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BBEAEHHE 

YCKOPHTeJ1b JIMY-30 cnpoeKmpoBaH B KaqeCTBe HH~KTOpa HMnynbc
Horo peaKTopa Ha 6hlCTPblX HeihpoHax HBP-2/11.0H pacc~aH Ha nonyqe
HHe nYQKa 3JIeKTpoHOB C TOKOM 250 A B HMnynbce ,IJ.J1HTeJ1bHOCTblO 500 HC 
npH 3HeprHH 30 M3B. YCKOPHTeJ1b COCTOHT H3 HH~KTOpHOro yqaCTKa (MY), 
Coo6LUaIOLUero 3J1eKTpoHaM 3HeprHlO 3 M3B, H 6 YCKOPHTeJ1bHbIX YUCTKOB 
(YY) Ha 3HeprHlO 5,4 M3B KEl)I(,[.I;blH. B HH)f(eKTopHOM yqaCTKe <pOKYCHPOB
Ka nyqKa OCYLUeCTBnReTCR COneaOH.ll.aJ1bHblM MarHHTHhlM nOJ1eM C HHllYK

.Il,HeH no - 0,04 Tn. B YCKOPHTeJ1bHhIX yqaCTKaX ny'lOK TpaHCnopTHpYeTCR 
B CHCTeMe nHCKpe1;HhIX <P0KYCHPYIOLUHX KaTYUleK. ,lVIHHa MY COCTaBJ1ReT 
- 25 M, a KEl)I(,[.I;orO H3 YY -40 M. BHYTpeHHHH Pa.ll.HYc yCKOPHTeJ1bHbIX Tpy
60K paBeH 37 MM. B TeQeHHe 1987 rona cOTpy,llHHKaMH HHH3«l>A 
HM. A.B.E<ppeMoBa H JIH«l> ORRH 6hIJ1H npoBeneabi HccnenOBaHHR napaMeT
poB nyqKa H HaJ1a.ll.Ka MY• 

1. AHAI'HOCTHlIECKAR AllnAPA TYPA 

H3MepeHHe napaMeTpOB nyqKa OCYLUeCTBJ11fJ10Cb KOMrIJ1eKCOM nHarHQ
CTHqecKOH: annapaTYpbl, COCTORIJ.tHM H3 CHCTeM H3MepeHHR 3MHTTaHCa, 
npo<PHJ1R H 3HepreTHqecKoro cneKTpa nyqKal V. AnnapaTypa 003BOn1fJ1a 
H3MepRTb 3MHTTaHC, nHaMeTp nyqKa, 8.Ml1J1HTYny KOrepeHTHbIX Kone6aaldi 
H 3HepremqecKHH cneKTp nocne KEl)I(,[.I;oro HMnynbca TOKa nyqKa BO BpeMeH
HhlX HHTepBaJ1ax ,IJ.J1HTeJ1bHOCTbIO - 40 HC. 

BnoK-cxeMa CHCTeMbI H3MepeHHR 3MHTT8.Hca nyqKa npenCTaBneHa Ha 
pHC. 1. OHa COCTOHT H3 BaKYYMHoH KaMephI, B nonOCTH KOTOPOH no nym 
nyqKa YCTaHOBneHhl rpa<pHToBaR LUeJ1eBaR nHa<pparMa A, q,onbroBblH <pmoo
pecUHPYIDLUHA 3Kpaa «l>3 H OXJ18)f(.ll.aeMOe BOnOH 3epKanO 3 1 • noCpencmoM 
BTOPOro 3epKana 32 H306pa)f(eHHe <pruoOpecUHPYIDLUerO 3Kpaaa nepeHQ
CHTCR Ha TeJ1eKaMepy TK. TeJ1eKaMepa COCTOHT H3 nsyx nocne.D,OBaTenbHO 
COe.D,HHeHHbIX 3JIeKTpoHHO-oJ1TH'lecKHX npeo6p830BaTeJ1eii (30n) H BHnH
KOHa. nepsbtH: oon pa60TaeT KaK CBeTOBOH 3amop, o6ecneqft8aR CTpo
6HpoBaHHe H306Pa)f(eHHR C MHHHMaJIhHbIM BpeMeHHhIM HHTepsanoM -40 HC. 
K8)f(.ll.OH: BepTHKaJ1bHOH: KOOp.ll.HHaTe <pruoopecUHPYIDLUero 3KpaHa MO)f(HO 
COnOCTaBHTb Bnonae onpeneneHHyro TOqKY Ha <pa30BOH: IIJ10CKOCTH. EcnH 
TK pacnonO)f(HTb TaK, qTO H306pa)f(eHHR LUeJ1eii napanneJ1bHbI CTpoqaOH 
pa3BeprKe, TO HHTerp8JIbHaR BeJ1Ht1HHa OT CHrnaJ1a K8)f(.ll.OH CTpoKH 6yneT 
nponOPUHOHaJ1LHa <p830BOH: IIJ10mOCTH B TOqKe, onpeneJ1JleMOH HOMepoM 
CTpoKH. nocne npoXO:llQ:\eHHR HMnynbcOM TOKa ny'lKa CHCTeMbI CHHxpoHH3a
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Puc. 1. DfiOK-CXeMQ CUCTe.Mbl U.'!MepeH.X"!. 2···'ln~'!JjIC(J flY'O(1J 

URH ee :if nonyqeHHH HMflynbca CHHXPOHR3aQIDi (; r C,1CreMbi GE>tlqlC;:-'IH

3aUHH YCKOPHTeJIfl eey OTKphmaeTCfI ynpaBJIfleMbIH KOMMYT810pYK :m 

BpeMfl CJIeAOBaHHR OAHoro Ka.n;pa. C¥!:rH3.;1 K!l>K;rtOH c-rpOKH 31'0):'0 KI;'i,'~pa 

HlfTerpHpyeTcfl HHTerpaTOpOM H, c6poc J.(o!'oporo OCYW;eCTBnaeTCR (IT 

ee, ynpaBJIfleMOH C'TPO\IHhIMH HMnynbcaMH TK_ B pe3ynbTaTe Ha BHxo':'.e 
If nonyqaeTCfl nOCJIe,nOBaTeJlbHOt.'Tb HMIlynbcoB, a~1flnHTYAa KIDK,ll;oro 113 1<".~i· 

TOPhIX nponopUROHaJ1bHa cpa30lmH !IlIOTHOCTH B TOqKe, Onpe.lleJlReMoi.j: 

BpeMeHeM ero Cne,!lOBaHHH. l1J\.mynbcbI perHC'TpHpYlOTCfl ::meKTpoHHblM 

OCUHTIJlorpacpoM 30 c naMflTblO H cpoTorpacpHpYlOTCfl. no CHHMKY CTpoHT' 

Cfl <Pa30BhIH nopTpeT. JlnR: nOBblweHHH TO'IHOCTH H3MepeHHH 3l\1f.MTT~Ca 
AeJlaJ10Cb HecKOJlbKO CHHMKOB AJIfI Pa3JlH'lHhIX I(HaMeTpOB nyllKa Ha <lI3 
nYTeM H3MeHeHHR nOJlfl B CPOKYCHpYlOw;eM cO.l1eHOH)];e <DC. OAHOBpeMeHHO 

C H3MepeHHeM 3MHTTaHCa Ha 3KpaHe BH;rteOKOHTponbHoro yeTpoHC'TBa BKY 
'i 

perHC'TpHpYeTCfl 3cpcpeKTHBHblH AHaMeTp nyqKa Hero CMew:eHHe OT OCH. BpeMeHH. 3TO n03BOJlRJIO DpOHOpMHpD-

Ha pHC. 2 npe,nC'TaBJleHa xapaKTepHaFI OCUHJlJlOrpaMMa CHrHana C Bb!XOAa 

HHTerpaTopa. ,
B KalleCTBe MarHHTHOrO 3HeprOaaaJ1H3aTOpa HcnOnb30BaJ1CR cneKT· Puc. 3. OC14U11110ZPa.MMQ ycpeOHeHHOi!O 3Q 8PeMJI 

uMnyllbCQ :JHepzeTUlieclCozo cnelCTpQ nYIlICQ, nopoMeTp C nonYKpyroBoH <PoKYCHPOBKOH, Ha BblXOAe KOToporo YC'TaHOBJleH 

cpOJIl.roBhIH CPJIlOOpeCUHpylOID;HH 3KPaH, 3epKaJ10 H CMOTpoBoe OKHO. CBe- lIyW!HHaR. HO 8blXooe nep6blx lleTblpex celC14uu HY. 

2 3 

Puc. 2. Oc14U11I10i?PIlMMQ CUZHQJlQ C 8blXOOO UHTei?pfTfOpO CUCTeMbl U3MepeH/IR lMUT

TaHCQ nY'"CQ. 

!leHHe 3KpaHa perHcTpHpOBaJ10Cb TOH :lI<e TeJIeKaMepOH, liTO H npH H3Mepe

HHH 3MHTTaaCa, pacnOJlO:ll<eHHOH TaK, lITO CTpo'lHIUI pa3BepTKa napanJIeJIbHa 

nOBepXHOC'TH nOJlIOCOB 3JIeKTpOMarHHTa. CurHan CTPOKH, COOTBeTCTBYlO1ltHH 

cepeAHHe <PnIOOpeCUHpYlOlUero 3 KpaHa, COBna,naeT no cpopMe C 3HepreTH

qecKHM CneKTpoM nyllKa. Ka>l<:Aoi TOIIKe BpeMeHHOH pa3BepTKH CTpormoro 

CHrHaJ1a COnOCTaBJlReTCR onpeAeJIeHHaFI BeJIH'lHHa HMnYJlbCa 3JleKTpoHOB. 

DPH 6oJlbWOH aMtlJIHT)'Ae H 3Ha'lHTeJIbHhIX CABHrax CPa3hI KOrepE!HTHbiX 

KOJle6aHHH He YAaBaJ10Cb H3MepHTb YCpeI(HeHHbri 3a BpeMR HMIIYJlbCa 3HepreTH

!leCKHH cneKTp 3JleKTpoHOB 3a OAHH HMnyJlbC TOKa nyqKa•.unR nOCTpoeHHR yc
peAHeHHoro BO BpeMeHH 3HepremqeCKOrO 

cneKTpa C 3Kpaaa 30 cpoTorpacpHpo

BaJ1HCb MrHOBeHHhIe 3HepreTHllecKHe 

CneKTphI B npoMe:ll<YTK8X BpeMeHH -40 HC 

npH nOC'TORHHOM BpeMeHHoM C,l].BHre. 

DPH :nOM perHCTpHpoBanaCb 8MtlJIHT)'Aa 

TOKa nYllKa, npowe,nwero B KaMepy 

aHaJ1H3aTOpa, H TOK nyllKa nepeA aaa

JlH3aTopoM B COOTBeTCTBYlO1ltHH MOMeHT 



BaTb MmOBeHHhIe 3HepreTlAeCKHe CneKTpbl H BOCCTaHOBHTb ycpeAHeHHbm 3a 

BpeMJI HMnYJIbCa cneKTp nyqKa. npH CTa6HJIbHOM nOJIO:llCeHHH nyqKa B 

KaHaJIe TpaHCnOpTHpoBKH B TeqeHHe HMnyJIbCa Ha 3KpaHe 30 MO:llCHO 6blJI0 

Ha6JIIO,lI;aTb <P0PMY ycpeAHeHHOrO cneKTpa nyqKa nOCJIe KWK.I(oro HMnyJIbca. 

Ha pHC. 3 npe,ll;CTaBJIeHa xapaKTepHaR OCUHJlJIorpaMMa ycpe,ll;HeHHOrO 3a Bpe. 

MJI HMnyJIbCa 3HepreTHqeCKOrO cneKTpa nyqKa, nOJIyqeHHaR Ha BbIXO,ll;.e 

nepBbIX qeThIpex Ce~HH: MY npH ,lI;OCTaTO'IHO CTa6HJIbHOM nOJIO:>KeHHH nyqKa 

B KaHaJIe TpaHCnopTHpoBKH. 

2. 3KCnEPMMEHTAJIhHbIE PE3YJIbTATbI 


HCCnE)lOBAHIDI nAPAMETPOB nyqKA 


npH HaMepeHHH napaMeTpoB nyqKa HH:lICeKTOpHhIH: Y'laCTOK. BKJIIOqaJO

uum 12 YCKOPHTeJIbHhIX CeKllHH:, HMeJI cJIe,ll;ylO~e OC06eHHOCTH. B KaqeCT

Be HCTO'IHHKa 3JIeKTpoHOB (H3) 6blJIa HCnOJIbaOBaHa pa3pa60TaHHaR B 

OlUlll 3JIeKTpOHHaR nylliKa 33n-2 13~ nHTaHHe KOTOPOH: ocymecTBMeT

CR OT HMnYJIbCHOrO reHepaT(,pa C MHOrOBHTKOBhIM nOBbillIaJOmHM TPaHC

<popMaTopoM, pacnOJIO:llCeHHblM B O)u{OM MaCJIRHOM 6aKe C KaTO,ll;HOH: HO:llC

KOH: nylliKH. Ha BblxO,ll;e TpaHC<popMaTopa <poPMHPYeTCR KOJIOKOJI006paa

Hbm HMnYJIbC MHTeJIbHOCTbIO -2 MKC. 

HeOAHopo,ll;HOCTb COJIeHOH,lI;8J1bHOrO MarHHTHOrO nOM B Me:llCCeKUHOHHblX 

npoMe)l(fTKax ,lI;OCTHr8J1a ± 30% OT Cpe,ll;HeH: BeJIH'lHHhI nOM B CeKUHRX. 

KOHCTPY~HR nepeXOAHOH: o6JIacTH Me)l(,ll;y H3 H nepBOH: Ce~HeH: 6blJIa 

paCC'lfHTaHa Ha BBO,ll; B. yCKOpHTeJIb JIaMHHapHOro nyqKa. OHa HMeJIa MHHy 

- 65 CM H COCTORJIa H3 nOCJIe,z:J;OBaTeJIbHO YCTaHOBJIeHHbIX COJIetlOHAa MHHOH: 

- 10 CM, MarHHTOHH,lI;YKQHOHHOrO ,lI;aTqHKa H ,lI;HCKOBOH: <pOKYCHpYlOmeH: 

KaTylliKH TOJImHHOH: - 3 CM, aaKpenJIeHHOH: Ha Topue CeKQHH. 

AMnJIHTY,ll;a TOKa llyqKa Ha BblXO,ll;e MY B TeqeHHe Bcero BpeMeHH 3Kcne

pHMeHTOB (nepBoe nOJIyrO,ll;He 1987 r.) He npeBblllIaJIa -150 A npH HaR

JIY'll1IeM K03<p<PHUHeHTe TOKonpoxO)l(,ll;etlHR OKOJIO 85%. TOKOBblH: HMnYJIbC 

Ha BblXO,ll;e HY HMeJI KOJIOKOJIo06pa3HYIO <P0PMY C MHTeJIbHOCTblO OKOJIO 

500 HC Ha nOJIYBbiCOTe H OKOJIO 200 HC no BepllIHHe. Ha pHC. 4 npe,ll;CTaB

JIeHbl oCUHJIJlOrpaMMbl HMnYJIbCOB TOKa no ,lI;JIHHe MY. Bea cymecTBeHHoro 

YKopoqeHHR MHTeJIbHOCTH HMnyJIbca, 6oJIbllIerO, qeM 150 A, TOKa Ha BbIXO,ll;e 

HY nOJIY'IfHTb He y,ll;aBaJIOCb. BOJIbllIaR HeoAHOPO)U{OCTb MarHHTHOrO <p0

KYCHpyromero nOJIR Me)l(,ll;y CeKUHRMH npHBO,ll;HJIa K 6blCTPOMY HapaCTaHHIO 

aMnJIHTY,ll;hl nyJIbCal(HH: om6aJOmeH: nyqKa. n03TOMY ,lI;M npoBO,ll;KH nyqKa 

qepea yCKOPHTeJIb 3KcnepHMeHTaJIbHO llO,lI;6HpaJIOCh ,lI;aJIeKO He O,ll;HOPO,ll;Hoe 

pacnpe,ll;eJIeHHe MarHHTHoro nOJIR, o6ecne'IHBaJOmee C,lI;ep:llCHBaHHe poCTa 

nym.CaQHH: orH6aJOmeif: nyqKa. npoBaJIbl MarHHTHOrO nOJIR cnoco6crBYIOT 

HapaCTaHHIO aMnJIHTY,lI;bl KorepeHTHblX KOJIe6aHHH: nyqKa. nO-BHAHMOMy , 

npH no,ll;60pe MamHTHoro <POKycHpyromero nOJIR ero OnTHMaJIhHOe pacnpe

,lI;eJIetlHe onpe,ll;eJIRJIOCb H HapaCTaHHeM KorepeHTHhlX KOJIe6aHHH: nyqKa. 

B HTore MR Ka)l(,ll;orO 3HepreTHqecKoro pe:llCHMa pa60TbI YCKOPHTeJIR no,ll; 

6HPaJIOCb HOBoe pacnpe,ll;eJIeHHe MarHHTHOrO nOJIR, o6ecne'IHBaJOmee npo
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Puc. 4. OC14UflJ10ZPaMMbl UMnYJlbCQ6 TOl<a nY'll<a no iJJlUHe UHJlCeI<T0PHOZO 

YliaCTl<a do npo6eiJeHUfI HtlIlaOO'lHbIX pa60T: 1 Ha 6blxoiJe UCTO'lHUl<a 3IIe1<T

{JOH06; 2 - Ha 6blxoiJe 8·u cel<14uu; 3 - Ha 6blxoiJe lJ-u cel<14Uu. MacUlTa6: 

no 6ep7Ul<tlIlU - 65 A Ha OetieHUe; no ZOPU30HTtlIlU - 200 HC Ha iJetieHue. 

BO,ll;KY nyqKa C MHHHM8J1bHhIMH nOTepRMH. 3TO OCJIO:llCHRJIO 3KcnnyaTal(HIO 

YCKOPHTeJIR H Tpe60B8J1o MHoro BpeMeHH MR BhmO,ll;a YCKOPHTeJIR B pa60

qHif: pe:llCHM npH npoBe,z:J;eHHH 3KcnepHMeHTOB. PeaYJIbTaTbl H3MepeHHH: 3MHT

TaHCa nyqKa B BH,lI;e aaBHCHMOCTH HOPMaJIH30BaHHOrO 3MHTTaHCa (H =(1/ 11)X 

x.jy2 - 1 f x'd x', COOTBeTCTByromero onpe,ll;eJIeHHOH: ,lI;OJIe TOKa I /1 M8KC 

OT BeJIHqHHhl 3T0H: ,lI;OJIH, npe,ll;CTaBJIeHhl Ha pHC. 5 ( y - peJIRTHBHCTCKHH: 

<paKTop 3JIeKTpoHOB) • 

nOJIyqeHHhle 3KcnepHMeHTaJIhHhie ,lI;aHHhle CBHAeTeJIbCTByroT 0 TOM, 

'ITO nyqOK HMeeT RBHO HeJIaMHHapHyro CTpyKTypy. Pa,nHaJIhHaJI Heo)U{OPO,ll; 

HOCTb BHelliHero <POKycHpyromero nOJIR H co6CTBeHHhlx nOJIeH: nylIKa Bhl

3hIBaeT 3aMeTHhm POCT HOpMaJIHaOBaHHoro 3MHTTaHCa no TpaKTy TpaHCnOp

THpOBKH. 

YcpeAHeHHhlH: 3a BpeMR HMnYJIhCa 3HepreTHlIecKHif: cneKTp HMeJI, KaK 

npaBWIO, ,lI;Ba MaKCHMYMa (pHC. 3). mHpHHa ycpe,ll;HeHHoro aa BpeMR HM

nYJIhCa 3HepreTHqeCKOrO cneKTpa no OCHOBaHHIO KPHBOH: pacnpe,ll;eJIeHHR 

Ha BhIXO,ll;e HY H nepBhlX lIeThIpex ceKUHH: COCTaBHJIa OKOJIO 20% OT MaK

CHM8J1hHOH: 3HeprHH 3JleKTpoHOB &"8KC' a Ha nOJIYBhlCOTe KPHBOH: pacnpe
'" ,lI;eJIeHHR OKOJIO 10%. MmoBeHHble 3HepreTHQeCKHe CneKTphI (B HHTepBll 

JIax BpeMeHH - 40 HC) HMeJIH llIHPHHY no OCHOBaHHIO KpHBOH: pacnpe,ll;e

JIeHHR 1,5-4,5% OT EM8KC • Ha BhIXO,ll;e MY Ha6JI1O,lI;aJIaCh Hecra6HJIbHOCTb.. 
BeJIH'lHHbl MaKcHMYMa MrHOBeHHbIX 3HepreTHQeCKHX CneKTpoB OT HMnYJIb

ca K HMnyJIhCY Ha ypoBHe 2-3% OT ~8KC. 
AMnJIHTy,ll;a KorepeHTHhlX KOJIe6aHHH: Ha BhlXO,ll;e MY ,lI;OCTHraJIa -15 MM, 

a Ha BhIXO,ll;e nepBblX qeThlpeX CeKQHH: - 5 MM. BCJIe,ll;CTBHe 6oJIbllIoro 
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PuC. 5. 3a8ucUMoCTb 8etlUIIUHbl HOPMQ/lU308aRHOlO 3MUTTaHca nY"Ka lH OT 3aKAIQ

IleHHOU 8 HeM OoJlU TOKa IjIMaKc : I - o6nacTb 3HalleHUU lH oml Pi13llUIIHblX y"aCT

K08 8peMeHU ..!!.....El!!Oetlax 8epWUHbl UMnYJlbCa TOKa Ha 8blxooe UHJtCeKTOPHOlO 

y"aCTKa npu Vr 2-1 ::::; 5,8 U I MaKC '= 127 A; 2 - o6nacTb 3HalleHUU l H OJl)! Pfl3

JlUIIHblX YllaCTK08 8peMeHU 8 npeOetlax 8epWUHbi UMnYJlbCa TOKa Ha 8blxooe UCTOII

HUKa 3aeKTpoH08 npu \ly2 - 1 :;; 1,1 U I
MaKc 

'= 150 A. 

:mepreTH'IecKoro pl136poca no ,lJ.1IHTe1IbHOCTH HMnynbCa cpl13a KorepeHTHblX 
KOOe6aHHH B TO'IKe HaMIO.neHHH Mewmacb B Te'leHHe AJIHTe1IbHOCTH HMnynb
ca, 1lI'0 BHSYMbHO npORHnHJ10Cb B nOBopoTe nyqKa OTHOCHTe1IbHO OCH Ka
HMa Ha yron no - 150

0 
Ha BblXOne I1Y sa BpeMR HMnynbca. Bcne.ncTBHe 

HeCTa6HnbHOCTH MmOBeHHblX 3HepreTH'IeCKHX CneKTpoB Ha BblXOne MY 
nOnO)f(eHHe ny'lKa B CTpo6HpyeMblH MOMeHT BpeMeHH HMnynbca TOKa Me
HHJ10Cb OT HMnynbca K HMnynbcy B npe.ne1lax -10 MM. 

O'leBH.D.HO, tfrO TaKoe nOBe.neHHe ny'lKa He n03BonReT nonb30BaTbCR 
KOppeKTOPaMH ,lJ.1IR BOSBpameHHR nyqKa Ha OCb, tfrO Oco6eHHO B8:lKHO npH 
npoBonKe ny'lKa B CHCTeMe .nHCKpeTHbIX nHH3 YCKOPHTe1IbHbIX Y'laCTKOB. 

BOnbWaR WHpHHa 3HepreTH'IeCKOrO cneKTpa nyqKa RBnReTCR cne.nCTBHeM 
Toro, tfrO <PopMHpyeMblH B 113 KonoKOno06p113HbIH HMnynbc TOKa BbI3b1- I 
BaeT npoBM Ha BepwHHe HMnynbcoB YCKopmOl:nero HarIpR:lKeHHR. HenpH- J 
eMJIeMbIH ,lJ.1IR pa60Tbl KOppeKTOPOB 8.3HMyTMbHbIH npeHcp nyqKa B Te
qeHHe ,lJ.1IHTe1IbHOCTH HMnynbca B 3Ha'IHTenbHOH CTenetlH 06ycnoBneH 6onh
WHM 3HepreTH'leCKHM Pl136POCOM Ha Bblxo.ne 113, rne nyqOK HMeeT HaH60nb
WylO qaCToTY KorepeHTHbIX Kone6aHHH (KOOOKono06p8.3H8JI cpopMa HM

6 

nynbca HarIp'R)f(eHHR Ha 113 npHBo.D.HT K 10-nponeHTHoMy 3HepreTHqeCKO
My pl136pocy ,lJ.1IR TpaHCnopTHpyeMoH .no BblXOna MY 'IaCTH ny'lKa) • AnR TO
ro tfr06b1 KOppeKTOP cMemM'Bce Y'laCTKH B TeqeHHe Bcero HMnynbca, ny
'10K .nOO)f(eH HaxO.D.HTbCR B nnOCKOCTH KoppeKTOpa B npenenax yrnoBoro 
HHTepBana OKono "/2 . YroJl OOBopoTa ny'lKa Ha Y'laCTKe ,lJ.1IHHOH [. npH 
YCKOpeHHH OT YH .no YK TaKHM 06P8.30M, tfrO y(z)= YH + (YK - YH ,)z/ L 
onpe.nenReTCR cne.nYIOILtHM Bblpa:lKeHHeM: 

eBzL VY;- 1 +YKe ----~---ln-===~--- (1)
2mC(y -y ) Vy~-1 + Y

K H H 

r.ne e H m - 3apn.n H Macca ::!meKTpoHa, C - CKOPOCTb CBeTa, Bz - HHnYK
LtHR npo.nOJlbHOro MarHHTHoro <PoKYCHpYlOmero nonR. 113 (1) cnenyeT, 
tfrO I13HMYTanbHbm npeHcp ny'lKa Ha BbIxo.ne MY He npeBblWaeT - "/2 , 
ecnH 3HepreTH'IeCKHH pl136poc Ha Bblxo.ne 113 MeHbwe ... 4%, a Ha BblXone 
I1Y MeHbwe - 2% (npH Y = 1,6 H Y 7).

H K 

a. PE3YJIbTATbl HAJIA,lJ.KI1 

I1HlKEKTOPHOro YQACTKA 


I1CXO.D.R 'H3 nOJlY'leHHblX 3KcnepHMeHTMbHbIX pe3ynbTaToB OCHOBHOH 
3a.naqeH HMa.nKH I1Y RBJlRJlOCb nonY'leHHe npoeKTHblX napaMeTpoB nyqKa 
no TOKY H ,lJ.1IHTenbHOCTH HMnynbca H ynY'lweHHe MOHoxpoMaTHQHOCTH 
ny'lKa nnR o6ecne'leHHR B03MO)f(HOCTH HcnOnb30BaHHR KOppeKTopoB npH 
npoBonKe ny'lKa B CHCTeMe nHCKpeTHblX KaTyweK YCKopme1lbHblX Y'laCTKOB. 

B paMKax HMa.nOQHblX pa60T Ha I1Y 6b1Jl 3aMeHeH 113 Hero CHCTe
Ma nHI'aHHR, npoBe.neHO BbIpaBHHBaHHe MarHHTHOro <PoKYCHpYlOmero nonR 
H HaCTpoHKa HMnynbcHoH CHCTeMbl nHTaHHR YCKOpRlOmHX CeKLtHH. 

HOBbIH 113 6bm 3aKpennew B IOCTHPOBOQHOM npHcnocoMeHHH, o6ec
ne'IHBaIOmeM ero BpameHHe H' C.D.BHr B rOpH30HTMbHOH H BepTHKMbHoH 
nnOCKOCTRX nnR BblBo.na ny'lKa Ha OCb. BbIJla BOCCTaHOBneHa npoeKTHaR 
HMnynbCHaR CHCTeMa nHTaHHR 113 Ha OCHOBe TpaHc<PoPMaTopHoH ceKLtHH 
HH.D.YKTOpoB. B pe3ynbTaTe 3Toro Ha 113 6bm C<PoPMHPOBaH CTa6HnbHbdi 
npRMoyroJlbHbIH HMnyJlbC HanpR)f(eHHR C ,lJ.1IHTe1IbHOCTblO nnocKoH 'IaCTH 
- 400 HC npH Heo,llHOpo,llHOcm BepWHHbI ±2,5% H HarIpR)KeHHH 300 KB. 
AnR 113 6bma pl13pa60TaHa HOBaR 3neKTpoHHo-omH'IeCKaR CHCTeMa C OIlTH
KOH I1Hpca Ha OCHOBe npecCOBaHHOrO OKCH.D.HO-HHKeneBoro KaTo.na nHa
MeTpoM 50 MM. AHo.n B HOBOM 113 6bm 3aTRHYT npoBonOQHOH CeTKOH C WH
PHHoH RqeHKH - 2,5 MM. no pe3ynbTaTaM IIHcneHHoro MOnenHpoBaHHH 
H 3KcnepHMeHTMbHblM .naHHbIM H3MepeHHH nyJlbCa.ttHii om6aIOmeH ny'lKa 
BO BTOPOH ceKIUlH MY 6b1Jlo OnTHMHSHPOBaHO pacnpe.ne1leHHe MarHHTHOrO 
nonR B nepexo.nHoH o6nacm Me)f(Jf.y 113 H nepBoH CeKIUleH. AnHHa nepexo.n
HOH o6nacTH 6bma cOKpaw;eHa.no - 40 CM, MarHHToHHnYKIUlOHHbIH naT
'lHK 3aMeHeH 60Jlee KOMnaKTHbIM .naT'lHKOM npoTHBOTOKa, a MarHHTHOe 
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none ,nHCKOBOH Topu;eBOH KaTYlllKH CKOppeKTHpoBaHO MRrHHTHbIMH lllHM

MaMH)J,JlH nonY'IeHHH paC'IeTHOH KPHBOH MRrHHTHOrO nonH. KpoMe Toro, 

nepBaH $OKYCHPYIOIu;aH KaTYlllKa ceKUHH 6bIJIa 3anHTaHa OT OT.D:enhHOro 

HCTO'IHHKa nHTaHHH. 

nYTeM YCTaHOBKH .D:OnOJIHHTeJIhHbIX KaTYllleK B MemCeKIJ;HOHHbIe 

npoMemyTKH H lllHMMHpoBaHHH nonH OT.D:eJIhHbIX KaTYllleK npoH3Be.D:eHO 

BblpaBHHBaHHe MRrHHTHOrO nonH Ha OCH YCKOPHTeJlH .D:O ypoBHH ±15% 
OT cpe,lUieH BeJIH'lHHbI nonH B ceI<IJ;HHX. BbIJIa npoBe.D:eHa IOCTHpoBKa.$oKY

CHPYIOIu;HX KaTYllleK Me:>K,ll.Y CeKI.tHHMH, n03BOnHBlllaH CHH3HTh nonepe'IHYIO 

COCTaBnHlOIu;YIO MRrHHTHOrO nonH Ha OCH YCKOPHTeJlH.D:o -1% OT aKCHaJ1h

HOH BeJIH'IHHI;d nonH. 

OrrrHMHi3~H pa60Tbl THpaTpoHOB HMnynhcHoH CHCTeMbI nHTaHHH 

yCKOpHlOIu;H~ CeKIJ;HH H YCTaHOBKa ,nHO.D:OB CHHTHH nepe3apH.D:a C $OpMHPYIO

Iu;HX nHHHH o6ecne'lHJ1H cTa6HJ1H39.UHlO 3HepreTH'IeCKOrO cneKTpa nY'IKa 

BO BpeMeHH Ha BbIXO.D:e MY .D:O ypoBHJI p83pelllaJOIu;eH cnoC06HOCTH 3Hepro

aHaJlH3aTOpa - 0,5%. 
B pe3ynhTaTe npo.D:enaHHbIX pa60T Ha BbIXO.D:e BY npH 3HeprHH 2,9 M3B 

6bIJI nonY'IeH npHMoyronhHbIH HMnYJlhC TOKa nY'IKa aMnJIHTY.D:OH 240 A 

npH .D:JlHTeJlbHOCTH nnocKoH qaCTH HMnynhca - 400 HC H )J,JlHTeJlhHOCTH 

HMnyJlhCa Ha nonYBbIcoTe - 500 He. K034>4>HIJ;HeHT TOKonpoXO:>K,ll.eHHH 

COCTaBHJ1 OKOJlO 85%. Ha pHC. 6 npHBe.D:eHbI OCU;HJ1nOrpaMMbl HMnynLcoB 

TOKa no )J,JlHHe MY nOCJle ero HaJIR.IJ:KH. npH H3MeHeHHH 3HeprHH 3neKTpo

HOB H TOKa nY'IKa )J,JlH npoBO.D:KH nyqKa OTnaJ1a He06xo.D:HMOCTh B Tpy.D:O-

Puc. 6. OC/.IUMO<!PaMMbl UMnY.ilbco8 TOKa ny'lKa no O.ilUHe UH.JICeKTopHOZO 

YllllcTKa nOCile Harla01(U: 1 Ha 8blxooe 2-u ceK/.IUU; 2 - Ha 8blxooe 8-u 
CeK/.IUU; 3 - Ha 8blxooe 11-u CeK/.IUU. MacwTa6: no 8epTUKarlU - 60 A Ha 

OeJIeHUe; no <!0PU30HTarlU 200 HC Ha OeJIeHue. 

eMKOM no.D:60pe TOKOB q,0KYCHPYIOIu;HX KaTyllleK no BceMY YCKOPHTeJlLHO

MY TpaKTY BY .D:OCTaTO'IHO JlHlllh H3MeHHTh TOKH TpeX q,0KYCHPYIOIu;HX 

KaTyllleK nepexO,lUiOH o6naCTH H HaCTpoHTL KOppeKTOPbl. cJ)oKycHPYIOIu;ee 

nOJle no )J,JlHHe MY BO Bcex pe)KHMaX YCTaHaBnHBaeTCH O.D:HOPO,lUibIM (c TO'l

HOCTLIO.D:O ± 15%), MOHOTOHHO HapaCTaJOIu;HM OT 0,03 .D:O 0,04 Tn. npH OT

K1IlOqeHHbIX KOppeKTOPax Y.D:aeTCH npoBeCTH TonLKO 210 AToKa HOMHHaJ1h

HOH )J,JlHTeJlLHOCTH. 

Pe3YJlhTaTbI H3MepeHHH 3MHTTaHCa nyqKa npe.D:CTaBneHbl Ha pHC. 7. 
nonyqeHHbIe .D:aHHbIe CBH.D:eTeJIhCTBYIOT 0 TOM, 'ITO HeCMOTpH Ha CYIu;eCTBeH

Hoe BbIpaBHHBaHHe MarHHTHOrO nonH Ha6nlO.D:aeTCH 3Ha'lHTeJILHhlH pOCT 
... q,830Boro o6t.eMa ny'lKa no )J,JlHHe YCKOPHTeJIhHOro TpaKTa• 

Pe3YJlhTaTbi H3MepeHHH 3HepreTHqeCKoro cneKTpa nOKai3aJIH, 'ITO 3neKT

POHbI nY'IKa Ha BbIXO.D:e I1Y HMeKlT 3HepreTH'leCKHH p836poc - 9% OT E
M8KC 

no OCHOBaHHlO KPHBOH pacnpe.D:eJleHHH H - 5% Ha nOJlYSblcoTe. illHpHHa 

MrHOBeHHbIX 3HepreTH'IeCKHX cneKTpoB B cTpo6HPyeMbIx npoMemyTK8X 

BpeMeHH )J,JlHTeJIhHOCTLIO - 40 HC Ha BbIXO.D:e MY COCTaBHJ1a 1,5·2,5% OT 

no OCHOBaHHlO KPHBOH pacnpe.D:eJleHHH.EM8KC 

eli 
cf,l,pa8

D,S 

0,+ 

0,3 

0,2 

0,1 

0,'+ 0,5 0,6 0,7 0,8 0,9 ;,0 111m.x 

Puc. 7. 3a8ucUMOcTb 8e.ilU'IUHbl HOPMarlU308aHHo<!o 3MUTTaHca ny'lKa (H OT 3aJOl/O

'1eHHOU 8 HeM OO.ilU TOKa I II MaKC : I ofitlacTb 3Ha'ieHUii (H OM Pa3IlU'IHbIX Y'laCT

K08 8peMeHU 8 npeoeJIQX 8epUlUHbl UMnY.ilbca TOKa Ha 8blxooe UH.JICeICTOpHOZO 

y'lacTKa npu Vy2 - 1 = 6,7 U I MaKC '" 210 A; 2 - 06.i1aCTb 3Ha'leHUU (H O.ilR. pa:J

.ilU'IHbIX Y'laCTK08 epeMeHU 8 npeoeJIQX eepWUHbl uMny.ilbca TOKa Ha eblxooe uc-

TO'IHUKa 3lleKTpoHoe npu Vy 2-1 1,1 U I MaKC= 140 A. 
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AMIIJlHTyna KorepeHTHbIX KOJIe6muIH: nytlKa Ha BbIXone MY 6bIJIa 

CHIDKeHa no -10 MM, a nOJIO:>KeHHe nYlJKa B cTpo6HPyeMbIH MOMeHT Bpe

MeHH 3aCTa6HJIH3HpOBaHO. A3HMyTaJIbHbm npeH<p nylJKa B TelJeHHe IIJlOCKOH 

lJaCTH HMnyJIbCa TOKa Ha BbIXone MY He npeBbIWaJI 17/3. fl)poHTaJIbHble YlJaCT

KH TOKa nylJKa CMelQaJIHCb no a3HMyMy Ha yrJIbI no 17/2 OT nOJIO:>KeHIDI 

nylJKa Ha BepwHHe HMnYJIbCa TOKa. 3TOT pe3YJIbTaT HaMHOrO JIYlJWe Toro, 

'ITO MO:>KHO nOJIYlJHTb no <p0pMYJIe (1) npH CYlQeCTBYlOlQeM 3HepreTHlJeCKOM 

pa36poce. 061>HCH$leTC$I no TeM, 'ITO B npo~ecce YCKOpeHIDI 3a ClJeT HCKa

meHIDI <PoPMbI HMnyJIbCOB YCKOp$IlOlQerO Hanp$lmeHIDI npH HarpY3Ke nylJKOM 

COOTHoweHHe Me~y 3HeprHHMH 3JIeKTpoHoB B Pa3JIHlJHbIX YlJaCTKax no MH

TeJIbHOCTH HMnYJIbCa nOCJO$lHHO MeH$leTC$I H a3HMYTaJIbHOe CMelQeHHe 3JIeKT

poHOB nOJIYtJaeTC$I MeHbWHM, lJeM npH <pHKCHPOBaHHOM COOTHoweHHH 3Hep

raH, npHHHTOM npH BblBone (1). ,l(ocTHmYTbIe napaMeTpbI nYlJKa, KaK 

nOKa3bmaroT paClJeTbI, nQ3BOJI$llOT HalJaTb pa60TbI no npOBonKe nYlJKa lJepro 

YCKOPHTeJIbHble YtJaCTKH. 

ABTOPbI 6JIaronap$l'l' npHHHMaBWHX YlJaCTHe B HaJIMKe CHCTeM A.E.Ba

paHOBcKoro, O.C.BornmIOBa, AM.BpenHHa, B.MJ].p$lXJIOBa, B.M.KopHeBa, 

A.ll.KynpHHHQBa, B.rJKHTeHeBa, B.H.MaMbIKHHa H A.H.llonoBa; B.C.Knan

~Koro, ll.C.AH~ynoBa, B.r.ll$lTaeBa, C.B.COJIOnOBa, B.H.KJIolJKOBa, 

A.K.CaMoAnoBa, B.B.3a66apoBa H H.H.MapTbIHoBa. 
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