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n p o rpeC C HCCneLlOB8HHli B cP H 3 HKe 3neMeHT8pH biX '18CTHU onpenenHeTC H B 60nbW O H C TeneHH 

B03MO)!(H0C THMH YCK OpHTenbHbiX yCT8HOBOK 1 cny )!( 8WHX LlnH n o ny'leHHH nepBH'IHOf'O ny'IK8 38pH­

)!(eHHbiX '18C THU. B H 8 CTOHUiee BpeMH HCKniO 'IHTe nbHYIO B 8)!( H0CTb npHo6peT810T HCCneLIOB 8 HHH 

CBOHCTB HOB biX '18CTHU: f'HnepOHOB H TH )!( enbiX Me30HOB. 0LlH8 K O HHTeHCHBHOCTH ny'IKOB yK838H­

HbiX '18CTHU, nonyqaeM bie Ha C OBpeMeHHbiX CHHXPO.cP830TpOH8X 1 38'18CTYIO OK83biB810TCH HeLlOCTa­

TO'IHbiMH LlnH LleTanbHOf'O H3y'leHHH HX CBOHCTB H B38HMOLleliC TBHH C LlpyrHMH '1 8CTHU8MH H 8TOM" 

HhlMH HLlp8MH. 3 TO CBH38HO C OTHOCHTenbHO O'leHb ManoA B en H'IHHOH TOK8 yCKOpeHHhl X '1 8C THU B 

CI1HXpOcP830TpOH8X. 

B CBH3H C 3THM npeLICT8BnHeT 60nbWOH HHTe pec HCnOnb30B8HH9 B ycKOpHTenHX H8 3Hepf'HH 

'18CTHU LlO 10- 20 63B nOCTOHHHb iX M8f'HHTHbiX nonolf H cP830TpOHH0f'Q MeTOLl8 yCKOpeHHH. npH 

3TOM 38 C'leT pe3K0f'O ,yaenH'leHHH CKB8)!(H0CTH CpeLIHHA T OK '18CTHU MO)!(eT 6biTb yaenH'le H npH­

Me pHO H 8 Tp11 nOpHLlK 8 no Cp8 BHeHH.IO C HHTeHCHBHOCTbiO ny'IWHX" neACTBYICllllfX CHHXPOcP830TpO-

HOB . 

Y CKOpHTenb T 8 K Of'O THna LlOn)!(eH HM eTb M 8 f'H I1T KOnbUe B OH cPOpMbi, H np11 3TOM '1 8 CT11Ubl 

BCeX HMnynbCOB p83Melll810TCH B Cp8BHHTenbHO y3KOH LlOpO )!( Ke 38 C'leT pe3KO pacTyUiero no 

pan~ycy nOC TOHHHOf'O B O BpeMeHH M8f'HHTHOf'O nonH. BepTHK8nbH851 cPOKyCHpOBK 8 o6ecne 'I HB89TC H 

C03Ll8HH9M nepHOLlH'leCKOH CTpyKTypbi M8f'HHTH0f'O nonH, B 38BHCHMOCTH OT BHLl8 KOTOpOlf KOnb­

U9Bbie cP830T pOH b l p83 LlenHIOTCH H8 H9CKOnbKO THnOB. 

/ 1 2 / 
BrrepBbie OLlHH H3 THrroa KOnhueaoro cl:>a3o Tpoaa 6 bin rrpenno)!(eH a p a 6oTax ' , rne nnH 

C 0 3Ll8HHH aepTHK8nbHOH yCTOH'IHBOCTH HCnOnb30B8nOCb lf3MeH e HHe Hanpa aneHHH M 8 f'HHTH Of' O n o nH 

B CMe)!( H biX ceKTOpax. 

OnaaKo, H3-38 6onbllloro yaenH'leHHH p a n11yca Konbueaoro MarHHTa (5-7 pa3) no cpaaae­

HHIO C p 8 LlHyC O M KpHB I13Hbl B OTLienbHOM CeKTOpe, 3TOT THn KOnbUeBOf'O cP830TpOH 8 ue.'!ec oo6paa-

HO HCITOn b30B8Tb rnBBHbiM 06p830M LlnH yCKOpeHHSI 3neKTpOHOB. 

LlnSI npOTOHH biX KOnbUeBbiX cP830TpOHOB C 3HeprHelf yCKOpeHHbi X '18CTHU LlO 10-20 63B 

13t 
B blf'OLlHee HCnOnb30B8Tb MeTOLl C 0 3Ll8HHSI aepTHK8nbHOlf yCTOH'IHBOCTH, npenno)!(eHHbili B p a6oTe • 

B enH'IHHa aenymero MBf'HHTHor o nonSI nepHOLlH'leCKH H3M e HSieTCH anonb 83HMyTa H p a nHyca, npH­

'ICM cP838 M 8KCHMYM8 nepHOLlH'leCKHX HeOLlHOpOLlHOC Telf nonS! 38BHCHT OT p 8LlHYC8 no orrpeneneH­

HOMy 38KOHy, o6p83YSI CITHp8nbHbie nHHHH. 3TOT THn K OnbUeBOf'O cP830TpOH8 CO CIIHpan bHbiM noneM 

I-! MeeT K03cPcPHUHeHT yaenH'leHHSI p 8 LlHyCa KOnbUeBOf'O M8f'HHT8 1,2- 2 B 38BHCHMOCTH OT rny6HHbl 

a 3 pH8UHH M 8 f'HHTHOf'O nonS!. 

B HBCTOSIUieA p a 6oTe paccMaTpHBBIOTCSI TeopeTH'leCKHe H 3KcrrepHMeHTanhHbie aonpocbr, 

CaSI38HHhle C C03Ll8HHeM a n a 6op8 TOpHH SILlepHhlX npo6neM MOLlen11 npOTOHHOf'O KOnbueaoro cP830-

TpOH8 T8KOf'O THn a LlnSI HCCneLIOB8 HI1SI npouecc a HH)!(eKUHH '18CTH U a KOnbUe ByiO CHCTeMy CO CHI!" 

panbHOli CTpyKTypoli M8f'HHTH0f'O nonH, 8 T8K)!(e LlnH H8XO)!( LleHHSI OnTHM8nbHbiX yCnOBHli 38XB8T8 

'18CTHU B CHHXpOHHbiA pe)!(HM ycKOpeHHSio 

~8f'HHTHOe none a M9LlH8HHOH nnOCKOC TH KOnbU9BOf'O cP830TpOH8 CITHpa nbHOf'O THn8 HM99T 

Hz : H0 (r/r,rll+ ~ f sinm[~ ln(r/r o )-l'.' ¢ ]1, 
m=l m tga 
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r.nc r o - Ha'lanbHbiH pauayc KOnbneBoro Marm·!Ta; Ho - M&rHKTHoe none Ha Ha'laJtbHOM pauKy · 

ce; If - cpeJJ.HHi1 noKa3aTenb ~v~arHHTHoro norn ; N - 'lHCno cnHpanei!:; a - yron Me:>K.ay cna-

pDnbiO H OKpy:>KHOCTb!O paJJ.Hyca r ; E - rny6HH8 B8pH8l!lili COO TB eTCTBYIOWeii r8J9MOHHKH Mar-

HliTHoro non51. 

B KOnbneBOM · ¢aaoTpoHe B npHHuHne MO:>KHO y.aoBne T BOpHTb ycnoBHIO AHHBMH~ecKoro no.ao-

61151 38MKHYTblX op6HT. npl! 3TOM 'l8CTOTbl CB060.LJ.Hb!X Kone5aHHH YrH C:z llOCT051HHbl. npouecce ycKo-

peHHH H MoryT 6biTb Bbr6paHbi .aocTaTO'lHO .aaneKo OT onacHbiX peaoH a HCHbiX 3 Ha'leHHii. Dn11 I'IIoi­

nonHeHH51 ycnOBH51 ,lJ.Ht:8MH'leCKOrO llOJJ.06MH He06XO,lJ.liMO llOCT051HCTBO napaMeTpOa n If fia • no­

cne)J.Hee ycnoBHe onpe.aenHeT 38BHCHMOCTb ~a3~ MaKCHMyMa non51 oT pa.aayca a aH.ae norapK¢~ 

MH'leCKOl\ cm1panu r = r
0

e tga ¢ • 

Dn51 npu6nH}KeHHoro Bbi'lMcneHH51 'l8CTOT cBo6o.n.Hhix Kone6aHHii MO:>KeT 6biTb HCIIOJtb3el!laHa 

rn au K a51 annpoKCMM£ll!H51 

c;2 
r l + ii'' (2) 

2 - 2 
Q =-n+ _ _n_ ~ (_~) . 

z tg2 a m~l £ 
1 

(3) 

CnupanbH851 CTPYKTypa MarHHTHoro non51 xapaKTepn3yeTC51 6onbWliM BKna.aoM HenuH e HHbiX .ao6a­

B OK K KB83Hynpyroii CHJle , o6eCll~'lHB8IOWel\ yCTOH'lHBOCTb ,lJ.BH:>Ke HH51 'l8CTIHlo 3TH HeJlHHeli!!OCTH 

M clrH!iTHOro Il0Jl51 Bbl3blB810T, KpOMe a¢¢eKTHBH blX BHyTpeHHHX pe30H8HCOB THI18 (: = N/ q ( q -

I10pH.lJ.OK HenMHeHHOrO pe30.H8HC8), Hepe30HOHCHYIO 38BiiCHMOCTb 'l8CTOTbl CB060JJ.HblX KOne6aHMH 

OT aMnnuTyJJ.hi. PacqeTbi noKa3biB8JOT, 'ITO npu yrnax cnMpanM a -..: 10° aMTIJlHTy.aa Kone6aHMii 

I10pH.lJ.K8 3 CM MO}!{eT Bb!3B8Tb li3MeHeHMe 'l8CTOTbi, paBHOe paCCT051 HI110 Me)I<.LJ.y JlMHeHH b!Mii p e3o-

H aHcaMH . Dna nony'leHM51 upa OTHOCMTenbHO y3KOH uopO}!{Ke Heo6xo.auMoro aHa'leHHil Q
2 

llpHxo-

,lJ.HTCSl HCll0Jlb30B8Tb CeKTOpHy!O C TpyKTypy KOJlbUeBOrO MarHHTa , KOTOpag o5ecne'li!B8eT 6onbWYIO 

BenH 'lHHY B8p1!8UHH BllJlOTb AO 3Hil'leHaH £ z > ] 

Mo.aenb KOJlbUeBoro qJaaoTpoHa pacc'll!TaHa Ha ycKopeHae llpOTOHOB OT I MaB .ao 10 MaB. 

TaKoii .n.Hana30H 3Hepruii o6ecne'laBaeT wupoKae B03MOmHOCTM JJ.JI51 accne.aoBaHMSl BnMHHMSl Ky­

noHOBCKoro B38l!MO,lJ.eHCTBH51 'l8CTMU B nyqKe·Ha npouecc~ HH)I<eKUHM H 38XB£1T8 B CH HXpOHHWfi pe-

)101M yCKOpeHHH . 

06w11e napaMeTpbi Mo.aenu npHBe.aeH r B Ta6nHue l. 

3HeprH51 I!H}!{eKUHH 

KoHe'lHas aHeprHil 

Pa.aayc I!H}!{eKUIH! 

WHpHH a .aopox<KH 

MarmrTHoe none H a r- r. 
l 

MarHHTHoe none Ha r = r k 

noK838Tenb nong 

4 11 cno crmpaneil 

Yron cnupallH 

4 

Wi = I M3s 

wk = 10 M3B 

r· 
I = 240 CM 

l'!.r = 12 CM 

li' = 1200 3 
I 

Hk = 3680 3 

rr = 23 

N = 18 

a = 13° 
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rny6HHB BBpHBUHH f'l - oii rapMOHHKH 

4acToThl cso6 oaHhlx Kone6aHHA 

4acTOTbl ycKopmowero HanpsnKeHHH npH pa6oTe 

Ha 9-oA KpBTHOCTH 

MaKCHManbHblA npupocT aHeprHH 3a o6opoT 

4BCTO'Fll iUHtllS.II yC:KOpeHHH 

DnHTenhHOCTb HH~KeKUH11 

MnKC11MBllbHOe 'lHCno 'lDCTHU a HMnynbce 

'I 1 J 15 

f (,r 
11, 9 

hz = 1,8 

ci = 8,2 Mru 

fk = 2 '-! ,7 Mru 

eVo = 2,1 KBB 

F ~ 110 ru 

(\ t i ~to MKCeK 

so : 2·10
11 

Jl pH npOeKTHpOIIBHHH MOOellH KOllbUeB OIO cp830Tp0Hil B03HHKBeT pRO 3000'1, CB5l3CIHHblX 

C C030BHHeM KOllbUeBOIO 3llBKTpOMBrHHTB, COCTOAWero H3 18 OTQellbHhlX CeKUHA 

K OHcj:JH rypetlll1H. 

CllO>KHOii 

Heo6XOOI1Mb!A 3B KOH MBIHHTHOIO llOJTH BJJ<Jllb pOOHyca B KB::+.OOH Ce"U1111 C03QBeTCA KilK 

f!pDrJJI1ll11pOBB!II1eM 3830pa , TBK !1 11CnOllb30BBHHeM BHTKOB C TOKOM, pacnpeaeneHHblX no llOBepxHOCTH no-

lliQCil, 8 TO )Ke BpeMA CeKUIIH OOll}KHbl o6ecne'lHBBTb Tpe6yeMb!H 3BKOH H3MeH<?Hl!H LtJB3bl MBKCHMYMfl 

nonA 11 Belll!'l11HY BilpHBU11H. To'lHhlA pac'leT CBKUHH TilKOA cno>KHOH rtJopMbi aaTpyauureneH. B 

CBA3H C 3THM HB OCHOBe npeOBBpHTeJTbHOIO paC'leTa MBI'Hl!THOl! uenH , C IIC110llb30BB HHeM 3BKOHB 

llOllHOIO TOKB 6blllH CllpOeKTHpOBBHb! 11 H310TOBJTeHbl QBe CeKU11H KOllbUeBOIO MBIH11TB B HBTypanb­

IIOM MOCWTa6e. Ho p11C. 1 ll0KB3BH 06WHH BHO ceKUllrt BMeCTe C llpHCilOC06neHHeM OnH !13ll.tepe­

lll!H MlliHHTHOIO nonA. CeKUHH yKpenneHbl HB o6wei1 paMe 11 MOryT nepeMeWOTbCH apyr- OTHOCH ­

TenbHO ,npyr-a B Tpex HBllpBBneHHH •• MarHHTHOe none B 3830pe H3MepHll0Cb llp!160pOM, OCHOBBH­

HbiM HD acl.>cpeKTe Xonna, C TO'lHOCTbiQ 0,5%. Ha 3THX CeKUHHX npeanonaraeTCH npoBeCTH non­

HOe 3 KCnepHMSHTBnbHOB MOQenHpOBBHHB KOllbUSBOIO 3llSKTpOMBIHHT3 H BHSCTH HB06XOOHMb!S KOp-

peKTl!Bhl B npeOBBpHTSJlbH hlH pDC'lBT. 

Cneay10weil npo6ne11.!0ii, B03HHKBIOWeA npH C030BHllli KOi!bJ.teBoro cj:Ja3oTpoHa , HBnAeTCH no ­

ny'leHrre ny'lKB npOTOHOB C 3 HBprrlei1: B [ M3B, TOKOM B HMnynbCB OKOllO 10 MB 11 OTHOCHTSnbHO 

MBllh!M 3HBpreTH'lSCKHM pa36pOCOM. JlnH 3TOH UBllH C030ilSTCH yCKOpHTellb-l!H)KeKTOp, npeOCTBB­

JlHJOWHW C060H OOHHO'lHb!rt TOpOHOBllbH blH pe30HBTOp, BOOllb OCH KOTOporO OBH)KyTCA 'lBCTHUbi, 

ycK o pHeMbie BbiCOKO'lBCTOTHbiM noneM pe30HaTopa. Pa6o'laH 'lDCTOTD - 60 MI'U, MowuocTb Bbi COKo­

'lctCTOTHoro IlOnA, H e06XOOU MDH On.A nony'leHHH B 3D30pe 4 CM HBnpH)KeHIIH B 1 Ma, COCTCJ B:J>iCT 

1,5 :V\B T B HMilYllbCe OllHHOll OKOllO 30 MKCeK, 8br6op OOHIIO'IHOIO pe30H8TOpa B KB'leCTBe l!P/hP'I" 

TOpD 6bin Bb!3BBH He06X00HMOCTbiQ HMeTb B03M0)KH0 60nbWiifl TOK liH)KeKTI!pyeMOIO ny'IKC! Oll51 

nony'leHUA ,-ADKC!iMBllbHO B03M0)KH010 'lHCll8 'IBCTUU HD op6HTe cj:J030TpOHB, 8 TDK>I<e anA HCCne,no-

BCJHHH BllHHHHil npeBbiLIIe HHH HH>KeKTHpyeMOIO 3BpH08 H80 npeaellbHbiM, 38XBB'leHHb!M HLl 

ycToil"'lHBYIO op6uTy. DnA yMeHbweHHA 3HepreTH'leCKoro pa36poca 'letCTHU ao Tpe6yeMoii aem!• lltHJt 

np11MeHHeTC5l npeaaapHTenbHB.A cpa30BBH rpyrmHpOBK B 'IBCTHU C llOMOWbiO rpynnHpOBI'lTellA , BO.o ")_, n·· 

aaeMOIO C!iHXpOHHO C OCHOBHb!M pe30H8TOpOM. npoTOHbl HH>KeKTHpy!OTCA B p e30H8 TOp H 3 IICTO'l-

/4/ 
HliKB C riOJlOCTHbiM K8TOOOM , HCilOllb3YIOWero pa3pAO B llpOOOllbHOM M81HHTHOM BOlle • Ha 

p!!C, 2 11pHBeQeH o6WHH BHO pe30HBTOpa-HH}I<eKTOpa. 

flocne 3BXB8TI't B CHHXpOHHblH pe>KHM yCKOpeHHH 'lBCTHUbl COBepWaiOT CliHXpOTpOHHb!e KOne--· 

6aHHH, OnHCbtBBeMb!e (p830Bb!M ypaBHeHHeM KOllbUeBOIO ¢a30TpOH8, l'lpH 3TOM 'l8CTOT8 yCKOpAIOWe -

5 



ro IIOnH B HepenHTHBHCTCKOM Cnyqae npH ycnOBH H IIOCTOHHCTBa COS ¢ 0 JJ,Qn)!{H8 ysenHqHB8TbCH 

npH6nH3HTenbHO npon o puHoHanbHO CKopocTH q a cTHUbi. DnH HccneJJ,osaHH SI o6nacTeii ¢a3osoll ycToii·­

qHs o cTH B MOJJ.enH KOnbU9BOrO tP830TpOHa npeJJ.yCMOTpe Ha B03M0X(H0CTb H3MeHeHHH CHHXpOHHOH 

<PaoLI B npouecce ycKopeHHH c pa3nHqHoii CKopocTbiO H B n1060M nanpasn e HHH. DnH 3Toii uenH 

C03JJ,89TCH reHepaTop yCKOpHIOW.ero HanpH)!{eHHH, aMnnHTyJJ.a KOTOpOrO MO)!{eT H3MeHHTbCH B 

npouecce yCKOpeHHH no 38paHee 38JJ,8 HHOMy 38KOHy, COOTBeTCTByiOW.eMy He06XO JJ,HMOMy H3MeH e ­
/5/ 

HHIO CHHXpOHHOH tP83W • 

8 38KniOq 9HHe He06XOJJ.HMO OTMeTHT~ qTo C03JJ.8HHe MOABnH KOnbuesoro tPa30TpOHa II03BO" 

nHT IIpOBe CTH B8)!{HWe HCCnaJJ,OB 8 HHH, KOTOpWe HBHTCH OCHOBOH D.nH p a3 p860TKH HOBOro THna 

CH nbHOTOqHWX ycKOpHTeneif, 
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