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I. BBEAEHHE 

Opw neTeKTHposaHHH nDKCJlhiX HOHOB H npo.o.yKTOB AAepHLIX peaKuHH KpeM. HHCBblMH ,llCTCKTOpa~HI cymeCTB)'IOT Onpe.ueneHHLIC orpaiUilJCHH51 CITCKTpOMCTpH
l.ICCKHX XapaKTCpHCTHK ITO OTHOI.UCHHIO K m·mei::fHOCTH rrpeo6pa:WBaHmi 3HeprMSJ - aMnmny)la. 0l{HO Jf3 HaJB3HHbiX orp3HHl.{emn1 - o6pa30B3HHC ,ne<IJeKTa 3MIT-
1B1TYJlhi, KOTOpoe ofibi4HO OTHOC.SIT K TpeM COCT3BJUIIOIUHM, a HMCHHO: ITOTCpH 80 
BXO)lHOM OKHC )lCTCKTOpa, ITOTCpH 33 ClfCT »nepHhiX CTOJIKHOBCHJ-fi:f H pCKOM6H
H3UHOHHhiC ITOTCpH (1]. 0TMCTHM BCC06I.UHOCTb :nora 3c}JcfleKT3, .0:310lUCf0 KOHClf
HOC HCHyneBOe 3H3lfCHHC BCJIHliMHbl ITOJ1Ii0f0 )lecl:JCKT3 3MITJlHTYJI:hi WI» KruK)lO:if CHJlhHOHOHH3MpyiOIUCi.f '-IaCTHUhi, XOT» H B )lOBOllhHO II.IHpOKOM ,U:H3ml30HC 
BCJIH'-IHH. 

BTopoH HemmeHHhiii 3clJcfleKT, npwcymwH KpeMHHeBhiM JJ:eTeKTOpaM, - MYJih
THIIJTHKaUH.SI 3apR.Qa [2-11] 51BJI.SieTC51 MeHee o6LUHM. Bo-nepshlX, 3HaK ::~<f>Q:leKra 
npOTHBOIIOJIO.iKeH, BO-BTOph!X, He )lll51 BC.SIKHX pa6olJHX YCJIOBHi1: .QeTeKTOpa H He .11115£ BC51KHX lJ3CTHU: 3TOT 3cfJcfleKT Ha6mO.Q3eTC51 B 51BIIOM Bl.f,[{e. l1 KOHelJHO, OH 6onee ynp3BJI51eM C TOlJKH 3pCHH51 YCTpaHeHH51 Hef3THBHbiX ITOCJle.UCTBHii )VI51 CfleK
TpOMeTpHH nyreM yMeHblliCHH51 H3np.SI.~i<:CHH51 CMeiUeHJUI H3 .ueTCKTOpe. 0.[{H3KO HMCHHO B CHJIY CBoeif CflCUH¢IHlJHOCTH 3TOT s<f.J<f.JeKT K3K TaKOROif H npeJJ:CT3BJI51CT mnepec )lli.SI pa31IH4HhiX wccne,uonareneM. Eonee roro, B. nocneJJ:Hee npeMH Ha6mo.uanca p5I.ll np051RlieHHfi (8,11], KOTOpbiC II03B01IHJIH 3BT0p3M CJW1I3Tb BhiBO.ll 0 803-
MO)KHOCTH HCITOJ1b30B3HH51 acp<f.JeKT3 MYJihTHTIJIMK3UHl-1 ,lUUI H3}'\ICHH51 ITOJlCHCTeM rop5:1YHX IIOCHTeJieiJ: B KpeMHHH, lJTO npeJlCT3BJl51CT 6onee lllHpOKHif o6meQJH3H
lJCCKHfi HHTepec, qeM npwMeHeHHe nonynpoBOJlHHKOBhiX nereKropon. Cnc.uyer or
MeTHTh, LITO no HacTORIUero npeMeHH reopwR aToro npouecca He nocrpoeHa, a OTJlCJihHh!C ITOflbiTKH HOC51T CKOpee Q:>paiMeHT3pHhifi, IIOJIY3MITHpH"'CCKHfi xapaK
Tep. nepBaa fl0flbiTK3 flOCTpOeHJ.HJ MO.D:eJIH npouecca CB513biBaJI3 51BJieHHe C TYH
HeJIHpOB3HHeM 3JieKTpOHOB H3 BepxHero MeTMJUilJeCKOI'O 3JieKTjJO.Ll3 B o6naCTb npocTpaHCTBenHoro 3apMa nonynpoBOilllHKa (0IT3) (3]. B HacTOmf1ee speMH 3TOT nonxon clJHTaercH HeaKTYaJihHhiM B CHJIY .SIBHhJX npoTHBopeqwif c PMOM 3KCnepHMOllTMbHbiX <j>aKToB [8,11]. Apyme no)lXOJlbi paccMaTpnBaiOT npeo6na!1aiO
myro p01Ib MeX3HIBM3 J13BHHHOf0 p33MHO)f(eHH51 HOCHTenefi B CHJihHOM 31IeKTplflie
CKOM none, XOTH B lJaCTII <f.JopMHpDB3HHa nOcJie.[{HefO HMelOTC51 Oilpe!leJieHHbie paCXO)f()leHH51, HO y.iKe B paMKaX yKa33HHOfO MeX3Hif3M3 JiaBHHHOfO pa3MHO)KeHif51. TaK, n pa6orax [9, I 0] o6pa3onaHHe cMJihHOro noJI51 CB.H3hiB3IOT c )lMHaMMlleCKOH 
QJoKycHpOBKOif CT3THlJeCKOro ilOJIH ,UeTeKTOpa rpeKOM CHJibHOHOHH3HpyiDI.llefi lJ3CTHUhl. 
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AnLTeptlaTHBHbJii OO)lXO)l CB5133H C o6pa30B311HCM o6naKa HepaBHOBeCHbJX l-10-

CHTenefi .(J:{LipOK, B cnyt~ae n-Si) y nosepxHOCTH sepxHero 3JieKTpo)la, w KaK cne.u

CTBHe, npmtCXO,l:VfT c}JopMHpOB3HHe 06JiaCTH CHJJbHOfO 001151, KOJlH'·IeCTBCHHO Bhl

p3)K3CMOI'O KaK 0' /£5 .EO [11]. 3)leCb 0' ~ nosepXHOCTHa51 llJ10THOCTb o6naKa 
SS I SS 

HepaBHOBeCHbiX HOCHTCJJCH y llOBCpXHOCTH nepeXO)l3, e
0

, £Si -,I:Ui31lCKTpHl.ICCKHe 

npOHHU3CMOCTH B3K)'YMa H KpeMHJUI COOTBCTCTBCHHO. 06a nO.UXO.Ua HMCIOT p51.ll 

HCJ(OCT3TKOB npH OllHC3HHH KOHKpCTHbiX np05IBJICHHi:f, H XOT5I cpaBmiTCJlbUhiH 

3HaJIH3 He BXO,LUIT B ll113Hbl )laHHOi:f pa60Thl, CJle)lyeT TIO)l'-lepKHyn., lfTO B OTJIHliHe 

OT rrepsoro llO)lXO)l3 o6pa30B3HHe CHJibHOfO ll0JI51 B paMK3X BTOporo 51BJI5ICTC51 He 

6onee 4CM ll0CTY113TOM, llOCKOJILKy OTCYfCTsyeT OOHCaHHe ,[l,HIJaMHKH o6pa30BaHH5I 

COCT05IHH5I C BbiCOKI1M llOJleM H C06CTBeHJiO MeXaHH3Ma QJopMHpOBaHH51 pa3MHO

)[(eHHOfO 3ap5I)la, a He TOJlbKO OOBbiUieHIIQrO ll0JJ5I, liTO 5IBJI5IeTC51 He06XOJlHMbJM, 

HO He .UOCTaTOlJHb!M: YCJJOBHeM pa3BHTI15I JiaBHHbl. 

UenbiO )lammH pa6orLI 51BJJ.Sierc.SI npHMeHeHHe o6o11x no.uxonos )lJI5I npoac

HeHHH CneiJ;t1Q.HIKH ):{eTeKTHpoBaHHH pe.UKHX C06biTHif COOHT3HHOro ):{eJieHHH .SI):{ep, 

HMnJiaHTHpOBaHI-IbiX B KpeMHHeBbi:if )leTeKTOp, no OTHOlileHHIO K B03M0)f(HOCTH 00-

JI)'l:IeHHH aHOMaJlbHO 60JibllJHX aMnllHTy.[{. 

2. HEKOTOPb!E 3KCI1EP11MEHTAJJbHbiE <l>AKTbl 

f1pH perHCTpaiU'IH COOIITaHI-JOfO )leJieHJUI HMOJiaHTHpOBaJIHOfO HyKJIH)la 3Hep

f'OBbi)leJieHHe B lJ)'BC-TBHTeJihHOM CJlOe )leTeKTOpa Q:laKTHLJeCKH COOTBeTCTByeT riOJI

HOMy 3HeprOBhi)leJieHHIO O.UHOfO 113 OCKOJIKOB H l.JaCTHLJHOMy/nom-IOMy SmeprOBhl

.[{eJieHHIO sroporo ocKonKa, BhmeraiOmero B HanpasJJem·m, o6paTHOM Hanpan

neHHID HMOJiaHTai.lJ'IH )leJI51lUefOCH H)lpa. C TOl.JKH 3pemm B03MO)[(H0CTH 

B03HHKHOBeHH51 UHOMMbHhiX aMnmny.u cymeCTBeHHb!M HBJI5IeTC51 TO, lJTO CyMMap

HOe ::meprOBbl,[l,eJieHJ'Je, KaK H CyMMapmm .llliHHa rpeKa, npeBOCXO,U)1T aHaJJOfHLJHhle 

BeJIHl.JHHbi ,UJJ51 Karm6poB01-IHOfO BHelliHero HCTO'--IHHKa (HanpHMep, 252Cf). 0TMe

THM, lJTO ynce n paHHeH pa6ore [2] Ha6mo,n:anoc1 npeHMymecrneHHoe, no cpas

HeHmo C rpynnoii TH.IKeJibiX OCKOJIKOB, o6pa30BaHHe· aHOMaJibHO 60JiblllHX 3MII

JIHTY)l B ClleKTpe .ll1151 rpynn11 JiefKHX OCKOJIKOB. Ha6JIIO)laJiaCb TaK)Ke TaKlliJ 33KO

IIOMepHOCTb, KaK )'MeHbllieHHe Bep05ITHOCTH o6pa30BaHH5I aHOMaJlbiibiX 3MIII1HTY1l 

c ysenwJeHHeM yma sxo.ua pentcTpHpyeMoro OCKOJIKa B .uereKTOp. Eonee onpene

neHHO BJIHHHHe Q:laKropa :meprH5I - npo6er HJyLJeHo s pa6ore [7], f)le 6bTJIO 

IlOKaJaHO: 

a) JaBHCHMOCTb noporosoro non51 B03HHKHOBeHHH MynhTHIIJIHKaU:HH 3ap5I.Ua 

.ll1151 HOHOB 
40 

Ar c ::mepr11eH 4,4 -:- 8 M3B/HyKnoH JIHHeHHo CB513aHa c napaMeTpoM 

(ER)
1
1

3
, !)1e E, R ~ 31!eprHR H npo6er COOTBCTCTBCHtro; 
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60 70 

I 6) 

I 

500 B 

....,., 
80 90 

N KaHaJia 

Puc.l. AMrumry11HbJe CIJeKTpbi HeKaHaJIHpyiDll(llX (neBhlii IIHK) H Ka

HarmpyiDW.HX (npaBhlif nuK) OCKOJIKOB. neneHH.II. a) 50 B, 6) 500 B 

6) ,UJJH KaHaJIHpyiDil_(HX H HeKaHaJIHpyiOIUHX OCKOJlKOB cnOHTaHHOf'O )J,eJieHifJf 

252Cf na6mo)laeTC.SI OTlJeTJIHBCUI pa3HHUa B YCJIOBlHIX B03HHKHO~eHlHI npouecca 

(puc. I). 
TaKHM o6prooM,- COBOKyrtHOcTb 3KcnepHMeHTaJihHbiX .n;aHHhiX noJsonaer c.ue

JiaTl> CJle)lyiOIUee yrsep)[()leHHe: npH ):{eTeKTHpOBaHHH pacna.n.a HMnJiaHTHpOBaHHMX 

.HJ{ep H OC06eHHO B cnyqae 6onee CHMMeTpHlJHbiX peaKUHii, COOTBeTCTBYIOIU_HX, KaK 

npaBHJlO, 6oJiblliHM rny6HHUM HMIIJiaHTaUHH, Ha6JJIOJ{emie HeB03MYJ.UeHHOfO CIIeK

Tpa CI10HT3HHOfO .ueneHmi J{JIH JII060ro BHeUIHero KaJIH6pOBOlJHOf0 HCTOlJHHKa He 

5JBJIHeTC51 JlOCTaTOlJHbiM )lJIH 3HaJIOfHlJHOfO BbiBO):{a B cnyqae HMIIJiaHTHpOBaHHOfO 

HYKJIHJla, ecnw He o6ecneqeno ,u:ononHHTeJibHoe TecTHposaHHe npH HeKoropoM 

H36hiTOlJHOM Hanp.H.IKeHHH CMell(eHIUJ IIO OTHOIIIemHO K pa60lJeMy. 

3. MOJ(EJib J(HHAMH'lECKOH <I>OKYCHPOBKH 

XOT51 ll)le.H paCCMOTpeHH51 TpeKa HOHH3Hpy101l_(e:H: lJ3CTHU:E.I 8 KalJeCTBe 

Q:loKyCHpYJOIUefO OCTpH.S 6biJia BhiCKa3aHa paHee, KOJlHlJeCTBeHHblii acneKT OHa 

o6pena B pa6oTe [9]. rJle 6biJIO nonyqeHo BbiprutWHHe ,llJI.H MUKCHM3JibHOro nona na 

llOJIIOCe TpeKa HOHH3HpyiOIUeif lJ3CTHU:bl 8 8H)le* 

Fm;F0R/r0. (I) 

3.uecb F0, r0 - none (craTHLJecKoe) 8 .uereKrope H naqanbHMH nonepeliHbiH pa3-

Mep TpeKa COOTBeTCTBeHHO. 0TMeTJIM, lJTO XOTSI 8 pa6oTe (9] paCCMOTpeH OJlHOnO

JJHpHbi:if npou;ecc 3p03HH IIJia3MeHHOii KOJIOHKlf (12), OJI.H3KO BCe BbiBO.Ubi MOryi' 

*llpeJ.InonaraeTC.II, 'ITO pll3Mep o6.rracrn o6eJJ,HeHH.II JaMeTHO rrpesocxo.D.HT yJI.BoenuwH npo6er oc~ 
KOJIKa, B rrpOTHBOITOJIO:lKHOM CJI)"'ae He06XOJl,HM Y'IeT MOJJ.YJI.IIUHH 6aJOBOii o6naCTH JlHHaMH':IeCKH flloKy
cupyeMbiM noneM. ABTOphl [9] paccMaTJlHBaiOT. He MeHee 'leM TJleXKparuhiH Janac (puc.l). 
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MMnmfHTru.tHH 
Ro 

n - Si 
/ 

OEflACTh ITPOCTPAHCTBEHHOfO 
3APJI.llA 

Pnc.2. CxiMaTnl.Jnoe mo6proKeHne cnoHTaHHoro .uen:ennH HMnnaHnlposauno~ 
ro.$1.Upa,perncrpnpyeMoe KpeMHHeBhiM -JieTeKTopoM 

6LITL JierKo pacnpocTpaHeHbi Ha nepxHHfi nomoc TpeKa, ecn11 HMeTh B sw.n:y .n:pyme 

MO,UeJIH op03HH nJiaJMbl, KaK, HanpHMep, [13]. B Ha!IIeM cnyqae (pHc.2), ecnH 
CqJnaTL 3KTYaJILHOfi:, C TQqKH 3peHJ.UI C03)l3HH51 JJOKMbHO BbiCOKOfO fJOJlSI, KOMflO

HeHTy CTaTHtiecKoro nona, HanpasneHHYIO n.n:onh TpeKa, Bhipa)f(eHHe ( 1) n·pHMeT 
BH)l 

F ~-- cos8+- , FRo ( d ) 
m r

0 
R

0 
(2) 

r,n:e C UeJihlO ynpOil(eHJUJ paCCMaTpHB310TC.SI O,lUiH3KOBh!e OCKOJJKH, HMelOIIJ.He npo-

6er R0 H 3Hepnno E0. B cooTseTCTBIUi c (2) MO)f(HO 3anHC3Th KpHTepwH ):(OcTaToq

HOCTH B BH):{e 

H 

fmpl d 
_!I>__ < I +-
~h - Ro 

yimpl 2d 
_th_< I+-, 

0 -
v,h Ro 

(3) 

(4) 

me nepeqHcneHHhie sem1qHHbi noporOBhiX noneH (Fth) H Hanp5:1)f(emtH: (V
1
h) cooT

BeTCTBJIOT 11Mf1Jl3HT3UHH (imp}) H KMH6poBO'-IHOMJ HCTOl.JHHKY (0). Tip11 nepeXO)le 

OT (3) K (4) c.uenaHo .n:onoJIHHTeJILnoe npe)lnono)f(etme d << R
0

. B npHBe)lemihlx 

Bbipa)f(eHH»x d- my6i·ma HMOJiaHTaUJHI .uemnueroc51 HyKnw.ua. Cne.uyeT o6paTHTL 

4 

r 
' 

BHHMatiHe 113 TO, I.ITO l.faCTtiLIH cny1.1ai-i d = () 0Tp3)f(3CT Ha6JIIOJiaeMyK> pa3HHUY [2] 
B YCJJOBHHX pa3BHTIHI npouecca J!JI}I OCKOJIKOB C pa3J1HllllbiM yrflOM BXOJ.Ia B JleTeK

TOp. 

4. MOllEnb C nPHnOBEPXHOCTHhiM HAKOnnEHI1EM 3AP5!llA 

8 ::noH MO)lCJIH 3KTYaJibiiOfi: 5IBJ15ICTC51 Bem.PHIH3 OTHOlllCH1151 IJOJIHOfO KOJIH4e

CTBa reuepHpOBai-IllbiX nap K fiJIOllHlllH npoeKUliH TpeKa 113 TIOBepXIIOCTh )lCTCKTO

pa, OTIIeCeHIIru! K BeKOTOpOMY xapaKTCpHOMJ MOMeHTY BpeMetHt T , paCCl.JHTbJBa-
Jl ' . 

eMOMy B COOTBCTCTBHH C cfJopMyJJOi-i 

[ 

3£ en A ]I /3 T~_l_ Of 
I' F 321t3Jl(E .E )20211' ' 

St 0 

(5) 

rne J.l = 1400 CM
2 
/8·C, Ill- mmei-iHa}l IIJIOTHOCTh reuepHpOB3liHbiX liOCHTeJieii, 

0-8 2 B A = 4, 19·1 eM [ 12]. l.JaCTHOCTH, nm1 uopMMbHOro sxo.ua I.IUCTHUhl s .ueTeKTop 

HMCCM 

e£0 a -
ss 4nDT w' 

p 

(6) 

r:ue D - Ko3¢¢wuweHT aM6wnoJIHpuoH nw¢¢Y3HU, w - cpe.unH» 3Hepru» o6pa-

30B3HHH napbl :3JICKTpOH-)lblpKa B KpCMHUH. 00JI3rasi, LJTO 06yCJIOBJiei!IIOe 3THM 

3apH.UOM none BLlpa:>KaeTCH KaK 

cr.l·s 
F -

m £0£Si 
(7) 

MO:>KIIO HOJIYl.JHTb KpHTepHii (ER)!fJ, CCJIH CI.IHT3Tb cJ>aKTOp CHJibHOT'O llOJIH CJ.lHH

CTBCJIIIO onpenenHIOlllHM [II]. 8 (6) e- 3ap51Jl :~meKTpona. )J.UJJCe, paccMaTplfBruJ 

T KaK cJJa6o JaBHCHlllHH OT yrna napaMeTp (lliiH l.facnniM c ¢HKCHposauuoii ::::mep-
P 

meH- npo6eroM), lfTO CamacyeTcH c [14.15], HCKoMylo llllOTHOCTh npunoBepx

HOCTHoro 33p51,U3 B HHTepecyJOlU,CM 113C CJiyqae MO)f(IIO npe}.{CT3BHTh KaK: 

e£(8) a--
ss- wS(8)' 

T (8) ~ T (R(8) £(8)) 
p p ' ' 

S(8) ~ nr2 + (d I cos 8+ R 0) sin 8· r , 
p p 

,) ~4DT. 
p ,, 

5 

(8) 

(9) 

(I 0) 
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PHc.3. OueHO'IHLre 3Haqetmlf nosepxHoCTCH nnoTHOCTH 3aplflla npu 
;.tBYX pa60l{UX yCJJOBHliX 

PaJyMeeTc•, npw £(8) > 2£0 H R(8) > 2R
0 

6epYTc•, cooTBeTCTBeHHO, MaKCHManb

Hble 311a4eHH• 2£0 H 2R0. PemeHwe CHCTeMbl ypaBHeHHH (8)-(l!) HJo6palKeHO Ha 

pwc.3. CnyqaH e = 0 51BJUICTCH KpHHfi.JCCKHM H J(mt .ll3HHOro OO)lXO)la B paMKax 

11p11H51TbiX ynpOlUCHHif. flpH H3XO)I()lCHHH H306p3)1(CiiHOi.:t 33BHCHMOCTH OpC.UOOJla

ranC51 JU1HCi1Hhlif xapaKTep 3JlCKTpOHllhiX TOpM03HMX OOTCph )lJl.H OCKOJIKOB, a 

HMCJIHO: 

(
dE J = 2Eo ( I _-.£). 
dx e R0 R0 

(12) 

flocTyna51 auanorwwo pa3p.3, nonyLJ.HM 

pimp! 1/3 
th ( 3d) d --0-,; 1+- =1+-, 
F Ro Ro th 

(13) 

T.C. TOT )!(C pe3y11LT3T, 4TO H B pa3Jl.3. 

5. 3AKJ!l04EHI1E 

PaccMOTpem.r Q:mKTOpLI, BJlH»IOlllHe Ha pa3HHUY B ycnoBIHIX B03HHKHOBCHH51. 

3HOMaJILHLIX aMOJUHYJl npH perHCTp3U:IU1 C00ffT3HfiOfO ,UCJICHHJI. HMOJI3HT11p0B3H-
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HbiX Sf.Uep flO OTHOWeHJ.HO K aHMOHI.'-IHbiM H3MepeHH5lM )l.Jl5l BHeWHero KaJIH6po

BQtUIOI'O HCTOLJHHKa. HccJie,llOB3HI'te npoBe)l.eHO )ln5I .UBYX HaH60nee 3KTYMbHbfX Ha 

cerO.UHSfllHIHH JleHb KOHUertUMii: KOHUertUMH L{HH3MH'-IeCKOfi: <iJoKycHpOBKH CT3TH

LJeCKOro IlOJUI TpeKOM HOHH3HpyiDIUeii 43CTHUbf H KOHUertUHH H3KOrtJieHl.f51 HepaB

HOBeCHbiX HOCHTeneH 33p5lll3 B rtpHrtOBepXHOCTHOM CJIOe. 0CHOBHOi.f BbfBO)l cflop

MymtpyeTCSI CJie)l)'IOlUHM o6p330M: npH perncTp3UHH pe.llKHX C06biTHii HCCJie.llye

MOI'O HYKJJH.Ua 33KJIID4eHHe o HeHcKa:>KeHHbiX 3H34eHHHX 3aperHcTpHposaHHbiX 

3MllJIHTY..U MO)KeT 6biTb nonyqeHO H3 OCHOB3HIUi TeCTOBLIX H3MepeHHif KMH6po

B04HOI'O HCTO'-IHHK3 COOHT3HHOf0 ,ll.eJieHHH, rtpH4eM fiOCJie)lHHe H3MepeHHH J(OJI)K

Hbl 6b1Tb nposeJ(eHLI npH cMeuteHHH, npeBbllll3IDW.eM pa6o~ee ua MHO)KHTenh no

p51.UKa l + 2d / R
0

. BJmSIHHe T3KHX cflrucTopos, KaK npe.unonaraeMruJ pa3HHua B se-

JIH'-IHHe TKE (cpe,nH51H cyMMapHIDI KHHeTH4ecKruJ 3Heprns), BJIH51HHe p336poca 

my6HHbi HMiiJiaHTaUHH H .npyrnx <PaKTopos, .uonJKHO 6biTL Y'.JTe_Ho OT)leJibHO. JJ:aH

uoe YCJIOBHe HBJI5leTC51 J(OCT3TO'-IHbiM. 

f!PI1J10)KEHI1E I. Ol.(EHKA BPEMEHHbiX f!APAMETPOB 
B PAMKAX BTOPOrD fiO):lXO,!(A 

Onpe.neneHHruJ ponb s .naHHOM npouecce Morna 6bt npHHa,uneiKaTb yMeHLme

HHfO rtpHrtOBepXHOCTHOii fiOJlBIDKHOCTH HOCHTeJieti nO OTHOilleHHIO K 3H3JlOfH'-IHO

MY 3Ha'-leHHID s o6oeMe nonynposo,llHHKa HIHnH JIOKMH33UHH HepasHosecHoro 3a

p51JJ.a Ha llOBepXHOCTHbiX COCT051HH51X. IJOCJie)lHee Cpa3y )f(e BBO)lHT Tpe60B3HHe K 

BeJIH'-IHHe BpeMeHH )KJ13HH 33XB34eHHOro HepaBHOBeCHOfO HOCHTeJHI H3 TaKOe llO

BepXHOCTtiOe COCTOHHHe ( OHO He .llOJliKHO 6h1Tb MHOfO MeHbllle llJI33MeHHOf0 Bpe

MeHH). CTa6HJIH3HPYIDIUYID ponL B npou:ecce o6p33oBaHH5l nnoTHOro nptmosepx

HOCTHoro 06JiaKa HepaBHOBeCHbiX HOCHTeJiefi: Hrp310T CHJihl H306pa.1KeHH51, O)lH3KO 

ecJIH He HMeTh B BH.llY pa,o:HaJibHOe .UBH.IKeHUe rtplmOBepXHOCTHOfO 3ap.SI)l3. Iloc

KOJlhKY B CJiyqae B03HHKHOBeHH.SI T3KOffi COCTOSIHHSI Ha383HHbfii npouecc fiY,UeT 

npHC}'TCTBOB3Th C 04eBHJlHOCTblO, TO B K84eCTBe nepBOfO npHfiJIH.IKeHHSI MO)KHO 

npe.ucTaBHTb nech npouecc B BH.Ue 

d<J 
>S dt = N1l + f 2(t), (14) 

r.ue /
1 
(t) OOHCbiB3eT H3KOriJieHHe 33 C4eT 3p03HH riJI33MeHHOif KOJlOHKH H 3KC

TpaKUHIO HOCHTeneH 113 HeiiTpaJibHOii 06JiaCTH TpeKa, 3 fz(t) - YDOM.SIH}'TYID pe

JI3KC3UHIO 33p.SI)la B pa,o:HanbHOM HanpaBJieHHii. Jl.anLHeihuee ynpOIU:eHHe COCTOHT 

B npe.unoJIO.IKeHHH 0 M3KCBeJIJIOBCKOM xapaKTepe BTOpOro npouecca C OOCTO.SIHHOii 

apeMeHw 't. KOTopa.SI 33BHCHT oT nosepxHOCTHOH TIO.llBH)KHOCTH .UMpoK. B ~TOM s 
CJiyqae CHCTeMa ypaBHeHHfi Ha OCHOBe (14) npH06peTaeT KOHKpeTHbfii xapaKTep: 
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dcr" _ '!__ ( Q(t) ) cr,, 
dt - dt S(t) - ~, ' 

S ef~l) ~ n(r~ + 4Dt), 

I 

Q(t) ~ J i (u)du, 
p 

0 

(J (0) ~ 0. ss 

( 15) 

(16) 

(17) 

(18) 

0rMeTHM 31\ecb TOT <jJaKT, qTQ CHCTeMa (15)-(17) C HaqaJJbHbiM ycnOBHeM 
(18) He .HBJUieTCSI 060CHOB3HHeM MO,UeJ1:H H3KOTIJleHHSI, a, Ha06opoT, CaM3 SIBJISHTI'CSI 
HCKOTOpbiM ee CJie,UCTBHeM. Eonee TOfO, OH3 C HeH36e)KH0CThiO H3Cne.nyer HeKOTO
pLie He,UOCT3TKH, HaTipHMep, OTCYfCTBHe (B SIBHOM BH.Ue) pQ11H HaqanbHOi1: KOHUeH
rpaU:HH HepaBHOBeCHL~X HOCHTeneH B TpeKe HOHH3HpymmeH: qacTHUhl, 0.UH3KO 
.ll3HHrui CHCTeMa ypaBHeHHH MO)KeT 6bJTb HCTIOJib30B3H3 ,UJISI OUeHKH BpeMeHH 
)KH3HH o6naKa HOCHreneH_ y nosepxHOCTH sepxHero 3JleKrpo.na, paJ}'MeeTcSI, npw 
yroqHeHHH BeJIJiqHHbl 't H rijJHmi:TIH1 impHOpHOCTH T3KOfO COCTOSIHWI. B 6onee s 

roqHOM sapuaHre nocT)'nHposaHHe xapaKrepa penaK.cauHOHHOro npouecca MOJKer 
He npOH3BOJJ:HTLC51, 3 BhlqHCJlSITbCSI 113 MeHee CHJibHLIX npe,UOOJIO)KeHHH, HO C )"--C
TOM TIOBepXHOCTHhiX 3Qlcf:JeKTOB. 33BHCHMOCTb i (t) MO)KeT COOT8eTCTBOB3Th _<fJop-p 
M3M TOKOBLIX HMflYJlbCOB, TIOJlyqeHHI.IX B pa6orax [12,17] B qucneHHOM BH.Ue, HJlH 
B su.ne HeKoroporo aHanHruqecKoro npH6nmKei-iHSI c ycnosHeM, qro HOpMHpOBKa 
BpeMeHHOfO HHTepsana )l.0Jl)KH3- COOTBeTCTBOB3Tb BCJlJiqpme T ,QnSI HCCJle)lyeMOH p 
qacrHU.LI, a He anL<fla-qacrnu.e, KaK B [12]. ' 

llPHJIOJKEHHE 2. 0 POJIH HAqAJibHOH KOHUEHTPAUHH 
HOCHTEliEH llPH HCITOJib30BAHI111 KPHTEP1151 (ER) 1 13 

npe,UJIO)KeHHbii1: B [7,11] KpHrepuH ,[l_QJI)KeH paCCMaTpHB3TbCSI K3K Jl0KaJlbHbli1:. 
3TO 03Haqaer B03MOXHOCTh ero npHMeHeHHSI .llJlSI qacTHU, C 6nH3KHMH xapaKTe
pHCTHKaMl-:1, HaripHMep, npH OUeHKe OTHOCHTeJibHLIX sepO.SITHOCTei1: MYJibTH
TIJlHK3UHH .rvu1 nap nma Ar 200 M3B - Ar 300 MsB, DDKeJILIH OCKOJIOK -

JierKHH OCKOJIOK H T.)l. 0)lH3KO npH HCllOJib30BaHim napaMerpa (ER)I/J K3K rno-

6anbHOfO MOJKer 6LITL nonyqeH HenpaBHJibHMH pe3ynLrar. TaK, HOH 
22

Ne c 3Hep
rneH 5 M3B/HyKJloH HMeer, cornacHo npHse.ueHHOMY KpHrepmo, npesocxo.u.suuyro 

sepoS:tTHOCTb mynhTHnnHKaUHH B cpasHeHHH c rpynnoH nerKHX ocKOJIKOB 
252Cf. 

Ho sKcnepHMeHT .uaer npSJMO nporHBOTIOJIO)KHbiH pe3ynLrar: B nosepxHocrHo-
6apbepHbiX .UeTCKTOpax C y)leJibHbiM COflpOTHBJICHHCM 0,6 K0M·CM y)Ke npH CMe-
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IUeiiHH OKOJlo I 00-150 B B CIJeKTpe OCKOJJKOB neneuHH npHcyTCTBHe aHOMaJJL
IILJX 3MHJIHTY!l 6hJJIO 04eBH1lHO, B TO BpCMSI K3K BllJIOTb llO 470 8 311aJIOfH4Hhlii 

3~<fleKT )lfiH HOHOB 
22

Ne (5,5 M38/nyKJIOH) He ua6ntOJlaJICSJ. 0TMCTHM T310KC, 4TO 
3To npOTHBopeqHe Kacaerca H nepsoro no)lXOJla. KaK 6Lmo noKaJaHo B [8], llJISJ 
OliHOTHilHbJX J.lCTeKTOpOB Haqano npouecca MYllhTJUIJlHK3UIHf MO)KCT 6b1Tb CBS:l3HO 
C napaMCTpOM 1-134aJlbUOi1: KOHUCHTpaUHH HepaBHOBCCHbiX fiOCHTCJICti Cpa3y llOCJIC 
HX repMai1H33UHH. no::>TOMy, MOJlH<fJHUHpySJ npHMeHS:ICMbli1: KpHrepHH, MO)f(IIQ 
331IHC3Th JlJlSJ HOBOfO 3J-13lJCHHS:l BblpiDKCHHC 

p ~ fi.x)(ER)I /3 m , (19) 

r}le f(x)- MOHOTOHHO soJpacTaJOu..ta.si cfJYHKUHSJ, a df I dx- MaKCHMarJLHa B oKpe
cruocrH roqKn x0 = I, x = n I n0. 3JleCL 11 - H31.JllilbHM KOHUeHrpauwSJ HepasHo-

seCHbiX HOCHTCJieH, n0 - IICKOTOpa.si K0HCT3HT3. Ha OCHOBaHHH [8) H B K34CCTBC 

nepsoro npw6m1)KCHH51 MO)KJIO npHl:ISITb 110""' I ,8·1 0 17 CM -3 . 

B 33KJJJOlJCHHC CJienyeT OTMCTHTh; qro BCe BhiWCCK333HHOC OTHOCHTCSI K 
CrpyKTypaM, HC COJJ:Cp)K3IUm.1 CTaTJ.IlJCCKHX HCOJ(HOpOJlHOCTef-1, HanpHMep, B BHJlC 
scrpoeHHoro nonSJ [16]. HarmqHe ynoMSJHyrMx Heo.uHopo.uHocreH rpe6yer or
neJJLHoro ytiCT3 Bl1H.SIHH.51 KOHKpeTHOii CT3THqeCKOfi HeO.UHOpOJliiOCTH H3 BCpOSIT

. HOCTb B03HHKHOBCHH51 II3BHHbl. 
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