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AnR co3,qaHI-1R epaiJlatOIJlerocR o6naKa 3neKTPOHOB 11
-
41 MOlKeT 6b1Tb 

I-1CnOnb30BaHa nyWKa C Tpy64aT~M ny4KOM, KOTOp~~ npl-106peTaeT 
epaiJlaTenbHoe ,qBI-1lKeHI-1e e o6nacTI-1, r,qe MarHI-1THoe none pe3KO 1-13-
MeHReT ceoe HanpaeneHI-le. CyiJleCTeyeT HecKonbKO T1-1noe nyweK, 
$OpMI-1PYIOIJli-1X Tpy64aTbl~ ny40K. npoiJle ecero ero MOlKHO nony41-1Tb 
C nOMOIJlbiO nyWKI-1 n1-1pca, $OpMI-1PYIOIJle~ cnnOWHO~ ny40K, cep,q~eBI-1Ha 
KOTOporo y,qaneHa, a 4T06~ coxpaHI-1Tb ycnOBI-1R ABI-1lKeHI-1R OCTaB
We~CR Tpy64aTO~ 4aCTI-1 ny4Ka, cne,qyeT np!-1MeHI-1Tb $OKYCI-1PYIOIJll-1e 
3neKTpo,q~. O,qHaKo TaKo~ ny40K Henb3R eeecTI-1 e MarHI-1THOe none, 
nOCKOnbKy Ha BHyTpeHHIOIO rpaHI-l~Y ny4Ka, r,qe none 06beMHOrO 3a
pR,qa paBHO HyntO, 6y,qeT ,qe~CTBOBaTb HeypaBHOBeWeHHaR $OKYCI-1 -
pytOIJlaR Cl-lna nopeH~a, B pe3ynbTaTe 4ero npOI-130~,qeT ClKaTio1e BHyT
peHHI-1X cnoee 3neKTPOHOB, 1-1 nOnbl~ ny40K npeepaTI-1TCR B cnnOWHO~. 
nony41-1Tb Tpy64aTbl~ ny40K MOlKHO TaKlKe C nOMOIJlbiO KOnb~eBOrO 
aeT03MI-1CCI-10HHoro KaTo,qa, noMeiJleHHoro e MarHI-1THOe none. Ho AilR 
ero $OpMI-1POBaHI-1R Tpe6ytOTCR 6onbWI-1e HanpRlKeHI-1R, a ny40K lo1MeeT 
6onbwo~ 3HepreTI-14eCKI-1~ oa36ooc. OT ecex 3TI-1X He,qocTaTKOB ceo-
6o,qHa MarHeTpOHHaR nywKa 15

•6 1, I-1CCne,qoeaHI-1RM KOTOpO~ 1-1 nOCBR
IJleHa ,qaHHaR pa6oTa. 

npi-1H~I-1n pa60T~ nyWKI-1 MarHeTpOHHOrO Tl-lna MOlKHO npe,qcTaBI-1Tb 
cne,qytOIJli-1M o6pa30M. B ~l-1ni-1HAPI-14ecKOM ,q!-1o,qe, norpylKaeMOM e oce
eoe MarHI-1THOe none B z 'npl-1 HanpRlKeHI-11-1 Ha aHO,qe u ,MeHbWeM 
3Ha4eHI-1R U0 ,onpe,qenReMOrO 1-13 COOTHOWeHI-1R 

e r i r1t 2 
Uo =- -8-B z(l- -:_-r) ' 

m r a 
r,qe e - 3apR,q 3neKTPOHa, m - e ro Mace a, r a - pa,q1-1yc aHo,qa, 
rk - pa,q1-1yc KaTo,qa, ,q1-1o,q 3an!-1paeTCR, 1-1 MelK,qy KaTOAOM 1-1 aHo
,qoM o6pa3yeTcR epaiJlatOIJleecR o6naKo npocTpaHcTBeHHoro 3apR,qa. 

Ecn~-1 e TaKOM ,q1-1o,qe nyTeM eee,qeHI-1R ,qononHI-1TenbH~x 3neKTpo
,qoe C03,tlaTb OCeByiO KOMnOHeHTy 3neKTplo14eCKOrO nonR, TO 3neKT
POH~, o6pa3yf01Jll-1e o6naKo npocTpaHCTBeHHoro 3apR,qa, 6y,qyT ,qel-1-
raTbCR e aKcl-laJlbHOM HanpaeneHI-11-1. TaKI-1M o6pa3oM, Ha e~xo,qe 

6y,qeT $OpMI-1pOBaTbCR nonbl~ nOTOK 3neKTpOHOB. 

3KCnEPHMEHTAnbHA~ YCTAHOBKA 

npi-1H~Io1nl-1anbHaR CXeMa 3KCneplo1MeHTaJlbHO~ YCTaHOBKI-1 I-1306pa
lKeHa Ha puc.]. 3neKTpOHHaR nyWKa 1 BaKyyMHO nJlOTHO COe,qlo1HeHa 
c nepexo,qHI-1KOM 2, cnylKaiJli-1M AJlR pa3MeiJleHI-1R 3neMeHTOB ,ql-larHo-
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FUc.l. npHH~HnHanbHa~ exeMa yeTaHOBKH. 1 - 3neKTPOH
Ha~ nywKa, 2 - BaKYYMH~H nepeXOAHHK, 3 - KaTyWKH Mar
HHTHOrO non~, 4 - ~HnHHAP ~apaAe~, 5 - BaKYYMHOe OKHO, 
6 - n~MHHo~op, 7 - an~MHHHeea~ $0nbra. 

eTHKH Tpy64aToro 3neKTPOHHoro ny4Ka. Be~ yeTaHOBKa paaMe~eHa 
BHYTPH KaTyWeK 3, npeAHa3Ha4eHH~X An~ e03AaHH~ He06XOAHMOrO 
MarHHTHoro non~. 

BHayanbHOe Ha6n~AeHHe 3neKTPOHHoro ny4Ka npOH3BOAHnoeb 4e
pea BaKyyMHOe OKHO 5, HenoepeAeTBeHHO aa KOTOP~M pa3Me~ane~ 
n~MHHO~Op 6, 3aKp~T~H OT eBeTOBOrO H3ny4eHH~ KaTOAa an~MHHHe
BOH ~OnbrOH 7, TOn~HHOH 50 MKM, OAHOBpeMeHHO enymHBWeH H An~ 
eH~TH~ aap~Aa. Cee4eHHe n~MHHO~opa B~3b1Banoeb TOPM03H~M raM
Ma-Hany4eHHeM 3neKTpOHH~X KOne~. an~ H3MepeHH~ TOKa Tpy64a
TOrO ny4Ka Henonb30Bane~ ~HnHHAP ~apaAe~ 4. npHMeH~BWHHe~ 
B 3KenepHMeHTe ~HnHHAP ~apaAeR H306pameH Ha puc.2. ny40K 
Hanpaen~ne~ Ha Kpyrny~ MeAHY~ nnaeTHHy 10, H30nHpOBaHHY~ 
~ToponnaeTOBOH waH6oH 12 OT Kopnyea 8. ~eeneAyeM~H eHrHan 
4epea AenHTenb, o6paaoeaHH~H eonpoTHBneHH~MH 9 H 11, 75-oMH~H 

TpaKT,06pa30BaHH~H mHnOH 7 H BHyTpeHHHM OTBepeTHeM WTOKa 2, H 
4epea repMeTH4H~H eaKyyMH~H paaDeM CPr-75 s~BOAHne~ Ha oe~Hn
norpa~. 

BaKyyMH~H ya.en 3 noaeon~eT nepeMe~aTb WTOK 2 nH6o nonHoeTb~ 
nepeKp~sa~ ny40K ~HnHHAPOM, nH6o y6Hpa~ ero H3 30H~ ny4Ka, 
4TO He06XOAHMO An~ BH3yanbHOrO Ha6n~AeHH~ ny4Ka no n~MHHO~opy. 
3ToT yaen paenonomeH 3Ke~eHTPH4HO oeH ~naH~a 4, 4TO noaeo
n~eT nyTeM ero nosopoTa e HaKHAHOM ~naH~e 6 perynHpoeaTb 
nonomeHHe ~HnHHAPa e npeAenax +10 MM. An~ o6eene4eHH~ pery
nHpoeoK npHMeH~~Te~ py4KH 5. 
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FUc.2. UHnHHAP ~apaAe~. 1 - eaKyyMH~H paaDeM, 2 -
WTOK, 3 - BaKyyMH~H yaen, 4 - ~naHe~, 5 - PY4KH An~ 
o6eene4eHH~ perynHpOBOK, 6 - HaKHAHOH ~naHe~, 7 -
BHyTpeHH~~ mHna KOaKeHanbHOrO ~~Aepa, 8 - KOpnye 
~HnHHAPa, 9,11- eonpOTHBneHH~ AenHTenR, 10- MeA
Ha~ nnaeTHHa, 12- ~ToponnacToea~ waH6a. 

BaKyyMHaR eHeTeMa yeTaHOBKH eoeTOHT H3 nocneAOBaTenbHO coe
AHHeHH~X e~eOKOBaKYYMHoro Haeoea BA-05 e oxnamAaeMOH aaoTOM 
nosywKoH, H MexaHH4ecKoro Haeoea BH-2 Mr. Bee ynnoTHeHH~ eye
TaHOBKe - pe3HHOB~e. BaKYYMHaR cHeTeMa noaeon~eT nony4aTb sa
KYYM nop~AKa 2·10-6 Topp. 

PE3YJlbTATbl 3KcnEP~MEHTOB 

Uenb~ AaHHOH pa6oT~ 6~no H3MepeHHe aasHeHMOeTH TOKa OT 
Hanp~meHH~, a TaKme pa3MepOB ny4Ka B 3aBHeHMOeTH OT BenH4HH~ 
MarHHTHoro non~. Oeo6oe BHHMaHHe YAen~noeb eoaMOmHOCTRM pa6o
T~ H oeo6eHHOeTRM 3KCnnyaTa~HH KaTOAOB AaHHOrO THna. 

~Mnynbe TOKa ny4Ka /puc.3/, 3aperHeTPHPOBaHH~H ~HnHHAPOM 
~apaAe~, noAaeane~ Ha oe~Hnnorpa~ OSA, e 3KpaHa KOToporo Ae
nanHeb ~oTorpa~HH. CKopoeTb paasepTKH - 200 He/eM, BHAH~ 
noeneHMnynbe~ TOKa, eoenaAa~~He e OTPH~aTenbH~MH e~6poeaMH 
Hanp~meHH~. Oe~HnnorpaMMa Hanp~meHH~ e TOH me eKopoeTb~ paa
eepTKH npHBeAeHa Ha puc.4. HanpRmeHHe perHeTpHpoeanoeb AenH
TeneM e e~XOAH~M eonpoTHBneHHeM R8~x.=1,6 KOM H K03~H~HeH
TOM AeneHH~ 250. AnHTenbHOeTb HMnynbea TOKa no OeHOBaHH~-
500 He, Ha nonye~eoTe - 250 He. ToK s 300 A, nony4eHH~H npH 
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Puc. 3. Oc~1-111110rpaMMa J.1Mnynbca TOKa J = 300 A, AJli-1-
TenbHOCTb J.1MnYilbCa no nOilYSbiCOTe - 250 HC. 

Puc.4. Oc~J.111110rpaMMa J.1Mnynbca Hanp~meHJ.1~U:80 KB, 
1 
'l 

AJ11-1Te11bHOCTb J.1Mny11bCa Ha nonySbiCOTe - 250 HC. 

Hanp~meHI-11-1 80 KB, ~sn~eTc~ npeAeilbH~M Ail~ on1-1caHHO~ s AaHHO~ 
pa6oTe yCTaHOSKI-1. noAH~Tb TOK MO~HO 111-160 ySe11J.14J.1Sa~ Hanp~me
HJ.1e, 4TO S AaHH~H MOMeHT He n03S011~eT CAeilaTb 311eKTpl-14eCKa~ 
np04HOCTb KaTOAHOH HOmKI-1, 111-160 yse11J.14J.1Sa~ nepseaHC nyWKJ.1 ny-
TeM J.13MeHeHJ.1~ ee reoMeTpl-11-1. • 

Beni-14J.1Ha aKcJ.1a11bHoro MarHJ.1THoro non~, Tpe6yeMoro Ail~ $oKy
CI-1posKJ.1 311eKTp0HHOrO ny4Ka, O~eHJ.1Sanacb Ha OCHOSe CI1eAY~~J.1X 

coo6pameHJ.1H. B ~J.1111-1HAPJ.14ecKOM Al-iOAe nocne oTce4KJ.1 aHOAHOro 
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TOKa rpaHJ.1~Y 0611aKa npocTpaHCTSeHHOrO 3ap~Aa MOmHO 3aAaTb 
paAJ.1YCOM Xe1111a, onpeAeil~eM~M 1-13 COOTHOWeHJ.1~ 161

: 

2 
r k 2 

rx(l- --) 
r2. 

X 

= 45,5...!!._ 
B2 ' 

/1/ 

rAe r x 1-1 r k - paAJ.1YCbl Xenna 1-1 
meHJ.1e Ha aHOAe s SOilbTax,B-
3TO ypaSHeHJ.1e Ail~ r k = 4, 5 CM 
~J.1HY o6naKa 

KaTOAa s caHTJ.1MeTpax, U - Hanp~

MarHJ.1THoe none s rayccax. Pewa~ 

/KaTOA naMn~ rH-27/, HaHAeM Ton-

r x - r k = 6. = ...!. . t 45 5 _!L_ 2 v • s2 . /2/ 

An~ Hanp~meHI-1~ U=60 KB 1-1 Hanp~meHHOCTI-1 non~ B = 1 Krc Teo
peTJ.14ecKa~ TOI1~J.1Ha Tpy64aToro ny4Ka 6. =0, 8 eM. Ha puc. 5a J.13o-
6pameH ny40K, nony4eHH~H Ha ycTaHOBKe, np~-1 npJ.1BeAeHH~x s~we 

ycnos1-1~x. CpeAH~~ TOI1~J.1Ha Tpy6KJ.1 pasHa 0,6 eM, 4TO HeCKOilbKO 
MeHbWe TeOpeTJ.14eCKOH, npJ.14eM eCTb see OCHOSaHJ.1~ C4J.1TaTb, 4TO 
AeHCTSJ.1Te11bHa~ T011~J.1Ha CTeHKI-1 e~e MeHbWe, TaK KaK $OTOrpa$J.1J.1 
Ae11a11J.1Cb C Il~MJ.1HO$Opa, CSeTJ.1BWerOC~ OT TOpM03HOrO raMMa-J.1311y-
4eHJ.1~ ny4Ka, HanpasneHHOro so see cTopoH~. B o6ocHosaHHOCTJ.1 
AaHHoro npeAI10meHJ.1~ M~ y6eAJ.111J.1Cb, ycTaHOBJ.1B 3KpaH c 6onee 
TOilCT~M cnoeM Il~MJ.1HO$opa. B pesynbTaTe SJ.1AJ.1Ma~ TOI1~J.1Ha ny4Ka 
sospacTana. 

npl-1 yMeHbWeHJ.1J.1 MarHJ.1THOrO n011~ AO B = 0, 8 Krc T011~J.1Ha Tpy6-
KJ.1 no TeOpl-11-1 AOilmHa 6~11a S~paCTJ.1 AO 1 CM. nony4eHHa~ Ha ycTa
HOSKe $OTorpa$1-1~ J.1306pameHa Ha puc.56. Ton~J.1Ha Tpy6KJ.1 pasHa 
0,8 CM. npl-1 AailbHeHWeM yMeHbWeHJ.1J.1 MarHJ.1THOro non~ AOB=0,6 Krc 
TOI1~J.1Ha Tpy6KJ.1 AOilmHa ySe11J.14J.1TbC~ AO 1,3 CM. 

Ha puc.5e noKa3aHo KOilb~o, nony4eHHoe Ha ycTaHosKe. To11~1-1Ha 

Tpy6KJ.1 pasHa 1,3 CM, 4TO S AaHHOM CI1y4ae coena110 C TeOpJ.1eH. 
f<pOMe TOrO, AaHHble $QTOrpa$J.1J.1 n03 SOil~~T CAeJlaT b S~SOA 0 SI1J.1~

HJ.1J.1 T04HOCTJ.1 ycTaHOSKJ.1 KaTOAa J.1 Se11J.14J.1H~ MarHJ.1THOrO n011~ Ha 
pa3HOcTeHHOCTb Tpy64aToro ny4Ka. To11~1-1Ha cTeHKI-1 J.13o6pameHHoro 
Ha puc.5a KOilb~a KOJ1e6anaCb OT 0,4 AO 0,7 CM, 4TO 06D~CH~eTC~ 
HecosnaAeHJ.1eM OCJ.1 KaTOAa J.1 OCI-1 MarHJ.1THOrO non~. KOilb~O Ha 
puc.56 J.1MeeT KOJle6aHJ.1~ TOI1~J.1H~ OT 0,6 AO 0,8 CM, a KOilb~O, no
Ka3aHHOe Ha puc.5e, J.1MeeT yme paSHOCTeHHY~ no nepJ.1MeTpy Tpy6-
Ky, TaKJ.1M o6pa3oM, ysenJ.14eHJ.1e MarHI-1THoro non~ npeAD~Sil~eT 

6onee mecTKJ.1e Tpe6osaHJ.1~ K ycTaHosKe KaTOAa, a TaKme npeAnona
raeT Ha11J.14J.1e ~CTJ.1pOS04HOrO y311a, Ail~ T04HOH YCTaHOBKI-1 KaTOAa 
6es CH~TI-1~ saKyyMa. 

npl-1 pa3pa60TKe yCTaHOSKJ.1 J.1 paCCMOTpeHI-11-1 nepcneKTJ.1S npi-1Me
HeHJ.1~ KaTOAOS AaHHoro TJ.1na 6~111-1 cepbe3H~e onaceHI-1~, 4TO pa
sorpeTa~ AO 3000°C TOHKa~ SOI1b$paMOSa~ CeTKa KaTOAa 6yAeT 
CJ.111bHO nposJ.1caTb, a so3MOmHo, Aame 1-1 psaTbc~. BepTJ.1Ka11bH~~ 

s 



a/ 6/ e/ 

FUc.5. a/ npo$Hnb ny4Ka e MarHHTHOM none B=1 Kfc. 
AHaMeTp ny4Ka 9 eM. 6/ npo$Hnb ny4Ka e none 800 Kfc. 
e/ npo$Hnb ny4Ka e MarHHTHOM none B = 600 Kfc. 

cnoco6 pacnono~eHH~ nyWKH oTeeprHyT BBHAY nepcneKTHB Hcnonb
aoeaHH~ AaHHOH nywKH An~ coeMeCTHOH pa6oT~ c ycTaHOBKaMH, 
HMe~HMH ropH30HTanbHOe pacnono~eHHe. KoMneHcaTop YAnHHeHH~ 
OKa3anc~ HenpHeMneM BBHAY 4pe3B~4aHHOH xpynKOCTH KaTOAHOH 
CeTKH /6panc~ KaTOA H3 naMn~, 6~BWeH B ynoTpe6neHHH/. C 3TOH 
~enb~ npoeeAeH 3KcnepHMeHT no Harpeey ropH30HTanbHO pacnono
~eHHoro KaTOAa B BaKyyMe, npH4eM o6a 3neKTPOAa 6~nH ~eCTKO 
aaKpenneH~, e peaynbTaTe 4ero oKaaanocb, 4TO ceTKa He TOnbKO 
He peeTC~, HO H 3aMeTHTb ee npOBHCaHHe HeBOOp~eHH~M rna30M 
He npeACTaen~eTc~ eoaMO~H~M. B npo~ecce 3KcnnyaTa~HH KaTOAa 
B ycTaHOBKe B~~CHHnOCb, 4TO OH YCTOH4HBO pafioTaeT, Ha4HHa~ 

1 -2 c eaKyyMa 0 Topp. OnaceHH~, 4TO KaTOA 6yAeT 6~cTpo paapy-
waTbC~ HOHHOH 6oM6apAHPOBKOH, nOKa He nOATBePAHnHCb. KpOMe 
TOrO, npH MHOrOKpaTHOM HanycKe aTMOC$ep~ B CHCTeMy,KaTOA He 
OTpaen~nc~. K AOCTOHHCTBaM ero ~ OTHOCHM H B03MO~HOCTb npH
MeHeHH~ Macn~HOH OTKa4KH H pe3HHOB~X ynnOTHeHHH, 4TO 3Ha4H
TenbHO ynpOCTHnO BC~ CHCTeMy H o6ner4HnO ee 3KCnnyaTa~H~. 
K HeAOCTaTKaM KaTOAa OTHOCHTC~ npe~Ae ecero ero 6onbwa~ xpyn
KOCTb, 4TO CHnbHO OCnO~HneT npo~ecc CH~TH~ KaTOAa C naMn~ 
H ycTaHOBKY ero Ha KaTOAHOH HO~Ke. 3TOT HeAOCTaTOK MO~eT 6~Tb 
ycTpaHeH, ecnH 6paTb HeOTO~eHH~e KaTOA~ Ha 3aBOAe-H3rOTOBH
Tene. KpoMe TOro, HOB~e KaTOA~ 6YAYT HMeTb 60nbWy~ 3MHCCH~ 
H CpOK cny~6~. K HeAOCTaTKaM KaTOAa 0THOCHTC~ Ta~e H TO, 4TO 
OH Tpe6yeT 6onbWHX f-550 A/ TOKOB HaKana H COOTBeTCTBeHHO e~
Aen~eT 6onbWOe KOnH4eCTBO Tenna, An~ CH~TH~ KOTOporo npHWnOCb 
YCTaHOBHTb CHCTeMy BOA~HOrO oxna~AeHH~ aHOAa H KaTOAHOH HO~KH. 
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06CY~AEHHE PE3YnbTATOB 

06CYAHM o6nacTH npHMeHeHH~ nyWKH An~ peweHH~ pa3nH4H~X $H3H· 
4eCKHX aaAa4. PaccMOTPHM npelf<Ae ecero eoaMO~HOCTb ycKopeHH~ 
3neKTPOHHoro KOnb~a c HOHaMH Ha 11 ronoeKe 11 Tpy64aToro ny4Ka . 
CyTb MOAenH aaKn~4aeTc~ e cneAY~eM: e~BeAeHHOe H3 aAreaaTopa 
H YCKOpeHHOe KOnb~O C HOHaMH AOrOH~eT Tpy64aT~H ny40K, 3neKT
pOH~ KOTOporo OTpa~a~TC~ OT KOnb~a H nepeAa~T eMy CBOH aK
CHanbH~H HMnynbC. 

npH TaKOM YCKOpeHHH KOnb~a ny4KOM cneAyeT B~Aep~aTb HeKO
TOp~e cne~HanbH~e ycnOBH~. nepBOe H3 HHX 3aKn~4aeTC~ B TOM, 
4TO 3HeprH~ 3neKTPOHOB ny4Ka AOn~Ha fibiTb MeHbWe ·noTeH~Hana 

KOnb~a OTHOCHTenbHO 3eMnH. 3TOT noTeH~Han MO~HO B~4HCnHTb npH
finH~eHHO no $QpMyne 

eNe 
U = f eE z dz = -- • 

"R 13 
An~ Konb~a YTH 4Hcno 3neKTPOHoe Ne = 10 , paAHYC KOnb~a e KOH~e 
C~aTH~ R= 4 CM H, TaKHM o6pa30M, nOTeH~Han U COCTaBn~eT 
-100 KB. Mo~HOCTb ny4Ka, Heo6xOAHMa~ An~ ycKopeHH~ OT 3HeprHH 
1,5 M3B/HyKn. - 3HeprHH B KOH4e B~BOAHOro coneHOHAa AO 3HeprHH 
7 M3B/HyKn., COOTBeTCTBy~eH nopory ~AePHbiX peaK~HH T~~en~X 
3neMeHTOB, AOn~Ha nHHeHHO yeenH4HBaTbC~ BMeCTe CO CKOpOCTb~ 
HOHOB /npH nOCTO~HHOH YCKOp~~eH CHne, AeHCTBy~~eH Ha 3neKTpOH · 
Hoe KOnb~o c HOHaMH/ OT 50 AO 100 MBT. CneAOBaTenbHO, An~ noA
Aep~aHH~ CHHXpOHH3Ma YCKOpeHH~ npH aHOAHOM Hanp~~eHHH nyWKH 
U=100 KB TOK AOn~eH yeenH4HBaTbc~ oT 500 AO 1000 A. 3To yeenH-
4eHHe TOKa aHanorH4HO H3MeHeHH~ AaeneHH~ BAOnb Tpy6KH APeH$a, 
npH YCKOpeHHH B np~M~X ny4Kax, OAHaKO 3AeCb ero ocy~eCTBHTb 
ner4e, 6narOAap~ TOMy, 4TO MO~HOCTb ~4Ka 3aBHCHT OT aHOAHOrO 
Hanp~~eHH~ no H3BeCTHOMy 3aKOHy p-UG 2 ,H CHHXpOHH3Ma MO~HO 
AOCTH4b, H3MeH~~ aHOAHOe Hanp~~eHHe B np04ecce YCKOpeHH~. 

O~eHHM Hanp~~eHHOCTb non~, AeHCTBy~~ero Ha 3neKTPOHHOe 
KOnb~O C HOHaMH no $OpMyne 

60e 8R 
E z = --(1 + ln-), /4/ 

211R 6. 

rAe n e - nHHeHHa~ nnOTHOCTb 3neKTPOHOB ny4Ka, onpeAen~eMa~ KaK 
J 

n e= -- , J - TOK ny4Ka, V - CKOpOCTb 3neKTPOHOB. 
eV 

Hanp~~eHHOCTb non~ AOn~Ha ocTaeaTbC~ nocTO~HHOH e npo4ecce 
yCKOpeHH~ H COCTaen~Tb An~ KOnb4a YTH eenH4HHy E z = 15 KB/cM. 
noACTaen~~ B $OpMyny /4/ 3Ha4eHHe J = 1 KA H CKOpOCTb V=0,5 c, 
4TO COOTBeTCTByeT 100 KB aHOAHOrO Hanp~~eHH~, HaHAeM, 4TO ee
nH4HHa ycKop~~~ero non~ cocTaen~eT E z = 100 KB/cM. 

PeanbHO 3Ta BenH4HHa B HeCKOnbKO paa MeHbWe 3a C4eT KOHe4-
HOCTH $pOHTa ny4Ka. B npo4ecce ycKopeHH~ no Mepe HapacTaHH~ 
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TOKa 6yAeT nOAAeP~~BaTbCR 04eB~AH~~ C~HXPOH~3M Me~AY HapacTa
H~eM CKOPOCT~ KOnb~a C ~oHaM~ ~ yeen~4eH~eM TOKa ny4Ka /$aK
T~4eCKO~ nnoTHOCT~/, TaK 4TO ycKOPR~ee none 6yAeT nOAAep~~-
eaTbCR nOCTORHH~M. 

nonH~~ ny40K MO~HO ~cnonb30BaTb Ta~e B yCKOP~TenRX cpeAH~X 
3Hepr~~ 171 ,rAe 3TOT ny40K MOAYn~pyeTCfl, npoxoA~T o6nacTb pe
eepca MarH~THoro nonfl, 3axeaT~eaeT ~oH~ ~ ycKopReTcR eMecTe 
C H~M~ BO BHeWH~X MarH~TH~X nOnRX. 

Co3AaH~e nnoTH~X 3neKTpOHH~X crycTKOB ~HTepecHO TaK~e 
C T04K~ 3peH~R 3$$eKT~BHO~ ~OH~3a~~~ Tfl~enbiX ~OHOB. ,IJ,nR 3TO
ro Tpy64aT~~ ny40K cneAyeT npe~Ae ecero npoMOAYn~poeaTb ~ yc
KOP~Tb AO 3Hepr~~ E = 1 ,5 .;-2 M3B. npoXOAR o6nacTb peeepca 
MarH~THOro nonR, crycTK~ 3aTopMa~~ea~TCfl, np~o6peTa~T epa~a
TenbHYIO CKOpOCTb ~ 3aXBaTbiBa~TCR BO BHeWHIO~ flMY. KaK noKa3bl
ea~T pac4eTbl, nnOTHOCTb 1 ~neKTPOHOB B TaK~X o6pa30BaH~RX AO
CT~raeT 3Ha4eH~fl ne = 10 CM-3, a epeMR ~x YAep~aH~R cocTaenReT 
r = 10 c. 3a 3TO epeMR npo~cxoA~T, no pac4eTaM, nonHaR ~oH~-

3a~~fl aTOMOB ypaHa. 
nywKa yCT0~4~BO pa6oTaeT B Te4eH~e An~TenbHOrO epeMeH~. 

YcTaHOBKa MHoro pa3 noAeepranacb pa3repMeT~3a~~~. CaM KaTOA 
6~n ~3ene4eH ~3 naMn~, npopa6oTaewe~ cBbJWe 1000 4, ~ TeM He 
MeHee AaeT ycTo~4~BY~ 3M~cc~~. 
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