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Beryn

OLIIHIOETHCH,
TO0TO  TUMH

Hudysiss B KpUCTANIYHUX  TiIax
Haiiniepiie,  CHEepriel  aKTHBALii,
EHEepreTHYHUMU  3aTparamu, sIKi  3a0e3MnedyroTh
npocyBaHHs  OyIb-fiKOro aToMy B  cQopMoOBaHiii
KpUCcTamigHii cuctemi. OcoOMMBHIA IHTEpEC B LHOMY
MUTaHHI TPOSBIAETHCS PH JOCIIIKEHH] TEXHOJIOTTYHNX
CcXeM  XiMiKO-TepMi4HOi  0OpoOKM Ta  CHiKaHHA
MOPOIIKOBUX MaTepialiB, OB’ SI3aHUX 3 MEPEMIIeHHIM
aTOMIB 3 TIOBEPXHi 3epHa B HOTO TTTHOUHY.

B wmonorpadii [1] y3arampHeHi pe3yibTaTH
JIocikeHb qudy3ifHNX mporeciB 6araTbMa aBTOPaMH,
SKI 1OKa3aju, o Oy/b-siKi TBepaodasHi nepeTBOPEeHHs
(YnopsimkyBaHHS ~4YM  PO3YNOPSAKYBaHHA — TBEPIMX
PO3YMHIB,  €IEKTPOHHUX YW  XIMIYHMX  CIOJYK,
NPOTIKaHHA NPUPOTHHUX IMOJIMOPGHHUX IMEPETBOPEHb Ta
iH.)  iHTeHCHU]iKyloTh  audy3iiiHi  mpouecu B
KpHCTaliuHUX cucremax. lle cmig moB’s3atm  3i
CIOHTAHHUMH 3MiHAMH €Heprii B MIKpooO’eMax B SKHX

npoTikaroTh TBepaodasni mepexomu. Lo eHepriro
MOXXHa  OLIHIOBATH  4Yepe3 IPUXOBAaHY  TEIUIOTY
HIePETBOPSHHSL.

B nmanili po6GoTi Ha OCHOBI Teopii HOPMaIbHUX
KOJIMBaHb KPUCTATIYHOT TPATKH PO3MIISAAETHCS POLEC
MOJIMOP(HOTO TMEPEeTBOPEHHS y B3aEMO3B’SI3KY 3
XapakTepoM KOJIMBHOIO pyXy aroMiB B MOMEHT
nepeOyJOBU TpaTKH TBepAOro Tijia. BukopucroByroun
Monenb Jlebas, 3poOseHa crnpoba OMIHUTH BKJIAI B
NPUXOBaHy  TEIUIOTY TMCEPETBOPCHHS IpH  3MiHi
KOJINBHOTO XapaKTepy pyXy aTOMIiB TBEpPIOro Tila B
npoteci nepedy10Br KPUCTAIIYHOT TPAaTKH.
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I. Mertoauka i pe3yJabTar J0CJiKEHHSA
PosrnsHeMo KpuCTaliyHy TpaTKy, yTBOpeHy N
aTOMaMH, KOJIMBAHHS SIKOI ONMHMCY€EThCS IaMiIbTOHIAaHOM

[2]:
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JIe CyMyBaHHS HPOBOIHUTHCA MO BCix 3N HOpMaTbHHX
KOJIMBAHHAX, a ], O)... Ha0ip YacToT, mIO
BU3HAYAIOTHCSl XapaKTepOM MIDKATOMHUX B3a€EMOJIH 1
THUIIOM KPHCTAJIYHOT IPaTKH.
3rigHo mpami [3], BUTbHA €Hepris, SKa BiIIOBigae
KOJIMBAJIbHOMY PYXY TpaTKH, IO PO3IIISIAETHCS  SIK
cykymHicte 3N He3aIeXHHX JIHI TapMOHIIHMX
OCILIMJIATOPIB, MAa€ BUTIISIA:
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a KOJIMBHA YacTHHA €HTPOII] BU3HAYa€Thes 3 BUpasy (2)
IU(epeHIIiFOBaHHAM II0 TEeMIepaTypi NpH IMOCTIHHOMY
00’emi:
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[Ipn ogmepxxanni Qopmynu (3) BCi BenMYMHH @,
BB@KAIOTHCS MOCTIHHUMH. AJie B 3aTaJIbHOMY BHIIQIKY
YaCTOTH KOJHMBAHb 3MIHIOIOTHCS 3 TEMIIEPATYPOIO, TOOTO
MO>KHa BBaXKaTH, L0 JUIS BCIX 3HAYCHB O

w,=w,(T). “

3 BpaxyBaHHAM (4), OJIep)KUMO HACTYIHUI BUpa3
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[MoniMopdHe mepeTBOPEHHS MOJIArae y Mepexoi Bij
onmHiel KpuctaigiuHoi Momudikaiii 10 IHIIOT [pH
NEBHOMY KPHUTHUHOMY 3HadyeHHi TemmnepaTypu Ty,
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Skmo yepes ( <

— MO3HAYUTH TOXIZHY, B3STY
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37miBa Bl KPUTHYHOI TOYKHM, 1 dYepes (a;j -
T+U

MOXI/IHY, B3ATOI CIpaBa, a BIMMOBIMHI 3HAYCHHS CaMUX
¢byHKIiA @, Ta ®, , TO KOJMBHA YacTHHA EHTpOIIi
HHU3bKOTEMIIEpaTypHoi Moaudikamii Npu KpPUTHYHIN
TeMIIepaTypi 3aMUIIeThCS:
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a KOJNMBHA YaCTHHA EHTPOIMIi BHCOKOTEMIIEPATYPHOT
Mojudikaii Mmpu KPUTHYHIA TemmepaTypi mpHiiMe
BUTJIAL:
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OCKIJIBKH JJ1s1 OUTBIIOCTI BHUMAJKIB TeMIepaTypa
moJIiMOP(HOTO TIEPETBOPEHHS BHCOKA, TO
ho, << kT, (6)

Kp
Kpim Toro, 11e mepeTBOpeHHs HaJIeKUTH 10 (Pa30BUX
nepexoniB I-ro pomy, i, oTKe, Mae Micue pIBHICTb
BUJIBHUX €HEPrii IPU KPUTUYHIH TeMIiepaTypi:
F(T,)=Fy(T,). %)
3 BupasiB (5a) i (50), BpaxoByIOUH JOAATKOBI yMOBH
(6) Ta (7), 3HaXOOMMO 3MiHY KOJHMBAJIbHOI YaCTUHH
SHTPOIT1, 10 3yMOBJICHA MOJIMOP(HUM MEPETBOPEHHSM,
BUKJIIOYMBIIH IIPH LIbOMY aHTapMOHI3M KOJIMBAaHb, SKUH
BHHUKAE TIPH MIepeOyIOBI KPUCTANIYHOI TPATKH:
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Opep>kaHuil BHpa3 Ui TPUPOCTY EHTPOMIi mpH
noJiMop(hHOMY TMEpPEeTBOPEHHI XapakTepusye BKIAJ B
npuxoBaHy rtemnory mepexogy (Q =7 AS), mwo

3YMOBJICHH 3MIHOIO XapaKTepy KOJIMBaHb aTOMIB.

VY 3B’s3Ky 3 THM, IO SBHUH BHUIIsn QyHKUii (4)
HEBiOMUH, /a1 OWIHKK IpHXOBaHOi TemiotTH ()
3aCTOCYEMO JIEIO iHIII MipKyBaHHS, BHKOPHCTOBYIOUH
Mozenb ebas. s mporo y hopmymi (3) mepeiineMo Bix

3N Oy
CyMH JO IHTerpary —Z...—)I...f(w)dw, ne
a=1 0
(GYHKIIA po3moniTy
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a BepXHS MeXa IHTerpyBaHHS (v, BU3HAYAETHCS Hepe3
temnepatrypy Jlebas cniBBinHOWEHH fiw, = kO, .

Hexait pisni kpucranmiudi moaubikamii, ski Mu

MMO3HAYUMO YMOBHO iHAekcamu «l1» 1 «2», npum

KPUTUYHOMY  3HAY€HHI  TEMIIEPATYpU  OMHUCYETHCS

1 2 :

Habopom vacror @ (T,,) 1a & (T, ), 10610 B MOZEII

wp
JHebas, posmoninamu f;(w) Ta f>(w) BigmoBigHo. KoxHii
KpUCTaNiuHii  Momudikamii  BiAmoBimaooTe  pi3HI
3HaueHHs Temneparypu Jlebas. HusbkoremmepaTypHiii
3HAYEHHS 0,, a

Mogudikariii BiAmnoBinae

BUCOKOTeMIepaTypHiii — ©7 . Toxi KonMBHA YacTHHA

EHTpOITii HU3BKOTEMITePaTypHOI Moaudikarii
3aIUIIETHCS] HACTYITHUM YHHOM:
ho

S, =kJ- %—ln[l—exp(z—?j) fi(w)do, (11)
0 exp[ij—l

a KOJIMBaJIbHAa YacTHHA EHTPOII] BUCOKOTEMIIEPaTyPHOT
MouGiKaIii:
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Pesynprat HaOMMKEHOrO IHTErpyBaHHS IEPIINX
JOZIaHKIB y IMiAIHTErpaibHUX BUpa3ax Gopmyi (11), (12)
npu T =T, » (kT , >> fiw) omHAKOBI 1 TIPU 3HAXOMKCHHI

mpupocty AS BOHH CKOPOUYIOThCS. [pyri nogaHKH, 110



HabmmkeHa oriHka B3a€MO3B 513Ky €HEprii TBepA0(ha3HOrO IEPETBOPCHHS. ..

MICTATHh (QYHKIIIO In..., IHTErpyIOThCS MO YacTHHAX. s
MIPUPOCTY KOJIUBHOT YACTHHHU EHTPOIIT OTPUMY€EMO:

1
l—exp(—?[’]
AS =3Nkln -

2
l—exp(—%]
T,

VY Takux BHIAAKax, KOJH D IMOMITHO MEHIIA 3a
Temmneparypy nepexony I, y dopmymi (13) ekcrioHeHTy
MOJKHA PO3KIIACTH B PSJI 1 OOMEXHUTHCS JBOMA MEPIITHMHU
yIIeHaMH po3kiaay. Toi:

(13)

1
AS =3NkIn 22 (14)
®D
Bukopucrosyroun dopmyity Jlingemana:
®,~BTY*4 "D, (15)

ne T — Temmeparypa IUaBjieHHs; 4 — CepejiHs aTOMHa
Bara; D, cepelHs TYCTHMHAa pPEYOBHHH; IPHUPICT
KOJIMBHOI YaCTMHM EHTPOINii MOXHa BU3HAYUTH Yepe3
BIJJHOILICHHSI CEPEeIHbOI T'YCTHHH PEUYOBHHH B 000X
KpPHUCTAJIIYHUX MOAU(IKALisX:

1
AS = Nk ln% .

0

(16)

Sk i B momepeanboMmy Bumaaky (dopmyna (8)),
BenuyrHa AS, sika Tenep BU3HaYaeThes hopmysamu (13),
(14) abo (16), xapakTepw3ye TMPHUXOBAHY TEILUIOTY
MEPEX0/Iy B 3B 3Ky 31 3MIHOIO XapaKTepy KOJHBAIHLHOTO

Pyxy.

M. 129c¢. (1993).

SAxmo mo wmif cxemi pPO3MIIAHYTH, HAIPUKIA,
BIIOPSIIKYBaHHsI B OIHAPHOMY CILIaBi, TO, BPaXOBYIOUHU
pd LBOMY CTaOUIBHICTH MapaMeTpiB TIpaTku Ta i

1 2
CTPYKTYpH, MOXHA 3alIHCATH: @ = @ , TOOTO:

(Oa)a] _(()a)aj
OT Jpo \OT )y

Omxe, AS =0, sik i mOBUHHO OyTH mpu (azoBOMYy
nepexozi [ poxy.

BucHoBku

BHKOpPHCTOBYIOUH ~ XapaKTEPHCTUYHI  YaCTOTH
KOJIMBaHb ~aTOMIB KPHCTAJIYHOI TIpaTKH, EHEeprito
¢dazoBoro mepexomy B CHCTeMi 3 JOCTaTHbOHO

HAIIAHICTIO MOXHA OI[IHUTH 4epe3 MPUXOBaHY TEILIOTY
MepPEeTBOPEHHS.
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The posibility of solid state transformation’s energy evaluation in metals through process latent heat registration
with using characteristic frequencies of crystal cell atoms’s vibration are studied.
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