
H HJl,t:KC :tfi49 

J 
I 

::r:dl1. 
EPEBAHCKHA Cl>H3W·IECKHl'I IAHCTHTYT 

npenpHHT ECl>H-1138(15)-89 

brWU\,t' !bt'2t'"4USt' f\\,USt'Sn~s 
PEBAHCK~llt Ct>~3~4ECK~llt ~HCT~TYT 

YE REV AN PHYS I CS INSTITUTE 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

r .r.AKOn5IH, r.B .KAPAnET5IH 

YnPOlllEHHblA METOJl. PAC"IETA 

UOJ1SIPH3AU.H H KTH 

UHHHaTOMHHcl><>PM 
EPEBAH - 1989 



111111u1!1111 li~lf1- I J38 ( 15 )-89 

l,, Z. . :, 111111 POIL'1, '\ • 11 , 14111• 1111111 r. 11 m1 

un wrnc11il1rn11/ 11110/ fl1"'ll.trrusuu'\J 

11•• 

'\Jli(llt•"J"'IJ'j111h I, 1111 1'1 pl1 l111111 [J1l1u
0

il '.111 21!1111'111• "l"'f'<tliqLlwb ub@n'1 1 np[ 

uaqw)m(nllf I, l'hlm111!11l1u'11 '. 111 ?• l1111 1l1I • (l lil [l"'l''''"il rl1,1111Hl•lJriL'l1[! /2-30/0/-~9 

I I - I "iii~ 
nl u1wl1111u · lt11 'i l1l'lo)1ij1 '"l'lll•1,1ul1 u1 Jl•)1 1114l•l1u1pl1 O.Y.- )I. & (), 15-0.2 X = 

= Q. 2-0. li - I• ql11111,,111l 1 ll 11• .. 1t1 ~ 11111•l111 b 1llil·i11'll' '.w1ll11f1uU1U1ltw\i ) 'uwpw4.n-

pnL[JJrlL U'1Jl1p '11 Ill , 11w'i1f111)11.11[1111l11111f'11l•p(l l 

~ 

ph111)1p :tl i•'ll'lt•"Jll l1l111u1l1u1111 ,u1 

l:pl• u1)1 I !JU!J 

Ueirrpu .. M1>1>l ••r-.o-~onatt.111>r 
II TCXHllllO-.. C.OllS;aqearnl\ i:uac.ao:i • 
11 Tex11He U \tiMHn°" 

•• 

B pa6oTe [I] 6b1Jl npeACTaBneH aqxpeKTHBHli~ MeTOA pacqeTa no­

nRpH31il4HH KTM c HcnonbaOBattHeM 6licTporo ~ypbe-npeo6paaoBaHHR 

(Err~). o6ecneqHBaIOllU1~ a6con10Ttty10 TOqHOCTb pacqeTa (I-2)% B pa-

6oqe~ o6nacTH woTOHHoro cneKTpa. HaMH TaKlKe o~nH npoattan11a11po­

Battli B03MOltCHOCTH ynpomeHHOro Il0,11,XOAa, B OCHOBe Y.OTOporo H3BeCT­

HliH npocTOH MeTOA X~TM [2] • B ttacToRme H cTaTbe AaHo on11catt11e 

STOro Il0,11,XOAa, IlOKaaaHli ero cpa:BHHTenbHlie B03MOlKHOCTH H orpaHH­

qe HHR. Il pe lKAe ' qeM npHCTYilHTb K OilHCaHHIO,cneAYeT OTM8THTb,qTO 

MeTO;n.HKa pa60Tli co cneKTpaMH KTM, 11cnonbayeMaR 3AeCh, AOCTaToq­

HO Il0Ap06HO H3 ROlKeHa B pa6oTe [I ] • BKpaTue cneAYeT OTM8THTb 

cne1cy10mee. Pa601:raR o6nacn cneKTpa KTM onpe AenReTcR AOMH1rnpy10-

mHM BKRaAOM yana (OZ2) (nH60 (o22)) o6paTH OH pew eTKH KpHCTanna 

anMaaa (pHc.I). BKnaA auopwtto~ cocTaBnR10me~ cneKTpa KTM BliAenR­

e TcR Ha OCHOBe OTHOill8HHR HHTerpanbHblX HHTeHCHBHOCTeH yqacTK OB 

3KCnepHMe HTanbHblX cn eKTpOB' B npeAflOROlKeHHH HX cna6oro HCKalKeHHR 

SKcnepHMe HTanbH~H ~aKTopaMH. M, HaKOHeu, yrnN OpHeH T8U~ H KPHC­

Tanna ( S , ci), Onpe.14enRlOllU18 IlHKOBYlO SHepnllO HeHCK8iiiettHOrO TOO-

~F T..1qecKoro cneKTpa onpE1)lenRIOTCH no 1<oop.1414H£.1Tr rrP11 



KaK H3B6CTHO, B OCHOB6 M6TOA8 X~TI\ [2] 61iJIO 8Wl0Z6HO BB6-

A6HH6 3KCil6pHM68TaJlbHOro OTHOm6HHH KOrepeHTHOA H auop~HOA coc­

TaBHHDll1HX HHTeHCHBHOCTH cneKTpa KTR 

I'(x,6,oC)I 
~ = Ia"' ( .x) 3KCn 

B TeopeTHqecKOe Bblp8ll6HH6 ARH nonHplr'l381Uflr'l 

c c 
2(1-X): 4J3 (IC,6,ol) 2(1-X)'4J3 (.X,8,d) j3 

p (X ,8,ci) = Ic(X,G,oC) + raM(~) = re ( x, 9,ci) • ~ ' (I) 

rAe lc(x,e
1
oe)=[1+(1-x)2J·'t'1c(:c1 S,o()-; (1-x)%\:r,B,ci), 

I 0 '"\x) = [1+(1-x)2]' 1a.2 -c1-x)·11.6 . (2) 

(231)~ fl 2 9 
~'(:c 1 S,ci)= za3 5fl5(~)12 e- 9 F(9z)~, 

c 12m2 2~ I 
1
2 -R~' ~trn"-5> 't (x,0,cC)=6 2ct3 0 L S(9) e F(~ 2) o't J (3) 

3 dtt 

(2sr)2 . z• 2 
~c(X,9,ci) =-(23 63 f Is (~)12 e-Jls2F (~2) <~2-93)cos2: +2~·~35i.n2c:< 

~II 

x = E'/f /Ee - OTHOClr'ITenbHaH aeeprHH ~oToea, a - nocTOHHHaa pe-

rueTKH, 9"<~1192' 93) - B6KT0p o6paTHOA perueTKH 
. mc2 ix: 

o=e ( a.cosci + o3sLnol) &= --·- - MHHHMaJlbHblA mmyni,c, 
dn a~ d ' ZEe 1-.:x: 

nepeABJIHbiA HApy, S(~) - CTPYKTYPHliA ~aKTOp, .A - ~aKTOP ~e -

6aa-BaJinepa, F(~2) - aKpaeHpOBKa, 061i1qeo THna XapTpH-~OKa. 

4 

~opuyna X~~ cne;zcyeT H3 ynpo~eHHa B1i1paieHHH (I) npH coxpaee­

HHH B H6M BKnSAa TOHbKO nepBoro qneaa (yaen (022)) B CTPYKTYP­

HblX ~YHKUHHX H npH ycnOBHH ~lie 0 • COOTB6TCTBYD~ero Bb16opy 

IlHKOBOA aeep:rHH I-ro KorepeHTeoro MaKCHuyua 

2 (1-x) 
P(x) = 1 + (1-X)2 

~ 

~+f 
(4) 

B1i1palKeHHe (4) A86T 3aBbUU6HHoe aaaqeeHe nonapHa~HH (npHuepeo 

Ha 7-10%), COOTB6TCTB6HHO Tpe6yeTCH BB6A6HH6 nonpaBOK H OHO ua­

nonpHrO)tHO AnH pacqeTa cneKTpa nonapH3aIUfH. 

0AH8KO B03MOZHOCTH HCil0Rb30B8JIHH BblpaxeHHH (I) AHH pacqeTa 

nonapH3&U!H.3KcnepHueeraJlbHblX cneKTPOB KT~ uozeo pacwHpHrb,yqH­

TblllaH ABS o6cTOHT6JlbCTBa. 

I. BBeAeHHe aKcnepHM6HTaJlbeoro OTHOmeHHH p B Bblpaa:eeHe 

(I) orpazaer J!Hlllb il)aKT CpaBHHT6nbHOro H3M6H6HHH B6COB KOrepeHT­

HO~ H BMOp~oA COCTaBRHDUUIX B cneKTpe KTI\. Buecre c Tew, Heo6xo­

)Ufll0 TaK.a yqffTW!au nepepacnpeAeneHHe BecoB paaJIHqHl>CC yanoB B 

KOrepeHTHYE COCTaBHHDlllYE, KOHKpeTHO nepBoro yana (~), TaK KaH 

(BOCTli pe\l.iJieKCOB (o44),(o66) H ,ltp. B 06JiacTH I-ro KOrepeHTHOro 

YSKCHMywa CJia6o HCKa&eHbl aKCll6pHM6Hf8nbliblMH ~TOpaMH. 

.14nH yqeTa aroro 06CTOHT6nl>CTBa B BlipaJCeHHH (I) Il,111 pac~eTe 

BKnSAa yana ( ~2) BB0,1UlnCfl ,ltCIIOJlHHT6JlbHbiA Bee Ca) : 

IC c W = 91<cn<x)- Imeop(x,G,CIC.) 

IC1 meop ( ::X: I 9 ,ol) 

(5) 

r:; 



I 
c: 

r;lle I g1<cn ( :x:) - KorepeHTHaH cocTa1111HillllaH aKcnep>nrnHTam,Horo 

cneKTpa, HopirapoBaHHaH no m10111a;I11rt Ha I~eop< x,e,<:1.. ),pac­

c1rnTaHHoro tta OCHOBe Koop;lllrtHaTbl ueHTpa cna,D;a Xu,.c .(~11(022)= o(Xu, .c~ 
C1 

SKcnep1rtMeHTaJI:&Horo cneKTpa, a I TeopC x, e ,a. ) - BK11a;ll y311a 

(OZ2) B TeOpeTHqecKoe 3HaqeHHe HHTeHCHBHOCTH. BMeCTe c TeM,npH 

x >X'i.C·• r)le BK11a,ll y311a (~) B TeopeTHqecKOM cneKTpe OTCyT­

CTByeT, a HaJll1qHe ero B aKcnepHMeHTe CBH3aHO c nepepacnpe;I1e11e­

H1rteu HHTeHCHBHOCTH, B OCHOBHOM 143 IlHKOBOH 0611aCTH I-ro KOrepeH~ 

HOro MaKCHMyMa BMeCTO 'I.If 

c 
B Bblpa~ellHH ;ll11H CTpyKTYPHblX ~YHKI..U1~ 

lf-11, a, 3 BBO;lllrtJIHC:& Bee a tU 1,z,3 

w, = w , w'l. = o ~ Uf3 = W 

C1 
H I Te op< x, e ,oe. ) - ~J.1KCHpOBaJiac:& pairnol1 t1 TeOp (Xy.c. 1 6,ct.). 

2. Ha1!1.1q1rte no11Hp1rt3a1..U1H B 0611acTH I-ro KOrepeHTHoro uaKcHuyua 

06yc110BJieHO ;IIOMHHHPYj)lllHM BK11a;IIOM ya11a (022) H y6b1Bail111HM BK11a;IIOM 

~H;lla KpaTHblX Y3110B o6paTHOA peilleTKH (o44),(o66),(oB8) H T.;ll. 

xapaKTepH3YfillllHXCH O;lllrtHaKOBblM.IlO HanpaBJieHHil,BeKTOpOM 11HH8~HO~ 

rro11HpH38l.{HH ~OTOHOB. BKnaA y3110B, onpe;I1e11Hj)UJ.HX KorepeHTHble a~ 

WeKTbl Ha KOHI.{e TOpU03HOrO CileKTpa, y~e IlpH X < 0,8 Heil011H -

pH30BaH H )laeT 111rtill:& He6011:&illOH BK11a;ll B HHTeHCHBHOCT:&. COOTBeT -

CTBeHHO npH pacqeTe no11HpH3al.{HH B BblpalieHHH AJIH CTPYKTYPHOl 

~YHKI..U1H o/; ( X, e ,oC.) ;IIOCTaTOqHO orpaHHqHT:&CH BK11a;IIOU nepBblX 
c • 

qeTblpex y3110B o6paTHOl1 pemeTKH, a B ~'\a yqecn AOil011HH -

T611:&H~ BK11a;ll Y3110B Ha KOHI.{e T0pM03HOrO cneKTpa. 

c yqeTOM H31IO~eHHOro 6bl11H npOBe;lleHbl pacqeTbl Il011HPH3al..U1H no 

Cil8KTpau HHT6HCHBHOCTH, no11yqeHHblM M8TO.ll0M MOHTe-Kap110 UO.ll6JIH­

pOB8HHH [3] • 3a J.1CXO;l1Hble ASHHble IlPH MO.lle11HpOBaHHH 6b1Jll1 B3HTbl: 

aaeprnH a11eKTPOHOB 4,5 raB,nHKOBble SHeprnH KorepeHTHblX MaKCHMYMOB 

6 

x IlHK = 0,22 - 0,5, yro11 pacxO;lllrtMOCTH nyt1Ka 8118KTpOHOB 

0,5 MPSA npu yrn.e KOJIJ1HM8J..U1H 0,3 Mpa;ll. 8\{xl>eKTBBHaH pacxo;lllrt -

MOCT:& nyqxa B STHX YC110BHHX onpe;lla11H8TCH yrJIOK K011JIHMal.{HH (4] • 

C11e;I1yeT OTM6THT:&, qTQ OilTHMaJU.HblM 6blJI 6bl Bbl60p M8H:&illero yr11a 

KOJJ.11HUauHH, HanpHuep, O,I6 Mpa;ll, qTO HM66T M6CTO B SKCnepHMeH­

Te E~H. npH KOTOpou 0THOCHT6Jll>HaH aeonpe;I1e11e11HOCT:& yr11a C(. 

(pHc.I) 6b1Jla 6bl He 6011:&we O,IS-0,2, AJIH no11yqe11HH cneKTpa KTI1 

xopowero Ka11ecTBa. Yro11 K011JIHMauHH 0,3 · Mpa;ll OTBellaeT xy;llilleuy 

KaqecTBY cneKTpo:e KTH,~aK ;KaK t:i.<X/rL z 0,35-0,4 np1rt xnHK ~0.22, 

T.e. CHJll>HOMy HCKaJK6HHil TeOpeTHqecKoro cneKTpa, IITO HB11H6TCH 

KPHTHqecKHM T6CTOU AJIH M8TO;lla pacqeTa Il011HPH3al.{HH. 

IloJiyqeHHble pe3yn:&TaTbl pacqeTa IlOJHpH3aU141rt, COBU6CTllO c pe -

3y~:&T8TaMH MOHTe-Kap110 MO;ll611HPOBaHHH [3] H pe3yJll>T8TaMH pacqeT6 

M6TO;IIOM BI~ [IJ IlOKa3aHbl Ha PHC.2-5. KaK BHAHO H3 PHCYHKOB, 

npu x llHK ~ 0,3 Ha611il;I1aeTCH xopowee cor11acue c pe3yJll>TaTauH 

[3] (H ;ll8lle H6CK011:&KO Jiyllllle, qeu U8TO;IIOU BI~).IlpH xllHK = 0,22 

(puc.2) cor11ac1rte aecKOJI:&KO xyae, oco6eHHO B n.e:eoU qacTH I-ro 

KOrepeHTHoro MaKCHuyua, qTo UOllHO CBH58T:& c H6;!10CTa!l'oqaocT:&D 

Yll6!1'8 H8U6H8HHH HHT6HCHBHOCTH H COO!B6TCTBYD1116l el llOJIHPH3EUUfH 

npu 38,llaHliou X,TaK KaK He y'qlrttblBaeTca nepepacnpe)l;e11emrn noJiapH­

aal.{HH H3 llHKOBOl 06JJ.aCTH. BuecTe c TeM B pa6oqel 06JiaCTH I-ro 

KorepeHTHoro MaKcuuyua ( t!:!.X./x = 0,15 - 0,2) cor11acMe c pe -

3y11:&TaTauH f 3] H6 xy~e (2-3)% no a6COJlfilTHOH B6JlH'qHH6 npH 

x llHK = 0,22 H (I-2)% npH x IlHK ~ 0,3. IlpH yrn.e KOJIJIHUal.{HH 

0,I6 KaqeCTBO corn.aCHH c [3] nopa)l;Ka (I-2)%, BO Bceu HHT6p-

BaJie X llHK = 0,22 - 0,5. 

B HTOI'e UO&HO KOHCTaTHPOBaT:&, llTO pa3BHTHe ynpo111eHHOro ue-

? 



TO~a X~T~ no3BOnaeT pacc'!MTW!aTD nonapH3auH~ KT~ B pa6oqe ~ 06-

nacTH woTOHHoro cneKTpa c a6con~THO~ TOqttOCTD~ . 3aBHc ame ~ OT 

Heonpe~eneHHOCTH a3HMyTanDHoro yrna d ,npH Ad../~ ~ 0,35 - 0,4 

TOqHOCTD pacqeTa He xy~e (2-3)% B pa6oqe~ o6naCTH KOrepeHTHOro 

'.taKCHMyMa. 
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Il0.1lllliCli K P~CYHKAM 

PHc.I.a ~ IlpocTpaHCTBeHHWi opHeHTa!UIR HMnynbca Ha4aJlbHOro 

aneRTpOHa Pe OTHOCHT6nhHO RpHCTannorpa!llHqecRHX 

ocett peweTKH am.taaa g-1 , ~a , g3 • 
6,B - TeopeTH4BCKH6 cneRTPli HHTBHCHBHOCTH H nonRpH38IUIH 

(cnnomaaH nHHHR), pacqeTHlie cneRTPli [3] (wTpwcoBaR 

nHHHR), Hnn~CTPHPY~ll!Ke BnHRHHe aRcnepHMCHTanDHliX .WaK­

TOpOB. 

PHc.2.a - YqacTOR cneRTpa HHTeHCHBHOCTH, c Bli4T6HHOH ruaopq>Hol 

COCTaBnR~~ett, nonyqeHHOI MCTO'AOM pa60Tli [3] ~R 

x ITHK = 0,22 • .llJIH CpallHBHHH rrpe'ACTaBneaa COOTBBT -

CTBY~~rui: TeopeTH4BCKaH RPHBaR. 

6 - PacqeTHHe rronapH381.IHH: MeTO'AOM [3] (cnnowHaH RPM -

BaH), MBTO~OM HI~ (wTpHXOBaH nHHHR), MBTO~OM, OITHCSH­

HhlM B HaCTOR~el pa6oTe (mTpH~IlYHKTHpHaR nHHHfl). 

PHc.3 To lite, 4TO aa pHc.2 rrpH XIlHK = 0,3. 

PHc.4 To ae, qTQ Ha PHC.2 rrpH x mm = 0,4 . 

PHc.5 To ~e, qTo Ha pHc.2 rrpH x.mrn = 0,5. 
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