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Ha ycKopHTene LEAR B UEPHe c noMO~IO CTPHMepHOH Ka­
~:~epbl B MarHJiTHOM none HSMepeHbJ ceqeHH.R o6pasoBaHH.R 
paSJIH'IHOrO 'IHCJia sap.RJKeHHbiX 'laCTHI.J; BO BSaHMO,IJ;eHCTBHHX 
aHTHnpoTOHOB c 4He npH 3HeprH.Rx 19,6; 48,7 H 179,6 M3B. 
06HapyJKeHO, 'ITO pacnpep;eneHH.R no MHOJKeCTBeHHOCTH sapH­
JKeHHbiX qaCTHI.J; npaKTH'ieCKH He SaBHCHT OT 3HeprHH Hane­
TaJO~ero aHTHnpOTOHa, 3TO CBH,IJ;eTeJibCTByeT 0 CHJibHOM 
nop;aBJieHHH npou;eccoB 6esaHHHrHJI.RI.J;HOHHoro pasBaJia Hp;pa 
THna (p, p ') , ceqeHHe KOTOpOrO OKaSaJIOCb Ha nop.Rp;OK 
MeHbrue, qeM ceqeHHe aHanorH'IHb~ peaKI.J;HH B cnyqae pac-

. 4 
· ceHHHH npoToHoB Ha He. 

Pa6oTa BbmonHeHa B fla6opaTOPHH .Rp;epHbiX npo6neM OIDIM. 

Suppression of the Annihilationless Break-up 
Processes at Antiproton - 4He Interaction 

Yu .A .Batusov et al. 

Production of charged particles in the 19.6, 48.7 
and 179.6 MeV antiproton- 4He scattering has been 
measured at LEAR facility at CERN using the streamer 
chamber in magnetic field. It has been found that the 
mul t iplicity distributions of charged particles are 



practically independent of the antiproton inc ident 
energy. This demonstrates the strong suppres s ion of the 
annihilationless break-up reactions of the (P,p') type, 
the cross section of which is by an order of magnitude 
less than the cross section of the similar r eactions 
in proton- 4He scattering. 

The investigation has been performed at t he Labora­
to~y of Nuclear Proplems, JINR. 

PeaKLIHH THna A (11, h ') X, e KOTOPbiX HaneTaiOUlHi1 aAPOH cox­
paHReT B KOHe4HOM COCTORHI-11-1 CBOIO 11 HHAHBHAyanbHOCTb 11 , · a RAw 
po n1-16o pa3eanHeaeTcR Ha OTAenbHble ¢parMeHTbl, n1-1 6o nepexo­
AHT B B036ymAeHHOe COCTORHHe, RBnRIOTCR OCHOBHbiMI-1 KaHanaMH 
Heynpyroro aAPOH-RAepHoro B3aHM0Aei1CTBHR npH HH3 KH X 3Hep­
rHRX, HanpHMep, B npoToH-RAepHOM pacceRHHH, npH 3HeprHRX 
HHme nopora pOmAeHHR Me30HOB, HHKaKHX APYrHX HeynpyrHX Ka­
Hanoe, KpoMe peaK1.1Hi1 paaeana RAPa 1-1n1-1 eoa6ymAeHHR RAPa, 
npocTo HeT. np1-1 eaaHMOAei1cTBHH nHOHOB c nerKHMH RAPaMH ce-
4eHHe peaKI.II-11-1 (~rr1 COCTaBnReT -80-90% OT,Ce4eHHR Heynpyro­
ra pacceRHHR Aame B pai1oHe 3HeprHi1 ~ 33 -peaoHaHca / 1/ /oc­
TanbHble 10-20% npHXOARTCR Ha AOniO peaK1.1Hi1 nornollle HHR 1-1 ne­
pe3aPRAKH nHOHa/. DAHaKo, KaK noKaaanH peaynbTaT bl Hawero 
3KcnepHMeHTa, ce4eHHe aHanorH4HOro npd1.1ecca B cny4ae eaaH­
MOAei1cTBHi1 aHTHnpOTOHOB C RAPaMH (j,j1 OKa3b1BaeTCR HCKni04H­
TenbHO ManbiM 1-1 COCTaBnReT -5-10% OT nonHOrO Ce4eHHR Heynpy­
roro pacceRHHR. 

3TOT ¢aKT AOBOnbHO HHTepeceH 1-1 He RBnReTCR TpH BHanbHbiM 
cneACTBHeM 6onbWOi1 eenHYHHbl KaHana aHHHrHnRI.II-11-1 B jA -pac­
CeRHI-11-1. B caMOM Aene, e pacceRHHH npoTOHOB Ha 4He npH Tp = 
= 53 M3B senH4HHa nonHoro ce4eHHR ecex HeynpyrHx peaKLIHi1 
O'R COCTaBnReT O'R = 1 07,7 ± 4, 4 M6 121, B cny4ae me pa cceRHHR 
aHTHnpOTOHOB Ha 4He npH TOi1 me 3HeprHH Ce4eHHe BCe X Heynpy­
rHX KaHanoB OKa3biBae·TCR n04TH B TPI-1 pa3a 6onbWHM: O'R = 
= 293,7 ± 9, 1 M6 131 • no3TOMY KaraanOCb 6bl AOBOnbHO pa3yMHbiM 
omHAaTb, 4TO ce4eHHe 6e3aHHHrHnRI.IHOHHoro pa3eana RAPa B 
peaKLIHRX {ji,p') 6yAeT, KaK 1-1 B p 4He -HeynpyrOM pacce RHI-11-1, Ha 
YPOBHe 100 M6, a OCTanbHble 200 M6 npHAYTCR Ha AOn iO aHHHrH­
nRI.IHOHHOrO KaHana. TeM He MeHee, peaynbTaTbl Hawero 3KcnepH­
MeHTa noKa3biBaiOT, 4TO eenH4HHa ce4eHHR peaKLIHi1 paa eana RAPa 
B pacceRHI-11-1 aHTHn poTOHOB (p, p') Ha nopRAOK MeHbWe , 4eM B pac­
CeRHI-11-1 npoTOHOB. 

3KcnepHMeHT 6bln BblnOnHeH Ha ny4KaX aHTHnpOTOHOB KOnbl.la 
LEAR B UEPHe npH Tpex 3Ha4eHHRX HMnynbca HaneTaiOUlHX aHTH­

npoTOHoB: 200,300 1-1 600 M38/c. noAp06Hoe Oni-1CaHHe 3KCnepH­
MeHTanbHOi1 ycTaHOBKI-1 1-1 npOI.IeAYPbl H3MepeHHi1 MOmHO Hai1TI-1 e / 4~ 
no3TOMY 3AeCb Mbl HanOMHI-1M TOnbKO OCHOBHble xapaKTe HCTHKI-1 
H3MepHTenbHOi1 annapaTypbl. 
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MHWeHb~ H OAHOBpeMeHHO AeTeKTOpOM B3aHMOAeHCTBH~ aHTH­
npoTOHOB c renHeM ~en~nacb cTpHMepHa~ KaMepa, pa6oTa~~a~ 

e caMowyHTHPY~~eM pemHMe151 H HanonHeHHa~ renHeM AO Aaene­
HH~ 1 aTM. 4yBCTBHTenbH~H 06oeM KaMep~ COCTaBn~n 70x90x18cw. 
KaMepa 6~na noMe~eHa e MarHHTHoe none, eenH4HHa KOToporo 
MeH~naCb OT 0,415 AO 0,8 T, B 3aBHCHMOCTH OT 3HeprHH Hane­
Ta~HX a HTHnpOTOHOB, Ton~HHa MHWeHH COCTaBn~na 15 Mr/cM2, 
3anyCK KaMep~ OCy~eCTBn~nc~ OT CHrHana TpHrrepHOH CHCTeM~, 
KOTOpa~ COCTO~na H3 C~HHTHnn~~HOHH~X C4eT4HKOB, pacnono­
meHH~X ne peA KaMepOH, H C4eT4HKa aHTHCOBnaAeHHH, CTO~~ero 

no3aAH He e. EcnH aHTHnpOTOH BOWen B KaMepy H OTKnOHHnC~ B 
peaynbTaTe n~fioro B3aHMOAeHCTBH~ C Be~eCTBOM KaMep~ Ha 
yron, 6on bWHH 5°, oT HanpaeneHH~ ny4Ka, TO TaKoe co6~THe 
perHcTpH poeanocb, 

PaAHYC aHTHnpOTOHHOrO ny4Ka, BXOA~~ero B KaMepy, COCTaB­
n~n 1 eM . XapaKTepHOH oco6eHHOCTb~ aHTHnpoTOHHoro ny4Ka 
LEAR ~en~eTc~ nonHoe oTcyTcTBHe e HeM npHMeceH Me30HOB, 
C y4eTOM noTepH 3HeprHH B TOHKHX CTeHKaX KaMep~ H C~HHTHn­
n~~HOHH~X C4eT4HKaX ny4Ka 3Ha4eHH~ KHHeTH4eCKOH 3HeprHH 
aHTHnpOTOHOB, npH KOTOp~X npOH3BOAHnHCb H3MepeHH~, fi~nH 

cneAY~HMH: 19,6, 48,7 H 179,6 M3B, 3¢$eKTHBHOCTb HaxomAe~ 
HH~ cofi~TH~ p 4 He-B3aHMOAeHCTBH~ npH npoCMOTpe COCTaBn~na 
99,5%. 3¢$eKTHBHOCTb npaeHnbHOrO onpeAeneHH~ 4HCna 3ap~­
meHH~X TpeKOB COCTaen~na 96,5%. CHCTeMaTH4eCKa~ OWHfiKa 3a 
C4eT Heon peAeneHHOCTeHB 3HaHHH T04HO~ TOn~HH~ MHWeHH H MOHH­
HHTOpa nY4Ka COCTaBn~eT no HaWHM O~eHKaM 2,5%. 

noA4 e pKHeM, 4TO CTPHMepHa~ KaMepa npH HH3KOM AaBneHHH -
HAeanbH~H npH6op' An~ onpeAeneHH~ MHomecTBeHHOCTeH aap~meH­
H~x 4aCTH~. An~ npHMepa cKameM, 4TO TpeK a-4aCTH~~ c 
3HeprHe ~ 250 K38 HnH npOTOHa C 3HeprHe~ 160 K38 yme HMeeT 
B KaMepe AnHHY 1 CM H XOPOWO BHAeH . 

. Ha PHCYHKe nOKa3aHO pacnpeAeneHHe no MHOmeCTBeHHOCTH 3a­
p~meHH~X 4aCTH~ e HeynpyroM P 4He -eaaHMOAeHCTBHH, An~ 
YA06cTea eocnpH~TH~ Ha 3TY rHcTorpaMMY HaHeceH~ peaynbTaT~ 
npH ecex Tpex 3HeprH~x: nepe~~ cTon6e~ e KamAOH ~4eHKe rH­
cTorpaMM~ COOTBeTCTByeT MHOmeCTBeHHOCTH, H3MepeHHOH npH 
3HeprHH 19,6 M3B, BTOPOH cTon6e~ - npH 3HeprHH 48,7, a 
TpeTHH CTOn6e~ - npH 3HeprHH 179,6 M3B. KaK XOPOWO BHAHO 
H3 PHCYHKa,pacnpeAeneHHe no MHOmeCTBeHHOCTH 3ap~meHH~X 4aC­
TH~ npa KTH4eCKH He 3aBHCHT OT 3HeprHH HaneTa~~ero aHTHnpo­
TOHa, no -BHAHMOMy, H3MeHeHHe B KHHeTH4eCKO~ 3HeprHH aHTH­
npOTOHa OT 20 AO 180 M3B ece-TaKH AOCTaT04HO Mano, no cpae­
HeHH~ C XapaKTepHOH 3HeprHeH 2 r3B, KOTOpa~ B~CB060mAaeTC~ 

B aKTe a HHHrHnR~HH, H He MOmeT CHnbHO H3MeHHTb BHA pacnpe­
AeneHHH no MHOmeCTBeHHOCTH B peaK~HH aHHHrHnR~HH. 0AHaKO 
TOT ~aKT , 4TO OTHOCHTenbH~H B~XOA C06~THH C 2 H 3 3apRmeH­
H~MH 4aCTH~aMH B KOHe4HOM COCTORHHH TOme He 3aBHCH~ OT 
3HeprHH , RBnReTCR yme AOBOnbHO HeOmHAaHH~M. 
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PacrrpeAeneHHe no MHOJKeCTBeHHOCTH 3apRJKeHHbiX l.laCTHI..\ 

B peaKUHRX Heyrrpyroro p4He -B3aHMOAeHCTBHR, D o OCH 

OPAHHaT OTJIOJKeHa BeJIHqHHa w = al I a R (%). nepBbiH CTOJI6el..\ 

KaJKAOH RqeHKH rHCTOrpaMMbl COOTBeTCTByeT MHOJKeCTBeH­

HOCTH, H3MepeHHOH IIPH 3HeprHH 19,6 M3B, BTOPOH 

CTOJI6eu- IIPH 3HeprHH 48,7 M3B, TpeTHH CTOJI6e l..\ -

rrpH 3HeprHH 179,6 M3B. 

Aeno a TOM, 4TO a peaK~HH c Nch =2;3 Moryr Aa aTb BKnaA 
He TOnbKO npo~ecc~ aHHHrHn~~HH, HO H npo~ecc~ 6e~aHHHrHn~­
~HOHHoro paaaana ~Apa, HanpHMep, 

p + 4 He ... p + 3 He + n, N ch = 2 , 

p + 2p + 2n, N = 3 
ch 

H T. A. 

0AHaKO nopor TaKHX peaK~H~ cocTaan~eT 24,8 M3B. CneAoaa­
TenbHO, npH 3HeprHH TP= 19,6 M3B 6eaaHHHrHn~~HOHH~~ paaaan 
~APa aanpe~eH, H Ha6n~AaeMoe pacnpeAeneHHe no MHO~ecTeeH­
HOCTH COOTBeTCTByeT pacnpeAeneHH~ TOnbKO C06~TH~ aHHHrHn~­
~HH /OTMeTHM, 4TO nopor An~ peaK~HH nepeaap~AKH p4He ... nn3H 
COCTaBnReT 28,0 M3B/. npH 6onee B~COKHX 3HeprH~X KaHan ~.f1 
OTKp~T, H ecnH 6~ 3TOT npo~eCC HMen 3Ha4HTenbHOe Ce4eHHe, 
TO OTHOCHTenbH~~ B~XOA 4aCTH~ C Nch =2;3 AOn~eH 6~n aa­
MeTHO B03paCTH. 0AHaKO, KaK BHAHO H3 pHCYHKa, 3TO He TaK; 
no~aneHHe Hoa~x KaHanos Heynpyroro pacceRHH~ npaKTH4eCKH 

9 



..... 

He MeHReT OTHOC~TenbH~H B~XOA 4aCT~4 C Ncb = 2;3 np~ B~CO­
K"iX 3Hepr~RX. 

04eH~M sen~4~Hy ce4eH~R 6esaHH~r~nR4~0HHoro passana. Oc­
HOBHOe npeAnOno~eH~e 6yAeT COCTORTb B TOM, 4TO OTHOC~Tenb­
H~H B~XOA 4aCT~4 c Ncb =2;3 s peaK4~RX aHHHr~nR4~~ f~ ~ c; He 3a B~C~T OT T p B A~ana30He 3Hepr~H T p = 20.,.180 M3B. 
3TO AOBOnbHO pa3yMHOe AOny~eH~e, cnpaBeAn~BOCTb KOTOporo 
nposepeHa s 3Kcnep~MeHTax no aHH~r~nR4~~ aHT~npoTOHOB c 
AeHTep~eM / B,?/. 

11TaK, onpeAen~M f: ~ f: KaK 

fa = u l u ,i=2,3, /1/ 
i i ann 

rAe ui - ce4eH~e KaHana c o6pasosaH~eM i -sapR~eHH~x 4ac­
T~4 B KOH e 4HOM COCTORH~~. nonHOe Ce4eH~e BCeX peaK4~H He­
ynpyroro pacceRH~R eCTb 

UR u ann 
u ann 

+ .uCEX + ub T > 30 M3B 
p 

T_ < 24 M3B. 
p 

/'2/ 

3AeCb u CE X - Ce4eH~e peaK4~H nepe3apf\AK~ T~na (p, n), a 
a b - ce4eH ~e peaK4~H 6esaHH~r~nR4~0HHoro paseana (break-up) 
T~na <P. p '). 

0CHOBHOe npeAnOno~eH~e COCTO~T B TOM, 4TO 

fa(20M3B ) =fa(50M3B) = fa(180 M3B), i=2,3. /3/ 
i ' i i 

113 /1/- / 3/ cneAyeT, 4TO np~ T- > 30 M3B 
p -

aa = fa(u - u -u ), i = 2,3. /4/ 
i i · R b GEX 

3Aecb u~ - ce4eH~e KaHana c o6pasosaH~eM 
4aCT~4 3a C4eT TOnbKO aHH~r~nR4~~. 

TorAa cnpaeeAn~so cneAY~~ee paeeHcTso: 
_ a a b b 

u2 +us - u 2 +as +u2 +as 

= u a +ua +a 
2 3 b 

OTC~Aa , Y4~T~BaR /4/, MO~Ho nony4~Tb 

u2 + u 3 - (f: + f :> (u R - a C EX ) 

1 - (fa+ ra) 
2 s 

ab 

i -3apR~eHH~X 

!51 

!6! 

3Kcnep~MeHTanbH~e AaHH~e o sen~4~Hax, BXOAR~~x e /6/, 
np~BeAeH~ B Ta6n~4e. 0TMeT~M, 4TO AnA KOppeKTHOrO B~4~Cne­
H~R Ub He06XOA~MO 3HaTb Ce4eH~e nepe3aPRAK~ aHT~npOTOHa 
uCEX Ha RAPe 4He. M~ HenocpeACTBeHHO He ~3MepRn~ 3Ty se­
n~4~Hy, a socnonbsosan~cb cneAY~~eH npocToH 04eHKOH: 

- -
PP PP 

uCEX = ul - uCEX / uOprong 171 
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Ce~eHHH Heynpyroro esaHMOAeHcTBHH aHTHnpoTOHOB c4He. 

B Ta6m~Qe npHBeAeHbi aemi~HHbJ nonHoro ce'tJeHHH e c ex 
HeynpyrHX B3aHMOAeHCTBHH aR, Ce~eHHH C BbiXOAOM 
i -sapHJKeHHbJX ~aCTHQ a 1 , i =I, 2, 3 131 , a TaKJKe 

OQeHKa aemi~HHbl ce~eHHH nepesapHAKH a CEX 

Ce~eHHe KHHeTH~ecKaH 3HeprHH HaJieTa~~ero aHTHllPOTOHa 

/M6/ /MsB/ 
19,6 48,7 179' 6 

al 19,3±3,5 15,7±2,1 16,4±1, 9 

a2 27,3±4,2 15' 4 ± 4 ,.2 "9,8±1, 4 

as 125,8 ± 9, I 94,7 :t5,1 72,9±3, 9 

aR 405,6 ± 16,4 293,7 ±9,1 233,3 ± 7, 0 

a CEX 10,8±1,6 11,7±1, 4 

Aeno a TOM, 4TO aenH4HHa ce4eHHR p 4 He- B3aHMOAeHCTBHR c 
B~XOAOM OAHOH 3apRmeHHOH 4aCTH4~ B KOHe4HOM COCTOR HHH a 1 
onpeAenReTcR ce4eHHRMH ABYX npo4eccoe: aHHHrHnR4HH c o6-
pa3oaaHHeM TOnbKO HeHTpanbH~X Me30HOB H nepe3aPRAKH (P n). 
B~pameHHe /7/ nony4eHo a npeAnonomeHHH o TOM, 4TO a p4He­
-pacceRHHH COOTHOWeHHe MemAY ce4eHHRMH 3THX ABYX n po4ec­
COB TaKOe me, KaK H B 3neMeHTapHOM aKTe pp-B3aHMOAeHCTBHR. 
BenH4HH~ a~x ce4eHHH nepe3aPRAKH a pp -pacceRHHH 6~nH 
B3RT~ H3 pa60T~ / 8/ , a BenH4HHa Ce4eHHR aHHHrHnR4H H 

6e3 o6pa30BaHHR 3apRmeH~biX 4aCTH4 a PP - H3 pafio T/ 9,10 /. 
0 prong 

noACTaBnRR 3Ha4eHHR 
/6/, nony4aeM 

Ce4eHHH H3 Ta6nH4~ B COOTHOWeHHe 

a b = 5 , 3 ± 1 7 , 4 M6 

= -1 , 5 ± 1 2 , 7 Mfi 

npH Tii = 48,7 M38; 

npH T-= 179,6 M38. 
p 

/8/ 

Pe3ynbTaT~ /8/ nony4eH~ B npeAnOnOmeHHH 0 TOM, 4TO OT­
HOCHTenbH~e B~XOA~ f~ H f~ He 3aBHCRT OT 3HeprHH /CM./3//. 

Ha caMoM Aene, KaK noKa3~ea~T pe3ynbTaT~ 3KcnepHMeHTOB 
no ~d-aHHHrHnR41-1H 16/l t , HeKOTOpaR cnafiaR /~ 1 0~ /3aBH CHMOCTb f~ 
OT 3HeprHH ace , me HMeeTCR. Ee MOmHO annpOKCHMHpOBaT b nH­
HeHH~M o6pa30M: 

/9/ 
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rAe rai = a
1

/a - OTHOCIHeJlbHbiH BbiXOA j-3apR>KeHHbiX 1T -Me-
- ann b 

30Hoe e pd - aHHHrHJlR~I-11-1, Ko3!l><I>H~HeHTbl a 1 1-1 1 onpeAenR-

JlHCb 1-13 AaHHbiX pa60Tbl / 6/, Mo>KHO o~eHHTb, HacKOJlbKO ~3MeHHT-
a -4H CR Ce4eH!-1e U b, eCJll-1 3aBI-1CI-1MOCTb f i OT 3Hepri-11-1 B p e-

-aHHHrHJlR~I-11-1 6yAeT TaKOH >Ke, KaK 1-1 B CJ1Y4ae jd -aHHI-1ri-1JlR­

~I-11-1 /9/ . 3aMeTI-1M, 4TO aHHI-1ri-1JlR~I-1R B 4 He C 8b1XOAOM 2 1-1 3 
3apR>KeHHbiX 4aCTI-1~ COOTBeTCT8yeT 06pa308aHI-1~ 1 1-1 2 3apR>KeH­

HbiX 1T - Me30HOB, 

CneAo 8aTeJlbHO, 

f :s (T _) = f~ (T_) + f ~ (T _) 
p p p 

3AeCb 

r ~2 (T P) = r ~ (T i>) + r ;(T P) . 

rls (20)[(a 1+a2)T_+(b1+b2)); /10/ 
p r a (20) 

12 

noACTaBJlRR /10/ B /6~ noJly4aeM, 4TO 

8 , 9 ± 19,1 M6 npi-1 T- = 48,7 M3B, 
ub = p 

1 3 , 6 ± 1 2 , 3 M6 T- = 179,6 M3B. 
/11/ 

p 

CpaeHHBaR /8/ 1-1 /11/, MO>KHO CAeJlaTb 8b180A, 4TO 8 npe­
Aenax OWI-160K o6a pe3yJlbTaTa C08naAa~T, n03TOMY XOTR COOTHO­

weHHR / 8/ 1-1 /11/ RBSlR~TCR He pe3yJlbTaTOM HenocpeACTBeHHOrO 

i-13MepeH I-1 R Ce4eHI-1R pa3BaJla RAPa, a TOJlbKO O~eHKOH 803MO>KHOH 

BeJli-141-1H bl ab, TeM He MeHee i-13MepeHHOe nOCTORHCT80 OTHOCI-1-

TeJlbHbiX 8b1XOA08 C06biTI-1H C ABYMR 1-1 TpeMR 3apR>KeHHbiMI-1 4aCTI-1-

~aMI-1 8 KOHe4HOM COCTORHH~ AaeT BeCKHe OCHOBaHHR 3aKJ1~4HTb, 

4TO Ub no KpaHHeH Mepe MeHbWe 5-10% OT Utnel• HanOMHHM, 
4TO Ta KO e CHJlbHOe noAaBJleHHe Ce4eHHR pa3BaJla RAPa BCTpe4a­

eTCR TOJl bKO 8 aHTHnpoTOH-RAePHOM pacceRHHH; 8 pA- H rrA-
83aHMOAe HCTBHRX peaK~HH (h,h') COCTa8JlR~T OCH08HY~ AOJl~ 

8cex He ynpyrHx KaHano8. 

PaHee yKa3aHHR Ha Manoe ce4eHHe peaK~Hi1 ~.i1 Ha RApax 

6b1JlH CAe JlaHbl B pa6oTe / 11 .' rAe OTMe4aJlOCb, 4TO npH pacceR­

HHH . aH THnpOTOH08 Ha RAPe f2C Ce4eHHe 8036Y>KAeHHR OTAeJlbHbiX 

ypo8He i1 12c, a TaK>Ke Henpepb18Horo cneKTpa c 3HeprHei1 803-

6~>KAeHH R AO 15 M3B cy~ecTeeHHo MeHbWe, He>KeJlH e npoTOH -
1 C -He ynpyrOM paCCeRHHH. 0AHaKO B 3TOH pa6oTe He 6b1Jl0 1-13-

MepeHO nonHoe ce4eHHe pa38ana RApa. 

C ~H3H4eCKOH TO~KH 3peHHR MaJlOCTb ab MO>KeT 6b1Tb 06DRC­

HeHa cne~H¢lHKOH NN -e3aHMOAei1cT8HR: H38ecTHO, 4TO yn pyroe 
pp -pac ceRHHe npH MaJlbiX 3HeprHRX I.::; 200 M3B/ xapaKTepH3y­

eTCR 4 pe3B~4a~Ho y3KHM KOHycoM e AH¢»¢lepeH~HaJlbHOM ce4eHHH 

npH pa cceR~I-11-1 Ha Manble yrnbl. HanpHMep, npH 600 M3B/c 8eJlH-
4HHa Ha KJlOHa KOHyca b - 20 ( r3B/c)-2 1 12 ~ TOrAa KaK B pp -
pacceRHHH b =6 ( r3B/c-

2
) npH T p- 1 r3B. TaKaR yrnoeaR 3a-

81-1CHMOCTb aMnJli-1TYAb1 3JleMeHTapHOrO aKTa npH80AHT K TOMY,4TO 

12 



cpeAHHH nepeAaHH~H HMnynbC HyKnOHy HAPa <q 2 > B a HTHnpOTOH­
HAepHOM pacceHHHH OKa3~BaeTCH CnHWKOM Man~M, 4T06~ 3$$eK­
THBHO paasanHTb HAPO. HanpHMep, Aa>Ke npH Tp- = 180 M3B 

1 
<E > ~ -- ~ 26,7 M3B. 

2bmN 
/12/ 

3AeCb <E > - cpeAHHH 3HeprHH, nepeAaBaeMaH B aKTe NN-cTon-
KHOBeHHH. , . 

ApyrHM MeXaHH3MOM, npHBOAH~HM K noAaBneHH~ 6eaaHHHrHnH­
~HOHHoro paasana HAPa B pA-saaHMOAeHCTBHH, Morno 6~Tb 
B3aHMOAeHCTBHe B ~OHe4HOM COCTOHHHH, KOTOpoe 6~ npHBOAHnO 
K aHHHrHnH~HH aHTHnpOTOHa nocne pa3Bana HApa, 3$$eKTHBHO 
TaKHe nepepacceHHHH MO>KHO y4eCTb no MOAenH rnay6e pa. To4-
H~e pac4eT~ Aa~T AnH a b senH4HHY ab = 40 M6 npH 600 M3B/c. 
3TOT peaynbTaT y>Ke 6nH30K K HaWHM BbiBOAaM 06 ocna 6neHHH 
6eaaHHHrHnH~HOHHoro paasana HAPa B peaK~HHX c aHTHnpoToHa­
MH, 0AHaKO He06XOAHMO Y4HTbiBaTb, 4TO rnay6epOBCKHH pac4eT 
Ce4eHHR HeynpyrHX npo~eCCOB cnpaBeAnHB TOnbKO B TOM Cny-
4ae, KOrAa HAPY nepeAaeTcH 6onbwaH 3HeprHH /nopHAKa 
~ 100 M3B, CM. o6cy>KAeHHe B pa6oTe / 13 'l. B npoTHBHOM cny4ae 
HenpaBOMepHO npOBOAHTb CYMMHpOBaHHe no nonHOMY Ha 6opy 
RAePH~X COCTORHHH, KOTOpoe AenaeTCH npH B~BOAe r nay6epos­
CKHX $OpMyn AnH Heynpyroro paCCeHHHH / 14 / , 

HTaK, OCHOBH~e B~BOA~ pa60T~ 3aKn~4a~TCR B cneAY~~eM. 
HaMepeH~ ce4eHHH o6paaosaHHH paanH4Horo 4Hcna aap R>KeHH~x 

4aCTH~ BO B3aHMOAeHCTBHHX aHTHnpOTOHOB C 4He npH 3HeprHHX 
19,6, 48,7 H 179,6 M3B, 06Hapy>KeHO, 4TO OTHOCHTenbHble B~­
XOA~ 3apR>KeHH~X 4aCTH~ npaKTH4eCKH He 3aBHCHT OT 3HeprHH 
HaneTa~~ero aHTHnpoTOHa, 3TO CBHAeTenbCTByeT 0 ManOM Ce-
4eHHH npo~eccos 6e3aHHHrHnH~HOHHoro paasana RAPa, KoTopoe 
COCTaBHnO MeHbWe 5-10% BenH4HH~ Ce4eHHH BCeX Heyn pyrHX 
KaHanoB. noA06HOe nOAaBneHHe peaK~HH pa3Bana RAPa He CBH-
3aHO CO cne~H$HKOH B3aHMOACHCTBHH aHTHnpOTOHOB C r enHeM, 
a AOn>t<HO 6b1Tb xapaKTepHbiM AnH pacceHHHR aHTHnpoTOHOB Ha 
n~6~x RApax. · 

ABTOpbl Bblpa>Ka~T r ny6oKy~ 6naroAaPHOCTb B. n. A>Kene noBy H 
o.M.noHTeKOPBO 3a nOMO~b H nOAAep>KKy AaHHOrO Hanpa BneHHH 
HCCneAOBaHHH. ABTOP~ 6naroAaPHT n.A.KOHAPaT~Ka H A. M.MoH­
ceeBa 3a ~eHH~e 3aMe4aHHH H o6cy>KAeHHR, H.HnHeBj aa no­
MO~b B B~4HCneHHRX . 
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HEYnPYrHE CTOnKHOBEHHR RAEP HEOHA-22 
C RAPAMH B ~OT03MYnbCHH nPH HMnYnbCE 90 r3B/c 
A.BoKanosa, C.A.KpaCHOB, K.A.ToncToB, r.C.Wa6paTO Ba 
06beAHHeHHWA HHCTHTYT HAepHwx HccneAoBaHHA, AY6Ha 

H.n.AHApeesa, 3.B.AH3oH, B.H.6y6Hos, A.W.raATHHos , 
n.E.EpeMeHKO, r.C.KanH4KHHa, 3.K.KaHWrHHa, A.M.CeATHM6eTOB, 
H.R.4acHHKOB, U.H.maxoea 
HHcTHTYT ~H3HKH ewcOKHX 3HeprHA AH Ka3CCP, AnMa-ATa 

M.rH~OK, B.Tonop, M.XaAAYK 
UeHTpanbHWA HHCTHTYT ~H3HKH, 6yxapecT 

~.r.neneXHH, o.o.CHMOHOB 
neHHHrpaACKHA HHCTHTYT HAepHoA ~H3HKH, raT4HHa 

P.A.XowMyxaMeAOB 
TaA~HKCKHA rocyAapcTBeHHWA MeAH~HHCKHA HHCTHTyT, AywaH6e 

B.A.necKHH 
~H3HKo-TeXHH4ecKHA HHCTHTYT AH TaA~CCP, AywaH6e 

A~.A.CanoMoB 

TaA~HKCKHA rocyAapcTBeHHwA yHHeepcHTeT, AywaH6e 

~.A.AeeTHH, B.M.KpH~HH, H.A.MapyTHH, n.r.CapKHCOBa , 
B.~.CapKHCHH 

EpeeaHCKHA ~H3H4eCKHA HHCTHTYT 

C.BoKan, M.Kapa6oea, 3.CHnew, M.ToToea 
YHHBepcHTeT KowH~e, ' 4CCP 

B.BonbTep, 6.BoceK, 3.rnaAww, P.XonwHcKH 
HHCTHTYT HAepHoA ~H3HKH, KpaKoe 

B.A.AHTOH4HK, B.A.naKaee, A.B.Senoycoe, C.A.6orAaHoe, 
B.H.OcTpoyMOB 
neHHHrpaACKHA nonHTeXHH4eCKHA HHCTHTYT 

B.r. norAaHoe, B.A.nn~~ee, B.H.Conosbesa 
PaAHeBWA HHCTHTYT HM.B.r.XnonHHa, neHHHrpaA 

M.H.AAaMOBH4, B.r.napHOHOBa, H.B.MacneHHHKOBa, r.H.Opnoea, 
M.H.TpeTbHKOBa, c.n.XapnaMOB, M.M.4epHHBCKHA 
~H3H4ecKHA HHCTHTYT AH CCCP, MocKea 

A.X.5a6aee, E.C.5acoea, A.H.5oHAapeHKo, Y.r.rynHMOB, 
T.n.Tpo~HMOBa, P.Y.XanMaTOBa, r.M.4epHOB 
HHCTHTYT HAepHoA ~H3HKH AH Y3CCP, TawKeHT 
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C.A.A3HMOB, A.A6AymaMHnoe, W.A6AymaMHnoe, c.raAmHeea, 
M.Amypae e , K ~ r.rynaMoe, A.myMaHoe, H.C.nyKH4eea, 
A.MHpxoAmaeea, B.rn.HaeoTHbiH, B.H.neTpoe, E.A.PaeeHHa, 
H.ru.CaHAXaHOB, n.H.Cee4HHKOBa, n.n.4epHOBa 
eH3HKO-TeXHH4eCKHH HHCTHTYT AH YaCCP, TawKeHT 
H.H.KocTa HaweHnH 
T6HnHcCKHH rocyAapcTBeHH~H yHHBepcHTeT 

n.C3pAaM6a, P.Toroo, A.TyBAeHAOpm 
HHCTHTYT eH3HKH H TeXHHKH AH MHP, YnaH-5aTop 

B pa6oTe npe,o;cTaBJieHbl 3KcnepHMeHTaJibHbie ,o;aHHbie, 
riOJiy'l!eHHble Ha OCHOBe aHaJIH3a 4303 HeynpyrHX B3aHMO­
,o;e~C TBHH peJIRTHBHCTCKHX R,!J;ep HeOHa-22 C R,o;paMH B ~T0-
3MYJibCHH. TioKa3aHO nOBe,o;eHHe xapaKTepHCTHK no MHO­
meC TBeHHOCTH, yrJIOBbiX xapaKTepHCTHK BTOpH'l!HbiX 'llaCTHl~ 

B 3aB HCHMOCTH OT CTeneHH pa3pyweHHR CTaJIKHBaiD~XCR 
R,o;e p . TioKa3aHO, 'liTO O,[J;HO H TO me 'l!HCJIO ripOB3aHMO­
,o;eHCTBOBal11HX HyKJIOHOB HaJieTaiD~X R,[J;ep HeOHa H yrJiepo­
,o;a OTBe'l!aeT pa3JIH'l!Hb~ napaMeTpaM HX CTOJIKHOBeHHR 
C R,[J; paMH MHWeHH. 

Pa6oTa BbinOJIHeHa B lla6opaTOPHH BbiCOKHX 3HeprHH 
OIDU1. 

ine lastic Call is ions of Neon-22 Nuclei 
wit h Nuclei in Photoemulsion at 90 GeV/c 

A!Vokalova ~t al. 

The experimental data obtained according to the 
analysis of 4303 inelastic interactions of the rela­
tivi stic neon-22 nuclei with the nuclei in photoemul­
sion are presented. The multiplicities and angular 
dis t ributions are shown as the functions of the ~is­
integration degree of the colliding nuclei. It is 
shown that the same number of interacting nucleons 
of t he projectile neon and carbon nuclei are connec­
ted with the different impact parameters of the tar­
get nucleus. 

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

CTOn KH cnoee RAePH~X eoT03MynbCHH roCHHHXHMeoronPOEKTa 
THna 5P- 2 pa3MepoM 10x20x0,06 CMS 6~nH o6ny4eH~ RAPaMH 
HeOHa-2 2 c HMnynbCOM 90 r3B/c Ha CHHXpo¢a30TPOHe OHRH 
C nnoTHOCTb~ ~10 4 4aCT./CM2. noHCK HeynpyrHX B3aHMOAeHCT­
BHH npoBOAHnCR MeTOAOM npocMoTpa no cneAY· Ha AnHHe 
947,4 M 6~no 06HapymeHO 9318 HeynpyrHX B3aHMOAeHCTBHH,4TO 
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COOTaeTCTaoaano cpeAHe~ AnHHe npo6era AO a3aHMOAt~CTaHR 
/10,2+0,1/ cM. AnR AanbHe~wero aHanH3a 6~no oTo6paHo 4303 
co6~THR. 8 pe3ynbTaTe H3MepeHH~ ace aTOPH4H~e 3a pR>KeHHble 
4aCTHLI~ a 3ae3Ae pa36HaanHCb Ha cneAYIOUIHe THnbl. 

I. <!>parMeHT~ RApa-MHWeHH H pO>KAeHH~e 4aCTHI.Ibl : 
1. HeAneHH~e <!>parMeHT~- b-4aCTHLI~ c KHHeTH4ecKo~ 

3HeprHe~ AnR npoToHa TP.::; 26 M3B; 
2. n~CTp~e <!>parMeHT~ - g -4aCTHI.Ibl /26 < T p .::; 400 M3B/; 
3. 0AH03apRAH~e <!>parMeHTbl H pO>KAeHHble 4aC THI.I~ 

C {3> 0,]- B-4aCTHI.I~; 

II. <!>parMeHT~ RApa-cHaPRAa c f3 ~ 0, 98: 
1. MHoro3aPRAH~e <!>parMeHT~ c Z >- 3 - b' -4aC TH1.1~; 
2 .. Aayx3aPRAH~e <!>parMeHT~- g' -4aCTHI.I~; 
3. 0AH03apRAH~e <!>parMeHT~- s'-4aCTHLI~· 

To4HOCTb H3MepeHHR 3aPRAa <!>parMeHTa 6~na He MeHee 0,5 
eAHHHI.Ibl 3aPRAa. AnR acex nepe4HcneHHbiX 4aCTHLI onpeAenR­
nHcb nonRpH~~ H a3HMyTanbH~~ yrn~ HcnycKaHHR. B Ka>KAOM 
a3aHMOAe~CTaHH paCC4HT~aanCR CYMMapH~~ 3apRA, yHOCHM~~ 

<!>parMeHTaMH RApa-cHapRAa Q. no aenH4HHe.Q MOlKHO O~peAe­
nHTb 4HCnO npOa3aHMOAe~cTaoaaWHX HyKnOHOa HaneTaiOI!Iero RA­
pa N 83 :(10-Q) A c / Npc , rAe A c - aTOMH~~ aec RApa-cHapRAa, 
Npc- 4Hcno npoToHoa 3Toro RApa. 

B PRAe cny4aea AnR aHanH3a H3 nonHoro aHcaM6nR co6~­
TH~ abrAenRnHCb nOAKnacc~ c Nb = ng +nb s. 6 ; 7 .::; Nb .::; 27; 
Nb >-.. 28. 

Ha pHc. 1 npeACTaaneHo pacnpeAeneHHe no Q <!>pa r MeHToa 
HaneTaiOwero RApa. 04eaHAHa CaR3b Me>KAY CTeneHRMH pa3pywe­
HHR CTanKHaaiOUIHXCR RAep. TaK, a rpynne, xapaKTepH 3YIOI!Ie~ 

cTonKHoaeHHR HeoHa c RAPaMH H , C , N , 0 H nepH<!>epH4e­
CKHe a3aHMOAe~cTaHR c RAPaMH Ag , Br (N b.::; 6) ,OTMe4aeTCR 
noa~weHHaR aepORTHOCTb HCnycKaHHR <!>parMeHTOa C 6onbWHM Q 
/<N 83 >= 4,48~0,03/, HanpoTHa, a co6~THRX nonHoro pa3pywe­
HHR RAep-MHweHe~ c Nb >- 28 a~XOA~ <!>parMeHTOa c 6on buiHM Q 
CHnbHO nOAaaneH~ / < N > = 18,4+1 ,0/. 83 -

Ha PHC. 2 noKa3ciH~ cpeAHHe MHO>KecTaeHHOCTH b-, g- H S-
4aCTHI.I a 3aaHCHMOCTH OT Q KaK AnR ace~ 3MynbCHH a 1.1en0M, 
TaK H AnR co6~TH~ c N b ~ 7. Ha pHc. 3 npHaeAeH~ OTHoweHHR 
KOPHR KaaApaTHOrO H3 AHCnepCHH 0 1 K cpeAHe~ . MHO>KeCTaeH­

HOCTH D1 I <n 1 > , a Ha PHC. 4 pacnpeAeneHHR no 4Hcny s -4ac­
THLI a 3aaHCHMOCTH OT Q. YaenH4eHHe cTeneHH pa3pyweHHR Ha­
neTaiOI!Iero RAPa H3MeHReT He TOnbKO cpeAHHe MHO>KeC TaeHHO­
CTH 4aCTHI.I, HO H HX <!>OPMbl pacnpeAeneHHR. PacnpeAeneHHR 
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dN <r'l.L> 

dQ 1- Bee 

,B 30 j ~ ~ - Nh. 0 - s 
600 -J -- 7~ Nh~7 

6 - ~ ... Nt(27 
o - ~ 

+ 
l I I 1 ¢ 400-1 20~ 1 ~ 

I • 0 

9 + ~ 
200-1 L.....J I I ~ 4 + t 

10 e • • o 
D • ! .i 

0 0 • • e ' 6 • • • 
0 0 6 o I 

0 4l 

m S I 
!l 

0 2 4 6 8 10 Cl 0 2 4 6 8 10 Q 
PHc. I. PacnpegeneHHe no Q. PHc.2. CpegHHe MHo~eCTBeHHo­

CTH S- , g- , b -qacTH~ B 3a­
BHCHMOCTH OT Q. llyCTbJe TO'i­

KH - Anfl B cex C06bJTHH, 3a'iep­

HeHHble - gm1 co6biTHH c Nh ;;.::. 7. Di. 
<n.L> 

2.0 

1.0 

0 

·-
6 - If 
0 - b 

A ~ 

2 

~ 
f .4 ~ t ~ 

lt9tt + 
If 
& 
s 

4 6 8 

PHc. 3. 0 1 / <n 1 > KaK cPYHK~HH Q. 
KpHBbie xapaKTepH3YJOT pacnpe-

10 Q. geneHHe llyaccoHa. 

OKa3biBa~ TCR cy~eCTBeHHO 6onee W~pOK~M~, 4eM 3TO O~~AaeT­
CR no 3a KOHy nyacCOHa. 

Ha p~ c.S npeACTasneH~ cpeAH~e KOC~Hyc~ yrnos B~neTa 
b - ~ g -4aCT~U ~ cpeAHRR KBa3~6~CTPOTa ~s -4aCT~U B 3a­
B~C~MOC T~ OT Q. 
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dN o:n; 357 

200 

5 10 15 20 25 30 35 40 45 50 55 60 n.s 
PHc.4. PacnpeAeneHHH no •mcny S -'tlaCTHI..\. 

<COS 9L> 6 -~ 

o-~ 

0400 

uJI J *ttl f H <~,> 
0.300 t 2.0 

0 0 0 0 
0 0 

ii ii 
ii • • • • 

0 0 • + 

1.0 
0.100 

~» 

0 2 4 6 8 0 z 4 6 8 10 

PHc.5. CpeAHHe KOCHHYCbl b- H g -'tlaCTHI..\ /a/, cpe~~­
HHe nceBAOOb!CTpOTbl S -'tlaCTHI..\ /6/ (TJ 8=-lntg®8 / 2) 
B SaBHCHMOCTH OT Q , 0f50SHa'tleHHH Te ~e, 'ITO H Ha 

pHc.2. 

a 

Ha pHC. 6 noKa3aHbl OTHOWeHHR BbiXOAOB b- , g- 11 8 - 4ac­
TH~ B AaHHOM yrnOBOM HHTepeane npH ManbiX 11 60nbWHX Q. 06-
pa~aeT Ha ce6R BHHMaHHe 3aBHCHMOCTb yrnOBbiX xapaKTe pHCTHK 
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R• I 

• ,:·j H i • ll .OJ ~- <t 
c- b 

~O J t t t f f t f f t J 
•• j f ??+ 

t ¢ 
~0 J 

~ 9 ~ ~ ~ 0 ~ t ~ t 

50 1 ¢ 

_L._. ¢<) 0 

· 1.0 · 0.6 ·0.2 0.2 0.6 1.0 CO& 8c ·2 4 -1.2 0. 1.2 , 4 u e~·-f- tt~ 
PHc . 6. OTHomeHHR R 1 ~f(cos® 1 ) /a/ H R 8~ f(7J 8 ) /6/. 

R = (-1- ...QQ __ f=O,l / (...1_ do- )Q~9,10 i c b ' 
t a. d cos e a d cos e ' ' g In t tn t 

R ~ (-1- Jtg_)Q=O,l / (_!_ _ci2)Q~9.10 
8 a1 d l7 a_ d l7 • 

n s 1n s 

10 -1 
~ 

i~+h++i + • t • + 
9~ ~ • 

9 H + 
0 •' 

0 ••• 

! 

5 10 15 20 25 30 35 40 45 so ss nj 
PHc. 7. KoppeJlRI..\HH <n 8> ~ f (N h) , < nb > ~r(ng ). 

s-4aCT vH~ OT cTeneHI-1 paapymeHI-1Jl 1lApa-cHap1lAa, 4TO He Ha6Jllo­
AaeTCJl AnJl APYri-1X rpynn 4aCTI-1~. 

B Ka4eCTBe npi-1Mepa Ha p1-1c.] AaH~ 3aBI-1CI-1MOCTI-1 <n 8> = 
= !( Nh ) , <n b > ~ r (n g ) • 
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B aaKn~4eH~e paccMOTP~M npaeoMepHOCTb ~cnonbaoeaH~R 

4~Cna npOB3a~MOAe~CTBOBaBW~X HyKnOHOB RApa-cHapRAa KaK 
Mep~ napaMeTpa cTonKHOBeH~R RAep. TaK, np~ Q = 4 AnR 

(22 Ne- Em) -eaa~MOAe~cTe~~ ~ Q = 0 AnR (
12 C -Em) -cTonKHo­

eeH~~, 4TO COOTBeTCTByeT N83 = 12, 4~Cna g -4aCT~ ~ pa3-
n~4aiOTCR 6onee 4eM e ABa paaa ( < n > Q= 4 = 7, 8+0, 4 , 

Q=O . g NeEm -
<ng > = 16,6+0,8). B TO >Ke epeMR AnR Q= 1 <n >N E 

C Em - g e m 

6n~3Ko <n > np~ Q = 0. O~eH~M MaKC~ManbH~~ na paMeTp 
g CEm 

1 cTonKHoeeH~R e 22Ne + Ag, Br ~ 2c+ Ag , Br 

My, KaK 3TO CAenaHO all! . r = jr--t-~N=-1-, rAe 
i ".\n N 

aHanor~4HO To-

.\ - An~Ha ceo-

60AHOrO npo6era AO Heynpyroro B3a~MOAe~CTB~R; n- KOH­
~eHTpa~~~ TR>Ken~x RAep e ¢QT03Mynbc~~; N- nonHoe 4~cno 
aee3A e aHcaM6ne; N 1 - 4~cno aee3A c Q = 0; Q = 0 , 1 ; Q = 

= 0,1,2, ~ T.A . 
PeaynbTaT~ o~eHK~ np~eeAeH~ e Ta6n~~e. TaM >Ke AaHbl 

3KCnep~MeHTanbH~e 3Ha4eH~R cpeAH~X MHO>KeCTBeHHOCTe~ 

j!;-4aCT~~. 

Ta6nm~a 

MaKCHMaJibHbiH n apaHe Tp CTOJlKHOBeHH.R ,IJ;BYX Rp;ep f 1 (Ill M) 

H Cpe,IJ;HHe MHOlKeCTBeHHOCTH g -qaCTH~ npH p;aHHOJ11 Q. 

Q 0 

Ne +Ag, Br 

r 1 

2,9~0, I 

4,1~0,1 

5, 1~0, I 

6,0~0, I 

6, 7~0, I 

7, 5~0, I 

<n > <r > 

21 ,3~0,6 4,0~0,2 

I 7, 8~0, 6 . 5, 4~0, 2 

12,9~0,6 6,5~0,2 

10,4~0,5 

7,8~0,4 

5,8~0,3 

C +Ag, Br 

<n > 

16,6~0,8 

II ,4~0, 7 

7,5~0,6 

KaK B~AHO ~3 Ta6n~~~, 6n~3K~M MHO>KeCTBeHHOCTRM g-4ac­
T~~ COOTBeTCTBYIOT rpynn~ C06~T~~ C 6n~3K~M~ napaMeTpaM~ 
CTOnKHOBeH~~. 

Jlum e pamy pa 

1. AHTOH4~K B.A. ~ AP· R$, 1979, 29, c.117. 
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BEPXHHA nPEAEfl CE4EHHA POIAEHHR KYMYflRTHBH~X H305AP, 
P-ME30HOB H3 AHAflH3A AE¢0PMAUHA HHKfl~3HBHNX CnEKTPOB 

A.r.n~Te~HeHKo, B.C.CTae~HcK~~ 

22 

ITo H3BeCTHblM HHKni0.3HBHbiM Cel.JeHHHM pOlKAeHHH 1T -Me-
30HOB H npOTOHOB nonyl.JeHbl BepXHHe rpaHH~bl Cel.JeHHH polK­
AeHHH p H ~++ Ha HApaX B oonaCTH KHHeMaTHl.JeCKHX nepe­
MeHHblX, 3anpeu1eHHOH MH pacceHHHH Ha CBOOOAHbiX HyK­
noHaX. 3HaTb TaKHe rpaHH~bl HeOOXOAHMO npH nnaHHpOBa­
HHH COOTBeTCTByJOmHX 3KCnepHMeHTOB. MaKCHManbHO B03-
MOJKHble HHKni03HBHble AHqxpepeH~HanbHble Cel.JeHHH pOlKAeHHH 
p H ~++ nonyl.JeHbl Ha OCHOBe l.JHCneHHblX pacl.JeTOB. TlpH 
3TOM npeAnonaranOCb, l.JTO yKa3aHHble Cel.JeHHH OIIHCbJ­
BaJOTCH YHHBepcanbHbMH 3aBHCHMOCTHMH OT KyMynHTHBHOI'O 
l.JHCfla H nonepel.JHoro HMnynbca, KOTOpbie obmH nonyl.JeHbl 
npH 3KCnepHMeHTanbHOM HCCneAOBaHHH pOlKAeHHH Me30HOB 
H oapHOHOB Ha HApax B KyMynHTHBHOH oonaCTH. TloKa3aHO, 
l.JTO HHKni03HBHbiH cneKTp pacnaAHbiX l.JaCTH~ C pOCTOM Ky­
MynHTHBHOI'O l.JHcna crraAaeT ObiCTpee, l.JeM crreKTP nepBHl.J­
HbiX pe30HaHCOB. 3TO npHBOAHT K TOMy, l.JTO cneKTpbl pac­
naAHblX 11 - Me30HOB H npoTOHOB AaJOT BKnaA He oonee I% 
B nonHLJe HHKn103HBHble CneKTPbl 11 -Me30HOB H npOTOHOB, 
Hal.JHHaH c HMrrynbca P ~ 0,5 fgB/c. 

PaooTa Bb!nOnHeHa B naoopaTOPHH Bb!COKHX 3HeprHH OH5IH. 

Upper Limits for Cumulative Isobars, 
p-Me son Production Cross Sections 
Determined from the Analysis of Inclusive 
Spectrum Deformations 

A.G.Litvinenko, V.S.Stavinsky 

The upper limits of production cross sections of p 

and ~++ on nuclei are obtained for kinematic variable 
.range prohibited for free nucleon-nucleon collisions 
from the well-known inclusive production cross sec­
tions for rr-mesons and protons. These values are 
inte resting for planning corresponding experiments. 
The maximally possible inclusive differential cross 
sections for production of p and ~++ are calculated. 
These cross sections are supposed to be described by 
universal functions on cumulative number and trans­
verse momentum obtained during experimental investi­
gation of meson and baryon production on nuclei in cu­
mulative region. It is shown that the inclusive spect­
rum of decay products decreases with the increasing 



cumulative number faster than the primary r esonance 
spectrum. As a result, spectra of decay rr-mesons and 
protons contribute not more than I percent to the to­
tal inclusive spectra of rr-mesons and protons above 
0.5 GeV/c momentum. 

The investigation has been performed at t he Labor~­
tory of High Energies, JINR. 

BeeoeH u e 

B pa6oTe no H3BecTH~M HHKn~3HBH~M cneKTpaM rr - Me3oHoe 
H npOTOHOB nony4eHbl BepXHHe rpaHHl.lbl Ce4eHH.A pO>KAe HH.A P 

H ~++ Ha .AApax. 3HaTb 3TH BenH4HHbl He06XOAHMO n p H nna­
HHpOBaHHH COOTBeTCTBY~~HX 3KCnepHMeHTOB. 

VlcXOA.A H3 nony4eHHbiX Dl.leHOK ce4eHHi:1 pO>t<AeHH.A p H ~++ 
HCCJleAOBa H BOnpoc 0 MaKCHMallbHO B03MO>KHOM BKJlaAe pacnaA­
H~X rr-Me30HOB H npOTOHOB ~ nOJlH~e HHKJ1~3HBH~e cneKTp~ 

fT H P All.A pa3J1H4H~X KHHeMaTH4eCKHX 06JlaCTeJ:1. 3 TO Oco-
6eHHO HHTepecHo 3HaTb no cneAY~~el:1 npH4HHe. Cy~ecTeyeT 

XOpOWO apryMeHTHpOBaHHa.A T04Ka 3peHH.A / l / ; 4TO HHKJl~aHBHOe 
Ce4eHHe KYMYll.ATHBH~X Me30HOB nponOPl.IHOHaJlbHO KBa p K-nap ­
TOHHOJ:1 CTpyKTypHO~ $yHKLIHH .AApa . 0AHaKO 3Ta T04Ka 3peHH.A 
OTHOCHTCJl K 11 np.AMbiM 11 Me30HaM. 

PacnaAH~e Me30H~ MOryT AaBaTb HCKa>KeHHy~ HH$OpMal.IH~ 

0 pacnpeAeneHHH KBapKOB B .AApax. 3TO nOH.ATHO y>t<e nOTOMy, 
4TO pO>KAeHH~~ pe30HaHC H CTa6Hnb~~~ HHKJ1~3HBH~~ Me30H 
HMe~T pa3H~e KBaHTOB~e 4HCJla, 

Oc HoeHme npeo~oxeHuR 

B 3KcnepHMeHTax no H3y4eHH~ KyMyn.ATHBHoro po>t<AeHH.A Me-
30HOB 12 •31 nony4eHo, 4TO ce4eHH.A pO>t<AeHH.A ,± H K± onHCbt­
ea~TC.A OAHO~ H TO~ >Ke 3aBHCHMOCTb~ OT MaCWTa6~0~ nepeMeH­
HO~ (X) C pa3nH4H~MH npeA3KCnOHeHl.IHaJlbH~MH MHO>KH Tell.AMH . 
3TO nOH.ATHO, nOCKOnbKY ce4eHH.A nponOpl.IHOHaJlbH~ KBapK-nap­
TOHHO~ CTPYKTypHO~ $YHKLIHH. 

B nepeoM npH6nH>KeHHH ce4eHH.A onHc~sa~TC.A cneAY~~HMH yHH­
sepcanbH~MH 3aBHCHMOCT.AMH: 

(~.:..Q.~) =A 
A dp c c 

XC 2 
• :exp (- -- ) 4> ( p .l. ) • 

0,14 
2 2 4> (p .l.) = 0,9 exp (- 2,7p .l.) + 0,1. 

/1/ 

/2/ 

3AeCb A- aTOMH~~ sec, a Xc - BBeAeHHoe a p~6oTe 141 KyMy­
n.ATHBHoe 4Hcno All.A Me3oHa c • Bc~AY B AanbHeHweM n peAnona­
raeTc.A, 4TO HMnynbC~ H3Mep.A~TC.A B r3B/c, a Ce4eHHe B M6. 
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AnR "-Me 30HOB A17 = 40, a X AaeTcR Bblpa>KeH~-teM 

x1T = T. m 
0 p 

E
17

- 80 P 17 
cosO- m;/(2E0 ) 

1- E
17 

/T0 

/3/ 

Mbl npe AnonaraeM, 4TO cneKTP "-Me3oHa on~-tcbleaeTCR <t>op­
MyJlaMI1 / 1/, /2/, a KYMY11RTI1BHOe 411CJlo AllR P -Me3oHa paBHO 

Eo X = 
p T0 mP 

Ep-fJoPp cos0-m~/(2E0 ) 
1- EP /T0 

/4/ 

AHanor~-t4 HO, cneKTpbl 6api10HOB on~-tCbiBaiOTCR cneAYIOlllei1 <t>op­
Mynoi-1 

(!;.._.A ) =A exp (-X~/0.16), 
A dp " c 

rAe x:,B BeAeHHOe B pa6oTe 151 ,paBHO 

c 1 1 2 E0 112 
XA=2X 1 +[4Xl+XT(Ec-mc)T. ] 

o mP 

X 1 [ Po Ec + me . ] 
1 =- -r::- ( - Pc · cosO)- me + XTmp • 

mP o fJ 

AllR npoTo Ha Ac = 12,83; {3 = 0,52; XT = 2,625. TaKaR >Ke 
3aBI1CHMOCTb Bbl6~-tpaJlaCb AJlR Ce4eH~-tR pOlKAeH~-tR ~++ C TeMI-t 
>Ke 13 ~-~·x T . · 

/51 

/6/ 

/6a/ 

TaKHM o6pa30M, 3aAa4a CBOAHTCR K onpeAeJleH~-tiO MaKC~-tMaJlb­

HO B03MO>K HbiX 3Ha4eH~-ti-1 Ko3<l>¢~-t~~-teHTOB AP 1-1 A~ a <t>opMynax 
/1/ 1-1 /5 / COOTBeTCTBeHHO no H3BeCTHbiM l-tHKJ1103HBHbiM cneKT-
paM " 1-1 

Pe 3yn bmam~ Mo6en u poeaH uR 

CneKTPbl pacnaAHbiX 1T-Me30HOB 1-1 npoToHOB Bb14~-tCJlRJlHCb 

HenocpeACTBeHHbiM MOAen~-tpoeaH~-teM. PacnpeAeneH~-te no Macce 
pe3oHaHcos Bb16~-tpanocb e B~-tAe pacnpeAeJleH~-tR 6pei-1Ta - B~-tr­

Hepa: 

D(M.M
0
)=£. · 1 . 

2" ( M - M
0 

)
2 + f'!! I 4 

171 

Pe3yJlbTaTbl MOAen~-tpoeaH~-tR npeACTaeneHbl Ha p~-tc.1-3, rAe 
noKa3aHbl OTHOWeHHR pacnaAHbiX AH$$epeH~HaJlbHbiX Ce4eH~-ti1 

(du 77 •l) K 3KCnep~-tMeHTaJlbHbiM (du 17
•P ), np~-t 3TOM C4~-tTaJlOCb: 

(J,U SKC. 
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PHc. I . 0THomeHHe HHKJikl3HBHbJX 

ceqeHHH "--Me30HOB OT pacna­

p,a Po ... 2" K 3KCTiepHMeHTaJibHbiM 

HHKJIJ03HBHbiM ceqeHH.RM " -Me-

30HOB: 

. 
10 "t~~ ... , ,, , .... , 

, , .... ~D~ 
'~~ .... ~ 

' ', ', 8 · 120° 

', '.j<r ·170° 
' ' ' 
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' \ \ \ \ 

' ' \ ' 
\ . \ 

\ \ 
\ 
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\ 

\ 

0,1 0,3 0,5 0.7 0.9 1,1 P(r•B/c 

PHc.2. 0THomeHHe HH K JIJ03HB­

Hb~ ceqeHHH TIPOTOHOB OT pac­

nap,a 11++-+ P+" K 3KCTiepH­

MeHTaJibHbiM ,HHKJII03HB Hbl!" ce­

qeHH.RM TIPOTOHOB: 

exp (- ~-)· (E ~) XA 
0 14 A = A A - ·exp (- --- ), 

' dp p / u P / u 0,16 

(0,9 exo (-2,7Jl ) + 0,1), 

A =A 
p " 

'\~, 
' ~\' 
\,~, 
\\ ' 
\ \\ 
I ll 
\ I\ 

I I I 9= g(f 
11\r---­
\ \ v 8=120° 

\>y:-~· 
\I 
I I 

I\ 
I I I 
I I I 
I I\ 
I 1 I 
I 1 I 
I \ \ 
\ \ \ 

I 1 \ 

0.1 0.3 0.5 0.7 0.9 P(r3 B/c) 

PHc.3. 0THomeHHe H HKJIJ03HB­

HbJX ceqeHHH "-Me30 HOB OT 

pacnap,a f1++ ... P+" 3Kcne-

PHMeHTaJibHbiM HHKJIJ03 HBHbiM 

ceqeHH.RM rT -Me30HO : 

X 
• ·exo (- _::.A_) 

0,16 
AA =A • 

u . p 
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AP = A17 1-1 At!= AP • l-13 3TI-1X PI-ICYHKOB BI-IAHO, 4TO MaKCHManb­

Hble 3Ha4 e HI-1fl AP 1-1 Afi COOTBeTCTBeHHO paBHbl 

max 
A{J = 19,4. ATT = 776. !81 

max 
At! =0,5 .Ap=6,4. 191 

Cy~ecTBeHHO OTMeTI-ITb, 4TO np1-1 MaKCHMaJlbHOM 3Ha4eH!-11-1 AP 
BKJlaA pa c naAHbiX rr-Me30HOB B CAellaHHbiX npeAnOnomeHI-IFIX 

OTHOCHTeJlbHO BI-IAa Ce4eHI-1fl pOmAeHHFI P Me30Ha, _He npeBbl­

waeT 1% OT 3KCnep!-1MeHTaJ1bHO Ha6J110AaeMbiX Allfl p :::0,34 r3B/c 

1-1 acex Ha npasneHI-1i1 BbiJleTa a 3aAHIOIO nonyc<)lepy. BKilaA pac­

naAHbiX TT -Me30HOB OT fi++ MOmeT 6b1Tb HeCKOJlbKO 60J1bWe, 

OAHaKO A I1 A I-1MnyJ1bCOB::: 0, 5 r3B/c OH TOme He npeBbiWaeT 1%. 
Pe3yJ1bTaTbl MOAenHpoaaHHR xopowo cornacyiOTCA c aHanH­

T!I14eCKI-1MI-1 Ol.\eHKaMI-1, KOTOpble YAaeTCR npoaeCTI-1, ,[\JlR 3TOrO 

3aMeTI-1M, 4 TO cneKTp pacnaAHbiX 1T -Me30HOB CBR3aH CO cneKT-

pOM pOmAeHI-IR P -Me30HOB CJleAYIO~I-IM BblpameHHeM: 

da ( 1 dPP da -_. _. 
E 1 --= dO--dM--(E-) B(M,M )o(p -P ), /10/ 

d ->P · 4rr E d p p 0 1 1 
1 {J , -_. 

a P 1 CBR3 a HO C p 1-1 0
0 

=(0
0

,cf>
0

) npeo6pa30BaH!-1eM JlopeHl.la: 

::; -+ -+ - -+ *-+ 
P1 = P 0 + ( P P 0 ) P I [ M · ( M + E ) ] + E 1 p I M , 

Po =Po n~ . 

[ 2 2 2) 2 2 ] 112 I P
0 

= (M - m1 - m2 - 4m 1 m2 (2m), 
/11 I 

E* -J 2 2 112- ml/2 + Po ' M = E* + E* , 
1 2 

.QnR rr-Me 3 0Ha, neTR~ero noA yrnoM 180°, a npeAnonomeH!-11-1 

Hyneaoi1 WI-I PHHbl p-Me3oHa 1-13 /10/ 1-lMeeM 
2 * E 1 MP ME 1 

M Et E E(l+tl -)-(-+$ -) 
da 0 0 0 Pt 2Eo 0 Pt 

E --=-- f dE.exp[---. )./12/ 
1 dpl POP1 E-· TOmp <X>(1-EITO) 

3AeCb 

- * 2 E = M [ E1 • E 1 - p p ] I m , 
{J 1 0 1T 

E * 2 E+ = min I M rp ·. [ E E + p p ] I m , 
{J 1 1 1 0 1T 

a E - KHHe MaTH4ecKaR rpaHI-Il.la AI1R pomAeHI-IA p -Me3oHa. rp. 
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Y4HT~BaR, 4TO noA~HTerpanbHaR $YHK~HR pe3KO y6~eaeT 
C pOCTOM 3HeprHH, nony4aeM, 4TO HHTerpan onpeAenReTCR 
nH4HHO.:\ Ce4eHHR () -Me30Ha e6nH3H (J () - 180° H paeeH 

ee-

d M (1- ,E-/T0 )
2

T 0 mp<X> 
E 1 ~ = p • 'AP ----------"----------,;--

dp1 2PoP1 E
0
f(h8

0
E/p

1
)-{M:/(2E

0
T
0

)+ {J
0 

MpE; ] 
P1 To 

Eo 
exp (-----

mPT0<X> 

- E1 M2 
E (hfJ0 -)-(-J-+80 P!___ G~O 

Cl-E-/T0 ) 

* Mp E 1 ) 

_P_.1,___ ) • /14/ 

(1+80 ~)(E+ -E-) 
....----P>-+1'--------~- ) ]. 

(1-E-/T
0

) 

O~eHeHHoe no 3TO.:I $OpMyne 3Ha4eHHe Amax 6nH3 KO K nony­
P 

4eHHOMY H3 MOAenHpOBaHHR /8/. 
noRCHHM, no4eMy cneKTP~ pacnaAH~x 4aCTH~ cnaAa~T Kpy-

4e, 4eM cneKTpbl 3KCnepHMeHTanbHbiX 4aCTH~. JlnR n OCTOTbl 
6yAeM C4HTaTb, 4TO E0 >> E , E • B 3TOM cny4ae KyMynRTHB-
Hoe 4Hcno X nepexOAHT e Pnep~MeHHYIO Ebe.pKeHa 16 1 : • 

E - ·P cosO 
X _, X=------

m p 

3Ta nepeMeHHaR, KaK H X, RBnReTCR aAAHTHBHO.:\: 

X =X +X -• p rr rr 

l-13 $OpMyn /10/ H /11 I HeTPYAHO noKa3aTb, 4TO Anl'l < X>P 
H <X>

77 
HMeeTCR cneAyiO~ee COOTHOWeHHe: 

dp d dp1 da ) M M 
f ----.lL (E __$._) • :X"" <X> = f -E-- (E 1 -_- --;- x1 =-. < x 1>. 

/15/ 

/16/ 

. EP d p P P 
1 

d p E C 
1 1 1 /17/ 

JlnR P -Me30Ha 3TO AaeT <X>p = 2 < X>
77 

• 

nocKOnbKY OCHOBHOe naAeHHe Ce4eHHR C HMnynbCOM Onpe­
AenReTCR 3KcnoHeH~HanbHO.:I saBHCHMOCTbiO OT X ,To cTaHOBHT­
CR RCHO, n04eMy cneKTp pacnaAH~X rr-Me30HOB naAa eT 6~cT­
pee, 4eM HCXOAH~.:\ cneKTP P -Me30HOB. 

Oco6eHHocmu MRcKOU ~acmu 

UHK~~3U8HOcO cneKmpa rr-M e 30H08 

B pa6oTe 1 2~/pHc.4/ noKa3aHo, 4TO e MRrKo.:l 4aCTH Ha 
$oHe rnaAKO.:I saeHCHMOCTH da-exp(-T/'I0 )HMeeTCR nHK. M~ 
CAenanH non~TKY onHcaTb yKa3aHHYD oco6eHHOCTb pacnaAH~MH 
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20 ~ I 

p + Pb--n-•... 
0 

9 =168 '0 
r-. -:;:::, 

15 al 

f.. .. 
6 
~ I I ___.. 

J I a. 
X 10 I .. 

I . 

* 
I 

\ k , .... .J-e-t--
wj<( 5 

100 200 300 T..r(M,S) 

PHc. 4. HHKJIII)3HBHbiH cneKTP 
rr--Me30HOB npH Manb~ 3Hep­
rHHX a peaK~HH p + Pb-. rr+ + ... 
npH HMnyn hce HaneTa~~ero 
npOTOHa P = 8, 9 f3B/ C 12 1 , 

4 

'-8' Pb 
r-. ,t. 
j:::-3 I \ r ~ ...!.- I I a. I d6(Toop}2,5 X I lv 01 I ,..... 

I I al 
I I 

:..2 I I 
I 

~ 8 I 
I 

~ 
I 

I I 
I I 

I /\~p) u:4<~:1 

' \ 

II 
""" 

0 

50 150 T(M•B) 

PHc. 5. 3KcnepHMeHTanbHbie 
AaHHbie H pe3ynbTaTbi onHca­
HHH nHKa npH Manb~ 3HeprHHX 
HHKni03HBHOrO cneKTpa rr- -Me-
30HOB, 0mH6KH B 3KCnepHMeH­
TanbHb~ TOtJKaX BKnJOttaiOT 
H HeonpeAeneHHOCTH a annpoK­
CHMa~HH cPOHa noA nHKOM, 

rr-Me30Ha MH OT pOmAeHHR ~++ Ha OTAenbHOM HyKnOHe RApa. 
Ce4eHHe pom~eHHR ~-H3o6ap~ B HyKnoH-HyKnOHH~x cTonKHoee­
HHRX paB HO I 

~=A. ·ebt, /18/ 
dt 

' 7 I 
rAe A = 1 0 , 4 8 H b = 5 , 86 , , • 

cPOH n OA nHKOM B~6HpancR B BHAe 

( E J!£....) = ( CT + D) exp (- T ( Ma a) I c) • dp ell • 
/19/ 

Pe3ynbTaT~ MOAenHpoeaHHR npeAcTaeneH~ Ha pHc.5. ~3 3To­
ro pHCYHK a BHAHO, 4TO nony4eHHble H3 MOAenHpOBaHHR cneKTPbl 
77-Me30HOB XOpOWO OnHCbiBal'lT ¢lQpMy nHKa AnR CBHH~a, HO He 
coenaAa~T no a6con~THO~ eenH4HHe. 
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B pa6oTe nony4eH~ cneAy~~~e pe3ynbTaT~: 

1. nony4eH~ eepxH~e o~eHK~ ce4eH~~ ~HKn~3~eHoro pomAe­
H~R p ~ ~++ Ha RApax B K~HeMaT~4eCKOH o6naCT~, 3anpe~eH­
HOH AnR ceo60AHOro NN -pacceRH~R /p~c. 6, 7 I. 

0 

10 --
\ -' 

_, 
10 

\ ' 
\ ', 

I 
I 

\ 
\ 

\ g. goo 
I ~~ 

\ 0 

\1 /\\19:180 
I I 
'I I 

I \ 
\ 

I I 
I \ 
I I 
I I 
I \ 
I I 
I I 
I I 
I I 

' I 
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I 
I 
\ 
I 

'U) 104 

~ 
~10 

0. 
X .. 
~f 
" 

• 4 

*10 
~ 

10 

10 

'.:::--....... --
' ' -' ........... 9=90° ' ' r-:-' ' . ' ' ' 

\ ' \ 0' 
\ 9=180 ' r-

\ 
\ 

\ 
\ 

\ 

' \ 
' 

0.1 0.3 0.5 0.7 0,9 1.1 1,3 r.e_£) 0.1 OJ 05 o.7 0,9 1.1 1,3 P(r.~) 

PHc.6. MaKCHManbHO gonycTH- Puc.7. MaKCHManbHO g onycTu-

Mble HHKni03HJ:!Hble CetieHH.R 

KYMYnHTHBHbiX P -Me30HOB. 

Mble HHKni03HBHble Ceti e HH.R Ky­

Myn.RTHBHbiX ~ + +. 

2. noKa3aHo, 4TO cneKTP~ pacnaAH~x "-Me30HOB ~ npo­
TOHOB Aa~T BKnaA He 6onee 1% B nOnH~e ~HKn~3~BH~e cneKTp~ 
1T""Me30HOB ~ npOTOHOB, Ha4~HaR C ~MnynbCa p > 0,5 r3B/c. 

AeTop~ 6naroAaPRT 0.10. Kynbn~HY 3a o¢opMneH~e pyKon~c~. 
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J<pamKue c oo6UjeHU.R OJ1J1J1 #12-85 JINR Rapid Corrrnuniaations No-12-85 

YAK 539.14 

C~nbHO-AC~MMETP~4HOE AEnEH~E ~AEP, 

06PA3Y~~XC~ nP~ OonY4EH~~ TOP~~ Anb~A-4ACT~UAH~ 
~ AE!i!TPOHAM~ 

~.U.Ora HeC~H, W.r3p6~w, ~.B.no6aHOB, 

~.C.KopoTK~H, M.~ccoHya* 

30 

OnHCbiBaiOTCfl 3KcnepHMeHTbi no noHCKy 3MHCCHH TfllKe­
JibiX KJiaCTepOB H3 B036YlK,II;eHHbJX flp;ep 234pa H 236U npH 
06Jiyt.IeHHH 232Th p;eHTpOHaMH H a -t.IaCTH~aMH C 3HeprHeH 
En86 • = .I7 H 34 M3B cooTBeTCTBeHHO. DoKa3aHo, t.ITO 
B 3THX peaK~HflX C Cet.IeHHeM -2 MK6 o6pa3YIQTCfl fl,IJ;pa 
c A = 24 H He o6pa3YfOTCfl clJparMeHTbi c A = 28 (u .$ 

.$ 0, I MK6 ) . A.rm conpHlKeHHbiX TfllKeJlbJX clJparMeHTOB nony­
t.~eHbi BepxHHe rpaHH~bi cet.~eHHH oT 3 · I 0 -2 p;o 3 · I 0 -4 MK6. 
Pe3yJibTaTbl Oilb!TOB HHTepnpeTHpYIQTCfl B paMKaX TpOHHOrO 
p;eneHHfl c BbJJie TOM T HlKeJIOH t.~ac TH~bi I A = 2 4 I , B TO 
BpeMfl KaK ,L\Jlfl BepOflTHOCTH CHJlbHO-aCHMMeTpHt.!HOrO ,II;BOH­
HOrO ,II;eJieHHfl onpep;eJieH npep;eJI: r KJiac T. I r ilOJIH. ~ 3 .lQ-1? 

Pa6oTa BblilOJIHeHa B na6opaTOpHH flp;epHbiX peaK~_HH 

OIDIH . 

The Extreme Asymmetric Fission of Nuclei 
Produ ced in React ions 232 Th + 2H, "He 

Yu •. Ts .Oganessian et al. 

The experiments describe an emission of heavy 
cluste rs from excited 23"Pa and 236u nuclei, which 
are pr oduced in bombarding 232Th targets by deuterons 
and a -particles with energies I 7 and 34 MeV, respec­
tively . It is shown that the nuclide with mass A= 
= 24 emitted with- 2 microbarn cross section and the 
nuclide with mass A = 28 were not observed and the 
cross section was estimated to be lower than O.I 
microbarn. For its heavy fragments the upper level 
of cross section is obtained from 3·10-2 to 3·I0-4 
microbarn. The results of experiments are interpreted 
as ter nary fission with the emission of heavy clus­
ter A= 24, while the limit for probability of ex­
treme asymmetric binary fission r cl ;rt t ~3 ·10 - 10 

was de termined. us. 0 
• 

The investigation has been performed at the Labo­
ratory of Nuclear Reactions, JINR. 

*JrHCTHTYT Hp;epHoi1 cPH3HKH, Opc3, ~paH~Hfl 



li13BecTHO, 4TO An.A a -paA!-!OaKT!-!BHbiX !-130Tonos Ra c Mac­
coB~MH 4~CnaM~ 222, 223, 224 1-1 226 Ha6n~AaeTC.A C BepO.AT­
HOCTbiO 1 0-9- 1 0-12 1-!CnyCKaHHe KnacTepa -14C I I-S: Jln.A 6o­
nee T.A>KenbiX HyKni-1AOB 28 1Pa, 232,283U Ha6n~AeHa 3M i-1 CCI-1.A 
24Ne14- 71. napl.l!-!anbHbiH nep!-10A TaKoro Tl-1na pacnaAa 3aBI-1CI-1T 
OT HyKnOHHOrO COCTaBa Ha4anbHOrO .AApa 1-1 COCTaBn.Ae T, co­
rnaCHO 3KCnep!-1MeHTanbHbiM AaHH~M, OT 5·10 15 AO 2·10 17 neT. 

npeACTaBn.AeTC.A 1-1HTepecH~M i-1CCneAOBaTb 3TO .ABne HHe An.A 
B036Y~AeHH~X .AAep, TaK KaK BepO.ATHOCTb 3Mi-1CCI-11-1 Kn acTepa 
MO>KeT pe3KO B03pacTaTb C yBen!-14eH!-1eM 3Hepri-11-1 .AApa . 

Ecn~-1 B OCHOBHOM COCTO.AHI-11-1 KOHKYPI-1PY~~I-1M KaHanOM 3Mi-1C­
CI-11-1 KnacTepa RBnReTC.A a- pacnaA, TO np~-1 3Hepri-11-1 E * ~ 
~10 M3B OTKP~Ba~TC.A APYr!-!e KaHan~ peaKl.ll-11-1 IAene H!-!e, 
3MI-1CCI-1.A HeHTpOHOB 1-1 nerKI-1X 3ap.A>KeHH~X 4aCTI-11.1/. no 3TOMy 
BepO.ATHOCTb Ha6n~AeHI-1.A i-1CKOMOrO npOAYKTa 6yAeT o n peAe­
J1.ATbC.A y>Ke OTHOWeH!-1eM WI-1PI-1H f KJiaCT K nonHOH WI-1PI-1 He pac­
naAa B036yl:<ACHHoro .AApa. Mo>KHO nonaraTb 3apaHee, 4TO se­
ni-141-!Ha f K J"Iac!f TIOJ1H.<< l; OAHaKO TR>KenaR 4aCTI-1l.la MO>KeT 
6~Tb 3aperi-1CTPI-1POBaHa C B~COKOH 4YBCTBI-1TeJ1bHOCTb~ , COOT­
BeTCTBy~~eH rKJiaCT I r TIOJIH > 10-9• 

H1-1>Ke KpaTKO on1-1caHa nocTaHOBKa onbiTOB. 1-1 np!-!BeAeHbl pe-
3YJ1bTaT~ no nOI-ICKY 3M!-!CCI-11-1 KJ1acTepOB C MaCCOB~MI-1 41-!Cna­
MI-1 A= 24 1-1 28 1-13 B036Y>KAeHHbiX .AAep, o6pa3y~~I-1XC.A np~-1 
o6ny4eHI-11-1 232Th Aei1TpoHaMI-1 1-1 a -4aCTI-1l.laMI-1 c 3Hep r l-1ei1 17 
1-1 34 M3B COOTBeTCTBeHHO. 

CxeMa on~Ta npeACTasneHa Ha p!-!CYHKe. Konni-1MI-1POBaHH~i1 

ny40K nonaAan Ha MI-!WeHb 1-13 MeTannl-14ecKoro 232Th 
( 1,5 Mr/cM2 ), nOKPbiTY~ cnoeM 30J10Ta ( 0,3 Mr/cM 2 ). B 3aA­
HeH nonyc¢epe B yrnosoM 1-!HTepsane ®086 • = 180~60 ° pacno­
narancR naKeT 1-13 MeAH~x I-1J11-1 non!-1Kap6oHaTH~x c6op 1-1KOB. 
nocne o6ny4eHI-1.A 1-13 c6opHI-1KOB paAI-10XI-1MI-14ecKI-1 B~Aen.Anl-l~b 
H30Tonbi 24 Na/T1; 2 = 15 4/ 1-1 28Mg/T1; 2 = 20,9 4/ , BbiXOA 
KOTOp~X onpeAen.AJ1C.A ro cneKTpy raMMa-KBaHTOB, i-13MepeHHOMy 
Ha Ge(Li) -cneKTpoMeTpe. 

B APYrOM onbiTe Th -MI-IWeHb 3aKpbiBanacb c ABYX cTopoH 
naKeTaMI-1 TOHK!-!X yrnepOAH~X ¢onbr /no 6 B Ka>KAOH CTOnKe/ 
o6~ei1 TOJ1~1-1HOH 0,5 Mr/cM 2• nocne o6ny4eHI-1.A onpeAen.Anc.A 
BbiXOA !-130Tonos Tl , Pb , Bi no !-IX A04epH!-!M a -paA!-10aKTI-1B­
HbiM I-130TonaM Po c noMO~b~ MHoroAeTeKTOpHoro Si(Au) -cneKT­
poMeTpa. KpoMe Toro, i-13Mep.Anocb pacnpeAeneHHe 3TI-1X npoAyK­
TOB no TOJ1~HHe c6opH!-!KOB RAeP OTAa4!-1. YcnoBI-!.A o6ny4eHI-1.A 
1-1 pe3ynbTaT~ npeACTasneH~ B Ta6n1-11.1e. 

npl-1 6oM6apAI-1POBKe Th AeHTpOHaMI-1 1-1 !-!OHaMI-1 4 He Ha6n~­
AaeTC.A 3MI-1CCI-1.A .AAep c Maccoi1 AKJiac~ = 24. Bee I-1306ap~ 
C Z l\JiaCT. OT 8 AO 11 peri-!CTPI-IPY~TC.A B HaWeM 3KCne pi-1MeH­
Te no 2,gonrO>KI-1By~eMy HYKJ11-1AY 24Na. Jln.A 1-13o6ap c A K JiacT. = 
= 28( 8 Mg) nony4eHa ni-!Wb sepXH.A.A rpaH1-11.1a o6paaosa H!-1.A Ha 
ypOBHe ~ 5·1 o-2 OT BbiXOAa 24Na. 
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113 p a cnpeAe11eHI1R aKTI18HOCTI1 24Na no c6opH11KaM MOlKHO 

O~eHI1Tb cpeAH~~ KI1HeTI14eCKy~ 3Heprl1~ 3TOrO RApa, KOTOpaR 
COCTa811ReT 40+50 M3B, 4TO 3Ha411Te11bHO H11lKe Ky110H08CKOH 
3Heprl111 3T11X ¢parMeHT08. np11 8~11eTe noc11eAHero,c MaccoH 24, 
11Me10111ero TaKYIO 3Heprl110, 113 COCTa8HOro ~Apa 234Pa 111111 236 U 
OCTaT04H~e RApa C MaCCOH 210 111111 212 6YAYT 0611aAaTb 3Hep­

rl1eH OTAa 411 5-7 M3B, 11, c11eA08aTe11bHO, 3Ha4HTe11bHbiM npo-
6eroM 8 yr11ePOAH~x c6opHI1Kax, OKPYlKa~U111X MI1WeHb 
(-0,3 Mr l cM 2 ). 

OTMeT~M, 4TO cpeAI1 A011rOlKI18YU111X HYK1111A08 1111Wb 1130Ton~ 

Pb 11 Bi c MaccoH 212 11 1130TOn~ Bi 11 Po c MaccoH 210, 211 
MOryT 6~Tb 3aperi1CTPI1P08aH~ 8 HaWeM on~Te npOA011lKI1Te11b­
HOCTb~ He CK011bKO 4aC08. 

(2t.Na ,2B Mg) c6opHH~ 

a)~ 
34MeV 

He 

~ 
d 

17MeV 

--7 
b) 

u 
n 

u 
n 

~=t-

~ ==r-· 
Po- HJOTOOb I 

B npeAn0110lKeHI111 aci1MMeTPI14Horo Ae11eHHR cocTa8Horo RA­
pa OHH Mo ryT o6pa3o8aTbCR npH 3 MHCCHH 24 Ne ,24 F IH3 236u I 
H 24o , 24 N IH3 234 Pa I. 

113 3KCnepHMeHTa C11eAyeT, 4TO Ce4eHHR o6pa308aHHR TRlKe-
11~X ¢parMeHT08 A= 210, 211, 212 3Ha411Te11bHO HHlKe, 4eM 
A11R 11erKHX napTHepo8 A = 24. 3To 03Ha4aeT, 4TO 8~XOA 
2~a B OC H08HOH A011e C11y4ae8 He C8R3aH C A8YXTe11bH~M npo­
~eCCOM, a o6yc110811eH APYri1M MexaHH3MOM, 8 4aCTHOCTH, 

TPOHH~M Ae11eHHeM RAep. K 3TOMY 3aK11~4eHH~ npHxo­
ART TaKlKe a8TOP~ APYrHX pa6oT 18 •9; HCC11eA08a8WHe peaK~HH 
238U + p , 4 He np11 3HeprHH 6oM6apAHPYIOUIHX HOH08 OT 15 AO 
600 M3B. 
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TorAa HS cpaeHeHHfl HawHx AaHHbiX Allfl 286u IE*= 29 M3B/ 
c AaHHbiMI-1 no TpOi:iHOMY AeneHI-110 235 U +nO /E * = 6 M3B/ cne­
AYeT, 4TO BbiXOA 4aCTH~ B 0611aCTH 6011bWHX Mace /A~ 20/ cy­
~eCTBeHHO BOSpacTaeT C pOCTOM 3HeprHH BOS6ymAeHHfl Aellf!~e­

rocf! fiApa . 
~CCileAOBaHHe 3TOi1 SaKOHOMepHOCTI-1 npeACTaBilfleT CaMOCTOfi­

Te11bHbli1 HHTepec M Tpe6yeT HHOi:i nOCTaHOBKI-1 OnbiTOB. 
Bosepa~af!Cb K eonpocy CH11bHo-acHMMeTpH4Horo AeneHHfl 238 u 

(A Tli /A nerK. o::. 9), MOmHO onpeAellHTb no BbiXOAY HSO-
Tona f12po rpaHH~Y ce4eH~fl 3Toro npo~ecca, KOTopafl cocTae­
llfleT B HaW eM 3KCnepHMeHTe (! :5 3 •1 0 -S4CM 2, 4TO, B CBOIO 
04epeAb, AaeT O~eHKY eem141-1Hbl OTHOWeHHfl l KJiacT/ l nOJIH. ,5 
~3·10-10. 

Pac4eTbl no CTaTHCTH4eCKOi1 MOAelll-1 pacnaAa eos6ymAeH­
HOro fiAPa ypaHa-236, Bbln011HeHHble C HCnOilbSOBaHHeM npo­
rpaMMbl A11HCa110,11/, AaiOT COOTHOWeHHfl r p;en./ f'nOJIH· = 0,72, 
laJihcPa /f'nOJIH.= 6·10-S 1-1 lKJiaCT. /f'nOJIH.= 1·10-l0,4TO 
He npOTHBOpe4HT peSyllbTaTaM HaWHX 3KCnepHMeHTOB. 

AeTOpbl 6naroAaPHbl aKaAeMHKY r. H .<l>nepoey sa HHTepec 
K pa6oTe 1-1 ~eHHble saMe4aHHfl np~-1 ee o6cymAeHMM, P.H.CaraA­
AaKy sa noMO~b npM npoeeAeHM~ 3KcnepMMeHTOB, a TaKme 
~.n.XapMTOHOBy Sa nOMO~b npM onpeAelleHMM BbiXOAa a-aKTMB­
HbiX MSOTOnOB n0110HMfl, ~.A.MySb14Ke M 6.~.nyCTbl11bHMKY Sa 
pac4eTbl WM PMH pacnaAa eos6ymAeHHbiX f!Aep. 
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KpamKue coo6111eHUJi OH.flH #12-85 JINR Rapid Communiaati ona No.12-85 

Y,liK 530.145 

OEiPATHP.fl 3A,ll.A4A 
Anfl AKCHAnbHO-AE$0PMHPOBAHHWX nOTEHUHAnOB 

5.H.3axapbes, X.$yHKe 

B TIHTepaType no 06paTHOH 3aAatie AO CHX nop He cy­
~eCTByeT npaKTHtieCKHX MeTOAOB ATifl BOCCTaHOBTieHHfl 
c¢epHtieCKH-HeCHMMeTpHtiHbiX ITOTeH~HaTIOB H3 aCHMITTOTH­
tieCKOH BOTIHOBOH cPYHK~HH. 0Ka3bmaeTCfl, 3Ta npo6neMa pe­
waeTCfl B cnei.IHaTibHbiX cnyqaflx. Anfl Knacca oTeHI.IHa­
noa, AOnycKaiD~Hx pa3AeneHHe nepeMeHHb~ B c¢epoH­
AaTibHb~ KOOPAHHaTax, npeATIOJKeHbl MeTOAbl HX BOC­
CTaHOBTieHHfl no AaHHbM pacceHHHR. 3To nepsbrn 
CTiytiaH npaKTHtieCKH peaTIH3yeMblX anrOpHTMOB peweHHR 
o6paTHOH 3aAatiH ATifl c¢epHtieCKH-HeCHMMeTpHtiHb~ TIOKanb­
HbiX noTeH~Hanoa. PaccMaTpHaaeTCR MOAHcPHKa~Hfl ¢opMa­
TIH31'!a PeAJKe - HbiDTOHa - Ca6aTbe H KOHetiHo-pa3HOCT­
Horo npH6nHJKeHHfl XywHRpa - Pa3aBH. 

Pa6oTa BbiiTOTIHeHa B na6opaTOPHH. TeopeTHtieC.KOH ¢H-
3HKH OIDIH. 

Inverse Problem 
for Axial-Deformed Potentials 

B.N.Zakhariev, Ch.Funke 

In the literature about Inverse Problem there 
are no tractable methods for construction of non­
spheri9al potentials from the asymptotic wave func­
tion. This problem turned out to be solv ed in 
special cases. The methods of reconstruction from 
scattering data are given for the class of poten­
tials admitting the separation of variable s in 
spheroidal coordinates. This is the fir s t case 
when the algorithms of the inverse prob l em solu­
tion for spherically-nonsymmetrical local poten­
tials can practically be realised. The modifi­
cations of the formalisms of Regge - Newton - Sa­
batier and finite-difference approximation of Hoo­
shyar - Rasavy are considered. 

The investigation has been performed at the La­
boratory of Theoretical Physics, JINR. 

BaeoeHue 

non~TKH peweHH~ o6paTHOA aaAa4H npH ~apyweHHH c$epH-
4ecKoA CHMMeTpHH noTeH4Hana AenanHCb yme B Te4 e HHe P~Aa 
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neT. KoHe4Ho-pa3HOCTHy~ MOAenb MHoroMepHOH o6paTHOH 3aAa-
4H HCCne A08anH 5epe3aHCKHH C COTPYAHHK8MH 1 1 ~1 • HenoKanb­
H~e no y rnaM noTeH~Han~ paccMaTpH8anHcb KeeM H MoaecoM 131 • 

Q6~y~ TeOpH~ 80CCTBH08neHHR TpexMepH~X noTeH~Hano8 npeA­
nO~HnH $ aAAee8 141 H Hb~ToH 1 5 1 • 06 3THX noAXOAaX MO~Ho TaK­
~e np04 HT8Tb 8 KHHraX / S-SI . 

no4eMy-TO AO CHX nop He paCCMaTpH8anacb e~e OAHB 803-
MO~HOCT b : C8eAeHHe 38A84H K OAHOMepHOH, KOrAa nepeMeHH~e 
pa3AenR~TCR 8 C$epOHABnbH~X, 3nnHnTH4eCKHX /HAp.?/ KOop­
AHHaTaX . HeAa8HO 6~nH nocTpoeH~ c$epOHAanbH~e noTeH~Han~ 
6aprMaH08CKOrO THna, cne~HanbH~e HX cny4aH AB~T T04HO 
pewaeM~e MOAenH CO C8R38HH~MH COCTORHHRMH 8 Henpep~8HOM 
cneKTpe . B ABHHOH pa6oTe $opMynHpyeTCR cooT8eTCT8Y~~aR 
o6paTHaR 38A84a npH $HKCHp088HHOH 3Hepr~H - MOAH$H~Hpo-

88HH~H MeTOA PeA~e - Hb~ToHa - Ca6aTbe 16 •91 H anropHTM ee 
peweHHR 8 npH6nH~eHHH KOHe4H~X pa3HOCTeH, pacnpOCTpaHR~­

~HH noAXOA XywHRpa H Paaa8H 1 101 Ha aKcHanbHO-Ae$opMHP08aH­
H~e MHWe HH. Cne~H$HKOH OAHOMepH~X nap~Hanb·H~X ypa8HeHHH 
ABH~eHHR , K KOTOp~M C80AHTCR ypa8HeHHe WpeAHHrepa CO C$e­
pOHABnb H~MH noTeH~HanaMH, R8nReTCR 38BHCHMOCTb OT 3Hep­
rHH op6HTanbHoro napaMeTpa .\fm(a2 k2 ),nepexoAR~ero 8 f(f+ 1) 
8 npeAene C$epH4eCKOH CHMMeTpHH. 3TO, 8 48CTHOCTH, npenRT­
CT8yeT C03ABHH~ aHanora TeOpHH fenb$BHAB - fle8HTaHa -
Map4eHKO c $HKCHp088HH~M 3Ha4eHHeM e. 

Pa3oe~ e Hue n e peMe HH~x 

B C$e pOHAanbH~X KOOPAHHaTaX e' ~ ' ~ /eM. PHCYHOK/ 
noTeH~Han~ 8HAa 1 11 

1 u1 ((:)+u2 (77) /1/ 
v((,7J)=-::r e2 2 

a .., - 77 

AOnycKa~T c8eAeHHe ypa8HeHHR WpeAHHrepa AnR 

r/J=((:2-1)1 /2R((:)S(77)fim~ 

K OAHOMepH~M ypa8HeHHRM ( 1 S ( < oo; -1 S ~ S 1; 0 S .~ S 217) : 

.\ (a
2

k
2

) u CO 1 2 
R"(c)+[a

2 k2
- fm - -

1
- · +~]R(()=O; /2/ 

(2-1 t2-1 ((:2-1)1! 

....'L(1-1!2 ).JLS(~)+[>-e (a2 k2 )-u
2
(n)+a2 k2 (1-172 )- /3/ 

dn dn m 

m2 
~] S (77)= 0. 

1 _ ,112 
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3,qecb a - paccTO.RH11e Me>K,qy 
¢oKycaMI1 3nnMncoe /ue HTpaMI1 
e ,qeyxueHTpoeo~ 3a,qa4e/, t-
11 pa,q11anb Ha.R 11 nepeMeHHa.R, xa­
paKTepi13Y~~a.R pa3Mep 3nn11nca, 
77 - 11yrnoea.R 11 nepeMe HHa.R, 
onpe,qen.R~~a.R nono>KeH I1 e T04K11 
Ha 3nnl1nce, ~ - yron epa~e-
HI1.R BOKpyr OCI1 3nnl1nCa.B ,qanb­
He~WeM M~ 6y,qeM nona r aTb u 2(n) = 
= 0, TaK KaK OC06eHHO 11HTe­
peCHO 11 pa,ql1anbHoe11 ,qe11>KeH11e. 
An.R eoccTaHoeneHI1.R u1(t) ,qo­
cTaT04HO ,qaHH~X pacce .RHI1.R 
c 4aCTI1UaMI1, na,qa~~l1 11 Ha Ml1-
weHb BAOnb ee OCI1 CI1 ~MeTpl111 , 

n03TOMy MO>KHO nonO>K11 Tb TaK>Ke 
11 m = 0. Co6cTBeHHble 3Ha4e­
H11.R np11 a= 0 /c¢epl14ecKa.R 

CI1MMeTpi1.R/ cpa3y HaXO,(I.RTC.R 113 /3/: A ~a = 0) = e ce + 1). Boo6~e 
>Ke, HY>KHO pa3nl14aTb ,qea cny4a.R: 1/ k < G,Kor,qa c nernp 
,(111CKpeTH~~. k2 11 A' B~411Cn.R~TC.R np11 COBMeCTHOM peweHI111 
/2,3/; 2/ k2 >0,cneKTp Henpep~BH~~ 11 k~ MO>KHO pa CCMaTpi1-
BaTb KaK npoi13BOnbH~~ napaMeTp, a Afm onpe,qen.R~T C.R 113 o,q­
Horo ypaeHeHI1.R /3/. 

Moourjjwwu,u.R .Memooa Hb7omoHa - Ca6ambe 

B ypaeHeHI111 Tl1na ypaeHeHI1.R renb¢aH,qa - neBI1Ta Ha 

/4/ 
~ dt" 

Kc~.~- ) +Q(~.e)+ r Kc~.t")Q(~".e)---
e-- 2

- 1 
0 0 

B03bMeM .R,qpo B 911,(\e Q cce) =I cr ~f (of) ~e ce) 'Tor,q a ,qn.R K 
nony411M f 

0 

KCt.t') = -I ce~eCO~ece). /5/ 
0 f 

r,qe ~ , ~ - peweHI1.R /2/, peryn.RpH~e np11 of_; 1, OTBe4a~-
o 

~11e noTeHU11anaM Ul 11 u1 COOTBeTCTBeHHO 11 CB.R3aHH~e onepa-
U11e~ o6o6~eHHoro c,qe11ra 

0 ~ 0 de' 
~e ce) = ~e c e)+ r K ce .e-)~ e ce-) ----''--

1 cf'2 -1 

no,qcTaen.R.R /5/ e /6/, nony4aeM CI1CTeMy anre6pa114e cK11X 
ypaBHeHio1~ ,qn.R ~ f , 

/6/ 
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0 

the<~)= cbe (~)- F- cbe-<~) Lff,(~). 171 
e . 0 1 

r,qe Lff, (~)=J; (~)cbe-<e)<e2-1f d~'. nocTORHHble K03!ll-
1 £ 

4J~4~eHT~ c£ e /5-7/ onpe,qenR~TCR ,qaHH~M~ pacceRH~R, ecn~ 
nepe~T~ e /7/ K npe,qeny 6onbw~x (. XoTR cbe(~)HaM 3apaHee 
He ~3BeC TH~, HO ~X aC~MnTOT~4eCKOe noee,QeH~e 3a,QaeTCR 
nap4~anb H~M~ !lla3aM~ pacceRH~R Be 1121 : 

the <O - - 1
- sin (ak~- ~+Be ) • 

~ ... oo ak 2 

C KOHCTa HTaM~ Cf,Ha~,QeHH~M~ ~3 anre6pa~4eCK~X ypaeHe­
H~~ /6,7 , 9 / , 

0 

c~>t <O = cb f' CO-~ L 'Ff-ce-cbe"'; Ct). £ . 

nony4aeM ~3 /7/ BOnHOB~e 4JYHK4~~ 

-1 0 
cb£ (0 = ~ (M ( 0)ff, the,(~); Mff' =Bee,+ Lee,(~). 

e-

!8! 

/9/ 

/10/ 

KOTop~e, cornacHo /5/, 3a,qa~T R,Qpo K. ,q~aroHanbH~e 3Ha-
4eH~R KO Toporo onpe,qenR~T noTeH4~an 

0 ,-2-· d 1 
u 1 (t) = u 1 (0 - 2J~ -1~ -~K(~.O. 

d~ J~2-1 
/11/ 

Ho 1i e ~ rta - pa3 iwcmHoe npu6;wxe Hue 

AnR yc TaHoeneH~R napannene~ co cny4aeM c~tJep~4eCKO~ 
C~MMeTp~~ Y,Q06Hee nonb30BaTbCR BMeCTO t nepeMeHHO~ p = 

=a ~,KOTOpaR, no,qo6HO pa,Q~ycy, ~3MeHReTCR OT HynR. 
nepen~WeM ypaBHeH~e /2/ B B~,Qe 

2 2 
R"(p)+[k2 - A+ ul (p) 

P2 + a2 

3
2 2 2~;~ -a 
---- ( m - ) R (p) = 0 • I 12/ 

p2(P2+a2) 4 (P2+a2) 

B cny4ae Mano~ ,qe4JopMa4~~ M~WeH~ a2 /p2<<1 ypaeHeH~e /12/ 
nepeXO,QIH B 

R " ( P) + I k"' - u ( p) _ ~.:2_ + 
()2 

/13/ 
+ E.. [ u ( ()) 1- e ce + 1) - m 2 - 1/2 

()2 ()2 
- k 2a 2 ] I R(p) = 0. 

r,qe u(p) = u1 (p) f p 2 ; Ae ·, e (£+ 1)+ ak 2u; 
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CneAYfl pa6oTe 110-;npeo6paayeM /12/, aaMeHflfl R ( o)=/+ 1 ¥(o) : 

)(t(o) +: ce + 1))(i(p) + (k 2 - w) )(e (p) = 0. /14/ 

ul(o)+.\ £<£+1) a
2

(2o 2 -a2 ) 
w(oJ= --- + -----~- a .\ ·a( 2k2 ) 113-

02+a2 o2 4o2(o2+a2) • L 

aecTHbl 113 /3/. nepexoAfl K AI1CKpeTHO~ nepeMeHHO~ o =~ 
. n 

In = 1, 2, ... ,; !'l - war KOHe4Ho-paaHOCTHoro AHQ>Q>e peHuvrpo-
aaHvrR/, nony4aeM paaHOCTHbl~ aHanor ypaaHeHvtfl /14 / 

¥ f ( n + 1 ) = A f ( n) ¥ f ( n) + c f ( n ) ¥ p (n - 1 ) • /15/ 

2 2 
Ae ( n ) = n [ 2 - !'l ( k - w n ) ] I (f + 1 + n) • 

Ba~HWM Ailfl o6paTHO~ 3aAa4vr cao~CTBOM ypasHeHvtn /15/ 
RBJlReTCR o6pall\eHvte B HYilb K03Q><)l11Ljl1eHTa cy(n) np11 n = f + 1, 
TaK 4TO, MeHRfl e. MO~HO A0611TbCR 11C4e3HOBeHI1fl ce(n)B n~-
6o~ T04Ke 11HTepsana saavtMOAe~c TBI1fl. Ae~cTBvtTeilbHO, soc­
nonbayeMCfl 3TI1M Ailfl BOCCTaHOBJleHvtfl u 1(nJno <)la30BW~ CASH­
raM 8 • nycTb u 1 = 0 np11 n > N, TOrAa X'f (n) HaM vra aecTHbl 
B 3TO~ o6nac Tl1, ' BKill04aR ee rpaHI1llY n = N, nOCKOilb KY TaM 
)( f( n) - CB060AHafl BOJlHa, OnpeAeilfleMafl 3aAaHHbiMI1 Of • 
B ypaBHeHI111 /15/ npl1 e = L = N- 1 11 n = N K03<1l¢11Ljl1 eHT npl1 
Hei13BeCTHO~ X'L(N-1) "'C4e3aeT: CL(N)= 0, TaK 4TO MOlKHO Bbl­
pa311Tb AL(N),B KOTOpbl~ BXOAI1T Hei13BeCTHaR u 1(N) 4epe3 
113BeCTHble X'L (N)11 X'L CN+1).Tenepb B03bMeM 3Ha4eH11e £ t-ta eAI1-
H114Y MeHbWI1M f = L-1 = N-2. ~CXOAR 113 oL-l 11 nonb 3YRCb TeM, 
4TO u 1(N). a 3Ha411T 11 AL_ 1(N) ylKe 113BecTHbl, onpeAei111M 
¥L_ 1(N-1) 113 /15/ c n = N. TorAa e /15/ c n = N - ·1 11C4e3aeT 
cN_JN-1),11 Mbl HaXOA11MAN_2 (N-l),T.e. u 1(N-l),npo AOillKaR 
3TOT npouecc, 6yAeM yrny6nRTbCR Ha war BHyTpb o6nacTI1 
B3ai1MOAe~CTBI1R, pewaR ypaaHeHI1R /15/ C KalKAbiM HOBbiM, 
yMeHbWeHHbiM Ha eA11H114Y 3Ha4eH11eM f , 06111ee BblpalKeHI1e AI1R 
o4epeAHOro 11CKoMoro 3Ha4eHI1R Ae(nLrAe fj=N-i.i=1.2 .... N, 
MOlKHO npeACTaBI1Tb B B11Ae HenpepbiBHO~ AP06t.1 / lO / , 

/16/ 
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3a?{/l10t<eHue 

B HacToR~ee speMR npeAnomeH~~M~ MeTOAaM~ npoBOARTCR 
pac4eT~ C ~enb~ o~eHK~ yCTOH4~BOCT~ npo~eAYP~ ~OCTpOeH~R 
noTeH~~anos no ~aaaM.HHTepecHo 6~no 6~ TaKme soccTaHoB~Tb 

noTeH~~an Bpa~a~~eHCR M~WeH~ /y4eT Bpa~eH~R RAep/,paCCMOT­
peTb o6paTHY~ aaAa4y AnR cnn~cHyTOH c~epo~AanbHOH M~WeH~ 
~ AnR cny4aR paaAeneH~R nepeMeHH~x B 3nn~nT~4eCK~x KOOPA~­
HaTax. 

AsTop~ np~aHaTenbH~ B.H.n~sosap4~Ky, o6paT~sweMy BH~­

MaH~e Ha pa3AeneH~e nepeMeHH~X B KOOPA~HaTaX ( , 11 , rb, 
A.A.Cya bKo aa noneaH~e A~CKycc~~. H.$.TpycosoH aa o6cym­
AeH~e s onpocos nonHOT~ co6cTBeHH~x ~YHK~~H B ABYX~eHTpo­
BOH aaAa 4e ~ B.H.Kn~Mosy aa noMO~b s npocTo~ ~HTepnpeTa­
ll~~ TeopeMbl KoTenb H~KOBa, noasonR~~eH rny6me noHRTb noA­
XOA Xyw~Rpa ~ Paaas~ ~ HaHT~ ero o6oq~eH~R. 
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T04HbiE PEUIEHI·Hl 
B 3A,lV\4AX 0 B3AH~10AE~CTBHH ABYXYPOBHEBbiX CHCTEM 
C H3J1Y4EHHEM 

E.A.Ko4eToe 

Uenb pa60TbJ cocTOHT B Hccne~oeaHHH cneK TpaJibHbJX 
CBOHCTB pH~a MO~eJibHbiX raMHJibTOHHaHOB THna r aMHJibTO­
HHaHa AHKKe, onHcbrnaro~ esaHMO~eHCTBHe aToMa c noneM 
H3JiyqeHHH Ha onpe~eneHHOH ~acToTe. Onpe~eneHHe cneKT­
pa COOTBeTCTByro~ero raMHJibTOHHaHa TI03BOJIHeT HaHTH BCe 
xapaKTepHbJe MH ~aHHOH 3a~a~H napaMeTpbl, a HMeHHO: 
CTene'Hb B036YJI(~eHHH aTOMa, cpe~Hee 3Ha~eHHe tPoHOH­
HOrO TIOJIH H T. TI, flcTIOJlb3yeMbJH MeTO~ HaXOJKAeHHH non·­
HOro COBMeCTHOrO Ha6opa C06CTBeHHbiX ¢yHK~HH onepaTO­
pOB sapH~a H raMHJibTOHHaHa ~aeT TO~Hoe peweHHe sa~a~H. 
Ha6op 3THX pemeHHH MOJKeT 6bJTb HCTIOJlb30BaH M H onpe~e­
JieHHH JI~6biX xapaKTepHCTHK 3a~a~H. llpnyqeHHN 3AeCb 

pesyJibTaTbl MOryT 6bJTb HCTIOJlb30BaHbJ, HaTipHMep , B sa­
~aqax KBaHTOBOH OTITHKH. 

Pa60Ta BbiTIOJIHeHa B ITa6opaTOPHH TeOpeTHqecKOH ¢H-
3HKH OIDIH. 

Exact Solutions 
of the Problems on Interaction of Two-.Level Systems 
with Radiation 

E.A.Kochetov 

The aim of the paper is to study the spec tral pro­
perties of some model Hamiltonians of the Di kke-type 
describing the interaction of an atom with a radia­
tion field at certain frequency. The determi nation 
of the relevant Hamiltonian spectrum allows one to 
find all the parameters characteristic of t h is prob-­
lem, namely the degree of excitation of an a tom, an 
average value of the phonon field, etc. The method 
used to find a total common set of eigenfunc tions 
of the charge and Hamiltonian operators prov ides an 
exact solution of the problem. The set of t hese so­
lutions can be used for determining any char acteris-

tics of the problem, The results obtained can be used, 
for example, in quantum optics problems. 

The investigation has been performed at t he Labo­
ratory of Th~oretical Physics, JINR. 
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PaccMOTPHM raMHnbTOHHaH 

H = wa+a + w
0

8
3 

+A(a+)kaf8 + +A(a+)fak8 • /1/ 

onHC~Ba~~HA B3aHMOAeACTBHe ABYXYPOBHeeoA CHCTeM~ /aTOMa/ 
C 3HeprHeA nepeXOAa 2w 0 C OAHOMOAOBbiM c)lOHOHHbiM noneM a, 
[a,a+] = 1. B MOAenH /1/ aTOMHble nepeXOAbl ocy~ecTen.R~Tc.R 
nocpeAC TBOM HcnycKaHH.R H norno~eHH.R pa3nH4Horo 4Hcna c)lo­
HOHOB k > 0 H f > 0 , HopMHpOBKa nayneBCKHX onepaTOpOB S 
Bbl6paHa -TaK, 4TO [ 83 ,8±] = ±28±,, [8+ ,8_] = 83 • OnepaTop 3a-

~ + f-k v 

P.RAa CHCTeMbl N = a a + - 2 -- 83 , .RBn.RIO~HHC.R HHTerpanoM ABH-

lKeHH.R [ H ,N] = 0. HMeeT cneAY~111ee cneKTpanbHoe npeACTaene­

HHe 

• l±l t±l t± l f+l In> <-l 0 t±l 1 
N I ct> > = N I ct> > , I ct> > = ( ) • I ct> > = ( ) • N = n ± - - (P- k). 

n n n 0 n In > 2 

PaccMo TpHM cny4aA f ~ k. H111e~ nonHy~ coeMeCTHY~ CHCTe­
MY co6cT BeHHbiX eeKTopoe H H N e BHAe 

I 'l'n (a) > = exp (a 8+ (a+ )k af ) I <II~- \ , 121 

rAe a - nr paMeTp, onpeAen.ReMbiA HHlKe. B CH.IlY COOTHOWeHH.R 
[N , ( a+ )k a 8+ 1=0 HMeeM 

+ ·k e + k o 
~ ~as+ (a )a (- ) as+(a)it~ (- ) e 
N I 'I' (a ) > = N e I <1i > = e N Ill> > = (n- _-:..k_) I 'I' (a ) > • 

n n n 2 n 

npH f ~ k COBOKynHOCTb C06CTBeHHbiX 3Ha4eHHA onepaTOpa N 

I e- k 1 COBnaAae T C COBOKynHOCTbiG 4HCen n - --, n > 0 , B CHny 
2 -

4ero e~6o p eonHOBbiX c)lyHK~HA a BHAe /2/ o6ecne4HBaeT Bbl­
nonHeHHe He06XOAHMOrO ycnqBH.R nonHOTbl COBMeCTHOA CHCTeMbl 
co6c TBeHHbiX c)lyHK~HA H H N • 

noACTa Bn.R.R /2/ B ypaBHeHHe 

H I 'I' >=& I 'P > , 

nony4aeM y paBHeHH.R, H3 KOTOpbiX onpeAen.RIOTC.R a H & : 

Aa
2 

c : kf + 2a 0 kf- ,\ = 0. & = wn - wo + ..\a c~kf • 

v' n!(n - f - k)! 

o,1 =fU - kJ -w0 , c,,1 - { 
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----------------- n > f. 
(n - n! 

O,n < f. 

/3/ 

/4/ 



/5/ 

~ HOpM~POBaHHbl~ BeKTOp COCTO~H~~ 

B <)>opMynax /5/ cneAyeT C4~TaTb n > e . np~ n < e • c nkf = 0 • 
~ ~3 /5/ nony4aeM npeAenbHble cooTHoweH~~: 

(+) 
a = ,\ / 20 k£, 

CooTHoweH~~ /5/ ~ !61 Aa~T nonHoe peweH~e 3aAa4 /1/. OT­
MeT~M, 4TO 4aCTHbl~ cny4a~ 3aAa4~ /1/ np~ k = 0, £ = 1 Ha-
3b1BaeTC~ MOAenb~ ~me~Hca- KaMM~Hrca, To4Hoe peweH~e An~ 
KoTopo~ 6blno 8nep8ble nony4eHo 8 1963 r. 8 pa6oTe 111, a 3a­
TeM no8TopeHo P~AOM a8Topo8 12

•
3 1

• <!>opMynbl /5/, / 6/ np~ 
k = 0, £ = 1 nOnHOCTb~ BOCnp0~3BOA~T pe3ynbTaTbl np04~T~­
poBaHHbiX pa60T, 

nerKO npoeep~Tb nonHOTy C~CTeMbl <)>yHK4~~ /5/, /6/, ~c-

nonb 3y~ cooTHoweH~e l: In >< n I = 1 • A ~MeHHO, 
n=O 

0 

1 
) . 171 

Cny4a~ k>£ paccMaTp~eaeTc~ aHanor~4Ho, c TeM n~wb 

oTn~4~eM, 4TO Tenepb cep~~ N(+l = n + L-:.!.. ~c4epnblsaeT eo3-
2 A 

MOmHble co6cTeeHHble 3Ha4eH~~ onepaTopa N, s ce~3~ c 4eM 
co6cTBeHHbl~ seK~Op c~cTeMbl l~n~) > nopomAaeTc~ Te nepb eeK-

TOpOM I <~~: 1 > = ( l~>).a ~MeHHO 
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In> 
l9,(a)>= OXJ>(a,_(a+)lak)l"':' >= ( 

a c nkf I n - k + e > 

cnkf = cnfk • 
- (±) 
a 

r2 2 -2 
nke ± ,ro kf +A cnkf 

-2 
,\ C nkf 

Pe3yJlbTaT Bblr11RAI1T cJleAYIOlii11M o6pa3oM: 

( ±) r-2-~-2-2 
&n =run+~ Cf-k)±JOkP -r,\ · Cnkf 

---:. 

)· 
181 

In> ) 2 2 -1 / 2 (+) - 1 
1'1'(±\=[l+(ii-) cnkf (-(±lc- ln-k+f> 

n a nkf 

191 
n > k. 

Ec1111 n < k • TO 

a(.-:-) = - ,\ I 2 n kf • l'i'!-l ( In>) 
n > = 0 • 

(-) 

& =run+ ru0 n 

· 19' I 
-(+) 
a = w, IIJI~+l>= ( 

0 

)· (+) 
& = ru(n-k+O+ru n . 0 

ln-k+P> 

AHa110r11~Ho paccMoTpeHHOMY e~we CJly4a8 P> k 11MeeT MecTo 
COOTHOWeHI1 e nOJlHOTbl /7 I. Mo>t<HO OTMeTI1Tb .- 4TO CJly4a~ k > e 
noJly4aeTCFt 113 k < f 3aMeHOi1 k----+ f, BepxHei1 C TpOK11 B BeK-
TOpax COCTOFIHI1i1-Ha H11>KHIOIO 11 o6paTHO, a TaK>Ke 3aMe-
HOi1 ru 0 --->-w0.Bnpo4eM, 3TO CJleAyeT 11 113 BI1Aa raM11JlbT0H':Ia-
Ha 11 I. 1He o6XOA11MO y4eCTb, 4TO np11 npeo6pa3oeaHI111 s+ --- s_ s3 
MeHFteT 3HaKI. 

PaccMO Tpi1M Tenepb 3aAa4y o B3ai1MOAei1cTBI111 113Jly4eHI1Ft 
C ABYXYPOBHeBOi1 CI1CTeMOi1 C 3aBI1CFtlllei1 OT 11HTeHCI1BHOCTI1 $0-
HOHHOro n OJlFt KOHCTaHTOi1 B3ai1MOAei1CTBI1Ft: 

H = ru a+ a + c.. 
0 

s 
3 

+ ,\ af ( a+ a ) s + + ,\ f ( a+ a ) a+ s _ • 1101 

rAe f(x)- YAOBJleTBOpFteT YCJ10BI111J r(a+a)ln > =f(n) ln>.Onepa-
s 

Top N = a+a + _1._ 
2 

FtBJlFteTcFt 11HTerpaJlOM ABI1>KeHI1Ft. H111eM co6cT-

BeHH~i1 BeKTOp CI1CTeM~ B BI1Ae 

I 'I' (a)>= 
n 

np11 3TOM 
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xp (aaf(a+a) s ) 1<1>!-l >. 
+ n 

N l'l'n(a)>= (n- 1/ 2) l'l'n(a)>, 

111 I 

n > 0. 



noACTaenRR /11/ e ypaeHeH~e /3/, nony4aeM cneAY~~~e 
Bblp.a>KeH~R AnR co6cTBeHHbiX 3Ha4eH~i1 ~ co6cTBeHHbiX ¢YHK1.1~11 

onepaTOpa /10/: 

I 'I'~">- [I+ (a 1
" )

2 
nt

2
(n) ]-

112 
( 

-0 ± Jo 2 +~2 nr 2(n) 

a<±lJTir(n)ln-1> 

In> 

a (±l = -------;:-------
n ~ nf 2(n) 

n > 1, f(n).O:O, 

(+) 

& o = -wo' ' n=· 
I 'I' <+ l > = ( o ) 

n=O 10> • 

(+) ( 0 ) . 
l'l'n >= • 

o I no> 

( 
I n0 -1 > ) (-) 

I '~'no > = 0 • 

). /12/ 

flerKO npoeepReTCR nonHOTa C~CTeMbl C06CTBeHH~X ¢yHK1.1~H 

/12/. 3aAa4a /10/ C KOHKpeTHbiM Bb160p0M ¢YHK1.1~ ~ f, f(X)=JX 
paccMaTp~eanacb a14 1

• rAe 6bln~ Bb14~cneH~ pa3n~4Hble cpeA­
H~e onepaTopa s3 (t)-fiHts3f-iHt ,Ha ocHoee T04 Horo pewe­
H~R rei13eH6eproecKoro ypaeHeH~R AnR s 3(t). Bb14 ~cneHHble 
a 14 1 een~4~Hbl MO>KHO nony4~Tb, ~cnonb3YR cneKT panbHOe npeA­
CTaeneH~e /12/, ecnH nonOlK~Tb TaM f(X)= vr:f, 

B 3aKn~4eH~e paccMOTPHM raMHnbTOHHaH 

/13/ 

on~CbiBaiO~HH B3aHMOAeHCTB~e ABYXYPOBHeBOH C~CTeMbt C AByx­
MOAOBbiM noneM ~3ny4eHHR a, b. Ba>KHO, 4TO e 3T~i1 MOAenH 
cy111eCTBY~T ABa He3ae~c~Mb1X HHTerpana AB~>KeHHR N = a+ a+ s3 /2 

- + s., H M = b b- _,. ,11X COBMeCTHaR nonHaR C~CTeMa C06CTBeHHbiX 
2 

¢yHK1.1~H 

<+l ( In> lm> )N<+l.n + 1/2, 
14> > = 

n,m 0 M<+l=m- 1/2, 
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nonHa~ ~OBMeC~Ha~ C~CTeMa C06CTBeHH~X BeKTOpOB onepa­
TOPOB . H , N ~ AM AOJ;!lKHa OTBe4aTb seeM B03MOlKHbiM coeMecT­
H~M 3Ha4e H~~M N 1-1 M. e c1-1ny 1.1ero 3TY nonHyiO Ci-1CTeMy 
C06CTBeHHbiX BeKTOpOB 1-1llleM B BI-1Ae 06"beA~HeH!-1fl ABYX Ci-1CTeM 

a a+ bs 
H II 'I' (2) (a ) > = e 2 1 ~I+ l > I , 

n,m n,m 

a ab+ s 
ll'1' (

1
)(a) = e 1 +1~ 1- 1 > 1 

n,m n,m 

/14/ 
OTBe4aiOlliHX .q_eyM eAo3MOlKHbiM Ha6opaM co6cTeeHHbiX 3Ha4eHHH 
onepaTopoe N 1-1 M (NH,MH)i-1 (NI+l, Ml+l), 

noACTasn~~ BeKTOp~ /14/ B ypaeHeHHe /3/, onpeAen~eM 
napaMeTp~ a 1 H a2 1-1, cneAOBaTenbHO, C06CTBeHH~e ~YHK~HH 
1-1 co6cTeeHH~e 3Ha4eH!-1~ H : 

'1'(1),n ,m > = (1+(a~± ) )2n(m+1)(112 a; vn(m+l)ln-l > lm+l>), 
I l±l ( (+) ---

In> lm > 

( ±) 

a 1 

2 2 
!l ± v' !l + A n (m + 1) 

An (';:;:!)--- ' !l=w - w1 -w2 
0 - ·, 

~ l±l W1 w2 2 2 
~e(l) ; n,m = wln+w2m - T+2± v'!l +A n(m+l), n ~ 0, 

['PH > = 
(1) , n= O .• m 

'I'(+) > = 
I (2), m= 0, n 

( 10>~ m> ) 

( In > 0 )· 0 

~(-) 
19(1) : n=O,m=w2m-wo' 

&(+) 
(2); n, m= o = wl n + wo 

/15/ 

npoeepHM nonHOTy CHCTeM~ /15/. CocTaBn~~ ~3 CHCTeM~ ~YHK­
~HH /15/ onepaTop I 1'1'

1
.><'1'

1
. I~Ae cyMMHpoeaH~e no i 03Ha-

. li I 
4aeT cy:.~MH poeaHHe no seeM B03MOlKHbiM ~HAeKcaM BeKTopa I 'I'>, 
nony4aeM MaTpH~Y 2x2. An~ neeoro eepxHero 3neMeHTa 3Toi1 
MaTp~~~ non y1.1aeM e~palKeHHe 

2 
(a~) n ( m+1)1n-l> < n-lllm+l><m+11 

I + 
n>i 
m >0 

+ I 
n> 1 

m> O 
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(+) 2 
1+(a1 ) n(m+1) 

(alll )
2

n(m+ 1)1 n - l> < n-111 m+ 1> <_~ + I ln >< n II 0 ><01, 
2 n=O 

1 + (a111
) n (m + 1) 



CBOAHTCR K B~pa~eHH~ 

"" I ln-l><n-lllm+ll+ I ln><nll0><01= I ln><a llm><ml=l. 
n:::l. m:::o n=O n::: 0, m~O 

AHanor~4HO, npaB~H HH~HHH 3neMeHT MaTpH~~ TaK~e pa eH 1, 
a HeAHaroHanbH~e Hyn~. 
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HOBM~ METOA H3MEPEHHH nonHPH3AUHOHHMX XAPAKTEPHCTHK 
~EPPOMArHHTHMX nnEHOK HA YnbTPAXOnOAHbiX HE~TPOHAX 

~.B.Ta paH 

48 

Paspa6oTaH HOBbiH MeTO,D; H3MepeHHH TIOJIHpH3aiJ,HOHHbiX 
xapaKTepHCTHK clleppoMarHHTHbiX nneHOK Ha YJlhTpaxonop;­
HWX HeHTPOHaX /YXH/ nyTeM O,D;HO-, p;Byx- H TpexKpaTHO­
ro nponycKaHHH nyqKa YXH qepes OAHY H TY ~e nneHKY. 
AnH peaJIHsaiJ,HH MeTo,n;a npep;no~eHo ycTpoiicTao, co,n;ep­
~~ee p;ae HaKonHTeJibHble noBymKH YXH, coep;HHeHHble 
sepKaJlhHbiM HeHTPOHOBO,D;OM, B paspbiBe HeHTPOHOBO,D;a yc­
TaHaBJlHBaeTCH HCCJlep;yeMaH TIJleHKa, ITo o6e CTOpOHhl 
nne HKH pacnono~eHbl cnHH-cP3lHnnepbl, K~aH noBymKa 
CHa6~eHa TpeMH 3aTBOpaMH, TI03BOJlH~~MH HaTIOJlHHTb ee 
YXH H BhlTIYCKaTh HX B HeHTPOHOBOA HJlH Ha p;eTeKTOp, 
BbinYIIIeHHble H3 op;Hoii noBymKH B HeHTpOHOBOA YXH nepe­
xBaTbiBa~TCH p;pyroii JlOBYWKOH, llJieHKa MO~eT Bbi,D;BHraTb­
CH H3 HeHTPOHOBO,D;a H TIODOpaqHBaThCH Ha 180°, MaHHny­
JlHPYH cPJIHnnepoM H nneHKOH, npOBO,D;HT HSMepeHHH HHTer­
paJibHb~ TIOJIHpHS~~X napaMeTpOB TIJleHKH: nponycKaHHH, 
TI0JlHPH3~llleH H aHaJIH3HP~IIIeH cnoco6HOCTeH H TaK Ha-
3biBaeMoro S -cllaKTopa, npep;cTaBJIH~IIIero co6oii qeTaep­
T~ He3aBHCHM~ JIHHeHH~ KOM6HHaiJ,H~ 3JleMeHTOB KBap;­
paTHOH 2x2 MaTpHIJ,bl nponycKaHHH TIJleHKH, C HCTIOJlb30Ba­
!iHeM H3Mepe,HHbiX napaMeTpOB BOCCTaHa~JlHBa~T MaTpHIJ,Y 
nponycKaHHH TIJleHKH H npOBO,D;HT cpaBHeHHe C TeopeTH­
qeCKHMH MO,n;enHMH ,n;enonHpH3aiJ,HH YXH npH npoxo~eHHH 
qepes clleppoMarHHTH~ nneHKy, 

Pa6oTa BblnOJIHeHa B J1a6opaTOPHH HeiiTpOHHOH cPH3HKH 
mum. 

A New Method for the Measurement 
of the Polarization Characteristics 

· of Ferromagnetic Films on Ultracold Neutrons 

Yu . V.Taran 

A new method has been developed for measuring the 
pol arization characteristics of ferromagnetic films 
on u ltracold neutrons (UCN) by single-, double- and 
tr i ple-transmission of UCN beam through one and the 
same film. To realize the method an installation 
has been proposed consisting of the two UCN storage 
bottles connected with by a mirror neutron guide, 
An investigated film is placed in the slit in the 
middle of the neutron guide. On both sides of the 



film a spin-flipper is installed. Each bottle is 
equipped with three neutron valves which permit fil­
ling in the bottle with UCN and allow one t o let UCN 
out to the neutron guide or detector. The neutrons 
once let out from one bottle into the neutron guide 
are caught by the other. The film can be moved out 
of the neutron guide or rotated by 180°, By manipu­
lating with spin-flippers and the film one may take 
the integral polarization parameters of the film: 
transmission, polarizing and analysing efficiencies, 
so-called S -factor, which is the fourth i ndependent 
linear combination of the elements of the square 2x2 
transmissio~ matrix of the film. The measurement pa­
rameters help to restore the film transmiss i on matrix. 
The~ a comparison is drawn with the models of UCN 
depolarization on transmission through a fer romagne­
tic film. 

The investigation has been performed at t he La­
boratory of Neutron Physics, JINR. 

YcnewHoe HcnonbaoeaHHe nonRpHaoeaHH~x ynbTpaxonoAH~x 
He~TPOHOB /YXH/ B 3KCnepHMeHTaX no nOHCKy 3neKTPH4eCKOrO 
AHnOnbH6ro MOMeHTa He~TPOHa/ l,2/ H nepcneKTHB~ HX npHMe­
HeHHR e APYrHx o6nacTRX $H3HKH YXH no-npe~HeMy coxpaHR~T 
aKTyanbHO.:i 3aAa4y nOBbiWeHHR 3$$eKTHBHOCTH pa3BHTOrO Bnep­
B~e a 1S I MeTOAa nonRpH3a4HH YXH nponycKaHHeM 4e pea HaMar­
HH4eHHY~ $eppoMarHHTHY~ nneHKy /$n/. 

BaaHMOAea:icTBHe YXH c $n onHc~eaeTcR KBaAPaTHo a:i 2x2 
MaTPH4e11 nponycKaHHR T: 

/1/ 

rAe blj - eepORTHOCTb TOrO, 4TO Hea:iTpOH C Ha4anb HO.:i npoeK-
4Hea:i CnHHa j, COOTBeTCTBy~ea:i HanpaeneHH~ cnHHa npOTHB 
/+/ HnH BAOnb /-/ HaMarHH4eHHOCTH nneHKH, OKa~eT CR nocne 
ee npoxo~AeHHA c npoeK4Hel1 i. EcnH HenonRPH30Ba HH~I1 ny-

1 40K Hea:iTpOHOB xapaKTepH30BaTb ABYMepHbiM BeKTOPOM t/Jo = ( l ) , 
TaK 4TO t/J~ t/10= 2 /3AeCb H Aanee WTPHX 03Ha4aeT TpaHcno­
HHpOBaHHe/, TO H3 3neMeHTOB MaTPH4~ /1/ MO~HO o6pa30BaTb 
cneAy~He 4eT~pe He3aBHCHM~e KOM6HHa4HH: 

T0 =(t/1 0Tt/10 )/(t/10t/10 )= ~(b++ +b+- +b_+ +b ), 121 

P =(t/JijazTt{! 0 )/(t/l~Tt/10 )= 2~(b+++b+_-b_+ -b ) , /J/ 
0 
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A=(I/I~Tazi/Jo)/(1/J~TI/10 )= 2
;

0
(b++ -b+- +b_+ -b )= 

:s p - b+_-b -+ 
T • 

0 

/4/ 

S=(l/l'u T ui/J) / (1/l'TI/I)=-1-(b -b -b +b)= o z z o o o 2T
0 

++ +- -+ --

1- b+- +b-+ 
To 
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rAe Uz- MaTp~~a nayn~. 

nepa~e TP~ Ben~4~H~ /2-4/ ~Bn~~TC~ ~3BeCTH~M~ ~HTer­
panbH~M~ non~p~3a~~OHH~M~ napaMeTpaM~ en: nponycKaH~e ~. 
non~p~3y~a~ ~ aHan~3~PY~~a~ cnoco6Hocr~ P ~ A coor­
sercraeHHO, 

06bi4Ha~ nporo4Ha~ cxeMa An~ non~p~3a~~OHHoro aHan~3a 
MeAneHH~X HeHTpOHOB /CM,, Hanp~Mep, /4 / /, COAep~a~a~ non~­
p~3aTop, aHan~3arop non~P~3a~~~ ~ cn~H-en~nnep Me~AY H~­

M~, no3aon~eT ~3 ~3MepeH~~ ABYXKparHoro nponycKaH~~ 

T 1,2 =Tot T 02 (1 + cP pl A2) /6/ 

/3AeCb c/J- 3eeeKT~BHOCTb en~nnepa; c/J = 1 ~n~ c/J =c/Jo f, 1 np~ 
B~Kn~4eH HOM ~n~ BKn~4eHHOM en~nnepe; ~HAeKC~ 1 ~ 2 COOT­
BeTCTBY~T nneHKaM non~p~3aropa ~ aHan~3aTopa/ onpeAen~Tb 

ronbKO H~~H~~ rpaH~~Y npo~3BeAeH~~ P1 A 2. Hcnonb30BaH~e 
ABYX en~nnepoa ( c/J = ¢ 1 ¢ 2 ) Me~AY nneHKaM~ /5/ AaeT B03MO~-
HOCTb lla3AenbHO ~aMep~Tb cP ~ P1 A 2. AanbHeHwee pa3AeneH~e 
B npOT04HOM aap~aHTe HeB03MO~HO, n03TOMY 3¢¢eKT~BHOCTb 
nneHOK o6~4HO xapaKrep~3Y~T cpeAHereoMerp~4ecK~M 3Ha4e­
H~eM non~ p~3y~~eH ~ aHan~3~PY~~eH cnoco6HocreH P"' v P A. 
C~rya~~~ CTaHOB~TC~ e~e 6onee HeonpeAeneHHOH, ecn~ y4eCTb 
nepeorpa~eH~~ YXtl Me~AY nneHKaM~. 

KoHe4HO, np~ P, 6n~3KOM K eA~H~~e, KaK B cny4ae C MOHO­
KP~CTann~4eCKOH en /S/' 3Ta HeonpeAeneHHOCTb He ~rpaeT 6om,­
WOH pan~. 0AHaKo AD c~x nap He pa3pa6oraHa rexHonor~~ ~3-
roroaneH~~ ycTOH4~BbiX MOHOKp~crann~4eCK~x nneHoK. C APY­
roH cropoHbl, ~Meerc~ xopowa~ rexHonor~~ An~ non~KP~crann~-

4ecK~x nne HOK. Ho c H~M~ YAaerc~ ADCT~4b P $. 85%, 4TO An~ 
P~Aa 3aAa 4 HeAOCTaT04HO. np~4~Ha TaKara 3aMeTHOrO CH~~e­
H~~ non~p~ 3y~~eH 3•eeKT~BHOCT~ He~cHa. B n~reparype/7-!2/ 
o6cy~Aan~c b pa3n~4Hble MexaH~3Mbl 3Toro ~aneH~~. An~ Aanb­
HeHwero ~ 3y4eH~~ aonpoca ~ a~pa6oTK~ npaKT~4ecK~x peKOMeH­
Aa~~H He xaaraer 3Kcnep~MeHranbHOH ~HeopMa~~~ o A~e•epeH­
~~anbH~x non~p~3a~~OHH~X XapaKTep~CT~KaX en, T.e. 0 MaT­
p~4H~X 3ne MeHrax b tj • 

Ao nocneAHero apeMeH~ He cy~ecraoaano MeTOAa ~3MepeH~~ 

A~e•epeH~ ~anbH~X xapaKTep~CT~K en. 9 / lS / TaKOH MeTOA 6~n 
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npeAnO>KeH, a B/ 14,lS/ 6blna pa3B~Ta COOTBeTCTBYKlilaR TeOp~R. 
HAeR MeTOAa 3aKn~4aeTcR a ~3MepeH~~ 4eTeepToro ~ Terpanb­
Horo napaMeTpa /5/, a AanbHel7iweM Ha3biBaeMoro S - <)>aKTOPOM. 
Ael7icTB~TenbHO, S -<)>aKTOP BXOA~T a nonRp~3a~~~ YX nocne 
ABYX nneHOK: 

171 

npoaHan~3~poeae 3TY nonRp~3a~~~ c noMO~b~ TpeTbe i71 nneHK~, 

MO>KHO nony4~Tb ~H<)>OpMa~~~ 06 8 -c)laKTOpe. AnR 3TOr o HaAO 
a ynoMRHYTOH paHee cxeMe nonRp~3a~~OHHoro aHan~3a c ABY­
MR c)ln~nnepaM~ / 5/ ycTaHOB~Tb Me>KAY H~M~ AOnOnH~TenbHY~ 
nneHKy. TorAa, C4~TaR ee BTopo171 no HOMepy, nony4 ~M AnR 
TpexKpaTHoro nponycKaH~R: 

TaK~M o6pa3DM, nponycKaH~e TpexnneH04HOH c~cTeM~ 3ae~c~T 
OT S -c)laKTopa BTOpo171 nneHKH. B npoT04HOM eapHaHTe Henb3R 
OCy~eCTBHTb A0CTaT04HOe KOnH4eCTBO He3aBHCHM~X H3MepeHHH, 
4T06~ onpeAenHTb HHTerpanbH~e nonRPH3a~~OHH~e na paMeTp~ 
Aa>Ke a npeAnono>KeHHH DAHHaKoeocT~ nneHoK. TaKaR B03MO>K­
HOCTb cy~eCTByeT B HaKOnHTenbHOM eapHaHTe nonRpH 3a~HOHHO­
ro aHanH 3a YXH 151. 

B 3TOM eapHaHTe ny40K YXH nocne npoxO>KAeHHR 4e pe3 nneH­
KY pa3BOpa4HBaeTCR B o6paTHOM HanpaeneHHH H nponycKaeTCR 
4epe3 nneHKY c npoTHeonono>KHOH CTOPOHbl. B 1 141 6~no noKa-
3aHo, 4TO T=T' /3AeCb 1-1 Aanee cTpenKa noKa3~BaeT Hanpae­
neHHe ny4Ka OTHOCHTe~bHO c)lHKCHPOBaHHOH B npocTpa HCTBe 
nneHK~/. noACTaBnRR T a /2-5/, nony4HM 

,._ ~ ~ -+ t--tot- -+ 

T
0 

= T 
0

, P =A, A""P, S =8. 

Hcnonb3YR /9/ coeMecTHO c !61 ~ · 18/, ~MeeM 
2 ... 2 

T <! = T 0 (1 + c/J1 P ) , 

2 +- 2 
T~ = T0 (1 +c/J

2
P ) , 

3 ... . +- ... +-
T: =T:; =T0 (l+c/J1 P 2 +c/J2 P2 +c/J

1
c/J

2
PSP); 

... +-

191 

/10/ 

/11/ 

/12/ 

npH 3TOM c)lnHnnep~ C 3<1l<!>eKTHBHOCTb~ cPlO H cP 20 pac nonO>KeHbl 
cnpaea 1-1 cneea oT nneHK~ *. 

*Ann He3aBHCHMOrO OnpeAeneHHH cPlO H c/J20 HSMepeHHH ABYX­
KpaTHOrO nponyCKaHHH OC~eCTBnHIDTCH C TpeMH COCTOHHHHMH 
K~oro $nHnnepa: B~KniD~eH HnH BKniD~eH npH npHMOM H o6paT­
HOM XOAe n~Ka, BKniD~eH npH npHMOM H BbiKniD~eH npH 06paT­
HOM XOAe HnH Ha060pOT, 
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2 4 3 4 2 

~\~.(r-k[~ 
. ' I ' . 
'[ ~·t·~ ']' 

I 
YXH 

PHc.l. CxeMa ycTaHOBKH AnH 
nonnpH3~HOHHOro aHanHsa YXH 
B HaKOllHTenbHOM BapHaHTe: 
I - noBymKa, 2 - sepKanbHbiH 
HeHTPOHOBOA, 3 - ~eppoMar­

HHTHaH nneHKa, 4 - CnHH-~n­

nep, 5 - AeTeKTOP YXH, 6 -
ilOABOAH~H HeHTPOHOBOA. 

H3 /10 - 12/ onpeAenR~TCR napaMeTpw ~ , p H S, a H3 
/2-5/ - Ma TpH4Hble 3neMeHTbl b lj . 

~nR peanH3a~HH OnHCaHHOrO MeTOAa BOCCTaHOBneHHR MaTpH~~ 
nponycKaHHR ~n e 1 161 6~no npeAno~eHo ycTpOHCTBO /pHc. 1/, 
COAep~a~ee ABe HaKonHTenbH~e noeywKH 1 YXH, coeAHHeHH~e 

3epKanbH~M HeATpoHOBOAOM 2. B pa3pwee HeATpOHOBOAa ycTa­
HaenHeaeT CR HccneAyeMaR ~n 3. no o6e cTopoHw nneHKH pac­
nonolKe.Hbl aAHa6aTH4eCKHe cnHH-~nHnnep~ 4 /17~ ~nR H3MepeHHR 
nponycKaH HR To nneHKa MOlKeT B~ABHraTbCR H3 pa3p~ea HeHT­
poHOBOAa, OCTaBaRCb B 3a30pe HaMarHH4HBa~ero ee MarHHTa 
/nocneAHH H Ha pHc. 1 He noKa3aH/, a TaKlKe noeopa4HBaTbCR 
Ha 180° BOKpyr OCH, HanpaeneHHOH BAOnb MarHHTHOrO nonR 
/npH 3TOM MarHHTHOe COCTORHHe nneHKH OCTaeTCR HeH3MeHHWM/. 
Ha nosywKa x ycTaHoeneHbl AeTeKTOP~ 5 YXH. ~R BBOAa YXH OT 
HCT04HHKa B noeyWKH cnylKaT nOABOAR~He HeHTPOHOBOA~ 6, KO­
Topwe n03 BOnR~T Ha4HHaTb M3MepeHMR C n~60H H3 noeyweK, 
4TO B C04e TaHMH C ~OBOPOTOM nneHKH nonHOCTb~ CMMMeTpH3yeT 
npo~eAYPY M3MepeHMH. 

HaKonne HHwe e OAHOH M3 noeyweK YXH ewnycKa~TCR e 3ep­
KanbHWH He HTPOHOBOA M nepexeaT~Ba~TCR APYroA noeyWKOH. 
nepeA o6paTH~M e~nycKOM YXH M3 eTopoH noeywKH HeHTPOH~, 

ocTaewMec R e nepeoH noeywKe H HeHTPOHOBOAe nocne nepeoro 
nepeTeKaH HR, YAanR~T, BblnyCKaR HX Ha AeTeKTOP nepeoA no­
BYWKM MnM BBOAR nornOTHTenb. 

AHanM3 nepeTeKaHMR YXH c Ha4anbH~M MaKceennoecKMM cneKT­
poM M3 . 0AHOA noeyWKH .B APYry~ noKa3ani18~4TO BO BTOpoA no­
eywKe MO~Ho nepexeaTHTb MaKCMManbHO Nmu=d· No YXH, rAe 
N0 - CTapToeoe KOnM4ecTeo YXH e nepeoA noeywKe, d - napa­
MeTp, 3aB HCR~MA OT AnMH noeyWKM fn H HeATpOHOBOAa fH: 

d= 8 / J-S1 R 1 -S2 R 2 +SaRa+ S4 R 4 , /13/ 

rAe S 1 =2 ( r+i)-1, R 1=(r+i-1)
2 

+ (r +i)2
, i = H-4, 

r = tH/tn*. Ha pMc.2 npHBeAeHbl 3aBMCMMOCTM napaMeTpa d 

B / lS / B BblpaJKeHHH AnH d HHAeKCbl OIIIH60t1HO yBeJIHtleHbl 
Ha eAHHHI.J;Y. 
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5 
r-1 

10 

PHc,2. 3aBHCHMOCTH MaKcH­
ManhHOH /KpHBaH J/ H ycTa­
HOBHBWeHCH /KpHBaH 2/ AOnH 
YXH, nepeXBa'leHHbiX BTOpoH 
noBymKOH H3 nepBOH, KaK 
l}>yHKIJ,HH napaMeTpa [ -1, 

/KPHBaR 1/ H OTHOWeHHR 06beMa nOBYWKH Vn H BCe~ ycraHOB­
KH 2Vn + VH /KPHBaR 2/ orr . .l\llR peanHcTH4eCKHX 3Ha4eHH~ 
r = 5~10'MomHO nepexeaTHTb 17 +10 % YXH, 4TO Aame HeCKOnb­
KO B~We COOTBeTCTBY~HX ycTaHOBHBWHXCR 3Ha4eHH~, AaBaeM~X 

KPHBO~ 2. npH 3TOM cneKTP 3axea4eHH~x YXH, eo-ne pe~x, He 
3acopeH He~rpoHaMH, no6~eaBWHMH B noeywKe paHee , a 3Ha-
4HT, B03MOmHO, BTOPH4HO B3aHMOAe~CTBOBaWHX C ~n, a BO­
BTOP~X, npaKTH4eCKH 6nH30K K MaKCBennOBCKOMy /4a CTH4HO 
cpe3aHa MRrKaR 4aCTb cneKrpa/. · · 

3KcnepHMeHTanbHO onpeAeneHHaR c noMO~b~ onHca HHO~ ycra ­
HOBKH MarpHua T AOnmHa B AanbHe~weM aHanH3HPOBaTbCR Ha 
ocHoee cy~ecrey~Hx MOAene~ AenonRpH3aUHH YXH npH npoxom­
AeHHH 4epe3 ~n. B 16 - 12 •14 •161o6cymAanHcb: 1 I MOAenb Henon­
HO~ HaMarHH4eHHOCTH /HnH o6paTH~X AOMeHOB/ C MaT PHUe~ 

1- a 

0 
/14/ 

rAe a - AOnR nno~aAH o6paTH~X AOMeHOB, r - napaMeTp, 
Y4HT~ea~H~ norno~eHHe YXH B ~n; 2/ MOAenb noeepxHoCTHO~ 
AenollRPH3aUHH c npRMO~ MaTPHUe~ 

/15/ 

rAe~~ H ~2 - eepoRTHOCTH nepeeopora cnH~a Ha neeo~ H npa­
eo~ cropoHax ~n /o6parHaR MaTpHua pasHa T2 = Ti I ; 3/ Mo­
Aenb CKB03H~X OTBepCTH~ 

( 

(1-y) r + y 

Ts"' 
0 

/16/ 
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MaTpH ~~ (14-~6/ MOmHO o6~eAHHHTb B cneAY~~eA KOMnaKT­
HOA $OpMe : 
~ ~ ~ 
-+ ~ -+X 
T ,.· [ (1 - a ) T 2 + aT 

2 
] (1- y) + y I, 

rAe I - eAHHH4HaR 2x2 MaTpH~a. a MaTpH~a 
nepecTaHo eKoA a T2 3neMeHTos BAOnb o6eHx 
TerpanbH~e nonRpH3a~HOHH~e napaMeTp~ AnR 
PH~bl cneAy~~He : 
-+ ~ ...1. 
T 0 "' T 0 = 

2 
[(1-y) r + 2y]. 

p "' (1- 2 a)(1-2@2) (1-:12.! 

(1-y) T + 2y 

p , < _1_-_2_a.;...) _(1_-_2 __ {3...::1:.....)_(_1_-y) r 

(1-y) T + 2 y 

S = S = (1 -2{3 2 )(1-2{3 1)(1-y) r +2y 

(1-y) T + 2y 

/17/ 

X 
T2 nony4aeTCR 
AHaroHaneA. I-1H­
o6~eAHHeHHoA MaT-

/18/ 

/19/ 

/20/ 

/21/ 

8 3TOA CHCTeMe H3 4eT~pex ypasHeHHA COAepmHTCR nRTb 
HeH3BeCTH~x napaMeTpos a , {31 , {3 2 , Y H ,. . EcnH onpe­
AenHTb OAHH H3 HHX He3aBHCHMWM CnOCOfiOM, TO OCTanbHWe MO­
ryT 6~Tb HaAAeHbl H3 /18-21 I. HanpHMep, nno~aAb oTsepcTHA 
B $n MOmHO onpeAenHTb C nOMO~b~ ra30B~X 3KCnepHMeHTOB 
C HCnO~b 30BaHHeM ~AePH~X $HnbTpOB H3 nascaHOBOA nneHKH, 
B KOTOpoA KanHfipoBaHHble OTBepCTHR B T04HO H3BeCTHOM KOnH-
4eCTBe C0 3AaHbl TRmenbiMH HOHaMH. ApyraR B03MOmHOCTb 3aKn~-

4aeTcR B TeopeTH4eCKOA o~eHKe norno~eHHR. KoppeKTHOCTb 
3TOA o~eH KH MOmHO npoeepHTb Ha RAePH~X. $HnbTpax B TOA me 
reoMeTpHH on~Ta c YXH, 4To H AnR $n. 8apbHPYR nnoTHOCTb 
OTBepCTHA, BnnoTb AO HX OTCYTCTBHR, MOmHO nposepHTb COOT­
HOWeHHe / 18/, 

OnpeAe neHHe napaMeTpoe MOAeneA, a TaKme B03MOmHoe o6-
HapymeHHe APYrHx MexaHH3MOB AenonRPH3a~HH no3BOnHT ~ene­

Hanpasne HH O COBepWeHCTBOBaTb TeXHOnDrH~ H3rOTOBneHHR $n, 
npeAnaraeMaR MeTOAHKa MOmeT OKa3aTbCR none3HOA AnR H3y4e­
HHR BnHR HH R pa3nH4H~X BHeWHHX $aKTOPOB Ha MarHHTH~e CBOA-
CTBa TOH KHX nneHOK , 
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