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V naHiii cTaTTi HOCIIKYIOTBCS YMOBH CTIMKOCTI KpUcTanigHOI rpaTku. IToka3aHo, MmO Ul KOPEKTHOI OLiHKH
CTIHKOCT] KpHCTali4HOI IpaTKu HEOOXiJHO BPaXOBYBaTH TEPMOAMHAMIYHY CKianoBy. Ha nBoBuMipHiil Mozeni Oyno
MOKa3aHo, II0 KpUCTaJliyHa TpaTka 31 chepriHO CHMETPUYHHM IOTEHIIaJOM MiXKaTOMHOI B3a€MOJIl € HECTIHKOIo
BiZIHOCHO 3CYBHUX Jie(hOopMalliii 32 HU3bKUX TeMIIepaTyp. 3arnpornoHOBaHO BUKOPUCTATH TAKy MOJEIIb IS MOSACHEHHS
IUIACTUYHOCTI. BHacninok HecTiMKOCTI mij yac Aii 30BHIMIHIX 3yCHJIb aTOMHU I'DATKH MEPEMIlLIAIOThCs y HOBI, OLIBII
CTiHKI, TIOJIOXEHHS, Y Pe3y/IbTaTi 4Oro Bi0yBA€ThCA IUIACTUYHA JieopMallis.
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Beryn

Cooromui y (i3uIli MIIHOCTI 1 IUIACTHYHOCTI
TBEPAMX T ISl JIOCHIHDKEHb NIMPOKO BUKOPHCTOBYIOTH
PI3HOMAHITHI JUCKPETHI MOJIENi, BIAMOBIAHO IO SKUX
TBep/i Tina TIpEe/ICTaBIICH] TPHOXBUMIPHOIO
KPHCTAJIYHOIO TPaTKOK, BY3IM SKOI € IEHTpaMu
KonMBaHHS artoMiB. Lli Mojenxi BHKOPUCTOBYIOTH ISt
JIOCITI/DKEHHST MEXaHIYHUX BIIACTHUBOCTEH, PO3paxyHKy
TeopetuuHoi MirHOCTI [1-3], BU3HAUEHHS MHapaMeTpiB
npyxHOi 1 1actuuHol Jedopmarii [4- 7], BUBYECHHS
nporieciB kpucramizarii [8- 10] ta iH. Bimbmiicts mux
TIPOLIECIB JIOCITI K YIOTBCSE 3 BUKOPHCTaHHSIM
KOMIT FOTEpHOI TEXHIKH, OYpXJIHMBHH pPO3BUTOK SKOI
JIO3BOJISIE  BHUPINIYBATH BCE OLIBII 1 OLIBII CKJIATHI
3aBJaHHS.

OcTraHHIM YacoM KOMIT IOTEpHE MOJIEITIOBAHHS CTAJI0
€pEeKTUBHAUM  METOJIOM  JOCHI/DKEHHS  IUIACTHYHOL
nmedopmarii 1 11 MexaHi3miB. B maHiii  po0oTi
MIPOITOHYETHCSL PO3TIISIHYTH 1 IIPOAHANII3YBaTH MeEXaHi3MHU
wiacTuyHoi  aedopmanii, IO  BiATBOPIOIOTBECS Y
KOMIT' FOTEPHOMY MOJICITFOBaHHI.

. Moaes0oBaHHSI KPHCTATIYHOI IPATKH

Jns  gocmimKeHHS — MEXaHIYHHX — BIIACTUBOCTEH
KPUCTATIYHOI TpPaTKH Y BHIAAKY KOMIT IOTEPHOTO
MOJICITIOBAHHS BUKOPHCTOBYIOTH METOIU MOJICKYJISPHOI
IUHAMIKM 1 AuHaMikd vacTWHOK. CHiad MIKaTOMHOI
B3aeMOAli Yy KpPHCTAi4YHId TpaTii y BHUIAAKY
BUKOPUCTAHHSA  METOMIB  MOJCKYIAPHOI  JUHAMIKH
OINUCYIOTh TAPHUMH MOTEHITiaTlaMu B3aeMoil JIeHHapma-
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JxoHca, bopHa Ta iHmUMHU noxiOHuMu 10 HuX (puc. 1).
Taki moOTeHIiaId OMUCYIOTh B3a€EMOJII0, JUIS  SIKOI
XapakTepHE BiJIITOBXYBaHHS MK aTroMaMH 3a MalluX
BiICTaHEH 1 NpUTATaHHS 3a BelMMKHUX Binctaned. Ili
MOTCHINATU PO3PI3HIAIOTECA PIBHOBAKHOIO BiJCTaHHIO,
TJIMOMHOI0 1 NIMPUHOIO TOTCHIIATBHOI SMH, & TaKOX
IIBUIKICTIO YOYBAaHHS CHJI B3a€EMOJIIi Ha HECKIHUCHHOCTI.
Taki mnoTeHHianu JO3BOJNSIOTH Ha SIKICHOMY piBHI
NMpaBWIFHO ONHCYBaTH Oarato (i3WYHUX SBUIL 1
BJIACTHBOCTEH peuoBHMH. Paszom 3 TmM, mo0pe Bigomo
[11-14], o0 mapHi MOTEHINANTd MOXKYTh 3a0€3MEeUUTH
CTIMKICTh TUIBKM IIUIBHO YHAaKOBaHUX KPHCTATIYHUX
rpatok. ['paTKu 3 HIKYOIO MIUTBHICTIO YITAKOBKH, TaKi SK
MPOCTi KyOiuHI TpaTKW, BUSBJIAIOTHCS HECTIHKUMHU
BiTHOCHO 3CYBHUX JedopMariii /st OLIbIIOCTI MapHUX
MTOTCHIIIAJIIB.

M. BopH, me y TpPUOUATHX pOKAaX MHUHYJIOTO
CTOJNIITTS y CBOIX TEOPETHYHMX JOCIIKEHHSX I1O0Ka3aB,
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Puc. 1. 3anexnicts eneprii B3aemonii U Mix
aTOMaMH BiJI BiACTaHi I
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IO JesiKi KPHUCTaJiuHI TPaTKH, THUIIOBI IS METalliB,
HECTIHKI BIJIHOCHO MalMX 3CYBHHX Haedopmarlliii 3a
JeSIKUMHU KpHCTajorpadiuaumu Hanpsimamu [15, 16].

YMmoBu  HecrifikocTi  posrisimaB  DpeHkenb Ha
NiHiAHIA TppoxaToMHil Mojenmi [17]. Ilpo HecTidKicTh
KPHUCTAJIUYHUX TPaTOK 3TaayeTbCsi Yy JOCITIHKEHHSIX
TIOB’ SI3aHUX 3 KOMIT IOTEPHUM MOJICIIOBAaHHSAM KPHCTAIIB
1 X MOBEMIHKH ITiJ HABaHTaxeHHsM [5 - 7, 18 - 20].

HecriikicTs KpucTamiyHOi TIpaTKH XapakTepHa Y
BUIAJKy BpaxXyBaHHs MDXKATOMHOI B3a€MOJIIT 3 JAIbHIMU
atomamu [11, 14]. BmimB [ganbHiX aTtoMiB  MOXe
TIEPETBOPHUTH TIOJIOKEHHS! PIBHOBAaru Ha HECTiHKe, SKIIO
CHIIM  B3aeMonii 3 [JajubHIMH aTOMaMu  OyIoyTh
necrabimizyrounmu. Came 1ie 1 BigOyBa€eThcsi B MOJEISIX
OLIBIIOCTI HENUIFHO yNaKOBAaHUX KPUCTAJIYHUX I'PATOK
i 0araToaTOMHUX MOJEKYJN, OCKUIBKH BIiJICTaHI MiX
JNANBHIMA ~ CYCITHIMM ~ aTOMaMHU  TPOSIBIISIIOTBCS  Ha
HECTIHKIH JUISHIN moTeHmiany B3aemonii [11].

Jns crabimizanii  HecTiHKOI KPUCTAJIYHOI T'PaTKH
HaKJIaJaroTh JIONATKOBI 30BHIIIHI CHJIH, a0o
BHKOPUCTOBYIOTh  CIICHiajbHI ~ MNOTeHHiaaw.  Taki
MOTEHI[IaIM  3/1aTHI YMHUTH OIip 3MiHI KyTiB MIX
3B'SI3KaMH, 110 J03BOJISIE 3pOOUTH CTIHKUMH CTPYKTYPH 3
HU3BKOIO IIUTbHICTIO 3aMIOBHEHHS! KPUCTAJIIYHOI TPATKH 1
aZlekBaTHO  ONHUCAaTH  YacTOTH  KOJNWBaHb DALY
MOJIEKYISApHUX 3B’ s13KiB [12, 13].

PaszoM 3 THM, MoOmeNi HECTIHKHUX KpPHCTATIYHHUX
rpaTOK  MOXHA  BHKOPUCTATH Uil IOSCHEHHS
BJIaCTHBOCTEH  TBepaux  Tin. Tak,  Hampukman,
PO3IUIaBJIEHI METaIn MOXKHA PO3IIISAATH, K TBEpi Tijia,
o He MalTh omnopy 3cyBy. Ilix miero BuHCOKOI
TeMIepaTypd, KpHCTaliuHa TpaTka 31  CTiHKOL
MepEeTBOPIOETECSI B HECTIMKy. 3 miel X NpPUYUHU
B1IOYBa€ThCS TMepeOynoBa KPUCTAIIYHOI TPATKH IMiJT Yac
NoMiMOpHUX IIePETBOPEHb. 3a BiJIITOB1THOT
TEMIIEpaTypyd KpUCTaJiuHa TpaTKa, HaNpHUKIam, s
3aji3a - 00’ eMHOIIEHTpOBaHa KyOiyHa, BTpadae CTiHKICTh
1 IEPETBOPIOETHCS B 1HITY - TPaHEIEHTPOBAaHY KyOiuHYy.

B pobGoti [18] BHCIOBIEHO NPHUIYIICHHS, L0 Y
BUIAJKy TPHUKJIAJCHHS 30BHIIIHBOI CHIIHM, B KpHCTaJi
NopsiZi 31 CTPYKTYPHHM CTaHOM ICHYIOHOi TI'paTKH
3'SBJISIETHCS. MOXJIUBICTh BUHHMKHEHHS 1HIIOI TPaTKH.
Tomy mig [Hi€ro HaBaHTaXEHHS B AaTOMIB TpaTKH
BUHHKAIOTh HOBI CTEIEHi CBOOO/M, KPHUCTAJ MEPEXOANUTH
B CTaH 3 HU3BKOIO CTIMKICTIO BIJHOCHO MaJIMX 3CYBHHX
nedopmMalliif, TOBeIiHKa KPHCTalla CTa€ HETIHIHHOO.

A.B.Tlanin B3aram BBaxae [21], mo ¢i3uka
acTuyHoi  Aedopmanii 1 pyHHYBaHHS TBEPIMX Til
TIOB'si3aHa 3 BTPATOO iX CTIHKOCTI BiHOCHO Aedopmartii
3CYBY Ha Pi3HHMX MacIITaOHHUX piBHAX. CIiJ 3ayBaKuUTH,
10 15 AyMKa Briepiie Oysia BUCIOBIIEHA, IIe aKaJAeMiKoM
A.B. CrenanoBuM. 3rigHo #oro yssieHp [22], BTparta
MPYXKHOT  CTIMKOCTI KPUCTAJIIYHOI TPaTKH Mae Micle 3a
JIEIKOr0  KPUTHYHOTO HANpYKEHHS, SIKE € HIDKYe
TEOpeTHYHOI MIIHOCTI mi€l rpaTku. BrpaTta mpyxHOI
CTIMKOCTI crpuse TIepeOyaoBI TpaTKH KpuUcTala, B
pe3ynbTaTi 4oro BCS CHUCTEMa IEPEeXOOUTh Y OuIbII
PIBHOBa)KHHI CTaH.

BpaxoByroun 3razaHe BUIE, HaMH IPOINOHYETHCS
JUIE MOJICTFOBAHHS TIPOLECIB IUIACTHYHOI nedopmartii
BUKOPHCTATH MOJIENIb HECTIHKOI KPUCTATIYHOT IPaTKH.
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I1. HecrilikicTb KpHcTAJIYHOI TPATKH

HecriiikicTs KpUCTaniyHOI TpaTku TBEPAMX TUT B
NPUPOII TPOSIBISIETBCS Y PI3HUX IIpolecax 1 Ciif
po3pizHATH 1i pi3Hi Buaud. HaWOimbInl TUNOBUN BUA
HecTilikocTi  (MOBHA ~ BTpata  CTIHKOCTI  TPATKH)
MIPOSIBIISIETHCSI, KOJNIM aTOMHU KPHUCTAJIYHOI TIpaTKH 3a
MeBHOI TeMIepaTypy IOBHICTIO BTPA4alOTh 3B'SI30K MIiX
coboro (IMoBHA BIACYTHICTH MIKATOMHOI B3aeMOii) i
TBEpJiE TIJIO IIEPETBOPIOETHCS B Ta3 — M€ IpoIec
cyOmimaii. BiH € XapakTepHUM Uil Majo TUIACTUYHHX
TBEpJMX TUT 3 KOBICHTHHM 1 MOJIEKYJISIPHUM THIIAMH
XIMIYHOTO 3B’ SI3KY.

Jpyruii TUO HECTIMKOCTi, IO XapaKTepHHH JUIs
KPHUCTAJIIYHOI TPaTKM PEYOBHH 3 METAJIIYHUM 1 iOHHUM
TUITAMHU XIMIYHOTO 3B’ SI3KY, TPOSIBIIIETHCSI B OCIA0JIEH]
MDKaTOMHOI B3a€EMOJIIT aTOMIB 3 X JaJbHIMHU CyCiTaMu 3a
30epeKeHHs] B3aeMOil 3 HaHOMMKYMMU — cycizaMu
aTomiB. Taka HeCTIHKICTh KPUCTAIIIYHOI TPATKU BUHHUKAE
TTiCIISt JOCSITHEHHSI, AGSKOT XapaKTepHOI ISt KOHKPETHOT'O
TBEpJOro TiJIa, TEMIIEpATypH IUIaBIEHHS. Y IbOMY

BUIAKy KpUCTaliyHa TpaTka BTpadae CTIHKICTh
BIIHOCHO 3CYBHHX jaedopmariii, TOOTO BTpadae oOImip
3CYBY.

Hacrynuuii, Tperiii, BuI HECTIHKOCTI XapaKTepHHIH
JUIs BUIIAJKY TMONIMOp(HUX IepeTBopeHb. [lepeOymoBa
OJTHI€T KPUCTAIIYHOI IPaTKH, HECTIHMKOI, B 1HIIY — CTIilKY,
BiIOyBaETHCS 3a BiJIITOB1THOT TeMIlepaTypu
MOMIMOP(HOr0 MepeTBOPEHHs, ad0 OJIM3BKOI A0 Hel, Mo
CYNPOBOIKYETHCS 3MIHAMU XapaKTepy CHJI MiKaTOMHOI
B3a€EMOJIi.

Jlo deTBepTOro BHMIY HECTIMKOCTI CIiI BiJHECTH
IUTACTHYHY JedopMalliro, sSKka TaKOX IIOB'A3aHa, SK 1 B
ToNepeTHHOMY BHIIQJIKY, 3 INepe0yI0BOI0 KPUCTATIuHOT
rpatku. Ale miacTHyHa nedopMarlisi  BIAPI3HAETHCS
YIOPSAAKOBAHMM TIEPEMIllICHHAM aTOMiB  (KOB3aHHS,
NBIHUKYBaHHS) HA  BiAMIHY  Bil ~ XaOTHYHOTO
NepeMillleHHsT aTOMIB y TIIONEpeAHix Bumagkax. I[lpu
OMY, 4Yepe3 3HAYHO MEHINI BHYTPIIIHI CHJIH, IO
necTablmi3yIoTh  KpPUCTANiuHy TpaTky y BUNAIKY
MOMIMOP(HUX IEPETBOPEHb, Il 3MIIIEHHS aTOMIB Mij
yac IwacTH4YHoi aedopmarnii HeoOXigHa Misl 30BHIIIHIX
CHII.

Hmwxde posrmisiHEMO OCTaHHIA BHA HECTIMKOCTI
KPHUCTAJIYHOI TpaTKH, M0 TMpPOSBISETHCS i  Yac
TUIACTUYHOI AedopMarii.

Jis  mocmipKeHHsT  CKOPHCTa€MOCH  JIBOXMIPHOIO
MOJICJUTIO  KpHCTaJiYHOi ~ TpaTtku 31 cepruyHo
cUMeTpUYHMM moTeHmianoM (puc. 1). s movatky
PO3TJISTHEMO KPHCTAT 3 I’ SITH aToMiB (puc. 2). Y TakoMy
KpucTani Mix nepudepiinumu aromamu 1-2, 2- 3, 3-
4, 4 -1 nie cwia MPUTATAHHS, OCKUIBKH BiJICTaHb MiX
HUMU  OlTbIIa  PiBHOBAYXKHOL r,>ro. A Mix
LEHTPAILHUM aToMOM 5 1 nepudepiiHIMU aTOMH AilOTh
CUJIM BIiJIITOBXYBAHHS, OCKIIBKH BiJICTAHb MIX HUMU Iy
€ MEHIIIOIO BiJl PIBHOBAXHOI - 1 <[y . 3arajioMm, CUIIu

Bi/IITOBXYBaHHS BPiBHOBaXKYIOTHCSI CHJIaMH
npuTaranHs. Take TONOKEHHS aroMiB 3abe3neuye
MiHIMaJbHY EHEpTilo KpHUCTaja.

Kpucranm 3 m'saTH aTOMiB  J€IIO CTUCHYTHM

MOPIBHAHO 3 BWIAIKOM, KOJIH MDKATOMHA B3a€MOJIs
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Puc. 2. JIBoxMipHuii HecTilka

KpHCTa:
piBHOBara: 0 - kpucran micis aedopmartii.

a

MOIIMPIOETHCS TUTBKK Ha TIEPIIUX CYCiTiB aToMa 1 =g .

Jlist cTUCHYTOI KpUCTAaNIiYHOI TpaTku, Komu fp < g
(puc. la), eHepris IEHTpAIBHOrO aTomMa 5 3 OAHHM i3
neprdepiiHux aToMiB Oyae piBHa

U’15: Umin—AU,
me  Umin—eneprin  mapHoi B3aeMomii aToMiB  3a
PIBHOBa)KHOI Bizcrasi lo; AU — miiBuIIieHHs
MOTeHIiaIbHOT eHeprii aromMa S5 y mapHili B3aeMofii,
00yMOBJIEHE HOr0 3MIIIEHHSM BiJIHOCHO PIBHOBa)KHOT'O
TIOJIOXKEHHSI.

[oBHa enepris B3aemoxii atoma 5 3 nepudepiitHuMu
atoMaMmu OyJe

U'5 = U'15 + U’25 + U'35 +U'45 =4U' = 4Umin- 44U,

TakuM 4MHOM, y KpHCTall BHYTpILIHIH aToM Mae
JIeN0 BHIIY TOTEHI[IaJIbHY €HEpPrilo IOPIBHIHO 3 HOro
MTOJIOXKCHHSAM, KOJM BIJICTaHb O CYCITiB r1 = ro . e
O3HayYae, 110 BiH 3HAXOJUTHCS Y HECTIMKOMY MOJIOXKEHHI.
3a Takux 00CTaBMH MOXKHA OYiKYBAaTH, 110 IEHTPAJIbHUI
atoM Oyzne HamaraTuchb TEPEMICTHTHCh Yy Take
MOJIOXKCHHS, JI¢  WOro IOTCHIliabHA EHepris Oyxae
MIHIMaJIBHOIO. AJie 3MIIIEHHSI aToMa 5 B TOJOXEHHS 3
MiHIMQJIBHOIO €HEPIi€l0 HEMOXIIUBE, OCKIIBKH HOMY
3aBaXAIOTh CYCiMU. A OCh OIHOYACHE 3MIIICHHS BCiX
aTOMIB B 3aJ[aHOMYy HampsMi MoxJmBe (puc. 26). Skio
NPUKJIACTH HE3HayHe 3YCWILIs, BEChb psja  aTOMIB
3MICTHTbCSI B HOBE IOJOXKEHHS, J€  IOTEHIliaJbHa
eHepris BHYTPIlHLOro atoma 5 Oyze Hik4a [14].

Ha puc. 3 HaBeneHO pO3paxyHKHM MOTEHIIAIBHOT
eHeprii KpucTajga 3 TII'STH aroMiB 3a BiJOMOIO
Meronukoro [28]. PiBHOBaxkxHa BiACTaHb ISl TMApHOL
MDXKaTOMHOI B3aeMOjiii B IIMX pPO3paxyHKax CTAHOBUTHh
2,5 A. BHacminok cTHckaHHsS KpHCTana HOro mapamerp
rpatku craHoBuTh I1=2,38A i npum mpomy iioro
MOTEHINAJIbHA CHEPTisl € MiHIMaJIBHOIO.

Ha puc.4 nmpuBeAcHO  3aJEXKHICTH  €HEpril
LEHTPAIILHOrO aroMa S Bif HOro BiACTaHI JO CYCIOHIX
aTtoMiB. MiHiMyM eHeprii aToma 5 BiamoBizae BiacTaHi
rn=25A.V KpHUCTai, KOJIU BificTaHh aTroMa 5 1o ioro
cycimiB gemio Menma - ;= 2,38 A, iioro EHepris €
B0 Ha AU.

TakuM YUHOM Onep)kKaHi JaHi CBIMYATh MPO TE, IO
MiHIMQJIbHA TIOTCHI[iaJIbHA CHEPrisd KpHUCTala MOXKE
JOCSITATHCh, Y BHUNAJAKY, KOIM HE BCI HOro aToMu
3HaXOJUTHCS y  TOJIOKEHHI 3 MiHIMaJIBHOIO
MOTEHI[IAJIbHOIO  €Hepriero. Y [bOMY BHIAJAKY s
30BHINIHIX CHJI MOXXE IOCIPHATA 3MINICHHIO TaKUX
aTOMIB Y ITOJIOXKEHHS 3 MiHIMAJILHOIO €HEPTI€0.

MiHiMyM  TIOTEHIIANBHOI  €Heprii  Kpucraia
BINOBia€ aOCONIOTHOMY HYJIIO TeMIepaTypu. SIKimo
TeMIlepaTypa 3pocTaTHMe, TO BIJICTAaHb MK aTOMOM 5 i
Horo cycimamMu 30UTBIIATRLCS 10 BifcTaHi = 2,5 A. IIpu
pOMY eHeprisi aromMa 5 3Hm3uThcs Ha AU i crane
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Puc. 3. 3anexHicTh  TNOTEHIIaJbHOI  eHeprii
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Puc. 4. 3aJIeXHICTD eHeprii B3aeMOZIT
LEHTpAIFHOTO aTtomMa S 3 mnepudepiiHUMU —
1,234

MIHIMaJIBHOIO, B TOM 4Yac fAK IIOTEHI[albHa
KpHUCTaIa 3poCTe 3a paXyHOK TEIUIOBOI €HEprii.

TakuM 4MHOM KPHCTAJ 3 IT AT aTOMIB € HECTIHKUM
BiTHOCHO MaJMX 3CYBHHX AedopMmalliii 3a TeMIepaTypu
0 K i cTabimi3yeTbest 3 HiABUILEHHSM HOT0 TeMIlepaTypH.
PosrisiHeMo 1ie neranpHime.

eHepris

[11.MoaesoBaHHsI 3CyBY B ABOXMIipHii
KpHUCTATIYHINA rpaTui

Jns  pocmikeHHS — 3CyBY  Ha  JIBOXMIpHIi
KpucTamiuHiii rpatimi Oyia crBopeHa Mmomenb [27], B
OCHOBY SIKOI 3aKJIaJIeHO KpHCTall 3 I ATH aToMiB. SIK i B

nonepeqHbOMY — BUINAAKY,  MIDKAaTOMHa  B3a€EMOJis
OITUCYEThCI  C(EPUUYHO-CUMETPUYHUM  I[TOTEHIIAIOM.
Cunn  B3aemomii 'y  po3paxyHKax  mpuiMalu

KOPOTKOJIIFOUMMH, IO ITOIIMPIOIOTECS Ha IMEpUIMX Ta
Ipyrux cycimiB aroma. Pamiyc nii MiKaTOMHHX CHIT
oOMexyBaBcsi  BigcTaHHio [ =2, ge rog=25A°-
pPIBHOBa)KHA BIJCTaHb MiX aTOMaMH B JIBOXaTOMHIH
MOJEIi.

MixaTOMHy  BiZICTAHb  BH3Ha4aJH YMOBH
MiHIMQJIBHOI ~ TOTCHINIAJBHOI ~ eHeprii  Kpucrajia.
Po3paxyHku mpoBeneHi Uit KPUCTaJiB, sSKi YTBOPEHi
PI3HOIO KUNBKICTIO aTOMIB, CBiI4aTh NPO 3MEHIICHHS
MIKaTOMHOI BifICTaHi 31 30UIbIICHHAM X po3Mmipy [27].
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I'pannyHOIO BEJIMYUHOIO, JIO SIKOi BKOPOYYETHCS
MDKaTOMHa BIiJICTaHb, € BIJCTaHb JUIA KpHCTaIa
O0esMexHMX  po3MipiB. Ilg  BimcTaHe  JOpiBHIOE

r, = 2.335A° Toni Ak piBHOBa)XKHA Mi’KaTOMHA BiICTaHb
HapHOi B3aEMOJIii aTOMiB - I, = 2,5 A°.

[ToniOHe BKOpOYEHHS BIACTaHI MK aToMaMHu Oyje
XapaKTepHUM 1 TS TPhOXMIpHOI rpaTk [3].

3arajgoMm, 1mpo edeKkT 3O0JWKEHHS aTOMIB Y
KpUCTATIUHIA TpaTiii [0 BijcTaHed, IO MEHIII
PIBHOBKHOI [y JJIs MOTEHIANIB iX MapHOi B3aeMOIii,
3raaiyeThes B poborax [23-26].

MonesqoBaHHsL ~ 3CYyBY  aTOMHHMX  TUIOIIHH.
Ha  wmomenmi  aBoxmipHoro  kpucrama  (pwuc. 5)
JMOCTI/DKYBadM 3CyB AaTOMHHX IUTONMH. [Ipu I1boMYy
PO3paxoByBa 3MiHY MOTEHINAILHOI eHeprii aroma 1.
Beaxamu, mo atom 1 pyxaetbcs y Hampsmi [100]
omHOYacHO 3 Horo cycigmamu 5,6,7,8 9. V 1mpomy
BHITIAJKy 3MiHa eHeprii aToMa 1 00yMOBIIIOETHCS TUTBKH
B3aEMOJIEI0 3 TpbOMa CYCiAHIMH aromMamu 2, 3, 4.

100
Tl ]I

@
t/ﬁm]

Puc. 5. 3cyB aTOMHOI IUTOIIHMHY.

Po3paxynok 3miHM eHeprii 3cyBy atoma 1 3a Maiux
nedopmariiii mpoBoauan B ABoX Hampsmax - [100] i B
Hanpsmi [110].

BiamoBinHo 10 oTpumaHuX rpadikiB eHepris s
3MilleHHs aToMa 1 pa3oM 3 aroMamMH IUIONIMHHU Y
kpucramorpadiunomy  Hanpsimi  [100]  (xpusa 1)
3HIKYeThes, a B HanpsMi [110] (kpuBa 2) migBHIILYETHCS.
3HIDKCHHs €Heprii y BHIAAKy 3MIIleHHS ATOMHHUX
wiomud y Hampsmi [100] cBiguuTh, 10 KpUcTamiuHa
rpatka O€3MEeXHHMX PpO3MIpIB  BIJIHOCHO 3CYBHHX
nedopmMaliiif € HeCTilKa.

Pe3ynpraTi HaBeleHI BUILE CTOCYIOTHCS BHUIAJKY,
KOJIM KiHETHMYHa E€HEprisi aToMiB KPHCTaJIiuyHOI T'paTKh
piaa nymo (0 K).

V. MojaeaoBaHHs 3cCyBY aTOMHHX
IUIOLMH 3 YPAXYBaHHAM TeIJIOBOI
eHeprii

Crmig 3ayBaKMTH, IO Y BHIAJIKy MOJIEIIOBAHH,
KOJIM PpO3MNIAJAlOTh CTIHKICTh KPHCTAJIIYHOI TPaTKH,
KiHETUYHA EHEepris JUHAMIYHOI aTOMHOI CHCTEMH
ICHOPYETHCS, a 11 CTIHKICTh PO3IIISAAAIOTh SIK MOJOKEHHS,
[0 BiJIMOBia€ MiHIMAJBbHIN MOTEHINAMBHIN eHeprii 0e3
BpaxyBaHHS TEPMOJMHAMIYHOrO MoTeHmiamy. Takuii
CTaH BIAINOBiJae aOCONIOTHOMY HYINIO TeMIlepaTypu
kpucrany [3].

PazoMm 3 TuM, OuYeBHIHHM €

¢daxkT BIUIUBY
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TEMIIEpaTypH Ha CTIHKICTh KpHCTaIiuHOI rpaTtku. Brpara
CTIMKOCTI KpPHUCTaJIIYHOI TPATKU MPOSBISETHCS A Yac
IUIaBJICHHA 1 NONIMOP(QHUX TIEpeTBOpeHb, IPO MIO0
3ra/lyBajioch BHIIIE.

3arasioM, y MOJEJIIOBaHHI Ul BUMAJKy BpaxyBaHHS
KiHETUYHOI ~ eHeprii  aTomiB, TOOTO 3a  YMOBH
JMUHAMIYHOCTI aTOMHOI CHCTEMH, CIiJl ONHCYBAaTH
KPHUCTAJIIUHY TPATKy SIK MOJOKEHHS y TPOCTOPi TOYOK 3
MiHIMaTbHOK — MOTeHHiansHoI  eHepriero  (TMIIE),
HAaBKOJIO SIKHX KOJHMBAlOThCS aTOMHU. TOJi 32 BHUCOKHX
TEMIlepaTyp KpHUCTaliyHa TrpaTka Oyae MaTh BHIJISN
Oinpmn mpaBWiIbHOT (opmu. A skmo i 300paxaru
TIOJIO’KEHHSIM aTOMIB, TO Y KOKHHUH (piKCOBaHUIT MOMEHT
BOHa Oy/e BUIJISIIATU IO PI3HOMY i IIBHIIIE 32 BCE SIK
HEBIIOPS/IKOBaHA aMOp(Ha CTPYKTYpa, HiXK KpUCTaIiYHa
rpaTka npaBHIbLHOI (HOPMH.

Ha saBoxwmipHiii kpucramiuniii rpatmi  (puc. 5)
nocmimkyBanu [28] BIUMB TemrepaTypd Ha OMip 3CYBY
aTOMHHUX IUIONIMH 3a Manux aedopmaniit. J{ns nporo
Bu3Hauanu (QopMmy peinbedy TOTEHIaTbHOI eHepril
aToMa y BHIAJKy 3CYBY aTOMHOI IUIONIMHHM Yy HampsMi
[100] 3a Tppox pisHux Temmeparyp (puc.7). 3miny
TEMIIEpaTypd MOJETIOBAIM SIK 3MIHY MIiKaTOMHOI
BiACTaHi y KpucTaimiuHiii rTparmi. Bimomo, w0
30UNbIIEHHST KIHETUYHOI eHeprii aTOMiB  CTBOPIOE
BHYTPIMIHIH THCK, 10 00YMOBJIIOE TEIUIOBE PO3LIMPEHHS
TBEPAUX TUI 3a PaxXyHOK 30iJIbIICHHS MIi>KaTOMHOL
BiJICTaHI.

I'padix 1 (puc.7) 3MiHH TOTEHMIANBHOI €Hepril
aToMa y BUNAJKy 3CYBY aTOMHOI IUIONIMHHU BiANOBiJae
minimanbHiit Temrnepatypi (0 K). I'padiku 2 i 3 oneprxani
JUI  BUNAJAKY, KOIM 3a TIJBUINEHHS TEMIIEpaTypu

nols
eb 2
dE
1
-0.005
-1. T AD 1

Puc. 6. 3anexHicTh 3MiHU TOTEHIIANBHOI €HEepTii
aToma 1 BiJi 3CYBY Z aTOMHHUX IUIOLIMH Y HaNpsMi
[100] - 1,iy-[110] - 2

0,003 3
E.cB 2
1
-0,002
-1 1

z, A
Puc. 7. 3mina noreHmianbsHoi eHeprii E npu 3cysi z
atoma 1y Hanpsimi  [100] 3a pisuux Temmepatyp: 1 -
Ty;2-T5;3-T3. T3>T,>Ty,
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MIDKATOMHA BiJCTaHb 30UIbIIMNACH 3 = 2,335 A° 3a
temneparypu T; mo - Tr=245A° 3a - T, i mo
MikaTOMHOI BifcTani o3 = 2,6 A° 3a temnepatypu Ts.

B pesynbraTi MonenmtoBaHHsl Oyi10 BCTaHOBJIEHO, IO
301IbIIEHHST MIHIMQJIBHOI BIICTaHI MDK aroMamu 3
pOCTOM TeMIIepaTypH, CIIpHs€e cTadiIizamii KpUCTaIiYHOT
rpatku. Lle crmocrepiraerbcst y 3MeHmeHHi "ropba” Ha
JIHI TIOTEHLIANbHOI SIMH KpPUBOI 2, SKa ONHUCYE 3MiHY
MOTEHI[IaJIbHOT  eHeprii aTtomMa KpHCTaliuHiil rparii
(puc. 7, ninis 2). Y Bumaaky 306imblIeHHS BiACTaHI 10
los = 2,6 A° (itinis 3) "rop6" 3uukae. Taka 3MiHa penbedy
MOTCHINAILHOI CHeprii O3Hayae, IO IS 3MIIICHHS
aToMa y I[bOMY BHIIaJKy HEoOXiJHa 3aTpaTa eHeprii. A
1Ie € CBIIYEHHSIM TOTO, [0 TpaTKa 3a Temueparypu Tz €
CTIHKOIO.

OTpuMaHi pe3yabTaTH CBIIYAThH PO TEMIEPATypHY
3aJIeKHICTh CTIHKOCTI JBOMIPHOI TPaTKH 3 KBaJAPaTHOIO
KOMIPKOIO, MIDDKATOMHA B3a€MOJisl B SKii OIMUCYETHCS
cheprUyHO CUMETPUYHUM ITOTEHITIAIOM.

Crmin 3ayBakWTH, LI0 pPO3paXyHKH BHUKOHaHI Ha
MBOXMIPHIM  KpPUCTATIUHIA TpaTiii HaBEOCHI  JUId
BCTAHOBJICHHSI SIKICHUX XapaKTePUCTHK MOJIENi, TOMY
MOTEHI[IaJI1 MIKAaTOMHOI B3aemopii i iX JaHi BuHOpaHi
JNIOBUILHO, XO4Ya 3a BEJIWYMHOK BOHU OJIM3BKI JUIS
peanbHux aTtomiB. Cij TakoX B3STH JO YBard, IO
(dhopMa MOTeHITiaTy MI>)KaTOMHOI B3a€MOJIiT Ma€ BIUIUB Ha
SKICHI XapaKTepUCTHKA MOjeNi. Y HAIIOMy BUIAIKY
BUOpaHO CQEpUYHO CHUMETPUYHMN TOTEHIlak, Mo
JIO3BOJISIE  ONUCYBATH IUIACTHYHI TBEpHi Tijma. Ale
MOXxJUBI iHII (opmu — acumerpuuHi. O4YeBHAHO, IO
3MiHa ()OpMHU IIOTEHI[ialy NMpPHUBHECE HOBI KUIBKICHI 1
SIKICHI 3MIHM y TIPOIIEC MOJCTIOBAHHS, IO TO3BOJHTH
OITMCYBATH 1HIII TBEPII Tija - KPUXKi, MAJIO IUIACTHYHI Ta
iH..

V. OOroBopeHHs

VY OLIBIIOCTI BUMAJKIB Y MOJCITIOBAHHI, HAIIPUKIIA,
JUTST BU3HAYCHHS TEOPETHUYHOI MIIIHOCTI TBEPAMX Til,
BHUKOPHCTOBYIOTh CTiHKI KPHCTaJI4HI ITpaTku. A HECTiHKI
rpaTku abo BiJKWAAIOTh ab0 HAMararoThCsl Yy TOH 4u
iHIMI cnoci0, cralini3yBaTd, NMpH IOMY HE 3aBXKIU
BpPaXOBYEThCSA BIUIMB KiHETHYHOI €Heprii aTomiB Ha ii
CTIMKICTH.  3arajoM  BBaXKaroTh, 10  CTIHKICTH
KPHUCTAJIIYHOI TpaTKu 3a0e3MevyyeThCsl MOJIOKEHHAM ii
aroMmiB B TMIIE 3a aGcomoTHOTO HYIS.

Ane 3 aHamizy HaBENEHOrO BHIIE BHTIKAaE, IO
KpHCTaJiuHa TpaTka TBEPAUX T MOXKe OYyTH CTiHKOIO
abo HecTIMKOI y 3alie)kHOcTi Temneparypu. Hecrilika
KpucTaiiuHa rparka 3a temnepatrypu 0K moxe cratu
CTi#iKOIO, SKIIO ii TeMIepaTypy HiABHMIIMTH 0 MEBHOTO
3Ha4YeHHs. Buille 1Oro 3HauUeHHS KPHCTAJiYHA IpaTka
3HOBY BTPAYa€e CTIHKICTh.

Taka Mozenp BIANOBIga€ pEATHLHUM IPOLIECAM.
Po3muiaBneHuii MeTal Yd iHIIA PEYOBHMHA 3a BiIIOBIIHOI
TEMIIEpaTypyd KPHUCTANI3YeEThCI 1 YTBOPIOE  CTIiHKy
KPHUCTAJIIUHy TpaTKy, sKa ICHYe B JESIKOMY miara3oHi
TemriepaTyp. 3i 3HIWKEHHSAM TeMIlepaTypu KpucTajiuyHa
rpaTka 3HOBY BTpayae CTIHKICTh 1 MEPETBOPIOETHCI B
HECTIMKYy — BiAOyBaeThcs HONIMOpP(HE IEepEeTBOPEHHS.
Sxuo nosiMopgHe TIePETBOPEHHS BIJICYTHE
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KpHCTaJliuHa TIpaTKa MijJ 4ac OXOJODKEHHS BCE PIBHO
BTpayae CTIMKICTh 1 1€ TPOSBISETHCS y 3AaTHOCTI
TBEpPMX TLI INIACTHYHO JIepOpMYyBaTHUCh

3HWKEHHSI TEMIepPaTypy 3MEHIIYe BHYTPILIHIA THCK
MK aToMaMd 1 MDKaTOMHI CHIM 30IMKaloTh 1X, B
pesynbrari  3mimatoreest TMIIE B mpocropi i
KpHCTaliuHa rpaTka Jecralimizyerbcs. Taka rpartka
MOX€E 3HaXOJUTHUCh y METacTabiIbHOMY CTaHi, OCKUTBKH
TOBEpXHEBI aTOMH CTBOPIOIOTH OIp IEpEMIillIeHHIO
BHYTpilHIX aromiB. [lpukiageHHs 30BHINIHIX CHIJI
cnpustume nepeminieHnto aromis B TMIIE. Ilpu upomy
rpaTka 3MiHIOE CBOIO QopMy 1 MiHIMI3ye eHeprio
KpHUCTaia — Iie MpoIlec miacTuyHoi aedopmartii. Jexomu
i 3MiHA MOXYTh BiJIOYBaTHCh 1 y BIICYTHICTh 30BHIIIIHIX
CHJI, HATIPUKJIaJI, YTBOPEHHS IBIHHUKIB BiJIaiy.

s mamiol Mozeni (puc. 5) 3HIWKEHHS TeMIepaTypH
€ paectaOimizylounM (DaKTOpoM, Y pe3ynbTaTi SKOTro
KBaJpaTHa IpaTKa CTa€ HECTIMKOI 1 He3HAYHI 30BHIIIHI
3yCWIIIsI BUKIIMKAIOTh 3CYBH AaTOMHUX IUIOIIMH. B
pe3ynbTaTi TrpaTka MepeTBOPIOEThCS 3 KBaJpPaTHOI Yy
TPUKYTHY, sIKa € CTIHKOIO 32 HU3BbKHX TemIieparyp. Taxe
MEPEeTBOPEHHS]  MOXKHAa  pO3MIIAgaTd K MpoLec
IacTHYHOI aedopmariii [26 - 31].

[ligBuiieHHsT TeMIepaTypu BHUKIMKAE 3BOPOTHUH
TIPOLIEC - BiJHOBJIEHHS TPATKU 3 KBAJAPATHOI KOMIipPKOIO.
BiZHOBIIEHHST KPHCTAJIIYHOI TPAaTKU CIIOCTEPIraeThesl B
neopMoBaHMX MeTanax IIicias IX HarpiBaHHi - I
MIpOIIeC PEKPUCTATI3allil.

HaBeneni Bume mnporuecu BiOyBa€eThCsl 3a YMOBH,
10 3HWKEHHS TeMIepaTypy HE BUKIHMKAE MOIIMOP(HUX
neperBopeHb. TOOTO 3HIDKEHHS TeMIepaTypu He
BUKJIMKAE 3HAYHUX 3MIH EJIEKTPOHHOI CTPYKTYypH
TBEpJMX TUI 1 pIBHOBa)KHA BiACTaHb lo JUISl MOTEHIIATY
MapHOi B3aEMOIIT ATOMIB 3aJIUIIAE€THCS HE3MIHHOIO.

OpHak 3HWKEHHS TEMIEpaTypH MOXKE BHKIHKATH
CYTTEBI 3MIHM €NEKTPOHHOI CTPYKTYpU TIOB si3aHi 3
BCTaHOBJICHHSIM UM BTPATOIO 3B’ SI3KY MK €IEKTPOHHUMHU
000JJ0HKaMH 10HHHMX OCTOBIB, TOOTO BMHHMKHEHHSIM YH
pYHHYBaHHSIM THX YH IHIIMX TiOpUAHUX KOH]Iiryparii,
3HW)KEHHSM UM [MIJIBUIIECHHSM CTYIEHS JIOKai3amii
BaJICHTHUX €JEKTPOHIB. B KiHIeBOMY pe3yabTaTi i
MIEPETBOPEHHSI NPU3BOIATH JI0 3MiHM PiBHOBAXKHOI
BiJICTaHi g MiX aTOMaMH, IO B CBOIO Yepry BIUIMHE Ha
nonoxxernss TMIIE B npoctopi. Toai, mo0 MiHiMi3yBaTu
€HEeprif0 KPUCTAJIYHOI TPATKH, aTOMH IEPEMICTIThCS Y
HOBI ITOJIOXKEHHS. Y TBOPUTHCS HOBA CTiliKa KpHCTaJliqHa
rpaTka.

[Mixg yac momiMopdHUX NEPEeTBOPEHH JIIOTH 3HAYHO
OUThINI  BHYTpIIIHI  CHJIH, IO  JECTabLTi3yIOTh
KpPHCTaJiuHy TpaTKy, TOMYy TMporec mnepeOyqoBu
KPHCTAIIYHOT TpaTKu BiIOyBaETHCS 3HaYHO
IHTEHCHBHIIIIE 1 Y BiJICYTHICTh 30BHIIIHIX CHIIL.

VY Bunajky Aii 30BHIMIHIX CHJI MiJ] Yac HONIMOpHHUX
MIepETBOPEHB, CIOCTEpIraeThes SIBHIIIE
HAJHAIUIACTUYHOCTI, AK€ OOYMOBJIGHE MEPEXO0q0M
MeTajiB 1 iX CIUIaBiB 3 MeTacTabiIbHOrO CTaHy Yy
crabinpuuii. Bpaxaerses [32, 33], 1m0 mepeTBOpeHHS
ofHOI MoandiKalii B iHIIY BiTOYBa€ThCS 32 HANPYXKEHb 1
TeMIlepaTyp, SKi  BiJNOBiJarOTh  KpUBiH  ¢a3oBoi
piBHOBard, abo OJU3BKHX IO HHX, 1 TMONArae y
nepe0yI0Bi KPUCTATIYHOI TPATKH, SIKa CYIIPOBOKYETHCS
3MiHAMH XapaKTepy CHUJI MIXKATOMHOI B3a€MOJIi.



TepMoanHaMiyHa CKJIa10Ba HECTIHKOCTI KPUCTAIIYHOI TPATKU

3arasioM, B OCHOBI NpoIIeCy ILIaCTHYHOI Aedopmartii
i MONIMOP(QHUX TEPETBOPEHb JISKUTh ONUH 1 TOH Ke
Ipolec — meperpymnyBands atomiB y kpuctami [33]. 1l
MIPOLIECH  BIIPI3HSIIOTBCS JIMII BEIWYMHOIO PYIIiHHOT
CHIM 1 YIOPSIKOBAHICTIO AaTOMHHX II€peMillieHb Y
MIEPIIOMY BUTIAJIKY T4 XaOTUYHICTIO - Y IPYTOMY.

3 onepKaHUX TEOPETUYHHX PE3YNbTaTiB BHUILIUBAE,
10 Yepe3 IMiABHUIIEHHS CTIHKOCTI KPUCTAIIYHOI IPaTKH 3a
BHCOKUX TEMIIEpaTyp IUIACTHYHICTh MOBHUHHA MajaTH, a
3a HHU3BKHX - 3pOCTaTd. Y 1bOMY BHUINAJAKY, CIiJ
BpaxoOBYBaTH, IO PYXJIHUBICTh aTOMIB 3 IiJBUINCHHIM
TEMIIEpaTypy 3pOCTa€, a 3i 3HWKEHHIM — majae. B
pe3ynbTatTi CiiJl O4YiKyBaTW KOHKYPYIOUY il IHUX IBOX
YMHHHKIB Ha IUIACTUYHICTh TBEPIUX TiJ.

ExcniepuMmeHTaNnbHi aHi, A8 0araTboX BHITAIKIB
MiATBEP/KYIOTh BHUCHOBOK TIPO 3HIDKEHHS MaJiHHS
TUTACTUYHOCTI 3 MiJIBUIIIEHHSAM TEMIIEPaTypH.

Job6pe Bimomo [34] mpo 3HMKEHHS IUIACTHYHOCTI i
MIIIHOCTI IS GaraTbox METAJIiB, HaBIThL
BHCOKOIUTACTHYHUX 3  IIJBUIIEHHSIM TEMIEPaTypH.
bararo mocniHUKIB BUSIBUJIM TPHUCYTHICTH OAHIET U
HaBiTh KiUIbKA 30H  KPHUXKOCTI Yy TPOMDKKY MIiX
KiIMHATHOIO TEMIIEPATYpOIO 1 TEMIIEPaTypOIO TUIABJICHHSI.

BBakaeTbcs, 10  «IpOBaJM»  IUIACTHYHOCTI €
TPUPOTHUMH BIACTUBOCTSIMH TS BCiX MeTantis [34].
3pocTaHHS TEeMIlepaTypy BUKINKAE 3MEHIIECHHS

BHUJIOBXKCHHS 1 BIIHOCHOT'O 3BY)KEHHS Y Mii, HIKeJo,
3aji3a Ta iH., 110 € CBiIYeHHSM 3HM)KEHHS TIACTHYHOCTI.
Tak «..mmacTHaHicts Mimi, y sxoi mpu 20°C, d=32-
62% i y =56-70% (BimHOCHE BWIOBKCHHS i
3BY)KEHHS BIJIIOBIAHO, TMp. aBT.) 3 IIiBHUIIEHHIM
TEMIIEPATYPH MMOCTYITOBO 3HMKAEThCS 10 d=17—-29% i
y =17 —-30% npu 500 — 600 °C» [34, c.11].

Cgoro yacy, 3erep CTBOPHB TEOpil0 TeMIepaTypHOI
3aJI©KHOCTI MEXI TEYiHHS, BUKOPUCTABIIM PiBHSIHHS
IIBUAKOCTI  IUTAaCTMYHOI  jgedopMmarii  mijg — dvac
TEPMOAKTHBOBAHOTO PyXy Auciokariii [35].

BimnoBimHo 10 11i€i Teopil Meka TEUiHHsS MMOBHHHA
IiIBUIIYBATHCS Y BUNAJKY 3HIKEHHSI TEMIIEPaTypH, LI0
B MIWCHOCTI CIIOCTEPIra€ThCs B 3HAYHOMY Miarla3oHi
temmepatyp (puc. 8, minsuku 1 - 3). [36], c. 36" Ane npu
MOAAJIBIIOMY TOHW)KEHHI TeMIlepaTypH JUisi OLIbIIOCTI
MeTaJiB 1 CIUIaBiB  CIOCTEpIraeTbcsl  BiIXUIICHHS
TEMICpPaTYpHUX  3aJIOKHOCTEH  MeEXi  TediHHA 1
neopMylo4oro HampyKeHHsS BiJi MOHOTOHHOI KpPHUBOI
3erepa. 1li BiAXWICHHS TOBrO BBaXKAINCh aHOMAJIisSIMU.
BoHu crmocrepiranmch K i MOHO- Tak 1 IS
MONIKPUCTAIIIB 1 MOJSITAlOTh y TOMY, LIO MMOYMHAIOYH 3
JIesIKOT XapaKTepHOI JJIsl TaHOI PEYOBHHHU TeMIEpaTypH,
MeXa TEYiHHS MaJlo 3MIHIOETbCS 3  TIOHMXKEHHSIM
TEMIIEpaTypH, JEKONU BiJ Hel He 3aJIeKUTh, a y NEIKUX
BUIIaJKaX HE IiJBHUIIYETHCS TaK SK 1€ BUTIKAE 3 Teopil
3erepa, a 3MEHIIYETHCS. Taxi BIIXUJIEHHS
CIIOCTEPITalOThCSA Y HACTLIBKH BEJIMKOTO YMCIIa METATIB 1
CIJIaBiB, MIO iX MNOTPIOHO IIBUAIIE BCHOTO pPaxyBaTH
3aKOHOMIPHOCTSMH, aHiX aHoMatismMu ” (puc. 8, minsHka

4).

Pesymprat  gocmimkenus  [37]  3amexHOCTI
KPUTUYHOTO HAIPYKEHHS 3CYBY Ui MOHOKDHCTANIB
BiCMyTy y BUmaaky pisHux temneparyp (puc.9) €
XOPOIIUM ITiATBEPIPKEHHSIM PE3YJIBTATIB MOJIEIIOBAHHS,
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Puc. 9. 3anexHicTh KPUTHYHOTO HANpPYXXEHHs Bij
Temmepatypd. 3cyB y Hampsmi [111] gns
MOHOKpHCTaJIiB BicMyty [37].

OCKIJIbKH CTPYKTypa MOHOKpPHCTANIB HaHOLIbII ONn3bKa
IO 17IeaIbHOI KPUCTATIYHOI TPATKU. Y BiIMOBITHOCTI IO

HaBeleHOro rpadika Mexa TeuiHHA  (KpUTHUIHE
HAMPYXKCHHS) JUTst MOHOKPHCTAJIIB BiCMYTY
MiIBUIIYETHCS y BUMAJKY 3HIDKEHHI TEMIepaTypH, aie
3a  Temmeparypu Omm3pko 150K 1g  TeHmeHis
3MIHIOETBCS Ha 3BOpPOTHY. llojanmblie 3HMKEHHS
TEMIIEpaTypy TNPHUBOIUTH [0 MOHWKEHHS KPUTUYHOTO
HAaIpY>KEHHSI.

BHaciimok nmecrabimizarii KpucTamiqyHOI T'paTKH 3i
3HW)KEHHSM TeMIlepaTypy TEKY4icTh Mifi i cIuIaBiB Ha ii
OCHOBI CIIOCTepiraeThesl HaBiTh 3a Temmepatypu 4 K [38].
VY OaraThox 3 HHUX MeXa TEKYy4OCTi 1 HaIpyXeHHs
TeuinHs 3a Temneparypu 4 K amkue, Hixk npu — 20 K.

SHIWKEHHA  MeXl  TE4iHHA 3  [iABUIICHHAM
TeMIepaTypH, 110 CITOCTEPIraeTHC y
BHCOKOTEMITEpaTypHiii obunacri 00yMOBJICHO
JMOMIHYBaHHSAM IHIIOTO MeEXaHi3My, IIOB'S3aHOTO 3

TiIBUIIEHHSM PYXJIMBOCTI aTOMIB, TaK 3BaHOi aMOp(HOI
TUIACTUYHOCTI.

3arajioM, MoOJIeJb HECTIMKOI KPHCTAJIIYHOI TPAaTKU
MIPOITOHYETHCSI 3aCTOCYBATU ISl TIOSICHEHHSI TJIACTHYHOT
nedopmariii TBEpAMX TiJ.

3CyB aTOMHHX IUIONIMH B iIcaibHIiMl TpaTmi 3a
JNeSKUMHU  KpHCTaJlorpaiuHMMH  HampsiMH ~ MOXe
3IIHCHIOBATUCS 3a Jy)X€ HHU3bKHX 3Ha4yeHb 3CYBHHX
HampyXeHb abo y BigcytHicTh ix (puc. 6). Ale
HECTIHKICTh KPUCTAIIYHOI TPATKH (BIACYTHICTH OMOPY
3CYyBY), K OYyJI0 3a3HAUEHO BHIIIE, XapaKTePHA Y BUMIATKY
ii Oe3sMeXXHHMX pO3MIpiB, KOJIM YHCIO YACTHHOK
HECKiHYeHHe. B 1bOMy BHIAIKy MOXHa BU3HAYUTH
MOXJIMBI TIEPiOAUYHI CTPYKTYpH (TOOTO eneMeHTapHY
KOMIPKY i[€aJIbHOr0 KpHcTaia). SIKIIO ) YHUCIO aTOMIB
KiHIIEBE, TO iJleajibHa KpUCTaJiuyHa IpaTka 3aliMaTUMe
neskdii 00'eM B TPOCTOpi, NPH LBOMY NepiogudyHe
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pO3TalryBaHHs TOBEPXHEBUX aTOMIB BiK€ HEMOXJIIUBE. Y
MIPUTIOBEPXHEBOMY IIapi aToMu OyIyTh pO3TallIOBaHi
MEHIII IIJIBHO, HI’K B TVIMOWHI TiJia.

Jlns  KpucTanigHOi TpaTKd OOMEXKEHUX pO3MipiB
HECTIMKICTh € XapaKTepHOI TUIBKU JUIS BHYTPIIIHIX
obmacteii 3 igeaJbHOI0 TpPaTKOI y TOM wyac, SK
MIPUTIOBEPXHEB] MIapH, B CHITY iX crienudidHoi OymoBH,
OyIyTh CTIHKUMHM 1 yTPUMYBATUMYTh BHYTPIIIHI aTOMHI
IUIONIMHU  Bix  3cyBy. Takmii  kpucram  Oyne
MeTacTablIbHUM 1 HOTO CIiJl pO3MIIAAaTH SIK JABOX(asHy
cucremy [39]. Criiika (a3a — MpUIOBEpXHEBI MIapH,
nehekTn OyJI0BH, TpaHHIl 3epeH (y MONIKpUCTANB) i
HecTifika (asza — BHYTpilmHI obOyacti Kpucrana
MPaBWILHOI OymoBH. MIIHICTh TAKOrO KpUCTaly Oyae
3aJIe)KaTH BiJI CIIBBIAHOMICHHS IUX (a3.

[oxiGHy TOYKY 30py BHCIOBMIM aBTOpPU y pOOOTI
[40]. Ha ix aymKy, HaBiTh y YHCTOMY MeETali, iCHYIOTb
pi3Hi obxacti Mmarepiany (mBi pisHi ¢asm), y sgKux
MDKAaTOMHa B3a€EMOJisl BIAPI3HIETbCA 3a CTyIEHEM
JIOKai3amii eNeKTPOHiB, TOOTO CTyNEHEM IpOSsBIICHHS
MDXKaTOMHHX 3B’ SI3KIB PI3HOIO THITy — METAIIYHOro abo
KOBAJICHTHOT0. BiNNOBiIHO MIIHICTh 1 IJIACTHYHICTH
YUCTHX METAJNiB  3aJeXHTh, B OCHOBHOMY, BiJ
CIIBBITHOIICHHS MK 00’ €MOM 00JacTell 3 MPaBUIIBHOIO
rpaTkor0 1 JgedekTHUX obsactel (CIHiBBIAHOIIEHHIM
nBox (az). s neexktHux obiacteit (KOBaJEHTHUN THIT
XIMIYHOTO 3B’$3Ky) XapaKkTepHa IiJBHIIICHA MIlHICTH i
KPUXKICTh, a 1y Oe3nedekTHux (MeTanidHuid 3B'130K) -
IUIACTUYHICTE 1 Hu3bka MinHicTe. [lpu  1pOMY,
BJIACTUBOCTI MaTepially y MAaKpOCKOIIYHOMY 00’ emi
BU3HAYAIOTHCS HE TINBKH (i HE CTUTBKH) CYMOIO 9aCTOK Y
EOMY 00’ eMi Oe3medekTHUX 49U neeKTHHX O00JacTei,
3HAYHO CYTTEBIIMM TYT € CTeMiHb JUCIEPCHOCTI,
YacToTa i pIBHOMIpHICTh Takux ooOnacteid. OcTaHHS
YMOBa HaWKpaIe 3aJ0BONBHIETHCS sl PiOHO3EPHUCTOT
(mpibHOGIOYHOT), KOMIPKOBOI CTPYKTYpH MeTany. Came
Taka  CTPYKTypa 3a0e3ledye  BHCOKY  MIIHICTb
BHUCOKOYHMCTHM MeTajaM Ticias iX TepMOoMeXaHiuHOI
06po6kwu [40].

BizomMa HuM3bKa MIIHICTG 1 HAJA3BUYAHO BHCOKA
IUIACTUYHICTh XapaKTepHA JUIi MAacCHBHUX METaJiuHHX
MOHOKPHCTAJIIB BUCOKOI YHCTOTH i MPaBUIILHOI OYIOBH.
VY Takux KpHCTajax MPHUIIOBEPXHEBI 00’ €MHU CKIIAJal0Th
JIy’Ke MaJly YacTKy BiZJHOCHO BHYTPIIIHIX 00’ €MiB.

B T0i1 e yac ayxe TOHKI MOHOKpUCTAIH («Byca»), y
SKHX  O00'€M  IPUIIOBEPXHEBOrO  Imapy  MOXe
MepEeBUILYBAaTH BHYTpIIIHIA 00'e€M, omip 3CyBy €
Ha/I3BUYaliHO BUCOKUM.

3arajioM, IOSCHEHHS IIIACTHYHOCTIL
BTpaTH CTIHKOCTI

AK Ipolecy
KPHCTAJIIYHOI0 TPaTKOl0 — IIe

TIOBEpHEHHS JI0 TONEepPEeAHbOi 1J1e, KoM IIaCTHYHICTh
PO3TIIsIANHN SIK BIACTUBICTH 0e37e(heKTHOI KPHCTaiqHOT
rpatku [22].

BukopucToBylour HeECTiKy MOJAENb KPUCTaJIiuyHOI
rpaTKH, Ha aTOMHOMY PiBHI IIOKa3aHO, 10 3CYB aTOMHHX
IIoNMH y Oe3nedekTHi KpUCTaTiuHIM TpaTii Moxe
BifOyBaTHCh 3a HAIpPYXKEHb 3HAYHO HWXKYHX BiJ
TEOPETHYHO PO3PaXOBaHUX.

BucHoBkn

1. V BUmaaKy MOMENIOBaHHS KPHCTAIIYHOI T'PATKH
CIIJT BBAXKATH, 110 1i CTIMKICTH MAaKCUMAaJIbHA B MOMEHT 11
BUHUKHEHHS, TOOTO MiJ Yac KpHCTamizalii, a He 3a
TEeMIlepaTypd  aOCOJIOTHOrO  HYJs, KOIM  aTOMH
3HAXOIATHCS B IOJOXKEHHSIX 3  MIHIMaJIBHOIO
MOTEHIIAJILHOIO EHEPTIEl0.

Kpucranizamis, T00TO TBEpHiHHS pO3IUIABy - L€
NpoLleC ~ YTBOPEHHS  CTIMKOI  BIJIHOCHO  3CYBHHX
nedopmariiii KpEUCTaIiuHOT TPATKH 32 paXyHOK 3MiHHU CHIT
MIXaTOMHOI B3a€MOJII1.

2. 3HWKEHHS TeMIlepaTypH BIUIMBAE Ha CTIHKICTH
KPHCTAJIIYHOI TPAaTKH 1 IPUBOAMTS 1O ii Aecrabimizamii. B
pe3ynbTaTi KpUCTaliyHa TpaTka MO)KE 3MIHIOBaTH CBOIO
(¢opMy IUIIXOM TMONITPOIIHUX TIEPETBOPEHb YW 3a
paxyHok rtuiactuuHoi nedopmamii. B o0ox Bumamkax
aTOMH TEPEMIMAIOTECS Y TIOJIOKEHHsSI 3 MiHIMaJIBbHOIO
MOTEHIIAJILHOIO EHEPTIEI0.

3. 3HWXKEHHS TeMIeparypyl BHKIMKA€ 3MiHH Y

MOJIOXKCHHI aTOMIB, IO B CBOI Yepry BHUKJIHKAE
3MINIEHHA Yy  TPOCTOPI  TOYOK 3  MIiHIMAJBHOL
MOTCHINAJILHOI0 ~ CHEPTri€l0,  KyIW  HaMararThCs
MIEPEMICTUTHUCH ATOMU. Taka rpaTka crae

MeractabinpHO0. [lif Ni€ero He3HaYHWX 30BHIIIHIX CHII
MeTacTabiibHa TpaTka MOXKE 3MIHIOBAaTH CBOIO (hopMy
LUIIXOM  YHOPSJKOBAHOTO  3MILIEHHS  aTOMIiB B
TIOJIO’KEHHSI 3 HIDKYOI0 IIOTEHIIAIBHOI EHEpriero 3a
MEXaHi3MaM{ KOB3aHHs 1 JBIMHUKYBAaHHS — II€ IPOIICC
TUIACTUYHOI AedopMarii.

4. TlpyunHa TNONIMOP(HUX IIEPETBOPEHb € OiIbII
CKJIaJHOI 1 O0OyMOBIEeHAa 3MiHAMH B €JIEKTPOHHIHN
CTPYKTYpi, BHUKIMKAaHHX 3HIDKEHHSIM TemIiepaTypu. B
pe3yabTaTi  MOXYTh  CKAa4yKOIOMIOHO  3MIHIOBATHUCH
MOTEHINATM  MDKAaTOMHOI B3aemomii X ¢opma Ta
pIBHOBa)XHa BIJACTaHb. I[CHyroWa KpuCTaliyHa TIpaTKa
BTpayae CTIHKICTh 1 IEpPEeTBOPIOETHCS B 1HIIY OibII
CTiliKy. PymmiiiHi cuim B IbOMY BHUNAJAKY 3HaYHO OLIBII
1 IepeTBOPEHHs BifOYBaIOThCSl CIIOHTAHHO, Y BIJICYTHICTh
30BHIIIHIX CHIL.
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Thermodynamics Constituent of Crystal L attice | nstability
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In this paper a conditions of the crystal lattice stability are researched. It has been shown that for the correct
estimation of crystal lattice stability it is necessary to take into account a thermodynamics constituent. On the two-
dimensiona model it was shown, that a crystal lattice with spherically symmetric potentid of the interatomic
interaction is ungtable a low temperatures. Such model is suggested to be used of process plagticity explanation. As
a result of ingtability, the atoms of crystal lattice move to new position under the impact of external forces. It is
resulted inthe process of plagticity.

Key words. two-dimensional, acrystalline, apotential, interatomic interaction, an ingtability, a plasticity.
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