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ON THE EXISTENCE OF THE FIRST INTERMEDIATE 
ASYMPTOTICS IN RELATIVISTIC NUCLEAR COLLISIONS 

A.M.Baldin, :A.O.Kechechyan*, B.A.Shahbazian 

4 

The multiple production of protons in relativistic nuclear collisions 
in the region of the limiting fragmentation of the carbon nucleus is 
studied. An approach in which the cross section is considered as a func· . 
tion of the positive relativistic invariant quantities b 1k .. -(u 1-uk )~ 
where U 1 = P 1/ m 1 are particle four-velocities, is used. It is shown 
that in the range 0.01 < b 1k < 1 a universal behaviour of the cross 
sections and the clasterization of the but distributions, similar to the 
production of jets in the domain b 1k » 1, are observed. This fact 
enables us to suggest the notion of a first intermediate asymptotics. 
The asymptotic behaviour of the cross section at large b 1k which 
was established earlier cat! naturally be called the second asympto· 
tics. The measurement of the characteristics possessing automodelity 
properties in the region of the fust asymptotics makes it possible to 
study the general properties of a strongly excited nucleon matter and 
the same meaurement in the region of the second asymptotics enables 
us to study quark·gluon plasma. 

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

0 cyw;eCTBOBilHHH nepBOH DpOMe:>KYTO'IHOH aCHMDTOTHKH 
B peJUITHBHCTCKHX R,nepHbiX CTOJIKHOBeHHRX 

A.M.BanAHH, A.O.Ke11e11RH*, B.A.lllax6a3RH 

Jb}"'aeTC.II MHOlKeCTBeHHOe o6pa30BaHHe IIpOTOHOB B pen.IITHBHCT· 
CKHX M epHblX CTOnKHOBeHH.IIX B o6naCTH npene111>HOH !l>parMeHTaiUIH 
Mpa yrnepona. Hcnon&lyeTc.ll no.nxon, s KOTopoM ceqeHHe pacCMaTpH· 
saeTC.II KaK 4>YHKilH.II nonOlKHTe11l>HbiX pe]IJITHBHCTCKH·HHBapHaHTHbiX 
senH'IHH b 1k .. -(u 1-u k) 2 , rne u1- P1/m1- -qeTbipexMepHble cKo
pocTH qacTHU. lloKa3aHo, qyo s o6nacTH 0,01 < btk < 1 Ha6monaeTc.ll 
YHHBepcaJibHoe noseneHHe ceqeHHii H KnacTepH3allH.II pacnpeneneHHii 
no but , aHanorH'IHaH o6pa30BaHHIO CTpyii s o6nacTH b 1k » 1, qyo 
U03BO]I.IIeT BBeCTH nOH.IITHe nepBOH IIpOMeJKyTO'IHOH aCHMIDOTHKH. 
YcTaHos neHHoe paHee acHMmOTH'IeCKoe noseneHHe ceqeHHii npH 
60111>111HX b1k ecTeCTBeHHO Ha3BaTb BTOpOH aCHMmOTHKOH. JbMepeHHe 

* On leave from Yerevan Physical Institute 



xapaKrepHCTHK, OOJiliAaiDIUHX asroMoti.eJibHbiMH csoilcrsaMH, n o6na

c r H nepBOH 3CHMUTOTHKH U03BOJIJICT H3}"13Tb 06J.I.1He CBOHCTBa CHJibHO· 

B036y)f(JlCHHOH HYKJIOHHOH MarepHH, a B OOJI3CTH BTOpOH aCHlVUTOTH

KH- H3}"1aTb KBapK-rJDOOHHYIO UJia3MY. 

Pa6ora BbmoJIHeHa a Jla6oparopHH BbiCOKHX 3HeprHH OIUUI. 

The present paper is devoted to the study of the proton production 
in relativistic nuclear collisions. Instead of the ordinary inclusive appro
ach 1 1•21 , a new approach IS/ is used in which all the available experi
mental information is employed. According to this approac , in' relati
vistic nuclear collisions 

/ 
1+11 ... 1+2+3+ ... (1) 

the colliding particles I and II (one of them or both can be nuclei) and 
the produced ones 1,2,3, ... are considered in the space of the four
velocities u 1 = P 1 /m 1 (i = I,II,1,2,3, ... ). The probability distributions W 
(cross sections) are assumed to depend one tlie positive relativistic 
invariant quantities 

(2) 

having the sense of the relative distances in the four-velocity space. Un
like the commonly used noninvariant variables (longitudinal rapidities, 
transveral momenta, "sphericity" and so on), the quantities (2) make 
it possible to formulate a series of laws of a general nature. As is shown 
in 13 • 71 , at b ik » l asymptotic regimes set in, which are characterized 
by a descrease of the probability distribution W(b 1 11 , bn , b Ilk , ••• ) 

with increasing b ik and by a factorization. This law is analogous to the 
correlation depletion principle in statistical mechanics. The correlation 
depletion principle enabled us to give a new relativistic invariant defini
tion of the jets as universal objects in multiple production pr cesses and 
to formulate the universal properties of the asymptotic regimes describ
ing, in particular, the cumulative effect. The asymptotic regimes and the 
validity of the correlation depletion principle for the distributions W 
(cross sections) follow from the existence of the characteristic correla
tion length, b 2 ~ 1, in the relative velocity space. The asymptotic regimes 
set in at b1k > b j!, and by analogy with the mechanics of continuous 
media they may be considered as a manifestation. of the automodelity 
of the W distributions. The automodelity of the solutions of the mecha
nics of continuous media/4/ means a descrease of the number of the 
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arguments of the function in question at the expense of the importance 
of only selected combinations of independent variables. 

The concept of the automodelity was first applied to multiple 
production processes by Matveev, Muradyan and Tavkhelidze 151• They 
proceeded from the dimensionality theory and the requirement of ap
proximate invariance in scaling transformations 

p 1 ... .w, . 

In the relative velocity space one deals with the dimensionless quan
tities bu, and proceeds not from the dimensionality considerations but 
from the condition of the existence of an asymptotic limit of the func
tions W when some b lk 's tend to infinity. By infinity we should imply 
a "physical infinity", i.e., a quantity which makes it possible to expand 
the function W in a power series of l/b1k • 

Thereby the expansion coefficients tum out to possess automode
lity properties with respect to this variable. 

The formulation of automodelity in this sense and the application 
of the correlation depletion principle enables one to proJ)ose a general 
parametrization of the multiple particle production cross sections 
(see /8/, (eq.) (8)). The scaling invariance of the cross sections follows 
from this parametrization as a particular case. Scale invariance is valid 
only for .the dependences of the cross sections of reaction (1) for which 
of importance are not the very quantities (2), but only their relationships. 
The quantities b lk appear to be scale noninvariant. Scale noninvariant 
are, e.g., the universal jet parameters. At the same time the jet properties 
are a direct consequence of automodelity. · 

As was noted 13 ·8 1 , in addition to the correlation length b 2 -1 
characterizing the scale of quark phenomena, a correlation length 
b 1 - 0.01 should exist which characterizes the scale of nucleonic (nu
clear) phenomena. The automodelity character of the asymptotic& 
of the W distributions for b1k /b 1 » 1 follows from the pole approxi
mation./31 and the smallness of the binding energy per nucleon in 
the nucleus: 

w I 1 
ban - (b ) 2 w 1 ' --» 1 ail 
0.01 

where W 1 is practically independent of ban (automodelity with 
respect to this variable). It should be noted, however, that the pole 
approximation still needs a detailed experimental check. The validity 
of this approximation for b lk » 0.01 should also be studied. 
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Thus, an experimental check of the existence of universal asympto
tics in the intermediate domain of nuclear collisions, 0.01 < b t k < 1.00, 
is urgent. It is important to note that the measurement of the automode
lity characteristics in this domain means the study of the general pro
perties of a strongly excited nuclear matter. As was often stressed, the 
first intermediate asymptotics b tk » b 1 is due to quite other laws 
than the second one b lk » b2 • The first asymptotics corresponds to 
quasi-free nucleons whereas the second one to quasi-free quarks. In 
order to verify these ideas, the vicinity of the point u 11 was investiga
ted in the four-velocity space, i.e., all the protons within the range 

(3) 

The 12C nucleus was taken as particle II in all the investigated 
reactions. As particle I we used: a) 4 GeV /c negative pions (hi II = 56.2), 
b) neutrons, having almost Gaussian momentum distribution with an 
average value of 7.04 GeV /c (b I II = 13.1) and a standard devia
tion of 2.84 GeV/c, c) 10 GeV/c protons (hi II = 19.4), and 
d) 50.4 GeV /c 12C nuclei (b 

1 
II = 1.2). . . _ 

The data were obtained with the aid of a 55 em (a,b) and a 2m 
(c,d) propane bubble chambers of the Laboratory of High Energies. 

In all the considered cases the distance between the points u I and 
u n is larger than the correlation lengths b 1 and b 2' and, according to 
the correlation depletion principle, the function W in the vicinity of 
the point u n (inequality (4)) must not depend on the properties of 
particle I and b I n . Figure 2 shows the validity of this statement. 

Region (3) is divided into two parts: 

0.03 <bIlk < 0.1, (4) 

where of greate importance is closeness of the point u II (the nucleus), 
and 

0.1 < bIlk < 0.63, (5) 

where of importance is the clusterization of protons of the type of the 
jets. It would be very interesting to discover such a clusterization. In 
just the same manner as in the study of the jets /7 1 we define the four
vector: 

v = a 
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Fig.l. b ik distribution of the protons 
from the region (5). 

The summation is perfor
med over the protons either from 
the region (4) or the region (5). 

The bak = - (V0 - uk) 2 dis
tribution of the protons from the 
region (5) is shown in Fig.l, .and 
from the region (4) in Fig.2. The 
average value < b ak > for the 
protons from the region (5) is 
much larger than the average 
value <b;k > for the protons 

QOt OJ Q2 ll.3 Q~o 6... QS from the region (4). This shows 
that the mechanisms of the 

proton production in the regions (4) and (5) are quite different. The 
ban ;.. - (Va - u 11 ) 2 distributions are shown in Fig.3 and 4, where 
u 11 is the four-velocity of the target nucleus for the regions (5) and (4), 
respectively. The distance from the centre of the cluster V a to the point 
u11 (nucleus) is characterized by the variable b a 11 • To these distribu
tions there correspond the average values < ban > and <b!u >shown 
in the Table. The average distances <bak >and <b~k > between the 
protons and the cluster centre in the velocity space are shown for com
pariso~ in the same f:able. 

The fact that the <baJ? 
and <ban > values are close 
to each other shows that the 
proton clusters (nuclear fire-~ ~-oR~J"ti~Ri 
balles) are not so strongly rJ ~.q., 
pronounced as the jets. In 5 9 ~" .i 
this connection it is in teres- · y T 1 
ting to consider other 'values ·~ . t 
which are able to characterize Ill •4 + 
the particle clusterization. The Q5 + + 
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' • - ,C 

average distances b ak = ~ 
= -(Va- uk) 2 are shown in 
Fig. 5,6, 7 to be a function Qt 
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Fig.2. bak distribution of the 
protons from the region (4). 
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Table 

Average values bak and b~II for the protons from the regions (4) and (5) 

Type or P••• Statlltk:a 0.1 > 11 m > o.oa o.a >11m >0.1 

collloloD GeV/c 
<b I > <b:u > <"·- > 

<b •• > 

·-DC 7 - 11940 0.033 t 0.001 0.026 t 0.001 0.087 ± 0.001 0.101 t O.OOl 

.-c 4 1870 0.032 t 0.001 0.026 t 0.001 0.094 t 0.002 0.082 t 0.003 

cc 4.2 114 0.027 t 0.003 0.037 t 0.004 0.116 t 0.006 0.151 ± 0.009 

pC 10 103 0 .031 ± 0.003 0.031 t 0.004 0.107 t 0.007 0.135 t 0.010 

of ban = - (Va -u n ) 2 for the protons from the region (5). The 
average bak value is seen to decrease with increasing ban and <ba~~:> "" 
"" 0.05 llt ban > 0.15 which is close to the value of <b~k> for slow 
protons. It is important to note that the distance between the points 
Va and u 11 is much larger than the average distances inside each of the 
clusters. So, we have got the main result of this work: the intermediate 
asymptotic& of relativistic nuclear collisions in the region 0.01 < b 1~~:<1.00 
does exist and the clusterization is observed. 

Further investigations are required. A direct proof of the correla
tion depletion principle in the region of the first intermediate asympto
tic&, a detailed study of the universal properties of the cross sections and 
the verification of the bniversality of the correlation length in this region • 
are of particular importance. 

REFERENCES 

1. Bayukov Yu.D., Vorobyev L.S., Leksin G.A. et al.-Yad. Fiz., 1973, 
v.18, No. 6, p. 1246-1250. 
Bayukov Yu.D. et al.-ITEPH preprint N 86-69, Moscow, 1986. 

2. Adyasevich B.P. et al:-Phys.Lett., 1985, 161B, p.55. 
3. Baldin A.M.-Doklady Akad. Nauk 1975, v.222, p.1064; ECHAYA, 

1977, v.8, N 3, p.429; Nucl.Phys., 1985, A434, p.695c; Nucl.Phys., 
1985, A447, p.203. 

4. Sedov L.I.-"Mechanics of Continuous Madia", v.I,II, Moscow, Nauka, 
1983, p.380 and p. 424-438. 

5. Matveev V.A., Muradyan R.M., Tavkhelidze A.N.-JINR Preprint 
P2-4572,Dubna, 1969; 

10 

Matveev V.A., Muradyan R.M., Tavkhelidze A.N.-Nuovo Cim.Lett., 
1972, 5, p.907. 



6. Baldin A.M., Baldin A.A. - In: JINR Rapid Comm., N 17-86, Dubna, 
1986, p.19. 

7. Baldin A.M., Didenko L.A. -In: JINR Rapid Comm., N 3-84, Dubna, 
p.85; N 8-85, Dubna, 1985, p.5. 

Received on March 23, 1987. 

11 



Kparrcue coo6U4eHUJ1 OHRH N' 2 (22) -87 JINR Rapid Communications No. 2(22 )-87 
YAK 639.172 6 

P ACllPE)lEJIEHIDI TIO OTHOCMTEJibHOA: 
4-CKOPOCTI1 1T

0 -11 T/
0 -ME30HOB, OBPA30BAHHbiX 

B IT-xe -B3AI1MO)lEA:CTBI1RX TIPI111MTIYJibCE 3,5 r3B/c 

JI .C.OxpHMeHKO, B.CnoBHHCKH, A.H.I1JibHHa* 

12 

8&InOJIHeH aHaJIH3 rr-Xe-B3aHMO,[l,eHCTBHH npH 3,5 f38/c, B KOTO· 
pblX o6pa3YJOTCH TT 

0 
• H T/ 0 ·Me30Hbl. fiOJI}"'eHbi pacnpe,[J,eJieHHH 3THX 

'laCTHU no npo,[J,OJibHOH 6&ICTpOTe, a TaKlKe no OTHOCHTeJibHOH 4-cKopo
CTH b ik = - ( pi l mi - Pk l mk) 2 B o6nacTH q,parMeHTauHH HAep
Hou MHWeHH (p j H p k - 4-HMnYJibCbl 'laCTHU, m i H m k - HX MaC
Chi noKoH) . CneKTp&I no bik YAOBJieTaopHTeJI&HO onHC&IB3.lOTCH JKC
noHeHUHaJI&HOH lPYHKUHeil - exp( -b ik I B ) , npH'IeM napaMeTp 
HaKnoHa B AJIH rr

0 -Me30HOB B HHTepaane 3Ha'leHHH bik ;;: 5 co
BnaAaeT C aHaJIOfH'IHbiM 3Ha'leHHeM, onpe,[J,eJieHHbiM AJIH 3apHlKeHHbiX 
nHOHOB HJ rr- C -B3aHMOAeilcTBHH npH 40 fJB/c. HcTO'IHHKOM 3KC
nepHMeHTan&H&Ix ,[l,aHHbiX HBJIHIOTCH CHHMKH CO 180-JIHTpOBOH KCeHO
HOBOH ny3&Ip&KOBOH KaMep&I HT3CII (MocKaa) . 

Pa6oTa BblllOJIHeHa B na6opaTOpHH BbiCOKHX JHeprHH H na6opaTO
pHH B&I'IHCJIHTen&Hou TeXHHKH H aaToMaTH3aUHH OHHH. 

Relative Four-Velocity Distributions of " 0 and 
., 

0 Mesons Produced in the Reaction rr- Xe at 
3,5 GeV/c 

L.S.Okhrimenko, B.Sl'owinski, A.N.llyina * 

The analysis of the rr- Xe interactions at 3,5 GeV/c in which 
single rr 

0 and ., 0 mesons are produced has been made. Distributions 
of these particles in the longitudinal rapidity as well as the relative four 
velocity b ik = - (pi I m i - P k I m k ) 2 within the target-nucleus 
fragmentation region are obtained (here p is the four momentum and 
m - the particle mass). bik spectra are described good enough by the 
exponential function, - exp (- ·b ik I B ), when the slope parameter B 
for rr 0 mesons at b ik ~ 5 coincides with the analogical value estima
ted for charged pions from the reactions rrp and rrC at 40 GeV/c. 
Pictures from the 180 I. xenon bubble chamber of ITEP (Moscow) have 
been used as a source of experimental data. 

The investigation has been performed at the Laboratory of High 
Energies and the Laboratory of Computing Techniques and Automation, 
JINR. 

·* ll>wlua,1 Hay~tHo-ucclleiJoeareJJbCKOZO uHcruryra RiJepHou ¢u3uKu, MFY, 
Jly6Ha 



1. BBE ,UEHHE 

B nocne~nee apeM.R: ace 6onLwee pacnpoCTpaueuue nony11ae-r 

no~XO~ K HCCJie~oaaumo ~epHbiX B3aHMO~eHCTBHH a peJI.R:THBHCT-

. CKOH o6JiaCTH, COCTO.R:IUHH a HCnOJib30aaHHH npOCTpaHCTBa OTHOCH

TeJibHbiX . CKOpoCTeH b jk 'laCT~ ( j , k ) , · y'IaCTaYJOIUHX a peaK

UHH /l, 21. 3ToT no~xo~, o6JI~aiOIUHH O'leaH.WfbiM MeTO~OJIOrH'Iec
KHM y~o6cTaOM (aeJIH'IHHa b jk peJI.R:THBHCTCKH·HHaapHaHTHa) , Ha

XO~HT ace 6onee rny6oKoe TeOpeTH'IeCKOe 06oCHOaaHHe a paMKax 

KXJl H T~~HOHHOH ~epHOH <l>H3HKH 12 1. 0n HMeeT TaK)I(e 

npaKTH'IecKoe 3Ha'leuue. B 'laCTHOCTH, YKa3biaaeTC.R: na ao3MO)I(HOCTb 

npO.R:CHHTb C ero nOMOIUblO aecbMa CyJ:UeCTaeHHbiH aonpoc 0 rpau~ax 

npHMeHHMOCTH onucauH.R: .R:~epHbiX npoueccoa na CTPYKTYPHOM 

ypoaHe ~poHOa /2 I, n~JIO)I(eHbl MeTO~HKa HCCJie.u;OaaHH.R: npouec

COa MHO)I(eCTaeHHOrO o6pa30aaH~ 'laCTHU / a / H pen.R:THBHCTCKH-HH

aapHaHTHbiH MeTo~ auanu3a cTpyH:uoro noae.u;euH.R: aTopH'IHbiX qa. 

CT~, po)I()J;eHHbiX npH peJI.R:THBHCTCKHX 3HeprH.R:X. ll03TOM Y 3KCne

pHMeHTaJibHbie ~aHHbie no MHO)I(eCTaeHHOMY o6pa3oaaumo 'laCTHU 

a ~pOH (~po) -~epHbiX a3aHMO~eHCTaH.R:X (CM., HanpHMep/41) 

H ~a)l(e no 6HHapHbiM npoueccaM a nHOH-npOTOHHbiX CTOJIKHOBeHH.R:X 

CTaJIH npe~CTaBJI.R:Th a a~e pacnpe~eneuHH no b jk H o6uapy)I(HBaTh 

HHTepecHbie 3aKonoMepuoCTH 14• 51. O~aKo 6oJihWHHCTao 3THX ~au
HbiX OTHOCHTC.R: K 3ap.ll)l(eHHbiM 'IaCT~aM, pO)I()J;eHHbiM rJiaBHbiM 00· 

pa30M a o6JiaCTH npe~eJibHOH <l>parMeHTaQHH, a KOTOpoH np.R:Mble 

npouecCbl HrpaiOT OCHOaHylO poJib (TO eCTb aJIH.R:HHe a TOpH'IHbiX 

anyTp~epHbiX a3aHMO~eHCTaHH npene6pe)I(HM0 MaJIO) • 

B naCTo.R:IUeH pa6oTe npHBe.u;eHbi pe3yJibTaTbi auanH3a 3Kcnepu

MeHTaJibHbiX ~aHHbiX, KacaJOIUHXC.R: IT-Xe -a3aHMO~eHCTaHH npH 

3,5 f3B/c, a KOTOpbiX o6pa3yJOTC.R: O~HHO'IHbie IT 
0 

- H T/ 0 
-Me30Hbl 

H npoH3aOJibHOe 'IHCJIO N 3 3ap.ll)l(eHHbiX qacTnu. BbiJIH H3y'leHbi 

a3aHMO~eHCTaH.R:, KOTOpbie MO)I(HO npe~CTaaHTb a a~e ~ayx KJiaccoa 

no N3 : 

IT + Xe -+ ITO + (N 3 < 2), (1 ') 

.-· + Xe -+ ( "'o -+ 2 y ) + ( N3 < 2) (1 ") 

H 

IT + Xe IT O + (N3 > 2)' (2 ') 

IT + Xe -+ (T/ o -+ 2y) + (N3 > 2)' (2") 

nepabiH H3 KOTOpbiX, (1 ') H (1 "), COCTOHT npeHMyiUecTBeHHO H3 

CTOJIKHOBeHHH Kaa3HCB06o~Horo THna, a KOTOpbiX BJIH.R:HHe ~epHOH 
MHWeHH HeBeJIHKO 161. H3y'leHbl cneKTpbi no OTHOCHTeJibHOH 4-CKO-

13 



pocrH rr 0 
- H 77 ° -Me3oHos H3 3THX B3aHMo,neiicmiiH. B Ka<~ecme 

HCXO,nHoro 3KCOepHMeHTIUILHOrO MaTepHaJia HCOOJIL30BaHLI CHHM· 
KH CO 180-JIHTpOBOH KCeHOHOBOH ny3LipLKOBOH KaMepbi (KllK) 
MT3<I> (MocKsa), o6ny'leHHoH B ny'IKe rr- -Me3oHOB c HMnynr,coM 
3,5 r3B/c. 

2. 3KCllEPMMEHTAJibHbiE )lAHHblE 

Br,mo npoaHaJIH3HpoBaHO 2134 co6biTHR THna (1')+ (2"), oTo-
6paHHbiX H3 10278 paHee H3MepeHHbiX CJiyqaeB rr-Xe ·B3aHMO,neHCT· 
BHH, conpoBO:>KJUlBWHXCJI npoH3BOJILHbiM 'IHCJIOM raMMa·KBaHTOB 
H N3 1'7,81. B Ta6n.1 npHBe,neHLI 'IHCJia 3THX co6LITHH H 3$cpeKTHB· 
Hbie ce'leHHJI u · .nnn Ka)f(,IJ;oro paccMaTpHBaeMoro KaHaJia peaKUHH 
(1 ') • (2'), a TaK)Ke ,nJIJI B3aHMO,neHCTBHH 

rr- + Xe --. rr 0 + ( N 
3 

= 2) (3') 

. H 

rr- + Xe -. (71°-. 2y) + (N 3 =2) (3") 

npH 3TOM :>Ke HMnynr,ce nepBH'IHbiX rr-·Me30HOB. 

Ta61luija 1 

. MHcpopMaQHR o6 3KcnepHMeHTaJILHOM MaTepHaJie: 

PeaKQHH 

(1 ') 
(1 ") 

(2') 
(2") 

(3')* 
(3")* 

* 

N - 'IHCJIO npoaHIUIH3HpoBaHHbiX rr- Xe ·B3aHMO· 
,neHCTBHH npH 3,5 r3B/c H u - COOTBeTCTBYIOUUfe 

HM 3$cpeKTHBHbie ce'leHHJI 

N 

1114 
124 

864 
32 

U (M6) 

30,2±0,9 
5,0±0,4 

338,2±11,5 
15,6±2,8 

53,7±3,3 
4,5±1,0 

3ru 63altMOdeilcT6WI 6 c)QHHOU pa6oTe He UCC/IeOy/OTCJI. 
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KTIK MT3<1> 191, paaMepbi KOTopou paBHbi 10xllx25,7 ~.eA3, 
D03B01I.fleT· perHCTpHpoBaTb raMMa-KBaHTbi C 3HeprHeH 001188 He

CK01IbKHX M3B c aepoRTHOCTbJO, npaKTH'IecKH AOCTHraJOmeu 1 00%, 

B DpeAeJiax no11Horo TeJiecHoro yrna HX 3MHCCHH. MeTOAHKa B OCCTa

HOB118HH.fl xapaKTepHCTHK rr 0 
- H 1f 0 -Me3oHOB no C03AaBa8MbiM HMH 

B pe3y1I&TaTe pacnaAa raMMa-KBaHTaM ODHCaHa B I 10 ( MeTOA OnpeAe-

118HH.fl 3HeprHH raMMa-KBaHTOB no HaMJOAa8MbiM 3118KTpoHHO-<j>OTOH

HbiM 1IHBHRM, Bbi3BaHHbiM 3THMH raMMa-KBaHTaMH, H31IO)J(8H B /11,12/. 

Ko BTopH'IHbiM 3ap.fi)J(8HHbiM 'laCTHUaM, npH'IHC1I.fleMbiM K N3 , 

OTHOC.fiTC.fl B OCHOBHOM npoTOHbi C 3HeprHeH 6onee 20 M3B B C1Iy'lae 

peaK~ (2')H (2"), a B peaKlUfi:IX (1') H (1") - TaKHe )1(8 npoTOHI!I 
H 3ap.fi)J(eHHbie nHOHbi c 3HeprHen He MeHee 10 M3B 171. . 

3. PACTIPE,llEJIEHHH flO TIPO,llOJibHOA 
BbiCTPOTE 

Ha pHc.1 npHBeAeHo pacnpeAeneHHe no npoA01IhHOH 6biCTpoTe 

rr 0 -Me3oHoB H3 B3aHMOAencmH8 (1') H (2'). TaM )J(e CTPeJIK aMH 

'!-+Xe .. ,o+N3 

p • 3,5 r:tB/c 

~ --~---.---
,-+ Xe .. ( '1 o .. 2y l+ 

,-
- ·N· < 2 

50 

0-l _, 
' 'l' 

Puc. I. PacnpeaetreHwr no npooollbHOU 
fibiCT(JOTe 1f, 1T 

0-MeJOHOB U3 83Qu
MOOeUCT8UU rr- + Xe ... rr 0 + N 3 
npu 3Hepzuu 3,5 F3B/c. CTpetrKaMu 
Y1Ca3aHbl 3HQIIeHUJI 1f,; COOTBeTCT

. BYIOIJ4Ue Ju)py-MuweH!! ( 7f"=0) 
U ny'IKY nepBU'IHbiX 1T -Me:JOHOB 
(7]" = 4). 

- (N3 <2) 

--(N 3 > 2) 

p,.. • 3,5 r.e/c 

20 

fO 

f,S ~· J 

Puc.2. To xe, 'ITO u Ha puc.l, HO iJ1111 
1f 0 -Me3oHos U3 s3awcoiJeucrsuu 
,- + Xe ... 11 ° + N3 npu 3,5 F3Bjc. 

15 



yKa3aHhl 3Ha'leHIDI 1J", COOTBeTCTBYJOI.QHe RJJ.pY·MHWeHH ( 1J ~ ::: 0) 
H nMalOI.QHM Ha Hee ,- -Me30HaM ( Tf;; :: 4) • MO)KHO OTMeTHTh, 

'ITO B CTOJIKHOBeHIDIX (2') HeHTp8JlhHhie nHOHhl po:>K,t\alOTCR npe

HMyi.QeCTB eHHO B ofinaCTH ¢lparMeHTIU.lHH RJJ.pa-MHWeHH, B TO BpeMR 

KaK rr 0 
-M e30Hhl H3 pea~HH (1') 3aHHMalOT BCIO UeHTpaJihHYJO no Tf" 

o6naCTh, npH"'eM noJio)f(eHHe MaKCHMYMa :noro pacnpeAeneHIDI 

rr.'~ax (IT ~') COB,~MaeT npHMH3HTeJihHO CO Cpe,ll;HHM 3Ha"'eHHeM 

1f" = ( T/IT - 11 M ) / 2 · 
AHanol'H"'Hhie, KaK AJIR rr 0 

-Me3oHoB, cneKTphi AJIR 1J 
0 

-Me3o-

HOB H3 peaKI.lHH (1") H (2") noKa3aHhl Ha pHC.2. H 3AeCh Ha6JIIO,ll;a

eTCR Ta )f(e TeHAeHI.lHR, OAHaKO 1J" -pacnpe,ll;eJieHHe 1J 0 
-Me30HOB H3 . 

peaKI.lHH (2") B 60JihWeH CTeneHH CMei.QeHO B CTOpoHy 6oJibWHX 

3Ha"'eHHH 1J ", "'eM B cny...ae IT 
0 

-Me30HOB H3 B3aHMOAeHCTBHH (2 ') • 

4. llPHqHHHA.R CB.R3h ME)I(,!J;Y qACTHUAMH 

,llJIR Toro "'T06hi pacnpeAeJieHHe no OTHOCHTeJibHOH 4-CKOpoCTH 

b jk "'aCTHI.l ( j , ·k) He HOCHJIO TOJibKO ¢lopMaJibHhlH xapaKTep, Heo6-

XOAHMO YCTaHOBHTb npH"'HHHYIO CBR3b Me:>K,t\y paCCMaTpHBaeMhlMH 

"'aCTHI.laMH. 3-foT BOnpoc MO)KHO peWHTh nyTeM BBe,ll;eHIDI OrpaHH"'e

HHH AJIR j -H BTOpH"'HOH "'aCTHI.lhl C nOMOI.QhlO peJIRTHBHCTCKH·HHBa

pHaHTHhlX nepeMeHHhlX Xi H x/4• lSI (HaAeKC i OTHOCHTCR K Ha

JieTaJOI.QeH "'aCTHUe, HHAeKC t - K R,ll;epHOH MHWeHH) : 

xj 
i 

X j 
t 

~. 
m i 

~. 
m t 

( uj u t ) 

(ui !lt) 
(4) 

( U j Ui ) . 
(ui ut) 

(5) 

3AeCb U H m - 4-CKOpoCTb H Macca nOKOR "'aCTHU. YCTaHOBJie

HO, B "'aCTHOCTH, 'ITO KpHTepHH OT6opa 

X t > . 0,2 H Xi < 0,2 , (6') 

X t < 0,2 H X i > 0,2 (6") 

AOCTaTO"'HO XOpoWO Bhl,ll;eJIRIOT ofinaCTH ¢lparMeHTIU.lHH MHWeHH 

H ny"'Ka/ 4 ( )lHarpaMMhl pacceRHIDI C06hiTHH (1 '), (2') H (1 "), (2") 

B nepeMeHHhlX (Xi , X t ) nOKa3aHhl Ha pHc.3+4. 11:3 3THX pacnpe,ll;e

JieHHH, a TaK)f(e H3 pHC.1 H 2 BhiTeKaeT, 'ITO KpHTepHH OT6opa no 

( X i , X t) l.leJieC006pa3HO npHMeHHTb rJiaBHbiM o6pa30M K C06biTIDIM 

(2'). CneK Tp npoAOJibHbiX 6biCTpoT IT
0 

-Me3oHoB H3 B3aHMOAeHCTBHH 
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(2') B cnyqae, Korna B&moJIHeHbi ycJioBHH (6'), npencrasJien 

na puc.5. Mo)f(J{o BH.D;eTb, 'ITO KpHTepHii (6') neii:CTBHTeJibHO Bbi.D;eJIR

er Bbi60pKY TT 
0 

·Me30HOB, po)l(,ll;eHHbiX B 06JiaCTH <flparMeHTaQHH MH

llieHH (o6JiacTb nepeKpbiTHH coCTaBJIReT - 4%). CJienyer n pH 3TOM 

X, 
f.- f.- ,-+Xe .. w0 +(N

3
>2), 1-1-

1 f.- N- 864 6 1--1-- . 

"2 ~ 
--1-

r3 
P,-• 3,5 r•B/c 

1--1--

iii .3 as 
~ If! 

5 3 4 2 
'< 79 44 ~ f'l fO :6 6 f 5 f 
'5~1 V8f5 '3 8 ( 

05 f.O Xt 

Puc.3. JluazpaMMa pacceRHWI " 0 -Me30H08 U3 peaKquu a) "-+ Xe ... 
-+rr 0 +(N3 <2) u.p)rr-+Xe .... rr 0 + (N 3 > 2) npu3,5F3Bfc 
no nepeMeHHbiM xi (4} u x t .(5) . 

. I' 15 1 ,-::..Xe .. (., 0 
.. 2y) + 

I~ 10 1 + (N3 < 2) 

H 12G 13 

,-+Xe .. (IJ 0 
.. 2y)+ 

+ (~ > 2) 

N-32 
I\ 12 1 N •124 a P,... .-.a,5 r• B/c 6 
I J '7 ,s P,-· ·3,5 rae/c 

9 3 
1 11 

~~ 
17 2 12 1 1 1 f 
1 2 5 5 6 I 2 1 f 

2 2 I~ 11 If 1 

Q5 

Puc.4. JluazpaMMa pacceRHWI d/IJI Tf 0 -Me3oHoe U3 peaKquu a) rr - + Xe .... 
-+ Tf 0 + (N 3 < 2) u 6} rr-+ Xe .... Tf 0 + (N 3 > 2) npu 3,5 F3Bjc. 

17 
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Puc.5. PacnpeoetJeHUR no npo- t:.N 
00/lbHOU Oblcrpore 7J, 11 ° -Me30- 6'1.11 

HOB U3 830W.IOOeucreuu 11-+ Xe .... 
.... 11 ° + N 3 npu 3,5 F3Bjc, HO 
c y'leTOM y C/Ioauu (6 ') u (6 " ) tOO 
OIIJI 11- Xe -a3aUMooeucreuu 
c N

3 
> 2 u N

3 
< 2 cooraercraeH-

HO. 

OTMeTHTb, 'ITO Cpe.!UieKBa,n;pa

TH'IHOe pac cemme npo.n;on~>

HbiX fibiCTpoT 3THX 11 ° -Me30-

HOB y.n;oon eTBopHTe1JbHO co

rnacyeTcH c o)f(H,!I.aeMoii wH

pHHoH 7J " -cneKTpa, o6yc-

50 

0_2 -f 0 

,-+Xe .. ,.o+N3 

p,.... .. .a.s r.e/c 
- N1 < 2 

2 3 4 '2H 

1IOB1IeHHOH <I>~MHeBCKHM ABH:lKeHHeM BHYTPHHAepHbiX HYK1IOHOB 

H.n;pa KCeHo Ha 14 /o Ha 3TOM :liCe pHc.5 HaHeceHo pacnpe.n;eneHHe no 71" 
11 ° -Me30HOB H3 B3aHMO)l;eHCTBHH (1'), K KOTOpblM npHMeHH1JHCb 

KpHTepHH ( 6"). BHAHO, 'ITO XOTH H HCKJIIO'IeHa 061JaCTb <l>parMeHTa

UHH MHWeHH B 3TOM C1Iy'llle, O)l;HaKO no1Iy'leHHblH cneKTp He1Jb3H OT· 

HeCTH K o 6 1JaCTH <l>parMeHTaUHH na.II;aiOJ:QerO ny'IKa 'laCTHU, TaK KaK 

3Ta ofinaCTb npe.n;CTaB1IeHa B HCXO)l;HOM pacnpe.n;eneHHH (CM.pHc.l) 

1JHWb He3Ha 'IHTe1JbHOH A01IeH C1Iy'llleB. 0rcJO.n;a BbiTeKaeT, 'ITO OAHHX 

T01JbKO YC1IOBHH THna (6' ) H (6") MO:lKeT OKa3aTbCH He)l;OCTaTO'IHO 

MH ycTaHOB1JeHHH O)l;H03Ha'IHOH npH'IHHHOH CBH3H Me)f()l;y 'lllCTHUaMH, 

y'laCTBYJOIQHMH B AaHHOH peaKUHH. . 

ll}:M!ACTaB11HeT HHTepec 6onee no.n;po6Hoe paccMoTpeHHe oonpoca 

0 )l;OCTOBep HOCTH Bbi)l;e1JeHHH o6naCTH <l>parMeHTaQHH H.n;pa·MHWeHH 

C noMOJ:QbJO )l;ByMepHOH .II;HarpaMMbl pacceHHHH C06biTHH (2') B ne

peMeHHblX ( x t , 7J" ) • TaKaH .n;HarpaMMa noKa3aHa Ha pHc.6. Mo:lKHo 

3aMeTHTb, 'ITO npH YBe1JH'IeHHH Xt .II;HarpaMMa CTaHOBHTCH CHMMeT· 

pH'IHOH OniOCHTe1JbHO 3Ha'leHHH r(' = 0 y:lKe npH X t ::: . 0,2 H npH 

AMbHeHweM poCTe Xt 3Ta CHMMeTpHH COXpaHHeTCH B npe.n;e11ax 

18 

Xt 

0.5 

0.2 

0 

! 1 14 
1 1 
2 1 2 11 

1 1 1 3 112 1 
Jl1 1 1 23 214 3 2 

2 3 4 11 3 5 2 8 5 
36 11.<117 919 I gil 

12 IH11 1 
519~ 

11211 1 
-1 o· 

,.-+ Xe .. w0 + (N
1 

> 2) 

P,- • 3.5 r.e/c 

10! 
1 10 6 

1712(1 6 1 
1 2 'l" 3 

Puc. 6. JluazpaMMa pacceJIHUR co6blruu " - + Xe .... " 0 + ( N 3 > 2) 
npu 3,5 F3Bfc no nepeMeHHb!M ( x t , Tf" ) • 



cTaTHCTH'IecKoii: TO'IHOCTH 3KcnepuMeHTa.JILHLIX naunLIX. C n enosa

TenLuo, OO,li;TBep)l(,ll;aeTCR BLIBO,ll; 0 TOM, 'ITO yCJlOBHe Xt :2: 0 ,2 npaK

TH'leCKH o6ecne'IHBaeT BLmeneuue o6nacTH <J>parMeHT!mHH nnepuoii: 

MHWeHH B paCCMaTpHBaeMOH peaKUHH. 

5. PACllPE,D;EnEHHE llO OTHOCHTEJibHOA: 
4-CKOPOCTH 

Ha puc.7 npHBeneua 3aBHCHMOCTL OT b tiT o penRTHBHCTCKH-HH-
/ 13 / 

Bapuaurnoro ce'leHHR l/u1n F ( b tiT o ) o6pa3oBaHHR IT 
0 

-M e30J:IOB, 

po)l(,ll;eHHLIX BO B3aHMoneft:CTBHRX (2 ' ) u ynoBJleTBopmoiUHX ycnoBH

RM (6') .TaM )f(e nauo aua.JiorH'IHoe pacnpeneneuue, ornoc RI.Ueecn 

KO BCeM Heii:Tpa.JILHLIM OHOHaM H3 3TOH peaKUHH. ilpRMbiMH JlHHHRMH 

Ope,li;CTaBJleHLI npoCTeHWHe <J>yHKUHH, anripOKCHMHPYJOlllHe BCe 3KC· 

nepHMeHTa.JILHble ,ll;aHHLie : 

1 
- F(bt"o ) - exp(- bt"o /B), 
17 in 

(7) 

rne B - napaMeTp HaKJlOHa·, onpenenReMbiH npH· CTaTH'IeCK OM OOH· 

CaHHH HCXO,li;HLIX ,ll;aHHLIX. 0,li;HaKO eCJlH HMeTL B BH,ll;y H3M eHeHHe 

pe)f(HMa B3aHMO,ll;eHCTBHR B paHOHe b tiT 0 : 5 (CM., HanpH-
/1 +4, lSI 

Mep , ) , 'leMy He npoTHBOpe'laT HawH 3KCnepHMeHTa.JILHLie 

pe3yJ1LTaTLI, TO B CJly'lae B3aHMO,ll;eHCTBHH (2') npRMyiO JlHHHIO MO)f(

HO npoBeCTH JlHWL 00 ,li;ByM OOCJle,li;HHM TO'IKaM ( WTpHXOBIUI JlHHHR 

ua puc.6). Bunuo, 'ITO npu 3To~ HaKJlOHLI 3KcnoueuT (7) M R co6LI

THH (2') 6e3 KpmepueB (6') H c 3THMH KPHTepHRMH npaK TH'IecKH 

COBOa,ll;aJOT B 06JlaCTH 3Ha'leHHH b t ITo :2: 5. 

.. 
· I 'm .. 

L 

~-.? 
:! 
1<: 

~ .s 

-~ 

-5 

-60 10 

tr-+ Xe • tr
0 + (Na > 2) 

x-x 1 < 0,2; x1> 0,2 

• -ace 

P,...• 3.S rae/c 

30 ller• 

Puc. 7. 3a6UCUMOCTb OT OTHOCU· 

Te.tlbHOU 4-CKOpoCTU b t iTo peJIJf

TU6UCTCKU-UH6QpUilHTHOZO 'JfjjrjjeK

TU6HOZO Ce'leHUJf OOpa306QHUJf 1T
0 

-

Me30H06 60 63QUMOOeUCT6WfX 

"-+ Xe ... "o + ( N 3 > 2 ) npu 

3,5 F3Bjc. KpecruKaMU o6o3Ha'le

HO pacnpeoe.neHue 1T
0 

-Me30H06, 

yOo6/leT60PJIIOIJ4UX yC/I06WfM 

( 6 '), npJIMbiMU IIUHUJfM U - rjjyHK

IfUU 6uOQ (7), OnUCbi6QIO!J4Ue 

3KcnepUMeHTa/lbHble oaHHI>Ie. 

IJ/rpux06aJI IIUHWf npo6eOeHa no 

06YM TO'IKQM 6 UHrep6alle btrro;::, 
~ 5. t o6o3Ha'laer JIOepHy/0 

MUUieHb. 'JepHble Kpy:JCKU COOT-

6eTCT6YIOT 6CeM 63QUMOOeUCT6U· 

JIM. 
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Puc.B. To xe; liTO Ha puc. 7, HO d11J1 ;-
,.-+ Xe •rr 0 + (N

3 
< 2) 

P,.-- 3,5 rsB/c 

17 ° ·Me30H0 8 U3 830UMOdeUCT8UU 
1 ~ .

3 

11-+ Xe .. 11° + ( N 3 < 2) npu t -4 

3,5 F3Bjc - i o6o3Hallaer 11- -Me30H, 1 -sl 
t - MU!UeHb. -'t• 

" . ._S 

""' :,. .., .. 
(;: 

"'=.!.\{)' 
-S 

-5, 

-61 

0 10 

'i -, 
+ lti > 0,2; lt I < 0,2 

,-+Xe .. ('7°--2y)+(N
3 

> 2) 

T ,.-+Xe .. (l)0 -o2y)+(N3<2) 
+-< 

0 k - t 

20 

+ k- i 

P,.-• 3,5 r3B/c 
-ttt :J 

0 50 tOo ISO ,;, • 

r 
t-'1--< 

1 

30 

.Puc. 9. To xe, liTO Ha puc. 7, HO d/IJI 

'T/ 0 
·Me30H08 U3 830UMOdeUCT8UU 

11 - ·+ Xe .; 'T/ 0 + 'N3 • i u t o6o-

3HOIIOJOT ny'IDK nepBUIIHbiX 17- ·Me· 

~O !O 30H08 U JldepHy/0 MU!UeHb COOTBeT· 
0
1<71." CTBeHHO. 

Pacnpe,~~;enenHH no oTHOCHTenbHOH 4-cKopocTH 11 ° -Me3oHoB 

H3 B3ali:MO,li;8HCTBHH (1'), a TaK>Ke 'T/
0 

·Me30HOB H3 B3aHMO,li;8HCTBHH 

(1 ") H (2"), npHBe,ll;eHHbie Ha pHC.8 H 9, HOC.IIT rJiaBHbiM o6pa30M 

Ka'leCTBeHHbiH xapaKTep, TaK KaK H3·3a MaJIOCTH CTaTHCTHKH K CO· 

OTBeTCTBYJOUUfM Bbi6opKaM C06biTHH HeJib3.11 npHMeHHTb KpHTepHH: 

OT6opa (6 ') H (6"). lfifCJieHHbie 3Ha'leHHH napaMeTpoB HaKJIOHa BCeX 

paCCMaTpHBaeMbiX cneKTpOB H HHTepBaJibi 3Ha'leHHH OTHOCHTeJibHOH 

4-CKOpoCTH, no KOTOpbiM npoBO,li;HJIOCb CTaTHCTH'IecKoe OUeHHBaHHe, 

AaHbi B Ta 6n.2. 

Cne,~~;yeT OTMeTHTb, 'ITO napaMeTp naKJiona B pacnpe,~~;eneuHH 

(7) no OTHOCHTeJibHOH 4-CKOpoCTH b 17o Xe 17° ·Me30HOB, po)K,ll;eH-

HbiX B o 6 JiaCTH cpparMeHTaQHH .ll,ll;pa B 17-'Xe ·B3aHMO,ll;eHCTBHHX npH 

3,5 l'3B/c , YAOBJieTBOPHTeJibHO cornacyeTCH c auanorH'IHbiMH ,ll;aHHbi· 

MH, noJiy'leHHbiMH ,li;JI.fl 11p- H 11C ·B3aHMO,ll;eHCTBHH npH 

40 f'3B/c 14•131 , eCJIH 3TH pacnpe,ll;eJieHHH CpaBHHBaTb B HHTepBane 

b jk ;::_ 5 I 11. 3-roT cpaKT MO)f(HO C'IHTaTb ,li;OnOJIHHTeJibHbiM no,li;

TBep)K,ll;eH HeM Konuenunn ynHBepcanbHOCTH, B ,~~;auuoM npe,li;CTaB· 

JieHHH - npouecca cpparMeHTaQHH Ha KBapKOBOM CTpyKTypHOM 

ypoBHe. B MecTe c TeM K8.)1CeTCH npe)K,ll;eBpeMeHHbiM BbiBOA o ToM, 

'ITO B a,ll;poH-.II,ll;epHbiX B3aHMO,ll;eHCTBHHX npH HMnyJibCax nepBH'IHbiX 

'laCTHU _$ 10 f'3B/c, Bepo.RTHO, CKa3biBaeTC.II 3Ha'IHTeJibHbiH BKJia,ll; 
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Ta611Ufla 2 

lfucneHHbie 3uaqeuWI napaMeTpoB HaKJioHa B <flyHKUHH (7), 
annpoKCHMHpyroi.QHX peJI.RTHBHCTCKH-HHBapHaHTHble 3<ll<fleK
THBHble ceqeHWI ofipa30BaHWI 77 °- H T/ 0 -Me30HOB 
1/ Ujn F (b jk ) BO B3aHMo,ll;eHCTBWIX (1 '), (1 "), (2') , (2"). 

YKa3aHLI HHTepBaJibl 3HaqeHHH b jk , no KOTOpbiM npoBO,ll;HJIOCh 
CTaTHCT~eCKOe OQeHHBaHHe 3KCnepHMeHTaJihHbiX ,ll;aHHbiX, 
H HH<flopMaQWI 0 npHMeH.ReMbiX KpHTepWIX OTfiopa C06biTHH. 

P - Bepo.RTHOCTb <flHTHpOBaHWI 

PeaKUH.R KpHTepHH j,k B lliiTepaan p (%) 

(2') 11°, Xe 4,0±0,1 5-22 5 
(2') (6') 11°, Xe 2,3±0,2 2-22 < 0,01 
(2') (6') 11°,Xe 3,9±0,2 5-22 100 

(1') 0 - · 17 ,17 34,5±1,5 50-250 . < 0,01 

(1 ') (6") 0 - : 17 ,17 15,6±0,8 30-60 5 

(1 ") 0 - · ., ' 17 8,3±0,7 3-33 67 
(2") .,

0 ,Xe 1,6±0,3 1-8 25 

BTOpHqmix BHYTPH.RAepHbiX npoueccoa 141. B 3TOH o6nacTH 3HeprHH 
cymecraeHHoe 3uaqeuHe HMeeT Ha,ll;e)I(Hoe ycTauoaneHHe npHqHU80H 
CB.R3H Me)K,ll;y paCCMaTpHBaeMhiMH qaCTHQaMH, yqaCTBYIOIUHMH 
B peaKUHH. 

B 3aKJiroqeHHe MO)I(HO c,ll;enaTb BbiBOA, ~o pen.RTHBHCTCKH-HHBa
pHaHTHbie cneKTpbi 11°- H Ti 0 -Me30HOB H3 11- Xe -B3aHMO,ll;eHCTBHH 
npH 3,5 r3B/c B nepeMeHHbiX OTHOCHTeJihHOH 4-CKOpOCTH bjk YAOB
JieTBOpHTeJibHO OnHChiBaiOTC.R 3KCFIOHeHUHaJibHOH <flyHKUHeH (7). 
flpH 3TOM eCJIH Ha,ll;e)I(HO Bbl,ll;eJIHTb OfiJiaCTb <flparMeHTaQHH .R,!!;pa-MH
WeHH, TO B HHTepBane b jk 2: 5 pacnpe,!!;eJieHHe 17°-Me30HOB COBna
,ll;aeT C paCFipe,!!;eJieHWIMH 3apiDKeHHhiX FIHOHOB, pO)K,ll;eHHhiX B aHaJIO
rH~X ycnoBWIX B ,!!;pymx peaKUH.RX H npH ApyrHx 3HaqeuH.RX 3Hep
rHH. 3To MO)f(eT CBH,ll;eTeJibCTBOBaTb 0 npO.RBJieHHH YHHBepcanbHbiX 
CBOHCTB npouecca - <flparMeHTaQHH a,!!;pOHOB Ha KBapKOBOM 
ypoBHe 121. 
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ci>A30BbiE AHAflH3bl NK -P ACCEHHHH 
H MAf'HHTHbi:A: MOMEHT A -f'HIIEPOHA 

ci>.HHKHTHy, B.A.PoMauos* , ·C.B.Tpy6nnKos * 

llpennonaraercll, 'ITO 8-MatpHUa Nif-pacceHHHJI HMeer B 10 -Ka-
- A 0 1 -Hane nomoc, coomercmyHm~HH -rHnepoHy. npeneneH MarHHTHhiH 

MoMeHT A • rHnepoHa JL A. · Ero B enH'IHHa "Ha6Hpaetcll" ron&Ko 
Ja C'leT MaTHHTHbiX MOMeHTOB H)'KnOHOB H HeTpHBHanhHOH penliTH·· 
BHCTCKOH CBJIJH N H K · B p 0 1 ·KaHane. ,LI,aHH&IH Meron Bbi'IHcne
HHll JLA nononHJiet Meron&I KBapKOB&Ix Moneneii. PeJyn&taThi pac
qeros Haxonxrcll B xopoweM cornacHH c JKcnepHMeHran&HhiM JHa'le
HHeM Jl.A• 

Pa6ora BhlnonHeHa B Jla6oparopHH xnepH&IX npo6neM OH.RH. 

NK -Scattering Phase Analysis and A-Hyperon 
Magnetic Moment 

F.Nichitiu, V.A.Romanov, S.V.Trubnikov 

The NK·-scattering S -matrix is suggested to have the P0 1 -channel 
pole which corresponds to A -hyperon . The A·hyperon magnetic mo
ment is calculated. Its value "arises" only due to nucleon magnetic 
moments and N and K nontrivial relativistic coupling in the 10 1 -chan
nel. This is one more method to the quark model methods. Our calcu
lations are in . agreement with the experimental value of JLA. 

The investigation has been performed at the Laboratory of N clear 
Problems, JINR. 

3KcnepuMeHTanbuoe 3Haqeuue MamHTnoro MOMema A-runepo
ua H3Becmo secbMa yoquo I 11 : 

JL~~ = -0,6138 ± 0,0047 H.M. (1) 

K nacro~eMy speMeHH noHBHJIOCb 3HaqHTen~ouoe qucno pa6oT (eM., 
HanpHMep, CT8TbH / 2-liVj , DOCB.IIIUeHHbiX TeopeTuqecKOMy OCMbiCJie
HHJO BeJIHtiHHbl (l).B 6oJibWHHCTBe pa6oT no onpeneneumo MamHT
HLIX MOMeHTOB OKTeT8 6apHOHOB BeJIH11HRa JL A He BblquCJIHeTCH, 
8 HBJIHeTCH BXO,!UILIM nap&MeTpoM TeopHH (Hapnny C MarHHTHbiMH 

* XapbK06CKUU zocyc)apcreeHHbJU yHueepcurer 
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MOMeHTaM H npoTOHa H HeHTpoHa llp , lln ) *. ilpH 3TOM 3KCnepHMeH

TaJII>Hbie 3Ha'lleHHJI MarHHTHbiX MOMeHTOB OCTaJlbHbiX rHnepoHOB BOC

npOH3BO,Z:VITCR c TO'IIHOCThiO - 20% 13
• 15 ': B_ Tex cny'llaRx, Kor,I:Ul se

JIH'IIHHa 1-1 A Bbi'IIHCJIReTcn B paMKax Toro HJIH HHoro AHHaMH'IIecKoro 

fiOAXOAa ( HanpHMep, B pa6oTax
17

•
9

•
141

), fiOJly'lleHHbiepe3yJlbTaTbl OT

CTORT AOBOJlbHO AaJieKO OT 3KCnepHMeHTaJlbHOro 3Ha'lleHHR (1). ECJIH 

:lKe TeopeTH'IIecKoe 3Ha'lleHHe ll A 6JIH3KO K 3KcnepHMeHTaJlbHO~ 
To, KaK np~HJIO, B03HHKaiOT TPYAHOCTH c onHCaHHeM llp H 1-1 n 1 1 ~ 

QeJib H aCTORIUeH pa60Tbl- noKa3aTb, 'liTO BeJIH'IIHHY MarHHTHOrO 

MOMeHTa A -rHnepoHa MO:lKHO Bbi'IIHCJlHTb B paMKax peJIRTHBHCTCKOrO 

fiOAXOAa I 16,17/K OnHCaHHIO onpe.n;eneHHOrO KJiacca COCTaBHbiX aA
poHHbiX CHCTeM. B 3TOM noAXOAe 3JieKTpoMarHHTHbie <flopM<flaKTOpbi 

ABYX'IIaCTH'IIHOrO CBH3aHHOrO COCTOHHHJI Bblpa:lKaiOTCR '11epe3 3JleKTpo

MarHHTHbie <flopM<flaKTOpbl COCTaBJlRIOIUHX 'llaCTifU, K~aR H3 KOTO

pbiX HaXOA HTCR Ha MaCCOBOH noBepXHOCTH, H '11epe3 <fla3bl B3aHMHOrO 

pacceRHHJI COCTaBJIRIOIUHX B KaHane C KBaHTOBbiMH 'IIHCJlaMH CBR3aH

HOrO COCTORHHJI • 

.Iln!! B bi'IIHCJieHWI 1-1 A Heo6xoAHMO npeAnoJIO:lKHTb, 'liTO S -MaT

pHua NK -pacceRHHR B P0 1 -KaHane HMeeT nonroc, OTBe'llaiOIUHH A

rHnepoHy. Pa3yMeeTcn, noAo6HaR MOAeJib A -rHnepoHa HH B Koeu 

Mepe He RBJlReTCR o6R3aTeJibHOH, OAHaKO OHa, KaK HaM npe.IJ;CTaBJIR

eTCR, yAa 'IIHo AononHneT cymecTBYJOIUHe KsapKOBbie MOAeJIH 

(B CMI>ICJie Bhi'IIHCJieHHR ll A ) • B cooTBeTCTBHH c <flopManH3MoM, pa3-

BHTbiM B p a 6oTax I 16 - 18 : Bblpa:lKeHHe ,IUV1 peJIRTHBHCTCKOrO ( r) Mar

HHTHOrO M OMeHTa A-rHnepoHa HMeeT CJieAyiOIUHH BRA: 

r • 
llA 

n.r. 
(l + dllA·' 

oe[ 2m2 y' 2m 1 

£ (m1 + m2) 

/[ A2 ( E') 

y' E ' 
dE'; 

-==--=1===~ :] ii ~ 2 ( E )dE I 
y'2m 1+y'E+2m 1 y'E+2m 1 

8(E) 

(2) 

(3) 

ME)= ___ _ ( ~0)" exp{E+Eoj ~ -8(E') dE'} 
rr (E'-E)(E'+E) •(4) 

0 0 

*flo 3KCnepUMeHTQ/IbHOMy 3HQ'IeHWO ( J) rpuTUpyeTCR MfJ2HUTHbiU MOMeH'I: 

C7pQHHOZO K BOpKa lls • 
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r.l!_e m1 - Macca K7 m2 - Macca_ npoTona, 8(E) - P0 1 -Q>a3a 

NK -paccemmR, E 0 > 0- nocToHHHaH. Bxo.n;Rmee B (2) " n rumnoe" 
nepeJIRTHBHCTCKOe (n. r ,) 3na'leHHe J.Llr. Bbi'lHCJIReTCR• 0 CTaH· 

.D;apTHhlM KBaHTOBOMeXaHH'lecKHM <fx>pM}'1IaM H pasno 

J.l~r.= 1
6

[2-J.Ln-J.Lp -2~}= -0,45 R,M. 

m 1 . 
(5) 

TaKHM o6pa3oM, A1lJI Bbi'lHCJieHHJI MarnHTnoro_MoMenTa A -rH
nepona neo6XO)l;HMO KOnKpeTH30BaTb 1IHWb BH.D; NK -<J>a30BbiX C.D;BH· 
ros. 3KcnepHMeHTan&HbiH MaTepHan no NK -pacceaHHIO B Po 1 -KaHa
ne co.n;ep)l(f[TCR, HanpHMep, B! 19 •00 !. AuanH3 COOTBeTCTBYJOIUHX )l;aH

nbiX nOKa3bWaeT, 'ITO .D;OnyCTHMbiMH RB1IJIIOTCR na6opbl p O 1 ·4>a3o
BbiX C.D;BHrOB, npHBe.D;eHHbie na pHCynKe. 3TH na6opbi HCll01Ib30Ba-
1IHCb B paC'leTax J.IA no <J>opMyJiaM (2) · (5). 

Bbi'lHcnenHH .n;aroT .D;1IR pe1IJITHBHCTCKoro <J>aKTopa E 3Ha'leHHe 

( = 0,29+0,70, (6)" 

npHBO.D;RIUee K BeJIH'lHHe MarnHTHoro MOMenTa 

J.L~ = -(0,58+0,76) R.M. (7) 

TaKHM o6pa3oM, P0 1 -<l>a3a NK -pacceRnHH co.n;ep)l(f[T HH<I>OJJMIIUHIO 
0 Bec&Ma 3na'lHTeJibnOM pe1IJITHBHCTCKOM ycHJienHH MarnHTHoro MO· 

MenTa A-rHnepona no cpasneuHJO c nepenRTHBHCTCKHM KBaHToso
MexaHH'leCKHM 3naqenHeM (5). 

Ih (7) BH.D;no, 'ITO HHTepsan TeopeTH'lecKHX 3na'leuHH J.L}\, .n;ony
CTHMbiX C TO'IKH 3peHHH COBpeMeHHoro 3KCnepHMeHTaJibnOrO CTaTy
ca Ni{ -pacceRHHH, JIBJIREITCR sec&Ma wllpoKHM. ,[VIR cpasn enHH yKa

:lKeM, 'ITO B MO)l;eJIH COCTaB1IJIIOIUHX 
J.L A = -0,522 R.M. 1141: a Mo.n;e-
JIH KHpaJibHbiX MeWKOB - 3na-

qenHJI J.L A = -0,51 R.M. 19 I 
H llA = -0,58 R.M/51;-a MeTO)l; 

npasHJI cyMM KX,ll (npH61IH
:lKeHHble <J>opMy1Ibi 16 ~ .n;aeT 

llA = -0,7 R.M. BH.D;Ho, 'ITO ' 217 
pa36poc "KBapKOBbiX" 3naqe-
nHH J.L A npeBbiWaeT .D;a:lKe HH
Tepsan (7). ,[VIR Cy:lKenHH (7) 
neo6xo.n;HMO cymecTseunoe 
yny'lilleuHe <J>a30BbiX auanH30B 
Ntt -pacceHHHR, oco6eHHo a o6-

Ptl311U'IHble t}onyCTUMble 3Kcnepw.ceH

TatlbHble P0 1 i/)a30Bble ct}euzu Nif-

1T 

p~C~H~. -17 

KBapKOB nonyqeno 3Ha'lenHe 

'• 
I \ 

' . . 
' ' .. 

... _ 
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nacru n poMe?KYfo'IHhix H BbiCOKHX 3HeprllH. TaKue aHaJIH3bi Mo

ryT nposo ,n;HT&CH nonyTHo c H3y'leHHeM Heynpyrux Kauanos NK -
B3aHMO.D;eHCTBHR:, KOTOpbie HHTeHCHBHO HCCJie.D;yiOTCR: B HaCTOR:· 

mee speM H. 

CpasHeHHe (5) H (7) c pe3yJI&TaTaMH .u;pyrux no.n;xo.n;os .u;e

MoHcrpup yeT CBOeofipa3HyiO KBapK·a.D;poHHYJO .D;yaJibHOCTb: 'IHC· 

JieHHO HepeJIR:THBHCTCKOe "a.D;poHHoe" 3Ha'leHHe ( 5) fiJIH3KO 

K 3Ha'leHHJO 11 A = -0,43 H.M., nony'leHHoMy B Mo.n;enu HepeJIR:TH

BHCTCKHX C'OCTaBJIR:IOJ.UHX KBapKOB B 16 ~ a HaHfioJI&Wee H3 peJIR:· 

THBHCTCKHX 3Ha'leHHH (7) COBna.D;aeT C pe3Y1IbTaTOM Bbi'IHCJieHHH 

B MO,!J;eJIH KHpaJibHbiX MeWKOB/GI. MHTepecHO, 'ITO 3Ta ,n;yan&

HOCTb n poHBJIR:eTCR: H B O.D;HHaKOBOH po1IH ~R:THBHCTCKHX 3$

lj>eKTOB. B JIHTepaType y)Ke OTMe'lanoc&
1 10 

, 'ITO KaK B Mo,n;enu 

KHpaJibHbi X MeWKOB, TaK H B MO,!J;eJIH COCTaBJIR:JOII.tHX KBapKOB 

penR:THBHCTCKHe 3$1j>eKTbi yny'IWaJOT cornacue c 3KCnepHMeH

TaJI&HbiMH 3Ha'leHHR:MH Bbi'IHCJIR:eMbiX MarHHTHbJX MOMeHTOB 

OKTeTa 6 apuoHOB. TaKHM o6pa3oM, Hawn paC'IeTbi llA R:BJIR:JOT

cn ,!J;OllOJIHHTeJibHbiMH K cyii.tecTByiOII.tHM KBapKOBbiM paC'IeTaM. 

0T.D;eJI&HaH HHTepeCHaH npofiJieMa - Bbi'IHCJieHHe BeJIH'IHHbl 

cpe.n;HeKBa.D;paTH'IHoro 3apR:.D;osoro pa.nuyca A-runepoHa < r X >. 
B nHTeparype HMeJOTCH pa6oThi, r.u;e < r X > Bbi'IHCJieH B paM

Kax MO,!J;enH COCTaBJIR:IOJ.UHX KBapKOB C HCll01Ib30BaHHeM Bapua

UHOHHOrO np~una 121 H cneuulj>H'IecKoro B&I6opa noTeHUHaJia 

qq ·B3aHM O.D;eHCTBHR: I 14 ~B ofioHX CJIY'IaHX noJiy'leHO 3Ha'leHHe 

< r X > = 0,0~ lj>M2 • B&mo 6&r sec&Ma )KeJiaTeJI&Ho Bbi'IHCJIHTb 

BeJIH'IHHY < r A > BCeMH B03MO)KHbJMH CllOCOfiaMH H CpaBHHTb 

pe3yJI&TaT&I. OueHKH B paMKax Hawero no.u;xo.n;a noKa3biBaJOT, 

'ITo pacnpe.u;eneHue :iapR:.D;a s A-runepoHe socnpou3so.n;HT "Heii

TpOHHbiH lj>eHoMeH": KaK H B HeHTpoHe, KBa.D;paT 3apR:.D;OBOro pa

,n;uyca oTp HQaTeneH: -0,5 lj>M2 < < r~ > < 0 lj>M2 ; 6onee .u;e

TaJI&Hbie Bbi'IHCJieHHR: Tpe6yiOT cymecTBeHHoro ynyqweHHR: lj>a3o

BbiX aHaJIH30B NK -pacceHHHH. 

llo.u;s e.u;eM HTor. PeJIR:THBHCTCKHH no.u;xo.u; 
1 16 - 18 1 B npo6ne

Me onpe.u;eneHHR: 11 A npuso.n;HT K .n;ocraTO'IHO xopoweMy pe-
3yJI&Tary: 11 A sneps&re Bbi'IHCJIR:eTCH 6e3 no.u;roHO'IHbiX napa

MeTPQB H KaKOH·JIHfio aneJIJIR:QHH K KBapKOBbiM MO,!J;eJIR:M 

u KoHuenuuu crpaHHocTu. BenH'IHHa penR:THBHCTcKoro MarHHT

Horo MoMeHTa A-runepoHa "Ha6upaeTcH" TOJI&Ko 3a cqeT Mar

HHTHbiX M OMeHTOB HYKJIOHOB H HeTpHBHa1IbHOH peJIR:THBHCTCKOH 

CBH3H N u K B P0 1 -KaHane. 

ABTop bi npH3HaTen&Hhi C.B.f'epacHMOBY, IO.A.IIlep6aKosy 

H B .3.Kon eJIHOBH'IY 3a BHHMaHHe K pafioTe H noJie3HbJe o6cym

,n;eHHR:. 
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ON THE TWO-MODE LASER MASTER EQUATION 

Fam Le Kien, A.S.Shumovsky 

We use the two-mode laser master equation previously derived by us 
to investigate the photon dynamics and statistics of the laser. Closed sets 
of equations for the mean photon numbers and a Fokker·Piank·type 
equation for the mode-intensity distribution function are obtained. 
Approximate solutions of the steady-state master equation are examined. 

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

0 KHHeTH'leCKOM ypasHeHHH AJIH ABYXMOAOBOrO Jia3epa 

Cl>aM n e KHeH, A.C.lllyMOBCKHH 

JiCCJieAOBaHhl J];HHaMHKa H CTaTHCTHI<a cl>oTOHOB B lll!YXMOAOBOM 

nalepe Ha oCHoBe pmee rroiiY'IeHHoro KHHeTHqecKoro ypoHeHHJI. 

IIocrpoeHhi JaMKHyYhie cHcTeMhi ypoHeHHii: MH cpeAHHx '!Keen 

ci>OTOHOB H ypaBHeHHe THITa ~KKepa - JinaHKa Allll cl>yHKUHH pac

rrpeAen eHHJI HHTeHCHBHOCTeH MOA. Jiorr}"'CHhl rrpHfimnKeHHhie peweHHJI 

Allll paBHOBeCHOro CITY'Illll H HeKOTOphie rrpeACKa3aHHJI 0 CTaTH· 

CTH'IeCKHX CBoifcmax ci>oroHOB . 

Pa6ora BhillOJIJfeHa B Jia6oparopHH reopeTH'IeCKOH ci>HlHKH OliRli. 

In t he recent paper 111, to be referred hereafter as I we deri
ved the master equation for the photon distribution in a two-mode 
multiphoton laser. This equation was obtained from the exactly solu
ble model of a three-level plus two-mode system with multiphoton 
transitions 1 21

, using the Scully procedures 131 and the one-itom 
approximat ion 141 . In general, we have proposed in I that pumping 
occurs for all three levels of the system. 

In t his paper we explore the above-mentioned equation in some 
particular cases and limits. We use the same symbols as in I. and there
fore we do not repeat the two-mode multiphoton laser model. This 
model is described in detail in I . 

At the beginning of our analysis we assume for simplicity that 
all atoms of the laser acti"ve medium are pumped only to the upper 
level 3. Then, the master equation obtained in I reads 

28 



+ 

( 1) 

Here p ( n 1 , a2 ) is the distribution function of photons in t e modes, 
Aa's and Ba~s are gain and nonlinear coefficients, respectively, Ca's ·are 
loss parameters. The numbers rna are the multiples of the tmnsitions 
3-+ a sharing the common upper level 3. The functions Ga (na ) are 

(2) 

First of all we derive 'from eq.(l) the equations for the mean 
numb~rs of photons in the modes 

(3) 

(4) 

If the quantum correlations are small: 

+ 
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kf . _ k e.. 
<nln2>- <nl> · <n2> ' , (5) 

equations (4) reduce to the following closed set of equations for the 
mean photon numbers: 

_d_<Jinar,_>_ =Iii AaGa (<na >+rna) -- - · C <n > • 
a . 8 8 

a a 
dt 

1 + __!_o 1( <n
1 

> + rn
1

) + -Lo2( <n 2 >+rn2 ) 
A 1 A

2 
(6) 

In order to describe the macroscopic behaviour of the laser we assu
me that <na >»lib· In this case equations (6) can be simplified as 

rna 
d< na> Aa < na > · 

- · = rn · - · C < n > • 
d t a 8 ml 8 m 2 a a 

1 1 2 · + - ·< n1 > + - ·< n > 
Al A2 2 

(7) 

IDa 
If we assume (8q I Aa) <1\z > « 1 we can get from eq. (7) 

d<nl> {j ml 2ml 82 ml m2) 
~: = rnl\Al <nt_> - 81 <n1> - A1A;<n1> <n2 > -C1 <n1 >, 

d<n2> ( m2 2m2 8 m1 m2) (8) 
_ __.__ = m2 A2<n2> - ~ <~ > - A2-1 <n1 > <n2 > -C2<n2 >, 

dt . A 1 

These equations have been obtained by expanding the denominator 
in eq. (7) and taking the terms up to (8a1Aa)<Da >rna. They describe 
light amplification in a three-level medium with multiphoton tran
sitions provided that correlations are neglected and the saturation 
effect does not begin to act , i.e. 

lima 
rna« < na,(t)> « (Aa/8a) (9) 

In the case rn 1= rn 2 = 1, A1 =A 2 and 8 1= 8 2 eqs. (8) are in strict 
agreement with the results of 1 5 ,61. We now examine the steady ..ta
te photon statistics. For simplicity we consider the case of one-pho
ton transit ions m1 = rn 2 = 1. In the steady state the photon distribu
tion function p(n 1 , n2 ) is independent of time. The corresponding 
equation for this function is found from eq. (1) to be 
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.(10) 

+ 

A 2(n 2 + 1) 
____ ..;:_..;:_ _____ p(n

1
, ~) + C

2
(n

2
.+ 1)p(n

1
, n 2~ 1)=- 0. 

81 82 
1 + -(n1+ 1) + -(n2 + 1) 

At A2 

It is difficult to obtain the exact and explicit expression of the stea
dy-state photon distribution from eq. (10). However, in the particu
lar case of equal coupling parameters, i.e., when A 1 = A 2 "" A , 8 1 = 
= 8 2 = 8 eq. (10) reduces to that derived by Singh and Zubairy in /8 I. 

The steady-state photon distribution in this case has been found to 
be 

Here Z is the normalization constant. The dependence of the gamma 
function in the denominator of (11) on (n 1 + n2 ) is an evidence of 
the mode competition. 

We proceed to approximating the solution of eq. (10) in some 
limit cases. 

Let the terms (8a / Aa) na , (8a I Aa )(na + 1) in the denomina-
tors in eq. (10) be negligibly small compared with unity. Then, we 
can easily get the approximate solution 
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p(n1, n2 ) ~ · z-1 (~) n1 (~.) n2 

c1 c2 
(12) 

which is a product of two Bose-Einstein distributions. The condition 
for validity of (12) is 

C -A a a A < C , a . a 
(13) » l. 

8a . 

Thus, when the laser action in each mode is much below threshold, the 
modes are statistically independent and chaotic. No mode competi
tion is seen in this case. 

We consider another case. Let us assume that p (n 1 , n2 ) peaks 
at (fi1 , ·n2 ) which are such that the terms 1 + (82/A2 )n2 , 1 + (8 2/A2) x 

x (n2 + 1) in the denominators in (10) can be neglected. Then, eq. (10) 
can be simplified to read 

2 2 
A1 A1 
-p(n1-1,n2)- C1n 1p(n 1,n2) --·P(n 1,n2) + 
81 81 

A A (14) 
+ c1 (n 1+ 1)p(n1+ 1, n2) + ~n2p(n 1 , n2 -1) -C2 n2p(n1' n 2)-

81n1 

A1A2 
- --(n2+ 1)p(n

1
, n 2 ) + C2 (n2 + 1)p(n1, ·n2 + 1) = 0. 

81 111 

The solution of eq. (14) is easily found to be 

-1 2 n1 A2/C2 2 15 
p(n 1, n2 ) = Z [(A 1/8 1C 1 ) /n

1
t] -- ( ) 

(

, ~n 
A1 /Cl 

. . 
The conditions for validity of (15) are 

A 1/C 1 >> l , 

(A1/C1- A2/C2) A1/C1 » 82/C2 • (16) 

Three conclusions, as seen from (15 ), can be made, if the parameters 
of the laser satisfy the conditions (16). The first conclusion is that 
the two modes tend to become statistically independent in spite of 
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the occurrence of mode competition in the laser action. The second 
oonclusion is that the distribution of photons in mode 1 is poissoni
an and independent of the action of the laser in mode 2. The ·last con
clusion is that the distribution of photons in mode 2 is chaotic and 
strongly effected by mode 1 even at gain that is much above threshold. 
This fact is clearly a result of mode competition. 

From (15) the mean numbers of photons in the modes are found 
to be 

A 2/C2 -------'· (17) 
Al/Cl - A2/C2 

According to I, the gain parameters A 1, A 2 and the nonlinear parame
ters B

1 
, B

2 
are given by 

(18) 

Here R is the pump rate, y is the decay constant Jllld ga (a = 1., 2) are 
the atom-mode coupling parameters. From eqs. (17) and (18) we can 
see that if the pump rate is increased, the steady-state mean photon 
number of the mode 1 grows whereas the one of the modes 2 remains 
unchanged. We also note the interesting fact that if g1> g 2 , the con
ditions (16) for validity of eq. (15) can be satisfied so that <n 1 ~ < <n2~ 
This means that in the laser with unequal coupling parameters the 
pump rate and the loss parameters can be chosen so that the steady 
state photon statistics of the mode with the larger mean photon num
ber is chaotic whereas I that of the mode with the smaller mean 
photon number is coherent. 

Finally, in order to compare with earlier treatments, we convert 
eq. (10) into an equation which corresponds to the Fokker-Plank equa
tion for the intensity distribution function. This can be done by using 
the representation of 

-11-12 
p(n 1 , ·n 2 ) "' J P(Il' I

2
) e 

(19) 

where I 1 and I 2 are the intensities, and P ( I 1 , I 2 ) corresponds to 
the intensity distribution function. We can easily find that eq. (10) 
is equivalent to the following "Fokker-Plank•type" equation: 

{
-A1 a1 I 1 (1-a1 ) _ , A

2
a

1 
1

2
(1- a

1 
) + 

1 1 . 2 2 
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+(c1 ~ I1 +C2 a1 r 2\[l+~I 1(t-aL>+~I2 (t-a 1 >l}w=o. (20) 
1 2 J A 1 , A 2 2 'j 

Here, the auxiliary function W (I 1' I 
2

) has been introduced by 

B · B · l P(Il'I 2)= jl +...:::l.I 1(t-a1 )+~I2 (t-a1 > wol' I2 ). 
A1 1 A2 2 

(21) 

In the case when A1 = A2 and B1 = B2 , equations (20) and (21) coin
cide with those obtained in 161. 

Thus, in this paper the two-mode laser master equation previous
ly derived in I has been used to investigate the photon dynamics and 
ltatistics in the laser. The closed sets of equations for the mean pho
ton numbers, the "Fokker-Plank-type" equation for the mode inten
sity distribution and a number of predictions about the photon sta
tistics in the steady-state have been obtained. 
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CYllEPKOMllbiOTEP OIDIH MO,llYJibHOrO 
THTIA ,llJUI TIAP AJIJIEJibHOrO AHAJIH3A 
COBhiTAA 

H.c!>.KonnaKoB, A.E.CeHHep, B.A.CMHpHoB 

llpe,IUiaraeTC.II MOAeJII> cynepKOMIII>IOTepa C npoH3BOAHTeni>HOCTI>IO 
50 Mon/c, peanH3anH.II Koroporo no3BOnHT pewHTI> nepBoH 'lliJII>HI>Ie 
38Aa'IH OHJIH no o6pa6orKe HHcl>opManHH c 6oni>IIIHX cneKrpoMer
poB THna DELPHY, a TaK)I(e )'AOBnemopHTI> norpe6HoCTH no o6pa6or
Ke AaHHI>IX CO cneKTpoMetpoB, npHMeH.IIeMI>IX B ofinaCTH ci>H3HKH 
:meMeHrapHI>IX 'lllCl'HU HHCTHryra. llpe,IUiaraeMI>Iii MOAyni>HI>tii cy
nepKOMni>IOrep OCHOBaH Ha MHO)I(eCTBe npoMI>IwneHHhiX 32·pa3p.IIA· 
HhiX npoueccopoB C npoH3BOAHTeni>HOCTI>IO OKOno 1 Mon/c Ka)I(AI>IH. 
Ofh.eAHHeHHe npoueccopoB B eAHHI>Iii KOMnneKc ocymeCTBn.11erc.11 
c noMOillhiO npoMI>IwneHHI>IX WHH VME. Pa6ora cynepKOMni>IOrepa 
opraHH3yerc.ll noA ynpuneHHeM KOMni>IOrepa. microV AX-1 1 .. BBoA 
H BbmOA AaHHblX OcyiUeCTBn.lleTC.II qepe3 pa3BeTBneHHYJO nepHcl>epHIO 
KOMni>IOrepa micro V AX-11 . Maro6ecne'leHHe CHCTeMI>I oCHOBhmaerc.ll 
Ha fl)oprpaHe-77 . CynepKoMIII>IOrep MO)I(eT 6biTI> noAKn~Q'IeH K ueHr
pani>HOMY Bbi'IHcnHTeni>HOMY KOMnneKcy OHJIH qepe3 nopr cerH 
HHCTHTyra. TaKHM o6pa30M o6ecne'1HBaerc.11 Aocryn Bcex noni>JO
Bareneii OHJIH K cynepKOMIII>IOrepy. 

Pa6ora BbmonHeHa B Jia6oparopHH BI>ICOKHX JHepmii OHJIH. 

JINR Supercomputer of the Module Type 
for the Event Parallel Analysis 

I.F .Kolpakov, A.E.Senner, V .A.Smirnov 

A model of a supercomputer with 50 million of operations per se
cond is suggested. Its realization allows one to solve JINR data analysis 
problems for large spectrometers (in particular DELPHY collabora
tion). The suggested module supercomputer is based on 32-bit com
mercial available microprocessor with a processing rate of about 
1 MFLOPS. The processors are combined by means of VME standard 
busbars. MicroV AX-11 is a host computer organizing tlte operation 
of the system. Data input and output is realized via microV AX-11 
computer periphery . Users' software is based on the FORTRAN-77 . 
The supercomputer is connected with a JINR net port and all JINR 
users can get an access to the suggested system. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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1. B B E,llEHHE 

)lpaM aTHqecKHH p a3phm, K OTOpbiH cymecTayeT a nac.ToRmee 

Bp eMR M e)l(,II;y B03MO~HOCTRMH cneKTpOMeTpOB B ofinaCTH «J>H3HKH 

3JleMeHTap HbiX qaCTHU no CKOpOCTH perHCTpaQHH C06biTHH B peanb

HOM BpeM eHH H MaJIOH CKOpOCTbiO HX o6paOOTKH, RBJIReTCR npeKpac

HbiM CTHM YJIOM ,llJlR peweHHR 3TOH npofineMbi. 

06paOOTKa C06biTHH, nonyqeHHbiX B 3KCnepHMeHTaJibHOH «J>H-

3HKe 3JleMeHTapHbiX qacTHU, npH HCnOJib30BaHHH TPllAHUHOHHbiX 

KOMnbJOTepOB npoH3BO,IlHTCR noCJie,llOBaTeJibHO. ~H3HqeCKHe H TeX

HOJIOrHqecKHe napaMeTpbi 3JleMeHTHOH 6a3bi He n03BOJlRIOT, qT06bi 

B 0003pHM OM 6y.nymeM 6biCTpo,lleHCTBHe 3BM npeBbiCHJlO 3HaqenHe 

10 Mon/c , H, cne.noaaTeJibHO, orpaHHquaaJOT cKopocTb o6pa6oTKH 

co6biTHH. 

Tipe,llJlaraeTCR MO,IleJib cynepKOMnbJOTepa C npoH3BO,IlHTeJib

HOCTbiO 5 0 Mon/c, peaJIH3aQHR KOTOporo n03BOJIHT peWHTb nepao

oqepe,llHbie 3a.ztaqu OH.RH no o6pa6oTKe HH«J>opMaUHH c OOJibWHX 

cneKTpoMeTpoa THna DELPHY, a Ta~e y.noBJieTaopHTb noTpe6nocTH 

JiHCTHTyTa no o6paOOTKe ,llaHHbiX CO cneKTpoMeTpoB B o6naCTH «J>H-

3HKH 3JleM eHTapHbiX qacTHQ, 

Cynep KOMnbJOTep n03BOJIReT peWHTb TaKHe OCHOBHbie 3a.ztaqu 

«J>H3HKH 3JleMeHTapHbiX qacTHQ H «J>H3HKH YCKOpHTeJieH, KOTOpbie 

,llOnyCKaJOT ,llOCTaTOqHO npoCTOH H ocymeCTBHMbxH anropHTM HX 

pa36HeHHR Ha napaJIJieJibHbie O,llHOTHnHbie nO,Il3a.ztaqH, B qaCTHOCTH, 

3a.naqH .M O,IleJIHpoBaHHR 3KcnepHMeHTOB MeTO.IlOM MoHTe-Kapno 

H MO,IleJIHpoBaHHR YCKOpHTeJieH 3ap~eHHbiX qaCTHQ • 

.AltaJIH3, npoBe,lleHHbxH MeTO,IlOM 3KCnepTHbiX OQeHOK npH 

no.nroTOBK e npoeKTa pa3BHTHR U:BK OH.RH ua 1986790 rr., noi<a3an, 

qTo OCHOBHbiMH nOTpe6HTeJIRMH BbiqHCJIHTeJibHOH MOLUHOCTH 

B OH.RH RBJIRIOTCR «l>H3HqecKHe rpynnhi, pa6oTaJOLUHe ua cneKTpo

MeTpax. 3 Ta nOTpe6HOCTb Ha 12 DRTHJieTKY MO:lKeT 6biTb Y.IlOBJieT

BOpeua n p H cyMMapHOH npoH3BO,IlHTeJibHOCTH KOMnbiOTepoa OKOJIO 

50 Mon/c. 

Tipe,llJlaraeMbxH MO,IlYJibHbxH cynepKOMDbiOTep OCHOBaH Ha MHO

:lKecrne n pOMhiWJieHHbiX 32-pa3pR,IlHbiX npoueccopoa c npoH3BO,IlH

TeJibHOCTbiO OKOJIO 1 Mon/c Ka)l(,II;bxH. 06'be,llHHeHHe npoueccopoa 

B e,llHHbxH KOMDJieKC ocymeCTBJIReTCR C nOMOmbJO npoMbiWJieHHbiX 

wHH VME. Pa6oTa cynepKOMDbJOTepa opraHH3yeTcR no.n ynpaane

HHeM KOMn bJOTepa microV AX.-11. BBO,Il H BbWO,Il ,llaHHbiX ocymecrn

JIReTCR qep e3 pa3BeTBJieHHyJO nepH«J>epHIO KOMnbJOTepa microVAX-11, 

MaTo6ecneqeHHe CHCTeMbi OCHOBbmaeTCR Ha ~OpTpaue-77 . Cynep

KOMnbJOTep MO:lKeT 6biTb nO,IlKJIJOqeu K QeHTpaJibHOMY BbNHCJlHTeJib

HOMY KOMDJieKcy OH.RH qepe3 nopT ceTH HncTHTYTa. TaKHM o6pa-

30M o6ecn equaaeTcR .nocTYn acex noJib30BaTeneii OH.RH K cynep

KOMDbJOTep y . 
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2. llPHHI.Uffi OPr AHH3AUHH CYTIEPKOMllbiOTEP A 

H,n.en npeAJio:lKemm 3aKmoqaeTcH s nepexo,D;e oT nocne,D;osaTeJih
Horo npHHUHna o6pa6oTKH co6&ITHH, 3aperHcTpHpoBaHHbiX B cneKT
poMeTpax, K napaJIJieJ1bHOMY. Co6&ITHH s cneKTpoMeTpax HBJIHIOTCH 
CTaTHCTHqecKH He3aBHCHMbiMH, n03TOMY B03MO:lKeH napaJIJieJibHbiH 
npHHUHn HX o6pa60TKH BO MHO:lKeCTBe He3aBHCHMbiX npoueccopoB. 
B Tpa,D;HUHOHHbiX KOMnbiOTepax ( CM.pHc.1a) C06biTHH o6pa6aTbiBa
IOTCH no oqepe,D;H H CKOpoCTb HX o6pa6oTKH orpaHHqHBaeTCH npoH3-
BO,Il;HTeJibHOCTbiO npoueccopa. B npeAJiaraeMOM cynepKOMObiOTepe 
AaHH&Ie o co6&ITHHx pacnpe,D;eJIH-
IOTCH KOMMyTaTOpOM no MHO- 0 

:lKecrny npoueccopos, Ka:lK,Il;biH ' ~=~~~==Tm>HDH nPOUECC fW'MIIEI>bHOH 

06PA60 TKH C06bl~ 
H3 KOTOpbiX Be,D;eT He3aBHCHMbiH 
aHaJIH3, paOOTaH npH 3TOM 
c O,D;HHaKOBbiM WIH scex npouec
copos naKeTOM nporpaMM ( CM. 
pHc.16). 0THOCHTeJibHO HeOOJib
WOH o61>eM nepe,D;asaeM&IX ,D;aH
H&Ix no CpaBHeHHIO C BpeMeHeM, 
Tpe6yeMbiM WIH HX o6paOOTKH, 
n03BOJIHeT BKJIIQqHTb B cynep
KOMIIhiOTep .ztecRTKH H ]]_8)Ke T• -t---r:o=:-::=-.----- -c==:r--

COTHH npoueccopos, yseJIHqHBaH 
B cooTBeTcrnyromee, nponopuHo- ~ 

HaJibHOe HX KOJIHqecrny, qHCJIO ~ 
pa3 ero npoH3BO,Il;HTeJibHOCTb. ~ 

~ 
Puc.J. llpUHijUn OpZDHU3QijUU 06pa6oT- m 

KU: a) 8 1ptWUijUOHHOM KOMnb/OTepe, 

6) 8 nped11azaeMOM cynepKOMnbiO

repe. 

3. CTPYKTYPHA.R CXEMA 

I I 

~ 

B&IqHCJIHTeJihHaH cHcTeMa MOAYJihHoro cynepKOMnhiOTepa co
CTOHT H3 Tpex OCHOBHbiX UCTe:H: Ha6opa MO,D;YJibHbiX npoueccopos, 
KOMObiOTepa micro V AX-11 c pa3BHTo:H nepH¢lepHe:H H yCTpoHCTB 
CBH3H c UBK OH.RH. Co3AaHHe cynepKOMObiOTepa, HHTerpHpo
BaHHoro B CHCTeMY C KOMObiOTepoM microVAX-11, n03BO
JIHT o6ecneqHTb COBMeCTHMOCTb o6paOOTKH B paMKax KOJIJia6opa
UHH DELPHY H npe,D;ocTaBHT Heo6xo,D;HM&Ie BhNHCJIHTeJihH&Ie MOIU
HOCTH WIH o6pa6oTKH AaHHbiX c 3TOH ycTaHOBKH B OH.RH. KoMDbiO
Tep microV AX-11 BbiDOJIHHeT ¢lYHKUHH no,D;rOTOBKH cqeTHbiX 3a
AaHHH WIH MOAYJibHbiX npoueccopos, opraHH3yeT qTeHHe 3KCnepH-
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Puc.2. CTpyKT)'pHlVI cxeMa annapa
TJ'PHOil 'IQCTU cynepKoMnbiOTepa 
(N°l+N°72 - npoijeCCOpHble Mody
IIU). 

MeHT81IbHOH HH<!>OpM!lQHH, 
BBOAHMOH C MarHHTo<I>OHOB 
HJIH H3 CeTH OHRH, H nocne
AYJOmee pacnpeAeneuue ee 
CpeAH npoueccopoa, npHHH
MaeT H cyMMHpyeT pe3ynbTa· 
TaTbi o6pa60TKH AllHHLIX 
B ua6ope npoueccopoa. Ha 
puc.2 npHBe,neua CTpyKTyp
HIUI cxeMa cynepKoMObJOTepa, 
OCHOBaHHIUI Ha HCOOnb30Ba· 
HHH 72 MOAynbHbiX npouec
copoB, pacnonmKeuHblx B qe-
Tbipex Kpemax VME; cxeMa 

npeMaraeTcR B AaHHoM npoeKTe B KalleCTBe nepaoro 3Tana. B Kll)I(
AOM H3 Kpem oa VME pa3MemaeTcR 18 npoueccopoa. llpoueccopHbie 
KpeifThi CBR38Hbi paAHanbHO c ynpaanHIOIUHM KpemoM VME. 

0CHOBHOH npoueccopHbiH MOAynb, BXOA.fi1UHH B COCTIUI cynep
KOMObJOTepa, BKniOllaeT B ce6.11 32-pa3p.f1AHbiH MHKponpoueccop THna 
MC 68020, npoueccop onepauHif c nnaaaJOmeif 3an.RTOH Tuna 
MC 68881, cxeMy ynpasneHHR onepaTHBHbiM 3anoMHHaJOI.UHM yCT
poHCTBOM THna MC 68851, 03Y eMKOCTbJO 8 M6am, nporpaMMHpye
Moe 3Y H cxeMbi HHTeP<t>eiica c WHHOH VME. llpoueccop c nnaaaJO
meif 3anRToH BbiDOnHReT nonHbiH ua6op onepauHif c nnaaaJOmeif 3an.II

TOH HaA cnoBaMH, B KOTOpbiX 64 pa3p,11Aa OTBOA.IITC.II OOA MaHTHCCY, 
OAHH pa3p.RA - DOA 3HaK H 15 pa3p.RAOB- OOA 3KCOOHeHTy CO 3Ha· 
KOM. ,Zln.11 AOCTIDKeHH.II OOTHMMbHOH npoH3BOAHTMbHOCTH MOAYM 
npoueccopa cxeMa ynpasneuHR onepaTHBHbiM aanoMHHaJOI.UHM yCT
poHCTBOM o6ecneqHBaeT CBR3b MHKponpoueccopa c npoueccopoM 
onepauMH C DnaBaJOI.UeH 3aD.IITOH nocpe,nCTBOM BCDOMOraTenbHOA 
MarHCTpanH. CKopoCTb o6Mena AaHHbiMH no ABYM KaHanaM CB.II-
3H npRMoro AOCTYDa KOMObJOTepa microVAX-11 c ynpaan.IIIO
JUHM Kpem oM cocTaanHeT 0,5 M6aifT/c. llepBbiH Kanan npR
Moro AOCTyna B naMRTh KOMObJOTepa micro V AX-11 npeAnonaraeT
CR HCOOnb30BaTb, Bo-nepBbiX, AM 3arpy3KH nporpaMM B MOAynbHble 
npoueccopbl; BQ-BTOpbiX, M.ll nepeAaliH 6nOKOB 3KCnepHMeHTanbHOH 
HH<!>opMauHH B npoueccopbi. BTOpoH KaHan OTBOAHTC.II AM nepeAaliH 
pe3ynbTaTOB cqeTa H3 ua6opa npoueccopoa p microV AX-11. 
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4. llPOH3BO,llHTEJihl:IOCTb CYTIEPKOMllblOTEPA 

llpoH3BO.Il;HTeJibHOCTh cynepKOMilbiOTepa 3aBHCHT B OCHOBHOM 
OT CJie.n;yromHX <J>aKTOpoB: 

- KoJIHqecrsa ocHOBHbiX npoueccopHbiX Mo.n;yneu; 
- npoH3BO.Il;HTeJibHOCTH O.ll;HOro npoueccopa; 
- nponycKHOH cnoco6HOCTH KaHaJIOB C8.113H ynpaBJI.IIIOm eif 3BM 

c Ha6opoM npoueccopos. 
CymecrsyroiQil.fl oueHKa npoH3BO.n;HTeJihHOCTH/l/ oCHosasa 

Ha npose.n;eHHH o6paOOTKH 3KCnepHMeHTaJibHbiX .n;aHffi?IX HaOOpoM 
H3 53 Mo.n;yn&HbiX npoueccopos. B&mo nonyqeHo, ~o npoH3BO.n;H
TeJibHOCTh O.n;HOrO npoueccopa COCTaBJl.fleT 0,7 OT npOH3BO.Il;HTein.HO· 
CTH 3BM V AX-11/780. TaKHM o6pa3oM, c 6on&wou cTeneHhiO .n;OCTo
sepHOCTH npoH3BO.Il;HTeJibHOCTb MO.Il;YJIH Ha OCHOBe MHKponpouecco
pa MC 68020 H npoueccopa MC 68881, B3HToro B Kaqecrse oCHOBHoro 
npoueccopHoro Mo.n;ynn cynepKoMm.roTepa, npH peweHHH 3a.n;aq o6pa
OOTKH 3KcnepHMeHTaJihHbiX .ll;aHHbiX, nonyqeHHhiX co cneKTpoMeTpoB, 
COCTaBJI.fleT o:6+0,7 OT npoH3BO.Il;HTeJibHOCTH 3BM VAX-11 {780, HMe
IOIQeH 2 Mon/c. 

llponyCKHaH CUOC06HOCTh KaHaJIOB CB.fi3H KOMilbiOTepa .micro
V AX-11 c Ha6opoM Mo.n;yn&HbiX npoueccopos He oKa3hiBaeT BJIHHHHH 
Ha npoH3BO.Il;HTeJibHOCTb cynepKOMilbiOTepa npH o6paOOTKe 3KCnepH
MeHTaJibHOH HH<l>opMauHH, nnaHHpyeMoH B OHHH .ll;JIH o 6pa6oTKH 
B TeqeHHe 1986-1990 ro.n;os. 

C yqeTOM Toro, ~0 npe.ll;JlaraeTC.fl HMeTb Ha6op H3 72 MO.Il;YJlbHbiX 
npoueccopos, npoH3BO.n;HTeJihHOCTb cynepKoMm.roTepa 6y.n;eT Haxo
.n;HTI>CH Ha yposHe npoH3BO.Il;HTeJII>HOCTH 40 3BM VAX-11 /780 H, no 
caMhiM 3aHH)I(eHHbiM OUeHKaM, 6y.n;eT He HH)I(e 50 Mon/c. 

Mo.n;yJI&Hble npoueccop&I pacnonararoTCR s KpeifTax VME, KOJIH
qecrso KOTOphiX 3aBHCHT OT Bhi6paHHOH KOH<J>HrypauHH cynep
KOMUbiOTepa. B MaKCHMaJibHOM BapHaHTe B COCTaB cynepKOMilbiOTe
pa MO)I(eT BXO.Il;HTb 255 MO.Il;YJlbHbiX npoueccopoB, Ka)IC.Il;OMY H3 KOTo
phiX MO)I(eT 6&ITb Bhl.ll;eJieHo 03Y eMKOCTI>IO 16 M6aifT, qTo npHMepHo 
3KBHBaJieHTHo npoH3BO.Il;HTeJII>HOCTH 200 Mon/c. 

5. KOMllOHEHTbl MATEMATHqECKOf'O 
OBECnEqEHHR 

C ToqKH 3peHHH MaieMaTH11ecKoro o6ecneqeHHH 3<J><PeKTHBHOCTh 
npe.ll;JlaraeMOH CHCTeMhi OCHOBhiBaeTCR Ha CJle.ll;yiOIQHX Heo6XO.Il;HMhiX 
xapaKTepHCTHKax HCUOJl&3yeMhiX anropHTMOB o6paOOTKH .ll;aHHbiX: 

- OTCyTCTBHe KOppe!I.RQHH Me)IC.Il;y o6pa6aThiBaeMhiMH <J>parMeH
TaMH .ll;aHHbiX, 

- B03MO)ICHOCTb <J>YHKUHOHaJibHOrO pa36HeHH.fl pewaeMOH 3a.n;a-
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- HBnH'lHe anropHTMa, Tpe6yro~ero 3Ha'lHTeJI&Horo pecypca Bbi
'lHCnHTen&HoH Mo~oCTH neHTpanLHoro nponeccopa, 

- OTHOCHTeJibHO HeOOnhWOH 06'beM nepeAaBaeMbiX AaHHbiX 

no cpaaHeHHIO c apeMeHeM HX o6pa6oTKH. 

llepe'lHcneHHbiM ycnoBWIM, KaK Y*e yKa3biBanoc& BbiWe, B o6-
naCTH <l>H3H'leCKHX uccneAOBaHHH, npoBOAHMbiX B OHHH, YAOBneTao
pruoT cneAyro~e Knaccbi 3aAa'l: 

- o6p a6oTKa 3KcnepuMeHTanbHOH lfln3H'leCKOH HHiflopManHH, 
- MOAeJIHpOBaHHe nponeccoB perHCTpanHH 3neMeHTapHbiX 'la-

CTHU H .Jmep lflH3H'leCKHMH ycTaHOBKaMH, 
- MOAeJIHpOBaHHe npoXO)f(AeHHJI 3apiDKeHHbiX 'laCTHU H .Jmep 

B KaMepax YCKOpHTeJI.fl H MarHHTHQ-OnTH'lecKHX KaHanax TpaHCnOpTH· 

poBKH 'laCTHU, 
- pac'leTbi 3aAa'l Ha peweTKax. 
llpHBeAeHHaH nocneAOBaTenbHOCTb KnaCCOB 3aAa'l paH)f(HpoBaHa 

no HX HHTeHCHBHOCTH ucnonh30BaHWI B ycnoBWIX OHHH. B npeAna
raeMoH CHCTeMe npeACTaBnHeTC.fl OnTHMBnhHOH HX no3TanHaH peanH-
3anHH B y Ka3aHHOM nop.JmKe. K 'lHCny OCHOBHbiX KOMnOHeHTOB MaTe
MaTH'leCKOrO o6ecne'leHWI OTHOCHTC.fl naKeTbi B3aHMOAeHCTBWI npo
neccopOB, TeXHonoruqecKoe MaTo6ecne'leHHe, BKniO'laiOIUee, B qacT
HOCTH, TpaHCn.RTOp <l>opTpaH-77, naKeTbi npHKnaAHbiX nporpaMM o6-

. ~ero Ha3HalleHHH (CERNLIB, HBOOK, ZBOOK, HPLOT, GEANT 

H T~.), HMHTaTop cynepKOMDbiOTepa HaEC 3BM. 
BOnbWHHCTBO H3 nepe'lHCneHHbiX KOMnOHeHTOB cy~eCTByroT, 

H HX pa3p a6oTKa He Tpe6yeTcH. .Una lflyHKUHOHHpoBaHWI cynep
KOMDbiOTep a Heo6XOAHMO C03AaTh KOMMYHHKanHOHHbiH naKeT. 3<1>
lfleKTHBHbi M CpeACTBOM napanneJibHOH H He3aBHCHMOH noArOTOBKH 
nporpaMM non&3oaaTeneii AnH BbinOnHeHWI Ha cynepKOMDbiOTepe 
HBMeTC.fl HMHTaTOp CHCTeMbi. Tpe6yiOTC.fl TaK)f(e C03AaHHe nporpaMM 
An.fl nOCTaHOBKH H TeCTHpOBaHWI BbiWenepe'lHCneHHbiX cy~eCTBYIO· 
~ KOMn OHeHTOB CHCTeMbi H opraHH3anWI pa60Tbi C nOnh30BaTenH
MH. 06~ Tpe6yeMbiH pecypc pa3pa60T'lHKOB MaTeMaTH'leCKOrO 
o6ecne'leHWI oneHHBaeTca B ceMb 'leJIOBeKo-neT. 

6. OllEPAUHOHHAH CPE,llA 

H llPHKJIA,llHAH llPOrP AMMA 

KoMnhiOTep micro V AX-11 ocH~aeTcJI Myn&THnporpaMMHOH 
MHorononh30BaTeJibCKOH onepanuoHHOH cucTeMoH (VMS HnH UNIX) 
H BCeMH He06XOAHMbiMH nporpaMMHbiMH TexHOnOrH'lecKHMH CpeACT· 
BaMH pa3paOOTKH MaTeMaTH'lecKoro o6ecne'leHWI. AnbTepHaTHBHbiH 
nOAXOA, CBJI3aHHbiH C nOCTaHOBKOH KaKOH-nH6o npoCTOH onepanHOH· 
HOH CHCTeMbi C UeJihlO noBbiWeHuH 6biCTpoAeHCTBWI Me)f(nponeccop
HbiX o6MeHOB, He npeACTaBnHeTCJI nenecoo6pa3HbiM. 3TOT BbiBOA OC· 
HOBaH Ha TOM, 'lTO cy~eCTBeHHOro yny'lWeHHJI peanhHOH CKOpoCTH 
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Puc.3. CrpyKTypHaR CXeMa Maro6ecne
'leHUJI: a) 8 TpaOUijUOHHOM KOMnb/OTe
pe, 6} 8 nped11azaeMoM cynepKoMnb/0· 
repe. 

nepe,n.a'IH ,IJ.aHHbiX ,IJ.OCTH'lb 
He y,n.aCTcH. KoMilbJOTep, pa6oTa
JOUUIH B MYJihTHnporpaMMHOM 
pe)I(HMe, cnoco6eH o6ecne'IHTb 
B <f>oHOBOM pe)ICHMe napaJIJieJib
HOe pemeHHe ,n.pyrux 3a,n.a11. 

,llnn npou;eccopHhiX Mo,n.y
neH: ,n.oCTaTo'IHo npocTemueH: Mo
HHTOpHoH: onepau;HOHHOH CHCTe-
Mbl TMS, o6ecne'IHBaJOI.QeH: orpa- HIM HIM 

HH'IeHHhiH Ha6op <f>YHKllHH, K KQ- ~=~ AUnv 

TOpbiM OTHOCHTCH o6MeH ,IJ.aHHbl- ~g=g;:~• 
MH c micro V AX-11, pacno3HaBaHHe pn.n.a nporpaMMHhiX omu6oK 
(apu<f>MeTH'IecKHX, a,n.pecau;HH H T.,n..) H cpe.n.cTaa OTJia,n.KH. TaKoii 

DO,IJ.XO,IJ. HBJIHeTCH npHHQHDHaJibHhiM ,I].JIII MHHHMH3au;HH 3aTpllT Tpy
,n.a Ha pa3pa6oTKY nporpaMMHoro o6ecne'leHHH B cny~~ae aae,n.eHHH 
B COCTaB CHCTeMbi HOBbiX THDOB MHKponpou;eccopOB. 

B OTJIH'IHe OT Tpa,n.HQHOHHOrO KOMDbJOTepa (CM.pHc.3a), B npe,n.
naraeMOM cynepKOMilbJOTepe MaTeMaTH'IecKoe o6ecne'leHHe KaKoH:
JIH6o CYI.QeCTByJOI.QeH HJIH BHOBb C03,1J.aBaeMOH npHKJia,n.HOH nporpaM
Mbl pa36HBaeTCH Ha ,IJ.Be 'laCTH (CM.pHC.36). 

llepaan H3 HHX BhiDOJIHHeTcH Ha micro V AX-11. Ee <I>YHKU:HHMH 
HBJIHJOTCH o6ecne'leHHe acex onepau;Hii aao.n.a-BhiBo.n.a ( o6MeH c Mar
HHTHhiMH JieHTaMH, yCTpoHCTBaMH npe,n.CTaBJieHHH HH<f>OpMaQHH 
B rpa<f>H'IecKOM BH,IJ.e, ne'laTaJOUUIMH ycTpOHCTBaMH H T.,n..), no,n.ro
TOBKa ,n.aHHhix .n.nn pa6oThi npou;eccopHbiX Mo,n.yneii, nepecbiJIKa .n.au
HhiX B HHX, DOJiy'leHHe H3 HHX pe3yJihTaTOB o6pa6oTKH. 

BTopan 'laCTh npHKJia,n.HOH nporpaMMbi noMei.QaeTCH B npou;ec
copHLIX Mo,n.ynnx. ~biH npou;eccop, nonyqan ,n.aHHbie, o6ecne'IHBa
eT HX o6pa6oTKY H HaKonneuue pe3yJILTaToB B co6cmennoH: onepa
THBHOH naMHTH. XapaKTepnoH: oco6eHHOCThJO ::noH: 'laCTH MaTeMaTH
'IecKoro o6ecne'leHHH HBJIHeTCH OTCYTCTBHe B npHKJia,n.HOH nporpaM
Me KaKHx-nu6o onepau;HH aao.n.a-BhiBo.n.a. no 3aaepmenHH o6pa6oT
KH nony'leHHoro MaccHBa .n.auHLIX MaTeMaTH'IecKoe "06ecneqeuue 
npou;eccopuoro Mo,n.ynn ompaBJifieT, ecnH ::no ueo6xo.n.mm (nanpu
Mep, B cny~~ae co3,1J.aHHH DST), .pe3YJibTaTbi B microV AX-11 H nepeao
.n.m npou;eccop B COCTOHHHe roTOBHOCTH DOJIY'IeHHH HOBOH nopftHH 
o6pa6aTbiBaeMOH HH<f>opMaQHH. 

llapaMeTpH'IecKaH HaCTpoHKa npHKJia,IJ.HOH nporpaMMbl Ha TeKy
Iu;yJO HTepau;HJO o6paOOTKH o6ecne'IHBaeTCH Ha CTa,IJ.HH HHHQHaJIH3au;HH 
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...-

3arpy3KOH B npOI~eccopbl KOHKpeTHbiX 3HaqeHHH napaMeTpOB H KOH
CTaHT. 

llo 3:lBepWeHHH BXO,lUIOrO nOTOKa o6pa6aThiBaeMbiX ,llaHHbiX 
npHKJia,llHaR nporpaMMa B KOMDhJOTepe micro VAX co6upaeT see no
nyqeHHbxe pe3yJihTaThi, xpaHHMhie B naMHTH npoueccopos, npoH3BO
.llHT HX cyMMHpoBaHHe H BhiBO,llHT ,llaHHhie Ha neqaTh HJIH yCTpoHCTBa 
rpa!jluqecKoro npe,llCTasneuWI uu!jlopMaQHH. 

7. OBP ABOTKA MHciiOPMAQ.H.H 
3KCllEP.HMEHTA DELPHY 

06pa60TKa 3aperHCTpHpOBaHHOH 3KCnepHMeHTaJibHOH HH!j>OpMa
QHH, !j>HJILTpaQHR co6hiTHH, Mo,lleJIHposauue, KanH6posKa H DST-aua
JIH3 ,llaHHbiX yCTaHOBOK LEP Tpe6yeT 32000 qacos ueHTpaJILHoro 
npoueccopa IBM-168/2 / a nepshiH ro,ll pa6oThi . 

.11CnOJIL30BaHHe cynepKOMDblOTepa n03BOJIHT npoBO,llHTb MaCCO
ByJO o6pa6oTKY nepsuquoii HH!jlopMaQHH, reuepaUHJO DST, o6ecneqHT 
B03MO:>KHOCTb MO,lleJIHpoBaHWI H3yqaeMhiX npoQecCOB C nOMOIULlO Me
TO,lla MonTe-Kapno. Peweuue yKa3aHHoro no,llMHmKecTBa 3a,llaq co
CTaBJIHeT, n~ oueuKaM/2 / ,93% Tpe6yeMoro speMeuH 3BM. TaKHM o6-
pa30M !j>H3HKH O.HH.H nonyqaT peanLHyJO B03MO:>KHOCTL ~!jleKTHBHo
ro nonuonpasuoro yqacTWI a pa6oTax no pa3BHTHJO H 3KcnnyaTaQHH 
MaTeMaTnqecKoro o6ecneqenWI aHaJIH3a .llaHHhiX c ycrauoBKH 
DELPHY. C ToqKH 3peHWI KOJIHqecToa HH!jlopMaQHH 3KcnepHMeHT xa
paKTepu3yeTcH 60JILWHM 06'beMOM ,llaHHbiX B O,llHOM C06LITHH (Bepx
HRH ouenKa 1 M6aiiT). llpose,lleHHbiH aHaJIH3 noKa3hiBaeT, qTo B 3TOM 
cnyqae MHKponpouectopLI ,llOJI)f(Hbi HMeTL onepaTHBHyro naMRTL no
pR,llKa 8 M 6aiiT . .HcnoJIL30BaHHe naMRTH 6onLweii eMKOCTH B uaCToR
IUHH MoMenT peanLHO ue Tpe6yeTcR H ueuenecoo6pa3Ho no 3KOHOMH
qecKHM coo6pll)l(eHWIM. Mo.llyJILHhiH npHHQHn oprauH3aQHH cucreMLI 
n03BOJIReT B CJiyqae B03HHKHOBeHWI Heo6XO,llHMOCTH yBeJI~ 
o6'beM 03Y MHKponpoueccopa. 

8. BKJIIOtiEH.HE CYllEPKOMllbiOTEP A 
B UEHTP AJibHhiA: Bblli.HCJI.HTEJibHhiA: KOMllJIEKC 
O.HH.H 11 OPfAH.H3AU.HH ,llOCTYnA llOJib30BATEJIEA: 

OprauH3aQHR CBH3H cynepKOMnLJOTepa c UBK O.HH.H MO)I(eT 
6hiTL peanu3ooaua qepro JIOKaJILHyJO TepMHHaJILHyJO ceTb O.H.R.H 
(cM.pnc.4) • .llJIR 3Toro B cocTas ynpasJIRJOIQero KOMnLJOTepa micro
V AX-11 npe,llycMaTpHBaeTcR BBecTH HHTep!jleiic nocne,lloBaTeJILHoii 
acuuxpouuoH JIHHHH CBR3H, pa6oTaroiQeii no CTaH,llapTy RS-232C. 
MaKCHMaJILUaR cKopocTL o6Meua cynepKOMnLJOTepa c JIOKaJILHOH 
TepMHHaJILHOH CeTLlO COCTaBHT 9600 6o,ll. 
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Puc.4. BKAIO'IeHue cynepKoMnbiO
repa e cyU4eCT6YIOU4JI10 cerb OHJ/H 
tJ/IJI o6ecne~~eHWI tJocryna nollb30-
eare.neu. 

B cHJiy Toro, 'ITO cynep
KOMili>JOTep 6yAeT Haxo.zurn,
C.fl Ha. 6nH3KOM paCCTO.fiHHH 
(- 20 M) oT xoMnnexca EC 
3BM nB3, HMeeTC.fl 803-
MO)IQ{OCTb Opl'aHH30BRTb 
BhiCOKOCKOpoCTHoe (AO 
0,2 M6aifr/c) conpiDKeHHe 
xanana EC 3BM HenocpeACT
BeHHo c Mai'HCTpanbJO micro
V AX-11. 3To conpiDKeHHe 
o6ecnetUIT 3<l>«PeKTHBHoe HC- D - --

noJI&30BaHHe pecypcoo KoMnnexca EC 3BM AJIH cynepxoMm.JOTe
pa H B 3HatUITeJibHOH CTeneHH yCKOpHT npoXO)I(AeH.He 3aAR'I, 3RII}'CKae
MhiX C TepMHHaJihHOH CeTH nB3. 

,llOCTYDHOCTb cynepKOMili>JOTepa AJI.fl WHpoKOI'O Kpyra DOJib3Q
BaTeJieH OHRH o6ecne'IHBaeTC.fl 6naroAapH BKJIJO'IeHHJO KOMili>JOTepa 
microV AX B cen OHRH H nocranooxe HCDOJI&3yeMoro B HaCTo.IIIUee 
BpeMH KOMMYHHK&.UHOHHoro naxeTa KERMIT. OpranH3auHH AOCTYna 
DOJih30BRTeJieH K npeMaraeMOH CHCTeMe C TepMHHaJIOB micro V AX-11 
He Tpe6yeT HH pa3paOOTKH, HH OOCTaHOBKH KaKHX-JIHOO AODOJIHHTeJib
HhiX nporpaMMHhiX CpeACTB, TaK KaK OOJIHOCTbJO o6ecne'IHBaeTC.fl ero 
oneP8.U1fOHHOH CpeAOH. 

Co3AaHHe CB.fi3H .Me:>KAY microVAX-11 H EC-1055M o6ecnetUIT 
AOCTyn K cynepKOMili>JOTepy B paMKax JIOKaJibHOH CeTH nB3 . PeanH-
38.UH.fl ARHUOI'O DOAXOAR Tpe6yeT OOCTaHOBKH Ha 3BM JIJOOOI'O H3 cy
IneCTByJOIUHX naKeTOB, o6ecne~IUHX Me)f(MRWHHHbie nepeAa'IH 
AllHHhiX. 

Heo6xoAHMO oTMeTHTh, 'ITO cen OHRH AonycxaeT 3<l>«Pex-
THBHyJO pa60TY npeMaraeMOH CHCTeMhi, DOCKOJihKY peanbHa.fl CKQ
poCTb Me)f(MRWHHHhiX o6MeHOB He HH)f(e peanbHOH CKOpoCTH o6MeHa 
c Mai'HHTHOH JieHTOH. 

9. 3AKJIJOqEHHE 

PeanH3RUH.fl cynepxoMm.JOTepa pewaeT OAHY H3 I'JiaBHhiX npo6-
JieM OHRH - nOJiy'leHHe Tpe6yeMon MH o6pa6oTKH 3KcnepHMeH
Tan&HhiX ARHHbiX DpoH3BOAHTeJibHOCTH Bhi'IHCJIHTeJibHOI'O K OMOJieKca, 
OTKphiBReT TaK)f(e AOJII'OBpeMeHHhie nepcneKTHBhl M.fl YAOBJieTBOpe
HH.fl AaJI&HeHwHX noTpe6HoCTeH OHRH B Heo6xoAHMOH Bhi'IHCJIHTeJih-
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HOH MOll.UIOCTH. MOAYIIbHbiH npHHUHn opraHH31lUHH no3BOIIHT B cny
qae He06XOAHMOCTH paCWHpHTb B AaiibHeHWeM KOMnbJOTep, A06aBIIHH 
HOBbie, a TOM <mcne 6onee coapeMeHHbie, npoueccopHbie MOAYIIH, 
YBeJIH'IHBaJI TaKHM o6pa30M ero npoH3BOAHTeJibHOCTb B COOTBeT· 
CTBHH c noTpe6HoCTHMH HHCTHTYTa. 

Co3AaRHe cynepKoMnbJOTepa no3BOIIHT noMep>KaTb a OH.RH MH
poaou ypoaeHb B o6nacTH o6pa6oTKH AaHHbiX <PH3H'IecKHX 3KcnepH
MeHTOB/ I, HCnonb30BaTb roTOBbiH nporpaMMHbiH npoAyKT B paMKax 
Me~yHapoAHOro COTPYAHH'IecTBa H o6ecne'IHTb nepcneKTHBY Ha cne
AyJOI.Uee nHTHIIeTHe no ysenH'IeHHJO npoH3BOAHTMbHOCTH ueHTpaiibHo
ro Bbi'IHCIIHTenbHoro KOMnneKca AO 200 Monje. 

llpHHUHn opraHH31lUHH cynepKOMnhJOTepa, AOCTYnHOCTb OTAenb: 
HbiX ero 31IeMeHTOB- MOAY1IbHbie npoueccopbi, microVAX-11, WHHa 
VME, co3AaHHoe npH ocymecTaiieHHH npoeKTa MaTo6ecne'leHHe -:- no-
3BOIIHT C03AaTb B <l>H3H'IecKHX HHCTmyTax CTpaH-YlJaCTHHU 
OH.RH MOll.Uibie ueHTpbi no o6pa6oTKe AaHHbiX 3IIeKTpoHHbiX 3Kcne
pHMeHToB, nOA06HO TOMy, KaK 6hi1IH opraHH30BaHbl QeHTpbi no o6pa-
6oTKe <l>HIIbMOBOH HH<i>OPMilUHH. 
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KparKue coot5U4eHWI OHRH II" 2 (22) -87 
YAK 617.96.961,639.19.192 

JINR Rapid Communications No. 2(22)-87 

REGULARIZATION OF INTEGRODIFFERENTIAL 
. FADDEEV EQUATIONS OVER ANGULAR VARIABLES 

v. v .Pupyshev 

A system of integrodifferential Faddeev equations is explored. 
A spectral representation of its nonlocal operators and an ngular 
asymptotics of partial components of the wave function are found. 
A regularization of the initial equations at singular points of the 

angular part of a free three-particle Hamiltonian is performed. 
The investigation has been performed at the Laboratory of Theore

tical Physics, JINR. 

PeryJIRpH31lllHR HHTerpo.z:uflp<f>epeHUHaJJbHbiX ypasaem·di 
c!>a.n.u;eesa no yrJJOBbiM nepeMeHHbiM 

B.B.llyDbiWeB 

HccneA)'etcH CHcteMa HHterpoAH<ll<ilepeH~anbHbiX ypaJmeHHii 
CllaMeeBa. Haii.neHo cneKtpant.Hoe npep;ctaBneHHe ee HHterpant.HLIX 
onepatOpoB H aCHMIITOTHK nap~anbHbiX KOMIIOHeHT BOITHOBOH 
<iiYHKnHH no YTITOBOH nepeMeHHoif. OcymeCTBneHa perynHpH3~JI 
HCXOAHbiX ypaBHeHHii B OC06b1X TO'II<aX YTITOBOH '13CTH CBOOOAHOfO 
tpeX'IaCTII'IHOfO faMHnbTOHHaHa. 

Pa6ota BLmonHeHa B Jla6opatopHH teopetHqecKoif <IIH3HKH OHHH. 

1. INTRODUCTION 

Differential equationa 1 11 

for Faddeev components 'IIi of the wave function 'II = '111 + '111 + 'Ilk 
are intenaively utilized now for studying different properties of three
particle nuclear systeina. Equations (1 ), by decomposing the wave
function-components 

45 



over the binpherical basis 121 

Ql LM A A LM A A 

~a ( y • X ) "' I c,\ n y,\ ( y) y. (X) 
' m mLn m Ln 

are reduced 131 to a system of integrodifferential equations. Its solution, 
i.e. partial components <I> f L ( x 1, y 1 ) , are functions only of two va
riables, in contrast to components IJI 1 ( x 1 , y1 ) depending on six va
riables. In the polar coordinates p = ( xr + y 12 ) 'Ia. ·¢1"' arctg (y i /xi ) 
the system of integrodifferential equations has the following form 

· 2 -1 -2Aa aL . 
[ aP + P aP + P l'l q, i + E - v 1 < p oos q, 1 > 1 <1> 1 < P , ¢ 1 > 

V1 (pooscpi) I I 
k I i a 

A L a'L 
< c/Jilhaa'l<l>k (p,cpk)>, 

... -+ .... -+ ..... 

i = 1, 2, 3 , a = ( ,\, f ) , a~ = ( ,\ ', f ' ) , ,\ + f = L = ,\ ' + f' , 

(p, ¢.) E- R 2 = !(p , cp): 0 ~ p ~ ... , 0 ~¢ ~ 1112 I. 
I + 

(3) 

Here we assume that the two-body potentials are central, i.e. V 1 ( x 1) = 

"' vi (xi ) and take for the angular part of the two-dimensional Lapla
cian the following not~tion 

~ ~ = q ¢ - ,\ ( ,\ + 1 ) I sin 2¢ - f ( f + 1 ) I oos 2 cp • ( 4) 

The requirement 131 'Pi E- C :a and representation (2) provide the 

boundary conditions 

<I>~L(p,¢ 1 ) =0, pE-[O,ool, ¢i"' 0,1112;p=O,cpiE-[0,11I21J5) 

The boundary conditions at points ( p = oo, ¢ 1 ) are determined by 
t~e total energy E of a three-particle system under consideration 141. 

In the framework of equations (3) a numerical iiivestigation of three.: 
charge particle systems (for example ddll, dTIL, J.;) is a very comp
licated problem. One difficulty is due to the Coulomb potentials. They 
act in all the waves, and therefore the number of partial components 
<1>1a L taken into account, or the rank of the truncated system (3), must 
be sufficiently large. Another is the necessity of knowing an exact form 
at the asymptotic behavior of partial components near all the bounda
ries of the R! region. The latter is important to guarantee the requi
red accuracy of calculations of properties of three-charge particle sys
tems. 
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For this reason, a regularization of equations (3) is an urgent prob
lem .. The first step along this line is made in the present work. It con
sists in finding leading asymptotic terms of the functions ~ 1 L on the 
axis rp = 0, ~r/ 2 and in regularizing equations (3) at singular points rp = 

= 0, ~r/ 2 of opemtors (4). 

2. HYPERHARMONIC APPROACH 
AND INTEGRODIFFERENTIAL EQUATIONS 

If ~~ L to · C ~ . and the two-body pote~tials are no singular, 

i.e. Vi E- · C(
2 

) , Jim X ~ Vi (X i) = 0, then the leading asymptotic 
O,c>o J:i-+0 

terms of partial components at the boundaries are determined by singu
larities of opemtors (4). Therefore, the following representations 

aL r A+l f+l aL 
~i (p,r/Ji)=,sinr/Ji) (oosrpi) si (p,r/Ji),i=1,2, 3 , (6) 

take place, and regular solutions 1 61 

n = 0,1, ... , K • · 2n + A + f 

of the boundary value problem 

~a 2 
[ 1\q, + ( K + 2) ] waK (r/J) = 0, q, to [ 0, IT/ 2] ' 

(7) 

(8) 

compose an orthogonal angular basis of the problem (3), (5 ). Equations 
(3), by decomposing the partial components 

a ·L 
~i (p,r/Ji) =I. 

"" 
(9) 

n• ·o 

over basis (1), reduce to the system of ordinary second-order differen
tial equations 

i ta 2 +p· 1a +E - ·p-2 (K+2)2 1B -via (p)lraiL(p)= 
m=o P P nm • nm m 
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.. 
I. 

a AL a'L 
v . ( p ) I. I. < w K ' I h ' I w 'K " > f k ( p ) • 

mm k f. i a , a aa a p m,p=o 

K = 2n + ,\ + f, K' = 2m + ,\ + f' , , K" = 2p + ,\' + f', · 
(10) 

a . . 
V inm = < W a K I Vi I W a K' > • · 

for unknown radial functions f i~ L ( p ) , n = 0, 1 , ••• 

Notice that the sequence of series (2), (9) is equivalent to the ex
pansion of components 

'I' (x -+ aL -2 a L A A . (11) 
i xi,yi ) =I. fin (p)p UK (¢i,yi,xi ), 1 = 1• 2• 3 • 

aLK 

over polyspherical hyperharmonics 

a L A A LM A A 

U (¢,y,x)=2cosec2¢W (¢)'!:!a (y,x). 
K aK 

Let us apply the hyperharmonic approach not to the Schr5dinger three
particle equation, as it is usually done, but to its Faddeev splitting (1), 
i.e. substitute the components (11) into the system (1). As a result, 
we obtain a set of equations whose left-hand side is identical with the 
one of setj10) and the right part contains, instead of the matrix ele
ments of hL ,-operators, the well-known Rejnal-Revai Ia I coefficients aa. 
<a I ci (1<:L . The equalities 

A L 

< waK I ha a ' I wa'K' > = 8 KK' <a I a' >KL' 

thus proved and the completeness of the function set (7) provide us 
with the spectral representations of the nonlocal operators 

AL 
h ' = I. I W K > < a I a ' > KL < W , K I • aa K a a 

(12) 

Formulae (10) (12) generalise the results of works 17 1 and the previous 
author's work 181 to the case of arbitrary indices a, a', L and particle 
masses. 

3. REGULAR OVER ANGULAR VARIABLES 

Now we substitute the partial components (6) into the system (3) 
and introduce new angular variables v. = oos 2 ¢ . . As a result, we ob-
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tain the set of equations 

2 I aL - (A + f + 2) ] + E - v
1 

(p, v1 ) S1 (p, v1 ) (13) 

for new unknown functions SfL (p, ± l) f, 0. They have no zeros of 
order A and f of the boundaries v 1 = + l, -1, respectively, in cont
rast to the partial components cllfL. The kernels of the new operators 

;L A+l f+t -1 
haa~ = \4 [(sin q, 1 ) (oos q, 1 ) ] x 

owing to equalities (7) and (12) are regular functions. The angular part 
of the new Laplacian does not contain singular operators, in contrast 
to the old (4). Thus, we . perform a regularization (13) over angular va
riables of equations (3). 

A next, more complicated step is a regularization of equation (3) 
over the radial variable. Investigation of the set (10) in a vicinity of its 
singular point p = 0 is one possible way for solving this important · 
problem. 

4. CONCLUSION 

In conclusion we briefly summarize main results of the present 
~L 

work. The spectral representation of the nonlocal operators haa, is 

found for arbitrary indices a, a' · and L. ·The connection (9-12) bet
ween the integrodifferential three-particle approach and the hyperhar
monic one is established in a most general case. Equations (13) regular 
over angular variables are constructed. 

REFERENCES 

1. Noyes H.P. - In: ''Three-Body Problem in Nuclear and Particle 
Physics", North Holland, Amsterdam, 1970, p.2. 

49 



2. Bapwan:oBHlJ )];.A. , MocKan:ea H.A., XepcoHCKHH B.K. - "KBaHTO
B!UI TeopHH yrnoaoro MoMeHTa", "HayKa", JI., 1975. 

3. Merkyriev S.P., Gignoux C., Laverne A. - Ann.Phys., 1976, 99, 
p.30. 

4. MepKypheB c.n., <1>8MeeB JI.,n.- "KBaHTOBaH TeopHH pacceHHHH 
nJIH cucTeM HecKoJihKHX qacruu", "HayKa", M., 1985. 

5. A6paMOBHU M., CTuraH 11. - "CnpaaolJHHK no cneQHaJihHhiM 
lPYHKQHHM", "HayKa", M., 1979. 

6. Rejnal J ., Revai J. - Nuovo Cimento, 1970, 68A, p.612. 
7. Mandelzveig V.B.- Ann.Phys., 1977, 104, p.l. 

M.Fabre de la Ripelle.- Few-Body System, 1986, 1, p.181. 
8. Tiymxwea B.B- H<I>, 1986, 43, c.420, TipenpHHT OHHH, 

E4-84-808, ,[(y6Ha, l984. 

Received on February 24, 1987. 

50 


