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VI HTeHCHBHOCTb ycKopeHHbiX B cnHxpocpa3oTpoHe. qacTHU cyruecTBeHBO 3aBncrrT 

oT ITapaMeTpoB BBo.urrMoro ITY'lKa lpa3MeJWB, yrna n pa36poca ITO ~Heprnnl. LlocTa

TO'lHO CKa3aTb, 'ITO .3aXBa'lBHHbie B peMHM ycKopeHHH 'laCTHUbl UMeiOT rrprr BXO,Ue 

B KaMepy yron paCXO.UUMOCTH He 6onee, 'IeM ..:!:: 151 [1]. :/f\ecTKHe Tpe6oBaHHH Ha

KJia.Ub!BaiOTCH H Ha 9HeprHIO HHX<eKTHpyBMb!X 'laCTUUo LfaCTUUbl .UOJI)l{Hbl OTJIH'laTbCH 

rro 9Heprau He 6onee, '!eM Ha 0,5%. Y!3 9Toro BH.UHO, 'ITO IlpaBHll~HaH HaCTpOfiKa 

rry'lKa Ha BXO,Ue B yCKOpHTeJib HMeeT O'leHb Ba)l{HOe 3Ha'leHne. no9TOMY Heo6XO.UH-

MO HMeTb .UOCTaTO'lHO 'lYBCTBHTeJibHYIO CHCTeMy KOHTpOllH BCeX OCHOBHhlX napa-

MeTpOB rry'IKa rrpoToHoB. M hi. orrnweM HH)l{eKuHoHHYIO cacTeMy, cpopMapyiOI.UyiO rry

'lOK1HH)KeKTupyeMbifi B cn~xpocpa30TpOH Ha 10 E9B, a TaK)l{e MeTO.Ubi HacTpofiKH 9Tofi 

CHCTeMbl H H3MepHTBllbHYIO aiTITapaTypy. 

1, Y!3MepeHHB paCITpe,UeJIBHI1H IT~OTHOCTH ITY'lKa ITpOTOHOB ITO Ce'lBHHIO 

H ero yrnoaoro pacxox<.ueHHH 

ny'IOK IlpOTOHOB H3 ll!IHefiHOrO ycKOpHTBJIH ITOITB.Uall HaJ TaK H83biBaeMblil.l 

yqacToK aao.ua, cxeMa KOToporo. H3o6pa)l{eHa Ha .prrc. l. YJ3 9TOi1: CXeMbl BH.UHO.I 
. . . 

'ITO yqacTOK BBO.Ua co.uepX<HT HeCKOllbKO 9JleMeHTOB 9JieKTpOHHOH OITTUKH 1 OT Ha-

cTpOfiKH KOTOpb!X 38BHCHT OCHOBHb!B ITapaMeTpbl ~y'lKa 0 Y!3M~peHHH pa3MepoB 

ITy'lKa ITpOBO.UHJIHCb B HeCKOllbKHX"MeCTax:•cpa3y ITOCJie JlHH~fiHoro YCKOpHTeJIH 

1Kopo6Ka N:> 1 I, ITocne JIHH3bi 1Kopo6Ka N:> 21, Ha axo.ue u BbiXo.ue ·IToBopoTuoro 

MarHHTa IT ITOCl!e ITOBOpOTHb!X ITJiaCTHH. 

Y!3MepeHHH rrpoBO.UIWHCb cne.uyiOI.UHM o6pa3oM: Ha ITyTu ITY'lKa rroMeruanacb 

ITnacTuHKa1 ITOJIHOCTbiO ITepeKpbiBaawaH ITy'loK. B u~HTpe ITnacTUHKH nMenocb oT

aepcTue .urraMeTpOM B '1 MM. 4acTHUhi, ITpoxo.urrawue B OTBepcTue, ITOITa.uanu Ha 

cpna>KoK, IToKpbiTbifi TOHKHM cnoeM Cct \Jo lf • ¢na)l{oK uaxo.uHncH B rrone 3peHHH 

sneKTpOHHoro cpoToyMHO)l{HTenH,· curuan c KOToporo1 ITpoiTopurrouaJibHbiH 'IHcny rrorraa

wrrx Ha cpna>KOK qacTrru1 rro.uaaancH Ha ocuunnorpacp. LlnH Toro 'lT06bi ue 3arpH3-

ugTb OIIhlT 'l8CTUU8MH .upyrux 3HBprHfi jB 'l8CTHOCTH 'laCTHUaMU C 9Hepruefi cpop-

HH >I<eKTOpa I OTBepCTUe 38KJieU BaJIOCb an !OM HHHeBOfi cpOllbrofi TOll I.UHHOH 30 MHKpOH. 

3To rrpacrroco6neHHe, 6naro.g.apH crreunanbHOMy ycTpoficTay, Mo>KHO 6bmo rrepe

MeruaTb B · JII06oM ·HaiTpaaneuuu B rrnocKocTu, rreprreH.unKynHpuofi .UBH)l{eHHio ITY'!Ka, 
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p If Co 1o CXeMa y'IaCTK.a BB0Ll8 'I8CTRU B CRHXpOcfJ830TpOH. 

H u:>Ke npHBOLlRTC.Il ¢oTorpacfJH.Il ~noro ycTpoficTBa. /Puc, 2 I, 

H a puc. 3. Ll8Hbi KpRBbre · pacnpe.aeneHH.Il HHTeHCHBHOCTH no ce'IeHnlo, CH.IlTbre 

B 4-x pa3nH'IHbiX HanpaBneHH.IlX B· Ko'po6Ke NQ 1. Ha ·ocHoBaHHn 9THx H3MepeHnii 

MO:>KHO HapucoBaTb c~'IeHRe ny'IKa npoToHoB, BbiXOLl.lliUHX H3 nnHeiiHoro ycio_onTeJI.Il, 

TaKoe ce'IeHue IIOKa3aHo Ha puc. 4. 

B 9TH H3MepeHH.Il BHece~hl IIOIIp8BKB, CB.Il38HHhle ~ lf3~eHeHHeM yrna.3peHH.Il 

¢oTo~MHo:>K.uTen.ll IIpH nepeMerueHif,H ¢na)l<Ka, PasMepbr ny'IKa . npu Bbrxorre H3 nH-

HeHHOrO YCKOpHTeJIH, IIpHBe.aeHHbie H8 pHC, 3 1 6biJIH 6bi y LlOBJieTBOpHTeJibHb!MH, 

eCJIH 6bi He 3H8'IHTeJibHOe paccTOHHHe no Bxo.aa B ycKopHTenb .113M/. Ha 9TOM 
I '~ ..-" • 

. ~.L" 
paccTO.IlHHR ny'IOK .6e3yCJIOBHO yBenn'InBaeT cBoa pa3Mephl: EhlJIH npnBepeHhl 9Kcne~ 

pHMeHTbl UO R3MepeHHIO BeJIH'IHHbi paCXOLlHMOCTH Uy'IKa • .UJIH 9Toro B KOp06Ke 

NQ 1: cTaBHnacb Ha nyTn ny'IKa Kpyrna.ll nna.¢parMa, nn'aM:e.Tpo~ B 3 ~M·, a· na 

Kopo6Ke NQ s: npoBo.annnch H3~ep~HII.Il pa3MepoB ny'Ii<a, aHanorn'IHbre onncaHHbiM 

Bbiille, .Una¢parMa CT8BIIJI8Cb B pa3Hb!e o6JiaCTH Ce'IeHII.Il IIY'IKa. 

. Pe3yJibT8Tbi 9THX OIIbiTOB IIOK838Hbi Ha pHC, 5. vl'3 pHCYHKa BlfLIHO, 'ITO yrorr 

paCXO:l-KLleHli.Il H8li60JibillHH LlJI.Il 'I8CTHU, HLlYIUHX B .llLlpe IIY'IK8, HO TeM He MeHee 

I 
a TOT yron ue npeBbiillaeT 10 • H ecMoTp.ll ua Manocb. yrna ny'IoK Ha IIYTH oT mmefi-

uoro yCKOpHTeJISl LlO IIOBOpOTHOrO MarHHT8 TOJibKO.li3-38 yrJIOBOH paCXOLlliMOCTH 

yBeliH'IHJI 6bi CBOH pa3Mepbi LlO 3 CM. 3TO COBepllleHHO iiey.aoBJieTBOpHTeJibH0 0 

.Un.11 Toro, 'IT06bi yMeHbillHTb pa3Mepbi H pacxolli..z:ieHHe IIY'IK8 IIpii BXOLle B 

P1 
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Pnc. 3. PacDpeaeneHne niTeHCRBHOcTn DyqKa DpoToHoB e paannqHhlX 
HaDpaeneHRHX DO ceqeHnro. 

IJ I 2 ~ "'"' 

m 
~ 

Pnc. 4. CeqeHne DyqKa DpoTonoe, BbrxonHmero na mmeunoro ycKopnTenH. 

1/ 06naCTh 1 COCTaBnHeT 25 % llHTeHCRBHOCTR DyqKa 
2/. 06naCTh 2 - 60% RHTeHCRBHOCTR DyqKa 
3/ 06naCTh 3 - 70% RHTeHCHBHOCTH DyqKa 
4/ 06naCTh 4 - 90% HHTeHCHBHOCTH DyqKa. 
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Pnc. 5. PacnpeneneHRH RHTeHCRBHOCTR nyttKa npoTOHOB, CHHThie nnH paa

nnttHoro nono:m:eHnH .llRacpparMbi B Kopo6Ke N2 1 

nOBOpOTHYID CRCTeMy Ha yttaCTKe BBO.ll8 6hlna nocTaBneHa T'Rnep6onRtteCK8.H nRH38 

:m:eCTKOii cpoKyCRpOBKRo ,UnH Bbi6opa napaMeTpOB 9TOH nHH3bi He06XO,llRMO 6binO npo

BeCTH oueHKY cpoKycnpyromero .ll eiicTBR.H nHHeiiHOT'O yCKOpRTen.H. 

.B Hameil: Ra6opaTopHR 6bm npoBeneH pactteT pannanhHbiX Kone6aHH1i B nn-

HeiiHOM yCKOpHTene. VIa aTHX pactteToB Mo:m:uo opHeHTHpoBOttHo nonyttHTh, ttTo 

H8RMeHbWHe paaMepbi nyttK8 nonytt8IDTC.H H8 paCCTO.HHHH 1,5-2 M OT BbiXO.ll8 nRHeil:

HOT'O yCKOpRTena. PaCC'IHT8HH8.H H3 9THX C006pa:m:eHH1i nHH38 6hlna UOCTaBneHa H8 

BbiXO,lle R.Y. nocne IDCTRpOBKH 9T01i nHH3bi 1 KOTOpa.H 38Knrottanacb B H8XO:m:,lleHHR 

raKOT'O nono:m:eHR.H nonroCOB no OTHOWeHHID K nyttKy t npH KOTOpOM H3MeHeHHe TOK8 

B nHH3e He CMemaeT ueHTp nyttK8 B.ll8nH OT nHH3bi, 6binH n·pOBe,lleHbi H3MepeHR.H 

HHTeHCHBHOCTH nyttKa no cetteHHID Ha Kopo6Ke N2 3 /pnc.6/. Bbmo TaK:m:e H3MepeHo 

yrnoBoe pacxomneHne nyttKa nocne nHH3bi • .UnH aToro .tiHacpparMa 2x2. cTaBnnacb 

B pa3HbiX yttaCTK8X cetteH.l.{.H nyttKa H8 KOp06Ke N2 2 R CHHManOCb ceMeiicTBo 

KpHBbiX pacnpe:UeneHHH IIHTeHCHBHOCTII Ha Kopo6Ke N2 3. Peayn~:>TaTbi .lln.H naMepeHRfi 

ueHTpanoHoii ,acTH nyttKa. npHBeneHhl Ha pHc. 7. 
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PHc. a. PaaMephl nyqKa npOTOHOB no ropH30HTanH H BepTHKanH Ha Bxoue 

B llOBOpOTHyro CHCTeMy. 
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PHc. 7. J.1aMepeHHSI paCXOUHMOCTH nyqKa c nHH30H. npHBeueHbl pacnpeue

neHHSI HHTeHCHBHOCTH nyqKa Ha Kopo6Ke N2 3. 

Ha OCHOBaHHH nonyqeHHbiX 3HaqeHHH yrna H pa3MepoB MO:>KHO H8pHCOB8Th XOU 

nyqKa npOTOHOB Ha BCefi anHHe yqaCTKa BBOU8 OT nHHeHHOrO YCKOpHTenSI UO llOBO

pOTHOrO MarHHTa TaK 1 KaK ::ITO cuenaHO Ha pRe. 8. J.1a 9TOrO pHCyHKa BHUHO, qTo 

Ha BXOUe B llOBOpOTHblll MarHHT nonyqaeTCSI nyqoK YUOBneTBOpHTenhHb!X pa3MepOB, 
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Puc. ~ Xon ny"'Ka na yqacTKe no axona B noaopoTHhlA MannnT. 

a/ B BBpTHKBJibHOM HanpaBJIBHllll, 

6/ B ropll30HTBJibHOM HBDpBBJIBHHlla 

Pa3MBpbl nyqKa, DOiiY"'BHHbiB TBKHM DOCTpOBHllBM, nocTaTO"'HO XOpOWO COrJiaCy!OTCS. 

c peaynbTaTaMII II3MepennH, norry"'eHHbiMH 6ea nnacpparMnpoBaHIIH I cM.pnc.6/. 

npn STOM TOK JIHH3bl nocTaTO"'HO xopowo COBD8Jl c paC"'BTHbiM. 3To roeopiiT 0 

npaBHJlbHOCTll OUBHKll cpOKYCHpy!OIUero neACTBllH JlllHBHHOrO ycKOpllTBJIH. 

11. ~3MBpeHHH aHeprBTll"'BCKOro CDBKTpa "'BCTllll 

DnH naMepennH anepreTH"'BCKoro paa6poca qacTnu neo6xonnM anaJIII3aTop, 

naiOwrrA aoaMorKHOCTb paapewaTb aneprrrn, OTJIH"'Hhie na 0,1 %. HaMn· nrrH nono6-

HhlX ll3MBpBHIIH 6hlJI llCDOJlb30BBH DOBOpOTHhlH MBrHllT 0 reoMeTpllH OllhlTB 6hlJI8 

cnenyromeu. B Kopo6Ke N2 2 na nyTH ny"'Ka cTaeurracb KpyrnaH nrracpparMa 

.[lH8MBTpOM 3 MM. H enocpencTBBHHO HB BXOne B DOBOpOTHb!H MarHHT H8XOnllJI8Cb IUBJlb 

pa3MBpOM B 0,3 MM. TaKBH reoMeTpllH naBaJia B03MO:lKHOCTb BblpB38Tb nocTaTO"'HO 

y3KJ:LH napaJIJIBJlbHbiH DY"'OK "'BCTI1U 1 D08TOMY paCXOMnBHllBM ny"'K8 rra-aa p83Me

pOB II yrnOB MO:lKHO 6biJIO npene6pe"lbo nocne DpOXOMnBHIIH MarHHTa "'8CTllUbl 

pa3neJIHJillCb DO aHeprllHM ll HB paCCTOHHIIll 4 M OT M8rHHT8 onpeneJIHJICH p83Mep 
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.LlnH H3MepeHHH cneKTpa Ha nyTH ny'lKa noMewanach yaKaH nnacTHHKa, HMeB-

lll8SI B03MO:lli:HOCTh nepeMemaThCH no ce'leHHIO ny'lKa. CBeToBoil: cHrHan, Boa-

HHKaromail: npH 6oM6apnapoBKe nnacTHHKH ny"'KOMJ nepenaBancH c noMOlllhiO 

CBeTOOOLl8 H8 cpOTOYMHO:lli:HTellh. ct>oTOYMHO:lli:HTellh Ll8B811 CHrHaJI1 nponOpUHOH81Ih

Hb!il: HHTeHCHBHOCTH 'l8CTHU, nonanaiOUlHX Ha nnaCTHHKY • 

.[lJISI T~I'0 1 'lTOObl oripeneneHHO 3H8Th KaKaSI BeJIH'lHHa payXO:lli:LleHHSI ny"'K8 

cooTBeTCTByeT naHHOMY paaopocy qacTHU no aHeprHH, 5hlna npoBeneHa npenBapa

TeJihHaH rpa.nyHpOBK8 ycTaHOBKH • .[lnH 9TOI'O MeHSiliCSJ TOK B OOMOTK8X M8I'HHT8 H8 

2% /aTy onepaUHIO MOJKHO cnenaTh C OOllhlllOil: TO'lHOCThiO/ II H801IIOLl8JIOCh CMeme

HHe cneKTpa /pac. 9/. CnBHr cneKTpa, Bbi3BaHHbiil: n:aMeHeHHeM MarHHTHoro nonH 

' 
~q 

J/1 

~o·-

! 
:-.& I # ·~- ~+--

6 itl IS 6/J ~· ., -.K 

Pac. 9. CMemeHHe cneKTpa, Bbi3BaHHoe HaMeHeHHeM ToKa noBopoTHoro 

M8I'HHTa. PacnpeneneHHe 6/ CHHM8110Ch npH H3MeHeHHH TOK8 

M8I'HHT8 H8 2%. 

Ha 2%
1 

COOTBeTCTB;..reT 1!3MeHeHHIO 9HeprHH 'l8CTI!U H8 4%. 0TCIOLl8 MO:lli:HO onpene

lii!ThiK8KOe oTKliOHeHHe cooTBeTcTByeT paaopocy no aHeprHH B 1%. B yKaaaHHOM 

Ha pi!Co 9 Clly'lae 9TO COOTBeTCTByeT 5,5 MM 0 TaKHM o6pa30M MO:lli:HO nocTpOHTh 

aaBHCHMOCTh HHTeH,.;rlBHOCTH oT 9HeprHH, T.e. ~mepreTJI'lecKHil: cneKTp. Ha pRe. 10 

riOK838H cneKTp 'l8CTIIU B paOO'leM pe:lli:JIMe. 

.~ 

\. 
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BbiXO, 

B ne1 

pH Tel 

CHC'I 

Ha T8 

wapo 

B Kalil 

9TOt 

paaop 



{8 

:o 

--- ----------------

11 

Puc. 10. XapaKTep aaBncnMocTn HHTeHCllBHOCTn oT aHeprnrr ~acTnu, BhlxonH

wnx na nnHeHHoro ycKopnTeng /cneKTP ~acTnu/. 

111. H acTpoHKa noBopoTHoro MarHnTa 

llnH BBOna ~8CTHU B K8Mepy CHHXpocpa30TpOH8 npi!Mei(~.H8 OTKJIOHHIOW8H 

CIICTeMa. B CBH31! C TeM, ~TO yron OTKJIOHeHHH BeJIUK II COCT8BJIHeT 90° BCllHXpo
. ' 

TpOHe 06'benRHeHHOI'O IIHCTI!TyTa HnepHbiX HCCnenOB8HIIH npnMeHeHa, H8pHny C 

9JI9KTpOCT8TH~eCKOH 0 M8I'HHTH8H OTKJIOHHIOW8H CHCT_eMa. 06b!KHOBeHHb!H UOBOpOTHbiH 

-
MarHHT C "rpanneHTHOH" cpoKycnpOBKOH CTpanaeT TeM HenOCT8TKOM 0 ~TO ny~DK Ha 

BhlXOne H3 T8KOrO M8I'HHT8 HMeeT 3H8~HTeJibHhlH yrnOBOH paCTBOp, o6yCJIOBJieHHhlH 

B nepBvro o~epen& aHepreTH~ecKnM paaopocoM ~acTH.U, BbiXonHmnx 1!3 mmeHHoro ycKo

pnTenH •. J.1cxonH H3 9T~ro, 6bin8 pacC~liT8H8 r 2 J II 3aTeM· 1!3I'OTOBJieHa UOBt>pOTH8H 

CliCTeMa C "rpanneHTHOH" ll KpaeBOH cpoKycnpoBKOH. 8Ta CliCTeMa 6bin8 li3I'OTOBJie• 

H8 TaK, ~TO UOK838T9Jih UOJIH li KpaeBbie yrJibi /cM.pnc. 11 / MoryT MeHHTbCH B 

wnpoKnx npenenax n noaBonHroT ocywecTBJIHTh paann~Hbie BapnaHTbi BnycKa ~acTliU 

B K8Mepy. B K8~9CTBe onHOI'O li3 OCHOBHbiX Tpe60B8HliH 0 npen'bHBJIHeMbiX K 

9TOH UO~OpOTHOH CllCTeMe, 6biJIO Tpe60B8Hlie yMeHbiiieHliH BJIIfHHliH 9HepreTli~eCKOI'O 

paa6poca ~acTliU Ha yron n paaMep- ny~Ka H·a Bxone B CIIHxpocpaaoTpoH. 
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PIIc. 11. CxeMa ycTpoficTBa rro¥opoTHoro MarHIITa 

o6ecrre'IIIB8!0IUIIe KpaeByiO cPOKYCIIpOBKY, 

II yrnoBbie HacanK II, 

C y'IeTOM 9TOrO TpeOOB8HIIH 1 IlpOIISBOniiJI8Cb H8CTpOliKa IIOBOpOTHOI CHCTeMhl, 

nepBbiit ST8II H8CTpOHKH CCCTOHJI B TOM, ir,TOObl IIO~o6paTb yron rr T8KHM 1 'ITOObl 

pas6poc IIO SHeprml: He BJIHHJI H8 paSMepbl IIY'IK8 H8 BbiXOne IIOBOpOTHblX IIJI8CTIIH, 

DnH aToro rry'IOK niia¢parMIIpoBancH B nByx MecTax Ha Bxone B rroBopoTHyiO cHcTe

My. nepBaH niia¢parMa CT8BHJI8Cb Ha cpenuefi KOpo6Ke pasMepoM 2x2 MM. Herro

cpencTaeHHO H8 axone B rroaopOTHhlfi MarHHT CT8BHJI8Cb BepTHK8JibH8H IUeJib paSMe

pOM B 0,3 MM, lUeJIH 6biJIH IIOCT8BJieHbl nJISI TOrO, '!T06b! HCKJI!O'IHTb BJIIIHHHe paSMe· 

pa H yrna IIY'IK8 Ha axone a IIOBOpOTHY!O CIICTeMy, 
F 

PaSMP.pb! HSMepHJIHCb TeM :>Ke CIIOCOOOM 1 'ITO II IIpH HSMepeHHH crreKTpa, non-

6npaJICH yroJI rc: T8KHM 1 'IT06b! IIpH HSMeHeHHH TOK8 a MarH•I Te f&TO COOTBeT

CTByeT HS~eHeHH!O ~Heprn~ IIY'IKa/ IIOJIO:>Keune IIY'IKa IIOCJie DOBOpOTHOrO M8rHIIT8 

OCT8B8JI0Cb IIOCTOHHHhlM. PesynbT8Thl T8KOli rrpe.nBapnTeJibHOli H8CTpOliKH IIOK8Sa

Hbl Ha pRe, 12 II 13, 

VIs piic. 12 BHnHo, 'ITO H8JIH'IHB yrna 'L coKpamaeT pasMepbr rry'!Ka, 

TaK KaK KOMrreHcn~yeTcH pacxo:>Kneune ns-sa SHepreTn'IeCKoro pas6poca. VIs pncyH

Ka 13 BIIL1H0 1 'ITO IIOBOpDT B TaKofi CIICTeMe He 38BIICHT OT BHepriiA '18CTHU, Ha 

pHC, 13 IIpHBenBHhl 2 pacrrpeneneHllSI '18CTHU nnH nBYX SHa'IeHHli TOKa B IIOBOpOT

HOM M8rHHTe
1 

OTJIH'I8IOIUHXCH Ha 4%, 

F 

Pnc. 1: 



II, 

eM hi. 

TliHo 

mo-

non-

11Ta 

pucyH

Ha 

opoT-

·' 13 

'j j 

/,gl--~~~--.-.---.,---y--,--.,.---, 

~~~~~--~--~~----~x 
HJ H .IO.,Y !fl). 

h.•:1•t •0 

PIIc •. 12. Bmnm:n:e yl'na 't Ha paaMep ny'IKa, Bhrw eawei'o :n:a 
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Puc. 13·. Bnusmue. H3MeHeHHH TOKa noBopoTHOI'O Mai'HHTa Ha nono>KeHne 
~':"'" 

ny'rKa npu _ no.z:to5paHHOM · 3Ha'IeH:n::n: yl'na (.. 
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n ono:m:eHRe ny'-!Ka, KaK BR.llHO R3 pRCYHKa 1 M9HSI9TCSI npR 9TOM HecymeCTBeH-

HO, Ha aToM aTan aacTpofiKII obrn 3f.lKOH'-IeH. UenbiO BToporo aTana HBIInacb aacTpoii:

Ka BToporo Kpaeaoro yrna t::f • 

no.ll5op 0 II 1'\, /noKaaaTenb cna.lla MarHRTHoro nonH no pa.llnyc:;.·/ tro-

3BOnHeT IICKniO'-II!Tb aaBIICIIMOCTb nonOJK9HHH ny'-!Ka npR Bb!XO.ll9 II3 nOBOpOTHbiX 

nnaCTIIH OT II3M9H9HIIH pa3M9pOB ny'-IKa 1 BXO.llHill9I'O B nOBOpOTHb!H MarHIIT 1 a TaKJKe 

YM9Hbllla9T paaMep ny'-IKa, BbiXO.[lHill9I'O II3 OTKnOHHIOill9H CRCT9Mbl 0 

reoMeTpiiH ny'-IKa npii HaCTpOHKe C) obma Toil :m:e, 'ITO II aa nepBoM aTane 

HaCTpOHKH 0 . 

H acTpofiKa aenacb cne.llyiOilliiM o6paaoM. BbiCTaBnHnncb pac'-IeTHbie aHa'-IeHnH 

(5 II Vl. II .llenanncb naMepeHIISI nono:m:eanH ny'-!Ka 'Ha BbiXO.lle na MarHIITa. nocne 

aToro MBI'HHT nepe.llBRrancH B aanpaaneaun, rrepneH.lliiKynHpiioM axoilaoMy ny'-!KY, 

II IIaMepeauH noaTopHnRcb. Bbronpanocb TaKoe aHa'-Ieane (J II ~ 1 npu KOTopoM 

ny'-IoK ae MeHHn caoero nonoJKeHRH OT H3M9H9HIIH M9CTa BXO.lla B Mai'HRT, 

Ha puc. 14 noKaaaHbi 2 nocne.lloBaTenbHO CHSITbre KpRB:bre pacnpe.lleneHRH ua-

T9HCRBHOCTH no C9'-I9HIIIO nyqKa .llnH nO.llOOpl!.HHbiX 3Ha<reHRH ~ H t'\. 1 npR II3Me-

HeHIIH M9CTII BXOlla ny'-!Ka B Mai'HHT Ha 20 MM. nocne npe.[lBapnTenbHOH HacTpOHKR 

nOBOpOTHOrO MarHHTa ObinH CHSITbi BCe .llii8cfJp8I'Mbi H npOKOHTpOniipOBaHbi pa3M9pbi 

ny'-IKa no BCeMy TpaKTY OT nOBOpOTHOI'O M8I'HHTa .llv BbiXO.[la H3 nOBOpOTHbiX 

nnacTRH .• ny'-IoK obm npnMepHo napannenbHbiM u ero paaMepbi obmii ropaa.llo M9Hb

llle paaM epOJil nnacTIIH /70 MM I. Ho npn aToM oKaaanoch, 'ITO ny"'oK IIMeeT He.llony-
~ 

CTRMO 6onbll1Re paaMepbi no aepTHKann. l1 TOI'.lla Ha'-!ancH nocne.llHHfi aTan aacTpoili-

KII - nO.llOOp BC9X napaMeTpOB rr., CJ II V\, .llnH nony'-IeHRH paayMHbiX paaMe-

pOB ny'-!Ka KaK no ropnaoHTann, TaK u no aepTRKanu. 8Ta paooTa obma o"':eHb Kpo

noTnuaofi R .[lOnro~. UocTaTO'-IHO CKa3aTb 1 'ITO npii HaCTpOfiKe Mai'HIITa pacnpe.[lene

HR9 ny'-!Ka no C9'-I9HRIO B pa3HhlX MecTaX TpaKTa OhlnO H3MepeHO OKOnO 200,paa. 

npoB9.ll9HR9 :rxy"':Ka "'epea RHcfJneKTOpHbi9 nnacTHHbi 

ny'-IOK '-!aCTHU1 BB9.ll9HHbiX B ycKopnTenbHYIO KaMepy, H900XO.llHMO .llOnonHHTenb-

0 
HO noBepHyTb Ha yron nopH.llKa 14 npn nOMOillR UHnRH.llpR"':eCKOI'O KOH.ll9HCaTopa, 

COCTOHill9I'O R3 nHTR nap nnaCTIIH oomefi .llnRHOIO 4,1 M9Tpa. 

HCnOJ 
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Pnc, 14. Bnnsmne MecTa BXona nyqKa B noBopoTHyiO CHCTeMy Ha. nono)KeHne 

nyqKa 1 Bb!XO!lHillero H3 ilOBOpOTHb!X UJ18CTHH npn: nono6paHHOM 3Ha
q eHHII yrna. 

· Ha prrc, 15 noKa3ano pacnono)KeHrre noBopoTHbiX nnacTn:H, a TaK)Ke ycTpoitcTB
1 

HCUOJ1b30B8BWIIXCH !lJlH npoBeneHHH nyqKa qepe3 ilJ18CTHHhl. 

Puc, 15. 
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flpeLlBapHT8JihHO 6biJI IIpOH3B8Ll8H pac'IeT yCTaHOBKH IIJiaCTHH B rrpeniiOJIO;.Ke-

HHU 0 'ITO TpaeKTOp!HI 'laCTHUbl HMeeT O!lHHaKOBYID KpHBH3Hy Ha BC8H QJIHHe nnac-

THH. PaccTOHHHe Me:>KnY nnacTHHaMH 6brno npHHHTo paBHbiM 7 eM, B pacqeTe rrpen-

f!OJJaraJIOCh, 'ITO Ha npOT5J)KBHHH BCero KOHLlBHCaTopa HLlPO IIY'IKB npOXOLll!T no ce-

penHHe 3830pa M8)!{LlY nJIBCTHHBMH H TOJihKO B nocnenHeH no xony ny'IKa nape 

MBHHeT CBOID TpaeKTOpHID TaK, 'ITO BhlXOLlHT H3 nee B6JIH3H ~a3eMJieHHOH ITJIBCTHHb~ 

no KaCaTeJib!-IOH K neil:, H a OCHOB8HHH pac'leTa 1 IIJiaCTHHb! 6biJIH Bb!CTBB.TI8Hbl no OT

HOW8HIIIO K U8HTpaJibHOti OCH KBM8pb!l KaK IIOK838HO HB pHCyHKe, PaC'l8TI!8H B8JIH'IH

Ha HanpHrKeHHOCTH IIOJI.H npH 8TOM COCTBBJIHeT ...-...J 10,0 KBICM, 

flpaKTH'IBCKH npoBeneHHe IIY'IKa 'Iepe3 OTKJIOHH!OIUHe IIJ1aCTHHbl IIpO!i3BOLlHJIOCb 

CJie!lyiDUIHr,;f o6pa30M, C noMOIUhiD MHIUeHH N:> 2 6biJIO O!IpeneneHO nOJIO)K8HHe no 

rop!130HT8JIH HLlpB IIY'IKa, Bb!XOLlHIUero H3 nOBOpOTHoro MarHHTfl Cfl-52A. flepeMe-
____

ruenHeM nOBOpOTHOrO MBrHHTB no HarrpaBneHHID BXOLlHIUero B Hero ny'IKB 6hl.TIO no-

no6pauo TaKoe ero nono;.Keuae, qTo6bi Hnpo ny'!Ka BXonHrro B ueaTp pa6oqero npo

Me)J{YTKa M8}KLlY nnacTHHaMH, LfT06b! HMeTb B03MQ)KHOCTb KOHTpOJIHpOBBTb IIO.TIO-

)KeUHe IIy'IKB Ha BXOLle B !IOBOpOTHhle IIJIBCTHHhl 0 TOpU~Bhl8 y'laCTKH rrepBOH naphl 

nnacT:nu 6biJIU rroKpbiTbi cneTHIUHMCH cocTaBoM I Ca \J 0 'i I. 3aTeM 6brno OTbrocTn

ponauo BepTUKBJibHOe nOJIOMeHHe noBopOTHOrO MarHHTa TBKHM o6pa30M 1 'IT06hl 

Tpaen:TopHH IIY'!Ka, Bb!XOLlHIUero H3 Hero, Jie;.KaJia B cpenHeH IIJIOCKOCTH KaMepbi, 

flo OKOH'Ial!HH yKa3BHHblX orrepaunif 6biJIO IIpOH3B8Ll8HO H3MepeHH8 pacnpeae-

J18HHH HHT8HCHBHOCTH IIY'IKa liB BXOLle B IIOBOpOTHhle IIJIBCTHHhl ITO f'OpH30HTaJIH H 

no nepTHKanH. PeGynhTaTbi npn:neaeubr Ha pHc. 16 :n pHc. 1!7·. 

Xon rry'IKa B rrosopoTOHhlX nnacTHHax Ha6nmnancH BHGyanhHO. DnH aToro Ha 

nyTH ny'IKa, HenocpencTBeHHO Ga nonopoTHhiM MarHuToM, pacnorraranach BepTnKarrb

HaH IU8Jlh IUHpHHOID 5 MM, KoopnHHaTa IU8JIII COOTBeTCTBOBaJia l!8HTpy HLJ:pa ny'IKa, 

DHa~parMnpoBaHHhlif nyqoK nponycKancH 'Iepe3 rrepsym rrapy rrnacTHH H ero cee

Tosoif cHrHan ua6nmnancH Ha BKpaHe MrrmeHu N2 3. flon6opoM HarrpH;.KeHIHI Ha 

nepnoA nape nnacTUH rry'loK HarrpaBJIH.TICH B ueuTp pa6oqero saGopa BTopoli rraphl 

nnacTHH. 3aTeM MIIwenh N2 3 ycTanasnusanach HMerorueiicH ua ueil: BepTHKa.TihHOi1 

lU8.TihiD no ll8HTpy npOXOLJ:HIUero 11Y'IK8 H L{Ba;.KLJ:bl L{HacpparMHpOBBHHh!H rry'fOK 

ua6nronancn na cnenyiOrueA MHwen:n N) 4. TaKHM o6pa30M rroc.nenoBaTe.TibHO 

non6npaJIOCh HallpH)!{8HUe Ha BCeX nnaC'l'UHBX, flony'I8HHhie 3Ha'leHHH HaiipH?l<eHHII 

Ha nnaCTUHaX cornaCOBblBBJIHCb C pac'leTHbiMH. 
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Prrc. 16. ro~H30HTanbHOe pacrrpeneneHrre HHTeHCHBHOCTH rryqKa 3a ITOBOpOT
HhiM Maf'HHTOM. 
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Prrc. 17. BepTHKanbHoe pacrrpeneneHrre HHTeucrrauocTH rry•IKa 3a rroaopoTHhiM , 
Maf'HHTOMo 
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no OKOHqaHUU BU3Y8llhHb!X H86li!O.ll8HUH Bee ,llUacpparMbl H8 rryTH rryqKa 6b!liU 

Y.ll8li8Hbl U C IIOMOIUhlO MUlll8HU C cpOTOyMHO)KUTeneM N2 7 6blliU IIpOB8.ll8Hbl U3Mepe>

HUH pa3M8pOB rryqKa Ha BhlXO,lle U3 IIOBOpOTHhlX IIli8CTUHo Pe3yllbT8Thl U3MepeHUH 

rrpe,llCT8Bli8Hbl Ha puc. r8 U 19. 
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Puc. 18. ropu30HT8llbll'Oe pa<;:rrpeneneHue rriqKa, BXO.llHIUero B KaMepy 

CUHXpOcp830TpOHa. 
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P nc. 19. BepTuKallhHOe pacrrpea eneH ue rryqKa. BXO.llH mero B KaM epy cnHxpocpaaoTpona. 
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YJ3MepeHHe. YI"JJOBOH paCXO.[(HMOCTH rryqKa, BhiXO.[(HIUero H3 ITOBOpOTHhiX 

ITJJaCT IIH 

Pnc. 20. 

CxeMa aKcnepnMeHTa rroKa3aHa Ha pnc. 20. Ha MHweHH N2 7 6hma ycTa

HoBneHa BepTHK8JJhH8H ruenh lllHpliHOIO 3 MM. noJJO)KeHHe MHWeHH 6biJJO Bbi6paHO 

TaKHM, qTo6hl qepe3 ruenh rrpOXO.[(liJJa H8H6onee liHTeHCHBHaH qacTh rryqKa. ropH-

30HT8JJhHhiH pa3Mep rryqKa, rrpowe.[(wero qepe3 .[(HacpparMy, Ha .paccToHHIIH 1,7 M 

OT Hee H3Mep5IJJCH C ITOMOIUhlO IlHJJliH.[(pa <'Papa.[(eH II OK838JJCH paBHhiM 6 MM. 

0.[(H8KO Ha 9TIIX II3MepeHIIHX MOI"YT CK83hlB8ThCH pacwrrpeHIIH rryqKa H3-38 BHepre-

THqeCKOI"O pa36poca H pacTyiUei"O ITOJJHo OneHKa ITOK83hiBaeT, qTQ BKJJ8.[( BTHX rro

rpeWHOCTeH M8JJ H He rrpeBhllll aeT 10%. 

AHanornqHhlM crroco6oM npoBe.[(eHhl H3MepeHHH aepTHKaJJhHOro yrna rryqKa, 

BhiXO.[(HIUei"O H3 ITOBOP<;JTHhiX ITJI8CTIIH. YJ3MepeHHH ITOK838JJH 1 qTQ ITO BepTHK8JIH 

rryqoK HMeeT CXO.[(HIURHCH XapaKTep. noJJHhlll BepTHK8JJhHhiH YI"OJJ rryqKa COCT8BJJHeT 

~oz."" 1,5 : 1o-
3 pa.[(.~ 5'. 

YJ3MepeHne TOKa rryqKa IIpOTOHOB H8 pa3JJHqRhlX yqacTK8X 

HH)KeKilHOHHOI"O TpaKTa 

J],JJH orrpe.[(eJJeHHH HHTeHCHBHOCTH rryqKa ITpOTOHOB Ha p83JJllqHhiX yqacTKaX 

HH:ti\.eKilHOHHOI"O TpaKTa 6biJJ8 ·pa3pa6oTaHa ll H3I"OTOBJJeHa CIICTeMa ll3MepHT8JJhHhiX 
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ycTpoilcTB. Bee aTn ycTpoilcTBa pa6oTaiOT no npnHunny sapHna ny'lfKa /TaK Ha3biBae-

MOI'0 1 UliJlHHnpa cf>apaneg/ H nOTOMY n03BOJ1H~T npOH3BOllHTb H3MepeHHH a6COJ1IOT-

Hoi1 BeJlH'lHHbi TOKa 'lfacTnu. CxeMa pacnono:>KeHHH nsMepnTen&HbiX ycTpoilcTB noKasa

Ha Ha puc. 1. 

n epBoe no xony ny'lfKa nsMepn:Ten&Hoe ycTpofrcTBo Uct>-ct> VI npencTaBnHeT 

U3 ce6H J18TYHHbill UUJlHHnp llJlliHO!O 15 CM II nuaMeTpOM 5 CM C OTKHLlHbiM llHOM 1 

KOTOpoe nepeKpbiBaeT ny'-lOK npn: BKJliO'-leHUU TOKa B K8TYWKe, paCnOJlO:>KeHHOll 

8KCI18JlbHO C 'UHJliiHllpOMo 0nHOBpeMeHHO M8I'HHTHOe none~ C03ll8BaeMoe KaTyWKOH 

IICnOJlb3yeTCH llJlH npenoTBpameHHH yxona BTOpli'-lHbiX aJieKTpOHOB C II3MepnTe.TibHOI'O 

UIIJliiHnpa, 

AHanorHLJHoe ycTpoi1CTBO Uct> -nY 6hmo npnMeHeHo nnH ·naMepeHnH nHTeH

cnBHocTn ny'!Ka, BbrxonHIUero ns nnHei1Horo ycKopnTenH. B npouecce nsMepeHni1 

6hlJ10 3aMeqeH0 1 'lfTO '-lepe3 JlliHeiHhlfi YCKOpliTeJ]b npOHUKaeT He60JlbW8H KOMITOHeH

Ta ToKa qacTnu c aHeprneR cpopnH:>KeKTopa. 4To6br npenoTBpaTnT& rrorranaHne 

aTnx 'lfacTnu B Uct>-nY Ha paccTOHHim 10 eM·, rrepen HHM ycTaHaBn.nBanac& aniOMn

HueBaH cpon&ra TOJllllliHOIO 30 .f • PacceHHHe Ha TaKoll cpon&re nnH rrpoToHOB c 

aHeprnefi 9 MaB HH'lfTO:>KHO H ITOTOMY He CK83biBaeTCH Ha H3MepeHUH,.X 0 

HerrocpencTBeHHo sa rroBopoTHhlM M8I'HHTOM pacrronarancH unnnHnp 

cf>apaneH, BhlnOJIHeHHhll B B~ne npHMOy!'OJlbHOI KOp06Kn·c OCHOB8HHeM 16x6,5cM 

II BhlCOTOI 1 CMo BeJIH'lfliHa pacceHHHOI'O ITOJlH ITOBOpOTHOI'O M8I'HHTa1 COCT8BJ1HIO-

Ill8H B 9TOM pafiOHe OKOJlO 1000 apCTen, o6ecrre'lfHB8eT B03BpaT BTOpli'-lHhlX 
&< 

aneKTpOHOB H8 H3MepliTeJlbHY!O KOp06Ky. ' 

J.1, HaKoueu, Ha Bbrxone ns rrnacTHH ua paccToHunn 220 eM oT nocn enueR 

rrapb! 6b!J1 T8K:>Ke ycTaHOBJlell UHJlllHllp cf>apaneH, 

B Ta6nn:ue N2 1 nprmeneuhr pesyn&TaThi n:sMepeHnR ua pasnn:LJHhrx y'lfaCTKax 

HH)KeKUHOHliOI'O TpaKTa, 

Me cTo 
ll3MepeHHH 

4HCJ10 ITpOTOHOB 
B nMrryn&ce 

-~-

Ta6nnua N!? 

Uct>-ct>VI Uct>-nY 

7•10 13 7 ,·3· 1011 

Uct>-nM !let>- VI 

6,7• 10
11 3,7·1011 
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Ocna6neaue ny'!Ka B 100 pa3 npu npoxo)Kneauu qepe3 nuaeiiabrii ycKopuTenb 

06'bstCHSJ8TCSI p8CC8SIHII8M Ha cPOKyCHpyiOIUIIX CeTKBX, ycnOBIISIMII 38XBaTa B YCKO

pHT8JlbHb!H pe)KHM, 8 T8K)Ke TeM, 'ITO TOK ¢opiiH)KeKTOpa conep)KIIT 25% MOJle-

Kyn SipHb!X !fOHOBo 

KaK Blf.llHO H3 Ta6nuubi NS! 1, nonHaSI npo3pa'IHOCTb Bcero IIH)KeKun oaaoro 

TpaKTa Ha y'IaCTKe OT liiiH8HHOI'O YCKOpHT8JlSI ll .llO Bb!XO.lla II3 IIHcPneKTOpHb!X nnac

THH COCT8BliSI8T 50%. 0CHOBH8SI .llOliSI 'I8CTIIU /OKOliO 40%/ T8pSI8TCSI H8 BXO.ll8 B 

HHcPJieKTOpHhle llJI8CTHHhlo 

PyKonucb nocTynuna B II3.llaTenbCKIIii oTnen 

22 HIOHSI 1960 rona. 
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