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H30TOilHhlH l.(IIKJIOTpOH HU.-35 

P9-99-250 

ITpIIBO)UJTC51 OCHOBHhJe napaMeTphl lf30Xp0HH0ro l.(IIKJI0Tpotta HU.-35, cnpo
eKrnpoBaHHOro Wl51 ycKopeHII51 nyqKa np0TOH0B ,!l0 3Hepnrn 35 M3B, IIMeIOmero 
IIHTeHCIIBH0CTh ,!l0 500 MKA U.IIKJIOTpOH npe,!lHa3tta'-!eH Wl51 Hapa60TKII Me,!lIIl.(IIH
CKIIX II30T0il0B B np0MhllllJieHHhlX MaClllTa6ax. B npoeKTe npe,!lyCM0Tpetta MIIHH
MaJihHa51 MOll.(HOCTh IlIITaHII51 CIICTeM l.(IIKJI0TpOHa. AttanOroM MarHIITH0H H BhIC0-
KO'-laCTOTHOH ClICTeM YCKOpIITem1 51BJI51eTC51 l.(HKJI0Tp0H Y-l 15T, K0TOphIH lf3fOTO
BJieH II pa6orneT B HaCT05111.(ee BpeM51. ITpH C03JWHIIH l.(HKJI0Tp0Ha npe,l.lilOJiaraeTC51 
IICil0Jih30BaTh TeXHII'-!eCKIIe pellleHII51 H K0HCTPYKTIIBHhie npopa60TKII, Bh!Il0JIHeH
Hhie pattee II onpo60Batttth1e B 3KcnnyaTaUHH Ha ,!lpyrnx yCTaH0BKax. 

Pa6orn Bh!Il0JIHeHa B Jia6opaTOpHH 51,l.lepHhlX npo6JieM 01151H. 

Coo6111ett11e 06oe1111ttemioro 11ttcnnyra i111epttb1x 11ccne11osatt11ii. ,lly6tta, 1999 

ITepeBo,!l aBrnpoB 

Alenitsky Yu.G. et al. P9-99-250 
Cyclotron IC-35 for Isotope Production 

The main parameters of the isochronous cyclotron IC-35 systems for the ener
gy of protons 35 Me V and the intensity of beam ~ 500 µA are presented. This cy
clotron is intended for production of the medicine isotope of industrially volume. 
The minimal power consumption of the cyclotron systems in this project was pro
posed. Analog of the IC-35 is the Y-115T cyclotron, which was manufactured and 
is now in use. The technical and construction decisions, which are used for another 
working cyclotrons are proposed to be used for this cyclotron creation. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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1. BBCJJ,CHHC 

np11MeHeH11e pa.[1110aKTIIBHbIX cjlapMaueBTIP-leCKIIX npenapaT0B (P<l>IT) C BpeMeHeM 

nonypacna.[la HeCK0JibK0 cyT0K, IICTT0Jib3YeMbIX .[IJIH paHHett .[lllarH0CTIIKII pa3JII!qHb!X 

3a6oJieBaHIIII, llMeeT TeH.lleHUIIIO K HapaCTaHIIIO [l]. OTMeqaeTCH nepcneKTIIBH0CTb 

pa3BIITIHI :nott 06nacn1 Me.lll!Ul!Hbl B CBH31l C TeM, qTQ 1130T0TTHble MeT0.[IJIKII yBem1q1ma10T 
1mcjlopMaTIIBHOCTb .[lllarH0CTIIKII np11 yMeHbllleHIIII emm11qHQII .[103bl o6nyqemrn, 

nonyqeHHOii nau11eHTOM [2]. 

1-h UIIKJI0Tp0HHblX P<l>n Ha1160JibWee np11MeHem1e IIMeJOT (B CK06Kax np1rne.[leH 

nep110.ll nonypacna.[la B qacax): 

Tanmtii-201 (73, I) - onpe.[1enem1e )Kll3Hecnoco6HocT11 cep.lleqHott TKam1, paHHHH 

mrnrnOCTIIKa 11weM114eCKOII 6oJie3Hll II IIHcjlapKTa MII0Kap.[la, ro.[IOBaH TTOTPe6HOCTb 

MocKBbI ~40 K11/ro.ll, 
llo.[1-123 ( 13 ,2) - .[111arnocn1Ka pa3Jil!4HhIX Ja6oneBam111 (mMepem1e M03roBoro 

Kp0B0T0Ka, onpe.llenemte noqequoii cjlyuK111m, MOH11Top11poBaH11e pocTa onyxone1111 T,.l\,), 

ranm111-67 (78,3) - .[111arnocn1Ka oqaroB Bocnanemrn 11 3JI0Kaqecrneuub1x onyxone11. 

l1H.[lllii-l l l (67,2) - .[lllarHOCTIIKa HOB006pa30BaHl!II II MOH1!TOp11poaau11e poem 
onyxone11, 

B rn6m1ue I npe.llCTaBJieHbI Ha116onee pacnpocTpaueuub1e pa.[1110HyKm1.[lbI .l\JIH 
H.[lepHOI! Me.[1111.{l!Hbl, np0113B0.[ICTB0 KOTOpb!X uenecoo6pa3HO Ha ycKop11TeJie C :mepr11e11 

npoTOH0B .ll0 ~ 35 MJB [3]. 

B Pocc1m P<l>IT npo11JB0.ll»T Ha UHKJIOTP0Hax B <1>311 (O6mrncK) [4] 11 B PHU, KH 
(MoCKBa) [ 5]. CTOIIMOCTb Hapa60TKII pa.[11101130TOTTOB Ha 3TIIX UIIKJIOTPOHax 51BJIHeTCH 

Bb!COKOII 113-3a 60JibWOII TTOTPe6JI»eMOII M0lQHOCTII MarHIITHOII II BbICOK04aCTOTHOii 

c11cTeMaM11 ycKop1nene11, 

Ti 6 ll ,1Ul{ll J. n ap,utempbl vat uouy,mu i) on npu :,uepzuu npommwn - 3 30 37MB 
Pa,'l,lm- 5!11epmlll 06ny,raeMull 0ITI11MaJlhHaJI Buxo11, 3KCII0311l(llll, Hapa6oTJ<a, 
ll)1Cll~1 peaKJJ,llll MaTepllaJI 111cprllll MKHl,oo\, 'I 'lac KIDpn, npn 

EP, M:,B 200MKA 
201 Tl (p,3n) 20,Tl' 30 0,7 10 1,4 

"'
1
Tl (p,4n) 204 Pb" 37 3,5 20 14 

19'Hg (o.3n) 191 Au 37 8 10 16 
1231 (p.2n} 124Xe"' 33 7,5 10 15 

111 1n (p.2n) 112 Cd' 30 6 20 24 
111 10 (p,3n) 113 Cd' 37 11 20 44 
9'Ru (o,3n) 99 Tc 37 6 20 24 
6'Ga (p,2n) 68zn• 30 7 16 22 

• O6orameHHb1tt 11JoTon >95% . 

.. IlpO.[IOJilKIITeJibHOCTb pa60Tbl ycKop11TeAA B 'np0113B0.[ICTBeHHOM pe)KHMe - 200 CMeH B 
ro.[I. 

B Jla6oparnp1111 ».[1epHbIX
0 

npo6neM 011JI1,f pa3pa6aTbIBaeTc» cneu11an11311poaaHHhiii 

1130XpOHHblll UIIKJIOTPOH Ha :meprn!O npOTOHOB 35 M3B. IlJiaH11pyeTc» npoBe.[leHl!e pa6oT 

no o6nyqeHIIIO MllllleHett KaK Ha BttyTPeHHeM nyqKe (~300 MKA), TaK ll Ha BHelllHeM (~60 

lttw: .. s."t ... ~ ~-m l 
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MKA). MaKCllMaJlbHbIH TOK BHeurnero ny4Ka o6ycJJOBJJeH )lOTIYCTIIMOH TeTIJJOBOII Harpy3KOII 

Ha cenryM (-1,5 KBT) 11 3QJQJeKTIIBHOCTblO CIICTeMbl BblBO)la ( -60%). 

Ha UIIKJlOTpOHe HQ-35 MOryT Hapa6aThIBaTbCll MHOrne pa,!llIOHYKJlll,'lbl, KOTOpble 

MOryT Ob!Tb noJ1y1.JeHbl C TIOMOll\blO peaKUllll (p,xn), x=2+4, np11 6oM6ap)l11pOBKe pa.3Jlll'-1Hb!X 

MmneHell npoT0HaM11 s )l11ana3otte 3Heprnii 28+35 l'vbB. 

l.l;IIKJJOTPOH HIJ;-35 OTKpbIBaeT CJ1e!ly10U1lle B03M0)KH0CTII: 

a) Hapa60TKa OOJlblllllX KOJ1114eCTB pamJOHYKJlll)lOB B O)lHOII MllllJeHII 3a ceattc. '-!TO C 

Y4eTOM nocJ1e)ly10me11 pa)lllOXIIM114eCKOII nepepa60TKII CHll,KaeT ce6eCTOIIMOCTb 

pam10<jJapMnpenaparns P<l>IT; 
201 111 

6) ysem11.Jett11e Bb!XO)la II, CJle)lOBaTeJlbHO, CHll)KeH11e ce6ecTOIIMOCTII Tl II In 3a 
204 201 201 201 ) )4 

Cl.JeT o6pa30BaHllll 3TIIX HYKJlll)lOB B peaKu1rnx 
Ill 

Pb (p,4n) Bi➔ Pb ➔ Tl 11 Cd 

(p,4n) In, 1.JTO HeB03MO)KHO ua ycKop11TeJ1llX c Er< 30 MJB; 

B) noJ1y1.Jem1e B peaKL{llllX (p,3n) HOBblX )lJlll Halllell 

eme orpaH111.JeHHO IICTIOJlb3YIOll1IIXCll B MllpOBOII npaKTIIKe 
97 

Ru, II, CJle)lOBaTeJlbHO, pa.3pa60TKa Ha !IX OCHOBe HOBblX P<l>IT. 

ll)lepHOII Me)ll!l{IIHbl II noKa 

pa)lllOHYKJlll)lOB, Hanp11Mep 

,lJ,.rill pa3Mememrn l{IIKJlOTpOHa MOryT Ob!Tb IICTIOJlb30BaHbl np0113B0)lCTBeHHble 

TIOMememrn KOpnyca Nl JUlI1 OHJIH. Pa)ll!OXIIMll'-leCKlle pa6oTbl, CBll3aHHble C 

o6pa6oTKOll II pereHepau11eii 06J1y1.JeHHblX MllllleHell, npe)lTIOJJaraeTCll npoBO)ll!Tb B 

pa)lllOXIIMll4eCKOII (TeXHOJ10r114eCKOll) J1a6opaTop1111. ,ll,.rill C03)laHl!ll 3T0ll J1a6opaTop1rn 

MO)KHO IICTIOJlb30BaTb 1.JaCTb TIJlOll\a)lll pa)ll!OXIIM114eCKOII J1a6opaTop1111 1-ro KJJacca JUIIT 

OHRH, o6meii TIJlOll\a)lblO OKOJJO 200 M
2 

- )lBe KOMHaTbl C T}l)KeJlbIMII 3am11THb!Ml1 

urna<jJa11,m, npenapaTopcKylO, H3MepnTeJJhHYIO, caHlllJJI03. 0.cHOBHOe ueJJesoe 11a3Ha•1eH11e 

J1a6opaTop1m: 

• TIO)lf'OTOBKa Ml!llleHeii II CbeM MaTep11ana C o6JJy'-leHHOII nosepXHOCTII Mlllllette11; 

• BbI)leJ1em1e, 0'-IIICTKa, KOJ1114eCTBeHHOe onpe)leJ1eH11e aKTIIBHOCTII ueJJeBblX 

pa)l!!OHYKJJll)lOB 

11 l!X pa)ll!OHYKJlll)lHOII 1.JllCTOTbI; 

• TIO)lrQTOBKa pa)lHOaKTl!BHblX MaTep11arroB (MeTaJJJlbl, paCTBOpbI) K 

TpaHcnopn1posKe Ha 

MocKOBCKHII 3aBO)l Me)lpa)lHOnpenapaTOB IIJlll !lpyroMy llOTpefonemo. 

2.CneuuaJJu111posauuL1ii IIHKJJoTpou 11U,-35 
CxeMa KOMTIOHOBKII 1130XpOHHOro UIIKJJOTpOHa np1rne)leHa Ha p11c. 1. MarHIITHOe 

TIOJle ycKop1neJ1ll QJOpM11pyeTCll B 3a.30pe III-o6pa.3HOro 3JleKTpOMarHl!Ta (01500 MM, o=360 

MM) CIICTeMOII cm1parrbHbIX II ceKTOpHblX llll!MM. Cso6o)lHblll sepn1KaJ1bHblll 3a.30p Me)KilY 

3JleMeHTaMII MarH11THOII CIICTeMbl (o=IOO MM) BblOpaH IICXO)lll 113 Tpe6osaHIIII pa.3Mememrn 

I 80° )lyaHTa. AHaJJoroM TaKOII CIICTeMbl c MaCllJTaOHblM K03QJQJIIUlleHTOM paBHblM 1,3 

llBJllleTCll l{llKJJOTpOH Y- l l 5T [ 6), QJOTOrpa<jJ11ll KOTOporo np11Be)leHa Ha p11c. 2. 

C ueJJblO 3Ha411TeJlbHOro CHll)KeHlll! MOll\HOCTII, llOTpeOJJlleMOII MarHIITOM [7], 

npe)lnoJJaraeTCll IICTIOJlb30BaTb OTHOCHTeJlbHO HeBbICOKYIO IIH)lYKUIIIO B 3a.30pe (Bose I 2,788 

KI'c) II Hll3KOe 3Ha'-leH11e TIJIOTHOCTII TOKa B OOMOTKax (J<0,5 NMM
2 

). 
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Puc.I. Cxe.Ha t/UK.10mpo11a Hll,-35. 1- Rp.iw ,iiawuma, 2- 1101111bllt ucmo'l11UK, 

- eaK}y,mtaR Ka.itepa, ./- cucmeMa Bbreooa, 5- pe3011a11c110R cucmeAta, 
6-6b/COK080J.YY,l1Hb/e HOCOCbl' 7- npo61111KU 

Puc. 2.Ba1.J,y,w110R KCV.tepa lfllKIIOmpo11a Y-115T 
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2.1.MarmlTHaH CIICTeMa 
IIapaMerpbl MarHHTHOIJ CIICTCMhl l.lllKJJOTpotta ~-35 (rn6m11.1a 2) ITOJJY'lCHhl nyreM 

.llByMepttoro paC'JCTa Marmna MCTO)lOM CCTOK C IICITOJJb30BaHl!CM 3KCnep11MCHTaJJhHhlX 

pC3yJJhTarns ¢opM11posamrn Marm1rnoro nom, Y-115T [8]. 

Ha p11c. 3 npl!BC)lCHa CXCMa pa3MCI.l.lCHIIll cn11paJJbHhlX II CCKTOpHblX ll!IIMM, a B 

Ta6m11.1ax 3, A )laHhl !IX napaMCTpbi. ,/..(JIJI )lOCTl!lKCHIIJI MaKCl!MaJJhHOll TO'lHOCTII 

H3rOTOBJJCHHJI ll!IIMM, HX 60KOBhlC rpaHlll.lhl OITIICb!Ba!OTCJI ITJIOCKIIMII II l.lllJIIIH.llpll'lCCKIIMII 

nosepxHOCTJIMll. KaJK)laJI llll!MMa COCTOIIT 113 .llByx 'laCTCli C pam1ycoM pa3pe3a paBHhlM 

r=234 MM. Bb160p Pa.llllyca pa3pe3a II pam1ycos BHYTPCHHIIX II BHCll!HIIX 60KOBblX 

nosepxHOCTCII onpC.llCJJJICTCJI IICXO)lll 113 Tpe6osaHIIII Ha BCJlll'lllHY Bap11a1.11111 M3rHIITHOrO 

ITOJIJI, a TaKJKC 'laCTl!'lHoro <pOpMl!poBaHIIJI cpe)lHCro MarHIITHOro ITOJJJI l.lllKJJOTpoHa 

Ta6,1u1w 2. Iii r 

T1-1rr MarHttTa W-o6paJHhlH 

):viaMeTP rromoca (M) 1.5 
3a3DP MelK,IIV IIOJJIOCaMII (M) 0.2 
3a3DP Me)K,!J.y crr11paJ1bHbIMlt WHMMaMH (M) 0.1 
MaKCHMaJlbHhlll vron CIIH])aJJhHOCTII (rpa,11) 55 
lJnCJJO crr1tpaJ1bHhlX ll!IIMM 4 
lJHCJlO ceKTOpHblX WIIMM 4 
lJ11CJJO rapMOHH'leCKIIX Ka1)'1lleK 4 
KoHe'lHblH pa.n1tyc VCKOPeHHll (M) 0.65 

Coe.nHee MarHHTHOe none (Tn) : 

B ueHTPe 1.28 
Ha KOHe'!HOM pa.n11vce 1.33 

MaKCl!MaJlbHblH if>narrep MarHHTHOrO IIOJlH -0,04 
lJacTOTa aKCltaJJbHbIX KOJJe6aHHH Q, 0 +0,3 
lJacTOTa pa.n11aJJbHblX KOJ1e6aH1tH Q, I +l,035 
ra6apHTHbie pa3Mepbl MarHHTa (M

3
) 4,4x2,9x],6 

TOJJlllHHa HpeM MarHHTa (M) 0.7 
Cpe.nH1111 pa.nnvc o6MoTKH Bo36)')K.lleHHH (M) I.I 
PaccTOHHlle MClKJIY ueHTPaMH OOMOTOK (M) 1.0 
Ce1 1e11ue o6MOTKH ~r* & (M

2
) 0.625x0.425 

AMrrep-BHTKH o6MOTKH (KA) 170 
nnoTHOCTb TOKa Ha Me,!111 (NMM

2
) 0,5 

MowHOCTb nuTaHHH o6MOTKtt (KBT) 15 
Macca lKeJJe3a (T) 110 
Macca Me,t111 (T) 20 

Ta6. . . ... ---·,- - ~---

rpam11.1a f1r= 10-234 MM f1r=234-750MM 

Ill II MM hi 

IlapaMCTp R,_MM po,MM <Po· rpa)l R
0

, MM Po· MM <Po. rpa.ll 

B11yrpettHRJ1 182 166.4 128 468 344.8 183.6 

Bttell!Hllll 182 166.4 88 520 391.3 147.3 

Ro-pa.llllYC Kp11Bll3Hhl, Po II <Po-KOOP.lllIHaThl l.lCHTpOB Kp11B1!3Hhl 6oKOBhlX nosepXHOCTCII 

llll!MM. 

4 

.lo 

1· 

Pnc. 3.( 'xe.11a f'll'J.\lt'/lft'l/1/}I Cllllf'll.'/1,/1/,IX II Ct'K1110/Jllh/X 111//.11.1/ 
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- --------,-- -- ------·-----... -- ---------,------- -- --- -- -

8r, MM 230-540 540-620 620-680 680-750 

hi, MM 92 90 85 70 

h2, MM JOO 100 100 100 

hl, h2 - paCCTOl!Hlfe OT cpeime11 nn0CKOCTII JlO nosepxttOCTell ceKTopttbIX WIIMM. 

Ha puc. 4 npe)lCTaBJJettbl paC'leTbl KPIIBOII ttaMarttlf'IIIBaHlrn )lnll 3a.30pa Me)l(Jly 

nomocaM11 o= 15 CM, a npe.llnono)Kett1111 '!TO K03<ji<jrnu11e11T 3anon11emrn cm1panhttbIM11 

WIIMMaMII paaett 0,5. 811)lHO, '!TO n0Tep11 aMnep-Bi!TKOB Ha Martt1nonpOBO)le np11 IIH.llYKUIIII 

B 3a.30pe B ~ 13 IOC COCTaBnJIIOT Mettee 10% OT C00TBeTCTBYIOlI.(IIX noTepb B B03.llYWH0M 

3a.30pe, a noTpe6m1eMal1 M0lI.(H0CTb He npeBblCIIT ~ 15 KBT. 

Ha p11c.5 noKa.3atthI pam1anbtth1e pacnpe.llenettllll xapaKTep11cn1K Marm!Tttoro nonH 

ycKop11TeJ1ll, nony'!eHHbie nyreM 11Cn0J1b30Battllll pe3yJJbTaTOB ¢opM11pOBaHl!ll nOJJll 

ll30Xp0HH0ro UIIKJJ0TPOHa Y- I 15T. OTKJJOHett11e cpe)lttero ITOJlll OT 113oxpo1111oro, MO)KeT 

6bITb CK0Mne11c11posa110 nyreM 113Mettettllll npo¢11m1 ceKT0pHbIX WIIMM. IiaMn ITOJlll B 

uettTpe CJJY)KIIT )lJlll yny'lmeHl!ll aKCllaJJhHOII <jJ0Kyc11pOBKII B uettTpanhHOII 06nacn1. 

Pe3yJJbTaTbl paC'!eTa '!aCT0T CB060)lHbIX aKCIIMbHbIX (0:s; Q, :s;0,3) II pam1anbHbIX 

(l<Q,:s;J,035) Kone6a111111, np11Be)leHHhie Ha p11c. 6, nony'letthl )lJlll 3KCnep11MeHTMbHblX 

3Ha'!eHIIII sap11au1m 11 1130Xp0HHOrO Marttl!THOro nOJlll. 

2.3.Bb1COK0'13CTOTll3H CHCTeMa II re11epaTOp 

PaCCMOTpe1111e Bap11attTOB 11cnontteHllll ycK0pl!IOlI.(ell BlJ-Cl!CTeMhl C T0'IKII 3peH1lll 

np0CTOTbl K0HCTPYKUllll, MllHIIMH3au1111 M0lI.(HOCTII noTepb, Y.ll06CTBa pean113au1111 CIICTeMhl 

BaKYYMHOII OTKa'!KII KaMepb1 ycKop11TenH noKa.:Jano, '!TO 11a116onee uenecoo6pa.3tthIM 

llBJllleTCll 11cnOJ1b30Batt11e 180-rpa)lycttoro JlyattTa np11 pa6oTe Ha nepB0I! KpaTH0CTII 

'laCTOTbl o6pamemrn f=l 9,5 Mru II nJJOCKOII pe30HaHCHOII JJIIHHII. CxeMaTlt'!eCKII TaKall 

CIICTeMa npe)lCTaBJJetta Ha p11c. 7. Bee aepnIKMbHhie pa.3Mepbl onpe)leJJlllOTCll 

K0HCTPYKUllel! MarHIITHOII Cl!CTeMhl, a n111p1ma pe30HaHCHOII JJIIHIIII (pe3oHaHcHall )lJlllHa) 

Y.ll06CTBOM n0)lKJJIO'leHllll BaKyyMHbIX arperaTOB np11 )l0CTaTO'IHOII MM0CTII noTepb. 

Hapy)l(Hb111 pM11yc JlyaHTa - 700 MM, aneprypa - 30 MM. CTe6enh pe30HaHcH011 n11H1111 

Wllpl!HOII 500 MM II TOJllI.(IIHOII I 00 MM Bbin0JJHeH 113 MIOMIIHlleBoro npoKaTa II n0Kpb!T 

Me)lHOII nnaKHpOBKOII. liOKOBOII II sepTl!KMbHblll 3a.30pbl COCTaBJJlllOT 150 MM. B Ka'leCTBe 

npOTOTHna pe30HaHCHOII JJIIHIIII M0)KeT CJJY)KIITb pe30HaHCHall Jll!Hllll UIIKJJOTPOHa Y
I 15T (pa.3pa6oTKa KO JI.fill). 

BXO)lHble xapaKTepllCTIIKII )lyaHTa paCC'!IITbIBMIICb B )lByMepH0M np116JJll)KeH111I II 

OITIIChIBaJOTCll KOM6irnau11e11 <jiyHKUIIII Eeccenll. Pe30HaHCHall Jll!Hllll, BBll.llY MMOII 

Wlfplltthl, paCC'IIITbIBMaCb B O)lH0MepH0M np116n11)1(ett1111. Pac'!eTHbie xapaKTepl!CTllKll 

c11CTeMhI npe)lcTaaneHbl B Ta6n11ue 5 . 

.nnll B036y)K)leHl!ll ycKOpll!OlI.(el! CIICTeMbl uenecoo6pa.3HO IICn0JJb30BaTh 

CTaH)lapTHblll BlJ-reHepaTop Ha n0)lX0)llllI.(YIO M0ll.lH0CTb II 'laCTory, pa60Ta10ll.lllll Ha 

cornacoaaHHhIII <jltt.llep. Hacrpo11Ka c11CTeMh1 Ha pa6o'!yJO '!aCTory 6y.lleT ocymecrnnHThCll 

CIICTeMOII <jia.30BOII aBTOnO)lCrpOIIKII. 
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Puc. 7.Cxe.wa 6b/COK01Jacmo1111101i cucme.Hbl yc1,:op11111e.m 

.. -'-'••rw-•'\·- ~- ~---- Bl/-·-----~-- - - ...,.,._, .... ..., .... --
Pa6o'!all 'laCT0Ta Mru 19.5 

y CK0Pll!Oll{ee Hanpll)KeHHe KB 50 

Moll{HOCTb noTePh B .z:1yaHTe KBT 1.5 

Moll{HOCTb noTePh B JJIIHIIII K8T 10 

Pe3oHaHCHall ,[IJH!Ha JHIHHII M 1.15 

8036y)KJ1eH11e ocymeCTBJllleTCll nOBOpOTHOII ne-rne11 C MaKCIIMaJibHOII nnoma.[lblO 

-120 CM2
, pacnOJIO)KeHHOII B 3a,1:1He11 CTeHKe (3aKOpOTKe pe30HaHCHOII JHIHIIII). ,llnll rpy6011 

CTO,[ICTpOHKII 4aCT0Tbl HCn0Jib3YIOTCll TPHMMepHble K0H,[lencaT0pbl, pacn0JIQ)KCHHblC B6JIH3II 

pa30MKHYT0ro K0HUa JH!llllll, ,[IJill TOHKOII - nosoponiall neTJill. 

2.4. C11cTe1>1a BbIBO.lla ny•1Ka 
.[lnll Bb!B0,[la npoTOHH0ro ny4Ka 113 KaMepbl ycKop11TeJil1 Heo6XO,[IIIMO ocymeCTBIITb 

.[IBa 0CH0BHblX npouecca: B036y)KJ:1eH11e pamiaJJbHbIX KOJJe6a111111, B pe3yJJbTaTe K0TOpblX 

C03J:laCTCll Tpe6yeMblll 3a6poc '!aCTIIU B J:1eq>JJeKTOp, II 0TKJJ0HeHlle ny4Ka 4epe3 paccellHHOe 

1>1arm1T11oe none B 3a,1:1a1111y10 T04KY naqana TpaKTa Tpa11cnopn1poaK11 ny•1Ka np11 

co6moneHIIII ycJJOBIIII ero aepTl!KaJibHOH II ropmOHTaJibHOH <poKyc11pOBKII. ,llnll 3TOII uem1 

B KaMepe ycKop11TeJJll ,[IQJl)KHbl pacnonaraTbCll 3JJeMeHTbl 3a6poca II OTKJJ0HeHllll ny4Ka C 

B03MOlKH0CTblO ,1111CTaHUHOHHOII He3aBIICIIMOII perym1p0BKII IIX noJJ0)KeHllll II napaMe-rpoB. 

np11 pa6oTe Ha BHYTPeHHIOIO MIIWeHb, )KeJJaTeJJbH0 IIMeTb B03M0)K!IQCTb IICn0JJb30BaHllll 

Tex )Ke 3JJeMeHT0B CIICTCMbl 3a6poca, 4T0 II np11 Bb!B0,11e ny4Ka 113 KaMepbl ycKop11TeJJll. 

AttamnHpyll ll3BeCTHble MeT0.llbl pacKa'IKII pa.1111aJJbllblX KOJJe6a111111 ,11Jlll .11a~rnoro 

miana30Ha 3Heprn11 II ll!ITeHCIIBHOCTell YCK0plleMblX '!aCTIIU II Y'IIITb!Ball npoCTpaHCTBeHHble 
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orpaH114C!lllll no pacnOJJ0)Ke!IIIIO 3JJeMeHT0B Bb!BO/:IHOII CIICTeMbl B ycKop11TeJib!I0II KaMepe, 

MO)KHO np1111T11 K CJJeJ:1y10ll{IIM 3aKJJI04eHllllM: 

• yaenw1e1111e pamianhHoro wara op6in LIJJll 1aJ:1aHHoro m1ana10Ha 113MeHeHl!ll 3Hepnm np11 

pa6oTe Ha BHYTPeHHIOIO MIIWeHb M0)KH0 ocymeCTBIITb c n0M0ll{blO napaMeTpll'ICCK0ro 

J:1eiicTBllll OL(HOII IIJJII /:IBYX JIOKaJJhHblX He0J:1H0p0J:1H0CTe11 nOJJll, peamnyeMblX a 

3JICKTpOCTaTl14eCKOM IIJIII MarHIITH0M sap11aHTax [9]: 

• LIJill nony4eH11ll pam,anhHoro 3a6poca h-2 CM Heo6xom1Mb1e 3Ha'lemrn rpa.'!11eHT0B 

Marn11THOro n0JJll HaX0/:lllTCll B mianaJoHe 200+300 rc/cM. 

• 113MeHeH11e 3Hepnm ycKopeHH0ro ny•1Ka Ha BHYTPCHHCII MIIWeHII B03M0)KHO nYTCM 

nepeMCll{CHWI CIICTeMbl 0TKJJOHeHl!ll C0BMeCTH0 c o6ny•iaeMOII MIIWeHblO BllOJJb pam,yca 

ycKop11TeJJl1. /.(Jill L(aHHOro L(llana30Ha 113MeHeHl!ll 3Hepr1111 pamJaJJbHblll CL(Bllf COCTaBIIT -s 
CM; 

• LlJJll Ja6poca nr1Ka Ha BXOLI 3JJeKTpoCTaTw1ecKoro Kattana. paccMaTp1rnaeTcll np11Meueu11e 

cneu11aJJhHblX o6MOTOK TO'IHOII peryn11poBKII aMnJJIITYLlbl II (pa3bl 1-ii rapMOHIIKII 

MafHIITHOro nOJJll. 

OTKJJOHlllOIIUIII KaHaJJ, COCTOIIT 113 4-x ceKUIIII. ITepBall 113 HIIX 

)JJeKTpOCTaTll'ICCKall c T0JJU{IIHOII cenryMa 0,6 MM II noTeHUllaJJOM 70 KB, BT0pall -

3JJeKTpOMarttl!THall C noTpe6JJllCMOII MOIUHOCTblO -6 KBT, TPCTbll II 'leTBepTall - naCCIIBHble 

<f>eppoMarttllTHble 3KpaHbl. np11 BblBOL(e H IIOHOB 6yLIYT IICnOJJb30BaHbl <peppoMarttllTllblC 

ceKUIIII OTKJJOHlllO[Uero KaHana. Bee 3JJeMeHTbl CIICTeMbl BblB0/:la pa3Me[Ual0TCll B CT0Jl0BIIHe 

ycKop11TeJJbHOII KaMepb!, He 3aHllTOII J:lyaHTOM. 

2.5.BaKyyMHaH CIICTeMa LUIKJJOTpona 

BaKyyMHall CIICTeMa UIIKJJ0Tp0Ha, o6ecne411Ba101Uall He06XOL(l!Mble ycJJOBllll LlJJll 

ycKopeHllll, TpaHcnopnlp0BKII ny•1Ka II YCTOll'IIIBOII paiiOTbl Been) Kn~m,1eKca, 

paCC'IIITbIBaeTCll Ha nonyqe1111e npeLieJJbH0ro BaKyyMa B KaMepe UllKJIOTpOHa B npeLienax 

(2+5)-1 ffr, Top (6e3 nr1Ka) 11 -2-10-
5 

Top np11 MaKc11MaJibH011 ra3oso11 uarpy3Ke [ l OJ, 
C03L(aBaeMOII HanycKaeMblM B IIOHHblll IICTO'IHIIK UIIKJJOTpOHa pa60•111M ra30M, np11 pacxo;re 

2+3 CM'IMIIH. 

BaKyyMHall CIICTeMa BKJJI04aeT B cefoi: BaKyyMHytO KaMepy llllKJJOTp0Ha, K0~lflJlf'KC 

OTKa'IHOfO BaKyyMH0fO 06opyJ:10BaHllll, ycTpOiiCTBa HanycKa II Ll0311pOBaHllll pa60•1ero fa3a 

B IIOHHblll IICT0'IHIIK UIIKJJOTpOHa, a TaK)Ke CIICTeMy l13Mepemrn BaKyyMa, annaparypy 

ynpaBJJeHllll, 6JJOKllpOBKII II CllfllaJill3au1111 BaKyyMHblM 06opyL10BaH11eM UllKJI0TpOHa. 

O6opyLIOBaHlle BaKyyMHOII CIICTeMbl CTIITaeTCll Hanpll)Ke1111eM 220-380 8, C 'IaCTOTOII 

50 ru, MaKCIIMaJJbH3ll noTpe6JJlleMall 1\101.UH0CTb JO KBT, H0MIIH3JlbH3H noTpe0JJHeMaH 

M0[UH0CTb -13,5 K8T. 

O6m11ii pacxo.11 0XJJa)KJ:1310ll{ell B0J:lbl np11 )l3BJJeHIIII Ha BX0/:le B arperaTbl p=5 Krier,/ 

C0CTaBIIT 20 JJfMl!H. 

2.6,flpo61111KII 

,[lnll BCCCTOpOHHeii /:lllafH0CTIIKII napaMe-rpoB ycKopeHH0fO ny'IKa, a TaK)Ke 

Hapa6oTKII pa/:III0IIYKJJll,110B Ha UIIKJJ0Tp0He Yll.\-35 yCTaHOBJJeHo TPII npo6HIIKa (CM. cxeMy 
puc. I). 
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Ilpo6tt11K N2l, a311MYf 270°, ecn11 3a HYJib a311Myra np11ttl!Tb m1tt11t0, npoxOL1Hmyt0 

qepe3 UCHTP ycKopI1TCJI51, napaJIJICJibHO KpOMKe LtyattTa, a OTC'leT a311Myra BCCTII nponrn 

'laCOBOII CTpeJIKII, nepeMemaeTCll Bttyrp11 Jlyattrn co CTOpOHbl pe30HaTopa UIIKnOTpoHa 11 

11MeeT pa60'!1111 XOJl 690 MM, R =20-710 MM. 

Ilpo6HIIK N22, a311Myr 2i'30'' miana30H nepeMemeHll51 OT 20 JlO I 075 MM II 

npo6HIIK N24, a311MYf 169°, miana30H nepeMemeHll51 734-1008 MM - 6e3Jia!peTHbie II 

paCC'll!TaHbl Ha IICTTOJib30Batt11e MHOrocpyHKUIIOHaJibHblX cna6oTO'IHblX rOJIOBOK. ITpo6HIIK 

N24 11cnOJib3YeTCll B OCHOBHOM JlJl51 Ha0JIIOJleHll51 3a xapaKTep11cnIKaM11 BblBeLteHHOrD ny'IKa 

113-3a Manoro miana.JoHa nepeMemeHirn no pam1ycy. 
Ilpo6H11K N23, a.JHMyr 120°, 11MeeT pa6o'l1111 XOLl B mtana3otte pam1yc0B 140+ 750 MM. 

Ott OCHameH ronOBKaMII, cnoco6Hb1Mll BOCnp11H11MaTb CllnbHOTO'-IHYKl Harpy3KY C 

MO[l.{HOCTb!O JlO 10 KBT, OXJia)KJlaeTC51 mtCTIIJIJillpOBaHHOI! BOL!OII II npeLtHa3Ha'-!aeTC51 .11Jl51 

ttapa60TKII paJlllOHYKnllJlOB. 

2. 7.1-lcToqum.: HOHOB 

,lvJH rettepauI111 ny'!Ka c uenbt0 ynpomeHirn 3KcnnyaTauI111 11cnoJib3YeTCH 

BttyrpeHHllll IIOHHblll IICTO'-IHIIK npOTOHOB nma ITeHHIIHra C HaKaJieHHblM KaTO,llOM II 

ll30mtpoBaHHbIM aHTIIKaTOJlOM. IOJIOBKa IICTO'IHIIKa yKpennetta Ha JlByx UITOKaX C 

nOMO[l.{blO 6bICTPO pa36opttoro KpenneHllll. ITpeJlyCMOTpeH Ulll6ep L!Jlll OTCOCJll!HeHll51 

IICTO'IHIIKa II CMeHbl rDJIOBKII 6JIOKa. ,lvJH IOCTltpOBKII nOJIO)KeHllll rDJIOBKll 6JIOKa 

IICnOJib3yeTC51 UlapOBOII U1apH1Ip. Kopnyc rOJIOBKII IIOHHOrD IICTO'IHIIKa BbtnOJIHeH 113 MeJlll 
M-1. OH l!MeeT KaHaJibl JlJlll OXJia)KJlCHllll B0).1011, BX0.11 II BblXOJl KOTOpb!X HaXO/.IIITC51 B 

aepxttel! 4acnI Kopnyca. IlOJlB0/.1 BOJlbl ocymeCTBJllleTCll no TPY6KaM, pacnOJIO)KCHHbIM B 

BepxtteM UITOKe. Liepe3 Hllll<HIIII UITOK K roJIOBKe nOJlBOJlllTCll ra.3 II HanpmKe1111e. KaTOLl 

KpemtTCll K TOKOTTOJlBOJlaM, pacnOJIO)KCHHblM B Hlf)KHeM UITOKe. Liepe3 KaT0/.1 npoTeKaeT TOK 

JlO 300 A. ,lzyra B pa3pllJlHOH KaMepe rop11T MC)l(Jly KaTOJlOM II aHTIIKaTO/.IOM, 3aKpenJieHHbIM 

Ha 1130JI51TOpe 113 H11TpIma 6opa. I1Jia3Ma 113 pa3p51.11HOII KaMepbl BblT51rJIBaeTC51 ycKOp51!0[1.{IIM 

3JieKTp11'1eCKIIM noJICM Jlyattrn qepe3 miacpparMy. OTCOC H cpopM11pOBaHHe ny'!Ka 

ocymeCTBJllleTCll C nOMO[l.{blO nynepa, ycrnHOBJieHHOro Ha KpOMKe JlyaHrn. IlpeLtyCMOTpeHa 

B03M0)KH0CTb IIMIIYJibCHOII pa60Tbl IIOHHOrO HCTO'-IHl!Ka. 
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