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TYHHEJlbHblA nPHBOP 11 cnocos W3fOTOBJ1EHJ1jl 

TYHHFJlbHOro nPHBOPA 

06JlaCTb TCXHHKH 

1'13o6pereHMC OTHOCHTCSI K cnoco6aM HJrOTOBJICHHSI 

cpyHKUHOHaJlhHblX 3JlCMCHTOB HaH03JlCICipOHHKH K Bbl'IHC11HTCJlbHOi\ 

TeXHHKH. a HMCHHO K T)'HHenbHblM npH6opaM, H MO)l{eT 6blTb 

5 HCilOJlb30BaHO .DJUI H3fOTOBJleHHSI OJlH03JlCKTpOHHblX norw-teCKHX cxeM, 

cxeM o.nH03J1CKTpOHHOH naMSJT:H H CCHCOpOB, pa6oTaJOU.UIX npH 

KOMHaTHOi1 TeMnepa1)'pe. 

10 npe.a.weCTBYJOWHfil ypoBCHb TeXHHKM 

OcHOBbl COBPCMCHHO:A. TeopMH Koppe.nHpOBaHHOro 3JICKTPOHHOro 

T}'HHCJlHPOBaHH.R 6hlmt pa3pa60T8Hbl yJKe HCCKMbKO neT HaJa.D,. HHTepec 

B MHpe K 31'0H HOBO:f;\ o6JtaCTH cpH3HKH M TCXHHKH CMJaH c WHPOKHMH 

nepcneJCTHBaMH, KOTOpble OTKpblBalOTCSI npH .l18.JlbHC"AlllCM HCCJJCllOB8HHH 

ls O.llH03JlCJ<TpOHHbIX .HBJICffHj;{ H C03,l:laHH~ Ha HX OCHOBC HOBblX 

nepcneKTHBHblX TCXHOJlOndi. 

c QlM3H'lCCKOA TO\IKli 3peHJUI CMbtcn HBJICHIUI COCTO~T B 

3JlCK'fPOHHbJX KOppe.nHUJUIX, Bbl3B8HHbIX KynoHOBCKMM B38HMo.ne:ikTB11eM 

3neJ<TpOHOB B paJJIH'IHblX C1J>YKTYPBX MHKpo - H HBHOM8CWT860B. c 
20 .n.pyroii\ CTOpOHbl OAH03neicrpoHHKa 31"0 Ilyrb K pe3JlHJau1rn 

3JleKTpOHHblX yCTpoRCTB, npHHUHn .neACTBIUI KOTOpblX. OCHOBaH Ha 

KO.llMpOBaHHH HHc;PopMBUHH OllMHO'lJHbIMH 3Jie:rcrpoHaMH. 

HJBeCTHo TpexBLIBOD;Hoe (TpeX3neicrpo.a.Hoe) nonynpoao.n,HHKosoe 

yc-rpoRcTBO -(US, N2 4 286 275, 357/12, 198Jr.) COCTO.RlllHM H3 

25 KOM6MHaU:HH o6JiaCTH 6aJbl c $H3H~CCKHM paJMepoM nop.fflJ.Ka .llJJHHbl 

ceo6o.a.Horo npo6era OCHOBHOro HOCHTCJIR, 0611aCTH 3MHTI'epa, 

o6pa3yl0wet'r nepebl:A 6apbep OTHOCHTCJlbHO 06J18CTH 6a3bl H HMCIOlUHM 

WHpi.rny 6ap&epa, fi03BOJ1SUOlllYIO KBaHTOBO-MexaHW·ICCKOe 

TYHHCJIHposaH11e; 0611aCTb Konnercropa, 06paJyt0iuast 6ap&ep 
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OTHOCHTeJibHO o6JiaCTH 683.LI, 6onee HH3KHA, 'ICM nepBbIR 6apbep H 

HMCIOWHR lllHPHHY 6apbepa, .nocra.ToqHyJO, 'IT06bJ no.naBJUITb K.BaHTOBO­

MexaHHG:CCKoe TYHHCnHpoeaHHe H OMH'lCCJadt KOHTalC.T c KIDKJXOA HJ 

o6nacreA 3MHTiepa, 6a3bl H KOJineKTopa. 

S TpexeblBO.llHoe (,-pex3.neKTpO.llHoe) nonynpoeo~HHKoeoe 

ycrpoRCTBO, xapaKTepH3YJOIUeeCSI BpeMeHeM. nepeICJIJOqeHHSI - 10- I 2 eel< H 

npoSIBJUUOlllee ,llHH8MHl.ICCJ<Oe HeraTHBHOC conpOTHBJICHHe, C03ll8HO HJ 

TOHKOH 6ap&epHoR o6nacTH B 3MH1TCpHoR CCKUHH, HMeJOweA. 

6apbepHyJO BbICO'fY, KOTopaSI BblWe, 'ICM y 6onee WHpoKO~ 6ap&epHOM 

I 0 06nacn1 B KOn.neKTOpHoit CCICUHH, OTllCJlCHHO:A o6JiaCTblO 6a3bl, 

HMelOIUCH WHPHHy, cpaBHHMYJO c MHHOR CBOOO.llHOro npo6era 

OCHOBHOro HOCHTCJUI. B OCHOBC pa60Tbl ycrpoR:cTBa JIC)KHT KB8HTOBO­

MexaHM\ICCKOe TYHHeJIHpoBaHHe, xax OCHOBHO:A MeXaHH3M 

npoBO.llHMOCTH OT 3MHTICpHoA OOJ18CTH K o6Jtacnf 683bl H nepeHOC 

15 rop.RtlMX OCHOBHbIX HOCHTCJieit K8K OCHOBHOA MCX8HH3M npOBO.llHMOCTH 

"1epe3 o6JI8CTb 6a3bl K o6JI8CTH KOJIJICKTopa. 

06JI8CTb npHMCHCHHSI: JlJUI ycHJlCHHJI, nepeKJIIO'lCHHSI, C03llaHHSI 

llHH8MWleCKOro conpoTHBJlCHHSI. 

Oco6eHHOCTH: WHPHHB KoJI./leKropHoro 6ap&epa TaKosa, 1110 

20 TYHHe.JlbHbIA TOK 11epe3 Hero HC3H8'1HTCJieH. Depexo.a 3MHTTep - 6aJa: 

OCHOBHa.R npoBOllHMOCTb - KB8HTOBO-MexaHHllCCKOe TYHHeJIHpOBaHHe. 

PaJMepbI : 6a3a 100 A; 
WHpHHa 6apbepa 3MHrrepa 80 A; 
wHpHHa 6ap&epa KoJIJieKTOpa 120- 150 A; 

25 3To ycrpoH:CTBO. OCHOBaHHOC Ha KB8HTOBO-MCXBHH'ICCKOM 

30 

TYHHCJUlpOBaHHH KaK OCHOBHOM MexaHH3Me npoBO.llHMOCTM OT 

3MHITepHOH 06.naCTH K o6naCTH 6a3bl H nepeHoce ropSll.fHX OCHOBHbIX 

HOCHTeJieA 1.1epe3 o5JtBCTb 6a3bl K o6JiaCTlif KOJJJICKTOpa. 

YfJBCCTHO TPCXBblBO.ll.HOC {TPCX3JieKTpO.ll.HOe) 

OCHOBe KBBHTOBblX HM (US, N2 4 912 531, 

YCTPO°ACTBO Ha 

357 /12, l 990r.) 

¢1YHKUHOHlifPYCT no.no6Ho Mon - -rpaHJMcTopy. 3To oJHal.faeT, lfTO 3 

BblBOll8 npu6opa MOJYf B o6meM CMblCJie paCCM8TPHB8TbCH KSK 

HCTO':IHHK, npoxo.n H CTOK. BbIXO.ll.H0'1 KOHTaicr coo6maeTCSI nyTeM 
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TYHHCJIHpoeaHHSI c PAAOM napaJJJieJibHblX uene:A KBaHTOBbIX JIM, K3.)l(JlaSI 

JIMa ll.OCTaTOtfHO MaJJa .llJUI roro. 'ITOObI 3HepreTH'ICCKHe ypoBHH B .RMe 

KBaHTOBaJJHCb llHCKpeTHO. B KruK.llOA H3 TaKHx uenoqeK HM BTOpaH .RMa 

conpSJ:)KeHa c 06lllHM BTOphlM npOBO.llHHKOM, a nepBaJI RMa 3JieKTpOHHO 

5 conp.SDICeHa c 061.1.lHM nepBblM npOBO.lIHHI<OM. 

Cnoco6 coJ.U.aH101 3JJCK.TpK'lecKHX 3JieMeHTOB HaH03JICK1pOHHJGt H 

Bbl"IHCJIHTe.nbHOit TCXHH.KH Ha OCHOBe ApceHK!Ia-ra.11.1nU1 (GaAs) c 

HJom-1py10WHM MOJICJ<YJUlpHblM CJIOeM JleHrMJOpa-6JtO.ll)KeTI (US Nl 5 
JO 079 179. 37-141, 1992r.), 32KJUOllaJOU.XKACSl B cpopMHpoeaHHH Me.)l(Jly 

nO,llJIO>K.KO.A, BblnOJlHCHHOA: H3 GaAs, H npOBOllSllUHM KOHT3KTOM 

H30JU1py10wero CJtO.R B BH.a.C nJieHKH JleHrMJOpa-6.110.ll)KCTI /JIB/. 
ToJIWMHa CJIO.R peryJIHpye-rc.R, llTo6bI 3an.aB&Tb <i>YHKUHOHaJibHhie 

xapaKTepHCTHKH npH6opa. f OJIOBHWI IlOJISIPHWI rpynna MOJICKyJlbl JI 6 
15 llJICHKH Bbt6paHa TaK, 'ITO OHa naccHBHPYeT noeepXHOCTHbIC COCTOSIHHSI 

HCflOJib3yeMoro B KaliCCTBe IlO.lUIO)KKH HMCHHO GaAs. 06Hap)')KeHhl 

onpeite.neHHbie npell.IlOllTHTeJlbHble KHCJIOTHbie H aMMHorpynnbl llJUI 

nom1pHoA roJJOBbI MoJJeKyn. Bbl.no ycTaHoBJieHo, 'ITO Jl6 CJIOH 
yeeJiwrnaaeT BbICOTY ynpaBJuuowero 6apbepa .nnsi noneaoro TpaH3HCTopa 

20 H nacCHBHpyeT pa3opsaHHble CB.R3H H noaepXHOCTHbie JJ.CQ>eKTbJ B 

IlOlIJIO}KKe HJ GaAs, lfTO Jl8eT BOOMO:>ICHOCTb pa60T8Tb B HHBCpCHOA Mo.ne 

(inversion mode operation). 3ToT cnoco6 MO:>IC.eT 6bITb 11cno.11b30BaH 
TOJlbKO npH 1'13rOTOBJICHMJ.I MaKpOCICOilHtlCCKHX npH6opoB - nOJICBbIX 

Tp3H3HCTOpOB H llHO.llOB. 

25 1'13 Bcex cnoco6os H3fOTOBJJCHHB cpyHKUHOHa.JlbHbIX 3JICMCHTOB 

H8H03neKTpOHHKK OllHHM H3 HaH60Jiee nepcneKTHBHbIX SIBJUICTCSI cnoco6 

H3rOTOB1ICHH.R 3.11eKTpOHHoro npH6opa c opraHJillfCCK.HM.H MaTepHaJJaMH 

(En N2 0 469 243 HOIL29fi8, 1992r.), KOTOpbitt 06ecnet1HaaeT 

cPOPMHpoeaHHC 3.lICKTpOHHblX npH6opoB, B KOTOpbIX 3.1ICKTPOHHblH TOK 

30 npoTeKaeT qepe3 3.11CicrpOnpoBO.lVllllYIO MOHOMOner<yJrn:pHyJO HJIH MY.11bTH­

MOHOMOJICl<y.11SlpHyJO nneHKy. 

;3ToT cnoco6 H3rOTOBJICHHH 3JICKTpOHHoro npH6opa c 

opraHH'ICCKHMH MaTepuanaMH 3aKJJJO'i3CTC.R B cf>opMHpoBaHHH H3 
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TIOMO)f(J(e, HMCJOUleSl HS csoeR nosepXHOCTH HJOJ1Hpy10my10 IlJieHicy, 

nepeoro H BTOporo 3JieKTpo.aoB; B&rrpaBJIHBaHHg HJOJIHpyioweii nneHKH c 

HCnOJlb30BaHHCM nepaoro H BToporo 3JICKTpO.D.OB B KaqeCTBC MaCKH; 

¢opMHPOBaHHSI MOHOMOJICJcyJUlpHo:ii HJIM MYJlhTH-MOHOMOJICJcyJUlpHOH 

5 nneHKM, CO.llCp>KaiueA 3JICKTpOJIHTH'ICCKH IlOJIHMCPH3YCMble rpynn:&I 

np$1MO HJIH He npJIMO Ha noaepxHOCTH IlO.llJlO.>KlOt, KOTOPWI 

<l>YHKUHOHHpyeT KRK TPCTld:t 3J1CK'fPOll; npHJio.>KeHMJI HanpR.>KCHH.R Me)l(.l{y 

nepBblM H BTOPbJM 3JICKTPOllaMH lt119 TIOJIHMCpH3BUHH 3JICKTpOJ1HTH4CCKH 

IlOJIHMepH3YCMblX rpynn, H OTBe,IlCH}UI TpCTbCro 3JICKTPOll8 OT IlOll.110.>KKH. 

10 B 3TOM cnoco6e HJroToBJJeHHH opraHHttecxoro 3JICK'fPOHHoro 

npH6opa MO)l(HO ocymecTBJUITb <PopMHpoBaHJ-te MOHOMOJICK}'mlpHOH KJIH 

MYJlbTH-MOHOMOJICicyJISlp~oA nJICHKH, COllCp.>Kaweit 3JICKTPOJIHTff1·iCCKH 

TIOJIHMCpH3YCMbIC rpynnbI, MCTO.ll.OM JleHrMIOpa-·SJIO.a.>KCTI. KpoMe Toro, 

HMCCTCSI B03MO:>KHOCTb C03Jl8HHSI 3JICKTJ)OHHOfO npH6opa c 

15 opraHHttCCKKM MaTepHaJIOM, Kor.u.a cpopMHPOBaHHe MOHOMOJICK)'JI.HpHoA 

HJIH MynbTH-MOHOMOJieKyJrnpHoR nJleHKH, co.u.ep.xc:ameA 

11onHMep1uyeMble rpynnht, BKJUO'-laeT npoue.nypy ct>opM:HpoBaHHSI no 

KpaRHeA Mepe O.!J.HOro cnoR MOHOMOnCJCYJIHPHO~ nneHKH nyreM 

XHMH'llCCKO~ ancop6u1rn nosepXHOCTHO-aKTHBHOro BCIUeCTsa Ha OCHOBe 

20 CHJlaHa, co11ep.xc:aiuero IlOJIHMepH3YCMbIC HCH8CbJWCHHble rpynnbl, HJ 

HCBOllHOro opraHHqecKoro paCTBOpHTem1 Ha nosepXHOCTb IlOAJIO)f(](H, H 

noCJIC.U.YJOlUYIO nonHMCpHJaUHIO nneHKH. 

npH 3TOM 3TOT cnoco6 C03.llaHHSI 3JIC:KTpOHHOro npH6opa 

BKJIIO'laeT B ce6.R TaIOKe nocne «l>oPMMpoBaHKJI Ha nosepxttoCTH 

25 TIOJ1J10.XC:KH no 1q>aAHei% Mepe OllHOro CJIO.Sl MOHOMO.neK)'JI.HpHof;\ nJieHKH,. 

co.uep:>Kame:A 3J1CicrpOJIHTHt{CCKH noJIHMCPH3YCMbJC HCHaCbILUCHHble 

rpyIInbl, 3JlCKTpOJIHTH"ICCJ<YIC) noJIHMCpH33UHIO 3THX HCHaCbILUCHHblX 

rpynn nyreM npHJIO>KCHHSI 3J1CJ<.TpHqecKoro HanpR>K.CHHSI MC)Klly nepBblM 

3JJeKTpOllOM H BTOpbIM 3JICKTpOJ10M MH ocywecTBJlCHHSI COCllMHCHHH 

30 . nepeoro H BTOpOro 3JlCicrpO.llOB qepe3 3JICK'rpOnpOBO.LJ;UllHe 

conpSDKCHHblC rpynnbI, npRllCM noBepXHOCTHO-aKTHBHOC BCIUCCTBO Ha 

OCHOBe CHJI&Ha .HBJJJICTCSI XHMJil4CCKHM MaTepHaJIOM, co.uep%aUU{M 

XJtOpOCJ.iJlHJlbHYIO (chlorosilyl) rpynny Ha KOHue. 
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npH 3TOM e cnoco6e 06113aTCJlbffb[M yCJioeHeM ero ocyw.eCTBJICHHsr 

SIBJUleTCSI Tpe6oaaHHC, 'IT06hl MOHOMOJICICyIDlpH.ble KJIH MYJlbTH-

MOHOMOJ1e1cym1pHbJe nneHKH con.ep}K3JIM 3JieicrponposolUlw.He 

conpSDKCHHble rpyrmbl, TaKHe KaK DOJIHTHCHHJICHOB3.SI (polythienylene) 

5 rpynna - lfT06bl CBJl3L {COC.llHHeHHe) MC>K.O.Y nepBbIM H BTOPLJM 

3JICKTpo.naM.H ocymecTBJISIJiaCb nonHTHCHH.1JCHOBblMH rpynnaMH. 

J13eeCTHblA cnoco6 HJrOTOBJICHHff opraHH\fCCKOro npH6opa 

xapaKTepHJYCTCR <P<>PMHpOBaHHeM Ha TBep.nOTeJibHOH IlO.D.JJO}f{Ke nepeoro 

}I BToporo sneKTpO.llOB, 3.JtCKTpOnHTH\ICCKH nomtMCpH30BaHHblM 

l 0 MOHOMOJlCK:yJUIPHblM HJIH MYJibTH-MOHOMOJteICymipHblM CJIOCM MC)l(JJ.Y 

BblWCynoM51HYfblMK 3JlCtcrpOD.aMH; a TaJOKe cpopMHpOBaHHeM T})CTberO 

ynpawunomero 3JICtcrpOD.a, COC.llHHCHHOro npSIMO HJIH KOCBCHHO c 

MOHOMOJICKYJUlpHblM HJIH MynbTH-MOHOMOJICI<YmlPHblM CJIOCM TaK xce 

KaK c nepBblM H BTOpblM 3JlCKTpO.lJ.3MH. flpHJJO)KCHHC HanpSIX<.CHHR 

15 MCJK.ll.Y TPCTbHM 3JICKTPOJIOM H BTOpbIM 3JICKTPO.U.OM o6ecnetntBaeT 

ynpaBJleHHe 3JieKTPHllCCKMM TOKOM, npOTCJ<alOlllHM Meuy nepBblM 

3JieKTpO.llOM H BTOpbIM 3JICKTpO,UOM,. 38BHCSl!llHM OT HJMCHCHKJI 

npHJIOXCCHHoro HanpRX<.CHHJI. 

11cxoJUJ J.13 BblWCH3JIO~CHHoro, MOX<.HO CJJ.eJiaTb BblBO.!J. 0 TOM, l!TO 

20 HJBeCTHbIM cnoco60M MO.)J{HO C03llaBaTb 3JICKTpOHHblC npM60pbl c 

opraHHllCCKHMH MaTepHaJI8MM, HCUOJib3YlOll(HC TOK 3JICKTpOHOB, 

npOTeK810l.UHA qepeJ 3JICKTponpOBOlUlll.\YIO MOHOMOJieicyJJSipHyJO K1Uf 

MYJI&TH-MOHOMOJJeJcymipHyJO opraHHtJecKyIO nneHxy. 

06JiaCTb, qepel KOTOpy10 nr'leT 3JICKTPH'ICCKHA TOK, 

25 ccpopMHpoeaHa conpIDKeHHbIMH CB.fIJSIMH B opraH111qecx:oM MaTepwane, 

KOHKPe'I'HO B opraHH'ICCKOH MOHOMOJICJcyJUlpHOM HJl.H MYJibTH­

MOHOMOJICK}'J1SlpHofl fL'ICHJ<e, o6paJOBaHHblMH B HCH 3JICKTPOJil1TH\fCCKOti 

nom1MepH38UHeit WICHKM, nocpeJICTBOM 3Toro .U.OCTHraeTCSI BhlCOKaH 

cpyHKllHOHaJlbHOCTb H yMCHbWCHHe pa3MepoB npH6opa. 

30 HcnoJib3YSI cnoco6 XHMMllecKoit a.n.cop6mn'I: rum JI B-cnoco6 

BMCCTe c 3JICJcrpOJ1HTJ.fllCCKOH IlOJIHMCpH3aUKe£\, Moryr 6b1Tb 

BhlCOK03¢¢eKTHBHO C03ll8HhI Ha npHHUHnax caMoopraHH3aUIUl 

IlOJIHMephl, HMetowHe 3JlCKTponpoBOLUIWHC conpJDKeHHble CBS13H, JJJ[.R 
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3Jle:KTpH'!CCKOro coe.nHHemu1 .nsyx 3JieK'l'pOllOB, TaK 'ITO B pC3YJibT8Te 

MOryr 6h1Tb peaJIH30BaHbl BblCOKOCOBepweHHbIC opraHH'lleCKHe 

yc-rpoACTBa. 

PacKp&JTHe HJo6peTeHKJI 

3wta'la MJo6peTCHH.R: C03.llaTb 3JICKTpOHHbIA npH6op, B 

KOTOpOM peamtJOBaH pe)K.HM 0.llH03JICicrpOHHOro TYHHeJ1Hpoaamu1 npM 

.ll.OCTaTOtlHO BhlCOKOit (KOMHaTHOA) TeMnepa'fYPe. 

HJBCCTHO, llTO B T}'HHCJlbHOM nepexon.e BJaHMHa.R eMKOCTb 

I 0 3neKTpOJlOB Ma.n:a (MHOfO MCHbWe, "ICM CMKOCTb TYHHCJibHOro nepexo.na). 

noCJie TYHHCJIMpoBaHHR O.llHOfO 3nCKTpOHa paJHOCTb IlOTCHUHaJIOB 

H3MCHHTCH Ha senHttHHY e / C (e = I.6*10-19 <I>, C - eMKOCTb nepexo.na). 

CooTBCTCTBeHHo, xapaKTepHbIA Macwm6 HJMeHeHH.Sl 

3Jie:rcrpocTani"ICCKOA 3HeprHH CHCTCMbl noCJie 'JjHHeJntpOBaHH.st o.nttoro 

15 3JICKTpoHa e2 
/ 2C. 

3neKTpOCT8TH'leCKaSI 3HCpfH.R TaKOH CHCTCMbl : 

E = Q2 
/ 2C; Q = Q0 + ne ( e > 0 ), (I. I) 

r.ne Qo - KOHCTSHTa, JaBHCSllll8.ff OT pa3HOCTH pa60T BbIXOll.a 3JICKTPOilOB 

<p,' 

Qo = C( 'P1 - f/J2 ) I e, ( 1.2) 

20 n - tUtCJio 3JieKTpoHoB, npowe.a.w11x qepe3 nepexo.a. • 

. UJrn Ha6mOD.CHHSI 3cl><l>eKTa l)'HHeJIHpOBaHH.R OT.llCJibHblX 

3JleKTPOHOB HC06XOJJ.HMO BbinOJIHeHHe .neyx OCHOBHblX yCJIOBH.A : 

I. YCJJoBMe MaJIOCTM Tennoa1>1x cPJIYKTYaUHii no oTHoweHHlO K 

3JieKTpocTaTHtfecKo'A 3Hepnrn nepexo.ll.a : 

e2 / 2C >> kT, (1.3) 

25 K - nocTOBHHa.R 6oJibUM8Ha, T - TeMnepa'fYpa. 

2. y cnOBHe IlO'ITH nonHoiil H30JIHpoeaHHOCTH o6"bCKTa OT BHeUIHero 

MHpa. Cna6DI:j;f o6MeH 3JICK"fPOHaMH B 3TOM cnyqae B03Mo>KeH ttepe3 

TYHHCJibHblfl 6apbep. YcnoaHe HJOJmposaHHOCTH HMeeT npoCToA 

KOJIH4CCTBeHHbIH CMbICJI TyHHCJlbHOC conponmnettHe 
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Il0.Jtytl810lllHXCSI nepexonos ll.0.JDKHO 6b1Tb MHOro 60JibWe TaK 

HB3hlBaeMoro K.BaHTOBoro conpoTHBJieHHSI: 

RQ = h / 4e2 
.. 6,5 kOM, (1.4) 

h - nOCTOSIHHaSI DnaHICa. 

BbmonHeHHe ycnoBHSI ( l A) o6ecne'!HBaeT c.na6oe umu:rnHe 

5 (nonaBJJemte) KBaHTOBOro wyMa, npoHWJSUOW,erocSI B xaoTWICCKOM 

.llBH.>K.CHHH 3JieKTpoHOB lfepe3 nepexo.11 .aaxce npH HyJieBoA TeMnepa'fYpe, 

KOfJla IlOJlHOCTblO no.z:r.aBJieH TCilJlOBOA WYM. npH 3TOM 3JieKTPOHLI 6y.nyr 

JIOKaJIH30BaHbI Ha 06'beKTe H, COOTBeTCTBeHHO, ero 3ap.Slll 6y.neT 

O.llH03HattHo onpe.neneH. 

I 0 TaKHM o6paJoM Ha6mo.neH11e scp<f>eKTa 'fYHHeJrnpoBaHJ.fH 

OllHHO"IHOro 3JICKTpOHa B03MO.>K.HO, ecm1 TCilJIOBLie (I.3) H KB8HTOBbIC 

(1.4). c;l>Jiyicrya1urn 3apruia MMhl no cpaeHeHHJO c 3Hepme:fl nepe3apsu:tKH 

CHCTCMbl npw 'fYHHeJIHpOBaHHH. 

MoxcHo noKalaTb,. qTo ecm-1 3ne1crpHqecKH£:i JapSut nepexo.11a Q 

I 5 HaxOJlHTCH B .llHanaJoHe -e / 2 < Q < e / 2, To TYHHe.nHpoeaHHe 

HeBbirOJlHO JlJ!.SI CHCTCMbl, T8K K8K npH 3TOM ysenHllHBaeTCSI ee 

CB060JIH8H 3HeprHSI. TaKHM o6pa30M, CCJIH K nepexo.ny He npHJIO)KCHa 

paJHOCTb IlOTCHUHaJJOB HJIH OHa Mana. aKTa TYHHCJIHpOBaHH.R He 

npOHCXOJllilT. 3-roT 3<l><l>eKT HOCHT Ha3BaHHC Ky .. 'IOHOBCK01'i 6JIOKa.Llbl. 

20 nycTb Tenepb Q MeH.RCTC.R, HanpHMep no.n .a;eitCTBHCM KaKOfO -

JIH6o HcroqHHKa TOKa, no.D.coe.[(HHCHHoro K nepexo.ny : Q = I (t). IlyCTb 

Q BblXOJJ,HT 3a OJJ,HH H3 KpaeB D.HBila30Ha 6JIOK8AbI, HanpHMep 

CTBHOBHTCS£ \IYfb 60JibWC e / 2. Torn.a OK83btBaeTcSI 3HepreTH"ICCKM 

BbtrO.lJ.HblM aKT TyHHCJUiPOB3HlHI 3J1CKTpOHa, B peJyJibTBTe KOTOporo 

25 JapSUl. Ha nepexo.lle MeHSleTcSI 11 craHOBMTcs 'lyrb 60JibWe - e / 2, T. e. 

cHosa nonanaeT B .nwanaJoH 6noKa,nhl. Tio3ToMy TyHHCJIHpoeaHMe 

cne.ny10mero 3JleKTpoHa OKa3bIBaeTcsi HeBblfOD.HbtM .no Tex nop, noxa 

BHCWHjUI nepeJap.suI.Ka nepexo.[(a He COJJJ.BCT BHOBb ycJIOBlUI 

3ttepreTWlCCKOH Bbiro.llHOCTl1 .n,mt HOBOro atcra TYHHeJIHpOBaHHR ' T. e • .no 

30 MOMCHTa YBeJrnqeHHR nonttoro JapRJia rrepexona Ha e. TaKHM o6pa30M 

6y.uyr npoHCXOJ:(HTb OJlH03nCKTpOHHbie KOJie6aHHSI 3apR.lI,a Q Ha nepexo.ne 
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H Hanp.$nKeHHSI Ha HeM V = Q I C c lfBCTOTOft f = I / e, r.u.e i - cpe.a.HHA 

TOK 'lepe3 nepeXOll. npH 3TOM 'I)'HHeJUlpOBaJUIC 3JICKTpOHOB B 

OD.HHOllHOM TYHHCnbHOM nepexo11e KoppeJrnpoBaHHO BO BpeMCHH. 

B 6onee c.nOXHblX CHCTeMax, co.u.ep))(3UlHX HCCKOnbKO nepexo.a.oB, 

5 B03MO:>KH8 C'fPOraSI npocrpaHCTBCHHaJI KoppeJI.RUH.Sl aKTOB 

'fYHHe.mt poeaHHSI e pa3.1IH'IHblX nepexo.nax. EcJrn MbI HMeeM .n.ea 

nocnen.oBaTCJibHO COCD.HHCHHbIX nepexo.n.a, T)'HHCJUlpOBaHHe 3JieicrpoHa 

qepe3 OJlHH H3 HHX yBCJIH'IHBBCT Hanpfr:>Kemt:e, a CJIC.D.OBaTeJibHO H 

eepoSITHOCTb TyHHe.nHposaHHH qepe3 .npyroft TaKaSI npoc;rpaHCTBeHHa.R 

10 KoppeJUIUHH HaH6oJiee CMJibHO Bbipa))(eHa, ec.nH BCJIHKO pa3JIH"IHC 

cortpOTHBJICHH:f;\ llB:YX nepexo.noe, H, COOTBCTCTBeHHO, speMeHa 

TyHHem1 posamrn B HHX [ 1 ). Cpe.nHHR TYHHCJlbHbl:A TOK "lepe3 CKCTeMy 

6y.a.eT onpenemrt.bca nepexonoM c MCHbWH~ conpomBJJeHHeM. l13MCHSl.ff 

H3BHC, HanpHMCp HHJJ.yuHpOBaHHCM (HJIH "snpblCKHBaHHCM" qepe3 

JS 60JibWOe (60JibWC KBaHTOBoro) conpontBJICHHe), 38pH.ll Ha UCHTpanbHOM 

SJICl<TpOAC, MO>KHO MCHSITb YCJlOBHSI JlJUI TYHHCJIMpoBaHHH 3neicrpoHOB B 

o60HX nepexo.u.ax, T. e .. MbI nonyqaeM OllH03JICJ<TpOHHblii rpaHJHCTOp. 

3aBHCHMOCTb roKa It oT ynpaBJuuowero Hanpsr))(eHHR V8 npH 

<PHKCHPOB8HHOM 3Ha\leHIUi v H83b1BaCTCSI CHrHMbHOii xapatcrepHCTHKOA 

20 CHCTCMbl. 3Ta 3aBHCHMOCTb OKaJbIBaCTCR nepHO.D.H'llCCKoA, c nepHOll.OM, 

paBHbIM 3neMeHTapHOMY JaPSl.D.Y : I (Q+e) = I(Q). 

TeopHSI KOppeJIHpoeaHHoro ontto3neKTPOHHoro TYHHeJIHPOBaHHSI 

cnpaBCJlJil1Ba Jl)UI nepeXOD.OB c 3JieKTpo.naMH He CJIHWKOM ManblX 

paJMepoe, 3HepreTlf\JCCJ{Hj;'t cneicrp KOTOpblX, B 'IBCTHOCTH, MO)KHO 

25 ClfHTaTb HenpepbIBHbIM. Bec&Ma HHTepeceH Bonpoc 0 TOM, KaK 

HJMeHBIOTCSI xapaicrepHCTMKH TYHHenbHblX nepexo.noe npH yMeHbWCHHM 

HX pa3MepoB ll.O BeJUltf~H, npH KOTOpblX CTaHOBHTCSI cymecTBeHHbIM 

npocrpaHCTBCHHOe KBBHTOBaHMe 3HepreTH'ICCKOfO cneicrpa. CrporoA 

reopHH, onHCbIBalOlllCA BJlHHHHe JlHCKpCTHOCTH 3HepreTWICCKOfO 

30 cneKTpa Ha npouecc Koppe1n1posaHHoro O.llH03neJ<TpOHHoro 

TYHHCJrn:poBaHHSI qepe3 OllCHb MaJlbIH MCTaJlJIHqecKHf:t o6'bel<T 

(HanpHMep, llepe3 MCTaJIJUttteCJ<YIO rpaHyJiy) HJIJ.f qepe3 MOJie:tcyJIY 

(K113CTep) no.Ka HCT. 0.llHBKO, ClleJiaHHblC OUCHKH [4) noKa3blBaJOT, 'lJTO B 
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cnyqae nocraTotfHO 6onbworo KonHqecTBa 3JJeKTpOHOB Ha o6'Le:icre 

WIHRHMe nwcKpeTHOCTH 3HepreTHqecKOfO cneKTpa CBOllHTC.R RHWb K 

TOMY, ':ITO Ha BAX, noMHMO O.ll.H03neKTPOHHbIX oco6eHHOCTeH. npH 

o~pe.neneHHblX ycnosw.Rx B03MO.>KHo HaJUt'IHe MHKPOCTJlYKTYPbl, 

5 o6ycnoBJteHHOe pa3MCPHblM 3<l><l>eKTOM npH npOCTPaHCTBCHHOM 

KBaHTOBaHlUI 3HeprHH 3JICKTpOHa. 

B OCHOBC 3aSIBmreMoro H306pereHIUI ne)KHT HCilOJlb30BaHHe 

SIBJlCHH.H KOppemtpoBaHHOro 'fYHHCnHpoBaHHSI 3JJCKTpOHOB. 

Bnaron.ap.H paapa60TilHHOMY cnoco6y MO>KeT 6b1Tb coJD.aH 

l 0 YHHKaJihHblH 3JICKT})OHHb1:A npH6op, peanH3YJOl.UHi1 o.ntto3JieKTpoHHbIH 

pe)KHM TyHHCJUIPOBaHH.9' npH KOMH3THOA TeMnepaT}'Pe B HCK)'CCTBCHHO 

C03l1aHHO~ cra6MJlbHO:A MOJICKYJUIPHOil crpyrcrype. 

KpaTxoe omtcaHHe q>Hryp 11eJ>Te>Keit 

15 Ha <l>Hr. cxeMan111ecKH H3o6pa.>KeHa CTJ>YKTYPHasi cxeMa 

1)1iHeJibHoro np:w6opa, (fj>Hr. IA - BH.n. csepxy, <j>Hr. Hi - BH.ll c6oKY) 

HlfOTOBJICHHoro 38.HBJUICMblM cnoco60M, r.ne . 

I - no.lIJIO)J(Ka 

2 - BCTpoeHHhlC B MOHO- HJIH MYJibTH-MOHOMORCJCYJUIPHYlO 

20 MSTPHUY KJtacTCpbl H MOJieKYJibl 

3 - BXO.D.HO:ft 3JlC:KTpOJl. 

4 - BblXOllHOH 3JICK:rp0.U 

S - N ynpaBJI.SIJOillHX 3JieKTpo.noa 

<l>Hr. 2 - BAX TYHHeJI&Horo npH6opa; 

25 <l>Hr. 3 - CHrHaJibHaa (ynparuuuowa~) xapaKTepHcTHKa 

30 

'I)'HHeJlbHoro np11:6opa c OJlHHM ynpaBIUllOll.UfM 3JICKTpOJJ.OM 

(MMCJCYJI.SlpHblf.i O)lH03JieKTpOHHbJH TpaHJHCTOp) npH TeMnepaType 300 

K. K.naCTep H3XOD.HTC$1 e6JJH3H ynpaBJUllOI.Uero 3JJCKTpO)la. 

Cae.lleHHR, no.llTBep}l(Jla10mHe BOJMO.>KHOCTb ocymecTBJieHHH 

H306peTeHHSI. 

B 33.HBJt.HeMoM cnoco6e coJD.aHHff 1)'HHCJJbHoro npH6opa B 

CHCTeMe mtaHapHbJX MeTa.JlJUltteCKHX (H.nH no11ynpoBO.llHHKOBbIX) 

3neKTpo.llOB Ha nOD.JJO)KKe Q>opMHPYeTCSI ynopSI.UOlJCHHa.R Mone1cym1pHast 
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CTJ>YKTYP8 nyreM <l>HKC2UHH cneuHaJibHbIX MOJleicyJJ .H KJiaCTepos, 

06ecne1ursa10WHX <l>opMHpoeaHHe TYffHCJlbHblX nepexoitoB H 

O.llH03JieKTJ>OHHOe KoppenHpoea.HHOe TYHHCJIHPOBa.HHe 3ne.KTpOHOB B 

npH6ope, a He npoCTO MOHOCJIOA HHePTHbIX MOJICicyJI, <j>opMHpy10umfii 

5 .D..H3neicrpH':ICCK}'IO npoCJtoiixy - TYHHeJibHbIA 6apbCp. 

CooTeeTCTBCHH9, s cnyqae qnnccauHH rax11x MonexyJI H JCJiaCTepos 

c IlOMOWb!O H3BCCTHOR JICHrMJOpOBCKO:A TCXHOJIOrHH, Ha nosepxHOCTH 

BOllbl COJ.llaJOT MYJibTHKOMflOHCHTHbIR CMewaHHblit MOHOMOJiexyJIJIPHbl.fit 

CJIOl-1, o6paJOBaHHl>l:A HHCpTHblMH aMQ>HcpHJlbHblMH MOJICK}'JiaMH MJIH 

10 .KJiaCTepaMH, o6pa3YJOWHMH o.aHo3JICKTpOHHbJe TYHHCJlbHble nepexo.nbI, 

nocne qero nepeHOC$1T ccpopMHpoeaHHLl9 MYJihTHKOMnoHeHTHbli% 

MOHOMOJICKYJIRPHbl:f.1 CJIOA c nosepxHOCTH BOllhl Ha noeepxHOCTb 

Il0.ll110)({KH. 

Cnoco6 co311aHHff MOJleKyJrn:pHoR ynopRJJ.oqeHHO.H CTpyKTypbl, 

15 ynoanereopsuomeR yCJIOBHSIM OllH03JieKTpoHHoro xoppenHposaHHoro 

TYHHe.nHpoBaHHJI . Jal<JUO\laerc.H B c.ne.ny10weM : Ha IlO.lIJIO)l(Jcy 1 c 

no.nrOToBJieHHblMH MeT3.JIJIHllCCKHMH 3JICKTpOllaMH 3,4,5 HaHOCHTC51 

MeTOllOM XHMM''ICCKO~ ancop6ui.rn HJIH MCTO.D.OM JleHrMIOpa-linoJVKrn 

CMewaHHblJ;i CJIOR MOJiexyJJ H KJiaCTCpOB 2. 

20 MeTa.rt11oopraHHt1ecKHe KJiaCTepb1 06na.na10T Ha6opoM cso~CTB, 

YHHKaJibHbIX JI.JUI co:mamu1. MOJiexyn.HpHblX OllH03JieKTpOHHbIX ueneii 

Koppe;rnpoBaHHOro TYHHCRbHOfO TPBHCilOJ>Ta SUJ.PO KJiaCTepa, 

COCTOS11Uee acero HJ HCCKOJlbKHX aTOMOB MCTaJIJia, o6mmaeT 

3JICKTpOHHOii CTJ>YJ<TYPOH, .aonycKa10me.£t HaJIH'IHC nepeMeHHOfO lfHCJia 

25 IlOilOJIHJUeJlbHbIX 3JICKTpOHOBt npH 3TOM He HCKIDK8IOWHX aTOMHYIO 

CTJ>YK.TYPY KJiacTepa. ,ll1rn .R.D,pa KJiacrepa xapatcrepHo Ha.n:Ht1He 

6JIH3KOJie>Kanrnx cuo6o.nHl>IX 3J'JCKTpOHHbIX ypOBHeA, qTo noJBOJISICT 

TyHHCJlbHOMY 3JJeJCTpOHY npw: OTHOCHTCJlbHO BblCOKOti TCMnepa-rype 

6blcTpo nepexo.n.MTh c ypoBHH Ha yposeHb (3a epeMs:I, MeHbUJee cpe.nHero 

30 apeMeHH TyHHeJrnpoBaHHH 3JICl<TpOHa Ha .smpo KJiacrepa). B pe3y11bTaTe 

OTCyrCTBYIOT KBaHTOBbIC orpaHWICHH.H Ha Pa3MCIUCHHC c11e.nyiomero 

TYHHCJJbHoro 3JICKTj)OHa. 3'ro npHHUHilHaJILHO OTJIHqaeT .naHHYJO 

CWT}'aUH!O OT pe30HaHCHoro TYHHeJJHpOBaHH.SI H CBORCTBCHHO HMCHHO 
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CHCTCMaM, paccMaTpH:eaeMblM B TeOpHH O.llff03RCXTpOHHOro 

TYHHennpoeamrn. Heo6XO.ilHMO no.nttepKHyrb, 'ITO B KJJaCTepax YJK,e c 

HCCKOnbKHMH aToMaMH MCTilJlna 8 smpe TeMnepaT}'Pa, npH KOTOpoA 

CT8HOBRTCSI CyWCCTBCHHhl scI><l>eKTbI KBaHTOBaHJ.UI 3JICK'rpOHOB no 

5 ypoBHSIM 3JICK'lpOHHOi% C"f.PYKTY.Pbl .smpa, cyw.eCTBCHHO HH)J(.C pa601.1eR 

reMnepazyphl O.llH03.IICKTJ>OHHoro yc-rpoitcrea. 

KJJacrepa npe.ncTaBJUJeT co6oA 

cPHKCMp083HHbiil TYHHCJlbHhIA 6apbep, ceo£tCTBa KOToporo He 3a.BHCSIT OT 

npHcyrCTBH.R TYHHCJlbHoro sneKTJ>OHa. XapaKTepHbI:R pa3Mep · 06ono1ncH 

10 KJI8CTepa o6ecneqH&aeT BblCOJCYJO TYHHCJibHYIO npOHHuaeMOCTb H, 

COOTBCTCTBeHHO, MaJlble speMeHa TYHHeJnt:pOBaHHJI. Ilp11 3TOM 

T)'HHCJlbHOC conpoTHBJICHHe 6apbepa cyw.ecTBCHHO 60Jibllle KBaHTOBOro 

(- 6.5 K0M), 'ITO SIBJIRCTCH npHHUHnHanbHblM TJ)e6oBaHHeM TCOPHH 

OllH03JieKTpOHHOfO KOppem1 poeaHHOfO TYHHCJUlpOB8HHSI. 

15 CyweCTeyer 6on&woA Bb16op BHJJ.OB MeTaJinoopraHHt.J:ecKHX 

K.rtaCTepoB c pa3JIH"IHbIMH KOM6HH8UHRMH THilOB 060JIO'IKH H Sl,llpa. 3ro 

no3eom1eT eapbHpoeaTb KaK napaMeTpbI TYHHe.nbHoA CTpYJCTYPbl 

(3$<l>eKTHBHaH CMKOCTb H npoBO.llHMOCTb), TaK H l{HCTO XHMHlJeCKHC 

CBO.RCTBa o6onoqKH KJiaCTepa, BWKH&ie .D)UI ero cPH3HKO-XHMHqecKoro 

20 38KpenneHH.SI B KOHKpeTHOtl CHCTeMe-ycTpoii:CTBC. npH 3TOM peaJTH3aUHSI 

pe}l{ffMa 0JlH03JlCKTpOHHOfO Koppe.m1poBaHHOro TyHHCJutpoeamrn 

BOJMO)l<Ha TaIOKe B CMCTeMe .llPYrHX aKTHBHLIX MOJiercyn H JCJiaCTepoe (He 

TOJI:bKO MCTMJIOOpraHJ.l'ICCKHX), o6na.aaiomHx COOTBCTCTBYJOWHMH 

cPH3HKO-XHMH\fCCKHMH CBOi:tcTBaMH (HanpHMep Kap6opaH, cI>y.n.nepeH M 

25 T.Lt.). KOTOphle TaIOKe MOryr MCnOJib30B3TbCSI .llJIB C03.ll8HHR npw6opa. 

IlpH COJLtaHHH npH6opa c OlXH03JICKTpOHHblM TYHHCnlof poB8HHCM 

Heo6XO.ll.HMO peWHTb .nae OCHOBHbie JaJiattH : 

- 8bl6paTb .llOCTilTO"iHO yCTOHllHBble aKTHBHble MOJie:r<yJibI KIIM 

KJI3CTepbl, o6nan;aJOlllHC CBOtiCTBaMH, 06ecnet1HB3JOIUHMH 

30 O.llH03JICKTpOHHbJH TpaHCllOJ>T 3JICKTpOHOB. 

- CcJ>opMHpoaaTb Ha· nol1.J(o}l(J(e ynopruJ.otieHHYJO CTJ>YKTYPY HJ 

TaKHX MOJICKYJI M KJiacrepoe. 
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Jib ecero MHOroo6pa3H.51 H3BCCTHbIX B HaCTO.HJ.Uee BpeM.R KJlaCTepoB 

HaMW 6bIJI BbI6paH Kap6opaHOBbdt KJiaCTep B OCHOBHOM H3 - Ja ero 

cni6H11bHOCTH. Kap6opaHOBbIR KJiaCTep HMeeT xapaKTepHLiil paJMep 

oKono 15 A, cne.noaaTeJJbHO noJl][o)l(J(a, Ha KOTopo~ OH 6yixCT- HBXOJIHTLC.H 

5 .D.OJDK.Ha HMCTb xapaKTepn:yIO HCPOBHOCTb IlOBCPXHOCTH MHoro MCHbWC 15 

A. Heo6xo;:uiMo, 11To6w KJ1acTep ycToA'IHBo JJ.Cp)l(aJIC.R Ha no.wio)l(Ke. 

KpoMe 3TOro, noJlJlO)l(Ka .noJUKHa 6htTb nposorunneit 3-rHM TPe6oeaHHRM 

y.noBIICTBOP.HIOT rIO.ll110)KK.H H3 BblCOKOOpMeHTHpoBaHHOro 

nHpoJIHTittiecKoro rpa$HTa. OHH HMeIOT l(OCTaTO'IHO 60J11:twyio 

l 0 npoeo.nHMOCTb K HMelOT xapaicrepHylO HeposHocT& noeepxHOCTH =:s 1 A 

(nep110.n rpaqmToso~ peweTKH - 2.46 A). 

llm1 H8.llC>K.Horo 38J<pCilJICHIUI MOJieJ<yJI Ha IlOllJIO)Kl(C 

HCnOJib30B8Jl8Cb TCXHOJIOrH.R JleHrMIOpa - Bno.ll)KeTT. fl.neHKH JleHrMIOpa 

- 5JIOJl)KCTI' - 3TO 0.llHO - - HJIH MHorocnoA:Hbte noKpbJTHSI Jil3 

15 aMctnupKJlbHblX ~OJICK)'Jl Ha TBCPJIOA nOJlJIO)J(Ke, noJiyqaJOUlHCCSI nyreM 

nepeHOCa OJlHOro CTJ)Oro MOHOMoneKyJUlpHoro CJIOSI Mo.nCKyJI 38 .npymM 

npH npoxo)l(.lleHHH IlO,lJ,JIO>K.XM CKB03b noKPLITYIO MOHOCJJOCM 

noeepxHOCTb BOJI.HOH cP83bl. 

CTJ)oeHHe MOJICKYJUIPHOro KOMilOHCHTil npw6opa 6b1Jlo 

20 CJIC.lzylOlltHM : Ha aroMapHO rna.llKYIO noaepXHOCTb nHponHTHtzecKoro 

rpacl>1-na MCTO.D.OM JIB 6bma HaHeceHa CMCWaHH8$1 nJlCHKa creapHHOBO~ 

KHc.HOTbl c BKJIIO\ICHHblMH B Hee Kap6opaHOBblMH KJJacrepaMH, B 

KOTopoit M8TpHua CTeapHHOBOH: KHCROT:LI cpHKCHpoBana MOJieicyJILI 

KJtacTepos Ha n0Mm1a~e. 

25 c TOt{Klf 3PCHJilSI HCilOJlb30B8HHSI 3cpcpeKTa KOppe.m1poBaHHoro 

TYHHeJIHpOBaHH~ 3RCKTpOHOB JlJIH IlOCTPOCHH~ CXCM HaH03JieJcrpoHHKH 

01.lCHb BIDK.eH Bonpoc 0 B03MO.>KHOCTH ynpaB.TteHHSI TYHHCJll>H'blM TOKOM B 

TaKoA .nayxnepexoJI.HOR crpyicrype c IlOMOIUblO HC3aBHCHMOro CHrHana . 

.lln.R pea;nuaUHH O.IJ.H03JlCKTpOHHOfO 1J>aH3HCTOpa 6blJIR Bbl6paHa 

30 cne.nyionr.aS1 cxeMa : KJJaCTep Ha noJLJio)Kl(e pacnonaraeTcR a6nH3li oT 

HJOJIHpoaaHttoro OT no)J)IO}Kl(lf ynpaemuowero 3JieKTpo.na, KOTOpbI~ 

noneBblM o6pa30M COJ,llaeT Ha KJJacrepe 3apRJJ.. llHCJICHHblC OUCHKH 

eJaHMHo:ti eMKOCTJit TaKoro 3neicrpo.na H 1<.11acrepa noKa3blBaJOT, ttTO 
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Heo6XOJlKMOC JUUi peaJIH38llHH "OllH03JieJcrpOHHOro Tp8H3HCTopa" 

JHallCHMe MOJKCT 6b1Tb JlOcnlrHyro, eCJIH paCCTOSIHHe Mexozy 3JICJcrpOJIOM 

H KJiaCTCpOM 6y.zxeT HC 6o.nee 100 HM. TipH 3TOM Ha 3JlCKTp0.ll .non)KHO 

IIO.ll8B8TbCSI HanpJJ}KCHHe nopH.ZI.J<a HeCKo.n&JCHX BOJibT. 

5 PeaJI&Ho TaKasr crpyicrypa npe.n;CTawu1eT co6oA .n;eyxcnoAHylO 

(llH3JICKTpKK - npoBOllHHK} CHCTCMY. TOHKHX IlOJlOCOK, HanblruICMYIO Ha 

DO.lUIOJKKY. B Ka'ICCTBC IlOJlJJO.xaGI HCilOJih30BaJIHCb IlO.lUIOJKKH HJ 

BblCOKOOpHeHmpoBaHHOro nHpOJIHTHllCCKOro rpaqnrra, rna.a;KOCTb 

nosepXHOCTH y KOTOporo Ha Macw1116ax nopsmKa COTHH HM paBHa 

IO pa3Mepy OJlHoA gqeAKH KpHcTanJia rpa<Pwra { 2.46 A ). B Ka1:1eCTse 

D.H3Jie1cr1>:1·iKa Bbl6paH AJ203, npoBOllHHKa - Au. 

CHcreMa TilKMX 3neicrpo.noB HJFOT&BnHBanac& c 11cnonb30BaHHCM 

MCTO.llOB COBpCMCHHOA HaHOJIHTorpa<)>HH. KoH<l>Hrypal.(H$1 3neKTpOJlOB 

Bbl6paHa B cl>opMe "rpe6eHI<H" HJ HecKonhKHX (nopsutKa coTHH) 

15 .lVIHHHblX, Y3KHX nonocoK. Paccro.AHHe Me)Klly nonocKaMH 110JIJKH0 6b1Tb 

.ll0CT3TO"IHO MaJlbIM, tIT06bl sepOSITHOCTb KJJacrepa OKa3aTbC.R B6JIH3H 

fiOJIOCKH 6buta BCJlHKa. c J1pyroa C'topoHbl, paCCTOJIHHC Me~y 

noJJOCK3MH .llOJIJKHO 6bITh .nocTilT011HO BeJIHKO (nopsuiKa HeCKOJlhJOIX 

coreH HM), tffo6bl Hrna CTM Morna cKaHMposaT.b nosepxHOCTb. B 

20 pe3yJibT8Te KOMnpoMHCCa MCJKJJ.Y 3THMH H PMOM TCXHOJIOOltlCCKHX 

ycJIOBH~ y.naJioch peanH30B&Tb paccTOJIHHe Me.>Klly coce.llHHMH 

3JICKTpo11aMH 1:::1 400 HM npH T3KOii )KC WHPHHe 3JICKTpO.lla. 

B npe.wiaraeMOM cnoco6e C03JlaHHSI OJIHOOJJeKTpoHHoro 

TYHHenbHoro npH6opa HCflOJI.b3YCTC.ff pa3pa60TaliHast TCXHononuI 

25 Hau;e:xrnoit ¢HKCaUHH KJiacrepoB H MOJieicyJJ Ha noaepXHOCTH 

TBCP.l10TCJlbHOi\ nO.Il)lO}l(KJil. Cyrb TCXHOnon111 COCTOHT BO BKJUO"ICHHM 

TYHHe.JlbHO-aKTHBHLtX KJiaCTepoa H MOJICKyJJ B MaTpHuy JJeHrMIOpOBCKOM 

rtJICHKH Ha OCHOBe aMcpH<l>H.11bHbIX ~W.CCTB (HanpHMep, creapHHOBOH 

KHCJIOTbl). npe,wraraeMa5I TCXHOJIOfHJI o6ecne'IJ.iBaeT IlOJlytlCHHC 

30 MOHOCJIO~Hoti CTpYKTYPbl K113CTepHbIX MOJICJCYJI. TexHOJIOrHSI OCHOBaHa 

Ha npose.ueHHbIX HCCJlCLT.OBaHHSIX Q>HJHKO-XHMH\fCCKHX CBOJ':iCTB 

MHOfOKOMflOHCHTHbIX JICHfMJOpoBCKHX nneHOK, COJlep.>KalUHX 

HaHottacTHUbI. MaTpHua nettrMIOpoecKoro MOHOCJIOH .H3 
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nOJIHMCpH30BaHHOro aM<l>H<l>HJibHOro semeCTBa H8.llCJICHO <l>HKCHpyCT 

aKTHBHl:dC KJlaCTCPLI H MOneIC)'Jibl, 'ITO HCKJllO'l8CT HX n.BH)KCHHe noJI 

neACTBHCM 3JICKTJ>H'ICCKOro IlOJl.SI aneicrpo.noe •• llJUI HaJlC.>KHOA <l>HKCaUHH 

aKTHBHl:dX KJlaCTepoe H MOJICK}'n HC06XOJ1HMO HX CMCWHBaTb c 

s aM<l>Hcl>HJlbHl:dMH BCW.CCTBaMH, HanpHMep, CTeapHHOBO.f.t KHCJIOTO.f.t B 

·T8KOA nponopUHH, lfT06bI Ka>K,D;hlA KJlacrep H MOJICK)'Jla 6bJJIH 

IlOJIHOCTblO OKp~CHl>l MOJICIC)'JIBMH CTC8pHHOBOit KHCJIOTLI. 

B HacToHmee BpeMSI npa.KTWlecKH C.llHHCTBeHHb!M MCTO.llOM. 

perncrpaUHH 9JICKTPHllCCKHX xapaKTCpHCTHK OJlHHOl!HblX CTpYK'J'YP CTOJlb 

IO Man&IX pa3MCpOB .SIBJUICTCst HCilOJib3088HHC MCTOJia CKaHHpYJOll.(eA 

TYHHCJlbHO:it MHl<pOCKOilKH H cneJcrpOCKOnHH, KOTOp&If:t no3BOJUICT Becnt 

Ha6JIIOllCHHC H HCCJIC.lI.OB8HHe 06'bCKTOB c aTOMapHbIM pa3pCWCHHCM • 

.U,JUI Jl.CMOHCTpaUHH B03MO)l{HOCTeR cPYHKUHOHHPOB8.HH.R 

38SIBJISICMOro TYHHenbHOro npH6opa HCilOJIL30BanC.SI MCTO.ll CKaHHPYJOIUCR 

15 TYHHe.n&Hoft MHKpocKonHH H cneicrpocKOilHH (CTC). McnoJIL30BaHHe 

TeXHHKH CKaHHpyiomero 'l)'HHeJlbHOro MHKPOCKona Il03BOJISICT H3MepSITb 

xapaicrepHCTHKH o.nH09neicrpOHHl:dX CHCTCM c npoH3BOnbHO ManbIMH 

(BrutOTh .ao aTOMHblX) pa3MepaMH. 

YC'rpOikTBo cKaHHPYJOWero ryHHenbHoro MHKpocKona (CTM) 

20 no3BOJUICT nonyqaTb TpCXMCpHyJO KapTHHY. oTpa)K8lOWYJO pen&e<t> 

noeepXHOCTH, a TaIOKe BKJ110qaTb B uenb Hrna noJIJio"'1<:a 

HHTepecyiomMe o6DeKTbI. 

,ll,m1 HJMepeHHA: Hcnonb3oeancS1 pe.xc.HM noCTo.st:HHoro TOKa. B 3TOM 

peJKHMe no.D,.llep}KHB8CTCJI IlOCT011HHhlR TYHHCJibHbIA TOK, a 

25 COOTBCTCTBYJOlUCC CMY noJIO.>ICCHHe HfJibl Han noBepXHOCTbJO 

no,Mep)lotBaCTCff M QJKKCHpyCTC.R c IlOMOIUbIO KOH'l)'pa o6paTHOH CB113H •. 

.llnst peaJIH3BUHH TYHHCJibHoro npH6opa 6b1JIH BbI6paHbl 

MeTannoco.u.ep)KalJ.U{e 1<ap6opaH0Bble KJJacTep1ii1, paJMepoM nop.RJJ,Ka 20 A. 

Hcnonb3oBaHHe KJJaCTepoB B KaqecTBe aKTHBHoro 3JleMeHTa noJsom1eT 

30 Ha6JIJOJlBTb B TilKOR CHCTCMC o.nH03JlCKTpOHHbie JIWieHH.ff npH 830THOA: ( 

i== 77 K) H KOMHaTHOH reMnepa1)'pe T :::$ 300 K ($Hr. 2.). 

TyHHe.nbHhlMH nepexo».aMH B peanHJosaHHOM o.u.Ho3JICKTJ>OHHOM 

TJ)aHJHCTope Ha ocHoae CTM HBJistJOTCH nepexo.nhr "Hrna - .Sl.llPO 
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KJJacTepa", H ".sutpo KJiacrepa - no.D.JloJK.Xa". 3apSl.ll. Q 0 , HaBe.LteHHblit Ha 

KJJaCTep noneBhIM o6paJoM npn no.naqe Hanp.R.>KeHHSI Ha ynpaBJJSIIOWH~ 

3JICKTpOJ1 3 (fl>Hr. 1.), MeHSleT YCJJOBHSI npOTeKaHHB TOICa no CHCTCMe H 

KrpaeT pollb ynpa.B.11CHH.R. 

5 KnaCTepbl II.I KJiaCTepHbie MOJICKYJILI OTJIHll2IOTCJI OT .u.pymx 

opraHH'ICCKHX H HeopraHHllCCKHX MOJICK}'JI TCM, 'ITO OHH COCTOJIT H3 

KOMTiaKTHOro TSDKe.noro HJij)8 c, ICaK npaBHJIO, 6JIH3KOA K c<t>epH11ecKoA: 

CHMMerpHeR, oxpy:>ICeHHOro JIHraH,llHOf;i OOOJIO'IKO:R H3 JierKHx aTOMOB 

KJtH npoCTeRwHx Monexyn. Oco6eHHOCTH 3JierrpoHHoro CTpoCHHSI 

IO KJiaCTepHbIX Moneicyn - HaJJH'IHC ryCToA ceTH 6nHJKO pacnono.>KeHHblX 

sepXHHX 38.IlOJJHCHHbIX MOJieicyJISIPHbJX op6HT8.1Ieit H COOTBCTCTBYJOlllKX 

HM HH}l(HHX BaKaHTHLIX MOJler<ynKpHbIX op6HTaJiei (H Te H .Ltpyrne xaK 

npaBHJIO CJJa6o CBSl3blBal01.llHC) o6yCJJOBJlHBaeT c OJ].HOA CTOpOHbl 

IlOSIBJlCHHe B KJiaCTepax MHO.>KCCTBCHHblX OlU{03JJCKTPOHH.bIX o6paTHMbJX 

15 nepexo.llOB "~ c .llpyroA CTOpOHbl, o6ecneiJH:eaCT .llOCTilTOllHYJO 

YCTOflltHfBOCTb ocrosa KJ18CTepHblX MOJJCI<yJI nocne .no6aBJICHMSl HJIH 

y.11aJ1eHHS1 3JietcrpoHa. 

HacroS11llee HJo6pereHHe npe.ZJ.JiaraeT Mcno.nb3oBaHHe B Ka'leCTse 

aKTHBHbIX 3JJCMCHTOB TYHHCJlbHOro npH6opa, cPOPMHPYJOlllHX B HCM 

20 T}'HHCJibHbie 6ap1>epb1 H MeJK6apbepHoe npoc'rpaHCTBo (06nacn1, r.lle 

JIOK8JIH3YJOTC.fl TYHHeJIHPYIOlllHe 3.11CKTpOHbI), COOTBeTCTBYK>WHX MOJleJcyn 

H KJJ~crepoB (B qaCTHOCTH, MOJICK}'.mlpHLIX MeTaJIJIOCO.llep)l{a.tUHX 

KJiacTepoB), HMCIOlllHX TPC6yeMLie xapaKTepH1>1e paaMepbl (MeHee 100 A) 

H o6ecne"IHBaIOlllHX npogBJJeHHe 3cPcl>ercra IcyJIOHOBCKOit 6JIOK3Jlbl 

25 TYHHCnHposaHHSI 3JICK'fPOHOB B ynop.R.llO'ICHHO'A CTpyicrype HJ TilKHX 

MOJlCicyJl H KIIaCTepOB {npH 3TOM He HaKJiaJJ.blBaIOTCSI KaKHe - Jnt6o 

onpe.lleneHHble orpaHeqeHHSI Ha CTPYJCTYPY 3HepreTw1ecxom cneKTpa 

3JICJ<TpOHOB Ha TaKHX MOJieicynax H KJiacTepax. 3TH aKTHBHbie MOJieJcyJibI 

H KJiaCTepbI {B tlaCTHOM cnyqae, H o.nHa MOJICK)'Jia), Ha KOTOPLJX 

30 noKaJIH3YJOTC.Sl TYHHeJIHPYK>lllHe 3JICicrpOH.bI, pacnoJio:>KeHbl 

COOTBeTCTBYIOlllHM ynop.R.U.O'leHHblM o6pa30M B npocrpaHCTBC Me)f(,l{}' 

MeTaJIJIH'ICCKHMH (HJJJ.f no.nynpoBO.llHHKOBbIMH) BXO.llHblMH, BbJXO.llHbIMH 

H ynpaBJUilOlll11MH 3JlCJcrpO.Q8MH (c.J:>Hr. I.). IlpH 3TOM TYHHCJJbHblR TOK 
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llPOTe:KaeT no BXOllHOMY 1 H BblXOllHOMY 2 3JleicrpOD.aM, a ynpaBIDIIOWHe 

3JieKTpOllbl 3 06ecne1rnBaJOT 3c:pq,e.KTHBHOe ynpaBJJeHHe T}'HHCJibHbJM 

TOKOM 3JICKTpOHOB (<l>Hr. 3.) npH MOHOTOHHOM H3MCHCHMH 

Hanp.RXeHH.R Ha ynpaBJUllOIUeM sneI<Tpo.ne 3 perHCTpHPYeTCJI 

5 HCMOHOTOHHOe, nepHO./lH'ICCKOe HJMCHCHHe T}'HHe.nbHOro TOKa. IlpH 

HCilOJib30BaHHH ll8HHOro npH6opa .llIDI C03.llaHH.R pa3JIHqHbIX ceHcopoB 

TYHHe.nbHbJR TOK H3MCHSICTCSI IlOJl D.Ci'1CTBHCM BHeWHHX B03.lleRCTBRH 

(3JTCK"TpOMarHHTHbie nom1, B3aHMOJICHCTBHe KOMnOHCHTOB BHClllHCH 

cpe.nbI c aKTHBHOR o6naCTblO npM6opa ( OlIH03JICKTpOHHbIMH 

JO l)'HHCJlbHblMM nepCXOll8MH). npoCTpaHCTBCHHWI ynOpSUlOlJCHHWI' 

CTa6HJIM3allHSI aKTHBHblX MonetcyJI, Ha KOTOpblX JlOKaJ1H3YlOTCSl 

TYHHCJJHPYIOWHe 3JJCKTpOHbI, 06ecne1n1BaeTCSI HX ynop.RlI.OtJCHHblM 

pacnoJIO)KCHMCM B MaTpHUe MHepTHOro Bell{eCTBa H1Ut XHMHlfCCKHMH 

CBSl3JIMl1 c KOMTIOHCHTaMH npH6opa. 

1 S · · 3asmm1eMbl~ cnoco6 peaJIH30BaJicst cne.nYK>lllHM o6pa30M : 

)].Jl.H noJiyqeHH.R MOHOMoneicyJUlpHoro CJIOSI 0,[J..HHO\IHblX KJiacrepos, 

cPHKCHpOBaHHbIX B HHCJ>THOi-t MOJICicyn.RpHoj;i: MaTpHue, 6b1Jla 

11cno.nbJOBaHa TexHoJiorHSI ReHrMiopa-BJioJOKerr. TexHonorHH 

JleHrMIOpa-6.noJJ)KeTI no3BOnJleT C03llaBarb Ha TIOBCpXHOCUI X<H.llKOit 

20 Q>a3bl MOHOMOJICKYJISIPHbie nneHKH onpeJleJieHHOro Knacca BCIUCCTB K 

JaTeM nepeHOCHTb HX Ha TBCPD.YIO no.anony. 

,lJ,JUI nonyqeHH.51 CMeWaHHblX JICHfMIOpOBCIOIX MOHOCJJOCB, 

co11ep:xcaw.Hx Kap6opaHOBbie KJiacrepLI H CTeapHHOBYJO KHCJIOTY. 6bIJIH 

npHfOTOBJICHbI paCTBOPbl KJiacTepa H CTeapHHOBOR KH~'IOTbI 

25 KOHIJ,CHTpaUHH J 0-3 M a re-rpanmpo$ypaHe. J13 3THX .nsyx pacraopos 

nplffOTOBJl.RJIHCb paCTBOpbI, COllep)K8lllHC CTeapHHOBYJO KMCJtcrry M 

Kap6opaHOBble I<JiacrepbI B c.neAYIOIUHX nponopuHsix : I : 32, 1 : 20, I : 

16, J : 12, I : 8, I : 4, I : l, 2 : I, 4 : J, 8 : 1, 12 : I, 16 : I, 20 : l, 32 : 1 

(COOTBCTCTBCHHO). )lnR cpopMHpOB8HHSI MOHOCJIOs:I Ha noaepXHOCTb 

30 BOD.HO~ cy6Q>a3bl (pH = 5.6) HaHOCHJICSJ pacTBOp CTeapHHOBOJi KHCJIOTbl 

H/HJUi Kap6opaHOBOf0 I<Jiacrepa B Te-rparHLT.po¢ypaHe KOHUCHTpamrn 

4* l Q-4 M (H3 pact1eTa Ha CYMM8pHoe KOJ1Hl·ICCTBO MOJICK}'JI CTeapHHOBOA 

. KHCJIOTbl H K11aCTepoB). t{epeJ 5 MJrnyr, Heo6xo.n.HMbIX JI.JUI HcnapeHHSI 
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paCTBOPHTCJIH, lJ)lS! IlOJiytlCHHSI P-A-H30TCPM MOHOCJIOH IlOJJ)IGtMancg co 

CKOpOCTblO 3 A 2 I MOneKyJiy B MHHyry. nepeJI nepeHCCCHHCM MOHOCJlO.R 

c noaepXHOCTH BO.Ubl Ha rpatj>HTOBYJO flOllJlOJKKy MOHOCJIOR IlO.ll>KHMaJICR 

no.llBH.>KHbIM 6apLepoM .JlO .JXaBJteHHJI 25 MH / CM H nepeHOCHJIC.A Ha 

5 nosepXHOCTb CBC)f(CilPHTOTOBJICHHOro CKOJia rpa<l>HTa co CKOpOCTblO 0.5 

MM I MHHyry MCTO,lJ,OM We<Pcl>epa. noaepxHOCTHOe .naBJICHHC 25 MH/M 

no.nnep.xornaJIOCb nOCTO.SIHHbIM npM nepeHCCCHHH MOHOCJIO.SI Ha 

flOll.TIO.>KJCY. .LlJIH nonyqeHHH MOHOc.nOH, OpHCHTMpoaaHHOro 

fH.llpoQ>o6HblMH XBOCTaMK H8p}')KY, OOllJJO)l(Ka norpy)KaJI8Cb B Bony no 

10 HaHCCCHHSI Ha nouepXHOCTb BO.llbl MOHOCJlOSI. flpouecc HaHCCCHHH 

MOHOCJ[OSI, opHeHTHpOBBHHOfO rH.llPOcPHJibH.bIMH <PparMeHTaMH Hap~y. 

npoxo.nHJI no .JXpyroA cxeMe. nocne noJIHoro norpyxeHHH rro.ll11o:>KKH e 

BO.llY MOHOCJIOt-i MaKCHManbHO IlO.lOf(HMaJICSJ .D.O KOJinarrca c 

IlOCJIClJ.YlOlUHM OTC8C.bIBaHHCM MOHOCJIO.SI BOlUIHbIM HaCOCOM H 

15 yseJUl'leHHeM nnoma.n.H saHHbI .110 MaKCHMaJibHoil, nocne qero nolUlo.>KKa 

H3BJICKaJiaCb H3 BOB.bl. 

)J.JJ.H BbU:lCHCHHH B03MO:>KHOCTCA }I oco6eHHOCTeA BCTpaJ.1BaHH.ff 

Kap6opaHOBblX KJiaCTepoB B JlCHfMIOpoBCKHR MOHocnoR creapHHOBOH 

KHCllOTbl HaMH HCCJIC.llOB8JIHCb HJOTCpMbl C.>KaTIUI CMCWaHHblX 

20 MOHoc.noeB CTeapHHOBaSI KKcnoni + Kap6opaHOBbIC KJlaCTCpbl Ha 

noeepXHOCTM .llCHOHH3HpOBaHHOA 80.D,bl (pH 5,6). 

Kap6opaHOBLie KJiaCTepLI 6e3 .ll05aWieHHSI K HMM MOJJCKYJI 

CTeapHHOBO~ KHCJJOTbl He o6p83YJOT CTa6HJibHbIX JICHrMIOpOBCKHX 

MOHocnoes Ha nosepxHOCTH BO.llbl : noeepxHOCTHoe .JXaBJieHHe He 

25 no.nHMMaeTC.SI Bblwe 3 MH/M npw nonxaTHH Kap6opaHosoro 

"MOHOCJ10.H". IlpH .no6aBJICHHH }KC K Kap6opaHOBblM KJiacTepaM MOJieKYJI 

cTeapHHOBO~ KHcnoTbI (cooTHOWCHHe k = CTeapHHOBasl KHcnoTa / 

KJiacTep B npene~ax 

0,6 < k < 12) nonyqaJOTC.R CTa6HJibHbie aM<l>H<l>HRbHbie MOHOCJIOH c 

30 SlpKOBbipa)KCHHbIMH KoonepaTHBHbIMH CBOHCTB8MH 

nosepXHOCTHoro .naBJJCHHH Pmax B KoJIJJance 70 MH/M, B TO BpeMR xax 

p max l1JUI CTeapHHOBOJ":t KHCJJOTbl K Kap6opaHOBbIX KJiacTepoa' no 

OTllCJlbHOCTH paBHO 55 MH /M H 3 MH/M, COOTBCTCTBCHHO. 
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HTaK, 6hIJIH nonyqeHbI cni6HJ1bHb1e cMewaHHble neHrMIOposcKHe 

MOHOCJJ011 Jlptco BblpIDKeHHOro KoonepaTHBHOro xapaicrepa nyreM 

BKJIIO'ICHIUI HeaM<PH4>HJibHblX MOJiexyJI - Kap6opaHOBblX KJiaCTepoe - B 

KJiaCCHt{CCKHC JJCHfMJOPOBCKHC MOHOc.ROH creapHHOBOit KHCJIOTbI. 

5 IlpH 3TOM caMH aKTHBHbIC MOJICICyJlbI H KJiaCTepbl Moryr H HC 

o6pa30BblB8Tb J15 flJICHKH. no3TOMY . HCnOJib30BaJIHCb CMCWaHHblC 

JI 5 nneHKH xopowo H3}"1CHHblX H yn.o6HblX .111IR H8HCCCHHSI >IGlpHbIX 

KHc.ROT c BCTpOCHHblMH B HHX KJiaCTepHblMH MOJICKYJiaMH. 3To 

Il03BOJIHJIO paJ.lleJIHTb H peWfilTb npo6JieMy BbI6opa BHJJ.a KJJaCTepoe lUISI 

10 ueneH OllH03JlCKTpOHHKH 11 npo6.neMy 38KpenJieHHSI Bb16paHHbJX 

KJ1acTepos Ha noJJ)IO)f{Ke. B .naHHOM c.nyqae HOBblM RBJUICTCJI 

npHrOTOBJlCHHe CMewaHHOH nJlCHKH .>KHPHOii KHCJIOTLI H KJiacTepos Ha 

noeepXHOCTH BO.llbl c noCJIC.llYIOll(HM nepeHOCOM Ha IlO.lJ)lO.>K.Ky. IlpK 

onpe.11.CJICHHO:A KOHUCHTp8UHH KJiaCTepHblX MOJICicyJI B JIB ruICHKe OHH 

15 . o6pa3YJOT co6CTBCHHYJO ynopsmo11eHHYIO CTJ>YKTYPY· 

npH H3MepeHHH BAX H cneicrpa (aHaJIOTOBaH npOH3BO.D.Hasl BAX 

no Hanp.SDK.CHHJO) MOHOMOJICK)'JIHpHoro c.noH creapHHOBOf;\ KHCJIOTbl c 

BKJIJO'lfeHHbIMH B Hero KJiaCTepaMH c noMOWbJO CTM np:1i1 TeMnepaTYPe 

300 K o6HapyxeHbt oco6eHHOCTH Ha BAX, KOTOpble cornacy10TCJI c 

20 BblBO.llaMH cymeCTByJOmeit TeopHH 0.llH03neKTpOHHOro T}'HHeJIHpOBaHH.sl. 

TeM caMblM noJiyqeHo 3Kcnep.HMCHTaJI&Hoe CBHlleTenLcmo ycTOHl!HBOH, 

socnpoH3BOD.HMOR peaJIH3aUHH OLlH03JJCK'TpOHHOro pe)KHMa 

TYHHeJ!HPOB8HHSI npH KOMHaTHoi:t TCMnepazype B HCicyCCTBCHHO 

C03.ll8HHO.A CTa6HJlbHOA MOJICICyJISlpHoiit CTpyicrype. 

25 l13MepeHHSI, npoae,lleHHbJC npH KOMHaTHOf:t TeMnepaT}'Pe 

noKa.38JUi, 'ITO TOK qepe3 H3}'\{8CMYJO Tp8H3HCTOPHYIO MOJieKymlpHYJO 

TYHHeJibHYIO C'fPYKTYPY ".1u11a CTM - KJiaCTep - no.llllo>K.Ka" B 

Q:>HKCHpOB8HHO~ pa6oqeJ1 TO'IKC HCMOHOTOHHO, 6onee Toro 

nepHOllJ.iliCCKH, 38BHCHT OT MOHOTOHHOfO H3MCHCHHSI Hanp.si.>KeHHR Ha 

30 ynpaBm110weM 3JieKTpoJle. TaKHM o6pa3oM, 3apentCTPHPOBatto 

COOTBeTCTBHC 3KCnepHMCHT3JlbHOit 38BHCHMOCTH TYHHCJibHOfO TOKa OT 

HanpSl)l{CHHSI ynpaBJieHHH, T.C. 

MoneKymi:pHoro Ol1H03JICKTpOHHOro 

CHMl3JlbHOi1 

TpaH3HCTOpa 

xapaicrepHCTHKH 

TeopeTHlJCCKoj:i 
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3asHcHMOCTH, noJiyqeHHo:A Ha 6aJe TeopHH O.llH03Jie:rcrp<>HHKH KIDK.llbJA 

nepHO.ll Ha CJ.ffHaJlbHOH xapaicrepHCTHKC o6'bSICH.RCTC.R B COOTBCTCTBMH c 

"op'l'O.D.OKCMbHOR" TCOpHeH OJlH03neKTPOHHKH H3MeHeHHeM 3ap.R.na 

KJJaCTepa Ha O.llHH 3JICKTpOH. 

5 CHMMCTPH'IHOCTb CHrHanbHOA xapaKTCPHCTHKH c O.llHO:iil CTOpoHbI, 

H Hanwrne czyneHeK Ha BAX c JJ.pyroit o61>HCH.RCTCJI TeM, llTO B 

.llByxrrepexo.nHo'H cHCTeMe "Hrna CTM - KJiacrep - noJl]IO)KKa" nepexoJI&I 

"Hrna CTM KJJaCTep" H "KJiacTep nollJlO)KKB" HMeIOT 

npH6JtH3HTCJlbHO O.lU'IHaKOBbJC eMKOCTH, HO cymecTBCHHO p3.3Hble 

10 conpontsJICHH.B. 

B cnoco6e C03JJ.aHH.R 'l)'HHCJibHoro np.H6opa s CH.CTeMe IIJiaHapHbIX 

MCTaJIJIH\ICCKHX (HJIH nonynpOBOD.HHKOBblX) 3JICKTpOJlOB Ha IlOD.JlO}Kl{C 

cpopMHPYeTCSI ynopruto'leHHa.R MOJICf<YJUlpHa.ff CTpYKTYPa nyreM 

QlHKCaUHH aKTHBHbIX Mone:rcyJI H KJJaCTepOB, o6ecne'IHBalOIUHX 

15 cpopMHpOB3HHe T}'HHeJibHblX nepeXOll,OB H Ol1H03JieicrpoHHOC 

Koppe.nHpoBaHHOe TYHHCJIHPOBaHHC 3neKTpOHOB B npM6ope, a He npoCTO 

MOHOcnof;l HHCPTHhIX MOneKyJJ, ¢opMHPYJOWH~ .lJ.H3JieKTpff11CC.KYK> 

npoCJIO~Ky - T}'HHeJibHbI~ 6apbep. 

CoOTBCTCTBeHHO, B c.nyqae $HKCaUHH TciKHX MOJICKYJI H KJiacrepoB 

20 c IlOMOJ.UbJO HlBCCTiiOA JICHrMJOpOBCKO:ili TCXHOJIOrlUf Ha noeepXHOCTH 

BO.llbl co311aioT MYJibTHKOMilOHCHTHblj;i CMenraHHblit MOHOMOJICKYJI.SlpHhlii 

c.noA, o6pa3oBaHHbl.A HHepTHblMH 3McPH<l>HJlbHblMH MOJieK}'JiaMH H 

aJCrnBHblMH MOJICK}'J18MH H .KJiaCTepaMH, o6paJyx>IUHMH 

Oll,H03JieKTPOHHble TYHHCJlbHbIC nepexo.nLI, nocne 11ero nepeHOC.RT 

25 ccpopMHPOBaHHblit MYJlbTHKOMilOHCHTHbJR MOHOMOJteICyJIHpHbl:A cnof! c 

nosepXHOCTH BO.Jl.bl Ha nosepxHOCTb ccpopMHpOBaHHO:A flOJJ)IO)l(]Of. 

B CJiyqae HCilOJlb30BaHMR D.11.ff cpopMHpOB3HHSI CHCTCMbl 

0.llH03neKTpOHHblX TYHHCJlbHbIX nepeXOJJ,08 MCTO.JJ.a XHMHtteCKOH 

a.a.cop6u1111i1 MOJlcKYJI Ha nosepXHOCTb IlOlIJIO)l(](H, aKTHBHbie MOJICKYJibI H 

30 KJiaCTepbI ll,OJDKHbl co.n.ep)l{aTb COOTBeTCTBYIOlllHC XHMl.1llCCKHC rpynnhl, 

o6ecnetrnBaIOUIHe HX CBHJblBaHHC c nosepXHOCTbIO IlOllJIO)Kl(:H . .Uanee 

npoBO.llMTC.R XHMHqecKaR peaKUHSI CBH3b1BaHH.R COOTBCTCTBYIOLUKX 

MOJICJCYJJ M KJtacTepoB c no.D.110.>KI<oti. Bo3MO)J(}{O TaIOK.e eCTpaH:eaHHe 



W097/36333 PCT/RU97/00082 

20 

aKTHBHblX MOJICICyJI H KJIBCTCPOB B }'}Ke CcPoPMHPOBaHHbl'R 

MOnCK}'JI51pHbIA CJIOR HHepTHblX MOJICicyJI. 

nocne cpopMHpoBaHJ.UI MOHO- HJIH MYJlbTHCJIOHHbIX MOJieK}'JI.RpHbIX 

CTpyicryp c flOMOWbJO MCTOD.a JleHrMIOpa-BnoJDKen HJIH MeTO.ll.8 

5 XHMH'ICCKO:A a.ncop6u1rn npoBO,llSIT Il0J1HMCPH38UHIO IlOJI)"ICHHbIX 

MMCKYJJSlpHblX CTPYKTYP c UCJibJO CYWCCTBCHHOro nOBblWCHJUl HX 

CTa6HJ1bHOCTH H ycToAqHBOCTH K BHCWHHM Bo3.11ejtCTBH.SIM. 

11cnOJlb30B8HHC B 

ynopSlllO'ICHHYJO MOJICKYJIHPHYIO 

MOJICICyJI, 

CTJ>YKTYPY 

o6pa3YIOWHX 

nosepXHOCTH 

10 TBCPllOTCJlbHOj;{ no.lI)lOX(J(H B CHCTeMe nJiaHapH.blX 3JICKTp0.llOB, aKTHBHblX 

MOJICKYJJ H KJiaCTepoB, cl>opMMPYIOlllHX 0.ll.H03JICKTpOHHbie TyHHCJibHbIC 

nepeXOllbl, noJBOJUICT o6ecne"IHTb HOBOe DOJIC3HOC CBOi:iCTBO 

HJroTawnrnaeMoro npH6opa - ero cpyHKUHOHHpOBaHHC Ha OCHOBe 

OllH03JlCKTpOHHOro Koppe.n:HpoeaHHOro TYHHe.m1poeaHHH 3JICKTpOHOB. 

15 DpeHMYWCCTBaMH npeJJJJaraeMoro T}'HHenbHoro npH6opa siwurCTcH 

CJICJlyIOIUee : a:KTHBHblC 3JICMCHTbl npe,n.naraeMoro H8MH npH6opa 

(MOJICICyJibl H KJiaCTepbl) HMCJOT C'fPOro 4>HKCHpOBaHHLie H O.llHH8KOBbIC 

C'fpOCHHe (aToMapHblf;\ COCTiiB}, CTJ>~Y H, COOTBCTCTBeHHO, palMCpbl. 

3THM 06ecne11HBaeTC.A O,lUIH8KOBOCTb aKTHBHLIX 31ICMCHTOB npH6opoa H, 

20 COOTBeTCTBCHHO, aocnpoH3BO.llHMOCTb HX 4>YHKUHOHaJibHblX napaMeTJ>OB 

H OJUIHaKOBOCTb OTKJIHKa Ha onpel{eJieHHOe BOJ.u;eACTBHe. 

IlpOMbIWJICHHaJI npHMCHHMOCT:b 

Tipell.1IaraeMblA TYHHeJJbHblR npH6op 06ecne1nnmeT cOJJ18HHe 

25 UHcppOBbIX H aHaJIOroBblX ycrpoi.tCTB, OCHOBaHHblX KaK Ha Tp8.ll.HUHOHHblX 

np!iiHUJ.max noc-rpoeHHSI cxeM, TaK H Ha COBCplllCHHO HOBblX npHHUJ.max 

KO.nHpOB8HH.ff HHcPOPM8UHH, r11e HOCHTeJieM HH<j}opMalUIH HBJI.RJOTC.R 

OTJleJlbHble 3JieK.1pOHbl. 

AKTHBHblC 3JICMeHTbl npH6opa (aKTHBHbIC MOJICK}'Jlbl H KJI3CTepbl) 

30 xapaKTepHlYJOTCSl t1peJBh11-1a:A:Ho MaJiblMH paJMepaMH (ttanpHMep, ::: 20 A 

lIJl.A MoneKYJlbJ Kap6opattoeoro KJiacTepa), 'ITO o6ecnei:nrnaeT 

B03MO)l{HOCTH cymeCTBCHHOH MHHHaTIOpH3aUHH C03.ZlaBaCMbIX c HX 

HCilOJibJOBaHHeM 0.llH03JTeKTpOHHbIX ycTpOiiCTB. 
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linaro.nap.R HCilOJiblOBBHHIO B Ka"ICCTBe aKTHBHblX 3JieMCHTOB 

npH6opa MOJICJcyJI H KJIBCTepoB, 06J18,lla10ll(HX HBHOMCTpOBblMH 

pa3MepaMH, xapaicrepHble pa3Mepbl aKTHBHblX o6naCTeR np116opa 

(OJJ.H03JICKTJ>OHHhIX 'f'YHHen]>HblX nepeXOJlOB) CTaHOB.JITC.R .ll0CTa1'.011HO 

5 MaJibI D.Jl.R roro, 11ro6h1 06ecne11HTb ynpaBii.seMoe onHo3neKTpOHHoe 

KOppe.nHpoaaHHOe T}'HHem.fpOBBHHe npH QTHOCMTeJibHO BWCOJCHX 

(KOMHBTH&JX) TeMnepamax a TaJOKe 003BOJUUOT peaJUf30BaTb npH 3THX 

TCMnepaTypax 'lpe3Bhlll8RHO BblCOJCYIO tJYBCTBHTeJibHOCTb K H3MCHCHHHM 

38psw.a Ha aKTKBHbIX 311eMeHTax npn6opa ( - I o-s e/fu 1/2 ). 

10 B OTJIH'Ute OT K3BCCTHoro TyHHeJlhHoro npH6opa, 

<l>YHKUMOHHpy10wero Ha OCHOBe peJOHaHcHoro TYHHem1pOB8HH.SI, B 

OCHOBe cpyHKUHOHHpoBaHHH npeJ1J1araeMoro TYHHCJlbHOfO npH6opa 

JIC)JC.HT He pe30HBHCHOe TYHHenHpoeattHe MC)f(J(Y KBBHTOBO­

MCX8HH'llCCKHMH .RMBMH c .ztHCKPeTHbIMH 3HepreTH'ICCKHMH YPOBHSIMH, a 

15 ynpaBJI.ReMoe o~H03JJeKTpoHHoe KoppenHpoBaHHoe TYHHe.nHpOBaHHe 

3JlCKTpOHOB B CHCTeMe MOJICJCYJI HJUl KJiacTepoB c npoH3BOJlbHhlM 

3HeprerH't:leCKHM CilCicrpOM 3JietcrpOHOB. Ilo3TOMY, B npeMaraeMOM 

H8MH npH6ope He HaJCJIB.nblBaJOTCJI KaKHC - JIH6o orrpe.a.e.neHHblC 

orpaHH"leHH.R Ha CTPYKTYPY 3HepreTHttecKoro cneKTpa 3JICKTpOHOB B 

20 MoneicyJiax H JCJiaCTepax, cpopMHPYIOlllHX B HeM O.llH03JICicrpOHHLie 

TYHHen&Hbie nepexo~bI. 6blcrpo~e~CTBMe npe.llJlaraeMoro npH6opa He 

Xy)l(e, qeM y npoTOTHila - np116opa Ha 3<i><t>CKTe pe30H8HCHOro 

TYHHCnHposaHHSl. 3HeproBhUJ.eJteHHe B npoQecce 3JICKTpOHHoro 

TyHHCJJHpoBaHHSI B npM6ope HHXC, \ICM B H3BCCTHblX T)'HHeJibHbIX 

2.5 npH6opax. B npe.LUJaraeMoM HaMH npH6ope pernCTpHpyeTcH 

Henocpe.QCTBCHHO TYHHCJibHbIA TOK (B OTJUl'IHC OT npcrronma, f.llC HCT 

np.HMO~ CBSIJM T}'HHeJibHblX rrpoueccoB H HJMep.ReMoro TOKa B BbIXO.llHOM 

3JICicrpOD.e). 

B KaqeCTBe aKTHBHLIX 3JleMeHToB npeJJ,JlaraeMoro HRMH np1i16opa 

30 JllCilOJlb3)'lOTCSI MOJICK)'Jlbl l1.JIH KJiacrepbl (B TOM 'lHCJIC 

MCTaJIJJOCo.n;ep)K.3llllife), a He OCTPOBKH noJiynpOBOJJ;HHKa, KaI< B 

npoTornne. 



·. 

W097/36333 PCT/RU97/00082 

22 

TYHHenbHbJR npK6op cl>YHKUHOHHpyeT Ha ocHoBe ynpaBJUleMoro 

OJlH03JICKTpOHHOTO KOppCJ1HpoaaHHoro TYHHeJIHposaHHSI 3JieKTpOHOB • 

.slBJICHHC OllH03JICKTpOHHOro KOppCJ1HpOBaHHoro TYHHCJIHPOB8HHSI 

3JIC:KTpOHOB 6&1JIO TCOpCTH'iCCKH npe.acK838HO H onHCSHO, a 38TCM H 

5 3KcnepHMCHTanbHO npo.aeMOHCTpHpoeaHo. Bo3MO.xcHOCTb peaJIH3aUHH 

ynpaBJieHHJI TaKHM T)'HHeJlbHblM TOKOM OTKPbIBaCT B03MO)f{HOCTH 

IlOCTJ>OCHHSI 3JICKTpOHHblX CXCM Ha OCHOBC 

O.llH03JICKTpOHHblX 'fYHHCJlbHblX nepexoJJ.OB H, TaKHM o6pa30M, C03llaHHSI 

OllH03JICKTpOHHbIX aHaJioroBblX H u11Q>poBblX ycrpoACTB. COO.llaHMe TilKHX 

10 ycTpO~CTB SIBJUICTCSI BCCbMa nepcneKTHBHblM H BWKHbIM lVIH pa3BHTHJI 

MHKP03JICKTpOHHOR: TeXHHKH, nocKOJihK}' B TaKHX ycTpoRCTBax 

peaJIH3YCTCSI. HOBblti npHHUMTI KOJJ.HPOBaHHH HHqmpMaUHH - HOCHTCJICM 

HHcl>opMaUHH HBIUIIOTCH OT.llCJlbHble 3JICKTpOHbl. TaKHe ycrpoACTea 

xapaKTep113yIOTcS1 .noBOJibHO 6oJibWHM 6blcrpoJJ.eAcTBHeM. TeopeTHqecKHe 

15 OUCHKH, COOTBCTCTBYJOlUHC pa3MCPH&JM napaMerpaM npeJJ.J1araeMoro 

npH6opa, JJ.810T BCJIWIHHY 3•10-14 CCK, a TaIOICe BCJIH11HHY 

3HeprOBblD.eneHHJI B npouecce OJJ.H03JICKTPOHHoro nepettoca - 10·24 .fut<. 

0CHOBHblC npHHUHilbl noCTpoeHHH CXCM BHaJIOroBhIX H UHcppoBbIX 

ycTpO~CTB Ha OCHOBC ynpaBJUJeMoro OD.H03JICKTPOHHOro yYHHCJlHpOBaHHJI 

20 e ttacrosi:wee speM~ paJpa6araH&I Teopen11.1ecKH, OD.HaKo npaKTwiecKH 

COJD,aeaeMble B paMKaX TPaD.HUHOHHOR TBepn,areJibHOR nJiaHapHoA 

TCXHOJIOrMH O.llH03JICJcrpOHHble ycrpoRCTBa pea.n:HJOBaHbJ JlHWb npH 

CBepXH.H3KHX TeMneparypax < K. HJ TeopHH CJieJlYeT, tITo MH Toro, 

ttT06bl OJJ.H03JICKTpOHHOe yCTpoRcTBo <l>YHKUHOHHpoBaJio npH 

25 KOMHaTHblX TeMnepa'J'YPax, HC06XO.llHMO yMCHbWHTI> xapatcrepHblC 

paJMepbl ero aKTHBHblX o6nacre~ ( O.llH03JICKTpOHHOro TYHHCJibHOfO 

nepexo.lla) HJUKe 100 A. J13eeCTHhle TBepn.oTeJibHble 

MHKp03JICKTPOHHble TCXHOJIOrHH B HaCTOSUUee BPCMSI (H, BOJMO)KHO, B 

o6oJpHMOM 6y.zzymeM) He B COCTOHHHH eocnpOHJBO.llHMO peanHJOB8Th 

30 TaKHe YCTPoAcTea. 

Cnoco6 HJroToBJieHH.ff TYHHCJibHbIX npH6opoa, HMCIOlUHX paJMep 

aKTHBHOH o6JtaCTH Mettee 100 HM, IlOJJO)KH.11 HaqaJIO C03Jl8HHIO npH6opoB 

HOBoro KJiacca - KJ1acca HaH03JleKTpOHHKH. 
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PeaJu13yeMbIA B T}'HHCJibHOM npH6ope 3<l><l>eicr JIHcicpeTHoro 

TYHHe.n:HpOBaHH.st Oll.HHOtlHLIX HOCHTe.neA TOKa CKB03L TYHHCnbHblC 

6apLepbl npH KOMHaTHOA: TCMnepa'l)'pe MO>KCT 6LITb HCil01Ib30BaH KaK B 

OJIH03JieKTJ>OHHOM TpBH3HCTOpe, TaK H HCil01Ib3088H JlJUI nocTpOCHKSI 

5 OJIH03JICKTpOHHbIX JIOrJiltfCCKHX CXCM, B KOTOpblX norw1ecKHC "1" H "O" 
OTO)l(JICCTBJUllOTCH c OTCYTCTBHCM HJlH npHCYTCTBHCM 0.llHOro 3neKTpOHa. 

3cpcpeKT .llHCKpCTHoro OJI.H03JJeKTpOHHoro 'l)'HHe.m1poBaHHH, 

peaJIH3YCMbl~ B TYHHCJlbHbIX npH6opax, H3roTBBJIHBaCMLlX 3BJIBJUICMLIM 

cnoco6oM noJeom1eT C03.ll.8Tb uenLI:ei PSl.ll BHaJIOfOBLIX H UHcppOBLIX 

I 0 yC'rpOHCTB p83HO~ CTeneHM HHTCfPBllMH . c OlJeHb BhlCOKHMH 

xapaKTepHCTHKBMH. 

Oco6eHHO 6oJILWHe . nepcneKTHBLI OTKpblBaJOTc.st B o6naCTH 

C031J.3HH.st ceepx-liHC, flJ.C 3TH ycTpoACTBa Moryr o6ecne'lHB8Tb 

CO'lCTaHJ.t:e HCKJll01UITCJibHO Manora pacceSIHHSI 3Hepnrn: H OlJCHb Martoro 

15 pa3Mepa C8MHX 3JJCMCHTOB . npH BbICOKOM 6bICTpOJI.eiiCTBHH, a TaIOKe B 

o6naCTH C031J.8HH.SI HOBLIX BbICOKOllyeCTBHTCJibHbJX CCHCOPOB. 
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fl>OPMYJIA H30BPETEHH.H 

n. 1. TyHHenbHbIA npH6op, co.nep.>IGUUHK Bxo.a.Hoj;i, BblXO.llHOH H 

ynpaBJUllOlUHH 3neKTJ>O.ZU,l, pa3,aeJJeHHhle TyHHeJJbHblMH 6apbepaMH, 

OTJrn11a10m1d~cS1 TeM, 'ITO a Hero seen;eHhl N ynpasns110wHx sneicrpo.nos, 

l)'HHCnbHblC 6apbepbI H Mex6apbepHoe npocrpaHqBO B HCM BblilOJIHCHbl 

5 B BHJlC ynopruxo'leHHOA CTp)'KTYpbl H3 MOJICKYJI H KJiacTepoB, 

<l>opMMPYIOlllHX TyHHCJILHblC nepeXOJlbI, o6ecneirn.saJO.lllHC 

O.llH03JICKTpOHHOC Koppe.nHpOBaHHOC TyHHeJIHpOBaH.He 3JICicrpOHOB B 

np116ope, npK'lCM Ka)J(JlbI°it ynpaBJISJJOIUidt 3neicrpo.n pacnoJio)f{eH s 
o6nacm ynop.ruI.otJeHHOH CTPYJCTYPhl M3 MonetcyJI H KJiacTepoe. 

10 n. 2. TyHHCJlbHblfr npa6op no n. I. OTJIJ.lti810WHHCSI TCM, 'l{TO 

BXO.llHOA, BblXO.U.HOit M ynpaBJUilOWHH 3.11CKTPO.U.bl pacnoJJO.>KCHbl Ha 

nosepXHOCTH TBep.nore.n1>Hoii no.a.no.>KKH. 

n. 3. TYHHCJlbHbI:R npH6op no n. l, OTJIHqaiomHitCSI TeM, "ITO 

exonHoit H K ynpaWI.SIIOIUHX 3JJeKTpon.oe, r.ne K < N, pacnoJioX:eHbl Ha 

15 nosepxHoCTH TBCP.llOTCJlbHOH ITOl1JIO)KKH, a N - K ynpas.mnomHx 

3JICKTPOllOB H BbIXO.D.HOH 3JICl<Tp0Jl pacnoJIO)KCHbl B o6nacrH 

ynopJmotJeHHof.i CTPYKTYPhI HJ MOJieKyJI H KJJacTepoB BHe noeepxttocm 

TBepllOTenbHOH fiOJl]IO:>KKH. 

n. 4. TyHHeJibHblff npM6op no n. 1,2 OTJUf4aJOWHffcR TeM, 'liTo 

20 no.MO}l{Ka BblnOJIHeHa HJ rpaqntTa. 

n. 5. TyHHeJJbHblA npH6op no nymcry 1,2, oTJIH1·1a10wHH:csr TeM, 

qTo BXO.llHOA. BbIXOllHOR H ynpaBmlIOlUH:A 3JICKTPOlJ.bI HJroTaBJIHBaJOT HJ 

JOJIOTil 

n. 6. Cnoco6 HJroTOBJieHHSI TYHHCJI&Horo npH6opa. 

25 JaKJ1101.1aJOUI.Hf;tc.s:1 B ¢opMHpOB8HHH Ha noaepXHOCTH aTOMapHo rJia.tlKOA 

TBep.llOTeJibHO:H TIOMO:>KKH BXO.llHOfO, BbIXOJlHOfO H ynpaBJUIJOlUero 

3JICK.Tpoll0B c noc.ne.zxYIOlllHM <PopMHpOB8HHCM MOHOMOJICK}'JI.SlpHOH HJIH 

MYJibTH-MOHOMOJleJcyJIHPHOl1 TIJICHKH, OTJIHqaIOlUHRCSI TCM, 'llTO 

MOHOMOJICK}'JISIPHYIO HJIH MynbTH-MOHOMOJICJcyJISIPHYK> nneHicy 

30 HJfOTaWIHBaJOT B BHJle HHCpTHOH JlH3JICKTpHtiCCKOH MOJ1CJcyJISIPHOH 

M8TJ'HUbl c Q:lHKCHpoBaHO BCTJ)OCHHblMH B HCC aKTHBHblMH MOJICK}'JiaMH 

11111111111111 11111 1111111 1111 
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H 101ac-repaMH. SIBJlSUOUlHMHCSI ueHTpaMH no1<amt3aUHH lj'HHCJIHPYJOLUHX 

3.JICKTpOHOB H <i><>PMHPYIOlllHX OllH03neI<TpOHHblC TYHHCJlbHble nepeXO.llbl, 

npH 3TOM Ha IlOBCpXHOCTK aTOMapHO rna.nKoA: TBep.n;OreJlbHOA fiOAIIO}l{KH 

.nononHHTeJibHO cpopMHPYlOT N-1 ynpaBJunomHx 3neicrpO.llOB. 

5 n. 7. Cnoco6 H3rOToBJteHMSI TYHHe.JlbHoro npH6opa no n. 6 ~ 

OTJlHqa1011u1i-lcst TCM, 'ITO HHCpTHYIO JlH3JlCKTJ)Hqec1cy10 MOJICKyJI.HPHYIO 

MaTpHuy c BCTpOCHHblMM B HCC aKTHBHblMH MOJICicyJlaMH H I<JlaCTepaMH 

cpopMHPYIOT cnoco6oM neHrM10pa-6no10Ken. 

n. 8. Cnoco6 HJroroBJieHKst ryHHeJtbHoro npH6opa no n.n. 6, 7, 

10 OTJIH\13101UHMC.H TCM, lITO .IJ.JlSI $opMHPOBaHIUI HHCPTH011: 

JlH3neicrpw-1ecKol1: MoneKyJIHpHoR MaTpJUtbI HcnOJtb3YIOT MoJieK}'JibI, 

con.ep>KawMe nom~MepiuyeMbie XHMMtJecKHe rpynnb1. 

n. 9. Cnoco6 HJrOTOBJICHHSI TYHHe.nbHoro npH6opa no n.n. 6, 7, 8, 

OTJUt1.faJOmHAC.ff TCM, 'ITO nocne fl>opMHpOBBHHJI HHepnmR 

15 .llH3JJCKTpHqecKot% MOJICKYJI.S1pHoA: M8TpHUbl c 4>HKCHpOB8HO 

BCTpOCHHbIMK B Hee axmBHblMJ.i MOJJCK)'JlaMH H KJiaCTepaMH, 

SlBJl$1IOWHMHCSI UCHTpaMH JIOKaJIH38UH11 TYHHe.m1pyio~HX 3nCXTpOHOB Jt 

<t>opMHPYK>lUMX 0JlH03JJeKTPOHHble TyHHCJILHble nepeXOJlbI, 

.llOilOJIHHTeJlbHO ocywecTBJUllOT IlOJIHMepHJaUHJO MOJICK)'JUipHOD 

20 CTJ>YKTYPLI. 

n. J 0. Cnoco6 HJrOToBJJeHHSI TYHHeJI&Horo npH6opa no n. 6, 

OTJIWlalOWHA:C.R TCM, 'ITO HHCPTffYIO .lll-l3JieKTpHlleCicylO MOJleicymJpHylO 

MaTpKJzy c BCTpOCHHblMH B Hee aKTHBHbIMH MOJieK}'JJaMH H KJJ3CTepaMH 

<l><>PMHPYJOT cnoco6oM XHMH'leCKO~ a.n;cop6UHJ.1. 

25 n. 11. Cnoco6 HJroToBJieHKSI TYHHCJI&Horo npH6opa no n.n. 6, 10, 

OTJUfqaJOWH.A:CJI TeM, 'ITO ,llJUI <t>opMHPOB8HH.st HHCP'fHOH 

llH3JICKTpHtfeCKO~ MOJICI<yJISlpHO~ MaTpHUbI HCnOJib3YJOT MOJICK}'Jibl, 

co.a;ep.>KamHe noJrnMepH3YCM&le XHMWICCKHe rpynnbI. 

n. 12. Cnoco6 HJrotoBJieHHff TYffHe.JibHoro npH6opa no n.n. 6, 10, 

30 11, OT.m1Jqa10111HitCS1 TeM, t.ffO nocne cPoPMHpoBaHHH HHepTHOR 

.llH3JieKTpw1ecKoa MOJieK)'JUlpHO~ MaTpHUbl c cpHKCHpoBaHO 

BCTpOeHHblMH B Hee aKTHBHbtMH MOJleicyJiaMH H KJiaCTepaMH, 

SIMSllOUJ.HMMCSI UCHTpaMH JIOK3.11K38Ul.UI TYHHeJIHPYlOlllHX 3JteKTpOHOB H 
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0.LlH03JlCl<TpOHHh1C TYHHeJlbHhle 

ocyweCTBJUUOT IlOJlHMCpH3aUIUO 
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