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l; BBEAEHHE 

HccneADBaHHe rHAPHAOB 4HPKOHHR RBHnOCb npeAMeTOM 6onbworo 
4Hcna TeopeTH4eCKHX H 3KCnepHMeHTanbHblX pa6oT /I- II/. Ta KOH HHTe
pec CBR3aH C WHPOKHM npHMeHeHHeM 3THX rHAPHAOB B peaKTOPHOH Tex
HHKe. nocKOnbKY rHAPHA 4HPKOHHR RBnReTCR OAHHM H3 nepcneKTHBHblX 
3aMeAnHTener:\.HeHTPOHOB, Heo6XOA11MO onpeAeneHHe C 6onbWOH T04-
HOCTb~ ero Kone6aTenbHoro cneKTpa. B npoBeAeHHblX aa nocneAHee 
speMR 3KCnepHMeHTax o6HapymeH OCHOBHOH nHK npH 137-140 M3B, co
OTBeTCTBY~~HH onTH4eCKHM KOne6aHHRM BOAOPOAa B peweTKe. np11 HC
nonb30BaHHH 6onee BblCOKHX 3HeprHH HeHTPOHOB, naAa~~HX Ha 06paae4, 
6blnH nony4eHbl nl1KH, 4aCTOTa KOTOpblX KpaTHa 4aCTOTe OCHOBHoro nH
Ka. rpy6o roeopR, HeHT_POHHbte HccneADBaHHR nOATBeP>KAa~T npeAnono
>KeHl1R O TOM, 4TO BOAOPOAHbte aTOMbl B rHAPHAaX 4HPKOHHR BeAYT ce-
6R Kai< He3aBHCHMbte 3HHWTeHHOBCKHe oc4HnnRTOPbl. MoAenb 3HHWTeHHa 
He y4HTblBaeT B3aHMOAeHCTBl1H B KpHCTanne H n03TOMY npHMeHHMa nHWb 
K onHcaHH~ onT114ecK11x soa6y>KAeHHH. AKYCTHKa MO>KeT 6b1Tb on11caHa 
B paMKax MOAenH Ae6aR. 6onee pean11cTH4HOH MOAenb~ RBnReTCR Me
TOA 6opHa-KapMaHa, Y4HTblBa~~l1H Me>KaTOMHble B3aHMOAeHCTBHR. 

MoAenb 3HHWTeHHa npeACKa3blBaeT, 4TO onTH4eCKHH nHK AOn>KeH 
HMeTb BHA B-$yHK4HH. 0AHaKO 3KcnepHMeHT AaeT KOHe4HY~ WHP11HY 
nHHl1H. Aame y4eT ADnnep-3$~eKTa B peaynbTaTe COBMeCTHoro BKnaAa 
aKyCTl14eCKl1X H onTH4eCKl1X nepe,XOAOB 11 BKnaAa HH3K03HepreTl14eCKl1X 
aKYCTH4eCKHX MOA He n03BOnReT o6bRCHl1Tb 3TOH WHPHHbl. TeopeT114e
CKHe MOAenH/l-3/ 11 MOAenb peanbHblX CHn 141 npeACKa3b1Ba~T B03MO>K
HOCTb 11ccneAOBaHHR HeKOTOPblX 11HTepeCHblX oco6eHHOCTeH onTH4ecKoro 
nHKa. AnR 3Toro He~6XOAHMbl 113MepeHHR Zr Hx AnR pa3nH4HblX KOH-
4eHTpa4HH BOAOPOAa. TaK11e 11ccneAOBaHHR CTanH B03MOlKHbl B nocneA
Hee speMR B CBR3H C noRBneHHeM HOBblX BblCOKOnOT04HblX HCT04HHKOB 
HeHTPOHOB H C03AaHHeM HOBblX cneKTPOMeTpOB AnR HCcneAOBaHHH HPH. 
Pa6oTa /1,0{ B KOTOPOH 113MepeHbl cneKTPbl HPH Ha nonHKPl1CTannH4eCKl1X 
06paa4axZrHx/x = 0,54;1,03;1,56;2,00/, BHOBb npHBneKna BHHMaHHe 
K 11ccneAOBaHl1RM rHAPHAOB 411PKOHl1R. B 3TOH pa6oTe 6blna o6Hapyme
Ha TOHKaR CTPYKTYPa OnTH4ecKoro nHKa, paHee He Ha6n~AaBwaRCR. 
HccneADBaHHR aKYCTH4eCKOH 4aCTH, cneKTpa AnR ZrHx /x = 1,03; 1,55; 
1, 84/ HeAaBHO ony6I1HKOBaHbl /ll/. 

B AaHHOH pa6oTe nony4eHa HH$OpMa411R KaK 06 aKYCTH4eCKOH, TaK 
H 06 onT114eCKOH 4aCTRX cneKTpa AnR 06paa4os ZrHx / x = 0,8; 1,2; 
1,6; 2,0/. 0AHOBpeMeHHO co cneKTpaMH HPH 113MepRnl1Cb AH~paK4HOH
Hble cneKTPbl, 4TO noaeonMo onpeAenHTb $a3oBbtH cocTaB 11ccneAye
MbtX o6pa340B. 
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2. PE3YJ1b TATbl 3KCnEPHMEHTA 

HccneAyeMwe o6pa34bl rHAPHAOB 4HPKOHHR npeACTaBnRnH co6oH no
pOWKH, noMe111eHHble B arnOMHHHeBylO cponbry. Tonll\HHa 06pa34os MaCCOH 
OKono 50- r COCTaBnRna 1 MM. CneKTpbl CHHManHCb npH KOMHaTHOH 
TeMnepaType Ha cneKTpoMeTpe o6paTHOH reoMeTpHH KACOr-M I121Ha 
peaKTope H6P-2. HsMepeHHR HPH senHCb AnR yrnos pacceRHHR 80°, 
100°, 120°, 140°. nocne BW4HTaHHR cpoHa cneKTPW AnR pasHwx yrnos 
CYMMHPOBanHCb. Bee pesynbTaTbl /pHC. 1 / HOPMHPOBaHbl K OAHOMY spe
MeHH H3MepeHHR H C Y4eTOM pa3HOH MaCCW 06pa34os. BHAHO, 4TO 
cneKTPOMeTp KACOr-M nossonReT npoBOAHTb aHanHs cneKTpos HeHTpo
Hos· B WHPOKOM AHanasoHe AnHH BOnH, 4T9 npH Hcnonb30BaHHH aHanH-
3aTopa, BWAenRIOll\ero HeHTPOHbl C . ,\ = 4A, nossonReT HaAe)l{HO H3Me
PRTb nepeAa4y 3HeprHH s o6nacTH oT 1 AO 500 M38. 3Ta o6nacTb 
OXBaTblBaeT KaK aKYCTH4eCKHe,: TaK H onTH4eCKHe Kone6aHHR BOAo
POAa B rHAPHAaX MeTannos. 

CneKTPbl HeHTPOHHOH Al1¢paK4HH /HA/ nony4eHbl B 3TOM )Ke AHana-
30He AnHH BOnH HeihpOHOB npH yrnax pacceRHHR 20 =· 30 °, 50° , 70°, 
90° • PesynbTaTbl HOPMHposanHCb Ha cneKTPbl HeHTPOHOB, naAalOII\HX Ha 
06pase4, saTeM Bbl4HTancR ¢OH HeKorepeHTHOro pacceRHHR. Ha PHC.2 
noKasaHbl 06pa60TaHHb1e TaKHM o6pasoM cneKTPbl HA AnR yrna pacceR
HHR 20 = 90° • HAeHTH¢H4HPOBaHW nHKH, OTBe4a1011111e pa3nH4HblM ¢a3aM 
ZrHX, a TaK)l{e nHKH OT a.nlOMHHHeBOH KacceTbl, ConocTaBnRR nony4eH
Hble tiaHHble c cpasosoH" AHarpaMMOH · ZrHx /I3/,MomHo OTMeTHTb PRA oco-
6eHHOCTeH. AnR X = 0;8 Ha6n10Aa10TCR 4eTKHe nHKH, OTBe4a1011111e 0- H 
y-cpasaM; H Henb3R·BblAenHTb BKna,qa a-¢a3bl. AnR X =' 1,2 npeo6-

naAaeT B -cpasa c He6onbWHM Kon114ecTBOM y-cpa3bl. AnR x = 1 ~ 6, co
rnacHo nHTepaTypHblM AaHHblM/.13/, O)l{HAanocb nonyi.ieHHe nHKOB, OTBe-
4alOII\HX TOnbKO B-cpase, OAHaKO Ha6n10AaeTCR (~cpasa C HeCKOnbKO 
HHblMH napaMeTpaMH R4eHKH, 4eM npHBeAeHbl s/I3/_ Cel:i4aC TPYAHO 
061>RCHHTb. pacxo~eHHe AaHHblX, TaK Kai<· HesaBHCHMWM MeTOAOM HaMH 
6bln0 onpe,qeneHO, 4TO KOH4eHTpa4HR BOAOPOAa B 3TOM 06pas4e AeHCTBH-
TenbH_O cooTi:3eTCTByeT cocTasy · Zr H 1 6 • AaHHb1e AnR x =' 2, 0 xopowo 
OnHCblBalOTCR, eCJ'lH' npHHRTb, 4TO ·3neMeHTapHaR R4eHKa OTBe4aeT f -

¢aae 11 RBnReTCR TeTparoHanbHol:i·o61>eMH0-4eHTPHPOBal-lHOH c napaMeT
paMH: a f:::J,522A, C = 4,451A/14(AnR anbTePHaTHBHO npeAnO)l{eHHOH 
B·3Tol:i )l{epa6oTe TeTparoHanbHOH rpaHe4eH'rp11posaHHOH R4e~Kw·sce 
AHclipaK4HOHHble" nHKJ.1 An.A 06pa's4a ZrH 2 ·. 11AeHrn¢H4HPOBaTb He YAaeT
CR.. 

3. 06CYlKAEm1E· PE3Y1lb TATOB 

· C Y4eT'oM 6onbw·oH. aMrinHTYAbl. HeKdrepeHTHoro pacceRHHR aTOMa 
BOAOPOAa ABa)l{Abl AH¢(bepeH4Hani.Hbe. ce4.eHHe· pa'cceRHH~ ~eihpoHOB . 
Ha rHAPHAaX 4HpKOHHR MO>KeT 6i.1tb 'np116nil)l{eHHO sanHcaHO B _BHAe: . 
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rAe 

G(w)=~(J¢ J2e-2WH+l31¢ 12e-2Wzr). 
3N H Zr 

2 2 
3AeCb JipHJ 1-1 1¢zrl - cpeAHHe KBaApaTbl seKTopos rio11.Ap1-13a41-11-1 Kone-
6aHHH aTOMOB H 1-1 Zr cooTBeTcTBeHHo, np1-14eM 1¢Hi 2 + l<Pzr 12 = 1. 
napaMeTp 13 onpeAeIJ.AeTc.A KaK 13=azrM1/aHMzr·B paccMaTp1-1saeMOM 
c11y4ae 13 < 1 o-3 . OcTailbHble o603Ha4eHH.A 0611,1enpHH.ATbl. J:\Il.A ZrHx 

1i1t I 1¢ Zr J2 "'10..:2 , no3TOMY MO>KHO npHH.ATb, 4TO Gu(w)"' ~ l¢uJ
2
e-2WH. 

KaK 6b1110 noKa3aHo s/ 15~ e 0611acT1-1 onTH4eCKHX 4acToT !¢HI 2 npaKTH-
4ec·K1-1 He 3aBHCHT OT 3HeprHH, T .e. MO>KeM 3anHcaTb GH(w) ~ g (f /h) e-2WH 
<!JaKTop J:\e6a.A Ba1111epa: 

➔ 2 

W-(K)= iiK2 Jg(w) l</>j(w)J 
l 4MiN w 

·t"w 
cth (--) dw 

2KnT 

3ae1-1c1-1T TaK>Ke oT g(f/'li) I ef>i (d1i) I 2. no:noMy, ec111-1 C4HTaTb, 4TO 
OCHOBHOH BKilaA B Ce4eHHe pacce.AHH.A AaeT BOAOPOA, MO>KHO nony4HTb 
l-13 3KcnepHMeHTa GH(w) 1-1 W(K). 

CH(w) 

- - ..,_ t» M3B 

Pttc .3. 06o6rqeHHblH cneKTP qacTOT GH(w) ,r:vrn o6naCTH OilTH'le...: 

CKHX KOJle6aHHH. 

Ha p1-1c .. 3 npeACTaeneHa <!JYHKL\H.A GH(w)=g(w)JcpHJ 2 Ail.A pa3111,14-
HblX KOHL1eHTpa41-1H B AHana3oHe onTH4eCKHX KOIJe6aHHH BOAOPOAa 
B ZrHx. ropH30HTailbHWe OTpe3KH noKa3WBa~T pa3peweHHe cneKTpo
MeTpa. KaK l-1 OlKHAailOCb Ha OCHOBe paHee nony4eHHWX AaHHWX, npH 
-140 M3B Ha6IJ~AaeTC.R OCHOBHOH onTH4eCKHH nHK. YcilOBl-1.A 3Kcnep1-1-
MeHTa n03BOill-1Ill-1 TaK>Ke nony4HTb nHKH npl-1 -283 M3B l-1 -430 M3B. 
Pa3peweHHe cneKTPOMeTpa Ha i16P-2 He no3B0Il.AeT o6Hapy>i<HTb TOHKY~ 
4 

!I 
I, 

i 

j 

Ta6mrn;a 

IlOJlOJKeHHlI H IllHPHHbl OilTH'leCKHX IlHKOB B ZrHx. 

IloJIOJKemie IlOJIOJltSHH8 
X l mma (M3B) 

llhtpr,rna 
I m1Ka (M3B) 2 nHKa (M3B) 

lllHp1ma 
2 nHKa (1,faB) 

0,0 144 ± 3 

1,2 143 ± 3 

1,6 143 ± 3 

2,0 142 ± 3 

32 :!:. 2 

32 ± 2 

32 ± 2 

30 ± 2 

289 ± 5 

286 ± 5 

288 ± 5 

286 ± 5 

61 ± 3 

65 ± 3 

64 :!:. 3 

60 ± 3 

CTPYKTYPY onTH4eCKHX nHKOB. J:\aHHWe O nonomeHHH l-1 WHPHHaX 3THX 
nHKOB npHBeAeHbl B Ta6111-14e. Cy11,1eCTBeHHOH 3aBHCHMOCTH noilO>KeHH.A 
l-1 WHPHH nHKOB OT KOH4e1frpa41-111 He Ha6IJ~AaeTC.R. HawH AaHHble He 
nOATBep>:<Aa~T pe3yilbTaTOB /IO/, rAe 6b1Il0 o6Hapyx<eHO Cyl!<eHHe OnTH-
4eCKOro nHKa C POCTOM KOHL1eHTpa41-11-1 BOAOPOAa. Bo3MO>KHO, HeAOCTa
T04HOe pa3peweHHe HCnOilb30BaHHOro HaMH cneKTPOMeTpa .ABil.AeTC.R 
npH4HHOH 3Toro pacxo>KAeHH.A. Ha nono>KeHHe nHKOB 1-1 1-1x w1-1p1-1Hy Mo
ryT BilH.ATb npo4eccw MHoroKpaTHoro 1-1 MHoro<!JoHoHHoro pacce.AHH.A. 
0AHaKO paHee 1161 6b1Il0 noKa3aHo, 4TO l-1 Ail.R 6011ee TOilCTblX 06pa3-
l\OB, 4eM HCnOilb30BaHHWe HaMH, BKilaA MHoroKpaTHWX npo4eccoe npe
He6pe>KHMO .Man. BKilaA MHoro<!JoHOHHWX npo4eccoe.AOCTHraeT 20% B 06-
IlaCTH nepeoro onTH4ecKoro n1-1Ka. 0AHaKo, cornacHo HaWHM pac4eTaM, 
~a nonomeHHe l-1 WHpHHy nHKa OH npaKTH4eCKH He BilH.AeT. 

CTPYKTYPa onTH4eCKoro n1-1Ka 6wna paCCMOTpeHa e/4/ C y4eTOM 
Me>KaTOMHblX B3aHMOAeHcTBHH Zr-Zr , Zr - H , H - H /eTopb1e 6111-1>KaH
w1-1e coceAH/ ~1 H - H /TpeTbH 6111-11KaHw1-1e coceA1:1/. B3aHMOAeHCTBH.A 
Zr-H onpeAeil.A~T nOilO>KeHH.A onTH4eCKHX nHKOB, B3aHMOAeHCTBH.A 
H - H OTBeTCTBeHHbl 3a HX pac11,1en11eH1-1e l-1 WHPHHY, a Zr - Zr onpeAe
Il.A~T aKyCTH4eCKY~ 0611acTb cneKTpa. J:\aHHa.A MOAeilb npeACKa3blBaeT, 
4TO nepe~H onTH4eCKHH nHK .ABil.ReTC.R cynepn03Hl\HeH Tpex nHKOB. 
C 4enb~ HCCileAOBaHH.A CTPYKTYPbl onTH4eCKoro nHKa npoBeAeHO l-13Me
peHHe HPH Ha 06pa34e Zr H 2 cneKTPOMeTpOM KJ:\COr /l7/ c 1-1cno11b-
3oBaHHeM 6ycTepHoro pe>KHMa pa6oTW peaKTopa H6P-30 1181. Ha PHC.4 
noKa3aHbl <!JYHKL\Hl-1 G n(w),, onpeAeIJeHHble Ail.R 06pa34a Zr H2 npH pa3HblX 
pa3peweHH.AX 3Kcnep1-1MeHTaI1bHWX ycTaHoBoK. ny4wee pa3peweHHe no-
3eo11.AeT Ha6Il~AaTb oco6eHHOCTH nepBOH onTH4eCKOH nonocw npH 3Hep
rH.AX 135, 145, 153 1-1 159 M3B. OHH xopowo cornacy~Tc.A c AaHHw-
MH/ 101,rAe 6b1Ill-1 nony4eHbl TaKHe oco6eHHOCTH npl-1 137' 143 l-1 154 M3B. 
To' 4TO Mbl Ha6IJ~AaeM 6011ee CilOlKHY~ CTPYKTYPY onTH4eCKOH nOilOCbl' 
4eM paCC4HTaHO a/41, B03MOlKHO, 061>.ACH.AeTC.A TeM, 4TO B pac4eTax 
3IleMeHTapHa.A .A4eHKa ZrH2 C4HTanacb rpaHe4eHTPHPOBaHHOH Ky61-1-
4ecKOH, TOrAa KaK B AeHCTBHTeilbHOCTH OHa TeTparoHailbHa.A (c/a = 
= o,89). 
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Pttc. 5. 0606I11eHHblH cneKTp tiaCTOT GH(w) ,[IJlH 06JiaCTH aKyCTH
'leCKHX KOJie6aHHH. 

J 

{ 

Ha PHC.5 noKa3aHa aKyCTH4eCKaR 4acTb GJw). 3AeCb OT4eTnHBO 
np'ocnemHeaeTcR BflHRHHe KOH4eHTpa4HH BOAOPOAa. HawH peaynbTaTbl 
AflR ZrH2 H AaHHble/ll/AnR ZrHl,84 xopowo cornacyJOTCR. CpaBHE!HHe 
peaynbTaToB AflR APYrHx KOH4eHTpa4HH BOAOPOAa aaTPYAHHTenbHo, 
TaK KaK e 111/ He npHBeAeH o6o6~eHHblH cneKTP 4acTOT AflR ecex 
HccneAoBaHHblX cocTaeoe rHAPHAa l.lHPKOHHR. HawH AaHHble TaKme 
nOATBepmAaJOT npeAnonomeHHe O TOM, 4TO C yMeHbWeHHeM KOHl.leHTpa
LIHH BOAOPOAa aKyCTH4eCKaR 4aCTb cneKTpa crnamHBaeTCR.· 8 TO me 
BpeMR Mb( He Ha6rnOAaeM cymeHHR aKyCTH4eCKoro cneKTpa C YMeHbWe
HHeM KOHL1eHTpa4HH, KOTopoe AOfl)f(HO npoHCXOAHTb, no MHeHHIO ae
TOPOB pa60Tbl /ll/. 

3AKJ1I04EIUIE 

npoBeAeHHble 3KCnepHMeHTbl CTHMYflHPYIOT AaflbHeHwee HCCfleAOea
HH~ CHCTeM ZrHx, RcHo, 4TO B o6naCTH onTH4eCKHX Kone6aHHH eo
AOPOAa Heo6XOAHMO HMeTb xopowee paapeweHHe AflR HCCfleAOBaHHR 
TOHKOH CTPYKTYPbl cneKTpa. B o6nacTH aKyCTH4eCKHX MOA paapewe
HHe cneKTPOMeTpa Ha 116P-2 :AOCTaT04Hoe, H MO)f(HO AOBOflbHO 6b(CTPO. 
nOflY4HTb HH<!)OpMal.lHIO O pacnpeAefleHHH 4aCTOT. 11HTepeCHO 6bino 6bl 
npoeeCTH TaKme H3MepeHHR npH pa3flH4HblX TeMnepaTypax, KaK BblWe, 

. TaK H HH>Ke KOMHaTHOH. TaKHe 3KCnepHMeHTbl npoBeAeHbil t9/, OAHaKo 
paspeweHHe H CTaTHCTHKa B HHX OKa3aflHCb HeAOCTaT04Hbl AflR OKOH-
4aTenbHblX BblBOAOB. 11HTepeCHble AaHHble 6blflH TaKM<e nony4eHbl B H3-
MepeHHRX nonHoro ce4eHHR pacceRHHR Ha ZrHX npH a30THOH TeM
nepaType 1201. 3TH H3MepeHHR BblRBHflH oco6eHHOCTH cneKTpa B paH
OHe 170 M3B. Mbl HaAeeMCR, 4TO YAaCTCR npoeecTH nOA06Hble Hccne
AOBaHHR Ha YPOBHe ABa)f(Abl AH<!><!)epeH4HaflbHblX Ce4eHHH. 

B 3aKJll04eHHe aBTOPbl BbIpama10T 6narOAaPHOCTb r. 6anyKe, <I>. BaHA
xase, T.3aneCKOMY aa HanaAKY 3fleKTPOHHOH annapaTYPbl'CneKTPOMeT
pa K~cor-M, C.11.6parHHY H B.OneRp4HKY - sa noMO~b B H3MepeHHRX. 
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PyKonHCb nocTynHna B H3AaTenbCKHH OTAen 
12 anpen.R 1984 roAa. 

BenymKHH A.B. HAP· Pl4-84-243 
HccnegosaHHe rHAPHAOB ~PKOHHR MeTOAOM Heynpyroro pacce.RHH.R 
H AH~paK~ HeHTpO~OB 

Coo6~~TC.R pe3ynbTaT~ ogHospeMeHHhlX H3MepeHHfi MeTOAOM 
Heynpyroro pacce.RHH.R HefiTpOHOB /HPH/ H AH~paK~H Ha o6p83QaX 
Zr Hx c KOHQeHTpa~efi sogopoga x = 0, 8; I , 2; I , 6 H 2, 0 .06o6-
~eH~e cneKTP~ qacToT, nonyqeH~e H3 HPH, o6cY*Ae~ Ha ocHose 
MOAenH QeHTpanbHhlX CHn H paHee ony6nHKOBaHHhlX gaHHhlX. illHpHHa 
onTHQeCKoro nHKa npes~aeT pa3pema~ym cnoco6HOCTb cnexTpOMeT
pa H npaKTHQeCKH He 3aBHCHT OT KOHQeHTpa~ BOAOpoga. HH~OpMa
QHfi 0 ~a30BOM COCTaBe o6pa3QOB, HCnOnb30BaHHhlX B 3KCnepHMeHTe, 
nonyqeHa H3 CneKTPOB AH~paKQHH. 

Pa6oTa B~nonHeHa B na6opaTOpHH HeHTPOHHOH ~H3HKH OHHH. 

C~eHHe O&.eAHHeHHoro HHCTKTYTa aAePHWX accne~oaaHHA. nJ6aa 1984 

llepesog O.C.BHHorpagosofi 

Belushkin A.V. et al. Pl4-84-243 
Investigation of Zr Hx Using the Neutron Inelastic 
Scattering and Diffractioh Method 

The results of simultaneous measurements of inelastic 
neutron scattering (INS) and neutron diffraction -on ZrH 
samples ( x = 0.8, 1.2, 1.6, 2.0) hydrogen concentratio~ are 
presented. Generalized frequency spectra obtained by the INS 
method are discussed on the basis of the centre force field 
model and earlier data. It is found that the width of optical 
peak exceeds the spectrometer resolution and practically does 
not depend on hydrogen concentration. The information about 
sample phase composition is obtained from the diffraction 
spectra. 

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