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0 DPEOBPA30BAHHSIX JIOPEHIJ.A 
DPH CBEPXCBETOBbiX CKOPOCTSIX 

B.C.BapameHKOB, M.3.10p&es• 

TpyAHOCTH o6o6~eHHII npeo6pa30&aHHA JlopeHL\a Ha o6JiaCT& caepxcaeTO­
BblX CKOpOCTeA OOyCJIOBJieHbl HapyweHHeM YCJIOBHII ICOJIJIKHe&pHOCTH JIBHJKe-. 
HHII CHCTeM KOOpAHHaT. llpe.AJIOlKeHa cjlopMa npeo6pa30BaHHA, yCTpaHIIIO~all 
3TO DpoYHBOpe'IHe H npHMeHKMall npK JIIOObiX CICOpOCTIIX. 

PaOOTa BbiDOJIHeHa B JlaOOpaTOpHH Bbi'IHCJIHTeJibHOA TeXHHICH H aBTOMa­
TH31ll.\HH OHSIH. 

On the Lorentz Transformations 

with Superluminal Velocities 

V.S.Barashenkov, M.Z.Yuriev 

The difficulties of superlumlnalgenerallzation of the Lorentz transform tions 
are due to a violation of the colllnearlty of the reference frame motion. The trans­
formations are proposed which obviate the contradiction and are applied for any 
velocities. 

The Investigation has been performed at the Laboratory of Computing Tech­
niques and Automation, JINR. 

B HeJIOKa.JibHhlx Teopn.11x, r~e Ha Ma.JihiX pacCTO.IiiHH.IiiX ~onycKaJOTC51 

CBepXCBeTOBhle CHrHa.Jihl, DpocTpaHCTBeHHO- H speM51DO~OOHble TO'IKH B 

o6Jiacrn x <A. (). - KOHCTaHTa HeJIOKa.JibHOCTH) cosepmeHHO pas HonpaBHhl 

H CHCTeMa KOOp~HHaT MO;tteT 6b1Tb CBll3aHa C mo6oii: H3 HHX • .ll,py mMH CJIO­

BaMH, TOOpHll 00ll3aHa 6b1Tb HHBapHaHTHOH OTHOCHTeJibHO JIOp eHn;eBCKHX 

npeo6pa30BaHHH KaK C ~OCBeTOBhiMH, TaK H CO CBepXCBeTOBhiMH CKOpocT51-

MH. JIHWb B 3TOM CJiy'lae TOOpHll MO;tteT C'IHTaTbCll DOCJie~OBaTeJibHO peJI51-

THBHCTCKH-HHBapHaHTHOH. 3roMy Tpe6oBaHHIO ~OJI;ttHa y~OBJieTBOp51Tb H 

TOOpHll CBepXCBeTOBhiX 'laCTHD; TaXHOHOB, .liiBJI5110~a.liiC51 KOpny CKYJI51pHOH 

pea.nn3au;neii: mnOTe3hl o HeJIOKa.JibHOCTH. O~HaKo JI.M::Jp'I~OH c coasro­

paMH noKa3an, 'ITO B npocrpaHcrse-speMeHH c 'IHCJIOM H3MepeHnii, OOJib­

meM ~ByX, CBepXCBeTOBhle o6o6~eHH.Iil H3BeCTHhiX HaM JIOpeHD;eBCKHX npe­

OOpa30BaHHH pacmnp51IOT rpynny JlopeHn;a ~o noJIHoii rpynnhl JIHHeiiHhiX 

*llpoM&IWJieHH&II rpynna HHTEPllPOM, MocKsa 
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npeo6pa30Ba HHH C e~HHH'IHhiM Onpe~eJIHTeJieM [1 ], KOr~a HeCKOJihKO llO­

CJie~OBaTeJihHhiX npeo6pa30BaHHH JlopeHu;a npHBO~RT K HeHa6JIIO~aeMhiM 
Ha OllhiTe CHMMeTpHRM. 

MHoro'IHCJieHHhle nonhiTKH yCTpaHHTh TPY~HOCTH He npHBeJIH K ycne­

xy (CM. 00 3TOM paOOTY [ 1 ] H 0030p [2 ]) . 
TeM He MeHee, MO:>KHO ~yMaTh, 'ITO TPY~HOCTH o6yCJIOBJieHhl He cym.e­

CTBOM ~eJia , a npoTHBOpe'IHBOCThiO paCCMaTpHBaBWHXCR npeo6pa30BaHHH. 

Ilo yCJIOBHIO HX BhiBO~a OHH OTHOCRTCR K CJiy'laiO napaJIJieJihHO ~BH:>KYW.HX­

CR KOOp~HHaTHhiX oceii: X H X
1

, O~HaKO B CBepXCBeTOBOH OOJiaCTH npoHCXO~HT 

nepeCTaHOBKa BpeMeHHOH H O~HOH H3 llpocTpaHCTBeHHhiX oceii:: eCJIH 

I vI < c, JiopeHu;eBCKHe npeo6pa3oBaHHR HMeiOT B~ 

x' = y (x- vt), t ' = y ( t - xv I c2
), } 

y = (1 _ v2/c2)- 1/2, 
(1) 

y' = y, z' = z, 

a B cBepxcBeTOBOH o6JiaCTH, npH I vI > c, 

x' = ey (t- xw!c2
), t 'c = ey (x- tw),} 

y' = y, z' = z, y = (1- w2/c2)- 1/2, 
(2) 

r~e e = vI I v I , w = c 2 I v. 
KaK B~HM, nepeMeHHaR (t 'c) npeo6pa3yeTCR 3~ech KaK npocTpaHCT­

BeHHaR, a (x ' I c) KaK BpeMeHHaR Koop~HHaTa. 3To 03Ha'laeT, 'ITO npeo6pa-

30BaHHa.st TOliKa (x', t 1
) pacnoJiaraeTCR B ~pyroM KoHyce 'leThlpexMepHoro 

npoCTpaHCTBa-BpeMeHH, H 3TO HapymaeT HCXO~HOe yCJIOBHe KOJIJIHHeap­

HOCTH. Ilo-cy m;eCTBY Mhl HMeeM TYT ~eJIO He C npeo6pa30BaHHeM KOOp~HHa­
THOH CHCTeMhl, Koma o~Ho H TO X<e co6hiTHe paccMaTpHBaeTCR c ~Byx pa3-

Hhlx TO'IeK 3p eHHR, a C 'IHCTO Mc\TeMaTH'IeCKOH onepau;HeH, yCTaHaBJIHBaiO­

m;eii: COOTBeTCTBHe (mapping) TO'leK, paCllOJIO:>KeHHhiX BHYTPH H BHe 

CBeTOBOro KOHyca. 

qTOOhl y~OBJieTBOpHTh YCJIOBHIO KOJIJIHHeapHOCTH CTaphiX H HOBhiX KO­

op~HHaTHhiX oceii:, CJie~yeT paccMaTpHBaTh nepeMeHHhle (t 'c) H (x' I c), co­

OTBeTCTBeHH O, B KalleCTBe npocrpaHCTBeHHOH KOOp~HHaThl H BpeMeHH 

cBepxcBeTOBo ii: o6JiaCTH, KaK OHH H BocnpHHHMaiOTcR Haxo~RW.HMCR TaM 

Ha6JIIO~aTeJieM: 

x' = e y (x- tu), t' = e y (t- xu/ c2
),} 

y'=y, z'=z, y=(1-u2/c2)- 112, 
(3) 

r~e u = v H e = 1, eCJIH lv I < c, H u = c2/v, e = v/ lv I npH lv I >c. 
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llpeo6pa30BaHH.si (3) COCTaBJHIIOT rpynny, HHKaKHX AODOJJHHTeJibHhiX, 

HeHa6JJIO,!\aeMhiX Ha ODhiTe CHMMeTpHH npH 3TOM He B03HHKaeT. KoopAHHa­

THble OCR OCTaiOTC.si KOJlJJHHeapHhiMH (COOTBeTCTBeHHO KBa,l\paTH'IHa.si Q>op­

Ma He MeH.sieT 3HaKa), H 3aKOH CJJO)J(eHH.si CKOpOCTeH npHOOpeTa eT B~ 

(4) 

rAe BeJIH'IHHa U HHTepnpeTHpyeTC.si B 3aBHCHMOCTH OT TOro, B KaKOH CHCTe­

Me KOOPAHHaT paccMaTpHsaeTc.si KOHe'IHoe co6hiTHe (x'', t ''). EcnH oHo B 

AOCBeTOBOH (3TOMY COOTBeTCTBYIOT CJJy'laH CJJO)J(eHH.si ABYX AOCBeTOBhiX HJJH 

ABYX CBepxcBeTOBhiX CKOpoCTeH Vi), TO npaBa.si 'laCTb Bblpa)J(eHH.si (4) pasHa 

(v1 +v2)/(1 +v1v/c2
) H U= V- cyMMapHa.si CKOpoCTb . EcnH )J(e 

(x", t ") B CBepXCBeTOBOH CHCTeMe (3TOMY COOTBeTCTByiOT CJJy'laH CJJO­

)J(eHH.si AO- H CBepXCBeTOBOH CKOpocTH), TO U = (1 + V 1 V/ c2
) / (v 1 + v 2) = 

= 1/V. 
llHTepeCHO, 'ITO npH CJJO)J(eHHH CBepXCBeTOBbiX CKOpocTeif CYMMapHa.si 

CKOpocTb BCer,!\a MeHbme CBeTOBOH. B rpaHH'IHOM• cny11ae, KOPAa V . -+ c, 
l 

V-+ c; npH V -+ 00 CYMMapHa.si CKOpoCTb V-+ 0. 

TaKHM o6pa30M, HeJIOKaJibHhle TeopHH H Hx 'laCTH'IHhiH cny11aH: TeopH.si 

TaXHOHOB MOryT 6b1Tb cQ>opMyJJHpoBaHhl B pe.n:.siTHBHCTCKH-HHBapHaHTHOH 

¢opMe, CHMMeTpH'IHOH OTHOCHTeJibHO AO- H CBepXCBeTOBbiX CKOpOCTeH. 

1. Marchildon L., Antipp A., Everett A. - Phys. Rev., 1983, v.D27, 

p.1740. 

2. Recami E.- Revista Nuovo Cimento, 1986, v.9, p.l. 

PyKonHCb nOCTynHJJa 19 AeKa6p.s~ 1994 ro,!\a. 
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OBHAPY)KEHHE cDOTOXPOMHOrO 3«D«DEKT A 
B BbiCOKOTEMOEPATYPHbiX 
CBEPXOPOBO.li;SimHX OJIEHKAX 
B BH,li;HMOR OBJIACTH CITEKTPA 

C.l1. TIOTIOHHHKOB, B.H.IIIammHH, H.I1.BananlllKHH, 
IO.Byx, M.3 pre.n& 

8 BTCn-fl.lleHKllX o6uapyJKeu cjxrroxpoMHbiH acPcPeKT, KOTOpbiH BblpaJKa­
eTCII B YBeJIH'IeHHH nOrJIO~eHHII CReTa AJIII AJIHH BOnH). S 0,7 MKM C YBeJIH­
'IeHHeM 3KCn03HI..\HOnuoii ~03bl . BenH'IHHa ctx>ToxpoMuoro acPcPeKTa u speMH 
uapacrauu11 KoppenupyiOT c TeMneparypoft csepxnposo~11~ero nepexoAA. 

Pa60Ta Bbmonueua B Jla6opaTopuu csepxBbiCOKHX sueprnii OHSIH. 

The Display of Photochromic Effect 
in the High Temperature Superconducting Thin Films 
in the Visible Region of Spectrum 

S.I.Tyutyunnikov, V.N.Shalyapin, N.I.Balalykin, 
J.Buch, M.Jergel 

The photochromic effect has been found in the HTSC films. It is manifested 
in t!te increase of ligltt absorption for the wavelengths). s 0. 71'm when the expo­
sition d011e is increased. The value of photochromic effect and its time transition 
depend on the temperature of superconducting transition. 

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

B nacro.Hm,ee speM11 noJiy'leH o6mHpHhiH 3KcnepHMCHTaJI&HhiH MaTe­
pHan 00 ODTH'IeCKHM CBOHCTBaM BhiCOKOTeMnepaTypHbiX CBepxnpoBO,AHH­
KOB <BTCll), npeQe scero YBCO B o6JiaCTH 3JICKTpoHHhlx so36yQeHHH 
11 w > 1 3B [ 1 ]. O.AnaKo so scex 3THX HCCJie.AoBaHH11X s nose,AeHHH BTCn­
OJieHOK He Ha6JIIO,AaJIHCb 3Q$eKTbl B3aHMO,AeHCTBH11 Jt3JIY'IeHH.SI CO CTpyK­
Typoif, KOTOphle npHBO,AHJIH 6bl K .'3QxPeKTaM OOTH'IecKOH naM9TH. llpH HC­
CJie,AOBaHHH 6o.noMCTpH11ecKHX xapaKTepHCTHK YBCO-CTpyKTYPhl [2 ] 6b1Jlo 
3aMe'ICHO, l1TO pe3HCTHBHhlH OTKJIHK yMeH&WaCTC11 CO BpCMeHeM 3KC003H-

IJ,HH. l.J,CJI&IO HaCT011ID,eH paOOrbl 11BHJIOCb yCTaHOBJieHHe 3aKOHOMepHOCTeH 
onTH'IecKoro norJiom,eHH11 B BH.AHMOH o6JiaCTH cneKTpa na BTCll-OJieHKax 
pa3noro cOCTasa: YBa2Cu30 7_ 6 <YBCO), Bi2(Pb) Sr2CaCu20x (BSCCQ), 

TlBaCaCuO <TBCCO>. 
X 
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3KcnepHMeHT 

lii3MepeHHSI nponycKaHHSI BTCII -WieHOK 6biJIH B&monueHhl no OAliO­

JiyqeBOH CXeMe. liiCTOqHHK H3JiyqeHHSI - CneKTpaJibli3SI JI3Mna H3K3JIHB3-

HHSI Clii8-200Y, cBeT OT KOTopoii npoeKTHJX>BaJICSI clt>epHqecKHM 3epKaJIOM 

ua ~eJib MouoxpoMaropa MJJ:P-2 c AHana30HOM nepeCTpoHKH no AJIHHaM 

BOJIH 0,2 + 2,5 MKM. IlOCJie MOHOXJ>OM3TOpa 6b1Jl yCT3liOBJieH OnTHqecKHH 

KpHocTaT npoKaquoro THna c perynHpyeMoii TeMnepaTypoii B ~Hana3oue 

5 + 300 K. JJ:eTeKropoM npomeAmero H3JiyqeuHSI CJIYXHJI <I>3Y -1 00 c OOJib-

mHM AHHaMHqecKHM AHana30HOM H MaJihlM TeMHOBblM TOKOM IT s 10 -II A. 

CHmaJI c AeTeKropa H3JiyqeuHSI <l>3Y HJIH pe3HCTHBHhlH CHman c IllleHKH 

BTCII H3MepSIJICSI ABYXKOOPAHHaTHhlM 3JieKTJ>OHHhlM noTeHU.HOMeTpoM 

JIKC-4-003. 

CKaHHpoBaHHe no AJIHHaM BOJIH ocy~eCTBJISIJIOCb noBOJ>OTOM AHlt>paK­

U.HOHHOH pemeTKH lii31'0BblM ABHraTeJieM, KOTOpblH HMeJI peryJIHJ>OBKY no 

CKOJ>OCTSIM H ynpaBJISIJICSI OT BHemuero 3anycKa. CneKTP n ponycKaHHSI 

OnpeAeJISIJICSI K3K OTHOmeHHe 3MWIHTYA CHrHaJIOB OT npomeAmero CKB03b 

OObeKT H3JiyqeHHSI u
1 

HOT npomeAmero CKB03b qHCTYIO nOAJIO:lKKY H3 MgQ 

H3JiyqeHHSI u
0

: 

BpeMeuuaSI CTa6HJibHOCTb HcroquHKa H3JiyqeuHSI B TeqeuHe u ecKOJibKHX 

qacoB pa6oTbl 6b1Jla ue xyxe 0,5% H cneU.HaJibHO KOHTJ>OJIHpoBaJiach. 

tl. norA. (orw.ec.l 

1.15 

0.5 QSS 0.65 0.7 0.75 
PHc.l . CneKTp&I nornow.euHll nneuoK: 1- BSCCO (Tc = 80 K); 2- TBCCO 

(Tc= 86 K); 3- TBCCO (Tc= 87 K) npH T = 300 K 
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T np(om .e~) TK=300K 

~'"" I 
1. 

OB 

06 

04 

0. 

I // 
}..(~~.o~) 

045 0.5 0.55 0.6 0.65 0.7 0.75 OB 

PHc.2. CneKTpbi nponycKaHH!I nneHKH YBCO npH TeMneparype 300 H 5 K 

ohiJJH H3MepeHhl crreKTphl rrporrycKaHH.st IIJJeHOK YBCO (T c = 77 K), 

BSCCO (Tc= 80 K), TBCCO (Tc= 86 H 87 K). IlJJeHKH 6hlJIH H3I"OTOBJJeHhl 

Ha IIOAJJO)KKax H3 MgO HaHeceHHeM a3po30JJH H3 rrHesMaTHllecKoro pacrrhl­
JJHTeJJ.sJ crexHoMeTpHllecKHx so~Hhlx pacTBopos HHTparos [3 ]. TeMrrepaTyphl 

rrepexo~s T c orrpe~eJI.sJJJHCb no 4-To<~e•moil MeTO~HKe. ToJI~HHa IIJJeHoK 

6h1Jla s rrpe~eJJax 1 MKM. Bee IIJJeHKH 6hlJIH opHeHTHpoBaHhl H TeKcTypHpo­

saHhl. Ha pHc.l rroKa3aHhl crreKTphl rrorJJom;eHH.st IIJJeHoK BSCCO, TBCCO. 

Ha pHc.2 rroKa3aH crreKTp rrporrycKaHH.st YBCO, MeH.stiO~HHC.st s 3aBHCHMoc­

TH oT TeMn epaTyphl IIJJeHKH. BhliiOJJHeHHhle H3MepeHH.st crreKTpos rrporryc-

KaHH.st 6hlJIH rrpose~eHhl rrpH rrMaiOm;eil MO~HOCTH H3Jiy<~eHH.st P < 10-4 BT 

~JJ.st A = 0,6 MKM. IlpH H3MepeHHSIX crreKTpa rrporrycKaHHSI Ha ~JJHHax BOJJH 

A~ 0,6 MKM o6Hapy)KHJJOCh, 'ITO rrpH rra~a10~eil MOID;HOCTH H3JJy<~eHHSI 

P ~ P = 2 · 10-4 BT rrpoHcxo~HT yMeHbmeHHe Ko3Qxt>Hn;HeHTa rrporry-
nopora 

cKaHHSI s Te<~eHHe o6JJy<~eHHSI. 
Ha pHc.3 rroKa3aHhl speMeHHhle 3aBHCHMOCTH rrporrycKaHHSI IIJJeHKH 

BSCCO ~JJSI ~JJHHhl BOJJHhl A= 0,65 MKM rrpH pa3HhlX TeMrrepaTypax. B 

33BHCHMOCTH OT ~03hl OOJiy'leHHSI, OIIpe~eJJSieMOH BpeMeHeM, rrporryCKaHHe 

yMeHhmaeTcSI. 113MepeHHSI, rrpose~eHHhle Ha ~pymx IIJJeHKax, TaKX<e rroKa-

3hlBaiOT HaJJH'IHe H~YU:HpoB3HHOI"O IIM310ID;HM CBeTOM <f>ororrOrJJO~eHHSI 

~JI.sl ~JIHHhl BOJIHhl A = 0,65 MKM. 
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PHc.3. M3MeHeHHe nponycKaHHll s Te'leHHe speMeHH 3KCno-
3Hl.IHH AJISI n.neHKH BSCCO npH naAaJOll.\eH MOII.\HOCTH H3Jly­
'leHHll p > p nop. npH TeMneparype 300, 77, 5 K,). = 0,65 MKM 

Ta6JIH1.13 

THn n.neHKH YBCO BSCCO TBCCO 

77 

17 

80 

12 

87 

5 

B Ta6Jiuu,e npe~CTaBJieHhl 3Ha'leHH51 a6coJIIOTHOH BeJIH'IHHhl yMeHbme­

HH51 nponycKaHH51 npH O~HHaKOBOH ~03e OOJiy'leHH51 ~Jl51A = 0,65 MKM, TeM­

nepaTypa H3MepeHH51 T = 77 K. 
BpeMeHHOe noBe~eHue H3MeHeHH51 nponycKaHH51, KaK noKa3aJIH 3Kcne­

pHMeHThl, OllHChiBaeTC513aBHCHMOCTbiO THna 

I~: I =canst (1 - e -kt). (1) 

B HeopraHH'IeCKHX KpHCTaJIJiax [ 4 ] u CJIOHCThiX nepoBCKHTono~o6Hhlx 
coe~HHeHHSIX Tuna Bi An_ 1 Bn03n+ 1 Ha6Jiro~aeTC51 <fxyroxppMHhiH 3Qxl>eKT, 
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PHc.4 . H3MeHeHHe nponycKaHHII AJJII nneHKH TBCCO Ha AJIHHe BOJJHbl A = 
= 0,65 MKM B Te'leHHe 3KCn03HU.HH OOJJY'IeHHII 

KOTOphiH OOb.IICH.IIeTC.II HaJIH'IHeM KHCJIOpo~HhiX BaKaHCHH, Ha OCHOBe KOTO­

phiX o6pa_ayJOTC.s~ ~OJII'Q:lKHByw.ue Meracra6HJihHhle COCTO.IIHH.II. KaK s~uo H3 

Ta6JIHI.U>~, All.ll BTCn-llJienoK c Meu&meif TeMnepaTypoif nepexo~a ana'leHHe 

I ~<I> I 
~ ana'IHTe.JI&uo OOJI&me, 'leM M.llllJienoK c OOJI&WHM auaqeuueM Tc. 

Cpasueu ue speMen uapacrauu.11 <t>o'roxpoMuoro norJiow.euu.s~ TaK:ll<e 

llOKa3hiBaeT, 'ITO B 3aBHCHMOCTH OT TeMnepaTyphl nepexo~a Be.JIH'IHHa Bpe­

MeHH uapacrauu.11 paaua.11: 'I eM Bhlme T c' TeM MeH&me speMsr uapacranH.II. 

nocKOJibKY KHCJIOpo~Hhle BaKaHCHH B llJIOCKOCT.IIX Cu02 onpe~e.JI.IIIOT TeM­

nepaTypy nepexo~a, TO ua6JIIO~aeMhle 3aBHCHMOCTH MO:li<HO OObSICHHTb KHC­

JIOpo~HhiMH saKaHCH.IIMH B llJIOCKOCT.IIX. Cpasueuue Be.JIH'IHHhl <tx>ToxpoM­

uoro norJiow.enH.IIIlJienoK paauoro cOCTasa: OT YBCO, r~e ecr& H ~Be nposo­

~.llm;He llJIOCKOCTH Cu02, H llJIOCKOCTH u,eno'leK CuO x' ~o TBCCO, r~e ecr& 

TOJI&KO llJIOCKOCTH Cu02,- no3BOJI.IIeT CAe.JiaT& BhiBO~ o TOM, 'ITO ua6JIIO~a­

eMhiH 3<1><PeKT onpe~e.JI.IIeTC.IIIlJIOCKOCT.IIMH Cu02. 

Ha6JIIO~aeMhiH <t>o'roxpoMHhiH 3<1><PeKT MO:ll<er 6hiT& ucnoJI&aosau ~JI.II 
~HarHOCTHKH KHCJIOpo~HhiX BaKaHCHH H, COOTBeTCTBeHHO, M.ll KOHTpoJI.II 

K3'1ecTBa llJieHKH 6e3 3JieKTpH'IeCKHX H3MepeHHH. 
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A HYPERNUCLEAR PROGRAM 

JINR Rapid Communications No.jf68}-94 

FOR THE N UCLOTRON ACCELERATOR 

S.A.Avramenko, Yu.A.Belikov, A.I.Golokhvastov, S.A.Khorozov, 
V.I.Kolesnikov, J.Lukstins, A.I.Malakhov, S.G.Reznikov 

Hypernuclei have been investigated (production and decays) in the Dubna 
synchrophasotron beams. However, the experiments were interrupted due to a 
low data collection rate . The beams of the new accelerator Nuclotron allow one to 
increase the available statistics by a factor of I 00 or more. Therefore hypernuc­
lear lifetimes can be measured within 2% errors significantly exceeding the 
results of the previous experiments. The study of ;\H properties is discussed. It is 
possible to make an attempt to investigate the Coulomb dissociation of the hyper-
nucleus. · 

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

llporpaMMa rnnepSI~epHhiX uccJie~oBaHHH ~JISI HYKJIOTpoHa 

C.A.ABpaMeHKo u ~p. 

B nytJKax CHHXpo<jJa3oTpoHa OIUIW 6biJIH npoBe):ICHbi HCCJie):IOBaHHSI 
rnnepSI):Iep (pOlK):IeHHSI H pacna):la), HO 3KCnepHMeHTbl 6biJIH npeKpall\eHbl H3-
3a MilJIOH CKOpocTH HaKOnJieHHSI ):laHHbiX. Ily'IKH HOBOI'O yCKOpHTeJISI (HYKJIO­
TpOHa) fi03BOJISIT yBeJIH'IHTb CTaTHCTHKH B 100 HJIH OOJiee pa3. 3TO fi03BOJIHT 
H3MepHTb BepMeHa lKH3HH rnnepSI):Iep C TO'IHOCTbiO 2%, 'ITO Cyll\eCTBeHHO npe­
BbiWaeT paHee fiOJiytJeHHbie pe3yJibTaTbl. 06CylK):IaeTCSI TaKlKe HCCJie):IOBaHHe 
CBOHCTB AH, B tJaCTHOCTH - KY JIOHOBCKOH ):IHCCOI..\Hai..\HH 3TOI'O rnnepSI):Ipa . 

Pa6oTa BbmOnHeHa B Jia6opaTopHH BbiCOKHx 3Heprni1 OW.SIW. 

At the end of the 80-ies hypernuclear experiments were performed on 
the Duhna synchrophasotron ion beams 3He, 4He, 6Li). The production 
cross sections of ~Hand ~Has well as the lifetime of ~H [1,2] were mea­
sured. The advantage of these experiments were low background, unambi­
guous identification of the observed hypernuclei and a reasonable trigger 
efficiency. It was also shown that in the case of lifetime measurements this 
approach was practically free from systematic errors and very effective. 
However, the experiments were interrupted because of the low statistics 
available due to the large memory time (3-5 !J.S) of the streamer chamber 
used in these experiments, combined with a low value (3-5%) of synchro­
phasotron duty cycle. 
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Because of the scheduled ion beams [3] of the new Nuclotron accele­
rator there is expected a significant increase of the registration rate. The 
most obvious source of the improvement may come as a result of a signi­
ficantly enlarged beam duty time value (75%). Another way to increase the 
data-collection rate is the use of proportional chambers for momentum 
measurements. Either way, the data-collection rate can be increased by at 
least a factor of 100. 

This increase is most important when estimating the possible results of 
our hypernuclear program for the Nuclotron accelerator. It was suggested to 

measure the lifetimes for ~H, ~Hand ~He hypernuclei as well as the ab-

sorption cross sections of~ H and~ He on different targets during the initial 

runs of the Nuclotron. If the statistics are increased by a fact r of 100 the 
lifetimes will be measured within a 3-5% accuracy- significantly better 
than in previous experiments [2,4,5] where an accuracy of 12-20% was 

achieved in the best case while the lifetime of the~ H was known with errors 

not better than 50%. 
As in our previous experiments [2 ], the two-particle de£ay .of hyper-

nuclei will be used when an- is emitted: 

(1) 

Let us consider the method of registration using the production and decay of 
a hypertriton as an example: 

3He + C -+ ~H + .. . (2) 

3 H-+ 3He + n- (3) 
A 

A schematic layout of the detectors is presented in the Figure. The 3He 

beam hits target (T) where~ H hypernuclei are produced. If th hypernuclei 

decay inside a vacuumized volume, then the direction of ejectile nuclei as 
well as of n- is measured in the chambers H 1 and H 2 and the decay point of 

hypernuclei is determined. In the chambers H 3 and H 4 the direction of 

ejectile nuclei is determined downstream the analyzing magnet (M) and the 
momentum of the ejectile is thus measured. 

The trigger is desinged to register a specific change of nuclear charge in 
the decay reaction (3). The counters B (Cerenkov and scintilla tors) should 

be tuned to register a relativistic particle (~H) with charge 1 in coincidence 

with the counters C which had to define that the same nucleus has now 
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3 He ~ 
M 

H3 
H4 

Figure. A schematic (not scaled) layout of the experimental facility . S- beam counters; T­
target; A- absorber; B, C

1 
and C

2 
counters measuring the charge of a nucleus; V- vacuum 

tank; M- analyzing magnet; H 1_ 4 - proportional chamber units 

charge 2 after the decay. Our expriments [2] have shown a background 
damping of 5-6 orders and a high geometrical acceptance. 

To estimate the available registration rate for any experiment one should 

know the production cross sections. The production cross sections for 3He, 
4He, 6u, 7u, 12C and 19F beams were calculated in [6,7] at a 3.7xA GeV 

energy. Our experiments on the~ H and ~ H production cross sections in the 

3He, 4He and 6u beams at the same energy have confirmed [2] these calcu­
lations. Considering the energy dependence, there are controversial predic­
tions: calculations of (8 ] give an increase of the production cross sections by 
a factor of 2-3 at a 6xA GeV energy available on the Nuclotron accelerator 
while in the model [6, 7] no increase is predicted (see [9 ]). However, the 
energy dependence has not been proved experimentally and we use cross 
sections measured [2] or calculated [6, 7] at 3.7xA GeV for all estimations. 

The Table shows our estimations of the expected number of hypernuc­
lear decays per a day of Nuclotron run. N shows the number of events that 
can be. observed and identified. We take into consideration: fraction of de-

cays with :n; - emitted, fraction of decays inside the vacuum volume V, effi­
ciency of the counters, losses of hypernuclei or daughter nuclei due to their 
interactions in detector elements and losses of nonidentified events when 

the angle between :n;- and the daughter nucleus is too small. The expected 
number of the events allows one to be quite realistic in hoping to measure the 
lifetimes of hypernuclei within 3-5% errors. 

The expected accuracy of the experiments will be sufficient to check the 
calculations [10, 11] for the models where variations of the order pf 10% in 
hypernuclear decay rates are predicted depending on different assumptions 

16 



Table. Expected number N events 
per24 hours 

Beam Hypemucleus N 

~H 100 

~H 600 

~He 400 

of AN interaction characteristics. 
When models of AN mteractions 
include a set of assumptions on 
nuclear and hypernuclear wave 
functions, distortion of pion wave 
function, etc., one may assume that a 
set of lifetime measurements must be 
obtained to exclude accidental coin­
cidence between the model prediction 
and experimental value for a hyper­

nucleus. On the other had, in experiments, where the lifetime is measured 
as a delay of a counter signal, errors are of the order of 10% [5 ]. It seems to 
be a rather hard task to reduce them. Really, the main source of these errors 
are technical and background problems, and a very sophisticated apparatus 
must be invented to solve these problems. Considering the experimental 

data on lifetime of the ~H hypernucleus obtained up to now, the errors are 

so large (5!! 50CX) that these results are practically useless for contemporary 

theory. In other words, for the~ H hypernucleus suggested experiments will 

provide a dramatic improvement in accuracy. Moreover, these suggested 
experiments will provide data on lifetimes of different hypernuclei that can 
be used as a real test of models. 

Considering experiments in a 3He beam, we can, for the first time, 

investigate the interactions of hypernuclei. Indeed, the decay range of ~ H 

produced in the Nuclotron 3He beam is of the order of 45 em, therefore one 

can insert different absorbers into «the beam of ~ H» to study the electro­

magnetic dissociation of the hypernuclei. 
It should be noted that the hypertriton is very important for theory as 

the lightest stable nuclear system with strange particle (A) embedded. In 
any case this system is significant to calculate few body models as well as to 
understand AN interaction. The binding energy B A of the hypertriton is one 

of the basic parameters (see [12,13]). From the analysis of experimental 
data in [14 ], B A= 0.13 ± 0.05 MeV was obtained. The error is statistical. 

The systematic error was estimated [14] to be 0.04 ± 0.02 MeV. The mass 
of A also was measured in [14 ], and the result rnA= 1115.57 ± 0.03 MeV 

differs by 3 values of standard deviation from the recent measurement [15 ], 
where rnA= 1115.678 ± 0.063 ± 0.006 MeV. This discrepancy also indica-

tes the presence of problems because of systematic errors in [14 ]. Anyway, 
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the binding energy of A in the hypertriton nucleus can be between 10-20 
KeY and 200-250 KeY. The systematic error exceeds the lowest possible 
value of the binding energy, and therefore the measurement accuracy can­
not be improved by using this method. However, such a low binding energy 

can be measured using the investigation of Coulomb dissociation of the ~H 

hypernucleus. The calculations [16] have shown that the Coulomb dissocia­
tion cross section increases from a barn value up to tens of barns, while the 
assumed value of binidng energy runs from 200 KeY down to 10 KeY. Such 
a dramatic sensitivity to binding energy allows one to eliminate significantly 
uncertainty in B A by quite a crude measurement of the Coulomb 

dissociation cross section. It should also be noted that this method is more 
sensitive and precise at the lowest values of B A where the traditional 

approach fails. 

The study of Coulomb dissociation in ~He-+ ~He+ n is also interes­

ting. In this case the measured [ 14, 17 ] separation energy of the neutron is 
equal to 0.1 7 ± 0.10 Me Y. The calculated cross section of Coulomb dissocia­
tion changes by a factor of 4 if the separation energy of a neutron varies in 
the measured lil:pits. 

Of course, it should be noted that the experiments are not simple 
because the cross sections of the Coulomb dissociation are not measured 
directly. When an absorber A (see the Figure) is displaced downstream the 
target T, an interplay of two cross sections will be registered- nuclear and 
Coulomb absorption of hypernuclei. Nevertheless, when different absorbers 
are used, the cross section of the Coulomb dissociation can be estimated 
well. We should point out that A and Z dependence of the interactions is 

rather different. On the basis of the Glauber model calculations, A0·6 rule 

for nuclear cross section [18] and zl.7 rule [19,20,21] for Coulomb absorp­
tion, the cross section of Coulomb dissociation in case of hypernuclei can be 

determined [19-21] like in experiments with 11 Li. Our estimates show that 
the reasonable Nuclotron run time is enough to obtain a 10-20% accuracy 
by using thick absorbers which damp a <<hypernuclei beam» by a factor of 
6-10. 

The results of the suggested experiments may be distorted significantly 
by background effects. However, our experience in previous experiments 
and calculations show that it is possible to solve the background problems in 
scheduled experiments. Indeed, only one process can occur inside the 
vaccum tank - decay of a hypernucleus. One should measure the directions 

of the ejectile nucleus and n- to fix the decay point inside the vacuum tank 
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and thus identify the hypernucleus decay. Obviously, the distribution of the 
decay points is used to determine the lifetime of the hypernucleus. 

At the same time some problems can arise if the trigger is overloaded by 
background signals. In our experiments the physical background for hyper­
nuclei production is charge exchange reactions that simulate the same trig­
ger. Fortunately, the cross section of charge exchange reaction is not too 
large, and the number of background charge exchange events, produced in 
the target, in the walls of vacuum tank or in the counters, will be approxi­
mately of the same order or slightly larger than the number of hypernuclear 
events. Moreover, some of background channels are not allowed in the reac-

tions we have chosen. For example, in the 4He beam we are free from reac­

tions with 4H production and corresponding charge exchange 4H -. 4He due 

to a short 4H lifetime. It should also be noted that all evaluation and Monte­
Carlo calculations a,re quite realistic as they are based on our experimental 
experience: the hypernuclear production cross section [2] and the data [22] 
on charge exchange reactions. 

It seems that the suggested experiments are based on quite realistic esti­
mations and experience and can be realized as soon as extracted beams are 
available on the Nuclotron accelerator. In the suggested experiments only a 
few isotopes of hypernuclei will be investigated nevertheless the results can 
be significant for model tests. For the first time the interactions (dissocia­
tion) of hypernuclei can be investigated. 

Authors are indebt to O.Hashimoto, V.L.Lyuboshitz and T.Motoba for 
useful discussions. 

The research described in this publication was made possible in part by 
Grant RFOOOO from the International Science Foundation. 
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AJirOPUTM Bbl.lJ.EJIEHUSI A.lJ.POHHbiX CTPYA 
B IIPOCTPAHCTBE qETbiPEXMEPHbiX CKOPOCTEA 

A.C.Bo~onhRnos,A.B.C~oscKHH 

HoBbiH aJJropHTM peKOHCTPYKI.~HH CTPYH peanH30BaH a paMKax penHTHBH­
CTCKH-HHBapHaHTHoro OOAJW]Ia. AnropHTM Onpe)leJJIIeT KOJIH'leCTBO CTpyH 8 
COObiTHH H peKOHCTpyHpyeT COObiTHe COOTBCTCT8eHHO OCIIM CTpyH. llpo8e)leHO 
cpa8HeHHe, Ha MOJieliHpo8aHHblx COOblTHIIX e-e + -833HMOJieHCT8HII, OTHOCH­
TeJJbHoro 'IHCJJa peKOHCTpyHpoBaHHbiX CTPYH JIJIII anropHTMa THna JA DE H 
npeJIJiaraeMOI'O 3]1eCb aJJI'OpHTMa. 

Pa6oTa 8bJnOJJHeHa 8 Jla6opaTOpHH 8biCOKHx :meprnH OH51H. 

Hadron Jets Finding Algorithm in the Four-Dimensional 
Velocity Space 

A .S. Vodopianov, A.B.Sadovsky 

New jet finding algorithm is developed in the relativistically invariant 
approach . The jet finding algorithm determines the number of jets in an event 
and reconstructs the corresponding jet axis. The jet rates for the JA E jet 
finding algorithm are compared to the jet rates for the presented method using 
Monte-Carlo data of e-e• -collision. 

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

I. Bse~enHe 

HcnoJib30BanHe MeTO~HKH KOJIJieKTHBHhiX nepeMeHHhiX ~JISI anaJIH3a 

e-e + -B3aHMO~eHCTBHH no3BOJIHJIO B~eJIHTh 2- H 3-cTpy8nhle COOhiTHSI, no­
JIYliHTh <t>y~aMeHTaJibHble <l>H3HlleCKHe pe3yJihTaTbl, SIBHBIIIHeCSI nepBbiM 
3KCnepHMeHTaJibHbiM DO~TBep~eHHeM npaBHJibHOCTH OCHOBHbiX DOJIOX<e­
HHH KX.U.. O~naKo K nat~aJiy 80-x ro~os 3Ta TexnHKa o6pa6oTKH 3KcnepH­
MeHTaJihHhiX ~aHHbiX B 3HalJHTeJibHOH Mepe ce6SI HCllepnaJia . 

.U.m1 ~aJibHe8me8 nposepKH npe~cKa3aHHH KX,ll. Tpe6osaJIHCh ~aHHhle 
no anHHI'HJISII.\HOHHhiM co6hiTHSIM c t~eThlpbMSI H 6oJiee CTPYSIMH, a ~JISI npo­
sepKH MO~eJieH <t>parMeHTal.\HH napTOHOB 6b1JIO HeOOXO~HMO ~eTaJibHO HC­
CJie~OBaTb crpyKTYPY o~HHOliHbiX cTpy8. BCTaJI sonpoc o6 s~eJieHHH oT­
~eJihHhiX cTpy8 c noMom;hiO cnel.\HaJihHhlx MropHTMOB. 
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0AHHM H3 nepBhiX 6hUI npeAJIO)J(eH «yrJIOBOH» crpyHHhiH a.rrropHTM [1 ], 
B KOTOpoM AJig BbiAeJieHHg CTpyH HCDOJlb30BaJICg ¢aKT KOJIJIHMaU,HH npo­

AYKTOB ¢parMeHTau,uu naproHa OTHOCHTeJibHO HanpaBJieHH.si ero HMDYJibCa. 

MeTOAHKa BbiAeJieHug crpyH:, ocHoBaHHa.si Ha orpaHnqeHH.siX «OTHOCHTeJib­

Hhlx pa3HOCTeH)> KHHeMaTuqecKHx nepeMeHHhiX BXOAgru;ux B CTPYIO qacruu,, 

aKTHBHO pa3BHBaJiaCb H AaJiee. 0AHHM H3 npHMepoB TaKoro DOAXOAa MO:>KeT 

CJIY*HTb a.rrropHTM LUCLUS [2 ], B KOTOpoM B crpy10 ofu,eAnng:IOTcg qacru- . 

IJ,hl C OTHOCliTeJibHhiM nonepe'IHhiM HMDYJibCOM, He npeBhiiDaiOIIJ,HM 3aAaH­

HYIO BeJIH'Il iHY. 

0AHaKO HaHOOJibiDee npaKTH'IeCKOe npHMeHeHHe B HCCJieAOBaHngx 

e-e + -B3aHMOAeHCTBHH DOJIY'IHJI THD a.rrropHTMa, BnepBhle npeAJIO:>KeHHhiH 

KOJIJia6opau,ueH: JADE [3 ]. OpumHaJibHhiH a.rrropHTM JADE opraHH30Bau 

CJieAyiOIIJ,HM o6pa30M: CHaqaJia paCC'IHThiBaiOTcg HHBapHaHTHhle MaCChi 

Bcex nap «'laCTHU.» B co6hiTHH. lloA qacruu,eH: B AaHHOM CJiyqae MO:>KeT no­

HHMaTbcg p ea.rrbHa.si qacruu,a HJIH «nceBAoqacruu.a», onpeAeJieuua.si uu:>Ke. 

llHBapHaHTHag MaCCa paccqHTbiBaeTcg B npeADOJIO)J(eHHH, 'ITO 'laCTHU,bl i H 

j HMeiOT HY JieBhle Macchi 

2 
mii = 2Ei Ei (1 - cos fJi)' (1) 

a :mepmg u 3-HMDYJibC naphl noJiy'laiOTcg OObi'IHbiM CJIO:>KeuueM 3THX Be­

JIHquu AJI.si OTAeJibHhiX 'laCTHU,. 

3aTeM o npeAeJigeTCg 6e3pa3MepHag BeJIH'IHHa 

2 
- mij 

Yii- w2' 

rAe W- DOJIHag 3Hperug B CHCTeMe U,.M. 

(2) 

flapa 'laCTHU, C HaHMeHbiDeH BeJIH'IHHOH yij Ha3hiBaeTCg nceBAO'IaCTH-

u,eH:, H 3TH ABe qaCTHIJ,bl B AaJibHeHIDeM 3aMeH.siiOTC.si Ha TaKyiO nCeBAO'Ia­

CTHU,y. llpou;eAypa DOBTOpgeTcg AO TeX nop, DOKa BCe BeJIH'IHHhl Yij He Ha'I-

HYT npeBhiiDaTb HeKoropoe npeAeJibHoe 3Ha'leHue Ycur CTpyg:Mn C'IHTaiOTcg 

BCe KJiaCTep hl C MaKCHMaJibHhiM qHCJIOM 'laCTHIJ,, eiiJ,e o6ecne'IHBaiOIIJ,HM yc­

JIOBHe yii < Ycur 

0AHaKo TaKoro poAa a.rrropHTMaM npucyru;a HeOAH03Ha'IHOCTb, KOTopyiO 

OOhi'IHO Ha3hiBaiOT «HeonpeAeJieHHOCTbiO peKoM6nuau,HoHuoH: cxeMhl)>, TaK 

KaK 3KCnepHMeHTaJibHhle pe3yJibTaThl 3aBHCg:T OT DOApOOHOCTeH npeADHCa­

HHH, KaKHM o6pa3oM «HenoJIHhle)> KJiacrephl CJieAyeT o61,eAHHHTb B crpy10. 

B Hacro.s~ru;ee BpeM.si HCCJieAoBaHo HecKOJibKO peKoM6nuau,HOHHhiX cxeM 

[ 4 ]. OcHOBHhiM HeAocTaTKOM npou.eAYPhl onpeAeJieHH.si BeJiuquubl yii Ha oc-
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HOBe DOAXOAa, pa3BHTOI'O rpynnoH JADE, 51BJI51eTC51 B03MO;>KHOCTb ofu.eAH­

HeHH51 B OAHY nceBAOCTPYIO t~aCTHU: OT ropM03Horo H3Jiyt~eHH51 rJIIOOHOB, Ko­

rophle Ha caMOM AeJie CJieAyeT BKJIIO'IaTh B CTPYH OT pa3Hhlx na)JTOHOB, Hc­

nyCTHBmHx 3TH rJIIOOHhl. 

B peJI51THBHCTCKOH MepHOH ¢H3HKe sonpoc o KJiacTepH33U:HH BTOpHt~­

HhlX '13CTHU:, o6pa3yiOIQHXC51 B Heynpymx CTOJIKHOBeHHSIX 5J:Aep npH peJI51-

THBHCTCKHX :meprH51X, SIBJISieTCSI npHHU:HDHaJibHhlM l(JI51 DOHH 3HHSI MHO­

;>KeCTBeHHOI'O po;>KAeHH51 aApoHoB B o6pa3oBaHHH npH 3TOM KYMYJISITHBHhiX 

'13CTHU:. Il03TOMY O'leHh B3;>KHO H3HTH 3KCnepHMeHTaJihiii>Ie B03MO;>KHOCTH 

o6Hapy;>KeHH51 ¢aKTa o6pa3oBaHHSI KJiacTepos H HX aHaJIH3a. 0AHHM H3 nep­

cneKTHBHhlX oKa3aJIC51 nOAXOA, npeAJIO;>KeHHhlH A.M.BaJIAHHhl , oqmsaH­

HhiH Ha H3yt~eHHH OCo6eHHOCTeH 5J:AepHb1X CTOJIKHOBeHHH B npOCTpaHCTBe 

OTHOCHTeJibHbiX 4-CKOpoCTeH ( 4-7 ). B 3TOM HHB3pH3HTHOM MeTOl(e 3HaJIH-

33 MHO;>KeCTBeHHOI'O po;>KAeHHSI '13CTHl( npou:eCCbl paCCM3TpHB310TCSI B npo­

CTpaHCTBe, TO'IK3MH KOTOporo SIBJISIIOTCSI 'leThlpexMepHhle CKOpOCTH 

ui = pi I mi, HJIH 4-HMDYJibCbl 'IB3CTHU: Pi, l(eJieHHble Ha HX MaCChi mi" 

OcHOBHhiMH seJIH'IHHaMH, OT KOTOphlx 3aBHCSIT pacnpel(eJie HSI seposrT­

HocTeii (Ce'leHHSI), C'IHT310TC51 6e3p33MepHhle llOJIO;>KHTeJibHbie peJISITHBH­

CTCKH-HHB3pH3HTHble BeJIH'IHHbl 

HHAeKChi i H k npHHHMaiOT 3Hat~eHHSI i,k = 1,2,3, .... BeJIH'IHHhi bik HMeiOT 

CMbiCJI OTHOCHTeJibHbiX paCCTOSIHHH B npoCTpaHCTBe 4-MepHbiX C OpOCTeH. 

B CBSI3H c 3THM npeACTaBJisreT HHTepec HCCJieAOBaTb B03MO;>KHOCTh no­

CTpoeHHSI aJII'OpHTMa peKOHCTPYKU:HH C06hiTHSI C HCUOJib30B3HHeM 3THX ne-

peMeHHbiX AJISI e + e- -B3aHMOAeHCTBH51. 

2. 11HsapHaHTHoe onpeAeJieHHe aApOHHhiX cTpyJ.f 

B 3TOM nOAXOAe cTpysr paccMaTpHsaeTC51 KaK KJiacTep aApOHOB c MaJihi­

MH OTHOCHTeJihHbiMH CKOpOCTSIMH b k" 

OcbiO CTPYH npeAJiaraeTcsr Ha3B3Th eAHHH'IHhiH t~eThlpexMcpHbiH seK­

Top V(V0 , V): 

v = L ui I v ( L u/. (4) 
i i 

ITo onpeAeJieHHIO, 

(5) 
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....-------

CyMMHposa uHe B <l>opMyne (4) BeAeTCSI no seeM 'laCTHu;aM, OTHOCSIID;HMCSI K 

BbiAeJieHHOH rpynne 'laCTHIJ; (KJiaCTepy). 4-MepHaSI CKOpoCTh 'laCTHIJ;hl OT­

HOCHTeJihHO OCH CTPYH 3anHChiBaeTCSI KaK 

2 
bk = -(V- Uk) . (6) 

OnpeAeJieHHe OCH CTPYH (4) nony'laeTCSI H3 yCJioBHSI MHHHMaJI&uoro 

3Ha'leHHSI cy MMhl AJISI 'laCTHu; CTPYH H yCJioBHSI (5). 

B 3TOM onpeAeJieHHH aApoHHhlx CTpyii ue HcnoJI&3yercSI B~>~AeJieuuaSI 
CHCTeMa KOOpAHHaT, npoAOJihHhle 6biCTpOThl, nonepe'IHhle HMnyJihChl H T.n. 

CTpyH H Hx xapaKTepHCTHKH onpeAeJISI~SI noJIHOCThiD HHBapHaHTHhiM 

CnOCOOoM 6 e3 npHBJie'leHHSI TaKHX nOHSITHH, K3K «C<f>epHCHTH» HJIH <<TpaCT». 

PacCTOSIHHe MeJKAy ABYMSI KJiaCTepaMH B npocrpaHCTBe 4-cKopoCTeii 

onpeAeJISieTCSI: 

ba{J = -(Va- Vp)2, (7) 

rAe, va H Vp - OCH KJiaCTepoB. 

B pa60Tax [7-8] AJISI pa3AeJieHHSI CTpyB: npeAJiaraercSI MHHHMH3Hpo­

saT& BeJIH'IHHy: 

A2 = min [- t (Va - v;)2
- ~ CVp - uf>2

] (8) 

AJISI 2-CTpyfiHhiX COOhiTHH, 

A3 ~ min [- t (va - v;)2
- ~ (Vp - uf>2

- 7 (VY - U/)
2
] (9) 

AJISI 3-CTpyfiHhiX COOhiTHH H T .A • 

.ll..nSI MHHHMH3au;HH A2, A3 H T.A. s KaQOM co6hiTHH c MnoxeCTseuuo-

CT&ID sropH'IHhiX 3apSIJKeHHhiX 'laCTHu; N paccMaTpHBaJIHCh see B03MOJKHhle 

pa36HeHHSI ua ABe (TpH H 6o.nee) rpynnhl, H3 scero ua6opa 3Ha'leHHH A2, 

A3 H T.A., COOTBeTCTBYIDDJ,HX K3:lf<AOMY pa36HeHHID, OT6HpanaCh TaKaSI KOM-

6HHaU.HSI, KOTOpaSI A3BaJia MHHHMaJihHOe 3H3'1eHHe 3TOH BeJIH'IHHhl. 

TaKHM o6pa3oM, B~>~AeJienHe CTpyB: B npocrpaHCTBe OTHOCHTeJI&HhiX 

CKOpoCTeH n poH3BOAHTCSI nyTeM OThiCKaHH.II oceu CTPYH va, Vp, vy H T.A. 

npH MHHHMH3aiJ;HH CyMMhl KBaApaTOB 4-CKOpoCTeH BTOpH'IHhiX 'laCTHIJ;. 

0AH3KO Ha npaKTHKe HCnOJih3083HHe 3TOI'O MeTOA3 npeACT3BJISieTCSI AO­

CTaTO'IHO TPYAOeMKHM, a npH 6o.n&mo8 MHO:liCeCTBeHHOCTH 'laCTHu; npaKTH­

qecKH uepeanH3yeMhiM H3-3a ueo6xoAHMOCTH paccMOTpeHHSI 6on&moro 

'IHCJia KOM6 HH3IJ;HH pa36HeHH.II '13CTHIJ; no rpynnaM H no KOJIH'IeCTBY rpynn. 
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PHc. l . Pacnpe,ne.neHHe 'laCTH~ a CTpye no &eJJH'IHHe b1 ,nn11 e + e- -113aHMO,ne HCTBHII 

npH 3HeprnH 91 rsB (TOJJbKO 38p11lKeHHble 'laCTH~bl). CTpyH peKOHCTPY~1po&aHbl 

C nOMOil.\biO anropHTM8, HCnOJJb3yeMOI'O nporpaMMOH JETSET 7.3 ,1\Jlll 3 a'leHHII 

Y011 = 0,02 

llpeMaraeMhiH H3MH anropHTM OCHOBhiB3eTCR Ha TOM, 'ITO 3H3'1eHHe 

bk AllR '13CTHI.l,hl, npHH3,ll.JieJKam;eH paCCMaTpHBaeMOH CTpye, ~OJIJKHO 6h1Tb 

HeOOJibWHM. Ha pHc.l npe~CTaBJieuo pacnpe~eneuHe t~aCTHU. B cTpye no se­

JIH'IHHe bk AllR MO~eJIHpoBaHHhiX C nOMOII.l,biO nporpaMMhl JETSET 7.3 C0-

6hiTHH e+ e--B33HMo~eHCTBHR npH 3nepmH 91 f3B. CTpyH peKoucrpyHpo­

BaHhl anropHTMOM KOJIJiaOOpal.l,HH JADE, HCOOJib3yeMhiM n porpaMMOH 

JETSET 7.3 [9] AliR 3Hat~eHHR Ycut = 0,02. B peKOHCTPYKU.HH COOhlTHR pac-

CMaTpHBaJIHCb TOJibKO 3apRJKeHHhle t~aCTHI.l,hl. llpH 3TOM KPHTep HH ua 3Ha-
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tJeHHe DOJIHOH 3HepmH JVISI peKOHCTpyHpoBaHHhiX CTpy:H He HeDOJib30Ba­

JIHeb. J13 pueyHKa B~HO, 'ITO paenpeAeJieHHe HMeeT MaKeHMYM H ~OCTaTO'I­

HO KpyTo en MaeT e pocTOM 3Ha'leHHSI bk. 

3. Onu eaHHe anropHTMa 

KaK H Apyme anropHTMhl HaXO)K~eHHSI eTpy:H [ 1-3], B k -anropHTM 

onpeAeJISieT KOJIH'IeeTBO CTpy:H B eo6hiTHH H peKoHCTpyupyeT eo6hiTHe eOOT­

seTeTBeHHO OCSIM CTpy:H. 

A.n:ropHTM B k opraHH3oBaH cne~yiOm;HM o6pa3oM: 

- CHa4ana paeetJHThiBaiOTeSI 3HatJeHHSI bk ~JISI seex qaeTHU. B eo6hiTHH. 

Bb16upaeTest eaMaSI )KeeTKaSI tJaCTuu,a H um;eTeSI e:H napa e Tpe6osaHHeM 

minbik B npocTpaHCTBe 4-MepHhiX eKOpoeTeH. 

- ,UJISI TaKo:H naphl onpe~eJISieTeSI OCb npeKJiaeTepa, u qaeTHU.hl npose­
pSIIOTeSI Ha yCJIOBHe 

2 
ba{3 = -(Va- Vp) < Bk, (10) 

r~e Va H V{J - eOOTBeTCTBeHHO, Oeb npeKJiaeTepa H Oeb ~JISI O~HOH 'laCTHU,hi 

B npe~DOJIO)KeHHH, 'ITO OHa O~Ha eOCTaBJISieT npeKJiaCTep, B k - Bhl6paHHOe 

3Ha'leHue ~JISI anropHTMa. Ecnu ycnosue (10) BhiDOJIHSieTeSI, TO tJaCTHIJ.hi 

AOOaBJISIIOTeSI K npeKJiaeTepy, BHOBb Bhi'IHCJISieTeSI OCb npeKJiaeTepa u npo­
sepSieTeSI y cnosue 

2 
bk = -(V- Uk) <Bk. (11) 

- ilpou,e~ypa DOBTOpSieTeSI ~0 TeX nop, DOKa Bee 'laeTHIJ.hl He 6y~yT 
ofu,e~uHeHhl B npeKJiaCTephl. 

- Bee n peKJiaeTephl e b a {3 < B k Me)I(Ay oeSIMH ofu,e~HHSIIOTeSI B KJiaCTe-

phl, Bhi'IHCJISIIOTeSI OCH, H 'laCTHU,hl paeeMaTpHBaiOTeSI OTHOCHTeJibHO HOBhiX 

oce:H. 

4. AHa JIH3 OTHOeHTeJibHOrO 'IHeJia 

peKOHeTpyHpOBaHHhiX eTpy:H B e06hiTHH 

Ha pue.2 npe~CTaBJieHo paenpe~eJieHue OTHOCHTeJibHOro 'IHCJia peKOH­

CTpyuposaHHhiX CTpy:H B MO~eJIHpoBaHHhiX e DOMOID;biO nporpaMMhl 

JETSET 7.3 eo6hiTHH e+ e- -B3aHMO~e:HCTBHSI npu 3Hepmu 91 f3B (TOJibKO 

3apSI)KeHHhle qaeTHU.hl) ~JISI pa3JIH'IHhiX 3Ha'leHHH Ycut (pue.2a) u B k 

(pue.26), u enOJib3yeMhiX anropHTMaMH JADE H Bk. B~ 3aBHeHMOCTH JVISI 
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PHc.2 . Pacnpe]leJJeHHe OT-
!:, HOCHTeJJbHOI"O 'lHCJJa pe- a) p. 

• • KOHCTpyHpoBaHHbiX CTpyfl E-< • 
s co6&ITHH JIJIII e + e- -B3aH-

() • • • I>< • MO]IeHCTBHII npH 3HepmH 

~ a.s • 2 CTPYH 
91 r3B (TOJJbKO 3aplllKeH- • 
H&Ie 'laCTHI.\&1), nony'leH- co • 

Dl • Hoe a) JIJIII pa3JIH'IHblX 3Ha- 0 

'leHHH Ycut c HCnOJJb30BaHH- ~ • 
:>, a.6 

eM JETSET 7.3 H 6) JIJIII p. • E-< 
pa3JIH'IH&IX 3Ha'leHHH Bk c () 

:X: 
HCnOJJb30BaHHeM Bk anro- 0 0 

:r: !Ill 
pHTMa Cl> a.4 p. 

0 

0 tJ ~ 
() 0 

~ • 0 
3 CTpyH a . 2 * 0 

:X: 0 
E-< 0 
0 0 

0 • 4 C'l'pyn 0 0 0 

* a * .. 
0 e.a2 a.a4 0.a6 0.0s 0.1 0 . 12 a.14 0 . 16 

y . 
cut 

!:, 
~ 6) • • • () • • • • I>< • 
~ • 2 CTPYH 0.8 • co 
Dl 
0 

~ 
• 

• :>, 
p. 0.6 
E-< 
() 

:X: 
0 
:r: • Cl> 0 p. a.4 
0 0 
~ 0 () • 
~ 0 

.-, CTPYH a.2 v 

~ 0 

0 0 • 0 

* 4 cTpyu 0 
0 0 0 

* 0 0 0 0 

* * 0 
a 10a 2aa 300 4Ela sa a 6a0 

Bk 
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.... 

aJII'OpHTMa CXOAeH C pe3yJibTaTaMH mHpoKO HCDOJib3yeMOI'O JADE-aJiro­
pHTMa. Bm r3KHe 3Ha'leHHB OTHOCHTeJibHOro 'lHCJia peKoHcrpyHpoBaHHbiX 
CTpyH: AJISI 2- H 3-CTpyH:HbiX COObiTHH noJiy'laiOTCB npu 3Ha'leHHH 
Ycut = 0,02 AJISI JADE-aJiropHTMa, TaKaB xe CHTyaD;HB Ha6JIIOAaeTCB npH 

3Ha'leHHH B k = 40 AJISI B k -aJiropHTMa. 

ABrophl 6JiaroAapBT A .M.BaJIAHHa 3a nOCTaHOBKY 3aAa'lH, B.B.BaTIO­
HIO, JI.A . .ll.HAeHKo, A.A.Ky3ue:u;oBa, T.B.llporyJioBy H H.B.CJiaBHHa 3a no­
Jie3Hble OOcy)I(AeHHSI. 
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KpamKue coo6U¥!HUR OHJIH N9j(68]-94 
Y ~K 539.172.18.5 

JINR Rapid Communications No.J/68]-94 

INVESTIGATIONS OF NEUTRAL PARTICLE PRODUCTION 
BY RELATIVISTIC NUCLEI ON THE LHE 90-CHANNEL 
y-SPECTROMETER. RESULTS AND PERSPECTIVES 

Kh.U.Abraamyan, S.A.Chatrchyan, V.M.Izyurov, M.N.Khac aturian, 
M.A.Kozhin, G.L.Melkumov, A.H.Khudaverdyan• 

Results of the experiments on neutral pion production at forward angles 
at 4.5 GeV /c per nucleon in nucleus-nucleus collisions are presented. The 
experiments were performed on the LHE 90-channel lead glass Cerenkov 
spectrometer FOTON. The ability of the setup for :n:0 meson identification 
at high multiplicity of y quanta and hadrons is shown. The list of the planned 
measurements on the spectrometer is given. 

The investigation has been performed at the Laboratory of High Energies, 
JINR and was presented at the Workshop on the Perspectives of elativity 
Nuclear Physics, May 31 -June 5 1994, Varna, Bulgar~a . 

l1cCJie~ouauue o6pa3osaHHSI uenTpanhHhiX llaCTHU. 
8 peJJSITHBHCTCKHX Sl~po-~epHhiX B3aHMO~eHCTBHSIX 
Ha 90-KaHaJihHOM y-cneKTpoMeTpe JIB3. 
Pe3yJJhTaThl u nepcneKTHBhl 

X. Y .A6paaMSIH H ~p. 

npe,liCTaMeHbl pe3yJibTaTbl 3KCnepHMeHTOB TJO HCCJie,liOBaHHIO o6pa30-
B8HHII He.iTpaJJbHbiX TIHOHOB B ll,liJ>O-II,llepHbiX B3aHMO,lleHCTBHIIX 
TlpH 4.5 r38/c Ha HyKJIOH. 3KCTiepHMeHTbl BblTIOJIHeHbl Ha 90-KaHaJibHOM 
'lepeHKOBCKOM CneKTpoMeTpe H3 CBHHU.OBOI'O CTeKJia (yCTaHOBKa <J>QTQH). 
noK838Hbl B03MO>KHOCTH yCTaHOBKH nO H,lleHTH!f>HKaU.HH :n:0 -Me30IIOB B yc­
JIOBHIIX OOJibWOH MHO>KeCTBeHHOCTH y-KBaHTOB H a,llpoHOB H nepetJHCJieHbJ 
3KCnepHMeHTbl, npoae,lleiiHe KOTOpbiX nJiaiiHpyeTCII 11a CneKTJ>OMeTpe. 

Pa6oTa BblTIOJIIIella a Jla6opaTOpHH BbJCOKHX Jlleprn.:i OIUIH H 6bJJia npe,li­
CTaBJieHa 11a Coae111.aHHH no nepcneKTHBaM pa3BHTHII peJIIITHBHCTCKOH ll,llep­
IIOH lf>H3HKH, 31 Mall- 5 HIOIIII 1994, 8ap11a, 60Jir8pH11 . 

The 90-channel lead glass spectrometer FOTON [1 ], developed at 
LHE, JINR in 1979, is successfully used up to now for physics information 
acquisition. Details of the construction and performance of the lead glass 
hodoscope are given in the table. 

*Yerevan State University. 
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Table. The basic parameters of the lead glass hodoscope 

number of lead glasses 

module cross section 

module length 

spatial resolut10n 

angular resolution 

energy resolution 

gain stability 

dynamic range 

minimum ionizing signal 

total (rectangular) area 

90 TF-1, total weight 4000 kg 

r = 9 em insert circumference 

35 em, 14 R.L. 

4cm 

0.7" at L = 340 em 

(4.3/VE)%, (E(GeV)) 

(1+2)% 

50MeV+6GeV 

384 MeV photon equivalent 

140x 215 cm2 

In 1987-1991 the setup was used to measure the cross sections 
of neutral pion production in proton-nucleus and nucleus-nucleus collisions 
at 4.5 GeV / c per nucleon. 

The fragmentation of nuclei in high energy collisions into elementary 
particles with momenta far exceeding the average momentum per nucleon 
in the nucleus is one of the most interesting phenomena in high energy 
physics. This phenomenon, the so-called cumulative production of particles, 
was first. observed by A.M.Baldin et al. [2 ]. Our motivation for these 
experiments was to obtain information about the production mechanism 
of neutral p10ns beyond the kinematic limit for free nucleon-nucleon and 
nucleon-nucleus collisions [3,4 ]. 

The pion production was investigated at 0" ~ (} o ~ 16", E o ~ 2 GeV, 
lt lt 

where E o and (} o are the energy and angle of :rc0 emission in the lab. 
lt lt 

system, respectively. We have also investigated the dependence of the cross 
sections· on the number of nucleons in the target and in the projectile. The 
characteristic property of our experiment is the possibility of pion 
registration over a wide interval of transverse momentum during one 
experiment. 

The experiment was performed at the LHE synchrophasotron using 
a single-arm lead glass Cerenkov spectrometer with scintillation counter 
hodoscopes. A schematic drawing of the experimental apparatus is given in 
fig.1. The setup includes: the beam monitor scintillator telescope (S 1 +S2); 

the threshold terenkov counter (C1); the halo scintillation counters (A); the 
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target (M); the scintillation 
counter hodoscopes (SH); the 
lead glass calorimeter (C2). 

The possibility of n° identifi­
cation of the setup is shown in 
fig.2. 

The n° mesons are detected 
through their two-photon decay 
mode as a narrow peak in the 
invariant mass distribution. Pho­
tons are recognized as isolated 
and confined clusters (an area of 
adjacent modules with a signal 

Fig. ! . A schema tic drawing of the setup 

above the threshold) in the electromagnetic calorimeter. The ph ton energy 
is calculated from the energy of the cluster by applying a positi n-depend­
ent leakage correction. Assuming that the photon originates at the target, its 
direction is determined from the geometrical positions of the constituent 
crystals, weighted by the corresponding energy deposjts. 

Inclusive spectra of n° have been extracted from the raw data under the 
following selection criteria: 

(1) E ;::: 500 MeV, 
y 

(2) ky1. ;::: 120 MeV, 

(3) P J. ;::: 70 MeV 

for the reactions (p, d) + A, and 
(1) E ;::: 800 MeV, 

y 

(2) ky1. ;::: 180 MeV, 

(3) P j_ ;::: 160 MeV 

for the reactions (a, C) + A. Here E is the energy of y-quanta (clusters), 
y 

kyl. is the transverse momentum of y -quanta and P 1. is the transverse 

momentum for yy combinations. 

In order to identify n° mesons, all photon pair combinations are used 
to calculate the invariant mass in each event. The dotted histograms in fig.2 
represent the invariant mass distributions for yy pair combinations selected 
accidentally from different events. These combinatorial distributions were 
used for background calculations. 

There is an excess of yy pairs at small decay angles for background 
events. The influence of these events on the invariant mass distributions is 
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Fig.2. Invariant mass spectra of yy pairs for p + C (a), a + C (b), C + C (c) and C + Cu (d) 
reactions at 4.5 GeV /c per nucleon. The dashed lines indicate the background. The insets 
show the 1l

0 peak after background subtraction. The dashed histogram in (c) is the spectrum of 
yy pairs from 1C

0 decay generated by the Monte-Carlo method under real conditions of the 
experiment. The center of the front surface of the lead glass hodoscope is located at 340 em 
(a+c) and 520 em (d) from the target 

essential for M < 100 MeV only. These masses were excluded from the data 
analysis. 

The data analysis method has previously been described in detail in ref. 
[3 ]. 

Among main results of the experiment we would like to note the 
following: 

1. We have measured forward ;r0 production in the reactions: 
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(1) 

at 4.5 GeV /c per nucleon. We have observed pions with energy 1.9 times as 
large as a maximum available in collisions between two free nucleons. The 
production of such pions must involve nuclear effects. The cumulative 
number variable X was used to find a simple universal parametrization of 
the data. The variable X derived from energy and momentum conservation 

laws for the reaction XNi + NT -+ (X + 1 )N
1 

+ n° is equal to 

M P. o- M2o/ 2 
X= N"":~t 1t 

2 , 
E~N- E~:n:o- MN + P,j>lto cos ()1to 

where M N , M :Ito, P N , P :Ito, EN , E:Tto are the nucleon an n° mass, 

momentum and energy, respectively; () lto is the angle of n° emission (lab 

system); P N = 4.5 GeV /c. The variable X is similar to the Bjorken x and 

introduced to take into account the particle masses involved in the reaction. 
In the parton models the X dependence of the cross section over the . 
considered range <EP ~3.5 GeV /nucleon and X~ I) is interpreted as 

a longitudinal momentum distribution of partons in nuclei. Within this 
range the invariant cross section is written as [5 ]: 

da 
E dP = Const·GA (X, A), 

p p 

where G A is the quark-parton structure function of the fragmenting 
p 

nucleus: the projectile nucleus in this case. 
According to the above considerations, the cumulative effect is defined 

as inclusive reactions in the region X ~ 1. The quark-parton structure 

function of nuclei in this region is the probability that a constituent quark 
carries the momentum of a nucleon group [6 ]. 

The parametrization of the structure function of nuclei by the 
expression G(X)- exp(-X/X0) makes it possible to extract the parameter 

X0 characterizing the first momentum of the structure function. 

The growth of x0 is observed with increasing the number of nucleons in 

the fragmenting nucleus: it is equal to 0.145±0.002 for a particles and 
0.176±0.007 for the carbon nucleus (the data are given for P ..L:! 0; the 

quoted err~rs are statistical only). 
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A great difference between the parameters X 0 is observed at 2.9 [4] and 

4.5 GeV /c per nucleon. A substantial difference for the carbon nucleus 
is observed when we compare our data at 4.6 GeV /nucleon with the 
corresponding ones for higher energies [7 ]. Thus the scaling begins 
at higher energies with increasing projectile mass. 

2. We present the target and projectile dependences of the invariant 
cross section in the form 

Eda/ dp - A';, where A8 = a, C; (2) 

Eda/ dp- A~, where AT = C, Cu. (3) 

2.1. A strong dependence on the projectile mass is observed: the 
exponent m (eq. (2)) rises from a value of 1.2±0.1 for lower momentum 
pions (X- 1) to 2.1±0.2 for pions produced beyond the nucleon-nucleon 
kinematic limit (X= 1.9); m = 1.6±0.1 for P .L = 500 MeV /c and 

m = 2.3±0.2 for P .L = 900 MeV /c. Such a behaviour of m(X, P) indicates 

probably a strong redistribution of nucleon momenta in the nucleus. 
2.2. The exponent n (eq. (3)) weekly depends on X and P .L and equals 

0.37±0.02. 
The parton models [5,8] predict that n is independent of X and P .L at 

large X and small P .L. According to these models, an incident hadron 

fragments when one of its constituent quarks collides in the target. The 
spectator quarks that escape collision and thus retain their original fraction 
X of the projectile c.m. momentum can fragment or recombine with a slow 
quark (X :;;:: 0) and form large X -low P .L fragments. The value of n has been 

estimated quantitatively assuming that recombination does not depend on X 
[8 ]. The following expression has been suggested: 

(A2/A1t(X,P.L) =(aNA- aqA) I (aNA- aqA ), 
2 2 I I 

where ajT is the total nuclear absorption cross section for particle j-nucleon 

(N) or quark (q) that recombines into the final :rc0 meson. From this we 
obtain :;;:: 0.40 for n (with an uncertainty of ±0.06 for different nuclear 
density functions [9 ]) . 

To check these predictions, we have parametrized the target depend­
ences of our data in the form n = n0 + kX. The fitted value of k is equal to 

k = -0.06±0.08. 
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The mean value of n equals 0.37±0.02. Thus the parton recombination 
model reproduces well both the mean value of n and the behaviour of the 
n(X) dependence in the region X> 0.6. With increasing X, the observed 
decrease of n(X) does not exceed a statistical uncertainty. 

2.3. We have obtained an indication that the n(X~ dependence is 

different for XF ~ 0.8 and XF ~ 0.8 for reactions (1) with the proton 

projectile [ 10 ], where X F is the Feynman variable in p + p system. 

3. We have found the factorized representation of the p + C -. :rc0 + x 

reaction invariant cross section versus the variables X F and P ~ for 

XF ~ 0.66: 

Eda/dp = a0 ·(1- Xp)N·exp(-BP~), (4) 

where a0 = (158±10) mb ·GeV-2 ·c3; N = 2.30±0.05; B =. (10±1) 

GeV- 2 ·c2• 

In future we are planning the following: 
-To continue the experimental data analysis in the frame of different 

theoretical models of cumulative meson production; 
- To determine the double differential cross sectio for the 

d + C-. :rc0 + x reaction and to search for the factorized representation 

of the invariant cross section. The accumulated stati3tics of :rc0 mesons after 

background subtraction is about 3.7 ·104 events. 
- To investigate heavier neutral particle (1J, w, ... ) roduction 

in relativistic nucleus-nucleus collisions using they-spectrometer; 
- To search for a possible :re-condensation in central nude s-nucleus 

collisions when the critical densities of nuclear matter can e formed 
with pion vacuum violations. 

We are very grateful to Professor A.M.Baldin for his support We thank 
V.Arkhipov, S.Plyashkevich, S.Reznikov, A.Shirokov and the 
synchrophasotron staff for their contributions to the success of these 
experiments. We express our grat:it:ude to I.S.Saitov for useful discussions. 
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COHERENT MESON PRODUCTION 
IN THE dp -+ 

3HeX REACTION* 

V.P.Ladygin, N.B.Ladygina 

JINR Rapid Communications No.J[68]-94 

Effects due to polarizations of both colliding particles have been ana lyzed in 
terms of two independent amplitudes which in the general case define the spin 
structure of amplitude of the dp ... 3HeX (X= :rr.0 , '1°) reaction In the collinear 
geometry. Energy dependence of spin-correlation parameters and polarization 
transfer coefficients are predicted using the moduli of amplitudes extracted from 
experimental data. The values of these polarization observables at thres old are 
predicted. 

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

KorepeHTHoe po~eHHe Me30HOB B peaKU,HH dp ... 3HeX 

B.n.licmhlmH, H.B.JiaAhlmHa 

8 Tepr.tHH8X J18YX He388HCHMbiX ar.tllJIHyY,ll, KOTOpble 8 OO~er.t CJiy'lae 
onpe,lleJJIIIOT cnHH08YIO CTPYKTYPY ar.tllJIHyYJibl peaKLIHH dp ... 3HeX 
(X= :rr.0, 'J0) 8 KOJIJIHHeapHOA reor.teTpHH, paCCMOTpeHbl :J<1xl>eKTbl, C8113aH­
Hble C nOnllpH381..1HeA CT8nKHB810~HXCII '!aCTHI..I. llpe,liCKa3bl8aeTCII 3HepreTH­
'IeC:Kall 388HCHMOCTb CnHH08biX K0ppen111..1HA H K03CI><PH1..1HeHT08 nepe,lla'IH 
nOn11pH381..1HH npH HCnOnb3088HHH 3Ha'leHHII MO,llyneA ar.tllJIHyY,ll, H3&ne'leH­
HbiX H3 3KCnepHr.teHT8nbHbiX ,llaHHbiX. llpe,liCKa3biB810TCII &enH'IHHbl 3THX 
non11pH381..1HOHHbiX Ha6nJO,llaer.tbiX Ha nopore . 

Pa6oTa 8bmonHeHa 8 Jia6opaTopHH 8biCOKHX 3HepmA OIUUf. 

1. Introduction 

Meson production and absorption is a many body problem as in principle 
all nucleons will be involved. On the one hand, this process requires the 
participation of at least two nucleons, since the process nN ... N (TJN ... N) is 
kinematically forbidden on a free nucleon and strongly suppre sed in nuclei 
by momentum conservation; on the other hand, one has a sensitivity to 
large-momentum components in the relative wave function of the nucleons 
due to the large transferred momentum and therefore may have a sensitivity 

*Report at the Workshop on the Perspectives of Relativity Nuclear Physics, May 31 -
5 June 1994, Varna, Bulgaria 
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to small relative distances between the absorbing nucleons (r < lfm), where 
non-nucleonic degrees of freedom may become essential. 

The pion absorption on two nucleons is the dominant mode. The iso­
scalar absorption is stronger by an order of magnitude than the isovector 
one. This mechanism dominates mainly via an intermediate !lN state and 
masks the NN-correlations. But information about NN-correlations may be 
obtained from studying the processes, when pion is absorbed on the iso­
vector pairs of nucleons, which is not mediated by the!!:. resonance or from 
measurements of polarization observables, which depend on interferences 
between diagrams with Nl!:. and NN intermediate states. 

We consider the dp-+ 3Hen°(1J0) reaction in the collinear kinematics, 

when 3He is produced at (}T = oo or at (}T = 180° in the CMS. There are only 

two independent complex amplitudes to describe the dp -+ 
3Hen° under 

these kinematical conditions. The measurements of the differential cross sec­
tion and both cross section and tensor analyzing power T 20 [ 1 ]- [ 4] for for-

ward and backward lfp production in CMS give the possibility of extracting 
the moduli of these amplitudes for collinear kinematics. To perform an 
amplitude analysis and reconstruction of the partial-wave amplitudes in the 
collinear geometry it is necessary to measure such polarization observables 
as deuteron-proton spin correlations between both polarized particles. 

The dp-+ 3Hen° reaction has the same spin structure. Due to the large 

11° mass, 3-body mechanisms play more sufficient role for this process than 
for pion absorption. 

Measurement of the spin correlations (in addition to measured cross 
section [2] and T 20 [5]) could allow one to perform an amplitude and par-

tial-wave analysis for this reaction. 
Performance of these experiments is possible at Dubna, SATURN£, 

TRIUMF using polarized beams and targets. 

2. The dp-+ 3HeX (X= :n:, 1J) Reaction 
in Collinear Geometry 

In the general case there are 6 complex amplitudes to describe the 

dp -+ 
3Hen°(1J0) reaction. But one gets only 2 independent complex ampli­

tudes A and B for these processes in collinear geometry [6 ]. 
Expressions for cross section, tensor analyzing power and spin correla­

tion parameters have the following form through these amplitudes: 
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IAI 2 - IB1 2 
c = ----=----=-

O,NN,O,O I A 12 + 2l Bl 2 ' 

-2·1BI 2 
c =-----:-------:-

L,L,O,O I A I 2 + 21 Bl 2 , 

-2·ReBA• c = ----=----=-
N,N,O,O IAI2 + 21BI2, 

-3·ImBA• c = -------=-
N,SL,O,O IAI2 + 21 BI2' 

(1) 

(2) 

(3) 

(4) 

(5) 

where Lis longitudinal, N is normal and Sis sideways polarization of partic­
les. (Here we follow notations used in ref. [7 ]): 

Note, that coefficients of polarization transfer from deutero to 3He are 
related with spin-correlation coefficients as: 

c = -c c = c c = c O,L,L,O L,L,O,O O,N,N,O N,N,O,O O,SL,N,O N ,SL,O,O" 

For coefficients of polarization transfer from proton to 3He one can obtain: 

C L ,O,L,O = 2 . C L,L,O,O + 1' 

CN,O,N,O = -(CL,L,O,O + 1)· (6) 

Also, the observables C N,N,o,o , C N,SL,o,o and CO,NN,o,o are related as 
follows: 

(4C 2 
- 1)2 

2 .C 2 + ~ C + O,NN,O,O _ 1 (7) 
N,N,O,O 9 N,SL,O,O 9 - . 

One can mention that even in the case when A and Bare in phase, what 

means ReAB• = ± I A I · I B I and C N,SL,O,O = 0, it is necessary to perform 

the measurement of the C N,N,O,O to obtain the relative sign of t e moduli of 

A and B. Note that the spin correlations C N,SL,O,O and C N,N,O,O are the most 

informative polarization observables because they are the interference 
terms of two amplitudes in contrast with the others and can be more sen­
sitive to short-range NN-correlations. 
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3. Pola rization Observables for dp-+ 3HeX (X= :n:, TJ) 

From :n: absorption on 3He near threshold, it is known that S-wave pions 
are absorbed mainly on a pairs of nucleons with isospin T = 0 and T = 1. 

In order to get agreement with measured tensor analyzing power T 20 at 

threshold of the dp -+ 
3He:n:0 reaction [ 4 ], using realistic wave functions of 

deuteron and 3He with D-waves, and the S-wave :n:- 3He -+ nd branching 
ratio, the authors [6] could extract numerical values of g0 and g1 coupling 

constant. Using these values one can predict the values of other polarization 
observables defined above. 

Using completely symmetrical 3He and deuteron wave functions one 
can obtain the value of C N,N,O,O = 0.333±0.026. For realistic wave functions 

with D-waves one gets C N,N,O,O = 0.289±0.023. C L,L,O,O is close to zero for 

both cases. 
The value of C N,N,O,O can be predicted up to sign ambiguity, but the 

negative value of C N,N,O,O at threshold is more favourable, when g0 and g1 

are assumed to have the same sign in order to avoid a strong suppression of 
the n-d branching ratio. One can see also that C N,N,o,o is very sensitive to 

short-range NN-correlations. At higher energies the P-wave contribution 
dominates and masks NN-correlations. It is necessary to include in calcu­
lations also the 3-body mechanisms [8 ]. 

We would like to note that the dp -+ 
3HC7]0 reaction having the same spin 

structure is also defined by two amplitudes in collinear kinematics. In the 
two-body absorption approach [9] the 7]-meson at threshold can also be 
absorbed on the pairs of nucleons with isospin T = 0 and T = 1. 

If we neglect the D-waves in the deuteron and 3He, difference between 

S •and. S-waves in the 3He and w, 7J exchange diagrams, A and B amplitudes 

of the dp -+ 3HC7]0 process will correspond to pure :n:- and p-contributions , 
respectively. The relative phase between A and B amplitudes corresponds to 
the mixing parameter between :n:- andp-exchange graphs. The spin correla­
tion C N,N,O,O takes the following form: 

C N,N,O,O = (0.694±0.052) ·cos <5, (8) 

where the cos <5 is mixing parameter between :n:- andp-contributions. 
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Of course, for correct description of this process it is necessary to add to 
this simplified model 3-body mechanisms [10 ], strong FSI due to large 

complex 1J3He scattering length [11] and so on. 
These questions are discussed in more detail in ref. [12 ]. 

4. Conclusions 

Polarization observables of the pion absorption and production are very 
sensitive to the NN-correlation function, in particular to its short-range 
part, in contrast to the cross section. 

Measurements of C N,N,O,O and C N,SL,O,O (in addition to T 20 and diffe­
rential cross section) realize -the program of full experiment in the case of 

collinear kinematics (for dp .... 3Hen° and dp .... 3He1J0 reactions). 
At threshold, where two-body absorption of pions dominates, from 

measurement of C N,N,O,O it is possible to remove the sign uncertainty bet-

ween g
0 

and g1 coupling constants. 

Measurements of C N ,N,O,O for dp .... 3He1J0 could clarify: the role of 

three-body mechanisms in the meson absorption and production; the role of 

n, p, 1J, w exchanges; possibility of existence of quasi-bound 1J3He state. 
The authors would like to express their gratitude to E.Strokovsky for 

constant help and stimulating interest to the present work, I.Sitnik and 
N .Piskunov for fruitful discussions and support. 

References 

l. Chapman K.R. et al.- Nucl. Phys., 1964,51, p.499; 
Gabathuler K. et al. - Nucl. Phys., 1972, B40, p.32; 
Aslanides E. et al. - Phys. Rev. Lett., 1977, 39, p.1654; 
Low J.W. et al.- Phys. Rev., 1981, C23, p.1656. 

2. Banaigs J. et al. - Phys. Lett., 1974, B45, p.394; 
Berthet P. et al.- Nucl. Phys., 1985, A443, p.589. 

3. Kerboul C. et al.- Phys. Lett., 1986, B181, p.28. 
4. Boundard A. et al.- Phys. Lett., 1988, B214, p.6; 

Pickar M.A. et al.- Phys. Rev., 1992, C46, p.397; 
Mayer B. et al. -Nouvelles de Saturne, 1993, 17, p.67. 

5. BergerJ. et al.- Phys. Rev. Lett., 1988, 61, p.919. 
6. Germond J.-F., Wilkin C.- J. Phys. G.: Nucl. Phys., 1988, 14, p.18l. 

41 



7. Ghazikhanian V. et al.- Phys. Rev., 1991, C43, p.1532. 
8. Laget J.M., Lecolley J.F.- Phys. Lett., 1987, B194, p.177. 
9. Germond J.-F., Wilkin C. - J. Phys. G.: Nucl. Phys., 1989, 15, p.437. 

10. Laget J .M., ·Lecolley J.F.- Phys. Rev. Lett., 1988, 61, p.2069. 
11. Wilkin C.- Phys. Rev., 1993, C47, p.R939. 
12. Ladygin V.P., Ladygina N.B. - JINR Preprint E1-94-279 , Dubna, 

1994, submitted to Yad. Fiz. 

Received on September 7, 1994. 

42 



KpamKue coo6!¥HUJl OHJ/H N95{68}-94 

Y,L\K 539.172.17 

JINR Rapid Communications No.5{68}-94 

Cl>PArMEHT All;H.si PEJI.siTHBHCTCKHX .si.IJ:EP-CHAP.si.IJ: OB 
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B.r.Bor~aHoB, B.A.IImmu,eB, 3.l1.CoJIOBbeBa 
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noKa3aHO, 'ITO Cpe)IHHe nonepel!Hble HMnyJibCbl npoJIYKTOB <jJparMeHTa­
l.IHH peJI!ITHBHCTCKHX !IJiep HMeiOT A-3aBHCHMOCTb Cyll\eCTBeHHO OOJiee 
CHJibHYIO, '!eM TaKOBa!l )IJIII <jJepMH-HMnyJibCOB HYKJIOHOB. 3TO o6cTOIITeJibCTBO 
KpHTH'IHO )IJI!I CTaTHCTH'leCKOH TeOpHH 6biCTpoH <jJparMeHTai.~HH !l)lep. 

Pa6oTa BbmOJIHeHa a Jia6opaTOpHH BbiCOKHx :meprnH OIUIH. 

The R elativistic Projectile Nuclei Fragmentation 
and A-Dependence of Nucleon Fermi-Momenta 

Alma-Ata- Bucharest - Dubna- Dushanbe­
Yerevan- Koshice- St. Peterburg- Moscow­
Rzez- Sofia- Tashkent- Tbilisi 

B. U .Ameeva et al. 

The average transverse momenta of relativistic nuclei fragmentation products 
are shown to have an A-dependence esserttially stronger than that for the Fermi­
momentum of nucleons. This circumstance is critical for statistical theory of rapid 
fragmentation of nuclei. 

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

J.1Jy4eHHe pacna,lla OCTaT04HbiX peJISITHBHCTCKHX Sl.llep-CHapSI.llOB, o6pa-
30BaBUJHXCSI llOCJJe Heynpyroro Sl.llpo-SI.llepHOT"O B3aHMO.lleHCTBHSI, ,llaeT, Be­
poSITHO, YHHKaJibHYJO B03MQ)l(HOCTb llOJiy4eHHSI npSIMOH HH¢opMaU.HH 0 
csoifcTBax BHYTPHSI.llepHOH KJiacrepH3aU.HH HYKJIOHOB («npeQ>parMeHTa­
U.HH») B yaoBHSIX M~biX nepe.na4 3HeprnH-HMllYJibCa Q>parMeHTHpyJOIUe­
MY Sl.llPY. H cXO.llHOH B 3TOM CMbiCJJe SIBJISieTCSI UIHpoKo ucnoJib3yeMaSI cTa­
THCTH4ecKa SI TeOpHSI 6b1CTpoH Q>parMeHTaU.HH ( 1,2 ), B KOTOpoH 3KCnepH­
MeHTaJibHO H3MepS1eMble HMllYJibCbl cneKTaTOpHbiX Q>parMeHTOB Sl,llep npSIMO 
CBSI3aHbl c BHYTPHSI.llepHbiMH Q>epMn-uMnynbCaMu HYKJIOHOB. 

ECJJn Q>opMnposaHHe npe¢parMeHTOB H3 npoH3BOJihHoro 4HCJJa HyKJio­
HOB npOHCXO,llHT CJJy4aHHbiM o6pa30M H HX HMllYJibCHble xapaKTepHCTHKH 
npH pacna,lle Sl.llpa COXpaHSIJOTCSI, HMeeT MeCTO TaK Ha3biBaeMbiH napaOOJIH-
4eCKHH.3aKOH (2 ): 

a~= a;..F (A- F)I(A- 1). (1) 

3,lleCb a~= (p)~/3 H a;..= (p~)/3 - COOTBeTCTBeHHO cpe,llHCKBa,llpaTH4CC­

KHe 3Ha4eHHSI npoeKU.HH 3-HMnyJibCOB Q>parMeHTOB c Maccoif F u BHYTPH­
SI.llepuoro uyKJioHa s c.u..M. Q>parMeHTnpyJOmero Sl,llpa, nMesUJero Macey A 
,llO COy,llapCHHSI. 3aBHCHMOCTb HMllYJibCOB Q>parMeHTOB OT HX MaCCbl B Q>op­
MyJie (1) 6b1Jla c Y.llOBJieTBOpHTeJibHOH TOliHOCTbJO nO.llTBep)l(.lleHa B 3Kcne­
pHMeHTax B DIHpoKOM ,llnana3oHe A (cM., HanpnMep, [3]). B csoJO oqepe,llb, 

cpe,llHeKBa,llpaTHlleCKHH BHYTPHSI.llepHbiH HMnyJibC HyKJioHa (p~) CBSI3aH c 
I 
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T.H. HMnyJibCOM <I>epMH p1 (HanpuMep, B ¢epMu-ra3osou M ~eJIH ~pa 

(p~) = 3p j5>, seJIHtJHHa KOToporo CJia6o so3pacTaeT npu A < 6 0 H ~ocTura­
eT npu6JIH3HTeJibHO nocTO.siHHoro 3HatJeHH.si (::::::: 260 M3B/c) s o6JiaCTH 

cpe~HHX H TSDKeJiblX Sl~ep ( 4 ) . 

B 3KcnepuMeHTax npu BblCOKHX 3Heprn.s~x HaH6oJiee npocT H Ha~e)I<HO 
H3Mep.siiOTC.si nonepetJHhle HMnyJihChl Pr cneKTaTopHhlX ¢parMeHTOB cHapSI-

~a. B cTaTHCTHtJeCKOH Teopuu p7-pacnpe~eJieHHSJ B c.u;.M. pacna~aiOw.erocSJ 

Sl~pa HMeiOT p3JieeBCKYIO ¢opMy 

(2) 

npu A » F [5]. 
TaKHM o6pa3oM, npu CTaTHCTHtJecKoM no~xo~e K SJBJieHJt iO . .s~~epHou 

MYJibnt¢parMeHTau;uu A-3aBHCHMOCTb (p
7

) ~JISI JierKux ¢parMeHTOB ~omK-

Ha COBna~aTb C TaKOBOH ~JISI ¢epMH-HMnyJibCOB HYKJIOHOB: OTHOWeHHC 

(p
7

) / p
1 

npaKTHtJecKH He 3aBHCHT OT A. XoTHM no~qepKHYTb, tJTO ~auHoe 

OOcTOSITeJibCTBO SIBJISieTCSI, nO-B~HMOMY, KpHTHtJHblM ~JISI CTaTHCTHtJeCKOH 

TeOpHH, T.K. BCe H3BeCTHble HaM nOnbiTKH ee l\10~H¢liKai.J;HH (HanpHMep 

(6, 7]) OCTaBJISIIOT B CHJie ¢opMyJiy (3). 
Ha puc.1 npe~CTasJieHa A-3aBHCHMOCTb cpe~uux nonepetJH biX HMnyJib­

cos (pT)a cneKTaTOpHblX a-•IaCTHI.J; (TOtJHee - ¢parMeHTOB C 3ap~OM 

Z = 2), HcnyW.eHHblX OCTaTOtJHbiMH ~paMH-CHap~aMH BO B~3HMO~eHCT­

BHSIX 
12C (Po= 4,5Ac r3B/c), 

22
Ne (po= 4,1 ANe r3B/c), 

24Mg (Po= 

I 28s· 4 B/ 56F 2 5 r B/ = 4,5 AMg r3B c), I (p0= ,5 ASi r3 c), e (p0= , AFe 3 c), H3-

MepeHHhiX B COBeprueHHO ~eHTHtJHblX no MeTO~HKe 3MYJibCHOHHblX 3KCne­

pHMeHTaX [8-12] c OOJibWOH cTaTHCTHKOH. Bhl6op a-•IaCTHU: 6 hlJI o6yCJioB­

JieH npaKTHtJeCKH 100%-H Ha~e)I<HOCTbiO HX ~eHTH¢HKai.J;HH H 3HatJHTeJib-

HOH MHO)I<eCTBeHHOCTbiO*. . 

*8bi]IeJJeH11e OJIH03apSIJIHbiX cpparMeHTOB CHapll]la B 3MYJibCI111 COnpii>KeHO C 20-30% -H 
npHMeCbiO «po>K]IeHHblX• a-'laCTI1~ ( 8-12), cpparMeHTbl >Ke C 3ap11J10M Z > 2 HMeiOT Kpai1He 

MaJJbie BbiXOJibl. Bnpo'leM, Mbl npo&ep11J111, 'ITO BCe BbiBOJibl HaCTOII~eH paOOTbl Ka'leCTBeHHO 

COXpaHIIIOT CI1JIY H JIJIII OJIH03ap11J1Hb!X cpparMeHTOB. 
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P11c.l. 3aoHCHMOCTb cpeAHHX nonepe'IHbiX HMnyJibCOB (pT)a 11 (p~)a cneKTaTOpHbiX a-'laCTHI..I 

OT aTOMHOI'O oeca HaJieTaiOII..Iei'O liApa: 11 , '\j - C06biTI1ll Ha BOAOPOAOnOAOOHOH MHilleHH , 

11, '1/- C06biTI1ll B 3MYJibCI111 

OT~eJibHO npuBe~eHbl 3HaqeHHSI (pT)a ~JISI a-qacTHU. H3 co6biTHH Ha 

Bo~opo~ono~o6HoH: MHweHH (co6blTHSI A-H c quCJIOM <t>parMeHTOB MHWeHH 

nh < 1), 3<P<PeKTbi nepepacCeSIHHH B KOTOpbiX CJie~yeT npH3HaTb npaK-

THqeCKH HCKJIJOqeHHblMH. B~Ho, qTo (pT)a B o6oux CJiyqaSix B03pacTalOT c 

yBeJiuqeHH eM A 3aMeTHO 6biCTpee, qeM <t>epMH-HMnyJibCbl HYKJIOHOB. 

O~HaKo npSIMoe conocTaBJieHue H3MepeHHbiX B Jia6opaTopHoH cucTeMe 

HMny.iJbCOB <t>parMeHTOB C npe~CKa3aHHSIMH CTaTHCTHqeCKOH TeOpHH HeKOp­

peKTHO, eCJIH <i>parMeHTHPYlOIIJ.aSI CHCTeMa (OCTaTOqHQe Sl~po-CHapM) pac­

na~aeTCSI Ha JieTy. EIIJ.e B [13] 6h1Jlo noKa3aHo, qTo nonepeqHoe ~BH)KeHue 

3TOH CHCTeMbl (yCTaHOBJieHHOe H OIJ.eHeHHOe llO HaJIHqH}O H BeJIHqHHe 

a3HMyTaJibHOH aCHMMeTpHH BhiJieTa <t>parMeHTOB B nonepeqHOH llJIOCKOCTH 

peaKU:HH) CHJibHO HCKa)KaeT (yBeJIHqHBaeT) <<HCTHHHble>>, T.e. OTHOCSIIIJ.HeCSI 

K c.u..M. ocTaTOl.I.Horo Mpa, nonepeqHble HMnyJibCbl <t>parMeHTOB. KpoMe 

Toro, KaK 6h1Jlo noKa3aHo B [14 ], He Bee a-qacTHU.bl, pemcTpupyeMble KaK 

CneKTaTOpHble <t>parMeHTbl CHap.s~~a, MO)KHO paCCMaTpHBaTb B KaqeCTBe 

npSIMbiX «y'laCTHHKOB» pacna~a ocTaToqHoro Sl~pa. TaKHM o6pa3oM, Kop-
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peKTHaSI nposepKa COOTHOIDeHHSI (3) Tpe6yeT nepeXOAa K C.I.J;.M. CneKTaTOp­

HOH qacTH cuapMa, yqHThiBaiOm.ero o6a nepeqHCJieHHhiX ¢aKTopa. TaKoii 

nepexoA AJISI SIAep c pa3HhiMH A, BhlnOJIHeHHhiH eAHHhiM o6pa30"f, npeACTaB­

Jieu B HaCTOSIID,eH pa6oTe. 

TexHHKa TaKoro, AOCTaToquo uenpocToro B yCJioBHSIX HHKJII03HBHoro 

3KcnepHMeuTa, nepexoAa K c.u;.M. AJISI scex peJISITHBHCTCKHX a-qacTHI.J; 6hiJia 

OllHCaHa B [8-12 ); peu;enT AJISI KOppeKTHOfO (CTaTHCTHqecKOfO) «YA<llle­

HHSI» XBOCTa BhiCOKOHMnyJibCHhiX a-qacTHI.J;, He SIBJISIIOID,HXCSI npSIMbiMH 

npoAYKTaMH pacnaAa ¢parMeHTHpyiOID,efO SIApa, npHBeAeH B [14 ). 0TCbi­

JiaSI 'IHTaTeJISI, HHTepecyiOID,efOCSI AeTaJISIMH, K yKa3aHHhiM pa60TaM, OnH­

meM npou.eAYPY JIHIDh cxeMaTHquo. 

Ha pHc.2 B KaqecTBe npHMepa npHBeAeuo pT-pacnpeAeJieHHe peJISITH-

BHCTCKHX a-¢parMeHTOB H3 coyAapeuHii 28Si-Em, rAe pacnpeAeJieHHIO (2) 

COOTBeTCTByeT npSIMaSI JIHHHSI; XOpOIDO BHAHO, qTO peaJihHOe p T-pacnpeAe-

JieHHe cocTOHT H3 ABYX «KoMnoueHT>>. KaK 6hiJIO noKa3auo B [ 14 ], ¢parMeu­

TaMH, HenocpeiJcmaeHIW HCnyiD,eHHbiMH ¢parMeHTHpyiOIIJ;HM OCTaTOqHbiM 

StAPOM, MO)I(HO cqHTaTh JIHmh cocTaBJISIIOILJ.He <<H,H3K03HepreTuqecKyiO» 

qaCTh CYMMapHOfO pT-cneKTpa. 003TOMY nama I.J;eJih COCTOSIJTa B HaXO)I(-

AeHHH TaKHX 3HaqeHHH (p~)a (3Be3AOqKa o6o3uaqaeT COOTBeTCTBYIOILJ.YIO 

BeJIHqHHY B C.I.J;.M.), KOTOphle npH nepeXOAe K JI.C. o6ecneqHBaJIH 6hi Ha6JIIO­

AaeMyiO HH3K03HepreTHqecKyiO (p3JieescKyiO) qacTh cyMMapHoro Pr-pac-

npeAeJieHHSI. 3TOT nepeBOA, o6ecneqHBaiOIIJ;HH (cPHTHpOBaHHeM) ua6JIIOAa­

eMyiO a3HMyTaJlhHYIO aCHMMeTpHIO pa3JieTa ¢parMeHTOB B nonepeqHOH 

UJTOCKOCTH peaKU.HH, 6h1Jl BhlllOJIHeH aHaJIOrHqHO BblllOJIHSIBUieMyCSI (AJISI 

nOJIHOfO pacnpeAeJieHHSI) B [8-12 ). llonyqeHHhle TaKHM o6pa30M 3Haqe-

HHSI (p~) a TaK)I(e npHBeAeHhl Ha pHC.1: OHH B03paCTaiOT C yseJIHqeuHeM A 

eiD,e 6hlcTpee, qeM (pT)a. 

lloAqepKHeM, qTO npH JIJ060M CllOCOOe yqeTa BbiiDeynOMSIHYThiX ¢aK­

TOpoB, HCKa)l(aiOILJ.HX «HCTHHHhle» Pr-xapaKTepHCTHKH (B qacTHOCTH, npH 

«nepeBOAe» BCero pT-cneKTpa B C.LJ..M., KaK 3TO AeJlaJIOCh B [8-12), npH npo­

CTOM «00pa30BaHHH» BhiCOK03HepreTHqeCKOfO HeCTaTHCTHqecKOfO «XBOCTa>> 

6onhmHx pT' BhlnonueuuoM B n.c. auaJiornquo npou;eAype, nHcauuow B 

[14], H T.A.), A-3aBHCHMOCTh cpeAHHx nonepequhlx HMnynhcos oKa3hiBaeT­

CSI em.e 6onee CHJThHOH, qeM AJISI HCXOAHOfO pT-cneKTpa B JI.C. 

0TMeTHM em;e OAHH, HeCOMHeHHO Ba)I(HbiH, pe3yJihTaT: nepCXOA K C.I.J;.M. 

<<JIHKBHAHpyeT» pa3JIHqHe B (pT) Me)I(Ay co6hiTHSIMH A- Em H A-H. Jl.pyrH-
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PHc.2. PacnpeneneHHe Pr peJIIITHBHCTCKHx a-!f>parMeHTOB H3 coynapeHHH 11Si-Em 

MH CJIOBaMH, <<HCTHHHhile» TeMnepaTyphil <f>parMeHTHpyiO~HX OCTaTOlJHhiiX 

Mep CJia6o ( KJIH sosce He) 3aBHC51T OT Maccosoro tJHCJia MPa-naPTHepa. 

0CHOBHOH pe3yJibTaT Hamero HCCJie~OBaHH51 npe~CTaBJieH Ha pHC.3. 

0THomeHHe (p~)alp1 B o6naCTHA = 12 +56 OTHIOAb He nOCT051HHO, KaK roro 

(npH6JIHX<eHHO) Tpe6yeT COOTHOWeHHe (3). KpoMe TOI'O, OHO cy~eCTBeHHO 
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P11C.3. 3aBHCI1MOCTb OTHOlliCHHSI (p~)/ p/ OT 3TOMHOI'O &eCa H3JJCT310ll(CI'O Sl)lpa 

60 

MCHbWC BCJIH'IHHhl :::= 1 ,4, CJie~yiOll.{CH H3 (3) ~JISI a-'13CTHU,. 3 Ha"'HTCJibHOC 

so3pacraHHe «TeMnepaTyphl» pacna~a npu yseJIH'ICHHH Macco soro 'IHCJia 

¢parMCHTHpy10ll.{CI"O Sl~pa, nO H3WCMY MHCHHIO, SIBJISICTCSI K p HTH'ICCKHM 

OOcTOHTCJibCTBOM ~JIH craTHCTH'ICCKoro no~xo~a K 3TOMY HBJICHHIO. Haw 

pe3yJibT3T, K3K MHHHMyM, Tpe6yCT noJiy'ICHHSI B paMK3X 3T ro nO~XO~a 

napaOOJIH'ICCKOro 33KOH3 C B03paCT310ll.{HM a;.. B ( 1) . 

8 33KJIIO'ICHHC Mhl XOTCJIH 6hl oopaTHTb BHHM3HHC H3 TO, 'ITO B nOCJie~­

HCC BpCMSI B p~e 3KCnepHMCHTaJibHhiX pa60T nO ¢parMCHT3li,HH CHap~a B 

o6nacTH A > 56 6biJIH 33cPHKCHpoBaHhl aHOMaJibHO OOJibwHe 3 a'leHHH aN' 

HanpHMep, B pa60Te [ 15 ), B KOTOpoH H3Y'IaJI3Cb ¢parMe T3li,HSI Sl~pa 
139La npH Po= 1,2 ALa r:JB/c Ha ¢parMCHThl c F = 60 + 139, 6 hiJIO noJiy'le­

HO aN= (169 ± 12) M:JB/c. Ou,eHKa (pT)a no ~aHHhiM [15], c~enauuaH c 

noMOll.{biO ¢oPMYJI (1)-(3), ~aeT (pT)a == (520 ± 40) M:JB/c (cp. c ~aHHhi­

MH pHC.}). TaKHM 00p330M, Mbl HMCCM OCHOB3HHC ~JISI npe~nOJI0:1KCHHSI 

0 TOM, 'ITO o6cy~aCM3SI B H3CTOSIID;CH pa60Te 33KOHOMCpHOCTb COXp3HSICT­

CSI H s o6nacTH cpe~HHx H TH:1KCJihiX Mep. 

49 



JluTepaTypa 

1. Feshbach H., Huang K. - Phys. Lett., 1973, vol.B47, p.300. 
2. Goldhaber A.S.- Phys. Lett., 1974, vol.B53, p.30. 
3. Legrain R. - Nucl. Phys., 1982, vol.A387, p.219. 
4. Moniz E.J. et al.- Phys. Rev. Lett., 1971, vo1.26, p.445. 
5. Bondarenko A.I., Chernov G.M.- Preprint INR, No.A-17, Tashkent, 

1991. 
6. Murphy M.J.- Phys. Lett., 1984, vol.B135, p.25. 
7. Gan H.H. et al.- Phys. Lett., 1990, vol.B234, p.4. 
8. Bon~apenKo P.A. H ~p.- .siCl>, 1983, T.38, c.1483. 
9. An~peeBa H.Il. H ~p.- .siCl>, 1988, T.47, c.157, 949. 

10. Bon~apenKo A.M. H ~p.- .siCl>, 1992, T.55, c.137. 
11. An~peeBa H.Il. H ~p.- .siCl>, 1990, T.51, c.l047. 
12. Chernov G.M. et al.- Nucl. Phys., 1984, vol.A412, p.534. 
13. Benryc JI .E. H ~p.- IlHCbMa B )l(3TCl>, 1983, T.38, c.353. 
14. A6~ypa3aKoBa Y.A. u~p. -.siCl>, 1988, T.47, c.1299. 
15. Brady F.P. et al.- Phys. Rev. Lett., 1988, vol.60, p.1699. 

PyKonHCb nocTynHJia 25 HJOJISI 1994 ro~a. 

50 
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3HEPrETlfqECKHE CUEKTPbl y-KBAHTOB 

113 (d- UPOUAH)-B3AHMO,[(E:RCTBH:R 

UPH HMUYJibCE Pd = 1,25 raB/c Ha HYKJIOH 

IO.A. Tpo.s~H, M . .si. qy6ap.s~H, E.B.IlJiexaHOB, 
B.H.IleqeHoB, H.C.rpHraJiawBHJm* 

TipeJICTaBJieHbl pe3yJihTaTbl aHaJIH3a :mepreTH'IeCKOI'O cneKTpa y-KBaHTOB 

H3 (d + C3H
8
)-s3aHMOJiei1CTBHH npH HMnyJihce HaJieTaiOU\ero ]lei1TpOHa 

pd = 1,25 r3B/c Ha HYKJIOH. 06HapyJKeHbl 4 OCOOeHHOCTH npH 3Hepmllx 30, 

60, 120 H 165 M38 CO CTaTHCTH'IeCKHMH 3Ha'IHMOCTliMH Ha ypOBHe 2- 4 CTaH­
):IapTHbiX OTKJIOHeHHH. PaCCMaTpHBaeTCll mnOTe3a H3Jiy'leHHll y-KBaHTOB B03-

6yJK):IeHHbiMH JIM6apHOHHbiMH COCTOliHHliMH. 
Pa6oTa BhmOJIHeHa s Jla6opaTOpHH BbiCOKHx 3Hepmi1 Ol1.SUI. 

Energy Spectra of y-Quanta from d- Propane Interactions 

atMomentumPd = 1.25GeV/cperNucleon 

Yu.A.Troyan et al. 

The results of the analysis of the energy spectra of y-quanta from d + C3H
8 

interactions are presented at deuteron beam momentum Pd = 1.25 GeV/c per 

nucleon. Four peculiarities at energies of 30, 60, 120 and 165 M eV with 
statistical significances at a level of 2-4 standard errors were observed. The 
hypothesis of y-quanta emission by excited dibaryon states is investigated. 

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

B cepHH pa6oT, nocB.II~eHHbiX noHcxy H HCCJieAoBaHHIO y3KHX AH6apH­
OHHhiX pe30HaHCOB (CM., HanpHMep [ 1-3]), BhlllOJIHeHHhiX Ha MaTepHaJiaX 
c 1-MeTpoBOH BOAOPOAHOH ny3hlpbKOBOH xaMephl JIB3 011.5111, 3KcnoHHpo­
BaHHOH B nyqxax MOHOXpOMaTHqeCKHX HeHTpOHOB pa3JIHqHhiX 3HeprHH, 
llOKa3aHO, qTO HaHAeHHhle OC06eHHOCTH HMeiOT MaJihle WHpHHhl - llOp.IIAKa 
1 M3B/c2

• B onhiTax no noHcxy pe3oHaHcoB B ynpyroM pacce.s~HHH npoTOHOB 

*HaytJHO-HCCJieAOBaTeJihCKHH HHCTHTYT ¢m3HKH BhiCOKHx 3Hepmi1 TrY , T6HJIHCH 
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na npOTOnax [ 4,5] noJiyqenbl ou.enKH WHpHn TaKHX COCTOSinHH, paBnhle ~0-

JISIM M3B/c
2

. 

n PH TaKHX MaJihiX WHpHnax BepoSITnOCTh pacna~a no 3JieKTpoMarnHT­

noMy KanaJiy MO::>KeT COCTaBHTh 3aMeTnyiO ~OJIIO BCeX B03MO::>KnhiX pacna~OB 

~u6apuonnhlx pe3onancos. PerncTpau.uR y-KsanTa OT pacnaAa AH6apuonno­

ro pe3onanca no 3JieKTpoMarnHTnoMy Kanany, B yCJIOBHSIX OTCYTCTBHSI APY­
rnx HCTO'InHKOB y-H3JiyqenHSI c 3neprnSIMH B necKOJihKO AeCSITKOB M3B, 

CHJihnO CnH::>KaeT <Pan no cpasnenHIO C OCTaJihnhiMH MeTOAaMH H3JiyqenHSI 

CneKTpOB 3Qxl>eKTHBnhiX MaCC. 
B [6] paccMOTpena B03Mo::>KnOCTh pacnaAa y3KHX AHnpoTonnhlx pe3o-

nancos no Kanany (BB*)..,. ppy H noJiyqen CJia6o o6ocnosannhi:H: cTaTHCTH­

qecKH · BhiBOA o Konu.enTpau.uu co6hiTHH B cucTeMe ppy oKOJJO Macchi 

1936 M3B/ c
2 

npu OT6ope y-KBanTOB, Jie::>KaiiJ.HX B 3nepreTH'IeCKOM HnTepsa­

Jie 10 < EY < 50 M3B (cM.puc.J6). Pa60Ta 6h1Jla BhlnOJinena na MaTepuanax 

c ABYXMeTposo:H: nponanoso:H: KaMephl 1183 0115111. 06paiiJ.aeT na ce6SI snu­
Manue nH3KHH yposellh <l>ona nOA nHKOM. Ha pHC.1 a H300pa::>Ken COOTBeTCT-
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BYIOIIJ.HH 3THM yCJIOBHSIM oT6opa 

cneKTP 3Qxt>eKTHTBnhlx Mace ABYX 

npoTOnOB. 
B [7) na 3na'IHTeJihno OOJihweif 

CTaTHCTHKe HCCJieAOBaJiaCh CHCTeMa 

ppy, pe3yJihTaT npeACTaBJien na puc.2. 

llOCJie o6pa60TKH Aannblx noJiyqenhl 

CHrHaJihl OT 'leThlpex pe3onanCOB C 

MaccaMH (1959±1), (2014±2), 

(2052±2) H (2159±3) M3B/c2 COOT­

BeTCTBenno. qHCJIO CTaUAaPTnhiX OT­

KJIOnenHH OT <Pona 4,6; 4,8; 2,6; 3,5 . 
B [8) o6napy::>Ken pe3onauc s cuc­

TeMe pp B pa:H:one 1960 M3B/ c
2

• Jl.JISI 

3Toro pa:H:ona Mace <Pan AJISI CHCTeMhl 

PHc.l. a - Pacnpe):lenenHe :J<Ixl>eKTHBHblX 

Mace ):luyx npoTouou H3 1t-C-B3liHMO):IeHCTBHH 

B J:IBYXMeTpoBOH nponaHOBOH KaMepe npH 

P"- = 40 r3B/c J:IJIII co6bJTHH c 10 < EY < 

< 50 M3B; 6 - pacnpe):lenenHe :J<Ixl>eKTHBHblX 

Mace ppy-KoM6Hua~HH J:IJIII co6bJTHH c 

10 < EY <50 M3B H3 1t-C-B3liHMO):IeitcTBHH u 

2-MeTpoBOH nponaHOBOH KaMepe npH 

P"- = 40 r3B/c 
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pp COCTaBnSieT ::::: 80% , a ~nSI 

CHCTeMbl ppy::::: 40-50%. 

KaK B~uo, uanHqHe B co6bi­
THH y-KBaHTa OOnbWOH 3Hep­

rHH (EY > 20 M3B) «MeTHT>> 

pe30HaHC H 3Hal{HTenbHO 
CHH:lKaeT ~OmO nO:lKHbiX KOM-
6HHaU:HH. ilpH ~OCTaTOl{HOH 
CTaTHCTHKe H3yqeuHe CHCTe­
Mbl ppy MO:lKeT ~aTb MHOI'O 

HOBbiX CBe~eHHH 0 KBaHTO­
BbiX l{Hcnax pe30HaHCOB, 
KacKa~HbiX nepexo~ax, pa3-
Mepax H KOHqmrypaU:HSIX 
H3yqaeMbiX CHCTeM H T.~. B 

1.95 2.05 2.15 
Mppl"•r3 B/c 2 

PHc.2. CneKTp 3<I><PeKTHBHbiX Mace MPP'( JVIII PP > 
> 260 M3B/c. CnnowHall JIHHHII - peaynbTaT an­
npoKCHMa~HH CneKTpa nOJIHHOMOM 3-H CTeneHH H 
cyMMOH Q>yHK~HH lipeliTa - BHrnepa. lliTpHxooall 

JIHHHSI - BKJI3JI QJoH3 ( 7) 

pa6oTe [7] ycTauosneua npH6nH3HTen&uo paBHaSI BepoSITHOCTb pacna~a pe-
3ouauca c Maccoii: B paii:oue 1960 M3B/c2 no KauanaM pp H ppy. 

B pa6oTe [6] Mbl npe~nO:lKHnH 3KcnepHMeHT no JIOHCKy p~HaU:HOHHbiX 
pacn~oB y3KHX ~HnpoTOHHbiX pe3ouaucoB ua 2-MeTpoBoii: nponauoBoii: Ka­
Mepe JIB3 OJ1.SII1, o6nyqeuuoii: ~eii:TpoHaMH c HMnyn&COM 1,25 f3B/ c ua 

uyKnoH. Bb16op 3HepmH o6ycnoBneu TeM, qTo 3Ta 3HepmSI HH:ll<e nopora 

po~eHHSI ~ononHHTen&uoro n° -Me3oua. B TO :ll<e BpeMSI ua 1-MeTpoBoii: ny-

3blpbKOBOH BO~Opo~HOH KaMepe HaMH nonyqeua OOn&WaSI HH<l>opMaU:HSI 0 

peaKU:HH np -+ ppn- npH HMnyn &Ce P n = 1,25 f3B/ C, eCTb B03MO:lKHOCTb 

cpaBHeHHSI pe3yn&TaTOB 3THX ~BYX 3KCnepHMeHTOB. 
l.J,enb HaCTOSII.IJ:eH CTaTbH - H3nO:lKHTb MeTO~HqecKyiO CTOpoHy pa60Tbl 

c COObiTHSIMH B nponauoBoii: KaMepe, co~ep:lKai.IJ:HMH y-KBaHTbl , H npe~cTa­

BHTb npe~BapHTMbHble pe3yn&TaTbl 0 CneKTpax ua6niO~aBWHXCSI y-KBaH­

TOB B ~aHHbiX ycnOBHSIX 3KCnepHMeHTa. 

2 . MeTo~HKa 3KcnepHMeHTa 

OponauoBaSI ny3blpbKOBaSI KaMepa no3BOnSieT pemcTpHpoBaT& y-KBau­

Tbl C 3$l>eKTHBHOCTbiO ( 12 ± 2) %, onpe~MSITb C XOpomeH Cpe~HeH TOl.J:HO­

CTbiO HMnyn&C y-KBaHTa (OKOnO 15% ~nSI y-KBaHTOB, BOCCTaH BneHHbiX no 

3neKTpou-no3HTpoHHbiM napaM), onpe~enSITb yrnbl BblneTa BTOPHl{HbiX qa­
CTHU: co cpe~ueii: roquOCT&IO 0,5°, a TaK:lKe 6naro~apSI 4n-reoMeTpHH npaK­

THqecKH 6e3 noTepb perHCTpHpoBaTb BCe 3apSI:lKeHHble qaCTHIJ:bl. 
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Bo~~--~--~-; 3KCnepHMeHTa.JibHhle .n;aH-

CD 

~60 

Hble llOJiylJeHhl C llOMO~biO 2-

MeTpoBOH nponaHOBOH (C3H 8) 

KaMephl OIHIH, 3KCllOHHpoBaH­

Hoii: B nylJKaX .n;eii:TpoHOB C HM­

nyJibCOM Pd = 1,25 f3B/c Ha 

...... 
q 
0 

-40 
HYKJIOH. IlpHMech nocTopoHHHX 

11aCTHU. B nytJKe He npeBhlmana 

3%. KaMepa pacnoJiaranacb B 

MarHHTHOM noJie co cpe.n;Heii: Ha­

npsvKeHHOCThJO B = 1 ,5 T JI. 

"" >o 

z2o 

0 I 0TOOpaHO H H3MepeHO OKOJIO 

0 0 .1 0.2 0.3 0.4 12000 co6hiTHii: co CJie.n;yro~HMH 
Et (rsBl TpeMSI TonoJiomSIMH: 

PHc .3. CneKTP y-KBaHTOB, soccTaHoBJieHH&Ix no 
:meKTpoH-n03HTpoHHbiM napaM 6e3 y'leTa reo-
MeTpH'ICCKoro seca 

1) OTo6paHhl Bee 3Bea.n;hl, c 

KOTOphiMH CBSI3aHO He MeHee 0.!1:­
HOH 3JieKTpoH-n03HTpOHHOH na­

phl HJIH O.lJ:HHOlJHOro KOMllTOH-

3JieKTpoHa; 

2) 0To6p aHhl BCe 3-JiylJeBhle 3Be3.n;hl C O.lJ:HHM OTpHU,aTeJibHhiM TpeKOM; 

3) 0TOOp aHhl BCe 4-JiylJeBhle 3Be3.n;hl C O.D:HHM OTpHU,aTeJibHhiM TpeKOM. 

Bhl6op 3 HepmH H oroop TOllOJIOrHH o6yCJIOBJieH nocTaBJieHHOH aa.n;a'leH 

llOHCKa .lJ:H6a pHOHHhiX pe30HaHCOB H HX pa.n;HaU,HOHHOro pacna.n;a. IlpH 3TOM 

CelJeHHe po)K)J.eHHSI BTOporo llHOHa B (d- nponaH)-B3aHMO.n;eii:CTBHSIX HHlJ­

TO)J(HO Ma.JIO. IlpHBe.n;eM B03M0)J(Hhle B .n;aHHhiX B3aHMO.n;eHCTBHSIX peaKU,HH: 

np-+ ppn-(ps)' pn-+ pp:rc-(ns)' 

nn -+ npn- (Ps)' pp-+ ppn°(ns)· 
(1) 

B cKo6Kax y KaaaHhl HyKJIOHbl-cneKTaTophl OT Ha.JieTaJO~ero .n;eii:TpoHa. 

Ha .puc. 3 npuBe.n;eH 3HepreTH1JeCKHH cneKTP y-KBaHTOB, BoccTaHOBJieH­

HhiH llO 3JieKTpoH-ll03HTpoHHhiM napaM 6e3 yqeTa reOMeTpH'IeCKOro BeCa. 

BH.n;Hhi auoMaJihHhle Bhl6pochl, He xapaKTepHhle .D:JISI cneKTpa y - KBaHTOB oT 

pacna.n;a :rc0 
- MeaoHa [9 ]. TaK)J(e aaMeTeH CHJihHhiH npoBan npu Ma.Jihlx 3Hep­

ru.s~x y-KBaHTa, lJTO MO)J(HO 06hSICHH.Tb llJIOXOH 3<f><l>eKTHBHOCTbiO BOCCTa­

HOBJieHHSI y - KBaHTOB c 3Hepmeii: MeHhme 40 M3B. 

113 ypan HeHHH .lJ:JISI KOMllTOH-3<f><f>eKTa: 

k~(l - cos(O)) 

Ee - f.l = f.l + k
0

(1 - cos(O))' 

54 

(2) 



PHc.4. BepoiiTHbiH CJiytJaH Ha Q>oTOCHHMKe c ABYMII 3Be3AaMH (31 H 

32) H C ABYMII 3JieKTpoHaMH (31 H 3 2), rAe 3 1 MO>KeT 6b1Tb o6pa30-

BaH y-KBaHTOM, HCnyll.\eHHbiM H3 OAHOH 3Be3Abl 3 1, a 3 2 MO>KeT 

6b1Tb o6pa30BaH y-KBaHTOM, HCnyll.\eHHbiM H3 ABYX 3Be3A 3 1 H 32. 

1 - cos(O)-
cos(/3) = (1 + G) Y 2 + G(G + 2)(1 - cos(O))' (3) 

rTI.e {3 - yroJI 3JieKTpoHa OTTI.a'IH, 0 - yroJI pacCe51HH51 y-KBaHTa (pHC.4), k0 
- HCKOMa513Hepm51 y-KBaHTa, p,- Macca 3JieKTpoHa, G = k0/ p,, E, P -e e 
3HeprH51 H HMDYJibC KOMDTOH-3JieKTpOHa. JlerKO UOJIY'IHTb 

(E - p,) + P * cos(/3) 
G = e e . 

(Ee + p,) * cos
2(/J) - (Ee- p,) 

(4) 

113 yCJIOBH51 G > 0 noJiy'laeM orpaHH'IeHH51 Ha yro11{3. HanpHMep, TJ.JI51 

Pe = 3 M3B/c- f3 < 23,3°, 

Pe = 30 M3B/c- f3 < 7,4°, 

P = 100 M3B/c- f3 < 4,0°, e 

ByTI.eM oroHpaTb KOMUTOH-3JieKTpOHbl c HMDYJibCOM 6oJibllie 3 M3B/c, 

T.e. C yrJIOM OTTJ.a'IH{J < 25° (C y'leTOM TO'IHOCTH onpeTJ.eJieHH51 y r JIOB Ha npo­

CMOTpoBbiX cToJiax). 3JieKTpoHb1 c HMDYJibCOM, MeHbiDHM 3 M 3B/c, Mbl He 

paCCMaTpHBaeM H3-3a DJIOXOH TO'IHOCTH H3MepeHH51. 

3Hepm51 y-KBaHTa paBHa k0 = p, * G. 
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di 
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0 
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40 

0~ 
0.15 

PHc.S . CneKTP y - KBaHTOB, soccraHoBJieHHbiX 

no KOMllTOH-3JlCKTpoH3 M 6e3 Y'ICTa BeCOB. 

Bee BeJIH'IHHhl AJI.SI onpeAeJie­

HH.SI 3HeprHH k0 MOryT 6h1Tb H3Me­

peHhl B uaweM 3KCnepHMeHTe. 

Ha puc.5 npnBeAeH 3HepreTH­

llecKHH CneKTp y-KBaHTOB, BOCCTa­

HOBJieHHhiH no KOMnTOH-3JieKTpo­

HaM, 6e3 y1.1eTa secos. KaK BHAHO 

H3 3TOro pucyuKa, COOhiTHSI B oc­

HOBHOM pacnOJIO:lKeHhl B paHOHe 

5-IOM3B. 

3HaSI CelleHHe KOMnTOH-3<1>­

<PeKTa a k' MO:lKHO AaTb sepoSITHOCT-

uyiO on;eHKY npHHMJie:lKHOCTH 

KOMnTOH-3JieKTpoHa K AaHHOH 

3Be3Ae. Ho TeopeTHllecKaSI ou;euKa 

ue YliHThiBaeT roro <PaKTa, liTO 

3JieKTpoH MO:lKeT 6h1Tb o6pa30BaH 

y-KBaHTOM, ucny~eHHhiM H3 APY­

rou 3Be3Ahl. 3 Ty npo6JieMy MO:lKHO peWHTb, eCJIH OTHOpMHpoBaTb CYMMY Be­

po.SITHOCTeH n puua,lVIe:lKHOCTH 3JieKTpona K pa3HhiM 3Be3AaM ua 1. Ha pnc.4 

H3o6pa:lKeu CJiyllan, rAe 3JieKTpoH 3 2 no npasHJiaM OT6opa (/3 < 25•) MO:lKeT 

npHHMJie:lKaTb ABYM 3Be3AaM 3 1 H 3 2• BepoSITHOCTb npHHMJie:lKHOCTH 3JieK-

0.010 '· 1 
• I r TpoHa 32 K 3 1, OLJ,eHeHHYIO nO <l>op-

o.ooa 
napa 

y 0.006 

0.004 

0.002 

0 - -
0 0.1 0.2 0.3 

Er!rJB) 

PHc.6 . rpa<IJHK 3aBHCHMOCTCH OT 3HeprnH K0-

3<lxi>Hl\HCHTOB npoXOlK,!ICHHII '1Cpe3 nponaH 

{flk H f'
11

) JI,Jlll y -KBaHTOB, OOp33YIOll\HX KOMn-

TOH- 3JlCKTpoH H 3JlCKTpoH- ll03HTpoHHyJO napy 

56 

MyJiaM KOMnTOH- 3Qxt>eKTa, 00o3Ha­

'IHM W1, a sepoSITHOCTb npunaA-

Jie:lKHOCTH 3 2 K 3 1 c y1.1eTOM HaJIH-

'IHSI ABYX 3Be3A - W 1
, u, COOTBeT­

CTBeuuo, ,lVISI 32 - w2 H w II . 

J.iCKOMhle BepoSITHOCTH 6yAyT paB­

Hhl: W 1 = W1/W, W 11 = W/W 

(3Aecb w = w1 + w2 c y1.1eToM 

HOpMHpoBKH W 1+ W 11 =1). 3TH 

BepoSITHOCTH AJISI Ka~Oro 3JieKT­

poua Mhl BBOAHM B OO~HH sec, KyAa 

BXOASIT H reOMeTpHlleCKHe xapaK­

TepHCTHKH KaMephl. 

reoMeTpnllecKHH sec onpeAe­

JI.SieTC.SI no CJieAyiO~M <l>opMyJiaM: 



(6) 

(7) 

rAe Wk - HCKOMhiH reoMeTpH- 0.55 -+-'-'"~ ........ ~~.w...~....u..~........uu..o.u~-'t 

'leCKHH Bee AJI.sJ y-KBaHTOB , BOC­

CTaHOBJieHHhiX C nOMO~bJO KOMn­

TOH-3JieKTpoHOB, a Wn - BOC-

CTaHOBJieHHhiX C nOMO~bJO 

3JieKTpoH-n03HTpoHHhiX nap, fJ = 
= na- K03Qxt>H~HeHThl npoXO)K­

AeHHSI (a- COOTBeTCTBYJO~He Ce-

'leHHSI, n=l,45·l023
/cM

3
- 'IHC­

JIO 3JieKTpoHOB B l CM
3 

nponaua). 

Ha puc.6 npnBeAeHhl rpa$HKH 3a­

BHCHMOCTH K03Qxt>H~HeHTOB npo­

XO)f(AeHHSI y-KBaHTOB B nponaue 

npH o6pa30BaHHH nap /Jn H KOMn-

TOH-3Qxt>eKTe !Jk OT 3HeprHH y ­

KBaHTa. BHAHO, 'ITO npu EY < 

< 0 ,I r3 B .u n H .u k conocTaBHMhl no 

BeJIH'IHHe. 

CpeAHHe seca, Bhi'IHCJieHHhle 

C nOMO~bJO <l>oPMYJI (6), (7) AJISI 

y-KB3HTOB, COOTBeTCTBeHHO paB­

Hhl Wk = 1,5 H W
0 

= 8,3. 

.lJ.JISI onpeAeJieHHSI OTHOCH­

TeJibHhiX omn6oK H3Mepeuusr 

3HeprHH y-KB3HTOB BCe 3KCnepH­

MeHTaJibHO H3MepsreMhle napa­

MeTphl p33hlrphiBaJIHCb no MeTOAY 

MouTe-Kapno, H Bhi'IHCJI.sJJIHCb 

auaqeuu.sJ 3Hepruu nOCJie 3TOro 

poahlrphlma. BhlliHCJI.sJJiac& BeJIH­

quua a AJI.si pacnpeAeneuusr paa­

""~ Me)f(Ay 3H3'1eHH.sJMH 3Hep­

rHH AO H nOCJie po3hlrpblma B K3)K-

0.45 

1&1 

~0. 35 
<] 

0. 25 

AnR KOM TOH e -

0.15 +,.,~,..,.,..~~.,....~,.,..,....~""""'""""'~-+ 
~ 0 ~ 5 . ~10 0.15 Q20 0.25 

E,. (raB) 

PHC. 7. PacnpeneJJeHHe OTHOCHTeJJbHblX OWH­

OOK (6.£/ E) A/Ill :meprnH y - KBa HTOB, soccra ­

HOBJJeHHbiX nO KOMnTOH- :meKTpoH3M 

0.20 

0.19 
AM ~ - e+ nap 

0.16 

~0.17 
I.JJ 
~ 0.16 

0.15 

0.14 
0 0.1 0.2 03 0.4 

E rlraBl 

PHC.8 . Pacnpe)leJJeHHe OTHOCHTeJJbHblX OWH­

OOK (6.£/ E) A/Ill :meprnH y - KBaHTOB, soccra ­

HOBJJeHHbiX nO :meKTpoH-n03HTpoHHblM napaM 
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PHc.9. Pacnpe;:~eneHHe no a3HMYTaJJbHOMY yr­

ny <{' 'IHCJJa 3JieKTpoH-n03HTpoHHbiX nap 

AOM Bhi6paHHOM HHTepBa.Jie ::mep­

rHH. ,Ua.Jiee 6pa.JIOCb OTHOIDeHHe a 
K cpeAHeMy 3Ha'leHHIO ::meprHH 

AJISI AaHHoro 3HepreTH'IecKoro HH­

TepBa.Jia, 'ITO, Co6cTBeHHO, H eCTb 

OTHOCHTeJibHaSI OIDH6Ka H3Mepe­

HHSI 3HeprHH y-KBaHTa AJISI AaHHO­

ro HHTepBa.Jia 3Hepm:H. Ha pHc. 7 H 

8 npHBeAeHhi pacnpeAeJieHHSI OT­

HOCHTeJibHhiX OmH60K (M/ E) AJISI 

3HepmH y-KBaHTOB, onpeAeJieHHhiX 

no KOMnTOH-3JieKTpoHaM H nO 3JieK­

TpOH-n03HTpoHHhiM napaM. 

IJpH H3y'leHHH 3HepreTH'Ie­

CKHX CneKTpOB y-KBaHTOB B 2-MeT­

poBOH nponaHOBOH KaMepe TIIK-
500 HeJib3SI He Y'~HThiBaTb B03-

MO)I(HhiX noTepb 3JieKTpOHOB H no-

3HTpOHOB OKOJIO AHa KaMe phi. Ha pHc. 9 noKa3aHo pacnpeAeJieHHe 'IHCJia 

3JieKTpOH- n03HTpOHHhiX nap (AJISI KOMTITOH-3JieKTpoHOB npHHIJ,HnHa.JibHOH 

pa3HHIJ,hl H eT) no a3HMYTa.JibHOMY ymy cp (yroJI cp OnpeAeJISieTCSI B TIJIOCKO­

CTH, nepneHAHKYJISipHoii ny'IKY). BHAHhi cym;ecTBeHHhle noTepH B HH)I(Heii 

noJIOBHHe KaMepbi. ,UJISI BhiSICHeHHSI BJIHSIHHSI 3Toro o6cTOSITeJibCTBa Ha B03-

MO)I(Hhle K a 'leCTBeHil.hle H3MeHeHHSI cneKTpa Mhl npHBOAHM Ha pHc.10 cneK-

1000~~~~~~~~~~~~~ 

750 
a:i' 

t'l 
::::!1 
<0 
('J 500 
:::::: 
?--z 

250 

125 250 375 500 
E-y (MaB) 

PHc. lO. C neKTpbi y-KBaHTOB npH <p > 180" 
(CUJJOWHall rHCTOrpaMMa) H npH <{' < 180" (nyHK­

THpHall rHCTOrpaMMa) 
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Tphi y-KBaHTOB npH cp > 180" 

(CnJIOIDHasi rHCTOrpaMMa) H npH 

cp < 180" (nyHKTHpHaSI rHCTOr­

paMMa), HOpMHpoBaHHhle Ha 

nOJIHOe 'IHCJIO y-KBaHTOB H3 

HH)I(HeH nOJIOBHHhi KaMepbl. 

BHAHO, 'ITO cym;ecTBeHHhiX pa3-

JIH'IHH B cneKTpax B npeAeJiax 

CTaTHCTHKH HeT, KpOMe nepBOI"O 

6HHa (E < 26 M::JB), 'ITO CBHAe­

TeJibCTByeT 0 nOTepSIX OKOJIO AHa 

KaMephi, B OCHOBOM MaJI03Hep­

rH'IHhiX 3JieKTpoH-n03HTpOHHhiX 

nap. 3Ta o6JiaCTb HaMH paccMaT- · 

pHBaTbCSI He 6yAeT H3-3a nJioxo:H 

TO'IHOCTH H3MepeHHSI. 



3. <l>H3HlJeCKHe pe3yJihTaThl 

rr PH HCCJie~oBaHHH mo6hlx cneKTpoB Heo6xo~HMO KaK MO:>KHO 6oJiee 

TO'IHO onpe~eJIHTb <i>oHOBhle 3QMPeKThl. IlpH H3y'leHHH CneKTp a y-KBaHTOB B 

HHTepBaJie 3Hepmu OT 1 M3B ~o 1 f3B npe~cTaBJI.siiOTC.si cym;eCTBeHHhiMH 

BKJia~hl OT CJie~yiOm;ux npou;eccoB: a) pacna~ :n:0 
-+ 2y; 6) TOPM03Hoe H3Jiy­

'leHue BTOpH'IHhiX 3ap.si:>KeHHhiX 'laCTHIJ;; B) H3Jiy'leHHe ~epHhiX rHI'aHT­

CKHX pe30HaHCOB; r) H3Jiy'leHHe pa~HOaKTHBHhiX ~ep. 

a. Cxo:>KeCTh KHHeMaTH'IeCKHX xapaKTepucTHK :n:- u :n:0 
( eM. (1)) B Ha­

meM 3KCnepHMeHTe n03BOJI.sieT CMO~eJIHpoBaTb CneKTp y-KBaHTOB OT pacna-

~a :n:0 
H3 peaKIJ;HH pp -+ pp:n:0 

H3MepeHHeM 3ap.si:>KeHHhiX :n: - (H3· peaKIJ;HH 

np-+ pp:n: - npu Pn = 1,25 f3B/c) . Ha puc.ll noKa3aH CMO~eJIHpoBaHHhlH 

cneKTP OT :n:0 = :n: - -+ 2y B B~e mcTorpaMMhl. B~Ho, 'ITO B o6JiaCTH 3Hep­

mu 70 M3B cym;eCTBYeT nJiaTo, 

ooyCJIOBJieHHOe nOTep.siMH oroopa 

H H3MepeHHH MaJI03Hepi'H'1HhiX 

:n: -Me30HOB, 'ITO He n03BOJI.sieT 

HCnOJib30BaTb 3TOT CneKTp B Ka­

'leCTBe ¢oHa. J1CTHHHhiH cneKTp 

6e3 nOTepb Mhl BOCCTaHaBJIH­

BaeM, annpoKCHMHpy.si I'HCTO­

rpaMMY nOJIHHOMOM 6-H CTeneHH 

(HaHJiyqmee onucaHue). An­
npoKCHMHpyiOm;a.s~ KpHBa.si HMeeT 

MaKCHMYM npu 70 M3B, 'ITO coB­

nMaeT C ~pyi'HMH 3KCnepHMeH­

TaJibHhiMH ~aHHhiMH H C pacqe­

TaMH nO KHHeMaTHKe paCnMa 

:n:0-+ 2y [9 ]. B ~aJibHeH:meM Mhl 

6y~eM nOJib30BaTbC.si 3TOH KpH-
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r--
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PHc. ll . CMOAeJIHposaHH&Ii1 cneKTp y-KBaHTOB OT 

n° = n - -+ 2y 

u .-4-~ u 0 
BOH B KalJeCTBe 'I'VHOBOH ~JI.si y-KBaHTOB OT pacna~a :n: -Me30H B, HOpMHpy.si 

ee Ha 'IHCJIO y-KBaHTOB B o6JiaCTH nuKa OT :n:0• Ha puc.12, r~e H3o6pa:>KeH 

cneKTp y-KBaHTOB, BOCCTaHOBJieHHhiH no KOMnTOH-3JieKTpoHaM, 3TOT <i>oH 

npoBe~eH nyHKTHpoM. 

6 • .LJ:JI.si MO~eJIHpoBaHH.si TOpM03HOro H3Jiy'leHH.si Mhl BOC OJib30BaJIHCb 

<i>oPMY JiaMH H3 pa60Thl [ 10 ]. Ha puc.12 TpeyroJibHHKaMH H3o6pa:>KeH MaK­

CHMaJibHO B03MO:>KHhiH <i>oH OT TOpM03HhiX y-KBaHTOB. 

B. B MOHorpa<t>uu [11] aBrop noKa3hiBaeT, 'ITO B o6JiaCTH 3Hepmu OT 10 

~o 25 M3B celJeHue ~unoJihHoro H KBMpynoJihHOro H3Jiy'leHH .si OT mraHT-
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PHc.12. CneKTp y - KBaHTOB, socCTaHoBJJeHHbJX c noMOll.\bJO KOMnTOH­

;,neKTpoHos 

CKHX pe3ouaucoo B 6-7 pa3 npeohlmae-r cet~euue OOhi'IHOro TOpM03HOro H3-
nyt~eHH.II .. H a puc.12 ~ 3Qxt>eKT noKa3aH KpecrnKaMH. 

r. y-KBaHThl MOryT B03HHKaTb OT p<mHaU,HOHHOro pacncma yrJiepo~a 

nponaua H oe~ecroa KOHCTPYKU.HH KaMephl. CMo~enupooaTb Teope-rut~eCKH 
3TOT 3Qxl>eKT O'leHb CJIO:liCHO. ¥i3 3KCnepHMeHTaJibHhiX ~aHHhiX, C nOMOI.QbiO 
KOTOphiX MO:liCHO ~aTb ero 3MnHpH'IeCKYIO OU,eHKY, Mhl OCTaHOBHJIHCb Ha pe-
3YJibTaTaX OnhiTa, npHBe~eHHhiX B pa6oTe (12 ), r~e nOJiy'leHhl cneKTphl 
3JieKTpoHOB, nap OT y-KBaHTOB H n03HTpoHOB (pHC.13) B nponaHOBOH KaMe­

pe TllK-500 (o6Jiy'leHHOH nporouaMH c HMnyJibCOM 5 r3B/c)' pa6oTaoweu 
B pe:liCHMe pemcrpau.uu 3ana3~hiBaiOI.Qero H3Jiyt~eHH.II AAep . .II.auuhle 3Toro 
3KCnepHMeHTa CB~eTeJibCTBYIOT 0 TOM, 'ITO BepXH.II.II rpaHHU,a cneKTpa y­
KBaHTOB ue npeohlmae-r 15 M3B, a <l>opMa cneKTpa B 3TOH o6nacru 3nepmu 
COBncmaeT CO CIIeKTpoM y-KBaHTOB, BOCCTaHOBJieHHhiM HaMH C nOMOmbiO 

KOMnTOH-3JieKTpoHOB (pHc.12), 'ITO ~aeT OCHOBaHHe ~Jl.ll Ka'leCTBeHHOH HH­
TepnpeTaU,HH MaJI03Hepmt~uou t~acru cneKTpa. Konut~ecroeuuoe cpaoue­
uue MO:liCHO C~eJiaTb BecbMa npH6JIH:liCeHHO H3-3a pa3JIH'IH.II HHTeHCHBHOCTeH 
nyt~Ka, ueoo3MO:liCHOCTH y~oBJieTBOpHTeJibHOro onpe~eneuu.11 reoMe-rput~e­
cKoro oeca ~JI.II 3JieKTpouoo H nap 3ana3~hiBaiOmero H3Jiyt~eHH.II AAep, ue­
cooncmeuun 3Qxl>eKTHBHOH o6nacTH pemcrpau.uu t~acruu., OTJIH'IH.II nepouq-
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PHc.l3. CneKTpbi JaplllKCHIIbiX 4aCTHll o nponauo8ol1 KaMe p e: a -

3JICKTp0Hbi; 6 - y - K8aHTbl ; 8 - fi0311Tp01lbl. 3awTpHX08aHHblC pa c ­

npe!ICJICHHII IIJIII 4aCTHll 8 o6nacTH nep8H4110ro ny4Ka (pa6oTa [I 2 I ) 

Horo cHapsu~a H AP· Ha pHc.l2 ¢opMa cneKTpa HAepHoro 3ana3AbiBatOmcro 

H3Jiy4eHHSI OOo3Ha4eHa 4epHb1MH KPY)I(KaMH, 6e3 y4eTa reoM cTpH4eCKoro 

seca. B AaJibHeuweM, Y4HTbiBa!l :JTH CJIO)KHOCTH H T04HOCTb onp~AencHHSI 
:meprHH B 3TOH OOJ1aCTH, Mbl 6yAeM aHaJ1H3HpoBaTb CnCKTp y-KBaHTOB, Ha-

4HHaSI c 20 M;:,B. 

Jlsa pe3yJibTHpy101J..(HX cnCKT-

pa y-KBaHTOB, noJiy4eHHble pa3Hbi­

MH MeTOAaMH, llOKa3aHbl Ha pHc.J2 

H 14. Ha pHc. l2 npHBeAeH cneKTP 

y-KBaHTOB, BOCCTaHOBJieHHbiH C no­

MOIJ..(biO KOMllTOH-:)JleKTpoHOB , a Ha 

pHc.l4 - CneKTp y-KBaHTOB, BOC­

CTaHOBJ1eHHbiH C nOMOIJ..(biO :meKT­

poH-n03HTpoHHbiX nap. Ha pHc. l2 

cnJIOliiHOH KpHBOH H300pa)KeH CyM­

MapHbiH <t>oH OT scex nepe4HCJieH­

HbiX SlsneHHH. HanoMHHM, liTO ¢oH 

s HHTepsane AO 20 M3B (OTAeneH­

HbiH BCPTHKaJibHOH nyHKTHpHOH 

JIHHHCH) npHBCACH JIHillb AJISI Ka4e­

CTBeHHOfO OllHCaHHSI CllCKTpa B 

:non o6naCTH. B pauoHe 30 M3B oT-

4eTJIHBO BHAeH nHK B ABYX 6HHax c 

4-KpaTHbiM CTaHAaPTHbiM OTKJIOHe­

HHeM oT ¢aHa. B o6nacTH 3Hephm 
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P11c . 14. CneKTpy- K8aHT08, ooccTaHOBJICHHbiX 

C fiOMOW.biO 3JICKTp0H·fi03HTp0 HblX nap 
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OKOJIO 60 M 3B BhlpHCOBhiBaeTCSI ropa3~0 MeHee 3Ha'IHMhiH llHK, O~HaKO OT­
MeTHM TOT !fJaKT, 'ITO npaKTH'IeCKH BCe llHKH Ha pHc.13 H 14 COBllMaJOT. Ha 
pHc.14 xopomo B~eJISIJOTCSI TPH nHKa B o6naCTSIX 3HepmH: 60, 120, 
165 M3B. 

4. 3a KJIJO'IeHHe 

1) BnepBhle BoCCTaHoBJieH cneKTp y-KBaHTOB c noMO~bJO o~HHO'IHhiX 

KOMllTOH-3JieKTpoHOB; 
2) IToKa3aHo, 'ITO npH Bhi'IHCJieHHH reoMeTpH'IecKoro Beca ~JISI y-KBaH­

TOB B o6naCTH 3HepmH: OT 1 ~o 100 M3B, KpoMe 3Qxi>eKTa o6pa3oBaHHSI nap, 
HeOOXO~HMO yqeCTb KOMllTOH-3Qxl>eKT; 

3) ITony11eHo yKa3aHHe Ha B03MO)KHOCTb cy~eCTBOBaHHSI HeH3BeCTHhiX 
~o CHX nop aHOMaJIHH B cneKTpey-KBaHTOB npH 30, 60, 120, 165 M3B. 

06naCTb :mepmH (M3B) I 30 ± 13 60 ± 11 120 ± 19 I 165 ± 18 

3Ha'IHMOCTb 3cP<J>eKTa (cTaH~apT. OTKJI .) I 4,2 1,9 3,3 I 3,1 

Bonee aKKypaTHhiH y11eT !fJoHa, MO)KeT npHBeCTH K yMeHbmeHHJO 3Ha­
'IHMOCTH 3Qxt>eKTa ~JISI oco6eHHOCTH B cneKTpe y-KBaHTOB npH EY = 30 M3B. 

Ofu.SICHHTb nony'leHHhle pe3yJibTaThl H3BeCTHhiMH 3Qxi>eKTaMH He y~a­
eTCSI. Mhl npe~nonaraeM, 'ITO o~Ho H3 B03MO)KHhiX ofu.SicHeHHH ~aHHOro SIB­
JieHHSI CBSI33HO C pa~llai.J;HOHHhiMH 3Qxl>eKTaMH npH oopa30BaHHH HJIH pac­
na~e ~H6apHOHHhiX pe3oHaHcoB. He HCKJIJO'IaeTCSI TaK)Ke B03MO)KHOCTb Hc­
nycKaHHSI y-KBaHTOB B036y~eHHhiMH COCTOSIHHSIMH HYKJIOHOB HJIH 

Bo36y~eHnSIMH B cncTeMax npoTOH- nHOH. Heo6xo~HMO npo~OJI)KHTb Hc­
CJie~oBaHHR KOppeJISII.J;HH y-KBaHTOB C CHCTeMaMH ~pymx 'laCTHI.J; B 3Be3~e. 

Mhl Bbipa)KaeM 6naro~apHOCTb npo!Peccopy MJ1.ITo~ropeu;KoMy 3a no­
Jie3Hhle OOCy~eHHSI HeKOTOphlX BOnpOCOB, 3aTpamBaeMhiX B CTaTbe, H 
6oJibiDYJO n pH3HaTeJibHOCTb H.M.KanHTOHOBOH 3a noMO~b B o6pa60TKe 
~aHHblx H B q,opMHpoBaHHH DST, a TaK)Ke A.IO.TpoSIHY 3a noMo~b B no~­
roTOBKe CTaTbH. 

JIHTepaTypa 

1. TpoSIH IO.A. H~p.- 011.5111, .ll.l-88-329, .ll.y6Ha, 1988. 
2. TpoSIH IO.A. H~p.- 011.5111, P1-90-78, .ll.y6Ha, 1990. 
3. TpoSIH IO.A.- 3qA.si, 1993, T.24, B.3, c.683. 
4. As~eH'IHKOB B.B. H ~p.- .51<1>, 1991, T.54, c.lll. 

62 



5. Tpo.sm IO.A. H~p.- 51Cl>, 1991, T.54, c.1301. 
6. BeiDJJHY K. H ~p. - 0115111, 11,1-85-433, .l1,y6Ha, 1985. 
7. A6~HHOB O.B. H ~p.- Coo6m;eHHe 0115111, P1-88-102, .l1,y6Ha, 1988. 
8. A6~HHOB O.B. H~p.- 0115111, P1-86-11, .l1,y6Ha, 1986. 
9. KonhiJIOB r.l1. - OcHOBhi KHHeMaTHKH pe30HaHCOB. M.: HayKa, 1970. 

10. Jla~ay A.,li,., JIH~mHu; E.M.- TeopH.sl noJI.sl. M.: Cl>H3MaTm3, 1962. 
11. AMycb.sl M.51.- TopM03Hoe H3JiyqeHHe. M.: 3HeproaTOMH3~aT, 1990. 
12. A6~HBaJIHeB A. H ~p.- )1(3TC1>, 1979, T.77, B.1 (7), c.20. 

PyKonHCb nocTynHJia 30 ceHT516p.s~ 1994 ro~a. 

63 




