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Bneueaue 

Jlanb~etiwee paaBHTHe lj!HaHKH SILlepHbiX peaKUHH M9)KJlY cnO)!{HbiMH 

S1Jlp8MH CBSI38HO C HCIIOnbaOB8HHeM- B STHX peaKUHSIX IIY'IKOB 6biCTpb!X 

HOHOB Bee- 6onee _TSI)!{enbiX aneMeHTOB1 IIOBbiWeHHeM. HX aaeprHH H HHTeH

CHBHOCTH. C STOll uenbiO B fla6opaTOpH:H SIJl9pHbiX peaKUHti Ha 'OCHOBe pe-

aynbTaToB, rrony'leHHbiX rrpu coaaaauu JlBYX¥eTponoro uaoxpoHHoro uuxno-
/ 1/ < ' ' < • < 

TpoHa OHHH , crrpoeKTHponaH '19TbipexMeTpOBbiii .uaoxpoHHbiH UHKnoTpoH 

( ycxopuTenb Y -400) ~ B aacToSiwee npeMSI B OHHH neaeTcSI uaroTonneaue 

. yanoB · u aeTanett ycxopuT'enSI Y -400, coopy)!{aeMor~ a a ~caone HMerowerocSI 

310-caHTHM9TpOBOrO Kn8CCH'19CKOrO UHKnOTpOHa TSI)!{9nhlX HO!IOB (ycKopH

Tenb Y -300) 
121

• 

flapaMeTpb! STHX ycKOpHTeneil: IIpHB9Jl9!Ibl B Ta6n. 1, Ha KOTOpoti 

BHJlH0 1 _'ITO Ilp8KTH~9CKH ~Ce CHCT9~bl I1p9)!{Hero Y~KOpHTenSI cymecT~9!I!IO 

uaM~HSIIOTCSI. UuxnoTpoH Y -400 no' MHoroM rrouo6ea .ycxopuTenro Y -200; . 

KOTOpb!H MO)!{HO paCCM8TIJHB8Tb- KBK MOJlenb 6onbworo yCKOpHTenSI B Macw- ·. 
r' •,) • < •' 

Ta6e 1:2. ,HeKOTOpbie OTnH'IHSI K8C8IOTCSI IIp9)KJl9 BCero CTpyKTypb! M8r!IHT

HOrO rronSI- B CBSiau c pactlmpeaueM uuarraaoaa aaepruu u Mace ycx.ope!IHbiX 

· uoaon. Ha pHc.· 1 rrpericTanneaa aaeprHSI H~HOB E B Man/ayxn. c paanu'l-

HbiMH A I z u qacToTa, o6pameHHSI · aTux HOHOB B Bbi6paHHOM uuarraaoae- pa-

6o'IHX yponaett cpeaaero MarHHT!Ioro rronSI uuxnoTpoaa 16-20 Ka Ha 
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Ta6nm1a 1. 

llapaMeTpbi IlHKnOTpOHOB Y ..;.300 H Y -400 

. 8neKTpOMSmHT 

,UHaMeTp nomocHbiX HSKOHe'IHHKOB ( CM) 

KoHe'IHblfi J>SilHYC ycKopeHHSI (eM) 

Bee MarHHTa (ToHH) 

CpeJlHHil: B03JlyWHbrii 3a3op ( MM) 

Y-300 

310 

138 
,· 

2090 ', 

540 

'tfHcno BHTKOB OCHOBHOii o6MOTKH B036y:li(JleHHSI 2x224 . . 

Pa6otJ:Hii TOK B o6MoTKe aneKTpoMarHHTa (a) 1870 

CpeJlHee 3HatJ:eHHe MarHHTHoil: HHJlYKilHH (Ka) 16,7 

'tfHCnO CeKTOpOB 

·. Yron cnHpanbHOCTH. 

PaJlHSnhHbiii c:naJl MarHHTHoro nonSI (%) 

'LfHCnO BCITOMOraTenbHbiX o6MOTOK. 

B'tf cHcTeMa 

'LfHcno JlYSHTOB 

A3HMyTanhHaSI npoTSI~eHHOCTh JlyaHTa 

HanpSI*eHHe Ha JlYSHTe (KB) 

.UHana30H'JlnHH BOnH (M) 

.AnepTypa JlYSHTa ( MM) 

0,8 

4 

... { <.~ : 

2 

.180° 

150 

50-100 

40-140 

80 

Y-400 
·j 

400 

180 

2298 

,200 

2x224 

. 1000-2500' 

16-20 

4 

30° 

H30XpoH. 

19 

2 

45°' 

70-100 

25-50 

80-40 

70 

', /:: 

3aaop "hyaHT-nnaKHpOBKa Ka~epbi"' ( MM) 

·nepecTpaHBaeMbrii aneMeHT 3aKop. nnacTHHa nOJlBH*HaSI naaen& 

CTa6imhHOCTh aanpSI*eHHSI Ha JlyaHTe (.%) HeT 

Pe*HM pa6oTbi HMnyixhCHhiii 

4 

0;2 

mo6oa 



BaKyyMHaSI CHCTeMa . 

(M3) 00'b9M BaKyyMHOfi KaMepbi 

JlaBii9HH9 B KaMepe ( MM pT.CTo) 
' 

KonH'!eCTBO ala napoMacnSIHbiX HacocoB 

2 

75 

6.10-6 

5 

. DponaBOJlHTenbHOCTh onaoro aacoca ( n/ceK) 20000 

CncTeMa BbiBona H TpaacnopTnpoBKH ny'!Ka 

' . ' 0 
AanMyTanbHaSI npoTstmeHHOCTb JlP.~neKTopa ( ) 103 

Bxonaofi n: BbiXOJlHOfi aaaopbr ( MM) 

Paoo'!ee aanpstme.Hne ne~neKTopa (KB) 

Aan:MyTanbHaSI npoTstmeHHOCTh ~oKycn:
pyromero Mar HllTHoro Ka.Hana ( o) · 

fpanneHT nonSI B KaHane (a/eM) 

Konn'!eCTBO BbraeneHHbiX llY'JKOB 

qllCiiO KO~MYTHpyiOIIIllX.Mai'HllTOB 

qn:cno paooqn:x aanpaaneHn:fi 

3~~eKTllBHOCTb BbiBOJla (%) 

3.Heprn:.H ycKop,SieMbiX no .HoB ( M sa/ HyKn.) 

DonHaSI a.Heprn:H (Maa) 

' 0THOIIIe.Hn:e MaCChi K aapSIJlY (A/z) 

Paaopoc.aaeprn:n: (%) 

5 

8/22 

40-60 

34 

450 

2 

12 

30 

5-10 

250~2/A 
5~7 

0,5 

3 

25. 
1.10;_6 

5 (7) 

8000 

45 

.45 

6 

40-60 

45 

1500 

2 

3 

16 

30-10.0 

1-50 

400:-625 i I A· 

3,5-t25 

0,2-0,3 



KO.!I9'IHOM pa/lHYCe 180 CMe 3aiiiTpHXOB8HHbi9 rpaHH'IHb!9 o6naCTH Ha 9TOM 

pncyHKe CBSI38Hbl .. C B.03HHK810I1IHM B. 9THX o6naCTSIX HapyiiieHH9M ycnOBHfi 

ycTofi'IHBOCTH 6eTaTpOHHbiX Kone6aantt. PaciiinpeHHe JlHanaaoaa Ko.!le'IHofi 

aaeprnn ycKopsteMbiX aa nnKnoTpoHe noHoB c E = 5-10 Mas/ayKnoH no 

E = 1-50 MaB/HyKnOH H HHTepsana OT.!IOIII9.!1Hfi A/z' c 5-7 ilo 3;5-25 

o6ecne'IHB89TCSI nOBbiiiieHHeM ypoBHst MarHHT.!IOI'O nonst, BB9Jl9.!1He_M .8311-

MyTanb.!IOi!: BapH8llHH H pstJlOM llPYI'HX H3M9H9HHfi B KOHCTPYKUHH UHKnoTpO-

aa. 

8neKTpOM8I'HHT 

C nenbro noBbiWe.!IHst ypoB.!Ist MarHiiTHoro nonst no 20 Ka nonepeqaoe 

ceqeane MarHHTonposona aneKTpoMaranTa E·-8 ( pnc• · 2) ysenH'IHBaeTcst 

Ha 13% H paCCTOSIHHe Me)KJly OCHOBHb!MH o6MOTK8MH B036y)KJle.!IHSI yMe.!lb

III89TCSI Ha 500 MM. KoHH'I9CKHfi nonrocHoft HaKoHe'IHHK (¢ = 400 CM 1 
. max 

¢min = 310 eM) aaMeHsteTcst unnnHnpn'IeCKHM c nnaMeTpoM 400 eM. Ho-

Bbifi noniDCHOH HaKOHe'IHHK aa6npaeTCst H3 OTJlenbHb!X JlHCKOB H CTSII'HBaeT

Cst IIIllHnbK8MH no T8KOi!: ~e TeX.!IOnOI'HH1 'ITO HCnOnb30BanaCb Jlnst UHKnOTpo-
/3/ . . 

aa Y -200 • Cpena:Hfi soanyiiiHbiH aaaop Me~ny nonrocaMH yMe.!lbiiie.!l 

. c 540 JlO 200 MM • 

Pacc'IHTaaHast c y'I~ToM yKaaa.!l.!lhlX H3MeaeHHfi B uenH MaraHTonposo

na KpHBast soa6y~neHHst aneKTpoMarHHTa E-8 npHBeneHa aa pHc. 3. npHMe

aeaaast MeTOJlHKa pac'I~Ta ae,noasonsteT TO'IHO yqecTb BnHst.!IHe Ha senH

'IHHY M8I'.!IHTHOI'0 nonst S~~eKTa c6nH~9HHSI OCHOB.!IhlX o6MOTOK B036y)KJle.!IHst1 

nosToMy oneHKa aToro ~~eKTa nposonHnacb aKcTpanonstnHefi aKcnepHMeH-

TanbHbiX peaynbT8TOB, nony'IeHHbiX Ha UHKnOTpOHe Y -200. npennoriaraeMb!fi 

6naroJlapst.aToMy a~~eKTy aonon~HTenbHhlfi BKnan a cpenaee Mar.!IHT.!Ioe none 

npencTasnea aa pHc. 4. TaKHM o6paaoM, pac'I~Tbi noKaabiBaroT, 'ITo nocne· 

Bb!llOn.!leHHSI yKa3aHHb!X H3MeHeHHfi cpe}lHee M8I'HHTHOe none B. aneKTpOM8I'HH

T9 E-8 senH'IHHOfi 20 ~ 20,5 K9 MO~eT 6b!Tb nony'IeHO npH TOKe Boa6y~-
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lleHim B o6MOTKe I.M 2200-2500 a. · 3To · noaBomieT coxpaHIITh np~m-

fine o6MOTKli li ocTaBliTh .6ea IIaMeHeHllfi cncTeMy nnTaHHH sneKTpoMarHHTa. 

KonhueBbie IIIHMMhi 

MarHHTHhiH aaaop UIIKnoTpoHa Y -400 nao6pameH Ha pnc. 5. 3aaop 

Me:>KilY CTanhHhiMH KpbiiiiKaMII BaKyyMHOH KaMe ph!. COCTaBIIn 300 MM. B STOM. 

aaaope paaMemeHhi sneME:!HThi cjJopMIIpoBaHIIH cTpyKTyphi MarHIITH~ro nomi 

( ceKTOpa, KOppeKTIIpyiOIIIIIe o6MOTKII ,II np.) II llyaHThi. Pacq(3T STIIX sne

MeHTOB npOBOilllnCH C y'Ii3TOM peaynhTaTOB1 nonyqeHHhiX Ha UIIKnoTpOHe 

Y-200. HaMeHeHIIe pa81IanhHoro pacnpelleneHIIH cpellHero MarHIITHoro.nonH 

Ha unKnoTpoHe Y -200·; llnH paanii'IHhiX ypoBaefi noKaaaHo aa piiC. 6, a Benii

'IliHhi cjJnaTTepa B pafioae KOHe'!HhiX palliiYCOB - aa piic. 7. Haoxpoaaag 

cjJo~Ma MarHHTHoro nong 

H 
ll3 

yl- 2Eo 
w 

(rile E 0 - KIIHeTII'!ecKaH aaepr,IIH IIOHa a a ayKnoa, W = 931,48 M aB -

3HepriiH TIOKOH npOTOHa) o6ecne'!liBaeTCH KOnhUeBbiMII IIIIIMMaMII li KOppeK

. TliPYIOIIIIIMII o6MoTKaMII. Aaann~ Bemi'IliHhi aM~ep..:BIITKo~· KoppeKTIIpyromnx . . 

06MOTOK TIOKa3biBaeT, 'ITO llnH llaHHOH CTpyKTyphl MarHIITHOrO nonH II Bhi-

6paHHOrO. ll1I8Tia3~Ha 3Hepr!Ifi MIIHIIMyM 3TOH Benii'Ili
1

Hhl llOC;Hra~TCH B TOM 

cnyqae, ecnn MarHHTHoe none B ueHTpe, cqmpMIIpoBaHHoe TonhKo meneaHhi

MII MaccaMn npii ypoBHe H = '20 Ka, Bhiiiie nonH Ha KoHe'IHOM paniiyce 

Ha 200 a. OllHI:lKO aToT MHHIIMYM Herny6oKIIfi, noaToMy H~ ypoBHe 20 Ka 

pacnpelleneHne cpellHero MarHIITHoro no~g Bbi6paHo. TaKnM, 'ITO cooTBeT-

cTriyeT'KoHe'!Hofi aHepriiii IIOHOB lOMaB/HyKnoa. 

7 



... 

nnSI nonyqeHHSI''TaKOil: <f>opMbl nonSI CTyneH'IaTbie KOnbUeBbie IIIHMMbl 

pacc'IHTbn3anHch Ha 3BM B npeanono>KeHHH paBHoMepHoit HaMarHH'<IeHHOCTH 

Ka>KllOil: cTyneHH c nocneayro~eil: cynepnoaHuHeil: HX BKnaaa. KaK.noKaaanH 

aKcnepHMeHTbl H8 Y -200, TO'IHOCTb 3TH X paC'I~TOB COCTaBnSieT OKOno 10% 

oT nonHoro BKnaaa IIIHMM, noaToMy aanbHeil:lllaSI KoppeKUHSI nonSI 6yaeT 

' ~CyllleCTBnSITbCSI 3KCnepHMeHTanbHOo B. UHKnOTpoHe Y -400 T8KHe IIIHMMbl . 

pa3Melll8IDTCSI TOnbKO H8. ceKTOp8X H BblttOnHSIIDTCSI O)lHOBpeMeHHO C nocne)l

HHMHo 3TOT B8pH8HT p83MellleHHSI IIIHMM HeCKOnbKO ycno>KHSieT H3rOTOBne

HHe CeKTOpOB1 HO B TO >Ke BpeMSI no3BOnSieT yMeHbiiiHTb Bb!COTY KOnbUe

BbiX IIIHMM H yBenH'IHTb TO'IHOCTb HX H3rOTOBneHHSio 

.. KoppeKTHpyromHe o6MOTKH 

,. 

KoppeKUHSI cpeaHero MarHHTHoro nonSI Bo BceM pa6oqeM HHTepBane 

ypoBHeil: noneil: ocymecTBnSieTCSI KonbUeBbiMH o6MoTKaMH. Pac'I~T Heo6xo

llHMbiX )lnSI KOppeKUHH aMnepBHTKOB npOBO)lHTCSI Ha 38M MeTOllOM H8HMeHbiiiHX 

KBallp8TOB JlnSI llBYX BapHaHTOB pacnpeaeneHHSI o6MOTOK no pallHYCY - paBHO-

MepHo no r H no r 2 • qHcno nap 'o6MOTOK 5apbHpoBanocb oT 8 llO 12 

C uenbiD nonyqeHHSI H30XpOHHOil: <f>opMbl ~arHHTHOrO nonSI H )lOnyCTHMbiX 

paaHanbHhiX rpaaHeHTOB •. B peaynbTaTe Hail:aeHo, 'ITO XOTSI cyMMapHoe 'IHcno 

aM~epBHTKqB ,B o6oHX cnyqaSIX npHMepHO OllHH8KOB0 1 OllH8KO npH pac~pe)le-

neHHH o6MOTOK paBHOM9P.HO no r 
2 

aMnep-BHTKH K8>K)lOit o6MOTKH OK83bl-

BaroTCSI .6nH3KHMH apyr K apyry H BenH~HHa rpaaHeHTa cpeaHero nonSI, oco-

6eHHo Ha 6onbiiiHX paaHyCaX1 MeHbllle. 3Ta BenH'IHH81 O'leBH)lH01 TeM MeHb

llle1 qeM 6onbllle 'qHcno o6MqToK. Ho y>Ke B cnyqae )leCSITH nap aH(r)/ar/ ... 
, . m~ 

= ~ 2 a/eM, 'ITO BnonHe yaoBneTBopHTenbHo. Ka>K)laSI KOnbueBaSI o6MoTKa 
2 

COCTOHT H3 Tpex BHTKOB M9.llHOrO npOBOllHHKa. S = 11,5 X 11,5 MM , .. 
C OTBepCTHSIMH rp = 8 MM )lnSI OXn8>K)leHHSio 11aonHpOBaHHbJe CTeKnoneHTOit 

C anoKCHllHbiM KOMnay,IJ:llOM BHTKH yno>KeHbl B aniDMHHHeBbiil KapK8C1 noMe-

8 
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lll9liliblfl: no.r:t C9KTOpaMII ( CM. pile. 5) • IlOMIIMO KOnbU9BbiX KOpp9KTIIpyiOlllllX 
~ 

o6MOTOK, a a UIIKnoTpOJte Y -400 npeJlyCMOTpeJta TaK>Ke ycTaHOBKa lll9C.TH 

nap aanMyTa.ribJtbiX o6MoToK .r:tmr KOHTpomi aMnnnTyJlbi II. ljJaabi nepsofl: rap-
i ..... ' 

MOl!IIKll nonn B6nii31I U91tTpa, Ha Cp9.r:tl!IIX II BH9lllHIIX pa.r:tnycax. 

IliiTal!IIe Ka>KJlOfl: KOppeKTIIPYIOlll9fi 06MOTKH OCYlll9CTBnneTCR OT lli9CTH-

ljJaaaoro KpeMimesoro BbmpnMIITenn 'lepea .r:tpoccenb ljJnnbTpa. Perynnpo-

~al!II9 TOKa OT 0 .1:10 900 a BbinOnHR9TCR Mai'l!HTHbiM ycnniiTeneM 
1 

B~niO'I9H-

1tbiM B nepBII'IHYIO uenb noHII>KaiOruero TpaacljJopMaTopa. nnn Tpex nap KOnb

U9BbiX o6MoToK npe.r:tycMoTpeao pa?.r:tenbaoe nnTaHIIe sepxaefl: II l!II>KHefl: o6-

MOTKII .r:tnn Kopp9KUIIII M9Jlllagaofi nnOCKOCTIIe 

IlapaMeTpbi Mai'HIITHOfl: CTpyKTypbi 

AaHMyTanbaan Bapnauiin MaraiiTaoro nonn coa.r:taeTcn '19TbipbMR napa-

. MH C9KTOpOB. PaC'I~T BbiCOTbl C9KTOpa II ljJnaTTepa Mai'HHTHOI'O nonn npo

BO.r:tHnCn c y'leToM peaynbTaToB, nony'leHHbiX Ha Y -200. IlpeJlnonaraeMan 

senH'IHHa ljJnaTTepa KaK ljJyHKUHn yposan cpe.r:taero MaranTHoro rronn npiiBe

.r:teHa aa pHc. 7. Yron cnHpanbHOCTII ceKTopoB Bbi6IIpancn npn Hcnonpaosa

l!HII . aTHX aaa'leanfl: ljJnaTTepa II y'I~Te cne.r:tyromiix o6cToSITenbcTa. Bo-nep

BbiX, C BB9.1:191tll9M CnHpanbHOCTII JlOCTIII'aeTCR yBenH'I9HII9 B9pTHKanbHOfl: 

ljJoKyCIIpOBKII II T9M CaMbiM CHII>KaiOTCR .r:tonyCKII Ha ljJopMllpOBaHH9 Mai'HliT

l!OI'O iionn oco6eaao aa BbiCOKHX yposanx, Ho npii 6onbruiix yr:_nax yMeHb-
.,,;'' 

' lllaiOTCR npe.r:tenbi' perynHpOB.SHHII nonn, T.K. C YM9Hblli9HH9M ypOBHR nonn 

v., B03paCTa9T .1:10 0,5, IloaTOMy yron cnnpanbH~CTII C9KTOpOB Bbi6paH 
. 0 . 

paBlibiM 30 C TeM, 'IT06bi npn ypOBHe Mai'JtiiTHOI'O nonn 16 K9 

Jlnn IIOl!OB .c aaepriieil ... 5 Mas/ayKnoH. 

II $ 0,5 
z 

' TaKHM o6paaoM, Bbi6paaaan Ha unKnoTpoae Y-400 cTpyKTypa MarHHT-

aoro nonn noasonnT ycKopiiTb nol!bi c .ruiipoKnM IIHTepE.anoM A I z ... II nnas-

Ho perynnpyeMofl: aaepriiefi (pnc. 1) 5ea npnMeHeHIIR ljJnaTTepHbiX KoppeK

TnpyiOIUIIX o6MOTOK, 

9 



H3Mepeane MarHHTHoro nonSI 

YB~nnqeane pa3MepoB ycKopn:TenSI, pacrnnpeane AHana3oHa pa6oqnx 

ypoBHeii: MBI'HH~HOI'O-·llOnSI ITpHB9A9T K ys:nnqeHHIO 06'beMa MBI'HHTHblX 

H3Mepeanii: noqTn aa nopSIAOK'no cpaaaean:IO c TeM, qTo n:Menocb aa un~no-
/4/ . . : : . 

Tpoae Y-200 • Tipn ~opMnpoaaann·MaranTaoro nonSI unKnoTpoaa Y-200 

cyMMapaoe qn:cno H3MepeHHblX 3Haqeanii: nonSI COCTaBnrio 400 000, qTo 

B o6rneii: cno:lKHOCTH saHSino oKono 300 qacoa. Tipn ~oxpaaeann npe:lKaeii: 

cKopocTn npoaeAeane MarHHTHbiX H3Mepeanii: no'ipe'6yeT okono 3000 qacoa. 

3Ta un~pa BKniOqae'r nnrnb apeMSI aenoqie'AcTBeHHbiX H3Mepeanfi n He yqn.:. 
' 

TbiPaeT TOI'O Bp9M9HH 1 qTO cneAyeT 3aTpaTHTb 'aa nOAI'OTOBKY BapnaHTB 

rnn:MM, annapaTypbr n np. TioaToMy ceii:qac paspa6oTaaaaSI AnSI unKnoTpoaa 

Y -200 M9TOAHK8 H3Me'peHMH ycoBeprneHCTByeTCSI C uenb!O ll0Bbllli9HHSI CKO

pOCTH B 3-4 pasa npn coxpaaeann n Aa:lKe ynyqrneane HX ToqaocTH, a TaK:lKe 

C uenb!O yBennqeHHSI HBA9:lKHOCTH H CKOpOCTH 3allHCH pesynbTBTOB. 

B'tJ ·. CHCTeMa 

CxeMa pa3MerneHHSI ocHoBHbiX y3noa ycKopHTenSI Y -400 npeACT!].Bneaa 

aa pnc. 8. Coxpaaeane npe:lKaero s!pMa .aneKTpoMaranTa saTpyAHSieT. npnMe

aeane 6onee ABYX AyaHTOB. Bbr6op qacToTaoro AHanasoaa ( 6-12 Mru) AnSI 

ABYxAyaHTHoro aapnaaTa onpeAennncSI cneAyiOlliHMH ycnoBHHMH. Bo-nepB.biX, 

npn ycKopeann ·no HOB c A 1 z = 7..:.12 , T.e .. aan6onee TSI:lKenbiX noaoa, AnSI . . 
ycKOp9HHSI KOTOpbiX CTpOHTCSI AaHHaSI M8lliHH81 Hcnonb30BaHH9 aMnnHTYAbl 

ycKop~IOmero aanpH:lK9HHSI 6btn0 6bi aan6onee a~~eKTHBHbiM. MaKCHManbHbifi 

npnpocT a~eprnn, nonyqaeMbrfi qacTnuefi sa o6opoT B TaKofi cncTeMe cocTaB-

nHeT 

~E =4ZeU 
max g 

BIT 
sin--, 

8 

:'·! 
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r.qe n - HOMep rapMOHHKH ycKop.IIlomero .HanpmKeHHSI. Bo-BTopbix, aMnnH

Ty.lla ycKOpSIIOil!ero HanpmKeHHSI .llOmKHa O~ITb TBKOBa, 'ITOObi .. npH BbiOpaH

HbiX 3830pax .llYBHT-nnaKHpOBK8. . KaMepbi ( 7 CM) npaKTH'l:eCKH nonHOCTbiO 
' ! -. ·' . . ' . . . • ~ . . • • - -

. HCKnJO'l:BnHCb npoOOH B KaMepe H TeM C8MbiM-ooecne'l:HBanacb YCTOH'IHBaSI paoo~ 
. • • . •· . t' • . . • . • ~. 

TB MBI~!HHbi B Henpepb!BHOM H B HMnynhqHoM pe)I{HMe. B TO )1{9 .BpeMSI _'IHCnO 

ooopoToB HoHoB ~ A/ z =:- 7 .. 12 O~;>mo Obi _ HeBenHKo •. HaKoHeu, TpeTbe yc- _ 

noBHe npH Bb!Oope 'IBCTOTHoro .llH8ll830Ha COCTOSinO B TOM, 'ITO Obi ero , Be

nH'l:HHa Obma Obi KpaTHa BenH'IHHE! .llHanaaona 'l:aCTOTbi HMeromerocSI rene

paTopa "AnaTHT" ( f r = 3 .. 6 Mru). 

I1cXO.llSI H3 aToro, .llnSI HOHOB c A /z = 7-12 :BbiOpan pe)I{HM ycKope

HHSI na BTopoH:- 'l:eTBepTo~_rapMOHHKe (eM. pHc. 1). Tor.lla npH aMnnH~y

.lle H8llpSI)I{9HHSI Ha .llYBHTe U g = 100 KB 9TH Hc;JHbi t YCKOpSISICb .llO KOHe'l:-
. . J ' . 

not!: aaeprHH, OY.llYT coBeplllaTb OKono 200 ooopoToB, YBenH'l:eHHe 'l:Hcna, ~.oo-

poToB H . p800T8 Ha. BbiCOKHX rapMOHHK8X 'I8CTOTbi O~pameHHSI. HOHOB C03.ll8eT 

HeOOXO.llHMOCTb CH80HnH3HpOB8Tb 8MllnHTY.llY YCKOpSIIOil!ero HallpSI)I{eHHSI 

C TO'IHOCTb!O nopSI.llK8 ~0,2%, ITepeCTpOtl:Ka 'IBCTOTbi .llYBHTHOro KOHTypa 

B aa.llaHHOM .llHanaaoHe ocymecTBnSieTcSI c noMOil!biO .llBH)I{ymeH:cSI nanenH. 

Bi:.IOpaHHbitl: .llnSI UHKnoTpona Y -400 BapHaHT peaonaTop~ c O.llHotl: Bpa-
/6/ 

maromeH:cSI nanenbro noaBonSieT cpaBHHTenbHo npocTo ocymecTBHTb H3Me-

nenHe 'IBCTOTbi .llYBHTHOrO KOHTypa' B.llBOe,_ MaKeT . peaoH.aTopa UHKliOTpoHa 

Y -400 Haoopa)l{eH na pHc, 9. O.llHH Kpafi BpamaKimetl:cSI nanenH no.llcoe.llHHeH 

K nnaKHpOBKe pe30H8TOpa llpH llOMOil!H rocppHpOBBHHOtl: M9.llHOtl: nnaCTHHbi
1 

_ a ·KOHTaKT BTOporo KpaS! o6ecne'l:HBaeTcSI eMKOCTbro BaKyyMHoro Koane.Hca

Topa , o6paayeMoro oall!MaKoM H cTeHKoH: peaoHaTopa. I1aMepeHHSI .uoopoT

HOCTH H .HMnentlaHC~ pe30H~Topa, BbinOnHeHRbie ·Ha MaKeTe 1:1, llOK838nH
1 

'ITO .nanpSI)I{eliHe na .llYBHTe aMnnHTy.llofi 100 KB ooecne'l:nBaeTc~ na nrooofi: 
' 

'I8CTOTe 38.ll8HHOro .llH8ll830Ha llpH MOIIIHOCTH reHepaTopa 75-100 KBT, 
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BaKyyMHaR·CHCTeMa 

' CoKpameHHe o6'beMa peaoHaTopa H 'BaKyyMHoi!: KaMepbi, a TaK:1Ke 

paUHOHanbH09 pa3M91U9HH9 Bb!COKOBaKyyM.Hb;,( HaCOCOB ·Ha. KaM~pe yCKOpH

Teng 1103BOnHT, KaK 110Ka3b!BaiOT· COOTB9TCTByiOIUH9 paC'I~Tbl H OIIb!T pa6o-
. . /5/ . . .• . 

Tbl Uli:KnoTpOHa Y -200 t rronyttHTb: pa6ottee llaBneHHe B MaliiHHe' IIOpRllKa 
-6 . . '. . ' . 

1.10 · MM pT. CT. 06b!'IHO llnR pactt~Ta 110T9pb HOHOB, CBR3aHHblX C H3M9-

HeHH9M aapRllB !1pH CTOnKHOB9HHH 

3YIOT. Bb!pa:1K9HH9 

C aTOMaMH OCTaTO'IliOI'O raaa, HCIIOnb-

. t 
. 27 
l/l

0
=exp-[10 p Ja(,8),8 dt], 
. .. . 0 

I'll9 . 10 H I ' - HattanbHb!M H KOH9'1Hb!M TOK ycKopeHllb!X HOHOB COOTB9T-

CTB9HH0j P - cpellHee llaBne.HHe B B:aMepe, a(,8) - rr·~nHoe cetteHHe rrepe-

aapRllKH,. BpeMR yckopeHHR lroHa, ,8 =vI c • OueHKH rroKaabiBaiOT, 

'ITO 110T9pH HOHOB !1pH TaKOM llaBneHHH aa C'I~T rrepeaapRllKH Ha OCTaTO'I

HOM raae· COCTaBnRIOT OKOnO 30%. 

. 
HoHHhle HCTO'IHHKH 

CpaBHHTenbHO 6onbllloi!: aaaop Me:1KllY Kpbili!KaM~ BaKyyMHoi!: KaMepbi 

UHKnOTpOHa Y -400 (eM. pH C. 5). 1103BOnReT HCI10nb30BaTb HOHHbl9 HCTO'IHmm. 

B ropHaoHTanbHOM H BepTHKanhHOM HcrronHeHHH. HcTottHHKH ropHaoHTanbHoi!: 

KOHCTpyK~HH Hp9llHa3Ha'I810TCR B OCHOBHOM llnR. rronytteiiHR HOHOB sneMeHT?Bt 

HaXOllRliiHXCR B o6b!'IHblX ycnOBHRX TOnbKO B TB9pllOM COCTORliHH, T.K. 

B 9TOM cnyttae pa3M9pbl KaMepb~ yBenH'IHBaiOTCR . aa C'IE!T pa3M91U9HHblX 

B H9110Cp9llCTB9HHOM 6nH30CTH HC11apHTenei!: pa6ottero B91U9CTBa. 0TB9p-

CTHe B RpMe sneKTpOMai'HHTa E-8 1103BOnReT 11pHM9HHTb HOHHb!M 
. . ·17 8/ . . 

HCTO'IHHK B BepTHKanbHOM HCIIOnHeHHH 
0 

t a llnR BH91UH9M HH:1K9KUHH rryttKa 

TR:1K9nbiX HOHOB MOI'yT 6b!Tb HCI10nb30BaHbl HCTO'IHHKH C llPYI'HM !1pHHUHI10M 

/9/ 
Jl9MCTBHR • Pa3M9lli9HHe TaKHX HCTO'IHHKOB B.:KaMepe yCKOpHTenR H HX 

pa6oTa B Mai'HHTHOM rrone UHKnoTpOHa C011pR:1K9Hbl C 6onbliiHMH TpyllHOCTRMH. 
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Bbraoa ITY'IKa 

OcymecTBneHne BhiBoaa rry'IKa TmKenhrx no HoB Ha unKnoTpoHe Y -400, 

KaK noKaaann onhiThi Ha Y -200110
•
111 , He BcTpeTni- . npnHunnnanbHhiX 

TpyAHOCTefi. Eonee Toro, OAHOBp9M9HHOe ncnonh30B8H1I9 ABYX M9TOAOB 

aneKTpocTaTn'IeCKoro n MeToaa c nepeaapHaKofi - Ha unKno~poHe aaeT 

B03MO:lKHOCTb nony'IRTb ABa BH9l!IH1IX ny'IKa~ ilpn 9TOM M9TOAOM nepeaapHA

Kli MO:lKHO 'IBCTR'IHO· nnn bl8:lK9 nonHOCTb!O Bb!B9CT1I .TY AOniO liOHHOrO ny'IKa 1 ·, 

KoTopaH Hena6e:lKHO 6btna 6bi noTepHHa Ha ae<jlneKTope na-aa paananhHhiX 

Kone6aHnfi. TaKnM o6paaoM, noBhil!IeHne '9Heprnn n pacl!InpeHne ananaaoHa 

oTHOl!IeHnfi A /z ycKopHeMhiX noHoB noaaonnT noBhiCRTh nHTeHcnBHOCTh 

ny'IKOB noHoB TpaanunoHHhiX aneMeHTOB ( HeoHa, aproHa) c Maccofi A ::;; 40 

38 C'IeT YCKOp9HliH B 1I30XpOHHOM pe:lKRMe liOHOB 9T1IX aneM9HTOB C M9Hb

W1IM aapHAOM nnn yaenn'I~Th nx aHeprnro, ycKopHH noHhi c npe:lKHRM aapH

aoM, n, HaKoHeu, ycKopnTh noHhi c Maccofi A .,;. 132. B Ta6n. 2 npnaeae-

Hhi liHT9HC1IBHOCTb 1I M8KCRManbH8H 9HeprnH paanR'IHhiX TH:lK9nhiX 1IOHOB1 

KOTOpb!9 6yayT YCKOp9Hhi Ha UliimoTpOH9 Y -400. 

Ta6nnua 2 

Tnn ycKopHeMhiX 3HeprHH 1 ilonHaH I1HT9HCIIBHOCTb1 

liOHOB MaB/HyK-n. 9HepruH, Mas MKa 

. +2 
Ne20 6,2 125 300 

--
Ne + 3 

20 14,1 282 200. 
Ne+3 

22 11,6 256 200 
Ar +5 

40 9,8 390 50 

zn+7 7,5 480 30 
64 

Kr +8 5,7 480 25 
84 

Kr+9 7,2 602 2 
84 

xe+12 5,2 686 
132 

X +13 
e132 6,1 805 0,2 
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Pnc, I. 3HeprnH HOHOB c pa3nn.qHbiM A/z (un<jlpbi B KpylKKax) B pa5oqeM 
Anana3oHe ypoBHeii cpe,l:lHero nonH H n qacToTa o5pameHHH noHoB f 
Ha KOHeqHoM pannyce R 'k ~ 180. CM UHKnoTpoHa Y-400, 
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Pnc~ 2. 3neKTpoMarHIIT E-8 UIIKnoTpoHa Y -400. 1 11 3-HII:lKHH.II 11 BepXH.IIH 

6anKn, 2 ':,_ CTOfiKII, 4 - ceKTOp; 5 - Kpb!IIIKa KaMepbi, 6 II' 9 - BepXHIIfi 

· II Hll:lKHIIfi lliiCTaHUIIOHHbie lli!CKII, 7 - llOilOnHIITenbHOe :lKeneao .llpMa,. 

8 - 06MOTKa B036y:lKileHIIH, .10 II 11 - HOBb!fi II npe:lKHIIfi naKeTbl nomoca. 



2 f 

20 

f5 

10 

f51XJ 2IIJO. 

PHc. 3. KpHaasr aoa6y*JleHHR aneKTpoMarHHTa E-8 JlnR cpeJlHero aoaJlym
Horo aaaopa 200 ,l\4M ( 1) H c JlononHHTenbHbiM *eneaoM, ycTaHoanea·HbiM 
Ha RpMe (2). 
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Pnc. 4. LlononHnTenbHhifi BKllall B cpeJlHee MarHHTHoe none B saBHCHMOCTH 
oT ypoBHH rronH sa c~eT c6nn~eHnH ocHoBHhiX o6MoToK Bos6y~JleHnH. 1 -
aKcnepnMeHTanbHaH KpHBaH, nony~eHHaH Ha unKnoTpoHe Y-200, 2 - pac~eT

HaH JlliH Y -400 .. 

\, 
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Pnc. 5."reoMeTpnH soaAywaoro aaaopa unKnoTpoaa Y-400. 1 - cTanbHaH 
Kpb!WKa KaMepb! 0 2 - C9KTOpHaH WHMM;, 3 - KOnbU9BaSI Kopp'eKTHpyroWaSI 
06MOTKa; 4 - USHTpanbHaSI WHMMa, 5 - CM9HHb19 U9HTpanbHb!9 npo6KH 0 

6 - nnaKnposKa KaMepbi, · 7 - AyaHT. 

ZSOiflf 



H(t<;) 
2q i 

I 20 -- .e== -- ~ 

~ 

I,.,= l35Da. 
' ~ -

.. 
' ........-:- ·. 

r.~ 
~~ F-

i ""' (9, 
_-. ~ F"---

t9 

(8,5 

v ~ 
81--... 

y 
(8 

-.:;;? 

t>- ....... -1-- ·v. 
/ 

(1,5 

/7 

Jq: 

7 !-,....... 

_, 
- / 

j5 . /' 
I 

; 
020 30 40 

Ji 

' 

!-=~ 
.. 

: " 

~ 
~ ....,_.-:;:;.. 

~ 
~ 

r~~ • 
i·~ v 

~ 
~ 

~ 
I,=525"a ._.. 
~ 

~ 
~ 

v ~ v 

. 

--50 60 -70 ao 90 
R(CM) 

Pnc. 6. Pacnpeaeneane cpeaaero MarHHTHoro nonSI no paanycy anSI UHKno
TpoHa Y -200 npn pasnnqaorx ToKax Bos6y)KlleHHSI I M , 
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Puc. 7. 3aBHCHMOCTb ljlnaTTepa MarHirTHoro nom1 'unK.noTpoaa y:...20o ( 1) 
II CKOppeKTHpOB81IHOI'O C y'IiiTOM BbiCOThl CeKTO.pOB ljlnaTTepa UHKnOTpOH8 
Y-400 .(2) ,OT ypoBIISI cpeaHero rronSI. - .. 
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P11c, 8,, CxeMa ycKopi!Tena Y -400: 1 - CTO!iKa aneKTpoMarHI!Ta E-8, 
2 - o6MoTKa Boa6ylK.QeHI!SI0 3 - BaKyyMaasi KaMepa; 4 - BIB nacoc BA-8-4, 
5 -· wmoayeMhiii rrpo6HI!K 0 6 - nyaHT, 7 - peaoHaTop, 8 - norronHI!TenbHoe. 
)Keneao apMa, 9 - MarHIITHhiii Kanan, 10 - aneKTpocTaTI!'IeCKHli nelj>neKTop,· 
11 - IIOHHbili IIC.TO'IHIIK 0 1.2 - KOnb!!eBaSI KOppeKTI!pyiO.li!8SI o6MOTK8 0 13 - CeK-. 
TOpHaSI WI!MMa, 
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Pnc, 9, MaKeT peaoHaTopa llHKnoTpoHa. Y -400: 1 - AyaHT, 2 - wToK, 
3 - KapKac peaoHaTopa, 4 - MeAHaR nnaKHpOBKa peaoHaTopa, 5 - noABHmHaR 
naHe~b B nonomeHHH M8KCHManbHOH '18CTOTbl ( WTpHX8MH. noK838HO nonome
H~e naHenH npH MHHHManbHOH '18CTOTe), 6 - BHTOK .CBR3H, 7 - nepeXOAHOH 
naipy6oK, 8 - <jlnaHeu. · · 
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