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B B E l E H H E 

BaHHD OCHameH CHCTeMoD BHCOKoqaCTOTHOrO nHTaHHH, BHnOHHeHHOD 

B BH~e ~BYX KaHaHOB KO~HHX mHpOKononOCHHX yCHHMTeneD,HarpyxeHHRX 

Ha pe30HaHCHHe KOHTypR C HH3KO~ ~o6pOTHOCTLD. EYXOCTLD KOHTypOB 

cnyzar snextpo~H, snextpHqecxoe none KOTOpHX HcnonL3yercH ~nH 

yCKOpeHHH npOTOHOB. 

lo nocne~Hero BpeueHH Heo6xo~H»H~ ypoBeHh sneKTpHqecxoro 

nOHH B CHHxp0~30TpOHe C03~aBaHCH ~ByYH 3HeKTpO~aMH, pa3Me~eHHH

MH B ~Ha»etpanhHO npotHBononozHHX npouezytx~x ycxopHtenH. TaxHY 

06pa30M 3a O~HH 060pOT npOTOHH npH06peraHH SHeprHD ~BBXlH• 

COOTBeTCTBeHHO ~30B~ C~BMr Ke~y yCKOpHD~MMH HanpazeHHHMH Ha 

SHeKTpO~aX paBeH 180°. 

HanKqMe ~Byx ycxopHD~HX npouezyTKOB B 3HaqMTenhHO! cteneHH 

orpaHHqMBaHO B03MOXHOCTh pa3Me~eHHH 3KCnepHMeHTaHhHO~ annapatyp~ 

TaK KaK HCnOHh30BaHCH TOHhKO O~HH npOKezyTOK ~HH BHBO~a qactMn 

H3 Ka»epH yCKOpHTens. llpe~BapMtenLHHe pacqetH H MCCHe~OBaHHH 

noKa3anH, qro o6ecrreqeHHe Heo6xo~HKO! a»nnMTYXH ycxopHD~ero 

3HeKTpHqecKOrO nons B03YOXHO npH HCnOHL30BaHHH TOHLKO O~~oro 

3H8KTpO~a. B CBH3H C nepeXO~OK Ha peXHK YCKOpeHHH C O~HHM 

ycxopHD~HK snexrpo~ou npH noBHWeHHO~ aunnMTy~e ycxopHD~ero 

HarrpHzeHMH B03HMKHa He06XO~MMOCTh B ~OllOHHHTeHhHHX HCCHe~OBa

HHHX CHHxpOTpOHHOrO pezHMa C TQqKM 3peHHH 3~eKTMBHOCTM peXHKa 

3aXBaTa K CTa6HHhHOCTH YCKOpeHMH B TeqeHHe BCero pa6oqero nHKna. 

Pe3yRhTaTaM STHX HCCHe~OBaHH~ llOCBH~eHa ~aHHaH pa60Ta. 
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B pa~oTe npHBO~~Tca pesynbTaTH HswepeHH~ 4aCTOTHHX 

~nnKTyaUHA B 4aCTOTe yCKOpHD~ero Hanpa%eHH8. naDTCH CBe~eHHH 

0 MeTO~HKe H3MepeHHA. ilpOBO~HTCH CpaBHHTenbHH~ aHanH3 BnHHHHH 

nepexo~HHX nponeccoB H napasHTHOA 4aCTOTHOM Mo~yna~~~ Ha Ha4a

xo CHHxpOTpOHHOrO peXHMa npH yCKOpeHHH Ha O~HOM H ~BYX YCKO

pHD~HX 3XeKTpo~ax. PaccwoTpea peza» ~op»HpoBaHMH nyqxa ycxopeH

HHX 4aCTHll npH YCKOpeHHM Ha O~HOM 3BeKtpo~e. ilpMBO~HTCH ~aHHHe 

0 BBHHHHH Ha llJ40K pe30BaHCa p~HaAbH0-~30BHX KOXe~aHHA C 

rapxoBMKOft xarHMTHoro nona 1200 rn. OnHCaHH pesynbTaTH Hccxe-. 
~oBaaHa peZHKa MaHanyna~~H axnnHTY~H ycxopanmero HanpaxeHHH. 

B saKXD4eHHe ~aetca xpaTKOe o~o~~eHHe MarepHana Hccxe~oBaHHn 

M DpaKTH4eCKMe peKOMeH~aUHM ~na pa~oqero peZHMa CHCTeMH BHCO

KOGaCTOTHOrO llHTaHHH CHHxp0~30TpOHa. 
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I. MccRe~oBaHHe qacTOTHHX ~RDKTyauH~ ycKopnD~ero 

aanpnxeHHH npH pa6ote OlHOro KaHana vo~aoro 

yCHR HT€RH B ~OpCHpOBaHHOM pezKMe 

HaRHqHe napa3HTHMX Bosuy~eHH~ B qactote ycKopHD~ero 

HanpHxeaHH npe~CTaBAHeT C060~ OllaCHOCTh C TQqKH 3peHHH HOpMaRh

HOr O 3aXBaTa B C~HXpOTpOHHH~ pe~~M.llapa3HTHaH paCKaqKa pe30-

HaHCHO n qacTOT~ ycKOpHIDmer o HanpH~eH~H MOXeT npHB€CTH K yBeR~

q eHHD aMilRHTYAH p~HaAhH0-~30B~ KORe6aHH~, qTQ B pH~e CRyqae B 

B~3oBeT notepH qacTKU Ha nepBoM 3Tane ycxopeHHH. Oco6eHHO 

OilaCH~ B03MJm8HHH C qaCTOTaMH B ~Hana30He qaCTOT p~HaRbH0-~30-

BHX KORe6aHH~ H B~e. B nepBOM cnyqae voryT B03HHKHYTh p~HaRh

H0-~30B~e KOA86aHHH He~OllYCTHMO 60RhillHX aMllRHTy~; BO BTOpOM 

CRyqae B03HHKH8T "~pozaHHe" cenapaTpHCCH, qTQ npHBe~eT K 

HenpepHBHOMy BHXO~y H3 CHHXpOHH3Ma qacTHU Ha rpaHHUaX 06RaCTH 

yCTQ~qHBOCTH. 

llpOBe~eHHHe B CBO€ Bp€MH HCCAe~OBaHHH MHKpOCTpJKTYP~ 

qacToT~ ycKopHD~ero aanpnxeHHH COBMeCTHO c PTHAH CCCP noKasa

RH, qTQ npH YCKOpeHHH Ha ~BYX 3ReKTpo~aX ypOB€Hh ~eBHauHH 

qaCTOT~ illy.MOBOrO XapaKTepa, nepecqHTaHHH~ B KORe6aHHH ~a3~,KaK 

Ha O~HOM ,TaK H Ha ~pyrou 3R€KTPOA€ He npeBHmaeT(S =0,5 paAHaHa 

( Llf =0, 125 ru), a ~oHOBlliX cocTaBRHD~Hx """I p~Haaa , Maxc:ma:aRh 

aas ~eBHanHs qacTOT~ ycxopnDmero aanpRXeBHH Ha qacToTe II30 Krn 
fi] 

C qacTOTO~ 1200 ru COCTaBRHRaAf=0,7 rn. ECAH yqeCTh, qTo ~0-

nyCTHMaH rapMOHHqecKaH ~eBHauHH qacTOTH Ha RID60~ rapMOHHKe 

B AHanasoHe ~30BlliX KORe6aHH~ (800 + 2000) ru COCTaBRHeT 

0,5 ru,To 3TH Bosu~eHHH yxe npeBHmaDT AOnycKA YBenHqeHHe ~OHOBHX 

COCTaBRHD~HX npH yCKOpeHHH Ha OAHOM 3A€KTpO~e 3a cqeT ~OpCH

pOBaHHOrO pezxua MOZ8T AaTb yBenHqeHHe rapMOHHqeCKO~ AeBHanHM 
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ttaCTOTW, ttTO onaCBO B pe30HaHCHWX CJiyttB.! Xe He KCRJII)tteHO i03paCTa

HHe WJMO!~ COCTaBfl R ~mHX ~eBHauHH ttaCTOT~ B ~Halla30He 4aCTOT 

4la-30BllX KOJie0aHH~, .JtOllYCTHKafl a.MllJIHTY,lta KOTOpWX He ~CJIJJI8. npe

BWDlaTh Af = 4, 5 rn. EctectseHHo, aeooxo,n:Mlfo Owno nposecTH ~oiion

HHTeJihH~e HCCJie~OiaHHH CHHXpOTpOHHOfO peZHMa llpH paOote O,ltHOfO 

3JieKTpO~a B ~OpCKpOBaHHON peEKMe. 

i13MepeHH11 llpOBO,ltHJIHCb C 110MO~bi0 BCTp0·3HHOfO 0JIOKb.- )J.HH8.MHtleC-

K.Of0 lt13Mep1!1Te JJ H mywoB, pa3paOotaHHor o A.li . U.apeHKOBh!M 

B na6opaTOpHH BWCOKHX 3HeprH~. CJMK&pHOe cpeAHeKBaApaT it14HOe 3Ha4e

HMe co6crseHHax mywos npMOopa B nonoce ttactot 70 r n-2300rn coc

taB~IJIO ae oo~ee 1,5 rn. qyBctBHTeJihHOCTh OJioKa npz H3wep eHHH 

6wJia 500 ii!KB/r~. 

PerHctpHpouancs CHrHaJI ttaCTOTHYX ~nmKTYaLtH~ coor»eTCTieHHO Ha 

BWXO~e 3a,n:am~ero reHeparopa 1!1 senocpe.n:ctBeHHO Ha ycxopsm~ew 3JJeK

TPOAe. n AaHHOM pasAeneHHH nocneAoBanacb ~en b - Bh!RCHHTb , KaKoH 

.lOllOJIHHieJibHuR BKJia,lt BHOCHT KO~H~~ yCHJIHTeJib R ttaCTOTHHU ~JimK

IyaUHBK 3~amlero reHeparopa. 

Kpowe Toro npoH3Be,leHa KOJIKttect .seaae..s oneHKa OOIIlHX ~JimKTya.IUI~ H 

Ot,leJihHUX rapKOHMtteCKHX COCTaBJISD~MX ttaCTOTW yCKOpSD~ero HallpHXe-

HKB. 

Ha pMc. I npe,JtctaBJieBw ocnannorpamn» )(eBHa.Iunt ttacTOT!i c Bli

XO.la 3alaDIIlero reaeparopa H ycKop~~~ero sJieKtpo.n:a B HHTepBane 

BpeweHH OT Kattana KO.ltYJIHnHH ;ItO 0,8 CeR. CH11TMe OCUMJIJIOfpaMM 

ocy~eCtJJISJIOCh npH llOUO~H ~OTOilpHCiaBKH C JieHIOOpOTSXBUK MeXaHH3-

UOK. CpaBHHBa8 3IB ocnHJIHarpa»Mii, Hetpy,JtHO 3a»eTHTb, ttiO OHH 

OT~HqaDTCS Jpyr OT Jpyra JIHWb B paMOBe (500f700) MCeK HaJIHqHeM 

aa 3nextpo,n:e Ylapaoro B036yx.n:eHKH. HK3KOttactoTH!ie ~nmxTyaLtHH 

ttaCTOT~ Ha HattaJibHOK yttaCTKe oOyCJIOBJieHH MarHMTOCipHKLtHOHHHMM 

BBJeHKHKK ~eppHta B 3aAaD~eK reHepaiOpe. 0IKJIOHeHH11 aAHa0aTH-
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qecKoro xapaKTepa B pa~oae (200 + 300) weeK o6s3aHH Hsnoxy KPYTH3-

BH MO.JtYJISnHOHHOA xapaKTepHCTHKM re~epaTOpa K, BllOJHe eoTeCTBeHHO, 

OTpazaeTCS B XapaKTepe K3MeBeHHS p~HaRbBOfO llOJIO&eHHS llyqKa • 

. M3BeCTHO ( 2] , QTO OTRJIOHeHHe qacTOTH ycKOpSD.ero Hanpsze

HHS OT 38.,JlaHHOfO 3aKOBa llp14BO,IHT K OTKJIOHeHKDPBJlKYCa tpaelCTOpHH 

.ltBH&eHHS nyqfa COfJiaCHO BHpa&eHKD 

1 llR __ Af_ , _ , 
R - .L ( l"l ~ J{ L } ( z 0 

Jo f+i=Yi·~~ 1-(2;rN .... L}[n+~'l(~-n)j 1-nJf 
(I) 

r.Jte llR OTKJIOHeHKe paJtMyca ~paeKTOpHH .lBUeaxs nyqxa or R.. ; 
A f - OTKJioaeaae. qacTOTH ycKopsnl{ero aanpszeaHs OT 38JtaHHoro 

3aKOHa ( }o ) ; 

- CyMMapHaB ,JtJIHHa npSMOJIKHe~HHX npOMe&yTKOB; 

- llOKa3aTeJib Clla,lta MafHHTHOfO llOJISp 

- OTHOWeHHe CKOpOCTH npOTOHa K ClCOpOC'l'H CBeTa. 

PacqeT~, llpOH3Be,JteHHHe llO ~OpMyJie (l),laDT OTKJIOHeHHS nyqxa 

B HHTepBaJie ycKopeBHH (200+300) MCeK OT paBHOBeCHOfO pa,~tHyCa 

OKOJIO IO ex. KaK noKa3aJia 3KCnJiyarauHs, HHTepBaJI ycKopeHHH 

(200+300) MCeK,3a HCKJII)qeaHeM HaQaJibHOfO yqaCTKa,HaH60Jiee KpKTK

qea c ToqxH 3peHHH aacrpo~KK Pa.lHaRbHoro noJiozeHHH nyqKa. Kax 

6y,leT llOKa3aHO HH&e, B 3TOM ze HHTepBaRe npK yCKOpeHKH Ha .ltBYX 

3JieKTpO,JtaX 6JIK30K pe30HaHC pa,lHaJibHO-¢a30BHX KOJie6aHH~ C rapMOHK-

KOA warHHTHoro nons rsoo rn. 

TaK KaK HaH60JibWKe llOTepH HHTeHCHBHOCTH npOHCXO,JtST Ha aaqaJib· 

HOM 3Tane yCKOpeHHS, TO CJie,JtyeT paCCMOTpeTb BOllpOC 0 BJIHRHHH 

qacrorasx ~nnxryanH~ aa 3TOM yqacTKe. Ha pHc. 2 npe,~tcTaBJieHH 

ocnKJIJIOrpaYYH qaCTOTHHX OTKJIOHeHMR Ha HaqaJibHOM yqacTKe C BHXO.Jta 
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3~aD~ero reHeparopa H c ycKopHv~ero 31IeKrpo~a c MOMeHta BKnD

'lleHHH BHeOKO~ 'llaCTOTH, KOTOpH~ ~HKeHpOBaH OTpHUaTeJibHHM HMnynb

eOM. CpaBHHBaH 3TH OC ll, li1JIJIOr pa MMhl , MOJ:HO e,llenaTb BlllBO~ 0 TOM, 

'llTO MO~HH~ KaHan YCHJieHHH B Ha'llane yeKOpeHHH He BHOeHT 3aMeT

HHX ,ll06aBOK B ,lleBHaU¥W 'llaeTOTlll yCKOpHD~ero HanpHJ:eHHH . Ha OCUHR

JIOrpauwax xopowo npoeuatpHaaeTCH nepexo,llHO~ npouecc, KO TOplll~ 

B03HHKaeT B MOMeHT Haqana MO.llYRHUHH 'llaCTOTH H 3aTyXaeT llOJIHOCTbD 

qepe3 ~ 10 MeeK, T.i. K MOMeHTY BKJID'lleHHR BllleOKO~ 4~CTOTH Ha 

3JieKTpO~aX. !anee BH,llHlll HH3KO'llaCTOTHh!e KOJie6aHHR, o6yenOBJieHHh!e 

B03HHKHOBeHHeM pe30HaHeHOrO B036y~eHHR ¢eppHTa B pe3yJibTaTe 

MarHHTOeTpHKUHOHHh!X HBJieHH~. JTH KOJie6aHHR e 'llaCTOTOV. ~200 ru 

H e a»nnHTY.llO~ 100 ru B ~aJibHe~WeM H3MeH8DTeH KaK no aMnJIHTy,lle , 

TaK H no qaeTOTe. IlpHMepHO K 200 ueeK 3TH KOne6aHHR HC\ie3aDT H 

,llO KOHUa yeKOpeHHH He npOHBJIHDTeH. KpOMe TOro, CHrHaJI CO~ep~HT 

COCTaBJIH~~YD 600 ru, paBHYD OT nHKa ,llO nHKa 25 ru H OTpaxaD-

ll.(yD, D KaK0 !1-TO Mepe, 3<p<_tJeKT a nuapa ryphl CBH3H f l1 f-1 , CJIC,l!.Rll.\ltli1 
3[1 l1 311eHeHJ.1 eM Ha npmi!:eiiHOCT'H MarH'HTHOro llO JI R. )~e B !1all,l1H tll.l.CT OThl 

ycKopHn~ero HanpHxeHHH c qacroto~ 600 ru cornaeyercH c Henoc

pe.llCTBeHHHWH H3MepeHHHMH nyJibCaUH~ MarHHTHOrO llOJIH (CM[JJ). 

TaKHM o6pasou, sa c'lleT cne,llH~ero 3qxpeKra annaparypLI eBH3H 

.. J " H ,,H" saweTHlllX KOJie6aHH~ nyt~Ka no pa,llHycy c 3TO~ t~acroro~ 

He Ha6JID,llaeTeH (eM. pHC. 3). Ha OCll,HJIJIOrpauMe XOpOWO BH~Hhl 

KOJie6aHHH ll,eHtpa ny'liKa, Bhl3BaHHHe MarHHTOCTpHKUHOHHHM B036yX,lle

HHeM ¢eppHTa H paBHHe 7 CM OT nHKa ,llO nHKa, a TaKJ:e KOJie6aHHR 

c qacroro~ ¢a30BHX Kone6aHH~. Ha aepxHew nyqe noKasaHH norepH 

HHTeHeHBHOeTH Ha 6etaTpOHHYD MHWeHb, paenonozeHHyD Ha paceTOHHHH 

OT ll,eHTpa, paBHOM p = - 60 eM. 
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B csssH c ll8.JIO~ 'tfBCTBHTeJibHOCTbn 6etatpOHHOH lnimeHw 6unH 

npoBe~eHU cnenHaJlbHUe K3MepeHHS llOTepb cnHHTHJlRSnHOHHI:Illl MeTO~OM 

rrpH HYnyJihCHOM nwtaHHH ~OTOyYHOZHTens f41 • MsYepHteJibHas MH

meHb HaXO~HJlaCb Ha paCCTOBHHH jl = - 500 MK OT U8HTpa Kallepu. 

TaK KaK B Ha'laJie YCKOpeHHB npOHCX0~3T llOTepH HHTeHCHBHOCTH, 

o6yCJIOBJleHHUe nponecCOM ~OpMHpOBaHHB ny'lKa, npH BBHOY npe06Jia

~ aHHH ~TOpOB, He CBB3aHHUX C ~eBHanHe~ 'laCTOTU yCKOpsn~ero Han

pRZeHHB, TO H3MepeHHB llOTepb npOH3BO~HJlHCb B HHTepsaJie YCKOpeHHB 

OT 3 ~0 50 MCeK. Ha pHC . 4 npe~CTaBJieHa OCUHJIJIOrpaMMa CHrHaJia 

TIOTepb C 3TOn MHW8HH H CHrHaJia ~8BH8.UHH 'laCTOTU YCKOpBD~ero Hanpf. 

xeHHR Ha reaepaTope. Ha ocnHnnorpaYYe xopomo npocYaTpHsantcs rpyr 

JlO BHe llOTepH 'laCTHU C 'laCT0TOH nyJibC8.UH~ .U:arHMTHOrO llOJlB 600 rn , 

KOTOpHe ycyry6JIBDTC2 KOJie6aHHB.U:H ny'lKa llO p~Hycy C 'laCTOTOA 

Ma rHHTOCTpHKUHH. HHTerpaJibHUe llOTepH llpOTOHOB B 3TO.U: HHTepB8.Jie 

YC KO peHHS COCTaBHJlH- 2~ OT 06~ero ypOBHB HHTeHCHBHOCTH 

( 'J ::: I.IO 10%) • 

llotepH 'laCTHU C 'laCTOTOA nyJibCanHD .u:arHHTHOrO TIOJIB .U:OZHO 

06~BCHHTb nyJibCaUHe~ paBHOB8CHOH ¢a3u, 'ITO npHBe~eT llpHe1fo~Conit 

K "~e~op.u:a,nHBM" 06JiaCTH yCTOD'lHBOCTH. li3B8CTHO f2) , 'ITO 3HeprKB , 

np Ho6petaeYas pasaosecHo~ qacrHneD 3a o~HH o6opot onpe~ensetcs 

co otaomeaHeY: r ) n H. 
\21i'R .. +L e· ~o o ( ' eV., Cos~= c · 1-Ll; (2) 

. 
r~e: c:J>. ( L ) . 

D.. =2-o?H· 1- ~r;R.+L 
If 'lo • 1 . 

<PQ- CKOpOCTb H3MeHeHHS MarHHTHOrO llOTOKa qepe3 llJlO~~b 

op6HTu; 

ft- CKOpOCTb H3ll8H8HH2 HanpszeHHOCTH YarHHTHOrO llOJIS; 
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Ro - pa~Kyc paBHOBecaoR op6KTY; 

L - cyu»apaas ~nKHa npnMonKHeRHYX npoMezyTKo~; 

e - 3apn~ npOTOHa; 

C - CKOpOCTb CBeTa; . 
Pac4eTY noKa3YBaDT, qro nynhcauHn B H aa aaqanhHOM 

yqacTKe YCKOpeHHH, paBHaH 6~ OT fiKKa ~0 fiKKa 6y~eT llpHBO~KTb 

K K3YeHeHHD fiHO~a~H 06HaCTH yCTQAqKBOCTK B npe~enax - 10~. 

IlpH YBAYX SHeprKHX B pe3yHhTaTe Heynpyroro CTOHKHOB8HHH C 

YOHeKyHaMK OCTaroqaoro raaa B KaMepe, WyMOBOft paCKaqKK ~a30BHX 

KOHe6aHKft, KYHOHOBCKOrO paCTaREKBaBKH K T.~. npOTOHH MOryT 

TipK6HK~aTbCH K rpaHKUaM 06HaCTK YCTQ~qKBOCTK, XOTH llHOTHOCTb 

KX y KpaeB YOZeT 6HTb B COTHK K THCHqK pa3 YeHhWe qey B 

UeHTpe. ilpK K~OY CZaTKK 06naCTH ycToftqHBOCTH 3TH TipOTOHY 

OKa3YBaDTCH 3a ee npe~enaKK M BY6YB8DT K3 YCKOpeHKi. 

3a HeCKOHhKO ~eCHTKOB nepKO~OB DYHhCauKft TaKKe TIOTepK MOryT 

COCTaBHTh UK~py, cpaBHHBaewym C ~aHHYYK K3YepeHHR. 

llo wepe pocra aaeprKK 3TH noTepH 6y~yr yueHhmaThCH, Tax 

KaK yY8HbmaeTCH nnOTHOCTh qacTKU y rpaHHUY 06HaCTH ycToftqM

BOCTK, C O~HOR CTOpOHH, 3a cqer 3aTyXaHHH ~a30BHX KOHe6aHHR, 

a c ~pyro~ CTOpOHH, 3a cqeT ocna6neHKH ~eftCTBKH yKa3aHHHX 

BHWe ~aKTOpOB (KpOYe 8yYOBOft paCKaqKK ~a30BHX KOHe6aHKR). 

Yxa3aHHHe noTepK woryT nonBHThCH nKmh B pe3ynhTate npoxo~eHH~ 

pe30HaHCOB ~30BHX KOne6aHKft C rapYOHHKaMK YarHHTHOrO nons, 

eCHH ny40K pacmHpHTCH ~0 pa3KepOB 06RaCTK yCTQftqHBOCTH. 

Ha pHc. 5 npe~cTasneHH ocuHnnorpaKYH ~eBKaUKH 4aCTOTY 

ycxopsm~ero aanpnzeHKH Ha BHXO~e reaeparopa H Ha anexrpo~e 

B KHTepsane (500+800)KCeK OT Ha4ana yCKOpeHMH npK 60HhWBft 

qyBCTBHT9HhHOCTK M 6onee 6YCTpOA pa3BepTKe. AHanH3 OCUKHHO

rpaYY DOKa3HBaeT, 4TO Ha BHXO~e reaeparopa wweeTCH ~eBHaUKH 
c qacroTa»K 5C ru, 150 ru, 600 ru , xoropye KKemTcs H 



II 

B YBrHHTHOY none H KOTOp~e COOTBeTCTB9HHO paBH~,npH6nH3HTenbH~ 

IO r~, 15 r~ H IO r~ (ot nHKa lO nHKa). Kpowe 3TMX cocTaBnRnmHx 

Ha sneKTpOle BCnelCTBHe YlapHOrO B036y~eHHR KMeeTCR l9~HanHR 

C qacTOTOR 100 rn aYllnMTYl~ 40 rn, a TaKXe KOpOTKHe HMnynbC~ 

aYllAHTYlH 25 r~. ~aK KaK lOllYCK no rapMOHHKaM B lHana30He 

(50 + 500 )r~ cocTaanset 20 rn a aaqane ycxopeHHR M 200 rn 

a KoHne, To, cnelOBaTenbHo, 100 -repnoaas coctaans~aR,HMen~as 

aMllnHTYlY 40 rn, He npelCTaBnReT OllaCHOCTH. KopOTKMe HMnynbCH 

aMllBHTYl~ 25 rn1 XOTR H B~3~BaDT 6HCTpse "cKaqKH" 06naCTM YCTOM

qJ4BOCTH, HO 3TH 
11

CKaqKH" , Ka.K nOKa3HBaDT pacqeT~, He npeBOCXO

lRT BenHqHH~ 0,5 MM. 

Cnelyet OTMeTHTb e~e OlHO aaxaoe o6cTORTenbctao. Tax Kax 

nonoca qacTOT annapaTyp~ CBRSH .. f '' H ,, H " orpa.Hwqeaa 

(0 • 500 r~), TO lnR rapMOHKK nons 1200 rn M 1800 rn CA9lR.MA 

3~eKT OyleT OCAa6neHH~, q70 BH30BeT lOllO~HHTeBbHHe KOKe6aHHR 

nyqxa no PalHYCY Ha stHX qactotax. lloatowy HaH6onbmYD onacHoCTb 

npelCTaBnReT rapwoHHKa nons 1200 r~, xotopaR,Ka.K OyleT noxasaHo 

HH•e , He3aBHCHMO OT awnnMTYlY ycxopsn•ero HanpsxeHHR nexHT 

B lHanaSOHe PalKanhH0-~30BYX KOAe0aBHA. 

ilOlBOlR HTOr KCCnelOBaHHRM BAHRHHR mywOBOI MHKpOMOlYRRnHH 

Ha pexHM ycKopeHBs, MOXHO saxnnqHTh cnelyn•ee: 

a) BHCOKoqaCTOTHHA KaHan no OTHOmeHKD K 3~aD~eMy reaepaTO

py He BHOCHT C~eCTBeHHHX H3MeHeHHI B l9BB6UM~qacTOTY yCKOpRD

•ero aanpsxeHHR; 

6) MBrHMTOCTpHKnKOHHHe B036yzxeHHR ~eppHTa B COBOKynHOCTH 

C nynhcanael 06naCTH yctolqHBOCTK B~3~BaDT llOTepB HHTeHCHBHOCTH 

Ha HaqaxhHOM yqaCTKe ycxopeHKS (HCXBDqaH yqaCTOK ~OpMHpOBaHBR 

nyqxa) ilOpRAXa 2~ OT nOBHOI HHTeHCHBHOCTH; 



12 

B) BC~e~CTBHe OC~aO~eHHOfO C~ eXeHHH 3a rapMOH~KO~ ilO~H 

1200 rn MOXeT B03HKKHYTb paCKaqKa KO~edaHH~ no p~Hycy, qro 

npe~CTaB~ReT OilaCHOCTh npH ilpOXOXl8HHH Od~aCT~ pe30HaHCa C 

~830BUMH KO~e6aHHRMH • 

. 2. il<. ,: J18)1.0BaJU1 e Ja.XBC.'lb. B C lilli.XpOTpO HH !:.l~ pe ltMM I1pk1 

JL~ Op8Hrl~ Ha o.rr.H Ju ~ ABYX ycK o pBm~Hx s~eKrpo~ax. 

O,n;H~.M .113 BaXHbiX napauer po B, odecnetlHBaD~ItiX Ho pua~hH!:.l~ 

p8XY1M yCKOp eHilR, RB~HeTCR aMHm1Ty~a BbiCOKOtlaCTOTHOfO YCKOpHDnte

fO HanpRXeHMH \10 • BH60p TOfO H~H HHOfO 3Ha4eHHR \1o Onp e~enReT, 

C O).l.HO~ CTOpOHbl, yc~OBHR 3aXBaTa B CHHXpOTpOHHbl~ peXHM, a, C 

~pyro~ CTOpOHbl, BRHR8T Ha tlaCTOTy pa~H~bHO-~a30BbiX KORe6aHH~, 

KOTOpaR IIpH CBOeM H3MeH8HHH B yCKOpHTe~bHOW UHKRe MOXeT npOXO

~H'!h 3Hat~eHHR or 600 ru .140 2000 ru. 

B CBR3H C TeM, qTQ 06MOTKa OCHOBHOfO MafHHTa ilHTaeTCR OT 

12-~a3H0f0 BblilpRMHTeRR, MafHHTHOe none dy~eT CO~epxaTh rapMOHH

tleCKHe cocraBRRDmHe nynbcanH~, KpaTHble 600 repuaM. 3HatleHHe Mar· 

HHTHOfO ilO~R, ~e~CTBYD~ero Ha nytlOK ycKop eHHbiX 4aCTHU , MOXeT 

6b1Tb 3anHcaao, KaK OQ 

H ( t) ~ Ho(t) + ~hi SLn ( [Q t + '11_) 
' ::: 1 

(3) 

r~e : f1o(tfue~neHHaR ~yHKUMR HailpRXeHHOCT~ MarHMTHOfO 

nonR or BpeweHH; 

h, - aMnJIHTy,n;a L -Toil rapMOHHK H; 

Q. :: 2 r.:600 pan/ c eK; 

\f - qJa30Bbl~ C~BHf . 

TaKHM o6pa3aM,B MarH HThOM no.ne Moryr np HC f TCTBOBaTh Kon e

OaH~B C 4aCTOTaMH 600, 1200 H 1800 ru, COBna,naD~He C tlaCTOTaMH 

p~HaJihHO-¢a30BbiX KOnedaHH~. 
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Ha p1c. 6 npe~ctaB~ea rp~HK 3aBBCBMOCtH qactots Y8lHaALHo

~a30BHX KO~eda&HA B ~YHK~HH HanpszeHHOCTH MarHHTHOrO no~s ~~S 

pa3~HqHHX 3HaqeHHA a»n~ITY~H YCKQpsm•ero llORS e\fo • Kax B~RO 

B3 rpa~HKa, npH e Vo a: 9600 88 ( Vo = 40 KB) qactota 4>a,30BHX KOJle

daaHI npOXO~HT ~Ba pe30HaHCa C rapMORKEa»H llORS I800 r~ H 

1200 r~, , qto C03~aet onacaoct& pacxaqxH PalH~LBO~a30BHX xo~e

daaBI K BHXO~a qactH~ 13 CHHxpOHH3Ma. Kpo»e toro, KaKC~LHaB 

mHpKHa OdAaCTH yctolqHBOCTH npH 3axBate B CHBXpOtpOHHwl pezKM, 

paBBaB 2 », npeB&maet mHpKRy paOoqeA od~aCtH, paBHYD (I• I,2) M, 

qto taxze npHBe~et x notepa HBteacHBHOCtK npx 3axBate. llpH 

eVo • 4800 3B ( Yo = 20 KB), XOTS MaKCKil~LHaS mMpHHa 00RaCTH 

yctolqHBOCTM H paBBa I », O~BaKO npH ~eALBel•eM ycxopeHHH TaKZe 

npoxo~stcs ~Ba pe3oaaaca qactots taaoBHX xo~edaaHR c rap»OBBKa»H 

noAa 1200 ru • 600 r~. TaxHM odpa3o», J~S noJryqeaMs ontKMaA&Horo 

38XBata aeoOxoJDO net& Vo B aaqaJie nopsna (20 • 22) KB , a x 

KOHitY ycxopllte~&aoro uuJia no~BSITL Vo ~o (35 • 40) KB, q'I'oOs 

H30eza'!'L npOXOZjeBHS pe30HaHCa C rap»OHKEOR llOJlS 600 ru. llOCKOJlL

KY pe30BaBC C rap»OHKKOA llOJlS 1200 r~ BeMKHyeMO npOXO~M'l'CS, TO 

~OJlZBH 0H'!'L npKBSTH COO'l'Be'l'C'l'BYD•He xepH ~JlS npe~OtBp~eHBS B03-

M~eBHS nyqxa 3a cqet yBe~HqeaHs PalHaJILH0~30BYX KOJle0aHHI H 

B03MOZBHX llO'l'epL HH'l'eHCHBHOCTH. lla3TOMY IJlSI OOecneqeRHSI HOpMaRL

BOrO pezHMa ycxopeBIS OC~eCTBJISIJlaC& »8MHllYJlS~HS aMllJlHTYAY 

ycxopsm•ero aanpszeaHs B ~HKJle no axcnoaea~HaJI&Ba»y aaxoay c 

noctosaaoR Bpe»eHHt"= 500 xcex ot VoH.._ ... 22 KB AO Voxoa = 39 KB 

B xaqectBe tHnoBoro pezHMa no~~epzHBanoc& sa xaaaJiax : I xaaaJr 

Vo·Ha'i • 12 KB, Vo xoa . = 21 KB; 

II :a:aaaJI Yo Ha'i = 10 KB, Vo xou . • 18 KB • 
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Ha pHc. 7 npe~craBAeH 3aKOH H3MeHeHHa cyYWapaoA aunnHry~u 

ycxopsD~ero aanpazeBHa Ha sAeKrpo~ax B ycxopHTeBDHOM UKKne. Ha 

3TOM ze rpa~HKe ~na ~aHHOfO 3aKOHa H3MeHeHHa \fo npHBO~HTCa 
xapaxrep H3»eHeHHft qacroru P8lHa!DHO-~a30BHX Kone6aHH!. 

KBK BH~HO H3 rp~HKa, HaH6onee onaCHHM yqaCTKOM C TQqKH 3peHHH 

norepD aBnaercs npoxo~eBHe qacroru P8lHaADHO-¢a30BHX Kone~aHHH 

c rapuaHHKO~ nona 1200 rn B paDoHe 1,3 cex. Kax noxa3ana 

~BHTeBDHaH 3KCnnyatanHs, npH HOpMa!bHOM pezKMe YCKOpeHHS 3aKeTHbO 

norepD qacTHU B paHoHe 3Toro pe3oaaaca He npoucxo~Hr. O~aaxo, 

HeO~HOKpaTHO Ha6~DlaBOCD, qro B CAyqae CpHBa BHCOKO! qaCTOTH 

Ha O~HOM H3 KaHaHOB BCHeACTBHe npo60eB Ha 3~eKTPOle, KOTOpHe 

B03BHKanH, KaK npaBHHO, B paUoHe (0,5 • 1,5) CeK, npOHCXO~HHH 

~OHOTOHH~norepH qacTHU lO Hyna B npouexyTKe OT l CeK ~0 KOBUa 

yCKOpHTeHDHOfO UHKna. 0ZHAaerca, qro npH ycKopeHHH Ba OABOM yCKO· 

pSD~eM 3AeKTpOAe aunnHTYla \fo B XOBUe UHKBa ycKOpeHHa B nyqmeM 

cnyqae 6yAer ueabme Ha 30~ 4 4~, qeu npH ycxopeHHH aa ~Byx 
3AeKTPOAaX. llccneAOBaHMe pe30HaHCHHX aBReHH~ B YCKOpHTene H B03-

MOXHOCTeH OdXOAa HX npeACTaBHT OCOdH~ HHTepec, eCRH yqecTD TaKxe 

pcnadneHHH~ cneAa~H~ 3~eKT annaparypu j M ~/ 3a rapMOHMKO~ 
nona 1200 ru. 

Bnonae ecrecrBeBao, qro npH nepexoAe Ha ycKopeaHe c OlHH» 

ycKopaD~HM 3AeKtpOlOM He06XOlKMO nonyqHTD, no Kpa!He! Mepe, TOT 

ze K03~KUHeHT 38XBaTa B CHHXpOtpOBHHH pezKM, qro ¥ npH YCKOpe

HHH 'Ha lBYX KaHanax.B 3TOM CMHCRe HaH60HbmH! HHTepec npeACTaB

naeT: a) CpaBHeHHe nponecCOB ~pMHpOBaHHa nyqKa Ha BaqanDHOM 

yqaCTKe CHBXpOTpOHHOfO pezHMa llpH YCKOpeHHH Ha OlHOM H lBYX sneK 

TPOAax; 6) cpaBHeHHe xapaxrepa ·norepb Ha aaqanbHOM srane ycKo

peHHs H B) onpeAeAeHHe OllTKManbHOfO 3HaqeHHa aMllHHTYlH ycKopaD

mero HanpaxeaHa. 
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Kax H3BeCtHo [5] 

B teqeHHe (2 .. 3 ) nepHO.J(OB 4la30BHX KoneOa.HHH. Pacc.MotpHM npouecc 

¢opMHpOBaHHH nyqKa npH pa3JIHqHHX aMilJIHTy,J(aX yCKOpHD~ero HanpHXeHMH, 

BOCll0Jib30BaBIIIHCb HH¢0pMauHeH C 3JI8KTpOCTaTMqecKHX CHrHaJibHHX 3JieKTpO· 
[61 

,J(OB • lJig CpaBHMT8JibH02 0U8HKM npOU8CCOB 3aXBata paCC.MOTpHM 

.J(Ba cnyqaa: a) KOr,J(a paOotaDT oOa KaHana c \To = 3I Ks, npHqeM B 

3TOK cnyqae pa3Mep 00JiaCTH yctolqHBOCTH, paBHRH 1,5 M1 npeBHmaeT 

IIIHpHHY padoqeH OdnaCtH;H 0) KOr.J(a yCKOpeHHe ocy~eCTBJIHeTCH Ha O,J(HO.M 

KaHane c Vo = 17,5 Its, npHqeu B 3TOM cnyqae pas:wep oOnactH 

yctoHqHBOCTH, paBHHR 85 CM, M8Hbme WHpHHR padoqeR 00JICCTH. 

Ha pMC. 8-a H 8-6 npe.J(CTaBJI8H~ OCUHJIJIOrpaMM~ HaBe,J(eHHOrO 

Ha carHaJibHhiX aneKTpo.J(ax cHrHana .J(JIH yKasaHHHX cnyqaes. Macmta6 

BpeMeHMH B 060HX CJiyqaax O,J(HHaKOB H paBeH 250 MKCeK/KJ18TKe. Kax 
[51 

H3B8CTHO , BhiCOKOqaCTOTHWH CHrHaJI C CHrHaJibHHX 3JI8KTpO.J(OB, 

nponOpUMOHaJibHhiR nJIOTHOCTH qacTMU ~ cryCTKe ,J(QiX8H 6HTb npOMO.J(yJIM

pOBa.H YABOeHHOH qacTOTOR $a30BHX KOJie6aHHR. ~3Mep8B nepHO,J(hl $a30BHX 

KOJie6aHHH~nO OCUHJIJIOrpaMMaM MOZHO onpe,J(eJIMTb, qTQ B cnyqae a) 

fcp= 1980 ru, a B cnyqae 6) fcp = 1200 ru, qto xopomo cos

na,J(aet c pacqeTHRMH 3HaqeHHHMH r<p .JJ;JIH ,J(aHHHX Vo • llpH cpaBHeHHH 

OCUMJIJIOrpaMM XOpOIIIO BH,J(H8 pa3JIJtlqaaa ¢op»a H rnydMHa MO.J(YJIHUHH Ha 

nepBOM nepMO,J(e ¢a30BHX KOJiedaHMH. llo rJiydMHe H ¢opxe MO.J(YJIHUHH MOZ

HO KaqectB8HHO CY.J(HTb 06 H3M8H8HHaX, rrpOHCXO.J(HmHX B asHMytaJibHOH 

nnotHOCTM nyqKa B npouecce ¢op:wepoBaHMa. qex rny6ze MO.J(ynauHa,tew, 

oqeBH.JJ;HO, 60JibiiiHe H3MeHeHHH npetepneBaet nyqoK, Ka.K C TOqKH 3peHI4H 

a3HyYTaJibHHX pa3MepOB, TaK H C TOqKH 3peHHH pacnpe,J(eJieHHH llJIOTHOCTH 

qacTHU B cryCTKe. CKa3aHHOe HJIJIDCTpHpyeT OCUHJIJIOrpaMMhl pHC. 9 • . 
pHC. IO ,J(Jift Xapa.KtepHhiX toqeK MaKCHMyYa H MHHHMY.Ma HaBe,J(eHHOrO CHr-

HaJia ,J(Jia paccwatpesaeMhiX cnyqaeB. 3tH ToqKH yKa3aHhl uapHc.B ctpenKa

»H. ~3 cpaBHeHHa ocuHnnorpaMM cne.J(yet, qto npe Vo = 31 KB 
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Ha nepBOM nepKOle ~a30BHX Kone~aHK~ HaBeAeHHHA CKrHaA npetepne

BaeT 3HaqHTenbHHe K3MeHeHMH llO cpaBHeHMD C YCKOpeHKeM llpH 

\To = I7,5 KB. Kpowe toro, ecna B nepBOM cnyqae a3KMyTanbaas 

npOTHXeHHOCTb nyqKa COKp~aeTCH C 270° lO 2I0°, TO BO BTOpOM 

cnyqae OHa npaKTHqecKK He H3M8HH8TCH. O~~HCHHeTCH 3TO TeM, qTo 

B nepBOM cnyqae npH a3KMYTaAbHOK pa3Kepe o6naCTH ycto~qMBOCTM, 

paBHOM 230°, H PalHaRbHOM pa3wepe, paBHOM I,5 w, npoHcxo~st no

tepH qactHU aa aepa6oqe~ o6nactK, B pe3ynLtate ~otopHX, KaK 

noKa3sBaet pacqet, a3H»Y,aAbHaB npotsxeHHOCtb nyqKa Aonxaa 

COKpaTKTbCs, npHKepHO, ~0 I60°. R TO ze Bpews, BO BTOpOM cnyqae, 

nocKonbKY o~nactb ycto~qHBOCTH 3aHMMaeT nHmb qactL pa6oqe~ o6nac

TH,npK a3KKytanLHOJ4 pa3Mepe, paBHOM, npH6nH3HtenLHo, I80°,a3H

KYTaALHas npOTHXeHHOCTb nyqKa M3KeHHeTCH H83HaqMTenbHO. lBs cpaB

HeHHH Ha pHc. II npHBe~eHH KpHBHe 3aBHCHMOCTH a3HJ4yTanLHO~ npots

xeHHOCTH nyqKa B TeqeaHe I,5 weeK ycKopeaHs. Ha 3TO» •e pHcya-

ae npHBe~eHH HHTeHCHBHOCTH B OTHOCHTenLHHX 9lHHHU8X ~ns 060HX 

cnyqaeB. HHteHCHBHOCTb onpe~e~sAacb rp~HqecKKM HHterpHposa

HHeK HaBe,JteHHOrO CKrHaJa. qT06H HCKADqHTb HeC~a6~bHOCTb HH

TeHCHBHOCTH, llOCKOnbKY ~OtOrp~HpOBaHHe HaBeleHHHX CKrB~OB npOH3 

BO,J;HJIOCb B p83BHX IUDt.taX, ,J;JIS Ita.Q;Oit TOqJtJI H3MepeHHit BBO,I;UCS 

nonpasoqaylt lt034x(JKUIIeH'l' aKHJIHTYJtH CHrHMOB B COOTB6TCTBHH C 

pac. 8. llpx atoM npeJtnoJiaraetcs, qzo B yxa3aBBHX toqitax 'op»a 

HaBe,JteHHoro cxrHaJa Be H3MeBsetcs UHK.t ot IlHKna, qTo H dsno 

Ba CaMOM ,Jtene. 3a elKHHilY BpiBSTa MBT8HCHBHOCTb B nepBOM MBXCH

MYJ49 aMUAHTYlH HaBe,J;eBHOrO CKrBaAa npH YCKOpeHHK Ha lBYX ItaHa

JaX c Vo .. 31 KB. 

13 cpaBHeBKS KpHBHX CJie,J;yet, qto XOTS npK ycxopeHHH C 

Vo = 3I KB aaxBatSBaetcs, npxdJH3ateJI~tBo, Ba ~ CSOJbSe, 
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qew npH \fo = 17,5 KB, O~HaKO qepe3 lBa nepHO~a $a30BYX KOAe

~aHHR HHTeHCHBHOCTb CTaHOBHTCH npaKTHqeCKH O~HHaKOBOR. CpaBHH

TeHhHO ~OHee pe3KHR en~ HHTeHCHBHOCTH B TeqeHHe nepBOrO nepHO

.a;a <}>a30BHX KOHe~aHHR npH v,., = 31 KB O~YCH08HHBaeT TaKJ:e ~OJih

myD rny6HHY wo~ynsnHH HaBe~eHHoro cHrHaJia as-sa noteph B Hepa-

6oqeR o6nacTH. TaxHK o6pasow, ReT HHKaxon Heo6xo~HKOCTH ycTaHaB

HHBaTh HaqaJihHYD awnHHTY~Y ycxopsn•ero HanpHzeHHs,npeaHmaD~YD 

3HaqeHHe 22 KB, KOTOpas BnOJIHe ~OCTaTO"'H8, qto6H 06JiaCTh yctoR

qaBOCTH llOJIHOCThDOepeKpHJia mHpHHy pa6oqeft 06AaCTH. 

Tax KaK qepes (2 + 3 ) nepHo~a <}>a30BHX KOJie6aHHR HeSaBHCHKO 

oT H3weaeHHH Vo B npe~enax (17, 5 + 31) KB HHTeHCHBHOCTh cta

HOBHTCH npaKTHqecKH O~HHaKOBOR, TO 0 SaXBaTe B CHHxpOTpOHH~ 

peJ:HK B 3aBHCHKOCTH OT \(0 KOJ:HO cy~HTh DO H3KepeHHD HHTeHCHB

HOCTH B paROHe, HanpKUep, 2 weeK OT Haqana YCKOpeHHH. CHHTal 

SKCDepHKeHTaJihHO KpHBaH 3aBHCHKOCTH HHTeHCKBHOCTH B OTHOCHTeJihHHX 

e~HHHUaX B <}>yHKUHH HaqaJihHOH aKllJIHTY~H YCKOpHD~ero HanpszeHHH 

npe.a;ctaBAeHa Ha pHc. 12. Hs pHCyHXa cne~yet, qto aaqaJibHas 

aKDJI'HTy~a v o 
1 

paBHaH 17 l{B HBJIHeTCH KHHHKaJihHO ~onyCTHKOJ! • 
YweHbmeHHe aKDJIKTY~H HHJ:e 17 KB JIHmb CHHJ:aeT a<P<PeKTHBHOCTh 

saxaata. 

3. HccJe.J:OBaHHe pesoHaHCRHX saneHHR npH ycxopeHHH 

Ha OlHOK H ~BYX YCKOpH~HX 3JieKTpO~aX B pezHKe 

KaHHnyJHUHH aKllJHTY~H ycKOpSD~ero HanpszeHHS 

ilpH HCCJelOBaHHH pe30HaHCHYX HBJieHHH Kbl paCCKOTpHK, rJaB

HHK 06paaow, pe30HaHC qacTOTH <}>a30BYX KOJe6aHHR CO BTOpOH rapwo

HHXOR nynhcanaa warHHTHoro nons 1200 rn,nocxoJihKY oH o6ssateJibHO 
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dyleT npOKCXO~HT& He3aBHCHKO OT XapaKtepa H3KeHeHHS aYnAITYlH 

ycxopsn•ero HanpszeHHs B ycxopaTen&HOM ~HKne. Bnonae oqeB~Ho, 

qTo npx npoxo~eHKH odnacTH pe3oaaaca HKeeT wecTo pacxaqxa p~HaA& 

H0~30BHX KOnedaRHR, B pe3yn&Tate qero H3MeHSDTCS a3HMYTSA&HHe 

H p~Man•aHe pa3KepH nyqxa. qew don&me awnnatyla nyn&canHA 

nons H Q8K MeH&me CKOpOCT& H3MeHeHHS qacTOTH PalHan&H0-~30BHX 

KOnedaHHA B odnaCTH pe30HaHCa, TeM CHR&Bee paCKaQKa 3THX KOne

daHHR, KOTOpaB KOZet,B HTOre,npKBeCTH K BHXOlY QaCTH~ H3 CHHXpO

HH3Ma K llOtepsK HHTeHCHBHOCTH. TaKHU Odpa30M, lAS yMeH&meHHS 

pacxaqKH p~Han&H0-~30BHX KOnedaHHA HeOdXOlHMO yBeAHQHT& CKOpOCT& 

H3KeHeHHS qacTOTH 3TH~ KOXedaHHA B paAOHe pe30HaHCa(2) HAH npH no

KOlH Cne~Han&HHX CXeK ~30BOR KOppeK~HH llOlaBNT& 3TH KonedaHHS 

(cw, aanpHKep,(?l). 

lJs HCCHelOBaHHS pe30HaHCHHX SBneHHA BOCllOA&3yeKCS HH~OpMa

~Hel,nonyqaeKOI C aneKTpOCTaTHCTHQeCKHX CHrHan&HHX 3AeKtp0lOB• KaK 

yKa3HBanOC& BHm~, B HOpMan&HOM peZHKe npK YCKOpeHHH Ha lBYX 

BHCOKOqaCTOTHHX KaHanax npOXOZleHHe odnaCTH pe30HaHCa 1200 r~ 

He COllpOBO.XaeTCS llOtepSMH HHTeHCHBHOCTH, a npOHCXOlHT nHm& 

aexoTopoe B03d~eaae nyqKa, npHBOlS~ee x yBenaqeHHD a3BKyTan&aoR 

nporazeaaocra nyqxa H ywea&maBHD nnoraocrH pacnpeleneHHS qacrH~ 

· B cryCTKe. il03TOKY 0 CTeneHH B03dyZleHHS nyqKa MOZHO CYlHT& 

xax no creneBH ywea&meaaa awnnHTYlH HaBeleHHoro caraana, rax K no 

creneaa yBenHQeHKa ero lXHTen&HOCTH. Pa3yweercs, qro laHHHe H3Me

peBKI 3THKH lBYKS CllOCOdaKK dYlYT COBllaAaT& nam& B TOM cnyqae, 

ecnH npH npOXOZleHHH OdXaCTH pe30HaHCa He dylet npOHCXOlHT& pe3-

KHX H3KeHeHHI ¢opKH CHrHaaa (pa3ABOeHHe HKnyn&ca, B03HHKHOBeHHe 

rxydoKHX npoBanoB B·HKnyn&ce a T.l.). Ha pac. 13-a H 13-d 



19 

npe~ctaBneHH ocuHnnorpauuH HaBe~eHHHX cHrHanoB ~o H nocne pasoHaH

ca 1200 ru ~n.H cnyt~a.H Vott.a.., = 22 l\B H Vo~oH= 39 l\B. (0 xapaxrepe 

M3.MeHeHVt.H V~ H \laCTOTH t_Pa30Bh!X Kone<JaHHM B UMKJie MOJKHO CY).(HTh llO 

pMc. 7) .llp11: ).(aHHOM 3aKoHe H3MeHeHH.H Vo B UHKne , pe3oHaHc cpa30 BHX KOJie 

<JaHHH c rapMOHMKo i1 non.H I2UOru, KaK noKa3an sKcnep:MMeHT,npoHcxo).(HT 

B paftoae 1,26 ceK or Haqana ycxopeaHs. PaswepH o6xacTK ycroftt~HBOCTI 

B MOMeHT pe30HaHCa COCTaBnSDT no a3HMYTY 225° H no p~Hycy 9 CM. 

H3 OC~HAnorpaKM pHc. 13 cne~yeT, qro nepeA pesoaaHCOM a3HMyTan»

HHft pa3Mep nyqxa COCTaBnSeT, npH6nH3HTenbHO, 155°, qTo COOTBeT

CTByeT MaKcmwanhHOft saepreraqecxom mHpHae nyqxa ,paBHOI 7 cw. 

Kax B~Bo H3 pHc. 13-6 ,nocne npoxo~eBH.H pasoaaBca nyqox pacillHpser

cs no a3HMYTY ~0 210°, qro COOTB8TCTByeT MaKCHMaJibHO~ 3HepreTH

qeCEO! WHpHHe, paBHOI 8,5 CW. ilOCKOnbKY nocne npOXOXl8HM.H pe30HaH-

ca nyqox ae pacmapseru.H 

Ky MY He Ha6nm~aeM notepb KHTeHCHBHOCTH. CpaBHHBa.H pesynbTaTH 

M3MepeHHI ~n.H 3THX OC~Hnnorpaww, MOZHO 3aKHDqMTh, qro B pesy~bTa

Te npoxo~eHK.H o6nacTH pesoaaaca $a30BHX xone6aaMft c rapwoHHKOft 

nons 1200 ru. nyqoK pacmKpsercs no asMMYTY aa ~35~ M no p~My

cy - 20~. Ha pwc. 13-B npe~craBneaa ocu~mnorpa.l4Ma HaBe~eHHHX 

cHraanoB nocne 6HCTporo npoxo~eHHs pesoaaaca, o qew 6y~er cxa

saao HeCEOBbKO HHZe. Kax BH~HO H3 OC~MnnorpaKMH, B STOW cnyqae 

nyqoK npaKTHt~ecKH He pacmHpsercs Ka.K no asMwyry, tax K no PalMY~ 

cy. 

Ha pHc.14 npe~cTaBneaa ocuHnnorpa»Ma H3MeHeHH.H aunnMTY~H 

HaBe~eHHoro cHrHana B UKKne ycKopeHH.H ~ns aroro ze cnyt~as.PesKoe 

yweHbmeHHe awnnHTY~H HaBe~eaaoro cHrHana B aaqane ycKopeHH.H cooT

neTCTByer norepsw HHTeHCHBHOCTM. HesaaqMrenhHOe yweHbmeHHe aunnM

TY~H CMrHana nepe~ KOHUOK yCKOpeHH.H o6ycnoBneHO norep.HMH qaCTHU 
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C 60RbillHMH aMDRHTY~aMH CB060~H~X KORe6aHH~ Ha MHlli8HH, KOTOpas 8 

3TOf MOM8HT CTaHOBMRaCb B pa6oqee ilOHOXeHHe. YMeHbW8HHe aMDRHTy~~ 

CHrHana ~0 HYRH B KOHUe YCKOpeHHH COOTBeTCTByeT Me~neHHOMY BHBO

~y nyqKa Ha 3TY :u:HmeHb. Hac 6y~eT HHTepecoBatb, rnaBH~ o6pa3oM, 

yY8HbM8HKe aMDHHTY~~ HaBeleHHOrO CHrHana,npH6HH3HT€RbHO, B cepe

lHHe YCKOpHTeHbHOrO ~HKRa, KOTOpOe COOTB8TCTByeT npOXOXleHHD 

o6nacTw pe3oHaHca. Henocpe~ctBeHHOe H3MepeHwe no oc~wnnorpaYMe 

noKa3~BaeT, qTo B pe3yRbTaTe npoxox~eH1IH pe3oHaHca 1200 ru 8.Mn

JIHTy.I(a HaB8l8HHOrO CHrHURa YJAeHbUiaeTCH Ha .- 35%, qTO COBna~aeT 

C ~aHH~H H3MepeBH~ CTeneHH yBeHwqeBHH a3KMYTaHbHOn npOTHXeHHOC

TH nyqJm. I103T014Y, B ~aHbHe~UleM :U:bl 6y.l{eM OUeHHBaTb paCUlHpeH¥18 

nyqKa, B~3~Bae:u:oe pe3oHaHcoM, no cTenenH YlieHbWeHnR aMnRHTYJtbl 

HaBeleHHOrO CKrHana, DOCKORbKY 3TOT cnoco6 6onee npOCTO" J.1 Har

MilHbl~. MeHee RpKHMK KpHBb!MH Ha 3TO~ OCUHRROrpaMMe 110Ka3aHO K3148-

H8HHe Vo Ha I H II Kaaanax. 

H3:u:epHH npo:u:exyTOK BpeMeHK, B reqeHKe KOTOpOrO aMDRKTy~a 

HaBeleHHoro cHrHuna yueHburaeTCR OT cBoero 3HaqeHKH nape~ peso

HaHcou ~0 3HaqeHKH DOCRe pe30HaHCa, MOXHO OUeHHTb ·!IH!pMHY 06RaCTH 

pe30HaHCa, KOTOpaR COCTaBRReT ~RH ~aHHOrO cnyqaR 250 MC€K. B 

MaCmTa6e qacTOTbl p~HaRbHO-cpa30B!xX KOHe6aH¥1M ill)'lpHHa pe30Ha.HCH011 

KPHBO~ 3aKnDqeHa B npe~enax ! 50 ru. 

Pacc:u:otpHM tenepb Bonpoc o B03140XHOCTK npe~OTBp~eHHR pacmK

peBHH nyqKa llpK 6~CTpOM npOXOXl8HHH 06HaCTH pe30HaHCa nocpe~CTBOM 

pe3KOrO yMeHbmeHHH aMDHHTYlbl yCKOpHD~ero HanpHXeHHH. !RR 6blCTpO

ro npOXO~~eHHR pe30HaHCa C~€CTB€HHOe 3HaqeHKe KM8DT: a) Bb160p 

MOUeHTa Bpe:u:eHH Haqana MaHHDYHSUKK \f0 ; 6) CTeneHb y.MeHbmeHHR'fo 

M B) KpyTH3Ha nepe~Bero K 3~Bero ¢pOHT08 npH H3MeHeHHH \To . 
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OqeBH,ItHO, qro :W8HHnyJISIUHH Yo ,ItOJIXHa HaqMH8TbCH pa.HbWe, qeM 

'18C'!OTa cpa30BIDC KOJie0aHl1~ ~OCTHrHeT 3HaqeHMH, paBHOrO f;peJ + f' J 

r,Ite f<ppe~- pesoaaHcaoe saaqeHHe qacTOT!:i !l>asoBblX Konec5aHJ11~; AP
mHpKHa pe30HaHCHOR Kp111BO~, paBHaH ,ItJIH ,It8HHoro cnyqas roo ru. KaK 

fi0K838JI 3KCnepHYeHT, KpyTM3Ha nepe,ItHero cppOHTa M8HHllYJIHIUU1 HeKpH-

THqHa B npe,It eJiaX (5UU + 5UUU ) h B/CeK. CTeneHb YM8Hbill8HHH 

aMnJIHT Y,JJ,hl Yo , HJIH rJiyOHHa MaHHnyJI.H~HH, onpe.n. eJI.HeTcR .n.BYM.H 

!f>aKTCpaMH: C O,ItHon CTOpOH!:i, qey ,ItaJibWe OT pe30HaBCa H8'1HH8eTCH 

nponecc :WaHHfiYJIRUHH 'fo, TeM 00Jibme ,ItOJIXeH c5!:iTb nepena,It B 8MllJIHTy

,Ite ycxopan~ero HanpsxeHHR, a c ,Itpyron cropOHbl,~HeJib3H yweabmatb 

~0 3HaqeHHH, npH KOTOpO:W 06JI8CTb YCTO~'IHBOCTH COKp~aETCH ,ItO 

pasMepoB nyqxa, B pesynhTate qero :woryt B03HHKHYTh notepH HHTeH

CHBHOCTH• KpyTH3Ha 3a,ItHero ¢pOHT8 M8HMllYJIRUHH HBJIHe'!CH KpHTHqHo~ 

B TOM OTHOmeHHH, qTQ npH 38,ItaHHblX HaqaJie H rnyOHHe KaHHllYJIHUHH 

qacTOTa ·lf>a30BKX KOJie0aHH~ MOZeT ,ItOCTHqb npH CBOeM K3MeHeHHH llOCJie 

npoxo:~,JteHKR pesoaaaca saaqeHHH, paBHoro ~ pe3- ·4{- . IIpH coOnll-

.leHHH yxasaHHblX ycnOBH~ pesoaaac Oy,IteT ,Itocratot~HO Ouctpo· npo~eH 

H sauetHoro pacmHpeHHH nyqxa He npoHso~,Itet. Ha pHc. 15 ,ItJIH cpaB

HeHHH npe,ItCT8BJieHa OCUHJIJIOrpa»Ka H3MeHeHHH aMllJIMTY.ItH HaBe,IteHHOrO 

CHrHaJia npH eCTeCTBeHHOM llpOXOJ;AeHHH pe30H8HC8 1200 ru (6onee 

spxas KPHBaH) H npH Oucrpow npoxoX,IteHHH pesoHaaca. 

C npaKTHtleCKO~ TQqKH 3peHHH ,ItJIH K~oro ti8CTHOrO CJiyqag MOX

HO Bbl0patb O,ItHH pas YCTaHOBJieHHble OllTHMaJILHble 3HaqeHHII rny6HH!:i 

MaHHllJJIHUHH~ H KpyTH3Hbl 3a,ItHero lf>pOHTe. B 3TOK cnyqae onpe,IteJIRil

~HK !f>aKTOpOM Oy,IteT Bbl00p MOMeHT8 Haqana MaHHllYJIHUHH aMllJIHTYlbl 

ycxopsn~ero HanpsxeHHH. 
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Ha pMc.I6 npe~craBReH xapaKTep H3MeHeHHR aunRKTY~~ ycKo

PRDI!lero HanpRliCeHHR B r.tHKRe npH Cl~crpoM npoxo:ar~eHHH pe3oHaHca 

1200 rr.t H t:IaCTOT~ ~a30B~X KOReClaHH~ npH YCKOpeHHH Ha ~BYX YCKO

PRDmHX 3ReKTPO~ax. rRyOHHa MaHHnyRRI.tHH aMnRHTY~ "0 nepe~ pe-

30HaHCOM paBHa II KB. KPYTH3Ha nepe~Hero ~poHra ~ rooo ~:K 

Hal.laRbHaR KPYTM3Ha 3a.l(Hero ~poHra""l5 f/K • OcnHRJiorpaoa pHc.I7 

HJlRDCTpHpyeT xapaKTep H3MeHeHHR "o Ha O~HOM H3 3JleKTpO~OB ~JlR 
~aHHOrO CRyt:~ aR H xapaKTep H3MeHeHHR aMTIRHTY~~ HaBe~eHHOrO CHrHaRa . 

KaK BM~HO ¥13 OCUHJlJlOrpaMU~, pacmHpeHHe nyt:~Ra no a3HMYTY He 

n~ B~maer ~ 5%. A.wlJIHTy~a Vo npM MaHHnyJIRUHH yYeHbmaercR ~o 

23 1\B, qeyy COOTBeTCTByeT a3HMYT8JihH~~ pa3Mep 06JlaCTH- YCTOitt:IH

BOCTH, paBHHM 200°. ilOCKORhKY nyt:IOK nepe~ pe30HaHCOM HMeeT a3H

uyraRhHYD npOTREeHHOCTh 160°, TO nOTepb t:IaCTHU He Ha6RD~aeTCR • 

.l1JIR npMHRTUX srrat~eHHH KPYTH3H~ 38,ltHero ~posra H r Jiy6HHI:l 

MaHHnyJIRI.tHH HMeeT CMHCR paCCMOtpeTh BOllpOC 0 KpHTH\IHOCTH HaC

TpOHKH MOMeHta Ha\laJla MaHHllYJlRUHH. Oc5 3TOM He06XO~HUO 3HaTh C 

TOR TO\IKH 3peH14R, t:ITO HMilYRhC, 3aflYCKaDmHR CXeMy MaHHnyJIRI.tHH 

nepe~ pe30HaHCOM
1

CBR3aH C HanpRXeHHOCThD YarHHTHOrO llOJlR, a 

nOJlOXeHHe pe30HaHCa MOXeT CMemathCR no nOJlD B 3aBHCHMOCTH OT 

8llllJlHTY.14~ YCKOpRDII{ero aanpRXeHHR, KOTOpaR, BOoOme rOBOpR, MOJ:eT 

MeHRTbCR B 3aBHCHMOCTH OT HactpORKH HRH B pe3yJlhTaTe HeCTa6HRb

HOCTH. 3aBMCHMOCTb OTHOCHteRhHoro pacmHpeHHR nyt~Ka O%B ~YHKnHM 
MOMeHTa HaQaRa MaHHnyRRl.tHM "o nepe~ pe30HaHCOM 7 CHRTaR 3KCne

pMMeHTaJibH07 MRRIOCTpMpyercR RpnBoH pMc.IB. KaR BH.14HO M3 pMCYHRa, 

o6Jra.CTh pacmMpeHM.H nyt~Ra no a3HMYTY B npe~eRax 5% 3aKRlltl eaa B 

.nMana3oHe 300 MCeK. MH~MM CROBaMM, npH OnTHMaJibHO~ HaCTpOitKe 

pe)I(MMa 6u crporo Ppoxo:w;:~eH11.H pe 30HaHca pacmMpe HHe nyt~Ka no a3MMYTY 

He npeB~CHT 5'/J npH H3MeiieHIIIH Yo B npe,n;eRax :!: IO%. 
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ECTeCTBeHHO, qTO BCe CXa3aHHOe BHme, OTHOCRmeecg X peKKUY 

dHcTporo npoxoz~eHHR pe3oHaHca npH pa6oTe Ha ~ayx ycxopRD~HX 

3BeKTpO~ax, B paBHO~ Mepe1 0THOCHTCR H K JCKOpeHHD Ha O~HOM 

3nexTpo~e. Pa3HH~a 3axnnqaeTCR AHmL B TOM, qTo npH ycxopeHHH 

Ha O~HOM 3AeXTpO~e 8KDAHTy~a JCKOpaDmero aanpgzeHKR HeCKOBLKO 

MeHLme, H pe30HaHC ~a30BHX XOAedaHHI C rapMOHHXOI DOBR 120Qr~ 

CKe~eTCR BHH3 no DOAD B paiOH (800.900) MCeK OT saqaAa JCKO

peHHR. rp&PHK pxc.19 HABDCTpHpyeT H3MeHeHHe "0 B ~HKA8 H 

qacTOTH ~asosHx xone6aaHI npx ycxopeHHH sa o~ROK 3AexTpo~e 

B peza»e dHcTporo npoxo~eHHR pe3osasca. Pa3HH~a cocTOKT Taxze 

B TO», QTO B cnyqae ycxopeBHR sa ~Byx xaHanax qacTora ~a30BHX 

KOAedaHHI MOZ8T BDXOTHJD DO~XO~KTL X 3HaqeHHD 1800 r~ B palose 

300 MCeK, BCJie,lCTBHe qero npOKCXO,JI;HT HeXOT.Opoe B03dJKJt8HK8 

nyqxa. B TO ze Bpe»R, npH JCEOpeHHH Ha O~HOM xasaxe MaKCH~L

HOe 3HaQeHH8 qacTOtH ~a30BHX XOAedaHHI paiH0~1550 r~1 K B03dy

~eHHR nyqxa B 3TOK HRTepeaxe se npoacXOJtHT. Ha pac.20 npe~cTaB

Jesa OC~KA!Orpa»Ma H3M8H8HKa a»DAHTJ~ BaBe~eHHOrO CHrHana B 

~HxJe npx ycxopesxH Ha o.a;so» xaHaxe. CTeneHL pacmxpeHHR nyqxa, 

npHdAH3HTen&uo, raxag ze, qro H npx ycxopeRHH Ha ~Byx xauanax, 

XOTR CXOpOCTh H3M8HeHHR qaCTOTH ~a30BHX XOAedaRHI B paiOHe 

pesoaasca secxonLxo doA&me. CpaBHHBaa oc~HnxorpaM»H pxc.20 

H pHC. 15 H 17, KOZHO 3aKeTHTh, qTO B cxyqae JCKOpeHKS Ha ,D;Byx 

xaaallax B paloae 300 »cex aaOXD.a;aeTCR se3aaqxreliLHOe ywesLme

s•e aKDJIHTf,lH HaB8l8HHOrO CRrHalla, COOTB8TCTBJD.88 paCmHp8BID 

nyqxa no 8.3JDQ'Ty, npoepao, sa (5•6)~. 

TaxKM odpasow, c roqxH speHHa pesoaaHCRHX RBlleHHI ycxope

HHe Ha O~BOM xaHaAe H8C~CTBeHHO OTllxqaeTCR OT YCKOp8HKR Ha 

,JI;Byx JtaHRJ18X. Bo3HKKaD.H8 UOT8pH HHTeRCKBHOCTH npK npOX0~8HHH 
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pe30HaHCa ~a30BHX KOBe6aHHM C rapMOHHKOR flO!R 1200 rn MOXHO 

ycTpBHHTL MaHHnyBaUHeR aunnHTY~H ycxopam~ero aanpaxeaHa H 

TeM caMYv . npe~OTBpaTHTL pacxaqxy p~HaHLHO~a30BHX xone6aHHR. 

4. MaHHnYXRUHR aMnBHTY~H EHCOKoqacTOTHOro 

ycxopam~ero aanpaxeHHR B ycKOPHTenLHOM nHKne 

TipH ycxopeHHH aa o~aou anextpo~e onpe~eneaaoe saaqeaHe 

npH06peTaeT BH6op aMDBHTY~ YCKOpRD~ero HaOpazeHHR B KOHne 

YCKOpHTe!LHOro UHKBa. C O~HOR CTOpOHH, ORa ~O!XHa 6HTL He 

MeHLme (23 +24) KB B CBR3H C onaCHOCTLD OpH6HHXeHHR K pe30Ha~

cy C rapMOHHKOA nona 600 ru. C ~pyroit CTOpOHH, ~nR ~aHHOH 

KOHCTPYKUHH ycKOPRD~Hx anextpo~oB H cy~cTBYDQero Baxyyva B 

xawepe B paAoHe 3THX anextpo~oB aMnnHTyla ycxopaD~ero Hanpa

xeaxa, paBHaR ( 32-.33) KB, RB!ReTCR npeleHLHO lOflyCT~O R , 

npeBHmeHHe KOTOpOA npHBOlHT K B03HHKHOBeHHD np060eB. 

·J{.1a cpaBHHre &aoit oueaxH 6ano ocy~ecTBJE ao ycxopeHHe 

Ha nyx KB.Hamx c MaHHny.uuHeA Vo B UHKne OT Vo .. ~.., = 22 l\B 
lO VoxoH = 42 KB H,sarev,Ha o~aov KaHane c waaHny!RnHeit V. 
OT Vo Haq zl7,5 KB )tO VOf<lOH = 28,5 KB. B 060HX cnyqaax 

KHTeHCHBHOCTL Ha aaeprHH IO naB 6ana o~HHaKOBOit H paBHanacL 

1,2·ro10• TaKKM o6pasov, ~na ontHManLHoro pexHMa ycxopeHHR 

xeJareiLHO ycTaHaBnHBaTL aMO!HTY~Y ycKOPRD~ero aanpaxeHHR 

B xoane ycxopHte.ILHoro nHK!a B npe~enax (27+30)KB. 

0lHHM H3 MeTO~OB Me~neHHOrO BHBO~a nyqxa Ha MHmeHL 

RB.IReTCR WBTO~ MaHHnY.IRUHH 8Mfl.IHTY~ ycxopaD~ero HanpaxeHHR 

( cv. Hanp. [I] ). nna nonyqeHHR paBHOMepHoro H nonaoro BHBO~a 
nyqxa Ha WHmeHL He06XOlHMO, C OlHOR CTOpOHH, nporpauUHpOBaTL 

xapaxtep cn~a \10, a c lpyroH ctopomx, CHH3HTL "o~o onpele-



25 

neHHOrO KHHRManbHOrO ypOBHH, npH KOTOpOM HCqe3aeT 06naCTb 

ycroRqHBOCTH. B aameM cnyqae MHHHMMbHO~ aurtnHTY.II.OR ycKopaD~ero 

HanpaxeHHH HBJtaer ca Vo =9, 7 KB. KaK noKa38.na 

,II.ocraroqao CHR3HTb Vo .II.O (12 •13) KB, qro6H 

qyBCTBHTenbHOCTH CHrHanbHHX sneKTpO,II.OB ( 106 

3Kcne paMeHTH, 

C TOqHOCTbll ,II.O 

D£0TOHOB ) nony
HlofilynbC 

qHTb nonHHR BHBO,II. nyqKa Ha MHmeHb. TaKHM o6p830M, ,II.nH Me,II.neHHOro 

BHBO,II.a nyqKa Ha :U:KmeHb He06XO,II.HMO B TeqeHHe 3a,II.aHHOrO HHTepBana 

BpeMeHH CHH3HTb onpe,II.exeHHHM o6pa30M aMnnHTY.II.Y ycKOpHD~ero 

HanpHZeHHH OT (27•30) KB ,II.O (12•13)KB. 

MaaHTiynanHa aunnHTY.II.H ycitopaDmero aanpazeaaa ocymecTBnaerca 

"6JlOKOll YB.HHllJnHUHH Vo", BHXO,II.HOe HanpaEeHHe KOTOporo ( u :U:aH) 

nporpaMllHpyer onopaHR ypoBeHb cHcreMH APY BHCOKoqacroraoro yca

nHren:&aoro TpaKra. ~na noacHeHHH Ha pac.2I npe,II.craBneHH ,II.aarpa:u:

w H31l8H8HHH B UHitne HanpaXeHHH Ha BHXO,II.e " 6nOKa J.f8.HHnynHUHH Yo" 
H cywapaoR a:u:nnHTY.II.H YCKOpHDmero HanpaxenHs aa sneKrpo,II.ax. Ka!t 

BH,II.HO H3 ,D;Har.pa:u:KH, HB,li;OCTaTKOll .II.aHHOii CXeW YB.HHnynaUHH HBnHBTCH 

ae Boswozaocrb yweHbmeHHH V ane HB.qan:&aoro ypoBHH npH U,.,aH= 0. 
Oco6eHHOCTH cxew A£Y ae nosBonanH CHH3HTb Vo MOH:&IIe Vo~a'l, 
xora U,_.a.H npH cBoew H3KeHeHHH craaoBHnocb orpauareJI:&HHK. 

TI03'l'Olly ,llJIH DOJIHOro BHBO,lla nyqKa H8. llHmOHb npH pa6are H8. .II.BJX 

ycxo PHil!UX 3Jieit'l'PO.Ilax, H806XO.IlHMO 6HJIO B onpe,ltOJieHHidt MOIISH'l' 

Bp8M8HH BHitAINaTb O,llHH H3 It8HaJIOB. TipaB,lta, npH 3'l'OM B03HHKana 

H8ItO'l'Opa& HepaBHOMepHOCTb BHBO,II.a, HO, KaK DOKa3aJIH 3ItCnepHM8HTH, 

ORa dHJia HOCJDJ!C'l'BOHHOI. 

TipH nepexo,11;e aa ycitopeaHe c O.JtHH:U: ycKOpsll•HM 3JI8It'l'PO,D;o:u: 

BCTaJia HOOdXO,ltHMOC'l'b H3MeHH'l'b CXeyY YaHHDYJIHUHH '1'8ItHK 06pa30M, 

qro6H llpH VeHa.'f• (17.f22)KB Hll8Th B03MOXHOC'l'h CHHX8.'l'h v ,ltO 

ypOBHH (I2+I3) KB. 3'l'a SA,D;aqa 6HJ1a pemeaa BH8C8HH8K HeKO'l'OpHX 
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H3MeHe HH~ B cxeMy APY. Ha pHc. 22 npe.ncraBJieHH .n;Har paMw :uaHH

nyJIHPYDIItero oonpsureHHll U,.,.a+t H aMnJIHTy.n;H ycKOPIIDIItero Hanpgxe

HHR B UHKJie .D;JI/1 O.D;HOrO KaHaJia no HOBO~ CXeMe MaHHnyJIRU~H. CpaB

llHBag .D;HarpaMMH pHC.21 H pHc.22,MOXHO 3aKJIDqHTb, qro HOBag 

cxeMa MaHHnyJIIIUHH cy~crBermo 3¢¢eKTHBHee crapo~. TaK, HanpHMep, 

npH H3MeH eHHH MaHHnyJifiPYilll(ero HanpmtceHHR B npe,n;eJia"< (0t200)B Vo 
Ha o.n;HOM KaHaJie MeHRercg no crapon cxeMe B 1,3 pasa, a no HOBan 

B 1,7 pasa. llpH MaHKnYJIIIUHH .D;JI/1 Me,n;JieHHOrO BHBO.D;a nyqKa ~ MB

HlleTC/1 no crapoH cxeMe raKxe B I,J pasa, a no HOBan B 2,3 pasa. 

TaKHM o6pa3oM, HOBall cxeAm MaHnnyJIIIUHH a.MnJinry.n;H ycKOPllll

mero HanpRXeHHR y,n;OBJieT80pgeT BCeM rpe60BaHHRM C TOqKH speHHR 

H3MeHeHHR Vo B UHKJie ,n;Jia HOpMaJibHoro ycKopeHHa H Me,n;JieHHoro 

BHBO~a nyqKa Ha MHmeHb. 

3 A R n D ~ E H H E 

PesyJihTaTH npoBe.n;eHHHX HCCJie.n;osaHHn pexHMa ycKopeHHR 

nyqKa npOTOHOB npH HUJIH4HH O.D;HOrO YCKOPRil~ro 3JieKTpO,n;a TI03BO

JIR~T C.D;eJiaTb CJie.D;yDIItMe BHBO.D;ll: 

I. ~pcHpoBaHHe pexnMa MOIItHOro mHpoKonoJIOCHoro ycHJIHTeJia 

npH pa60Te Ha O.D;HH 3JieKTpO~ He BHOCHT .D;OnOJIHHTeJibHO cymecTBeH

HHX napa3HTHHX B03yYIIteHHn rapMOH~eCKOrO H MJMOBOrO xapaKTepa 

B qacrory ycKopaDmero HanpaxeHHR. ~eKT HenoJIHoro " cJiexeHHll" 

qacrorH ycKOPRDIItero aanpaxeHHll sa rapMOHHKaMH uarHHTHoro nOJill 

npHBO.D;HT K pa.D;HaJibHllM KOJie6aHHIIM nyqKa, qTQ npe.D;CTUBJI/IeT onac

HOCTL B pe30HUHCHHX CJiyqURX. 
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2. HccJie.n;os&H Me peJK:KMa ¢opM:KposaHHSI nyqKa B Haqa.Jie 

YCKOpeHMSI DOKa3aJIO, qro )J;JISI odecneqeHHSI HOplmJibHOrO 3aXBaTa 

B CHHXpOTpOHH~~ peliCHM H YCIWpeHHSI C MHHilli!aJlbHblM.It1 DOTepSIM.!t1 

HeOdXO)J;.It1M ODTHMaJibH~H B~dop aMDJIHTY~ YCKOpRDmero HanpSIJKeH:KSI 

Vo :K xapaKrepa ee H3MeHeHHSI B ~MKJie ycKopeHHSI. 

3. I1ccJie.n;oBaH He pe3oHaHCOB no Ka3aJIO, qTo np:K y'cKopeH:K.It1 

Ha ABYX 3JieKTpO.n;ax pe30HaHC C rapMOH:KKO~ MarHHTHOrO DOJISI 

I800 r~ npoSIBJISieTCR CJia6o :K He npHBO.IJ:HT K cymecTBeHH~M M3MeHe

HMSIM CTPYKTYPbi nyqKa. npoxo:m:.n;eHHe pe30HaHca c rapMOHHKOH DOJISI 

I200 r~ CBSI3aHO C B03d~.n;eHMeM nyqKa, qTQ MOJKeT B~3BaTb DOTep:K 

qactHn. B CBSI3H c 3THM paccMOTpeH pexHM MaHHnyJIR~HH aMDJIHTy.n;~ 

ycKOPRKl!llero HanpsureHMR, odecneq:KBaK>mHti d~ctpoe npoxoJIC.n;eH:Ke 

pe30HaH ca ¢a30B~X KOJiedaHHt:! C rapMOHHKOH DOJISI I200 r~, qro 

odycJIOBJIHBaeT cJiadoe B03dyx.n;eHHe nyqKa. 

4. PaccMotpeH pe:m:HM MaHHDYJIR~HH aMDJIHTYJUl ycKOPRil!llero 

HanpSIXeHHSI npH YCKOpeHH:K Ha O)l;HOM 3JieKTpO,n;e. 3TOT peJKHM Odecne

tiMBaeT HOpMaJibHOe YCKOpeHHe B ~:KKJie H )J;JIMTeJibHH~ B~BO)J; BTOp:Kq

H~X qaCT:Kn )l;JISI <f!H3HqecKoro 3KCnepMMeHTa. B CBR3H C 3THM B~dpai-Ia 

cxeMa nporpaMMHposaHHSI onopHoro ypoBHSI APY mMpoKonoJiocnoro 

y C RJIHTe JlR • 

Pe3yJibTaT~ )J;BHHO~ padOT~ wryT d~Tb HCDOJib30BWHi )l;JISI 

onepaTHBHOH HaCTpOtiKH ODTHMaJibHOro peJKHMa CHCTeMbi Bl:lCOKOqaCTOT

HOrO D:KTaH:KSI CHHXp~a30TpOHa. 

ABTOp~ DOJib3YDTCSI CJiyqaeM B~pa3HTb dJiaro.n;apHOCTb COTpy.n;HH

KaM PTO JIB3 ne:p<Peesy B. H.' EOKOBY r .A.' lnT~PJISieBy A.A.' 

roJieMdeBCKOMY B.<P. 'Dposy c. H.' CrapHKOBY D. M.' CJiecapesy ·8.13. H 

~HHmeson E.~. 3a Henocpe.n;cTBeHHOe yqactHe s npose.n;eHMM 3Kcne

pHMeHTOB. 
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!eBHa~RH qaeroTH ycKOPHD~ero HanpHxeHRH: 

a) Ha Bl:lxo.n;e 3~aKJmero reHeaatopa ; 

6) Ha yeKO pHIOiqeM 8Jie KT po.n;e • 

Ha HHXHeM nyqe KanH6pOBOqHaH qacTOTa 100 rn. 
AMnnHTy.n;a OT TIHKa )1;0 TIHKa 250 ru. 

a) 

TiepexO.IJ;HOR nponecc H ~eBManHH qacTOTI:l yCKOp~~qero 

HanpHXeHHH B HaqaJie YCKOpeHHH: 

a) Ha Bl:lxo.n;e 3~a.K>mero reHepatopa ; 

6) aa sneKrpo.n;e .. 

TiepHO,IJ; KanHdpOBOqHoR qacTO~ 1: :10 MeeK, 

aMnJIHTy.n;a 250 rn. 

8) 



P•c.). 

PHc.4. 
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Pa~HaALHHe RO~e6aHHR OeHTpa 3apR~a rryqxa fCXOpeHHHX 

qaCTHO ( HHXHHH ~yq) H norepH qaCTH~ Ha 6eTaTpOHHyn 

MHmeH:b. 

ltBKanHR qacTOTH ycKOpRD~ero HanpRxeHHR c BHxo~a 

3~aD~ero reHeparopa ( HHZHHB nyq) H norepH qacrH~ Ha 

H3MepHTeBLHyn YHmeHL. 



a) 

6} 

PHc.5. leBMBUHH qacTotH ycEopaD~ero aanpHEeHHa: 

a) Ha BHXO.Jte 3a.Jt81llllero reHepuopa ; 
6) Ill. 3JieitTPO.Jte • 

KaJIH6pOBOqHaH qacTOTa roo rn, aMOJIHTY.Jta 25 rn. 

"" .... 
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1'4 

eve =-96oo; CoS'f., ::.O,:•tt3 I' 

~I . . . ~~ 
o ~o 2.0 ~o 't.O s.o 6.o 7.o s.o 9.0 tqo tt.o 12.0 tJ.o H• toJ 

rpa~HK 3aBHCHMOCTH qacTOTH P~HaRbHO-~a30B~X KORe6aHHH 

B ~YH~HH HanpaXeHHOCTH MarHHTHOfO llORH llpH pa3HHX 

3HaqeHHHX aMITRHTY~~ YCKOprovmero ITORH e~ • 

'3J!:~----------------------

~ 

Ill 

~--------------------------
1 .t lj ' • f II H (n ) 
() ; ! 3 ht:IC(UI<) 

rpa¢HK 3aBHCKMOCTH qacTOT~ ~a30BHX KOReOaHHa B 

~YHKUHH Hanpa~eHHOCTH MarHHTHOfO ITORH B peXHMe 

MaHHnyRHUHH aMllRHTy~~ YCKOpa~mero HanpaXeHHH. 
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a) 

C:t1rHaJI c BeprmtanbHHX ct-trHaJibHhlX 3JieKrpo,n;oB B 

HaqaJie YCKOpeHHH! 

a) npt-t YCKOpeHHH Ha ,ll;Byx 3Jl8KT po,n;ax C CYMMapHO~ 

ru.mmtry.n;on YoHs~t= JI l{n; 

6) np H yc:w peHHH Ha o,n;HOM 3JieKT po,n;e '\To .. a .. = I7, 5 h.B. 

I KJ18TKa KaJIH6pOBOqHO~ C8TKM - 250 MKC8K. 

_,-1\__,J\_ 
1) 

PHC. 9." 
CHrnaJI c BeptHKaJibHhlX cHrHaJibHbiX 3JieKrpo,n;oB. 

A3HMJ'TM bHOe pa.cnpe,n;eJieHMe nJIOTHOCT H qacnm B 

cryCTKe B MOM8HT <jlOpMHpOIRHHH npH Yo~a'i = JI KB; 

Q,B - COOTB8TCTBYDT TOqKaM MaKCHMyMa MO,ll;YJIHUMH 

aMTIJIMTy,n;H BHCOKOqacTOTHOrO CHrHaJia; 

5,a - COOTB8TCTBJDT TOqKaM MHHHMyMa. 
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a) 8) 

JU\ 
6) ~ 

Pzc .Io. CzrHa.JI c BeprHKaJI bHb!X cHrHaJibHillx :3Jie:rtrpo~oB. 

A3HyYTaJibHoe pacnpe~eJieHze nJIOTHOCTH qacTHU B 

cryCTKe B MOMeHT lf>Op!LHpOBaHHSJ npH YoHa,'i = 17,5 l{B : 

a,8- COOTBeTCTBYDT TOqEaM MaKCHMYYa YO~YJIRUHH 
aMITJIHT~b! Bb!COKOqaCTOTHOrO CHrHaJia; 

0,2 - COOTB8TCTBYDT TOqKaM MHHKMYUa • 

.7 1 (110 

t.o 

0.9 

0.8 

0.7 

0.6 

o.5l100 
0 0.5 f.O 

t•"'*'J -t.~ 
PHC .II. fpaif>HK H3lleHeHHR HHTeHCHBHOCTH (J) H a3RMy-TaJlbHO ~ 

npOTSJJ:eHHOCTH cryCTKa YCKOpeHHb!X qacrHn ( lf~ B if>YHKnHH 

BpeMeHH YCKOpeHHSJ: 

I) 'JI+ll ; 'f:r"'li npH ~"a~ = 31 KB ; 

2) ')~ . ~~ 
II ~ ~ 

npH'J. = 17,5 KB. 
OH~'l 
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PHc.I2. 3KcnepHMeHranhEaH KPHBaH 3aBHCHMOCTH ~~eKTHBHOCT~ 

3axaara or ruaqanhHOH aMnnHTY~H ycxopsvmero Hanps-

a) 

PHc.IJ . ~opua MMnynhCOB, per~crpHpyeMHX sepT~KenhHHKH cHrHaxh

EHMH 3neK!pO~aMH np~ npoxoxAeHHM o6macTH pesoHaHca 

p~HaRbHO~a30BHX KOne6aHH~ C rapMORKKOA MarHHTROrO 

nons 1200 rn~ 
a) ~o pesoHaHCa ; 

6) noc ne pesoHaHCa; 
B) nocne pesoHaHca npM 6HcrpoM ero npoxoXAeHHH. 
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Pwc.I4. XapaxTep H3MeHeHHR aMnnHTY~~ HaBe~eHHoro cKraana 

B nMKne ycKopeHHR H aunnHTY~ ycxopR~mero aanpRXeHHR 
Ha o6oKX xaHanax. 

PHc.IS. HsMeaeHHe aMnnHTY~~ HaBe~eaHoro cKraana npM o6HqHoK 

H 6HCTpOK npoxoz~eHHH pe30HaHca C rapMO HHKOR nonR 
I200 rn ( veaee RpKaR KpHBaR). 
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ID 

Pac .16. rpa!f>MK M3MeHeFm qacroru !f>a30BUX KOJie6aHitfli F~ 
B lf>YHKUMitf HarrpsxeHHOCTitf MarHitfTHOrO ITOJIR llpltf M8.HHITY

MUHM a.MITJIMTy)(u ycxopsJOmero mrrpn:eHMSJ Yo B pelltMMe 

ducrporo rrpoxox)(eHMR pesoHaaca. 

PMc.I7. Xa.pa.Krep H3MeaeHHR aMITJIHTY)(li ycxopSJ~~ero sahpSJXeHHSJ 

M aMTIJIHTy)(s aa.Be)(eaaoro CKrHana. rrpM 6scrpou rrpoxox)(e

HMH pe30H8.HCa lf>a.30BSX XOJiedaHHI C rapMOHHKOI ITOJISI 

1200 rn. 
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PKc.I8. 3KcnepHMeHTanbHaH KpHBaB 3aBKCHMOCTH OTHOCHTeRbHOrO 

pacmHpeHHB ny~Ka YCKOpeHHHX qacTKQ B ~YHXUHK MOMeHTa 

Haqana MaHHITy!BUHH \To nepe~ pe30HaHCOM ~a30BHX 
KOJIOO aHHlt. 

Yo ftp 

CK4Jf ·(~J -----------3oft!.Dq_ ________ _ 

tO 

v. 

~ ---------------------------
2 (j 6 • tO 4 H(al 

~ t _ _, 

PKC.I9. rp~HK H3MeHeHKR qacTOTH ~a30BHX KORedaHH~~ B ~YHKUKH 
HanpgzeHHOCTK MarHHTHOro nong npK MaHHITYRBUKK \10 B 

pexHKe ~crporo npoxox~eHHB pesonanca. 

YCKOpeHKe Ha O~HOM 3RERTpo~e. 



PHc.20. AMnJiwry,Ila HaBe,IleHHoro Clt1I'uc..Jia npH ycKopeHlU1 Ha 

O.IlHO M ItaHaJie npH o6hlttHOM npoxox,IleHHH pe30HaHca I200r~. 

V.t .. l U...f'J 

t .... 

·2110 

PHC .2I. no TeimHaJibHM ,IlHarpa}AMa cywapHO ~ a!ffiJIHTY.Ilhl YCKO PHD

mere HallpHXeHHH H MaHHllYJIHpynmero HanpHXeHHH ( HHXHHH 

KpHBaH) B nHKJie YCKOpe HHH. 
v. v_ 
'"" 1.) 

·UO 

·V-ftl 

v. 

PHc.22. rroreHnHanbHaH .IlHarpaMUa aunJIHTY.Ilhl ycKOPHDmero HanpH-

xeaRH H NaHHllYJIHpynmero HallpHXeHHH ( HHXHHH KPHBaH) 

B nHKJie YCKOpeHHR npz YCKOpeHHH Ha O,IlHOM 3JieKTpO,Ile. 


