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VY cydacHiif ¢i3umi MIDHOCTI 1 TUIACTUYHOCTI y BUIAAKy TMIOSCHEHHS SIBUINA IUTACTUYHOI Jedopmarii
BUKOPUCTOBYIOTh TeOpito aucnokamii. [Ipy nmpoMy BBaXkaeThCs, IO ifeajbHa KpUCTANiuyHA IpaTka € CTIHKOIo i it
BJIACTHBHI BUCOKHI omip nedopmarii 3cyBy.

V 3anpomnoHoBaHii cTaTTi BHKJIaAeHI HOBI MOTJISIIM Ha SIBUIIE IJIACTUYHOCTI 3 BUKOPUCTAHHIM YSBICHb HPO
HECTIHKICTh KPUCTAIiYHOT IPaTKH.

KiacnyHa Mozenb ONHCye CTIHKICTh KPUCTANIiYHOI TPaTKH 3 yYMOBH, IO aTOMH 3HAXOMATHCS Yy IOJIOKCHHI
MiHIMaJIbHOI TOTEHIIaTbHOI €Heprii, He BPaxOBYIOUH iX TEIUIOBOI eHeprii. Y 3ampoNOHOBaHIA MOIeNi st
IUIACTUYHHX TiJI JOIyCKA€ThCS, L0 aTOMM KPHUCTAIiYHOI TPaTKM MOXYTh 3HAXOAUTUCS Y TOJIOKCHHSX, IO HE
BIZIIOBIAAIOTh MiHIMYMY iX MOTEHIIANBEHOI €HEeprii, a CTIHKICTh, YW HECTIHKICTh TPATKU 3aJIeKaTUME BiJl KIHETHIHOT
EHeprii aToMiB.

Ha nBoBuMipHiit Momerni KpucTaia moKa3aHo, 1o iealbHa KPUCTaTiYHa TpaTka MOKE OyTH HECTIHKOIO BiTHOCHO
3CyBHOI aAedopmaniii B Jeskux KpuctajorpadidyHux HampsiMax. 3CyB aTOMHUX IUIOIIMH B Takii Tparmi Moxe
3IifICHIOBAaTHCS 3a Jy)K€ HU3BKHX 3HAueHb 3CYBHHX HampykeHb. Omip medopmanii 3cyBy, IO CIOCTEPIraeThCcs B
peanpHUX KpHCTanaxX, OOyMOBJIEGHHH TYCTHHOIO Je(eKTiB i, mepuml 3a Bce, TOHKMM IIOBEPXHEBHM IIApoM, a B
TIOJIIKPUCTAI - TPAHUISIMH 3€peH 1 OJIOKIB.

ITpoBeneHo aHai3 BiIOMHX EKCIIEPUMEHTAIbHHX JAHUX JJIS MiATBEPXKESHHS 3allPOIIOHOBAHOT TIIOTE3H.

KuawuoBi cjoBa: 1BOBHMipHA MOJENb, IUIACTUYHA Jedopmariss, chHEepuIHO CHUMETPUYHHH IIOTEHINa,
MIXKaTOMHA B3a€MOJIsl, KpHCTaJIiuHa TpaTKa, HECTIHKICTB.

Cmamms nocmynuna oo pedakyii 15.05.2010; npuiinama oo opyxy 15.09.2010.

Beryn

MimHIiCTh TBEpAMX TN BTPAYa€ThCS Y BHIAJAKY
JOCSTHEHHS] KPUTHYHUX HAIPYXKEHb, MIiCII 4Or0 KPUXKi
TiNa pyiHYIOThCS. Ha BiAMiHY Bill KPUXKUX TBEPAUX TLI
MeTau nepen pYyiHyBaH-HAM TUIACTHYHO
nedopmyroThes. OcobmmBo TUIACTUYHUMU €
MOHOKPHCTAJIN YUCTHX METAJIB.

Oco0:uBicTiO TuTacTH4HOI Aedopmanii Meramis € Te,
10 BOHA BiAOYBAa€ThCA MUIAXOM IIOCIIIOBHOTO 3CYBY

ATOMHHX TIJIONTH y CTpOro BU3HAYEHUX
KpuctanorpagidyHux Hampsmax. [Ipomec mmacTuaHOT
nedopmariii  CympoBOMKYEThCS  3MII[HEHHSAM. Kpim

[ILOTO, Ha BiIIMIHY BiJl IHIIUX TBEPAUX Tijd, MeTajlaM
BJIACTHBA IUIACTUYHICTH 32 HU3BKAX TEMIIEPATYp.

[lepuri mocmimHWKH, SIKI CIIOCTEPIrand IUIACTHYHY
neopmarito MeTamiB  BBaXKalW, IO 3CyB AaTOMIB
BinOyBaeThCAd  OOHOYACHO. Y  I[bOMY  BHIAJKY,
TEOPETUYHO PO3pPaxOBaHI HANPYKEHHs, SAKi HEOOXiTHi
JUIA 3CYBY aTOMHOI IUIOIIMHH, CKJIAIAal0Th BEIUYUHY
MOPSAIKY 10" IMa. Y peanpHUX Marepianax, ocoOIUBO B
MOHO-KPUCTATIYHUX METalax, y BUMAAKY Jii 30BHINIHIX
CWJI, KpHCTali4HAa TpaTka JOCAra€ 3HAYHO MCHIIUX

3HAYEeHb TMPYXHOI Jedopmamii 3CyBy, MWICIsS YOro
ne(hOpMYEThCS BXKE IUIACTHYHO.
ExcnepuMmeHTanbHI  3HAYCHHS MEXI  TEKy4OCTi

MEeTaliB 1 1X CIUIaBiB Ha JBa TOPSAKH, a I
MOHOKPHCTAaJIIB BUCOKOI YHCTOTH 1 JOCKOHANOCTi O0yI0BH
Ha 3-4 NOpSIKK HUXKYi HK TEOPETUYHO PO3PaxoBaHi 3a
KJIaCHYHOI0 cxemoio [1,2] Ha OCHOBiI 3HaYeHb MOMYIIB
Ipy>XHOCTi. TakuM YHMHOM, BHABJICHO YiTKO BUpPaXKCHE

IPOTHPITYSL Mix nependavyBaHUMU TEOpIEr0
3HAYCHHSAMH  MIIIHOCTI ~ KPHUCTANiB 1  pealbHUMHU
3HAYCHHSMH.

3a pisHuMHE mkepenamu [1-3] owiHka 3HaYEHb MEXi
TEKy4JOCTI ieabHUX KPUCTATIB [EII0 BiIpi3HIETHCH,
ajie € OJIM3BKOIO 10 10" IMa. Is BenmuuHA migmaBazacs
HEOJHOPa3oBill mepeBipui. B pesynpraTi mpuiinum 1o
OCTATOYHOTO BHCHOBKY, IO, Y BHIIAAKY BpaxyBaHHS
IHIIMX WMOBIPHUX YMHHHKIB, TEOPETHYHHH OIIp 3CYBY
MOJKE, B OKPEMHUX BHWIIAJKaX, CAraTH BCIMYHHH HE
mennre G/30[2]. Ane 1ie, Bce piBHO, 3HAYHO IEPEBUIIYE
eKCIIePUMEHTAbHI 3HAYE€HHS MIIIHOCTI YUCTHX METAIIB.

OTxe ChOroAHI (Di3MKa MIIHOCTI 1 IUIACTHYHOCTI
0a3yeTbcs Ha TBEPOUX IEPEKOHAHHAX, IO OIS 3CYBY
ATOMHHUX IUIOIIUH Y KPHCTANIYHIA TpaTIi iJeabHOi
OymoBH  HEOOXigHI  BHCOKI  HampykeHHs  (Mexa
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TEKy4ocCTi). B OCHOBY IMX MOIJISIIB 3aKjiafeHi BHCOKI
3HA4YeHHS MOJYJIB MpYyXHOCTI MartepiamniB. I[IpuitaaTo
BBO)XAaTH, [0 METaIM BHCOKOi YHCTOTH 1 ineasbHOI
OyZOBY MOBUHHI BUTPUMYBATH 3HAYHI HABAaHTAXKCHHS.
HesignosigHicTs TEOPETHYHHX PO3paxyHKIB
peaypHIM MIIHOCTI MeETalliB TMOSCHIOKTH HASBHICTIO
cnenupivaux AedeKTiB — AUCIOKaliil. BBaxaeThes, mo
B peambHOMY KpHUCTali BXKE MPHUCYTHI TUCIIOKAlii, a
HasBHICTh  aTOMiB, sIKIi BHUBEJEHI  NIPHUCYTHICTIO
JUCIoKalii Ha rpebiHb TOTEHIlaNbHOTO Oap’epy
3a0e3mneuye TUIACTHYHE TEUiHHS KpUCTaia Mg 4ac Jii
BiTHOCHO HEBEJIIMKUX 30BHIIIHIX HaIpyXcHb.
IlepecyBanHs  auciokarii 3abesmedye  IMOCTiTOBHE
MOOJMHOYHE TIEPEMILICHHS aToOMiB, IO Ja€ 3MOTy
3HU3UTH €HEPreTHYHI 3aTpaTH Ha IMEepEMIIeHHsI aTOMHOT
wionmHu [2]. Y BUMAAKYy TUCIOKAI[IMHOTO MeXaHi3my
TUTACTHYHOI AedopMaliii eHepris 30BHINIHIX HANPYXCHb
nepenaeThes MOCIII0OBHO BiJl OJJHOTO aToMa JI0 JpyToro.
Takmit ecrapeTHHH XapakTep Tmepemadi  3yCHIUIA
00YMOBITIOE JIETKICTh 3CYBY aTOMHO]T IUIOIIMHU.
Y3aranbHeHHS TOTJBINIB HA MIIHICTh TUIACTUYHHUX
TBEpAMX TiN BimoOpakae BiZoMa KIAaCHMYHA 3JICKHICTh
(puc. 1), BiamoBiaHO MO sKOI BIUTHB AHCIIOKAIiil Ha

T".

MILIHICTE _
MOHOKDPHCTATIE

J: )
rHCTMHa,ELE-:pEKTlE:P

Puc. 1. 3anexHicte omopy 3CyBy BiIl TyCTHHH
IeeKTiB y MeTalax.

MIIHICTh METaJiB Ta IX CIUIaBiB BimoOpaxkaetbcs U-
moiOHOI0 KpuBOKO. Jleskiif TycTHHI AHCIOKAIN I

BiAIIOBIAE MIHIMaJIBHUH omip nedopmartii
MOHOKPHCTAJNiB. 3MEHIICHHS [ TOpPIBHAHO 3 [
MPUBOJIUTH O  TIABHINEHHS  MII[HOCTi, OCKiJIBbKH

HaOJIMKA€E CTPYKTYPY 110 ieaIbHOI.

[ligBumenas 4ducina neeKTiB y MOPIBHAHHI 3 Iy
BUKJIMKAE TAKOX MiABHUILEHHS MIIHOCTI, aj€ BXK€E 3 1HIIOT
MPUYWHU, a caMe€ - BHACHIJOK MiJBHUIIEHHSI OMOpY
MepeMilleHHsT UCTOKaIiid. Y 1ii 00JacTi 3HAXOIATHCS
TEXHIYHI METAJIH 1 1X CIIIIaBH.

Icropuuna poBinka OCHOBHI TIOJNOXEHHS Teopil
Jqucnokanid Oymu pospoOieHi y 1934 poui  HesanexxHO
OpoBanoMm, Teimopom Tta I[lonsgHi i Ha CBOTOIHI €
HEB1JI' €EMHOIO YACTUHOIO ¢hizukn MIITHOCTI i
IIaCTHYHOCTI. Azne OyB TmepioJ, KoOIH I Teopis
miAmaBanach CEpPHO3HIA KPHUTUII TaKUMU BUAATHUMH
BueHUMH sk M. bopH, [.A Opminr, f.I. ®penkens,
A.B. Crenanos, M.B. Knaccen-HeximonoBa,
T.A. Konroposa Ta iH.

ko y3araJbHUTU TOTOYacCHI KPUTHYHI
3ayBa)keHH:, TO B OCHOBI iX OyJIO CIlipHE MUTAaHHSA — YU

MOXK€ TpaBWJIbHA KpHUCTaJidHa TpaTKa IUIACTHYHO
neopMyBaTHCh Yy BIACYTHICTH JHCIOKAIi, 4u Hi?
OnoHeHTH  JTUCIIOKAIIHHOI  Teopii BBaXkamw, MIO
IUTACTHYHICTE € BJIACTHBICTIO KPHCTANIYHOI T'PaTKH, B
TOW Yac sK i MPUOIYHUKH TBEPIIIH, IO JUTS TUIACTHIHOL
nedopmaris HeoOXiaHI AUCIOKAIIl.

3aramoM, OIOHEHTH HE 3alepedyBalld HAasBHOCTI
JUCIOKANIA y KpPHUCTali, TaKoX JOIMyCKald, IO B
Mpoleci KpucTaiizamii B pealbHUX KpPUCTAIaX MOXYTh
YTBOPIOBATHCS SK CHOTBOPEHHS THUIy «HOHiyca», TaK i
BUKDHUBJIEHHS THITy TBHHTOBMX auciokamii [4]. TIpote,
BOHHM 3amlepeyyBalii, IO JUCIOKAIii MarTh OCOOTUBY
BIIACTHBICTh PYXJMBOCTI, IIO ICTOTHO BiJpi3HsE X Bif
Bcix pemtu nedexriB rpatok. HaBmaku, Ha iX AyMKy
JICITIOKAIii He MaloTh 0E3MOCepeTHFOTO BiTHOMICHHS 10
BUHUKHCHHS IUIACTHYHOTO 3CYBY 1 IO iX HasBHICTH €
JUIIE TIePEeIIKONOK NS TOMIMPEHHS  IUIACTHYHOI
nedopmanii [4]. Tomy HumMu Oyna 3pobieHa crpoba
CTBOPHUTH (I3MYHY TEOPiI0 IUIACTHYHOCTI KPHCTAINIB,
MepIl 3a BCE, BUXOIMYH 3 BIACTHBOCTEH MPaBIIBHOI
KpHCTaTiyHOi TpaTku. ONOHEHTH IHUCIOKAIIHOI MoJeni
BBaXKaJM, IO 3JATHICTh A0 TIUIACTHYHOI TEKYYOCTi €
OAHMM 3 OCHOBHUX  BIJIACTMBOCTEH  MpaBWIbHOL
KPUCTAIIYHOI TpPaTKH, TOMI SIK, 3TiHO JUCIOKAI[iHHOL
Teopii, KpucTall, 0 HE MICTUTh TUCIIOKAIii, B3arami He
BUSIBIISIE TIACTHYHMX BIACTHBOCTEH [4].

AJte TeOpeTHYHI pO3paxyHKH, OACpaHi 3 KIACHIHOI
cxemi [1,2], sika BigoOpaxkae Ge3qUCIOKAIINHNI MEXaHi3M
3CYBY, CBIMYMIHM, IO imeanpHa TpaTKa MOXKE IUIACTHIHO
nehopMyBaTHCh TUTBKH 32  BHCOKHX HAIPYXKCHb, IO
CynepeuuTh mHidcHOCTi. ToMy ySBICHHS 1 TimoTes3w
OTIOHEHTIB NP0  IUIACTUYHICTh, SK  BIACTHBICTh
KpPHUCTATiYHOI I'paTKH, He OyNu HPUHHATI, OCKIIBKH HE
Oyno cTBOpeHO aromMHOi Moxeni, ska O jgaBana
MOSCHEHHS JIETKOTO 3CYBY OJHi€i AaTOMHO{ IUIOUIHMHU
BIIHOCHO 1HINIOI, TaK SK II€ MOXXHA IOSCHHUTH Ha
JUCIIOKAaIiHHIA MOJIei.

3aranoM, He TUBIISTINCH HA KPUTHYHE CTaBJICHHS JI0
Teopil AWMCIOKAIil, e He 3aBaguio ii TOMIMPEHHIO i
BU3HAHHIO, OCKUIBKH Kpamoi MOJeNi He 3aIpOIIOHOBAHO
10 CHOTOIHIIIHIA JEHB.

|. HoBa Moaejb MJIACTHYHOCTI

[IpomoHyeThCS TOBEPHYTHCH IO KOJUIIHIX YSBICHB
MO0 IUTACTUYHOCTI SIK  BIACTUBOCTI  MPaBHIIBHOI
KPHUCTATIYHOI TPaTKH Ta CIpOOYBATH MOSCHATH HU3BKHHA
Omip 3CYBY Y BIICYTHICTh AWMCIOKamiil. i 1poro
BUKOPUCTAEMO JCUIO 1HITY CXEeMy BiIMIHHY BiX
KJIaCHYHOI ~ CXeMH, sKa € JyXe  CHPOLICHUM
BiJOOpa)KEHHSAM pealbHUX KPUCTATIYHUX Til. Y HaIIOMY
BUMAAKy OyAeMO BpaxoOBYBAaTH CHJIM B3aEMOJIl MiX
aToOMaMH 1 iX HepIINMH CyCiaMH Ta IPYTHMHU CyCiTaMH,
a TakoXX THUI 1 TEOMETPil0 MOTEHIlialy MiXXKaTOMHOI
B3aemoii. Kpim Toro, Oyne BpaxOBaHO BIUIMB TEILIOBOI
SHeprii rpaTKu.

Ha puc. 2 HaBeneHO 3aIeXKHICTh €HEprii  B3aeMoJii,
a Ha PUCYHKY 3a CHJIM B3a€MOJIi, MiXK JBOMa aTOMaMH B
3aJIeKHOCTI BiJ BIJICTaHI MK HUMH. Y BHUIIAJKy, KOJH
BIICTaHP MIX aTOMaMH I = [p KpHBa MOTCHIIANBHOI
edeprii U mpoxomuts depe3 MiHIMYM, IMTHOMHA SIKOTO
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Puc. 2. 3anexnicte eneprii Bzaemonii U wmix
aToMaMH. Bij BifcTaHi I.
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F, — cuna nputsaranss; F, — crna BiqmmToBXyBaHHS I
— PIBHOBa)XHa BIJICTaHb, 1 <y <5
Puc. 3. Crm Mi>kaTOMHOT B3a€MOJIl: 8,C — KOMipKA
KpHCTaiuHOI rpatku; b — 3anexuicts cunu B3aemoil
Bl MI>)KaTOMHOI BiACTaHi.

BH3HAYA€ CHEPTI0 3B’ 53Ky JABOX aTOMIB, a BIJICTaHb g €
PIBHOBa)KHOIO BiJICTaHHIO, 32 SIKOi CHJIM BiAIITOBXYBAaHHS
1 CHIIM TIPUTATAaHHA MDK aToOMaMH YpPiBHOBaXKYIOTHCS
(piBHi Hymr0, muB. puc. 3a). Ilig mi€r0 CHITH TPUTSITAHHS
aTOMM HaMararThCsl MakcHMallbHO 30mm3utucs. Llpomy
MEPEIIKOPKAIOTh CHIIM BiJIITOBXYBaHHS, SIKi IOYNHAIOThH
3’ ABJIAITHCSA HA MallUX BiICTaHAX 1 Ay>Ke HIBHAKO POCTYTh
31 3MEHIIeHHSM Ifi€l BifcTaHi. Y BUNAAKy 301IbIICHHS
BiJICTaHi Mi’X aTOMaMH BUHHUKAIOTh CUIN nputsaraHus. [1i
CHJIM CIIOYAaTKy pOCTYThb, aje TiCJs JOCSTHEHHS
MaKCUMYMY Frax IPH [y CTIQIAIOTH 1 3a BiAcTaHi, o0
3HAYHO OiNbIla Iy 3HUKAKOTh.

3arajoM MDKAaTOMHA B3a€MOJiS XapaKTepPH3YEThCS
TpboMa mapamerpamu[1]:

1. Pamiycom mii r — BigcTaHp, Ha SKi  CHIH
OpuUTAraHHs crnanath 10 Hyis (F < 0,1Fq,) . Sxmo r
>> [y CcWIM JaNbHOAIIOYWI, y BHOAIKy =TIy —
KOPOTKOJIiIOYi.

2. XapakTepoMm PpO3IMOALTY €JNeKTPOHHOI INIJIbHOCTI
BaJICHTHHX €JICKTPOHIB y mpocTopi. SIKimo meit po3nomin
€JIeKTPOHHOI INITBHOCTI € CQEpUYHO CUMETPUIHHM,
TOOTO 130TpOmHMM, TOHI cuia B3aemonili F e dyHkmiero
Bigcrani r - F=1f(r) i 3B'I3kM € HeHampaBICHUMH.

Koxuuit arom (i0OH) Hamara€rbCs OTOYMTH cebe Mo
MOXITUBOCTI OIUTBIIIMM YHCIOM CYCiZliB — I BHIAJ0K
I0OHHOTO 1 METaJiYHOTO THIIB XIMIYHOTO 3B'sA3Ky. SIKII0
po3moin €JICKTPOHHOI  IMUIBHOCTI  BaJICHTHUX
CJIICKTPOHIB - aHI30TPONHHM, TO.I B chepUIHUX
koopauHatax F = f(r,j ,q) i 38’ s13ku MarOTh HaMpPaBJICHUI
xapakrep. Yncino HaHOMMKYMX aTOMIB HABKOJIO aToMa
JIOPIBHIOE YHCITy HAIPSMIB, B SIKMX €JICKTPOHHA TYCTHHA
MakcuMaibHa. lle BUIajok KOBaJEHTHOTO 3B’ SI3KY.

3. BennuuHoro eneprii 3B'si3ky. s Ug > 1 eB
cuabHUH 3B'130K 1 111 Ug < 1 cnaOwuii 3B's130K.

A Temep pO3IISTHEMO €NIEMEHT TIPaHEIeHTPOBAHOT
KyOiuHOi Tpatku (puc.3a), y sSKOMY B3a€EMOJis aTOMIB
BiIOyBAa€ThCA Yy IUIONIMHI. Y HAIIOMY BHUIAIKY JUIS
MIXKaTOMHOI B3a€EMOAii MOXHAa BHKOPHUCTOBYBATU OYIb-
SKUH  BIIOMHUU TOTEHIliaN, HamNpuKIaj, MOTEHINAal
Jlenapna-/Ixonca. CroyaTky pO3TJISHEMO B3a€EMOJIIO
HEHTPAJBPHOTO aToMa 3 MepudepiiiHUMH  aTOMaMH.
Skio atom 5 po3milieHuid SK MOKa3aHO Ha puC. 3a, TO
CHJIM B3aEMOAIl MK IICHTPaJbHUM aTOMOM i
nepupepiiHIME  aTOMaMH JTOPIBHIOE HYIIO OCKUIBKH
BiICTaHh MDK HHMHU Oyle IOpIBHIOBATH PiBHOBaXHIi
BifcTaHi . BincTane Mix mepudepiiHUME aTOMaMU €
OlTBIIOI0 3a pIBHOBaXHY [3 > rg. Tomy, mo6 Mix
nepudepiiHIMH ~ aroMaMM  HE  BHHHMKaJIa  CHJIA
NPUTATAaHHS, TOTEHIlia) B3aEMOAIl MK HMMHU TOBHHEH
OyTH «BUTATHYTUM» TaK, 00 pPIBHOBa)KHA BiJICTAHb
Oyna piBHa I3 = lgX V2. Ile MOXnIMBO y BUMAIKY, KOJIH
MOTEHIIia]l MI>KaTOMHOI B3aeMOJii € aHi30TpormHuM. Toi
CHJIM M1)KaTOMHOI B3a€MOJIii B C(epUUHUX KOOPAMHATAX
F = f(r,j ,q) i 38’ 13kK MalOTh HaTNpaBlieHUH xapaktep. Y
[bOMY BHIIQJIKy BCl aTOMH 3HAaXOJSThCS B ITIOJIOKEHHI
piBHOBard, a Juid BHBEAEHHSA iX 3 LOTO IIOJOXKEHHS
HEOOXiTHO 3aTpaTHTH 3HAYHY eHeprito (cuiy) sK y
wiacuuHii  cxemi [1,2]. TloreHmianbHa  eHeprist
HEHTPATBFHOTO aToMa 5 piBHA cyMi MOTEHIIAIEHUX
SHepriil mapHOi B3a€MOJIIT TBOX aTOMIB

Us = Uss + Ups+ Uss+Ugs = 4 Uy,
ne Uis; Uy s Uss ;Uys — moTeHmiansHa eHeprist mapHoi
B3aemonii atomiB aroma 5 3 atomamu 1;2;3;4; Upn —
BEJIMYHMHA MOTEHIIaNbHOI eHeprii mapHoi B3aeMOoii 1BOX
aromis (puc. 2).

A Temep pO3IMISHEMO BHIAJO0K, KOJH MOTEHINal
MDKaTOMHOI B3aeMonii  CQEepUYHO CHUMETPHUYHHNA —
F = f(r). Toni piBHOBa)kHa BiJCTaHb Iy y BCIX HAmpsiMax
OJTHaKOBa — IIe BUMAJIOK HEHAIIPABJICHOTO 3B’ S3Ky. SIKII0
aTOMHM 3JIMIINTH Y TOJIOXKEHHI 5K IT0Ka3aHO Ha pHC. 3a,
TO MK ICHTPaJBHUM 1 mepudepiiiHIMH aToMaMHU CHIa
MIXKaTOMHOI B3a€MOJIl JOPiBHIOBaTHME HYIIO. A MiX
nepudepiiHIMU aToMaMH BHHHKHE CHJIa INPHUTSITAHHS,
OCKIJIBKH BiJICTaHb MiXK HUMH OiJbIIa PiBHOBAXXHOI — I3
> ro, . Tomi nyig BCTaHOBJICHHS PiBHOBAru nepudepiiiai
aToMHU 30JIM3ATHCS OAWH IO OJHOTO JIO BiAcTaHi Ip i
OJTHOYACHO JI0 LIEHTPAJbHOTO aTtoMa Ha — fj, Tak 100
CHJIM BIJIITOBXYBaHHS Y F; MDK LCHTPAIBHHM 1
nepuepifHIMIA ~ aTOMaMH  yPIBHOBAXHWIN  CHJIH
OPUTSTaHHS MK TeprdepiiHnmu aTomamu y Fo (puc. 3a).
BHacimimok 1mporo BiACTaHb MiXK aTOMaMM 3MEHIINATHCS 1
crane y < rg < r, (puc. 3B). Enemenr 3 m'situ atomi
CTHCHEThCS. Y 1BOMY BHIAAKY (pHC.2) NOTeHLaJbHa
SHepris IEeHTPaITFHOTo aToMa Oy/e piBHA
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Us=Uis+ Upt UxgtU,=4U" =
= 4 U - 44U,
me U — eHepris mapHOi B3aeMonii atomMa 5 micis
3MIIIEHHS 10 BijacTaHi I (puc. 2);
AU — minBUIeHHS TOTeHIIATBHOT eHeprii atoma 5 micis
3MIIICHHS 3 PIBHOBKHOTO MOJIOKCHHS.

Omke TOTeHIiaJbHA CHEPris HCHTPAJBHOTO aToM
MiIBUIIUTECS Ha BennmuuHy 44U TOpIBHSHO 3 THUM, KOJH
KpaiiHi atomMu OynaM BifmaneHi BiJf HbOTO Ha PiBHOBAaXKHY
BificTaHb (. 3a Takux OOCTaBMH MOXHA OYiKyBaTH, IO
HEHTPAJIBHIN aToM OyJie HaMaraTuch NepeMiCTUTUCH Y TaKe
MIOJIOKEHHS, e HWOro TOTeHIlialbHa eHeprist  Oyze
MiIHIMaJILHOIO.

Ha puc.4a HaBenena

o
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Puc. 4. /IgoxmipHa KpHCTaTiqHa IpaTKa.

MOJels 0araroaTOMHOTO

JIBOXBUMIpHOTO KpucTana. Koxxauil BHYTpilIHiif aToM Mae
HAaBKOJIO cebe HaHOMDKIMX UYOTHpPH cycima, sKi
3HAXOMATHCS Ha BIJCTaHI MeHIIE Iy < Fp, Uepe3 Ie Horo
MOTeHIllalbHa EHeprisl Jelo BHWINA, HDK Koau O BiH
3HAXOIMINCS Ha BifcTaHi lp. ToMy Bci BHYTpIIIHI aTOMHU
3HAXOJATHCSL y HecTifikomy monokeHHi. Illo crocyetbes
TIPUITOBEPXHEBHUX aTOMIB TO, Yepe3 BIACYTHICTh CYCIiMiB 3i
CTOPOHHM TIOBEPXHi, iX MOJIOKEHHS Ta BIZICTAHb MK HUMH
OyIe JeIo iHIIOK HiK Y BHYTPIIIHIX aToMiB. OYeBHIHO,
0 e CTOCYEThCSA TAKOXK 1 iX MOTCHIIANBHOI CHEpril.
MorkHa BBakaTH, IO Yy HPHIOBEPXHEBOMY IIapi
TOBIIMHOIO y JEKUTbKA aTOMIB OCTaHHI 3HAXOIATBCS Yy
TOJIOKEHHSIX 3 MIHIMAIBHOIO TMOTEHIATBLHOI0 EHEPTIEI0
TOMY iX TIOJIOKEHHS € CTIHKUM.

30/MIDKeHHS aTOMIB € XapaKTepHUM 1 TSI TPHOXBUMIPHOL
TpaTKu 3 TI€I0 PI3HUIEI0, 10 BHYTPIIIHI aTOMHU
B3a€EMOIIOTh 3 OUTBIINM YHCIOM CYCifiB, BiJIIOBIIHO
CTHCKaHHS KPHUCTAJIYHOI rpaTky € OumbmmM. Coinif Takox
BpaxyBaTH, II0 aTOMHA B33aEMOJIS B PEaTbHUX KpUCTAIaX
He 0OMEKY€eThCS IPYTUMH CyCiIaMH aToMa, IO JJOIaTKOBO
BIUTMBaTHME Ha 307MKeHHsA atoMiB. EdekT 30mmkeHHS
aTOMIB  JI0 BIJICTaHEH, IO MCHIII pPIBHOBAXHOI 3a
HOPMaJIbHUX YMOB 3rafy€Thcs B poboTtax [5-7].

Y Bunaaky mii 30BHINIHROI CHWJIM Ha KpHUCTAI
(puc. 4a) omuHOYHE 3MIIICHHS aTOMa B TOJOXCHHS 3
MiHIMaJbHOIO EHEPri€cl0 HEMOXJIHMBE, OCKUIbKH HOMY
3aBa)KalOTh CYCiTU. A OCh OJIHOYACHE 3MIIEHHS BCIX
aTOMIB B 3aJaHOMy HampsiMi Moxiuee (puc. 46). Skmio
NPUKJIACTH HE3HAYHE 3yCWIUI, BEChb psJ  aTOMIB
3MICTHTBCSI B HOBE TIOJIOJKEHHS, JIe TOTEHIIaJIbHA CHEPTis
atomiB (kpiM moBepxHeBux) Hik4ua [8]. Ilix yac Takoro
3CYBY €HEprisl 3aTPadyaeTbCsl TUIBKK JUIS TEPEMIICHHS
MIOBEPXHEBOTO aTOMa, OCKUIBKM HOTO  IMOTEHIianbHa
eHeprisi 3pocrac. TakuM YMHOM 3a HAaBEICHOIO BHILE
CXEMOIO /ISl OJHOYACHOTO 3CYBY BCiX aTOMIB IUIOLIHMHU
HeoOXifHa eHepris € HabaraTo MEHIIA HiX Yy BHIAAKY

KracuaHOi cxemu [1,2].

OpHouacHe TEpeMIlICHHS BHYTPIIIHIX  aTOMiB
KpHCTana 3a IeSKUMH KpHCTaIoTpaiuHIMK HaIpsIMaMH
y TOJIOXKCHHS 3 HWKYOK MOTEHIIAIBHOI CHEPTi€ro ik
€0 30BHIMIHBOTO 3YyCHWUIA Ie 1 € IUTACTAYHA
nedopmanis. Omip npyxHid neopmanii  KpHCTaIigHOT
rpaTkd, TOOTO Ti CTIHKICTh, BTPAYa€ThCA 3a JESKOTO
KPUTHYHOTO HANIPY)KEHHs, SKE € 3HaYyHO HIDKYC
TEOPETUYHOI MIITHOCTI Ii€i TpaTKu, M0 OJiep)kaHa 3
KJIaCUYHOI cxeMHu. BrTpara mpyXHOI CTIHKOCTI crpusie
nepeOynoBi TpaTKu KpUCTaia, B Pe3yJbTaTi 4Oro BCS
cucTeMa MepexoUTh B OIIBII PIBHOBAKHUIL CTaH.

[Imactuuna pmedopmariiss € XapakTEpHOIO IS
KPUCTATIYHUX TBEPAUX TUI, aTOMHU SKHX MamTh
cnenu(iYHUA TIOTCHIAT MDKaTOMHOI B3aeMomii. Y
TAaKAX KpHUCTalaX BHYTPIIIHI aTOMH 3HAXOMATHCS B
HECTIHKHAX TIOJNIOKEHHAX, a IX TPYIOBE HEPEMIICHHS Y
HOBE OIJTBII CTIIKE IOJIOKEHHS BiIOYBAETHCS BHACIIIOK
i1 30BHIIIHIX CHIL.

Ha puc. 5 HaBeneHO HampsMu 3CYBY Y ABOBHUMIpPHIN

’E/[';II]]

Puc. 5. 3cyB aTOMHOI IJIOMIWHY.

rpartiii, a Ha PUCYHKY 6 — 3anexHocti [9] 3miHu eHeprii
aToMa y BHWIIQJKy 3CYBY aTOMHHX IUIOIIMH JUIst
JIBOXBHMIpHOI rparku y Hampsmax [100] i [110]. V
pO3paxyHKaxX BHUKOPUCTAHO JOBUTbHUH  TOTEHIIIA
MDKaTOMHOT B3aeMomii. BimmoBigHO 10 OTpUMaHUX
rpadikiB eHepris ansd 3MimeHHs atomMa 1 pasom 3
aToMaM# IDIOMIMHU Y KpHUCTAIOTpadigHOMY HaIpsIMi
[100] (xpuBa-1) mnonmxyerbcs, a B Hampsmi [110]
(kpuBa-2) MiABHIIYETHCS. SHIKCHHS CHEPTii y BUMAAKY
3MillleHHs. aTOMHHX TwiotuH y Hanpsmi [100] cBiguuth
PO HECTIWKICTh KPHUCTAIIYHOT TPATKH OE3MEIKHUX
po3MipiB  BimHOCHO 3cyBHHX jaedopmariii. IIpo
HECTIHKICTh KPUCTAJIYHUX I'PATOK 3ralyeThCs B podoTax
M. Bopwa [10,11].

Hecrilika rpaTka 3a BIANOBITHMX YMOB MOXe
TIEPETBOPIOBATUCH Y CTIHKY. 3 MiJBUIIECHHAM TeMIIEpaTypH
3pocTae KiHeTHYHA CHEpris aToMIB i BIJICTaHb MDK HHAMH
30UTBIIYETHCS 38 PaXyHOK BHYTPIIIHBOTO THCKY [3,18]. 3a
JeAKoi  TeMmepaTypd — 30UIBIICHHS — BiACTaHI — MiX
HEHTpaJIbHMM 1 KpafiHIMH aToMaMH MOXe IOCATTH
PIBHOBa)XHOI BifICTaHi . BHacmimok mporo moTeHIiaibHA
SHEprisl IEHTPATFHOTO aToMa 3HM3HUTHCS 1 3HOBY IOCSTHE
MiHIMyMy. TakuMm 4MHOM 3a JESKOi TeMIlepaTypu aToMH
MalTh MiHIMAJIbHY IOTCHIJAIBHY €HEprilo, OCKUIBKH
3HaXOOAThCSA Ha BIifICTaHI g, @ B Mipy TOTO, SIK aTOMH
BTPAYyarOTh KiHETHYHY CHEPTito (3HIDKCHHS TEeMIIEpaTypH),
BOHM 30JIFDKAIOTBCS JIO BIJACTaHI MEHIIOI 3a Ip 1 ix
NOTeHIiaNbHA eHepris miaBuinyethest [12]. B pesynbrari
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HoBi moraaau Ha mIacTUYHICTE METAIIB

KpUCTaJIiuHa TPaTKa IEPETBOPIOETHCS B HECTIHKY.

Jns nmedkux MeTaliB 1 CIUIABIB 3MiHA TeMIlepaTypu
NPHU3BOANTE 10 NOJiMOp(GHUX NepeTBopeHb. Kpucraniuna
rpaTka 3a TeMmIeparyp ONM3BKMX IO TeMIlepaTypH
TOTIMOP(HOTO TIePETBOPCHHS cTae HECTIHKOIO.
[pyKkiageHHs 30BHIIIHIX CHJI Y IIbOMY BHITAJIKy BHUKIJIHKAE
HaIUTACTUYHICTh — TpaHC(pOpMaliiiHy HAIIUIACTHIHICTB.
SIBUIE HAAIUIACTUYHOCTI, IO Ma€ Micle Mix dYac
MOJIMOP(QHUX MEPETBOPCHb, MOSCHIOIOTH HECTIHKICTIO
kpucraniunoi rpatku [13]. Lle siBuIe € aHATOTIYHUM 0
OIMCAHOTO BHIIIE.

ITouaTkoBe pO3MIIICHHA aTOMIB B 000X BHIaJIKax
3aJIeKUTh BiJl 3HAUYeHHSI [p, sAKe O0OyMOBIIOE IX
MOJIOKEHHST y TMpPOCTOpI B TOYKax, Je CyMapHa
MOTCHIlIaIbHA ~CHEPTis AaTOMIB MiHIManbHA. 3MiHa
CJICKTPOHHOI CTPYKTYPH TBEPAOTO Tija BUKJIHMKAE 3MiHY
BEJINYUHH [p, B HACIIZOK YOTO TOYKH 3 MIHIMAJIBHOIO
CHEPri€l0 3MIMAIOTBCS B HOBI TOJOXKCHHSA, y SKI
MIEPEMICTATHCSL aTOMH, MO0 €HEepris HOBOi KPUCTATIYHOI
rpaTku Oyia MiHIMaJbHA.

YV HamoMy BUNAJKY BB)KA€THCS, IO MPH 3MIIIEHHI
aToMiB 1 3MiHI TeMIepaTrypu MOTEHI[iall MiXaTOMHOI
B3a€MO/Ii1 HE 3MIHIOEThCS, TOOTO PIBHOBA)KHA BiJICTaHb I
€ TIOCTIHHOIO BEIWYHHOI0. A 31 3MIHOIO TeMIepaTypu
BHACHIZOK [Jii BHYTpIIIHBOTO THCKY BiOYyBaeThCs
3MIIICHHS aTOMIB, B pE3yNbTaTi YOrO 3MIHIOETBCS Y
MPOCTOpi  TOJIOKEHHS ~ TOYOK 3 MIHIMaJIbHOIO
MOTCHINIAIFHOIO CHEPTi€l0. Y BHUITAIKY il 30BHINIHIX CHII
aTOMM IIEpPEeMIIAIOTBCS Yy I TOJOXKEHHsA, Je iX
MOTEHINIalIbHA SHEPTis OyIe MiHIMAIBHOIO.

3anpornoHOBaHa  MOJENb  KPUCTATIYHOI — TpaTKH
HecTiiika BIIHOCHO 3CYyBHUX JedopMauiid y Hampsmi
TyCcTO3aceIcHOMYy aToMaMHd, B TOH >ke ubac, 30epirae
BUCOKY CTIMKICTh y IHIIMX HampsiMax. ToMy y Takux
TiTax 3CyB aTOMHMX IUIOIIMH B ifeaidbHIM rpaTmi 3a
JIeSIKUMH ~ KpUCTalorpadiyHUMH  HAIpsAMH  MOXe
3IifICHIOBAaTUCS 3a [JyXe HU3BKHX 3HA4YCHb 3CYBHHUX
HaNpyXXeHb a00 y BIACYTHICTH iX. AJle HECTIHKICTh
KpHUCTamiuyHoi rpartku  (BIACYTHICTH OHOpY  3CYBY)
XapakTepHa y BUMAAKY ii OC3MEKHHX pPO3MIpiB, KOJIH
YHCIIO YaCTUHOK HECKiHYeHHe. B 1iboMy BUMagKy MOXHA
BU3HAYMTH MOXJIMBI mepioguuHi cTpykTypu (To6TO
eJIEMEHTapHy KOMIpKY iJeallbHOro KpHcTana). SIKimo
YHCIIO aTOMIB KiHIIEBE, TO ileanbHa KpUCTaJiyHa rpaTKa
3aiiMaTMe JAeIKMH 00'eM B TpocTopi, HpHU IHOMY
NepiofMYHE PO3TAallyBaHHSA aTOMIB BXKE HEMOXJIMBE. Y
MPUIIOBEPXHEBOMY IIapi aToMH OyAyTh pO3TallOBaHi
MEHII IIJbHO, HDK B TINIMOMHI Tijda. Kpucran
00OMEXEHUX pO3MIpIB € CTIHKAM BiJHOCHO 3CYBHHUX
nedopmarii, OCKUTBKA HECTIMKICTh € XapaKTepHOIO
TUTBKY JUT1 BHYTPIITHIX 00JIACTE! 3 iIealbHOI TPATKOIO
y TOW wac, SK IPHUIIOBEPXHEBI IIApu, B CHIy IX
cnenuigHOT OynoBH, OynyTh CTIAKUMU 1
YTPUMYBATHMYTh BHYTDIIIHI aTOMHI IUIOIIUHH Bix
3cyBy. Taxuif KpucCTan ciif po3misigaTH SK IBOX(a3zHy
cuctemy [14] 3i criiikoro (ha3or0 — MPUIOBEPXHEBI MIAPH,
netdexktn OyaoBH, rpaHuii 3epeH (y mHOJiKpUCTammiB) i
HecTiiikolo (a30i0 — BHYTpImHI 001acTi Kpucrana
JIockoHasoi OymoBU. MIIHICTh Takoro Kpucramy Oyne
3aJIe)aTH BiJ| CIiBBiIHOIICHHS (a3.
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Puc. 6. 3amexHicTh 3MiHH NOTEHIIAIEHOI CHEpTil
atomMa 1 Bix 3CyBy Z aTOMHHUX IUIO-IIMH Yy HAIpPsMI
[100] —1,iy—[110] - 2

[l1. ObroBopenns

3aramoM, 3ampoNOHOBaHA BHIIE MOJENh — I
MOBEPHEHHS 10 MOIEPEIHBOI i/1el, KON TUIACTHYHICTh
pO3TIAIANH K BIACTUBICTh 0e3MeEeKTHOT KPHUCTATITHOT
rpatku. Ha oCHOBI miei Moneni Ha aTOMHOMY piBHI
MOKa3aHO, IO 3CYB AaTOMHUX IUIONIMH Y iJeanmbHil
KpPHUCTaTIYHIM rpaTii Moke BigOyBaTHCh 3a HalpyXEeHb
3HAYHO HIDKYUX BiJl TCOPETHYHO PO3PAXOBAHUX.

CBoro wuyacy, HalOMmWwK4e a0 BUPIMICHHS IHOTO
nuTagug migiimoB  akameMmik A.B. Cremanos. 3rigHo
HOTO ysBICHB, BTpaTa MPYKHOI CTIHKOCTI KPHCTAIIIHOT
TPaTKH Ma€ MICIe 3a JIEIKOTO KPUTHYHOTO HATPY>KCHHS,
SKE € HIDKYC TEOPSTUIHOT MIIIHOCTI i€l rpatku. Brpara
MPY>KHOI CTIFKOCTI crIpusie mepeOyaoBi TPaTKH KPUCTATa,
B pE3yJbTaTi 4Oro BCS CHCTEMa IEPEXOIUTh B OUIBII
piBHOBaKHHUIA cTaH [4].

BinmoBimHo 3ampomoHOBaHOi Mojeni  iieanbHa
KpHCTaTiyHa TpaTka IUIACTHYHHX TBEPIUX TUI BTpayae
CTiMiKiCTh y BUMAAKY nii Manmux nedopmaiiidl y AesiKuX
KpHcTanorpagiuHux HampsMax. BacTuBicTh Takoi
KPUCTAJIIYHOI ~ TpaTKU  IUIACTHYHO  Je(hOPMYBaTUCh
oOyMOBJIICHA  HECTIHKICTIO, OCKITBKA 1i  aroMmu
3HAXOAATHCS Yy  TOJOXKCHHAX 3 JICHIO  BHIIOKO
MOTCHIIAIbHOIO ~ CHEepricro. A eIleMCHTapHHH  aKT
IACTHYHOI aedopMariii — e OJHOYAaCHHU 3CYB BCIX
aTOMIB  IUIOIIMHK Yy  TOJOXEHHI 3  HIDKYOIO
MOTEHINIAIFHOIO CHEPTIETO.

3rigHo JUCITOKAIIHOT Teopii IJIAaCTUYHA
Jeopmaris B METaJiYHMX KpHUCTajgax oOyMOBJICHA
OPHCYTHICTIO 3HAYHOI KiNBKOCTI QUCIOKaIiii (Mepexa
quciokanii). Yepe3 1€ BedMKa KiIBKICTH aTOMIB
3HAXOJIUTHCS Y HEPIBHOBXHOMY IIOJIOXKEHHI 3 Jelio
BUIIOI0 TMOTEHIIAJIbHOIO eHepriero. [lepeminienns ix B
MOJIOXKCHHS 3 HIDKYOK CHEPriclo 1 € IDIacTHYHA
nedopmaris. Maibke K 3a 3alpOIIOHOBAHOI0 MOJIEILIIO.
AJe y 3amporoHOBaHi MOJeli MOBa Hie Mpo riodarbHy
HECTIHKICTh a Y JUCIIOKAIIHHIA MOJEIi — PO JIOKATBHY
HecTilKicTh. CHUIBHUM TaKOXK U1 LMX IBOX MOJEINIEH €
TpakTyBaHHA TmpaBoi BiTKM KiacuuHoi U-momiOHOT
KpUBOT 3aJIe)KHOCTI MIIHOCTI Bif TYCTHHH JIe(eKTiB
(puc.1l), me moOKasaHo, MO0 3a 3POCTaHHS T'YCTHHH
JUCIOKALIH MiJBUINYETHCS MIIHICTD 1 3HHKAETHCA
IUIACTUYHICTh. AJle TO TpH MOAIOHICTH IUX MOJEINeH,
3BHYAIHO K, € BIIMIHHOCTI.
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JL.IO. Ko3ak

JucnokaniiiHa MOJEIb  BUKIIIOYA€  MOYKJIUBICTD
IUIaCTHYHOI Jedopmanii B ieanbHOMY KpHCTam Y
BinCyTHICTH nmedekriB. Tomy  mms 3CyBy aTOMHHX
IUIOIIMH B iJeaibHIN KpUCTANYHIA TpaTii HEoOXimHi
JTy’)Ke BHCOKI HAmNpy>KeHHs. Y 3alpOINOHOBaHIA Mojeni
UL TBEpAMX T 3 CQEPUYHO CHUMETPHIYHUM
[MOTEHIaJIOM MIDKAaTOMHOI  B3aeMOil [UTACTAYHA
nedopmaris BigOyBaeThCs y BIICYTHICTD TUCIIOKAIIN 3a
HU3BKUX HAaINpYXXeHb 1 € BIACTUBICTIO KPUCTATIYHOI
rpatku. II{o cTocyeThCsl KpHUCTamiuHOi TpaTKH 3
HANPaBICHUMH 3B’ s3kaMu  (aHI30TPONHHUN IOTCHITIAM
MIDKATOMHOI B3a€MOJIii), TO BOHA € XapaKTEPHOI I
TBEPIUX T 3 HU3BKOI IUIACTHYHICTIO 3 KOBaJCHTHUM
TUIIOM XiMiuHOTO 3B’ s3Ky. lIpHCYTHICTH nuCIIOKAmii y
KOBAJICHTHUX KPHCTaJlaX He 3a0e3medye iM IIAaCTHIHICTh
yepe3 Te, OO0 IX KpHCTaliYHAa TpaTKa CTidka. A Ta
HE3HayHa KIIBKICTH aTOMiB, $Ki 3HAXOIATBCS Y
HECTIHKOMY TIOJIOKCHHI 3aBASKH HAasBHOCTI MEpExKi
IUCIIOKAlllil, HEe B 3MO31 3a0€3MeYnTH JTOCTATHBHOL
IUIACTHYHOCTI ~ TaKMM  KpHCTalnaM, TOMY  BOHH
MAaJIOIIACTUYHI 1 KPUXKI.

[ITo crocyeThcsl eKCIEpUMEHTANBHUX IiATBEPIKEHD
HECTIMKOCTI i/JealbHOi TpaTKu MeTaliB, TO € 3HayHa
KIJTBKICTh JAHUX 3 JOCIHIMKEHHS MAaCHBHHX METaIIYHUX
MOHOKPHCTAJIIB, SKi CBiJ]4aTh MPO HAA3BUYANHO HU3BKI
3HAYCHHS I1X MEKi TeKydocTi (HU3bKHH OIip 3CyBY

ATOMHHX IUIOIIUH). 3 y3araabHeHHs
eKCIIepUMEHTANbHUX Jociikens [15-18] cuigye, 1o 3
MiABUIOICHHSAM YHCTOTH 1 JOCKOHANOCTI  OyIOBH
METalluyHUuX MOHOKPHCTAIIIB CIOCTEPITaeThCS

3MCHIICHHS X MEXi TeKydJoCTi, MiHiMaJbHUX 3HAYCHBb
KO HE BCTAHOBJIEHO 1, 3arajioM, € BCl IMIACTaBH
BBaXKAaTH, 1[0 MeXa TEKY4OCTI MOXe OyTH OIM3BKOIO0 10
HYJISI.

3a IMUCIIOKALIMHOI0 MOJEIUII0 3MEHIIEHHS KIIbKOCTI
JUCIOKALii y TEeXHIYHHUX MeTajaX CHOYaTKy 3HHKYE
MEXY TEKyJOCTi (IUB. KIACHYHY KPHBY MIIHOCTI puc.l),
a 3 IOJAJBIINM IIiBUILEHHSIM YHUCTOTH 1 JOCKOHAJIOCTI
OyZOBM METaTiYHMX MOHOKPHCTANIB IX MIIHICTE Mae
3poctaTd. A€ B pPEaNbHOCTi, SK BiAMIYCHO BHIIE, 3
MiABUIOICHHSAM YHCTOTH 1 JOCKOHANOCTI  OyIoBH
METaTIYHUX MOHOKPHUCTANIB X MIIHICTh MAJa€e, a He
3poctae. ToMy HHXKHS MeXa MIITHOCTI JUII METaTiqHuX
MaKpOMOHOKPHCTaJiB, sika O Majla CIHOCTepiraTuch
BI/IMIOBIIHO /10 KITacH4YHOI KpuBOi (prc.l), He BUSBIICHA.

3aranom, HU3BKY MILHICTE METATIYHUX
MaKpPOMOHOKPHUCTAIIB MOSICHIOIOTE HEJIOCTaTHBLO
MPaBUIBHOIO iX OYZOBOIO 1 IMPUCYTHICTIO IUCIIOKAIii,
SKi IPOOJIEMAaTUIHO YCYHYTH y BEIHKHX 32 PO3Mipamu
MOHOKpHCTaNaX. A SK MiATBEPIKCHHS BHCOKOI MIIIHOCTI
iIeadpbHOl KPHUCTANYHOI TPaTKH HABOAATH MPHUKIAJ

«BYCIB».
JocmikeHHsT MEXaHIYHUX BIIACTHBOCTEH  «BYCIB»
BBAXKAECTHCS OCHOBHUM EKCTIEPUMEHTAIbHUM

MiITBEP/KSHHAM BHCOKOI MIIIHOCTI (MEXi TEKydOCTi)
ieaapbHOT KPUCTANIYHOT TPaTKU METaJiB 1 Hloro MoxHa
pO3IIIsiIATH SIK OCHOBHE 3alepedeHHs 3alpOIOHOBaHOI
rinoTesu.

B Toit xe wac, cmix B3SITH A0 YyBar", IMIO
MIKPOMOHOKPHUCTAIH («ByCa») MalOTh IMOBEPXHIO, SKY
crmin posrgaTH sk aedexT. bynoBa mpHIOBEpXHEBHX
mrapiB BigMiHHA BiJ OYIOBH iIeambHOI KPUCTATIYHOI

rpatku. IneanpHOIO MoOke OyTH OyZoBa KpHCTaJIiduHOL
TPaTKU y KPUCTATIB Oe3MeXHUX po3MipiB. ToHKI «Byca»
HE MOXXHA BBa)KaTW OULTBII JTOCKOHAIMMH 32 OYHOBOIO
HDK TOBCTI MOHOKPHCTANIA, OCKUIBKH TIOBEPXHS Y
NEepIINX CKIafae Oifblly YacTHHY Yy 3aralbHOMY iX
00’ eMi HiX y Opyrux. Yepe3 HaA3BUUANHO Maii po3Miph
TOHKHX «BYCIB» Ha IX MIIHICTh 3HAYHHH BIUIMB Mae
noBepxusa  [3,20-24]. YV  Bumagky  30ULIBIICHHS
MOTIEPEYHOTO PO3MIpy <«BYCiB», I1X MImHICTS (Mexka
TekydocTi) mamae (puc. 7). Jlyke MinHHUMH € «Byca»
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Puc. 7. ExcrmepuMmeHTalbHI 3aJI€KHOCTI: MII[HOCTI
KpucTamiB 3amiza a i mimi 6 [21]; 6 — HampykeHb
3CYBY B[l liaMeTpy MOHOKPHCTAIIB 3aii3a a [22].
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Puc. 8. Teopetnuna 3aeKHiCTh MIIIHOCTI KPHUCTAIIiB
Bij iX miamerpy d.

manoro pgiamerpa (meHmie 5 Mxm). 3i 30UIbIICHHAM
JiamMeTpa «BYCIB» iX MIIHICTh 3HIDKYETBCS 1 32 pO3MIpiB
6inpmie 50 MKM MIIHICTD CHIBpO3MipHa 3 MIIHICTIO
3BUYAaHUX MeTaliB. [lomiOHe cmocTepiracThest ams
MOJIKPUCTAIIYHUX MeETaliB 31 3pOCTaHHAM JiaMeTpa
3epeH 1X MINHICTh (MeXa TeKy4OCTi) magae - 3aIekKHICTh
IIerya-Xomnna.

ExcniepuMeHTanbHi AaHi, IO HaBEICHI Ha pHUC. [
MOXHA IIOSICHUTH HAaCTYIHHM 4YnHOM. Mana d9acTka
MPUTIOBEPXHEBUX IIAPiB Yy MOBHOMY 00’ €Mi MacHBHUX
METaIYHUX MOHOKPHUCTATIB OOYMOBIIOE  Mi3epHHA
BIUIMB TOBEPXHI Ha iX MIIHICTh, TOMY BOHH MarTh
HU3BKI 3HAaYCHHS MeEXi TeKydocTi. BiamoBimHo 10
3aIpOIIOHOBAHOI MOJIEN y pPEAIbHOMY METATiYHOMY
MOHOKPHCTAaJIi BHYTPIIIHI 00IacTi HE CTBOPIOIOTH OIIOPY
3CYBHHM JedopMalisM, a JIMIIEe MPHUIOBEPXHEBI IIapH.
ToMmy, He3ale)KHO BiJl TOBIIMHM KpHUCTalla, IUIACTUYHA
nedopmarlis Oyae MOYMHATHCH MICHS BTPATH MIITHOCTI
MOBEPXHEBUX IIApiB Mia MAi€l0 TPUOIM3HO TOCTIHHOT
CWJIM, @ HaIpPYXEHHs 3HWKATUMYTHCS 31 301IbIICHHIM
nonepeyHoro mepepizy (miamerpa) kpucraia (auB.
TEOPETUYHO MNOOynoBaHy KpuBYy Ha puc. 8). Orxe,
BIANOBITHO  HANIMM  [PUITYIIEHHSIM, y  BHIAJAKY
30UTBIICHHST JliaMeTpa BYCIB IOBHHHA 3MECHIIYBaTHCS
Me)Ka TEKY4OCTi «BYCIB», MO 1 MiATBEPIKYETHCS
eKCIIEPUMEHTAILHUMH JJAHUMH.

Kpim Toro, BiAMOBIAHO 10 3rafaHOrO BHUIIE, Y Mipy
TOTO SIK MeTaTiqHuN MOHOKPHUCTAIT Oyne
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neopMyBaTHCh, HOro MinHICTh Oyme 3poctatu. lle
CTOCYeTbCI M <«BYyCiB», TOMYy Je(hOpMOBaHI «Byca»
MOBHHHI MaTH BUIIY MIIHICTh HiK HexedopMoBaHi, 3a
yMOBH, 1m0 miJg 4ac Aedopmarii Ha X TOBepXHI He
BUHUKATHMYTh MIKPOTPIIIUHH a00 iHII KOHIEHTPATOPH
HanpyxeHb. L{e mATBepIKYIOTh CKCICPUMEHTANBHI JaHi
[25] BiamoBigHO MO sIKMX, mif Yac aedopmariii MiTHOTO
“Byca" Oymo mocArHyTe 3HaYHE 3MII[HCHHS, SKe 3a
BEIMYMHOI ONM3bKE 1O TEOPETHYHOi  MIIHOCTI.
MinHicTs mporo “Byca” michs IUIacTHYHOI aedopmartii
MIEPEBUIIyBaIa MEXY TEUiHHS HeAehOPMOBAHOTO OIBIIT
ToHkoro “Byca” (puc. 9), Xxo4a Mexa TEKY4OCTi OLIBII

MMg |
|
|

600

400

200

0.2 04 &

Puc. 9. [liarpama po3tsiry MoHO-KpucTtamiB miai [17]:
1 — ToHKWI Byc, 2 — TOBCTHH BYC, 3 — MAacHBHHU
MOHOKPHCTAL.

TOBCTOTrO “Byca" Oyna HIKYOK.

[liquac MeXaHIYHUX IOCTiIKEHb OyJIO0 BCTAHOBICHO
[26], mo rmmactuuHO jAedOpMOBaHI  HUTKOMOiIOHI
kpuctamu a-Al,O; 3 MONICHHTETUYHUMH JABIHHUKAMHU
MaroTh HaWOIIbII BUCOKY MIIHICTh, fKa csrae s
crpivok ciuenusim 0,1-1 MKM> no 15TITIa. MiuHicTs
Hese(OpMOBaHUX CTPIUOK TOTO X CiYeHHS CKiajana S5 —
10 I'TIa.

Bucoka MIIHICTh XapakTepHa TaKOX IS TOTYaTHX
ckayok (TX Ha3MBAIOTh TPICKU» ab0 «Byca» PO3KOIy 3
JTy’Ke BUCOKOIO TYCTHHOKO AMCIOKAIi 10 10° CM'S), K1
YTBOPIOKOTHCS IIiJ] Yac PO3KOJIY KPHUCTAiB. 32 TOBIIUHH
Y KUTbKa MIKPOHIB IX NPYXHi BIaCTHBOCTI BiIIOBiJaIOTh
HUTKOMOMIOHUM KpucTanam [26].

Crnig 3ragaté Tpo BHUCOKY MIIHICTh  IHIIHX
HUTKOIOIIOHAX YTBOPCHb — HUTKOIOIIOHUX KPHCTAIIB
cymimi wmeranis, (Cu-Fe, Cu-Ni, Fe-Co Ta in.), sxi
MOXYTh OyTH Ha3BaHi Tak JIMIIE YMOBHO, OCKIIBKH HE €
MOHOKpHCTANaMH i MaloTh CKIamHy OydoBY. IX BHCOKa
MIIHICTh OOYMOBJICHAa TPHUCYTHICTIO BEIUKOI KIJIBKOCTI
neheKTiB i Mae xapakTep AUCIIEPCHOTO 3MiltHEHHS [26)].

Ha cporogmimmHiii  AeHp  IIOKa3aHo, IO B
HUTKOMOMIOHAX KpHCTANaX MOXYTh OYTH IPHUCYTHI
JCTIOKANIi y BENUKIH KITBKOCTI, ajie MIIHICTh IX
3aJIMINAETHCS. BUCOKOIO. B poGoTi [26] 3ramyerses, mio
HUTKOMOIOHI KPUCTAIH 3 OJHOK, a00 TBOMa OCHOBHUMH
JTUCTOKANiAMU BHTpuMYyBamu nedopmanito Bix 0,2 mo
10%.

[lepepaxoBani  ekcrepUMEHTalIbHI  (QakTh  He
BIHCYIOTBCSL y CY4YacHi YsBJICHHs (DI3UKM MIIHOCTI Ta
IUIACTUYHOCTI 1 IX TIOSACHEHHSA 3 TOYKH 30py Teopii
JMUCIOKalii mpoOieMaTndHo. 3aTe 3 TOYKH 30Dy
3aMpoOIOHOBAHOT  TIMOTE3HW, BOHH MAlOTh IMPOCTE
TOSICHCHHSI.

MILHICTE 1 IUNTACTUYHICTE YUCTUX METANIB 3AJIEKNTH,
B OCHOBHOMY, BiJ CIIBBIIHONICHHA MiX 00 €eMOM

obnacTeii 3 mpaBUIIBLHOIO IPATKOIO 1 IeEeKTHUX 00sIacTeit
(cuiBBimHOmeHHsAM 1BOX (a3) [27]. Jms nedexTHuX
oOnacTeil xapakTepHa ITiIBUIICHA MIIHICTh 1 KPUXKICTB,
a Ui 6e3Me(peKTHUX — IUIACTUYHICTh 1 HU3bKA MILIHICTb.
IIpu  1mpOMy, @i  BIACTHBOCTI  Matepiamy y
MaKpOCKOMIYHOMY 00’ €éMi BH3HAYAIOTHCS HE TiTbKH (i HE
CTUJIBKH) CYMOIO YaCTOK y 1boMYy 00’eMi Oe3nedexTHux
9i JMeeKTHUX O0NacTedd, 3HAYHO CYTTEBINIUM TYT €
CTEMiHb JHUCIIEPCHOCTI, YacTOTa i PIBHOMIPHICTh TaKUX
obmacreii  [27].  OcranmHs  ymoBa  HaiKpaiue
3a/10BOJIBHSAETHCS JUISL IpiOHO3epHHUCTOT
(npibHOGIOUHOT), KOMIpKOBOi cTpYKTYpu Metany. Came
Taka CTpyKTypa 3abe3medye  BUCOKY  MIIHICTh
BUCOKOYHCTHM MeTajaM TMiciasd IX TepMOMEXaHigHOi
00pOOKH.

3araiom, BiJIIIOBiTHO IO 3aIPOIIOHOBAHOI MOJIENI, 32
aHAJIOTIEI0 /10 KIAcH4HOI KpuBOi MimHoCTI (puc. 1),
moOyayeEMO HOBY 3aJIC)KHICTh MIIIHOCTI METalliB Y
3anexHocTi Big kimbkocti medektiB  (puc. 10). Tyt

T". 1

5
FYCTHHE OethekTiE

Puc. 10. BmmB cTpykTypu Ha MimHiCTh: 1 —
ne(pOpMOBaHUX TOHKHX KpPHUCTANIB 1 BOJIOKOH, 2 —
«ByCiB», 3,4 — TEXHIYHUX METAJIB 1 IX CIUIABIiB, 5 —
MaCHBHHX MOHOKPHCTAIIIB.

JIeOopMOBaHi MIKPOKPUCTAIH MAlOTh HAWBUIIY MIIHICT
— 1.1-2, ockinmpkm iX KpHUCTaJdiyHA TpaTKa HAWOLIBII
nepopmoBana. Crou kK MOXKHA BiTHECTH TOHKI CKJISHI
BOJIOKHA, MILIHICTh SKuX csrae 5 I'Tla, Tomy mo uepes ix
aMop$HICTh Y HUX B3arajii BiJICYTHS KpHCTaliyHa TpaTka
[Ifo cTocyeThca HeaeOPMOBAHMX TOHKHX «BYCIB», TO
BOHM [IEIIO0 MOCTYMAIOThCAd MIIHICTIO Ae(hopMOBaHUM
ByCcaM, aje MIIHICTh iX 3MEHINYETbCsA 31 301IbIICHHSIM
niaMeTpy - T. 2-3, mo 0OyMOBJICHO BIUIMBOM IOBEPXHI,
gka € paBoBuMipHUM nedekToMm. Ilomoxenns 3-4 Ha
KpHUBIM MIIHOCTI 3aliMarOTh BHCOKOMIIHI TEXHIYHI
METanu Ta IX cIUIaBH. UHCTI MONIKPHUCTANIYHI MeETajH,
yepe3 HasBHICTh Y HUX TPAHUIb 3€PCH 1 OJIOKIB, a TAKOX
iHmux gedekrtiB  (BakaHCifi BKJIIOYCHb JTUCIIOKAILii)
3aiiMarOTh MPOMIXKHE TOJIOKEHHSI Ha KPHUBiM MIITHOCTI —
T.4-5. Ilpu wnpomy IiX MIIHICTh 3HIKYEThCH 3i
30imbIICHHSAM pPO3MipiB 3epeH Ta OnokiB (Bigoma
sanexHicTh [lerwya-Xomma) i 3MEHIIEHHAM KiTbKOCTI
nedekriB. MacuBHI MeTanidyHi MOHOKPHCTAIM BHCOKOT
YUCTOTH 1 JJOCKOHAI0i OYZ0BH MalOTh HAWHIDKIY MEXY
Tekydocti (Big T.5 g0 Hyns), ockigpku ix Oymosa
Omu3pka 10 OyMOBH imealbHOI KPUCTANIYHOI TpaTKH, a
BIUIMB TIOBEPXHI MpH IX 3HAYHUX po3Mipax €
HECYTTEBUM.
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I1l.MeTaJiiuHa MJIACTHYHICTD K CTAaH
Pe4YOBUHU

Bimomo, 1m0 MIaCTUYHICT 1 €NEKTPOIPOBITHICTE €
XapaKTepPHUMH BIIACTHBOCTSIMM METAIB, IO BiIPi3HSE IX
BiJl IHIITMX TBEPAMX TiJl, OCOOIUBO, BiJ HiCTMCKTPHUKIB, SKi
€ JOyXe KpUXKMMH 33 HH3bKHX TeMIepaTyp.
HaniBnpoBinHuUKOBI Marepiaaw 34e0UIBIIOTO  TaKOX
HeIJIaCTUYHI. BiToMo TakoX, 110 y BUMAAKY 3MIiI[HEHHS
METaJiB BHACIiZOK MEXaHIYHOi 0OpPOOKH 3HIKYETHCS IX
IUTACTHYHICTh 1 Majae eNeKTPONPOBIAHICTE. 3 iHIIOrO
00Ky, BCSKe TBEpAE TLIO MepedyBarouM IiJ AOCTaTHBO
BHUCOKHM TiPOCTaTUYHMM THCKOM HaOyBa€ OCHOBHI
BJIACTHUBOCTI MeETaliB - IUTACTUYHICTD i
enextpornposinHicts [15, 28-30]. Bee 1e € cBimueHHAM
TOTO, IO IIACTUYHICTH 1 EIEKTPOIMPOBIAHICTh MOB’ s3aHi
Mix co6oto. [Ipo icHyBaHHSA 3B'13Ky MK IDTACTUYHICTIO 1
CJICKTPOIIPOBIIHICTIO, CBOTO dHacy, 3raxyBaB (dDpeHkenb
[18].

IcHyBaHHS 3B'I3Ky MiX 30BCIM Pi3HUMH SBUIIAMU -
IUTACTUYHICTIO 1  EJIEKTPONPOBITHICTIO 0OYMOBJICHO
JOJATKOBUM 30JIMUKEHHSIM aTOMIB KPHUCTANIYHOI TPaTKH
BHACJIZOK [ii TiAPOCTAaTHYHOIO TUCKY Yy BCIX TBEPIUX
TUIAX, a B MeTajax — 3a PaxyHOK CHJI MPUTATaHHSI MK
aToMaMH 1 iX JanpHIMH cycizamMu. 3a BiIIOBiIHOTO
30JIFKCHHS aTOMIB BCi TBEPIi TiJla CTAIOTh TUIACTHYHIMHA
1 enextponpoBigauME. OHAK, MPUPO/Ia UX SBHII Pi3HA.
EnekTponpoBiAHICTE € HACTIAKOM IEPEKPUTTS 30HH
BAJICHTHUX CJICKTPOHIB 13 30HOI0 TMPOBITHOCTi, a
TUTACTHYHICTD - HACHIIKOM IEPETBOPEHHS CTIHKOI IpaTKu
Yy HECTIHKy.

JonaTtkoBe 30JIMKEHHS aTOMIB Yy BHIIAQAKY BIUIMBY
30BHIMNHIX CHI (TIAPOCTATHYHOTO THCKY) € MPUYUHOIO
IUTACTHYHOCTI 1 ENeKTPONpPOBIAHOCTI TBEPAUX Tl 3
HEMETaliYHUM THIIOM XiMiYHOTO 3B’SI3Ky. Y BiJICYTHICTBH
30BHIIIHIX CHJI BOHH BTPayarOTh Ili BIACTHBOCTi. Y
MeTajlaX aTOMH JOJAaTKOBO 30JMKEHI  BHACIIIOK
cnenuiku X MIDXKaTOMHOT B3a€EMOIII, TOMY
TUTACTHYHICTD 1 €JIEKTPOMPOBIAHICTD € 1X XapaKTePHUMHU
BJIACTUBOCTAMH. AJle I OI€X0 30BHIMIHIX YAHHHUKIB —
TEeMIlepaTypyd 1 THUCKYy MeTall MOXYTb BTpadaTd i
BinactuBocti. Tak, Hampuknaa, s oJoBa  3a
temneparypu -13,3 °C crocrepiraerses momimopdse a-b
MEPeTBOPEHHA 31 3MIHOIO METAliYHOTO 3B'S3Ky Y
KOBAJCHTHUH, NP LOMY OJIOBO 3 IUIACTUYHOTO
MEepPETBOPIOETHCS y KpHXKE. A KIIaCUYHHIA
HaIiBIOPOBITHUK, SIKUM € TepMadid, mig tuckom 1500
MIla i kiMHaTHill TemmepaTypi cTae 3BHYAHHUM
METAJIOM, Yy pEe3yJbTaTi YOro IMiABUINYETbCS HOTO
TUTACTHYHICTE 1 EJNEeKTPOIMpPOBIAHICT. TakuM YHHOM,
OCKITBKA  XapaKTepHi  BIACTHBOCTI ~ METaliB  —
TUTACTHYHICTD 1 €JIEKTPOIPOBIIHICTH TBEP Tilila MOXKYTh
HaOyBaTH TMiA €0 30BHINIHIX YHHHUKIB, TO MOXHa
TOBOPHTH IIPO METATIYHUI CTaH PEUOBHHHU.

Cning ~ TakoX  3ayBaXKUTH, O  HasBHICTh
€JIEKTPOTIPOBITHOCTI Y METalliB MOKHa PO3TJSLAATU SIK
JOMATKOBUIM JTOKA3 CTHUCKaHHs (30JMMKCHHS aTOMIiB)
KPHCTaTiYHOI TPATKH.

3arajpbHOBIZIOMO, IO CXWJIBHICTH THX YHM IHIIHX T
IUIACTUYHO  1eOpMyBaTHCS 3aNIeKUTh BiA THITY
ximigHoro  3B's3ky. IIpo B3a€MO3B’SI30K  MiXK

IUTACTHYHICTIO 1 THIIOM XIMIYHOTO 3B’SI3Ky HAETBCS Y
KOH(Iirypamiiinii momeni TBepaux Tin [31]. BixnosimwHo
IO TIi€1 MOJIeITi BBAXKAETHCH, 0 Y KOHICHCOBAHOMY CTaHi
PCYOBHH MOKJIMBO CIIiBICHYBaHHS JABOX IIICHCTEM
BAJICHTHUX €JCKTPOHIB — YaCTKOBO JIOKANI30BaHHUX 1
KOJIEKTHUBI30BAHHUX, 1110 BU3HAYAE MILHICTE i
IUTACTHYHICTE pedoBUH. Akxkanmemik b.I. ApxapoB 3
criBpoOiTHHKaMu [27] Ha OCHOBI M€l MOMeNi NPUIILTH
JI0 BUCHOBKY, III0 y MeTajax MOXIIMBE CIiBICHYBaHHS
obmnacTeii 3 BUCOKUM CTYIEHEM JeNoKali3allil BaTeHTHUX
eNEKTPOHIB (001aCTi MPaBUIIBHOI OYI0BH KPHUCTATIYHOT
rpaTky), IS SIKUX XapaKTepPHHM € METaliuHUi 3B’ A30K,
1 obmacTeil e BaJIeHTHI €JIEKTPOHHU O1NIBIN JIOKaJIi30BaHi
(medextHi obmacti matepiany), A SKAX XapaKTepHUit
KOBAJICHTHHH 3B’'s30K. BigmoBigHO y MeTani € obnacti
GBI MTACTHYHI 1 MeHIN tacTryHi (181 (asn).

v 3aIpONOHOBaHIN Mozeni HECTINKICTH
KPHUCTATIYHOT rpaTku BHUKJIUKAaHA JIOAATKOBUM
30JIIKCHHSAM ~ aTOMiB, 1[I0  CIpHUSEe  JelloKaizarii

CJICKTPOHHOTO Ta3y 1 Taki PEYOBHHU € IUIACTHYHHUMH.
PyiiHyBaHHS KpHCTamiyHOi TpaTku 1 30iTbIICHHS
MDKATOMHOI BiJICTaHi MijJl 4ac TIAcCTHYHOI nedopmarrii
[32-35] cnopuste nokamizaiiii  €JEKTPOHHOTO rasy i
YTBOPIOIOThCA KOBAJICHTHI 3B'SI3KM, MPO IO CBIAYUTH
YacTKOBa BTpaTa €JIEKTPOIPOBITHOCTI (pocte
enextpuuHuii omip [36-38]). Jlokamnizamii e1eKTPOHHOTO
ra3y 3 TOYKH 30py KOHQIrypamiiiHoi Moaeni o0yMOBIIOE
3HWKECHHS TUTACTHYHOCTI, TOOTO ITiIBUIYETHCS CTIHKICTh
KPHUCTAIIYHOT TPATKH.

TakuMm 4MHOM 3ampPONOHOBaHa TiNOTe3a HAaBOIWUTH
«MICTOK» MDX TOSICHEHHSIM NPHPOAM IUIACTUYHOCTI, IIO0
0a3yeTbca Ha BIUIMBI JIe(eKTiB KPUCTATIUHOI I'paTKH, 1
MOSCHEHHSM IUIACTUYHOCTI 3 TOYKH 30pYy €JIEKTPOHHOI
CTPYKTYPH TBEpAMX TiJl Ta THITY XiMIYHOTO 3B’ A3KY.

Bucnosku

1.V 3amexHOCTi BiJ XapakTepy pO3MOIiTy

€JIeKTPOHHOI T'YCTHHHU BaJICHTHHX €JIeKTPOHIB
dbopMmyeThCcst  TeOMETpis MOTEHIialy MiKaTOMHO1
B3aeMofii. AToMH 31 CcpepHUHO CHUMETPUIHHMHU
MOTEHIlIaJlaMi ~ MDKaTOMHOI ~ B3a€MOJIii  yTBOPIOIOTh
HECTIHKYy  KpHUCTaJliYHy TpaTtky, a y  BHIQJAKY

ACHMETPUIHOTO TOTCHIIATY MDKATOMHOI B3aeMomnii 3
HaIpaBJIeHNMH 3B’ sI3KaMU — YTBOPIOIOTH CTIHKY I'paTKy.

2. Ilpu4rHOI HECTIHKOCTI KPUCTANIYHOI TPaTKH €
YKOPOYCHHS ~MDKATOMHOI  BIJICTaHi MOPIBHIHO 3
PIBHOBa)XHOIO (CTHCKaHHS KPHCTAJTiYHOI TpaTKH) 3a
paxyHOK CHJI NPUTATaHHS MK aTOMaMH 1 IX ApYTUMH
cycimamu, SAKi YPIBHOBaXKY€THCS CUJIaMH
BIJIIITOBXYBAaHHS MK aTOMaMH 1 IX MEPIIUMHU CyCiTaMH.
Le sBUIE € XapaKTepHUM I METaNiB, AKi, y HACIiIO0K
JIOZIATKOBOTO CTHUCKAHHS KPHCTAJIIYyHOI I'paTKH, CTaloTh
€JIEKTPO-TIPOBIAHUMH 1 IIACTUYHUMH.

3. [ImacTuyHicTh 1 MIOHICTP TBEpAMX TIT 3
iIeaJbHOI0 KPUCTAJNIYHOI T'PATKOI0 3alle)KUTh Bix 1l
cTaHy. TBep/i Tija 3 HECTIHKOI KPUCTATIYHOO TPATKOIO,
JUIL SKOi BIIACTUBUM € BIJICYTHICTH OIOPY BIIHOCHO
MaJix 3CYBHHUX nedopmamiit y JEeSKUX
KpUcTaTOrpaiuHuX HampsMmax, € IDIACTUIHUMH |
HeMilgHUMHU. TBepai Tina 31 CTIHKOIO TpaTKow —
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BHUCOKOMIITHI 1 HETIJIACTHYHI.

4. Ilnactnyna pedopmariiss — 1€ OJHOYACHE
3MIIICHHS aTOMIB Yy HECTIHKiH iIealbHI KpHUCTAIIIHINA
TPATIIi 3 MMOJIOKEHHS HECTIMKOI PIBHOBArd y IMOJIOXKCHHS
CTIiKOi piBHOBard. 3MIIIEHHS ATOMHHUX IUIOLIMH
BinOyBaeThCcs Yy  KpHUCTalOrpadiyHUX  HampsMax
HAWOULTBII 3aCETICHUX aTOMaMH, MPH IBOMY OMIp 3CYBY
ATOMHHX IUIONIMH  BIACYTHiH, a0o  HE3HAYHHIA.
IcHyBaHHS y peanbHUX MeTanax aedekTiB (IIoBEpXHEBUX
mapiB, TpaHUIs OJIOKIB 1 3epeH, JAUCIOKAIli, BaKaHCIH 1
T..) WiJBHINYyE OMp 3CYBY AaTOMHHX IUIONIMH, IO
3abe3neuye iM MIIHICTb.

Ta TiAPOCTATHUYHOTO THCKY, CTAH KPUCTAIIYHOI I'PaTKH
MOJKE 3MIiHIOBATHCS 31 CTIHKOTO Y HECTIMKMUI 1 HABMaKH.

TakuM YUHOM THIT XiMiYHOTO 3B'SI3Ky € OCHOBHUM
YMHHUKOM, SIKHI BU3HAYA€E
[UTACTHYHICT, 1 MIIHICTh 1IeabHOT
TPaTKH.

CTpykTypHHII YHHHHK BH3HAYa€ IUIACTHYHICTD 1
MIIHICTh TEXHIYHUX METAJIB Ta iX CIUIaBiB, OymoBa SKUX
yepe3 MPUCYTHICTh PI3HOrO poay IedeKTiB, TpaHHIb
ONMOKIB Ta 3epeH 1 TOBEpPXHEBHX INApiB 3HAYHO
BiJIpi3HAETHCS BiA OyJOBH ieaibHOT KpPUCTATIYHOT
rpaTKH.
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In modern physics of strength and plasticity the theory of dislocations is used when explaining the plastic
deformation phenomenon. In this case theidea crystal lattice is supposed to have a high shear deformation resistance
(high stability).

New considerations on the phenomenon of plasticity, using the ideas about unstable crystal lattice. On the
two-dimensional model of the crystal it was showed, that the crystal lattice can be unstable under influence of small
shear deformation in specific conditions. According to it a perfect crystal lattice of plastic solids is unstable relatively
to small shear deformations along some crystallographic directions. Therefore the atomic planes shear in such a
perfect lattice can occur at very low values of shear stresses. The resistance to shear deformation, observed in rea
crystals, is caused by the existing defects and, first of al, of a thin surface layer, while in polycrystals — by the
boundaries of grains and blocks.

Key words: plasticity, distributions, crystal, atoms, defects.
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