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HCCB8AOBaHHe CRCTeM MeTanB - ITpHMeCb BHeApeHH~ H,B ~acTHocTH, 

CHCTeM Me - X - H, rlJ,e X - npHMec& BHelJ,peHHH, M8TO,l1,01l Heynpyroro 

pacceanaa HeRTpoHoB (HFH) npelJ,CT8.BJISleT CSoJlbmoR HHTl3peC B caRSM e 

BOSMOZMOCTbm nonyqeHRSI HH~pM~HH o nOTe~Han8 B3aHMOlJ,eRcTBMSI MeBAY 

MaTpHQeR H 8.TOMaMH BH8lJ,peHHR, 8. TaRZe o nOTeHUHane BSaHMo,l1,eRcTaHH 

DpHMeCb - npHMeCb. 

B pHlJ.e cnyqaeB MeTOlJ, HPH ORa3YBaeTCR t.lpesast.laRHo ~CTBHTeJlb

HIiM K Hs.mrcum B oõpasue rHlJ.~oR cfJa311 Mil 38HIITHI) BO,l1,OpolJ,OM 8JlbTep

H8.THBImX MeJÇJ.oyseJIbHYX nos~rdt. 3'1'0 nosBoDe'!' onpeAeJIHTb npelJ,eJnl 

paCTBOpHMOCTH H B 01.. -~3e, HCCJIe,n;OB8.Tb sorrpoca BS8.HMHOrO BJIHffiiHSI 

npHMeceR, H8.6J]1)~Tb nO~BJIeHHe BJ:rn8.,l1,eHH1I rH,l1,p~ B npHCYTCTBHH ,I1,py

rHX npHMeceR, R3~T:b ~eKT saxsara sonopona npmlecHHMH aTOM8Im. 

Tax, B /1/ HCCJIelJ,OB8JICH SaxB8.T BO,D,0PO,D,8. B HH06HH Ha npHMec

HliX JIOBymK8.X RHCnOpOAS-, 8.S0Ta H B8Ha,rvUl. ~JIO nOKa38HO, 'l.ITO BOlJ,0POlJ, 

B saxBat.leHHOM COCTOHHHH HaxO,l1,HTCfl, RaR H B cI.. -(pase, .B TeTpaS,I1,pH'l.lec

RHX nos~~mx ( t - p) B OTHOCHTeJIbHO HeHCKaEeHHOM ORpyEeHHH aTOMOB 

Nb 
B HBmHX pa60Tax /2-4/ MCCJIelJ,OBaJIHCb CrIJI8.BH T i - O - H npa 

p8.SJIHlmYX '!'eMIlepaTyp8X H KO~eHT~HJDC npHMeceR. ORaS8JlOCb, tlTO npa 

COlJ,epEaHHH RHcnopo,IJ,a ~ 12 8.'1'.% BOlJ,0POlJ, JloRaxHsyeTcH a ORT8.-nopax 

(o - p) peIlIeTRH TH'I'8.H8.. . 

~iTepecHo OTMeTBTb, t.lTO B /6/ coo6~aeTcH o CHHTeae cBepxnpo

Bo~eR !flaSH rHlJ,PHA8. TH!'aH8., no.nytteHHoR non lJ,8.aJIeHHeM. ABTO~ npen

nO.lar8.JIH, tlTO B nOJIYlleHHoR HMH !fase BO,n;OPOlJ, HaxOlJ,HTCH B o - p. B 
He~aHeR paCSo'!'e /71 3'1'0 npe,n;nOJlOMeHHe ÓYJlO nO,l1,TBe~eHO B HCCJle,l1,O

B8.HHSOC MeTOlJ,OM HHI H HeRTpoHor~HtteCKH. nO-BH,I\HMOMy; csepmpesona

MOe'l'b CHC'feM Ti - H H Z r- H, no.nyqeHHhlx Me'fOlJ,OM HMnJIaHT8.q1Ul BO

lJ,opo~ /8/, TaDe .oCSsts8Ha OCSpa.soBaHHeM COCTO.RIDW, B ROTOPOU BO,u.O

polJ, H8.XOAM'Cft B o - p. B CBflSH c 8TIOf dliJIO 6Y HH'l'epecHÓ HCCJI8AOBaTb 
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cnna~ Ti - O-H C TOQRH SpeHHH H3yqeHHH cBepxnpoBo~ CBO~CTB
 

~HOlt CHCTeMbl.
 
B He~BHelt paõore /9/ B CHCTeMe VO~ MeTo~oM Hffi Tane 

Ha6J'I1)~BJICH BO~OPO~, JIORaJlHSOBa.HHidt B o - p. llpHtmHOf.t JIOKaJIHS8.QHH H 
B o - P B 3TOR cHcTeMe, KaK ~ B N~-O-H, RBxaeTcR ynp,yrDe B3amMO

~et\cTBHe O-H. Ilpa 3TOM H~O OTMeTHTb, 'tITO HCK8ZeHHR BOKpyt' npHMe

CH BHe~peHHR B OUK-pemeTxax MHoro 60~bme, qeM B nJIOTHoynaROBaHHHX
 

CTpyR'l'yPaX, B tIaC'fHOCTH B Ti H Z r /17/.
 
TaKHM 06paSOM, Ha pane CHCTeM 6btJIO nOKa38HO, tlTO ~e«flopM~HOH


Hoe BSaHMOAeRcTBHe X- H MozeT npKBOAHTh K nO~aBJleHHD ~~eHKR
 

r~pH.:1'J,HYx ~3 H S8XBa'I'Y Bo~opo~a Ha npmaecfIX X. TIpH 3'1'0'1 BO~OPO~
 

B HeKOTOpYX CnytIaRX nepeXO~T MS t - P B o - p.
 
B CBHaM co CKas~ ~e HaM npe~CTaBXRJlOCb RHTepecHUM Mccne

~OBa'l'b CHC'feMy Z r - O - H, BO lIHorov no,n.otSHYD ~HCTeMe Ti - O - H, 
O~aKO c YeHbMelt BeJlRtlHHoR JIOttaJIbHUX HcKazeHMR BOKpyr npHMeCHoro 

aTO_ /16/. B paeoee /10/ O'I'Yetl8JIOCb, tlTO 1lB.C'l'OTa KOJle<SaHlIft BO

~oPONl B CnJl8.Be Z r °?400 26 6JIH3Ka K lIacTO'l'e On'l"lNeCRHX RO.1l86a.
HMA r~a ~HpXOHHSl. Ó,l\HaKO MBJIOe cOAepl!t8HHe aonopona ae n03S0JIJI

no TOqHO onpe~eJIHTb xapaxTepHC'1'HKH ~OKaJIbHorO ROJle6~Hft. 

I 1/B Hs.n;aBHsít pa6oTe/ B CIlJIaBe tr-00 4HO I MeTo.n;oM HPH 'I'aMe 
Ha~anacb 3HeprnH Kurre6aHHH BO.n;OpO.n;a, ~3KaH K 3HsprnH onTH~ec
xoro naxa ZrH2 (135 Iil 138 M3B cooraerczaeaao) • )J,7IH .n;aHHoro COCTaBa 
:lt" - °OTMe-qeHO rasae nspepacnpeneneaae KHCJIOpo.n;a no M8Jlt,UOY38JIbHbIM 

n03~RM npH .n;eítTepnpOBaHHIil. 

.B aacroaaeã paoors nCCJIs.n;OBaIDICb cunass 1,t' - O-H npa pa3Jll1"tIHbIX 

TeMI1epa.-rypax H KO~eHT~1IJIX npHMeceR c qeJlbll onpe~eJleHHH XOHqeHIf

~HOHHYX R !'eMIIepaTypHIiX ocoCSeHHOCTeA C'l'pyKTypI H ~H nplDlec

HYX aTOMO» B 3'1'01 CHCTeMe. B 3'1'01 lIe pa6o'l'e BWIOJIHeHH K3MSpe

HRR r~~a qHPKOHHII Z i H1 2. h30BHR BRa.mt3 HeR'I'poHorpaMM, npo

BS~eHHYA B /12/ , nOll:a38J1, ~o ~A 06pa3e~ npe~c'!'aBJU!e'l' c060A
 

J -rH,l\~ c HetSOJlNllot\ npHMec},J) t -4la3Y.
 

2. llOC~8HOBKa 3KCnepHMeH'l'a H 06pa60TRR pe3Y~bTaTOB , 
2.1. CnnaBY qHpKOHHR c KHCJIOPO~OM 6HJIH nonyqeHH MHoroxpaTHoR 

nepennasKoü COOTBeTcTBym~ KOJIHtIeCTB ao~oro qHpROHHII c ABYOKH

ChJ) qHpROHHII B aproHHo-pyroBOI netD1. Ilocae ILIaBKH C.lHTKH nonsepra

J1HCIl rOlforeHHsHpYli~eMY OTury npH T = 900°C B BsxyyYe B Te'tleHHe He

~eml, noeae 'tIera MeAJIeHHO OXJJ8JIA8JlHCb 1J.0 KOMHaTHoR !'eunepa'l'YJH. Ha
~eMHe OOpasqOB BO~Opo~OY npoBo~ocb Ba rasoBoR ~~ B BaKyyYHoA 
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YC'l'aHOBRe c KaJIH6poB8HHYMH otSõeMaMH. ~R cneRTpOMeTpgqeCRHX HCCJle~O

BaHRA 6YJIH nj>HrOTOBJlelm 06paaqH COCTaBOB Z t" 00 25HO 09 H 

Z roo ,0jIo ,OI. llpoBe~eHHhlR HeRTpoHor~HtlecicMA HpeH'freHorpaq,HtleCRHA 

8H8JlHa xe OtSH&pyzHJI H8JIHtlKR B oõpasnax r~pH,D,HoR ~3bI c 'I'OtniOCTbJ) AO 

~ 1%. B cnaase Z r 00 ,o:iio ,OI RHcnopo~ CTaTHCTM'lleCll:H pacnpeneaea 
no ORT8.3~pHtleCRHM "e~oysJIHmf rl1Y-pemeTRH MeTaJIJla. eIIJIaB ae 

Z r 00 2dio 09 npe~C'l'aBJlReT co60A yno~OqeHHyn no RHcnopoAY ri.. "~
8Y /.t3~. CTpyK'1'ypwe HCCJle~OBaHHSI pacnpe~eJleHHR npHMeceR BHe~peHRH 
B 06pe.sqe npoBo~cb Ha oCipe.aqax Z r 00,3? H Z t'00,3?DO,I. 

li3MepeHHSI cnexrpos HHI BO~Opo~oco~e~ 06paSqOB BHIIOJIBJJJIKClJ 

npR TevnepaTYJl8X 293 H 80 K aa cneRTpoMeTpe oopaeaoâ reOl4eTpO 
KJlCor-M /14/ , YCTaHOBneHHOM Ha peaR"rope ID3P"':2. PaapemeHHe cnexepo
MS'lp8. COC'faBJlJte'1' 4 H 15 M3B ,B,.JVI nepeAall 3HepI'HH ê =:::: 52 H 140 Y3B 
COO'l'BeTC'l'BeHHo. 

llonyqeHHYe Ha CJIHTROB nopomKoo6pasHHe 06pa3~ saCHnaJIHCb B 'I'OH

ROCTeHHHA aJIJ)MHHHeBWA KOH'l'eAHep H YCTaMaBJIHB8JlHCb B RpHOC'I'aT. llpo

nycR8HHe 06pasqOB COC'f'a.BJmJlO ,.... 8~. B 3TOM cJIYtIae MHoroxpa'l'HYM pac
CellHHeM MOJQIO npeHe6pellb /15/. 

2.2. ÔRCnepHMeHT8JlbHHe cnexrps HHI aa nepsoa 3Tane o6pa6aTti~ 

BaJIHCh ~o ypOBHH ~B~ ~peHQHaxbHHx ce'tleHHA (~C). C 3TOR qeJlbm 

nOCJIe BYtlHTaHHH ~Ha dYC'l'pYX HeATpoHOB H nonpaBOK Ha n~~A CneR'l'p 

HeATpoHOB B cneKTp HPH BBOAHJlRCb nonpaBKH Ha OCJIa6J1eHHe nOTORa HeAT

poHOB B 06paaqe B npMcYTcTBHH xpHocTaTa c ROHTeltHepoM sa ClIe'l' 00

rnO~eHHJI H OW'foxpaTHoro pacceaaaa. AHaJlOrBtlHaR npo~epyPa mrnOmlMaCb 

AJIH H3uepeHHA KpHOCTa'1'a c KOHTeAHepoM 6es otSpa3~a, nocne 'tIero pac
cellHHe Ha xpHOCTaTe c KOHTeRHepoM BYlIHTaJIOCb MS o6~ero CelleHHR pac

CellHHR o6pe.seq + KpHOCTaT + xOHTeAHep. 

IIo~eHHHe sttcnepHMeHTaJlbHY8 Me COAepmT BXJIa,I\ MHOrocfx>HOHHYX 

rIpOlleCCOB (.P). Hx Y'tIeT (BIUIOTb ~o nponecca 5-ro no~a) oc~eCTB

JUlJICH ,II,JIJI K8.K,I\OrO XOamOHeHTa CILJIaBa c nOM01ltb1l npoqe,JI.VJJJ, eHaJIorHtlHoA 

onHc&HHoR B /15/. Ilocae nonpaaox Ha 1ftP OW'focPoHoHHYe Me 06p16a'l'H-

BaJUlCb AO ypoBHH 8(E) - o6061l\eHHOrO cItsnp8. tmC'l'OT (OCt{) B HeKO

repeH'1'HoY npHtSJIHlIeHIm: • 

_ 8<E/h) [ -'l'Wj; ~ I _ 12. 
8(E) - 3N e fi /t. e; (ê) (I) ;. 

. ~ 
J 

~HR lIe 8(é ) CBH38Ha c O,D;Ho4JoHOHHHMH ,n.ne paccellHHH npa nOMo~ 
COOTHOmeHHH 2. 

cI(( /(f~ à(! 2. e(f) 
(2)

oIQc!é 8WKi é 1 - expts-/K T) 
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rne j - HH,il,eKC K0Ml10HeH'l'hI CDJlaBa, ~ - ,1\03111 aTOMOB j-ít 
KOMnOHeHTbI, /4 (é) 12. - ycpe~eHmle no pacnpe,l\eJIeHHI> aToIIOB 

no Y3J1aM peIIIeTKH KB~paTlll Mo,nyJIeA BeK'l'opoB nOJISlpH3~HH, CB1I38.HHYX c 

KOJIe68.HHSiMH i -x 'aTollOB. Ki H ,KJ - BOJIHOBHe B8KTOpl HeATpoHoB 

AO H nOCJIe pacceSIHHSI COOTBeTCTBeHHO. OcTaJIbHHe 060SHa~eHHSI 06~enpH

HHThl /19/. 
HSBJleqeHHHe B pesYJIbTaTe o6pa6oTKH cneKTpY qaCTOT KHCJIopo,l\a H 

BO,l\opo,l\a B 06JIaCTH JIOK8JlbHHX KOJIe6aHifA (J1I{) OnHCHBaJlHCb raYCCOBCKH

MH KpHBHMH MSTO,l\OM HaMMeHblIIHX KBa,u,p8.TOB. 

3. ôKcnepHMeHTaJIbHHe pesYJIbTaT& 

Ha pRC. ~ H 2 npHBeAe~ BYCOXOqaCTOTHHe ~aCTH cnexTpoB HPH 
CnJI8.BOB Z r00 ,2sHo ,09 H Z 100 ,0:Jl0 .or- COOTBeTcTBym~e peccea
HHD H8ATpoHOB'H8. KOJIe6aHHHX aToMOB BHeApeHHR npH TeunepaTyp8X 293 H 

80 K.Hs npHBe,l\eHHHX cnearpce Bb1QTeHO paccesaae na quCrOM qHpKOHHH. 

HHmHSISI CDJlQmHaSI JIHHHR OTBe~8.eT pac~eTY ~p Ha aToMax KHCJIopoAa H 80

nopone , BKJI8A lM?P B 06J!aCTH J1K BOAOPO,l\8. B HsyqaeMhlx cnaasax Z r °'- H COCT8.BJUleT 20 .;. 25 %,II.JIfl T = 293 K H 7.;. 10 %,II.JIR T = 80 K. 

Ilepenaua enepraa ,IVIR nOR8.SB.HHHX Bpe.'.ImpoJIeTHhlx cnexrpos onpe

,l\8JISl8TCH no lfIoJ1tfYJIe 2 2 

é (MsB) = 5,227 . 106 .( Lj'r:)I (NI( - !tI.O ) - 4,8,
 

r,IJ,e L - ,IVlHHa nepsoã npOJI8THOA 6amr, L = 29,68, 1: 
mHpHH8. RBHaJIa, a N/( - HOMep K8.HaJIa BpeMmIpoJIeTHOro cnearpa.
 

3 .•1. llHRH npa nepenane SHeprHH E = 51,1 ± 0,5 MsB (T = 
-293 K) H ê = 52, °± 0,5 MsB (T = 80 I{) (pRc • I) cooTBeTcTBYIOT 

KOJIe6aHHHM 8.TOMOB KHCJIOPO,l\8.. Co6cTBeHHMe mHpHHN STHX oco6eHHOCTe~ Ha 

nOJIOBHHe BHCO'I'bl (6E ) COCTaBJIffiOT 7,3.:!: 0,6 M3B H 8,0 ± 0,6 usBc
AJIH H3uepeHHR npH 293 u80 K cooTBeTcTBeHHo.IlorpemHocTb B onpe,l\eJIe

HHH nOJIOXeHKR KHCJIOPO~O~ cc06eHHocTH COCTaBJISleT-O,I MsB 6e3 yqeTa 

CHCTellaTHllecxo~ omH6KH. KaK BH,IJ.HO, UaRcHMyP.f mma CMeIqaeTcS c nOHiD1te

HHeM TeMnepaTypY B o6~acTb 60JIbmHX qaCTOT. 

B cnexepe KOJle68Hmt BOAopoAHJix 8.ToUOB B CnJIaBe Z i 00 ,25HO,09 
O,qeTXHBO Ha6nm,l\WDTCH Bos6yEAeHHR BnJIOTb ~o TpeTbe~ rapMoHHKH.C ITOHH

xeHHeM TeMITepaT,ypH ITQHoca xaneóaHHl H CMe~aeTCH (I42,I H 143,4 M3B : 

,D;Jm 293 11 88 K cooTBeTcTBeHHo ) ,. 3,l\ec& H )\aJIee nOJIOZeHIm MaRCHMy-

MOBII nonymHpmiY npHBeAeHbI 6e3 ytI8Ta BKJI~a. MHOrOlPoHOHHhtX'npoQeCCOB. 

Co6CTBeHHHe MHpHHH nepBO~ rapMOHHKH H-KOJIe6aHHR COCTaBnHIDT 

b Ec 39 1'4sB (T =293 K) H Â Ec = 34 usB (T = 80 K).I: 

)1IÇ~HoHHlie H3MeperlIm AaJlH cJle~e SHa-qeHHJI napaMeTpoB rIIY
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2000 
" . PMc. I. CneEtTp1i HPH np~lMecHNx l'toJIe6aamt

I 
t:rOQ2511qo,3 142 

RHcnopo,tJJl H BOAOPO,IVl cnsaaa Z 1"00 ,2filo ,09 ' I 
nonyqeHHH9 llpm T = 293 K (a) H Ir =293 Kf 
T :: 80 K (6) B AHanasoHe yrnoB paceesaaa 

:li 1000
 80° + !tIDo. NR - Houep Ka.HaJIa (mHpHHB.
::I' 
:s: 
:J: R8HUa = 128 MRC); t = Ei - EJ ' r)J,e:s: 
~ 
aJ E l H EI - 3HeprHH HeRTpoHoB 11.0 H nOCJI8 
aJ 
::i! paccemmH; EJ:: 4,8 M3B. llo.nolEeHM na
~ 
~ ItOS yK8.SBHH B M3B. rOpHSOH'fMbHmm OTpeSQ) 

t-

I:s: 
o 6 143 RB.W1 noKa.S8.H8. no.uymHpHHa ~HH pespese
o I
J:
 
t-
 HHSI l:HIcnspltMeH'l'aJIbHOA YCTa.HOBRH. CnJIomHaJi 
o 

KpHBafI rICA cneKTpaMH - pactie'1' MHOr*HoH

Horo paccemfHSI. 
300 

100 60200 40 

j i i I I I i i I i i i I i i i i i i i i i i I I 

140 
hOQDJIrq) 1 

a 

200 

85 10055 N 70k :li 

~ 100 
:s: 
~ 
<ll 

aJ 
21 
:J: 
.IJ 
c:; 
Q) 

I-
140 _ e: ,M3B 

:s: I uPMc. 2. CneK'1'pi HHI npilMeCHIDC KOJie68HHtt o 
~ 200

KltICJIopo~a M BO~OPO)\8. CIUlSB8. o
 

Z to 00,0110 ,OI' nonytleHH&Te llpH T::293 K
 
( Q ) H T = 80 K (6) n ~oHe 

100
 
yrJIOS paccemnm 800 + 1400 • 0603HatleHHR
 

Te ae , 1I'l'0 li ,1VIR pHC. 1. 

55 70 85 N 100 
k 

penI6TKH ,IJ.8HHoro CIlJUlB8.: QD" 3 J 252 X, CO = 5,207 X p,JUI T =: 293 K 
H Q.o = 3,245 R, Co = 5,192 XAJUI T ~ 80 K. 

3.2. CneKTp HPH CIIJI8.Ba Z t-° 0 ,ojio ,OI B 06Jl&C'l'H J1K (pae, 2') 
IJO~06eM cneRTpy CIlJIaB8. Z r 00, 2f110 ,09. 1l0JIomeHHe KHCJlOpo,D,HOft oco

6eHHOCTH é = 52,6 !. 0,3 !IIsB Me ueHHeTCSI npa nOHimeHIm 'l'eMI1epaTY-? 

J6. OcTaeTCH noc'1'ommoR H mHpHH8. nmea Ha nOJIOBHHe B&1COTh1 (6 Ec ~ 

~8,0 ± 1,2 MsB). YBeJmtleHHO sHepro ROJIo6amrlt KHcnopoAQ. (no ()IlIHomeHHID 

K pesYJlb'l'a'fY Ha C11JI8.Be Z t' 00 ,2&10,09) xop~JlHpYe'1" c yP4eHbm8HHeM 

paCCT01iHWI RMe-O. llapatle'l'pA rfJY-pemeTKH CIIJIS.Ba Z r 0O, o3!!o,or 
Qo = 3,235 X, Co = 5,154 i H Qo = 3,23 K, Co = 5,144 i ~ 

T = 293 K H T = 80 K COOTBaTCTBeHHO • 
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Ha6nm~eMaH B 3KCnepHMeHT8 3HeprH~ KOneOaHHit Bo~opoAa B cn~aBe 

Z r 0o,o:iio ,OI t)~W =! 14O MaB IlpiKTHtIeCKH ae MeHHeTCR c nOHHlte-

HHeM TeMIlepaTyphl. CoCScTBeHHbI9 IlIHpHHH IlHKOB ÃE = 36 104:3B H 
c 

~ Ec = 30 M3B ~R T = 293 K H 80 K COOTBeTCTBeHHO. OqeBHAHO, qTO, 

RaK H B Zroa,251\> ,09' BO,n.0POA' SAeCb H8.X0Wft'CíI B n03MqIfH c TeTpa.

3APHtleCKO~ KooAAHH8.QHeit. ~aKo y,ItMBHTeJIbHO, 'tlTO npu yM8HhlUeHHH na
paMeTpoB peme.TRM 'tlaCTOTS ROneCS8HHA BOAopo,n.a IIOIDI3WIaC:Õ. Bo3Nomme 

DpH'tlHHY '{'aRoro nOBe,n.eHIm BOAOpoAa 6Ylf:rr oCScya,n.aTbCJI HlUte. 

Ms pac, I H 2 B~O, qTO nOJlOlteHiUl BTOpoit 11 TpeTbeit rapuoHHK 

ROJIe6aHHf.t Bo,n.0poAa ~ OCSOHX CllJ18.BOB cMe~Tc~ B OCSJIaC'l'b 6ÓJIbUJHX 

qaCTOT npa nOHHlIeHIDf TeMrIepaTYIH. IIpHtlHHoit TaRJa ClfellleHHA MOIteT 

CSSTb R8.K YMeHbDleHHe BIUJ~a S.KYCTHtleCKHX Ko.neCSBHHR B MHOr~OHOHHoe 

pscceaaae , TU H S~RTfJ 8Hra}:NOHH3Ma. PaCCMOTpeHHe 3THX scnpocos 
Tpe6yeor cnellHaJIbHOrO BH8JIH3a, RO'1'Op.tft npe,n.nOJIaraeTCSI nponecea B 

,D.8J'IbHeAmeu. 

B TS6JI. I npHB9,I\eHbl II8.paM9'1'pI cnesepoa lto.neCS8Hmf BOAopo~a, 

HaCSnD~eMYe B 3RCnepHMeHTe AO H nocne BBeA9HHSI nonpaBOIt Ha MHor~

HOHHoe paCCe1!HHe. KaK B~O M3 'l'a(5JIJtqbt, yqe'l' ~P DpHBO,I\H'l' K H3MeHe

HIm B nOnOaeHHH BOAOpoAH!iX oc06eHHOCTeR Ha ,..., 2% B H3MeHeHHIJ B ma
pHHe Ha -- 25% (npa T =293 K). OTHOCHTeJJhHhIf.t Ite CABHr 'tiaC'l"OT npa 
nOHoeHHH '!'6J.mepa.'l'ypi He H3MeHSleTCSI. 

llocne yqeTa ~p MHpHHH OHKOB OCTaDTCR 3H8.'tlHT8JIbHYMH no BexwqH

He H npaK'l'HtIeCRH He SaBHCHT 0'1' TeMDepa~ 06pasqa. 

3.3. CTp,yR'l'ypKW8 He~TpoHor~ecKHe HCCJJeAOBaHHíI npoBO,D.KnHCb 

,IVIJI OCSpaSqOB Z I" 00,37 H Z ,.. 00 ,37DO I npa ROMHa'l'HoR TeMIIepa.

Type, CTpyKTypB. ~x c~aBOB (CM. pHC. 31 COOTBelJ.'C'1'ByeT npoCT~
C'l'B8HHOR rPYDJle P312 c na~eTpeMH a. = 5,626 X, c = 5, 195 X 
H a = 5,63 X, c = 5,221 X lJl!1l o6pa.3Qa CSe3 AeRTe}>H1l H c AeATepHeM 

COOTBeTC'l'BeHHO ( Q = a o •V3', c = CO). Bepost'l'HOCTH 3anO~eHHSI 
RHC.n0POAOM 'tlaCTHYX nos~mt I f , I d 11 I a. 6JIH3lUf R p8SYJIbTa

TeM, no.uyqeHHWI B /16/ ( R - ~TOp COeTaBJISleT 8,9%). HaHJIytmlHit R
~'l'Op np~ o6pa6oTRe HeRTpoHorpaMM CIlJIaBa Z to' 00 ,37D O, I CShIJI no

nyqeH ~ pacnpe,I\e~eJlKR RHC.nOPO,n.a, cpasHHMoro c pacnpeAeneHHeY ero 

B CIJJIB.B6 Z r °0 ,37 . BOAOPOA me CTB.THCTHlleCKH paenpeneaea no t - p
( ( R = 6,B%). PesYJIbTam C'l'pyRTypHHX HCCJ18,l\OB8HHR npHBeAsHLJ B Ta6JI. 2. 

4. OCSCYJit,I\8HHe paqnT8.TOB 

4. I. HSBecmo, tlTO BOAOpo,n. 11p9JtTHtleCKH ae paC'l'BOpR9TCR B 

01.- ... - Z I" npH KOMHaTHoA TeMIIepa'l'yPe. BBe~eHHe B Z t" RHcno~na 
llpHBOAlfT K sa.MeTHoMy paCWHpeHHIO OCSJIaCTH o/.... -TBemoro paceaopa /20/. 
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?Mc • 3 . fi poeKQHJlI CTpy1t'l'Y'PlI ol.1/_ tfJa.3H 
cnaaaa Z r00 ?7Do I Ha MOCKOC'1'H .(110) 
H (001) • A, 13 a C - OKTaa~pHlJeC1tHe 
nOSHI.\HH, 38HJtThle KHCJlOPO~OM. fiymtTHpHHe 
nHHHH nORa3HBamT pacnOJlO~eHHe cnoeB '1'0'1'
p8.S,lJ,pINOCRHX n03~Hn, 38HHYaeMhIX BO,D;0PO
,I\OM. Bepoll"l'HOCTH SanOJIHeHIUI MeJl:A0Y3enbHbIx 

nosHQHit li HX ROO~aTH npee,u,eHH B Ta6
~e 2. IlpHMIftIlIBHaa JNef.tK8. rI1Y- peme'1'KH 

ueTanna nOR8.SaHa mTpHX-nyHKTHpOM. 

250 

~ 150
 

140 170110 

(TO~H - 3KCnepHMeHT, CnnomHaR XHHKfi- J:
 

. 200 

Ta6Jm:qa 2. HeaTpoHor~Ht.leCKHe ~aFGtie no CTp,yKType 

CMaBOB Z rOO,37 H Z t"00,37DO,I 

•
8' 

o]Zr ~]o 

06pe.s~ ~ 
J( 

llosHt\H1l 
Bepoll'l'HOCTb 
3a.H1ITHft 

n03~HH 

X Y 2: 

IlPOCT'paJiC'l'B8ImaJI 
rpy:rma P3IZ Zr 6t I 1/3 O 1/4 

2.r 00,37 

. a= 5,626 i 
c = 5,195 i ° 

H (A) 0,72 2/3 1/3 1/2 

Id (C) 0,8 1/3 2/3 1/2 

f{ I: 8.~ Ia. (B' ) 0,69 ° O O 

IlpocTpaac'l'B8HHaH 
rpynrra P312 Zr 6 I 1/3 O 1/4 

Zroo,37DO, I H (A) 0,76 2/3 1/3 1/2 

a. = 5,63 X 
c::: 5,221 i 
R= 6,8% 

O Id (C) 0,7 1/3 2/3 1/2 

IoL (8' ) 0,76 O O O 

D 
6t (t 2-) 0,05 1/3 1/3 1/8 

6 f (tI) 0,05 1/3 ° 5/8 

PHC. 4. I - cnesrp t.laCTOT aTOMOB 

BO,D,0PO,n.a B CIlJI8.Be Z rOa ,25HO ,09 

o9RcnapRMeHT, OnHC~~ rayccoBcKOR 
t

.; 100
KpHBOR no MHK). w
 

cr;
2 - cnezep OnTHtleCKHX KOJle6a.Hmí I'H,D,
50
'~a Zt"H1 ,2. 

CneRTP.Rone68HHA BO,I\0PO,n;8. B cnnane 

Z ~Oo,OaHO,OI npaRTHtleCRH COBIJa,u,aeT 
c nyHK'l'HJliOtt J'OO{He~. 8 = E i - EI . E;. M3B 

O.u,HaKO yron TpottHoA ,D,HarpaMMbl Z to' - O - H HCCJIe,n.OBeH TonbKO npa 
BhtCOREX TeMi1epaTYP8X (T c:: 750°C /23/). llOSTOYy, Boo6~a I'OBOpn, 
sonpoc o '.1'OM, HaxO~TCH JIH BO,D,0PO,It B KOHRpeTHOM oõpaens Z t"0ily
JIPH -KOMHaTHO~ TewepaType B ot.. -'l'Bep,u.oM pacssope HJm B I'H,1J,pHAHott 
~e,Tpe6yeT Cn~~HOI'O pemeHHfi. 

B pa60T8 /4/ 6b1no nOKaS8.HO, 'qTO BOp,OPO,I\ B CHCTeMe Ti-O - H 
npH 60JIbWKX KOHqeHTp8qHHX KHCJIOPO,u,a 38HHMaeT o - p. ITpH 3TaM BOAO
po,n; Haxo,n;r.Tcn B TBep,u,oM paCTBOpe BnROTb AO TeMnepaT~ ~oro re-
JIWI H "SHeprH5i ero Kone6a.HHA hw = 86 MsB. 

CpaSHeHHe peSYJIbTaTOB /4/ H HaCTo~eR pa60~ YKa~BaeT Ha 

:
 
I,1


lí. 

pa~oa nOBe~eHHe Bo~opo~a B 3THX CRCTeM8X. BonbmaR t.laCTOT& Koxe6a

Hd BO~OPO,n.a B CILItlBe Z t" 00 2~0 09 ( ti u) ~. 141 usB) CB~e'1'eJIb
C'l'syeT 'o TOM, 'Q'to, EU H B I'~e ~HpKOHHR, BO,l\0POP, 
HaxO~~CH B n08.~mH c TeTpa3APHQeCKoft Roop~HHaqHeR. 

Ha pmc. 4 nOK8.38Ha SaBHCIJMOC'l'b WHKqlfH 8ré) 
pe~8HHoR 8Hepro ê B 06JIS.CTH Ol1'l'I~aCKHX ~aCTOT 
m Z r HI 2. KaR B~O, 3HaprHSl Kone6a.HHH BOAopo~a 

B ABJIHOM o6pa.s~e 

BO,u,CPO,u.e. 0'1' ne
wm Zroo,2~0 ,09 
B rH,I\~9 ~HpKO

MU lla9Hbmé, tleM B CIJJJaBe Z to' 00 2f1:IO 09' tri'O ROpPemipY8'i' c 6ÓllbllUm, 

qeu wm TB6p,I(oro paceaepa, p8.A1!YCOBf 'l'eTpaap,pIftl8CROR nos~ (cu. '1'8.6
JmIU1 I). . 

PaSHOC'l'h B Ha6mnp,aetaa 3HeprWlX KOl.le68Hd BOp,OPO~ B o6~ax 
') 

'I Z roo ,2sHo ,09 11 Z t' HI,2 Â é = 1,3 ;t 0,3 MsB B1ItXo,D;lft' se. npe~e1lh1tI' C'1'aTMCTReClCol <fOllHOC'i'H onpe,1\eJI9HWI nOJI01IeHWI M8.I:tCHMylfOS. TIpoBS,I\ElH

HHA:, K~8 'foro t clJasOBHR aHSJIUS 06paS~OB Z r 00 ,2~x nORasa.u, tlTO 
npl K~a.'fHol '1'tOOlepa'i'YP9 ~eJUle rl!A~ nO~BJme'1'CSI (C '101lHoeJ..( "!YD 11P ,.., 1% BTOpoA ~3H) 11pH omomeHmI Ó/H ;,:3 2. Tu_ o6pasoPS, 

8 9 



MOZHO Y'l'Bepz,u.a'l'b, tlTO BO,1\0PO,1\ B C~Be Z. to' 00 2fiIo ,'09 H8.XOAH'fCoR B 

TBep,l\OM paCTBOpe B rIlY - p9m9TK9 M9T8Jl'Jl8.)J.a...II1>H91tDiH:à C,mmr 1IK BO.n;OPOM 

B oõpaane Z t" 00 ,25HO ,0'9 B O(5J18CTb (5ÓJIbDlHX qaC'I'OT npa nOHHIl8Hi1H 

TeMI1epaTYPI OSHa'tlaeT, qTO IJPH 3'1'011 ae npOHCXO,u.wr mnBAemUl rqpH,l\B. 

no KpalHeR Mepe ,1\0 T =60 K. 
BOSpaCT8.HHe sHeprHH KOJle(5aHHR BO,1\OPO~ B ~OM CIlJI8.Be CO'tl9T8

9Tca c yMeHbmeHHeM napaueTpa pemeTKH. Ecxa npeAfiOnOBHTb saBHCHMOCTb 

tlaC'l'O'l'H Kone(58H1Ift BO,1\0po,1\a 0'1' paCCTO.RHHJI M8T8JIJI - BO,1\0PO,1\ B B~e 

t. (J ( R) r- R- x ,TO MOmfO ~eHH'l'b napaMe'l'p X: x ~ 4,'5. ÔTa 

Be.lJlllHHa C~eC'l'BeHHO (50Jlblle, tleM 8H9.treHHe x = 1,5, np8AJ1araeMoe t/2.I / 
,IJ,IIJl OillICa.HB.fI 9KCn9p.illM9HT~HOI saBHCHMOO'l'H AéI,) H (' RNe -H) 
B nJlOlfHOynaROB8.HHIlIX C'I'pyKTYJ)8X. 

fl03'l'0M)', BepoSl'l'HO ,CYD\eCTBye'l' M ,1\pyroD MeX8HHSM, BlllShIB8.l)rqHA
 

HSMeHeHHe SHeprHH Kone(58HHA BO,1\OPO,1\& B Z l"'00 ,2~0 ,09.
 

B03MomfO, npa nOHiDleHIIH 'I'eMIlepaTY}6 npoHCXO,l\lft' ynOpR,l\O'tleHHe 

BO,1\0PO,I\HYX a'l'OMOB OTHOCH'l'enHO a'l'OMOB KHCJlOPO~, tlTO npHBO,JJ)l'l' K yee
~eHHD S~KTHBHoro B38HM0,1\eRc'l'BH.R O-H M CMe~eHHD nRRa ~ BO,1\0PO

,1\a B O(5JIaC'l'b (5ÓJlbDIHX tlac'l'O'l'. 

4.2. flpH CHH!t9HHH CO,1\epDHHR KHCJlOPOW! B Z r napelfe'l'16 pe-
me'l'KH CIIJIaBa S8IIe'l'HoyMeHbID8I)'1'CSI. UpH S'1'OII coapanaeeca pe.3Mep t - p 

MeTannBtleCKOA peme'l'KH. B TO .e Bp8MH 'tIaCTO'l'a KOJle(58HHR BO,1\0POAa B 

Z roO,0110 ,01HHlICe , qaM B Z r 00 ,2dIo ,09' H npe.K'l'INeCKH COBII8A&

e'l' c qac'l'O'l'oD OnTHtrE\CKHX KOJIe(58HHA rJl,l\plf,l\8. QHpKOHHR (C~. 'l'a(5J1. I). 
OTHocH'I'eJlhHHD C,1\BHr qaC'l'OT KOJIe(58HHA BO,D;0POAa B HCCJleAYeMUx H&MK 

CnB&BBX npH nepexo,D;e 0'1' o~oro COC'I'aBa K ~OMY COCTaBnH9'l' 2,8 ± 
tO,6 ~B H 3,4 ± 0,6 .,sB lIpH KOMHa'I'HoR H "asO'fHoD" 'l'etmepa.'fYP8X 

COO'l'Be'l'C'l'BeHHO. C ,1\pyroD ceepoas , npeAIlOJIara.R 3aBHCIOIOCTb ttaCTOTY 

KOJle(58.HHA BO,1\0PONl 0'1' paCCTOmfHR Me - H B B~e fu.J (~),.. rr, .. 
noJJYtlIOl AJIJ1 Z to' 00 ,0:JI0 ,OI sHeprHlD KOJle(5aHlIA BOAOpo,l\&, no Kpa~eD 

Mepe (50JIYIYJ), treM AJlSI Z rOO,2~0,09. 
Bo3MommM o6'D.RcHeHHeM HadJll)~ellOrO B SICCnepHMeH'l'e yttI8HbllleHIUI: 

3HeprKll KOJle(5aHHR BO,1\0PO~ B Z r 00 ,0sHo ,OI no O'l'HomeHHII K 

21"' 00 ,2~0 ,09 JlBJlReTCSI mllUaA8HHe rH,IqDfAa QHPKOHHR B nepsoM M3 HJIX, 

He o(5Hap,y.aeHHoro HeR~poHor~eclCH M5-3a MaJloro ROJlHtteC'I'Sa S'I'oft 

r-:
flO,1\o(5Hoe JlBJleHHe Ha(5J11l,D;8JlOCh B CHC'l'eIIe T i-O - H. Ha pRc. 5 

nOKa38H noJIYtteHHHA B /4/ cnexrp HHI BO,1\0PO~ ( êJ'~ 90 M3B, 

êl'~ 140 MsB) H KHCJlOPO,u,a ( Eo ~ 60 I13B) B O(5J1ac'l'H npHlfecH!iX KOJle

6aHd'wm CIlJIaB8. Ti O,9600,OJiO,02. Oco(5eHHOC'l'H ti H é2 O'1'Be

~amT ROJIe(5aHHR:M BO,D;0PO~ B OICTa3,1\pHtIeCROM H 'I'e'1'pa3,D;~eCKOM oKp,YMe
HKH a'l'OMOB Me'l'aJIJIR COO'l'Be'l'C'l'BeHHO. ~eHRH nJlo~eD ORKOB nOKasYB8m'l', 

10 

-E:, M3B 
:lOO 200 100 00 40 

'W.V a 

" '. 

I 
} 

""':'3 

I 

so 60 ?O 80 00 100 Nk 
trro OKOJIO 7% a'1'OMOB BO,D;Ópo,u.a. ROJIe(5JIl)TCSI C SHeprHeü W I':::: 90 a.mB 

li 93% - C 3HeprueR 140 MsB. T1qaTeJIbHbIR peH'1'reHoc'1'pyKTytHiR S,Ha..Jm3 

nOSBOJlM 06H8.pym4'I'b B oõpaaae ..-.- 1,2% rH,D;pH,D,8. TH'1'aH8.. T8.Rmof oõpa-

SOM, nO,D;8.BJIJm~ee ROJlHtieC'l'BO BO,D;0POA8. B S'1'OM oõpasne HaxO~TCSI B r~

~oH~e. 

~bHeAmHe HeR'1'poHor~~eCKHe H cneKTpoMeTpftqeCKHe HCCJle~OBa

HHoR nOKa3aJIH, ll'1'0,IVUI O/H ~ 2 l<HCJIOPO~ nOJIHOCTblO nO,1\8.BJ'lR:eT ssnane-, 
Hlla r~pHWJ. '1'H'l'8Ha 'l'OJlbKO npa ,D;OCT8.TOtIHO (50JIbIIlHX KO~eH'l'paQH.RX O. 

Ilpa STOM B c.nyqae C ~ 8 aT.% KHCJIOPO,D;8. secs BOAopo,1\ HaxO,D;HTCR B 

O - p. 
T8.I<MM OCípaSOM, HecMoTp.R' na pa3JIHqHe B nOS~HHX JIOK8JIHSB.QHH BO

AOpo,D;8. B c~iCTeMax Z I"' - O - H H T j - O - H, HMelOTCR H o'(5I1lHe qepTbl 

B HX nOBeAeHHH B 38.BHCHMOCTH 0'1' COCT8.B8. H TeMnepa~. B o(5eHX CHC

TeMax Ha.BftqHe KHCJIOPO,D;8. B KOJI~eCTBe ~ 10 + 30 8.'1'.% nOJIHOCTbD no

,D;aBJUleT BImB.,D;eHHe rH,IWH,D;a npa COOTHOItteHHH O/H ~ 2. Ilpa 3TOM 0/...
$asa OCTaeTCSI cTa(5HJIbHoR H npH HHSRHX TeMnepaTypax. 

).l.Jm cnexepcs ROJIe(5a.HIDt BOAOpo,D;8. B CIlJI8.Bax Z r - O - H H T i -
O- H X8.paRTePHHM SlBJ'lR:eTCSI (50JIbmaR: c06CTBeHHaR: mHpHHa npHMecHhtx no

i JIOC (/::;. Ec ~ 30 M3B, ÕM. Ta(5JI. I). flpH HH3RHJC TellfllepaTyp8X TaR8Ji mH- > 
I pHHa He UQEeT (5STb o(5~R:CHeHa S~RT8NH BpeMeHH EH3HH. B OTJIHllHe 0'1' 

.1 
I rHAPM,IJ,a,HeJIbSR CBR3b1B8.Tb mHpHHy c ,IJ,HcnepcHeA ROJIeCíaHHR, nOCROJIbKY
 
!
 
~ ROHqeHT~H ij HeBenHKH. 

B03PI()]IHH'HeCROJIbRO MeX8HHsMOB, O(5'DRCHm>~ (5oJIbIIIYD mHpHHY nOJIO

CbI KOJ1els8Hd BO~OPOAHHX aTOMOB B TBemOM paceaope npH HM3RIa TeMIIepa

11 

PIIC. 5. CneKTp Hffi npHMecHhtx ROJle(58HHR 

KHCJlOPO~ H BO,D;opo,D;a B CnJIaBe " 

Ti O 9600 oJio 02' H3MepeHHJ:llA npa T = 
= 293' K ' (a) , 11 npa T = 80 K (6) 
B ~30H9 yrAOB pacc9HHHH 1000 T 

1400 • OCíOSHaqel\HR Te me, ttTO H AJlR pHC. I. 

h
 



: I
 

Typax. B 124/ OOnbmaR mapHHa npHMecH@x Kone6aHM~ Bo~opo~a CBfl3U
BaeTCH c ~enoKana3~1aeM B036~eHH~ COCTOflHHij. ~yro~ MeXaHH3M, 
paccMaTpHBaeM~n B 11/; , - pac~enneHHe OCHOBHoro H B036y~eHHNX 
COCTOHHHM, BU3BaHHoe B3aHMO~eMCTBHeM O-H. B /25/ pacc~TaHo sa-
TYXaHKe ,n;;rnOJll>HOrO OCI.4WJ.,'lI.liT,Opa aa CtleT noraomeaaa H3nyqeHHR. 
O~eHKa AaeT ~fl npoToHa B MeTanne WHPHHY ypOBHR /~3 M3B. MOmHo, 
KOHetlHO, Ha3BaTb H ~yrHe npHqHHU YIDHpeHHR nK. TeM He MeHee Bonpoc 
mHpHHm nK Bo~opoAa B nepexo~HMX MeTannax Ha CerO~HRmHH~ ~eHb OKOH
tlaTenbHO Me pemeH. 

4.3 B OTnHtlHe OT ~aHHUX /11/ no 3HeprHH Kone6aHKR Bo~opo~a 
B itrOO,4HO,I,3HatleHHe 3HeprHH KOneOaHH~ Bo~opo~a B HCcneAYeMOM HaMH 
TBep~oM pacTBope ~~OO,25HO,Q9 6oHbme, qeM B rH~H~e ~pKOHHR. KpOMe 

Toro" B C'l'pyKType CM8.aOB Z r 00 37D°I' Hsyqamneroc.a B ~oil 
pa60Te, H Z t" 00 4DO I /11/ eCT~ onPa~eJIemme pe.3JDNHSi. B no,	 , . 
CJIe,tl.H8M CJIYtU16 KHCJ10po~ pacnpaA6U9TCSi no enoJ'W oRTaa~~eelntX riem

,ltoysJOO.t (CM. }mc. 3), OCTaB.muI nO'ti'l'M nyC'fI:m IUm,u,bl~ BTOpol CJIOm 
o - p, a ~eRTepHR 3aHHMaeT t - p BOKp,yr 3aHR'l'OrO KHC~OPOAOM cnOH 

o - p. HamH se cneK~poMeTpwqeeKHe ~ HeATpoHor~HQeCKWeAaHHH8 Me 
O'l'Meti8JO'f SB1Ie'FHOrO BJUUIHWi aO,ItopoAa. (,1J,estTepWi) Ma R101CJIOPO,I\•• Me 

Ha6nmAa6M nepepacnpe~eneHHR KHC~OPO~ B ,u,eATepMpaBSHHOM o6pas~e 

(CM.	 '1'&6.1. 2). OmIC8HHe HeATpoHor~ cnaaae Z ... 00 3?DO I c 
vacnpe,I\eneHHeM iUICJ10POAa H BO,lJ,0PO,l\a, llpee.nemim.« B [' I I] ,AM 

CIlAsa Zr 00,4Do,I 1 ,u.ae'l' R ~op 18,5%. 3'1'11 paS.JI:&NiiSl MOry'l' 

6H'1'b	 CBSlSaHbI C YC.nOBH.m4T11 Tepso06paCSo'i'Im cnaaaoa , nOCKOJIbRY paSHO

BeCHoe COC'1'OHHHe no KHcnopo~ ~OCTHraeTCR neCbMQ ~p'y~10. 

•4. 4. ARMAS COSOxynHOC'lH paSYJIb'i&'i'OB, OOilCBHHilIX 1'30 BS8,D.eHD, 

no BJIIDmHm BH;rlpm!U!X Hallpm!9HHR aa CqeT BHe~peHWi npwecma a'fOHOB' 

m BHemHerO AaBJJeHIUI aa JIORSJIH~ SOAOPf),J.\8. B uepexo)J,HWt tIlf1laJI.Ji8X 
H pesyn'i'a~08 NOOiOR pa.(50Tbl nORas&lS8.eT: BoAopl),u, MOJIaT nepsXOAR'fb MS 

t - P B o - p npH H9JIHtUm B ot1~e A.P'I~d, BHSB8HHIiX .'mesa 
npHJIOliteHHhlM SHemHHM AaBneHH9M, JIM60 npDeeHL18 8.'i'0!!aM'S. llpH aTeM 

B CllK-KpmCT8.Max, r,1\9 Ae4lopm.qJm S8 clIe'!' BBe~eHM I1plWecm BHe~peHim 

BeJIBlt11 11 E1HH30TpoI1Hli, nepexon BOAOPO~ i'i8 t - P B o - P DpOZCXO

,lJ,H'1' IIpH MaJ.lWX KO~eH'fpa.wtJDC BHe,lJ,peHHoro a'1'CMa /18,22/ • 
, B cnyqse 119 WIomoymucOBaJ:mwt C'l'pyK'l'Y'P' .nOKaJ!hHYe Hcunemm 

BOKpyl' np;weCHoro aTOMa Mioro UeHbmS H dHc'i'po y(S1iBmD'1' DpaKTINeCn 

1J.0 HYJISI yme BO BTOpoA KOOlWfH8qHOHHOA *pa. llOSTor.ty, ~ep, B 

CHCTeMe Ti - O - H BO~OPO,I\ JIOKaxmsyeTcH B o - P 'i'OJI~KO H8qlfHaH 

.	 C K~eH'1'pa:t\Hft ICHC.nOpo,u,a 4 8.'1'.% (c 8 a.'p.% /4/ , Ror.rta, no Bceft 
B~OCTH, Ae~~HoHHHe nOM O'f O'f,lJ,I!UI1!IIWX aTeMOS BH9Ap9HWi (B 
cmCTeMe T ; - O - H HanpaBJi8l-1H1&S r.uaBHhIM otSpaso:a B140JIb OCB C /5/) 
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HatmH8J)'l' nepeKIUBaTbcsr. aTO Be,u,e'!', so-nepssx, R ynOpH,lJ,OtleHHI> no 

KHcnopo,u,y H, BO-BTO~X, R ,1J,~pMaqHOHHOMy B3aHMO,JJ,e~CTBHm O - H, 
npeMTcTByJ>lIleuy Bbln~eHHIO r~~. 

B CHCTeMe Z r- - O-H cTa6HJIH38.QHE: cÁ -lfJa3bl npoHcXO,lJ,HT, BSPO
R'l'HO, TaDe B pe3y.nbTaT6 Cno:lleHKR 
RHCJIopo,lJ,a npa ,n.OCTaTOtniO 60JIbJDHX 
na 3THX ,lJ,etI>oJW~mt MeHbIlIe, 'tIeM B 
BHp8JtteJ-ll'm~ aHH30TponHhlt% xapaxrep 
peXO)J,HT M3 t - P B o - p ~aEe'. 
..... 27	 aT.%. 

,n.*JM~HOHH!:lX none~ 0'1' aToMOB 
ero KOH~eHTpaQHmc. O,D;HaKO BenHllH
T j - O-H, H ae HOCwr TaKO~ HpRO 
/17/, B ClUry nerc BO,1J,0PO,lJ, ae ne
npH ROH~eHT~HH KHCnopO,I\a 

B 3aKJIIO'tIeHHe aBTopi npHHocHT HCRpemml) 6J1arO,lJ,apioCTb A.B.EeJIYD.I-·
 

RRBY, C.~.EparHHY R H.B.~anaeBoR 3a nOMO~b Ha OT,1J,eJIbHHX 3Tanax
 
pa,60'i'hl, 1O.M.Oc'l'aHeBR-qy 3a noaeesse 06C~eHH.R H HHTepéc K paõore
 
H ~.IIa.uypaaHY li r.pOTapaCKY 3& npe,1J,OCTaBJISHHe rH,IJ.p~ qHpKOHHJl.
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Kp3QYH K.H. li AP. PI4-86-857 
Ii3YQeulie nOKaJIhHblX Kone6aHHH BOAopOAa B TBepAbIX 
paCTBopax Zr-O MeTOAOM Heynpyroro pacceHHHH HeHTpoHoB 

AHHaMHKa BHeApeHHb~ aTOMOB BOAopOAa H KHcnopOAa B ~HPKOHHH 

HccneAoDanaCh npH TeMnepaType 293 H 80 K H pa3nHQ~blX KOH~eH

Tpa~HHX npHMeCHblX aTOMOB. 3HeprHH Kone6aHHH BOAopOAa B TBep
AOM pac r aope :::: 141 M3B 6nH3Ka K 3HeprHH xoneõa-: ZrOO,2&RO,091'lCJ
HHH BOAopOAa B ô-~a3e rHAPHAa ~HpKOHHH (~CJ ~ 138 M3B), H3Me
HHBwerOCH B aAeKBaTHblX ycnOBHHX, B oõpaane c MaJIbIM COAep)Ka
HHeM icacnopona ZrOO,03 Ro,Ol 3HeprHH Kone6aHHH BOAopOAa npax-nr
QeCKH COBnaAaeT c nOnO:>KeHHeM MaKCHMYMa OnTHt.IeCKOH nonocu rH
APHAa ~HpKOHHH. ITpeAnonaraeTcH, t.ITO, KaK H B CHCTeMe Ti - o 
R, npH MaJIOM COAep:>KaHHH KHcnopOAa B Zr - o - R He npOHCXOAHT 
norraor'o nOAaBneHHH BbmaAeHHH rHAPHAa'. ITpHBOAHTCH AaHHble no 
CTPYKTypHOMY aHaJIH3Y cnrranoa H ZrOO,37lb ,l ' ZrOO,37 

Pa60Ta asmomrexa B ITa60pa TOpHH HeHTpOHHOH ~H3HKH 01liU1. 

Ilpenpaar Oõsenaaeauoro HHcruTyra JlAepHblx HcCne~OBaH"H. Ilyõaa . 19,86 

ITepeBoA aBTopOB 

Kraciun K.N. et alo PI4-86-857 
Study of the Localized Vibrations of the RydroBen 
in Solid Solution Zr-O by Inelastic Neutron 
Scattering Method 

The dynamics of the hydrogen and oxygen interstitial impu-o 
rities has been investigated by neutron inelastic scattering 
measurements at 293 and 80 K temperatures for different con
centrations of impurities. The energy of hydrogen vibtations 
observed in soLi.d solution ZrOO.25RO,09 tio :::: 141 meV is close 
to 8-z i r con i um hydride optic mode energy measured under the 
same conditions. The energy of the hydrogen vibrations in the 
small oxygen-concentrated sample ZrOO,03R 0,01 is practically 
equal to zirconium hydride optic pe~k maximum position. It 
is assumed, that as in Ti - O-R 'system at small oxygen 
concentration, in Zr - O-H system the total .prevent precvi
pitation into the hydride phase does not occur. The results 
of neutron diffraction on ZrOO,37 and ZrOO.37DO,l samples are 
presented tOO.
 

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