
99-331 
P9-99-331 

T.PycKoB*, P.PycKoB*, ,U.ITeTKoB*, r.B.,UonfarnoB, 
C.B.Kom10Ba 

OUEHKA PAJ]J1AU110HHOH HArPY3Kl1 

OT TOPM03HOfO 113JIY1-IEHIDI, 

COITYTCTBYIOlUEfO 3JIEKTPOHHOMY ITY1-IKY 

B 3JIEKTPOHHO-JIY1-IEBbIX TEXHOJIOrIDIX 

*11HCTHTyr 51llepttblX HCCJlellOBaHHH H 51llepttoi-i 3HeprnH, CocpH51 



1. BBO.II,Hhle JaMeqaHHH 

B HaCTOH!Uee BpeMJI JJieKTp0HH0-JiyqeBhie TeXH0JI0rIU:1 HaX0)],JIT caMoe 

pa3H006pa311oe rrp1IMeHe1me. TaK, uarrplIMep, C IT0M0IUh!O JJieKTP0HH0ro rryqKa 

o6pa6aTbIBaeTCJI IT0BepXH0CTh pa3JIIIqHhIX oprau1IqeCKIIX MaTeplia.JI0B (.uepeBO, 

rrnacTMacca II .up.), B pe3yJIJ,TaTe qero IT0BepXH0CTh JTIIX MaTeplia.JI0B CTaH0BIITCJI 

6onee TBep.uoii. 3neKTpOHHO-JiyqeBhie TeXH0JI0rHII IICI10Jih3YIOTCJI )],JIJI pa3JIO)l(eHIIJI 

Bpe)].Hh!X XIIM1IqeCKHX coe)],HHeHHH, co.nep)l(amnxcJI B B03.Uyxe rrplI cropaHIIII Mycopa 

B IIHCHl!HpaTopax, )],JIJI oqlICTKII B03)],yxa B aBTOMQ61IJihHhIX T0HHeJIJIX OT a30THhIX 

0KHCJI0B If yrneB0.UOP0.UOB. 8 ITOCJie)],Hee BpeMJI pa.u11au110HHhie TeXH0JIOflIII 

rrpHMeHJIIOTCJI )],JIJI oqHCTKH )],hlMOBh!X ra30B TeITJI0BhIX CTaHUIIH OT cepHhIX II 

a30T!lh!X OKHCJI0B, rrpeBpamaJI IIX B ceJihCKOX03JIHCTBeHHhie y.uo6peHJIJI. 

CaMhIM CYIUeCTBeHHhIM II caMhlM .uoporHM JJieMeHTOM JJieKTPOHHO-JiyqeBOH 

TeXHOJI0rHH JIBJIJ!eTCJI JJieKTpOHHhIH ycKopnTeJih. ITOJTOMY rrporpecc B )TOH 

TeXHOJIOrHJI B 60JihIIIOH CTerreHH 3aBJICHT OT C03)],aHJIJI 3cpcpeKTIIBHhIX II 

cpammTeJihHO .ueIIIeBhIX ycKopHTeJieH. 

TaKIIe ycKOpHTeJIII )].OJI)l(Hhl Y.U0BJiernopJITh CJie.UYIOIUHM Tpe6oBaHIIJIM: 

- BhIC0KaJI Ha)],e)l(HOCTh B Teqe1me )],JIHTeJihH0fO BpeMemr pa60Thl 

(CYMMapHaJI Ha)],e)l(!I0CTh He MeHec 93%); 
- BhICOKaJI 3cpcpeKTHBIIOCTh rrepe.naqn JHeprlIII JJieKTPOHHOMy rryqKy; 

- MIIHIIMaJlhHhie IT0Tepn JHepnm JJieKTPOHOB B BhlB0)].HhIX OKHaX 

ycKopnTeJIJI; 

- )],lfCTaHUH0HH0CTh II rrpOCT0Ta yrrpaBJieHJIJI, ITOJIIIaJI aBTOMaTJI3aUIIJI pa60Thl 

ycKop11TeJIJ1; 

- 11e.uorryCTIIMOCTh aBapHHHhIX cnTyaUIIH I1p1I OIIIII6oqHhlX .ueiicTBIIJIX 

06cn~nBa10mero rrepcoua.rra; 

- B03MO)l(H0CTh 6biCTpOH 3aMeHhl KJIIOqeBhIX Y3JIOB ycTaHOBKII; 

- HII3KIIe pa.n.1IaUHOHHh!H n JJieKTPOMarHUTHhIH cpOHhl B6JIII31f ycKop1ITeJIJ1, 

Hlf3KaJI CTOUM0CTh. 

He.namw B Jla6opaTOp1I1I cpmlIKII qacmu OIUII1 coBMecrno c I1.5II1.5I3 II 

TeXH1IqecKnM YHIIBepclITeT0M B Cocpnn 6bm pa3pa60TaH rrpOT0TIIIT 3JieKTP0HHOro 

ycKopnTeJIJI )],JIJI pa.n.1IaUHOHHhIX TeXHOJIOrHH C 3Heprneii 200 K3B II M0IUHOCThlO 3_0 
KBT (plIC. 1) [l]. 

3To IIMITYJihCHhlH ycKOplITeJih TPaHccpopMaTopuoro Tnrra, rrpe.UCTaBJIJIIOIUUH 

co6oii BaKYYMHhIH )],HO)]., Ha KaTO)], K0Toporo rro.uaeTCJI BhICOKOB0JihTHOe narrpJI)l(eHne 

C qacTOTOH 18 KfU (pe30HaHCHaJI qacTOTa Bh!COKOBOJihTH0ro TPaHccpopMaTOpa). 

Pe3onaucHhIH TPaHccpopMaTop pacrroJio)l(eH B KaTo.nnoii HO)l(Ke BaKYYMH0ro 

)],H0)],a. Koprryc C)],eJiaH II3 crreuua.rrhH0ro cTeKJIOITJiaCTJIKa, . MaTep1Ia.rr K0T0poro 

06Jia.naeT Bh!COKOH Mexan1IqeCKOH rrpoqHOCThlO JI 3JieKTPOII30JIJIUIIOHHOH 

CTOHKOCThlO. 



HcrrOJih3yeTC51 M03a11'Illbll1. KaTO.[I XOJIO.[IHOH 3MHCCHH II MHOfOOKOHIIaH 

aHO.[IHa51 CHCTe~rn. 3JieKTpOHHbll1. nj"!OK C KalK.[1011. Ta6neTKII M03awmoro KaTO.[la 

rrpOXO.[IHT qepe3 COOTBeTCTByIOlllee OKHO (THTaHOBa51 <pOJibra TOJllllHIIOll 12 MKM II 

.[IHaMeTpOM 40 MM). 

Puc. I 

3KcnepuMeHTaJibHbie pe3yJibTaTbl, nOJI)"leHHbie Ha )TOM npoTonme, .[laIOT 

HaM OCHOBaHHe C.[leJiaTb Ha )TOM npHHUHne ycKOpHTeJib C 3Heprne11. 700 K3B H 

MOll\HOCTb!O 300 KBT. 

IlpoX0.[151 qepe3 TOHKyIO <pOJihry, :meKTpOHbl C 3HCprH5IMH 200 HJIH 700 K3B B 

OCHOBHOM Tep5I!OT :rneprHJO 3a cqeT HOHH3aUHOHHblX noTepb, HO HCKOTOpa51 qacTh 

3HepreTuqecKHX noTepb H.[leT 3a cqeT TOpM03HOfO ll3JI)"lemrn. Ll,eJib HaCT05llllel1 

pa6oTbI c.r:1enaTh pac11eThI npocTpaHCTBennoro pacnpe.L1enemrn 3nepr1111 

TOpM03Horo H3JI)"leHH51 .[IJIH :noro Tuna ycKOpHTeJieH np11 npoXOlK.LleHHH :meKTpOHOB 

11epe3 <pOJibry II oueHHTb pa.r:111aunmmyio narpY3KY, KOTOpaH nOJI)"laeTC51 B KOpnyce 

ycKOpHTeJI51. KaK ~e OTMeqaJIOCb BbIWe, MaTepHaJI, H3 KOToporo H3fOTOBJieH Kopnyc 

ycKopnTeJI51, CO.LleplKHT opran11qeCKHe COCTaBJI5I!Oll\He, a HX CBOHCTBa MOfyT 

npeTepneTh neo6paTHMbie H3MeHeHH51 B pe3yJihTaTe pa.r:111aunmrnoro o6n)"lemrn. 

Ilo.r:106noe HCCJie.LIOBaHue o6ycJiaBJIIIBaeTC51, C 0.LIHOH CTOpOHbl, 6oJibillHMH 

MOlllHOCT5IMH :meKTpOHHblX nj"!KOB H, C .r:1pyro11. - 60JibillHM IIJiaHHpyeMhIM cpoKOM 

3Kcnnyarnu1rn npOMblWJieHHOH 3JieKTpOIIHO-JI)"leBOl1. ycTaHOBKII (nop51.L1Ka 20-

30JieT). 
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2. OcHOBHhle Mexaml3Mbl 3HepreTnqec,mx TI0Tepb 

3J1e1npo1111oro nyq1rn npn BlattMOJJ.eiicTBHII ero c aH0JJ.HblM 

0KH0M ycKopnTeJIH 

4T06h! npO.LIBllllyTbC51 B nocTaBJiennoil 3a.Llaqe, o6cy.[IHM BKpaTue pa3m1qHbie 

MexamBMbl B3aHMO.Llel1.CTBH51 3JieKTpOHOB C 3Heprne11. 200 HJIH 700 K38 C TOHKOH 

THTallOBOii <pOJibroii aHO.LIHOfO OKHa. Ilp11 npoXOlK.LlelIHH qepe3 <pOJihry 3JieKTp0Hbl 

HC!lblTblBa!OT B OCHOBHOM cne.r:1yiomne B3allM~.LleiicTBH51 [2]. 

- Heynpyr11e CTOJIKHOBeHHH C aTOMaMH THTaHa, np11 KOTOpbIX nepe.L1a1ma51 

3Hepnrn B HeCKOJibKO .LleC5ITKOB 3JieKTpOHBOJlbT .LIOCTaToqna .LIJIH HOIIIBaUHH 

aTOMOB nnaua. 3Ta 3ueprn51 naMuoro Menbrue 3Hepr11n naneTammero 

3JieKTpOHa. Ilocne CTOJIKHOBemrn TpaeKTOPIIH HaJieTammero 3JieKTpona 

noqTH HC Me1rneTCH no cpaenemno C nepBOHaqaJibHO 3a)laHHOii. Bb161tTbie 

3JieKTp011bl m160 OCTa!OTCH B <pOJibre, mt6o BbIXO.L15IT nap~y. 

- Pe3epcpop.LIOBCKOe pacce51Hlle (ynpyroe) B llOJie H,Llpa. IlpOXO.LIHlllHii 

3JieKTpOH MOlKeT CIIJibHO 113MeHHTb nepeouaqaJibHOC HanpaBJieHHe CBOero 

.LIBHlKeHml ll Bbiiint 113 nyqKa. 3JICKTp0Hbl, pacce5IHIIhle Ha3a.LI, He MOfyT 

nonaCTb Ha Kopnyc ycKOpHTeJI51, TaK KaK OHH 6y.LlyT B03BpameHhl 

3JICKTp11qecKHM llOJieM Ha aHO.LI ycKOpHTeJIH (cpnaueu C OKHaMH). 

- 83aHMO.L1eiiCTBHe HaJieTalOlllero 3JieKTpOHa C KYJIOHOBCKHM llOJieM H.Llpa C 

11cnycKairneM TOpM03HOro y-KBaHTa (TOpM03HOe ll3JiyqeHHe). 11MeHHO 3TOT 

MexaHH3M npHBO.LlllT K pa,LIHaUHOHHOMY o6Jij"ieHHIO KaK pa3mfqllblX .LleTaneii 

KOpnyca ycKOpHTeJIH npH 113JI)"lelIHH y-KBaHTOB Ha3a)l, TaK H pa6oqero 

npocTpaHCTBa nepe.r:1 ycKopnTeJieM. 

HcnoJib3YH 3KCTpanOJI5IUHIO 3Kcnep11MeHTaJibHblX .[laHHblX [3], MOlKHO 

3aKmoqHTb, 'ITO npH 3Hepnrnx 3JieKTpOHOB B 200 - 700 K3B H .[IJ151 nnanoeoii 

<pOJibfH TOJilUHHOii d = 12 MKM 06m11e 3HepreTnqecKHe n0Tep11 MaJibl (I - 4% ). B 

CBOIO oqepe.Llb, j"il!TblBa51, qTo Zn = 22, OCHOBHa51 .LIOJIH llOTepb (OKOJIO 97 - 98%) 

npHXO.[IHTC51 na neynpyrne CTOJIKHOBeHH51 (HOHH3ailllOHHbie llOTepn) [4], Tor)la KaK 

na TOpM03HOe 113JI)"leHHe OCTaeTC51 2 - 3% OT o6mnx 3Hepren1qecKHX llOTepb. 

TaKHM o6pa30M, nepBbie .[IBa MexaHH3Ma npHBO.[IHT B OCHOBHOM K TeITJIOBOMY 

narpeBy aHO.[IHOii CHCTeMbl ycKopnTeJI51, TOr.Lla KaK TOpM03HOe 113JI)"leHHe 

pacnpocTpanHeTC51 eo eceM npocTpancrne, oKp~aIOmeM ycKopnTeJih. 

BalKHOH xapaKTepHCTHKOii npn TOpM03HOM H3JI)"leHHH 5IBJI5IeTC51 

pa.L1HaUHOHHaH .LIJlHHa, onpe.L1eJ15ICMa51 KaK paCCT05IHHe, Ha KOTOpOM 3HepntH 

3JieKTpona yMeHbWaeTC51 B e pa3 (e = 2,718 ... ) TOJibKO 3a cqeT pamrnunoHHbIX 

noTepb. Cornacno [4], .[IJIH YJibTPapeJI5ITHBHCTCKHX 3Heprnii 3JieKTpOHOB OHa .L1aeTC51 

np116JIHlKeHHOl1. cpopMyno11.: 
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3)leCb ro = 2,82 10-JJ CM - KJiaCCH'-IeCKHII paJ111yc ·rneKTp0Ha, N - '-lllCJI0 

aT0M0B THTaHa B CM
3

. TTp11 nJI0TH0CTll THTatta - 4,5 r/cM
3 

l!MeeM to = 3,76 CM. JJ:m1 

JJieKTp0H0B C JHeprnel'i 200 - 700 KJB B03HHKaeT nonpaBO'-lHblH MII0)KI!TeJib, 

KOTOpbIH yseJIH'-llrnaeT to B 4 - 2 pa3a C00TBeTCTBeHH0, 

MO)KHO JIH C'-lHTaTb HCn0Jib3yeMyio B ycTaH0BKe THTaH0BYIO !pOJibry TOHKOH 

MHWeHblO, T.e. HCn0Jib30BaTb np116J1Ji)KCl!HC 0)lH0Kpanwro B3aHMO)lCHCTBllll 

HaJICTa!OlllHX JJICKTp0H0B C aToMaMH MllWCHH? B Jil!TCpaType (CM., 11anp11Mcp, [5]) 
npHHllT0 C'-lHTaTb, '-lT0 TOHKOH llBJlllCTCll MHWCHb TOJI[llllHOH do~ 0,001,to = 380 MKM. 

OTCIO)la BH)lH0, '-lT0 BbI6pairnall T0JI[llJIHa !pOJibrH ( 12 MKM) nOJll!0CTb)O 

YJl0BJICTB0pllCT JTOMY Tpe6osaHH!O. 

3. OQem~a npocTpaucTnenuoro pacnpeJJ.eJiemrn TopMoJuoro 
llJJiyqemrn II pamtallllOHHOH narpy3KII l\taTepnaJI0B B np0T0Tlmax 
200-700 KJB 

Y'-lHTbIBall npHBC)lCHllb!C Bb)WC !pH3H'-lCCKHC coo6pa)KCHHll, npoBe)leM OI~CHKY 

pa)lHal\ll0HH0f0 n0Jill, C03)laBaeMoro T0pM03Hb!M H3JiyYettHeM B ycK0pHTene. Mbl 

6y)leM HMeTb s BHJlY ~e pa6oTaIOWHH npoT0THn c JHeprHeH JJieKTp0H0B Eo = 200 
KJB H M0[llH0CTblO P = 30 KBT [6], a TaK)KC CTpOlllllHHCll rrpoTonm c JHeprnel'i Eo = 

::700 KJB H M0WH0CTb!O P = 300 KBT. 

Mb! C'-lHTaCM pacCC5!HHC JJICKTp0H0B ITO 0TH0IIICHH!O K IIP0l\CCCY T0pM03H0ro 

H3JiyYCHH5! 0)lH0KpaTHb!M. TTocKOJibKY CYMMapHblC JHeprCTH'-lCCKHC II0TCpH MaJibl, 

6y)leM npeHe6peraTb H3MCHCHHCM JHCprHH HaJICTalOWIIX JJICKTp0H0B. 

JJ:n51 01\CH0'-lHblX Bbl'-lHCJICHHH Mb) C)lCJiaJill TaK)KC p5!Jl yrrpolUCHJIH, CBll3aH

Hb!X C reoMeTpllCH ycTaH0BKll. B peanbH0M MH0r0IIY'-JK0B0M sapnanTe MH0f0-

KaT0)lHall CHCTCMa o6ecrrC'-lHBaCT ).1.0 19 0Y'-JK0B C cyMMapHblM TOK0M / = 0, 15 A 
(U = 200 KJB HP= 30 KBT). 

Ka)K)lbIH IIY'-J0K na)].aeT 11a csoii ano)].HbIH JKpaH Kpyrosol'i cpopMbI )lJiaMeTpoM 

40 MM. YnpomeHHb!H BapnaHT pac'-leTa npe)lnonaraeT, '-lT0 Ka)K)].0C m 0K0H 

paccMaTprrnaeTC5! KaK TO'-lC'-lHb!H HCT0'-ll!IIK T0pM03Hb!X y-KBaHT0B H, 6onee Toro, B 

rrepB0M rrpH6JIH)KCHllll 6y)].CM C'-lHTaTb, '-lT0 BCC 0KHa paCIT0JI0)KCHbl B ueHrpe 

aH0)lH0ro cpna11ua, T.C. Ha OCH CHMMCTpllH ycTaH0BKH (p11c. 2). 
Pa)].uauuoHHall HarpY3Ka Ha K0prryc ycK0pHTCJill, Bbl)].CJICfJHa5! B C)].HHHUY 

BpCMCHH B I CM
3

, M0)KCT 6b!Tb na!'i)lena, CCJIH Bbl'-lHCJIHTb )].H<pcpepeHl.(llaJibHbIH 

JttepreTJI'-lCCKHH IT0T0K B JHepreTH'-lCCK0M HHTepsane (K, K+dK) (CYMMapHall JHeprHll 

T0pM03Hb!X y-KBaHT0B, na)].a!Oll\HX na 1 CM
2 

3a I C ) B 3a)].aHHOH T0'-lKC K0pnyca KaK 

IPYHKl.\11!0 T0'-lKH Ha II0BCpXH0CTH Koprryca. JJ:anee, Y'-JllTbIBall IT0JIH0C HJIH qaCTH'-lH0C 

4 

I 

' I 

.\ 
I 

II0rJI0[llCHIIC na)lalO[llHX Y-KBaHT0B B MaTep11ane K0pnyca ycK0pHTCJill, 1\10)1(110 

Bbl'-lHCJIJ!Tb llCK0MYI0 pamtal\H0HH)'I0 11arpY3Ky. 

dS 

9 
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2 3 

Pnc. 2. I) BbICOKOBOJibTHbIH TpanccpopMarnp; 

2) KaT0)]. XOJIO)].HOH JMHCCHH; 

3)' Koprryc; 4) aH0)lH0C 0KH0 

JJ:ucpcpepenl.(HaJibHhlH :rnepreTH'-lCCKJIH rroT0K qepe3 rrnoma)].KY ds, 
--> 

rrepIICH)].HKYJillPHYJO pam1ycy-BeKrnpy r , )].aCTCll cpopMynol'i 

dEj(k,0,q>) I d
2

a(k,0,q>) N,,N,kdk 
/i dSJdk 

(2) 

3)1CCb N.,c - '-lllCJI0 paCCCHBalOll\llX 1\CHTp0B (aTOMbl TllTaHa) Ha 1 CM
2 

!pOJibfll, N, -
o6wee q11cno rra)la10mnx JJICKTponoB 3a le, d2a/dQdk - )].Ba)K)].u )].H<pcpepenl.(HaJibHOe 

CC'-lCHHC T0pM03H0ro H3JIY'ICHHll, 0THCCCHH0C K TCJICCH0MY yrny dQ H 

JHepreTH'-le·cKoMy mnepsany dk; 0,q> - yrnu paccel!HHll B ccpep11qecKOH cucTeMe 

K00p)].HHaT C UCHTp0M B MCCTC paCCCl!HHll. 

JJ:nll 1\CHTpaJibHO-CIIMMCTpH'-lHOH reoMeTpHll JHeprCTH'-lCCKHH IT0T0K 'lepe3 

rrnomaJ1KY ds' (pnc. 2) m1yrpenueil: llllJIHH)].pH'-lCCKOH II0BCpXH0CTll K0prryca 

ycK0pHTCJill M0)KH0 Bbipa3HTb KaK 

dE' '(k 0 )= sin3 0 dza N N kdk 
J ' ,q> R 2 drulk """ ' ' 

(3) 

r)].e R - paJ1uyc auo)lnoro cpnauua. 

JJ:nll 0UCHKH pa)lHaUHOHHOH HarpY3KH M0)KH0 TaK)KC rrpHHl!Tb, 'ITO rra)].aIOmee 

Ha K0prryc ycK0pHTCJill T0pM03H0C Y-113!1Y'-JCHHC IT0JIH0CTblO pornomaeTCll B CTCHKC 

Koprryca. Tor)la IIMCCT CMb!CJI BBCCTII HHTerpanbHblll JHeprCTH'-lCCKHll IT0T0K. 

l1crronb3Yll cpopMyny (3), )lJill Hero rronyYaeM 
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• 3 0 kmax d2<J 
;n, -N N ~r• kdk--E1 (0,<p)- " , R2 Jo dQdk (4) 

r.ue kmax....: MaKCl:IMa.JibHO B03MOlKHaH 3Hepnrn TOpM03HOfO "(-KBaHTa. 

l.{To KacaeTCH caMoro Jlll<p<pepeHI_\lla.JibHOfO Ce'JeHllll, TO TO'IHble <popMYJJbl 

l:13BeCTHbl JlJlH o6pa30BaHl:IH TOpM03HOf0 "(-KBaHTa B KYJJOHOBCKOM none H,Upa (CM. 

[7]), HO OHl:I O'leHb rpOM03JlKl:I, TaK 'ITO BalKHO BbI6paTb pa3yMHbie np1:16m1lKeHl!H. 

Bo-rrepBbIX, 3Heprmo Ha.JieTaJOIUl:IX 3JleKTpOHOB 11eJ1h3H C'll!TaTh 

HepeJJHTHBHCTCKoii np1:1 EK = 200 K3B 1:1 TeM 6onee JlJJH EK = 700 K3B, HO, c .upyroii 

CTOpOHbl, 3TH 3Hepr1:11:1 TaKlKe ,uarreKH 11 OT YJlbTpapeJJHTl:IBllCTCKOfO cnyqaH. 

CymecTBeHHOe yrrpomeHHe cpopMyJJ JlOCTl:lraeTCH B cnyqae 6opHOBCKOfO 

6 
2'/CZ 1'/3 .. 

np1:1 Jll:llKelll:IH. Y CJJOBHe JlJlH ero rrp1:1Me11emrn: --<< , r.ue - peJJHTl:IBl!CTCKllll 
137 /3 

cpaKTOp ,UJJH 3JleKTPOHa. B HaWeM cnyqae 3TO BbipalKetrne nopH,UKa e,umIHUbl. 

O.u11aKO, KaK nOKa3a.JIII KOIIKpeTHbie Bbl'll:ICJleHIIH 11a np11Mepe 30JlOT3 (ZAu = 79) JlJlH 

6JJH3Kl:IX 311aqe1111ii 3Hepr11ii [4], OTKJlOHe1111e OT 3KCnep11MeHTaJlbHblX ,uaHHblX He 

npeBhIWaeT 20 - 50%. 
.IJ:pyroii B03MOlKHblll IICTO'IHIIK nonpaBOK CBH3aH C 3<p<peKTOM 3KpmrnpoBaHl:lll 

3ap».ua H,upa 3JleKTpOHHOll o6oJJO'IKOll. 3cpcpeKT CTaHOBIITCH cymecTBeHHblM JlJlll 

60JlblllIIX z. 0,uHaKO, KaK OTMe'la.JIOCb B [4], JlJlH npOIIHTerp11poBa1111oro no 3HeprnHM 

ce'leHHH, rrpo1:1CXOJlIIT B3allMHaH KOMrrencau1rn pa3JJH'IHhIX nonpaBOK 1:1 TO'l!IOCTb 

BbI6paHHOfO naMl:I npH6mtlKeHHH ynyqwaeTCH. 

ffraK, Y<Jl:ITbIBaH BCe CKa3aHHOe, Mb! 6y,ueM HCnOJlb30BaTh JlJlH oue110K 

6opHOBCKOe np116mtlKeH1:1e, He3KpanHpoBaHHblll cnyqaii [4]. 

d<J =Z2
r0

2 dk_f!_dil {8sin
2

0 0 (2E5+1) 2(5E5+2EE0 +3)_2(p~-k
2
)+~+ 

k,0o,¢ 8'/CJ37 k p k p2 A4 p2 t,,.2 Q2 l'!,.2 2 Ii. o o Llo o o o Po o 

L [4E0 sin
2 00 (3k-p5E) 4E5(E5 +E

2
) 2-2(7E5-3E.f;i +E

2
) 2k(E5 +E.i;i-1)] 

+-- 2 4 + 2 2 + 2 2 + 2 -
PPo PofYo Pol'i.o Pol'i.o Po!'!.o 

-(~ J+(£_l4- 6k 2k(p~ -k
2
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3,uccb £ 0 , po ( E, p) - 311cpnrn H 11Mnynhc 11arreTaJOIUero (pacce»1111oro) 

3JlCKTpo11a B em11111uax llloc
2 

= 0,511 M3Bi OCTa.JibHbIC BeJJH'll!Hbl 6blJlH onpe,ueJJeHhl 

Bb!We B TeKCTe. 

Y'ITeM TCnCpb KOHKpeTHble 3Ha'lellllll napaMeTpOB, BXOnHIUHX B Jana'ly. )].JJll 

pa6oTaIOIUCfO npoTOTIITia C ycKOpHIOIUIIM 11anpHlKCIIHCM u = 200 KB H MOIUIIOCTblO 

p = 30 KBT, N,, = I 0 18 
3JlCKTpo11a/c 11 k111

(1X = 200 K3B. )],JJll npOTOTllna C u = 700 KB, 

p = 300 KBT, N,, = 3 I 0
18 

3JlCKTpo11a/c II k111
"' = 700 K38. 

)].Jill TllTaHOBOii QlOJlbrH c xapaKTCplloii TOJllUHHOll d = 12 MKM l!MeCM 

N,, = 0,679 1020 
aTlcM

2
. B rn6n. l npHBene11 mnerparrbHbill 311epreT11'leCKHll noTOK B 

Kopnyce ycKOpHTCJlll npH pa3JJH'lllb!X yrnax pacCCllllllH 0. 
Ha~rn 6bIJlll nponenaHbl II Bbl'IHCJlCHllll B peaJJbHOll fCOMCTplm, Korna 

3!10JlllblC OKHa pacnoJJOlKCHbl paBHOMCpHo Ha a11on110M QlJl3HUC, 3 !IC B ero ue1npe, 

K3K npcnnonaraJJOCb B nepBOM np116J1HlKCHHH. KaK H OlKllnaJJOCb, 3TO He npHBCJJO K 

CKOJlbK0-1m6ynh cymccTBCI!HblM H3MCIICHllllM nponeJJ3HHblX OUCHOK. 

J].chcTBHTCJlbllO, 11cnpepbl.B!13ll (aKClla.Jibllall) CHMMCTpHH no IIOJJllpHOMY yrny 

(f) 33MCHHJ13Cb 113 )_\HCKpenIy10 CllMMCTplllO a11on11b)X OKOII BHYTPH a11on11oro 

1jma11ua. 3TO 11pI1BCJIO K nepHOJlH'lCCKIIM KOJJC6amrnM 3HCpren1•IeCKOro IIOTOK3 

E/0,<p) B 33BllCHMOCTII OT IIOJJllpHoro yrna <p(c aMIIJlHTynoii nopllnKa I - 4%) BOKpyr 

IICKOTOpblX cpen111Ix 3H3'ICH!lll (CBOHX n1rn KalKnoro yrna 0), 6mnKIIX K 

npllBC)ICIIHblM B Ta6JJ. I. 

Ta6nuua I 

0 V=200 KB, MOIUHOCTb V=700 KB, MOIUHOCTb 

R=20 CM, no3hl, R=60cM, no3bl, 

Et , M3B/c CM
2 panic Et , M3B/c CM

2 panic 

100° 4,57 10'
1 

18,28 0,883 JOY 3,53 

110° 3,)2 JOY 12,77 0,585 10'
1 

2,34 

120° 2,07 JOY 8,28 0,364 JOY 1,46 

B npennoJJOlKCHilll, '!TO BCC H3JJY<JCHHC nornoIuaeTCll B Kopnyc ycKopHTCJlll, 

MO)l(IIO OUCHHTb cpcnmoIO MOIUHOCTb nmb) 06J1y'le111rn. 0'ICBHnHo, 3TO 6yJ-lCT 

oueHKOll "cBepxy" )_\Jlll JTOII BCJlH'IHllbl. HanpHMep, )]Jill 0 = 110° JI 3Hepnm 

3JlCKTp0110B 200 K3B IIOJJY<JaCM MOIUHOCTb )]03bl 12, 77 panic ( CM. Ta6JJ. I) npH 

TOJlUlHHC CTCIIKH KOpnyca li.R = 2 CM H IIJJOTHOCTH KOMII03HUHOHH0-110JllIMep11oro 

MaTep11a11a' (KnM) p 1' 1111 = 2 r/cM'. 
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Ha caMOM nene, KOHeqHo, He Bee TOpMOJHOe Y-HJJiyqeHHe nornomaeTCll. 

HanpHMep, nnll y-mnyqeHHll c 3Heprnefi nopllnKa Er "" 150 K3B nomme ceqeHHe 

paBHlleTCll: 0, 135 CM2/r [2]. Torna )KCnoHeHUHaJibHblll cpaKTOp JaTyxamrn npH 
npOXO)KneHHH TOJIWHHbl 1'1.R = 2 CM 6yneT "" 0,58. TTpH )HeprnllX nopllnKa 

Er ""500 + 700 K3B nonHoe ceqeHHe paBHlleTCll 0,079 cM2/r H coorneTCTB)'IOWHH 

cpaKTOp JaTyxaHHll 6yneT ""0,73. 
XapaKTepHall nornmuemrnll nma Ja IO neT nnll ycKopttTeJill 200 K3B, 30 KBT 

6yneT nopllnKa (4+5) 109 pan. Jl,Jill BblllCHeHHll BOJMO)KHOCTH pa60Tbl ycKOpHTeJill Ha 
nJIHTeJihHblll cpoK (nopllnKa 10 - 30 JieT) neo6xonHMO npoBeCTH HCnbITal!Hll KTTM 
npu noJax o6nyqeHHll no 109 + 1010 pan H BblllCHHTb BOJMO)KHbJe HJMeHel!Hll 
MeXaHuqecKHX H )JieKTPHqecKHX CBOHCTB MaTepuana. 
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PyKonHCh noc-rynHJia B lf3)1aTeJihCKHH OT/leJI 

I 6 11eKa6p11 I 999 ro11a. 
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PycKOB T. II np. 
OueHKa pan11auIIoHHoii HarpyJKII OT rnpM03Hor6 II3JlyqeHllll, 
COilYTCTB)'IOIUero 3JieKTpOHHOMY nyqKy 
B 3JieKTpOHHO-JiyqeBbIX TeXHOJIOfllllX 

P9-99-331 

B pa6oTe npoBe}leHa 'IIICJieHHall: oueHKa panIIaUIIOHHOH Harpy3KII B KOpnyce 
ycKOpIITemI OT TOpM03HOfO II3JlyqeHml, COUYTCTB)'IOIUefO 3JieKTpOHHOMy nyqKy, 
Ha npIIMepe npOTOTIIna MHoronyqKOBOfO ycKOpIITeJI51 C 3Heprneii 3JieKTpOHOB 
200 K3B II P = 30 KBT. Ta10Ke npoBe}leHa oueHKa II JlJl5l npoTOTIIna c 3Heprneii 
700 K3B II P = 300 KBT. TioKa3aHo, 'ITO xapaKTe<fHal! nornomeHHal! nOJa 3a 10 neT 
pa60Thl ycKOpHTeJI51 6yneT nop51JlKa ( 4 + 5) . 10 pan. )],n51 BhIBCHeHII51 B03MO)KH0-

CTII pa60Tbl ycKopIITeJI51 Ha }lJIIITeJihHhlH cpoK (10 - 30 JieT) Heo6XOJlIIMO npoBeCTII 
IICilbITaHllll KOMil03IIUIIOHHO-UOJIIIMepHOfO MaTepIIana KOpnyca ycKOpIITeJI51 npII 
}l03aX o6nyqeHII51 no 109 + 1010 pan II BblllCHIITh B03MO)l(Hb!e II3MeHeHII51 MexaHII
qeCKIIX II 3JieKTpIItJeCKIIX CBOHCTB MaTepIIana. 

Pa6orn BhmonneHa B Jia6oparnpIIII 4JII3IIKII tJaCTIIU Ol15H1. 

Coo6mett11e O61,emrnemmro IIHCTHTyra ll/lepHbIX IICCJie)IOBaHIIH. )ly6Ha, 1999 

ITepeBon aBrnpoB 

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

P9-99-331 

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 keV and P = 30 kW. An estima
tion of the radiation dose is also performed for the prototype accelerator with ener
gy 700 keV and P = 300 kW. It is shown that the characteristic radiation dose for 
IO years is about ( 4 + 5) • I 09 rad. Thus, it is desirable to test the composite poly-

mer material of the accelerator corpµs 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, 
JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1999 


