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I 

AHa.mls cxeMHHX pememm WIR cpopMHpoBa.HWl ITJiocROli Bepnmm 

MaI'HHTHOI'O IIOJIJI aieKTPvHHOI'O mmxpoTpoHa IIOKaS!ffiaeT. 'ITO qiyHK­

UHOHaJll>HO KX MOlKHO IIO.ztpa.3.IJ:eJil'IT:b Ha .IJ:Ba OCHOBHHX MeTo,rr.a: 

I. ".Uo6a.BJ!eime" lJJlocKoro y'lllCTKa K Ma.KCHMYMJ C:mIYCOH.Ull 

MaI'HHTHOI'O IIOJIJI, PIMemtero 'lllCTOTy :f1 > f G (IIpP! .IJ:JIPITeJI:bHOCTH 

ITJIOCROH BepilIPIHH 4 MC f 1 = 62. 5 ru). 

2. "Cpesrume" Ha Sa,IJ;aHHOM ypOBHe BeplIIPIHl:l cmryCOPI.Ull MarHHT­

HOI'O IIOJIJI, memtero '18.CTOTy f2 = 50 fu. 
Pa3JIH'iHlili xaptKTep HSMeHeHIDI MarHPITHoro · rroJJR B rrpouecce 

IJ;l!Ma ycKOpeHKR: rrpH STKX .IJ:BYX MeTo,rr.ax rrpHBO.IJ:HT K TOMY, 't!TO K 

MOMeHTy cpo.PMJ!POBa.HH.f{ IIJIOCKOli Beprue:H!:l ycKopeHmrli IlY'IOK rrpKXO.IJ:HT 

c paSJm'IH!iMPI Ha'IJBJl:bHHMJ! YCJ!OBHRMJ![. Tpe6yeMBJI B KaJl(,I{OM HS arnx 

MeTO.IJ:OB MOl!lHOCT:b BHCORO'iaCTOTHOro IIHTaHWI YCROpiimteR CHCTeMl:l 

TalO!te pa3.IDNHa. 

IlOCKOJI:bKy yxasaHHHe COo6paReHWI MOryT CTaT:b pemamtPIMH KPH­

TepRRMH rrpH BH6ope cxem.cpopMHpoBaHWI ITJIOCKOH Bepmmm, .IJ:.IIfl me 

ou~HKK B .IJ:aHHOH pa6oTe paccMaTpP!BalOTCJI HeKOTOpHe .n;HHaMH'l!eCKKe 

xapaKTepHCTHKH ycxopeHHoro IlY'tJ:Ka B peimMe IL11ocKoit Bepnmm K 

rrpHBO.n;HTCJI CpaBHHTeJibHID!: aHaJ!H3 IIOTep:b SHeprim: K .n:orryCKOB K 
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TO'IHOCTH cJx:lpMH})OBa.HIDI IIJIO~ . 

I. llilTe:rpa.7Il>HHe ~oHHHe n0Tep111 sHeprIDI 

B 3aBHCHMOCTH OT M0TO.na qx:>p.mpoBa.HRli IIJIOCROtt BeplilliIHli 

Ma.rHHTHOro IlOJJ.R: CKH.XPOTpoHa 

ITpH pas~6oTKe c111cTeMH ,wm qx:>pMHpOBaHHR IIJIOCKOit BepllMHH 

M8.I'HlllTHoro IlOJJ.R: sneRTpoHHoro ClllHXpo'l'pOHa B03HJllKB.IOT 3a,Il;a"D!,CBfi-

3aHHH6 c Heo6xO,ItHMOCTh~ H3MeHeHHSI pelKHMOB OT'AeJil>HHX ysnOB c 

UeJih~ o6ecneqeJIHR onTHMa.JII>Horo pel!mMa pa6oTH ycROPJllTe.JJ.R:. 

0,ItHHM 1113 RpHTepHeB npH C03'A8.HHJll TaRJllX CHCTeM smJIR:eTCR BeJIJII­

'<JHH8. Heo6xo.n;HMOtt MOII\HOCTH IlHTB.HIDI ycRopmoiqeit CHCTeMH. )J.7m: ROM­

neH~ noTeph sHeprHH Ha H3JJYqeHHe, pe3RO B03pacTaroIItl'OC c YBe­

JIHqeHHeM ~HeprHH tJaCTHr(, 'l'pe6yeTCR 3Ha'll'ITeJibHaR MOII{HOCTh BHCO­

RO'JflCTOTHOrO IlHTaHKR. BeJIH'll'IHa BHCOROtJaCTOTHOro HanpmKeHHR B 

RoHne UKI<Jia ycRopeHlllR qia.KTHqecR.111 onpe'Ae.JJ.R:eTCR ~IJ;IOHHHMH rro­

TepRMH, ·ra.K RaR 60JihIDaR i:raCTh MOII{HOCTH, noTpe6nfleMott rry'!ROM ' 

pacceHBaeTCfl B Bli'A8 cmncpoTpoHHoro H3JJYR0HHR 111 TOnDRO MeHDillaR 

111cnOJih3yeTCR ,wm YB6JllflleHIDI ~meprHH -qacTHU. ITOJIHHe pa,ItHB.UHOH­

HHe noTepH aa O.JJ.HH o6opoT BHPalKa.IOTCR qx:>pMYnoi1: I), 2] 
B8,5 E4 (t) [f3B] 

Ll E Uilll. ( t )[KaBJ :::. .f [ M J 
(I.I) 

r.ne E 111 J> - :mepI'lllfl aneRTpoHa 111 p~c RPKBH3HH op6111TH. 

11 '113.CTliOCTlll, :n;J1R EpeBaHCIWro CKH.XPOTpoHa IIPH sHeprHlll 6 rsB 

M8.ltC>tMl\Jlb!Il18 IIOTe.flli 3a o~ o6opoT COCTaBnfllOT 4,5 MsB, a B pe­

l!UiMe ? ,[, l'313 01rn: B03pocnz 6H 'AO I0,7 MsB aa o6opoT [3]. 

ep1.(imnm Tpy~OCTH ~Jllall)IOHHHe ajxlleRTH C03.naroT nplll pa60Te 

YCKOjla'l'eJIR B peJKHMe c IIJIOCROi!: Bepl!IHHOtt npH BHCORHX ypoBHRX Mar-

4 

HlllTHOro IIOJlfI, ROr~ IIOMllMO 3Ha•m:TeJI1>HOro B03paCTaHJllSI cpe,ItHeA 
• 

MOIItHOCTlll noTeph 111Me0T M0CTO CHJIDHBJI pacI<atma pa,nlllanDHllX 6eTa- . 

Tpommx ROJ1e6amtlt. 3TH JIBJ.Ie:mm ~llT onpe'Aenemme ycnoB~ 

Ha np~ IIOCTJ>08BU: c111cTeM !f>opmpo:samur IlJlocxoit Be.IXJIHHH mr-i 

HlllTHOro IlOJI.11. 

0,ItHHM 1113 OCHOBHHX: qia.KTOpoB, OIIP0'AeJIHIJlllKX OTJIK<me B BeJIHtm· 

HaX ~OHHllX noTeph aaepI'lllH npH YRa3aHHHx mnne MeTO'Aax !f>oit­

t.mpO:samm WIOCKOtt Bepl!IHHH, JIBJISI6TCR paaJllttIHlrlt xapaRTep lllSMeHe­

HHJI npoHSBO,ItHoit Mal'HlllTHoro IIOJIII no BpeMeHH B npo~eooe ~ yo­

xopemm: 111 nplll nepeXO'A0 Ha JJJJaTO, '!TO o6yc.naB1IHBaeT COOTBeTC'fBYl!­

lqyll qx:>pMY MO~JIJl'.IUIOHHOit RptBOil:. Ilpll BTOpoM cnoco6e <f>Opmpo~ 

cne~eT OTMeTHTh BOS'AeitCTBHe Ha IIOBe'AeHllle yCKopeHHOro IJY"Dt8 

pe3Koro lll3MeHeHHJI.IlPOlll3BO'AHOit M8I'HHTHOro IIOJIJI B MOMeHT ero ue­

peXO'Aa B pellll!M "JJJJaTO". 

M3BecTHo, 'ITO aHepI'lllfl anexTpoHa BO BpeMR ycROpeHlll.ll lll3Memi:­

eTcH nponopIJ)IOHaJl:bHO HSMeHeHlllro MB.l'HHTHOro IIOJlfI. .ltmI paccMaTpll­

BaeMOro CJJYtJaJ! 9Ta samtCHMOCTh OIIlllCHBa0TCfl HiputeHllleM: 

E. 3 ( t) = 3 o o H m .P ( 1 - cos u:> t) , (I. 2) 

r'Ae Hm - a.MIIJilllTY'Aa HanpRllteHHOCTH nepeMeHHoil: coCTaBJIJmlllett 

IIOM B 3a3ope aJieKTPOM!U'HlllTa (3) 

e3 (t) - sHeprrur ycxopeHHHX aneKTpoHoB (eB) 

.P - p:meyc Kp:KBH3HH op6HTH (CM) 

cut:: 21ffKt 1 

r.ne - f K - 'iaCTOTa IIOBTOpellllH IXHRJIOB YCKOpeHHH. 

,If.Jm BTOporo M8TO~ np111 ,IµmTeJ!LHOCTH WlOCKOil Bepl!IHHH 1: = 
= 4 MC aMWilllTY'Aa IIOJIJI H m 'AOJDKHa 6Hn BH6paaa Taxoit, '!To6H 
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't' 
sa BpeMJI, pa.BHoe (ST- 2) H (t) ,n;ocTHI'JIO 6H sHatiemm , 

cooTBeTCTBy!<ll1ero sa,n;aHHo:H sHepr:mr sJKeKUHH C3xc ,rrosTOMY: 

t9m 
Hm = 300p [ 1- cos cu (ITT"- ?.'/2)] 

3a O.IJ:HH o6opoT 'tffi.CTHne B cpe~eM rrepe~eTCR: sHeprrui:: 
cteCt) 

Ll E3a
9 
(t) = eVp(t)cos % =err-Ts+ t.eu3n (t), 

MK, rro,n;cTaBRB 3HatieHM c(t) H !::. Cu311.(t): 

e 88,5 4 4 
!::i. 3ag(t)= E.rn Ts~sLncut+p- em (1-c~scut) , 

(I,3) 

(I,4) 

r,n;e: Vp (t)- cyMMapHM a.MII.Jll!TY.n;a Han:pIDKeHWi Ha pesoHaToµuc, 

Ts - rrepHo,n; 06P81!1eHIDI tiacTHn, 

f .s - paBHOB0CHM qasa, 

Em=300p Hrn- MaRCHMaJII>Hoe 3HatieHHe sHeprnH ycxopeHHHX tiacTHn. 

YpaBHe1me (I, 4) crrpa.Be,n;;moo ,D;.7.tff · 3HatieHHtt yrJIOB, JleJK.alllKX B 

HHT0pBaJI0 0 < t < t I< (pHC. I j. Ha YtJ:aCTKe IlJIOCKOi!: Bepmm!H llpH 
7: 

tK < t < 2 t gy ' KOr~ MarHHTHOe nOJie OCTa0TCf.I ITOCTOR.HHHM H ycxope-

HH0 OTCYTCTByeT, rrepe~Ba0Maff 3HeprIDI orrpe,n;eJµIeTCH TOJll>KO ~­

IniOHHHMR ITOT0p.IDIM! 

L\C3a
9
.tt) = s;,s €~ ( 1- cos u:'tK) 4 , (I,5) 

r,n;e BpeMJI tK COOTB0TCTBye~ HatiaJYy nJIOCKOi!: BeplIIRHH. 

MomHOCTI>, rroTpe6J!HeMaJI nytIKoM: 

b. eaag(t) 
Pn~a lt) = In e ' (I,6) 

r,n;e In - TOR JJ,HPKYJ!HPYIO!llero rrytIRa. 

h 

11 

II 

I 

Pp~, Pnw [kBm] 
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rrpH lf:B1X M0TO,WU: ~OpMHpOBaHHJ:I l1JIOCKOi!: B0p!Jl:l!:Hll 
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MI'HOB6HHBJI MOll1HOCTb ' Tepa:eMaJI B CTeHRaX pe30HaTOpoB: 

Prea( t) :: 
A c~ag (t) 

(I, 7) KA€.ffag.(t)1 2 N Rw cos2 ~s e 2 

r;o;e N - 'IHCJIO peaoHaTopoB, Rut - UWHTOBOe conpoTHBJlemie. 

Cpe.nime 3HB.'!eHIDI MOll1HOCTeil: p:tBHH: 

1 
T T 

Ppea. = T 5 f1,e3.(t)dt = Kf Jei.E.~a9.(t)dt, 
0 0 

(I,8) 

- 1 T f I 

Pn~~ =Ti Pn!!•Jt)dt =- e ~/nAE309.(t)dt. 
0 

(I ,9) 

Il()JtOTaBHB B STH yp:tBH0Hl!Ji 3Ha'!0Kl'Lf[ A C3a9.(t) H3 (I_,4) H 

~ MOntHOCTb, pacxO,JJy6MYIO 3a BpeMR: IIJIOCROtt Bepmmm, IlOJ!Y-

"llM: 

{ 

<Jr-t/i?. 88 5 
Ppes.= Kf f [em TsCc>SLnwt i- p I e~ (1-cos<Ut/J~t T 

• . (I.IO) 
f/(+ Z/2 o 

+ S [ ~'5 E~ ( 1- cos 4)t)4 ]
2'dt " 

'!r-?./2 

- ~-?./i?. 88,5 4 4 
P"!!z"'fin/e{f [EmT5 wsLnwt+--p-Em(1-cos(t)t) ]cit+ 

o (I.II) 
{ rr+t/e 88,5 4 4 

+y ( [ -:p em ( 1-coscut) ] dt._ 
Jsr-t/e 

06osHa~: cm Ts W1 = a 1 ; !IT- ?:/2 = tx. ; 
I I ea,5 4 88,5 14 I 

em Tscoa;::ct.1; p--Em =C12; p-em =aa , 
H Y'lll'l'HMJI, "JTO B Te'leHHe IL1lOOKOA BepllllilllH IIOTepl'I :ea H3JJY'18HJ1e 

OOTall'l'OJI IlOOTORJDIHMH, IlOJXylmM OROH'!a.TeJibHO CJie,llylJUIHe BupaJJteHlm 

,ltJll'I onpe,neJiemm cpe~ela MOUIHOCTH, IlOTpe6JV:l:eMOi IJY'!KOM, H cpe.u;-
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Heil: MOlllHOCTK, TepF.reMO:li B CTeHKa.X pe30HaTOpOB, rrpK '1IJ3yx MeTo.n:ax 

!f>opvmpOBalfRf! IIJlOCRO:ll: Bepunurn MarHKTHOro IlOJ!II: 

{ 

tK 

Pn~2 = fin ~[a 1 sLnQ1t+a2 (1•cosc.:i1t)4Jdt+i"Llcu311.'t'}; (I,12) 

{ 

tt< 

Pn:i =-if ) [a~sLnCJ2t + a~(1-cosU)zt) 4]dt + ~ Lltt13Jl.'·t}; (1 ,I3) 
0 

Pp;3 = l<f { r[a1 sinc.)1t + a2 ( 1-cosc..:i,t)4]2dt +Llc~n·'C'} ; (I.I4) 
0 

tK 

Pp~3 = 1<.f { ~ [a;si.nc..>zt +a~(1-cosc.:>et) 4]2dt+4c~311 ·t'}. (1,15) 
0 

3aMeTKM, 'llTO IlO)UIB!IT0rpa.Jll>HOe Blipl.JKeHKe B nepBO:li '!a.CTK Bl:l­

pru1temtll (I.12) - (I.15) rrpe.n:CTaBJllleT co6o:ll: TY 'll3.CTb cpe.n:Heli MO!Il­

HOCTR, KOTOpafl ll,I(eT Ha YBeJIHtieHKe sHeprKH '!aCTKU II KOMIIeHcaUHKl 

~oHHI:lx noTepb sHepI'liK B rrpouecce u;m<.na ycKopeHHJI, a BTO­

poe CJJ.araeMoe xapaKTepIIsyeT MOlllHOCTb, H.IJ:YmYKl TOJibRO Ha KOMileH­

ca.u;HIO IlOT6Pb sHeprKII Ha II3JJY'!eHKe B Te'!eHKe ILJIOCRO:ll: BepumH!:l. 

!Io cI>oPMYJiaM (I.12) - (1.15) onpe.n:eJieH!:l GHa'!eHIIR cpe.n:Heiii MOlll* 

HOCTK )J,.7IJI pi3Jll'Ililll:lX pe'1tll:MOB piOOT!:l YCROpll:TeJt!I. PesyJibTaT!:l BH'IBC­

~eHII:ll: I!pKBO,D;!ITCff B Ta6JI.I.Ha OCHO:Balil!li 3TlIX .IJillllil:lX IlOCTPOeH!:l 

t'pacJ'?lIRII H3MeHeHWI MOlllHOCTK B Te'l!eHIIe u;m<Jia .IJ:JllI -,rr;syx MeTO.IJ:OB tl>OP­
t.mpoBaHIDI ILJIOCROH Bep!IKH!:l rrpII sHeprIIH E. 3>!( = 6 raB (pnc. 2). 

I'paqJKitli Il0Ra3l:lBalOT' "tlTO IIPII !f>opMIIpOBa.HID! nJIOCKOH BeplIIl'IH!:l 

l>cpesrurn:eM" Bepunnru CmtyCOH,IJ;ll c yBeJm'l!eHKeM H m pacTeT mmo­

"laJI MOlllHOCTb, "tITO o6yCJioBJieHo CpaBHIITeJ!bHO 60Jiee Bl:lCOKHM TeMnoM 

fCitOpemtfi, 0,IJ;Ha.RO cpe,I(HR'JI MO!InIOCTb yMeHbll!B.eTC.A:, TaR RaR npn 

peJI!d'!eHHII H rn II rrpoII3BO~oli noM coRp:tl$.eTC.A: BpeM.A: ycxopeHIDi. 

IO 

8To, B CBOIO O'l!epe.n:b, Ilpll:BO.IJ:KT K YMeHbllleHHIO aMlJJilITy.IJ; pa,n;1mJibHHX 

KOJie6aHIIH, KOTOpl:le paCRa'!KBa.IOTC.A: K3-sa RBaHTOBoro xapaKTepa 

II3Jzy'l!eHWI, 

Pac'l!eT!:l IIORa3l:lBa!OT, '!TO B IIPHHUHIIe MOJKHO .IJ;OOKTbC!I SHatraTeJlbj­

HOro yMeHbmeHII.A: IlOTpe6J11IeMo:ll: cpe,IJ;Heli MOll{HOCTK B~ - IIKTaID'LfI rry­

TeM YBeJ1Htiemm B .n;onycTKM!:lx rrpe.n;eJiaX MaRCHMaJibHoro SHa'l!eHII.A: 

ynpaBJI.fI!Omero MarHKTHoro IIOJIII. Tait, HarrpHMep, KaK cJie.n;yeT KS 

Ta~' B MaRCKMa.JihHO .n;orryCTKMOM ,JJ.71.i CHCreMl:l IIKTaHWI pel!GrMe 

pa6oT!:l npn H rn = IO, 6 R8 sROHOMIDI no cpe,IJ;Heft MOlllHOCTH rrpII 

tPoPMKPOBaHKK IIJ!OCROH BeplI!l'IH!:l IIO BTOPOMY MeTo.n;y no cpa:aHeHKIO c 

nepB!:lM COCTaBJl.ffeT OROJIO 24% IIPK ,IT,JIKTeJibHOCTII IlJIOCROil: BeplI!l'IH!:l 

1;' = 3 MC K 3Heprll:R 6 rsB, IlpK STOM BpeM!I YCKOpeHHSI COCTaBJIJieT 

90,7%. Cpe,I(H.!Ill MOlllHOCTb, noTpe6Jmemsi: rrytmoM np:e: nepBOM MeTo.n:e 

tPoPMJ.IPOBaHH!I IIJIOCKOtt BePII!l'IH!:l, OOJ!bllle, "tleM rrp:e: BTOpOM - Ha 30% 
np:e: ,Il;JIRTeJlbHOCTK IIJiaTO 3 MC. 

IlpoBe.n;eHHoe IIcCJie.n;oBaH:e:e nosooJ11IeT c.n;eJiaTb SaKJIKJ'l!eHHe o TOM, 

'ITO c ueJ!b~ SKOHOMKK cpe,IJ;Hett MO~HOCTK Bq - IllITaPIH.A: UeJiecoo6-

pa3HO tPoPMJ.IPOBaHKe IIJIOCKOil: Bepl.llKH!:l MarHKTHOro IlOJIII ocymecTBJl.ffTb 

MeTO.IJ:OM "cpesaHII.A:" BepmnH!:l CIIHyCOH,IJ;ll, 

2. Ilo,IJ,a.BJieHIIe nepexo.n;HHx rrpoueccoB rrp:e: KSMeHemm: 

Ma.rHHTHOro ITOJI!I B MOMeHT nepexo.n;a Ha IIJlaTO 

Oco6eHHOCTb~ \PQpMKpoBaHIIR ILJiocRoli Bepunrnl:l MarHHTHoro IIOJI.A: 

I 

MeTO.IJ:OM "cpesaHM" Bepuimrn ClIHyCO~l:l .A:BJIIIeTC.A: pe3KOe KSMeHeHKe 

npOH3BO.IJ:HOil: MarHKTHOro IIOJI!I B MOMeHT ero nepexo.n;a B pellrn:M :rmaTo. 

8TO 06CTO!IT0JlbCTBO o6yCJiaBlIKBlleT He06XO.IJ:KMOCTb MrHOBeHHoro 

c6poca YCKOPfilOlllero HaIIpiD!teHK.A: B MOMeHT Ha"IaJia !f>opr,rnpOBaHIDi f!JIOC-
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I 

KOH BepmHHH .IJ:O ypoBHR, He06XO.D;HMOro ,IT,7IR B03MemeHIDI ITOTepb 3Hep­

I'HH 'la.CT~ Ha H3Jiy'leHHe, O~aKo B pea.JibHOM pesoHaTope YMeHbme­

:ime HarrpSJ.llteHIDI IIIJOHCXO~T ITO 3aKOJiy, orrpe.IJ:e.Jli!eMOMy IIOCTORHHO~ 

BpeMeHR pe3oHaTopa: 

r,IJ;e 

-6t 
Up= Llo + U1 e , (2.I) 

Uo + U1 - Harrp.IDKeHRe, Heo6xo~oe B KOHU;e :u;ruura ycxopeHHR 

;rr.ruI ROMIIeHcau;HH rroTepb Ha H3Jiy'leHHe H o6ecrre'leHHe 

rrp;i:pocTa sHeprHH s~exTpoHa. 

C~e.D;OBaT~Ho, aa BpeMR crra,n;a MO.IJY.JIRil;liOHHOH KIJHBOli .IJ:O ycTa­

HOBHBmeroCR 3Ha'leHRR, a~TY.D:H B1I - HarrpmKeHRR 6y;oyT rrpeBH­

UJaTb paBHOBecHoe 3Ha'leHHe, rrosTOMY rrpH rrpoxoJK,D;eHHl'I ycKopmomero 

IIpoMeJKYTKa B paBHOBeCHOtt <Paae ~s 'laCTHIJ;li IIOJIY'la T rrpHpame­

mre sHeprHH 6o~mee, '!eM HYJKHO ;rr.ruI paBHOBecHoro .IJ:BIDKemm. 3To 

rrpHBe.IJ:eT K B03HRKHOBeHHTO cmrxpoTpoHHHX KMe6a.mll1: 3HeprID!, pa­

~ca, <Pa.SH H 'laCTOTH o6µ:uqeHRR 'la.CT~ BOKpyr HX paBHOBeCHWC 

3Ha'!e:Hlrlt ('I ] . 
Ha YCTOit'!RBOCTb .D:BmiteHIDI -cra.CTHU B rrpouecce !PopMHpoBaHHR 

nnoma.n;Im OKa3HBaRY!' ~mrne TaroKe BHCOKO-cra.CTOTHHe KMe6aHRR, 

B03HRKaIDIItlie B rro~e 3~eKTp0Ma.I'HHTa B MOMeHT KOMMYTau;HH THpHCTOp­

HHX Mro'leH. 3TH KO~e6aR'Ul BH3B8.HH TeM, 'ITO 3aKOpa'IHBaHHe KOH­

,IJ;eHcaTopHHX 6aTapeli ocymecTBJIHeTCR He I!pH Hy~eBOM Harrp.IDKeHHH 

Ha peSOHaHCHOM KOHzype. 

()qeBJif;WiO, 'ITO ;rr.ruI j'MeHbllieHK!! a~TY.D: CHHXp0TPOHHHX KO~e-

6a.H:ml: B ,b,aHHOM CJiy'lae Heo6xo~ B03.D;eHCTBOBaTb Ha xapaKTep 

H3MeHeHRR MaI'HHTHOrO ITOJI.f! B MOMeHT !PoPMHp0BaHRR ILJIOCKOH Be:prnH­

Hl:l' TaK, 'fl'o6H o6ecrre'IHTb IIJia.BHHH rrepexo.D; IIOJI.f! Ha IIJia.To. 
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.llJr.R: 3TOro Tpe6yeTCR, 'IT06H crra,n; Harrp.RllteHIDI Ha 3~eKTpOMarHHTe 

.D;O HY~ c MOMeHTa t = 0 Ha'la.Jia qK>µ.rnpOBaHHR ILJIOCKOH Bepll!HHH 

rrpOHCXO~ ITO 3KCilOHeHTe B Te'!eHHe IIOPR.IJ:Ka U,I MC, 3To BpeMR 

rrpH6Jm3HTe~HO COOTBeTCTBYeT ~Te~HOCTH rrpoTeKaHHR rrepeXO.D;HO­

ro rrpouecca rrpH c6poce B1I - HarrpsDKeHIDI B KOHue u;m<JI8. ycKopeHIDI. 

c 3TOH ue~bID rroc~e.IJ:OBaTe~HO c THpHCTOPHHMH KJI!O'laMH IIO.IJ:MK>­

-cra.IOTCR Haca:maIDIItlieCR HH.D:YKTHBHOCTH. JLnR o6ecrre'leHIDI sa,n;aHHoit KPH­

BOH HSMeHeHHR HarrpmKeHIDI s~eKTpoMarHHTa HaCHllfi~CR .IJ:pocce.nb 

~OJil!teH xapaKTePR30BaTbCR COOTBeTCTBYKl!1eH 3aBHCHMOCTbID ITOTOKa OT 

TOKa [4] . B 3TOM CJiyllae cxeMa aaMemeHHR rpyIIITH peaoHaHCHoro 

KOHzypa rrpHHHMaeT BR,IJ;: 

L Lg Uo -
LH 

LM LM • 

Pnc.3 3:Kal1IB8JieHTHWI cxeMa° rpyIIIIH pesoHaHcHoro 
KOHTYpa 

s,IJ;ecb L H - HaCHlllaro~cR RH.IJYKTHBHOCTb. 

CooTHomemi:e Be.JIH'IHH HH,!JYRTHBHocTeft L H H La TaKoBo, 'ITO 

B MOM8HT OTKPHBaHHH Tl'IPHCTOPHHX M!O'Ieli I!pE:pOCT TOKa B ueIIH 

Ltt HeaHa'IHTeJieH, Ma.ro.IJ:apR 'ISMY H3MeHeHHe !PoPMH KPRBOH TOKa 

M8KTPOMaI'HHTa. Taroite He3Ha'IHTe~HO. YpaBHeHHe, OIIHCHBaK1116e K3-

tJieHeHHe TOKa 3~eKTpoMaI'HRTa rrp:e: cpa6aTHBaHRH TE:pHCTOpHHX KJOO'leli, 

IDl!eeT BH'A: 
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dLM 
dt 

:: 

· z dL 
Uo ( LH- Lg)+ L.;9 d.t 

(2.2) 
LH(LM+L9) 

Ka.x BH;n;HM, rrpH 3Ha'lel00ix LH » L9 rro.eytraeM yCJIOBHe IIJia.BHo­

ro H3MeHeHHR TOI<a 3~6KTpoMarHKTa B MOMeHT OTKp!:lBaHRH THPHOTOP­

HIDC MIO'leit. 

3. IloTepH sHepnm B KOHTYpe MeKTpOMarFmTa. rrpH 

il>oPMpOBaHHH ITJIOCKOH Bep!JilillH MlI'HHTHOro ITOJllI 

IlPH pa6oTe CHCTeM!i ITHTaHHR MeKTPOMarHHTa B peJKHMe c ITJIOC­

(OH Bepll1KHott MlrHHTHOro ITOJLR: YCTaJIO:mmm:e:ecsr 3Ha'leHWI HaITp.f.CKeimil: 

~ TOROB B OT;n;eJIDHHX ySJiaX pe30HaHCHOro KOHTypa OT~'l:!alOTCR: OT 

3Ha'leHHtt rrpH o6!l'lHOM peJJGIMe pa6oT!l. B c.eytrae iix>J>MHPOBaHHll: ITJioc­

xoil: BepllllUl!i MeTO;D;OM ";n;o6aMeHIDI" ITJIOCKoro Y'laCTKa R Bepnnrne CH­

HYCOlI,JJ;N IIOJllI ITpOHCXO;n;HT Ta.Iute H3MeHeHl'!e lJaCTOT!i JJ;!IBJIOB yCROpe­

HR!l: , Il03TOMy ;D;JllI COXpaHeHHR ee, paBHOH 50 ~. ITpH ,JJ;JmTe.Jll>HOCTH 

ITJIOCKOH BepllllUll:l 4 MC, pe30HaHCH!ili KOHTYP ;n;oJDKeH 6!iTI> nepecTpoeH 

Ha lffi.CTOTY 62, 5 rn;. Bee 3TH H3MeHeHlm IlpHBO.D;ffT K OTMOHemmM 

3HepreTH'!ecxoro peJKHMa CHCTeM!l ITHTaHl!fI H c Te:JCIIKK0-3KOHOMH'!eC­

KOH TO'IKH 3peHHR BllCTyITa!OT ;n;orro~T~I>HliMH KpHTepHffM!I rrpH BH60-

pe OIT~Horo crroco6a ipopM11poBaIDi.fI ITJIOCKO:li BeplllliHH. 

PactJeT ITOTepI> MOlllHOCTH B CH~OBHX n;ewrx CHCTeM!i ITHTaHWI rrpo­

H3Be;n;eM IlpH .IJ:ByX MeTo;n;ax iix>PMJ.iPOBaHIDI Il~OCKOR BeplllHH!i. 

UepBHtt MeTo;n;: cI>opl'.-m:pomIDie IIJiocxott Bepmmrn ";n;o6~eHHeM" ITJioc­

Roro Y'laCTKa K BepmHHe CHHYCOH,IJ;H (saxopatra:BaHHe KOH;n;eHCaTOpHHX 

6aTapett pesoHaHCHoro KORTypa). 

.ll;eil:cTByBJ11ee 3Ha'leHHe TOR.a B a~eRTpoM3.I'HHTe B pem:KMe c ITJIOC· 
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KOH :eepm:mi:oil: cRJia,!(HBaeTCR H3 TpeX COCTaBJlfloqRX: ;n;ettCTBylOlllero 

TORa ;n;o H rroCJie ILJIOCKOtt BeplllHHH H TORa sa BpeMH IIJIOCKOH BepmH­

Hli: 

IM1 = 
_1 _r (/2 2 T/z+e' z 
T+7: L2 J. (In-ImcOSCtJot)at+S. (ln+Im)C:Lt] , (3.1) 

o T/2 

r.n:e Im - aMIJJIHTY;n;a nepeMeHHO:lt cocTaBJJJmlleii Toxa aJiexTpoMa.l'-

HliITa, 

In - IIOCTOSIHHaSI COCTaBJJ.SI!JIIM TOKa, 

~ - ,JJ;JmTeJU,HOCTI> IIJIOCKOH BepmmI!i. 

IIpH Im ::. In rro.r.y'!HM 

/3+BcL ' 
IM1 =In"~+<£ l ' 

r;n;e ol = 't" /T 

(3.2) 

AHa.nOI'R'lH!iM nyTeM onpe;n;eJiiieTCR ;n;eliCTByKl!IRii TOK peaxTopa: 

I 
-j-1 __ [ ___ 1 __ f/e______ 

2 
T/e+"t z. ' 

p1- T+'t" 2 (In+Impcosc.Jot) dt t- ( lln-Im) dt] , 
0 l* 

(3.3) 

r;n;e Imp - aMIT.JmTY;n;a TOR.a pea.KTopa. 

Tax RaK pea.KTOp!:l H MarHHT!i no OTHOII16HK~ K ROH,IJ;eHcaTOpHOH 

6aTapee BKJill'leHH napa.JIJieJII>HO, TO BeJIH'lHH!i TOKOB B HliX o6paTHO 

rrponop!JIIOHB.JII>Hl:l OTHOlli6HHKJ me :im,eyKTHBHOCTei! J3 = t; , Tor;n;a HS 

(3.2) c ytieTOM In= Im IIOJl'Y"'IllM 

j 1 ~ [ 51:/2. T/z+'l: I 

Ip1 = T+'l: 2 (1+.f3COSU)ot/dt + ( (1-.[3)2dt] , 
0 J.r12 

(3.4) 
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OTey,n;a 

- 12 +.[32+cL(1-.{3)2 
Ip1-I11...t-" c(1+cL) (3.5) 

IlpoH3Be,n;eM o~eHKy li3MeHeHHi1 ITOTepn aRTKBHOH MOIIIHOCTH ITIJH 

paCCMaTPHBaeMOM MeTo,n;e qopirnpo:BaHRiI ILJIOCKOH BepmHH!:l no OTHome­

HH!O K 06I:fl!HOMY peJKH:My. 

OcHOBHHe IlOTepH aKTHBHOfi MOlllHOCTl'I B pe30HaHCHOM KOHType 

CKJia,IJ;blBa~TCR H3 IlOTepn B M3.I'HRTax H peaKTOpax: 

P, = P1M + P1P = I~1 "tM + I~1 "lp J 

r.n;e (.M H 'tp - COIIpoTHBJiemm IlOCTORHHOMY TORY 

MarHHTOB R peaKTOpoB. 

Ilo,n;cTaBHB 3Ha"ieHRJl'. TOKOB H3 (3.1) li (3.5) 

2. 3+8c£. 2 2+.f3 2+cl(1-J3) 2 

F;=In'ZM 2(1+ci.)+ln7.p 2(1+o{) ' 

OTey,n;a 
2. 

P1 = 
1:r-1·+~~ {3+Bol+~[2+J3 2 +cl(1-J3) 2Jy , 

r.n;e ~ = '2p /7-M 

(3.6) 

06MOTOK 

(3.7) 

(3.8) 

.Il.nH EpeBaHCKOro CHHXpoTpoHa 3Ha~emm .n;eficTByKfllHX TOKOB H 

IlOTepn aRTHBHOfi MOlllHOCTH, Bwm:c~eHHHe no iiJoPMYJiaM (3.2), (3.5) 

H (3.8) paBHH: 

a) B 06I:fl!HOM PeJ!IHMe pa60TH CHCTeMH IlHTaHIDI, 6e3 ILJIOCKOH Beplllll-
1 

RH rrpli cl= 0 , J3 = 3 H ~ = 1,6 

IM=1,23In· Ifi=1,03In; P=3,18I~ZM · 
) 1 

6) B peJmMe c MOCKOH Bepmmrott rrpli ol = o, 2 ) fl= 3 ~ ~ = 1, 6 

IM1 :.1,38In , Ip1 =o,95In , P1 =3AI~ "l,., . 
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Hs no.rryqeIDWx pesyJibTaTOB CJie.n:yeT, "iTO IIpR lf>opMKpommm 

IJJIOCKOH BeplllliHH M0T0,1l;OM ",n;o6BBJieHHH" IJJIOCKOro yoqacTRa R Bepzm­

He c:mrycol'!,IJ;!l .n;ettcT:By'DllID!: TOK B SJieKTpOMarHKTe no OTHOmeHRD K 

o6H"iHOMY peJKHMY y:se.JmtIHBaeTca Ha 15%, a B peaKTOpe y-MeRnmaeTCH ' 

Ha 5%. Pa3JIK<mlifi xapaKTep l'l'.3MeHeHHH TOKOB oOMCHHeTCH TeM,'IJTO 

rrepeMeHHaa COCTa.BJIJD)II\al! TORa B s~eKTpoMarHHTe H TOK B peaKTOpe 

li3Me~TCR B rrpoTHBO<Iase. 

YBeJmlleHHe IIOTepi:. aKTKBHott MOIIlHOCTH IIO OTHOmemm R o6H"iH~ 

MY peDMY COCTa.BJIR:eT "'1~. 0,n;Ha.KO CJie.n:yeT yoqecT:& Taltllt0 CYM­

Ma,PHHe IlOTepH B .n;onoJIHHTeJU.HOM o6opy.n;ommm CHCTeMH IJJIOCROtt 

BepillHHH: B TlipliCTOpmiX KJOO-qa){ H B CHCTeMe me 3armpaHRf!, .n;o6a­

BO"iHHX .n;poccMHX; Ka6MHX lt ,n;p •• COCTa.BJVmllH0 nopH,ItRa I~ OT 

aKTHBHOfi MOJllHOCTl'I CHCTeM!l IlliTa.HRH. Taxm.i o6pasoM, o6mee y:BemI­

'q0HKe aKTHBHHX llOTepi:. COCTa:BJlf{eT B aTOM c.n:yoqae ORO~O 20%. 
BTopott MeTo,n;: "Cpe3alme" Bepllllllll:l CHHyCOH~ Mal'HltTHOro noJIR: 

(SaKOJll:1,qlIB8Hlle IIOCJ10,1l;OBaT0Jll>HO BKJil)'q0HHHX KOH.n;eHCaTOpHott 6a· 

TapeH 1I ,I(OllOJIHBTeJ.ll.HOtt HH;ZtYKTHBHOCTH ) • 

B O'l'JIH"iHe OT nepooro MeTo,n;a <lX>INHPOBa.Hl'rH ILmTO 13 aTOM CJIY­

'tJ.a0 pe30lUlllCHaH 'IRCTOTa KOH~ J8BHa 50 ~. a · aM!IJIH'!'y,n;a rrepe­

MeHHott COCTaBJ.UDJllel H Be.IDI"il!.'.HB. IloCTOBHHOI COCTaBJlffD!lmi TOKa 

y:BeJIH'l!lIBaeTCH .l{O: 3Ha"i0HKH, Ilpl! ROTOpOM o6ecrre"iHBaeTCR B03MOllt­

HOCTJ> qiop.mpo:samm llJIOCKOit BeplllHBH Tpe6yeMoi!: M:e:Te~HOCTH Ha 

yp<mHe IIOJlll, COOTBeTCTBYIJlleM sa.zta.HHO:li 9Hepnra yCKOpeHH!:lX 'IRCTH: 

Blipaaemre ~ .n;elC'l'BYDll0I'O TOKa B MeKTp<>MarEHT8 B aTOM 

CJIYClB.0 HMe6T mt.It: 

(3.9 1 r z 1/e,(r-T:J z 1/2.(T+r:) ~ 
IMa=J TL2K S (In-lmCOS(&)ot) d.t+ S (In+Im) dt] , 

o 1/er:r·t) 



rum 

1 17e~-o<.) T/2(1+«.) 

IMe =.I T [2K 2 S In ( 1-cosc.:>ot/dt + f 4I~ dt] , 
o T/Z(hL) 

(3.IO) 

OTey.n;a 

IM2 =-In\./ K2 
[ f (1-c{)- ~ si.ng/°(1-d.) + 4

1
grsi.n 29T(1-d.)] +4c:l , (3.II) 

r.n:e 
2 

K::. cos sra.+ 1 - Kos~eHT, oITpe.n:eJifftan:Htt OTHomeHHe 

MaKCHMa.Jll,HOro ITOJIJI K ITO~ID Ha ypOBHe 

ll~OCKOtt Bepll!llllH. 

~elicTByiJilHit TOK peaKTOpa 

-f l/Z(T-'t} 1/Z(T+1:) 

lpz::.J -,=-[2 J K2 (In+Irnp·cosu>.tfdt t-S K2 (In-Ipfdt] 
0 1/2 (f-'1;) 

(3.I2) 

HJm: 

~ Ka I~ T/z(t-o(.) T/2(1+<1..) 

l.p2= J ---:r-[2J (1 + pcosc.)ot/d.t + l (f-.13/dt] 
O T/2(1-tJ.) 

(3.I3) 

OTK,y.n;a 

.13 2 e..J3 fo 2 
2 

lp2 =Kin J ( 1 + y)(1-d..)+ g:rsLnST(h:i )+ 41/"sLn2g'f(1-ct..)+cl(1-j3) ;<3 .I4) 

IloTepH aKTKBHO:fi MOil1HOCTH, K8.K H B rrpe.n;HJJ;YllleM c.ny~e ' 

P2 = P2M + P2p = 1~2 """ + I~e Zp. 

flo.n:cTaBHM 3Ha'!eHIDI TOKOB H3 (3.II) H (3.14): 

IB 

Pa= I~ i,., { K2 
[ ~ (1-ci.)-i sirt9T(h:£.) t- 4~sin 2!T(1-c{)] +4~ J t-
fta 2J3 e 

+K2I~7..p[(t+e-)(1-ci)+ ~ si.n91(1-d.)+ :sr s'n25T(1-cl)+ (3.I5) 

+cl(1-J3f]' 

OTicy.D:a 

Pe= K 2I~ zM {G (1-c£)(3+c:i+~J3)+ 0." +~cl (1-fof]­

-i [(1-d'fo)si.n91(1-cl)- ~ (1+J'i)si.n2ST(1-<:l)]}. 
(3.16) 

1 
,lI.7J.R: Epe:sa.HCKOro cmncpoTpoHa ITPR ol• o, 2 ' p- 3 , ~ : 1, 6 H 

K=1,f ITO clJoP?.\YJJaM (3.II), (3.I4) H (3.I6) ITOJiy'IRM: 

IM2 = f13In , Ipa = 1, 1 In , Pz = 3,7I~ ZM , 

T.e. IIpH clJopMKPOBamm MOCKOil Bepnnnrn MeTO.D:OM "cpe3aHIDJ11 Bep­

nnnru CHHYCOH,Il;H .n:ettcTByIO~ee 3Ha'!eHHe TOKB. j'Be.JIH'IKBaeTCR ITO OT­

HOllleHJnO K 06l:l'1HOMY peJmMy: B MeKTpOMarHHTe - Ha II%, B peaR­

TOpa.x - Ha IO%. 
YBeJIK~eHHe noTeph MOll\HOCTH COCTaBJiffeT B 3TOM CJiy'!ae I~. a 

c y~eTOM noTeph B .D:OITOJIHl'!TeJIDHOM o6opy.n;OBlllUW MOCRO~ BepUMHH -

- 25%. 

PeayJ!l>TaTl:l, ITOJiy'!emrne ;rI,1IR. EpeBa.HcKoro cwrx:poTpoHa, ITp:l!BO­

.wITCSI B Ta6JI.2, OTKy.D:a Me.n:yeT, 'ITO B o6omc BapHB.HTax cpopMl!po­

BaH!!U! MOCKOtt BeplllHHl:l ITpoHCXO.n;HT j'BeJIRlleHHe llOTeph aKTRBHOtt 

MO!qHOCTK: Ha I9% - npH rrep:sOM MeTo.n:e H Ha 25% - rrpH BTOpoM. 

0THOCHT~hHO He6o.m.maH ~3HHIJ,a B noTep!IX noaBOJIJieT C'IHTaTh,'ITO 
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Ppe3. 

Pn~-z. 

Ppea. 

PnH2: 

Ppea. 

Pn!la. 

MO!llHOCT:r:. B pe- ~e,WIS!lI MO!llHOCTl 
l!IKMe 6es IIJioc- · cp· RBT IIPR MR-
xoii Bepumu1 TeJI:r:.HOCTR WlOC-

RO~ BepmmII:l '?:'ccJ 

Cpe;n;Hml IlmtOBBJi -3 -3 -3 MO!llH OC 'lb MOI!1- · 4.IO 3.IO t2.IO HOCTl> . 
Pnuic.KBT Pc:p.KBT 

340 34,3 102 85 68,5 

90 14 32 27,5 23 

400 22,8 90,5 73,5 56,5 

IOO 8,8. 26,8 22,3 I?,8 

440 18 85,5 68,·5 51,? 

I03 8,09 26,09 2I,09 I?.I 

oROHOMWI ~o Cpe)\Hea M~-
HOCTK ( ) rrpR II CIIOCC 
6e no oTHOlliemm R l 
cnoco6y 

B pen- IlpR MRTeJWiOCTR 
Me 6es 
~oc. 

puHHli 

-

50,3 

59 

90,7 

73,5 

IIJI. BepuHH!i t' (cJ 
-3 -3 -3 

4.10· 3.IO 2.IO 

-

12,7 

20 

I9 

22,2 

-

IS,? 

23,5 

23,8 

30 

H 

H 
l\) 

H . 
H 
CJl 

0 
H 

H 

-

2I 

29 

32 

34,5 

0 

<D 
CJl 

H 

0 

H 

H 

H 
<D 

Tao.mm,a .l 

'"~ewr Ma.Re. 
CROpe saa11e-

BJU[ HB:e 
llOJIR: Cl.1 02 

t [c] H [RS] [a't] [a'2J 

-a 
8.IO 4,37 0,'85 0, 2E! 

' 

8.I0-3 4,9 0,755 0,421 

-~ 
?,I.IO 5,3 0,843 0,66 
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8 
°' 1 
I 
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