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CTPYRT"YPA BO~HOBbIX ITO~Err ITPH P;H~PAKqrrH PEHTrEHOBCKHX ~yqEn 

B "YC~OBHHX ITO~HOrO BHEillHEro OTPAJKEHHH 

p;mppaI{l];lilJI peHTreHOBCKlilX JIy'Ieiii B YCJIOBlilJIX rrOJIHOrO BHemHero oTpameHlilJI 
(PP;ITBO) JIBJIJIeTCJI HOBbIM MOm;HbIM MeTOAOM lilCCJIeAOBaHlilJI CTpyKTypbI rroBepxHocTHbIX 
KpIICTaJIJIlil'leCKIIX CJIOeB. ITplIHIJ;lIrrllaJIbHaJI lilAeJI ~lToro MeTOAa 6bIJIa rrpeAJIOmeHa B [1], 
TeOplilJI AJIJI cOBepmeHHblx KplilCTaJIJIOB rrocTpoeHa B [2]; a 3KcrreplilMeHTaJIbHaJI CXeMa 
ocym;eCTBJIel'la B [3]. . . ' 

B MeTOAe PP;UBO rraAaIOm;liliii peHTreHoBcKlliii rrYlloK,' C OAHOiii CTOpOHbI, YAOBJIeTBO
pJIeT yCJIOBIlIO AmppaI{IJ;1I11 ~aya AJIJI rrJIOCKOCTeiii, rreprreHAlilKyJIJIpHbIX K ilOIlepXHOCTII: 
KpllCTaJIJla, Ii C ,APyroiii,- 06pa3yeT MaJIbIiii yrOJI <Do C rroBepxHocTbIO II rrpeTeprreBaeT 
rrOJIHOe BHemHee oTpameHlile. ITPII 3TOM AmpparllpOBaHHaJI BOJIHa pacrrpOCTpaHJIeTCJI, B 
KplilCTaJIJIe rroA MaJIbIM yrJIOM K rroBepxHocTII H TaKll,e rrpeTeprreBaeT rrOJIHOe BHemHee 
OTp'ameHlle: 113 KplilCTaJIJIa rrOA MaJIbIM yrJIOM <Dh BbIXOAIIT 3epKaJIbHO OTpameHHaJI Amp
parlilpOBaHHaJI BOJIHa, 06pa3YIOm;aJI C 06bI'IHOiii 3epKaJIbHO OTpameHHoii: BOJIHOH yrOJI 28B 
(piIC. 1). . . 

B pa60Te AaH TeOpeTII'IeCKlliii aHaJIII3 COOTHOmCHlilJI aMrrJIlilTYA BOJIHOBbIX rroJIeii: B 
KplilCTaJIJIe rrpll PP;ITBO, a TaKme IICCJIeAOBaHa rJIy6lilHa rrpoHlilKHOBeHIIJI 113JIY'IeHIIJI 'B 
KpllCTaJIJI B 3aBllClilMOCTlil OT yrJIa rraAeHIIJI <Do rrpH BbIIIOJIHeHlillil TO'IHOrO YCJIOBIIJI Bp3rra 
(a=O; a=-2 sin (28B) (8-8B) - cTaHAapTHbliii rrapaMeTp OTKJIOHeHlilJI OT YCJIOBIIJI Bp3rra 

PIIC. 1. CxeMa AmppaKIJ;lilll peHTreHoBcKIIX JIy'Ieiii B YCJIOBIIJIX rrOJIHOrO
 
BHemHero oTpameHIIJI
 

BepT1IRaJIbHbIMH JIHHlIlIMH 0003Ha'leHbl OTpamalO~He IIJIOCROCTH 

B p;:HHaMII'IeCKOiii Teoplilll) II OT a rrplil cPlIKcllpoBaHHbIX <Do. P;JIJI rrpocToTbI rrplIHIIMaJIaCb 
BO BHlilMaHlle TOJIbKO o-rrOJIJIpIl3aIJ;lilJI. B [2] rroKa3aHo, 'ITO yrOJI <Dh orrpeAeJIJIeTCJI He 

_ TOJIbKO yrJIOM rraAeHIIJI, HO II OTKJIOHeHlileM OT YCJIOBIIJI Bparra; a IIMeHHO IIMeeT MeCTO 
CJIep;yIOm;ee COOTHomeHlle: 

(1) 

COOTHomeHlle (1) rr03BOJIJIeT 3arrllCbIBaTb IIHTeHCIIBHOCTb OTpameHHoii: AlilcPparlilpOBaH
HOii: BOJIHbI KaK cPYHKIJ;IIIO yrJIa BbIxoAa, 'ITO ropa3AO rrpom;e C aKcrreplIMeHTaJIbHoii: TO'IKlil 
3peHIIJI [3]. IT03TOMy B HaCTOlIII\eiii pa60Te 3aBIICIIMOCTb.OT rrapaMeTpa a paccMaTpllBa
eTCJI TaK me, KaK 3aBHClilMOCTb OT yrJIa <Dh. . 

AHaJIlil3 aMrrJIIITYA BOJIHOBbIX rroJIeii: II rJIy6lilHbI lilX rrpoHIIKHOBeHIIJI AaeT B03Mom
HOCTb orrpeAeJIIITb rrpll KaKIlX 3Ha'IeHlilJIX yrJIOB <Do II <Dh IIHTeHCIIBHOCTb oTpameHHoii: 
AmpparllpoBaHHoii: BOJIHbI Halil60JIee 'IYBcTBIITeJIbHa K HapymeHIIJIM B TOHKIIX rroBepxHo
CTHbIX CJIOJIX. 

ITPlil PP;ITBO B KpllCTaJIJIe B036ymAaIOTCJI ABa BOJIHORbIX rrOJIJI [2], KamAoe 113 KO
TOpbIX COCTOIIT 113 rrpOxOAlIII\eii: Do lil AllcPparllpoBaHHoii: Dh BOJIH. rJIy6HHbI rrpoHIIKHO
BeHIIJI rroJIeii: orrpeAeJIJIIOTCJI rro cPopMyJIe (AJIJI Kam).\oro 113 rrOJIeii: rrpOXOAJIm;aJI II AllcPpa
rllpOBaHHaJI BOJIHbI IIMeIOT OAHHaKoByIO rJIy611Hy rrpOHlilKHOBeHlilJI) 

Ii =--- (2)
2:rt 1m Ui' 
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2 
U i =V lD0 + XO- ~ ±V ~2 +XhXil' i= 1, 2. (3) 

3;WCb Xo, Xh, Xii- COOTBeTCTBYIO~He lDypbe-KoMrroHeHThI TeH30pa rrOJIflpll3yeMocTH, A
JlJIHHa BOJIHhI rraJlaIO~ero 1I3JIY'IeHHfl. 

MhI BHJlHM, 'ITO rrplI a=O cy~eCTBYIOT JlBa XapaKTepHbIX yrJIa rraJleHHfl, CBfl3aHHbIe 

C 06pa~eHHe:M Uj B HyJIb (rrpH OTCyTCTBHH rrOrJIO~eHHH): l1l j=1' IXO-Xhl II 11l 2= 
= l' 11'0 +Xh I; l1l j COOTBeTcTByeT KpllTH'I.eCKOMY yrJIy rrOJIHOrO BHeIllHerO OTpalKeHHH JlJIH 
rrepBOrO BOJIHOBOrO rrOJIfl, a 1112 - JlJIH BToporo rrOJIfl. B CJIY'!ae 6e3J1Hq,paKlJ,HOHHOro pac
ceHHHfl (Xh=O) cy~eCTByeT O;:J;HH RpIITH'IeCRHii yrOJI rrOJIHOrO BHemHero OTpalKeHIIH 

l1lKp =1' IXo I, rrpll'leM l1l j< l1l"p< 11l 2 • IIOflBJIeHlIe )];BYX RpHTll'leCRHX yrJIOB nOHHTHOC q,H
3H'IeCRoii: TO'lRH 3peHHH: nOJIIO, )];JIH ROToporo peaJIll3yeTcH 3q,q,eI{T EopMaHa, COOTBeTCT

tio 
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PllC. 2. l'I3MeHeHHe. rJIy6HHbI rrpQHllKHoBeHllH BOJIHOBhIX rroJIeii II OTHomeHHH IIX HHTeH


CHBHocTeii B 3aBHCHMOCTll OT yrJIa na)];eHHfl (a=O) (a) H OTKJIOHeHHfl OT YCJIOBllH Ep:wra
 

)];JIH 11l 0 =8'<l1l j (6)
 
,a: 1 - rJIy611Ha IIPOHIIKHOBeHlIlI lIepBoro IIOJIlI. 2 - BToporo IIOJIlI. 3 - rJIY6I1HallI~1~H~,HKH\OB(:~\~1I
 

(les AIIlIlPaKIJ;IIII. 4 - O'rHOIUeHlle KBaApaTOB aMIIJIIITYA BOJIHOBbIX IIOJIell. D ~2) = D ~2) , 

.. Dh . Do 

6; 1, 2 - TO lRe. 'ITO Ha pIIC. 2. a, 3 - OTHOlIIeHHe KBaApaTOB MOAYJIeJ!: aMIIJIIITYA IIPOXOAlIIn;HX 
BOJIH, 4 - AIHpparupOBaHHbIX BOJIH 

ByeT MaJIaH 3q,q,eRTHBHaH aMrrJIIITy)];a B3aHMOJleiicTBHH C aTOMaMH Be~eCTBa, a 3Ha'lHT 

II MeHbJIllil'ii: Rpj!Tll'leCRHH yrOJI; AJIH BToporo rrOJIH, Hao6opOT, xapaRTepHO CHJIbHOe B3all 
MOJleiicTBlle, 1I, CJIeJlOBaTeJIbHO, 60JIbIlIlIii RpHTll'leCRHii: yrOJI. PaHee Ha B03MOlKHOCTb 

rrOflBJIeHIIH )];BYX RpHTH'IeCRIIX yrJIOB rrplI .JlIIq,paRIJ,IIOHHOM pacceHHHH YRa3bIBaJIOCb B 
[4]. Ha pHC. 2, a B Ra'leCTBe rrpHMepa rrpHBeJleHbI 3aBlICHMOCTlI rJIy6HH rrpoHIIRHoBeHllH 
{)60HX llOJIeii OT yrJIa rra)];eHllH rrplI a=O, paCC'IllTaHHbIe JlJIH Si (oTpalf{eHHe (220), 
Cu K",-ll3JIy'llmHe). ,ll;JIH cpaBHeHHH rrpHBeJleHa yrJIOBaH 3aBlICHMOCTb rJIy6llHbI rrpoHIIR
HOBeHHH ll3JIy'leHHH B RpHCTaJIJI 6e3 JlIIq,paRlJ,lllI 

A 
lo = ~--=--=;::::;::::;:::=-

2n lmy 111 0
2 +%0 

,ll;JIH paccMaTplIBaeMoro CJIY'!aH KpllTH'leCRlle yrJIbi IIMeIOT CJIeJlYIO~lIe 3Ha'leHIIH: l1l j= 
8,4', l1lKp =13,3', 11l 2=16,8'. IIpH 11l 0 < l1l j o6a rrOJIH rrpOHHKaIOT B RpHCTaJIJI Ha MaJIyIO 
rJIy6HHy (lj ~ 100 A, l2~50 A), rrpH'IeM BbIIIOJIHHeTCH COOTHomeHHe 

(4) 

(l0~70 A). 3a rpaHHlJ,eii 06JIaCTlI rrOJIHoro BHemHero OTpallieHHH rJIy6HHa rrpOHHRHOBe
HHH rrOJIeil: pe31w B03pacTaeT, HO yCJIOBHe (4) coxpaHHeTcH. HarrpHMep, rrpH 11l 0 ="20' lj = 
=26 MRM, lo=6000A, l2=2000A. TaRHM o6pa30M, MOlliHO C'IHTaTb, 'ITO P,ll;IIBO IIMeeT 
Hall6oJIbmylO '1YBCTBHTeJIbHOCTb R TOHRHM CJIOHM rrpH yrJIax rraJleHHH 11l 0 < l1l j. 

~JIH orrpeJleJIeHHH BRJIa)];OB rrepBoro II BToporo rrOJIeii: B HRTeHCHBHOCTb OTpalKeHHoii: 
JlHq,parHpoBaHHoii: BOJIHbI h s rrpOaHaJIH3HpyeM COOTHOmemle HX llHTeHCHBHOCTerr na no
BepXHOCTH RpHCTaJIJIa 

I ~~: r= I ~:~:: 12~ (5). 

COOTBeTcTBYIO~Hrr rpaq,HR rrpeJlCTaBJIeH Ha plIC. 2, a. COrJIaCHO q,opMyJIaM (3) H (5), 
B cJIyqae a=O rrplI YMeHbmeHHII yrJIa rraJleHHH OTHomeHHe HHTeHCHBHocTeii: cTpeMIITcH 
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.•<:.)U---------------------------, 

R BeJIlIqHHe I XO+j(" I;z:; 1. IlpH R3MeHeUHH yrJIa na,[leUHH OT <111 ,[10 Wz OTuomeUMe, 
, Xo-j(" 

(3) yMeubmaeTcH, H npH <11 0= Q>z HHTeHCHBHOCTb BToporo nOJIH Ha nOBepxHocTH npeBbI
maeT HHTeHCHBHOCTb uepBoro nOJIH. IlpHqMHa YMeHbmeHHH OTHOCHTeJIbHOrO "BIWa,[la nep
BOro nOJIH B oTpameHHyIO ,[ImpparHpOBaHHyIO BOJIHy COCTOH.T, B TOM, qTO npH <110> <11,1 
,[IJIH nepBoro nOJIH nepeCTaIOT BbIJIOJIHHTbCH yCJIOBHH nOJIHOrO BHemHero, OTpam8UHH" 
H OHO npOHHRaeT B rJIy6b RpHCTaJIJIa. IlpH <11 0> <liz aHa.TlOrHqIlOe HBJIeHHe llMeeT MeCTO 
,[IJIH BToporo UOJIH, II OTHomeHlle llHTeHCllBHOCTen nOJIeH CTpeMHTCH R e,[lllHllIJ,e. B IJ,eJIOM 
MomHO CRaaaTb, qTO 06a nOJIH BHOCHT cpaBHllMblff BIma,[l B nUTeHCllBHOCTb OTpameIlHoH 
,[ImpparllpOBaHHOH BOJIHbI BO BceM ,[IllanaaOHe yrJIOB. 

3aBllCllMOCTb pacnpe,[leJIeHllH BOJIHOBMX nOJIeH B RpnCTaJIJIe OT napaMeTpa a llMeeT 
paaJIJl:qHbIii: Bll,[l ,[IJIH paaJIllqHbIX yrJIOB na,[leHllH. TeM He MeHee MomHO C.pOpMyJIllpOBaTb 
aaROHOMepHOCTH, 06Iq1le ,[IJIH Bcex yrJIOB <11 0• B CllJIY COOTHomeHllH (1) npll a> <IIoz yroJI' 
<II" CTaHOBllTCH MHMMbIM, qTO cooTBeTcTByeT a.p.peRTy nOJIHOrO BHyTpeHHero oTpameHllR 
,[IJIH ,[Ill.pparnpoBaHHoH BOJIHbI (CM. [5, 6]). B ,[IaHHOH pa60Te MbI paccMaTpllBaeM TOJIbRO 
06JIaCTb a< <IIoz. ' 

IlpH OTRJIOHeHMHX OT TOqHOrO YCJIOBllH Eparra B CTOpOHy nOJIOmMTeJIbHbIX aC<II,,-+O) 
OCHOBHyIO J?0JIb llrpaeT nepBoe nOJIe, HO BIma,[lbI 060llX nOJIeH B MHTeHCllBHOCTb OTpa
meHHOH ,[ImpparllpoBaHHoH BOJIHbI cpaBHllMbI (pHC. 2, 6). rJIy6llHbI npoHMRHoBeHHH nep
BOro II BToporo nOJIeH MeHbme cooTBeTcTByIOIqIlX aHaqeHllM npM a=O (cpaBHMTe pllC. 2, a
Il 6). B 06JIaCTII a"'O (<II"", Wo) ne,pBoe nOJIe llMeeT MaRCllMaJIbHYIO rJIy6llHy npoHllK
HOBeHMH, qTO HBJIHeTCH aHaJIOrOM a.p<peRTa EopMaHa. 

JJ:JIH OTpMIJ,aTeJIbHbIX aHaqeHllMa( <II,,> <110) rJIY6llHa npoHllRHoBeHllH nepBoro nOJIH 
OTHOCllTeJIbHO BeJIllRa (l1 "" 1 MRM) npll JII06bIX yrJIax na,[leHMH, HO BRJIa,[l ero B MHTeH
CllBHOCTb oTpameHHoH ,[IH.pparllpoBaHHoH BOJIHbI na,[laeT (pMC. 2, 6, RpllBaH 4). TeM He
MeHee, eCJIll ue :eaCCMaTpllBaTb OqeHb 60JIbIImX OTRJIOHeHHH OT TOqHOrO YCJIOBllH Eparra" 
fO BRJIa,[lbI nOJIeH cpaBHMMbI. CJIe,[loBaTeJIbHO, ,[IJIH MCCJIe,[lOBaHMH TOHRllX nOBepxHocTHbIX 
CJIOeB TOJIIIJ,MHOM N 10-tOO A He06xo,[lllMO BbI6llpaTb yrJIbI na,[leHllH B IIHTepBaJIe <110<' <111 
II aHaJIHallpOBaTb llaMeHeHlle llHTeHCllBHOCTll OTpameHHOH ,!\M.pparnpOBaHHOH BOJIHbI ,[IJI~ 

, yrJIOB BbIXO,[la <11,,< <11 0; npll <II,,> <110 MeTO,[l qyBcTBMTeJIeH R HapymeHllHM B OTHOCIITeJIb
HO TOJICTbIX CJIOHX (~tOOO A - 1 MRM). 

IlPII 60JIbmllX OTRJIOHeHIIHX OT TOqHOrO YCJIOBllH Eparra B CTOpOHy OTpMIJ,aTeJIbHbIX 

a( <II,,» <110) B RpllCTaJIJIe OCTaeTCH TOJIbRO npOXO,[lHIIJ,aH BOJIHa Da2
) , rJIy6llHa npoHIIRHO

BeHllH ROTOpOH cTpeMMTcH R rJIy6llHe npOHIIRHOBeHMH B CJIyqae 6ea,!\lI.ppaRqROHHOrO pac
(1) (1) (Z) 

ceHHllH, a OCTaJIbHbIe BOJIHbI (Do ,D" ,D" ) llCqe<laIOT. TaRllM o6paaoM, npOllCxO,[lMT' 

npeAeJIbRl>Iii Ij:epexo,[l R CJIyqaIO 6ea ,[III.ppaRIJ,lIM. 

ABTOpbI BbIpamaIOT 6JIarO,[lapHOCTb A. M. A.paHacbeBY II P. M. llMaMoBY aa nOCTOHH
HbIii: MHTepec R pa60Te II IJ,eHHbIe aaMeqaHllH, a TaRJRe A. H. qyao aa nOMOlIJ,b B pac
qeTax. 
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