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0 HAEPH~X 3~EKTAX B rnY60KOHEYnPYrOM PACCEHHHH 
3nEKTPOHOB H M~OHOB 

H.A.Caa~H, r.H.CM~PHOB 

llpeAnaraeTcH Hcnonb30BaTh AnH aHanH3a Aa Hb~ 
no rny60KOHeynpyrOMY pacceHHHID 3neKTpOHOB Ha HA
pax npeAnono~eHHe o 3aBHCHMOCTH napaMeTpa R = 

=~I c;. oT aToMHoro sec a HAP a A B BRAe R "' aA I/ 3• 
06p~aeTCH BHHMaHHe Ha B~HOCTb npaBHnbHOrO y~e
Ta senH~HHbi R B TaKHX 3KcnepHMeHTax no cpasHe HHID 
c 3KCnepHMeHTaMH no rny6oKoHeynpyroMy pacceH HID 
MIDOHOB, rAe R .. 0. lloKa3aHo, ~To npeAnOJKeHHaH 
3aBHCHMOCTb R(A)no3sonneT cornacosaTb pe3ynbTa
Tbi, non~eHHble K HaCTOH~eMy BpeMeHH B 3KCnep -
MeHTaX Ha 3neKTpOHaX H MIDOHaX. 

Pa6oTa BbmOnHeHa B Tia6opaTOPHH BbiCOKHX 
3HeprHii mum. 
I.A.Savin, G.I.Smirnov 
On Nuclear Effects in Deep Inelastic 
Scattering of Electrons and Muons 

An assumption on the dependence of parame t er 
R = 't I uT on the atomic weight of nucleus A i n 
the form R = aA1/3 is suggested to be used f r 
the analysis of data on deep inelastic electr on 
scattering on nuclei. Attention is paid to t he 
importance of correct account of value R in 
such experiments as compared with those on ' deep 
inelastic muon scattering, where R"' 0. It i s 
shown that with the suggested dependence R(A) 
the results obtained till now in experiments 
with electrons and muons will be compatible . 

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

Y~e Heocnop~M~M RBJJReTCR TOT ~aKT, 4TO CTPYKTypHaR 
4lY11K~~R 11YKII011a .F 2(x) , ~3MepeHHaR B 3KCnep~MeHTaX no r JJy-
60KOHeynpyrOMY pacceRH~~ JJenTOHOB Ha M~WeHRX ~3 T R~eJJ~X 

RAep, OTJJ~4aeTCR OT CTpYKTypHO~ 4lYHK~~~ AIIR CB060AHOrO 
HyKJJOHa 11- 31 • He~aBH~e npe~~3~0HH~e peayJJbTaT~ M~OHHoro 
3KCnep~MeHTa B l.lEPife/ 4/ nOATBePA~JJ~ MOHOTOHHOe yMeHbWeH~e 
OTHOWeH~R F 2(Fe)/F2 (0) C pOCTOM X (x = Q 2/2Mv), KOTO poe anep
s~e 6~no ~3MepeHo Eapone~cKO~ M~OHHO~ Konna6opa~~e~ 
/EMC/ 111. C APYrOH CTOPOH~, 3KCnep~MeHT B CnAK HeAa BHO npo
AeMOHCTp~poaan/3/ 04eB~AHOe OTII~4~e CBO~X pe3yiibTa TOB OT 
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peaynbTa Toe EHC AnH OTHoweH~H meneao/Ae~Tep~~. B o6nacT~ 
X < 0, 4 T04K~ CJJAK AnH OTHOWeH~H qFej q D6ni13KI1 K 1 , TOrAa 

KaK AnH x > 0,4 OH11 cneAY~T no T04KaM EMC. 3To oTnH4He 
np~eneKnO BHHMaHI-!e TeopeTHKOB/5/~ 

B HaCTOH!IIeM C006!11eHI-H1 Mbl XOTen11 npemAe ecero npeAOCTe
pe4b npOTI1B npHMoro cpaeHeH~H peaynbT~TOB CJlAK 11 UEPHa. 
B caMoM Aene, ABe rpynn~ M3 UEPHa 11 • 41 npeACTaenH~T oTHo
weHMe CT PYKTYPH~X ~YHK~M~, KOTOpoe 6~no nony4eHO C nOMO!IIb~ 
ypaeHeHMH I 1 I, npM npeAnonomeHMM R = <t I O'T = 0 KaK AnH me
neaa, Ta K M Ann Ae~TepMH. 
d 2 2 2 
_0'_ = 4tra [ (l _ y) + ---.:~.Y __ 
dQ2 dx Q 4x 2(1 + R) 

2 
+s._(-1~ 1 2E 1 + R -2 )] F 2 (x, Q 2) /1/ 

3AeCb Q2
- KBaApaT 4-MMnynbCa, nepeAaHHOrO MIOOHOM, E -

3HeprMH ny4Ka, y = v/E , v = E- E' M E' - 3HeprMH pac
ceHHHoro M~OHa. npeAnonomeHMe 0 TOM, 4TO R = 0, He npOTM
BOpe4MT 3KCnep~MeHTanbH~M peaynbTaTaM no M3MepeHM~ OTHQ
WeHMH Ce4 eHM~ norno111eHMH npOAOnbH~X O'L M nonepe4H~X O'T 
BMpTyanb HbiX ~OTOHOB, KOTOpble 6~nM nony4eH~ B 3KCnepMMeH
TaX no pa cceHHH~ M~OHOB e~coK~x 3HeprM~ 76 • 71 . CneAyeT MMeTb 
B BMAYo 4TO, nOCKOnbKY R CY!IIeCTBeHHO He OTnM4aeTCH OT 0, 
era BKnaA B Ce4eH~e /1/ MOr 6bl 6~Tb 3aMeTHbiM TOnbKO AnH 
6onbWMX y , rpynna M3 CJlAK, OAHaKO, He npeAnonarana, 4TO 
wftw J> = q Aj 0' D M npMeena AaHHble AnR OTHOWeHMH Ce4eHM~ 
q Aj q JJ / 3/. 

0THOWe HMe R cBH3biBaeT ~eHoMeHonorM4eCKMe CTPYKTYPHble 
<!>YHK~M.M F 1 (x,Q 2

) ~ F 2 (x,Q2
): 

2 2 FL + F2Q iv 
R = <t I O"T = , .FL = F 2 - 2xF 1• /2/ 

2x.F1 

nocKonbKY aaBMCMMOCTb .F2 ( x) oT aTOMHoro eeca A HBnHeTCH 
xopowo {cTaHoeneHH~M ~aKTOM, TPYAHO paccMaTpMBaTb .F1 (x,Q 2) 
M R(x, Q ) He aaBMCR!IIMMM OT A • K npMMepy, MemAY R M aTOMHbiM 
BeCOM A MOmeT CY!IIeCTBOBaTb CBH3b B TaKa~ ~OpMe: 

R(A) "" aA 1/3 , /3/ 
KOTOpaH He npOTMBOpe4MT peaynbTaTaM, nony4eHH~M B OnbiTaX 
no rny6oKoHeynpyroMy pacceRHMIO 3neKTPOHOB Ha HApax/3/ 
/CM. pMC . 1/. napaMeTp a AOnmeH 3aBMCeTb OT Q2 TaKMM o6pa-
30M, 4T06 bl R-0 AnR Q 2 = 50-200 r3B 2 *.AnH Haw~x pac4eTOB 

*KaK 6blno ynoMHHYTO ~.APMCOM/8/,eblpameHMe R=Q 2/v2 xo
powo OnMC~BaeT AaHH~e npH HM3KMX 3HeprMRX. 0HO TaKme 
cnpaBeAnMBO B o6naCTM 3HeprH~, MCCneAOBaHHO~ B 3KCnepMMeH
TaX no r ny60KOHeynpyroMy pacceRHM~ M~OHOB. 
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PHc. I • ·Pe3yJibTaTbl H3MepeHHH R"' '\JuT, rroJiy<~eHHbJe Ha 

HApax / S/ , llyHKTHpHOII KPHBOH 110Ka3aHa 3aBHCHMOC T b 

R = 0,08 A 1/3 . 

AOCTaT04HO XOPOWI-1M npi-16Jll-1lKeHI-1eM RBJlReTCR a = 0, 08 , 4TO 
no3BOI1ReT nony41-1Tb xopowee cornac1-1e c 3KC~epi-1MeHTallb~~MI-1 

AaHH~MI-1, npl-lBeAeHH~MI-1 Ha p1-1c.l . B~palKeHI-le /3/ MOlKe T noM04b 
HaM npoeepi-1Tb cornacoeaHHOCTb AaHH~x no x-saB!-lCI-lMOCTI-1 oT
HOWeHI-1H AilR ce4eHI-1H /CnAK/ 1-1 CTPYKTYPH~X ~YHK~I-1H / UEPH/. 

M~ B~41-1Clli-1Jll-1 OTHOWeH!-le U A/ U D ( KOTOpoe Mar IlO 6~ 6b1Tb 
I-13MepeHo KaK EMc/1 / , TaK 1-1 coTPYAHI-14ecTeoM l>l..l.QHC 141> np1-1 
E =280 r3B, I-1CJ10Ilb3YR BblpalKeH!-le /1/ 1-1 npeAnOilaraR, 4TO 
R ~0, HO CBR3aHo c A 3aBI-1CI-1MacTb~ /3/ . AnR napaMeTPI-13a~l-11-1 
CTPYKTYPHblx ~YHK~I-1H Mbl I-1Cnonb3oeanl-1 pesyllbTaT~ EMC KaK AilR 
CTPYKTypHOH ~YHK~I-11-1 F 2 (x,Q2) CBOfiOAHOrO HtKilOHa j g j , TaK 1-1 
AI1R HyKnoHa, CBR3aHHOro e RAPe !Kenesa: F 2 e /F f "' 1 , 17-
-0,52x. HHTerp1-1poeaH1-1e e~nonHeHo e KI-1HeMaTI-14eCKOH o6nacTI-1 
35<Q2 < 200 r3B 2; 0,1 < x <0,8; 0,1 < y < 0,9. CnllOWHOH IlW 

HHeH Ha pHc. 2 noKa3aH~ pesyJlbTaT~ B~41-1CileHI-1H c R ~ 0, 4TO 
npocTo Hilll~CTpl-1pyeT 3~~eKT EMC H 6yAeT l-1cnonb30Ba Ho HI-liKe 
AJlR cpaeHeHI-11'1, 3aTeM paC4eT~ 6~Jll-1 Bb1!10JlHeH~ C OT HOWeHI-leM 
uL/uT, KaK OHO onpeAeJleHO B~palKeH!-leM /3/ . 6 pe3YilbTaTe 
OTHOWeHI-1e ce4eHI-1H AilR lKeJle3a H AeHTe p!-lR cy~eCTBeHHO npe
o6pa3yeTCR B 06JlaCTH X< 0, 4 H noKa3aHO Ha PHC . 2 IlHHHeH H3 
T04eK. CaMoe CHilbHOe H3MeHeHHe Ha6n~AaeTCR AilR Ma llbiX ee
IlH4HH X, KOTOp~e KHHeMaT!-14eCKH KOPPEilHPOBaHbl C fiOJl bWI-1MH 
3Ha4eHHRMH y, BalKH~MH AilR BKilaAa R B Ce4eHHe I 1 I. nony4eH
HOe OTHOWeHHe HaXOAHTCR B npeBOCXOAHOM COrllaCHH C pe3yllbTa
TaMH CnAK / S/ . 3TO 03Ha4aeT, 4TO 110AXOA, npeAilO!KeHHbiH B~pa
lKeHHeM /3/, 1103BOJ1ReT cornacoeaHHO onHcaTb AaHH~e cnAK 
H UEPHa c noM~b~ OTHoweHHR CTPYKTYPHbiX ~YHK~I-1H .F ~ e /.Ff,He 
3aBI-1CR~ero OT Q • rpynnbl KaK B l\EPHe, TaK H B CnAKe He Ha-
6Jl~AallH Q 2 -saBHCHMOCTH 3TOrO OTHOWeHHR B npeAeJla X Q2 -
06JlaCTH, H3y4eHHOH B KalKAOM 3KCnepi-1MeHTe, 5 
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PHc.2. 3aBHCHMOCTb oT nepeMeH-

1.Fe, CJi. /O'r ::0 HOH X OTHOIDeHHH uA/ U D,Bbi'IHC-
t31-

CTLICTT=aA! 
JieHHbiX C HCnOJib30BaHHeM OAHHX 

2.AL, H TeX ~e OTHOIDeHHH Ft/F~= 
1.2 1- 3.Fe, _,_,,_,_ =I , I 7-0,52 X, no pa3JIH'IHbiX 

R =uL/uT: 1/ R =0, 2/ H 3/ 
X 1.1 r . " i R=0,08A113 . 
0 
b 

' 1.0 
~ 

.9l ·.~, ~ ~ ·-~~"11' ApyroH HHTepecH~H pe3ynb-
1:, TaT MO*eT 6~Tb nony4eH H3 

cpaBHeHHR Ce4eHHH, H3MepeHH~X 

.8 1- " ~ Ha an~MHHHeBOH H AeHTepHeBOH 
MHWeHRX, ecnH R 3aAaHo e~-

.7 pa*eHHeM /3/. 0THOWeHHe 
0 2 .4 .6 .8 tO u AI /u D noKa3aHO Ha PHC, 2 

X nyHKTHpHOH KPHBOH, KOTOpaR 
xopowo cornacyeTcR c AaHH~MH 
CnAK AnR an~MHHHeBOH MHWeHH/2( 

0TC~Aa cn eAyeT, 4TO pe3ynbTaT~ cnAK AnR pa3nH4H~X RACP 
MOryT 6~Tb B~pa*eH~ C noM~b~ OTHOWeHHR .F:/F~ He3aBHCHMO 
OT aTOMHOro eeca A. KonH4eCTBeHHOe H3y4eHHe A - 3aBHCHMOCTH 
CTPYKTypH~X $YHK~HH, no-BHAHMOMy, RBnReTCR o6naCTb~ HCCne
AOBaHHH 3KCnepHMeHTOB no pacceRHH~ M~OHOB B~COKHX 3HeprHH, 
rAe R .. 0. 

EcnH paccMaTpHeaeM~e 3KcnepHMeHT~ cpaBHHBaTb e o6nacTH 
X > 0, 4, TO BHAHO, 4TO 3$$eKT~ A -3aBHCHMOCTH, npeAnO*eH

HOH B~Pa*eHHeM /3/, Manbl, a RBneHHe OTKnOHeHHR OTHOWeHHR 
F2A/FroT eAHHH~~~ Ha6n~AaeMoe KaK B UEPHe, TaK H B cnAKe, 

MOmHo C4 HTaTb xopowo ycTaHoeneHH~M. HMeHHO e 3TOH o6nacTH 
TaKoe Re neHHe Ha6niOAaeTcR He TOnbKO e 3KcnepHMeHTax UEPHa 
H CnAKa/ HO H B 3KCnepHMeHTaX no npeAenbHOH $parMeHTa~HH 
RAep/lO , B KOTOP~X A -3aBHCHMOCTb CTPYKTYPH~X $YHK~HH 
B o6naCTH 0, 5 < X < 3 H3y4aeTCR MHOrO neT. 

B 3a Kn~4eHHe M~ noKa3anH, 4TO CBR3b MemAY OTHOWeHHeM R 
/Ce4eHH H norn~eHHR npOAOnbH~X H nonepe4H~X BHpTyanbH~X 
$OTO!-iOB/ H aTOMHbiM eecoM A e BHAe R = aA l/S npeAOCTaenReT 
B03MOmHOCTH: 1/ cornaCOBaHHO OnHCaTb pe3ynbTaT~ 3KCnepHMeH
TOB EMC , 6uaMC H CnAK B TepMHHaX OAHOro H TOro me OTHOWe
HHR CTPYKTYPH~X $yHK~HH, He 3aBHCR~ero OT Q2 ; 2/ 06DRCHHTb 
nOADeM B o6naCTH X - 0, 2 B AaHHbiX CnAK AnR nerKHX RAeP, KO
TOp~H HC4e3aeT AnR TRmen~X. 

npHBeAeHH~e apryMeHT~, HaKOHe~, MOryT OKa3aTbCR none3-
H~MH AnR B~RCHeHHR npH4HH pa3HOrnaCHH /6/ MemAY pe3ynbTaTa
MH HCCne AOBaHHH RAePHbiX 3$$eKTOB B 3KCnepHMeHTaX no rny-
60KOHeyn pyroMy pacceRHH~ M~OHOB H HeHTPHHO Ha RApax. 

npeAn omeHHaR 3aBHCHMOCTb R(A) 3acnymHeaeT BHHMaTenbHO
ro H3y4e HHR, TaK KaK MOmeT 6~Tb HHT~pnpeTHpOBaHa KaK cneA-
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CTBHe TOrO, 4TO AflR nonepe4HbiX BHpTyanbHbiX <!>OTOHOB Cyllle
CTByeT RBneHHe 3KpaHHpOBKH B BHAe u~u~ - A2/3, KOTOpOe 
OTCYTCTByeT AflR npOAOflb HbiX uL'f uLN - A • 

AeTopbl 6naroAaPHbl np~. A.M.6anAHHY "' A.B.E<!>peMo y aa 
CTHMYflHPY~UIHe o6cymAeHHR. , 
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KpamKu e coo6~eHuR OHRM #2-84 

Y~K . 530.1+535.371 

CBEPXH1TIY4EHHE B KPHCTATITIE C Y4ETOM PACCE~HH~ 
MAHAETi bWTAMA-6PHTITiij3HA 

E.K.6awKHpoe, E.M.CopoKHHa, ~aM Tie KHeH, A.C.WyMOBCKHH 

llonyqeHa TO~~aa HepapxHa KHHeTH~ecKHX ypas
HeHHH p;na CHCTeMbi, OIIHCb!BaeMOH MOp;enbiO ToMrrco
Ha /7/, Hccnep;osaHa HHTeHCHBHOCTb csepxH3nyqeHHH 
B KPHCTanne, 

Pa60Ta BbiDOnHeHa B Tia6opaTOPHH TeopeTH~eCKOH 
4>H3HKH QIUJH, 
Superradiation in a Crystal Allowing for the 
Mandelstrun-Brillouin Scattering 

E. K.Bashkirov, E.M.Sorokina, Fam Le Kien, 
A. S,Shumovsky 

An exact hierarchy of kinetic equations is 
ob tained for a system described by the Tompson 
model/71. The intensity of superradiation in a 
cr ystal is studied. 

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

8 TeOpHH ceepXH3ny4aTenbH~X CHCTeM BeCbMa nnOAOTBOp
H~M OKa 3anCR nOAXOA K nocTpOeHH~ HepapXHH KHHeTH4eCKHX 
ypaeHeHHH, OCHOBaHHbiH Ha MeTOAe HCKn~4eHHR 6030HH~X nepe
MeHH~X / l -3/. C ero noMOillbiO YAanocb nony4HTb PRA ea>KHbiX 
pe3ynbTa TOB B TeOpHH 6e3pe30HaTOPH~X na3epoe, B 4aCTHOC
TH, 06bRCHHTb aCHMMeTpH~ nHKa HHTeHCHBHOCTH H3ny4eHHR/ 4/, 

CneAYeT, OAHaKo, noA4epKHYTb, 4TO pe3ynbTaT~ pa6oT/l-4/ 
6~nH nony4eH~ 6e3 y4eTa oco6eHHOCTeA CTPYKTYP~ pa604HX 
cpeA peanbH~x ceepxH3ny4aTenbH~x CHCTeM, B cny4ae KpHcTan
nH4eCKHX H3ny4aTeneH, HanpHMep, He06XOAHMO y4eCTb pac
ceRHHe MaHAenbWTaMa-6pHnni03Ha, 4TO npeACTaBnReT oco6~H 
HHTepec B CBR3H C HeAaBHHMH 3KCnepHMeHTaMH no reHepa~HH 
CBepXH3ny4eHHR B npHMeCH~X KpHCTannax - nonRpH~X AH3neKT
PHKaX THna KCI/ 5/ H apoMaTH4eCKHX eeiJieCTB /6/ • 

8 Ha CTORIJieH pa6oTe M~ HCCneAyeM oco6eHHOCTH npo~eCCOB 
ceepxH3ny4aTenbHOH reHepa~HH a KpHCTannax, oTnpaenRRCb 

c oT MOAenH, npeAno>KeHHOH ToMncoHoM/7/ AnR y4eTa MexaHH3-
l MOB pacceRHHR MaHAenbwTaMa-6pHnn~3Ha. B yKa3aHHOH MOAenH 

4 
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BKI1aA 3a c4eT ·paccef!HHfl . cseT.a Ha !I>OHOHax onpeAen.fi~T-c fl · Q 

nepBOM nopfiAKe pa3J10lkeHio1fl nnoTHOCTs.i . no 'oTHOc_I-1TeJlbHbiM CMe
U\eHHRM lo10HOB /B/, 

raMHilbTOHHaH paCCMaTpHBaeMO~ CHCTeM~ HMeeT BHA 

H=HM+ HM-r+H~; HM :~7t(l)0 Rzf + ;tnqb;b·~ ,· 

.. ,gJt + .. + ·- I 1 · . + 
HM-F= I. h.(altRf +&~c.Rr) ' l .+ ...:_I. (K~bq+K~bq-)l, 

lt,f vN vN q 

I. ii(l)lt a;alc. 
It 

/1/ 

3AeCb HHAeKc t HyMepyeT ' H311y4aTei1H, pacnono>KeHH~e ,a y 3nax 
KPHCTannH4eCKO~ peweTKH (t = 1, ... , N) , (l) 0 - 4acToTa AByx 

ypoeHeeoro nepexoAa a H311y4aTene, R ~ = (u (_± iu p12, R { = 
= ut/2- onepaTopbl, onHtbleaJO~He r -i-13ny4aTei1b _.a AHnon b HOM 

npH611HlKeHHio1, at. alt- oaepaTOPbl (j)OTOHOB MOAbl (k, A) c acTo

T~~ (<)It H nOI1fiPH3ai..IHe~ e Ao b~, b q - snepaTOPbl (j)OHQHOB MOAbl 
(q,v) C 4aCTOTO~ Oq H nOI1fiPH3ai..IHe~ Uv,napaMeTp . AHn0/1-

(j)OTOHHO~ CBR3H 

-+ 

rAe j - onepaTop nllOTHOCTH TOKa nepeXOAa Me>KAY ypOBHfi MH 
+ H - V - y3ei1bHbl~ 06'beM, a napaMeTp AHnOilb-(j)OHOHHO~ 

CBR3H HMeeT BHA 

J2MOq/ti 
rAe M- Macca HOHa. noA4epKHeM, 4TO 8 raMHilbTOHHaHe / 1/ 
nOApa3yMeBaeTCfl CyMMHPOBaHHe KaK no aKyCTH4eCKHM, Ta K H 

no OnTH4eCKHM BeTBfiM (j)OHOHHOrO cneKTpa, 

B3aHMOAe~cTBHe a /1/ KBaApaTH4HO no 6o3oHHbiM onepa To~ 

paM, no3TOMY AI1fl nony4eHHfl HepapXHH KHHeTH4eCKHX ypa B HeHH~ 

Heo6XOAHMO BOCnOI1b30BaTbCfl MeTOAOM 4aCTH4HOrO HCKI1104e HHfl 
6o30HHbiX nepeMeHHblx, pa3BHTbiM a191. B pe3yi1bTaTe AOBOil bHO 

rpOM03AKHX Bbi4HCI1eHH~ AI1fl CpeAHero OT npOH38011bHOrO o ne
paTopa ~ M-noACHCTeMbl nony4aeM cneAY~YJO T04HYJO HepapxH~: 

9 



~ 

c 
l 

-1 gt t . -
"' N I ~ f dr sp expl-iwk (t- r)} (~ l: R 1 (r) x 

k n2 -oo {M,F') If' 

x 11 + h- I (K q b q (r) + K * b + (r)) I[ 0 (M 
1
) , R1+, (t) x 

v N q q q 

X 11 + ~ l: (K.q,bq' (t) + K*,b+q,(t))l] + (1 + Nk) l: [R:(t) X 
v N q' q ff' 

1 + "' -x 11 +---= l: (K b (t) + K* bq {t))l;v(M
1 

)1. R 1,(r)x 
v' N q q q q 

x 11 + b l: (K ,b ,(.r)+ K*,b+,(f"))I}D
1 

+ v N q' q q q q o 

2 t 
-1 gk -

+N l: ~2 I dr sp explituk(t -r>I·INk l: {R 1 (t) x 
k n .._ (M,F) ff' 

x 11 + 
1

· l: (Kqbq(t) + K~b;{t))l, 0(M1 )1Ri~ (r)x 
v' N q 

1 + + 
x 11 + ~ l: (K , b q, (r) + K *, b q, (r)) I + (1 + N k ) l: R f (r) x 

V N q, q . q ff' 

x 11 + ~ l: (Kqbq(r) + K~b~(r))I(0(M 1 ), R((t) x 
v N q 

. . 
1 . + 

X 11 + r:;- l: (K , b , (t) + K *, b , (t)) H D t ' 
v N q' q q q q o 

exp(-fuJk/29) 
rAe N k "' -:-----:~:--"--:-::-=--

2 sh(ticuk/29) 

paeHoee cHoro ra3a ¢oTOHoe. 

1-1 8- Ha4ai1bHaR TeMnepaTypa 

4To6~ H36aBHTbCR OT HHTerpanOB B npaeOH 4aCTH /2/, 
CAenaeM npeAnonomeHHe o MailOCTH B3aHMOAeHCTBHR M-noAcH
CTeMbl C ¢0TOHH~M noileM, B CHilY KOTOporo 

R f<r) .. R[(t)expl+ icu0 (t-r)l, b~(r) .. b~(t) expl+i.Oq(t-r)l. 

Tenepb ypaeHeHHe /2/ npeo6pa3yeTCR K BHAY 

d ,&. -1 
-<0(M1 )> + (m) <[HM(t), 0(M

1 
)] > = 

dt 

"' 2y l: < R-f(t)[0(M ),Rf~(t)] > + 2y l: <[R+f(t),0(M )]R
1
:(t)> + 

+ ff ' t - ff' t 
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+ I y q N-1 K K*, < Rf(t) b (t)[ ~(M t)' R;, (t) b+, (t)} > + 
ff' qq, +l q q . q q 

+ I yq'N-1 K K*,<[RI(t)b (t).~(Mt)JRt,(t)b+,(t) > + 
ff'qq 

, +1 q q q q 

+ I y q' N -1 K K *, < [ R ~ (t) b (t) , tl (M ) ]R ~ (t) b , (t) > + 
ff'qq 

, -1 q q q ' q 

+ I q 
N-

1 
KqK:· <R;(t) bit) [ tl(Mt), R~,(t) bq+, (t)]> + 

ff' qq 
, y_1 

/3/ 

+ I yq N-1 K*K , <~(t) b+(t)[ ~(M ), R:, (t) b , (t)]> + 
ff' qq 

, +2 q q q t q 

+ I yq'N-1 K*K ,<[Ri"(t)b+(t),0(M )]R:,(t)b ,(t)>+ 
ff' qq, +2 q q q t q 

+ I yq' N-1 K* K ,<[R~(t)b+(t), 0(M )}R-
1
,(t)b ,(t)> + 

ff' qq, -2 q q q t q 

II 



OTMeTHM, 4To QPH e~eoAe /3/ H3 /2/ M~ npeHe6pernH 6~cT-
++ . +-++-

po OC I..I HnnHPYIOIJIHMH 4neHaMH BHAa R(Rf', bqRfRf',bqRfRf'• 
++ /(\ z ±+ + 

bqbq', bqbq'. nonaraR 3Aecb v = -R .• R 1 R 1,, bqbq, nony-
4aeM H3 /3./ 3aMKHYTYIO CHCTeMy ypaaHeHHH, onHC~BaiOIIIYIO AHHa
MH4eCK He napaMeTpbl M-noACHCTeM~. B 4aCTHOCTH, Ha ocHoae 
yKa3aH Hpi1 CHCTeM~ MO>KHO onpeAenHTb· apeMeHHYIO 3aBHCHMOCTb 
HHTeHC HBHOCTH H3ny4eHHFI 

.l. d + 
I(t) = I, llwk dt<akak> · /4/ 

npoH3BOAFI pac1..1enneHHe BHAa 

+ + - + + -
<bqbq'RfRf'> =<bqbq><RfRf'>8 , qq 

<bqb~ ' RtRr'> = < b~b~><R1Rr'>Bqq' 
+ - z 2 

H Y4HTbi BaR, 4TO <I. RfRf'> = C -<I. Rf > , . rAe C - KoH-, '~r· f 
CTaHTa, onpeAenReMaR Ha4anbHbiMH ycnoeHRMH, H3 /3/ nony4a
eM ypa a HeHHe 

. . N I . 2 . 1 2 
X = (y 1 - Y'2) 2 - (yl + Y2 ) X + N (y 1 - Y 2 ) (4 - ~ X) ' /5/ 

rAe X = !.<R;>, 
f 

"<' q I 12 + q I 12 + . Yl = 2y + +2 ~ y+l Kq <bqbq> + y+2 Kq <bqbq>, 

q 2 + q 2 + 
Y2 = 2y _ +2!. y_liKql <bqbq>+y_21Kql <bqbq>. 

M~ npeAnono>KHnH 3AeCb, 4TO Ha4anbHoe cocTOFIHHe 6blno non- · 
HOCTbiO AenonRpH30BaHH~M, T, e, C = 1/4, H npeHe6pernH o6paT
HbiM enHRHHeM Cl>oToHOB Ha Cl>oHOHbl, OTCIOAa AnR HHTeHCHBHOCTH 
/4/ Ha XOAHM 

x 1- x2 2 t 
I(t). = 

4 
~ sech 2"(t - t 0 ) , !61 

2 2 2 2 1/2 
rAe~ = (N (y2-Yl) +2N(y2-yl) + (y2 +Y1)] H X1, 
X2- KOPHH KBaApaTHOrO TpeX4neHa no X, CTOFIIJiero B npaBOH 
4aCTH / 5/. H3 COOTHOWeHHFI /6/ BHAHO, 4TO y4eT pacceRHHFI 
CBeTa Ha CI>OTOHaX BeAeT K YCKOpeHHIO npOI..IeCCOB H3ny4eHHFI 
3a C4eT BKnaAa nepeXOAOB C y4aCTHeM CI>OHOHOB /eM, TaK>Ke 
PHCyHO K/, 3aMeTHM, 4TO Manoe epeMFI 3aAeP>KKH K?[,epeHTHOrO 
HMnynb c a xapaKTepHo AnR KPHCTannH4ecKHX cpeA 1 · 

COOTHOWeHHe /6/ OnHCbiBaeT H3ny4eHHe Ha pe30HaHCHOH 4ac
TOTe w 0.AHanorH4H~H BHA 6YAYT HMeTb B~pa>KeHHFI AnFI HHTeH
CHBHOC TH H3ny4eHHFI Ha CYMMapHOH H pa3HOCTHOH 4aCTOTax. 
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I(t) 

7 
2 

BpeMeHHafl 3aBHCHMOCTb HHTeHCHBHOCTH /6/. 
KpHBafl I cooTBeTcTayeT cnyqmo c K q= 0. 

,Unfl KPHBOH 2 I Kql I 0. 

npe,QnonaraR Han~4~e n~Wb O,QHO~ OnT~4eCKO~ MOA~ C ~~CTOTO~ 
0 'HeTPYAHO noKa3aTb' 4TO 1/(ICUo +0 + I CUo-0 ) $ 1 0 B o6-
nacT~ n~Ka ~HTeHC~BHOCT~ /3,QeCb J.,,,, COOTBeTCTBeHHO ~ TeH
C~BHOCT~ Ha CYMMapHO~ ~ pa3HOCTHO~ 4aCTOTaX/, 

TaK~M o6paaoM, npoee,QeHH~~ aHan~a an~RH~R pacceRH~ 

MaH,QenbWTaMa-6p~nn~3Ha Ha A~HaM~KY ceepx~any4eH~R a K ~c
Tanne noKaa~eaeT, 4To: 

a/ Han~4~e TaKoro pacceRH~R np~BOA~T K ycKopeH~~ n o
~eccoe e~cee4~BaH~R KorepeHTHoro ~any4eH~R; 

6/ ~3ny4eH~e Ha CYMMapHO~ ~ pa3HOCTHO~ 4aCTOTaX He Be
,QeT K 3aMeTHOMY yMeHbWeH~~ ~HTeHC~BHOCT~ ~3ny4eH~R Ha 
pe30HaHCHO~ 4aCTOTe, 

B 3aKn~4eH~e no,Q4epKHeM, 4TO nony4eHHaR HaM~ ~epapx~R 
K~HeT~4eCK~X ypaeHeH~H /2/ RBnReTCR T04HO~, ~ Ha ee OCHOBe 
MoryT 6~Tb ~ccne,QoeaHbl ~ ,qpyr~e oco6eHHOCT~ ceepx~any4a

TenbHO~ reHepa~~~ a peanbH~x Kp~cTannax. 6onee ,QeTanb HOe 
~ccne,QoeaH~e ~epapx~~ /2/ npe,QnonaraeTCR npoeecT~ a 
nocne,Qy~~~x pa6oTax. 

AeTop~ np~3HaTenbH~ H.H,6oron~6oey /Mn./ aa MHOro4 ~ c~ 

neHHble nnO,QOTBOpHble o6Cy>K,QeH~R, 
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HpamKue coo6~eHu~ OHRH 92-84 

Y.QK 531 • .f9. 

4HCJ1EHHOE HCCflEAOBAHHE ~A30BOfO nEPEXOAA 
B APEBOnOA06HO~ nEPKOflRUHH 

IloJiyqeHbl CTa<rHCTH'IeCKHe CYMMbl Ha KOHe'IHbiX pe
meTKaX MOAeJIH APeBonOA06HOH nepKOJIR~HH. IlpoeeAeH 
aHaJIH3 HyJieH CTaTCYMM, A03BOJI.ffi0~11 CAeJiaTb Bb!BOA 
06 OTCYTCTBHH cPa30BOI'O nepeXOAa B TaKHX CHCTeMaX , 

Pa6oTa Bbmonaeaa a Jla6opaTOPHH TeopeTH'IeCKOH 
cPH3HKH OIDUI. 

Numerical Study of the Phase Transition for the 
Tree-Like Percolation 
E.I.Kornilov, V,B,Prieszhev 

Partition functions of a tree-like percolation 
model for the final-volume lattices are obtained , 
The analysis of the zeros of the partition func
tions is performed allowing one to come to a con
clusion on the absence of the phase transition 
in such systems, 

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

CTe<!>aH Ill 8 1976 rOAY I-1CC11eA08a11 npeAen s-+ 0 s-KoMno
HeHTHoi1 MOAe111o1 noTTCa 121. Ha rpa~lo14eCKOM R3b1Ke 3TOT npeAeil 
COOTBeTCT8yeT C080KynHOCTI-1 K11aCTep08, o6pa308aHHbiX 1-13 pe-
6ep peweTKI-1 f,npl-1 ycn081-11-1 OTCYTCT81-1R ~1-1Kn08, noc11eAHee 
03Ha4aeT, 4TO He CyllleCTByeT Hl-1 OAHOrO 3aMKHYTOrO nyT I-1 no 
pe6paM K11acTepos, T.e. 4TO K11acTepbl 1-1Me~T AepesonoAo6Hy~ 
CTPYKTypy. 3Ta MOAe11b 6b111a Ha3BaHa MOAe11b~ APe8onOAo6Hoi1 
nepK011R~~I-1, no aHa11or1-11-1 c APYri-1M npeAenoM MOAe111-1 noTTca 
S -+1, B KOTOPOM HeT 3anpeTa Ha CYIIIeCTB08aHHe ~1-1K110B, 4TO 
nplo180AHT K 06bi4HOi1 MOAenl-1 nepKOnR~I-11-1 Ha peweTKe / 3/. 

CTaTio1CTI-14ecKaR cyMMa MOAe111-1 3ani-1CbiBaeTCR a BI-1Ae 

Z(x) = I T xr , /1/ 
r r 

rAe· T r - 4HC11o KOH~Hrypa~Hi1 AepesbeB c o6111ei1 A11HHoi1 r 
/KOJ1H4eCT8o 3aHRTbiX Aepe8bRMH pe6ep peweTKI-1 f/, x - aK
THBHOCTb OAHOrO 3BeHa Aepesa, CTe~aH npeAnOilO~I-111, 4TO AaH
HaR MOAeJib, TaK ~e, KaK 1-1 MOAeilb o6bi4HOi1 nepK011R~Io11-1, o6-
11aAaeT KPHTH4eCKHM no8eAeHHeM, 1-1 8 npH611H~eHHI-1 cpeAHero 
nOJ1R npHMeHI-111 K 3<!><!>eKTHBHOMY raMio111bTOHHaHy TeXHHKY peHOpM-
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rpynnbl, 4To noason~no eMy nony4~Tb s~pa~eH~A AnA KP~T~-

4ecK~x ~HAeKCOB y ~ 7'/ 8 npoCTpaHCTBe pa3MepHOCT~ (6- f). 
6onee cTpor~H noAXOA K npo6neMe APesonoAo6HOH nepKonA

~~~ ~cnonbaosan By/4/.0H yKaaan Ha TO, 4TO npo~3BOAA~aA 
<!lYHK~ I-1 A :noH MOAe.ri~ . TeCHO CBA.3aHa C nom1HOMaM!1 Y~THeA 

( ) 
"<' r-k k W X, y = k X y , 
G 

(.21 

rAe cyMM~posaH~e npo~3BOA~TCA no seeM noArpa$aM 'Gcf, co
Aep>Ka~~M r pe6ep 1-1 k HeaasHCI1M~x ~~Knoe. CTaTCYMMy Aepe
sbeB nerKo nony4~Tb, nonaraA y =0 e· 121, a ~MeHHO 

Z(x) = W(x, 0). 131 

Cy~eCT eyeT npOCTOe COOTHOWeH~e Me>KAY cpeAH~M 41-1CnOM Ae
peBbeB Ha OA~H yaen n(~ ~ cTaTcyMMOH 111. Ecn~ C4~TaTb 
nycTOH yaen peweTKI-1 AepeeoM c HyneeoH An~HOH, TO cnpaeeA
n~eo paBeHCTBO 

N = Nnep + r' 141 

rAe N - 4Hcno T04eK peweTKI-1, Nnep- KOJi~4ecTeo AepeebeB 
c o6~eH AnHHOH r. AnA 6onbw~x N MO~Ho aan1-1caTb 

n(x) = 1 - xL w (x, y = 0) , I 51 ax 

rAe eeeAeHo o6oaHa4eH~e w (x, y) = lim J- ln W(x, y) • B o6~4HOH 
N-.oo 

Teop~ ~ nepKonR~~~ ~ccneAyeTcA KP~T~4eCKOe noeeAeH~e e aa
e~c~MOCT~ OT p-eepOATHOCTI-1 Toro, 4TO AaHHOe pe6po peweT
KI-1 aa HATO AepesoM, AnA Aepesbee Ha KBaApaTHOH peweTKe 
n(p) ""1- 2p ~ n03TOMY KP~T~4eCKOe noBeAeH~e MOAen~ o6yc
noen~saiOT TOnbKO oco6eHHOCT~ CTaTCYMI~bl, By o6paT~n BH~Ma
H~e Ha TO, 4TO $YHK~I-1A W(X,y) ABnAeTCA HeaHan~T~4HOH 8 cny-
4ae KBaApaTHOH peweTK~ Ha n1-1H~~ xy = 1 ~. npeAnonaraA He
npepbiBHYIO 3aB~C~MOCTb KP~TI-14HOCT~ MOAen~ OT ee napaMeTpOB, 
nOKa3an, 4TO npl-1 y-. 0 eA~HCTBeHHOH T04KOH HeaHan~T~4HOCT~ 
ABnAeTCA T04Ka X= oo, 4TO ~ 03Ha4aeT OTCyTCTB~e $a30BOrO 
nepexoAa. 

C APYrOH CTOpOH~, CTpeneH / S/ np~sen KOHTpnp~Mep, yKaa~
ea~~V. Ha HeAOCTaT04HOCTb apryMeHTOB By: e nnaHapHOH Mo
Aen~ ~3~Hra e oTni-14HOM oT HynA BHewHeM none $aaoeoro ne
pexoAa HeT, a B OTCyTCTB~e BHeWHero nonA npO~CXOA~T $a30B~H 
nepexoA sToporo POAa no TeMnepaType. OH npeAnO>KHn TaK>Ke 
anrop~TM AnA 41-1CneHHoro MOAenHposaH~A ApeeonoAo6HoH nep
KOnA~ ~~ Ha 38M, npHMeHeH~e KOTOporo yKa3~Bano Ha $a30B~H 
nepexoA AnA AByx- 1-1 TpexMepH~x Kp~cTannoe, np~ nnoTHOCT~ 
CBA3eH, HeMHOrO MeHbWe~, 4eM AnA o6~4HOH nepKOnA~~~. 0AHa
KO B HeAaBHeH pa6oTe/6 6~no 06Hapy>KeHO cy~eCTBOBaH~e 
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PHc.I. llocneAOBaTenb OCTb 
~parMeHTOB pemeTKH 1, 2,.,,5, 

C~CTeMaT~4eCKOH OW~6K~ B 
!i npeAnomeHHOM paHee anrop~T

Me. Hoe~e 4~cneHH~e pe3ynb
~ TaT~ np~een~ aeTopoe K e~

BOAY 06 OTCYTCTB~~ $ a 3oeoro 
nepeXOAa B TaK~X C~CTeMaX, 

To4Hoe peweH~e Aa HOH 
npo6neM~ AO c~x nap He~3ee
CTHO, XOTR HeAaBH0/7/ aBTQ
p~ HaCTOR~ero coo6~eH~R o6-
Hapym~n~, 4TO 6n~3KaR K op~

r~HanbHOH npo6neMe MOAenb KOpHeBbiX AepeebeB CBOA~TCR K 
a4~Kn~4eCKOH MO,qen~/8/, CTaTCYMMa KOTOpOH aHan~T~4Ha B o6-
nacT~ Rex>-1/8 ~. cneAoeaTenbHO, He o6naAaeT KP~T~4eCK~M 
noeeAeH~eM /KopHeeoe Aepeeo ecTb Aepeeo c o,qHOH BbiAeneHHOH 
eepw~HoH/. 

Uenb~ AaHHOH pa6oT~ RenaeTCR nony4eH~e non~HOMOB Y~THeR 
/3/ Ha KOHe4H~x peweTKax co ceo6o,qH~M~ rpaA~4H~M~ ycnoe~a
M~ ~ aHan~3 pacnpe,qeneH~R Hynei1 Z(~ e KOMnneKCHOH nnoc
KOCT~ X, M~ nocneAOBaTenbHO paCCMaTpHean~ $parMeHT~ KBaA
paTHOH peweTKH, Ha4~HaR c 3neMeHTapHoro KBaApaTa, o6o3-
Ha4eHHoro Ha PHC, 1 4~$paM~ 1-1-1-1. 04eB~AHO, 4TO PRA, 
nepe4~CnR~~HH ,qepeBbR Ha TaKOM rpa$e, ~MeeT B~A 

Z 1 (x) = 4x 3 + 6x 2 + 4x + 1 • /6/ 

CneAY~~HH $parMeHT, y4~Tb1Ba~~~i1 oTpamaTenbHY~ ~ noeopoT
HY~ CHMMeTpH~ 6eCKOHe4HOH KBaApaTHOH peweTKH, nony4a eTCR 
np~coeA~HeH~eM K 3neMeHTapHOMY KBaApaTy y3noe, o6o3 Ha4eH
H~x Ha p~c.l 4~$paM~ 2. nnR HarnRAHOCT~ 3TOT $parMeHT e~
,qeneH mHpHOH n~H~eH. npo4eAypa AanbHeHwero yKpynHeH~R pe
weTKH RBCTByeT ~3 p~CYHKa, COOTBeTCTBY~~~e CTaTCYMM~ npH
BeAeHbl B np~nomeH~~. Ko3$$~4~eHTbl Tr c yeenH4eHHeM pa3Me
poe peWeTK~ 6~CTPO B03pacTa~T, 4TO C03AaeT eCTeCTBe HOe 
npenRTCTB~e AnR ~x B~4~cneHHR AnR 6onbWHX pa3Mepoe eweT
K~. 

HaxOmAeH~e KOpHeH CTaTCYMMbl npOBOA~nOCb Ha 3BM no MeTo
AY M~nnepa/91. Pe3ynbTaT Bbl4~cneH~R AnR Z 4(x) H Zs(x) npeA
cTaeneH Ha PHC,2. nna MeHbW~X peweTOK BCe KOPH~ noKa nH3Q
BaH~ e neeoH nonynnocKOCT~. PacnonomeH~e Hynei1 KamAOH 
CTaTCYMMbl HMeeT o,q~HaKoey~ CTpyKTypy, MomHO B~Aen~T b ABe 
xapaKTepH~e o6nacT~: o6nacTb cry~eHHR HyneH np~6n~3 HTenb

HO OA~HaKoeoro Mo,qynfl e6n~3~ OTP~4aTenbHOi1 nonyocH Rex~ 

o6naCTb ac~MnTOTH4eCKOrO np~6n~meHHR HyneH K MH~MOH OC~ 
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PHc.2. HynH cTaTCYMMf>I Z 5 
/sepXHHH nonynnOCKOCTb/ 
H Z4 /H~HHH nonynnoc
KOCTb/. 

C yeenH4eHHeM MOAyn~ Hy
n~. MOAYnb HaH6onee YAa
neHHoro oT Ha4ana Koop
AHHaT Hyn~ CTaTCYMM~ Xm 
pacTeT no Mepe yeenH4e
HH~ pa3Mepoe peweTKH. 
An~ caMoro 6onbworo ~par
MeHTa peweTKH no~en~~Tc~ 
ABa KOPH~ C nonomHTenbHOH 
AeHCTBHTenbHOH 4~CTb~ 
Xm = 0, 036~0, 73 i . 0AHaKO 
HaMH Ha 06HapymeHO CTpeM
neHH~ HyneH K nonomHTenb
HOH nonyocH Rex,4TO no3-
eon~eT CAenaTb B~BOA o6 
OTCyTCTBHH ~a30BOrO ne
peXOAa B APeBOnOA06HOH 
nepKon~~HH. 

B 3aKn~4eHHe 3aMeT~M, 4TO 6nHmaHWHM K Hn4any KOOPAHHaT 
HyneM ecerAa OKa3~BaeTC~ eAHHCTBeHH~H An~ KamAOH CTaT
CYMM~ Z(x) peanbH~H Hynb xc.M~ npeAnonaraeM, 4TO AnA 6ec
KOHe4 HOH KBaApaTHO~ peweTKH 6nHmaHWeH K Ha4any KOOPAHHaT 
OC06e HHOCTb~ ~TaTCYMM~ ~Bn~eTC~ T04Ka Xc• -1/4, KOTOpa~ 
He COBnaAaeT C 6nHmaHWeH oco6eHHOCTb~ MOAenH KOpHeBbiX 
Aepeebee. 
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nPHJ10l!(EHI1E 

1
2
(x)• 768 ~1 + 3360 ~O + 7312 .rJ3 + 10287 x8 + 10308 x7 + 7674 x6+ 

+ 4308 x' + 1815 x4 + 560 x3 + 120 x2 + 16 + 1 

J3(x)• 100352 x1' + 438352 zl4 + 994000 ~3 + 1528336 ~2 + 

+ 1760208 ~1 + 1593044 xl0 + 1161496 X3 + 690436 'X
8 + 335652x7 

+ 132874 x6 + 42324 x' + 10617 x4 + 2024 ~ + 276 x
2 

+ 24x + 1 

1
4
(x). 18170880 x23 + 134393344 x22 + 501985408 x21 + 1254651776 x

20
+ 

+ 2347470424 xl9 + 3488390936 x18 + 4285881280 xl7 + 

+ 4391582504 xl6 + 3863378376 x15 + 2933011096 x
14 

+ 

+ 1933364984 xl3 + 1110107856 x12 + 555653712 ~1+242097480x1 0+ 
+ 91474232 x 9 + 29786852 x8 + 8282752 x7 + 1941328 x6 + 

+ 376576 x' + 58892 x4 + 7140 x3 + 630 x2 + 36x + 1 

a
5
(x)• 4846759778304 x39 + 522522556628992 x38 + 2849204264009728 x37+ 

+ 10455351435623168 ~6 + 28989062981336064 ~5 + 

+ 64651151397577040 x34 + 120565684155978944 x33 ~ 
+ 192987024200881297 ~2 + 270113747982484144 ~1 + 

+ 335124760844925576 ~0 + 372370958592677904 x29 + 

+ 373489039536438156 x28 + 340219732204562120 x27 + 

+ 282794980088788560 x26 + 215275542645757016 x
25 

+ 

+ 150496444725990933 x24 + 96815419064406684 x
23 

+ 57392221.691969102 x22 + 31377040880284324 x
21 

+ 15825573218620613 x20 + 7362479355434328 x 
19 

+ 3157407343256764 xl8 + 1246805135038296 x17 + 

+ 452620823735546 ;.6 + 150735982917748 xl5 + 

+ 

+ 

+ 

+ 45927510188286 xl4 + 12759823763516 xl3 + 321916J75478J xl 2
+ 

+ 7338.09214320 ~1 + 150208726040 ~0 + 27403060448 -r? + 

+ 4413919255 x8 + 620358676 x7 + 74930082 x6 + 762J012 x' + 

+ 635351 x4 + 41664 x3 + 2016 x2 + 64 x + 1 • 

PyKonHCb nocTynHna 10 H~HR 1984 roAa. 
19 



KpamKu e coo6~eHuR OMRH ~2-84 

YAK 539.12 

B03MO~HOCTH nOHCKA KOPOTKO*HBYmHX D5-ME30HOB 

K.A.Ton cTOB, A.XyweaKTOBa! r.C.Wa6paTOBa 

Hccne~yroTcH rrpe~rrocbiDKH c~ecTBoBaHHn H Bos
MOJKHOCTH ITOHCKa DS -Me30HOB, reHepHpyeMbiX B 
CTORKHOBeHHHX 6bJCTpb!X a~pOHOB C H~paMH cPOT03MYRbCHH, 

Pa6oTa BbiDOnHeHa B na6opaTOpHH BbiCOKHX 
3HeprHII OJ-UIH, 
Possibilities of the Search for Short-Lived 
Ds -Mesons 

K. D.Tolstov, A.Khushvaktova, G.S.Shabratova 
Premises for the existence and possibilities 

of the search for 05-mesons generated in colli
s i ons of fast hadrons with photoemulsion nuclei 
a r e investigated. 

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

E~e ~o OTKP~T~R J~-4acT~~. paHbwe no~CKOB ~ Teo
peT~4ecK~x O~eHOK epeMeH~ JK~3H~ 4aCT~~ C OTKp~T~M 1104apo
BaH~eM11 o6CYJKAan~Cb nepcneKT~B~ nO~CKa B ~OT03MynbC~RX 
4aCTI'I~ C BpeMeHeM JK~3H~ 2: 1 Q-lS C / 1/ . 

B pa6oTax 1 2~/ coo6~eH~ pe3ynbTaT~ on~TOB no AeTeKT~po
eaH~~ KOpOTKOJK~BY~~X 4aCT~~. reHep~poBaHH~X B ~9T03Mynb-
C~RX rr - -Me30HaM~ c ~MnynbCOM 50 7 70 r3B/c. B noKa3aHO, 
4TO B03MOJKHO HaAeJKHOe AeTeKT~pOBaH~e pacnaAOB He~TpanbH~X 
4aCT~~ Ha ABe 3apRJKeHH~e, ecn~ paCCTORHHe OT 3Be3A~, B KQ
TOpO~ reHep~pyeTCR 4aCT~~a AO ee pacnaAa, ~10 MKM. B cny-
4ae pacnaAOB Ha 4eT~pe 3apRJKeHH~e 4aCT~~w ~n~ np~ pa3neTe 
ABYX 4aCT~~ C 6onbW~M yrnoM MeJKAY H~M~ - B03MOJKHO AeTeKT~
pOBaH~e He~TpanbH~X 4aCT~~ Ha pacnaAHO~ An~He, MeHbWe~ 

10 MKM. TaK~M o6pa30M c y4eTOM y -~aKTOpa pa~rrAa~~~XCR 
4acT~~ B03MOJKHO ~x AeTeKT~poeaH~e np~ r -10 c. H~JKe 

6yAeT no Ka3aHo, 4TO MeTOA~4eCK~e ycoeepweHCTBOBaH~R no3-
BOnRT COKpaT~Tb M~H~ManbHY~ pacnaAHY~ An~HY ~, cneAOBa
TenbHO, B03MOJKeH ~X nO~CK np~ r < 10-14 c. 3TO npeACTaBnReT 
~HTepec np~ ~3y4eH~~ npo6neM~ cy~eCTBOBaH~R KOpOTKOJK~BY~~X 

*<I>H1 AH TaAJKCCP 
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Ds -MeaoHoe 11 Aonro>KI1BYlii11X DI',,KoTopble MoryT RBI1TbcR aHa
noraMI1 K~ i-1. Kl. 11 AaTb HOBYJO 11H¢opMal41110, reHe.pa1.411R fi , 11MeJO
lii11X OTPI1L4aTeJlbHoe 1104apoeaHI1e11

, B03MO>KHa, Hanpi1Mep, e 
peaKijl111 tT-+ p -+ I,~+ J:5°, KOTOpaR 8 KBapKOBOi1 3ani1CI1 11MeeT 
BI1A: Ud + uud -+ cdd + CU, 

CneAOBaTeJlbHO, e Ha4aJlbHbli1 MOMeHT ecTb 411CTbli1 ny40 K fio. 
no aHaJlOrl111• c K 0 -Me30HaMI1 /eM. Hanpi1Mep, / 7/; 6yAeM 

D}- D2 D'l + D 2 0° + D 0 

11MeTb: 0°= 11 0°= 111111: D}= c Mac-
.[2 J2 ..[2 

o Do- i)o 
coi1 m 1 11 D 2 = .[2 c Maccoi1 m 2• 

4epea epeMR t 6yAeM HMeTb: 

. r1 . r2 
-tm 1 t-Tt -tm2 t- 2 t 

0°=!_((0°+0°)e -(0°-0°)6 ]. 2 . 

npl1 r1""r2 = 011 t=rr/m2-m1BMecToD
0

.nOJlY4111M D~ Cne

AOBaTeJlbHO, C nep110AOM t ""tr/m 2- ml 803MO>KHbl OCiji1JlJ1Rijl111 
0° +!0° c 113M~HeHI1eM KBaHToeoro 411CJla 1104apoeaHI1R 11 Ha 2 eA11-
HI11.4bl. K 0 11 K 0 pacnaAaJOTCR Ha ABa rr -MeaoHa, no3TOMY OH11 
CBR3aHbl CJla6biMI1 BI1PTYaJlbHbiMI1 nepeXOAaMI1 BTOporo nOPRAKa: 
K0 +! 2rr 1- K0 

• .llnR 0° 11 0° MO>KHO nonaraTb TaK>Ke cna6ble Bl1p
TyanbHble nepeXOAbl BTOporo nOPRAKa C Y4aCTI1eM ABYX K - Me3o
HOB: 0° : 2 K: 0°. npoAOJl>KaR aHaJlorl110 c K0 -Me30HaM11, AJlR 

K0
- K 0

' K° K 0 0° -oo 0° -no B KOTOPbiX 1- S M 2 - L , n011Y411M 1 - S 11 2 - L , peMR 
>K113HI1: Ks - 0,9·10-10 c, Kl', = 5,2 ·10-a c, ecneAcTel1e 4ero 
BHa4a11e 6b1Jll1 AeTeKTI1POBaHbl pacnaAbl Ks -MeaoHoe, npo6e r11 
KOTOPbiX 113MePR1111Cb 8 caHT11MeTpax. HanpOTI1B, AJlR 0°-Meao-

-13 
HOB, epeMR >KI13HI1 KOTOpbiX - 1 0 C, B nepeyJO 04epeAb C11eAy-
eT O>KI1AaTb c 6onbwei1 eepoRTHOCTbJO AeTeKTI1poeaHI1R DL - Meao
Hoe. Macca no 3Ha411TeJlbHO 6011bWe Maccbl K

0
, no3TOMY B03MO>K

Ha 11 6&11bWaR pa3HI11.4a Mace mz- m1 P11R 0° no cpaeHeHI110 c K 0
• 

B 3TOM cny4ae nep110A OCL4111111Rl411i1 t=.rr/m2- m1 0°: D0 y MeHb-
WI1TCR no tpaeHeH1110 c OCL4111111RL411RMI1 K 0

• 

Ec1111 0Ciji1Jl11RL41111 0° 6YAYT npOI1CXOAI1Tb 3a KOPOTKOe e peMR, 
TO eCTb Ha KOpOTKI1X paCCTORHI1RX OT MeCTa reHepaijl111, TO 
411C110 pacnaAOB 05 Ha ManoM paccTORHI111 6yAeT 6onbwe, TaK 
KaK e111e He npOI130W110 yMeHbWeHI1R 0° /B03HI1KaeT eonpoc -
He CBR3aH 1111 Ha611JOAa10llll1i1CR 60JlbWOi1 pa36poc 8 OijeHKaX Bpe
MeHI1 >K113HI1 0° C MeTOA11KOi1 OnbiTOB, o6yC110BJ111BaiOlllei1 Ha611JO
AeHI1R Ha pa3HbiX paCCTORHI1RX OT MeCTa reHepaijl111 K pa3 11114Hb1M 
BKJlaAaM 05 7/. C11eAoeaTe11bHo, 113-aa Ma11oro epeMeHI1 >K I1 3HI1 
05 11 6onbwe~ eepoRTHOCTI1 np11 OCL4111111RL411RX pacnaAa Ha KopoT
K11X paCCTORHI1RX n011CKI1 HaAO BeCTI1 861111311 MeCTa reHep a ijl111. 
nonbiTaeMCR OijeHI1Tb B03MO>KHbl~ 3¢¢eKT Ha CTaTI1CTI1Ke pa c naAOB 
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tO 
----~-

~---~-=-..... 

t • ( 4,4!~) ·I0-11c 

t 5. fO. f5. 18.0 1Cfc. 

HHTer pa.ribHa.R KPHBa.R ~N /N0(r), fHCTOrpaMMa - OfibiTHbJe 

AaHHbJe H3 pa6oT 1 2- 5 • 8 - 141. Pacl.leTHbJe KPHBbJe AJI.R 

/ 4 4+0,6 I 10 -Is 
r = ' -0,4 c • 

0°,AnR KOTOPOH H3BeCTHO epeMR pacnaAa OTAenbH~X 4aCTH~. 
Ha pHCYHKe npeACTaeneHo HHTerpanbHOe pacnpeAeneHHe 57 pac
naAOB 0°, B 3RT~x H3 pa6oT 12-5• 8- 14/. TeopeH14ecKaR KPHBaR 

+0 6 -13 
H KOPHAOP OWH60K n?AC4HTaH~ AnR r =/4,4_ 0: 4/·10 c, cor-

naCHO/l5( Ha PHCYHKe 3aMeTHO npee~weHHe on~THOH rHcTorpaM
M~ npH Man~x BpeMeHaX HaA pac4eTHOH KPHBO~, n03TOMy MO~eT 
6~Tb B~CKa3aHa rHnOTe3a 0 BKnaAe ~·0AHaKo, 4To6~ npHHRTb 
3TY rHnOT e 3y, He06XOAHMO y6eAHTbCR B TOM, 4TO 3~eKTHB
HOCTb AeT e KTHpOBaHHR 0° 6~na OAHHaKOBOH Ha pa3nH4H~X pac
CTORHHRX OT MeCTa reHepa~HH, 

B COOT BeTCTBHH C COBOKynHOCTbiO H3nO~eHH~X npH'IHH npeA
CTaBnReTC R nepcneKTHBH~M ~eneHanpaeneHH~~ noHCK 05 no HX 
pacnaAaM Ha MHHHManbHO AOCTynH~X Ha6niOAeHHRM paCCTORHHRX 
OT MecTa reHepa~HH. 04eBHAHO, AnR 3Toro ~enecoo6pa3HO 
npHMeHHTb ~OT03MynbCHH, B KOTOp~X CBeAeH~ K MHHHMYMY npH-
4HH~, MOry~He HMHTHPOBaTb pacnaA~0°. 3Tor6 MO~HO AOCTH4b, 
ecnH H3rOTOBHTb ~OT03MynbCHH, Aa~He cnnOWHOH /4epH~H/ 
cneA penRT~BHCTCKHX OAH03aPRAH~x 4aCTH~. TorAa HanH4He 
pa3p~ea a c neAe aT 3Be3A~ K MecTy pacnaAa Ha ABe HnH 4e
T~pe 3apR~eHH~e 4aCTH~~ yKa~eT Ha pacnaA HeHTpanbHOH 
4aCTH~bl, Mo~HO O~eHHTb AOnyCKH Ha OTnH4He cneAa OT cnnow
Horo, npH KOTOp~X nOHCKH pacnaAOB HeHTpanbH~X 4aCTH~ 
6YAYT AOCTa T04HO 3~~eKTHBHbl, TaK, ecnH cneA OAH03aPRAHO~ 
penRTHBHCTCKOH 4aCTH~~ HMeeT Ha 100 MKM 10 pa3p~BOB CO 
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cpeAHe~ A1111HO~ Ka>KAOro p. = 1 MKM, TO no <!>OpMyne nyaCCOHa 
r 

eepoRTHOCTb cnnowHoro pa3pblea A1111HO~ r pasHa: P(r) = fr- e-P. 

-3 -7 np11 r ~ 5 MKM, P(5) = 3.10 , r '"'10 MKM, P(10) = 10 • 
Ecn11 ecTb 20 pa3pbls:>e Ha 100 MKM, To P(10) = 3 .lQ-3, T.e. 
nepBI14Hbl~ OTfio·p 803MOlKHblX CJly4aee 6yAeT AOCTaT04HO 3<1>¢leK
TI18Hblt~, 

Aanee, ecn11 yron pa3neTa 4aCTI1~ _Man I -1°/, TO npoi1-
30~AeT cno>KeH11e IYABOeHI1e/ 110H113a~I10HHblX noTe pb 11, cneAo
eaTenbHO, nony411M e~e MeHbWI1e 3Ha4eHI1R P(r). np11 3Ha411Tenb
HblX yrnax pa3neTa 4aCTI1~ 11X CJleAbl He 6YAYT CBOAI1TbCR K 
nepB114HO~ 3Be3Ae, T,e, 6yAeT AeTeKT11pOBaTbCR T04Ka pacna
Aa He~TpanbHO~ 4aCTI1~bl. 

TaKI1M o6pa3oM, MO>KHO Cll11TaTb nepcneKT11BHO~ no11cKoey10 
pa6oTy no 06Hapy>KeHI110 8 $OT03MYJlbCI1RX B03MOlKHblX pacnaAOB 
D5. 
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