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1. BBEAEHV1E 

r~AP~Abl ~ Ael:1Te PI;lAI:lI MeTaIlIlOB B nocnenaee BpeM~ .ABII~I1I;lCb 06b
eKTOM MHor04~CIleHHWX 3Kcnep~MeHTaIlbHWX ~ TeopeT~4eCK~X MCCIleAO
BaHHI:1 /1-9/ o Heocria6eBa~~~ ~HTepec K 3THM MaTep~aIlaM 06YCIlOS
IleH npemAe Bcero W~pOKHM KpyroM npaKTH4eCK~X aaAa4, np~ peweH~H 

KOTOp~X 3T~ MaTepHaIl~ HaXOART np~MeHeH~eo 3TO KaTaIlHsaTopw S X~
M~M, SaMeAJ1HTeIlH B aTOMHblX peax'rop ax , aKKyMYIlRTOPbl S SOAOPOAHOI:1 
3HepreTHKe H T.n o C HaY4Hol:1 T04K~ speH~R, 60IlbW0l:1 ~HTepec npeA
CTaBIl~eT nonY4eH~e AaHHblX O nOTeH4~aIle Bsa~MoAel:1cT8~R MemAY aTO
MaM~ KpHCTaIlIl~4eCKO~ peweTK~ B r~APHAax /Ae~TepHAax/ MeTaIlIlOB o 

C~CTeMbl Zr -- Hx(D x) HCCIleAOBaIlHCb paSIlW..IHbIMYI cnocoõaxa: C no

MO~b~ np~M~X TepMOA~HaMH4eCKHX H3MepeH~I:1, Heynpyroro pacce~HH~
 

He~TpOHOB, He~TpoHHol:1 A~$paK4~~, KOM6~Ha4~OHHoro pacceRH~~ cse

Ta I 10 I , caepxnpo sonaurer-o TYHHeIlMpOBaH~R /11. 12/ , T04e4Hoi:1 KOH

TaKTHol:1 cneKTpOMeTpH~ /13.14/ . npl;l ~sy4eH~~ r~AP~Aqs /AeI:1TepH

AOs/ MeTanIlOB T~na 4HpKOHHA MeTOAOM Heynpyroro pacceRH~~ Hel:1Tpo

HOS onT~4eCKHe $OHOHbl, OTse4a~He, no-cy~ecTBY, Kone6aH~~M aTO

MOS SOAopoAa /AeI:1Tep~A/, AOIl*H~ OTAenRTbcA OT aKycT~4eCK~x Hs-sa
 
õonsuroro paSIl~4HR B Maccax aonopona / AeI:1Tep~R/ H MeTaI1I1a , It1sMe
'pR~ ~SOTon~4ecK~1:1 CAB~r S 4aCTOTe onT~4eCKHX MOA, a TaKme 8~CO

KHX rapMOH~K onT~4eCKHX Kone6aH~I:1, MomHO nOIly4~Tb MH$OpMa4~~ 

O nOTeH4~aIle BOAOPOA-SOAopOAHoro Bsa~MoAel:1cTB~R: KaK HSBeCTHO, 
B CIlY4ae rapMOHI;l4eCI<OrO noreaunana oruoureuae r = úl H/úl D AOllmHO 
6blTb paSHblM -/2. o COBMecTHoe ~3MepeHMe Ha oõpaauax rHAP~A08 ~ 

Ae~Tep~AoB AaeT BOSMomHOCTb ~SMep~Tb OTKnOHeHHe r OT -/~ H TeM 
caMWM 04eH~Tb CTeneHb aHrapMOHH4HOCT~ nOTeH4~aIla. 

B paõore / 1/ 6bIJWI npencr aaneau peayne r arst no HeynpyrOMY pac
ceAH~~ Hel:1TpoHos Ha r~ApHAax l\lo1pKOHM~ ZrH 1. 6 ~ ZrH 2 o KaK npo
AOIlmeH~e 3T~X ~ccIleAOBaHItl~ 8 AaHHol:1 ny6m1Ka4~~ np~sOARTCR pe
SYIlbTaTbl no HeynpyrOMY paCCe.AHH~ He~TpOHOS Ha Ael:1Tep~Aax 4~pKO

H~~ ZrD 1.6 ~ ZrD 2' nOIlY4eHHble Ha ape-ianponer ao« cnexrpoaerpe 
A~H-2n~, YCTaHOBneHHOM Ha peaKTope H6P-2 nH~ OHRV1. BnepBwe ;. 

~V1~ 3TIo1X MaTep~aIlOB nony-reu nOIlHbl1:1 0606~eHHbll:1 4a~ToTHbll:1 cne icrp 
g(fl úl) C Y4eTOM TOHKOI'i", CTPYKTypbl nOIlOC onT~4eC:K~X ~ aKycTH4ec
I(~X l<oIle6aH~I:1. 4aCTOTHble cnexrpu ZrD 2 ~ ZrR 2 /11 6b1Il~ ~cnOIlb

30BaH~ An~ pac4eTa TenIloeMKocTel:1 Cv(T) , KOTop~e saTeM cpasHH

SáIlMCb C 3KcnepVlMeHTaIlbH"'IM~ AaHHbIM~ o V1HcPopMa4HFI O A~HaM~Ke pe

weTKVI ZrD 2 3al<aH4~SaeTCA cpa8HeHHeM 3Kcnep~MeHTaIlbHoro g(n úl )
 

C yrlY4weHHol:1 !eOReT~4eCKO~ MOAeIlb~ cneKTpa 4aCTOT, B OCHoBy KO

TOpol:1 nOIlomeHO npeAnOIlomeH~e O 4eHTP?IlbHOM xapaKTepe CHIl Me~~
 

aTOMHoro 8sa~MOAe~CTBMFI / C F - MOAenb/. rO~,.tahtietiH~}\ '~iícnyYf i1
 

I ftiv:~nii.dX RU:C J!ttJiOBíUlj!Q I 



2. METOA~KA ~3MEPEH~~, 3KCnEPMMEHTAnbH~E PE3YnbTAT~ 

~3MepeH~R no HeynpyrOMY paeeeRH~~ He~TpoHoB AnR 06pa3~oB 

ZrD 1.6 ~ ZrD 2 6b1Il~ BblnOIlHeHbl Ha BpeMRnpOIleTHOM cnex'r powe r pe 
A~H-2n~. YeIloB~R 3Kcnep~MeHTa ~ HeKOTopwe xapaKTep~eT~K~ eneK
~pOMeTpa 6wn~'on~eaHw B pa60Te /1/ . MOHoxpOMaT~3a~~R nY4Ka He~
TpOHOB Ha eneKTpoMeTpe AMH-2n~ npoBoA~TeR e nOMo~b~ MexaH~4ee

xoro noepaaarena , cóaaapoa anaor-o e pa60TO~ ~MnynbeHoro pe a icrop a 
~oP-2. Ce4eH~e ny4Ka He~TpOHOB onpeAenReTeR naKeTOM pOTopa Me
XaH~.lleeKOro npepuaar ena ~ cocraanaer -18x 15 eM 2. ~HTeHe~BHoeTb 
He~TpOHOB, naAa~~~x Ha 06paae~, KOHTpoIl~pyeTeR MOH~TOpHO~ KaMe
po~ AeI1eH~R. B ~aMepeH~RX ~enOIlb30Ban~eb ~~n~HAP~4eeK~e 06paa~bl, 
paenOIlo~eHHwe B BaKYYMHO~ KaMepe Ha paeeTORH~~ 20 M OT ~eT04H~
Ka He~TpoHoB. Oõpeauu ZrD 1.6 ~ ZrD 2 np~rOTOBnRn~eb B B~Ae. 

nopounca , KOTOPbl~ 6blIl aaKI1~4eH B repMeT~4Hble xaepueaue Tpy6K~ e 
BHYTpeHH~M A~aMeTpOM '2,5 MM ~ AIl~HO~ -18 eM. Kaapueaue Tpy6K~ 
pacnonar-arurc s no 06paay~~e~ ~~Il~HApa A~aMeTpOM 15 eM. Cnek'r pu 
pacceauuax He~TpOHOB ':ber~eTP~poBan~eb nOA yrIlaM~ 42°.~ () ~ 133 o 

e nOMO~b~ 3H e -AeTeKTopOB, oacnonoxeuuux Ha pac cr oauuu 7 M OT 
oõp asua . Ha4aIlbHaR 3Hepr~R E o paaunnac s 10, M3B. 3HepreT~4eeKoe 

paspeureuue crtex'rpo-rerpa ,1 EI E AIlR acex paccaarpa BaeMblX nepenav 
3Hepr~~ He npeBwwaIlO 4%. 

B ~aMepeHHwe eneKTpw paeeeRHHWX He~TpoHOB BHoe~Il~eb nonpaBK~ 

Ha et>OH OT KBap~eBwx Tpy60K, Ha 3et>et>eKT~BHoeTb AeTeKTopa, H~ ea
M03KpaH~pOBKY B 06pa3~e,Ha MHorO$OHOHHoe ~ MHorOKpaTHoe paeeeR
H~e. nOeI1eAH~e 3$et>eKTW o~eH~BaIl~eb e nOMO~b~ MeTOAOB, ~aIlo~eH

HblX B paõor ax /1, 14/. ~enpaBIleHHble e Y4eToM YKaaaHHblx asnue 3$
et>eKTOB, a a ~eKI1~4eH~eM MHoroet>OHOHHoro pacceauaa , apeaartponer uue 
cnexr pu tpacceauuax He~TpOHOB AI1:=t ZrD 1.6 ~ ZrD 2 npencr aaneuu 
Ha p~e. 1 ~ 2. HOPM~poBKa eneKTpoB AO ypOBHR ee4eH~~ BwnOIlHeHa 
e ~enOIlb30BaH~eM BaHaA~R. AIlR nOIlY4eH~H 4aeTOTHoro cnekrpa g(1'lw) 
ABa~Abl A~et>et>epeH~~aIlbHble ee4eH~R a2a/ ana t 6b1Il~ npeoõpaaoaauu B2 . . 
a alanaE . 

06W4HO g(fiw) n0I1y4a~T ~a TeopeT~4eeK~X MOAeIle~ A~HaM~K~ pe
urer xa , xo'ropue nOArOHR~TeR nOA 3Kenep~MeHT ~o orpaH~4eHHOMY 4~e

IlY $OHOHOBi ~3MepeHHWX Ha MOHOKp~eTaIlIlax e nOMO~b~ Heynpyroro 
paeeeRH~R He~TpoHoB. OAHaKo BO MHor~x eIlY4aRX HeT H~ HaAe~H~X 

MOAeIle~,.H~ He06xoA~MWX MOHOKp~eTaIlIlOB. n03TOMY ~eIlaTeIlbHO no
'I

IlY4'aT b g(fl w ) HenoepeAeTBeHHO ~a axcnepaaeur a no HeynpyrOMY 
paeeeRH~~ He~TpoHoB, 4TO, eTporo rOBopR, BoaMO~HO TOIlbKO AIlR He
KorepeHTHO paeee~Ba~~~x 06paa40B. K Hee4aeTb~, AIlR 60nbw~HeTBa 

MaTep~aIlOB KorepeHTHoe paeeeRH~e RBIlReTeR npeBan~rPY~~~M, KaK 
~ B HaUJ~M cnyuae I a';~h = 6,2 6, ai;~ = 0,1 6, acoh = 5,597 6, 
a~c = 2 6/. ~a 3Kenep~MeH1a e 60nbw~M~ nepeAa4aM~ MOMeHTa, ~Ae 
np~rOAHO HeKorepeHTHoe np~6Il~>KeH~e, MO>KHO onpenenar s g(1i <.U >. 
OAHaKo 60I1bW~e nepeAa4~ MOMeHTa oaHa4a~T ~ 69Ilbw~e nonpaBK~ Ha 
MHoroet>oHoHHoe pacceaaae . B paõor ax 'I 15- 17/ aa r opu paccnerpnaana 
np06IleMY ~aMepeH~R g(fl <.U) e nOMOU\blO Heynpyroro paccenuaa Hel/iTp07 
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PHC. I. )lBa;K,lJ,hI AHlPIPepeHIJ;HaJIbHOe ce ve aae p acce anax HeHTpoHoB 
na ZrD 1.6 , B 6/Cp.MKC.CM- 1 (N - HOMep KaHaJIa, T ::: 8 HKC) 

HOB AIlR cnY4aR Kore~eHTHoro paceeRH~R. OH~ nOKaaaIl~, 4TO Aa~e 

AnR cpern-ax 3Ha4eH~~1 nepenaaeeeux MOMeHTOB g(1'iúJ) MOM<HO nonyuu'r s , 
eeI1~ B 3Kcnep~MeHTe npOBeeT~ yepeAHeHltie no 60IlbWO~ of5naeT~ yr
nOB pacceauaa . Cor nacuo paõore /16/ AIlfl noruucpuc r annwuecxor-o 06
paa4a ce4eH~e p~CeeflH~f1 B TeI1eCHW~ yroIl, orpaH~4eHHw~ yrIlaMH 
pacceflHHR ()1 ~ ()2 np~ paBHOMepHOM pacnp~AeIleH~~ pacee~Ba~~~x 

yrnos, B~pa~aeTCR CIleAYIO~~M 06pa30M: 

() 2 2 -2 W 4: 4 
da 2 e (Q2- Q1) 

a (Eo -+ E)() () =,1 tIl J sin() --d() ~ a h -----:------~g(-n. <.U ),
l' 2 () anaE co 2 1'l<.U/K B'f 

1 Q (LI (e - 1) 

,> 
rne Q 1 VI Q 2 - MIr1HI~.I"'~an~Hoe... ~ MaKCHMaIlbHoe 3Ha4eH~R nepenaaaexo
ro MOMeHTa, Q = ~ - K o; K , K o - BOIlHOBOI1 BeKTOp paccenuuoro ~ 
nenaouier-o Hei1TpOHa. OWI16K~, oõycnoaneuaue 3T~M npH6Il~>KeH~eM, no
pRAKa"l/n , rAe n = VS/VB , Vs~ V B - 06beM, oõpaaua ~ 30Hbl 5PHI1
n~3Ha COOTBeTcTBeHHO. OeTaIlbHMe BeI1~4HHM B npVlBeAeHHO~ $OPMYI1~ 

"'IMeIOT .o6l1.lenp~HRTbl~ $Vl3~4ecK~H eMblcn. 
B COOTBeTeTB~~ c 3T~M MeTOAOM 6MIl~ onpeAeneHW 4aeTOTH~e eneK

rpu AJ1F1 ZrD1.6 ~ ZrD 2 , KOTopMe np~BeAeHbl Ha pnc . ? ~ 4. Ha P""

3 
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3. CPA8HEHlt1E C T~PMOAlt1HAMlt14ECKlt1Mlt1 PE3ynbTATAMlt1 

PHCo 4. 0606~eHHb1H crtexr p qaCTOT ZrD 2 B M3B--l, 11ú) B M3B. 
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8 paõor e .I 1'8/ õuna ~3MepeHa r e-mep ar ypuaa 3aB~C~MOCTb r erino
eMKocTe~ ZrH 2 ~ ZrD2 B ~HTepBane 5 - 350 K. lt1cn0J;1b3YR AnR oru-
caH~R Kone6aH~~ nerK~X aTOMoB 3~HwTe~HOBCKY~ MOAenb ~30TponH~X 

I 

peH~lianbHOe CeqeHlie 

I ~IpacceHHliH HeHTpOHOB 

n a ZrD 2• B 6/ c p oMKC. CM" ~ -
(J) 

CYHKax B~AHO, 4TO KaK 
B aKYCT~4eCKO~, TaK 
~ B OnT~4eCKO~ 4aCT~ 

CneKTpa nORBnReTCR 
TOHKaR CTpYKTypa. ~nR 

Zr D1.6 aKYCT~ 4eCK~e 

n~K~ pacnOnOmeH~ np~ 

fi (ll = 15 ,5M3 B, 18 , 5' M3 8 
~ 27 M38. np~ 11(ll = 

= 9 M3B npORBnReTCR 
nne40. OCHOBHo~'onT~

4eCK~~ n~K pac~enneH 

Ha ABa nOAn~Ka c MaK
C~MYMaM~ np~ 1í(ll, paa
HOM 101,5 ~ 106 M38. 
~nR' ZrD 2 Ha6nlOAaeTcR 
CAB~r 3T~X nonomeH~~. 

TaK, AnR aKycT~4ecKo~ 

4aCT~ nonomeH~e MaKC~

MYMOS COOTBeTcTByeT 
nepeAa4aM 3Hepr~~ 15, 
20 ~ 29,5 M38 ~ AnR 

nne4a - 7,5 M38. OnT~
4eCK~~ n~K ~MeeT 60

nee cnoxay» CTPYKTYPY, 4eM B cnyvae ZrD 1.6. 8~AHbl ABa paapyurea
H~X nOAn~Ka np~ l1w , paBHOM 104 ~ 107 M3B. ~, KpOMe Toro, ABa 
nne4a np~ 114 ~ 119 M38. 

CpaBH~BaR nonoxe-ure OCHOBHblX n~KOB onT~4eCKO~ nonocu 4aCTÇ>T 
AnR ZrD x ~ ZrH x 

/ 11 , Mbl nony-u-n« or aoueuae r = (llH/(llD= 1,317 
AnR x = 2 ~ r '= 1,35 'AnR x = 1 ,6. TaK~M 06pa30M, Ha6nlOAae-rcR 
OTKnOHeH~e OT rapMOH~4eCKoro np~6n~meH~R AnR ZrH(D)2 nopRAKa 
7%. OnT~4ecK~e <POHOHbl B ZrD x , TaK me KaK ~ B Zr'H x 11/ , no 
3Hepr~~ xopowo OTAeneH~ OT aKYCT~4ec~~x. nonyw~p~Ha onT~4eCKO~ 

nonócu 4aCTOT COCTaBnReT 23 M38 AnR ZrD 2 ~ 25 M38 AnR ZrD1.6' 
lt1cnon b3YR np0LteAYPY, on~caHHYIO 8 peõor e 11/ , HaM~ õsm OLteHeH 

BKnaA MHoro<pOHOHHoro pacceaaaa o OLteHKa ôuna cnenaua AJlR Ha~6onb

w~x yrnoB pacceRH~R c ~cnonb30BaH~eM cneKTp9 4aCTOT g(~(ll) , no
nY4eHHoro no MeTOA~Ke pa60Tbl 116! . Hai1AeHHbl~ BKnaA aror-o 3<p<peK
Ta COCTa'BnReT oxono 15% AnR ZrD1.6 ~ 10% AnR ZrD 2 0 MHoro<poHoH
Hoe pacceRH~e - 3TO Ha~6onee cy~ecTBeHH~~ 3<p<peKT, KOTOP~~ MomeT 
np~BeCT~ K ~CKameH~1O peanbHb~ W~p~H~ onT~4ecKo~ nonoc~ 4aCTOT. 
~nR MeHbW~X yrnoB pacceRH~R BKnaA OT MHoro<poHoHHoro pacceRH~R 
MeHbwe YKa3aHH~X B~We Ben~4~Ho 
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rapMOHI-14eCKI-1X OC41-1JlJlflTOpOB C v = 1190+30 CM-1 AJlfl aTOMOB H 1-1 
v/V~ - AJlR aTOMOB D, aaropu nOJlY4I-1JlI-1-YAOBJleTBOpI-1TeJlbHOe cor

JlaCl-1e Me~AY paC4eTOM 1-1 3KCne~I-1MeHTOM BO Bce~ OfiJlaCTI-1 YKa3aHH~x 

r e-meparyp . VlHTepeCHO CpaBHI-1Tb TenJlOeMKOCTI-1 ZrH 2 1-1 Zr D 2 ,. Bbl

41-1CJleHHble C I-1CnOJlb30BaHI-1eM nOJlY4eHHblX Ha~1-1 cne xr po a 4acTOT, C 
pe3YJlbTaTaMI-1 p aõoru 118/. . 

B 3KCnepl-1MeHTe 1-13MepfleTCfl Cp (1') , r or'na KaK 1-13 paC4eTOB no
nyvaercs C v (1') . npel-1M.Yl1\eCTBeHHbl~ BKJlaA B TenJlOeMKOCTb AalOT on
TI-14eCKI-1e «oneõauaa , 4aCTOTY KOTOpblX Mbl 1-13Mepl-1Jll-1 C nOMOUlblO Heyn

Pyroro paCCeflHl-1fl He~TpoHoB. 3Ha4I-1TeJlbH~~ BKJlaA Mo~eT AaBaTb aH .]
rapMOHI-13M OnTI-14eCKI-1X KOJle6aHI-1~ 1-1 BOAOPOA-BOAopoAHoe B3aI-1MOAe~

CTBl-1e. B AaHHo~ pa60Te npl-1 B~4I-1CJleHI-1I-1 Cy(1') y4I-1T~BaJlI-1Cb CJleAYIO
11\1-1 e <!la xropu : 

ac op e e 
Cy(1') = C (1') + c ; (1') + c , (1').v 

3AeCb peweT04H~ij BKJlaA paCC4I-1T~BaJlCR OTAeJlbHO AJlfl aKYCTI-14eCKI-1X 

1-1 OnTI-14eCKI-1X MOA. AKYCTI-14eCKafl 4aCTb B~4I-1CJlflJlaCb no $opMYJle 

(rn a x (I K BT 
eC ac (1' ) 3R r (_(_)2 ac 

v (IKBT g «()d( 
o K B1' e - 1)2 ' ( 

r ne R - r aaoa aa nocroauuaa ( R. := 8,31434 A~/MOJlb -r pan K), a 

gac«() - aKYCTI-14eCKafl 4aCTb cneKTpa 4aCTOT. BKJlaA 3a C4eT OnTI-1

4eCKI-1X KOJle6aHI-1~ MO::<HO aaruicar s , cnenys p afior e 118{ 

C v
op 

(1') = 4E«(o) + 2E«(1)' 

~Ae E(~i) - <!lYHK4I-1fl TenJlOeMKOCTI-1 3~HWTe~Ha Ha OAHY CTeneHb CBO

60A~: 

(j/KBT2 ee i 
E «( i') R 

(i/KBT 2KB1' (e - 1) 

CI-1MMeTpl-1fl aTOMOB BOAopOAa / Ae~Tepl-1fl/ B ZrH 2 ( ZrD 2) npennona
raeTCfl TaKO~, 4TO OAHa 1-13 4aCTOT ABa~A~ B~pO~AeHa, a BTopafl 

He aupoxneua. n03TOMY cnexr p onTI-14eCKI-1X KOJle6aH~1~ COAep~I-1T 2N 
MOA~ C OCHOBHO~ 4aCTOTO~ W o 1-1 N MOA C 4aCTOTO~ w1. V13 HaWI-1X 1-13

Mep~HI-1~ no HeynpyrOMY o accenuao He~TpOHOB 6blJll-1 B3~Tbl 11 W o = 

= 1 37M3 B 1-1 11 W 1 = 141M3 B AJlfl Zr H2 1-1 11 W o = 104 M3S 1-1 11 W 1 = 

= 107 M3B AJlfl ZrD 2' 3aMe4eHO, 4TO BKJlaA OnTI-14eCKI-1X 4aCTOT B 

TenJlOeMKOCTb CYl1\eCTBeHeH AJlfl TeMnepaTYP B~we 100 K. npl-1 04eHb 

r Ae n - 41-1CJlO 3JleKTpOHOB B eAI-1HI-14e 06beMa, a E reO) - 3Heprl-1fl 
<!lepMI-1, COOTBeTCTBYlOl1\aR T = O K. B nperrene T ~ O 3JleKTpOHHafl 

TenJlOet-1KOCTb nponOP41-10HaJlbHa 1', a peurerovaaa 4aCTb YMeHbwaeT
ca KaK T ~ TO ec r s . 

Cv(1') = yee l' + YD 1'3 

B HaWI-1X pac ue r ax Yee = 9,8,10 4 KaJl/rpaA 2 MoI1b~ 
Pe3YJlbTaT~ paC4eTOB C I-1cnOJlb30BaHI-1eM HaWI-1X 3Kcnep1-1MeHTaJlbH~X 

AaHHblX npencr aeneuu Ha p-ic . 5 AJlR ZrH 2 1-1 Zr D 2 • npl-1 3TOM AJlfl 

PHC. 5. TermoeMKOCTh ZrH 2 H 

Zr D 2 B KaJI/ r-pan . MOJlh. TOl.{KH 
10 

3KcnepHMeHTaJlhHWe AaHHwe AJlH 

ZrH 2, KpecTHKH - arccrtepa-:8 
/18// 

MeHTaJlhHble AaHHbIe WlH Zr D 2 ; 
6,. CnJlOIIIHble JlHHHH - paCl.{eTbI, 

HCnOJlh3ywmHe HalIlH 3KçnepH

MeHTaJlhHWe AaHHwe. 

2
 

ZrD 2 npl-1BeAeH eapa aj-rr pac
'... ~ II 4eTa,200 300 T [KJ BbInOJlHeHHbl~ B npenno

noxe H1-1 1-1 , 4TO WD = ú)H//F 
/rap~OH~4eCKoe npI-16JlI-1>KeHl-1e/. KaK BI-1AHO 1-13 pl-1C. 5, AJlfl ZrH 2 cor
nacue oacuer a C 3KCnepl-1MeHTaJlbHblMI-1 AaHHblMI-1 p aõoru /18/ 04eHb XO

powee. AJlfl ZrD 2' B CJlY4ae I-1CnOJlb30BaHI-1fl rapMOHI-14eCKOro npl-16JlI-1

o 100 

~eHl-1fl, Me~AY 3KCnepI-1MeHTO~ 1-1 paC4eTOM I-1MeeTCfl HeKOTopoe pacxo~

AeHl-1e. npl-1 I-1CnOJlb30BaHI-11-1 B paC4eTe peaJlbH~X 4aCTOT, nOJlY4eHH~X 

AJlfl ZrD2 1-13 3KCnep1-1MeHTa, TaK~e nOJlY4aeTC~ xopowee CorJlaCl-1e. 

CJleAY~T OTMeTHTb ABa 06~TOflTeJlbCTBa. nepBoe - paC4eT~ 6~JlI-1 
B~nOJlHeH~ B npeAnOJlO~eHI-1I-1, 4TO cneKTp 4aCTOT aKYCTI-14eCKI-1X KOJle
6aHI-1~ g ac (flú)) B I-1HTepBdJle AO 300 K He 3aBI-1CI-1T OT r e snepe r ypu ; 

BTopoe - TenJlOeMKOCTb Cy(~~ KOTopafl B~4I-1CJlfleTCfl, 1-1 TenJlOeMKOCTb 

Cp(1'), KOTopafl 1-13MepfleTCfl, CBfl3aH~ Me~AY cofio~ 4epe3 AI-1JlaTa41-1

OHHbl~ 4JleH: 
D
 

C (1') = Cp - Cy.
 

D' 2 
r ae C (1') = f3 . 1'· V· B i. f3 - 06beMHbl11 K03<P<!l1-14I-1eHT TenJlOBOrO pac

Wl-1peHl-1fl, V - MOJlflpH~~ 06beM 1-1 Bi - 1-130TepMI-14eCKafl C~I-1MaeMOCTb. 

Ilpennonar-ee'r ca , 4TO BeJlI-14I-1HO~ C D( 1') AJlfl T < 300 K MO~HO npe ue> 

6pe4~. 

HI-13KI-1X TeMnepaTypax OCHOBHO~ BKJlaA BHOCI-1T 3Jle~TpOHH~~ ra3, Ten 4. TEOPH~ 
1[,. JlOeMKOcfb KOToporo Ha eAI-1HI-14Y 06beMa B~pa~aeTCfl <!lOPMYJlO~ 

ee T 2 . K B T AJlR I-1HTepnpeTa41-11-1 3KCnepI-1M~HTaJlbH~X P~3YJl~TaTOB 6~Jla pa3BI-1TaJ
Cv (1') = ~ K B n [ ~--] = y o' l' TeOpeTI-14eCKafl MOAeJlb; npennonaraoutaa 4eHTpaJlbHbl~ xap axr ep CI-1Jl2 E (O) er.'

F B3aI-1MOAe~CTBl-1fl Me~AY aTOMaMI-1 /CF - nOTeH4I-1aJl/~ B3al-1~OAe~CTBl-1e 
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c 6n~~a~w~M~ COCeAHM~ Y4~T~BaeTcH AO nHToro nopHAKa AnR D H AO 
TpeTbero AnH Zr. BnepB~e 6~n y4TeH 3$$eKT TeTp~roHanbHocT~ pe
ure r xa , Ao c~x nop ace A~HaM~4eCK~e pacuers: AnH ZrH 2 npoaonanac s 
B np~6n~~eH~~ rUK CTPYKTYPbl. Ha caMOM Aene, np~ KOMHaTHO~ TeMne
paType peWeTKa ZrH2(ZrD2)~~eeT TeTparOHanbHOe HCK~meH~e. AnH 
ZrD2 napaMeTpbl peurer xa cnenyouu-e : ao = 4 ,972+0 ,01 A, Co = 4,447+ 
+0,01 Â /18/ . B ÀanbHe~weM MOAenb 6YAeT on~caHa õoriee AeTanbHO~ 
3Aecb Mbl OrpaHItI41t1MCH Jl~Wb KpaTKo~ ~H$opMa~~e~. 'jCOcToHH~e Kp~cTanna on~C~BaeTCH A~HaM~4ecKo~ MaTp~~e~ D(~), 
3neMeHT~ KOTOPO~ nBnH~TCH $YHK~~HM~ BonHOBoro BeKTopa ~ ~ cOAep
maT c~nOB~e KOHCTaHT~. B cny4ae ~eHTpanbHoro B3a~MoAe~cTB~R Mem i~ 
aToMHbl~ nor euua an cp( R 2) 3aB~C~T TonbKO OT paccr oa-u-ra R. Cunoaue 
KOHCTaHTW B C~CTeMe onpeAenR~Tcn cneAy~w,~M 06pa30M: I 

1	 -2~2- . I 
_ cp" (R 2) , _ cp' (R 2) AnH R = -y2a +. c ,

P. - Zr- D ' f.1 - Zr- D 
4 '.
 

_ cp" (R 2 ) '- c: (R 2 ) AnH R = ~ y~~2,
 
Y - Zr- Zr ' Y - ç Zr- Zr . 

~ _ cp" (R 2 ) ~' _ cp' (R 2 ) AnH R = a.,f2/2,
-	 Zr-- Zr-	 Zr- Zr ' 

R = c/2,v = cp'ó _D (R
2

) , v' = CP~_D(R 2) Am=l 

c: = cp" (R 2) C:' = cp'D-D (R 2) gnH R = a/2,
D-D ' 

1 ---. 
2 AnH R = _ya 2 + c 2,

CP~-D (R ) , o' = _cp'
D-D 

(R 2 )	 2o = 
-, 2 )cp" (R 2 ) e = cp' (R AnH R = a /2/2,e =	 D-DD-D ' 

,	 . clL- 2 
cp	 = -- , cp" = -~ 

deR 2)	 d (R 2) 

Ben~4~Ha napaMeTpOB p., p.', . . . ~ ,(. Bw6~paeTCH nYTeM nOArOHK~
 

paC4eTHoro cneKTpa 4aCTOT ZrD2 nOA 3Kcnep~MeHTanbHw~ AO nony

4eH~H Ha~nY4wero cornaC~H. 

Pe3ynbTaTw B~4~cneH~~ npeAcTaBneH~ Ha p~c. 6a 11I 66, rAe no
Ka3aHbl 4aCTOTH,ble cnexrpu Kone6aH~~ aTOMOB Ae~Tep~R ~ ~~pKOH~Fl
 

B CItICTeMe ZrD2. B~AHO, 4TO y4eT 60nbwero 4~cna B3a~MOAe~CTBlIi~
 
MemAY aTOMaMlIi lIi 3$$eKTa TeTparoHanbHocTlIi peweTK~ BeAeT K 60nee
 
cnomHo~ TOHKO~ CTPYKType cneKTpoB 4aCTOT no cpaBHeH~~ c ony6n~
KOBaHHblMlIi paHee. 3TOT pe3ynbTaT cornacyeTcH c HaW~MlIi 3Kcnep~MeH

TanbH~MlIi AaHH~MlIi. BMecTe c TeM nlliK np~ 60nbWlIiX nepeAa4ax 3Hep
r~~ B onT~4eCKO~ 4aCTlIi paC4eTHoro cneKTpa Ae~TeplliH He cornacy
eTCH c 3KcneplliMeHTOM. 3TO MomeT 6~Tb cneACTBlIieM 60nee B~COKO~ 
c~MMe-rpllilli CF -MoAenlli. AYMaeTcH, 4TO ynY4weH~e MOAenlli B oõriacru 
60nbw~x nepeAa4 3Hepr~~ MQ}KHO nonY4l1iTb, ecn~ Y4ecTb gnH Ae~Te
plliH	 õoriee BbICOKlIi~, 4eM nFlTbli1, nopanox B3alliMoAe~cTB~H c 6nlli'ma~-
WlIiMlIi coceAHMlIi. 
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PHC. 6. CneKTpw qaCTOT Kone6aHH~ Ae~TepHH /a/ H QH~KOHHH /B/ 
B ZrD2 ' norryqeHHWe c Hcnorrb30BaHHeM yrryqllieHHO~ TeOpeTHqeC
KO~ MOAenH, oCHoBaHHo~ na CF-noTeHQHarre, g(nw)- B M3B-1, 

fIw - B M3B. 
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Hccne,noBaHHe Heynpyroro pacceHHHH 
HeHTPOHOB ZrHx(Dx) Ha cneKTpoMeTpe AHH-2llH 

PJ-86-791 

llpe,ncTaBneHhl pesynbTaThl Hccne,noBaHHH ZrD1 6, ZrDz MeTo,noM 
~eynpyroro pacceHHHH HeHTpoHoB Ha peaKTOpe HBP-2. llonyqeHHhle 
cneKTPhl qacTOT ZrHz H ZrDz HcnonbsonaHhl ,nnn pacqeTa TennoeM
KOCTeH. ~fl HHTepnpeTa~HH 3KCnepHMeHTanbHb~ pesynbTaTOB pas
BHTa TeopeTHqecKafl MO,nenb, B OCHOBY KOTOpOH nono~eHO npe,nno
no•eHHe 0 ~eHTpanbHOM XapaKTepe CHn Me•aTOMHOrO B3aHMo,neHCTBHH 

Pa6oTa BhlnOnHeHa B lla6opaTOpHH HeHTpOHHOH ~HSHKH OHHH. 
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llepeBo,n O.C.BHHorpa,noBOH 

Bascoveanu I. et al. 
The Study of Inelastic Neutron Scattering 
on ZrHx{Dx) at DIN-2PI Spectrometer 

PJ-86-791 

The results of the measurements performed by inelastic 
neutrons scattered on ZrD1,6• and ZrDz at the IBR-2 reactor 
are presented. The frequency spectra for ZrDz and ZrHz are 
used to calculate the specific heat. A theoretical interpre
tation of the experimental results in terms of an improved 
theoretical model based on central force potential is given. 

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