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OH4JIR XAPAHTEPl1CTHl{A P llliUT!i 

AKTyaJibHOCTb npo6JieMbl. PaaBHTHe 01<enep»MeH'l'aJibHbIX HccJie,D,oBatt»tt 

B R,!1,9pHoA ~H3HKe CBR3aHO C HCilOJib30BaHHeM ny4KOB_ycKopeHHb!X TRJKeJihlX 

HOHOB. K 4HCJIY TaKHX MCCJie,D,OBaHHA O'l'HOCR'l'CH CHH1'e::J ,D,aJieKHX Tpa11cypa

HOBhlX 3Jl9MellTOB, 113Y49H119_I'JIY60KOHeynpyrmc npoQeecoB, IlOJJY49Hl19 

cBepxnJIOTHoA R,r(epttott MaTep11H H T.n. uce 6oJibmee pacnpocTpatteH11e no

JIY4aJOT 11CCJI9,!),0BaHl1R no npHMeHemoo TRJKeJil,JX 110HOB IJ llP{JMhilllJI9HJIOCTl1, 

Xl1Ml111, 6110JIOI'l1H H M9.IJ;~l1He. /1.nR pemeHl1H 3THX 11 pR,D,a HOBh!X aa,naq Tpe-

6yioTCR ny4Kl1 ycKopeHHh!X 110HOB Bcex 3JieMeHTOB nepl10,!l,1149CKOtt Ta6n11~ 

,ll.11.MeH.IJ;eneeBa. 

Il,po6neMa ycKopeHWI TR)J(9JI1,JX 110HOB ceU4ac 11J!TeHc11BHO pemaeTCR BO 

MJIOI'HX Jia6opaTOpl1RX MHpa, r,ne npoeKTl1PY~1'CR 11 C03,D,aJOTCR YCTaHOBKH, 

npe,nHaaHa4eHHwe ,D,JIR Il0JIY49HHR cBepxTRlK9J!blX 110HOB Bcex 3Jl9MeHTOB, 

BKJI~4aR ypatt. HapR,D,Y c paaBMTHeM Knacc114ecKHX ycKop11TeneA Wll!>OKoe 

pacnpocTpatteH11e IlOJIY4HJIH HCCJI9.IJ;OBaHWI B o6nacTH HOBl,!X M9TO.IJ;OB YCKO

peHHR. 0.IJ;HHM H3 TaKHX HanpaBJieHHA RBJIR9TCR KOJIJieKTHBHOe ycKopeHHe 

TRJK9JlhlX HOHOB 3JI9KTPOHH~H KOJib4aMl1. UcHOBbl TaKoro MeTo,na 6WJil1 3aJIO

lK9Hhl u.11.00KCJiepoM B pa6oTax 1956 I'. KonneKTl1BHl,l}\ YCKOPl1T9Jlb TRlK9JlhlX 

MOHOB (KYTl1) Il03BOJIR9T ycKopRTb Bee 3JieMeHTbl H nonytia.Tb 60JiblliHe 1111-

TeHCHBHOCTH HOJIJll,IX nytlKOB TRlK9JlhlX 3Jl9MeHTOB BITJIOTb ,!1,0 ypatta. 

Uenb pa6om: 
I. Paapa60TKa, C03.IJ;aHl19 11 3aJIYCK npoT01'11Da KOJIJl9KTHBHOI'O ycKOpM

TeJIR TRJK9JlhlX 110HOB. 

2. 3KcnepHMeHTaJibHOe HCCJI9.IJ;OBaHl1e ycKopeHl1H 110HOB 3Jl9KTPOHH~H 

KOJib4aMH. 

HaytniaR HOBH3Ha. OcHOBHhle peayJibTaTbl ,D,HccepT~OHHoA l)a60Thl 

CBR3aHU C pa3BHTH9M HOBOI'O HanpaBJI9Hl1R B ¢H3HK9 H T9XHHKe ycKopHTe

neA - KOJIJI9KTHBHOI'O M9TO,D,a ycKopeHHR TRJK9JlhlX HOHOB. oKcnepHMeHTB.JlbHO 

noKa3atta B03MOlKHOCTb C03,IlaHl1R KatleCTBeHHO HOBOA YCTaHOBKH - KOJIJI9K

THBHOI'O ycKopHTSJIR TRJK9JlbllC HOHOB, 4TO OTKpbIBaeT HOBhle B03MOJKHOCTl1 B 

paaBHTHH KOJIJl9KTHBHbllC ycKopHTeJieA. 

IlpaKTHtl9CK8JI 4eHHOCTb. IlonyqeHHble peayJibTaThl IlOJ!OlK9HU B OCHOBY 

npoeKTll!>OBaHHJI ff C03,!),aHl1R KOJIJieKTHBHOI'O YCKOpHTeJIR TfilK9J!hlX HOHOB 

KYTl1-20 - HHJKeKTopa YCKOpHTSJ!bHOI'O KOMnneKca TRJKeJibllC HOHOB (YKTH) 
Ov!fili. 

0oU!.Bfil1e'tiiihJil liHcnrryt I I 
Wle~BhlX !:JCC.'JP.,!lOBauu0 
_ &Msni-10T1;(1A, _ 



PesyJibTaTll .n;ttccepT~HH MoryT 6mb HCnOJib30BaHll B paspa60TKax 
JIHHeRHhlX HH.n;Y~HOHHhlX YCKOPHTenen, ycTaHOBOK C HHTeHcHBHJ,IMH peJIRTH
BHCTCKHMH 3JieKTpOHHb!MH KOJibl\8.MH H KOJIJieKTHBHhlX ycKOPHTenen. 

An;eo6agttn pa60Tll. /vlaTepHanH ~ccepT~HH npe.n;cTaBJIRJIHCb H .ICOKJia
AUBaJIHCb Ha llle~apO'AffhlX COBell!aHHRX no ycKcipHTeJIRM sapRJKeHHblX tlac
T~ aucoKmc sHeprttn (YI, KeM6pJ.f,IVK, 1967; Yil, Bpeaatt, 1969 r.; IX, 
CTattqiop.n;, 1974 r ~ ; X, I.(poTBHHo, 1977 r. ) , Bce'co10sHh!X coaemaHHRX no 
YCKOpHTeJIRM 38,pRJKeHHblX tlaCT~ (Il, MoCKBa, 1970 r. i 1Y, MOCKBa, 
rn74 r.; YI, )Jy6Ha, 1978 r.; YU; )Jy6Ha, 1980 r.), I, Il H III CHMI103HY

. Max no KOJIJieKTHBHb!M MeTo,n;aM YCKOpeHWI B )Jy6He ( 1972 H 1976 rr. ) H 
JiaryHa EHtl (KanHqiopHHR' QllA' 1978 r.) ' n CHMII03ttyMe no CHJibHOTOtlHOR 
3MHCCHOHHon 3JieKTPOHHKe, TOMCK, 1975 r. 

Ily6JIHKa.I.JHH. OcHOBHlle pesyJibTaTll, Bomewntte B .n;ttccepTa.QHIO, OTpallte
Hll B17 netlaTHhllC pa6oTax, ony6JIHKOBaHHhllC B "lKypHane TeXHHtlecKon 4JH3H
KH", JKYPHBJI8 "AToMHaR 3HeprHR", Tpy,n;ax KOHqiepeHqttn H CHMil03ttyMOB, B 
BHAe npenpHHTOB H coo6meHHR 0¥.lIDi. 

06-beM pa60Tll. )viccepT~HOHHaR pa6oTa H3JIOlKeHa Ha 167 CTpaH~ 
MBlDHHOnHCHoro TeKcTa, HJIJIIOCTPHpy8TCR 70 PHCyHK8.MH Ha 52 CTPaH~ax. 
)viccepT~HR COCTOHT H3 BBe,n;eHHR, Tpex rnaB, saKJIIOtleHHR H cnHCKa HC
nOJib30BaHHOR JIHTepaTypll H3 231 HaHMeHOBallHR Ha 13 CTpaHHqax. 

C0).\EPJlWillE PAE0Tll 

Bo BBe8eHHH co.n;eplKHTCR onHcaHHe npHHqHna KOJIJI8KTHBHoro MeTo.n;a 
YCKOpeHHR HOHOB 3JI8KTPOHHb!MH KOJibl\8.MH, o6CY)K'AaIOTCR BOnpOCll ycTORtlH
BOCTH 3JieKTpoHHO.-HOHHhllC KOJieq, <PoPMYJIHpJ'llTCR OCHOBHlle nonoJKeH~, Bbl- . 

_HOCHMll8 Ha 381l!HTY. 

B nepaon rnaae paccMaTpHBaIOTCR BOn!)OCll, 'cBR38.HHble C C03.IC8.HHeM, 
Hanaw<on H sanycKoM HHJKeKTopa npqToT~a KYTH OWill - HaHoceKyHAHoro 
HH,n;yKqHOHHoro YCKOPHTeJIJI CWJYH,[t: pactleT H 3KcnepHMeHTaJibHOe HCCJie.n;o
BaHHe CHCTe~ ycKopHTenn, KOMnJieKCHaR Hana,IJ.Ka CruIYH,D.a H H3MepeHHe xa
paKTel)HCTHK nyqKa ycKopeHHhllC 3JieKTpOHOB. 

B nepaoM na,parpaqie co.rcePJKHTCR o6sop pa6oT no cHJibHOTotlHllM sneKT
poHHblM nymKaM H npOBO.ICHTCR aHaRH3 napaMeTpOB HX nytlKOB. 06CY)K'AaIOTCR 
pesynhTaTll Hccne.n;oaaHHn xono'AHhllC KaToioa co aspuaHon sMHccHen sneKT
poHoB B peJKHMe orpaHHtleHHR TOKa 000,8MHbJM sa~OM H B peJKHMe HeRTpanH-
3aqliH ooo,eMHOl'O 3apR'Aa, IloKa3aHa BllCOKaR 3!ppeKTHBHOCTb pa60Tll XOJIO.IC
HhllC KaTO.ICOB B pel!tHMe HeRTpaJIHsaqHH IlpoCTpaHCTBeHHoro sapRAa H npHH-
1\HIIHMbHaR B03MOlKHOCTb HX HCnOJib30BaHHR B Jll1Y / 2-4/, 

PaccMaTPHBaeTCR Mo,n;eJib MeXaHH3MB. o6pasoBaHHR nJIOTHOR nna3Mll B 
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n!)OTRJKeHHOM pa3PR'AffOM KaHane H 4JOPMHpOBaHHR nyqKa ycKopeHHbll<: 3JieKTpo
HOB /4/. PesyJibTaTll pactleTOB pelKHMOB HCTOtlHHKa 3JieKTPOHOB, BllllOJIHeH
HhllC B COOTBeTCTBHH C npeAJIOlKeHHon MO,n;eJibD,HaxOMTCR B xopomSM Ka~ec~ 
B8HHOM corJiaCllH C pesyJibTaT&IH 3KCnepHMeHTanbHWC Hccne.n;oBaHttn. 

I.(pHBO.ICHTCR onHCaHHe nnasMeHHoro HCTOtlHHKa 3JI8KTpOHOB C XOJIO'AHLJM 
KaTO.ICOM B peme qiopMHpOBaHlffl nnasMeHHO-nytlKOBoro paspRAa B AJIHHHOM 
( e » d ) rasoBOM KaHane C rpa,D.HeHT~M .n;aaneHHR OT atto.n;a. K KaTO'AY. 

0KOHtlaT8JibHbJR Bll6op HCTOtlHHKa 3JI8KTpOHOB IlpOB8.IC8H IIOCJI8 HCilll
TaHlffl HX Ha YCKOpHTene. ~He pesyJibTaTll no HHlKe~HH He.3aMB.rHHtleH
Horo nyqKa B YCKOpHTeJiblilitlt TpaKT Cl-1JJYllAa 6UJIH .ICOCTHrHyTll npH HCnOJib-
30BaHHH nna3MeHHoro HCTOtlHHKa C XOJIO'AHLJM KaTO.ICOM. TaKon HCTOtlHHK He 
Tpe6yeT npHHy,n;HTenhHoro pacnpe.n;eneHHn noTeHqHana B o6nacTH qiopMHpoaa
HHR-IJYtlKa H cneqHaJibHhllC Mep no ero cornacoBaHHIO C YCKOpHTeJibHblM TpaK
TOM. 

KoHcTpy~ H BHemHHR BRA HCTOtlHHKa 3JieKTPOHOB ycKOpHTeJIR CHJIY.H,U 
npHBe,n;eHl:l Ha pHc.1. Pa3pRAHaR Tpy6Ka HCTOtlHHKa (2) COBMemeHa C Hff'AYK- . 
l\HOHHon ceKqHen ( 4). Aa.aneHHe rasa ( cyxon asoT) . B o6nacTH xonoAttoro 
KaTo.n;a (3) P11 -:::s (I,5-2) Ila, a aHO'Affolt 0611acTH (9) PA~ 0,2 Ila. 

PHc. r. HcTOtlHHK 3JieKTPOHOB ycKOpH
TeJIR CHID'H,!4. 

I.(pHBO,.[\RTCR pesyJibTaTbl Hccne.n;o
BaH~ OCHOBHblX xapaKTepHCTHK HCTOtl
HHKa. ,l4Hana30H pa6otlHX pelKHMOB HC
TOtlHHKa: TOK .n;o l KA, 3HeprHR 3JieK
TpoHoa·.n;o 360 KaB, .ICJIHT8JibHOCTb HM
nyJibCa TOKa 30-40 He, pa3Mep nyqKa 
a~ I,5 cM. HsMepeHHR napaMeTpoa 

• nyqKa B ~resaTope npOTOTHna KYTH·H 
3Kcnep.HMeHTll no 4JOPMHpOBaHHIO 31I8KT

-POHHhllC Koneq noKa3anH, tlTO aHepreTH-
tlecKHn pas6poc H aMHTTaHc nyqKa co
oTBeTCTBYJOT Tpe60BaHWiM K01IJieKTHB
HOl'O YCKOpHTenn. 

Bo BTOpOM na,parpaqie paCCMaTPH-
- BB.llTCJLQCHOBHl,!El_!l,l)Cl_!teCCll B Hff'AYKTopax Jll1Y' o6CY)K'AaIOTCR B03MOJKHOCTH 

HCn01Ib30BaHHR COBpeMililibDC~!)l)OMar'flHTHb!X MaTSpHanOB -B -HaHOC8KyH.n;HhllC _ 
~OHHhllC ycKopHTeJIJIX H o6ocHOBNBaeTCR ~enecoo6pasHOCTb npHMeHe
HHR KOJibl\eBhllC qieppHTOBhllC cep.n;etlHHKOB MapKH HH. HcnoJib30Ba.HHe npoMbllll

.JieHHhllC cep.n;etnmKOB H3 qieppHTa n03BOJIHJIO CYll!8CTB8HHO COKpaTHTb cpoKH 
C03.ICaHHR H CTOHMOCTb YCKOpHTeJIR, 

Paspa6oTaHHlllt ,n;M-CHJIYHAa BapHaHT HH.n;Y~HoHHolt ycKOPRIOll!elt cHcTe-
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Mb! 1103DOJI.fleT OCYll!eCTBJJ.flTb 110,[\EO)J, HM11YJ!bCHOt\ MOll!HOCTl1 MO,IJ,YJI.flTOPOB (re

HepaTopoB 11MIIYJJbCOB ycKopR10mero Han,pRJKeHl1R) He11ocpe,[\CTBeHHo K ycKopR

~11M 3JI6KTpO,IJ,aM. 0JJeMeHThl' KOHCTPYK41111 Bl1TKOB ¢epp11TOBhlX cep,IJ,el.llil1KOB 

Bh!IlOJJH~T poJJb 110JJOCKOBhlX JJHHl1t\, C06,IJ,l1H~ml1X ¢11)],epa MO,D,YJI.flTOPOB C 

3JJ6KTpO,D,aMl1 ycKop11TeJJbHOt\ Tpy6Kl1. llii,IJ,YK4110HHaR Cl1CTeMa paCC'll'!TaHa Ha 

ycKopeH11e 11yirna 3JI8KTpOHOB C TOKOM ,IJ,O l KA 11 TeMilOM Ha6opa sHepr1111 
~00+500 Kso/M, qTo xopowo cornacyeTc.fl c 3Kc11ep11MeHTaJibHhIM11 peayJJbTa

T&111. bXO)J,liOt\ 11Ml18,IJ,aHC HeHarpyiKeHHOt\ 11~KOM Cl1CTeMH B pa6oqeM )J,11alla-

30He Ha~JJbHhDC COCTORHl1ti ~pp11Ta 11MeeT aKT11BHOe 3HaqeH11e 11 paBeH 

Q. ~ 60 OM Ha l1H,IJ,YKTop. ChJlYll,L( co,IJ,epl!tl1T ruITb ycKop~l1X ceK411if 110 I8 
11H,IJ,YKTOpOB K~aR. 

YcKop~mee Ha11pRJKeH11e HH,IJ,YK4110HHOR Cl1CT8Ml,I ¢opMJ1PYeTC.fl3Q-m,myJU,C

Hh!Mli reHepaTopaM11. llpoBe,IJ,eHHhJe 11CCJJ6,D,OBaHl1R l10Ka3aJil1 11epc11eKTl1BHOCTb 

CXeM MO,D,YJJ.flTOpOB HaHOC6KYff)J,lihlX nKf C 11Cl10Jib30BaHl16M MOll!HhlX BO,IJ,OpO,IJ,liHX 

TJ1PaTpOHOB TI'.111-2500/50 11 HeJJHHetiHh!X OOOCTp~HlC ¢eppHTOBhlX JJHHl1ti. 

llepBbJe npe,D,JJOlK8HH.fl no o6ocTpeHHID ippOHTa 11MllYJibCOB TJ1PaTpOHOB 

TiliI-2500/50 ~eppl1TOBllM11,JIHHWlMli B MO.IJYJiilTOpax .JlliY HaHOC8KYH,IUIOro 

,D,HanaaoHa CO,D,8p;KaTC.fl B pa6oTe A.~.KOBaJI8H1CO l1 ,IJ,p.*. 
ti MO,IJ,YJI.flTOpax Cl1JJYH)J,a H8JJ11Het!Hh!e 34XP8KThl cxeMh! 11Cl10JJb3~TC.fl 

TaKlKe (nOM11MO o6ocTpeHl1R ippOHTa 11MllYJibCa co 100 He ):\0"5+7 He) ):\JI.fl 

CTa611JI113a41111 ycKOp.fl~ero Hal1PRlK8Hl1R np11 ¢JIIOKTY~ TOKa 11~Ka, 

A 'U = fJo ( ff- :Tllp / f '~) ½. A J . ,!.(JI.fl qieppl1TOB M8,pK11 400HH OTHOWeH11e 
YAapHhlX MaI'H11THhlX IJ.POH114aeMOCTeR ,I\JJ.fl OTpalKeHHOR 11 lla,I\aIDmeR BOJIH Jie

lKl1T B IJ.Pe):\eJiax I/IO + I/50 ( S:,o - BOJJHOBOe COflPOTl1BJJeHne JIHH1111 B 3a

MaI'H11qeHHOM COCTO.f1Hl111). Ka.iK,D,hltl MO,IJ,YJI.f!TOP pa3Bl1BaeT MomHOCTh~ 100 J.WT 

B 11M11YJibCe. 
b 3TOM lK8 naparprupe o6o6maeTC.fl 011hIT 3KCl1JiyaTaql111 OOJibWOti rpy1111hl 

THpaTpOHOB TrHI-2500/50 B HaHOCeKYH)J,liOM ycKopHTeJie. ,l),aDTC.fl peKoMeH)J,a-

41111 no nOBh!WeHHID CTa611JibHOCTl1 11X 11apaMeTpOB. 

TpeTl1ti 11aparpaip nocBRmeH aonpocaM nonepel.llioro ,I\Bl1lKeHl1R qacT114 B 

ycKop11TeJie Cl1JlYH,i.\, pacqeTy paBHOBeCHhlX pa3MepoB n~Ka C npOl13BOJiblihlM 

pac11pe,I\eJieHueM nJioTHOCTl1 3a_pR,[\a no Pa,I\l1YCY, aHaJil13Y KOJie6att11R or116aID

meif 11~Ka l1 ero KorepeHTHhlX KoJie6attut\. 

PacqeT paBHOBeCHhDC pa3MepoB l1HT8HCl1BHOI'O n~Ka C npol13BOJlbHhIM 

pacnpe,D,eJieHl1eM 110 Pa.r\l1YCY COOCTBeHHhlX CKaJI.flPHOI'O l1 B8KTOPHhIX noTeH-
411aJIOB (U", A~, A~ ) n KoHel.llih!M 4J8.30Bh!M oeh,eMoM ocHoBaH Ha aHaJil13e 

aMl1Jil1TYA KOJieOaHHif npOl13BOJibHh!X (npo6HhllC) qacTl14 B noTeH411aJibHOt\ RMe 
BHeWHero 1poKYC11PY10mero 11 co6cTBeHHh!X noJiet\ nyqKa. AMilJil1TYAhl KoJie6a

Hl1R npo6Hh!X qacT114' COOTBe'rCTB~mmc rpaH114e qJ8.30BOI'O oeh,eMa' ,[\aIDT 

lE li.,L..I'11TT, A.,i.i..KoBaJieHKo, ll..11.PhIJibqea, il.Il.Capattqea. Coo6meHl1e 
Ollli.11, PJ-5601, .il.Y6Ha, 1971. 
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l1H!pOpMaqHIO 06 OI'l16aIDmen nyqKa. TaK11e qacTHqh! 11M6IOT MaKc11MaJibHhle 3Hep

I'l1H Pa.r\l1aJibHhlX KOJie6att11n B CYMMapHot\ l10T8H4l1aJibHOt\ RMe. yqTeHo BJIH.fl
HHe a3aMyTaJibHhlX CKOpocTet\ qacTH4 Ha paBHOB8CHh!e pasMephl nyqKa 

a
2

= a; -t- c,.,a2
, AU

2 
"6 a~ 'J/('s>o 'J~). (a!= 2 mc.V/(e.B), !J

0
= 17ii:A, 

v- qJ8.30Bhlti OO'beM, a~ = a~/2. + -Va~/i.,+a~,.' - paBHOBeCHb!t\ pa3Mep n_pH 
v-l =V). Bpl1JIJII03HOBcKaR cocTa~JI~aR pa3Mepa a

3 
= (u*/v.:t2 • a

0
'l 

(a 0 'l = 2rnc/(e.B) [2.'J/(~o :;0)}1/2 , u: 11 u*- IlOTeHq11aJihl Ha I'paH114e 
~Ka ):\JI.fl fi>o = Const 11 ? = ~(•2.) ) • 

IlpoBe,(\eH aHaJil13 B03MY11!8H11R OI'l1c5aIDmet! 11yqKa 11 ero KorepeHTHhlX 
CMemeHl1ti (c ~eTOM Cl1JI npHT.fllK8Hi1R ~Ka Ha CTeHKH YCKOpHT8JibHOI'O 

TpaKTa), a TaKlKe 8.HaJil13 ycTot\qHBOCTH 3THX B03MY11!6HH~--· 

OCHOBHble peayJibTaTh! aHaJIH3a ,I\l1HaMHK11 n~Ka B ycxopHT8JibHOM TpaK
Te CWl.Yli,IJ,a CBOMTC.fl K cJieAYIOll!eMY. ll.p11 TO Ke nyqKa ~ ;,s 103 A, <Paao·BoM 

oeh,eMe y.,,,, 10-
3 

Pa.r\ 0 M, _3HeprHH e'U = (0,.25+3,0) M3B ~JI.fl orpatt11qe

HH.fl Pa.r\11aJibHhlX OTKJIOHemin qacTHq nyqKa B npe,D,eJiax 'Z = I ,5+2 CM .Heo6-
X0~11Ma.fl B8JIJ1ql1Ha MaI'Hl1THot\ HH,IJ,YK4l1H cocTaBJI.fleT BH ~ 0, I T B HaqaJJe 

ycKop11TeJI.fl 11 BK::6(0,12+0,16) TB KoHqe (e'UK= I,5+3 M3b). Heo)J,lio

pd,D,liocTH MaI'H11THot! HH,IJ,YK411H 1 npHBOA.flmHe K pacKaqKe ioi:epeHTHhlX,Kone-

6att11ti 11 KoJiec5aHHt! or116a10men ~Ka, He AOJIJKHH npeBhllllaTb AB /B ~ 
~± (!0+15)%. 

HpoBe,[\eH pacqeT ipoKYCHPYIOmen c11cTeMh1 ycKopmeJI.fl GYJJIYH)l. 11 ,D,ae1•c.fl 
01111CaHHe BapHaHTa ee HC11onHeH11R. CHcTeMa 06ec11eq11BaeT lpOPMl1POBaH11e 
COJI8H011,D,aJibHOI'O MaI'HHTHOI'O IlOJI.fl C l1H,nyK~11et\ ~o 0,22 TB 11MllYJibCe 

( Tl1Mll ~ 10-
3 

C). AMilJIHTY)J.hl H nepHO,[\ ·MO,IJ,YJI.fl41111 fl OJI.fl B ycKop11TeJibHhlX 

ceKqH.f!X, 011pe,[\eJI~m11e K03qxliH~HeHThl ypaBHeHl1.fl llla.Tbe, COOTB8TCTBYIQT 

nepaon ycTot\q11aon o6JiacTH ~11arpaMMH 11laTbe Bo aceM ,D,11a11aa0He pa6oqmc 

napaMeTpoB nyqKa. ~OKYCllPYIOll!aR Cl1CTeMa Me~ceK4110HHhlX KaMep 06ec11eq11-

BaeT 4JOPMH.POBaHl1e MaI'HHTHhIX 110Jiet! C A E>/B < IO% 11 pa3M6lll6Hl1e Heo6xo
~11Mh!X T8XHOJIOI'HqecKl1X 11 ,[\HaI'HOCTffqeCKl1X ycT_pot!CTB. 

06c~KJTC.fl pa3JIJ1qHHe BapHaHTl,I ycKopHT6JibHhlX Tpy6oK JIID'. 01111cb1-
BaJOTC.fl KOHCTPYK4l111 Tpy6ox, HCl10Jib30BaHHhlX Ha YCKopwreJie Cl1J1Yl1)..\. 

U qeTBepTOM naparpaipe npHBOA.flTC.fl pe3yJibTaThl.3KcnepHM8HTaJibHhlX 
11CCJI8~0BaHHt\ nyqKa B YCKOpl1TeJibHOM TpaKTe 11 Hana~Kl1 HaHOC6KYff)J,liOI'O 

ycKOPHT6Jifl Cl1HYH,Li,. 0CHOBHble CJIOJKli0CTl1 B HaJia,I.\Ke YCK0pl1T8JJ.fl 6h!Jil1 CB.fl-
3aHhl C pa3Bl1Tl1eM llPOAOJibHOt! Bh(coKoqacTOTHOt! HeycTottqHBOCTH ~Ka B 

l1H,IJ,YK~HOHHhlX ceK~H.f!X. llcCJI8,[\0BaHH.fl u4-xapaKTepl1CTl1K l1H,IJ,YK4ffOHHOt\ 

CHCT6Mhl IlOKa3aJIH, qTo oHa HMeeT COOCTB6HHhle pe30HaHCHhle lffiCTOTbl, 11e

p110~ KOJie6aHl1ti KOTOphlX COCTaBJI.fleT 3,8 HC, I,6 He, 0,8 HCC ,D,06poTHOC
T.flMH pe30HaHCHh!X Jil1HHtt Q = 6,5; 21,211 8,5 COOTB8TCTBeHHo. IloKaaatto, 
qTo 113MeHeHHeM reoMeTpHl1 )J,Ha!ppaI'M ycKOPHT8JibHblX Tpy6oK HJIH npHMeHe

HHeM 11onynpOBO,I\.flm11X 411JIHH)J,pffq6CKHX BCTaBOK MOJKHO no,(\aBHTb onacHble 

MO)J.hl KOJie6aHl1ti C nepHO,[\OM, M8Hbllil1M ~Jil1T8JibHOCTl1 11MllYJibCa TOKa ~Ka. 
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YcTpa.HeHHe pe30HaHCHbDC tla.CTOT B ycKOpSDOllleR CHCTeMe n03BOJIHJIO nony
qHTb Koaipll~eHT TOKonpoxoJK,IteHWI no ycxopHTeJib~OMY TpaKTY CIDJYH,D,a, 
6JIH3KHR K e,IJ.HH~e. npH TOKax nyqKa jJ.O 900 A. 

Pa3Mepbl.ceqeHHa ycxopeHHoro nyqKa B THilOBbDC pel!WMax HaCTpoRKH 
ycKopHTena COCTaBJISIIOT~ IO MM, OrKJIOHeHHe -nyqKa OT OCH 3aBHCHT OT qia:... 
3bl ycToffqHBbllC KorepeHTHbllC KOJie6attHR H He npe51,nnaeT"' 5 MM (pHc.2). 

PHc. 2. "ABTorpaqi"nyqxa ycKopeHHbllC 3JI8KT.{lOHOB, 
, Oc~JIJiorpB.MMl,I ToKa nyqxa (Bepxttaa) H pesyJibTHl)Yl().-
mero HMIIYJibCa ycKopaJOlltero-HanpmKeHHa (HHl!IH.flSl): 
50 HC/lJ,eJI, 800 A/lJ,eJI, I ,6 MsB/lJ,eJI. 

Ha pHc,2 npHB8jJ.8Hbl·TaKJKe OC~JIJiorpB.MMl,I HMIIYJibCa 
TOKa Ha BblXOjJ.e ycKopHTena, ~ ~- ?00 A, ,H pesyJibTH
pyiomero -~JlbCa-ycKOPSDOlll8rO~HanpmKeHWI. - -----

IlpHBOjJ.HTCH onHCaHHe ycTaHOBKH, anna.paTypbl H 
jJ.HarHOCTHqecKHX ycTpottcTB, npejJ.Ha3HaqeHHliDC jJ.na 

HCCJiejJ.OBaHHa xapaxTepHCTHK ycKopeHHoro nyqKa. ti 

peJKHMax HacTpoRKH YCKOpffiO!ltett CHCTeMH Cl1JIYH,D.a."c Ma
JlblM aHepreTIBl8CK11M pas6pocoM OTHOCHTeJibHHR pas6poo 

. no aHeprHRMi . :, COCTaBJIHeT (1+3)%. g)a30BHR o6beM . 
nyqKa V<::: ro-3 p8,D.•M. Pa6om ,ItRanasoH ope.znmx . aHeprmt I,B -

-2,4 MaB/5- 9/. 
bO BTopott rnaBe paccMaTpHB8.IOTCa Bonpocbl C03lJ.aHWI AlJ,resaTopa 

npOTOTHna ID'TH, ero H8.JI8,l).KH H nonyqeHWI 3JI8KTpOHHbDC KOJieQ C 3JieKTPH
qecKHM noneM~ 50 i.lb/M. 

D nepBOM na.parpaqie rJiaBbl COjJ.eplKaTCa npejJ.JIO*eHWI no peaJIH3aQHH 
ojJ.Hoo6opoTHOR CHCTeMH HH*eKQHH B ysKonpoqlH.n'bHOtt MeTaJIJIIBleCKOtt Ka.Mepe 
AP.resaTopa. ,D,aeTCH OilHCaHHe ycTpoRCTB HH*eKQHH H 38XBaTa. IlpoBejJ.eH 
pacqeT CHCTeMl,J saxBaTa nyqKa Ha paBHOBSCHyio op6HTy, 

DBOjJ. nyqJ<a Ha HH*8KQHOHHyio op6HTY npOH3BOjJ.HTCa C noMombIO CHCTe
Ml,I, KOTOpaa o6ecneq;rnaeT aiplleKTHBHyio 3KPaHHl)OBKY Ka.Hana Tpa.HcUOPTH
poBKH OT pacceaHHbDC nonett AlJ,resaTopa, ocymecTBJiaeT ipoeycHl)OBKY.HHTeH
CHBHoro nyqKa, a TaKJKe peryJIHl)OBKY pasMepoB, nono*eHWI KpoccoBepa H 
KorepeHTHoro yrJia npH ero ~eKQHH, CHcTeMa He cosjJ.aeT onacHbllC Bos
MYJ!lSHHR MarHHTHoro noJia Ha paBHOBeCHOtt op6HTe H o6ecneqHBaeT Tpe6ye
Mbltt nepen8,ll. lJ.aBneHHR ( P1 ~ 10-6 Top, CIDJYH,I.\ - P2~ro-8i Top, AlJ,resa
Top). ,L(Jia YMeHb!IleHWI HCK~eHHR nona AlJ,resaTopa nocJielJ,HHR yqacTOK 
TpaHcnopT11POBKH nyqKa HMeeT aKTHBHyio KOMneHCaQHOHHyio neTJIIO, B036y'11jJ.8.
eMYJ(l w.myJibCHblMTOKOM ( 't:u~ 10-? c)~ - HHqlJleKTOp, 

KorepeHTHble KOJie6aHWI nyqKa OTHOCHTSJibHO paBHOBecHott op6HTbl ra
caTca 6erymett TEl~-BOJIHOR. IlpocTpa.HCTBeHHaa KOH~HrypaQWI 3JieKTp0Mar-
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HHTHOro nona BOJIHH ~OpMHl)YeTca CTeHKaMH Y3KOnpo~HJibHOtt Ka.Mepbl AlJ,resa
Topa H 3JI8KTPOlJ.8.MH JIHHHH. KorepeHTHble CMemeHWI H yroJI Ha BbDCOjJ.e Kop
peKTHPYl()mero ycTpottCTBa 6ylJ.YT OTCYTCTBOBaTb, eCJIH ero 4eHTP CHMMeTpHH 
pacnoJio*eH B ysne KorepeHTHbllC 6eTaTpoHHb~ Kone6aHHtt. Ana napaMeTpoB 
nyqKa 11 MarHHTHOtt CHCT8Ml,I npoTOTHna ID'TH HanpmKeHHOCTb 3JieKTpHqecKoro 
noJia TEi,1 - BOJIHH E = 3+6 KB/cM. ,4onyCTHMaa HeOjJ.HOpOjJ.HOCTb noJia B o6-
JiaCTl1 nyqKa A E / E "5 IO%. ,L\nHTeJibHOCTb cna.,u.a HMDYJibca TEM-BOJIHH 
'l:'q,~ I He<< 2~ 0 ~?+8 Hc, aMnJIHTYlJ.a nocJieHMIIYJibCOB He 6onee IO%. 

OcHoBHble pesyJibTaTbl HCCJI8,Ii0Ba.HHR H HaJI8,l).KH CHCTeM HH*e~H H 
3axBaTa HHTeHCl1BHoro nyqKa B Y3KOtt MeTaJIJIIBleCKOtt Ka.Mepe AlJ,resaTopa 
CBO,IiflTCfl K CJielJ.Yl()meMY, CipC)pMHl)OBaHl,! 3JI8KTPOHHHe KOJib4a co cpejJ.HHM 
P8,ll.l1YCOM R"" 35 CM 11 MaJiblMH nonypasMepaMH ceqeHWI ,IiO u ~ 2-2,5 CM. 
l1HTeHC11BHOCTb KOJie4 IlPH to.Ii,/ 18 ~ 5% COCTaBnaeT 200-250 A ( Ne~ ro13). 
Dp11 11HTeHCl1BHOCTflX Ne~ 2-1013 , COOTB8TCTByiomHX rpaHH4e nopora ycTott
qHBOCTH aKCHaJibHblX KorepeHTHbDC Kone6a.HHR, ycToffql1BbilC pe*HMOB 3BXBaTa 
He Ha6nIO,IiaeTcfl / 9 ,ro/. 

.00 BTOPOM naparp~e jJ.aeTCfl onHCaHHe KOHCTPYKTHBHbllC oco6eHHOCTett 
AlJ,resaTopa npoTOTHna ID'TH. AlJ,resaTop npe,IiCTaBJifleT co6ott KOMnJieKC q>y:HK-
4HOHanbHO pa3JI~blX ycTpottCTB, o6be,IiHHeHHbilC BOP.HY 6a30BYl()-KOHCTpyK-
4HIO, CJIO*HOCTb peweHWI TeXHHqecKHX 38,1).aq npH C03,IiaHHH AlJ,resaTopa coc
TaBJifllOT 6onbWl1e MeXaHIBleCKl1e H TennOBble Harpy3KH, ~eCTKHe orpa.HHqeHWI 
Ha MaTepHaJI pfl,Iia KOHCTPYKI.iffi\ 11 reoMeTpHIO BaeyYMHott KaMepbl, a TaKJKe 
BblCOK11e Tpe6oBaHl1fl K pa6oqeMY BaKYYMY, 

.ba.eyYMHaa KaMepa flBJifleTCfl ycTpottCTBOM, BhqlOJlHffiO!ltl1M OCHOBHHe 
4JYHKQ11H no o6ecneqeHHIO a3HMYTaJibHOtt ycTottqHBOCTl1 HHTeHC11BHbDC 3JI8KT
pOHHbilC KOJiel"(. D KaqecTBe Ma.Tep11ana KaMepbl Bb16paHa_Hep*aBe~aa CTaJib 
MapKH I2XIal9T c yjJ.eJibHblM conpoT11BneHHeM 0,72.•I0-6 OM,M 11 nPSlJ.enoM 
npoqttOCTl1 500 Mlla. ,/..(Jifl o6ecneqeHWI onpe,IieJieHHoro COOTHOWeHWI MelK,DY 
aKcHanbHott anePTypott Ka.Mepbl H 11 P8,D.l1YCOM R, a HMeHHo H <::: (0 ,6+0, ?)R, 
HCilOJibSyeTCfl I."(8JibHOM8TaJIJIIBlecKHR cBapHott Ba.pHaHT K8.M8pb1 C BOr'HYTbYMl1 
c~ep11qecKHMl1 6oKOBblMH CTeHK8.MH H BOr'ttyTOtt TOpoH,IiaJibHOtt o6eqattKott. 
Y CHJIWI YlJ.Sp~.rn ~OpMl,J KaMepbl COCTaBnfllOT.,300 KH. HanpmKeHWI B c~epe 
60KOBb!X cTeHOK,., 190 Ila. 

CTan8Jib AlJ,resaTopa BblilOJIHeH HS CT8KJIOTeKCTORl1Ta 11 pacotmTaH Ha 
HMilYJibCHble HarpysKH ,v ro5 H. D CTanene pasMema.IOTCa 06MOTKH MarHHTHOtt 
Cl1CT8Mbl C*aTHa 11 BblBO,Iia. MarH11THM CHCTeMa AlJ,resaTopa COCTOHT 113 ~ 
nap KaTyweK ClK8.Tl1fl 11 ycKOPfllOillero coneHOH,Iia. CHcTeMa o6ecneqHBaeT ipop
MH:EJOBaHHe MarHHTHbDC nonen C HHlJ.YK4nen ,IiO ~ 2 T 11 nosBOJifleT nonyqaTb 
60JibWOR Ha6op rt ("a) - TpaeKTopHR aneKT:EJOHHoro KOJibl"(a • 

D TpeTbeM na.parpaqie OilHCblBaeTCfl aKcnepHMeHTaJibHM YCTaHOBKa, 
jJ.HarHOCTIBl8CKHe ycTpottcTBa, anna.paTypa H MeTO,IiHKH no 11CCR8,Ii0Ba.HHIO 
npo4eccoB a,IJ,Ha6aT11qecKoro cmaTHfl aneKTpoHHblX Kone4. b axcnepHMeHTax 
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no c1K8.THIO 11 np11 HaJia,o,Ke MresaTopa 113MepHJil1Cb HHTeHcl1BHOCTb, paBHo

BecHbrt\.pa,D,HYc 11 pasMepN ceqeHM KOJieQ. IloTepH qacT!14 np11 ClltB.THH per11-

cTp11poBaJil1Cb 'o- AaT~HK8.Ml1 no BCilhlillKa.M *eCTKOI'O peHTI'eHOBCKOI'O H3JIY

qeHM. Ha KOHeqttot\ CTa,D,1111 CJKB.Tl1H OCHOBHHe H3MepeHM ?Cal)aKTep11cTHK 

3JleKTPOHHbllC KOJI94 npoBeAeHbl C nOMO~bD HHqipa.KpaCHbllC AeTeKTOPOB CHHlCPO

TPOHHOI'O 113,n:yqeHM 11 g?OTOr.Pa.@i!iO:saIDUl l KOJibQa B BJ1AHMOM cHHXpoTpoHHoM 

cBeTe (p11c.3). 

a 20 -r 
(MM)i,, 

P11c. 3. IIIOTOI'paipM ceqeHM KOJlbQa B BJ1AHMOM CHH-

xpoTpOHHOM cBeTe. 

f10Tep11 qacTHQ np11 ClK8.THl1 ycTpaHeHbl YMeHbllle

HHeM a3J1MYTaJibHbllC 11c~eHHtl: MaI'Hl1THbllC noJiett H 

BbIC>OpOM n (?.) - TpaeKTOPl111 KOJlbQa. BepxHHH rpa
HHQa t'1, - TpaeKTop1111 onpeAeJmeTCH napa.MeTpHqec-

10 "· 20 KHM pe30HaHCOM aKCl18JlbHbllC KOJie6a.HHtl:, II~ -
,az(MM) KorepeHTHott ycTotl:qnBocTbD nyq:ica B Y3KOA MeTaJIJIH

qecKott Ka.Mepe. Kp11TepMMH HacTpottKH n - TpaeKTopHH CJI~HJIH OTCYTCTBHe 

noTepb H Ml!HHMaJlbHble pa3Mepbl ceqeHM KOJlbQa B KOHeqHOM COCTOHHHH. B 
pe3yJibTaTe HaJIMKH no,n:yqeHbl CJKa.THe 3JieKTPOHHbl9 KOJlbQa C qffCJIOM 3JieKT
poHOB Ne rv 1013 , cpe,1J,H11M pa,o,eycoM, R ~ 3,5-4 cM, nonypa3MepaMH ceqe

Hl1H u "' 2+3 MM 11 MaKCWJibHott Hanp~HHOCTbD :rneKTpmecKoro noJIH 
nopfiAKa 50 M!3/M / 9 •II• 1 • Ilo,n:yqemm cl!IB.TbllC KOJieQ c napaMeTpaMH, · 

6JIH3KHMH K pacqeTHb!M, noATBeplK,ll.aeT npaBHJibHOCTb Bbl6opa KaMep!,I Mre3a
Topa, aqxpeKTHBHOCTb noAaBJieHM KaMepon a3J1MYTaJibHhIX HeycToffqHBOCTett, 

npaBHJlbHOCTb Bbl6opa 11 pacqeTa MaI'HHTHOff CHCTeMbl ClK8.TM {8.A.Ilepam,

mTe~. ,.o.C.AneKca.H,IUJOB ** ). 
TpeTbfi I'JiaBa AHCCepTaQHH nocB~eHa BonpocaM ycKopeHM 3JieKTPOH-

HO-HOHHb!X KOJieQ B MaI'HHTHOtt H 3JieKTpmecKoff ycKOPfflJ!ltHX CHCTeMBX.-
0 nepBOM naparpa4Je AaeTCfi OilHCaHHe fill{pOKOI'O Ha6opa annapaTYl)bl H 

M6TOAOB AHaI'HOCTHKH B~b!X AJI.fl KOJIJieKTHBHOI'O ycKopHTeJIP. napaMeTpOB 
nyqKa: q11cJia HOHOB H 3JieKTpOHOB B KOJlbQe,.pa3MepoB KOJieQ, qJaKTOPOB 
M8.CCOBOtl: 3arpy3KH H HeffTpaJIH3aQl1H, IlPOAOibHOtl: CKOPOCTH 3JieKTpOHHO

l10HHb!X KOJieQ, q11cna H 3HeprHH ycKopeHHb!X HOHOB. 06cYJK,IJ,a.IOTCfi pa3JI~e 
KOJIJieKTHBHble npo4eccbl, Ha6JIDAaeMble TOJlbKO B HHTeHCHBHhIX 3JieKTpOHHO
HOHHb!X KOJlbQax, H HX BJIH.flHHe Ha TOqHOCTb H3MepeHHtl:. OnHCbIBBJOTCH HOBble 

M6TO,D.bl AJ1aI'HOCTHKH, HCnOJib3~He cneQH~HKY nyq:ica KOJIJleKTHBHOI'O ycKo-

* B.Il.Cap~eB, 8.A.IlepeJU,IDTellii. KOJIJI6KTllBH06 ycKopeH!l:e liOHOB aJieK

T.POHHHMH KOJII,.Um,IB. ATOMH3AaT, M., 1979. 

** b.C.AJieKCa.H,IUlOB. PacqeT MaI'HHTHOtt CHCTeMbl H ~opMl{pOBaHHe MaI'Hl1THO
I'O noJIH KOJIJieKTHBHOI'O ycKop11TeJlfi T~eJlb!X 110HOB Ol1ID1. Ollilli,9-12935, 

,Ily6Ha, 1979. 
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PHT9Jlfi. )#l,eTCfi cpaBH9HHe pe3yJibTaTOB, no,n:yqeHHblX pa3HHMH MeTOAaMH. 
OnpeAeJieHHe qffCJia 3JleKTpOHOB Ne. npoH3BOAJ1JIOCb HH,cyKQHOHHHMH 

AaTqHKaMH, H3Mep~W.IH TOK KOJlbQa, H no TOPM03HOMY O - 113,n:yqeHHD 
(TH) 3Jl9KTpOHOB Ha HeffTpaJibHblX aToMax OCTaTOq80I'O ra3a. Ha KOHeqHblJC 

3Tanax ClK8.THfi HHTeHCHBHOCTb KOJI94 H3MepHJiaCb no MO~OCTH I 31 CHHXpo

TPOHHOI'O 113,n:yqeHM (CH), nponop4110HaJibHOI'O q11cny 3Jl9KTpOHOB I~=W)Ne 
(W,,- cneKTpaJibHafi MO~OCTb CH 0,IJ,HOI'O 3Jl9KTpOHa). H3MepeHHH npoBOAH
JlHCb Ka.KB 6JI~eM HH~paxpacHOM (11l{) AHanasoHe, TaK H B OnTJ-NeCKOM 

AHana30He cneKTpa CH. /J,nH noBblmeHHSI TOqHOCTH H3MepeHm\ peMTHBHCTCKHff 
'o- qJaKTOp 3JieKTpOHOB onpeAeJIHJICfi TpeMH cnoc068.Ml1: 1) no COOTHOWeHHD 

MaI'HHTHott HHAYK4HH H paAJ1Yca KOJibQa, 1S' = ( e 2.B 2. tl / m 2c" + 1) '12 ; 2) no 
l! !I 

nono*eHHD Ma.KCJ1MYMB cneKTpa CH' 0 = ( 1, 7 6 /.i R / :JI m) 3 
; 3) no COOTHO-

meHHD MO~OCTeff CH W 1 H W 2. Ha pa3JIIBnib!X AJil1Hax BOJIH .'.A1 11 JI 2 , 

'o = {[l.i,2 (:i\ ◄ -_.'.i\,.)/~, -ll2] / en [('J.1 /J.2)512 W,/W2) )Y3• 
IlpH onpeAeJiemm Ne B HHTeHCHBHb!X 3JleKTPOHHO-HOHHb!X KOJlbQax He-

06XOAHMO ~Tb!BaTb aqxpeKT HeJIHHeffHOI'O ocna6JieHHH HHTeHCHBHOCTH CH 

np11 yBeJimeHHH Ne • Taxon aqxpeKT o6Ha~eH B npo4ecce HaJia,D,KH npoTo
THna KYTH H xapaKTepeH TOJlbKO AJIH HHTeHCHBHb!X 3JleKTpOHHO-HOHHbllC KO

J1e4. 06'bsicHeHHe TaKOI'O aqxpeKTa Yfill{p6HH6M YI'JIOBOI'O pacnpeAeJieHM CH 
np11 HaJll,fqffl1 HOHOB AaHO 8.A.fJepeJiblllTeftHOM 11 H.IO.Ka.sapHHOBblM *. 

BoJibWOft pa,o,eyc R 11 pa3Mepb1 ceqeHHH KOJ1e4 U i H Q l!: np11 HX 
C*aTHl1 onpeAeJIHJIHCb no noJIO*eHHD 11 pa3Mepa.M ,rn·o6p8.1KeHHfi ceqeHM KO
JieQ B CHHXpoTpOHHOM cBeTe. Pa,o,eyc R , pa,o,,taJibHbrt\ pa3Mep a i 11 cMe

~eHHe 4eHTpa A 'Z npH ycKopeHHl1 KOJieQ H3MepHJIHCb nyTeM o6JiyqeHHH 

KOJlbQ8.Ml1 peHTI'8HOBCKHX ~TOnJieHOK HJIH CQHHTHJIJlfiTOpoB. 
tmcno HOHOB N ~ B 3JieKTpOHHOM KOJibQe H CBfi3aHHble C HHM napa

MeTpN: f = zN. /Ne- qJaKTOp Hetl:TpaJil13BQHH, 5 ==AMN..j(m'oNe)- qJaK
TOp MaCCOBOff _ 3aI'py3KH, npOH3BeAeHHe N i Ne - onpe,11.eJifiJIHCb pa3-
JIHlllib!MH MeTOA8.Ml1, HCnOJib3YDmHMH: I) yml{peHHe yrJIOBOI'O pacnpeAeJieHHfi 
CH (f ), 2) BblCOKoqacTOTHYD aKTHBHOCTb KOJI8Q Ha qacTOTa.x AHnOJibHhIX 

KorepeHTHb!X KOJie6aHHtl: ().J lf* ( ~ = wo/w, Wo = 'IJ IR ) . 3) TOpM03HOe 
H3JiyqeHHe 3Jl8KTPOHOB Ha HOHax, HaKonJieHHb!X B KOJlbQe ( Ni. Ne ) , 
4) 3aBHCHMOCTb TeMna Ha6opa CKOpOCTl1 3JieKTpOHHbIM KOJlbQOM OT BemNHHbl 
ero 3arpy3KH HOHaMH ( !;' ) • 5) HaB9.TI;0HHYD a.RTHBHOCTl, Mm119H9H. 

IlpJU,lble H3MepeHHH qHcJia ycKopeHHbllC HOHOB npoBOAHJIHCb nocne pa3-
AeJieHM KOMIIOHeHT KOJibQa no BeJimHHe 3apfiAa HOHHoro nyqxa. CxeMa ye-

* H.D.Ka3a,pHHoB, 8.A.IlepenbmTeftH H .n;p. Coo6meHHe Ol1H¾, 
P9-83-862, ).ly6Ha, 1983. 

** C.H.,[loJIH, A.K.KpacHhIX, 8.A.flepeJibWTeffH. CoBemaHHe no npo6JieMaM 
KOJIJieKTHBHOI'O MeTOAa ycxopeHHH. Ol1Hl1,,[l9-82-664,)Jy6Ha, 1982,c.56. 

9 



TaHOBKH_,IVIH HSMepeHHH HHTeHCHBHOCTH H ~Ha.JibHOI'O npoqiIDIH KOJibqeBOI'O 

nytma YCKOl)eHHbllC HOHOB IJPHBeAeHa Ha pHc.4. 
PHc. 4. CxeMB. ycTaHOBKH AM oqHCTKH 
nytlKa ycROpeHHblX HOHOB H H3MepeHHH 

ero napaMeTpoB. l - coneHOH'A Bep,y!lle
ro MarHHTHOI'O nona, 2 - no3~0HHO
-QYBCTBHTeJibHb!lt AaT~K, 4 - TpaeKTO

PHH 3JieKTPOHOB KOJibqa H 3aMaI'HHqeH
HbllC qacTHq Manatt 3HeprHH, 5 - TpaeKTO

PHH YCKOpeHHbllC HOHOB. 

OnpeAeJieHHe 3HeprHH HOHOB IJPOH3BOAHJI0Cb TaIOKe no CKOPOCTH 3JieK

TpOHHO-HOHHOI'O KOJibqa, KOTOpaH H3MepaJiaCb MeTOAOM npoJieTa HJIH C no
MOIJ1bl0 ycTpottcTBa, HCnOJib3YJ(llltero cne~HKY nytlKa KOJIJieKTHBHOI'O ycKO
PHTeJIH. CxeMB. TaKOI'O ycTpottCTBa IlPHBeAeHa Ha pHc.5. AKcHaJibHO-npOTH
~eHHb!lt KOJIJieKTop 2 nornomaeT qacTb ~PantaIOmmcca 3JieKTpoHaB Konbqa. 

Aolm nornomeHHbllC 3JieKTpOHOB H BeJIHqJ1Ha TeHH Ha CqliHTH.IIJIHTOpe 3 3aBH

CHT OT aKCHaJibHOff CKOpOCTH KOJibqa Zf'z H ,U.JIHHbl KOJIJieKTOpa e . Ilo 
asHMYTaJibHOA npOTIDKeHHocTH TeHH B onpe,u.enmoT npo,u.oJibHYD cKopoCTb 
3JieKTPOHHO-HOHHOI'O KOJibqa ·Ch= zr[t -t-(RB/eJ2T'12 • bee yKa3aHHble 
Bblllle MeTO,U.HKH HCnOJib30BaJIHCb B 3KcnepHMeHTax no ycKopeHHIO HOHOB 3JieK
TpOHHb!MH KOJlbqaMH H ,u.anH y,u.oBJieTBOpHTeJibHOe COBna,IleHHe peSYJibTaTOB, 
qTQ CYIIteCTBeHHO noBbllllaeT HlC Ha,IleJKHOCTb. 

1-__ 

PHc. 5. CxeMB. ycTpoAcTBa ,u.na HaMepeHHH IJPOAOJibHott cKopocTH KOJibqa. 
lfloTorpaqlHH 11 aBTOI'pa.qJOB 11 KOJibqa C pa3Jil1lllib!MH CKOpOCTHMH 'll'i • 

Bo BTOPOM naparpaqie IJPHBeAeHbl peayJibTaTbl 3KcnepHMeHTaJibHbllC HC
cne,u.oBaHHtt H HaJI~H MaI'HHTHOtt YCKOPRIOll!ett CHCTeMbl. ,Aa~TCH OilHCaHHe 
YCTaHOBKH H OCHOBHbllC ee napaMeTpoB. IlpoBOAHTCH cpaBHeHH~ nonyqeHHbllC 
3KcnepHMeHTaJibHbllC peayJibTaTOB C peayJibTaTa'dH TeopeTJ1qeCKHJC HCCJieAOBa
HHtt H pacqeTOB M8.I'HHTHOI'O cnoco6a ycKopeHHH. 

B npoqecce HaJia,IlKH ycTaHOBKH o6Ha~eHo, qTo Tpe6cBaHHH K MB.Te
pHany H TeXHOJIOI'HH H3I'OTOBJieHM 06MOTKH I'~HeHTHOI'O COJieHOH'Aa cy
mecTBeHHo Bblllle, qeM AM KaTynieK CTyneHett ~THH. "3qqleKT TeHH11 06-

IO 

\~ 

1 
! 
! 

MOTKH, IJPHB0,11,RlllHA K HCKaJ!teHHHM M8.rHHTHbllC nonett CHCTeMbl C~THH H n
- TpaeKTOPHH KOJibqa, MOlKHO ycTpaHHTb, eCJIH o6MOTKY COJieHOH'Aa Bb!IlOJI
HHTb HS MHOI'OlltHJibHOI'O Ka6ena c HSOJIHPOBaHHb!MH npoBO'AffHKaMH TOJIIJ1HHOtt 
d~0,5 MM. 

IlpH 60JiblllHJC M8.CCOBb!X aarpyaKax KOJibqa 5 = 40+60 npoxo~eHHe eAH
HJ1qliQI'O peaoHaHca ( vi= l) BO BHeWHeA HMe, cBHaaHHoro c HOHHott qioey

CHPOBKott, He IJPHBOAHT K yxyp,wemm napaMeTpoB 3JieKTPOHHb!X Kone4. OAffo
qacT~ peaoHattc Vt= l npH CHHTHH • MB.I'HHTHott HMbl ( 11, = 0) CYIIteCTBeH

Ho BJIHHeT Ha napaMeTpb! KOJie4. IlpH OTHOCHTenbHOff aMilJIHTY,U.e nepBOtt rap
MOHHKH M8.I'HHTHOI'O nona t:. B1 /B ~ rn-3 o6Ha~eHO paAHa.JibHOe CMe

meHHe HHTeHCHBHbllC ( Ne~ 1013) KOf84 Ha 1/2 - 1/3 ero Pa.n.HYca. J),Jii1 
KOJI81\ MaJIOA HHT8HCHBHOCTH ( Ne~ 10 2 ) noMHMO CMemeHHH 4e11Tpa Ha6JIIO

Aa8TCH yBenHqeHHe ~aJibHOI'O paaMepa ceqeHHH. BJIWUiHe eAHffHqffQI'O 
pe30HaHCa Ha napaMeTpH 3JI8KTpOHHO-HOHHllllC KOJie4 YMeHblllaeTCH nyTeM KOM

neHC~H nepBott rapMOHHKH.M8.I'HHTHOI'O noJIH JIH60 yBeJIHqeHHeM CKOPOCTH 

npoxo~eaHH peaoHattca. 
8KcnepHMeHTaJibHO nOKa3aHO, qTo ycKopeHHe HOHOB 3JieKTpOHHblMH KOJib

qaMH B rpaAHeHTHOM M8.I'HHTHOM none B03MOJKHO B onpe,u.eneHHOM AHanaaoHe 
KO~~eHTOB M8.CCOBOA aarpy3KH ~- H HettTpanH3a4HH f 3JieKTpOHHb!X 

KOJie4 ( ~ = AMNt/CmoNe) == AM/(r.mo}f). .. 
YKaaaHHaH B03MOlKHOCTb HJIJIIOCTpHpyeTCH pHc.6a, I'Ae IJPHBe,u.eHa_aa

BHCHMOCTb aKTHBHOCTH MH!lleHH OT BenJ1qY.Hbl aarpy3KH (AaaneHM OCTaToq

HOI'O raaa, B aTMOCipepe KOTOporo IJPOHCXO,U.HT HaKonJieHHe HOHOB) npH yc
KopeHHH CaMOqJOKYCHpYJOlltHJCCH 3neKTpOHHO-HOHHb!X Kone4. IlpHMeHeHHe qioey
CHl)YJ(llltett CHCTeMbl THna "6enHqbe ·KoJieco'_' noaBOJIHeT IJPOBO,U.HTb ycKopeHHe 

c 60JI1,IIIHM T8MIIO~ { CM. pHC. 66). ! CoBOeynHOCTb qJOKYCHPYDmmc 3Kpa
HOB, pa3HOBH,!1.HOCTblO KOTOphllC HBJIHeTCH "6enJ1qbe Koneco", Ciblna npe,u.no
~eHa aBTopoM coBMecTHo·c B.Il.CapaH4eBbIM /l,l?/ *. 

8KcnepHMeHTbl no ycKopeHHIO HOHOB_3JleKTpOHHb!MH KOnbqaMH B rpa,n.H-

8HTHOM MB.rHHTHOM none noKa3a.JIH IJPHHl\HnHaJibtty!O B03MOlKHOCTb ycKopeHM 

CaMoqioeycHPYJOlllmcca 3HeKTpoHHo-HoHHbllC Kone4, npaBHJibHOCTb Bbloopa cHc

TeMbl Bb!BOAa H M8.PHHTHOA YCKOPH!Oll!eA CHCTeMbl H me pacqeTa. ilapa.MeTpb! 

Jf IlpH qioeycHPQBKe 3JieKTPOHHO-HOHHOro KOJibqa CHCTeMOA "6eJIHqbe Kone

co" KBa,IlPaT 6e3pa3M8pHott qacTOTbl aKCHaJibHbllC KOJieeiaHHtt 3JieKTpOHOB 

paBeH v:=v~\[1+ t ~2] ' f =lNt/Ne ' Vi,i - qacTOTa Kone-
CiaHHtt 3JieKTpOHOB B qioeycHPYJ(lllteM none HOHOB, h. - pacCTOHHHe MelK,l),,Y 
nytlKOM H (!JOKYCHP~HM 3KpaHOM. lfloeyCHl)Y!Oll!He AettCTBHH HOHOB H "Cie
JimbeI'o Koneca" paBHbl npH f ~ aa!/(2n.)2-. 
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PHc. 6. ~aBHCHMOCTb BbllCO,D,a aKTHBHOCTH MHllleHH H3 A6RTepwi: OT ,!1,8.BJieHwi: 
OCTaTOtniOI'O ra3a ( N l1i ) npH 06nyt1eHHH HOHaMH a30Ta' ycKopeHHb!MH B 

pelKHMe cru.mqioKyCHpYJOlllHXCSl K01!6l.l (a) H B pelKHMe qJOKyCHpOBKH "6eJIHllbHM 
KOJiecoM" ( 6) • 

ycKopeHHOI'O nytiKa_HOHOB HaxO~TCSl B YAOBJI6TBOPHT61IbHOM COI'JiaCHH C 
pacqeTHblMH AaHHblMH H COCTB.BJiruoT: 3Heprwi: ycKopeHHbllC HOHOB a3oTa 

~1+2 id:':lri{HYKJI. npH TeMITe Ha6opa 3HeprHH 2+4 Mab/HyKJI:M, qHCJJO HOHOB 
N~~6·10 I HOHOB/l.lHKJI. 4HCJIO ycKopeHHhDC HOHOB KCeHoHa B O~OM 3JieK

TPOHHOM KOJ!bl.l6 ~ 2· 10
11

. YBeJIHlleHHe aq¢eKTHBHon AJIHHhl ycKopeHHSI (npH-' 
MeHeHHe AByx ycKopRIOmHX COJieHOH,JJ.OB) conpoBOJKAaeTCR yBeJIHlleHHeM 3Hep
I'HH HOHOB (AO 3,2 ,d:,ri/HyKJI:/14-161 . .tlHeWHHR BH,D. IlPOTOTHna HYTI10.11ID:1 

·noKa3aH Ha pHc,7. 

PHc. 7. llpoTOTHn HYTl1 0.lliill. 

TpeTm! naparpaqi nocB~eH ycKopeHHIO 3JieKTpOHHO-HOHHhnc KOJ!el.l BO 
BHeWHeM 3JI6KTpHlleCKOM none, PaccMOTpeHhl BOnpochI cornacoBaHHR 3JieKTPH
qecKon H MaI'HHTHOR YCKOPfilllllHX CHCTeM. 

dneKTpHqecKM CHCTeMa. C noneM Ee. H MaI'HHTHM C OTHOCHTe~bHhlM 

rp~HeHTOM G- cornacoBaHhl, ecnH napaMeTp .'i\ = e E6H/(moc2G) = 1 • 
J.) 3TOM cnyqae TeMnhl ycKopeHHR B o6eHX CHCTeMax paBHhl, H HX Ma.KCHM8.Jlb

Hhle 3HaqeHHSI COCTaBJISliOT (d~/dL)max =er./A(K:E·~~-EeH) • IlpH .'.i\>1 
TeMII ycKopemm B aneKTpHllecKon -CHCTeMe dG/d L ""er./A (~JI EKIM - E 11,.) , 
npH Ji> 1 - B MarHHTHon CHCTeMe d €,Id L 6 ( d ,g / d L )max 0i-1 • 

06CYlflAalQTCR pa3JIHllHhle BS,pHaHThl CHCTeM ,11,JlJl ycKopewm KOJiel.l 31!8KT-

12 

pHqecKHM noneM. PacCMaTPHBaeTCSI npe,!1,JIOlKeHHh!R 8.BTOPOM COBMeCTHO C 

A.E.Ky3H9l\OBHM,H.E.Py6WWM,B.Il.Cap~eBHM cnoco6 ycKopeHWi M9KTPOHHO
HOHHbllC KOJ!el.l B CHJibHbllC 3JieKTpHqecKHX noJIBX:, npeBbIID~HX JlP9A9JibHO AO
nycTHMOe 3HaqeHHe /l7/_ ,4nR 3TOI'O B 06JiaCTH YCKOPfilllllero 3asopa Heo6xo

AHMO C03AaTb HapacT~ee Be,Il,Ylll99 Ma.I'HHTHOe none, KOTopoe 3aT6M cn~aeT 
AO HOMHHaJibHOR B61IH~hl B npocTpaHCTBe AP9Rqia. Ilpe'AJ!OlK6HHh!R cnoco6 
no3BOJIR6T peaJIH30BaTb paBHOMepHoe ycKopeHHe HOHOB. Cnoco6 HCnOJib30BaJI
CSl B ycKopruomHX CHCTeMax MOA91IH KOJIJI6KTHBHOI'O ycKOpHTeJIR H K01Ibl.l6Tpo
Ha. )..lpettqJCBhle yqacTim B TaKHX CHCTeMax no3l OJIRIOT HCilOJib30BaTb qJOKyCH
PYIOJllYlO cHcTeMY THna "6enmbe Koneco". 

,l.\aeTCR onHcaHHe HHAYKl..lHOHHon ycKOPfillllleR cHcTeMhl npo.ToTHna HYTM. 
C L1e1Ibi0 co}(pameHHSI cpoKOB paspa60TKH H MaTepHaJibHhDC 3aTpaT npH C03Aa
HHH ycTaHOBKH 6hIJia HCnOJib30BaHa HMe!OlllaSICSl B HaJIHllHH C6Kl\HSI JlllY-3000. 

PeKOHCTPYKl..lHSl qJOKYC"PYIOmen CHCTeMhl H MOAYJIRTOPOB ycKopHTeJIR Il03BOJIWia 
yBeJIHqHTb HHAYKLlHIO MarHHTHOI'O nona AO 1,5-2 T, a·cYMMapHoe ycKOpSIIOmee 

HanpalKeHHe ,!1,0 600 lW. Ilocne OnTHMH3al.lHH pelKHMOB ycKOPRIOOlHX CHCT6M no
nyqeHhl CJieAYIQmHe napaMeTphl HOHHoro nyqKa: Ha6op 3HeprHH B MarHHTHon 

ycKopruomen CHCTeMe ,!1,0 3,2 ';113.tj/HyKJI.; Ha6op 3HeprHH
0 

B HHAYKLlHOHHOJ.1 yc

Koparomen CHCTeMe C 31!9KTPHll6CKHM noneM Es .. ~ 5 Kri/cM, A~ "' 

.. o;s MaB/eyRJI. I tru:CJIO YCKOP,9Hl;HX HOHOB 6·IOII .IVIR HOHOB asoTa H RKC

~opo.n.a .a 2-1011 .IVIR KceHoHa7I4;_ BHemmm: BH,D; ~eimoro ~oHHoro 

ycKOpHT9Jlfl 3JieKTpOHHhlX KOJI91..l n:p:11BeAeH Ha pHc.8. 

PHc. 8. JlHHeJ.1Hh!R HHAYKLlHO~ ycKo

PHTeJib 3JieKTpOHl-!bllC KOJ!91..l npoTOTHna 
HYTl1 0:Vfill. 

3anycK npoTOTHna HYTl1 0.11ID:1 c 
MaI'HHTHOR H 31!9KTpHqecKon ycKOPfilllllH
MH CHCT9Ma.MH H nonyqeHHe napaMeTpOB 
nyqKa, 6JIH3KHX K pacqeTHhIM: 3HeprHR 
HOHOB ,!1,0 4 MaB/HyKJI.,qHCJIO HOHOB 
6· lo11 

,!l,Jlfl nerKHlC 3JieMeHTOB H 
11 

2·10 AJIR TSllK6JihDC - no~TBepll(AaeT 
npaBHJibHOCTb TeopeTHqecKHX npeAflOChlJIOK, npHHRTbllC npH npoeKTHpOBaHHH 
ycKopHTeJIR, 3KcnepHMeHTaJibHO AOKa3aHa B03MOlKHOCTb C03AaHHR KOJIJI9KTHB
HOI'O YCKOpHTena TSllKenbllC HOHOB, 

0CH0BHIIB PE3.YJlbTATH PAEOTH 

1. Pa3pa6oTaH H HaJia.JKeH npoTOTHil KOJIJI9KTH&~oro ycKopHTeJia TSllKeJibllC 
HOHOB (HYTH) C napaMeTp~: 3HeprHR HOHoB· ,!l,O~ 4 1,!3.1:j/ttyKJI., HHTeHCHB
HOCTb ~ ( 2+6). 1011 HOHOB B 3JieKTpOHHOM KOJibl.le. 

3KcnepHMeHTaJibHO IlOATBepll(AeHhl B03MOlKHOCTH nonyqeHHSI HHTeHCHBHhlX 
3JieKTPOHHbllC KOJiell C 31!9KTpHqecKHM noneM ,!1,0 500 KB/CM H ycKopeHHR 
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CaMOqJOKYCHpy!OlllIDCCSI 3JieKTPOHHO-HOHHNX: Koneq B 3JieKTpmecKOM H rl)aW{eHT
HOM Ma.rHHTHOM non.soc. 

2. C03,D,aH Ha.Hoce~Nff JIHHeRHhltt HH,!IYKllHOHHhltt YCKOPHTeJib C~
HH*eKTOP npoTOTHna HYTM c na,pru.ieTpaMH: aHeprHR aneKTpoHoB 1,8+2,4 M3B, 
TOK nyqKa 500+700 A, MHTeJibHOCTb HMJ1YJibCOB TOKa H YCKOpmo!l!ero HanpR
*eHHSI 2J He. MmuwanbHNe aHaqeHM aHepreTHqecKoro paa6poca aneKTpo
HOB H 3MHTTaHCa nyqKa, IDiJ!teKTHpyeMoro B MreaaTop, COCTaBJIRJOT: 
..1 &/~ M :tcr+3)%, c ~ roo Mpa,u.•cM. 

3. Paapa60TaH H BBe,D,eH B ,D,ettcTBHe nJia3MeHHhltt HCTOqHHK 3JieKTPOHOB 
,D,JISI HH,IJ,YK4HOHHoro YCKOpHTeJISI Cl1JI.YJ-i,Li C na,paMeTpaMH: 3HeprHR 3JieKTPOHOB 
~o ~60 K3b, TOK nyqKa ,D,O I KA, ,D,JIHTeJibHOCTb HMIIyJibCa TOKa 30+40 He. 

3KcnepHMeH~1:,1 no qiopMHpoBaHl1!0 aneKTpoHHbllC Kone4 noKaaanH, ~o 
OCHOBHb!e xapaKTepHCTMKM nJ'tlKa HCTOqHHKa ( BeJIHtIHHa TOKa, 3HepreTmec
K>lR paa6poc, 3MHTTaHC) Y,D,OBneTBOpmJT Tpe6oBa.HMRM KonneKTHBHoro ycKo
PHTenSI. 

4. Ha OCHOBa.HMH 3KcnepHMeHTOB H pacqeTa ~oKycHpYJOilleR CHCTeW 
c~ noKa3aHO, qTo ,IJ,RR orpaHKtleHHSI pa,IJ,Ham,HbllC OTKJIOHeHMR qacTHQ 
Izy'qKa B npe,D,enax ~ ~ 1,5+2 CM HH,lJ,YKI.lHR npo,IJ,OnbHOro MarHHTHoro noJIJI 
,D,o~a HapacTaTb c pocToM atteprHH OT B-o;0,I T (0,25 Mab) a ttaqane 
ycKopHTenR ,D,O B"" 0,12-0,16 T (I,5-3 MaB) B K.ott4e. Heo,D,Hopo,D,HocTH 
HH,!J,YK4HH Ma.rHHTHOro nonR, npHBO~He K pacKatIKe KOJie6aHHR orH6~eR 
nyt1Ka H ero KorepeHTHblX Kone6aHMR, He ,D,0~1:,1 npem,llllaTh !:( I0+I5 )%. 

5. OCYll!eCTBneHN Hana,D,Ka H aanycK nHHettttoro HH,lJ,YK4HOHHoro YCKOpH
TeJISI Cl1JI.YJ-i,Li. IIpoae~eH1:,1 Hccne,D,OBaHHR nyqKa B YCKOPHTenhHOM TPaKTe. . 

3KcnepHMeHTaJibHO noKaaatto, tlTO npH HanHtIHH B tlaCTOTHOtt X8,paKTe
PHCTHKe CHCTeMN pe30HaHCH!:,!X tlaCTOT C nepHO,!J,OM Kone6aHMR MeHhme ,D,nH
TeJibHOCTH HMnynhca TOKa MOryT B03HHKaTb HHTeHCHBH!:,!8 noTepH fiYtlKa no 
TpaKTY YCKOPHTeJISI. lfuCTOTH!:,!8 xapaKTepHCTHKH HH,11.YKQHOHHott CHCTeMbl MO
ryT 6b!Tb H3MeHeH1:,1 COOTBeTCTBYJOillHM a1:,16opoM KOHCTPYKllHH ,D,H~parM YCKO
PHTenbHl:,!X Tpy6oK. 

6. Jipe~no*eHa H peanH30BaHa CHCTeMa HH*eKllHH H 38XBaTa HHTeHCHB
Horo nytIKa 3JieKrpoHOB Ha paBHOBecHyKi op6HTY B Y3KOtt M8TaJinHtleCKOR Ka
Mepe A,D.rea·aTopa. 

llpoBe,D,eH pactieT ycTpottCTBa KOppeK4HH TpaeKTOPHH nyqKa. Onpe,IJ,eJie
HN Tpe6oBaHHR K na,paMeTpaM YCTpoRCTBa KoppeKllHH • 

OCYll!8CTBJieH1:,1 HaJia,D,Ka H aanycK CHCTeM!,l HHlKeKQHH 11 38.XBaTa HHTeH
CHBHoro nJ'tlKa •. 

beJIHtlHHa YCTOtttIHBOr0,38XBatieHHoro TOKa Ha paBHOBecHott op6HTe 
35 CM cocTaBnReT 200+250 A. IIonypaaMep aaxilaqeHHoro nJ'tlKa ai ~"" 
~+2,5 CM. • ' 

CHcTeMa 38XBaTa nyqKa n03BOnsteT npoBO,!J,HTh 3KcnepHMeHTl:,I no ClKB.TIO) 
KOJib~a B llllipOKOM .IUiarrasoHe napaMeTpoa nyqKa H nepaott cTyneHH A,u.re-
saTopa. 
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_ 7. Cos,1taH H Han~eH MreaaTop npoTOTHna HYTM. MreaaTop o6ecne
tIHBaeT ClltS.THe KOJ18l\ C tlHCJIOM 3JieKTpOHOB ,ItO Ne~ 1013 npH 3HepreTmec
KOM nonypas6poce B nyqKe A'i,/~,;;,J 5% ,1to KoHeqttoro cpe,D,Hero pa,D,HYca 
R""3,5+4 CM H KOH8q}il:,IJC nonypaaMepoB cetieHHR a o::: 2+3 MM. 8KcnepHMeH
TanhHO noKa38Ho, tlTO npH qiopMHPOBaHHH H ~aTHH 3neKTPOHHNlC Koneq B 
yaKOnpoqJHJibHOtt, l\HJIHH,D,pWleCKOtt KaMepe H3 TOHKOtt (0,5 MM) HepmBelOIIteR 
CTBJIH C BOrttyTblMH cipepHtl8CKHMH 6oKOBblMH CTeHKaMH BHCOKoqacTOTHl:,18 no
JISI B03MYlll8Hiftt KOnbqa no,1taBneH1:,1, pe3HCTHBH8JI HeycTOtttIHBOCTb He B03HH
KaeT. 

8. IlpoBe,1teHH 3KCnepHMeHTH no )1pe,ItBa,pHTenbHOMJ' ycKopeHl1!0 HOHOB 
aneKTpOHHblMH KOnbl.\S,MH B rpa,D,HeHTHOM MB.I'HHTHOM none ycKOP.flDJtHlC coneHO
H,ItOB. 8KcnepHMeHTaJibHO nOKa3aHO' tlTO ycKopeHHe HOHOB B03MOl!IHO B on
pe,1teneHHOM ,IJ,Hana30He aarpy~OK 3neKTpoHHOro KOnhQa ~ =AM N.j(m.o Ne.) • 
I'paHHQa ,ItHanaaoHa 3aBHCHT OT HHTeHCHBHOCTH aneKTPOHOB, paaMepoB KOJieq 
H rpa,u.HeHTOB MaI'HHTHoro nonn. 
~ npoTOTHna KYTM tlHCJIO ycKOpeHHNX: HOHOB aaoTa COCTaBJIJieT 

6 •; IQJI, tIHCnO TSDKeJll,IJC HOHOB (Xe) - 2• IQII. 8KcnepJ,!MeHTaJibHO H3Me
peHHbte TeMill,I Ha6opa aHeprHH ,ItOCTHrBJOT ~ 4 MaB/eyK~•M. 

9. 8KcnepHMeHTaJihHO no,D,TBePlK,11,eHa B03MOlKHOCTb ycKopeHHR aneKTpOH
HO-HOHHbDC Koneq B 3JieKTpHtleCKOM none HH,11.YKQHOHHOro ycKOPHTeJIJI. 

IlpH HanpSDKeHHOCTH aneKTpmecKoro noJISI E!~ 5 KB/CM TeMn Ha6o~ . 
aHeprms cocTaBJISieT. "'J' O, 7 MaB/HYKn•M. 

IloKaSaHa qenecoo6paattocTb cornacoBaHHR cHcTeMH npe,1tBa,pHTenbHoro 
ycKOpeHHSI KOneq B rpa,D,HeHTHOM MarHHTHOM none C YCKOpSIDJtett CHCTeMOR 
HH,11.YKL\HOHHOro ycKopHTeJISI. 0TCYTCTBHe cornacoBS.HHSI npHBO,D,HT K YMeHb
meHH!l TeMIIa ycKopeHHR B O,IJ,HOff H3 CHCTeM HnH JKe K noTepe HOHOB. 

IO. Ilpe,Ii.no*eH cnoco6' ~oeyc~oBKH ,ItBHJKYIIU1XCSI aneKTpOHHl,llC Koneq 
QHnHH,D,pmecKHMH'8HH30TPOnHO-npOBO,ItSD!tHMH, ,D,H3neKTpmecKHMH HJIH MaI'HH
TO,D,H3JieKTpHtleCKHMH 3Kpa.HaJdH. AHH30TPOnHOCTh npoBOAJiMOCTH 3KpaHOB pea
nHayeTCSI B CHCTeMBX THna "6enHtlbe Koneco". 

I~. IlpeMOlKeH cnoco6 ycKopeHHR 3JieKTpO!UiO-HOHHJ,IJC Koneq B CHnbHHlC 
aneKTpHtiecKHJC noJUDC, aenmHHa ycKopeHHSI a KoTopm npeabllllaeT npe,1tenhHO 
,1tonycTHM&e.3HaqeHHR. Ilpe,ItJIOJKeHHhltt cnoco6 noaBOJISieT peaJIH30BaTb paBHO
MepHoe ycKopeHHe HOHCB aneKTPOHHhlMH KOnbl.\S,MH B HeO,IJ,HOpo,D,HbllC no MHHe 
YCKOP.lilllteft CHCTe.Mbl 3neKTpHtl8CKHlC nOJUDC 6ea noTepH HOHOB. 

Co,1tep!t8.HHe ,!J,HCCepTaQHH OTpallteHO B CJie,D,YJOIItIDC OCHOBHHX pa6oTax: 
I. r .B.)J,on611noa, M.H.HBaHOB, a.A.IlepenhmTettH, B.II.Capa.Hl\eB, 

B.~.illemi;oB.~oeyozpomta M8XTpOHHOro xOJlb.il;a B KOJ1.JI8KTliBHOM JmHeiiHOM 
ycxopHT8JI8 HOHOB CHOT8MOit TmI8 "68Jllflll,8 KOJI8C011 .IlpenpHHT OHffH,P9-4737, 
)J,y6Ha, 1969; Tpy,11,1,1 YII MeJl,IJYHapO,D,HOtt KOHg)e,P~Hl\HH no ycKOPHTeJISIM 38,pSI
lK8HHHX tiaCTHQ a1,1coKHlt aHeprMR.: AH ApMCCP, EpeBaH, 1970, c. 535. 
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