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BBEIAEHME

DdbdexT nudppakunu peHTreHoBcKuX tydeit (PJI)
B KpUCTaJJIaX ObLI OTKPBIT 3KCIIEPUMEHTATbHO BCKO-
pe nocie otkpwiThs PJI, T.e. B Hauane XX Beka. Kak
n3BecTHO [1, 2], pe3yabTaThl KCIIEPUMEHTOB B TO
BpeMsI He COBITalajiu ¢ TIepBOii Teopueit nudpakiinuu,
pa3BuToiif JlapBUHBIM, a 3aT€M U € OoJiee obI1elt Teo-
pueit DBanbaa, noBeneHHol Jlays 10 COBpeMeHHOTo
Buna. Teopus1 ObLIa pa3BuTa 15 KPUCTAIIOB OOJIb-
IIOTO pa3Mepa C COBEPUICHHOW KPUCTATTNYECKON
pELIeTKOM, a KpUCTAJLJIBI B TO BpeMsl ObLIIM HECOBep-
IIEHHBIMU. DTO ObUIU MOJUKPUCTAIIBI, B KOTOPBIX
KYCOUYKHU C COBEPLICHHOU CTPYKTYPOIl UMEIU MaJIbIA
pa3mep, a caM MaTepuasl COCTOSI U3 OOJBIIIOTO YUCa
TaKMX KyCOUKOB C pa3Hoii opueHTauueii. Kpome To-
ro, CaMo U3JTy4YeHUe ObIO HEKOTEPEHTHBIM, TO3TOMY
pas3HbBIe YacTu obOpasna ¢GopMUpoBaIn Iudparmpo-
BaHHO€ U3JIyYeHUE HE3ABUCUMO JIPYT OT Jipyra.

Hudpakums PJI B Taknx yciioBusax Oblia Ha3BaHa
KMHEMAaTU4YeCKOM M pacyeThl IIPOBOAWIMCH IIpU
YCIIOBUM, YTO AWM parupoBaHHasi BOJHA MMeEET Ma-
JIYIO MHTEHCUBHOCTh M HE BJIMSIET Ha TaJarolIylo
BoHY. B Teopun DBanbna—Jlays 3TO BIUSIHUE Y4~
TBIBAETCSI M TIPUBOIUT K LIEJIOMY PSIIY MHTEPECHBIX
ocobeHHocTeilt camoro 3¢ dekra. Audpakmouio PJI B
YCIOBUSIX B3aMMHOIO BJIMSIHUSI MIPOXOMSINE U OU-
¢dparnpoBaHHOIT BOJIH Ha3BaJIM fTMHAMUYeCcKoil. Tem
He MeHee naxe KuMHeMmarudeckas audpaxuus PJI

chirpajia u cefiuac UrpaeT OrpoOMHYIO POJib B pPa3Bu-
TUM KpucTauiorpaduu [3].

Pemuts mpoOiieMy C KOTr€peHTHOCTBIO YAaloCh
B 1959 . [4] B cxeMe aKciepuMeHTa Ha IPOCBET (reo-
MeTpusi Jlays) mpu HCIOAb30BaHUM Y3KOU Ieiu,
nponyckaromieit mydox PJI ¢ morepedyHbIM pa3zMepoM
He 6oiiee 10 MxM. ITpu 3TOM M3TydeHNE ITPOHMKAET B
TOJICTBI KPUCTAJLJT BHYTPU TpeyroibHUKa bopmaHa.
B 11eHTpe 3TOTO TpEeyrojpbHMKa HAOIIOJAIMCH IKC-
TUHKIIMOHHBIE TOJIOCHI, T.€. ObLI BUAEH KOT€PEHT-
HbIil 3(pdhekT uHTepdhepeHIMN BOJH C Pa3sIUYHbIM
rnokasatejieM IipejomiaeHUss. OmHaKO IJIsk OTIMCaHUS
9TOT0 3KCIEePUMEHTa TEOPUIO, IIEpBOHAYAIbHO pa3-
BUTYIO JJIsl TaJalolleil TJIOCKO# BOJHBI, MPUIILIOCH
MOAN(PULIMPOBATE.

Bnepsrie aTo cnenan Karo [5] B 1961 1. MeTomom
npeo6pa3zoBaHust Pypbe BojiHOBOI GyHKIMU PJI.
B cnenyromem rogy Takaru [6] mpemtoxun 6oiee
YHUBEpCAIbHYI0 (OpMy TEOpPHMU B BHUIE CHUCTEMbI
nuddepeHInaIbHBIX YPaBHEHU, KOTOPBIE MPOIIIE,
yeM UCXOOHBIe ypaBHEHUSI MaKCBeia, HO yYUThIBA-
0T TuHaMmndeckue 3@ dexTrl npu nudpakuuu PJI B
MOHOKpUCTAaJIJIax B IIOJIHOM Mepe. PerieHus ypaBHe-
HUI OH, OJHAKO, He TpeacraBui. TomeH B 1964 T.
MIPEIJIOKMII TaK1e K€ YpaBHEHMUSsI, a 3aTeM BIICPBEIC
MPUMEHIJI UX JUISI YMUCIEHHOro pacueTa audpakiiuu
PJI B xpuctamie ¢ aucnokanueid [7]. B pesynprare
IUIST ATUX YpaBHEHMWI 3aKpemaiach abOpeBmarypa
TTE (Takagi—Taupen Equations).
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B mocnenyioniye roasl MOSIBMIIOCh MHOTO ITyOJIN-
Kallnii, B KOTOPBIX OBLIM IIPEACTaBICHBI Pe3yabTaThl
YHUCJIEHHBIX PaCcYeTOB M300pakeHNIT MOHOKPHUCTAI-
JIOB B pOopMe IUIACTUHBI, COAEpPXKAIINX CTUHUIHBIC
nedeKThl CTPYKTYpPHI, TaKMe KaK AUCJIOKAluU, JIe-
¢ eKThI yHAaKOBKM U TaK Jajiee, a TAKKe IIPU BHELTHUX
BO3ICHCTBUAX, HAIPUMeEp M3TMda WM TOYEYHOTO
JIaBJICHUS Ha TTOBEPXHOCTh Tu1acTUHEI. Mcrmoabp3oBa-
Jmch MeToabl uncieHHoro perreHus TTE. O6ceyxne-
HHE 3TUX padoT, a TAKKE CCBUIKA Ha CTaThbU MOXKHO
HaliTh B 0630pax [8—10].

Taxxe ObLIO TMOKa3aHo, yTo pemenue TTE mis
COBEPIIEHHOTO KpUCTalIa C MPOU3BOJBHBIMU T'pa-
HUYHBIMU YCJIIOBUSIMU MOXHO MpPEACTaBUTb B BUIE
WHTETPAJIOB MO TpaHUlle KpUcTajia OT MpOoUu3Beae-
HUs1 BoTHOBOM (pyHK1mu PJI Ha rpaHuile U Tak Ha3bI-
BaeMoii (pyHKIIMM BJIMSIHUS, KOTOpas SIBJISIETCS pe-
menueM TTE nj1s TouedHOoro nCToOYHMKAa Ha TpaHUlIe
[1, 2]. ®yHKLUMM BAUSHUS ObLIH TTOJYyUEHBI 15T Te0-
MeTpuu Jlays ¢ Mpou3BOIbHOI rpaHUlIeit KpucTasia
n s reoMeTpun bparra mug Kpucraiaia B popMe
IUIACTUHBI KOHEYHO TOJNIIVMHBI. TUMTMUYHBINA TpUMeEpP
HCIOJIb30BaHUS TAaKUX pelleHNI oIryOanuKoBaH B [11,
12]. Tam Ke eCTh CCBIJIKM Ha ITyOJIMKAIIMK TIPEabIIy-
LLIUX JIET.

Yro KacaeTcsi METOAOB YUCJICHHOTO pEeIICHUS
TTE, To HauGoJjbllee pa3BUTHE MOJYYMT METOIH,
o6o3HauyeHHEI B [13] kak HSD (half-step derivative).
OH uCTONIb3yeT MPSIMOYTOJAbHYIO CUCTEMY KOODAM-
HaT Cc rpaHulieii Ha MOBEPXHOCTU KpUCTAJLJIa U € pa3-
HBIMM 1IaraMu IO OCSM BIOJb W NEPHEHAUKYISIPHO
rnosepxHocTu. B ciaydae Jlays BosiHOBast hyHkuus PJI
BBIUMCJISIETCS OT BXOAHOI MOBEPXHOCTU ILJIACTUHBI
kpuctamia (ocb X) 10 BBIXOIHOW TOBEPXHOCTU Ha
JIMHUSIX, MapajjiebHbIX ITOBEPXHOCTU IUIACTUHBI,
T.€. Ha KaXJIOM lluare rnojiydyaem pelieHue s Iiia-
CTMHBI, TOJIIMHA KOTOPOU paBHa 11eJIOMY YMCITy 111a-
TOB 10 HOPMaJIM K TOBEpPXHOCTU (oCh Z). OOBIYHO
HUCCIeI0OBAJIUCh TONLKO AehopMaluy KpUCTaaaInde-
CKOI1 peleTKu.

B citygae bparra rpaHudHbBIE YCIOBUS paccMaTpu-
BaJIMCh KaK Ha BXOIHOM IMOBEPXHOCTHU, TaK 1 Ha 60-
KOBOI1 TpaHUIIe KPUCTAJJla Ha JUHUY BIOJIb HarlpaB-
JIEHUsI Majamplero mydyka. B pacueTrax ncrnoib3oBa-
JIUCh [IB€ MPOTUBOMOJOXHbBIE CXEMbl, a MMEHHO,
cxonmsmiasicss (i Iamarolleil IUIOCKOIT BOJIHBI) U
pacxonsiasicd (IS UCTOYHUKA HA ITOBEPXHOCTU).
B niepBoit cxeMe BXOOHBIM OBIJT KOTepPEeHTHBIN I1aja-
0L Ty4OK HA OOJIBIIIOM, HO KOHEUHOM MHTEpBaJje
ocu X, a pe3ylibTaT MOJIydascs Ha MeHbIIIEM MHTEPBa-
Jie, TaK KaK Ha KaXXIOM IIare 1o ocu Z UHTepBaJ 110
ocu X yMeHBIIAJICSI HA OOUH IIIar.

OnHako TOJIYYUTh B J1a0OpaTopruu KOT€PEeHTHYIO
BOJIHY C IIMPOKUM (PPOHTOM B T€UCHUE MHOTUX JIET
ObUTO HEBO3MOXHO. I1o 3TOM mpuumMHe paccMaTpu-
BaJIMCh y3KUe MYyYKU Ha BXOJe, KOTOPbIE 3acBeUMBa-
I KPUCTAJUI BHYTPU TpeyroibHUKa bopmana.
B 371011 cxeMe Ha KaXkaoM mIare 1o ocy Z MHTEepBaJI 110
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ocu X yBeIMIMBAJICS Ha OMMH II1aT, a IepBOHAYAIbHO
BosiHOBas pyHKLMs PJI Obl1a OTJIMUHA OT HYJISI B Ma-
JIOM 4Hclie ToueK Ha ocu X. B ocTalbHBIX TOYKax
¢GYHKIIMS paBHSJIACh HYJIIO, T.€. TOXe ObLIa U3BECT-
Ha. [TosiBIeHre NCTOYHUKOB CUHXPOTPOHHOTO U3JTy-
YeHUS PaCIIMPUIIO BO3MOXHOCTH UCCIeAOBaHUS 3 -
dekTa mndpakumm B Kpuctamiax. CTajio BO3MOXHO
MU3y4aThb KPUCTAJIbl OTHOCUTEIbHO HEOOJIBIINX pa3-
MEPOB U MPOU3BOIILHOI (hopmbl [14]. C npyroii cTo-
POHBI, MOSIBIJIMCH MyOIMKAILIK, B KOTOPBIX pa3BUBa-
1oTcs npyrue metonasl perteHust TTE (Hanpumep, [15,
16] 1 CCBITKY B HUX).

Bmecte ¢ Tem B 1971 1. [17] ObLJIO OTMEUEHO, YTO
pa3yMHO BbIAEIUTH B KpUCTaJLIEe TpU 00J1aCTH, KOTO-
pble MOXHO pacCMaTpUBaTh OTIAEIbHO. DTO 00J1aCTU
COBEPILIEHHOro0 KpucTauia, objactu aehopMUpo-
BaHHOTO KpUCTaJlJla U 00J1acTH, B KOTOPbIX IUdpaK-
1111 TIOJTHOCThIO OTCYTCTBYET. ECTeCTBEHHO pa3BUTH
3Ty UAEI0 U 100aBUTh B KPUCTAJLI 00J1acTH, B KOTO-
PBIX MOXET OBbITh MaTepUal C APYrou MIOTHOCTHIO U
Jlaxke MyCToTa, KaK 3TO ObIBAaeT B KpUcCTasax Kapou-
Ja KpeMHUs [ 18] mim B KpucTauiax CIoXHOM (hopMbI
[19, 20].

B Hacrosmeit pabore mpemiokeH W JIeTAIBHO
OMMCaH HOBBI MeTon 4yuciaeHHoro peuieHusi TTE,
MIPUTOOHBIN IS KPUCTAJIOB IIPOU3BOJILHOM (POPMBI
u cTpyKTyphl. I[IpsiMmoyronbpHasi cucreMa KOOpIMHAT
u aaroput™ HSD [13] mokazanu cBow 3¢p@PeKTUB-
HOCTb Y UICTIOJIB3YIOTCS, HO PEKYPPEHTHBIE (DOPMYJIbI
aTOoro Merona Mmogudunuposansl. HoBoe cocTout B
TOM, YTO FPaHUYHbIC YCJIOBUSI YCTAaHABJIMBAIOTCS Ha
ocu X, KOTopasi HUKaK He puBs3aHa K (popMe Kpur-
crasia. PemieHue mocienoBaTe/IbHO MOJIydaeTcs Ipu
JBUKEHUU T10 OCHU Z, HallpaBJIieHUE KOTOPOM MAET
napajuieJIbHO OTpaKaloIIMM aTOMHBIM ILIOCKOCTSIM
KpucTajia.

IIpocTpaHCTBO, BHYTPM KOTOPOIO pelIaloTCs
TTE, MoxeT comepkaTh KaK 00JJaCTU ¢ KPpUCTaLJIU-
YeCKOM pellIeTKOol, TaK 1 HenudpaKIInoHHBIe 00J1a-
CTU C Pa3HOI IJIOTHOCTBIO U CTPYKTYPOM, BKJIIOYAs
mycroty. Judpakiius TPOUCXOOUT TOJBKO TMpU
OYeHb MaJIOM OTKJIOHEHMU MEXKIIJIOCKOCTHOTO pac-
CTOSTHUSI I OPUEHTAIIMU INIOCKOCTEM OT TaKOTO CO-
CTOSIHUSI, KOTAa BBITIOJIHsIETCs yciioBue bparra. Paz-
paboTaHa KOMIILIOTEpHAsI IporpaMMa, pean3ylo-
11asi IpeaoKeHHBbI MeTon. B xauecTBe IpuMepoB
€€ WCIIOJIb30BaHUSI PACCMOTPEHBI NIBa Ciydasl Ouv-
dpakuy B KpUCTaAJUIE HPSIMOYTOJIbHOI (DOPMEI, Y
KOTOPOI'O OfHAa IrpaHb MEHBIIETO pa3smepa (Topeir)
napajuiejbHa ocu X, a G0KOBbIE€ TPaHU MapalieabHbI
ocu Z. B nmepBoM ciydae y3KUMil ITafalolInil IIy4OK
BXOOUT B KpUCTaJUI ¢ Topua. [lepBoHaYaabHO MOy~
yaeTcs reomeTpus Jlays, a TOTOM OOKOBbIE I'paHU
KpUCTajljla BHOCSIT U3BMEHEHUSI B YCJIOBUS TudpaK-
. Bo BTopoMm ciydae MIMPOKM My4oK MagaeT Ha
OOKOBYIO IpaHb MJIACTUHBI, YTO COOTBETCTBYET IeO-
Mmetpuur bparra. bosee cioxHbie 3amayn OyayT pac-
CMOTpPEHBI B OyIYIIMX ITyOITUKAIIUSIX.
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OnpenennM MOJYIIPOCTPAHCTBO KaK BCe 3Have-
HHSI KOOPAWHATHL X U TOJIBKO ITOJIOXKUTEIbHBIE 3HA-
YEeHUST KOOPIMHATHI Z MPSIMOYTOJIBHOM CUCTEMBI KO-
OpIMHAT, KaK MoKa3aHo Ha puc. 1. B nByxBosHOBOM
ciiygae nudpakKiuyd OT KOOPAWHATHL  pe3yJIbTaT He
3aBUCUT, €CIIU cpela OQHOPOIHA B 3TOM HaIllpaBJie-
Huu. Eciu HeT, To 3aBUCMMOCTb UMEeT MapaMeTpu-
YeCKMII XapakTep M YYUTBIBACTCS TPUBUAJIBHO.
B sTOoM monynpocTpaHCTBe HaXOOSITCsI 00JIACTH TIPO-
U3BOJIbHOM (hOPMBI, MMEIOIINE KPUCTAIINYECKYIO
pEILIETKY, B KOTOPOI €CTh aTOMHbBIE TNIOCKOCTH, I1a-
paieNIbHBIe OCH Z, C ONIPeAeICHHBIM MEXKIUIOCKOCT -
HBIM PACCTOSIHUEM. DTU TUIOCKOCTU MOTYT OBITh
IpeACTaBIIEHbI BEKTOPOM 00paTHOI pemieTku h, je-
KaIllM B IJIOCKOCTH (XZ).

Ha ocu X nipu z = 0 U3BeCTHBI MEIJIECHHO MEHSIIO-
IIecss KOMIUIEKCHBIC aMIIMTYIbI IJ1s1 IUIOCKUX BOJTH
¢ BOJIHOBbIMU BekTOpamu Kk, u k;, = k, + h. [Tpu atom

napamMeTp o = (k,f /k(f — 1) uMeeT oueHb Majioe 3Ha-
YyeHHEe, CPABHUMOE C IEHCTBUTENbHON YaCTbIO KOM-
IUIEKCHBIX NapaMeTPOB JUDPAKLIIM ¥, Kp U K_j » KO-
TOpble paBHBI KoadduiueHTaM psiaa Oypobe 118 T1e-
PUOINYECKON MOJISIPU3YEMOCTH Cpelbl Ha BEKTOpax
obparHoit pertetku 0, h, —h. Kpome obmacreii ¢ yka-
3aHHOM KPUCTAUIMYECKOM PELIETKOM B MOJYIIPO-
CTPaHCTBE MOTYT CYLIECTBOBATh 00JIACTU C APYTUMU
napaMmeTpaMu, T.€. B OO1IEM clyyae mapaMeTpsl ¥, X
Y ){_, 3aBUCST OT KOOPJUHAT.

3aBUCHUMOCTh OT KOOpPAMWHAT OMpEeIesieTCsl He
TONBKO JIedopManmeil KpUCTAIJINYEeCKON pelIeTKH,
HO Y IPYTMMM U3MEHEHUSIMU KaK CTPYKTYpPhI, TaK U
BJIEKTPOHHOI IJIOTHOCTU. B 4acTHOCTH, MOTYT OBITh
PaBHBI HYJIIO TTApAMETPHI ), U X_;, (B aMOpdHBIX 00-
JIACTSIX) UJIM BCe TTapaMeTphl (B 001aCTsIX, TIe HEeT Be-
mectBa). JledopMaluyu ONMCHIBAIOTCSI BEKTOPOM
CMEIIEHMS U aTOMOB 13 UAEaTbHO IIEPUOAUIECKO-
ro coctossHus. CMellleHue aTOMOB IIPUBOIUT K TO-
My, 4TO TTapaMeTp ), YMHOXaeTcsl Ha MHOXUTEIb
exp(—ihu), a %_, Ha KOMIUIEKCHO COMNPSDKEHHbIN
MHOXUTEIb. DTU MHOXUTEIU TaKXKe 3aBUCST OT KO-
opaurHat. B o011eM ciiydyae MOXKeT MEHSIThCSI HE TOJIb-
Ko ¢aza, HO ¥ MOIYJIb KOMIUIEKCHBIX ITApaMeTPOB.

ITo aroit mpuunHe ucxomunie TTE pazymHo 3amnu-
caTh B OoJiee mpocToM, ueM B [20], Bue, He yKa3bIBast
KOHKPETHBIM TUI 3aBUCUMOCTM OT KOOpAWHAT, a
WUMEHHO,

— = XoE) + X_,E,,

(1)
=X, - AlE, + X,E,,

rne Xy, X, X_, 1 A — HOBble KOMIIJIEKCHbIE ITapaMeT-
PBI, TIOJyYaoIIKecs ocie YMHOXEHUS TapaMeTpOB
Xo> Xn> X—n A O HA MHOXUTEND iKp/4. 3nech u naiee
K=2n/\, A — nuna Boausl PJI. B (1) npousBogHbie

So ."I’I l 'l" | ] ﬂ" Sy

.: I

\ \f
N, + N, 1

Puc. 1. [IpsimoyroabHasi ccTeMa KOOPAMHAT U CETKa TO-
yek mis yucieHHoro petenus TTE no cxonsieiics cxe-
me. Ha Bxone (mpu z = 0) 3amaeM BOJTHOBYIO (DYHKIIMIO Ha
(N, + Np-orpeskax no ocu X. Ha Beixone, nocie N, imia-
TOB I10 OCH Z, TIOJlyYaeM OTBET Ha /N, OTpe3Kax.

3aluCcaHbl TI0 KOOPAMHATAM, KOTOPBIE OTCUMTHIBA-
I0TCS O HanpaBJeHusIM BeKTopoB k, 1 k;,, Kak moka-
3aHO Ha puc. 1. [TapamMeTp p B 3TUX YpaBHEHUSIX CO-
KpalllaeTcsl M He BIUsIeT Ha pe3yiabTaTr. OH nmpuobpe-
TaeT CMBICJI TOJILKO IIPH MCHOJIb30BaHUM aJITOPUTMA
OPUOIVKEHHOTO BEIYUCIEHUS ITPOU3BOIHBIX.

BrerunicieHusT TpoBOASITCSI HA KOCOYTOJILHOM CH-
cTeMe KOOPIWHAT Y3JIOB paCUYEeTHOM CeTKU, MOKa3aH-
HOM Ha puc. 1. KimroueBbIM mapaMeTpoM SIBIISIETCS
mar 1o ocu Z. OH BBIOMpAeTCs MOJIb30BaTeJIEM U pa-
BeH d, = d. I1lar 1o ocu X He MOXET ObITH IPOU3BOJIb-

HBIM U paBeH d,, = 2d tg O, tae O — yron bparra, pas-
HbIIi TTOJIOBUHE yIy1a MexXay BekTopamu k, u k;, . Tou-
KW CETKM Mo ocu X TIpU KaxXIOoM Iare rno ocu Z
CMEIAIOTCS Ha MOJIOBUHY 11ara. 3HadyeHUs (PYHKITUIA
3a1al0TCS W OIpPENENISIIOTCS B TOYKax IlepecedeHUs
CEeTKHU JIMHUI BAOJIb HallpaBJIeHNI BOJTHOBBIX BEKTO-
poB. Ha kaxmowM 1mare 1mo ocu Z n3BEeCTHBI BCe 3HaUe-
HMS Ha ocu X mpenpiayiiero psiga. B camoMm Havane
OHMU U3BECTHBI U3 'PaHUYHBIX yCJ'[OBVIﬁ.

PaccMoTpuM Tpu TOUKM CETKY Ha puc. 1 B IpaBoM
HIKHeM yrity. OHM umeroT HoMepa 1, 2 u 3. Ha kax-
JIOM 111are ypaBHeHUs (1) ycTaHaBIUBAIOT CBSI3b MEX-

ny ussectHbiME nossivu €O = (E" | EV | EP | EP)
B TOuKax 1 U 2 U HEU3BECTHBIMU moyisimu E®eW) =

=( E(§3), E,(,3)) B Touke 3. [Ipu aTomM 06a ypaBHeHUsI (1)
3aMuChIBAIOTCS JUISI TOYEK B CEPEIMHE OTPE3KOB
Mexay nmapoit Touek 1 u 3 u mapoii Touex 2 u 3. IIpo-
U3BOMHAS 3aMEHSIETCS Ha OTHOIIIEHWE PA3HOCTH T10-
Jielt B KaXk/moit mape ToYeK K pacCTOSIHUIO MEXIY TOY-

KaMu, paBHOMY p = d/cos O, a 3HaueHus1 pyHKU U B
MpaBOM YacTW ypaBHEHUI — Ha MOJYyCYMMY 3Hade-
HUI B 9TUX Xe TOIKaX.

IMocne Takux 3ameH ypaBHeHUs (1) IpuOIkeH-
HO 3aITMCHIBAIOTCS B BUIE
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E® —E" = xPE® + xVED +
+ XPEQ + xOED,

E® —E® = XPE® + XPE? +
+ XPE® + xPED.

3necw u nanee X; = X, — A. BepxHue uHAeKChl yKa3bl-
BalOT, B KakOil TOuke HaAo OpaTh 3HAUYCHUST DYHK-
nuii. YpaBHeHU (2) onpeneisioT Heu3BeCTHRIE 3Ha-
YyeHHSs dyepe3 M3BECTHBIC HESIBHBIM oOpa3om. Perre-
HHUE 9TOIl cUCTEeMbl YpaBHEHUI ynoOHO 3amucaTh B
MatpudHoM Buge EW) = M,, x ECY9. Marpuua
UMEET BUI

()

XX, xOx 2, X, x5, xP x5 )
b
DX, XX, XX, XX

2,4

e

D=xPxP - xPx5),
X]i = 1 i Xl'

BHyTpu omHOpOOHOII WAV MEIJIEHHO WU3MEHSIO-
LIeiics cpeabl U3MEHEHMEM ITapaMeTpOB AudpaKIIuy
BO BCEX TPEX TOUKAX MOXKHO ITpeHedpeyb, 4TO U Aeja-
JIOCh B Ipeablmymux padortax. OgHaKO Ha TpaHUILE
pa3znena MeXIy cpelaMud, OCOOEHHO Ha TIpaHUle
KpUCTaJlJla, pa3iMdvs MOTYT OBITH BeCchbMa Cylle-
cTBeHHbIe. OTMETUM, YTO MaTpUlia UMEET Ompeae-
JIEHHYI0 cuMMeTpulo. HekoTopble MHOXKXMTEIU IO0-
BTOPSIIOTCS KaK 110 BEPTUKAJIM, TAK U 10 TOPU3OHTAJIH.

YucneHHOe pellleHue 3a1a4yu CBOAUTCS K Mocie-
JIOBaTEJIbHOMY PAaCCMOTPEHUIO BCEX TPEYTrOJIbHUKOB
BroJyib ocu X. HaunHast ¢ nmepBoii TMHUMA, Ie 3adaHbl
rpaHUYHbIE ycaoBUsA B N, + N, +1 Toukax, nmomaydaem
CJIEIYIOIIYIO JIMHUIO C YMCJIOM TOYEK Ha eAUHUILY
MeHblle. Yepes N, I11aros 4XCIIO TOYEK, IIE U3BECTHO
peuieHue, paBHo N, + 1. OTBeT pa3yMHO 3a1chIBaTh
B MIPSIMOYTOJIBHUKE € YKuciaoM Touek (N, + 1) mo ocu
Xu (N, + 1) 10 ocu Z ¢ mponycKoM HEYETHOTO YHUCIIa
TOYEK, B TO BpeMd Kak uucaa N, u N, Hano 6paThb 4eT-
HBIMH. Takasi CXOmsIIasiCsI cxeMa IIpeAIioaaraeT, YTo
3HAYCHUsI BOJIHOBOI (DyHKIIMM 3a MpelejaMu pac-
cMaTpuBaeMoro orpeska Ipu z = 0 HemusBecTHHI. I1o-
9TOMY HeJIb3sI IOJIYYUTh JOCTOBEPHBIN OTBET IPU Z =
= dN,3a ipefelaMy MHTEpBasa IUPUHOR d, N,

B pacxomsmeiics cxeMe IpeamnojaracTcsi u3BecT-
HbIM, 4TO Tipu Z = 0 32 mpenesaMu paccMaTpUBaeMoO-
ro oTpeska BoJIHOBasi (pyHKIMSI paBHa Hyjwo. I[lo
ATOM MpUYMHE pacyeT AeIaeTcss TOYHO TaK K€, HO Ha
KasKIIOM IIT1are 1o OCH Z Ha ocv X cieBa M cIipaBa Ipu-
OaBJsieTCsl O OJHOI TOYKE C HYJIeBBIMU 3HAUCHUSI -
mu. [1pn 3TOM UCXOOHBIX TOYEK CTAHOBUTCS HA IBE
OoJtbIlle, a B pe3yJIbTaTe OCTaeTCsd Ha OXHY OOJbIIIE.
CoOTBETCTBEHHO, UHTEPBaJ IUPUHON d, N, TIpy 7 =
= 0 npespamaercs B uHTepBan d, (N, + N) nipu z =
= dN,. Ecu cuuTath Takoil BapUaHT 110 CXoasguIeics
CXeMe, TO HaJlo NPpUOABUThH K BXOIHBIM JaHHBIM 2NV,

XOi =1iX0, (4)
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HYyJIei, M pacyeT AeiaeTcs JONbIIe C TeM XKe pe3yiib-
TaTOM.

Pacuer BHyTpu aMopdHOIi cpenbl MOXHO TTPOBO-
JIIUTHb IO TAKOH K€ CXeME, KaK U B KPUCTAIIE, TOJIbKO
C HyJIeBbIMU 3HAUECHUSIMU MapaMeTpoB X, X_, u A.
Ilpy 3TOM MaTpuila IPUHUMAET COBCEM ITPOCTOI
BUJl, Y HEE OTJIIMYHBI OT HYJS TOJIBKO TEPBBIN 3JIe-
MEHT IIEPBOU CTPOKU U MOCIEAHUNA JIEMEHT BTOPOM
ctpoku. Ho perteHue B 3TOM ciiyyae MpoIe Moiy-
YUTh Cpa3y U3 ypaBHEeHUM (2) B BUIE

Ey = (X /IXE, B = (X3 /XE. (5)

B nycTtoTe uMeeM Takue K€ COOTHOIIEHUS, TOJIbKO
napameTpsl Xy, paBHbI enuHuLEe. Pacyer aTnx o61a-
cTeil MOXHO JejlaTb HAaMHOTO ObICTpee, YeM B KpH-
crayuie. OTMeTM, uTo B [20] 11 3TUX obacTeit BhI-
MmucaHa MaTpuila, HO YMHOXEHHE KOMILIeKCHOI
MaTpHUIbl HA KOMIUIEKCHBIN BEKTOP B OOJIbIIIOM YHC-
Jie TOUeK yBEJIMYMBAET BPEMS pacyeTa U Hepa3yMHO.

Cawmblii 001IMii crioco0 3amaHust GOPMEI KpUCTal-
J1a, a Takke (opMBI aMOp(HOIT 00JTaCTM COCTOUT B
TOM, UTO MPU KaxKIOM 3HAUYCHUU Z OMpPeNesIsioTCs
npenessl x,(7) ¥ x,(z), MeXay KOTOpbIMU Ha Ocy X Ha-
XOIOWTCSI KPUCTAIUI MM aMopdHass obiacth. Ecim
Mpenebl COBITANAIOT IS KAKOM-TO KOOPAWHATHI Z,
TO IUIST TAKMX KOOPIMHAT OOJIaCTh OTCYTCTBYyeT. Ta-
KHM CITOCOOOM MOXHO OTIPEIeTUTh JIIOOYI0 COBO-
KYITHOCTh KpPUCTaJIOB JIto0oit hopmbl. bojee Toro,
OH TTPUBOAUT K YMEHBIIICHUIO BpeMEeHU PaGOTHI TTPO-
TpaMMBI 3a CYeT GoJiee IIPOCTOTO cItocoba onpenese-
HUSI cpedbl IJis pacyeTa MaTpullbl nepexona. Eciau
cpena He MeHSIeTCs, TO MaTPUILy TTIepeCcIUThIBaTh He
HYKHO.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

KommnbrorepHast mporpamMmma ajisi YMCJIEHHOIO MO-
JIeIMpOBaHus AU(PPaKIIMU B KpUCTAJLIaX MIPOU3BOJIb-
HOM ¢opMBI pa3paboTaHa B paMKax Oojiee OOIei
nporpamMmmbl XRWP1 [21], cripoekTupoBaHHOMN OIS
pemeHust Bcex (1o BO3MOXHOCTU) 3aja4 KOTepeHT-
HOM PEHTITeHOBCKOI1 ONTUKHU, U SIBJISICTCS €€ YacThIO.
Ommicanue paboOTBI MporpaMMbl MOXKXHO HaWTH Ha
yKa3zaHHOM caiiTe. B naHHOM paszaesie pacCMOTPEHbI
JIBa IIpUMepa ee NpuMEHeHMsI IS pacuyera qudpak-
U B KPUCTAJIJIE TIPSIMOYTOJIBHOM (popMbl. OTHOCH -
TeJIbHO MpocTasi (hopMa KpUcTaljia MO3BOJISIET CpaB-
HUTb BEIYUCJICHHbIE 3aBUCUMOCTU C U3BECTHBIMU pPa-
Hee pelIeHUsIMU, MOJyYeHHBIMU IPYTUM CIIOCOOOM.
Ho naHHbIi1 MeToa naet 6oJbliie MHGOpMalluU yKe B
Ipolecce pacuyeTa, IoKa3biBasl AeTAIbHOE pacIpeae-
JIEHV€ UHTEHCUBHOCTHY M3JIy4YE€HUs BO BCEM O0BEME.

B o6Goux ciydasix paccMaTpuBalOTCS KPUCTAJT
KpeMHUd n otpaxenne 220, sHeprust ¢portoHoB F =
= 10 k=B, yron bparra 05 = 18.84°. Ilagatoiee Ha
KPUCTAJII U3JTyYeHre — 3TO IUIOCKasi BOJIHA, OrpaHU-
yeHHas 1IeJIbI0 OIpeAeIeHHOro pasMepa S Mo Ha-
MpaBJIeHUIO, epPHEeHAUKYISIpHOMY BekTopy K,. Llar d
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Puc. 2. PacnipeneneHne HaTypaabHOTO JjorapudmMa OTHOCUTETbHON MHTEHCUBHOCTH /ISl MPOXOAsILero mydka In(/7/1) (cie-
Ba) U [UIs1 OTpakeHHoro my4ka In(/g/1;) (cipaBa) BHyTpU TpeyroapHuka bopmana. Y3Kuii mydoK najnaet B Topel, KpUcTaia.
BapuaHT ceKIIMoOHHOIT TomorpaMMbl B TeoMeTpuu Jlays. Kpucrann kpeMHust umeeT pa3mepsbl 50 MKM 110 ocu X 1 120 MKM 1o

ocu Z, otpaxenue 220, sneprust horoHos £ = 10 kaB.

CeTKM TOYEK MO OCU Z JJis1 YMCIIEHHbBIX pacyeTOB pa-
BeH 0.04 mxm. [TapameTpsl nudpaKiiny IOJIyIeHBI C
TMOMOIIbIO OHJaMH-TIporpamMmsbl [22]. I'panu Kpu-
cTajlJla apajjieabHbl ocsiM X (IUMpUHA) U Z (IJI1UHA).

Ilepssiii cxyyaii. Kpucrain umeer pasmepsl W, =
= 50 MmxM B uupuHy U L. = 120 Mmxm B gyiuny. ITaga-
OLIMIA TIy4oK BecbMma y3Kuit, S = 0.4 MKM, U ero
LEeHTp HaxoauTcsd B Touke x = 0. [Ipu 3TOM 1mMpuHa
OCHOBaHuUsI TpeyroibHuKa bopmana Wy =2 Ltg(0g) =
=82 MKM, T.e. OoJbllie, YeM IIMPUHA KpHUCTajia.
Kpucrann HaxoauTcs B TOUHOM OP3TTOBCKOM MOJIO-
XKEHUHU, T.€. yriioBoe oTkyioHeHue AO = 0. OT™MeTUM,
yTO TIapameTp O = —2sin(20;)A6. B pacuere ucronb-
30Bajlach pacxojsiasics cxema. Pe3ynbTarsl pacueTa
mokKa3aHbI Ha puc. 2. [11s y3Koro Imydka Ha BXOJIE T1-
¢dparupoBaHHOE U3JTyYeHUE UMEET OUEHb MaTyIO NH-
TeHCUBHOCTb. [lo 3Toii puYrMHEe KOHTpACT ynoOHO
TMTOKa3bIBaTh B JIOTapu(PMMUUIECKOM MacITaoe.

Ha puc. 2 cneBa nokasaHo pacnpeaeieHe HaTy-
paJIbHOTO JioTapudmMa OTHOCUTEJIbHON MHTEHCUBHO-
CTH JUTS IPOXOJISAIIIeTo TyuKa, T.e. In(/;/1,), a cipaBa —
IUIsSL OTpaXeHHOoro mydka, T.e. In(ly/1,). Ha BxonHoii
noBepxHoCTU I,= I, BHyTpH 11eJu. YTOObI MOJYyUYUTh
HawIy4yllIMiA KOHTPACT, IIKaja 11BETOB MOKa3bIBAET
MHTEpBAJ OT MMHMMAaJbHOTrO 3HaueHus [1,;/l, 0o
MakcumanbHoro 1, /1, npuaem I, = M1,,,. Bce 3Ha-
YeHusl, MeHbLIUE, YeM 1,,;, 3ameHsiuch Ha /,,;. Koad-
dunmeHT M mondupacs SMOUPUYCCKH IS TTOIyde-

HUS HAWJIYYIIEero KOHTpacTta. DTO HEOOXOIUMO IO
Toit mpuunHe, 4To In(0) = —oo. Eciu BeIOpaTh CIIMIII-
KOM Majioe 3HaueHue M, KOHTpAcT MaKCUMaJIbHbIX
3HAYEHUI1 OyJeT OYeHb CIaObIM, a €CJIM CJIMIIKOM
GoJIbIIOe, TpOoMNageT KOHTPACT MalblX 3HAYCHUIA.
IlIkana uBEeTOB HaA KapTUHKOI MOKa3bIBaeT 3HAYe-
Hus In(l,/1)), tnen=T, R.

OTMeTHUM, YTO IIPU MAJIbIX 3HAYCHUSIX Z PUCYHOK B
OTpa>k€eHHOM My4YKe IT0Ka3bIBAa€T M3BECTHBHIC CHUM-
METpUYHbIe MHTepdEpEeHIIMOHHBIE TToJIockl KaTto [3]
CEKILIMOHHOII Tomorpaduu, WM TpaHUIIAa KpHUCTaJjia
HHUKaK ce0s1 He niposBiseT. Haunnasg ¢ z= 73 MKM, Ha
MIpaBOii CTOPOHE pUC. 2 UHTEHCUBHOCTh OrpaHUYU-
BaeTcs IIMPUHONM KPUCTAJLIa, a Ha JIEBOM CTAHOBUTCS
MOCTOSIHHOM BAOJb JIMHUM, TTapaljieJbHbIX BEKTO-
py K,,. A1 IpOXOos1Iero nmyyka KapTUHKa aCUMMET-
pW4Hasl, 1 oTpaHUYEHUE IUPUHOI KpUCTaIa IPO-
HMCXOMUT CJIeBa.

IMagarommit y3kmit IMydoK Ha Bceil mIWHE KpU-
cTajljla OCTaeTCs BeCbMa CMJIbHBIM, HAMHOTI'O IIPEBbI-
m1asi 10 MTHTEHCUBHOCTU T parupoBaHHOE U3JTy4de-
Hue. MOXHO crenaTh BBIBOI: JMQPPAKIUS Y3KOTO
IMy4YKa He BIIOJIHE AUHAMUUYecKasl, TakK Kak Judparv-
poBaHHasl BOJIHA cJIa00 BIMSIET Ha MAIaI0NIYIO BOJIHY,
XOTSI MHTEpPEPEHIINSI ¥ UMEET MECTO. DTO COBCEM HE
TaK Npy AU PaKIMU IIXPOKOIO ITyyKa. DTOT (PaKT 10
cux Iop ciabo oO0CyxXImaeTcsl, XOTsl aHAJIMTUYeCcKast
TEOpUsI €ro XOpOIIo IToKa3biBaeT. MakcuMalabHOE
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Puc. 3. PacnipeneneHne HaTypajabHOTO jJorapudmMa OTHOCUTETbHO! MHTEHCUBHOCTH ISl MpoXoAsiLero mydka In(/7/1) (cie-
Ba) U JUISI OTpakeHHoro 1y4ka In(/p/1,) (cnipasa). lllupokwuii my4ok nagaetr Ha GOKOBYIO IpaHb KprcTayuia. DddeKT MoIHOTOo
BHEUIHEro oTpaxeHusi B reomerpun bparra. Kpucramn kpemHust umeet padmepsl 30 MkM 1o ocu X 1 250 MKM 110 ocu Z, oTpa-

xenwue 220, sHeprust poroHoB E = 10 k3B.

OTHOCUTENIbHOE OTpaxeHue /I, MIpOUCXOIUT OYCHb
GBICTPO, T.€. TIPU MAJIbIX 3HAUYECHMUSIX Z, I pAaBHO MPU-
mepno 0.01.

Bropoii cayvaii. Kpuctaiur umeer pasmepsr W, =
= 30 MmxkM B uupuHy u L, = 250 Mxm B myiuny. Ilaga-
IOIIW TyYOK UMEET OTHOCUTEILHO OOJIBIIYIO IITUPU -
Hy, S = 100 MKM, 1 €ro LIeHTp CABUHYT BJIEBO Ha
—64.2 MmxM. B pesynbTaTe nagaroniuii my4yokK ocBella-
€T TOJIbKO JIEBYI0 OOKOBYIO TMTOBEPXHOCTb KpUCTAJIa
U BTOT CJTy4yaid COOTBETCTBYET AU(MPPAKIIUU B TeOMETPUN
bparra. M3 aHanuTHyecKoil TEOpUU IS TLIOCKUX
BOJIH U3BECTHO, YTO B 3TOM CJIy4yae UMeeT MeCTO ITOJI-
HOE BHEIIIHee OTpaskeHue rpu ycaoBuu |00 — 2Re(y,)| <
<|Re(yy)|- [ToaTOMY GBLTO BBIOPAHO 3HAYCHUE YTIIO-
BOTO OTKJIOHEHMS U3 yciaoBust oL = 2Re(),), a UMEH-
HO, AB = 16.088 x 10~° mxpaz.

HMcnonb3oBanach cxomsiasics cxeMa TaKuM 00-
pa3oM, YTOObI Ha BBIXOJAE MOJYYUTb PE3YJbTAT HeE
TOJIBKO Ha TOpI1ie KpUCTaJLJIa, HO 1 B TOM 0061aCTH, KO-
TOpasi ToJiydaeTcsl MpyU OTpakeHUM BOJHBI OT OOKO-
BOIi rpaHu kpuctaiia. Kpucrann aiuHoi L cnoco-
OeH OTpa3uTh My4yoK Ha mupuHy W = Ltg(0g). [1pu
L =250 mxm umeem W= 85.3 mxm. I1o aT0ii npuuun-
He moka3aH pasmep 2W + W, = 200.6 mxm. UToObBI
MoKa3aTh cJ1ab0e BOJIHOBOE T0JIe BHYTPU KpUCTaJLIA,
CHOBAa MCII0Jb30BaJICs JIorapu(MUIECKU MacIuTao,
T.e. 3HaueHus In(/, /1), tnen =T, R.

PesynbTaThl pacyeTra nmokasaHsl Ha puc. 3. Ha kap-
Te MPOXOISIIEro MyYKa MOKHO 3aMETUTh, 4YTO IITUPH-
Ha MaJaoIIero Imyyka 0oJibie, YeM HeOOXOIMMO IJIst
KPUCTAJIJIOTPA®U A Ne 2
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TOTO, YTOOBI OCBETUTh BCIO OOKOBYIO I'paHb KpUCTAaJ-
na. JIeBasg 4acTh ITy4Ka IMPOCTO MPOXOAUT PACUETHYIO
o0acTh 6e3 n3MeHeHUi. A Ta yacTh mMydka, KoTopasi
roragaeT B KPUCTAJUI, U3BMEHSIETCS B HEM IT0-pPa3HO-
MY IIpY MaJIbIX U OONBbIINX 3HaYeHUsX Z. [1amatonuii
MYYOK JIOCTUTAET IMPABOM I'paHUIIBI KpUCTAJUIA TIPU
z = 88 MKM. /10 3TOif TOYKM KpUCTaJI OTpaxKaeT Kak
TOJICTBI, a 3aTeM HaJIW4Me €ro MPaBOi TpaHMLIbI
BHOCUT KOPPEKTUBBI B XapaKTep U3MEHEHUS OTHO-
CUTEJIbHOI MHTEHCUBHOCTHU.

Haubonee oTueT7INBO 3TU U3MEHEHUS IIPOSIBIISIIOT
ce0s1 B oTpaxkeHHOM mydyke. COOTBETCTBEHHO, B Ba-
KyyM€ OTPaXeHHBIN ITy4YOK MEHSETCS Ha JBOWHOM
paccrossHumn 176 MkM. OTMETUM ABE OCOOEHHOCTH,
KOTOpPBIE HETOCTATOYHO HAIJISIAHO MNpPEACTaBICHBI B
Jorapupmudyeckom Mmaciutabe. IlepBast cocTouT B
TOM, YTO IIOJIHOE OTpakeHHE BO3HUKAET HE cpa3zy.
I1pu oueHb MaTbIX 3HAYSHMSIX Z OTPaXKEHUE cnadoe u
OHO BO3pacTaeT MocTeneHHo. To ecTh MoJHOE OTpa-
KEHHUE ITOJIy9aeTCsl C 3aEPKKOi. DTO MOXHO CpaB-
HUTH ¢ 3ddexkTom ['yca—XeHXeH, KOTOPBIA 00CyXK-
Jajncs ajist HeMTpoHOB [23], HO UMeeT MeCTO JIJIST JIIO-
Ooro wm3naydyeHuss npu oTpaxeHuu. Kpome Ttoro,
Mepexo B MOJIHOE OTPaKeHUE COIPOBOXIAETCS OC-
WUISLUASIMUA, TIPUYEM B MaKCUMYMaX OTHOCUTEb-
Hast MTHTEHCUBHOCTb OTPaxK€HHOIO IyYKa MOXET Ja-
K€ TIPEeBBIIIATh SAMHUILY.

Bropast 0cOGEHHOCTb COCTOUT B TOM, YTO B 3TOM
XKe MeCTe IMPOXOISIIUiA My4OK HPOHUKAET B KpU-
CTaJlll HAa OYeHb OoJblIne IyouHbl. B paccMoTpeH-
HOM BapuaHTe OH BBIXOAUT U3 KpUCTajula ¢ moTepeit
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Puc. 4. I[eTaJ'[I)HOC pacrpeacjiCcHue OTHOCUTEJIbHOU MHTEHCUBHOCTH JIJISI OTpPpaXXCHHOTO ITy4YKa, NnMpeaCTaBJICHHOC Ha BerHefI

TOPU3OHTAIBHOM JIMHUY pUC. 3 CrIpaBa.
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Puc. 5. Z[CTEUII)HOC pacrpeacjiCcHue OTHOCUTEJIbLHOM MHTEHCUBHOCTHU JJISI IMPpOXOOAIICTO ITy4yKa, IPeaACTaBJICHHOC Ha BerHeﬁ

FOPU3OHTAJILHOM JIMHUU PUC. 3 CIIeBa.

BCETr0 MOJOBUHBI MHTEHCUBHOCTU (YaCTMYHO M3-3a
nornoiieHust). [MaBHBIM pe3ylbTaTOM pacdeTa B
JTaHHOM Ciy4ae SIBJISIETCS paclipelelieHrue OTHOCH-
TEJIbHOM MHTEHCUBHOCTU HAa BBIXOMHOM IJIOCKOCTH,
T.€. Ha OcU X TpU MaKCUMAaJIbHOM 3HAYEHUU KOOPIU-
HATBI Z. DTO pacIipenesieHue I OTPAXKEHHOTO ITyJYKa
OoJiee neTaabHO ITI0Ka3aHo Ha puc. 4. I3aMeHeHMe xa-
paxTepa KpUBOM IMTPOUCXOIUT MPU X = X, = —40 MKM.
DTa ToOYKa COOTBETCTBYET BBLIXOAY M3 KpUCTaJlJIa JIy-
ya, BIIEPBBIE OTPAXXKEHHOTO OT €ro IMPaBoro Kpas of-
HOBPEMEHHO C JIy4OM, OTPAKEHHBIM OT JIEBOTO Kpasl.

OTMeTHM, YTO aHAJIMTUYecKass popMmyia i Ta-
KOIf KpWBOI ObLIa BIIEpBBIC OITyOJIMKOBaHA eIlle B
1971 1. [17]. B 0603HaueHUsAX JaHHOI CTaTbU Ha Ha-
JaJbHOM 3Talle, KOTJa TpaBas TpaHWIIa KpHcTailia
He BIMSIET Ha pe3yIbTaT, OHAa UMeeT CIeAYIONINA BHII:

2

140/ 1y = |7 [ dx Gy exp(px) 6
i (©)
__Kx

_ _ K1m(y,)
2sin Oy’

2sin @y

e
Gy(x) = Jo(Bx) + J5(Bx). (7
3neck u ganee J,(z) — dynkuus beccenst n-ro nopsiaxa.
Pacuer no 3T01i hopMyJie TOTHOCTHIO COBITAIAET C
KPUBOIi Ha puc. 4, €CJIM OTCYUTHIBATHL KOOPAWHATY OT
JIEBOrO Kpasi, COOTBETCTBYIOIIIETO Hayajly 3aCBETKU
kpuctaiina. CoBnaaeHue NPOUCXOOUT TpU x < X, =
= 60.3 mxmM. [Tocite 3T0I TOUKM, KaK IMoKa3aHo B [17],
Hano 100aBUTh K (GyHKIIMU Gy(X) TOMOTHUTEIbHYIO
GyHKIIIO

2
G (x) = -{Jo(BN) + 26J,(Bn) + E°J,(Bn)],
X — X, 2 2,12 (8)
=——, M= —x)"".

X + X,

ITo onpenesieHUIo 5Ta (PYHKLIUA paBHa HYJIIO MPU
MHUMBIX 3HAYEHUSIX MapaMmerpa 1, T.e. mpu x < X,.
KoopauHara x,, KaK OTMEYajoCh BbIIIE, COOTBET-
CTBYET TOJIOXEHUIO JIyda, KOTOPBII BIIEPBLIE OTpa-
3WJICS OT MIPaBO I'PAHU KPUCTAJLIA.

PacnipeneneHne g MpOXOOMIIEro Iydyka Gosee
JIeTaTbHO TTOKa3aHo Ha puc. 5. 31mech MHTEpeC Npe-
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YUCIEHHOE MOJEJITMPOBAHUE DODEKTA

CTaBJIsIET TOJbKO Y3KMI MUK B ITpaBO¥i 4aCTU KPUBOIA.
DTO0 Ta YacThb IPaBOro Kpas Iy4yka, KoTopast oTpa3u-
Jlach KPUCTAJUIOM OYeHb cyabo. OHa ITI0Ka3bIBacT,
KakK OTpaxKaeTcsl OYeHb y3Kui Imydok. st Hero ag-
(GEKT MOJHOTO OTpaxkeHUsT OTCYTCTByeT. Jdudparu-
POBaHHOE U3JIyYe€HME TaKoe Xe cJlaboe, KakK U B CIIy-
qyae Jlays. B paccMaTpuBaeMoii cxeMe pacdyeTa BOOJI-
HE MOTYyT OBITh YacTU IIy4Ka, KOTOpble HUKaK HeE
MCHSIIOTCSI, €CJIM OHM MPOXOAST MUMO OOJacTeil ¢
KPUCTAJUIMIECKOM PEIIeTKOM. DTO TOXE CIeIUAIbHO
JIeMOHCTpUpyeTcss Ha rpaduke. TyT MHTEpECHO TO,
YTO JIEBBIM Kpaii OTpaHUYEH LIEbIO, a PaBblii Kpaid —
KpuctajioM. MoXHO BUIEThb, KaK OBICTPO, HO HE
MIHOBEHHO, M3JIydeHHUE IpomagaeT B KpHUCTaJIe B
YCJIOBUSIX TTOJTHOTO OTPaKeHMUSI.

SAKIIIOYEHHME

HoBasi cxema misi 4MCIEHHOTO MOAEIUPOBAHUS
addekra KorepeHTHON TMHAMUUYeCKO nTudpakiiuu
CUHXPOTPOHHOTO M3JTy4YeHUsI B KpUCTaJJax Mpoun3-
BOJIbHOU (hOpPMBI M CTPYKTYPHBI JOKa3ajda CBOIO (-
¢dexTuBHOCTb. B 3TOli cxeme rpaHWUYHBIE YCIOBUS
I pelieHus ypaBHeHuit Takarn—ToneHa He Tipu-
BSI3aHbI K rpaHuliaM Kpuctaiuia. [Tocnennue onpene-
JISIIOTCS yepe3 (PYHKIMU OT KoopauHaThl z. Takas
cxema Mo3BOoJISIET pelllaTh OUeHb OOJBIIION KPYT 3a1a4
MOJIETUPOBaHUS IUGPaKIMU B KpUCTaJLIaX CIIOX-
HOIT GOPMBEIL.

IpenacraBiaeHbl pe3yabTaThl YMCIEHHOIO pelle-
HUS1 yPABHEHUI B paMKaxX OMHOM U TOM XK€ CXEMBI JUIS
JIBYX MPUMEPOB: TUDPaKIIUM y3KOTO IyYKa B TeOMeT-
puu Jlays u audpakiiuv IUPOKOTo Myyka B TeOMeT-
puu bparra. Pe3ynbTaThl pacueTa MOJHOCTHIO COBIIA-
JIAI0T C TIOJIYYEHHBIMU paHEe aHAIMTUYECKUMU pe-
IIEHUSIMU, HO YMCIICHHBIE PEUICHUS HAIOT OOJbIIe
MHGOpMali1, B TOM YUCJIE IeTATbHOE pacnpeaese-
HU€ UTHTEHCUBHOCTH BO BCEM OOBEME.

Pa6ora BeITTOTHEHA ITpu TToaaep:kke Poccuiicko-
ro oHaa PyHIaMEeHTaIbHBIX UCCAESAOBAaHUMN (IpaHT
Ne 19-29-12043MK) B yacTd pa3pabOTKU KOMIIbIO-
TEPHOI IIpOrpaMMBbI, a TakKXKe MpU IToaaepxKe Mu-
HUCTEpCTBAa HAyKW U BbIcIIero oOpa3oBaHus P®
(rpant Ne 075-15-2021-1362) B yacTH BBITIOJIHEHUS
KOMITBIOTEPHOTO SKCIIEPUMEHTA.
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