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B 3KcrrepHMeHTe, rrpoBegeHHOM Ha ceprryxoBcKoM yc
KOpHTene c rroMO~biD crreKTpoMeTpa BHC-2, H3MepeHa rro
nHpH3au;mi =-, pOJK,!J;eHHbiX HHKniD3HBHO HeHTPOHaMH CO 
CpegHHM HMrrynbCOM ~ 40 r3B/ C, E.- 3aperHCTpHpOBaHbl 
B KHHeMaTH'l:eCKOH o6nacTH 0 < p T < I, 3 r3B/ c rrpH 
<X> =0,45 H rromipH30BaHbl OTpHI.J;aTenbHO /-0,3±0 , 2/ 
BAOnb HOpManH K rrnOCKOCTH HX pOJK,!J;eHHH, orrpegenH~MOH 

BeKTOpHblM rrpOH3BegeHHeM HMrrynbCOB rrepBH'l:HOrO Hef!T
pOHa H =- B na6opaTOpHOH CHCTeMe, !13MepeH rrapaMeTp 
acHMMeTpHH pacrraga :=--+ A 0 rr-: a(E-) =/-0,43:r0,16/. 
l13MepeHHaH rronHpH3ai.J;HH cornacyeTCH c rronHpH3au;Heii 
A0

, H3MepeHHOH B 3TOM ~e 3KCrrepHMeHTe, a Ta~e c rro
nHpH3au;HeH :=-, o6pa30BaHHbiX rrpOTOHaMH C HMrrynbCOM 
400 r3B/c, HO rrpoTHBorrono~ua rro 3HaKy rronHpH3 ai.J;HH 
E -, poJK,!J;eHHbiX oTpHu;aTenbHbiMH KaoHaMH c HMrrynbcoM 
5 r3B/c. 

Pa6oTa BbmonHeHa B Jla6opaTopHH BbiCOKHX 3HeprHii 
OIDIH. 

Polarization of E Produced Inclusively 
by Neutrons 

A. N. Aleev et al. 

Polarization of :=-produced inclusively by neut
rons with 40 GeV/c mean momentum has been meas ured 
in an experiment performed using the BIS-2 spectro
meter of the Serpukhov accelerator. The a- have been 
accepted in a kinematic region of 0 < PT < 1, 3 GeV/c 
at <X > =0.45 and are polarized negatively (0. 3±0.2) 
along the normal to the production plane which is 
defined by a vector product of neutron and :=- mo
menta in the lab. coordinate sys tern. The E--+ A 0 

"

decay asymmetry parameter has been measured a s well: 
a(E-) = (0.48±0.16). The :=-polarization meas ured 
is in agree10ent with the A 0 polarization obtai ned 
in this experiment and with the polarization o f a
produced by 400 GeV protons, but is opposite ~n 
sign to the polarization of :=-produced by 5 Ge~! 
negative kaons. 

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

3Kcnep~MeHTanbHO o6Hapy~eHHoe RBn~H~e nonRp~3a4~~ r~ne

poHoB, pO~AeHH~X ~HKn~3~BHO HenonRp~30BaHH~M~ aAPOHaM~ B~

COK~X 3 Hepr~~, ~HTeHC~BHO ~CCneAyeTCR nocneAHee AeCRT~ne

T~e KaK TeopeT~4eCK~, TaK ~ 3Kcnep~MCHTanbHO. K HaCTOR~eMy 
BpeMeH~ HaKOnneH~ BCeCTOpOHH~e 3KCnep~MeHTanbH~e AaHH~e no 
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non~pH3a4HH AD, pomAeHH~X B ny4Kax pa3Hoo6pa3H~X aAPOHOB 
Ha pa3nH4H~X MHWeH~X B WHpOKOM AHana30He 3HeprHA. YeTaHOB
neH O, 4TO non~pHaosaHbl AD, KOTop~e o6paaosaHbl s npo4eeeax 
~pa rMeHTa4HH nepBH4HOrO aAPOHa, a 3HaK H BenH4HHa HX nonR
PH3 a 4HH 3aBHe~T OT KBapKOBoro eoeTaBa $parMeHTHpy~ero aA
poHa . non~pH3a4H~ APYrHX rHnepOHOB' :£ H E' HeeneAOBaHa He 
TaK nOAP06Ho. HHTepee npeAeTasn~~T AaHH~e no non~pH3a4HH 
HHKn KJ3HBHO POmAeHHbiX E, noeKonbKY OHH HMe~T oTnH4a~II\HAe~ 
oT A D KBapKos~A eoeTaB. TaKHe AaHH~e samH~ An~ pa3BHTH~ 
npeA~TaBneHHA 0 ~BneHHH non~pH3a4HH rHnepOHOB H 0 MeXaHH3-
MaX aApOHH3a4HH. 

HaeTO~II\eA pa6oTe npHBeAeH~ neps~e pesynbTaT~ H3Mepe
HH~ non~pH3a4HH 2-, pOmAeHHbiX HHKn~3HBHO B HeATpOH-~Aep
H~X B3aHMOAeAeTBH~X. PesynbTaT~ no H3y4eHH~ non~pH3a4HH 
AD H A~, nony4eHHble B 3TOM me 3KenepHMeHTe, ony6nHKOBaHbl 
B / l -3 / · 3KenepHMeHT BblnOnHeH e nOMOlllbiO eneKTpOMeTpa EiHC-2, 
pae nonomeHHoro Ha HeATpanbHOM KaHane 4H eepnyxoBeKoro ye
KOPHTenR. ny40K KaHana eoeTOHT B oeHOBHOM H3 HeATpOHOB 
e HMnynbeaMH OT 20 AO 70 r3B/e npH epeAHeM 3$$eKTHBHOM 
3Ha 4eHHH 40 r3B/e. 

Ha pHe. 1 npHBeAeHa exeMa pa3Mell\eHH~ Ha KaHane oeHOBHoA, 
6a30 BOA KOH$Hrypa4HH eneKTpOMeTpa EiHC-2. ~ noeneAHHX eeaH
eax 3KenepHMeHTa 3Ta KOH$Hrypa4H~ 6~na He3Ha4HTenbHO H3Me
HeH a , a OeHOBHOM 3a e4eT BKn~4eHH~ B eoeTaB eneKTpoMeTpa 
4epe HKOBeKHX e4eT4HKOB, KOTOp~e B AaHHOA pa6oTe He Henonb-
30Ba nHeb. CneKTPOMeTp perHeTpHposan BTOPH4H~e sap~meHH~e 
4ae TH4bl, pOmAeHH~e B pesynbTaTe B3aHMOAeAeTBHR HeATpOHOB 
ny4 Ka e yrnepOAHOA, an~MHHHeBoA HnH MeAHOA MHWeH~MH /T/. 
9ce r o B Te4e~He 3KenepHMeHTa b~no 3aperHeTpHpOBaHO 
- 2 , 3·10 7 HeATpOH-~AepH~X B3aHMOAeikTBHA, 6onbWHHeTBO H3 
KOTOp~X 6~no nony4eHO B 3Keno3H4H~X e yrnepOAHOA MHWeHb~. 
Ha pHe. 1 0603Ha4eHa TaKme eHeTeMa KOOPAHHaT, B KOTopoA 
npoBOAHnaeb reoMeTpH4eeKaR peKOHeTPYK4HR H aHanH3 eob~THA. 
UeH TP eHeTeM~ KOOPAHHaT eooTBeTeTsosan 4eHTPY MemnoniOeHoro 
aaso pa eneKTPOMeTpH4eeKoro MarHHTa M, a oeb OZ eosnaAana 
e oe b~ H HanpasneHHeM naAa~ero ny4Ka HeATpoHa. Oeb OY 
Han pasneHa napannenbHO oeH MarHHTHoro non~, 3HaK KOTopo
~o B paanH4H~x eeaHeax 3KenepHMeHTa MeHRneR. Oeb OX s~-
6paHa TaKHM o6pa30M, 4T06~ Bee TPH OeH o6pa30BbiBanH npa
By~ OpToroHanbHY~ eHeTeMy KOOPAHHaT, Bee AeTeKTOpbl eneKT
poMe Tpa paenonomeH~ eHMMeTpH4HO OTHOeHTenbHO nnoeKOeTH 
xoz. 

Eionee AeTanbHOe onHeaHHe eneKTpoMeTpa H yenosHA npose
AeHH~ 3KenepHMeHTa npHBeAeHo s / 4/ . 

H3y4anaeb non~pH3a4H~ E -, pomAeHHbiX HKn103HBHo s HeAT
poH- ~AePH~x B3aHMOAeAeTBH~X H perHeTpHpyeM~X no KaeKaAHOMY 
pae naAy: 
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Puc. I. CxeMa pacnoJioJKeHHfl: annapaTypbJ BHC-2 Ha Ka

Hane 4H cepnyxoBcKoro ycKopHTeJIH: A - c~HHTHJIJlH
~OHHbJH c'!eT'!HK aHTHCoBn~eHHfl:; PC/ 1-11 I - nponop 

J..IHOHaJibHbJe KaMepbJ; HI, H2 H H3 - rop;ocKonbJ c~HHTHJI

Jlfl:J..IHOHHbJX C'!eT'!HKOB; Mn - C'!eT'!HK MOHHTOpHpOBaHHfl: 

HeHTpoHoB; HCC - rop;ocKon '!epeHKOBCKHX c'!eT'!HKOB 

noJIHoro norJio~eHHH /B p;aHHOH pa6oTe He ucnOJib30-

BaJICfl:/. 

a- _.1\.o+" 

L P + "-. 
- /1/ 

B~coKaR pa3pewa~aR cnoco6HoCTb cneKTPOMeTpa no y rny 
~ ~Mnynbcy 4acT~~ no3aon~na Hap;e~Ho a~p;en~Tb pacnap;~ 

11. 0 
... p"-. 3T~ pacnap;~ ~AeHT~tP~~~poaan~cb no ~HBap~aHTH~M 

MaccaM M(p"/ peKOHCTpy~poBaHHbiX He~TpanbH~X B~nOK, cne KTp 
KOTop~x cop;ep~an xapaKTepH~~ n~K a o6nacT~ Mace~ A 0 • non
HaR w~p~Ha n~Ka Ha ero nonya~coTe, paaHaR 4,5 M3B/c2, xa-
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PHc. 2. CneKTP HHBapHaHTHbiX 
Mace M(A 0 rr -) B o6nacTH Mac

Cbl =-. 
paKTepH3yeT pa3pewa~y~ 
CnOCOOHOCTb cneKTpOMeTpa 
no Macce A 0 .npH B~AeneHHH 
pacnaAOB A 0 -+ p rr- Tpe6oaa
nocb, 4T06~ HHBapHaHTHaR 
Mace a M(p rr I cooTBeTcTByto
~eH HeHTpanbHOH BHnKH oT
nH4anaCb oT Maccbl A 0 He 5o
nee 4eM Ha 7 M3B/c2. Bce
ro 6blno B~AeneHo -1 ,6·105 

pacnaAOB A 0 -+ prr- . 
AnR noHcKa pacnaAOB 

E--+ A 0 TT- 6blnH oTo6paHbl co-
6b1THR , coAep>Ka~He A 0 H He 
MeHee OAHOH OTPH4aTenbHO 
3apR>KeHHOH 4aCTH4bl I)-, KO
TOpble YAOBneTBOPR~T reoMeT
PHH KacKaAHoro pacnaAa. 
npH 3TOM Tpe6oBanOCb, 4T0-
6bl MHHHManbHOe paCCTORHHe 
Me>KAY TpaeKTOPHRMH A0 H h-, 
o6pa3y~HMH aepwHHY pacna
Aa E-, He npea~wano 1 eM, 

a 3~a BepWHHa pTCTORna OT 4eHTpa MHWeHH H~ MeHee 4eM Ha 
10 CM no HanpaaneHH~ ny4Ka. Tpe6oaanocb TaK>Ke, 4To6~ pa3-
HOCTb Z-KoOPAHHaT aoccTaHoaneHHbiX aepwHH pacnaAOB A0 H E-
6~na He MeHbWe 4eM 10 CM. CpeAH KaHAHAaTOB B =- OT6HpanHCb 
TaKHe, HMnynbC KOTOpbiX He npeBbiWan 28 r38/c. 3To orpaHH4e
HHe o6ycnoaneHo TeM, 4TO npH 6onbWHX 3Ha4eHHRX HMnynbca 
cy~.ecTaeHHO ao3pacTaeT AOnR ¢loHOBbiX co6biTHH . Ha pHc. 2 npH
BeAeH c neKTp HHBapHaHTHbiX Mace M(A0 rr-) AnR co6b1THH, KOTO
p~e YAOBneTBOPR~T nepe4HcneHHbiM ycnoBHRM. 6 o6nacTH Maccbl 
M(E-) = 1321,3 M3B/c 2 BHAeH YeTKHH nHK, cooTBeTCTBY~HH 
3aperH CTPHPOBaHH~M pacnaAaM /1/. nonHaR WHPHHa nHKa Ha 
ero nonyBbiCOTe xapaKTepH3yeT pa3pewa~y~ cnoco6HOCTb cneKT
poMeTpa no COOTBeTCTBy~eH Macce H paBHa 8 M3B/c2. B co-
6~THRX H3 o6naCTH nHKa H COCeAHHX o6nacTeH npaKTH4eCKH OT
CYTCTByeT KOM6HHaTOPHbiH $OH. ~nR H3y4eHHR nonRpH3a4HH =-
6blnO OT06paHO 1267 COObiTHH H3 HHTepaana MaCe ±8 lb8/c 2. 
OT M(E -). ,L\nR 04eHKH AOnH $OHOB~X COO~THH cpeAH HHX ypo
BeHb co6~THH a cneKTpe cnpaaa H cneaa OT nHKa, H3 HHTepaa-
na 

8 < I M(A 0TT-) -M(E-) 1 < 40 M~Bfc2, /2/ 
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PHc.3. PacnpeAeneHHe 3 ape
rHcTpHpoBaHHbiX a- no P T. 

3KCTpanon~posancR n~HeHHO 

B o6nacTb noA n~KOM. AonR 
$OHa cpeA~ OTo6paHH~X co6~
T~H COCTaB~na /44±2/% . 3TOT 
$OH o6ycnosneH B OCHOBHOM 
co6biT~RM~, B KOTop~x A 0 o6-
pa3oBaH B M~WeH~ OAHOBpeMeH
HO C o6pa3oBaH~eM B TOH me 
sepw~He He.cKonbK~x 3apRmeH-
H~x 4aCT~~. HO o6~aR aepw~
Ha A 0 ~ OAHOH ~3 3apRmeH-· 
H~X 4aCT~~ (h-) OW~604HO 
soccTaHosneHa 3a npeAe naMH 
MHWeHH. He3Ha4HTenbHaR AO-
nR $0Ha o6ycnosneHa Ha nH4H

eM co6~THH, COAepma~HX A0 H reHepHposaHHY~ nporpaMMOH Tpa
eKTOPH~ h-, o6pa3y~~X o6~y~ Bepw~Hy, a TaKme Co6~THRMH, 
B KOTOpbiX A 0 o6pa30BaH~ B pe3ynbTaTe B3aHMOAeHCTBHR HeHT
pOHOB C B03AYXOM B o6naCTH 3a MHWeHb~. 

npH nocTpoeHHH Heo6XOAHM~X AnR aHanH3a pacnpeAeneHHH 
OT06paHH~X C06~THH ~3 HHX B~4HTanacb AOnR Co6~THH, 3 BH
BaneHTHaR ypoBH~ $OHa. XapaKTep COOTBeTCTBY~HX pacnpeAe
neHHH AnR $oHa onpeAenRncR npH 3TOM B pe3ynbTaTe aH a nH3a 
co6~T~H H3 o6nacTH /2/. TaKHM o6pa3oM 6~nH nocTpoeH~ pac
npeAeneHHR a- no nonepe4HOH (P T) H npOAOnbHOH (Pu ) c o
cTaBnR~HM HX HMnynbCOB. H3 npHBeAeHHoro Ha pHc.3 cne KTpa 
no PT cneAyeT, 4TO a- 3aperHCTPHPOBaH~ B K~HeMaTH4eC KOH 
o6naCTH 0 < PT < 1 '3 r3B/c np~ < PT> = 0,46 r3B/c. Cne KTp 
no pll AnR 3aperHCTPHPOBaHH~X a- COOTBeTCTByeT o6naCTH X' 
nepeMeHHOH $eHHMaHa, OT 0,1 ~0 0,9 npH cpeAHeM 3Ha4eHHH 
<X> =0 ,45. 

A~HaM~Ka cna6oro pacnaAa 6ap~oHa co cnHHOM 1/2 Ha APY
roH 6ap~OH CO CnHHOM 1/2 ~ nceBAOCKanRpH~H Me30H xapa KTe
PH3yeTCR yrnoB~M pacnpeAeneH~eM B~neTa OAHOrO H3 npOAYK
TOB pacnaAa, T.H. aHanH3aTopa pacnaAa, OTHOCHTenbHO OCH 
nonRp~3a~~~ pacnaAa~~erocR 6apHoHa. a-, o6pa3oBaHH~e B pe-
3ynbTaTe cHnbHoro B3a~MoAeHCTB~R, ~3-3a coxpaHeHHR P - 4eT
HOCTH B peaK~H~ MOryT 6~Tb nonRpH30BaH~ TOnbKO nepneHAHKy
nRpHO K nnocKocT~ HX pomAeH~R. CooTBeTcTsy~aR ocb nonRp~-

3a~HH onpeAenReTCR s~pameHHeM 
... ... ... 
N = n x E , /3/ 

~ ~ v 

rAe n ~ = - BeKTOp~ HMnynbCOB B n.c. nepB~4HOrO HeHTpOHa 
H a- cooTseTCTBeHHo. MaTpH4H~H 3neMeHT W(cosfJ,cos </J) Ka
cKaAHoro pa cnaAa /1/, onpeAeneHH~H B 15 1 , 3aBHCHT oT y rna 
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PHc.4. CneKTpbi HHBapHaHTHbiX Mace M(A 0~r-) B o6JiaCTH 
MaCChi a -. noJiy'leHHble npH YCJIOBHHX: a/ cos (J > 0; 
6 / cos (J < Q. 

<m e~neTa A 0 /aHan~aaTopa negeorq 3Tana pacnaAa/ e c~cTe
Me nOKOR a- OTHOC~TenbHO OC~ N ~ OT yrna (c/J) BblneTa npo
TOHa /aHan~aaTopa eToporo 3Tana pacnaAa/ e c~cTeMe noKoR 
A 0 oT HOC~TenbHO oc~, onpeAenReMo~ HanpaeneH~eM ~Mnynbca 
A0 B C~CTeMe nOKOR a-. 11HTerp~pyR 3TOT MaTp~4Hbl~ aneMeHT 

no yrn y ¢ ~n~ (J, nony4~M, COOTBeTCTBeHHO, 

W(cos (J) .. --} .(1 +a(E-). !J'. cosfJ) /4a/ 

~nw 

1 -W(cos ¢ ) •·r(l+a(a ).a(A 0
) .cos¢), /46/ 

rAe P - nonRp~3ai.I~R a-, a a(a l = -0,434 ~ a(A 0 ) =0 ,642 
16 1

-

xopowo ~3BeCTHble napaMeTpbl ac~MMeTp~~ pacnaAOB s- ... A 0 1T-
~ A 0 .., p "- cooTseTCTBeHHo. 113 eblpa>KeH~~ /4/ cneAyeT, 4TO 

a(a-) · P =2·A(cos8) /Sa/ 

~ 

a(a) . a(A 0
) .. 2·A(cos¢). /56/ 

3AeCb 4epe3 A o6o3Ha4eHbl een~4~Hbl ac~MMeTp~~ MaTp~4Horo 

3neMeHTa pacnaAa OTHOC~TenbHO COOTBeTCTBy~ero yrna, Ha
np~Mep 

/6/ A(cos e ) ,. W(cos (J > 0) - W(cos (J < 0) • 
W( COB (J > 0) + W (COB (J < 0) 

AnR onpeAeneH~R nonRP~3al.l~~ a- 6blna ~3MepeHa een~4~Ha 
ac~MMeTp~~ /6/ AnR 3aper~cTp~poeaHHbiX E-. C 3To~ 1.1enb10 6bl
n~ npoaHan~,~poe~Hbl ABa cneKTpa HHBap~aHTHbiX Mace M(Ao"-~ 
OA~H ~ 3 i<oTopblx nony4e':' np~ ycnoe~~ . cosfJ>O /p~c.4a/,a BTO-

12 



poa:i - np~ yCJlOB~~ cos e <0 /p~c. 46/. B nepBOM cneKTpe 6 blll0 
BbiAelleHo 377 E- np~ 4~cne <!>o HOBbiX co6biT~a:1, paB HOM 275, 
a BO BTOPOM cneKTpe - COOTBeTCTBeHHO 334 :S- ~ 281 <!>OHO BOe 
co6b1T~e. np~ Bbl4~cneH~~ eeni-14~Hbl A(cose) All.R ::::. npeAnon a
ranoc b , 4TO 3<l><l>eKT~BHOCT~ ~X per~CTpa4~~ B o6naCTRX 
Cose > 0 ~ Cose < 0 nponOP4~0HaJlbHbl COOTBeTCTBY IOII1~M 3 <!><l>eK
T~BHOCTRM per1-1cTpa4~~ <!>OH OBbiX C06biT~a:i. npeAnOJlaraJlOCb TaK
>Ke, 4TO <!>OHO Bble C06biT~R o6pa30Ba Hbl C~MMeTp~4HO no COS e 
~, CJleAOBaTeJlbHO, H a6Jl~AaeMoe ~X pacnpeAeJleH~e no cose OT
pa>KaeT TOJl bKO 3<l><l>e KT~ BHOCTb ~X per~CTpa4~~. C y4eTOM / 5a/ 
~ Ta6n~4Horo 3Ha4eH~R a(E-) 6blno nony4eHo, 4To 

p= - 0,33 ± 0, 22. 171 

BoaMO>KHble c~cTeMaT~4eCK~e ow~6K~ paccMoTpeHHoro MeTOAa 
Bbi4~CJleH~a:i TeM MeHbWe, 4eM MeHbWe Bell~4~Ha nonpaBK~, o6yc
JlOBJleHHaA Ha6Jl~AaeMO.:i aC~MMeTp~ea:i <!>OHOBbiX C06biT~a:i, T. e , 
3<l><l>eKT~BHOCTb ~ ~X per~CTpa4~~. ~JlR 04eHK~ TaK~X OW~60K 

~ npoee pK~ MeToAa aHanor~ 4HbiM o6 paaoM c y4eToM /56/ ~ Ta-
6n~ 4Ho r o 3Ha4eH~R a (A 0

) 6 blna o npeAelleHa sen~ 4~Ha 

a(E-) =-0 , 48 ± 0 ,16. / 8/ 

np~ onpeAelle H~I-1 3 Toa:1 een~ 4~Hbl BBOA~nacb 3Ha 4wl' ell bHaR no- . 
np a eKa, cBR3aH Ha R c H a6n~AaeMoa:1 ac~ MMeTp~ea:i no cos ¢ AllR 
aaper~cTp~poeaH HbiX <!>O HOBbiX CoObiT ~ 1':1; pae Ho a:i ll, 56± 0, 02 . He 
CMOTPR Ha 3To , nony4eHHbla:i peayllbTaT /J/ xopowo cornacye TCR 
C Ta6Jl~4Hb1M 3Ha4eH~eM a(E - ). 3Ha4~T, C~CTeMaT!-14eC KaR OW~6-
Ka, KOTopy~ MO>KeT COAep>KaTb Bell!-14~Ha /8/ , HeCy~eCTBeHH a 
no cpaBHeH~~ CO CTaT~CT~4eCKO.:i. 603MO>KHaA C~CTeMaT~4eC KaR 

OW~6Ka pe3yJlbTaTa /7/ MO>KeT 6b1Tb TOJlbKO MeHbWe, nOCKOJl bKy, 
KaK 6blllO noKaaaHo Bblwe, <!>OHOBble co6biTI-IA pacnpeAeneHbl n paK
T~4eCKH C~MMeTpH4HO no cose. CHMMeTp~4HOe pacnpeAeJleH~e 

<I>OHOBbiX C06b1TH.:i ~. ClleAOBaTeJlbHO , 3<1><!>eKT~BHOCTH ~X pe r HCT
pa4~~ no cose o6ycnoeneHo reoMeTp~ea:i ycTaHoBK~, KOTop a R 
CHMMeTp~4Ha OTHOC~TeJlbHO nllOCKOCT~ XQZ. 3Ta C~MMeTp~A np!-1-
BOAHT K TOMY, 4TO Ka>KAOMY 3aperHCTp~poBaHHOMY pacnaAY s-
C onpeAeJleHHbiM 3Ha4eHHeM coset COOTBeTCTByeT aaper~CTp~po
BaHHbla:i C TaKO.:i >Ke BepORTHOCTb~ pacnaA E- C OTP~4aTeJlb HbiM 

3Ha4eH~eM -Coset, TOnOllOr~R KOTOporo aepKaJlbHO C~MMeT p~4-
Ha OTHOC~TeJlbHO nllOCKOCT~ XQZ. B COOTBeTCTB~~ C 3T~M Cnpa
BeAJl~Bbl COOTHOWeH~R 

N+(cose1) 1 + aO: - ) · P ·coset 
R 1 = ----- = ------. ---- , / 9/ 

N T -cos et) l - a(E ) . p . cos e I 
+ ) -rAe N (cos8 1 ~ N (-cose 

1
) - 4~cno ::::. , aaper~cTp~poea HHbiX 

np~ onpeAeJleHHOM 3Ha4eH!-1~ cos8
1

,coOTBeTCTBeHHO C nollO>K~

TellbHbiM~ ~Jl~ OTP~4aTeJlbHbiM~ Y- npoeK4~AMH ~MnyllbCOB, T. e. 
C~MMeTpH4HO OTHOC~TeJlbHO nllOCKOCTH XQZ. Ha COOTHOWeH~R /9/ 
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cneAyeT, 4TO AnR KamAoro i-ro HHTepeana no cosO nonRPH3a
LIHR E-paeHa 

PI = __ 1 
a CS-) .cos0 1 

R1 - l 

Ri + l 
/10/ 

3Ha 4eHHR nonRpH3aLIHH E , Bb14HcneHHble B cooTeeTCTBHH c Bbl
pameHHeM /10/ B KamAOM H3 BOCbMH paBHOMepH~X HHTepeanOB 
no cosO, xopowo cornacyiOTCR MemAY co6oi1 (X /cT. ce.=7 ,5/8) 
a HX ycpeAHeHHaR eenH4HHa, paeHaR /-0,30±0, 17/, coenaAaeT 
c / 7/. CneAOBaTenbHO, nony4eHHaR nonRPH3aLIHR a- He 3aBH
CHT OT cnoco6a ee H3Me-peHHR. . 

3Ha4eHHR nonRpH3aLIHH E-, nony4eHHble He3aBHCHMO e 3KCno· 
3H4HRX C pa3nH4a~HMHCR HanpaeneHHRMH MarHHTHOrO nonR 
e aHanH3Hpy~eM MarHHTe, xopowo cornacyiOTCR MemAY co6oi1. 
3TO TaKme CBHAeTenbCTRyeT o6 OTCYTCTBHH cy~eCTBeHHbiX CH
CTe MaTH4eCKHX owH60K npH onpeAeneHHH P. 

TaKHM o6pa3oM, nony4eHo, 4TO nonR"H3a4HR E -, pomAeHHbiX 
HH Kni03HBHO npH <PT > = 0,46 r3B/c H .<X> =0,45 Hei1TpOHaMH 
CO cpeAHHM HMnynbCOM - 40 r3B/c, OTPH4aTenbHa: 

P= -0,3 ± 0,2. /11/ 

3HaK H eenH4HHa nonRPH3al.IHH s- B npeAenax owH6oK coena
Aa iOT c nonRPH3aLIHei1 A 0 , H3MepeHHoi1 e 3TOM me 3KcnepHMeH
Te / 1/ , BenH4HHa /11/ xopowo cornacyeTCR TaKme c pe3ynbTa
TOM H3MepeHHR nonRpH3al.IHH a-,pOmAeHHbiX HHKni03HBHO B CO

0,5 

0,4 

0,3 

~ 0,2 
:::::1 
ct 0,1 
m 
~ 0 
a:: 
< - o1 0 • 
c 

- Q,2 

.t 
++ 

+ 

- 0.3 ~----<>--------1 

- 0,4 

-0.5 
I I I I I • I I / 

0 q2 0,4 0.6 0,8 1,0 1,2 

PT, r3B,;f 

OTBeT.CTBy~ei:\ KHHeMaTH4ec
KOH o6nacTH npoTOHaMH c HM
nynbCOM 400 r3B/c 171 • Ha 
pHc . 5 cpaBHHBaeTCR nony4eH
HaR senH4HHa /11/ c pe3ynb
TaTaMH H3MepeHHR nonRpH3a-
4HH E-, pom'AeHHbiX HHKni03He
HO e ny4Ke K- c HMnynbCOM 
5 r3B/c 181 • KaK cneAyeT H3 
3TOrO cpaBHeHHR, a-, pom
AeHHble Hei1TpoHaMH H OTPHLia
TenbHbiMH KaOHaMH, nonRpH30-
BaHbl npoTHBononomHo no 3Ha
Ky. PaccMoTpeHHoe noeeAeHHe 

PHc.5. IloJIHPH3aL{HH E - , H3 -
MepeHHaH B pa3JIH<lHb/X HHTep

BBJiaX p T : ( 0 ) - pe3yJibTaT 

):laHHOH pa60Tbi; ( e ) - p esyJib
TaTbl pa60Tbl / 7/. 



nonRpH3a~HH =- COOTBeTCTByeT npeACKa3aHHRM PRAa TeopeTH-
4eCKHX MOAenei1, HanpHMep / 9· '12/. 

ABTOPbl Bblpa>KaiOT rnyooKyiO 6naroAaPHOCTb A.M. £ianAHHY, 
A.H.TasxenHA3e, H.E.TIOPHHY H H.A.CaBHHY aa nOAAeP>KKY 3Kc
nepHMeHTOB H nOCTORHHbiH HHTepec K pa6oTe; p. JleAHH~ KOMY 
3a nnOAOTBOPHWe perynRpHWe 06CY>KAeHHR,E.M.JlHXa4eBOH 3a 
y4aCTHe B 3KCnepHMeHTaX. 
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OB SERVATION OF U(3100) IN BIS-2 EXPERIMENTS 

A. N.Aleev, V.A.Arefiev, V.P.Balandin, V.K.Berdishev, 
V.K.Birulev, V.D.Cholakov, A.S.Chvyrov, I.I.Evsikov, 
T.S.Grigalashvili, B.N.Gus 1 kov, K.Hiller, I . M.Ivanchenko, 
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A meson resonance U( 3 100) with negative stra -
geness, produced in neu tron-nucleus interactions 
at a mean neutron momentum of -40 GeV / c, has been 
observed in experiments performed by means of t e 
BIS- 2 spectrometer at the Serpukhov accelerator . 
Carbon, aluminium and copper were used as nuclea r 
targets. Altogether - 180 decays of four different 
states of this resonance into A 0 +p +n·7T± and 
K ~ + p + p +IT+ have been registered. The isoto i
cal spin of the resonanse is equal to 3/2. The r e
sonance production cross section in the region 
X> 0 . 2 times the branching ratio of its decay v ia 
each observed mode is from I to 20 Jlb pe r cardon 
nucleus . The A-dependence of the resonance produc
tion c r oss section is described by the powe r law 
Aa wi th a = 0.6±0 . 3 . 

The investigation has been performe~ at the 
Labo r a t ory of High Energies , JINR. 

Ha6n~AeH~ e U(3100) s 3 Kcnep~ Me HTax 5~C -2 

A.!I .A.neeB H AP · 

B 3Kc rrepHMeHTax , rrpoBe,[(eHHWx c rroMo~&w c rre KTpo
MeTpa El1C-2, Ha ce prryxoBCKOM yc KopHTen e Ha 6nw,[(eH 
Me30HHbiH pe30HaHC C OTPHI..\aTen&HOH CTpaHHOCTbiO 
U(3100), o6pa3oBaHHbJi:i B HeiiTpoH-n,[(epHbiX B3aHMOAeiicT
BHRX rrpH cpe,[(HeM HMrrynbce HeiiTpOHOB - 40 r3B I c. 
B Kaqe CTBe R,[(epHb~ MHWeHeH HCITOflb30BanHCb yrnepo,[(, 
anwMHHHii H Me,[(b. Bcero 3eperHCTpHpoBaHo oKono 180 
pacrra,[(OB qeTbJpex 3apR,[\0Bb~ COCTORHHH 3TOrO e-
30HaHCa Ha A 0 + p + n . IT ± H Ha K ~ + p + p + IT + • 
l130TOnHqeCKHH CrrHH pe30HaHCa paBeH 3/2. llpo
H3Be,[(eHHe CeqeHHR po~eHHH pe30HaHCa B o6naCTH 
X > 0,2 Ha BepOHTHOCTb ero paCna,[(a no K~AOMY H3 
Ha6nw,[(eHHblX KaHanOB COCTaBnR eT OT I ,[\0 20 MK6 Ha 
RAPO yrne po,[(a. A-3aBHCHMOCTb ceqe HHH po~eHHH pe-

30HaHca onHChiBaeTcn cTeneHHoii cjJyHKJ..\HeH A a c noKa3a
TeneM a= 0,6±0,3. 

Pa6oTa BhlrrOnHeHa B na6op aTOPHH BhlCOKHX 3HeprHH 
mum. 

This study was initiated by the r esults on the obs e r 
vation of a narrow s tate U(3100) in the experiment 111 
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at the CERN SPS. Our investigation is based on the data 
obt~ined in the experiments devoted to the study of char
med par ticles 121 and na rrow baryon r Ps onance s 137 perfd r 
med by means of the BIS-2 spectrometer in a neutral beam 
of the Serpukhov accelerator. The neutral beam is mainly 
compos ed of neutrons with a mean momentum of - 40 GeV/c. 
A scheme of the BIS-2 spectrome t er is shown in fig. !.Se
condary charged perticles produced in neutron interactions 
with ca rbon,aluminium and copper targets (T) were detec
ted by the spectrometer.During the experiment the targets 
were a l ternated after each -5·104 registered neutron-nuc
leus i nteractions . Two multicell gas threshold Cherenkov 
counter s (CI /4/ and C2 151 ) were used for the identificati
on of charged particles. To trigger the spectrometer, a t 
least f our charged particles passing through it were requi
red.Al t ogether 1.2.10 7 neutron-nucleus interactions were 
accepted during the experiment. A more detailed des-
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Fig. l . A schematic view of the JINR BIS- 2 spectPo
met eP in the 4H channel of the SePpukhov accelePa
toP. n - neutPon beam, A - antico-incidence scintil
la t ion counteP, T.i - haPd taPget, T2 - liquid hyd
Pogen taPget ; COMl and COM2 - hodoscopes of the 
sci ntillation counteps of taPget suProundings, 
PC [1+14] - two- coordinate propor tional wire cham
ber s, Cl and C2 - multichannel t hreshold gas Cheren
kov counters, C3 - hodoscope of the full absorption 
Cherenkov counters, MO - telescope of the scinti l 
lat ion counters for neutr on beam monitoring . M 
SP40A analysing magnet . 



cription of the BIS-2 spectrometer and experimen tal 
running conditions is presented in 161. 

To search for the U(3100), the invariant mass spec t ra 
were analysed for the events containing A 0 ,p and charged 
pions as well as K~,p,p and charged pions. The A0 and K0 

were identified among the reconstructed neutral Vee's 
8 

through their decay into p11- and 77+71-. The mass resolu ti
ons are equal to 4.5 and 6.0 MeV/c 2 FWHM for A0 and K~ , 
respectively. For the A0 selection the M( p11-) was required 
to deviate from the A 0 mass by no more than 7 HeV/c2, and 
for the K~ selection the M(11+11-) was required to devi a te 
from the ~mass by no more . than 10 MeV/c 2· Altogether 
- 8. 5· 10 4 events with A 0 and -4 .5 • 10 4 events with K~ hav.e 

been selected. For p identification the signals from C1 
and C2 were analysed. This allowed the 11 -/K- rate to be 
reduced by a factor of more than three among the p candi
dates. 

The invariant mass spectra for the configurations cor
responding to the possible decays: 

u+ A0 p77+71+, U0 -+ A0 p17+' ' 1,2) 

U 0 -. A 0p 11 + 17 + 17 - , U - -+ A 0p 71 + 71 - , ( 3,4) 

and 

u ( 5) 

were analysed among the events conta~n~ng A 0 • The bin was 
chosen to be equal to 20 MeV/c 2 which approximately cor
responds to the experimental mass resolution for the con
figurations under study. The excesses of events in thr ee 
bins at -3060 MeV/c2 over the background level were ob
served in all the spectra analysed. A statistical signifi
cance of the observed excesses was determined as a result 
of the spectra approximation by smooth background curves. 
For the configurations (1-5) they were more than two, five, 
four, four and three standard deviations over the bac gro
und curves, respectively. The summarized spectrum, . ob t ai
ned for all (1-5) invariant mass configurations, is pr e
sented in fig.2. The peak in a mass region of 3030-
- 3090 MeV/c2 contains about 130 events over the background 
level ( -270 events). This corresponds to a statistica l 
significance of more than eight standard deviations. The 
mass scale calibration may have a systematical error of no 
greater than 40 MeV/c2. The invariant mass distributions 
calculated on the assumption that p is a kaon or a pi on 
have been analysed for the events from the peak region 
in each of the considered mass spectra. At each of such 
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assump tions the analysed events form a bro~d mass spect
rum wi thout any peaks. Consequently, the observed peak s 
in the invariant mass spectra of systems(1-5) are not the 
kinematical reflections of other resonances caused by p 
misidentification. In the same way the validity of charged 
pion i dentification was proved for the events forming the 
peaks . 

Ab out 130 decays of the U(3100) via the modes (1-5) 
ha~e been observed. The main part ( -75 events) is duP to 
the decays via the mode (2). The corresponding invariant 
mass s pectrum is presented in fig.3 (upper histogram). 
The i nvariant mass spectrum illustrating the registration 
of the decay (5) of the double charged ur- state is shown 
in the same figure (lower histogram). 

A more detailed analysis of the observed U(3100) state 
was pe rformed for the registered decays (2).The invariant 
mass spectrum of the prr+ subsystem was reconstructed for 
these events (fig.4). This spectrum is a result of sub
tract i on of the corresponding spectra'obtained for the 
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events from the peak region 
and from the peak neighbou
ring intervals. As is seen 
from the M(pw+) distributi
on presented in fig.4, 
a greater part of events is 
grouped in a mass region of 
1700-1800 MeV/c2. The shape 
of the distribution in this 
region corresponds in ~ean 
mass and width to the ~(1700) 
parameters 17~ In an analogo
us M(~rr+) spectrum, obtai
ned for the events from t he 
intervals abjacent to the pe-
ak,such a grouping of events 
is not observed.Thus,the ob

tained data are identicative of the two-body decay: 

U0 
... I\ 0 ~ (1700). ( 6 ) 

It has been found that about half the decays (2) accep t ed 
are caused by cascade decays through the intermediate r eso
nance state (6). 

The invariant mass spectra of the A0 1Jrr+ system were 
analysed separately for the events detected in the runs 
with carbon, aluminium and copper targets. This allowed 
the measurement of the A-dependence of the U(3100) produc
tion cross section. This dependence in the frame of the 
Aa parametrization (A is the atomic weight of the target 
nucleus) is characterized by a power value: 

a = 0.6 ± 0.3. (7) 

The invariant mass spectrum of the K 0 pp "+system wa s 
reconstructed (fig.S) among the events c~ntaining K~. The 
mass resolution for such a system is close to the resoluti
on of configurations (1-5). A narrow peak is seen in . t he 
"U" mass region as in the above spectra. An excess of SO 
events over the background level ( ~170 events) is seen 
in a mass region of 3030-3090 MeV/c2. The pre~ ence of such 
a peak shows evidence for the observation of the regi s te
red decays: 

(8) 
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and/ or 

iJ-f- -• K 0 pprr+ .' (9) 

I n conclusion we summarize the results obtained. 
I . About 180 events of the narrow resonance with nega

tive strangeness decaying into a baryon,an antibaryon and 
mesons are registered.The mean mass of the resonance is 
(3068±5±40) MeV/c2, and its width does not exceed 
20 MeV/c 2 • The characteristics of the observed resonance 
corre syond to the 0(3100) state observed in the experi
m.ent 1 1 • Thus, we h:1ve identified the resonance observed 
with the 0(3100) state. 

2. In comparison with the 0(3100) decays observed in 
the experiment 1 11 , the new decay modes 

uo ... A0 prr+ , U 0 ... i\ 0 ~(1700), U-- .... A0pTT-, U+ -+K 0 PP" + 

and, possibly, the decay of the strangeness conjugated 
stat e iJ+ ... K0 pp"+ are detected. 

3 . The isotopic spin of the resonance is determined 
to be 3/2. This conclusion is supported by the re gistra
tion of the decay U - - ... A 0 p rr-: 
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4. The A-dependence of the cross section of resona ce 
production in neutron-nucleus interactions has been measu
red. It is characterized by an exponent 

a = 0.6 ± 0.3. 

5. From the longitudal momentum distribution of resonan
ce events it follows that they are registered in the r egi
on x > 0.2, where x is the Feynman variable. Their produc
tion cross section in this region times the branching ra
tio of each observed mode is u·B = lf20 ~b per carbon nuc
leus. Such uncertainty of the quoted value is due to t he 
lack of information concerning the resonance production 
and decay mechanisms. The obtained u·B values are clos e 
to those measured in /11, In the experiment (1/ the U(3 100) 
were produced by 135 GeV/c ~-on a beryllium target, and 
because of the S-quark presence in the composition of a 
primary hadron the u·B value should be greater than i n the 
case of resonance production in a neutron beam. The pr esen
ted comparison leads to an energetic dependence of the re
sonance production cross section which decreases with 
increasing energy. 

6. The main properties of the resonance observed ar e 
inconsistent with its J nterpretation as a quark-antiquark 
state. The totality of the U(3100) states observed should 
be described under the assumption of their composition of 
at least four valence quarks. 

· The authors express their deep gratitude to A.M.Ba l din, 
A.A.Kuznetsov, A.N.Tavkhelidze and I.A.Savin for thei r 
support of the experiments and permanent interest in t his 
study; to E.M.Likhacheva for the participation in the 
experiment. 
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PACnA,ll rr+-•e+ve+e- 11 AKCI1AilbHbiE <I>OPM<MKTOPbl 
rr - ME30HA 

A.A.M~aBHR*, r.B.MH4enbMaxep, <l>.r.TKe6y4asa* 

PaccMOTpeH pacrraA " ... 3ev. IlpoBe,[leHbi pacqeTbi 
AH~epeH~HaiTbHOH H IIOnHOH BepOHTHO~TH 3TOrO rrpo~ec

ca. IlpoaHaiTH3HpOBaHbl B03MOJKHOCTH O,[\H03Ha'-IHOro orr
pe,[\eneHHH aKCHaiTbHOrO ~OpM~aKTOpa Y• 0TMeqeHo, '-ITO 
HCIIOnb30BaHHe 3KCrrepHMeHTanbHbiX ,[\aHHblX IIO IIOnHpH-
3yeMOCTH IIHOHa YJKe CeH'-laC II03BOnHeT C,[\enaTb O,[\H0-
3Ha '-!Hb!H Bb!60p MeJKAY ABYMH 3Ha'-leHHHMH y. 

Pa0oTa BhliiOnHeHa B na6opa TOPHH H,[\epHhlX rrpo6neM 
0115!11. 

The Decay n+~e+ve+e- and Axial Form Factors 
of n-Meson 
D.A.Hzhavia, G.V.Micelmacher, F.G.Tkebuchava 

The decay 77 + ... e+e+e-v is considered. The dif
ferential and total probabilities of this process 
are calculated. Opportunitie~ of unambiguous deter
mination of the axial form factor y are analysed. 
It is pointed out that already now the experimen
tal data on pion polarisability allow an unambi
guous choice between two values of y. 

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

1 . B HaCTOR~e~ pa6oTe paccMaTpHsaeTCR pacnaA 

e+ve+e /1/ 

11ccneAOBaHHe Ha onwTe 3Toro pacnaAa RBnReTCR TPYAHO~ 3aAa-
4e~ . Ao HaCTOR~ero speMeHH 3KcnepHMeHTanbHO onpeAeneHa 
nHWb sepXHRR rpaHH4a 3Toro npo4ecca i l ' W(rr+ ... e+ve~e-) / W 77< 
< 4 ,8 ·10-B /B npeAnOno~eHHH, 4TO MaTpH4HW~ 3neMeHT- KOHC
TaHTa/, W77 - nonHaR sepoRTHOCTb pacnaAa rr-Me3oHa. HecoM
HeH HO , OAHaKO, 4TO Ha 3KCnepHM,i7TanbHbiX YC,1~HOBKaX HOBO
ro no KoneHHR, TaKHX, KaK APEC ' , SINDRUM · c Hcnonb3o
saHHe M HHTeHCHBHWX ny4KOB CHnbHOT04HWX yCKOpHTen~~ CpeA
HHX 3HeprHA B HeAaneKOM 6yAy~eM CTaHeT B03MO~HWM AeTanb
HOe H3y4eHHe 3Toro pacnaAa. 

* 11HCTHTYT ~H3HKH BbiCOKHX 3HeprHH TrY, T6HnHcH 
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HccneAOBaH~e npo~ecca /1/ npeAcTaen~eT 3Ha4~TenbH~H 
~HTepec, T.K. B MaTp~4H~H aneMeHT 3TOrO pacnaAa BXOA~ T 

n~wb OA~H aAPOH - rr-Me3oH. TaK~M o6pa3oM, 3TOT pacnaA , Ha
P~AY c npo~eccoM rr+ ... e+vy, AaeT e Ha~6onee 4~CTOM B~Ae 
~H~OpMa~~~ 0 cna6oaneKTPOMarH~THOH CTPYKType rr-Me30Ha , 
KOTOpa~ 4pe3B~4aHHO 4YBCTB~TenbHa K COBpeMeHH~M TeopeT~-
4eCK~M MOAen~M, OTpa>KaiOUI~M HaW~ OCHOBHble npeACTaeneH~~ 
0 A~HaM~Ke Me30HOB. npo~ecc /1/ 6~n enepe~e AeTanbHO npo
aHan~3~poeaH TeopeT~4ecK~ e pa6oTe 141 /eM. TaK>Ke 16• 6 1! . 
0AHaKO B nocneAHee epeM~ B CB~3~ C HOBbiM~ 3KCnep~MeHT anb

H~M~ B03MO>KHOCT~M~ no~e~nOCb HeCKOnbKO TeopeT~4eCK~X pa-
60T / 7 •81 , e KOTOPbiX 3aHoeo paccMaTPI1BaeTc~ npo~ecc I 1 I . 
ConocTaeneH~e pac4eToe, e~nonHeHH~X e 14·61 , c pac4eTa -
M~ 17,8 / B~~B~no P~A paCXO>KAeH~H Me>KAY H~M~. 3To no6yA~no 
Hac 3aHoeo npoeecT~ B~4~cneH~~ eepo~THOCT~ npo~ecca / 1/ 
~ paCCMOTpeTb BonpOC 0 TOM, KaKy~ ~H~OpMa~~~ MO>KHO nony-
4~Tb ~3 3Kcnep~MeHTanbHoro ~ccneAOBaH~~ aToro pacnaAa . 

2. MaTp~4H~A aneMeHT pacnaAa /1/ /KoTop~A M~ 6yAeM An~ 
KpaTKOCT~ o603Ha4aTb rr .. 3ev I MO>KHO npeACTas~Tb e B~Ae 
cyMM~ ABYX 4neHos, oTse4a~li\~X A~arpaMMaM p~c. 1. BblpameH~e 

An~ MaTp~4Horo aneMeHTa ~MeeT B~A 
A 

2P +Ky 
la a]U(-P )+ 

2(P t K) +K 2 1 

rAe M - Mace a rr-Me3oHa, m f- Mace a nenToHa f ; q, P, P 1 , 
p2. Ps - 4 -~MnynbCbl rr-Me3oHa' Hei'iTpi-1HO' nenTOHa e' no3~
TpoHa 1-1 3neKTPOHa COOTBeTCTBeHHO; 

K = p2 + Pa; Q = p 1 + p; G = 
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a 

77 ---q. 

PHc. I. lfcnycKaHHe BHPTYaJibHoro y -KBaHTa nenToHoM 
e I ,J:IHarpaMM.:l a/. lhnyqeHHe H3 MPOHOB I ,J:IHarpaM

Ma 6/. 

e 2 1 - -
c a = U(P

3
) ya U(-P

2
); ffJ = U(P) yfJ(l+y

5
)U(-P 

1 
) ; 4; "' 137; 

f" onpeAenReTCR eepORTHOCTbiO W" pacnaAa "+-+ p. + v 

w 
" 

2 2 2 ll2 2 
= (0 t / 8")Mp. (1- -) ; 

" M2 
p. - Macca p. + -MeaoHa; 

e· 

Ve 

131 

F(K
2

) - 3neKTPOMarH~TH~~ ~opM~aKTOP peanbHoro "-MeaoHa, 
3aB~CR~~~ TOnbKQ OT OAHOrO ~HBap~aHTa K2 ~ YAOBneTBOPRIO
~~~· ycnoe~10 HOPM~poBK~ F 101 "' 1; a, b, c, d - ~opM~aK
Top~. 

noc KOnbKY Hawe~ 4enbl0 RBnReTCR pac4eT pacnaAa "-+ 3ev 
np04ec ca C TOmAeCTBeHH~M~ 4aCT~4aM~ B KOHe4HOM COCTORH~~. 
Bblpame H~e AnR aMnn~TYAbl He06XOA~MO aHT~C~MMeTp~30BaTb: 

M = 
1 

(M t. - M (P 1 -:_ P 2 ) ) . I 4 I v2 
KaK no Ka3aHo, Hanp~Mep, e 151, BKnaAbl, COAepma~~e ~opM~aK
TOP d ~ MHOm~Tenb 1- F(K2 ) ~ npeHe6pem~MO Manbl, no3TOMY 
3~~eKT~BHO aMnn~TYAa pacnaAa "-+3ev xapaKTep~ayeTCR 
~OpM~a KTOpaM~ a, b ~ C, 

Ka K noKaaan~ BaKe ~ Voo~e 19 1, r~noTeaa coxpaHeH~R BeK
TOpHo r o TOKa no3BOnReT CBR3aTb ~Op~aKTOP a, xapaKTep~3yiQ
~~~ BKnaA BeKTOpHoro TOKa, C aMnn~TYAO~ pacnaAa " 0 -Me30Ha. 
nonaraR aHa4eH~e a ~aeecTHbiM, Mbl TaK me, KaK e pa6oTe '4/ , 

seen~ HOB~e ~OPM~aKTOPbl Y"' b/a ~ e=c/a* ~ paat5~n~ aepo
RTHOC Tb Ha BKnaA~: 

* 1101 
Mb1 nona rae~ 3HaK S = si~ (a, t" ) = + l 
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R = IB + SD + y • SDY + f • SD e + y~ e-. SDye- + y 2 • SD y2 + 

+ e- 2 
• SD f + IBSD + y . IBSD y + e-. IBSD e- . /51 

IB - BKnaA BHYTPeHHero TOPM03Horo Hany4eHHR, SD - BKna A 
aeKTopHoA 4aCTH aMnnHTYA~; SDy - BKnaA HHTep$epeH~HH aeK
TopHoA 4aCTH C BKnaAOM 1 nponop~HOHanbH~M y H T , A, 

Pac4eT AH$$epeH~HanbHoA aepoRTHOCTH npoBOAHncR c no 
MOl4biO nporpaMMbl SCHOONSH I P /11/, ,AnR npoaepKH nony4eHHo r o 
B~pa~eHHR 6~nH paCC4HTaH~ 3Ha4eHHR pa3nH4H~X BKnaAOB B ae
pORTHOCTb npH HeKOTOP~X cny4aAH~X 3Ha4eHHRX HMnynbCOB 4a
CTH~ - npOAYKTOB pacnaAOB, YAOBneTBOpRIOl4HX KHHeMaTHKe 
rr ... 3e v. 

Ta6rrH~a I 
lJHCJieHHbie 3Ha'l:eHH.!i BeJIH'l:HH, BXOA.!il4HX 
B paBeHCTBO /5/, B eAHHH~ax I 0 - 10 W 

IB SD SDy2 SDye- SDf 2 IBSD IBSDy IBsn e-

±I, 3 ±0 ,05 ±0,05 ±0,02 ±0,01 ±0,01 ±0,01 ±0,0005. 

82,9 3,03 3,41 0,73 0,37 -1,24 1,29 0,0223 

Ta6rrH~a 2 

I K21 

HHTerpa.rlhHa.!i aepoRTHOCTb pacn~a 11 .. 3ev 
,a;.rur pa3JIH'l:HbiX 3Ha'l:eHHH napaMeTpoa y v. ~ 
B eAHHH~ax I 0 - 10 W / 3HepreTH'l:eCKHH nopor 
perHcTpa~HH 3apH~eHHhiX qacTH~ E > 10 M3B/ 

e- 0 

y -2,0 0,3 -2,0 

HJIH I Q2 1 <0,01 M2 27 19 26 

I K21 H I Q2
1 ~ 0,01 M2 4,7 2,9 9,7 

2,1 

0, 3 

20 

4, I 

B Ta6n. 1 H 2 npHBeAeH~ peaynbTaT~ pac4eToa HaH6onee 
CylJ1eCTBeHH~X BKnaAOB B nonHyiO aepORTHOCTb H B aepORTHOCTb, 
paCC4HTaHHYIO n~~ pa3nH4H~X KHHeMaTH4eCKHX 06pe3aHHRX 
B eAHHH~ax 10 - W TT, npH 3Ha4eHHRX $OpM$aKTOPOB y = 0 , 3; 
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~= 2 , 1 1-1 speMeHH >KH3HH 17°-MeaoHa r17o= 0,89·10-18 c IAnR 
YA06CTBa conocTasneHHR pac4eTos 3AeCb M~ npHHRnH 3Ha4eHHR 
3TH X napaMeTpos TaKHMH >Ke, KaK 1-1 s / 4,6 / I. 5onee noaAHHe 
3Kcne pHMeHTbl no HccneAOBaHHIO pacnaAoB 17+ ... e+vy 1-1 17° ... yy 
AaiOT ABY3Ha4Hbli1 peaynbTaT y 1 = 0,40±0,07; y2 =-2,36±0,07112( 

B pa6oTe 141 AnR poa~rp~wa B $aaosoM o6beMe pacnaAa /1/ HC
nonbao sanacb nporpaMMa $0PC 1131 , npeAHa3Ha4eHHaR AnR pac-
4eTa npo~eCCOB, OnHC~BaeM~X AOCTaT04HO rnaAKHMI-1 MaTpi-14H~

MI-1 3ne MeHTaMH. B Hawei:i pa6oTe HcnonbaosancR cne~HanbH~i:i 
anropHTM MOAenHpOBaHHPI KHHeMaTHKI-1 npo~ecca /1/ MeTOAOM 
MoHTe- Kapno. 3To n03BOnHno y4eCTb OCHOBH~e HepaBHOMepHOCTI-1 
MaTpi-1 4Horo 3neMeHTa /OTAenbH~e BKnaA~ 6~n1-1 paCC4HTaH~ 
c T04 HOCTbiO, ny4wei1 3%/. PeaynbTaTbl HawHx pac4eToB B oc
HOBHOM cornacyiOTCPI C pac4eTaMH, B~nonHeHH~MI-1 B 141 , cy~ecT
BeHHOC paanH4He ecTb nHWb so BKnaAax SDy~ ,IBSD, IBSDy, 
y KOTOp~X B pa6oTe / 4/ HeBepHO npH~eAeH~ 3HaKH. 3aMeTHM, 
Bnpo4e M, 4TO 3TH HeT04HOCTH 6~nH HCnpasneH~ y>Ke s 161 . 

3. B pa6oTe 141 6~no noKaaaHo, 4TO HccneAOBaHHe pacna
Aa /1 / B cne~HanbHOi:i KHHeMaTH4eCKOi1 o6naCTI-1 /3HepreTH4ec
KHi1 no por perHCTpa~HH aapR>KeHH~x 4aCTH~ E > 10 ; 15 1138, HH
sapHaHTHaR Macca e+e--napbl IK2 1 =(P2 +P3 )2 1-1m-1 IQ2 1 = 
= (P 1 +P) 2 < 0,01 x M21, noasonReT onpeAenHTb (j)opMcjlaKTOp 
Y He3a BHCHMO OT 3Ha4eHHPI ~OpMcjlaKTOpa ~ /CM, Tatin.2/. 
B npH H ~Hne H3MepeHHR s 3Toi1 o6nacTH sepoRTHOCTH pacnaAa 
/1/, paBHoi:i,cornacHo pac4eTaM, 2x1o-9 W c T04HOCTbiO, ny4-
wei1 20%,no3BOnPIIOT AOnOnHHTb HH$OpMa~HIO, nony4eHHY~ npH 
HCCneAOBaHHH pacnaAa TT + -+ e+ vy ' 12 1, H OAH03Ha4HO O~eHHTb 
napaMe Tp y. HaMepeHHR pacnaAa rr ... 3ev B o6nacTH :K2 ' 
H iQ 21 > 0, 01 x M 2 noasonRIOT onpeAenHT b cjlopMcjlaKTOp ~. 

B HeAaBHHX pa6oTax 17·8·' AnR peweHHPI 3To~ aaAa4H pac
cMoTpe H~ APYrHe KHHeMaTH4eCKHe o6nacTH npo~ec ca /1/. B pa-
6oTe 171 6~na npoaHanH3HPOBaHa B03MO>KHOCTb HCCneAOBaHHPI 
/1/ s o6nacTH -1 ::; cosa ~ -0,8; 0,8 ~cos{3 ~ I, rAe a 
H {3- yrn~ Me>KAY n03HTpOHaMH H 3neKTpOHOM, 3HepreTH4eCKOe 
o6pe3a HHe Ha Ka>KAYIO aapR>KeHHYIO 4aCTH~Y COCTaBnRnO 10 M38. 
AnR nonHoi:i sepoRTHOCTH s 3Toi1 o6nacTH s 17/ 6~no nony4eHo 
R W(rr ... 3ev) 

3,3·10-9 npH Y 1 = - 1 , 9J H 0 , 8' 1 Q -9 = --w-17--
npH y2 = 0, 26. CTonb 6onbwoe paanH4He B senH4HHe R AnR 
paanH 4H~x y, a TaK>Ke AOBonbHO 6onbwoe 3Ha4eHHe R no a6-
coniOTHoi1 senH4HHe no6yAHnO aBTOpos / 7/ peKOMeHAOBaTb yKa-
3aHHYIO KHHeMaTH4eCKYIO o6naCTb AnR H3MepeHHi1. M~ nposenH 
aHanorH4H~e pac4eT~ H nony4HnH B 3Toi1 o6nacTH npH y 1 = 
= -1,98 R = 1,6·10-10 H npH y 2 = 0,26 R= 1,3·10-10. 
TaKH M o6pa30M, no HaWeMy MHeHHIO, paCCMOTpeHHaPI B / 7/ KHHe
MaTH 4eCKaPI o6nacTb He npeACTaBnReT oco6oro HHTepeca AnR 
HCCneAOBaHHPI $OpM$aKTOpa Y• 
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0 10 20 30 40 so 60[t-13& 1 

PHc.2. AH¢¢epeH~HanbHaH 
BepOHTHOCTb pacrr~a KaK 
~YHK~HH 3HeprHH HeHTpH
HO. rHcTorpaMMa I ~OOT

BeTCTByeT CITeKTpy He HTpH
HO Ey= M -E--E+- E +' 
ITPH 3Ha'l!eHHRX ~pM~aKTO
pOB y= 0,4; ~= 2 , 6 , 
rHcTorpaMMa 2 COOTBe TCT
ByeT crreKTPY E, rrpH 3Ha
'l!eHHRX y=-2,4; ~ =2 , 6 , 
3 - crreKTp E rrpH y=O, 4; 
e=o . · 

B pa6oTe 18/ paccMoTpeH APYro~ cnoco6 onpeAeneH~R 
y-!l>OPM<flaKTopa. B o6nacT~ /cosa < 0,95; cos{i < 0,95/ c AO
nonH~TenbH~M o6pe3aH~eM no 3Hepr~~ Ka~AO~ 3apR~eHHO~ 4ac
T~I..Ibl IE > 15 M3B/ Bbl4~cneH cneKTP He~Tp~Ho. Mbl noATBe p:KAa
eM BbiBOA pa6oTbl IS/ o TOM, 4TO ~ccneAOBaH~e 3Toro cne 1npa 
~o3BonReT AaTb ~H!l>opMal..l~~ o 3Ha4eH~~ y, ecn~ Ha6paHo AO
cTaT04HO MHOro co6~T~R, 4T06~ npeB~C~Tb Ty Many~ OTHOC~
TenbHy~ BepORTHOCTb pacnaAOB 5 · 10 - 1° KOTOpy~ Mbl nony4~n~ 
C nOMOIIIb~ 3HepreT~4eCK~X ~ yrnOBbiX oCpe3aH~~ /eM. p~C 2/. 
0AHaKo, KaK noKa3an~ Haw~ pac4eT~, 3To yTBep~AeH~e cy~ecT

BeHHO on~paeTCR Ha 3Ha4eH~e ( = 2,6, cneAy~~ee ~3 COOTHO
weH~R / 14 · 41 : 

! ~ I = ! Mf 77 < r! > / a /6/ 

/3AeCb <r! > - cpeAHeKBaApaT~4H~~ paA~YC 77-Me3oHa/. 
B COOTBeTCTB~~ C HaW~M~ paC4eTaM~ ~3MeHeH~e 3Ha4eH~R ~ 

cy~ecTBeHHO ~3MeHReT noBeAeH~e cneKTpa /p~c.2/. TaK, np~ 
e < 2 pa3n~4~e Me~AY Y1 = 0,4 ~ Y2 = -2,4 B cneKTpe He~T
p~HO cy~eCTBeHHO yMeHbWaeTCR. 3aMeT~M TaK~e, 4TO paC 4eT~, 

BblnonHeHHble B 181 , coAep~aT 4~cneHHble ow~6K~. BMecTo np~se
AeHHoro 3Ha4eH~R ~HTerpanbHO~ sepoRTHocT~ B paccMoTpeHHO~ 
B / 8/ o6nacT~ R/y=0,4; e= 2,6/ = 2,7·1o- 10 np~ T 17o = 

= 0,83·10-16 c AOn~Ho 6b1Tb R = 5,2·10-10 , a BMecTo np~se
AeHHoro s 18 1 R/y= -2 4; e= 2,6/ = 2,4.10-10 Mbl nony4~
n~ 3Ha4eH~e R = 5, 1· 10 -i~ 

B 3aKn~4eH~e CAenaeM HecKonbKO 3aMe4aH~~ o6 ~H!l>opMal..l~~ 

0 !l>OPM!l>aKTOpax, KOTOpy~ MO>KHO, no HaWeMy MHeH~~, ~3BJ1e4b 

~3 pacnaAa 11 -+ 3ev. 
1. KaK ~3BeCTHo, HeCKOnbKO npoBeAeHHbiX 3Kcnep~MeHTOB 

no ~ccJleAOBaH~IO pacnaAa 11 + -+ e +v y 112, 15, 16, 17/ He no 3Bo-
Jl~n~ OAH03Ha4HO onpeAeJl~Tb Y• 3TO CBR3aHO C TeM, 4TO BO 
scex 3KcnepHMeHTax AnR onpeAeneH~R y ~cnonb30Banacb, cy~-
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HOCT~, OAHa ~ Tame K~HeMaT~4eCKa~ o6naCTb Ee,Ey>50 M3B, 
cso6oA Ha~ oT <)>oHosoro pacnaAa IL + -+ e+vv y. MomeT cny4~Tb
c~, 4To np~ ~ccneAoBaH~~ pacnaAa rr + -+ e +v e+ e- aHanor~4-
Ha~ TPYAHOCTb B03H~KHeT B CB~3~ C <)>OHOM OT pacnaAa 
IL+ -+ e+ve+e-v /~n~ IL +-+ e +wy c KOHBepc~ei71 s M~weH~/ . Pa
A~Kanb HbiM BbiXOAOM ~3 nonomeH~~ 6blno 61>1 ~3y4eH~e pacnaAa 
rr -+ 3ev Ha neTy, aHanor~4HO TOMY, KaK 3To AenaeTc~ np~ 

+ + + / 1"8/ 
~3y4eH~~ K -pacnaAoB ~ pacnaAa rr -+ e v y /Ho c ~c-
nonb30 BaH~eM ~HTeHC~BHbiX ny4KOB Me30HHbiX <)>a6p~K/, 4TO 
B CB~3~ -C pa3H~~ei7! BO BpeMeHaX m~3H~ rr+- ~ IL+-Me30HOB no-
3BOn~no 6bl Cyl!leCTBeHHO nOAaB~Tb <)>O~OBble npo~eCCbl ~ pacw~

p~Tb ~ ccneAyeMy~ K~HeMaT~4eCKy~ otinaCTb. 

2. CornatHo / 19 / napaMeTp y cs~3aH c non~p~3yeMOCTb~ 
3ap~meHHOrO nHOHa a

17 
COOTHOWeH~eM 

f 
arr = - y2M(, 

" 
171 

rAe f onpeAeneHa ~3 speMeH~ m~3HH 0, T o " . , 64rr 
f2M3 • 

/B pa-

6oTe / 19 / noKa3aHo, 4TO f / f 
17 

< 0, TaK 4TO nonom~TenbHOe 3Ha-
4eHHe a 17 COOTBeTCTByeT nonom~TenbHOMY y/.H3 ~3MepeHHOi7! 
Ben~4~ Hbi /OO/non~pH3yeMOCT~ a17 ~ ~3BeCTHOrO speMeH~ ~~3H~ 
rr0 -Me3oHa cneAyeT 3Ha4eH~e- y = 0, 8±0, 2, KoTopoe s npeAenax 
OW~60K MO~HO C4~TaTb cornacy~~~~~MC~ CO 3Ha4eH~eM Yh •=0,40± 
±0,07, HO KOTOpoe nonHOCTb~ npOT~BOpe4~T ~ = -2, 36±0,07 
/3Ha4eH~~ y 1 ~ y2 B3~Tbl H3 pa60Tbl / 12/ /. 

T~K~ M o6pa30M, no HaweMy MHeH~~. ~cnonb30BaH~e 3Kcne
P~MeHTanbHbiX AaHHbiX no non~p~3yeMbCT~ n~oHa y~e cei714ac 
no3BOn~ eT CAenaTb OAH03Ha4Hb1A Bb16op Me~AY ABYM~ 3Ha4eH~~
M~ Y• 

3. C APYrOi7! CTOpOHbl, npeACTaBn~eTC~ ~HTepecHm1 B03Mom
HOCTb 3 KCnep~MeHTanbHOrO onpeAeneH~~ <)>OpM<)>aKTOpa ~•An~ 
4ero pa cnaA rr -+ 3ev Heo6XOA~Mo ~ccneAOBaTb s o6nacT~ IK2

1 

~ JQ2 > 0,01 x M2 Hn~ np~ e111e 6onee mecTKOM o6pe3aH~~ 
_ 0,05 x M2 Ha sen~4~Hbl JK2 J ~ JQ2 J, c TeM 4T06bl o6ecne-
4~Tb He3aB~C~MOCTb ~3Mep~eMoi7! sen~4~Hbl OT y. H3MepeH~e e 
n03BOnHT nposepHTb COOTHOWeH~e /6/. Ecn~ ~e C4~TaTb 3TO 
COOTHOWeHHe cnpaBeAn~BbiM, TO Aame np~ He60nbWOH CTaT~CT~Ke 
C06b1T~ i71 rr -+ 3ev B03MO~HO C BbiCOKOi7! T04HOCTb~ onpeAen~Tb 

~ /eM. , s cs~3~ c 3THM, aHanor~4HY~ pa6oTy no pac
naAY 

17
K -+ 3e v 12 11 / . 

AsT opbl 6naroAaPHbl H . C.AMarno6en~, ,/.4 .10.6apA~Hy, C.H.Ko
peH 4eH Ko, 6.<1>.KocT~Hy , A. I . OnbwescKOMY H H.Jl.PycaKOB~4 3a 
noMOI!Ib s pa6oTe ~ none 3Hble o6cy>Kf1eH~~. 
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OnHCAHHE 6HHAPH~X PEAKUH~ B nPOCTPAHCTBE 
4ET~PEXMEPH~X OTHOCHTEnbH~X CKOPOCTE~ 

A. H.Manaxoe, r.n.MenKyMOB 

IlpHBe~eHbl pe3yJibTaTbl aHaJIH3a 6HHapHbiX peaK~HH 
I+U-+ I+ 2 THna nepe3apn~KH IT- +P-+IT0 (1],Ctl)+n 

B npOCTpaHCTBe qeTbiPeXMepHhlX OTHOCHTeJibHbiX CKopoc
TeH B mHpOKOM HHTepBaJie HMnYJibCOB HaJieTaiD~X 'laCTH~ 
OT 3 ~0 200 f3B/c.AHaJIH3 npOBO~HJICH no napaMeTpy 
b u "" -(pI /m 1 - P 1/m 1) 

2• KaK H B cnyqae po~eHHn 
~pOHHbiX CTpyif, B Ce'leHHHX 6HHapHbiX peaK~HH peaJIH-
3yeTCH CTaTHCTH'IeCKaH 3aKOHOMepHOCTb - pacnpe~eJie

HHH MOHOTOHHO H ~OCTaTO'IHO 6biCTpO y6biBaiOT C pOCTOM 
b11 : du/db 11 =A. exp(-b 11 /B). 3aaHcHMOCTH BeJIH

'IHH B H cpe~Hero 3Ha'leHHH <b 11 > OT HMnYJibca Hane
Ta!OII\eA qaCTH~I yKa3biBaiDT Ha YHHBepCaJibHbiH xapaKTep 
pacnpe~eJieHHii IT 0

-, 11 - H Cti-Me30HOB no BeJIH'IHHe bl1• 
4>opMa KOTOPbiX, Ha'IHHaH c PIT-= 20i50 f3B/c, nepe
cTaeT 3aBHCeTb .OT 3HeprHH B3aHMO~eHCTBHH. 3Ha'leHHH 
napaMeTpos B H <b11 > AJIH rr0 -Me30HOB 6JIH3KH K 3Hat~e
HHHM COOTBeTCTBYIO~X napaMeTpOB AJIH IT--Me30HOB 
B CTPYRX ~pOHOB, 

Pa6oTa BhlnOJIHeHa B nal5opaTOPHH BbiCOKHX 3Hepr.ui 
OIDIH. 

Description of Binary Reactions in the 
Relative Four-Velocity Space 

A.I.Malakhov, G.L.Melkumov 

The results of analysis of I+ II .. 1+2 binary 
reactions of the type of charge exchange IT-+ p -+ 

-+ IT 0 (1],Ctl) + n in a wide momentum interval 
from 3 to 200 GeV/c in the relative four-velocity 
space using b 11 = - (p 1 /m 1 - p 1/m 1) 2 parameter are 
given. Like a hadron jet productions, the statis
tical regularity for binary reactions is realized -
the cross sections of those monotonously and rat
her sharply decrease with b 11 increasing: 
du /db 11 =A. exp(-b 11 /B). The B and <b 11 > depen
dence on incident particle momentum points to the 
universal properties of b 11 distribution for rr 0

, 

1],Ctl. These distributions are independent of ener-
gy beginning from piT-= 20i50 GeV/c. The parame
ters B and <bu > for IT

0 from binary reactions and 



for rr- from the hadron jets are approximately the 
same. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
npo~eCCbl, npo~CXOAR~~e np~ CTOnKH08eH~~ C~CTeM 8 enR

T~8~CTCKO~ o6nacT~, KaK 6~no noKa3aHo 8 pa6oTax 
A.M.6anA~Ha / 1,2/, cneAyeT on~Cbl8aTb c noMOIJibiO penRT~ ~cTc
K~-~H8ap~aHTH~x nepeMeHH~X 

/ 1/ 

rAe p 1 , p k - 4eTblpexMepHble ~MnynbCbl; m 1, m k - Maccbl 4ac-· 
T~~; P/m 1, pk/mk- 4eTblpexMepHble CKOpOCT~ 4aCT~~. 

6blnO nOKa3aHO, 4TO ~MeHHO 8en~4~Hbl b ik , R8nRIOU\~eC R 

K8aApaTaM~ pa3HOCT~ 4eT~pexMepH~X CKOPOCTe~, onpeAenRIOT 
8en~4~Hy aMnn~TYA ~ TeM caM~M c~ny B3a~MOAe~CTB~R. Ta Koe 
penRT~8~CTCK~-~Hsap~aHTHoe on~caH~e npo~eccos oKa3ano cb 
04eHb nnOAOTBOpH~M. 0HO n03BOh~nO C$OpMyn~pOBaTb np~ H ~~n 

ocna6neH~R KOppenR~~~ B npOCTpaHCTBe OTHOC~TenbH~X 4e T~

pexMepHbiX CKOPOCTe~ b ik / 3 • 4, 5 ." , aHanor~4Hbl~ np~H~~ny 
6oron106osa s cTaT~CT~4ecKoi:i $~3~Ke :e ' . Cor nacHo 3TOMY n·p~H
~~ny aAPOH~ ~ RApa TpaKTYIOTCR KaK KBapK-rniOOHH~e Kna c Tep~ 

c b lk << 1, a ycnos~e b 1k >> 1 KaK Mepa noKanbHOCT~ B3a~ 
MOAe~CTB~R aAPOHa i C aAPOHOM k ~MeeT npOCTO~ $~3~4eCK~~ 
CM~Cn: np~ AOCTaT04HO 60nbW~X OTHOC~TenbH~X CKOPOCTRX 
B3a~MOAe~CTB~e Me~AY KBapKaM~, BXOARI!I~~~ B 06oeKT i, 
~ KBapKaM~ 1 8XOARIJI~M~ B 06oe ~T k, CCn~6esaeT HaCTOnbKO, 
4TO ero MO~HO paCCMaTp~~aTb Ha KOHCT~TyeHTHOM ypOBHe. Yc
nos~e b ik > > 1 cornacyeTCR c co8peMeHHbiM noH~MaH~eM ac ~Mn

TOT~4eCKoi:i C8060A~ - ~C4e3HOBeH~eM B3a~MOAe~CTB~R Ha 
-1C~MnTOT~4eC K~ ManbiX paCCTORH~RX ~n~ np~ b 'k ·• oo. 

6onee Taro, oKa3anocb / 3 ' , 4TO napaMeTp ~ik CBR3aH c Ta
K~M~ $YHAaMeHTanbH~M~ 8en~4~HaM~, KaK 6ery1J1aR KOHCTaHTa 
CBR3~ B KBaHTOBO~ XPOMOA~HaM~Ke a 5 = 1 , 4/ ln b lk ~ An~ Ha 
$OPM~posaH~R aAPOHa f f ~ bik /2m k /3AeCb mk- Macca K8ap
Ka/. 

r~noTe3a 06 ocna6neH~~ KOppenR~~i:i Hawna 3KCnep~MeH T anb

HOe o6ocHo8aH~e / 3-5, 7 -9/ np~ on~caH~~ npo~ecco8 MHo~ecT
seHHoro po~AeH~R 4acT~~, po~AeH~R CTPY~ s MRrK~x aAPDHHbiX 
CTOnKH08eH~RX. 

B HaCTORU\e~ pa6oTe CAenaHa non~TKa npo8eCT~ aHan~3 6~
HapH~X peaK~~~ T~na nepe3aPRAK~ 

/ 2/ 

B npOCTpaHCTBe 4eT~pexMepH~X CKOPOCTe~. 
HH8ap~aHTHoe ce4eH~e o6pa3o8aH~R 4aCT~~ 8 peaK~~~ / 2/ 

Mo~eT 6~Tb npeACTa8neHo 8 o6111eM B~Ae $YHK~~e~ pacnpe~ene-
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HH~ B npocTpaHCTBe OTHOCHTenbH~X CKOPOCTeH bik: 

W(bl 11' bll ' bi2 ' bill' bii2' b12 ) • /3/ 

B cny 4ae, Kor,qa b111 -+oo /T04Hee, bin» 1/, a b11 H bn 1 
HMe~T KOHe4H~e 3Ha4eHH~, MOmHO npHMeHHTb npHH~Hn aBTOMO
,qenbHOCTH H 3anHCaTb pacnpe,qeneHH~ /3/ 8 3aBHCHMOCTH OT 
6eapa3MepH~X MaCWTa6H~X nepeMeHH~X: 

A 

( 
W(b b b 

b I II ) m I1 ' II2 • _.!!_ b II 1 b ' . ---
I II bi II ' 

~). 
bill 

/4/ 

Aanee , Hcnonb3Y~ npHH~Hn ocna6neHH~ Koppen~~HH KaK o6~ee 
CBOH CTBO HHBapHaHTH~X pacnpe,qeneHHH, onHC~Ba~HX peaK~HH 
/2/, ~YHK~H~ pacnpe,qeneHH~ MOmHO npe,qcTaBHTb B ~aKTOpHao
BaHHOM BH,qe 

b A Wa (b II 1 -- u·--
(bi II ) m bill 

b 12 f3 b I2 b 12 
--)W (bii2 '--, --). 
biii biii b III 

/51 

3,qeC b WaH Wf3 onHC~Ba~T COOTBeTCTBeHHO npo~eCC~ ~parMeH
Ta~HH ny4Ka H MHWeHH. 

B OTnH4He OT cny4a~, KOr,qa H3Y4anHCb CTPYH a,qpOHOB · 
H KOppen~~HH 4aCTH~ B MHOmeCTBeHH~X npo~eccax, B 6HHapH~X 
peaK~H~X /2/ BCe KHHeMaTH4eCKHe napaMeTp~ O,QH03Ha4HO CB~ -
3aH~ 3aKOHOM COXpaHeHH~ 3HeprHH- HMnynbCa 

PI + Pn=P1+P2 ' 

H~ KOTOporo ~ne,qyeT, 4TO 

(P1 P 2) 

(PI p II ) 
~ l' 

(PI p1) 
--- ~ l, 
(Pn P2) 

!6! 

(PI P2) 
---~1, 171 
<Pn P1) 

T.e. pen~THBHCTCKH-HHBapHaHTH~e nepeMeHH~e CBeTOBOrO ~pOH

Ta X .. 1 H 

m ~ + m; - 2(P I P 1 ) .. m :I + m ~ - 2(P II P 2 ) . !8! 
C y 4eTOM /1/ MOmHO 3anHCaTb: 

mum 2 b 112 = m 1.mlbll + (mn-m 2) 2 -(mi -m1 ) 2 • 191 

11cnonb3Y~ /7 I H /9/, ce4eHVI~ 6HHapHbiX peaK~HH /5/ Mom
Ho npe,qcTaBHTb B BH,qe ~YHK~VIH, 3aBVIC~~HX OT O,QHOH ne 
peMe HHOH b I1 : 

1 a 13 a .. ---m W (b 11 ) W 2 (b 11 ) • 
(b I II ) 

/10/ 

H1-1me npHeo,q~Tc~ peaynbTaT~ Hccne,qosaHVI~ xapaKTepa pac
npe,qeneHH~ pen~THBHCTCKH-HHBapVIaHTHOH nepeMeHHOH bll ,qn~ 
pea K~VIH /2/, KOTopoe ~aKTH4eCKH COOTBeTCTByeT ~YHK~VIH 
W(b 11 ) B /10/. 
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B Ka4ecTse 3Kcnep~MeHTanbH~x AaHH~x ~cnonb3osan~cb pe-
3YnbTaT~ ony6n~KOBaHHbiX pa6oT /ll, 12/ ;/13,14,20/ ,/15-19/ 

no ~ccneAoBaH~~ peaK~~H 

1T / 11/ 

/ 12/ 

/ 13/ 

B W~POKOM ~HTepsane ~MnynbCOB HaneTa~~~X 4aCT~~ OT 
200 138/c. 

3 0 

AHan~3 yKa3aHH~x peaK~~H npoBOA~ncH no napaMeTpy b~, 
rAe ~HAeKC i OTHOC~TCR K HaneTa~~~M TT--Me30HaM,a ~HAeKC k 
OTHOC~TCR K pO>KAeHHbiM 77°-, TJ- ~n~ w-Me30HaM COOTBeTCTBeHI;iO 
s peaK~~Rx /11/-/13/. B 3TOM cny4ae sen~4~Ha btk DAH03Ha4-
HO CBR3aHa c KBaApaToM 4eTwpexMepHoro ~Mnynbca t, nepeAaH-
HOrO HyKnOHy: 

m2 + m2 - t 
b i k 

ik --2, / 14/ 

rAe m i "' m17 -, m k "' rn 17o, m11 ~n~ mw . 
Ha p~c. 1 np~BeAeH~ pacnpeAeneH~R TT

0
-, TJ- ~ w-Me3o os 

no sen~4~He bll np~ ABYX OTn~4a~~~XCR Ha nOPRAOK 3Ha4e HI>1-

P,r=zo.a rJB/c 

•- pOOOTtl 1121 
·- _,._ / It/ 

+- -t~- / IB/ 

1(j'3L.... __ _..J. ___ __L __ _&CLL.J 

0 5 10 IS 
~II 

X- pa60Ttl 1121 
•- pOOOTQ /W 
+- paoora ,,., 

PHc.l. Pacnpe,o;eneHHH 77°-, TJ-, w-Me30HOB no bu B o 6 -

naCTH tlJparMeHTa~HH nyl.!Ka p;nH peaK~HH "- + p -+ TT
0 (1J, w) +n 

npH HMnynbCax 20,8 H 199,3 f3B/ C. L\JIH Yi~06CTBa cpaB
HeHHH BCe pacnpep;eneHHH HOpMHpOBaHbl Ha O,!l;HY H TY JKe 

senHl.!HHy. 
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'pcl&ITO tll/ --- -.,-- a - pa6aTo. tu/ : : -:: ~~ 
7 • - ·•- I~ + - - ! I ff 

6 \ == .::: ~:.. ~= ::: ""' ~ : - _,_ /I5/ 0 

1 Tf•p-JL •n. 
5 ~~~!·--., 4 

l 

~P-t•n 2 

t 1-
n··p-w"•n. 

, PHC, 2, 3aBHCiiMOC Tb BeJlli
'lliHN napaMeTpa B oT HMnynh
ca ~- AJIH peaKu;HH: 11- + p ... 
-+ 11°(1'/, W) + ll, 

RX HMnyJlbCOB p11- = 20,8 
H 199,3 faB/c. BHAHO, 4TO, 
KaK H B CJ1y4ae pomAeHHR aA
POHHbiX CTPYI1 I S·&, 7 •9/, a ce-
4eHHRX fiHHapHbiX peaK4HI1 

0 so 100 

Pn-(rlB/c) 
ISO wo /11/-/13/ peanHayeTCR cra

THCTH4ecKaR 3aKOHOMepHOCTb 
- pacnpeAeJleHHR MOHOTOHHO 
H AOCTaT04HO 6biCTPO yfiblaa~T 

C pOCTOM b 11 • 

npRMble JlHHHH Ha PHC. 1 - pe3yJ1bTaT annpOKCHMa4HH pacnpe
AeJ1eHH I1 aaaHcHMOCTb~ 

da 
= A·eXp(-b 11 /B). 

db I1 
/15/ 

3aBHCHMOCTH aenH4HHbl B 1-1 cpeAHero aaH4eHHR <b11 > a peaK-
4HRX /11/-/13/, npeACTaBJleHHble COOTBeTCTBeHHO Ha PHC.2 
H 3, yKa3biBa~T Ha yHHeepcaJ1bHbll1 xapaKTep pacnpeAeJ1eHHI1 
11°-,T/ - Hw-Me30HOB no BeJ1H4HHe b 11 ,<1JopMa KOTOpbiX, Ha-
4HHaR c P 11 - = 207-50 fat3/c, nepecraer aaaHceTb or 3HeprHH 
B3aHMo9 ei1CTBHI1. TaKaR YHHBepcallbHOCTb 61>111a orMe4eHa pa-
Hee 110 np~-1 aHaJ1H3e pacnpeAeneHHI1 IT-- MeaoHoa no bk a crpy
RX aApOHOB. 

0AHa KO AllR paCCMaTpHBaeMbiX np04eCCOB BbiXOA Ha aCHMnTO
TH4eCKHI1 pemHM Ha4HHaeTCR He npH b 1 II ,. 5, KaK 3TO HMeeT 
Mecro AllR penRTHBHCTCKHX RAePHbiX CTOJ1KHoaeHHI1 1101 , a np~-1 
bl II 2: 100. 

CneAyer o6pan1Tb BHHMaHHe Ha ro, 4TO 3 Ha4eHHR napaMer ·· 
poe B H <bu > AllR 11° -Me3oHoa H3 peaK4HH /11 I 6nH3KH K 3Ha-
4eHHRM COOTBeTCTBY~HX napaMeTpOB AllR IT--Me30HOB B CTPYRX 
aAPOHOB I B = 4, <b k > ;;; 4/ 191. 3ro Momer cnymHTb yKa3aHH e M 
Ha . ofi~HOCTb MeXaHH3Ma 06pa30BaHHR nHOHOB B CTPYRX BO MHO
meCTBe HHbiX np04eccax H B fiHHapHbiX peaK4HRX THna nepeaapRAKH . 

7 ~ 1 
• • IIQi!O!Q mt • '. PG6r!n> tw J 
• - - .. - 1111 •- -n- / fll . 6 • - _ .. _ 1141 • - - , _ 1201 

...... rr··P - W0•n 
": s 
.a 
v 4 

3 

, ______ , ___ __ _ l---------j---------

\__ n··P-t·n. ', ..... _ ~·--..__...::...__ 

0CHOBHble pe3yJ1bTaTbl aHaJ1~3 a 

npeAcraaneHbl raKme a ra6nH -
4e, rAe yKa3aHbl rpaHH4Hble 
3Ha4eHHR HMnyllbCOB IT--Me30-
HOB B peaK4HRX /11/-/13/, 
HC CJleAyeMbiX B paUOT ax / ll-20/ , 

-..-·- ·- ·-·-·o ·- '- ·- ·-
21 I re~-n +n. I l PHc . 3. 3aBHCiiMOCTb BeJIIi'lliHbl 

0 50 100 150 200 < b 11 > OT liMilYJlbCa pIT- AJIH 
Pn-(r3B/c) peaKu;HM IT- +P ... IT 0 (1'/,w) +n. 
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~1 COOTBeTCTBYIOUII-1e I-1M npeAe11bl I-13MeHeHI-1.i1 Be111-141-1H b I1 , < b I1 > ' 
B, XH. 3Aecb, noMI-'IMO napaMeT pos, on1-1caHHbiX paHee, npl-'lcyT
cTsyeT napTOHHaH nepeMeHHaH 191 · 

ml 
XH = ""fii7' (ul,NII)' 

rAe 

Nil 
0
II u = ----, 1 

~un) 

/16/ 

pl 

ml 

3Ta ne peMeHHaH xapaKTepl-1ayeT A011~ 4eTblpexi-1Mny11bCOB nepBI-14-
Horo aAPOHa (17-) , YHOCI-1MY~ BTOpi-14HbiMH aAPOHaMH (17°, T/ 1-1111-1 
(U). 

BHAHO, 4TO see aHa4eHHH XH 611H3KH K 1, T.e. pomAeHHe 
17°-, 71 - 1-1 w-Me30HOB ·a paCCMaTpHBaeMbiX 6HHapHbiX peaK4HHX 

HB11HeTCH pe3y11bTaTOM HpKO BblpameHHOi1 ~parMeHTa4HH 4aCTH4bl 
ny4Ka, T04Hee, OAHoro H3 KsapKoB (u 1-1111-1 d) Ha11eTa1001ero 
17-- Me3oHa. 

B aaK11~4eHHe asTopbl Bblpama~T 611aroAaPHOCTb aKaAeMHKY 
A.M. 6a11AHHY aa no11e3Hble o6cymAeHHH 1-1 noMO~b s pa6oTe. 
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1. 6a11AHH A.M. KpaTKHe coo6~eHHH no ~H3HKe, ~HAH, M., 1971, 
~~~ 1' c. 35. 

2. 6a11AHH A.M. AAH CCCP, 1975, T.222, c. 1064. 
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KparKue coo61.14eHUR 011Jll1 N° 19-86 

YAK 517.972.5:539.189.1 

JJNR Rapid Communications No.l9-86 

BAPHAUHOHH~~ PACYET XAPAKTEPHCTHK CnA60CBR3AHH~X 
BPAmATEnbHO-KOnE6ATEnbHbiX COCTORHH~ ME30MOnEKYn 
dd~ ~ dt~ 

C.H. B~H~~K~A, B.H.Kopo6oa, H.B.ny3~H~H 

BbmonHeHbi aapHa~HOHHbie pacqeTbi ypoaHeH: 3HeprHH 
Efr H ~-~aKTOpOB cna60CBH3aHHb~ COCTOHHHH /J = I, 
v = 1/ Me3oMoneKyn dd~ H dt~. npeACTaBnHm~x HaH
GonbWHH HHTepec p,nH !'OOOHHoro KaTanH3a. B pac~IeTax 
HCDOnb30BaHO ~· 1500 ODOpHb!X ~YHK~HH, 'iTO D03BOnHnO 
nony'iHTb HaH6onee TO'iHhle, no cpaaHeHHW c H3BecTHhl
MH , pe3ynbTaTbi: Ell(dd~)=(-1,9749 ±0,000 2 ) 3B, 
E ll(dt~)=(-0,663±0,002) 3B. 

Pa5oTa BbJITOnHeHa B J1a5opaTOpHH Bbl'iHCnHTenbHOH 
TexHHKH H aaToMaTH3a~HH OaHH. 

Variational Calculation of Characteristics 
o f Weakly Bound Rotational-Vibrational States 
of Mesic Molecules dd~ and dt~ 

s .r.Vinitsky, v.r.Korobov, r.V.Puzynin 

Variational calculations of energy levels of 
Err and ~-factors of weakly bound states (J = I, 
V = I) of mesic molecules dd~ and dt~, which are 
of main interest for muon-catalysed fusion,are per
formed.The set of- 1500 basic functions has been 
used in calculations which has enabled us to obtain 
the most precise results: c rr(dd~) = -1.9749 ± 
±0.0002 eV, Err(dt~) = -0.663±0.002 eV. 

The investigation has been performed at the 
Laboratory of Computing Techniques and Automation, 
JrNR. 

RaneH~e pe3oHaHcHoro o6pa3oaaH~A Me3oMoneKyn dd~ ~ dt~ 

a peaK~~Rx d~ + o2 - [(dd~)dee]*, t~ + 02 - [ ( dt~) dee ] * 

~ T.A. B HaCTOR~ee BpeMA ~HTeHCHBHO H3y4aeTCA KaK TeopeTH-
4eCK~/I / ,TaK ~ 3KCnep~MeHTanbH0/2/,Kp~T~4eCK~M nyHKTOM B 
pac4eTaX CKOPOCTeA 3T~X peaK~~A ABnAeTCA 3HaH~e HepenAT~

BHCTCK~X YPOBHeA 3Hepr~A EJv cna6oCBA3aHH~X COCTOAH~A 
/CCC/ Me 30MoneKyn dd~ H dt~ C nonH~M op6~TanbH~M MOMeHTOM 
J=l,c nonHoA 4eTHOCTb~ A=-1 H a~6pa~HOHH~M 4~cnoM v=1 .Xa
paKTepH~e pa3Mep~ Me3oMoneKyn B CCC cocTaBnA~T aen~4HHY 

~ 10 Me30aTOMH~X eA~H~~. 3Hepr~A CBA3H 3T~X COCTOAH~A 
- 1 3B np~ rny6~He 3$$eKT~BH~x noTeH~~anoa - 600 3B, Tpe-
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6yeMaR T04HOCTb Bbi4HCJleHH171 COCTaBJlReT - 10-3 38. 3TO COOT
BeTCTByeT OTHOCHTeJlbH0171 T04HOCTH - 10-6 H He MeHee 7 3 a
KaM B nonHo171 3HeprHH Me3oMoneKyllbl E = Ea + e: 11 , TaK Ka K 
3HeprHH Me3oaTOMOB d~ 1-1 t~ paBHW Ea(d~) = -2663,2303 38 
1-1 E 3 (t~) = -2711, 2728 38. TaKHe xapaKTepHCTHKH CCC dd~ 
1-1 dt~ Aonroe BpeMR He no3B011RllH npoBeCTH YAa4Hwe BapHa
~HOHHWe pac4eTw. Ao HeAaBHero BpeMeHH pac4eTw 3THX cocToR
HI-1171 6WJ1H npoBeAeHW JlHWb B aAHa6aTH4eCKOM npeACTaBJleHHH 
3aAa4H Tpex TeJl/3,4/, OAHaKO OHH CTHMyllHpOBallH pa3BHTHe 
BapHa~HOHHWX MeTOAOB B 3To171 3aAa4e/5-9/. 8 pa6oTax/6,7 / 
6billO noKa3aHo, 4To o6bi4Hble XHJlnepaacoBCKHe <!JYHK~HH He B
llR~TCR onTHMallbHWMH. AnR HX yny4weHHR 6wno npeAno~eHo/ 7 / 
BBOAHTb ABe rpynnW HeJlHHe171HWX napaMeTpOB,C TeM 4T06W 5o
nee aKKypaTHO Y4HTwBaTb AelloKallH30BaHHw171 xapaKTep BOJ1Ho 
B0171 <!JYHK~HH /8$/. 8 pa6oTe/81 6blllO AaHo o6o6111eHHe 3Kcno
HeH~HallbHoro 6a3Hca, KOTopw171 ycnewH~ Hcnollb30BancR B pa c-
4eTax COCTORHHH Me30MOJleKyJl C J = 0 S/. CJleAyeT OTMeTHTb, 
4TO 3KcnoHeH~HallbHWi71 6a3HC xopowo npHcnoco6neH AllR pac4e
Ta reJlHeBOnOAObHWX CHCTeM, npH HaJlH4HH ~e AellOKaJlH3a~ HH 

H H30TOnH4eCKHX 3<!J<!JeKTOB /T. e. 1 1pa3HbiX 3JleKTpOHOB1 1
/ Tpe-

6yeTCR AOnOllHHTellbHaR rpynna BapHa~HOHHWX napaMeTpoB/9 / 
8 AaHHOH pa6oTe /eM. TaK~eiiO/ Hcnollb3Y~Tc~ BapHa~HoH~ 

HWe <!JYHK~HH MOJleKyllRpHOrO THna B C<!JepOHAaJlbHWX KOOPAHH a 
TaX Q = {C,n,R} , KOTOpwe 6w111-1 npeAJlO~eHW AllR pacueTa Bpa
IJ.IaTeJlbHbiX cocToRHHH CHMMeTpH4HbiX Me3oMoneKy11 B/ II I. B oT
JlH4He oTI II I Mbl BBellH ABe rpynnbl BapHa~HOHHbiX napaMeTpo B, 
no3BOJ1R~IJ.IHe 11Y4We annpoKCHMHPOBaTb . AellOKallH3a~H~ B<!J, 
a TaK~e Y411H npH6JlH~eHHy~ p = (g,u) CHMMeTpH~ AllR Me30 o
JleKyllW dt~. B MoneKyllRPHOM npeACTaBneHHH B~ HMeeT ABe 
KOMnoHeHTW F1- = F~- + F!-, KOTopwe 6w111-1 Bw6paHW B BHAe 
Fl- Fl- + Fl- H Fl- = Fl- + Fl-o og au n ng nu• 

Fl- = ~ ~ af~tp) Ri-l(j-lnk(p)-le-( a rp+ Btp t )R 
op t=l i.j'K(p) 1Jk(p) ' 

i,j=1,2, .•. ; i >j, k(g)=2k-1, k(u)=2k, k=l,2 ... ; 

X e- (Y tp+Vtp()R, 

i,j=l,2, .•. ; i >j+l, k(g)=2k, k(u)= 2k-l, k=l, 2 , ... 

3Ha4eHHR HellHHei7!Hwx napaMeTpoB npHBeAeHw B Ta6n.1. Bw6Hpa
JlHCb cne~HaJlbHWe nOCJleAOBaTeJlbHOCTH onopHWX <!JYHK~HH no 
HHAeKCaM i, j, k, YllY4Wa~UIHe CBOHCTBa MaTpH~ anre6paH4e c
KOH 3aAa4H Ha co6CTBe HHw e 3Ha4eHHR : 

(o tp) (n t p) 
AX=EJv8X, X={xl, . . . ,xn }={a ij k (p), aijk (p) } , 
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dd~ 

dt~ 

Ta6mu.~;a 

3Ha'tleHJ.Ui HeJU·fHeHHblX napaMeTpOB BapHaiJ;HOHHblX 
-1 -1 -1 ~YHKIJ;HH B egHHHIJ;aX- gnH dd~: e=h=m0~=~ +~ , 

AnH dt~: e=h=mtJ =Mt I+~ I 

p a, ~> , az ~'z "f J v, "~'z 

g • 1. 7979 0,7063 0,0005 0,05137 1 ,7979 0. 7192 0,0051 

9 2,3345 0,6851 0,0051 0,5836 2,0300 0,7105 0,0507 

u 1 ,2180 0,4314 0,0005 0,4314 2,0300 0. 7105 0,0507 

vz 

0,5651 

0,6090 

0,6090 

K KOTOPOH CBOA~TCR pean~3a4~R np~H4~na M~H~MaKca/12,10/ 
AnR 3Hepr~~ ~CXOAHoro ypasHeH~R WpeA~Hrepa Ha c~cTeMe n 
onopH~x ~YHK4~H. 3Ta 3aAa4a pewanacb Ha 38M EC-1061 MeTo
.AOM o6paTH~X ~Tepa4~H C perynRp~30BaHHOH MaTp~4eH 
B = 8 + ei, 0 < £ << 1 s ap~~MeT~Ke c 4eTsepHOH T04HOCTb~. 
np~ 3TOM OW~6Ka COCTaB~na MeHee 10-5 38. Pac4eT~ B~nOnHe
H~ Ha ysen~4~Ba~~XCR Ha6opax n onOpH~X ~YHK4~H. 3KCTpa
nOflR4~R peaynbTaToB npoBOA~nacb c noMo~b~ w~poKo ~cnonb
ayeMo ~ s sap~a4~0HH~x pac4eTax ~opMyn~ e 11 = e 11 (n)+cn-a. 

CXOAHMOCTb 3Ha'tleHHH . 3HeprHH CBH31i- e 11 (sB) 
Me soMoneKyn dd~ 11 dt~ np11 yaenH'tleHHH 'tiHcna n 
OnOpHbiX ~YHKIJ;IiH 

- e: 1 I (dd~) I, 97'274 I ,97368 1,97431 1,97465 

Ta6nHIJ;a 2 

I, 9749± 
±0,0002 

n 4ti9 607 819 1286 3KCTpanO~HIJ;Ii H 

-e:ll(dt i-L ) 0,64772 0,65228 0,65371 0,65889 0,663 ± 
± 0,002 

n 568 844 982 1495 3KCTpanonHIJ;IiH 

PeaynbTaT~ pac4eToB npeACTasneH~ s Ta6n.2. 6~n~ ~cnonb

aosa Hbi cneAY~~~e 3Ha4eH~R Mace 4acT~4 /s eA~H~4ax Me/: 
Mt = 5496,918, Md = 3670,481, M~ ~ 206,769, ~ 3Ha4eH~e 
nepe BOAHoro K03~~~4~eHTa /s 38/: Ry = 13,605804 3B. 
8 Ta6n.3 AaHo cpasHeHMe nony4eHH~x peaynbTaToB c peaynbTa
TaMM flY4W~X aA~a6aT~4eCKMX M 8 apMa4MOHH~X pac4eTOB.0HO CBM
AeTen bCTByeT 0 cornaCOBaHHOCT~ M 6onee B~COKOH T04HOCTM 
npoBeAeHH~X 3AeCb B~4~CneHMH. 
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Ta6JIHJ:.\a 3 

CpaBHeHHe 3Ha~eHHH 3HeprHH CBH3H- EII(3B) 
Me30MOJieKyJI dd~ H dt~ B pa3JIH~HbJX paC~eTaX 

pa6oTa /4/ /5/ /8/ AaHHaH pa6oTa 

- E II (dd I, 956 I ,862 I, 97110 1,97465 

n 844 364 350 1286 

3KCTparron. I ,37 1,972±0,001 1,9749±0,0002 

pa6oTa /4/ /71 /8/ .AaUHaH pa6oTa 

- Ell(dt~) 0,656 0,628 0,60719 0,65889 

n 844 440 400 1495 

3KCTparron. 0,6554±0,0150 0,663±0,002 

Ha~AeHH~e B~ 6~nH HcnonbaoeaH~ Ana B~4Hc~eHH~ y-$a K~ 
Topoe/13/ MeaoMoneKyn~ dd~ 

2y ll 
d~ 

KOTOp~e onpeAenR~T OTHOWeHHe eepORTHOCTe~ HaXOmAeHHR M~O

Ha B OKpeCTHOCTH RApa paccMaTpHeaeMO~ Me30MOneKyn~ H CO
OTBeTCTBy~~eM Mf30aTOMe. nony4eH~ cneAY~~He 3Ha4fHHB y-$aK
TOpoe: dd~- Yd~ = 0,4965; dt~- Y~~ = 0,798, Yd~ = 0 ,199. 
0HH MOryT 6~Tb HCnOnb30BaH~ AnR B~4HCneHHR CBepXTOHKO~ 

CTPYKTYP~ cna60CBR3aHH~X COCTORHH~ Me30MOneKyn dd~ 
H dw/14/. 

B aaKn~4eHHe aeTop~ e~pama~T 6naroAaPHOCTb H.H.roeopyHy 
aa nOAAepmKy H n.H.noHoMapeey aa o6cy~~eHHe pa6oT~. 
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nPEABAPHTEnbHME PE3YnbTATM H3Y4EHH~ 
XAPAKTEPHCTHK CnOHTAHHOrO AEnEHH~ 259Md 

E.A.CoKon, W.C.3e~Hanos, W.Wapo, M.~ccoHya*, 
X.6pyxepT3a~$ep**, r.B.oyKnaHOB, M.n.HsaHOB, 
~.C.KopoTK~H, B.H.CM~PHOB, n.n.4enHOKOB, 
r.M.Tep-AKonb~H, r.H.~nepos 

IlpHBeAeHbl pe3yJlbTaTbl H3MepeHHH xapaKTepHCTHK 
pacnpeAeJJeHHJI no MHOJKeCTBeHHOCTH (V, a~, fz) MrHo~ 
BeHHb~ HeHTpOHOB H y-KBaHTOB H cpeAHeH 3HeprHH 
y-KBaHTOB npH cnoHTaHHOM AeJJeHHH Z59Md. H3o;ro llbi 
259Md 6bi{!H nony<~eHbi B peaKLIHH 248 cm ( 18o, a3n) 
1 0 2 259 =- z 5 9Md Ha BbiBeAeHHOM ny'IKe TJIJKeJlbiX HOHOB 
ycKopHTeJJn Y-300 ITHP OHRH. 

Pa6oTa BbinOJJHeHa B na6opaTOPHH JIAePHblX peaKLIHH 
OHRH. 

Preliminary Results on the Study of 259Md 
Spontaneous Fission Parameters 

E.A. Sokol et al. 

The results of measuring the parameters of prompt 
neutron and y-ray multiplicity distribution ( , a~, 
r 2) and of y-quanta mean energy at 259Md spont ane
ous fission are presented. 259Md isotopes were ob
tained in the 248 cm ( 18o, a3n) l02259 ~ 259M re
action on the extracted heavy ion beam of th 
U-300 accelerator (LNR, JINR). 

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

An~ noH~MaH~~ paan~4H~x cTopoH npo~ecca AeneH~~ 6onb
wy~ ~eHHOCTb npeACTaBn~eT 3KCnep~MeHTanbHa~ ~H$OpMa~~~ 

0 KOppen~~~~X K~HeT~4eCKO~ 3Hepr~~ OCKOnKOB, ~X MaCC aC~M

MeTp~~, 4~cna He~TPOHOB ~ y-KBaHTos,~cny~eHH~x ~3 Aen~~~x
CH HAeP ~ B036YJKAeHH~X OCKOnKOB, 3Hepr~~ y-KBaHTOB. Oco-
6~~ ~HTepec npeACTaen~eT nony4eH~e TaK~x AaHH~x o cnoH
TaHHOM AeneH~~ 258Fm, Z59Md, 2~0 Md ~ 258]02, rAe Ha6n~Aa-

* HHcTHTYT HAepHoii ¢H3HKH, Opc3 , ¢paHLIHH 
** ~ UeHTpaJJbHbiH HHCTHTYT H30TOUHb~ H PaAHal.IHOHHbiX 

HCCJJeAOBaHH~ , fl eHnl.IHr, fAP 
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nOCb/J/ ABYXMOAOBOe C~MMeTp~4HOe AeneH~e C K~HeT~4eCK~M~ 
3Hepr~ AM~, pac npeAeneHH~M~ oKono 200 ~ 235 M3B. 

M~ nposen~ on~T~ no ~ 3MepeH~~ xapaKTep~cT~K HeATpOHHoro 
~ y-~ 3ny4eH~A AnA cnoHTaHHoro AeneH~A 2 59Md, npeABap~Tenb
H~e pe3ynbTaT~ KOTOP~X coo6~a~TCA B AaHHOA pa6oTe. 

MemoOuKa 3Kcnepu~eHma 

AnA nony4eH~A AAeP 25 9Md ~cnonb30Banacb peaK4~A 248cm 
( 18 0, a 3n) 259 102 e-, 25% 259 Md/2/. M~weHb 248Cm ~Mena 
TOn~~ Hy 500 MKr/cM2, A~a~eTp 9 MM. 06ny4eH~e ~CHaM~ 180 
c 3Hep r~eA 97 M3B npoBOA~nOCb Ha 4~KnOTPOHe Y-300 nRP O~R~. 
MaKC~ManbHaA ~HTeHC~BHOCTb ~OHOB Ha M~WeH~ COCTaBnAna 
5·10 12 4aCT~4 B CeKYHAY· npOAYKT~ AAepH~X peaK4~A B~HOC~
n~Cb ~ 3 KaMepbl o6ny4eH~A cTpyeA aproHa ~ oca>KAan~cb Ha 
KBap4 e soA BaTe. An~TenbHOCTb OAHoro o6ny4eH~A 6blna 3 4aca. 
nocne 3Toro npoBOA~nocb x~M~4ecKoe B~AeneH~e 102 3neMeH-
Ta OAH~M ~3 ABYX cnoco6os: n~6o pa3AeneH~eM Ha 3KCTpaK-
4~0HHoA KOnOHKe paCTBOpOM conAHOA K~CnOT~/ 2 /, n~6o 3KC
TpaK4~ eA Kp~nTaHAOM/3/. AnA np~roTosneH~A ~CT04H~Ka pacT
sop, COAep>KaBw~A ~paK4~~ 102 3neMeHTa, HaHoc~ncA Ha noA
no>KKY ~3 naBCaHa TOn~~HoA 0,5 MKM ~ B~CYW~BanCA B BaKyyMe. 
0TAeneH~e ~paK4~~ 102 3neMeHTa npOBOA~nOCb 3a 20-25 M~H, 
AanbHeAw~e x~M~4eCK~e onepa4~~ ~ np~roTosneH~e ~CT04H~Ka 

Tpe6o san~ 60-70 M~H. 
~3 MepeH~A xapaKTep~cT~K AeneH~A 2 S9Md npoBOA~nocb c no

MOUjb~ C~CTeM~,. BKn~4aBweA B ce6A ABa nosepXHOCTHo-6apbep
HbiX KpeMH~eB~X AeTeKTopa AnA per~cTpa4~~ OCKOnKOB, AeTeK
TOP y - KBaHTOB,Ha OCHOBe C4~HT~nnATOPOB ~3 repMaHaTa B~CMy
Ta/4/ , ~ AeTeKTOp HeATpOHOB, aHanor~4HWA on~caHHOMY s/5/. 

nonynpoBOAH~KOBble AeTeKTOPbl ~Men~ nnO~aAb 3 CM2 ~ pac
nonaran~Cb Ha paCCTOAH~~ 1 MM OT ~CT04H~Ka. np~ TaKOM pac
nono>KeH~~ AOCT~ranaCb B~COKaA 3~~eKT~BHOCTb per~cTpa4~~, 

HO 3TO np~BOA~no K 6onbw~M ow~6KaM B onpeAeneH~~ 3Hepr~~ 
OCKOn KOB 3a C4eT HeonpeAeneHHOCTeA B TOn~~HaX 11 MepTBOr011 

cnoA AeTeKTopos H noAnO>KK~. 
Kan~6posKa AeTeKTopa HeATpoHoB 6wna npoBeAeHa ~CT04H~

KOM 248Cm, AnA KOTOporo cpeAHee 4~Cno HeATpOHOB, ~cnyc
KaeMWX Ha OAHO Aene H~e, 6wno B3ATO paBHbiM \jn = 3 , 1 34± 
±0, 00 6 / 6/. 3~~eKT~BHOCTb perHCTPa4~H OA~H04HbiX He ATpOHOB 
cocTa B~na En = 0,42±0,0 2 . AnA Kan~6poBKH Ae Te KTopa y -Ksa H
TOB 6wnH npoBe Ae HW ~ 3Mep eH~A y -KBaHTOB CnOH TaH HOrO Ae n e 
HHA ZS2Cf . 

AnA npoBeAeH~A 3Kcnep~MeHTOB no ~ 3y4e H~ ~ c s oAc TB 259Hd 
CylljeC T Be HH~M ABnA e TCA ~CKn~4 e H~e ~OHa OT 256 Fm, 25 4Cf 
~ APY r~ x c noHT a HHO AenA~~XCA HyKnHhos , o6pa3y~~~XCA B pa3-
n~4HWX peaK4~AX nepeAa4~. BWXOA 3T ~X HyKnHAOB KOHTpOnHpo-
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Bane~ nyTeM 113MepeHI1~ CKOpOCTI1 C4eTa cnoHTaHHOro ,£leJ leHI1~ 

cooTB~T~TBY~~I1X $paK411~ Ha ,qeTeKTOpe HeRTpoHoB/5/. An~ 
onpe,qeneHI1~ CTeneHI1 0411CTK11 OT 3TI1X 3neMeHTOB nneHKH C 
c $paK411~MI1 . 102 3neMeHTa nocne 113MepeHI1~ xapaKTepi1CTI1K 
AeneHI1~ CTaBI1ni1Cb Ha ,£ln11TenbHOe BpeM~ B KOHTaKT C T peKOB~
MI1 ,qeTeKTopaMI1 OCKOnKOB ,qeneHI1~. BKna,q OT ,qeneHI1~ 2 56Fm 
11 APYrl1x $OHOB~x HyKnl1,q6s cocTasn~n MeHee 25%. 

Pe3y/lbmamm 

oblno 3aperi1CTPI1POBaHo 34 co6biTI1~ cnoHTaHHoro ,qeneHI1~. 
B Ta6n.l 11 2 npi1Be,qeH~ OCHOBH~e napaMeTp~ HeATpOHHO r o 
11 y-113ny4eH11A, 113MepeHH~e B XOAe 3TI1X 3KCnepi1MeHTOB . 

Ta6JIH'-\a 

Pac'npep;erreHHe no MHOJKeCTBeHHOCTH HeliTpoHOB 

H y-KBaHTOB, sapel"HCTpHpOBaHHbiX npH CllOHTaHHOM 

p;erreHHH 2 59Md 

KpaTHOCTb 
tfHCJIO 3aperHCTpHpOBaHHbiX C06b!THH 

0 
I 
2 
3 
4 
5 
6 

HeliTpOHhi 

4 
12 
12 
4 
I 
0 

llapaMeTpbl HeHTpOHHOI"O H y-HsJiyqeHHH 

CllOHTaHHOI"O p;erreHHR 259Md 

HeliTpoHbi · 

4,1±0,7 

'2 ,4± I ,2 

0,9±0,3 

-y-KB a HTbl 

4 
II 

7 
8 
3 
0 
'I 

y-KBaHTbl 

4,4±0,5 

4,2'±2,4 ' 

I ,0±0,3 
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noMH MO napaMeTpOB, npHBeAeHH~X B Ta6n.1, 6~na CAeJlaHa 
o~eHKa c peAHero 4Hcna y-KBaHTOB Ivy / Ha AeneHHe 259Md, 
cpeAHe~ 3HeprHH OAHH04Horo y-KBaHTa /E I H cpeAHe~ cyMMap
HO~ 3He prHH y-KBaHTOB 1 HCnylJieHHbiX B .OA~OM aKTe ·AeneHHR 
/E/. AnR 3Toro 6~nH Hcnonb30BaH~ AaHHble AJ1R 25 2Cf H3 pa-
6oT~/7 I . AnnapaTypHble 3Ha4eHHR cpeAHe~ 3HeprHH OAHH04H~x 
y-KBaHTOB npH AeJleHHH 252 Cf H 2 59Md OKa3~J1HC~ 6J1H3KHMH 
no senH 4HHe, no3TOMY AJ1R onpeAeneHHR v, Ey, E 6~na npOH3-
BeAeHa JlHHe~HaR 3KCTpanonR~HR. Pe3YJ1bTaTbl 3TH X o~eHoK cne
AYIOliiHe: Ey = 0,97 H3B, E = 4,6 tbB. O~eHKH ..,, cr2 H r ., AJ1R 
y-KBaHTOB 2 59Md AaHbl B Ta6n.2. ~ 

3a"K.fl10t<eHue 

nony4eHH~e xapaKTepHCTHKH He~TpOHHOrO H y-H3J1y4eHH~ 
AJ1R cnoHTaHHoro Aene HHR 259 tld He AaiOT B03MO~HOCTH CAenaTb 
KaKHe- nH6o 3aKnl04e HHR o ABY XMOAOBOM AeneHHH. Mo~Ho nHcl b 
OTMeTH Tb1 4TO C06~TH~, B KOTOp~X He 6~J1H 3aperHCTPHPOBa
H~ He~ T POH~, 6~no 4eT~pe , H TOJlbKO OAHO C06~THe,B KOTOpOM 
He 6~J10 3aperHCTpHpOBaHO HH He~TpOHOB, HH y-KBaHTOB ,4TO, 
no-BHAHMOMy, CBHAeTeJlbCTByeT 0 TOM, 4TO AeJleHHe npOHC XO
AHT B ocHOBHOM o6~4H~M o6pa3oM. AanbHe~wee yTo4HeHHe pe-
3YJ1bTaTOB MO~eT 6~Tb AOCTHrHyTO nyTeM noB~WeHHR CTaTHCTH-
4eCKO~ T04HOCTH H npHBR3KH K Ha6J110AaBWHMCR B OnbiTaX/J/ 
pa3J1H4H~M MOAaM AeJleHHR 3Toro HYKJ1HAa. "TaKaR HH~OpMa~HR 
MO~eT 6~Tb nOJ1y4eHa npH BBeAeHHH KOJ1J1HMa~HH np~ perHCTpa
~HH OC KOJ1KOB H yBeJ1H4eHHH 4HCJ1a 3aperHCTpHpOBaHH~X C06~
TH~ ~eneHHR np~MepHO Ha nopRAOK. npH 3TOM MO~eT 6~Tb nony-
4eHa T a K~e HH~OpMa4HR 06 yrnOBOM pacnpeAeJleHHH He~TpOHOB 
npH AeneHHH 259Md. 

AsTop~ s~pa~aiOT rny6oKyiO 6naroAaPHOCTb ~.U.OraHecRHY 
3a nOCTORHHOe BHHMaHHe H MHOr04HCJ1eHH~e none3H~e o6cy~
AeHHR1 a TaK~e r.c.noneKo, B.H.4enHrHHY H E.A.4epenaHOBY 
3a nOMOlllb B pa6oTe. 
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~3Y 4 EH~E K~HET~K~ PEAKU~~ r~APATAU~~ 

TPEXKAnbU~EBOrO An~M~HATA METOAOM 
A~~PAKU~H HE~TPOHOB 

A.M . oanarypos, r.M.M~pOHOBa 

Ha p;H¢paKTOMeTpe AH-2 Ha HMrrynbCHOM BbiCoKorroTo'l
HOM peaKTOpe i1BP-2 rrpoBep;eHO H3y'leHHe KHHeTHKH rHp;
paTai.I;HH 0!\HOrO H3 KOMITOHeHTOB u;eMeHTa - TpeXKanbi.I;He
BOrO aniOMHHaTa Ca 3Al206 c peKopp;HbiM p;n.R HeiiTpoHo
rpaQJHH BpeMeHHbiM pa3peweHHeM I o~ 40 c. I1oKa3aHO, 'ITO 
pacrrap; HCXO,!l;HOrO Be~eCTBa IIPOHCXO,!l;HT 3a BpeM.R, MeHb
mee 2 MHH. B xop;e peaKI.I;HH He 06HapyJKeHO BpeMeHHbiX 
HHTepBanOB C aMOpQJHblM COCTO.RHHeM Be~eCTBa, Harrpo
THB, HeiiTpOHOrpaMMbi ITOCTO.RHHO cop;epJKaT pe(jJneKCbl, 
6biCTpO MeH.RIO~HeC.R BO BpeMeHH ITO HHTeHCHBHOCTH H rro
TIOJKeHHIO, 'ITO IT03BOTI.ReT Cp;enaTb YTBepJK,n;eHHe 0 HanH
'lHH rrpoMeJKyTO'lHblX MeTaC Ta6HTibHbiX KpHCTannH'leCKHX 
COC1'0.RHHii pearHpyiO~eii CMeCH. KoHe'!Ha.R QJa3a 
Ca3Al20c •6D20 ITO.RBn.ReTC.R Ha 5-ii MHHyTe ITO'lTH CKa'l
K006pa3HO, 3a BpeM.R rrop.R,n;Ka I MHH rrpH rrpo,n;onJKaiO
~xc.R CHTibHb~ OCIJ;HTITIHPYIO~X H3MeHeHH.RX ,!l;HQJpaKIJ;HOH
HOrO CrreKTpa, KOTOpble CITYCT.R 25 MHH CMeH.RIOTC.R OT
HOCHTeTibHO cna6biMH MOHOTOHHbiMH H3MeHeHH!JMH, ,!l;TI.R~H

MHC.R ,!l;O KOHIJ;a 3KCnepHMeHTa /8 'l /. 
Pa6oia BbmonHeHa B Jla6opaTopHH HeiiTpoHHoii QJH3H

KH mum. 

The Study of the Hydration Reaction 
Kinetics of Three-Calcium Aluminium Oxide 
Using the Neutron Diffraction Method 

A.M.Balagurov, G.M.Mironova 

The kinetics of the reaction of hydration of 
three-calcium aluminium oxide Ca3Al 2o6 

was inves
tigated by the neutron diffraction powder method 
at room temperature using the DN-2 diffractometer 
installed at the IBR-2 high-intensity pulsed reac
tor. Time resolution was 10-40 s, which i:> record 
for neutronography. It is shown that the disappea
rance of the initial substance occurs in about two 
minutes. During the reaction there wa s no evidence 
for amorphous phase, on the contrary, in every 
spectrum some diffraction peaks appeared. Their in
tensities and peak positions change rapidly sug-



gesting the existence of the metastable crys talli
ne phases in reacting mixture. The final 
Ca3A1 206 ·6D20 appears after 4 minutes sharp l y, 
in about one minute. In the next 25 minutes the 
intensities of peaks change strongly oscilla ting, 
but later on only small monotonous modificat ions 
take place up to the end of experiment (8 hours). 

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

1 . Beeoe rw e 

0AH~M ~3 Ha~6onee ~H$OpMaT~BH~X M~KpOCKOn~4eCK~X MeTo
AOB ~3y4eHHR X~M~4eCK~X peaK~~~ B TBepAO~ $a3e RBnReTCR 
A~$paK~~R He~TPOHOB/I/.B nocneAHee BpeMR nORBHn~Cb pa6o
T~/2,J/, B KOTOp~X He~TpOHHaR nOPOWKOBaR A~$paKTOMeTp~R 
~cnonb30BaHa AnR onpeAeneH~R MexaH~3Ma ~ cKopocTe~ peaK
~~~ r~ApaTa~~~ KOMnOHeHTOB ~eMeHTa. npHMeHeHH~~ s/ 2 / Me
TOA nony4eH~R A~$paK~~oHH~x cneKTpos - per~cTpa~~R pacceR
H~R MOHOXpOMaT~4eCKoro ny4Ka He~TpOHOB n03~~~0HH~M AeTeK
TOpOM a o4eHb WHPOKOM /~ 28 = 80°/ ~HTepsane yrnos - no3-
aon~n AOBecT~ speMR ~3MepeH~R scero cneKTpa AO 5 M~ HyT. 
npH TaKOM speMeHHOM pa3peweH~H YAanocb Ha6n~AaTb o6 pa3o
BaH~e ~ pacnaA npoMemyT04H~x Kp~cTann~4ecK~x $a3 np~ rHA
paTa~~~ 11 MeAneHHbiX11 KOMnOHeHTOB ~eMeHTa, OAHaKO B~R BHTb 
AeTan~ peaK~~~ CaMO~ 11 6~CTP0~ 11 COCTaBnRIOU\e~ ~eMeHTa 
c 3A(C~Ca0, A~Al203) s pa6oTe/2/ He YAanocb. AsTop~ Aa~T 
n~wb o~eHKY speMeH~ nonypacnaAa ~CXOAHO~ $a3~ s npo~ecce 

peaK~~~ t~ < 0,1 4. YcTaHosneHbl TaKme $aKTbl 6onee 6~cTpo
ro ~c4e3HOBeH~R C3A, no cpasHeH~~ c noRsneH~eM cTa6~nbHO~ 
r~APaTHO~ $a3~ C 3AD6(D~D20),~ OTCYTCTB~R AH$paK~~OHHO~ 
KapT~H~ B npoMemyT04HOM ~HTepsane BpeMeH~,Ha OCHOB aHH~ 4e
ro AenaeTCR np~H~~n~anbH~~ B~BOA 0 B03HHKHOBeHH~ KOHe4HO~ 

$a3bl ~3 aMOp$Horo COCTORH~R pear~py~~~~e~ CMeC~. 

B HaCTORI!Ie~ pa6oTe CAenaHa non~TKa npocneA~Tb npo~ecc 

r~APaTa~~~ TpexKanb~~esoro an~M~HaTa Ca3AJ 206(C3A) c spe
MeHH~M pa3peweH~eM 10+40 c. CTonb cyU~eCTBeHHoe coKpaU~e
H~e speMeH~ CbeMK~ OAHoro cneKTpa 6~no AOCT~rHyTo 6naro
AaPR peKOPAHOMY B HaCTORU~ee speMR ~MnynbCHOMY noTO KY He~T
POHOB peaKTopa HoP-2 OHHH/ 4 / ~ per~cTpa~~~ He~TpoHorpaMM 
no MeTOAY BpeMeH~ nponeTa, AOCTOHHCTBa 3TOrO MeTOAa np~ 

~3y4eH~~ HeCTa~~OHapH~X RBneH~~ o6cymAa~TCR a/1,5/ . 

2 . 3Kcnepu.MeH.m 

H3MepeH~R npoBeAeH~ Ha HeATPOHHOM A~$paKTOMeTpe no 
speMeH~ nponeTa ~H-2/6/ np~ cneAY~~~~~x ycnos~Rx : noTOK 
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PHc. I . HeH:TpoHorpaMMbi cy
xoro c3A /BHH3Y/ H ero cTa-
6HnhHoro rHApaTa C3AD6 /BBep
xy I. TionoJKeHHfl H HHAeKCbi 
M.rmnepa yKa3aHbi TOnhKO Anfl 
HeKOTOpb!X xapaKTepHbiX nHKOB, 

He~TpOHOS Ha o6pa34e 
1,3·107 H/cM2/c, nno~aAb 
ny4Ka ~ nno~aAb o6pa34a 
~ 6 cM2, cpeAH~~ yron pacce
AH~H COCTaSnHn S ASYX ~3Me

peH~HX 40° ~ 112°, cneKTpanbHaH nnoTHOCTb nOTOKa HSnHeTCH 
CnOJKHO~ $YHK4~e~ AnMH~ sonH~/6,7/ C MaKC~MYMOM np~ ~e2 i 

u 3 ~ cnaAOM np~ ~ > 4 A, noonop4~0HanbHOM ~- , ~HTepsan ~c-
nonb3y eM~x An~H sonH 1 R ~ ~ ~ 10 R. 

3BM CM-4 ynpasnHeT 3neKTPOH~Ko~ A~$paKTOMeTpa ~ no3so
nHeT 3 a n~C~SaTb S Henpep~SHOM peJK~Me 16 cneKTPOS /KaApOS~ 
06beMOM 8K enos KalKAbl~, S 3anOM~Ha~ee YCTPO~CTSO /3Y/ 
o6beMOM 128K enos. BpeMA ~3MepeH~H OAHoro cneKTpa ~ nepe
Kn~4eH~ H 3an~c~ S COCeAH~~ y4aCTOK 3Y 3aAaeTCA Ta~MepoM. 
np~ 3a nonHeH~~ 3Y Tpe6yeTCH OKOnO 50 C AnH 3an~c~ ~H$op

Ma4~~ Ha MarH~TH~~ "HOC~Tenb ~ 04~CTKY 3Y, nocne 4ero ~3-
MepeHM H nPDAOnJKa~TCH. CMcTeMa nporpaMM ynpasneHMA, apx~

SM3a4M ~ M SM3yanM3a4~M CneKTpos S np04ecce ~3MepeH~H Ae~
CTSyeT Ha OCHOSe MepapXM4eCKO~ 6a3~ AaHH~X/8/. 

Bee M3MepeH~R nposoA~nMCb 6e3 TepMocTaT~posaHMR np~ 
KOMHaT H o~ TeMnepaType. 06cyJKAaeM~e Aanee pe3ynbTaT~ nony-
4eH~ S ASYX 4MKnax M3MepeHM~ C speMeHeM CbeMK~ OAHOrO 
KaApa 6t = 40 C M 6t = 10 C. ~ M3MepeHMM C 6t = 40 C 
/28 = 112°, Macca cyxoro se~ecTsa 8 r/ 4 Mn DzO s Te4eH~e 
3 c aan~sanMCb s KOHTe~Hep 6e3 nocneAy~ero neoeMewMsaHMR 
S Ha4an e CbeMKM STOpOro KaApa M3MepeH~R. B 3KCnepMMeHTe 
c 6t = 10 c /28 = 40°, Macca cyxoro se~ecTsa 6 r/ o6pa-
3e4 s SMAe nacT~, nony4eHHO~ nepeMewMsaHMeM s Te4eH~e 

20 C CMeCM nopowKa M 3 Mn 020, CTas~nCR Ha ny40K Ha 60-~1 
ceKYHAe c Ha4ana npM roTosneHMA nacTbl. KoHTe~HePbl 6bln~ 

np~rOTO SneHbl M3 an~MMHMeSO~ $OnbrM. 

Bo s cex cny4aRx KOHe4H~~ npOAYKT rMAPaTa4MM Aasan AM$
paK4MOHHY~ KapT~Hy, COOTSeTCTSY~Y~ CTpyKType C3AD6: 
np.rp. Ia3d, a= 12 , 47 ~. z = a/9/, He~TPOHOrpaMMa cyxoro 
C3A Ta KJKe xopowo cornacyeTcR c ~3secTH~MM AaHHbiM~/10/: 
np.rp. Pa3, a= 15;263 X, Z = 32 /pMc. 1/. 
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3. Pe3y~bmam~ u o6c yx6e Hu e 

HaMepeH~e, s KoTopoM KOHTaKT 02 0 c cyx~M C3A npo~cxo
A~n a npo~ecce cbeMK~ /~t 40 c/, noaaon~no Ha6n~AaTb 
Ha4anbHY~ CTaA~~ peaK~~~. 

P11c. 2. HeiiTpoHorpaMr-tbi, co

OTBeTCTByw~e 1,4,6 11 8-My 

KagpaM 113MepeHI1H B X OAe 

ri1APaTa~l111 C3A. 1-11 KaAP -

cyxoi1 C3A, AJIH ocT aJihHbiX 

KaAPOB yKa3aH 11HTep aJI 

C'beMKI1, OTC'-111TaHHbiH OT Ha

'-laJia 3aJII1BKI1 BOAbl, K OTOpaH 

npOI1CXOA11Jia B Ha'-!aJie 2-ro 

Kagpa. BpeMH c'beMKI1 Ka~o

ro KaApa 6t = 40 c. UrrH 

8-ro KaApa yKa3ai-Ibi ono
JKeH11H 11 HHAeKCbi MHnn epa 

ll11KOB, C OOTB e TCTBYIOII(I-i e 

C3AD6. 

Ha p~c.2 npeACTaaneHw y4aCTK~ He~TpoHorpaMM 1 ,4 , 6 
~ 8-ro KaAPOB ~3MepeH~Ri nepaw~ KaAP COOTBeTCTByeT cyxo
MY c3A, 8-~ - ~HTepaany apeMeH~ 240:280 c c MOMeHT a aan~a
K~ 020. CpaaHeH~e He~TpoHorpaMM no3aonReT OTMeT~Tb cneAy~
~ee. YJKe K 120 c /4-~ KaAPI A~$paK~~OHHwe n~K~ oT c yxoro 
C3A n04T~ ~C4e3a~T. napanneJibHO c ~X I-iC4e3HOBeH~eM nORB
JIR~TCR H ~c4eaa~T nHKH, He npHHaAneJKa~He HH C3A, H~ C3Ao6 . 
HanpHMep, nHK c d = 2,69 ~0 noRanReTCR a 4-M KaApe HC4e-
3aeT B 6-M, nHK C d = 2,5 A eCTb TOJibKO B 6-M KaApe ~ T.A. 
Ha He~TpoHorpaMMe 8-ro KaApa YAaeTcR no4TH ace Ha6n~Aae
Mwe AH$paK~I-iOHHWe nHKI-i npOHHAI-i~I-iPOBaTb Ha OCHOBe peweTK~ 

C3A0 6 , XOTR ~X 1-iHTeHCI-iBHOCTI-i e~e He nOJIHOCTb~ COOT eTCT
BY~T KOHe4HO~ /cnyCTR - 8 4/ KapTHHe . 5onee nOAP06 ble ape
Me HHWe 3aBHC~MOCT~ nonHO~ 1-iHTeHC~BHOC T~ pacceRHI-iR V HH 
Te HCI-i BHO CTI-i A~$paK~~OHHwx nHKOB AnR ABY X HHTepaano MeJK
nnocKoCTHW X paccTORHH~ np~BeAeHw Ha pHc .3 H 4 . HHT eHc~a
HOC Tb n~KOB nony4eH a BW4~T aH~eM ~3 nonHO~ 1-iHT e H C~B OCTI-i 
$OHa , KOT O pbi ~ o npeAeJIRJICR no Kpa~HI-iM T0 4KaM 1-iHTepaa na . 
Ha pHc. 3 no Ka 3aHo TaKJKe ~3Me He HHe HHT e HCHBH OC TH OA~o ro 

I-i3 nHKO B 1-i CXOAHO~ 'a3w. 
Ha npeACTaBJieH HWX 3aBHC~MOCTRX MOJKHO BWAeJIMTb HECKOnb

KO xapaKTepHwx apeMeHHwx y 4 aCTKOB . B ~HTe paane O<t<2 M~H 
npo~cxoA~T no 4T ~ nonHoe MC4e3Ho ae H~e nHKOB oT cyxor o c3A, 
Ha4HHa~T B03H~KaTb n~ K~ n pOMeJKyT04HWX KP~CTanJI~4eC ~X $a3, 
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PHc.3. 3aBHCHMOCTb rronHOH 
HHTeHCHBHOCTH /1/ H HHTeH
CHBHOCTH AH~paK~HOHHoro rrH
Ka /2/ OT speMeHH AnH HH0 
Tepsana 1,98 < d < 2,06 A. 
B 3TOM HHTepBane B03 HHKaiOT 
ITHKH (611) H (532) C3AD6. 
KpHBaH 3 COOTBeTCTByeT HH
TeHCHBHOCTH ITHKa B HH0ep
Bane 1,31 < d < 1,98 A, rAe 
HaXOAHTCH ITHK (800) HCXOA-

HOH ~a 3hl. lllKana HHTe HCHBHOCTeH - a6cOniOTHaH, 3KCrrepHMeH
TanbHbJe TO'IKH COOTBeTCTByiOT OTAenbHb!M KaApaM /rronoJKeHHH 
rrepBbiX 10 KaApOB rrpHBeAeHbl BBepxy pHCYHKa/, CTpenKa yKa-
3biBae T MOMeHT 3anHBKH 0 20. 3a ITYHKTHpHOH nHHHeH ITOCTaBne
Hbl TQ q KH, H3MepeHHbJe CITYCTH ~ 8 'I rrocne Hat~ana rHApaTa~HH. 

l (' " "' " ' ' 
1 1 2 ' 6 ! 1) 

1 I 
200 ~·· • • • \ QS ---- ~ 
150 • : • . j 
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PHc.4. To JKe, t~To Ha pHc.3, 
HO AnH HHTepBana0 
2,65 < d < 2,85 A. B 3TOM 
HHTepsane B03HHKaiOT ITHKH 

(420) H (332) C3AD6. 

xopowo Ha6n~AaeM~e snnoTb AO t = 4 M~H. C 3Toro MOMeHTa 
Ha4~HaeTCR 6ypHOe /3a BpeMR ~ 1 M~H/ o6pa3oBaH~e CTa6~nb
HO~ r~APaTHo~ $a3~ c3AD6. BnnoTb AO t 5 25 M~H npo~cxo
ART c paBH~TenbHO 6~cTp~e ~3MeHeH~R A~$paK~~oHH~x cneKT
poB, B03MOlKHO, CBR3aHHble KaK C npOAOnlKa~~MCR npo~eCCOM 
o6pa30BaH~R, TaK ~ C AanbHe~we~ nepecTpO~KO~ KOHe4HO~ 
$a3bl, 4TO ~ np~BOA~T K oc~~nn~py~eMy noBeAeH~~ ~3MepeH
H~x ~ HTeHc~BHocTe~. Aanee Ha6n~AaeTCR n~wb He3Ha4~TenbH~e 
MeAne HH~e ~3MeHeH~R cneKTpOB, np~BOAR~~e np~ t = 8 4 
K ~ne KTPY OT c3AD 0 , noKa3aHHOMY Ha p~c. 1. 

H3MepeH~e c ~t = 10 c nposeAeHo Ha ManoM /28 = 40°/ 
yrne pacceRH~R. 06pa3e~ 6~n nocTasneH Ha ny4oK He~TPOHOB 
Ha 60 - ~ ceKYHAe oT Ha4ana 3aMew~saH~R nacT~. Man~~ yron 
pacceRH~R no3son~n Ha6n~AaTb B03H~KHRBeH~e xapaKTepHoro 
AnR ~3Ao6 pe$neKca (211) c d = 5,13 A. 3aB~C~MOCTb ~HTer
panbHO~ ~HTeHC~BHOCT~ n~Ka (211) OT BpeMeH~ noKa3aHa Ha 
p~c.5 . KaK ~ Ha npeA~AY~~x p~cyHKax, B~AHO, 4TO noRBne
H~e HOBO~ $a3bl npO~CXOA~T Ha 5-~ M~HyTe KOHTaKTa Be~eCT

Ba C BOAO~ ~ HOC~T 6ypH~~. n04T~ CKa4K006pa3H~~ xapaKTep. 
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PHc.S. 3aBHCHMOCTb OT spe
MeHH HHTeHCHBHOCTH llHKa 
B HHTepsane 4,95 < d < 5,20. 
B 3TOM HHTepBane B03 HHKaeT 
nHK (211) C3AD6. ilocn egosa
TenbHOCTb K~POB cnegym
~aH: 2 paga no 16 Ka gpos 
C 6t = 10 C, 16 Kagp OB 
C 6 t = 20 C H 16 Kagp OB 

c 6t = 40 c. CTpenKOH yKa3aH MOMe HT nocTaHoBKH o6p a3~a Ha 
ny~OK HeHTPOHOB. illKana HHTeHCHBHOCTeH - a6COfliDTHaH, yKa-
3aHHbJe OUJH6KH TO"!eK - CTaTHCTH"!eCKHe • 

4 . 3aK.fliO'Li.eHue 

B Hac ToH~e~ pa6ore npoAeMoHcrp~poaaHo, 4TO Ha a~coKono

T04HOM ~MnynbCHOM peaKTOp~ ~6P-2 ~MeeTCH B03MOmHOCTb nony-
4eH~H Ha non~Kp~crann~4eCKOM ae~ecrae AOCTaT04Ho~ AnH aHa
n~3a A~$paK4~0HHO~ ~H$OpMa4~~ 3a apeMH 10~40 c. np~ ~3y4e

H~~ K~HeT~K~ peaK4~~ r~APaTa4~~ coeA~HeH~H Ca3Al206 c ra
K~M apeMeHH~M pa3peweH~eM npoHB~ncH cnomH~A MexaH~ 3M ~eaK-

4~~. npoaeAeHHble 3Kcnep~MeHTbl no3aonHIOT CAenaTb· cneAYIOii\~e 
BbiBOAbl. 

1. PacnaA ~CXOAHO~ $a3~ no4T~ nonHoCTbiO 3aBepwae TCH 3a 
BpeMH - 2 M~H. 

2. B xoAe peaK4~~ HeT apeMeHH~X ~HTepaanoa, B KOTop~x 
pear~py10~aH CMeCb AaBana 6b! nonHOCTbiO HeKorepE:HTHbl ~ cneKTp 
pacceHH~H, 4TO Morna 6~ cnym~Tb np~3HaKoM aMop$Hor o coc
TOHH~H. HanpoT~B, B ~HTepaane 1 ~ t ~ 4 M~H, BnnOT b AO 
B03H~KHOBeH~H KOHe4HO~ $a3bl 1 He~TpOHOrpaMMa COAepm~ T 6onb
woe 4~CnO n~KOB 1 6biCTpO ~3MeHHIO~~XCH no ~HTeHC~BHOC T~ 
~ nonomeH~IO. 

3. KoHe4HaH $a3a (C 3AD6 ) B03H~Ka eT Ha 5-M M~HyT e KOH
TaKTa c3A c o2o no4T~ cKa4Koo6pa3Ho / 6t = 1 M~H/. 

4. CpaBH~TenbHO 6~crp~e ~3MeHeH~H A~$paK4~0HH~x cneKr
poa, npO~CXOAH~~e B nepa~e 25 M~H, CMeHHIOTCH Me~ne H~M~, 
AnH~~M~CH HeCKOnbKO 4aCOB. 

CneAY~~M waroM ~3y4eH~H 3Toro npo4ecca AOnmHa UbiTb 
~AeHT~$~ Ka4~H B03H~ Ka!O~~X npoMemyT04HbiX KP~CT ann~ 4e CK~X 
$a3. HeKorop~e KOHCTpyKT~BH~e ycoaepweHcraoaaH~H A~$paK

ToMerpa AH-2 no3BOnHT B HecKonbKO pa3 yaen~4~Tb cKo pocTb 
Ha6opa ~H$OpMa4~~, 4TO MO~eT OKa3aTb CH AOCTaT04H~M AnH 
peweH~H yKa3aHHO~ 3aAa4~. 

ABTOPbl Bblpama!OT 6naroAaPHOCTb VI. n. 6apa6awy, B. E. Hoao
m~noay ~ A. VI.OcrpoBHOMY 3a C03AaH~e Heo6xoA~Moro 3neKrpoH
Horo ~ nporpaMMHOro o6ecne4eH~R, A.CaHraa 3a noMO~ b B npo-
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BeAeH~ ~ 3Kcnep~MeHTa. AsTop~ np~aHaTenbH~ ~.M.OcTaHeBM4Y 

aa ~HTepec K pa6oTe ~ noneaH ble o6cy>KAeH~R. 
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