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8 HSCTOHIUee BpeMH .QnH CHHT838 TpaacypaHOBbiX aneMeiiTOB HCnOnb3YIOTCH 

Ill 
yCKOpHTena THlK~nbiX MHOroaapH.QHbiX HOHOB , npa 8118nH3e HOHHOro ny'IKS 

npH noMOIUH Macc-a!lanaaaTopa c ae6oii&moA paapemaromeA cnoco(SaocT&IO npollcxo

AHT ax paa.QeneaHe no e / m , npH'I~M B O.QHB ny'IOK DOna.QSIOT napbl HOHOB, 

COOTB8TCTBYIOIUHe pSBHbiM HnH 6nH3KHM 3H8'18HHHM STOrO 

+1 +10 +2 +10 +1 +9 +1 
Cl2' Kr 84 11 0 16' Xe131 : CIS ' Xel31 11 N 14 
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BoaHaKaeT npo6neMa paa.QeneHHH HX no aapH.QaM, Uen& HacToHIUell aaMeTKH 

YK838Tb O.QHO HBneHHe, KOTOpOe MOrno 6&1 (S&ITb HCDOnb30B8HO .QnH 9TOrO, 

npH c6nalKeHHH MHOroaapH.QHoro HOHa c noaepxaocT&IO MeTanna o6paayeTCH 

MHOrOKpaTHO B036ylK.QBHH8H CHCTeMa, nOCKOnbKY rny60KH8 ypOBHH HOHa B8K8HTHbl
1 

a BbiCOKOnelKSWHB 9HepreTH'l9CKHe 30Hbl M9Tanna 3anonHBHbl aneKTpOHSMH, 

no.Q06HaH CHCTeMa 6&ICTpO penaKCHpyeT DyTeM OlKe-a<jJifleKTa, Kor.Qa OJlHH 113 

9/l8KTpOHOB M8Tanna aanonHHeT HOHHYIO BSKSHCHIO, nepe.QaBaH H36biTO'IHYIO 9H9prHIO 

.llpyroMy aneKTpOHy ,npOHCXOliHT Hel!TpanH38UHH HOHa C OliHOBp9M9HHOii 9MHCCH9ll 

aneKTpoaa ua MeTanna I puc. 1 I. ·'3Ta 9MIICCHH OTIIH'l88TCH OT 06bi'lHOll 

aneKTpOHHOl! 9MHCCHH npu 60M6ap.QHpOBKe (S&ICTpbiMH HOHSMH ( 1 KHH9TH'I9CKQl! 

9MHCCHH'): KHH9TH'I8CK8H SHeprHH HOHS He DpHHHM89T 3.Q9Cb HHKSKOrO Y'ISCTHH, 

121 
3MHCCHH OlKe-aneKTpOHOB MOlK9T aa6niO.Q8TbCH JlSlKe JlnH MeJlneHHbiX HOHOB , 

H,neg npe,nnaraeMoro MBTO.Qa H.Q9HTH<jJHK8UHH MHOr038pH.QHbiX HOHOB COCTOHT 

B HCnOnb30B8HHH 9MHCCHH OlKe-9/l8KTpOHOB li/IH HX 06HapylKBHHH H pa3nH'I8HHH 

HS ifloae O.QH038pHJlHbiX HOHOB, a TSKlKe Jlpyrux 38pHlK8HHblX 'ISCTHU, 
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HaJKecneAy!O!Illle oneaxa rroKa3biBaiOT, 'ITO sTa SMHCCHll canbno 3aaacaT OT CTene-

Hll HOHH3a!lHII HOpS. 

Bepol!THOCTb SMHCCHH oJKe-snexTpoaoa H3 M&Tanna onpeA&nl!eTCll cne)lyro-

131 
IIlHMH COOTHOW9HHliMH : 

-. 
3Aecb: 

P. (s,v)a-A-exp(--A-exp(-as)-as) 
"' v 8 v 

Ill 

N (E) =j P (s,v)P (F:, s)ds 
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v -CKOpOC"!'b HOHaj 

s -ero paCCTOl!HH& OT llOB&pXHOCTH M&Tanna; 

A,a -napaMeTpbl; 

-B&pOliTHOCTb OlKe-ael!TpaJJH3a!lHH Ha paCCTO-p 
t 

liHHH s OT llOBepXHOCTHj 

Pk -aepol!TaocTb o5pa3oaaHHll oJKe-sneKTpoaa 

C 9Heprael! F. Ha paCCTOl!HHH s 

N1 - saepreTa'lecxoe pacnpeAeneaae oJKe-sneKTpo

HOB BHyTpH M9Tanna; 

E -saeprnll oJKe-snexTpoaa; 

Eo -sHeprHll BaKyyMROrO ypOBHH, OTC'IHTaHHall OT 

AHa 30Hbl llpOBOllHMOCTH j 
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p -aepOliTHOCTb BbiXO)l8 sneKTpOHa 113 M&Tanna j 

N
0 

-eaepreTaqecxoe pacnpeAenealle snexTpoaoa aae 

M&Tanna; 

y -KOS!jl!jlHilii&HT 9JJ&KTpOHHOH 9MHCCHH0 T,e, 'IHCnO 

9MHTIIpOB8HH~X sn&KTpOHOS Ha OlliiH IIOH, 

Ill 
H3 ypaaaeaall cneAyeT, 'ITO aepoHTHOCTb 9MIICCIIH snexTpoaa aoapac-

T8&T C yM&HbW&HII&M CKOpOCTH C5nH>I<9HHll V , npa AOCT8TO'IHO M8nbiX CKOpOC-

TliX OlKEI-H&l!TpanH38IlHll HOHa llPOHCXOAHT AO ero COilpiiKOCHOB&HIIH C llOB&pXHOCTbiO, 

3TO 05&Cil&'IHB8&T HSIIny'IWHe yCJJOBHll AJJll OJKe-ael!TpaJJH381lHH IIOHOB H 9MIICCHH 

9JI&KTpOHOB, 0TCIOA8 CJJ&AY&T, 'ITO Anll )lOCTHlK&HHll nonaol! H&l!Tp8JJII381lllll HOH8 

H8 llOB&pXHOCTH M&Tanna H&05XOAHMO erO np&AB8p11T&JibHO 38TOpM03HTb AO 

6 
CKOpOCTH v "' 0,5-1 • 10 CMIC&K • 

EbiCTpoe y5biaaaae snexTpoaaol! sMHCCHH c pocToM cJtopoCTH a SToll o5nac

TH MOlK&T cnylKHTb X8p8KT9pHbiM llpii3H8KOM OlKe-ael!Tpana3aiiHH, npeAB8piiT&Itl:t

HOrO TOpMOlK&HIIll HOHOB Tpe5yeT T8KlKe H&05XOllHMOCTb HCKniO'IIITb KHH&TH'I9Cityl0 

6 
9MHCCHIO, KOT0p8ll llOliBnli&TCSl llpH CltOpOCTH 6-7 ' 10 CM/C&K II M8CKHpyeT 

141 
SMHCCniO oJKe-snexTpoaoa. MeJKAy TeM, xaK yxa3biB810T Teopas a sxcnepll-

/5,61 
M&HTaJJbHbl9 A8HHbl9 , KHH9TH'I&CK8ll 9MHCCHll He 38BIICIIT OT 38pli.Q8 IIOHa, 

a JIHWb OT ero CKOpOCTH, KOTOp8ll Allll yKa3aHHbiX nap 0AHH8KOB8, 3TO A9JI89T 

aenparOAHbiM 9TOT BHA 9MHCCHH AJ!ll p83JIII'I9HHll MHOr038pliAHbiX IIOHOB, 

3aeprllll OlKEI-9JJ&KTpOH8 paBH8 

E ., E I - E' - Fn. 161 

3A9Cb F: I -saepras HOHH38UIIH aoaa, 

E' -saepras snexTpoaa B 3oae rrpoaoAHMOCTII, 

F." -saeprag ael!TpanH3YIOIUero HOH8 B 30H9 llpOBOAIIMOCTIIo 

Kax cneAyeT 113 131 a /41 , SMIICCHll B03pacTaeT c pocTOM F: 1 II E 

nocxonbKY B03pacTaeT aepol!THOCTb BbiXOAa sneKTpoaa a3 M&Tanna. Kor,Aa 

saeprHl! sneKTpOH8 CTp9MliTCll K 5eCKOH9'1HOCTH, TOrAa .y AOCTHraeT M8KCII-

MallbHOrO 3H8'19HHll 112 SJJeKTpOHa H8 OAHH ael!Tpani!30B8HHbiH 3apl!ll, T,K, nono

BHH80lKe-sneKTpOHOB YXOAIIT arny6b M&Tanna, CoOTB9TCTB9HHO M8KCHM8nbH8ll 

aenH'II!H8 Y llO ¢lopMyne • O)liiH 38pHA-OAHH OJKe-sne!tTpOH" COCTaBnli&T llpHM&pHO 

O,ti z 1'- rAe z -3apHA HOHa, B A&llcTauTehbHOCTH 9MHCCI!ll sneKTpoaoa ao3pacTaeT 

c z ropa3AO 5biCTpee. 

Deno a TOM, 'ITO 3anonaeaue rny6oxoro ypoaas npoacxOAHT cTynea'!aTo, 
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rryTeM cepHII OlKe-rrepeXOAOB, B KSlKAOM H3 KOTOpb!X MOlK9T 3MHTHpOB8TbCSI OAHH 

9J1eKTpOH. B caMoM A9ne, nepoHTHOCTb OlK9-H9l!TpannaauHH 

pt ~ J r/1 * 
3 

r/1 * 
4 

e 2 

'12 
r/1 l 

r/J d r d r 
2 I 

171 

BonHOBbl9 !jlyiiKUHH r/J I H r/J ~ -STO MOAYi1HpOB8HHbl9 BOJ1Hbl BIIyTpH M9T8llll8 

p 9KCIIOII8T1UH8llbHO 38TYX8IO!UH9 !jlyHKUHH BH9 9!'0. CKOpOCTb STOI'O 38TyXSHHSI 

TeM 60J1bllle, '19M M9Hblll9 SHCpi'HH 3J18KTp0!!8, ¢yHKUHSI r/J 3 -J10K8J1H30B8HH8SI 

BTOMHBSI !jlyHKUHSI IIOHS, 06naCTb 9e IIOK8J11!38UIIII T9M M9Hblll9 1 '18~1 rny6JK9 

IIOHHb!l! ypOB9Hb. ¢yHKUIIH 118IIp9pblBHOI'O CII9KTpa r/J 
4 

CB060AHOI'O Oll(9-3J18KTpo-

HB OCUI!J1J11!pyeT T&M CHllbH99 1 '19M 60J1blll9 3H9pi'IISI 3J18KTpOH8 1 T,e. '19M rny6lKe 

ypOB9Hb HOHB F. 1 

J18HH8 OCUIIJ1J1SIUHH 

, 06a YK838HHblX !jlaKTOpa - YCIIJ19HH8 IIOK8J11138UIIH r/13 H ycl!-

17/ 
r/J 4 -rrpHBOASIT K COKpAIU8HHIO MaTpH'IHOI'O 3119M9HT8 C yse-

J11!'18HH9M rny6HHbl HOHHOI'O ypOBHH F. I , B peaynbTaTe sepOSITHOCTb OJKe-Hel!Tpa-

J1H3BUHII HB H8I'lly60KHll ypoB&Hb 60J1b!U81 '18M Ha I'J1y60KHl! 1 H0 1 C Apyrol! CTOpOHbl 1 

eepoSITHOCTb Bbixoaa aneKTpOHa H3 MeTanna pacTeT c E OrrTHMallbHOe 3Ha-

'19HH8 AOCTHI'89TCSI llpHM&pHO llpll F. I = 25-30 36 H H&i!Tpai1H38UHSI rny60KHX 

ypOBHel! rrpOHCXOAHT1 llD-BHAIIMOMy, CTYll8H'I8TO C IUSI'OM TOI'O lK8 llOpSIAKS, 3TO 

03Ha'I89T, 'ITO 3MHCCHSI llpll aei!Tp8J1H38UHH MHOI'038pSIAHOI'O HOHa rrponopuHOH8J1b

H8 IIOIIHOil 3H8p!'HII H&i!Tp8l!H38UHI!, Pa3yM&8TCH1 TSKAH 0U9HK8 rpy6a, OAHAKO, 

9AHHCTB9HHbl9 3KCll8pHM8HT8/IbHble ASHHble 06 OlK9-Hei!Tpani!38UHH MHOI'038pS!AHbiX 

I!OHOB , IIOJ1Y"!9HHbl8 XsrCTpyMOM AJ1H I!OHOB H113 KOil 38pSIAHOCTH, llD-BHAHMOMy, 

98 IIOATB9plKAAIOT, 

To'laoe Bhi'IHCII9HHe Tpe6yeT 3HaHHSI TO'!HhiX BOIIHOBhiX !jlyHKUHll, He HCKJ110'leH8 

B03MOlKHOCTb, 'ITO TO'IH08 Bbl'IHCJ19HH8 OTHOCHT9llbHbiX B&pOHTHOCTei! Hei!Tp81IH38-

UHH HS pa3/IH'lHbl8 ypOBHH 1 KOTOpOe llpOH3BOAIITCll B HSCTOlllU&e Bp9MH1 ASCT AilS! 

H8KOTOpb!X rny60KHX ypOBH9il 38M8THYIO B8pOS!THOCTb OlKe-aei!Tp81IH38UHH, 8 STOM 

CJiy'!a9 3H9p!'9TII'l8CIO!i! CII8KTp 3J19KTpOHOB 6yueT COAeplKSTb COOTB9TCTBYIOIUH8 

BhiCOKOsHepr9TH'!ecKHe nnKH. Cneay9T, onHaKo, OTM9THTb, 'ITO cso6oAHbie 

8J19KTpOHbl M9Tanna CH/IbHO BIIHSIIOT sa BbiXOA oJKe-sneKTpOHOB. CTOIIKHOB&HHSI 

C 3J1CKTpOH8MH llpOBOAHMOCTH Bbl3b!B810T KSCKSA BTOpH'IHbiX 3J18KTpOHOB 1 KD

TOpb!H CI'J18lKHB88T 3Hepi'eTH'I8CKHJ! Cll&KTp OlK9-3J19KTpOHOB 1 B pe3y/I&T8T8 OH 

CJia6o 38BI!CI!T OT 3H9pi'HH rrepBH'lHbiX 3J19KTpOHOB, 3TO 38TpyAHH8T B03MOli<HOe 

pa3A9J19HH9 MHOI'038pHAHblX HOHOB llO BI!AY 3Hep!'8TH'I9CKOI'O Clle!<Tpa 8118KTpOHHOl! 

6 

SMBCCHH, KpoMe '1'0!'0 1 C/I8AY8T y'I&C'I'b B03MOlKHbi8 p8Jlii8UHOHHbl8 acjxpeKTbl, 

B T86nHne 1 npHsenellhl OlKHJ18eMble 3118'1&BHH y Jl/IH MnorosapHJlHhllt 

HOHOB npH CltOpOCTB V < 1.0 • 106 
CM/Celt H Blt OTHOW8HB8 lt 8MHCCBB nOll 

Jl&iiCTBH&M OJ1H038PliJ1BbiX BOHOB Jl/ISI nap C p8BHbiMB H/IB 61IH3ltHMB ...!i;;-
Kalt BHJlHO Hill Ta61Ilr!Xh11 Jl/ISI H81tOTOpbllt nap p83/IH'IH8 B SMHCCHI! llOJl 

Jl&l!:CTBH8M MHOI'038p!I.Q!UoiX B O.QH03apl1Jlllbllt BOHOB 0'18Hb 68/IHltO, Cne.Qye'l' YKA-

38Tb, 'ITO rrpHB8.1l8BBbl8 Be/IB'II!Hbl 88Cl>M8 npH61IH3·BT8llbllbl H Blt C/I8.Qye'l' 6p8Tb 

/IHWb no rrOplllllty B8ruAHJlbl, 0.1XHUO 150/IbWa!l B8J1H'IHH8 S'I'Hlt OTHOW&BHA Ylt83bi

B88T 118 npHHUHnH8/IbJIY10 JI03MOlKBOCTb pa3J18J1811HSI MBOI'03ap!IJ1Bbllt H OJ1H038pl1Jl

Bbllt HOHOB no Bb13BBa&MOl!: HMH SMBCCHH OlKe-eneKTpOHOB• 

no-BHJlHMOMy,Tpy.llHO yKalllaTb .Qpyroe SIBn8BH81 KOTOpoe 388808/IO 6bl 

TOn&KO OT 3ap!IJ18 BOBA B T8KOl!: CHn&IIOl!: CT8U8HH H 6hlll0 6bl y.Q06BO Jl/ISI 

Bll8BTH!jJHK81XBH MBOI'03apSI.QHbllt BOIIOBo 

AsTop npallOCHT rny15oKyiO 6n8ro.a8pBOCTb 'ln&JIY-KOppecnoHAeHTY AH CCCP 

r.H.¢nepo:sy a A.C.naciOKy, ol5paTBBWBM ero BHBMaaae aa o6cyJKAaeMyiO npo6neMy 

H CA8J18BWHM Pllll IX8HHbllt 38M8'1811Rl!:. 
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