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1. BBO)lHble 3aMeqaHHH 

8 HaCT05uuee BpeMSI :meKTpOHHO-JI)'lJeBhle TeXHOJIonU1 HaXO.l1.SlT caMoe 

pa3Hoo6pa3Hoe npHMeHeHHe. TaK, HanpHMep, C nOMOIUhlO 3JIeKTpOHHoro n)'lJKa 

o6pa6aThIBaeTcSI nOBepxHocTh pa3JIHl.JHhIX OpraHHl.JeCKHX MaTepHaJIOB (.l1.epeBO, 

nnaCTMacca H .l1.p.), B pe3YJIhTaTe l.Jero nOBepxHocTh 3THX MaTepHaJIOB CTaHOBHTCSI 

60JIee TBep.l1.0H. 3JIeKTpOHHO-JI)'lJeBhle TeXHOJIOrHH HCnOJIh3YIOTCSI .l1.JISI pa3JlO)l(eHHSI 

Bpe.l1.HhIX XHMHl.JeCKHX COe.l1.HHeHHH, cO.l1.ep)l(aIUHXC.SI B B03.l1.yxe npH cropaHHH Mycopa 

B HHcHHHpaTopax, .l1.JISI 04HCTKH B03.l1.yxa B aBTOM06H.llhHhIX TOHHeJlSlX OT a30THhIX 

OKHCJIOB H yrJIeBO.l1.0pO.l1.0B. B nOCJle.l1.Hee BpeMSI pa.l1.HaUHOHHhle TeXHOJIOrHH 

npHMeHSIIOTcSI .l1.JISI 04HCTKH .l1.hIMOBhIX ra30B TenJIOBhIX cTaHUHH OT cepHhlx H 

a30THhIX OKHCJIOB, npeBpaIUa.Sl HX B CeJIhCKOX03.S1HCTBeHHhle Y.l1.o6peHH.SI. 

CaMhIM cymecTBeHHhIM H caMhIM .l1.0pOrHM 3JIeMeHTOM 3JleKTpOHHO-JI)'lJeBOH 

TeXHOJIOrHH SlBJISleTCSI 3JIeKTpOHHhIH YCKopHTeJIh. TI03TOMY nporpecc B 3TOH 

TeXHOJIOrHH B 60JIhlIlOH CTeneHH 3aBHCHT OT C03.l1.aHHSI 3<p<peKTHBHhIX H 

cpaBHHTeJIhHO .l1.elIleBhIX YCKopHTeJleH. 

TaKHe YCKopHTeJIH }l,OJI)I(HhI Y.l1.0BJIeTBOpSiTh CJIe.l1.YIOIUHM Tpe6oBaHHSlM: 

- BhICOKa.Sl Ha.l1.e)l(HOCTh B Te4eHHe .LJ.JIHTeJlhHOrO BpeMeHH pa60ThI 

(CYMMapHaSi Ha}l,e)l(HOCTh He MeHee 93%); 
BhICOKaSI 3<p<peKTHBHoCTh nepe.l1.al.JH 3HeprHH 3JIeKTpoHHOMY n)'lJKy; 

- MHHHMaJIhHhle nOTepH 3HeprHH 3JIeKTpOHoB B BhIBO.l1.HhIX OKHax 

YCKopHTeJISI; 

- .l1.HCTaHUHOHHOCTh H npocToTa ynpaBJIeHH.SI, nOJIllaSi aBTOMaTH3aUH.SI pa60ThI 

YCKopHTeJISI; 

- He}l,OnycTHMoCTh aBapHHHhIX cHTyaUHH npH OlIlH604HhIX .l1.eHCTBH.SIX 

06CJl~HBaIOIUero nepCOHaJIa; 

- B03MO)l(HOCTh 6hICTPOH 3aMeHhl KJII04eBhlX Y3JIOB YCTaHOBKH; 

- HH3KHe pa.l1.HaUHOHHhIH H 3JIeKrpoMarHHTHhlH <pOHhI B6JIH3H YCKopHTeJlSl, 

HH3KaSi CTOHMOCTh. 

He.l1.aBHO B J1a6opaTopHH <pH3HKH l.JaCTHU OH.HM COBMeCTHO C MJlMJl3 H 

TexHH4ecKHM YHHBepcHTeToM B CO<PHH 6hIJI pa3pa6oTaH npoToTHn 3JleKTpOHHoro 

YCKopHTeJISI .l1.JISI pa.l1.HaUHOHHhIX TeXHOJlOrHH C 3HeprHeH 200 K3B H MOIUHOCThlO 30 
KBT (pHC. 1) [1]. 

3TO HMnYJIhCHhIH YCKopHTeJIh TpaHc<popMaTopHoro THna, npe.l1.CTaBJISlIOIUHH 

C060H BaKYYMHhlH .l1.HO.l1., Ha KaTO.l1. KOToporo nO.l1.aeTCSI BhICOKOBOJlhTHOe HallpSl)l(eHH{~ 

C 4aCTOTOH 18 KrU (pe30HaHcHaSi 4aCTOTa BhICOKOBOJIhTHOrO TpaHc<p0pMaTopa). 

Pe30HaHCHhIH TpaHc<popMaTop pacnOJIO)l(eH B KaTo)J.HoH HO)l(Ke BaKYYMHoro 

.l1.HO.l1.a. Kopnyc C.l1.eJIaH H3 CneUHaJIhHOrO CTeKJIOnJIaCTHKa,' MaTepHaJI KOToporo 

o6JIa)J.aeT BhICOKOH MexaHH4eCKOH npOl.JHOCThlO H 3JleKrpoH30Jl.SlUHOHHOH 

CTOHKOCThlO. 
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Mcnonb3yeTcSI M03aHqHblH KaTO,ll XOnO,llHOH 3MHCCHH H MHOrOOKOHHaSl 

aHO,llHa}l CHCTCMa. 3nCKTpOHHbIH nyqoK C Ka:JK,llOH Ta6nCTKH M03aWmOrO KaTO,lla 

npOXO,llHT QCpe3 COOTBeTCTBYIDlUee OKHO (THTaHOBaSl ¢OJIbra TOJllUHHOH 12 MKM H 

,llHaMeTpOM 40 MM). 

.. 


PlfC. I 

3KcnepHMCHTaJIbHble pe3ynbTaTbI, nonY4eHHbIe Ha 3TOM npoToTHne, ,llalOT 

HaM OCHOBaHHe C,llenaTb Ha 3TOM npHHllHne YCKopHTeflb C 3HepfHcH 700 KJB H 

MOIllHOCTblO 300 KBT. 

TIpOXO,llSl Qepe3 TOHKYIO ¢OJlbry, 3JIeKTpOHbI C 3HepfHSlMH 200 HIIH 700 K3B B 

OCHOBHOM TepSlIOT 3HeprHIO 3a C4eT HOHH3aUHOHHbIX nOTcpb, HO HeKOTOpa}l QaCTb 

3HcpreTH4eCKHX nOTepb H)leT 3a Cl.ICT TOPM03HOro H3flyqCHH}l. Ueflb HaCTO}lIUeH 

pa60ThI C,llenaTh paC4eThI npOCTpaHCTBeHHoro pacnpe)leneHHSI 3HeprHH 

TOpMo3Horo H3nY4eHHSI ,lln}l 3Toro THna YCKopHTeneH npH npOXO:JK,lleHHH 3neKTpOHOB 

Qepe3 ¢onhry H oueHHTb pa.uHaUHOHHYID HarpY3KY, KOTOpa}l nonYQaeTCSI B Kopnyce 

YCKopHTenSl. KaK Y:JKe OTMe4anOCb Bblwe, MaTepHaJI, H3 KOToporo H3rOTOBneH Kopnyc 

YCKopHTen}l, CO,llCP:JKHT OpraHHQeCKHe COCTaBn}lIOIUHe, a HX CBOHCTBa MorYT 

npcTepneTh Heo6paTHMbIe H3MCHeHH}l B pe3ynbTaTe pa,llHaUHoHHoro oGnyqcHH}l. 

TIO,lloGHoe HCcne,llOBaHHe oGycnaBnHBaeTC}l, C O,llHOH CTOPOHbl, 60nbllJHMH 

MOlUHOCTSlMH 3I1eKTpOHHbIX nyqKoB H, C ,llpyrOH - 60nbllJHM nnaHl::lpyeMhIM CPOKOM 

3KcnnyaTaUHH npOMbIllJneHHOH 3neKTpoHHo-nyqeBoH YCTaHOBKH (nOp}l,llKa 20

30neT). 
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2. OCHoBHble MexaHH3MbI lHepreTHlJeCKHX nOTeph 

lneKTpOHHoro nYlJKa npH B3aHMo~eHcTBHH ero C aHO~HhIM 

OKHOM YCKopHTenH 

4TOfibl npollBHHyrbCSI B nOCTaBJ1CHHOH 3allattC, OfiCYllHM BKpaTUC pa3J1HttHblC 

McxaHH3Mbl B3aHMOllCHCTBHSI :)J1CKTPOHOB C 3HcprHcH 200 HJ1H 700 K3B C TOHKOH 

THTaHoBoH <pOJ1brOH aHOllHoro oKHa. npH npOXO)f(llCHHH ttcpC3 ¢OJ1bry 3J1CKTPOHbI 

HCnblTblBalOT B OCHOBHOM CJ1CllyIOIllHC B3aHMolldfcTBHSI [2]. 
- HcynpyrHc CTOJ1KHOBCHHSI C aTOMaMH THTaHa, npH KOTOPbIX nepcllaHHaSi 

:mcprHSI B HCCKOJ1bKO llCCSlTKOB 3J1CKTPOHB0J1bT llOCTaTOttHa llJ1S1 HOHH3aUHH 

aTOMOB THTaHa. 3Ta 3HcprmI HaMHoro MCHblIJC 3HcprHH HaJ1CTaIOIllCro 

1J1CKTpOHa. HOCJlc CTOJlKHOBCHHSI TpacKTopHSI HaJ1CTaIOIllCro 3J1CKTpOHa 

nOttTH HC MCIISlCTCSI no cpaBHcHHIO C ncpBOHattaflbHO 3allaHHoH. BblfiHTbIC 

1J1CKTPOHbI JlH60 OCTalOTCSI B <pOJlbrC, JlHfio BbIXOllSiT Hap}')f(Y. 

- PC3CPCPOPllOBCKOC paCCCSlHHC (ynpyroc) B nOJlC Slllpa. npOXOJ1SlIllHH 

3JICKTpOH MO)f(eT CHJ1bHO H3MeHHTb nepBOHattaJ1bHOe HanpaBJleHHC CBoero 

llBH)f(CHH5I H BblHTH H3 nyttKa. 3JlCKTPOHbI, paCCCSlHHbIC Ha3all. HC Moryr 

1l0naCTb Ha Kopnyc YCKOPHTCJlSl, TaK KaK OHH fiYllyr B03BpaIllCHbI 

3JICKTPHttCCKHM nOJlCM Ha aHO;'l YCKOPHTCJl51 (q)JlaHCU C oKHaMH). 

- B3aHMollcHCTBHC HaJlCTalOIllCro 3JlCKTpOHa C KYJIOHOBCKHM nOJICM 5Illpa C 

HcnYCKaHHCM TOpM03Horo Y-KBaHTa (TOpM03Hoe H3JlyttCHHC). I1MCHHO 3TOT 

McxaHH3M npHBOllHT K pallHaUHoHHoMY OfiJlyttCHHlO KaK pa3JIHttHblX llCTaJlCH 

Kopnyca YCKopHTeJlSl npH H3JlyqCHHH Y-KBaHToB Ha3all, TaK H pafio1.lcro 

npOCTpaHCTBa ncpCll YCKOPHTCJlCM. 

I1cnoJlb3YSl 3KCTpan0J1S1UHIO 3KcnepHMCHTaJ1bHbIX JlaHHblX [3], MO)f(HO 

3aKJllOttHTb, 'ITO npH 3HeprHSiX 3JICKTPOHOB B 200 - 700 K3B H llJlSl THTaHoBoH 

CPOJIbrH TOJIIllHHOH d = 12 MKM ofiulHC 3HcprCTHttCCKHC nOTcpH MaflbI (I - 4%). B 

CBOIO Ottepellb, yttHTblBaSl, ttTO Zn =22, OCHOBHaSi llOJISI nOTepb (OKOJIO 97 98%) 
npHXOllHTC.H Ha HeynpyrHc CTOJIKHOBCHH.H (HoHH3aUHoHHbIC nOTcpH) l4], TorJla KaK 

Ha TOpM03Hoe H3JIyttCHHC OCTaCTCSI 2 - 3% OT OfiIllHX 3HcprCTHttCCKHX nOTcpb. 

TaKHM ofipa30M, nepBblc llBa McxaHH3Ma npHBollSiT B OCHOBHOM K TCnJ10BOMY 

HarpCBY aHollHoH CHCTeMbl YCKopHTeJIH, Torlla KaK TOpM03Hoe H3J1ytteHHe 

pacnpocTpaHSIeTC.H BO BceM npocTpaHcTBc, oKp}')f(alOIllcM YCKopHTeJ1b. 

Ba)f(HOH xapaKTcpHcTHKOH npH TOPM03HOM H3JIyttCHHH SlBJlSlCTC.H 

pallHaUHoHHaSi llJlHHa, onpCllCJl.HCMaSi KaK paCCTOSlHHe, Ha KOTOPOM :meprHSi 

3JlCKTpOHa YMcHblIJaCTC.H B e pa3 (e = 2,718 ... ) TOJlbKO 3a CtteT pallHaUHoHHbIX 

nOTcpb. COrJIaCHO [4], llJ1S1 YJlbTpapCJ1S1THBHCTCKHX 3HCPrHH 3JleKTpOHoB OHa llaCTCSI 

npHfiJlH)f(CHHOH ¢OPMYJ10H: 
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( I ) 

311eCb ro 2,82 10- 13 
CM KJIaCCI11.JeCKI1~1 palll1Yc 3JIeKTpOHa, N - 1.JI1CJIO 

aTOMOB TI1TaHa B CM3. OPI1 rIJIOTHOCTI1 TI1TaHa - 4,5 r/cM~ HMeeM to = 3,76 CM. )J,JI.H 

3JIeKTpOHOB C 3HeprHeH 200 700 K3B B03HHKaeT rIOrIpaB01.JHblH MHO)f(I1TeJlb, 

KOTOPbIH yseJlH1.JHBaeT to B 4 2 pa3a COOTBeTCTBeHHO. 

MO)f(HO JlH C1.JI1TaTh HCrIOJlb3yeMYJO B YCTaHoBKe THTaHoBYfO cpOJlbry TOHKOH 

MHllleHbfO, T.e. HCrrOJIb30BaTb rrpH6JlH)f(eHHe ollHoKpaTHoro B3aHMolleHCTBH.H 

HaJIeTafOlllHX 3J1eKTpOHoB C aTOMaMI1 MI1111eHI1? B JlI1TepaType (CM., HarrpHMep, [5]) 
rrpHH.HTO C1.JHTaTb, 1.JTO TOHKOH HBJl.HeTC.H MHllleHb TOJlllll1HOH do :::; 0,001, to == 380 MKM. 

QTcfOlla BI111HO, 1.JTO BbI6paHHa.H TOJlllll1Ha <pOJlbrH (12 MKM) nOJlHOCTbfO 

YllOBJleTBOpHeT 3TOMY Tpe6oBaHHfO. 

3. OQeHKa npocTpaHcTBeHHoro pacnpe}J.eJIeHHSI TOpMo3Horo 
H3JIYQeHHSI H pa}J.HaQHOHHOH HarpY3KH MaTepHaJIOB B npoToTHnax 
200 -700 K3B 

Y1.JHTbIBaH rrpHBelleHHble BbIllle qm3wlecKHe co06pa)f(eHH.H, npOBellCM ou,eHKY 

palll1au,HOHHoro rrOJl.H, C0311aBaeMoro TOPM03HbIM H3Jlyt-IeHHeM B YCKOp"TeJlC. MbI 

6YlleM HMeTb B BHllY y*e pa6oTafOlllHH rrpOTOTl1rr C :meprHeH 3J1eKTpOHoB Eo = 200 
K3B H MOlllHOCTbfO P 30 KBT [6], a TaK)f(e CTPOHlllHHCH rrpoToTHrr C 3HeprHeH Eo 

:::700 K3B H MOlllHOCTbfO P = 300 KBT. 

MbI C1IHTaeM pacceHHHe 3JleKTpOHoB rro OTHOlllCHHfO K rrpou,eccy TOpMo3Horo 

113JIyt-IeHHH ollHoKpaTHbIM. OOCKOJlbKY cYMMapHbIe 3HepreTH1.JeCKHe rroTepH MaJIbl, 

6YlleM rIpeHe6peraTb H3MCHeHHCM :meprHH HaJleTafOlllHX 3JlCKTPOHOB. 

JJ.JlH ou,eHOlJHbIX BbIlIHCJleHHH MbI ClleJlaJlH TaK)f(e pHll ynpollleHHH, CB.H3aH

HbIX C reoMeTpHeH YCTaHoBKH. B peaJIbHOM MHoronyt-IKoBoM BapHaHTe MHoro

KaTOllHa.H CHCTeMa o6eCrrelJHBaeT llO 19 rryt-IKoB C cYMMapHbIM TOKOM I 0,15 A 
(U 200 K3B H P 30 KBT). 

Ka)f(llbIH rryt-IoK rrallaeT Ha CBOH aHOllHbIH 3KpaH KpyrOBOH <pOPMbI llHaMeTpoM 

40 MM. YrrpOllleHHbIH BapHaHT paC1.JeTa rrpellrrOJIaraCT, liTO Ka)f(llOe H3 OKOH 

paCCMaTpHBaeTC.H KaK T01.Je1.JHbIH HCT01.JHHK TOPM03HbIX Y-KBaHTOB H, 60JIee Toro, B 

rrepBOM rrpH6JIH)f(eHHH 6YlleM ClJHTaTb, 1.JTO BCC OKHa pacrrOJlO)f(eHbI B u,CHTpe 

aHollHoro <pJlaHu,a, T.C. Ha OCH CHMMeTpmf YCTaHOBKH (pHC. 2). 
PallHal.(HOHHa.H HarpY3Ka Ha Koprryc YCKopHTeJlH, BbIlleJleHHaH B CllHHHl.(y 

BpeMeHH B 1 CM\ MO)f(eT 6bITb HaHlleHa, eCJlH BbIlIHCJlHTb llH<pq,epcHu,HaJIbHbIH 

:meprCTHlJeCKHH rrOTOK B 3HepreTH1.JeCKOM HHTepBaJIC (K, K+dK) (CYMMapHaH 3HcprHH 

TOPM03HbIX Y-KBaHToB, rrallafOlllHX Ha 1 CM
2 

3a I C ) B 3allaHHoH TOllKe Kopnyca KaK 

q,YHKl.(HfO T01.JKH Ha I10BepXHocTH Kopnyca. ,il,aJIee, yt-IHTbIBaH nOJlHOC HJlH 1.JaCTHlJHOC 
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nOrJlOllleHHe na.llalOlllHX Y-KBaHTOB B MaTepHaJle Kopnyca YCKOpHTeJlH, MOJKHO 

BhllfHCJlHTh HCKOMYIO pa.llHaUHOHHYJO HarpY3KY. 

d 

R 

2 

PHC. 2. 1) BhICOKOBonhTHhIH TpaHcq>opMaTop; 

2) KaTO.ll XOJIOJJ.HOH 3MHCClfH; 

3) Kopnyc; 4) aHO.llHOe OKHO 

,lJ,HcpcpepeHUHaJlhHhIH 3HepreTW-leCKHH nOTOK '-Iepe3 nnOllla.llKY ds, 

nepneH.llHKynHpHYJO pa.llHycY-BeKTopy r , .llaeTCH cpopMynoH 

2 

dEj(k e ) =~ d 
. "q> r2 

cr(k,e,q» N N kdk 
dfJdk .W· e 

(2) 

3.lleCh NH '-IHCnO pacceHBalOlllHx ueHTpoB (aToMhl THTaHa) Ha 1 CM
2 

cponhrH, Ne 
o6111ee '-IHCnO na.llaIOlllHX 3neKTpoHoB 3a 1C, d2 crld!Mk - .llBaJK)].hI )].HcpcpepeHlllfaJlhHOe 

Ce'-leHHe TOpMo3Horo H3nyqeHHH, OTHeceHHoe K TenecHoMY yrny dQ H 

3uepreTH'-IeCKOMY HHTepBaJlY dk; e,q> - yrnhI pacceHHHH B ccpepH'-IeCKOH CHCTeMe 

Koop)].HHaT C UeHrpOM B MeCTe pacceHHHH. 

,lJ,nH ueHTpaJlbHO-CHMMeTpH'-IHOH reoMeTpHH 3HepreTH'-IeCKHH nOTOK '-IepC3 

I1JlOllla)].KY ds' (pHC. 2) BHYTpeHHeH UHnHH.llpW-leCKOH IIoBepxHocTH Kopnyca 

YCKopHTenH MOJKHO BhIpa3HTb KaK 

(3) 

r)].e R pa)].Hyc aHO)].Horo cpnaHua. 

,lJ,nH oueHKH pa)].HaUHoHHoH HarpY3KH MOJKHO TaKJKe npHHHTb, '-ITO na)].aIOlllee 

Ha Kopnyc YCKOpHTenH TOpM03HOe Y-H3nyqeHHe nOnHOCTbIO llOrnOlllaeTCH B CTeHKe 

Kopnyca. Tor)].a HMeeT CMbICn BBeCTH HHTerpaJlbHbIH 3HepreTH'-IeCKHH nOTOK. 

HCnOJIb3YH cpopMyny (3), )].nH Hero nOJIyqaeM 
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3 2kmax 
E int (8 ) =N N sin 8 r kdk d (J (4)

I ,q>\( (' R2.1o dDdk 

r)le klnllX 
MaKCMMaJIbHO B03MO)l<Ha~ :meprM~ TOpM03Horo 'Y-KBaHTa. 

LITO KaCaeTC~ caMoro )lM$$epeHI.l;MaJIbHOrO ce~eHH~, TO TO~Hble $OPMYJlbl 

M3BeCTHbI )lJ1~ 06pa30BaHM~ TOpM03Horo 'Y-KBaHTa B KYJ10HOBCKOM nOJ1e ~)lpa (CM. 

[7]), HO OHM 01JeHb rpOM03)lKM, TaK 1JTO Ba)l(HO BbI6paTb pa3yr-.1Hble npM6J1M)I{eHM~. 

Bo-nepBbIX, :meprmo HaJIeTalOIUMX :meKTpOHOB HeJ1b3~ C~MTaTb 

HepeJ1~TMBMCTCKOM npM EK = 200 K3B M TeM 60J1ee )lJ1~ EK 700 K3B, HO, C )lPyroM 

CTOPOHbI, 3TM 3HeprMM TaK)I{e )l,aJIeKM M OT yJlbTPapeJ1~TMBMCTcKoro cJly~a~. 

CYIUeCTBeHHoe ynpoIUeHMe $OpMyJ1 )lOCTMraeTC~ B cJ1yqae 60PHoBcKoro 

2lrZ 1 '13 .
npM6JlM)I{eHM~. Y CJ10BMe )lJ1~ ero npMMeHeHM~: --« , r)l,e - peJl~TMBMCTCKMM 

13713 
$aKTop )lJl~ 3J1eKTpoHa. B HameM cJlyqae 3TO BbIpa)l{eHMe nOp~)lKa e)lMHMlJ,bl. 

O)lHaKO, KaK nOKa3aJIM KOHKpeTHble BbI1JMCJ1eHM~ Ha npMMepe 30J10Ta (ZAu 79) )lJl~ 
6J1M3KMX 3Ha1JeHMM 3HepmM [4], OTKJ10HeHMe OT 3KcnepMMeHTaJIbHbIX )laHHblX He 

npeBblmaeT 20 - 50%. 
Jl:pyrOM B03MO)f(HbIM MCT01JHMK nonpaBoK CB~3aH C 3$$eKToM 3KpaHMpoBaHM~ 

3ap~)la ~)lpa 3J1eKTpOHHOM 060JlO1JKOM. 3$$eKT CTaHOBMTC~ CYIUeCTBeHHbIM )lJ1~ 

60JlbmMX Z. O)lHaKO, KaK OTMe1JaJIOCb B [4], )lJ1~ npoMHTerpnpoBaHHoro no ,)HeprM~M 

Ce1JeHM~, npOMCXO)lMT B3aMMHM KOMneHcallM~ pa3J1M~HbIX nonpaBoK M T01JHOCTb 

BbI6paHHoro HaMM npM6J1M)f(eHM~ yJlyqmaeTc~. 

l1TaK, yqMTbIBa~ Bce cKa3aHHoe, MbI 6Y)leM llCn0J1b30BaTb )lJl}] OlJ,eHOK 

60PHoBcKoe npM6mf)l{eHMe, He3KpaHMpoBaHHbIM cJlyqaM [4]. 

r)le L=ln[EEo-l+ PPO 
]; ~o=Eo-Pocos8; S=ln[~+P];

EEo 1- PPo E - P 

sQ =In[Q+P]; Q2 =pg+k2_2Pokcos8.
Q-p 
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3.llCCb Eo, po (E. p) - JHCPrHH H HMny11bc Ha11CTalOlllerO (pacccHHHoro) 

3JICKTpOlia B C.llHHHllaX lIIoe::: =0,511 MJB~ OCTa11bHbIC BeJIH4HHbI 6bl11H OnpC.llC11eHbl 

BblUle B TeKCTe. 

Y4TCM Tcncpb KOHKPCTHbIC 3Ha4eHHH napaMcTpoB, BXO.llHIUHX B 3a.lla4Y. ,n11H 

pa60Taloulcro npoToTHna C YCKOp5l1011UiM Hanp5l)((eHHeM U = 200 KB H MOlllHOCTblO 

P = 30 KBT, Nt' == I OIX JJIeKTpoHa/c H klllllX = 200 KJB. ,n11H npoToTHna C U = 700 KB, 

IO IXP =300 KBT, N" 3 311CKTPOHa/C H k"llll 700 K3B. 

,nJIH THTaHoBoH qJOJlbrH C xapaKTCpHOH T011111HHOH d = 12 MKM HMeeM 

Nil = 0,679 10 
20 

aT/cM 
2

. B Ta611.1 npHBe.llCH HHTerpanbHblH JHepreTW·leCKHH nOTOK B 

Kopnyce YCKopHTeJIH npH pa:UIH4HbIX yr11ax pacceHHHH 8. 
Hal\-fH 6bIJIH IIpO.lleJIaHbI H Bbl4HCJlCHH5I B peaJIbHOH reoMeTpHH, KOr.lla 

allOJlHbIC OKlIa paCTlOJIO)((CHbl paBHOMepHO Ha aHO.llHOM QJJIaHue, a He B ero ueHTpe, 

KaK lIpC,flnOJ1<lraJIOCb B ncpBOM npH6ml)((eHHlI. KaK H O)((H.llaJIOCb, )TO HC npHBeJIO K 

CKOJlhKO-JIH6YJlh CYIIlCCTBCIUfbIM IBMCnCHH5IM np0.lleJlaHHblx oueHOK. 

,nCHCTBHTCJlhIlO, IIcnpepbIBHaH (aKCHaJIbHa5l) CHMMCTPHH no 1l0JIHPHOMY ymy 

cp 3aMCHHJlaCb Ha JlHCKpentylO CHMMCTPHIO aHO.llHblX OKOH BHyTpH aHO,flHor-O 

<Imalllla. 3TO "PHBCJlO K nCpHO.llH~ICCKHM KOJIC6alHlHM :mcprCTW·leCKoro nOTOKa 

/,,'/8.cp) B '~aBBCHMOCTI1 OT T10JIHpHOro yrJIa cp (c aMIl11HTynoi1 nOp5l.llKa I - 4%) BOKpyr 

HCKOTOPblX CpCJ-lHHX 3H<l4eHHH (CBOHX IlJIH Ka)((JlOro yrJIa 8), 6mnKlfX K 

"pHBe)leIlIlbIM B Ta6JI. I. 

Ta6mwa I 

8 U=200 KB, 

R=20 CM, 

E;m, MJBic CM
2 

MOlllHOCTb 

.ll03bl, 

panIc 

U=700 KB, 

R=60CM, 

E;1l! , M3Bic CM::! 

MOlllHOCTb 

n03bl, 

panIc 

100° 4,57 10'1 18,28 0,883 lOt} 3,53 

110° 3,12 10') 12,77 0,585 10'! 2,34 

120 
0 2,07 lOt) 8,28 0,364 10 

9 1.46 

B IIpeJ1IlOJIO)((CHHH, l.ITO BCC H3JIY4CHHC 1I0rJl01llaeTCH B KOpllyC YCKOPHTCJUI, 

MO)((HO onCHHTb CpCJUl1010 MOIl.lHOCTb ll03bl 06JlY4CHHH. O'ICBHJHIO, :no 6Y.ilCT 

OUCHKOH "cBepxy" nJIH 3TOH BeJIH~IHHbl. H<lnpHMep, JVUI 8 = I 10° H JHCprmt 

JJICKTpOIlOB 200 K3B 1l0JIY'-'aeM MOlllHOCTb Jl03bl 12,77 pat1/c (CM. Ta6JI. I) IlpH 

TOJIIIlHHe CTellKH Kopnyca !J.R == 2 CM H nJIOTIiOCTH KOMIl03HUHOHHO-1I0JIHMepHOro 

MaTCpHaJla (KnM) pl,-/iA/ "'" 2 ricM:\. 
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Ha CaMOM neJ1e, KOHelJHO, He Bce TOpM03Hoe Y-H3J1Y'1eHHe norJ10IllaeTcSl. 

HanpHMep, nJ1S1 Y-H3J1Y'1eHHSI c 3HeprHeH nopSinKa E y ~ 150 K3B nOJ1HOe CelJeHHe 

paBHSleTcSl 0,135 cM 2/r [2]. Torna 3KCnOHeHIl,HaJ1hHhIH cpaKTop 3aTyxaHHSI npH 
npoxOiKneHHH TOJ1IllHHhl l:!..R = 2 CM 6yneT ~ 0,58. npH 3HeprHSiX nopSinKa 

Ii y :::::: 500 + 700 K3B nOJ1liOe CelJeHHe paBHSleTcSI 0,079 cM 2/r H cooTBeTcTBYKlIllHH 

cpaKTop 3aTyxaHHSI 6yneT ~ 0,73. 
XapaKTepHaSi nOrJ10IlleHHaSi n03a 3a 10 J1eT nJ1S1 YCKopHTeJ1S1 200 K3B, 30 KBT 

6yneT nopSinKa (4+5) 109 pan . .ll.J1S1 BhlSlCHeHHSI B03MO)f(HOCTH pa60Thi YCKopHTeJ1S1 Ha 
nJ1HTeJ1hHhIH CpOK (nopSinKa 10 30 J1eT) He06xonHMo npoBecTH HCnhlTaHHSI KnM 

10 10109 

MeXaHHlJeCKHX H3J1eKTpHlJeCKHX CBOHCTB MaTepHaJ1a. 
npH n03ax 06J1Y'1eHHSI no + pan H BhlSlCHHTh B03MO)f(Hhle H3MeHeHHSI 

[I] G. V. Dolbilov, G. I. Dolbilova, A. A. Fateev, 1. N. Ivanov, N. L Lebedev, A. V. 
Mazhulin, V. A. Petrov, L M. Hohlov, T. Ruskov, P. Goranov, High repetition pulsed 
accelerator for EB-technology. Proceedings of the IAEA symposium on Radiation 
technology for conservation of the environment, Zakopane, (1997), IAEA-TECDOC
1023, p.453. 
[2] AJ1hcpa, 6eTa H raMMa- cneKTpocKonHSI, BhIn.1 , non pen. K.3Hr6aHa, M., 1969. 
[3] A.G. Chmielewski, Z.Zimek,P.Panta,W.Drabik, Radiation Physics and Chemistry, 
v. 45, N2 6,1995 , p.1029. 

[4] H.W. Koch, 1.W.Motz , Reviews of Modern Physics, v.31, N24, 1959, p.920. 
[5J B. E. )KY'1KO, 10. M. U,HneHKlK, AToMHaSi 3HeprHSI, T. 39, BhIn. 1,07.1975. 
[6] G. V. Dolbilov, G. I. Dolbilova, A. A. Fateev, I. N. Ivanov, N. I. Lebedev, A. V. 
Mazhulin, V. A. Petrov, I. M. Hokhlov, T. Ruskov, P. Goranov, "Multi-beam pulsed 
accelerator for electron beam processing system", Proceedings, EPAC-98, 6th 
European Particle Accelerator Conference, Stockholm, 22-26 June, 1998. 
[7] JI . .ll..JlaHnay, E.M.JIHcplllHll., T.IV, PeJ1S1THBHCTCKaSi KBaHTOBaSi TeopHSI, lJ.I, M., 
1968. 

PyKonHcb nocryTurna B H3naTeJlbCKHH OTnen 

16 neKa6pSl 1999 rona. 

8 



ryCKOB T. HAp. P9-99-331 
OueHKa pa.n.HaUHOHHoH HarpY3KH OT TOpM03Horo H3JIyqeHIDI, 
conYTcTBytOlUero 3JIeKTpOHHOMY nyqKy 
B 3JIeKTpOHHO-JIyqeBhlx TeXHOJIOfHSIX 

B pa60Te npOBeAeHa ttHCJIeHHasJ oueHKa pa.n.HaUHOHHOH HarpY3KH B Kopnyce 
YCKopHTeJI.S1 OT TOpM03Horo H3JIyqeHH.SI, conYTcTBytOlUero 3JIeKTpOHHOMY nyqKy, 
Ha npHMepe npOTOTHna MHoronyqKoBoro YCKopHTeJI.SI c 3HeprHeH 3JIeKTpOHoB 
200 K3B H P =30 KBT. TaK)Ke npOBeJleHa oueHKa H AJI.SI npoToTHna c 3HeprneH 
700 K3B H P =300 KBT. ilOKa3aHO, ttTO xapaKTefHasJ nOfJIOlUeHHasJ A03a 3a 10 JIeT 
pa60ThI YCKopHTeJI.SI 6YAeT nOp.SlJlKa (4 + 5) . 10 pa.n.. nJl.Sl BbUlCHeHH.SI B03MO)KHO

CTH pa60Tbl YCKopHTeJI.SI Ha AJIHTeJIbHhlH CpOK (10 - 30 JIeT) He06xoJlHMO npoBecTH 
HCnhlTaHH.SI KOMn03HUHoHHO-nOJIHMepHoro MaTepHaJIa Kopnyca YCKopHTeJI.SI npH 
A03ax 06JIyqeHH.SI JlO 109 

+ 1010 pa.n. H Bbl.SlCHHTb B03MO)KHble H3MeHeHH.SI MeXaHH
tteCKHX H 3JIeKTpHtteCKHx CBOHCTB MaTepHaJIa. 

Pa60Ta BblllOJIHeHa B JIa60paTopHH q,H3HKH ttaCTHU OHJIH. 

C006weHJfe 061>e,uJfHeHHoro JfHCTJfTyra 51.,uepHbIX HCClle,uOBaHHH. lly6Ha, 1999 

ilepeBOJl aBTopOB 

Ruskov T. et al. P9-99-331 
Estimation of the Radiation Dose from the Bremsstrahlung Due 
to the Electron Beam in the Electron-Beam Technologies 

In this work we have estimated the radiation dose in the accelerator corpus 
from the bremsstrahlung due to the electron beam on the example of the prototype 
multy-beam accelerator with electron energy 200 keY and P =30 kW. An estima
tion of the radiation dose is also performed for the prototype accelerator with ener
gy 700 keY and P = 300 kW. It is shown that the characteristic radiation dose for 
10 years is about (4 + 5) . 109 rad. Thus, it is desirable to test the composite poly

mer material of the accelerator corpus for radiation doses of about 109 + 1010 rad 
and to see whether the mechanical and electrical properties of the material change 
under such conditions. 

The investigation has been performed at the Laboratory of Particle Physics, 
llNR. 
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