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KOHHOI ••• 
.·! 

IIHCTHTyr R,ttep~X HCCJie,ttOB8Hirii ,Ily6Ha, _1990 

BBE,UEHHE 

B 3JieKTpOHHO-JiytieBbiX HCTOlJIUIKax MHOr03apH;u;HbiX HOHOB THna 

"KpHOH" HOHH3llUHH npmiCXO,IJ;HT npH 6oM6ap,n;HpOBKe 3JieKTpOHHbiM nyq

KOM aTOMOB pa6otiero BeiUeCTBa 12 I, IlpH 3TOM 3apH;u;HOCTb o6pa3YIOIUHXCH 

HOHOB 3aBHCHT OT 

1) napaMeTpoB 3JieKTpoHHoro nytiKa; 

2) BpeMeHH B03,1J;eHCTBHH nyq;~<a Ha'pa6oqee BemeCTBO. 

IlapaMeTpbl 3JieKTpOHHOrO nyqJ<a, TaKHe KaK nJIOTHOCTb TOKa H 3Hep

rHH E, onpe.n;enHIOTCH 3JieKTpoHHo-MarHHTHoii omn:Koii HCTOliHHKa. B HaCToH

mee BpeMH Ha HCTOliHHKe "Kpn:oH-C" ,n;ocTn:rnyTa rmornoCTb j = 300 A/cM2 

n: 3HeprHH E =:= 80 KB. YBenHtieHn:e 3THX napaMeTpoB peanbHo, Ho TeXHn:qe

CKH CJIO)KHO. 

BpeMH B03,n;eiiCTBHH 3JieKTpoHHoro nytiKa Ha 3aXBatieHHbie HOHbi B o6-

meM CJiyqae onpe,ll;eJIHeTCH yCTOHliHBOCTbiO CHCTeMbl 3apH:>KeHHbiX -l!aCTHU: 

HOHH3Hpyromn:x 3JieKTpOHOB, HOHOB, 3JieKTpOHOB HOHH33.UHH H ,n;p., HO 

B JI1060M CJiyqae H006XO,IJ;HMO C03,1J;aBaTb COOTBeTCTByromee pacnpe,ll;eJieHHe 

noTeHQHaJIOB B,IJ;OJlb 3JieKTpOHHOrO nyqJ<a ,li;OCTaTOliHO ,IJ;JIHTeJibHOe BpeMR: ,

BpeMH HOHH3llUHH T j • 

3TOH QeJIH CJIY:>KHT 3JieKTpOHHbiH KOMMyTaTop HanpH:>KeHHH, KOTOpbiH 

ll03BOJIHeT y,n;ep:>KHBaTh HOHbl B nytiKe He06XO,ll;HMOe ,li;JIH MHOrOKpaTHOH 

HOHH3aQHH BpeMH, a 3aTeM "BbiTOJIKHyTb" MHOr03apH;u;Hbie .HOHhl/4 /, 

HOHHAH JIOBYIIIKA 

Ha pn:c. 1 noKa3aHa cxeMa npouecca, no KOTopo:M:y npon:cxo.n;n:T HOHH-

33.UHH. Tpy6Ka ,n;peii<fla COCTOHT H3 27 CeKQHH H3 Hep:>KaBeromeii CTaJIH, KIDK

,ll;aH H3 KOTOpbiX r~lJII>BaHHtiecKH CBH3aHa . C COOTBeTCTBYIOIUHM BbiXO,IJ;OM . 

KOMMyTaTopa (pHC. 2) : 3JieKTpOHHbiH nytiOK, pO:>K,ll;aHCb Ha KaTO,D;e 3JieKT

pOHHOH nyiiiKH, npOXO,IJ;HT .CKB03b CeKQHH H BbiCa:>KHBaeTCH Ha 3JieKTpOHHbiH 

KOJIJieKTOp. IlpouecC HOHH3llUHH npOHCXO,ll;HT HenoCpe,!J;CTBeHHO B 3JieicrpoH

HOM nytiKe, B KOTOpOM llOJIO:>KHTeJibHO 3apH:>KeHHbie HOHbl B pa,n;HaJibHOM 

HanpasneHHH y,n;ep:>KHBaiDTCH OTpn:uaTeJibHbiM 3apH.n;oM 3JieKTpoHHoro nytiKa. 

B aKCHaJibHOM :HanpasneHn:n: HOHbi y,n;ep:>KmiaroTcH "n:oHHoii noByiiiKoii" 

(eM. pn:c. 1). Ha ceKun:n: Ng3 n: Ng19 no,n;aeTCH nono:>KHTeJILHbrn noTeHunan, 

a•btii. tle\iiil;.;il m~cn.'l'YT \ 
~!.'~,:iiw:l lltC:lt':aO!llliUfl 

£=.\-iSm :~.:-:T~KA - . 
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!JIIeKTptJNHa~ ,or~u v~INI/"",_ 3r1. 
n~ z"3" /f"i7f'TI1eKnJP 

.Pnc. 1. Pacnpep;eJieHHe noTeHUHaJIOB B)l;OJib Tpy6KH p;peii:tlJa: 1 ·- 3KCTpaKUIDl HOHOB, 2-

HHmeKUIDI pa6o'!ero sew;ecrna, 3- HOHH3aUIDI. 

KOTOphlH "3armpaer" HOHhi, He ,D;aBaJI HM YHTH no nyllKY B o6e cropoHhl OT 
noaylllKH. EcnH npH 3TOM ceKI.Um N~4-18 HMeiOT paaHhiH noTeHuHan, TO·· 
3neKTpOHHhlH nyllOK Ha nponimeHHH 3THX ceKUHH 6y,D;er paBHOMepHO 3aCe
IDIThC.II HOHaMH ,II;O Tex nop, noKa He HaCTYnHT KOMneHCaQH.II npH paBeH
CTBe npOCTpaHcrBeHHOrO 3ap.II,D;a ::meKTpOHHOrO .. nyl!Ka npOCTpaHCTBeHHOMY 
3ap.II,D;y HaKOTIHBlllHXC.II HOHOB. 

ITpH 3TOM eMKocr:& HoHHoii noaylllKH cocTaam 11 1
: 

c+ = 3 36 • 101 1 I LE1 12 • e e • 

D't ,--:?"""'-:!. 

E::3 
n<Z :'tJ.I nK~' 

lf!St 

Pnc. 2. IIpHHUHnHanhHiill cxeMa KOMMyTaTopa Hanpnmmnii:. 
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r,D;e C" - eMKOCT:& 3neKTpocTaTHllecKoii HOHHOH noBylllKH (11Hcno '::meMeH
TapHhiX 3apa,D;oa), Ie- ToK ny11Ka (A), L - ,D;nHHa noaylllKH {M), Ee -
3Hepm.H ::meKTpOHOB (K3B). . 

ITpH ,D;ocrHmyThiX napaMerpax "KpHoH-C" cMomer npoH3BecTH 
C" = 3,36 • 101 1 

• 300 • 1()"" 3 
• 1 • ySO = 9 · 101 0 3neMeHTapHhiX 3ap.II,II;OB. 

3TO COOTBeTCTByeT 3 ' 109 
' HOHaM Kr+ 3 0 • PaCCIIHTaHHaJI BenHIIHHa 

C" . .IIBn.IIeTC.II npe,D;en:&HOH, H Ha npaKTHKe· Ha HOHHOM. KonneKTOpe MO*HO 
co6paT:& 108 HOHoB 3a HMnyn:&c. YBenHl!eHHIO C" · cnoc.o6crayer Kallecr~o 
pac11era H c6opKH HOHHOH onTHKH, a TaKme cnoco6 !l>opMifPOBaHH.II HoHHoii 
nOBYlllKH. 

3JIEKTPOHHhlA KOMMYTATOP HAITP.HJKEHUA (3KH) 

3HallHTen:&HhiH nporpecc B pocre 3ap.II,II;HocrH HOHOB 6hrn nonylleH 
npH npHMeHeHHH 3KH, B KOTOpbiX lPYHKUHIO KOMMyTaUHH Hanp.Hmelllfii 
BhiTIOnH.IIIOT repKOHhi THna K3M-1, TaK KaK crano B03MO*HhiM nony11aT:b 
nro6oe Tpe6yeMoe T i npH ycnOBHH noCTO.IIHHOrO 3neKTpOHHOrO nyqKa. 

CxeMa KOMMYTaTopa npHBe,D;eHa Ha pHc. 2. B ero ocHoae- proHcTopHhiH 
,D;enHTen:&· Hanp.HmeHH.H, ran:&BaHHlleCKH. CB.II3aHHhiH C CeKUH.IIMH .. Tpy6KH 

,D;peii!l>a.- Heo6xo,D;HMoe nepepacnpe,D;eneHHe noTeHUHaiioa Ha ceKUH.HX ocy
mecTBn.IIeTC.II nocpe,D;CTBOM no,D;alllf TOKOBhiX HMnyn:&COB Ha KaTYlllKH repRO
HOB C 6noKa·. ,D;nHTen:&HOCTH, B CBOIO_ oqepe,D;:& ynpaBn.HeMbiM . TaHMepoM. 

ME!H.H.II 3a,D;aHHYIO TaHMepy nporpaMMY · · H aenHIIHHhi Hanp.HmeHHH Ha 
6noKaX nHTaHH.II 3KH, MO*HO nonyllHT:& pa3nlfl1Hhle KOM6HHaUHH Hanp.Hme
HHH Ha ceKuH.Hx Tpy6KH ,D;peii!l>a. 

IJpouecc nonylleHH.II HOHOB MO*HO pa36HT:& Ha lleTbipe llaCTH: 
1) HCXO,D;HOe COCTO.IIHHe (3KCTpaKQH.II HOHOB), 
2) HHmeKUH.H pa6o11ero aemecTaa B o6nacT:& HOHH3aUHH, 
3} HOHH3aUH.III ' .. 

' 4) 3KCTpaKUH.II HOHOB H B03BpaT B HCXO,II;HOe COCTO.IIHHe. 

Hcxo()lwe COCTORHUe 

B 3TOM COCTO.IIHHH rKl 3aMKHyT,·ocran:&Hhle- Pa30MKHYThl. ToK.OT 
HCTOIIHHKa U2 npoXO,D;HT no pe3HCTOpHOMY ,D;enHTenro, C03,II;aBaJI paBHOMep
HhiH rpa,D;HeHT B. 200 B B,II;On:& Tpy6KH ,D;peiiq}a (pHC. 1, pacnpe,D;eneHHe noTeH
UHana PITl) • . 

IJpH 3TOM npOHCXO,II;HT o6pa30BaHHe B OCHOBHOM O,II;H03ap.II,II;HhlX HOHOB~ 
TaK KaK no,D; ,D;eHCTBHeM BhiTMKHBaiOLUero 3neKTpHllecKoro non.II HOHhl 3a 
_BpeM.II MeH:&llle, lleM 100 MKC, YXO,II;.IIT Ha HOHHhiH KOnneKTOp. BepO.IITHOCrL 
MHOrOKpaTHOH HOHH3aQHH 3a TaKoe BpeM.II Mana. 
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HH]I(eKllzlR pa6o'lezo eeU~ecTea _. 

.. Ilocpe.n;CTBOM o6meii KOMaH.IJ;hi TK1 pa3MbiKaercn:, rK2'-:- 3aMbiKaer

Cfl. IlpOHCXO.IJ;MT 6hiCTpoe H O.IJ;HOBpeMeHHOe nOHH:lK~HHe noTeHiiHaJIOB .CeK~. 
UHH '4 7 25 .no Hanpn::lKeHHH, 3a.IJ;aBaeMoro HCTO'IHHKOM U1. ranbBaHHIJeCKaii 

CBH3b 4 H 25 CeKQHH nocpe.D;CTBOM rK2 H.IJ;eaJibHO ypaBHHBaer noTeHQHaJibl 

BCeX ceKQHH. 4 7 .25. B pe3yJibTaTe BHOBb o6pa30BaHHbie HOHbl He YXO.IJ;HT 

ua HOHHbiH KOJIJieKTOp, a paBHOMepHO 3anOJIHHIOT 3JieKTpOHHbiH nytJOK 

(PI12). 

~ . ' BBo.n pa6otJero 

HoHU3al.lUR 

Bemecrna ocymecTB~n:ercn: B o6nac'm 21 7 25 ceKunii. 

_.;. 

rK2 pa3MbiKaercn:, a O.IJ;HH H3 rK3, rK'!, rK5 3aMbiKaercn:, lJTO COOT

BerCTByer PI13 Ha pnc. 1. HanHtJHe Tpex n~pKOHOB no3Bonn:er MeH.J:ITb .IJ;JIHHY 

o6JiaCTH HOHH3aQHH, OTCeKaH HaXO.IJ;flll{ylOCH npH KOMHaTHOH TeMnepilType 

o6JiaCTb .n;peHQJOBOH CTpyKzypbl C 3aMerHbiM KOJIHtJeCTBOM OCTaTOlJHOrO ra-

3a.• TaK:JKe HMeercn: B03MO:lKHOCTb nonytJaTb HOHbi Cl\1eCH ra30B B proyJibTaTe 

. nOCJie.IJ;OBaTeJibHOrO OTCetJeHHH COOTBerCTBYIOll{HX -o6JiaCTeH BBO.IJ;a 3THX 

ra3oB • 

. IlpH o6pa30BaHHH PI13 (3aMbiKaHHH rK3) BHOBb o6pa3yiOll{Hecfl HOHbl 

B o6JiaCTH CeKQHH 19 7 27. yxo.IJ;HT Ha HOHHbiH KOJIJieKTop, B TO BpeMH KaK 

HOHbl B o6JiaCTH CeKQHH 4 7 18 nona.n;aiOT B HOHHyiO JIOBYIIIKY. IlpHtJeM 

:my6HHa JioByiiiKH nerKo BapbHpyeTCH HanpH:lKeHHeM HCTOlJHHKa Ul. 0Ka-

3aBIIIHecH 3.IJ;ecb HOHbl nperepneBaiOT no.n; .IJ;eHCTBHeM 6biCTpbiX 3JieKTpOHOB 

.IJ;MhHeHIIIyiO HOHH3aUHIO BnJIOTb .IJ;O o6pa30BaHHH rOJibiX H.D;ep. BpeMH HOHH-

3aUHH T • 3aBifCHT OT HOMepa XHMHtJeCKOrO 3JieMeHTa H BbiCTaBJIHerCH npH 
. I 

nporpaMMHpOBaHHH TilliMepa. 

3KCTpaKlJUR UOHOB 

rK1 3aMbiKaeTCH, BCe OCTaJibHble - pa30MKHYTbl. 3TO COCTOHHHe aHa-

. JIOrH'IHO HCXO.IJ;HOMY, 3a HCKJIIOtJeHHeM TOro, lJTO B HatJaJibHbiH MOMeHT, npH 

3aMbiKaHHH rK1, BhiCOK03apH.D;Hble HOHbl B 06JiaCTH CeKQHH 4 7 18 YCTpeM-. 

. JIHIOTCH K HOHHOMY KOJIJieKTopy. <l>opMHpyercH HOHHbiH HMnyJibC .IJ;JIMTeJib-

HOCTblO 150-200 MKC. . 

Ilo.nKJirotJeHHe eMKOCTeii C1-C5 .n;aeT 6onee rmaBHoe HapacTaune Bbi

TaJIKHBaromero HanpH:lKeHHH H, COOTBeTCTBeHHO, 6onee paCTHHYTbiH HOHHbiH 

HMnyJibC. 

C.n;BoeHHbiM noTeHQHOMeTpoM IIK1 MO:JKHO MeHHTb rpatiHeHT BbiTan

KHBaromero nann:, .no6HBan:Cb :JKeJiaeMoH <fJopMbi HMnyJibca. 

XapaKTepHoii oco6eHHOCThiO .n;auHoro THna repKoHa n:Bnn:ercn: ".npe-. 

6ror" .era KoHTaKToB npH saMbiKaHHH. O.nuaKo co6cTBeHHaH eMKOCTb ceK

unii .D;peHQJOBOH Tpy6KH CrJia:JKHBaeT nOHBJIHIOll{HeCH npH 3TOM CKatJKH Ha

npa~eHHH. 
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IIOBE.D;EIUIE l10HOB B l10HH011 JIOBYIIIKE-

IlpH H3MepeHHH BpeMeHH HOH113aQHH T i OT l MC .IJ;O 5 C CHHTbl ::JaBHCH

MOCTH nHKOBOrO HOHHOrO TOKa Ji (T BBO~a/Ti) (pHC. 3), r.IJ;e T BBO~a- Bpe~. 
MH BBO.IJ;a HOHOB H3 06JiaCTH HH:lKeKQHH pa6otJero ra3a. ra3 BBO.IJ;MTCH OT Ha·

TeKaTeJIH B paHOH CeKQHH N~N~24-27, .n;aBJieHHe B KOTOpbiX 10- 6 .Topp •. 

l1oHHan: JIOBYIIIKa co3.n;aercn: B paiioH:e ceKUHH N~N~2 7 19, uaxo.nn:IUHXCH npH 

TeMnepaType :lKH.IJ;Koro reJIHH. • 

KaK H pauee, Mbl HMeeM noTepH HOHOB H3 JIOBYUIKH. B TetJeHHe 5 C HO- . 

HH3aQHH OCTaercn: 10-npoQeHTHaH KOMneHCaQHH 3JieKTpOHHOrO nytJKa. 3TO 

HJIJIIOCTpHpyiOTKpHBbie 2- Ji (5 MC/ri) H 3- Ji (10 MC/ri). KpoMe Taro, 

Mbl HMeeM .D;HQJQJy3HIO ra3a H3 o6JiaCTH BBO.IJ;a B HOHHYIO • JIOByllley - KpH

BaH 1- Ji (0/ri ) . 
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Puc. 3 
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l10Hl13AUUR ATOMOB A30TA l1 APrOHA 
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C ncnoJih30BaHHeM onncaHHoro 3KH 6hm npoBe.n;eH pa.n 3Kcnepn

MeHTOB I 3 I no. nonytJeHHIO n:.nep N+ 7 H Ar+ 1 s . M.n;eHTHQJHKaUHH HOHOB ocy

~eCTBJIHJiaCb Ha O.IJ;HOMeTpOBOM Macc-cneKTpOMeTpe no BpeMeHH • npOJieTa 
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Puc.5 

(puc. 4). Cpasmrre.m.Ho BbiCOKOe 
pa3pemeHue crreKTpa ,noCTHrJIYTO 
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6naro,napn ucrroJib30BaHmo B Ka- Puc. 6 

qecrse ,neTeKTupyimneij qaCTu 
MKTI-c6opKu u rrocne,n;yromeMY ·rrpocMoTpy Ha ocnHJIJiorpacpe. fu puc. 5 
U 6 BH,nHa 3BOJIJOUHJI 3apR,D;HOCTeH UOHOB B rrponecce UOHU3aUHU. 

3AKmoqEHME 

Pa6oTa KOMMyTaTopa Ha yCTaHOBKe "KpuoH-C" rrpo,neMoHcTpuposana 
ero Ha,ne)!Qfj'JO 3KCIIJiyaTanmo. HecMoTpn Ha xapaKTepHbrn ",IJ,pe6ror", rrpu
cyiUHii repKOHaM, KOMMYTaTOp BbiBO,D;UT UOHHbie UMrryJibCbl rrpaBHJibHOH 
KOJIOKonoo6pa3HOH cpopMbi c rronymupHHoii 100 MKC u aMrmmy,noii 5 MKA. 

KoMMYTaTop rrpoCT a 3KCIIJiyaTaUHu · - .nnn ero pa6oTbi Tpe6yeTcR 
.nsa 6noKa IIHTaHHR B 1904 CTaHAapTa KAMAK. YrrpasneHue ocymecTBJIR
eTcn BCero IIO TpeM OIITOBOJIOKOHHbiM JIHHHJIM CBJI3U, ~0 BIDKHO, TaK KaK 
KOMMyTaTOp HaXO,D;HTCJI Ha BbiCOKOBOJibTHOM TepMHHaJie 15 1• 

. 3ano>KeHHan B CXeMY KOMMYTaTOpa B03MO)KHOCTb y,nep)KBliHJI 3aiiHpalO
IUero UOHbl 6ap&epa CKOJib .yro,nHO ,nonroe speMJI II03BOJIJieT IIpOBOAHTh. 
HOHU3anmo JIJ06biX XUMn:qeCKHX 3JieMeHTOB BIIJIOTh ,D;O ypaHa. 
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