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Beryn

VY po6Goti [1] npu BUBYEHHI MEXaHI3MiB BXOMKEHHS
aToMiB V y KpHCTaliyHy CTpyKTypy cmonyku TiCoSb

Oysn0 mokasaino, mo atomu V (3d°4s’) omHouacHo, y
PI3HUX KOHLEHTpALisX, Y 3aJeKHOCTI BiJl 1X KIIBKOCTI,
3aliMalOTh  KpUcTajorpadiudi mo3uiii  atomiB  Ti
(3d%4s’) ta Co(3d’4s’). B omHoMy BUMajKy, mpu
3aifHATTI mo3umii  Ti, y KpHUCTaldi TeHEPYIThCS
CTPYKTYpHI JeeKTH TOHOPHOI IPUPOAH, a TPH 3aHHSATTI
mosunii  Co aknenTopHoi. ToOTo, peani3yeTbes
MeXaHi3M 3MiHM THIY JOMIIIKH MIPU YBEAEHHI OIHOTO i
TOrO X XIMIYHOTO €JIEMEHTY Y HaIliBIPOBiJHUK, OJTHAK Y
pi3HUX KOHIeHTpalisx. /laHuil pe3yabraT ClioHyKaB Hac
MOCTIUTH, YM JaHUA MEXaHi3M Ma€ Micle MpH
JIeryBaHHI iHTepMETATiYHOr0 HamiBIpoBiaHuKa N-TiNiSN
atomamu V. JlomimkoBi aromu V yBomwiuca |y
cTpykrypy cnonyku TiNiSn aBoma criocodaMu: HIIsIXOM
samimenss aromis Ti (tBepauii pozums Tiy, VNiSn) Ta
aromi Ni (3d®4s®) (tBepmmii pozunn TiNiyV,Sn). V
JaHii poOOTI MM PO3MIISTHEMO TEpUIMHA BHIANOK —
JIOCIIIIMO MEXaHi3M BXO/DKEHHS aToMiB V' y CTPYKTypy
conyku TiNiSn nuisxom pearizaiii TBEpAOro po3uuHy
Tii.ViNiSn,  #ioro  emeKTpoHHY  CTpPYKTypy Ta
eNIEKTPOQi3UIHI BIACTHBOCTI.

[pwu anami3i KpucTaniyHoOl Ta EIEKTPOHHOI CTPYKTYP
inTepMeraniuHoro HamiBmpoBiganka N-TiNiSh Oyma
BCTaHOBJIEHA NPUpPOJAa HOro «ampioOpHOTO JIEryBaHHS»
JIOHOPHUMH JOMIIIKAMH, CYTh $IKOi 3BOIUTHCS [0
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yactkoBoro (mo 0,5ar.%) saiiusrrss atomamu  Ni

kpuctanorpadivyaoi  mosmmii  aromie  Ti,  mo
CYNPOBOIKYETHCS TeHepYBaHHIM y KpHCTai
CTPYKTYpHUX JedekTiB JoHOpHOI mpupomu [2]. VY

JTAHOMY KOHTEKCTi, TIPU YBEICHHI Y CTPYKTYPY CHONYKH
TiNiSn aromiB V nBoma crmocobamu BaXXJIUBO PO3yMITH
CTPYKTYpHI JIeeKTH SKOi TMPHUPOAH TPH LBOMY
TeHePYIOThCS, 1o JTO3BOJIUTh MPOrHO3YBATH
MaKCHMaJIbHI 3HaueHHS Koe(illieHTa TePMOENEKTPHYHOT
MOTY)KHOCTI Y TEPMOCIEKTPUYHHUX MaTepiaiaxX Ha OCHOBI
iHTepMeTaltiuHoro HamiBmposiauuka N-TiNiSn [3].

|. JocaimkeHHs1 KpUCTATIYHOL
crpykrypu Tiy.,V,NiSn

PenTreniBcbkuit  (asoBuit anamiz  3paskiB  Tij.
V,NiSn noka3zaB BiACYTHICTb CIiJiB CTOpOHHIX (a3 Ha
mudpaxkrorpamMax — OKpiM  ocHOBHOI  ¢asu,  sKa
IHAEKCYeTbCS y  cTpykrypHomy Tumi  MQAQAS
(rpaHenieHTpOBaHa KyOiuHA IpaTKa, MPOCTOPOBA IpyIa
F43m (Ne216), cumBon Ilipcoma CcF12). B
YIOPSAAKOBaHOMY BapianTi cTpykTypu  Tip,VyNiSn
atomu Ti(V) 3afiMaroTh npaBuibHy crcteMy To4ok 4a (O,
0, 0), Ni —4d (Y4, Y4, ¥4), a SN —4c (%4, Y3, Y2).

PenrtrenocTpykrypHi JIOCITiJPKEHHS TBEPAOro
posuuny Tiy V«NiSn nokasany, 1o yBeaeHHs atomis V
y crpykrypy crnomykd TiNiSn  cympoBomkyeTbes
MOHOTOHHHUM 3MEHILICHHSIM 3HAYEHb nepioay
eneMeHTapHoi koMipku (puc. 1). BpaxoByrouu Toii (akT,
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Puc. 1. 3mina 3Ha4yeHb TEepiomy  eleMEHTapHOL

xomipku a(X) Tig,V,NiSn.
mo aromuuii pagiye V (ry = 0,135 HM) € MeHIIMM, HiX
atomuuii pagiyc Ti (rr = 0,145 um), Takuit xapaktep
3minu 3Ha4eHp a( X) iy VNiSn no3sonse mpumyctuty,
mo aroMu V MOXYyTh 3aiiMaTé KpucrajorpadiuHy

mosuiiro  Ti. JlaHMii  BHCHOBOK  ITATBEPIKYIOTH
pe3yabTaTH  YTOUHEHHsS  KPHUCTAJIIYHOI  CTPYKTYpH
Ti1.ViNiSn, 3miiicieni meromom mopomiky [4]. Tak,
HaliMeHIIIe 3HAYEHHS OperiBChKOro (dakropy
BIJIMIOBITHOCTI ~ €KCIIEPUMEHTAIBHUX ~ JOCHIDKEHh Ta
pEe3yABTATIB  PO3PAaxyHKY, 3AINCHEHHX y paMKax

cTpykTypHOoro tumy MQAQAS, IocsaraeTbCcs came IpH
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3aifiHATTI atomamu V KpucTaiorpadiynoi mosuiii Ti.
JlocmipKeHHsT TaKOXK TTOKa3ayu, IO yBeAEHHs aToMiB V
y crpykrypy coomnyku TiNiSn  ymopsakoBye il
KPUCTAIIIYHY CTPYKTYDY.

1. JocaimkeHHs1 po3noaiiny ryCTUHH
cramiB Ti,V,NiSn

Po3paxyHOK pO3MOMiNY €NeKTPOHHOI TYCTHHH Tij.
V,NiSn snaiiicneno merogqom KKR-CPA (mporpama
AkalKKR [5]) mis  ymopsakoBaHOro — BapiaHTy
po3TallyBaHHs aTOMIB y By3JlaX €JIEMEHTApHOI KOMipKH
(puc. 2), 10 BHUIUIMBAE i3 CTPYKTYPHUX JOCTI/DKCHb.
Take wactkoBe 3amimeHHst aromiB Ti Ha aromu V
CYNPOBOIKYETHCS TeHepYBaHHIM y KpHCTai
HamiBnpoBimauka Tiy, VNiSN crpykTypHuX medekTis
JOHOpHOT mpupo/u. BpaxoByroun, mo cnonyka TiNiSn e
nedexTHOo, a Tmpupona CTPYKTYpHHX JAe(eKTiB Mae
JIOHOPHUI XapakTep, 110 3yMOBJIIOE PO3TAUIYBaHHS PiBHS
(dbepMi OiJ1s1 30HH MPOBIAHOCTI, TO JOAATKOBE YBEIACHHS Y
HAITBIPOBIIHUK ~ CTPYKTYPHUX JeEKTiB JTOHOPHOI
MPUPOIY I1HIIOTO TMOXOMKEHHS TpH3Bene a0 Ipeidy
piBHst @epMi y HampsIMi 30HU TPOBIAHOCTI 3 HACTYITHUM
il meperuHoMm [6]. Po3paxyHKH MOKa3yroTh, MO MpH
HaliMEHII B EKCHEpUMEHTI KOHIIEHTpamii JOHOPHOI
momimku V, mo Bigmoeimae ckmamy Tip,VyNiSh,
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Puc. 2. Posnioxin exexrponnoi ryctuau DOS Ti;., VNiSN s yriopsakoBaHOTo BapiaHTy KpUCTaTiuHOT
cTpykrypu crioayku TiNiSn.
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x=0,005, piBenp depmi neperHe piBeHb MPOTIKAHHS
30HH ITPOBITHOCTI.

HacrynHi koHueHTpanii goMimku V 3yMOBIIOIOTH
301IbIIEHHST KOHIIEHTpamii BUIBHUX  EJIEKTPOHIB Y
HAIBIPOBIIHUKY, a piBeHb Depmi apelidpye 1o 30HI
npoBigHOCTi. MOXEMO NpPOTrHO3yBaTH, MO BXKE Y
HAITiBIIPOBITHUKY Ti1V«NiSh, x=0,005,
TEeMIlepaTypHa 3aJIeKHICTh ITUTOMOTO EJIEKTPOOINOopY
Oyne HaraayBaTd Taky Uil MeETaliB 3HAYEHHS
MTUTOMOTO OIopy OyayTh 301IbLITYBATUCS NPU 3POCTAHHI
TeMIiepaTypu. 3po3yMiso, 1o 3HaK KoedilieHTa TepMo-
EPC Takoro CHWJIBHO JIETOBAHOI'O HAIliBIIPOBITHHUKA
Ti1.V«NiSn Gyzne Bin' emaum i Oyme 3MEHITYBATHCS TIPU
30iblIeHH]I BMiCTy aToMiB V.

[11. JocaimkeHHs e1eKTPOPI3HIHHUX
BjaacruBocreit Ti,V,NiSn

JlocmipKeHHsT TTOBEJIHKA THTOMOTO €JIEKTPOOIOpY
(puc. 3 Ta 4) Ta xoedimienty Tepmo-EPC (puc. 5 Ta 6)

Ti; Vy,NiSN  mokazago TMOBHY  y3rO/DKEHICTH i3
BHCHOBKaMH, 3pOOJICHMMH Ha OCHOBI pe3yJIbTaTiB
PO3paxyHKy €JICKTPOHHOT CTPYKTYPH

HAMIBIPOBITHUKOBOrO TBEpAOro po3uuny (puc. 2). Sk
MOXXeMO ©OauuTd 3 pHC. 3, 3HAYECHHA EJIEKTPOONOpY
MPaKTHYHO JIHIHHO 30UIBIIYIOThCSA 13 30LIBLICHHAM

ST .
1T1,,V.NiSn ¥=0,005
18 1
— 15 1
§ p
5 121 x=0,01
g ] x=0,02
< 94 -
“ ] Mx—0,0S
] x=0,10
3 i W)
50 l(I)O 1%0 2(I)0 21%0 3(I)0 35IO 4(I)O
T (K)
Puc. 3. TemneparypHi  3aJeXHOCTI  ITHUTOMOTO
enextpooriopy I' (T) TiyV,NiSn.
o] Ti,_V NiSn
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Puc. 4. 3MiHa 3HaYeHb IHUTOMOTO EJICKTPOOIIOPY
I (X) Ti,VxNiSn npu pisHux Temmeparypax.
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Puc. 5 Temneparypni 3anexHocti KoedimieHTa
tepmo-EPC & (T) Tiy,V,NiSn.
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Puc. 6. 3mina 3HaueHb koedimienta Tepmo-EPC
a (X) TiyV.NiSn npu pizHux Temmepatypax.

TeMIIepaTypu it KokHoro ckimany Tip,VyNiSh. Takuii
xapakrtep 3Minu 3Hadenb I (T) rosopurts mpo Te, 10

BXKE MPHU HAWMEHIIMX KOHIEHTpamisixX IOMIlmKu V, mo
BiAMOBimae ckimamay TBepAoro posuuHy Tip,V,NiSh,
x=0,005, piBerp Depmi nepeTHYB piBeHb NPOTiKAHHS
30HM MPOBIMHOCTI — BIAOYBCA IepexiJ NpOBiTHOCTI
JEeNeKTpUK-MeTall, a BUIbHI €JEKTPOHU IOBHICTIO
BU3HAYAIOTh  EJIEKTPONPOBIAHICTH  TaKOr0  CHJIBHO
JIETOBAHOTO  HAMIBIPOBIAHWKA. Pe3ynmpTaté  3MiHH
3HaYeHb mOHUTOMOrOo enekrpoornopy I(X) Ti, ViNiSh
npu pisHuX Temmepatypax (puc. 4) mMOKa3yroTh, IO
3aJeKHOCTSIX  F(X)  MOXHA  BHIUIMTH  KiJibKa
xapakrepuux ginsHok: O£ X£0,01 ta x3 0,01. Ha
NepInii AUTSHII KOHIEHTpauid aomimku V Mae micue
CTpIMKE 3MEHIIEHHS 3HaYeHb NMUTOMOTO EJIEKTPOOIIOPY,
0 MH TOB'SI3YyeEMO 13 CTpPIMKMM  30LIbLICHHSM
KOHLIEHTpAllil BUIBHUX €JIEKTPOHIB IIPH IEPETHHI PiBHIB
depmi Ta mpoTikaHHSA 30HM TpoBigHOCTI. Ha nmpyrii
nmsHIi, koiu  piBeHb @Depmi  apeiidye 1o 30HI
MIPOBIIHOCTI, TaKOXK B1IOYBa€THCA 301IIBIIEHHS
KOHIICHTpAIlii BUIBHHX €JCKTPOHIB, OJHAK BiJHOCHA
3MiHa 3HAY€Hb MUTOMOIO EJIEeKTPOOoNopy € Habarato
MEHIIIO0, HIXK Ha TIePIii JiJITHIII.
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HeoOxinHo Takox BiazHauuTH HacTynHe. OCKIIBKA
HeneroBanuii aromamu V HamiBrmpoBiguuk N-TiNiSn
MICTUTh  JIOMIIIKOBHH JIOHOpPHHH piBeHb  (30HY),
yTBOpEeHU#  nedeKTaMu JOHOPHOI NPUPOOU  TIpHU
qacTKOBOMY 3aiusatTi atomamu Ni kpucranorpadidHoi
no3utii Ti, To ynopsiaKyBaHHsS KPHUCTaTIYHOI CTPYKTYpH
cmonyku  TiNiSn  mpu  yBemewni  aromie  V
CYMPOBOMKYEThC BuTicHeHHsAM aTtoMmiB Ni 3 mosumii Ti.
Ile o3Havae, IO KOHIICHTPAIliS JTOHOPHHUX JOMIIIOK,
moB’si3aHux i3 aromamu Ni y mosumii Ti, Gyme
3MmeHmryBaTucs. OpHak, omHOYacHO Oyle YTBOpEeHHH
IHIIAA ~ JOMIIIKOBUH  JOHOPHHUH  piBeHb  (30HA),
OB’ si3aHuil 13 aromamu V y Tiil e KpucraiorpadivHii
no3uii Ti, a KOHIEHTpamis LUX JOHOPHHUX JOMIIIOK
Oyze 3pocTaTu MpH 30UIBIICHHI YHCIa YBEICHUX aTOMIB
V. OCKiIbKH €JIeKTpOHH € OCHOBHUMH HOCISIMH
ENIEKTPUYHOTO CTPYMY TaKOTO CHIIBHO JIETOBaHOTO
HAIBIPOBiIHMKA, 3HaueHHS Koedimienty Tepmo-EPC
OynyTh Bim emMHuMH. Ha 3anexHOCTIX a(x) Tiy
WV,NiSn Takox MoxkemMO BUAUIMTH Ti cami JBi
KOHIICHTpALIAHI AUITHKY, IO 1 Ha 3aJIeKHOCTIX [ (X),
NOB’si3aHi 13 BXOMKeHHsM piBHA @Depmi y 30HY
MPOBITHOCTI  CHJIBHO JIETOBAHOI'O  HaIliBIIPOBITHHKA.
OTpuMaHMii pe3yJabTaT BCTAHOBJIIOE YMOBU OTPUMAaHHS
TEPMOENIEKTPUYHUX Ta TEPMOMETPHUYHUX MartepiaiiB
Ti VNiSN 3 o0fHO3HAYHMMH  3aJEKHOCTAMH, IO
3YMOBJICHO YIOPSIKYBaHHIM KPUCTAIIYHOI CTPYKTYpH,
Ta MakCUMaJbHUMU 3HaueHHsAMH TepMo-EPC i
€JIEKTPOOIIOPY, BH3HAYae (HaKTOPH KOHTPOJIHOBAHOTO
BIUIMBY Ha TJTMOMHY 3ajsiranHs piBHA Depmi.

V. JocainkeHHns: koediuieHTy
TEPMOEJIEKTPUYHOI MOTYKHOCTI
TiVxNiSn

Y  HamiBHOpOBITHUKOBOMY  TBEpJAOMY  PO3YHHI
Ti1.V«NiSn 3 ycieto MOBHOTOI TPOSABIAETHCS KPUTEPIii
JIOCSITHEHHSI  MaKCHUMaJIbHUX  3Ha4eHb  KoedilieHTa

TEPMOCIEKTPHIHOI TOTYXHOCTI Z* (Z* = 3.2 /r, e a

- koeirient tepmo-EPC, I - emekrpoomip) [3]. Ha

Z*(x),
MOXEMO  0ayuWTH, IO 3HAa4eHHA  Koe(ilieHTy
TEPMOEJIEKTPUYHOI IOTY>KHOCTI y HaIliBIIPOB1THUKOBOMY
TBepaoMy posumHi Tip, V,NiSN € Oinpmmmu, HiK y
HeJleropaHomy HamiBrmpoBiguuky N-TiNiSh. 3 puc. 7
TAaKOX BUIUTMBA€, IO NpH mnepeTuHi piBHiB Depmi Ta

puc. 7 TpencTaBlicHa 3aJCKHICTh 3 fKOl
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Puc. 7. 3mina 3Ha4Y€Hb koedimienTa
TepMOENIEKTPHYIHOI TOTY)HOCTI Z* (X) TiyVxNiSh.

MPOTiIKaHHA 30HU MPOBIAHOCTI, KOJIU II¢ BHCOKUMH €
3HaueHHs1 KkoedinieHty TepMo-EPC 1 Bxke BUCOKMMH
craau 3HAYEHHS ITATOMO] €JIEKTPOIPOBITHOCTI
Ti; V,NiSn, nHa 3amexHocTsx Z*(x) MaioTh Micle
EKCTPEMYMHU TIPH BCIX JAOCTIHKESHUX TeMIepaTypax.

BucHoBku

Ha ocHOBi HaBeneHMX pE3YJbTATIB  MOXEMO
CTBEP/UKYBATH, IO OTPUMaHUH TBEpAUH PO3UMH
Tin,VNISN € mepcrneKTHBHUM — TEPMOETICKTPHIHUM

MaTepiaJoM 1 3a CBOIMH XapaKTEpUCTHKaMH, 30Kpema,
snauennavu Z* npu X » 0,01, mepepaxae Ttaxi y n-

TiNiSn.  Kpim  Toro, 3Hauenns Z*(7)
301IBIIYIOTHCS 3 POCTOM TEMIIEPATYPH.
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