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A -3ABHCHMOCTb CE4EHHI1 KYMYHRTHBHOrO POlKAEH~Hl 
" -ME30HOB B nPOTOH-HAEPH~X B3AHMOAEI1CTBHHX 

* 

!IpHBep;eHhJ pesyJibTa!J'bJ HCCJiep;oBaHHfr o6pasoBaHHH . 
llHOHOB Ha Hp;pax B 06JiaCTH, KHHeMaT~eCKH sanpe~eH
HOH AJIH HYKJIOH-HYKJIOHHblx CTOJIKHoBeHH:H:. PesyJibTaTbi 
llOJiytieHbl Ha MarHHTHOM cneKTPOMeTpe 11)U1CK", pa6o
TaiO~eM Ha BbJBe,D;eHHOM llytiKe CHHXPOcPaSOTpOHa J!B3 
OIDIH. HsyqeHbJ A-saBHCHMOCTH ceqeHH:H: KYMYJIHTHB
Horo poJKp;eHHH· OTPHIJ;aTeJibHbiX llHOHOB BO BSaHMO,D;e:H:
CTBHH npOTOHOB C HMllYJibCOM 8,9 fsB/c C H,D;paMH, Hs
MepeHHH npoBep;eHbJ AJIH SHaqeHHH KYMYJIHTHBHOrO qHCJia 
X= 1,3 /6onee p;Bap;u;aTH H.,o;ep/ H X=2 11 /,o;ecHTb · 
Hp;ep/, ,[{aHHble MOryT 6b!Tb HCllOJibSOBaHbl npH ITJiaHH
POBaHHH SKCnepHMeHTOB no HCCJiep;oBaHHID A-saBH CH
MOCTH ceqeHH:H: rny6oKoHeynpyroro nenToH-Hp;epHoro 
pacceHHHH B KHHeMaTHqecKH sanpe~eHHOH 06JiaCTH, 

Pa6oTa BblllOJIHeHa B na6opaTOPHH Bb!COKHX 
sHeprH:H: OIDIH. 

A -Dependence of rr-Meson Cumulative Production 
Cross Sections in Proton-Nuclear Collisions 
Bondarev V.K. et al. 

Some results on the pion production on nuc
lei in a region kinematically forbidden for n c
leon-nucleon collisions are presented. The re~ 
sults have been obtained on the "DISK" magnet i c 
spectrometer operating on the extracted . beam of 
JINR synchrophasotron. A-dependences of nega
tive pion production cross sections. in 8,9 GeV/c 
proton interaction with nuclei are presented. 
Measurements were performed for the cumulative 
number X= I ,3 (more than 20 nuclei) and X= 2 , I 
(10 nuclei). The data obtained can be used fo 
planning experiments on the investigation of 

Hayt:!HO -HCCJiep;oBaTeJI!>CKHH HHCTHTYT cPHSHKH fleHHHrpap;-
CKOrO rocyp;apCTBeHHOrO yHHBepCHTeTa 
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Ill 

A-dependence of deep inelastic lepton-nuclear 
scat t ering cross sections in a kinematically for
bidden region. 

The investigation has- been performed at the 
Laboratory of High Energies, JlNR, 

Hay4eH~e npo~eccoe KyMynRT~BHoro MeaoHoo6paaoeaH~R 

B aApOH- RAePHbiX B3a~MOAei1CTB~RX /l,21, T. e. 3aKOHOMepHoc
Tei1 PO~AeH~R 4aCT~~ B o6nacT~ npeAenbHOi:i $parMeHTa~~~ · RAep 
3a npeAenaM~ K~HeMaT~K~ OAHOHYKnOHHbiX CTOnKHOBeH~i:i,np~Beno 
K Ha6niOAeH~IO A -aaB~C~MOCTei:\ Ce4eH~i1, CYIIteCTBeHHO OTn~-
4aiO~~XCR OT npOCTOi1 3aB~C~MOCT~ T~na A 213 , KOTOpoi:\ nOA4~
HReTCR nOAaBnR~aR 4aCTb Ce4eH~i1 B3a~MOAei1CTB~R 4aCT~~ 

~ RAep c RAPaM~. HeTp~e~anbHble aae~c~MOCT~ oT aTOMHoro 
eeca xa paKTep~3YIOT TaK~e npo~eccbl po~AeH~R 4aCT~~ c 6onb
W~M~ nonepe4Hb1M~ ~MnynbCaM~ B aAPOH-RAePHbiX B3a~MOAei1-
CTB~RX/S/ . B nocneAH11e HecKonbKo .neT w~poKo '?65~Aa10TCR 
peaynbTa Tbl Eeponei1cKoi1 MIOOHHoii Konna6opa~~~ 4 ~ CJ1AK 1 5•61, 
B KOTOpbiX 06Hapy~eHO OTKnOHeH~e OT nponop~~OHanbHOi1 aToM
HOMY eec y 3aB~C~MOCT~ Ce4eH~i1, KOTOPYIO MO~HO 6bin0 0~~
AaTb e cny4ae rny6oKoHeynpyroro pacceRH~R nenToHoe Ha 
KBa3~CBo60AHbiX HyKnoHaX RApa. 

YnOMRHYTble BbiWe peaynbTaTbl CB~AeTenbCTBYIOT 0 TOM, 4TO 
CTPYKTypHaR $YHK~~R RAPa He MO~eT 6b1Tb CBeAeHa K npOCTOi1 
cynepnoa~~~~ OAHOHyKnOHHbiX CTPYKTYPHbiX $YHK~I1i1. B paa
n~4HbiX K~HeMaT~4eCK~X o6naCTRX AOM~H~pyeT BKnaA pa3n~4HbiX 

MexaH~3MOB peaK~~~, OAHaKO B KYMYnRT~BHOi:i o6naCT~, KOrAa 
PO~AetiHble BO B3a.~MOAei1CTB~~ aAPOHOB C RAPaM~ Me30Hbl HecyT 
~MnynbC rpynnbl HyKnOHOB $parMeHTI1PYIO~ero RAPa, 04eB~AHO, 

4TO Mbl ~MeeM Aeno C MynbT~KBapKOBbiM~ COCTORH~RM~, KOTOpble 
CYIIteCTBYIOT B RAPaX HaPRAY C HyKnOHaM~ /71. noApo6Hble ~3Me
peHI1R A-3aB~CI1MOCT~ rny6oKoHeynpyroro 3neKTPOH-RAepHoro 
pacceRH~R 161 OTHOCRTCR K 3Ha4eH~RM MaCWTa6HOi1 nepeMeHHOi1, 
MeHbWI1M 0,9. no3TOMY eA~HCTBeHHbiM~ B HaCTOR~ee BpeMR AaH
HbiM~, OTBe4aiO~~M~ Ha BOnpOC 0 BbiCOKO~MnynbCHOi:i KOMnOHeHTe 
CTPYKTYPHOi:i $YHK~~I1 RAPa, RBnRIOTCR AaHHble no KYMYnRT~BHO
My Me30HOo6pa30BaH~IO. 

3Kcne pi1MeHT 6bln BblnOnHeH Ha BbiBeAeHHOM ny4Ke C11HXpO$a-
30TPOHa OHHH np~ noM~~ y~T~HOBK~ AHCK-2, nOAP06Hoe on~
caHI1e KOTOpoi:\ COAep~~TCR B S .nepBI14Hble 4aCT~~bl- npOTOHbl 
c ~Mnynb COM 8,9 r3B/c. Per~cTp~pyeMble BTOPI14Hble 4aCT~~bl -
TT- -Me30 Hbl. ~1arH~THo-onT~4eCK~i1 KaHan cneKTPOMeTpa COCTORn 

113 aHan~3~py~ero MarH~Ta ~ AY6neTa KBaApynonbHbiX n~H3, 
$opM~PY~~x ny40K BTOPI14HbiX 4acT~~. HMnynbcHoe paapeweHI1e 
cneKTPOMeTpa 8% /nonHaR w~p~Ha Ha nonoe~He BbiCOTbl/. AK
cenTaHc ycTaHOBK~ 4,4.10 - 5 cp. HAeHTI1$~Ka~I1R n~oHoe ocy
~ecTenRnacb nyTeM Heaae~c~Mblx ~3MepeHI1i1 epeMeHI1 nponeTa 
Ha ABYX 6aaax /3,8 M ~ 1 M/. CpeAHCKBaApaTI14HaR ow~6Ka 
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1-13MepeHHH COCTaBilReT 260 nc, JlnR nOBbiWeHHR Ha,qe}f(HOCT I-1 
H,qeHTH<!>HKa~HI1 4aCTI1~ BeilOCb H3MepeHI1e HHTeHCI1BHOCTH H3-

Jly4eHHR BaeHnoaa-4epeHKoea e ,qeyx Taep,qbiX pa,qHaTopax . 
6b1Il0 BblnOilHeHO ,qae rpynnbl 113MepeHHH. nepBbiH Ha6op ,qaH

HbiX COOTBeTCTBOBan 11MnyilbCY 500 M38lc H yrny 3MHCCHH 16R
0

• 

3,qecb l-1CnOilb30Baili1Cb cne,qy101Jtl1e R,qpa: 6Li , 7 Li, Be, C , Mg , 
Al , Si , 54 Fe , 56 Fe, 58 Fe , 58 Ni 61 Ni 6·4 Ni Cu , 64Zn , 
112sn, 118sn, 124sn, 144sm, 154'sm, 182w , 1S6w, Pb, u . 

8Topoi1 Ha6op ,qaHHbiX COOTBeTCTBOBail 11MnyilbCY 800 M3Bic 11 
yrny 3MHCCHH 162°. B 3TOM cny4ae H3MepeH11R 6biilH npoae,qeHbl 

6 . 114 124 Ha R,qpax L1 , Be , C , Al , Cu, Sn , Sn , Sn , W , Pb. 
B ,qaJlbHei1weM Mbl 6yAeM 06CY>KAaTb OTHOWeHI1e HOpMHPOBaHHbiX 
Ha HYKilOH <!>parMeHTHpyiO~ero RJ:Ipa BbiXOAOB ni10HOB B HHKI110311B
HOH peaK~I1H p + A .. rr- + ••• Ha pa3IlH4HbiX RJ:Ipax (a A) K 3 Toi1 
>Ke BeilH411He, nOily4eHHOH AilR R,qpa CBHH~a (apt). 

Bblxo,q nHoHoe Bb14HCilReTCR 4epe3 3KcnepHMeHTailbHO H3Me
PReMble Beili14HHbl CileAYIOiltHM o6pa30M: 

111 

-1 
rAe Nrr(A) - 4HCilO nHOHOB OT MHWeHI1 A TOilii(HHoi1 fA Is M6 I, 
Nrr( II>) - 4HCilO nHOHOB e on biTe c <!>oHOBbiM H3MepeHI1eM, M (A) 
H Mp (II>) - MOHHTOPHbiH C4eT AilR pa6o4ero 11 COOTBeTCTBY~II(ero 
eMy <!>OHOBOrO H3MepeHHR. WcnOilb30BaHHe OTHOWeHHR aAiaP b , 
nony4eHHoro e OAHOi1 rpynne 113MepeHt-~i1, no3eonReT HCKili04HTb 
HeonpeJ:1eileHHOCTI1, CBR3aHHble C a6COiliOTHOH HOPMHPOBKOH MO
HHTOPHOrO TeJleCKOna, a TaK>Ke HeonpeJ:~eileHHOCT~, CBR3a HHble 
C pac4eTOM nonpaBOK Ha B3aHMOJ:IeHCTBHe ni10HOB C Bell(eCTBOM 
cneKTpOMeTpa. JlnR npoeepKH CTa6t.1IlbHOCTH pa60Tbl annapa TYPbl 
npoeeAeHO no HeCKOilbKY H3MepeHI1H AilR KalKAOH M11WeHH, KO
TOpble coanaAaill-1 e npe,qenax cTaTI1CTI14eCK11X T04HOCTei1 H no3-
TOMY 6bi.J:1H ycpeAHeHbl. 

B <!>opMyne 11 I eeni1411Ha k A- pac4eTHaR nonpaeKa Ha 113-
MeHeHHe HMnyilbCa 4aCTHQbl B MHWeHI1 113-3a 110HI13a~I10HHbiX no
Tepb. B 113MepeHI1RX Ha 11Mnynbce 500 M3Bic 6b1Il11 11C~Oilb 3oeaHbl 
MI1WeHI1 H3 <1>onbr,11x TOilii(I'IHa He npeBbiWana 0,5 rlcM. Beili<~-
411Hbl nonpaBOK a 3TOM cny4ae 6b1Il11 MeHbwe 1%. B cny4ae 113-
MepeHI1R Ha 800 M3Bic 11CnOilb30Baili1Cb M11WeHI1 TOI111(11HOH OT 
1,5 AO 4 r/cM 2• Beil11411Hbl nonpaBOK Ha TOilll(t.1HY MHWeHI1 MeHR
Il11Cb OT 3 AO 6 %. 

B Ta6n.1 11 2 npHBeAeHbl 113MepeHHble Beil114HHbl OTHOWe HHH 

uA i aPb" 
3HaR 4eTblpeX11Mnynbc HaneTar.>ll(ero npoTOHa 11 4eTblpexl1n

nyilbC BTOPI14HOro ni10Ha, MOlKHO, 11CXOAR 113 3aKOHOB coxpaHe
HI1R 3Heprl111 11MnyilbCa 11 KBaHTOBbiX 411Ceil, onpeJ:1eil11Tb Mt.1 HI1-
I~ailbHyiO Macey nOKORII(eHCR M11WeHI1, KOTOpaR He06XOA11Ma J:IIlR 
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Ta6JIH~a I 
Be.nH'lHHa OTHomeHHH u AI u Pb AJIH HMIIYJibca "- -MesoHoB 

500 M3B/c H yrJia 3MHCCHH 168° 

A 

Ta6JIH~a 2 
BeJIH'lHHa OTHomeHHH uA/upb AJIH HMIIYJibCa TT--MesoHoB 

800 M3B/c H vrJia 3MHCCHH 162 ° 

pO>KA e Hvt.R BTOpvt4HOH 4aCTV1l.lbl C 3TVIMI-1 KvtHeMaTvt4eCKVIMI-1 xapaK

Tepvt CTvtKaMvt. B HaweM 3KcnepvtMeHTe e nepeoM cny4ae M~t~H~t~

Mailb Ha.R Macca M~t~WeHvt X /e~pa>KeHHa.R B 4VICI1e HYKI10HH~X Mace/ 

pasHa 1,3, BO BTOpOM- 2, 1. 
3 a BvtCVIMOCTb OTHOWeHvt.R Ce4eH vtH Ha HYKI10H OT a TOMHOrO 

sec a .RAP a npvt X= 1 , 3 I pvtc. 1 I, a ~t~MeHHO poeT ce4eH~t~.R c 

POCTOM A npvt A < 30, OTI1vt4aeTC.R OT 3aBvtCI-1MOCTvt, no!ly4eHHOM 

B CnAK AI1.R 3Ha4eHvtH MaCWTa6Ho~ nepeMeHHOH MeHbWe 1, rAe 

C POCTOM A OTHOWeH~t~e Ce4eHvtH /CTPYKTYPH~X $yHKl.II-1H/ yMeHb

waeT C.R. 3TO roeopvtT 0 CMeHe MeXaHI-13Ma B KYMYI1.RTI-1BHOH o6-

I1aCT vt . Ka4eCT~eHHO TaKOe noBeAeHvte yKa3~eaeT Ha TO, 4TO BO 

BCeX nerKvtX .RAPaX BnilOTb AO A = 20 MYI1bTI-1KBapKOB~e KOH

$vtrypat.~vtvt OTI1vt4a~TC.R APYr OT APYra VI CI-1I1bHO - OT MYilbTI-1-

KBapKOB~X KOH$vtrypat.~vti1 T.R>Ke!l~X .RAep. 

8 ' 

1,5 
§. (X•1,3) 
6"" 

1.0 ~ -.--.,-- -t\#------ t+_!-- -+-·.

~ 
o.s~ f 

20 60 100 

A 
PHC. 

140 

.. _ _. ___ , 

180 220 



Ha pHc.2 npeACTaBneHa 3aBHCHMOCTb OTHCWeHH~ Ce4eH H~ aT 
aTOMHoro eeca cpparMeHTHPYIOU(ero ~APa np~-1 X = 2, 1 • Ha pe
aynbTaTae H3MepeHHH BHAHa, 4TO noBeAeHHe HCCDeAyeMara aT
HaWeHHR e TOM 1-1 APYrOM cny4a~x naAa6Ho. OTMeTHM, 4Ta 
a6caniOTHoe 3Ha4eHHe HapMHpaBaHHara Ha_HYKDaH HHBapHa HTHOrO 
AH$$epeH~HanbHaro ce4eHH~ pamAeHH~ ·" 2Me3aHaB np~-1 

500 M38/c 1-1 168° paeHa /2,97+0,11/·10- .a np~-1 800 M3 8/c 
1-1 168.0 -;6-,1+0,45/·10-~ T.e.-aTDH4aiOTC~ npHMepHa B 50.0 pa3. 

TaKHM o6paaoM, e pa6<;>Te nany4eHa A -a.aBHCHMacTb ce 4eHHH 
KyMyn~THBHOro pa*AeHH~ nHaHaB-. B HacTa~114ee epeM~ 3Ht AaH
Hble ~BD~IOTC~ eAHHCTBeHHbiMI-1 1-1 MaryT 6b1Tb paCCMaTpeHbl KaK 
3KCnepH·MeHTaDbHae npeACKa3aHHe AD~ HCCDeAOBaHH~ A -aa et-1-
CHMaCTH ce4eHHH rny6oKoHeynpyrara nenTaH-~AepHora pa c: ce~

Hl-1~ B KHHeMaTH4eCKH 3anpel!leHHOH a6naCTH. 

20 60· 100 140 180 220 

A 
PHC. 2 

Jh1TepaTypa 

1. 6anAHH A.M. 1-1 AP· R~, 1974, t. 20, c. 1201; BaTdi n A.M. 
et al. JINR, E1-82-472, Dubna, 1982. 

2. Schroeder L.S. et al. Phys.Rev.Lett., 1979, val. 43, 
p. 1787. 

3. Cronrn J.W. et al. Phys.Rev.D., 1975, va1.11, p. 3105. 
4. Aubert J.J. et al. Phys.Lett., 1983, val. 1238, p . 275. 
5. Sadek A. et al. Phys.Rev.Lett., 1983, vo1.50, p. 1431. 
6. Arnold R.G. et al. Phys.Rev.Lett., 1984, val. 52, 

p. 727. 
7. 6anAHH A.M. 1-1 AP· OHRH, 1-84-185, /.ly6Ha, 1984. 
8. Aeepl-14eea T.B. 1-1 AP. OHRH, 1-l1317, /.ly6Ha, 1978. 
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B3AHMOAE~CTBHH $PAfMEHTOB PEnHTHBHCTCKHX HAEP 
HA CHHXPO$A30TPOHE OHHH 

H.Bepew, H.A.ronyTB~H, H.B.fop6yHos, B.X.AoAoxos, 
C.H.Aon~ , B.E.m~nb40B, A.B.3apy6~H, A.f.Kapes, 
B.~.Kap~a B~H, B.H.n~c~Kos, 6.A.Mopo3os, B.M.HaxpaTcK~~. 

B.A.H~K~T~H, B.B.nepen~r~H, ~.n.neTyxos, A.A.nosTope~Ko, 

A.no3e, A.A.nonos, B.n.CapaH4es, B.A.CB~P~Aos,A.A.CMon~H, 
A.~.Cyxa HOB, B.B.T~XOM~POB, n.B.CseToB, B.n.ToKapcK~~. 

A.r.•eAyHos, B.C.Xa6apos, ~.A.H4yHeHKO 

AflH HCCne~OBaHHH xapaKTepHCTHK B3aHMO~eHCTBHH 
¢parMeHTOB penHTHBHCTCKHX H~ep C Be~eCTBOM C03~aHa 
ycTaHOBKa, C ITOMO~b!O KOTOPOH BbinOnHeHbi 3KCnepHMeH- ' 
Tbl Ha nyqKax YCKOpeHHbiX B CHHXpo<lJa30TpOHe J1B3 OIDUi 
H~ep yrnepo~a, KHCnopo~a, HeoHa H MarHHH. OcHOBY 
YCTaHOBKH COCTaBnHeT CeK~HOHHPOBaHHaH 11~BaH11 MH
meHb H3 40 ~epeHKOBCKHX C~eT~HKOB C TOHKHMH 
/0, 5 CM/ TBep~bWH p~HaTOpaMH, npH ITOMO~ KOTOpOH 
H3MepH!OTCH sapH~ H KOOp~HHaTbl o6pa30BaHHH H 
BsaHMo~eH:cTBHH <l>parMeHToB. Cpe~Hee sapHAOBoe pas
pemeHHe O~HOro C~eT~HKa a= 0, 25 e, TO~HOCTb H3Me
p~HHH KOOp~H!iaTbl B3aHMO~eHCTBHH - 0,3 CM. 

Pa6oTa BbmonHeHa B OT~ene HOBbiX MeTo~oB 
YCKO peHHH OlUUi • 

Expe r i menta l Set-Up to Study Relativist i c Nuclear 
Fragment Interactions at the Dubna Synchrophasotron 
Vere s I. · et al. 

The paper describes an ·- experimental set-up for 
meas uring the mean free path -for charge changing 
inte ractions of relativistic heavy nuclear frag- . 
ments . The principal part of the apparatus is a 
stac k of 40 Cerenkov counters with 0.52 em thick 
plex i glass radiators. The measurements were made 
with beams of 4. 5 · GeV /cA nuclei of 12c , 16 0 , 22Ne 
and 24Mg at the Dubna synchrophasotron. Proper~ 
tional chambers were used to reconstruct particle 
tra j ectories. The mean charge resolution of a 
counter is equal to 0.25 e; the accuracy in measu
ring the interaction coordinate is - 0.3 em. 

The investigation has been performed at the 
10 Depa rtment of New Uethods of Accelerations, JINR. 



B~~OnHeHH~e B 1980-1982 rr. $OT03MynbCHOHH~e 3KCn epH~ 
MeHT~ · l/, B KOTOP~X nony4eHO yKa3aHHe Ha Heo6~4HO 6onbWOe 
Ce4eHHe B3aHMOAeACTBHR RAePH~X $parMeHTOB B~COKOA 3He prHH 
C Be~eCTBOM, HHH~HHPOBanH HHTepec K npo6neMe aHOManO a. 
B OHRH npeAno~eH 21 3neKTPOHH~~ MeTOA HccneAoBaHHR 3To A 
npo6neM~, o6ecne4HBa~~HA B~COKy~ CTaTHCTH4eCKY~ T04HOCTb 
H B03MO~HOCTb H3y4eHHR 3aBHCHMOCTH RBneHHR OT MHOrHX na
paMeTpOB /3HeprHR ny4Ka, 3aPRA $parMeHTOB H np./. anR HC
cneAOBaHHR npo6neMbl aHOManOHOB Ha CHHXpO$a30TpOHe nB3 , 
rAe nony4eH~ peKOPAH~e 3HeprHH YCKOpeHHbiX RAep, C03Aa Ha 
Ha OCHOBe 3TOrO MeTOAa YCTaHOBKa H npOBeAeH~ 3KCnepH
MeHT~ Ha ny4KaX RAep KHCnOPOAa, $Topa, HeOHa H MarHHR. 
0AHOBpeMeHHO aHanorH4H~e 3KcnepHMeHT~ npoBeAeH~ H APY
rHMH rpynnaMH 13•41. 

B~6op MeTOAa HCCneAOBaHHR onpeAenReTCR CBOACTBaMH 
B3aHMOAeACTBHR RAep, KOTOp~e AO 3HeprHA 4 r3B/HyKnOH xopo
lliO H3y4eHbl /S/: 6onbWaR 4aCTb 6~CTP~X $parMeHTOB o6pa3yeT
CR KaK 4aCTH~~-Ha6n~AaTenH B nepH$epH4eCKHX B3aHMOAeHCT
BHRX, OHH H3ny4a~TCR B Y3KOM KOHyCe snepeA H HMe~T CKO
POCTH, 6nH3KHe K CKOPOCTH nepSH4HOrO RApa. 3TH o6CTOR

TenbCTBa n03BOnR~T HCnOnb30BaTb AnR HCCneAOBaHHR B3a HMO
AeHCTBHR $~arMeHTOB penRTHBHCTCKHX RAeP HX 4epeHKOBCKoe· 
H3ny4eHHe 21. 

CxeMa 3KcnepHMeHTanbHOH ycTaHOBKH noKa3aHa Ha pHc. 1. 
npHH~HnHanbHOA 4aCTb~ ee RBnReTCR 11~HBaR 11 MHWeHb-AeTeKTOP 
H3 40 4epeHKOBCKHX C4eT4HKOB C paAHaTopaMH H3 nneKCHrnaca 
TOn~HHOA no ny4KY 5,2 MM H $OTOYMHO~HTenRMH THna $3Y-84. 
no ocH ny4Ka c4eT4HKH pacnono~eHbl c waroM 6 MM, s nepneH
AHKynRpHoA nnOCKOCTH OHH pa3BepHyT~ BeepOM C warOM 25,7 ° 
H nepHOAOM 180° , o6pa3yR 4YBCTBHTenbHY~ o6naCTb AHaMeTpOM 
20 MM. HHTeHCHBHOCTb 4epeHKOBCKOrO CBeTa penRTHBHCTCKOrO 
$parMeHTa nponop~HOHanbHa KBaApaTy 3aPRAa $parMeHTa. CseT 
Hcn~T~saeT nonHoe BHyTpeHHee OTpa~eHHe B paAHaTope, e c nH 
OTKnOHeHHe $parMeHTa C HMnynbCOM 4,2 r3B/c OT OCH ny4 Ka 
He npeBbiWaeT +2, 5 ° /S/. nonHOe BHyTpeHHee OTpa~eHHe CB e Ta 
C03AaeT ycnos;R AnR nonHoro c6opa $OTOHOB 4epeHKOBCKor o 
H3ny4eHHR ~parMeHTOB Ha $OTOKaTOA $3Y, o6ecne4HBaR OnTH
ManbHOe 3apRAOBOe paapeweHHe C4eT4HKOB. neps~A C4eT4H K 

PHc.l. CxeMa 

3KCrrepHMeHTaiTbHOH 

ycTaHoBKH. TIKI-8 -
MOAynH rrporrop~Ho

HaiTbHbJX KaMep; 81-
5 H Cl -40 c~HHTHn
mi~HOHHbJe H qepeH

KOBCKHe cqeTqHKH. 
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~ 1 1 tr~ -:JI 
f 22 Z•tl 

... JDo IC.t.HA .... 

PHc.2. CxeMa ~epeHKOBCKoro 
AeTeKTopa-MHWeHH; AHCrrrreH
KapTHHa, HITITIDCTpHpyro~aH ITPHH-

. IJ;Hrr ero pa6oTbi; THITH'l:Hoe aMrrnH
TYAHoe pa3pemeHHe qepeHKOBCKoro 
C'l:eT'l:HKa. 

H3Mep~eT 3aP~AOB~~ COCTaB ny4-
Ka. CMeHHa~ MHWeHb W no3son~eT 
nony4aTb HH$OpMa~H~ 0 3aBHCHMOC
TH ~BneHH~ OT Be~eCTBa MHWeHH. 
OcTanbH~e c4eT4HKH H3Mep~~T 3a
P~A ~Aep H $parMeHTOB, 4TO H 
no3son~eT onpeAen~Tb sepwHHY 
B3aHMOAe~CTBH~ no H3MeHeHH~ HX 
3aP~Aa. AMnnHTYA~ 4epeHKOBCKHX 

HMnynbCOB H3Mep~~TC~ 256-KaHanbH~MH 3ap~A;-~H$pOB~MH 
npeo6pa3osaTen~MH. B nay3ax MemAY c6pocaMH ny4Ka pa6oTa 
BCeX C4eT4HKOB KOHTpOnHpyeTC~ CBeTOBbiMH CHrHanaMH, KOTO
p~e nOABOA~TC~ K KamAOMY paAHaTopy C nOMO~b~ BOnOKOHHOrO 
CBeTOBOAa OT OAHOrO CBeTOAHOAa. ,[\Henne~ C06biTH~ C TpeM~ 
B3aHMOAe~cTBH~MH (Mg -+ Na ... C -+B) s MHWeHH-AeTeKTope noKa3aH 
Ha pHc .2. 3AeCb me npHBeAeHo THnH4Hoe pacnpeAeneHHe no 
aMnnH TYAe CHrHanos 4epeHKOBCKoro c4eT4HKa (C22),o6pa3ye
M~x ny4KOB~MH ~ApaMH H ero $parMeHTaMH. 

na KeT~ nponop~HOHanbH~X KaMep nK1-nK4 /pHc.1/ H3Me
p~~T KOOPAHHaT~ H yrn~ ny4Kosoro ~Apa. C4eT4HKH 81-85 
B~pa6aT~Ba~T TpHrrepH~~ CHrHan. naKeT~ nponop~HOHanbH~X 
KaMep nK5-nK8 npeAHa3Ha4eH~ An~ yT04HeHH~ KOOPAHHaT B3aH
MOAe~CTBH~ nepsH4Horo ~APa H BTOpH4H~x $parMeHTOB. Kam
A~~ H3 naKeTOB nK1-nK8 COCTOHT H3 Tpex OAHOKOOPAHHaTH~X 
nponop~~OHanbH~X KaMep, nosepHyT~X APYr OTHOCHTenbHO APY
ra Ha 60°. KaTOA~ KaMep ~3roTosneH~ ~3 an~M~H~eso~ $onbrH 
Ton~~Ho~ 14 MKM, war c~rHanbH~x nposonoK 2 MM, 3a3op MemAY 
3neKTPOAaM~ 7 MM. Pa3Mep 4YBCTB~TenbHO~ o6nacT~ KaMep 
nKJ-nK4 - 128 MM, nK5 ~ nK8 - 384 MM, nK6 - 640 MM, nK7 -
896 MM. fa30Ba~ CMeCb COCTO~na ~3 aproHa, ~3o6yTaHa /28%/, 

111 
~3onpon~nosoro cnHpTa /30%/ ~ $peoHa 13B1 /0,2%/ . 

An~ KOHTpon~ Ha6opa AaHH~X ~cnonb3yeTc~ 3BM CM-3 H 
nporpa MMa peanbHoro speMeHH MULTIIEC. KaK npasHno, MemAY 
~HKnaMH YCKOpHTen~ aHanH3HpyeTC~ OAHO co6~THe C npHOPHTe
TOM Ha 6opa AaHH~x. KoHTponHpy~Tc~ 3Ha4eH~~ aMnnHTYA 4e
peHKOBC KHX C4eT4HKOB, CTPO~TC~ THn~4H~e pacnpeAeneHH~ C 
nponop~HOHanbH~x KaMep. MomHo $opMHposaTb H B~4Hcn~Tb Ko
nH4eCTBeHH~e H norH4eCKHe KpHTepHH np~ rHCTOrpaMMHPOBaHHH 
H aHan H3e AaHH~x. Bo3MOmHa reoMeTpH4eCKa~ peKOHCTPYK~H~ 
TpeKOB B KaMepax H C4eT4HKaX. 
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PHc,3. 3aBHCHMOCTb 3~eKTHB~ 

HOCTH nyqKOB~ KaMep OT BhlCO
KOrO HanpHEeHHH AITH pa3n~
HbiX HAep. 

H3MepeHH~ npoBeAeH~ Ha ny4-
Kax YCKOpeHH~X ~Aep yrnepOAa, 
KHCnOPOAa, $Topa, HeOHa H Mar
HH~ . HHTeHCHBHOCTb ny4 KOB AO 
1 06 1 I LIHKn. no "y, KOO PAHHaTe 
ny4oK npaKTH4eCKH napanneneH 

C a = 13 MM, no "x" KOOPAHHaTe - paCXOAHMOCTb He pes~-y 
WaeT 10 MPaA, a pa3Mep Ha BXOAe B MHWeHb ax= 9 MM . AfiH-
TenbHOCTb c6poca ny4Ka COCTaBn~eT 480 MC. 3ap~AOB~H co
CTaB ny4Ka C~eCTBeHHO 3aBHCHT OT pe*HMa pa60T~ CH HXpo
~a30TpOHa, npH ycKopeHHH ~AeP c ZIA = 1/2 npHMecb ~Aep 
12c COCTaBn~eT 10%. 

Ha pHc.3 noKa3aHa 3$$eKTHBHOCTb perHCTPal.IHH pa3nH4H~x 
~Aep ny4KOB~MH KaMepaMH 8 3aBHCHMOCTH OT B~COKOrO anp~

~eHH~. CTpenKaMH yKa3aHo Ha4ano nnaTo An~ cooTBeTCTBy~e
ro 3aP~Aa z. CpeAH~~ MHo~ecTBeHHOCTb 4Hcna cpa6oTa BwHx 
rpynn nposono4eK An~ OAHOTpeKoB~x co6~THH onpeAen~eTc~ 
3neKTpoHaMH H He npes~waeT 2 B o6na~TH Ha4ana nnaTo 3~~ 

~eKTHBHOCTH perHCTPal.IHH oT Hanp~~eHH~. To4HOCTb H3MepeHH~ 

KOOPAHHaT~ BXOAa B MHWeHb COCTaBn~eT ~0,4 MM, a yr OBa~ 
T04HOCTb +0,3 MPaA. 

AMnnHTYAHOe pa3peweHHe 4epeHKOBCKHX C4eT4HKOB OAHHa
KOBO An~ CHrHanoB OT ~Aep H CBeTOAHOAa H COCTaBn~eT 5,0% 
An~ 3aP~Aa Z = 8. 

N 

e, ,• a.n 

140 I 
z, 

140 1 z, 

3$$eKTHBHOCTb pa3AeneHH~ 

HOpManbH~X $parMeHTOB C npo-
6erOM 6onee 3;5 CM HnntacTpH
pyeTc~ pHc.4, rAe noKa 3aH~ 3a
P~AOB~e cneKTP~ ~AeP 24

Mg(Z
2

) 
Hero ~parMeHTOB BToporo(Z~Y 
H TpeTbero (Z~ noKoneHHH. BHA
Ho, 4TO B~Aen~IOTC~ ~pa rMeHT~ 

AO 6opa BKni04HTenbHO. 3ap~A0-
8oe pa3peweHHe no ceMH c4eT4H-

PHc. 4. 3apHAOBbie cneKT bi HAP a 
24 Mg (Z~ H ero q,parMeHTOB BTO
poro (Z2J H TpeTbero (Z;) noKo
neHHH npH OT6ope .. C06bJTHH C 

, .. z: npo6er oM 5onee 3 , 5 eM. 
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KaM AnR z = 11 COCTaBnReT 0,1 e, Xo,powee B~AeneHHe nHHHH 
/MaKCHMYMOB/ OTAenbH~X $parMeHTOB Ha PHC.4 CBHAeTenbCTBy
eT 0 HeTpHBHanbHOH OC06eHHOCTH $parMeHTa~HH ny4KOBOrO RA
pa: AOMHHHpy~T C06~THR. C o6pa30BaHHeM OAHOrO $parMeHTa 
npH AOBOnbHO cTa6HnbHOM conpoeo~AeHHH APYrHMH 4aCTH~aMH. 

To4HOCTb H3MepeHHR nPOAOnbHOH KOOPAHHaT~ eepwHH~ eaaH
MOAeHCT BHR, O~eHHBaeMaR H~ He3aBHCHMOro H3MepeHHR ee 
B MHWe~~ H KaMepaMH nne4a, COCTaBnReT-0,3 CM. 

To4HOCTb H3MepeHHR cpeAHeH AnHH~ ceo60AHOro npo6era 
RAPa cocTaenReT 2,0% AnR 24 Mg. 

3aKn~4eHHe 

npeAnO~eHa H peanH30BaHa MeTOAHKa HCCneAOBaHHR B3aHMO
AeHCTBHH $parMeHTOB C RAePH~MH MHWeHRMH Ha OCHOBe CeK
~HOHHPOBaHHOro 4epeHKOBCKoro AeTeKTopa /C4A/. 

3aMe4aTenbHOH oco6eHHOCTb~ C4A ~enReTCR no4TH nonHaR 
He4yBCTBHTenbHOCTb K MeAneHH~M H CHnbHO HOHH3HPY~HM .STO
PH4H~M npOAYKTaM, a TaK*e nOHH*eHHaR 4yBCTBHTenbHOCTb 
K penRTHBHCTCKHM 4aCTH~aM, KOTOp~e OTKnOHHnHCb OT OCH 
ny4Ka Ha yron 6onee 5° . 

YcTa HoeKa 3$$eKTHBHO paaAenReT $parMeHTbl, H3MepReT ee
PORTHOCTb HX PO*AeHHR, nOAaBnReT 4aCTH~~ conpOBO*AeHHR, 
H3MepReT cpeAHHe AnHH~ ceo6oAHoro npo6era RAep H penRTH
BHCTCKHX $parMeHTOB. 

YcTa HOBKa noaeonHna npoeecTH HccneAOBaHHR eaaHMOAeHcT
BHR ~Aep yrnepo~a, KHcnopoAa, HeoHa, MarHHR H HX $par
MeHToe C nerKHMH /yrnepOA, KHCnOpOA/ H TR*en~MH /eonb~
paM/ RAPaMH MHWeHH. B~nonHeH noHcK aHoManbHWX ~parMeHToe. 

JlHTe paTypa 

1. Fri edlander E,M. et al. Phys.Rev.Lett., 1980, 45, 
p. 1084. 

2. ronyTeHH H.A. HAP· OHRH, P1-83-53, AyoHa, 1983. 
3. Stevenson J.D. et al. Phys.Rev.Lett., 1984, 52, p. 515. 
4. Symo ns T.J.M. et al. Phys.Rev.Lett., 1984, 52, p. 982 . 
s. Ara KHWHeB r.H. HAP· OHRH, P1-84-35, Ay6Ha, 1984. 
6. BonKoB B.H. H AP· OHRH, 61-1-83-584, Ay6Ha, 1983. 
7. BHwHeBCKHH A.B. HAP· OHRH, 13-83•15, Ay6Ha, 1983. 

PyKonHCb nocTynHna 22 HOR6pR 1984 roAa. 
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113Y4EHI1E MACCOBbiX PAGnPE,QEJ1EHI1~ nPO,llYKTOB PEAKLtl1~, 
nPI1BOWI'-11X K 06PA30BAH~IIO COCTABHO~ CI1CTEMbl C Z =1 08 

X.3oAaH, 3.B~nn, C.M.IlyKbRHOB~ IO.Lt.OraHeCRH, 
10.3.neH~OH*KeB~4, r.r.4y6apRH, n.r~nnHep~ B.3aHAenb~ 
K.,ll.lUHnnHHr""' 

IlpHBe~eHbi pesynbTaTbl 3KCnepHMeHTanbHOI'O HC
cne~OBaHHH MaCCOBb~ pacnpe~eneHHfi npo~yKTOB 

peaKn;Hfi 22 Ne + 249 cr • 40 Ar + 232Th H 56 Fe + 208pb . 
npHBO~HmHe K o6pa30BaHHID COCTaBHOH CHCTeMbi C 
Z = I 08. OnbiTbi npoae~eHbi Ha ~ByxnnetieBoM apeMH
nponeTHOM cneKTPOMeTpe yCTaHOBKH 11,[(3MAC". IloKa-
3aH00 'ITO B H3ytieHHb~ peaKIJ;HHX npeo6n~aWmHH 
BKn~· B o6m;ee tiHcnO pei'HCTpHpyeMbiX COBn~eHHH 
cocTaBnHroT ~ByxTenbHbie npon;eccbl, a <PopMa Mac
coBbiX pacnpe~eneHHi:f CHnbHO 3aBHCHT OT napaMeTpa 
aCHMMeTpHH BXO~HOI'O KaHana. IlpH 3Hepi'HH HaneTaro
m;erO HOHa B6nH3H 6apbepa B3aHMO~eHCTBHH B KOM-
6HHaiJ;HH 40Ar +232Th Ha6mo~aroTCH CTPYKTYPHbie 
OC06eHHOCTH B MaCCOBb~ pacnpe~eneHHHX B B~e no
BblllleHHOI'O Bb~o~a npo~yKTOB B o6nacTH Mace A= 21 0 . 

Pa6oTa BbinOnHeHa B na6opaTopHH H~epHb~ 
peaKIJ;HH OliJlli. 

Study of Decay Product Mass Distributions in 
Reactions Leading to Composite Systems with Z=1 08 
Sodan H. et al. 

The decay product mass distributions studied 
experimentally in the heavy-ion reactions 
22Ne+249cr ' 40Ar+ 232Th and 56Fe+ 20Bpb 

leading to composite systems with Z = 108 are 
presented. The experiments were carried out with 
the double-arm time-of-flight spectrometer 
"DEMAS". In the reactions investigated here, the 
predominant part of coincident events observed 
is shown to be due to two-body processes. The 
shape of the mass distributions strongly depends 
on the mass asymmetry parameter in the entrance 

* EpeBaHCKHH <iJH3HtieCKHH HHCTHTYT 
** [(eHTpanbHbiH HHCTHTYT H~epHbiX HCCne~OBaHHH 

AH f)U>, Pocce~op<P 
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cha nnel. At bombarding energies close to the inte
rac tion barrier the mass distributions for the 
40Ar+ 2S2 Th reaction exhibit enhanced yields in 
the region of A= 210. 

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

Pea KI.ll-11-1 ••xono,qHoro" cnl-!fiHI-Ifl fi,Qep, npi-!80,QfiU\I-Ie K o6pa3o-
8aHI-110 COCTa8HbiX fi,Qep C 3Heprl-!ei1 8036y>K,QeHI-!fl E* .. 20~40 ~-138, 
WI-IPOKO I-1CnOnb3YIOTCfl ,Qnfl CI-IHTe3a TpaHC~epM~-!e8biX 3neMeHT08, 
B 3TI-!X peaKI.ll-lfiX np~-1 o6ny4eHHH MI-!WeHeH 1-13 C81-1HI.la 1-1 81-!CMyTa 
1-!0HaMI-1 THTaHa, XPOMa 1-1 >Kene3a CI-IHTe31-!P08aHbl I-!30TOnbl 3ne
MeHT08 c Z "'1 0671 09 / 1,2/ • Ce4eHI-!fl o6pa3o8aHHfl TaKI-!X fi,Qep 
8 OCH08 HOM COCTOfiHI-11-1 COCTa8nfiiOT 8enH41-1HY JQ-SS +JQ-S5 CM2 
1-1 Cl-lnb HO 3a81-1CfiT OT 3HeprHI-! KynOH08CKOrO 83ai-IMO,QeHCT81-!fl 
fi,Qep-na pTHep08 / S~ nocKOnbKY Tfi>Kenble COCTa8Hble fi,Qpa I-1Cnbi
Tb18aiOT 8 3Ha41-!TenbHOH ,QOne cny4ae8 ,QeneHI-!e, I-ICCne,Q08aHI-!e 
MeXaHI-!3Ma peaKI.ll-11-1 CnHfiHI-Ifl MO>KeT 6b1Tb np08e,QeHO nyTeM 1-13-
MepeHI-!fl C08na,QeHI-Ifl OCKOnK08 8biHY>K,QeHHOrO ,qeneHI-!fl, 0,QHaKO 
l-138eCT HO, 4TO Ofipa308aHHe ,Q8YX ~parMeHT08 8 8biXO,QHOM Ka
Hane pe aKI.ll-11-1 o6yC.!J08neHO pa3nH4HbiMI-1 MeXaHI-13MaMH /peaKI.ll-lfi
MI-1 cnl-!fi HI-Ifi-,QeneHHfl, 6blcTporo- 1-1 K8a31-!,QeneHI-Ifl, rny6oKo
Heynpyr i-!X nepe,Qa4 1-1 T,,Q,/, 8Kna,Q KOTOpbiX 3a81-1CI-!T OT xapaK
Tepi-!CT I-I K 8XO,QHOrO KaHana, Hanp~-!Mep, OT MaCC080H aCI-!MMeT
PHI-1, OT 3HeprHI-1 HaneTaJO~ero 1-!0Ha 1-1 op6~-!TanbHoro yrno8oro 
MOMeHTa . no3TO~y ,Qnfl onpe,QeneHI-!fl 8Kna,Qa pa3ni-14Hb1X MeXaHI-!3-
M08 HeOfiXO,QI-!MO HCCne,Q08aHI-!e MaCC08biX, 3HepreTI-!4eCKHX 1-1 yr
n08biX pacnpe,qeneHI-!H ,Q8YX KOppen~-!p08aHHbiX ~parMeHT08 npo
l.leCca pacna,qa COCTa8HOH CI-ICTeMbl, TaKOH 803MOlKHOCTbiO o6na
,QaeT ,Q8yxnne4e8oH 8peMflnponeTHbiH cneKTpoMeTp ycTaH08KI-1 
A3MAC 141• 

B HaCTOfl~eH pa6oTe npe,qcTa8neHbl pe3ynbTaTbl l-!ccne,qo8a
HI-IH Ma c co8biX pacnpe,qeneHI-!H npo,qyKT08 peaKI.ll-11-1 22 Ne + 249 Cf , 
40Ar+ 2S2 Th 1-1 56 Fe+ 2°8 Pb. 3TI-! KOM6HHal.ll-11-1 8bl61-1pan1-1cb c 

1.1enbl0 nony4eHI-!fl O,QHOH 1-1 TOH me cl-lcTeMbl ZM + Z M= 1 08 8 
,QI-!ana30 He 3Hepri-!H EM/ BKyn:" 1 , 03+ 1 , 5, 4TO cooT8eTCT8yeT 
,QI-Iana30 HY Macco8o.:1 aci-!MMeTpl-11-1 1J =(AM- AM )/(AM+ AM)"' 
=0,58+ 0 ,84 1-1 3Heprl-11-1 8036ym,qeHI-!fl E*-457100 ~bB. 

3HeprHI-1 1-1 KOOPAI-IHaTbl ,Q8YX KOppen~-!p08aHHbiX npO,QYKT08 1-13-
Mepfln i-!C b C nOM~biO ra30HanonHeHHbiX n031-11.li-IOHH0-4y8CTBI-!Tenb
HbiX 1-!0H H3al.lHOHHbiX KaMep / 5/ , a I-IX CKOPOCTI-1 - ,QeTeKTOpaMI-1 
8TOpi-14 HOH 3MI-ICC~I-1 3neKTpOH08 Ha OCH08e MI-IKPOKaHanbHbiX 
nnacTHH, 1-1 nnocKonapannenbHbiMI-1 na81-!HHbiMI-1 C4eT41-!KaMI-1 / 4/ ,HH
Tep8an yrno8, 8 KOTOPOM peri-!CTPI-IP08ani-!Cb npO,QYKTbl peaKI.li-IH, 
COCTa 8nfln 8eni-141-1HY /18 = 15° 8 nnOCKOCTI-1 peaKI.li-IH. KHHet~a
TH4eC KHe paC4eTbl nOKa3b1Ba~T, 4TO ,Qn~ perHCTpal.ll-11-1 ,QBYX Kop
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PHc.l. BhlXOA ITPOAYKTOB peaK
~HH 40 Ar /302 M3B/+ 282 Th 
B 3aBHCHMOCTH OT CYMMbl yr
noB pasneTa B CHcTeMe ~eHT
pa .Mace. 

pen~posaHH~~ 4acT~ s A~a
na3oHe OTHoweH~R Mace A8/ A4 = 
=0,22+ 4,5 loT nPDAYKTOB 
ynpyroro pacceRH~R AD ~par
MeHTOB paBHOH MaCCbtl Heo6-
XOA~M ~HTepsan yrnos 30° + 
+ 40° B OAHOM AeTeKTope, 
ecn~ APYroi1 oxsaTwsaeT ~H
Tepsan 15° s nnocKOCT~ peaK
~~~. no3TOMy per~CT pa~~R 

cosnaAa~~x npDAYKTOB npo
BOA~nacb s cep~~ nocneAo
saTenbHWX ~3MepeH~i1 . np~ 

3TOM nonomeH~e OAHDr o speMR
nponeTHoro 11nne4a :1 ocTasa
nocb He~3MeHHbtM, a APYroe 
nepeMe~anocb no yrny , cooT
seTcTsy~eMy ycnos~RM per~

CTpa~~~ cosnaAa~~~x c nep-
BWM nne40M co6wT~i1. B 3T~X 

ycnoa~Rx npeo6naAa~~i1 BKnaA s o6il1ee 4~cno per~cT p~pyeMbiX 
cosnaAeH~i1 cocTasnR~T co6wT~R, ~A~~e c nonHoi1 nepeAa4ei1 
~Mnynbca HaneTa~~ei1 4acT~~ei1 lp~c.11. Ha p~cyHKe peAcTas
neH BbtXOA npOAYKTOB B 3aB~C~MOCT~ OT CYMMbt ~X yrnos pa3ne-
Ta 8 C~CTeMe ~eHTpa MaCe. 

nposepKa pa3pewa~~ei1 cnoco6HocT~ cneKTPOMeTpa no Mac
caM ocy~ecTanRnacb no ynpyroMy pacceRH~IO ~oHos apr oHa 
c 3Hepr~ei1 220 M3B Ha RAPax M~weH~ ~3 282 Th.H3 ~3MepeH~i1 
cneAyeT, 4TO a6coniOTHOe Maccosoe pa3peweH~e s AaHHOM cny-
4ae cocTasnReT sen~4~HY ~1,5 a.e.M. ~ npaKT~4ecK~ He 3a
s~c~T dT Maccw . per~cTp~pyeMoro ~oHa. 

Ha ocHose speMeH~ nponeTa ~ yrnos pa3neTa npOAYKTOB 
ABYXTenbHoi1 peaK~~~ ~3sneKanacb ~H~OpMa~~R o6 ~x Maccax ~ 

3Hepr~RX. B npo~ecce o6pa6oTK~ AaHHbtX, KOTOpbre Ha Kann~san~cb 
Ha MarH~THOM A~CKe 38M CH-3,np~ Han~4~~ cosnaAeH~H scex ~3-
MepeHHbiX napaMeTpOB,{1POB~pRnOCb ycnos~e KOnn~HeapHOCT~ B 
c~cTeMe ~eHTpa Mace 08 + 04 = rr I eM. p~c. 1 I AnR Ka >KAoro 
KoppenR~~OHHoro co6wT~R. np~ swnonHeH~~ 3Toro ycnoa~R pe
weH~e c~cTeMw ypasHeH~i1 
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300 

PYic.2 . Bhlxop; rrpop;yKTOB peaK~HH 40Ar /220 tbB/ + 
+ 232Th B 3aBHCHMOCTH OT HX MaCChi H IIOJIHOii KHHeTH'IeC
KOH 3HeprHH. 

A1 + A2 = A = A3 + ·A4 , /1/ 

121 A3 v3 sine3 = A4 v4 sin84 , 

I Ai - MaCChi RAep, v3,4 - CKOPOCH1, e3,4 - yr!lhl pa3JleTa 
npOAYKTOB B na6opaTOPHOA C~CTeMe KOOPA~HaT/ AaeT Mace~ 
npOAYKTOB A3 ~ A4 • Y4~T~ean~cb TaK~e nonpaeK~ Ha noTep~ 

3Hepr~~ e nneHKax AeTeKT~PYIOU!eA c~cTeMbl. CneAyeT OTMeT~Tb, 
4TO KOppeJlfi~~OHHafl MeTOA~Ka, OCHOBaHHafl Ha onpeAeJleH~~ 

Mace n pOAYKTOB ~3 ~3MepeHH~X CKOPOCTeA ~ yrllOB pa3JleTa, 
n03BOJlfl eT nony4~Tb 3Ha4eH~e nOJlHOA K~HeT~4eCKOH 3Hepr~~ 
/nK3/ ~ Mace 11nepB~4HbiX 11 npOAYKTOB peaK~~~ AO ~cnapeH~fl 
HeATpOHOB. B Ka4eCTBe np~Mepa Ha p~c.2 npeACTaBJleH~ B~XOA~ 

nPOAYKTOB peaK~~~ 40Ar /220 M3B/ + 232Th e 3ae~c~MOCT~ oT 
~X Mace ~ nK3. 

Macc oeble pacnpeAeneH~fl npOAYKTOB peaK~~A 22Ne + 249 Cf, 
4°Ar+ 232 Th ~ 56 Fe+ 208 Pb npeAcTaeneHbl Ha p~c.3 ~ 4. l-13 

p~c. 3 B~AHO, 4TO Allfl ~oHoe Ne ~ Ar c 3Hepr~eA E l.lM/B =1, 5 
MaKC~MallbHbli1 BbiXOA npOAYKTOB e o6nacT~ Mace AH < A< AM Ha-
6niOAaeTCR np~ 3Ha4eH~~ A= (AH+ A M)/2. Maccoeoe pacnpeAe
neH~e ~MeeT $OPMY raycc~aHa, nonyw~p~Ha KOToporo yeen~4~
eaeTcR np~ nepexoAe OT Ne K Ar. B cny4ae Kot~6~Ha~~~ 56 Fe + 
+ 208Pb BbiXOA C~MMeTp~4HbiX nPOAYKTOB peal<~~~ C~JlbHO yMeHbWa
eTCfl n o cpaeHeH~IO C B~XOAOM aC~MMeTp~4H~X nPOAYKTOB, pac
noJlO~e HHbiX Ha 11XBOCTaX 11 n~KOB, COOTOeTCTBYIOU\~X ynpyrOMY 
pacceR H~IO. C~IlbHOe ~3MeHeH~e $opM~ Maccoeoro pacnpeAelleH~fl 
MO~HO 06bfiCH~Tb yMeHbUieH~eM ni'IPAMeTp<t aC~MMeTp~~ BXOAHOrO 

18 



5 

5 

3 

(•101 14 

12 

8 

6 

22 Ne(179M39)• 241C f 

Ecm/9 =1 .5 
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Pnc. 3. Mac coBble pacrrpe.o;e
n eHHH IIPOAYKTOB peaK~HH IIPH 
pasnnqHb~ rrapaMeTpax Mac
COBOH aCHMMeTpHH BXO,li;HOrO 
KaHana I Ecm - KHHeTnqecKaH 
3HeprHH B CHCTeMe ~eHTpa 
Mace, B- KynoHoBCKHH 
6apbep/. 
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40Arl302MJB)+232T 
Ecm/9=1.5 

(222MJB) 
Ecm/9=1.1 

(208MJ8) 
Ecm/9=1,03 

MACCA (a.e.H.I 

Pnc. 4. Mac coBble pacrrpe.o;e
neHHH IIPOAYKTOB peaK~HH 
40Ar + 232 Th rrpn pasnnqHb~ 

3HeprHHX B036~eHHH COCTaB
HOH CHCTeMbl H,ll;ep, 

KaHana, XOTH 3Ha4eHHe E~~B AflH 3TO~ peaK~HH HeCKOnb 0 
MeHbWe' 4eM AflH KOM6HHa ~H~ 22 Ne + 249 cr H 40Ar + 232 Th • . a 
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TaKoe HSMeHeHHe c)>opMbl Maccoeoro pacnpeAelleHHFI yKaSbiBanocb 
B pa6oTe/6/ ,0AHaKO B He~ HCCJleAOBaJlHCb KOM6HHa~HH MHWeHb-
4aCTH ~a, npHBOAFI~He K paSJlH4HbiM COCTaBHbiM CHCTeMaM. 

B cny4ae peaK~HH 40Ar + 232 Th HSMepe HHFI npoBOAHllHCb npH 
pasnH4HbiX 3HeprHRX HaneTa~~ero HOHa. Ha PHc.4 BHAHO, 4TO 
C yMeHbWeHHeM 3HeprHH MBCCOBOe pacnpeAeJleHHe CTaHOBHTCFI 
WKpe; KpOMe TOro, npOFIBJlFieTCFI CTPYKTypa B BHAe MBKCHMyMa 
BbiXOAa npH MaCcax npOAYKTOB A .. 21 0 /H, COOTBeTCTBeHHO, co
npR>Ke HHbiX nPOAYKTOB c Maceo~ .. 60/. MexaHHSM, npHBOAFI~H~ 
K o6pa SOBaHH~ 3THX npOAYKTOB peaK~HH, noKa nOJlHOCTb~ He 
BbiFICHe H. OTMeTHM, 4TO enepeble noRBJleHHe noBbiWeHHoro Bblxo
Aa aC HMMeTpH4HbiX npOAJKTOB OOHapy>KeHO npH HCCJleAOBBHHH 
peaK~HH 40Ar+243~m 17• H 3To~ pa6oTe 6blno yKasaHo Ha eos
MO>KHOCTb o6"bRCHeHHFI nOBbiWeHHoro BbiXOAa B pa~oHe A= 21 0 
B paMKaX AHc)>c)>ySHOHHO~ MOAellH, rAe B noTeH4HallbHY~ 3HeprH~ 
CHCTeMbl BKJ1~4a~TCFI o60Jl04e4Hble nonpaBKH /peaK~HFI 11X0110A
H0~11 nepeAa4H HYKllO~OB/. C APYrO~ CTOpOHbl, aBTOPbl pa60Tbi / S/ , 
B KOTOpO~ npOBOAHJlHCb HCCJleAOBaHHFI MaCCOBbiX pacnpeAeJle-
HH~ e peaK~HFIX 238 U +4Sca, 50 Ti 1-1 56Fe+ 208 Pb, o6oRCHR~T 
nOFIBlle HHe MaKCHMyMa. BbiXOAa 3THX npOAYKTOB TpaHCc)>OpMa~He~ 

MaCCOBOrO pacnpeAeJleHHFI BCJleACTBHe 60JlbWO~ BepOFITHOCTH 
nOCJleAOBaTeJlbHOrO AelleHHFI nepBH4HbiX npOAYKTOB C MaccaMH, 
6nHSKHMH K Macce RApa-MHWeHH. 0AHaKo npH 3HeprHRX, 6nHs
KHX K KYJlOHOBCKOMY 6apbepy, BKllaA TpeX4aCTH4HbiX C06b1TH~ , 

KaK no KaSaHO e 191, OKaSbiBaeTCFI HeSHB4HTeJlbHbiM, 1-1 no3TOMY 
npaKTH4eCKH He HSMeHFteT c)>opMy Maccoeoro pacnpeAeneHHFI e 
06JlaCTH MaCCbl 21 0. Q6pa~aeT Ha ce6Ft BHHMBHHe 1-1 SHa4HTellb
HaFI WHPHHa /~A .. 40-50/ Maccoeoro pacnpeAelleHHFI acHMMeT
PH4RbiX npOAYKT'bB HMeHHO npH TaKHX 3HeprHRX. HaM Ka>KeTCFI, 
4TO AallbHe~wee HCCJleAOBaHHe FIBJleHHFI aCHMMeTpH4HbiX Macco
BbiX pacnpeAeJleHH~ npOAYKTOB peaK4H~ C TFI>KeJlbiMH HOHaMH 
AOJl>KHO npOBOAHTbCFI npH e~e MeHbWHX 3HeprHFIX BOS6Y>KAeHHFI 
COCTa BHO~ CHCTeMbl, C 3TO~ T04KH speHHR BeCbMa nepcneKTHB
HbiMI-1 R BJlFI~TCFI peaK~HH C HCnycKaHHeM 6biCTpbiX sapFt>KeHHbiX 
4aCTH U, npH KOTOpbi.X MOryT o6paSOBaTbCR 11XOJlOAHble 11 FIAPa / 10/ , 

. B saK11~4eHHe aBTOPbl Bblpa>Ka~T 6naroAaPHOCTb aKaAeMHKY 
r.H.c!>nepoey Sa nOCTOFIHHOe BHHMaHHe K pa6oTe, B.CallaMaTHHY, 
11. Xa~Aellb, K. Xai1Aen~ 1-1 B. HocoKHHY - sa noMO~b npH npoee
AeHHH 3KcnepHMeHTOB 1-1 o6pa6oTKe ABHHbiX. 
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ON THE DISCRETE SPECTRUM OF NEW EXACTLY 
SOLVABLE QUANTUM N-BODY PROBLEM ON A LINE 

V.I.Inozemtsev, D.V.Meshcheryakov 

I t is shown that the discrete spectrum of a quan
tum N-body problem with the Hamiltonian 

N p 2 2 4x J 2x j N 2 
H= l: (..=:....t+2A (e -2e ))+ l: a(a-l)sh-(xJ-x.J 

J = 1 ~- J> k 

(the Sutherland system in the Morse potential) is de
termined by an algebraic equation. The eigenvalues 
and eigenfunctions, corresponding to simple exci
tations of the systems, are found explicitly. 

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

0 AHCKpeTHOM cneKTpe HOBOH TOqHo pemaeMOH 
KB aHTOBOH npo6JieMbl N qacTH~ Ha npsnmil 
B. H.HHoseM~eB, ~.B.Me~epHKOB 

lloKasaHo, qTo SaAaqa o Haxo~eHHH AHCKpeTHoro 
cneKTpa KBaHTOBOH N -qacTHqHoH npo6JieMhl c ra
MHJibTOHHaHoM 

N p2 • 4x 2x N · 
H = l: (-J + 2A2 (e J_ 2e J )) + l: a(a -1) sinh - 2 (x J-xk) 

J= 1 2 j> k 

/CHCTeMa CasepJieHAa B noTeH~HaJie Hopca/ CBOAHTCH 
K pemeHHIO anre6paHqecKoro ypaBHeHHH. HaHAel:lbl co6cT
BeHI:Ible SHaqeHHH raMHJibTOHHaHa H BOJIHOBble cPYHK~HH, 
COOTBeTCTByro~e npOCTeHmHM B036~eHHHM paccMaTpH
BaeMoi'r N -qacTHqHoil cHcTeMbl. 

Pa6oTa BbmOJIHeHa B lla6opaTopHH TeopeT~ecKoH 
cPHSHKH OIU!H. 

Ti l l now only one exact solution was found . for the 
problem of quantum particles on a line interacting with 
an ext ernal field 11 · 31 .This solution was obtained by Ca
logero 111 for the system described by the Schrodinger 
equat i on 

N p 2 
{ l: (-J 
j=1 2 
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N 
+W(xJ))+ l: V(xJ-xk)tfr=Fi.fr 

J>k 
(!) 



at 

/:\ t: -2 2 V(~,=a(a+l)~ , W(fJ=f3e. (2) 

Here Pj and xj are momenta and coordinates of part i cles 
(bosons or fermions). The spectrum of this problem is 
completely discrete and equidistant. i.e •• differs from 
the spectrum of trivial N noninteracting harmonic oscil
lators only by an additive constant and multiplici t y of 
the energy levels. 

N-particle systems with the Hamiltonian (I) are li
miting cases of more general quantum systems with N deg
ress of freedom related to semisimple Lie algebras . These 
systems were studied by Olshatensky and Perelomov 131 .In 
a series of particular cases they found the connec t ion 
between these Hamiltonians and Laplace-Beltrami opera
tors on the symmetric spaces. In particular. it has been 
shown that the ground-state wave function has a fac tori
zation property and can be constructed in an explicit 
form 141 . " 

In this paper we study the discrete spectrum 
quantum problem with Hamiltonian (I) at · 

V(~) = a(a-1) sinh-2 (~), W(~) = 2A2 (e ~ -2e 2~). 

of the 

(3) 

This is the so-called Sutherland system / S/ in a Mor se os
cillator. For the Hamiltonian (I) to be self-adjoi t it 
is necessary to constrain constants a and A in (3): 
lmA = Ima = 0 • Rea ~ 3/ 2/ 6/ , 

The system (3), evidently, has also the states wi th 
continuous spectrum corresponding t o the scattering of M 
particles in bound states of (N -M)ones ,N > M. These pro...: 
cesses are not discussed here; we are interested onl y 1n 
the non-trivial discrete spectrum of system (3). 

The ground-state wave function for the Schrodinger 
equation (I,3) was found by us earlier in paper 141• Note 
that variables in that equation are not separable even 
in the simplest case N·= 2. One can also construct non
trivial quantum integrals of motion, the operators con
taining higher degrees of momenta commuting with each 
other and with the Hamiltonian. 

Performing in (I, 3) the change of variables z j = e 2
x J 

(0 :S z J < oc), we transform this equation a.~ follows 

N a2 a N 4a(a -1 )zjzk 
1 . ~ [-2(z~-2 +ZJ-) +2A2 (z~-2zJ)]+ ~ 2 II/I =F¥. 
J=l azj azj J> k (zj-z.) 
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Further , for brevity we suppose the particles to obey 
Bose s t atistics. For the reduction of powers of singula
rities in (4) let us use a standard trick and introduce 
a func t ion ¢(z 1, ... ,z N) by the relation 

N y N f3 
tfr(z1 , •• , , zN)= ( fl !zj-zk l ll z 8 exp(-rz

8
))cfl{zl''"'ZN)' (S) 

J>k s=1 

Let us choose the constants y and r equal to a and 
A(A>O) ,respectively. The leading singularities in {4) 
are cancelled out and the equation for function ¢(z1, ... ,zN) 
can be represented in the form 

N a2¢ Z~ a¢ 
-2 ~ [ z~....--+(zJ(1+2/3)-2Az~+2a I )....---] + 

J=1 az~ j~kzj-zkazj 
N 

+(p ~ ZJ -(E- ~(p)))¢=0, 
J= 1 

where 

p(/3) = 2A (2a(N -1) + l + 2{3- 2A). 

~(/3) = - N[2f3 2+ 2a{3(N-l) + ~(N-l)(2N -1)] _a • 

(6) 

(7) 

According to Bose statistics ¢(z 1, ... ,zN) must be sym
metric under the interchange of each two arguments. Let 
us repr esent it as a function of N symmetric polynomials 
a1•"!•aN 

¢(z1 , ... , zN) .. ¢(a1 , ... ,a~, 

N p,t-1 
a1 '"' n zJ, at= --a 1 , t =l., ••• ,N, 

J= l (t -l)! 

,.. N a a ... ~~. 
J=1 az j (8) 

In what follows, where the indices of quantities {a8 I 
exceed N or are less than I, one must put aN+ 1 = I, 

ao-= a N -1;2 = aN+S= ... = 0 • 
By s 1mple calculations taking into account the proper-

ties of polynomial a 1 and operator B, we obtain the fol
lowing relations 

N aal 
~ zJ~=(N-l+l)at, 

J= 1 az j 
N 
~ 

J= 1 
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2 aar z . - "' a _.a a + a • 1 ( f - N - 2) 
J az N L L- ' 

j 

(9a) 

(9b) 



(N -t+l)(N +t -2) 

2 
at (9c) 

N 2 aat aam t 
J
:

1
zJ -az -=(N-t+l)atam- :£ (t +m-2r)a,at -r.(9d) 

j az J r = 1 + m 

By (9a-d) it is easy to find the equation for func t ion 
¢ (a 1 , ••• ,~) (8): 

(10) 

where N t 
H = - 2 I :£ [ (N - t + l)at a - :£ 1 t,m=l m 

(12) 

Let us choose the 
in variables Ia t I of 

solutions of eq.(IO) ~s polynomials 
the form 

(n) . n 
¢ (al, ... ,aN) = I 

v=O 
:£ c(v) . 

J1+ ••• +jN=V jl'""JN 

jN 
••• aN • ( 13) 

0 ~ j ~v 

Evidently the operator H 1 does n~t raise the maximal deg
ree of these polynomials. As for H2 , it adds I to t his 
degree if the condition 

p(fn + .4An = 0 (14) 

is not satisfied. ,.. ,.. 
If p(/3) obeys ( 14), the sum H1 + H2 is a . linear ope

rator acting in the space of polynomials in N var i ables 
with degree not exceeding n. The dimensionality of this 

. (N +n) ! Th . 1 f h. space 1s n!Nl • e e1genva ues o t 1s operator r epre-

sent (at given n ) the spectrum of the considered p roblem 
up to a constant :&,(fn. In this case the parameter f3 and 
constant {f,(tl) are completely determined by the integer n. 
The normalizability condition for the wave function (5) 
has the form 

N 2a N 
fdz1 ••• dzN ll izj-zki ll 

j> k 8= 1 

2/3-1 2 
z

8 
exp(-:2Az 8 )i¢(z 1, ... ,zJI < oo, 

(15) 
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From (1 3 ) and (15) it follows that {:J(n) must obey the 
condition {3 > 0 , i.e., the integer n is restricted: 

A - a (N - 1 ) > n + 1/ 2. (16) 

So, we formulate the way for constructing the discrete 
spectrum of the Hamiltonian (1,3): for the integers n 
which obey the cRndi~ion (16) one must find the matrix 
of the operator H 1 +H 2 according to (10-12) in the basis 
l a ;1 ... i~ l, J 1 + ... + j N< n. The eigenvalues of this mat
rix, up to constant Jb({:Jn),represent the spectrum to be 
found. So, the problem is reduced to an algebraic equa
tion. This problem is apparently simple in the case n=l, 
where cp (a1 , ... ,aN) has the form 

N 

cp(a1''"'aN) = I. c£af+Ct+1' 
fc1 

( 17) 

The operator a 2/aaeaam acting on the functj.on ..,(17) re
duces i t to zero. The matrix of the operatorH 1+H 2 is 
the upper triangular one and its spectrum is determined 
by the d iagonal elements: 

(1) N 2 a2(N2-l) -Ee = 2' [(2A-a(N-l)-3) + 
3 

) +2(N-f+l)(2A-2-a(N-t)), 

f "' 2, ... ,N+l. (18) 

( 1) 
Note that at 3/ 2 < A-a(N-l) d i/ 2 the values Ef (18) 

and the ground-state energy l 4/ represent the whole disc
rete spectrum of the problem we are interested in. One 
can also (up to normalization constants) determine the 
wave functions corresponding to eigenvalues EV> : 

c/J?>.<a
1

, .. . ,aN) = Jt> .i (-l)f-J (2il./-J (N-j+l)l * 
J = 1 a (£ - j) I (N- t + 1) I 

1(2A-2 -2N+J+f-l) 
a 

x aJ • 

n~ -2CN -n -1) 
a 

When n > l it is easy to see that the matrix of the 
operator H 1 in the basis {aJ/ ... a~N I is no longer upper 
triangular, and the determination of eigenvalues repre
sents a much more complicated problem. Possibly, for the 
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solution of this problem one can apply algebraic me thods 
as it is made in papers 12/. 

We can, however, immedi~tel~ find one of these eigen
values. Really, note that H 

1 
+ H 2 transforms (under the 

condition (14)) the linear space of polynomials of the 
form (13) to a space of a lower dimensionality: its acti
on on a{l ... a~N does not contain the polynomial of zero 
degree. So, there exists a subspace corresponding t o the 
zero eigenvalue of this operator and E (n) = &({3 0 ) 

= -li[E_:(N 2 -1) +(2A-a(N-1)-2n-1)2] are eigenvalues of the 
2 3 

Hamiltonian. It is evident that the set IE (n) l, up t o 

a constant - ~N2-l), coincides with that set of the le

vels of unperturbed system of N particles in the Horse 
oscillator, for which each particle is on an n-th level 
and the constant A is '1renormalized" by the interaction: 

A-+ A - ..!!..(N - 1). 
2 

Detailed calculations and investigation of the whole 
discrete spectrum for the case n ~ 2 will oe pulblished 
elsewhere. 

One of the authors (V.I.) is very grateful to Dr . 
A.M.Perelomov for useful discussions. 
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Kpamtcue coo6t~~eHUJi OHRH N4-84 .TINR Rapid COI'I'fllmioations N4-84 

YAK 517.397 

06 O,llHO~ JlUHEflHO~ 3At1EHE nEPEMEIHiO~ HHTErPHPOBAHHfl 
B KO HTHHYA1lbHOI1 HHTErPAJlE no YCJlOBHOtl MEPE BHHEPA 

E.n. ~HAKoe, ~.~.Jlo6aHoe, O.B.CHAopoea 

PaccMoTpeHo nHHeftHoe npeo6pasosaHHe, ssaHMHO 
OAH09HaqHo OT06p~aro~ee npOCTpaHCTBO ~YHKqHH 

0 = (x(t)c;;C(U,l]; x(0)=X(1)=0} CaMO Ha ce6H, 
C noMO~hJO saMeHbi nepeMeHHbiX, saAasaeMoH 3THM npe
o6pasosaHHeM, HHTerpan no ycnosHoH Mepe BHHepa 

1 
J P[x]F[x]dw•x c secoM P[x]=exp(J[Ap(t)x2(t)+ 
c 0 
+ g(t)x(t)] dt l I,\- sem:ecTBeHHbn{ napaMeTp, p(t), 

(t)'iiC[O,l]/ BbipruxeH · qepes HHTerpan 6es seca 
OT F[¢(x)+a], rAe¢ H a(t) sasHCHT oT p(t) ,g(t),A. 
Ha OCHOBaHHH 3TOrO pesynhTaTa nOCTpOeHO CeMeHCTBO 
npH6n~eHHb~ ~OpMyn C BeCOM AnH BbNHCneHHH KOHTH
uyanbH~ HHTerpanos no ycnoBHOH Mepe BHHepa. cl>op
Mynw TOqHhl AnH ~YHKqROHanhH~ MHoroqneHOB CTeneHH 
S 2m+ l(m= 1,2, •• ~). 

Pa6oTa BbinOnHeHa B na6opaTOPHH BbNHCnHTenbHOH 
TeXHHKH H aBTOMaTH9aqRH ORHH. 

On Some Linear Substitution of Variables 
t the Conditional Weiner Integral 

Zhidkov E.P., Lobanov Yu.Yu., Sidorova O.V. 

The linear transformation that performs one to 
ne correspondence of the functional space 

C ={x(t) c;;C[O,l]; x(O)=x(l)=OI by itself is 
t reated. By substitution of the variables set by 
this transformation the conditional Wiener integ
r al JP/xl F[x]dw.X with the weight P[x]= 

exp1J[Ap(t)x2(t)+g(t)x(t)]dtl (,\ is a real pa-

ramete0r; p(t), g(t)c;;C[O,ll) is reduced to the in
tegral of F[¢ (x) +a], without weight ( ¢ and a(t) 
depend on p(t), g(t), ,\ ) , Based on this result 
the family of the formulas with a weight for the 
approximate evaluation of a conditional Wiener in
tegral is derived;the formulas are exact when F[x) 
is a functional polynomial of degree at most 
2m+ l(m= 1,2, ... ). 

The investigation has been performed at the La-
28 boratory of Computing Techniques and Automation,JINR. 



Ycno8HaR Mepa BHHepa 111 R8nReTcR 4aCTH~M cny4a eM rayc
co8~x Mep /eM., Hanp., 121 I H npeAcTa8nReT co6oH 8e poRT
Hocmyro Mepy 8 npocTpaHCT8e <I>YHKLIHH x( t) c.; C =I C[ 0 , 1) ; 
x(O) = x( 1) = 01. ~1HTerpan oT <I>YHKI.IHOHana F[ x] ,3aAa HHoro 
Ha C,no ycno8HOH Mepe BHHepa o6oaHa4aeTcfl cneAYIO~HM o6-
pa30M: 

[F[ x) dw*x. 
c 
nep8~e pa6oT~ no npH6nH>KeHHm1y 8~4HcneHHio HHTerpa 08 no 
rayCC080H Mepe C8R3aH~ C HMeHeM P .X.KaMepoHa/3/, l-iM 6~no 
nOflO>KeHO Ha4ano l.leflOMY HanpasneHHIO 8 pa38HTHH MeTOA08 
npH6flH>KeHHOrO 8~4HCfleHHfl KOHTHHYaflbHWX HHTerpafl08 , 3aKnro-
4a~eMYCR 8 nOCTpOeHHH npH6flH>KeHH~X <J>opMyn, T04H~X Ha Kflac
ce <I>YHKI.IHOHanbH~x MHoro4neHo8 3aAaHHOH cTeneHH. CocTa8-
H~e/2/npH6nH>KeHH~e ¢opMyn~ TaKoro THna npOH380flbHOrO nOPRA
Ka T04HOCTH nOCTpOeH~ 8 141."063op cy~eCT8YIOUIHX MeTOA08 npH-
6nH>KeHHOrO 8~4HCfleHHR KOHTHHYaflbH~X HHTerpafl08 H eKOTOp~e 
80npoc~ TeOpHH COAep>KaTCR 8 /2/ H /5/, 

l-iHTerpHp08aHHe no raycc080H Mepe WHpOKO HCnOflb 3yeTCR 
8 C08peMeHHO~ K8aHT080H <I>H3HKe/6/, B 4aCTHOCTH, 8 K8aHT0-
80H MexaHHKe peweHHe ypa8HeHHfl WpeAHHrepa 8~pa>KaercR 8 e8-
KflHA080H MeTpHKe 4epe3 HHTerpan no ycn08HOH Me pe BH-
Hepa C noM~biO <J>opMyn~ <l>eHHMaHa-Kal.la /CM./7/, a TaK>Ke/6/ /. 
nocTpoeHHe K8aHT080H MeXaHHKH Ha OCH08e annapaTa KOHTH
HyanbHOrO HHTerpHpo8aHHR H3flO>KeHo 8 181• B PRAe cny4ae8 
1.1enecoo6paaHo Hcnonb308aTb npH6nH>KeHH~e ¢opMyn~ c 8ecoM, 
noCKOflbKY ~YHKI.IHOHan~ MOryT COAep~aTb MHO>KHTeflb, KOTOP~H 

YA06Ho s~AenHTb 8 Ka4eCT8e 8eco8oro <I>YHKI.IHOHana. TeM ca
M~M 6yAeT paCL!JHpeH l<flaCC <I>YHKI.IHOHafl08, Ha KOTOPOM <J>opMyna 
T04Ha. 

B AaHHOH pa6oTe M~ paccMaTPH8aeM nHHeHHYIO aaMeHy nepe
MeHH~x 8 HHTerpane no YCfl08HOH Mepe BHHepa, n0380flRIO~YIO 

nony4HTb npH6nH>KeHH~e ¢opMyn~ c 8ecoM. 
PaccMOTPHM nHHeHHOe npeo6paao8aHHe x(t)-+ y(t): 

t t 
y ( t) = X ( t) + ( 1 - t) J J( ( S) X ( S) dS - J L ( S) ds , /1/ 

0 0 

1 
K(s),L(s)c.:;Cl0,1); JL(s)tls=O. /2/ 

0 

npeo6pa308aHHe /1/ 83aHMHO OAH03Ha4HO OT06pa>KaeT npOCTPaH
CT80 C CaMO Ha Ce6R. 06paTHOe npeo6pa308aHHe HMeeT 8HA: 

t t s 
x(t) = y(t)-(1-t). expi-J (1-s)K(s)dsl. f expl.f (1-v) K(v)dvlx 

0 0 0 
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t 
x l y ( s) + f L ( v ) dv] K ( s) ds + I L ( s) ds • 

0 ' 0 

Bocnonb3yeMcR 3aMeHol:t nep~MeHHbiX /3/ AilR HHT.erpana 

I= I P[x] F[ x] dw•x 
c 

c eecoM 

. 1 
p [ X] = exp I r [ .\p ( t) x2 ( t) + g ( t) X ( t)] dt I • 

0 

/3/ 

/4/ 

/5/ 

rAe A- e e114eCTBeHHbiH napaMeTp, p(t), g(t) ~ C[0,1]. nocne 
COOTBeTCTBY~U4HX npeo6pa3,0BaHHH noJlY4a~M CJleAY~HH pe3ynb
TaT: 

TeopeMa. HHTerpan /4/ c eecoM /5/ MO~eT 6b1Tb 3anHcaH 
B BHAe: 

1 1 1 1 2 
I= expl- 2 f ( 1-:s )K (s) ds I· expl'2 I L (t)dt I· f F[cf>(x)+aJ d w•x, 

rAe 
0 0 

c /6/ 
1 t t ' . t 

cf>(x(t)) = x (t)- - · ---. ( K (s)v(s) x(s)ds, v(t) = exp{ ( ( 1-s )K (s)ds I ., 
v(t) o · · . o 

K(~- peweHHe A~-'~~~epeH4HailbHoro ypaeHeHHR 

( 1-s)K ' (s)-( 1-s)2 K 2 (s)-3K(s).,..2Ap(s)=0; s (;; [0,1j, 

K(1)= 2~. 
3 • 

t t s . 
a(t)= I L (s) ds- ..!.=.!... I K (s) v(s){ I L (v) dv J ds ; 

0 . , v(t) 0 o 

L(t) = fr K (s)v(s)B(s)-g(s)]'ds+C, B(t)"'} g(s) ...!.::!.. ds; 
o t v(s) 

KOHCTaHTa C Bbi6HpaeTCR 1-1::1 YCJlOBHR /2/. 
~aHHaR TeopeMa, B 4aCTHOCTH, n03BOJ1ReT T04HO Bbi4HCJlHTb 

KOHTHHyaJlbHbl~ HHTerpaJl 

1 
J elq> I f [ AX

2 (t) + gx(t)] dt I dw• x = 
c 0 

-;.:::V=2~A== . exp 1 g1! [ tg J ~ -J . ~ J I ; (A < ~2· ) • 

J sin ..(2 A 2 A ,f2'A • 
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3ToT pe3Y11bTaT no11y4aeTcR nyTeM noAcTaHOBKI-1 a /6/ F [ x] 11 1, 
p(t)e1 , g(t)= g= const. 

HaHAeHHoe npeo6paaoaaHI-1e /1/ c11ym1-1T ocHoao~ A11R no
cTpoeHI-IR np1-16111-1meHH~x ~OPMY11 c aecoM /5/. C noM~b~ n pi-1-
BeAeHHo~ B~We TeopeM~ MOmeT 6~Tb no11y4eHO ceMe~CTBO ~op
MY11, 3aBI-1C111111-1X OT HaTypa11bHOrO napaMeTpa m, .Qe~CTBI-1Te11b
HO, BOCn011b30BaBWI-1Cb A11R B~41-1C11eHI-111 KOHTI-1HYa11bHOrO 1-1 H
Terpa11a B npaso~ 4aCTI-1 /6/ np1-16111-1meHHO~ ~OPMY110H/g/ ' To4-
HO~ A11R ~YHK!41-iOHa11bH~X MHOr0411eHOB CTeneHI-1 ~ 2m+ 1(m = 1, 2, .,, ) , 
no11y4aeM 

1 1 1 1 2 I ... expl-- J(1-s)K(s)ds}.expl- JG (t)dtlx 
2 0 2 0 

1 1 1 ... 
x-m J ... J F[Om(u,•)+ a(.)] du1 ... dum; 

2 -1 -1 
____.-J 

m 

m 
0 (u,t)= I c~m) O(uk,t); e(w,t)=f(w,t)-p(w,t); 

k= 1 

{ 

sign w , t ~ I w I 
p(w,t)= 

0' t> I WI 
min II wl, tl 

f(w,t) = ( 1-t)signw l1+ f K(s)v(s)ds]. 
v( t) 0 

B C11Y4ae p(t)e1, g(t) = g=const 
o6peTaeT BI-IA: 

1 
f exp I f [ >ut2 ( t) + gx( t) J dt I F l x] d w .x .. 

c 0.------

zrr-k 

kl 

1 /fi.. g 2 n: r;: 
---· expl ltgy ~--v-7>--l lx 
sin ..{'lX 2A ~ 2 2 

1 1 ... 
x J ... J F [ 0 m ( u , • ) + a ( · ) ] du 1 ... du m , 

-1 -1 

m 

t 

a (t) .. J L (s) ds _ 

171 

~sin~( 1-t) j J2:\(1- s). cc;sv'2"A(1-8 )-Bin/2):(1-s)[ f L (v) d ] :s~/ 
o ( 1- s)d!in2 \J't\ {1-s) o 
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np1161111>KeHHble <!>OPMYilbl /7/, /8/ T04Hbl A11R <!>YHK4110Ha11bHbiX 
MHOr04JleHOB CTeneHI1 -~2m+ 1. 
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KpamPCufl coo6~fiHU.II OHRH N4-84 .TINR Rapid Ct:JrrriiWii,oati.ons N4-84 

YAK 530.145 

KOHTHHYAnbHA~ MOAEnb nonHAUETHnEHA 
H ABYMEPH~E MOAEnH PEn~THBHCTCKO~ TEOPHH non~ 

B.A.OcHnoe, B.K.$eA~HHH 

HccneAOBaHa CBH3b M~y KOHTHHYanbHOH MOAen ID 
nonHa~eTHneHa H ABYMepHb~ MOAenHMH KBaHTOBOH Teo
PHH nOnH npH KOHe~HOH TeMUepaType H llnOTHOCTH ~ep
MHOHOB, B npH6niDJCeHHH cpeAHero nonH llOKaSaHO, TO . 
s~eKThl, o6ycnoBneHHhle KOHe~HOH TeMnepaTypoA T 
H nnOTHOCTbiD ~epMHOHOB n, npHBOAHT K BOCCTaHOB e
HHID CHMMeTpHH, HapymeHHOJ':i npH T = n = 0. IIonyqeHhl 
aHanHT~eCKHe BhlPaEeHHH AnH KPHT~eCKHX 3Ha~eHHH 
T c . H nc. Y~eT TennoBhlX cPnYKTYa~HA I:Sose-nonH no
HIDJCaeT KpHT~eCKYID TeMnepaTypy, !IOAaBneHHe AHMe
PH3a~HOHHOH ~enH npH H3MeHeHHH nnOTHOCTH rr
sneKTPOHOB ll03BOnHeT o6~HCHHTb nepexo~ AH3neKTPH~ -
MeTann B ~eno~Kax TpaHc-nonHa~eTHneHa, 

Pa6oTa BhlnonHeHa B lla6opaTOPHH TeopeTH~ecKOH 
~H3HKH OIDIH. 

Continuum Polyacetylene .tiodel and Two-Dimensional 
Quantum Field Theory Models 
V.A.Osipov, V,K,Fedyanin 

The connection between the continuum polyacety
lene model and a two-dimensional quantum field 
theory models at finite temperature and fermion 
density is investigated. It is shown in the mean 
field approximation that the effects due to a 
finite temperature T and fermion density n may re
store the symmetry broken at T "' ·n=O. The cri
tical temperature and fermion density are evalua
ted. The quantum fluctuations of the Bose field 
decrease the critical temperature. The distort i on 
of the dimerization gap at nc may explain the se
miconductor metal transition in the trans-poly
acetylene chains. 

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

HMeeTC~./l , 2/ P~A OOII4HX CBOikTB, nplotCYIJ4HX KOHTHHyanb
HOMy eapHaHTY MOAeilH TpaHc-nOill-la~eT .HJleHa, (CH)x IS/, H ABY
MepH~M /1+1/ MOAeil~~ peJl~THBHCTCKOH TeopHH noll~ /PTn/: 
MOAeilH fpocca-Heebe 47 H ¢ 4 c' cpepMHOHaMH151. B npH6IlHlKeHHH 
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cpeAHero 1101lfl CTaTI-14eCKI-1e ypaBHeHHfl MOAelleHJS,
4

/ nOCile ne~ 
peonpeAelle HI-Ifl napaMeTpoe raMHilbTOHHaHoB coenaAa~T. 3To 

v . /4/ 
1103BOilHilO HaHAeHHble B llOKalli-130BaHHble peweH!-Ifl /KHHK, 

nOilflPOf/. n epenHCaTb Allfl (CH)x121
. ,0HHaMH4eCKHe CBOHCTBa MO

AelleH -
6

/ cy~qecTeeHHO pa31lH4Hbl, no3TOMY yKasaHHol:i aHallo

rHel:i nollb30BaTbCfl Hell~3fl. B161 
nolly4eHbl AHHaMH4eCKHe · 

ypaBHeH!-Ifl Allfl MOAellH 
31 

1-1 HaHAeHO peweHHe B BHAe ABH>Ky

~erOCfl KI-I HKa, nepeXOAfl~ee B CTaTH4eCKOM npeAelle B COOT

BeTCTBy~ee peweHHe/4/. 

HapyweHHe CHMMeTpHH s
13

- 61 npHBOAHT K ABYKPaTHOMY BbiPO>K

AeHH~ OCHOBHOrO COCTOflHHfl, 4TO ofiyCilOBilHBaeT nOflBileHHe TO

nOilOrH4eC KI-1X COilHTOHOB, 3TO, B CBO~ 04epeAb, MOAH~H~HpyeT 

~epMHOHHbiH 3HepreTH4eCKHH cneKTp: B03HHKaeT AHCKpeTHbiH 

ypoBeHb B ~eHTpe 3HepreTH4eCKOH ~elll-1, 0TMeTHM, 4TO BbiPO>K

AeHHe OCHOBHOrO COCTOflHI-Ifl B (CH) x CBfl3aHO C naAepllCOBCKOH 

AHMepHSa~HeH B peSyllbTaTe allbTepHHpOBaHHfl XI-1MH4eCKHX CBfl

sel:i, OOYCilOBileHHOrO 31leKTpOH-~OHOHHbiM B3aHMOAeHCTBHeM, 

npl-1 3TOM n OflBilfleTCfl AH31leKTPH4ecKafl Ulellb 2110 I 11 rr ' 0 '7-
-0,9 3B/ e 31leKTpoHHOM cneKTpe. B

141 
HMeeT MecTo AHHaMH-

4ecKoe Ha p yweHHe KHpallbHOH CHMMeTpHH 1-1 B03HHKaeT fiOSOHHOe 

nolle KaK COCTaBHOe ABYX~epMHOHHOe COCTOflHHe C OTilH4HbiM OT 

HYilfl BaKYYMHbiM cpeAHHM, B;/
6

•
101 

CHMMeTPHfl HapyweHa cnoH

TaHHO, B 14 • 6 / ~epMHOHbl npHofipeTa~T Macey Sa C4eT B3aHMO

AeHCTBHfl C Hapywa~~HM CHMMeTpH~ fiose-nolleM, 

B HaCTOfl~el:i pa6oTe Mbl npoaHallH3HpyeM HeKOTOPble clleA

CTBHfl aHallori-IH 11AHMepHsa~HOHHafl ~ellb - Macca 11
, HaM npeA

cTaBilfleTcfl , 4TO AaHHafl aHallorHfl HMeeT rlly6oKy~ ~H3H4ec-

KY~ OCHOB y : KaK OTMe4eHO BbiWe, CTaTH4eCKHe eepCHH MO-

AelleA131 1-1 / 4/ HAeHTH4Hbl, a HapyweHHe CHMMeTpHH B MOAe-

llflX 
13

- 61 
n pHBOAHT K CXOAHbiM MOAH~HKa ~HflM 31leKTPOHHOrO 

cneKTpa B 11nOile11 TOnOilOrH4eCKOrO COilHTOHa (CH)x /~ellH/, 
allbTepHaTHBHO, npl-1 B03HI-1KHOBeHHH MaCCbl B 

14•61 . noKaSaHO, 

4TO 3~~eKTbl, o6ycllOBileHHble KOHe4Hol:i TeMnepaTypol:i T 1-1 nlloT

HOCTb~ ~epMHOHOB n, np!-IBOAflT K BOCCTaHOBileHH~ CHMMeTpHH, 

HapyweHHol:i npH T = n = 0, npH4eM aHallHTH4eCKHe Bblpa>KeHHfl 

Allfl KPHTH 4 eCKHX 3Ha4eHHH T c 1-1 nc, nolly4eHHble B 
13

•41, coe

naAa~1. Y 4 eT TenllOBbiX ~llYKTya~HI:i 6ose-nollfl e MOAellflX 
16

•
101 

noHH>KaeT KPHTH4eCKY~ TeMnepaTypy AO BellH4HHbl T;= Tc/4. 
noAaBileHHe AHMepl-13a~HOHHOH ~ellH npH H3MeHeHHH nllOTHOCTI-1 

" -31leKTPOHOB no3BOilfleT o6cflCHHTb nepexoA Al-131leKTPHK -

MeTallll, 3 Kcnepi-1MeHTallbHO Ha61l~AaeMbiH npH llerHpoeaHHH ~e-

no4eK (CH)x. 

1. B n pHfilli-I>KeHHI-1 cpeAHero nollfl e clly4ae OAHOPOAHOH 

AHMepH3a ~HH /1 ,fo /!!.(x) CB060AHafl 3HeprHfl /Ha OAHH aTOM yrlle

POAa/ 31le KTpOHOB 1-1 peweTKH e t~oAelll-1 131 !-~MeeT BHA 
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/1/ 

r~e t 1 2 = ±J ll2 
+ (2t0 cos qa0 ) 

2 
• . oTc4eT 3Hepn11-1 npos-~3 Bo~s-~T

CR OT 'ypOBHR $epMI-! B 41-!CTOM (CH) , ll - XI-IMI-!4eCKI-Ii1 no TeH
~s-~an, o6ycnoaneHH~i1 Hans-~4s-~eM nps-~~ecH~x 3neKTpoHoa, N-

2 2a2 
4s-~cno aTOMOB a ~eno4Ke, g = - ; a, K, t - napaMeTpbl ra-

ITKt0 

Ml-lflbTOHs-~aHa 131 , a0 - nocTORHHaR peweTK~. ns-~Heaps-~3yR cneKTp 
a6n~3s-~ noaepxHo.cTs-~ $epMs-~ s-~ nepexo~R K KOHTs-~HyanbHOMY npe
~eny (N-+ oo),YCflOBI-!e 3KCTpeMyMa /1/ 3ans-~weM B Bl-!~e 

Kv,__ sh.:_ 
tl(l - 2g2 f tdq. ___ T..._.,..,,_. ) = 0 • 

0 l l ll 
ch- + ch- · 

/2/ 

T T 
r~e t = fq 2 + tl

2
, VF = 2t0a0 s-~ aae~eH · rpaHs-~4Hbli1 s-~Mnyn c HH-

Terp~poeaHs-~R K. nonHaR uis-~ps-~Ha 30H~ w = 2)K2vi + tl2
"" 2KVF. 

B 4~cToM (CH)x ll =. 0, s-~ ycnoas-~e /2/ nps-~H~MaeT ~~-~~ 
KVF 
f dq 

0 l 

tanh _l_ = _·_1_ 
2T . 2g 2 ; . 

OTMeTs-~M, 4TO np~ Hyneaoi:i TeMnepaType ypaaHeHs-~e /3/ s-~~eeT · 
OTfl~Y!-iOe OT HyflR peweHs-~e tl(T = 0) = fl 0 = Wexp (-1/2g 2) , Ml-t
HI-IMI-131-lPYIOUiee ceo6o~HYIO 3Heprs-~JO F(tl0) < F(O), 4TO . cornacyeT
CR c npe~nonomeHs-~eM o ~~Meps-~3oaaHHoi1 CTPYKType ~eno4eK 
(CH)x. 113 /3/ HecnomHO nony41-1Tb KPI-ITI-!4eCKYIO TeMnepa Typy, 
nps-~ KOTOpoi:i I-!C4e3aeT Uleflb B 3fleKTpOHHOM cneKTpe Tp = 

ytl . 
=-0

; riie lny = C - nocTORHHaR 311nepa. · nps-~ae~eHHbli:i pe3ynb-
" ' ' 

TaT XOPOWO ~3BeCTeHI7/, HO ~flR (CH)J: RBflReTCR $OpMafl bHbiM, 
nocKOflbKY 4HcneHHaR o~eHKa s-~MeeT aens-~4s-~Hy T = · 460 0 K. 

PaccMOTP~M /2/ nps-~ KOHe4HOM 3Ha4eHs-~s-~ /l. 4~cneHH 11 ~ 
aHan~T~4eCKI-Ii1 paC4eT~ np~BO~RT K Kps-!TI-!4eCKOMY 3Ha4e HI-!IO 

tl 
ll = _g_ . nps-~4eM np~ ll < ll 111enb tl a 3neKTPOHHOM cneK Tpe no-

c ,r; . c 
cToj(H~a s-~ pasHa 2!!.0, a npH ll.?. llc ll=O. Y4s-~T~BaR, 4To nps-~ 
ll >>-T nnOTHOCTb 3fleKTPOHOB CBR3aHa C ll nocpe~CTBOM n = 
= ~/~rVF,OKOH4aTeflbHO nony4aeM 

nc ""/2tlo/"VF. /4/ 

npH n > llc HCXO~HaR CHMMeTps-!R CI-!CTeMbl BOCCTaHOBfleHa, TO
nonor~4eCKHX COfli-!TOHOB HeT, 
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2. AHanoroM cso60AHOH 3HeprHH a PTn ~sn~eTcR 3~eKT~~ts~ 
HbiH noTeH~Han npH KOHe4HOH TeMnepaType H nnoTHOCTH q>ePMH
OHOB, An~ nOCTpOeHH~ KOTOporo HCnonb3yeM TeXHHKY TeMnepa
TYPHbiX <I>YHKLIHH rp~~tHa. B np~~t6n~~t)!(eHHH c ·peAHero non~ npH 
u "u{x) C Y4eT_8M OAHOneTneBOFO BKnaAa 3¢¢eKTHBHbiH noTeH
~~~~an B MOAenH ·41 HMeeT BHA./S/ 

1 00 

P {u, T, /l)=-u2 -2NT I 
scpcp 2 

2 2 ,\ 2 
k+<U . +-Nu dk n f-In -

21T k2+CU2 
/51 

n-
n 

rAe u - cKan~pHoe none, cun = (2n + 1) ITT- ill , ,\ = N g ~N' 
N- 4~~tcno T~~tnoa ¢ePMHOHos, g

0
N- KOHCTaHTa. Ycnos~~te 3KcT

peMyMa /5/ HMeeT BHA 

a p Scpcf1 .. u'(1 ---
t 

~fA sh'I: 
IT f ch~ + chL 

T T 

!61 ) = o. 

Rp~~t T = · /l = 0 HMeeTcJI HeTp~~ta~~tanbHoe peweHHe ypasHeHH~ /6/, 
onpeAen~IOiqee Macey ¢epMHOHa ml/1 = g 0 Nu = 2Aexp(-IT/AJ, rAe 
sseAeH HMnynbc o6pe3aHH~ A. 04eBHAto~O, 4TO np~~t N = 2 H 

2 2 A g 0 N-+ ng Bt.rpa)!(eHH~ An~ m 1/1 H '-' 0 cosnaAaiOT. Rp~~t /l = 0 H 
T » mifJ(T) KPHTH4ecKaR TeMnepaTypa H3 /6/ T c = yml/1/ rr, 4TO 
aHanorH4HO Bblpa)!(eHHIO An~ TP e. {CH)x. 

Rp~~t KOHe4HOM /l nony4HM H3 /6/ Bblpa)!(eH~~te An~ KPI1TH4ec
KOH nno THOCTH • 

n
0 

= Nm.pf..f21T· , 171 

cosnaAaiO~ee c /4/ npH N = 2. OTMeTHM, 4TO /7/ HecKonbKO 
OTnH4aeTC~ OT aHanorH4HOrO pe3ynbTaTa pa60Tbi./S/, 4TO CB~-
3aHO c 6onee TlllaTenbHbiM aHanH30M MHHHMyMa P34141 (u, T, p.). 

3. B MOAen~~t 151 npH nocTpoeHHH 3¢¢eKTHBHoro noTeH~Hana 
YAa.eTc~ y4eCTb AOnonHI1TenbHbiH BKnaA, o6Y.cnosneHHbiH Tenno- ' 
BbiMH <!>JlYKTYaLIH~MH 6o3e-non~. Cor nacHo 

197
, npH P. = 0 oonpae

KH OT y 4eTa ¢epMHOHHbiX neTeJlb ~Bn~IOTC~ ManbiMH, H KPHTH4ec
Ka~ TeMnepaTypa HMeeT 3Ha4eHHe Tci' = 0,385Ek. rAe E'k- 3Hep
rH~ noKO~IIleroc~ KHHKa. EcnH, HCnOJlb3Y~ OTMe4eHHYIO aHano
rl1~, n epeHeCTI1 3TOT peaynbTaT Ha non11a1.1eT11JleH, rAe, cor
nacHo 1 101

, E~ = 4 ~of31T, TO T * = 0, 16 ~ 0 4TO npi16J111311TenbHO 
e 4eTbl pe paaa HH)!(e T = 0,5~~0 • TaKHM o6paaoM, H npeAno
JlO)!(eHI1e 171 0 nOH11)!(eH~11 KPI1T114eCKOH TeMnepaTypbl AO BeJ1H4H
Hbl T * = T / 4 npH y4eTe ¢nyKTYaLIHH ¢oHOHOB a paMKax cTaTH-

P p 
4eCKOrO npH6JlH)!(eHI1~ r~~tH36ypra-naHAay, C HCnOJlb30BaHHeM 
Bb1WeyKa 3aHHoi1 aHanorH11 HaXOAHT xopowee nOATBep)!(AeH~~te. OT-
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I'!J/ 
MeTHM, 4TO B MOAenH 3TO T04,HbiH pe3ynbTaT, nonY4e HHbll1 
npl-1 nOMOUII-1 AHarpaMMHO~ TeXHI-iKI-1 C HCnOnb30BaHHeM Te"'nepa
TypHbiX $yHK~HH rpHHa. 

4. 113BeCTHO, 4TO npl-1 KOH~eHTpa~loiH npi-1MeCH Y = n/ n0 : 
:0,01 , rAe no= 1/ a O - nnO"('HOCTb 77-3neKTPOHOB B 4HCTOM 
(CH) 1-iMeeT MeCTO pe3KOe B03pacTaHHe npOBOAHMOCTH ~en04eK 

(CHY': 1-1 HaCblllleHHe AOCTI-iraeTCR np~-1 y. 50,071111. npeAnonara-x 
eTCR, 4TO HOCI-iTenRMI-1 TOKa B (CH)x RBnR~TCR 3aPR*eHHble CO-
ni-1TOHbl C HyneBbiM Cni-1HOM, $OPMI-1PY~I-1e COnl-iTOHHY~ peweTKy. 

nc 2/2/),.o 
0TMeTI-1M, 4TO, cor nacHO /4/, y =-=-. JlnR (CH)x npH 

c n
0 

· rrw 

0, 7 38 < {). 0 < 0,9 38 1-1 W = 10 38, 1-iMeeM cneAY~Y~ o~eHKy: 
0,063 <yc < 0,09. 

TaKHM o6pa3oM, ecnH np~-1 Manblx y cnpaeeAnHB conHTOHHbiH 
MeXaHI-13M npOBOAI-iMOCTH, TO npH Y -+ Y c /npH6nH3HTenbHO 7% 
nploiMeCI-1/ npOI-1CXOAI-1T noAaBneHHe AHMeplo13a~HOHHOH 111enH. npH 
3TOM Cl-iMMeTpHR Cl-iCTeMbl BOCCTaHaBnloiBaeTCR, COnHTOHOB HeT. 
Ha1-16onee eepoRTHbiM RBnReT¥a~exaHH3M nepexoAa AH3n~KTpHK-

~ ' 127 ~ ~ MeTann, npeAnO*eHHbiH B 1-1 CBR~aHHbiH C _TeHAeH~HeH 
npHMeCHbiX aTOMOB K $OPMHPOBaHH~ 11MeTannH4eCKHX111 KnacTepOB • 
Pe3ynbTaT /4/ cnpaBeAnHB AnR OAHOPOAHOH npHMeCH H Mo*eT 
OnHC~BaTb $H~H4eCKY~ CHTya~H~ BHyTpH AOCTaT04HO npOTR*eH
HOrO KnacTepa. CornacHo/12/, nepexoA AH3neKTPI-1K- Me Tann 
B (CH) OCYUieCTBnReTCR npH pe*HMe, 8 KOTOpOM 11MeTannH4ec
KHe11 d>naCTH Co6Hpa~TCR B KOHTHHyyM. Mbl nonaraeM, 4TO 
npH 3TOM rr-CBR3b 11 pa30pBaHa 11 , H Bee 77 ·-3neKTpOHbl RBnR~T
CR HOCHTenRMH TOKa. TaKioiM o6pa30M, nOABH*HOCTb HOCHTenel1 
e(CH)x npH KOMHaTHOH TeMnepaType HMeeT eenH4HHY p.; = 
=0,4· 10-2 CM 2/8 · C, 4TO Ha ABa nOPRAKa HH*e, 4eM B 131.rAe 
B Ka4eCTBe CBo60AHbiX HOCHTeneH paccMaTpHeanHCb TOn KO npH
MeCHble 3neKTPOHbl /AbiPKI-1/. 0TMeTHM, 4TO, cornaCHO / 4/, Me
TannH4eCKaR npOBOAHMOCTb B ~en04KaX (CH)x MO*eT 6b1T AOC
THrHyTa npH H3MeHeHHH nOCTORHHO~ peweTKH Ha BenH4HHY no
PRAKa 7%. TaKI-iM o6pa3oM, 3KcnepHMeHTanbHOe HccneAOBaHHe 
o6pa3~0B TpaHC - (CH)x nOA B03AeHCTBH~M BHeWHero AaBneHHR 
RBnReTCR Ba*HOH 3KCnepHMeHTanbHOH 3aAa4eH. 
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EXISTENCE THEOREMS FOR CLASSICAL 
HETEROPHASE SYSTEMS 

S.Sujan 

A rigorous definition of a classical heterophase 
system is proposed,and formulations of basic t heo
rems on existence of heterophase systems, their 
ergodic properties, and the possibility of gibbsian 
description of such systems are given. 

The investigation has been performed at the 
Laboratory of Computing Techniques and Automat i on, 
JINR. 

TeopeMhl c~ecTsosaHHH AnH Knacc~ecKHX 
reTepo~asHNX cHcTeM 
W.WyHH 

llpeAnaraeTcH cTporoe onpeAeneHHe KrtaccHqecKoH· 
reTepo~a3HOH CHCTeMhl H npHBOAHTCH · ~opMynHpOBKH oc
HOBHhlX TeopeM 0 C~eCTBOBaHHH reTepo~a3HhlX CHC TeM, 
HX 3proAHqecKHX CBOHCTBaX H B03MO~HOCTH rH66cos
CKOrO OllHCaHHH TaKHX CHCTeM. 

Pa6oTa BbmonHeHa s Jla6opaTOPHH Bbi'IHCnHTenbHOH 
TexHHKH H asToMaTHSaQHH ORHH. 

Let us recollect physical conclusions on the na ture of 
heterophase systems 
(a) A heterophase system describes a certain "mixture" 

of pure thermodynamical phases. 
(b) The mixture in (a) is to be understood in the sense 

that configurations typical of the heterophase system 
consist of pieces of configurations typical of the 
pure phases forming that system. 

(c) Though local fluctuations are possible, there exist 
definite concentrations with which the pieces of con
figurations in (b) are met in the infinite vol ume li
mit. 

(d) A heterophase system itself should be macroscopically 
observable, in the usual sense of equilibrium statis
tical mechanics. 

In this note we propose a rigorous definition of hete
rophase system and announce a number of existence theo
rems for such systems. We suppose reader's famili arity 
with basic concepts of ergodic theory/3/ and the tandard 
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frame o f equilibrium statistical mechanics of classical 
(as opposed to quantum) infinite systems /4/. 

Let T be a countable set. An S-valued random field 
X= (X t ; t ~'I) on T is a family of random variables defi
ned on a common probability space ((0, ~, ll), say) and tak
ing val ues in S, which we assume to be a countable disc
rete s e t. If T = zd (the d-dimensional integer lattice; 
d > 1) , we let P (S) (:Ill (S), lb(S)) denote the set of all Bo
rel probability measures on sT, which serve as distribu
tions o f all (of all translationally invariant, of all 
transla tionally ergodic) random fields on ·rr. 

Given a set {c;b (i) : i ~I I C S T (I is a countable set 
interpr eted as the set indexing possible pure phases),we 
say tha t the configuration c;f>(i) meets a configuration 
c;b~sT with concentration y 1 (0~ y 1 ~l) if for any se
quence of finite volumes V n with V

0 
tT we have 

limjV 1- 1 j{t~V : c;b(t) "'cP(i)(t)}j "'Y·. n n 1 
0-+00 

Let P = { P (i) : i G I l c P (S) , and let y "" (y 1 ) 1 ~ I be 
a probability vector with at least two non-zero entries 
(in symbols, y G- r ) . Let supp p(i) denote the support 
of the measure P (i), i ('; l. A measure P G- P(S) is said to be 
a heter ophase system composed of the ·set P .of pure pha
ses wi t h concentrations y, in symbols, P ~ . }{( P ,y}, if 

P( II 
i ('; I 

u R(c;b (i) 
4> (i) ~ supp p(i) ' Y 1 )) "' 1 , 

where R(c;b (i), y 
1

) is the set of all co.nfigurations 4> ~ , gT 
describe d above. 

Theor em I. Let P = fp(i): i ~I l be the set of distribu
tions o f a jointly stationary class IX (i) : i ~; , I l of random 
fields on T = zd, Then m(S) II}{(!P,y) f, /J for any y~ r. 
The proof uses the following construction of the hetero
phase r a ndom field X = (X t ; t ~ T): 

( zt (cu)) 
X t (cu) = X t (cu), cu ~ 0, t ~ T , (I) 

where Z =(Z t; t G- T) is an I -valued random field on T, in
dependen t of the family {X(l) : i ~.II. In order to guaran
tee given concentrations y ~ r, it is necessary to impose 
the add i tional condition that Z ~ lb(O. Of course, this 
result does not say anything about property (d) which is, 
as is we ll known, related to ergodic properties of the 
random f ield X. If we strengthen requirements on the 
fields X(i) ,we shall get a stronger conclusion as well: 
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Theorem 2. Let P = IP(i): .i 'i 1 I be the set of dis
tributions of a jointly weak mixing set . IX <1> : 1 'i I I of 
random fields on T = Z 4 • Then &(S)n J< (P, y).,. 9 f or any 
y~ r. Suppose P Go m(s) .n J(( P,y) (see Theorem 1) . Then 
Theorem 2 can be obtained also without imposing the weak 
mixing condition with the aid of the ergodic decomposi~ 
tion /5,5/ d>p = J<t>P¢P(dt/>). 

Indeed, if P Go "'(S)'l J( ( P, y), then 

(2) 

Using the decomposition at infinity 151 we can guarantee 
even existence of random fields with trivial tails (of 
course, they will no·t longer be translationally invariant): 

Theorem 3. If "'(S).n J(( P, y).,. (J then there exists 
a p~}{(!l',y) having trivial tail u-field. Hence , hetero
phase systems with broken symmetry but possessing short
range correlations 181 exist. 

In our subsequent considerations we shall suppose that 
S = 10,11. All concepts used without spe~ial comme~ts are 
to be found in /8/ . 

Theorem 4. Let P ,lp(i): it; I} be the set of distri-
but1ons of a set of Markov fields IX (i) : it; I I on T .. Z d • 
Let Z be an I -valued random field on ·T, independent of 
the family 1x<1>: i~Il such that its distributi on is 
strictly positive on all finite cylinders in sT. Then the 
random field X ( cf. ( 1)) is Mar~,OV. More generally, if 
x<1> is R(i) -Markov and if ~upR\0s_R<;oo, then X is R
Markov .Using the well-known corresponsence between ~farkov 
field and Gibbs fields we get from this the fol l owing re
sult. Here, §(U) stands for the set of all Gibb measures 
to a potential U 161• 

Theorem 5. Let P = IP(i) : it; I I , where P <1> ~ . § (U <1> ) , 
and Ut1) is a nearest neighbour potential for ea h .i~I. 
If the remaining hypotheses of Thm.4 are satisfi ed,then 
there exists a nearest neighbour potential U s ch that 
P = dist(X) (cf. (1 ),J dist(X) will denote the istribu-
tion of X) is in jj(U). 
Let Ext§(U) denote the set of all extreme points of the 
convex set §(U). It is commonly accepted (on the base of 
correlation properties) that Pt; Ext~(U) may serve as 
a completely satisfactory description of "macros copic 
observability". Consequently, it is of interest to have 
the following result: 
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Theorem 6. Let {P (i) : i (.;;I I , {X (i) ·: i (.;; I I • Z , and X 
be as in Theorems 4 and 5. Furthermore, suppose that z 
is mixing and P (l) (.;; Ext § (U(i) ) for each i (.;; I, Then there 
exists a nearest neighbour potential U such that P = 
= dist(X) (.;; Ext § (U). In particular, for any y (.;; r there 
is a potent ial U such that Ext§ (U)n }{( P, y) 1 tl. 
Theorems I through 6 show there exist heterophase systems 
which correspond to 
(I) a symmetry preserving phase transition (i.e., non

uniqueness of the infinite-volume Gibbs measure for 
a given potential such that all these measures obey 
the same symmetry group), 

as well as to 
(b) phase t ransition as a spontaneous symmetry breaking 

(i.e., existence of Gibbs measures with a given sym
metry group as well as ones having lower (broken) 
symmetr y). 

On the other hand, they are merely existence results, and 
an explici t calculation of the corresponding "heterophase" 
potentials is not possible using these theorems. 

Let us consider the model of Gibbs fields on infinite 
trees 16·71 • Its advantage is that one can calculate a phase 
transition directly by giving the distributions of diffe
rent pure phases . We consider again S "' { 0, 11 and T = T 3 , 
where ·T3 i s the infinite tree such that each of its 
sites coinc ides with exactly three branches. If t is 
a given sit e, we let t i, t 2 , t 3 generically denote its 
neighbouring sites. A Markov randon field (MRF) on T3 
has its conditional probabilities uniquely determined by 
the vector a,;(a

0
,a

1
,a 2,a

3
), where 

ak"'P[Xt = lii{J:Xt =lli=k], 0 < k<3. 
J 

If U is a homogeneous nearest neighbour 
if U(s,t) =Vo for S= t, U(s,t) = v1 if 
hours, and U(s, t)"' 0 otherwise, then any 
sess condit ional probabilities 

v0 -1 
ak "'[1 + exp(T + kv1 )] , O~k~3. 

(3) 

potential, i.e., 
s , t are neigh

p (.;; §(U) will pos-

As is shown in 16·71 ,conversely, knowing (3) we can re
construct t he potential U as well as find explicit ex
pressions f or finite-dimensional distributions of the 
correspondi ng random fieLds. 

If vo= o, Vl>O then r§(U)I > l, i.e., a phase transi
tion occurs ~ Let P = {p(l),p(2) I, where p(l), p(2}(;Ext,~U), 
let X (l) , x< ) denote the corresponding random fields. 
We consider the random field X defined by the construc-
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tion (1), where Z=(Zt;tt;;T3 ) is a family of i. i.d. ran
dom variables such that P[Zt=O] =Y1 =1-P[Zt = l], tt;; T3 • 
Then P = dist(X) G- JWP, y). It is easy to see tha t X is 
again a MRF on Ts and it is possible (although rather 
cumbersome) to calculate its parameters a (see (3)) as 
functions of the "old" parameters a and of y= (y1 ,l-y 1). 
Consequently, we can calculate the "heterophase" poten
tial as well: U = U(v1 , y1). \ole have the followi g surpri
sing result: 

Theorem 7. There exists a constant v* > 0 such that 
for_ any 0 < v 1 < v*- th~re is a y = (y 1' l - y 1) ~ r for which 
J~(U)J = l where U = U(vl' y 1 ). In orher words, t he hete
rophase potential does not admit a phase transi t ion. 

The complete proofs of all these results toge ther with 
an analysis of more realistic model systems wil l appear 
elsewhere. 

In conclusion, the author expresses his sincere thanks 
to A.S.Shumovsky for suggesting the problem and for many 
stimulating discussions. Useful conversfttions wi th 
H.-O.Georgii and E.Presutti are also gratefully acknow
ledged. 
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