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B pa6oTe / I/ OilHCaHa MeTO,D;HKa H3rOTOBneHBJI IlOBepx

IIOCTH0-6apLepHLIX .u;eTeKTOPOB H3 KpeMHHJI p -THila H npH· 

Be.u;eHLI pe3ynLTaTL1, ICOTOpLle xapaICTepHLI, B OCHOBHOM, 

,IJ;nJI .u;eTeICTOPOB, H3rOTOBneHHLIX B3 cpaBHHTenLHO HH3ICO· 

01,rnoro MaTepHana. B .u;a1111oi. pa6oTe onHCLIBaJOTCJI HeICo

Topwe .u;eTanH, Kaca1011.U1eCJ1 IlOBe.u;eHHJI .u;eTeICTOpOB, H3ro

TOBneHHLIX H3 BLICOICOOMHOro KpeMHHJI p ·TBna. 

,l(eTeICTOPLI H3roTaBnHBanHCL H3 ICpeMHHJI p • THna C 

y.u;enLHLIM conpOTHBneHHeM p= 20 +28 KOM.CM H BpeMeHeM 

>KB3HH. H36LITO'IHLIX HOCHTene:A TOICa r"" 1000 MKCeK. OTnH

'IHe OT TexHonorBH, onHcaHHOH B pa6oTe 111 , 3aKnrolfanocL 

nHWL B TOM, 'ITO ,IJ;nJI HeICOTOporo 'IHCna .u;eTeICTOPOB IlpOH3-

BO,D;HnocL HanwneHHe nneHICH repMaHHJI BMecTo nneHKH 

KpeMHHJI. 3To o6ycnoaneHo-TeM, 'ITO repMaHHB pacnwnJI

eTCJI 3Ha'IHTenLHO nerqe, lfeM ICpeMHHB, HMelOll.UIB 6onee 

BblCOICYJO TeMnepaTypy nnaBneHHJI H aKTHBHO pearHpyro

ll.UIH C MaTepHanoM HcnapHTenJI. Pa3HHULI B xapaKTepHCTH

ICax H IlOBe.u;eHHH .u;eTeICTOpOB C nneHKaMH KpeMHHJI HnH 

repMaHHJI npaKTH'lecICH 0611apy)KeHo He 61a1no. 

,Amr .u;eTeKTOpOB, H3rOTOBneHHLIX H3 BblCOKOOMHOro 

ICpeMHH.11, Ha6nro.u;anHCL cneICTpLI a -qacTHU, tliopMa KOTOPLIX 

3Ha'IHTenLHO OTnH'lanacL OT tliopMLI, ~HilH'IHOB ,IJ;nJI nony

npOBO,D;HHKOBLIX .u;eTeKTOPOB. DLlnH o6Hapy)KeHLI XBOCTLI 

HnH OT.u;enLHLle IlHKH co CTOpOHLI 6onLWHX 3HeprHB, ICOTO

pwe C yaenH'leHHeM HanpJl)KeHHJI CMeIUeHHJI yMeHLWalOTCJI 

IlOCTeneHHO HnH COBCeM HC'le3alOT. IlpHMepoM, CBH,D;eTenL· 

CTBYJOll.UIM O TaKOM noae.u;eHHH, MoryT cny)KHTL cneICTPLI 

a •q_aCTHU OT HCTO'IHHKa 241 Am+ 244cm, H306pa)KeHHLle Ha 

puc . ..(. 
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noaepXH0C1llU. . 

Pa3,D;BOeHHe IlHKOB B cneKTpe a -11aCTHil, IlO.HBJieHHe 

XBOCTOB co CTOPOHW 60JILWHX :rneprui H yny11meune «l>opMLI 

JIHHHH C yBeJIH'leHHeM o6paTHOrO CMe(UeHHJI KaK 6y,D;TO 

yKa3LIBaeT Ha cymecTBOBauue y11acTKo:e c pa3JIH'IHWM co6u

pauHeM 3apJI,D;OB. O,D;HaKo HCCJie,D;OBaHH.H C IlOMOIULIO KOJIJIH

MaTopa 'IYBCTBHTeJILHOCTH 3THX ,D;eTeKTOpOB K a -11aCTH· 

!laM B npe,D;enax IlOBepXHOCTH, IlOKpLITOH amoMHHHeM, He 

IlO,!J;TBep,D;HJIH 3TO npe,D;IlOJIO)KeHHe. Ha6mo,D;aJIOCL JIHWL ue

KOTOpoe yxy,D;meune pa3pemeHH.H c yBeJIH11euueM,D;HaMeTpa 

KOJIJIHMaTopa ripH 06ny11eHHH ,D;eTeKTOpa a -11aCTH1laMH; «l>op

Ma JIHHHH npH 3TOM OCTaBaJiaCL npaBHJILHOH, BB XBOCTOB~ HH 

OT,D;eJILHl.lX IlHKOB co CTOpOHLI 60JILUIHX 3HeprHi He B03· 
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HHKaJIO. 3TOT «l>aKT rOBOPHT O TOM, 'ITO He3Ha'IHTeJILHa• 

HeO,D;HOPO.IUIOCTL B co6upaHHH 3apR,D;OB ,D;eHCTBHTeJILHO cy

mecTByeT. Ho oua HMeeT paBHOMepuoe pacnpe.D;eneuue no 

BCei pa6011ei IlOBepxHOCTH ,D;eTeKTOPOB H He o6t.RCHieT 

HenpaBHJILH}'IO «l>opMy JIHHHH H IlOJl'.BJieHHe ,D;OilOJIHHTeJI&HhlX 

IlHICOB, 

IloBepXHOCTL ,D;eTeKTOpa H3 p·ICpeMHHR/CM. pa6oTy/l/ / 

npe,D;CTaBJIJl'.eT co6oi CJIOH amoMHHHJI TOJIIUHHOi 20-

30 MKZ/CM ~ HanwneHHWH Ha xpeMHHeByro HJIH repMaHHeByio 

nJieHKY TaKOH )Ke TOJIIUHHLI, HO 60JILmei IlJIO(Ua,D;H. liWJIO 

o6uapy)KeHo, 'ITO IlOMHMO 'laCTH ,D;eTeKTopa, IlOKPWTOi 

aJIIOMHHHeM, 'IYBCTBHTeJILHOH IC H3JIY'leHHJIM JIBJIJleTCJI 11ac;~., 

,D;eTeKTOpa, noxpwTaJI'. KpeMHHeBOH HJIH repMaHHeBOH nneJi

KOH. HMnyJILChl, IlOCTynaro(UHe C 3TOH 'laCTH ,D;eTeKTopa, B 

HCKa)KalOT cl>opMy cneKTpa. Ha puc. 2 npHBe,D;eHW crieKTPW 
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a - 1:1acTHU OT HCTO'IHHKa 241 Am+ 239Pu + 244 Cm , CHJITLie 

C HCllOJIL30BaHHeM KOJIJIHMaTopa C y1:1aCTKOB, pacnoJIO:>KeH

HLIX Ha IlOBepXHOCTH anJOMHHHJI, IlJieHKH KpeMHHJI HJIH rep

MaHHJI , H C y1:1aCTKa, BKJIIO'laIOil{ero BX rpaHHUY. CneKTpLI 

CHJITLI npu IlOCTOJ.IHHLIX K034>ci>HnHeHTax YCHJieHHJ.I 3JieKT· 

poHHoro TpaKTa u HanpJI:>KeHHH cMell{eHHJI. 

Mo:>KHo 6LIJIO 6:i.i npe)UIOJIO>KHTL, 1:ITO Ha6JIIOAaeMaJI 

oco6eHHOCTL CBJl3aHa npocTo C pacwupeHHeM 'IYBCTBH· 

TeJILHOH o6nacTH 3a npeAeJILI CJIOJI aJIIOMHHHJI npH yaeJIH• 

1:leHHH CMell{eHHJI. Ho TO o6CT0JITeJILCTBO, 1:ITO HHTeHCHB· 

HOCTL IlMilYJILCOB, IlOCTynaIOil{HX C y1:1aCTKOB IlOBepxHOCTH, 

IIOKPLITOii nJieHKOH repMaHHJ.I HJIH KpeMHBJ.I, He 3aBBCBT 

.°OT uanpJI:>KeHBJI CMell{eHBJI, npOTBBOpe'IBT yKa3aHHOMY npeA· 

IlOJIO:>KeHBIO. OcTaeTC,11 JIHWL npe)UIOJIO>KBTL, 1:ITO eABHCTBeH

HOi npB'IHHOH HCKa:>KeHHJI cliopMLI cneKTpOB ,IIBJIJleTCJI 1:1yn

CTBBTeJILHLIH K H3JIY1:leHBJIM CJIOH, KOTOpLIA IlOJIBJIJleTCJI 

npu HanwneHHB nneHKB KpeMHBJI IIJIH repMaHBJI Ha npo

TpanneHHyro noBepXHOCTL BLICOKOOMHOro p ·KpeMHBJI. IlOA· 

TBep>KAeHHeM 3TOMY MO:>KeT CJIY:>KHTL TaK)Ke ciioTO'IYBCTBB· 

TeJILHOCTL AeTeKTOPOB 6e3 aJIIOMHHHeBoro IlOKPLITBJI npH 

HynenoM Hanp11:>KeHHH cMell{eHBJI. Ilo11Bne11ue 1:IYBCTBBTeJIL• 

HOA o6JiaCTH IlOA IlJieHKOH KpeMHHJI HJIB repMaHHJI, no·BH· 

JlBMOMY, CBJl3aHO C IlOJIO:>KHTeJILHLIM 3apJ1AOM, JIOKaJIH30BaH

HLIM B IlJieHKe / 2/, KOTOPLIH HHArnupyeT o6eAHeHHLIH CJIOH 

D p •KpeMHHH. 

Pa3JIH1:1He Me)l(Ay AeTeKTopaMH B3 HH3KOOMHoro H"BLI· 

COICOO?dHOro p -xpeMHHJI o6ycJIOBJieHo TeM, 1:ITO B cny1:1ae 

HB3KOOMHoro KpeMHBJI IlJIOTHOCTL nonepxHOCTHoro IlOJIO • 

XCHTeJILHOro 3apJ1Aa HeAOCTaTO'IHa, 1:IT06LI HHAYUHPOBaTL 

IlOJIBJieHHe ·1:1yBCTBBTeJILHOro K H3Jiy1:leHBJIM CJIOJI. Cne
AYeT Tal()Ke OTMeTBTL, 1:ITO Ha6JIIOAaeMoe BCKa:>KeH:ee «liopMLI 

cneKTPaJILHLIX JIHHHii AJIJI pa3HLIX AeTeICTOPOB npOJIBJIJIJIOCL 

B pa3HOii CTeneHB, 1:ITO, BepOJITHO, 3aBHCHT OT npeALICTOpBH 

IlOArOTOBICB noBepXHOCTH nonynpOBOAHBKa B-HeKOHTpOJIH• 

pyeMLIX oco6eHHOCTeii HanwJieHBJI Ha Hee CJIOeB KpeMHBJI 

HJIB repMaHBJI B anJOMHHBJI. B 1:laCTHOCTB, najguoe 3Ha1:leHHe 

MO:>KeT HMeTI:· npoBOAHMOCTL HanLIJIJleMoii IlJieHKB KpeMHHJI 

HJIH repMaHBJI. B Tex cny1:1aJ1x, KOrAa conpoTHBJieHHe nneH

KB BeJIHKo_, 3JieK:rpu1:1ecKoe none_ cna6ee npoHBKaeT B 06_

JiaCTL ,pacnoJio:>KeHHyro 3a amoMBHBeBLIM 3JieKTPOAOM ,BCJieA • 
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CTBHe 1:1ero Ha6JIIOAaeTca 6onee 6LicTpoe c6JIB)KeHne aMnJIH• 

TYA c o6oux y1:1acTKOB AeTeKTopa. Hao6opoT, B cny1:1ae 

HB3Koro conpoTHBJieHHJI nneHKH xopowee co6HpaHHe 3apJIAa 

06ecne1:1HBaeTcJ1 B o6eux o6nacTJix,' qTo npHBOAHT IC 6onee 

MeAJieHHOMY c6JIH>KeHBIO aMUJIHTYA-

IlpeAJIO>!CeHHOe o6aacHeHHe xopowo cornacyeTca c pe-

3YJILTaTaMH B3MepeHHH BOJILT·«iiapaAHLIX xapaKTepHCTHK, 

npHBeAeHHLIX Ha puc. 3. KaK BHAHO H3 PHCYHKa, HaKJIOH 
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Puc. 3. Bom,11-gjapaoH1>1e xapa1<aepuct11uKu HeK0111op1,1x oe
meKaopoe. 

KPHBLIX Ha JIHHeHHOM y1:1aCTKe 3aBHCHMOCTH fgC=f(fgU) 
H3MeHJieTCB OT -0,25 AO -0,40 AJIJI pa3HLIX AeTeKT0pOB. 

Ilpu1:1eM, AJIJI OAHoro H Toro )Ke AeTeKTopa Tal()Ke Ha6JIIO• 

AaeTCJI H3MeHeHHe HaKJIOHa B 3aBHCHMOCTH OT BeJIH'IHHLI 

HaDpJI:>KeHHJI CMell{eHHB - HaICJIOH yBeJIH'IHBaeTCH C yBeJIH• 

1:leHHeM HailpJl:>KCHHJI CMell{eHHJI. 

EMICOCTL TaKHX AeTeICTOP0B M0:>KHO npeACTaBHTL Ka.IC 

CYMMY eMKOCTeii ABYX COCTaBJIJIIOil{HX. OAHa H3 HHX -

eMKOCTL nouepXHOCTH0·6apLepHoro AeTeKT0pa, IlJI0il{aAL 

IC0Toporo orpaHH'leHa IlJIOil{aALIO aJIIOMHHHeBoro 3JieICTPOAa. 
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3Ta COCTaBJUIIOU{aJI 3aBBCBT OT HanpJl)KeHBJI CMemeHBJI KaK 

u-0 ,~ T.e. HalCJIOH 3aBBCBMOCTB fgC=f(fgU) paBeH -0,5. 

BTopaJI - _CBJl3aua C eMKOCTblO BHBepCBOHHOro CJIOJI, BH

.IU'UBPOBaHHOro IlOJIO)ICBTeJibHl,IM nouepxHOCTHblM 3apJ1,IJ;OM 

B nneHKe 3a amoMBHBeBblM :ineKTPOAOM. 3Ta cocTaBJIJ110-

maJ1 cna6o 3aBBCBT OT Hanp.utceHBJI cMemeHBJI, oco6eHHO 

npB ue60JibUIBX ero 3HalleHBJIX, 'ITO OKa3blBaeT cymecTBeH

HOe BJIHJIHBe Ha XO,IJ; 3aBBCBMOCTB eMKOCTB OT HanputceHBJI 

cwemeHHJI. 

Taxoe npe,D;cTauneHHe o eMKOCTH ,IJ;eTeKTopou xopomo 

cornacyeTCJI c ua6JIIO,IJ;aeMblM yMeHbWeHHeM H&ICJIOHa npH 

yMeHbWeHHH pa6011ei nouepXHOCTH ,IJ;eTeKTOpa. ,lJ;JIJI ,IJ;eTeK

TOPOB MeH&mei nnoma,IJ;H, T.e. ,IJ;eTeKTOpOB, HMeiomux MeHb

myio eMKOCTb, BKJia,IJ; eMKOCTH HHBepcHOHHOro CJIOJI, HH

,IJ;yUBpoBaHHOro IlOJIO)ICBTeJibHblM nouepXHOCTHblM 3apJ1,D;OM, 

B o6myio eMKOCTb 60JibWe. lleM ,IJ;JIJI ,IJ;eTeKTOPOB 60Jibmeii 

nnoma,IJ;B. He6on1.ma.11 npH6auxa cna6o 3auucJ1mei OT Ha

np.11)KeHHJ1 CMell{eHHJI eMKOCTH HHBepCHOHHOrO CJIOJI K He-

60JibWOH co6CTBeHHOH eMKOCTB ,Q;eTeKTOpa npBBe.Q;eT K 3a

MeTHOMY B3MeHeHHIO H&KJIOHa BOJibT-tapa.Q;HOH xapaKTe

pBCTHKH. 

TaKBM o6pa30M, Ha6JIIO,Q;aeMble aHOMaJIBH B cneKTpan&

HblX .H BOJibT- 1cbapa,IJ;HblX xapaKTepHCTBKax nouepXHOCTH0-

6ap1.epHblX .Q;eTeKTOPOB H3 BblCOKOOMHoro p -xpeMHHJI o6y

CJIOBJieHbl IlOJIO)ICBTeJibHl,,IM 3apJIAOM, HHAYUHPYJOmHM HH

uepcHOHHblH cnoi 3a aJIIOMHHBeBwM :ineKTPOAOM. IloJIO)ICB

TeJI&Hhli 3apJ1,D;, · 3~HKCHPOBaHHbli B HaUblJIJleMOH IlJieHKe 

repMaHHJI HJIH KpeMHHJI, cnoco6CTByeT B03HHKHOBeHHIOUO

BepXHOCTHoro 6apLepa H 06i.J1CHJ1eT uwcoxyio cTa6HJihHOCTb 

.Q;eTeKTOpOB. 

B 3aKJDO'leHHe pacCMOTPBM Bonpoc O TOM, IlO'leMy Ha 

cneKTpax, IlOK&3aHHblX Ha puc. 1 H 2, aMilJIHTYAbl HMilYJib

COB, IlOCTYil&IOIUHX H3 o6naCTH 3a &JDOMHHHeBhlM :JJieKTPO,IJ;OM, 

60JibWe, lleM aMUJIHTYAhl HMilYJibCOB, o6ycJIOBJieHHblX nona.Y. 

,IJ;aHHeM a -q~cTHI( B npe.Q;enax &JDOMHHHeBoro :ineKTpo.Q;a. 

OlleBH,IJ;HO, 'ITO 3TO pa3JIH'IBe He CBJl3aHo C ,IJ;OilOJIHBTeJibHOi 

TOJimHHOH Hanwm1eMblX nJieHOK: 15 7 20 MKZ/cM°l- AOilOJI

HBTeJibHOro CJIOJI &JDOMBHBJI He MoryT o6ecnellHTb Ha6mo

.Q;aeMoi pa3HBI(bl B aMUJIHTYAaX. IlpB 60JibUIBX HanpJI)KeHHJIX 

IlHKB npaKTBlleCKH COBila,IJ;alOT, 'ITO IlOJIHOCTblO HCKJIIO'laeT 
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o6i.n:cHeHH.SI, CBJl3&HHLie C pa3JIH'IHOH TOJlmHHOH HailblJIJleMblX 

CJIOeB. Tpy,IJ;HO TaIOKe npe,D;UOJIO)ICBTb, 'ITO 6on1.maJ1 aMnJIH

Ty,IJ;a HMilYJibCOB, IlOCTynaromux C yqacTKa .Q;eTeKTOpa 3a 

&JDOMHHHeBblM :JJieKTPOAOM, o6yCJIOBJieHa JIY'IWHM co6Hpa

HBeM reHepHpouaHHoro qacTuneii 3apJ1;:ia. Jlyqmee co6upa

HBe MOrJio 6w 6b1Tb o6ycJIOBJieHo 6onee BblC0KBM :JJieKT

PBlleCKHM Il0JieM. O.Q;HaKO H3 - 3a MeH&meii:, qeM y MeTan

JIB'leCKOH UJieHKH, npoBO,IJ;HMOCTH HailbIJIJleMOH UJieHKHKpeM

HH.JI HJIH. repMaHBJI HMeeTCJI 3&MeTH0e na,Q;eHBe npBJI0>Keu

uoro HanpJI)KeHHJI BA0Jib 3TOH UJieHKH, 'ITO npHBe,Q;eT K 

yMeHbWeHHIO HOpMaJibHOH COCTaBJIJIIOU{eii :JJieKTPHlleCKoro 

Il0JIJI, CJie,Q;OBaTeJibH0, BK yxy.Q;meHBIO co6upaHHJI 3apa,IJ;a. 

Ha6JIIO,IJ;aeMoe pa3JIH'IBe B aMUJIHTY,IJ;&X HMilYJibCOBM0-

)KeT 6b1Tb 06'bJICHeHo, eCJIH npe,D;UOJIO)KHTb, 'ITO DOA uanbl

JieHHOH IlJieHKOH KpeMHHJI HJIH repMaHHJI B MOHOKpHCTaJIJie 

p-xpeMHHJI cymeCTByeT 3aMeTHblH HellyBCTBHTeJibHblii: K 

H3JiylleHHIO CJIOH. IlpHlleM T0JimHHa 3Toro HellyBCTBHTeJI&

Horo CJI0JI 60Jibme Ha pa.6011eii: nouepXH0CTH .Q;eTeKTOpa, 

lleM 3a ero nP.e,IJ;eJiaMH B CHJibH0 3aBHCHT OT HanpJl)ICeHHJI 

CMemeHHJI. 0 cymecTB0BaHHH "MepTBOro CJIOJI", 3aBHCJIU{e

ro OT Hanpa)KeHBJI cMemeHHB, coo6manoc1. B pa6oTe~3 /. 

,D;pyroii: B03MO:>KHOii" npH'IHHOH, npHBO,IJ;BU{eii K pa3JIH'IHIO 

aMilJIHTYA HMilYJibCOB, Il0CTynaromux C pa3HblX yqacTK0B 

noeepxHOCTH .I\eTeKTopa, MO)KeT 6h1Tb pa3JIH'IBe B topMe 

BMilYJibCa, IlOA06HOfTOMY, 'ITO HMeeT MeCTO B Il03HI(HOHH0-

llYBCTBHTeJibHOM ,IJ;eTeKTOpe / 4/, a He pa3JIH'IHe B BeJIH

'IHHe 3apa,Q;a, reHepnpoBaHH0ro qacTBI(eH B llYBCTBBTeJIL

HOM CJIOe .Q;eTeKT0pa. IIocJie,Q;Hee npe.Q;IlOJIO)KeHBe HaX0AHT 

HeK0TOpoe Il0ATBep)K,IJ;eHHe B TOM, 'ITO npH Henocpe,D;CTBeH

HOM ua6JIIO.Q;eHBB topMbl HMilYJILCOB Ha 3KpaHe OCI(HJIJIOrpa

~ IlOCJie npe,Q;yCHJIHTeJIB o6Hapy)ICBBaeTCB HeK0TOpoe xo

JIHlleCTBO HMnyn1.coa, HMeromux 6onee .ztimHHwii, no cpan

HeHBIO C OCTaJILHblMB BMilYJibC&MB ,tpoHT. )];JIB BblBCHeHBB 

npBllBH, npBB0ABmHX K Ha6JIIO.Q;aeMLIM :J~eKTaM, Tpe6ylOTCB 

A&JILHeii:UIBe BCCJie.Q;OBaHBB. 

ABTopw 6naro.Q;apHLI axa,IJ;eMBKY r .H.4>nepony 3a no

CTOBHHLiii HHTepec K pa6oTaM no nonynpoBO,IJ;HBKOBLIM ,IJ;e

TeKTopaM, O.A.MaTBeeny, A.X.XycaBHOBY 3a uec&Ma no

ne3Hble o6cy,K,IJ;eHBB, H.M.Ilpaxouy 3a npe,Q;ocTaBJieHBe 06-

pa3nou xpeMHHB. 
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