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npe.a.no>KeHO C'll.1TaTb Cl.1rl.1Karenb TpeXKOMnOHeHTHOH Cl.1CTeMOH, COCTOA· 

LUeH 1.13 KpeMHe3eMHOro A.a.pa, rn.a.poKCl.1flbHOH o6onO'IKl.1 1,1 y.a,ep>t<1.1eaeMOH B 

nopax BOllbl. MeTO.D,OM Heynpyroro pacceAHl.1A HeHTpOHOB nony'leHbl Ha6opbl 

cneKTpoB aMnn"1TY.D.HO·B3BeweHHOH nnoTHOCTl.1 KOne6aTenbHblX COCTOAHl.1H 
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nop 20 1.1 100 A cooTBeTCTeeHHO. npo1.13ee.a,eHo pa3no>Ketrne cneKTpoe ABnC 
Ha cneKTpbl COCTaBnAIOLUl.1X 3Tl.1 Cl.1CTeMbl KOMnoHeHTOB. 1,1cnonb30BaH MeTOll 

pa3nO>KeH"1A, OCHOBaHHblH Ha nocTynaTe O HeKoppen1.1poeaHHOCTl.1 6a31.1CHblX 

cneKTPOB. Pa3flO>KeHl.1e ocyLUecTeneHO noCTpoeH"1eM Q)l.13"1'1ecKl.1 3Ha'll.1Mb1X 
6a3"1CHblX cneKTpoB, y.a.oeneTBOPAIOLUl.1X KPl.1Tep1.110 Hyneeoro K03cj)cj)1.1u1.1eHTa 
n1.1HeHHOH KoppenAu1.11.1. 
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Markichev I.Vi, Natkaniec I., Sheka E.F. 
Construction of Basic Vibrational Spectra 

of a Multicomponent System. 
2. Silica Gel 
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Silica gel is suggested to consider as a three-component compound con

sisting of a silica core, hydroxil shell and pores confined water. Two families 

of silica gels with average pore sizes of 20 and 100 A are studied. The com

pounds spectra of the amplitude-weighted density of vibrational states (AWDS), 

obtained by inelastic neutron scattering at 1 OK, are decomposed into the three 
constituents' basic spectra when constructing a physically significant basis. 

The decomposition is performed using a method basing on the postulate of 

lack of linear correlation between the basic spectra. A set of three basic spectra 

has been constructed for the both families. The obtained spectra meet the zero 
correlation coefficient criterion. 

The investigation has been performed at the Laboratory of Neutron Phy
sics, JIN A. 
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BBe.zteHHe 

CHJIHKareJib HBJIH8TCH O.n;HHM H3 nrnpOKO HCITOJib3Y8MoIX ,mrcrrep
CHbIX KP8MH838MOB. OH rrpe.n;CT8BJIH8T co6ott rropncTIDt rrpo.n;yKT, rro
~qaeMIDt B pesyJibT8T8 peaKinm BO,IJ;HOrO P8CTBOP8 CHJIHK8TOB C 
COJIHHO.tl KHCJIOTO.tl H ITOCJI8,ItyIOI~ero BhICYIIfilB8HHH BhIIT8BIIlett B oca.n;OK 
KP8MHH8BO.tl KliCJIOThI [I,2]. BhICYIIfilB8Hli8 IIPHBO.mtT K pacrra,ny He
YCTO.tltIHBoro coe,ItHHeHHH H2Si03 Ha BO.n;y H Si02 C o6pa30B8Hli8M 
IIOCJie,n;HHM CJIO>KHO.tl IIPOCTP8HCTB8HHO.tl CTPYKTYPhI, Bo.n;a HBJIH8TCH 

' ' 

Heo6XO.n;HMO.tl COCT8BHO.tl. qaCTbIO CHJIHKareJIH, rro.n;.n;ep>ICHBaIOIUe.tl ero 

CTPYKTYPY, IlPH ITO~OM BhICYIIllIB8Hlili CTPYKTypa reJIH paspymaeTCH 
[I ,2]. Pery~oBaHHe P83M8POB rrop CHJIHKareJiett IIPOH3BO.mtTCH 
HSMeHeHHeM rrapaMeTpoB TexHoJiornqecKoro rrpouecca (Bor6opoM pe
areHTOB, liX K0~8HTP8UHH, KliCJIOTHOCTH H TeMIIepaTyplif cpe.n;or, 
pe>IruMOM CYillKH H .n;p.). Orrpe.n;eJIHIOIUett xapaKTepHCTHKO.tl CHJIHKareJIH 
HBJIH8TCH cpe.zumtt P83M8P ero riop; IIPOMhiillJI8HHhI8 rrpo.n;yKThI M8PKli~ 
PYIOTCH B COOTB8TCTBHH C STO.tl Be~ott. 

IlOB8PXHOCTb CHJIHKareJIH, K8K . H ITOB8PXHOCTb JII06oro 
KpeMHeseMHoro o6pasoBaHHH, yme B rrpouecce cB6ero (PJPMllPOB8HHH 
IIOKPhIB88TCH rH.n;pOKCHJibHhIMH rpyrrrraMH pas~ott KOH!lMI'YP8UHH 
,IJ;JIH He.0:Tp8RH38UHH CB060.n;HhIX B8JI8HTHOCTett rroBepXHOCTHhIX 8TOMOB 
KpeMHHH [!]. B 8TMOC(p:3pHhIX YCJIOBHHX CHJIHKareJib OXOTHO rrorJio
ruaeT Bo.n;y, HBJIHHCb O.n;HHM H3 C8MhIX pacrrpocTp8H8HHhIX CYmHTeJiett. 
B OT~e OT aspoCHJI8. C rJI06YJiflPHO.tl CTPYKTypott B ITOPHCThIX 
CTPYKTypax CHJIHKareJiett (n rropHCThIX CT8KOJI) BO.n;a MOmeT He 
TOJibKO a.n;cop6HJ)OB8TbCH, HO H y.n;epmHB8TbCH B KB83HCB060,IJ;HOM 
BH.n;8. IlOSTOMY, xapaKT8PH3YH BO.ztHYIO KOMIIOH8HTY SToro B8IU8CTB8, 
6y.n;eT 60Jiee TOtIHh!M roBOPllTb 06 y.n;ep>ICHBaeMott Bo.n;e. 

:vrccJie.n;oBaHHIO cnJIHKareJiett rrocBHIUeHo 60Jib1IIoe tIHCJio pa6oT 
(CM,, HarrpHMep, MOHOrpa®ffi [I ,2]). B pesyJibT8T8. STHX HCCJie.n;o
B8Hlitt YCT8HOBJI8HO, qTo y.n;ep>ICHBaeMaH B rropax Bb.n;a, rn.n;poKCHJib
H8H 060JIOtIK8 c~areJIH Hero OCTOB 06Jia.n;a10T' CB0.0:CTB8MH HH.mt
BH.n;y8JibHhIX CHCT8M,qTo IT03BOJIH8T rOBOPHTb O CHJIHKareJie K8K 0 

IIJi..;~ .. r•. ":ln,_-l1 HiiC'ratyi' 
u~~swx &cc~e1ouud 

. SWSJtl-tOTEKA --



MHOrOKOMIIOHeHTHOtt CllCTeMe. HaCTOHII{afl pa6oTa noCBflmeHa .neTaJib
HOMY nccJie,noBaHHIO ero KOJie6aTeJibHoro cneKTpa. l1ccJie,noBaHHfl 
BhlIIO~flJiliCb no. MeTo,ny Heyrrpyroro paccefllillfl HeilTPOHOB (HPH); 
aHaJrn3llPOBaJiaCb nBalK,Il;hl B3BemeHHafl Ha KBanpaTaX aMIIJrnTY.n pac
cefllillfl ll CMemelilltt aTOMOB ll3 noJIOiK0Hllfl paBHOB0Cllfl nJIOTHOCTb 
KOJie6aTeJibHbIX COC,TOHHlltt (ABIIC). IloJiyl!eHHnie crreKTPbI 6bIJrn pa3-
JIOiK0HbI Ha ,cneKTPbI COCTaBJiflIOmHX CllJillKareJib KOMIIOHeHTOB IIOCTPO

-eHHeM 6asnca cneKTpa MHOrOKOMIIOH0HTHOtt CllCT0MbI C llCIIOJib30Ba-. , 

HHeM KPHTepnfl HyJieBoro Kos~eHTa KoppeJifllUlli (HKI{). 3TOT l 
MElTO.D; nonpo6HO ll3JIOiK0H B rrpenu,nyme:n pa6oTe [3] ' UllTllPY0MOH 
Hlll!Ce KaK pa6oTa I. CCbIJIKll Ha llCIIOJib3Y0Mbie MaTeMaTlll!0CKlle qop
MYJibI pa6oTbI I 6y,nyT IIPllBOnHTbCfl B .D;BOHHOH HyMepar.urn:, Harrpn
Mep, (I.2) ll T • .n. PaHee STOT MeTo.n 6bIJI ycrrernHO rrpHMeHeH .D;Jifl 
aH8Jrn3a KOJie6aTeJibHoro crreKTpa aspocnJia [4]. 

I. Orrn:ca1me oOpasuoB 

B HaCTOHII{e:0: pa6oTe 6bIJrn llCCJie,noBaHbI cneKTPbI KOJie6aHllli 
nBYX ceMeilCTB CllJillKareJie.:0:, rrponcxo,nHII{llX ll3 llCXO.D;HbIX rrpoMblill
JieHHbIX o6pa3UOB CllJillKareJifl M8PKll KCM-r (KYCKOBOtt MeJIKOIIOPllC
Thltt rpaeyJillPOBaHHhltt) IIPOll3BO.D;CTB8 MeH,n;eJieeBCKoro XHM38BO,n;a. 
3TH o6pa3UbI xapaKT0Pll3YIOTCfl pa3HbIM pa3M0POM rrop, a HM0HHO 20 
ll IOOA, ll 0603H8_l!aIOTCfl Hlll!Ce KaK cr20 ll crroo. 

CeMe:0:cTBO · Kam.noro ns HasBaHHbIX cnmareJie:0: BKJIIOl!aJio, B 
ce6H TPH o6pasua: ~ 

j=I) 6osoyUtJ-to-cyxoa rrpoMhlillJieHHhltt o6paseu, xpaHflIIUllICfl rrpn 
KOMHaTHOtt TeMIIepaType ll 06bll!HO:tt (70%) BJI8llCHOCTll; - BJiallCHOCTb 
o6pa3UOB COCTaBJiflJia I6 ll 5% .D;Jifl o6pa3UOB cr20 ll crIOO, COOT
BeTCTBeHHo; 

j,=2) 6ucywe1-t1-tua o6paseu, noJiyqeHHhltt ns ncxo.D;Horo cyrnKo:tt 
Ha Bos,nyxe B-Tel!eHHe 72 qacoB rrpn TeMIIepaType ·I35°c; 

j =3) oeilmefJUp06a'J-t1-t'bl.a o6paseu, noJiyqeHHhltt ns ncxo.D;Horo B 
pesyJibTaTe TP0XKP8THOro UllKJillPOBaHllfl CYillKll .rrpll,I35°C C IIOCJie
m'IO!UliM BbI,n;epl!CllBaHHeM B Tel!eHHe cyTOK B rrapax THiKeJion BOnb! IIPll 

KOMHaTHOtt TeMIIepaType. 

, ;)'.'·1:" 2' '• 
l J~ti~i,ti!_!_,> . . -~ t", .:! ~{l~!-{~~~•:r. ~ 
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llonoJIHllTeJibHO CibIJI nccJie,noBaH cneKTP 6'bl.cmposC!Jtlopoxe1-t1-toa 
600'bl., Hlll!Ce 6/SC!JtlOPOJ/Ce'J-tHJJSt 6ooa, He06XO.D;HMbtlt ,Il;Jifl cpaBHHTSJib
HOro aHaJrn3a CII8KTpa BO,n;H0:0: KOMIIOH8HTbI. 

3KcnepHM8HTaJibHbI8 YCJIOBllfl IIOJIYl!8Hlifl ll nepBlll!HOtt o6pa60T
Kll cneKTPOB CibIJrn nonpo6HO orrn:caHbI B pa6oTe Ill [4]. Ha pnc.I 
ll 2 rrpHBe.D;eHbI HPH- ll ABIIC- CII8KTPbI ceMettcTB CliJillKareJiett cr20 
ll crIOO IIPll IOK. CneKTPbI 8TllX l!Ce o6pa3UOB IIPll TeMIIepaTypax 80 
ll 290K, llX napaMeTpbI ll cneKTPbI 6/SC!JtlOpoxe1-t1-toa 600'bl. IIPllB8.D;8HbI 
B [5]. 

2. XapaKTepHCTHKll 6a3HCHb!X CIISKTpOB KOMllOHSHTOB CHJrnKareJm 

Ha OCHOBaHllll CKa3aHHoro BO BBe,neHllll B COCTaB CliJillKareJifl 
BXO.D;flT CJI8m'IOinll8 TPll KOMIIOH8HTa: KP8MH838MHhltt OCTOB, rll.IJ;pOK
CllJibHafl OCiOJIOl!Ka ll BO,n;Hhltt KOMIIOH0HT [I]. XliMw!eCKHe ll onTlll!8-
CKll8 llCCJI8.D;OBaHllfl CBH,neTeJibCTBYIOT [I,2,6,7], l!TO Bee TPll KOM
nOH8HTa 8Ton CllCT8MbI coxpaHflIOT CBOIO XllMlll!8CKYIO liHnHBll.D;YaJib
HOCTb, l!TO no3BOJifl8T rrpe,nrroJIOl!CHTb HaJrnl!He y CHJillKareJifl Tpex 

' ' 
6a3llCHbIX, HJili xapaKT8PllCTlll!8CKllX, KOJie6aT8JibmIX cneKTPOB H 
paccMaTpllBaTb nOJIHYIO CHCT8MY ero HOpMaJibHbIX KOOp,Il;llHaT .COCTOfl
me:0: H3 Tpex He3aBHCHMbIX B nepBOM IIPH6Jrnl!C8Hllll no.ncHCTeM. CneK
TPbI COOTBeTCTBYIOinllX KOMIIOH8HTOB B IIPHHflTbIX B pa6oTe I OCi03H_a-

qe1mflX o6pa3yIOT Tpo:0:Ky 6a3HCHbIX cneKTPOB {spi(r>}, r.ne HH,n8K~ 

Cb! i=l,2,3 HYM8PYIOT cneKTPbI BO,n;Horo KOMIIOH8HTa, rll.IJ;pOKCliJibHOtt 
060JIOl!KH H KP8MH838MHoro OCTOBa (CM. 3aMel!aHHe no nc:>Bo,ny 
aTOMH0:0: CTPYKTYPhl 8TllX KOMIIOH8HTOB B paCioTe [4]). 

3KcnepHMeHTaJibHbI8 cneKTPbI ABIIC Kam.noro H3 C8M8ilCTB CHJill-

KareJie:0: oCipasyIOT Ha6op { ~p(j) (w>}, B KOTOPOM 3Hal!8Hlifl 

j=l,2,3 COTB0TCTBYIOT cneKrpaM 60SOYUtJ-tO-cyxoeo, 6ucywe1-t1-toeo ll 
oeilmepupo6aHHOeo o6pasuoB. B COOTB8TCTBHH c (I.I), rrpe,nrroJia
rafl CHCT8MY JIHH8HHOtt, pasJiaraeM Kal!C,nhltt H3 SKcnepHMeHTaJibHbIX 
cneKTPOB ~p(j) B Pfl.D; 

:i 
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9'p(j) = r kq) Sp. 
i=l J. J. 

(I) 

r~e crreKTPhl Spi CYTb omrcaHmie Blilllle 6a3HCHnl8 crreKTPhl. 
PasRomeooe KORe6aT8RbHnIX Cil8KTPOB (I) C yqeTOM rrepeHop

MliPOBKH Ha rraplU'IaRbHnl8 crreKTPhl 6030yutH,O-cyxoeo o6pasua (CM. 
(I.I2)) 6y~eT BhlrRH~eTb CRemIDIIUlM o6pasoM: 

9'p(l) = Sp(l) + 
1 

Sp(l) + 
.2 

Sp(l) 
3 ' 

9'p< 2 > = a Sp(l) + a Sp(l) + a Sp(l) 
. 1 1 2 2 3 3 , (2) 

9'p(3) = f31 sp?> + _f32sp?> + f33sp?>, 

r~e crreKTPhl sp11> rrpe~cTaBRHIDT co6ofi rraplU'IaRbHnle crreKTPhl 
i-TOfi KOMIIOHeHThl. IloRaraeM, qTo OHR Y~OBReTBOPHIDT KPHTePHHM 
HKK B llDPMe (I.I3). KaK n B cRyqae aspocnRa [41, rrpeHe6peraeM 
B Cil8KTpe 9'p< 3

> BMa~OM OT rraplU'IaRbHnIX Cil8KTPOB KORe6aHHfi 
~efiTepnpoBaHHnIX BO~oro KOMIIOHeHTa H rH~OKCHRbHOfi 060ROqKH. 

nRH Bhl6opa rryTH IlOCTpoeHHH 6asnca B (p)pMe (I.3) Heo6xo
~o orrpe~eRHTb COOTHOilleHHH Me~ KOS~eHTaMH CHCTeMhl (2). 
TiapaMeTphl 0:3 H (33 orrpe~eRHIDTCH T8M ecTeCTBeHmIM 06CTOHT8RbCT
BOM, qTO rraplU'IaRblihlfi crreKTP KpeMHeseMHoro OCTOBa o~aKOB ~RH 
Bcex o6pasuoB, T.e. 
spil) = o:3spil) = f33SPi1)' HRH 0:3=1, f33=l. (3a) 
MsBeCTHO [I,2], qTo rrpn YKasaHHnIX Blilllle YCROBHHX CYillKH HS CH
RHKareRH y~aRHeTCH (He IlORHOCTbID) BO~a H coxpaHHIDTCH B IlORHOM 
o6~eMe rnmioKCHRbHnie rpyTIIlhl. 3TO OSHaqaeT, qTo 

,I 
i: 

J 

0:1<<1, li 0:2 = 1. (36)' I 

B COOTBeTCTBHH c pnc. I li 2 BMa~ .KORe6alilifi rrpOTHPOBaHmix; · 
BO~oro KOMIIOH8HTa li r~OKCHRbHOfi 060RO~ B crreKTP oei1mepu
po6a:HJi'bl.X o-6pasuoB ~OR>KHhl 6hlTb MHOro MeHbille TaKHX me BMa~OB B 
crreKTP 6osoy'lll/--lo-cyxux cnRHKareRefi, TaK q:ro,, 
£3 1 << 1, £3 2<< 1. _ (3B) 
Ha ocHoBe PR~a pa6oT-IlPHHHTb cqnTaTb n,21, qTo npn ~efiTepo
o6MeHe SaMememre aTOMOB BO~opo~a ~efiTepneM B BO~OM li r~OK-

6 

'i 
I 

CHRbHOM KOMIIOHeHTax rrpOHCXOJmT B o~aKOBOtl IlPOilOPUHH, .. HS 

qero cRemeT, qTo 

f3i = f32 = (3. • (3r) 
TIOCTPOHM 6asnc CHCTeMhl. (2) , liCilORb3YH 8TH YCROBHH U 

ypaBHeHHH (I, I~). BfilPamaromne YCROBHH HeKoppeRnpoBaHHOCTH 6a-
3HCHnIX crreKTPOB. 

3.TiocTpoeHHe 6asnca: BapnaHT I 

CRemH rrpouempe, omrcaHHofi B pa6oTe I, IlOCTPOHM pas
HOCTHnlfi Cil8KTP 

1J9'p(l2) = 9'p(l) -·9'p(2) = (l _ <,_ )S~l), 

.• , 

KOTOPhlfi B COOTB8TCTBHH C (36) IlPOilOPlU'IOHaReH 6a3HCHOMY crreKT-
py Spi

1 >. PaCCMOTPHM OCTaToqmdfi Cil8KTP 

'.Kip = 9'pl) - a 11,rii12) 

li IlOTpe6yeM era HeKoppeRnpOBaHHOCTH co crreKTPOM 1)9'p< 12 > B co
OTBeTCTBHH c (I I3). Orrpe~eRHB ao no. (I.IO), IlORY~ crreKTPhl 

a 1)9'p(12) = Sp(l) li 

0 '.Klpo (I) = spil) + Sp~ 1) . 

' TiepBhlfi crreKTP HBRHeTCH rraplU'IaRbHhlM 6a3HCHhlM. crreKTPOM BO~Ofi 
060ROqKH B 6030yutH,O-cyxo~ o6pasue, a BTOpofi rrpe~cTaBRH8T 
crreKTP a6CORIDTHO cyxoro OCTaTKa. 

TIOCTpOHM HOBhlfi OCTaTO~ CIT8KTP 

'.Kip = 9'p( 3) _ a 1)9'p( 12) 

li IlOTpe6yeM ero H8KOppeRnpoBaHHOCTH co Cil8KTpoM 1)9'p ( 12 ) . B 

pesyRbTaTe pemeHHH ypaBHeHliH (I.IO) IlORY~ crreKTPhl 
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a
0
'IJ;lp ( 12) 

'Ro:lp(2) 

(31 Sp(l) = Sp(3) I'[. 

f3 spTl). + spTl) = sp<J) + sp(J) 
2 2 3 2 3 • 

IlepBbtll cneKTP npe~cTaBnHeT 6asncmut cneKTP BO~oro KOMIIOH8HTa 
oeilmepupOBCJJ,/,HOeo o6pasua, a BTOpon OilliChlB88T Cil8KTP 8TOI'O me, 
HO aOcoJIIOTHO cyxoro o6pasua. 

PaCCMOTPIDII pa3HOCTmtli cneKTP 

'IJ:lp = 'R.
0
:lp (I) - 'R

0
:lp(2) = ( 1 - ~ )s~l) , 

IlOCTPOIDII OCT8TO'lllllitlt cneKTP 

'R:lp = 'R.
0
:lp (I) - a 'IJ:lp 

li noTpe6yeM Bhlil0~8HliH YCflOBliH HeKoppe~OB8HHOCTli 

C ('R:lp, 'IJ:lp) = O. 

Tor~a onpe~e.mm ao B COOTBSTCTBlili C (I.IO), rronytmM 

a 'IJ:lp = Sp ( l) li 'R :Ip, = Sp( l) 
o 2 O 3 • 

TaKIDJJ o6pasoM nonyqeH Ha6op 6asncHhlX napunan:oHhlX crreKTPOB 

· { sp?) (r)} Bosoyuo-,,o-cyxoeo o6pasua. IlonyqeHHhle napunan:omrn 

cneKTPhl BM8CT8 C liCXO~ cneKTP8Mli ABITC :lp(l) ~RH B03~lliHO
cyxnx cmnmarenen cr20 n crroo npHBe~eHhl Ha· pnc. 3 n 4. B 060-
nx c~qaHX CYMM8 napunan:OHhlX cneKTPOB no~OCT:OID BOCnpOH3BO~T 

HCXO~e crreKTPhl (KPliBhl8 a). 
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a) HCXO~HhlM CHRHRaren:o; 6) BO~HHM KOMTIOH8HT; B) rH~pOKCHflbHM 
.o6onoqKa; r) OCTOB;BapnaHT I.. . 

9 



~ 

4.IlOCTpoeime Oa3Hca: BapHaHT 2 

ITOCTPQHM paSHOCTIIIitlt Cil8KTP 

:D:/'p(13) = 1p(l) _ 1p(3) • 

oTOT CIT8KTP HBRfl8TCfl ~etmon ,KOM6HHaunen 683HCHiiIX Cil8KTPOB 
sp11> H spJ1> H B COOTB8TCTBHH C (2) H (3r) HM88T BH.ll 

'D1p(13) = (1 - ~)Spil) - (1 - ~)spJl) • 

ITOCTPOHM OCT8TO'lllillll Cil8KTP 

W'p(~13) ·= 1p(l) _ a(113) 'D1p(13) 

H IlOTpeOyeM, qTO6hl OH He 6hlR KOppe~B8H co crreKTPOM 
'D1p< 13 >, T.e. qTOOhl BhlITOmHROCb YCROBH8 

C ( W'p(113) ,, 'D1p(13)) = O. 

nnfl.H8XOlR,Il;8lmfl KOS~8HT8 a6llJ) BOCilORb3Y8MCfl BfilP8m8HH8M 
(I.IO). B HTore nonyqaeM crreKTPhl 

aili3)'D1p(13) = 
. '.R.01p(113) = 

Sp(l) + Sp(l) H 
h> 2 

Sp3 

TaKHM o6pasoM onpenenHeTcH rrapunanbIIIitlt 6asncIIIitlt crreKTP spJ 1
> 

KORe6aHHn KP8MH838MHOro OCTOBa. 
ITOCTpOHM OCT8TO~ CIT8KTP 

W'p .; 1pl) _ a 'D~12), 

rne pasHocTIIIitlt crreKTP 'D1p< 12 > onpeneneH BiiIIIIe n noTpe6yeM ero 
H8KOPP8RHPOB8HHOCTH CO Cil8KTPOM 'D1p(l2) B COOTB8TCTBHH C 
(I.I3). OnpeneRHB aO no (I.IO), rrony~ crreKTPhl 

a
0
'D1p(12) 

W'po(I) = 

Sp(l) 

sph> 
2 

H 
+ Sp(l) 
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IIepBbtlt CIIBKTP SIBJIHBTCH rraprmaJII:,mIM . 6a3RCmIM CIIBKTPOM BO,IJ;Ii0:0: 
o6oJio'lllCH B BosayutH,o-cyxo~ o6pasue, a BTopo:0: npe~cTaBJIHBT 
CIIBKTP ero a6COJIIOTHO cyxoro OCT8TK8 • CIIBKTP r~OKCRJibH0:0: 
060JIO'lllm onpe~BJIHBTCH KaK pa3HOCTb 

sp<!>= 1(.o!IP (I) - Sp~l) . 

TaKRM o6pa30M BHOBb IIOCTPQBH IIOJIHhtlt 6a3RC CRCTBMhl (2). 

5 • .AHaJIHa rronyqeHmJx peayJihTaToB 

GneJanpbl Kpe.m:H,e3e.m:H,oeo ocmo8a. IIaprmaJibHiiIB CIIBKTPbI ABIIC 
KPBMHB3BMHiiIX OCTOBOB 060RX CR.rrmcareJie:0: npe~cTaBJiemr Ha PllC.5 
COBMBCTHO co CIIBKTPOM ABIIC KBapuesoro CTBKJia. RaK B~O ll3 
PRCYHKa, CIIBKTPbI o6oRX o6pasuoB, HBCOMHBHHO, RMBIDT 0611.lll:0: PR-· 
CYHOK ll rroxmm Ha CIIBKTP CTeKJia. BMBCTB C TBM OHR 3Ha_l!llTBJibHO 
pas~aIDTCH KaK IIO (lopMe, TaK R IIO RHTBHCRBHOCTR. 

BbillliCJIBHmre CIIBKTPbI OCTOBa CR.rrmcareJIH cr20 (PllC. 5, a) 
OKasaJIHCb npaKTWIBCKR . TOlK,l(BCTBBHHbIMR B 060RX BapRaHTax. 06a 

CIIBKTl)a co~epJKaT HedOJibl.IlllB OTPRUaTBJibHiiIB yqacTKR B 06JiaCTll 
IIPll ISO ll 600 CM-~ COCTaBJIHIDIItHX 3% RHTBrpaJibHbIX RHTBHCRBHOC

Te:0: CIIBKTPOB OCTOBa R 0.1% RCXO,D;Horo CIIBKTpa Cll.rrmcareJIH. IIOJIO
JKBHRB STRX npoBaJIOB II03BOJIHBT npemoJIOJKllTb, qTQ OTPRUaTBJibHbI8 
3HaqeHRH GIIBKTl)OB B HRX BbI3Bamr HBKOTOP~:0: rrepeoueHKo:0: BKJia~a 

· BO,D;H0:0: 060JIO'lllm B . CIIBKTpe 8030yutH,O-cyxoeo o6pasua, B KOTOPOM 

OHa ~OMRHRPYB T ( CM. PRC • 3 ) • 113MBHBHRB rraprman:oHoro BKJia~a 
BO,D;H0:0: KOMIIOHBHTbI Jmlllb Ha I,5%, qTo COOTBBTCTBYBT YMBHbill8HRID 
ero B8COBoro MHOJKHT8JIH B ypaBH8HRR r· CRCT8Mhl (2) ~o Be~ 

0,985 EM8CTO I, IIPRBO~T K RcqesHOB8HRID OTPRUaT8JlbHiiIX o6Jiac

T8:0: (CM. KPRBYID 3 Ha PRC.5,a). IIpR ST0:0: KOPP8KUHR, KaK B~O 
R3 PRCyHKa, (lopMa CIIBKTpa OCTOBa · IIOJIHOCTbID coxpaHH8TCH. 
BCJI8~CTBR8 SToro MOJKHO Cl!llTaTb, qTo OHa onpe~eJieHa ~OCTaTOllHO 
Ha~eJKHO. '9:TO JK8 KacaeT<;H cpaBH8HRH BbillliCJI8HHbIX CII8KTPOB co 
CII8KTPQM CTSKJia, TO CJl8~8T o6paTRTb BHRMaHRe Ha 3HallliT8JlbHO 
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60JI88 HPKO BoipameHHYID CTIJYKTYPY Bbl'IBCJI8HHbIX cneKTPOB ll noqTn 
TP8XKP8TH08 IlP8BnIIII8Hll8 llHT8HCllBHOCTll. 

Bhl'IBCJI8HHhl8 cneKTPbl ABITC OCTOB8 CllnHKareJIH crroo no Ba

Pll8HT8M I ll 2 38M8THO paSHHTCH M8JK,ey co6on: T8K Bbl,IJ;8JIH8TCH 
3H81IBT8JibH8fl OC068HHOCTb B cn8KTP8 OCTOB8 B8Pll8HT8 2 B 06JI8C-
TH 200-300 CM-1 , 3Ta 06JI8CTb corJiaCHO pnc.4 OTBeqaeT rJiaBHOil 
q~CTll cneKTP8 ABITC rH,IJ;pOKCllJibHOil 060JIOqKH. T8KllM ci6pa30M,C03-
,Il;88TCfl BneqaTJI8Hll8, qTO B rrpouecce Bbl'IBCJI8Hllil cneKTpa OCTOB8 

cneKTP rn,n;pOKCllJibHOil 060JIOqKll K8K 6bl H8,Il;OBblqTeH. 
rJiaBHhlMll IlPOll3BO,Il;HT8JIHMll cneKTP8 spJ1> B 'sTOM B8Pll8HT8 

HBJIHIDTCH cneKTPhl :lp(l) ll :lp(3) • B STOM CJiyqae OCHOBHYID POJib 

nrpaeT COOTHOIII8Hll8 (3r), r,n;e ncnOJib3Y8TCH rrpe,n;rroJiomeHHe 0 
rrponopunOH8JibHOCTll ll30TOTIHOro saMemeHHH B rn,n;poKCHJibHOll 060-
JIO~e ll Bo',n;e. Ecnn rrpe.n;rroJIOllillTb, qTo STO rrpe,n;rroJIOlK8Hll8 BhlnOJI
HH8TCfl Jilllllb rrpn6nnmeHHO, TO MOlKHO OTKOPP8KTHPOB8Tb BblqHCJI8H
Hhlil cneKTp Sp ( ;> . .!(JIH Toro, qTo6bl C,Il;8JI8Tb ero COBna,n;aIDmHM B 
rJiaBHOM IlllK8 rrpn 300 CM-l co cneKTPOM B8Pll8HT8 I,,IJ;OCT8TO~O 

nOJIOmHTb OTHOIII8Hll8 ~1/ ~2 P8BHhlM 0,854 BM8CTO I. 3Ta B8nHqHHa, 
corJiacyeTCH C I7%-HbIM YM8Hblll8Hll8M llHT8HCHBHOCTll B rJiaBHOM Illl
K8 napunaJibHOro cneKTpa rn,n;pOKCllJibHOil 060JIO~ll. Bbl'IBCJI8HHOll B 
B8pll8HT8 2 (M. pnc. 6, 6) • 0TKoppeKTHPOB8Hlihlil T8KllM o6pasoM 
cneKTP 3 H8 pnc.5,6 IlP8KTnqecKH noJIHOCTbID COBna,n;aeT no (lopMe 
co cneKTl)OM I. TaKHM o6pasoM,MOlKHO yBepeHHO roBOPllTb O (lopMe 
napunaJibHoro cneKTpa OCTOB8 CHnHKareJIH crroo. Ero llHT8HCllB-

'HOCTb orrpe,n;eJIH8TCH rrpn STOM C TO~OCTbID ,n;o 2% B 06JI8CTll CllJib
HhlX IlllKOB · a ,n;o 50% B 06JI8CTH Hll3KOil llHT8HCHBHOCTll. KaK ll B 
cnyqae cneKTP8 OCTOB8 CllnHKareJIH cr20, cneKTP ABITC OCTOBa 

crroo 60JI88 CTPYKTYP8H no OTHOIII8HHID K cneKTPY CT8KJI8, XOTfl 
IlP8BnIIII88T ero no llHT8HCllBHOCTll 3H81IBT8JibHO M8Hblll8; HHTerpaJib
Hhl8 llHT8HCllBHOCTll, cneKTPOB OCTOB8 crroo ll CT8KJI8 rrpaKTnqecKH 
O,n;HH8KOBhl. 

B pesyJibT8T8 BhlTIOJIH8HHO:tt rrpoue,n;ypbl pasJiomeHHH llCXO,Il;HhlX 

cneKTPOB 6osoyumo-cyxux o6pasuoB OCT8IDTCH H8P81Il8HHhlMll CJI8,Il;YID
II(ll8 BOilPOCbl, Bb1T8K8IDII(ll8 HS cpaBH8llH cneKTPOB, rrpe,IJ;CT8BJI8HHbIX 
H8 pnc.5,a ll 6: I) rroqeMy crreRTphl OCTOBOB 060HX c~areJie:tt 
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OTJilNaIDTCH OT Cil8KTpa CTeKJia; 2) rroqeMy Cil8KTphl OCTOBOB STHX 
CliJIHKareJie:0: paa.JilNaIDTCH M8>K,llY codo:0:; 3) rr~qeMy crreKTp OCTOBa 
Cli.JIHKareJIH cr20 CTOJib liHT8HCliB8H; 4) 03HaqaroT Jill IlOJIYtJ8HHhl8 
peayJibTaThl, tJTO Cil8KTP OCTOBa JIIDC'.ioro ,IU)yroro CliJIHKareJIH C pa-
3M8POM rrop,. OTJilNaIOIUHMCH OT 20 li IOOR, Ciy,neT OTJilitJHliM OT 
IlOJIY.tJ8HmIX. B HaCTO.HII{88 Bp8MH OTB8'J.'.a Ha 8TH BOrrpOChl HST, HO 
8CTb OCiOCHOBaHHaH Ha,IlelK,Ila, tJTO IlOJU)OC'.iHhl:0: aHaJili3,Cil8KTpaJibHhIX 
xapaKT8PliCTliK Cil8KTPOB li KOJilN8CTB8HH08 MO,Il8JlliPOBaHlie CTPYK
TYPhl liCCJl8,IlOBammx o6~8KTOB Il03BOJIHT Ha HllX OTB8TliTb. 

Cneianpb(. euiJpORC'tl.A.bHOa o60AO~KU. IlapI..U1aJibHhl8 crreKTPhl 
rH,lij)OKCliJibHhIX OCiOJIOtJ8K CliJIHKareJIH cr20, )lOJiyqeHHnie OilliCaHHhlMH 
BhlIII8 .IlBYMH crrocodawr, rrpe,ncTaBJI8Hhl Ha PliC.6.a. CrreKTPhl B ,IlOC
TaTOtJH0:0: CT8Il8Hli IlO,IlOC'.iHhl, tJTOC'.ihl roBOPliTb O Ha,Il8l!CHOCTR IlOJIYtJ8H-
Hbro peayJibTaTa.TaKoe me aaKJIIDtJ8Hli8 MOmeT CihlTb c,neJiaHo li ,IlJIH 
CliJIHKareJIH crroo (CM. PliC.6,6). Pa3JllitJliH rro liHT8HCliBHOCTll B 
odemc rrapax Cil8KTPOB He rrpeBhlIIIaIDT 20%. KaK yme roBOPliJIOCb Bhl
me, STO paaJilitJlie MOmeT CihlTb CBH3aHO C OTKJIOH8Hli8M OTHOlli8HliH 

K08~8HTOB ~1/~2 OT e.nmrnuor. KaK Mhl Bli,Il8Jlli BhlIII8, yqeT STO
ro OTKJIOH8Hlifl Il03BOJIH8T BH8C~li rrorrpaBKY .B Cil8KTP OCTOBa 
cliJiliKareJIH crroo. B CJIYtJae · me cli.JIHKareJIH cr20 20%-Hoe 
YM8Hbill8Hli8 liHT8HCliBHOCTli rll,IU)OKCliJibH0:0: OCiOJIOtJKli He OKa3aJio 
aaMeTHOro BJiliHHliH Ha Cil8KTP OCTOBa, TaK KaK B STOM CJiyqae 

.IlOMHHHPYIOIUaH POJib BO,IlHor6 KOMilOH8HTa OKa3aJiaCb orrpe,neJIHIDmett 
(cp. PliC. 3 li 4). 

OCipamaeT Ha ceCiH BHMMaHl18 3aM8TH08 paaJilitJlie Cil8KTPOB 
rH,lij)OKCliJibHhIX OCiOJIOtJ8K STHX .IlBYX oCipaauoB, tJTO, · IlO-Bli,IlllMOMY, 
CBH3aHO C OTJilitJli8M crreKTPOB OCTOBOB ll T8M _caMhlM KOCB8HHO ero 
IlO,IlTB8PJK,UaeT. CorJiaCHO Mci,Il8JlbHbIM rrpe,IlCTaBJI8HliHM O CTPYKTYP8 
CHJIHKareJIH [8],BHYTP8HHHH IlOB8PXHOCTb rropa IlOKJ)hlTa rll,IU)OKCliJib
HhlMH U8HTpawi: paaHoro Tlllla, rrpli STOM OTHOCHT8JlbH08 pacrrpe,ne
JI8Hli8 :qHCJia STHX U8HTPGB aaBliCHT OT pasMepa rropa li CTPYKTYPhl 

"cliJIOKCaHOB0:0: IlO,IlJIOmKli B OCiJiaCTli KalK,Iloro U8HTpa.· ITOCJl8,IlHHH, B 
CBOID oqepe,nb, CBH3aHa co CTPYKTypo:0: OCTOBa. 

B CJIYtJae CliJiliKareJre:0: IlOKa He rrpe,ncTaBJIH8TCH B03MOJKHhlM 
IlOJIYtJ8Hli8 crreKTpa ABITC rli)U)OKCliJibH0:0: OCiOJIOtJKli H8IlOCP8.IlCTB8HHO 
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PHc.7. ITapI..U1aJibHhl8 crreKTPhl ABITC·BO,IlHhlX KOMilOH8HTOB 
.. "60SOyutH,O-cyxux CliJIHKareJie:£1:, T=IOK: 

. a) BO~Hhl8 KOMITOH8HThl; 6) a,ncopC'.iliPOBaHHaH BO,na; 
r-cHJIHK~reJib cr20; 2-cliJiliKareJib crroo; 3-6/sa.mopo~eHHCISi 6ooa • 
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HS 8KCrrepHMeHTaJibHhlX crreKTPOB ABIIC, KaK 8TO 6hlJIO B CJiyqae 
88POCHJia~[4]. TOMY eCTb .I{Be rrpllll:HHhl. Bo-rrepBhlX, HeJib3H BhlCY
IllllTb o6paseu ,I{O T8K0:0: CTerreHH, Kor,n;a K08~e_HT al BO BTOPOM 
ypaBHeHHH CllCTeMhl (2) MOmeT Cll:HT8TbCH paBHhlM HYJIIO, B rrpou;ecce 
CYIIlKll _ HaMHoro paHbIIIe ,n;ocnrmeHHH 8TOro YPOBHH HaqHHaeTCH 
rrpou;ecc ,I{eCTPYKIUlli OCTOBa CHJIHKareJIH [I ,21. YCJIOBllH CYIIlKll, 
yKasamme Bhlllle, Bhl6npaJIHCb HMeHHO:TaKHM 06pa30M, qT06hl He ,I{O-

- IIYCTllTb ,n;eCTPYKlUilO o6pasu;a. BTopaH rrpnqHHa saKJIIOqaeTCH B TOM, 
qTo · Mhl He pacrroJiaraeM. 8KCIIepHMeHT8JibHO Hesa,BHCllMhlM CII8KTPOM 

. OCTOBa, TaKHM, K8KllM 6hlJI CII8KTP cmeKJ1,a A380 ,I{JIH C8M8llCTBa 
aapOCllJIOB [4]. IIOCKOJibKY, KaK Bll,I{HO ~3 PHC.5, llM8IOTCH cepb83-
Hhl8 OCHOB8HllH IIOJiaraTb, qTo CTPYKTypa KP8MH838MHOro OCTOBa 
CHJIHKareJIH 3H8ll:HT8JibHO OTJillqaeTCH OT CTPYKTYPhl KBapu;eBoro 

·' . . 

CT8KJia, llCIIOJib30B8Hll8 CII8KTpa CTeKJia IIPH aHaJIH38 CII8KTPOB Cll-
JIHKareJiefi 6y.n;eT ,I{OCTaTOll:HO rpy6hlM rrpH6JIHm8Hll8M. B HaCTOHII(88 

BP8MH saBepIIIaIOTCH KBaHTOBO-XHMHll:8CKH8 pacqeThl, KOTQPhl8 IIOSBO
JIHT, Mhl Ha,n;eeMCH, OIIHC8Tb Ha6JIIO,n;aeM08 pa3Jillll:ll8 crreKTPOB ABIIC 
rll.I{POKCllJibHhlX o6oJioqeK .IlBYX o6pasu;oB ll Bhl3hlBaIO!Illle ero rrpHll:HHhl 

6oJiee IIO,I{p06HO. 
CneKITlpbl 6ooHoa KO~noHeHmU. IIapI..J;HaJibHhl8 crreKTPhl ABIIC BO,I{

HhlX KOMIIOHeHTOB CHJIHKareJiefi cr20 H crroo COBM8CTHO co crreKT
pOM 6/s~opo~eHHoa 6oou IIPHB8,I{8Hhl Ha PllC.7,a. CrreKTPhl IIOJiyqe
Hhl KaK paSHOCTb CII8KTpOB 1p(l)H 1p(2). Mx HHT8HCHBHOCTb COOT

B8TCTBY8T ( CM.' (2)) BKJia,n;y B CII8KTPhl 60SOyutH,O-cyxux o6pasI..J;OB 
C B8COBhlM MHOmHT8JI8M, paBHhlM e,I{HHHI..J;e. 

06pamaeT Ha ce6H BHHMaHHe XOPOIIIO 38M8TH08 paSJIHll:lle CII8K
TPOB BO,I{Hl,IX KOMIIOH8HTOB o60HX o6pasu;oB. Ha rrepBhlll BSrJIH,I{ 8TOT 
pesyJibTaT yme He KameTCH Y.I{HBHT8JibHhlM, IIOCKOJibKY Bhlllle pasJIH
qne crreKTPOB ABIIC ,n;JIH BTHX o6RasqoB Ha6JIID.I{a..JIOCb H .UJIH ,n;py
rnx rrapI..J;Ha.riomrx CII8KTPOB. 'BosHHKaeT II08TOMY HCKYIII8Hlle BCTa
BllTb STO pas~e B o6myIO uerrotJ:Ky BhlTeKaIOm:rrx ,n;pyr. HS ,n;pyra 
pasJillll:llfi: OCT0B ~--> rll.I{POKCHJibHaH 060JIO'll:Ka ---> BO,I{a. 0,IJ;HaKO 
HeJioSH rrpn STOM 6cTaBHTb 6es BHHMaHHH 6oJioIIIYIO cxomecTb crreK
Tpa BO.n;H0:0: 060JI0ll:KH CHJIHKareJIH cr20 co CII8KTPOM 6 I s~opo
~eHHoa 6oou (CM. PHC.7.a). CTOJib oqeBH,I{H08 CXO,I{CTB0, KOTopoe 
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Ha6JIIO,n;aJI0Cb H ,n;pyrHMH aBTopaMH [9,IO], MomeT CBll,I{8T8JibCTBO-;
BaTb O TOM, qTO B rropax CHJIHKareJIH 8CTb KaK 6hl .IlB8 BO.I{hl: O.n;Ha 
B0,I{a a,n;cop6npoBaHa Ha BHYTP8HH8ll IIOB8PXHOCTH rrop; BTopaH BO,I{a 
"HaJIHTa" B II0Phl (HJill K8IIHJIJiflPHhl8 KaHaJihl) , T. e • KBa3llCB06o.n;Ha. , 
IIOHCKaM BO,I{hl IIOCJie,IJ;Hero Tlllla IIOCBHIU8HO ,I{OCT8TO'll:HO MHoro pa60T 
(CM., HarrpHMep [I0-12] H CChlJIKH B HllX). TaK, B pa6oTe [II] 
YTBepm,n;aeTCH, qTo B pesyJibTaTe HefiTPOHOCTPYKTYPHOro aHaJIHsa 
aBTOpaM y,n;aJIOCb YCTaHOBHTb HaJillll:ll8 reKcaroHaJibHOro Jib,I{a B 
KP8MH838MHOM IIOPHCT0M CTeKJie. 

ECJIH IIPHHHTb 8TY TOll:KY 3P8HllH, TO CJie,n;yeT paccMaTpHBaTb 
rrapI..J;HaJibHhle crreKTPhl I ,H 2 Ha PHC.7,a KaK COCTaBHhle, C0CT0H!Illl8 
HS CII8KTPOB a,n;cop6npoBaHHofi H KB83HCB060.n;H0:0: BO,I{hl. Tor,n;a Ha6-_ 
JIIO,n;aeMoe pasJIHqHe C1!8KTPOB BO,I{hl B CHJIHKareJIHX cr20 H crroo 
rroJiyqaeT.KaqecTBeHHoe o6~HcHeHHe. B MeJIKorropHCTOM CHJIHKareJie 

: ' • I • 

cr20 BO,I{hl 60~blll8, OKOJIO I6 B8COBhlX % (HSBeCTHO, qTo qeM M8Hb-
IIIe rropa, T8M 60Jibllle BO,I{hl y,n;epmHBa_eTCH B He:0: BCJie,I{CTBlle 'ycHJie
HllH CHJI II0B8PXHOCTHOrO HaTHmeHHH [I,21), H 0CHOBHYIO qacTb ee 
COCTaBJIH8T KBa3HCB06o.n;HaH BO,I{a. MMeHHo II08TOMY crreKTP . ABIIC 

BO.n;H0:0: KOMIIOH8HThl cr20 B 8TOM CJIYqae CTOJib rroxom ,Ha _ crreK_TP 
6/s~opo~eHHoa 6oou. B CHJIHKareJie crroo :rrs-sa 6oJioIIIero pasMe~ 
pa rrop BO,I{hl y,n;epmnBaeTCH M8Hbllle (OKOJIO 5 BeCOBhlX %), ll IIOST0~ 
MY B _ ee crreKTP8 ABIIC IIP0CTYIIaeT rrpaKTHqecKH IIOJIHOCTbIO sa
MaCKnpOBaHHhlll B rrepBOM CJiyqae CII8KTP a,n;cop6npoBaHH0:0: BO,I{hl. 
0CHOBhlBaHCb Ha 8TOM KaqecTB8HHOM aHaJIHse, IIOCTapaeMCH Ha:0:Tll 
CIT8KTPhl 060llX TllITOB BO,I{hl pas,n;eJibHO. 

Ey.n;eM Cll:HTaTb, qTo KBa3HCB06o,IJ;HaH B0,I{a H a,n;cop6npoBaHHaH 
BO,I{a , rrpocTpaHCTB8HHO pas,n;eJieHhl. TIO.I{ a,n;cop6npoBaHHo:0: BO,I{0:0:, 
KaK H B CJiyqae aapoCHJia, rro,n;pasyMeBaIOTCH CJIOmHb!e CTPYKTYPHhl8 
o6pasoBaHHH, BKJIIOqaromue MOJieKyJihl B0,I{hl, BSaHMo,n;e:0:CTBYID!Illle C 
I..1;8HTPaMH a,n;cop6rurn:. IIpe,I{IIOJiaraeM, qTo CHCT8Mhl BHYTPeHHHX K0-
op,I{HHaT a,n;cop6npoBaHH0:0: H KBa3HCB060.n;HOll BO,I{hl HesaBHCllMhl, TaK 
qTo llX KOJie6aT8JibHhle CII8KTPhl He ,I{OJ!mHhl 6hlTb CK0PP8JIHPQBaHhl, 
ecJIH He rrpHHHMaTb BO BHHMaHHe JIOmHYIO KoppeJIHlUfl(), Bhl3BaHHYIO 
CJIYqafiHbIM COBrra.n;eHHeM qacTOT KOJie6aTeJibHhlX MO.I{. B pa6oTe I 
6hlJI0 IIOKasaHO, qTo B CJiyqae, Kor,n;a qHcJIO KOJie6aT8JibHhlX MO.I{ 
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Be.JrnKO , KOppe.hHU:mI, BbI3BaHHaH c.rryqafumM COBIIa,UeFrneM, MaJia • 
ITO aHaJiorlfil C (2) samnneM CliCTeMy ypaBHemnt 

9'p(1) (w) 

9'p(2) (w) 

9'p(3) (w) 

Sp
1 

(w) + Sp2 (w), 

= cx1 sp1 (w) + cx2 sp2 (w), 

= ~Sp1 (w), 

r.ue liH,n8KC j HYMepyeT liCXO,IJ;Hbie crreKTpbI: 

(4) 

j=I) rrapunaJibHbtlt crreKTP ABITC BO,D;HOtt odoJIOl!Kli Spil) CHJili
KareJIH cr20 (cM.plic'. 7 ,a); 

, j =2) rrapUH~JibHbtlt crreKTP ABITC BO,D;HOtt OdOJIOl!Kli sp?> CI:IJili
KareJIH crroo (cM.pHc.7,a); 

j=3) crreKTP ABITC 6/sa.mopo~eHHOa 6oou. 
sp1 R sp

2 
odosHatiaIDT rrapunaJibHbie crreKTPbI KBasHcBodo,D;Hott H a.u

copdHI)OBamrott BO,nbl, KOTOpbie IIOJiaraIDTCH O,IJ;HHaKOBbIMR B odoHX 
CRmmareJIHX. Ha OCHOBaHRR padOT [IO, II] , YTBepJK,naIDII\HX, l!TO 
CTPYKTypa CBOdO,D;Horo Jlb,Ua ll Jlb,Ua B rropax rrpaF.THtJeCKR coxpaHH
eTCH; rroJiaraeM, tJTo crreKTP KOJiedamnt CBo6o.ILHott Bo,nbl 9'p < 3 

> R 
eCTb dasncHbtlt crreKTP Spl. B YCJIOBHHX cpaBFrnTeJibHO HeBbICOKOH 
BJiaJKHOCTR HCCJie,UOBalffibIX 6030yutHO-cyxux odpasuoB IlOpbI sarrOJIHH
IDTCH BO,UOtt HeITOJIHOCTbID. BcJie,UCTBRe STOro BO,Ua B rropax CB060,U
H00pacnrnpneTCH R He rr~,nBepmeHa .uettcTBHID H36bITotIHoro ,naBJieFrnH. 
ITO STOtt rrpHtJHHe BJIHHlllie .naBJiellliH Ha crreKTP saMopomemrott BO,nbl 
[I3l MOJKHO He- YtIHTbIBaTb. 

. ITOCTPOHM ,nBa OCTaTOl!HbIX CileKTpa; 

'.R!f'p (I) = 9'p( 1) - ~ 9)13) H 

'.PJJ'p (2) = 9'p< 2) - 8i 9):() 

H IlOTpedyeM BbIIlOJIHellliH KPHTepHH HKK B BH,ne'(I.I3) 

c ('.R!f'p(I), 9'p< 3 >> = o Kc ('.R!f'p(2), 9'p 3>) =·o. 

PemaH STH ypaBH81lliH, onpe,neJIHM B COOTBeTCTBlfil C (I.IO) aloH 
a

20 
H IlOJIYl!HM CileKTPbI a

10
9'p( 3 ) = Sp

2 
(I) H a209'p( 3 ) = SPi (2). 
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3TH CileKTpbI IIPHBe,UeHbI Ha PliC.7,6. BbitIHCJieHHbie crreKTpbI OKa3a-
, ' . ··,. 

JlliCb rrpaKTHtJeCKli TOJK,neCTBelffibIMR, l!TO IlO,UTBepJK,naeT KaK Ha,nem-
HOCTb HCIIOJib3YeMott rrpoue.uypbI; TaK K crrpaBe,UJiliBOCTb c,neJialffibIX. 
Bblme rrpe,urroJiomemnt. B ~adJIHUe rrpKBe,UeHO rrpoueHTHOe co,uepmaHRe 
CBOdO.n;HOtt (~CB) H a.ucopdlil)OBamrott <~a.u> BO,nbl B liCCJie,UOBalffibIX 
odpasuax Cli.JrnKareJiett, COOTB8TCTBYIOmee 3HatJellliHM KOS®MUlieHTOB - , 
a

0
B ypaBHeFrnHX KPHTepHH HKK (I.I3). 

TadJIHUa 
IlpoueHTHoe co.uep~aHHe B cHJIHKarennx 

KB83HCB060,UHoa li a.ucop6lipOB8HHOtt BO,u&I 

CHmmareJib cr20 
cnmmareJib crroo 

~CB ~a,U 

10.0 

1.3 

1.6 

0.56 

,, . 

0,D;HaKo caM ©aKT O,IJ;HHaKOBOCTH crreKTPOB ABITC a,ucopdlil)OBaH
HOH BO,nbl . B odOHX CHmmareJIHX KameTCH Y.nHBHT8JibHbIM Ha cp:)He 
dOJibmoro pa3JllitJHH .UBYX .upyrHX HX 6a3HCHbIX Cil8KTPOB. ITo
BH,nHMOMY, B OCHOBe SToro ©aKTa JI8mHT KOHKYP8HUHH .nBYX rrpouec
COB: odpasoBaHHH "KarrJIH" KBa3HCB060,D;HOtt BO,nbl H a,ucopdUHH. 
OtieBH,nHO, l!TO cpe,nH Hadopa U8HTPOB, cioPMHPYIDII\HX rH.upOKCHJibHYID 
OdOJIOtIKY H odecrretIKBaIDII\HX a.ucopdUHfil BO,nbl, JIHmb O,IJ;HH U8HTP MO
meT _oKa3aTbCH KOHKYP8HTHOCilOC06HbIM (HHatJe BO,Ua He COdlil)aJiaCb 
dbl B KaITJili). ECT8CTBeHHO, l!TO STOT U8HTP HM88TCH Y pa3HbIX CH~ 
mmareJiett, l!TO H odycJIOBJiliBaeT O,IJ;HHaKOBOCTb Cil8KTPOB ABITC a.u
copdlil)OBamrott Ha H8M BO,zibl. ITpe,nJiaraeMoe o6~HCH81lli8, KOHetJHO,, 
HBJIH8TCH rHITOT8TlltJ8CKHM, .o,D;HaKo MbI IlOJiaraeM, l!TO COBpeMeHHaH 
Bbil!HCJiliT8JlbHaH XHMRH CMomeT odOCHOBaTb STY rHITOT83Y KOJ!HtJ8CT
BeHHO. 
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3aKJIIOtJemre 

Cpe,IJ;H Bcex R3BeCTHbIX KpeMHeaeMOB CRJIRKarenb HBRHeTCH Ha
RCio.rree c.JioJKmiIM OCi'IieKTOM, HeCMOTPH Ha CBOIO IIPOCTYIO XRMRtieCKYIO 
IP'.)PMY~ [I ,2). 8TO CBH38HO C RC~tIRTeRbHO:Il H3MeHtIRBOCTblO 
CBO:IlCTB a Toro MaTepHana I KOTOpaH HBRHeTCH I IIOJKanytt, e,IJ;HHCT
BemmM IIOCTOHHHliIM KatieCTBOM CH~arenH. ·He HBRHIOTCH HC~tie
HReM H3 oCimero rrpaBRRa R rrpHBe.n;emme BbIIlle peayRbT8Thl. TeM He 
MeHee, HX aHa~a IIOK83hlB8eT, 'ITO KO~eCTBeHHoe paCCMOTpeHRe 
rrpoCinew MOlKeT II03BO~Tb OTBeTRTb Ha OCHOBHhle BOIIPOChl: B Ka
KO:Il CTerreHR rrpHcymaH cn.irnKarenHM H3MeHtIHBOCTb CBH38Ha C 
naCiHRbHOCTblO CTPYKTYPHO-,IJ;HHaMHtieCKHX CBOtlCTB H HBRHeTCH ~ 
crreKTP I\OReCia:mnt a.n;copCinpoBaHHO:Il BO~ OT~tIRTeRbHO:Il 
xapaKT8PRCTRKO:Il CH~areRH. 0TBeThl Ha 8TH BOIIPOChl II03BORHT 
HatlTR IIYTH yrrpaBneHRH MO,IJ;H(l)KKar.mett SToro BaJKHoro TeXHOROrHtie
CKoro IIPOnJKTa. 
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