
&1 HJl [ l(C ;ib-rn , 

] 
-I 

~·11. 
EPEBAHCKMA Cl>ll131i14ECKM!il l.'IHCTMTYT 

IperrpHHT E)i·l-1346(11 )-91 

hPb4.U'Lr !br2r4U3r r1usrsnf's 
EPEBAHCK~lit cP~3~4EC~"1V1 ~HCT~TYT 

YEREV AN PHYSICS INSTITUTE 

'--

------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------

B.A.rEBOPKHH , P.K.E305IH, r .H. EPI1]HH 

r· 11UPA'l}1JT v - ].li]ITPOB B I\OP.YlUrn iIP~·i OEJJYlIEIBlli 
BdCOK08HEPI'E'TIFII-U~:M 3.TIEI\TPOHA:M 

l1lllHl.1 1<1\llt Hcb 111 \ 

? ::JA.;; - I~S J: 



Preprint YERPHI-1346(41)-91 

V.A.GEVORKYAN, R.K.EZOYAN, G.N.ERITSYAN 

V-CENTRE GENERATION IN CORUNDUM CRYSTALS 

BOMBARDED BY HIGH-ENERGY ELECTRONS 

The kinetics o! V-cent:re accumulation in corundum monocrys­

tals (ol - Al2o3) is investigated. At bombardment with 25 and 

50 MeV electrons within 5 x 1016 - 1018 el.cm-2 , a linear in­

~rease of the V-centre concentration was observed. It is !ounc 

that thermal annealing and discolouration with light of 205, 

255 and J02 run wavelengths lead to deterioration of the cha­

racteristic 410 run band of V-centres. At bombardment of a 

preannealed crystal at 425°c with synchrotron radiation with 

characteristic wavelength of 0.1 R, there is observed a sharp 

increase of the V-centre band intensity. The mechanism of bo~h 

decreasing and increasing the intensity of the 410 nm band 

is explained by the V-centre-charge-carrier reaction. There is 

presented a V-centre model that explains satisfactorily the 

accumulation kin~tics and anisotropy of V-centre bands under 

electron bombardment. 
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I. BBFJIEIDfE 

0~ H3 HaH6o~ee KHTepeCHHX BOilpOCOB B o6pa30BaHHR pa,n;H-

8!4BOHHHX neHTPOB OKpaCKB (UO) B KOPYHne .RllJIJ1eTCR MexaHH3M o6pa-

. 30B8.HHR uo TBIIa Y'~eHTpOB. IloCJie 06JIYqe!{HH HOHH3HpylOIJleA pa,n;H­

aIUreA B cneKTpe onTHqecKoro nor~omeHHR: (OIT) Ha6monaeTcR no~oca 

..... 410 HM "V'-neHTPOB, KOTOpHe npencTB.1lJU!l)T co6ott O,n;HH B 6o~ee 

HOHOB KB~opona o-. 38.XBaTHBUIHX nHPKB H pacno~OJ!eHHHX no cocen­

CTBy C KaTHOHHOtt BaK8.HCHeM. C pOCTOM nosH 06JIYqeffHR KOHneHTpanHR 

~ -neHTPOB nponopnHOHaJil>HO yBeJlllllH:saeTCR H nocTHraeT HSCblllleHHR 

npH nose oKo~o 5•Io4 pan [I-5]. HsBeCTHo, 'ITo He:ihpoHHoe o6JIYqe­

HHe He npHBOnHT K YB~qelUill KOHneHTPSI4HH V"-neHTpOB [6]. 
Uem,D HacToRmea pa6oTH .RllJIJ1eTcR Hc~eno:saHHe noBeneHHR "­

neHTpoB B KOPYHne, 06JIYqeHHOM BHCOKOSHepreTH'IHHMH a~eKTPOHBMH , 

H Ha OCHOBaHHH IlOJIYqeHHl:lX 3Kcnepl!MeHT8J.!bHl:lX peay~bTSTOB ITOCTpo­

eHHe Mon~ ~-neHTpoB. 

2. METOlOOCA 3KCIIEPHMEHTA 

Hcc.nenyeMHe o6pasnH MOHOKPHCTBJIJIOB HOMmi8.1.lbHO "IHCToro KO­

pya,na, BHPSmeHHoro MeTonoM ropH30HT8.1.!bHO Han~eHHott KPHCTM­

~samm (I'HK} HMe~ 4JoPMY Ky6HROB co CTOpOHOtt 0,8 CM, npzqeM, 

OllTHqecKaR OCb nepneffnHKY~RPHa ongoa H3 ILJIOCKOCTea Ky6a. 

06JIYqeHHe o6pasnoB IlpOBO~OCb a~eKTPOHaMH c aHeprrurMH 

25 H 50 MaB, peaKTOpHHMH HeihpoHaMH H CHHxpoTpOHHLIM HMyqeHHeM 

c XSpaKTepHCTKqeCRO! AJIHHOI BO~HH OKO~O 0,I HM npH 300 K. 

CneKTpH nor~ome1DUI cHHMSJmcL Ha cnexTpolf>oToMeTpe c~ npH 

Te1mepaTyJ)ax·77 H 300 K. IIPB lf>oTOC'.l'HMyJD!JlOBaHlWX IIJ>Oneccax BC-
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IIOJib30BBJil!Cb KCeHOHOBaH JiaMira .ILKC8JI I000-5 H MOHOxpOMaTOp Ha 

6aae cneKTpoMeTpa C~-26. 

3. PE3YJihTAThl H HX OECYE,Il,EHHE 

HcCJie'AOBaHHe KHHeTHKl'I HaKoIIJieHHH .n;e4')eKTOB noRaaHBaeT, qTO 

HHTeHCHBHOCTI> IIOJIOC 0Il COOTB9TCTBYilllHX V"-neHTpOB B 06JiaCTH 

410 HM yBeJmqzBaeTCH npH 06.nyqeHHH aJieKTpOHaMH c aKeprHHMH 25 

H 50 MaB. 3HaH B~ CHJIH oQIU'IJI,1IJ1Topa V-IteKTPOB, MOl!IHO orr­

pe.n;eJIHTI> KOHI.t9HTpaitHD STHX neHTpoB IIO qKlPMYJie CMB.RYJIH. CorJiaCHO 

[7 J oTHorueHHe cHJI o~TopoB F- H V -IteHTpoB paBHO 19. B aanmx 

pacqeTax cwra o~HJIJIHTopa F' -neHTpa npmnmaeTcH pa.BHoil: I,95 [a]. 
B aToM c.ny-qae cRJia o~WIJIHTopa Y-ueHTpoB /. 611Jia Pa.BHB. npm.iep-v 
HO 0, I. 8To aHa'l:eHHe aaxo.JtHTCR B npe.n;Max BeJIJII'!HHH fv , yRa.3aHHot!: 

B [7]. 
Ha plllc.I npHBe.n;eaa aa.BHCHMocn KOHiteHTpauHH Y-neHTpoB OT 

.n;oabl aJieKTpoHHoro 06.ny'l'eHHR npH yqeTe noJIY1111IPHHH 11U = I,I aB. 

BH.n;ao, "ITO KOHI.teHTpaitHH 1/'-ueHTPOB B HHTepB8.JI9 )];03 5•ro
16

-roI
8 

0Jl°CM-2 He HaChllllaeTCR. 3+ . 
YtrnTblBaH MaJI:y!O KOHiteHTpauHD PIOHOB er- (I016 CM-3 ), onpe.n;e­

JI9HHyD M9TO)l;OM cneKTpaJibHOro aHa.Jm3a, !II qaRT HaChlill9Hli'!SJ IIOJIOC 380 

H 470 HM B cneKTpe HaBe.n;eHHoro norJiomeHHH (HII) 3JieKTPOHHO 06.ny-
J+ 

'l'eHHoro 1mpy~a. o6yCJioBJieHHHil: nepeaapH.n;KOi!: HOHOB Cr- , np:e: .n;o-
aax IOI2_IOI3 BJI• CM-2 MOJ!IHO YTBep~aTI>, qTO YB9Jll!'l:9HJII9 HHTeHCJl!B­

HO CTH IlOJIOCbl 4IO HM He o6yCJIOBJleHO HOHaMH xpoMa. YBeJIHqeHKe He 

CBR3aHO H c 1£11-ueHTpa.MPI. IloCJie.n;HHtt Bbl.BO)!; IIO.n;TBep~aeTCR T9M, 

'l'TO B•HamKX o6paauax (.n;JIHHOI .n;o I2 CM) B HK o6JiacTH cneRTpa no­

rJiomeHHH xapaKTeparur. noJioca. 3323 cM-I rpyIIIIbl (OH)- [9) rie 06-

aapyl!.eHa. 

c nenI>D no.nyqeHJIIH noIIOJIHJl!TeJibHO~ BHqKlpMaitJ/IH rrpoBO.Il)IJIC11 B30-

-4-

xpOHHm!: OTllln'. B peayJibTaTe OTJltHI'a B HHTepBaJie TeMIIepaTYp 300-

4500c HHTeHCHBHOCTH IIOJIOC B 06JiaCTH cneKTpa HII 300-500 HM BJieK­

TPOHHO 06JiyqeHHOro KopyH.n;a yMeHI>maDTCH, B TO BpeMff KaK H9i!:TpOHHO 

06.nyqeHHoro - yBeJIHtrnBaIDTCR. 

~TOCT:AMyJIHpoBaHHble npoueccH uo KPHCT8Jl.1IOB IIOKa.3~, '11'1'0 

IIPH OCBememm: CB9TOM 205 HM HHT9HCHBHOCTI> IlOJIOCbl 4IO HM yMeHI>maeT­

CR, IlpHqeM IlOCJie.n;HSili YM9HbmaeTCR TaKl!.e npH OCBemeHHH CBeTOM 255 

H 302 HM (pHc . 2 , KPHBble I H 2). HaBeCTHo, qTO o6e~Bei:rn:srume KO­

py~a . 06.nyqeHHoro BJieKTPOHaMH, CB9TOM c .n;JIHHOI BOJIHbl 205 H 255 

HM, IlpHBO.ItHT R JIIOHJII31lll1UI H nepeaa~e J'_ H r+ -UeHTpoB. 0CB0-

60~9HHHe aJieRTpoHH .llIJIH JtHPKK MOryT nepepacnpe.n;eJIJl'.TbCR JIH6o Mex­

~ aHHOHH&MH BaRaHCHRMH, JIH6o Ha ~rnx JIOByl!lRB.X. B J<aqecTBe noc­

JieitHHX MOryT 61:l'r!> H v -IteHTpbl. 

IlpHBe.n;eHHHe peayJII>TaTbl H CpaBHeHHe c JmT9paTypHHMH )l;aHHNMH 

HCCJie.n;oBaHHil: CBM,It9T9Jll>CTBYDT, '11'1'0 B aJieKTPOHHO 06.ny~eHHHX KPHC­

T8Jl.1lax KOpy~a B03HHKallT \T- ueHTpbl , KOTOpble BKJIDqaJlT B ce6H "/!, 
- 2- .rJ-

y - . v - H v -It9HTpe , HM9IOUtH9 oqeHI> 6JIH3KO pacnOJIOl!.eHHHe IIOJIOCbl 

n orJiomeHRll c It9HTpOM THl!.eCTH OROJIO 4IO HM . ~TOCT:AMyJIHpOBaHHble 

npoueccH IlOKa31:lB8.BJT. qTO paapymeHHe v -UeHTpOB IlpOHCXO.ItHT aa 

cqeT nepeHoca 3aPff;J;OB F- H r+-IteHTpOB. MH Ilp9.ztIIOJiaraeM, qTo BTH 

aaPH~ - aJieRTpoHI:l. PaapymeHHe Y -neHTpoB npo11cx0It1IT no pe~mr : 

y2-
y­
vo 

+ e--. y.3-
' + e --+ y2- · • + e __. y- . 

(a) 

(6) 

(B) 

(I) 

IlpH 60JII>mHX .IJ;03ax BJI9RTpOHHOro 06.nyqeHJl!H HaH6onee BepOHTHO 
0 y-aqxpeRTJl!BH09 oCSpasoBaHHe Y- H -neHTPOB. Yq:e:THBaR, 'll'l'O 3aXBaT 

.D;BJX .ztHPOK c KaTHoHHol BaRSHCBeA CSo~ee BepoHTeH, ~eM 3axBB.T Tpex, 

CJ1_9'!13eT, ~o O'CHOBHOI BKJI8,lt B HRT9HCHBHOCTI> no~OCH 4IO HM ~aeT 

peUQU (IC:S). 
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YMem.meHPie KOHileHTIJB.UID! V-n;eHTpoB npH Bos6yJKitemm CBeToM 

302 HM o6yCJIOBJieHO a!fx:PeKTHBH!ilM paspymeHHeM uo c nOJIOCO~ 302 HM, 

npH STOM aJieKTpOHH, nepexowr qepes SOHy npoBO~OCTR, qacTR'tlHO 

V o - -~-JIOKaJIRay10TcSI Ha - • v - H y- -rteHTpax. 0,nHOBpeMeHHo .llHPKK I{O 

302 HM TYHHeJmpy!OTCSI H8. v:. R y.2-_rteHTpax. 3TR .llBa nportecca B 

KOHe~oM aKTe npHBO,m1T K MaJioaqxpeKTHBHOMy paspymeHIDO V"-neHTPOB, 

qTo H nO,nTBepi!;naeTCSI aKcnepKMeHTaJinHO (p:r.rc.3). 

noCJie OCBemeHKSI KOPYH.lla CHHxpOTpOHH!ilM HSJiyqeHHeM (CH) 

(06JIYqeHHOro aJieKTPOHaMH H OTOl!OKeHHoro npH 425°c) Ha6JI!O)laeTCSI 

CHJinHOe YBeJIHqeHHe HHTeHCHBHOCTH no Bcett cneKTpaJinHOH 06JiaCTH 

On 280-650 HM. B qacTHOCTH, CHJ!bHOe YBeJIHqeHHe Ha6JIJO,llaeTCSI B HH­

TeHCHBHOCTH noJIOCH 4IO HM 'Y'-lleHTpoB (pxc.4, KP:KBaR I). YBeJIHqe­

HKe KOHiteHTpartHH noCJie CH 06JIYqeHHSI MOJBHO o6McHPin CJie.JlY!OlllHM 06-

pasoM. npH TeMilepaTypHOM OTll!Hre MOryT IIpORCXO)lKTn CJie)ly!OlliHe peaK­

r:tHH: 

Ali + 'Y.41 -+ 0 , (a) 

v- + e -+ v2-, (6) 
-(2) y2-+Jz - y-' (B) 

y- +h ~yo . . (r) 

HecMOTPSI Ha ,n;ocTaTo'tlHo 60Jinmy10 llO.llBHEHocTl> Mellr;rcoyaeJil>HHX 

HOHOB Ali. (BeposrTHocn peam.im: (2a) Be.mma), noJIHott aHHHrMSID;~ 

Ali H l'Az BiiJIOTn )lO rooo0
c He npOHCXOD;HT. 0TCYTCTBHe llOJIHOtl aH­

HHI'HJISID;HH HOHOB Ali co CBOHMH BaKaHCH.!IMH 1'1 npH Bl:lCOKHX TeMIIe­

paTypax CTaHOBHTCSI ITOHSITHHM, ec;m yqecTn TOT qaKT, qTo 'l:IBCJIO HOHOB 

A~ H xx BaKaHCHH ~Z He PaBHH na-sa Y.llMemm qacTH no~oB Al xa · 

KpI!cTa.JLJia npH 06JIYqeRHH BHCOKOaHepreTHqHHMJII qacTHn;a.MH [ro]. TeM­

nepaTypHhtll: OTJKHr I!pHBO)lHT K OCB060JKiteHH!O SaPfl.l(OB HS JIOBymeK (Ha-
2+ ,14+ . 

np~ep, tr- H 1..,. ) H HX SaxBaTy c ~z (pe8.KD;Hll: (6), (B) H (r)); 

.. -6-

D B KOHe'tlHOM HTore B KPHCTaJIJie COxpaHS!eTCSI HeKOTOpoe KOJIHqecTBO 'Y'-

neHTpOB, KOTOpHe B cneKTpe on ce6SI He npOSIBJISIJOT. 

3axBaT CB060)lHHX SJieKTPOHOB H .lll:lpOK, reaepHpyeMHX npH 06JIY­

qeHPIH CH aJieKTPOHHO 06JIYqeHHoro H OTOlllreHHoro KOpy!UJ;a, ocymecTB­

JISieTCSI no pea:KI:tHRM: 

yo+ e -v- (a) 
' v-+ e - y2- • (6) 

y2-+h - y-
(3) 

' 
(B) 

y- + Jr. - yo . (r) 

BKJia)l B yBe;mqeHPJ:e RHTeHCHBHOCTH nOJIOCH Oil 4I0 HM noCJie 06-

JIY'lemm CH, B OCHOBHOM, D;aJOT v: H yi-_neHTpH BCJie,D;CTBHe BSaHMO­

rrpeBpameIDUI KOMilOHeHTOB y -lleHTPOB. 

.lVrSI MO)leJmpOBaHHSI RaTHOHHott BaKaHCHH IIOD;6Hpa.1IcSI KJiacTep B 

B~e Al
3
"'":[02-J6 • TaRaSI MO.lleJil> y,n;o6aa .ItJISI o6~cHeHim MexaHRa­

MOB HiutOIIJieHPISI H aHH30TPOITHH Y'-neHTPOB B aJieKTpOHHO 06JIYqeHHOM 

itopyH,n;e.· B KJiacTepe AZ3"":[02~ noHH AZ oxpyJKeall mecnro Hoaru.m 

Kl'!CJIOpo,n;a (JIHI'aH,11;), r,n;e TPH H3 mecTH JIHraH)l Hax0,1J;J1TCSI OT HOHa 
0 0 

Ha paccTOSIHHH q = I,86 A, a ocTa..'Il>HHe TPH JIHraH.llH - I,9? A 

(pHc.5). IloCJie 9JI9KTPOHHoro 06JIYqeHHSI, B 3aBHCIDllOCTH OT 'l:IBCJia 

0 2- J-3axBaqeHHHX JmraH)laMll .I(NpOK, 06pa3y!OTCSI y_, v=, Y- H V -D;eH-

TpH. Ha pxc.56,B,r H .I( npe)lCTaBJieHH MO)leJllll THIIa Y'-rteHTpOB H 

BTOpHe KOOp1J;IDiaIJ;lIOHHHe c!f>epH. IlpR CTporoM' nO)lXO.l(e K 06MCHeHIDO 

Oil H SHHSOTpOIIHOCTH Y-n;eHTpoB He06X0.1J;HMO yqeCTl> CJI9)lylll!lee. ECJIH 

11;1:lpKa (.JtHPKR) JIORaJIH3oBaHa Ha Jll!I'aH)le (JIHraH,n;ax) .1Ill6o Ha BepXHett, 

JIH6o Ha HHJmett IJJIOCKOCTH, TO OllTH'lecK:He nepeXO)lH KOMUOHeHTOB V­

neHTpoB .llOJIJPJIH H9CKOJil>KO OTJ1H'l8Tl>CSI no 8HeprHH BBH.JlY Hea.n;eKBaT­

HOCTH paCCTOHHHI H yrJIOB TpeyrOJil>IDIKOB Jllil'aH.l( c ".llHCTOpcHeA". 

IIpir MHI'paD;JIH .Jtl:lpKll (.ltl:lpOx) JJB<So B Bepxaeu, JO!<SO B RHlleM TpeyrOJI])­

,.,_ 

I 

j 



HHKe, HJllI BO Bcex JIBraH){ax KJiaCTepa, OIDiTb ,I(OJillHO Ha6JIIO,I(aTbCH 

CMemeHHe MaKCHMyMa IlOJIOCH on -Y-t:1eHTpOB. BCJie,I(CTBHe npHBe,I(eHHHX 

a(M>eKTOB K pa3HOBH,ItHOCTH '"'\1'-qeHTpoB ,I(OJ!l!l{O Ha6JIJ),I(aTI>CH "HeO,l4HO­

pO.l(HOe" ynmpeHKe IlOJIOCJ:l on 4IO HM. EoJiee 'l'Oro, aHanl.13 Bcex aqxpex­

'l'OB noaBoMeT yTBepiimau, 'ITO Y-I:leHTPH noJilmll 6HTb aHlr!aoTponHllMH, 

npll'ieM, aHepreTHtJecKlr!e .I(KllOJIH tJaCTH'IJHO MoryT KMe!'I> RB.K Al -0, TaK 

* H 0-0 HanpaB.JieHHH {II}, npH KOTopux A >I. Mlr!rpaI:IHH ltJ:lPOK BO 

Bcex JIHI'aH,I(ax BHYTPH KJiacTepa H KOJIJieRTHBHoe Boa6yiimeHHe npKBO~'l' 

K HeKOTOpOH nerronJipH3ailll!K IlOJIOC On Y -IleHTpOB. 

npH npoxoiimeHHK 6oM6ap~JOOtHX tJaCTKII tJepea BemecTBO np:e 

ynpyroM B3BJIMoneHCTBKH MaRCHMMbHaH aHeprHH, nepe,I(aHHBJI a'l'OM8M 

KJiacTepa, KMeeT BH,I( 
., _..i.J._. o • E,..1-f = SitJ,/(E:/mc1lJ(.1.,.E:,/,.,~~, 

[,,.._,, -(ff>kP. £.. ' Ml&« .# 

r.ne £;,,':. ;y~ - Ha'<IMbHaH Rlr!HeTJl'ieCRM aHep!'WI 'IJaCTKIIJ:l, k - OT­

HomeHHe MaCCI:l 6oM6ap,I(KIJY~IIU!X 'IJaCTHII K Macce aToMa KJiacTepa. IlpK 

o6nytJeHHK aJieKTpOH8Mlr! c aHepni:eA 50 MaB, c ytJe'l'OM noTepI> aHep­

rHH Ha HeynpyrHe B38HMO,nettcTBWf 

E. an = '? · 10 -.3 M 3 B (1J.np pl-) , 
mlLJ:, 

3n _3 . l J-t-
EmaJt. =4·10 /'13"{3(~.119AZ ). 

IlpH 06.JIYtJeHlr!lr! Heth'poHB.MH c aHeprHett 2 MaB 

E,:ax = 4, 4 ·I 0-1 fat ,f; (~AS/ ().2-)' 

E~a.1t. = .2, 8 · ftJ-J 11~B ('ZJA9 J/'
3
+ ). 

H A 9A :l- II h 9A 
O'l'HOIIleHHe Emax / rc/11111' ::: 63 ,nJIH 0 H E11u11t /E,,,.ll :!: 70 .lt1lH 

It· . · 
AZ • BH.J4Ho, 'ITO i:i:ac'l'b aHeprKH, nepe)J;aHHa.sr 6oM6ap~DlllKMl'I 11eA-

TPOHaMM aTOMaM KJiacTepa, HaMHoro npeBJ:lillaeT BHep~. nepeJtaHHY~ 

6oM6ap~ylOIJtl'IMK aJieK'l'pOHaMB. KpoMe Toro, aHeprwr, nepe,naHHaH 

~=d,,~ _:::a.e c:ltr - KOa@lm,nreHT norJiomemm npK E fftj ,a i{- IlPH 

E..L t'.'3 ( E - aJieKTPHtJecKHA BeKTop na.naJ!l!Ilero cBeTa ) • 
-5-
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6oM6ap.ztHPY!llllHMH tmCTlr!IlaMH aToMaM KJiacTepa, HaMHoro npeBJ:llllB.eT no­

poroey10 aHepnm £4 • paBHyJJ 50 H 90 aB JI.!lSI HOHOB 11 H /l COOTBeT­

CTBeHHO. CJie,I(OBaTeJibHO, BH6HTHe aTOMJ:l, B CBOIO O"lepe.zu,, CMOryT BH-

6HBaTb HOBHe aTOMH JUJYrHX Y3JIOB K:pHCTaJIJia. IlpH Hefh'pOHHOM 06.JIYtJe­

HKH BCJie,I(CTBHe xacxa,na ynpyrHX coynapeimA KOHI:leHT:paIIHS! BH6HTHX 

·aTOMOB 60Jibllle, tJeM npH 9JieRTpOHHOM 06.JIYtJeHHH, H 6y,I(eT ropa3,I(O 

60JII>Ille, eCJiliI y"leCTl> IlOTepH OCHOBHOA 'IJaCTH aHeprKH 9JleRTPOHOB npH 

HeynpyroM B3aKMO,I(efc'l'BHH, CJie,I(OBaTeJil>HO, H COOTB0TCTBeHHHe uo He 

H,I(eHTH'iHH. 3To HarJUI,.l(Ho BH,I(HO npH reHePaIIHH 1' ~eHTpOB (pHc.3). 

EoM6ap.ztHPY1J111He aJieKTpoau ,I(O ynpyroro co~.I(apeHWI c aTOM8Mlr! 

I<JiacTepa 3Ha'IJH'l'eJII>HYll 'IJaCTb aHepnm Tepm'.lT Ha HOHH3aIIHIO, BCJie.n­

CTBHe 'IJero 'IJHCJIO o6pa30BaHHHX BaKaHCHI, Me~oyaeJibHHX HOHOB KHC­

Jiopona a: H Mu.oomJI Ali npH aJieKTpoHHOM 06.JIY'lfemm 3Ha'IJHTeJII>­

HO MeHl>llle, 'leM npH Heth°poHHOM 06JIY'1femm. 8HeprHH nepBK"lHO BH6H­

THX aTOMOB npH aJieKTpoHHOM 06JIY"l0HHX HaCTOJil>KO MSJia, '<ITO OHH 

JIH60 He MOryT, JIH60 MOryT po~aTI> KB.CKa,n, HO npH 9'l'OM 'IJKCJIO, aTo­

MOB H HX BaKaHCHH B Kacxa.ne 6ypyT HesHa'IJK'l'eJibHH. IloaTOMY npH 

aJieRTPOHHOM 06nytJeHJIDI KOHI:leHTpatllr!H TO'lfe'lfHHX ~~eKTOB 60Jibme, qeM 

pa~aIIHOHHHX RJiacTepoB, xoMIIJiexcoB :wra BHe.npeHHHX Ali K 4· HOHOB 

tJYlD!X ySJIOB. IlpH Heth°pOHHOM 06JIY"l0HHH BCJie,I(CTBHe ynpyroro B3aKMO­

~eacTBlr!H llO"!TH Bcir 8Heprlr!H HettTpoHa nepe.naeTCH aTOMaM KJiacTepa. 

BTOPH'IJHJ:le npo~eccH pOJ!lnaJ'.l'l' He TOJibKO TO'le'IJllHe, HO H 6oJII>moe KO­

JIB'IJeCTBO CJIOllHl:lX .I(e4)eKTOB (ROMilJ!eRC!:i, nHBaKaHCKI!, pa,Itlr!aIIHOHHHe 

KJiaCTepI:l H T.,n.). Il09TOMY MOllfrO CRB.38Tl>, 'IJTO po~eHHJ:le BaKaHCKI! 

8.JOOMHHHS! KOMIIeHCHJ)Yll'rCH BHe.npeHHeM HOHOB KHCJIOpo~a. HBJI60Jiee Be­

pOHTHO, H3 BTOpoi KOOPJlKHaIIHOHHOf c4'?epll. B HTOre IlOJIY'lfaeTCH, '<ITO 

ROHI:leHT:paIIHH v ~eHTpOB npaKTH'IJeCKH He H3MeHHe'l'C.H. 
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Pnc.2. ~TOCTHMy.1IHp0Ba1urae nponecca B xopyH,n;e, o6JJyi:reHHOM aJieK­

TpoHB.MR .D;OSOft IOIS 8JI•CM-2 R OTOJOreHHOM llPJil 425°C 
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PHc.3. ~I'MeHTH cneKTPOB KOpyH,n;a, 06.nyi:reHHoro SJieKTPOHaMR .n:osoii 

roIB aJI•cM-2 R OTOll!JlteHHoro npH 425°C ( f =I5 MIDiyT) (Ia,2a) 

n c noCJie,IzylllllllIM o6Jiyi:reHReM CH (3,4). 
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CneRTPH JilI ROpyH.n:a, o6Jiyi:reHHOro aJieRTpOHaMR .n:osoA ro1
8 

SJI•CM-2 , OTOl!OlteHHOrO npH 425°C (t=I5 MRffYT)'c noCJie,IzyID­

lllRM MRHYTHHM 06.nyi:reHHeM CV! .n:o (I,2,3) H IlOCJie OCBemeHW'I 

CB0TOM 302 HM (4,5,6) B Tei:reHHe i:raca. 
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