paMoe B. B. ~ AP· R~. 1980, T.31, c.4; "n~cbMa e 

JK3T~", 1981, T.33, c.5. 
21. Baldin A.M. et al. JINR, E1-82-472, Dubna, 1982 . 
22. Andreasyan D. et al. Phys.Rev.Lett., 1977, v.38 , p.1 12. 
23. Bayukov Y.D. et al. Phys.Rev., 1979, v.20C, p.264. 
24. Alper B. et al. Nucl.Phys., 1975, v.87B·, p.19. 
25. Akesson T. et al. PreprintCERN-Ep/84-26, Geneva,1984 . 
26. Py6~a K. Y~H, 1985, T. 147, N' 2 /Ho6eneecKafl neK~~fl/. 

PyKon~cb noc~yn~na e ~3AaTenbCK~~ OTAen 
3 ~~nfl 1986 roAa. 

17 



KpaTKue coo6U4eHWI OHJIH N°18-86 
YAK 530. 145 

J/NR Rapid Communications No./8-86 

AAPOHH~~ ATOM B MOAEnH nH 

B.6.6enReB, o.n.Conoe~oea 

PaCCMOTpeHa MO~enb ~pOHHOrO aTOMa, B KOTOpOM CHnb
HOe B3aHMO~eHCTBHe OITHC&reaeTCH B paMKaX MO~enH ITH. 
06c~aeTCH ITpHMeHHMOCTb ~OpMynhl ~egepa ~H C~BHra 

ypOBHH B TaKOM aToMe. IToKasaHo, qTo c~eCTByeT o6naCTb 
sHaqeHHH MaCe qaCTH~, B KOTOpOH ~OpMyna ~esepa He
ITpHMeHHMa. 

Pa60Ta BhlrrOnHeHa B lla6opaTOPHH TeopeTHqeCKOH ~3HKH 
ORHR. 

Ha d ronic Atom in the Lee Model 

V. B.Belyaev, O.P.Solovtsova 

The hadronic atom model is considered. The strong 
in t eraction of light particle with "nuclei" is descri
bed by the Lee model. The applicability of Deser's 
formula for the energy shift in such an atom is dis
cus sed. It is shown that for some relation between 
mas s of the particles involved the Deser formula is 
violated. 

The investigation has been performed at the Labo
rat ory of theoretical Physics, JINR. 

1. Be eoe Hue 

AAPoHH~e aToM~ AO cHx nop RBnR~TCR OAHOH HJ YHHKanbH~x 
CHCTeM , noJBOnR~HX HCCneAOBaTb CHnbHOe B3aHMOAeHCTBHe aa
pRmeHH~X aApOHOB npH HH3KOH 3HeprHH. npH aHanHae 3KCnepH
MeHTanb H~X AaHH~X no CABHraM H WHpHHaM aAPOHH~X aTOMOB 
o6~4Ho HcnonbayeTCR ~opMyna Aeaepa 111 , CBR3~Ba~~aR nHHeH
HoH 3aBHCHMOCTb~ H3MepReM~e BenH4HH~ C XapaKTepHCTHKaMH 
pacceRHHR, T.e. npoCTO C KOMnneKCHOH AnHHOH pacceRHHR. 
0AHaKO Aame B paMKaX 4HCTO noTeH~HanbHOrO onHCaHHR CHnb
HbrO e a aHMOAeHcTBHR HaeecTH~ cny4aH, KOrAa $opMyna Aeaepa 
nepecTa eT pa6oTaTb. 3TO nPOHCXOAHT, HanpHMep, KOrAa HMeeT 
MeCTO TaK Ha3~BaeM~H 11 3$$eKT 3enbAOBH4a1112/, COCTOR~HH B 
nepecT pOHKe KynoHOBCKOrO cneKTPa aApOHHOro aTOMa nOA BnH
RHHeM CHnbHOro B3aHMOAeHCTBHR aApOHOB, T.e. KOrAa CHnbHOe 
B3aHMOAeHCTBHe Henb3R paCCMaTpHBaTb no TeOPHH B03My~eHHH. 

HHme paCCMaTpHeaeTCR MOAenb aApOHHOro aTOMa, B KOTOpOM 
CHnbHOe B3aHMOAeHCTBHe aApOHOB HMeeT HenoTeH~HanbH~H xa-
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paKTep 11 Oni1CbiBaeTCR B paMKaX MOAeJll1 Jl11/S/. np11 Teop eTI1KO

noneBOM Oni1CaHI111 CI1JlbHOrO B3ai1MOAe~CTBI1R B aApOHHOM aTOMe, 
KPOMe 06b14HbiX BOnpOCOB nPI1MeHI1MOCTI1 Te0p1111 B03MYl!leH I1 ~, B 
PRAe MOAene~ B03H11Ka~T cne~l1$114eCKMe npo6neMbl. TaK, HanpM
Mep, yme B paMKaX npOCTe~we~ CKaJlRpHO~ MOAeJlM B3ai1MOAe~-

/4/ 
CTBI1R 11Me30HOB 11 C $11KCMpOBaHHbiM 11CT04H11KOM, KaK 113B e CTHO , 

B006l!le OTCyTCTByeT CBR3b MemAY nepeHopMI1POBKO~ MaCC bl 11 
xapaKTepMCT11KaMI1 pacceRHI1R. 

AnR YA06CTBa 113nomeH11R nony411M cHa4ana $opMyny Ae s epa 
B npOCTO~ noTeH~MaJlbHO~ MOAellM. nycTb B3ai1MOAe~CTBI1e ABYX 
HePeJlRTI1B11CTCKI1X 4aCTI1~ Oni1Cb1BaeTCR raMMJlbTOHMaHOM 

/1/ 

r Ae H0 - raMMJlbTOHMaH cso60AHOro AB11meH11R; H 1= A 11f > <fl -
- HeKOTOpOe AaJlbHOAe~CTBY~lllee npMTRri1Ba~l!lee B3aMMOAe ~ CTBI1e, 

11Me~lllee cenapa6enbHbl~ BI1A, KOTopoe 6yAeM xapaKTepi130 BaTb 

KOHCTaHTO~ CBR3M ~M $OpM$aKTOPOM f(q);H 2 =A.2 1v > <vl - "'o-
6aB04HOe KOpOTKOAe~CTBY~lllee 11 CI1JlbHOe11 B3ai1MOAe~CTBI1e MemAY 

paccMaTPMBaeMbiM11 4aCTI1~aMI1, xapaKTePM3Y~eecR A~ M v (q), 
Ha~AeM 3Heprl1~ CBR3aHHOro COCTORH11R c CI1CTeMbl C r a MI1Jlb

TOHMaHOM /1 I. YpasHeHMe AJlR HaxomAeH11R c 11MeeT BI1A 

2... 2 ... 
[1- Atf dq -~(q~][1 - A f dq -v (q)_] 

(- q2/2/l 2 (- q 2/2,1 

... ... /2/ 
-+ f(q) v(q) 2 

- A1 A2 [fdq - 2 ---] = 0, 
( - q /2/l 

rAe ll - nPI1BeAeHHaR Macca Cl1cTeMbl; c = - a
2 /2 1J..o 

Bbi6epeM $OpM$aKTOpbl B3ai1MOAe~cTBI1R B B11Ae, npeAnomeH
HOM f1Mary411 /5/: 

131 

1 
_ 2 ___ 2_' 

q + y 

-+ 
v(q) /4/ 

rAe napaMeTpbl ~ 11 y xapaKTepi13Y~T npoTRmeHHOCTI1 B3aMMOAe~-
CTBM~, M CAenaeM npeAnonomeHMe 

~ <<a << Y• /51 
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03Ha4a~~ee, 4TO BTOpoe B3a~MOAeHCTB~e RBnReTCR KOPOTKO
AeHCTBy~~~M no cpaaHeH~~ c nepa~M. TorAa ypaaHeH~e /2/ 
MOmHo nepen~caTb a B~Ae 

1 1 
1 + ,\1 2 f3a2 

,\1,\2 

a 2y 4 - 3 1 + ,\2/2y 

- 2 \ (,\."' 477 P./\i, I = 1, 2). 

~3 KOTOporo HaXOA~M 

2 2 
a "' a 0 -

2 2f3a
0 

4 
y 

x2 
- 3 

1+..\2/2y 

rAe a;, 2p.f 0
, f 0

;; d..\p ,\ 2 = 0). 
CAB~r YPOBHR ~ paseH 

~ "' 
2 

f3ao ..\ 2 

- il r 4 • 1 + X~/2y3-211-

0, !6! 

171 

!81 

~n~, C y 4eTOM Toro, 4TO BOnHOBaR $yHK~~R C~CTeM~ np~ ..\2=0 
a T04Ke r = 0 pasHa (477 2 a0

2 f3 2 )'h , a a~pameH~e .\:z(1+">: 2/2y3)-1 
ecTb t-MaTp~~a np~ HyneaoH 3Hepr~~. nony4aeM $OPMyny Ae
aepa 

~ = - I 'l' t (o.) 1
2 

< o 1 t 2 (O) 1 o > 19 I 

3. TeopemuKo-no~eeaR MOOe~b aopOHHOcO amoMa 

PaccMOTPHM Tenepb TeopeT~Ko-noneay~ MOAenb, on~c~aa~

~Y~ aaa~MOAeHcTa~e ABYX $epM~OHOB A ~ B c 6oaoHoM a c 
nOMO~b~ raM~nbTOH~aHa 

H=H0 + H1+H2, 

· rAe 
+ + .. + 

H0 = m ~ A A + m ~B B + J dqwq a-q a-q , 

... -+ ..... ..... + + 
H 1 = .\f d q 1 f(q 1 )Jdq 2 f(q 2 )Aa<j

1
Aaq_

2
, 

-+ .. + + + 
H 2 = g f d k v (k) (A B a k + B A a k ) . 

/10/ 

/11/ 

/12/ 

/13/ 

A+(A), B+ (B) - onepaTop~ pomAeH~R /yH~4TomeH~R/ $epM~o
+ HOB A ~ B, ak (ak) - onepaTop pomAeH~R /yH~4TomeH~R/ 6o-

""k 0 0 v 30Ha a C ~MnynbCOM , m A, m B•IL a-Mace~ HeB3a~MOAe~CTBY~U1~X 
4aCT~~ A, B, a COOTBeTCTBeHHO, wk =yk2+ p.;, f(l{) ~ v(~) - He-
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KOTOp~e $YHK4HH HMnynbCOB, AOCTaT04HO 6~CTPO cnaAa~~He 
npH 6onbWHX k. 

raMHnbTOHHaH H 1 s BHAe /12/ onHc~saeT 6HnHHeHHoe B3a
HMOAeHCTBHe /a/ MelKAY 4aCTH4aMH aA , a raMHnbTOHHaH / 13/ -
B3aHMOAeHCTBHe B MOAenH nHIS/, pa3pewa~~ee npo4ecc~ a+A~B. 

HaHAeM co6cTseHH~e 3Ha4eHHR M raMHnbTOHHaHa /10/, T.e. 
peWHM ypaBHeHHe 

HJM) = MJM). /14/ 

AnR 3Toro co6cTseHH~H seKTOP JM) npeAcTaBHM s BHAe 

-+ ... + + + /1 I JM) =N[Jdk'P(k)A altJO> +bB JO>], 5 
rAe N H b - HOPMHPOB04H~e KOHc TaHT~, I 0 > - saKyyMH~~ seK
Top. 

noACTaBnRR /10/ H /15/ B /14/, nony4aeM CHCTeMy ypas
HeHHH 

(M 0 )-+ -+ -+-+-+ -+ 
-mA-c.1k 'P(k) = A!(k)fdqf(q)'P(q) + bgv(k), /16/ 

-+ -+ -+ 
b(M- m~) = gfdk v(k)'P(k). /17/ 

npeJKAe 4eM HCCneAOBaTb 3TY CHCTeMy, pacCMOTPHM npeAen 
g ~ 0, COOTBeTCTBY~~I-1H B~Kn~4eHH~ 11 C!-1nbHOr011 B3aHMOAeH CT

BI-1R. B 3TOM npeAene 1-13 ypasHeHI-1R /17/ cneAyeT, 4TO b = 0, 
TOrAa ypasHeH!-1e /16/ CTaHOBHTCR OAHOPOAH~M: 

( 
0 -+ .... -+ -+ -+ 

M0 -mA-wk)'P
0

(k) = Af(k)fdqf(q)'P
0

(q), /18/ 

rAe M0 = M(,\,g = 0), 'P0 (k) = 'P(k) np~-1 g=O. 
PeweH1-1e ypasHeHI-1R /18/ !-1MeeT BI-1A 

-+ const f(k) 
. 'P 0 (k) = 0 

M 0 - rnA- wk 
/19/ 

noACTaBnRR /19/ B /18/, nony4aeM ypasHeH!-1e AnR Ha XOJK
AeHI-1R M0 : 

,\-1 = fdq 
M 0 -mX-wq 

/20/ 

1-13 KOTOporo cneAyeT, 4TO npH A< 0 B aA -CI-1CTeMe B03MOJKHO 
CBR3aHHOe COCTORHHe. 

Aanee 6yAeM C4HTaTb a-4acT1-14y 
nerKOH, 4eM 4aCTH4~ A "'B. TorAa 

r.-2-2- k2 
wk = V k + P. a - P.a + ---, 

2p. a 
H C06CTBeHHOe 3Ha4eH!-1e M 

0 
MOIKHO 

2 
o ao Mo=mA+P.a __ _ 

2p. a , 

HepenRTHBHCTCKOH 1-1 6onee 

/21/ 

/22/ 
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rAe a 0 ~-t MeeT TOT me $~-t3~-t4eCKI-IH CM~Cn, 4TO 1-1 B B~pameH~-t!-1 
171. 

OTMeT ~-tM, 4TO c~-tcTeMa ypasHeH~-tH /16/-/17/ s npeAene 
A = 0, g ,j 0 nepeXOAI-IT B CI-ICTeMy . ypaBHeH~-tH An.R MOAen~-t 11~-t, 
1-13 KOTOpOH cneAyeT, 4TO M = m B, rAe mB -Macca $~-t3~-t4eCKOH 

B-4acT~-tl..l bl · 
TaK~-tM o6paaoM, paccMaTp~-tsaeMa.R TeopeT~-tKo-nonesa.R Mo

Aenb, on ~-t c~saeMa.R raM~-tnbTOH~-taHoM /10/, noason.ReT ~-tccne
AOBaTb BOnpoc 0 TOM, KaK H3MeH.ReTC.R 3HeprH.R CB.R3aHHOrO 
COCTO.RHI-I .R B aA -CHCTeMe, ecnH MemAY 3THMH 4aCTHI..IaMH AeH
CTByeT AOnOnHHTenbHOe B3aHMOAeHCTB~e B BHAe /13/ (eM. 
PHC. 1). 

"A 

A~a , ___ _ 
g 

PHC.]. BonHHCTaH nHHHH COOTBeT

CTByeT 6HnHHeHHOMy 11ganbHOAeHCT

BYIO~eMy11 B3aHMOAeHCTBHIO, riYHK

THpHaH -
11 KOpOTKOAeHCTBYIO~eMy11 

B3aHMOAeHCTBHIO, OriHCbiBaeMOMJ 
Mogenb!O DH. 

npeACTaBHM $yHK1..1HIO 'l'(k), BXOA.Rl!IYIO B ypaBHeH~-t.R /16/, 
/17/, B BHAe 

'l'(k) = b AC (A,g)f(k) + gv(k) 

M- m ~- wk 
123/ 

rAe C(·A, g ) = Jdq !'(q)'l'(q) , "' noACTaB~-tM B :H~-t ypasHeH~-t.R. 
TorAa nony4~-tM cneAy~ee ypasHeH~-te An.R M: 

0 -+ f 2 (q) 
(M- ~) (1-AJdq ) = 

M-m~-wq 

=g2!A[Jdq f(q)v(q) ]2 (Jd-+ v
2

(q) dq!2(q) /24/ 
M- m o- + q o ) (1- A ( )J. 

A w q M - m A- w M - m o -q A wq 

TaK me KaK s noTeHLIHanbHOH MOAen~-t, 6yAeM c4HTaTb, 4TO 
$YHK1..1HH f(~l) H v(q) HMeiOT B~A /3/ 1-1 /4/ COOTBeTCTBeHHO. 
TorAa ypa sHeHHe /24/ nepen~-tweTC.R TaK: 

a 2 o o g 2 -2- -2 
[-2+ mA+fLa-mB+ 2]=g A[(y+,B)(a+y)(a+,B)],/25/ 

ll a 2y(a + y) 

2 - 2 rAe M npeACTasneHo s BHAe M = mA0 +fL- a/2/l, A=4rr ll A, - 2 a a a 
g = 4rr2 1l ag2 • 

Ecn~-t BblnonHHMO ycnos~-te /5/, To ypasHeH~-te /25/, KoTopoe 
.RBn.ReTC .R T04Hb1M An.R paccMaTpHsaeM~X B3a~-tMOAeHCTB~H, nepe-
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XOAHT B ypaBHeHHe 

a 2 o o 
( -- + m A+ fL a- m B) (1 + 

2/la 
0, /26/ 

H3 KOToporo nerKo HaxoARTCR ABa 3Ha4eHHR a 2 . TorAa AnR M 
nony4aeM 

M = M0 - 6., /27/ 

Y
4
fLa(mB- Mo)

2 /28/ 

TaKHM o6pa3oM, ABa 3Ha4eHHR M 1 H M2 a npH6nH>Ke HHH /5/ 
YAOBneTeopA~T ypaeHeHH~ /24/: 

-2 2 
4g f3a

0 

Y4fLa(mB-Mo)2 

M 0 + m B M - m B 
M +_ 0 - ' 1+ 1,2= 2 2 v 

npH Man~x i 2 H3 /29/ cneAyeT /cM.pHc.2/ 

-2 
M1 .. Mo + g 

f3a~ 

{3a~ 

Y 4 
fL a (M o- mB) 

/29/ 

/30/ 

/31/ 

BbiPa>KeHHe g2 [ y 4(M 
0

- m B)] -
1

e npH6nH>KeHHH a 0 << y MO>KHO 
C4HTaTb t -MaTpH~ej;j npH Hyneeoi;1 3HeprHH, onHCbiBa~llleH pac
ceRHHe 4aCTH~W a Ha A B MOAenH nH, no3TOMY H3 /30 / cneAy
eT Bwpa>KeHHe AnR CABHra YPOBHR: 

2 
ll1=-(M 1 -M 0 ) = -J'P 1 (0)J <0Jt 2(0)JO > , /32/ 

rAe '1'1 (O) = ( 4TTa; f3) ~, KOTopoe coenaAaeT c c)>opMynoi;1 Ae3epa 
/eM. ewpa>KeHHe /9//. B To >Ke epeMR, KaK cneAyeT H3 /31/, 
CABHr APYroro ypoBHR He eocnpoH3BOAHTCR c)>opMynoi;1 Ae3epa 

-2 ~ Aa>Ke npH Manwx g , nOCKOnb KY onpeAenReTCR MaCCOH m B , 
ABnA~ej;\CR He3aBHCHMbiM napaMeTpOM paCCMaTpHBaeMOH MOAenH. 

HTaK, paccMoTpeHHaR TeopeTHKo-noneeaR MOAenb npHBOAHT 
K 6onee CnO>KHOH KapTHHe CABHra ypOBHR no CpaBHeHH ~ C no
TeH~HanbH~M nOAXOAOM. 8 4aCTHOCTH, , B CHCTeMe B03 HHKa~T 

ABa ypOBHR, OAHH H3 KOTOp~X HMeeT noTeH~HanbH~H a Hanor, 

23 



Ml ~ M2 /M1 
M 

me Mo 

nia+Mo ms+Mo 
2 g2 2 

Mo me 

M, 

a) Mo< me< m~~r 

PHC.2. 3aBHCHMOCTh 3HeprHH CHCTeMhl MOT KOHCTaHThl 
CBR3H g2 ~PH Ma.Jlb!X g2 IlpH yCJIOBHH M 0<mB<m~ +p.fa/ H 
mB<Mo<IDA+p.a/6/. 

92 

M2 

a BTOpOH CBR3aH C HenoTeH~Ha11bHbiM xapaKTepOM 11 CH11bHOr011 

B3aHMOAeHCTBHR. B 3aBHCHMOCTH OT COOTHOWeHHR napaMeTpOB 
M 0 1-1 m B TeopeTHKo-no11eBOH nOAXOA MOlKeT AaTb A11R CABHra 
YPOBHR pe 3Y11bTaT 111-160 611H3KHH K noTeH~Ha11bHOMy nOAXOAY 
/CM. pHC. 2a/, 111-160 cy~eCTBeHHO OT11H4a~HHCR OT Hero /CM. 
p1-1c. 26/. nocneAHee HMeeT MecTo, ec111-1 M 0 > m B· TorAa noc11e 
BKI1104eHHR 11 CH11bHOr011 B3aHMOAeHCTBHR CHCTeMe 3HepreTH4eCKH 
BblrOAHee 3aHRTb ypoBeHb, B03HHKaiO~HH HCK11104HTe11bHO H3-3a 
HenoTeH~H allbHbiX 3~~eKTOB. 3aMeTHM, 4TO B 3TOM CllY4ae He 
BblnOllHReTCR npocToe coOTHoweHHe /9/ (~opMy11a Ae3epa), 
CBR3b1Ba10111e e A11HHY .pacceRHHR CO CABHrOM ypOBHR /l. 0TBeT 
Ha BOnpoc , KaKaR CHTya~HR pea111-13yeTCR B AeHCTBHTe11bHOCTH, 
MOlKeT AaT b 6o11ee pea11HCTH4HaR TeopeTHKo-no11eBaR MOAe11b 
aApOHHOrO aTOMa, napaMeTpbl KOTOPOH MOlKHO 6yAeT ~HKCHpo
BaTb no xapaKTepHCTHKaM pea11bHb1X B3aHMOAeHCTBHH /A11R cny-
4aR rr-Me30aTOMOB C HCn011b30BaHHeM raMH11bTOHHaHa 4y- noy 
3TOT sonpoc HCClleAOBancR B pa6oTe 171, rAe ~opMy11a Ae3epa 
OKa3aJlaCb npHMeHHMOH/. 
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YnPYrOE PACCERHHE 3nEKTPOHOB nPH 60n bWH X 
nEPE,QAHHbiX HMnYnbCAX H I<BAPKOBAA CTPYKTYPA ilAPA 

4
He 

B.B.6ypos, B.K.nyKbRHos , P.MapT~Hec* 

HccJieAOBaH cPOPMcPaKTOp HAPa 4He B paMKax HOAeJIH, 
B KOTOpOH BOJIHOBa.H cPYHKIJ;HH COAepJKHT KaK 06bi'lHbie 
HyKJIOHHbie, TaK H MHOrOKBapKOBbie ilPHMeCH. IlOJCa3aHO 1 

'ITO AJIH OnHCaHHH 3KCnepHMeHTaJibHbiX AaHHb!X B BOJIHO
BOH cPYHKIJ;HH 4He He06XOAHMbl !8% 6q-npHMeCH H 1% 9q
IIPHMeCH. Ou;eHeH BKJlaA 12q-npHMeCH, KOTOpblH COCTaB
JIHeT - 0 ,02%. IlpH 3TOM BKJIMbl ¢opM<iJaKTOpOB e 6q- , 
9q-, J2q-rrpHMeCbiO H3-3a HHTepci>epeHu;HH HYKJIO,IHblX 
H KBapKOBbiX KaHaJIOB COCTaBJIHIOT 7, 0, 8, 0, 0 J :~ CO O" 
BeTCTBeHHO . 

p a60Ta BblilOJIHeHa B J1a6opaTOpHH TeopeTH'le .:KOii 
cPH3HKH 0Yf5!H. 

Elastic Electron Scattering at Hig ~ Momentum 
Transfer a nd the Quark St r ucture of 4He 

V.V.Burov, V. K.Lukyanov, R.Martines 

The 4He f orm fac tor is inves t i gated withi n the 
model where the wave f unc tion i nc l udes bot h the 
nucleon and multiquark admixtures. It is shown 
that to expl a in experi mental data, one needs 18% 
of the 6q-admixture and 1% of the 9q one . An es t i
mation is done for the 12q-admixture o f the l eve l 
0,02%. Contributions of the 6q-, 9q- and 12q-form 
factors are smaller because of interference of t he 
nucleon and quark channels and their values are 7 , 
0.8 and 0.01%, r espect ively. 

The investigation has been performed at the 
Labor a t ory of Theoretical Physics , JINR. 

PaHee / l -3./ ~ccJleAoBaJl~Cb !l>OPM!l>aKTOpbl TpexHyKJlOHHbiX 
RAep 8H, 8 He, ~ 6b1Jl0 YCTaHOBJleHO 1 4TO B 06JlaCT~ nepeAa HHbiX 
~MnYllbCOB 0,5 s q 2 s 3 /r3B/c/ 2 weCT~- ~ AeBRT~KeapKOBbl e 
np~Mec~ B RAepHO~ BOJlHOBO~ !lJYHK4~~ ~ rpa~T pewa~y~ pOJlb , 
np~ 3TOM eamHoe 3Ha4eH~e ~MeeT ~HTep!lJepeH4~R HYKJlOHHOro 
~ MHOrOKBapKOBbiX KaHaJlOB 1 y4eT KOTOpO~ np~BOA~T K TOMY 1 

* faBaHCKHH yHHBepCHTeT 
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c, -t- C2 \ \t., I t-

+ c3 + c•G 
PHc . I. BonHoBaH ~YHK~HH HApa 4He. 

4TO 3~~eKT~BH~~ BKnaA 6q- ~ 9q-KaHanOB B yKa3aHH~e ¢QpM
~aKTOp~ COCTaBnReT 2 ~ 0,01~ COOTBeTCTBeHHO. 

B HacToR~e~ pa6oTe npoBeAeHo aHanor~4Hoe ~ccneAoBaH~e 
¢QpM~a KTOpa 4He C y4eTOM 6q-, 9q- ~ 12q-np~Mece~. 

3an~weM BOnHOBYIO ~YHK4~10 RAPa ~e C y4eTOM BKnaAa MHoro
KBapKOB~X np~Mece~ C aMnn~TYAaM~ Ok B B~Ae 

4 
1/J==· "i. Okif;k: /1/ 

k == 1 

3AeCb 1/; 1 - RAepHaR BOnHOBaR ~YHK4~R /HyKnOHH~~ KaHan/, 
1/; 2 - RAe pHaR ~YHK4~R C B~AeneHH~M 6q- KnaCTepOM C BepORT
HOCTbiO 0:, 1/;3 - C B~AeneHH~M 9q - KnaCTepOM C BepORTHOCTbiO 0; ~ T.A . Hx KOHKpeTH~~ BKnaA aan~C~BaeTCR no aHanor~~ 
c AaHH~M~ B pa6oTax 131 Bblpa>KeH~RM~ AnR RApa 3 He. CxeMaT~-
4eCK~~ B~A BOnHOBO~ ~YHK4~~ ~Apa 4He C B~AeneHH~M~ MHOro
KBapKOB~M~ KnaCTepaM~ nOKa3aH Ha p~C. 1. 

Hcnon b3YR cTaHAapTHoe onpeAeneH~e ¢oPM~aKTopa ~ B~Aene
H~e AB~>KeH~R 4eHTpa Mace RApa, MOlKHO nony4~Tb ¢QpM~aKTOp 
B B~Ae CYMMbl: 

4He 2 4He 4He 4He 4He 
F CH == 0 1 F 11 + F 6qT + F 9qT + F 12qT ' /2/ 

rAe 
4 4 4 

F He == 0 2 F He 20 0 F He 
6qT 2 22 + 1 2 12 ' 

/3/ 

4He 2 4He 4He 4 He 
F 9qT == 03 F 33 + 201°3 F 13 + 202 °3 F 23 /4/ 
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4He 2 4He 4 He 4He 4 He 
F12qT = C4 F44 +2C2C4 F24 +2C1C4 F14 + 2C3C4F34 /5/ 

3Aecb F~re npeAcTa8nHeT co6o~ $opM$aKTop 8 HYKnOHHOM KaHa

ne. Mbl 6epeM era 1-13 pa6oT 141 , rAe OH 8bi4HCnHnCH c NN- noTeH-

~HanoM XaMaA~ - A~oHcToHa c 8Kn~4eHHeM Tpex4aCTH4H~X c1-1n. • 

Mbl He npH80AHM KOHKpeTH~X 8blpa~eHH~ AnH OTAenbH~X 4aCTe~ 

F 1j - OHH nony4a~TCH no aHanorHH c TeM, 4TO Aa8anocb paHee 

AnH 3 He 131 , 1-1 HMe~T 8eCbMa rpoM03AKH~ 8HA. 0TMeTHM m1Wb, 

4TO AnH TeX 4aCTe~ $QpM$aKTOpa, KOTOPble C8H3aHbl C A8H~e-

HHeM K8apK08 8 HyKnOHH~X M MHOrOK8apK08~X MeWKaX, M~ HC

nonb308anH pac4eTbl 8 paMKax Mo.qenH penHTH8HCTCKoro r a pMo-

HH4ecKoro oc~HnnHTopa 151 /o6ocHo8aHMe CM. 8 161 I. · 
Ha p1-1c. 2 npM8eAeHbl MeTOAH4eCKHe pac4eTbl, noKa3bl8a >Ol!IMe 

OTAenbHO 8KnaAbl 8 $QpM$aKTOp KOMnoHeHT F SqT, F SqT M F 12qT 
/Kpi-18ble 1, 2, 3 COOT8eTCT8eHHO/. 0Ka3anOCb, 4TO aMnnHTYAY 

6q-npHMeCH C2 He06XOAMMO 8~6HpaTb OTpH~aTenbHO~, KaK M AnH 

3H, 3He /1·3/, TaK KaK TOnbKO 8 3TOM cny4ae MO>KHO nony-
41-1Tb cornaCHe C 3KCnepHMeHTanbH~MM .qaHH~MI-1 8 o6naCTM MM-

HHMyMa IF;~, npM q 2 -0,4 /138/c/ 2 • Tor.qa npM 8bi6paHHbiX 
4He 4He • · 

napaMeTpax $OPM$aKTOPbl F SqT M F SqT oKa3bl8a~TCH oTpM~aTenb-
2 2 4He 

H~MM npM q < 2, 5 /138/c/ • BKnaA F 11 6yAeT onpeAenH~MM 
4 

np~-1 q 2 < 0,4 /138/c/ 2 , F 6~;- npH 0,4 < q 2 < 1,1 /138/c/
2 

I 
I 
I 
I 

'He 

lO~L-------~------~------~ 
0 2 3 

q2 [(ras/dJ 

M F !~T - npH 1 , 1 < q 2 < 
. 2 4He 

< 2,5 /r38/c/ • 8KnaA F 12qT 
8 o6nacTM q2 < 2,5 /l38/c;2 

npeHe6pe~MMO Man, npM4 eM 
4He 

F 12ql < 0. AnH 8biHCHeHvH po-

nH F 9:.; Heo6xo.qMMbl 3Kc nepH

MeHTanbH~e AaHH~e npM 

q 2 > 2,5 /138/c/ 2 • 

PHc.2. ¢opM¢aKTOp 4He: 

WTPHXITYHKTHP - BKnaA 

F~re 141 ; 1, z, 3 - aKnB,ll;bl 

F:H~ /3/ - wecTHKBapKOBOH 
q 4 

npHMecH; F9~; /4/ - Ae BHTH-
4H e 

KBapKOBOH npHMecH; F 12q'rf5 I -
ABeHap;~aTHKBapKoBoi1 rrp HMeCH 

COOTBeTCTBeHHO. 
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~ 

c:r 
[;!; 

I 
I 
l / '.-, "' 
II ' 
1/ ·, 

II 

'He 

'· 

PHc.3. ~opM~aKTOp 4He: wTpHx

nyHKTHP - BKJ1"" F
4

He 141 
......... 11 • 

CniTOWHaH nHHHH - ~OpM~aKTOp 
4He C yqeTOM MHOrOKBapKOBbiX 

npHMeceli /C1 = I ,04, c2 = 
= -0,42, c 3 = o, 112, c4 = 

·,o-'1 I 

\ f 

= -0,015, Y1 = 0,66 ~M- 1 , 
y2=1,34 WM-1,y3 =3,58 ~M-1 /. 
3KcnepHMeHTanbHbJe ~aHHbJe B3H

Tbl H3 pa60T / 8/ 

\ 
\ 

I 
Cornac~e c 3KCnep~MeHTanb-

\ /- /p~c. 3/ np~ Bbl6ope cneAYKllll~X ' ' 1 ""'"" A•""""" 181 
nonyqaeTCR 

I I 
ill6 ~ aMnn~TYA MHOrOKBapKOBblX np~-

0 1 2 3Mece~·C2 =-042C 3 =0112 
q 2 ((r3B/c) 2] C4 = :0,015. n~pa~eTpbi y ~CT-' 

pOBCK~X BOnHOBbiX <!JYHKLI~~, ~c

nonb3yeMbiX B pac4eTe Anfl on~-
CaH~R OTHOC~TenbHOrO AB~~eH~R Ha ManblX paCCTORH~RX MHOro
KBapKOBbiX KnaCTepOB ~ OCTanbHO~ 4aCT~ RAPa /cM/31/, OKa-
3an~C b paBHbiM~ y 1 = 0, 66 Q>M - 1 , y 2 = 1 , 34 Q>M - 1 , y3 = 
= 3,58 Q>M-1 . np~ 3TOM 3Ha4eH~e y 1 np~MepHO COOTBeTCTByeT 
sen~4~ He y1 "' y2 AnR cny4aR RAP a 3He 131 I y 1 ., y 2 = 
= 0,63 Q>M-lj, TOrAa t<aK y2 AJIR 4 He CYUieCTBeHHO OTn~4aeTCR 
OT Yl , 4TO Bbl3BaHO Bn~RH~eM 4eTBepToro HyKnOHa Ha KOHQ>~-try

pali~IO T~na 3He' B RAPe 4He. CneAyeT OTMeT~Tb, 4TO B Tex pa-
6oTaX , rAe He Y4~TblBaeTCR ~HTepQ>epeHLI~R KaHanos 141 , np~-txo
A~nOC b AnR ~M~-tTal.l~l-1 ~X BKnaAa Bbi6~-tpaTb OTPHI.IaTenbHble Bepo-
RTHOCT~ MHOrOKBapKOBblX np~MeCe~ C~ < 0, C ~ < 0, C~ < 0, 
4TO ~ CKnl04aeT Q>~3~4eCKYIO HHTepnpeTai.IHIO nony4eHHO~ napaMeT-
pH3al.l ~~ AaHHblX 3Kcnep~MeHTa. ~ 

lilT aK, Haw aHanH3 noKa3bJBaeT, 4TO BKnaA 6q- n~HMec~ C 2 = 
= 1],6 4Z, 9q-npHMeCH C~ = 1 ,25%, 12q-npHMeC~ C4 = 0,02Z . 
3Q>$eKTHBHbl~ BKnaA 6q-, 9q-, 12q-KaHanoB BCneACTBHe 4aCT~4-
HO~ KOMneHCall~~ ~HTepQ>epeHLI~OHHbiX ~ ''npRMbiX11 Q>OpMQ>aKTOpOB 

oKaaan cR 3Ha4~TenbHO MeHbwe: 
4He -2 4He 

FSqT (0)= 7,3·10 , F 9qT (0) = 

8 -3 4He -4 
= ,2·10 , F12qT(O) = 10 . OTMeTHM, 4TO B HaCTORUiee spe-
MR ~MeiOTCR MOAenH 171 , npeAnonaraiOUI~e CyUieCTBOBaHHe B RApe 
4He TOnbKO 12q - C~CTeMbl C 04eHb 6onbWO~ BepORTHOCTbiO 
10+15%, nony4aJOUie~cR scneACTB~e npeHe6pe~eH~R BKnaAaMH 
6q- ~ 9q-np~Mece~ H HHTepQ>epeHLI~e~ HyKnOHHOro H KBapKOBO-
ro KaHanos. 

11Ta K, np~XOAHM K cneAYIOUI~M BbiBOAaM: 
1. <!JopMQ>aKTOp 4He, paCC4~TaHHbl~ C nOMOUibiO ypaBHeH~~ 

<l>aAees a - HKy6oscKoro, He on~CblBaeT 3Kcnep~MeHTanbHble AaH
HbJe. 
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2. npeAnonomeHHe 0 cy~eCTBOBaHHH MHOrOKBapKOB~X CHCTeM 
B ner4aHWHX RApax n03BOnReT C XOPOWeH T04HOCTb~ 06DR CHHTb 
3KCnepHMeHT. npH 3TOM BepORTHOCTb oq-npHMeCH COCTaBnReT C: = 17,64%, 9q-npHMeCH - c; = 1 ,25~, 12q-npHMeCH - C~ = 
= 0,02%. 

3. HHTep$epeH~HR HyKnOHHOrO H KBapKOBOrO KaHanOB BHOCHT 
onpeAenR~HH SKnaA B $OpM$aKTOp~ ner4aHWHX RAeP npH 6onb
WHX nepeAaHH~x HMnynbcax. 

4. Y4eT HHTep$epeH~HH npHBOAHT K 4aCTH4HOH KOMneHca~HH 

npRM~X H HHTep$epeH~HOHH~X 4neHOB, 4TO AaeT yMeHbWeHHe 
3$$eKTHBHOrO BKnaAa MHOrOKBapKOB~X npHMeCeH B $QpM$aKTOp 
4He, KOTOp~H OKa3~BaeTCR paBHbiM 7, 3% /6q/, 0, 82% /9q / , 
0,01 ~ /12q/. 

5. HMe~HeCR 3KcnepHMeHTanbHble AaHHble AnR $opM$aKTopa 
4He noKa He noaeonR~T HaAemHo o~eHHTb BKnaA 12q-npHMe CH. 

4 He 2 Ar!R 3TOrO Tpe6y~TCn H3MepeHHR F CH npH q 2 > 1 , 5 /r3B/ C/ . 
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CnHH-OPEiHTA..1bHbiE 34>4>EKTbl 6 PE30fiAHCHOM H nOTEHUHAJlbHOM 
PACCERHHH p-BOnHOBbiX HE~TPOHOB 

A.Ei.nonoa, r.C.CaMOCBaT 

30 

Ann n~ep c 48 $A$ 144
1
AaHa CBOAKa HeHTpOHHhlX 

CHJIOBbiX cPYHKI.J;HH gO, S 1112 , S 312 H napaMeTpOB ilOTeH-

I.J;HaiTbHOrO paccenHHn R~, R7, nony'leHHhlx HOBbiM MeTo
AOM H3 aHanH3a AH4>4>epeHI.J;HallbHbiX Ce'leHHH ynpyroro 
pa ccenHHn HeHTpoHOB. AeMOHCTpHpyeTcn HenpoTHBope
'IHBOCTb ou;eHoK s 0 , S 1 , R 0 peKoMeHAOBaHHbiM AaHHhlM 
H3 "HeHTPOHHbiX Ce'leHHH11 Myxa6xa6a H AP. H llOATBepJK
AaeTCH cnHH-op6HTanbHOe pac~enneHHe 3p-MaKCHMyMa 
HeHTpOHHOH CHJIOBOH cPYHKI.J;HH. C llPHBne'leHHeM llOITHpH-
3ai.J;HOHHbiX AaHHbiX noKa3aHo, 'ITO B noTeHu;HanhHOM pac
ceHHHH p-BOllHOBbiX HeHTpOHOB TaKJKe npOHBITHeTCH CllHH
Op6HTallbHbiH 3cPcPeKT, Ka'leCTBeHHO cornaCYIOII:IHHCH 
C 3KCnepHMeHTallbHhlM pac~enneHHeM CHJIOBbiX cPYHKI.J;HH. 

Pa6oTa BblllOITHeHa B J1a6opaTOPHH HeHTpOHHOH cPH3H
KH OIDHi. 

Spin-Orbital Effects in Resonance and Potential 
catterin_g of p-Wave Neutrons 

A.B.Popov, G.S. Samosvat 

The r~orted strength functions and parameters 
R~ and R 7 for s-wave and p -wave neutrons have been 
obtained from a new type analysis of differential 
e lastic scattering cross sections. The table surnr 
marizes S ~, sf/..2, s:J12 , R 0 and R 7 for 33 nuclei 
i n the range 4~ ::; A :::; 144. The values of S 0, S1 

and R~ do not contradict with the recommended data 
f rom Neutron Cross Sections by Mughabghab et al. 
The values of S i1 and S:J12 confirm the spin-orbital 
splitting of the ~p-maximum of the neutron strength 
function. By using the polarization data there is 
demonstrated that in potential scattering of p-wave 
neutrons the spin-orbit effect is also present 
which is in qualitative agreement with experimen
tal splitting of strength functions. 

The investigation has been performed at the 
Laboratory of Neutron Physics, JINR. 



1. Bn~RH~e cn~H-op6~TanbHoro B3a~MOAe~cTB~R Ha He~TpoH
H~e c~noa~e $YHK4~~ RAep, pacnonomeHH~e a o6nacT~ OA H04a
cT~4Horo 3p-MaKC~MyMa, 6~n0 npeAMeTOM ~ccneAOBaH~~ B 60-
70-x roAaX 11•51 • TorAa o6cymAanacb B03MOmHoCTb pac111enne
H~R 3Kcnep~MeHTanbHO Ha6niOAaeMoro n~Ka S 1 a o6nacT~ A "'1 00 
B COOTBeTCTB~~ C 3HepreT~4eCK~M pa3n~4~eM COCTORH~~ 3p 112 
~ 3p 312 /1/2, 3/2- nonH~~ MOMeHT He~TpoHa/. Ka3anocb, 4TO 
AnR o6bRCHeH~R 3Kcnep~MeHTanbH~x AaHHbiX Heo6xoA~Mo aaeAe
H~e cn~H-op6~TanbHoro B3a~MOAe~cTB~R, a 2-3 pa3a 6on bwero 
06lllenp~HRTOro 3Ha4eH~R 11•4•51• 0AHaKO aC~MMeTp~4HaR $OpMa 
MaKC~MyMa S 1(A) np~ A "' 100 xopowo on~c~aanacb TaKme onT~-
4eCK~M~ pac4eTaM~ C HOpManbH~M Cn~H-op6~TanbH~M 4ne HOM, 
HO c y4eToM A~HaM~4eCK~x Ae$opMa4~~ a 3To~ o6nacT~ 12 .31 . · 
no3TOMY ponb cn~H-op6~TanbHoro B3a~MOAe~cTB~R a noaeAeH~~ 
S1(A) OCTaBanacb HeB~RCHeHHO~ annOTb AO 1983 r., KOrAa 6~
n~ ony6n~KoaaH~ pe3ynbTaTbl ~ccneAOBaH~~ Ha peaKTope Y15P-30 
A~$$epeH4~anbH~x ce4eH~~ ynpyroro pacceRH~R He~TpoHo a 161• 
B nocneAYIOlil~e rOAbl 3T~ ~ccneAOBaH~R 6bm~ npoAonmeHbl , H~me 

np~BOA~TCR CBOAKa nony4eHH~X pe3ynbTaTOB ~ ~X aHan~ 3 . 

2. YcpeAHeHHble A~$$epeH4~anbH~e ce4eH~R ynpyroro pa_c
ceRH~R He~TpOHOB B o6nacT~ AO - 400 K38 C XOPOW~M n p~6n~
meH~eM on~c~aaiOTCR $QpMyno~ 

us 
a(O) = --[ l + w1P1 (cosO) + w

2
P

2 
(cosO)]. 

4rr 

B paMKax OAHOypoaHeaoro R-MaTp~4Horo np~6n~meH~R 6bm~ no
ny4eH~ a~pameH~R, CBR3b1Bal0lll~e napaMeTpbl ce4eH~R a8 , w 1 
~ w2 C S- ~ p -aonHOBbiM~ C~nOBbiM~ $YHK4~RM~ ~ $a3aM~ noTeH-
4~anbHOrO pacceRH~R AnR 4eTHo-4eTHbiX RAep-M~weHe~ 171 

~ A-He4eTHblx 181• np~ aHan~3e A~$$epeH4~anbHbiX ce4eH~~ pac
ceRH~R ~cnonb30Ban~cb TaKme AaHH~e /9/ o nnoTHOCT~ He~TpoH
HbiX W~p~H /Ha eA~H~4Hbl~ 3HepreT~4eCK~~ ~HTepaan -lg fn/t£, 
CM(61 I. nony4eHHble 3KCnep~MeHTanbHble AaHHble ~ AeTan~ ~X 
aHan~3a npeACTaaneHbl a /6-8,10,1l/. 

AocTo~HCTBOM MeTOA~K~ RBnReTCR B03MOmHOCTb pa3Aen bHoro 
onpeAeneH~R P-c~noablx $YHK4~~ AnR o6o~x nonHbiX MOMe HToa 
He~TpoHa j = 1/2 ~ 3/2. Bcero 6b1no ~ccneAOBaHo 33 o6 pa3-
4a e ~HTepaane 48 ~A ~ 144, AnR KamAoro ~3 H~x onpeAene
H~ 3Ha4eH~R S0 ' s t/2' s~/2' R ~ ~ R 7 ' KOTOPble npeACT aane
Hbl B Ta6n~4e. 8 OTn~4~e OT CpeAH~X He~TpOHH~X napaMe TpOB, 
04eH~BaeM~X ~3 xapaKTep~CT~K ~HA~B~AyanbH~X pe30HaHCOB, 
Haw~ 3Ha4eH~R s e ~ Re onpeAeneHbl no W~POK~M 3Hepren 14ec
K~M ~HTepaanaM ~ AOnmHbl 6b1Tb MeHbWe nOABepmeHbl noKaJl bHbiM 
$J1YKTYa4~RM nnOTHOCT~ ~ C~Jlbl He~TpOHHbiX pe30HaHCOB. 

CpaaHeH~e S 0 c AaHH~M~ ~3 191 noKaa~aaeT, 4TO Haw~ 3Ha-
4eH~R AnR RAep c A < 90 c~cTeMaT~4ecK~ H~me. 3To pacxom
AeH~e nerKo o6bRCH~Tb an~HH~eM peaoHaHCHo~ caM03Kpa ~poa-
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Ta6nH~a 

S- H p -HeHTPOHHble CHnOBble IPYHK~HH 

H napaMeTpbi noTeH~anbHoro pacce.fiHH.fl 

so 
s ~/2 s~,2 R;;" R"" 

1 

Ti , 16±o,36 2,9 ±1 ,4 I ,30±0,23 0,38±0, 14 -0, 10±0, 15 
Fe 0 ,38±o, II 0,0 ±1 ,5 o, 77±0, 24 0,05±0,03 0, 15±0,02 
Ni ,4 ±o,3 4,6 ±1 ,5 I ,44 ±0, 23 -0,06 ±0,09 0,34 ±0,03 
Cu ,o ±o, 1 3,0±1 ,8 1,1 ±0,6 -0,25 ± 0,06 0,32±0,06 
Zn , 15 ±0,09 1,8±0,6 I ,23±0 , 15 -0, 17 ±0,02 0,29±0,02 
Ge 0 , 73 ±0, 19 0,2 ±1,3 2,41±0,25 -0,27 ±0,05 0,37 ±0,04 
Se o ,81 ±o,19 4,2 ±1,8 2,44±0,43 -0 , 22 ±0,06 0,40±0,05 
y o ,oo±o,o8 1,2±1,2 5,5 ±0,5 -0,20±0,03 0,52 ±0,04 
Zr 0 ,69 ±0,22 4,2±1,7 5,52 ±0,25 -0,15±0,06 0,30±0,03 
Nb 0 ,23±0,05 . 9,8±1,5 4,4 ±0,5 -0,23 ±0,03 0,26 ±0,03 
Mo 0 ,40±0,05 2 ;3±1 ,2 5,9 ±0,5 -o, 14±0,02 0,13±0,02 

112Mo 0 ,20±0, 14 2 , 1±2,4 4,9 ±0,5 -0,16±0,06 0,21 ±0,05 
Ru 0 ,43±0,07 6, 3± 1 , 2 4,53±0,33 0,00±0,03 0,04±0,03 
Rh 0 ,47±0,06 8,3±1,1 3,1 ±0,4 0,07±0,03 - 0,01 ±0,03 

Pd 0 ,38±0,07 3,6±1 , 2 3,70±0,24 -0,01 ±0,04 -0,08±0,02 
Ag 0 ,53±0,08 5,8±1,0 3,8 ±0,4 0,03±0,03 -0,05±0,02 
Cd 0 ,37±0,05 6,1 ±0,9 3,25±0,18 0,!2±0,03 -0,17±0,02 

lOicd 0 ,27±0, 10 5,2± 1,8 3,57±0,33 0,01 ±0,05 -0,12±0,03 
toacd 0 ,32±0,08 5, 7±1,5 3,75±0,31 0,10±0,05 -0,13±0,04 
uocd 0 ,33±0,06 9,6± 1,2 . 3,30±0,25 0,14±0,04 -0,22±0,04 
112cd 0 ,30±0,05 6,5± 1,0 3,33±0,20 0,10±0,03 -0,20±0,03 
ll't:d 0 ,05±0,07 5, 3± I ,4 3,34±0,25 0,06±0,04 -0,20±0,03 

In 0 ,23±0,03 7,4±0,9 2,5 ±0,3 0,04±0,02 -0,19±0,01 
lllsn 0 ,16±0,04 7 ,0± 1,0 2,21 ±0,14 0,13±0,03 -0,24±0,02 
117sn 0 ,15±0,03 4,7±0,9 2,3 ±0,3 0,11 ±0,02 -0,22±0,02 
llllgn o , 12±0,05 4,6± 1,2 2,07±0,20 0,13±0,04 -0, 26±0,03 
119sn 0,05±0,03 3,8±0,9 I ,3 ±0,2 0,05±0,02 -0,22± 0,02 
12osn 0,07±0,02 2,2±0,6 2,13±0,16 0,09±0,02 -0,22±0,01 
122sn 0,1 3±0 , 05 4,8± 1,2 2,22±0,19 0,16±0,03 -0, 29±0,03 
u•sn 0,08±0,03 7 ,3± 1,0 1,65±0,17 o, 18±0,03 -0,27±0,03 

Sb 0,41 ±0,06 5, I± 1,0 2,2 ±0,3 0,17±0,03 -0,24±0,03 
Te 0,11±0,03 2, 3± 0,8 I ,72± 0,28 0,06±0,02 -0,05±0,02 
Nd 2,8 ±0,2 3, 3± 1,4 1,51±0,27 0,13±0,07 -0, 11 ±0,05 

K~, KOTo paH He y4~T~eanacb.AnH 6onee THmen~x HAep 3Ha4e
H~H 8° YAOBneTeop~TenbHO cornacy~TCH c n~TepaTypH~M~. 

Ha p~c. 1 npeACTaeneH~ ece ~3eecTH~e AaHH~e o paA~ycax 
noTeH4~ anbHoro pacceHH~H AnH s-He~TpoHoB. P~cyHoK AeMoHcT
p~pyeT xopowee cornac~e een~4~H R 0 = R(l - R0), rAe 
R= 1,35 A113 4>M,c APYr~M~ 3Kcnep~MeHTanbH~M~ AaHH~M~,6onb
waH 4aCTb KoTop~x nony4eHa ~3 ~3MepeH~~ nonH~x ce4eH~~ ~ 
ce4eH~ ~ pacceHH~H np~ H~3K~X 3Hepr~HX.H3 p~C. 1 B~AHO, 4TO 
AaHHble no R ~ xopowo on~c~ea~TCH cTapbiM~ pac4eTaM~ 6aKa 
~ nep~ 12 • 31 no onT~4eCKO~ MOAen~ c y4eTOM A~HaM~4eCK~X 
Ae4>0pMa4~~ AnH HAeP B o6nacT~ A- 100 ~ CTaT~4eCK~X B o6-
naCT~ A - 160. 
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R~ PHc.I. 3aBHCHMOCTb R0 T A. 
TeMHhle TO~KH - AaHHbie 13/9/, 

CBeTnhle TO~KH - HamH p e syJib

TaTbl. CnnomHaR KPHBaR - pac
~eTw no BaKy H TiepH /2,8/. 

s ' l 
GO 60 80 100 120 1GO A 

PHc.2. p-HeHTPOHHhle canoawe 

$yHK~HH. CaeTrrwe TO~KH - AaH
Hbie H3 /9/, TeMHble TO~!KH - Ha

WH pesyJibTaTbi. KpHBaR - pac- ~ 
qeTw no BaKy H TiepH. 

to 

t.O 

'·'' 
40 " " too 120 

,.. 
0 Ka4eCTBe cornacH~ pesynbTaTos no p-HeHTPOHH~M CHno

B~M ~YHK4H~M c KOMnHn~THBH~MH AaHH~MH Hs/9/ MOmHo CYAHTb 
no PHC.2, rAe HaP~AY C APYrHMH 3Ha4eHH~MH noKa3aH~ H Ha-

l 1 1 1 
WH: 8 = 3(8112 + 28 312 ) • MomHO CAenaTb B~BOA 0 TOM, 4TO 

3TH o4eHKH 81 xopowo cornacy10Tc~ c o6liiHM aHcaM6neM 3 t<cne
PHMeHTanbH~x AaHH~X, KOTOP~H B 4en0M YAOBneTBOpHTenb HO 
OnHC~BaeTC~ TaKme pac4eTaMH 5aKa H nepH. 

3aMeTHM, 4TO B HCnOnb3yeMOH MeTOAHKe HaH6onee HaAe mHO 
onpeAen~IOTC~ napaMeTp~ s:J12 H Ri, a MemAY 8°, S f12 H R~ 
HMeiOTC~ HeKOTOp~e KOppen~4HH, KOTOp~e, OAHaKO, KaK no Ka-
3~BaiOT pHC. 1 H 2, He npHBOA~T K 3aMeTH~M CHCTeMaTH4eCKHM 
OWH6KaM B onpeAeneHHH 8 l H R ~ • 

3. BenH4HH~ p-HeHTpOHH~X CHnOB~X ~YHK4HH s i/2 H sJ-/2 . 
npeACTasneHH~e Ha pHc.3, y6eAHTenbHO nOATBepmAaiOT pac lllen 
neHHe 3p-OAH04aCTH4Horo pesoHaHca, ycTaHosneHHoe paHe e 
8 /e/. nHHHH Ha PHCYHKe- pesynbTaT OnHCaHH~ 3KCnepHMe H
TanbH~X CHnOB~X ~YHK4HH 4eTH0-4eTH~X ~Aep nopeH4eBCKOH 
KpHBOH BHAa 

s~ 
J 

aJ 

-b-~-+-(-A ~/3--_-A 273)2 . 
J J 

/1/ 

noA06paHH~e MeTOAOM HaHMeHbWHX KBaApaTOB napaMeTphl nHKOB 
/B~COTa H WHPHHa/ An~ pa3H~X j B npeAenax OWH60K OAH HaKo
B~, a HX MaKCHMYM~ pa3ABHHYT~ Ha ~ = 12±4. 
• noMHMO 8 i12 H 81/2 Ka4eCTBeHHO HOBOH HH~OpMa4HeH H Bn~IOT

CH paAHYChl noTeH4HanbHoro p-pacce~HH~, onpeAen~eM~e HaMH 
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10 f-

" ' j 
~ ·f j )t~tl 

J_ _tJ/ j ~ ·~~ 
8 

"' ..... _.., 
VI 4 
~· 
~ 

;;J 
/ f )-, 

)./; ~ ~(. 
• •-k-- 'l>.:l_. ___ .. - ,. -... ~ . 0 ~t 

PHc. 3. HefiTpOHHbie CHJIOBbie 

<l>YHK~HH s\/2 H s ~/2 . TeMHble 

TO'lKH - qeTHO-tieTHbie Hp;pa, 

ceeTJibie TO'lKH - A - He'leT

Hbie. J1HHHH - nop;roHKH rro

peHueacKHX KpHBb~ BHp;a /J/ 
ITO 3KCnepHMeHTaJibHbiM TO'l

KaM p;JIH tieTHO-tieTHbiX Hp;ep. 

C y4eTOM rpaH~4H~X !JC~Oa~~ 
KaK R l"' R(l - 3Ri} 

11 
, 

KoTop~e noKa3aH~ Ha p~c.4. 
EcTeCTaeHHo C4~TaTb, 4TO 

cn~H-op6~TarrbHOe eaa~Mo-

60 8o 100 120 A Aei1cTa~e AOJI>KHO npo.RaJI.RTb-
C.R He TOJibKO 8 pe30HaHCHOM, HO ~ 8 noTeH~~aJibHOM pacce.R
H~~ p- 80 JIH08blX Hei1TpOH08 ~ np~80A~Tb K pa3JI~4~10 <!Ja308blX 
CA8~ro8 81 11 2 ~ 81 31 2 • HanoMH~M, 4TO 8 cooT8eTCT8~~ c R
MaTp~4HOi1 T eOp~ei1 / 12/ 

8ej = ¢ f + arctg 
PeRfj 

/2/ 
1 - ( s f - Be ) R"fj 

rAe ¢e - CA8~r <t>aabl Ha T8e pAoi1 c<t>epe, Pe . sf, Be - npo
H~~aeMoCTb, <t>aKTOP CA8~ra ~ rpaH~4HOe ycrro8~e /o 8bl6ope 
rpaH~4HbiX ycnoa~i1 eM. 1 111 I, a R~ - 8KJiaA 8 R-MaTp~~Y Aa
neK~x· y po8Hei1, <!8.R3aHHbli1 c c~rro8oi1 <!>YHK~~ei1: 

R~ (E) = ~~ f S~(E') R ---dE' 
E ' - E , 

R' 
1 

10 

i 

~ 
,f t 1 t 

/3/ 

f 
rAe R- a <IJM, a Sj- a eA~-
H~~ax 10-4 • 

s 1 131 6~n~ nony4eH~ <t>op
MYJibl AJI.R on~caH~.R non.Rp~aa

~~~ Hei1TpOH08, 803H~Ka~ei1 

np~ ~x pacce.RH~~ Ha .RApax 
aa C4eT cn~H-op6~TarrbHoro 
8·3aii1MOAei1CT8111.R, KOTOp~e CO
CTO.RT ~3 4~eH08 , 3a8!11C.R~~X 

oT 8fj ~ S j • T aM >Ke noKaaa-

PHc. 4. 3aB HCHMOCTb R ~ oT A . 
TotiKH - HamH p;aHHbie, KBap;-

-s 220 A paTbl - pe3yJibTaTbl H3 114/. 60 140 180 100 
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R~ PHc.S.R7H R7j AJIH 'le THa-

0.4 + I tleTHbiX H,D;ep. liHHHH - pacqe-

0.2 Thi no <PoPMYJie /4/ c napaMeT-

0 
paMH a j, b j H Aj , 

1
nonyqeH-

t HbiMH HS OTIHCaHHH 8 l/2 H 
-0.2 \f *'' .• S~/2 JIOpeHIJ;eBCKHMH KpHBbiMH 
-0,4 /I I. 

"" 0.4 
R,~ 

0,2 e mnepa-HO, 4TO 1-!MeiOIJII-!eCR 
0 Type HeMHOr04HCneHH~e AaH-

H~e o nonRpl-13a~HI-1 He~TpOHOB 

c 3HeprHei1 -400 K3B MO>KHO 
paayMHO onHcaTb, ecnH Anfl 
S 0 H R~ Hcnonb30BaTb c rna-
>KeHH~e KPHB~e, npOBf!AeHH~e 

-0,2 
no COOTBeTCTBYIOIJIHM 3KCre-

-0.4 
pHMeHTanbH~M T04KaM, S j 
B3f1Tb B BHAe 111, a AnR 

40 60 80 100 120 140 A 
R 'i'j - nony4eHHYIO H3 I 1 I 
c noMO~biO 131. ¢opMyny 

A2[3_pf-13 

b2/S+ (A2/s _ A213)2-. 
j j 

Roo=~~.~ 
1J R b j 

141 

~opMyn~, onHC~BaiO~He nonRpH3a~l-110, 6~nH A06aeneH~ K npo
rpaMMe B~4HCneHHfl s 0 • s ~. R f no AaHH~M 0 u((J). npoBeAeH
H~i1 3aHOBO aHanH3 u((J) JAnfl 4eTH0-4eTH~X RAep COBMeCTHO 
C AaHH~MH no nonflpll!3a~HH, 11CHRT~MH11 C rnaAKOi1 KpHBOi1 Ha 
p1-1c. 1 pa6oT~ 1131 , noaeonHn nony4HTb o~eHKH ecex napaMeT
poe c pac~enneHH~MH ~aaaMI-1 8 1 112 H 8 1 312 , onpeAenRe,...~MI-1 
cornacHo 121. BKnl04eHHe B aHanHa nonRpHaa~I-IH ycTpaHHno 
KoppenR~HH Me>KAY R i 112 H Ri 3; 2 H Mano H3MeHHno nony4eHH~e 
paHee 3Ha4eHHfl ocTanbH~x napaMeTpoe. Ha pHc.5 noKaaa H~ 

O~eHKH R'i'J • XOTfl OWH6KI-1 BenHKH, TeM He MeHee BHAHO CMe
~eHHe Ri 112 OTHOCHTenbHO Ri3; 2 . J1HHHRMH l-13o6pa>KeH~ e enH-
41-!H~ Rij , Bbi4HcneHH~e no ~opMyne 141 c 1-!cnonbaoeaHI-!eM na
paMeTpoB nopeH~eBCKI-IX KpHB~X, onHC~BaiOIJIHX 3KCnepHMeHTanb
Hble MaKCI-IMYM~ S ~ (A). T aKHM o6paaoM, nony4eHH~e c y4eTOM 
nonRpl-13a~HOHH~x AaHH~x 3Ha4eHHfl Rij cornacyiOTCR c Teo pe
TI-14eCKI-1 O>KHAaeMOi1 3aBHCHMOCTbiO OT A H Ka4eCTBeHHO COOT
BeTCTBYIOT CnHH-op6HTanbHOMy pac~enneHHIO CHnOB~X ~YHK~Hi1 

1 1 S 112 H 8 312 • Mo>KHO >KenaTb ny4wero KOnH4eCTBeHHoro co r na-
CI-!fl B pac~enneHHI-1 no A BenH4HH R~j H CHnOB~X $YHK~Hi1 , HO 
cneAyeT 1-!MeTb B BHAY orpaHH4eHHOCTb 1-1 HeKOTOpyiO ycnos 
HOCTb 3KCnepi-!MeHTanbH~X AaHH~X no nOnflpH3a~HI-1, HCnOn b30-
BaHH~X B AOnonHHTenbHOM aHanl-!3e. 

4. ~opMyn~ Anfl onl-!caHHfl AH$~epeH~I-1anbHoro ce4eHHfl ynpy
roro pacceRHHfl He COAep>KaT napaMeTpa, HenocpeACTBeHHo on-
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peAenH~~ero senH4HHY CnHH-op6HTanbroro B3aHMOAeHCTBHH. 
H3sneKaeM~e npH aHanH3e 3Ha4eHHH sj H R~ COOTBeTCTBy~T 
nHWb OnHCaHH~ KOHKpeTH~X 3KCnepHMeHTanbH~X AaHH~X. no3TO
MY Ha6n~AaeMoe pa3nH4He s senH4HHax S ~ 12 H S ~ 12 , Ri112 
H Ri 312 AnH OTAenbH~x HAep H noseAeHHe S] H Rij s 3aBHCH
MOCTH OT A OTpama~T BnHHHHe CnHH-opfiHTanbH~X CHn Ha pe3o
HaHCHOe H nOTeH4HanbHOe pacCeHHHe P-BOnHOB~X HeHTpOHOB, 
o6ycnosneHHOe caMOH nPHPOAOH B3aHMOAeHCTBHH HeHTPOHOB 
c HApaMH. MomHo CAenaTb B~BOA o TOM, 4TO cnHH-op6HTanbHoe 
B3aHMOAeHCTBHe Y HAep, pacnonomeHH~X B ofinaCTH 3p-OAH0-
4aCTH 4HOrO pe30HaHCa, npOHBnHeTCH B noTeH4HanbHOM pacceH
HHH Ka4eCTBeHHOTaK me,KaK H B pe30HaHCHOM.AnH nposepKH KO
nH4eCTBeHHOrO cornacHH 3aBHCHMOCTeH 81 (A) H R~ (A) Heo6-
XOAHMO HMeTb nonH04eHH~e nonHPH3a4HOHHble AaHH~e. K coma
neHH~ , B nHTepaType 3TH CBeAeHHH fieAHbl, a CaMH H3MepeHHH 
nonHpH3a4HH HeHTPOHOB npH HX pacceHHHH AnH 3HeprHH HHme 
400 K3B npeACTaBnH~T 6onbWY~ TPYAHOCTb. 
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OPEN QUANTUM SYSTEM OF TWO COUPLED 
HARMONIC OSCILLATORS 

A.Sandulescu, H.Scutaru 1, W.Scheid 2 

On the basis of the theory of Lindblad for open 
quantum systems we derive master equations for a sys
tem consisting of two harmonic oscillators. The time
dependence of expect:ttion values, Wigner-function and 
Weyl operator are obtained and discussed. The chosen 
system can be applied for the description of the 
charge and mass asymmetry degrees of freedom in deep 
inelastic collisions in nuclear physics. 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JINR. 

0TKP~Ta~ KBaHTOBa~ C~CTeMa 

All~ ABYX CB~3aHHbiX rapMOH~4eCK~X OC~~JlJlJ:ITOpOB 

A.C3H~ynecKy, X.CKyTapy, B.llieH~ 

B paMKaX TeOpHH llHH~5Jla~a ~.R OTKpbJTbJX KBaHT BbJX 
CHCTeM 5bl!IH IIOJly'l:eHbl ypaBHeHH.R MaCTepa ~.R ~Byx CB.R-
3aHHbiX rapMOHH'l:eCKHX OC~HJlJl.RTOpOB . .[(Jl.R 3TOH CHCTeMbi , 
KOTOpa.R MOJKeT OIIHCbJBaTb rrepe~a'l:)T MaCChi H 3ap.R~a B 
rny5oKOHeyrrpyrHX CTOJlKHOBeHH.RX, 5bl!IH IIOJly'l:eHbl B .RB

HOM BH~e Cpe~HHe BeJlH'l:HHhl, ~YHK~H.R BarHepa H orrepaTOp 
BaHna. 

Pa5oTa BbiiiOJlHeHa B lla5opaTOPHH TeopeTH'l:eCKOH ~H-
3HKH mum. 

1. Intr oduct i on 

In a recent paper 111 it was shown that various mas t er 
equations for the damped quantum oscillator used in t he 
literature for the description of damped collectiva modes 
in deep inelastic collisions in nuclear physics are ar 
ticular cases of the master equation derived by Lind
blad 12 •31 . 

In the present paper we extend our previous work / 4/ 
on the dynamic s of charge and mass equilibration in deep 

1Central Institute of Physics, Bucharest, Romania 
2rnstitut flir Theoretische Physik der Justus-Liebi g
Universitat, Giessen, BRD 
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inelas t ic collisions by describing the corresponding 
collec t ive modes as two coupled damped quantum oscilla
tors. The damping of these oscillators can be carried 
out by the method of Lindblad 12 •31 • In Sect.2 we present 
the equation of motion of the open quantum system in the 
Heisenberg picture. With this equation we derive the 
time-dependence of the expectation values of the coordi
nates and momenta and their variances, as shown in 
Sect.3 . The connections with the Wigner-function and 
Weyl operator are discussed in Sect.4. Finally, in 
Sect.5 , we demonstrate the time-dependence of the vari~ 
ous quantities for a simplified version of the model, 
where t he decay constants can be calculated analytically. 

2. The Equation of Motion in the 
Hei senberg Picture 

If ¢ t is the dynamical semigroup describing the time 
evolut i on of the open quantum system in the Heisenberg 
picture , then the master equation is given for an ope
rator A as follows /2,3/. 

dcftd-(A) ~L(~t(A)) ~i..[H,i(A)l+.! I(V:'{~ (A),V.]+[V~,.,bt(A)]Vi). 
t ~ t "" j J t J J 

(I) 

The ope rators H, Vj , V '! (j ~ 1, 2, 3, 4) are taken to be func
tions of the basic o~servables of the two quantum oscil
lators . The coordinates are q 1 and q 2 , and the momenta 
p1 and p 2 obeying the usual commutation relations 

[q2,p2]~Hil, [ ql ' p 1] ~ ill! ' 

[qt. q 2] ~o. [pt,p2] ~o, (ql'p2] = 0 • [q2,p1] = 0 · 

In order to obtain an analytically solvable model, H is 
taken to be a polynomial of second degree in these basic 
observables and vi' vr are taken to be polynomials of 
first degree. Then in the linear space spanned by q 1,q2 , 
p1 ,p2, there exist only four linearly independent ope
rators vj=1,2,3,.f 

2 2 
vJ. ~ I aJ·KPK+ I b.KqK' (2) 

K ~l K=lJ 

where a. ,b. c;.( with j = I, 2, 3, 4, and K 
• • jJ( JK 1.t y1. e las 

I, 2. Then 

2 2 
V * ~ I a* p + I b'!' q , 

j K ~ljKK K~lJICK 
(3) 
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where ajK, bjK are the complex conjugates of ajK , jK • 
The Ham1ltonian H is chosen in the form of two coupled 
oscillators 

Inserting the Hamil.tonian H and the operators Vj a nd Vj 
into Eq.(I) we obtain 

L(A) = L 1(~) + L 2 (A) + L 12 (A), (5) 

where L1,L 2 and L12 are given as (K =I, 2): 

LK(A) =~ [HOK•A]--!_Dp p [qK,(qK'A]] _ _!_2Dqq(pK,[pK,All+ 
"ll -i\2 K K -i\ K K 

(6) 

~ 1 
L 12 (A) = - {i2 D P 1 P 2 ([ q 1 ' [ q2 'A]] + [ q2 ' [ q 1 ' A]]) -

1 
- .f\2 Dq1q

2 
([p1, [p2,A]] + (p2, [p 1' A]]) + 
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i 
+ ~(,812 - v 12 )([A, q 1 ]q 2 + q2 [ A, q 1]) -

i 
- -- (,B 12 + v 12) ([A, q2 ]q 1 + q1 [A, q2]) + 

2ri 

+ _i_(..\12 -J.L12)([A,ptJq2+q2[A,p1])-
2-t\ 

i 
- --(..\12 + J.L12 )([A, q2]P1 + Pt[A. q2]) + 

21\ 

+ 2~(,\21 - J.l.21 )([A ·P2 ]q1 + q 1 EA. p2]) -

i 
- 2:fi(,\21 + J.L21 )([A,q1]p2 + p2[A, q1]). (7) 

Here, we used the following abbreviations (K =I, 2): 

H _ 1 2 m w2 
OK - - -p K K 2 

2 
K + ----q 

ffiK 2 . K' 

D -D -li ... -+ q q - q q = - Re (a* a ) 
K J.L J.L K 2 K J.L ' 

fl ... ... .fl ... ... 
Dp p ~ Dp p = -

2 
Re(b~bJ.L), D = D =--Re(a;b), (8) 

K J.L J.L K qK p J.L pJ.Lq K 2 J.L 

-+-+ -+4 ............ 

a 12 =- a 21 =- Im(a ta2 ) , ,B 12 = -,8 21 =- Im(btb2), \J.L ""-Im(a~b~. 

The sca lar products are formed wj th t he vec t ors aK. bK 
and the ir c omp lex conjugat es a*,b * . The vec t ors have the 

K K 
components ... ... 
a K = (a 1K' a2K • a 3K • a 4K ) ' b K = (b 1K ' b 2K ' b 3K ' b 4K ) • (9) 

Now, a s a consequence of the definitions ( 8 ) o f the phe
nomeno l og i cal constants which appear in L(A) and o f t he 
positiv i ty o f the matr i x fo rmed by the four vectors .a 1, 
a2,'ti1, n 2, it fo l lows that the principal minors of thi s 
matrix are positive or zero. This matri x is given by 

a;a1 
... ... ... ... ... ... 
aia2 atb1 aib2 

... ... ... * ... .... .. 
a~b2 

~ l 
a2 a 1 a2a2 a~b1 
... ... .. ... -+ ... 

b" a bra2 brb 1 1 1 
-+ -+ ... ... -+ ... 

b; a 1 b~a2 b2b 1 
\ 
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I 
( 10) 

For example, we derive the following condition from t he 
positivity of (10): 

D D -(D )2 i\
4 

a 2 
q1q1 q2q2 q1q2 ~ 4 12. (II) 

This inequality and the corresponding ones derived f r om 
Eq.(JO) are constraints imposed on the phenomenological 
constants by the fact that '¢t is a dynamical semigroup 12·~1 

3 . The Ti me - De p e n de n ce of Ex pecta tion Va l u es 

The time-dependent expectation values of selfadjoi nt 
operators A and B can be written with the density opera
tor P, describing the initial state of the quantum sys
tem, as follows: 

~ 

mA(t) = 'Tr(p¢t(A)), ( 12) 

In the following we denote the vector with the four cornr 
ponents mq1 (t) 'mq2(t)' mp1(t) and mp2(t) by m(t) and 

the following 4x4 matrix by ;(t): 

aq1q 1 a q 1q2 a q1p1 

;(t) 
aq2 ql (J 

q2q2 (J q2p 1 
( 13) 

aplq 1 ap1q2 a P1P 1 

(/p2q1 (/p2q2 rT P2P 1 

Then via direct calculation of L(qK) and L(p K) we obta in 
-+ 

dm = Yiii (1 4 ) 
dt • 
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where 
(_ Au +~.tu -A 12 + ll12 1/m 1 

+ ll21 -A22 + ll22 a 12 + K 12 

Y=l 
- m1(J)f {312 - v12 -Au -I.L 11 

- {312 - v12 
2 -ffi2(J)2 -A12-I.L12 

From Eq .(l4) it follows that 

u;(t) = M(t) ;(0) = exp(tY)~(O) , 

-a12 +K12 

11m 2 

-A21-1.L21 

-A22-1.L22 

( 16) 

~here m(O) is given by the initial conditions. The matrix 
M(~ has to fulfil the condition 

lim M(t) = 0. (17) 
~~ -
In order that this limit exists, Y must have only eigen-
values with negative real pa~ts. _ 

By direct calculation of L(qKqi.L) , L(p Kpi.L) and L(qKp I.L + 
+ P..LL q K) , K, I.L = 1,2 , we obtain 

ddu =Y; + ;yT + 26, (18) 
t -

where D is the matrix of the diffusion coefficients 
\ 

D 
q1q1 

D 
q1q2 

D D 
q1p1 q1p2 

D D D D 

5= I q2ql q2q2 q2pl q2p2 I ; ( 19) 
D 

p1q1 
D 

p1q2 
D 

P1Pl 

D 
p2q1 

D 
p2q2 

D 
P2Pl 

and yT, the transposed matrix of Y. The time-dependent 
solut i on of Eq.(l8) can be written as 
A, . A ..... ,.. AT .... 
a(t) = M(t) (a(O) - ~) M (t) + ~, (20) 

where M(t) is define<.! in Eq. ( 16). The matrix i is time
independent and solves the static problem of Eq.(l8) 
(dG/dt = 0) : 

'Yi + l y T + 2D = 0. (21) 

Now we assume that the following limes exist for t-+ ~: 

a(~) = lim u(t). (22) 
t->~ 

In t hat case it follows from (20) with Eq.(l7): 
-

a<~) = L (23) 
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Inserting Eq.(23) into Eq.(20) we obtain the basic equa
tions for our purposes: 

(24) 

where 
A A ,... AT 
Ya(oo) + a(oo)Y 

,. 
=- 20. (25) 

4. The Wigner-Function a nd Weyl Operat or 

Finally we want to discuss the time-dependence f the 
Wigner-function. This function is defined as 

1 00 • 

f(x 1• X2, Y1• Y2, t) = ---4 ((( f exp({-(x1111 + x2112- Yt ~ 1 -Y2~t)x 
(2nt\) ......, ·u 

- (26) 
xTr(p¢t(W <e 1,e2 ; 111' 17 2 ))de 1de 2d17 1d11 2 , 

where the Weyl operator W is defined by ( e 1, e2, 17p 11 2 
real): 

w<e1.e2; 111 ·172) = exp(i(7J1q1+ 112q2 -~1pl -e2p2)). (27) 

Using the method developed by Lindblad 12•31· for the one
dimensional case we find for the time-development o f the 
Weyl operator the relation 

¢t<wce1.e2; 111'112)) =w<e1(t) .e2(t); 111(t), 7J2(t)) exp(g(t)). (28) ... 
The real functions eCt) =<e1(t), ~2 (t), 111(t), 71 2(t)) and 
g(t) satisfy the equation of motion: 

d((t) =JyTj-1i{t), (29) 
dt 

dg(t) 
...!__ let> i 6 ;-1 

f<t> • 
dt ~2 

(30) 

where 

( 0 

0 · -1 

-~ ) ,. 0 0 0 

J = ~ 0 0 

1 0 

(3 I) 

Eqs. (29) and (30) are obtained by inserting the Wey l 
operator W(~ 1 !..e2 ; 11p112) into the equation of motion 
(Eq.(l)) with L defined in Eqs.(S), (6) and (7). The ini
tial conditions for the coordinates e1(t), ~2(t), 111(t) 
and 112(t) are determined by e2(0)=e1. e2(0) =~2· 111( ) "'111 
and 112(0)=172, respectively, an<l.g(t) by g(O)=O. From 
Eqs. (29) and (30) we find that eCt) is a linear function 
in the coordinates el.e-2.171 and 112and g(t) a quadrati c func
tion. 
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The Weyl operator can be used to calculate the time
dependent expectation values m(t) and a(t) (see Eqs. ( 16) 
and ( 20)), since this operator is connected with the coor
dinate s and momenta via the derivatives: 
aw i aw i a2w 1 
--I .... =- .:K""Pi, -a -I .... = i"q i, a~ a~ !.... = -:fi2PiPj; 
aei e =o 'lit ~=0 i j ~=0 

a2w 1 a2w 1 --- 1 ;t =--(p .q +q p)' ---1-+ = ---q . q .. ae
1
a., j <;"=0 2fl2 I j j i a., 1a.,j ~=0 -fi2 I J 

(32) 

For example, one obtains by using Eq.(32) 

a 2i t<W> 
a (t) = -.fl2 Tr(p...---

pipj a~ 1 <o>aejco> 
(33) I :t ) . 

<;(t =0) =0 

Equat i ons of this type can be evaluated with the help of 
Eqs. ( 28)-(30) and lead to the same results for m(t) and 
a(t) a s given in Sect.3. With the Weyl-opeartor (28) we 
can ca lculate the time-development of the Wigner-func
tion. For this purpose we use the Fourier transformed 
of the Wigner-function at t = 0: 

Tr(pexp(~ <.,1q 1+ .,~q2 -e{Pc~~P2 )))"' 
+oo . 

= J !!I exp(~ (X1'f1t + x2 '11'2 - Y1 ~'1- Y2 ~2 )) x 
(34) 

x f(x 1, x2 , y 1' y 2 , t = 0) dx 1 dx 2dy 1 dy 2 • 

When t his rel~tion is inserted into Eq.(26) after the 
Weyl- operator ¢t(W) is expressed by (28), one can inte
grate over the coordinates ~ 

1 
.~2 , '11 1. and .,

2 
with the fol

lowing result for the Wigner-functton: 

1 +oo 1 -+ -+ AT "'-1 A 
===~ ( (ff exp(- --(x -x'M )Z (x-Mx'))x 

-oo 4 (35) 
t) = A 

f ( x 1, x2' Y 1' Y 2 ' v' det( 4 rr Z ) 

x f(xJ.,x:{ ,yi,y2,t=0) dxidx2dyidY2, 

where i = (xl' x2, y 1 , y 2 ) and the mac.rix Z (t) is given by 
t 

z(t) = r M(t') fiMT(t')dt'. (36) 
0 

This definition can be applied in order to rewrite Eq.(24): 

;(t) =M(t) ;(O)MT(t) +2Z(t). (37) 

In the particular case when we set 
1 1 -> -> A -1 .... -+ 

C(x1 ,x2,y1,y2, t=O) = exp(- f<x-m(O))a(O) (x-m(O))), 
v' det(2rra(O)) (38) 
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we obtain from Eq.(35) 

1 1 -+ -+ A -1-+ -+ 
f(x1,x2 ,y1 ,y2 ,t) = exp(-j<x-ni(t))u(t) (x-m(t) ) ), 

v' det(21Ta(t)) 09) 

which is the well-known result for Wigner-functions15•6 •7( 

5. Exampl e for Damped Os c iLLators 

In order to illustrate the formalism developed i the 
preceding Sections, we present a simple example of two 
oscillators, which are not directly coupJed, i.e. K 12 =0 
p. ~j = 0, v 12 = 0 . In this case the matrix Y, governing the 
t1me-development of the expec.tation values ~(t) and a (t), 
becomes 

-All -A 12 1/m 1 -a 12 

-A21 -A22 a 12 11m 2 
A (40) Y= 2 

1312 -m 1(1)1 -A 11 -A21 

-1312 2 -m2CI)2 -A 12 -A22 

For the calculatj.on of the matrix M(t) we must diagona
lize the matrix Y by solving the corresponding secular 
equ~tion, i.e. det(Y -zfi =0, where z is the eigenval ue 
and I the unit matrix. According to Eq. (40) one obtains 
an equation of 4th order for the eigenvalues z, which 
can be solved analytically only for special examples. 
Such an example is the particular case with a 12 =0, 13 12 = 0 
A 12 =0 and A21 = 0, where the secular equation is obtained 
as 
((z + Au)2 +CI)i> .((z +A22)2 +CI)~) =0. ( 41) 

The eigenvalues are 

z1 = -Au+ill,)1,z2=-A22+ill)2• zs=-A11-ill,)1'z4=-A22-ill)2. ( 42 ) 

Only positive values of A 11 and ... A22 fulfil Eq.(I7). 
Applying the eige~values z 1 of Y we can write the time
dependent matrix M(t) as follows: 

-1 
Mm0 (t) = ~Nm1 exp(z 1 t)N 10 , ( 4 3) 

1 ... ... 

where the matri 1~ N represents the eigenvectors of Y, 

( 4 4) 
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In the case of the particular example with eigenvalues 
( 42) t he matrix M(t) is given hy 

xp( ->.11 t) cos w 1 t 0 ~xp(-.\d) sin cu 1 t 
m1wl 

0 

0 exp (->.
22

t)cos w
2
t 0 ~xp(-\2t)sinw2t 

m2w2 
M(t) = 

-m
1
w 1 exp(->.11t) sin cut t 0 exp ( ->.11 t) cos w 1t 0 

0 -m2w
2
exp(-\

2
t) sinw2t 2 

0 

(45) 

We not e that M(t) decays exponent:i._ally in time, if A 11 
and A22 are positive. The matrix M(t) can be used to eva
luate ;(t) defined by Eqs. (24) or (37). For exampl~ we 
find t he following expression for a12 = aq q with M(t) 
of Eq. ( 45) : 1 2 

an Q (t) = exp(-(A 11 + A22) t) x 
"1 2 

x !(a q (0) - aq q (oo)) cosw 1tcosw2t + 
q1 2 1 2 

1 . 
+ --(aq P (O) - aq P (oo)) smw 1t cosw 2t + 

m tw 1 2 1 2 1 

1 
+ --(a (O) -. q 1p2 • 

m2w2 
1 

+-----(a 
m 1m2 w1w2 P1P2 

a q 
1 

P
2 

( oo)) cos w 1 t sin w 2 t + 

(0) -a P P (oo)) sin w 1 t sin w2t I +e1 q q 
1 2 1 2 

(46) 

(oo) • 

Similar expressions are found for the other matrix ele~ 
ments of a (t) • The matrix elements of a(oo) depend on Y 
and D and must be evaluated with Eq.(25) or by the rela
tion 

;(..;) = 2 7 M(t') 6 M T(t') dt -. 
0 

As an example we present the value of aq q (oo): 
1 2 

(LI7) 

2 2 2 2 -1 
aq1q2 (oo) = 2 [ ((A 11 + A22) + (w 1 + w 2) )((All+ A22) + (w1 -w2) )] x 

x {(A 11 + A 2i((A 11 +A 22)2 +wi +w~ )Dq1 q2 +((All+ A22)2 +wi -<.u~)DQ:;P{m1+ 

+((A 11+ \ 22) 2 +w 2
2-wi)D /m 2 +2(A 11+A 22)D /(m 1m2 ) I. (48) 

q1p2 p1p2 

Similar expressions are obtained for the other matrix 
elemen t s of ; (oo), 
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6. Conclusions 

In this paper we have formulated the time-dependence 
of a system consisting of two damped oscillators. The 
equations of motion of operators and expectation va lues 
are obtained by applying the theory of Lindblad 12• 3/ and 
by extending it explicitly to two oscillators. The resul
ting time-dependence of the expectation values shm,;rs an 
exponential damping. 

In order to apply this theory to the dynamics of the 
charge and mass asymmetry degrees of freedom in deep 
inelastic collisions one can start from the Hami lto
nian H given by Gupta et al. 141 , which depends on the 
coordinates 'liz= (Z 1 - Z2)/(Z 1 +Z~and 11 N=(NcN2)/(N1+ 2)of 
the proton and neutron asymmerties, respectively. By com
paring this Hamiltonian with Eq.(4) we can set K 12 =0 and 
~tj=O in Eq.(4). In a first application of this theory 
the matrix (10) which describes the damping and di f fusion 
of the system can be chosen freely by fitting the expe
rimental data. Work in this direction is in progre s. 
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H3ME PEHHE nEPBH4HO~ HOHH3AUHH PEnHTHBHCTCKHX 
4ACTHU B CTPHMEPHO~ KAMEPE CnEKTPOMETPA PHCK 

A.B. 6aHHHKOB, H.63M, n.C.BepTorpaAOB, H.B.IpHWKeBH4, 
A.K. AmaspHWBHnH*, 3.B.KpyMwTeHH, T.A.noMTaA3e*, 
13. n. t1epeKOB' B. H. neTpyXHH' K. nHwKa' 3. r. UxaAaA3e*' 
K.Wa$apHK, I.A.WenKoB 

0ITHCbiBaeTCH npou;eAypa H3BJietreHHH HH¢JOpMai.J;HH 06 
HOHH3ai.J;HOHHbiX ITOTepHX traCTHI.J; H3 ITOJiytreHHbiX Ha H3-
MepHTeJibHOM aBTOMaTe A3JIT-2/ 160 AaHHbiX 0 MHKpo
CTpyKType TpeKOB B CTpHMepHOH KaMepe cneKTPOMeTpa 
PHCK. B KatreCTBe napaMeTpa, ytrHTbiBaJOI.llero HecTa-
6HJibHOCTH CHCTeM CTPHMepHOH KaMepbl H napaMeTpOB 
¢JOTOMaTepHaJia, npeAJiaraeTCH HCITOJib30BaTb cpeAHJOJO 

eJIH'l:HHY AHaMeTpa CTpHMepoB Ha TpeKe, H3MepHeMyJO 
enocpeACTBeHHO Ha ¢oToiTJieHKe. Ha6JIJOAaeTCH pa3JIH
He HOHH3ai.J;HOHHbiX ITOTepb 17- -Me30HOB H aHTHITPOTO-

HOB C HMITYJibCOM 38 f3B/c B COrJiaCHH C TeopeTHtrec
HMH OI.J;eHKaMH. ~OCTHrHyTaH TO'l:HOCTb H3MepeHHH HO
H3ai.J;HH 6JIH3Ka K TeopeTHtreCKH B03MOmHOH. 

Pa6oTa BbiiTOJIHeHa B Jia6opaTopHH HAePHbiX npo6neM 
OIDIH. 

rimary Ionization Measurement of Relativistic 
articles in the RISK Spectrometer Streamer 
hamber 

A. V. Bannikov et al. 

Procedure of ionization information extraction 
f rom the data on streamer chamber track microstruc
t ure in RISK spectrometer streamer chamber obtained 
n the automatic measuring system based on 

AELT-2/ 160 cathode ray tube is described. The pos
s ibility of using average value of streamer dia
me ter on a track measured directly on a film is 
proposed. It is used as a parameter making allo
wance for instabilities of streamer chamber sys
t ems and of photographic material parameters. The 
difference is observed between ionization losses 
of 38 GeV/c 17--mesons and antiprotons which agre
es with theoretical estimates. The accuracy achie-

* HHcTHTYT ¢H3HKH AH rccP, T6HJIHcH 



ved of the ionization measurement is near t o the 
theoretical limit. 

The investigation has been performed at t he 
Laboratory of Nuclear Problems, JINR. 

BeeoeHue 

npHH~HnHanbHaH B03MOmHOCTb HAeHTH~HKa~HH penHTHB~CTCKHX 
4aCTH~ nyTeM H3MepeHHH nepBH4HO~ HOHH3a~HH B CTpHMe HO~ 
KaMepe 6~na 3KcnepHMeHTanbHO AOKa3aHa 111 a 1968 r. 3 a npo
weAwee epeMH 6brn e~nonHeH PHA MeTOAH4eCKHX pa6oT 12· 1 , noA
TBepmAa~~Hx 3TY B03MOmHOCTb. CpeAH HHX B~AenHeTCH p a 6o-
Ta 151 , BblnOnHeHHaH B l.lEPHe B 1977 r., B KOTOpO~ pean bHOCTb 
HAeHTH~HKa4HH penHTHBHCTCKHX 4aCTH4 6~na npoAeMOHCT pHpo
eaHa AnH 6onbwo~ cTpHMepHo~ KaMepbr 2, 7x1 , SxO, 5 M a ycno
BHHX, THnH4HbiX AnH 3KCnepHMeHTOB Ha HHTeHCHBH~X ny4 KaX 4a
CTH4 - YKOp04eHHOe AO -1 MKC epeMH naMHTH /nyTeM BBeAeHHH 
A06aBKH 3neKTpOOTPH4aTenbHOrO ra3a/ H, KaK cneACTBH e 3TO
ro, He 100%-3~~eKTHBHOCTb perHCTpa4HH ~eHTpOB nepBH4 HO~ 
HOHH3a4HH. B 3KCnepHMeHTe/3,6/ CTpHMepHaH KaMepa HCnOnb~O
BanaCb AnH nOHCKa CB060AH~X KBapKOB C AP06H~M 3aPHAOM • 

.npo6neMbl HAeHTH~HKa4HH 4aCTH4 a 3TOM cny4ae npo~e, eM 
B cny4ae 4aCTH4 paBHbiX 3aPHAOB, T aK KaK HOHH3a~HOHHb e no
TepH nponop~HOHanbH~ KBaApaTy 3aPHAa 4aCTH~. Ao CHX nop, 
OAHaKO, HeT HH OAHO~ pa60T~, B KOTOpO~ 6~ yKa3aHHaH cno
C06HOCTb CTPHMepHO~ KaMep~ HCnOnb30BanaCb AnH HAeHTH~H

Ka4HH penHTHBHCTCKHX 4aCTH~ paBH~X 3aPHAOB B KaKOM-nH60 
KOHKpeTHOM 3KCnepHMeHTe. 3TO 06oHCHHeTCH, B nepey~ 0 4epeAb, 
cnomHOCTb~ 3aAa4H, nOCKOnbKY pa3HOCTb HOHH3a4HOHH~X no
Tepb penHTHBHCTCKHX 4aCTH4 He npee~waeT -20% H AnH HX 
HAeHTH~HKa~HH Tpe6yeTCH b6ecne4HTb T04HOCTb H3MepeHHH no
PHAKa HecKonbKHX npo4eHTOB. AnH peweHHH 3TO~ npo6neM~ He
o6xOAHMo, eo-nepe~x, o6ecne4HTb AOnroepeMeHHY~ CTa6Hn b
HOCTb napaMeTpOB pa60T~ BCeX CHCTeM CTpHMepHO~ KaMep~ , 

eo-eTop~x. pa3pa6oTaTb MeTOA~ Maccoeoro H3MepeHHH H o 6pa-
6oTKH ~HnbMOBOrO MaTepHana, cy~eCTBeHHO OTnH4a~H8CH OT 
TpaAH4~ oH~X MeTOAOB. 

KaK H B pa6oTaX /3,6/, AnH H3MepeHHH HOHH3a4HH Ha ~YinbMO
BOM MaTepHane cneKTPOMeTpa PHCK171 6~n e~6paH H3MepH Tenb
H~~ aBTOMaT Ha 6a3e 3neKTpOHHO-ny4eBO~ Tpy6KH - B HaWeM 
cny4ae A3nT-2/16o 18~ PHA oco6eHHocTe~ 3THx npH6opoe, H 
a nepey~ 04epeAb, B03MOmHOCTb nepeMeHHoro HanpaeneHHH cKa
HHpoeaHHH, KOTOpoe MOmeT 6~Tb ecerAa B~6paHO nepneHAY! Ky
nHpHbiM K cneAY 4aCTH4~ I AnH A3nT- 2/160 3TO noKa Tonb Ko 
npHH4HnHanbHaH B03MOmHOCTb/, Aena~T HX HaH6onee npHrOAHbi
MH AnH H3MepeHHH MHKPOCTPYKTyp~ TpeKOB, a HMeHHO B He~ 
H 3aKn~4eHa HH~OpMa4HH 06 HOHH3a4HOHHbiX nOTepHX 4aCTH4. 
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B pa6oT e 191 6~n~ ~ccneAOBaH~ ocHOBH~e xapaKTep~cT~K~ A3nT 
np~ ~sMepeH~~ $~nbMoeoro MaTep~ana cneKTpoMeTpa PHCK. Uenb 
HaCTOHllje il! pa60Tbl - Bblpa60TKa npo~eAYP~ ~SBne4eH~H ~S 3T~X 
AaHHbiX ~ H$OpMa~~~ o6 ~oH~sa~~OHHbiX noTepHx 4acT~~. 

Hcx o 8Hwe 8a HHWe u Me mo8 o6pa6omKu 

HcxoAHbiM MaTep~anoM AnH AaHHoil! pa6oTbl cny>K~na ~H$QpMa

~~H 0 MHKpOCTpyKType - 200 TpeKOB ny4KOB~X rr- -MeSOHOB 
~ aHT~npOTOHOB C ~MnynbCOM 38 r38/c. 4aCTI-1~bl nepeCeKa~T 
CTp~Mep Hy~ KaMepy B rop~SOHTanbHOil! nnOCKOCTI-1 Ha 2 CM BbiWe 
oc~ KaMe pbl . ~~aMeTp ny4Ka Ha BXOAe a KaMepy 2,5 CM, yrno
eaH paCXOA~MOCTb ±2 MpaA. 4acT~~~ B~AenHn~Cb ~ ~AeHT~-~~~
poean~Cb wecTb~ c~~HT~nnH~~OHHbiM~ ~ TpeMH rasoBbiM~ noporo
BbiM~ 4epeHKOBCK~M~ C4eT4~KaM~. ~nH yc~neH~H KOn~4eCTBa 

ceeTa o T cTp~Mepoe a onT~4ecK~x KaHanax ~cnonbsoean~cb 
ABYXKa cKaAH~e 3neKTpOHHo-onT~4ecK~e npeo6pasoeaTen~ /30n/ 
c Ko3¢$H~~eHTOM yc~neH~H -100. PaspeweH~e onT~4ecKoi1 c~
cTeMbl Ha nneHKe COCTaBnHnO - 2u nap n~H~~~~ Ha MM, $aKTOp 
yMeHbWeH~H -60, cneAOBaTenbHO, paspeweHHe a npocTpaHcTee 
-3 MM. n p~ TaKOM paspeweH~~ HSMepeH~e M~KpOCTpyKTyp~ TpeKOB 
c He6on bwoi1 nnoTHOCTb~ I< 3 cTp~Mepoe/cM/ peanbHee. KonH-
4eCTBO ~eHTPOB nepB~4HOi1 ~OH~Sa~~~, npO~SBOAHMbiX B pa6o4eM 
rase CTP~MepHoil! KaMepbl PHCK /70% Ne + 30% He/ rr- -MesoHaM~ 

8 -1 
c ~Mnyn bCOM 3 f3B/c, cylljeCTBeHHO 6onbwe -13 CM · YMe~b-
waH c noMOlllb~ A06aeK~ 3neKTpooTpH~aTenbHoro rasa /SF6 / 
BpeMH naMHT~ CTp~MepHOil! KaMepbl np~ $HKC~poBaHHOi1 Ben~4~

He SaAeP>KK~ BbiCOKOBOnbTHOrO ~Mnynbca OTHOC~TenbHO MOMeHTa 
npOXO>KAeH~H 4aCT~~bl 4epes CTp~MepHy~ KaMepy, MO>KHO yMeHb
W~Tb 3¢$eKT~BHOCTb per~CTpa~~~ ~eHTpOB nepB~4HOi1 HOH~Sa

~~~ AO He06XOA~Moro YPOBHH. 
Ha H SMep~TenbHOM aeToMaTe OHRH A3nT-2/160 a pe>K~Me cKa

H~poeaH~H C ManbiM warOM /20 MKM/ ~SMepHnCH $~nbMOBbli1 Ma
TepHan A~YX nepe~x /~s 4eTblpexj110/ cTepeonpoeK~~~~~. oxeaTbl
ea~lljHX Ha4anbHY~ no ny4KY nonOBHHY CTp~MepHoil! KaMepbl. AnH 
HCKn~4eH~H Ha nepBOM 3Tane o6pa60TK~ 3$¢eKTOB, BbiSBaHHbiX 
Hen~HeV H~MH ~CKa>KeHHHM~ Ha KpaHX nonH speH~H 3Qn, aHan~

S~po ean~Cb pesynbTaTbl, nony4eHHble AnH y4aCTKOB TpeKoe , pe
rHcTp~ pyeMbiX ~e HTpanbHoil! 4aCTb~ 30n AaHHoro cTepeoe~Aa 
I -5 0 CM/ . TaK~M o6pasoM,HOH~sa~~H ~sMepHnacb Ha An~He 
Tpe Ka , paeHoil! OAHOMY MeTpy /2·0,5 M/. AaHH~e, nony4eHHble 
Ha A3nT , ¢HnbTpoean~cb /oT6pacbleanHCb $OHOBble oTc4eTbl, ne
>K alljHe B CTO pOHe OT TpaeKTOp~~ 4aCT~~bl/ ~ npeABap~TenbHO 

o6pa6aT~eanH C b no npo~eAype, on~caHHOil! a pa6oTe 111 1 . B pe
syn bTaTe 3TOi1 06pa60TK~ AnH Ka>KAOrO TpeKa Ha MarH~THy~ 
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JleHTY 3anHCb1BaJlaCb HH$OpMa4HR 0 BCeX 11 TeMHbiX11 06beKTaX 
/cryCTKaX/ TpeKa /KOOPAHHaTbl Ha4aJla H KOH4a cryCTKa BAOJlb 

TpeKa H MaKCHMaJlbHbl~ pa3Mep crycTKa B nonepe4HOM Ha npaa
JleHHH/, a TaK>Ke HH$QpMa4HR 0 BCeX CTpHMepaX, 11 H3BJle4 eHHbiX11 

1-13 cryCTKOB /KOOPAHHaTbl 4eHTpa H AHaMeTp CTPHMepa/ . npoBep
Ka noBTOpReMOCTH pe3yJlbTaTOB, nOJly4aeMbiX B XOAe o6p a60TKH, 
6b1Jla BblnOJlHeHa B pa6oTe/9/ no AaHHbiM MHOrOKpaTHbiX H3Mepe
HH~ OAHOro H TOrO >Ke TpeKa. noKa3aHO, 4TO OCHOBHble BeJlH4H
Hbl, xapaKTepH3YIOUIHe I~HKPOCTpyKTypy TpeKOB, H3MepRIOT CR 
C T04HOCTbiO - 3%. 

0CHOBHaR 3aAa4a HaCTOR~e~ pa60Tbl COCTORJla B H3BJle4eHHH 
1-13 3TOrO MaTepHaJla HH$QpMa4HH 06 HOHH3a4HOHHbiX nOTe pRX 4a
CTH4 6e3 npHBJle4eHHR KaKHx-n~t~6o AOnOJlHHTeJlbHbiX AaH HbiX,H 
B nepByiO 04epeAb, AaHHbiX 06 aMnJlHTYAe HMnyJlbCa BbiCOKOBOJlbT
HOro nHTaHHR CTPHMepHO~ KaMepbl. Bo BCex npeAbiAY~HX pa6oTaX 
no H3MepeHHIO HOHH3a4HH B CTpHMepHbiX KaMepax BBOAHJlHCb or
paHH4eHHR HJlH nonpaBKH Ha BeJlH4HHY BbiCOKOBOJlbTHOro HMnYJlb
ca.Ho T04Hoe B Te4eH~t~e AJlHTeJlbHoro /MHorocyT04Horo/ nep~t~oAa 
H3MepeHHe aMnJlHTYAbl BbiCOKOBOJlbTHOro CHrHaJl~ - TeXHH4e!=KH 
TPYAHaR 3aAa4a. KpoMe Toro, Ha nony4aeMbl~ pe3YJlb TaT BJlHRIOT 
H APYr~t~e npH4HHbl /HenocTORHCTBO xapaKTepHCTHK <t>oTonn eHKH, 
pe>KHMa npORBJleHHR H T.A./. no3TOMy, HeCMOTpR Ha BbiCOKHe 
xapaKTepHCTHKH annapaTYPbl cneKTpoMeTpa PHCK, B Ka4eCTBe 
napaMeTpa, 4YBCTBHTeJlbHOrO KO BCRKOrO POAa annapaTy HbiM 
HeCTa6HJlbHOCTRM, npeAJlaraeTCR HCI10Jlb30BaTb cpeAHH~ AHaMeTp 
CTPHMepa, H3MepReMbl~ HenocpeACTBeHHO Ha $0TOnJleHKe AJlR 
Ka>KAoro TpeKa HJlH Aa>Ke ero 4aCTH . 

Bb16paa cpeAHH~ AHaMeTp cTp~t~Mepa B Ka4eCTBe napaMe Tpa, 
Y4HTb1BaiO~ero BJlHRHHe annapaTypbl Ha H3MepeHHe HOHH3a HH, 
Heo6XOAHMO 6b1Jl0 o6ecne4HTb MaKCHMaJlbHO B03MO>KHYIO B AaHHbiX 
ycnoBHRX T04HOCTb ero onpeAeJleHHR. TpaAH4HOHHoe AJlR npo4e
AYP aaToMaTH4eCKO~ o6pa6oTKH pa36~t~eH~t~e H3o6pa>KeHHR TpeKa 

4aCTH4bl Ha cryCTKH H npOCBeTbl / 5/ AaeT HenOJlHYIO HH$O p Ma4HIO 
0 AHaMeTpe CTPHMepoB. B peaJlbHbiX YCJlOBHRX COCeAHHe CTpHMe
pbl CJlHBaiOTCR B cryCTKH, no3TOMY npH HCnOJlb30BaHHH c r yCTKa 
B Ka4eCTBe eAHHH4bl HH$QpMa4HH Ha TpeKe yMeHbWaeTCR CTaTH
CTH4eCKaR o6ecne4eHHOCTb 04eHKH BeJlH4HHbl AHaMeTpa CTpHMe
POB. AnR yMeHbWeHHR BJlHRHHR 3$$eKTa o6oeAHHeHHR a p a6o
Te 1101 6b1Jl npeAJlO>KeH npOCTO~ anropHTM 11 Bblpe3aHHR 11 CTpHMe
pOB 1-13 cryCTKOB, npHH4Hn pa60Tbl KOTOporo nOHRTeH 1-13 PHC. 1. 
no AaHHbiM 0 -100 TpeKaX, ycpeAHeHHbiX B npeAeJlaX OAHOrO 
BHAa /BHAa 3/, cpeAHHe 3Ha4eHHR AHaMeTpa crycTKa /CTPHMe
pa/ paBHbl 85,2±0,2; /77,5±0,1/ MKM Ha $OTOnJleHKe CO cpeA
HeKBaApaTH4HbiM pa36pocoM 16,7 /11,5/ MKM. H3 np~t~BeAeHHblx 
AaHHbiX cneAyeT, 4To np~t~MeHHe npo4eAYPbl 11 Bblpe3aHHR 11 no3ao
JlReT nOBbiCHTb T04HOCTb H3MepeHHR AHaMeTpa B -1 ,5 p a 3a. 
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illllnll\l\1111\\lll\111111 1 j , • 
1)(2 

~~~~~~~~~~~~~~ D, Ill q! tJ X 

ttill 
.D.t .lit 

Ht ~8 X 

PHc.2. P acnpep;eneHHH paccTo

HHHH M~Y ~eHTpaMH cocep;HHX 
11 BbipesaHHbiX11 CTpHMepoB p;JIH 
TpeKOB rr--Me30HOB /nyHKTHp/ 

PHc. I. CxeMaTH~ecKoe Hso6pa
~eHHe npHH~Hna pa60Thl npo~e
p;ypbi "paspesaHHH 11 crycTKa 
Ha cTpHMepbi: a,G,B -nocne

p;oBaTeJI:&Hbie 3TaTibi; L1 i , X i -

p;HaMeTp H KOOpp;HHaTa no OCH 
X i-ro Bbipe3aHHOro CTPHMepa. 

N 

1000 

' ' 
'1. 

/' 
.-·-·-·-·---.---· 

tJ 

fl 0 100 lmin,lfK/'1 
'l 
' ,, 

I ,, 
H aHTHnp oToHoB I cnnolllHaH nH- 100 

HHH/C HMnYJI:bCOM 38 rsB/c /a/. 
B pacnp ep;eneHHHX npocyMMH

poBaHbi p;aHHbie o -60 TpeKax 
p;JIHHOH 50 CM. 3aBHCHMOCT:b Be
Jl~~HHbl HOHH3 a~H (I) p;mi 

,, 
' L.l,-,.,._ a 

' ' 
'1 ,, r 

LJ I ,, 
I 

' ' 
rr -Me30HOB, ' onpep;eJIHeMOH 

¢oPMY.Jie I I I , OT. BeJIH~HHbi 
paMeTpa fmin /6/. 

no L_J 1 :, ~ I 
na- to II 1 1 1 \ 

0 zoo 4110 ---

P e 3 Y.llbmaml!z 

npHH~Hnhl H3Bne4eHHH HH$OpMa~HH 06 HOHH3a~HOHHhlX nOTe
PHX 4aCTH~bl H3 j:\aHHhlX o6pa6oTKH $HnbMOBOrO MaTepHana Tpe
KOBhlX Ae TeKTopoe noAp06!iO Hano>KeHhl B pa6oTax 112 • 131 • BenH-
4~Ha cpe AHero paCCTOHHHH Me>KAY KpaHMH COCeAHHX CTpHMepoB 
(f) ·CBH 3 aHa C nepBH4HOH HOHH3a~HeH 4aCTH~hl /4HCnOM ~eHT
pOB nep BH4HOH HOHH3a~HH Ha eAHHH~e An~Hhl TpeKa/ npoCTOH 
$QpMynoA 

-1 
I = (f - f min ) /1/ 

rAe fmin - BenH4~Ha, OnpeAenHeMaH, B OCHOBHOM, npOCTpaHCT
BeHHhlM p aapeweHHeM AeTeKTopa. CornacHo 3TOH $QpMyne eenH-
4HHa HOHH3a~HH /1/ He 3aBHCHT OT AHaMeTpa CTpHMepoB Ha Tpe
Ke, n03TOMY ee peKOMeHAYeTCH HCnOnb30BaTb J:lnH nepBhlX O~e
HOK. Ha pHc.2a npHBeAeHhl rHcTorpaMMhl pacnpeAeneH~A paccToH
H~A Me>KAY ~eHTpaMH COCeAHHX 11 BhlpeaaHHhlX11 CTp~MepoB AnH BCeH 
~3MepeH HOH CTaTHCT~KH rr--Me30HOB /nyHKTHp/ H aHTHnpOTO
HOB /cnn OWHaR nHHHR/. Ha pHC.26 npHBeAeHa aaBHCHMOCTb HOHH-
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zo 
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.!0 

zo 

tO 

N 
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6 

0,5 It, t/CI"' 

PHc. 3. I'HcTorpaMMbi pacnpep;e
neHHH BenH'IHHhl HOHHS~HH 

(I L), onpep;eneHHOH MeTOAOM 
CKB~HOCTH AflH TpeKOB IJ;nHHOH 
50 CM "--MeSOHOB /nyHKTHp/ 
H aHTHnpOTOHOB /cnnomHaH nH

HHH C HMnYnbCOM 38 fsB/c. 
IlnaBHble KPHBbie - pacnpep;ene
HHH llyaccoHa AflH N = 70 -
OXHp;aeMoro 'IHCna ~eHTPOB 
nepBH'IHOH HOHHS~H / a /. 
To xe nocne BBep;eHHH KoppeK
~H Ha BenH'IHHY cpep;He ro 
AHaMeTpa CTpHMepOB Ha Tpe-
Ke /6/. To xe p;nH TpeKa p;nH
HoH: 2M /cM.TeKcT/.Pacnpep;e
neHHH llyaccoHa p;nH N = 280 /B/. 

aa~~~. onpeAeneHHOH no ¢op
Myne 11 I, OT een~4~H~ f min' 
Ha p~cyHKa e~~Ho, 4TO , ~a4~

HaR C 1100+1201 MKM, AaHH~e 

e npeAenax ow~6oK He aae~CRT 

OT een~4~H~ fmin . CpeAHRR een~4~Ha ~oH~3a~~oHH~x noTepb 
"--Me30HOB ~ aHT~npOTOHOB lfmin = 100 MKMI, ycpeAHeHHaR 
no AaHH~M AJlR ~ 120 TpeKoe, 

I"= (1 ,67±0,03) CM-1 , Ip = (1 ,40±0,02) CM - 1 

M /I = ( I" - I P ) /1" = ( 1 6± 2)% • 
121 

TeopeT~4ecK~e o~eHK~ ~oH~aa~~oHH~x noTepb 1141 e raae cTp~
MepHOH KaMep~ cneKTpoMeTpa PHCK 130% He + 70% Nel Aa~T 
AfiR Tex >Ke eem14~H 

(I")Teop. = 13,00 

M/I = 15,4%. 

-1 CM , 11,00 CM-1 

131 

Ha 3T~x AaHH~x cneAyeT, 4TO e cTp~MepHOH KaMepe MO>KHO e~
AeTb paan~4~e ~oH~3a~~OHH~X noTepb "-MeaoHoe ~ aHT~npoTo

HOB c ~MnynbCOM 38 f3Bic e cornac~~ c TeopeT~4eCK~M~ o~eH
KaM~. B TO >Ke epeMR He06XOA~MO e~e pa3 OTMeT~Tb, 4TO pe-
3YflbTaT~ nony4eH~ Ha OCHOBe ycpeAHeH~R AaHH~X 0 ~120 no
nyMeTpOB~X TpeKaX, T.e. AflR TpeKa 11Afi~HOH 11 60 M, 4TO C~e
CTBeHHO npee~waeT peanbHO ~3MepReM~e Afl~H~ TpeKOB 12+41 M. 

Ha p~c.3a np~BeAeH~ r~cTorpaMM~ pacnpeAeneH~H een~4~H~ 
~OH~3a~~~ (IL), onpeAeneHHOH MeTOAOM CKBa>KHOCT~; 

I L = - In L I ( f min + D) , I 4/ 
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r,qe L - CKB8)f(HOCTb TpeKa, L = 1/x ·I (f - fmln ), X - ,QJU.1Ha 
TpeKa,f ill fmin- Te )f(e, 4TO ill B cpopMyne 111, D- cpe,QHilli1 
,QillaMeTp CTpHMepoB Ha TpeKe. HOHH384i11R onpe,QeJlRJ18Cb ,QJlR 
Y48CTKO B TpeKOB IBiii,Q 31 rr--Me30HOB lnyHKTi~~pl ill 8HTillnpOTO
HOB lcnJlOWHaR JlHHiiiRI ,QJliiiHOi1 50 CM: 

I" 

Ip 

(1,73±0,03) 

(1 ,42±0,02) 

CM -1, 

CM - 1 
a"= (0,41±0,03) 

ap = (0,33±0,02) 

CM -1 

-1 
CM 

. 
r,qe a - cpe,qHeKBa,qpaTi114Hbli1 pas6poc pacnpe,qeneHiiiR. Cor nac
Ho 3Ti11M 04eHK8M, COBna,Qa~iiiM B npe,QeJlaX OWillfiOK C npi~~Be,QeH
HbiMill paHee 04eHK8Mill 121, Ha noJlyMeTpOBOM y4aCTKe TpeKa 
,QOJl)f(HO fi biTb, B Cpe,QHeM, OKOJlO CeMiii,QeCRTill periiiCTpi~~pyeMbiX 

4eHTpOB nepBH4HOi1 HOHi113a4iiiH. nnaBHble Kpi~~Bble H8 pillc.3a,fi -
pacnpe,QeJleHiiiR nyaCCOHa ,QJlR 3TOi1 BeJlill4i11Hbl IN = 701. 0THO
Ci11TeJlbH8R BeJlill4i11Ha cpe,QHeKBa,QpaTi114HOrO pa36poca ,QJlR 3KC
nepHMe HTaJlbHO nony4eHHbiX pacnpe,qeneHilli1 - 24%, 4To a,qaoe 
60JlbWe Q)f(iii,QaeMoro ill3 pacnpeAeJleHiiiR nyaccoHa I -12%1. H3 
•3THX ,Qa HHbiX Biii,QHO, 4TO HAeHTi11Qli11Ka4iiiR OT ,QeJlbHbiX KOPOTKiiiX 
TpeKoB HeB03MO)f(Ha. Ha pi~~C. 4 npi~~Be,QeHbl saBiiiCiiiMOCTill cpe,QHiiiX 
aeJliii4HH HOHi113a4iiiH, onpe,qeneHHbiX no MeTOAY CKBamHOCTill, OL)' 
OT cpeAHero ,QillaMeTpa (D) CTpi~~MepoB Ha 50 CM TpeKe. CBeTJlble 
T04Kill - AaHHble AllR rr- -Meso HoB, TeMHble - ,QllR aHTillnpoTOHOB. 
Hs pi~~cyHKa BH,QHO, 4TO Ka)f(,QaR rpynna ,qaHHbiX xopowo annpoK
Ci~~MillpyeTCR Jli11Hei1Hoi1 saBiiiCiiiMOCTbiO. Yrllbl HaKJloHa annpoKCiiiMiii
PYIO~Hx npRMbiX B npe,QeJlaX OWillfiOK COBn8A810T. 3TO n03BOJ1ReT 
BBeCTill KOppeK4iiiiO BeJli114HHbl HOHH384Hill Ha 3Ha4eHHe cpeAHero 
,Qi118MeTpa CTpHMepOB lnpiiiBeCTill BCe AaHHble K eAiiiHOMY ,QillaMeT
pyl B BIA,Qe 

I* = I - K(D -D 0 ), 

r,qe I ill D - i113MepeHHble Ha ,QaHHOM TpeKe aenill4i11Hbl iiiOHi11384illill 
H cpe,QHero ,QHaMeTpa CTpi~~MepoB, D0 - HOpMHPOB04HaR KOHCTaH
Ta, on peAeJlRIO~aR, K KaKOMY 3Ha4eHHIO ,QillaMeTpa nepeC4i11Tbi
BaiOTCR ,qaHHble. Benill4i11Ha nocTORHHa ,QJlR ,qaHHoro onTi114ecKoro 
KaHana laill,qal cneKTpoMeTpa ill pasHa cpeAHei1 Belli114i11He Ailla
MeTpa cTpi~~Mepoa Ha AaHHOM Bi~~Ae. K- K03QlQli114HeHT, paBHbli1 
TaHreHCy yr11a HaKJlOHa npRMOi1, annpOKCi11Millpy~ei1 3aBi11CiiiMOCTb 
I oT D. AnR iiiOHi113a4illill, onpe,qenReMoi1 MeTO,QOM CKBa)f(HOCTill, 

K= 10 , 16±0,021 MKM-2 • 
Ha p i~~c.36 npHBeAeHbl rillcTorpaMMbl Tex )f(e, 4TO ill Ha pi~~c.3a, 

pacnpeHeJleHilli1 nOCJle npi~~BeAeHiiiR ,Q8HHbiX K eAHHOMY 3Ha4eHiiiiO 
cpeAHe r o Ha TpeKe AillaMeTpa cTpi~~Mepoa. P acnpe,qeneHiiiR ''cy-
3i11Jli~~Cb1 ' : a :::a = I 15± 11% ill npi116Jli113i11Jli11Cb K TeopeTi114eCKoi1 
aenH4i11 He a"~ 1£%. AanbHei1wee cy~ecTBeHHoe yny4weHille pas
peweHiii H B03M0)f(H0 TOJlbKO 3a C4eT yBeJlill4eHiiiR i113MepReMO~ ,QJliii

Hbl Tpe Ka 48CTi114bl• 
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!,C/'1 

2,0 

1,5 

f.O 

PHc.4. 3aBHCHMOCTH c p eAHHX 

BeJIH"llHH HOHH3a~HH (IL ) , 
onpeAeneHHb~ MeTOAOM CKB~

HOCTH, OT cpeAHero AHaMeT
pa (0) CTpHMepoB Ha 50 CM 

TpeKe Anfl rr--Me30HOB /cBeT

nbie TO'IKH/ H aHTHITPO TOHOB 

/TeMHhle TO'IKH/ C HMny nbCOM 

38 rsB/c. 

Ha p~c.3e np~BeAeH~ r~

cTorpaMM~ pacnpeAeneH~H ee
n~4~H~ ~OH~3a4~~, ~3MepRe-

L MOH Ha ABYXMeTpoeoM TpeKe 
/cyMM~PY~TCR AaHH~e o6pa-

-+,o 4,5 s.o M 11, ,.,M 6oTK~ B~Aa 3 Ha 4eT~pex noA-
PRA ~AY~~x KaApax/. nnaBH~e KP~B~e- pacnpeAeneH~R nyac
COHa AnR cpeAHeH een~4~H~ N = 280. 

Bmeoot!l 

1. B cTp~MepHoH KaMepe cneKTpoMeTpa P~CK ~aMepeH~ ~oH~-
3a4~0HH~e noTep~ penRT~B~CTCK~X 4aCT~4 B o6naCT~ penRT~
B~CTCKoro pocTa ~oH~3a4~~. Ha6n~AaeTCR pa3n~4~e ~oH~3a4~-
0HH~x noTepb rr--Me30HOB ~ aHT~npOTOHOB C ~MnynbCOM 
38 r3B/c, oHo coenaAaeT c TeopeT~4eCK~M~ 04eHKaM~. 

2. Paapa6oTaHHaR npo4eAypa ~aMepeH~R ¢~nbMoeoro MaTep~a
na cneKTpoMeTpa P~CK Ha ~3Mep~TenbHOM aeToMaTe A3nT - 2/160 
e pem~Me cKaH~poeaH~R c Man~M I -20 MKM/ waroM noaeonReT 
C AOCTaT04HOH T04HOCTb~ ~3MepRTb AnR npRMOn~HeHH~X TpeKOB 
~X M~KPOCTPYKTYPY, B KOTOpOH ~ 3aKn~4eHa ~H¢0pMa4~R 06 ~o
H~3a4~0HH~X noTepRX 4aCT~4· 

3. B Ka4ecTee napaMeTpa, ~aMepReMoro HenocpeACTBe HHo 
Ha ¢oTonneHKe ~ Y4~T~ea~~ero annapaTypH~e HecTa6~nb HOCT~ 

pa6oT~ OCHOBH~X C~CTeM CTp~MepHOH KaMep~, a TaKme He nOCTQ
RHCTBO xapaKTep~cT~K ¢oTonneHK~, npeAnaraeTCR ~cnonbaoeaTb 

cpeAH~~ een~4~Hy A~aMeTpa CTP~Mepoe Ha TpeKe. ~cnon baoeaH 

cnoco6 11 e~peaaH~R 11 CTP~Mepoe ~3 crycTKOB, no3eonR~~~H noA
HRTb CTaT~CT~4eCKY~ o6ecne4eHHOCTb onpeAeneH~R cpeAHero 
A~aMeTpa CTP~Mepoe Ha TpeKe . 

4. ~cnonb3yeMaR npo4eAypa nony4eH~R ~ KoppeK4~~ AaHH~x 
06 ~OH~3a4~0HH~X noTepRX 4aCT~4 ~3 M~KPOCTpyKTYP~ TpeKOB 
B CTp~MepHOH KaMepe n03BOnReT AOCT~4b T04HOCT~ ~3MepeH~R 
~OH~3a4~~, 6n~3KOH K TeopeT~4eCK~ B03MOmHOH /Ha 20% xyme/. 
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5. 0THOC~TenbHa~ een~4~Ha cpeAHeKBaApaT~4Horo paa6poca 
yMeHbWaeTC~ C yeenH4eHHeM H3Mep~eMO~ B CTpHMepHO~ KaMepe 
AnHH~ TpeKa H An~ AnHH TpeKOB - 2 M AOCTHraeT BenH4HH~ 
/6+8/%. 

6. An~ npOAOn~eHH~ 3THX pa60T Ha 3KCnep~MeHTanbHOM Ma
TepHane , nony4eHHOM Ha cneKTpoMeTpe PHCK, Heo6xoAHMO ~c
nonb30B aTb ~3Mep~TenbHoe ycTpo~cTeo, noaeon~~~ee cKaH~po
BaTb a n po~aeonbHOM HanpaeneH~~ - ecerAa nepneHA~KYn~pHOM 
K TpaeKTOP~H 4aCT~~. 
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YCTPO~CTBO AnH OnEPATHBHOrO KOHTPOnH PA3MEPOB 
3nEKTPOHHOrO KOnbUA no CBE4EHH~ OCTAT04HOrO rA3A 

C.H.T~T~HHHKOB, B.H.Wan~nHH 

OnHCaHo ycTpOHCTBO AnH onepaTHBHoro KOHTponH pa3-
MepoB 3neKTPOHHOT'O KOnb~a no CBe~eHHID OCTaTO~HOT'O ra-
3a, n03BOnHID~ee HaCTpaHBaTb pa3Mep penHTHBHCTCKOT'O 
nyqKa 3neKTpoHOB c TOKOM, npeBbmaw~ 10 A, npH ~aB
neHHH ocTaToqHoro ra3a B HHTepBane /I0-5 ~10-7 I Topp. 
Pa3Mep CBeTH~eHCH 06naCTH H3MepHeTCH C nOMO~biD CHCTe
Mbi, COCTOH~eH H3 3neKTpOHHO-OnTH~eCKOT'O npeo6pa30Ba
TenH /30IT/ H ~HCCeKTOpa, COeAHHeHHhlX C nOMO~biD BOnO
KOHHO-OnTHqeCKOf·O KOHTaKTa. IToKa3aHO, qTO nopO T' OBaH 
OCBe~eHHOCTb CHCTeMbJ 30IT - ~HCCeKTOp Ha nHTb nopH~KOB 

mme CHCTeMbi 30IT - ¢loTonneHKa. 
Pa6oTa BbmOnHeHa B OT~ene HOBb~ MeTo~oB ycKopeHHH 

OIDIM. 

~quipment for Operative Control of Electron Ri ng Size 
by Luminosity of Residual Gas 

S.I.Tyutyunnikov, V.N.Shalyapin 

Equipment for the operative control of the e lec
tron ring size by luminosity of residual gas i des
cribed. This equipment allows one to regulate t he si
ze of relativistic electron beam with current l arger 
than 10 A at pressure of residual gas in the 1 0- 5 ~ 
~~o-7 Torr interval. The size of the luminosity re
gion is measured by means of the system consis t ing 
of electron-optic converter (EOC) and dissector con
nected with a fiber optic contact. The threshol d il
lumination of the EOC-dissector system is by t e or
der of 5 lower than EOC-photofilm. 

The investigation has been performed at the Depart
ment of New Acceleration Methods, JINR. 

OcHOBHOH cnoco6 H3MepeHHR npo~HnR nnOTHOCTH ny4 Ka aa
p~meHH~x 4aCTH4 - naMenbH~H MeTOA, OCHOBaHH~H Ha H3Mepe
HHH ToKa nH6o aap~Aa c 3neKTPOAOB /naMeneH/, pacnonomeH
H~x paBHOMepHO no Ce4eHH~ ny4Ka /CM., HanpHMep, /l/ /. 

0AHaKO H3MepeHHR TaKHM CnOC06oM npHBOA~T K pa3pyweHH~ ny4-
Ka. B pa6oTe ! 2/ , HanpHMep, KOHTpOnb TOKa ny4Ka 3neKTpo
HOB npOBOAHnCR no H3MepeHH~ HHTeHCHBHOCTH CBe4eHHR OCTa-
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-~1 

PHc. I • CTpyKTypHaH cxeMa CHCTeMbJ 30II - AHCCeKTop. 
I - 3neKTPOHHo-orrTHqecKHH rrpeo6pagoBaTenh; 2 - AHCCeK
Top; 3 - KOprryC - 3KpaH; 4 - BOnOKOHHO-OITTHqecKa.fl maH-
6a; 5 - ~OKyCHpYIDmHH 3neKTPOA; 6 - aHoA; 7 - MHKpoKa
HanbHaH rrnaCTHHa; 8 - BOnOKOHHO-OITTHqeCKOe COeAHHeHHe; 
9 - ~OKYCHpyro~a.fl KaTymKa; 10 - KaTymKa CTpOqHOH pag
BepTKH; II- ~enb AHCCeKTopa; 12- BTOpHqHo-3neKTpoH
Hblli YMHO~Tenb; 13 - AenHTenb; 14 - ITHTaHHe H Bb~OA 
CHCTe MbJ. 

T04Horo ra3a /Mo~HOCTb~ nopHAKa 1 MBT/, eo36y~aeMoro np~ 
coyAapeH~Hx c 4aCTH~aM~ ny4Ka. ~cHo, 4TO npo$~nb npocTpaH
CTBeHHor o pacnpeAeneHHH 3TOrO CBe4eH~R MOmeT AaTb HH$Op
Ma~H~ o pa3Mepax ny4Ka. 

CoepeMeHH~e MeTOA~ ~3MepeHHH npoCTpaHCTBeHH~X napaMeT
poe cna6~x ceeToe~x noTOKOB ~cnonb3y~T 3neKTpOHHo-onTH4ec
KHe npeo6pa3oBaTenH /30n/. PerHCTpa~HH ~3o6pameH~R c 30na 
BeAeTCH Ha $OTOnneHKY, 4TO He AaeT AOCTaT04HOH onepaT~B
HOCT~. QnepaT~BH~H CbeM ~H$OpMa~~~ Heo6XOA~M, B 4aCTHOCT~, 
np~ HaCTpOHKe ~ KOHTpone pa3Mepa ny4Ka yCKOP~TenH. 8 Ha
CTOH~eH pa6oTe npeAnaraeTCH npOBOA~Tb onepaT~BH~H KOHTpOnb 
pa3Mepoe ny4Ka 4aCT~~ no ~3MepeH~~ reoMeTp~~ cae4eH~R oc
TaT04Hor o ra3a c noMo~b~ 30na, np~ 3TOM coeM ~H$OpMa~~~ 
c nocneAHero npoeoA~Tb A~cceKTopoM. Ha p~c. 1 noKa3aHa 
CTPYKTy pHaH cxeMa TaKoro npH6opa. CeeToeoe ~3ny4eHHe ycH
nHeaeTCH 30noM /1/ H, nocne npoxomAeH~H eonoKoHHo-onT~4ec
Koro coeA~HeHHH, aHanH3~pyeTCH A~cceKTopoM /2/. KpoMe 
onepaTH BHOCTH, A~CCeKTOp HMeeT npeHMy~eCTBO B noporOBOH 
ocae~eH HOCT~ no cpaeHeH~~ c $oTonneHKOH. 

O~eHHM noporoey~ ocee~eHHOCTb CHCTeM~ 30n - A~cceKTop 

np~ perHCTpa~HH CHrHana C A~CCeKTOpa B C4eTHOM ~ TOKOBOM 
pemHMax. 

C~ emH M U pe:JCUM. 3aAaAHMCR COOTHOWeH~eM CHrHan/WYM 
AHCCeKTOpa 

'I' = } N¢3 'P K3on • /1/ 
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rAe N~3 - 4Hcno $OT03neKTpOHoe;rp - epeMR perHCTpa ~HH /e 
CeKYHAax/;K 30n- K03$$H~HeHT yCHneHHR 30na.~3BeCTHO , 4TO 

/2/ 

rAe SA - HHTerpanbHa~ 4YBCTBHTenbHOCTb $OTOKaTOAa AHCCeKTo
pa K H3ny4eHH~ n~MHHO$Qpa 30na;EA- noporoeaR ocee~eHHOCTb; 
e - 3aPRA 3neKTpOHa. 

~3 /1/ H /2/ nony4aeM 
2 

EA = e 'l' / rPK3onSA. 131 

. 4 
HanpHMep, npH K 30n = 10 /30n c MHKpoKaHanbHOH nnac THHOH 
/MKn/ I' sA = 3x 1 o- 2 A/BT (MHOro~eno4HOH $OTOKaTOA' ~MHHO
$Op THna K-6 7 131 ) H 'I' = 1 0 nony4aeM 

EA:: 5-lo-ro. r- 1 BT· CM- 2, /4/ 
p 

ToK081JIU pexuM. B 3ToM cny4ae 'I'= SA EA/j T' rAe h -
TOK TepM03MHCCHH c $oToKaToAa 30na. TorAa .nony4aeM 

/5/ 

HanpHMep, npH K 30n = 10 4 , K03$$H~HeHTe ycHneHHR AH CceKTopa 
KA = 2x10 6 , SA = 3.10-2 A/BT, jT .:: 10-16 A/BT 2, 'I' = 10 
nony4aeM EA:: 10-14 BT/CM 2. B To >Ke epeMR H3BeCTHo, 4TO no
poroeaR nnoTHOCTb 3HeprHH $OTOnneHKH THna P$-3 COCTaBnReT 
10-9 ,[\>K/cM 2 131. npH K 30n = 10 4 nony4aeM noporoey~ ocee
~eHHOCTb CHCTeM~ 30n - $OTOnneHKa 

EA = 10-13
· rp BT· CM- 2• /6/ 

CpaBHHBaR /4/ H /6/, nony4aeM B~Hrp~W CHCTeMbl 3 0 n -
AHCCeKTOP B weCTb nOpRAKOB no noporOBOH OCBe~eHHOCTH no 
CpaeHeHH~ C CHCTeMOH 3Qn - nneHKa. TOKOB~H pe>KHM pe rHCTpa
~HH B~rOAHO HCnOnb30BaTb npH KOpOTKHX BpeMeHaX perHCTpa
~HH. npH rp nopRAKa 10-5 c noporoe~e ocee~eHHOCTH C4eT
Horo H TOKOBOrO pe>KHMa CpaBHHBa~TCR, B TO >Ke BpeMR COXpa
HReTCR npeHMy~eCTBO B TpH nopRAKa no CpaBHeHH~ C HCnOnb-
30BaHHeM $OTOnneHKH. 

B pa6oTe HCnonb30BanaCb CHCTeMa 3Qn - AHCCeKTOP , HMe~
~aR cneAY~He OCHOBH~e napaMeTp~. $OTOKaTOA 3Qna - cypb
MRHO-~eaHeB~H, AHCCeKTopa - MHOro~en04HOH. 06a $OTOKaTOAa 
HMe~T AHaMeTp 25 MM. 30n HMen B Ka4eCTBe YCHnHTenR noTOKa 
3neKTPOHOB MKn. 3anHTKa 30na cTaTH4eCKHM HanpR>Ke HHeM -
cTaHAapTHaR, Ha MKn noAaeancR HMnynbc HanpR>KeHHR U MKn AO 
+1 ,2 KB c AnHTenbHOCTb~ 250 MKC. CxeMa reHepaTopa o nHCaHa 
e pa6oTe 1 41 . XapaKTepHoe epeMR e~cee4HBaHHR n~MHHO$opa 
30na 20 MKC /cnaA HHTeHCHBHOCTH B e paa/. B~pe3~Ba~~ee 
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PHc . 2. BpeMeHHaH cxe
Ma nHTaHHH. I - HM
nynbc nHTaHHH MKIT; 2 -
HMnyn b C ITHTaHHH pag
BepTKH AHCCeKTOpa; 3 -
CHrHan C AHCCeKTOpa, 
pagBepTKa - 50 MKC/Aen. 

np~MoyronbHOe oTaepc
THe AHCCeKTopa /~enb/ 
HMeno pa3Mep~ 3x0,1 MM . 
~OKYCHpy~a~ KaTyWKa 
3anHT~BanaCb nOCTO~H-

H~M TOKOM. AHcceKTop 
HCnOnb30BanC~ B OAHOCTp04HOM pemHMe. Ha PHC.2 noKa3aHa 
apeMeHHa~ AHarpaMMa noAa4H Hanp~meHH~ Ha MKn H KaTywKy 
CTP04HOH pa3BepTKH AHCCeKTOpa. Pa3peweHHe BCeH CHCTeM~ 
Hnn~CTPHpyeTC~ PHC.3 H COCTaBn~eT He MeHee 4 WTpHX/MM. 
CHrHan c AHCCeKTopa npH paBHOMepHoH ocae~eHHOCTH ~oToKa
ToAa 30na noKa3aH Ha pHc.4. AHcCeKTop Hcnonb30Banc~ B To
KOBOM pemHMe, CHrHan perHCTpHpOBanc~ OC~Hnnorpa~OM Ha Ha
rpy3KY con poTHaneHHeM R H = 1 KOM. 

noporoaa~ OCBe~eHHOCTb CHCTeM~ npoBep~naCb C nOMO~b~ 
naMn~ Cl-16- 10 H cocTaan~na npHMepHo E..\• 10-12 BT/cM2. 
YaenH4eHHe noporoaoH ocae~eHHOCTH no cpaaHeHH~ c pac4eTHOH 
06D~CH~eTc~, B OCHOBHOM, Han~4HeM H3ny4a~~HX Ae~eKTOB Ha 
3KpaHe ·3ona. · 

0nHCaHHa~ CHCTeMa 30n - AHCCeKTOP HCnOnb30Banacb An~ 
perHCTpa~HH aKcHanbH~x pa3Mepoa KOnb~eaoro ny4Ka 3neKTpo
HOB KOnne KTHBHOrO yCKOPHTen~ T~men~X HOHOB /KYTJ.i-20/ npH 
3axaaTe e r o B MarHHTHoe none aAre3aTopa. Ha pHc.5 noKa3a
Ha CXeMa H3MepeHHH: 3neKTpOHHOe KOnb~O 2 AHaMeTpOM 70 CM 
~OPMHPOBanOCb B KaMepe aAre3aTopa 1 , H3ny4eHHe OCTaT04HO-
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ro ra3a B~BOAHnocb 4epe3 
OKHO 3, OTpamanoCb OT 3ep
Kana 4, ~oKycHpoaanocb B 
MaCWTa6e 1 :8 nHH3aMH 5 H 
nonaAano Ha ~oToKaToA 
30na 6. Ha pHc.6 noKa3aH 
MOMeHT apeMeHH BKn~4eHH~ 

CHCTeM~ H3MepeHHH. B MO-

PHc. 3. PagBepTKa 
I MKC/Aen, npoCTpaHCTBeH
Hbrn MaCmTa6 0,6 MM/MKC. 



PHc. 4. PagsepTKa 
JQ MKC/gen, npOCTpaHCTBeH
HbiH MaCmTa6 0,6 MM/MKC. 

MeHT HH~eK~HH ny Ka B aA
re3aTop B03HHKaeT MO~HaR 
BCn~WKa TOpM03HOrO H3ny-
4eHHR MO~HOCTb i0 ~104 P/c 
H OnTH4eCKOrO H3n y4eHHR 
MO~HOCTbiO ""1 BT, CBfl3aH
HOrO C noTepRMH 3neKTpO-
HOB. 3TO H3nY4eHHe, ~ OC

HOBHOM, OnTH4eCKOe, npHBOAHnO K HaC~~eHHIO npH6opa npH Bpe
MeHH perHCTpa~HH AO 50 MKC nocne HH~eK~HH. no3TOMY H3Mepe
HHR npoBOAHnHCb B HHTepeane BpeMeHH OT 50 MKC AO 2 ,5 MC 
nocne HH~eK~HH BnnOTb AO B~CaAKH ny4Ka Ha CTeHKH a Are3aTo
pa. AaaneHHe ocTaTo4Horo ra3a H3MeHRnOcb oT p ~ 10 - 7 Topp 
/noporOBOe AaaneHHe, COOTBeTCTBYIO~ee noporOBO~ OC Be~eHHO
CTH/ AO p "' 10-5 Topp. 

Ha PHC.] nOKa3aH~ TpH THnH4H~X CHrHana. C AHCCe KTQpa npH 
H3MepeHHH B MOMeHT BpeMeHH 500 MKC nocne HH~eK~HH ny4Ka. 
AaaneHHe ocTaT04Horo ra3a B KaMepe p = 2·10-6 Top p , TOK 
ny4Ka 50 A. H3 PHC.] BHAHO, 4TO Pa3Mep ny4Ka H3Me Hf!eTCR 
npH pa3nH4H~X HacTpO~Kax ycKopHTenfl. K aHanorH4HOHy 3<1>¢eK-: 
Ty pacwHpeHHR nY4Ka npHBOAHT Ae~cTBHe ycTpo~cTBa c6poca, 
B~3~Ba~~ero pacKa4KY ny4Ka. B pa3nH4H~x ceaHcax pa 3Mep 
caeTR~e~cR o6nacTH /nonypa3Mep Ha nonya~coTe/ H3Me Hf!nCR 
OT 17 AO 35 MM. 

0CHOBH~e norpeWHOCTH H3MepeHH~ pa3Mepa onpeAenf! IOTCR: 
1/ HeCOBepWeHCTBOM CBeTOCHnbHO~ OnTH4eCKO~ CHCTeMbl, B 

OCHOBHOM, C~epH4eCKO~ a6eppa~He~ CBeTOCHnbHO~ OnT~ K~; 

2/ ~OHOBO~ 3aCBeTKO~ BTOpO~ nonoa~Hbl KOnb~a, KOTOPYIO 
MO~HO y6paTb C nOMO~biO neperopOAKH. 

PHc.5. CxeMa 

C y4eTOM pa3peweHHfl CHCTe
M~ 3T~ OWH6KH COCTaBn fiiOT 30% 
~ npHBOART K yw~peH~ IO H306pa
~eH~fl. Anfl aoccTaHoaneH~fl Hc
T~HHoro npO~Hnfl nnOT HOCTH 
ny4Ka He06XOAHMO y4e CTb He
paBHOMepHOCTb 4YBCTBHTenbHO
CT~ c~cTeMbl no nomo H306pa
~eHHR /pHc.4/, a TaKHe TO o6-
CTOf!TenbCTBO, 4TO Ha ~OTOKa
TOA caeT nonaAaeT OT acero 
B~A~Moro o6beMa ceKTo pa KOnb-

~a no non10 3peH~R, T.e. npO~CXOAHT CYMMHpOBaH~e no XOpAaM 
ce4eHHR KOnb~a. 
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PHc.6. 0CQHnnorpaMMa 
HMTIYnhCOB. I - CHrHan 
OllTHqeCKOrO H3nyqeHHH; 
2 - CHrHan TOpM03HOrC 
H3nyqeHHH; T0 - BpeMH 
HHJKeKQHH nyqKa, r4 -
BpeMH H3MepeHHH, pag
BepTKa - 500 MKC/~en. 

AanbHe~wee pa3BHTHe 
CHCTeM~ npeAnonaraeT 
CBeAeHHe K MHHHMyMy 
yKaaaHH~X norpewHoc
Te~. KpoMe Toro,AaH
HaH CHCTeMa MOmeT HC-
nOnb30BaTbCH AnH KOH

TpOnH pa 3MepOB KOnb4a npH ero cmaTHH B MarHHTHOM none aA
re3aTOpa . HH3KaH noporosaH ocse~eHHOCTb npH6opa noasonHeT 
HCnOnb30BaTb erO AnH perHCTpa4HH npOCTpaHCTBeHHbiX napaMeT
pOB n~6~x HMnynbCH~x cna6ocseTH~HXCH o6beKTOB. B 4aCTHOc
TH, B03MOmHO H3MepeHHe napaMeTpOB H3ny4eHHH HOHOB 3neK
TPOHHO-HOHH~X KOne4 B AHana30He AnHH BOnH OT BHAHMOrO CBe-
Ta AO peHTreHOBCKOrO H3ny4eHHH. 

Jlume pamypa 

PHc. 7. PasBepTKa 
10 MKC/~en, npOCTpaHCT
BeHHbrn MaCmTa6 0,6 MM/MKC. 

AsTop~ s~pama~T 6naro
AapHoCTb n.n.WycTepMaH H 
A.~.6e~nHHY aa paapa6oTKy 
B~COKOKa4eCTBeHHOrO AHC
CeKTopa CO CTeKnOBOnOKOH
HO~ wa~6o~. 
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