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8 KaqecTBe i!HlKeKTOpa npOTOHOB llml lll!HellHOrO ycKop11Tem1 CIIHXpOcp830Tpo-

Ha Ha 10 Baa na5opaTOp1111 Bh!COKIIX 8Hepr11ll O51,ellHHeHHOrO IIHCTIITyTa Slll9pHb!X 

11ccnellOB8Hlll! np11MeHsteTcst ycTaH0BKa - cpopi!HlKeKTOp, KOTopast nosaonsteT YCKOpstT!c 

npoTOHHbJll ny'IOK llO aHepr1111 570 Kaa /a11epr11st IIHlKeKUIIII B n11Hellm:.1ll YCKOpHTem,/ 

B CBSI311 C He05XOllHMOCTbIO yaenH'IHTb 'IHCno '18CTHU, YCKOpsteMb!X CHHxpo

cpa30TpOHOM, B03HHKna 38ll8'18 pa3pa60TKH H sanycKa cpopHHlKeKTOpa, KOTOpb!ll 

y llOBneTBOp<ln 6h! cnellyIOIUHM Tpe60B8HllstM: 

1. TTpOTO!lllbJll TOK Ila Bb!XOlle - 50 MM. 

2. 3HepreTH'leCKHll pa36poc '18CTHU, HHlKeKTHpyeMbJX B n11Hel!Hhil! YCKOpHTenb, 

He 6onee 0,5%. 

3. 311epr11g-nyqKa 11a BhIXolle - 570 Kaa. 

4. ,llHaMeTp Uy'IK8 Ha BXOlle B nHHeHHb!ll ycKOpHTenb - He 6onee 8 MM. 

5. Yrnoaast pacxollHMOCTb ny'IKB - 11e xy>Ke 3.10-3 
pall. /nonoa11Ha yrna/. 

6. ,lln11TenbHOCTb HMnynbca HOHHOf'O TOK8 - 350 MCeK. 

YcTaHOBOK, YllOBneTBOpst!OIUHX aceM nepe'111cne11HbiM Tpe60B8HHstM, B nHTepaType on11-

C8HO H9 6brno. 

¢>opHHlK9KTOp, paspa60T8HHhlll aaTopoM pecpepHpyeMoll llHCcepTaU11H, 6brn sa

nymeH a nepaoM aapua11Te a lleKa6pe 1957 rolla. 

,011ccepTau11st cocT011 T us Tpex rnaa. nepaast rnaaa nocastmeHa HOHHOMY 

IICTO'IHHKY. B Ka'leCTBe l!OHHoro HCTO'IHHKa 11cnon1,syeTcst llYOnnasMaTpoH Ill 

KOTOpb!ll 6brn cymecTBeH!IO MOllepH1131!pOB8H II KOHCTpyKTIIBHO yny'IIUeH B npouecce 

CO~fl8HIISI onHCbJBaeMoro cpOpl!HlKSKTOpa 
121 B nepaoll rnaae paccMaTp11aaroT-

CR KOHCTpyKUHR, npHHUHn aeAcTBHR H CX9Mhl OHT8HHR HCTOllHHKa, a T8K)l{e ocaoa

Hbie npoueccbJ I CBSl38HHbI9 C reaepauHeA ROHOB B HCTQ'f{ffHKe. ITOK83bJBaeTcR, B qacT

HOCTH, 'ITO nonHOe 'IIICno IIOHOB, reaep11pyeMb!X B raaopa3pstllHOll KaMepe, npaKTH

'leCKII lie 38BIICIIT OT llaBneHHSI, O61,gc11eH MexaHH3M BUIISIHIISI 1!3Meaemrn pasnH'IHhlX 

pelKIIMHb!X napaMeTpOB ITOK llYf'II, M8f'HIITHOe none, llBBneH11e BOllOPOlla/ Ila TOK 

HOHHOA aMHCCHH H3 HCTQqHHKa. 

TTpHBOllSITCSl II o6cylKll8IOTCSI OCHOBHbJe pa60'111e xapaKTepnCTIIKII llCTO'IHHKa: 

CYMMapHast noTpe6nsteMast MOIUHOCTb 

pacXOll rasa - 150 cM
3 

/qac; 

- 160 BT; 

aenH'lllll8 TOKa IIOHHOll SMIICCIIII - 270 Ma; 

+ 
cneKTpanbHhtl! cocTaB ny'IKB no MaccaM - H 

1 
- 75 % 

3 

H:- 22 % 

H+- - 2%, 
• 
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Bo BTopoil rnaae paccMaTpHBaJOTC>I aonpOCbi OToopa IlY'IKa 113 IIOHHOrO IICTO'I

Hl!Ka, YCKOp!!TenbHall Tpy5Ka II BblCOKOBOnbTHal! cxeMa q:,opl!H)K9KTOpa. 

1-1oHHhiii TOK, OT6HpaeMbIA H3 HCTO'tJHHKa, p8CT0T npH yBenH'tJ9HHH .llHaMeTpa 

3MIICCIIOHHOI"0 OTBepCTIIII JJ.O 2,0 MM nponop1HiOHanbHO KBaJJ.paTy JJ.llaMeTpa. ilanb

HeAwee yaenRtt0HH0 lJ,HSMSTpa aMHCCHOHHOro OTBepCTHH OK83h1B80TCSI Heuenecoo6paa

Hb1M, TBK KSK Ha-aa cHnbHOro qpOBHCBHIHl IlOJlH BbITHrHBarowero 9J10KTpO.lla B raao

pa3p>!JJ.HYIO KaMepy B03HIIKaeT H9CTaollnbHOCTb 3a)K11raH11l! JJ.yr11 B IICTO'IHIIK9. 

np11 TOKe JJ.yr11 45 a / paooqee aHaqeH11e/ npo11cxoJJ.11T • Bh!Ill!'l11BaH11e• nnaa

Mbl qepe3 KaHan 3MIICCIIOHHOro OTBepCTl!ll B o5nacTb OToopa. 3TO npllBOJJ.HT K yBe

nI{'l9H!!IO yrnoaon pacXOJJ.IIMOCTI! nyqKa Ha BXOJJ.9 B cj:,0Kyc11py!01UYIO CIICT9MY cj:,op11H

)K8KTOpa. C uenbJO nony'!eHHll 5onee Bb!I"OJJ.HOli C TO'!Kll apeHllll OT6opa HOHOB II !IX 

nocneJJ.y101Uen cpOKYC!!pOBKH rpaHll'!HOll noaepxHOCTll nnaaM bl, aBTOpOM 0bina npl!Me

H0H8 ,.IlJ183M0HH8SI OIITHK8•. TTpRM0H9HH0 IlJ183M8HHOii OilTHKH II03B01UIJ10 YBSJ'IHt{HTb 

/3/ /4/ 
TOK IlpOTOHOB, IIH)K9KT11pyeMb!X B CIIHXpocj:,aaoTpOH, B 1,5 paaa II 

C yaenH'!eHHeM Han_pll)KeHl!ll BblT>II"liBaJO[llero aneKTpOJJ.a IIOHHbIA TOK Ha Bb1xo-

3/ 2 
JJ.e cj:,opl!H)K9KTOpa pacTeT nponopUIIOHanbHO LJ Bb!T." Ha115onblll99 3Ha'!eH11e Bb!TllrH-

,BaJO!llero Hailpll)KeHl!ll COCTaBnl!eT 48 Ka OTHOCHTenbHO IICTO'IHHKa H onpeJJ.eirneT-

Cll Tpe5oaaHHeM Ha]J.e)KHOll pa5oTbi ycTaHOBKll. 

Bb!COKl!e Tpe5oBaHHll, npeJJ.'bl!Bnl!eMble K MOHOaHepreTH'IHOCTII ny'!Ka Ha BXOJJ.9 

B nHHeHHblll ycKop11Tenb, aacTaBHnll Bb!0llpaTb TaKyJO cxeMy OToopa ll cpOKyc11poBKII 

llOHOB, KOTopall Il03BOnl!na Obi OTC9'1b !iOHbl, reHep11pyeMbl9 B oonaCTlf OToOpa. npll

M0HH0MS8 cxeMa Il03B0J180T BblilOJlHHTb 9TO Tpe6oaaaHe, TSK KSK Hanps:nKeHHe Ha 

cpOKYClipY!Olll9M sneKTpOJJ.9 He npeBbllllaeT no a5coITJOTHOR BenH'IIIHe 2,5 KB OTHOc11-

T8nhHO liCTO'!HliKa, '!TO COCTaBnsieT npuMepHO 0,4%, Hanp,i)KeHue no CTony BblCOKO

BOnbTHOro llMnynbca Ha YCKOp!!T9nbHYIO Tpy5Ky nOJJ.JJ.SP)KHBaeTcl! C IlOMO[llb!O cne

UlianbHOl! cxeMbl, paapa5oTaHHOll cneuuanbHO JJ.nll JJ.aHHOI"O cpOpllH)KeKTOpa c TO'!

HOCTb!O ! 0,2%. 

1-1 ccneJJ.OBaHHll aaBRCl!MOCTll TOKa Ha Bb!XOJJ.9 cp0pHH>K9KTOpa OT TOKa JJ.YI"II, 

MarHIITHOro nong II JJ.aaneHl!ll BOJJ.OpOJJ.a B raaopa3pl!JJ.HOll KaMepe liCTO'IHHKa noa

BOnun11 onpeJJ.enHTb paoo'!y!O o5nacTb IICTO'IHl!Ka. UeHHOCTb 3TOro peaynbTaTa 3aK

nJOqaeTCll B TOM, '!TO nJOoal! TO'!Ka TaKOil o5naCTII 0JJ.H03Ha'!HO onpeJJ.enlleT coao

KynHOCTb acex pe)KUMHblX napaMeTpOB llCTO'!HliKa, KOTOpb!M COOTB9TCTByeT npOTOH-

Hbill TOK Ha BbIXOJJ.e cj:,opllH)K9KT0pa nopl!JJ.Ka 40 Ma. 3To noaaonlleT npll coaJJ.aH11H 

aHanorll'IHOll ycTaHOBKll aapaHee Bb!0paTb onTHManbHbl9 ycnOB!ill paoOTbl llOHHOro 

HCTO'llHHKa. 

YaeJ'IH1.IHB8H TOK .nyrH H BbITSJTHB8IOW00 Hanpg>K0HHe, nerKO nony'lHTb OT onH

CbIBaeMoro cj:,op11H)K9KTOpa IIOHHblll TOK JJ.O 100 Ma II Bbllll9 C npoueHTHb!M COJJ.ep

)KaH11eM aToMapHb!X llOHOB 80 - 90% • OJJ.HaKO OToop ll nocneJJ.yJOIUal! cpOKYCllpOB-
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Ka TaKIIX 5onblllllX TOKOB npeJJ.CTaBnll!OT co5oll caMOCTOl!TenbHYJO, B9CbMa cno)K

Hy!O T9XHll'l9CKYIO aaJJ.a'ly, 

B Tp9Tben rnaae paa611pa10TCll aonpocbl, CBl!3aHHbJ9 C cpOKyc11pOBKOll ny'IKa 

HOHOB. 

OueH11aaeTCll cpOKYCllpY!Olll99 JJ.9llCTB!i9 MarHIIT.Horo nong paccel!Hllll B o5nac

TII oToopa, KOTOpoe MO)KHO C TO'IHOCTb!O - 20% annpOKC!iMllpOBaTb Bblpa)KeH11eM: 

-as -
B • = 8 ; e • sin ( _!... 11 I • 

Zo 
noKa3bIBa9TCll, 'ITO paJJ.HanbHOe JJ.BH)K9Hll9 IIOHOB B TaKOM none onllCb!BaeTCll 

cneJJ.YIOIUHM ypaBH9Hll9M! 
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- Hanpg)KeH11e Bb!TS1ruaa101Uero aneKTpoJJ.a; 

Z O - nono)K 9Hll9 l!b!Tl!I"liBaJOIU9I"O 3n9KTPOJJ.a. 

1iHcneHH09 IIHTerpupoaaHlle 3TOI"O ypaBH9Hlill noKa3bIBaeT, '!TO CHa'lana HM9eT 

MecTo yMeHbllleH11e paJJ.uyca ny'!Ka JJ.O aen11'!HHbI - 0,5 HaqanbHOro Ha paccT011-

HIIH - .!-IL , a aaTeM paJJ.HYC Ha'!HHaeT M9JJ.n9HHO yaenli'lllBaTbCll. 

2 
3aaop nna3M9HHall onT11Ka - BbJTl!rliBaJOIUllil 3neKTpOJJ. npeJJ.CTaBn11eT co5oll 

KOpOTKOq>OKYCHYIO nHH3Y, BcneJJ.CTB!i9 3TOI"0 Ha BXOJJ. q,op11H)K8KTOpa npllX0JJ.IIT ny

'IOK, IIM9!01Ullil yrnoayJO pacXOJJ.liMOCTb, H9CKOnbKO 5onbWYIO '!eM ee Kp11Tll'l9CK!ill 

yron. l-13MepeHHll Kp!iTll'l9CKOro yrna cpOKYCllPYJOIUell CIICT9Mbl cj:,opllH)K9KTOpa JJ.a-

0 
nH JJ.n11 Her.o aenH'lliHY a •P= 20,5 • 

p aCCM0Tp9Hli9 JJ.l!H)K9HHII ll cpOKyCHpOBKH ny'!Ka. B yCKOpHTenbHOl! Tpy5Ke npo

BOJJ.IITCSI Ha ocHoae annapaTa, paaauToro a pa5oTe
161 

nony'leHo Bblpa)KeHHe, ca11-

3b11la101Uee paJJ.HYC ny'!Ka Ha Bb!XOJJ.9 ycKOpHT9nbHOl! TPY0Kll C paJJ.IIYCOM ero Ha 

l!XOJJ.9 II C OCHOBHblMII xapaKT9p!iCT!iKaMII Tpy5Kn: 

~ = l -

'o 

a + l!±J. i.;e 
H 

3N +2N'I{- I. b 
0
/f 

4 + N 

I"JJ.9 r. -paJJ.11yc IIY'IKa Ha Bb!XOJJ.9 yCKOpllTenbHOil Tpy5Kn; 

'o -paJJ.HYC IlY'lKa Ha BXOJJ.9 YCKOpllTenbHOll Tpy5Kn; 

t -JJ.nliHa YCK0p!iT9nbHOll TpyoKH; 

N -OTH0lll9Hll9 KHHeTH'!eCKOll 9Heprllll npoTOHOB npll Bb!XOJJ.9 H3 YCKOpHTenb

HOll TpyoKII K 11x 3HeprH11 Ha axoJJ.e; 

I,. - paccTOl!Hlle OT Bb!XOJJ.HOll JJ.11acj:,parMbl ycKop11TenbHOl1 Tpy0KII JJ.O TO'IKH 

cpoKyca. 
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.On!! pac'leTa .IlBIDKeHll!I 11Y,!Ka B CB060.IlHOM OT non!! npocTpaHCTBe 3a YCKO

PllTenbHOi! Tpy6KOil l1Cl1Onb3OBanacb cnenyllla!I 11p116moKeHl!a>l cpOpMyna: 

3/ 2 R 

z = 4,97 ,
0 

!!...Ji f _dR ___ , 
i 0 1 ,_,'1n R 

r.Ile uo -cKOpOCTb 11Y'!Ka B KIIIlOBOnbTax; 

j 0 -TOK 11Y'!Ka B. M11nn11aM11epaJ<: 

R -6e3pa3MepHbtil pan11yc: R = L 
. r o 

3Tll COOTHOllleHll!I, a TaK>Ke BbtpalKeHl!e .IlnSI r 
min 

/pan11yc ny'!Ka a TO'IKe 

cpoKyca/ IlO3BOn!IIOT nonHOCTb!O 11, KaK 11OKa3b1BaeT cpaBHeH11e C 8KCI1ep11MeHTanbHb!

MII .IlaHHbIMII, .IlOCTaTO'IHO TO'IHO O1111caTb )lBlllKeH11e 11Y'!Ka OT BXO)la B YCKOpl!Ten&

·HyJO Tpy6Ky .IlO TO'IKII cpOKyca. 

Pe3yn&TaTbl 113MepeHllil reoMeTpH'leCKIIX xapaKTepl!CTllK 11Y'!Ka cpOpl!HlKeKTOpa 

IlOKa3blBaJOT / cM/
51 

/ ' '!TO OHi! nonHOCTblO y )lOBneTBOp!!IOT ycnOBll!IM HH>KeKUllll B 

n11HeilHb!il YCKOpllTenb. 

B TOI! >Ke rnaBe )laHbl KpaTKlle O1111caHl1!1 KOHCTpyKTIIBHb!X oco6eHHOCTeil II oc

HOBHblX pa6O'll!X xapaKTepllCTIIK .IlOI1OnH11TenbHbIX cpoKycepy!OlllllX ycTpOi!CTB II IOCTe

poBO'IHblX np11c11oco6nea11i! cpOpl!HlKeKTOpa. 

Pe3JOMllpySI ace Bblwe113no>KeHHOe, MOlKHO CKa3aTb, '!TO Oill!CblBaeMblll cpop

llH>KeKTOp nonHOCTblO Y.IlOBneTBOp!!eT BCeM 11pe)lbSIBn11eMblM K aeMy Tpe6oaaHl!SIM. 
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