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Ilporpecc yCKOPHTenbHOH TeXHHKH 3a nocne,D;HHe ,D;eCHTb neT 

npHBen K C03,!l;aHHIO MallIHH, coo6maromux 3neMeHTapHblM qacTHUaM 

3HeprHH B ,D;eCHTKH H C0THH r3B. O,nuaKO C0BpeMeHHaH HayKa 

Tpe6yeT ropa3,D;0 6onb11Iero accopTHMeHTa 60M6ap,D;Hpy10mux qacTHU, 

ycKopeHHblX ,!l;0 BblC0KHX 3HeprHH. 

YcKopeHHbte TH:lKenble H0Hbl HY:lKHbl ,D;nH u3yqeHHH CTpyKTYPbl 

H,!l;pa, MexaHH3Ma H,!l;epHblX peaKUHH H pH,!l;a ,D;pyrux 3a,D;aq, TaK, 

3KCnepHMeHTbl C H0HaMH ypaHa, ycKopeHHblMH ,!1;0 3HeprHH 8 -
10 M3B/HyKnOH, Mornu 6bl BHeCTH HCH0CTb B pellleHHe npo6neMbl 

CHHTe3a ,D;aneKHX TpaHcypaH0BblX 3neMeHT0B C aT0MHblM H0MepoM 

114 HnH 126, H,!l;pa K0T0pblX no TeopeTuqecKHM npe,D;cKa3aHHHM 

MoryT o6na,D;aTb BblCOKOH CTa6HnbHOCTblO. 3KcnepHMeHTanbHaH 

6uonorHH TaK:lKe HCilblTblBaeT 0CTpyro Heo6XO,!l;HMOCTb B HHTeHCHB· 

HblX. nyqKax 3HepruqHblX TH:lKenblX H0H0B, o6na,D;aromux BblCOKOH 

HOHH3Hpyromeii cnoco6HOCTblO, ,D;nH u3yqeHHH CTpyKTYPbl H MeT0,!l;0B 

neqeHHH KaHueporeHHblX onyxoneil. 

YcKopeHHe TH:lKenblX MHoro3apH,!1;HblX H0H0B /M3H/ M0:lKeT 

C ycnexoM ocymeCTBnHTbCH KaK Ha ycTaH0BKax C nuHeiiHOH CTpyK

TYPOH, TaK u Ha UHKnHqeCKHX YCK0PHTenHX. 3HeprHH qacTHUbl 

c y,D;enbHblM 3apH.D;oM ZIA / Z - 3apH,!J; uoHa, A - MaccoBoe qucno/, 

Haxo,D;HmeilcH - Ha op6HTe c MarHHTHoii :lKeCTK0CTbIO HR / H ·Ha

npH:lKeHHoci"i MarHHTHoro nonH Ha op6HTe c pa,D;HYC0M R /, npo-.. 2 
nopuuoHanbHa ·oTHOllleHHIO Z I A. B nHHeHHblX ycKopHTenHx MaKcH-

ManbHaH 3HepruH H0H0B nponopUH0HanbHa HX 3apH,!1;y. 

TaKHM o6pa30M, K0HCTPYHP0BaHHe HCToqHHK0B H0H0B C BblC0· 

KHM y.D;enbHblM 3apH,!l;0M HBnHeTCH 0,!l;HHM H3 cnoco6oB pellleHHH 

npo6neMbl ycKopeHHH 'TH:lKenblx H0H0B ,!l;0 BblC0KliX u CBepXBblC0KHX 

3Hepruil. 
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HacTOJUUaJI. ,!J,HCCCpTaUHJI Il0CBJIID;CHa HCCJIC,!J,(>BaHHIO HCTO'IHHKa 

llOHOB, KOTOphlii IlPHHUHilHaJibHO Mor 6bI Il03BOJIHTb nonyqaTb HOHLI 

pa3JIH'IHbIX :meMCHTOB /BilJIOTb .no ypaHa/ co CKOJib yro.D,HO BbICO· 

KHM 3apJ1.D,OM /BilJIOTb .!J.O rOJibIX JI.D,Cp :meMCHTOB/. liOHH3aUHJI 

B HCM ocymeCTBJIJICTCJI HHTCHCHBHbIM MarHHTocg,oKycupoBaHHbIM 

ny'IK0M :rneprH'IHbIX 3JICKTp0H0B, ,!J,DH)KYID;HXCJI B CBCPXBbICOKOBaKyyM· 

HOM npocTpaHCTBC .npeil:g,a. BbICOKaJI KpaTHOCTb IIOHH3aUHH ,!J,OCTHra

CTCJI 3a C'ICT ,!J,JIHTCJibH0ro BpCMCHH B3aHMO.!J.CHCTBHJI HOHOB C 3JICKT· 

poHaMH nyq1<a, IlpOCTpaHCTBCHHblll 3apJ1.!J. KOTOPbIX 06pa3yeT pa.nnanb· 

HYIO 3JICKTpOcTaTHqecKyIO JIOBYIIIKY .!J.JIJI H0HOB. AKCHaJibHOC ,!J,BH)KC• 

HHC HOHOB orpaHuquBaCTCJI IlOJIO)KHTCJibHbIMH IlOTCHUHanaMH, C03;:i:a

BaCMbIMH Ha OKOHeqHbIX yqacTKaX nyqKa. 

B .!J.HCCepTaUHH qeTbipe rnaBbl. IlepBaJI rnaBa npe.D,CTaBJIJICT 

co6oil: KpaTimil: o63op KOHCTPYKUHH H OCHOBHblX napaMeTpOB 

cymecTBYIOIUHX HOHHbIX HCToqnHKOB /1-4. 14-~'6/ HHCTOqHHKOB M3M, 
HaXO.!J.Jllf\HXCJI B CTa;:i:HH pa3pa60TKH / 5 • 11- 20 ~ rnaBa 3aKaH'illBaCTCJI 

cpaBHHTCJibHOH xapaKTCPHCTHKOH HCTOqHHKOB, OCHOBHOH BblBO.!J. KO· . 

TOpoil: MO)KffO cg,opMynnponaTb TaK: H3 BCCX COBPCMCHHblX HCTO'IHH· 

KOB M3M nna3MC.HHbIC .n:yrOBbIC HCTOqHHKH npn MHHHMaJibHblX 

pa3¥Cpax H CTOHMOCTH 06~a.n:a10T MaKCHMaJibHOH 3g,g,eKTHBHOCTblO 

u B .naHHblll MOMCHT JIBJIJIIOTCJI Han6onee COBCPIIICHHbIMH. O.D,HaKO, 

IlOCKOJibKY nna3Ma 3JICKTpuqecKH HCHTpanbHa, BPCMJI npe6brnamrn 

HOHOB B o6nacTH HOHH3aUHH r He npeBbIIIIaeT 25-30 MCCK 161 ' 
qTo npu KOHC'IHOH IlJIOTHOCTH 3JICKTPOHHOro TOKa j B nna3MC 

/TeXHH'iCCKOe orpaHnqeHHe/ HanaraeT npHHUHnHaJibHOe orpaHnqeuue 

Ha _Benuquuy IlPOH3BC,!J,CHHJI i· T ,a, cne.n:oBaTCJibHO, Ha MaKCHMaJibHYIO 

KpaTHOCTb HOHH3aUHH, ,!J,OCTH)KHMYIO B .n:yroB0M HCTOqHHKC. 

BpeMJI T MO)KCT 6bITb 3HaqHTCJibHO yBenuqeHo, CCJIH 06pa30-

DaHHe HOHOB npoHCXO.!J.HT He B_ 30He nna3MCHHoro pa3pJ1.na, a B 

IlOTOKC .3HepruqHblX 3JICKTPOHOB, npocTpaHCTBCHHblll 3apJ1.!J. KOTOpbIX 

OCTaCTCJI HCCKOMilCHCHPOBaHHbIM B xo.n:e BCero npouecca HOHH3a· 

UHH B YCJIOBHJIX CBCPXBblCOKOro BaKyyMa 6naro.n:apJI HMilYJibCHOH 

HH)KCKUHH aTOMOB . pa6oqero BCID;CCTBa. 3JICKTPH'ICCKHC CHJibl, 

o6ycJIOBJICHHbIC naJIH'IHCM npocTpaHCTBCHHOro 3apJ1.n:a 3JICKTpOHOB 

B nyqKe, npe;:i:oTBpamaroT B03MO)Kff0CTb yxo.na HOHOB B pa.n:uanbHOM 

uanpaBJICHHH. Yxo.n HOHOB B,!J,OJib OCH IlOTOKa MO)KCT 6bITb orpaHB'iCH 

nyTCM no.naqu IlOJIO)KJITCJibHbIX IlOTCHUHaJI0B Ha OKOnequbie yqaCTKH 

nyqKa / 7/ _ liMCHHO 3TH npe;:i:nOCbIJIKH nernu B. 0CI{0BY pa3pa60TKH 

HCTO'lHHKa M3M uoaoro, TaK Ha3bIBaeMoro 3JICKT})OHHOJiyqeBoro, 

Tnna, TeopeTnqeCKHe OCHOBbl H cxeMaTuqecKaJI MO,!J,CJib KOTOpo_ro 

paccMOTPCHbl BO BTopoil: rnaBe .!J.HCCepTaUHH. 

B npouecce nocne.n:oBaTeJILHoii uouuJaunu Heo6xo.n:uMaJ1 3a

PJ1.!J.HOCTb HOHOB MO)KCT 6bITb .!J.OCTHrHyTa, CCJIH o6ecneqeua 3a;:i:au

HaJI BCJIH'IHHa npOH3BC.!J.CHHJI IlJIOTHOCTH 3JICKTPOHHOro TOKa nyqKa 
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j /3n/cM 2 xceK/ Ha BPCMJI ero B3aHMO.!J.CHCTBHJI cuonaMH T /ceK/ • 

Ilpu onpe.neneuuoil: 3Hepruu HOHH3HPYIOIUHX 3JICKTpOHOB H 3a;:i:auuoil: 

IlJIOTHOCTH nyqKa nonuoe BPCMJI B3aHMO,!J,CHCTBHJI, ueo6XO.!J.HMOC .!J.JIJI 

.!J.OCTH)KCHHJI KpaTHOCTH HOHH3aUHH Z , CKJia.!J.bIBaCTCJI H3 CYMMbl 

BpCMCH nepexo.n:a C Bep0HTHOCTblO e,ziuuuua ( T; ➔ ; + l) H3 HH3IIIero 

3apJ1.!J.OBoro COCTOJIHHJI i B nocne.n:YIOmee i + 1 H T • .!J. • .n:o COCTOJIHHJI 

C 3apH.!J.HOCTblO z . BpeMJI Tj ➔ i + 1 /ceK/ MO)KCT 6bITb paCC'iHTaHO, 

ecnu H3BCCTHO ceqeHHe nepexo.n:a a; ➔ ; + 1 /cM 
2 
/, npuqeM .n:nH 

Hero cymeCTByeT COOTHOIIICHHC: 
.. 

a X T X j 
i ➔ i+l i ➔ i+l 

1 . /1/ 

EcTCCTBCHHO, 'ITO .!J.JIJI nonHoro BpCMCHH T TaKOC COOTHOIIICHHC 

He HMCCT CMbICJia, XOTJI T . H CCTb BpCMJI nepexo.na C BCpOJITHOCTblO 

1 H3 COCTOJIHHJI C 3apJ1.D,OM O B COCTOJIHHC C 3apJ1.D,OM z . 
,D;n11 npu6JIH)KCHHoro pacqeTa Heo6xo;:i:HMbIX BenuquH a MO)KHO 

Bocnonb30BaTbCJI, uanpuMep, g,opMynoii: lieTe hi/_ Ha puc. 1 noKa· 

3aHa 3aBHCHMOCTb KpaTHOCTH HOHH3aUHH Z OTBCJIH'IHHbIIlpOH3BC.D,e

HHJI j. T .!J.JIJI aTOMOB ypaHa npH 3HCprHH 3JICKTPOHOB nyqKa 8 K3B. 

M3 pnc. 1 BH.!J.HO, 'ITO KpaTHOCTH HOHH3aUHH z = +38 COOTBCTCTBY" 

CT 3Ha'ICHHC j. T = 10 
2° CM-2 

, T.e. npu HCilOJib30BaHHH .n:a)Ke 

TaKHX BbICOKHX 3Ha'ICHHH j 'KaK 100 a/cM
2 

, HC06XO,!J,HMOC BpCMJI 

B3aHMO.!J.CliCTBH.ll paBHO "" 1 CCK. BpeMJI npe6bIBaHHJI HOHa B 3JICKTPO -

CTaTH'iCCKOH JIOBYIIIKC, o6pa30BaHHOH nponncaHHCM IlOTCHUHana 

B CilJIOIIIHOM 3JICKTPOHHOM nyqKe, C O.!J.HOH CTOPOHbl, H Il0JIO)KHTCJib• 

HbIMH IlOTCHUHaJiaMH Ha OKOHC'iHblX yqacTKaX ny~Ka, C ;:i:pyroii, 

onpe.n:en.11eTCJI CKOpOCTblO HCii:TpaJIH3aUHH npocTpaHCTBCHHOrO 3apJ1• 

.n:a 3JICKTPOHOB HOHaMH OCTaTO'IHOrO ra3a. PacqeT IlOKa3bIBaeT, 'ITO 

npn ;:i:aBJICHHH 10-10 TOPP BpCMJI HCHTpaJIH3aUHH npu 3HeprHH 

3JICKTPOHOB 8 K3B paBHO ... 1.ceK. M3 puc. 1 cne.n:yeT, 'ITO 3TO BPCM.11 

,!J,_OCTaTO'iHO ,!J,JIJI nonyqeHHJI HOHOB O'iCHb BbICOKHX 3ap.1I.!J.HOCTCH. 

TaKHM o6pa30M, MO)KCT 6b1Tb ocymeCTBJICHa cne;:i:y10maJ1 

MCTO.!J.HKa IlOJIY'iCHHJI M3M .. B 000.CMC CBCPXBbICOKOro BaKyyMa 

C03.iiaeTCJI npOT.ll)KCHHbIH 3JICKTpOHHblH 'nyqoK C uaqaJibHOH IlJIOT" 

HOCTblO i=io. /puc. 3a/. Pacnpe.n:eneune IlOTCHUHana B.!J.OJlb OCH 

nyqKa. Tal<OBO, 'ITO ero OKOHC'iHblC yqacTKH npe;:i:cTaBJIJIIOT co6oil: 

"npo6KH'''' .n:rii IlOJIO)KHTCJibHbIX HOHOB. B MOMCHT BPCMCHH t O . 3a 

KOpOTK~ll npoMC)KYTOK BPCMCH~ /',,. t B 3JICKTPOHHblH IlY'iOK npoH3 • 

BOJibHbIM cnoco6oM /H.anpeMep, nyTeM KpaTKOBpeMeHHoro ncnape

HHJI pa6oqero MaTepuana/ BB0.!J.HTCJI IlOJ)UHJI aTOMOB. pa6oqero 

Be~ecTBa /puc. 36/. llacTb a-roM0B. npu .!J.BH)KCHHH qepe:i nyqoK 
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6yneT HOHe3eponaHa e 3axnaqeua nonywicou. B M0MeHT npeMenu 
t 1 , KOTOPLIH MO>KeT cnenonaTi. Henocpe'ACTBCHHO 3a t · + l\ t , 

nnoTHOCTh 3JICKTpOHHOro nyqxa }'BCJIH'IHBaeTCJI no j = j I /pnc. 3a/. 
'ITO npHBoneT K YMCHhWeHeIO aMilJIHTYnhl panHaJihHhlX Kone6aHHH 
3axna11eHHhJX JIOBywKoii HOHOB. B _ Te11enue BpeMeHH T = t 2 - t I 

OCYil(CCTBm1eTCJI eoHH3aUHJI aTOM0B pa6oqero BCIUCCTBa no Tpe6yeMoii 
3apJ1nnocTe Z /pee. 3n/. O6pa3yromuecJ1 B nppuecce uonu3auun 
MenneHHLie 3JieKTPOHLI Il0Kff'AaIOT Dy'I0K B CO0TBCTCTBee C pacnpe.ne • 
neHeeM noTeHueana. Ilpu 3T0M nono>KHTenhHLIH npocTpaHCTBeHHLiii 
3ap.a:n HOH OB pacTeT, 'IT0 IlPHB0ABT K yBene11eHHIO aMDJIHTY~ 
paneam,HLix xone6auuii eouon. Konu11ecTno aTOMOB pa6011ero nemecT· 
Ba H KpaTH0CTh HOHe3aUHH BLI6HparoTCJI TaKHMH, 'IT0 aMnmi'fy,nbl 
KOJie6aHBH B MOMeHT BpeMeHH t2 He npeBLIWaIOT Ha'laJihHLIX aMllJIH• 
Tyn B MOMeHT BpeMeHH t O • B M0MeHT BpeMe~H t 2 noTeuuuan o.zurnro 
H3 OKOHe'IHhIX y11aCTKOB llf1{Ka ,nenaeTCJl OTPHUaTeJihHLIM /puc. 3r/; ' . . . 
HOHLI yxon.a:T H3 nyqxa H HCll0Jib~YIOTCJI AJIJI auanu3a HJIU ycKopeueJI_. 
Ilpouecc nonTopJieTCJI MHoroxpaTno. 

IlpOH3BonHTeJihHOCTh TaKoro ecToquei<a M3M onpe.nenJieTCJI 
BLipa>KeHHeM: 

f. L 
_ 13 ==-

N, =JO Z-VU•r HOHOB/ceK, /2/ 

r.ne: I ·nonHLiii TOK :meKTpouuoro ny11Ka B a, L • .nnuaa o6nacTH 
H0HH3aUHe B M, e U • 3HepreJI 3JI8KTpOHOB B 3B; I • nJlllT8JihH0CTh 
UHKJia H0HH3aUHH B ceK. _ 

B cooTBeTCTBHH c onucauHoii MeTo.nuxoii nonyqeuu.a: M3M 
M0)K8T 6LITh peaJIH30BaHa Monenh 3JI8KTP0HH0nyqenoro HCT0qHHKa 
M3M, ocHOBHLtMH 3JieMeHTaMe KOTopoii JIBJIJIIOTc.a:: :meKTP0HHaJI 
nywxa, cpopMHPYIOIUa.lI llOTOK 3IIeKTP0H0B; cpOKYCHPYIOIUHii 3JieKTp0HLI 
coneH0HA; nponeTHhlit Kauan /Tpy6Ka ,1:1peii4'a/, COCTO.IIIUHB 113 HeK0· 
Toporo qecna H30JIHponaHHhlX ,npyr OT ,1:1pyra cexuuii; Hff)KeKTop 
aToMoB pa6011ero nemecTna; · naKyyMHa.11 cucTeMa, 06ecne'lusa10ma.11 
He06XO,llBMoe ,llJIJI pa6oTLi HCT0'IHHKa pa3pe>KeHee. 

CYil(HOCTJ, pa6oqero UBKna 3JieKTP0HH0JiyqeBoro BCTO'IHBKa 
M3M 3aKmo11aeTcJ1 B 11epenonaHeu pacnpe.neneHuii noTeHuuana n.nonh 
oce npocTpaHCTBa npeii<lia, KoTopoe npoucXOABT B onpeneneHHoii 
BpeMeHHOi nocne,1:10BaTeJibH0CTH B CBHXPOHH3BpyeTCJI BO BpeMeHB 
C nepeo.ne11ec1CBMB H3MeHeH_HJIMB llJIOTHOCTB TOKa B 3JJeKTPOHH0M 
ny11Ke. Ka:lKnoe pacnpeneneuue noienuuana co3,naeTcJ1 c noMOIUhIO 
KOM6BHaUH~ llOCT0.IIHH0ro H BMilYJihCH0ro uanpJI>K8HBB, nonanaeMhIX 
ua onpeneneuuLie y'laCTICH .npeii4Jonoil Tpy6KH. 3neKTpH11ecxa.a: cB.a:3& 
Me~y ceJCUHJIMH npeiid,onoi Tpy6KH OCYil(eCTBllJleTCJI c llOM0IUhIO 
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3JieMeHTOB pe3HCTOpHoro nenHTenJI, CMOHTHp0BaHHLIX Ha ceKUHJIX 
npeiicponoii Tpy6xii. 

Ha pee. 26 npeBeneiia nnarpaMMa pacnpeneneHnii noTeHuHana 
B pa3Jie'IHhie MOMeHThl pa6o:qero ueKna eCTO'IHHKa /cxeMa npeiicpo
BOH Tpy6KH npnBeneHa Ha puc. 2a/. PacCMOTPHM nocnenonaTeJihHOCTh 
3TeX MOMeHTOB. Ha BTopyro ceKuero npeiicponoii Tpy6Ke, COCTOJIIUeii 
H3 neBJITHanuaTH ceKUHH /c11eT ceKUHH neneTCJI co CTOpOHhl 3JieKT· 
POHHOH nyWKH/, nonaeTCJI Il0CT0JIHHOe ·nono>KHTeJihHOe CMeIUeHHe. 
BenH'IHHhl conpoTHBJieHHH nenuTen.a:· nono6paHhl TaKHM 06pa3·0M, 
11To nnonh ocu npeiicponoii Tpy6Ku co3naeTCJ1 pacnpeneneHue noTeH· 
UHana, noKa3aHHOe WTPHXOBOH JIHHHeii Ha PHC. 26. B 3TO BpeMJI Bee 
HOHhl, 06pa3y10muecJ1 B npocTpaHCTBe HOHH3aUHH, non neiiCTBHeM 
nocTOHHHoro rpanHeHTa noTeHuHana noKunaioT o6'heM npeiicponoii 
Tpy6KH. 3neKTpOHHhIH ny'IOK B 3TOM cny11ae pa6oTaeT KaK HOHHhiii 
Hacoc, roTOBJI o6'heM npeii4Jonoii TPY6KH K UHKny HOHH3aUHH. B onpe
neneHHhIH MOMeHT BpeMeHH t nocne nona11H HMilYJihCa HanpH:>KeHHJI 
Ha HcnapHTeJih aTOM0B pa6011ero nemecTBa /17 CeKUHJI/ Ha 18 CeKUHIO 
Tpy6KH npeiicpa nonaeTCJI IlOJIO:>KHTeJihHhIH HMilYJihC nanpJI:>K8HHJI. 
Ocenoe pacnpeneneuHe noTeuuHana B npocTpaucTne npeucpa, cooT· 
BeTCTBYIOIUee 3TOMY MOMeHTY BpeMeHH, noKa3aHO Ha PHC. 26 TOHKOH 
cnnowuoii nHHHeH. Teneph HcnapeHHhie aTOMhI pa6011ero nemecTna 
OKa3hIBalOTCH nocne HOHH3aUHH 3axna11eHHhIMH B 3JleKTpOCTaTH'lec
KYIO JIOBYWKY, o6pa30BaHHYIO npocTpaHCTBeHHhIM 3apJ1,nOM 3JieKTpo
H0B ny11Ka H Il0TeHUHaJiaMH Ha OKOHe'IHhIX ceKUHJIX npoCTpaHCTBa 
,npeucpa. BpeMJI HH:>KeKUHH onpenenJieTCJI BpeMeHHhIM HHTepsanoM 
Me:>K,ny nepenHHMD cppoHTaMH HMnynLcon, nonanaeMhIX nocnenona
TenhHO Ha 18 D 15 ceKUHH Tpy6KH npeu<tia. PacnpeneneHHe IlOTeHUHa· 
na, ycTaHaBnHnaromeecJI nocne nona11u ocHOBHoro 3anHpa10mero 
DMilYJihCa Ha 15 ceKUHIO Tpy6KH npeucpa, IlOKa3aH0 :>KHpHOH CTIJIOWHOH 
JIHHDeH Ha pDC. 26. C M0MeHTa nona11H 3TOro HMilYJihCa 3MHTHpye
Mhie HcnapHTeneM aTOMhI pa6011ero nemecTna nocne H0HH3aUHH 
Il0KDnaioT non neiiCTBHeM rpanHeHTa IlOTeHUHana B o6naCTD K0He'IHhIX 
ceKUDH npeiicpoBOH Tpy6J(H IlOJIOCTh nocnenHeii. ,lJ;nHTeJihHOCTh OCH0B· 
Horo 3anHpaiomero HMilYJihCa paBHa speMeHH HOHH3aUHH. Ilo OKOH· 
'laHHH, neHCTBHJI OCHOBHOro 3anHparomero HMilYJihCa B npocTpaHCTBe 
npeucpa ycTaHaBnHsaeTcH HcxonHoe pacnpeneneHHe noTeHuHana, H 
HOHhl pa6011ero nemecTBa BhIBon.a:TCJI H3 HCT0'llfHKa. ,lJ;nJI IIOBhIWeHHJI 
3cpipeKTHBHOCTH - HCTO'IHHKa HH:>KeKUHJI Hoiion pa6011ero nemecTna 
ocymecTBJIJieTC-11 B TIY'I0K 3JieKTp0H0B HH3KOH IlJI0TH0CTH. IlocnenHHH 
06pa3yeTCJI IlOCTOJIHHOH COCTaBJIHIOIUeii 3JieKTPOHHOro T0Ka, TeKyme
ro qepe3 npocTpa.HCTBO npeiiipa B MQMeHT HH:>KeKUHH. Ilo OKO.H'la;8HH 
UHKJia HH:>KeKUHH IlJIOTHOCTh 3JieKTp0HH0ro TOKa B npocTpaHCTBe 
npeiicpa pe3KO B03pac-ra.eT. AMnJIHTyna panHanhHhlx Kone6aHHii HOHOB 
B 3neKTPOHHOM ny11Ke HapacTaromeii nnoTHOCTH _ yMeHhwaeTcJI, 'ITO 
Il03BOJIJleT 3Ha'IHTeJihHO yBeJIH'IHTh nnHTeJihHOCTh UHKJia HOHH3aUHH. 
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·Bo BTODOH r.iiaBe . ,nnccepTaUHH paccMoTpeHbl TaKme BonpOChI, 

Kaca10iunec.11 MexaHH3Ma Kone6aHHii HOH0B B 3JieKTPOHHOM nyqKe 

C H3MeHJ1IOIUeiic.11 BO BpeMeHH nJIOTHOCThIO, npouecca HaKonneHHJI 

HOHOB B nyqKe H He~TpaJIH3aUHH npocTpaHCTBeHHoro 3ap.11,na 3JleKT

pOHOB, npo,nOJihHOro H pa,nHaJihHOrO pacnpe,neneHHH noTeHUHaJI0B 

B MarHHTOc¢oKyCHpOBaHHOM 3JieKTPOHHOM nyqKe UHJIHH,npnqeCKOii 

¢opMbl. rnaBa 3aKaHqHBaeTCJI ¢opMyJIHpOBKOii Tpe6oBaHHii K 3JieMeH

TaM KOHCTPYKUHH 3Jie~TPOHHOJiyqeBoro HCToqHHKa M3H. IloCKOJlhKY 

BCe yKa3aHHhie Tpe6oBaHHJI npe,ncTaBJIJIIOT C060ii npo6JieMhI, pewe

HHe KOTOpbIX Tpe6yeT OCBOeHHJI cneuHaJihHbIX pa3,neJIOB TeXHOJIOrHH 

coi3peMeHHoro 3KcnepHMeHTa, B TpeTheii rnaBe ,nHccepTaUHH KpaTKo 

paCCMOTpeHhl B0npOChl nonyqeHHJI CBepXHH3KHX ,naBJieHHii, BhlCOKo

nepBeaHCHhIX 3JieKTpOHHbIX noTOKOB H H0HHhIX nyqKoB BhICOKoro 

KaqecTBa. "'' 
)];n.11 npoBepKH paCCMOTpeHHOrO MeTo,na H0HH3aUHH 6bIJia H3 -

rOTOBJieHa 3KCnepHMeHTaJI.bHaJI ycTaHOBKa H3JI - I /HOHH3aTop 

3JleKTPOHHOJiyqeBoii/. H3rOTOBJieHHaJI no3,nHee Mo,neJib 3JleKTP0HHO

JiyqeBoro HCTOqHHKa H3JI - I I, KOTopa.11 npoeKTHPOBaJiaCb ,nJIJI pa60Thl 

Ha yc:i<opHTeJie M3H /HanpHMep, UHKJIOTpOHe/, OTJIHqaeTCJI OT H3JI- I 
He TOJlhKO pa3MepaMH, HO H p.11,noM npHHUHnHaJihHhIX KOHCTpyKTHBHhlX 

oco6eHHOCTeii. OnHCaHHIO KOHCTPYKUHH ycTaHOBOK H3JI- I 
H tt3JI- l l / 8_,_1 2/ H 3KcnepHMeHTaJihHbIX pe3yJihTaTOB, nonyqeHHhIX 

C HX nOMOIUhIO / 9- 1J !, nocBJIIUeHa qeTBepTa.11 rnaBa ,nHccepTaUHH. 

3KcnepHMeHThl c HOHHhIM TOKOM, BhIIlOJIHeHHhie Ha ycTaHOBKe 

H3JI- I /,npeii¢0Ba.11 Tpy6Ka .I(JIHHOH 14 CM COCTOHT H3 5 ceKUHii/ 

B pemHMe HenpepbIBHOii HH)f(eKUHH aTOMOB OCTaToqHoro ra3a, 3a

KJIIOqaJIHCh B H3MepeHHH ero BeJIHqHHhl B 3aBHCHM0CTH OT pacnpe,ne -

neHHJI_, noTeHUHaJIOB Ha ceKUHJIX ,npeii¢OBQH Tpy6KH H ,naBJieHHJI OCTa

TOqHoro ra3a npH pa3JIHqHblX xapaKTepHCTHKax 3JieKTP0HHOrO nyqKa. 

Ha pHC. 4 noKa3aHbl THnHqHhie OCUHJI.riorpaMMhl HMnYJihCOB HOHHOro 

TOKa, nonyqeHHbie npH COOTBeTCTBYIOIUHX pacnpe,neneHHJIX noTeH

UHaJIOB Ha ceKUHJIX ,npeii¢oBoii Tpy6KH ,nJIJI cne,nyIOIUHX napaMeTp0B: 

P = 10-7 Topp, U = 2 KB, / = 70 Ma. cI>opMa HMnyJihCOB HOHHOrO 

TOKa, B OCHOBHOM, noBTOp.lleT ¢opMy 3JieKTPOHHOro HMnynhca/pHC.4a, 

6, B,r/. HeKOTOphie OTKJIOHeHHJI OT no,no6HJI Bhl3BaHhl H3MeHeHHeM 

,naBJieHHJI npn 6oM6ap,nHpOBKe 3JieKTpOHaMH KOJIJieKTopa. PHc.4a, 

B, r noKa3hIBaIOT B03MO)f(HOCTH orpaHnqeHHJI ,nBH)f(eHHJI HOH0B, a 

pHc. 46 - B03MO)f(HOCTh ynpaBJieHHJI HOHHhlM TOKOM, reHepnpyeMbIM 

B 061,eMe 3JieKTPOHHOro nyqKa. OcuH.JmorpaMMhl pHC. 4,n nonyqeHbl 

B cnyqae ,Kor,na 3anHpaIOIUHii HMnyJihC C perynHpyeMoii ,nJIHTeJib

HOCThlO no,naBaJICJI Ha qeTBepTyro ceKUHIO ,npeii¢oBoii Tpy6KH;HMny.[IhC 

6hIJI HeCKOJlhKO 3a,nepmaH OTHOCHTeJihH0 Haqana 3JieKTpOHHoro HM

nyJibCa H 3aKaHqHBaJICJI paHbWe Hero.HJ OCUHJIJIOrpaMM pHc.4a-r, 

nonyqeHHhIX B CTa THqecKOM pemHMe ,BH,nHO, qTo HOHHhIH TOK B MO -

MeHT ,neiicTBHJI 3annpa10iuero HMnyJihCa yMeHbWaeTCJI He .no HYJIH,no-
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CKOJlhKY HOHhl, B03HHKaIOIUHe B o6mi.cTH nocne.nHeii ceKUHH ,npeii¢oBOii 

Tpy6KH H 3JieKTp0HHOrO KOJIJieKTOpa, npo_noJI)f(alOT npHxO,nHTh Ha 

KOJIJieKTOp HOHOB. llOHhl, o6pa3y10iu11ec.11 BO 2 H 3 ceKUHJIX ,npeii¢oBoii 

Tpy6KH, aKKYMYJIHPYIOTCJI B o6naCTH 3JieKTPOHHOrO nyqKa, H 3aTeM 

CHHXP0HHO C 3a,nHHM · fPPOHTOM 3annpa10iuero HMnyJihCa Be Ch HOHHhlii 

Jap.11,n, HaKonneHHhlll'. BO BpeMJI HOHH3aUHH, BhIIlJieCKHBaeTCJI Ha 

. KOJIJieKTOp, 3ap.11)KaJI ero eMKOCTh. 3TOT BCnJieCK B TeKCTe Ha3bIBa

eTCJI "HMnYJihCOM H0HHOro 3ap.11,na". OnHCbIBaeMhIH 6bICTPhlH npouecc 

JaBepwaeTc.11 pa3p.11,nKoii eMKOCTH HOH_Horo KOJIJieKTopa qepe3 conpo

THBJieHHe yTeqKH, nocne qero HOHHhIH TOK BOCCTaHaBJIHBaeTCJI .no 

nepBOHaqaJibHOH BennqHHhl. OcuHJIJIOrpaMMhl pHC. 4,n noKa3bIBaIOT 

H3MeHeHHe KaPTHHhl npH yBennqeHHH ,nJIHTeJibHOCTH 3annpa10iuero 

HMnynhca. BH,nHo, qTo BHaqane aMnJIHTy,na HMnyJihCa HOHHOro 3ap.11-

,na pacTeT, ,nOCTHraeT HaChIIUeHHJI H, HakoHeu, pe3KO na,naeT B cny

qae, Kor.na 3annpa10iunii HMnynhc JaKaHqnBaeTc.11 nocne HMnynhca 

3JieKTpOHHoro TOKa_. Ha PHC. 5 npe,ncTaBJieHa 3aBHCHMOCTh aMnJIHTy

,D;hl HMnyJibCa HOHHOrO 3ap.11,na OT ,D;JIHTeJibHOCTH 3annpa10iuero HM

nynhca. 

ll3MepeHHJI noKa3hIBaIOT, qTo MaKCHMaJibHa.11 aMnJIHTy,na HM

nyJihCa HOHHOrO 3ap.11,na no a6cOJIIOTHOH BeJIHqHHe npHMepHO paBHa 

Hanp.ll)KeHHIO, KOTOpoe Mor 6bI C03,D;aTh Ha eMK0CTH H0HH0ro K0Jl
0

• 

neKT0pa npocTpaHCTBeHHhIH 3ap.11,n 3JieKTP0H0B B qacTH nyqKa, 

orpaHnqeHHOH no ,D;JIHHe 2 H 3 ceKUHJIMH Tpy6KH ,npeii¢a. 3TO 03Ha· 

qaeT, qT0 HaCbIIUeHHe Ha KPHBOH pHC. 5 HaCTynaeT B C0CT0JIHHH, 

6JIH3KOM K noJIHOii K0MneHCaUHH npocTpaHCTBeHHoro 3ap.11,na 3JieKT· 

. poH0B 3ap.11,noM aKKYMYJIHPOBaHHhlX B 3TOii o6nacTH H0H0B. 3¢¢eK-

THBH0CTh HOHHOH JI0BywKH M0)KH0 onpe,neJIHTh' cpaBHHBaJI HOHHhIH 

3ap.11.n, BbiqHCJieHHhIH no C00TH0WeHHIO Q l = C Xu, r,ne C " eMKOCTh 

H0HH0ro K0JIJieKT0pa, V • aMnJIHTy,na HMnyJihCa H0HHoro 3ap.11,na, 

C BeJIHqHHOH Q = I'!. i X T ' r.ne l'!.i - ,ne¢HUHT H0HHoro T0Ka BO 

BpeMJI T .neiiCTBHJI 3annpa10iuero HMnyJibCa. Ha pHC. 6 noKa3aHo 

H
0

3MeHeHH~ 0TH0WeHHJI Ql IQ2 =VxC/t,,.ixr B 3aBHCHM0CTH OT Be· 

JIHqHHhl T. B HeK0T0p0M HHTepBaJie BpeMeHH 3Ta BeJIHqHHa 60JibWe 

e,nHHHUhI, qTQ y6e,nHTeJihHO CBH,D;eTeJibCTByeT Ka:K O BhICOKOH 3¢¢eK

THBH0CTH JI0BYWKH, TaK H 06 o6pa3oBaHHH M3H B npouecce H0HH3a

UHH. 

AHaJIH3 ,neTaneii PHC. 5 H 6 noKa3bIBaeT, qTo paCCMOTpeHHhIH 

BO BTOpOii; rJiaBe npouecc HaKonneHHJI H0H0B KaqeCTBeHH0 no,n

TBep')K_naeTc.11.: H3 pnc. 5 cne,nyeT, qTo HaKonneHHe H0HHoro Jap.11,na 

B o6naCTH 3JieKTp0HH0ro nyqKa npH MaJibIX T np0HCXO,D;HT 6bICTpee, 

qeM JIHHeiiHo, JaTeM, npn yBennqeHHH r , - JIHHeiiHo, nocne qero 

np0HCXO,D;HT . nocTeneHHhlH nepexo,n K HaChIIUeHHIO. TaKa.11 KapTHHa 
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COOTBeTCTByeT TOMY' qTO BHaqane BCe HOHhI, 06pa3y:iomHeC»: npH 

CTOflKHOBeHHH aTOMOB OCTaToqHoro ra3a C 6hICTphIMH 3neKTpoHaMH, 

HaKannHBalOTCH B nyqKe, npHqeM npoHCXO,D;HT HX nocne,D;oBaTenhHa»: 

IIOHH3aJlHH. 3aTeM C POCTOM aMTiflHTY,D;hl Kone6aHHii HOHOB HaqHHaeTC»: 

IIX_ yTeqKa, H, HaKOHeu, HaCTynaeT HaChIIUeHHe - COCTO»:HHe paBHO· 

BeCH»:, KOr,D;a qHcno o6pa3YIOJUHXC»: HOHOB CTaHOBHTCH paBHhIM qHcny 

HOHOB, noKH,D;aJOIUHX noByWKY. 1-13 pHC •. 6 BH,IJ;HO, qTo OTHOWeHHe 

Q / Q 
2

, KOTOpoe MO)KHO paccMaTpHBaTh KaK cpe,D;HIOIO 3ap»:,D;HOCTh 

HokoB, ,D;OCTHraeT 3HaqHTenhHoii BenHqHHhI /B qacTHOCTH, 3/ y)Ke 

npH Manhlx_ 3HaqeHH»:X T • EcnH npHHHTh BO BHHMaHHe, qTo TOK 

/!;.i o6pa30BaH, B OCHOBHOM, O,IJ;H03ap»:,D;HhIMH HOHaMH ,D;ByxaTOMHhIX 

MoneKyn, TO umppa 3 03HaqaeT, qTo,B cpe,D;HeM, IIOHHhlH 3ap»:,D; COCTO· 

HT H3 aTOMapHhlX HOHOB C 3ap»:,D;OM +1,5,KOTOphlH ,IJ;OCTHraeTCH 3a 

Manhie BpeMeHa , . CTOflh Manoe BpeM»: ,IJ;OCTII)KeHHH npe,D;enhHOH 3a· 

p»:,D;HOCTH no cpaBHeHHIO C BpeMeHeM HaChIJUeHH»: npH ,D;aHHOM BaKyyMe 

MO)KHO 060»:CHHTh TeM,qTo BHYTPH 3neKTpOHHOro nyqKa noTeHUHan 

npocTpaHCTBeHHoro 3ap»:,D;a HapacTaeT nponopuHoHanhHO r 2 , B TO 

BpeM»: KaK BHe ero - nponopuHoHanhHO ln r.B HaweM cnyqae 3TO 03Ha • 

qaeT, qTO ,D;OCTaToqHO 15-2O-npoueHTHOH KOMTieHCaJlHH npocTpaH· 

CTBeHHOro 3ap»:,D;a, qTo6bI Haqanach yTe'iKa HOHOB Ha CTeHKH ,D;peii

qJOBOH Tpy6KH. 
C Hcnonh30BaHHeM BpeM.imponeTHOro Mace- cneKTpoMeTpa 6hmo 

IlQKa3aHO, qTO BH,IJ; cneKTpa 3ap»:,D;HOCTeii cyiuecTBeHHO 3aBHCHT OT 

BpeMeHH 3anHpaHHH HOHOB B 3neKTpOHHOM nyqKe. Ilpu yBenHqeHHII 

r B cneKTpe Ha6nro,D;aJOTC»: HOHhI yrnepo,D;a, KHcnopo,D;a H a3oTa Bee 

6onee BbICOKHX 3ap»:,D;HOCTeii. 3TO »:Bn»:eTCH 0,IJ;H03HaqHhIM CBH,D;e -

TenhCTBOM Toro, qTO M3H no»:Bn»:JOTC»: B pe3ynhTaTe nocne,D;OBa· 

TenhHOH HOHH3aUHH, a He B 0,IJ;HOKpaTHOM coy,D;apeHHH, KaK 3TO HMeeT 

MeCTO B pa6oTe / 22/. H3yqeHHe 3aBHCHMOCTII 3qJqJeKTHBHOCTH HOHH· 

3aJlHII OT ,D;aBneHHH noKa3ano, qTo npH qJHKCHpoBaHHOM BpeMeHII 

3anHpaHH»: ,D;fl»: nonyqeHH»: HOHOB ,D;aHHOH MaKCHManhHOH 3ap»:,D;HOCTH 

Tpe6yeTC»: TeM 6onhwa»: IlflOTHOCTh 3neKTPOHHOro TOI<a nyqKa, qeM 

BbIWe ,D;aBneHHe OCTaToqHoro ra3a B o6naCTH HOHH3aUHII. IlpH 

,D;aBneHHH 2xlO- 8 Topp II j • r = 2xlO 17 CM-2 / E = 2,3 K3B/ 
+ + +7 e 

yBepeHHO Ha6nro,D;anHCh HOHhI C 5, N 6 
H O . 

Pe3ynhTaThI :rncnepHMeHTOB no HOHH3aUHH aTOMOB 30flOTa 

HOC»:T nHWh npe,D;BapHTenhHhIH xapaKTep, IlOCKOflbKY OHH 6hinH no

nyqeHhI, B OCHOBHOM, npH OTpa6oTKe MeTO,D;HKH HH)KeKJlHH 30flOTa 

B 3neKTPOHHhiii nyqoK H3JI. B nepBhIX 3KcnepHMeHTax Ha6nro,D;anHCh 

HOHhI Au c 3ap»:,D;oM +6. Ilo Mepe ynyqweHH»: BaI<YYMHhIX ycnoBil:ii 

B npocTpaHCTBe IIOHH3aJlHH MaKCHManhHB.»: . Kpa THOCTh HOHH3aUHH 

B03pacTana; HOHhI Au+l9 6hmH nonyqeHhI B ycnoBH»:X, KOr,D;a B cneKT· 

pe OCTaToqHoro ra3a Ha6nro,D;anHCh HOHhI C ' N , 0 C MaKCHManb· 

HhIM 3ap»:,D;OM +4. 
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B xo,D;e 3KcnepHMeHTOB Ha. ycTaHoBKe H3JI- I I qepe3 ,D;peiiqio

BYJO Tpy6Ky 'AflHHOii 1 M 6hm npoBe,D;eH nyqoK 3neKTpOHOB c TOKOM 

·1 ,3 a, qTo: no3BOnHno nonyqHTh Ha BhIXO,D;e HCTOqHHKa ,IJ;O 3xl() 11 

3neMeHTapHhIX nonO)KHTeJlhHhIX 3ap»:,D;OB B HMnynhce, Ha aTOMax 

ocTaToqHoro raJa noKa3aHa B03MO)KHOCTh peanH3aJlHH pa6oqero 

JlHKna 3fleKTPOHHOnyqeBoro HCToqHHKa M3H C HMTIYflhCHOH HH)KeKJlH· 

eii HOHOB pa6oqero BemecTBa /cM. PHC. 3/. HMnynhCHa»: HH)KeKUH»: 

HOHOB Au He 6hma peanH30BaHa H3 • 3a HanHqH»: 3HaqHTenhHhIX 

HeO,D;Hopo,D;HOCTeii B MarHHTHOM none coneHOH,D;a H3JI- I I. 
OcHOBHhie pe3ynhTaThl 'AHCCepTaUHH: 

1. 3KcnepHMeHTaflhHO no,D;TBep)K,D;eHa B03MO)KH0CTh nonyqeHH»: 

M3H B npouecce nocne,D;oBaTeflhHOH HOHH3aJlHH aTOMOB /HOHOB/ 

pa6oqero BemecTBa B 3neKTpOHHonyqeBOM HCToqnHKe M3H. B XO,D;e 

3KCnepHMeHTOB nonyqeHhl H0Hhl C +5, N +6 , 0+7 H HOHhI 30flOTa 

C MaKCHMaflhHOii 3ap»:,D;HOCThlO +19. IlpeienhHa»: 3ap»:,D;HOCTh rene

pHpyeMhIX 3neKTPOHHOnyqeBhIM HCTOqHHKOM HOHOB onpe,D;en»:eTC»: 

BenHqBHoii npoHJBe,D;eHH»: i•r, 3KcnepHMeHTanhHO nonyqeHo 3Haqe

HHe j. T = 2xlQ·l7 CM - 2 • 

2. PaccMoTpeHhl HeKOTOPhie TeopeTHqecKHe BonpoChl, ne)Kamee 

B 0CH0Be pa60Thl 3neKTPOHHonyqeBoro HCTOqHHKa M3H. 
3. CqiopMynHpoBaHhl OCHOBHhie HayqHo • 06ocHOBaHHhie·TPe60Ba • 

HB}I K 3lleMeHTaM K0HCTPYKUHH 3neKTPOHHonyqeBoro HCToqnHKa M3H. 

4. Hccne,D;oBaHhl OCHOBHhie xapaKTepHCTHKH MO,D;enH 3neKTpOH· 

HonyqeBoro BCT0qHHKa M3H. 3KcnepBMeHTanhHO noKa3aHO, qTo 

J0 13 xlxL 
TaKoii BCT0qHHI< cnoco6eH reHepepoBaTh e)KeCeKYH,D;HO -.---

. Zx~ __ x ,JU/' 

H0H0B BhlCOKOH 3ap11,D;H0CTH. IlpB Hanuqnu OTpa6oTaHHOH cxeMhl 

,HH)KeKJlHH aTOM0B pa6oqero BemecTBa 3neI<TpOHHOny'1eBoii HCTOqHHK 

M3H no3BOn»:eT nony'IBTh Y3KHH cneKTP 3ap»:,D;HOCTeii HOHOB pa6oqe -

ro BemecTBa, qTO 3Ha'IHTenhHO IlOBhIWaeT 3qlqleKTHBHOCTh ero HC· 

noni.3oaa1tu11 Ha ycKopuTene M3H. . 
5. IloKa3aHO, qTo MeTO,IJ; repMeTH3aD;BH ,D;peiiipoaoii Tpy6KH, 

ucnonhJoaaHHhiii a H3JI ·II, npocT e Ha,D;e)KeH. HcToqHBK c repMeTHq • 

HOH Tpy6KOH ,D;peiiqia M0>KeT pa6oTaTh npe 0THOCHTenhH0 BhlCOKHX 

,D;aaneue»:x cHapY:>KH o6nacTu HOHHJaneu. 

6. IIpe'Aflo:>KeHhI Mephl no coaepweHCTBoBaHHIO KOHCTpYKJlHH 

n pa6oqux.-•xapa1<TepncTHK Mo.D;enu :meKTponuony'ieBoro HCTO'IHHKa 
M3H. . ... 

B 'AHCCepTaJlHH 85 CTpaneu TeKCTa, 31 pncyHOK. CnHCOK 

UHTupoBaHH0ii nuTepa.Typt.1 co,nep>KHT 101 Ha3BaHHe. 

Co}Jep>KaHue· ,D;HccepTaUBH H3flO)KeHO B pa6oTax / s-io/ H ,IJ;O • 

xna,D;ax hz-ulKoHcTpyxuun 3ne1<TpoHHonyqeBoro ucToqHBKa M3H »:B· 

n»:eTc.11 npe,D;MeTOM 38.BBI<H Ha npe.D;nonaraeMoe HJo6peTeHue, Ha 
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KOTopyro nonyqeHO IlOJIO'.lKHTeJibHOe peweHHe O BbI)J.aqe aBTOpcKoro 

CBH)J.eTeJibCTBa, npHHHTOe KoMH.TeTOM no )J.eJiaM OTKPbITHli H H3O-

6peTeHHli npH CoBeTe MHHHCTPOB CCCP 17 HHBapn 1972 r. 
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Pac. 1. 3aBHCHMOCTb KpaTHOCTH HOHH3aUHH z OT BeneqHHbl npee3-
Be)J.eHHH IlJIOTHOCTH :meKTPOHHoro nyqxa j Ha BpeMH B3aHMO)J.eii
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Pac. 2. ,lJ.eafpaMMa pacnpe.IJ.eneueii noTeHUHana B.IJ.OJib oce .IJ.peii4Jo· 
BOB Tpy6KH B pa3nHqHble MOMeHTbl pa6oqero UHKJia 3JleKTpOHHOJiytfeso
ro HCTOqHHKa MHOro3apH.IJ.HbIX HOHOB. 
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PRC. 3. BpeMeHHaH ,n;RarpaMMa OCHOBHbIX rrpou;eccoB, npHBO,lJ;HIIl;HX 
K MHOrOKpaTHOH ROHR3an;RR: a/ R3MeHeHRe TIJIOTHOCTR 3JieKTpOHHoro 
nyqKa BO BpeMeHR, 6/ BBO,IJ; O,lJ;H03apH,D;HbIX ROHOB pa6oqero BeID;ecT· 
Ba, B/ ,R3MeHeHRe KpaTHOCTH ROHR3all;RH BO BpeMeHR, r/ R3MeHeHRe 
HaIIDH,KeHRH Ha OKOHeqHOM yqaCTKe Tpy6KR ,n;peii:cpa. 
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PRC. 4. Ocu;RJIJiorpaMMbl RMTiynLCOB ROHHOro TOKa R HOHHoro 3apx
,n;a, IlOJiyqeHHbie npH COOTBeTCTBYJOIIl;HX pacnpe,n;eneHRHX TIOTeHu;HaJIOB 

Ha ceKD;RHX Tpy6KR ,n;peii:cpa. 15 
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Pac. 5. 3aBBCBMOCTL aMDnBTY.l{LI BMnynLca BOHHOro 3ap.11,na OT 
,n.nllTenLHOCTB 3anapa10mero BMnynLca • 
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Pac. 6. 3aBBCBMOCTL OTHOWeHR.11 -Q = - OT BpeMeHB 3anR· 
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