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I . BBB,l!EHHE 

B nocne.z.HBe ro.z.w JaMeTHO swpoc HHTepec K pa3pa6oTKe 

HOBWX TBUOB BCTO'IHBKOB BWCOK03apJI.Z.HWX BOHOB I I •21. 3TO 

MO)KHO 06'LJICHBTL TeM, 'ITO Ha PJI.Z.e CBHXpOTPOHOB ycKopeHW 

Jl.Z.pa JierKBX 3JieMeHTOB .Z.O peJIJITBBBCTCKBX 3HeprBB B BMe • 

eTCJI cosepweHHO onpe.z.eneHHaJI TeH.z.eHna• K pacwapeHBID 

.z.aanaJoHa Mace ycKopeHHWX •.z.ep. C .z.pyroii: cTopoHw, 

s c)B3BKe HB3KBX 3Hepraii see e~ne He peweHa Ja.z.aqa 

ycKopeHBJI BOHOB TJI)KeJILIX 3JieMeHTOB, BUJIOTL .Z.O ypaHa. 

EcJIB B nepsoM cnyqae .Z.JIJI 3c)c)eKTHBHoro ycKopeHBJI Tpe-

6yroTCJI Ha .z.aHHOM 3Tane UY'IKB JierKBX Jl.Z.ep, UOJIHOCTLID 

JIBWeHHWX 3JieKTpOHOB, TO BO BTOpOM CJIY'Iae Tpe6yroTCJI 

ny'IKB BOHOB TBUa Xe +30 
, U +4S • C TO'IKB 3peHBJI UOJIY • 

'leHBJI He06XO.Z.BMWX 3apJI.Z.HOCTeB BOHOB Henocpe.z.CTBeHHO 

B BOHHOM BCTO'IHBKe o6e 3a.Z.a'IB BMeiDT npBMepHO O.Z.BH B 

TOT )Ke KJiaCC CJIO)KHOCTB B He MOryT 6WTL peWeHW Tpa.z.B· 

nBOHHWMB MeTO.Z.aMB. 

)J;JIJI UOJiy'leHBJI BOHOB BWCOKOB 3apJI.Z.HOCTB B HaCTOJII.Qee 

speMJI pa3pa6aTLIBaiDTCJI, B OCHOBHOM, TpB TBna BOHHWX 

BCTO'IHBKOB: 3JieKTPOHHO·Jiy'leBOB 13- 7 I , Jia3epHWBIB-lOI B 

nJia3MeHHWB, C no.z.orpeBOM 3JieKTpOHOB Ha nBKJIOTpOHHOM 

pe3oHaHce 111 •121. ' 
B Jla6opaTOPBB BLICOKBX 3Hepraii OHJIH 6wn pa3pa6oTaH 

KpBoreHHWB sapBaHT 3JieKTpOHHO- Jiy'leBOrO BOHHOrO BCTO'I· 

HBKa "KpBOH" 161. C UOMOI.QLID 3TOrO BCTO'IHBKa UOJiy'leHW 

UY'IKB Jl.Z.ep yrnepo.z.a H a30Ta B BLICOK03apJI.Z.HLie BOHLI 

Ar + 14 , Xe +29 . HcTO'IHBK "KpBoH" B HaCTOJI~.Qee speMJI 

npOXO.Z.HT a.z.anTanHID K yCJIOBHJIM pa6oTLI Ha CBHXpoc)a30TpO

He JIB3. 
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.D;nJI npo,IJ;oiDKeHHJI pa6oT no uccne,IJ;oBaHHIO B03MO:>KHo
cTe:ii npHMeHeHHJI nnOTHLIX 3neKTpOHHLIX nyqKOB )J;nJI u;ene:ii 
HOHH3aJJ;HH B JIB3 C03,IJ;aH CTeH,IJ;OBLIH 3KCnepHMeHTanbHbiH 
HCToqHHK "Kpuou-2". Kpuorea:uo-MarHHTHaJI cucTeMa 3Toro 

713/ 
HCToquuKa onucaua pauee . Hu:>Ke ,IJ;auo onucauue cucTeMw 
4!opMHpoBaHHJI 3neKTpOHHOrO nyqKa, 3KCnepHMeHTanbHOH 
ycTaHOBKH H npe,IJ;BapHTenbHbiX 3KCnepHMeHTanbHbiX pe3ynb
TaTOB, nonyqeHHLIX Ha HCToqHHKe "KpHOH- 2". 

II. BhlliOP CHCTEMhl fi>OPMHPOBAHHH 
3JIEKTPOHHOTO IIYqKA 

KaK H3BeCTHO 13•41 npuuu;un ,IJ;e:iiCTBHJI 3neKTpouuo-, 
nyqeBOrO HCTOqHHKa OCHOBaH Ha HCnOnb30BaHHH HOHHOH 
nOByniKH, o6pa30BaHHOH 06'beMHbiM 3apJI,IJ;OM 3neKTpOHHOrO 
nyqKa, KOTOpLI:ii HeCeT B 3TOM cnyqae )];Be 4!YHKUHH: y,IJ;ep
:>KaHHe HOHOB B none 06'beMHOrO 3apJI,IJ;a H HOHH3aJJ;HIO 3neKT
pOHHLIM y,IJ;apoM. 

CyMMapuw:ii uouuw:ii 3apJIA I Q i nponopu;uouaneu o6'beM
HOMY 3apJI,IJ;y 3neKTpOHHOro nyqKa 

IQ. =aPUL, 
I 

r,IJ;e a - Ko3414luuueuT nponopu;uouanbHOCTH, P- nepBeauc 
3neKTpouuoro nyqKa, U - ycKopJIJOJnee uanpJI:>Keuue, L -
,IJ;nuua uouuoii noBymKH. 

3apJI,IJ;HOCTb HOHOB npH ,IJ;aHHOH 3HeprHH 3neKTpOHOB 
e U onpe,IJ;enJieTCJI Benuquuoii 4!aKTopa HOHH3au;uu, npe,IJ;
CTaBnJIIOJnero C06o:ii npOH3Be,IJ;eHHe nnOTHOCTH nOTOKa 3neKT
pOHOB B nyqKe - j Ha. BpeMJI B3aHMO,IJ;eHCTBHJI HOHa C nyqKOM 
-r . ,lJ;nJI nonyqeHHJI HOHOB BbiCOKOH 3apJI,IJ;HOCTH 3neKTpOHHO
OnTHqecKaJI CHCTeMa ,IJ;On:>KHa o6ecneqHBaTb 4!opMHpOBaHHe 
3neKTpOHHOrO nyqKa KaK MO:>KHO 6onee BLICOKOH nnOTHOCTH. 
KpoMe Toro, npoH3BO,IJ;HTenbHOCTb ucToquuKa nHHeiiuo Bo3-
pacTaeT C ,IJ;nHHOH H nepBeaHCOM 3neKTpOHHOrO nyqKa. 

B HCTOqHHKe "KpHOH" 6wn HCnOnb30BaH ,IJ;nJI HOHH3au;HH 
3neKTPOHHbl:ii nyqoK c P = 10 - 12 MKA/B 312 , U = 
= 2,5 KB, j e -:;_ 30 A/eM 2 B Teqeuue 40 Me. Ilonyqeuue 
JI,IJ;ep 6onee TJI:>Kenwx 3neMeHTOB (Ne ,Ar ), a TaK:>Ke yBenuqe-
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uue ,IJ;onu JI,IJ;ep yrnepo,IJ;a H a3oTa B cneKTpe 3apJI,IJ;HocTe:ii 
HOHOB H3 3neKTpOHHo-nyqeBOro HCTOqHHKa CBJI3aHO C ,IJ;O
CTH:>KeHHeM 60nbDIHX 3HaqeHHH 4laKTOpa HOHH3aJJ;HH j T. 

Pa6oTbl no yBenuqeuHIO j r 3a cqeT yBenuqeHHJI r 
no-BH,IJ;HMOMy, Henb3JI cquTaTb nepcneKTHBHbiMH, T.K. npH 
3TOM, uanpuMep, yMeHbmaeTCJI B03MO:>KHaJI qacToTa nocw
noK, eme 6onee nOBbiWaiOTCJI Tpe6oBaHHJI K BaKYYMY B o6-
naCTH HOH-3neKTpOHHOrO B3aHMO,IJ;eHCTBHJI'H ycnO:>KHJieTCJI 
npo6neMa y,IJ;ep:>KaHHJI HOHOB B 3neKTPOHHOM nyqKe B Teqeuue 
6onbmero npoMe:>KyTKa BpeMeHH. C ,IJ;pyroii cTopouw, H3BecT
uo, qTO B03MO:>KHO nonyqeHHe 3neKTPOHHbiX nyqKOB, npeBOC
XO,IJ;JIJnHX no nnoTHOCTH nyqoK HCToquuKa "Kpuou" ua ue
CKOnbKO nopJI,IJ;KOB BenHqHHbl, H C 3THM CBJI3aHbl B03MO:>KHO
CTH cymecTBeuuoro yBenuqeuHJI j r • 

ITpu npHHJITo:ii B uacToJimee BpeMJI cucTeMe 4loKycupoBKH 
aKCHanbHbiM O,IJ;HOpO,IJ;HbiM MarHHTHbiM noneM MaKCHManbHOe 
3Raqeuue j npH MHHHManbHOM 3HaqeHHH HH,IJ;YKUHH nonJI 
B nonyqaeTcJI B cnyqae 6pHnn103HOBCKo:ii 4loKycupoBKH, xa
paKTepH3YIOineiicJI OTCYTCTBHeM MarHHTHOrO nonJI Ha KaTo
,IJ;e. B 3TOM cnyqae: 

2-
J = 46,3B ..j U 

e 

je,IJ;HHHJJ;bl H3MepeHHJI 3,IJ;eCb H ,IJ;anee Bb16paHbl COOTBeTCT
BeHHO: A/eM 2, T11, B/. 

B npaKTHqecKoM cooTBeTCTBHH c npuBe,IJ;eHHbiM cooT
uomeuHeM B 3KcnepuMeHTanbuo:ii pa6oTe /l 4 / nonyqeu 

3neKTpouuw:ii nyqoK c j = 2,4·10 3 A/eM 2 npu U = 
= 10 KB H B = 0,75 Til. e 

TeM ue Meuee, nonyquTb 6punnJ03HOBCKHiinyqoK 3neKT
pouoB npaKTHqecKH qpe3BLiqa:iiuo TPYAHO. Heo6xo,IJ;HMO Tma

Tenbuoe COrnaCOBaHHe 3neKTpOHHO' n~KH H MarHHTHOH 
4loKycupy10Jneii cucTeMLI. HanpuMep 

14 
, 10~-uaJI omu6Ka 

B 3uaqeuHJIX pa,IJ;Hyca unu yrna BXO,IJ;a B MaruuTuoe none 
npHBO,IJ;HT K 25~-uo:ii Benuquue nynbcau;u:ii 3neKTpouuoro 
nyqKa. 

Kpoye TOrO, C ToqKH 3peHHJI HCnOnb30BaHHJI TaKHX 
nyqKOB B 3neKTpOHHo-nyqeBOM HCTOqHHKe, B03HHKaiOT ,IJ;O
nOnHHTenbHble cno:>KHOCTH, CBJI3aHHble C uanuqHeM H3MeHJI-
10JnerOCJI BO BpeMeHH npOCTpaHCTBeHHOrO 3apJI,IJ;a HOHOB 
B nyqKe, KOTOpbiH H3MeHJieTCJI TaK:>Ke B,IJ;Onb OCH HCToquu-
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Ka. Cne~yeT yqeCTL TaK)I(e, 'ITO ~ns y~ep)l(aHHS HOHOB B aK

CHanLHOM nanpaaneHHH HMeeTcs aapnanns noTennnana npo

CTpaHCTBa .L(peiii}Ja ny'IKa, Tai<)I(e H3MeHSIO~aSCJl BO BpeMeHH, 

B TO BpeMS KaK 6pHnni03HOBCKaS I}JoKyCHpOBKa npH 3a~aHHOH 
B ocy~ecTBHMa nHWL ~ns 3neKTpOHHoro ny'IKa o~noro 

nanps)l(eHHB. Ilo3TOMY B Ka'leCTBe nepaoro mara ~ns no

nyqenns H npHMeHeHHS nnOTHbiX 3neKTpOHHbiX DY'IKOB B 

HOHHOM HCTO'IHHKe nenecoo6pa3HO paCCMOTpeTL CHCTeMy 

I}JopMHpOBaHHS C MarHHTHbiM noneM Ha KaTO~e, B HaH6onee 

CHnLHOM cnyqae, KOr~a npaKTH'IeCKH BeCL MarHHTHbiH nOT OK, 

npoxo~s~nii qepe3 nonepeqnoe ceqenne nyqKa, npoxo~HT 

TaK)I(e qepe3 KaTo~. B 3TOM cnyqae 3neKTPOHHblii ny'loK 

acer~a nynLcnpyeT. BenH'IHHa nynLcannii 3aBHCHT oT pa

~nanLHoii KOMnOHeHTbl CKOpOCTH KpaiiHero 3neKTpOHa H OT 

3Ha'leHHB MarHHTHoro nons /IS/. KaK cne~yeT H3 Teopna 

I}JopMHpOBaHHS, y~OBneTBOpHTenLHOCI}lOKYCHpoBaHHbiHnyqoK 
MO)I(HO nony'IHTL C MarHHTHbiM noneM Ha KaTO~e. npeBbiWaiO

~eM 6onee 'leM B 2 pa3a COOTBeTCTBYIO~ee nnOTHOCTH H 

HanpS)I(eHHIO 3neKTpOHHOrO ny'IKa B6nH3H KaTo~a 6pHJIJII03· 

HOBCKOe none. IlpH 3TOM, ecnH 3neKTpOHHbiH ny'IOK ~BH· 

)KeTCH B napacTaro~eM ~o HH~YKUHH B MarHHTHOM none, 

cpe~HHH pa~HYC ny'IKa r 0 yMeHLWaeTCS B COOTBeTCTBHH 

C 3aKOHOMepHOCTLIO: 

r 0 = r k ..; Bk /B ' 

r~e rk- pa~nyc KaTo~a. Bk- HH~YKUHS MarHHTHoro nons 

na KaTo~e. 

CooTBeTcTayro~ee ~annoii nnoTHOCTH 3MHCCHH 3neKTpo-

HOB c Ka To~a j 3 M H nanps)l(eHHIO ny'IKa UB 6pHJIJII03HOBCKoe 

none B HaXO~HTCS H3 COOTHOWeHHS: 

B = 
B 

Vi 3M 

4-· 
6,8 y u 

TaKHM o6pa30M, npH HCnOnL30BaHHH CHCTeMbl I}JopMHpO

BaHHS ny'IKa C CHnLHbiM non eM Ha Ka TO~e MaKCHManLHO 

B03MO)I(HaS nnOTHOCTL j e ~ns ~aHHOro 3Ha'ICHHB B 3aBHCHT 

OT DJIOTHOCTH 3MHCCHH KaTo~a H Bblpa)l(aeTCS COOTHOWeHHeM: 

e 
=3,4 s.fj__ ~. 

3M 
ecJIH Bk=2BB. 
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Pe3ynLTaTbl oneHOK j e ~ml pa3nH'IHbiX 3Ha'leHHH J 3M ' 

B H U npe~cTaaneHbl na puc. J.EcTeCTBeHHO,'IT03Ha'leHHS 

nnOTHOCTH j e , nony'leHHLie B peanLHLIX nyqKaX, 6y~yT 
npH6nH)I(aTLCS K paC'IeTHLIM 3Ha'leHHSM B cnyqae MHHHManL

HbiX pa~HanLHLIX KOMnOHeHT CKOpOCTeii 3neKTpOHOB, T.e. 

npn cornacoaaHHH TpaeKTOPHH Kpaiinero 3neKTpona c Mar

HHTHO:ii CHnOBOB nHHHeii, H He6onLWOM nepaeaHCe. 

. ~ 
JCMt. 
tWM 

u•o lfr--+--_j_-~ 

I I II l I l I l500 I I I y ' I I 

1ooo f- I ! I l 1/ / I / I 

!SOt 

0 i '1 :s 4 ,. 

o .. j,.,.= S'o:to"l 

"-~,~=too~, 
•-l ... =tooJ;.. 

15 e. Til 

Puc. 1. 3aeucuMoc•u nAOIIHOCIIU IIOKa 3/leK•poHHozo ny<~Ka 
o• uHoyKijuu noAH coAeHouoa oAH paaAu<~Hwx ru~o•Hoc•eu 
3MUCCUU Ka•ooa U HanpHJICeHUU. 
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TaxsM o6pa3oM, scnonL3Y.II cospeMeHHLie MarHBTHLie 

clloxycBpyiOUUie CBCTeMLI, C03,IJ;aiOUUie non.ll 273 T A B BLICOXO-

34lclleXTBBHLie 3MBTTepLI 3nexTpOHOB B cnyqae MarHBTO • 

orpaHB'IeHHoro noToxa,Mo~o ccllopMBposaTL 3nexTpoHHLie 

nyqxs co cpe,IJ;Heii nnoTHOCTLIO Toxa-500-;J.OOO A/cM~PB 
Hanp.II>KeHB.IIX -10 KB. HMeHHO TaxaJI CBCTeMacllopMBposaHB.II, 

xax o6ecne'IBBaJOII\a.ll nnoTHLie ny'IKB MaKCBManLHoii ycToii:

'IBBOCTB, 6LJna BLI6paHa ,IJ;n.ll BCTO'IHBKa "KpBOH· 2". 

CaMo peweHBe 3a,IJ;a'IB cllopMspoBaHB.II 3nexTpoHHoro 

nyqxa CTOnL BLICOKOH nnOTHOCTB B BOHHOM BCTO'IHBKe ec

TeCTBeHHO, MO>KeT UpBBeCTB K ysenB'IeHBIOcllaKTOpa BOHB3a· 

UBB nswL B TOM cnyqae, ecns o6ecne11eHa ycToii'IBBOCTL 

nyqxa a npscyTcTBBB BOHOB. Hccne,IJ;OBaHB.II ycToii'IBBOCTB 

3neKT,OHHLIX lly'IKOB B nna3Me BHTeHCBBHO pa3BBBaiOT • 

c.11/I 6 . O,IJ;HaKo npsMeHBTenLHo K 3nexTpoHHo-nyqesoMysc

TO'IHBKY 3XCnepBMeHTanLHO He llOKa3aHO, K KaKBM BMeHHO 

llOTep.IIM B cllaKTOpe BOHB3aUBB BnB BHTeHCBBHOCTB BOHHOrO 

nyqxa npBBO,IJ;BT Ta BJIB BHa.ll HeyCTOH'IBBOCTL. 3TOT BOllpOC 

npe,IJ;CTaBn.lleTC.II ceii:qac OCHOBHLIM B ,IJ;anLHeiiweii: pa3pa-

60TXe TaKoro TBna BOHHOrO BCTO'IHBXa. 

Ill. 3KCIIEPHMEHTAJlhHAR YCTAHOBKA 

YcTpOHCTBO BOHHOro BCTO'IHBKa "KpBOH·2" 6nB3KO 

x ycTpoiCTBY "KpBoH". Ha puc. 2 npe,IJ;cTasneHa cxeMa 

BHyTpeHHei 'laCTB BCTO'IHBKa "KpBOH- 2" B MaCe· cnexTpO

MeTpa no speMeHB nponeTa. Kax B paHee/6 / , 3neKTpoHHa.ll 

Puc. 2. CxeMa BHY•peHHer'l -.ac•u uc•o'lHUKa "KpuoH-2" 
u Mace- cneK•poMe•pa no epeMeHu npoAe•a. 
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nywxa 1, cscTeMa Tpy6ox ,IJ;peiclla 2, 3nexTpoHHLiii: xonnex

Top 3, BLIT.IIrBBaiOIUJIB 3neXTpO,IJ; 4 B 3neMeHTLI Mace· 

cnexTpoMeTpa 5 c BOHHLIM xonnexTopoM 6 pacnono>KeHLI Ha 

ocs clloxycBpYJOII{ero coneHos,IJ;a 7. 
B OTJIB'IBe OT BCTO'IHBKa "KpBOH" CeXUBB Tpy6KB ,IJ;peii· 

ella BMeiOT yMeHLWeHHLIH ,IJ;O 3 MM ,IJ;BaMeTp XaHanOB ,IJ;n.ll 

npoxo>K,IJ;eHB.II 3nexTpoHHoro nyqxa ,IJ;BaweTpow, He npesLI

WaJOUUIM 0,8 MM. Kpowe Toro, ,IJ;n.ll ysensqeHB.II pa3peweHB.II 

"KpBOH· 2" CHa6>KeH ,IJ;BYXMeTpOBLIM Mace- CUeXTpOMeTpOM, 

Ha BXO,IJ;e KOTOporo pa3Mell\eH UO,IJ;BB~LIB BOHHLIB KOnneXTOp 

8 ,IJ;n.ll onepaTBBHOrO XOHTpOn.ll 3a XOnB'IeCTBOM BOHOB Ha 

BLIXO,IJ;e B3 BCTO'IHBXa. 0611\a.ll ,IJ;JIBHa 06MOTKB coneHOB,IJ;a, 

xax B paHee, COCTaBn.lleT 120 CM, O,IJ;HaXO MaXCBManLHa.ll 

BH,IJ;YXUB.II ero MarHBTHoro non.11 ysens'leHa ,IJ;O - 2,5 TA. 
3nexTpOHHO·OUTB'IeCXa.ll CBCTeMa CXeMaTB'IeCKB npe,IJ;· 

cTasneHa Ha puc. 3. 

R. -
• 

-
• 

IT I 

~~~~~~ . 
' ~wMm1 8"-

• (IJ . Ffliiii ~ • 
<" 

Puc. 3. CxeMa 3AeK•poHHo- on•u-.ecKor'l cuc•eMw uc•o-.HuKa 
"KpuoH-2". PacnoAoxeHue 3AeMeH•oe coo•ee•c•eye• u3o-
6paxeHHWM B- KpuewM C>AJI C>eyx 3Ha'leHur'l uHC>YKIIUU Maz
HU•Hozo nOAJI. 
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B pacceJIHHOM none coneHOH.ZJ;a 1 pacnono>KeHa 3neKTpoH

HaJI nywKa 2 C nHpCOBCKOH KOH$Hrypa~Heii 3neKTpO.ZJ;OB. 

06bi'IHO HCnOllb30Bancg KaTO,Z:( ,ZJ;HaMeTpOM 0,8 MM. fiono

>KeHHe KaTO,ZJ;a OTHOCHTenbHO B-KpHBOH coneHOH,ZJ;a TaKOBO, 

'ITO Bk=: 3B 6 . HMeeTcJI B03MO>KHOCTb onepaTHBHoro H3-

MeHeHHJI nono>KeHHJI 3lleKTpOHHOH nyWKH B,Z:(Ollb MarHHTHOH 

ocH cHcTeMbl. Y .npyroro Top~a coneHoH.ZJ;a pacnono>KeH 

MarHHTHbiH nomoc C 3KpaHOM 3, 3lleKTpOHHbiH KOnneKTOp 4 
H BbiTJirHBaiOII.(Hii 3neKTpo.n 5. MarHHTHblii 3KpaH, KaK cne

.nyeT H3 pac'leTHoii B -KpHBoii npH Bb16paHHoii reoMeTpHH, 

He JIBllJieTCJI OnTHManbHbiM. HeKOTOpbiH pOCT MarHHTHOrO 

nong B o6nacTH BbiTJirHaaroll.(ero 3neKTpo.na MO>KeT npHBo

.ZJ;HTb K B03HHKHOBeHHIO OTpa>KeHHOrO OT BbiTJirHBaiOII.(ero 

3lleKTpO,ZJ;a nOTOKa 3lleKTpOHOB. 

r eOMeTpH'IeCKHe napaMeTpbl 3neKTpOHHO- OnTH'IeCKOH 

CHCTeMbl He JIBllJIIOTCJI OKOH'IaTenbHbiMH. B ,ZJ;anbHeiiweM C 

~enbiO OnTHMH3a~HH CHCTeMbl nnaHHpyeTCJI pJI,ZJ; 3KCnepH

MeHTOB H paC'IeTOB. 

IV. 3KCIIEPHMBHTAJlhHhiB PB3YJlhTAThl 

1. 3AeK1/IpOHHblii ny'iOK. B 111a6AUije npHae.neH pJI.ZJ; 3Kcne

PHMeHTanbHbiX pe3ynbTaToB no nonyqeHHIO nnoTHbiX 3neKT

poHHbiX ny'IKOB B HCTO'IHHKe "KpHOH- 2". H3 Ta6nH~bl cne

,ZJ;yeT,' 'ITO napaMeTpbl peanH30BaHHOH 3lleKTpOHHO-OnTH'Ie

CKOH CHCTeMbl COOTBeTCTBYIOT nony'leHHIO nnOTHOCTH B ny'IKe 

B HeCKOllbKO COTeH aMnep Ha CM 
2 • 

XapaKTepHCTHKH aKCHallbHOH CHMMeTpHH MarHHTHOrO 

nonJI, a TaK>Ke MeXaHH'IeCKaJI CHCTeMa YCTaHOBKH 3lleKT

pOHHOH nyWKH H CeK~HOHHpOBaHHOH Tpy6KH ,ZJ;peii<ilaHa OCH 

3TOrO nong OKa3anHCb ,ZJ;OCTaTO'IHO Y.ZJ;OBneTBOpHTenbHbiMH H 

n03BOllHllH npoBeCTH 3neKTpOHHbiH ny'IOK qepe3 BCIO CTpyK

Typy npaKTH'IeCKH 6e3 noTepb. Bbln o6Hapy>KeH, o.nHaKo, 

He~eHTpanbHbiH BbiXO,ZJ; 3lleKTpOHHOrO ny'IKa H3 nocne,ZJ;Heii 

CeK~HH Tpy6KH ,ZJ;peii$a H BXO,ZJ; erO B o6naCTb 3neKTpOHHOrO 

KOnneKTOpa. 3Ty HeaKCHanbHOCTb y.nanOCb HCnpaBHTb nyTeM 

BBe,ZJ;eHHJI BHeWHero WHMMHpOBaHHJI pacceJIHHOrO MarHHTHO

ro nong coneHoH.na B paiioHe 3neKTPOHHoii nyWKH. 

ToKooce.naHHe 6blno o6Hapy>KeHo nHWb Ha aHo.ne nywKH, 
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KOTOpbiH cneu;HanLHO AnH 3THX H3MepeHHH 3a3eMnHnCH 

qepe3 conpoTHBneHHe B HecKonLKO KHnooM. BenH"'HHa 

TOKOOCeAaHHH Ha aHOA AOCTHrna AeCHTKOB MHKpOaMnep 

H 3aBHCena OT HallpH)I{eHHH Ha BbiTHrHBaiOll.(eM 3neKTPOAe, 

"'TO CBHAeTenLCTByeT 0 HanH"'HH OTpa)l{eHHOrO 3neKTpOHHOrO 

nyqKa B npocTpaHCTBe APeilflla. 

H3MepeHHe pa3Mepos 3neKTPOHHoro ny"'Ka B o6nacTH 

perynHpHoro MarHHTHoro nonH He npoH3BOAHnocL H3- 3a 

qpe3BLI"'aHHOH CnO)I{HOCTH MeTOAHKH TaKHX H3MepeHHH. 

IlpH6nH3HTenLHOe COOTBeTCTBHe peanLHOH H pac"'eTHOH 

nnOTHOCTeH 6LinO ycTaHOBneHO llpH H3MepeHHH 3BOniDUHH 

3apHAOBhlX cneKTpOB HOHOB a30Ta. 

2. HoHu3aflUJI. H3y"'eHHe npou;eccos HOHH3au;HH B HCToq

HHKe "KpHOH-2" npOH3BOAHnOCb TeMH )l{e MeTOAaMH, "'TO 

H paHee 161. )J;nH BBOAa pa6oqero semecTBa B 3neKTPOHHLIH 

ny"'OK npHMeHHnCH MeTOA "3neKTPOHHOrO perynHpOBlli;HKa". 

YnpasneHHe aKcHanLHLIM ABH)I{eHHeM HOHOB ocymecTBnH

nocL npH llOMOlli;H BapHaUHH BO BpeMeHH pacnpeAeneHHH 

noTeHu;Hanos Ha ceKu;HHX Tpy6KH APeii:4Ja. ,IJ;nH 3Toro npH

MeHHnHCL pe3HCTOpHbiH AenHTenL H reHepaTOp 3anHparolli;HX 

HMnynLCOB 117 I. B KaqecTBe pa6o"'HX ra30B HcnonL3osanHcL 

3THneH, a30T, HeOH H aprOH. 

.liblnO 06Hapy)l(eHO, "'TO eCnH B HOHHyro nosyWKY He 

BBOAHnOCb pa6oqee Bell.(eCTBO, TO 3a BpeMH HOHH3ali;HH AO 

100 MC B HeH He HaKannHBanOCb KaKoe-nH60 H3MepHMOe 

KOnH"'eCTBO HOHOB OCTaTO"'HOrO ra3a. 3TO 03HaqaeT, "'TO 

flloHOBOe AaBneHHe B 06'beMe HOHH3ali;HH He npeBLIWano 

10-
12 Top. C APYroH: cTopoHLI, npH BBOAe pa6oqero ra3a 

B noByWKY Ha BXOAe HCTO"'HHKa llOHBnHnHCb HOHhl TOnLKO 

3Toro ra3a. 

IloBeAeHHe HOHOB pa6oqero ra3a, BBeAeHHhlX B 3neKT

pOHHbiH ny"'OK, xapaKTepH30BanOCb HeKOTOpOH CKOpOCTbiD 

llOTepb B npou;ecce HOHH3ali;HH. B 3TOM OTHOWeHHH cneAyeT 

nepe"'HCnHTb cneAYIDlli;He OCHOBHhle Ka"'eCTBeHHhle pe3ynL

TaTLI: a/ CKOpOCTb llOTepb TeM BLIWe, l.feM 6onLWe 3neKT

pOHHbiH TOK Ie npH AaHHOM HanpH)I{eHHH nyqKa; 6/ npH no

CTOHHHLIX 3Ha"'eHHHX TOKa H HallpH)I(eHHH CKOpOCTb llOTepb 

yMeHLWanaCb C ysenH"'eHHeM BpeMeHH TpeHHpOBKH KaTOAa 

3neKTpOHHOH nyWKH H C llOHH)I{eHHeM llOTeHu;Hana aHOAa; 

B/ CKOpOCTb llOTepb 3aBHCena OT pacnpeAeneHHH llOTeHII;Ha-

12 

nos Ha ceKu;HHX Tpy6oK ApeH:flla, pacnono)l{eHHLIX HenocpeA

CTBeHHO 3a aHOAHOH AHafilparMOH 3neKTpOHHOH nyWKH B 06-

nacTH HapacTaromero MarHHTHoro nonH; r/ noTepH npHso

AHnH K TOMy, "'TO B KOHII;e npon;ecca HOHH3ali;HH qepe3 

-100 MC nocne BBOAa pa6oqero semecTsa yposeHL KOM

neHcau;HH HOHaMH npOCTpaHCTBeHHOro 3apHAa 3neKTpOHOB 

COCTaBnHn -20-:-25~. 
3BOniDUHH 3apHAOBbiX ClleKTpOB HOHOB, B OCHOBHOM, 

COOTBeTCTBOBana paC"'eTHbiM 3Ha"'eHHHM nnOTHOCTH 3neKT

pOHHOrO TOKa B ny"'Ke, HaHAeHHOM H3 j3 M H COOTHOWeHHH 

Bk /B . 06Hapy)l{eHo, OAHaKo, "'TO "'eM 6LI HH 6Lino BLI3Ba

HO B03paCTaHHe CKOpOCTH llOTepb, 3414leKTHBHOe 3Hal.feHHe 

fllaKTOpa HOHH3ali;HH j r TeM MeHLWe, "'eM BbiWe CKOpOCTb 

noTepL npH nocTOHHHLIX I e , U H speMeHH HOHH3au;HH. 

Ha6nroAanHCb cnyqau, KOrAa 3414leKTHBHLie 3Ha"'eHHH j r 
pa3nH"'anHCb B 2 pa3a npH MHHHManLHOH H MaKCHManLHOH 

CKOpOCTHX llOTepb HOHOB. 

HecMOTpH Ha HanH"'He llOTepb B HCTO"'HHKe "KpHoH- 2", 

YAanocb y)l{e ceii:qac peanH30BaTb MaKCHManLHoe 3Ha"'eHHe 

filaKTOpa HOHH3ali;HH j r = 10 2° CM-2 . 3TO ll03BOnHnO yc

neWHO ocymecTBHTL 3KcnepHMeHTLI no HOHH3aiJ;HH K-o6o

no"'KH HeOHa. Ha puc. 4a llOKa3aH llpHMep cneKTpa HOHOB 

ecTeCTBeHHOH CMeCH H30TOllOB HeOHa, nony"'eHHhlH npH co

OTBeTCTBYIDIUHX napaMeTpax HCTO"'HHKa. BHAHO, "'TO AOnH 

HOHHOro TOKa, npeACTaBnHrolll;aH HApa HeOHa (Ne+1
0 ), co

CTaBnHeT - 20~ OT nonHOrO ero 3Hal.feHHH llpH KOnH"'eCTBe 

-108Jioep/uMnyAbc.)J;nH HnnrocTpau;HH Ha puc. 46 npHBeAeH 

TaK)I{e npHMep ClleKTpa HOHOB a30Ta AnH Cylll;eCTBeHHO 

MeHLWero 3Ha"'eHHH J T • 

IlpH HOHH3ali;HH aprOHa ysepeHHO Ha6nroAanaCb nHHHH 
Ar + 16 

V. B.b/BO):(bl 

HaqanbHWH 3Tan HCCneAOBaHHH Ha HOHHOM HCTO"'HHKe 

"KpHOH-2" llOKa3an, "'TO B 3neKTpOHHO-nyqeBOM HOHHOM 

HCTO"'HHKe MO)I{eT 6b1Tb peanH30BaH 4JaKTOp HOHH3ali;HH 

j r > 102° CM - 2 AnH 3HeprHH 3neKTpOHOB 5 - 10 K3B 
H j e = 100-:-200 A/eM 2 • 
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Puc. 4. IlpuMept.J cneK•poe 3apJIOHoc•eii uoHoe: a/ HeoHa 
npu le = 165 MA; u = 6 KB; j e =200 A/cM2 ; T i = 90 MC. 
6/ a3o•a npu le = 110 MA; U = 4 KB;j :130A/cM 2 ; 
Ti =60MC. e 

Ha6mo~aiOUV~eCJI npB 3TOM noTepB BOBOB B HaCTOJI~ee 
BpeMJI, no· BB~BMOMY, onpe~eJIJIIOTCJI HeCOBepmeHCTBOM 

CBCTeMW cllopMBpOBaHBJI 3JieKTPOHHOrO ny'IKa, npOJIBJIJIIO• 

~eBCJI, B OCHOBHOM, npB COrJiaCOBaHBB 3JieKTpB'IeCKOrO 

B HapacTa~ero :w:arHBTHoro nonel. Bo3MO>KHO TaiOKe 

B03HBKHOBeHBe BOHHO • 3JieKTpOHHhiX HeyCTOB'IBBOCTeB B3- 3a 

nJIOXBX BaKyyMHhiX YCJIOBBB B6JIB3B KaTo~a B CJia6oM Mar

HBTHOM none. 

0CHOBHhle TeXHB'IeCKBe xapaKTepBCTBKB BCTO'IHBKa 

"KpBOH· 2" B HaCTOJI~ee BpeMJI o6ecne'IBBaiOT B03MO>KHOCTL 

BOHB3aUBB K- o6ono'IKB aproHa. 

B 3aKmo'leHBe asTopw swpa>Ka.IOT 6naro~apHOCTL 
A.H.ITBKBHY 3a pa3pa6oTKY 2-:w:eTposoro :w:acc-cneKTpo

MeTpa no spe:w:eHB nponeTa B none3HWe o6cylK,IleHBJI, 

B.r .,ll;y~HBKOBY 3a pa3pa60TKY 6JIOKa nBTaHBJI KaTo~a 
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3JieKTpOHHOR nyWKB B 6WCTporo npe~yCBJIBTeJIJI cneKTpo

MeTpa B B.B.CaJILBBKOBY • 3a DOMO~L B no~rOTOBKe 
B npose~eHBB 3KCnepBMeBTOB. 
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