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1. BBEAEHHE 

06pa30BaH~e paA~a4~OHH~X Ae$eKToB ~ pacnpeAeneH~e np~MeCH~X 

aTOMOB B xpncr anrtex , 06nY4eHH~X TR)f(enbIM~ ~OHaM~ C 3Hepr~RM~ 
B~we 0,1 M3B/a.e.M., aHa4~TenbHO OTn~4aeTCR OT aHanor~4H~X npo
4eccoa, npO~CXOAR~~X np~ TpaA~4~oHHO~ ~OHHO~ ~MnnaHTa4~~ /3Hep
r~~ ~OHOB AeCRTK~ ~ COTH~ K3B/a.e.M./. OCHoBH~e OTn~4~R aaK~~

4a~TCR B cneAy~~eM: B rny60KoM npOH~KHOBeH~~ ~OHOB, KorAa B~

nonHReTCR ycnoB~e Rp » âRp(R p- cpeAH~~ npoeKT~BH~~ np06er, a 
âRp - cpeAHee KBaApaT~4Hoe oTKnOHeH~e Ben~4~H~ Rp); B AOM~H~~ 

py~~e~ pon~ Heynpyroro 3neKTpOHHoro TOpMO)f(eH~R B np04eccax Ae
$eKTo06paaoBaH~R Itl $OpM~poBaH~~ cne4~$~4ecK~x npOTR)f(eHHbIX Ae
$eKTH~x 06nacTe~ - TpeKoB; B npOTeKaH~~ RAepH~X peaK4~~ np~ 

3Hepr~RX ~OHOB, npeBblwa~~x KynoHoBcK~~ õapsep RAep peurerxa-; 
B BOaHItlKHOBeH~~ aHa4~TenbHblX CTaT~CT~4eCK~X AaBneH~~ ~ 06nY4a
eMO~ 06nacT~ aa C4eT BoaAe~cTB~R oKpY)f(a~~e~ TBepAOTenbHo~ MaT~ 

PItl4b1 / 1-3! OTMe4eHHble 3$$eKT~ onpeAenR~T cne4~$~KY $OpM~poBaH~R 
Ae$eKTHo-np~MecAo~ CTPYKTYPbl cnoR, 06nY4eHHoro TR)f(enblM~ ~OHaM~ • 
B HaCTOR~ee BpeMR ~MeeTCR BeCbMa orpaH~4eHHoe Kon~4eCTBO pa60T, 
Hanp~Mep/4.51 , nOCBR~eHHblX ~aY4eHH~ oc06eHHocTe~ BblCOK03Hepre
T~4HO~ ~OHHO~ HMnnaHTa4~~, a CBRaH c 4eM npOBeAeH~e TaK~X ~c

cneAoBaH~~ npeACTaBnReTCR aKTyanbHblM. 
OAH~M ~3 MOAenbHblX Kp~cTannoB, nepcneKT~BHblX AnR ~aY4eH~R 

06paaoBaHHR B H~X Ae$eKToB, RBnReTCR Kp~CTan~ anMaaa, xapaKTe
p~ay~~~~cR Ha~60nbwe~ Ben~4~HO~ Me)f(aTOMHblX KOBaneHTHblX cBRae~, 
YCTO~4~BO~ Ae$eKTHo~ CTPYKTYPO~ ~ OTCYTCTB~eM cKonbKo-H~6YAb 

aaMeTHoH aTOMHO~ A~ltXtlya~~. BblAeneHHble OC06el-iHOCT~ Aena~T Kp~

CTannbl anMaaa YH~KanbHblMItl np~ HCCneAOBaH~~ np04eCCOB nepB~4Horo 

Ae$eKTo06paaoBaH~R B c~nbHO HeOAHopOAHblX C~CTeMax - ~OHHO-~M

nnaHT~pOBaHHblX cnORX. 
HacToR~aR pa60Ta nOCBR~eHa HccneAoBaH~~ onT~4eCK~X xapaKTe

p~CT~K KpltlCTanna anMaaa, 06nY4eHHoro TR)f(en~M~ ~OHaM~ BblCOK~X 

3H~pr~~, a TaK)f(e ~aY4eH~~ Bn~RHItlR BoaH~Ka~~~x np~ 3TOM CTaT~
4eCK~X Aa8neH~~ Ha onT~4eCKH aKT~BHble 4eHTp~. 

tt 

2. METOA~KA 3KCnEPHMEHTA. PE3YJlbTATbl 

06paa4bl np~pOAHoro anMaaa T~na lIa c ~CXOAH~M COAep)f(aH~eM 

aaOTa He 60nee 10 15 cMi3 06nY4an~cb ~OHaM~ yrnepoAa c 3Hepr~e~ 
82 M3B /AoaaM~ 10 14 - 1,2- 10 18 CM- 2/ Ha 4~KJ10TpOHe Y-300 Jla60
paTop~~ RAepH~x peaK4~~ OH~H. ,l\e$eKTHaR CTpYKTypa 06paa40B ~c

·O~'hi.-Jih~ l~ ...ü~~-···~iiii.:nnYl I 
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1,66 1,67 ~J68r 
3Hepr~R KsaHTa, 38 

PHC. ). CxeMa B03ó~eHHH KIT H oónyqeHHH HOHaMH: ai ~eHT
panhHOH qaCTH o6pa3~a; 61 BceH nOBepxHocTH o6pa3~a; A- 60M
6apAHpy~~e HOHbI, B - 3neKTpoHHblH rryqOK, B - o6nacTH KpHC
Tanna, B036~aeMble B KIT, r - HOHHO-HMIIJIaHTHpOBaHHMe cnOH;
BI cneKTpbl 6ec~oHoHH~X nHHHH ~eHTpa GR1, 3aperHcTpHpoBaHHo
ro B oónacTHx I, JI, 111. 

cneAoaanaCb MeTOAaM~ KaToAon~M~Hec~eH~~~ IKfl, 3Hepr~R B03fiY*Aa
~IIIX 3neKTpoHoB AO 15 K3BI 11I ~Ton~M~Hec4eH~1II1II I~n, Afl~Ha Bon
H~ B03fiY~Aa~~ero ceeTa 0,53 MKMI npH TeMnepaType 80 K. nocne
IIIMnnaHT.a~~oHH~H OTm~r npoaOAHnCR B BãKYYMe ~10-4 na B Te4eHHe 
4aca npH TeMnepaTypax AO 1000~C. npO~lIInH npocTpaHcTBeHHoro pac
npeAeneHHR HHTeHCHBHOCTH ~eHTpo6 n~MIIIHec~eH4111~ nonY4eH~ MeToAoM 
nocnoHHoro HOHHoro TpaBneHHR. Ha plllc.l a,fi npeAcTaBneH~ cxeM~ 

IIIOHHoro 06nY4eHHR H B03fiymAeHIIIR Kfl IIIccneAyeM~x ofipa3~OB. 

CneKTp~ Kn H ~n, nonY4eHH~e Ha pa3H~X CTàAHRX 06nY4eHIIIR H 
OTmHra 06pa3~OB, npHBeAeH~ Ha plllc.2. WHpOKaR nonoca c MaKCHMY· 
MOM B 06naCTIII 440 HM, Ha6n~Aa~aRcR B cneKTpax Kn HCXOAH~X 
o6pa34oB Iplltc.2a/, o6ycnoaneHa Ae~eKTaMH HepaAHã4HOHHoro npo· 
IIIcxomAeHHR 11I, aepORTHee scero, AHcnoKa4HRMH / 6 / • nocne HMnnaH
TallHH Iplltc. 261 B cnexrpax Kn B03HHKalOT anexrpoaao-xoneõarene aae 
CHCTeM~ nonoc Xopowo H3BeCTH~X 4eHTpoB GR1 IHeMTpanbHaR BaKãH
CHR / 71 I, TR12 InpeAnonomlllTenbHo ABOHHãR napa $peHKenR1B1I, 
3H InpHpoAa Ae~eKTa B HaCTOR~ee speMR oAHo3Ha4Ho He YCTàHoene
Ha19/ 1 c fiec<t>OHOHHblMH nlltHIo1RMH 741" 470 101 503,5 HM COOTBeTCT
aeHHO. "B cnexrpax 4>n npIIICYTCTBYJOT Tonb,KO nl-iHIIIVl uearpa GRl 
IpHC.26/. 

OT*Hr npllt TeMnepaType 70~C IpHC.31 nplltBOAIIIT K IIIC4eSHoaeHHID 
~eHTpOB GRl. TR12, 3H H nORBneHHIO pRAa Y3KHX nHHH~ a 06naCTH 
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500 

/.l)1HHa BOJ1HbI, HM 

~PHc.2. CneKTpw n~MHHeC~eH~HH 

~anMa30B THna lIa: ai KIT, AO 
HMrrnaHT~HH; 61 M, nocne HM
nnaHTa~HH; BI ~n, nocne HM
nnaHT~HH; ri M, nocne HM
nnaHT~HH H OT~~ra npH TeM
nepaType IOOOoC. 

I PHC. 3. 3 aBHCHMO CTb HHTeHCHB
',11	 HOCTH paAHaWiOHHbIx uearpoa B 

HMnnaHTHpoBaHHoM anMa3e OT 
TeMnepaTYPW OTXHra: O - GR1, 
o - TRI2, ~ -3R, A - 510,5 liM, 

e - 513,2 HM, t - 563 HM, 

a - 591,8 HM. lliTpHxoBaR nHHHH 
400 600 700 800 YKa3~BaeT YPOBeHb ~YBCTBH
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500+600 HM, cpeAH KOTOP~X AOMHH~PY~T nHHHH 509; 511,5; 563 H 
590 HM IpHc.2r/. Ha OCHoaaHHH aHanHsa 3KcnepHMeHTanbH~X peaynb
T8Toa pa6oTw / 81 , s KOTOPO~ HccneAOaanHCb anMa3~, o6nY4eHHwe 
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PHc.4. Pacnpe~eneHHe HHTeHCHB
HOCTH panaauaomrsrx ~eHTpOB no 

~ ro 

B
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2	 
rny6HHe 06nyqeHHOrO cnOH: 

I" 

I a/ KIT, O -' GRI, o - TRIZ,b rol 
!1. - 3H; 6/ eDil, O - GRI; Bl KIT, 
TeMnepaTypa OT*Hra IOOO°C,~ roa 
!1. - 5 IO,5 HM, O - .5 13 ,Z HM, 

I 0- 591,8 HM. Ilh-paxonaa nHHHHQ) 
=r YKa3MBaeT ypOBeHh qYBCTBHTenh

HOCTH YCTaHoBKH Kn. 
o 

~ ro 

!i2 rolc:; 
HOHaMH C+ c 3HeprHeH 350 K3B, 

~ H AaHH~X HaCTOR~erO HcCneAOo 
o SaHHR	 MO~HO npeAnOnO~HTb, 4TOI 
10 Ha6mo,(\aeMble L(eHTpbl COOTSeTCTs: 
U 

SY~T	 C06CTSeHH~M Me~Aoyaenb
~ ro2 I H~M Ae~eKTaM. OTnH4HTenbHOHt-
I, 

OC06eHHOCTb~ CneKTpOB n~MHHeC
:s: L(eHL(HH anMaaOB THna lIa, HM

nnaHTHpoBaHH~x HOHaMH yrnepo
Aa c 3HeprHeH, npeBblwa~eH 

1----[---1 I I I I ""	 v80 KynoHoBcKHH 6apbep RAepHoHo 20 4G 60 peaKL(HH C 12 + C12, RsnReTCR 
rny6HHa, MKM nORBneHHe XopOWO H3BeCTHoro 

L(eHTpa c 6eC~OHOHHOH nHHHeH 
575 HM, o6ycnoBneHHoro aaOTO
cOAep~a~HM Aett>eKTOM /9/ • 

Ha pHC. 4 npencr aaneau npO~HnH pacnpeaeneuaa HHTeHCHBHOCTH 
oTMe4eH~~x B~we L(eHTpOB no rny6HHe o6nY4eHHoro cnOR. AHanorH4HO 
cnY4a~ BWcoKo3HepreTH4HoH HMnnaHTaL(HH HOHaMH aaoTa/~ npOCTpaH
CTBeHHoe pacnpeAeneHHe L(eHTpos GRI H TRIZ OAHOpOAHO no BceH 
rny6HHe HMnnaHTHpoBaHHoro cnoR, B TO BpeMR KaK L(eHTp~ 3H n6
RBnR~TCR npeHMy~ecTBeHHO B 06nY4eHHOH, HO He nerHpOBaHHOH o6na
CTH, TO eCTb He B 06naCTH OCTaHOBKH HOH9B. nO-BHAHMOMY, Ha6n~

AaeMoe paanH4He CBRaaHO c TeM, 4TO L(eHTp~ 3H no cpaBHeHHID c 
L(eHTpaMH GRI H TRIZ 60nee 3~~eKTHBHo peKoM6HHHPYIDT c Me~Aoyaenb
H~MH aToMaMH, KOHL(eHTpaL(HR KOTOp~X B cnoe OCTaHOBKH HOHOB, xa
paKTepHaY~MOM AOMHHHpOBaHHeM ynpyroro MexaHHaMa Aett>eKTo06paaOBa
HHR, aHa4HTenbHO B~we. 

npO~Hnb pacnpeAeneHHR L(eHTpa GRI, perHcTpHpyeMoro B ~n, 06
HapY~HBaeT nOBeAeHHe, aHanorH4Hoe cnY4a~ Kn, aa HCKn~4eHHeM 

nonHoro HC4eaHOBeHHR HanY4eHHR 3Toro L(eHTpa B cnoe 68f70 MKM 
OT nOB~pXHOCTH. 3Ta oc06eHHOCTb 06bRcHReTcR, BepORTHO, aHa4HTenb
HWM YMeHbweHHeM BpeMeHH ~HaHH HepaBHOBeCH~X HocHTeneH aapRAa 
B YKaaaHHoH 06nacTH KpHCTanna Ha-aa CHnbHoro Ae~eKTo06paaoBaHHR 

/06nacTb OCTaHOBKH HOHOB/, 4TO seAeT, COOTBeTCTBeHHO, K naAeHH~ 

HHTeHCHBHOCTH H3nY4aTenbHOH peKoM6HHaL(HH B ycnoBHRX Manoro YPOB
HR Boa6Y~AeHHR, HMe~ero MeCTO B cnY4ae ~n /B OTnH4He OT Kn/. 

PacnpeAeneHHe no rny6HHe Me~AoyaenbH~X L(eHTpOB /pHc.4B/, 
XapaKT.epHayeMblx 6eC~OHOHHbIMH nHHHRMH 509; 511,5 H 590 HM, HMeeT 
RpKO B~pa~eHHbIH MaKCHMYM, pacnOnO)l(eHHblH Ha rny6HHe 56f61 MKM. 
HanH4He 3Toro MaKCHMYMa nOATBep~AaeT Me~AoyaenbHY~ npHpOAY 
COOTBeTCTBY~HX Ae~eKTOB H 06bRCHReTCR YBenH4eHHeM Ha YKaaaHHOH 
rny6HHe KOHL(eHTpaL(HH Me~AoyaenbHblX aTOMOB yrnepona , BBeAeHHblx 
HMnnaHTaL(HeH. CMe~eHHe no cpaBHeHH~ c pac4eTH~M MaKcHMYMa npo

rI,'I	 ~HnR pacnpeneneuna Me~AoyaenbHblx L(eHTpOB K nOBepXHOCTH•

i /72 MKM/ 10// 06ycnoBneHo, nO-BHAHMOMY, AH~~yaHeH HMnnaHTHpoaaH
"	 HblX aTOMOB, cTHMynHpoBaHHoH paAHaL(HOHHblMH Ae~eKTaMH /11/ • Aaano

rH4Hoe nepeaeuieaae npHMeCHblX aTOMOB Ha6n~AanOCb B axcnepasearax 
no BblcoK03HepreTH4eCKOH HMnnaHTaL(HH aaora B anMaa/1/ • 

B cnexrpax n~MHHeCL(eHL(HH 06nY4eHHblK 06naCTeH 6blno 06Hapy~eHo 

HCKa~eHHe cnexrpane aoã ~OpMbl 6eC~OHOHHbIX nHHHH /6~n/ asuue onn
caHHblX paAHaL(HOHHblX L(eHTpOB GRI, TRIZ H 3H, KOTopoe MO~HO 06bRC
HHTb ynpyrHMH HeoAHopoAHblMH Ae~OpMaL(HRMH B' HaY4aeMoH 06nacTH 
KpHcTanna, 4TO Mo~eT cnY~HTb HHAHKaTopoM paaBHBa~HxcR TaM Me
xaHH4eCKHX HanpR~eHHH. Ha pHC. 1B cpaBHHBa~TCR $OpMbl 6~n uexrpa 
GRI, perHcTpHpyeMble OT paaaax 4acTeH 06nY4eHHblX. 06paaL(OB. nHHHcA 
H3nY4eHHR c nOBepxHocTH, 06paaL(a, 06nY4eHHoro no BceH nno~aAH 

/pHC. 16, 11/, npaKTH4ecKH coananaer no epopMe c 6~n HeHCKa~eHHbIX 

L(eHTpOB GRI, BBeAeHHwx B anMaa, HanpHMep, 3neKTpoHaMH/ 1V, 4TO 
n03BonReT cnenar » BblBOA 06 OTCYTCTBHH aaMeTHblX HanpR~eHHH B npa
nOBepXHOCTHblX cnORX TaKHX 06paaL(OB. 6~n L(eHTpa GRI, Boa6Y)l(Aae
Moro c 60KOBOH rpaHH 3Toro o6paaL(a /pHc.16, 111/, HMeeT MeHbwee 
pac~enneHHe Me~AY CBOHMH KOMnoHeHTaMH, 4TO YKaablBaeT Ha HaMeHe
HHe RH-TennepoBcKoro HCKa~eHIi1R HeHTpanbHblx BaKaHcHH B none ynpy
rHX HanpR~eHHH, BoaHHKalO~HX B aarpyõneaaux HMnnaHTHpos-aHHblx 
cnORX. nonoca GRI, perHcTpHpyeMaR c nOBepxHocTH nOKanbHO 06ny
4eHHoro 06paaL(a /pHc.1a, tI, CHnbHO YWHpeHa H CABHHYTa B AnHH
HOBonHOBY~ 06naCTb. AHam1a cnekrpanexoro IItCKa~eHHR 6~n uearpa 
GRI B cooTBeTCTB~H c peaynbTaTaMH pa60Tbl/ 12/ noaBonReT npeAno
nO~HTb paaaa rae aHHaOTponHblX HanpR~eHHH B nnOCKOCTH .<110> B 
06nacTH I AO aHa4eHI'IR 0,5 Flla, . . 

Ilpencraenexaoe Ha PHC.5 HaMeHeHHe WHpHHbl OCHOBHO~ 5~n ueurpa 
GRI npa OT~Hre 06pa3L(a MO~HO 06bRCHHTb nOBblweHHeM ynpyrax Ha

·1 
d npR~eHHH B HMnnaHTHpOBaHHOM cnoe npH TeMnepaTypax ~ 300°C Ha-aa 

BepoRTHoH aKTHBaL(HH ABH~eHHR c06CTBeHHblX Me)l(AoyaenbHblX aTOMOB 
npH 3TOH TeMnepaType/6/ H 4aCTI'I4HOrO BoCCTaHosneHHR Me~aTOMHblX 
CBRaeH B 06nY4eHHOM cnoe. 

3aBHCHMOCTb cneKTpanbHOH WHPHHbl 5~n paAHaL(HOHHblX L(eHTpOa OT:1.; 
/'	 

AOab! 06nY4eHHR HMeeT noporOSblH xapaKTep /PHc.6/ c KpHTH4eCKOH 
AoaOH B 06nacTH 3.10 15 CM- 2• B03Mo~Hoe 06bRcHeHHe 3Toro ~aKTa 
aaKn~4aeTCR S TOM, 4TO npH Aoae ~ 3.10 15 CM~2 Ha4HHa~T nepeKpbl
BaTbCR coaaaeaeaue HOHaMH Ae~eKTHble 06nacTH, 4TO npHBOAHT K 
CHnbHOMY POCTY MexaHH4eCKHX HanpR)I(eHHH • 

.4	 5 
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PHC. 6. ~o30BaH 3aBHCHMOCTb 7. Field J.E. The Properties of Diamond. Academic Press, 
cneKTpanbHoH mHpHHW B~n pagHa London-Ne~ York, 1979. 
~HORHb~ ~eHTpOB, B036~aeMb~ 8. rHnnHYc A.A. H AP. $Tn, 1982, 16,.c.404.
B 06naCTH 11 /cM.pHc.I6/: 
0- GRI, o - TRI2, ~ - 3R• 
~ 

200 400 600 

TeMnepaTypa, °c m 
6 

~5 
.. 4 3aBHCHMOCTb OT TeM
~3OTmHra cneKTpanb :s: 
0.2 

~ rnaBHoro KOMIlO x 
In uenrpa GRI 3'1 

/1,613 : B/, B030~aeMoro.	 o 
B oõnac: H 11 -. H 111 
0, CM.] Hc.IO. 

3.	 31 KJ1104EHHE 

f.o 

.-....--~ 
~ 

-a--:::::::,-
flf 

1014 1015 1016 

Aoaa, CM-2 

BAal HOH pa60Te nOKa3éHO, 4TO B~COK03HepreTH4eCKaR HOHHBR 
~MnnaHT, ~HR B anMaae npH80AHT K 06pa30eBHHID paAHa4~OHH~X Ae
~KTOB pa311H4HOH no rlly6HHe 06nY4eHHoro cnOR CTPYKTYPOH, aI 

TaK)f(e 81 3HHKHO!eHH~ aHHaOTponHoro nepepacnpeAelleHHR npHMeCH~x 

8TOMOB, cTHMyn~p08aHHoro paAHa4HOHH~MH Ae~eKTaMH. KpOMe Toro, 
B cnoe, 06nY4eHHOM TR*en~MH HOHaMH, pa3BHBa~TCR 3Ha4HTellbH~e 
àHa-130Tpl nH~e MexaHH4eCKHe HanpR*eHHR, eenH4HHa KOTOp~X MomeT 
cYU4eCTB HHO pa3J1H4aTbCR no rlly6HHe. 

B aa Kn~4eHHe aBTOp~ e~pa)f(8IDT 6narOAapHOCTb aKaAeMHKY 
r.H.C$)lIe osy a8 nOCTaHOBKY 3aA84H, npO$eccopy ID.U.OraHeCRHY 
a-1 B.A.lU' roneay a8 BHHM8HHe K pa60Te H nOlle3H~e aaMe4BHHR. 
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HET Jut nPOEEJIOB B BAIUEA EHEJII10TEKE? 

8bl MOlkeTe OOJIY'IHTb nO OO'ITe nepe'IHCJieHHble HHlke KHHrH, 

eCJIH OHM He 6biJIH 38K838Hbl paHee. 
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H1natertbtKHA oTtten 06~ettHHeHHbro ~kcTHTrta RAepHbla ~ctnenoaaHH' 

BapuqeHxo B.c. H AP• 14-86-411 
BnHHHHe BYCOK03HeRreTHqHoro HOHHOrO o6nyqeHHH 
Ha nmMHHecqeHTUYe CBOACTBa anMa3a 

MeTOAOM nmMHHecqeHqHH HCcneAOBaHO BnHHHHe BYCOK03Hep
reTHquoro HOHHoro o6nyqeHHH Ha o6pasosaHHe P8AHaqHOH~ Ae
WeKTOB B anMasax. lloxasaHo, qTo pacnpeAeneHHe AeWeKTOB no 
rny6HHe o6nyqeHHOrO cnoH onpeAenHeTCH HX CTpyKTypoA H BO~HHK
HOBeHHeM aHHSOTPOnHOrO nepepacnpeAeneHHH npHMeCHHX aTOMOB, 
CTHMYnHPOBaHHoro PaAHaqHOH~ AeWeKTaMH. KpoMe Toro, B o6-
nyqeHHOM cnoe KpHCTanna pa9BHB~TCH SHaqHTenhUYe aHHSOTPODHYe 
MeXaHHqecKHe HanpHKeHHHo 

Pa6oTa BbiJJOnHeHa B Jla6opaTOPHH HAepUYx peaxquii OIUIH. 

Coo&we1111e Otr.emmeiDioro IDICTHTyra JIJlepHWx HCCneAoaaHIIi. Jly&la 1986 

Varichenko v.s. et al. 
Influence of High Energy Ion Irradiation 
on the Luminescence Diamond Properties 

14-86-411 

High energy ion irradiations influence on formation 
damage in diamonds are investigated by using luminescence 
method. It is shown that the depth distribution of defects 
is determined by their structure and by arising ofanisotropic 
redistribution of impurities atoms, which stimulated the 
radiation damage. Anisotropic mechanical strains are develo
ped in the irradiated crystal. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1986 


