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I. BBeoenue 

IlpH He oqeHb HH3KHX KOHUeHTpan;ID!X (-1 aT. % ) rnqeqHbie ,a;ecpeKTbI 

KpHCTarumqecKOH peIIIeTKH HaquHaIOT aKTHBHO B3aHMOllCHCTBOBaTb upyr C upyroM ll 

upyrnMH uecpeKTaMH. 

Ey,a;eM o603HaqaTb aTOMbI BHe,a;peHIDI KaK ,a;ecpeKTbI i-Tmra, 3aMCIUCHIDI -

S-THITa. [ 1]. B JIHTepaType HMeeTC51 llOCTaTOqHo o6IIIttpHbIH 3KCITep_ttMeHTaJibHbIH 

MaTepHan ITO H3yqeHHIO i-s, i-i, i-i' H T.,!l;. B3aHMOllCHCTBllH 3KCITepHMCHTaJibHbIMll 

MCTO,!l;aMH: MeTO,!l;OM BHyrpennero TpeHID! [l], KaHaIIHpOBaHIDI 6bICTpbIX llOHOB [2], 

TepMOllHHaMHqecKHM [3], C ITOMOIUbIO H3MepeHID! TpaHCITOpTHbIX xapaKTepHCTllK 

[4,5] ll T.ll. 

Ha Halli B3fJI5ill, OllHHM ll3 Hatt6onee ttHcpOpMaTHBHbIX MCTOllOB myqeHID! 

TOqeqHbIX ,a;ecpeKTOB H llX B3allMOllCHCTBIDI, oco6eHHO B MCTaJIJiax, 51BJI51CTC51 

Heil:TpoHHM cITeKTpOCKOITIDI [ 6]. K HacTO51IUeMy BpeMeHtt myqeHhI Kon:e6aTeJihHhre 

CITeKTpbl 60JibIIIOro KOJittqecrna 6ttHapHbIX rnep,a;bIX pacrnopoB, ITepeXO,!l;HblH 

MCTaJIJI-aTOM BHeti:pCHIDI [7]. 3Ta 3KCITepttMCHTaJibHa51 ttHcpopMaUID! 51BJI51CTC51 

6a3HCOM B myqeHllll TpOHHbIX CllCTeM: BO-ITepBbIX, B p51lle cnyqaeB BJIID!Hlle TpeTbero 

KOMITOHeHTa 6y,a;eT BH,!(HO . 3KCITepHMeHTaJibHO ITO CMern:eHHIO llJill pacrn:eIUieHHIO 

cpyH,!(aMeHTaJibHbIX JIOKaJibHbIX MOll, BO-BTOpbIX, H3 3KCITepHMeHTaJibHblX ,a;aHHbIX ITO 

llBOHHbIM CllCTeMaM MO)KHO ITOJiyqttTb 3MITHpttqeCKlle ITapHbie ITOTCHUllaJibI (3Illl), 

KOTOpbie Heo6XOllllMbl llJI5I MOlleJillpOBaHID! KOMIUieKCOB ,a;ecpeKTOB. 

II. llo.ny'leuue 3.Mnupu'lecKux napubtx nomeu11ua.no« U3 ueiimpouo-

cne,cmpoc,conu'lec,cux oauubtX no 6uuapubt.M cucme.Ma.M 

BoccTaHOBJICHlle napHbIX IIOTeHUllaJIOB ll3 3KCIIepHMt:HTaJibHbIX 

. cneKTpOCKOIIHqecKHX ,a;aHHbIX npe,a;cTaBJI51eT co6oil: TllIIllqHyro HeKoppeKTHYIO 3a,a;aqy, 

TO eCTb OllHllM ll TeM )Ke 3KCnepHMeHTaJibHblM AaHHhIM MOfYT YllOBJieTBOp51Tb pa3Hble 

IIOTeHUllaJibHbie KpllBhie. llanee, IIOCKOJibKY KOJie6aTeJibHbie cneKTpbI onpe,a;eJI51IOTC51 

ITepBOH ll BTOpoil: npOH3BOllHbIMll OT IIOTCHil;llaJibHOH KpttBOH, TO H:i 



CITeKTpOCKOITWieCKHX .n:aHHhIX HeB03MOJKHO OITpe.n:errnTh rny6imy ITOTeHI.(IIaJlhHOH 

KpIIBOH. 

n,rni 6orree KOppeKTHOfO BOCCTaHOBITeH}UI ITOTeHQIIaJihHOH KpIIBOH 

Heo6xo.n:mm IICITOJlh30BaTh KaK MOJKHO 60JJhllle IIH!popMaQIIII, ITorryqeHHOH .n:pyruMII 

MeTO,n:aMn. TaK, .n:mi ITorryqemrn ITapHoro ITOTeHQilaJia Fe-C, .r:iioHcOH [8] 

IICIT0Jlh30B3JI ,n:aHHhie ITO KOBaJieHTHhlM pa,n:I1ycaM aTOMOB Fe II C, 3Heprnio 

~KTHBaQiltt .n:mpcpy3nn yrnepo.n:a B a-Fe, ofueM aKnrnaQiln .n:mpcpy3IIII, 3Heprnio 

CB5!3II BaKaHCillI 'c aTOMOM yrrrepo,n:a. Y.n:nBIITeJihHO, qTo 3TOT ITOTeHQIIaJI 6e3 BC5IKIIX 

ITO,LlfOHOK y.n:oBITeTBOpHIT 3KCITepI1MeHTaJlhHhlM JIOKaJlhHhlM MO,LlaM B CIICTeMe Fe-C ! 

O.n:HaKo ITpo6rreMa cocTOIIT B TOM, qTo TaKne BerrnqnuhI, KaK 3Heprn5I 

aKTIIBaQIIII .n:ncpcpy3IIII, CHITOBOH .LIIIITOJlhHhlH TeH30p II T.,LI., caMII ITOJJ}"IalOTC5I 113 

MO,LICJlhHhIX pacqeTOB, 'qTo OCJIOJKH5ICT IIX IICITOJlh30BaHIIC L(IT5I ITorryqeHII5I 3TII1. 

Ilo3TOMY ITorryqeHI1e 3TITI, y.n:oBITernopHIOIQIIX cpa3y uecKOJJhKIIM cpII3nqecKIIM 

' ' 

5IBJJeHII5IM, - ueuTpaJihHM KOMIIITCKCHM 3a,n:aqa COBpeMeHHOH Merarrrrocp113I1KII. 

He ITpeTeu,n:yH ua ITOJJHOe pellleHile 3TOH 3a,n:aqn, MhI orpaunqnBaeMCH 

ITpOCTCHllIHMII ITapHhIMII ITOTCHQIIaJlaMII, OITIIChIBalOIQHMII B HCKOTOpOM 

ITpI16JJI1JKeHnII' 3KCITCpHMeHTaJihHh!e JIOKaJlhHhie MO.Llhl (JIM), 'paccT05IHII5I Me-i (Me

ITepexo,n:Hhlll MeTarrrr) II.rm cMeIQeHII5I MeTarrrrWI.:CKIIX aTOMOB Il3 n.n:eaJihHhIX IT03IIQnil: 

- ' . ' . 
B peuieTKC BOKpyr aTOMa Bue.n:peHII5I. B Kaqecrne ,LIOITOJIHIITeJihHOH IIHcpopMaQIIII Mhl 

IICITOJih3YCM ,LlaHHhie ITO pa,n:IlyCaM aTOMOB B MeTaJIJiaX [9). 

BaJK110 OTMeTIITh, ~o B TaKIIX MeTarrrrax, KaK V, Ti, Nb, r.n:e aTOMhI 

B0,LIOpo,n:a MOryI' 6blTh ~ 3aBIICIIMOCTII OT rrernpOBaHII5I HITII TeMIIepaTyphl o6pa3Qa B 

pa3JJilqHoil: KO0p.LIIIHaQIIII, HITII JKe B TaKIIX MeTarrrrax,- KaK Fe, Ti, Zr, KOTOph!e 

IICITh!ThIBalOT ITOJIHMOpcpHhIC ITpeBpaIQeHII5I, Mhl HMCCM B03MOJKHOCTh ITpOBepnTh 

3IlI1 C ITOMO!QhK> 3KCITepI1MeHTaJihHhlX .n:aHHhIX .LIIT5I .n:pyroil: KOOp,n:n11aunn ITpIIMCCII 

HITII .n:pyroro TIIITa pellICTKII MeTarrrra. 

IlapHhle ITOTeHQIIaJlhl (Illl) L(IT5I OITIICaHII5I B3aIIMO.LICliCTBII5I MeTaJIIT-MCTaJIIT 

paccqIIThIBalOTCH ITO pH.LIY cp113rrqecKnx cBof1cTB qncTux MeTarrrrOB, TaKIIX KaK 
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MO.LIYJIII yITpyrocrn, 3Heprnn Kore3IIII, ITOCTOSIHHOH pellICTKH II T.,LI. [8,10). Mb! 

oT6nparrn H3BeCTHhie 113 rrIITepaTyphI rrrr ITYTCM BhJqncrreHII5I Korre6aTerrhHhIX 

CITCKTpOB MIIKpOKpnCTaTJJIIITOB C IIOMO!QhlO rrporpaMMhl "Densy"' OITIICaHHOH HIIJKe. 

TaKIIM o6pa30M, L(IT5I qHCTOfO BaHa,n:H5I Mb! Hauum HaHITyqllIHC rrrr [8], L(IT5I Nb H Ta 

xopolllo IIO.LIXO.LIHT 3TOT JKe IIOTCHQIIaJI, CKoppeKTHpOBaHHhlH B COOTBCTCTBHH C .. 
II3MCHCHHeM ITOCT05IHHOH perneTKH. Bb1q11crreHHbie II 3KCITepHMeHTaJlbllblC cpOHOHHblC 

crreKTpbl rrpHBe,neHbI Ha pnc. l L(IT5I 3THX Tpex MeTaJIIT0B, 3TIIT 3TIIX MeTaJIITOB 

rrpnBe,n:eHhl Ha pHc.2 H rn6rrnue. 

BhJqHCJICHHhle Korre6aTeJJbHbie CIICKTpbl MHKpOKpHCTaJIITHTa IIMelOT 

xapaKTepHhIH o6pb1B ITplt HII3KOH 3Hepnm, orrpe,n:err5ICMOH MaKCIIMaJlbHO B03MOJKHOH 

L(ITHHOH BOJIHhl B MHKpOKpHCTaJIITHTC, KOTOpM COCTaBIT5ICT HeCKOJlbK0 IIOCT05IHHhlX 

pellleTKII - pa3Mep MIIKpOKpIICTaJIITIITa, .LIOCTYITHhIH L(IT5I pacqern Ha COBpeMCHHhlX 

IlK. B uallIHX pacqernx OH COCTaBIT5IeT He 6orree IO IIOCT05IHHhIX peweTKII. 

3ITIT cHcTeM Meiarrrr-H,O,N,C orrpe.n:errHJJHCh B HaCTOHIQeii pa6oTe TOJJhKO Ha 

OCHOBaHHH 3KCITepHMeHTaJlbHhIX .n:aHHblX ITO JIOKaJJhHhlM MO,n:aM B 6HHapHhlX 

CHCTeMaX. IlpH 3TOM, KaK ITpaBHIT0, crre,n:HITH, qT06hI MHHHMYM IIOTeHQHaJlbHOII 

3HeprnH ITPHXO,LIHJIC5I Ha CYMMY KOBaJieHTHhIX pa.n:11yc0B B3aHMO,LleHCTBYIOIQHX aTOMOB 

[9]. 

,[(rr5I ITorryqeHII5I V-H IIMCIOTC5I o6lllnpHhle crreKTpOCKOITHqeCKHe ,n:aHHue: ,n:Be 

cpyH.n:aMeHTaJJhHble JIM L(IT5I TeTparrophl, o.n:Ha cpyH,n:aMeHTaJJhHM JIM L(IT5I OKTarropbI B 

BaHa,n:HH [20,21) II ,n:Be cpyH.n:aMeHTaJihHbie om11qecKHe MO.Lib! ,n:rr5I ~-V2H. OKa3aJJOCb, 

~o 3ITI1, ITo.n:omaHHhIH WI5I TeTpaIToph1 B VHx, cpa3y y.n:oBITernopHIT .n:pyrnM 

3KCITCpHMeHTaJlhHhIM ,n:aHHhIM, qTO YKa3bIBaeT ua ero 11a.n:eJKH0CTb. 

3ITI1 Ta-N 6hm ITorryqeH .LIJl5I · a-TaNx II TaKJKe y,n:oBITernop5IeT .uaHHbIM .urr11 

mY Ta2N [27). 

KpHBh!e V-H, Nb-H, Ta-H n Y-H ITpHBe,n:eHbI ua pHc.3 H Ta6m1ue; Ta-N H 

V-O - mi p11c.4 H rn6rr11ue. 
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III. MoiJeJJuposanue KO.MllJleKCOB iJecf,eKmoB c no.MOUJblO :FJIIII 

1. llpozpa.M.Mbl pac'lema iJuna.MuKu peruemKu .MUKpoKpucmllJlJluma c 

iJecf,eKma.Mu 

ll.Iisi no,AroHKH 3IIII no.A 3KCnepHMeHT3JlhHhie ,AaHHbie, a TaK)Ke 

HCnOJibJOBaHHSI HX B TpOHHhIX CHCTeMax MS! onncaHHSI KOMilJleKCOB .Aec}leKTOB, HaMH 

. 6hm paJpa6ornH KOMilJleKc nporpaMM "Relax" n "Densy" Ha IIK c ncnoJihJOBaHHeM 

TaK)Ke CTaH.LtapTHbIX nporpaMM no pernemilO nepeonpe,AeneHHOH CHCTeMbl JIHHeHHhIX 

ypaBHeHIIH "LSQQR", MS! Bil3Y3JIHJa1.1HH noTeHI.IH3JlbHbIX KpHBbIX HCnOJibJOBaJiacb 

nporpaMMa "Origi~ 4.1". 

OcHOBHhie H.AeH nporpaMM "Relax" H "Densy" 6hmH onttcaHb1 paHee [11,12], 

O,AHaKo HX npaKTHqecKHe BOJMO)KHOCTH cymecTBeHHO pacrnttpeHbl Ha cnyqail: 

TpOHHhIX CHCTeM M-i-i H M-i-s, r,Ae M - MeTaJIJIHqecKasi MaTpH~a .. ll.Iisi OnHCaHHSI 

.AHHaMHKH perneTKH TpOHHOH CHCTeMbl, HanpHMep M-i-s, Heo6XO,AHMO Ja,AaTb 

rnecTh flfl: M-M, i-i, s-s, M-i, M-s, i-s. flptt MaJihIX KOHI.1eHTpa1.1HS1x nOTeHUHaJiaMH 

i-i H s-s MO)KHO HHOr,Aa npeHe6pe%. floTeHI.IH3Jlbl M-i, M-s, i-s 01.1eHHBa10TCSI Il3 

3KCn~pHMeHT3JlbHbIX . ,AaHHblX no .ABOHHbIM CHCTeMaM: reoMeTpHS! KOMilJleKCOB s-i 

paccqHThIBaeTCSI _HJ .AOnOJIHIITeJibHbIX qJHJHqecKHX coo6pa)KeHHH c yqeTOM Hatt6onee 

BblfO,AHOH noTeHI.IH3JlbHOH 3Heprnn KOMilJleKca MeTO.AOM nepe6opa KOMilJleKca 

.Aec}leKTOB. flpe,AnonaraeMhIH .Aec}leKTHhIH KOMilJleKc. cHaqaJia np_eTepnesaeT npouecc 

penaKca1.11m no nporpaMMe "Relax", noKa noTeHiJ;HaJibHaSI 3HeprHS1 KpHCT3JIJIHTl_l C 

BBe,AeHHblMH ,Aec}leKTaMH He ,AOCTHrHeT CBOero MHHHM)'Ma HJIH . MHHHM)'Ma CHJI,, 

.Aeiicrny10mttx BHyrpII KpHCT3JIJIHTa. 3aTeM aHaJIHJIIpyeTCSI reoMeTpHS! 

OTpeJiaKCHpOBaHHOro KOMilJleKca C TOqKH 3peHHSI BeJIHqHHbl CMemeHHH, nonyqeHHblX 

B peJyJihTaTe penaKCal.lHH. floCJie 3TOfO MS! MHKpOKpHCT3JIJIIITa C penaKCHpOBaHHhIM 

KOMilJleKCOM ,Aec}JeKTOB c noMOil.lblO nporpaMMbl "Densy" HaXOMTCSI KOJie6aTeJibHbie. 

cneKTpbl, a OCHOBHOM a o6nacTH cymeCTBOBaHHSI OTil.leilJleHHh!X. tt JIOK3JlbHbIX MO.A 

[13], II cpaBHHBalOTCSI C 3KCnepHMeHTaJlbHbIMH cneKTpOCKOm1qecKHMH .AaHHblMH, 

nonyqeHHhIMH .AJIS1 TpOHHhIX CHCTeM. MeTO.A pacqern KOJie6aTeJibHbIX cneKTpOB 
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OCHOBaH Ha onpe,AeneHHH co6cTBeHHhIX JHaqeHHH .AHHaMnqecKOH MaTPHl.lhl 

Heynopsi,AoqeHHOH CHCTeMhI c nOMOil.lblO MeTO,Aa Jl:nHa - MapTHHa [14]. J1:nsi .ABOHHbIX 

CHCTeM Ha 3Tane HaXO)l{,L{eHHSI 3flfl npouecc nOBTOpS!eTCSI CaMOCOrJiaCOBaHHbIM 

o6paJOM HeCKOJibKO paJ ,AO ,AOCTH)KeHIISI Y.AOBJieTBOpllTeJibHOro cornacIISI pacqeTHbIX 

H ::iKcnepttMeHTaJihHhIX ,AaHHhIX. Jl:nsi TpoiiHhIX CHCTeM Be.AeTCSI nepe6op reoMeTpHH 

KOMilJleKca, HHOf,Aa BapbttpylOTCSI HeHJBeCTHbie Il3 3KcnepHMeHTa napHbie 

noTeHI.IHaJlbl M-s - THna. 

flpouecc BJaHMO.At!HCTBHSI i-s H i-i' - .Aec}leKTOB MO)KeT HMeTb paJJIHqHYfO 

npttpo.Ay. TaK, HanpHMep, BJaHMO,AeHCTBHe npHMeceii aJOTa H KHCJIOpo,Aa C 

B0,AOpO.AOM B HH06HH [15] npHBO,AIIT K no,AaBJieHHIO rH.ApH.A006paJoBaHHSI BilJIOTb .AO 

rermeBbIX TeMnepaTyp. O,AHaKO npH 3TOM BO.AOPO.A OCTaeTCSI B HeHCKa)KeHHbIX 

TeTpa::i,ApHqecKHX n03HI.1HSIX perneTKH HH06HSI. flpttpo,Aa 3T0f0 ,AeqJeKTHOro 

KOMilJleKca He BbISICHeHa, TaK KaK CHJibHOe xHMnqecKoe HJIH .Aec}JopMal.lHOHHOe 

BJaHMO,AeHCTBHe qepeJ noJISI HCKa)KeHHH BOKpyr i II i' aTOMOB BHe,ApeHHSI .AOJI:lKHbI 

Hell36e)KH0 npHBeCTH K CMemeHHIO aTOMa BO.AOPO.Aa HJ CHMMeTpnqHOH noJHI.IHH B 

ueHTpe T~Tpa3,Apa, _qTo B CBOIO. oqepe.Ah .AOJI:lKHO BbI3BaTb pacmeilJleHHe HJIH, no 

KpaiiHeii Mepe, cMemeHtte IlM BO.Aopo.Aa. 

TaKoe ·so3,AeHCTBHe Ha IlM BO,Aopo,Aa ,AeHCTBIITeJibHO Ha6mo,AaJIOCb B TOM :lKe 

Htto6tttt B cnyqae o6paJOBaHHSI i-s - K0MilJleKcos. c Ti H Cr [16] n V [15,17,18,19]. 

B V-O-D H Ta-N-D - CHCTeMax no ,AaHHbIM KaHaJIIlpOBaHHSI 6bICTpblX H0HOB [2], a 

TaK)Ke ,AaHHbIM HeiiTpOHHOH cneKTpOCK0nHH [20,21], ,Aec}JopMal.lHOHHOe 

BJaHMO,AeHCTBHe npHBO,AIIT K CMemeHIIIO aTOMOB BO,AOpo,Aa H3.BbICOKOCHMMeTpnqHoro 

nOJIO:lKeHHSI B HH3KOCHMMeTpnqHoe, ~o H o6ycnoBJIHBaeT CMemeHHe 

qJJH.LtaMeHTaJibHbIX JIOKaJibHbIX KOJie6aHHH HJ HX nOJIO:lKeHIISI a ql{CTbIX MeT3JIJlax II 

,Aa)Ke IIX pacmeilJleHHe B COOTBeTCTBIIII C Hil3KOH CHMMeTpileH BO.AOPO.Aa B 

o6paJOBaHHO¥ KOMilJleKCHOM Aec}leKTe, KaK 3TO npoHCXOAIIT, HanpHMep, B fll.APH.Ae 

BaHa,AHSI. 
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2. PacUJenJleuue onmu'leCKUX .MOO 6000pooa 6 V2H-zuopuoe 

foJlpH,D; V2H cymecTByeT B Tpex cpa:mx [22]. BhicoKOTeMrrepaTypHall a-cpa3a, 

cymeCTB}'IOIUall .l.lO 187,5°c, HMeeT .l.l~YKpaTHO Bhlp~)l():{eHHYJO rronocy Kone6aHIIH rrpn 

180 M3B II O}lHOKpaTHYIO rrpII 113 M3B. 3TH II0llOChl xapaKTepHbl M51 BO.l.lOPO.l.la, 

noKanmoBattHoro B uempe TeTpa3}lpwrecKoii: II03IIUHII OUK perne'rKH Mernnna. IlpII 

TeMrrepaType 112°c rn,npH,D; rrepeXO}lllT B E-cp,qy, KOTOpall xapaKTepmyeTC51 TpeM51 

omwrecicHMH KOne6aHH51MH B0.l.lOPO.l.la: 52,5; 112,5 II 210 M3B, TO eCTb BO.l.lOPO.l.l 

3aHHMaeT HeCUMMeTpIIqHyIO II03IIUIIIO, M51 KOTOpoii:. H xapaKTepHO rronHoe 

pacmerrneHIIe 0IITW!eCKIIX MO.II, HaKOHeU IIpII IIOHH:lKeHIIH TeMIIepaTyphl mJJ:pHJ.I ' 

rrepeXO}lllT B ~-cpa3y c 3Heprneii: KOne6aHHH BO.l.lOPO.l.la 56 n 221 M3B, xapaKTepHOH 

M51 QKTa3.l.lpIIqecKoii: II03HUIIII B OUK M:ernnne. 

ABTOphl [22] HHTyttTIIBHO OTHecnII pacrrono:lKeHIIe B0.l.lOPO.l.la B E-cpa3e B 

HeCIIMMeTpIIqHy!O II03HUIIIO Me)l(,L{y·TeTpa3.l.lpW!eCKOH H OKTa3.l.lpIIqeCKOH II03IIUH51MII 

(pIIc.5). Ilpo6neMa, O}lHaKO, COCTOIIT B TOM, ~o IIOTeHQHanhHbIH ·rrpoq>Hnh Me)l(,L{y 

uempaMH TeTpa3}lpW!eCKOH H OKTa3.l.lpII'IeCKOH II03IIQHH UMeeT cpopMy TpeyronhHIIKa 

C BepIIIIIHOH B. TOM· MeCTe; r}le -aBTOpbl npe}lIIOnaraIOT noKanII3aQHIO BO.l.lOPO.l.la B 

E-cpa3e! 

Ha Harn B3rJUl}l, e}lHHCTBeHHhllI crroco6 ofu51CHeHH51 pacrrono:lKeHH51 B0.l.lOPO.l.la 

B neCUMMeTpW!HOH II03HQIIII - cymeCTBOBaHIIe · KOMIIneKca }lecpeKTOB, BHYTPII 

KOToporo rrono:lKeHIIe BOJ.10po.I1a B necnMMeTpWIHOH iio3HUHII CTaHOBHTC51 

3HepreTW!eCKII BhlfO}lHblM. 

IlpoCTeHIIIHM TaKHM 'KOMIIneKCOM MO)KeT 6hITh rrapa aTOMOB B0.l.lOPO.l.la, 

pacrrono:lKeHHhlX B coce}lHIIX OKTa3}lpax II HMe!Oll(IIX o6mIIH MeTannnqeCKHH aTOM 

(pIIc.6). Tor}la B rrpouecce "pe.naKcaunII rrepBoro aToMa BOJ.1opo.I1a o6mIIii: 

MeTannIIqecKIIH aTOM TOnKaeT BTOpoii: aTOM B0.l.lOPO.l.la C OCH TeTparoHanhHOCTII B60K, 

r}le OH II OCTaHaBnHBaeTC51 K KOHUY rrpouecca pe.naKCaQIIII Me)l(,L{y OKTa- II 

TeTpaII03IIQH51MII (pnc.6). TaKOH KOMIIneKC 3HepreTwreCKII yCToii:qnB II HMeeT na6op 

qacTOT, COOTBeTCTBYIOIUIIH 3KCIIepIIMeHTanhHOMY Ha6opy (pIIc.4, TOHKIIe llHHIIII -
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pacqeT, TOnCTh!e - 3KCIIepIIMeHT). Cne}lyeT 3aMeTIITh, qTO cymecTBOBaHIIe TaKHX rrap 

B E-cpa3e rroKa. He J.IOKa3aHo .l.lIIq>paKUIIOHHhIMII MeTO.l.laMII, B03MO)KHO, II3-3a 

BhICOKOro HeKorepeHTHOro cpoHa. 8 }leiiTepll.Ile BaHa,!III51 V2D £-cpa3a OTCYTCTByeT. 

3. PacUJetlJleuue onmu'lecKux .Moo 6 mBepobtX pacmBopax peoKaJl 3e,J,,.lllR-. 

600opoo 

B p51.l.le rnepJlhIX pacrnopon YH,, ScH,, LuHx II .l.lpyrnx o6Hapy)KeHo CIInhHOe 

pacmerrneHIIe OIITII'IeCKOH MO}lhl BO.l.lOPO.l.la Ha JlBYKpaTHO BhlpO)KJleHHYIO C 3Hepmef, 

-100 M3B II O}lHOKparno BhlpO)KJleHHYIO C 3Heprneif -140 M38 [23]. 

3To pacmerrneHIIe Ka)KeTC51 BeChMa CTpaHI-!hIM, TaK KaK BO,tiop0.!.1 B 3lleMeHTax 

IIIA - rpyIIIIhl HaXO}lIITC51 B ueHTpe TeTpa3}lp0B C IIOllHOI1 Ky6w1ecKOH CIIMMeTpI1ef1. 

Ilp51Mble pacqeThI C IIpIInneqeHneM 3MIIHpttqecKIIX 3aBIICIIMOCTeii: 3Heprnfi 

Kone6aHIIH OT paCCT051Hil51 MeTann-BO,Uopon [7] IIOKa3hIBalOT, qTo 0TKnOHeHIIe OT 

II.I1eanbHOCTII cla reKcaroHanhHhIX perneTOK IHA - MeTannoB MO)KeT Bhl3BaTh 

pacmerrneHIIe 3-4 M3B, HO HHKaK He 30-50 M3B. IlpeJ.11IOllO:lKeHI1e O ClfJlhHOii 

aHII30TpOIIIIII IIOTeHQIIana Me-H B 6a3IICHOH IInOCKOCTII II rreprreHJJ:IIKYll51pHOM 

HarrpanneHIIH [24] Ka)KeTC51 HecpII3HqHhlM, TaK KaK· He Ha6nIO,UaeTC51 B 

reKcaroHanhHhIX Mernnnax B coce}lHefi IV A - rpyrrrre H He YKnll.IlhIBaeTC51 B 06111ne 

3MIIHpnqecKHe 3aBIICHMOCTH 3Heprnn KOne6aHIIH BO,UOpOJla OT paccT051HH51 MeTann

BO.l.lOPO.l.l [7]. 

O}lHaKO H3 .l.lIIq>paKUHOHHhIX }laHHhIX xoporno H3BeCTHO, qTo B 3TIIX TBep}lbIX 

pacTBopax BO.l.lOpo.l.l cpopMHpyeT rrapbl n uerroqKII B}lOnh OCH c [25]. HanttqIIe TaKHX 

rrap H B3aHMO}leHCTBIIe IIX ~ecpopMaQHOHHhlX rronefi Bhl3hIBaeT B3aHMHOe yrrpyroe 

paCTaJIKHBaHIIe H-H - aTOMOB, KOToporo OKa3hIBaeTC51 }lOCTaToqHo M51 Om51CHeHHll 

cymecTByIOmero pacmerrneHH51 Ha OCH0BaHHII O}lH0ro H30TpOIIHOro IIOTeHQIIana IIIA

H - MeMeHTOB. 

K CO:lKaneHIIIO, IIOKa HeII3BeCTHa 3Heprn51 KOne6aHII51 H30nHpoBaHHOro aTOMa 

BOJ.1opo.I1a B IIIA - MeTannax. Hcxom1 113 3MnttpIIqecKoii JaBIICHMOCTH qacToTa

pacCTo51HH51, Mb! oueHHnH ee KaK 125 M38. Toma II30TpOIIHhlii IIOTeHQIIan y -H 
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(pnc.7) naeT WU! napbl H-H - aTOM0B, HMelOmnx o6mnfi MeTaJIJIH'!eCKHH aTOM B)l0Jlh 

OCH C, pacmenrreHHe 100 H 135 M3B (pnc.7). YTO'!HeHHe 3Hepnm KOJie6aHllil 

H30JIHp0BaHH0ro aToMa B0Jl0pona, K0T0poe M0JKH0 nonbITaTbCSI H3MepHTb npn 

Bb!C0KHX TeMnepaTypax HJIH Ha o6pa3uax, 3aKarreHHblX C Bb!C0KHX TeMnepaTyp, 

Il0M0JKeT onpeJleJIHTb H BeJIH'!HHY pacmenrreHHSI, B03HHKalOII.IYIO H3-3a 

cpopMHpOBaHllil K0MnrreKca H-H B pe)lKHX 3eMJISIX. 

4. Ko.MnJieKCbl oeq,eKmoB N-H 6 manmll.lle 

MeTO)lOM KaHarrnpoBaHllil 6blCTpblX . H0H0B [2] 6hmo noKa3aH0 

HeCHMMeTpH'!Hoe pacno.110JKeHne nefiTeprn1 B TBepnoM pacTBope TaNo.015D0.005. C 

Il0M0II.lhlO HeHTpOHH0H cneKTp0CK0ilHH ynarroch Il0)lTBepJlHTh TaKYIO JKe 

.110KarrnJaUH10 B0Jlopona B rnepJlhIX pacTBopax TaNo.03 H TaVo.o3No.03 [20,21]. 

nrui o6'bSICHeHllil H3MepeHH0ro 3KcnepHMeHTaJibH0f0 pacmenrreHllil 

JI0KaJibHhlX M0Jl B TpttnrreT 6bma nocrpoeHa JlHHaMH'!eCKaSI M0)leJib 3T0ro cnrraBa. 

ATOM a30Ta B TBep):l0M pacTBope TaNx HaX0JlHTCSI _ B OKTaa):lpnqecKOH 

Il03HUHH. EcJIH aTOM Bo,n:opo):la IlQMeCTHTb B TeTpaa):lp, HMelOII.IHH o6mrrfi 

MeTaJIJIH'!eCKHH aT0M C 3THM 0KTa3Llp0M (pnc.8a), TO noc.11e pe.11aKcauuu aT0M 

B0):l0p0Jla 0Ka3bIBaeTCSI B HeCHMMeTpH'!HOH Il03HUHH C 3HeprllilMH KOJie6aHHH, 

6.11mKHMH. K aKcnepuMeHTaJihHhIM. O;:iHaKo B ornuque OT H-H - B3aHMOL1eficrnrn1, 

aT0M a30Ta Bbl3bIBaeT 3Ha'!HTeJihHble CMemeHllil B HeCK0JlbKHX KOOp):lHHaUHOHHblX 

ccpepax. Pac'!eTbl, Jl0B0JlbH0 6JIH3KHe K 3KCnepuMeHTaJibHblM qaCT0TaM, M0lKH0 

no.11yqHTh H MS! 60.11ee. y,n:arreHHblX. N H H - aTOM0B (puc.8a), o,n:Haleo 

3HepreTH'!eCKHH Bb!Hrpbllll o6pa30BaHllil TaKOH napbl B ):lBa pa3a HHJKe, '!eM B 

npeJlb!JlYII.leM CJiyqae (-0,15 u -0,30-aB COOTBeTCTBeHHO). 3HeprernqeCKHH BhlJ.1:rpbllll 

C'!HTaJICSI KaK pa3H0CTh nOTeHUHaJibHOH 3Heprnu MHKp0KpHCTaJIJIHTa. C aT0MaMH 

BHe,n:peHllil N H H, MaKCHMaJibH0 y,n:arreHHblMH ,n:pyr OT .n:pyra Ha HeCK0JibK0 

Il0CT0SIHHblX peIIIeTKH, H IlOTeHUHaJibHOH 3HeprnH K0MilJieKC0B, npe):lCTaBJieHHhlX Ha 

pttc.86. Ilptt MaKCHMaJihH0M y,n:aneHHH qacT0Tbl K0.11e6aHHH a30Ta H ·Bo,n:opo,n:a He 

OTJIHtialOTCSI OT TaK0BblX B 6irnapHblX CHCTeMax TaNx HJIH TaH,. 
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5. Mooe1mp0Banue npoqecca zuopuooo6ptl3oBanua B - mBepoo.M pacmBope 

Booopooa 6 Banaouu 6 npucymcmBuu KUCllopooa UJlU 6e3 nezo 

.D:aHHbie 110 KaHaJIHp0BaHHIO 6hICTpblX H0H0B [2] YKa3bIBalOT Ha HaJIH'!lfe 

B3aHMO):leHCTBllil KHCJI0po.n:a C ,n:efiTeptteM B peIIIeTKe BaHa,n:llil. O,n:HaKO 

aKcnepnMeHTaJihHble HeHTp0H0JlHHaMH'!eCKHe ,n:aHHble WU! CHCTeMbl VO0.06Ho.03 

noKa3aJIH, '!TO KHC.II0p0Jl _He 110,n:aBJIS!eT lllJlPHLI006pa30BaHHe B BaHa,n:HH (B 0TJIH'!He 

OT KHC.II0po,n:a B HH06HH H a30Ta B TaHTaJie), a TOJibKO JaMe,lIJUleT 3T0T 11pouecc 

[20,21]. Ilo-BH):lHM0MY, 3TO np0HCX0):lHT H3-3a Toro, '!TO B 11pncyrCTBHH KHC.II0p0):la 

Bo,n:opo.n: MeHS!eT CBOIO JI0KaJIH3aUHIO C TeTpaanpuqecKOH Ha 0KTa3):lpH'!eCKyIO. 3Ta 

JKe K00p,n:HHaUllil xapaKTepHa WU! 6rrrrJKaHIIIero K TBep):l0MY paCTBopy rn,n:pHL1a 

P-V 2H, KOTOphIH rr o6paJyeTC.sI 11prr oxrraJK,n:eHHH o6paJua. 

TaK KaK C Il0M0II.lhlO HeHTpOHHOH cneKTp0CK0ilHH YJlaJI0Cb Ha6.1110,n:aTh 

KHHeTHKY o6pa30BaHllil 3T0fO rn,n:pll):la, TO H UeJihlO M0,O:eJIHpoBaHllil B3aHMO,n:eHCTBllil 

KHC.II0po,n:a H B0,n:opona B 3TOH CHCTeMe 6bm · MexaHH3M o6pa30BaHllil . KJiaCTepoB 

B0):lOp0):la, 11pe)l1IIeCTBYIOII.1HH Bhrna,n:eHHIO rn,n:pll):la •. Mbl 11poc.iie):lHJIH Ja HJMeHeHHeM 

qaCT0Tbl Korre6aHHH . B0,n:opo):la. B OKTaa,n:ptt'!eCKOH 1103HUHH 110. Mepe riptt6JIHJKeHllil 

ero K aT0MY KHCJI0po,n:a. 3Ta qacTOTa (prrc.9) YMeHbIIIaeTC.sI c 60 Jl0 -53 M3B" 11pu 

c6rruJKeHHH . aT0M0B H H O B C00TBeTCTBHH . C 3KCnepHMeHTaJibHhIMH ,n:aHHblMH, 

no.11yqeHHbIMH npu 110HHJKeHHH TeM11epaTYJ)hl TpOHH0fO rnep.n:oro pacrnopa 

VOo.o6Ho.o3 [20]. 

Ilo,n:o6Hhie pac'leThI MS! H-H - 11apb1 aT0M0B YKaJhIBalOT, '!TO npu c6rrmKeHuu 

HX qacTOTa KOJie6aHHH TaKJKe YMeHbIIIaeTC.sI (puc.9). O,n:HaKO 3KC11epHMeHT [20] 

YKaJbIBaeT. Ha 11poTHBOl10JIOlKHblH X0):l qaCT0Tbl Korre6aHHH B0,n:opo,n:a npu 

oxrra)KJleHHH 6IrnapHoro paCTBopa · VHo.03· Ilo-BH):lHMOMY, B npouecce o6paJoBaHllil 

rn.n:pHL1a m 6uHapHoro paCTBopa 11peBarrupyeT .n:pyrofi MexaHmM nepexo):la B0):lopo,n:a 

m TeTpa B OKTaa):lpH'!eCKyIO 110JHUHIO' nepe.n: o6paJOBaHHeM P-V2H. <l>YKaH [26] 

npeM0lKH.11, '!TO 3TO M0lKeT 6brrh 1 T-4T' (pnc.10) KBaHTOBhlH 11epexo,n:, Koma 

B0):lopo.n: ):leJI0KaJIH3YeTCSI no '!eTb1peM rerpaa.n:pH'!eCKHM 1103HUllilM B0Kpyr 
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0KTa3)lp~eCKOii Il03HUHH 10. 3TOT npouecc xapaKT_epII3yeTC$1 .. H3MeHeHHeM 

TeTparoHaJibH0CTH CIIJiaBa [26) II Il0CTeneHHbIM ym:Jm'IeHHeM ·qaCT0Tbl 'Kone6aHnii 

ero B ITIT0CK0CTH, nepneH)lHKyIT$1pHoii OCH TeTparoHaJibH0CTH 0KTaIT03HUHH. 

6. i-s - 83llUMOOeucm«ue 8 CnJla«e Nb1-x-yVxHy 

IlpH HII3KHX ,K0HUeHTpaUH$1X BaHa)lli$1 -B HHo6nn Nb Vo.oosHo.oos BaHmnii n 

B0Ll0P0Ll cna6o B3aHMO)leiicTByIOT Llpyr C LlpyroM; CHH)Ka$1 TeMrrepaTypy BbIIIa)leHH$1 

nmpn:n;oB -30K [15). 

B cnnaBax NbsoYsoHy II Nb10V90Hy (y=5-10%) B0Ll0P0Ll Haxo)lHTC$1 B 

0KTa3)lpH'IeCKOii Il03HUHH C 3Hepmeii -50 M3B [18), HMeeT rrmpoKyIO nonocy 115-

135. M3B, K0T0pyro aBTopbl 0TH0C$1T K HeCK0JihKHM TeTpa3)lpH'IeCKHM II03Hl(H$1M C 

pa3JIH'IHbIM C00TH0IIIeHneM V :Nb 'aT0M0B. 

B cnnaBax, 6oraThIX ,1mo6neM, aT0M BaHa)lli$1 )leiicrnyeT KaK noBYIIIKa )ln$1 

aToMo~ B0)lopo)la, MeIIIa$1 Bhma)leHHIO E-NbHo.7• CneKTp B0Ll0P0Lla o'IeHh' cno)KeH B 

o6nacTH 100-150 M3B, HO Be3)le npncyrCTByeT JIHHH$1 36-38 M3B, 0TH0CHTeITbHa$1 

HHTeHCIIBH0CTb KOTOpoii B03pacTaeT C YMeHbIIIeHIIeM BaHa)lli$1 II B0)l0p0)la C 

Nb90V10H10 )l0 Nb95VsH1. ABTOpb! [18) 0TH0C$1T ee K 0KTa3LlPY Nb4V2(l.6) (pHc.11, 

o6?3Ha'IeHH$1 [18)), y K0T0P?ro BaHa)lHeBbie aT0Mbl pacnoJI0)KeHbl B)l0Jib OCH 

TeTparoHaJibH0CTH. B cnnaBe Nb95V5H1 npHMepH0 0,6% B0)l0p0)la Hax0)lIITC$1 B 3TOii 

Il03IIU:IIII, 0CTaJibHbie 0,4% - B TeTpa3)lpax Nb1 V 3 II Nb2 Vi° .2), )ln$1 K0T0pblX 

npe)lCKa3hIBaIOTC51 3HepmH KOne6aHIIii B0)l0p0)la (100,8; 137,1 II 154,7 M3B II 104,3; 

153,3 II 156,2 M3B COOTBeTCTBeHHO). 3KcnepHMeHTaJibHbie )laHHbie )lIT$I HII3KIIX 

K0HUeHTpaUHii B0)l0p0)la B o6nacTH 90+180 M3B TaKIIe: 95; 117 II 129 M3B. 

B )lpyroii pa60Te [17) aBT0pbl npIIX0)l5IT K BblB0LlY, 'ITO 'IaCTb B0Ll0P0Lla B 

cnnaBe Nb93 V7H7 BbIIIa)laeT B BH,D;e E-nmpn:n;a, a He60Jibllla$1 )l0IT$1 ero 3aXBaTbIBaeTC$1 

BaHa)lIIeM B 0KTarropax Nb4 V2 (1.
2
), y K0T0pbIX, 0)lHaK0, 0)lIIH aT0M BaHa)lII$1 

HaXO)llITC$1 Ha OCH TeTparoHaJibH0CTH; .a Llpyroii - B ITIT0CK0CTH, rrepneH)lIIKyIT$1pHoii 

eii (pIIc.11 ). Ilo )laHHbIM [ 17) 3KCrrepmieHTaJibHbie 3HepmII B0)l0p0)la B 0KTanope 

40 II 90 M3B, a IIX TeopeTH'IeCK~e oueHKII - 40 II 99 M3B. 
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11 HaKOHt:U B nocne)lHeii II3Becrnoii HaM pa6oTe [ 19] wrn cnnaBa Nb95 V sHy 

(y=0,5; 0,8), aBT0phI npII 4K HaX0MT Y3KYIO rronocy npn 38 M3B, umpoKyro rronocy 

rrpII -200 M3B, K0T0pb1e 0HH oTi-l0c$1T K Nb4Vi°·
6>, 0KTa3LlPY (pIIc.11). IIonocbI B 

o6nacTH 90-160 M3B (100; 117; 180 M3B) 0HII 0TH0C$1T KaK K TeTpa3)lpH'IeCKII 

K00p)lHHIIp0BaHH0MY B0Ll0P0LlY B 1103IIUIIH Nb1V3, TaK H KOM6HHIIpOBaHHbIM M0)laM 
I 

'33 M3B-oro q:>yH)laMeHTaJibHOfO KOJie6aHH$1 B C0'IeTaHHH C perneT0'IHbIMH 

KOJie6aHII$1MII MaTpIIUbl. 

IIpo6neMa orneceHH$1 3THX ·Kone6aHnii ·110 rrpn6nn)KeHHhIM oueHKaM [ 18] 

3aTPYLlHeHa TeM, 'ITO 0Ha He yqnTbIBaeT H3MeHeHHH paccT0$1HHH MeTaJIJI-B0Ll0P0Ll B 

penaKCIIp0BaHH0M C0CT0$1HHH, a 3TII inMeHeHH$1, oco6eHHO B 0KTarrope, He $1BJ1$1IOTC$1 

MaJiblMH BeITH'IHHaMH. Ilo3TOMY, B11',D;HM0, aBT0pbl [ 18) He )laIOT TeopeTH'IeCKOII 

oueHKII KOJie6aHHH B0Ll0P0Lla B 0KTanope. 

B Haumx pac'IeTax nonyqeHhI cne)lyromne 3Ha'IeHH$1 3Hepmn Kone6aHIIii 

B0Ll0P0Lla B oKrnnopax · Nb4 V / 1.
6

) (pnc.11 ): LlByKparno Bhlpo)K)leHH~e Kon~6aHne 

41. M3B II HeBblp0)K)leHH0e, Il0JI$1pH30BaHH0e B)l0Jib OCH TeTparoHaJihH0CTH 199 M3B. 

'ITO xopowo C0BIIa)laeT C II3BeCTHblMII 3KCnepnMeHTaJibHbIMH )laHHbIMH [ 17-19). 

B TeTpanope Nb2V2<1.
2>, c 6JIII)KaHIIIHMII aT0MaMH BaHa)ll1$1 (pIIc.11), HaIII 

pac'IeT )laeT 102; 167 II 170 M3B. B TeTpanope Nb2 V / 1.3), c aTOMaMII BaHa)lII$1 BLl0Jib 

0Cll TeTparoHaJibH0CTH (pile.II)_, HaIII pac'IeT )laeT 106; 138 II 187 M3B. B 

C0B0KynH0CTII 3TH )laHHble xopoIII0 0ilIICbIBalOT 3KCnepnMeHTaJibHbie )laHHbie 

[ 17-19). B 0TJIH'IHe OT npII6JIII)KeHHbIX pac'IeTHbIX )laHHbIX [ 18) HaIII pac'IeT 

noKa3bIBaeT, 'ITO B IIIHp0KYIO nonocy 180-200 M3B BblC0K0'IaCTOTHblX Kone6aHnii 

B0LlOP0Lla M0)KeT BH0CIITb BKJia)l II KOJie6aHll$1 B TeTpanope, a TaK)Ke npe)lCKa3bIBaeT 

3Ha'IeHll$1 'IaCT0T B 0KTanope IICX0M T0JibK0 lI3 LlBYX 3IIII AA$! V-H II Nb-H. 

7. i-s - «3aU.MoiJeucm«ue « cucme.Me Ta-V-N 

B 0TJIII'IHe OT BO)lOpO)la,. KOTOpblll Il0)l B03)leHCTBHeM i-i(i') H i-s -

B3aHMO)leiiCTBHH MQ)KeT CMeHIITb THil JI0KaJIII3aUHII IIJIH nepeiiTII B HeCHMMeTpH'IHYIO 

II03HUHIO, p-3JieMeHTbl BHe)lpeHII$1, Il0-BH)lIIM0MY, H3MeH$1IOT CB0H <pyH)laMeHTaJibHbie 
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KOJie6aTeJihHhie MO.llhl He3Ha'llfTeJibHO. TaK' BBe.lleHlfe 3 aT. % BaH_amu1_ B TaHTaJI 

nplfBO.lllfT K C.llBliIY JIOKaJihHOH .llByKpaTHO BblpO::K.lleHHOH MO.llhl Ol1,2 aJOTa Ha 

3,5 M3B B CTOpoHy BhICOKlfX 'laCTOT If nplfBO.lllfT Kee yrrmpeHmo Ha 4 M3B (27]. 

TaKlfX He60JihllllfX lf3MeHem1ii, nO-Bli.lllfMOMY, If CJie.llyeT O)Kli.llaTb, TaK KaK 

lf3-3a 6oJiblllOfO pa~MepHoro HeCOOTBeTCTBIDI p-3JieMeHTOB BHe.llpeHlf.ll If 

OKTa3.llplf'leCKlfX n031flllfH 6oJiblllUHCTBa nepeXO.llHhlX MeTaJIJIOB aTOM BHe.llpeHH.ll 

Tyro C.llaBJieH OKpy)KaIOll{UMU MeTaJIJIU'leCKUMU aTOMaMlf, u no.HBJie~me B ero 

6mf)Katt!lleM OKpy)KeHuu s-aToMa, B npuHuune, Mano MeH.HeT ynpyroe 

B3aUMO.lleiicrnue i U s-aTOMOB. 

)lrr.11 YTO'IHeHIDI BJIIDIHIDI aTOMa BaHa.llIDI B 6JIU)Katt!lleM OKpy)KeHUU aTOMa 

aJoTa Ha ero Kone6aTeJihHhiii cneKTP 6hmlf npoBe.lleHhI pac'leThI paJJIH'IHhIX V-N -

KOMIUieKCOB. 

IloTeHUHaJihl B3aUMO.lleiicrnlf.ll Ta-N u V-N 6hmh1 ycrnHoBJieHhI, KaK 

fOBOpHJIOCh Bhlllle, Ha OCHOBaHUU .llaHHhIX no 6uHapHbIM CUCTeMaM'.. Cna6b!M MeCTOM 

TaKHX. p~c'leTOB .11Bm1eTc.11 noTeHl{lfaJI. Ta-V •. Ilplf HeBhICOKoii KOHlleHTpalllflf V 

BJIIDIH!fe ero mi !pOHOHHhIH cneKTp, KaK 3TO Bli.llHO 1{3 3KCneplfMeHTaJihHhlX .llaH~hIX, 

iieJHa'llfTe,TlhHO, 0.llHaKO B o6JiaCTlf JIOKaJilf3al{lflf aTOMa 3aMell{eHIDI (BaHanIDI) 

CMell{eHIDI ·coCe.llHlfX aTOMOB MOryT 6h!Th cymecrneHHhl .llJl.ll Hallleii 3a.lla'llf. Mb! 

orpaH!f'IHJilfCh npocTettllllfM BaplfaHTOM - B3.llJilf · nOTeHl{lfaJI Ta-V KaK cpe.llHee 

Me::K.lly noTeHlllfaJIOM Ta-Ta If V-V (plfc.2). 

B 3TOM cnyqae pac'leTbl .llaIOT CJie.llyIOll.lYIO KapTlfHy: 

a). ECJilf aTOMhl N If V pa3HeCeHbl Ha HeCKOJihKO nocTO.llHHhlX. pe!lleTKlf, TO 

3Hepnm KOJie6aHlfH' aTOMOB aJOTa He OTJilf'laIOTC.ll 'OT TaKOBhIX B 'llfCTOM TaHTaJie If 

cocTaBmlIOT 61 If 95 M3B. (3KcneplfMeHT .llJl.ll TaNo.03 .llaeT 60 ± 0.9 If -95 M3B), 

6). ECJilf aTOM V HaXO.lllfTC.ll Ha OClf TeTparoHaJihHOCTlf OKTan031flllflf KaK 

6JI!f)Kattllllfll COCe.ll aTOMa aJOTa, TO 3Hepmlf KOJI~6aHlfll · COCTaB.llT 63 If 97 M3B 

(plfc. I 2): Pa3HOCTh nOTeHl{lfaJihHhIX 3Hepmii MlfKpOKplfCTaJIJilfTa C TaKlfM .llecpeKTOM 

If .llecpeKTaMlf B nepBOM CJiyqae .6E=-0,63 3B. 
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B). Ecnlf aTOM V noMeCTlfTh B rmocKOCTh, nepneH.lllfKYJI.llPHYIO ocu 

TeTparoHaJihHOCTlf, TO 3Hepmlf KOJie6aHlfH COCTaB.llT 58; 63 If 95 M3B (plfc.12). 

Pa3HOCTh noTeHl{UaJibHhIX 3Hepmii C nepBbIM CJiyqaeM COCTaBJUleT -0,006 3B. 

3Kcnepm .. 1eHT .llaeT 63 H -95 M3B. 

TaKlfM o6pa30M, MaKClfMaJihHOe CMell{eHHe B CTopoHy Bb!COKIIX 'laCTOT .llaeT 

s-aTOM naHa.llIDI B n031fl{lfll 6JI!f)Kattlller<f COCe.lla Ha OCH TeTparoHaJihHOCTII. IIo

Bli.llIIMOMY, 3Ta n03IlllIDI 60]lhllle COOTBeTCTByeT 3KCneplfMeHTaJihHhIM .llaHHhIM, TaK 

KaK CTaTHCTlf'leCKII .llOCTOBepHO B 3KcneplfMeHTe yCTaHOBJieHa TOJibKO Hlf)KH.ll.ll 

.llByKpaTHO BblpO::K.lleHHa.ll 'laCTOTa. B03M0)KH0, 'ITO ~eCTO'leHife KOJie6aHIDI a30Ta 

B.llOJih OCH· TeTparoHaJibHOCTII He 3aMe'leHo U3-3a OTHOClfTeJihHO HeBbICOKOfO 

pa3pe!lleHIDI If CJia6oii cBeTOCHJihI cneKTpoMeTpa llH_H-1 ITH B o6nacTH 6oJihIIIlfX 

nepe.lla'I 3Hepmlf. 

IlpH pacnOJIO)KeHHII aTOMa BaHaJllf.ll B IDIOCKOCTU, nepneH.lllfKYJI.llPHOll OCH 

Tt!TparoHaJihHOCTII, CHHMaeTC.ll BblpO::K.lleHHe 3TOfO KOJie6aHIDI TaKlfM o6pa30M, 'ITO 

CB.ll3h V-N .llaeT ycHJieHHe 'laCTOThI 3TOro Kone6aHIDI .llO 63 M3B, a Ta-N -

OCJia6JieHHe .llO 58 M3B. PeaJibHO, Ha 3KcneplfMeHTe, 3TO 03Ha'laeT, 'ITO JIIIHU.ll 

TOJihKO YIIIHP.lleTC.ll, HO He CMemaeTC.ll B CTOpOHY BhICOKBX 'laCTOT B OTJIIl'llle OT 

3KCneplfMeHTaJihHhIX .llaHHhIX. 

B nOJih3Y pacnOJIO)KeHIDI aTOMa aaH_a.llIDI Ha OCH TeTparoHaJihHOCTII fOBOplfT 

TaK)Ke BeJIH'IHHa BhIHiphI!lla noTeHUHaJihHOtt 3HepmH .llJI.ll. napbI V-N (-0,63 3B). 

l13BeCTHO, HanplfMep, 'ITO 3axBaT KIICJIOpo.lla: Ha BaHanlfii B Nb [27) xapaKTepmyeTC.ll 

3Hepmeii CB.ll3II nplfMepHO 0,55 3B. TaKOll 6oJibllIOH Bh!Hrpbllll nOTeHl{IlaJihHOll 

3HepmH npOHCXO.lllfT Il3-3a Toro, 'ITO: nO.llpa3MepHbIH aTOM V no OTHOUieHHIO K Nb II 

Ta CHJfMaeT 'laCTh .llecpopMal{HOHHOH 3HepmH, B03HHKaIOll{ett OKOJIO aTOMa 

' BHe.llpeHH.ll. 

IV. BblBOObl 

I. IIpe.llJIO)KeHa npOCTa.ll cxeMa pac'leTa pacmermeHIDI II C.llBBfOB !pYHJlaMeHTaJihHhIX 

KOJie6aHHH aTOMOB BHe.llpeHH.ll npH IIX B3aBMO.llettCTBIIB HJIB B3alfMO.llettCTBBII C 
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PIIc.9. KIIHeTIIKa nmp~oo6prooBaHII51 B a:-pacrnopax VOxHy n VHy 
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Ta6.n!iQa 
Ko:icpcpnQlielfn,I CIIJlaii:H0B nOTeHQliaJI0B MeJKaT0MH0ro B3aliM0.r(CHCTB!ill 

B3aHMO-

,q_ettcrnne 

V-V 

Nb-Nb 

Ta-Ta 

Nb-H 

Ta-H 

V-H 

Y-H 

Ta-N 

V-0 

2· 1 4 O 
<p(r)=ao+a1r+a1r+a1r +a4r +asr5, r a [ A J 

HHTepBaJI, ao a1 a2 a3 

r, [A J 

3.63+3.17 53.2184 -48.1652 14.4208 -1.4309 

3.17+2.53 4.61244 -2.17482 -0.0871 0.0955 

2.53+0.10 32.0981 -3.40825 12.2589 -1.4961 

4.00+0.10 15.9915 -11.8644 2.7799 -0.2012 

3.96+0.10 21.4202 -16.5102 4.0849 -0.3229 

2.60+1.00 24:4397 -33.1466 14.913 -2.2134 

2.65+1.00 6.46979 -10.8108 4.35971 -0.5166 

2.60+1.00 28.0317 -39.4896 18.5993 -2.9205 

3.00+1.00 7.63000 -8.3130 1.6300 

2.64+2.14 73.5773 -95.2585 40.4208 -5.6564 

2.14+1.00 72.4320 -93.5200 39.6100 -5.5000 

2.80+2.05 1374.57 -3002.00 2611.87 -1132.0 

2.05+1.00 100.640 -145.405 69.3968 -11.015 

4T 

P!ic.10. T!inbI MelK.Ll0}'3JiliH a OUK - crpyK1-ype 
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-x- 38 

Puc.I 1. Pac11ernh1e JHatJeHID! cpymiaMeHTaJihHhIX JIM _so.n:opo.n:a B TBep,noM 

Nb95V5H1 u cpasHem1e c ::iKcnepuMeHTaMH [17-19]11 pac11eraM11 [17,18] 

pacTBope 
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a) Ta v.<1) 
5 I 

T 6)--· 58 

a,6)-- 63(2) - - - 63 

/ ' *-
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' I ' 

6) Ta5vp> Cf 6) --95 
a) -- 97 -- - -

/'_,'/(; 
' 

1 -- - Pac'leT 

- 3Kcnep. 

·Q-Ta •-v x-H 

Puc. I 2. PactJeTHbie 3HatJeHIDI qJYHJ{aMeHTaJibHbIX JIM a30Ta B TBep.n:oM pacTBope . 

. Ta Vo.03No.03 .IUUI paJJIM'IHhIX II03HU:HH samI,n:ID1: Ha oc11 TeTparoHaJihH0CTM Ta5 V / 1> rum 

B IIJI0CK0CTH, nepneH,n:HKYIDlPHOll eii Ta5 VI <2~ If cpaBHt:HHe lfX C 3KIIepHMeHTaJlbHb!Mlf 

,naHHbIMH [27] 
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;:i:pyrnMII ;:i:ecpeKTaMII. Pa3pa6oTaH KOMIIJieKC rrporpaMM, )lIIHaMHKH peUieTKH 

MUKpOKpHCTa.JUIHTa C ;:i:ecpeKTaMU "Relax" II "Densy" .D:JUI peaJI113a1..1u11 3THX 

pacqernB Ha Ilk. 

2. IlorryqeHbl 3ITIT Ha OCHOBaHUII Heii:rpOHOCIIeKTpocKom1qeCKIIX )laHHbIX 

6IIHapHblX CHCTeM. 

3. PacqermllI MeTO)lIIKa ycrreUIHO 6bma IICIIOJib30BaHa .D:JUI OIIIICaHII51 KOMIIJieKCHbIX 

;:i:ecpeKTOB B rn.n:pH.D:ax II rnep;:i:b1x pacrnopax V2H; YH,; TaN,Hy; NbV,Hy H 

VO,Hy. PacqeTHbie ;:i:aHHbie orrHcbrnaIOT 3KCrrepHMeHTaJibHbie ;:i:aHHbie, 

rrorryqeHHbie C IIOMOll..lb!O Heii:TpOHHOH crreKTpOCKOIIHH, o6'b51CH51IOT p».D: )laHHblX, 

KOTOpbie HeB03MO)KH0 o6'b51CHIITb B paMKax rrpOCTbIX CHJIOBbIX MO)lerreii: 6e3 

yqern rrpoueccoB perraKcauuu BOKpyr ;:i:ecpeKTOB . 

4. IloKa3aH cymecTBeHHO MeHblllllH 3cpcpeKT BJII151Hll51 B3aHMO)leHCTBIIH ;:i:ecpeKTOB 

.D:JUI crryqa» T.SJ)KerrbIX aTOMOB BHe;:i:peHI151 (i=C, 0, N). 

5. IlpocTeii:ume 3Ill1 MOryT 6b!Tb yrryqUieHhl c rrpuBJieqeHUeM COBpeMeHHbIX 

BblqUCJIHTerrhHbIX MeTO)lOB TBep;:i:oro Terra: MeTO)lOB norpy)KeHHOro aT0Ma, 

KBaHTOBbIX pacqeTOB, )laHHbIX no BHyrpeHHeMy TpeHIIIO II TepMO)lllHaMHKe 

rnep.D:hIX pacrnopoB H .D:Hq>q>Y3HH npuMeceu:. 
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CyMHH B.B., My31,1qKa A.IO., 1lHMH,!l r. 
Moae1mpomume KOMITJieKcoB aecpeKTOB 
B TBepm,1x pacTBopax BHeapeHIDI nepexoaHMX MeTannoB 

P14-98-253 

ITpewio)l(eH HOBI,JH MeTO,!l, H pa3pa6oTaH KOMITJieKC nporpaMM no pacqery 
C,!lBJffOB tt pacmenneHHH cpyimaMeHTaflI,HI,IX KOne6aHHH aTOMOB BHeapeHIDI nptt HX 
B3aHMOaeiiCTBHH apyr C apyroM H apyrttMH aecpeKTaMH. 

YqeT penaKCfill:HH pemeTKH BOKpyr aecpeKTOB H ynpyroro B3attMoaeiicTBmI 
noneii HCKa)l(eHHH Il03BOnttn OOMICHHTI, p.sm 3KcnepttMeHTaflI,HI,IX pe3yn1,TaTOB 
no pacmenneHHIO flOKaflI,HI,JX MO.ll, KOTOpLie HeB03MO)l(H0 61,mo OOMICHHTI, paHee 
6e3 TaKoro yqern. 

Pa6orn BLmonHeHa B na6opaTOptttt HeiiTpoHHOii cpmttKH HM. M.M.<I>paHKa 
mum. 

ITpenpHHT O6!,e)lHHeHHOro HHCTIIT)'Ta ll,llepHbIX HCClle)l0BllllHU. Jly6Ha, 1998 

ITepeBoa aBTOpoB 

Sumin V.V., Chimid G., Muzychka A.Yu. 
Modeling of Complexes of Defects in Solid Solution 
of Transition Metals 

P14-98-253 

A new method for the calculation of splitting of the fundamental local modes 
was proposed. It takes account of the relaxation of metal atoms around the defects 
and the elastic interaction of the deformation fields. 

This approach allows one to explain the neutron spectroscopy results, which 
was impossible to explain by the force constant approach. 

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