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, 3eMnstuoe M.r. u ap. Pl4 · 11625 I Hccneaoeauue xone6arenhuoro cneKrpa peweTKH auruapuaa 
' H llHllei!TepHllS THTSHS MeTOllOM Heynpyroro pacceRHHSI Hei!TpOHOB I MeroaoM ueynpyroro paccestHHR uel!rpouos us cnexrpoMerpe xonollHbiX 
~ uel!rpouoe 11 cnexrpoMerpe o6paruol! reoMerpuu B wupoKOM aaanaaOHll 
~ TeMneparyp Hccneaoeaua llHHSMHKa pewerKH TiH 1,96 H TiD 1,98 • B npeae
i nax paapeweHHR ucnonb30BSBWHXCR cnexrpoMerpoe ue o6uapylKeHo reMne-
1 parypHbiX H3Meneuuii e onruqecxoil qacru cnexrpos. B o6nacrH axycruqecxux 
j xone6aHHli aaMe'!eua ue6onbwast ae<jlopMaUHR cnexrpanbnoro pacnpeaeneuust, 
I CBSI3SHHafl co ClKSTHeM peweTKH npH nouuJKeuuu reMneparypbi o6paaua. 
~ noKS38HO, 'ITO, C TO'IHOCTblO 110 CTSTHCTH'IeCKOil OWH6KH SKCnepHMeHTa, 

~ 
OTCYTCTByeT 3800nHeHHe OKT83llpH'IeCKHX 003HUHil STOMSMH BOllOpO;:tS. nony
"l!eHHble peaynbTSTbi xaqecreeuuo cornacyiOrcs c pacqeroM no MoaenH 
ueurpanbHbiX CKn. 
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Investigation of the Lattice Dynamics of TiH2 
and TiD2 by Inelastic Neutron Scattering Method 

The lattice dynamics of TiH LSII and TiD .
98 

has been 
investigated in a wide range of temperature

1
by inelastic 

neutron scattering with a spectrometer of cold neutrons 
and a spectrometer of inverted geometry. Within the accu
racy of spectrometer resolution no changes in optical 
part of spectra were discovered. A small deformation of 
spectral distribution connected with the compression of 
lattice with decreasing temperature was noticed in the 
acoustic part of spectra. With the accuracy up to experi~ 
mental errors it was shown that there is no population 
of octadral positions by hydrogen atoms. The obtained 
results are in qualitative agreement with the central 
force model calculations. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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BBE,ll,EHHE 

Cpe,D.H BO.D.OPO.D.COJJ.ep:>Kamux aemecTB, HHTeucuauo uc

cne,D.yeMhiX a nocne,D.uee apeMH MeTO.D.OM pacceHHHH ueih

pouoa, oco6oe MecTo 3aHHMalOT rH.D.PH.D.hl nepexo,D.HblX Me

TaJIJIOB. 

ru,D.pH,D.bl MeTaJIJIOB npe,D.CTaBJIHlOT C060H npOCTeHUIHe 

.D.BYXKOMllOHeHTHbie CHCTeMbl BHe,D.peHHH C pe3KO pa3JIH1·lal0" 

IUHMHCH 3Ha'leHHHMH aTOMHbiX Mace. KpoMe Toro, rH.D.PH.D.hi 

06Jia,D.alOT pa3JIH'IHblMH THllaMH CBH3H MeTaJIJI"BO)l.OpO,D. H 

ll03TOMY HBJIHIOTCH H,D.eaJibHOH MO,D.eJibHOH CHCTeMOH )l.JIH 

H3y'leHHH BJIHHHHH pa3JIH'IHblX <iJaKTOpOB Ha 4JopMHpOBaHHe 

KOJie6a TeJibHOrO cneKTpa .D.BYXKOMllOHeHTHOH CHCTeMbl BHe

,D.peHHH. 

CneKTP Kone6auuii rH.D.PH.D.OB onpe,D.eJI.HeTcH ue TOJihKO 

THllOM CBH3H MeTaJIJI"BO)l.OpO)l., HO H npOCTpaHCTBeHHOH 

CHMMeTpHeH Me:>K,D.OY3JIHH, 3aHHMaeMblX aTOMaMH BO)l.Opo

,D.a. TaKHM o6pa30M, uaJIH'IHe CTPYKTypuoro 4Ja3oaoro nepe

XO,D.a HeH36e:>KHO ,D.OJI)KHO HaHTH OTpa:>KeHHe B xapaKTepe 

cneKTpanbuoro pacnpe,D.eJieHHH Kone6auuii pemeTKH ru,D.pu

,D.a. <l»a30BhiM nepexo,D.OM TaKoro Tuna o6na,D.aeT rH.D.PH.D. 

THTaHa. 

ITo ,D.aHHblM peuTreuocTpyKTYPHhiX H ueiiTP,OHOCTpyK

TYPHhiX HCCJie,D.OBaHHH /t/ flO CTpyKType 4Ja3 B CHCTeMe 

Ti-H H3BeCTHO, 'ITO ua'IHHaH c cocTaaa TiH1, 47 aTOMbl Me

Tanna o6pa3ylOT riJ;K- peUieTKY, a BO)l.OpO,D. 3aHHMaeT B Heii 

TeTpa3.D.PH'IeCKHe nycTOThl I puc. 1/. C nouH:>KeuueM TeM

nepa TYPhl npoucxo,D.HT TeTparouanbuoe HCKa:>Keuue Ky6uqec

KOH pemeTKH c npeapameuueM ee B ruT- peUieTKY. 

3 



• /I 
0 ~ • 0 0 

I I • I 
0 

-
0 

Puc. 1. Telllpa30pU'I€CKUe M€JICOOy3/lUJI 6 rl(K- pewemKe 
!•- amoM MemaAAa, o- ijeHIIIP mempanopbr/. 

)J,n.ll COCTaBa TiH 1 96 nepexo,n riJ.K -+ riJ.T HMeeT MCCTO 
npH T = 310±4K12!C 'nOHH:lKCHHCM TeMnepaTypbl OTHOWC" 
HHe c/a nnasuo YJofCHLwaeTC.II j puc. 2/ H npH 79K pasuo 
0,945 ja = 4,528A~ C = 4,279A/, B Ky6H'ICCKOH 4la3e npH 

0 0 
T= 315K a=4,454A. KpoMe Toro, KaK cne,nyeT H3 ,naHHbiX, 
nony'ICHHbiX MCTOAOM JIMP, H3MCHCHHC TeMnepaTypbi co
npOBO:lK,naCTC.II nepepacnpe,neneuHeM aTOMOB so,nopo,na no 
pa3llH'IHbiM THnaM MC:lK,nOy3nHH KpHCTannH'ICCKOH peWCTKH. 
TaK, ecnH ,nn.11 cocTaBOB c H/Ti>1,6 ua6mo,naeTC.II qacTH'I" 
HOC /-3~/ JanonHCHHC OKTa3,npH'ICCKHX n03HUHH y:lKe npH 
KOMHaTHOH TeMnepaType, TO C pOCTOM TCMnepaTypbl 'IHCllO 
JanonHCHHbiX OKTa3,npH'ICCKHX nop YBCllH'IHBaCTC.II H _no" 
CTHraeT -10~. B TO :lKC BpeM'.II ,naHHbiC HCHTpOHOCTpyK· 
TYPHbiX Hccne,nosauHii peweTKH ,neiiTepH,noB cnnasos TiD131 

HC no,nTBCp:lK,naiOT TaKOH BbiBO,n. 
HaMH 6blnH npose,neubl HJMepeHH.II ueynpyroro pacceJI

HH.II HCHTpOHOB Ha rH,npH,ne H _neiiTepH,ne THTaHa C OTHO" 
weuHeM H/Ti = 1,96 H D/Ti = 1,98 B wHpoKoM ,nHanaJoue 
TCMnepaTyp C :UCllbiO o6uapy:lKeHH.II H3MCHCHHH B cneKT
panbHOM pacnpe,neneHHH KOne6aTCllbHbiX COCTO.IIHHH, CB.II" 
JaHHbiX C nepexo,noM riJ.K-+ riJ.T, H B03MO:lKHOro nepepac-
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Puc. 2., reMnepamyp1WJI 3a6UCUMOCIIIb OIIIHOIU€HUJI c/a 0/lJI 
'TiHl ,96; ~ 

npe,neneHHH llpHMCCHhlX aTOMOB BO,nopo_na B MC:lKAOY3llHHX 
peweTKH MeTanna. 

H3MEPEHH.JI H IIOJIYlJEHHblE PE3YJibTATbl 

3KcnepHMeHTbi no ueynpyroMy pacceJIHHIO ueiiTponoB 
llpOBOAHllHCb C HCTIOllb30BaHHeM ABYX THnOB CTICKTpOMeT
pOB. Ha cneKTpoMeTpe no BpeMeHH nponeTa c HCTO'IHHKOM 
XOllOAHbiX HeiiTpOHOB / 4/, yCTaHOBneHHOM Ha peaKTOpe 
HPT-M HA3 HM. H.B.Kyp'laToBa, 6LmH HJMepeHLI cnexTpbi 
B036y:lK,neHH.II B o6pa3uax TiH 1 ,96 npH TeMnepaTypax 253 
H 343 K H TiD 1, 98 npH TeMnepa Typax 203 H 343 K. 0Tuo
CHTCllbHO HH3KHH ypoBCHb 4loua cneKTpOMeTpa XOllOAHbiX 
ueiiTpouos cnoco6cTsyeT o6uapy:lKeHHIO cna6blx oco6eu
uocTeii B cneKTpanLHOM pacnpe,neneuHH Kone6auHii peweT
KH. KpoMe TOro, napaMeTphl 3TOrO npHfiopa OnTHMallbHbl 
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B o6nacTH nepe,IJ,a'l 3Hepruu .IJ.O 40 M:JB, no3TOMY ero 
HCnOnb30BaHHe npe,IJ,nO'ITHTenbHO ,IJ,n.ll H3y'leHH.Il aKyCTH
qecKOH qacTH Kone6aTenLHoro cneKTpa. B o6nacTH 6onL
lliHX nepe,IJ,a'l 3Hepruu /100-150 M:JB/ pa3perneHHe cneKT
poMeTpa xono.IJ.HbiX HeHTpoHOB 3aMeTHO yxy,IJ,rnaeTC.Il. K TO
MY >Ke BepO.IITHOCTb pacce.IIHH.Il XOnO,IJ,HbiX HeHTpOHOB B 3Ha
'IHTenbHOH CTeneHH onpe,IJ,en.HeTC.Il ~aKTOpOM 3aceneHHOCTH. 
B CB.Il3H C 3THM OCHOBHa.ll 'laCTb H3MepeHHH B o6naCTH 
6onLrnHx nepe,IJ,a'l 3Hepruu 6blna BblnonHeHa Ha cneKTpo
MeTpe o6paTHOH reoMeTpuu K,D;-corl 51s OHJIH, HaKoTopoM 
npose,IJ,eHHe TaKoro xapaKTepa 3KcnepuMeHTOB B03MO>KHO 
6e3 cymecTBeHHOH noTepu HHTeHCHBHOCTH. CneKTpoMeTp 
o6paTHOH reoMeTpHH o6na,IJ,aeT ny'llliHM, no cpasHeHKID co 
cneKTpOMeTpOM XOnO,IJ,HbiX HeHTpOHOB, 3HepreTH'IeCKHM pa3-
perneHHeM npu nepe,IJ,aqax 3HeprHH 100-150 M:JB, 'ITO 
oTKpblsaeT B03MO>KHOCTH ,IJ,n.ll H3y'leHH.Il TOHKOH CTPYKTYPLI 
cneKTpanLHoro pacnpe,IJ,eneHH.Il onTH'IeCKHX Kone6aHHH pe
rneTKH. C ucnonL3osaHHeM cneKTpoMeTpa K,ll;-COr 6blnH 
nony'leHbl cneKTpbi Heynpyroro pacce.HHH.Il HeHTPOHOB B o6-
pa3n;e TiH 1,96 npu TeMnepaTypax 80, 293, 323 H 373 K. 

06pa3D;bl rH,IJ,pH,IJ,a H ,IJ,eHTepH,IJ,a THTaHa rOTOBHnHCb no 
CTaH,IJ,apTHOH MeTO,IJ,HKe rH,IJ,pHpOBaHH.Il H3 ra30BOH cl>a3bl. 
CocTaB KOHTponuposanc.H no KonuqecTBY nornomeHHoro 
ra3a, a OKOH'IaTenbHa.ll KOHD;eHTpaD;H.Il BO,IJ,OpO,IJ,a 6blna on
pe,IJ,eneHa MeTO.IJ.OM C>KHraHH.Il o6pa3n;a. Ilpose,IJ,eHHble peHT
reHorpa~uqecKue H HeHTpoHorpa~uqecKHe uccne,IJ,oBaHH.Il 
CBH,IJ,eTenbCTBYIDT 06 O,IJ,HO~a3HOCTH HCnOnb30BaBlliHXC.Il o6-
pa3D;OB. 

B npouecce H3MepeHHH nopornKoo6pa3Hble o6pa3Ubl 
noMemanHCb B KacceTy H3 anroMHHH.Il C TOnmHHOH CTeHOK 
-0,3 MM. KacceTa COCTO.Ilna H3 8 OT,IJ,enbHbiX KOHTeHHepOB, 
co6paHHbiX B e,IJ,HHOM 6noKe. KoHCTPYKUH.Il KacceTbl o6ecne
'IHBana He06XO,IJ,HMYID >KeCTKOCTb H repMeTH'IHOCTb npH 
pa6oTe B .IJ.Hana3oHe TeMnepaTyp OT 80 .IJ.O 400 K. Ilpo
nycKaHHe o6pa3D;OB COCTaBHnO :2::. 0,8 ,IJ,n.ll HeHTpOHOB C 
3HeprHeH 5 M:JB, 'ITO npaKTH'IeCKH HCKniD'Iano BnH.IIHHe 
npoueccos MHoroKpaTuoro pacce.HHH.Il Ha pe3ynLTaTbl H3-
MepeHHH. 

XapaKTepHble speM.HnponeTHble cneKTpbl, nony'leHHble 
ua BblllleyKa3aHHbiX cneKTpoMeTpax, npe,IJ,cTasneHbl Ha puc. 3 

6 

CQ 
0 
1-< 
Q) 

:r 
c.J 
1-< 
0 

0 e: 
c.J 

= ::r 

.... 

""' 

Ja> 

200 

100 ~ 

/:· 

··. 

·:. ............. .. 

TiH,. 96 

T=J4Ji<. 

................. ·· ... ·· ... .-:·· ·. .:. 

100 ... 

.·· 

.· 
~ 

. 
5·10 

4 

2 

Puc. 3. BpeM.RnpoAemHblii cneKmp HeiimpoHoe, pacce.RHHbiX 
o6pa3ijOM TiH1 96 . H3MepeHUJt na cneKmpoMempe xoAOOHbiX 
neiimponoe. BpeMJt U3MepeHUJt - 14,5 <~. 1\J - HOMep KaHaAa 
epeMeHHozo aHaAu3amopa. 

H 4. Heo6XO,IJ,HMO OTMeTHTb, 'ITO B cnyqae HCnOnb30BaHH.Il 
cneKTpoMeTpa o6paTHOH reoMeTpHH Ha6nm,IJ,aeMbiH cneKTp 
,IJ,e~opMHpyeTC.Il cneKTpOM na,IJ,aiDmHx Ha o6pa3eU HeHTpOHOB. 
llocne sse,IJ,eHH.Il nonpasoK Ha ~oH, Ha H3MeHeHHe cneKTpa 
na,IJ,aiDID;HX H pacceHHHbiX HeHTpOHOB 3a C'leT nornoiD;eHHH 

B o6pa3n;e u Ha cneKTpanLHoe pacnpe,IJ,eneHHe na,IJ,aiDIUHX 
HeuTpoHoB H3MepeHHLie cneKTpbi Heynpyroro pacceHHHH 
HeHTpoHoB npeo6pa30BbiBanHcL B ,IJ,Ba>K.IJ.bi .IJ.H~epeHuuanL
Hoe ceqeHHe pacceHHHH d 2a/dUd(. BKna.IJ. MHoroKpaTHoro 
H MHOrO~OHOHHOrO pacceHHHH He Y'IHTbiBanCH. 

Hau6onee Y.IJ.06Ho 3KcnepHMeHTanLHLie pe3ynLTaTLI 
npe,IJ,CTaBnHTb B BH,IJ,e senH'IHHLI, He 3aBHCHID;eH OT MeTO,IJ,a 
H3MepeHHH. B cnyqae pacceHHHH xono,IJ,HbiX HeuTpoHoB c 
npuo6peTeHHeM 3Hepruu 3Ta senH'IHHa onpe,IJ,enHeTcH KaK 

d 2 Eo 
e(l) ... __ a __ • v-

d(! dl E 

f/kT 
E•(e -1) 

(E -2y'EE 0 cos¢+ E 0 ) 
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Puc. 4. BpeMJinpoAemH&Iil cneKmp HeilmpoHoe, pacceJIHHbiX 
o6pa3~0M TiH 1 96. H3MepeHUJI Ha cneKmpoMempe o6pamHoil 
zeoMempuu. BpeMJI U3MepeHUJI - 100 "· N- HoMep KaHaAa 
epeMeHHozo aHaAu3amopa. 

a a cnyqae pacceHHHH TennoBbiX ueiiTpouoa c noTepeii 
3HeprHH - KaK 

- -dk'f 
d 2 E 0 ( • (1 + e ~ 

O(l)- dfl;f-·vr· (E-2yEE
0

cos,P+Eo) 

r.ne Eo H E - cooTaeTcTaeuuo 3HeprH11 na.naiOtUHX H pac-
ce11HHblx ueiiTpouoa, £-IE -E 0 1, a <j:J - yron pacce11HH11. 

B o6nacTH onTH'IeCKHX Kone6auuii, KaK 6blno noKaJauo 
B pa6oTe 16 : H3- Ja cna60H 3HepreTH'IeCKOH JaBHCHMOCTH 
BeKTOpOB llOn1lpH3aUHH, ~YHKUH11 0(£) )J.OCTaTO'IHO a,IJ.eK
BaTHO oTpa*aeT cneKTpanLuoe pacnpe.neneuue Kone6auuii 
ao.nopo.na a peweTKe MeTanna. 

PeJynbTaTbl BOCCTaHOBneHH11 3Ha'leHHH 0(£) ,IJ.n11 on
TH'IeCKOH qacTH cneKTpa, nony'leHHble ua o6oux cneKTpo-
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MeTpax npH paJnH'IHbiX TeMnepaTypax o6pa3UOB, npuae.ne
Hbi ua puc. 5-7. CTpenKaMH ua pucyuKax yKaJaHbi nono
*eHH11 MaKCHMYMOB B ClleKTpanbHOM pacnpe.neneHHH, a 
TpeyronbHHKaMH - WHpHHbl ~YHKUHH pa3peweHHJI HCllOnb30-
BaBWHXCJI cneKTpOMeTpOB. 

<l>yHKUH11 (} ( () ,IJ.n11 aKyCTH'IeCKOH 'laCTH cneKTpa He 
a,IJ.eKBaTHa ~yHKUHH nnoTHOCTH KOne6aTenbHbiX COCT011HHH 
g (( ). O.nuaKo .nn11 cpaauuTenbHOH oueHKH BOJMO*HbiX HJMe
ueuuii aKycTH'IecKoro cneKTpa npe.ncTaBn1leTC11 onpaa.nau
HbiM HCllOnb30BaHHe 3Ha'leHHH (} (( ), BOCCTaHOBneHHbiX 
no peJynLTaTaM HJMepeuuii npu paJnH'IHbiX TeMnepaTypax 
o6pa3UOB. <l>yHKUHH (} (l) ,IJ.n11 aKyCTH'IeCKOH o6naCTH cneKT-

(Jf.. 

4~ 1 I ' J2 
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Puc. 5. Onmu'lecKaJI <~acm& cneKmpa TiH 1 96 
6 M3B, O(l) - 8 01fiHOCU1fleAbHbiX eouHu~ax . • 

3HepzuJI E 

9 



t3(E) 

5 

Ti:Dt98 
T=343"K 

2'··········· ........ 

0 

TiD118 
T=203"K. 

50 

3 

2 

I \!>.o 10 

100 t50 E 

Puc. 6. Onmuf.lecKaJI f.lacmb cneKmpa TiDt 98 . 3HepzuJI E 
6 M3B, e(l)- 6 0111HOCU111e/lbHbiX eoUHUijaX. ' 

poa B036y>K,IJ;eHHB TiH1 96 
puc. 8 H 9. ' 

H TiD1,98 npe,IJ;cTaaneHhi Ha 

OECY)f():(EHHE PE3YJihTATOB 

cl>yHKQHH e (c) I puc. 5 u 7/, 
3ynhTaTaM H3MepeHHH ,IJ;Ba>K,IJ;hl 
HHB pacce.RHH.II HeHTpOHOB Ha 
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TiH1,96 npH pa3nHqHhiX 
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Puc. 7. Onmuf.lecKaJI f.lacmb cneKmpa TiH 1 96· U3MepeHHaJI 
Ha cneKmpoMempe o6pamHou zeoMempuu. 3Hep2UJI E 6 M3B, 
e(E) - 6 0111HOCU111e/lbHbiX eOUHUijaX. 

TeMnepaTypax o6pa3Qa H Ha pa3HhiX cneKTpoMeTpax, HMeiOT 
WBpOKBH MaKCBMYM B o6naCTB JHeprBH -140 M3B, OTBe
qaJOIQBH cneKTpanhHOMY pacnpe,IJ;eneHBIO Kone6aHBH ao,IJ;opo
,IJ;a B ru,IJ;pB,IJ;e. 3HepreTHqecKoe nono>KeHHe ueHTpa onTB
qecKoro llBKa npaKTBqeCKB He 3aBBCBT OT TeMnepaTyphl B 
cocTaBn.ReT 139±2 M3B B cnyqae ucnonh30BaHBB cneKTpo
MeTpa o6paTHOH reoMeTpBB B 145±5 M3B- cneKTpOMeTpa 
XOnO,!I;HhiX HeHTpOHOB. 3TH pe3ynhTaThl HaXO,!I;.RTC.II B nonHOM 
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cornacHH c .u.aHHhiMH pa6oThi17!, r.u.e BnepBhie 6hiJI H3MepeH 

cneKTp B036y)I(.IJ.8HH.R B CHCTeMe TiHo,s· 

B o6pa311,e TiDt,98 /puc. 6/ 3Heprux onTHlfeCKHX 

KOJie6aHHH /102±3 M3B/ xopOlliO OllHChiBaeTC.R ¢opMynoii: 

D mH H 
E ·v--·E onT m oriT' 

D 

r.u.e mH H m0 - MaCChi aTOMOB BO.IJ.OPO.IJ.a H .IJ.8HTepH.R COOTBeT

CTB8HHO. 3TO CBH.IJ.8T8JihCTByeT 0 B03MO)I(HOCTH npHMeHeHH.R 

H30TOllHlf8CKOrO llpH6JIH)I(8HH.R llpH BbllfHCJI8HHH 3HepreTH

lf8CKOrO llOJI0)1(8HH.R OllTHlf8CKOrO llHKa B llJIOTHOCTH COCTO.R

HHH. He6onbmoe yBeJIHlfeHHe cneKTpaJihHoii nnoTHOCTH B o6-

pa3I.J.e 'l'iDt,98 CO CTOpOHhl 60JihlliHX 3HeprHH, no-BH.IJ.HMO

My, 06b.RCH.R8TC.R llpHM8ChiO aTOMOB BO.IJ,OpO.IJ.a B HCXO.IJ.HOM 

ra3oo6pa3HOM .u.eiiTepHH. 

Ecnu npe.u.noJIO)I(HTh, 'ITO BeJIHlfHHa B3aHMo.u.eiicTBHH 

Me·- H 3aBHCHT B OCHOBHOM OT paCCTO.RHH.R M8)1(.IJ.Y a TOMaMH 

MeTaJIJia H BO.IJ.OPO.IJ.a, TO OKa3hiBaeTC.R, 'ITO 3HeprHH KOJie-

6aHHH JierKHX aTOMOB B OKTa3.IJ,pHlf8CKHX M8)1(.IJ.OY3JIH.RX 

.IJ.OJI)I(Ha 6hiTh HH)I(e, lfeM B TeTpa3.IJ.PHlfeCKHX. Ha npHMepe 

pa60Tbi /S/ BH.IJ.HO, 'ITO pa3HHI.J.a 3THX 3HeprHH B rlJ.K- pemeT

Ke M0)1(8T 6biTh .IJ.OBOJihHO 3HalfHT8JihHOH. IlpHCYTCTBHe aro

MOB BO.IJ.OPO.IJ.a B OKTa3.IJ.pH'i8CKHX ll03HI.J.H.RX .IJ.OJI)I(HO npo.R

BHThC.R B BH.IJ.8 YB8JIHlf8HH.R llJIOTHOCTH KOJie6aTeJihHbiX co

CTO.RHHH B HH3K03HepreTHlf8CKOH lfaCTH OllTHlf8CKOrO Cll8KT

pa. KpoMe Toro, c noBhiWeHHeM TeMnepaTypw ,a.onx Janon

HeHHhiX OKTa3.IJ.POB .IJ.OJI)I(Ha yBeJIHlfHBaThCH. Ha 3KcnepuMeH

TaJihHhiX KpHBhiX Ha6nro.u.aeTCH nnaBHhiH, 6e3 KaKux-nu6o 

OC06eHHOCT8H, XO.IJ. ¢YHKI.J.HH (;) (f) B HH3K03HepreTHlf8CKOH 

lfaCTH OllTHlf8CKOrO llHKa, H TaKOH xapaKTep 3aBHCHMOCTH 

He H3M8H.R8TC.R C T8MllepaTypOH. 0TCIO.IJ.a CJie.IJ.yeT, 'iTO, 

C TOlfHOCThiO .IJ.O CTaTHCTHlfeCKOH OlliH6KH 3KcnepHMeHTa 

/-3*/, HaMH He 06Hapy)l(eHO 3allOJIHeHHe OKTa3.IJ.PHlfeCKHX 

nyCTOT JierKHMH aTOMaMH. 3TO COrJiacyeTC.R C pe3yJihTaTa

MH pa60Thl 13 I. 

CpaBHeHHe pe3yJihTaToB, nonylfeHHhiX B HH3K03Hepre

TH1.feCKoii qacTH cneKTpa Ha o6pa3uax TiH 1,96 H TiD 1 ,98 
npu .IJ.BYX TeMnepa Typax I puc. 8, 9/, noKa3wBaeT orcyTCTBHe 

KaKux-nu6o pe3KHx H3MeHeHHH cneKTpa. HeKoTopoe cMelll,e-
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Puc. 8. Hu3K03Hepzetllu'iecKa.R o6Aactllb cneKtllpa TiHt,96 . 
3Hepzu.R E 6 M3B, (;)(.:) - 6 otiiHocutlleAbHbiX eC>uHUflaX. 

uue cne1crpa B cropoHy 6oJihWHX 3Hepruii npu yMeHhllieHHH 

TeMnepaTypbi MO)I(eT 6hiTI• CBJI3aHO CO C)l(aTHeM peWeTKH. 

Pe3yJI&TaTw, nonyqeHHwe Ha cneKTpoMeTpe o6paTHOH 

reoMeTpHH, o6na.u.aroT .IJ.BYMJI oco6eHHOCTJIMH. Bo-nepswx, 

B cneKTpe pacceJIHHJI HeHTpOHOB KPOMe llHKa, COOTBeTCTByro

lll,ero O.IJ.HOKBaHTOBOMY pacceJIHHIO HeHTpOHOB Ha KOJie6aHHJIX 

JierKHX aTOMOB, npHCYTCTByiOT H llHKH .IJ.BYX-H TpeXKBaHTO

BOrO pacceJIHH.R. 3TOT pe3yJI&TaT COrJiacyeTCJI c/
9
/H CBH

.IJ.eTeJihCTByeT 0 3Ha'iHTeJihHOH rny6HHe noTeHli,HaJihHOH JIMhl, 
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Puc. 9. Hu3K03Hepzemu~ecKaJI o6Aacmb cneKmpa Tmt,98 . 
3Hep2UJI E 8 M3B, e (t) - e omHocume/lbHbiX eOUHU(#QX. 

B KOTOpOH HaXO,D_HTCB aTOM BO,D_Opo,n_a, BHe,n_peHHbiH B pe
weTKY Meranna. 

Bropoil oco6eHHOCThiO BBJI.IIeTc.ll Hanuque TOHKOH crpyK
ryphl B cneKTpe onruqeCKHX KOJie6aHHH. ,[l.eHCTBHTeJibHO, 
pa3peweHHe cneKrpoMerpa o6pa THOH reoMeTpHH cocrasn.11er 
-7 M3B B o6naCTH 3HeprHH -140 M3B n03BOJIHJIO Bbi,D_eJIHTb 
,IJ,Ba MaKCHMyMa C 3HeprHJIMH 135 H 146 M3B. Ilono:>KeHHe 
H OTHOCHTeJibHaJI HHTeHCHBHOCTb 3THX MaKCHMYMOB npaKTH
qecKH He H3MeHJIIOTCJI C TeMnepaTypOH. 

B uenoM onruqecKa.ll o6nacTh cneKrpa Kone6aHHH pe
weTKH TiHJ 96 cxo,n_Ha co cneKTPOM, nonyqeHHhlM 
B pa6ore11 1 ,u_n.11 H3ocrpyKTypHoro coe,n_uHeHHJI ZrH2 . 06-

14 

pamaer Ha ce6Jl BHHMaHHe 3HaqurenLHaB wupuHa cneKTpanb
HOrO pacnpe,IJ,eJieHHJI KOJie6aHHH aTOMOB BO,D,Opo,n_a, KOTOpaJI, 
C yqeTOM l)lyHKUHH pa3peweHHJl, COCTaBJIJleT - 30 M3B. 

B pa6ore
1111

snepBble noKa3aHo, qro npuquHoil ywupe
HH.II nonocbl onruqecKHX qacror B ru,n_pu,n_ax Merannos JIB
nJieTcJI (H -H) -s3aHMO,D_eHCTBHe H, KaK CJie,D_CTBHe 3TOrO, 
3HaqurenbHaJl ,n_ucnepcuJI onruqecKHX serseil Kone6aHHil. 
Orcro,u_a JlCHo, qro nyqwee cornacue c 3KcnepHMeHTOM 
,D_On:>KHO Ha6nro,n_aTbCJl ,D_JIJI MO,D_eJieH, B KOTOpbiX HapJI,n_y C 
(Me-H)-yqurhlsaercB H (H-H) -s3aHMo,n_eilcrsue. B qacr
HOCTH, B pa6ore'

121 
,D_JIB OnHCaHHJl ,D_HHaMHKH peweTKH ZrH2 

npe,n_no:>KeHa Mo,IJ,eJJb ueHrpanhHhiX cun c yqeroM B3aHMO
,D_eHCTBHB Me:>K,n_y nepBbiMH H BTOpbiMH COCe,D_HHMH aTOMaMH 
BO,D_Opo,IJ,a. CneKTp qacTOT, nonyqeHHbiH Ha OCHOBe 3TOH 
Mo,n_enu, BMeer wupoKyiO onruqecKyiO nonocy c rpeMJl xapaK
repHhiMH OC06eHHOCTJlMH H KaqecTBeHHO COrnacyeTCB C 
3KcnepHMeHTaJibHhlMH ,n_aHHhiMH ,n_n.11 ZrH1101. Cne,IJ,yer 
OTMeTHTh, OAHaKo, qro B pacqerax no Mo,n_enu/12/He yqu
TbiBanocb 3Ha~IuTeJILHoe rerparoHaJibHOe HCKa:>KeHue pewer
KH ZrH2 , KOTopoe npu KOMHaTHOH TeMneparype COCTaBJIB
eT - 120/o. B cnyqae ,n_uru,D,pu,n_a THTaHa B cuny ero cna6oii: 
rerparoHanbHOCTH yKa3aHHoe orpauuqeuue B 3HaqurenbHOH 
Mepe CHHMaercJl, a npu TeMneparypax BhiWe 310 K ero 
soo6me He 6y,n_er. CpasHeHHe 3KCnepuMeHTaJibHhiX pe3yJib
raros no ,IJ,HHaMBKe so,n_opo,n_a B TiH2 c pacqeroM 1121,n_nJl 
peweTKH ZrH2 ,u_aer KaqecrseHHoe cornacue reopuu c 3K
cnepuMeHTOM. C HCnOJib30BaHHeM l)lopMaJIH3Ma, pa3BHTOrO 
B 11 2!, 6biJIH BblqHCJieHbl 3HaqeHHJl CHJIOBblX nOCTOJlHHhlX, 
onpe,D,eJIJliOIUHX B3aHMo,n_eilcTBHe Ti- H - 0~662 ·10 5 zjc2 
H 6nu:>Kaiiwux H -H aTOMOB - 0,785 104 z/c.J].nB nonyqe
HBJl 3HaqeHHB BCeX CHJIOBblX nOCTOJlHHbiX He06XO,D_HM 6onee 
nonHhlH pacqer Kone6arenbHoro cneKTpa KaK Ky6uqecKoil, 
raK H TerparoHanbHOH l)la3 no MO,IJ,enu, HanpuMep, aHano
ruqHoil /12/. 

Ha 3KcnepuMeHranbHhlX KPHBhlX I puc. 5-7/ He o6Ha
py:>KeHo KaKux-nu6o H3MeHeHHH cneKrpa c TeMneparypoil. 
Ka3anocb 6bl, qro npu nepexo,n_e ru,n_pu,n_a THTaHa B rerpa
roHanhHYIO l)la3y .D-OIDKHO ua6nro,n_aTbCJl pacw;enneHHe onru-
qecKHX 
O,n_HaKo 

qacTOT B3 • 3a qacTHqHoro CHJlTHB BblpO)I(,D_eHBJl. 
H3 paCCMOTpeHHJl npOCTeHWeH CHJIOBOH MO,D_eJIH 

tS 



u,eHTpanbHOrO B3aHMO,IJ,eHCTBHJI aTOMOB BO,!J,OpO,IJ,a C ue· 
llO,IJ,BH:>KHbiMH TJI:>KellbiMH aToMaMH MeTanna cne,IJ,yeT, 'ITO 
pacmenneuue qacTOT a 3TOM cnyqae nponopu.uouanbHO na-

paMeTPY TeTparouanbHOCTH: 

w 1 •w2 - c/a w 3 . 

B ru,IJ,pH,IJ,e THTaHa napaMeTp TeTparouanbHOCTH Man 
u cna6o yMeHbwaeTCB c nouu:>KeuueM TeMnepaTypw I puc.2/, 
a qacTHOCTH npu 77 K o:>KH,IJ,aeMoe pacmenneuue qacTOT 
cocTaangeT acero 7 M3B. TaKaB aenH'IHHa pacmenneHHB, 
CBJI3aHHOrO C TeTparoHallbHblM HCKa:>KeHHeM peweTKH, Ha • 
xo,IJ,HTCB ua npe,IJ,ene 3HepreTH'IecKoro pa3peweuHB cneKT" 

poMeTpa o6paTHOH reoMeTpHH. 
H3 cKa3auuoro gcuo, 'ITO ,IJ,nB ua6ruo,IJ,eHHB ao3MO:>KHblX 

H3MeHeHHH B OllTH'IeCKOH qaCTH cneKTpa, CBJI3aHHbiX C lila· 
30BblM nepeXO,!J,OM B CHCTeMe TiH1,96 , ueo6XO,IJ,HMO npo· 
ae,IJ,eHHe HH3KOTeMnepaTypHbiX /- 80 K/ H3Mepeuuii c 6o

nee awcoKHM 3HepreTH'IeCKHM pa3peweuueM. 
AaTopw 6naro,IJ,apBT A.M.<I>HH'IHHa 3a noMomb a u3ro· 

ToaneuHH KacceT, a TaK:>Ke C.H.6paruua H B.A.lleTpoaa 

3a noMomb a npoae,IJ,eHHH 3KcnepuMeHTa. 
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