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1. A3poCIIIJ1 

P14-92-86 

n111poreHHblH AIIICnepCHblH KpeMHe3eM - a3poc111n - paCCMaTp11teaeTCA KaK 

TpeXKOMnOHeHTHaA CIIICTeMa, COCTOAl.1.laA 1113 KpeMHeJeMHOro AApa, r11tApo­
KCIIIJ1bHOH o6onO'IKIII Ill aACOp611tpoBaHHOH BOAbl . npo11t3BeAeHO pa311O>KeHllte 
ero cneKTPOB aMnJ1111TYAHO-B3BeWeHHOH nnOTHOCTIII KOne6aTeJlbHblX COCTOA­
HIIIH (ABnC) , nony'leHHblX C nOMOl.1.lblO Heynpyroro pacceAHIIIA Hei:iTpoHOB np111 
1OK, Ha cneKTpbl COCTaBJlAIOl.1.IIIIX 3Ty ClltCTeMy KOMnOHeHTOB. 1,1cnonb30BaH 
MeTOA pa3JlO>KeHIIIA, OCHOBaHHblH Ha nocTynaTe O HeKoppen111poeaHHOCTllt 6a-
3"1CHblX cneKTpOB. Pa3J10>KeH11te ocy1.1.1ecTBJ1eHO nOCTpoeH11teM Q)llt311t'lecKllt 3Ha­
'1"1Mb1X 6a311tCHbl X cneKTp0B', YAOBneTBOPAIOl.1.IIIIX Kp11tTep111to Hyneeoro KO3Q)­
Q)lltl.411teHTa JllltHeHHOH KOppenA!,4111111, AJlA Ha6opa cneKTl)OB ABnc lltCXOAHOro 
Ill MOAIIIQ)llt!.411tpOBaHHOrO o6pa3!,40B a3pOCIIIJ1a A38O. 

Pa6oTa BbinonHeHa e na6opaTOp111111 Hei:iTpOHHoi:1 q>11tJ11tK11t Oi.1A 1-1 . 

Coo6mem te 0 6,,e;:tHHeHHOro HHCTHryTa 11;:iepHblX HCC,1e;10sa HHH . Lly6Ha 1992 

nepeBOA aBTOpoB 

Markichev I.V., Natkaniec I., Sheka E.F. 
Construction of Basic Vibrational Spectra 
of a Multicomponent System. 
1. Aerosi l 

P14-92-86 

Pyrogenic dispersed silica (aerosil) is considered as a three-component 
compound consisting of a silica core, hydroxil shell and absorbed water. 
The compound spectra of the amplitude-weighted density of vibrational states 
(AWDS) , obtained by inelastic neutron scattering at 1OK, 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 a set of the AWDS spectra of the A38O family, 
cons isting of both commercial and modified products. The obtained spectra 
meet the zero correlation coefficient criterion. 

The investigation has been performed at the Laboratory of Neutron Phy­
sics, JINR. 



Bae.zteH~-10 

l{HcnepcBHe aMoPlJBlie KpeMHeseMoI noJiyqa10TcH npn: KoHileHca­

rum H IlOJIHM9PH38IUm, conpoBOlK,I:l8IOOUIX pasJiomeHHe- (B 00~billillICTB8 

CJIY.qae:a rH,Zij)OJIH3) Te-TParaJioremr.noB KPSMHHH · HJIH illC opToopr~HH­

qecKillC S~B, a T8KlK8 co,Jiett KP8MHH8BOtl KH~JIOTIL IloJIHMepm:rn­

·lU:H npHBO,ItHT K. o0pa3C>B9Inm CHJIOKC8HOBHX uenoqeK (SiOSi) ~ H8-

IlJiaHapHHX J.tm(JIOB C. pas.n:wnrn:M 'IHCJIOM. 'IJI8HOB. YnaKOBbIBBHCb B 
~ . . ' 

npocTpaHCTB8~ 8TH.U8IlO'IKH H UHKJibI o0pa3YIOT 00'l>8MHYIO aMOJXPHYlO' 

CTPYKTYPY. (H.ztpO HJIH OCTOB) .zm:cnepcHoro KP8MH838Ma. 3TH me 

CTPYKTYPBH9 s~eMSHThl !IOPMHPYIOT ero IlOB8PXHOCTb. IIpn 3TOM OKa-

3btB88TCH, 'ITO y. '18.CTH IlOB8PXHOCT~ aTOMOB KpeMHHH HM88TC.H 

'.'il:30bITOK B8JI9HTHOCTH", IlOCKOJibKY illC CBH3H H8C.bIIU8Hbl . JIHII!b · C 

BHYTP8HH8tl,CTOpoBH.'. 3TOT H30bITOK H8C.bIIU88TCH B IlPHCYTCTBHH MO-

.JISKYJI B~.lUi rH,Zij)OKCHJibmtMH rpynnaMH, 'ITO npHBO.Im:T K paBHOMep­

HOMY, IlOKPbITHIO · IIOB9PXHOCTH .zm:cnepcHoro KP8MH838Ma rHJU)OKCHJib- • · 

Hott OOOJIO'IKOtt. B aTMOCClBPHHX YCJIOBHHX, a T8Km8 B npn:cyTCTBHH 

BO.lUi, yqacTBYDl{ett B T9XHOJIOrHqecKOM npouecce , H3rOTOBJI8ImH 
' . ' / .,· ' . 
KpeMHeseMa, rH,Zij)OKCHJIHI)OBaHHbltt KP8MH838M a,n;cop6npyeT 3Ha'IH-

T8JibH08 KOJIH'I8CTBO BO.lUi_- 3;a · ~,n;copOnpoBaHHaH' BO.zta OCipasyeT 

rH,n;PaTHYIO OOOJIO'IKY. QnrnqecKHe H XHMH'I8CKH8 HCCJI8,ll;OB8HHH CBH-
. ', ; \ ' ' 

,n;eTeJibCTBYIOT, 'ITO KaK rH,n;PaTHaH H rH.n;POKCHJibHaH OCiOJIOqKH, TBK 

H KP8MH938MHID1 OCTOB B 3H8'IHT8JibH0:0: CT8Il8HH coxpaHHIOT B ,zm:c- ·· 

nepcHHX. Kp8MH938Max· CBOIO XHMH'I8CKYIO HH,zm:BH.n;Y8JibHOCTb •, TaKHM 

oOpasoM., IIPOMliIIIJI8HBH8 npo,n;yKTbl ,zm:cnepcHHX . KP8MH838MOB MOmHO 
' 

p8CC,M8TPH;38Tb K8K KOMil03HThl, COCTOffillH8 H3 nep8'IHCJI8~ Bblill8 

Tpex KOMilOH9HTO~. 

ttccJie.ztoBamre CTPYKTYPHO~,ItHH8Mn:q8CKHX CBOtlCTB IlOB9PXH~CT­

HOtt 30BH . .zm:cnepcHHX KP8MH839MOB !]POBO,ll;HTCH B T8'I8HH8 yme 6o­

JI88 50 JieT •. .I{OBOJibHO ,ItOJirO ,ItJIH STillC HCCJI8,ll;OBamrll HCilOJib30Ba­

JIHCb XHMH'I9CKH8 M8TO.lUi H .Jllilllb B' KOHUS 60-X ro,n;OB H8tI8JIOCb 

IlPHM8H8HH8 cneKTPQM8TP:Hq8CKillC M8TO,ll;OB: KOJie6aT8JibH0:0: Cil8KTpo­

CKOilHH J1K H KP, crreKTpoCKOrnm HMP. O,ItHaKO, KaK H3-38'CJIOmHOC-· 
,e 061.eJlHHeHNMA HHCTHtyt Sl.?J.epnblX JtCC..'1Czt08811lln Jly6111, 1992 
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Te:tt 8KCil8PHM9HT8JibHOro. xapaKTepa, T8K H -HS-38 TPY.IUIOCTe:tt B , 

HHTepnpeTarum pesyJibT8TOB IlOJIY'I88Mhl8 .n:amme dhl.JIH, B OCHOBHOM, 

Ka'IeCTBe:mmMH. Cep:cesmre ycrrexH, .n:ocTHrHYThle B rrocJie,IUiee .n:e­

CHTHJieTHe B OdJiaCTH Bhl'IHCJIHT8JibHO:tt XHMIDI, Il03BOJIHIOT CTaBHTb 

BOTipOC O KOJIHq8CTB8HHO:tt HHTepnpeTarum pesyJibT8TOB. 0,IUI8KO 

rrpeBpameHHe Bhl'IHCJIHT8JibHO:tt XHMHH B pado'IH:tt HHCTPYM8HT.KOJIH­

qecTBeHHoro MO,ll;8JIHpOB8HHH- CTPYKTYPHO-,n;HH8MH'I8CKHX CBO:ttCTB 

c,n;epl!GIBaeTCH T8M ,OdCTOHT8JibGTBOM, 'ITO npe.n;MeTOM ee H3Y'I8HHH 

Bcer.n:a HBJIH8TCH KJI8CTep-q1parM8HT HCCJie.n:yeMO:tt CHCTeMiiI. BcJie.zt-. 

CTBHe STOro BOSHHKaeT npodJieMa H8XOJK,n:8HHH 8KCil8PHM8HT8JibHOro· 

aHaJiora STOMY Bhl'IllCJIHT8JibHOMY @)arMeHTy. Bhl'IHCJIHT8JibHbie @)ar­

M8HThl KpeMHeseMOB H3,ll;8BHa BhldHP8IOTCH cpe,n;H CTPYKTYPHhlX odpa-

30BaHH:tt Tpex.THITOB: KJiacTepoB CHJIOKC8HOBOrO H.ztpa, rH.ztpOKCHJib­

HO:tt odOJIO'IKH , H a.n:copdmmHHoro U8HTP8 , B38HMO.zte:ttCTBYIOmero C 

MOJieKyJiaMH BO,n;hl. . YKasamme, Bbillle TPH KOMITOH8HT8 KP8MH838Ma · 

rrpe.ztCT8BJIHIOT codo:tt COBOKYITHOCTH STHX CTPYKTYPHhlX odpasoBa­

HH:tt. TaKHM odpa30M,IlOJIY'I8HHe HX KOJiedaT8JibHhlX crreKTpOB CT8HO­

BHTCH HeodXO,n;HMhlM YCJIOBH8M ycrrenmoro pa3BHTHH Bhl'IHCJIHTeJibHOro 

MO,n;eJIHpOB8HHH. B H8CTOHm8:tt padoTe peq:c H,n;eT O IlOJIY'I8HHH KOJI8-

daT8JibHhlX'Cil8KTPOB KOMITOH8HTOB rJIOdYJIHPHOrO.n;HCil8PCHOro KP8M­

H838Ma - aspOCHJia._. 

Heynpyroe pacceHirae T8IlJIOBhlX H8fiTPOHOB (HPH) HBJIH8TCH 

O'I8Hb · SqqBKTHBHhlM M8TO,ll;OM HCCJI8,ll;OB8HHH KOJiedaTeJibHhlX .crreKT­

POB. Ha rrepBhl:tt, BSrJIH.zt, STOT, M8TO.zt MaJIO IlPHrO,ll;8H .ztJIH H3Y'I8HHH • 

IlOB8PXHOCTHO:tt 30HbI HS-38 dOJibmo:tt .ztJIHHbI •· .CBOdO,IUIOro •'. rrpodera 

He:ttTpOHOB B BemecTBe (IlOPH.ztKa ro-2M). Ho ec.JIH y,n;eJibH8H rro­

BepXHOCTb BemecTBa BeJIHKa H IlOKPhlT8 BO.ztopo,n;oco.n:epmamHMH MOJI8-

KYJI8MH, TO CHTY8UHH cymecTB8HHO YJIY'Iill88TCH: rroBepXHOCTHbI8 KO­

JiedaHHH CT8HOBHTCH ,ll;OCTYITHhlMH .ztJIH H86JIIO.zt8HHH O,IU!OBP8M8HHO C . 

od~eMHbIMH. IlpH STOM CHTY8UHH dJiarorrpHHTHa H8 TOJibKO .ztJIH KOJie­

daHH:tt caMHX BO.ztopo,n;oco,n;epmamm a.n:copdaToB, Ho H,.ztJIH KoJieda:mnt 

IlOB8PXHOCTHhlX 8TOMOB H8BO.ztopo,n;oco.n:epmame:tt rro,n;JIOmKH, YBJI8K8Rr-, 

mHX 38 codon B · pesyJI:cTaTe ,.'1s@BKT8 BC8,IU!HK8 11 8TOMhl BO.ztopo.n:a 

a.n:copdaToB. 

C STO:tt TO'IKH speHHH H8Chlm8HHOCTb rroBepXHOCTHO:tt 30HbI ,ll;HC~. 

rrepcHoro KP8MH838M8 8TOM8MH BO,D;opo.n:a H dOJibill8H B8JilNRH8 BKJI8-

·l1ti.(j; .. .-. ;Jui.,11 HHCTrtYJI 
H~Jt~l.i3 li1.C.'l~JOllud 

6~Sm•10TEHA __ ..........., ---------



,n;a aTOMOB 8TOtt 30HliI;B,o6mee tIHCJIO aTOMOB"6JiaronpHHTCTBY8T HC-' 
IlOJib30Bamno cneKTJ)OCKOnnR HPH .D:JIH' nayqemrH KOJie6aTeJibHOro 
cneKTJ)a 8T011: KOMII03HTH011: CHCTeMnI. JIJIH · · .. onpe,[leJI8HM.fI cneKTpOB 
KOJie6amrit KOMIIOH8HTOB aspOCHJia HCilOJib30BaH M8TO.D: IIOCTpoemrH 
6aanca KOJie6aTeJibHOro cneKTJ)a MHOrOKOMIIOHeHTHOtt CHCTeMnI, rro.n:­
po6HO orrncamm:0: B [I]. HIDKe npn CChIJIKax 8Ta·pa6oTa 6y,n;eT 060.:.. 
3HatJaTbCH UH(ppoit I, a CChIJIKH Ha co,n;epmamnecSI B Hett lIOPMYJihI 
6y,n;yT IIPRBO.n;HTbCH B .n;BOil:Hott HYMepaUHR, HanpHMep, -(I .2). 

I. Orrncaime o6paau;oB 

IlPOMhIII!Jiemm:0: IIPO.D:YKT IIHporeHHoro ,Il;HCII8PCHOrO KpeMHeseMa 
- aspocnJia [21 -IIOJIYtiaeTcH B npouecce Boico:r<oTeMIIepaTypHoro 
rn,n;poJIRaa SiCl4 B KRCJIOPO,IJ;HO-BO,I(OpO,IJ;HOM IIJiaMemr corJiaCHO 
peaKUHR 

::t";". 

Sicl4 + o; + H2o ~ Si02 + 4HC1:. 

IlopomoK npe,n;c±aBJIHeT co6ott ·arJioMepaT MaJihIX ciIJepnqecKRX.tJac-
·.· ·-. I 

Tlm, OTHOCHT~JlbHOe H3MeHemre pasMepoB KOTOPoIX pa36J)OC8HO B 
npe,n;eJiax ±40% [2] • AspocnJI MaPKRPY8TCH B COOTBSTCTBRR c BeJIR­
tIHHOtt y,n;eJibHOtt IlOBepXHOCTH, Y,n;eJibHaSI IIOBepXHOCTb HCCJl8,I(OBaH­
HOro o6pasua A380 COCTaBJISIJia 380-M2 /r.· Cpe,IJ;HHit pasMep tJaCTHU, 
· oueHRBaeMoiit o6oiliHO no !IOPMY Jie 

D[l] = 6*104 J p * s, 

r,n;e D[l] - .n;HaMeTp. qaCTRUoI B aHrCTpeMaX,,p - IlJIOTHOCTb o6pas­
ua B [r/CM~] HS - y,n;eJibHaH IlOBSPXHOCTb B [M2/r], ,I(OJiiK8H CO­
CTaBJIHTb., ,I(JIH HCCJie,n;yeMoro o6pasu;a 70 l. O,IJ;HaKO H3MepemrSI Ma­
JIOYrJIOBoro pacceHHRSI peHTreHOBCKRX JIYtiett (SAXS) [3] ,n;aJIR 3Ha~ 
qemi:e I50l. STOT Hcxo,IJ;Hhiit npoMhIII!JieHHhlit npo,n;yKT 6y.n;eM HasI:IBaTb 
B ,n;aJibHeitmeM 8os0yutH,O-CYXIJ.//1 A380. Ha ero OCHOBe IIOJIY'i0HO TpH 
Mo~Bammx o6paaua~ 

\ '(i 

-:;,: 4' . .. ,:t 

:~ $ 

1' 

Mcxo,IJ;Hhiit o6paaeu A380 6oIJI rro.n;BeprHYT HarpeBamno Ha·Bos­
,n;yxe B TetJemre 6 qacoB npn TeMIIepaType 750°C, B pesyJibTaTe 
6hIJI IIOJiytJeH 8UCYUJeHHUa A380. 

MCXO.n;Hhltt o6paseu A380 6hIJI TaKiKe IIO.n;BeprHYT H30TOIIHOMY 
saMememno aTOMOB BO,I(opo.na B rn,n;poKCHJibHOtt 1 n BO,IJ;HOtt 060JIOtIKax 
aTOMaMH .nettTepnSI corJiaCHO CJIS.D:YIOII!8tt cxeMe: 

I 

HarpeBamre Ha Bos,zcyxe~oxJialK,Il;eHHe B rrapax THiKeJiott BO.D:hl~ 
75o0 c, 4 qaca ,I(O KOMHaTHOtt TeMIIepaTypoI 

HarpeBamre Ha Bos,zcyxe~oxJialK,Il;eHHe B rrapax THiKeJiott BO.D:hl~ 
750°C; 4 qaca . .no KOMHBTH6tt reM1IepaTypo1 

HarpeBamre Ha Bos,zcyxe oxJialK,Il;eHHe B rrapax THiKeJiott BO.D:hl 
~ . 

750°C, 4 qaca 24 tiaca,,n;OKOMHBTHOtt TeMIIepaTyphI 

B pesyJibTaTe 6hIJI IIOJiyqeH Oeitmepupo6aHHua A380. 
Mcxo.n;Hhltt A380 6oIJI crretJeH·npn: TeMIIepaType I200°C .no rroJiy­

qemrH MOHOJIRTHOro CT8KJI006pasHoro B81It8CTBa, H83hIBaeMoro mrme 
cmeKJ1,0~ A380. 3TH qeToipe o6pasu;a cocTaBHJIH ceMettcTBO aspocnJia 

.A380. 

BpeMHIIPOJI8THole CII8KTPhI HPH 6oIJIH ITOJiytJeHoI Ha CII8KTPOM8Tpe 
o6paTHOtt reoMeTpnn K,!{COr-IM H o6pa6oTaHoI CTaH,I(apTHoIM o6pasoM. 
illOH BWrnTaJIC.fI M8TO,[IOM rIOCTp08HM.fI 6asnca,c HCIIOJlb30BamreM 
KPHTSPHH HYJieBoro KOS~eHTa KoppeJIHUHR (KPHTepntt HKK), CM. 
[I]. CrreKTPhI HPH ceMettcTBa aapocnJia A380, OTBetJaIOII!He HSMepe­
HRHM npn TeMIIepaType IOK, npMB8,I:\8Hbl Ha,pvi:c.Ia, a COOTBeT­
CTBYIOIItRe HM CII8KTPhl .I(BalK,1l;hl · · aMIIJIHTY,IJ;HO-B3BemeHHott IIJIOTHOCTH 
cocTOHHHH (ABCm , no.riytieHHble c rioMoiii:010 nporp~n,r vrs, paa­
pa6oTaHHott R.KpaBtIHKOM B Jia6opaTop11ir.HettTpoHHofi cpt1at1Kt1 011811, 
B COOTB8TCTBHH C (l ._18) H HOPMHpoBaHHble Ha 100 I' B81Il8CTBa H 
I trac H3MepeHHH, npHB8,I:\8Hb!' Ha 'pvr'c·. l. 6. l{11cJieHHbl8 napaMeTpb! 
cneKTpoB H o6cylK,Il;eHH8 HX TeMnepaTypHott aaBHCHMOCTH CM.B [4]. 

'_ 2_. _ XapaK"repRCTRKH 6_83liCHb!X cneKTpOB KOMIIOHSHTOB aspocmra 

KaK yme roBOPHJIOCb BhIIl!e, IIP0MnilliJI8HHhli1: IIPO.D:YKT A380 HBJIH-
8TCH CJIOiKHOit CHCT8M011:, COCTOH11tett HS Tpex KOMIIOH8HTOB: KpeMHe-
38MHOro H,n;pa , rn,n;paTHOit H I'H,I(pOKCHJlblIOfi OClOJIOtJeK [ 2] • Ha 
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OCHOB8Hlrn OilTHqeciillX H x~eCiillX HCCRe~oBa:mtlt HSB8CTHO [2,5-
7], qTo 8TH TPH KOMIIOHeHTa B sHaqnTeRbH0:0: cTeneHH coxpaHmoT 
CBOID ~H.IlY8RbHOCTb, qTo IlOSBORHeT npemoROJ!Gl:Tb Ha~e 
Tpex 6aSHCHliX, HRH xapa~T8PHCTffi8CiillX, KORe6aTeJiliHliX cneKTPOB~ 
COCT8BRHIOIIUiX aspocHR KOMIIOH8HTOB H pacCM8TPHB8Tb IlOJIHYID enc~ 

' 
T8MY ero HOPM8RbHliX KOOP~?T COCTOHil{e:0: HS Tpe:x: HesaBHCHMfilX B 
nepBOM IIPH6RHiK8Hlrn IlO~CHCT8M. 3TH cneKTPhl,IlO npHHHT0:0: B pa6o-

Te I T8PMHHOROrHH,o6pasyroT Tpo:0:Ky 6aSHCHliX cneKTPOB {spi(r)}, 

r~e HH~eKChl i=l,2,3 OTBeqaroT crreKTpaM r~aTH0:0: H r~OKCH~b~ 
H0:0: o6oRoqeK H KpeMHeSeMHoro OCTOB8, COOTB8TCTB8HHO. 

Han6oRee npocT0:0: fl]HsffieCKH:0: CMbICR HMeeT 68SHCHhl:0: cneKTP 
Sp3, KOTOphl:0: COOTB8TCTBY8T o6~~MHbIM KOR868HHHM KpeMHeSeMHoro 
OCTOB8. Ha PHC.2 Il0K8S8H8 o~a HS MO~e~e:0: OCTOB8, OTBeqaromaH 
rno6y~HPH0:0: CTPYKTYP8 aspocMJia [ 4] . 'ITO KacaeTCH CiaSHCHliX 
cneKTPOB r~aTH0:0: H r~OKCHRbHO:tt oCionoqeK, TO IlOMHMO KORe­
CiaHH:0: BO~ H r~oKCHRbHliX rpynn,B HHX 8CT8CTB8HHbIM o6pasoM 
BKRIDqaIDTCH KORe6aHHH rpynn 8TOMOB, C KOTOPnIMH 8TH Bli~eReHHlie 

CHCT8Mhl BS8HMO~e:0:CTBYIDT. TaK, B Cil8KTP KORe6aHH:0: r~aTH0:0: 
o6ono~. rRaBHYID qacTb KOTOpo:tt COCT8BRHIDT KORedaHHH a~cop6H~ 
poBaHHo:tt BO~, CRemeT BKRIDqnTb KOJ,Ie6aHHH U8HTP8 a~cop6UHH 
BO~, o~a HS BOSMOiKHliX MO~eRe:tt KOTOporo, nonyqeHHaH B pe-

__ , '. 

sy~b'I'8Te KB8HTOBO-X~8CiillX pacti:eTOB [8], IlOK8S8H8 Ha PHC.3. 
Kone68HHH COBOKYITHOCTH, T8IillX iwarMeHTOB H COCT8BRHIDT CiaSHCHli:0: 

cneKTP Spl. 
JASB8CTHO, qTo B aspOCHRe Jrnlllb qacTb IlOB8PXHOCTHliX rH~­

POKCHRbHliX rpynn yqacTByeT B a~cop6UHH BO~ [2], a OCHOBH8H 
~ORH 8THX rpynn OCT88TCH CB06o~o:tt. IAMeHHO OHH H o6pasyIDT 
r~KCHRbHYID o6ono~y. TIOMHMO 8TOro, BO~opo~e 8TOMhl 8THX 
rpynn BOBR8K8IDTCH qepes "8!l$3KT BCa)UIBKa" . [ 9] B IiOJie6aHMJI 

IlOBepXHOCTHliX 8TOMOB KP8MHHH H KHCROPO~a KP8MH8SeMHoro OCTO­
Ba. TaKHM o6paSOM, 6aSHCHhl:0: Cil8KTP r~OKCHRbHO:tt oCiono~ 
Sp~ TaKJKe BKRroqaeT cneKTP_ IlOB8PXHOCTHliX KOReCiaHH:0: OCTOBa, 
oqyBCTBR8HHbIX BO~opo~OM r~OKCHRbHliX rpynn. 
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'I 

,3KcrrepHMeHTaJibHbI8 CII8KTPhl ABIIC HCXO.I{Horo H -MO.I{H~­

BaHHbIX aspocHJIOB o6pasyIOT Ha6op { ~p(j) (w)}; B KOTOPOM 3Ha-. 

qeHHH j=·1, 2, j, 4 coTBeTCTBYIOT · crreKTpaM 8osayutH,o-cyxoeo A380; 
8~cyweHHOeo A380, BeiJmepupo8cmHoeo A380 H as:pocHJThHOro cmeK.A.a 
A380. B COOTB8TCTBHH c (I.I), rrpe,urroJiaraH CHCT8MY ~e:0:Hon, 
Kall(,llbllt 8KCII8PHM8HTaJibHiiln crreKTP lp(j) MO>KHO pa3JIO>KHTb Ha .. , .. • . . . . . 

CII8KTPhl KOMIIOH8HT KOMII03HTa 
' 

lp(j)= f kq>sp., 
i=l 1 1 ,(I) 

r.ue crreKTPhl Spi CYTb OIIHCaHHbie BbII118 6a3HCHbie CII8KTPhl­
Pa3JIO,KeHHe KOJie6aTeJibHbIX crreKTPOB (I) IIOCJie rrepeHopMH­

POBKH Ha rrapUHaJI1,mre · crreKTPbI 8osoyutHo-cyxoeo o6pasua A380 
(CM. (!'.I2)) 6y,ueT BhlI'JIH,U8Tb CJI8.I{YIOl!lHM o6pasoM: 

lp(l) = (1) Sp(l) + Sp(l) Spl , +. 2 3 ' , 

1p( 2 ) = ex Sp(l) + ex Sp(l) + ex Sp(l) 
11 22 33t 

(2) 

Jp(3) = (3 Sp(l) + p Sp(l) + p Sp(l) 
11 .. 22 33' 

r.ue CII8KTPhl s~11
> rrpe,ucTaBJIHIOT co6on rr~pUHaJibmre crreKTPiil BO,U­

Hon H rH,upOKCHJibHOn 060JioqeK H KpeMHe38MHOro OCTOBa. IloJiara­
eM, qTo OHH Y.UOBJI8TBOPHIOT KPHT8PHHM HKK B qopMe (I.I3). 

CJie.uyeT OTM8THTb, qTo CII8KTP (JeiJmepupo8rn-tH0eo o6pasua 

1p< 3
> ,UOJI>KeH BKJIIOqaTb TaK>Ke qJieHbI Sp4 = s% 0 H Sp5 = SpOD, 

' 2 ' 
OTBeqaIOII{He CII8KTpaM ABIIC 060JioqeK H3 TH>KeJion BO.I{b! H . .n;e:f\Te-
PHPOBaHHbIX rH,upOKCHJibHbIX rpyrrrr. 0.I{HaKo, IIOCKOJibKY o6maH .I{OJIH 
aTOMOB IIOBSPXHOCTHOn 30HbI HeBeJIHKa H IIOCKOJibKY ceqeHHe pacce­
HHHH HenTPOHOB Ha aTOMaX .uenTePHH MHoro M8Hbme COOTB8TCTBYIO-, 
mere ceqeHHH Ha.rrpoTHH, TO BKJia,UOM 8THX;tIJI8HOB MO>KHO B rrepBOM 
rrpH6JIH>KeHHH rrpeHe6peq1,, 

BHe CHCT8Mhl (2) OCTaeTCH IIOKa CII8KTP 1p< 4 >"" s~1
> • OCHO-

BaHHeM .D;JIH SToro HBJIHeTCH HSHCHOCTb, B KaKon CTerreHH CIISKTP 
MOHOJIHTHoro QCTOBa COBrra.uaeT co CII8KTPOM OCTOBa qacTHU, HmKe 
STOT BOrrpoc 6y.n;eT paCCMOTpeH rro.n;po6Hee. 

,, 



.I{JISI BbICiopa IIYTH IIOCTPOSHHH Ciasnca B (fopMe (I.3) HeoCixo­

,IU™O orrpe,ne.JIHTI:i COOTHOlli8HHH MSJK.IJY K08(t$mli8HT8MH CHCT8Mhl (2). 
Ilap~MSTPbl a3 H. ~3 orrpe,neJIHIDT~H TSM ecTeCTBe~ OCiCTOHTSJII:iCT­

BOM, l!TO rrap!-UiaJII:imtlt crreKTP_KpeMHeseMHoro ocToBa o,mmaKoB ,nJIH 

Bcex oCipasuo:S, T. e·. . 

Sp(l) = a Sp(l) = ~ ;p(l) HJIH ex ·= 1 ~ = 1. ·, (38) 
3 3 3 3 3 ' . , 3 · ' 3 , 'i'. 

113 JIHTepaTYPHbIX ,naHHcIX H3B8CTHO- [2], l!TO ,ripll BbICYlliHBaHHH 

aspocnJia IIPH 750°C C ero IIOB8PXHOCTI1: IIORHOCTI:i~ '}iia~.HeTCH a,n­

copCinpoBaHHa.H BO,I{a H qacTI:i rH,npOKCHJII:iHbIX rpyrrrr; TaKHM oCipasoM, 

ycTaHaBR:HBaIDTCH ,I{Ba CJI8.I{YIO!UHX COOTHOlli8HHH: 

a 1 = o, a2 < 1. (36) 

BeCOBble BKJia,I{bl rrapUHaJII:iHbIX CIISKTPOB BO,IU,I H rH,npOKCHJII:iHOtt 060-

JIOl!KH B crreKTP oeiJJne'[)1J,po6a:HHoeo oCipasua 1p < 3 >, ,nomam 6bITI:i MHO­

ro M8HI:ime. e.z:r;mmuhl, IIOCKOJII:iKY HHTSHCHBHOCTI:i pacce.HHHH Ha H8M, 

o6yCJIOBJieHHa.H pacce.HHHeM HettTpOHOB Ha KP8MH838MHOM OCTOBe H 

OCTaTOl!HbIX aTOMaX BO,I{Opo,na, HaMHoro HHme HHTSHCHBHOCTH pacce­

HHHH Ha 60SOY?J.CH,O-CYXO.!tl. o6pasue, l!TO CJie,nyeT I:'13 ·PRC. I .. · TaKHM 

o6pasoM, 

, ~1 << l, ~2<< 1. (3B) 

l13B8CTHO Ta~e [2] , l!TO rrpoueHTHOe co,nepmaHHe saMell{eHHcIX B 

pesyJII:iTaTe ,nettTepoo6MeHa aTOMOB B BO,I{HOtt H rH,npOKCHJII:iHOtt 060-

JIOl!KaX C ,I{OCTaTOl!HOtt'· CTerreHI:iID TOl!HOCTH O.I{HHaKOBO, II08TOMY 

/31= ~2 = ~. . (3r) 

TaKHM oCipasoM, Ha ocHoBaHHH BbllliecKasaHHoro rroJiyl!eHa cnc­

TeMa YCJIOBd, HaJiaraeMbIX Ha K08(t$mlieHTbl CliICT8MhI ypaBHeHd 

(2) , KOTOPSH HMeeT CJie,nyIDmmt BR.I{: 

a3 = 1 o < ~1 < 1, 

~3 = 1~0 < ~2 < 1, 

al= O ~1= ~2 = ~. 

a
2 

< 1. 

(4) 

IlOMHMO COOTHomeHd (4), rrapaMeTpaMH sa,naqn HBJIHIDTCH HHTer­

paJII:iHble HHTSHCHBHOCTH 8KCII8PHM8HTaJII:iHbIX H CiaSHCHbIX CIISKTPOB. 
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3.IIocTpoeH11e 6asHca: aapHaHT I 

CJie,nyH rrpoue,nype, oIII:IcaHHott B pa6oTe I, rrocTpoHM pas­

HOCTmtlt crreKTP 

... 2J1p(13) = 1p(l) - 1p(3) 

')l! 

t , 3TOT crreKTP HBJIHSTCH JIHHettliott KOMCiHHaUHett 6a3HCHbIX CIISKTPOB 
1

1 Spl H Sp2 H B COOTBSTCTBHH C ( 4) HMeeT BR.I{: 

l 
\f 
I 

1J1p< 13 > = (1 - ~)sp?> - (1 - ~)sp?>. 

IlOCTPOHM OCTaTol!Hbltt crreKTP 

~p(113) = Jp(l) _ a(l13) 1J9'p(13) 

H IIOTpe6yeM, l!TOCibl OH He CibIJI KOPP8RI:IPOB8H co CIISKTPOM 1J1p< 13 ~ 

T.e. l!T06bl BbIIIORHHJIOCI:i YCJIOBHe 

C ( ~p{l13)' 1J1p(13)) = 0, 

.IIJIH HaXOlR,I(SHHH K08(t$mli8HTa ag
113

> BOCITOJII:i3Y8MCH BcipameHHeM 

(I.IO). B HTOre IIOJiyqaeM crreKTPhl 

a (~13)1J1p(13) = Sp{l) + ·sp(l) 
o . . . < 113 > - . h > 2 , 

'J(o1p - Sp3 • 

IlapUHaJII:imtlt CIISKTp Sp~l) rrpHBe,neH Ha pnc.4 COBMSCTHO c SKCIIe­

PHMSHTaJII:iHbIMH crreKTpaMH aspoCHJII:iHOro CTeKJia 1p< 4 > H 

KBapueBoro cTeKJia [ 4 L Ms pncyHKa BH,nHO, l!TO Bbll!HCJieHHhltt 

CIISKTP. OCTOBa ,Ci.JIHSOK IIO (fopMe K aCiCOJIIDTHOtt HHTSHCHBHOCTH B 

oOJiaCTH ocHOBHor6 · IIHKa crreKTpaM o6onx aMowmrx MOHOJIHTHbIX 

CTSKOJI. HaCiJIID,naeMble OTJIHl!HH Ciy,nyT oOcylR,I(eHbl HDe. 
- '. . ,:_~ . 

PaCCMOTPHM TerrepI:i paSHOCTHhltt CII8KTP 

1J1p = 1p( 2 ) - S~l) , 

11 
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9'p < 4 > ; 3 - crreKTP KBapueBoro cTeKJia , aKcrrepHMeHT r 5 J • 

PHc.5. CrreKTPiil ABITC rH,Iij)OKCHJioH~!)060JIO'IKH A380, IOK: 
I - napQ:11aJibHb!H cneKTp Sp2 (B8PH8HT I) ; 

2 -pa3HOCTb 8KCII8PHM8HT8JlbHiilX crreKTPOB XJ9'p ( 24 ) = 9'p ( 2) - 9'p ( 4). 

PHc.6. CrreKTPiil ABITC a,ucop6HpoB8[¥)0:0: BOJIIil A380, 
T=IOK:I - 'i:IapQ:t1aJibHb!H cneKTP Spl (BapH8HT I); . 

2 -pa3HOCTb ,SKCII8PHM8HT8JloHiilX CII8KTPOB 7)9'p ( 12 ) = 9'p ( 1) - 9'p ( 
2) • 

PHc.7. Ilap]lH8JlbHiil8 crreKTPiil ABITC 8.I{COP6HPOB8HH0:0: BOJIIil A380, 
T=IOK. I - -Bap:11aHT I; 2 - Bap:11aHT 2. 
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CorJiaCHO (4) OH paBeH a:2spJ1>, T.e. rrpe,UCT8BJIH8T co6o:0: II8PUH-
8JlbHiil:0: CII8KTP rH,Iij)O~C,HJibH0:0: 060JIO'IKH B CII8KTpe 6blCYULe1-l'/-lOeo 

A380. 3TOT CII8KTP rrpHBe,UeH Ha PllC.5. nJIH CP8BH8HHH Ha STOM me 
PHCYHKe rrpHBe,UeH pa3HOCTHiil:0: crreKTP 'l)ffp< 24 > = 1p< 2 > - 1p< 4

) , KO­
TOpiil:0: B rrpe,ueJiax crrpaBe,UJIHBOCTll, rrpe.urroJiomeHH:0: 0 TOM, '!.!TO 
CII8KTP 1p< 4 > OIIllCiilB88T KpeMHe3eMHiil:0: OCTOB 'l!8CTHU aapOCHJia, a 
CII8KTP !Pp ( 2 ) - .uerH,Iij)8THPOB8HHiil:0: ll 'l!8CTH'l!HO . .uerH,Iij)OKCHJIHPO­

BaHHiil:0: aapOCllJI, T8Km8 IIP8.UCT8BJIH8T co6o:0: II8PUH8JibHiil:0: CII8KTP 
rH,Iij)OKCHJibH0:0: o60JIO'IKH B 1p< 2 > • KaK BH.I{HO ll3 PHCYHK8, ?68 
crreKTpa rrpaKTll'l!8CKH COBII8,U8IDT, OTJIH't!HH B CII8KTpax B 06JI8CTH 
BbIIII8 450 CM-l CB.fI3aHI,I C p83JIH'l!HHMH Biil't!HT88MiilX CII8KTPOB 

OCTOBOB (CM.,pHC .4). 
MCIIOJlb3YH'rroJiytJ:eHHiil:0: BbIIII8 pasHOCTHiil:0: CII8KTP 

a(llJ)'J)ffp(lJ) = Sp(l) + Sp(l) H II8PUH8JibHiil:0: CII8KTP Sp( 2) = 
o 1 2 2 

a: 2sp~l), IIOCTPOHM OCT8TO'l!Hiil:0: CII8KTp 

'.KDffp = Sp(l)+ Sp(l)_ aSp( 2) 
1 2 2 

H IIOTpe6yeM BiillIOJIH8HHH YCJIOBH:0: H8KOPP8JIHPOB8HHOCTll SToro 
crreKTpa H CII8KTpa Sp~ 2) B BH.I{8 : C ('.R1.Jff p, Sp ( 2) ) , ,= 0. 

Orrpe,rceJIHB ao B COOTB8TCTBHH C (I.IO), IIOJiy'l!88M, 

a Sp( 2) = Sp(l) H ~ 'l)ffp = Sp(l) 
o 2 2 o 1 ' 

IlOJIYtJ:eHHiil:0: II8PUH8JibHiil:0: CII8KTP 8,UCOP6HPOB8HH0:0: BOJIIil IIPHB8,U8H 
Ha pHc.6 o.n;HoBpeMeHHo c pasHOCTHiilM crreKTPOM 'l)ffp< 12

> = 1p< 1
> -

1/2> , KOTOPii!:0:, corJiaCHO H81IIHM IIP8.UCT8BJI8HHHM', 06 HCC~8.I{Y8M0:0: 

CHCT8Me, ,UOJimeH COCTOHTb H3 CII8KTpa spf1> H CII8KTpa Y.U8JIH8MiilX 
IIPll cyIIIKe rH,Iij)OKCHJibHiilX rpyIIII. KaK BH.I{HO H3 PHCYHK8, ,ue:0:CTBH­
T8JlbHO Ha6JIID,U88TCH 60JiblliOe CXO~CTBO MelK,llY CII8KTP8MH 'l)ffp< 12 > H 
spy>, XOTH BKJ18.U CII8KTpa spJ1> B CII8KTP 'l)ffp< 12 > , H8COMH8HHO, 
38M8T8H. 

TaKHM o6pa30M, 683HC CllCT8Miil (2) IIOCTP08H H Ha6op 
Koa®Jmu,ieHTOB paaJiomeHHH klj > cHcTeMiil aKcrrepHMeHTaJibHiilX 
CII8KTPOB no 8TOMY 683HCY IIP8.UCT8BJI8H B T86JIHU8. 

l3 



Ta6.Jrn:Ua .. 

Ha6op KOS(W)Hlll{SHTOB pa3JIOmeHRH KOJie6aTeJibHE,JX crreKTpOB* 

B0.I(H8H OCiOJI. OH-060JIO'tffi8 OCTOB 

Sp(l) 
1 

Sp (1) 
2 

Sp(l) 
3 

1p< 1> 6.-cyxoa 1 1. 

~ 
1. 

~ 
1. I 

1p<2
> 6ucyweHHua ~ 0 0.54 I 11 

tp< 3
> oeamepupo6.~ 

I-
I, I, 0.21 ,I 0.21 I 

I 

*rro,w.i:epKHYThle B8JIHlllllibI BSHThl rro orrpe,IJ;8JI8HHID; Bhl,IJ;eJiemme imp­
HbIM mpH(pl'OM - HS qM3HKO-XHMHt!8CKHX .IJ;8HHhlX, ,KYPCHBOM Bhl.IJ;8JI8Hhl 
SHaqeHHH, IlQJIYqemme B pesyJibT8T8 pasJiomeHHH no B8PH8HTY I. 

4.ITOCTpOeHlie 6aanca: B8pli8HT 2 

ITOCTP08HH8 683HCHhlX Cil8KTPOB KOMilOH8HT · 88POCHJI8 MOmHO 
ocymecTBHTb H ~yrHM rryTeM. ITOCTPOHM paSHOCTHhIH crreKTP 

'])!lp(12) = !lp(l) _ !lp(2) • 

CcirJiaCHO (2) H (4) STOT crreKTP HBJIH8TCH JIHHe:0:Hott KOMCiHHaUHett 

~yx CiaSHCHhlX Cil~KTpoB: 

'])!Ip ( 12 > ~- -sp?> + ( 1 - a:2 > spJ1> • 

B CBOID oqepe,IJ;E,, Cil8KTP . 6ucyweHH0Z0 A380 HBJIH8TCH JIHHe:0:Hott 
KOMCiHHaUHett 6asHcmIX crreKTPOB sp~ 1 > H spi1 >: 

!lp(2) = a: ~p(l) + Sp(l) 
2 2 3 

(5) 

BBe,IJ;eM BCilOMOraT8JIE,H!itlt "crreKTP IlOCTpoeHHH" Sp, Y.IJ;OBJI8TBOPHID­
mHtt CJI8.IJ;YIOIIlHM YCJIOBHHM: 
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a)crreKTphl'])!lp< 12 > - sp H 1p< 2 > + sp .IJ;OJ!mHhl 61iITE, HeKop­

pe.Jrn:poBaHhl, T.e. 

C('])!/p(12) Sp, !lp( 2 ) + Sp) = o; (6) 

6) crreKTp Sp HBJIH8TCH JIHHe:0:Hott KOM6HH8UH8tt 8KCil8PHM8H­
T8Jil::,HhlX crreKTpoB 

Sp = a!/p(l) + b!lp(2) + c:!1'~3) • (7) 

Ey.IJ;eM HCK8TE, pemeHHe B BH.IJ;8 Sp .;;, 7spJ1> , . QqeBH.I(HO, qTo 

STOT Cil8KTP Y.IJ;OBJI8TBOPH8T YCJIOBHID (6), IlOCKOJIJ:,Ky 

C('])!lp(l2) - Sp,!lp(2) + Sp) = 
c(spI3-> ,sp<;>> + c(sp<~> ,sp<~>> = o. (8) 

ITO.IJ;CTaBHB (7) . B (6) H paCKPhlB YCJIOBH8 H8Koppe.Jrn:poB8HHOCTH, 
IlOJIYqaeM KB8~8TH08 ypaBH8HH8 .IJ;JIH KOS®lmlH8HTOB a_, b H C. JIJIH 
pemeHHH STOro ypaBH8HHH H OTCiopa KOpHett H806XO.IJ;HMO HaJIOJKHTb 
.IJ;OilOJIHHT8JibHiil8 YCJIOBHH Ha KOS®lmlH8HT!iI a, b H c, McrroJIE,3YH 
YP8BH8HH8 (7) H CHCT8MY (2), IlQJIYqaeM COOTHOlli8HH8 

a+ b + c = o, (9) 

rapaHTHPYIOll(88 OTCYTCTBH8 BKJI8.IJ;8 Cil8KTpa ':spi1> B HCKOMliltt 
Cil8KTP Sp. BTopoe COOTHOW8HH8 . CBH3hlB88T cor.JiaCHO (7) HHTer-

. ; ~ -~·.:_; .\..'; ' 

P8JibHY:ID HHT8HCHBHOCTb I Cil8KTpa Sp, C HHT~rpaJIE,~ HHT8HCHB-
HOCTHMH 8KCil8PHM8HT8JibHhlX.Cil8KTPOB B BH.IJ;8 

. ~ ~l 

I = a.1(1) + b.1(2) + c,1(3) • ·(IO) 
'' 

~ •,·, "'~' 

RaK BH.I(HO HS (8), BB8.IJ;8HH8 CII8KTpa noc~e~ Il03BOJIH8T 
orrpe,IJ;e.Jrn:Tb Cil8KTP B0.I(HOtt OCiOJIO'tffiH. B COOTB8TCTBHH C STHM 
ero HHT8HCHBHOCTb CBHSaHa C HHTerpaJibHOtt HHT8HCHBHOCTbID 
CII8KTP8 STOtt OCiOJIO'tffiH I 1 , a HM8HHO 

I = g(l) - 9( 2 ) - I • 
1 

15 
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I!OJIO,>KHM ,BeJIWIHHy ST0:0: HHTeHCHBHOCTH Il B (II) paBHOil: HHTer­
paJibH0:0: HHTeHCHBHOCTH BiiitrucJieHHoro B rrepBoM BapHaHT~ crreKTpa 
BO,DlI0:0: o60JIOtIKH (CM. PHC.6). Tor,n;a JieBaH qacTb ypaBHeHliH (IO) 
CTaHOBHTCH HSBeCTHOit H STO ypaBHeHHe MomeT 6IiITb HCIIOJib30BaHO 
KaK yCJIOBHe, CBH3IiIBaIOIIUie KOSqqmnieHTiil a, b ll c. :t1CIIOJib3YH co­
OTHomeHHH (9-II), HaXO,ll;liM KOPHli KBa,n;paTHOI'O ypaBHeHHH H 
BhltruCJIHSM B COOTBeTCTBlili C (8) crreKTP Bo,zumn KOMIIOHeHTiil. BiiI­
truCJiemm:0: TaKHM o6pa30M crreKTP rrpe.n;cTaBJieH Ha PHC.7 COBMeCTHO 
,co crreKTPOM, orrpe,n;eJieHHiiIM no BapHaHTY I. RaK BH,DlIO HS PHCYH­
Ka, crreKTPiil rrpaKT~eCKli COBIIa.n;aIOT. Pa3Jllitru.H MeJK,Jzy HliMli MOmHO 
Ctrn:TaTb rrorpemHOCTHMli MeTo.n;a pasJiomeHHH. BH,DlIO, qTo OHli ,n;oc­
TaTOt!HO MaJIIiI, TaK qTQ rroJIYqeHHiiiit_ riap¥aJibHiilit crreKTP spf 1 

> ,n;o-,­
cTaTo~o ,ll;OCTOBepeH. 

3HaH crreKTP spf l), MOmHO IIOCTPOHTb OCTaJibHiiie 6a3HC~e 
crreKTPiil, HCIIOJib3Y H Ha6op SKCIIepHMeHTaJibHiiIX crreKTPOB !l'p ( J) • 

Ilo.rryqeHHiiie TaKHM o6pa30M CIIeKTPiil I'li,n;pOKCHJibHOil: 060JioqKH H 
KpeMHeSeMHOI'O .H,ll;pa COBIIaJili C orrpe,n;eJieHHiiIMli Bbillle crreKTpaMli. 
T~~ o6pasoM,~OmHO I'OBOPHT~ 0 IIOJiyqeHHH qM3Hl!eCKli 3Ha~oro 
6a:irnca cncTeMiiI (2), y,n;oBJieTBopHIOll{ero · peaJIIimIM (lMsHqecKHM 
YCJIOBHHM. 

' ·, 

3aKJII0qe1me 

Ha PHC.8 rrpHBe,n;eH HCXO,DlIIilit crreKTP ABIIC 6osoyun-to-cyxozo 
A380 ~ COBOKY_Im~CTb Tpex 6a3HCHiiIX crreKTPOB' {Sp11 >} era K6MIIc{ . .: 
HeHTOB. Bee CII8KTPiil IIOJIOlKHTeJibHiiI H liX cyMMa Tom,n;eCTBeHHG Boe.:.. 
IIPOHSBO,ImT crreich)1p< l) • IIoJIYtieHHiiie 6a3HCHiiie·· crreKTPiil BamHiiI· He 
TOJibKO KaK "xapaKTepHCT~ecKHe" crreKTPiil KOMt!OH8HTOB aspocHJia: 
HOH KaK SKcrrepHMeHTaJibHiiie o6pa3IiI Tex crreKTPOB ABIIC, KOTOPiiie 
MOI'YT 6IiITb B HaCTomuee BpeMH Ha.n;emHO paccqi-l:TaHiiI MeTo.n;aMH Bhl­
trn:CJIHTeJibH0:0: KOJie6aT9JibH0:0: cneRTpOCROnl'.1:11 [ 9] . 

. '-'B. ,, 'saKJIIOqemm . OCTaHOBliMCH . Ha Ha6JIIO.n;eHHOM P83Jllitruli 

9rreKTpoB I H 2-Ha PHC.4. MHTeHCHBHOCTb Bhltrn:CJI8HHOI'O crreKTpa I, 
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PHc.8. GrreKTPH ABilG 80SO!J111H,O:::.cg,rmza aapocHJia.A380 
H rrapUHaJibHHe CIIBKTPH ero Kl:lMIICJHeHT, T=IOK: 

a) HCXO,nmnt KOMII03HT; 6) a.nc~aHHaSI BO,I(a; 
B) I'H,Iij)OKCH.llbHaH 060JIO~;·r} OCTOB. 
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Ha,n:eJKHOCTb KOToporo IIO.D:TB8PlK,IJ;88TCfl Been COBOKYIIHOCTbIO IIOJIY­

qemmx P83YJibT8TOB, BO BCeM CII8KTp8JibHOM HHTepBaJie M8HbIIIe 

HHT8HCill3HOCTR CII8KTP8 2, R pa3HOCTb" MelK,IJ;y moor B rJiaBHbIX .n:e­

T8JI5IX IIOXOJKa Ha pa3HOCT1Ililfi CII8KTP 2 Ha pRc.6. CrreKTPhl CT8KOJI 

2 R 3, H8COMH8HHO,O'l8Hb IIOXOl!rne, TaKJKe H8CKOJibKO pa3JIR'l8IOTCfl 

B. oOJiacTH I60-I90 cM-
1

, .r,n:e pacrroJiaraIOTCfl ocHoBmre HR3KO'!ac­

.ToTmre IIRKR crreKTPOB rR,n:P8THOfi R rR,n:POKCHJibHOfi 000JIO'l8K. 3TO 

II03BOJifl8T CBfl38Tb H8C5JIIO.n;aeMoe pa3JIR'lll8 CII8KTPOB I R 2 C 6c­

T8TK8MR 8TRX o00JIO'l8K, 38XB8'!8HHWC B oO'IieM cmeK.Aa A380 BO 

BP81':Jfl _ ero CII8K8Hllfl. )lJISI KOJIR'l8CTB8HHOI'O OO'Ii5ICH8Hllfl B8JIR'!RHbI 

pa3Ho'CT,R .D:OCT8TO'!HO H8JIR'lllfl B CTeKJie 0.3-0.5 B8COBhlX rrpoueH­

TOB BO.n;hl. B03MOJKHOCTb cymecTBOB8Hllfl T8KRX KOJIR'l8CTB BO.n;hl B 

CTeKJie IIO.D:TBeplK,IJ;aeTCfl Pfl.D:OM XRMR'l8CKRX CBR.D:8T8JibCTB [2]. 

EJiaro,n:apHOCTb 

ABTOPhl Bb!p8JK8IOT rJiyClOKYIO IIpll3H8T8JibHOCTb ID.M.0CT8H8BR'IY, 

M.II.Ca.n;RKOBY, C.A.11IIIMaeBy, A.A.tJ:epHbIIIIeBy, B.)l.XaBpI0'!8HKO 38 

CTHMYJIRpYIOll(ll8 .n;RCKYCCRR ll IIOJI83HbI8 KPRTR'l8Clllie 38M8'!8Hllfl R 

A.ID.MY3hl'!Ke 38 H80U8HRMYIO IIOMOll(b IIpll IIpOBe~e:mm 8KCIT8PRM8H­

TOB. 
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