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XsacTyHos M.C. pg - 12811 

UHKn114eCK11H 11HAYKLl110HHbiH ycKOPI1Tenb 3neKTPOHOB 

On11caH BbiCOKOI1HTeHCI1BHbu:i l\11Kn114eCKHi1 HHAYKI.li10HHbiH ycKop 11 Tenb 
3neKTPOHOB Ha 3HeprHI1 40 ~200 M3B. MarHHTHaR CI1CTeMa YCKOPHTenR nOA06 
Ha MarHI1THoi1 CI1CTeMe cna6o¢oKYCI1py~ero CI1HXPOTPOHa. B npRMOni1Hei1-
HbiX npoMe~yTKaX pa3Me~a~TCR yCKOpR~~I1e $eppoMafHI1THble CepAe4HI1KI1 
11 YCTPOHCTBa BBOAa 11 BbiBOAa ny4Ka. YCKOPI1Tenb OTnl14aeTCR OT 6eTaTpo
Ha C nOCTORHHbiM noneMn/ TeM, 4TO BeAy~ee none B HeM nepeMeHHO. 
3TO AaeT B03M~HOCTb Cl1nbHO yMeHbWI1Tb 06beM CTan11 11 CHI1311Tb MO~HOCTb 
11CT04HI1Ka n11TaH11R. HHTeHCI1BHOCTb ny4Ka ycKOPI1TenR cpaBHI1Ma c ~HTeH
CI1BHOCTb~ 6eTaTpoHa c nocTORHHbiM noneM I -10 14 3neKTPOH/c/ 
11 B BbiCOK04aCTOTHOM BapHaHTe /400 rll/ C nOBbiWeHHOii 3Heprl1ei1 
11H~eKI.\1111 /-1,5 M3B/ np116n11~aeTCR K 11HTeHCI1BHOCTI1 ni1Hei1HOf0 yCKOpi1-
TenR /-lot& 3neKTpoH/c/. Ko3$$111.ll1eHT none3Horo Aei1cTBI1R yCKOPI1TenR 
BbiCOK 11 MO~·eT COCTaBnRTb AeCRTK11 npOLteHTOB. 

Pa6oTa BblnOnHeHa B na6opaTOpl111 BbiCOK11X 3Hepri1H OH.IIH. 

npenpHHT 06benHHeHHOI'O HHCTHTyTS RnepHbiX HCCnenOBSHHll. lly6Ha 1979 

Khvastunov M.S. 
pg - 12811 

Cyclic Induction Electron A~celerator 

A high-intensity cyclic induction accelerator of (40~200) MeV 
electrons is described. A magnetic system of the accelerator is 
similar to that of a weakly focusing synchrotron. The accelerating 
ferromagnetic cores and input and output devices are placed in the 
straight-line gaps. The accelerator is distinguished from the statio 
nary field betatron by the fact that its leading field is variable 
in time. This make~ it possible to strongly decrease the volume of 
steel and to reduce the source p01-1er. The intensity of the accelera
tor beam is ~omparable to that of the betatron with a stationary 
field ( -101 electron/sec), and it approaches to the lina~ intensity 
(- Jo 15electron/sec) in a high-frequency variant (400Hz) with an 
increased injection energy (-~1,5 MeV). 

The efficiency of the accelerator is high and can achieve tens 
of per cent. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 • 

• HHAYK~HOHH~~ ycKOPHTenb 3neKTPOHOB - 6eTaTpOH AaBHO Hc
nonbsyeTCR B Hay4HbiX HCCneAOBaHHRX H B npOMbiWneHHOCTH • .Qonro
Be4HOCTb KnaCCH4eCKOro yCKOpHTenR 06DRCHReTCR ero AOCTOHH
CTBaMH - npOCTOTO~ H 3KOHOMH4HOCTb~.0AHaKO 6eTaTpOH ycTynaeT 
nHHe~HOMY ycKopHTen~ B HHTeHCHBHOCTH ny4Ka. KpoMe Taro, sec 
CTanH B HeM 6~CTpO pacTeT C yeenH4eHHeM 3HeprHH ycKopeHHbiX 
3neKTpOHOB. 3TO o6CTORTenbCTBO, a TaK~e paAHa~HOHH~e noTepH 
3neKTPOHOB orpaHH4HBa~T MaKCHManbHY~ 3HeprH~ 3neKTPOHOB, 
yCKOpeHH~X B 6eTaTpOHe. 

HHAYK~HOHHbl~ MeTOA ycKopeHHR He HaKnaAbiBaeT KaKHx- nH6o 
orpaHH4eHH~ Ha THn yCKOpReMbiX 4aCTH~. 0AHaKO B 6eTaTpOHe 
He~enecoo6pa3HO yCKOPRTb TR~en~e 4aCTH~bl, noCKOnbKy 06DeM 
CTanH B YCKOpHTene OKa3~BaeTCR B 3TOM cny4ae 4pe3MepHO 6onb
WHM. 

BosMo~HOCTH HHAYK~HOHHoro MeTOAa ycKopeHHR 6onee nonHo 
HCnOnb3Y~TCR B 6eTaTpOHe C noCTORHH~M BeAy~HM noneM 
/linn; 11-31• B AaHHo~ pa6oTe o6cy~AaeTcR ~HKnH4eCKH~ HHAYK
~HOHH~~ YCKOpHTenb, nOA06H~~ linn. 0H OTnH4aeTCR OT o6~4HOrO 
6eTaTpOHa H 6eTaTpOHa C nOCTORHH~M noneM, B OCHOBHOM, TeM, 
4TO Bee CTanH B HeM CHnbHO yMeHbWeH. 3TO npHAaeT yCKOpHTen~ 
3KOHOMH4HOCTb H AenaeT ero YHHBepcanbH~M: B MaWHHe TaKOrO 
THna /c enonHe npHeMneM~M o6DeMoM cTanH/ MO~Ho ycKopRTb 
4aCTH~~ C pa3H~M OTHOWeHHeM 3apRAa K MaCce. npoBeAeM BHa-
4ane KpaTKoe o6cy~AeHHe 6eTaTpoHa c nocTORHH~M noneM. 

1. liETATPOH C nOCTO.AHHbiM BE.QYU(HM nOllEM /linn/ 

YcKopeHHe sneKTpoHoB e linn npoH3BOAHTCR BHxpee~M 3neKTpH-
4ecKHM noneM, C03AaBaeM~M ¢eppoMarHHTH~MH cepAe4HHKaMH B no
CTORHHOM CHnbHO$OKYCHpy~~eM BeAy~eM none. 0CHOBHaR OC06eH
HOCTb linn - AnHTenbHOe BpeMR HH~eK~HH, 4TO AaeT B03MO~HOCTb 
Ha HeCKOnbKO nopRAKOB no cpaBHeHH~ C 6eTaTpOHOM noB~CHTb 

HHTeHCHBHOCTb ny4Ka. li~na nocTpOeHa H sany~eHa MOAenb 4e
T~pexceKTOpHoro linn 13 / c 3HeprHe~ 3neKTPOHOB 1 '5 MsB. npH 
AnHTenbHOCTH HMnynbCa HH~eK~HH 2 MKC H 4a CTOTe nepeMarHH4H-
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SaHHH cepAe4HHKOS 50 rll nony4eH cpeAHI-1~ TOK ny4Ka..., 0,05 MKA 
Hnl-1 -3·10 11 3neKTpOH/C. nnaHHpyeTCH ysenH41-1Tb speMH HHlKeK
l.li-11-1 AO 10 MKC, 4aCTOTy nepeMarHH4HSaHHH - AO 200 rll; npH 
3TOM OlKHAaeMaH CpeAHHH HHTeHCHSHOCTb npes~CHT 10133neKTpOH/C. 

OcTaHOSHMCH Ha HeAOCTaTKax snn. 3To,npelt<Ae scero,6onbWO~ 
05DeM CTanH - KaK nnaTa 3a HCnonb30SaHHe nOCTOHHHOrO SeAy
~ero nonH. TaK, s npoeKTe ~/ snn c 3HeprHe~ 100 M38 sec 
CTanH npaKTH4eCKH TOT lKe, 4TO 1-1 S 6eTaTpOHe Ha 100 M38 '~ / 
6e3 nOAMarHH4HSaHHH. ~anee, 3TO TPYAHOCTH ~OpMHposaHHH 
seAy~ero nonH, pacTy~ero c ysenH4eHHeM paAHyca, a TaKlt<e 
HI-13KaH 4aCTOTa 6eTaTpOHH~X KOne6aHH~ no sepTHKanH. 3TH He
AOCTaTKI-1 SeCbMa nporpeCCHSHO~ no CSOe~ CYTH CHCTeMbl ~~ 

MOlKHO 3aMeTHO CHH3HTb, ecnH S CTpyKType ~/ HCnOnb30SaTb 
nepeMeHHoe seAy~ee none. 

2. U~Kfl~4ECK~~ ~H~YKU~OHHW~ YCKOP~TEflb /U~Y/ 

8 Ka 4ecTse MarHHTHO~ CHCTeMbl YCKOpHTenH Sbi6paHa CHCTeMa 
SeAy~ero nonH cna6o~OKYCHpyiO~ero CHHXPOTPOHa / l,SI. 8 npHMO
nHHe~HbiX npoMelKyTKax pa3Me~aiOTCH ycTpO~CTSa SSOAa, SbiSOAa 
ny4Ka 1-1 yCKOpHIO~He ~eppoMarHHTH~e CepAe4HHKH - HHAYKTOp~. 

Ha pHCYHKe npeACTasneHa ·cxeMa sapHaHTa ycKopHTenH 
c wecTbiO 3neMeHTaMH nepHOAH4HOCTH. CxeMa noA06Ha onHcaH
HO~ s~/, HO OTnH4aeTCH OT nocneAHe~ TeM, 4TO paAHanbH~~ 
pa3Mep SaKyyMHO~ KaMep~, HHAYKTOPOS 1-1 MarHHTOS cy~eCTSeHHO 

MeHbwe 3a C4eT Hcnonb3osaHHH nepeMeHHoro seAy~ero nonH. 3To 
AaeT S03MOlKHOCTb cy~eCTSeHHO yMeHbWHTb no cpasHeHHIO c snn 
o6DeM cTanH s ycKopHTene. KpoMe Toro, c~opMHposaTb - cna6o
~KYCHpyiO~ee seAy~ee none U~Y 3Ha4HTenbHO npo~e, 4eM pacTy
~ee C ysenH4eHHeM paAHyca CHnbHO~OKYCHPYIO~ee SeAy~ee none 
s snn. ~anee, cna6o~OKYCHPYIO~aH MarHHTHaH CHCTeMa U~Y 
C 60nbWHMH npHMOnHHe~HbiMH npoMelKyTKaMH o6ecne4HSaeT 4aCTOTy 
sepTHKanbHbiX 6eTaTpOHH~X Kone6aHH~, npeSbiWaiO~IO liz S 6nn. 

~HAYKTOp~ nepeMarHH4HSaiOTCH OT HCT04HHKa CHHYCOHAanbHOro 
HanpHlKeHHH HH3KO~ 4aCTOTbl' HanpHMep' 50 rl.l. YcKOPHIO~ee 

none HMeeT ~OpMy nonysonHbl CHHyCOHA~; AflHTenbHOCTb HMnynbca 
yCKOpHIO~ero nonH pasHa 10 MC /npi-1 50 rl.l/. 

3. ~HmEKU~~ nY4KA 

B OTnH4He OT snn AflHTenbHOCTb HHlKeKLII-11-1 s U~Y Mana 1-1 pas
Ha speMeHH OAHOro o6opoTa. Ce~4ac HMeeTCH see Heo6xoAHMoe 
Af1H OCy~eCTsneHHH OAH0060pO~HO~ HHlKeKl.ll-11-1 3neKTpOHHOro ny4Ka 
C MdKCHManbHO~ HHTeHCHSHOCTbiO, onpeAenHeMO~ 3~eKTOM npOCT-
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CxeMa LIHKI1H4eCKOrO HHAYKLIHOHHOrO YCKOPHTenH: 1 1-1 2 -
npHMOnHHe~H~e npoMelKyTK~ AI1H SBOAa 1-1 S~SOAa ny4Ka, 3 -
HHAYKTOp~, 4 - MarHHT~, 5 - BaKyyMHaH KaMepa YCKOPHTenH. 

paHCTSeHHoro 3apHAa. ~H 3Toro Tpe6yeTCH, npelt<Ae scero, 
~HW~ HHlt<eKTOP /6onee ~H~~, 4eM B 6nn/. MaKCHManbHOe 
4Hcno 3neKTpoHoe, HHlt<eKTHpoeaHH~x e KaMepy UHY, pasHa -1ot2 
/npH 3HeprHH HHlt<eK~HH T0 = 0, 3 M3B/ 1-1 -10 13 /npH T0= 1 , 5 M3B/. 
BpeM~ OAHoro o6opoTa paaHo 15 HC, 3Ha4HT, TOK 3neKTPOHHOH 
nyWKH S HMnynbce -15 HC AOnlt<eH 6~Tb He MeHee 10,7 1-1 107 A 
np~-1 3HeprHHX HHlt<eK~HH cooTBeTCTBeHHo 0,3 1-1 1,5 M3B. B Ha
CTOH~ee speMH HMeiOTCH 3neKTPOHH~e nyWKH C 6onbWHM TOKOM. 

HHlt<eK~HH ny4Ka 8 KaMepy MOlt<eT 6~Tb B~nonHeHa C nOMO~biO 
CHCTeM~, B KOTOPO~ S036Ylt<AaeTCH HMnynbCHOe 3neKTpOMarHHT
HOe none; CHCTe~, nOA06HO~ ~BOAHOMY yCTpoHCTBy, OCy~ecT
BnR~eMy OAH006opOTHWH ~BOA 3neKTPOHHOrO ny4Ka H3 CHnbHO
T04HOro 6eTaTpoHa c 3HeprHeH 25 M38, a TaKlt<e H3 3neKTPOH
Horo CHHXPOTPOHa C 3HeprHeH 75 M3B /4,fil. ~~ nHTaHHR BbiBOA
HOro yCTPoHCTBa HCnonb3yeTCR HMnynbCHWH reHepaTop, ~pa6a
T~Ba~HH np~MOyrOI1bH~e HMnynbCbl Hanp~lt<eHHR Af1HTei1bHOCTbiO 
-10,5 HC C ~pOHTOM -1,5 HC H aMnnHTYAO~ AO 100 KB. ~H HH
lt<eK~HH noTpe6yeTc~ MeHee M~HWH reHepaTop. 
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4. HHTEHCHBHOCTb nY4KA 

4!-ICJlO I-IH>KeKTI-IPOBaHHbiX B KaMepy 3JleKTPOHOB, onpeAeJlReMOe 

npeAell bHbiM npoCTpaHCT BeHHbiM 3aPRAOM, Bb141-1CJ1RJ10Cb AllR ~1-1 KJll-1-
4eCKOrO yCKOPI-ITeJlR ~/ no $OpMyJle 

_:;__..-..-~ • B<ll' /1/ 
Rre 

rAe II - 4aCTOTa 6eTaTpOHHbiX KOJle6aHI-1~, \L\11\ - CABI-Ir 4aCTOT 

6eTaTpOHHbiX KOJle6aHI-1~, 06yCJ10BJleHHbl~ 3¢<l>eKTOM npOCTpaH

CTBeHHOrO 3apRAa, {3 - CKOpOCT b 3JleKTPOHOB, OTHeCeHHaR 

K CKOpOCTI-1 CBeTa, y - OTHOWeHHe 3Heprl-11-1 3JleKTPOHOB 

np1-1 HH>KeK~I-11-1 K 3Heprl-11-1 noKOR, R - cpeAHI-1~ paAHYC op61-1Tbl; 

re= 2,8·10- 15 M; 2a 1-1 2b - paAHaJlbHbl~ 1-1 eepTHKaJlbHbl~ 
pa3Mepbl ny4Ka np1-1 HH>KeK~I-11-1; B 1-1 <11 - K03$<lM~HeHTbl AllR y4eTa 

3¢<l>eKTOB 6aH41-1POBKI-1 ny4Ka 1-1 Blli-IRHI-IR Ha Hero CTeHOK KaMepbl 

/CI-111 OT I-1306pa>KeHI-1~ ny4Ka, 3JleKTPOCTaTH4eCKI-1X 1-1 MarHI-ITHbiX/. 

Ko3!)>$H~HeHT B paeeH 1 , nocKOJlbKy ny40K e KaMepe UHY paeHo

MepHo pacnpeAeneH no eceMy KOJlb~Y, a napaMeTp <11 Bbi41-1CJ1ReT

cR no !)>opMyne /6 / 

b (a + b) 2 2 ) 2 2 ( h ) 2] l-1 <1>={1+--------[E (1+Bf3 y +E B{3 y -- , 
h2 1 2 g 

/2/ 

rAe 2h - BbiCOTa BaKyyMHO~ KaMepbl, 2g - BbiCOTa 3a3opa Mar

HI-ITa Ha paeHoeecHo~ op61-1Te. Ko3¢<1>1-1~HeHTbl E 1 1-1 E 2 3aBHCRT 

OT reoMeTpl-11-1 1-1 KaMepbl, 1-1 nOJliOCHbiX HaKOHe4HI-1KOB. /lnR KaMepbl 

Kpyrnoro Ce4eHI-1R E 1 = 0, a AllR 311111-1nTI-14eCKO~ KaMepbl C OTHO

weHHeM oce~, HanpHMep, 2: 1, eeni-14!-IHa E 1 = 0,172. napaMeTp 

E 2 e HaweM cny4ae paeeH 0,206. H3 /2/ BI-IAHO, 4TO npeAn04-

THTenbHO Hcnonb3oBaTb KaMepy Kpyrnoro ce4eHHR. 

5. OP6HTAnbHA~ YCT0~4HBOCTb 

MarHI-ITHaR CI-ICTeMa yCKOPI-ITellR KOMnaKTHa, n03TOMY He~ene

C006pa3HO BBOAHTb 6onbwoe 41-lCllO N 3JleMeHTOB nepi-10AI-14HOCTI-1. 

A np~-1 ManoM N Cl-11lbHaR !)>oKyc!-1poeKa He I-1MeeT cy~ecTBeHHbiX 

npeHMy~eCTB nepeA cna6o~. no3TOMy 6blna Bb16paHa cna6aR !)>o

KYCHPOBKa, KaK Ha1-16011ee npOCTO peaJll-13yeMaR. 4!-1CJ10 3JleMeHTOB 

nepi-10Ai-14HOCTI-1 6bl110 Bbl6paHO paBHbiM WeCTI-1 /CM. Ta6Jl. 1/, no

Ka3aTeJlb n cnaAa nonR e MarHI-1Tax B3RT 6nH3KI-1M K 0 ,5. np~-1 

3TOM 41-1CJla llx 1-1 II z 6eTaTpOHHbiX KOJle6aH!-1~ np!-1MepHO OAHHaKOBbl. 

0THOWeHI-1e Us AJ11-1Hbl npRMOJlHHe~Horo npoMe>KyTKa K A111-1He 

op61-1Tbl B OTAellbHOM MarHHTe Bbi6HpaJlOCb TaKI-1M, 4T06bl: 1/ 41-lCJla 

6 

~ 

}-

> 

• 

Ta6n1-1~a 

napaMeTpbl MarHI-1THO~ CI-1CTeMbl UHY 

.file B~HqHHa 

nn 
II a p a M e T p ,llaHHaJl /2/ 

12a6oTa 

I. SHeprHR aneKTpoHoB, MaB roo roo 
2. N 0 'IHcnO aneMeHTOB nePHOnH'IHOCTH 6 15 

3. ~ , noKa3aTe~ cnana (pocTa) no~ 0,5 6 

4. tjs , oTHomeHHe nnnHU rrpHMO~HeftHoro 

npoMeJeyTKa K llJIHHe op6HTH B MarHHTe 1,87 

5. 'I , qHc~a 6eTaTpoHHHX Ko~e6aH~ 

a) no BepTHKaJIH 1,24 0,7 
6) no panHYCY 1,24 2,8 

6. Cpe.llHd panHyc op6HTH, M 

a) HB'iaJILHJlli I,I5 1,4 

6) KOBS'IHUit I,I5 2,8 

7. MaKCHM~HaR HHn,yKLUlJI Ha KOHe'IHOM 

pawce, 'f' 0,79 0,96 

8. F , !)>opM!)>aKTop or1-16a10~e~ ny4Ka 1,20 

6eTaTpOHHbiX KOJle6aH!-1~ OTCTORJll-1 KaK MO>KHO AallbWe OT pe3o

HaHCHbiX 3Ha4eHH~; 2/ !)>opM!)>aKTop F or1-16a10~e~ ny4Ka He Cl-lllbHO 

OTJll-14aJlcR OT eA!-1 Hl-1~bl; 3/ Alll-1 Ha £ 6b1Jla AOCTaT04HO~ AJ1R pa3-

Me~eH!-1R I-IHAYKTOPOB 1-1 YCTPO~CTB BBOAa 1-1 BbiBOAa ny4Ka. Dbllll-1 

Bb16paHbl Us = 1, 87, np~-1 3TOM llx "'liz"' 1,24, 1-1 !)>opM!)>aKTOP F= 1, 20. 
npi-1 CABI-Ire 4aCTOT IL\11\= 0,2. o6ycnoeneHHOM 3¢<l>eKTOM npocT

paHCTBeHHOro 3aPRAa ny4Ka, pa6o4aR T04Ka yCKOpi-1TeJlR Ha A1-1ar

paMMe pe30HaHCOB B npo~eCCe ycKOpeHHR CMe~aeTCR OT 11 0 "' 1,04 
AO II "'1,24 · npl-1 3TOM OHa He nepeCeKaeT Hl-1 OAHO~ pe30HaHCHO~ 
Jli-IHI-11-1 AO 4-ro nOPRAKa BKJ1104HTeJlbHO. 

6. YCKOP~~EE nonE 

YcKOpRIO~ee none B036Y>KAaeTCR Ha OCI-1 HHAYKTOpOB 1-1 B 3a3o

pax MarHHTOB /MarHHT HMeeT C-o6pa3HY~ !)>opMy, eepTHKaJlbHaR 

CTO~Ka RpMa pacnOJlO>KeHa CHapy>KI-1 1-1 He OXBaTbiBaeTCR op6HTO~/. 
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np~ OAHOM o6opoTe B KaMepe UHY 4acT~4a npoXOA~T pa3HOCTb 
noTeH4~anos, paBHY~ 

U = U i +UP = w ( <1> i + <1> P ) sin w t , /3/ 

rAe ~HAeKC i OTHOC~TCR K ~HAYKTOpaM, a p - K MarH~TaM, 
w=2rrf, f- 4aCTOTa n~Ta~lljero HanpR>KeH~R, <l>i- aMnn~TYA2 
cyMMapHoro MarH~THoro noTOKa,C03AaBaeMoro ~HAYKTopaM~, <I>P 
- aMnn~TYAa nepeMeHHoro noToKa MarH~Tos, oxsaT~BaeMoro op -
6~To~: 

<I>i =k(R-r)ei Bi, /4/ 

,... 2rr n ( 2- n 2- n) ..... = k ----- B p p - p , 
P 2-n P o /5/ 

rAe k- K03~~~4~eHT 3anonHeH~R, KOTOp~~ y4~T~BaeT Han~4~e 
~30n~py~llj~X CnOeB B ~HAYKTOpax ~ MarH~Tax, CofipaHH~X ~3 

neHT04Ho~ 3neKTpoTeXH~4ecKo~ CTan~,r ~ R - BHyTpeHH~~ 
~ BHeWH~~ paA~YC~ ~HAYKTOpa, ~Me~lljero ~OpMy nonoro 4~n~HAPa 
co CTeHKO~ ti=R-r • ei - cyMMapHaR An~Ha ~HAYKTOPOB, Bi
~HAYK4~R B cepAe4H~Ke, ycpeAHeHHaR no ce4eH~~. p - paA~YC 

paBHOBeCHO~ Op6~T~ B MarH~TaX, Po - paA~YC OKpy>KHOCT~, or
paH~4~Ba~llje~ o6nacTb nonR, n - noKa3aTenb cnaAa BeAYlllero no
nR ~ Bp - aMnn~TyAa nepeMeHHO~ COCTaBnR~llje~ ~HAYK4~~ Ha 
paBHosecHo~ op6~Te B 3a3ope MarH~Ta. YcpeAHeHHaR no op6~Te 
HanpR>KeHHOCTb ycKOPR~lllero nonR pasHa . 

E = E . + E = !:f.JL_ (<I> . + <1> ) sin w t , 
1 p 1 p /6/ 

rAe L = 2rrp + Ne - An~Ha op6~Tbl, N - 4~cno 3neMeHTOB ne-
p~oA~4HOCT~, e - An~Ha npRMOn~He~Horo npoMe>KyTKa. PewaR 
ypasHeH~e AB~>Kei-t~R 3apR>KeHHO~ 4acT~4bl B none !6!, nerKo no
ny4~Tb ~opMyny AnR Bbl4~cneH~R ~Mnynbca 3TO~ 4aCT~4~: 

Pt =p0 +pm(l-coswt), 171 

rAe Po ~ Pt - Ha4anbH~~ ~ KOHe4H~~ ~Mnynbc~ 4aCT~4~ /M3B/c/, 
2Pm - np~pocT ~Mnynbca 4acT~4~ B npo4ecce ycKopeH~R /M3B/c/. 

Pm = Pmi + Pmp • /8/ 

pmi = cZ<I>i / L ~ P =cZ<I> / L mp p • 191 

C = 300 , Z - 3apRA 4aCT~4~ B eA~H~4ax 3aPRAa 3neKTpOHa. 

• 

np~ 3TOM Ben~4~Hbl L • t i • p 
~ BP - B Teena. BeAYlllee none 
eTCR B~pa>KeH~eM 

B t = B0 + Bm (1- coswt), 

rAe Bm= Bp. 

~ p O Bblpa>KeH~ B MeT pax, B i 
B COOTBeTCTB~~ C /7/ on~c~Ba-

/10/ 

7. nPOUEAYPA OUEHKH nAPAMETPOB 

04eHKa napaMeTpOB ~HAYKTOpOB ~ MarH~TOB BblnOnHRnaCb ~3-
BeCTHbiM cnoco6oM. Becb o6"beM ~HAYKTopa - nonoro 4~n~HAPa 
CO CTeHKO~ TOnllj~HO~ ti = R-r pa3fi~BancR Ha PRA TOHK~X KOH-
4eHTp~4eCK~X cnoeB TaK, 4T06~ MO>KHO 6blnO C4~TaTb nOCTORH
H~M~ MarH~THoe none ~ ~HAYK4~~ B Ka>KAOM cnoe. Bbl6~panocb 

onpeAeneHHoe 3Ha4eH~e ~HAYK4~~ Ha BHyTpeHHeM paA~yce, no 
Kp~so~ HaMarH~4~BaH~R MaTep~ana B('l)- H(A/ m) onpeAenRnocb 
MarH~THoe none H r Ha 3TOM paA~yce ~ Bbl4~cnRnocb Heo6xo
A~Moe Kon~4eCTBo aMnepB~TKOB wl = 2rrrH r • Aanee nocneAOBa
TenbHO Bblli~CnRn~Cb nonR H BO Bcex CnORX ~ no K11~BO~ HaMar
H~4~BaH~R HaXOA~nacb ~HAYK4~R B H~X. AnR Ka>KAOro CnOR Bbi-
4~CnRn~Cb o6"beM, Macca, MarH~THbl~ noTOK ~ c ~cnonb30BaH~eM 
KP~Bo~ YAenbHbiX noTepb P ( BT/Kr)- B('l) ycTaHaBn~san~cb no
Tep~, CBR3aHH~e c nepeMarH~4~BaH~eM B cnoe. 3aTeM nyTeM 
cyMM~posaH~R onpeAenRn~cb AnR scero ~HAYKTopa Macca, noTep~ 

B CTan~, MarH~TH~~ nOTOK, ~HAYKT~BHOCTb, peaKT~BHaR MOlljHOCTb 
~ MOlljHOCTb nOTepb B OfiMOTKaX. . 

Ma1 H•1T ~MeeT C-o6pa3HY~ c)>opMy. Ero MO>KHO npeACTaB~Tb 
B B~Ae nonoro 4~n~HApa C T OnCTO~ CTeHKO~ ~ B~pe30M no o6-
pa3y~llje~ - 3a30pOM AnR BaKyyMHO~ KaMepbl, npo4eAypa 04eHK~ 
napaMeTpos MarH~Ta nOA06Ha on~caHHo~ s~we. 

8. nPHMEP~ PEAnH3AUHH UHY 

o~na npoBeAeHa 04eHKa napaMeTpOB UHY Ha 3Hepr~~ 3neKTpo
HOB 40 M3B /np~ 4aCTOTe nepeMarH~4~BaH~R cepAe4H~Kos f = 
= 400 r4/ ~ 50. 100 ~ 200 M3B /np~ f =50 r4/. B ~HAYKTOpax 
~ MarH~Tax ~cnonb3oBanacb pynoHHaR 3neKTPOTexH~4ecKaR cTanb 
3330A TOnllj~HO~ 0,35 MM /np~ f = 50 r4/ ~ 3360A TOnllj~HO~ 
0, 1 MM /np~ f = 400 r4/ IS/. Ko3<1>¢~4~eHT k 3anonHeH~R Bbl6paH 
0,9 AnR CTan~ 3330A ~ 0,8- AnR 3360A. 

Asa npRMon~He~HbiX npoMe>KyTKa UHY OTBeAeH~ AnR ycTpo~cTB 
BBOAa ~ B~BOAa ny4Ka, a B 4eT~pex pa3Mellja~TCR ~HAYKTOp~. 

8 ~ 



8 Ta6Jl. 1 npi1Be,QeHbl OCHOBHble napaMeTpbl MarHI1THOH CI1CTeMbl. 
AnA cpaeHeHI1fl eo BTopoi1 KOilOHKe yKa3aHbl HeKoTopble ,QaHHble 
npOeKTa ~/ 6eTaTpOHa C nOCTOflHHbiM nOJleM. 4aCTOTa 6eTaTpOH
HbiX Kone6aHI1i1 no eepTI1KaJ111 e 6nn 3aMeTHo H11me eell11411Hbl vz 
e U~Y. Pa,QI1allbHbli1 pa3Mep eaKyyMHoi1 KaMepbl e 6nn He MeHee 
1,4 M, 4TO 3Ha411TeJlbHO npeBbiWaeT BeJ111411Hy 2h =] CM- ,QI1a
MeTp KaMepbl e U~Y; KaK cne,QCTBI1e :noro - cy1J.1eCTBeHHbli1 Bbl-
11 rpbiW e o6"'beMe cT a1111 e U~Y. Bell11411 Hbl N , n , f Is , v 11 F 
O,Q11HaKOBbl ,Qllfl BCeX Bapl1aHTOB YCKOPI1Tellfl. 

8 Ta6n. 2 11 3 npe,QCTaBJleHbl OCHOBHble napaMeTpbl 11H,QYKTOPOB 
11 MarHI1TOB. BenH411Ha 11H.QYK~1111 Ha BHYTPeHHeM pa,QI1yce cep,Qe4-
H11Ka npi1HRTa paBHOH Br = 1,8 T lnpl1 f = 50 r~l 11 1,5T lnpl1 
f= 400 r~l. noTepl1 B 11H,QYKTOpax CBR3aHbi,B OCHOBHOM,C noTe

PflMI1 e cTa1111. OcHOBHaR 4aCTb noTepb e MarH11Tax - c noTepR
MI1 B 06MOTKaX, OH11 O~eHI1BaJ111Cb B Me,QHOM npOBO,QHI1Ke np11 
nnoTHOCTI1 ToKa 2 AIMM2. 

B Ta6n. 4 ,QaHbl ocHOBHble napaMeTpbl U~Y. AnR cpaeHeHI1fl 
B KOJlO'Hi<a'X-7, 8 11 9 np11 Be,QeHbl ,QaHHble 113 npoeKT a CI1IlbHOT04-
HOro 6eTaTpoHa c 3Heprl1ei1 50 M3B 19/, npoeKTa 6nn ~1 c 3Hep
rl1ei1 100 M3B 11 napaMeTpbl pa6oTa~11.1ero 6eTaTpoHa n; 6e3 no,Q
MarH11411BaHI1R. Al1aMeTp ny4Ka np11 11HmeK41111 B3RT paBHbiM 2a=5 eM. 
~HTeHC11BHOCTb ny4Ka U~Y cpaBHI1Ma c TaKoeoi1 CI1IlbHOT04Horo 
6eTaTpoHa 11 np1161111maeTCR K 11HTeHCI1BHOCTI1 ny4Ka 6nn. 6onee 
Toro, BbiCOK04aCTOTHbli1 U~Y If = 400 r~l c noBbiWeHHOH 3Heprl1ei1 
11HmeK~I111 I T 0 = 1 ,5 M3BI no ceoei1 11HTeHCI1BHOCTI1 npi1MepHo Ha 
nopfl,QOK npeBOCXO,Q11T 6nn 11 np116I111maeTCfl K 1111HeHHbiM YCKOPI1Te
JlflM 3IleKTPOHOB I -10 15 3IleKTpoHicl. 06"'beM CTaJ111 e UHY 
B 6-10 pa3 MeHbWe, 4eM B 06b14HOM 6eTaTpOHe 11 B 6nn; MOIJ.IHOCTb 
noTepb 11 MOIJ.IHOCTb 11CT04HI1Ka ni1TaHI1fl npi1MepHO B 10 pa3 MeHb
we, 4eM e 6eTaTpoHe. 

3neKTPOHbl BBO,QRTCR e KaMepy U~Y np11 ¢a3e ycKopR~IJ.Iero 
HanpRmeHI1fl cf> in= 0° 11 BbiBO,QRTCR 113 Hee 11Ill1 c6pacblea~TCR Ha 
M11WeHb npl1 cf>out = 126° 7 138 ° ,Qllfl pa3HbiX eapl1aHTOB U~Y. npl1 
BbiBO,QHOH ¢a3e pa,QI1a~I10HHble noTepl1 3JleKTPOHOB COCTaBJlfl~T 
Many~ ,QOil~ oT np11pocTa 3Heprl111 3a o6opoT - He 6onee 10%. 

9. OCHOBHWE nPE~MYmECTBA YCKOP~TEn~ 

Ha116onee eamHbiM npei1MyiJ.IeCTBOM U~Y nepe,Q o6bi4Hb1M 6eTaTpo
HOM 11 6nn flBilfleTCfl ero 3KOHOMI14HOCTb: He60ilbWOH 06"'beM CTa
Ill1, nOHI1meHHafl MOIJ.IHOCTb 11CT04H11Ka ni1TaHI1fl 11 BbiCOKafl 11HTeHC11B
HOCTb ny4Ka. Ko3¢¢11~11eHT none3Horo ,Qei1cTBI1R U~Y peKop,QHO 
BbiCOK. Hanpi1Mep, B BbiCOK04aCTOTHOM eapl1aHTe U~Y If= 400 r~/ 
C 3Heprl1ei1 3JleKTPOHOB 40 M38 MaKC11MaJlbHafl MOIJ.IHOCTb ycKopeH
HOro ny4Ka pasHa Pe=21,3 KBT, a MOIJ.IHOCTb noTepb Pa=31 KBT. 
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Ta611114a 2 

napaMeTpbl 11H,QYKTOPOB U~Y 

BeJIHqHHa Mil 
nn 

IIapaMeTp 
40 MaB [50 M~Bjroo -MaB~ 200 MaB 

I. "" , BHYTpeHHIDl panHyc, CM 

Jl, , BHeWHrol p8nHJC, CM 

6 6 6 6 

2. 21 !8 18 18 

3. jj, , cyMMapHail MHHa, M 

4. )/.i. , M8CCa CTMH, T 

5. 8;. , 8MllJIHTyna HHnJKUHH, 7 

6. ~~ 1 MOU(HOCTb IIOTep:c, KBT 

7 • /pi. , peai\TliBHa.fl MOU(HOCTb, 

KBT 

1,96 

1,53 

1,32 

20 

78 

1,57 

0,00 

1,70 

!,6 

31 

Ta6n114a 3 

napaMeTpbl MarH11TOB U~Y 

3,53 

8,0 

!,63 

II,5 

!49 

7,04 

78,0 

1,53 

86 

685 

JfJ~ 

nrr 
D e JI H q H H a 

II a p a M e T p 40 lllaB' 50 MaB roo r.~aB 200 MaB 

I. f1 , pa.IU!aJII>Hblii pasMep saso

pa, e.u. 

2. ~ , cyMMapHa.il lVIHHa, M 

16 

1,57 

3. JJ, , Macca CTMH, T I, ffi 

4. at , BblcoTa aasopa, CM 8 

5. lo+ 8,..,, IIOCTO.flHHail COCT8.BJl.fllO-
U(ail HHllYRUHH B 3830pe, 't' 0,346 

6. 8,. , aMIIJIHTyna nepeMeHHoil co
CT~e~ HHnYKQHH B 383ope,T 

7. 'ar , MOutHOCTb noTep:c, KBT 

8. f,_ , peaKTKBHail MOU(HOCTb, 
KBT 

0,321 

II 

1300 

16 

1,26 

I,I 
8 

0,505 

0,495 

9 

490 

16 

2,5I 

2,2 

8 

0,503 

0,497 

18 

!270 

16 

5,03 

4,4 

8 

0,564 

0,561 

34 

2540 
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KnA ycKop~TenR paseH 

7J = P e / (P e + P a ) = 40,7 %. 

Ecn~ S ~HAYKTOpax ~ MarH~Tax BMeCTO CTan~ 3360A ~cnonbao
BaT b SbiCOKOKa4eCT BeHHbiH nepMannol:i, Hanp. , 40HKMn /S / , TO no
Tep~ B ~eppoMarHeT~Ke CH~3RTCR n04T~ B 10 paa, ~ CYMMapHaR 
MO~HOCTb noTepb S ~HAYKTOpax ~ MarH~TaX COCTaB~T Ben~4~HY 
Pa = 11 KBT, a KnA ycKop~TenR 6yAeT paseH 7J = 66 %. Ecn~ 
B U11Y ~cnonbayeTCR SbiCOK03Qxl>eKT~BHoe ycTpol:icTso SbiSOAa 
ny4Ka /Hanp., f = 80 %/, TO B 3TOM YCKOp~Tene ~ 53% nOABO{\~
MOH 3neKTP03Hepr~~ npeo6paayeTcR B K~HeT~4eCKy~ 3Hepr~~ 
SbiSeAeHHOrO 3neKTPOHHOrO ny4Ka. 

U11Y Ha SbiCOK~e 3Hepr~~. Hanp., 100 -;- 200 M3B, MoryT KoH
Kyp~poeaTb C 3neKTPOHHbiM C~HXPOTPOHOM. 11HTeHC~SHOCTb ny4Ka 
s UI1Y BbiWe, 4eM s c~HxpoTpoHe, nocKonbKY ~aKTOP 6aH4~poBK~ 
B =/';.¢/ 2rr AnR U11Y paBeH 1, a AnR C~HxpoTpoHa MeHbWe 1 
I/';.¢ - aa~MyTanbHaR npoTR>KeHHOCTb crycTKa 3neKTPOHos B Ka-
Mepe ycKop~TenR/. KpoMe Toro, ycKOPR~~aR c~cTeMa U11Y npo~e 
~ 3KOHOM~4Hee c~HxpoTpOHHOH. Macca cTan~ s U11Y 6onbwe, 4eM 
S C~HXPOTPOHe, OAHaKO ee sen~4~Ha /10 780 T/ BnOnHe np~eM
neMa. 

Apyroe AOCTO~HcTso U11Y - yH~BepcanbHOCTb, B03MO>KHOCTb 
ycKopeH~R 4aCT~~ c pa3HbiM~ aHa4eH~RM~ Z/ A 6ea cy~eCTBeH
HbiX nepecTpoeK pe>K~Ma pa6oTbl ycKop~TenR. Hanp. , s 3neKTPOH
HOM U11Y c 3Hep r~el:i 200 M3B nonHbiH np~pocT. ~Mnyn bca a a see 
epeMR AeHCTB~R ycKOPR~~ero nonR paseH 278 M3B/c. Ecn~ 3Hep
r~R ~H>KeK~~~ npOTOHOB pasHa 0,3 M3B, TO ~X KOHe4HbiH ~MnynbC 
6yAeT paeeH 302 M3B/c, a K~HeT~4ecKaR 3Hepr~R - 47 M3B. 

KPATKI1E BbiBOAbl 

Bo3MO>KHOCT~ ~HAYK~~OHHoro MeToAa ycKopeH~R B o6bi4HOM 
6eTaTpoHe ~ s 6eTaTpoHe c nocTORHHbiM noneM ~cnonbaosaHbl 
He nonHOCTb~. TexH~4ecK~ ocy~ecTB~M ~~Kn~4ecK~H ~HAYK~~oH

HbiH yCKOp~Tenb C 6onee SbiCOK~M~ TeXH~K0-3KOHOM~4eCK~M~ 
napaMeTpaM~, 4eM S ~3SeCTHbiX ~HAYK~~OHHbiX yCKOp~TenRX. 

AsTop 6naroAapeH B.C.An~eeey, A.n.Hoe~Kosy, 3.A.nepenb
wTeHHy, A.6.KyaHe~osy, A.A.KoeaneHKO ~ M.A.Wa~paHoey aa 
none3Hble o6cy>KAeH~R. 
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