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J.BBeiJeHUe 

Ha cneJcrpOMerpe KD:COr-M npose,aeHLI IOMepeHllll cneJcrpOB ueynpyroro 

pacceliHllll ueihpouos ua o6paJuax MeTaJlJill'lecxoro creKJia Ni&!ZrJ6 c paJJil{'{l{bU.( 

IOOTOIIH'ICCKHM COCTaBOM. 06pa3Ubl 6biJIH IIplll'OTOBJICHLI Ha OCHOBC eCTCCTBCHHOii: 

CMCCll IOOTOIIOB Ni (nOJIHOC Ce'ICHHe paCCCliHllll HeihpoHOB CJ=l8 6apH) ll IOOTOna 

6<Ni (a=l.08 6apu). 3To noJBOJiliJIO IIOJij"'HTb napiUiarrLHLie cneicrpLl K011e6aHHii 

aTOMOB Ni H Zr. YcrauoBJieuo OC1Ia6neHHe MeJKaTOMHOro BJaHMo.neiiCTBHll Ni c 

OKpy;KlliO!WIMH aTOMaMH, HO MCHee CyiiiCCTBCHHOC, qeM IIpe)lCKaJaHO 'll!CJICHHLlMH 

pacqeTaMH. ·' 

lleTaJlbHOC OllHCaHHe aTOMHOii: CTpYJCTYPLl H .D;HHaMHlOI HeynOpll.!lOqeHHblX 

CHCTCM liBJilleTCll OCHOBOH Will OOHHMaHHll MHOnlX <PIOH'IeCKHX CBOHCTB, 

xapanepiOYfOUIHX aMopq,uoe , COCTOJIHHe: nepexo.na CTCKJIO - lKHltKOCTb (KOTOpblii: 

no csoeii: npHpO.ne CBliJau c KOJie6aHHliMH aTOMOB) [1], HHJKOTeMnepa:rypuoii: 

TCWIOCMKOCTH (2], Te!1IIOnpoBO.D;HOCTH (3], 3JIC!crpOnpoBO.D;HOCTH (4] H 

"CBepxnpoBOJlHMOCTH (5] MeTa.rTJIH'ICCKHX CTCKOJI H TJl. Baxuyro p01Ib npH 3TOM 

HrpaeT 3KCnepHMeHTaJILHall BepH<l!IIKauHJI HMCIOIIIHXCJI TCOJ'eTH'ICCDIX· OOZO(O.D;OB. 

MeTa.rTJIH'IeCKHe CTeKJia JIBJiliiOTCll, no x:paii:Heii: Mepe, .noyxx:oMOoHeHTHLlMH 

CHCTeMaMH. llOOTOM)' uan6011ee no.npo6Hall HH<PopMauHll o crpyrrype H JlHHaMHKe 

co.nepJKHTCll B napiUiaJibHLlX !lJYliKIUfllx paJtHarrLHoro pacnpeJteneHl!ll aTOMOB Pii(r) H 

napUHallbHLlX KOJie6aTe.JlbHLlX COC!crpaJlbHLlX !lJYliKIUfJIX fij{k.ro) (i H j IIpHHHMaiOT 

JHaqeHliJI OT 1 ,no n, n - 'll!CJIO 3JleMeHTOB B CHCTCMe). MCTo,n ynpyroro H 

ueynpyroro paCCCJIHllll TC!1IIOBLlX HCihpoHOB C IIpHMCHeHHeM IOOTOOH'ICCKOIU 

KOHTpaCTa (6] nOJBOJilleT H3Mepl1Tb napiUiallbHLie CTpYJCTYPHLIC <PmopLl .S;j{k) H 

napiUian&HLie .nHHaMH'IecKHe crpynypHL!e q,anoplll Sij(k,ro) H BOCCTauaBIIHilaTi. 

4J)10CUHH p;j(r) H f;j(k,ro). 3KcnepHMeHTan&uoe onpe.neneHHe q,anopos S;j(k) 6&mo 

ycneurno npose.neuo llllll pliJla MeTaJlJill'leCKHX CTeKOJI [7 ,8]. O.nuax:o 3KcnepHMeHTbi 

no onpeJieneHHIO q,anopos Sij{k.ro) nox:a ue npoBOllliJIHCb HJ-3a BbiCOKOii: 

CTOHMOCTH IOOTOIIHO o6oraweHHblX OOpaJUOB. 

QqeHb BaJKHOH, XOTJI H MCHee .UeTaJibHOii:, HH<l!OpMaUHeii: JIBJilleTCJI 

napiUiallbHall WIOTHOCTb KOJie6aTeJibHLlX COCTOJIHHii: g;(OO). B MeTO,UH'IeCKOM nnaue 

nonyqeHHe nHX JiaHHLlX JIBJilleTCll 6onee npocroii: Ja.n;aqeii:. B .naHHoii: pa60Te 

npe.nCTaBIIeHLl peJyJI&TaTLl 3KCnepHMCHTaJlbHOI'O OIIpCl!eJICHllll <PYHKUHH gN;( 00) H 

gZr (ro) s MeTa.rTJIH'!ecKOM CTeKJie Ni~J6· 

2. llpuzomOB/leHue o6pa31J06 u npoBeiJeHue UJMepeHuil 

5LUIH npHroroBJieHLI .noa XHMH'IeCKH Hl!CHTH'IHbiX o6paJua Ni64ZrJ6, HO 

pa3JIH'IHOI'O HJOTOIIHOI'O COCTaBa: nepBLIH OOpaJeU IIplll'OTOBJICH H3 eCTeCTBCHHOH 

CMCCH HJOTOriOB Ni, a BTOpOii: • H3 IOOTOna 6<Ni. MeTa.rTJIH'ICCKlle CTCKJia nOJiy'!CHbl 

MeTO.D;OM 6LlCTpOii: 3aKaJUGf 10 pacnnasa Ha Bpa!UlliOIUCMCll MC.D;HOM .D;HCKe B 

HHCpTHOH aTMoc!lJepe AI. J1HHeii:Hall CKOpOCTb Ha nOBCpXHOCTH .nHCKa 6&Uia 40 Mfc. 

06paJULl riOJiyqCHbl B BHJIC neHT WHpHHOii: -2 MM, TOJIUlliHOH -30 MICM. Bee 

"HJOTonuoro" o6paJua coCTaoliJI 7.2 rpa.\fMa, "eCTeCTBeuuoro"- 30 rpaMM. 

AMopqmoe COCTOliHHe o6paJuos no.zrrsepJK.D;euo peHTreuorpa!lJH'IecKHM MeTO.n;oM. 
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lhoeCT;{~ , · [9], 'ITO .· · ceqeirne ueynpyroro neKorepeiimoro pacceliHHB 

HeiiTpOHOB Ha MHOIUKOMllOHeHTHOM oopaJ~e . :: IIponopiillouarrLHO 'CyMMe 

IIapiUiarrLHLIX WIOTHOCTefl KOJiefiaTeJILHLIX COCTOliHHH OT.D;eJILHLIX :meMeHTOB g;(OO) 

a(ro)-I.(ca/m); exp(-2W;) g;(ro); : · . 

me c~ i:r H m - KO~eHTpaiUlli, noriuoe ~e'leHHe · pacceliHHB ueifrpouos H Macca 

aTOMa'i ccidreeT~e~o; exp(-2W;)- q,illop .rie6all- Ba.rTJiepa. ,, . 
,• - . .. ,. ; - ' . .· .· ·_· ! ' ' 

3aBHCHMOCTL pacceHBlliOIUeii cnoco6HOCTH ueiiTpouoa' aTOMHLIMH.ll.npaMH OT 

HJOTonH'IecKoro cocral3a (~18.0 i'Lo8 6apHWlll ecreciB~~uoro NiH HJ~ona 
~j COOTB~CTBeHHO) II03BOJilleT in ·' HJ~~peHHfi ~a, ,.D;BYx ofipaJUaX 6i:3MO.D;eJILHO 

BOCCTaHOBHTL !lJymaurn gN;(OO) H gz.{cO). . , 
Cnenpwa(ro) HJMepeHLI ua cneKYpoMenre K,llCOr-~. ycranoWiennoM ua 

peaKTope HEP-2 [10]. H3MepenHB oLinonuenLI npH KOMHaTuoii TeMnepayYpe .will 

yrno~ 'pacet!liHHJI e. paiiHLIX ' 80, 100, • 120' H'' 140 qia.nycoo. CneKYpLI 

o6pa6aTLIBrulHCL B ueKorepeHTHOM IIpHMHJKeHHH , [11]., l13MepeHHe 4Joua 

npooo.nlliiocL ua nycroii · KacceTe. Y'leT · 'ipaKropoo'' lle6IDi Ba.rTJiepa H 

MHOIUKpaTHOI'O paccel!HHJI B 'raycc(JBOM ' 'npH6miJKCHIIH BLinOJIHJIJIHCL 

HTepaUHOHHLIM MeTO.D;OM. 
· Ha p11c.1 noKaJauLI opeMlinponeTHLie · cneKTpLI pacceliHHLIX ueiiYpOHoo ua 

CHCTeMe Ni64Zr36 c'''pa3JIH'IIILIM li30TOIIHLIM COCTaBOM (!lJOH H''MHOIUKpaTHOe 

.. c 
:> 
D 
u 

%CCC 

1000_ 

%CC 3CC 
t,j1SOC 

•cc (x64) 

Puc. I. BpeMll npollemm>~e cneKTTipbl pacceJIHHblX Ht!iimpoHo6 11a o6pa31JUX 

.Memll.ILIIU'leCKUX cmeKoli: I JC1n.NiM7-TJ6 u 2 - 60NiM7-TJ6 ' 

pacceliHHe Y'ffeULI). )lnJI o6paJua. npm~owieuuoro ua OCHOBe eCTeCTBeHHOI'O Ni, 

npeo6Jia.n;aeT pacceliHHe ua :rroMax Ni · (c~oweuHe secooLix' q,mopoo 

(ca/m)N;/(ca/m)Zr =0.89/0.11). A Will, o6paJua c. HJOTOIIOM ~i pacceJIHHe B 

OCHOBHOM HlleT Ha aTOMax 'Zr, T .X. :TO JKe CaMOe COOTHOWeHHe paBHO 0.32/0.68. 
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KaqecTBeHHOe. pllll'Ill'llie B , cneKYpax .. paccel!HHbiX HeijypoHon . OTpaxaer paJHbiii 

xaprucrepK~e6aTtmbHbl~ cneKYpOB AJIJI aTOMOB Ni.H Zr •. 

3. Pe3Jllb',~~·, u:o6cyJKiJenue . . . .. . ' 

H3 nOJiy'leHHbiX cneKYp~B paccel!HHbiX Heii:TpOHOB 6wm BOCCTaHOBJieHbl 

napUHaJibHbie ruiOO:Iioc:-rH KOne6aT~bHNX COcTOliHrni. ennice) ~. aTOMOB Ni H Zi 
(puc.2): BJWio, ~o IinKe' AJIJI 6onee Tllxerroro aToMa 'zi (c~oTiioweHire'.Macc 
mz,/WNi ;,l.SZ) C~OHUeHYpHpo~aHa'n ()~~Lmeii MePe ~ oGnaCT~ ~3~H'x_ qaCTOT. 

O.~UI~o n pKpeCTHOcrn MaKc~anb~oii ~aCTerr'bi cneK.q,a n~3.n . aToM em Ni · u Zr 

ci:mJ~epHM. EbinH pawn~Tmibl · BTOpbl~ qaCTO'fl!bie MOMeirrf.I no napUHanbHbiM 

cneicrpaM: <oi>= j ro2g;(ro)dro/ j gj(d'J)aro. ·lli-Ja . ~oHequ~ro pa:Jpe~eHHll 
0· 0 .. 

cneKYpOMeYpa. cneK1Jlbl• HmKe J M::JB arinpOKCHMHpOBaJIHCb 3aBHCHMOCTbJO' ,I:(eGaJI 

(Ha nenwilrny .<oo"> ::JTa qacib ·cneK~a3aMerHoro BJIHllffici He oKa:JbiB~er). BTopb;e. 

qaCT~Hble MO~eHTbl CBll3~ co, cpe,nHeii cuno~oii KOH~aHTOH B3aHMo,neiiCTB~ 
. . 2 " l 

(B) ,naHHOro ::JneMema co nceMH OKP}')KaJOIIlliMH aTOMaMH: <OO >i=B/mi: 0Ka:JaJIOCb, 

~0 o6paTHOe COOTHOWeHHe BTOpbiX qaCTOTHbiX MOMeHTOB no cneKTpaM .aTOMOB Zr 
H Ni ,paBHO '·1.12, ·T.e. MeHbWe, qeM COOTHOWeHHe Mace, paBHOe 1.52, ·~0 

cnu.nerenbCTnyer·o 6onee cna6oM MexaTOMHOM n3aHMo,neiiCTBHH AJIJI aTOMOB Nino 
cpaBHeHHJO C aTOMaMH, Zr; 
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Puc.2. Ilap£1Ull.llbHble n.nomnocmu. KOJie6ameJibHb/JC cocmoJIHUU. amo.Motl Ni .u Zr .tl. 
Mema.JIJiu'lecKo.M cme/Ule.Ni64Zr36: i- gNI{ro) ~ 2 -·gu((J)) . . 

. B pa60Te. [12)' MerO,nOM KOMIII>JOTepHOI'O M'o:zi6mpOBaHHll . sbiq!fcneHhi . 

. napuHanbHble · · ilHHwuqecme ·.• CTpyiTypiwe !lJrucropu 11 cneK'rphi nTIKC n · 
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Puc.3. Pac'lemHble napqua'.n~Hble n.nomHocmu KOJie6a~eJibHb/JC ~ocmo11Huu amo.Motl 
Ni u Zr ti.MemllJI.IIu'lecKo.M cme/Ule Nf6sZr3s: 1-gN,{ro) u 2-g~roj (u3 pd6omb1[12]) 

~. . ' ' ' 

MerannuqecKoii CHCTeMe Nh •• Zr.. Hcnonl>30BaJIHCb napHble . nOTeHUHaJibl 

MeXaTOMHOI'O B3aHMO,neHCTBHll, nonyqeHHble · H3 KBaHTOBO-MeXaiiJiqeCKHX pacqerOB 

[13]. H3 Hmt cne.nonano, ~o·'BJaHMo,neii:CTnue.Ni-NL3HaqmenbHo'ocna6neHo no 

cpanHeHHJO. c B3aHMO,neii:CTBHliMH Ni-Zr H Zr-Zr. Ha. pHc.3 'noKa:JaHbl pacqerHble 

cneK'rpbi IIIIKC aTOMOB Ni 11 Zr AJIJ1 MerannlitiecKoro . CTeKna. Ni6sZr3s; B3l!T!de H3 

pa60Tbi [12]. OTMetHM, • ~o ucnepHMemanl>Hblii: · H: pacqerHbiH .· ::JHepreruqecKHii 

HHTepBaJibl KOne6aTenhmdX' ClleKYpOB (pall'Iuq!feM .. xm.fuqecKOI'O COCT_aBa MOXHO 

npeHe6peqb) nprucruqecKH. conna,naJOT. 0.nHaKO n !lJopMe · cneicrpOB HMeJO.TCll 

.pall'IHqlfll. PacqerHble Kone6aTenbHble cneKYpbl aTOMOB Ni ~ Zr n HHJKoqaCTOTHoii 

o6naCTH 11 n6nH3H MaKCHMaJibHOH qaCTOTbl npaKTuqecKH conna,naJOT. Pil:muq!fe 

Ha6nJO,naerCll B cpe,nHeii: qaCTH, cneKTpoB: MaKCifMYM Kone6aTenbHOH nnarHOCTH AJIJI 

aTOMOB Ni Haxo,nHTcll npH 6onee HH3KHX qaCTOTax, qeM AJIJ1 aTOMOB Zr. 3-ro 

npHBO,nHT K TOMY, ~0 COOTHOWeHHe BTOpbiX qaCTOTHblX MOMeHTOB <,00
2
>Ni / <00

2
>Zr 

OKa:JbiBaerCll paBHbiM 0.97, T.e. MeHbWe 3KCnepHMeHTaJibHOro 3HaqeHHll • 1.12. 

4. 3aKJl10'lenue 
TaKHM o6pa30M, Mero,noM Heynpyroro paccel!Hifll HeiiYpoHoB c 

npHMeHeHHeM H30TOnuqecKOro , KOHYpaCTa H3MepeHbl napUHaJibHble llnOTHOCTH 

Kone6aTenbHb1X cOCToliHHii n MerannuqecKOM CTeKne Nit;4Zr36· Kone6aTenbHbiH 

cneicrp Tl!Xenblx aTOMOB Zr cMell.{eH n o6naCTb 6onee ~KHX JHaqemrn qaCTOT no 

cpaBHeHHJO CO cneKTpoM:'aTOMOB .Ni. TeM .. He. MeHee Ol.{eHKa Cpe.nHHX KOHCTaHT 

B3aHMO.neiiCTBHll AJIJI pmuqHbiX '::JneMemon cnu.nerenbCTnyer o 6onee cna6oii CBli3H 

aTOMOB Ni co nceMH oKpyxaJOIIlliMH aTOMaMH. KoMIII>JOTepHoe Mo,nenHpOBaHHe 

aTOMHOH ,nHHaMHKH B MerannuqecKOM CTeKne Ni6sZr3s .naer xopowee conna.neHHe 
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qacrOTuoro mrrepsana c sKcnepHMeHTanbHO HJMepeHHhlM. · O.!UiaKo npeJ(CKaJbiBaer 
6onee panHKanbuoe ocna6neune KOHCTaHTbi ~3aHMo.!(eii~Hll A1lll aToMos Ni. 

Pa60Ta BblllOJIHeua B paMKax nporpaMMb! P!ll!ll~ (npoeKT 95-02-04690): 
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Cbiphix r.ct>. ".n:p. 
Hccne.n:osaHHe .LIHHaMHKH MeTaJIJinqecKoro CT' 

MeTO,LIOM HeiiTpOHHOI'O H30TOllHtleCKOI'O KOHT] 

Ha cneKTpoMeTpe K.nCOr-M npose.n:eiJ 
pacce.HHIDI HeHTpOHOB Ha o6pa3Uax MeTaJIJIHql 

ll30TOllHqeCKIIM COCTaBOM. 06pa3Uhl 6hmH np 
CMeCH H30TOllOB (nOJIHOe ceqeHHe pacce.HHllil 
60Ni (<J = 1,08 6apH). 3TO ll03BOniUIO llOJI)"'H 
aTOMOB Ni H Zr. YcTaHOBJieHo ocna6neHm 
C OKp)')KaiOIUHMH aTOMaMH, HO MeHee C)'IUeCTBI 
pacqeTaMH. 

Pa6oTa BhinOJIHeHa B Jia6opaToimn He 
OIDII1. 

npenpHHT 06'be)IHHeHHOrO HHCTHTY,Ta ll,!lep 
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Dynamics of Ni64Zr36 Metallic Glass by Neu: 

with Isotope Contrast 

Inelastic neutron scattering study with i 
performed on the Ni64zr36 amorphous alloy. 1 

samples: 1) natural mixture of Ni isotopes ~ 

(neutron cross-sections- 18 barns and 1.08 I 
the model-independent reconstruction of the 
of states. Weakening of the interatomic intera 
established. 

The investigation has been performed 
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