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IHOBEJAEHUE JE®EKTA BO BHEIIHEM HOJIE CMEIIEHUA.

JlHst onucaHus noBeeHus 1eeKTa BO BHEIIHEM I10JI€ BOCIOJIb3YEeMCsI YPABHEHHEM CTaTHUYECKOTO
PaBHOBECHs yNPYTOH Cpelbl Vg, =—f, > 30€Ch J; — IIIOTHOCTH 00BEMHBIX CHUII, ICHCTBYIOIIMX
BHYTpH oOpa3lia.
YMHOXHM 00€ 4acTH 3TOTO YPABHEHHUSI CKAJISIPHO HA PAJUyC-BEKTOP U IPOUHTETPUPYEM IO BCEMY
IPOCTPAHCTBY:

[ XV 0,dV =—[(rf )dvV
[IpeoOpaszyem JieByt0 4acTh YpaBHEHUS CIEAYIOUIUM 00pa3oMm:

[XV,0,dV = [V, (0, X,)dV - [0,V X, dV = § X,0,dS - [ o, dV
pU NPEeOO0PA30BAHMUM VUBLIO YHIEHO, Y10 V, X, =5, Hepsp muwl pail vupegcieres rpaHnYHbIMU
YCJIOBUSIMHU HA OBEPXHOCTU. BO BTOpoM HHTeram o, =3Ke, > A€ K — Monyib
o0beMHOrO cxkarud. ClenoBarenbHo:
3KAV = J'(ff)dV+ § X, 0,dS
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Takum o00pa3oM, OTHOCHUTENIPHOE HM3MEHEHUE O0bEMa KpUCTAIa, CBSI3aHHOE C JIEUCTBUEM

BHYTPEHHUX CWJI f 1 CUJI HA MOBEPXHOCTHU PABHO:



IJIOTHOCTDb BHYTPEHHHUX CWJI,
JKBUBAJIEHTHBIX HEHTPY JUJIATAIIUU

CornacHo aTroMHOM Mojenu To4yedHoro pAedekra OmKaillme K TouedyHOMY JAC(EKTy aTroMbI

HUCIIBITBIBAIOT I[CﬁCTBI/IC AWJIaTallMOHHBIX CHIJI, O6J'Ia,Z[aIOIlII/IX CUMMCTPHUYHBIM PACIIPCACIICHUCM B

1 =2 ™ " "’.ﬂ
KaKJI0i KOOPIAMHALMOHHOM chepe T R B S
0 o o 1
J SL A &
b g
/f .
o = 8 & S O
) 4
' N

iy’ o\ g S I 'Y

/ ",{/ %Y 4

N o~ ~ ~ ~ )
& S S % J -/

W
CucreMa 3TUX CHJl, pa3yMEeTcs, 00saiacT pe3yabTUPYIONe 1 HOJHBIM MOMEHTOM pPaBHBIMU HYIIIO.

Ecmu BCPHYTHCA K MAKPOCKOIIMYCCKOMY PACCMOTPCHUIO I[C(I)GKTEI, TO MOKHO YBUICTb, YTO HUX ILGfICTBHG
3KBHUBAJICHTHO I[GﬁCTBPIIO TpEX IMap CUJI paBHOﬁ BCJIMYHHBI, IPUWIOKCHHBIX K TOYKC PACIIOJIOKCHUA

MCKIOY3CIbHOTO aTOMAa UJIN BAKAHCHUHW U HAIIPABJICHHBIX 110 KOOPAWHATHBIM OCSM.

Wcxonst u3 cMeleHus BAaiau oT JedeKTa, A HaWAeM BHUJ dTUX OObEMHBIX CHUII.
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Torna nonyyum: S, ) 1
divU = 87Ui =—div grad (—j = —AA(—) = 4nA6(r_5
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CrnenoBareiabHO:
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Takum 00pa3oM, B TEOpUH YIIPYTOCTU J€PEKT MOKHO ONMUCATh O-(PYyHKIIMOHHOMW INIOTHOCTBIO CHUII.
MomHOCTh AedeKkTa XapakTepu3yeTcst BENUIUHON .

Peakiust cpepl Ha e eKT onpeesercs ee MmoayiaeM cxarus K.

1. 3meHenne oObema sl Tella C YyKa3aHHBIM PACHpPEICICHUEM IUIOTHOCTU CHUJI COCTaBUT
BeJIMUMHY (caiig 1)
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2. Tunaranms 0=Spey =¢,=divU(r)=-A-div grad; =0 paBHA HYIIO BE3JE, 3a

VCKJIFOUCHUEM Hadalla KOOPAWHAT, TO €CTh, KaK 3TO IIOJIYyYaJOCh W PAHBIIE, TOYCUHBIN
ne(deKT co3aeT TOJILKO CIBUTOBYIO 1ehOpMaIMIO B OKPYKAIOIIEH OecKoHeuHOoU CPEeIe.

EcTtecTBEHHO, TOCIEAHUI BBIBOJI CIIPABEIJIUB TOJIBKO JIUILb TOINA, KOIZa Cpelia ABIAECTC
YIIPYTO U30TPOITHOM, a TOYEYHBIN J1€(DEKT SIKBUBAJICHTEH LICHTPY JAWJIATaIlHH.

WNuaye, ympyroe moJjie TOYEYHOTO JedeKTa, CTPOro TOBOps, HE SBISETCS YUCTO
CIABUT'OBBIM.
O0600uIeHuE - B 001IEM ClTydyae HEM3O0TPOITHOM Cpelibl, BO3MYIIIEHUE MOKHO 3alUCATh:

fi =-KQ,;V,0 r_j

Kak npaBuio, xapakTepHblii 00beM z[eq)eKTOBQ IUI BAKAHCUW OTPHUIIATEIICH, IS
MEXKIO0Y3JIUHU TTOJIOKUTEIEH.

JLyist MpOCTBIX METAJUIOB €ro Benu4nHa cocrapiser nopsaka 0.1o, oqHako, Hampumep,
JUTSL QHU30TPOITHOTO rpaduTa OHA JOCTUTAET OONBIINX 3HAYCHHUHI — TTOPS/IKA 5O

B 3akiitoueHun OTMETHM, YTO BBEICHHBIN 371eCh CLIOCO0 ONMUCAHUS TOYCUHBIX AE()EKTOB —
4yepe3 IUIOTHOCTh OOBEMHBIX CHJI MOAXOAUT W JUJIsi ONUCAHUA JAPYTHMX THUIOB JI€(PEKTOB,
HalpuMep, TUCITOKALUM.



B3anmogencreue geekrtoB C
BHELWHNM yrnpyrmm nosnem

bynem cuutarh, 94TO Ae(PEKT BO3ACHCTBYET Ha KPUCTAJI, B KOTOPOM OH HaXOIUTCH,
TpeMmsi CIocoOaMHu.

[Ipexxae Bcero, OH BbI3BIBAET CMEIIEHUE AaTOMOB MATPUIIHL.
Kpome Toro, nedeKkT BBICTyIIaeT B POJIU JOKAJIHLHONH HEOAHOPOJHOCTH, TO €CTh OH C

OTHOM CTOPOHBI BHOCHUT MU3MEHECHHE B MAaCCy JJIEMEHTAPHOU SYEHKH, C APYrOM — JaeT
JIOKJIbHOE U3MEHEHUE CUJIOBBIX KOHCTAHT, BXOISIINUX B 3aKOH [ 'yKa



IIycTh KpHUCTalJI, B KOTOPOM HaXOAUTCS TOUCUHBIN 1€(DEKT, HAXOAUTCS MO
JIEMICTBUEM BHEIIHEW HArpy3KH.

PaccMOoTpuMM HEKOTOPYIO O0LUNYIO 3ajauy: odeghekm 6 ynpyzom noJie
CMeUuleHUsA, CO30AHHOM BHEWIHEl HAZPY3KOU Ha cpeo).

PaboTa, KOTOpyI0 COBEpIIacT BHEIIHEE IOJIe HaJX ACHEKTOM IPH MalbIX
CMEIICHMSAX TMOCJEIHEro, HaijaeM H3 pa0dOThl BHEIIHHUX CHJ Haj 00paslioM,
conmepxamuM nedekt. [locaeauss paBHa:
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Hcnons3yeM Tenephb SIBHBIA BUJI 1)1 OOBEMHBIX CHJI, COOTBETCTBYIOIIMX HATUYHIO
TOYEYHOTO Jie(heKTa B KPUCTAILIE , & JUIsl IpeoOpa30BaHUS
MOCJICAHErO CJIaraéMoro B HaIlIEM BhIPaKCHUM UCIIOIb3yeM 3aKoH [ 'yka
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BrItosiHuM HHTCTPUPOBAHMC 110 4acTAM B ICDBOM CIAracMOM. BO BTOPOM —
MPOBEJIEM TPUBHAIBLHOEC UHTETPUPOBAHUE, & B TPETHEM YUTEM CUMMETPHUIO:
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[TocinenHue aBa ciiaraeMbIX OMPEACISET SHEPTUIO B3aUMOICHCTBUSA JIeeKTa C YIIPYyTruM
MOJIEM:
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[lycth nedext, Haxoasuics B Touke T,

CaBuHeM nedeKT Ha BenuuuHy OrF
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— CHJIa, C KOTOPOM VIIPYIro AeOopMUPOBAHHBIN

KPUCTAJII ACHCTBYET Ha A(EKT.

Kak BUJIHO, TOUEUHBINA Je(PEKT B3aUMOAECHCTBYET C YIIPYTUM IOJEM JABOSKUM

o0pazom.
C omHOl CTOpPOHBI JAe(PEKT BBICTYMAeT KaK HMCTOYHHMK JHJIATAIlUH, OTO

OTPa’KE€HO B MEPBOM CJIAra€MOM JIMHEHHOM 10 iehopMaIvsM.
C apyroii cTtopoHbl Ae(EKT NPOSABISIET Ce0sl KaK JOKaJIbHAsl HEOJHOPOJHOCTD

YOPYTrdX CBOWMCTB, 4YTO TNepeAaeT BTopoe (KBajgparudyHoe mo AedopMaiusim)

cliaraemoe.
[lepBoe cnaraeMoe Ha3bIBAIOT  pPA3ZMEPHBLIM Ihekmom, a BTOpOE —

MOOybHbIM IPPeKTOM.




OOb1yHO AepopMaIy CUUTAIOT MAJIbIMUA, MOJIYJIBHBIM 3(DPEKTOM (KBaAPATUIHBIM I10
nedopmaiusaM) IpeHeOPEerarT U B BHIPAXKEHUM ISl SHEPTUU U CUJIbI OCTaBJISIOT
JMHENHOE M0 YIPYyTUM Je(opMalisaM ClIaraeMoe:
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Qik — QO 8ik - IIPOCTast M30TPOITHAS Cpeaa

DHEpPrus 1 CUia, ICMCTBYIONIYIO Ha IIEHTP JIWJIATAIlMU, BBIPAXKAETCS TOJBKO
4yepes CpeIHEE TUIPOCTAaTUIECKOE naBiicHue!!!

HanpasneHnue cuibl 3aBUCHUT OT TUNA Je(EKTa.

Jlist neexra ¢ OTpUIATEILHBIM UIIATAIIMOHHBIM 00BEMOM ) < (0 (BaKaHCHH) CHIIA
HaIlpaBJICHA B CTOPOHY YBEJIIMYECHUS TABJICHHUS, TO €CTh 3TH AE(PEKTHI CMENIAIOTCA B
Oosee cxkarble 00IacTU KpUcTaia.

Cuna, neicTByromas Ha Ae(EKThI C IOJIOKUTEIBHBIM JUIaTalluOHHBIM 00beMOM Q>0
(MeK10y3€JIbHbIE aTOMBI), HAIIpABJICHA B CTOPOHY MOHWKEHUS AaBJICHUS — 1€(DEKThI
CMEIIIAIOTCS B pa3pexKEHHbIE 00JIaCTH KpUCTalIa.

Yucto caBUroskle AeGopMalii HUKAK HE B3aUMOAEHCTBYIOT ¢ qedektoM O = 0



YIPYI'OE B3AUMOJENCTBUE TOYEYHBIX JE®EKTOB.

Ilycth Teneps B KpucTaiie umeercsa aBa aedekra. OauH edeKT co3daceT B
MaTpuIle MoJjie CMEIIeHUs, a APYroi 1eeKT, BOCIIPUHUMAS 3TO CMEIICHUE, JTOJHKEH
B3aUMOJICHICTBOBAaTh ¢ TNEepBbIM. MMeHHO TakuM o00pa3oM B paMKax TEOPHUHU
yIPYTOCTH yIaeTcsi OnucaTh B3auMoaehcTBre J1eheKToB. B3auMoaecTBUSI TaKoro
poja MPUHATO HA3BIBATH JI(POPMAIIMOHHBIMH.

OpHako, TOYEYHBIA AC(PEKT B M30TPOMHOM MPUOJIMKEHUM CO3IAET TOJIBKO
CABUTOBBIE HAMPSIKEHUS, CJIEAOBATEIbHO, U B3aUMOJCUCTBHE J€(EKTOB
OTCYTCTBYET.

Takum o6pa3zom, 1Ba TOYCUHBIX Jie(heKTa B M30TPONHOM OeCKOHEYHO cpejie B
JTUHEHHOM MPHOIMKCHUH HE B3aMMOACHCTBYIOT.

B aHMU30TPOMHBIX CpeJax MOIIMHOCTh TOYCYHBIX AC(PEKTOB MOXKET OBITh
JOCTAaTOYHO BEJIMKA, a YIIPyTye Mo, co3aaBaeMblc Ae(eKTaMU HE SIBISIOTCS YUCTO
CABUTOBBIMH. B Takux BelecTBax MexXy JedeKkTaMu BO3HUKACT B3aUMO/ICHCTBUE.

[Ipupony aedopMallMOHHOTO B3aUMOJCUCTBHS YIOOHO OOBACHUTH Ha
MIPUBEAEHHON HUKE MPOCTON aHATIOTUH.



[IpeacraBuM ynpyryrw0 TOPU3OHTAJIbHYK) IIOBEPXHOCTh, HAa KOTOPOM Ha
Pa3IMYHBIX PACCTOAHUAX JIPYT OT JApyra pa3MeileHbl HeOobIiue maphl (ynpyras
MMOBEPXHOCTh HMMHUTHUPYET IUIOCKYI0 KPUCTAUIMYECKYK) PEMIETKY, a IIapbl -
nedekTol B Heil). OUeBUIHO, UTO €CJIM PACCTOSHUS MEXY IIapaMu BEJIMKHU, TO OHU
He OyayT "4yBCTBOBaTh' JAPYT Jipyra U pacrojiokaTcs KaxKJblii B CBOCH JIyHKE Ha
noBepXxHOCTU. OJHAKO CTOUT JBYM IIapaM COJIM3UTHCS Ha HEKOTOPOE
MHUHHUMAIBHOE PACCTOSTHUE, ONPEACIAEMOE YIIPYTUMU CBOMCTBAMU MMOBEPXHOCTU U
BECOM IIIAPOB, KaK MOJA ACWCTBUEM YHOPYTMX CUJ OHM HAUYHYT JBUTATbCS Ha
BCTpEUY JPYT APYTYy U B pe3ynbrare "cBAIATCS" B OOIIYyIO JYyHKY. OUeBHIHO, YTO
IPU COOTBETCTBYIOIIIEM HA4YaJIbHOM PACIIOJIOKECHUU B JIYHKE MOXKET OKA3aTbCs U
OOJIbIlIeE KOJIMYECTBO IIAPOB.

Ha sToM mpocTtoM npumepe BUIHO, YTO JA€(POPMALIMOHHOE B3aWMOJICHCTBUE
oOyCJaBJIMBa€T B3aMMHOE TMPUTSKEHHE OJHOUMEHHBIX JE(DEKTOB M MOXKET
ABJISITHCSL PEATBHON MPUYMHOM 00pa30BaHUs CKOIIJICHHUH JE(PEKTOB.



Tak, HanmpuMep, pacyeT MOKa3bIBAET, UTO B IpaUTe — CIOMCTOM BEIIECTBE,
00JIa/IatoeM CUJIBHBIMU AHWU3O0TPONHBIMU CBOMCTBAMM, B3aMMOJECHUCTBHE JIBYX
MEXKI0Y3€IbHBIX aTOMOB, PACHOJOXKEHHBIX MEXIY OIOHOW U TOM XK€ Mapou
o~ 10 A,

HOCHUT XapPaKTCP IIPUTAKCHUA. HqueM OHCPI'UA B3aHMOI[eﬁCTBHH, BCJIIMYNHA

OAa3MCHBIX IUIOCKOCTEN rpaduTa, HA PACCTOSHUSIX MEHBIINX BEJIMYUHBI 7

KOTOPOM JOCTUTaeT 3HadyeHus mnopsaka | 3B, comocraBumMa ¢ 3HEprueu
KOBAJICHTHOM CBsI3W B 0a3uCHBIX IUIOCKOCTAX (4.96 53B). IlogdyepkHem, 4TO
Onaromapsi aHU30TPOIIUM CTPYKTYpPhI TpaduTa 001acTh B3aUMOJCUCTBUS J€(PEKTOB
3HAUUTEIBHO MPEBOCXOAUT MEKATOMHBIE PACCTOSIHUSI — OOBEM 30HBI, B Mpeaeiax
KOTOPOHl JiBa MEXKAOY3/HUs HPHUTATUBAIOTCS JApYr K JApyry paseH V ~40w,

JleopMallMOHHBIA MOTEHIHMAT B3aUMOJCHCTBUS MEXKJIOY3JIUM, PAaCIIOI0KEHHBIX
MEXIY COCEIHMMH TapamMu Oa3MCHBIX IUIOCKOCTEM TpaduTa, COOTBETCTBYET
OTTAJKUBAHUIO J1e(peKTOB. BenuunHa SHEPrUM OTTAJIKUBAHUSA HA MAaJIbIX

paCCTOAHUAX JOCTUIAaCT 3HAYCHUA PABHOI'O 2 3B.



KayecTBeHHAasi KAPTUHA B3aMMOAECTBUS
MEK/10y3eJbHbIX aTOMOB B rpadure — CJIOMCTOM
BellecTBe, 001aJaK011eM CHJIbHbIMH
AHU30TPONHBIMHU CBOMCTBAMM.




