
.Q- G:JD) 

OS'bE.OHHEHHbl J1 
HHCTHTYT 
SI.OEPHbJX 

HCCnE.QOBAHHJ1 

.Qy6Ha 

P7 · 4124 

E.~ .~oHeQ, B . J.1.J.1JIIO~eHKO , B .A . AJi~nepT 

3AEKTPOHHOAYqEBOH J.1CTOqHJ.1K 

MHOr03APH~HWX MOHOB 

, 



P7 - 4124 

E.,lJ, .,ll,oHel.l, BJ1 .l1JIIOII1eHKO, B.A.AJibnepT 

3REKTPOHHORYqEBOM l1CTOqHl1K 

MHOr03APH,ll,HWX l10HOB 

HarrpasneHo B A3. 

' I 



1. B B e a e H H e 

YCKOpeHHe HOHOB BCe 001199 TfDK91lbiX 8TOMOB npeJlCT8BilSI9T COOOH OC-

HOBHYID T9HJl9HUHID B pa3BHTHH TOH OOII8CTH ~H3HKH 1 KOTOpaSI HCCil9JlY9T pe-

8KUHH M9)1(JlY CllO)I{HbiMH SIJlp8MH. 

B HacTomuee BpeMSI y)l{e Hcnollb3YIDTCSI ycKopeHHbie HOHhi KpeMHHSII 
1 1, 

cephi 12 I H aproHa 
131 , B HeJlalleKoM 6yJlymeM, no-BHJlHMOMY, 6yJlyT ycKo-

peHbl HOHbl K81lbUHSI H UHHK8 
141 • 

0 JlH8KO y)l{e C9H'I8C SICHO, 'ITO, B '18CTHOCTH JlllSI 9KCnepHM9HTOB no CHH-

Teay CBepXTSJ:)I{91lbiX SIJlep, Tpe6yeTCSI OCyllleCTBHTb SIJl 9 PHYID peaKUHID U g 2+ U9 2 • 

YcKopeHHe HOHOB ypaHa JlO 9HeprHl!:, npeBhllll8IDillHX KYIIOHOBCKHH 6apbep Ha 

S!Jlpe ypaHa, npeJlCT8BilSI9T COOOH 38Jl8'1Y 1 KOTOpaSI BpS!Jl IIH MO)I{eT Ob!Tb pe-

lll9H8 npH HCTIOilb30B8HHH CyllleCTBYIDillHX yCKOpHT91l9H H HCTO'IHHKOB HOHOB 

H3B9CTHbiX THTIOB. 

HanpHMep, JlllS! ycKopeHHSI ypaHa JlO 9HeprHH ~ 2 raa Ha 60ilblllOM UHK-

llOTpOHe na5opaTOpHH SIJlepHbiX peaKUHH 011.Hi1 38pSIJlHOCTb HOHOB Jl0ll)I{H8 

6hiTb He MeHee 38-40. 11 MeiDmHeCSI nnaaMeHHhie HCTO'IHHKH ooecne'IHBSIDT 

TIY'IKH MHOr038pS!JlHbiX HOHOB C KpaTHOCTbiD HOHH38UHH He 001199 +12 / 5 ,B/ • 

i1C>HHbl9 HCTO'IHHKH JlpyrHX THTIOB HSXOJlSITCSI TIOKa B CT8JlHH paapaooT-

KH ( 171) CM., HanpHMep, • 

B HaCTOSIIll9H pa6oTe OTIHCSHhl M9TOJl HOHH38UHH H 9KCnepHM9HT8llbH8SI 

yCTSHOBKa (!13n) JlllSI nony'leHHSI 1ny'IKOB HOHOB Bb!COKOA 3apSIJlHOCTH npH 

TIOMOillH MarHHTOC~OKyCHpOBB.HHOrO 91l9KTpOHHOrO lly'la. 
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2. Mero.a HOHH38IIHH 

MHOI'OKpaTH851 HOHH38UH51 8TOMOB aneKTpOHHbiM ynapOM MO)KeT 5biTh 

K8K pe3ynhT8TOM OJJ.HOKpaTHOI'O CTOnKHOBeHH5!, IIpHBOJJ.51lllero K OTpbiBY OJJ.HO-

BpeMeHHO HeCKOnbKHX aneKTpOHOB, T8K H pe3ynhT8TOM p51JJ.8 IIOCneJJ.OBaTenh

HbiX CTOnKHOBeHHH, IIpHBOJJ.51lllHX K8)KJJ.biH pa3 K OTpbiBY nHlllh OJJ.HOI'O 8neKTpo-

Ha. 

K CO)KaneHH~, rrpouecc MHOI'OKpaTHOH HOHH38UHH B OJJ.HOM CTOnKHOBe

HHH HMeeT Ce'leHHe, 5hiCTpO y5biB8~lllee IIpH yBenH'IeHHH Kp8THOCTH H0HH38-

UHH /B/, H Bp51JJ. nH MO)KeT 5biTb HCIIOnh30B8H rrpH pa3pa50TKe HCTO'IHHKOB 

BbiCOK038p51JJ.HbiX HOHOB. 

C npyroii. CTOpOHbi, B rrpouecce rrocnenoBaTenbHOH HOHH38UHH He05XO/lH

M851 38p51JJ.HOCTb HOHOB MO)KeT 5b!Tb /lOCTHI'HyTa, ecnH o5ecrre'leHa 38/l8HH851 

BenH'IHH8 IIpOH3Be/leHH51 IInOTHOCTH 8neKTpOHHOI'O IIY'IK8 j H8 BpeM51 B38H

MOJJ.eHCTBH51 r • DpH orrpe/leneHHOH a HeprHH HOHH3Hpy~lllHX ane.KTpOHOB E e 

H 38JJ.8HHOH IInOTHOCTH IIy'IKa IIOnHOe BpeM51 B38HMO/leHCTBH51, He05XO/lH-

MOe Jln51 JJ.OCTH)KeHH51 Kp8THOCTH HOHH38UHH z , CKnaJJ.biBaeTC5! 11:3 CyMMbl 

BpeMeH rrepexona c Bepo51THOCTh~ enHHHUa ( r i ... t+ 1 

38p51JJ.OBOI'O COCT05!HH51 

C 38P51JJ.HOCTh~ z 

B rrocnelly~mee 

z-1 

r = 2. 
1=0 

r 
I-+ I +1 

+ 1 

H3 HH3mero 

H T.Jl. JJ.O COCT051HH5! 

BpeM51 r 1 .... 1 + 1 MO)KeT 5b!Th paCC'IHT8HO, e cnH H3BeCTHO Ce'leHHe rrepe-

xona a,_ , , 1 , IlpH'IeM Jln51 Hero Cylll e CTByeT COOTHOllleHHe 

jT 1-+1+1 =l. a 
I-> 1+1 

EcTeCTBeHHO, 'ITO Jln51 rronHoro BpeMeHH T8KOe COOTHOWeHHe He HMeeT 

CMbtCna, XOT51 T H eC Th BpeM51 rrepexona C Bep051THOCThiO 1 H3 COCT05!HH51 

C 38p51/l0M Q B COCT051HHe C 38p51/l0M z • 

nn51 IlpH5nH)KeHHOI'O paC'IeTa He05XOJJ.HM~X BenH'IHH j T MO)KHQ BOC-

rronb30B8TbC5!, HarrpHMep, !jlopMynoil: JlnSJ a 1 _. I+ I H 3 pa60Tbl /9/ 

a 
C E 

--------- £n ---~--
I-> I+ 1 

E 
e I 1->1+1 ! 1->1 + 1 

4 



rae I 1 ... Hl - ITOTeHUKBJI KOHK38UK~ KOHB 38pHaHOCTH C - ITOCTO-

z-1 z-1 

jr = ~ 
1=0 

r 
I-+ I +I 

~ 
1=0 a 

1-+1 + I 

Ha pKC. 1 ITOK838H8 38BKCKMOCTb Kp8THOCTK KOHK38UKK z OT BeJIK-

'lKHhl rrpOK3Beae HKH j r anH BTOM OB ypa ua rrpK 8 H e prHH s n e KTpOHH OrO rry'l-

K81 paBHOH 8 K 8 B, 

H3 PKCYHKB B Ha HO, "'TO KPBTHOC TH HOHH38UKK z = +38 COOTBeTCTByeT 

j r =1020 c~2 1 T. e . npH H C ITOJib30BB HHH a a>Ke T B KHX Bb!COKHX 3H8'leHHH 

K B K 100 a/c M
2 , He o 6 x oaH MOe BpeMH B38HMOa e fiCTBH Sl rrpHMepHO paB

HO 0,1 Ce K. 

HaM rrpeacTaBnSie TCH, "'TO cTonb anHTenbHh re B peMeHa B 3 BHMoaelicTBHSI 

M O>KHO o 6ecrre'lHTb 1 HCITOJ!b3YSI 8~~eKT eCTeCTBeHHOrO ITpOBHCBHHSl ITOTeHUHB

na B CITJ!OliiHOM 8 J!eKTpOHHOM ITY 'lKe1 o6ycnoBneHHb iH ero OTpHUBTeJ!bHbiM 

rrpOCTpBHCTBeHHhlM 38pSiaOM, 

P a c cMoTpK M s n e KTpOHHhii1 rry 'lOK UHJIHHa pM'le CKOH ~opMhi c paaHycoM R • 

Pa3HOCTb ITOTeHUHBJ!OB Me >K ay e ro rpaHHUei1 H OCbJO /),. U B h rpa>K a e TCSI ~op-

Mynoli / 10 / 

l'iU 1,52 • 10 

rae - T OK rry'lK a I a / I H a rrpH M ep 1 

rny6H H 8 ITO T e HUHBJ!bHOH Sl Mbl HB OCH rry'lKB C 8 HeprHei1 s neKTpOHOB 8 K 8 B 

H T OKOM 1 BMITep C OCTBB J!Sle T ""160 BOJ!bT. 

n o JIO)h HTe JibH b lli HOH, B03HHK LLI HH B 06JIBC TH 8 JleK T pOHHOI'O rry'lKB 1 CO

Bep lllaeT paaHBJibHbl e KOne6a HH Sl C BMITJIH T yaoi1 , H e rrp eBhlliiBJOllleH R , 

AKC~BJ!bHOe a BH >KeH H e HOI-18 MO>K e T 6hl T b o rpa HH'leHO ITOTe HUH8 J! 8 MH H B 

OKOH e 'lHhl X Y 'lBCTK B X rry'lK8 1 BeCb 06'b eM K OTOp OI'O B 8 T OM C Jiy 'lae OK83hiBa

eTCH JIOBYliiKOH a n SI ITOJIO)I<HTeJibHOI'O H OI-18, 

B p eMH rrp e 6hlBBHH H HOHB B T B K OH J!OBYliiKe B OTCy TCTBHe CTOJIKHOBeHH H 

onpeaenHe T CH CKOpOCTb!O HeHT p8J!H3BUHH rrp OC T pB H C T BBH H OI'O 38pSiaa 8 Jie KTpO-

HOB rrpH HOHH3BUHH OC T BTO'lHOI' O I'B38 , 
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PaC'ieT ITOK83biB8eT, HanpRMep, 'ITO ITpR aaBlleHRR 10-10 TOpp BpeMSI 

He~TpanR38URH npR 9HeprRR aneKTPOHOB 8 K9B npRMepHo paBHO 1 ceK, H3 pRc,l 

cneayeT, 'ITO 9TO BpeMSI aoCT8TO'-IHO anSI nony'-IeHRSI ROHOB O'-!eHh Bb!COKRX 

38pSILlHOCTe~. 

TaKRM o6pa30M, MO)!{eT 6biTh ocymec TBneHa cneayJOmasr MeTOLlRKa nony

'ieHRSI BblCOK038pSILlHb!X ROHOB ( pRC, 2), 8 06'beMe CBepXBbiCOKOro B8KYYM8 

C03Ll8eTCH npOTSJ)!{eHHbl~ 9neKTpOHHbl~ ITY'-IOK C H8'i8nhHO~ nnOTHOCTbJO j = j
0 

(pRC. 2a), PacnpeLieneHRe aneKTpR'ieCKRX ITOTeHURanOB BaOnh OCR ny'-IK8 Ta

KOBO, 'iTO ero OKOH'-IeHbl Y'i8CTKR npeLICTaBnSIJOT C060H npo6KR anSI nonO)!{R

TenhHbiX '-18CTHU. 8 MOMeHT BpeMeHR l o 38 KOpOTKR~ npoMe)!{yTOK BpeMe

HR ~~ B ny'-!OK 9neKTpOHOB BBOLlRTCSI OnpeLieneHHOe 'iRCnO nonO)!{HTenbHbiX 

. 0LlH038pSiaHbiX ROHOB pa6oqero BellleCTB8 (pH C. 26), 

3TO MO)I(HO CLienaTh, H8ITpRMep, Kp8TKOBpeMeHHbiM RCnapeHReM RCXOLl

HOrO MaTepRana. HeKoTopag '-!aCTb aTOMOB npH CBOeM TennoBoM aBR)!{eHRR 'ie

pe3 ITy'-IOK 6yLieT ROHH3Hp0B8H8 H 38XB8'-IeHa B noByWKy, 

ilanee , B MOMeHT BpeMeHR l I , KOTOpbl~ MO)!{eT CneLIOB8Tb HeiTOC-

peL!CTBeHHO 38 l 
0 

+ ~ l , nnOTHOCTb sneKTpOHHOrO ny'-IK8 yBenR'-IRB8eTCSI 

ao j = J I • npR 9TOM aMnnRTYLlbl paLIRanbHbiX Kone6aHRH 38XB8'-!eHHbiX B 

noBylliKy ROHOB yMeHblli8JOTCSI, 

3a BpeMSI OT l I ao l 2 npOHCXOLlRT ROHR38URSI 8TOMOB pa60'iero 

BellleC'fB8 LlO He06XOLlRMO~ Kp8THOCTR z (pH.C,2B) • 06pa3yJOlllReCSI B npo

UeCCe ROHR38URH MeLineHHhle aneKTpOHhl ITOKHL18JOT ny'IOK B COOTBeTCTBHH 

C pacnpeLieneHHeM ITOTeHURanOB, npH 9TOM, ecTeCTBeHHO, nonO)I(RTenhHblH 

npOCTpaHCTBeHHblH 38pSILl pacTeT, 'iTO npHBOLlRT K yBenR'-IeHRIO 8MITnRTYLlbl pa

aHanbHbiX KOne6aHHH ROHOB, KonR'-IeCTBO 8TOMOB pa60'-!ero BellleCTBa H KpaT-

HOCTb ROHH38URH z Bbi6Hp810TCH T8KHMH, 'ITO 8MITnRTyabl KOne6aHRH B MO-

MeHT BpeMeHR l 2 He npeBbllli810T H8'-!8nhHbiX 8MITnRTYLl B MOMeHT BpeMe-

HH l O , 

8 MOMeHT BpeMeHR t 2 ITOTeHURan OLlHOrO H3 OKOHe'iHbiX Y'-18CTKOB 

Uy'-IK8 aenaeTCSI ITOCTOSIHHO (HnH nepHOLlR'-IeCKH) 0TpRU8TenhHbiM (pHC, 2r). 

npH 9TOM ROHhl YXOLlHT R3 ny'-!Ka R MOryT 6hlTb RCITOnb30B8Hhl LinH 8H8hR38 

RnR LlnSI yCKOpeHH H. 

npouecc ITOBTOpHeTCSI MHOrOKp8THO, 
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PacqeT noKa3biBaeT, HanpHMep, 'ITO B noToKe sneKTpOHOB 1019 cse~ , 

C~OKYCHpOB8HHOM B ny'l AH8MeTpOM 1 MM2 H .QnHHO~ 1 M, npH 3HeprHH sneK

TpOHOB 8 K3B 6yaeT reHepHpOB8ThCR OKOno 2,5,1010 HOHOB 
238 

U cpea

Heli 38pRAHOCTH +38, Mo>KHO O>KHA8Th, 'ITO Ha OIITHManhHy!O 38pRAHOCTh 6y

aeT npHXOAHThCR OKOnO 30% o6mero 'IHCna HOHOB, 

PeaynhT8Thi sKcnepHMeHTOB, BhmonHeHHhiX aBTopaMH pa6oT 
111 '1 2 ' 13/, 

H SKCnepHMeHTOB no HOHH38:UHH OCT8TO'IHOrO raaa, KOTOpbie 6yayT OIIHC8Hbl 

HH>Ke, A810T H8M OCHOB8HHe H8AeSIThCSI1 'ITO ny'IKH BbiCOK038pSIAHhiX HOHOB 

B sneKTpOHHOM nyqe MoryT 6b!Th nony'leHbl, 

3. 3KcrrepHMeHranbH8H ycraHOBKa 

.llng npoBepKH paCCMOTpeHHOrO BbiiDe MeTOA8 HOHH38:UHH H3rOTOBneHa 

3KCnepHMeHT8nhH8R yCT8HOBK8, CXeMa KOTOpOH IIOK838H8 H8 p!iC, 3, 

3neKTpOHH8R nymKa pacnonaraeTCR BHyTpli SKp8HlipOB8HHOro coneHOH

.Qa .QnHHOli 165 MM C M8KCHM8nbHOH HanpR>KeHHOCTh!O M8rHHTHOrO rrong OKO

no 4 K3, KaTOA H3 reKC860p!iA8 naHT8Ha, BbinOnHeHHbiH B BH.[{e Ta6neTKH 

QliaMeTpOM 3 MM H B bi COTOli 1 ,5 MM, OIIHpaeTC51 H8 T8HTanOBbiH AHCK C AH8-

MeTpOM OTBepCTHSI 2,5 MM, .llnsr o6ecrre'leHH51 He06XO.LIHMOH SMHCCHH K8TO

A8 npHMeHeH sneKTpOHHhli1 noaorpeB. 

Ha p8CCT051HHH 2,5 MM OT K8TO.Ll8 H8XOAHTC51 8HO.LIH851 AHaqiparMa H3 

Hep>KaBe!Omeli CT8nH C AH8MeTpOM OTBepCTH51 3 MM. flocne 8HO.Ll8 pacnona

raeTC51 apeli~OB8R Tpy6Ka C BHyTpeHHHM AH8MeTpOM 4,8 MM, COCTOSIID8SI H3 

IIRTH !i30n!ipOB8HHbiX CeK:UHH .c:tnHHOH 20, 20, 60, 20, 20 MM COOTBeTCTBeHHO, 

ITocneaHR51 ceKUHSI apeli~oso~ Tpy6KH onHpaeTcsr Ha MarHHTHhili non10c, He

rrocpeacTBeHHO 38 KOTOpbiM ycTaHOBneH sneKTpOHHbiH KOnneKTOp :UHnHHApli

'leCKOli ~opMbi, H3roToBneHHhiH H3 TaHTana. KoaKCHanbHO c sneKTpOHHbiM 

KonneKTOpOM p83Mei:ueH npOBOnO'IHbl~ KOnneKTOp HOHOB, 

3neKTp0Hbi, SMHT!ipyeMbie K8TOAOM H yCKOpeHHbie 8HOAHbiM nOTeH:UH8-

noM, CIWhHbiM M8rHHTHbiM noneM ~OpM!ipy!OTCSI B ny'IOK, KOTOpbiH rrocne rrpo

XO>KAeHHSI ape~~OBO~ Tpy6KH H BbiX0.[{8 H3 MarHHTHOrO nonsr perHCTpHpyeTCSI 

sneKTpOHHbiM KOnneKTOpOM. 
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MoHw, B03HHKa~wHe B o6nacTH a neKTpOHHoro nyqKa, M oryT yaep•H

BaThCH TaM nH60 BhlBOllHTbCH Ha HOHHhlA KOnne KTOp IIpH C OOT BeT C T B Y IDWHX 

pacnpeaeneHHHX IIOTe HUHanOB Ha CeKUHHX apeA<jloBon T p y 6 KH. 

YT06h i npeaoTBpaTHTb nonaaaHHe 6 biCTpb iX an e KTpOHOB Ha HOHH Lifi Kon

neKTOp, ero IIOTeHUHan C IIOMOWb~ IIOCTOHHHOrO HCTOqHHK a IIHTa HHH yCTa-

HaBnHBaeTCH BCeraa HH*e KaTOllHOrO IIOTeHUHana , 

.0nH aHanH3a HOHOB ITO OTHOWeHH~ Z/ A Ha MeCTO HOHHOrO KOnne K-

TOpa MO~eT yCTaHaBnHBaTbCH yCKOpH~WHH aneKTpOll MaCC-CrreKTpOMeTpa ITO 

BpeMeHH nponeTa. 

EnoK-cxeMa sneKTpH'IeCKoro IIHTBHHSI M3fl rrpHseaeHa Ha pHc. 4. 

8biiipSIMHTenb IIHTBHHSI <jloKyCHpy~IUerO coneHOHQa o6ecneqHBaeT HOMH

HanbHhltf TOK 600A rrpH HaiipSI~eHHH 17 B, 

Yaen aHO.QHOrO IIHTaHHSI aneKTpOHHOfi IIYIIIKH COCTOHT H3 aHOllHOrO Bb!IT

pSIMHTenSI C MaKCHM8nhHbiM HBIIpSI~eHHeM 7000 B I TOKOM 2,5 a H MOQynSI

TOpa Ha naMIIe fY -39A, 8hiiipSIMHTenb CMeiUeHHSI yrrpaBnSI~lllefl CeTKH HMeeT 

perynHpyeMhifi Bb!XO.Q 1 'ITO II03BOnSieT rrony'IHTb B8pbHpyeMy~ IIOCTOSIHHY~ 

COCTBBnSI~WY~ aneKTpOHHOrO TOKa qepe3 M3fl, LlnSI nony'leHHSI MOWHOrO HM

rrynhCa TOKa Ha yrrpaBnSI~WY~ ceTKY naMIIhl fY -39A c Bhixoaa aa.ua~wero 

reHepaTOpa IIOCTyrraeT IIOnO~HTenhHbiH I:IMIIynbC. C MaKCHM8nbHOH 8MIIJUITy

llOfi 300 B. MMrrynhC OTpi:IUaTenbHOfi IIOnSipHOCTH, CHHMBeMbiH C aHO.Qa naM-

Ilbl fY -39A, MMeiOIUHH M8KCHM8nhHyiO 8MIInMTY.llY B 6 KB, IIOCTyrra-

12T Ha KBTO.ll sneKTpOHHOH IIyiUKH H3fl, BHO.ll KOTOpOH 383eMneH, 

.LlnHTenbHOCTb HMrryn&Ca TOKa perynMpyeTCSI B npe .uenax 0,05-100 MCeK, 

BnoK-CXeMa H3MepeHHSI I:IMIIynbCOB HOHHOrO TOKB, reHepMpyeMOrO B 

H3fl, rroKaaaHa Ha pMC. 5. 

HMrrynhC 38.ll8IOIUero reHepaTopa, aa.uep~aHHbiH HB BpeMSI OT 0 .QO 

15 MCeK, 3anycKaeT reHepaTOp CepHH 38IIHp8IOWHX HMIIYJ'lliCOB IIOnO~HTenb

HOH IIOnSipHOCTH, KOTOpbie IIO.QB ~TCSI Ha rrp earrocne.QHIO~ CeKUH~ .Qpe}i<jJOB OH 

Tpy6KH, 8 I:IHTepBane BpeMeH OT 0 llO 60 M C e K H M eeTCSI 7 C e pH H 38IIHpa~

IUHX I:IMIIynbCOB C MaKCI:IM8nbHOH .QnHTenbHOCTb~ B c e pHH OT 1 .Q O 60 M C eK, 

Ka~aaSI c e pHSI co.uep~HT H M rrynbC h i 20 anHTenhHOCTej;!, M3MeHSI~IUHXCSI aB

TOM8TH'IeCKH 'lepea paBHhle HHTepBanw. HoMep onpeaeneHHOH cepHH B hl 6H

paeTCSI BPY'IHy~. 
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n 0 OKOH"i8HHH JleikTBHSI 3811Hp810!ll8f'O HMIIyllbCa HOHbl 113 Jlpeil:Q:>OBOH 

Tpy6KH Bb!T .Hf'HB810TCSI H8 KOllll8KTOp , 

VI Ml1YllbCbl I!OHHOf'O TOKa Ha6nJOJl810TCSI Ha 9KpaHe OCIII!llllOf'pa!j:Ja , pa3BepT

K8 KOTOpOf'O 38IIYCK88TC SI rrepeJlHHM !j:JpOHTOM 9ll8KTpOHHOf'O HMITYllbCa "iepe3 

Vl3fl , IIlli! peri!CTpHpy!OTCSI Ha ll8HTe 110T8HUIIOM8Tpa 30n-09, 

feaepaTop pa3p~Jla HCnOllb3yeTCSI Jlll.H rrepeBoJla yKa3a Tell.H rroTeHUHo

MeTpa B HylleBOe 110ll0~8HHe 110Clle 38IIHCII 8MIIlliiTYJlbl HOHHOf'O IIMITyllbCa. 

Cl!cTeMa BBKYYMHOif OTKa"iKII Vl3fl cxeMaTII"ieCKII 1!3o6pa~eaa aa p11c .6. 

H eo6XOJliiMoe pa3pe~eHHe C03JlaeTCSI :::meKTpopa3p.HJlHhiM cop6UIIOHHhiM 

aacocoM 3CH-1 11 JlBYMSI Jlll!j:J!j:Jy3IIOHHhiMII rrapoMaCll.HHhiMII aacocaMII : B A -01 

c noay wKoi1 nocTa /14/, oxna~JlaeMoi1 ~IIJlKIIM a30 TO M , 11 UBfl-100, BKllJO

"ieHHhi MII TIOCll8JlOB8T8llbHO , 

KoaTponb JlaaneHIISI ocymecTBll.He T c.H no TOKY Hacoca 3CH-1 , rrpoKa

ll1!6poaaaaoro 3apaaee. 

0CHOBHblM KOHCTpyKUIIOHHb!M M8T8pll8llOM BaKyyMHOH CHCT8Mbl IIBllii8T

CII Hep~aB810W8SI CTSllb , YnllOTH8HIIII Bbll10llH8Hbl 113 M8Jll! , nporpeB Vl3fl ocy

IU8CTBllii8TCSI Hapy~Hb!MH H B HyTp e HHIIMH H arpeBaT ell.HMH JlO T eMnepaTypbl 

4000C. 

Bo apeMSI pa6oT bi Vl3fl sne KTpOHHhiH rry"ioK rrpo113BOJliiT JlOITOllHHTenb

HyJO OTKS"'KY 06beMa Jlpei1:!j:JOBOH Tpy6KI!, 

npe Jl8llbH08 pa3p8~8HII8 1 JlOCTI!f'HyTOe B 06b8M8 Vl3fl, paBHO 1,1Q-9.TOpp . 

4. 3KCIIepHMeHTbl IIO HOHH38IJHH 8 T OMOB OCT8TO'-IHOrO ra3a 

a ) 3 ll e K T p 0 H H hi H 11 y "i 0 K, ny"iOK 9 ll8 KTpOHOB B Vl3fl Bbll10llHII8T JlBe 

!j:JyHKUIIII. Bo-rrepBbiX, a CTOllKHOBeHHHX c 6biCTpbiMII sneKTpoHaMII ocymecT

BllHeTc.H rrpouecc 110Cll8JlOB8T 8llbHOH IIOH1138UIIII IIOllO~IIT8llbHhiX HOHOB 1 BO

BTOpbiX, OTp11U8T8 llbHhlH npOCTpaHCTBeHHbiH 3ap.HA 9ll8KTpOHHOf'O IIY"iKa C03-

JlaeT 9ll8KTpOCT8TII"i8CK118 Cllll b1 1 Of'p8 HII"iiiB810!llll8 paJl118llbH08 JlBII~8HI!e 

IIOHOB, 

n o9TOMY 1 C OJlHOH CTOpOHhl, ITllOTHOCTb IIY"iKa 9ll8KTpOHOB npH 38Jl8H

HOH 9Heprllll JlOll~Ha 6 hiTb K8K MO~HO 60llbill8H 1 C Jlpyroil: CTOPOHhi, Bapl!aU.IIII 
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IWOTHOCTH rrpOCTpaHCTBeHHOrO 3apsma ITY'IKa AOn>KHbl 6biTb MHHHManbHblMH, 

'IT06hl He Bhl3BaTb CyWeCTBeHHOrO HCKa>KeHHH KBp T HHhl paCCMOTpeHHOrO Bhl 

We ABH>KeHH3 HOHOB. 

DpH HCITOnb30BaHHH OITHCaHHOll. BbiWe KOHCTpyKUHH rryWKH Vt3fl MBKCH

ManbH8H rrnOTHOCTb sneKTpOHHOrO ITy'IKa, KOTOpaH 6hina rrony'leHa, paBHa 

a 
8 ~ • 3Ta rrnOTHOCTb AOCTHrHyTa rrpH HarrpH>KeHHH 6 KB . Ha pHC . 7 11306-

pa~eHa aonbT-aMrrepHaH xapaKTepHCTHKa KaToa- aHoaHoro rrpoMe>KyTKa. Hs 

pHCYHKa cneayeT, 'ITO M HKporrepBeBHC ITY lliKH paBeH 0,95 ~ • 0TKnOHeHHe 

8 .3/2 

OT 3BKOHa 3 / 2 HaC TyrraeT ITpH HaiTpH>KeHHH 5,5 KB, 'ITO C BHAe T enbCTByeT 0 

HeLlOCTaTO'IHOll. SMHCCHH KaTona, Tpe6y!OWero 6 onbrn ell. M OWHOCTH ITOAOrpeBa , 

KOTOpaH 6hina orpaHH'IeHB KOHCTpyKTHBHbiMH OC06eHHOCTHMH KaTOLlHOrO ysna. 

Dpoxo>KneHH e rry'IKa 'lepes npell.~oBy!O Tpy6Ky nocTHraeT rrpaKTH'I~CKH 

100%. 3neKTpOHHb!ll. TOK 6bW 06Hapy>KeH nHllib Ha ITOCneAHHH CeKUHH Tpy6KH 

apei1~a, rae OH He rrpeBhiiDan 0,05% o6wero TOKa. 

DynbCaUHH ITnOTHOCTH ITY 'IK a HaMH He HCCnenoaanHCb. Pac'leT ITO H3-

B eC THOMy COOTHOllieHH!O / 10 / ----
Rn = 4,14 

y'UPP. -----
8 

rae R - aMrrnHTyna rrynbcaUHH (MM), U 
.n. 

- pa3HOC Tb ITOTeHUH8nOB 

KaTOJl-a HOLl (B) 1 p fL - MHKporrepBe8HC ITYIDKH ( 
MKa ) 

B37'2' 
B - aenH'IH-

Ha HHLlYKUHH dJOKYCHPY!OWerO MarHHTHOrO ITOnH 
MKa 

(rc f, ITOKa3bJBaeT, 'ITO ITPH 

M8KCHManbHOM U H p p. = 0,95 """B3'72 B MarHHTHOM none 4 KrC 

8MITnHTYJl8 rrynbCaUHii HeBenHKa H COCT8BnHeT "'0, 1 MM. 

6) H OHHbJH T OK. HOHHbiH TOK, reHep!ipyeMhlii B 06'beMe H3fl, orr-

penenHeTC H TOKOM 6hiCTpbiX sneKTpOHOB, HX S HeprHell. H aaaneH!ieM OCTaTO'I

HOrO rasa. TOKOM HOHO B , B03HHK8!0WHX B 06'beMe npe ii~OBOii Tpy6Kii, MO>KHO 

yrrpaBnHTb, a KKYMYnlipyH ero B npOCTpaHCTBe sneKTpOHHOrO ITY'IK8 li !10Cbln8H 

H8 HOHHbl li KOnneKTOp linH Ha K8T0Ll rrpH COOTBeTCTBY!OWeM pacrrp e aeneHHH 

ITOTeHUHanoB Ha CeKUHHX Tpy6KH Jlpeil:~a. H0Hbl 1 B03HHKa!OW!i e B6n!i3H sneK

TpOHHOI'O KOnneKTOpa, eCTeCTBeHHO, C061ip8!0TCH BCer)la H8 KOnneKTOp liOHOB, 

T8K K8K OH HMeeT ITOCTOHHH biH OTpHU8TenbHbill. ITOTeHUHan. 
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3KCITepHMeHThl C HOHHhlM TOKOM 3aKnroqanHCb B H3MepeHHH ero BenH

qHHbl B 3aBHCHMOCTH OT pacrrpeneneHHSI ITOTeHUHanOB Ha CeKUHHX npefi¢oBOfi 

Tpy6KH H naBneHHH OCTaToqHOro raaa rrpH paanHqHbiX XapaKTepHCTHKaX sneK-

TpOHHoro rryqKa. 

H a pHC , 8 ITOKa3aHbl THrrHqHbie OCUHnnorpaMMbl HMrrynbCOB HOHH.OrO TO

Ka, rronyqeHHbie DpH COOTBeTCTBYIDIIIHX pacrrpeneneHH SIX ITOTeHUHanOB Ha CeK-

UHSIX TPY6KH npefi<ba nng cnenYIDIIIHX rrapaMeTPOB! p =10-7 TOpp, U = 2 KB, 

I = 70 Ma, 

~OpMa HMITynbCa HOHHOrO TOKa B OCHOBHOM ITOBTOpSieT ¢opMy MOIIIHOrO 

sneKTpOHHOrO HMITynbca (pHC, 8a, 6, B, r), HeKOTOpbie OTKnOHeHHSI CBSI3aHbl 

C H3MeHeHHeM naBneHHSI H3-3a 6oM6apnHpOBKH sneKTpOHaMH KonneKTOpa, 

PHC, 8a, 6, B, r ITOKa3biBaiDT B03MO)KHOCTH orpaHHqeHHSI nBH)KeHHSI 

HOHOB, a pHC, 86 - B03MO)KH0CTb yrrpaBneHHSI HOHHbiM TOKOM, reHepHpyeMbiM 

B o6beMe sneKTpOHHoro rryqKa. 

Qq eHb HHTepecHhi ocuHnnorpaMMbi pHc. 8n. B 3 TOM cnyqae aarrHparo

IIIHH HMrrynbC aMrrnHTynofi 100 B H nnHTenbHOCTbiD T rronaBanCSI Ha qeTBep

Tyro CeKUHID npefi¢oBOfi Tpy6KH, rrpHqeM OH HaqHHancg C HeKOTOpofi aanep)K

KOM ITO OTHOWeHHID K sneKTpOHHOMY HMrrynbcy H 38KaHqHBanCSI p8HbWe. ~3 

OCUHnnorpaMM pHC, 86, r, rronyqeHHbiX B C 'l'aTH1qeCKOM pe)KHMe, BHnHO, qTo 
. . . . . -

HOHHbiH TOK B MOMeHT Haqana 38DHpaiDIIIero HMrrynbCa yMeHbwaeTCH, onHaKO He 

no HynH, TaK KBK HOHbi, B03HHK8IDIIIHe B rrocne nHeM CeKUHH Tpy6KH npefi¢a H 

B o6naCTH 8 neKTpOHHOrO KOnneKTOpa , rrpHXOnHT H a KOnneKTOp HOHOB, 

Y!OHbi , B03HHKaiDIIIHe BO 2-fi H 3-fi CeKUHSIX npeH:¢0BOH Tpy6KH, aKKyMy

nHpyiDTCSI B o6naCTH sneKTpOHHOro rryqKa. 3aTeM CHHXpOHHO C aanHHM ¢poH

TOM aarrHparow e ro HMrrynhca Becb HOHHbiH aapgn, HaKorrneHHbiH aa BpeMH r, 

BhiiTnecKHBaeTCH H a KonneKTOp, aapSI)KaH ero eMKOCTh. M bi Ha3hiBaeM 3 TOT 

BcrrnecK HMnynhCOM HOHHoro aapHna: 3ToT 5biCTpbiH npouecc aaBepwaeTCH 

pa3pHnKOH eMKOCTH HOHHOrO KOnneKTOpa qepe3 COllpOTHBneHHe yTeqKH, ITOCne 

qero HOHHhlM TOK BOCCTaHaBnHBaeTCSI no rrepBOHaqanhHOM BenHqHHhl, 

.[lpyrag OCUHnnorpaMMa pHC. 8n ITOKa3biBaeT, KaK H3MeHSieTCSI KapTHHa, 

ec nH nnHTenbHOCTb aarrHparowero HMrrynbca yBenHqHBaeTCH. Mbi BHnHM, 

qTO BHaqane BenHqHHB HMITynbCB HOHHOro 38pHna paCTeT, 38TeM noCTHraeT 

HBCblllleHHSI H , HBKOH e U, pe3KO rranaeT B MOMeHT, Korna 38DHp8IDlllHH HMnynbC 

aaKaHqHBaeTCH rroanHee HMrrynbca sneKTpOHHoro TOKa. 
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H 8 pH C. 9 nOK838H8 OrH68JOUl8SI HMnynbCOB HOHHOrO 38pSILI8 1 nony''IeH-

HbiX npH pa3nH'IHbiX L(nHTenbHOCTSIX 38nHp8JOUlero HMnynbCil. T • 

V1 3 MepeHH51 llOK83biB8lOT 1 'ITO M8KCI!M8nbH851 fl M ITniiTYilB I!Mfl y nbCa II OHHO

ro 38pSILI8 no a6conJOTHOfi BenH'IHHe npHMepHO p8BH8 HanpSI~eHHJ0 1 KOTOpOe 

MOr 6bi C03LI8Tb Ha eMKOCTH KOnneKTOpa HOHOB npOCTp8HCTBeHHbllf 38pSILI 

3neKTpOHHOrO ny'IK8 1 orpaHH'IeHHOrO no JlnHHe 2-H H 3-H CeKUHSIMH ApeH~O

BOH Tpy6KH. 3TO 03H8'IaeT, 'ITO H8CbiUleHHe H8 KpHBOH pHC. 9 H8CTynaeT npH 

COCTOSIHHH, 6nH3KOM K nonHOH KOM!leHC8UHH !IpOCTp8HCTBeHHOrO 3apSILI8 6biCT

pb!X 3neKTpOHOB npOCTpaHCTBeHHbiM 38pSILIOM 8KKyMynHpOB8HHbiX B 3TOH 06-

.'IaCTH HOHOB. 

iln51 onpeneneHHSI 3~eKTHBHOCTI! HOHHOH noByWKH HBLIO 3H8Tb, Ae~CTBH

TenbHO nH npH nelfCTBHH 38nHp8JOUlero HMnynbC8 H0Hbl 1 KOTOpbie paaee IIO

naaanH aa KonneKTOp, Tenepb HaKannHBaJOTC51 B o6nacTH 3neKTpoaaoro nyq

Ka. 3TO MO~HO cnenaTb, CpaBHHB8SI HOHHbiH 38pSILI 1 HBHJleHHbiH H3 HMnynbC8 

V npH H3BeCTHOH eMKOCTH C HOHHOro KonneKTOPB, C Jle~HUHTOM HOH-

HOrO TOKB !'J. i 38 BpeM51 L(eHCTBH51 38nl!p810Wero HMnynbC8 

Q I V C 
Ha pH C. 10 nOK838HO H3MeHeHHe OTHOWeHH51 ---"' ----

Q2 !'J. i T 
B 38811-

CHMOCTH OT AnHTenbHOCTH r • BHLIHO, 'ITO B HeKOTOpOM I!HT e pBane BpeMeH 

T 3TB BenH'IHH8 6onbWe eL(I!HHUbl, 3TOT ~BKT y6eAHTenbHO CBHLieTenbCT-

ByeT 0 BbiCOKOH 3QJ~eKTHBHOCTH HOHHOlf nOBYWKH, 

B) 06cy~JleHHe HeKOTOpblX 3KCnepHMeHTanbHbiX pe-

3 y n b TaT 0 B, f1pH HOHH38UHH OCT8TO'IHOrO ra3a npOHCXOLIHT HenpepbiBH8SI 

nOL(8'18 8TOMOB pa60'Iero BeweCTB8 B 3neKTpOHHblH ny'IOK IIOCTOSIHHOH nnoT-

HOCTH , 3TOT cnyqalf cyweCTBeHHO OTnH'I a eTCSI OT TOro, KOTOpwA 6wn 

paCCMOTpeH B p a anene 2, 0CHOBHOe OTnH'IHe COCTOHT B TOM, 'ITO npH Henpe

phlBHOA nOL(8'Ie pa6oqero BeweCTB8 He BCe HOHhl , 38XB8'IeHHhle B nOBYWKy, 

MOryT H8XOLI11TbC51 B o6naCTH 3neKTpOHHOPO IIY'IK8 OT MOMeHT8 B03HHKHOBeHH51 

LIO KOHU8 3 8 nHp8JOUlero 11MnynbC8 JlnHTenbHOCTH T , Y! OH 1 3 8XB8'IeHHbiH B 

3ne KTpOHHbiA ny'IOK H8 p8LIHyce r 1 , 6yneT yBenH'IHB8Tb 8 MITnHTYLIY pa-

LIH8nbHbiX KOne6aHHH no Mepe TOP0 1 KBK npOC Tp8HCTBeHHbiA 38pSILI 3neKTpO

H OB KOMneHCHpyeTCSI HOHHblM 38pSILIOM, B TOT MOMeHT, KOPLI8 8Mnnwryaa KO

Jte6aHHH HOH8 npeBblCHT p8LIHYC ny'IK8 R 1 A8nbHelfwee npe6biB8HHe HOH8 
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B nosyrnKe CTaHe Mai!03$$eKTHBH bi M 1 TaK KaK BpeMH1 KOTOpoe HOH npOBOAHT 

B o5nacTH ny'!Ka 1 npencTasnHeT Tenepb nHrnb 'laCTb o5rnero speMei!H npe5bi

BaHHH B nosyrnKe, np11 B03paCTaHHH aMIInHTYAbl KOne5aHHH 3Ta 'laCTb BpeMe

HH YMBHblliaeTCH, B KOHUe KOHUOB HOH MO)I(BT rronaCTb Ha CTBHKY npeti:$OBOH 

Tpy5KH 1 eCnH aMnnHTyAa KOne5aHHH AOCTHrHeT 3Ha'lBHHH1 paBHOrO panHyCy 

Tpy5KH npetl$a paHBB 1 'IBM 3aKOH'lHTCH 3ai!HpaiOll{HH HMnynbC, 

llnH MHOr03 apHAHbiX HOHOB paCCMOTpeHHbiH npouecc 5yneT HeCKOI!bKO 

5onee MBAIIBHHbiM1 TaK KaK OTpblB O'lepeAH9rO 3 IIBKTpOHa I!pOHCXOAHT He 05H-

3aTei!bHO B TOT MOMBHT1 KOrDa paCCTOHHHB HOHa OT OCH IIY'!Ka paBHO aMITIIH

TYAHOMY 3Ha'!eHHI01 'ITO AOI!)I(HO rrpHBOAHTb K HBKOTOpOMY YMBHblliBHHIO aMnnH

T YAhl panHanbHhlX Kone5aHHH , 

AHanH3HpyH Tenepb AeTanH pHC. 9 H p H C .10 1 Mbl BHAHM 1 'ITO paCCMOT

peHHhlH BhllliB npoUeCC HaKOnneHHH HOHOB Ka'leCTBBHHO IIOATBBp)I(A8BTCH, 

H3 pHC. 9 cnenyeT 1 'ITO HaKOIIIIBHHe HOHHOrO 38pHAa B o5naCTH 3IIBK-

TpOHHOrO ny'!Ka I!pH MaiTbiX r I!pOHCXOAHT 5hlCTpee 'IBM nHHBHH01 3aTeM 

npH YBBIIH'lBHHH 

K HaCb!ll{BHHIO, 

- nHHBHH0 1 rrocne qero npOHCXOAHT IIOCTBIIBHHhlA rrepeXOA 

TaKaS! KapTHHa COOTBBTCTBYBT TO MY 1 'ITO BHa'lane BCe H0Hbl 1 KOTOpblB 

reHepHpyiOTCH IIpH CTOnKHOBBHHH aTOMOB OCTaTO'lHOrO ra3a C 5hiCTpblMH 3IIBK

TpOHaMHI HaKaiTI!HBaiOTCH B ITY'!Ke 11 1 5onee TOr0 1 rrpOHCXOAHT HX IIOCneAOBa

TeiibHaH HOHl!3aUHH, 3aTeM aMITIIHTYAhl KOne5aHHH HOHOB B03pac T aiOT H Ha'lH

HaeTCH HX YTB'!Ka Ha CTBHKH npeA$OBOH Tpy5KH 1 11 1 HBKOHBU 1 HBCTynaeT HaChl

ll{BHHB1 KOrDa 'lHCnO B03HHKaiOll{HX HOHOB CTaHOBHTCH paBHhiM '!HCIIY HOHOB 1 

IIOKHAaiOll{HX noBylliKY, 

H3 pHC. 10 BHDH01 'ITO OTHOlliBHHe KOTOpOe MQ)I(HO paCCMaT-

PHBaTb KBK CpeDHIOIO 3apSIDHOCTb HOHOB 1 DOCTHraeT AOBOnbHO 5onblliOH BBIIH

'lHHhl ( B 'IBCTHOM cnyqae 3) y)l(e np11 ManbJX 3Ha'!eHHHX r , Ecn11 npHHS!Tb 

BO BHHMaHHB 1 'ITO TOK ~i o5pa30B8H B OCHOBHOM ODH038pHAHhlMH HOHaMH 

AByXaTOMHh!X MOITeKyn1 TO UH $pa 3 03Ha'lae T 1 'ITO B cpenHeM JiiOHH h!H cryc

TOK COCTOHT 113 B TOMBpHb!X HOH OB 3apSIDHOCTH 1 15 1 KOTOpaSI MO)I(BT 5b!Tb no-

nyqeaa npH Manwx speMeHax r • 

CTOI!b Manwe BpBMBHa DOCTH)I(BHHH MaKCHMBIIbHOH CpBAHeA 3apSIAHOCTH B 

CpaBHBHHH CO BpBMBHB M HaChlll{BHHSI IIpH AaHHOM BaKyyMe MO)I(HO 06b.HCHHTb 
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TeM, 'ITO BHYTPH aneKTpOHHoro rry'!Ka rroTeHuHan rrpocTpaHCTBeHHoro sapgaa 

2 
HapaCTaeT rrporropUHOHanbHO r , B TO BpeMH KaK BHe rry'!Ka - rrporropUHO-

HBnbHO Enr • 3To osHa'!aeT B HarneM cnyqae, 'ITO nocTaTO'!HO 15-20%-HOH 

KOMITeHCaUHH npOCTpaHCTBeHHOrO sapgaa 

,ll8HHe HOHOB H8 CTeHKH .ttpeH~OBOH Tpy6KH, 

aneKTpOHOB, 'IT06bi Ha'lanocb nona-

TaKHM o6pasoM, pesynbTBTbi aKcrrepHMeHTOB rro HSMepeHHJO HMrrynbCOB 

HOHHOrO TOK8 H Sapgaa OKasanHCb TaKHMH, K8K ecnH 6 bl B l13Jl OCyllieCTBngn

cg OITHC8HHbiH B pasaene 2 MeTO,Il HOHHS8UHH, pea nHSOB8HHbiH rrpH HenpepbiB

HOH noaaqe pa6o'lero BewecTBa B aneKTpOHHhiH rry'!oK, 

0.ttH8KO OKOH'I8TenbHOe y6eAHTenbHOe AOKaSaTenbCTBO 8TOrO Mbl nony'IH

nH rrpH aHan~se sapHAOBOrO crre KTpa HOHOB OCT8 TO'!HOrO rasa, 

B npe aBapHTenbHhlX aKcrr epHMeHTax , BhlnonHeHHhlX c rrpHMeHeHHeM Macc

crreKTpoMeTpa, pa6oTaJOrnero rro BpeMeHH rrponeTa, 6bmo ycTaHoaneHo, 'ITO, 

BO-rrepBbiX, OCTaTO'!HbiH ra3 B l13Jl rrp e ACTa BnHeT C060H B OCHOBHOM CMeCb 

N2 CO H H 2 H, BO-BTOpbiX, rrpH j T =2 ,1 0
1 7 ~ H aHeprHH aneK

CM 

TpOHOB E e =2 ,3 K8B 3apHAOBblH cneKTp coaep)f(HT cne.ttyJOWHe HOHbi: 

N T 
2 

N + 

+2 
0 

+ 3 
0 

+• 
0 

CQ T 

0 + 

+2 
N 

+ 8 
N 

+4 
N 

H 
2

0.,. 

c + 

c + 2 

+3 
c 

+• c 

H2 
.,. 

H+ 

ilo ng '!eT bipe X38pHAH hiX HOHOB B CneKTpe COCTaBnHna HeCKOnbKO rrpoueHTOB, 

3TH p e synbTaThi rroKa3 hi B a JOT, 'ITO aanhHei1rna51 p a 6oTa n o rronyqemno 

BhlC OK 03Bp51AHhlX HOHOB B ane KTpOHHOny'leBOM HCTO'IHHKe MO)f(eT OKa38TbC9 

ycrrernHo i1 . 

B 3 B KnJO'IeHHe 8BT0pbl C'IHT~IOT CBOHM rrpH51THbiM .ttonroM Bblp83HTb 

HCKpe HHJOIO 6 n a ronapHOCTb E. n. Bopo6be By s a 6onhlliYJO nonaep)f(KY H nOMOllib, 

OKa3a HHYJO HaM Ha a c e x aTanax pa6oThl , 

H aM T B K * e n piH!THO rro6 n a roaa pHTb 10. n. T peTbHKOBa s a n p o eK TH p OBB HHe 

cxeM aneKTpH'Ie CKoro rrH TaHH51, A. r . Hea cKor o sa paspa6oTK Y paanoTHXHH

'!eC K HX c x e M H K. n. T y MaHoa a s a 6onhrnyro pa6oTy rro n s r o ToBneHKJO , Ha 

n aa Ke H 3 K CnnyB T 8 UHH Y CT8HOBKH, 
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P11c . 2. Bpe M eHHiHl lli!arpaMMa ocHOBHhiX npoueccoa, npi!BOilHIUi!X K M Horo

KpaTHOA i10Hi138Uilil: a ) i13MeHeHHe nnOTHOCTH aneKTpOHHOI'O nyqKa BO 

BpeMeHH ; 6) BBOil OllH038pHilHblX HOHOB pa6oqero BeiUeCTB8 B aneK
TpOHHbl A nyqoK; B) i!3MeHeHH e KpaTHOCTH H0Hi!38UHH z BO apeMe

HH; r) H3MeHeH He H8ITpH~eHHH H8 OKOHeqHQM yqaCTKe 3neKTpOHHOI'O 
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