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B B e ;zt e H H e 

B cTane, noc:em11euaott 6y;ztyw.e11.y uayKH ( I J , aKa;zteMMK M .A.Map1to:e, 

IlO;ztBO;ztH HTOI'H pa3BHTHH MHKpO~H3HKH, OTMeqan,qro, Hapn;zty C uenpepHB

HWI paa~HTHeM ~H3HKH Jll,ICOKHX 3HeprHll, paa:en:eaeTCH ~3HK8. nyqKOB OTHO

CHTeJil>IO BH3KHX a11eprd, HO BHCOKMX HHT6HCHBHOCTett. Ilpnqew: 11B OXJIH

qze OT ~3HKII BHCOKMX .aueprHi, Jiaaepme JiyqH, CJ!Jll,HO:J:Oqeue ::JJieKTpoH

BHe, npOTOBBHe ycKOpm:eJIH - MeSOBBHe i.l)a6pHKH - HM6DT n~~XH 6ecnpe;zteJ11>

BH8 ll03MOEHOCTH npaw.r:necKHx npJIMeHCHHll ll TeXHJ!Ke., ll Me;ztHLU!He, B Ha

pO;ztHOll xoaattcne". 

O;ztHHll HS Hanpa:eJieHHll B T6XBHKe noJiyqeHHH HHT6BCHllHHX 3JieK:rpon

HWC nyqKOB B MeraaJieK:rpoH-BOJll,THOll ;ztHanasoee aaeprHtt HBJIH6TCR coa;zta

HHe CHJ!l>HOTOqHHX JIHHellHHX HH;ztYKIU10BBHX ycKOpHTeJiett (~MY). Ilep:eue ye-
• 

KOpHTeJIH 8TOI'O THna 6HJIH sanyw.eBH B cepe;ztHHe meCTH;zteCRTHX ro;ztOB B 

ClllA H CCCP B CBH8H C HCCJl6;zt0B8HHHIIH B 06JiaCTH ynpa:eJIReMOI'O TepllOH;ztep

HOI'O CHHresa H KonneKTHBHOI'O MeTO;zta ycxopeHua131.3KcnnyaraUHH nep:ewc 

yCKOpHTeJiett noKasaJia, qTO :eec1,ua npOCTOtt MeTO;zt ycKOpeHHR, npHMeBeHHHtt 

B BHX, Il03BOJIHDDJ,Hll npH KOaipiiHUHeBTe noJieSHOI'O ;zteHCXBHR B ;zteCRTKH npo

U.CHTOB noJiyqaTl, peJIHTHBHCXCKHe llytlKH aJieKTpOHOB B COTHH H XHCHqH aM

nep, aanaerca nepcneKTHBHHM. B aroa caasH B nocne;ztYDll!He ro;ztu 

KaK B CCCP, raK H 

coopyxeHHD YCKOPHTenea 

38 pyOexoM, npOBO;ztHTCH paOOTli no 

aroro THna /JI. O;ztHOBpeueHHO pas-

paoaru:eaerca HX reopna, :ee;ztyrca aKcnepHMeHran1,aue Hccne

;zto:eanHR, co:eepmeHCTByeTCH KOHCtpyKUHR.-B.pesyn1,:raTe cqiopMHpOB8Jl8Cl, 

IIOB8H 06JI8CTl> yCKOPHT6Jll,HOll TeXHHKH [2 ,3) • IlpHHU.Hil ;ztellCTBHR J10Y OT

HOCHX~!l,80 npOCT H aaKJ.UOqaeTCH ll TOM, qTo npH HaMeHeHHH M8I'HHXHOro 

IlOTOK8. B TOpOH;zt8Jll,HOM cep;zteqHJIKe B COOTBeTCTBHH C npHHU.HilOM 8Jl6KTpo

M8rHHTHOtt HH;ztYKU.liH B03HHKB~T ::JJieKTpHqecKOe none, KOTOpoe 110:a:eT 6un 

HCilOJll,~OBSBO ;ztJIH yCKOpeBHR sapHllCeHHllX qacTHU., puc.I. IlocJie;zto:eaTeJil>Bllll 

PM HS :raKHX.XO~OH;ztSJll>HHX aJielleHTOB (HH;ztyKTopo:e) o6paayeT TaK H83ll

:aaeuyJl HH;ztYKU.HOHHYD cicTeuy, npK ;ztocTa:roqao 60J11>moli npOTRJJteeeocTH 
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KOTopoa noJJe Ha OCH Eo onpe,neJJHeTCfi BblpaJK~HlleM 

E0 = - ( IV/df} F oB/ot (I) 

wm·-
Eo =·-.Nu,/,;(,, (2) 

r,ne IV - tt11cJJo cep.z(ettHHKOB, , F - cettett11e o,nuoro ·cepiett-

H11Ka, /3 - cpe,nuee no ceqeu~ro aaaqemie 1rn,nyKu1111 B cep.netttt1.rne, 

u, - np~Kiia;1urnae1,1oe K nepBll~HOll 06MOTKe Hartp~iitea11e, -~ - ;ziJrirna 

Cl1CTeMl1, ··aB/<3t - CKOpOC;!, H3MeHeBHH llH.cyKl.(1111 B cep,neqHl1Ke. 

JJerKO Bl1;!16U, qTo yBeJI11qeH11e 3Hepr1111.nyqKa ;!IOCTllraeTCH npOCT!11l 

Hapal!U1B8HH6M-,llHCJJa • ilH.ZIYKTOpOB, a ycKOpHIO!llee ll0J!6· pacnpe.neJJeHO B,ZlOJI!, 

ClfCTeMbl llO,Z(OOHO TOMy, KaK 3TO 11M6eT MeCTO B .. · peaoHaHCHl1:X BOJIHOBO,ZIHHX 

ycKOpHT6Jlf!X. 8TO Bl1,rO,nHO. OTJJHqaeT yc~op11TeJJ11. THI!a JI.MY. OT ,npyrnx Tp8HC

qJOpMaTOpH!1X ycKop11TeJJell. XOTH npllHL\1111, ,neilCTBlfff .JiID' OTHOCHTeJI!,80 l1 

npOCT, paapa60TK8 11-C03,Zl8HHe yCKOp11TeJ1eit, Y.liOBJieTBOpf!IOIL,llX npe,Zli>f!BJlli

eMbIM K HUM Tpe60B8HHHM, ll0Tpe60B8JJO. pemeHHH KOMllJl6KC8 BOllpOCOB Teope:

T11qecKoro, 3KCIIepHM6HTa/l!,HOro l1 TeXHOJJOr11qecKoro ~apaKTepa. Pa~OTH, 

Bb!IlOJIHeHmrn B· 3TOii CB/1311. B fUH131>A HM. Jl.B.EqipeMoBa 1111qHO 8BTOpOM HJIH 

IlOJl ero pyKOBO,ZlCTBOM, JJerJrn B OCHOBY H8CTOHl!leii .lll1CcepT8l\HH. 

I'JJaBa I. 11MnyJJ1,cuoe nepeuaruHq11Bae11e cep,neqeHKOB 

HH.cyKll_HOHHOii CRC Tew. 

B nepBOM npH6JllrllKeHH.H HH.l{YKI.\HOHHY.kl Cl1CT8illY 110.lltHO npe,ZlCT8BHU B 
-· . 

n11,ne noCJJe.l{OBaTeJJl>HQro pR;zta o.nuoBHTKOBHX 11unymcirai· Tpaacif)clpua:ropon. 

0)lHaKo yxe B npouecce paapadoTKH nepBHX ycKop11Te11en·d11110 BH/IBJietto, 

llTO npH11eHeHH8 TeOpHH HMilYJJl>CBHX TpaacqiopMaTOpOB K pacqeTy 11H.cyKIUI-
. . 

OHHOll CHCTellH .naeT aey.noBJJeTBOpHTeJl!,HHe peayJJl>T8TH. AH8JIH3 noxaaaJI, 

qTo B aauoceeyu.nuo1,1 .n11anaaoae .l{JIHTeJJ1,aocTell 1111nyJJ1,ca, xapaKTepaow .l{Jlli 
. . . 

JJID', H npH l1CilOJl!,30B8HHH JJeHTH·H~ warHHTOWirKHX CJIJl8BOB C ITIIr TOJJIIUII-

HOll (IO~ 20) IIIQ(, llTO o6yCJJOBJleHO CTpeoeeHell Hile~!, ;ztOCT8TOqao BHCOKd 
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K.n.,n., npH H311eHeHHH warHHTHOXO noTOKa npoaBJlfiBTCH .nellCTIDlB He TOJ!b

KO BmcpeBHX TOKOB, HOH warHHTHOil BH3KOC~H, a HH.nYKTHBBBH COCTBBlU!D

~aH TOKa OTHOCHTBJ!bHO MBJJa. IlocJJe,naee cnpaBe.l{JJHBO H npl! l!Cll0JID30BB

HHH warHl!TOMHrKl!X cpeppHTOB. B 3TOll CBH3H npe,nnoxeuo .l{JIH pacqera HH

.nyKUBOBHOll CHCTellli HCil0Jlb80B8TD reopmo HMnyJJDCBOro nepewarunqHBBHHH, 

p83BHTyJl ,Z(JIH warepHBJJOB C nnr B CBH3H C HCil0Jlb30BBHHBM rue 'AJIH MarHHT

llliX 3JIOMeBTOB BHlDICJIHTeJlbBOll TeXHHKlt. B 3TOM CJIYqae neiewarHHqHBBHHe 

cep,neqBBKa HS qieppowarHBTHKa·C nnr C yqeTOM BHJCpeBHX TOKOB H warHHT

uon BHSKOCTH onHChlBBBTCH ypaBHBHHeM 

}-/(t}= J-/0 -r ~(B}d~/e-lt, (3) 

r;!l;e I-/ ( t) - warHHTHOe none ea noBepxHOCTH (J1eppowarHeT:1111ta, 

f-/
0 

- nocroHHHBH BeJrnqaHa, anaqeHHe KOropon aaBHCl!T ,maBHIDI 

o6paaoM,oT wapKH warepnana 11
1
B we~men cTeneH111or TOJJl!l,HHH neHTH cllJ!a

Ba I! ipopllli HMnYJ!bCS TOKa; 

9(B)==-(05 2 /8B'l,)(8(t)+ 8i)+['l.,.,(t-B
2

<0!B;JJ:
1 

(4) 

r.ne B't, Bs - ocraT04HBH HH.l\.YKUHH H HH'AYKUHH uacs~eHHH, 

0 - TOJlll\HHa JIB HT bl' HaMOT8HHOll Ha cep,n;eqHHK, ' 

6 - 8Jl8KTpOnpoBO'AHOCTD qeppowarHBTHKB, 

Z,,,- nocTOHHHSH, 38BHCHll\8H OT wapKH warepaana H MMBD

Jll8.H paawepH_OClrb 011/w. IlepBhlll qJieH B npaBoil qacrH (4) xapaKTepHayeT 
,:'··· 

;!!;ellCTBHe BHXpeBHX TOKOB, ,Z(JIH ~eppHTOB OH paBeH ayJID. Bropoil 'l'JleH o6y-

CJJOBJJeB warHHTHOll BH3KOCTDD H HMBeT wecTO KBK .l{JJH lj)eppHTOB, TBK H ;zr)IH 

MBTBJIJIHqecKIIX cpeppowarHBTHKOB. 

IlpOHHTerpHpOBSB (8) no Bpe»eHH, nonyqaew 
t /3(eJ 

j [H(t) - f-1.]cit = j ~( B)dB . 
0 13,.,~,,. 

(5) 
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HHTerpaJI B JleBott qaCTH paBeHCTBa H83NBaeTCH HMllYJlhCOM no~, H llpH 

llOJIHOM nepeuaraHqHBBHHH ero aaaqeHHe Be 38BHCHT OT AJIHTellhHOCTH H 

qiopuu nepeMaraHqHBBJOlliero TO.Ka. HMnynhc llOJIH llpH llOJIHOM nepeMarHllllH

B8BHH H83NBBeTcH R031P,PH!UieHTOM nepeKJiroqeHHH H npe'ACTBBJIHeT co6ott RO

JIHqecTBO 3Jl8RTpHqeCTBa, OTaeceaaoe R eAHHHl.\e AJIH!il,I 

06XO~HMoe 'AJIH ero llOliHOro nepeMaraHqllBBHHH. 

BOAHT R BNPBllCeHHro 'AJIH HMllyJU,ca llOJIH 

cep'Aeqaxxa Hae

HHTerp.11poBaaHe (5) llpH-

Q1 {t}:: /~::{E,(t) -t BtJ2+ f~ [an,c-t/i,(BdBs)+MC-t/z.(8(1)/B.sJl (6) 

IlpOBeAeHHNM 8HaJIH3 nepeMaranq1rnaa.11.1I llOR83NBBeT, qr"o 

l.\lrn AOJIJJCHO HMeTh uecTo B HHTepBaJie - Bt-~ B ~ 82. 
(6) MOllCHO llPHBeCTH R 6onee npocxouy BRAY 

Haueaeane HHAYR-

, H BNpBllCeane 

Q3 (t) == (8t(5a
2
/1t)A

2
-t-(2Bsl2.h>) cv-z.e. M(B'l.lB.sJ-)_J (7) 

rAe i\ = 118/ 2 B _, , np.11t1eM 'ripe'AllOliaraeTcn, llTO 

8 (t)+ B~ 8{i)+8t 
2 B -i. ~ t? Bs 

IlpH ;, = I .113 (6) CJleAyeT 

Sw == Swe + Swo J 
(8) 

rAe S,,,e- cocTaBMIOl!iB.II 

AettcTBHeM BHXpeBblX TOROB, a 

Hott B.II3ROCTJ!:. 

R034$11.\HeHTa nepeKJimt1eHH.1I, O6ycn0Meaaa.1I 

Sw0 - 06ycli0Bneaaa.1I AettcTBHeM uaranT-

IlpH /\ <. I 

QJ { A) = Swe '1
4
+ SwfJ A. • (9) 

OcsOBHNe BNBOAN TeOpHH llOATBepJJCAeHH 3KCllepHMeHT8Jll,ffNMH peayJih

T8TaMH, llORytleHHH.1(,11 npH HCCJle'AOBaHHH cep'AeqHHROB,H3rOTOBneHHllX H3 nea-
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TH K8rBBTOKHrKHX CllJl8BOB TOJIIIUIIBOlt IO; 20 MKll C npHKeaeaneK 38BOA

CKOlt TexaonOI'HB [4,5,6]. HccJieAOB8BIDJ 6bl~ llOABeprByTH cepAeqeaKB 

H3 Tpex rpynn CIIJ18BOB. IlepB8H rpynna - 3TO CUJl8BH 79HM, 80HXC, 76HXJl, 
KOTOpHe HKeDr 11e;zcrKUHD aacW!leBJlll 83 <. I T , a KO a pl.\HTHBayJO cMy 

He < 6 A /K; BTOpaa rpynna - cnnaBH 50Hil, 65HII, 34HKMII, 50HXC, 

KoropHe Hem BB:ztYKI.\HD aacHlli8HIUI B s = (I,O¼ I,5) T H K03pl.\HTBB

ilyio cHJiy He = (6¼ 20) A/K; rpeua rpyIU18. - cru1aBH aa xeneaoK06anh

TOBOlt ocaoBe, o6n&A8DlllHe BHCOK_Olt HBAYKIUlelt aacHIIl8BHH Bs-::·2 ,4 T H 

npHKoyronheolt nernelt n1crepeanca nocne cnel.\Halll>eoro orxHra B uaraHT

aou none. HCCJl6A0B8BH6 np0B0AJIJIOCD C llOKOIIU,D Cllel.\H8JIDHO paapa6oraa

aoro X H3rDTOBJl6BHOro BHCOKOBOJlhTBOro reeeparopa npHKoyroJihBHX HK

nyJILCOB c ~HreJILHOCTLD 150,250,500 aceK/5,61.rrpoBeAeHHblB 8H8JIH3 

aKcnepHueat.anl,HHX xapaKrepHCTHK H reoperHqecKHX BHpaxeaxn B coqera

HHH C A8HHHMH O CTOHMOC?H neHTbl H ocodeHHOCTHMH rexaonorHH O?ZHra 

no1taaaJI,qro H3 paCCMOTpeHHblX uarepHWIOB B nHY I.\BJ!ecoodpa3HO HCilOJli30-

Bau 79HY B cnadblX ll0JIHX,50l!IT B cpeAHHX H 49K<P2 B CHJILHWX,B cnyqae, 

KOrAa ?pedyercH yueHhIDHTh radapHTbl ycraHOBKH.Ilonyqeao YAOBJle?BOpH

TeJILHOe cornacHe reOpHH C 3KcnepHMeH?OM ~H cepAB'IHHKOB H3 Bcex HC

CJleAOBaHHblX cnnaBOB.IlOCKOJILKY pactJeT xapaKTepHCTHK Ha qacrHOM nHKJIB 

nepeMarHH'IHB8HHH 38TPYAHHTenea,nonytJeHbl ceueHCTBa xapaxrepHCTHK Ha 

qacrHHX IUIKJ!ax nepeuarHH'IHBaHHH,odnerqalllIIHe onTHKH3alll!D ycKOPHTeJIH 

no rpe6yeuouy napauerpy.IIonyqeHHHe axcnepHwearaJILawe xapaxrepxcrHKH 

~aJIH B03MOllHOCTL onpeAeJIH?h YAeJILHHe norepH aaeprHH npH nepeKarHH'IH

BaHHH, BenHqB.!a xoropHX xopomo cornacyerc11 ·c 0reoper11qec.KHMH, BH'IHC

neaawm: H3 ypaBHeHHH 

W,.. = 2 Bs I-lo ti+ E:s (Swo 1')2.-t S...-e Jil}. (IO) 

3AeCT, w"' - YABJlhBble norepH, a I-lo = I-le + I-/ p , l',ll8 f/p - paa

M8T JH'IHB8D~ee none. Bro~olt qneB B npaBoll tJacTH xapaKTepuayeT ,lUIH8MH

.ecKHe notepH,· o6yCJIOBJIBBBble uarHHTHOll BH3KOCThD H BHXpeBHMH TOK8KH. 
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1, 

Hapa,l(Y co CilJl8B8MH IlOABeprJIHCh HCCJieAOBaamo MaraHTOMar:iwe uapraaeu

l.\HHKOBlle H HHKeJihl.\HHKOBlle cJiePPHTbl [ 6 '7] • l1cc;reAOB8HHH npOBOAHRHCh 

aa TOM Ee reaepaTope npH MHTeJihHOCTH HMny;rhca npruioyronhaoro aanpa

JJCeHHH I50, 250, 500 HCeK. B OTJIH'Hie OT CilJI8BOB c rm½ y cJiePPHTOB npH

pameHHe HffAYKl.\HH IlpH nepeuara~tmB8HHH cymecTBeaao 88BHCHT OT BeJIHqH

Hll paauaraHqHBaJOmero no;ra. Il03TOMy HCCJieAOB8HHH BblilOJIHeHbl IlpH PH,IJ;e 

aaaqeHHll paauaranqnBaJO~ero nona. AaanHa no;ryqealll,lx xapaKTepHCTHK no

Ka3blBBeT, qTo y HHKBJihl.\HHKOBl,!X cJieppHTOB yBeJIHqeaHe paaMaranqHBruomero 

no;ra aa IlOPHAOK IlpHBOAHT K aaaqHTeJihHOMy YBeJIHqeHHJO npnpameHHH HH,l(YK

l.\HH (AO 50%), a y Mapraael.ll.\HHKOBllX cJiePPHTOB npHpameHHe YBMHqHBaeTCH 

Ha I5t 20%. IlOBeAeHHe uapraHel.\l.\HHKOBUX \PElPPHTOB npH MunyJihCHOM nepe

MaraHqMB8HHM aaa;rorHqHo CilJI8B8M C rmr. B HMnynhCHOM MarHHTHOM no;re 

AO 400 A/v. y Mapraael.ll.\HHKOBWC cJiePPHTOB npHpameaHe HHAYKl.\HH AOCTHraeT 
0,5t 0,7 T 1 a y HHKeRDl.\HHKOBUX 0,It 0,4 T. 

Ha ocnoBamrn Teope:rniiecruix H :rncnepm,eH:ra;r1;,aHx ,IJ;aHH!iX onpe

,IJ;e;rea K.n.,IJ;. HH,lJ;YKl.\HOHHOil CHCTeM!l B 38BHCHM0CTH OT ,lJ;JIHTeJIJ;,HOCTH HM

nyJihca, 1r1apKH ~eppouaraeTH.Ka H·ToKa yc1topae1r1oro nyqKa, H ,IJ;aau pe1to

MeHABl.\HH no Bb!Ci_opy cJieppo1r1artteTMK8 B 38BHCHMOCTH OT TpeCiOBBHHll, npe,IJ;!&

HMH6MllX K YCKOpHTe;r10 [7] . IlpH T_OKaX nyqKa,MeHJ;,llll1x IO00 A, K.n • .11. 

coxpaaaeT ,lJ;OCT8TOqao BllCOKOe aaaqea»e, ecnH 'l' > I00 BCeK. IlpH TO

KaX xe nyqKa,CiOnhmHX rooo A' OH HMeeT BHCOIO!~ aaaqeHHH BO BCeM AHana
aoae MHTeJil>HOCTell HMilYRDCOB, xapaKTepHOM MH ]HY. 

CBOilCTBa ~eppov.arHeTHKOB B 38BHCHMOCTH OT ,lJ;JlHTeJIJ;,HOCTH HM11y;r1;,ca xa

P8KTepH3YJOTCH T8.Kl!:e BeJIHqHHOll Kaxymenca MarHHTH08 npOHHQaeuocrH 

LIB 
j"'k = ft. J"o /-/;, (II) 

r.11e p z - K03~Hl.\HeBT aano;raeHl!H cepAeqHJrna; MR cJieppHTO]l /!z. = I, 
ARH cnnaBOB - 0,7. 
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I'JlaBa n. ~PMHpOB8HHe Hllnynhca YCKOpHJOmero 
aanpHX6HMR 

IlpOBe,lJ;eHH06 HayqeHHe M8rHHTOllHrruDC ~eppowaraeTHKOB IlOK838JlO, 

qTo npH H31r18B6HHH warHHTBOrO noTOKa B (J:eppowarBHTBWC cep.11eqHHK8X HB-. 
AYKl.\HOBHOll CHcTewu ]HY BenHqHaa nepeuaraHqHBaiomero nona o6ycnoBneaa, 

rnaBHHM oeipaaow, ,lJ;eilCTBH6M BHXpeBWC TOKOB H warHHTHOfi BH3KOCTH, 8 

HH,1!YKTHBH0ll COCT8BnHJOmen MOllCHO npese6peqb. B~ne,lJ;CTBH6 aroro, npH pac

CMOTp6BHH 3KBHB8JieHTHQR cxeMH HffAYKU,HOHHOll CHCTelW cne,lJ;yeT OTKa38Th-

CH ox o6Hqaon cxeMu Hwnyncaoro Tpaec~pwaropa H afU4eHHr1;, q_ieppo-

»araHTBHll cepAeqHHK 3KBHBaneHTHHM aenHaeilBW conpOTHBneHHCM. Kp0M6 
~-

conpOTHBneHHR, B cxeuy HHAYKdHoaaon CHCTewu BXOAHT AHHaMHqecKaH ewKOCTh 

Mellt,ey o6woTKBMH, HHAYKTHBBocu pacceHHHH H reaepaTop TOKa ln ( t), 
xapaKTepHaynlll,Hll TOK nyqKa yCKOpH8Ml:IX qacTHU. 

~pyron qacThn ycKopruomett CHCTeMll HBRH6TCH ;wnynhCH8H ClllTe11a, 

B eMKOCTH ~pMHpy10mero AByxnonJOCHHK8 KOTOpOll B8R8IlRHBaeTCH aaeprHH 

B nayaax MellC,lJ;y paCioqHIJH HMilY~hC8MH H nepe,1laeTCR K HHAYKl.\HOHHOtt CHCTe

Me BO,Bpewa paeioqero Hlrlllynhca c no11omhn KOl.!MyTaTopa, npe,1lcTaBneaaoro 

Ha cxewe KJIJ0qo11 H HBAYKTHBBOCThD, BenHqHea KOTOpon MeHHeTCH BO Bpewe

BH. IlpeoCipaaoBaHlte ~pwll HMnynhca yc1topanmero aanpaxeaHH uollteT ocy

mecTBJIHThCH c nov.o~n cneuHaJJhHOro ycrpottcTBa. B oeimeu cnyqae pacqeT 

yCKOpruomett CHCT6Mli 1 BKJWqa»lllElil B ce6R JIHBellm,te H HCJIHHellHNe aneweHTli, 

aaKJinqaeTCR B TOM, qro6H po aa,lJ;aBHNM YCKOpHiomewy aanpHllCeHmo U ( t ), 
TOey nyqKa H aapH,1lHOlrly aanprui:eHH» U; onpe,lJ;eRHTt xapaKTepHCTHKH 

BCex ane1r1ear9B. B AHCC6pT8l.\HH npHBO,lJ;HTCH peaynhTaTH TeopeTHqecKHX H 

aRcnepHv.eaTai~awc pae5oT no onpeAeneamo xapaKTepHCTHK ane11earoB, npH

weaeaHe KOTOpllX B03M0llCHO B YCKOPHJO~en CIDTe11e no ypOBHID pa6oqero ea

npHXeHHR, MO~HOCTH H APYI'ilM napa11eTp8M B ycnOBHRX pa60TH, xapaKTep

Hl:IX AJIH nHY. Ilonyqeal!l,le AaHHlie ,1l8IDT B08MOlltHOcrh,H6 pemaH aa,lJ;aqy CHB

Teaa B nonHOM o6~ewe, COCT8BH'l'h cxeuy yCKOpHIDmeil CHCT8lrlll B nepBOK npH-

6nueHHH H "AoBeCTH" ee aaTeu AO Tpeeiyeuwc napaweTpOB aKcnepmiearanhao, 
9 



Ha MaKeTe.IloJiy4eHLI BLl~llteHHJI,,11aDm11e B03MOlltHOCTJ,,Oilpe,11eJIHTb HH.ztYKTHB

HOCTb pacceJIHHJI H ,1lHHaMH4eCKYD eMKOCTb Mellt.ztY 00MOTKa1!H B 3aBHCHMOCTli 

OT aapnaHTa KOHCTpJKUHli HH.ztYKUliOHHOH CliCTew,n,Ha OCHOBe aHaJin3a BLl

pallteHlrtt, ccpopuynnp'oBaHLI peKOMeH.ztai:urn no BL!Oopy BapnaHTOB liH.ztYKUHOHHO!l 

cncTeM!l ,11nS1 3a,11anHHx· napaiieTpoB 11Mnynca TOKa ycxopJietioro nyq1,al8I. 

IloKa3aHO '· B 4aCTHOCTH, 4TO nanMeHbume 3Ha4eHnSI cocrannan;. 

mnx cppOHTa. HMIIYJibCa ycKopmomeHO HanpJillteHHJI, oOycJIOBJieH-

HLIX HaJIH4HeM . .ztn»BJ.inqecKOH eMKOCTli n HH,llyKTHBHOCTH pacceJIHHJI 

B co6CTB8HHO liH.lzyKl,\l10HHOtt CliCTeMe l1 ycKOpRTeJl1,HOil Tpy6Ke, HMelOT Mee

TO, ecJiH BapnaHT ;KOHCTpyxuirn COOTBeTCTByeT BeJlli'tJHHe 3KBHB8JieHTHOro 

conpoTHBJieHHH Hil,eyKTopa, onpe,11ei111euoro aa qipottre mmym,ca. · Paapada

TL!BaeMue B Hl/11/ld~A HM • .l\.B.EqipeMOBa Jll/lY npe,llH83H8'tleHI,[ ,1!Jlff• padOTLI npH 

48CTOT8.X Il
0

0BTOpemrn B ,ll8CJITltH liMII/CeK/22 
t 
24 ' 27 /. TpeOOBaHHl!l ltOMMyTH

pOBaTb 3HeprnD C TaKO!l qacTOTOll IIOBTOp8HliJI MOryr y,llOBJl8TBOpiITb liM

llYJibCHlle Bo,11opo,11nue :r:nparpom,. 0,11na1to cepnfiHue np110op11 paapaOoTam,1 

,llJIJI MHKpoceKyH,11Horo ,11narra30Ha!¥ 11CllOJIJ,30BaHne HX B HaHoceKyH,1lHOM ,llHa

naaoHe B yCJIOBl1JIX,KOr,11a BpeMJI KOMMyTaUnH r11parp0Ha COl13Mep11uo C ,llJIH

reJibHOCTbD 11Mllyn1,ca,a cpe,11Hee 3Haqenne KOMMyrnpyeuoro roxa uen1,me ,110 

nyCTliMOro,noTpeOoBaJIO 3Kcnep11MeHTaJibHOro HCCRe,110BaHHH,pe3yn1,raTH KO

Tciporo npnae,11eHI,[ B ,11nccepTa1.1nn.Jlanee, B pe3yJibTare ana;maa a1tcnepn

MeHraJibHLIX ,ll811HLIX llOKa3aHo, 4TO llPH ,D;JI11TeJib!IOCTH HMIJYJibca'f> IOO HceK 

Moryr OL!Tb IJOJIY40HLI HMllYJibCH HarrpJilKOHHJI TpeOyeMott cpop.Llll rrpn HCI10Jlb-

30BaHHH HMIIYJibCHOro BO,llOpO,llHOrO rnpaTpoHa H H80,1lHOpo,nHOll cpOp.MMpymell 

JIHHHH,B KOTOpott HCI10Jlb3YlllTCJI OyMarorrneH04HHe KOH,1l8HCaTOpH.Ilpn ,1lJIH-
. . r.-

TOJlbHOCTH HMllYJibCa !., < IOO HCeK uenecoo0pa3HO rrp11MeHJITJ, pa3pJI,1l eu-

KOCTli H npeoOpa30Biilrne llOJiytiaeuoro rrpn 3TOM HMllYJibCa C llOM01!1bD crre..: 

l.lH8JIJ,HOro rrpeoOpa30BaT8JIJI.BKaqecTBe llOCJie,nnero MOXeT OL!Tb HCIJOJIJ,30- · 

BaHO ycTpO!lCTBo,npe,11cTaBJIJil!l1I18e cooon K08KCl1&JlbHYD JlHHHD,HarpyxeHHYD: 

cpeppouarHHTHHM11 cep,11e4HHKaMH H3 MaTepnana C rrrrr·n BKJIDll8HHYD rrocne

,llOBaTeJibHO C liH,llYKI.IHOHHOtt CHCTeMott.KoMOHHal.\HJI .zlBYX llOCJie,noBaTeJibHLIX 

cpeppouarHHTHLIX Cl1CT8M nueer S -o0pa3HYD xapaKTepHCTHKY rrpeoOpa30Ba-
lO 

HHJI,rrpn KOTOpOtt KOJIOKOJI000pa3HHH HMllYJibC rrpeoOpa3yeTCJI B llpJIMOyroJib

HHR ueHbmen ,nJIHT8JlbHOCTH.HCCJI8,llOBaHliJI rroKa3aJIH,4TO B TaKoll cncTeMe 

.ztOCTHraeTCJI' H3MeHeHne cpopMH liLUIYJlbCa ycKOPJIDIItero narrpJIX8HHJI nyreu 

li3MeHeHHJI COOTHOmeHHJI ,llHaM8TpOB cep,1!84HHKOB HH,lzyKUHOHHOll cncTeMll H 

npeoOpa30B8T8JIJI, H B8JIH4HHH pa3MarHH4HBal!lIItliX TOKOB. 

PaccworpeHhl BapnaHT°bl 111.mym,caott CHCT6Mbl C HCllOJU,30B8Hli814 Jll1HHti 

C pacnpe,11eJieHHbIIIH napa1rnrpaMH npn ,1lJIHT6]1bHOCTH rumym,ca f{"" IOO HCCK 

[91 . 

rnaBa lli. CBH3D B6JlH'tJHHLI H qiopMLI 3JleKTpHlleCKOrO 
llOJlff C KOHCTPYKL\Heii H paaMepaMH HH,llyK-

1,\l!OHHOti CHCT6Mbl 

PemeHHe BOnpoca O B6JIH'tJHHe H q_iopue 3JleKTPH'll8CKJ!IX IJOJieh B 06J1aC

TH ycKopeHHff HHAYKL\HOHHOli CHCT6Mll He06X0,1lHM0 ,llJIH BhlffBJleHHH CHJI, B03-

,11etiCTBYIOlli,IDC H8 ycKOpHet.!Llil ny'l!OK aapRllteHHblX 'l!aCTHL\, a TaKlKe noiryqeHHH 

,1l8HHblX, ll03BOJlaD11UDC pemHTD BOllpOC O B8pHaHTe KOHCTPYKUHH B 38BHCHMOC

Tl! OT rpe60B8HHll K ycKOpl!TeJIJO. Iloi1ylleHH pemeHHff ,1!Jlff BmcpeBoro ::JJreKTpli

'l!eCKOrO IlOJlfl B HBHOOJiee noKS pacnpocrpaHettHOii ceKUHOHHpOB8HH0ll cncre

M6 [ IO ,II) • BapH8HT014 ceKL\HOHHPOB8H.HOii HH.ztYKUHOHHOtl. CHCTeMll ffBJlffeT

Cff 6ecTpy60'l!B8H KOHCTPYKL\Hff [12]. IlpH BHB0,116 ypaBH8HHli ,1!Jlff ::JJieKTpH

t.1eCKOrO IJOJ!ff l!CX0,1lHM li3 ypaBHeHHii MaKCBeJIJI8 H noJiaraeM, llTO noCKOJIDlty 

B H8HOCeKyH,1lHOM ,11nana3oue 

/'1 1 E/~ c?j/lEI; 

, .. •'"• ?J 2 f ;, 2 -

I c}I atzl ~ Crc) /El_, 

zE- -M az.f/at2 TO V >'? E./ 11 ci1e,110BaTellbHO, aJieKrpn'l!ecKoe , 
BrucpeBoe none rro,11t.1HllffeTCH ypaBHettn10 Jrnnnaca 

V.2.£ =-0. II. 
(12) 



Pemeane ypaBH6Hlle (I2) npn rpattnqai.x YCJIOBHHX, COOTB6TCTBJlO!!UlX Ba

pnaHTy llHAYKllJ'IOHHOH CHCT6Mbl, B KOTOpott aaaop M6lltAY llHAYKTOpaMn s, 
MHoro M6Hhlli6 mara CHCT6Mbl 5 , npHBO.l(HT K BblpallteHHflM ,l(JIH OCeBOtt 

ll p~naJihHOtt COCTaBMJO!LIDC Hanpm!eHHOCTH BHxpeBoro 3JieKrpnqecKoro nOJIH: 

E =VE, [l+f Enf0 (n2.n/S) ~(n-2.17'7/S)]· r a. , ,{; , 
(I3) 

Ei,=-Jt_ i [En LrnE.,n/S) S/n(l?t?.77,ZJSJ), (I4) 

r.ne En= (- 1r(~ /J"l)ll/~(ntlJ/C) s;.,, (n07/2) /L(n2.?a./S), 

a. - BHyrpeemitt p~.11yc ,meKTPOAOB rpy6KH, V =~IS , Ea.. =VIS 
J0 n I, - 140AHWHl\HPOBattHble (I)yHKI.\HH BecceJIH nepiloro po.na ayJJeBoro 

H nepBOro IlOPHAKOB. 

B AHCCepTal.\HH npOBeAeH aaaJIH3 noJiyqeHHNX wpallteHHH li AaJOTCH 

peKOMeHAal.\Hll no Bb16opy paaMepOB HHAYKL\HOHHOtt CllCTeMbl B 3aBHCHMOCTH 

OT Tpe6oBaHHH, npeA~HBJIHeMblX K (I)opMe IlOJIH. B qacTHOCTH, noraaaao, qro 

cnJiott, o6ycJioBJieHHOil paAHaJibHOil cocraBJU110mett BHXpeBoro noJia, MOJ!tHO 

npette6peqh no cpaBHeHHID C C.l!JIOH, o6yCJIOBJI8HHOH C06CTBeHHbW aapHAOM 

nyqKa, ecJrn { a,/ S')>2, S . 

PemeHHe ypaBHeHHH (I2) .ztnH Bapnaaxa HHAYKl.l,lfOHHOH CHCT814bl, npH 

KOTOpOM tf ';::; I H t ~ a,/ C. , IlpHBOAHT K BNpal!(eHHHll: 

,,,, 
f 'I= tfEo.. [1-2. En Io (n?,;z/s}-~(n2.17,c/SJJ · 

~ f ~ 
(IS) 

f 't.-:. -r!Ea.f[E,, I, (112.17i/$) · S,;, (nf?.J7.? / s)J. (IG) 

YpaBHeHHH (IS), (I6) aeaJiorffqHbl (I3), (I4), ao ecJIH .1(JIH nepBoro Ba

pHaHTa 
1
;12 < U < 1/4, To .1(JIH BToporo-0,9 < V< 0,98 .11,cooTBeT

crBeaeo, aeaqeHHe Er npHMepHO Ha IlOPHAOK MeHhllie • T.o, eCJIH OAHOpoA

HOCTh IlOJIH B nepBOM BapHaHTe B OOJJaCTH, 3aHHMaeuoil nyqKOM, 

He xy:zce IJ npH(a/ 5}> 2, TO BO BTOpou-ara llte 0,i:lHOPOAHOCU 

AOCTHraeTCfi npH (a,; S)> I ,3. Ho,nOCICOJlhKy (zr,P/a)z I ,3 .lVIH nepBoro 

12 

.. 

,, 

BapHattTa H(lrp/a)~ 2-=- 8-AJIH noporo, TO paAHaJJhHble paaMepbl HHAYKIJJ'I

OHHOit cncre1m B o6oHx, CJiyqaHX npHMepHO O,l(HHaKOBU. IlpH HCnOJ!h30BaHHH 

Kpynttora6apHTHblX ICOJ!81.\ H3 q)eppnTa llHAYKl\HOHHaH CHCTeMa MOllteT 6b1Th 

BblilOJIHeHa B BHAe cnnpaJihHOro uarHHTO(ipOBOAa. Ta.Ka.fl CHCTeMa noJJyqHJia 

Ha3BaHHe 111.!BrHHTHOro COJieHOH,l(a 11 • B AllCCepT81.\llH npHBOAHTCH Bblp8llt8HHH 

AJ!fl 3JieICTpHqecICoro BHxpeBoro IlOJIH "MarHHTHoro COJieHOH,l(a 11 , noJiyqeljHble 

·inyTeM HCilOJ!h30B8HHH 8H8J!Orl1H Mel!(.l(y ypaBHeHHHMH, OilllCblB8JOmllMH BllXpe

BOe 3JieKTpHqecKoe IlOJie, B030YlltABeMoe npH H3Mettemrn HHAYKl.\llH B 11 1.1ar

HHTHOM COJieHOH.l(e 11 , H ypaBH6HHHMH, onHCblB8JOllilU4H 1.rnrHHTHOe noJie, B03-

6yllt.l(aeMOe TOICaMH, IlpOTeICaJOUU1MH B COJl6HOH,l(e. 

BOJihmOe !tOJ!HqecTBO BaKyyMHOnJIOTHblX 006.l(HHeHHil B ceKLUiOHHpOBaH

HOtt Tpy6Ke ce.ra:aer HaAelltHOCTh pa60Tbl yCKOpHT8Jlfl. To 06CTOflT6JlhCTBO, 

qxo noqTH BCe COe.l(HBeHHH HaXO.l(flTCH BHYTPH HHAYKI.\HOHHOU CHCTeMbl, yc

JIOlltHfl6T npOl.\8CC HaxO~,l(eHHfl reqeil, oco6eHHO, ecJIH yCKOpHTeJlh paooraeT 

npl1 3HeprHH 60Jihllleil I0 MaB, H H8B6,l(6HHaH pa.l(H08KTHBHOCTh He .n;aeT B03-

MOlltHOCTl4 npHCTyllHTb K pa360pKe HHAYKU.HOHHOii CHCT8Mbl, no Ka aKTllBHOCL' h 

He cnaAeT AO AOnycrm.ioro AJ!fl paOOTbl ypOBHH • JTOT ll6,l(OCT8TOK ycrpaaeH 

B HH.z\yKI.\HOHHOH CHCTeMe C p83llCTHBHOii ycKOpHT8JlhHOil rpyCiKOH. B TaKOil 

CHCTeMe nyqoK yc1WpHeTCfl BHyTpH Kepa1,111qecKOil Tpy6KH, Ha BHyTpeHHJOJO 

nonepXHOCTh KOTOpoil ttaHeCeHO :JJl6KTpOnpOBOAHmee noKpblTlle, o6ecneqnBa

JOmee CTeKattne nonaAaeMblX Ha CT6HKH rpy6Kll aapH.ZJ;OB. K 3Jl6KTponpOBOAH

,meMy noKpb!THJO npeA~HBJIH8TCH PflA TpeOOB8HHII, 06yCJIOBJl8HHblX xapaKT6pOM 

pa6oT~ Jll1Y H npo:x:oiAettne1.1 HHTeHCHBttoro aJieKTpoaaoro nyqmi. B .n11ccep

Tal.\HH BblBOJ!RTCH Bblp8llt6HHH, noaBOJ!HIOmlle onpe.neJIHTb rpeOOBSHHH K BeJill

qHHe H OAHOPOAHOCTll aJJeKTponpOBO,l(H~ero noKpb!THH B 3aBHCHMOCTH OT napa

MeTpOB KaK nyqKa ycxopneMblX qacTm~, TaK H mmynca yc1topHJOll\ero aanpa

ilceHHH [rn] . IlOKa3aHO, qro BHxpeBoe no.ne BHYTPH Tpy6KH C SJieKTponpo

BO,l(Hll(HM noRpblTHeM nocroatttio no ceqean10 14 HMeer TOJI:i.ito npOAOJihHYJO coc

TaBJJa10my10 f, = fa.. • Sro oCicroaTeJiht:TBO BblrOAHO oTmttia:eT peancTHBHYJO 

rpy6Ky, T.e. C 3Jl8KTponpOBO,l(fill(HM llJIH pe3HCTHBH!:,W IlOKpb!THeM, OT C8KlU!0-

13. 



HHpOB8HHOH. IlOCKOJIJ:,KY 3Jl8KTponpOBO.l{HOCTJ:, noKpHTHH HMeeT KOH8'1HYIO Be

JIH'IHHy • TO Tpy6Ka Ciy,l{eT sapHlll:8TJ:,Cfl .l{O H8KOTOporq nOT8HUH8Jla·, onpe,l{e

Jlfi81.!0ro BHp8JKeHHeM, nOJiy'leHHUM B .l{HCCepTaIUm 

·t2!( .v 2 6",.Arp t 
'f= 2 In (1-e El2-· )Jt'n(.r~/~) (I?) 

$4'Q., 6;, ) 

r.l{e K - K03qlq)H~HeHT, xapaKTepHSyIOl!J,Hii noTepH ny'IK8 H8 e.l{HHHey .l{JIHBU 

TpyoKH, 0o - SJieKTponpOBO,llHOCTJ:, KB8.l{p8T8 noBepxHOCTH noKpHTJ,!ff, 

Jlrp. - KOHCTpyKntBHbllt qiaKTOp •• MHHID48JlbHOe SH8'1eHHe 3118KrponpOBO)I

HOCTH nOKpUTHH Bh!6HpaeTCH HS YCJIOBHH, 'ITOCiu noTeHUH8JI, .l{O KOTOporo 

sapfflll:aeTCH TpyCiKa, He npeBHID8JI SH8'18HHH, npn KOTOpOM npOHCXO.l{HT 311eK

TpH'18CKHH npoCioii TpyCilG'I HJIH He,llonyCTHMO HCKalKaeTCH ycKOplilOmee no11e • 

MaKCHM8JibH8H ero BeJJH'IHH8 onpe.l{eJIHeTCfi, HCXO,llfi HS .l{OilYCTHMOro OCJl8Ci-

118HHfl IlOJlfi H ,l{OnycTHMOrO SH8'18HHfi TOK8, npoTeKaIOmero no IlOKpHTHIO. 

IlpO,llBJl8HHl,lii 8H8JlHS Il0K8ShlB8eT, '!TO ;z{JIH <lJl8KTponpOB0.l{Hmero IlOKphlTHfi 

.l{OJll!CHO BhlllOJlffflTJ:,Cfi yCJIOBHe 2;10-4 Oil-I < (io <. 2.IO-S OM-I • 

B ,llHCCepT8~H npHB8,l(8Hbl pesyJIJ:,T8Tbl 3KCilepHM8HT8JJJ:,HOro HCC11e;z{OB8-

HHR pacnpe,l(eJJeHHfl IlOTBHl\H8JJ8 H8 BHyTpeaaeii noBepxHOCTH TpyCiKH, no;z{

TBepJK;z{8IOl!.He xapaKTep pacnpe,lleJieHHH, Sa;z{8B88Mb!il ypaBH8HH6M (I?). 

IIOK8S8HO, '!TO ny'IOK xopomo npoxO,llHT BHYTPH- pesHCTHBHOH TpyGKH 11 paCio

T8 11H.l(YKUHOHHOH CHCTeMhl C T8KOH TpyCiKOli H8;1{8JKH8, ny'IOK CT8CiHJieH BO 

BpeMeHH. IlOMl1MO Tpe60B8HHii K B8Jlll'IHHe H paBHOMepHOCTH 3118KTp01lp0BO;z{fi

mero IlOKpb!THH HMeIDTCfi e~e TpeCiOB8Hllfi HK ;z{OilYCTHMOii womHOCTM, pacceH

B88MOH B noKpb!THH, tt.K BBJIH'IHHe aanpaxeHHOCTH, KOTOPYD noKpUTHe MOX6T 

Bl,l.l{eplll:8Tb Cies HapymeHHfi ueJIOCTHOCTH. B 3TOii CBHSH npo;z{eJI8H8 pa60T8 

no paspaCiOTKe COCT8B8 noKpb!THfi H M8TO,l(OB ero H8HeceHHH, IlpH KOTOpux 

oCiecne'l'HB8JIHCI, Ciu YK8S8HHUe BUllle TpeCiOB8HHH [ I4) • Ha11Cio11ee npHelU!e

MbW no 3118KTPH'l'8CKHM xap8KTepHCTl!K8M fiMfieTCfi CT8HH8THOe noKpHTHe C 

,l(oei8BK8MH BHCMyTa, H8HOCHl•Oe MeTO,l(OM nyJJbB8pHS8UHli • f!OKpblTHe aroro 

COCT8Ba, HMeIOmee y;z{eJIJ:,HOe noBepXHOCTHOe conpOTHB118HHe 2 K0M/cu2, 

BU;z{ePlll:HB8110 HanpHJiteHHOCTJ:, 3JI6KTPH'l6CKOro no11H ;z{O 4 KB/CM IlpH pacceHB8-
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euolt yAenbHOlt cpe.l{Helt uomaocra AO I Br/cu
2• 

I'JJaBa IY. ~OKYCHPOBK8 HHTeHCHBHOro a11eKTpOHHOro 

ny'IK8 npH ero ycKOpeHHH B Jll1Y 
CTpyKTypa ycKOpHeMoro ny'l'Ka 

Ees a~ifieKTHBHOro pemeHHfi npoCiJieMli Y'A8PlK8HHfi p8,llH8JlbHOro pasMe-

pa ny'IKa H8;1{8lKH8H paCioTa JJ11Y, ocoCieHHO npH '1'8CTOTe CJ!e,llOB8HHfi B ,llB

CfiTKH HMn/ceK, H8BOSMOlKH8, T.K. 3HeproCO;z{epiaHHe nyqKa H8CT011LKO Be

JIHKO, '!TO 'A8lK8 OTHOCHT6JIJ:,~O HeCiOJJblllHe IlOTepH ero cnocoCiHbl BliSB8Tb 

paspymeHHe npHJJeJJCall\Hx K ny'IKY ysJIOB ycKOpHTeJIH. K 3TOMY l:118:z{yBT ,llO-. 

Ci8BHTJ:,, '!TO npH liCil0111>SOB8HHH lll1Y B K8'1eCTBe .ltlHl!CBKTOpa, K K8'18CTBY 

ny'IKa npe;z{itfiBJIRIOTCfi z:eCTKHe TpetiOB8HHH, KOTOpble MOryT CibfTb Y.z!OBJieT

BOpeHbl TOJlbKO np11 H8,l(Jlelll:amew Bb160pe CHCTet,bl ~KYCHpOBKl1 H llH.l(YKUHOH

HOn CHCTeMu. B ;z{HccepT8U.HH nOK8S8HO, '!TO npH atteprnH ny'IKa ,llO 3¼ 5 M3B 

.l(Jlfi ~eycHpOBKH u.e11eco0Cipasao HCnOJibSOB8Tb npO;z{OJJI,HOe MarHHTHOe IlOJ!e. 

IlpHqeu K8TOA ,llOJllKeH 6HTb 3Kp8HHp0B8H OT M8rHHT HOrO flOJifi C ueJJblO no;iy

'leHHfi noTOKa Ep.11Jl11I03Ha H, CJle.l{OB8TeJlbHO, H8HM811blllei1 B8Jl.11'111HLI MarHHT

HOI'O noJIH. Ilo11yqeHo ypaBtteHHe, onpe.z1eJJHJOn;ee ~p~y ycm,pirnMo ro ocecmt

MeTpH'IHOro Jl814.ltlH8pHOro ny'IKa B npO.l(OJII,HOM MarHMTHOM HOJle BO BP8Mfi CM

;z{OB8HHH paCioqeil '1'8CTH HJ.1IlyJJbC8 [Is J 
2. z 2 d} t 2 c/,lt, 1 (Be)' 2 

_ ,1n} c 
1 

.l, I p ( rn,, c + p ) (ll.p2 + p o,t,p -r ;§ 2: T 'P - c?.,, E., e E-z . f' (I8) 

s~ec1, B H.E - SHaqeHHH BHelllHHX MorlUITHOrO H 3JIBKTpH'18CKOro no11ett, 

f - HMilyJ,l>C, 111., - M8CC8 IlOKOH 3JI8KTpOH8. 

Yl3 (IS) noJJy'laeTCH BIJP8litBHHe ;!{Jiff p8BHOBBCHOli TpaeKTOpHH '[, f ( p) 

.. ) )~ 't, ( p) = f mo / B ( 2 In I k" Co e p . (I9) 

IlOK8S8HO, '!TO !,pH HeCiOJIJ:,lllJ<iX OTKJ,OHeHHHX H8'18JlbHblX yc.liOBHli OT p8BH0-
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i': 

BecH11x l1 np,1 Bb!IIOJIHemm HepaBeHCTB p2
>>m/c. 2. , 2( Bc/E/>>I 

nytJOK ycTOii'll1B, orn6al0Il\8H ero l1CIIblTl1B86T nyJu,cau,;rn, rrepl10.l! KOTOpllX 

YB6Jll1'1l1B8eTCH no Mepe pocTa 3Heprl1l1. IlytJOK OCTaeTCH ycTOli'll1BblM npH 

Jll06blX 3H8'l6Hl1HX p' ecJm ( Bc/E )2 >> I03• B peaJII,HOii Cl1CTeMe pac

npe.zteJieHl16 MarHl1THOro nOJIH B.l!OJiJ, TpaKTa ycKopeHl1H OTJIH'l86TCH OT 0.11-

HOpO.l!HOro. dTO o6yCJIOBJieHO He06XO.l!l1MOCTJ,IO l1M6TJ, aaaop11 M6lK.l!Y coa.11a

l0li\HMl1 M8rHl1THOe noJie K8TYUIKaL!l1 .ztJ!H ycTaHOBKl1 B8Kyy14HblX arperaTOB l1 

npl160pOB H86JllO.l!BHl1H aa ny'lKOM. B 3TOM CJiytJae aHaJil1Tl1'16CKOe pemeHHB 

(IS) aaTpy.11HeHo, HO B03MDJKHO ero tJHCJieHHOe pemeHHe Ha SBM, l1 Heo6xo

.l!l1Mb!e napaueTphl @KYCHPYIO~eii Cl1CT6Ml1 orrpe.zteJIHIOTCH '111CJI6HHl1M 3KCnepl1-

LIBHTl1pOB8Hl16M [I6] • 
j'.\JiH Bb!IIOJlHeHHH T8Kl!X pactJeTOB ypaBH6Hl1e (IS) nplIBO.l!HTCH K Bl1.l!Y 

11 .. E 1+2p*V 1 ·pcz f3 z 

't. +- 21/" I+ pl'V 'l -t- f V(l+flfll") . t -

I/ 
-?Id JTE,, 2 (/,? {vr (+ e" V)/12. 

-!.. =- OJ 
t 

(20) 

r.11e '2_=e/mo , f 11 =e/crnoc 2
· 

10u1ee 3Heprnl1 tJBCTHU.. 

V - HanpHJKeHHe, cooTBeTcT:ay-

!lOCKOJIJ,Ky Cl1Jl8, Bbl311B8IO~aH paCIIJil1B8HH6 IIY'IKB ~ / / j'2 
, TO npl1 3Hep-

rHl1 ( 3¼ 5) MaB OHa yMeHJ,lll88TCH H8CTOJ!!,KO, 'ITO 'cT8HOBl1TCH B03MOlKHl114 

l!CnOJI!,30B8Hl1e cep,!ll KOPOTKl1X COJieHOl1.l{OB (JI11H3) 1 pacCTOHHl1e LIBlK.l!Y KO

TOpW.111 yBeJI11tJ1rnaeTcH no Mepe pocTa ;rneprl111 ny'lKB. B .n;11ccepTau.11H pe

mena aa,n;aqa o ~eyc11poBKe nyq1<a TaKoii cep11eii Jil1H3 npl1 ytJeTe peJIHTH

BHCTCKoro 1131.16H6Hl1H uacc11 [ I7 ,IS j • B peayJIUaTe 'll1CJleHHOr? l1CCJie

.n;OB8Hl1H noJiytJeHHOro pelll6Hl1H H811.1!6H Kpl1TepHii ycTOil'll1BOCTl1 .l!B~eHHH 

38pHJ!teHHblX '18CT11ll,. !lpOBB.118110 T81Q!{6 11CCJ!6.l!OB8Hl1e TOKOnpoxcJJK,n;eHHH H 

B11XOA11b!X napaMeTpOB nytJK8 B 38Bl1Cl1MOCTl1 OT 113MeHeHHH napaMeTpOB paa

JIU'lllb!X Cl!CT6M yCKOPl1TeJIH. IloKa3aHO 1 '!TO .l{Onycru1 88 OTKJJOHeHl1H YCKO

PH!Ou,ero l1 1.1arimTnoro nonen, Mec:ra pacnoJIOJKeHHH mrna JrerKo uoryT 6m1, 

BllilOJ!H6Hb!, '!TO, eCT6CTB6HllO., o6Jierqa_eT 3KCIIJiyaT8l\l1IO yCKOpHTeJieii Tl1na J!W' • 
16 

M3B6CTHO, '!TO peaJIJ,Hb!6 HHTeHCl1BHhle nytJKl1 l1M610T H6Jl8Ml1H8pHyJO CTpyKTy

PY. B 3TOii CBH3l1 B .zt.HccepT8ll,l1l1 npl1BB.l!6Hbl peayJ11>TaTbl 'lHCJie!IHOro l1CCJie

.l!OB8Hl1R TOKOilpOXO%.l!6HHH H6JI81.IHH8pHWC nytJKOB /g/• IlOK838H0 1 

'!TO M8KCl1M8JIJ,Hl1ii P8.l!11YC orHOBlOmeR H6JI8MRH8pHoro nytJKa OOJILllle,tJeM CJie

.11yeT l13 pellleHHH ypaBH6Hl1H (I8) MH Jl8Ml1H8pHoro, HO OH MOJKeT 6blTJ, 

paBHblM euy, eCJil1 npHMepHO B I,5 paaa y:aeJil1'll1TJ, 3H8'16Hl16 MarHHTHOro 

nolI,H. IlOK838H8 TBIOJCe HeycTOii'll1BOCTJ, BHyTpeHHeii CTpy1cTypbl ny'IKB, o6y

CJIOBJieHH8H .11eiiCTBl16M H6Jll1HeiiHblX KyJIOHOBCKl1X Cl1JI. 3TO npl1B0.l!11T K o6pa-

30B8Hl110 CJIOJKHOro MHOrOCKOpOCTHOrO IIOTOKa co 3H8'll1T6JIJ,H0ll B6Jll1'1l1HOii 

yrJro:aoro paa6poca. IlpoBe.n;eHo aKcnepHMeaTaJir,Hoe HaytJeHl!e pacnpe.11eJie

Hl1H nJIOTHOCTH TOKa no Ce'l6Hl110 nytJKa l1 yrJIOBOro paa6poca MeTO,n;OM .ztByx 

~eJieii. Bl1HCH6HO, '!TO H8l160Jiee paBHOMepaoe pacnpe.11eJieHHe nJIOTHOCTl1 

TOK8 HMeeT MeCTO, eCJil1 MarH11THOe noJie B I,3¼ I,5 paaa npe:aHmaeT 

6pl1JIJI103HOBCKOe. Pacnpe.11eJI6Hl16 nJIOTHOCTl1 cy~CTB6HH0 38Bl1CHT OT @PMbl 

L!arHl1THOro nOJIH B nepeXO.l!HOM 06JiaCTH. no .l!BHHblM, nonytJ6HHblM npH l13-

MepeHHH yrJronoro paa6poca :a ny'!Ke, nocTpOeHb! JIHHHH paBHOi1 l1HTeHCl1B

HOCTl1 B IIJIOCKOCTl1 KOOp,n;HH8T '7;. "z: 
1 

• AHaJIH3 3KCnepl1M6HTaJIJ,HblX .1!8HHl1X 

nOK83!1B8eT, qTO B6Jll1'1l1Ha l1 ~PM8 ipaaonoii noBepxHOCTl1 T8KJ!Ce cymecTBeH

HO aa:aHC!JT OT ~pMbl M8rHl1THOrO HOJIH B nepexO.ztHOii o6JiaCTl1 l1 

j3 J" 'l, "l. 1 = ( 0 ,05¼ 0 12) CM pa.11 Ilp0BB.1!6HO cpaBH6Hl1e ,mcnepl1M6HTaJIJ,

Hl1X l1 pactJeTHHX .1!8HHl1X H nOK838HO HX y,n;oBJieTB0pHT6Jl!,HOe corJiaCHe. 

IlOCKOJIJ,ey npH l1CnOJI!,30B8Hl1l1 JlID' B Ka'leCTBe HllllteKTopa KOJIJieKTl1BHOrO 

YCK0pl1T6JIH ~eJiaTeJII>HO l1MeTJ, B03MOJKHO MeH1>my~ B6Jll1'1HHY JLIHTT8Hca, TO 

npo:ae.n;eao l13Y'l6Hl1e B03MOXHOCTl1 YJIY'llli6Hl1H CTPYKTYPH nytJKa nyTeM BBe.zte-
•') 

HHH uarHHTHOro·. TIOJIH B OC5JI8CTl1 KaT0.118 l1CTO'!Hl1K8 3JI6KTpOHOB [ 201 • 
Il0Ka38HO, '!TO Ilpl1 HeaKp8HHpOB8HHOM KaTo.11e :aeJll1'1l1Ha 3Lll1TT8HCa MOJKeT 

6b1TJ, yM6HJ,U16Ha no cpa:aH6Hl110 C ero B6Jll1'1l1HOR npH 3Kp8HHpO:aaHHOM K8TO

.n;e, HO B6JIH'll1H8 MarHHTHOro IIOJ!H .ztOJIJKHa B 2¼ 3 paaa npe:ahlmaTJ, 6pl1JIJIJ0-

3HOBCK06 3HaqeHHe, 'ITO cymecTB6HHO YBBJIHqHnaeT uomHOCTJ, CHCT8Mli 

3JI6KTpOIIHT8HHR 0 
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rnaB8 Y. KoHCTpyKUHH, HCCJlel].OBaHHe, onhlT 

:rncm1yaTaUHH ycKopnTeJ!ell THna JH1Y 

PesyJ11,TaThl pa60T, H3J!OllteHHhIX B 71.HccepTaUHH, B TOlt wrn HHOit Mepe 

BOilJ!Oli(eHhl B paspa6oT8HH!iX B HIDld~A m.1.;n.B.EqipeMOBa JlHHeitHHX HHAYKUH

OHH!iX ycKOJJl,lT8JIHX. YHHKaJJI,HhlM no 3Hepnrn ycKopeHHOro ny,rna H '18CTOTe 

nOBTOpeHHfl 11MnyJJI,COB fiBJ!fleTCfi ycKOpHTeJll> JJl1Y-30/250, coopyxaeMhlit .zl11:fl 

OC57>e,l(,!HellHOrO llllCTllTyTa Hl].epHhIX HCCJ!e,l(OB8Hllit [ 21 ,22 ,23] • 

OcHOBHhle ero napaMeTp!i: 

3HeprnH ycKopeHHoro ny,rna SJ;eKTpOHOB 

TOK ny,rna B HMnyJJ!,CC 

- 30 MsB; 

- 250 A; 

,l(JIHTCJJ!,HOCT!, IlJIOCKOlt '!aCTH HMIIy111,ca TOK8 - 0 ,s I.IKCeK; 

'la CT OT a nOBTOpem!H nunyJIJ,COB - O¼ so mm/ ceK. 

KOHCTPYKUHH CHCTe~ yCKOPHTeJIH H ero KOMHOHOBK8, pHC .3, 

Y'IHThlBaJOT TO, '!TO p800T8 ycKOpHTeJJH 6y71.eT conpOB0llt,l(8Tl,Cfi 60JJJ,flll'IM 

noTOKOM HellT pOHHOi.1 p8)Ul8UHH. C UCJiJ,JO 0Tpa60TKH KOHCTPYKUll~ ycKOpH

TeJIH 11 npo:ae71.eHHfi KOWilJieKCHliX HCCJle7J.OB8HHit no :asaHWOl].eitCTBHIO CHCTew 

hl1Y 6uJia C03l].aHa H 3KCilJ!yaTHpyeTCfi 6oJiee 2-x JieT H8'18Jll,Hafi '18CTL 

3TOro ycKOpHTeJifl t no11y'IHBlllafl Ha3B8Hlle J111Y-O t 75/250 ( 24 J . YCKOpMTeJJJ, 

COCTOHT H3 HCTO'IHHKa a11eKTpOHOB C 3Heprnelt ny'IKa 71.0 300 K3B H 71.Byx 

ceKUHH, B K8llt.l(Oll 113 KOTOpblX l].OCTHraeTCfi npnpa~eHHe aHeprHH 71.0 250 K3B, 

pHc.2. B npouecce 3KCn11yaTaUHH JlllY-0,75/250 nOJJy'leHhl 3KcnepnweHTa1!J,

Hble pesyJJI,TaThl I KOTOphle npHBe71.eHhl B ,ll,HCCepTaUHH. B tiaCTHOCTH, BIHIB

JieHa onTHMaJJLHafi ipopMa warHHTHOrO Il011H B nepexOl].HOi.1 06JlaCTH, npH KO

TOpott lJ.OCTHrHyThl npo·e·KTl!He napa.MeTphl ny'IKa H xopomee TOKOnpOXOlltl].eHHe t 

H no11y'leHhl ,l(aHHHe no B38HWOl].eitCTBHIO 3118KTPOHHOro ny'IKB C Hffll.YKUHOH

HOH CHCTe!.!Olt KaK C CeKUHOHHPOB8HHOlt, T8K M C pe3HCTHBHOH yCKOpHTeJJJ,

HhlMH Tpy6KaMH • 
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YHltKaJ!I,HUM B CBOSM KJiacce, no B8J!H'IMH8 TOKa yc1rnpaeMoro ny1JK8 

/IBJI/ICTC/1 YCKODHTeJII, JIHY-5/5000 (pHc. 4), TOK ny1JK8 B KOTOpOM )lOJllll:81! 

CYl!lSCTBeHHO npeBOCXO,llllTI, ,llOCTHrHy:rue 3H81l8HH/I Ha ;i:pyrHx YCKOpMTBJIRX 

3TOro Tlfll8 [ 25 J • 

OCHOBHhle 1apa1.1eTpu: 

3HeprHH YCKOpeHHOro ny'IKa 

TOK ny'IK8 B HWIYJIJ,Ce 

ll.JlllTe;u,HOCTI, IlJIOCKOlt '180TH HMilYJJJ,Ca 

ll.JlHHa yCKOpHTeJIH 

- 5 MaB; 

- 5 RA; 

- 50 HCeK; 

IO M. 

B K8JK7J.Oit Ha 6 cemmtt atoro yCKOpHTeJJfi ,1i0JllKHO 7J.OCTHra:r1,cff np..ipau-eHl1e 

3HeprHH ny'IKa 0,75 MaB. liCTO'IHHK 3JJeKTpOHOB paCC'IHT8H Ha 3Heprn10 

0 ,s MaB. OH HMeeT 3JJeKTp0HHyJO nyuiKy C OKCH,1iHhlM KaTOlJ.OM t paapaC5oTaH

HhlM :a HIDld~A HM .,l! .B .Eq>peMo:aa [ 25] • 

.l(aJiee, B ,l(l1CCepTau1111 npnBOl].HTCff pesyJJJ,T8Thl .:lKCIIepHM8HT8J!J,HhfX 

pa60T, BhlIIOJ!HeHH!iX B CBff3H C paapa60TKOil YCKOpHTeJIH THila JJ11Y Wlfl 

CKBa~HHHOro reuepaTopa raMMa-K:aaHTOB [26,27] 

IlapaMeTphl YCKOPHTBJIH: 

3HeprHH YCKOpeHHOro ny'IKa 3JlCKTpOHOB 

TOK nyqxa B HMily.iIJ,Ce 

ll.JlHTeJJl,HOCi' J, IlJIOCKOit '180TH HMilyJ11,ca 

ll8CTOTa nOBTopeHHff l!MllYJ!I,COB 

Ma~CHMaJJI,Hhli1 ,1iHBMeTp Bcex ca:: TeM 

- 0 ,5 MaB; 

- SO A; 

70 HCeK; 

- ,ll,O IS l1Mil/CeK; 

- 90 MM. 

Ha OCHOBe aHaJIHaa ITPHBe,ll,eHHhlX B 71.HccepTaUHH pe3yJJl>T8TOB HCCJJel].OBattl!ff 

Jia6opa:ropHoro oopaaua ycKopHTeJrn 71.eJ1aeTcH BhlBO,ll, o BOaMOlKHOcTH coa-

7J.8HHH RRY B CKBa~HHHOM-BapHaHTe. 

B npouecce pa60Thl Ha.ii ycKopHTeJiffMH nRY-30/250 H RHY-s;sooo 6uJJo 

npe71.JIOJ1CeHO pff,ll, OpHrHHaJJJ,fillX KOHCTPYKTHBHhlX pemeHHM, Hanpa:aJieHHhlX Ha 

l].OCTHllteHHe yKaaaHHhlX Bhlill8 napaMeTpOB [28 ¼ 32]. 
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3 a K JI JO q e H H e 

B peayJJ»TBTe BWIOJIH8HHOH H H3JIO~eHH0ll B ,ZJ;HCCepTBUHH pa60TH 

pemeH KOMilJJeKC BOnpocOB I CBH3BHHblX C paapa6oTKOli JJHH811Hb!X HHAYKUH

OHHliX ycKOPHTeJJeli - HOBliX reaepaTOpOB HHT8HCHB!IIDC nyqKOB peJJHTHBHCT-

CKHX 3JJeKTpOHOB. 

I. Ilpe;zvro~eHO HCnOJJb30BBTh 'AJIH pacqeTa cpeppouarHHT!lllX cep'Aeq

HHKOB HH'AYKUHOHHOil CHCT8Mli TeopRIO HMnyJJhCHOro nepeuarHHqHBBHHH. 

IloJJyqeHH pacqeTHHe COOTHOllieHHR H noKB3BH0 xopomee corJJBCH8 TeOpHH 

C 3KCnepH14eHTOM. 

2. IloJJyqeHH 3KcnepH148HT8~DHlie 'AHHBl4Hqecime KpHBHe nepeuarHHqH

BBHHR 14arHHTOMRrKl1lC CllJISBOB H q,eppHTOB B ~yHKUHH paauarHHqHBBD~ero 

noJJH npH AJJHT8JlhHOCTH HMnymca 500, 250, ISO HCeK. Ha OCHOB8 pacqeT

HHX H 3KCnepH14eHT8JlhHHX 'ABHHHX onpeAeJJeHa 3BBHCHMOCTh K.ll.'A• HHAYK

UHOHHOil cncTeMH OT napaueTpOB nwnyJJhCB TOKB ycKopHeuoro nyqKa H TH

na q,eppouarHeTHK8. ~aHH peKOMeHABUHH no BH60py MaTepHaJJa ~ep'AeqHHKOB 

B 3BBHCHMOCTH OT xpe60BBHH!i,npeA~flBJJHeMHX K ycKOpHT8JJIO. 

3. Paapa60T8HB 3KBHBBJl8HTHBH cxewa yCKOpH!Oll\8il cw::TeMH, B KOTO

poll q,eppowarHHTHHll cep'AeqHHK npeACTSBJJeH HeJJHHeliHHM conpoTHBJJeHH8M. 

IloJJytteHH xapaKTepHCTHlGt OCHOBHHX 3JJeMeHTOB, BXOAH~ B cxeuy. 

4. ITOK838HO, tr.rO npH ,llJIHT8JlhHOCTH HMnyJJhC8 B COTHH HCeK H no

BHmeHHOH qacTOTe nOBTOpeHHfl nunyJJhCOB ueJJecoo6paaHO HCnOJJh30BBTh B 

ycKopHID~en CHCTeMe H80AHOP0'AHYIO ~p14HPYIO~IO JJHHHIO C 6y14arollJleHoqm

l4H I<OH,ZJ;eHCBTOpBMH, paapa60T8HHliMH B HITO 11Il03HTpOB
11 

'AJifl JUlY I B co-qe

TBHHH C HMllYJJhCHW BOAOPO'AHHM THpBTpOBOM. 

s. dKcnep!,U4eHT8JlhB0 BliHBJJeHH ~pMHPYIO~e CBOliCTBB HBAYKUHOBHOil 

CHCT814li H ,ZJ;BHH peK0148H,ZJ;8UHH no npeo6pa30BBBHIO ~p!.lli HMIIYJJhCB ycKOpR

IO~ero aanpHEeHHH AJJHT8JlhHOCThlO B ,ZJ;eCHTKH HCeK. 
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6. IloJJyqeaH BlipaEeHRR, CBR3HB8JO~e ~puy yCKOpHIO~ero nOJJH C 

B8PHBHT8MH H paauepaMH HHAYKUHOHBOll CHCTeM!,!. 

7. Ilpe,ZJ;JJO~eH lli!Y C pe3HCTHBH0li ycKOpHT8JJ1,HOli Tpy6KOli. CqiopMy

JJ~POB8Hli Tpe60BBHHH K JJJeKTponpoBO~Hmeuy noKpUTHIO, ocymecTBJJeHa 

paapa60TK8 peaHCTHBHOll Tpy6KH,H 3KCnepHMeHTBJJhHO noKaaasa pa60TO

cnoco6HOCTh npe,ZJ;JJO~eHHOro B8pMSHTa yCKOpHTeJJH. 

8. IlonyqeHo ypaBHeHHe AJJH orn6aJOmeli JJal4HHapHoro ycKopaeuoro 

nytiKa, qioeycHpyeuoro npo,ZJ;OJJhHNM uarHHTHhIM·noneu l'!JIH cepneli KOpOTKHX 

COJJeBOH'AOB npH 3Kp8BHp0B8BHOM KaTOAe. IloJJyqeau 8H8JIHTHqecKHe BlipaEe

HHH 'AJJH orH6aromeli nyqKB B cJJyqae O'AHOPO'AHOro qioeycnpyJOmero noJJH H 

nyxeM qncJJeHHOro 3KCnepHMeHTHpOB8HHR onpeAeJJeHH 'AOilyCTHMble OTKJIOHe

HIDI napaM~TpOB K8K yCKOpHJOmeli CHCTeMH, T8K H qioeycnpyro~eu, npH KOTO

pwc coxpaHH8TCfi yCTOtlqHBOCTh nyqKa. 

9. dKcnepHMeBTlm hHO HCCJ18'A0BBH8 38:BHCHJ.IOCTh pacnpeAeJJeHHH IlJIOT

HOCTH TOKa H B8JJHqHIII,! 3MHTT8HC8 OT B8JJHqHHli H ~pMli uarHHTHOro nOJJH 

H noKaaauo, qTo B CJJytiae aKpaHHPOBBHHOro KBTO'Aa onpeAenaro~ee aaaqe

axe H!.leeT ~opua uarHHTHOro nOJJH B nepexOAHOli 0611aCTH. Il0Ka38HO, qTo 

CTpyKTypa nyqKa CT8HOBHTCH 6oJJee ycTonqHBOll npH BB8'A8HHH uarHHTHOro 

llOJJR B 06JJ8CTh K8TO'A8, BeJJHqHH8 M8rHHTHOro IlOJIH A0JJEH8 B 2-3 paaa 

npeBumaTh 6pv.RJJID3HOBCK08 asaqeHHe. 

IO. 06o6~eH OllHT, H8KOilJl8HHHn npH paapa60TKe JIHHeliHHX HH'AYKUHOH

HllX yCKOpHTeJJeil B Hlllld~A 14!.1.~.B.EwpeMOBa. Ilpe~ROX8Hli HOBHe pemeHHH 

KOHCTPYKUHtt CHCTeM H yaJJOB, cnoco6cTBYID~e yJJyqmeHHIO napaueTpOB H 

pacllll!pH!Oimf; B03MOlltHOCTH yCKOpHTeJJett THna Rli!Y. 

II. IloJJyqeHH peayJJhTBTH KOMIIR8KCHOro HCCRt'AOB8HHfi B38HMOAettCTBHH 

CHCTeM HB ycKOpHTeJJe JlllY-0 ,75/250. B npouecce 'ABYXJl8THell 3KCnJJyaT8UHH 
, , 

ycKOpHTeJJJi noKaaaH.a H8'A8lltHOCTh pa apa6oTaH HHX CMCTeM. BliHBJieHa CBH3h 

MeJ!AY napaueTpaMH ycKOpReMoro nyqKa H qiopMO!i Hl4llYJJhC8 ycKOpHIO~ro 

aanpHX8HHH. 

21 



P:ec.I, YnpouieueaH cxewa A~Y. 
I - qieppo»arBHTll!,IM cep~eqe:eK; 
2 - :e»nyn~c111,1tt reeepaTop; 
3 - »cToqeuK aneir.rpoaeepm:e; 
4 - nepB~B8H o6M0TK8; 

5 - BT0pMqK8Jl o6M0TK8 (ycKOpHDllOitt npowezyTOK) 

P:ec .3, Yc1mpHTeJ11, JUIY-30/250'. 
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