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BBELlEHI1E 

l1ay'leHHe peaKJXHi!: M9)K,tty CnO)KHbiMH SJJlpaMH, B )3HHK8101IIHMH IIO.tt 

.ttei!:CTBHaM YCKOpeHHbiX TSI)KenbiX .IIOHOB, OTKpbiB89T mapOK.IIe B03M0)KHOCTH 

.ttnSI 9KCnepHM9HT8nbHbiX HCCne.ttOBBH.IIi!: BO MHOr.IIX 06nltCTSIX SJJl9pHOi!: 4JH3H

KB. 3TO aanpaBneHHe B H8CTOS111Iee BpeMS HHT9HCHBHO pa3B.IIBB9TC51 B pa3HbiX 

cTpaaax MHpa. Bon~:>moi!: HHTepec, nposmnSieMbii K B3B.IIMO.tteii:CTB.II10 SJ.Ilep 

C TSI)KenbiM.II .IIOH8MH, CB5138H C PSUlOM cneJXH4JH'IeCK.IIX :~03MO)KH0CTei!:, KOTtl

pbie OH.II o6ecne'IHB810T .ttnSI H3y'laliHSl SJJl9pHO!lJH3.11'19CKBX IlpOJX9CCOB. 

Llnsr ycnemaoro npoBe.tteaas !lJH3H'IeCKKX accne.ttosaHHi!: aeo6xo.ttHMo, 

'IT06bl IIy'IK.II yCKOpellllbiX TSDKenbiX HOHOB YllOBneTBOp.5LlH cne,ttylOliiHM OCHOB

llbiM Tpe60BBHHSIM: 

1. BbiCOKHi!: KynoHoBCKHI 6ap~:>ep .ttn.s TSVK.enoil: 'IBCTHilbi 'l'pe6yeT ycKo

peHHSI ROHOB llO CpBBH.IIT9nbHO 6onbm.IIX 9Hepral. 

2. Manbii BbiXOil B pSJJle peaKJXHil: C TSVK.enbiMH .IIOHBMH ( HanpHMep, B 

Ollb1T8X IIO llony'l9l1Hl0 Tp8HCypaHOBbiX sneMaliTOB) Tp&1)yeT cymeCTBallllbiX 

RHT9HCHBHOCTeil: ny'IKOB. 

CymeCTBYIOliiHe B na6opaTOPBB SJJl9pBbiX peaxi:HI 310-caHTHMeTpo-

Bbll B 150-caJITHMaTpOBbll IIHKnOTpOllbi llp9/lll83li8'19HU .ttnH yCKOpeliHS Bo-

+T 
HOB B ,tt.118ll830He 2,8 ~ +- ~ 7 , .II 'IBCTHJXB •o At smnsa'l'CSI npe,ttenbSOA: 

c TO'IKH apeHHH • nony'leHHSI aeo6xo.tt&Moi!: saeprHH .11 H.ITeHCHBHOCTH. Yt':Ko

peaae HOHOB C eme 6onbm.IIM 3H8'19HH9M + Tpe6ye·r MO.ttepHH3BII.IIH HMeJO

liiHXCSI yCKOpHTenei!:, .II nepBbiM 9TBJXOM HB 9TOM nyTH iiBnSieTc.sJ peKOHCTpyK

llHSI 150-CaHTHM9TpOBOrO JXHKnoTpOHB. 
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160-caHTHMeTr·oshrfi ycxopaTellb TSDKeiihiX aoaos OH.HH npeJlCTasnHeT 

co6ofi cneuaallbHO nepecTpoeHHhiA JliiH pa6oThl s pe~HMe ycxopeaaH TSDKe

IIbiX BOHOB CTaHJlap,'HbiA IlOIIYTOpaMeTpOBhiA llBXIIOTpOH, BhlllYCKaeMhiA OTe

/1/ 
'leCTBeHHOA npOMhiWIIeHHOCTbiO • 

ITepsoaaqaiibH}.Ifi npoexT pexoHcTpyKllBH IlHXIIOTpoaa .Y -150 npeJ:tnona

ran nepeBOJl KIIaCCB'IeCKOrO UBKIIOTpOHa B H30XpOHHhlfi pe~BM ycxopeHHH C 

OJlHOBpeMeHHhiM YB€1IH'I9HHeM JlBaMeTp8 DOIIIOCHbiX HaKOH9'1HHKOB JlO 200 CM 

( Y-200- l). 3To Jlallo obi B03MO)KHOCTb nosbiCHTb aaeprHIO a HHTeacasaocTb 

ny'IKOB YCKOpHeMhiX HOHOB, a TaK)K9 3Ha'IHT9llb.IIO paCWHpHTb HX aCCOpTH

M9HT. KpoMe Toro, B XOJle peKOHCTpyKilBH JlOII~Hbi 6hinH ObiTb npaananaallb

.110 peweahi npo6nelllhl, CBH3aHHhle c npeJ:tnonaraeMoA pexoacTpyxnaeil 310-

caHTHMeTposoro llBJ:IIOTpoaa OH.HH, Tax KaK Y-150 Mo~ao C'IHTaTb ero 

MOJl91IbiO B MaCWTal)e 1:2. 

KpBTB'IeCKBA aHBIIB3 nepsoaa'lallbaoro npoeKTa npusen 1t nepecMoTpy 

scero npoexTa s IlEIIOM. OcHOBHOA ueiibiO BToporo sapaaaTa pexoHCTpyKUHH 

HBBIIaCb 3aJla'la Il01 y'leHBH MaKCBMaiibHOA SHeprHB YCKOpHeMblX BOHOB C HC

DOIIb30BaHHeM anex·rpoMarHBTa llBKIIOTpoHa Y-160 nyTeM aHa'IHTellbaoro 

ysena'leHBH ypoBHH MarHHTHOro nonH. ITpa aToM CTaBHIICH PHil ycnosaA axo-

HOMB'Iecxoro B TeX.IH'Iecitoro xapaK:Tepa, a HMeaao: 

1. 0CHOBHhle (8TYWKH. B030Y)KJl9HHH IlHKIIOTpOHa Y -150 coxpaHSDOTCH. 

2 • .HpMO snex·rpoMarHBTa OCTaeTCSI npe)KHHM (J:tOnycKaiOTCH MHHHMaiib

Hhle nepeJ:teiiKH). 

3. 06S@aTellbf!O HCil01Ib3YIOTCSI BBKYYMHaH KSMepa H PHil Jipyrax ya-

IIOB, H3rOTOBIIeHHhiX no nepBOH8'181Ib.IIOMY IlpOeKTY peKOHCTpyKUHH. 

ITpeJ:(BapHTeiibihle pac'!:eThl noxaaanH, 'ITO npa cpenHeM soanywHoM 

aaaope 10 CM MO)KHO nony'IBTb none nopHJlKa 20 xa. 3To oaaaqaeT, 'ITO 

SHeprHH HOHOB MO:ll< eT OhiTb yseiiH'IeHa nO'ITH Ha 50% no CpasHeHHIO C nep

BOHa'!:aiibHblM npoel! TOM. flpH TaKOM Mali OM aaaope JlYBHTbl MOryT OhiTb 

paCilOIIO)K9.11hl TOIIbB 0 B JlOIIHHBX DOJlOOHO TO My, KaK 9TO CJl91I8HO .118 UHK-
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/2/ 
noTpoae B Jioc-AaMenoce • OcaoBHhie napaMeTpbi lUi:KnoTpoaa Y -150, a 

TSKMe Y -20().+1 H Y -200- II npHBe.tteHhi B Ta6n. 1. 

Ta6nHua 1 

0CHOBHble napaMeTpbl 

1. .llHaMeTp noniOCHOrO H8KOH9'1HHKa, 
B CM 

2. Koae'IHbi.ii pa.ttHYC ycKopeHHB, B CM 

3. Cpeaaee aaa<~eHHe MarHHTHOro 
nonH (B ll9HTpe), B KS 

4. Cpe.ttHHA aoaaymabl.ii aaaop 
1 
B CM 

5. MaKCHManbHbl.ii B03Aymab!A aaaop 
(B .QOnHBe), B CM 

6. MHBHManbBbi.ii aoaaymHhi.ii aaaop 

(B XOnMe), B CM 

7. qgcno cexTopos 

B. Llaanaaoa ycKopHeMbiX HOHOB 

9. 3Hepl'I!Sl yCKOpH9MbiX HOHOB I 
B Mss/ayxnoa 

10.Llaanaaoa qacToT B.'l. reaepa
Topa, B Mru 

11.qacno ayaa:TOB 

12.HanpHM~HHe Ha .ttYSHTe, B KS 

Y-150 

150 

67 

17,5 

18 

A 
2,8 ~ z<-.3 ,2 

6+8 

7,5+15 

2 

100 

MAfH:l1THOE ITOJIE 

Y-200-I 

20C 

90 

16,·r 

18,:3 

23,7 

15,1l 

a 
,A 

3 ,-<4,5 -z-
5+12 

5,6··8,5 

1 

100 

•3neKTpOM8rHHT llHKnOTpOHa 

Y-200-II 

200 

90 

20 

10 

15 

6 

4 

A 
2,8<-~4,2 - z 

15+-20 

14,2+21,4 

2 

75 

O'leBH.ttHo, 'ITO nony<~eHHe BhiCOKoro cpeaaero 3H.t'leHHSI nonst ( II "' 

20 K9) B llHKnOTpOHe Y -200 npH COXpaHeHHH OCHOBHb!X KaTyllleK H 'l'OK8 
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B036y)KJl9HHR B03MO)KH•> rryTeM 3HS'IHTenbHOrO YM9HbW9HHR BenH'IHHbi B03-

JlYWHOrO 3a3opa. Kax riOKS3ana pac'leThi, aTa senH'lHHa rronR MO)KeT 6biTb 

nony'ieaa JlnR cpeJla:er•> BOSJlyfiiHoro 3a3opa oxono 100 MM c a:exoTopbiMH 

H3M9H9HHSIMH B SlpM9 :meKTpOMSrHHTa. 

3neKTpOMarHHT C:IT-72A, HS 6a3e KOTOporo Bbli10nHeH UHKnOTpOH 

2 
Y -150, HMeeT C9'l9HHe SlpMS, paBHOe 5 Si •1,68 M ( 6e3 y'ieTa 3S30pOB 

M9)KJlY nHCTSMH, KOTO~ hie COCTSBnmoT 1fo2%). 3TO Jl89T Jlni OTHOWeHHSI 

2 5 5I 
- 3Ra'leHHe 1,81, rJle 5 n -ce'lea:ae 150-caa:'l'HMeTposoro nomocaoro 

5 
n 

R8KOR9'lRHK8. IlpH aTO ..t 8Milep- BHTKB SlpMS COC'l"SBnSIIOT 10fo 15% OT CyMMSp

~ / RbiX aMnep-sBTKOB (Jll sr pa3nB'lHbiX aaa'ieaaA MarHHTaoro nonsr B 3a3ope). 
I 

I IlpB coxpaaeHHB npe)KJ eA B9nB'iHRbi ce'ieHHSI SlpMS B cny'iae y -200 aesoa-
\ 25 

MO)KJIO llMy'ieBB:e Hy-)KJIOro rronn, TSK K8K O'l'HOWeBB:e 

yMe.llbmaeTCR JlO BenH'lKS:bi 1,07 SMIIep-BBTKH SlpMS COCTSBnmoT 3S:S'ii!Tenh, 
a:y10 'iSCTb OT cyMMapilhiX ( oxono 50%). IToaToMy 6bino npaa:srTo pemeHHe 

2 25 5I 
ysenB'IBTb Ce'ieHHe Hp:da a:a 0,21 M , 'ITO )lSeT Jlnst OTS:OWeHHSI 

5n 
3Ha'iea:ae, pasaoe 1,21. ITpa aToM none JlQn)KHO ysenH'iHTbCSI aa 900 a. 

Bo sayTpeaHeM c xae aneKTpoMarHHTa ( pHc.1) 6hmo ycTaaosneao Jlo

nonRHTenbHo OKono 8 .. OHH )Kene3a. 3xcrrepHMeHTSnbHSH rrposepxa rros:a3ana, 

'iTO ysenB'ieHHe rronsr •:ocTasnHeT 700 a, 'iTO cornacyeTCH c JlSHHbiMB, nony

'ieRHhiMB pac'ieTRbiM rry-TeM, B rrpeJlenax 20% • .llanbaeAmee ysena'iea:Be ae

o6XOJlHMoro ypOBS:R IIOIIR M0)1{9T 6b!Tb JlOCTitrHyTO nyTeM yMe.llbW9HHR 38-

30pa M9)KJlY OCROBHbiMil KaTyWKSMB B036y)KJl9HHSI0 T.e. BX c6nH)KeHB9Mo 3TO 

CHB)KSeT paCC9SIHB9 MErHHTHOrO IIOTOKS H ysenH'IHBS9T BKnaJl C06CTB9HHOrO 

rronsr xaTymeK. KpHBhiE a:aMarHH'ii!BaHHSI JlnH pa3nH'iHbiX paccTOHHHA MelKJlY 

KSTyWKSMH IlpHBe)leHbl Ha pHc.2. 
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B~6op napaMeTpos MarHRTsoA cTpyxTyp~ 

H3secTso, qro xeanpaT ~acTOT~ sep'l'axanna~x 5eTaTpoas~x xone6a

HRA MO*HO 38nRC8Tb S sane 

(1) 

y -yron cnapannaoCTR cexTopa, It -asnexc cpensaro no aaRMYTY Mar-

.tm'l'soro nonSI 

2 E 
To" 

(2) 

3aecb E -KRS:eTR~ecxaSI ssepra:SI aos:a, E 0 -ss:epra:s noxoSI. Ecna s~6-

paTb Mar.tmTs:oe none pass:~M 20 s:s R xos:e~S:biA pamryc ycxopes:RH Rk -eo eM. 

TO llnSI BORa ~: N C ~ • 2,8 xos:e~s:ag SHeprRSI Ha HyKI OS: COCTBBRT 20 Mas. 

3To llaeT anSI asneKca cpellaero nong aaa~esa:e 

r 2 
It~ 0,045 <-) 

90 
(3) 

,llng naxno'l'pos:a Y -200 s~6pas:a MarHHTHaSI c'l'pyx'l'ypa c npHM~MH rpaauna

MR CeKTOpOS, T.e. S 4JopMyne ( 1) MO*HO C~HTBT'b y • 0 • npSIMaSI rpa.tmna 

cex'l'opos s~6paaa noToMy, ~To s aTOM cny~ae aaa6onee npoc'J'o pewaeTCSI 

3ana~a paa6opKH MaWHH~. 06~~HO sepTHX8nbH8SI 4Jo:•yCRpOSK8 HSnSieTCSI 
2 2 

yaosneTsopaTennsoA, ecna v • ~ 0,01. Ecna s~6paTb "• -o,Ol6, To c 

~eToM (3) nony~aeM nnH ljlnaTTepa aaa~e.tme F -o,Oil. Kax noxaaana sx

cnepaMeH'l'~, nposenes:a~e aa cTeane Mars:aTs:~x aaMepes:aA, ~To6~ o6ec

ne~RTb sTy sena~asy ljlna'J'Tepa npa cpenseM aoanywaoM aaaope8 •100 MM, 
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seo6xonHMO Bht6paTb aaaophl a xonMe 8 -eo MM H a nonuse 8 •160 MM • 

.llng ycTaHOBIU mene3HblX KOnhil&BblX IIUIMM H KOpp&KTHpyiOIIIHX KaTy

meK MemAy C&KTOP·lMH H KpbiiDKOA BaKyyMHOA KaM&phl OCTaBn&H aaaop 

2 X 14 MM. 

0KOH'IaTenhHhiit aapaasT MarHHTHoro aaaopa npaaenes sa pac.3. 

HaMepeHH& MarHHTHoro nong 

B H30XpOHHOM IlBKno'rpose coanaHHe symsoA Tonorpa~HH MarHHTHoro 

nong RBnSI&TCR CnO){HOfi H TpynoeMKOft 3aAa'Ieft, T8K KaK ~g onpeneneHHR 

napaMeTpOB IIY'IK8 Ieo6XOAHMO 3HaTb 3Ha'I&HH9 M8rlmTHOrO llOO.II B O'I9Hh 

6onbmOM ( • 10
3 

H 6onee nn.11 onsoro ypoBH.II rroa~J qncen TO'l:eK MenaaH

soll: nnocxocTH c aHcoxofi TO'IHOCTbro ( • 10-4 ). Tax xax enHHCTB&HHhlM 

M&TOllOM IDHMMHpOBSHHR RBn.II&TCR M&TOA nocnettOBaTenhHO ro 1IpH6nBm9HHR 

K symsoMy aaxoay pacnpeneneHH.II MarHBTHoro nong nyTeM MHoroxpaTHoro 

H3M9p9HBH H nocne.lyiOmeA KOppeKilBH, TO 8BTOM8TH38IlBR nponecca B3Mepe

HB.11, a TaKme 6hlcT:la.ll MaTeMaTB'I&CKaSI o6pa60TKa naHHhlX C npHM&HeHBeM 

8BM rrpuo6peTaeT :~amsoe 3Ha'I&HHe. 
/3/ 

KaK IIOKa3aHO B , eCnH H3MepSITb MarHHTH09 none qepe3 2 CM B 
0 

panHanhHOM Harrpaa.IeHHH (50 TO'I&K) H '!epe3 1 ,876 no a3HMYTY ( 48 To-

'I&K Ha OllHOM aneMeHTe nepHOllH'IHOCTH), TO nng 3HaHBR ~OpMhl nong Ha 

OllHOM ypOBH9 B036;rm!l&HBR TpeoyeTCR H3M9pHTb none B 4 X 50 X 48 •9600 

TO'<IKBX. 

CxeMa MeTOlll KH H3MepeHHH MarRHTHoro nons rrpHBe!leHa sa pac.4. 

Kax TOnhKO aaT'IHK Xonna, !lBHmymHfi:cg B a3HMyTanhHOM sanpaaneHHH, no

naaaeT B TO'IKy, rae non>KHO 6hiTh aaMepea:o none, a uerrH ~oTonuoaa Bhr

paoaTbraaeTcg aarry•:xa'IOIIIHfi HMrrynbc. ITocne!lliHfi aarrycxaeT UH~poaoll: 

BOnhTMeTp H nu~po:re'!aTaiOmee ycTpoAcTBO, paapa6oTaliHOe Ha 6aae Tener

pa~soro arrrrapaTa CT A-2M. IToxaaaHHSI na~poaoro BOnhTMeTpa (asa'IeHHe 

8 



3JlC Xonna) Bb!BO.IUITCSI Ha uep<jloneH'J'y H O.llHOBpeMel HO De'I8T810TCSI HB Te

nerpa<j>HylO neHTy .onsr saayam,aoro KOHTponSI. Ilep<jlon•!HTa acuom,ayeTCSI .onSI 

BBO.lla .llBHHbiX MarHHTHbiX H3MepeHait seuocpe.ocTBeHHo B 3BM Tana 'MaacK~ 

3Ta MeTO.llHK8 D03BOnSieT DpH CKOpOCTH 2,5 CeK H8 TO'IKY H3MepSITb 

none C M8KCHM8nbHOM OmH6KoA B n1060A 83HMY TanpHC fi TO'IKe 2+- 5 a, a B 

TO'IKBX aax6on&mero rpa.oxeHTa uonsr + 20 a H B oupeHeneHHH cpe.oHero uo

.IISI + la. 

cllopMHpOBSHHe MarHHTHOrO DOnS! 

3aBHCHMOCTb MBrHHTHOrO DonSI OT p8.llHYCB B H3•>XpOHHOM UHIUIOTpOHe 

1 + u (r) 
(4) 

rne H 0 -none B uesTpe, 

A Eo 
r 

"" Z e H0 c 

Ecna <jly.HKUHSI U (r) DOJI06pa.Ha npaBHnbHO, TO (4) e ;Tb COBepmeH.HO TO'I

HOe BblpB)I{eHHe JI.IISI JI30XpOHHOrO IIO.IISI. 11cnom,aysr 11pi 6nH)I{eHHOe Bblp8)1{e

HHe JI.Ilil u ( r l 

u (rl• 1 (F+ r ....!!!_) 
0-k:)(N2-ll 2 dr ' 

MO)I{HO IIOny'IHTb• H HS ( r ) C TO'IHOCTblO ny'lmeit 
-4 

'leu 2.10 . 

(5) 

cllopMHpOB8HHe ITO.IISI B H30XpOHHOM UHK.IIOTpOBe J>8CIT8.ll8eTCSI B8 JIBe 

OTHOCHTe.II&H6 C8MOCTOSITe.llbHble 38.ll8'IH - <jlopMHpOB8Hl:e Cpe,!lHero ITonSI 

H (r l II rny6HIIbi sapaanHII (<jlnaTTepa) F( r l • Ilpa popMaposa!IHH cpe.o-
113 
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Hero IIonH UHKnOTpOHa Y-200 OCHOBHhl9 OWH6KH B none KOppeKTHpoaanHCb 

nOil60pOM KOnbU9BhlX LIHMM (llnH UeHTpa R • 0+- 10 CM H Kp8Si - R • 

• 60+- 90 CM). Ilocne 'I oro, KSK OTnH'IHe CpellHero nOnH OT H30XpOHHOro 6hl

no yMeHbmeuo llO aenll'IHHhl nopSIIlKa 100+-200 a, ll&nbHefimaH KoppeKUHH 

4JopMhl nonSI npouaaOilllnacb no MeTOilHKe, paapa6oTaHHofi a OKpH.Il:H<CKOlt aa-

/4/ 
UHOHanbHOlt na6opaTOpllH • .llonyCKSH, 'ITO IIpH H3M9HeHHH. yrnoaoi!: npo-

TSI:H<eHHOCTH C9KTOpa B H960nbWHX npellenax ypoBeHb MarHHTHOrO nonH B 

XOnMe H llOnHHe OCTaercH IIOCTOSIHHhlM, MO:H<HO IIpOH3BeCTH OUeHKy H3M9He

HHH aenH'IHH cpelluero nonH H ¢naTTepa. CnellyeT OTMeTHTb, 'ITO H3MeHe

HHe 83HMYT8nbHOH nporH.lK9HHOCTH C9KTOpa npOH3BOilHnOCb IIyTeM HCKpHane

HHSI TOnbKO OllHOfi ero rpaHHUbl. l13MeHeHHe aenH'IHHbl Cp91lH9rO MarHHTHOro 

IIOnH ~H HS 381l8HHOM pSilHyCe R B 38BHCHMOCTJf OT nugei!:uoro p83Mepa 

KpaH ceKropa X B HanpasneHHH (} MO:H<HO npellCTBBHTb B BHil9 

X • ..!!... R (6) 
2 H max- H min 

rile Hmax , Hmtn -MarHIITHOe none B XOnMe H llOnHHe COOTBeTCTBeHHO. 

YKa3SHHaH MeTO~HKa noaaonSieT llOCTaTO'IHO ycnewuo ~opMHpoaaTb 

cpellHee MSrHHTH09 no~e, H3MeHSISI yrnoayro npOTSI:H<9HHOCTb C9KTOpa, TSK 

KSK pacnpelleneHHe noaH no 83HMYTY 6nH3KO K TpaneUHH. 

~OpMHpOBSHHe H~OXpOHHOH 38BHCHMOCTH B U9HTp8nbHOn 'ISCTH ocy

meCTBnSinOCb aKcnepu~euTanbHO nyTeM ua6opa Konen paanuquoro llHaMeT-

pa H TonmHHbi. 

PeaynJ.TSTbi 4JopMHpoaaHHSI Maruuruoro 

nonH 

Ha puc.5 H 6 npnllCTaaneHbi peaynbTSTbi lj:JopMHpoaaHHH cpellHero 

nonH H 4lnarrepa .onH paanH'IHbiX ypoagefi aoa6ylK.09HHH MarHHTa. TaM :H<e 

YK838Hbl H30XpOHHbl9 :0 £1BHCHMOCTH, paCC'IHTSIIHble no ¢opMyne ( 4). 

10 



KaK cneayeT aa pac.6, cpnaTTep nong peaKo yaenJI'iHBaeTCH c P8.1UlY-

coM, JlOCTHI'SH Ha p8JlHyCe R •24 CM M8KCHM8llbHOI'O 3H8'i9HHH paBHOI'O , 
0,065, a 38T9M cna,nag .llO 3H8'i9HHSI 0,05 Ha KOH9'iHOM pa,nHyce. 

Cpeaaee MarHHTHoe none, ccpopMHpoaa&Hoe c noMom&IO JKenea&biX 

~8~C1 OT.IIH'i89TCH OT H30Xp0HHOI'O He 6onee 'ieM Ha 3(~40 9 BO BCeM .llB8-

II830He pa.nHycoa. He6om,moi!: cna.n nons aa aa'iaJib&hl:: pa.nHycax o6ecne

'lHBaeT .llOIIO.II_!HTeJibaylO BepTHKaJibaylO cpoKyCHpOBKY npH OTpHII8Te.JibHOM 
dH 

3H8'ieHHH - B TOil: o5naCTH, I'.lle BenH'iHHa cpnaTTepa C.IIHWKOM H93Ha-
dr 

'lHTem,aa ,nng o6ecne'ieHHR .nocTaTO'iHOi!: cpoKycHpOBKH. IIHTepecao OTMeTHT&, 

'iTO 6naro,napg pa3nH'lHOi!: CKOpOCTH B03p8CT8HHH nong = pOCTOM TOK8 B 

IIeHTpe IIHK.IIOTpOH8 H Ha KpaiO, MOJKHO liO.IIY'iHTb none, 6.JIH3KOe K H30XpOH

HOMy7,nng HOHOB C pa3.JIH'lHOi!: 9HeprHei!:, npH'i9M none E IIeHTpe Me&HeTCH 

aecymecTBeHHO. Cne.nyeT OTMeTHTb, 'iTO npaae.ne&Hbie oT.JIH'iHH pa6o'iero 

IIO.JIH OT H30XpOHHOI'O, paBHble 30~ 40 9, yMeHbill8TCH 
1
KCI'.Il8 6y,nyT yCTSHOB

neHbl KOn&IIeBhie KOppeKTHpyiOrnHe K8TyWKH. 

Ha pac.7 .naHhi KpHBhie aae:MyTaru:.aoro pacrrpeaen,~HHSI nonH aa ~ 

MeH'!'§LIIej)HO.llH'iHOC_T)I .nmr aecKon&KHX paaaycoa. KpHBb:e CBH.IleTeru:.cTBYIOT 

o pea KOM yaena'leHHH <jlnaTTepa c paae:ycoM. Ka:lK.Ilbifi: rpacpe:K HS'iHHaeTCH 

H3 neHTpa xonMa. Baaao, 'iTO rrone B xonMe aocTe:raeT aaa'ieHIHI, paaaoro 

26 K9. 

Ha pe:c.8 rrpaaeae&hi aMII.JIHTy.llbl rapMOHHK rronH. l)caoaaoii rapMOHH

KOfi: RBnReTCH 'leTBepTaH. Ee aMrrne:Ty.na .nocTaraeT aaaqeHHH 6700 9 aa 

paaayce, paaaoM 24 CM. TaK KaK pacnpeaeneHHe nong ao aae:MyTy 6ne:aKo 

K Tp8IIeiiOH,!l8llbHOMy, TO cneayiOmei!: HaH60Jibmeii rapMO£!HKOH HBnReTCH 

JlBeaa.nuaTaH. Ee aMnne:Tyaa .llOCTHraeT aaa'ieHHH 2200 ~ B pail:oae KOHe'i

aoro paae:yca. Boc&MaR rapMOHHKa, HMeiOmaH aa Ha'l:an:.HbiX pa.ne:ycax aMn

naTyay, paBHYlO 1.900 9, YM9Hbill89TCSI .llO 3H8'leHHH 500 9 Ha KOHe'iHOM pa-

ne:yce. 

B aaean&HOM cnyqae cpyp&e-paanoJKeHHe MarHHTHo~o nong coaepJKHT 

rapMOHHKH, Kp8THble 'leTBep~ofi:. 
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0.llH8KO OIIIH6KH B yc:TaHOBJte C9KTOpOB H pa3nH'IH8SI npOHHI189MOCTb JKene-

38 B pa3llB'IHbiX CeKTOpaX npHBO.llSIT K nosmneHHIO HH3IIIHX rapMOHHK 83HMy

T8nbHbiX soaMymeHH i: nonH. HaH6onee onacaoa HBnHeTCH nepsag rapMOHHKa, 

KOTopag Bbi3&xsaeor t:BHJKene ueaTpa op6HT&I. Ee aMnnHTy.lla H ljlaaa yKaaa

H&I 118 pHC.9. 

Peayn~:>T8Tbl ljl<•PMHpOB8HHSI ~rHHTHOrO nong SIBHnacf. OCHOBBHHeM .Qng 

cne.QyiOIIIHX BhlBO.llOB: 

1. 0'1eBH.llll8 SllOIIOMH'IIIOCTb ll811HOH MarHRTHOH CTpyKTypbi KaK no 

MOIIIHOCTH nHTBUHSI HarHHTa, TaK II no ero Becy B CBSI3H C Man&IMH B03-

llYIIIHbiMH 3830p8MH, a TBKJKe ee KOMnaKTHOCTb. 

2. Manag oTao:HTen~:>aag npoTHJKeHHOCTb none.ll: pacceSJHHH MarHHTa 

6naronpHSITHa .QnSI Bl>IBO.ll8 "!BCTHII H3 yCKOpHT9nbHOH K8M9pbl. 

3. nyTeM H3MEH9HHSI yrnosoi!: npOTSIJKeHHOCTH CeKTOpa H yCTBHOBKOH 

KOnbll9BbiX IIIHMM on Je.QeneHHhlX .llHllMeTpOB H TOniiiHH MOJKHO nony"!HTb H3Q

XpOHHhlH 38KOH R3M€H9HHSI cpe.QHero nong no pa.QHycy .Qng ljlHKCHpOB8HHOro 

ypOBHSI B036yJK.ll9HHSI MarHRTa. 

KoppeKTapyiOmae KaTyiiiKH 

Ha IIRKnoTpoae Y-200 npe.llrronaraeTCSI rrposeCTH 6onbmyiO pa6oTy no 

Bbl6opy THITB H "!HCn.l KOppeKTHPYIOliiHX o6MOTOK, HMeSI B BHllY HX rrpHMe.lte

HHe B OCHOBHOM npH peKOHCTpyKIIHH 310-caHTHMeTpOBOro IIHKnOTpOHa. KaK 

6&In0 OTM9"!6HO BbllJio}, B HaCTOSIIIIee BpeMSI MarHHTHOe none CljlOpMHpOBSHO 

TOnhKO Sa C"!eT )!{9ni!3HbiX MaCC H pa6oTa 6y.lleT ITpOH3BO.lli!TbCSI ITpH ljlHK

CHpOBSHHOM ypOBHe B036y)K.ll9HHSI MarHHTa. 

Cne.QyeT OTMeT ~Th, "'TO rrpH Bbi6ope KoppeKTHPYIOIIIHX KaTymeK HY*HO 

Y"!9CTb cneua<jJH"!eCKll e oco6eHHOCTH UHKnOTpoHa MHoroaapSI.llHbiX HOHOB. B 

OTnH'IHe OT rrpOTOHHI:IX UHKnOTpOHOB B cnyqae yCKOpeHHSI MHOr038pSI.llHhlX 

HOHOB SHeprHIO HOH8 llBHHOrO sneMeHTa MO)KHO H3M9HHTb, YCKOpSISI Ha TOM 
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~e none ABHHMA aneMeHT c ApyroA aapHAHOCTbiD. 3Tor cnoco6 AaeT AHCK

peTHoe H3Meaeaae aaepraa aa senH'IHHY 

.1E 
E - 2 

L\z 
z (7) 

XOTOpaSI TeM MeHbme, '19M Bbllll9 38pHA HOHa. Ecna 3BpHA M9HSI9TCSI H8 

9llHHHUy ( L\ Z •1) , a senH'IHH8 38pHAa HOH8 IIOPHAK8 5 +- 6, TO AnSI ITn8B

HOrO perynapOB8HHSI aaeprHH Heo6XOllHMO H3MeHSITb Ml:rHHTHoe none Ha 

20%. QqeBHllHO, STO 3H8'1aTen&HO CHH)I{89T BenH'IaHy B:tn8A8 xoppeKTapyiD-

max X8Tylll9K B OCHOBHOe none no Cp8BH9HHID C npOTOl:HbiMH UaKnoTpOH8Ma, 

r)le OCHOBHOe none M9HS19TCSI B llB8 paaa H 6onee. B .18CTOSI1Uee Bp9MSI 

npOBOASITC S1 noArOTOBaTenbHhle pa6oTbl: 

1. HanaAxa Bbi'IHcnaTen&HbiX nporpaMM AnSI paC'I•!Ta KoppexTapyiDmax 

KaTymex. 

2. IToArOTOBX8 CHCT9M IIaTBHaSI a CTa6anH38UHa. 

8. Bbt6op Tana H30nSIUHH, TaX K8X K8TY1UKH noMe 118IDTCSI B BbiCOXOBa

KYYMHbJi!: o6'beM c nen&JO aKoHOMHH B03Aymaoro aaaopa. 

8hi6op THna ycKopSIJOrueii CHCT!,Mhl 

YKa3aHH8SI MarHHTHaSI CTpyKTypa uaKnoTpoa:a c ManhlMH B03llYI11HhlMa 

3830p8MH npeAnonaraeT pa3M9ll19Hh9 AYBHTOB B o6naCTH AOnHH. ITpH aTOM 

B03MO)I{H0 HCIIOnb30B8Tb Tpa ana Jl8)1{9 '19Tblpe AY8HT8, 'ITO 3H8'1HTenbHO 

CHH3HnO 6bl KOna'I9CTBO 060p0TOB, npOXOJlHMb!X aOHOM, JlOnyCh.A HB 4JopMH

pOB8HH9 MarHHTHOrO nonS!, BBKyyMa H. T.Jl., HO H8 rOTOBOH K8Mepe B03-

MO)I{HO yCT8HOBH"I,:b namb JlBB llYBHTB, 'ITO H onpeJJenano B KOH9'IHOM C'leTe 

Bhl60p '19TbipeXCeKTOpHoro B8pH8HT8 UHKnOTpOH8. 

ITpHHSIT8SI CXeMa yCKOpniDll19H CHCTeMbl C LlBYMSI J:Y8HT8Ma yrnOBOH 

0 
npOTSI)I{9HHOCTb!O no 45 , paCIIonO)K9Hlib!MH B IIpOTHBOnO lO)I{HbiX llOnHH8X, noa-
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aonsreT npa cpaBBJITeJibBO ae6onbl!IJIX aanpSDKeBJisrx aa AYBBTe nony'IHTb Ao

BonbBO aaaqaTenba~a npapocT saeprHH aa o6opoT H ocymecTBliHTb ycKope

A 
Bile B mxpoKOM JlHanaaoae z- aa cq:eT pa6oThl aa paanx"'HhlX rapMo-

..;HHKax. 

CyMM8pHhlH npHjlOCT 9HeprHH 38 o6opOT B TBKO~ CHCT,9Me onpeAemreT

CSI Bhlp8lK9BJI9M 
• 

.. n II' • nil' 
uE•4U 11in-- nn ( ¢0 + -- + 

8 8 
¢12 nrr ) ( ¢12 nrr ) 

+-eos-+-
2 2 2 2 • (8) 

rAe U -aanpSDKeHBe aa AYBBTe, n -aoMep rapMoHHKH, ¢
0 

-<jlaaoahl:H 

yron q:acTHllhl, ¢ 12 -<jla30BbiH yron M9:>K1lY 1lYBHT8MH, 

YK838BH8H CHCTI!M8 1l89T B03MO>KHOC'I'b yCKOpHTb HOBhl HB BC9X rap

MOHHKBX, BnliOTb 1l0 CellbMOfl: BKliiO'IHT9nbBO, B036y:>K1l8R llYBHThl B <jlaae 

, yCKOpeHH:l HB 'leTBb!X rapMOHHKBX n •2,4,6) ana B npOTHBo-

, yCKOpeHHe H8 B9'19THblX rapMOHaKSX D :ol ,3,5, 7) C 

COOTBeTCTByiOmHM npl! pOCTOM 9HeprHH 38 060pOT, 

B naKnoTpoae Y -200 Bbi6paa peJKaM ycKopeH.IHI aa sTopo:H rapMOHHKe, 

TBK KBK npH 9TOM, K~OMe CHa:>KeBHR npHMepBO B 1lB8 pa3a 'IHCli8 060pOTOB 

no cpaaaeBHIO c neps•>fi rapMOHHKo:H ( ~ E =2,83 z U H ~ E •1,53 Z U 

COOTB9TCTB9HHO), B03MO:>KHO yMeHbmHTb HHTepsan 'IBCTOT, He06XOJlHMbiil: 

1lliR nonaoro nepeKpbr:ag scero J1Hanaaoaa ycKopReMbiX aoaoa. TaK, ecliH 

pa60T8Tb H8 OCHOBHOi rapMOHHKe, TO "18CTOTH~H JlHBna30H reaepaTopa, 

JlOOJKea MeBSITbCSI no Kpa:Haea Mepe BllBOe JlliSI nnasaoro nepeKpbiTH51, a 

ecnH pa6oTaTb aa BTcpoa rapMOBHKe, To acero liHmh a nonTopa paaa. 

nosToMy q:acTOTBhli!: r aanaaoa reaepaTopa Bhl6paa paBHbiM f • 14,2t-21,4Mrn. 
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8. 'l • C H C T e M a II H K n 0 T p 0 R a Y -2 00 

IUIKnOTpORB Y-200 HCIIOnh3y~TCH cym.eCTBy~ID.He pe-

30RBRCHhl9 6aXB H ID.TOKH AYBRTOB naxnoTpoaa Y-l50. Kax OTMe'lanoe& 

BbiiD.e, 'lBCTOTHhlA llHBII830R pe30H8.HCROI!: CHCTeMhl Y -~ 00 AOlllKeR 6hl'l'b B 

npenenax 14,2 +- 21,4 Mrn • .llnH accneAOBBRHSI BOOMOlKROCTH nony'leRHSI yxa

aaaaoro 'lBCTOTHoro naanaaoaa 6bin aaroTosnea MaKeT peaoaaacaoA cacTe

Mbi B MBCID.Ta6e 1:1 B RB ReM nposeAeBhl H3MepeRHSI: 

1. .llaanaaoaa qacToT. 

2. EMKOCTH eyaRT-aeMnH. 

3 . .llo6pOTROCTH CHCT9Mhl. 

HaMepeRHSI noKaaanu, 'lTO AnSI nony'ieHBSI Bepxaea qacTOThl aanaaaoro 

llHBIIa30RB, Reo6XOABMO fBenB'lBTb JlHBMeTp WTOKB C 200 MM JlO 300 MM Ra 

AnBHe 350 MM OT CTbiKB AYBRT-ID.TOK. B STOM Cny'lae )CTae'l'CSl CB060JlRoe 

OKRO B 6aKe AnSI pa3M9ID.9RHSI BHTKa CBH3H. 8 peaynbTBTe JlHBIIB30R 'lBCTOT 

pacwap:anc H c St- 16 Mrn JlnSI Y -150 JlO 12+ 24 Mrn. .llo 6poTHOCTb CHCTeMhl 

COCTaBnReT 3500... 4000. 

fipB IIepeCTpOl!:Ke B.'l. reaepaTOpa 6hln Bhl6paR BB]JBBRT HCIIOnb30BaRHSl 

pelKHMB yTpOeRBR 'lBCTOThl B IIepBOM KBCKaae. 3TO ll03BOllHeT paCID.HpB'l'b 

aaanaaoa 'iaCTOT reaepa'l'opa B HRTepBane 9t-22 Mrn, T~K 'iTO B yKaaaaahlA 

JlHanaaoa yKnaJlhlBBeTCSI :a Tpe6yeMhlA B aaweM cnyqae. .llaaahll!: cnoco6 ne

peCTpoAXB 'lBCTOThl B. '1. rea:epa'l'opa II03BOnSle'l' IIOny'lHT:. BhlCOKY~ BhlXOllBY~ 

MOIIIROCTb ( p •180 +- 240 KBT). 'ITO o6eCII9'lHBaeT ReOeXOAHMy~ BenB'lHH:y 

yCKOp~m.ero IIOT9RIIHBna H:a ayaH:TBX IIpH COXpaReHHH B~COKOro 3RB'l9HHSI 

-5 
CTB6HnbHOCTH 'lBCTOThl ( • 1.10 ) JlHBIIB30H:HOrO reRepBTOpa H IIpelKRefi 

rpBJlyHpOBKH. 

fipH p83M9ID.8RHH lly8HTOB B npO'J'HBOIIOnOlKRhlX Jl.Q1IIRBX CBSI3b Me)I(Jly 

AYBRTBMH OTCyTC'f'ByeT, TaK KAK OHH OKa3hlBB~TCH IIOnHOC'l'b~ SKpBRHpOBBH

RbiMH. Tlos'I'OMY <flaaa RaiipSllKeRHSl Ra llyBHTe onpeAeJISie1'CSl TeM, KBK 6n:aa

KO 'IBCTOTB ll8RHOrO JlYaBTROrO KOH'I'ypa COBIIBABeT C 'IB='I'OTOA B.'l. reaepa-
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pa B ~o6pOTHOCTb~ KOHTYpa. O~aBB~Ho, ~TO B TaKOil: CHTyaUHH pa3HOCTb 

4Ja3 HanpSDKemlii Ha llY&HT8X OKS)f(eTCH npOH3B011bHOii • 

.Qng ycTpaHeHBSI STOI'O 6bin yCTSHOBJleH cpMep CBH3H, ltOTOpbill: 'lape3 

aaKyyMao-nnoTRbie J:aonRTOpbi coe~HHSIJI Me)f(JlY co6oa mTOKH JlyaHTOB. B 

STOM cny~ae B CHCTeMe, KAK B 06bi~HOM ~BYXllYSHTHOM UBKJIOTpOHe, B03HH

K8~T KOJie6aHBl[ C .llBYMII 'l8CTOT8MH CBH3H: Bepxaeli: (CHH4Ja3HOJi:) B HH)f(HeH 

(npOTHBOcpa3HO:ll:). P.l3HOCTb Me~y STHMH 'I8CTOT8MH MO)f(HO MeHSITb, H3Me

HSIH paCCTOHHRe Me»llY TO~KOH IlpHC08llHHeHHH cpR!lepa H 38KOpa'lHBa~mell: 

rrnacTBHoii. B llBJlbH•~ll:meM npeJlnonaraeTCSI ycTaHOBBTb KORJleHCaTop CB!I3B 

illTOK-cpB!lep, KOTOpblll: II03B01IHT II118BHO MeHSITb B91IH~BHy CBSI3H BO BC9M 

38!l8HHOM ~H8II830He 'ISCTOT B.'l. CHCT9Mbl. 

8TO pemeHBe I pe!lCT8B1IS19TCH H&M cpaBHHT911bHO IlpOCTbiM B scpcpeKTHB-

HbiM. 

HccJe!lOBaHHe Ha'!:allbHoro llBB)f(eHHSI 

Ka'IeCTBO ny~Ka a QHKliOTpoae onpe!leliReTCSI B aaa~Te11baoli: cTeneHH 

nepBbiMH HeCK011bKHHH o6opOTaMR, IIOSTOMY rrpo6neMe ueHTpa yJleliHeTCH 

601IbiDOe BHHMBHBe. Qng paC'leTa TpaeKTOpHH B UeHTpalibHOll o6naCTH UHK-

1IOTpOH8 Y -200 6bl11.1' COCT8B1IeHbl rrporpaMMbi, II03B01I~IDBe IIpOBOllBTb ~BC

lleHHOe RHTerpHpOBaJllle ypaBH9HHH llBH)KeHHH Ha 8BM. 

81IeKTpR'leCKOe IIOlle B U9HTpe UHK110TpOHa orrpeJleJISI1IOCb C ITOMOillb~ 

sneKTp01IBTB'leCKOH li8HHbi HB MO.ll91151X S119KTpOJlOB ( HOHHbiH BCTO'IHHK, Bbl

TIII'BBa~mBll: S119KTPC!l, )lyaHTb!) B MaCmTa6e 5:1 !lliH Y'IBCTKa BCTO~HBK

Bb!THI'BBB~illHH sneK"POll 111 2:1 JlliH y'IaCTKa neHTpanbaoll: o6nacTB oT paJlHY

ca 1 AO 12 CM. To'! OIOCTb onpeJleJieHJI!I IIOT9HUH8118 6b!118 He Xy)Ke 'leM 

1% 

feoMeTpBH neHrp&nhHOll: 061IaCTH UHKliOTpORa npe)lCTBBJieHa Ha pn:c.1Q. 

TioTeRnn:an SJie{TpJI'leCKOI'O II01IH B3MepR1ICH HerrocpeJlCTB9HHO B K8)K

ll0H BCClleAyeMOH TO IKe C IIOMOillb~ llBcppOBOI'O B011bTMeTpa. B II91151X YJl06-
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CTB8 H3MepeHJ![il: JlJISI y'ISCTKa HOHHbli!: HCTO'IHHK - Bb!,'SII'HBSIOillHil: 3Jl9KTp0Jl 

OblJI8 Bb16paaa Jl9K8pTOB8 CHCTeMa KOOpllB:HaT, a JlJISI BTOporo y'laCTKa (OT 

R•l CM JlO R •12 CM) - IlHJIKHJlpK'I9CK8SI. 

MarHJ![THOe none JlJISI y'laCTKa KCTO'IHKK - BbiTSII" HB810IllHil: 3n9KTpOJl 

aaJlaBanoc& nocT05lHBhlM H paBBhlM H •20 xs, a Jl~H aToporo y'lac'J'Xa ohlno 

B351TO H3 Jl8HHb!X MarHJ![THb!X H3MepeHU:il:. 

IJoJiy'I9B.IIb19 TBKHM o6pa30M C9TKH 3H8'1:9HHil: no, 9HIIHMOB 3Jl9KTpH'I9C

KOrO nonn H JlaHHhlX MaraxTuoro nonst BBOJlHJIHCb B 3 BM THna M-20 H o6-

pa6aTbiBanHc&. Peayn&TaThl pac'leTOB noaaon5110T nony'IHTb, xpoMe xoop

JlHBaT '18CTHilbi, 3H8'19HJ![Sl 9HeprHH HOBOB, <j>a3bl, a TSJ:>Ke KOOpJlHBBTbl MrBo-

B9HHblX Il9HTpOB KpHBH3Hbl TpaeKTOPHH. 

BbinH npoaeJleBhl pac'leTbi JlJIH paanK"'HbiX ua"'am HbiX ycnoaxil:, a Tax

}1{9 JlJIH paanH'IBbiX xoatjlxrypanxi!: anexTpH'I:ecxoro nom, KOTOpbie noaaonxnx 

Bb16p8Tb OKOH"iaTen&Hbli!: B8pH8HT B8'1MbHOil: OnTHKH. 

Ha. p&c.l0 H306pa}K9H8 OJlHB H3 nony"ieHHb!X TpaeKTOpHil: JlJISl HOHOB 

i,0 N c + =2,8 c aa'lan&HbiM aaaqeHHeM tjlaabi ¢ o'"- 30 °, aa"l:an&aoA 

aaepraeil: E • o JlJIH ycxop5110I!lero uanpSI}KeHHH aa llYE aTe, paaaoro u 
75 KB. 

Pac'l:eT rrapaMeTpOB opoaT (pa:HIOBecaaH 

op oaT a) 

B HBCTOSIIllee apeMSI paapa50T8Hbl M9TO.Ubl, n03BOJ[5110IllH9 llO JlBHHblM 

MarHHTHbiX H3MepeHHH OIIpe.UeJIH'I'b OCHOBHble napaMeTpJ.I OpOHT 'IBCTHD; B 

H30XpOHHOM ll;HKJIOTpOHe, a HM9HHO: rrepHOJl OOpameHHSI B:OHOB IIO paBHOBec

HOll: op5HTe T, qacTOThi aepT.IIKan&HhlX II PBllRBJib.IIhlX 5nTaTpOHHhlX Kone6a-

HHii: Vz H V r H T.Jl. 3TH napaMeTpbi MO}KHO onpe.o.e;IHTb KSK 8HBJIHTH-

"19CKH no npHOJlH}KSHHhiM <iJopMyJiaM, TBK H 'IRCJI9HHblM IIHTerpHpOBaHHeM 
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/56 7/ 
TO'lHhiX ypasaeull: nsnKeusr c IIOMOIIlh!O 313M ' ' • MeTOJl 'IBCJieHHoro 

lilHTerp:~~posausr smJISieTCSl HaH6onee 'l'O'lHbiM
1 

011 H 6bxn npHMeaea nnii onpe

neneH.HH napaMe'l'pos paslloseclloil: op6HTbi II.HJUIOTpoaa Y-20U. 

JlaHHbie H3MepellHil: Mai"HliTHOI'O IIOJIII HAHOCiilJIHCb B B)[Jle PSIJ18 TO'leK 

0 
aa ceTxe nongpabrX xoopJIHHAT, AaHMyTanJ:.Hbie JIIITepBa.IIbi pasabr 1 ,876, 

mar IIO pa.tX.HyCy COC'l'llBJIHeT 2 CM, JlaiiHbie opaJX.HCb Jl.IISI 19~ 'I'O'l8K IIO 

BCeMy A3JIMyTy, 'lTOOb. HCKli!O'l.B:Tb OIDHOKH, ClH138H.Ilbie C H9HJ19HTH'liiOCTblO 

cexTopos. 06pa60TKa peayn&T8TOB IIpOH3BO,IXHJI.aCb .Ha 3BM THIIa M-20 KJIH 

E3CM-4. 

Ha pac.ll a 12 npencTasneabi peayn&'l'aThi pac'leTos 'lBCTOT sepTa-

KAlibHbiX lil paJIHAlibllbiK 6eTaTpO.IIHbiX xone6aHHA ( Vz .H v ). 
r 

B Il.HKliOTpOHe Y -200 HCIIOlib3ylOTCH HO.IIHbie HC'l'O'lln!-

KH JlBYX THIIOB: 

1. C KaTOJIOM II:>stMOI"O HAKMA H npHMOil: HJUI OCilHliliHpyiOmeA JlyroA 

JlliSI IIOlty'l9HHSI HOHOB +I H , +I DH , +I He , 
8 8 

2. C K8TOilOM KOCseHHOI"O .HaJUlliA H MOID.IIOil: nyroft B pa3pS!Ile Jl.IISI 

+4 +II N +11 IIOlty'l9HliSI MHOI"038pS1t:UibiX HOHOB 12 C , l4 , 18 0 • 

110HHbiii: JlCTO'l.IDX, pasMemeHHhlil: .Ha KO.Illl& M8TaJiliH'l9CKOII: 'l'py6LI, 

BBOilHTCSI 'lepea sepT;1xaro:.soe O'l'Bepc'l'ae s sepxa:ea 6aJIKe SlpMa anexTpo

MaraaTa. BhiCOKOBa:s:~yMaag O'l'KA'lKa a'l'oro o6'&eMa npoxasonaTCSI s:acocoM 

BA-0,6-l CO CKOpOCTblO OTKA'lKH 200 n/ce:s:. llpe,nyCMO'l'peH ID11103 llliH CMe

Hhi JlCTO'lHHKA 6ea lUipymeHHSI BAKYYMA B KaMepe JUIKJIOTpOH8. 

ll0110)!{9HHe HOS:IIOI"O HCTO'l.IDIKA MOlK8T J[3MeHSITbCSI B H900li#mJlX npe

,nenax. 3TO HeOOXOJlHMO IIpH .HaC'l'poll::s:e IIO ny'lKy ,nml BbiOOpa OIITHM8n&Ho-

I"O IIOJIO)K9HHSI HOHHOf 0 HC'l'O'l.IDIKA H BbiTSII"HB810ID9I"O 9JI9KTPOil8. 11 MeiOme-

ecSI B gpMe aneK'l'pouarsa'l'a sep'l'HKan&soe oTsepc'l'He rroasonSieT rrpHMeHliTb 

B 6ynymeM BHemS:IOIO .HII)!{9lntH!O HOHOB, 
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Ba:s:yyMHasr ca:cTeMa UHKJIOTJ•OHa 

Bonpoc UOJIY'f9HHSI BhiCO:S:Oro Ba:s:yyMa B ycx:opHTeJD•HOA KBMepe B UHK

JIOTpOH8X MHOr03apstAHhiX HOHOB SIBJ!H9TCSI B8CbM8 BaJKS:b: M. Ecn.a: B CJIY'f89 

( +I +2 
YCKOpeHHSI nerKHX HOHOB I H 

4 
He ) TIOTepH ny<rKa ll)IH B38HMO,Ilei!.CTBHlil 

C OCT8TO"'HbiM ra30M B K8Mepe OnpenenmoTCSI TOJibKO pl CC8HHH9M, TO ,llJISI 

MHOr038pstAHblX HOI!OB B8CbM8 cymeCTB9H9H I1pOII9CC nepesapstllKH, KOTOpb!i!. 

IIOJIHOCTb!O BbiBOJlHT 'IBCTHUbl R3 peJKRMB yCKOp9S:S:SI. 

Tax, nnsr 310- caHTRMeTpoaoro UHKJioTpoaa npa: I·a5o'leM saltyyMe 

8.10-6 
MM Hg rrOTepH ny"!Ka xs-aa nepooapsr.no cocTaBnmoT 20•+- SO%. 

B na:KnoTpoae Y-200 nnsr o6ecne"!e.a:.a:g Bbicoxoro a:us:yyMa ycTaaoane

Rbl JlB8 .llBCOCa BA-8-7 C tjJpeOHOBbiMH JIOBYIDKBMH CO CKOpOCTb!O OTK8"1KH 

4100 llBTpOB B CeKy.llJly K8JKJlbiH. llnsr yny"'ID9HHSI pa60"l8 '0 BBKyyMa B I18H

Tpa1Ib.IIOA 'l8CTH UHKJIOTPOS:8 yCT8HOB.lleH S:8COC BA-0,5-1 CO CKOpOC'l'b!O OT

K8"lKH 200 llBTpOB B CeKyHay. llpa: H8T8K8S:HH raaa RSBH~, COCTaBnmomeM 

;j 
0,1 CM /MHH, STR S:8C0Cbl o5eCIIe"'RB8IOT B8KYYM B yCKOJHTe1IbHOA K8Mepe 

-6 
OKOJIO 3.10 MM Hg 6es ITOJ18"1H rasa B HOHHblil HCTO'Uil!K. llpR pa60T8I0-

3 
meM J!CTO'lS:S:Ke C paCXO.IlOM rasa OKOJIO 2 CM /MJ!H pa6t>"lRil BaKyyM B K8-

-5 
Mepe COCTaBJISieT 0,6 +- 1.10 MM Hg • 

B JlBJibHeiimeM .a:aMe'IaeTCR npoaecTR ne.nhli!: p.sm Map n.nsr y.ny"lme.a:.a:sr 

aa:s:yyMa: npHMe.a:eaHe Macen .ny"lmero Ka"leCTBa nnsr rroBloDIIeHHR npene1Ib

aoro B8KYYM8 H8COCOB1 yCT8HOBK8 ll01lyllpOBO.IlS:S:KOBblX J[OBYID8K J1 1 .118KQ

.a:en, yMe.llbme.a:.a:e H8T8K8.11HSI raaa B UHKJIOTpOH, oco6eHBO 38 C"'eT yCT8ROB-

KH J!OS:HOro J!CTO"'HHKB BS:8 MBIDHS:hl. 

B nHIUIOTPOHe Y-200 npenycMa'l'pHBaaTCSI npHMeHH'~b nse CHCTeMhl 

BbiBO.Qa ny•ua; 1) C HCTIOJ!b30B8HH9M npH.IIIIHrra nepesapsm 01 H 2) SJ19KTpOCT8-

18 



TII'18C:Jcy'IO CHCTeMy. 8 1130XpOHHOM UHKnOTpOS:e MS:orooap SIJUiblX IIOS:OB MO.lK

Jro ycnems:o ocymec TBBTb BblBOJl tty'IK& C Bb!COKOA scfKI>eKTHBS:OCTbl01 HCIIOJib-

3YSI lipii.RJUitt nepeanpSIJlKII TSI.lKenOA '18CTHttbi Opll lipOXO>KJJ.9HIIH 'lepe3 Be-

/8/ 
mec'l'Bo 

TipeJlB&ps:Tellh !lbl9 paC'I&Tbl IIOK&3&JUl 1 'ITO .HaH60llhmHA slfl!peJtT IIpH Jlc-
+1 +1 

IIOJlb30BAHIIII 9TOro MeTOJl& JlOCTHrae'I'CSI JlnSI IIOS:OB 4 He : ll D, T&K KaK 

IIpH IIpOXOlKJl&HIIH q,:.pea nepeaapSI.lKaiOmee ycTpoAcTBo, ycTaaoanes:s:oe s:a 

Kos:et~aoM pauyce, as:a'leJIJie oTs:omeHII.H 

k--· 
Z/A 2 

II3Me.IIS19TCSI B JlB& ]1&3a. TioSTOMY B&JtJI'IHS:a paJlll&nbHOro CMemeHHSI ny'IK8 

nocne nepsoro o6or: OTa aecbM& aaa'IIITenbs:a. TaJt, J:tnH Hos:oa 
+1 D 

nps: 

ycKopeHIIH + 1o E eJtJI'IH.Ha CMemeHBH ~ "R pass:a 20 CM 11 nyt~oK nocne 
2 

nepaoro o6opOTa ncnaz:tae'l' s:a PMHYC R • Rk+~R-110 CM. TipH TaKOM 

Y.llM&.IIBII OT KO.II&'lSOA op6BTbl M&rHHTHoe none 38M&THO CII8JlaeT II IIY'lOK 

6yJ:teT BblBO!tHTbCSI 1:a ycKops:Tenbs:oA K&Mepbi. B cnyt~ae Ms:orooapMHblX 

( +' +·; N +3 ) 
HOS:OB Ill C l• 18 0 B9nH'IHS:8 p&JlHanbS:OrO CMem:eHHH IIOCne 

nepaoro o6opoTa tty'IKa Mana, OJlHaKO HCIIOJib30B8S:He H&CKOnbKHX o6opOTOB 

II03BOnHT BblB&CTH Iy'lOK .113 IIHKnOTpOHa. CneJ:{yeT OTM9THTb 1 'ITO HCIIOJib-

30B8HII9 IIpHS:IIHII& napeaapH!tKB JlnH BblBO!t8 ny'lXa, KOS:9'1S:01 He HCKniO'I89T 

lipHM9S:9HIIH sneKTpC CTaTHCTH'I8CKOll: CHCT&Mbl BblB0Jl8. 

<J?l1311LfECKJ:Ifi 3AUYCK 

B s:acToSilllee I·P&MH IIHKnoTpos: aanym:es: s:a nerKBx qacTHnax ( +: H, 
+1 +1 . 

8 
He 

4 
He ) II tty'I!OK YCKOpeHHbiX llOS:OB .llOB9Jl9H JlO KOH9'1HOrO pa.lllly-

ca C a!flrjJeKTIIBHOCTb:O 10%, npH'I&M ny'IOK JlO p&JlHyCa R ..'70 CM IIpOXOJlHT 

npaKTH'I&CKB 6ea no·~epb. Ceil:t~ac s:a ns:KnoTpos:e ycTaa:asnHBaiOTCSI TOKOBble 

KOppeKTHpyiOmHe 06UOTKH 1 'ITO IIOOBMHT yMeHbmllTb IlOTepH tty'IK8. 

20 



3AKni09EHl1E 

Y cnem.llbl:li aanycK UHKJ'IOTpOHB JlB9T B03MO:lKHOCTb RCI10nb30BBTb .118.KOII

J'I9.11Hblil OIIbiT IIpH peKOHC'I'pyKUHR 31Q-caH'I'IlMeTpOBOI'O I:HKJ'IOTpo.a:a TIDK91IbiX 

HOHOB 0!151!1, a TBK2K9 M02K9T SIBilTbCSI OCHOBO:ll: IIplil p9l:OHCTpyKUHH 120-caa

THMeTpOBOI'O ll 150-CBHTHMeTpOBOI'O UHKJ'IOTpOHOB, p~OO raromHX B paaJ'IH'IHbiX 

HccneJlOBaTenbcKHX na6opaTopaSIX CoaeTcxoro Coroaa H cTpaaax-y'laCT.IIauax 

OIHil1. Taxag pexotiCTPYKilHSI rroaaonaT npa JlOC'I'BTO'IHO cxpoMHbiX aaTpaTax 

yaenB:'IHTb 9Hepl'HIO yCKOpS19MbiX HOliOB B 3 paaa. 

ABTOpbl C'IHTBIOT CBOHM IIpHSIT.IIbiM Jlonl'OM Bblp8.3BTh OJ'I8I'OJJ;ap.IIOC'l':b 

npo(jl. f.H.QJ1IepoBy aa IIOCTOSIH.IIbifi HHTepeC K pa6oTe H CO)le:lkTBH9, 

M.P.Byprapenb (ct>pa.a:UHn} - aa ue.IIHble JlHcxyccaH npH ahl6ope OCliOBHbiX 

napaMeTpoB UHKJ'IOTpoa:a, lll.fonhJlmTeiigy (ct>pa.a:nag), B.M. Haxonaeay - aa 

noneall:bl9 COB9Tbl H IIOJll'OTOBXY Bhl'IHCJ'IHT9JlhllbiX nporp.lMM JllHl paC'I9T8. 

napaMe'l'pOB op6HT, M.Maxoaero (Py MblliHSI} - aa npe.uaapnTenhaoe MO.llena

posaue a:a'lanb.a:oii o6nacTB rrHIUIOTpotia, T .TayTy (Py dbl.IIHSI) • aa paapa-

6oTxy aoa:aoro ac'l'O'IHHKa .llnn nonyqetiHSI nerKHx aoaoa, IM.KapMacagyl (9e

xocnoaaKHS1) - aa pacqe'J'bi MaraaTtioro nang:, B.B.BaTn.a:e, H.H.Cuapn,llo.a:o

sy - aa nepeCTpoiixy B.'l. reaepaTopa, C.f.<l>ecpu:nosofi, r.M.Ky1IHKOB01i:, 

X.P.HapaHeBy - aa IIOMOmb IIPH IIpOB9Jl9HHH MBI'HRTHbiX BSMepeu:A:, l1.B.Ko

.n:ecosy, r.M.ConoBbeBOH, B.H.THTOBY- aa paapa6oTKy OCHOB.IIblX ya.n:OB 

ycxopH'l'e.n:g:, B.H.IIoxpoacKoMy, 6para11e MeXAEUIKOB - aa xopomee a csoes

peMea.a:oe Bbmo.n:tie.a:Be Mexauqecxoa c6opKR naxnoTPOlll, B.C.Antpeeay, 

B.A.AKHMOBY, p .l1.l1 BBHHHKOBY - 38 y'iaC'J'H9 B cpa3lii'I9C KOM aanycxe. 

n H T e p a T y p a 

1. B.A.3arep H 11p. IIepecTpoiixa nonyTopaMeTpoaoro UE KJioTpo.a:a a pe:lKHM 

ycxopeaHSI MuoroaapsmHbiX HOHOB. IIperrpB:liT Ol1Hl1, 1958, .Lly6aa,l864. 
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2. D.J.Clark and al. Design and operation of the U.C.L.A. 50 Mev 

Spiral-Ridge Cycloron. Nucl. Instr. and Meth., 18-19, 1-24(1962). -3. 3.r.l1Maes H .np. M·~To.nHxa Jl3Mepe.IIHSI Mar.IIHTRoro nonS~ .nsyxMeTposoro 

JlaoxpoRHoro IlHJUIO'tpoHa OlifHlif. IlpenpHRT OlifHlif, I:J-8718J., .lly6Ra,l968. 

4. B.L.Cohen and al The Oak Ridge Relativistic isochronous Cyc

lotron. Nucl. lnstr·. and Meth., ~ 2 (1960). 
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201 (1962). 

6.L.Smlth. A.A.Garre n. Report UCRL- 8598, 1959. 

7. T.A.Welton. Sector-focused Cyclotrons. Proceedings of Conferen

ce at Sea Island, 1959. p.48. 

8. r.H.Bsmos, IO.U.OriiHeCSlll, r.H.cllnepoB. Mero.n BbiBO,lla rry'IK.a TIDK91lblX 

BOROB H3 IlHKJIOTpOR 1 C 83HMYT8JlbHOA BSpHaitKeA Mar.IIHTROrO nong. 
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Pac.2. KpaBbie aa~larHH'IHBaHHII UHKJioTpoaa Y-200 npa pa3HhlX paccTOSIHH

SIX M8>KilY r il8BHblMH K8TyWK8MH B036y>Kil8HHSI. 

PaccTOSIHHe M8>KilY K8TYWK8MH: 1-510 MM, 2-780 MM ( 8 -94 MM); 

3-780 MM, 1-1100 MM ( 8 •240 MM). 

24 



$1950 
(/)2000 _, 

Pac.3. MarHHTHhiif 3a3op IIHKnoTpoHa Y -2( 0. 
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4 r 

Pnc.lO. reoueTpHll neHTPilllbHol!: o6nacTH llHKnoTpoaa Y-200. 

1-aoHHbiH acro'IHHK, 2 - BbiTSlf'I!BiliOmnn 9neKTpon, 3 - ayaHTbi. 
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