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;.. 

lo BBeJleIm6 

rWO- 11 ,1l8A'repoc8.ll8Ha'1'Y ~e3.Jf 11pi1H8W18DT IC He,ttaBHo06HapyzeH

HOMy celll81CTBY npOTOHHYX'lnpOBO)lHDOB c BO,1l0po,1lHYMB CBIISRMB, B ICpHc

TanJIex KOTOpux D8peXO,1l B CYn8~0~'4a8Y (Iflasy I) npOllcXO)lll1f -npB 

T8MoepaTyp8.X, 6JIII31CJ1X !t 400 IR /1 -47. llpu BSyq:9HJ111 paaU1IHI:aOI'1118'1'0,1la

11. OT)l8JIbHHX np8,1lCT&BK'1'8n8A aToro eew8AcTsa 6wnB 0np8)l8i8HH nocn8AO~ 
BaT8nbHO~Tb elas, BOSHI:K8Jl~ npK ',arpe~KB KplfC'1'8JllJOB OT ~OMHa'1'~oA ", 
T8MOepaTJPU AO ,TOqu DJI~JI8HHa: /5 " KpHCT,a.unorpa4lHlI9Cm8 )LáHHHe ~e
ao'1'opYX taa /6-8/, xapalCT8p HOHHOAnpoBOABMOCTII B ~é I r~,9,IO/, 
qTO D03BOnKJIO DOCTpoKTb MHxpOCKO~C~ lIoÀeJIb CyDepaoHHoro oepe
X0Aa /11/. d 

HeA'rpoào~ecx.a 3ICCOeplDl8HTH /5,12-14/, DpoB8,1l8HHY8 HIi 

IIOHO- H DOJIBICpBCT8JIJIU as HSO;" li C.s DSO. (AU8e CHS li "'eDS ), 
BagBHJIII ~enYR ~ OC068HHOCT8A DPOT8Kam~ B HBX ~OBYX oepeXO,1l0B. 

Oepe1DlCJIlDI 1C0poTKO OCHOBHHe peSYJIbT&TY, oonyq8HHJie'B aTJIX 8lCcnepll 

118HTax. 

I. B AB&D&30H8 123 - 440 R CYJqeCTayvr 'l'pII' cIUs CHS li '1'OJIbXO, 

,1lB8 eJesu CDS, B ~ex I li O 9'1'11 ÇRCTUJIH BSOMOPItm. 

"2. OepexoA B cynepHoHHYJ) 'cflasy (fi ~ I) CBB38H" c CYI"CTB8HHOlt 

D8peC'l'poholt a'1'oamoA c'I'pyK'1'ypY, 06JI&.I1MT S8M8.u8HHOA 1DIH8TIIICOI (no 

EpaÀHel lIIepa BIIIOHOICpICT8JUI8X 06bellloll ,;, 0,01 - 0,03 CM
3 ) 11 conpo

BOB,Il&8Tca paa6B8H11e"'Kpllcor~JIa H& 6JIOXB c CJlÍlbHO pasnll1WlJQ8f.tcR OpH

eHlf~eA oceA. ~pR 6JIOICOB TpaHcn~oHH8S CKMM8TpHII B ~HaqàT8JIb- ' • 

HoA CT8neHJI Hapyll8Ha. " " 

3. Opll 06pa'l'HYX,loepêxoAâx O~ ID BCHS K 1--'0 B';C])'S "BoccTa

HaBJUIB&m'CJI IJapaM8TpIi li CIIMMe'!'p1lJl 8n8l1eHlf&ptlol 'R1l8ftU, HO 'noaaoro 

BOCCT8HOBJI8HKJ1 C'l"pyK'l'ypY H8 npoBCXOAll'l', H& qrO ylC&3uaam llau8HHIBII

eca CÓOTHOmeHIIÍl lIH'l'éHCRBHOC'1'el U.thlJ))l&8I1YX AII~OHHIIX Daoa. 

KpIICTdJl npB 8TOM, ocoraeTCII ,.p&s611'l''' H& 6J101tll. 

4. B ÇIIcT&JÍ~e CHS nepacTpoAic& CTpyrI'ypK DpII D8pexO)l8 lU.......,. n 
~RCXOAJl'l' "TUJIII 06paaOIl,' ~o OCb 21 DOBOpa1UlB&8TC'JI B DJlOCKOCTR ,," ':",: 

(I, C ) 8~8MeH'l'aPHolI Relá Ma yrOJI, '6JIIISDR K 450
• " 

5. Pas6B8HBe 1I0HOÇIICTUJlOB H& 6JI01QJ 11 Hapyll81018 AlÚ!bHerO DO

pa:,JlU. ae nOSBOJIIIJIM OupeA8J1RTb C't'p'Jrlypy .")18&e CJDOIeTpiII) CynepJlOH-

BoA (jasll ICpKCTUJIOB CsflSO.j. li C.s])SO.. • . 
npoae,1leHlle AJI~OHBYX 8ICCneplDl8H'l'OB' H& rll,llpo- 11 ,ueftepoC8J1e

HaT8.X+- ~8SJUr (,ltUee CHSc .. C.DSe. l IJIM"ACTaBJIJt8'f lIH'I'epec no C.ll8,qy

J)QOI Dpli1lllHU.' Bo-DepBHX, ,UJlJI C HSe- 0r611I1KOB8RII pesY.ll~Ta'nl 011'1'11

1I8C~ li ,p8H'i'reHOBCax IIC~8AO~A n "119 KO'fOpwX cne,veT, 1lI'0 B 

lIH'l'epB8JIe T~lIpepaTyp orr 1C0IIH&THoA .;)l0 420 1t°C1l'9C'lIByM' TOJlblCO ~ae 

...-_....... .-----.......:s
.......-- ...............
 

IbYJlirlé1Ui2J!\ BUC'm'A1f \ 
Q~jEm ~~tuiOlaual 
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cf>a3H {I li Il) CHSe , IIpilll9M KplfCTaJIJI C'l'8HOBH'l'CII 'l'eTpaI'OH8JIbHHM B !fa
se I ('1'oQelUi8Jl rpynna 4/mMm , ai: = 1/-6 = 4,18 Ã, Ci;'=' 7,20 1). O,tt
HPO IIswepeHHe HeltrpoHH1:lX ,1lII~OHHIIX cneK'l'pOD Ma nopoasax C/1sef151 
nOKaSaJIO, 11'1'0 napawe'1'py $I1I8RD, HaA,neHHH8 B IJ/, se CÓO'l'B8TC'1'

Byr:tr Ha6JIIJ,lta811111Y d"«e-, 11 IIX H&AO ,0npe,itéJlH'l'b 38HOso. Bo-B'1'Opux, 

rllApo- 11 ,itel1'l'epoc8neHaTH qeslIlI nflDlls nepeHOCJ!'I' cynepllolDml nepexOA, 

li, cne)10Ba'l'enbHO, CSHJIa H8A82IAa nOJlyqJlTb CSonee noJIHYl), tl8M H& CYJIb4a

TU, ~1*~1l o CIOOf8'l'pBH li C'1'pyK'1'ype «flasa I. HaxOH811, CSHJIO IIHT8

peCHO YSHaTõ, B K81toA C'1'8neHH oc06eHHOC'I'R cynepxoHHoro ·nepexoA&, 

Ha6JIIJA8.BlIlHeCII B C/1S H CJ)S , npOIlBJI'l'CII B c/ts; 11 C])Se • 
llpe,1tBapllT8nbHH8 KpIICTaJlJlorpa4Jlleco8 ,1l8HHIl8 C.DSe IlpIIB8AeHH 

B/16/ .Taa xe Ha OCHOSa ~eHTKqHOCTH ~p~OHHHX CneKTpOB 0'1' llOHH-· 

KpIlCT8JIniltl8CKH:x: OCSpa3~OB yxaSSHO aa '1'0, 11'1'0 rJl,llpo- 11 A8ttrePOCYJl~

Til • C8n8Ha.'l'Y q881111 B30MOpJIiY KaX B cf*s8 n, TU B B «IJu8 I. 

2. 3Kcn8J!O!8H'l' 

Boa 8KcnepHMeH'l'Y 6WIII BHl10JIH8HiJ H8. ,1tH4JpaIrrOM8'l'p8 AH-2 JlHt OHHH 
lia HWuynltCHOM PeaK'l'ope HEP-2 /17/. JJ.Rtf.Jpa.K'I'oMeTp pa.(SO'l'U'I' no .,8'l'O,ny 

Bp8118H11 npon8Ta, per.c'rpaI~R pacC8JOO10rO nytBa HejtrpoHoB OCYI'SC'l"BJUI

8'1'CII O,1UiOKooPAJlHaTHaI II031U.lH0HHO-~BCTBlITenItHWM A8TeKTopoll, OXBa'l'H

~ yron 120 
B nnOCKOC'1'B paCC8ftHHB li yron 3° B nepneHAHKyJIRPHoA 

(aeprllKaJIbHol) nnOCKOC'l'II. TUJIM OCSpasOM, lIpiI cfilKCHpOBaHHYX: nOJloze

HIIRX KpII~TanJla 11 )t8'1'8K'I'Opa H8M8pRJIBÇb AByuapHH8 AB~OHHY8 CneK'I' 

pY te pasB8p'l'KOA no ,JUIlIHe BOJIHH li DO yrJlY pacceJIHIIR), Q'l'0 COO'l'B8'fC'1'

B18'1' p8rIlC'l'~ ~ pace8RH11S1 B AByJlePlOM C8K'I'0p8 (c paC'1'BOpoll 

.-v 60 ) oCSpt.'I'HOrO opoe'l'p&Hc'1'Ba. 

JiIauIIIUbHuft .ar no AJlJlHe BOJIHU R no yr1fY pe.çC8SH1111, C JCO'l'0PJ!ll 
o 1 

peraC'l'pRpOB&JIIICb HeR'1'PQHOrpaMYH, COCTaBnB~ 0,01 A li 15 eOOTBeTC'l' 

MIUIO. CKOPOC'I'1t Hal'pesa KpfIe'l'UJIOB IIpII n8pexoA8 B tear I COC'1'URJla 

OKOJlO 0,25 rpt\1VURH. MOHoq.g'l'uRnecu8 otSpasqJI I1p8AC'1'aBJlRJIII coCSolt 

DJt&C'I'1QUCII 06r.8110M o_ono 3 101 , Beca nOJIIIKpllCt'UJlOB CSHJIa .... 3 r • .1481

'I'8prpoBaHll8 OCSpasqOB CSHJIO lIpOBeA8HO H&"'~. 

I' 3. P8SYJIõ,.aftl 8KcuepllM8H'fa 

3.1. CKMll8'1'pB~ tasu n 
COrJI&CHo /7/ qwC'1'&JIJIH CHSe. B cflas8 n ( CHSe - n) MOHOUIIH

HH8, pp.rp. P2/c, D&pIUI~pi ..Au: a.; = ? ,972(4)7 t", = 
, • O = 8,427(4), c", = 7,811 (6) A, j6 = 111,2 ,~ =4 (peH'l'reHOBCue 

A8HHJ18). HuuI •••peHU ~OHHWX cn8rrpoB KU H& DOUÇIIC'1'aJI: 

2 

... 

B8.X / 161, 'fU H Ha IIOHOEpllC'1'aJlnax CHSe li CJ)Se nOA'1'B8p.ttHJIII 3Ha1l8

HIIB Ilapall8mB JIlI8AlUI (1VI1I CHSe BeJIHtD!HiJ COBII8J[II B opeA8nax ODUltSOK 

c,llámmu. /, a p,.na: CJ)Se: a", = 7,983 (2), t",. = 8 ,427 (3 ) , c.; = 
:: 7,814(3) Á, jJm = 111,3(1)0), 0ARUO peiPJI8KCH' oito c K = 2 J7 + I 
CHC'I'eMa'1'1I1l8CIDt O'l'CY'l'C'l'BOB8JDI (pile. Ia), li, Cne,l10BaT8DHO, ABoAHaa ocs 
B c~ype ftBnSe'l'CS BlIH'I'osoA. KaK yc

'1'8HOBJI~O 8 paCSO'1'8.X /8/ 11 /16/, np, rp. 
1/10 3 

c. os, 0, 

tOlOl
KpJIC'l'MJlOB CS])S04 B ~ fi ~ P2.fjC, 

T·29JKa Cp8.BH8IDI8 Heltl'poHOrpeJIM nOJlIIKpilc'l'U

~OB,DOK&8BB88'l', q'l'O Bce Q8'1'up8 coeARBe
a

HJIJI CHS , cns , CltSe 11 CIJSe .80


UOpPm B 8'1'01 ~8. TUIOI odpasoIC,
 

BCTIIHHOA npoC'I'paRC'1'BeHHOft rpyrmoA
 

CHSe - D li CJ)Se - D IIBJlR8'1'CR P2,/c. 

-0.75 

10 ~
 

. CJle,ny8'1', 0)1H&K0, O'1'Me'l'H'l'h, 1l'l'0 B 

S8EO'l'Opa CJI11UUIX 0'1' ÇIIC'I'aJl:nOB CJ)Se 1/'0 
7 

C.OStO, 
100/1

HaCSJIJWWICh CJIacs_ ~eKCB 'I'llUa Irot
c e. 2 n + I, sanpe.1IHHe B rpyune
PR,/c (plfc. 16). Hu60.lee BepoR'l'HoM 

1tpIltIIDI01 IIX CYJi'SC'1'BOB8HJl.fl SBJUleTC.
/ I8(MftoroxpaTHoe dperroBcKoe pacce8HBe

o,ItHaxo Ke He~eHO npORB1l~ 

BJI8 ynops,1l01l8HHOrO pacDp8AeJI8H1111 

R80'1'OnOB (H R.J) ) DO pas.R1IHIaI PIIc.I. U - cUHRpoBaiUle 
oCS"paftoro OPOC'fPU

KpBC'I'U~Orpa4Jll1l8CDIIDOSJlll1lmi B C'fBa MOH~EpBC'f8JI..a
 
CTP7K'I'~ CPSe- n,
 

B i'1/ IIpIIDttAeHH yCSe.zprreJlWDte BIS8pX1 - lI&IIp&BJIeHll8 
(orO), BHII~y - Ha.DP&B

.loDl&'le••C'1'B& 'I'oro, 1ft'0 li ~ n JlêRJIe (OOf) • 

cHSe. JlBJlIiM'CB CeI'H8'1'08D.C'l'IIKOII 

c se.lJl1lDolI CDOH'l'UIIOrO CAura e;a =o: 7,9· IO~ • ~ Dep8XOA8 

I -..n c DOIIO.D nOJIÇR88QltolDloro DKpOcEona H&CSJlm.PJIoc. I08BDHOa8

De 1I8ftIP8X 'I'.DOB }lOllltllOB. A.Haus IWIpUJleRIII ~ 1IeQ1 }lOMe_R, 

upo..elUlld B 8'1'01 padQ'l'e, D08BO.U 8&KJlIJG'I'h, 11'1'0 'I'O.~ rpynna 
EplC'I'tUUIOB B cfas8. I - 4/""'''' "l, 11pIN8M OCõ 4-ro nopQK& sa.npa.ueHa. 

DepD8~n~o oca 2, c1JI'IC'I'BJIII"II B cIase n, H3DeC'l'HO .(011., 1WIpII
"p, 9, ° ), 1ft'0 odpasol8HJle cerJIftOltJl&C'1'II1I8CKIIX AOHROB IIpIIBO)Prl' 

1t pac_Wl8H111l .,UI~OHHHX IDOOB H& KO.DoHelft'll, 'IIIC.lO li nOlloaeHJIR 

KO'fOpm onpe,1lex~CB '1'0111111I01 C1D1118'I'pllel KAIt napa-, '1'U • CeI'H8'1'O~ 

taBu ~~&I.ra. 

B 1I8C~HOC'I'B, lIpII nep8XO;1l8 4i! Im",,,. ~ 2~ 117t- YSJIII oCSpa'l'BoA ,e
_HU '1'~ ooõ AOJIDII pac"'II.Ift.CJI lJ& 4 EOMnO_Irra, a Y8JIU '1'1111&' 
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'koo -	 Ha TpII. npBqe.. BenHtDIH&. paCIqBDJIeHIIR Onpe,ll8JIlleTCR SH&QeHBell 

e~ . 
O,1UlaKO nOllcu pac_mIeHU: ysnoB nplI OXJUuQleHIUI MOHOxpllCTaJInOB 

113 ~3H I B fi He npRB8nB K ycnexy. Ha6nD~ocb TOJIbRO CHnbHoe ymxpe
HHe ,1lH~OHHNX IUlItOB B nnOCKOC'l'H, nepnefQtllJtynapHoA B8XTOPY 06pa'l' 

HoR pemoTKII, 68S o6pasoBaHK8 RBHO B~ene~ Ko.. nOHeBT. 

3.2. fiepexo,ll B ~y 1 

HsyqeHHe oc06eHHocTeA nepexo,na. B cynepaoHHYJ) lfIa3y MOHOKpHC'1'8JI

nOB CJ)Se. nOKa3aJIO cne,ItyJ>_e. . 

fiepexoA fi ~ I DpOIICXO)tllT CYQ!ICTB8HHO 6acTpee, qe)I B ÇHcTunax 

C.DS H CflS, BpeII.R, B 'l'8Q8Hi1e 1'C0Toporo nocae HatIaJI& nepexO,1la H&

6nD,1laDTCR B3MeB8HKR BHTeHCMBHOCTH ,1lH~OHHWX DHiOB BOBOA ~H, 

He 60nee 30 Mim, BMICTO HeCROJIhRl'IX xacca ~ C;bS/I3 • lIa. pIIc.2 np8,1l

IOI! 

71,f 

77,~1 

TsJIOK

t------=-+---_+_ n

I I

II,ff---1 I I~ 

I 
'-

",," I I I I ! ! I I I I 
4. ~ UD '4.10 ..... UII ~ di" ~ _ .

) 1.\1 

Plrc.2.	 Pac~AeneHlle lIH'l'eHCIIBHOCTK B ysne (200) -06
paTHOA pe.eTD C.DSe npll p&3JIYX 'fellII.p&TY
pax. 

CTaBJIeHH ,llByJlepliH8 paclJp8,1l.n.mul lDI'l'eHCIIBHOCT. B 18.18 (200) ~CTaJI
na C]:JSe 11 cIlue Il li DpJI aepex0.1le IIS fi 11 I li oCSpt.mo. fipll T • 376 K 
pe4Jn.ItC (200) .....T T~ ,11.1- ItpIIcT-.u;na BUColtol CT.UHII COB8p

.eUCTB& 4101*1, DOJIHOCTltm ollpe,1l.ns.MYJ) ~el pupneHJIII ,1lIItlJpuTO

".TpI.. fipll T • 406 K tu.. fi li I cocYI'I'ct'ByIl1'. IJPII_1ilI AII4JpuqIIOHHlllt 
DO Bo.ol (asll ("'11 I) pa8IGt'f • lWIp&B~eHD, nepueHADYl:8plo" B81C
.,opy paece&u. odpa~HIII u.pexO,ll (T = 380 K) COupOBO......TCII 'UO.lm. 

BC_SBOUIIII.. BToro mora, !*peite (200) DOlloa.TC. JI& lIpaIIeM ".C!'.,, 
HO 'l'8D.p.. OH pamnrr n.pneQIIXJ.aplO B8ItTOpy pacC.JIHIIR, lft'O yD81f

..., lia' y"n"'HII~ eT.nelDl M03UWOCTII ItpICTaJI.I&. Hap,..o. ""'ltH.ro 

... 

no~ npB nepeXO,1le fi ~ I, xopomo Hadnll,1lUIIOe aa KpJIc~&JInax CJ)S 
no YBeJIB1I8H1f1) )lH4xf!ysHoro (floHa H8. HeR'l'pOHorpau~ax. B oCSnac'1'H 

d~ I + 1,5 Á, npu'1'.Q~CD HeS8M8'lHO Ha ICpHc'!'~na.x Cj)Se, • O,IUluo 11 

B eJIyqae C.1JSe np. 5'10" npoIlCXO.ttH'f pasCSJll8Hi1e çRCOl'aJln&, Ha CSnoI'CH 
(pHc.3 ), 06paTHYM lIepexo,1l conpoB~ae'1'CII BOSHIIKHo.seHlle.. HOBUX' 6nOICOB, 

~CnOCSJIOKOB pacTe'!' .DpII ~lCnKpOBaHKH no 'l'ewnepa'fyp8 B TOlllte nepexO,1la 

(pac.4). OpKeHT~.R 3'!'KX CSnoI'Cos HS IIBn.R8TC.R nOnHOCTbll npoHSBonbHoR. 

, ---,---, PIIe.3. llK~OHmIft cneKTp
1110 3 

CIOS.O. .101 '(cexTop 101) ~CT&JIna 
cbse - I. Hapwe

ZOZ 1.0.3 pE$IeKC8IIH ( r oJ ) 
npII nepexo,1le B cpasy I 
1I0lIBllnllCb pe~eKcK 0'1' 
APyrJIX EpIlCT&JIlIO~

103	 

Q8CRax naocKoc'1'el. 

CsDSeO. 

d,l Ir 
T·376K 

20000 

Pmc.4.	 H3MeH8HJ!8 dlo~ ~OH

aero mia t200} npH lVIltUpO
 llOOO 

T-406KB&HD 110 'folGuepa'fyp8.
I - .cxo~oe cocToHHBe, 2  ~ 6000 1'
 

cpasy Docne lIepexoN1 B ~
 r:2
8Y I, 3 - noc»e OXJ!aBA8Hii.R 11 lOOO
 

B03Bpa~a B ~y I.
 
:lIlOO 

t"OO 429 d''':'. 

MOJDlO OTMeTH'l'b, B UC'!'HOC'i'H. trfO 11& H&IIP&Bnemua: ( 1Í. o o ) m «(;) o e) 
4l&3H fi HOBHe 13JIU IIJDI DepexO,lle D <}Iuy I npaKTllqeCO HIIKor,p· Me 80S

HJJlC8I)'1', npoJlCXO,llG'l' JIUb cwelQ8H11e lOIeBIIIIXcJI YSJIOB B)lOnb HaDpaBJIeHJIR 

BeK'fOpa 06paTHOfi pe••'fD. Banlal!o. aCJIO RODm Y8.10B nOIlBJ[JlOTCa H& 

HanpaBn81W1X (I01). (010) li ,1lpyru, lIMeaqu M&JI1J8 llHAeKCY bJl~epa. 

0.JlH&XOauOHO".pHOC'1'lI COBll8A8HJ1S1 Tex RJDI JIHIIX ICpIIc'f&JIJlorparflltl8cnx 

H&DpaBn.HKI D tasax'U li I IIOK& HeRCHB. 

3 ..3. Tp&HCJIsm;wOHHU CIDIM8TpHB 4Juu I 

lia 'lIe~PQgo~u nonupaC'fL1IJIOB CIJSe ('laR' Z8,KU li CHS
 
CDS ,~. 1 ,I I) lIpB nepexo,1lo n~I (~QC·40I K) aaCSJlI),llUTCSi
 

54 

li 



...
 

TadJI~ I. BH1mCJIeHHHe • RSMepeHHHe dÁke ,ltJUI ( ti )-peme'l'KR cpeSKoe yueHb.eHHe qxcn& ~OHHHX fiRKOB, ~O CBBAeTen.CTBy&T o 
I I ", •

Dapaue'l'pu. a~= 61; = 5,906 A, C. = 14;43 A 11 llHAelCcllDO_eHJDI CIlMMe'l'PJlB peDleTu /1 /. H3 nonyq8HH1l1X. S paCSO'l'8 /'7/ p8HT
MaJIJIepa B rpynII&X 141m",,,, , 14i / a m.d

reHorpa4lllllecKIIX ,1l8HHiIX CJIe)lyeT, Q'f0 DOB_eue ClOIMe'l'piIII DpOBCXOAllT 
H 141/a • 

B p8synhTue nep!cTpolu DceBAopoMCSnecJto~ (o)-Jt1I8I'tD c DaplUleT~B 

li:'ao. a"" =7,972 Á, .( = 1"..=8.,427 Á, CO lCi,.,+2.'(!-./ ...14,747 A, 
jJ I = .99, 10 (~= 8), !tqTopoA MOJEeT CSll1'h OIDlC8H& MOHOUJIIIH&!! iflasa Il, 

B TeT~OH8JIhHYJl (t )-RlIeAItY c D&paMe'l'paNlI at = l~ = 4,18 A, c« = 
li: 7,20 Ã ( 2 = I), T.e. s& ClIe'f l13NeHeHIUI yrn& 13' Ha Lljl/::o 9 ,10 ~ 
yMeHhDieHJIJI ao, 8.. R Co npllMepio S ,ltBa pasa (CM. pllc.9,10 .S /7 ). 
O,JUIUO, !tu OTMetâJIOCh no BBe)l;emm, He sce HaCSJlJ),lt&eame B cl83e I 
AH~OHHH8 DKKR MorY'!' CSH'l'h npo~poBaHH IlpR TUOM IIsMeHeDII 

aJI8II8H'l'aploR H1l8Ru KpIlCT8JIna (n ttaCTHOCTiI, CRJIhHH8 pe~eKcH c d = 
= 5,46; 3,74; 2,59 Á). 

Iloaacro OlIllcaHJlSl il3MepemlOrO HaCSopa ~ ...~ y,ltaeTCSI )tOCTRtIh B 
I 

paMKax 'l'eTparOH8JlhHOA (1:. )-Sf1I8f\U: c naputleTp8IIlI: 
I I o I Á °3

Cl~ = Ri. = 5,906(4) A, Cf: = 14,43(1) ,~= 4, ~ -= 503,3 A.
 
HHTepeCHo OTMeT.'l'h, trl'0 SftleARa., nccepoeaaaa Ha BeKTopax
 

~ ~I -I ... ~I -;t, ~ ~, 

a s ~ + C.,. ,t= - a:. + 6" 11 C :s c-t , DeeT napueTpY 

a = C= 8,352 Ã, C = 14,43 ~ T.e. SlBJISleTCSI Y,ltsoeHHoA no BceM TpeM 
oco SIlIeAKOA, Dpe,lVlozeHHoA B I. Muro' IJapaMe'l'paMlI a, l 11 C 

DeeTcs npar1'lI1Ieca T01lH0e COOTBeTC'l'Blle - a = S = C/fi , ., ene,ltoB&

TeJIhHO, 8TY SIlIeRxy M0&80 cseC'l'. K reKe&rOHaJIhHOA c DapaMeTpaMB 

&4 =CÁ = • = 120 o , ~ = 4 (2-Si YCTSHOBKa). ,aI, = 8,33 A, jl 
CpaBHeJUle HaCSJIIl)t&elOOC 11 BIlOcneHHHX )lJISI (ti )-peme'l'D ~eKcoB 

DOKaSYB&eT, lI'fO HUJIytlllee COO'l'B8TCTBHe ,ltoCTllrMTcSI ,lVISI op.rp. I41/a 
11 I411a""d (TaCSJIIIq& I). P.eltCIi, Ha6n:I),I{UUHe lia flIOHoKpHcTIJIJIe CJ)Se-

B 4ase I, no c!;,k.f xopoao C08J11WlOf c I(s.,epelUDlN. Ma DonBEpllcTaJI

ae , O,ItHUO B08H111010B8HBe CSOJIDIIOrO GCJIa CSJIOKOB, 'l'aR %9, EU • B cny

111.8 C· CHS -I • CDS -I, Be DOSJ30JI.JlO C,lt8J1&'l'h BHtSOp M-.ny yK&3aHHH

M. SOSMOBHOCTftMH. 

3.4. HanpaBJreBl1e OCR 4-r.0 DOpSl.JUt&. B cIJa3e I 

IIpeADOJIOKeHBe o 11pIIH8.AJIUIIOCT. ÇBC'1'MnOB C])Se B cllf.3e I K 

Te'l'parOHaRhHOUY KJlaccy CKH.,eTpKK np.BO~ K sonpocy o BOSMOXHOM 

pacDon02leHlOl OCR 4-ro DOps,xuca B C'1'p)'1I:Type. 

M3 aHanR3& 17/ HaDpasneHHfi rpaK~ M8BAY cerHeTOSnaC'l'KQeCKMHH 

A0.,eH8M. n ~e n cJIeAre'l', qyO OCh 4-ro nO~K& He .,oaeT ~T. BAOJIh 

Hanp&BJIeHllSi 1;.. • Cornacao aToR JEe paCSOTe, DpII nepeXO,lte n- I nepe

CTpoftKa DceBAopo.,CS.qeCKOft pemeTXR B TeT~OHaJIhHYll npoBcrO)tKT S& 
ClI8T~ 118MeHeuSI HanpaBneHIIJI C., ::: a"" ..,.. 2 ê,., Ha.6 a o ~ 9, 1°. 

... 1 , 

} 
O 

dBIIN•., A. 

7,231 
5,466 

4,175 

Od 113.,., A 

HeT 

5,47 

HeT 

141mmm 

002 

101 

110 

14 J.la m.d (I411a 

HeT 

101 

HeT 

3,734 3,'73 103 103 
3,615 3,61 112,004 112,004 

2,953 2,96 200 200 
2,733 2,74 202,114 202, <I14 ) 

2,597 2,59 211,105 211,105 

2,410 HeT 006 seT 
2,316 2,31 213 213 
2,286 2,29 204 204 
2,08? 2,08 220,116 220,116 

~ ~ 

mqmoe DHOCKOCTH ( a-.. , #,.", ). MOll!fo nOKasa'l'h, wo B OCSpaTHOM DpO
... -#1 ~. 

C'l'paHC'l'Be aTOlO' COO'l'BeTcTBye.T COxp8HeHKe HanpaBJIeHBft CIn 11 CM. 
11 BS.,eHeHRe Hanp&BJIeHR$I â~ H& yrOJI A~~~ AjJo D nnOCICOCTH 

~~ ...,~( as; ,e,.., ). 0,itH&K0 opR R3MepeHIUI ,ltB)'MepHHX pacnpe,lteneHBA KH'l'eH-

CHBHOCTH B ce1l8HIIB (~o t ) BIUICHllJIOCh, '1'1'0 BeK'l'Op ã.: npx nepeXO,lte 

n~ I n01l1'B He M8HJI8'1' csoero Jl&DP&SJI8HHSi. aTO BII,IUiO, B, Q&CTHOCTR, Ha 

pIIc.2 - S 4lUe I HOBoe aanpanneHll8 OTJIRlIlLeTCSI no €i 0'1' â.:; ae CSo

nee qeM Ha r,5°. 1I0nHocThl) 8HMOrll~&R CBTY~SI Ha6n~anach R ,ltJIn ..... 
HaupaBneHIISl em • 

BoSMOZIWM o61JfcHeBJIeM aTIU clJu'ro S SiBnSle'rCSI Ilpe,1UlOnOK8HBe O 

H&JI1I1UIJI ASYX sapIlM'l'OB Depec'l'pOAItR ane.,eH'l'aiR01 JI1Ief\n ICpBCT8Jlna l1pII 

DepexOAe. Ha pBc.5 upRse)teHO Ce1l8HBe ( kot ) OCSpaTHOA pem8TU 

CJ)S~ - n. HlIeAu., nOCTpoeHHaJI Ha BeK'l'Opax »: Cd-l', COO'l'Be'l'CTSY

eT nC8BAopo.,t5I1'CleCKOA pemeTKe, IIpe,ItJIOJEemloA B /7/. npil nepexo,lte 
""'2 -* II ~ I c.'" (I( C", ) cOxptUlJleT caoe HanpaBJleHIJe, .3IIeHSleTCSI Ha 

yron 9,ro H&Ilp&BneHlle a.~ (B z: ), OChl) 4-ro nOpH,JlD CTaHOBII'1'Cn 
~ 

~1
 

C':' • CYJQBCTBY0'l' R ,ltpyroA BapHAHT DepecTpoRltiI SIlIeAKII, a m4eHHO:
 
COxpaHJI8TC$I HaDpasneHBe ã!' (I( et: ), R3.,eHSI8TCSi H& yron ? ,60 HA


IIpaBJI8Hae c..-I
, ocse 4-ro nopJl,lUt& CTaBOSBTCSi c;"lfl • B DepBolI ~1


qae CSa3~Bol DJIOCKOCThl) TeTparOH&nhHOR SIlIeRICH CT&HOBIITCSI nnOCICOC'l'h 

11 (001), BO B'l'OPO" - (IOO). HaCSnl),ltUMOe H& 3lCCnepHMeH'l'e coxpaaeHHe 
OChl) 4~0 DOPSfAK& DpJI aTOM CTaHOBII'l'CSI HaDpaBJIelme Co ,DepII8IfA11XY
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r , 

• 
J l. 

--li- ;:t."
KaK ex111 , Tax 11 c» HSJIpaBJIeHJI:A OSH&

tm.e'l" trrO B p8.3JIHtIHHX: tlaCTax KpHCT8JIJIa 

nepec~po:AKa xqoAKH HA8T no KaKOYY-TO 

O,IU:fOiCY 113 .JlByx B03YO:llHHX BapH8HTOB, 

~o, nO-BH)1HMOYY, 11 BL!3HB8.e'1' pa3()H8HHe 

KpHCTaJIJIa H& 6JIOKR npa nepaxO.Jl8 B 

cynepHOffHYD 4Jasy. OTCI)]t8. cne,nyeT, trrO 

npOHBJI8HHe OCR 4-ro nop~ .Jlonmao 

Ha6JII).Jl&TbCR B OnTHq8CKHX sKcnepRMeH- PRo.5. Ca~eHHe (hQt) o6pa'l'

Tax xaK H& (100)-, TU H H8. (001)- aoã pam~t~c!~e) -II~~ft'~
pHaHTa lC\: ,c... H (a.. ,co") . 

Cp838X KpHC'l'MJIa. B1l60pa nC9l\lt0pOMÓKqaCRol. ,Hqaitim. 

4. O CTpY!'l'yP! CrnaRHOImO#! ifJasu 

~B8CTHO /21/, 'Q'l'0 IIpH pemeHiUI sonpcca o c'fPYRTyp8 cYIIepHoHSoA 

~Y 60JIbmHHC'l'B8 HCCJI8.JlOBaHHHX KpHCT&n40B BOSHHKJIH Tpy,IU:fOC'l'B npHH
~lDfaJIbHOrO xapuT8pa, B 061Q8M RS CBR:3BJmH9 co CJI<»KHOC'1'DJ) CTPYKTYJl1l 

KaR T8.KOBOR. npeEAe Beero K HHM cn8AY8T OTuac'!'s nonyq8HHe Y.JlOBn8TBO

pBT8nbHoro no Kati8CTsy H&60pa ~OHHHX ,1l8HHHX 11 IIpOdJI8My OIIJIca

UH ~3I1qeCKH BUHHX OC068HHOCT\SA CorpyKTyps, ae, 0np8.Jl8JISl:8MiDC saCSopou 

KOOPAKH&T 11 TennOBYX Dap8M8'l'poB aTOMOB. XapaKT8pKYM ~8p'oY RBnR8T

CR 0~1I1UIe CTpyKTypKYX MOAeRefi cynep!OHHoR taaH Aa I /217. HuH 
aRcnepiDl8H'l'H DOK&SHB&m', 'q'fO ltpHCT&IIRH C BOAOpo,IUiIiN1tI CBJlSmt211 BaTOM 

eMHcn8 Be.QY'l' ce6J1 THIUI'CIHYlI OCSpasOIl: KHHeTIIKa nepeXO,lla D8e'1' 3&1l8,It

JIe~ X&paR'l'ep, MOHORplC'1'UnllllleCKOe cocecaaae, no KpaJllHeR Mepe 

'Q.&C'1'BlDiO, paapymaeTCH, ASJIbHIIA nOPMOK OrpaHH1I8H. 

PemeHH8 aonpoca o CTpyKTyp9 KpeCTUJlOB CZJSe. (11 ,npyrra cynep

HOHHHX KpHC'l'anno~ aToro ceMeAcTBa)B ~e I 6uno 69 B SHaqKTeJIbHO~ 

uapa 06JIerqeuo YC'l'SHOSneHHeM HX np~8BHOCTH K TOMy .JIB HHOUY 

KJIaccy ClDlliIe'l'pHB. O)tHUO HUe~~ecJI B HacTo~e epeloU! )l8HHJi8 ao 
nOSBonsm' YC'1'8HO~b ,1lU8 peIIIeTKY Bpase, BoxOAR IIS COIOEyllHOC~ii 

0Il'rHll8Cma 11 peHTreaOBClODt ,I't8HIDaIX,YOJIHO Dpe,llnOJIaraTb, lRO B cynep

BOHHOR eJ)ase KpIIc'l'anJlu IIBJlJlIJ'l'CJI 'l'eTpal'oHaJlbIllll1HH (AHtW~OHJOifi Kna.cc 

- 41m'"111 ). HeltrpoHo,rpaipR1l9Cme )t8.HHH8 He npO'1'JlBOpetm.'l' -STOYy Dpe,ll-

DOlloaeHIII), HO 11 ae nO,l1'1'Bepr.ilU11' ero 0,1Uf09HatalO. Apry:u:ilt'fOM B no.nsy 

'l'orO\ ~o B ~e I ICpBc'l'anJIu 3'l'OrO ceMeRcTBa ~eaa'l' K TeTparo

H&JIhHOUY KJIacCY CIOIM6TpIDI, JlBJIJleTCJi or8JQl6 BOSHRICHOBeHRe B lfasu: Il 11 

; I 
m KpHCT8JIJIOS CHS oceã 2-ro nopRJlEa, pa3BePHY'l'1ilX Ha yron 45 1ll'0'1 0, 

npH H8JIH1DIII rpymIOBoft CBftS. M~ nepexOAaMlI B03MODO 'l'OJQtICO B cny

qae, eCnB B ~se I c~cTByeT OCb 4-ro nop~. He06xo,llaUO'yqHTHl t 
BaTb or8JCllte '1'0, tlTO 'l'eOpllH /11/, npe.JlDonaram~ clIMMe'l'pHD 4/111111 111t 

~: 
~ 

.Jl1IH cfla3H I, pasyYHo OIlHCHB8.8T xapaK'l'ep cyneplloHHoro cIaaoBoro nepe
X0Aa H COBn8A~ro c HHM cerueT08nac'1'HqeCKoro. 

npe.JlDOJIOXeHHe o npOCTp8HCTBeHHoR rpynne I4.1/am-d B cfla.3e I xo

pomo cornacyeTcH ~ ~H, nOJI~HHHMM Ha nOJIIIKpHcTannax. B 9TOR 

rpynne TOJIbKO ABa nOnOaeHHJI[ (a.) 11 (t) JDlelJ'l' Rpa'l'HOC'l'b 4 H OHH MO

\ ryt 6mb S8HJtTH &TOM8II11 qeslI.tI M ceaesa, ATOIOi, BOAOpoAa B 3TOM CJIY

I lI88 pasynoPJlA01l6HJi c SaCeJIeHHOCTbll 1/2 IIJIII MeHblle. HHTepecHo, ttl'0 

I 
ecnll IIpe,llDOnoZllTb pasynoPHAOqeHHe BO.Jl0poAa no nosKqHSDI (c) 11 (d) 
(06e c EpaTHOCTbl) 8, TO eCTb saceneHHoCTbll 1/4), '1'0 CQTE& BOAOPO~

HYX CBJiS81 C'1'8HOBIITCH npoC'l'paKCTBeHHoA 11 B HeR nOHBRHe'l'CR rexcaro

H&JIbHIII MOTIIB. BosMoeo, qTO 1D18HHO no 3'1'oR DpHtOOIe 3neMeH'l'aJlf8Jt 

gqe~K& ICpHC'1'aJInOB Cl>Se B ~e I xopomo ODHCHB&8'l'CH B reXCarOHanb

HHX XOOPAKH8.TaX. AH8JIOrlltDUle co06paaeHHH Momo BHcxasaTb 11 0'1'HOC8

'1'8nbHO rpyrlIIH 14.1/a. " 0)Ul8JC0 aTa rpynna npoTilBOpe1UlT Ha6111),u,BlleAcH 

II /7/ oplleH'l'~ r~ cerueT03JIaCTBtI8CKHX AOMeHOB. 

5. -3&KJIJ)q8H!1e 

nposeAeHHHe 3Kcoepllll8HTY nOKa3&JIH, trro IIpH Koamt&'l'HOD 'l'eMnepa

Type KpIlC'1'&JIJIY rll,1lpo- li ,IleA'l'epoceJI8HaTa q8SHH HaXO)lJl'l'CH B ~e Il, 
IIS KOTOpoA n8pexoAJl'l' B cynepaoHH)'l) lfasy lIplI Tz 401 K. 

YcoraROBlIeHO, qTO B q.ae n npoCTpaHCTBeHHaR rpynna xpHcTannoB 

CHSe • ClxSe- P2f /c !1'UU ae, EU • Y pa118e IICCne,llOIlI.HHYX 

KpIIC'!'UJlOB CHS. CDS • 

~oBHft. nepexo)t n ~ I DpOTeXae'l' B OCROBBOM TU .1, KU B KpIlC"'; 

T&JlJI8X CDS : DH8T.ia oepexo,Q.& aul,ltJl8H&, BosÍIIIU8'l' CSoJlWloe lDfCJIO 

6J10KOa c CHJIbHO pa8n.~RcR opK8HT~el'oc8R pemeTEM. B TO a8 Ilpe

MJI HaW-8H118 ,1t8JIbH8rO noPJl,U& B C])Se. - I BJiIP8&eHo CyJQ8CTB8iD10 CJI&

6ee, 118M BenS -I. 

:1 

a H8,1t1.BHeA paCSoore /22/ ÇIICT&IUIH CIfS , C])S K C ItSe -CCJIIA0B&

JOIC. Me'1'O,llAM_ ,ItIIif\()epeHqllUbHOR cKaHllp1Dl'8A QJlOplDleTpD, JDÇpupac

HoR H paM8HOBCICOI COeKTpoCKODIIK. !BTOp& 8TOR J860TH BBOAR'l' e~ ABe 

4luw fi I _ mI, li ItO'l'Opae ~CT&II1III nepexo",", npII OXJJQA81U111 _I tu I 
11 n COO'l'I8'l'C'l'BlIUlO. ~~OHHll8 ••cnepllll8H'1'11 CIUlA8'1'8JI.C'1'BfIl'!',O,l

H&Jt0,0 TOM, ~O paa.~8 ~ n H n/, a Taxae m. m/COC'l'O.T 'l'O~.KO li 

coronlu CDIl8peHCTR xpKC'l'UJlJI1I8Cltol CTpyK'l'YPII• 

.nuou- no ~'" 'B fIlaae I. nOJlyqeHllll8 H& nOdxpllcTUd1l8CIOIX 

8 
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O~~~, He COOTBeTCTBymT SneMeHTa.PHO~' gqeAKe, npe~OZeHHO~ B pa~O
Te ' .)J,JIJI 8X OIIÍlCaHIIR 'l'pe~ye'l'CR nH~O' Y,IlBOeHH8 R1I8~KII no scea Tpe.,
oco (1I'l'0 I1pHBO,IlHT x rexcaroHMbHoft peme'l"xe), nH~O nepexo,Il K o6'&eM
Ho-qeHTpupOB8HHoA TeTparOH8JlbHOA R1I8AKe, paSBep1iY'l'oA Ha. 459 B ~&3HC-.
HoA nnOCKOCTH H c Y,IlBOeHHHH nepaO,IlOM no OCH C. 

ARMKS SOSMomaoro HanpaBneHHH OCR 4-ro nop~8. B ~e I nOK8.
SM, 1l'l'0 ~8.3BCti8S1 nnOCltOCTb TeTparOH8JIbHO~ H1I8~RH MOIta'l' BOSHHKaTb H 

B C811eHHH (IOO) , 11 B CelleHKH (001) acxo,IlHoA MOHoxnHHHO~ peme'l'lGI. 
MODO npe,lUlOnODTb, 1l'l'0 IIpH nepexone fi -+ I OC~CTBJUIJ)TCR oõe BOS
MOBHOCTH, H aTO npBBO,IlHT K paS~HeHHD KpHCTanna. Ha ~nOKH. 

B cynepHoHHo~ ~e H8B~Onee BepoRTHoA npoCTp8HCTBeHHoA rpynnoA 
1tpHCTannOB C1)Se('l'aR xe,KaK H OCTaHbHHX KpHCTannOB aToro ceMe~CTB&) 

aBJUle'lCR I4,/a m á . B 8TOM CJIY1I8.8 a.'1'OMH ,IleATepHJI (BO,Il0PO,Il&) paa
YUOPHAOtl9HH no' 8 HnK 16 nosllqHO C saceneHHOC'1'bD 1/2 KnK 1/4 COOT
B8'l'CTBeHHO. 

AB'l'opY ~JIaro,IlapHU A•li.BapwiOBY, B.n.AuKTpHeBY, D.M.OCTeHeBH"Y H 

H.M.lln8.KKA8 S8. nonesHY8 O~CyxAeHHR. 
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HET JIH nPOEEJIOB B BAIIIEH EHEJil10TEKE? 

8bl MOlKeTe no.lly'IKTb no nol!Te nepel!KC.JieHHbJe HKlKe KIIKrK, 

eCJIK OHK He 6bi.JIK 3aKa3aHbl paHee. 
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6anarypoa A.M. H AP· P1li-86-39 
HeMTPOHorpa~H4eCKOe HccneAOBaHHe cynepHOHHoro ~asoaoro nepexoAa 
a rHApo- H AeMTepoceneHaTax ~e3HR · 

npHBeAeHW pesynbTaTW HeMTPOHOrpa~H4eCKOrO HccneAOBaHHR cynepHOHHOrO 
~asoaoro nepexoAa a KPHCTannax CsHSe04 " CsDSe04 • B oTnH4He oT KPHCTannoa 
CsHS04 H CsDS04, rHAPO- H AeMTepoceneHaTw ~e3HR npH KOMHaTHOM TeMnepaType 
HaXOARTC.I! B OAHOH ~a3e (~a3e I I~ H3 KOTOpOM nepeXOART B cynepHOHHY~ ~a3y I 
npH T = 401 K. YcTaHoaneHo, 4TO a ~ase 11 npocTpaHCTBeHHaR rpynna o6oHx 
KPHCTannoa- P£ 1/c. ~asoawM nepexoA II~ I a CsHSe04 H CsDSe04 npoTeKaeT 
a OCHOBHOM TaK •e, KaK H B Cs0S04: KHHeTHKa nepeXOAa 3aMeAOeHa, B03HHKaeT 
6onbwoe 4~cno 6noKoa c cHnbHO pasnH4a~eMCR opHeHTa~HeM peweTKH. 8 cynep
HOHHOM ~a3e sneMeHTapHaR R4eMKa KPHCTannoa Cs05e04 (TaK •e, KaK H OCTan~·H~X 
KPHCTannoa.sToro ceMeMcTaa) TeTparoHanbHaR c napaMeTpaMH a = b = 5,906 A, 
c = 14,43 A. 6a3HCHaR nnocKOCTb TeTparoHanbHOM R4eMKH ao3HHKaeT a ce4eHHH 
(100) HnH B Ce4eHHH (001) HCXOAHOH MOHOKnHHHOH peweTKH. HaH60nee aepaRTHaR 
npocTpaHCTBeHHaR rpynna KPHCTannoa a cynepHOHHOH ~ase - 14 1/amd. 3aceneH
HOCTb aTOMaMH BOAOPOAa (AeMTepHR ) 3KBHBaneHTHWX KPHCTannorpa~H4eCKHX no-
3H~HM COCTaBnReT 1/2 HnH 1/4. 

Pa6oTa awnonHeHa a fla6opaTopHH HeMTPOHHOM ~H3HKH OH~H • 

DpenpiiHT 06J.e.IDIHeiDioro IUicnnyra QepllloiX HccnenosaHHii. lly6Ha 1986 

nepeaOA O.C.BHHOrPaAOBOH 

Balagurov A.M. et al. P14-86-39 
Neutron Diffraction Study of Superionlc Phase Transition 
of Cesium Hydro and Deuteroselenates 

The results of neutron diffraction study of superionlc phase transiti
on of CsHSe04 and CsDSe04 are presented. In contrast to the CsHS04 and 
CsDS04 crystals, both CsHSe04 and CsDSe04 were found at room temperature 
in the same phase (phase II) and pass to the superionic phase I at T = 401K 
The space group is P2 1/c for both crystals In the phase 11. The transition 
II+ I in CsDSe04 Is similar to that In CsDso4 : the slow kinetics and the 
birth of many blocks with strong difference in lattice orientation. In the 
superionic phase the unit cell of CsDSe04 lj tetragonal {as for the other 
members of this fami1y) with a= b = 5.906 A, c = 14.43 A. Its basic plane 
appears in the (001) or (100) section of the monoclinic unit cell. The 
most probable space group of superionlc phase Is 14 1/amd. The occupancy 
factor of equivalent positions for_hydrogen (deuterium) atoms is 1/2 or 1/4 

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

Preprint of the 1oint Institute for Nucleu Reseuch. Dubna 1986 


