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BHEIDHEro OTPAiKEIDIH 

3ap;aqa p;IlHaMHqeCKOH p;mppaKIJ;Ilil peHTreHOBCKIlX JIyqeH B YCJIOBIlHX rrOJIHOrO BHern
Hero OTpameHIlH Ha rrJIOCROCTHX, rreprreHp;IlKyJIHpHblX BXOP;HOH rrOBepXHOCTH, perneHa C 
yqeToM MaJIblX paaopHeHTaIJ;IlH OTpamaIOIIJ;IlX rrJIOCRocTeiI. IIoKaaaHo, qTO rrpH paaopIleH
TaIJ;IlHX B CTOpOHy rrap;aIOIIJ;ero nyqRa MomHO rrOJIyqIlTb HerrpepbIBHbIH rrepexop; OT p;mp
paRIJ;Ilil B reoMeTpilil Bparra Ii p;mppaRIJ;Ilil B reOMeTpIlll JIaya P;JIH op;Horo H Toro me 
p;mppaRIJ;IlOHHOro OTpameHIlH rryTeM IlaMeHeHIlH yrJIa Memp;y rrap;aIOIIJ;llM rryqROM II rro
BepXHOCTbIO RpilCTaJIJIa. IIpop;eMOHCTpllpOBaHa YHilRaJIbHO BbICORaH qYBCTBHTeJIbHOCTb 
p;mppaKIJ;llH B YCJIOBIlHX rrOJIHOrO BHernHero OTpameHIlH Ii MaJIbIM paaopHeHTaIJ;IlHM OT
pamaIOIIJ;HX rrJIOCROCTeH. . 

AaHHaH pa60Ta nocBHJ..qeHa pa3BHTluO p;HHaMHlJeCKOH TeopHH pacceHHHH, 

peHTreHoBcKHX ~yqeH P;~H p;H~paK~HH Ha KpHcTa~~ax B YC~OBHHX nO~Horo 

BHernHero oTpameHHH. 

PeHTreHoBcKaH cxeMa p;H~paK~HH B YC~OBHHX nO~Horo BHernHero oTpame

HHH 6bwa npep;~omeHa B [1.]. B :nOH cxeMe nap;aIOJ..qHH peHTreHoBcKHH nyqoK 

HanpaB~HeTCH Ha KpHCTa~~ TaK, lJTO pea~H3YIOTCH p;H~paK~HOHHbIe YC~OBHH 
B reOMeTpHH JIaya P;~H n~OCKOCTeH, nepneHp;HKY~HPH:bIXBXOP;HOH nOBepXHOCTH, 

PilC. 1. CxeMa aClIlIIMeTplIqHOH P;H<ppaKIJ;IlIl B YCJIOBIIHX rrOJIHOrO BHemHero 
oTpameHIlH 

1 - OTpalKaIOIIJ;He -IlJIOCKOCTH. GJIyqafi Ql=O cooTBeTcTByeT. cHMMeTpHqHoll: JJ;H41paK
~Hlr If paccMoTpeH B [1-3] 

H Op;HOBpeMeHHO OH o6pa3yeT Ma~bIH yro~ <I> C nOBepXHOCTbIO (pHC. 1). Ma

~aH Be~HlJHHa yr~a nap;eHHH - nopHp;Ka 3HalJeHHH KpHTHlJeCKOrO yr~a nO~Horo 

BHernHero OTpameHHH - 06YC~OB~HBaeT HHTeHCHBHoe 3epKa~bHoe OTpameHlIe 

nap;aIOJ..qeH H p;H~parHpOBaHHOH BO~HbI OT nOBepXHOCTH KpHCTa~~a, lJTO p;aeT 

B npHH~Hne B03MOmHOCTb HCC~ep;OBaHHH KpHCTa~~HlJeCKOHCTpyKTypbI TOHKHX 

nOBepXHOCTHbIX C~OeB, TO~J..qHHOH OT HeCKO~bKHX p;eCHTKOB aHrCTpeM H 60~brne. 

B [2] nOCTpoeHa p;HHaMHlJeCKaH TeopHH p;H~paK~HH B YC~OBHHX nO~Horo 
BHernHero OTpameHHH P;~H COBeprneHHbIX KpHCTa~~OB. IIpH aTOM nOKa3aHO, 

'ITO yro~ BbIxop;a <1>' 3epKa~bHO OTpameHHOH p;H~parHpOBaHHOH BOJrHbI 3aBH

CHT OT Toro, HaCK9JIbKO TOlJHO BbIllO~HeHO yCJIOBHe Bparra. I1HbIMH C~OBaMH, 

CyJ..qeCTByeT CTporoe COOTHorneHHe Memp;y yr~aMH <I> H <1>' H napaMeTpOM a, 
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orrpep;eJIHIOll;IIM OTRJIOHeHlIe OT TO'IHOrO YCJiOBIIH p;mppaRIJ;HII, 

r- _ I a=(J)Z-(J)'z, (1) 
rp;e 

(Xo+~)Z-XOZ 
a= ~-2sin2HB(e-eB), (2)z xo , 

Xo - BOJIHOBOii BeRTOp rrap;aIOIIJ;eii peHTreHoBcIwii BOJIHhI, Kh - BeRTOp oopaT

Hoii pemeTRII. 
PeaJI1I3aIJ;IIH COOTHomeHIIH (1) OTRphlBaeT rrplIHIJ;lIrrlIaJIhHO HOBhIe :mcrre

plIMeHTaJIhHhie B03MomHOCTII. Ha ero OCHOBe B [3] rrpoBep;eH :mcrrepIIMeHT, 

B ROTOpOM IIHTeHCIIBHOCTh Phs 3epKaJIhHO OTpameHHoii p;mpparlIpOBaHHoii BOJI

Hhl 3arrlIChlBaJIaCh Ran: <PYHRIJ;IIH yrJIa (J)', a He RaR WYHRIJ;IIH yrJIa e. B aToii 

MeTop;IIRe OTHOCIITeJIhHO rpYOhIe 1I3MepeHlIH no yrJIaM <D II (J)' C TO'IHOCThIO p;o 

yrJIOBhlX MIIHyT oTpamaIOT O'IeHh MaJIhie p;eWOpMaIJ;1I1I RpIICTaJIJIII'IeCROH pe

meTRII, cooTBeTcTBYIOIIJ;lIe 1I3MeHeHlIHM napaMeTpaa Ha P;OJIII yrJIOBhlX ce

RyHp; .. 

HapHp;y C rrop;TBepmp;eHlIeM OCHOBHhiX TeOpeTII'IeCRIIX rrOJIOmeHIIH paooThi 

[2] B [3] HaOJIIOp;aJIIICh TaRllie 3aMeTHhIe pa3JIII'I~H Memp;y TeOpeTII'IeCKIIMl2I 

paC'IeTaMII II aRcrreplIMeHTaJIhHhlMII 1I3MepeHIIHMII, CTIIMYJIlIpYIOIIJ;lIe p;aJIhHeii

mee pa3BlITlIe TeoplIlI. 

B p;aHHoH paoOTe 3ap;a'Ia 0 p;lIwpaRIJ;1I1I B YCJIOBIIHX rrOJIHOrO BHemHero 

OTpameHIIH Ha COBepmeHHhlX RplICTaJIJIaX pemeHa C Y'!eTOM MaJIoii pa30plIe~

TaIJ;1I1I OTpamaIOIIJ;IIX rrJIOCROCTeii OT HarrpaBJIeHIIH HOpMaJIII R rrOBepXHOCTII. 

ORa3aJIOCh, 'ITO pa30plIeHTaIJ;IIH Ha MaJIhie yrJIhI (j) rropHp;Ra yrJIOB (J), (J)' 

3Ha'IIITeJIhHO 1I3MeHHeT yrJIOByIO 3aBllClIMOCTh BeJIll'IllHhI Phs. 
8TOT <paRT MomeT IIMeTh BamHoe 3Ha'IeHlIe rrpll cpaBHeHlllI aRcrrepllMeH

TaJIhHhlX p;aHHhIX C TeOpeTll'IeCRllMII paC'IeTaMII rrOCROJIhRY, HarrplIMep, P;JIH 

RpeMHllH II repMaHIIH rrpll llCrrOJIh30BaHllll eu K,,-1I3JIY'IeHIIH llHTeHCIIBHoe 

3epRaJIhHOe OTpameHlIe B03HlIRaeT rrplI yrJIax rrap;eHIIH (J)< 10' - 20', B TO 

BpeMH RaR TO'IHOCTh, C ROTOpoii MomeT OhITh 3ap;aHa oplleHTaIJ;IIH rrpll pe3Ke 

KplICTaJIJIOB, COCTaBJIHeT (j)~±30', a TO'IHOCTL, C ROTOpOH MomHO 1I3MepllTL pa

30plleHTaIJ;llIO ll3BeCTHhIMlI peHTreHOBCRllMll MeTop;aMll II TeM caMhlM rrpOll3BG

~TII BLIOOPRY OOpa3IJ;OB, COCTaBJIHeT (j)~± 15'. 
PaccMoTplIM cxeMY p;lIwpaRIJ;lIll, rrpep;CTaBJIeHHyIO Ha plIC. 1. ,IJ;JIH rrpOCTOThl 

oyp;eM C'lllTaTL, 'ITO rrap;aIOru;ee 1I3JIY'!eHlIe rrOJIHplI30BaHO neprreHp;IIRyJIHpHO 

lJJlOCKOCTH pacceHHIIH, oopa3yeMoii BeRTopaMII k o II kh (a-nOJIHpll3aIJ;IIH). 

PaCCM'aTpIIBaH YCJIOBIIH HenpepLlBHOCTII TaHreHIJ;lIaJILHLIX ROMnOHeHT BOJI

HOBLIX BeRTopOB Ha BXOP;HOH nOBepXHOCTII KpllCTaJIJIa, a TllRllie CBH3L Memp;y 

BeKTopaMII k o II k h C y'IeTOM pa30plIeHTaIJ;lIll OTpamaIOIIJ;IIX rrJIOCROCTeH Ha Ma

JILIH yroJI (j) OT HanpaBJIeHIIH HopMaml K nOBepXHOCTII, rrOJIY'!aeMCJIep;YIOrr:\ee 

COOTHomemre, CBH3LlBaroru;ee yrOJI BLIxop;a 3epRaJILHO oTpameHHOH p;ll<pparlI

pOBaHHoH BOJIHLI (J)' C yrJIOM nap;eHllH (J) II rrapaMeTpOM a OTRJIOHeHllH OT 

TO'IHOrO YCJIOBllH Bparra 
a=«(J)+,¥)Z_(J)'z, (3) 

me 
(4) 

- awweRTllBHLIH yrOJI pa30plleHTaIJ;lIll. 

OCHoBHLIe ypaBHeHllH p;IIHaMII'leCROii TeoplIll C y'IeTOM pa30plIeHTaIJ;llll 

MomHO npeoopa30BaTL R CJIep;YIOru;eMY BllP;y (CM., HarrpllMep, [2]): 

(UZ_(J)Z) Do=XoDo+Xt..Dh , 

(5) 
[ (u+ '¥) z_(J)'Z] Dh=XoDh+XhDO, 

rp;e u=koz/xo - napaMeTp, nop;JIemaru;llH onpep;eJIeHllIO. 

,IJ;llcnepclloHHoe ypaBHeHlle B p;aHHOM CJIY'!ae HBJIHeTCH He OllRBap;paTHhlM, 

RaR B [2], a OOru;IIM ypaBHeHlleM 'IeTBepToro nopHp;Ra OTHOCllTeJILHO u 

(uz~(J)z-Xo) [(u+ ,¥)Z_(J)'z-Xo] -XhXt..=O. (6) 

YpaBHeHlle (6) yP;ooHee Bcero pemaTL 'lllCJIeHHO MeTop;OM RaCaTeJIbHhlX. 
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lis lJeThIpeX ero ROpHeH Uli) CJIep;yeT BhI6paTb p;Ba, P;JIH ROTOphIX 1m u(iJ>O 
(npH6mliKemle TOJICTOrO RpHCTaJIJIa). 

JIerKO nOKasaTb, 'ITO ypaBHeHHe (6) Bcerp;a HMeeT p;Ba KOpHH C nOJIOiKH" 

TeJIbHOH MHHMOH lJaCTbIO H p;Ba - C OTpH~aTeJIbHoH. B caMOM p;eJIe, npH )(iO= 
='X1h='If=O ypaBHeHHe (6) nepexop;HT B 6HRBap;paTHoe ypaBHeHHe C p;eHcT" 

BHTeJIbHhIMH K03<P<PH~HeHTaMlI, KOTopoe Bcerp;a HMeeT p;Ba KOpHH C nOJIOiKH

"TeJIbHOH MHHMOH lJaCTbIO H p;Ba - C OTpH~aTeJIbHoH. PaCCMOTpHM saBHCHMOCTb 

KopHeH ypaBHeHHH (6) OT napaMeTpOB %~O, 'Xih, 'If H p;onycTHM, 'ITO npH HeKO" 

TOphIX SHalJeHHHX %10' 'Xih, 'If*0 SHaK MHHMOii lJaCTH KaKOrO-JIH60 HS KopHe:it 

MeHHeTCH Ha npOTHBOnOJIOiKHhIH. COOTBeTCTBeHHO npH 3THX SHalJeHHHX napa

MeTpOB ypaBHeHHe (6) HMeeT p;eHCTBHTeJIbHhIH KopeHb. Op;HaKo Henocpep;CT

BeHHOH nop;cTaHoBKoH JIerKO npOBepHTb, 'ITO HH npH KaKHX <pHSHlJeCKH p;orry

CTHMhIX SHalJeHHHX nHX napaMeTpOB p;eHCTBHTeJIbHbIH KopeHb He MOiKeT OP;HO

BpeMeHHO yp;OBJIeTBOpHTb p;eHCTBHTeJIbHOH H MHHMOH lJaCTH ypaBHeHHH (6) . 
. 8TO H p;OKaSbIBaeT, 'ITO ypaBHeHHe (6) Bcerp;a HMeeT p;Ba KOpHH C nOJIOiKH

TeJIbHOH MHHMOH lJaCTbIO H p;Ba - C OTpH~aTeJIbHoH. 

)l;JIH Toro lJTo6hI onpep;eJIHTb aMnJIHTyp;hI Eh 8 H E 08, Heo6xop;HMO HCnOJIbSO

BaTb yCJIOBHH HenpephIBHOCTH TaHreH~HaJIbHhIXCOCTaBJIHIO~HX3JIeKTpHlJeCKHX 

n MarHHTHhIX nOJIeH Ha BXOP;HOH nOBepxHOCTH KpHCTaJIJIa. 

IIepBhIe yCJIOBHH HMeIOT BHP; 

lD (Eo-E08) =u(I)D~I') +u(2)D~2) , 
i(7a) 

-lD'Eh8= (u(t)+'If) D/,t) + (U(2)+ 'If)D/,2) . 

BTophIe yCJIOBHH B p;aHHOM CJIY'Iae 3KBHBaJIeHTHhI, C TOlJHOCTbIO p;onepBhIx 

lJJIeHOB paSJIOiKeHHH no lD H lD', yCJIOBHHM HenpepbIBHOCTH HOpMaJIbHbIX KOM

nOHeHT 3JIeKTpHlJeCKHX nOJIeH 

Eo+E08=Dt)+D~2), 
(76) 

Eh8=D/,I)+D~2) . 

PemaH COBMeCTHO (5) H (7), Haxop;HM 

(8)-2lDW(I)W:2)(u(2)-u(t»)EoEh 8 = ----------------'------'---------- 
'Xt<[W(2) (U(l) + lD) (U(2) + 'If +lD') - W(l) (U(2) + lD) (u(t)+ 'If + lD')] 

I
 
rp;e
 

HaKOHe~, 

(9)
 

1. lloJIomeHHe p;H<IlpaK~HoHHoroMaKCHMYMa npH aCHMMeTpHH 

)l;JIH HCCJIep;OBaHHH ypaBHeHHH (6) H eroKopHeH nepeHp;eM OT nepeMeu

HOH u H nepeMeHHoH (), COrJIaCHO 

(10) 

IIepeMeHHaH xapaKTepHsyeT OTKJIOHeHHe HOpMaJIbHOH KOMnOHeHTbI BeKTO

pa ko OT HOpMaJII,HOH KOMnOHeHThI 06bIlJHOrO npeJIOMJIeHHOrO BeKTopa k, co

OTBeTCTBYIO~eroOTpaiKeHHIO 6es p;H<ppaK~HH: 

()= (koz-kz) /%0, 

YpaBHeHHe (6) C YlJeTOM (10) npeo6pasyeTcH CJIep;YIO~HM o6pasoM: 

(11) 
rp;e 

(12)
 

- napaMeTp OTKJIOHeHHH OT TOlJHOrO yCJIOBHH Bp3rra npH aCHMMeTpHlJHOH 

199 



;D;HtPpaRIJ;IIII'.)J;JlH napaMeTpa~ CnpaBep;JlIIBO COOTHomeHlIe 

~= Of (])2+XU+ lJf) 2_ (1'(])/2+ XO )2. (13) 

IIPII p;OCTaT01IHO OOJlbmlIX3HalIeHlIHX yrJloB <1>, (])/~(])u=-VIXol COOTHome
J!:lIe (12) 'rrepexop;IIT B CTaHp;apTHoe COOTHomeHlIe p;IIHaMlIlIeCIwH TeoplIlI 
(eM., ,HanpIIMep, [4] ) 

" (]) I 

,,~a-:-xo( 1+~ ) (14) 

(aHaK «+>) cooTBeTcTllyeT '<1>+'0/ <0). 
CooTHomeHlIe (12), B O1'JllIlIlIe OT (14), onpep;eJlHeT KOHelIHblH cp;BlIr P;1I

tPpaKIJ;IIOHHOro MaKclIMyMa B npep;eJle (]) -+0 OT nOJlOmeHIIH MaKclIMyMa KIIHe

pS ' 

OJl"
, 

,
Z 

! ! I ~ 
5 75 Z5 CP: yrJJ,MllH 

PHC. 2. ,IJ;mppaKTorpaMMbI B reoMeTpHH JIaya npH pa30pHeHTa

IJ;HH B CTOpOHy 3epKl).JIbHO oTpameHHoro IIylJ:Ka
 

KpeMHHit, (220)-OTpalReHHe,CuRa -H3JIYQeHHe, '1'=30' ('¥=24'); 1
(1)=5, 2 -.10, 3,- 15' 

MaTlIlIeCKOH p;HtPpaKIJ;HH. STOT peayJlbTaT COBnap;aeT C peayJlbTaTOM,nOJlYlIeH
HblM B [5], II OOycJloBJleH YlIeTOM HBJleHIIH nOJlHOrO BHemHero OTpameHHH P;JlH 
nap;aIOIIJ;eH BOJlHbI. 

XapaKTep ypaBHeHHH (11) CYIIJ;eCTBeHHO 3aBlIClIT OT 3HaKa pa30plIeHTa
:U;HH lJf. ECJlII paCCMaTplIBaTb 3TO ypaBHeHlIe KaK napaMeTplllIeCKoe, aaBHCH
IIJ;ee OT napaMeTpOB (]) II ~ «])/) nplI tPIIKCIIP0BaHHblX 3HalIeHlIHX pa30plIeHTa
:U;HH lJf, TO npll lJf>O ypaBHeHlIe (11) cop;epmlIT p;Be OCOObIe TOlIKII: <1>=(])o 
II ~=O, COOTBeTCTBYIOIIJ;lIe rpaHIIIJ;e nOJlHOrO BHemHero OTpameHIIH II p;lItPpaK
:U;IIOHHOMY MaKcHMyMy; nplI lJf <0 B ypaBHeHlI1I B03HHKaeT eIIJ;e op;Ha ocooaH 

TOlIKa (])- 1" (])02+ lJf 2""'(])BL. HlIme 3TlI p;Ba CJlYlIaH paCCMOTpeHbl paa,D;eJlbHO. 

2. AcnMMeTplIlIHaJl p;ntPpaKIJ;lIJ1 JIaya rrpn HaKJIOHe 
OTpamaIOII.1;nx rrJIOCKOCTeii B CTOpOHy aepKaJIbHO 

OTpameHHoro rrylIKa ('Y> 0) 

ECJlII lJf>O (nycTb TaKme lJf>(])o), TO B CIIJlY COOTHomeHHH (13) HeB03
MomHO HanpaBHTb nap;aIOII.1;IIH nYlIOK Ha KplICTaJlJl TaKHM oopa30M, lITOObl op;
HOBpeMeHHO BbIIIOJlHHJlIICb TOlIHoe YCJlOBlIe ,D;lItPpaKIJ;HII (~=O) II YCJlOBlIe 
nOJlHOrO BHemHero OTpameHIIH P;JlH p;lItPparllpoBaHHoH BOJlHbl ( (]) '< (]) 0) . 
II03ToMY nplI paaoplIeHTaIJ;1I1I B CTOpOHy aepKaJlbHO OTpameHHoro nylIKa 
(lJf>O) npOIlCXOP;HT nepexop; K aCIIMMeTplllIHoH P;HtPp3.KIJ;1I11 B reOMeTplIH 
JIaY3, conpoBOmp;aIOIIJ;HHCH OblCTPblM CHHmeHlIeM IIHTeHCIIBHOCTII oTpameHHoll 
,D;lItPparlIpoBaHHoH BOJlH:bl, no cpaBHeHIIIO co CJlYlIaeM clIMMeTplllIHoH p;lItPpaK
IJ;HII B reoMeTpHII JIays (lJf=O), II nplIlJf~(])u P;JlH JlIOObIX yrJloB nap;eHIIH 
oyp;eT BbIIIOJlHHTbCH YCJlOBlIe Ph' «]), (])/)1~1 (pIIC. 2). 

3. ACHMMeTpHlIHaJl p;HtPpaKIJ;HJI Bparra rrpH HaKJIOHe 
OTpamaIOII.1;HX rrJIOCKOCTeii B CTOpOHy rrap;aIOII.1;erO 

, H aepKaJIbHO OTpameHBoro p;Hq,parnpoBaHHoro rrY1JKa ('Ii' < 0) 

IIpn lJf <0 KapTHHa ,D;lItPpaKD;lJlI 3HaTJlITeJlbHO YCJlomHHeTCJI. !taK HeTpyp;
HO nOHHTb lIa plIC. 1, nplI yrJlax nap;eHIIH <1><(])BL HOpMaJlbHaH KOMnOHeHTa 
BeKTopa kh HBJlHeTCH OTplIIJ;aTeJlbHoH: 

, Re khz=Re koz+Khz<O (Khz=Kh{[!<O). 
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------------,-..,..,,-.-~ 

IIoaToMy ,n;IHpparl'IpOBaHHbIll: rry'IOK lI1>IXO,ll;l'IT 'Iepe3 BXO)J;HyIO ,II(mepXHOCn,
 

Rpl'ICTaJIJIa, 'ITO COOTBeTcTByeT ,ll;mppaRIJ;l'Il'I B reOMeTpl'Il'I Bparra.: BaTOM ,ll;'l'IRt
 
srra30He yrJIOB na,ll;eHl'IH cD BOJIHa %h - aTO OObI'IHaH (He 3epRaJIbHO OTpameH-

HaH) ,n;mpparl'IpOBaHHaH BOJIHa B BaRyyMe. . 

B 3aBl'ICl'IMOCTl'I OT 3Ha'IeHl'IH yrJIa rra,n;eHl'IH cD MomHO BbI,n;eJIl'ITb Tpl'I xa

paRTepHble OOJIaCTl'I. 

1, IIpl'I yrJIax rra,n;eHl'IH O<cD<cDo rra,n;aIOIIJ;aH BOJIHa l'ICrrbITbIBaeT nOJIHO() 

BHeIIIHee OTpameHl'Ie, COOTBeTCTBeHHO 'IaCTb l'IHTeHCl'IBHOCTl'I rrepeXO,ll;l'IT R 3ep~ 

pS
h 

0.5 

15 25 35 
CP: yrJl. MllH 

pS
h 

0.5 

Ii 

25 , 35 
tP, ym MllH 

PlIC. 3. ll:lIlppaKTOrpaMM:&I B reOMeTplIlI Bpsrra rrplI paaoplIeH
TaD;lIlI B CTOpOHy rrap;arom;ero II aepKaJIbHO oTpameHHoro P;lIlP

parlIpOBaHHoro rryqKoB; cp=-30' (tjJ=-24') 
~ - <!JOpMHpoBaHHe CTOJlHlla ,ll;apBHHa npll yBeJlll'leHHlI yrJIa naAeHlIH: 
1 - <1>=10, 2 - 13, a - 17, 4 - 20'; 6 - nepexoll 113 reOMeTpllll Bpar
ra B reOMeTpRiO JIaya npH AaJlbHei!meM YBeJlll'leHlIH yrJIa naAeHHH 
(rpaHHn;a nepexoAa <1>BL=27,5'): 5 - <1>=22, 6 - 25, 7 - 30, 8 - 35' 

KaJIbHO OTpameHHOll: BOJIHe, l'I l'IHTeHCl'IBHOCTb B OparrOBCROM MaRCl'IMyMe OT

BOCl'ITeJIbHO HeBeJIl'IRa (pl'IC. 3, Rpl'IBaH 1). 
2. IIpl'I yrJIax rra,n;eHl'IH cDo<cD<cDBL"",YcDo2+ ,¥2 l'IHTeHCl'IBHOCTb B oparrOB

CROM MaRCl'IMYMe MomeT ,n;OCTl'IraTb e,n;l'IHl'IIJ;bI, l'I eCJIl'I I'¥ I~cDo, TO B aTOM 

,n;l'Iarra30He yrJIOB rra,n;eHl'IH 3aBl'ICl'IMOCTb Ph' (cD') l'IMeeT <POPMY, rroxomyIO Ha 

{<CTOJIl'IRl'I» ,D;apBl'IHa rrpl'I yrJIOBOll: IIIl'Ipl'IHe B HeCROJIbRO Ml'IHyT (pRC. 3, Rpl'I 

Bbie 3-5). 
3. IIpl'I yrJIe rra,n;eHl'IH cD~cDBL rrpOl'ICxo,n;l'IT nepexo,n; R ,n;l'I<ppaRIJ;l'Il'I B reo

MeTpl'Il'I JIaya, l'I rrpl'I cD>cDBL l'I3 Rpl'ICTaJIJIa BHOBb BbIXO,ll;l'IT He caMa ,n;l'I<pparl'I 

pOBaHHaH BOJIHa, a ee 3epRaJIbHaH ROMrrOHeHTa, l'IHTeHCl'IBHOCTb ROTOpOll: Obl

CTpO YMeHbIIIaeTCH C YBeJIl'I'IeHl'IeM yrJIa na,n;eHl'IH (pl'Ic. 3, Rpl'IBble 7-8). 
• TaRl'IM 00pa30M, HaOJIIO,n;aeTcH HerrpepbIBHbIll: rrepexo,n; OT ,n;l'I<ppaRIJ;l'Il'I B 

reOMeTpl'Il'I Bparra R ,n;l'I<ppaRIJ;l'Il'I B reOMeTpl'Il'I JIaya ,n;JIH O,ll;HOll: l'I TOll: me 

rrJIOCROCTl'I OTpameHl'IH B pe3YJIbTaTe l'I3MeHeHl'IH yrJIa rra,ll;eHl'IH peHTreHOBCRO

1'0 l'I3JIy'IeHl'IH Ha Rpl'ICTaJIJI. 

4. qYBcTBl'ITeJIbHOCTb K MaJIbIM paaOpl'IeHTan;l'IJlM 

IIOJIy-qeHHble pe3YJIbTaTbI CBl'I,n;eTeJIbCTByIOT 00 yHl'IRaJIbHOll: 'IyBcTBl'ITeJIb

. HOCTl'I ,ll;l'I<ppaRIJ;l'Il'I' B yCJIOBl'IHX rrOJIHOrO BHeIIIHero OTpameHl'IH R MaJIbIM OT

KJIOHeHl'IHM OT TO'IHOll: 0pl'IeHTaIJ;l'Il'I OTpamaIOIIJ;l'IX rrJIOCROCTell:. M3 aHaJIl'I3a, 
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npOBep;eHHoro B pa3p;eJIaX 2-3, CJIe.t\yeT, 'ITO HaH60JIbIDHe pa3JIH'IHH p;OJImHbI 

npOHBJIHTbCH B HHTepBaJIe yrJIOB nap;eHHH 

(llo< <1> < <1>BL= 1/ <1>02+ ':1)'2, 

T. e. npH <1>~<1>0 (eCJIH I':If 1«<1>0)'·	 . 

Ha plIC. 4 npep;CTaBJIeHbI KplIBbIe Phs «<1>') P;JIH yrJIa <1>=14', paCC'IIITaH

Hble P;JIH (220) -oTpameHIIH Cu K,.-1I3JIyqeHIIH OT MOHOKplICTaJIJIOB KpeMHHH 

(lIl o=13,34') H pa30plIeHTaU;lIiicp=±5' (':If=±4'). PIICYHOK 4 nOKa3bIBaeT, 

'ITO pa30plIeHTaU;IIH Bcero B 5' o6yCJIOBJIlIBaeT 1I3MeHeHHe IIHTeHCIIBHOCTII Ha 

25%. 

PHC. 4. BJIHHHHe MaJIOR paaopHeHTaIJ;HJI Ha HHTeHCHBHOCTb KpH
BbIX PhS (lIJ') ((ll=14') 
·1-cp=5, 2-0, 3-5' 

COrJIaCHO 8TlIM p;aHHbIM B 8KcneplIMeHTax no p;mppaKU;IIH B YCJIOBIIHX nOJI

Horo BHeIDHero OTpameHHH Heo6xop;IIMO npep;'bHBJIHTb nOBbIIDeHHble Tpe6oBa

HHH K TO'IHOCTH oplIeHTaU;HII nOBepxHOCTII IICCJIepyeMbIx KplICTaJIJIOB OTHOCH

TeJIbHO OTpamaIOIu;IIX nJIOCKOCTeii, a TaKme K npeU;1I3IIOHHOCTII o6pa6oTKH no

BepXHOCTH. B 'IaCTHOCTII, onpep;eJIeHHI>Ie pacxomp;eHIIH Memp;y TeOpeTH'IeCKlI

MIl paClJeTaMII H 8KcneplIMeHTaJIbHbIMlI 1I3MepeHHHMII, Ha6JIIOp;aBIDHeCH B [3], 

nO-BIIp;HMOMy, 06yCJIOBJIeHbI CJIa61>IMH OTKJIOHeHHHMII nOBepXHOCTII o6paau;a 

OT nJIOCKOCTII (111), BoaHIIKaIOIu;IIMII B pe3YJIbTaTe pe3KlI II o6pa6oTKH nOBepx

HOCTII. 

ABTOPI>I BblpamaIOT 6JIarOp;apHocTI> P. M. IIMaMoBy aa nOJIe3Hble o6cym

;n;eHHH II J2J;HTepeC K pa6oTe. 
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