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nm1cK 3K30H14ECK~t~x .ao11ro~<~t~BYI!IIt1X Alt15AP~t~oHoB 

I 3 B.f.A6neea ,r.r.Bopo6bea, C.B.,l\mMyxa,o;3e, X.,l\~M~Tpoa , 

C . A.3anopome~,A.n.Ko6ywK~H~ 6.K~HJ,n.K.MaHb~Koa, 
Jl.HayMaHH, B.Ho~6epT~ A.A.HoMo¢~noa, H.M . n~cKyHoa, 
H.M.C~TH~K, E.A.CTpoKOBCK~~. Jl.H.CTpyHoa, 3 . Tew3 , 
E.B.4epH~x, B.H.Wapoa 

PaccMoTpeHa B03MOJKHOCTb cymecTHoBaHHH 3K30TH ecKHX 
,D;H6apHOHHblX CHCTeM C Bb!COKHM H30CTIHHOM, B l.laCTH CTH 
,D;H6apW'~Ha Q -- C 3apH,D;OM -2, H nposep;eH 3KCnepHM HT no 
ero noHCKY B peaKIJ,HH a C _, Q-- t- X npH Pa ~ 17, 7 f:JB/c. 

E d 2 -5 
BepXHHH rpaHHI1,a p-2 · (ip:Q- < 10 M6•f3B/(cp ·(f3B/c ) 3 ) 

cet~eHHH AH<lJpaKIJ,HOHHoro poJK,D;eHHH Q I co Bpe eHeM 
JKH3HH T > 10- 7c/ B 3TOH peaKIJ,HH Haiip;eHa Pl3 TIOJlyl.l HI-fOrO 
B 3TOM Onb!Te CneKTpa KYMYJlHTHBHblX 7T- -Me30HOB OT <lJOHO
BOH peaKI1,HH a C • rr-+ X . 

Pa6oTa Bb!TIOJlHeHa B na6opaTOPHH Bb!COKHX 3Hepr H 
OWUI. 

Search for Exotic Longlived Dibaryo ns 

V.G.Ableev et al. 

The possibility of existing exotic dibaryon. sys
tem with a high isospin, in particular ofQ-- d i.ba
ryon with charge - 2.is considered. The experiment on 
its search in the aC .. Q-- + X reaction at Pa = 
= 17.7 feV/c has been performed. The upper limit 

E d a -5 3 . 
-2 · d--d0- < 1u mb.GeV/(sr. (GeV/c) ) for longhved 
p . ~7 
(r > lO s) Q-- differentiai prciduction eros~ section 
in this reaction has been found from the obtained in 
this experiment spectrum of cumulative rr--mesons pro-
duced in the background aC .. rr- + X reaction. 

The investigation has been performed at the Labo
ratory of High Energies~ JINR. 

l Hayl.IHO-HCCJlep;oBaTeJlbCKHH MHCTHTYT H,D;epHOH <lJH3HKH MrY 
1

HHCTMTYT TeopeTMl.leCKOH <l!H3HKH AH YCCP, KHeB 
3 

QeHTPaJlbHbm HHCTHTYT n,o;epHblX HCCJ1e,D;OBaHHH, PocceH,D;Op~, 

rt:~P 5 



BaeaeHue 

MtnbTHKBapKoB~e ~q ~6) KOH,Hrypa~HH o6~4HO paccMaTpH
aa~T CR npH HH3K~X MOAdX B036YmAeH~~; np~ 3TOM HdH6onee WH
pOKO aHan~3HPY~TCR C$Cp~4eCK~-C~MMeTp~4H~e COCTORH~R. nnR 
nocne AHHX ner4a~WHM MynbTHKBapKOBWM C~CTeMaM COOTBeTCTBy
eT MM H~ManbHW~ ~30CilMH. 3TO B~AHO, Hanp~Mep,M3 Ta6nH~~, 
rAe n pMBeAeHw peaynbTaTwn 1 pac4eTa cneKTpa Mace 6q-cHcTe
M~ B OCHOBHOM COCTORHHM /s 6 -KOH$Hrypa~MR/ B paMKaX MOAenH 
MIT- ~ewKa. 

0 AH3KO /CM.~/ M COAepma~MeCR TaM CCWnKM/ B MynbTM
KBapKOBWX CMCTeMaX ~BeTOMarHMTH~e C~n~ MoryT OKa33TbCR 
CTOnb 3Ha4HTenbH~MM, 4TO KOH$Mrypa~MM C BWCOKMMM Op6HTanb
H~M~ ~OMeHT3MM 6YAYT 6onee BWrOAHWMM 3HepreTM4eCKM 1 4eM 
c¢epM 4CCK~-CMMMeTpM4H~e COCTORHMR. 

0C•)6W~ MHTepec npeACTal:lnR~T 6q-t<OH$~1rypa~MH C nonHOCTb~ 
uHTMC 11MMeTpM4HO~ op6HTanbHO~ eonHoBo~ ¢YHK~~e~ 131. OKaaw
aaeTCR , 4TO 143-33 60nbW~X ~BeTOMarHMTH~X CMn B TaKMX KOH
$Mrypil ~HRX HaM60nee nerKMMM RBnR~TCR CMCTeM~ C MaKCMManb
HbiM ~1 30Cni~H(>M, a He MMI-ii-!ManbHbiM, KaK AfiR c¢epM4eCKM-CMM
MeTpM LHWX MewKDB. M~ pacc4MTanM cneKTp Mace 6q-cHcTeMw 
e KOHct•~rypa~MM sp3 d 2 C nonHOCTb~ aHTMCMMMeTpM4HQ~ Op6M
TanbHO~ BOnHOBO~ ¢yHK~Me~ /CM,Ta6n~~y/ B.paMKaX HepenRTM
BMCTCK0rO llOAXOAa C OCLtYIJlJlRTOPHWM llOTeH~ManoM TY!na 14< na
paMrTp~ MOAenM*/Macca HecTpaHHoro ~aapKa M=148,851 M3B, 
napaMerp (K/M) 1

' 2 =64,56 1~38/ 6wn111 Bb16paH~ TaK,4T06bt cneKTP 
'1 1 MaCC 6 j-CYICTeMbl B s6 -KOH$Hrypa~YI~ COOTBeTCTBOBan paC4eTy 1 

no ~IDAenM MIT -MewKa. Ma cca cocTORHYIR c MaKCY!Manb HbiM YISO
cnHHOM /T=3/ B . HaWCM pac4eTe COCTa&Mnd 2253 M38 Y1 6nM3Ka 
K Ma.CCd M Hl-!ma~WMX COCTORHM~ s6 -KOH$.1rypa~l1l' C 1130CilMHOM 
T=O M • nnR noTeH411anoa, pacTy~MX 6onee cna6o, 4eM OC~Mn
nRTOpHI:-1 ~, COCTORHI-!e C T=3 B sp 3d 2 -KOH,Mrypal\~111 6y.qeT e~e 
6onee n erKMM M MOmeT OKa33TbCR MeHbUie 1 4eM 2 (m N+ m 17) • 

. /3AeCb mN- Macca HyKnoHa, m 17 - Macca nHoHa/. T aKMM o6paaoM, 
npMHL\M r ManbHbiX aanpeToB Ha cy~ecTaoaaHM~ nerKMX A~16apvtoH
H~x COC TORHM~ C B~COKMM M30Cil11HOM HeT; I-IX 1101-!CK RBnReTCR 
aKTyan b HbiM. 

~a-sa COXpaHeHMR M30CilMH3 6q-coCTORHI1e C T=3 He CMOmeT 
pacnaAaTbCR sa C4eT CMnbHOrO B3aMMOAe~CTBI1R, ecnM ero MaC
ca MeHblle 2m N+ 2 m17 • Eionee Toro, a 3TOM cny4ae AflR 4neHoa 
HaoMynb r vtnneTa c Tz=+3,-3 /KoTop~e MMe~T 3neKTpM4eCKM~ 
3aPRA +4 M -2 COOTBeTCTBCHHO/ 113-3a COXpaHeHMR 3neKTpM-
4eCKOro aapRAa B03MomeH ronbKO pacnaA sa c4er cna6oro 
B3aMMOAt!~CTBI-1R. no3TOMY npOBOAI-!Tb llOMCK .Jq-COCTORHM~ 
c T=3 H<I M6onee ~enecoo6paaHo AflR KOH$MrypaLtM~ c MaKCM~>Ianb

HbtM T li:-

•B p c, 6oTe 4 ' 
:75 M3B. 
6 

112 
3TH napaHeTpbJ 6bliUi M=l51 :bB, (K/M) = 



CyMMapHbiH 
CITHH 
KBapKOB 

Pac tteTHbni cneKTP Mace 6q-cHcTeMbi 
AnH KOH¢HrypaUHH sp3d2 H S6 

lhocnHH sp 3d 2, thB 
CHCTeMbi 

Haw 

6 s , M.:-lB 

MIT-pactteT C ITOTeHUHaiTOM s T THna 14 1 MemoK 111 

i) I 2813 2230 2230 

0 3 2253 2790 2790 

0 2962 2155 2160 

2 2626 2491 2500 

2 2925 2342 2350 

3 0 3149 2342 2350 

Ha aoSMomHOCTb cy~ecTaosaHHR AOCTaT04Ho nerKHX 6q-Mew
KOB C H30CnHHOM T~ J HMe~TCR H 3KCnepHMeHTaflbH~e yKa3aHHR, 
K HHM OTHOCRTCR: 

-
11Y3KHe pe3oHaHct>l' 1 npH 1936 M3B H 1962 1138, HMeJO~He, 

no-BHAHMOMY, T> 1 151: 
- y3KaR oco6eHHOCTb a cneKTpe Mace pp-cHcTeM~ np~ 

2024 M36 c H30CnHHOM T=1 16 1 

M~ npeAnPHHRnH nepay10 nonbiTKY noHcKa AOnro>KHBy~ero 
/r > 1o-7c/ o6'beKTa Q--c T=3,Tz=-3 /3neKTPH4eCKHi1 aapRA 
-2, 6apHOHH~H 3apRA +2/ H Maccoi1, MeHbWei1 2mN+ 2m17 , npOI.IeC
ce $parMeHTai.IHH anb$a-4aCTHI.I ~a yrnepoAe npH nonHoi1 3Hep
rHH 4,4 r38/HyKnOH, npeAnOnaraR, 4TO npHMeCb (Q--Q++++)
-KOH$Hrypai.IHH B UOnHOBOH $YHK1.1HH anb~a-4aCTHI.I~ MOmeT 6~Tb 
-1 %, 0AHOBpeMeHHO fun H3MepeH cneKTp KyMynRTHBH~X IT --Me-
30HOB, pOmAa~~HXCR B aC-aaaHMOAeHCTBHRX, 4TO n03BOnHnO 
YCTaHOBHTb aepxH~~ rpaHHLIY Ha Ce4eHHe pomAeHHR Q- - B 3TOH 
peaKLIHH. 

flp oeeoeHue 3?<cnepUMeHma u pe3yJlbmambz 

CxeMa on~Ta /pHc.1/ 6nH3Ka K HcnonbaoaaHHoi1 HaMH paHee 
AnR HCCneAOBaHHR HMnynbCH~X cneKTpOB $parMeHTOB npH CTpHn
nHHre nerKHX penRTHBHCTCKHX RAep ~ 1 ~ XapaKTepHCTH ..., ..., pa-
6oTa cneKTpOMeTpa nOAP06HO OnHCaH~ B n~ ny40K a-4a CTHI.I 
C HHTeHCHBHOCTb~ -2,5 •1 0 10 4aCTHI.I Ha I.IHKn 1-1 H l~ nyn COM 

7 



M1 K1-4 

mmnmnm 
3 

v 
c,,2 s3,4 SA1-3 

PHc, I, CxeMa ycTaHOBKH, 

17,7 r3 8 /c HanpaBnRnCR Ha yrnepOAHYO M~WeHb C ; nOTOK 
npony~eH H~X 4epe3 Hee RAep MOH~TOpMpOBanCR TenecKonaMM 
C4MHTMnnR4MOHH~x c4eT4MKOB T1 , 2 . ~ccneAyeM~A y4acroK MM
nynbCHoro cneKrpa OTPM4aTenbHO aapR~eHH~x 4acT~4. g~nera · 

~~~X M3 MMWeHM nOA yrnaM~ 0~ 0,5~ B~6~panCR C nOMO~b~ Mar
HMTa M1; MMnynbCH~A aKCenTaHC ycTaHOBKM COCTaBnRn 

IP-PQI 100 v ---p- - -- ·· /o , rAe p - ~MnynbC, COOTBeTCTBY~~~M CepeAMHe ~C-
O 0 

cneAyeMoro y4aCTKa cneKrpa. 
3apRA per~cTpMpyeM~x 4acTM4 onpeAenRnCR no senM4MHe 

MOH~3a4MOHH~X norepb B C4MHTMnnR4~0HH~X dE / dx -AeTeKTOpax 
sl-4 M SAl-3. noporOBble 4epeHKOBCK~e C4eT4MKM cl ,2 noaso
nRnM B~AenMTb co6biTMR npoxo~AeH~R TR~enbl >-- 1m > m 71 /4aCTM4 
4epe3 yc r aHOBKy. ~MnynbC 4aCTM4 ~3MepRnCR C nOMO~b~ npo
.nOP4Mo'Han b H~x KaMep I< 5_ 7 , K 8 _ 10 ~ cneKrpoMerp~4eCKoro Ma
rHMTa M2 • AnMHa rpacc~ or MMWeHM AO nocneAHMX AeTeKTopoa 
cneKTpOMCTpa COCTaBnRna - 40 M, 

Bcero 6~no HaKonneHO 300 T~C.co6~TMA, CPeAM KOTOP~X 
M~ MCKanH TaK~e, KOTOp~e COOTBeTCTBy~T nponeTy no Tpacce 
cneKrpoMe rpa 4aCT~4~ c aapRAOM Z =-2, Ha p~c.2 noKa3aH 
aMnnMTYAH~~ cneKTp CMrHanoB /I/ C OAHOrO M3 dE/dx -AeTeK
TOpOB Ha pa6o4e~ CTaT~CTM~e M cneKTp /2/, CHRT~A npM Ka
nM6pOBKe Ha ny4Ke penRTMB~CTCKMX anb~a-4aCT~4. 0Ka3anOCb, 
4TO B paGo4eA CTaT~CTMKe HeT H~ OAHOrO C06~TMR, AaBwero 
OAHOBpeMe HHO B Tpex ~ 6onee dEtd~AeTeKTOpaX OTC4eT, COOT
BeTCTBY~~MA I ZI = 2. 

$aKTM 4eCKM BCR CTaTMCTMKa COOTBeTCTBOBana C06~TMRM 
pO~AeHMR "--Me30HOB B peaK4MMaC·rr- + X. AaHHble /cM,pMc.3/ 
nonpasne H ~ Ha reoMeTpM4eCKy~ 3$$CKTMBHOLrb ycTaHOBKM, KO
TOpaR pa CC4MT~Banacb MCTOAOM MOHTe-Kapno; npM 3TOM y4~Tbi

BanMCb MHOrOKpaTHOe KynoHOBCKOe pacceRHMC Ha Tpacce ~ B 
3neMeHrax ycraHOBKM, pacnaA rr--Me3oHa Ha nery. CraTMCT~-
4CCKaR owM6Ka ce4eHMA He npes~waer 1 056 .• flnR roro 4TOG~ 

onpeAenM Tb HOPMMpOBKY M3MepeHHOrO HaMM cneKTpa KyMynRT~B-

8 
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X 

1,5 2,25 3,0 

PHc. 2. AM11J1HTYAHbJe cneKT

Pbi CHI'HaTIOB OAHOI'O H3 

dE/dx-AeTeKTOpOB Ha pa-

6o4eH CTaTHCTHKe /1/ 
H Ha KaTIJ-t6pOB04110M ny4Ke 

an~a-qac7H~ /2/. 

PHC. 3. 0THOCHTeJihHbJe HJI

BapHaHTHwe ceqeHHR swxo

Aa 11 -Me30IIOB B peaK~HH 
aC~ 11- +X(0°, Pa = 

17,7 f3B/c) B 33BHCHMO

CTH OT HMnynhCa UHOHa 

B n,C, 0wH6KH CTaTHCTH

qeCKHe, HX BeflH4HHa He 

npeBOCXOIJ;H-T pa3Mepa CHM-

BOJ1a, ~ 

X 

)( 

)( 

X 

3,75 4,5 

X 

p 1106 (r3B/c] 

H~x 11 -Me3oHoe, M~ ~3Mep~n~ np~ Tex me reoMeTp~4eCK~X xa
paKTep~cT~Kax ycTaHOBK~ cneKTp RAep 3He B peaK4~~ $par
MeHTa4~~ aC -> 3He+X(0° , Pa = 17,7 r3B /c) B OLiJlaCT~ Ma KCs-tMy
Ma B~XOAa. 3TOT cneKTp 6~n OTHOpM~pOBaH Ha AaHH~e~/ no 
TO~ me peaK41-1~ np~ ~Mnynbce CHapRAa 2,88 r38/C/HyK.OH: 
KaK cneAYeT ~3 181 ~ 111.12< ce4eH~e peaK4~~ $parMeHTa4s-t~ 
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ct 
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UJN a_ 

X~ 
04x • 

101 

10"2 

0,0 o, 1 0,2 
TKUW 

a< 6. 
~X 

0 
0 

0,3 
( r)B I 

0,4 

A 

0 

P 11c. 4. HHBaplfaHTHbJe cet.~eHHH BbiXOp;a 11 -Me3oHoB 

B peaKL\HHX 

> -aC --> 11 - _,_ X (0 °, Pa = I 7, 7 f3B/ c ), 

- aC_,11- + X (O o, P a = II ,5 f3B/c), 

- p a -• ,- ~ X (180 °, pp = 3,9f3B/c) x 12 

'B 3 aBHCHMOCTH OT KHHeTHt.leCKOH 31iepl'HH llHOHa 

113 

B ClfCTeMe IJOKOH a.n b<Pa-qacTHI.J;bl, 0wH6Kif CTaTHCTH-

t.le CKHe, lfX B~O~t.lHiia He rrpeBOCXO,ll;HT pa3Mepa ClfM-

BO.Ila, ,[{aHiibJe 1 · rrplfBep;eHbi c yt.~eToM A-3aBHCHMo-

CTH cet.~eHHH KYMYJIHTHBHOI'O polK,[IeHHH IlHOHOB OT 

MaCCbl Hp;pa MHWeHH '!3 / . 

nerK~x Rp;ep s o6nacT~ era MaKC~MyMa He 3as~c~T /c T04 -

HOCTb~ S 10%/ OT ~Mnynbca CHapRp;a, Ha4~HaR c - 1 r3B/c/HyK

.110H, n ocne 3Toro 6wna onpeAeneHa HOPM~posKa ~3MepeHHoro 

HaM~ c neKTpa KYMY.f!RT~BHWX 17--Me30HOB, T04HOCTb KOTOpO~ 

MW o~ eH~saeM s 10%. 
HHs ap~aHTHble ce4eH~R Bb!Xop;a KYMY.IlRT~BHblX n~OHOB "sne 

pep;11 s peaK~~~ aC -• rr-+ X noKa3aHbl Ha p1-1c. 4 BMecT e c p;pyr~~~~ 
p;aHHbiMI-1 t9,tO I. KaK BI-1AHO, OH~ AOCTaT04HO XOpOWO cornaCyiOT-

ffia --
CR, nocKO.IlbKY O>K~p;aeMaR m - cr , TO np~ nOI-1CKe Q B peaK-

Q-- G 

l~l-1~ CT p 1o1nn1-1Hra ecTeCTBeHHO 6bl.ll0 npep;nonaraTb MaKCI-1MYM Bbl

xop;a n p l-1 c..£.) 
10 z Q--

- ~a , rp;e ~ 6blna HaKonneHa ocHOBHaR eTa-



T~CT~>~Ka. B 3TOH o6naCTH ~~t3MepeHHOe HaMH ce~eHHe ~oHoB~H 
3 

peaKLIHH aC -+ 17- + X COCTaBHflO /1 ,0_:: 0,06/ M6 •raB/(ce.'_!3B /C ) • 
OTCIOAa i-\IlR ce~:~eHHR pO>KAe:-lHR Q-- a peaKI4HH cTpHnnHHra 
aC _, Q-- + X cneAyeT .sepXHRR 014eHKa 

E~ < 10-5 M6 raB/(cp·(raB/c)
3

) npH apeMeHH >KH3HH 
dp -7 

TQ-- > 10 C, 

3aKJ110~ e Hu e 

0TPH14aTenbH~H peaynbTaT AaHHoro noHCKoaoro 3Kc epHMeH
Ta He 03Ha4aeT, 4TO 6q•CHCTeM~ C BbiCOKHM H30Cni-IHOM He cy
~eCTByeT, nOCKOflbKy np~ npoBeAeHHH 3KCnep~MeHTa M OpHeH
THPOBanHCb Ha nOHCK AOfl1"0lKHBy~erO AH6apHOHa Q-- C Ma~COH 
+~eHbwe 2 (mN"" m"), OAHoapeMeHHO npeAnonaraR, 4T<> np~Mecb 
(Q-- Q++++ )•KOH~H1YPB14HH B BOflHOBOH ~yHKt,HH RApa "He 
MBCWTa6a 1%. no3TOMy BOOpOC 0 Cy~eCTBOBaHHH 3K30TH4eCKHX 
6q-CHCTeM C BbiCO~M, BnflOTb .AO MaK~MaflbH01"0 0 H30Cn11HOM 
OCTaeTCR, Ha HaW B31"flRA, OTKpbiTbiM~ 

AaTopbl 6naroAaPHbl A.M . 6anAHHY ~ A.6.roaopKoay aa npo
RBneHHbiH l-!MI1 HHTepec 11 noneaHble o6cy>KAeH11.R aonpoca o ao-a
MO>KHOM .cy~eCTBOBaHHH H COOC06ax OOHCKa 3J<30TH4eCKI1X AOn-
1"0lKI1BY~I1X Al16api10HHbiX CHCTeM ~ noAAep>KKY AaHHOH pa60Tbl . 

Mbl 6naroAaPHbl TaK>Ke 3.n.MoT11HoH H P.H.neTpoaoH aa no
M~b Ha acex 3Tanax BblnonHeHHA 3TOH pa6oTbl. 

Jlumepamypa 

1. Mul~ers P.J., Thomas A.W.J.Phys.G: Nucl.Phys., 1983, 
9, p. 1159. 

2. HeyAa4H.,iB.r., 06yxoscK~~ti1 H.T., CMI1PHOB 10.<1>. 34M!, 
1984, T.15, c.116S. 

3. Wong c .• w. Phys.Lett., 1982, 1"088, "J>.3~3. 
4. Liberman O.A. Phys.-Rev., 1977, 016, p.1542. 
5. 6ewn111y K. 11 AP· OHRH, A1-83-815~ Ay6Ha, 1983. 
6. 6aHpaMOB A.A. Ill AP· OR3111, P1-i33-207, /lY6Ha~ 1983. 
7. A6neea B. r. H AP. nT3, 1983, II' 1 , c. 33. 
8. Anderson L. et al. Phys.Rev., ~983, C28, p.1224 . 
9 . Moeller E. et al. Phys.Rev., 1983, C28, p.1246 . 

10. Baldin A.M. et al. JII~R, El-82-472, Dubna, 1932 . 
11. Ableev V.G. et al. Nucl.Phys., 1933, A393, p.49 1. 
12. A6neea B.r. 11 AP· R•, 1983, T.37, Bbln.1, c.132 . 
13. 6anAHH A.M. 34AR, 1977, T.8, Bbln.3, c.429. 
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Y3KHE AHnPOTOHH~E PE30HAHCW B PEA~UHH 
np • pprr - nPH Pn = 1 ,257 r3B/c 

~.A.TpoRH, A.B.H~K~T~H, B. H . ne4eHoe, 
B.H.Mopos, A.n.Hepycan~Moe, A.n.CTenbMax 

12 

ilpep,cTaBneHbl pegynbTaTbl ITO HCCnep,oBaHHIO Y3KHX ,D,H
IlPOTOHHblX pegoHaHCOB B peaK~Hii np .. pprr- rrpH Pn = 
= 1 1,257+0,0351 f3Bic Ha CTaTHCTHKe 3665 c06WTHA, Tio
Ka3 3HO Cyll\eCTBOBaHHe PRP,a Y3KHX oco6eHHOCTeA . C f gKcrr."" 
... He cKonbKO M3B. Ha1-16onee xopowo CTaTHCTH'leCKH p6ec-
rretieHHblMH RBnRIOTCR IlliKH: 

M1 = 11923~11 M3B, 1'13 = I 4 , 5!... 2 ' I f M3 B ) 

-01 = 122,6~3,41 MK6; 

M 2 = 11933~11 M3B, I' 23 = I 2 , 7.:. I , 6 I M3 B ' 

a 2 = I I 9 , 2 .:_ 3 , 4 I MK 6; 

M3 = I1942~1I · M3B, 1·33;, 16,6~5,31 M3B, 

a3 = 126,7~5 ,61 MK6; 

M4 = I 1979~1 I M3B 1 1·43= 14,8.:_2,51 M3B, 

04 = .115,3.:_3,91 MK6, 

3KcnepHMeHTanbHoe pa3pemeHHe no MaccaM B cpep,HeM paBHO 
l ' pa

3
p. = 2 M3~. 0611\aR ~onR scex pegoHaHCOB B peaK-

f..\lil-1. np , ppr.- COCTaBnReT 137. IlPH Unp, pprr- = 10,89.:_ 
0' I 51 M6. 

Pa6oTa BbiilOnHeHa B JJa6opaTOplili Bb!COKHX 3HeprHfl 

0115111. 

Narrow Diproton Res.onances in the np • pprr
Reacti o n at Pn = 1.257 GeV/c 

Yu.A.Tr oyan et al. • 

The results of investigation of the narrow dipro-
ton re sonances in the np · pprr - reaction at Pn = 
/1.257 +0,0351 GeVIc are presented with the 3665 event 
stat ist .ics. The existence is shown for a set of nar
row peculiarities with l'exp of some MeV. The pe
aks mo s t statistically provided for are: 
M1 = (1 923~1) MeV, l ' 13 = (4.5~2.1) MeV, 

a l = (22.6~3.4) ~b; 

M2 = (l ~ JJ..::_I) MeV, 1'23 ( 2 • 7 :_I • 6 ) MeV , 

a 2 = (19.2.:_3.4) ~b; 



M3 =: {!942~1) Mev, r 33 (6, 6~5. 3) MeV, . 

a 3 = (26.7~5.6) ~b; 

M4 = (1979~1) MeV, r43 = (4.8~2.5) MeV, . 

04 = (15.8~3.9) ~b. 
The average experimental resolution is equal to I 'res = 
2 MeV. The total contribution of these resonance s 
into the np .... pprr- reaction is 13% for a np . pp 77- = 
= (0.89+0.15) mb. 

The investigation has been performed at the La ora
tory of High Energies, JINR. 

B pa6oTax 11·2 1 Mbl C006U4aJU1 0 Ha6JJIOAeH!-H1 Y3KHX I r , 
10 M3B/ · oco6eHHOcTe~ 8 pacnpeAeneHa-tRX 3~e~ Ta-t8Hb1X 

Mace A8YX npOTOH08 8 paana-t4Hb1X peaK~a-tRx np-83aa-tMOAe~

CT8a-t~ MOHOXpOMaTa-t4eCKHX He~TpOH08 pa3HbiX 3Hepra-t~ 8 1-MeT
p080~ BOAOPOAHO~ KaMepe nB3 OHRH . 

3AeCb Ha 60JlbWe~ CTaTa-tCTa-tKe a-t C Jly4WHM paapeweHa-teM Mbl 
npeACTaBnReM a-tccneAOBaHa-te cneKTpa 3$¢eKTa-tBHbiX, Mace AB YX . 
npOTOHOB H3 peaK~~-~~-~ np .. pprr- npa-t Pn= /I ,257+0,035/ r 3B/c , 

PeaK~HR np • pprr- BbiAenReTCR MeTOAOM x2 c -:.eTblpbMR 
ypaeHeHa-tRMa-t CBR3a-t . Ha pa-te , I npeACTa8neHo 3Kcnepa-tMeHTanbHOe 
pacnpeAeneHa-te x 2. TaM ~e cnnowHo~ Jla-tHa-te~ noKaaaHo TeopeTa-t-
4ecKoe pacnpeAeneHa-te AJJR 4eTpblx cTeneHe~ ceo60Abl, KoTopoe 
xopowo cornacyeTcR c 3Kcnepa-tMeHTOM. rpaHa-t4Hoe 3Ha4eHH 
B3RTO Xr~ = 12,5, 4TO COOT8eTCTByeT 0,5% AOBepa-t!eJlbHOMy 
ypoeHIO, Bcero e Bbl6paHHOM 3¢¢eKTHBHOM o6beMe BbiAeneHo, 
3665 co6b1TH~ np -• pprr - . Ce4eHa-te peaK~a-t·a-t npa-t yKa3aHHOM HM-
nynbce pasHa o 1111 • pprr- /0,39~0,15/ Mti, 

II') 

320 

280 

~ 240 

u:i ZOO 
0 ... 

160 

120 

80 

ItO 

2 " 6 • 

J.l. 

PHC. I . p acnpe;:~eneHae x2 M R 
C06bJTHH peaK~H np ... pprr-: 
fHCTOrpaMMa - 3KCnepHl-teHT, 
cnnomHaH JlHHHH - TeopeTH. .Je .. 
cKoe pacnpeAeneHHe AJIH 4- x 
CTeneHeH CB060Abl, 
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OPE(£••1) ONE~·') OA[(t· -1) PHc. 2. ,I.J;HarpaMMbJ AJUI onHca-

=C -~P 
HHR peaK~HH np -> pp17- llpH 

n n ll n p 
a) ~p 11' _') Pn = I ,257 f3B/c. 

p p p p p l[ 

nii ')pI II" 
l &) nil!-

p ~ 

~~3 
•l%~)s' '"' 

t 

PHc.3 . Yrnoaoe pacnpe~eneHHe ~ ~ 
17--Me30HOB H npOTOHOB B c.~.M 

'tj) 

peaK~HH np -. PP"- npH Pn = 

• 57•4oM•It~tOP£ 
K=1,75 

160 

80 

1~257 fsB/c. ToqKH - cyMMa 
57% OM: H 43% OPE c napaMeT- - j -~ -q2 0,2 0,6 •1 -1 -~G.2 o,a o,• •1 

POM K = I, 75. Cose;. c~~ 

Ana onHcaHHa peaK~HH Hcnonh3oeanHCb MaTpH4H~e 3neMeHT~ 
Tpex n oAnpo~eccoe: o6MeH "-Me3oHaMi1, o6MeH !1aa-H3o6apoo, 
o6M~H npoToHo~. CooTeeTcTey~~~~~e AHarpaMM~ H3o6pa*eH~ Ha 
pHc . 2 . BepoRTHOCTH ecex ROAnpo~eccoe 3an~~tc~eanHcb e peA*e-
30BaHHOI1 'tJOpMe: 

t 
t a ( u) 2 

W -[g(t) · ~(u) · (S ' ) ) ·a (1 + a __, 3 + 4) nOTOK /3,4/. /1/ 

3Aecb g (t) = e Kt - eepwHHHaR !PYHK~HR, K - napaMeTp, noA-
6HpaeM~I1 H3 3KCnep~~tMeHTa, 

~( t) = [1 + r expJ-i11a( t )ll r sin11a( t)-
.u u u 

- CHr Ha Typa. OcTanbH~e 0603Ha4eHHR RCH~ 1113 pHc.2e,06MeH
H~e TpaeKTOPHH B~6paH~ B !IJOpMe 
a 17 (t) -= 0+ 1 •t - 0, 
ap (u)"' -0,39+1 ,01 u- 0,5, 
a, (u) = 0 , 1 5+0 , 9 u - 1 , 5. 
Hn 6 • /3-5/ eo XOAHMble CBeAeHHR no 3THM BOnpocaM MO*HO Ha11TH B · 

BKnaA~ noAnpo~eccoe onpeAenRnHCb no yrnoB~M pacnpeAene
HHRM 17- -Me30HOB H npOTOHOB B C,~.M. peaK~HH, KOTOp~e HaH-
6onee 4YBCTBI1TenbHbl K BI1AY 06MeHHbiX TpaeKTOpHI1, Ha PHC, 3 
npeACTaeneH~ yrnoe~e pacnpeAeneHHR rr--MesoHoe H npoTOHOB, 
0HH XODOWO OnHC~Ba~TCR CYMMO~ BKnaAa OT o6MeHa rr--Me30Ha-

14 
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PHc. 4. CetieHHe ~N _, PP pe

aK~HH B npOH3BOnbHWX egHHH

~ax KaK ~yHK~HH . 3~eKTHBHOH 

MaCChi ABYX npOTOHOB • 

M~ /43%/ ~ OT 06MeHa ~33-
-~306apaM~ /5]%/, na paMeTp 
K = 1 ,75. OTMeT~M, 4TO a 
npo~ecc o6MeHa ~-~3o6apaM~ 
BHOC~T BKnaA KaK 06MeH ~+~ 
TaK ~ 06MeH ~+, aepORTHOCT~ 
KOTOpbiX OTHOCRTCR Ka K 9: 1 • 

BKnaA oT o6MeHa poTOHOM 
a on~caH~e yrnoablx pacnpe
AeneHI-1.:1 oKa3ancR ManbiM /Me
Hee 10%/, ~ Mbl ~M n peHe6pe
rn~ np~ AanbHea:iweM nocTpoe
H~~ ¢QHOBOH Kpi-IBOH. 

Ecn~ np~ KoHcTpy~poaaH~~ 

MaTp~4Horo 3neMeHTa AnR "
·Me30HH~x o6MeHOB MO*HO ~c-
nonb3oBaTb ~3eecTHble AaHHble 
"N-pacceRH~R, TO ce4eH~e 
~N-pacceRH~R B H3y4ae MOH o6-
nacT~ 3¢$eKT~BHbiX Ma ce ABYX 
npOTOHOB HeH3BeCTHO, no3TO
MY Mbl nocTynHnl-1 cneAY~~~-~M 

o6pa30M: 1-13 3KcnepHMe HTanb
Horo pacnpeAeneHHR Mpp Bbi-
4TeHo pacnpeAeneHHe, Aaeae
MOe " -Me30HHbiM OOMeHOM, C 
eeCQM 0,43. OcTaeweecR pac

npeAeneHHe noAeneHo Ha eepoRTHOCTb, onpe~enReMy~ ~ -o6Me
HOM I eM. cpopMyny ( 1) 1, a KOTopoa:i a {N + ~ ... p + p) nono*e
HO paBHbiM 1 • nony4eHHOe ce4eHHe ~ _, pp npeACTaane o Ha 
p~c.4 KpecT~KaM~. 0Ho COAeP*HT Bb16pocbl, o6R3aHHble e3o
HaHcaM B CHCTeMe ABYX npOTOHOB, 6epR Hepe30HaHCHy~ 4aCTb 
I cnnowHaR KPHBaR Ha p~c. 4/ H 3aKnaAb!BaR ee a MaTp~4 HbiH 
3neMeHT AnP ~ -o6MeHa, MO*HO Bbi4~CnRTb pacnpeAeneH~R Mpp 

OT 3TOrO npo~ecca, 3aMeT~M, 4TO Ha CaMOM Aene Mbl Bb14~CnR

eM $OH He aT CaMara ~ -06MeHa, a aT HeKaTapora 3¢$eKT~B
Hara npa~ecca, B KaTapaM y4aCTByeT ~ 06MeH npaTaHOM, 

Ha p~c. 5 npeACTaaJJeHo pacnpeAeneHHe 3¢$eKT~BHbiX Mace 
ABYX npaTaHaa ~3 peaK~HVI np _, PP" np~ Pn = 1 ,257 f 3B/c. 
0Ha annpaKC~MHpOBanacb HeKarepeHTHaa:i CyMMOH KpVJBbiX OT cpa
.HaBbiX npo~eccaa I 43% OPE ~ 57% 0~ I ~ ceMb~ pe3aH HCHbiMH 
KpHBbiM~. nyHKTHpaM ~306pameHa $aHaBaR KpHBaR, HapMHpOBa~

HaR Ha 4HCna Hepe3aHaHCHbiX ca6b1T~H . 15 



.... 
1!0 ......... 

I'Q 
(') 

t... 

1,110 ,.. . '''' ,_, t;IZ 
1'1p p (f3.B) 

PHc.S. PacnpeAeneHHe 3~eK
THBHhlX Mace AByx npOTOHOB H9 
peaK~HH np -+ pprr- npH P n = 
= 1,257 f3B/c. CnnomHaH KpH
BaH - annpOKCHMHpy~aH KpH
BaH, nyHKTHp - ~OHOBaH KpH
BaH,HOpMHpOBaHHaH Ha Hepe-
30HaHCHyiD qacTb pacnpeAene
HHH . 

Peayll bTaTbl annpoKCHMai.IHH npHBeAeHbl a Ta611H4e. TaM >Ke 
B 4-H KOilOHKe noKa3aHbl 3Ha4eHH~ ROilHbiX WHPHH $YHK1.1HH pa3-
peweHHR RO MaCCaM B COOTBeTCTBy~~HX 06/laCTRX. 4T06bl nony-
4HTb 3Ha 4eHHR HCTHHHbiX ROilHbiX WHPHH pe30HaHCOB, HaAO H3 
3Ha4eHHH f'3 /BTOpaR KOilOHKa Ta611HI.Ibl/ Bb14eCTb 3Ha4eHHR f pa3p .. 

Ta6nHu,a 

M +. l'.M r 3Kcn • .!.ll r O.!_llO(MK6) rpasp. -
(MsB) (M3B) (MsB) 

1901+1 4,6.:!:_4,5 11,7.:!:_4,1 I, 5 -
1911+2 4,0.:!:_3,9 7,0.:!:_2,4 1,8 

1923+1 4, 5.:!:_2, I 2 2' 6.:!:.3· 4 2,1 

1933+ I 2,7.:!:_1,6 19,2.:!:_3,4 2,5 

1942+1 6,6.:!:_5,3 26,7!:_5,6 2,8 

1959+2- 3, 3.:!:_ 2 , I 7,0.:!:_3,2 3,3 

1968+2 3,5.:!:_3,3 4,1.:!:_2,9 3,5 

1979+1 4,8.:!:_2,5 15' 3.:!:.3· 9 3,8 

BKI1~4eHHe a annpoKCHMai.IH~ cTaTHCTH4eCKH He3Ha4HMbiX oco-
6eHHOCTeH n PH Maccax 1901, 1911, 1959, 1966 M3B onpaBAaHo 
TeM,4TO ROA06Hble oco6eHHOCTH Ha611~Aa11HCb B PRAe 3KCnepHMeH- 
TOB / 2,6, 7-9 I . 
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OTMeTHM, 4TO cyMMapH~~ 3$$eKT a pa~oHe MaCCbl 1~36 M3B, 
OTMe4aBWH~ CJl HaMH paHee ~ -: AOBOilb HO BeflHK /npeBbiWet-IHe HaA 
$OHOM- 7 CTaHAapT~X OTKilOHeHH~/. 0AHaKO npH yBei1H 4eHHH 
CTaTHCTHKH H YI1Y4WeHHH paapeweH~Jl nHK pac~enHilCJl Ha 3 5o
flee Y3KHX . 

nony4eHHble pe3yi1bTaTbl OCTaBilJliOT OTKPbiTbiM BonpOC 06 H30-
TOnH4eCKOM CnHHe Ha6I110AaeMbiX Y3KHX AH6apHOHHbiX pe30HaHCOB: 
HilH HX H30TOmt4eCKH~ CnHH paBeH 1, 11I1H nepBOHa4ai1b t-tO o6-
pa3yiOTCR CHCTeMbl C 1=2, KOTOpble 3aTeM npeTepneBaiOT paAHa
~HOHHble pacnaAbl C H3MeHeHHeM nOilHOrO H30TOnH4eCKOro CnH
Ha 121. 

Jlumepamypa 

1. 6ewnHY K, H AP· O~H~, At-83-815, Ay6Ha, 1983 . 
2 . 6ewnHy K. H AP · O~R~, A1-85-433, Ay6Ha, 1935 . 
3. noHOMapes n.A . 34AH, 1976, T, 7, Bbln . 1, c. 186 , 
4. Storrow J , K, Phys.Rep . , 1984, 103,No 6, p.317. 
5 . Ka~Aanos A. 6 . , HHnos A.$. R$, 1985, T,41, c .768 . 
6 . 6a~paMos A.A . HAP· O~R~, P1-83-207, Ay6~a, 1983. 
7. A3HMOB C.A. H AP · npenpHHT $TH, 27-8~-$83, TawKe T, 1984. 

A3HMOB C.A. H AP· R$, 1985, T,42, <::, 913. 
8. AraKHWHeB r . H. HAP· OHRW, 1-84-103, Ay6Ha, 1984. 
9. EpMaKOB H. K. HAP · npenpHHT nHR$, 11089, n. ' 1985 . 
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KP~CTAnnorPA~H4ECKHE AAHH~E 
H CHMMETPH~ ~A3 rHAPOCYnb~ATOB 
H rHAPOCEnEHATOB UE3HH 

A.M. 6anarypos, A.B.6enywKHH, A.H.~ecKpoBH~H, 

C.BpaTHcnas! H.BoHCH~KH, H.A.AaTT, M.Anoyra! 
3.Hpa K~ H.HaTKaHe~. 6.H.CaseHKO, n.A.Wysanos4 

llpHBeP,eHbl HOBbie H 3aHOBO paCCMOTpeHbl paHee nony
ll. eHHbie p;aHHbie no KpHCTannorpa.PHll.eCKHM napaMeTpaM 
H CHMMeTpHH 4la3 ·rHp;po- H p;eil:Tepocynb.PaToB H ceneHa
TOB ~e3HH. YcTaHoaneHo, ~TO npocTpaHCTBeHHaH rpynna 
KaK .Pa3hl III CsHS04 , TaK H .Pa3hl II acex HCcnep;oBaH
HbiX KpHCTannoB - P21 /c,PaC<:MOTpeHhl BapHaHTbl CHMMeT
PHH cynepHoHHOH <Pa3bl I. TpaHcnH~HOHHaH CHMMeTpHH 
KpHCTannoB B 3TOH .page O,!l,HHaKOBO XOPODIO ODHCbiBaeTCH 
r eKcaroHanbHo¥1: H TeTparoHanbHOH pemeTKaMH, op;HaKo 
BOUpOC 0 npOCTpaHCTBeHHOH CHMMeTpHH OCTaeTCH llOl(a 

't ·! 
O'rKpbiTbiM. 

Pa6oTa BbmonHefla a JlaoopaTopHH Heil:TPOHHo¥1: IPH3HKH 
OH51H. 

Crystal Data and Symmetry 
of Phases of Cesium Hydrogen 
Sulphate and Selenate 

A. M.Balagurov et al. 

New crystallographic data of cesium hydrogen and 
deuterium sulphates and selenates are reported to
ge ther with previously obtained data which are re
analysed. For all the compounds in phase II as well 
a s for CsHS0 4 in phase III the space group has been 
de termined to be P2 1/ c.The symmetry of superionic 
phase I is also discussed. In this phase the unit 
cell is hexagonal or tetragonal but the space group 
is not yet known. The experiments have been perfor
med on neutron diffractometer on the IBR-2 pulsed 
reactor. 

The investigation has been performed at the La
bor atory of Neutron Physics, JINR. 

lllonHTeXHH~eCKHH HHCTHTYT, llpara 
2MOCKOBCKHH XHMHKO-TeXHOnorH~eCKHH HHCTHTYT HM.~.H.MeH

p;eneeBa 
lHHCTHTYT IPH3HKH, llpara 
4HHC THTYT KPHC Tannorpn.PHH AH CCCP HM.A.B.illy6HHKoaa, 

lSMOCKBa 



Beeoe~tue 

B He~TPOHorpa<)ll14eCK11X pa6oTax 1 1- 6 <sblnonHeHHbiX a IlH<I> 
O~R~ paHee, 113y4a1111cb <)la3bl 11 <)laaoable nepeXOAbl a ~PI1CTan
nax r11Apo- 11 Ae~Tepocynb<)laTa uea11R, cy~ecTBY~I1e a 11HTep
aane TeMnepaTyp OT KOMHaTHO~ 11 AO T04KI1 nnaaneHI1R, B HO
BO~ cep1111 3Kcnepi1MeHTOB nony4eHbl KPI1CTannorpa<)ll14eCK11e 
AaHHble A11R <)laa r11APO- 11 Ae~TepoceneHaToB uea11R. KpoMe 
Taro, YAailOCb 06bRCHI1T~ HeKOTOpble 113 pe3y1lbTaTOB, OTHO
CR~HXCR K KP11CTa111laM Cyilb<)laTa Ue311R, KOTOpble paHee OCTa
Ba1111Cb HeAOHRTbiMI1 111160 6bl1111 HenpaB111lbHO 11HTepnpentpOBa
Hb1. no3TOMy 8 HaCTORU{e~ pa6oTe npi1BeAeHbl HOBble 11 epe
CMOTpeHbl CTapble AaHHble no CI1MMeTPI111 <)la3 Kp11CTa111108 CsHSQ

4
, 

CsDS04 , CsHSe04 11 CsDSe04 • 
npoCT~e cpaBHeHI1e Al1¢paKU110HHbiX cneKTpos, 113MepeHHbiX 

Ha A01111Kpi1CTa111laX, no~a3b1BaeT, 4TO 3TI1 COeA11HeHI1R 1130-
MOp¢'Hb1 KaK a <)laae I, TaK 11 a <)laae II, 11 TOilbKO CsHS04 
11MeeT, KpOMe Taro, oco6y10 <)laay III. 0AHaKo KPHCTannaM 
ri1APOCY1lb<)laTa ue311R API1AHCb1BaJlaCb npOCTpaHCTBeHHaA rpyn
na P2 1 / m s <)laaax III 17111 II 12 ' , a KP11CTannaM rHApoceneHa
Ta ue311A - rpynna P2 /c e cpaae II / 8 / , cooTeeTcTBeHHO 'flapa
MeTpbl 31leMeHTapHbiX A4eeK C111lbHO pa311114a1111Cb /Ta6H . 1/. 
B To >Ke speMA Ha Hei:tTpoHorpaHMax CsHSO 4 s cpaaax I II 
11 II /Aanee CHS -III H CHS -II/ 11 CsDS04 B <)laae II fAa
nee CDS -II/ npi1CYTCTBYIOT 111111WHI1e 11 AI14>Pa-KUHOHHble nHK11, 
T,e, A11KH, KOTOpble He 11HA11UI1PYIOTCA B yKa3aHHbiX peweTKaX, 
~eAaBHO npoaeAeHHbli:t aHa11H3 K<)loporpaMM KPHCTanna CDS-II 
AOKaaan 19 1 ,4TO 11CTHHHOH npocTpaHCTBeHHOH rpynnoi:t 3 TOH 
cpaabl ABilAeTcA P2 1 / c,l1 Heo6XOAI1MO nepeonpeAe1111Tb na paMeT
Pbl 31leMeHTapHOH A4eHKH ., npHBeAeHHble a 121• H11>Ke noKa 3aHo, 
4TO aHanorl14Hoe nepeonpeAeneHHe napaMeTpos Heo6XOAHMO 
CAenaTb l1 ~IlA CHS-III H II. AnA CsHSe04 B cpaae II /CHSe
-II/ napaMeTpbl B pa6oTe1 81 npHBeAeHbl npaBHJlbHble, HO H 8 
3TOM C1ly4ae HCTHHHOH npocTpaHCTBeHHoH rpynnOH RBilAeTCA 
P21 /c . 

KpoMe peaynbTaTos no <)laaaM II! 11 II,s HacToR~ei:t pa6o
Te OfiCYlKAaeTCA Bonpoc 0 CHMMeTpHI1 H napaMeTpax A4eHKH 
cynepHOHHOH <)la3bl Kpi1CTa111108 ri1APOCy1lb$aTOB 11 rHAPOCeJle
HaTOB ue311R. 

601lbW11HCTBO 3KCnepi1MeHTOB BbiAOJlHeHO Ha HeHTpOHH M Al1¢
paKTOMeTpe AH-2, Aei:tcTBYIO~eM Ha 11MAY1lbCHOM peaKTope H6P-2 
s IlH<I> OHR~ 1 10 ~H3MepR1111Cb ABYMePHble Al1¢paKU110HHble cneKTpbl 
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____________ ........ 
c paaeepTKOH no A"HHe eonHw H yrny pacceRHHR. 0AHOBpeMeH
HO p~rHCTpHpOBanHCb BCe nHKH, nonaAaO~He B HHTepeanw 
1+12A no dh~ H 12° no yrny pacceRHHR. npo~eAypa Harpe
BaHHR o6pa3~0B npH nepeXOAe B $a3y l 6wna TaKOH *e, KaK 
B 141 ,MoHOKpHCTannH4eCKHe o6pa3~W npeACTaBnRnH co60H nna
CTHHKH o6~eMOM OT 3 AO 20 MM 3 , Macca nOnHKPHCTannH4eCKHX 
o6paa~oe 6wna oKono 3 r. CneKTPw oT nonHKPHCTannoe HaMe
PRnHcb npH yrnax pacCeRHHR 45, 90 H 145°, OT MOHOKpH
CTannoB - npH 20 = 90° , a npH yT04HeHHH napaMeTpOB R4e~
KH - npH 150°. AnR KanH6pOBKH AaHHWX no dh~ npHMeHRnCR 
CTaHAapT HWH nonHKPHCTannH4eCKHH Al2 03 .~3MepeHHR AH$paK
~!-!OHHWX cneKTpoe oT nonHKpHCTannoe CHS , CDS H CHSe 6w
nH TaK*e npoBeAeHw Ha cneKTPOMeTpe o6paTHOH reoMeTpHH 
K,llCOr-M I ll / OAHOBpeMeHHO CO cneKTpaMH Heynpyroro pacceRHHR 
HeHTPOHOB ·' 1•3 •6 ' . Ha pHC. 1 npeACTasneHw HeHTpOHOrpaMMW 
Tpex $aa CHS,nony4eHHwe nocne HOPMHPOBKH Ha cneKTP naAaO
~HX HeHT POHOB H BW4HTaHHR HeKorepeHTHOH COCTaBnRO~eH $o
Ha. ~HAeKcw MHnnepa AH$paK~HOHHwx nHKOB /ApyrHe, 4eM 
e paHee ony6nHKOBaHHwx pa6oTax 2 •31 / nocTasneHw c y4eTOM 
AaHHwx, npeACTasneHHWX e HaCTOR~eH pa6oTe. AH$paK~HOHHwH 
cneKTP aT nonHKPHCTanna CDS -II, KpoMe taro, H3MepeH Ha 
Al-1$paKTOMe Tpe noni-!TeXH!-14eCKOro HHCT!-!TyTa B P*e*e /4CCP/, 
TaM ~e npo BOAHnHCb H3MepeHHR no onpeAeneHHO npo~eHTa 
AeHTepHR, npH KOTopoM e nopowKax CsHx D1_xS04 cy~ecTsy
eT nepeXOA Ill-. II. B o6paa~ax, o6oaHa4aeMwx KaK CDS 
1-1 CDSe, Ae HTep!-!posaHHe 6wno nposeAeHo Ha 70%. 

2 . P e 3y.!lbmambl 

2.1. CsHS04-III. KpHcTannorpa$H4eCKHe AaHHwe H Koop
AHHaTw aToMOB CHS -III 6wnH onpeAeneHw peHTreHorpa$1-!4e
CKH B pa6oTe 7 , 0AHaKO Ha HeHTPOHorpaMMaX noni-1KPHCTannH-
4eCKOrO CHS -III '2 npHCYTCTsyoT, no KpaHHeH Mepe, TpH 
AH$paK~HOHHWX n1-1Ka C dH 3 M = 5,0; 4,7 H 3,7 ~' KOTOpwe 
He YAaeTCR npOHHAH~!-!posaTb no napaMeTpaM aneMeHTapHOH 
R4eHKH .H3 ' 7 ' , YKaaaHHwe d MO~Ho nony4HTb, ecn~-1 npeAnono
*HTb, 4TO npocTpaHCTBeHHaR rpynna 3TOH $aaw ecTb P2 1 / c . 
H nepeonpeAeni-!Tb napaMeTpw o6paTHOH peweTKH no $QpMynaM 
/pHc.2/: 

.... *, ..... a = a • b*'=-b*, c*' = (a•- c*) /2. /1/ 

8 npRMOM npOCTpaHCTBe 3TOMY COOTBeTCTByOT COOTHOWeHI-IR 

... , .... .... 
a =a+c, b'c:- b-+. c'= -2c. /2/ 
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diAr 

PHc. 2. Ce'leHHe (hof) o6paT

HOH pewe TKH CIIS :-III. ,UnH • 

np. I"p. P2 1 /c F hoi' = 0 npn 

f = 2n + 1, H MO~!IO nDCTPOHTb 

H'leitKY Ha BeKTOpax (a*, c*). 
tfCTIIHHa.ll !l'let'(Ka AOJlli(HB 6BJTb 

nocTpoeHa Ha ueKTopax (a*', 
C•,). 

PHc.l. XapaKTepHhle HeATpoH

Hbre AHil>pBKL\HDHHhle CneKTPbl 

oT nonHKpH.cTanna CsiJSO 
/t'pa3hi Ill, II H I/ B o6na
CTH Me~nJIOCKOCTHhlX paCCTOH

HHA 2 ' S+ 7 ' 5 A. 

• 1:2 

• • I= 1 

• l: 0 

I= -1 

HoBble a 6 contOTHble Be11H4&-~Hbr napaMeTpoB fl4e~Ka-~ Bbrpa>KatOTCfl 
CJleAYIO~HM o6pa3oM: 

a ' = ( a2 + c 2 t- 2ac cos 8 ) 1 2 b, =b. c '= 2c, 

/3/ 
cos 8 ' = - 2 ( c2 + a . c . cos 8 ) I (a'. :c ') . 

YABOeHa-~e BAOllb c aBTOMaT&-~4eCKH npHBOA&-~T K noRBlleH~IO nnoc
KOCT&-~ C K 0Jlb3fl~e ro OTPa>KeHHfl B HOBO~ fl4e~Ke, a Allfl HC4 e3-
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HOBeHHR aepKaflbHOH nflOCKOCTH B CTapo~ R4e.:1Ke AOCTaT04HO, 
4T06~ 3To npoHaowno AflR KaKo.:1-nH6o nap~ aTOMOB. nepec4eT 
napaMeTpoe CHS -III H3 171 no (jlopMynaM /31 AaeT eenH4HHbl 

a ' = 8, 216 A, b' = 5, 81 0 A, c' = 1 0, 982 A, 8' = 119,4 ° . I 4 I 

3KtnepHMeHT Ha MOHOKpHCTanne nOATBePAHfl, 4TO HCTHHHaR 
npocTpaHCTBeHHaR rpynna (jla3bl Ill CsHS04 - P21 / c. npo~:~eAy
pa YT04HeHHR napaMeTpOB npHBena K 3Ha4eHHRM 

a= 8,22314/ A; b = 5,814131 A; c = 10,9'911/ A; 
' 151 

8= 119,411f0, 

4To xopowo cornacyeTCR c /41. AnR pe(jlnexcoa .(011 ) , (l~1) 
~ (111) eacC4HTaHHble no 151 db~ paBHbl 4,966; 4~ 676 
H 3,~66 ~ COOTBeTC~BeHHO H npaKTH4eCKH T04HO COBneAaOT 
C yKa3aHHblMH BblWe dM 3M • 

2.2. CsHSC4-II, CsDS04 -II. AHanH3 AH<I>PaKQHOHHoro cneKT
pa oT CDS -II, H3MepeHHoro "Ha AHCI>paKTOMeTpe c xopowe.:1 
paapewa~eH CnOC06HoCTbO lAo= 1,367 ~ B o6naCTH Cpe~HHX 
MelKnnocKoCTHWX paccToRHHH /pHc.3/, noATBePAHII AaHHwe pa-
6oTbl 191 .o npocTpaHcTaeHHOH rpynne 3TO~ Cl>a3bl. TaKHM 'o6pa
aoM, AflR nony4eHHR npaal'tnbHbiX 3Ha4eHH~ napaMeTpoa 3neMeH
TapHo.:1 R4e.:1KH Cl>aabl II CHS H CDS Heo6xoAl1MO npoaec TH aa
MeHy npeAflOIKeHHOH B 121 peweTKH no CI>OPMYIIaM 11/+13/, 4To 
AflR CDS-II AaeT! 

a = 7,729/51 A; b = 8,092/51 A; c = 7.~68!91 A; 
/6/ 

8 = 110,911 ;o. 

3TH aenH4HHbl cornacyiOTCR c AaHHbiMH / 9/ H 6nH3KH K 3Ha4eHH
RM napaMeTpoa R4e.:1KH CHSe -II 18 1 , napaMeTpbl CHS - II onpe
AenRnHcb TOflbKO no cneKTpaM OT nOflHKPHCTannoB H B npeAe
nax OWH6oK oKaaanHCb TaKHMH IKe, KaK y CDS-II. HecMoTPR 
Ha nepeonpeAeneHHe napaMeTpoa 3fleMeHTapHo.:1 R4e.:1KH KPH
cTannoa CHS a Cl>aaax III H II, cTPYKTYPHaR MOAehb nepexo
Aa III ~rr, npeAnolKeHHaR a 14 1, RBnReTCR eoaMolKHOH , a 4acT
HocTH, npH nepeXOAe HanpaeneHHe OCH 2 1 AOfllKHO H3MeHHTb
CR Ha yron -45° . 

60flbWO~ HHTepec npeACTaBflReT Bonpoc 06 H30TOn 4eCKOM 
HeH30MOP<I>H3Me CHS H CDS .npoRBflRIOU\eMcR a oTcyTCTBHH nepe
XOAa II ~III y KPHCTannoe CDS npH Ae~TepHpoaaHHH CBblwe 
70%/ 2 ,5 /, AnR YT04HeHHR MOPCI>OTponHOH rpaHHQbl MelKAY (jlaaaMH 
III H II HaMH npoeeAeHbl H3MepeHHR AH<I>paKQHOHHbiX cneKTpoe 
OT nopowKoe CsHxDl -xS04 npH x = 0,4 H 0,6. BbiRCHHflOCb , 
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PHC. 3 . JlmPpaKI.\HOHHblH CllCKTp OT nonHKPHCTanna 
CDS - II, H3MepeHHblH npH T = 293K Ha .o;HclJpaKToMeTpe 
c .\0 = 1,367 A. lln,o;eKCbl HHnnepa ,o;aHbl .o;nR napaMeT-

poa/6/. 

4TO npH KOMHaTHOi:i TeMnepaType CsHo,6 Do,4 so4. HaXOAHTCR 
B $a3e II I . a CsHo 4 Do 6 so4- B $a3e .II. T. e. MOp!IJOTpon
HaR rpaHH~a Me~AY ~a3aMH III H II ne~~o~T e pai:ioHe 50% KOH
~eHTpa~HH Aei:iTepHR. 

2. 3. Cs11Se04 -II, CsDSe04 -I I. PeHTreHOBCKHe AaHHble 
0 CHMMeTPHH H napaMeTpax R4ei1KH CsHSe()4 np~o~ KOMHaTHOi1 
TeMnep~Type nPHBeAeH~ Ln epe~e e 12 ' 1-1 noBTopeH~ e pa6o
Tax 18•131 /Ta6n. 1 I. 

Haw~o~ H3MepeHHR AHif>paK~HOHH~x cneKTpoe, npoeeAeHH~e 
KaK Ha nOflHKpHCTannax, TaK H Ha HeCKOflbKHX MOHOKPHCTafl
nax, · noKa3anH cneAy~ee. napaMeTp~ 3neMeHTapHoi1 R4ei1KH 
CHSe coenaAaiOT e npeAenax ow116oK c AaHH~MH ' 12 ·,OAHaKo AflA 
pelf>neKCOB THna / 0k0/ HafifliOAaiOTCR CHCTeMaTH4eCKHe noraca
HHR np~o~ k = 2n+ 1, T. e. ABOHHaA OCb RBflAeTCA BJ.IHTOBOi1, H, 
cneAoBaTenbHo, npocTpaHCTBeHHaR rpynna ec Tb P2 1/ c .AnR 
CDSe -II nony4eH aHanorH4H~i:i pe3ynbTaT AflR npocTpaHCTBeH
HOi:i rpynn~ . a yT04HeHHe napaMeTpoe Aano 
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Ill Ill I 

210 
012 

I I I Ill II I I I 

l!ill 

,, 

4.11) 

CsDSeO.- n 
28•145" 
T•JOOK 

I I 

Puc. 4. )lHI~paK l-'HOIIHbJH cneKTp oT IIO.nJtKJlHCTriJJJJ<J 

CDSe -II. 

a= 7,983/2/t.; b= 8,427/3/'A; • ~= 7,814/3/7\; 

f3 = 11 1 , 2 9 I 1 / 0 
, 

10 

171 

T. e. ·neJH14J.1Hbl, npaKTJ.14eCKJ.1 coanaAiliOUIJ.1e c AaHHbiMJ.1 12 A11R 
CIISe -II. 

2.4. CJ.1MMeTpJ.1R "' napaMerp~ R4e~K"' cynepJ.10HHo~ ¢a3w. B pa-
6ore 8 np1-1aeAeH~ AaHHWC onTJ.14CCKJ.1X "' peHrreHo aCKJ.1 X .... ccne
AOaaHI-1.:1 Cs11Se0 4 np1-1 T .., Tc = 403K, J.1CXOAR 1-13 KOTopwx A11R 
¢a3w I 3Toro Kp1-1cranna 6~na ycraHoaneHa To4e4HaR r pynna 
4/mmml-1 onpeAC11CH~ napaMCTp~ TCTpa roHaJlbHOH 311CMC HTapHOH 
R4CHKJ.1: at ~ b 1 = 4,18 .8., C1 = 7,2G A. ,[le~cra...,ren b HO, 
np1-1 nepexoAe II • I a CHSe "' CDSe Ha611K>AaeTCR /TaK >Ke, KaK 
"' a CHS "' CDS I 3Ha4J.1TC11bHoe yMCHbWCHJ.1C 41-1cna AI-1 ¢ PaK-
4J.10HHb1X n J.1KOB Ha HCHTPOHOrpaMMaX n011J.1 K PJ.1CTan~oa / pJ.1C.1, 
4 J.1 5/ , 4TO MO>KCT CaJ.1ACTeJlbCTaOBaTb 0 noawWCHJ.1J.1 CJ.1 MMCT
PI-1J.1 CTPYKTypw. 0AHaKO npOJ.1HAJ.14J.1POBa Tb ace Ha611~AaCM~e 
nJ.1KJ.1 Ha OCHOaaHJ.1J.1 AaHHb!X 1-13 / 8 HCB03MO>KHO /a 4aCT HOCH1, 
CJ.1JlbHbiH pe¢11CKC ': d = 5,46 fi./. vtCC11 CAoaaHJ.1C MOHOKpJ.1CTan
JlOa CDSe noKa3ano , 4TO np1-1 ¢a30 BOM ne pcxoAC II ~ I , TaK 
>Ke, KaK a C~S 4 ',npOJ.1CXOAJ.1T pa36J.1CHJ.1C J.1X Ha 6110KJ.1 , CJ.1M
MCTpJ.1~ ¢a3~ 1 npl-1 3TOM yCTaHOa J.1 fb HC YAa CTCR, HO Ha6n~

AC1CMble A~¢paK4J.10HHbJe nJ.1KJ.1 no d hkP xopowo coanaA.J ~T c J.13-
Me peHHb1MJ.1 Ha nonJ.1KPJ.1CTanne. Yro4HCHJ.1e napaMe rpoe 311CMCH-
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T = 403 K 
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PHC,5. aH~paK~HOHHblli cneKTp OT nonHKPHCTanna . 
CDSe -I. liHAeKCbJ MHnnepa npHBeAeHbJ MH t -pemeTKH. 

TapHO~ R4e~KH BeJIOCb npH HeCKOJlbKHX npeAnOJIOmeHHRX OTHO
CHTeJlbHO CHMMeTPHH peweTKH H AaJIO peayJlbTaT~, npeACTasneH
H~e a Ta 6n.2. B 3To~ Ta6nH1.4e Rd =I I d 113 M -d 8bl 4 1/Id 113 M • 
rAe d 113M , d Bbl'l - H3MepeHH~e H B~4HCJleHH~e dhkf , b-pe
WeTKa B3 RTa so 2-~ ycTaHosKe. BenH4HH~ napaMeTpos m-
H h-peweTOK 04eHb 6nH3KH, MaKCHMaJlbH~~ CABHr B nonome
HHH nHKOB Ha-aa a .t c H 8 # 120° a cny4ae m-peweTKH co
cTaBJIReT TOJlb KO 0,13 % H HeHa·6n10AaeM B HaWHX 3KCnepHMeH
TaX. Pe3yJlbTaT AJIR 0-peweTKH 4laKTH4eCKH T04HO COOTBeTCT
syeT h - peweTKe, B3RTO~ B poM6H4eCKO~ yCTaHOBKe: a0=ah' 
b0 = bh , c0 = J3 Ch ,a 4yTb JIY4WH~ Rd -(j)aKTOp RBJIReTCR npOCTO 
cneACTBHeM 6onbwero 4HCna cso60AH~x napaMeTpos. OnHCaHHe 
H3MepeH HOrO Ha6opa dh~ B03MOmHO H AJIR 06DeMH01,4eHTpHpOBaH
HO~ t-peweTKH. PeaynbTaT yT04HeHHR napaMeTpos npH 3TOM 
npeAnonomeHHH TaKme npHBeAeH a Ta6n.2. CpasHeHHe Hoa~x 
napaMeTpo s t -peweTKH a' H c' c AaHH~MH pa6oTbl 18 1 noKa-

~ t t , '2 
3b1BaeT, 4 TO c xopoweH T04HOCTbiO at =-v,:;, at , c; = 2ct , T. e. 
AJIR OnHCa HHR H3MepeHHOro B (j)aae I Ha6opa dhkf He06XOAHMO 

6 ..... , ..... ct -+ , .... ..... .... , -+ A 
Bbl paTb a t = at + ot , bt = -at + bt , ct = 2 c t • HanorH4H~e 
peaynbTa T~ nony4eHbl AJIR CHS -I H CDS - I /eM. Ta6n.3/. 

KaK Y>'<e oTMe4anocb, peaynbTaTbl onTH4eCKHX 11 peHTreHos
CKHX HccneAoBa HI1 ~ CHSe / BI 11 onTH4eCKHX HccneAoBaHH~ CDS / 14 / 

CBHAeTeJlbCTBYIOT 0 TOM, 4TO KpHCTann~ B CynepHOHHO~ (j)a3e 
npHHaAne maT K TeTparoHaJlbHOMY Knaccy CHMMeTPHH. H3 HaWHX 
AaHH~X CJleAyeT, 4TO Bee npeACTaBHTeJIH HCCJleAOBaHHOrO c e -

26 



~
 

-
l 

T
a

6
m

-1
u

a
 

3 

K
p

H
C

T
a

n
n

o
rp

a
!l

m
'l

eC
K

H
e 

,o
.a

H
H

bJ
e 

,D
.JI

.R
 

rn
,o

.p
o

cy
n

b
cl

la
T

o
B

 
" 

n
t,

o
.p

o
ce

JJ
e

H
a

T
b

B
 

u
e3

H
.R

 

C
o

e,
o.

H
H

e
H

H
e 

<l
>a

3a
 

a
,A

 
b

,A
 

c
,A

 
80

 
z 

v,
A

3 
r

p
y
n

n
a

 

C
sH

S
0 4 

II
I 

8
,2

2
3

(4
) 

5
,8

1
4

(3
) 

10
,9

90
(1

0)
 

11
9,

4(
1)

 
4 

45
7,

7 
P2

1 
/c

 

C
sH

S(
) 4 

I
I
 

7.
 7

29
(5

) 
8

,0
9

2
(5

) 
7,

6(
18

(9
) 

11
0,

9(
1)

 
4 

44
8,

0 
?2

/c
 

C
sD

S
0 4 

C~
HS
e0
:8

' 
I
I
 

7,
97

2 
8,

42
7 

7,
81

1 
I
ll

 , 
2 

4 
48

9,
2 

P
2

1 
/c

 

C
sD

S
e0

4 
I
I
 

7
,9

8
3

(2
) 

8
,4

2
7

(3
) 

7
,8

1
4

(3
) 

1
1

1
,3

(1
) 

4 
48

9,
8 

P2
1 

/c
 

C
sH

S
0 4 

5
,7

3
(1

) 
5,

13
 

1
3

,9
9

(2
) 

90
 

4 
45

9,
4 

C
sD

S
0 4 

I 
5

,7
3

(1
) 

5
, 7

3 
1

4
,0

3
(2

) 
90

 
4 

46
0,

6 
4 

I 
m

m
tn 

C
sD

S
e0

4 
5

,9
0

6
(4

) 
5,

90
6 

1
4

,4
3

(1
) 

90
 

4 
50

3,
5 



MeHCTBa KPHCTannoe H30MOP$H~ B $a3e I, OAHaKO CAenaTb 
OKOH4aTenbH~H B~6op B nonb3Y OAHOH H3 4 paCCMOTpeHH~X 
CHHrOHHH noKa He YAaeTCR. 

3a 1<.11.1011. e Hue 

Bee BHOBb ycTaHoeneHH~e KPHCTannorpa$H4eCKHe xapaKTe
PHCTHKH rHAPO- H AeHTepocynb$aTOB H ceneHaTOB ~e3HR npHBe
AeH~ B Ta6n .3. napaMeTp~ 3neMeHTapHOH R4eHKH KpHCTannoB 
e $aae I AaH~ Ana t -peweTKH, cy~eCTBOBaHHe KOTopoH npeA
CTaenaeTca HaH6onee eepoaTH~M no coeoKynHOCTH peaynbTa
TOB peHTreHOBCKHX, OnTH4eCKHX H HeHTpOHOrpa$H4eCKHX HC
cneAOBaHHH . 0AHaKo Ana OKOH4aTenbHpro B~6opa OAHOH H3 
4 paCCMOTpeHH~X CHHrOHHH, a TaKme Ana onpeAeneHHR T04e4-
HOH H npoc TpaHCTBeHHOH rpynn Tpe6yeTca npoeeAeHHe AOnon
HHTenbH~x 3KcnepHMeHToe. B 4aCTHOCTH, H3MepeHHe AH$paK
~HOHH~X cne KTpoe OT non11Kp11cTannoe npH T > T~ c paapeweHH
eM no .1.d / d ny4we, 4eM 0,1 %, Morna 6~ AaTb OTBeT Ha eonpoc 
0 TpaHcna~ 110HHOH CI1MMeT~I111 $a3~ I. He 11CKn~4eHO, OAHaKO, 
4TO np11 ne peXOAe B CynepHOHHy~ $a3y CI1MMeTpl1a peweTK11 no
B~waeTCR, Hanp11Mep AO Te·fparoHanbHOH, HO npOCTpaHCTBeH
Haa rpynna ocTaeTca P2 1/c. 

AeTop~ 6naroAaPH~ · H.M.mar11HOH aa np11roToeneH11e o6paa
~oe, A.~.6a paHoey, B.n.~M11Tp11eey, ~.M.OcTaHeBI14Y 11 
11 H.M.nnaKHAe aa noneaH.~>~e o6cymAeHI1R., ' :... 
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ATOMIC COHERENT STATE FOR A SYSTEM 
OF THREE-LEVEL ATOMS 

Bogolubov N.N., Jr., Shumovsky A.S., 
Tran Quang; Vo Hong Anh 

Atomic coherent states for an ensemble of three
level atoms are defined. Some their properties and 
possible applications are discussed. 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JINR. · 

KorepeHTHOe COCTORHI1e CI1CTeMbl 

TpexypOBHeBbiX aTOMOB 

Eoronro6oe H.H. /Mn./ HAP· 

!lOCTpoe Hbl aTOMHbJe KOrepeHTHbl~ COCTOHHHH CHCTeMbl 
TpexypOBHeBblX aTOMOB, 06CYJKAaK1TCH He~TOpbJe HX €BOH
CTBa H B03MOlKHbJe HX rrpaKTH'leCKHe llpHMe HeHHH. 

Pai-oTa BblllOnHeHa B Jla6opaTOPHH TeopeTHt~ e cK A cPH 3H
KH OIDIH. 

Many problPms in quantum optics can be dealt wi t h in 
terms of the interaction of an ensembl e of thr ee-level 
atoms with a transverse electrom~gne tic field. The model 
consisting of an ensemble of N identical three-level 
atoms driven by resonant external fields was used f or de s
cribing the collective behaviour of a double resonance 11 ~ 
resonant Raman scattering /2-5 1, superfluorescence !6 - BI, fo
ur-\·laVe mixing ' 12 '. On the analogy of the atomic coherent 
states for the ensemble of two-level atoms .1}- 11 ' t he co
gerent states for the ensemble of three-level atoms will 
be defined in this paper. Their properties and pos ible 
applications are discussed too. 

For the case when the eff ect of a different spat ial 
position of atoms is ingnored, the ensemble of N t hree
l eve l atoms can be characterized byNcollective ang lar 
momentum ,lperators as follows:Jij = .l [ .i~~ j 1 (i , j = l,2 , 3). 

k ~ 1 
They obey the commutation relations 

[J iJ , J i'j ' ]= Ji j ' ~i ' - J ij ' 0 if 

we introduce the eigenstates of the operat~rs J 11• J 11 + J 22 
and operator of the total number of atoms N=J 11 + J

22
+J
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N j P ,Q > = N j P ,Q > 

J 111P ,Q > = Q I P ,Q > 

(J 11 + J 22) I P • Q > = P I P • Q > , 

where 0~ P ~ N , O.s; Q <,;:. P . 
It is easy to show that: 

m (P-Q)t (Q + m)! 1h 
J 12 I P,Q> =(--....:-- · ---] I P,Q .,. m > 

(P-Q-m)! Q! 

Jn I P,Q > = [ (P-Qt!!lL · Q! 1% 1P,Q-u > 
21 (P-Q)! (Q-n)! 

Jf ' P,Q '> = {~.,:-P+f)!. {P-Q)! ]% 1P-f ,Q > 
32 I (N -P)I (P-Q- f)! 

Jk \ P .Q > =[ (N P)l . (P-<hlt}! ] lhi P +k ,Q >. 
23 (N-P-.Jt)! { P-Q)! 

(I) 

( 2) 

(3) 

(4) 

(5) 

Analogously to the ~oherent states for the system of two
level atomsl9 1 we i-ntroduce the coherent states for the 
system of three-level atoms in the form: 
1 .... 1,4 fJ ;J 12 #LJ 23 , · 
1 p. , fJ > = A e e j.O,O > 

(6) 
.... IL N 'h p p IL 

=A rz i{ tj! )·ili(---'-)'%fiQIP,Q >, 
P-:0 (N-P)!P! Q=O (P-Q)!Q! 

.lo~ L 

where p. and fJ run over the complex plane and A is a nor
malization factor. We have 

R I J:J -1 2 2 2 N <,.,,p. 11,,., > =A (l +lp. l + l p. ! ! FJ I ) 

.and hence the normalization factor has the form 

-A ( jp. i · I PI )= (1+ IPI2+ IPI 2 1FJI2 )~ (7) 

The overl ap integral between two states lp. 1 .ft1> and 
IP.2'fj2> is 

< P •. flt lfl i! fj2>=A- 'h<IPt l ·lfJ lj)A-'h <i ll21' 1FJ2 1 )(l+p.; 11 /-1+ FJ; fj2))N (8) 

whence 
2 -1 -1.- . 2N 

I< ,BpP.t i P.2 · fJ~I =A tjp.l j ,j(Jl \). A \ I P.21.\ FJ2 1) 1 1+p.;p.2+/l;I1 ~;FJ2 1 • 

~rem definition (6) one can find 

((JJ1 2 -Ju ) l p..(J> = O 

<tJ21 -J22 ) I p. . fj > = 0 

< ..L J 32 - J 33 >I 11 • fJ > = .o. p. 

30 
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These equations, together with 

N [p. . {3 > = N [p.. {3 > 

specify uniquely the coherent states. The coherent states 
[p.,f3 > form minimum-uncertainty packets. The uncertainty 
relation can be defined, for example, in terms of the set 
of operators 

1 i ...l Jx = 2(J21 + J12), J y= 2(J12-J21) ' Jz = 2(J22-Jll ). 

These three observables obey a commutation relat i on 

[Jx , J ) = iJz 

whence they have the uncertainty property 

( t1J x)2(11JY f 2 t (11J z )7 
It is easy to show that the equality sign holds f or the 
coherent state [ p. , f3 > that is therefore a minimum-uncer
tainty state. 

Let us now consider the completeness propertie s of the 
coherent states (6). Using the relation 

and the comple teness of states [ P,Q> one obtains 

(N + gj_(N :!:.!2_ f d 2 d 2{3 ___ Jl:LJ: __ 
n 2 P. (t + [p. [ 2+ IP.l ~f3 [ 2) 3 ( 10) 

N p 
= ~ ~ [ P,Q>< .Q,P [= l. 

P = 0 Q=O 

Then, the expansion of an arbitrary state [P,Q> f oolows 

'h I P,Q > = (N +2)(N + l) (----N! ___ ). -

0 2 (N-P)!(P-Q)! Q! · 

2 2 [p. [2p. * pf3 * Q . 
f d p. d f3 -----------rr-1". {3 > . 

(1 + [p. [2 + [p. [2[{3[2)2+ 3 

( 1 I ) 

Thus, analogously to the coherent spin state110 / and atomic 
coherent state for two-level atoms ~.ll ~ we define the 
atomic coherent state for the system of three-l eve l atoms. 
The coherent atomic states [p..f3 > possess a number of pro
perties: (i) The states are defined by a unitary t rans-

. {3J12 p.J 23 . • 
f ormat1on operator e e act1ng on the 3round state; 
(ii) the states obey simple eigenvalue equations; 
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(iii) thes e states are nonorthogonal and overcomplete; 
(iv) minimum-uncertainty relations for noncommuting ope
rators can be constructed within the atomic coherent sta
tes. It i s eas y to see that the defined atomic coherent 
states (6 ) are suitable to describe the resonant interac
tion of a set of three-l evel atoms with a classical fields. 
In the atomic coherent state the master equation produces 
a number of differential equations. Take, for example , the 
pro~lem of resonant Ramant scattering ~1 (see the figure) . 
Such a sys tem is described by the reduced atomic density 
operators that obey the master equation~ 1 

£-f- = -iO[cos a (J 12 + J 21 ) + sina (J 23 + J 32 ) , p] 

'1- Y21 (J12pJ 21-pJ21 :r12 + H.C.) (12) 
1 Y23 (.l32pJ23 - pJ23J32 + H.C.), 

where 2y 21 and 2y 23 are ra.liative spontaneous transition 
probabilities per unit time for a single atom to change 
f rom the l evel 12> to i t > and from 12> to 13 > . respecti-
vely; 0 = (0 I+ 0~) \4 and tga = 0 2 / 0 1 • Here 0 1 and 0 2 
a re the Rab i frequencies for the atomic transitions from 
the Ievel 2" to ! I ' a nd from 12 '> to !3 > . respectively. 

It is ea sy to show that in the atomic coherent state 
t he mast e r equa t ion (1 2) reduces to 

I (J(",f3*,11·fi,T) J 2 :J d 
_!!_ _ . I ( 11 1 {1 I --- - - {1 * _.),!_ - - -- ) < 

cJ r !1 1< • cJ {3* tJ {3 

iJ 2 () 
l- i cos a + g (J1 f3 -".. - f;J --- ) r 

• 1 r/ 11 rlf3 

a /3 ~ a 2 a . . 
I· t -r:"* - - . -:-- - N p + f< -- ) · I - 1 Sin a 

o 11 11 .. a13·• a 1, 
(! 3) 

a f3 a 
gz (-;r,:;- - ·; -alf )JI p ( 11 * .w ·11 . f3 . , ) ... 

t- H.C ., 

, 6 • 2-* • a " ,.. ~ 

ru 
<alt-

Fig. &chematic represen
tation of three-level 

_ __.~,..,_. ___ 13> system interacting with 
resonant incident and 

--~~~E-------------------1 1 ;> scattered coherent waves. 
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where 
p (p.*. fJ* • It• f3 ' T ) = < f3 • II- I p Ill • f3 > 

T = {l t and g 1 = -1?- , g 2 = y Jl • 
Equation (13) can be considered as the Fokker- Planck 

equation for the system of three-level atoms in t he reso
"nant driving fields. 

The investigation of equation (13) and the cor responding 
cooperative properties of resonant Raman scatter i ng will 
be represented in other publications. 

The authors thank Fam Le Kien and Cao Long Van for valu
able discussions. 
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ON THE SPONTANEOUS EMISSION OF CLUSTERS 
BY THE 230Th , 2S.7~p and 241Am NUCLEI 

S.P.Tretyakova, A.S~ndulescu, V.l.Hicheev, 
D.Hasegan ! I.A.lebedev~ Yu.S.Zamyatnin, Yu.S.Korotkin, 
B.F.Hyasoedov2 

New results concerning the exotic decay modes of 
the 200Th , "237 Np and 241Am nuclei are presented. For 
studying the emitted clusters we used polyethylene
terephthalate detectors which ' record only ~articles 
with Z ~ 6. The radioactive decay of 230 Th by 24 Ne nuc
lei emission was detected with a branching ratio re
lative to alpha decay Ac/ Aa = (5.6+1.0)xi0- 13. For 
the 2 37Np and 241Am decays by heavy-cluster emission 
the upper limi~s for the branching ratio were set 
at about 4xlo-14and 3xlo-15, respectively. 

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

0 C~OHTaHHOM HCOYCKaHHH KnaCTepOB 
RAPaMH 23U,.h ' 237Np ' 241Am 

C.IT.TpeThRKona HAP· 

' Coo6~aiDTCR,HOBhle pe3ynhTaThl DO H3yqeHHID 3K30TH
qeCKOI'O paCnaAa RAep 230Th , 237Np H 241Am C BhlneTOM 
KnacTepon H perHcTpauHH HX nonH3THneHTepe$TanaToM, 
tJYBCTBHTenbHhlM K 'laCTHUaM C Z ~ 6, 0TKphlT paAHOaKTHB
HhiH paCDaA 230Th C HCnycKaHHeM 2~e;oTHOCHTenbHaR Be
pDRTHOCTb npo~ecca no OTHoweHHID K a-pacnaAY ~Kn/ ~ 
= /5·,6!:_1,0/·IO-l 3. ,l::{.rHI paCnaAa RAep 237Np H 241Am 
c Bhlne ToM TR~enb~ KnacTepon ycTauonneH nepxHHH npe
Aen ne"poRTHOCTH npouecca Ha yponue 4 · 10-14

H 3 :J0-15, 
COOTBe TCTBeHHO . 

Pa6oTa BbmonHeHa B na6opaTOPHH RAePHhlX peaKLU.fH 
mum. 

1Centra l Inst i tute of Physics, Bucharest, Romania 

lrnsti t ute of Geochemistry and Analytical Ghemistry 
V.I. Vernadsky, Moscm.r 
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During the last few years intensive theoreti al and 
experimental studies were carried out concerning the na
tural decay modes of the very heavy nuclei invol ving the 
emission of heavy clusters 11-5/. In this paper t he new de
cay modes of the 230Th , 237Np and 241Am nuclei are stu
died. 

This phenomenon was investigated using the t echnique 
described earlier 111. 

Plane sources . were prepared on a 0.1 mm nick 1 backing 
in the form of the oxides of the isotopes being investi
gated. The special-purpose technology used for t he prepa
ration of the sources eliminated the contaminat i on of the 
detectors by the very active specimens under study .during 
long exposures. The quantity, composition and ar ea of the 
radioactive sources used are given i n Table 1. 

Source 

Th 

Np 

Am 

Composition 

230Th 

232Th 

237Np* 

241Am 

40.6% 

59.4% 

Isotope 
weight 
{mg) 

210 

310 

320 

3,7 

Surface 
area 
(cro 2) 

1040 

500 

36 

Tab ~e 1 

Alpha-acti
vity 
afcm.2day (2 rr) 

9 6.7xl0 
4 5 .3xl0 

8 8. 3x10 
(total)

8 7.2xl0 
237 (only Np) 

5 .6xto11 

*This source contained an admixture of 238- 240 Pu( 13% 
according to alpha-activity). 

For studying the emitted clusters the 175 ~ polyethy
leneterephthalate detectors were irradiated in air using 
Th and Np sources at a distance of I mm and with an Am 
source in vacuum at a distance of I em. The detectors al
lowed one to det·ect clusters with atomic number s 6 ;...; Z {. 20 
and separate them from fission fragments in the calcula·
ted energy range from 35 to 85 MeV -'1·6 1. 

The exposure time was de t ermined taking int account 
the alpha-activity of each source. As was pr evi ously 
shown 111. for accurate spec t rometric measurement s in poly
ethyleneterephthalate detectors the integral a l pha par
ticle flux has to be lower than 5x l0 11 a /em 2• 
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Inside the polymer material irradiated in air, some 
processes occur along the particle trajectory leading to 
a change i n the material structure and this affecting the 
measured geometrical parameters of the track 16 ~ It was 
experiment ally shown that this process, i.e., the change 
in the etched track length, in the case of 4~ MeV 00Ne 
ions, is f inished at mos~ one month after the irradiati
on. Moreover, the high alpha particle flux makes this pro
cess fast er. Nevertheless, in order ·to ensure that all 
the recorded cluster tracks, in the case of a very long 
exposure t ime, have the same etching characteristics, the 
detectors were stored 30 days in air prior to the chemi
cal proces sing, which was carried out in a 20% NaOH solu
tion at a temperature of 60°C. 

Together with the detector exposed to the radioactive 
sources, t here were etched the calibration samples irra
diated wi t h 160 , 20Ne , and 26Mg ions with energies of 
1.6-3.0 MeV/nucleon and with dip angles of 30 ° and 45~ 
It has to b~ mentioned that the calibration samples were 
exposed t o sources together with the detectors. 

The geometric efficiency of cluster detection was 
equal to 0 .66 277 . 

Since t ht identification method chosen is the varia
tion of t he Vt / Vb with the residual range, the detectors 
were etched 2-3 times for different time intervals. After 
a total t ime ot 4 hours, the etching reached the cluster 
stopping point. From the cone geometrical parameters, 
measure~ under optical microscopes with a magnification 
of J6x25x40, the track length and Vt / Vb were calculated. 

Using t he calibration with 160 , 20Ne and 26Mg ions, 
the V t / V b = !' (dE /dx) dependence was obtained for the given 
alpha part icle flux of 2xl0 11 a/cm2: Vt 'Vb=6.3xlo-3(dE/dx)2·83 

and dE /dx i s expressed in MeV cm2/mg. 
By tak i ng into account the dE .~ dx - range relationship, 

the Vt / Vb variation with the residual range for diffe
rent ions was obtained (Fig.t). As can be seen, the expe
rimental points measured with the Th source are situated 
around the curve for the 2~e ions. The data treatment 
using the minimum method x2 leads to the conclusion that 
2~e is t he most probable type of the decay c luster. The 
Vt ; Vb values have been obtained only for a part of the 
cluster t r acks revealed, as the corresponding measure
ments are too time-consuming. 

The track length distribution for the decay products 
of Th, given in figure 2, has a maximum at about 29 ~m, 
which is t he range of the 24Ne ions corresponding to 
the calcul ated value of the kinetic energy of the emitted 
heavy clus ter. 
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Fig.!. The calculated de
pendences of the etching 
selectivity V r/V B (where 
VT and VB are the rates 
of polymer etching along 
the track and the bulk etch 
rate for the detector ma
terial, respectively) on 
thE residual range Rres· . 
The dots indicate experi
mental data for clusters, 
th2 crosses give the re
sults of measurements with 
control detectors exposed 
to 160, ~e and 2~g ions 
with energies of 1.6 to 
3.0 MeV/nucleon. 
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Fig.2. The distribu t ion o~ 
the full ranges of t he 230Th 
decay products and t hose 
of fragments from t e neut
ron-induced fissibn of 233u 
in polyethyleneterephthalate. 
The thickness of th 230Th 
and 233u sourc~s was equal 
to O.b and 0.3 mg/cm2, res
pectively. 

The dl.strihut ion o[ ttle full ranges R is rather bro
ad. This is due to some experimental shortcomings, na
mely a large source thickness and a rather high r ecoil 
nuclei background, which have introduced some amb iguities 
in the estimate of the cluster mass number because of 
difficulties either in the estimation of the sel f -ab
sorption process in the source or in the measurements 
of the geometrical parameters of the track. 

By taking into account the theoretical predict ions~• 9 1 

as well as the experimental results (figs.! and 2) , one 
can conclude that the new decay mode of 2 ~Th takes place 
most probably by the emission of the 24Ne ion. 
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The effect of Ne emission from the 230 Th + 23 2 Th isoto
pic mixt ure (see table I) can practically be attributed 
to the 2 30Th isoto~e. Theoretical and experimental da-
ta 12-5 / show that 2 3Ra has the highest probability, rela
tive to alpha decay, to emit nuclei heavier than helium: 
for 14c nuclei emission its relative probability is equal 
to about 6xio- 10 .In our case, even if one may consider 
232Th t o -have the relative probability for Ne emission 

close t o this maximum value, due to the difference bet-
230 ween t he alpha-decay half-lives of Th (7.54xlo4 

years) and 23~h (1.4xi0 10years) the contribution of the 
latter i sotope to the whole effect will not exceed 1%. 

No c l usters have been detected from the Np and Am 
sources , this fact being additional evidence for the ab
sence of a background in our experiment. 

The experimental conditions and results are given in 
Table 2 and theoretical data are presented in Table 3. 

Table 2 

Isotope Alpha-activity Exposure 
per e~osition 
(a /em ) Nr. Time Nr. 

(,\el l A a >exp, 

(days) 

2.2xio11 
I 33 90 -13 

230Th 2.1x.J0
11 2 31 75 (5.6+1.0)xl0 

237Np 
2.6xlo10 I 35 0 

6.5xto 10 2 87 0 
<4xlo- 14 

10 0 
241Am 5.6xto12 2 10 0 < Sx lo-15 

3 10 0 

As i s seen from Table 3, 2"Ne emission from 
230

Th is 
energet i cally most favourable compared with o~her neon 
isotopes . As cluster emission is a subbarier process, 
even re l atively little changes in the values of the mass 
difference between the initial and final nuclei ,Q , lead 
to great changes in the cluster emission probability. 
Thus, our exf<erimental evidence that the neon isotope 
emitted in 2 0Th decay is most likely to have mass num
ber 24 agrees with theoretical estimates. 

It i s worth mentioning that from the experimental da
ta !7 ! as well as from the 226Ra quantity contained in 
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230 232 the Th + Th source, one should expect abo t 40 
tracks of 226Ra decay by the emission of 14c. Du to the 
sensitivity of the detector, the maximum etched track 
length for 14c ions is equal to about I 0 p.m. Si ce the C 
and 0 recoil nuclei have lower energies, they are etched 

14 faster than the C cluster tracks. After a longer et-
ching time the background becomes so high that i t is im
possible to discriminate the 1"c cluster tracks against 
the recoil nuclei tracks. 

Table 3 

Isotope Q, MeV AcJ / ,\~2/ 
/8 1 

Ac/ A a . 
All 

Ac11 Aa 

22Ne 53.0 < 10-18 

23Ne 53. I <10-18 

24Ne 57.8 2.5xl0-12 1.6xlo-13 

25Ne 55.3 
-I' 2.5xl0 ' 

26Ne 55. I 2.0xlo-18 

220 43.2 I .3xiO-l 4 3:5xlO-l 2 

The present experiments have not been aimed a t study
ing spontaneous fission. Nevertheless, in exper i ments 
with thorium there have been detected 25 sponta eous fis
sion fragments which differ from clusters both i n the 
range (see fig.2) and shape. Bearing in mind th possible 
sources of the background, for example, thorium fission 
induced by neutrons from the (a , n) reaction on t e light 
nuclei of the detector material, the effect obta ined can 
be used only for estimates of the lower limit of the spon
taneous-fission half-life of 2MTh . According to our data, 
this limit is set at~ 2xi0 18 years, that is one order of 
magnitude higher than the previously known value of 
1.5xlo 17 years110 ~ This value should be attributed just to 
230Th since the spontaneous-fission half-life of 23 2Th 
makes up ~ 10 21 years 111 ~ The partial half-life f or 2~e
emission is (1.3+0.3) ·I0 17years. 

The authors e;zpress deep gratitude to Academi cian 
G. N. Flerov under \!hose leadersh ip the systematic work 
in the fi e ld of the acceleration and detection o f heavy 
ions is carried out, which has per mitted the intensive 
studies of nuclear decay involving cluster emiss i on. We 
are a lso pleased to thank Professors Yu.Ts.Ogane s s i an 
and M.Ivascu for their permanent he lp and valuab l e advice 
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at all s t ages of this work. We would like to thank L.V.Jo
los for t he detector chemical processing and K.I.Merkina, 
E .A. Petrova, E. I .Kurenkova, M. Boca, V ._Catrina, A. Go lea, 
F.Moraru, A.Neagu and C.Savu for very careful scanning 
and measurements, and S.A.Tolmacheva for the preparation 
of the t hin sources, C.Borcea for the energy loss calcu
lation of studied ions. 
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HCCflEAOBAHH~ MOHOKPHCTAflflOB 5EflKOB 
B KOOPAHHATH~X PEHTrEHOBCKHX AH$PAKTOM~TPAX 
C nPOnOPUHOHAflbHO~ KAMEPO~ B~COKOrO PA3PEWEHH~ 

M.E.AHApHaHoBa~ ~.B.3aHeecKH~, A.o.HeaHoe, 
A.H.nonoe; B.A.newexoHoe, A.M.Xe~Kep: 
C.H.4epHeHKO 

• 

OnHCWBaeTCH KOOPAHHaTHwA aBToMaTH4eCKHA peHTre
HOBCKHH AH<l>JJaKToMeTp KAP,Q-3/4/, npeAHB3Ha4eHHbiH A.nH 
HCCJieAOBaimfi aTOMHOH CTpyKTYPbi 6enKOB. ,QHcjJpaKTOMeTp 
C03AaH Ha OCHOBe nponopQHOijaJibHOH KaMepw C nJIOCKHM 
ApeftcjJOBbiM npoMeJKyTKOM H 6biCTpbiMH JIHHHHMH 3BAe plKKH, 
ABYKPYJKHoro roHHoMeTpa, MHIIH- JBM CM-2. ,UaeTCH MeTo
AHKa nony4CI!HH DOJIIIOrO Ha6opa HIITerpaJlbHbiX "oTpaJKeHHH . 
J!a AHcPP<IKTOMeTpe 38 2 ro.na TI OJIY4€110 OKOJIO 40 MaCCH
BOD AHc!JpaKQHOHIIbiX AaHHbiX •OT 40 MOHOKPIICTaJIJIOB 6eJIKOB, 
113MepeiiO 6onee 3 ·I 06 OTpa l!<e i!Hi1 . llpHB~A€11bl pe3 YJibTaTbl 
C'b€MKH MOI!OKpHCTaJIJIOB 6eJIKOB. 

Pa6oTa BbmonHeiia B J1a6opaTopHH HbiCOKHX 3H e prHI"I 
mum H llH CTHTYTe KpHCTBJIJIOrpa~lllll All CCCI'. 

Investi ga tion of Protein Singl e Crysta ls 
in . a Coordinate X-Ray Diffractometer 
with a High ~esolution Proportional Chamber 

Andrianova M.!. et al 

A coordinate automatic X-ray diffractomete r 
KARD-3(4) is described. The diffractometer is used 
to study the atomic structure of proteins. It has 
been constructed using a proportional chamber with 
a flat dri(t gap and fast delay line s , a two-~ ircle 
goniometer and an SM-2 minicomputer. The method of 
obtaining the total set of integral reflections is 
descri bed . Using th e diffrac tometer , 40 massives of 
diffraction data from 40 protein single cryst a ls 
have been obtai ned, more than 3 ·10 6 reflections have 
been measured. The results of studying the protein 
single crystals are pres en~d. 

The investigation has been performed at t he La
bor a tory of High Energies, JINR and the Insti t ute 
of Crystallography , USSR Academy of Sciences • 

liHCTHTYT KpHcTamrorpa<l>HH AH CCCP HM.A.B.llly6HHKOBa, 
MOCKBa 
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napanneflbHOe ~3MepeH~e ~HTeHC~SHOCT~ OAHOBpeMeHHO 803-
H~Ka~~~X A~¢par~poeaHH~x ny4eH e cny4ae MOHOKp~cTannoe 
C 60nbW~MH nep~OAaM~ peweTK~ np~BOA~T K YCKOpeH~~ 3KCnep~ 

MeHTa B KOOPA~HaTH~X peHTreHOBCK~X A~¢paKTOMeTpaX 6onee 
4eM Ha nOPRAOK no cpaBHeH~~ C OAHOKaHaflbH~M~ A~¢paKTOMeT
paM~ np~ TaKOM >Ke yMeHbweH~~ A03~ o6ny4eH~R o6paa1.1a 11-5/ . 
3TO n03 BOnReT ~ccneAOBaTb C B~COK~M paapeweH~eM aTOMHY~ 
CTPYKTypy 6eflKOB C 6onbW~M MOfleKYflRPHbiM Be COM, HeCTa6~Jlb

H~e 6enKOB~e KOMnfleKC~, yMeHbW~Tb 4~Cfl0 He06XOA~M~X AflR 
~ccneAoeaH~R o6pa3I.IOB, ~x een~4~Hy, ~ccneAoBaTb Kp~cTann~ 

np~ MeHbwe~ cTeneH~ paA~ai.I~OHHoro noepe>KAeH~R. 

B 11H CT~TyTe KP~CTannorpa¢~~ AH C.CCP ~ Tia6opaTop~~ e~

coK~x 3Hepr~H 011~11 ~n C03AaH KOOPA~HaTH~H aBTOMaT~4eCK~H 
peHTreHoecK~H AH¢paKToMeTp KAPA-3 15/ c ABYMepHOH MHoroH~
TeBoH n ponOPI.I~OHaflbHOH KaMepOH Ha 6~CTP~X fl~H~RX 3aAeP>KK~ 
C 4~C110M 3neMeHTOB npOCTpaHCTBeHHOrO pa3peweH~R 256x256 
~ epeMeHH~M paapeweH~eM 0,55 MKc 161 c ABYKPY>KH~M roH~o
MeTpoM HaKJlOHHOro T~na ~ ynpaBnR~~eH C~CTeMOH peanbHOro 
epeMeH~ Ha 6aae M~H~-3BM CM-2 171 , 

B A~¢paKTOMeTpe KAPA-3 AilR nony4eH~R nonHoro Ha6opa 
~HTerpanbH~X ~HTeHC~BHOCTeH np~MeHeHa HaKJlOHHaR reoMeTp~R 
C"beMK~, n p~ KOTOPOH nponopq~OHaflbHaR KaMepa HenOAB~>KHa 

~ napannenb-Ha oc~ epa114eH~o~R KpHCTanna, a HaKilOHReTCR peHT
reHoacKaR Tpy6Ka. 6naroAaPR noeopoTy 6onee nerKoH Tpy6KH 
H BBeAeHH~ nonpaBK~ Ha HemtHeHHOCTb KaMep~ o6ecne4HBaeT
CA B~COKaR T04HOCTb npeABapHTeflbHOrO B~4HCneH~A nono>KeH~R 
A~¢paK1.1HOHH~x nRTeH /owH6Ka MeHee 0,5 KaHana/. HaKflOHHaR 
reOMeTpHR n03BOnReT B nRTb pa3 YMeHbW~Tb MepTBY~ 30HY 
B o6paTHOM npoCTpaHCTBe. npH y~TaHOBKe KaMep~ Ha paCCTOR
HHH 300 , 500 H 750 MM o;r o6pa31.1a AH¢PaKI.I'HOHHOe nRTHO no
naAaeT e o6naCTb, He npee~wa~~ 5x5 KaHanoe 181.AnR CuKa
-Hany4eHHR 3TO COOTBeTCTByeT npeAeJ1bH~M napaMeTpaM a max -

90, 130 H 1.80~ H pa3peweHH~ C"beMKH dm in -1 ,6; 2,5 ~ 3,5,l!.. 
4~Cfl0 OAHOBfeMeHHO H3MepReM~X OTpa>KeH~H nponOPI.IHOHa11bHO 
(a max I dmin):::: 50 2 H11H KBaApaTy OTHoweHHR 4HCna KaHanoe Ha 
A~aMeTpe AeTeKTOpa K paaMepaM AH¢paKI.I~OHHoro nRTHa. npe
AeflbHan CKOpOCT~ C4eTa BCeH nponopi.I~OHaflbHOH KaMepoH on
peAenReT CR 1.1HKflOM HHKpeMeHTHOrO KaHana /4 MKC/ H COCTaB-
11ReT 250 000 HMn./c npH noTepRX C4eTa oKono 30%, onpeAe
nReM~x MepTe~M epeMeHeM ~ epeMeHeM KOAHPOBaH~R e nponop
I.I~OHanbHOH KaMepe /0,55 MKC/ / 9/ . TaKoe 6~CTPOAeHCTBHe no-
3BOnReT npeHe6pe4b ow~6KoH ~a-aa noTepb C4eTa e AH¢paKTo
MeTpe KAPA-3. 

B A~¢paKTOMeTpe KAPA-4 e MHoroKpy>KHOM roH~OMeTpe Tpy6-
Ka He TOn bKO HaKnOHReTCR, HO H noeopa4HBaeTCR, paCCTORHHe 
o6pa3el.l - AeTeKTOP ~3MeHReT <(,R OT 400 AO 1 000 ~,:/10 1. npe- 0 

AenbH~H napaMeTp paeeH 250 A np~ paapeweH~H C"beMKH 1 ,7 A. 
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npo4eCC nony4eHHR AH~paK4HOHH~X AaHH~X B AH~paKTOMeT
pax KAPA-3,4 pa36HeaeTcR Ha TPH 3Tana. Ha nepeoM 3Tane 
npeABapHTenbH~X HCCneAOBaHH~ npOH3BOAHTCR ycTaHOBKa H on
peAeneHHe ycTaHoBo4H~x napaMeTpoe AeTeKTopa, opHeHTHPOBK~ 

H ~CTHpOBKq KpHCTanna, COCTaBneHHe nepBH4HOrO Cn HCKa HH
AeKCOB OTpa~eHH~ hkf B 3aBHCHMOCTH oT ' yrna noeopoTa KpH
CTanna w , C"beMKa KPHBbiX norno~eHHR, nony4eHHe AaHH~x AnR 
onpeAeneHHR APe~~a H C"beMKa HHTeHCHBHOCTH KOHTpOnbH~X OT
pa~eHH~. 

OpHeHTHPOBKa KPHCTanna npoH3BOAHTCR c noMo~b~ ycTpo~
CTBa BH3yanH3a4HH AH~paK4HOHHO~ KapTHH~, ~CTHpOB Ka no OT
pa~eHHRM OQf AnR KpHCTannoB HeTpHKnHHHO~ CHHrOHHH H OTpa
~eHHRM hk0 AnR TPHKnHHHbiX KpHCTannoB, C nOMO~b~ nporpaMM
-HHTeHCHMeTpa H CHMBOnbHOrO AHCnneR. 

Ha BTOpOM 3Tane yT04HReTCR MaTpH4a OpHeHTHpOBKH KpH
CTanna VB , YT04HR~TCR HHAeKCbl hkf OTpa~eHH~, nonaAa~~HX 
e Te Ky~H~ HHTepean noeopoTa KpHCTanna ~w . ,H3Me p ReTCR 
AH~paK4HOHHaR HHTeHCHBHOCTb B TeKy~eM HHtepeane ~W . , no 

I 
yT04HeHHO~ MaTPH4e Vs H HHAeKCaM h~ paCC4HT~ Ba~TCR 
KOOPAHHaTW AH~paK4HOHH~X nRTeH B nponOp4HOHanbHO~ KaMepe, 
cyMMHPY~TCR HHTeHCHBHOCTH B rpynne KaHa~OB B6nH3 H.4eHTpOB 
AH~paK4HOHHWX nRTeH. ~HTerpanbHaR HHTeHCHBHOCTb OTpa~eHHR 
H ~OH AnR AaHHOrO OTpa~eHHR H3MepR~TCR B nOCTORHHO~ rpyn
ne KaHanoB npH Henpep~BHOM CKaHHPOBaHHH B nRTH n ocneAOBa 
TenbHbiX HH.Tepeanax ~wi , no nepBOMY H nRTOMy HHT e peanaM 
onpeAenReTcR eenH4HHa ~oHa, no TpeM cpeAHHM - HHTerpanb
HaR HHTeHCHBHOCTb C ~OHOM. TaKO~ MeTOA H3MepeHH R HHTer
panbHO~ HHTeHCHBHOCTH n03BOnReT XpaHHTb TOnbKO OAHY non
Hy~ AH~paK4HOHHY~ KapTHHY, HCKn~4HTb norpeWHOCT H , CBR3aH
H~e C HeOAHOPOAHOCTb~ WHPHH~ KaHanoe npH B~4HTa HHH ~OHa, 
npaeHnbHO ew6paTb eenH4HHY HHTepeana H3MepeHHR HHTerpanb
HO~ HHTeHCHBHOCTH. Ha BTOpOM 3Tane nOAC4HT~Ba~TCR HHTer
panbHaR HHTeHCHBHOCTb OTpa~eHHR 1 , OWH6Ka CTaTHCTHKH C4e
Ta a, nepeKOC ~OHa, npOH3BOAHTCR aHanH3 ypOBHR CpeAHe~ 

OWH6KH CTaTHCTHKH C4eTa no OTHOWeHH~ K cpeAHeH HHTerpanb
HO~ HHTeHCHBHOCTH. PaC4eTHWe nporpaMM~ Ha BTOpOM 3Tane 
no epeMeHH COBMe~eH~ C HaKonneHHeM AH~paK4HOHHOA KapTHHW. 

Ha TpeTbeM 3Tane BBOARTCR nonpaBKH Ha MHO~HTenH nopeH-
4a, nonRPH3a4HH, Ha norno~eHHe, Ha APeH~. OnpeAe nReTCR 
Ka4eCTBO nony4eHHOrO MaCCHBa AaHHWX nyTeM paC4eTa ¢aKTQ
pa _ paCXOAHMOCTH MaCCHBOB, CBR3aHH~X CHMMeTpHe~ ; nOBT Op
HO H3MepeHHWX MaCCHBOB; MaCCHBOB , H3MepeHH~X B pa3nH4H~X 
AH~paKTOMeT pax: 

i i lf-Iie~~; 
hkf i hk i 

R = - ----- . ·-----

i i Ihikfgl. 
hke· i 
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Ta6mu~a 

Pe3yJihTaTbl C'beMKH MOHOKpHCTaJIJIOB 6eJIKOB 

B AH¢paKTOMeTpax KAPA-3 11 KAPA-4 

C UJIOCKOH nponop~HOHaJibHOH KaMepOH 

Ee.l!ott 

.nerr811orJio6KH 
B 4 DpoBSBO.l{RiiX 

12 JtC*DJ.I8JtCOB 
'l.'paHC8MIIHa3H 

Tep.mTasa B 
5 DpOB3BO,ItllliX 

KaT8.1183a a 5 
DpOBSBO,IlHHX 

PxdoHJlUieaaa 
Ill KOMIIJI8KC 

~pm&'l'Jl8I'IfltP.O

rellll3a 11 4 npo
B&BO,JtJIYX 

Uepy.llo1U1881111ll 
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MOJiexyMp- Ilap8MeTpii Jl'leiKII. Pasuepu dllJin 
w 

rpa.n/liMII. H1ift BBC llpOCTpaHCTB8HHaR odpas~a .A. rpynna MM 

!7000 1<.= 92,3i 
q =· 38,3i 

0,4x0,7x2 3,0 0,3 

c = 52,2i 
r= 990 0,6 

B2 1,8 0,6 

94000 a.= 62, 7i 0,6x0,3x3 2,7 0,08 
i = II8,Ii 
c = I24,4i 

P212121 

30000 lt= 4?,?i 0,02x0,4x0,4 2,5 0,16 
I= 64,2i 
e = 72,9.R 1,8 0,16 

P212121 -
200000 Q = ; = C! =0,45x0~45x0,_45 2,7 0,08 

=I38;4i 

P32 0,16 

23JOO cl. =3I,si 
i =5I,Ii 
C? =57.3i 
t =93,5° 

0,2x0,15x0,I2 1,75 0,08 

P2I 

80000 a=II8,5 i 
B= 70,1 .R 
C= 54,6 ft 

P21 =li3 

130000 a=268 i 
14 B=129 i 

0,3 I 0,4 I I 3,0 0,125 

2 I 0,5 X 0,4 4,0 0,03 



1IHCJIO Hesa- I!HCJIO HS- 'tHCJIO OT%a- ~u ~ u 
Bp~ BHCl!MWC MepeHK!lX lleHHI B R 3KB ~I Jk~I C'beMKI! oc:IJiacreli OTpalleHHI .1Wi KOTOpwt % B 'laC. (K) I > u % % 

20 4 14000 94 4 2,3 1,2 

IO 4 14000 9I 5,3 3 1,5 

40 2 108000 6U~75 5,6+~.5 5,3-Hl,8 3 ,71" 6,2 

480 2 612000 78~85 6-Hl 5,81"7,5 4,11"5,3 

40 4 75000 811"87 71-IO 61-lO 31-5 

200 4 400000 63+7I I8+25 I~28 9+I4 

80 I2 22IOOO 86 7 8,4 2,4 

200 I2 II05000 73+79 8+I0 8,4~I7 2 ,4+4,9 

80 2 60000 78 7,5 7 5 

52, 2 2I5 000 72+89 4,2~8,3 3,1+7,4 2,2+5,2 

50 I 50 000 7,5 7 7 
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rAe 

fhkf = 

~i- K03~~~~eHT np~BeAeH~H MaCC~BOB K OAHOMY MaCWTa6y, 

I. lin g . 
hkt I 

I. g 

B A~¢>paKTOMeTpax KAPA-3 ~ KAPA-~ sa 2 roAa 6b1IlO nony4e
HO OKOilO 40 MaCC~BOB ~HTerpailbH~X ~HTeHC~BHOCTeA OT ~0 
MOHOKp~ CTailnOB 6eilKOB JlerreMorno6~Ha, TpaHCaMv.HaS~, T epM~

Ta3W, KaTanas~, p~60HYKJlea3~ ~ ~X np0~3BOAH~X /CM. Ta6n~ 
~y/. B o6~eA cnomHocT~ 6~110 ~sMepeHo 6onee 3 .ro6 oTpameH~A 
OT Kp~CTailil~4eCK~X 6eJlKOB. 

npoee pKa MeTOA~K~ CoeMK~ ~ OTilaAKa nporpaMMHOro o6ecne-
4eH~H A~¢>paKTOMeTpa 6~11a npoaeAeHa Ha Kp~cTanne HaT~BHoro 

nerreMorno6~Ha. AeTeKTOp ycTaHaen~eancH Ha paccTOHH~~ 

270 MM OT Kp~CTaJlila, MOHOXPOMaT~S~pOBaHH~A nv.pon~T~4eCKV.M 
rpa¢>~To~ nepev.4H~A ny40K 6~11 nepneHA~KY~HpeH oc~ epa~eH~H 

KpV.CTailna (IJ ~ naAail 13 ~eHTp AeTeKTOpa . noilHbiA Ha6op A~¢>

paK~~OHH~X AaHHWX 14000 OTpameHv.A 6~11 noily4eH 3a 20 ~ 10 
4aCOB np~ CKOpOCT~ Bpa~CHV.H KP~CTuJlJla 0,3° ~ 0,6° B M~Hy
Ty. ¢>aKTOp paCXOAV.MOCT~ npv. nOBTOPH~X ~SMepeH~HX CO CKO
pOCTb~ apa~eH~H 0,3° B M~HYTY COCTaB~Il 2,3%, CPCAH~A ypo
BeHb OW~6K~ CTaTV.CTV.K~ - 2,3%. ¢>aKTOp paCXOA~MOCT~ MemAY 
MaCC~BaM~, CBHSaHHWM~ C~MMeTp~eA, COCTaBV.Il 4%; MemAy MaC
C~BaMV., nony4eHHbiMV. a KAPA-3/4/ v. a OAHOKaHallbHOM AI-1¢>PaK
ToMeTpe , - 5%. npoBeAeHHble Ha KpV.CTaJlJle JlerreMarlla61o1Ha 
V.SMepeH~A nOATSepA~Il~ npaB~IlbHOCTb MeTOA~KV. ~ OTCyTCTB~e 

SaMeTH~X C~CTeMaTV.4eCK~X OW~60K. 

CoeMKa 04eHb HeCTa6~IlbHWX Kp~cTannoe npo~3BOAH~x ner
reMorno6 1!1Ha I a=- 92,3 'A! c rpa¢>1!1TOBbiM MOHoxpoMaTopoM c pa3-
peweHI!IeM 1,8 $. np~ CKOpOCTI!I Bpa~eHI!IH Kp~CTailJlOB 0,6° B MI!I
HYTY v. paccTOHH~v. o6pase~ - AeTeKTop 326 MM noKa3ana, 4TO 
Sa 10 4a COB I!ISMepHeTCH MaCCI!IB ~3 27000 OTpameHI!IA. npOV.3BO
AI!ITeJlbHOCTb KAPA-3/4/ a 50 pas e~we, 4eM OAHOKaHailbHoro 
A~¢>paKTOMeTpa npl!l coeMKe Taro me o6pa3~a c TeM me ypoeHeM 
CTaT~CT~4eCKI!IX OWI!160K, ¢>aKTOp paCXOAI!IMOCT~ CBH3aHHWX CI!IM
MeTp1-1eA OTpameHI!IA COCTaBI!IIl OT 5,6 AO 9,5%. DbiilO noKaSaHo, 
4TO B r pynne 5x5 KaHaJlOB V.SMepHeTCH OT 92 AD 99% I!IHTerpaJlb
HOA ~HTeHcv.eHOCTv.. 

CoeM Ka KoMnneKcoe TpaHcaMI!IHas~ /c = 124,4 R! a oT¢>~IlbT
poeaHHoM CuKa-~SJly4eH1!11!1 npl!l CKOpOCT~ Bpa~eHV.H Kp~CTailJla 
0,08° B M~HyTy, paCCTOHHV.~ o6pa3e~ - AeTeKTOp 541 MM nOKa
SaJla, 4TO paspeweH~e CoeMK~ paBHO 2,7 'A,npO~S BOAV.TeJlbHOCTb -
51000 oTpameHv.A sa 40 4acoe,e 50 pa3 6onbwc, 4eM e OAHo
KaHallbHOM AV.¢>paKTOMeTpe npv, TOM me ypOBHe CTa TI!ICTI!14eCKOA 
ow v.6K~. ¢>aKTOp paCXOA~MOCT~ I!IHTeHCV.BHOCTeA OTpameHI!IA, CBH 
saHHWX C~MMeT~I!IeA, COCT aBV.Il OT 6 AO 8% npl!l TaKOM me ypoe-
He CTaTI!I CTI!14eCK1!1X OWV. 60K, Ha PHAe OTpameHv.A nOKaSaHO, 4TO 
B rpynne 5x5 KaH aJlOB ~3Me pRJ10Cb OT 96 AO 99% ~ HTerpailbHOA 
~HTeHCV.B HOCT~. 
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Kp~cTann~ TepM~Ta3w ~ nRT~ npo~3BOAH~X MMenM o4eHb 
Man~e pa3Mep~ 0,02x0,4x0,4 MM. npM CKOpOCTM C~eM KM 0,16° 
B MMHYTY M pa3peweHMM C~eMKM 1 ,8 ~ 6wno M3Mepe HO 3a 40 
4aCOB 80000 OTpa~eHM~ AflR Ka~AOrO Kp~CTanna C $aKTOPOM 
paCXOAMMOCTM 18-25% npM CpeAHe~ ·owM6Ke CTaTMCT MKM 18-28%. 
nocne ycpeAHeHMR 4 3KBMBaneHTH~X OTpa~eHM~ ypoBeHb OWM6-
KM CTaTMCTMKM COCTaBMfl 9-14%. 

Kp~cTannbl KaTana3bl M ee nRTM npOM3BOAHWX - HaM6onee 
cno~Hw~ 6enoK, CHRTbl~ a KAP.Q-3 /a =b =C = 133, 4 ~. Mone
KYnRpHw~ eec 200000/. C pa3peweHMeM 2,7 ~ 3a 40 4acoa npM 
CKOPOCTM C~eMKM 0,16° B MMHYTY 6wno CHRTO 30000 0 OTpa~e
HM~ AnR Ka~Aoro KOMnneKca c $aKTopoM pacxoAMMOCTM no 3K
BMBaneHTH~M OTpa~eHMRM, paBHblM 8-10%, M CpeAHe~ OW~6KO~ 
CTaTMCTMKM 8,4 - 17% /nocne ycpeAHeHMR no 12 3K BMBaneHT
HbiM OTpa~eHMRM OWM6K·a CTaTMCTMKM CO<..faBMna 2,4-4 ,9%/. 
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