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A,//,excauapoe II. A., A(/jauacbee A. M., CTenauoe C. A. 

B_ UOCJIe;rJ;HHe I'O;rJ;M B pHJJ;e paooT [1-6] ObICTpO pa3BHBaeTCH HOBMH lIe

TO;rJ; H3YlJeHHH OlJeHb TOHKHX IIOBepXiHOCTHbIX CJIOeB MOROKpHCTaJIJIOB C 110

MOID;bIO ;n;HtPpaKD;HH peHTI'eHOfllCKHX JIYlJeR. 

PeRTI'eHo;rJ;HtPpaKD;HoHHaH c:xeMa 3Toro MeTO.'J;a, BllepBMe rrpe,!VIOmeHHaH B 

paooTe [1], COlJeTaeT YCJIOllHH cHMMeTpHlJHOR p;HtPpaKD;HH BI'eOMeTpHH JIaya 

co c.KOJIb3HID;n;M uap;eHHe,M Bxop;HOI'O IIY1JKa (pHC. 1), lJTO OOyCJIOBJIHBaeT HB

TeHCHBHoe 3epKaJIbiHOe OTpameRHe KaK rraJJ;aIOID;eR, TaK H p;HWpaI'HpOBaHlIo. 

BOJIH H p;aeTB IIpHHD;HrreB03MOmHOCTb HCCJIep;OBaHHH KpHc:raJIJIHlJeCKOii 

CTpyKTypM rroBepxnQCTHMX CJIOeB TOJIID;HHOR OT HeCKOJIbKHX'p;e,cHTRoD 

aHI'CTpeM H BbIme. 

PIIC. 1. OIITlPIeCRaJI cxeMa JJ;1I<ppaKIJ;1I1I peHTreHOBCRlIX JIYtIeiI B yCJIO
BIIJIX IIOJIHOrO BHemHero oTpameHIIII: 1 - oTpamaIO~lIe IIHOCROCTII, 
XO - IIaMIOm;alI BOJIHa, xSo - 3epKaJIbHO oTpameHHaa BOJIHa, XSh - p;H
" <ppanrpOBaHHaJI 3epRaJIbHO,OTpameHHaa BOJIHa ' , , ' 

B pa60Te [2] IIOCTpoeua p;HHaMHlJeCKaH TeopHH p;H<ppaKlJ;HH B' yCJIOBlJID[ 

• IIOJIHOI'O BHeillHeI'O OTpameJIHH ;qJIH CO'BepmeHULlX KpHCTaJIJWB. npH 9TOX 110

Ra3aHO, 'ITO BeJIHlJHHa yI'JIa BbIxo;qa «I>h 3epKaJJbHO OTpameHHOH JJ;HtPpaI'Hpo

BaHHOR BOJIHLl CHJIbHO 3allHCHT OT TorO,HaCKOJIbKO T'OlJHO BLlUOJIHeHO' YCJIo.:J 

BHe BpsI'I'a. MaJILlM YI'JIOBLlM OTKJIOHeHHHM OT 6paI'I'OBc.KOI'O yCJlOBHH, CO?T

BeTCTByIOT Ha 2~3 rropH;qKa 66JIbmHe H3MeHeHHH yI'JIa BMxo;qa. HanpHMep, 

ytJIOBOe OTKJIOHeHHe rrap;aIOID;ero UYlJKa OT TOlJHOI'O yCJIOBHH Bparra na Be

JIHlJHHY ~O,1" BbI3LlBaeT H3MeHeHHe yrJIa «I>hHa BeJIHlJHHY ~3())n. 
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}TKaaaHHoe 06CTOHTe~bCTBO rr03BO~H~0 pa3pa60TaTb [3, 4] OTHOCHTe~bHO 
npOCTYIO cxeMY ~mcrrepHMeHTa~hHbIXH3MepeHHii:, B KOTOpOii: rrap;aIOIIJ;Hii: rry'J0l( 
KmmHMHpyeTCJI TO~bKO B OP;HOii: IIJIOCKOCTH - rro yr~ rrap;eHIIH, a p;mppaK
IJ;HOlHHMe BO~HM C pa3m'PIHbIMH OTK~OHeHHHMH OT yr~a Bparra pa3p;e~HIOTCH 
no 3HalleHHIO yr~a BbIxop;a H3 06pa3IJ;a. 

Ha~HllHe OTHOCHTe~bHO rrpocToii: al(CnepHMeHTa~bHoii: cxe,MM H3MepeHHii: 
CTHMY~HpyeT 6bIcTpoe pa3BHTHe TeopHH B Herrocpep;cTBeHHoii: CBH3H C aRcrre
pHMeHTOM, llTO II03BO~He'.r rrpeilrro~omHTb rnHpOKoe rrpHMeHeHHe aToro MeTO
~a B rrpaKTHlleCRHX Hcc~ep;OBaHHHX. 

B pa60Te [5] TeopeTHllecKH HCCJIep;OBaHa CTpYRTypa BO~HOBbIX rro~eii: B 
KpHCTa~~e IIpH p;mppaKTI,HH B ye.rrOBHHX IIO~Horo BHernHero OTpameHHH, orr
pe..n;e~eHbI yr~oBMe 06~acTH, B KOTOpbIX p;mppaKIJ;HO'HHMe KpHBMe. HaH60~ee 
qyBCTBHTe~bHM K H3MeHeHHHM B TOHKHX C~OHX. B pa60Te [6] perneHa aap;a
'Ia p;mppaKIJ;HH B ye.rrOBHHX IIO~Horo BHerrIHero oTpameHHH Ha KpHcTa~~e c 
nOBepXHocTHoii: aMoP<P,Hoii: II~eHl\Oii:, rrOKa3aHa aHoMa~bHo BbICOKaH P;~H peHT
reHOBCKHX MeTop;OB 1JYBCTBHTe~bHOCTb ~H<ppan:IJ;HO'HHbIX KpHBMX R OlleHb 
TOHKHM IIoBepxHocTHMM aMop<PHbIM llJIeHKaM TOJIIIJ;HHOii ~10A. 

B HacToH:m;eii: pa60Te pemeHa 3ap;alla .n;H<ppaKIJ;HH B YC~OBHHX IIO~Horo 
BHemHero <npameHHH Ha II~ocKoIIapa~~e~bHoii:KpHcTa~~HllecKoii: II~eHKe, ~e

maIIJ;eii: Ha TO~CTOii:' aMO'P<PHoii IIOp;~omKe. IIo~Y'leHHMe pe3Y~bTaTM pacmH
pHIOT TeopiIIO MeTop;a Ha CHCTeMM Tal'OrO pop;a H rr03BO~HIOT B IIpHHIJ;lITIe 
Rcc~ep;OBaTb C ero IIO'MOIIJ;bIO, HaIIpHMep, Halla,lIbHbIe CTap;HH pOCTa KpHCTa~-" 

HOB Ha aMop<pHMX IIOp;~OJKKax. }TKa3aHHoe pemeHHe B COBOKyIIHOCTH C pe
meHHeM 3ap;allH 0 p;H<ppaKIJ;HH Ha aMop<pHoii: IIop;~omKe [6] o'rrHCbIBaeT .n;H
<ppaK:o;HIO Ha 6HKpHcTa~~e C 60~bmoii: pa3HHIJ;eil: IIapaMeTpoB pemeTKH. 

Oom;ee BblpameHlIe .n;JIH HHTeHCHBHOCTH oTpameHBii ~H<pparHpoBaHHoii 
B01lHM. PaccMoTpHM KpHCTa~~HlleCKYIO II~eHKY TO~IIJ;HHOii t, ~emaIIJ;yIO Ha 
aMop<pHoii IIop;~omKe. IIycTb Ha llJIeHKy IIap;aIOT peHTre:s;oBcKHe ~YllH B reo
MeTpHH, H306pameHHoii Ha pHC. 1. PeHTreHOBCKoe IIo~e IIepep; BXOP;Hoii rro
BepXHOCTbIO COCTOHT H3 Tpex BO~H: 

E(r) =Eoexp (ixop+ixo<Doz) +Eos exp (ixop-ixo<Doz) +Ehs exp (iXhP-ixo<Dhz).
f 

(1) . 

3.n;eCb p - Roopp;HHaTa BP;O~ IIOBepXHOCTH KpRcTa~~a; OCTa~bHMe 0603Hall·e
HUH 3.n;eCb' fl B p;a~bHeiimeM B3HTbI H3 pa60TbI [2]. 

}Tro~ BMxop;a 3epKaJIbHOOTpameHHoii.n;R<pparRpoBaHHoii BO~HM 3aBHCHT 
OT Toro, HaCKO~bKO TOllHO BbIIIO~HeHO yCJIOBHe Bparra. A HMeHHO, HMeeT 
HeCTO COOTHomeHHe [2] 

rAe a - CTaH)l)apTHMii IIapaMeTp oTMoHeHHH OT yr~a Bparra. 
B,HYTpR ~pHcTa~~HllecKoii llJIeHKH IIOJIe COCTOHT H3 COBOKynHOCTH lleTbI

pex IIap;'aIOIIJ;HX H lleTblpeX p;mpparHpoBaHHbIX BG~H: 
4 . 

D(r)= 1: D o(5) exp(ixop+ixou(i)z) +D~j) exp(ixhP+ixOU(i)z)., (3) 
]=1" . . 

BeJIUtl:lIHbI uU), a TaKme COOTHomeHlIH Memp;y aMllJIHTyp;aMH n:i
) H D~j) 

HaxOP;HTCH H3 'pemeHHH <pYHp;aMeHTa~bHoii CHCTeMbI p;HHaMHlleCKHX ypaBHe
iiBii; KOTopaH IIpHBep;eHa p;JIH (J-IIO~HpH30BaHHbIX BOJIH B pa6OTe. [ 2]. 

MLI T3'l,meOrpaHHllHMcH paccMoTpeHHeM (J-IIOJIHpH3aIJ;HH HBOCIIo~b3yeM;

CH, C60THOillE)HHHMH, IIO~YlleHHbIMH B .pa60Te [2]. Torp;a p;JIH aMllJIHTyp;Do (i) 11 

(i) . .[)h" HMeeM e.rre.n;yIOIIJ;YIO CBJl3b: 

D (i) = VU)D (5)h . 0 , j=1, 2,3.4, " (4) 
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a BeJIlPIlIHhI U (j) onpep;eJUUOTCH cPOPMYJIaMH 

uU) =± «((>02+)(0+V(I, 2)')(h) 'I" (5) 

V(I,2) = [_ ; ± (:2 + ')(h')(Ji ) fZ / ')(h. (6) 

B OTJIH'Il1e OT pa60ThI [2], rp;e IIPllHHThI BO HHHMaHHe TOJIhKO Te pemeHllll 
U(I) II U(2) p;lICnepCIIoHHoro ypaBIIeHlIH, KOTophle COOTBeTcTByIOT saTyxaHlIIo 

BOJIH B my6h KpllCTaJIJIa (Im U(I, 2»0 - np1l6JIllJKeHlIe 6eCKOHetIHO TOJICTOrl!) 

KpHCTHJIJIa) 3p;ecb CJIep;yeT YlIecTh Bce pemeHHH, T. e. npIiHHTb BO BHlIMaHlIe 
TaIDKe KOpHlI U(3)=-U(1) II U(')=-U(2). 

TIoJIe BHyTpH aMopcPHOH nOp;JIOmKH, KOTOpyIO MhI ClIlITaeM 6eCiROHelIH8 

TOJICTOH, COCTOllT liS p;Byx npeJIOMJIeHHhIX BOJIH COOTBeTCTBeHHO B HanpaBJIe

HlIH nap;aIOII.J.ero H ;n:lIcPparHpOBaHHoro nylIKoB: 

EaM(r) =80 exp(ixoP+ixoyrz) +8h exp (iXhP+htoYhaMZ) , (7ry 
rp;e 

aM (ffi 2 + aM) 11YO,h = 'J!O,h ')(0 " (8) 

')(oaM - cPYPbe-KOMnOHeHTa nOJIHp1l3yeMocTlI IIOp;JIOmKlI. 
S s,D;JIH onpe;n:eJIeHlIH HHTepecyIOII.J.HX HaC aMnJIHTyp; E o II E h CJIe;n:yeT Ill} 

nOJIbSOBaTb yCJIOBIIH HenpepbIBHOCTlI nOJIeR H HX np01l3Bo;n:HbIX Ha rpaHll~e 

BaKyyM - KpllCTaJIJIHlIeCKaH nJIeHKa H Ha rpaHlI~enJIeHKa- nOp;JIOmKa. B pe-" 

3YJIbTaTe lIMeeM lIeThIpe ypaBHeHHH Ha rpaHlIIJ;e BaKyyM - KpUCTaJIJI: 
, , 

Eo+Eos = .EDoU ), E h
s = .ED~j), 

;=1 ;=1 
, , 

S(J)o(Eo-Eo ) = .E uWDo
u>, -((>~hs = .E u(j)D;j) . 

i=1 - i=l 

II lIeThIpe ypaBHeHHH Ha rpaHIIIJ;e KpHCTaJIJI - aMoPcPHaH no;n:JIOmKa: 
, ,

I.E exp (id(;»Do(,~=BO,h; ..E uw exp(id(j)D~~l=yo~: Bo,h. (10' 
,1=1 i=1 

3;n:ecb d)i)=xotu(i). BMecTe C lIeThIpbMH ypaBHeHlIHMH (4) B cOBoKynHocTlI
 

HMeeM 12' ypaBHeHHR ;n:JIH ;n:BeHa;n:IJ;aTlI He1l3BeCTHblX aMTIJIlITYP; EoB, Eh8,
 

D (I) D (2) D (S) D (i) D (I) D (2) D(S} D (i) 
o , 0, 0, 0 , h, h, h '. h , Bo, Bh. 

TaK KaK CHCTeMa JIHHeHHaH, TO ee pemeHHe, XOTH' H HBJIHeTCH rpOM03A

KHM, He COCTaBJIHeT oc060ro Tpyp;a. PaccMoTpHM TOJIbKO aMnJIHTY.I\Y ;n:Htl>P~ 
rHpoBaHHoH BOJIHhI Ehs. OrrycKaH npoMemyTOlIHble BhIKJIa;n:KH, npHBe;n:eM cpa

3Y OKOHlIaTeJIbHOe BblpameHlIe: 

E = _ 2((>oEo[ (bh~I)-b;,,2»Noo+(V(2)bo~I)- V(I)bo~»NhO]. 
hs (11) 

. «((>O-(J)h) (NooNhh-NhONoh) 

3;n:eCb 

b,,~) . (y"aM+((>z)ch(idW)-( uw+ Yk~:;~l) sh(id(i», (12' 

N,,!= (V(i»"+l-Ib~:) - (V(2»lt+l-ib~12); k, l~O, h; j=1,2. :(13) 

OCTaJIbHhIe napaMeTpLI onpe;n:eJIeHLI BMme. 

HeTpy;n:Ho BHp;eTh, lITO npH lDo-.lDh lIHCJIHTeJIb BhIpameH~H (11)' JIHBeHBO 

06paII.J.aeTCH B uyJIb, H IIO::lTOMY BLIpameBlIe (11) He HMeeT oc06eBHOCTH' B 

TOlIKe lDo=lDh' IIpH MaJIOH T()JIII.J.HHeKpHCTaJIJIHlIeCKOB mieHKH' t, T. e. 

11 



/ 

Id(i)I~1, 

BLlpameHHe (11) IIepexo,n;HT B CJIe,n;YIOm;ee· paBeHCTBO ,n;JIH aMIIJIHTy,n;bI OTpa· 

)KeHHOH ,n;H<pparHpoBaHHoH BOJIHbI: 
. s 2Xii<lJ ox oE o


Eh = t,
 
(<lJo+YoaM 

) (<lJh+Yha,,)
 

ROTopoe 06pam;aeTcH .B HyJII> JIHHeHHO IIO t. 
npH 60JII>IlIOH TOJIm;HHe KpHCTaJIJIHlleCKOH IIJIeHKH 

t:'P "A. j=1,2,
2n 1m u(i) 

BeJIHllHHbI b~l IIpH06peTaIOT BH,n; 

b;;) . liz exp(id(i» (l1l h+u(i» (YlaM+u(i)/u(i) 

II BblpameHHe (11) IIepexo,n;HT B <pOpMyJIY ,n;JIH aMIIJIHTy,n;bI oTpameHHoH ,n;Hlp

parHpOBaHHoH BOJIHbI, IIOJIYlleHHyIO B pa60Te [2] ,n;JIH CJIyllaH ,n;H<ppaKD;HH Ha 

oecKoHellHo TOJICTOM KpHCTaJIJIe: 
.	 2<lJ oEo(u(Z)-u(t» 

Eh
S == - V(Z) (<lJO+U(I» (<lJh+U(2» _ V(I) (<lJo+u(Z» (<lJh+U(I» 

HHTeiIcHBHoCTI> oTpameHHoH ,n;H<pparHpoBaHHoH BOJIHbI Haxo,n;HTCH IIO 0'0

~eMY npaBltJIy [2, 6] 

(14) 

llOJIYlleHHble <pOpMyJII>I IIOJIHOCTI>IO pemaIOT IIOCTaBJIeHHyIO 3a,n;allY. 

3cP«peKT KpHCTaJIJIII'IeCKOH IUIeHKH.' 06Cy,n;HM pe3YJII>TaTbI TeopHH npHMe

HHTeJII>HO K cxeMe H3MepeHHH [4], B KOTOpOH HHTeHCHBHOCTI> oTpameHHoH 

Al'IcPparHpoBaHHoH BOJIHI>I perHcTpHpyeTcH KaK q,YHKD;HH yrJIa Bblxo,n;a <lJh IIpH 

pa3JIHllHbIX <pHKcHpoBaHHblx 3HalleHHHX yrJIa IIa,n;eHHH. 

B IIpe,n;bI,!J;Ym;ux pa60Tax [2-6] TeopeTHlleCKH IIpOaHaJIH3HpOBaHbI ,n;H<p

paKIJ;HoHHble KpHBble COOTBeTCTBeHHO OT 6ecKoHellHo TOJICTOrO KpHCTaJIJIa C 

nOBepxHocTHOH aMop<pHoH nJIeHKoH. IIpHBe,n;eM OCHOBHble pe3YJII>TaTbI 3THX 

pa6oT. ,
 
. ITPH ,n;HlfJpaKD;HH Hn 6ecKoIiellHo TOJICTOM COBepmeHHOM KpHCTaJIJIe BHyTpH
 

. 'KpBCTaJIJIa B036ym,n;aIOTcH ,n;Ba BOJIHOBblX IIOJIH C pa3JIHllHOH rJIy'6HHOH IIpO

Hl'IKHOBeHHH. 8THM nOJIHM COOTBeTcTByIOT pa3JIHllHI>Ie KpHTHlleCKHe yrJIbI IIOJI

Boro BHemHero OTpameHHH. IIepBoMy IIOJIIO, HMeIOIIJ;eMY 60JII>myIO rJIy6HIIy 

'iIpOHHKHOBeIiH.lI II MaJIyIO aMIIJIHTY,n;y B3aHMo,n;eHCTBHH 'C BeIIJ;eCT~OM KpHC-, 

'TaJ1J1a, CO()TBeTcTByeT MaJIl>m KpHTHlleCKHH yrOJI IIOJIHOrO BHemHero OTpame

mm: <lJ 1= (IXO-Xhl) Y" a BTOpOMy IIOJIIO, Hao6opOT,- 60nl>mOH KpHTHlleCKHH 

yroJi <lJz=(iXo+xhl)'/'. 
HHTeHCHBHOCTI> 3epKaJIbHO OTpameHHOH ,n;H<pparHpOBaHHOH BOJIHbI OT CO

BepmeHHoro KpHCTaJIJIa HMeeT CYIIJ;eCTBeHHyIO BeJIHllHHY npH 3HalleHHHX yrJIa 

na,n;eHHH <lJ o H yrJIa Bblxo,n;a <lJh,'He npeBblmaIOIIJ;HX BeJIHllHHY <lJ z• IIpH 60JII>

nIlIX :lHalleHHHX XOTH 6bI o,n;Horo H3 yrJIOB <lJ o HJIH <lJh ~HTeHcHBHOCTI> 3ep

KanHO oTpaiI<eHHoH ,n;H<pparnpOBaHHOH BOJIHbI CTaHOBHTCH MaJIOH H 6:r:.ICTpO 

nQ]l;aeT C pOCTOM yrJIa. IIHTeHcHBHoCTI> o'fpameHHOH ,n;H<pparHponaHHOH BOJI

HLI p;OCTHraeT CBoero a6COJIIOTHOrO MaKCHMYMa IIpH yrJIe rra,n;eHHH, paBHOM 

~pHTlI'IeCKOMY yrJIy <lJ I. BeJIHllHHa 3Toro. MaKcHMyMa (ero ymoBoe rrOJIome

HHe <lJ O=l1lh=<lJ I ) 6JIH3Ka K e,n;HHHD;e; HarrpHMep, ,n;JIH KpeMHHH OTpameHHH 
(220)	 GIlK~-H3JIYlleHHH OHa COCTaBJIHeT 0,67. ,I '. 

, B,,n;HcPpaKD;HOHHI>IX crreKTpax KpHCTaJIJIOB C aMop<pHoH rrJIeHKOH HaJIHllHe 

,IIJIeHKH	 rrpH~o,n;HT K ,n;orrOJIHHTeJII>HoMy 3epKaJII>HoMy oTpameHHIO B'HeH KaK 

,mi.,n;aIOm;eHl TaK H ,n;H<pparHpoBaHHoH BOJIH, o6pa3yIOm;HxcH BKpHCTaJIJIe. '8TO 

OTpameHHe B:r:.I3I>IBaeT YMeHl>meHHe HHTeHCHBHOCTH oTpameHHoH ,n;H<pparHpo, 

12' 



llaHHOH BOJIHLI no Mepe YBemrqeHHH TOJIm;HHLI nJIeHIUI.• ' HaH60JIee CHJIl,HOe 

aepKam,Hoe OTpameHHe nap;aIOm;~ BOJlRbI B TIJleHKe npOHCXOP;HT npH 3Haqe

HHHX yrJIa nap;eHHH, MeHhmHX BeJIH'lHHhI KpHTH'leCIwro yrJIa nOJIHOrO BHem

Hero OTpameHHH Bem;eCTBa nJIeHKlI tI>e= (IXoUlI I) "', nOaTOMY P;JIH UCCJIep;OBaHUH 

'rOHKlIX nJIeHOK JIy'lme BLI6HpaTh MaJILIe yrJILI nap;eHHH tI>o<tI>e, a P;JIH H<;l

CJIep;OBaHHH TOJICTLIX nJIeHOK - Ha060pOT. Hau60JIeeCUJIhHOe 3epKaJIhHOe 01'

pameHlIe p;BlpparupOBaHHOH BOJIHM B nJIeHKe npOHcxOP;HT TIpH 3Ha'leHHHX 

yma BLIxop;a tI>h<I:De• 81'01' a«p«peKT. H3MeHHeT «poPMY p;H«pparo::J;l'IOHH:bIX KpU

BMX, a HMeHHO, BM3LIBaeT OTHOCHTeJIhHOe nOp;aBJIeHHe HHTeHCHBHOCTH co 

CTOpOHLI MaJIhIX yrJIOB BLIxop;a«IJll<tI>e U cooTBeTcTBeHHo' o6YCJIOBJIUBaeT 

CMem;eHHe MaKCHMYMa HHTeHCHBHOCTH B CTOpOny 60JIhnmX yrJIOB. B pe3yJIh

'raTe HaJIlI'lHe nJIeHKH MomHO perHCTpnpOBaTh TaKme no H3MeHeHHIO «pOPMM 

KpHBMX. 

PIIC. 2. M3MeHeHlIe WOPMbI AlIwpaKIJ;IIOHHIUX KplIBbrx C pOCTOM TOJIII:\HHIU KpHCTa,"IJIlI'qeClwi! 
UJIeHKII. PaC'leTM Br.IUOJIHeHr.I ;IJ;JUI KyeMHlIH (220) -oTpameHIIH CuK~-1I3JIY'IeHIIH, yrJIa 
Ua;IJ;eHIIHlIJo=4'. TOJID.J;IIHa MeHOK (A): 1- 10, 2 - fOO, 3 - 300, 4 - 500, 5 - 2000, 6
JJ;lIwpaHIJ;IIOHHaH HplIBaH JJ;JIH 6ecKoHelIHo TOJICTOrO KpIICTaJIJIa. Bce ;IJ;lIwpaKIJ;IIOHHIUe HpH
BIUe npHBeJJ;eHIU B OTHOCIITeJIbHIUX MacmTa6ax no HHTeHCIIBBOCTlIj cooTBeTcTByroII:\lIe a6
COJIIDTHbIB 3HalIeHHH MaHcllMYMOB llHTBHCllllHOCTII p81l (max): 1 - 0,01, 2 - 0,23, 3 - 0,44, 

. 4 - 0,47, 5 - 0,37,6 - 0,37, 

)J;H«ppaKIJ;HH Ha KpHCTaJIJIH'lecroiIX nJI8HKaX p;aeT HOBLIH THn p;H«ppaKIJ;HoH

HMX cneKTpoB no cpaBHeHHIO C TeMH, KOTophle Ha6JlIop;aJIHCh paHhme [2. 6]. 
BnpoTHBOnOJIOmHOCTh a«p«peKTY aMop«PHoH nJIeHKH B p;aHHOM CJIy'lae HHTeH

CHBHOCTh '3epKaJIhHO oTpameHHoH p;H«pparHpoBaHHoH BOJIHM yBeJIH'lHBaeTCH 

no Mepe T0ro, KaK TOJITIJ;HHa nJIeHKH cpaBHHBaeTCH C rJIy6HHoH «pOpMHpoBaHHH 

p;H«pparHpoBaHHoH BOJIHhI B KpHCTaJIJIe, :II npH p;aJIhHeHmeM yBeJIH'leHHH 'TOJI

TIJ;HHLI nJIeHKHp;H«ppaKIl;JIOHHLIe KpHBLIe npH06peTaIOT BHP; COOTBeTcTByIOTIJ;1IX 

KpHBMX P;JIH 6eCKOHe'lHO TOJICTOro KpHCTaJIJIa. 'YBeJIH'leHHe HHTeHCHBHOCTH 

p;H«ppaKIJ;HOHHLIX KpHBhIX C pOCTOM TOJITIJ;HHLI KpHCTaJIJIH'leCKOH nJIeHKH 'npo

HCXOP;HT HepaBHOMepHO P;JIH pa3JIH'lHMX ymoB BMxop;a. IIpH MaJIMX yrJIax 

BMxop;a my6HHa «pOpMHpOBaHHH )J;H«pparHpOBaHHOH BOJIHM B KpHCTaJIJIe 'Bcer)J;a 

MeHhme [5], nOaTOMY P;JIH «pOPMLI )J;H«ppaKIJ;HoHHhIX KpHBhIX 01' TOHKlIX IIJIe

HOK xapaKTepeH «3aBaJI» HHTeHCHBHOCT:II B 06JIaCTH 60JIhmHX ymoB BMxo,n;a 

H OTHOCHTeJIhHO 60JIhmOH BKJIa)J; B o6JiacTH MaJIMX yrJIOB no cpaBHeHHIO C 

wopMoii COOTBeTcTByIOTIJ;HX KpHBMX .0'1' TOJICTOrO KpHCTaJIJIa. B pe3YJIhTaTe 

HMeeTCH 'B03MomHo'cTh onpe,n;eJIHTh TOJITIJ;HHy TOHKHX KpHCTaJIJIH'leCKHX nJIeHOR 

no «popMe ,n;H«ppaim;lIoHHMX KpHBMX. HanplIMep, Ha pHC. 2nOKa3aHO H3MeHe

HHe WOPMM )J;H«ppaKIJ;HOHHMX KpHBMX' cyBeJIH'leHHeM TOJIIIJ;1'fHM KpIICTaJIJIII/ 

'leCKoH KpeMHHeBoii nJIeHKH 0'1' 10 )J;O 2000 A. PaC'leTM BLInOJIHeHLI )J;JIH 

eu K~:-lI3JIY'leHHH, (220) -OTpameHHH, yrJIa nap;eHIIH «IJ o=4'; no,n;JIOmRa

• aMop«pHI>I:ii KpeMHHH. Xopom03aMeTHo, 'lTO Ha KpHBOH, COOTBeTCTBYIOID;eH 

IIJIeHKe 10 A, lIMeeTCH OTHOCHTeJIhHMH nO)J;'heM HHTeHCHBHOCTH co CTOpOHhI 

MaJIMxyrJIOB B:bIXOp;a, tI>h~12', KOTOpMH IIOCTeneHHO nOHHmaeTCH nplI YBeJIH

'leHHH TOJIDJ;HHLI IIJIeHKlI p;o 100 A. 8'1'0 n03BOJIHeT pa3JIII'laTh nJIeHKH TOJITIJ;H:" 

HOH 10-100 A. IIpH p;aJIhHeHmeM yBeJIH'leHHH TOJITIJ;HHhI nJIeHKH Ha KpHBMX 

,IIOHBJIHIOTCH OCIJ;IIJIJIHIJ;HH, no paccToHHlIIO"Mem)J;yKoTopMMII 'MomHO 'onpe,n;e
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JIlITb TOJI~lIny I1JIeHKlI. :U;lI(ppbI, I1plIBe)J;eHHbIe B I10)J;IIlIClI K plICyHKy 11 yKa3bI

BaKl~lIe aOCOJIKlTHOe 3HalIeHlIe MaKClIMYMa KO<HP«f>lIU;lIeHTa OTpameHlIH PhS 

)J;JIH COOTBeTCTBYKl~eH KPIlBOH, YKa3bIBaKlT Ha TO, lITO IIHTeHCIIBHOCTb KplI

B:bIX TaKme MeHHeTCH, OCOOeHHO B )J;lIaIla30He 10-100 A. COIlOCTaBJIeHlIe KplI

BOH P;JIH lIJIeHKlI 2000 A C KplIBOH )J;JIH oeCKOHelIHO TOJICTOrO KplICTaJIJIa 

(plIC. 2, 6) I10Ka3bIBaeT COBIIa)J;eHlIe KpllBbIX B OOJIaCTII MaJIbIX yrJIOB B:bIXO)J;a, 

r)J;e rJIyollHa «f>opMlIpoBaHlIH )J;1I«f>paKU;1I0HHOH BOJIHbI HeBeJIIIKa. 

- PaccMoTplIM oOJIee I10P;pOOHO MexaH1I3M «f>0pMlIpoBaHIIH )J;lI«f>paKIJ;1I0HHbIX 

KplIBbIX OT KplICTaJIJIlIlIeCKlIX I1JIeHOK. 
PaSJIlIlJlIe BKJIa)J;oB )J;BYX BOJIHOBbIX I1oJIeii. BBep;eM B paccMoTpeHlIe CJIe

)J;yKl~Hii napaMeTp: 

Iv
li=----- j=1,2. (15)2:rt 1m u<i) , 

BeJIlIlJlIHbI l; onpe)J;eJIHKlT aKCIIOHeHU;lIaJIbnyKl rJIyollny npOHIIKHOBeHIIH B 

KplICTaJIJI COOTBeTCTBeHHO nepBoro II BToporo BOJIHOBbIX nOJIeH. Ha aTlIX rJIY': 

ollHax «f>OpMlIpyKlTCH BKJIap;bI YKa3aHHbIX nOJIeH B 3epKaJIbHO OTpameHHyIO 

)J;lI«f>parllpoBaHnyKl BOJIny. 
RaK nOKa3aHO BbIme, npll TOJI~IIHe nJIeHKlI 

(16) 

BbIpameHlIe )J;JIH lIHTeHCIIBHOCTlI 3epKaJIbHO oTpameHHoH )J;lI«f>parlIpoBaHHoH 

BOJIH:bI OT I1JIeHKlI I1epeXOp;IIT B COOTBeTCTBYKl~ee B:bIpameHlIe P;JIH lIHTeHClIB

HOCTII oTpameHIIH OT TOJICTOrO KplICTaJIJIa. OlIeBlIp;HO, lITO a«f>«f>eKT nJIeHKlI B 
OCHOBHOM npOHBJIHeTCH lJepe3 COOTHomeHlIe ee TOJI~lIHbI C aTIIMII p;ByMH napa

MeTpaMlI. 

B paooTe [5] nOKa3aHO, lJTO BeJIlIlJlIHbI II 11 l2 3HalJlITeJIbHO pa3JIlIlIaKlTClI 

MemD;y COOOH 11 lIX 3aBlIClIMOCTlI OT yrJIOB ((>0 11 ((>h TaKme pa3JIlIlIHbI. IIPII 

MaJILIX SHalJeHlIHX yrJIOB <Do 11 <Dh ooa nOJIH lICn:bIT:bIBaKlT nOJIHOe BHemHee 

OTpameHlIe, II BeJIlIlJlIHbI II II l2 MaJIbI, XOTH pa3JIlIlJaKlTCH Memp;y COOOH. rJIY

OIlHa npOHIIKHOBeHIIH I1epBOrO nOJIH HeCKOJIbKO OOJIbme, a BToporo - HeCKOJIb

KO MeHbme rJIYOIlHbI npOHIIKHOBeHIIH lo peHTreHOBCKOH BOJIHbI B KplICTaJIJI 

B TOM CJIYlIae, Korp;a p;lI«f>paKU;IIH He B030ymp;aeTCH. HaIlpllMep, P;JIH KpeMHIIH 
(220)-OTpameHlIH CU'K",-1I3JIYlIeHIIH aTII 3HalJeHlIH COCTaBJIHKlT ll~100 A, 
lo ~ 60 A 11 l2 ~ 50 A, 11 COOTBeTCTBeHHO p;lI«f>paKU;lIoHHbIe OTpameHlIH OT KplI

CTaJIJIlIlJeGKlIX lIJIeHOK TOJIIIJ;lIHOH t;;:'100 A OJIlI3KlI K OTpameHIIHM OTTOJICTO
ro KplICTaJIJIa. 

PaCCM3.TplIBaH OOJIbllIlIe yrJI:bI «lo 11 ((>h, M:bI P;OXOP;lIM p;o yrJIOBOH rpaHlIIJ;bI 

nOJIHOrO BHemHero OTpameHIIH CHalJaJIa P;JIH nOJIH I, a 3aTeM P;JIH nOJIH II. IIPII 

nepexop;e lJepe3 yrJIOByKl rpaHlIU;y nOJIHOrO BHemHero OTpameHlIH rJIYOIlHa 

rrpOHlIKHOBeHlIH nOJIH pe3Ko B03pacTaeT, aero BKJIap; B 3epKaJIbHO· OTpameH
nyKl p;1I«f>parlIpOBaHHYKl BOJIny':"" nap;aeT. 

YrJIOBbIe rpaHlIU;:bI OOJIaCTlI nOJIHOrO BHemHero OTpameHllH nOJIeii, corJIac
HO B:bIpameHIIKl (6), onpep;eJIHKlTCH 113 YCJIOBlIH 

2 2
«l02+<Dh . [( ((>02_((lh ) 2 ] 'I. 

2 ± 2 +IXh 12 -I XO I=0, (i7) 

rp;e SHaK «+» OTHOCIITCH K nepBOMY nOJIKl, a «-» - KO BTOpOMY. Ha plIC. 3' 
nOKasaHbI JIlIHlIlI rpaHlIU; rrOJIHOrO BHemHero OTpameHIIH )J;JIH nOJIeH I 11 II 
B KoopP;lIHaTax «lo - «lh, paCClJlITaHH:bIe no «f>oPMYJIaM (17) P;JIH KpeMHlIll 
(220) -OTpameHlIlI Cu K",-1I3JIyqemIH. OOJIaCTlI JIeBee 11 HlIme rpaHlIIJ;:bI rrOJIHOrO 

BHemHero OTpameHIIH )J;JIH Kamp;oro 113 nOJIeii cooTBeTcTByKlT Ha SToii p;lIar

'paMMe3epKaJlbHOMY OTpameHlIKl nOJIeH. IIPII a=O «(lO=«lh) ypaBHeHllH (17) 

p;aKlTrpaHlIlJH:bIe 3Ha'leHlIH «l0=«l1=8,4' P;JIlI nOJIH I 11 «l0=<D 2=16,9' - P;JIlI 

nOJlH 11. 8TlI 3Ha'leHlIlI nOJIyqeHbI B paooTe [2]. IIplI CKOJIb yrO)J;HO MaJIbIX 
SHalJeHlIHX op;Horo lIS yrJIOB. (HarrplIMep, <Dh-+O) Bcerp;a MomHO B:bIHTlI 3a 

yrJIOByKl rpaHlIIJ;y nOJlHOrO BHemHero OTpameHlIlI P;JlH nOJIH I, eCJIlI sap;ap;lIM 
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BTOPOH yroJI <1>0><1>",=<1>1<1>2/<1>.=10,6'. COBCeM }J;pyraH C1ITyaIJ;HH CRJIa}J;IJBaeTCH 
}J;JIH lIOJIH II. ECJIH XOTH 6IJ O}J;HH HS yrJIOB <1>0, l1lh 6Y}J;eT MeRl,me lIO BeJIH'IHHe, 

'IeM RpHTH'IeCRHH yrOJI <1>. lIOJIHOrO BHemHerO OTpameHHH 6es }J;H<ppaRIJ;HH, 

HalIpHMep <1>h<<1>c, TO RaRHM 6IJ 60JI:bmHM HH BhI6HpaJIH yroJI lIa}J;eHHH <1>0' 
HeBOSMOmHO 6Y}J;eT BIJHTH sa yrJIOByIO rpaHHIJ;y lIOJIHOrO BHemHero OTpameHHH 

}J;JIH lIOJIH I I. 
lIpHBe}J;eHHbIe paccym}J;eHHH HMeIOTBeC:bMa BamHhIe H HHTepecHhIe CJIe}J;

CTBHH }J;JIH HCCJIe}J;OBaHHH }J;H<ppaRIJ;HH Ha TOHRHX RpHCTaJIJIH'IeCRHX lIJIeHRax. 

ORaShIBaeTCH, 'ITO }J;JIH HCCJIe}J;OBaHHH TOHRHX lIJIeHOR BOBce He 06HSaTeJI:bHO 

BbI6HpaTD MaJIbIe yrJI:bI lIa}J;eHHH (<1>0< 
< <1> 1), lIpH ROTOp:bIX 06a lIOJIH lIpOHlIRa

""'h(11
IOT Ha MaJIYIO rJIY6HHY ---50-100 A. or 

H lIpH }J;OCTaTO'IHO 60JI:bIIIHX yrJIax lIa}J;e

HHH (<1>0> <1>2) HHTeHCHBHOCT:b }J;H<ppaR 30 
IJ;HOHHOro OTpameHHH OT IIJIeHOR TOJIIIl,H

HOH ---50-100 A 6Y}J;eT cpaBHHMa lIO 
BeJIH'IHHe C HHTeHCHBHOCT:bIO OTpameHHH 

OT TOJIGTOro RpHCTaJIJIa. 
PaccMoTpHM yrJIbI na}J;eHHH <1>0=4 H 

26'. B Ta6JIHIJ;e lIpHBe}J;eH:bI SHa'IeHllJ.£ 

sRClIOHeHIJ;HaJI:bHOH rJIy6HHIJ lIpOHHRHO
BeHHH lIOJIeH COOTBeTCTBeHHO }J;JIH 3THX 

~BYX yrJIOB lIa}J;eHHH IIpH paSJIH'IHIJX yr~ 

JIax BIJXO}J;a. BH}J;HO, 'ITO npH MaJIOM yrJIe 

lIa}J;eHHH <1>0=4' H lIpH yrJIax BIJXO}J;a 
<1>h<10' o6a nOJIH npOHHRaIOT Ha rJIy6HHy 

---50-100 A, H' eCTeCTBeHHO, 'ITO B 3TOM 
PIIC. 3. )J;lIarpaMMhI yrJIOB:bIX 06JIaCTeH 

cJIY'Iae nJIeHRH TOJIIIl,HHQH t;;;:'50-100 A nOJIHorO BHenmero OTpameHlI1I )J;JIII 
06eClIe'IaT HHTeHCHBHOCT:b, cpaBHHMYIO C ;JJ;BYX BOJIHOBhIX IIOJIeH Mil RpeMHlI1I 

HHTeHCHBHOCT:bIO OTpameHHH OT TOJICTOrO (220) .oTpameHHII CuKc.-'1I3JIY'!eHlIH. 1 
rpaHlII\a 06JIaCTl1 IIOJIHOrO BHenmeroRpHCTaJIJIa. Bo BTOpOM CJIY'Iae, XOTH 
oTpameHHII )J;JIII BOJIHOBOrO IIOJIII I,

lIOJIe I H' lIpoHHRaeT Ha 60JI:brnyIO rJIy6H- ' 2 - )J;JIII BOJIHOBOrO IIOJIH II. 3Ha'leHIIH 
HY BO BceM }J;HalIaSOHe yrJIOB BIJXo}J;a, O}J; yrJIOB: <1>.=13,4';1111=£,4'; $2=16,9'; 
HaRO ero OTHOCHTeJI:bHIJe BRJIa}J;:bI B CyM <1>",=10,6' 
MapHoe ,lW<ppaRIJ;HoHHoe OTpameHHe MaJIIJ 
lIO ,cpaBHeHH'IO C BRJIa}J;aMH lIOJIH II, lI03

TOMy H IIpH 60JI:bmOM yrJIe IIap;eHHH <1>0= 
=26' HHTeHCHBHOCTH }J;H<ppaRIJ;HOHHoro 

OTpameHHH OT IIJIeHOR TOJIIIJ;H):IOH t;;::'50-100 A 6YAYT HMeTD TOT me lIOpJi,lJ,OR 

BeJIH'IHHbI, 'ITO H HHTeHCHBHOCTH OTpameHHH OT TOJICTOrO RpHCTaJIJIa. 

TaRHM 06pasoM, olIpe}J;eJIHJIaC:bpaSJIH'IHaH POJI:b BOJIHOBIJX IIOJIeH B <P0PMH
pOBaHHH ~<ppaRIJ;HOHHoro oTpameHHH OT RpHCTaJIJIH'IeCRHX ,IIJIeHOR. BOJIHO'

Boe IIOJIe II <popMHpye:r OCHOBHOH BRJIa}J; B HHTeHCHBHOCT:b }J;H<ppaRIJ;HOHHIJX 
RpHBIJX H saJJ;aeT cpe}J;HHH XOL{ yrJIOBOH saBHcHMoCTH, B TO BpeMH RaR IIOJIe I 
<popMHpyeT ,lJ,OIIOJIHHTeJI:bHIJR BRJIa}J;, COCTOHIIJ;HH B OCHOBHOM HS OCIJ;HJIJIHIJ;Hii 
II nplI}J;aIOIIJ;:Irii IIH}J;IIB~}J;yaJI:bHOCTD }J;1I<ppaRIJ;HOHHDIM RplIBDIM OT IIJIeHOR pas~ 

JIII'IHOH TOJIIIJ;HH:bI. lIo 3TOMY BRJIailY MomHO olIpe}J;eJIIIT:b TOJIIIJ;IIHY - IIJIeHOR; 
a TaRme C}J;eJIaT:b Sl!RJIIO'IeHlIe 06 HX OP;HOPO}J;HOCTH. ' 

, ,[(UlPpaRn;UH Ha 6URpucTaJIJIe C 60JIbIDOH pa:mm~eH napaMeTpOB RpUCTaJI

JIlIqecRoii pemeTRlI. BOJI:bmoe SHa'IeHlIe IIMeeT COS}J;aHHe MeTO}J;a }J;JIH Hccne}J;o

BaHIIHpaSJIII'IHOrO 'p0}J;a 6IIRpHCTaJIJIH'IeCRHX CHCTeM. CIO,lJ,a OtHOCHTCH' RpH

CT'aJIJIbI C HOHHO-JIerHpOBaHHbIMH, H }J;H<P<PY3HOHHbIMH CJIOHMH; 3IIH'TaRcrraJi::b'

HbIe lIJIeHRH H T. }J;. PemeHlIe, IIOJIy'IeHHOe BbIme, IIOSBOJIHeT' TeOpeTH'I€CRH 

OlIHCaT:b }J;H<ppaRIJ;HIO OT aTHX 06'I:>eRTOB B TOM CJIy'Iae, Ror}J;a' p'aSlIHIJ;a lIap'a

MeTpOB pemeTRH B 6HRpHCTaJIJIe }J;OCTaTO'IHO Bemma. )J;eiiCTB1ITeJI1>HO, 'eCJIH 

pa3HHIJ;a IIapaMeTpOBpemeTRH B 6HRpHCTaJIJIe TaROBa,'ITO',\VrJIOBOe paCCTOH-' 

HHe ·Memp;y p;H<ppaKD;HOHHbIMH MaRCHMyMaMH (IIO yrJIY }J;HcPpaRIJ;HOHHOii' Ha:.. 

CTPOHRH e) lIpeB:blmaeT CYMMapHYIO IIOJIymHpHHYaTHX }J;lI<ppaRIJ;HOHHBlXMaR'" 



CIIMyMOB, TO, HanpIIMep, P;JIH JIy'la, yp;OBJIeTBOpHIOI:qerO TO'lHOMy yCJIOBl'lIO 

Bparra Ha nJIeHKe, nOp;JIOIRKa Bep;eT Ce6H npaKTII'IeCKII KaK aMOp.pHOe BeIU:eCT~ 
BO, II HaOOOpOT. CJIeP;OBaTeJIbHO, p;II.ppaK:qIIOHHbIH MaKCIIMYM OT nJIeHKII OnII

CblBaeTCH .pOPMYJIaMIIj nOJIY'leHHbIMII B HaCTOHIU:eH pa60Te, a JJ;II.ppaKU;IIOH

HbIH MaKCIIMYM OT nOJJ;JIOIRKII ---..: .pOPMYJIaMII, nOJIY'IeHHbIMII B pa60Te [6]. 
PaccMoTpIIM npIIMepbI JJ;II.ppaKU;IIoHHbIX KpIIBbIX OT 6IIKpIICTa;rrJIOB npIIMe

HIITeJIbHO K cxeMe IIaMepeHIIH, paapa60TaHHoH B pa60Te [4]. TaK KaK KOJIJIH

Ma:qIIH no yrJIY JJ;II.ppaK:qIIoHHOH HaCTpOHKII He 06eCne'lIIBaeTCH, TO KapTIIHa 

JJ;II.ppaKU;IIoHHOro OTpalReHIIH OT 6IIKpHCTaJIJIa npeJJ;CTaBJIHeT Ha ce6H npOCToe 

HaJIOlReHIIe (T. e. CyMMy HHTeHCHBHOCTeH) JJ;H.ppaKU;HOHHbIX OTpalReHHH OT 

rJly6UH8 S8TYXaHUlI BOJIHOBhlX nOJleii B KpRCT8J1JIe R OTHOCU'reJlbHbm llKJlaA 

RX BHTeHCUBHOCTR B OTpameHHyro AB«IJpa~UOHH)'IO BOJIHY 
KpeMHHR, (220)-<)TpameHHe, CUK..-1I3JIY'IeHlIe 

<Ph 
yrll, MIDi 

2,5
 
5,0
 
7,5
 

10,0
 
12,5
 
15,0
 
17,5
 
20,0.
 
22,5
 
25,0
 
27,5
 
30,0
 

I,. Jl 

1 '* 2 **I
 
110 13000 
,120 13000 
150 13000 
410 14000 

13000 15000 
13000 16000 
12000 18000 

. 12000 23000 
12000 39000 
13000 160000 
14000 110000 
14000 34000 

I,. Jl 

1 2I
 
51 61 
52 65 
53' 71 
55 85 
57 130 

140058 
60 2500 
61 3500 
62 3800 
63 4000 
63 4400 

;r64 5200 

ID~) /D~) /' 

1 2I
 
0,34 

4 0,3 
0,24 
0,2 ,3 

1 0,2 
0,30,7 

0,6 0,4 
0,60,5 
0,70,4 

0,4 0,8 
0,4 0,8 

0,80,3 

* ¥ron' naaeHIIJI cI>.=4'(1.=66 AI.

** ¥rOll llaAeHHJl cI>.=26' (1.=9000 AI.
 

CJIOH H nO)l;JIOIRKH npH COOTBeTcTByIOIU:HX yrJIax na)l;eHHH H BbIXO)l;a. XOTH paa

HOCTl> napaMeTpOB petrreTKH npH aTOM He MomeT 6LITb onpe)l;eJIeHa (KpOMe 

BbIBO)l;a 0 TOM, 'ITO aTa paaHOCTb 60JIbIDe nOJIYIDHpHHbI p;n.ppaK:qHOHHLIX MaK

CHMYMOB), HO no .pOPMe )l;H.ppaK:qHOHHbIX KpHBLIX JIerKo ou;eHHTb TOJIIU:HHy 

BepXHero CJIOH, OTJIH'IHTb 6HKpHCTaJIJIbI 0'1' KpHCTaJIJIH'leCKIIX CJIOeB Ha aMOp.p

HLIX nO)l;JIOmKaX H 0'1' KpHCTaJIJIOB C aMop.pHLIMH CJIOHMH, BbIHCHHTb CTeneHh 

O)l;HOPOJJ;HOCTH CJIOeB no TOJIIU:HHe H T. n. 

Ha pHC. 4, a H 6 npe)l;CTaBJIeHLI KpHBble )l;K.ppaKIJ;HO'JIHoro oTpameHHH OT 

Tpex nepe'lHCJIeHHbIX 06'beKTOB AJIH yrJIa rra)l;eHHH «1)0=4' H TOJIriJ;HBLI cJ:!,oeR 

t=30 H 50 A. HeTP'Y)l;HO BH,ll;eTb, 'ITO Bce nepe'lHCJIeBBLIe JJ;ByxcJIoibILIe CHCTe

MJ>I p;aIOT paaJIHltBLIe JJ;H.ppaK:qHORHbIe RpHBLIe H 'ITO no .popMe KpHBLIX JIarKa 

onpe)l;eJIHeTCH TOJIIU:HHa BepxHeH IlJIeHKH B ,IJ;HanaaOBe t.--25-75 A. 

HH )l;JIH KpHBOH oTpame.BHH 0'1' KpHCTaJIJIH'IeCKOH nJIeHKH, HH )l;JIH KpHBOi'i 

OTpameBHH OT KpHcTaJIJIa C aMop.pHoH IIJIeHKOH yr,JIOBLIe nOJIOmeHHH MaKCH

. MYMOB HHTeHCHBHOCTH He COOTBeTcTByIOT JIyqaM, y)l;OBJIeTBopHIOIU:HM TO'lBbIM 

- yCJIOBHHM Bparra. 8TO HBJIeBHe 06yCJIOBJIelHO pcaKOH yrJIOBOH ,IJ;HCnepCHeK 

aepKaJIbBoro OTpammIHH B aMopqmoH IlJIeHKe' H .pOPMHpOBaBHH )l;H.ppaK:qHOB-
HOH BOJIHbI B /KpHCTaJIJIlfqeCKOH nJIeBKe. . 

lIa;,a:a CHJIbHOrO aepKaJIbHorO O'l'pameRHH B nJIeHKe rrpH MaJIbIX yrJIax 

naJJ;eHHH JJ;H.ppaK:qHOHHLIe RpHBbIe 0'1' 6HKpHCTaJIJIa C BepXHHM CJIOeM TOJIIU:H

HOH t>100 A 6YlJYTrroxomH Ba )l;H.ppaK:qHORHbIe KpHBLIe 0'1' KpHCTaJIJIB'Ie

CKoro CJIOH Ba aMop.pHoH rrO)l;JIOmKH, noaTOMYnpH HCCJIep;OBaHlIH CJIOeB 

TOJIIIJ;HHOH t.--100 -10 000 AJJ;JIH coxpaHeHHH HBTeBCHBBOCTH BKJIa)l;a 0'1' nop;

JIOmKH :qeJIec006paaBoBbIoHpaTh OOJIbIIIJIe yrJILI rra)l;eHHH «1)0>«1)0' Ha' 

pHC. 4, e-a rrpe)l;CTaBJIeHhI JJ;H.ppa'KD;HoHfffile KpHBLIe Tpex THrrOB: )l;JIH yrJIa 

na)l;eHHH «1)0=26' H IIJIeHOKTOJIIU:HHOH 100, 200 H 500 A. 8TH peaYJIhTaTbr 

:'1eTKO HJIJIIOCTpHpyIOT BCerrepe'lHCJIeRHLIe BosMomHOCTH MeTO)l;a. 

tV 
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BbmO~bI. TaKHM 06paSOM, 1I0KaSaHO, 'ITO ~HcPpaKIJ;HH B yCJIOBHHX 1I0JIHOrO' 

BHeillHerO OTpameHHH HBJIHeTCH '1pesB:bI'la:ii:.HO lIepClleKTHBHbIM MeTO~OM ~JIJI" 

HCCJIe~OBaHHH KpHCTaJIJIriecKoH CTpyKTypl>I TOHKHX 1I0BepXHo.CTHbIX llJIeHOK•. 

R'pHCTaJIJIH'leCKHe llJIHHKH rJIy6HHoH t;;;;':SO-100 A ~ame IIpH ~OCTaTO'lHO 
60JII>illHX yrJIax lIa~eHHH ~aroT ~HcPpaKn;HoHHbIe OTpameHHH TaKOH me HH

TeHCHBHOCTH, KaK H COOTBeTcTByrom;He OTpameHHH OT TOJIC'TbIX KpHCTaJIJIOB. 

IIoKasaHo, 'ITO B CpaB'HHTeJII>HO IIPOCTOH l:lKCllepHMeHTaJII>HOH cxeMe, ocy

m;eCTBJI,eHHOH B pa60Te [4] Ha OCHOBe CTaH~apTHoro peHTreHOBCKoro ClleK

TpOMeTpa C 061>I'IlH1>IM nCTO'IHHKOM HSJIY'leHHH, B KOTOpOH lIa~arom;HH rry'lOK 

He KOJIJIHMHpyeTcH 110 yrJIY OTKJIOHSHHH 0'1' yCJIOBHH.Bp3rra H Bce HSMepe

10 15 
ilih , yzn.MuH. 

5 

20 25 4'h yzn.MUH. 5 

P"s 
10 15 20 25

IFh , !j'l.n.MuH.' -

. 5 10 15 20 25 4'tJ,yzn.MuH. 

PIlC. 4. ;3aBIICHMOCTL tPopm.r ~tPPaRIJ;1I0HHLIX KpllBLIX OT Tl'IIIa IICCJIefIYeMo
ro 06'LeKTa II OT TOJIII:(lIHI>I BepxHero CJlOJl. 1 - ~tPpaKIJ;1I0HHaJl KpIIBaJl OT 
KpllCTaJIJIa C aMoptPHLIM: CJIOeM; 2 - ~tPpaKIJ;1I0HHaJl KpllBaJl OT KpIICTaJIJIlflIe
CKoro CJIOJl Ha aMoPtPHoii: IIO,ll;JIOlKKe; 3 - ,lI;lItPpaKIJ;1I0HHaJl KpllBaJl OT 611
KpIlCTaJIJIa. TOJIIIJ;IIHa CJIOJl (A): a-3D, 6 - 50, 6 - 100, e - 200, a- 500. 3Ha-· 

'1eHIIJI lIlo (yrJI. MIIH): a, 6 - 4, 6 - a- 26 

HHH rrpOBO~HTCJI B MHHyTHOM ~Halla30He yrJIO'B, eCTI> B03MOmHOCTI> trSTKO 

paSJIH'laTI> 110 cPopMe KpHBbIX paSJIll"lHbIe THllbI ~BYXCJIOHHbIX CHCTeM (6H

KpHCTaJIJI, KpHCTaJIJI C aMop/flHoH llJIeiHKOH H KpHCTaJIJIH'IeCKaH IIJIeHKa Ha 

altWPcPHOH Il'o~JIOmKe) H Ollpe~eJf1IT1> TOJIII:J;HHy BepXHero CJIOH B ~HallaSOHe 
~2SA-1 MKM. 

Bce lIepe'lHCJIeiH'HOe 1I0KaSbIBaeT rrmpOKHe BOSMomHOCTH peuTreHoBcKOH 

~HcPpaKD;HH B yCJIOBHHX 1I0JIHoro BHeIII'HerO OTpamSHHH ,IJ;JIH HCCJIe~OBaHHH 
POCTOBbIX 3«PcPeKTOB Ha aMOP<PHEirx H KpHCTaJIJIH'IeCKHX 1I0~JIOmKaX, a TaKme 

HOHHOH HMIIJIaH'l'an;HH H ~HcP«PYSJJH IIplIMSCH B RpHCTaJIJII>I. 
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lIncTllTyT KpllCTaJIJIOrpaqllUI IIOCTYIIlIJIa B peAaKD;lIIO 
AH CCCP, MocKBa 8.VI.1983 

THE X-RAY DIFFRACTION UNDER SPECULAR REFLECTION
 
CONDITIONS ON THE SURFACE CRYSTALLINE FILM
 

Alexandrov P.A., A!anas'ev A.M., Stepanov B.A. 

The X-Ray diffraction under specular reflection conditions has been theoretically 
:studied for the case of the parallel-sided crystalline film lying on the amorphous sub
strate. It has been shown that even thin films of about 50-100 A in depth yield as 
'strong diffracted intensities as thick crystals, the shape of the rocking curves being 
sensitive to the film depth up to several' microns. The equations obtained, together 
with those from the work [6], describe theoretically the diffraction by bicrystals with 
great matrix differences (~ala:;>;1O-L10-"). The computations carried out for the ref

. lection of CuKo; radiation from 8i (220) show that a relatively simple diffraction sche
me [4J allows one, from the shape of the rocking curves, to distinguish readily among 
the various types of objects under research (bicrystal, crystal with amorphous layer 
:and crystalline film on amorphous substrate) and to determine the top layer deplh 
within the range of about 25 A - 1 f.lm. 
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