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BBeAeHIIe 

CoBpeMeHHilli rroAynpo~OAJIIIKOB~ · TeXHOJI.OI'II5I xapaKTepii3yeTc5I 

rrocT05IHHhiM cTpeMAeHIIeM K YMeHbiiieHIIJO pa3MepoB rrpii6opoB 

TBepAOTeJI.bHOH 3.1\.eKTpOHIIKII. B CB5I3II c 3TIIM, rrpii rrpiiMeHeHIIII HOHHOH 

III\iiiJI.aHTan;IIII Tpe6yeTc5I Bee 6oli.ee aKKypaTHoe rrpeACKa3aHIIe xapaKTepa 

rAy6IIHHOro pacrrpeAeAeHII5I AecpeKTOB H IIMIIJ\.aHTIIpOBaHHOH rrpHMecii. 

AKKYMYMIJ;II5I AecpeKTOB U . COnyTCTBYJOIIJ;IIe IIM KatJ:eCTBeHHhle 

CTPYKTYPHhle II3MeHeHII5I, . HarrpnMep a:Mopcpii3aiJ;II5I, • BJ\.II5IJOT. Ha 

IIMIIJI.aHTan;HOHHhlH IIpOcpii.II.b p~an;IIOHHOrO IIOBpeJKAeHII5I. 3TH. 

3cpcpeKThl CTaHOB5ITC5I BaJKHhlMII ' AJ1.5I cpeAJIHX II BhlCOKIIX 

IIMIIJI.aHTaiJ;IIOHHhlX A03, KOrAa CBOHCTBa rpaHIIIJ;hl, o6pa3YJOlqeHC5I MeJKAy 

aMopcpHhlM II KpiiCTaJI.JI.H'leCKIIM KpeMHIIeM, MOryT BJ\.II5ITb Ha xapaKTep 

rroBeAeHn5I p~au;IIoHHhlX AecpeKTOB II IIMMaHTIIpoBanHoli · rrpiiMecn 

B6JI.II3II Hee. 

B HacTo5Iru;eli pa6oTe MeTOAOM rrpocBe'liiBaJOru;eli 3.1\.eKTpOHHoli . 
MIIKpoCKorriiii (113M) :B reoMeTpiiH "cross-section" II3YtJ:eHw oco6eHHOCTII 

IIOBeAe~II5I B KpliCTaJ\.J\.II'le~KOM . KpeMHIIIf p~au;IIQHHhlX AecpeKTOB, 

o6pa3YJOID;IIXC5I rrpu o6.il.yqemm umiaMn He, B611.II3II rpaHIIIJ;hl aMopcpHoro 

CJ\.05!, CcpOpMIIpOBaHHOrO 60M6apAIIpOBKOH IIOHaMII XIIMII'leCKII aKTIIBHOrO 

(N) II IIHepTHOrO (Ar) 3.1\.eMeHTOB. 

Ott \t i:>,;:_i.i .. ~l tHJ::lryi -, 
IJe~iWX iCC~!l~~~ 
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Pe3yJ\.bTaThl 

B KatJ:ecTBe o6oeKTa AMI uccAeAOBaHIDI 6biJI.a B3RTa IIJ\.acTuna 

KpeMHIDI (100) TO.JUqHHOH 0,4 MM, H3 KOTOpOH 6biJI.H Bhlpe3aHbl o6pa31.\bl 

- pa3MepoM 4x4 MM. ITocAe XHMH'IecKoro YTOHtJ:eHHR no cnew·IaJ\.bHoil 

MeTOAHKe H3 HHX nqAYtJ:aAIICb TOHKHe (TO.JUqHHOH 0,1~0,3 MKM) IIJ\.aCTHHKII 

c pa3MepoM, YA06HbiM AMI ManunyARI.\HH B npol.\ecce o6AYtJ:eHHR u IT3M

anaAH3a. TO.JUqHHa TOHKHX IIJ\.aCTHH 6&i\.a npue:MAeMOII AMI UX aHaAH3a B 

npocBetJ:HBaiO~eM 3.1\.eKTPOHHOM MHKpOCKOne npu YCKOpRIOil.\eM 

uanpR>KeHHH 100 KB. 0AHH II3 TOPI.\OB KaJKAOH IIJ\.aCTHHKH cpopMHpOBa.I\.CR 

CKO.I\.OM ITO IIJ\.OCKOCTn (110) H- RB.I\.R.I\.CR 6oM6apAHpyeMOII ITOBepXHOCTbiO. 

06pa31.\bi 3a>KUMa.I\.HCb MeJKAy ABYMR MeTa.JVUI'IeCKUMII IIJ\.acTnHaMH, 

CAy>Kall.\HMU OAHOBpeMeHHO KO.I\..I\.IIMaTOpOM AMI 6oM6apAIIPYI0Il.\HX 

tJ:aCTHI.\. C6opKa OpHeHTHpOBMaCb TaKHM o6pa3oM, 'IT06bi 

QOM6apAHpyeMaR ITOBepXHOCTb TOpl.\a TOHKOH IIJ\.aCTHHKH Si 6bi.I\.a 

nepneHAHKyARpHa ITY'J:KY HOHOB. 

ITepBoHatJ:aJ\.bHoe o6AYtJ:enue OAHOH c6opKu npoBOAH.J\.OCb uonaMH 
I , ,'• 

N+ c 3Hepmeil 40 K3B AO A03hl 1'1016 eM -2, Apyroil - HOHaMu Ar8+ c 

3Heprueil 16,9 K3B/3apRA _Ao A03hl 1'1015 cM-2
• ITocAe ~OOTBeCTBYIOil.\ero 

IT3M-aHa.I\.II3a AaHHbie o6pa31.\bi BHOBb o6AYtJ:a.I\.IICb (coBMeCTHo c 

KOHTPOJ\.bHbiMII OApa31.\aMu) HOHaMu He+ c 3Hepruefi 16,9 K3B AO A03bi 

1,3.1017 ~M-2• 

3ue~reTHtJ:ecKue np o <flli.I\.II KOHI.\eHTpal.\IIH paAHal.\HOHHhlX 

. AecpeKTOB H HMIIJ\.aHTHpoBaunbiX npuMeceH. pacctJ:nThlBa.I\.Ucb no 

cnel.\HaJ\.bHOH nporpaMMe [1], YtJ:liTbiBaiOil.\eH peaJ\.bHYIO !0.1\IqHHy o6pa31.\a. 

Pe3yJ\.bTaTbi p~ctJ:eTOB npHBOARTCR COBMeCTHO c IT3M-cHitMKaMu. 

Ha piic.l npuBeAen xapaKTepHhlH 3.1\.eKTpOHHO-MIIKpocKonutJ:ecKIIH 

CHIIMOK CTPYKTypHhlX II3MeHeHHII B KpeMHIIII BAOJ\.b nanpaB.I\.eHII5! 

ABII>KeHirn IIOHOB He+ c 3Heprueil 16,9 K3B (a),· conpH>KeHHhlii c 
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pactJ:eTHhlMH (C YtJ:eTOM TOJ\IqHHhl 06pa31.\a, paBHOll 140 HM} npOcpli.I\.RMII 

PaAHa~uonHbiX Ae<fleKTOB II HMIIJ\.aHTHpOBanHoro re.l\.ll~ ( 6). KaK BHAHO II3 . 

pucyHKa, Ae<fleKTHaR o6AaCTb pacnpocTPaHHeTCH ua rAy6uey AO 450 HM II 

COCTOIIT II3 TpeX 06.1\.aCTeil:A, B II C. 

06.1\.aCTb A BK.I\.IOtJ:aeT B ce6R . al\mpcpHhlil C.I\.Oll,. 

pacnpocTpaHRIOil.\IIHCR Ha rAy6uHy 230 nM· H muuotJ:aiOil.\IIH 30HY "a" 

nmpuuoil 130 HM co CTPYKTypiihlMH oco6eHHOCTRMH, HanoMHHaiOil.\IIMII 

re.l\.lleBhle nophl. Ko~l.\eHTpal.\IDI re.l\.lleBhlX nop · YMeHbrnaeTCR no 
•, :", 

HanpaB.I\.eHIIIO K .60M6apAHpyeMOH.ITOBepXHOCTH .. 0TMeTIIM, 'ITO rpaHUI:(a 

aMOpcpH:oro C.I\.OR npUXOAJITCH na MaKCHMaJ\.bHYIO KOHI.\eHTpal.\IIIO re.I\.IIR . . . . . . 

(OKO.I\.0 1,6 aT.%).IIypOBeHh n(mpe)KAeHHR,COOTBeTCTBYIOil.\IIH2,3 CHa. 

06AaCTb B - 3TO. C.I\.OH rnupHHOH OKO.I\.0 140 HM, coAep>Kall.\IIH . 

BhlCOKYIO IIJ\.OTIIOCTb cKoiiJ\.eHHH paAHal.\~OHHhlX Ae<fleKTOB. HecMOTPR ua 

To, 'ITO 3TOT cAo:ll npocTPaHCTBeHHo coBrraAaeT ~ o6AaCTb~ YMeHbrneHIDI 
· ... 

KOlil.\eHTpal.\IIH · Ae<fleKTOB · ~ HMIIJI.aHTHpoBaHHbiX aTOMOB, IIJ\.OTHOCTb 

cKoiiJ\.eHH:ll Ae<fleKTOB B cAoe B H:e H3MeHReTcR. ITo-BHAHMOMy, oua He 

3aBIICIIT OT ypOBH.SI IIOBpe)KAeHIUI, a. KOHTPO.I\.llpyeTC.SI OTHOIIIeHUeM 

cuafaT.%He, Be.l\.li'IHHa KOTOporo rrpa~~H'!eCKH coxpaH.SieTC.SI B AaHHOM 

· HHTepBaAe A.I\.IIHbi npo6era a-qacTHI.\. ITpHCYTCTBH.SI . re.l\.lleBhlX rrop . B 

AaHHOll o6AaCTII He o6HapYJKeHO. 3TO MO>KeT 6hlTb CBH3aHO · .l\.li60 C HX 

oTc'yrcTBHeM,: .l\.ll6o c TPYAHOCTbiO HX iiaQ.I\.IOAE!HIDI Ha tPoHe BblCOK~il 

IIJ\.OTHocTil cKoiiJ\.emiH. AeepeKToB. . 
06.1\.aCTb C - 3TO Haiip.SI>KeHHhlll Ci'lOll. KpiiCTa.I\..I\.H'IeCKOfO KpeMHIDI 

IIIHpHHoil AO 50 liM, B Koi'opoM _ Iia'6.1\.10AaeTc.SI ue6oA:bmci.SI IIJI.OTHOCTb 

cKoi1AeHuil PaAH~HoHHhlX Ae<fleKToB~ \ 

B ~oRe Heo6AYtJ:eHHoro cocTO.SIHII.SI o6pa31.\a (o6AaC'rb D) KaKHX-.I\.ll6o 

AaJ\.bHOAeHCTBYIOil.\liX 3cpcpeKTOB R H3MeHeHHli CTPYKTyphl He 

Ha61U<!Aa.I\.0Cb. 
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Pnc.l. IT3M-cpoTorpacpllil B reoMeTPnn"cross-section", rroKa3hlBaiOm;<UI 

CTPYKTYPHhie H3MeHeHn5I B KpeMHnn, o6AYtieHHOM noHaMu He c 

_3Heprnei1 16,9 K3B AO A03hi 1,3'1017 CM-2 (a). PacqeTHhle rrpocpUAn 

PilAnau;uoH_HhlX AecpeKTOB _. u MMIIAaHTnpcmaHHoro reAnR, BhlqnCAeHHhie c 

YtieTOM TOAIIJ;UHhl o6pa3u;a, paBHOM '140 HM (6). 
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Pnc)'HOK 2 nAAIOCTpnpyeT CTPYKTYPHhie. U3MeHeH:~m BAOAh, rryni 

+ ' 
ARH:tKeHn5I noHoB B o6pa3u;e, o6AYtieHHOM no~aMn N (40 K3B) (pnc.2a) n 

o6pa3u;e, b6AYtieHHOM riocAeAOBaTeAbHO noHaMu N+ H He+ (16,9 K3B) 

(pnc.26). Ha p11c.2B rrpnneAeHhi pacqe~HJ:,I~ (c YtieTOM TOAIIJ;HHhl o6pa3u;a, 

paBHOM 140 HM) KOHIJ;eHTpau;HOHHhle IIpOcpUAH paN!au;HOHHbiX AecpeKTOB 

U aTOMOB a30Ta. 

KaK BHAHO Ha pnc;.2a, B o6pa3u;e KpeMHM5I, o6AYtieHJ;IOM TOAhKO 

ncmaMn Nt, Ae¢~KTHa5I' o6AaCTh pacrrpocTpaH5IeTC5I Ha rAy6nHy AO 220 . ' . ' . , 

HM (paccqiiTaHHiUI rro TRIM BE!AnqnHa Rp = 92 HM) u cocTOHT u3 

al'10pcpHoro CJ\.05! (A) rnnpHHOM OKOAO 140 HM H CJ\.05! (B) IliHpUHOII OKOAO 

80 HM, COAep:tKaiiJ;ero CKOIIAeHH5I. _PaAHaiJ;UOHHhlX AecpeKTOB, IIAOTHOCTh 

KOTOpbiX yMeHhrnaeTC5I c rAy6nHOM.' flpn 3TOM, aMopcpHbiM CAOM BKAIOqaeT 

ABe ,Pe3KO oqepqeHHhiX o6AacTn: rrpnrronepxHocTHYIO o6AaCTh (a), 

nMerom;yro · 6o11.ee cneTAhlM · KOHTpacT, rnnpHHOM OKOAO 50 HM, n 6o11.ee 

TeMHyro o6AaCTb .(6), IliHpHHOM OKOAO 90 HM. Pa3Mep 06AaCTH (6) 
' . 

AOCTaToqHo xoporno · · BIIHChlBaeTc5I B pa3Mep rrpocpnA5I AernponaHn5I 

a30TOM rrpn ycAoBnu ero KOHu;eHTpau;nn; 6o11.ee 1 · aT.o/?. Ao.cTaToqno 

pe3Ka5I rrepeAH5I5I rpannu;a o6AacTn (6) yKa3biBaeT Ha nnoe ee 

CTpyKrypHOe COCT05IHHe IIO cpaBHeHHIO C 06AaCTblO (a). 3TO pa3Aifqne 

AU60 B CTeiieHH aMopcpn3aiJ;HM 3THX 06AaCTeM, Jlli6o B cpa30BO-

CTPYKTYPHOM cocToRnnn, B ;racTHOCTH, H3·3a COAep:tKaxu;nxcH B o611.acnr 

(6) BhiAeAenni1 HHTPUAOB KpeMHMR. 

B pe3yAhTaTe rrepeo6AYtieHH5I AaHHoro 66pa3u;a noHaMn He+ c 

3Heprnei1 16,9 K3H AO A03hi 1,3.1017 CM-2 B o6pa3u;e na6AIOAaiOTC5I .. ' . ' .. ' 

cAeAyrom;ue cTpyKrypHbie II3MeneHH5I (puc.26). Bo-rrepBhiX, necMoTpH na 
. _. ' . . ' . 

TO, qTo pa3Mep paHee ccpopMnponaHHoro al'wpcpnoro CAOR rrpn 

o6AYtieHHM nonaMn N+ (eM. puc.2a) He H31\1eHHAC5I, ucqe3An pa3AHqnH n 

KOHTpacTe Me)KAy o6AaCT5IMH (a) II (6) .. 3TO 06CT05ITeAbCTBO, II0-
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Puc.2. CTp)'KrypHbie H3MeHeHHR BAOJ\.b rryru ABH.IKeHHR uoHOB B o6pa3u;e 

KpeMHHR, o6AyqeHHOM uoHaMu N+ c 3Hepr~eH: '40 K3B c A030H 1·1016 cM·2 

(a) II 061\.yqeHHOM IIOCJ\.eAOBaTel\.bHO IIOH~Mu'N+ II llO~dMll He+ (16,9 K3B) 

(6). PacqeTHble rrpocpllJ\.ll paAHau;uoHHbiX AeqJeKTOB u aTOMOB a3oTa AJ\.5! 

06pa3u;a TOJ\.IIJ;llHOH 140 HM (B). 
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BllAifMOMY, o6ycAOBJ\.eHO IIOJ\.HOH aMopcpll3diJ;HeH 061\.aCTll . A IIOCJ\.e 

AOIIOJ\.HHTel\.bHoro o6~yqeHHR ee llOHaMu He+. Bo-BTOpbiX; Me~y . 

aMopcpHbiM' CJ\.OeM . (A) OT HOHClB N+_ u o6AacTbiO .C (cM.puc.26) c 

rroBbiiiieHHOii IIJ\.OTHOCTbiO AecpeKTOB OT HOHOB ·He+ uMeeTCR o6AaCTb B, B 

KOTOpOH He Ha6J\.lOAdeTC5I. He TOJ\.b~O dMOpcpH3au;llll, HO ll o6pa30BdHiffi 

reJ\.HeBbiX · rrop u cKoiiJ\.eHuii paAHau;uoHHbiX AecpeKTOB. ITpu 3TOM 

pa3Mepbi o6Aacrn C (puc.2B) u xapaKTep pacrrpeAeAeHllR cKoiiJ\.eHuii 

paAHau;uoHHbiX AecpeKTOB B Heii coxpaH~Cb, i<aK u B CJ\.yqae o6yqeHuR 

TOJ\.bKO uoHaMu He+ (eM. puc: 1 a, o6AacTb B) .. • 

TaKHM · o6pa3oM, MO.IKHO .. 3aKJ\.IOquTb, qTo cTerreHb ocTaToqHoro · 

paAHau;uoHHoro · rroBpe./KAeHllR B ·o6Aacrn B ' (puc.26) 3HaqUTeJ\.bHO 

YMeHbiiillJ\.aCb B yCAomffix ·.• o6AyqeHll5I · noHaMn , He+ qepe3 aMopcpHbiH 

cAoii, rrpeABapuTe.llbii~ cepopr.mpcm~HHhlii o6AyqemieM IIOHaMn N+. ·. 3To 

06CT05ITel\.bCTBO, IIO-BHAMMOMy, CB5!3dHO: ;J\.H60 C HaJ\.HqlleM 

HaiipR.IKeHHOrO COCTORHllR B 061\.B.CTH KpllCTdJ\.1\.HqeCKOro Si, COIIpR.IKeHHOH 

C aMopcpHbiM CJ\.OeM, ll ero pOAblO B rrepepacrrpeAeJ\.eHllH aTOMOB reJ\.HR ll 

paAHau;uoHHbiX AecpeKTOB B rrpou;ecce o6AyqeHllR; - J\.H6o c poAbro T.H. 

"AecpeKTOB KoHu;a rrpo6era" B peKoM6HHau;un AecpeKTOB oT IioHoB He+ B 

cAoe B (puc.2a). 

ITpoBepKa AB.HHbiX rnrroTe3 TPe6yeT AB.J\.bHeli,IIIux crreu;uflJ\.bHbiX 

3KCIIepuMeHTOB. 

Puc.3 llJ\.1\.lOCTpupyeT xapaKTepHhle CTPYKT)TPHble H3MeHeHll5I B 

. . 8+ 
KpeMHHH BAOJ\.b rryTH ABH.IKeHllR MHOr03B.pRAHOrO HOHB. Ar , 

• •• > • • 

ycKopeHHoro AO :meprnrr 135,2 K3B, (T.e.16,9 K3B/aapRA) ();mc.3a), a TB.K.IKe 
" ' ·' . . ' 

rroCAe AOIIOJ\.HHTeJI.bHoro o6AyqeHll5I ~OHB.MH He+ c 3HeprneH: 16,9 • K3B 

(pnc.36). Ha pnc.3n rrpnBeAeHbi pacc-IJUTaHHhle rrpocpllJ\.ll KOHIJ;eHTPau;nn . . - . 

paAHau;noHHbiX AecpeKTOB n aTOMOB aproHa c yqeToM TOJ\.IIJ;KHbl o6paau;a, 

paBHOH 140 HM. 

7 



1.5 
,~ 

..... 
rd 1.0 0.1 <r: 
::r: ~ u ~ 

0.5 rd 

·o.o 
0

· 
100 300 

0.0 

fAy6HHa, HM 

Pnc.3. CTPYKTYJlHhle II3MeHeHnR B KpeMHHH BAo;u, nyrn ABII)KeHHR noHoB 

·ArB+ c 3Heprne:H 135,2 K3B AO A03hl 1·1015 CM-2 (~). a TaK)Ke rrocAe 

AOIIOAHHTe.JU,HOrO 06A)"'eHHR HOHaMII He+ C 3Heprneif 16,9 K3B (6). 

Pa~tieTIIhie npocpiiAH KOHIJ;eHTpau;nii PaAIIaiJ;IIOHHhiX Ae¢eKTOB II aTOMOB 

aprOHa (C yqeTOM TOAIIJ;HHhl o6pa3n;a, paBHOH 140 HM). 

8 

KaK BHAHO Ha piiC.3a, IIOCAe 06AyqeHIIR IIOHaMII ArB+ IIORBAflloTCR 

ABe. o6.i\.acTH noBpe)KAeHnR: o6AaCTh A noAHOCThiD iiMop¢n3IIpoBauuoro 

KpeMHIIR IIIIIpiiHOH ·220 , HM II 06AaCTh B pa3MepoM OKOAO 50 HM, 

paCIIOAO)KeHHaf! B KpHCTaAAH'IeCKOM Si, B KOTOpOH . ua6AIOAaiDTCR 

CKOIIAeHHR p~IaiJ;ifOHHbiX AecpeKTOB. 3a, npeAeAal\UI 3THX 06AaCTeif,,:B I 

ueo6AyqenHo:H 'IaCTH o6pa3u;a (C), KaKIIX-AH6o CTPYKTYJlHhix' H3MeHeHIIH 

He Ha6AIOAMOCh. 

nocAe AOIIOAHIITe;u,Horo o6AyqeHIIR Aam:foro o6pa3u;a IIOHaMn He+ 

(piic.36) OTMetiaiDTCR CAeAYJOID;He CTPYKTYJlHhle H3MeHeHHR: Bo-rrepBbiX, 

npn coxpaHeHnnpa3Mepa aMopcpHoro CAOR B HeM Ha rAy6nHe OKOAO 100 

liM ua6AIOAaeTCR 30Ha · IIIIIpiiHOH 120 . liM co CTPYKTYPHbiMII 

OC06eHHOCTRMII, HaiiOMIIHaiOIIJ;IIMII reAHeBhie IIOpbi.. 0TMeTIIM, 'ITO 

IIOA06HOH ra30BOH IIOpiiCTOCTII He OTMe'IMaCh B o6pa3IJ;e, 06AyqeHHOM 
B • . .. 

TOJU,KO IIOHaMII Ar +, T.e. TaK~e HOHaMII IIHepTHOrO ra3a. 3TOT cpaKT, IIO-

BIIAIIMOMy, CBR3aH AH60 C MMOH KOHQeHTpau;neif aprOHa (B MaKCIIMYMe -

OKOAO 0,2 aT.%), AH6o c ero MeHhrne:H IIOABII)KHOCThiO rro cpaBuenniO c 

aTOMaMII reAHR. 

Bo-BTOphlX, HerrocpeACTBeHHO. 3a aMOpcJlHhiM CAOeM Ha6AIOAaeTC5I 

30Ha B IlliipiiHOH OKOAO 140 liM C BhiCOKOH IIAOTHOCThiO CKOIIAeHIIH 

p~au;noHHhiX Ae¢eKTOB, AOCTaTO'IHO paBHOMepHo pacrrpeAeAeHHhlx B 

HeH. 3a AaHHOH 06AaCThiO pacrrbAaraeTC5I Harrp5I)KeHHa5I 30Ha C IlliipiiHOH 

AO 100 nM.' irepeXOA5IIIJ;a5I B HerroBpe)KAeHHYJO o6AaCTb D. 

I1TaK, B OTAH'IIIe oT o6pa3u;a Si, o6AyqeHnoro noHal\HI N+ +He+, B 

o6pa3u;e~ . o6AyqenHoM ArB++ He+, He ua6AIOAaeTc5I KaKnx-AH6o 
"'<:" . ' 

OC06eHHOCTeH B" H3MeHeHIIII rrpocpiiAR IIOBpe)KAeHn~. OT H~ + _ B6AH3ll 

rpaHHQhl al\wp¢Horo CA05I c KpncTaAAII'!ecKIIM KpeMHIIel\1. AanHoe 

o6CT05ITeJU,CTBO, ua HaW B3rMA, o6y_cAOBAeHo:. ' 
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- AH60 HHhiM HaiTpRJKeHHbiM <;OCTORHHeM al\topqmoro CAOR OT noilon ArB+ 

no opanHeHniO c o6Ay•reHneM N+, onpeAeARIOIIJ;HM xapaKTep 

nepepacnpeAeAeHnR Ae¢eKTOB (HanpnMep, HanpRJKeHne OT ra3onoi\: ¢'a3bi 

(aprOHOBbie nopbi) MeHbiiie HanpRJKeHnR OT TBepAOH cpa3bl (HHTPHAbi 

,. KpeMHHR~); 

- A.H6o c niwi\: npnpOAOH "Ae¢eKTOB KOHI.~a npo6era", nrpaiDrn;nx poAb B 

peKoM'6nHau;nn AecpeKTOB. B tiaCTHOCTn, npn · o6AyqeHnn noHaMn Ar+ 

HaKanAHBaiOTCR B ocHOBHOM naKaHcnn (n3,3a nx B3aHMOAeHCTBIIR c 

aToMaMn Ar) no . cpanHeHIIIO c 6oAbiiieH AOAei\: · coxpaJIIIBIIIIIXCR 

MeJKAOY3AHH B cAyqae o6AyqeHIIR IIOHaMII N+ (II3-3a 6oAee 

3cpcpeKTHBHbiX B3aiiMOAeHCTBIIH aTOMOB XIIMIIlJeCKII aKTIIBHOrO a30Ta C 

aTOMaMII KpeMHHR). 

TaKIIM o6pa30M, MOJKHO 3aKAIOtiiiTh, liTO aMopcpHbiH CAOH B 

KpeMHIIH, ccpopMIIpOBaHHbiH IIOHaMH IIHepTHOrO ra3a·, 'nO-BHAHMOMy, He 

06A~aeT T.H. reTTepHOH cnoco6HOCTblO no OTHOIIIeHHlO K p~HaiJ;HOHHhiM 

AecpeKTaM, KaK 3TO HMeeT MeCTO A.I\R aMOJ>cJlHOrO CAOR, ccpopMIIpOBaHHOrO 

XIIMHlJeCKII aKTHBHbiM IIOHOM a30Ta. 

3To HeoJKIIAaHHoe o6cTORTeAbCTBO Tpe6yeT AOnOAHHTeAbHhiX 

3KCnepnMeHTOB, HanpaBAeHHbiX KaK Ha nOATBepJKAeHIIe AaHiioro cpaKTa, 

TaK II Ha BbiRCHeHHe npiipOAbl II MeXaHH3Ma ero npORBAeHIIR. 

AnTeparypa 

1. Pe)'TOB B.<l>., C6xau;Kni\: A.C. 3KcnpeccHhiH MeTOA I13M-II3yqeHIIR 

CTP)'KTypHhiX H3MeHeHni\: B noAynpoBOAHIIKax BAOAh ll)'TH ABIIJKeHnR 

3apRJKeHHhlx qacTnu;. I1penpnHT OI151I1 P14-97-199, Ay6Ha, 1997. 
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"3AaTenbCKHH OTAen 
06beAHHeHHOrO HHCTHTyTa HAepHbJX HCCneAOBaHHH 

npeAnaraeT BaM np11o6pecn1 nepe-tHcneHHble ·Hl1)1<e KHHrH: 

~HAeKc KH~rn Ha3saH~e KH~rn 

94-55 Eoromo6oscKne '!TeHilll. Marepnam.i MeJK!IYHapo.rnmro cosemaHilll. Jly6na. 
1993 r. 216 c. (na pyccKOM n m~m.l!3.) · ' 

Ivmra B.C.EaparneHKOBa «Ce'!eHilll s3iniMo~eiicTBI!JI '!aCTHU n ~ep 
c ~paMH». 1993 r. 346 c. 

E7-94-270 TpYJlbl Me:lK.IzyHapo~noro pa6o'!ero cosemann~ <<ctlHJH'!eCKne 3KcnepnMeHThl' 
ll nepBb!e pe3)'JihT3Thl Ha HaKOnHTeJihHb!X KOJihU3X Tl!JKC!.'Ib!X HOHOB». 
CMonennue, 1992. 324 c. (na anm. l!3.) 

E2-94-347 TpYJ(LI Me~ynapo~noii Koncpepenuuu <<MeTO~hi CHMMeTpHH B cpmuKe»; 
lly6na, 1993. 602 c .. (2 TOMa, na anm. li3.) 

E4-94-370 

El7-94-386 

ll2-94-390 

E3-94-419 

' lll3-94-491 

94-531 

ll13,14-95-49 

ll3-95-169 

lll-95-305 

E3-95-307 

ll3.14-95-323 

E10,11-95-387 

TpYJ(hl IV Me:lK.IzyHapo~noii ~oucpepenunH no m6paHHhiM sonpoca."' 
CTPJKTJPhl ~pa. lly6iia, .1994. 412 c. (ua anm. l!3.) 

Tpy~hi 6-ro repMancKo-poccHiiCKO-JKpauncKoro i::eMI!Hapa no BhiCOKo
TeMnepaTypnoii csepxnposo~nMocni. lly6na, 1994; 340 c. (na anm. l!3.) 

llMirrpnii I1BaH9BH'I EnoXI!nues: TpYJlhi ceMHnapos, nocsl!men!lhiX 85-nerniO 
co ~ill! po~eHilll ll.M.Enoxnnuesa. lly6na, 1995, 271 c. (na pyccKOM 
n aurii. Jl3.) · · · 

TpYJl~I II .Me:lK.IzyHap6~noro ceMnnapa no B3anMo~eiicTBHIO ueiiTpOHOB 
c l!~paMn. lly6na, 1994, 363 c. (naanrn .. l!3.) 

Tpy~hl XVI MelKl1JHapo~noro ceMHHapa no l!~epnoii 3JieKTponnKe 
n VI Me:lK.IzyHaporinoii IliKOIIhl no aBTOM3TII33UIIli HCCJie~osannii 
B l!~epnoii cp113HKe n acTpocpn3HKe. Bapna, 1994; Z46 c. (na pyccKoM 
n anm. l!3.) · 

E.H.3axap&eB. YpoKn KBaHTOBoii. HHTJIIUHH. lly6na. 1996, 300 c. 
(na pyccKOM l!3.) 

TpYJlhi ill MeJK!IYHapo.rnmro CHMTI03li)'Ma no npo6JieMaM B331!Mo~eiiCTBIIl! 
Mioonos 11 n11onos c.semeCTBOM. Jly6na, 1994, 304 c. (napyccKOM ~ aurn. l!3.) . . .. ' ' 

TpYJlhi Me~ynapo~noro ceMnnapa <<HepcneKTHBHhie HMnynhCHhie 
HCTO'IHHKII Heii'f])OHOB>>. lly6na, 1994, 336 C. (Ha pyCCKOM 1!. aum. l!3.)', 

TpYJlhi XVII pa6o'!ero 'cosemaHIIl! no neiiTpnnnoMy ~eTeKTopy H<I>B3-
OIDUI. lly6na, 1995, 178 c. (na pyccKoM H anrn .. l!3.)· 

Tpy~hi III Me:lK.IzyHapo~noro cose.maunl! no B3amiO~eiicTBIIIO neiiTpOHOB 
c l!~paMII. lly6na, 1995, 356 c. (na ilHm. l!3.) 

TpYJ(b! VII IliKOJihi no neiiTponnoii cp1131!Ke. lly6ua, 1995, TOM I, 356 c. 
(napyccKOM 11 aum. J13.) 

TpYJ(hi Me~ynapo~Hoii KOHcpepeHUIIII REAL TIME DATA'94. lly6na, 
1994, 358c:(na anm. l!3.) 

ll15-96-18 TpYJ(b! pa6o'!ero cosemaHIIl! <<3apl!~OBhie IIHJKIIOHHhie p~H)'Chi 3K30TH- · 
'!eCKIIX ~ep». Ilo3HaHh, 1995, 172 C. (!Ia pycCKOM ll ai!ITI. l!J,) 


