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VY craTTi BHKIAIEHO HOBI MOTIISAM Ha MPUPOIY TUIACTHYHOCTI METAJIB, B OCHOBY SIKUX
3aKjaneHo  igel  HecTiiikocti. Ha  OCHOBI  BJIacCHMX  JOCHIDKEHh 1 BIOOMHX
eKCIIEPUMEHTAIBHUX JTaHUX TOKa3aHo, IO IUIACTHYHICTh METAiB € HACTIIKOM HECTIHKOCTI
1IeaTbHOT KPUCTATITHOT TPATKH.

Ha nBomipHiii Mogeni OyIio moka3aHo, 0 KpUCTaJIivuHa rpaTKa MpH BiIMOBITHUX YMOBaX
MOXxe OyTH HECTIMKOIO BiTHOCHO MaluX 3CYBHUX Jedopmauiil. [IpyunHOI0 HECTIMKOCTI €,
MO-TIepITie, TEOMETPis IOTEHITIAy MIDKATOMHOI B3a€MOIii, IMO-Ipyre, BEIWYWHA EHEpPTii
KOJIMBaHb (TEIUIOBA €HEpPrisg) aToMiB. Y BUNaakKy cHEepuyYHOi CHUMETpIi MOTEHIany
MDKaTOMHOI B3a€MOJIi KPUCTAIIYHOI TPaTKU, MIX aTOMaMH 1 iX HaHONMXYUMH CycimaMu
IUIOTh CHJIM BiJIITOBXYBaHHS, SIKi BPIBHOBAXYIOTHCS CHJIAMHU TMPUTITAHHS, MO MIFOTh MiX
aToMaM® i iX JanbHIMH cycimamu. Taka TrpaTka € CTIMKOIO TpH BHUCOKIH Temmeparypi i
HECTIHKOIO TIPY MallUX 3HAYCHHSIX TeMIeparypu. BHachimok HecTiHKOCTI mpH Aii 30BHIIIHIX
3YCHJIb aTOMHU TPATKH MEPEMIINAIOTHCS y HOBI, OLITBIN CTIHKi, TOJIOXKEHHS, Y PE3yIbTaTi 40T
BiIOyBa€EThCS TUTACTUYHA JTepopmartis.
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I. Bceryn

BianoBigHO 10 cydacHUX MOTsiAIB (i3UKH
MIIHOCTI ¥ MIACTHYHOCTI JJISl 3CYBY aTOMHUX
IUIOMUH B 1/I€ajbHIA KPUCTATIYHINA TpaTiii
TBEPAUX TN HEOOXiJHI BHUCOKI HAmpy>KEHHS.
[le o3nauae, 1m0 imeanbHa KPUCTATIYHA TpaTKa
€ CTilikolo 10 3cyBHHMX nedopmamii. Jlis
OOTpYHTYBaHHS BOT'O TBEPKCHHS
BUKOPUCTOBYETHCSI  BiJiloMa  pPO3PaxyHKOBA
cxema (puc.l). 3rifHO 3 II€I0 CXEMOIO
PO3paxyHKOBE HAMpPYKEHHs 3CYBY AaTOMHOI
TUIONIUHM € AY’KE BUCOKUM. A ITiJICTABOKO IS
IOTO TBEPIKEHHS € Te, M0 OLUIBIIICTh
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MaTepialiB Ma€ BHCOKi 3HAYCHHS MOMIYJIB'
3CyBy 1 aisi NOCSTHEHHs aedopmarii, ska
JIOPIBHIOE TIOJIOBMHI MIDKATOMHOI BIJICTaHi,
HEOOXiJHI BHCOKI HamNpy>KEeHHs. Y pealbHUX
Marepiagax mpud  Jii  30BHIIMIHIX  CHII
KpHUCTaJIIYHA TPpaTKa JOCATAE 3HAYHO MEHIITNX
3Ha4YCHb TPYXKHOI nedopmariii 3CyBy, B
NOPIBHSAHHI 3  TEOPETHYHO  MOXIIUBOIO,
BIIMMOBIIHO 10 KJacu4Hoi cxemu (puc. 1),
MICsI 4Oro BTpavae CBOIO CTIMKICTh 1 Jaii
neOpMy€eThCS YK€  IUIaCTHYHO.  Tomy
peasibHI 3HAYEHHS MIIMHOCTI MeETamiB 1 ixX

1 . .
XapaKTepI/ICTI/IKa MaTepilaly, sIKa TaKOX 3aJIC)KUTh B1/]
BEJIUYMHU CUJT MI>KATOMHOT B3a€MO,Hi'1..
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CriaBiB  Ha 3-4 TOPSAKKA MEHII  HIXK
TEOPETUYHO PO3paxoBaHi Ha OCHOBI 3HAYCHD
MOAYJIB  TPYXKHOCTI. AJjle Yd  MOJXKHA
OTOTOXKHIOBATH MOJYJb TMPYXKHOCTI, SKUAN
Maike He 3aJIeKHUTh BiJl CTPYKTYpPU TBEPAMX
T, 1 MIOHICTh, fKa IyXe 3alle)KHa BiJ
CTPyKTypu  Marepiany?  Tak,  MIIHICTB
METAJIYHUX  MAaCHBHUX  MOHOKPHCTAIIB
CKJIazIac 10°-10° [Ta, momikpucTamiuHi METAIH
MalOTh MIIHICTh TOPSAIKY 107-108 IMa, a
MIITHICTh HHUTKOMOMIOHUX KPHCTATIB CsTa
10°-10"° IMa.  Omxe y  3QJeXKHOCTI  BiJ
CTPYKTYpH MIIHICTh MOXE 3MIiHIOBATHCh Y
10°-10° pa3, Tomli SK MOIYyNTb 3CYBY
3MIHIOETBCS Ha KiJIbKa MPOIEHTIB.

Crnig TakoXX BIAMITUTH, IO Yy KIIACHYHIM
MOJIeTII BPaxXxOBYIOTh JIMINE CHJIH B3a€MOIIi
MK aTOMaMH Ta iX MEpIIMMHU CyCigaMH 1 He
BPaxOBYIOTh CHJIM B3a€EMOJii aTOMiB 1 IX

HACTYIIHUX CyCiliB, a TaKoX — THIO 1
TEOMETPII0 MOTEHLIaTy M1)KaTOMHOT
B3aemonii. Kpim Toro, mpm po3paxyHKy

MIITHOCTI TBEPAMX TUI TO Wi CXeMi He
BpPaxOBYIOTh BIUIMB BHYTPIIIHBOI (TETIOBOT)
eHeprii rpatku. OcTtaHHS OOCTaBUHA € IyXKe
BA)XJIUBOIO, OCKIIBKH TEIJIOBA €HEPris TpaTKH
MOJK€ HE TUTbKHM 3HAYHO 3HIDKYBATH MIIIHICTh
TBepAUX Tin [1], ane W BUKIMKATH BTpaTy ii
CTIMKOCTI BITHOCHO 3CYBHHX Jie(opMarliii mpu
IUTaBIICHH1, YU TIONIMOP(HOMY MEepeTBOPEHHI.

Uepes HETOCKOHAIICTh KIACHYHOI MOJEITI
TEOPETUYHO PpO3pPaxOBaHa MILHICTh 3HAYHO
NEepeBUIIlyE peajbHEe 3HAYCHHS MIIHOCTI
MeTamB 1 1X cmiaBiB. /g TOsSCHEHHS
HEBIJIOBIIHOCTI TEOPETUYHUX PO3PAXYHKIB

Puc. 1. Kinacuyna po3paxyHKoBa cxema
3CyBY aTOMHO] IJIOIIMHU

MILHOCTI (mexi TEUIHHSA) 1I€aJIbHOT
KPUCTAIIYHOI TPATKU 3 €KCIEPUMEHTATbHUMHU
JAaHHUMHU JUIS pealbHUX MarepiaiiB Oyra
CTBOpEHA JMCIOKaIliiiHa Mojenb. BinmosigHo
70 i€l Teopii Hampy>XeHHs 3CyBYy aTOMHHX
IUIONIMH B IiJ€aJIbHIA KPUCTAIIYHIN rparii
3HAYHO 3HIDKYETHCS y MPUCYTHOCTI y TpaTii
HE3HAYyHOi KITBKOCTI muciokamnid. Pasom 3
TAM  3pOCTaHHS  KUIBKOCTI  JIUCITIOKAIlii
BUKIIMKA€E TIABUILEHHS OMOPY 3CYBY aTOMHHUX
TUTOTIIHH.

I[[i mormsiny HA TWPUPOAY IJIACTUYHOL
nedopmariii, OCHOBOIO SIKUX €
IUCIOKaIliiHIiHA ~MOJeNb, 3ampoNOHOBaHI
Teitnmopom, Oposanom 1 Ilomsui me y 30-x
pokax pokax 1 CBOTOJHI € 3arajlbHO
Bm3HaHmMu. CBOro dwacy, JHCJIOKalliiiHa
MOJIETb Mij1aBaach CEPHO3HIA KPUTHII, aie
KPUTHYHE CTABJIIEHHS 110 HEl HE 3aBaguio il
MOIIMPEHHIO 1 BU3HAHHIO, OCKUIBKHM Kpamioi
MOJIeTIi HE 3alpPOIIOHOBAHO IO CHOTOHIIIHIM
JICHbD.

[Tpubnu3no y Ttoil xe yac (30-Ti poxwm)
M. BopH y CBOiX TEOPETHUYHUX AOCITIIKEHHIX
[OKa3aB, M0 JEsIKl KpPUCTalluHI TpaTKH,
THIIOBI 11 METaliB, HECTIHKI IO JEIKHM
KpUcTaiorpapiyHuM  HampsiMam  BiJIHOCHO
Manux 3CyBHMX Jedopmariid. Bin ke
3alpONOHYBAB BHKOPUCTATH IIi PE3yJIbTaTH
JUIS YIOCKOHAJeHHs Teopii MmimHocTi [2,3].
OpHak, HE3pO3yMII0 YoMy, HECTIHKICTh
KPUCTAJIIYHUX TpaToK He Oylia BHKOpPUCTaHA
JUIS  TIOSICHEHHST HH3BKOTO OIOPY 3CYBY
aTOMHUX TUIOIIMH, IO CIOCTEPIraeThcs MpHU
nedopmartii MAaCHBHUX METaJICBUX

Puc. 2. Po3paxyHkoBa cxema 3cyBy
ATOMHO{ MJIOLIVHH.
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MOHOKPHUCTAIB BHCOKOL YUCTOTH 1
JOCKOHAaNoi  OyIOBH, MIIHICTh SKUX €
HIDKYOI0 Ha 2-3 TMOPSAAKH Yy TOPIBHAHHI 3
MIIHICTIO TEXHIYHUX METaTIB 1 iX cruiaBiB [4-
8].

Y nmaHii  poOOTI MOAAETHCA  OILlIHKA
JUCIIOKAI[IHHOT MOJIEIII Ta 3alpOINOHOBaHA IS
OOTOBOpPEHHS aJbTepHATUBHA MOJENb. Lls
poboTa € y3araJlbHEHHSIM psJy TOMEpPeaHiX
pobit [9-13]. IlpomoHyeTbCs PpPO3MIISHYTH
MPOTHIICKHY 3araJIbHOTPUHHSATAM TOTJISIaM
TOYKY 30pY, BIANOBIAHO A0 fAKOi iIeanbHa
KpUCTaJIiYHA TpaTka TBEPAMX TUI, IS SIKUX

XapakTepHa MeTajeBa  IUIACTHYHICTb, €
HECTiKOI0. 3CyB aTOMHUX IUIOIIUMH Yy
oe3nedexTHii KpUCTAIIYHII rpartii

3IIACHIOETHCS TIPU y’Ke HU3BKUX 3HAYCHHSIX
3CYBHHX  HalpyXeHb 3a  MeXaHI3MaMu
KOB3aHHS 1 JABIMHHUKYBaHHs, aje IpH
BIICYTHOCTI JAMCJOKAIiii. A TPUCYTHICTh
nedeKxTiB 1, nepenycim, TOHKOTO
MIOBEPXHEBOr0 IIapy, a y HOJIKpUCTaaxX -
TpaHHIb 3epeH Ta OJIOKIB, MiABHIILYE OIIip
nedopmMariii 3cyBy.

PosrnsHeMo  KiacWMuHy ~— cxemy, — SKa
HaBeJqeHa Ha puc. 1. BiamoBimHo m0 miei
CXeMH  BHCOKI  3HAUEHHS  TEOPETUYHOI
MIIHOCTI KPHUCTANIYHOI TpaTKd 3YMOBJIEHI
THUM, IIO TPH PO3pPaxyHKYy BpaxoBaHa JIUILE
OJlHA YMOBa CTIMKOCTi, sika Oe3nocepeaHbo
MOB’s3aHa 3 HANpPSIMOM  TPHKIAICHOTO
HanpykeHHs [2]. 3rigHoO 3  KJIaCHYHOIO
CXEMOI0 BHCOKHMM oOmip 3CyBy aTOMHOI
IUIOIIMHU  OOYMOBJIGHMM THUM, IO TpHU
3MIIIEHHI ~ aTOMIB  3pOCTa€  MiXKaTOMHA
BIJICTaHb 1, BIAMOBIJHO, 30UIBIIYETHCS CHIIA
MDKaTOMHOI B3aemomii. SKIo X 3MilneHHS
aTOMIB BiOyBa€THCS, SIK MOKAa3aHO Ha pHC. 2,
TO OMIp 3CYBY BIJICYTHiH, OCKIJIbKH BiJICTaHb
MDK aroMaMd Yy I[bOMY BHIAAKy He
30iTbIIy€eThCsl. TakuM YHHOM, BHUKOPHUCTO-
BYIOUHM KJIACHYHY CXE€MY MO’KHA IOKa3aTH, 110
y  3aJeXHOCTI  BiA  HampsMy  3CYBY,
KpHUCTalliyHa TpaTka TBEPAUX TLT MOXe OyTH
SIK CTIMKOIO, TaK 1 HECTIMKOIO.

IIlo crocyeTbcsd  eKCIIEpUMEHTAIbHUX
JaHWUX, SIKI CBIiTYaTh MPO BUCOKY CTIHKICTh
KPUCTAJIIUHUX TPaTOK, TO TYT TaKOX €
HEBIAIOBIIHICTD.

Y  3aranpHOMy, BIUIMB  JHCITIOKAIiil
BiIOOpaKArOTh BIJOMOIO 3aJICKHICTIO OIOPY
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3CYyBy BIg uuciaa Je(eKTiB y KpucTaigax
(puc. 3), BIAMOBIIHO JO SKOi MIIHICTh
Kpucrana Bigoopakerna U-momiOHOIO KPUBOIO.
Jlesikiii TycTHHI JUCIOKalid p BIAMOBIgAE
MiHIMaTBHUE  omip aedopmarii KpucTaa.
3MEHIICHHS P TIOPIBHSHO 3 P MPHU3BOIUTH 10
MIABHIIEHHS MIIHOCTI, OCKUIBKH HaOIMKae
CTPYKTYpY A0 imeanbHoi. [linBuimeHHs ducia
nedeKTiB y MOPIBHSIHHI 3 P BUKIMKAE TAKOXK
MABUIIEHHS MIIMHOCTI, ajle B)Xe II0 IHMIHN
NpPUYWHI, @ caMe — BHACHIJOK TiABUIICHHS
OTIOPY TIEPEMIIIECHHS UCIOKAITIH.

[TinTBEpHKECHHSM BHCOKOI  MIITHOCTI
ineanbpHOT KPHUCTaJII4YHOT rpaTKu €
EKCIIEpUMEHTAIbHI JIJaHI MIIIHOCTI TOHKHX
HUTKOTIOJMIOHMX  KpUCTamiB —  “BYCIB”.
BBaxaroTe, mo “Byca’ MawTh MaHxke
i1eanbHy BHYTPIIIHIO CTPYKTYPY, TOMY BOHH
MOXYTh  BUTPUMYBATH  3Ha4HI  TPYXKHI
nedopMartii.

OnHak monanmpmn AociimkeHds [14-17]
MEXaHIYHUX BJIACTUBOCTEH “BYCIB” BHSABUIIM
psAn  OCOOMMBOCTEH, SIKI Ba)XXKO TOSCHHUTH
BUXOJISTYM 3 TOYKHU 30py KIACHYHUX TOTJISIIIB.

Tak, bepexkoBa 1 Poxancekmii [14] B
eJIEKTPOHHOMY ~ MIKpPOCKOMI  criocTepiranu
MONICMHTETUYHI  JIBIMHUKKA y  0Oa3WCHHX

CTPIYKOMONIOHMX HHUTKOMOAIOHUX KpHCTalax
a-AlLOs. Ilig nmiero TepMmidHOTO ynmapy I
CTpiUKM po30MBalWCh Ha JyXXK€ TOHKI
(TOBLIMHOIO 20-50 ™) JBITHUKOBI
IPOIIAPKH, YTBOPIOIOYM CUCTEMY MOJICHHTE-
THYHUX JABiMHWKIB. [lpm 11X MexaHIYHUX
JOCTIDKEHHAX BHMSBHWJIOCS, IO BOHM MAlOTh
HaOLIBII BUCOKY MIIHICTB, SIKA JOCSTAE NI
crpivok mepepizom 0,1-1 mxm® g0 15 I'la.
Minnicte HeneGOpMOBaHHX CTPIYOK TOTO XK
nepepizy ckianana 5-10 I'Tla.”

Bucoka MinHicTs BiacTHUBA 1 JUIS 1HIIUX
HUTKOMOJIOHUX YTBOPEHb — HUTKOMOJIOHMX
kpucrtanis cymimi metaniB (Cu-Fe, Cu-Ni, Fe-
Co Ta iH.), fKI MOXYTh OyTHM Ha3BaHI Tak
JWIIE YMOBHO, OCKUTBKM HE € MOHOKpPHC-
TalaMH i MaloTh CKJIaaHy OyAOBY. IX BHCOKa
MIIHICTb 0OYMOBJICHAa MPHUCYTHICTIO BEIUKOL
KUTBKOCTI  JedeKkTiB 1 Mae  XapakTep
JUCTICPCHOTO 3MilTHeHHS [ 14].

Bucoka MIlHICTh XapaKTepHa TaKOX JUIs
rojyaTux cKauok (ix Ha3uBarTh “TpicKu’ abo
“Byca” pO3KONy), SKi YTBOPIOIOTHCA TIpU
po3kosti  kpuctamiB. [Ipw TOBIIMHI KiTbKa
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Puc. 3. 3anexHicTs OnOpY 3CYBY BiJ I'yCTHHH
neeKTiB y KprucTanax.

MIKpOMETpiB  iX  TpPyXHI  BJIACTHBOCTI
BIJIMOBIIA0Th HUTKOMOAIOHNM KpucTtaiam. L{i
“TpicKM” 32 MEXaHIYHMMHU BJIACTHBOCTSIMH
nmoAiOHI 10 HHUTKOMOMIOHWX KPHUCTATIB, ajie
CYTTEBO BIJPI3HAIOTBCA BiJJ HHUX TaMMOIO
IHIUX O3HaK. Y “Tpickax” BHUOIPKOBUM
TPAaBJIICHHSM BCTAaHOBIEHO JyXe BHCOKY
rycruay mucnokaniii (o 10° em™). Jlucio-
Kallii po3MillieHi B3JI0BXK CIiaiB koB3aHHs. Le
€ CBITYEHHSIM TOTO, IO TPICKU MIAJAI0THCS
wiacTuyHiil  medopmanii  y  mpomeci  ix
yTBOpeHHs [14].

[lle omun pe3ynbrar [17], sAKUil Baxko
MOSICHUTA 3 TOYKH 30py AHMCIOKAI[iiHOT
mMoneni, HaBeneHuit Ha puc.4. llpu
nedopmariii MiHOTO “Byca" OyJ0 IOCITHYTE
3HAYHE 3MIIHCHHS, SKE 1O BEJIWYUHI OJIM3bKE

MIa
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Puc. 4. /liarpama po3Tary MOHOKPHUCTAJIIB Miji

[17]: 1 — ToHKWMif ByC, 2 — TOBCTHII BYC, 3 —
MacUBHUII MOHOKpHUCTAJL.

no TeopermuHoi  mimHocTi (1200 MIla).
Minnicteh mporo “Byca" MIiCHS TUIACTHYHOI
nedopmartii NEpEBUIIyBaIa TPaHUL0
TEKy4oCTl OinbIl TOHKOro ‘“Byca", Xxou
IpaHMLl TEKy4oCTi OuIbIl TOBCTOrO “‘Byca'
Oynma wHwk4dor. Ileid pesyapTaT BaxkKo
MOSICHUTH 3 TOYKH 30py iaeanbHOi Oya0BU
KPUCTAJIIYHOT TPATKH.

Psan  nmocmimkeHb  CBITUHMTH, IO Yy
HUTKOIIONIOHUX KpHCTalTax MOXYTh OyTH
MPUCYTHI AUCIOKAIii y BENMKIH KIJTBKOCTI,
0cOOMMBO y TOBCTHX 3paszkax [14-16].
bepexxkoBoro Oyno BHSBIEHO, MO Yy BCIX
BHUMAJKaX, KpiM OJHOTO, HHUTKOMOI0HI
KpUCTAJIM 3 OJHOI0, a00 JBOMa OCHOBHMH
IMCITIOKAIIIMA BUTPUMYIOTH Ae(opMariito Bif
0,2 mo 10% [14]. Kpim Toro, BCTaHOBIEHO,
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Puc. 5. Haripyxenns 3cyBy (a) [18] i Mmexa TekydocTi (0, B) [19] y 3anexxHOCTI Bif po3Mipy

KpHUCTaJiB; a, 0 — CTallb; B — Mifb.
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Puc. 6. TeopeTruHa 3aJIeKHICTD TPaHUIT
TEKy4OCT1 KpPUCTAIIiB Bif X Jiamerpa.

o0 MIIHICT, “BYCIB” 3aJCXHTh BiJ IX
po3mipiB [17,18]. BusBisierbcs, mo BHUCOKA
MIIHICTB, OM3BKa bi o) TEOPETHYHOI,
XapakTepHa JUIS  «BYCIB»  Jyke  Maloi
TOBIIMHU (MEHIIEe 5 MKM). 31 30UTbIICHHSM
TOBIIMHU «BYCIB» iX MIIHICTh TaAae 1 JyIs
TOBCTUX «BYCIB» (6ipIIe 50 MKM)
CHiBpO3MipHa 3  MIIHICTIO  3BHYAHHUX
MarepiaiiB (puc. 5).

BuienaBeneni gakté He BOHCYIOTHCA Y
3araJIbHONIPUUHATY TOYKY 30pY, BiAMOBIIHO
710 SIKO1 BUCOKA MIIHICTh “BYCiB” 00yMOBJIEHA
iX imeanbHO0 Oy0BOIO. SKIIIO TOBOPHUTH PO
imeanpHy OyJOBY  KpHCTaJi4HOl TpaTKu
“ByciB”, TO CIIiJl maM’ATaTH PO iX MOBEPXHIO,
OynoBa sKOi € BiAMIHHOIO Big OyaoBu
BHYTpIIIHIX  mapiB. IneanmpHa  OynoBa
KpUCTAIIYHOI TPaTKU MOXJIUBA, SIKIIO YHUCIIO
aToOMiB Oe3MeXHe, a y BUMAJIKy OOMEXEHOTO
yHuclia aToMiB, i1/eanbHa CTPyKTypa Oyze
3aiiMaTh  TUIBKM  dacTUHy o00’emy. VY
MOBEPXHEBOMY IIIapi aTOMH PO3MIIIEHI IO
iHIIOMY 1 BJIACTHBOCTI MarTh iHII. Tomy
BiIbHA TIOBEPXHS € CHEHUPIYHUM BUAOM
IJIOCKOTO NeeKTy Y KPUCTAT 1 Ma€ CyTTEBHIA
BILJIB Ha fioro ¢b13uKo-MexaHiuH1
BJIACTUBOCTI, a caMme: Ha TPYXHY CTaIiro
nedopMyBaHHS, MEXKY MPOMOPIIHHOCTI 1
MEXy TEUiHHs, Ha 3arajlbHUN XapakTep
KpuBOi ‘“‘HampykeHHs-nedopmanis” 1 pi3Hi
cramii  gedopmariiiiHoro 3MilHEHHS (Ha
koediuienTH aedopManifHOro 3MIlIHEHHS 1
JOBIOTPUBATICTh  OKPEeMHX  CTaliid); Ha
MPOLIECH KPUXKOTO 1 BTOMHOTO PyHHYBaHHS,
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MYCTHHE OEhekTIE

Puc. 7. BB cTpykTypu Ha MIIHICT: 1 —
ne(OPMOBaHUX TOHKUX KpPUCTAIB 1 BO-
JIOKOH, 2 — «BYCiBY», 3,4 — TEXHIYHUX METAJIiB
11X CcIIaBiB, 5 — MACHBHMX MOHOKPHCTAJIIB.

MOB3y4OCTi, pekpuctamizarmii 1 T.i. [20]. IIpo
0cobauBOCTI Oy/10OBM MOBEPXHI 1 ii BINIUBY Ha
MIIHICTh TBEPAMX TUI WJe MOBa y OaraThbox
pobotax [20-23].

OCKUTbKHM HUTKOTOI0OHI KPUCTAIA MarOTh
MaJIii po3Mip, TO X OBEPXHS 3aiiMae 3HAUHY
YAaCTUHY Y 3araJlbHOMy 00’€Mi, a OCKIJIbKH
BOHA € JIOBUMIPHUM Je(PEKTOM, TO HE MOXHA
BBa)XaTH OYJIOBY TOHKHX BYCIB 1J€aJIbHOIO 1
oo caMe UM OOyMOBJIEHa iX BHCOKa
MIIHICT. BHCOKa MIIHICT TOHKHX BYCIB

o0yMOBIIeHAa BIUIMBOM TMOBepxHi. Bucoki,
ONMu3bKI O TEOPETUYHUX, 3HAUYEHHS MEXI
TEKy4OCTi TOHKHUX “ByciB" (puc. 5)

3HWKYIOTBCSL 31 30UTBIICHHAM iX aiaMeTpa i
Bume 3a 50 MKM [ajalTh A0 3HAuYCHb,
ONMM3BKUX JO MIIHOCTI 3BUYAWHHUX METAJIiB
[17,18]. Take  TOHMWKEHHS  MIITHOCTI
MOHOKPHCTAJIIB MOKHA TIOSICHUTH 3MEH-
[ICHHSM BIUIMBY IOBEPXHI Mpu 301JbIICHHI
BHYTpIIIHBOTO 00’ €My KpucTana [9].
[ToBepxHeBuil 11ap, TOBUIMHOK y KiJIbKa
atomiB, Mae cnenudiuyHy OymoBy, sKa
BIIPI3HSAETBCS  BiA  OyJOBM  BHYTPILIHIX
obmacreii  kpucrama. [lpm  3mimeHHi
MIOBEPXHEBUX aTOMIB Oy/e BHUHUKATH CHJa
ormopy. Omip 3CyBy BHYTpIIIHIX aTOMIiB,
3TiHO HAIIOTO MPUMYIIEHHS, Oyae piBHUM
HYJII0. BIUITMB MOBEPXHEBOTO MIApY Yy TaKOMY
KpHUCTali YMOBHO MO)KHa 3aMIHUTH cuiioro F.
OCKUTBKM  TOBIIMHA TOBEPXHEBOTO IIapy
KpUCTala 13 3MIHOIO HOro MONEPEeYHUX
pO3MIpIB Maibke HE 3MIHIOETBCS, TO CHIIA
onopy 3cyBy F =const. I'panuns tekydocTi
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KPUCTAJIIB y I[bOMY BHUIIQJKy 3aJICKHUTh BiJl
po3Mipy KpHCTaiga 1 MOXe MIHATHCS Bif
BUCOKUX 3HAau€Hb M  JyXe TOHKHX
KpuctamiB (“ByciB"), 10 HyJS JUII MacUBHUX
MOHOKPHUCTAIB, 110 BHUIUIUBAE 3 (HOPMYJIH:
T =4F/d2, rpadix sxoi (puc.6) cxoxuil Ha
rpadiku EeKCIepPUMEHTAIBHUX 3aJIeKHOCTEH
MiITHOCTI “ByciB" Bimg iX po3Mmipy (puc.5S).
Mexa  TEYiHHS  MAaCHBHHX  METAJICBUX
MOHOKPHCTAIIB BUCOKOT YUCTOTH 1
MPaBUIBHOT OYJIOBU JOCATAE 3HAYEHb Ha JIBa
TPHU TOPSAAKA HUKYHMX 332 MIIHICTh PeaTbHUX
MeTtaniB [4-8]. BiamoBiHO 10 BHCHOBKIB
NEesSKUX JOCTIAHUKIB, TP OTPUMAHHS BCE
OUTBII TOCKOHAUX 32 OYZOBOIO KPUCTAIIB iX
MeXa TeKydocTi Oynae HaOmmKaTtucs 10
uyns[4-8]. Lli maHi cBig4aTh MpoO HECTIHKICTh
1IeaTbHUX KPUCTAIYHUX TPATOK METAIB.
BigmoBimHO [0 Mojenmi, IO MPOIO-
HYETHCS, MIIHICTh KPHUCTAIIB 3aJICKUTh BiJl
CHIBBIJHOILIIEHHS oOiacrei 1J1IeaIbHOl
KpUCTAIIYHOI TpaTKu 1 JAePeKTHUX obiacren
KpUCTAaJIa, BKIIFOYAIOUN MPUTIOBEPXHEB] MIAPH.
OCKUIbKM i7icayibHA KpHCTAJliYHA TpaTkKa He
CTBOPIOE OIOPY 3CYBHUM JedopmaiisiM, TO
nepeBakaHHs il oOyacTeil y 3arajabHOMY
o0’eMi  Mmarepialy  CIOpHUS€  3HWKCHHIO
MIIIHOCT] 1 HIABUINEHHIO IUIACTHYHOCTI. Y
pasi mepeBakaHHS ne(eKTHHX obOmacTeil —

MIIBUITYETHCS ~ MIIHICTD 1 3HIDKYETHCS
IIACTUYHICTb.

Tak, BHACHIIOK TIACTUYHOI aedopmarrii
MIJTHOTO TOBCTOI'O “Byca" KUIBKICTE
nedekTHUX 00JIacTeil y HhOMY 301IbIIMIIACS,
TOMY 30LIBIIAIIACS Horo MiI.IHiCTBz.

VYHacnigok nedopmariii KpucTajliuHa rpaTka
pyWHy€eTbCS 1 CTpyKTypa “Byca”  cTae
aMmop¢HOI0, TTOAI0HOI0 SIK Yy CKJIa. 3BUYaliHE
CKJIO MAa€ HHU3bKY MILHICTb, aje MpH
BIJICYTHOCTI TIOBEPXHEBHUX MIKPOTPIIIUH €
JIyKe MIIIHHM, po 110 CBI(UaTh
BUMPOOYBAHHS TOHKHX CKISIHUX HUTOK, Y
SIKUX MIIHICTh Ha PO3TAT CATAE OJIM3BKO
5000 MITa [14] (mpu MiHOCTI 3BHYAHOTO
ckia 40...60 MIla). Bucoka mimHicTh “ByciB”
CKOJy, CTPIYKOMOMIOHMX  HUTKOIMOMIOHHX
kpuctanie  o-Alb,O3; Ta  HUTKOMOIIOHMX

> Mpu 3wHaumiii nmactmumiii gedopmanii  MilHICTH
TEXHIYHUX METANIB 3HUKACTHCSI BHACHINOK BHHUK-
HEHHS MIKpOTPILIMH 1 MiIBUIIEHHS YyTIMBOCTI 10 HAX
3MIIIHEHOTO Ae(opMaIriero MeTany.

YTBOPEHB IHTEPMETAIIB 00YMOBJICHA BUCOKUM
BMICTOM Yy HUX AedekTiB. Buie 3ramani pani
CBi4aTh TMpPO Te€, IO BHUCOKA MIIHICTb,
Onmu3bKa 1O TEOPETUYHOI, [IOCSITAEThCS HE
TUTBKH Y KpHUCTaJIaX JIOCKOHAJI01 Oy0BH.
OTmxe, aHAJIOTIYHO 3 BHIIECHABEICHOIO
3QJICKHICTIO MIIHOCTI (TPaHMII TEKYy4OCTi)
TBEpIUX TUI BiA KiJIbKOCTI nedekTiB (puc. 3)
IOJaMO CBOK 3aJI€KHICTH 3MIHM MIIHOCTI

kpuctaniB (puc. 7). Ha miifi 3amexHocTi
MaKCHMaJdbHy  MIIHICTh  MalOTh  TOHKI
CKJIONIOMIOHI BOJIOKHA 1  HUTKOIIOAIOHI

KpUCTIX 3 JePOPMOBAHOI 0 aMopdoro
CTaHy CTPYKTypol, Yy SKHMX BIACYTHI
MIKpOTPILIMHU. 32 HUMU 10yTh TOHKI “Byca",
gKi, mompu ix 0e3aeQeKTHY BHYTPIIIHIO
OyZOBy, MAalOTh IIOBEPXHIO SK JBOMIpHHMA
nedexr, Imo 3ailMae 3HA4YHYy YacTUHY Y
3araibHOMYy 00’eMi “ByciB” uepe3 ix Mmal
po3MipH.

MinHICTF MAacUBHHUX METAIIYHUX MOHO-
KpHUCTaIIB JOCKOHANOI OYJJOBU € HAlTHUKUOIO,
OCKUTPKM BOHH 3HaXoAAThCS B oOmacTi 3
HU3BKMM BMIiCTOM JeeKTiB. X moBepxHs, sk
nedeKT, CTaHOBUTHh Mi3epHY YacTHUHY BiJ
BCbOTO  00’eMy  KpucTtama.  MIlHICTb
MOJIIKPUCTAIYHIX METANIIB 3aliMae MPOMIKHE
MOJIOKEHHA ~ MDK  MIiHHICTIO  “ByciB" 1

MAacHUBHUX MOHOKPHUCTNIB. IX  MIiIHICT
3aNeXUTh Bl pPO3MIpy 3€peH 1 OIoKiB
(3aJ1eKHICTh [leTua-Xomna), OCKUIbKHU

TpaHUIll 3epeH Ta ONOKiB, K 1 TOBEPXHS, €
neeKToM.

TakuM 4MHOM, BIAIMOBIZHO A0 3arajibHO-
NPUMHATUX TOIJIAAIB, 11ealbHa KpUCTaJldHA
rpaTka MeTaliB € CTilikoo. 3amnporoHOBaHa
MOJICTTb  17IeJTbHOT KPUCTAIIYHOI TpaTKu —
HecTifika. 3rifHO A0 I[HUX NPUIYIICHb, Y
nepuioMy BUMAJAKY, Oe37nedeKkTHi MeTanu
MOBUHHI OyTH JyXe MIlHI, y Apyromy
BUIMA/IKy, HAaBIIAKW, HE MIIHAMHU (OIip 3CYyBY
aTOMHUX IUIOMIWH ONu3bkuil 1m0 Hyms). B
000X BHUNAAKAaX IIi TPUNYIICHHI HE
BiJIMOBIAAI0Th E€KCIIEPUMEHTAILHUM JaHUM 1
HeoOXigHe 1X KOpeKTyBaHHA. Tomy, Yy
NEepUIOMYy BHIIAJKY, BBaXalOTh, IO OIIp
3CyBY B3HHWXKYETbCSI dYepe3 TNPUCYTHICTh Y
KpUCTaNiyHil rpatii aedekTiB (AucIoKarii),
y IOpyroMy BWIIQJKy, HaBIIaKH, BiJICyTHICTh
nedexTiB 00yMOBIIIOE HU3bKHI omip 3cyBy. B
000X BHIMAJKaX, KOJIH BPaxOBYIOTh BIUINB
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Puc. 8. 3cyB aTOMHO1 TUIOITUHM.

-25130

EleB)

-25210

173 r oA 24

Puc. 9. IlotenuiansHa eneprisi E sax QyHxuis
M1KaTOMHOT

BiICTAHI I y KpHUCTali, IIo

ckiamaerbest 3 10000 aTomis.

ne(eKTiB, po3paxyHKOBI 3HAYEHHS MIITHOCTI
BI/IMOB1TafOTh MIITHOCTI PEAIbHIX METaJIiB.

[ToTpiOHO TakOX 3a3HAYUTH, MO0 Y
KJIaCHYHIM MoOfemi, SK 1 3ampoIloBaHiM,
BUKOPUCTOBYETHCS i€ HECTIMKOCTi, OCKiJIb-
KA JHUCJIOKAIlll € JIOKAIbHUMHU HECTIMKUMUA
ob0jacTaMu  KpHUCTala, B SIKHX aTOMHU
po3TamioBaHi 3  BIOXWICHHSAM  BIg  iX
BIAMOBIAHOIO TIIOJIOKEHHS B 1AcalibHIN
KpUCTAJIYHIA Tparmi 1 1X TMOTeHIiadbHa
eHepris  gemo 30impmena.  OpHak, |y
KJIACUYHIA MOJIEJ PO3TISIAETHCS JIOKaTbHA
HECTIWKICTh, a y Tilf, 110 MPONOHYETHCS —
ro0anbHa HECTIHKICTh KpUCTAIA.

II. HecTiliKicTh KPUCTAJIYHOI TPATKHU

PosrnsiHemo JBOBHMIpHY MO/JIEITb
KkpuctaniuyHoi rpatku (puc. 8). JlocmimkeHHs
JIBOMIPDHUX  KpPUCTaJiB 3  KBaJpaTHUIO
KOMIpKOIO HaBefleH1 y poOortax [9-13]). Hdusa
BU3HAYCHHS CWJI 1 eHeprii B3aeMomii Mix
aTOMaMHM  BHKOPHCTOBYBJIMIM  C(PEpUUHO
cUMeTpHyHHMi moTeHmian bopHa 1 BBaxanw,
[0 MK aroMaMu [iIOTh LIEHTPalbHI CHUIIH.
Cunu B3aeMoii mpuiitMamy KOPOTKOMIFOUNMH,
10 PO3MOBCIOJKYIOTHCS TUIBKM Ha MEPIIMX 1
Ipyrux — cycimiB  aroma. [loTeHmianbHy
€Hepril0 aToMiB LUX IPATOK PO3paxOBYBaIH
AK CyMy TMOTEHI[iaJIbHUX €Heprii mMmapHOoi
B3a€MOJII1 aTomMa 3 HOro MepuuMH i APYTUMH
cycinamu. IloreHuianbHy eHeprio Kpucraia
BU3HAYAIM SIK CyMy €HEprii BCiX aTroMmiB
kpuctasia  [11].  MixatoMHy  BiACTaHb
KpHUCTaja BU3HAYAJIM 3 YMOBH MIHIMyMYy Horo
noteHuianpHoi eneprii. Ha puc. 9 naBenenuii
rpadix 3a1eKHOCTI MOTEHIIANbHOI eHeprii
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BIJI MDKaTOMHOT BiJIcTaHI.

MIHIMYMY Ha KpHUBiit
MOTEHIIaTbHOI ~ €Heprii  CBIAYUTH  MPO
MOXJIMBICTh ICHYBaHHA Kpuctana. Micue
MOJIOKEHHA MIiHIMyMYy BH3Ha4ya€ MiKAaTOMHY
BiJICTaHBb JIJIS IBOTO KpUCTAIa.

Bukonani o04uCIeHHS ISl KPUCTAIIB, 110
CKIIAJAlOThCSl 3  PI3HOTO YHCIa aTOMIB
MOKa3aJid, 1110 MI>)KATOMHA BiJICTaHb MCHBIIIAE,
KOJU po3Mip Kpucrtana 30uabinyerbes [11].

KpHUCTaa
[TpucyTHicTh

Mexa 1BOTO 3MCHIIEHHS OOMEKY€EThCs
MDKAaTOMHOIO  BIIICTAHHIO  HECKIHYEHHOT'O
KpHCTaa.

3MeHIlIeHHS MDKAaTOMHOI BIJCTaHl UIA
HECKIHUYEHHO BEJIMKOIO KpHCTaa
(r=2335A, puc.9) y nopiBHSHHI 3

PaBHOBRXKHOIO BIJICTAHHIO JMJISI JBOATOMHOL
Moze TBepaoro tina (ro= 2,5 A) I10B’ 13aHO
31  CQEpUYHOI0  CHUMETPIEI0  MOTEHIIATy
MDKaTOMHOI B3aemomii. Po3ristHeMO 1€ OUIbII
JIETAIIBHO.

Y  pa3si  chepuyHO  CUMETPUYHOTO
MOTEHIlIAJTy HEMOXIJIMBO PO3MICTUTH aToM 1
Horo mepmmx 1 JOpyrux CycimiB  Ha
paBHOBaXHIN BiACTaHI Iy SIKIIO PO3MICTUTH
aTOM Ha BIJICTaHI I( BiJ MEPIIUX CYCiZiB, TO
JpYTi CyCiiu pO3MICTATBCS Ha BiACTaHI 17 1, y
IbOMY BUTAJIKy, MK HUIMUA BHHUKHYTH CHITH
OpUTATAaHHSA. Y MOJeNi, IO TPOMOHYETHCS,
YPIBHOBaXEHHS CHJI BiIOYBa€THCA 3a PaXyHOK
30JIMKEeHHSI aTOMIB (YKOPOYEHHUS! MI>KaTOMHOL

BificTani). Y  1[bOMY BHUINAAKy  CHJIH
nputsaranHs F; MK aToMoM 1 Jpyrumu
cycigamu 30a1aHCOBaHI cUJIaMu

BIIIITOBXYBaHHA F, Mk aTOMOM 1 mepiuMu
cycimamu (puc. 10). [ToTpiOHO 3a3HAUNTH, IO
y pa3i TphOXMIpPHOI TpaTKH, Lel ePEeKT TaKoxK



Il1acTUYHICTH METAJIIB K BUSB HECTIMKOCTI...

ra

I

Puc. 10. Cunmu aToMHOI B3aeMoJii b y
KOMIpITi KpUCTaNIa a y 3aJIeKHOCTI Bif
MIKaTOMHOI BificTaHi. 1] < 1) < I,

Oyne MaTé Miclle a, BHACHIAOK OiIbIIol
KUIBKOCT1 IPYTUX CYCIJIB aTOMa, YKOPOUYEHHS
MIXXKaTOMHUH BiZICTaHi Oy1e OLIBIINM.

[Ipu cdepuuniit cumeTpii MOTEHITIATY,
nepur Cyciiu aroma y KpHUCTaJiuHIN rpaTii
pO3TalIOBYIOTHCA Ha BIJACTAaHI MEHINIH HIK
PIBHOBaXKHA, 32 PaxXyHOK YOTO 3MEHIIYETHCS
BIJICTaHb JI0 iX IpYrux cyciaiB. BinOyBaeThcs
CTHCKAaHHSI KPUCTAJIIYHOT IPATKU, Y HACHIJOK
4Oro BOHA CTae HecTiikoro. [Ipo BKopoueHHs
MDKATOMHOI BIJCTaHI y JESKUX MeTanax, y
NOPIBHSAHHI 3 PIBHOBAXHOIO, 3Taly€ThCS Yy
poborax [24-27].

VY Takiit MoJesni KpUCTAIIYHOI TPATKH 3CYB
ATOMHUX TIJIOIIUH BiIOYBAa€ThCA MPU HUZBKUX
3CYBHUX HAIPYXKEHSAX, OMM3BKUX OO HYI,
PO 0 CBIAYUTH 3AJEKHICTh 3000pakeHa Ha
puc. 11. Tyt HaBeneHa 3MiHa MOTEHITIATBHOL
eHeprii aroma Npu HOTO 3CyBI 3 ATOMHOIO
IUTOIMHOIO Y TBOMIpHiM KpUCTaNiuHii rpaTii
(puc. 8). OOumcneHHS BUKOHAHI AN ABOX
HANpsIMiB — HAIpPsSMY, IIIJIBHO YIaKOBAaHOMY
atomamu [100] 1 Hanpsmy [110].

3riHo 3 pe3yNbTaTaMu, 10 OTPUMaHi pu
3CyBl aTOMHOI IulommHUA y Hampsmi [100],
MOTEHIlIalbHA EHEPrisl aTOMIB 3MEHIIYEThCS
(xpuBa 1, puc. 11) 1 36inbLIyETHCS TIPH 3CYBI1 Y
Hanpsimi  [110] (xpuBa 2, puc. 11). 3men-
IIEHHS TMOTEHLIaJbHOI eHeprii aTromiB mpu
3cyBi y HampsMi [100] € qokazom HecTiHKOCTI
KPUCTAIIYHOI ~TpaTKH  BIJHOCHO  3CYBHOL
nedopmarii. ATOMH TakuX TPaTOK MParHyTh
MEPEMICTUTHUCS Y OUIBII CTIMKE MOIOKEHHS.

Hecrifika kpuctaiiyHa rpaTtka iCHYe€
3aBASIKM TPHUCYTHOCTI IMOBEPXHEBOTO IIapy,
IIPO 110 MOBA HMIUIA BUIE. BUBUEHHS BILUIMBY
MOBEpXHI HA MIIHICTh MPOBOJWIM HA
MBOBUMIpHIKM Mojaeni kpucrana [9]. Ha
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Puc. 11. 3miHa MOTEHIIATBHOT €HEPTii
aToMa TpH 3CyBI aTOMHHMX IUIOLIUH Z Y
Hanpsmi [100] — 1, [110] - 2.

puc. 12 HaBeeHI 3aJIEKHOCTI 3aTpaTu eHeprii
Ha 3CyB aTOMHOI TuiomuHu y Hampsami [100] 3
ypaxyBaHHSM OIOPY MOBEPXHi JUIsl KPUCTATIB
mupuHo y 100 atomis, 150 1 200 atomis. 3
mux rpadikiB BHIHO, IO 30HA MPYKHOI
nedopmartii  3cyBy  30UIBIIyEThCS 31
3MEHIIEHHSM pO3Mipy KpHCTaliB (TOYka
MePErHy Ha KPUBIM BIILISAE TIPYKHY 30HY
nepopmariii, y kit ang  pedopmamii
HeoOX1THO 301JIbIIyBaTH EHEPrilo, BiJ 30HH
TEUiHHS, B SKiH 3pocTaHHs nedopmarii
MIPU3BOAMTH J0 3HIKEHHS €HEepro3arpar).
HaBeneni  pesynbTaTH  BioOpakaroTh
SKICHy KapTHHY SBHIIA, OCKUIBKM BOHH
OTpUMaHi Ha JBOBUMIpHIA rpatmi. Pazom 3
TUM, IIi pe3ylbTaTH € TMiJACTABOIO IS
NPUITYIICHHS, [0 pealbHl  TPbOXMIpHI
KPHUCTaJIIuHI TPATKH MOXYTh NepeOyBaTH 5K y
CTiiKOMy, Tak 1 y HecTilikomy crtaHi. CTaH
I'PaTKU BU3HAYAETHCS TEOMETPIEIO MMOTEHITIATY
MDKAaTOMHOT ~ B3a€MOJIi 1  EJIEKTPOHHOIO
CTPYKTYpolO TBepAux Tii. EnexkrpoHHa
CTpyKTypa TBEpAMX TiT 1 Oe3nocepeaHbo
XapakTep PO3MOJAUTY EJEKTPOHHOT IIUTBHOCTI
BAJICHTHUX EJICKTPOHIB BHU3HA4Ya€ T€OMETPII0
MOTEHIIaTly MDKaTOMHOT B3aemomii  [28].
3arajiom, IOTPiOHO PO3IJISLAATH BA BUIAIKH,
[0  BHU3HAYAIOTh  XapakTep  PO3MOILTY
€JIEKTPOHHOIT HIUTBHOCTIL BaJICHTHUX
enekTpoHiB. [lepmmit  (po3risimaerbes y
CTaTTi), L€ KOMU PO3MOJLT EJIEeKTPOHHOI
LIUIBHOCTI € c()epUYHO CUMETPUYHHUM, TOOTO
i30TponHUM, ToAi cuina B3aemonii F €
¢yukuiero Bigcrani F=1f(r) i 3B’s3km €
HEHAINpaBJICHHUMHU — BUINAJOK, KOJIM IpaTka
HecTilika (MeraneBuid 3B’s30K). [pyruit
BUNAN0K, KOJIM  PO3MNOALT  €JIEKTPOHHOL
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IIITBHOCTI  BaJIEHTHUX  EJICKTPOHIB  aHi30-
TponHUA  (y  CPEpUUYHHX  KOOpAMHATAX
F=1(r,0,0)), Tomi  3B’s3km  MaiOThH
HamnpaBJICHUH XapakTep — TIpaTka CTiika
(KoBaJIGHTHUH 3B’SI30K). Y NEpLIOMY BHUIAJIKY
HECTINKICTh TpaTKu OOYMOBIIOE HHU3BKY
MIIHICT 1 BHCOKY IUIACTHYHICTH METAlB, y
JIpyroMy — CTiika IpaTka TBEpAUX TiT 3
KOBAJICHTHHM  3B’SI3KOM  OOYMOBIIIOE  iX
BHCOKY MIIIHICTb 1 HU3bKY IJIaCTUYHICTb.

II1. BnuiuB Temneparypu

JlocmiKeHHsT KPUCTAIIYHOI TpaTKh 3
ypaxyBaHHSIM BHYTPIIIHBOT (TenoBoi)
€Heprii aToMiB TOKa3aJid, 10 Ha CTIWKICTh
KpUCTATIYHOI ~ TpaTkd, KpiM  CHUMeTpii
MOTEHITIaTy MIKAaTOMHOI B3a€MOJIil, 3HAUHUN
BILJIUB Mae€ TeMieparypa [12].

[TinBumeHHs TeMrnepaTypu po3TsAaiu K
YUHHHUK, SIKHA CTBOPIOE JIOAATKOBY CHITY
BIIIITOBXYBaHHS MK aTOMaMH (BHYTPIIIHIM
THUCK), y pe3yJbTaTi 30UIbIIY€ThCS MI>XKaTOMHA
Bizictanb. CyThb JOCHIDKEHHS ToJsrana y
BU3Ha4YeHHI (popMu penbedy MOTEHIIATBHOT
€HepTii aToMa IpH 3CYBl aTOMHO1 TUIOITUHU Y
Hanpssmi  [100] mpm  TphOX  pi3HHX
temriepatypax [12]. Pizni Temmeparypu
MOJIETIIOBAJIU SIK 3MiHy MDXXaTOMHOI BiJICTaHi.
I'padix 1 (puc. 13), mo BimoOpaxkae 3MiHY
MOTEHIiaIbHOI ~ eHeprii aToMa Npu  3CYyBI
aTOMHOI IUIOLIMHM BIANOBIIAE€ MiHIMAJIBbHIN
temneparypi (0 K). I'padixu 2 i 3 (puc. 13)
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Puc. 12. 3mina 3aTtpaté eHeprii Ha 3CyB
aTOMHOT IUIONIMHH y KPUCTAJaX MIUPUHO0: 1 —
200; 2 — 150; 3 — 100 aTomiB.
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OTpUMaH1 [JJIsl BUIAAKY, KOJHM BHACIIIOK
HiABUIICHHS  TEMIEpaTypH,  MDKaTOMHa
BIJICTaHb 30UTBIIYETHCSA 3 To= 2,335 A, npu
temneparypi Ti, 1m0 1r0=25A nmpu T, i
o= 2,6 A npu T. 3 ypaxyBaHHAM 11bOTO OYJI0
BHABJIEHO, III0 30OUIBIIIEHHS BIiACTaHI MIX
aToMaMmu cripuse ctabimizarii rpatku. [1po 1e
CBITUATH 3MEHIICHHS 'ropba" Ha 1HI
MOTEHITIabHOT KPUBO1 3MIHM €HEprii aTroma y
KpuctamiyHiii  rparui  (puc. 13).  Ilpu
30ibImIeHH] BiacTaHi 10 4% BiJ paBHOBa)KHOI
o, "TOp0" 3HWKae, 1 TpaTka CTa€ CTiHKOIO.
3BifcH crigye, IO KBajgpaTHa TpaTka, sKa
YTBOPIOETHCS TIPH KpHCTaii3allii, € CTiiKorO.
3HIKECHHSI TEMIEpaTypH € JeCTallIi3yrounm
YUHHUKOM, BHACJHIIOK $KOTO KBaJpaTHa
rpaTtka crae Hecrikoro. [lpm  BrumBi
HE3HAYHHUX 30BHIMIHIX 3yCHIIb Yy TaKii rpartii
BiIOYBA€TbCS 3CYyB AaTOMHOI TUIOIIUHH. Y
pe3yabTaTi  rpaTka  IE€PETBOPIOETHCS 3
KBaJPaTHOI y TPUKYTHY, SKa € CTIHKOIO IPH
HU3BKUX TeMmmepaTypax. Take mepeTBOpeHHs
MOYKHa PpO3TJISIATH SIK TPOIEC IUIACTHIHOL
nedopmanii.  [ligBuimieHHss — TemmepaTypu
BUKJIMKA€ 3BOPOTHUI TPOIEC — TOHOBIICHHS
rpaTKu 3 KBaJpPaTHOIO KOMipkow. CXoxuii
IpoOLEeC BIAHOBJIEHHS JEPEKTHOI TIpaTKu

CIOCTEPIraeThCs npu peKkpucTamizarii
neOpMOBAaHUX METANIB 1 iX CIUIABIB TICIS
HarpiBaHHS.

[MonimopdHi NIEPETBOPEHHS, AK1

BIIOYBAlOThCSl y JIEIKUX MeTajax Ta ix
CIUlaBaXx IMpH 3MIHI TeMmmepaTypu Tex
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3CYE NNOLWKHIA

Puc. 13. BronuB TemnoBoro po3mIMpeHHS Ha
cTivikicth kpuctana. 1 — T ;2 — Ty, 3 — T3 —
KpHUBI 3MiHM TOTEHIHMAIILHOI eHeprii atoma A
MpU 3CyBl aTOMHHX TUIOIIUH Y 3aJIe)KHOCTI Bif
temneparypu: T;<T, <T;
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Puc. 14. JliarpaMu po3TIry MOHOKPHUCTATIB (TOPUIY JIiTito a i repManiro 0 [32].

NOB’s3aHI 3  HECTIMKICTIO  KPUCTAJII4HOI
TpaTKH.
IV. Haanuiactu4HicTh

Bume Oymo PO3MIISIHYTO BILJIUB

TEMIIEpPAaTypyu Ha CTIMKICTh TPATKU 32 YMOBH
HE3MIHHOCTI MNOTEHLIATY MIKaTOMHOT
B3aeMOAii. Ayie TemmepaTypa MOXKe TaKOX
BIUTMBATH Ha €JICKTPOHHY CTPYKTYpPYy aTOMIB,
o0 y pe3ylnbTaTi mpusBene A0 3MiHU
XapakTepy CWJI MDKaToMHOi B3aemonii. He
BJAIOYNCh JO PO3KPUTTA MEXaHI3MIB IHX
3MiH, OyJeMO BBaXKaTH, IO Y KIHIEBOMY
pe3ynbTaTi Il 3MIiHM  T[PU3BOASATH [0
3pocTaHHs a00 3MEHIICHHS PIBHOBa)KHOI
BigcTaHi ro Mixk aromamMu. OYeBHIHO, IO
MOYATKOBE  PO3MIIIEHHS  aToOMiB,  SIKe
BIJIMOBIANI0O TIONEPEIHBOMY 3HA4YCHHIO T,
MOBUHHO 3MIHUTUCh MPH 3MiHI IBOTO T,
OCKIJTBKM TIOTIEPE/THE TIOJOKEHHS BXE HE

BIMOBIJaATUME  MIHIMYMYy  TOTEHIlIaTbHOI
eHeprii IMX aToMiB, SKI ONWHWINUCH Y
HecTilikomy  momokeHHi. OTxe, 3MiHa
XapakTepy CHJI ~ MDKATOMHOI  B3aeMOIi,
BUKJIMKaHa 3MiHOIO TEMIIEPATYPH,
nectaOimizye Tparky (mepeTBoproe iy
HecTiliKy). BhHacmimok Brpatu CTIHKOCTI

BiIOYBA€ThCSA TIEPETBOPEHHS OJIHOTO THITY
TpaTKd B IHIIMKA THI, OUIBII CTIHKUKA TpU
BIIMOBIIHIA Temmeparypi. Take meperBo-
PEHHS Ha3UBAETHCA MOIMOPGHUM. [cHYBaHHS

SBUIIA  TOJIMOP(GHOTO TIEPETBOPEHHA €
CBIAYEHHSM TOro, IO OJHA 1 Ta XK
KpUCTaJiyHa TpaTka Yy 3aJeKHOCTI BiJ
TEMIEpaTypu, Moxke OyTH CTIHKOW i

HECTIHKOIO.

[Ipu xpucramizamii pos3miaBy MeTaly
rpaTka YTBOPIOETHCS CTIHKOIO, ajieé Mo Mipi
3HIDKCHHS ~ TeMIeparypu  CTIHKICTH i
3HMKAETHCS i pu TeMIeparypi
MOTIMOP(HOTO TIEPETBOPEHHSI JIOCATAE TaKOi
BEJIMYMHM, IO aTOMH, Yy  BIJICYTHICTb
30BHINIHIX CHJI, TOYNHAIOTH MEPEMIIIATUCH Y
OUTbII CTIMKI TIOJOXKEHHS, MepedoprorYn
omp 31 CTOPOHM IIOBEPXHEBUX IIApIB,
TpaHUIb 3€peH Ta OJIOKIB 1 1HIIUX JOe(EKTiB.
[Tpuknagenus HE3HAYHUX 30BHIIIHIX
Hafnpy’keHb J0 MeTaliB Ta iX CIUIaBIB NpH
Temreparypi ONM3BKIH 110  TeMIepaTypu
NOJIMOP(GHOrO  HEPEeTBOPEHHS  BHUKIIMKAE
3HAYHYy IUIACTUYHY JIe(dOopMaIliio i e SBHIIE
BilOME SIK HaAIUIaCTUYHICTh. CBigUEeHHAM
IBOMY € eKCIEpUMEHTaJbHI JaHi, fAKi
ollepKaHi AN pI3HUX MaTepiaiiB  Mpu
¢da3oBUX Tmepexomax MEpHIOro poay Ta
npuBeneHi BucHoBku [29,30]. BBaxkaeTbcs,
110 TTEPETBOPEHHS OHOI MoaudiKaIii B iHIIY
BiI0OyBa€ThCS npu HaTPYKEHHIX 1
TeMIlepaTypax, sKi BiIMOBIAAIOTh KpPHBIii
¢dazoBoi piBHOBaru, abo OMU3BKUX JO HUX, 1
noJisirae y mepeOy10Bi KpUCTAIIUYHOI TPaTKH,
sKa CYNPOBOKYEThCS 3MIHAMHM XapakTepy
CHJI MIDKQTOMHOI B3aeMojii. TakuMm 4uHOM, B
OCHOBI TpOIIECIB penakcalii Hampy>XeHb 1
MOJIIMOP(QHUX TEPETBOPEHb JIEKUTh OJUH 1
TOW K€ Mpollec — MeperpynyBaHHs aTOMIB y
kpuctaii. ToMmy pedoBHHU MpH TOTIMOPPHHUX
MEPEeTBOPEHHSIX OiMbII IUIACTHUYHI, HDK Y
CTaHi 1Mo O0UIB1 CTOPOHU (a30BOI KPHUBOI.

Cnin 3ayBaKuTH, IO B OCHOBI HpoIEcy
TUTACTHYHOCTI, SIKHH MIPOTIOHY€THCS
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OIMCYBAaTH 3a HAIIOI0 MOJEIUII0, 1 MpoLecy
Ha/IJIAaCTUYHOCTI npu noJIiMOppHUX
MEPETBOPEHHAX JIKHUTh OJUH 1 TOH ke
MEXaHI3M — TeperpynyBaHHsS aToOMiB Yy
KpUCTaJll, 3 TIEO JUII pPI3HUIEIO, IO
MPOTIKAHHS MX MPOIECIB pi3HE MO HAMPIMY
Ta IHTEHCHBHOCTI  4epe3  PI3HUII0 Y
BEJIMYMHAX PYLIHHUX CHIL.

V. IlnacTHYHICTD i eJ1eKTPOHHA
CTPYKTYpPa TBepPAHUX TiJI

3arajabHOBIIOMO, 11 (0] IJIACTHYHICTh
TBEpAUX TUI 3aJIOKUTh HE TUIBKA BiJ
CTPYKTYpH TBEpAMX T, ane 1 Big ix
€JICKTPOHHOI CTPYKTYpH, TOOTO BiJl THITY
XimMiuHOTO 3B’s13Ky. IlmacTuuHicTh HalOLIBII
XapakTepHa JJIsl pEYOBUH 3 METAJICBUM TUIIOM
3B’A3KYy, Y TOW 4ac SIK PEUYOBHHHU 3 IHIIUMHU
TUTIAaMHA 3B’SI3KYy MaJjo TUIACTHUYHI 1 KPHUXKI.
IIpu npomy noTpiOHO 3a3HAYMTH, IO THUII
3B’SI3Ky € OCHOBHMM YMHHUKOM, L0 BU3HAYa€e
IUTACTUYHICTh TBEPAMX TUI, y TOH dYac fK
CTPYKTYpHUH YMHHUK € apyropsaauM. (Tax,
JUCIIOKAIlii IPUCYTHI B 10HHUX, KOBAJICHTHUX
1 METaJIeBUX KpHUCTaNax, OJHAK TUIBKW JIJIst
MeTalliB XapaKTepHa BUCOKA MJIACTUYHICTb).

VY Hamomy BHUIAIKY, sIK OyJO BiAMI4eHO
BUIIE, TUIACTUYHICTh (HECTIHKICTh KpHUCTa-
JTYHOI TpaTKW) 3alEKHUTh BiI EIEKTPOHHOL
CTPYKpPH TBEPAUX T, OCKUIBKH €IeKTPOHHA
CTpPYKTypa BU3HA4ya€ T€OMETPII0 MOTEHLIATy
MDKAaTOMHOT B3aemoaii. Y pasi chepuyHo-
CUMETPUYHOTO MOTEHITi Iy, SIKHH
XapakTepHUH I TiT 3 METalleBUM THUIIOM
3B’s3Kky  [26], MDKaTOMHAa BiJCTaHb Y
KpUCTQNIYHIA TpaTmi TPOXH  YKOpOYEeHa
(rpaTka CTUCKYETHCSI), BHACIIOK 4YOr0 BOHA
cTae HECTINKOIO. UYepes IOJIaTKOBE
30JIMKEHHS aTOMIB BiI0yBA€TBHCSI TIEPEKPUTTS

30HM BaJCHTHHUX EJIEKTPOHIB 13 30HOIO
MIPOB1IHOCTI, TOOTO BiIOyBa€THCS
KOJIEKTUBI3aLlis BaJICHTHUX €JIEKTPOHIB.

BpaxoByroun 1€, JIETKO TIOSICHUTH 3B’SI30K
TJIACTUYHOCTI 1 €JEKTPONPOBIIHOCTI, KUK Y
CBii 4Wac Oe3yCIIITHO HamaraBCs MOSCHHUTH
®penkens [8].

IcHyBaHHS 3B’SI3Ky MK 30BCIM DPi3HHUMHA
SIBUIIAMU — TUIACTHYHICTIO 1 €JIeKTPOMpPOBiI-
HICTIO 3YMOBJICHO THM, WO IIiJBUIICHHS
ENEeKTPONPOBIAHOCTI 1  IMJIACTHUYHOCTI €
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HACJIIIKOM IONATKOBOIO 3OJIMDKEHHS aTOMIB.
Opnak, mpupoAga UUX  SBHII  pi3HA.
EnexrponpoBigHicTh € HACIIIKOM
MEPEKPUTTS. 30HU BAJICHTHUX EINEKTPOHIB i3
30HOI0 TMPOBITHOCTI, a IUIACTHYHICTD —
HACJIIZIKOM TIEPETBOPEHHS CTIMKOi I'paTKu y
HecTiiKy. IIpo 3B’S30K IMJIACTUYHOCTI 1
CJIIEKTPOTIPOBIAHOCTI  CBIMYUTH  3arajibHO-
BiIoMui (HaKT, 3T1IHO 3 SIKUM BCl TBEPl TiJIa
CTAalOTh EJEKTPOMPOBITHUMHU 1 TIACTUYHUMU
IpH  BIUIMBI  BHCOKOTO  TiAPOCTATUIHOTO
THUCKY, KU crpusie JOJJaTKOBOMY
30KeHHI0 aTtoMiB. JlomaTkoBe 30 MKEHHS
aTOMIB ~ TpW  BIUIUBI  30BHINIHIX  CHII
(TigpoCTaTUYHOrO  THUCKY) €  IPUYUHOIO
TUTACTUYHOCTI 1 €EKTPOIPOBITHOCTI TBEPIUX
TiA. Y BIACYTHICTh 30BHINIHIX CHJI BOHH
BTPAyaloTh IIi BIACTUBOCTI. Y MeTallaX aTOMHU
30mKeHi  BHAcHigok  cmemudikm  ix
MDXKXaTOMHOI B3a€MO/Iii, TOMY IUIACTUYHICTD 1
CJIICKTPOTIPOBIAHOCTE € 1X XapaKTEepPHUMHU
BJIACTHBOCTSIMH, IO BIAPI3HAIOTH METANIU Bij
IHIIMX ~ TBEPAMX  TUI, OCOOIWUBO,  BIiX
JIEEKTPHUKIB.

Po3yMmiHHS 1[HOTO JIO3BOJISIE TOSCHUTH
aHOMaJIbHY, 3 TOUKH 30py CYYaCHUX MOTJISAIIB,
IUTACTUYHICTh ~ HEMETAIIYHUX  KPHUCTAIIB.
TBepni Tia 3 I0HHUM MI)KATOMHUM XIMIYHUM
3B’SI3KOM BBKAIOTHCSA KPUXKAMH, a OCh
xymopun cpibma € gocuth miactuyHe. [lpu
KIMHATHI Temreparypi OpycoK XJIOpHIy
cpibra MOXHa pO3KaTaTH y TOHKY IUIACTHHY
[31]

BianoBigHo 10 maHux [32] MOHOKpHCTAIU
dTopuay JTIFO i TEpPMaHI0 TEX IUIACTUIHO
neOpMyIOTECS  TPU  3BHYAWHUX  YMOBax
(puc. 14). IlnacTUyHICTP LUX HEMETATIYHHUX
TiT BUKIMKAHA HECTIMKICTIO KPUCTANIIYHOI
IpaTKd BHACHIIOK BKOPOYEHOI MIKaTOMHOL
BiacTani. OpHak depe3 ClalKIiCTh CHII
B3a€MOIIT 11€ 30JMKEHHSI € HEeIOCTaTHIM s
MEPEKPUTTS. 30HU BAJCHTHUX EJIEKTPOHIB 3
30HOI0 TMPOBIIHOCTI 1 TOMYy JJIi HHX HE
XapakTepHa BHCOKa EIEeKTPOMPOBIAHICTh. 3
IHIIOT  CTOPOHW  HENOCTaTHE  30JMKEHHS
aTOMIB IPaTKH € HACIIAKOM 3HAUYHO HIDKYOI 1X
TUTACTHYHOCTI Y TIOPIBHSHHI 3 METaJIaMH.

CrpoOu MOSICHUTH TJIACTHUYHICTh TBEPAUX
T BUXOJAAYU 3 X €JNEKTPOHHOI CTPYKTYpH,
pobunucs panime [32-40]. YV pobGori [39] Ha
OCHOBI pO3TJIsi/Iy CHEPreTHYHUX PiBHIB aTOMIB
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y TBepAOMY Tisli, OyB 3pOoOJeHHII BHCHOBOK,

IO JIOKadi3allisl eJNIeKTPOHIB B aTOMHO-
MIKPOCKOITIYHOMY MacmTabi MMOBHUHHA
OPU3BOJUTH A0 MIABUIICHHS  MIIHOCTI,
neJoKamizamiss iX — [0  IABUILNEHHSI

wiactugHocTi. [lo mi mpuyuHi OUIBINICTH
KPHUCTAJIIB 3 METAJICBUM THIIOM 3B’SI3KY, SIKUU
XapaKTepU3YETbCS BUCOKOIO JETOKai3alli€ero
€JIEKTPOHIB, € IJIACTUYHUMH, Y TOM Hac SK
KOBAJCHTHI  KPUCTaNM  HEIUIaCTU4HI. Y
HAIllOMY BHUIIAJKy, TUIACTUYHICTh METaliB
3yMOBJIEHa  BTpPaTOI0  CTIMKOCTI  TIpaTKH
BHACIIZAOK 30/JMKEHHS aTOMIB, SIKE€ TaKOXK
crpusie MIIBUAIIEHHIO nenoKazami
€JIEKTPOHIB.

i mnormsamgu Oynu BUKOpUCTaHI ISt
MMOSICHEHHS 3aJI€)KHOCT] MIITHOCTI METAIIB Bij
ix OynoBu [40]. V unctux Mmeranax, yepes ix
CTPYKTYpPHY  HEOJHOPIJHICTh,  MOXJIUBE
CHiBICHYyBaHHS 00JacTeil, B SIKUX MIDKaTOMHa
B3a€EMOJISl  PO3PI3HAETHCS 1O  CTYIICHI
JIoKaui3alii eleKTpoHiB, TOOTO CTYIEH1 BUIBY
MDKaTOMHUX 3B’SI3KIB  PI3HOTO THITy —
MeTasieBoro abo KoBaJieHTHOro. BBaxkaeTbcs,
mo  JgeeKTHUM  Oo0JlacTsM  BJIACTUBUU
KOBAJCHTHBII THUN 3B’SI3Ky, TOMY BOHHU €
KPUXKAMH, a obmacti 3 0Oe3neeKkTHO
IPaTKOI0 MAalOTh METaJeBUN THUM 3B 3Ky 1 €
IUTACTHYHUMH. Y [bOMY BHUNAIKY, MIIHICTb
METAJIIB 3aJ€KUATh BiI  CIIBBIIHOIIEHHS
00’eMiB 1uX oOnactei 1 PIBHOMIPHOCTI iX
pO3MOJiTy, IO TIOBHICTIO CIIBNAgae 3
NOTVIIJAMH, IO  TNPOIMOHYIOTHCS  HAaMH
BITHOCHO MIIIHOCTI 1 TUTACTUYHOCTI TBEPAMX
TiJL

OctanHe nyxe n00pe y3roIKYeThCS 3
EKCIIEPUMEHTAIBHUMHU JTAHUMH  3AJICKHOCTI
cTyneHsa nedopmarlii MeTamiB i iX eneKTpo-
IPOBIJHOCTI. 3arajibHOBIIOMO, HIO MO Mipl
3pOoCcTaHHA JAe(OPMOBAHHOCTI MeETamiB, iX
TUTACTHYHICT 1 €JEKTPOIPOBIIHICT CHIIBHO
3HIDKY€EThCs. lle MOKHa TMOSCHUTH TUM, IIO
npu 30inbIIeHH]  JeeKkTHUX obmacte 'y
MeTajl, KIIBKICT, o0OjacTeli 3 MeTaJeBUM

3B’ SI3KOM MEHIIIAE, TOMY najae
€JIEeKTPONPOBIIHICTD Ta TIACTUYHICTD.
VI. BucHoBku

1. CrTidKICTP  KpPUCTAJTIYHOI  T'paTKu

3aJICKUTH BiJl €IEKTPOHOI CTPYKTYPH TBEPAUX

TUT 1 Oe3lmocepeHbO  BI  XapakTepy
po3noainy €JIIEKTPOHHOT HIUTBHOCTIL
BAJCHTHUX  CIIEKTPOHIB, SKa  BHU3HAYAE
reoMeTpito MOTEHIT ATy M1KaTOMHUH
B3aemMoii. Y pasi 130TPOIMHOrO PO3MOILTY
€JIEKTPOHHOI IIUTBHOCTI BAJICHTHUX

€JIEKTPOHIB, KOJW TIOTEHIAT € CQHEepUIHO
CUMETPUYHHUM, KpPUCTaJli4HA I'paTKa TBEPIUX
TUT HecTiika. Y  pa3l  aHI30TPOIMHOIO
po3noainy €JIIEKTPOHHOT HIUTBHOCTI
BAJCHTHUX EJIEKTPOHIB TMOTEHIIAJl HE €
chepuyHO CHUMETPUYHMM 1 MDKATOMHUHN
3B’S30K MAa€ HANpaBICHWHA XapakTep —
KpHUCTaJliYHa TpaTKa TBepIUX Ti1 CTIHKa.

2. IlpU4MHOIO HECTIMKOCTI € YKOPOYEHHS

MDKAaTOMHOI ~ BIACTaHi uepe3 MOil0  CHI
NPUTSATaHHS MDK aroMaMu 1 iX JpyrumMu
cyciamu. 3a paxyHOK 3MEHIIIEHHS
MIKATOMHOI  BIICTaHI BHHHUKAIOTH  CHJIHA

BIJIIITOBXYBAHHS M aTOMaMH 1 1X MepIIMMHU
cycimamu,  sIKi ~ BpIBHOB@XYIOTh  CHJIH
IPUTATAHHS.

3. ¥V 3amexHOCTi Bijl 30BHIIIHIX yMOB —
TeMIepaTypu 1 THCKY, CTaH KpUCTaJI4HOI
IpaTKU MOXKE€ 3MIHIOBaTHCS 31 CTIHKOro y
HECTIMKMI 1 HABMAKH.

4. TInacTH4HICTh 1 MIIHICTH Oe3nedeKT-
HUX TBEPAMX TUI 3aJI€KHUTh BiJ CTaHy I'PaTKH.
TBepal TuUIa 3 HECTIMKOIO KPHUCTAIIYHOIO
IpaTKOl0 € IUIACTMYHMMHU 1 He MIIHHUMU; 3
CTIMKOIO — BUCOKOMIITHI 1 KPUXKi.

5. IInactuyna nedopmailis — 1e TPyHoOBe
3MIIIEHHS aTOMIB Yy HECTIMKIN ieanbHii
KPUCTANIIYHIN Tpatili, MpU IbOMY OMIp 3CyBY
QTOMHMX IUIOIIMH HU3bKUH. ICHyBaHHA Yy
pEbHUX KPHUCTAJTIYHUX Tinax Je(eKTiB
(TOBepXHEBHX TIAPIB, TPaHMUI OJIOKIB 1
3epeH, JUCIIOKaIlil, BaKaHCii) MiABUIILYE OMip
3CyBY aTOMHUX TUTOIIUH.

ABTOp BHCIIOBJIIOE BISUYHICTH Tpodecopy
Meabnuky II.I. 3a ydacTe y 0OOroBOpeHHI

MaTepialiB CTATTi 1 MiHHI 3ayBasKEHHS.

JLIO. Ko3ak — k.m.H., Ooyenm.
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In the article new views on a nature of the metals plasticity are stated. Their basis are
ideas of instability. Using own researches and known experimental data was shown, that the
reason of the metals plasticity is instability of a crystal lattice.

On the two-dimensional model of the crystal it was shown that the crystal lattice of
infinite size can be unstable under influence of small shear deformation in specific
conditions. It was found that the reason of this are, the first, potential geometry of the
interatomic interaction and, the second, magnitude of thermal energy of atoms. In case of
using the spherically symmetric potential for computer modelling crystal lattice the repulsive
forces arise between the atoms and their nearest neighbours, which balanced by the attractive
forces between atoms and their secondary neighbours. Such crystal lattice is unstable, when
its thermal energy atoms is zero or very small. The increase of thermal energy can change it
to the stable one. The process of crystal stability breaking under the influence of external
forces can be considered as the plasticity. The displacement group of atoms into position of
lower potential energy is presented as the elementary stage of plastic deformation
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