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BBE)J,EH~E 

MeTOA Heynpyroro paCCe~H~~ MeAneHHblX He~TpOHOB /HPH/ ~Bn~eT
C~ OAHI1M ~3 Ha~60nee np~MblX ~ 3$<t>eKT~BHbIX MeTOAOB ~CCneAOBaH~~ 

A~HaM~K~ MeTannOB c ManO~ KOH4eHTpa4~e~ BOAOpOAa ~ APyr~x ra
30B~X np~Mece~ll/~ BamHOCTb 3aAa4~ ~3Y4eH~~ C~CTeM MeTann - np~
MeC~ BHeApeH~~, ~ B'4aCTHOCT~ MeTann - BOAOPOA, onpeAen~eTC~ 

np~MeHeH~eM 3T~X COeA~HeH~~ B pa3n~4HblX 06naCT~X T~XH~K~. B noc
neAHee Bpe~~ MeTOA HPH 3$$eKT~BHO ~cnonb3yeTC~ np~ peWeH~~ TaK~X 
BOnpOCOB, KaK onpeAeneH~e nOnOmeH~~' nerK~X np~MeCe~ B MeTanne/2/, 
a TaKme np~ ~ccneAOBaH~~ 3aXBaTa BOAopOAa np~MeC~M~/3/. 3T~ ~C
cneAOBaH~~ npeACTaBn~~T ~HTepec B CB~3~ c np06neMaM~ xpaHe~~~ 

BOAopoAHoro Tonn~Ba, BOAopOAHoro oxpyn4~BaH~~ ~ T.A. nonY4eH~e 

~H<t>opMa4~~ o B3a~MOAe~~TB~~ MeTanna c ra30B~M~ np~MeC~M~ BamHO 
TaKme An~ ~3Y4eH~~ 3aPo.mAeH~~ ~ paHHe~ CTaA~~ pa3B~T~~ paA~a

4~OHH~X Ae$eKT6B. 
B HaCTo~~e~ pa60Te np~BeAeH~ pe3ynbTaT~ ~ccneAOBaH~~ A~HaM~

K~ BHeApeHHblX aTOMOB BOAopOAa ~ K~cnopOAa B T~TaHe npa pa3n~4

H~X TeMnepaTypax ~ KOH4eHTpa4~~X ra30B~X np~Mece~. ~HTepec 

K Aa~H~~ 06beKTaM ~ccneAoBaH~~ npOA~KTOBaH, c OAHO~ CTOpOH~, TeM 
$aKTOM, 4TQ TaK~e MeTann~, KaK T~TaH ~ 4~PKOH~~, ~Bn~~Tc~ nepc
neKT~BH~M~ KOHCTPYK4~OHH~M~ ~ peaKTopH~M~ MaTep~anaM~, CBo~cTBa 

KOTOp~X B 3Ha4~TenbHO~ CTeneH~ onpeAen~~Tc~' Han~4~eM B H~X ra
30BblX np~Mece~. C APyro~ CTOpOHbl, nepeXOAH~(e MeTannbl IV rpyrmu 
06naAa~T P~AOM He06~4H~X <t>~3~4ecK~x CBO~CT , Hanp~Mep, TeMnepa
Typa nepexoAa B H~X pe3Ko np~cBepxnpoBoA~~ero YBen~4~BaeTc~ 

BBeAeH~~ np~Mec~ BOAopoAa/4/. np~ 3TOM B c CTeMax (Zr,Hf) 
(H,D) Ha6n~AaeTc~ peAK~~ oGpaTH~~ ~30Ton~~e K~~ 3<t><t>eKT, np~po-

Aa KOToporo He B~~CHeHa AO KOH4a/5/ . ' 
B pa60Tax/6-9/ MeToAoM HPH 6~no nOKa3aHo, 4TO A~HaM~Ka BO

nopona B CTPYKTYPHonOA06HblX C~CTeMax Zr - O - H ~ Ti - O - H 
cy~ecTBeHHO pa3n~4aeTC~. TaK~ a Zr - O - H BOAoPOA HaxoA~Tc~ 

B peTpa3AP~4ecK~x nycToTax, B TO BpeM~ KaK 4aCTOTa KoneGaH~~ 

BOAopOAa B cnnaaax Ti - O - H, E::::90 M3B, yxaauaaer ua ero He
T~n~4HY~ An~ nnoTHoynaKoBaHH~X CTPYKTYP ~oKan~3a4~~ B oKTa3AP~
4eCK~X MemAOY3n~~x. 

B AaHHo~ pa60Te pacw~peH kOH~eHTpa4~oHH~~ ~ TeMnepaTYPH~~ 

~HT~PBan ~ccneAoBaH~~ C~CTeM~ Ti - O - H An~ ~3Y4eH~~ A~HaM~K~ 
BHeApeHHblX aTOMOB ~ pacnpeneneuas no MemAOY3enbHblM n03~4l1"~M~X 

B 3aB~C~MOCT~ OT 3T~X napaMeTpOB. 

1. nOCTAHOBKA 3KCnEP~MEHTA 

~3MepeH~~ cneKTpOB HPH cnnaBOB TiO 9600 04 HO 02 
~ TiOO 12HO 004 np~ TeMnepaTypax 80 ~ 293'K ~ fi30HO,2 np~ 5,80 
~ 293 Knpo~PA~n~cb Ha cneKTpOMeTpe 06paTHo~ reoMeTp~~ 
KACOr~M/10/, YCT~HOBneHHOM Ha peaKTope ~6P-2~11/. Pa3peweH~e 
cneKTpOMeTpa COCTaBn~eT 4,5; 8 ~ 15 M3B An~ népeAa4~ 3Hepr~~ 

60 90 ~ 1YO M3B COOTB~, ;, ~ -----,--,,",-~"
'" IDlHA ~1 

on~1'illM~ Et~ê~ 

~;Mh.nl~lMTt;:'~A 
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CnnaBW THTaHa c KHCnOpOAoM 6wnH nOnY4eH~ nYTeM MHOrOKpaTHO~ 

nepen~aBKH ~OAHAHOrO THTaHa c ABYOKHCb~ THTaHa B aproHHo-Ayro
BO~ ne4H. nOcne nnaBKH CnHTKH nOABepranHCb rOMOreHH3HPy~~eMY 

oT~Hry npH 600 0c B BaKYYMe B Te4eHHe CYTOK, nocne 4erO t~eAneHHO 

oxnaxnaru-c s AO KOMHaTHo~ r eaneparypu . Hacsuueuue 06pa31..l0 B BOAOPO
AOM npoBoAHnocb H3 ra30Bo~ ~a3bl B BaKYYMHo~ YCTaHoBKe c KanH6po
BaHHblMH 06beMaMH. B pesyns r are peHTreHorpa<W-14ecKoro aaanuaa 06
pa31..l0B H He~TpOHOrpa$H4eCKHX HCCneAOBaHH~ COOTBeTCTBY~~HX Ae~

TepHpOBaHHWX CnnaBOB He 6wno 06Hapy~eHo BwnaAeHH~ rHAPHAH~X $a3 
npH AaHHWX COCTaBaX. HanH4He BTOPO~ $a3W H 06pa31..le onpeAen~nOCb 

C· T04HOCTb~ AO ~ 1%, 4TO 6wno npOBepeHO MeTOAOM nOAMeWHBaHH~ 

$a3. 
AnA onpeAeneHH~ npeAenbHo~ pacTBopHMOCTH BOAopOAa B a-$a3e 

CHCTeMW Ti-O 6wnH npHrOTOBneHW 06pa31..lW Ti-O-D c pa3nH4HWM COAep
~aHHeM Ae~TepH~. <t>a30Bbl~ auann s He~TpoHorpaMM noxaaan , 4TO 
cnnaBW Tio,9600~04Dx; TiOo,12Dx H Ti 30Dx OCTa~TCA oAHo$a3HwMH 
AO COCTaBa O:D 2:1. 

An~ H3MepeHH~ cneKTpOB HPH nonY4eHHwe Ha cnHTKOB nopowKo06
pa3Hwe 06pa31..lw 3acwnanHCb B TOHKocTeHHw~ an~MHHHeBw~ KOHTe~Hep 

H YCTaHaBnHBanHCb B renHeBbl~ KpHOCTaT. nponYCKaHHe 06pa31..l0B CO
c r aanano >. 85%. 

2. 3KCnEPHMEHTAnbH~E PE3YnbTAT~ 

2.1. Ha pHc.l npHBeAeHa BbICOK04aCTOTHa~ 4aCTb cneKTpa HPH 
cnnaaa TiO 9600 04HO 02, COOTBeTCTBYlo~a~ pacceaeuno He~TpoHoB Ha, , ,
Kone6aHH~x aTOMOB BHeApeHH~ npH TeMnepaTypax 293 H 30 Ko HH3KO
4aCTOTHW~ nHK c nepeAa4e~ 3HeprHH E ~ 60 M3B CB~3aH c Kone6aHH~
MH aTOMOB KHcnopOAa. C06CTBeHHa~ WHpHHa 3TO~ nHHHH Ha nonOBHHe 
BblCOTbl ~t.E() COCTaBn~eT 8,0~1,2 M3B H 7 ,0~1,2 M3B AnA H3MepeHH~ 

npH 293 H tiO K COOTBeTCTBeHHO. KaK BHAHO, nono~eHHe H nonYWHpH
Ha nonOCbl Kone6aHH~ KHcnopOAa He3Ha4HTenbHO H3MeH~~TC~ c TeMnepa
TYPO~ H B npeAen~x oWH6oK cOBnaAa~T c cooTBeTcTBY~~HMH napaMeT
paMH,. nonY4eHHblMH B/7 I An~ cnnaaa TiOO "I2HO 004. 

Cnexr p Kone6aHH~ BOAOPOAHblX aTOMOB ~ HccheAyeMoM HaMH cnnaae 
xapaKTepH3yeTc~ HanH4HeM ABYX nonoc. 04eHKH nno~aAe~ nHKOB no
Ka3bIBa~T, 4TO oxono 7% aTOMOB BDAopOAa Kone6mOTC~ c 3HeprHe~ 

~l ~ 90 M3B H 93% - c 3HeprHe~ E2 = 140 M3B. 3TO! ~neKTp cy~ecT
BeHHO OTnH4aeTC~ OT cneKTpa Kone6aHH~ BOAopOAa B cnnaBe 

004 IC~.pHC.2/. B03Mo~Hwe npH4HHW 3THX pa3nH4H~ 6YAYTTiOO,.12HO 
06CY~dTbl~ HH~e. 

C nOHH~eHHeM TeMnepaTYPW nonoca Kone6aHH~ sI cMe~aeTc~ B 06
naCTb BWCOKHX 4aCTOT Ha 6 M3B 186,4+1,6 M3B H 92,5+1,3 M3B An~ 
293 H 80 K cooTBeTcTBeHHoI. HaneHbKa~ aMnnHTYAa 3Tõ'~ nonocu AO
nYCKaeT nHWb rpy6y~ Ol..leHKY nonYWHpHHW 3Toro Kone6aHH~:~ 30 M3B 
An~ T=293 K H ~20 M3B An~ T=80 K. B TO ~e BpeM~ nono~eHHe ~ no
nYWHpHHa 1t.Ec~ 36.2:.4 ~3B./ BblCOK04aCTOTHoro nnxa E2 OCTaIOTC~ np ax
TH4eCKH 6e3 H3MeHeHH~o 
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Pac , 1. Cnerc-rpsr HPH rtpusre cm-rx KOJ1eÕa
HliH KliCJ10pOAa li BOAopOAa CI1J1aBa 

100 zoo 

~S.9 

TiO 9600 04 HO 02,. rrOJ1YQeHHble npn KOM
,. :t',

HaTHOll TeMIlepaType li TeMrrepaType ~liA::a
::r Koro a30Ta B Aliarra30He yrJ10B pacceH:s: 
~ 5 HliH 1000-140°. N -'HoMep KaHaJla Imli
ã pliHa KaHaJla T = 123 MKc,/; E = E-Er,QJ 4 

1"., 
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QJ rAe E, E f - 3Heprlili HellTpoHoa AO li rroc
J1e pacceHHliH; n0J10~eHliHlrr ,.Q

Ef=4,8 M3B. 
rr0J10Cbl xorreõ aaná AaHbI B M3B. fOPli30H@2 
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Pac , 2. Cnex rpu HPH rrpliMecHblx 'KOJ1eÕaHliH
 
KliCJ10pOAa li BOAopoAa B TBepAOM paCTBO

pe TiOO 12HO 004' rrOJ1YQeHHble npn KOM

HaTHOH ~eMrrepaType li TeMrrepaType ~liA

Koro a30Ta. PacceHHlie Ha l{liCTOM TliTa-'
 
ue BbI4TeHO. 100 N
 

K 

nonocw Kone6aHH~ E = 261+9 M3B /293 K/ H E = 287+10 M3B 
/80 K/ COOTBeTCTBY~T BTOPO~ -r,apMoHHKe xoneõaaaa E2=140~3, 3 M3B. 
HHTepeCHO OTMeTHTb,' 4TO pa~HOCTb B 3HeprHAX nHKOB ABYXKBaHTOBoro 
pacce~HH~ npH 293 H 80 K BWXOAHT 3a npeAenw OWH60K onpeAeneHH~ 

nono~eHHA MaKCHMYMOB. 
2.2. Ha pHC. 3 npencr aeneau cnexr pu HPH cnnaaa Ti 30HO 2' COOT

BeTCTBY~He Kone6aHH~M npHMeCHblX aTOMOB npH TeMnepaTypa~ 293, 
80 H 5 K. Pacce~HH~ He~TpoHoB Ha aTOMax KHcnopOAa OTBe4aeT nHK 
e:=57,2+0,4 M3B c c06CTBeHHO~ WHPHHO~ Ha nonOBHHe BWCOTW t.Ec = 
8, 5~1 ,Õ M3B, oc r aouruãc a npaKTH4eCKH HeH3MeHHblM npu nOHH~eH~H, 

• ~ t ~ ~ r eaneparypu , 
nonoca Kone6aHH~ E ~ 87 M3B COOTBeTcTByeT Kone6aHHRM aTOMOB 

BOAopOAa. npH nepeXOAe OT KOMHaTHO~ TeMnepaTypbl K TeMnepaType 
~HAKoro a30Ta npOHcxOAHT cMe~eHHe nonQ}KeHH~ IBOAopOAHoro" MaKCH
MYMa OT 86~0,6 M3B AO 87,9..:!:.O,6 M3B H 3aMeTHoe ero ty~eHHe 
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PHC. 4. BblCOKOtIaCTOTHoe KpblTIO crrercrpoa
 
HPH rrpHMeCHblX Kone6aHHH aortoporta CIIJ1a

Ba Ti 30HO,2. T=64 MKC. no !20 130 N
 

K 

(llEc=32~ 1 ,5 M3B i'1 llEc=25~ 1 ,5 M3B AnR 293 l'1 80 I{ coor eer c r ee aao ) , 
AanbHe~wée nOHl'1meHl'1e TeMnepaTYP~ AO 5 K npl'1BOAHT K He3Ha4l'1TenbHO
MY YBenl'14eHl'11O 4aCTOTbl Kone6aHl'1~ aTOMOB BOAopOAa /88,3+0,6 M3B/ 
l'1 OCTaBnReT IlpaKTl'14eCKl'1 Hel'13MeHHO~ c06cTBeHHYIO Wl'1pl'1Hy-nl'1Ka. 

nonoca Kone6aHl'1~ E=183+6 M3B Ha cneKTpax HPH, l'13MepeHH~X npl'1 
TeMnepaType 80 l'1 5 K, cooTBeTCTByeT ABYXKBaHTOBOMY paCCe~Hl'11O 
He~TpoHoB Ha Kone6aHl'1RX aTOMOB BOAopOAa. Ha pl'1c.4 60nee nOAP06
HO nOKa3aHO B~COK04aCTOTHoe Kp~no cneKTpa Kone6aHl'1~ ~OAopOAa. 

KaK Bl'1AHO l'13 'pl'1CYHKa, Ha acex cnexrpax Ha6ntaAaeTCR ManaR no aMn-
nl'1TYAe nonoca Kone6aHl'1~ B 06naCTl'1 nepeAa4 3Heprl'1l'1 142~146 M3B,
 
CBR3aHHaH c Kone6aHl'1RMl'1 aTOMOB BOAopoAa B MemAOY3nl'1RX c TeTpa

3APl'14eCKO~ KOOPA~Ha4l'1e~c no HaWl'1M 04eHKaM, B TeTpa-n03l'14l'1l'1 KO

ne6neTCR < 1% aTOMOB BOAopoAa. npl'1 3TOM nno~aAb nonoc~ Kone6a

Hl'1~ E ~ 142~146±4 M3B He MeHReTCR npl'1 nOHl'1meHl'1l'1 TeMnepaTYP~o
 

, 
3. 05CY*AEH~E PE3ynbTATOB 

3c1. MaKCl'1MYM E1 =86,4 M3B B cneKTpe HPH cnnaBa
 
Tio 9600 04 HO 02 /pl'1c.l/ M~ CBR3~BaeM c Kone6aHl'1RMl'1 BOAopoAa,


to , , • 
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nOKanl'130àaHHoro B OKTa3APl'14eCKl'1X nopax lo-p/ MeTannl'14eCKO~ Ma
TP\ll4bl. JTOT BblBOA norrr aepxnaer ca HaWl'1Ml'1 np.eAblAYllll'1Ml'1 l'1CCneAOBaHl'1
RMl'1/ô , 7/ , rAe B cneKTpax HPH cnnaBOB Ti-O-H c cOAepmaHl'1eM Kl'1CnO
pOAa ~ 12 aT.% Kone6aHl'1RM BOAopOAa COOTBeTCTBOBan OAl'1H TpeXKpaT
HO BhlpomAeHHbl~ nl'1K c nepena-reà 3Heprl'1l'1 B 06naCTl'1 90 M3B. 

KO~4eHTpa4l'1R BOAopOAa, HaXOARlllerOCR B cnnaBe TiO,9600,04HO,02 

B o-p, COCTaBnReT ~0,14 aT.% /7% OT 06lllerOKOnl'14eCTBa BOAopoAa/.

~}
 no AaHH~M/I2/, paCTBOpl'1MOCTb BOAopOAa B 4l'1CTOM Tl'1TaHe npl'1 KOM

HaTHO~. TeMnepaType r axxe COCTaBnReT ~o, 14 ar , %. TaKl'1M o6pa30M, 
MomHO npennonoxu r s , 4TO npl'1 T=293 K nonoca 8 = 86,4 M3B OT\. 
Be4aeT KOne~aHl'1RM BOAopOAa B a-TBepAOM paCTBope.B He3aXBa4eHHOM 
COCTORHl'1l'1, BOAOPOA npl'1 3TOM HaXOAl'1TCR B OKTa3APl'14eCKl'1~ MemAOY3
nl'1RX. npl'1 nOHl'1~eHl'1l'1 me Te~nepaTYPbl npOl'1CXOAl'1T 3aXBaT BOAopOAa Ha 
npl'1MeCRX Kl'1cnOpOAa, 4TO npl'1BOAl'1T K 3$$eKTl'1BHOMY YBenl'14eHl'11O B3al'1
MOAe~CTBl'1R BOA0pOAa c oKpymalOllll'1Ml'1 aTOMaMl'1 l'1 CMellleHl'11O nOnOmeHl'1R 
nonoc~ Kone6aHl'1~ 8] B o6nàcTb 66nbWl'1X 4aCTOT. 

AaHH~e no nOKanl'13a4l'1l'1 ijoAopoAa B 4l'1CTOM a-Ti npOTl'1BOpe4l'1B~. 

TaK, no co06llleHl'1RM/ 2,I3/, 'BOAOPOA B a-Ti HaXOAl'1~CR B TeTpa3APl'1
4eCKl'1X nopax (t-p). n03TOMY Henb3R l'1CKnl04l'1Tb l'1 TaKo~ B03MOmHOCTl'1, 
4TO BBeAeHl'1e Kl'1CnopOAa B Tl'1TaH yme npl'1 KOMHaTHO~ TeMnepaType npl'1
BOAl'1'T K nepexoay 4aCTl'1 BOAOPO,qHbIX aTOMOB l'13 t-p B o-rp , Kl'1cnopoA, 
KaK l'13BeCTHo, CTabl'1nl'13l'1PyeT a-TBepAbl~ paCTBOp BüAopoAa B Ti 
l'1 npenRTcTByeT B~naAeHl'1D rl'1APl'1AH~X $a3/ 14/. KaK ynOMl'1HanOCb B~wé! 
M~ He 06Hapyml'1nl'1 npl'1CYTCTBl'1R rl'1APl'1Aa B l'1CCneAyeM~x HaMl'1 cnnaBax 
AH$paK4l'10HHbIMl'1 Mel'OAaMl'1. BMeCTe c TeM auep rua BblCOK04aCTOTHoro 
nl'1Ka 82= 140 M3B B cneKTpe HPH TiO 9600,04Ho 02 /pl'1c.l/ YKa3~Ba
eT Ha TeTpa3APl'14eCKYIO KOOPAl'1Ha4l'11O ~aCTl'1 BOAo~oAa B cnnaBe. Ecnl'1 
npeAnOnOml'1Tb, 4TO 93% H-aToMoB HaxOARTCR B rl'1APl'1AHO~ $a3e, TO 
KOnl'14eCTBO Hl'13WerO no COCTaBY cTa6l'1nbHOrO rl'1APl'1Aa TiH 1 SCOCTa
Bl'1T ~1 ,2% OT 06lllero KOnl'14eCTBa 06pa34a, 4TO 6nl'13KO K ~peAeny 
B03MomHocTe~ 06HapymeHl'1R B cnnase rl'1APVl.AHO~ et>a3bl AWppaK4l'10HHbIMl'1 
MeTOAaMl'1. 

C06cTB~HHaR Wl'1pl'1Ha l'1 3Heprl'1R nl'1Ka 82= 140 M3B cnnaBa 
TiO 9600 04 HO 02 HaXOAl'1TCR B xopoweM cornacl'1l'1 c AaHH~Ml'1/IS/ no 
rl'1A~l'1AY tl'1TaH~, rAe He 6~no 3aMe4eHO TeMnepaTYPHo~ 3aBl'1Cl'1MOCTl'1 
napaMeTpOB OnTl'14eCKOro Kone6aHl'1R. C APyro~ CTOpOHbl, B l'1CCneAO
BaHl'1RX 3aXBaTa BOAopOAa Ha npl'1MeCRX BHeApeHl'1R ° l'1 N B OUK Nb/3 / 
TaKme Ha6nlOAanacb l'1HBapl'1aHTHOCTb nOnOmeHl'1R'B~COK03HepreTl'14eCKO

ro nl'1Ka no OTHOWeHl'11O K l'13MeHeHl'11O TeMnepaTYPbl. TaKl'1M oõpa30M, 
B03MomH~ ABa 06bRCHeHl'1R oGpa30BaHl'1R B~COK04aCTOTHO~ nonoc~ KO

I
;1 

ne6aHl'1~ B cneKTpe HPH TiO 96 00 , 0 4HO 02: 
1/ B~naAeHl'1e rl'1APl'1AHO~ $a~~, He oGHJpymeHHo~ Al'1~paK4l'10HH~Ml'1 Me
TOAaMl'1. npl'1 3TOM OTCYTCTBl'1e YBenl'14eHl'1R KOnl'14eCTBa rl'1APl'1Aa c no
Hl'1meHl'1eM TeMnepaTYP~ MomeT 6~Tb CBR3aHO c 3aKanKO~ COCTOHHl'1R, 

"ii COOTBeTCTBYlOlllero T=293 K; 
2/ nonoca Kone6aHl'1~ 82=140 M38 OTBe4aeT Kone6aHl'1RM 60nbwe~ 4aCTl'1 
BOAopoAa /93% OT 06U\ero KOJll'14eCTBa BOAopoAa/, nOKanl'130BaHHoro 
B TeTpa3APl'14eCKl'1X MemAOY3nl'1RX reKcarOHanbHO~ peWeTKl'1·Tl'1TaHa. 
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A,nR BbIRCHeH~R npllllU1Hbl 06pa30BaHIIIR BblCOK04aCTOTHOIIt nonocu 1<0

Ile6aHlllIIt He06xOAIIIMO npoaecr a 1113MepeHIIIR CneKTpOB HPH cnnaaa 
TiO 9600 04 c pa3Illll4HblM COAep>KaHllleM BOAOPO.4a, OT O) 1 AO 2 ar.• %., , 

3.2. B cneKTpe HPH cnIlaBa TiOO 12HO 004/PIIIC.21 nOIloca I<OIle
6aHlllIIt E=140 M3B OTCYTCTByeT, TO e~Tb BOAOPOA KaK nplll T=293 K, 
TaK 11I nplll T=80 K 3aHIIIMaeT TOIlbKO OKTa3APlll4eCKllle n031114111111 rny pe
weTKIII rr , B HeAaBHO npoeeneuuux HaMIII IIICCIleAoBaHlllflX MeToAoM HPH 
cnIlaBa T~NO,2HO,08 6~IlO nOKa3aHo, 4TO BOAOpoA B 3TOIIt ClIIcTeMe 
TaKme 3aHIIIMaeT TonbKO oKTa3APII!4eCKllle MemAOY3JlIIIR /3Heprlllfl KOIle

.6aHIllIIt BOAopoAa E=94 M3B/. nplll4111HOIIt cTa6111Il1ll3a4111111 a-~a3~ 11I nOKa
Illll3a4111111 BOAopoAa B o-p MomeT 6~Tb ynpyroe B3alllMoAeiltcTBllle H-/O,N/, 
Bbl3BaHHoe nOKaIlbHblMIII IIICKameHlllflMIII aoxpyr aTOMa BH~ApeHlllfI 10,N/. 

B TeopeTIII4eCKOIIt pa60Te/ 16/ nOKa3aHo, 4TO IIIMeHHO ynpyroe B3alll
MOAelltCTBllle H-/O,N/ flBIlReTCfI OTBeTCTBeHH~M 3a 3aXBaT BOAopoAa Ha 
nplIIMeCflX ° 11I N B Nb, V ~ Ta. 
plllMOCTIII BOAopoAa B Ti-O MomeT 
CTPYKTYP~ cnIlaBa. 

OKOH4aTeIlbHoe onpeAeIleHllle 
aTOMOB r peõye r AonOIlHIIITeIlbHblX 
KO fiCHO, 4TO IIIMeHHO BBeAeHllle 

~pyrlllM MexaHIII3MOM YBeIllll4eHlllfI pacTBc
6~Tb nepeCTpOlltKa 3neKTpoH~01lt 

MexaHIII3Ma B3alllMOAelltCTBIIIR BHeApeHH~X 

IIICCIleAOBaHlll1It cnnaaoa Ti-O-H. Oi'Ha-, 
B TIIITaH KIIICIlopoAa IIIIlIII KaKOIlt-PIIIGo 

APyro~. nplllMeCIII BHeApeHIIIR npIIIBOAIIIT, Bo-nepB~X, K cTa6111Illll3a4111111 
a -TBePAoro paCTBopa Bop,opoAa, no KpalltHellt Mepe 'nplII COCTaBax Int: 
H>2: 1, rne Int - nplllMec~ aaenpeuaa , a BO-BTOpbIX, K JlOKaIllll3a4111111 
BOAopoAa B OKTa3APlll4eCKIIIX Memp,oY3IlIIIRX rnx peweTKIII TIIITaHa. 

CMew.eHllle nOIlO>KeHIIIR "aonoconuor-o" nlll «a B cnnaae TiO O 12HO 004 
nplll nOHlllmeHlII1II TeMnepaTYP~ AO 80 K Toro me MacwTa6a, 4TO 11I A~fI 
cnIlaBa Ti c 4% KIIICIlopoAa. nplII 3TOM coGcTBeHHaR WlllplllHa YPOBHfI 
oCTaeTc~ 3Ha4111TeIlbHOIIt I~Ec=40~3 M3B nplll T= 296 K 11I ~Ec=28,5~ 
2,0 M3B nplll T=80 K/. TaKY~ WIIIPIllHY IlIIIHIIIIII TPYAHO OGbRCHIIITb npflM~M 

B3alllMOAelltCTBllleM H-H, nOCKOIlbKY KOH4eHTpa4111f1 BOAopoAa B cnIlaBe 
Bcero 0,.4 aT.%. 

3.3. CTPYKTypa nplIIMeCHOIIt 30Hbl cnnaaa 'i'i 30HO 2 Iplllc.31 B 4e
IlOM nOA06Ha cneKTPY HPH cnnas a TiOO 12HO 004' nOIlomeHllle IIKIIICIlO
POAHOllt l 1 nonocu KOIle6aHlllIIt I E=52, 7 M3êl, B ~nIlaBax Ti-o OKa3blBaeTCfI 
aec sraa 4YBCTBIIITeIlbHblM K 1113MeHeHlllIO pa.CCTOflHlllfI TIIITaH - KIIICIlOpqA. 
AHaIlH3 nOIlY4eHH~k paHee AaHH~X no 4aCTOTaM KOIle6aHlllIIt aTOMOB KIII
CIlopoAa B cnIlaBax Zr-O, Ti-O/6,8/ 111 a30Ta B cnIl~Be TiNO 2, 
E=71 M3B,n03BoIlfleT CAeIlaTb B~BOp" 4TO 3Heprlllfl KOIlefiaHIII~ aTOMa 
BHeApeHlllfI caaaaua co "cr eneu b~ ot.J>KaTIII;=t" ero MqTPIII~HOIIt peure ncoü , 
"Creneas oõxarua!' MomHO Bblpa3111T b BeIllll4111HOIIt r c =Ri - Rp' rAe Ri 
paAIIIYc aTOMa BHeApeHlllfI, ~- pap,IIIYc MemY3eIlbHOIIt n031114111111. TaKIIIM 
06pa30"",,, aoap ac r auue 4aCTOTbl HOIle6aHlllIIt B CIlY4ae, eCIlIII Ri>1)J' 
CBfl3aHO c YBeIllll4eHllleM napaMeTpa B MOAeIlIII meCTKIllX c$ep r cr c' 
COOTBeTcTByeT BeIllll4111He CTaTIII4eCKlllX cMe~eHIllIIt BOKpyr BHeApeHHoro 
aTOMa. 

B OTIllll4111e OT cnIlaBOB TiO 96 00 04 HO 02 11I TiOO 12HO 004' Macw
Ta6 T"eMnepaTYPHbIX 1113MeH~HIllIIt' napa~eTpo~ "BOAOPOA~OIlt" nOIlocbl KO
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ne6aHlllIIt E=87 M3B B cneKTpe ~PH cnIlaBa Ti30Ho 2 cyw.eCTBeHHO MeHb
me. TaK, nOIlomeHllle nlllKa cMew.aeTCfI Bcero Ha 2:3 M3B B 06IlaCTb 
6QIlee B~COKIIIX 4aCTOT nplll nepeXOAe OT KOMHaTHO~ TeMnepaTYP~ K 
TeMnepaType mlllAKoro reIllllfl. MeHbWlll1It 3$$eKT MomeT 6~Tb CBfl3aH 
co c rene-u-o aanortueuaa KIIICIlOpOAOM OKTa3APlll4eCKIIIX Me>KAoY3IlIllIIt 
peweTKIII Ti. HelltTpOHOrpa$1II4ecKllle IIIccIleAoBaHlllfI, npOBeAeHH~e HaMIII 
Ha CIllCTeMe Ti-O-D B WlllpOKOM Alllana30He 1113MeHeHlllIIt KOH4eHTpa411111t 
BHeApeHH~X aTOMOB, nOKa3aIlIII, 4TO AelltTeplII~ 3aHIIIMaeT Te me cholll 
OKTa3APlll4eCKIIIX nop , 4TO 11I KIIICIlOpOA, ocr aanan nYCTblMIII Ka>KAbl~ 

BTOPO~ CIlOIIt o-p. TaKIIIM 06pa30M, nplII cOAepmaHlII1II B cnIlaBe 25 aT.% 
KIIICIlopoAa 2/3 B03MomH~X AIlfl DeH) MemAoY3IllllIIt 3aHflT~. n03TOMY, 
B OTIllll4111e OT TiO 9600 04HO 02, 3Aecb, BepoflTHo, npOlllcxOAIIIT ne
peKp~Tllle paAIllYCO~ 3ax~aTa ~ yme nplll KOMHaTHOIIt TeMnepaType 60Ilb
wafl 4aCTb Bop,opOAa HaxOAIIITCfI BO B3aIllMoAe~cTBIIIIII c aTOMaMIII KIIICIlO
pOAa. 

a cnekr pax HPH, cua rux npn 80 11I 5 K Iplllc. 31, Ha6Il~AaeTcR 

aCIIIMMeTplllfl BblCOK04'aCTOTHoro kpuna IIBOAopoAHorol1 nlll Ka. üonro-uca 
MeTOAOM ~aIllMeHbWIIIX KBaApaTOB nOKa3~BaeT HaIllll4111e ~e60IlbWO~ no 
aMnIlIIITYAe nOIlOCbl KOIle6aHlllIIt B 06IlaCTIII nepeAa4 3Heprllllll ~115 M3B. 
Ha Haw B3rIlflÁ, 3Ta nOIloca CBfl3aHa co BTOpOIlt rapMoHIIIKO~ KOIle6a
HIllIIt aTOMOB KIIICIlopoAa. AHa~orlll4Hafl nOIloca Ha6Il~AaIlaCb B cneKTpe 
6e3BOAopOAHoro 06pa34a TiO O 12/ 7/ . , 

AIlfl cnexr poa KOJle6aHlllIIt B~AopoAa B cnnaaax Ti-O-H xapaxr epuua 
a snae'r ca õonsiuaa ccõcr aeauaa WlllplllHa nplllMeCHblX nOIlOC. nplII T=5 K 
TaKafl WlllplllHa He MomeT 6~Tb 06bflcHeHa 3~$eKTaMIII BpeMeHIII m1ll3HIII. 
B03MomHbl HeCKOIlb KO MeXqHIII3MOB, 06bflCHflIOW.IIIX 60IlbWY~ Ha6Il~AaeMY~ 

Wlllplll HY "BOAOPOAHOIlt" nonocu KOJle6aHlllIIt npu HIII3KIIIX r e-meparypax : 
li HeynopflA04eHHOCTb no CIIIIlOBOMY B3a~MOAelltCTBIII~ Me-H, CBfl3aH
Hafl co cTaT.1II4ecKIIIMIII IIICKa>xeHlllflMIII aoxpyr nplIIMeCellt BHeApeHlllfI KIIICIIO
pOAa; 
21 B3aIllMOAelltCTBllle,O-H nplllBOAIIIT K cMew.eHIII~ BOAopOAa 11I3 4eHTpa 
o-p, 4TO, B CBO~ 04epeAb, nplIIBOAlllf K CHflT~~ B~pomAeHlllfI c06CTBeH
H~X 3Ha4eHIII~ KOIle6aHIllIIt; 
31 YWlllpeHllle MomeT 6blTb CBfl3aHO c AIIIHaMIII4eCKIIIM paaynopanoveuae-i 
BOAopoAa 3a C4eT ero TYHHeIllllpOBaHIIIR no HeCKOIlbKIIIM MemAoY3eIlbH~M 

n031114111f1M BOKpyr aTOMa BHeApeHlllfI. 

_KaK YKa3blBaIlOCb asnue , BO acex cnex'rp ax HPH cnnaaa Ti30HO.2 
HaoIl~AaeTcfI 04eHb MqIleHbKafl no IIIHTeHCIIIBHOCTlII'nOIloca 'KoIleõaHIII~ B 
06IlacTIII nepeAa4 3Heprllllll 140 M38 Iplllc.4/. ECJlIII npeAnOIlomlllTb, 4TO 
B 06p~34e nplIICYTCTByeT rlllAPIIIAHafl $a3a TiH} 5' TO KOIllll4eCTBO rlllA
plllAa COCTaBIIIT MeHee 0,1% OT 06w.ero KOIllll4ectBa ofipa34a. HaIllll4111e 
3TOIIt nonocu MO>KeT õsrr s TaK>Ke CBfl3aHO c TeM, 4TO npn CTOIlb 60Ilb
WOM COAep>KaHIIIIII O 11I H Ha4111HaeTCfI 3anOIlHeHllle .BoAOpoAoM TeTpa3APIII
4eCKIIIX Me>KAoY3IlIllIIt rny peweTKIII Ti. ~e~cTBIIITeIlbHo, B cneKTpe HPH 
cnnaaa 'Ti20HO , 14 Mbl Ha6Jl~AaIlIII pesxoe aoapacr auae aMnIlIIITYAbl BbICO
K04aCTOTHOIIt nOIlOC~ KOIle6aHIII~ nplll OTCYTCTBIIIIII pe$Ile~coB rIllAPIllAHO~ 

$a3~ Ha He~TpoHorpaMMe. 
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B 3aKn~4eHHe MO~HO CKa3aTb, 4TO HanH4He B Ii KHcnopOAa B Ka
4eCTBe npHMeCH BHeApeHHR npHBOAHT K HHTepeCH~M H cnO~H~M KOH~eH


'Tpa~HOHH~M H TeMnepaTypH~M 3~~eKTaM BO B3aHMOAeHcTBHH O-H.npOHC
XOAHT cTa6HnHsa~HR a-~a3~ BnnOTb AO TeMnepaTYp~ mHAKoro renHR, 
nepepacnpeAeneHHe BOAopoAa no MemAoysenbH~M n03H4HRM H saXBaT 
ero Ha npHMeCH BHeApeHHR. CoocTBeHHaA WHpHHa npHMecHoH 30H~ BO
AopOAa OCTaeTCR aHOManbHO GonbwoH Aame npH TeMnepaType ~HAKoro 
renHR. 

AnA B~RCHeHHR OC06eHHOC Teii BsaHMPAeHCTBHR BOAopOAa C npHt",eCA-

MH BHeApeH\tIA B nOA06Horo pOAa CHCTeMax 6~no 6bl nonesHO npOBe

AeHHe KOMnflel<CHbiX HCClleAoBaHHH C I1CI10nbSOBa HHeM TaKHX MeTOAHK, 

KaK HPH, KBaal1ynpyroe paCceRHHe HeHTpOHOB, BliYTpeHHee TpeHl1e 

H KaHanHPOBaHHe 6b1CTPblX HOHOB. 

ABTop~ npI1HOCRT HCKpeHHlO1O 6naro,qapHOCTb C. H. 6parl1HY 3a no

MOUIb B npOBeAeHI1H 3KcnepHMeHTOB t;a ;ycTaHoBKe KAcor-H. 
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ienyWKHH A.B. HAP. P14-86-41 
MccneA08aHHR Kone6aTen~Horo cneKTpa\8QAopOAa B T8epAWx 
pacT80pax THTaH-KHGnOpQA MeTQAOM Heynpyroro paCCeRHHA HeKTPQH08 

OPH8eAeHW peayn~TaTw HccneA08aHHR AHHaMHKH 8HeApeHHWX aT0M08 8QAOpQAa 
H KHcnOpQAa 8 THTaHe npH pa3nH~HYX TeMnepaTypax H KOH~eHTpa~HRx raa08YX nPH
MeceK. noKaaaHO, ~TO npH CQAep*aHHH KHGnOpQAa ~ 12 aT.% DQAOpQA noKanHayeTcA 
rna8HWM 06paaOM 8 oKTa3APH~eCKHX M~oY3nHAx KPHCTannH~eCKoK peweTKH. B TO *e 
BPeMR npH cOAepwaHHH KHcnopQAa OKonO 4 aT.% 8QAOpQA pacnPeAeneH no TeTpa3APH
~CKHM H OKTa3APH~eCKHM MeWAOyanHR". AHanHaHpyeT~A B03MO*HOCT~ npMCYTCTBHR 
• 06paaQe rHAPHAHOK ~aaw. HH3KaTeMnepaTYPHWe H3MepeHHR noKaaanH, ~TO a-TBep
AWHpacT80p OCTaeTCA CT~Hn~HWM 8~T~ AO TeMnepaTYP *MAKarO renHR. OPH 3TOM 
ywe npH TeMnepaType WMAKoro aaOTa 8QAQpQA HaXQAHTCR 8 COCTORHMH aaxBaTa Ha 
aTOMaX KHcnoPQAa. a"eKT aaXBaTa npo~eTCR B CMeq8HHH nonoCWKQne6aHHK, OT
8e~a~eK paCceRHM~ HeKTpoHoB Ha Kone6aHHRX aTOMa. BQAOpQAa. 06Hapy*eHO, ~TO 

Aa*e npM TeMnepaType .HAKoro renHR WHpHHa npHMeCHoK 30HY 8QAOpQAa OCTaeTCA 
O~eH~ 6qn~ 1-25 M38/. 06cY*Aa~TCR .0aMO*HYe ~xaHHSMW saXBaTa BOAOPQAa 
Ha npHM4CRX 8HeApeHHR 8 THTaHe. 

Pa60Ta awnonHeHa 8 na60paTopHH HeMTPOHHoK ~H3MKH OH~H. 

CooI5IueIIlm ~_oro IIIICTIIT)IT& lQIepHlolX _nelloBalllli. .lly6Ha 1986 

nepeaOA O.C.BHHorpaAOBOK 

Belushkln A.V. et al. 	 P14-86-41 
Inelastic Neutron Scattering Investlqation of Vibrational 
Spectra of 	Hydrogen in Solid Tltanlum·Oxyqen Solution 

The dynamics of the hydrogen and oxyqen Impurities In titanium was 
Investigated for different temperatures and concentrations. It is shown 
that for oxyqen concentration ~ l~% the hydro~en atoms occupy mainly the 
octahedral sites in the crystal lattice. At the same time, for oxyqen con
centration of about 4% the hydroqen is distributed amana tetrahedral and 
octahedral sites. The possibil ity of existence of hydride phase in the sam
ple is also analyzed. The low temperature measurements have shown that 
a-phase Is stable upto helium temperatures. For the liquid nltr~en tempe
rature the hydrogen is already trapped by the oxygen atoms. The trappinp 
effect can be seen as the shift of the band which corresponds to the neu
tron, scatterinq on the hydrogen atoms. It is found that even for the helium 
temperature the width of the corresponding vibrational band is very larae 
(- 25 meV). The possible mechanisms of hydroqen trapping by impurities In 
titanium are discussed. 

The Investigation'has been performed at the laboratory of Neutron 

Physics, JINR. 


CommUnication of the Joint Institute for Nuclear Research. Dubna 1986 


