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B ~H8HK8 BHCOKHX 8HeprHI noxa eme HeT IlOCJI8,ltOBaT8Jll,HOff TeopHH 

CMLHUX B8aBMO,1teftCTBHit. Jl,na ee CO8,It8.HRR HYZH!i 8KCllepHM8HTaJILHUe 

pe8yJn,TaTH. IIo.nyt1eHHe axcnepHM8HTaJn,HUX pe8yJll,T8TOB RMeeT .Pfl.It 

TPY.ItHOCTett. K HX qucJiy OTHOCHTCH pocT MHOlreCTBeHHOCTH 88.PflE8HHblX 

qaCTHU, qTO CHH:18.8T xaqecTBO H}ipOpMaIUm, no~qaeMott C nyaYpLKOBHX 

KaMep. B xauepy MOllHO .nonycKaTL cTporo orpaHHqerume sarpyaxu • .llmI 

pa8HUX Ka.Mep OHII CBOH • .IJ.na OIITm.nt88IUIH axcnepHMeHTa sarpysxa ,ItOJI

:ma 6HTL ,PaBHOMepHOff OT K8,Ilpa K KMPY, T.K. nycTHe H neperpylleH

HUe lt8,!ij)ll HHKaKOff H.lip()pM8IUIH He HecyT. 

OCY111eCTBHTL ,ItO8Hp0BKy cneIUJaJn,HllM B08MYlll8HHeM op6HTH YCKOpeH

HUX npoTOHOB H KOJJJDIMHp0BaHHeM B'"Krukire He y.naeTCH. 

HaCTORlllalJ pa6oTa llOCBIIWeHa BOllp0CaM paapa6OTKH H CO8,lta.HllUI HM

nyncHUX 6esaeJie8HYX uarHIITOB H HX npRMeHemm npu .ztosHpomte sap11-,,. 
lt8HHYX qacTHU BHCOKHX aueprHfl B nysupLROBHX KaMepax. PaCCMOTpeHU 

I 

BOllp0CY CHJILHOToqHUx CHCTeM llHTa.HRff 8THX M8l'HHTOB. 

,llHccepT~ COCTOHT H3 qeTwpex rJiaB. B nepBOff rJiaBe .ItaH KpaT

RJII o6sop cymecTBYDDIZX CHCT8M ,ItO3Hp0BKH qffCJia qacTmi;. PacCMOTpeHY 

cnoco6Y .ItO3HpoBRJI qacTHU Ha ocHoBe omi:crumwx paHee /3,4,5,6/ H 

OOCTpoeHHUX npB yqacT.IUI aBTOpa l!MllYJILCHUX Mal'HJJITOB. 

Ha nepBOM 3Tane H3yq8JIHCL cnoco6Y KONMYTHp<>BaHHS CHJILHOToq

HUX llMllYJILCOB TOKa. Bwm paCCMOTpeHU BOllpoCH KOMMYTHp0BaHHff BaKY
YMHUMH B Hl'HBTp0HHIWll paspI,JUIHKEIMJI. HccJie,ItOB8JD!CL llOJiyllp0BO,ltHHKO

BYe CMOBHe BeHTIUIJ[ B peDUax HMIJyJILCHUX neperpy3OK no TORY C 

"BYcoruum" dc:jdf. Pa6oTa JtBO.JtOB aH8JIB3BpoBaJiacL B cxeuax c ur

HHTpoHHWIB ,P88pR}UIIIK~ B TmpllC'l'OpaMH. TaK KaR BpeMll .eapacTaHBII 

o6p&THOI llO.lyBO.EIY TOKa B 118.JIOKJJJlYKTBBHOI .earpysxe MORT 6HTL 

Mem,me BpeMeHB 3a:itptlB8.Hllll TBPHCTOpa H '1'8M 6oJiee HrHJITpoHa, TO Qe

necoo6p&3HO HCllOJlLSOBalllle llOCJ18,1(0Ba'1'8.ILHO BKJD>qeHHoro ;ti!O,Ita (H8K0-
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TOplie THIIII ,ItBO.ItOB HMeDT cnoco6HOCTD BOCCTaHaBJIRBaTD 38IlllPSDmRe 

CBOitCTBa aa 0,4 MKC ) • BKJil)'l'.eime ,ItBO~ B cxeMax Ta.KRM cnoco6oM ,, 

II03BOmleT noxyqaTD BeHTHJJl,HOCTD.B o6paTHOM HallpaBJiemm C IIOBl:llllell

HOa qacTOTOH. "3aXB8T" TOKa B Mal'HHTBX ocymecTBJtaeTCJI IIOHYIIp0BO.It

HHKOB!lMR BeHTHJlllMR. Hccxe.n;oBaHa pa6oTa BeHTMeil B cxeMaX c Kpy

TH3HOI HapacTe.HHSI TOKa d,r,/0::.t = l + l,5 KA/MKC Ha B8HTHJII, • 

Pa6oTa ,ItBO.ItOB B napannenbHOM coe~HH8HHH npOBepeHa HI.IIlYRhC6.WI TOKa 

.n;o 100 KA. 

Pa6oTa THPHCTOpoB c 6oJII,mru,m TOKBMR Ha MMOHH,ItyKTHBHHe Ha

rpyaKH cBRaaHa. c Tpy~ocT8WI IIOHYqeHM BllCOKHX dc/d t . KaK apa

Blt7IO, ,nJlll 60JII,llIHHCTBa THllOB THPHCTOpoB B!lCOKHe dt/dt 8BJlllTOTC8 

npa-rmnon, npHBO,wlmen K BllXO.llY H3 CTpo8 p-11--p;n-cTpyitTyptl. J!OKBXD

HOe pacapocTpaHeHHe TOKa npHBO,ItBT K neperpeBY yqacTKOB CTPYKTYPH 

OKOXO aneKTpo,Ita YllPaI3:118!m8 /?/. 0~ HS cnoco60B IIOBlillleHM 

d,/clt B T:e:pHcTopax 6ea TeWioBOro paapymemm sBJ11IeTC8 yBexa

qeHHe aMWIHTY,llll H ·:cKopocTII HapacTrumB ynpaBJiflromero curHaJia. llp:m: 

yBexzqemm TOKa ynpaBJiemta ,ItO 5-20 A co CKOpoCThTO HapaCTa!m8 

30 A/MKC (,n.Jlll TJI-150 6 KJiaCCa) BpeMII aa.nepmm: BKnroqemm THp:e:C-

TOpoB yMem,maeTM .no O, l-0, 2 MKC ,, ,'. JJ;.uJ OT,IteJII,HHX 8K38MllmlpoB aa

.n;epmta CHHlltaeTC8 .ItO 20-30 HC'." • 

, EucTpoe HapaCTrume llpHMOro TOKa qepea THPHCTOp Tpe6yeT CTa-

6HJII,HOCTli BpeMeHH BKXTO'l'.eHl!Ul, qTo oco6eHHO Ba:tHO npH napaxxeJII,HOM 

BKJil)qemm THPHCTOpoB. Pas6poc BpeMeBR ,ltOCTHraeT HeCKOJII,KJ!X MKC8K, 

qTO He.n;onycTllMO npH pa6oTe BeHTll.Jlll C 60XhlllHMR neperpy3K8Ml!. 

YnpaBJieHHe RMnyJII,COM c ,llJIHTeXhHOCThTO nepe~ero ~poHTa 50 RC H 

aMWIHTY.ltOH 20 A cmtim.eT paa6poc BKJDJ'lemta .no IO + I5 HC ,. 

B peayX»TaTe HCCX8,ItOBaHH8 yCTaHOM8HO, trro ~a o6ecneqemm 

HOpM8.lll,HOH pa60Tli THpHCTOpoB B l!IMnyJII,CHHX peDMaX C 60Jil,lllRMH 
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neperpy3K8MH no TOKY JteXBTSJII,HO HCllOX»30BaHHe CXSM C 3aXBSTOM TO

Ka B ltHltYKTHBHOtt HarpyaKe. TaKHe CX8Mli o6ecnetraB8JlT O~OllOJlllpHHtt 

pelKHM pa60TH. IlpH 8TOM JlaBHHHHe TRPHCTOpli TJI-150 BH,D;ep:imBaK>T RM

llYJII,Cli c dt/dt = 2 KA/MKc · . .ItXHTem;aocT»ro 30-50 MKC : • Tapnc

TOp np.u 8TOM Bl{XTOqaeTC8 O,ItBH paa qei:ea 7 + 8 C • 

B nepool rna:se Ta.Kare paccMaTPHBaTOTC8 cxew .n;Jlll nonyqemm 

MOCKOH B8pn!l!Hl,l TOKa ,ltXHTSJII,HOCThTO 5 MC H C KPYTH3HOlt HapacTaHRff 

1200 A/MKC ,0 

Bo BTopon rnaBe OllHCaH HMnyXhCHHlt 6eazene3HH! MarHRT C CHCTe

MaMH nHTaHB:8 H aneKTpommott,o6ecneim:BaIOmen ynpa.BJieIDie MarHHToM. 

Elixo 003,ItaHO ,ItBe MO,IO!(pl!Ka.nHH MarHHTa. B nepBOlt B KB'l'.8CTBe OT

KXOHffTO!ll8ro ycTpoRCTBa HCllOJII,30BanC8 O~OBHTKOBlllt 6eazene3Hlill KOH

TYP, o6pa30B8HHHH .ltBYMff napannenbHO pacnono%eHHUMH nnoCKHMH illHHaMH 

ceqeIJl!eM 130 x II,6 w/- H ,llJIHROtt 7 M /8/. Ha 8TH lllltHl,l pa3pHlK8.Jll'!Ch 

TPH (H 6oxee) rpynlIII KOH,IteHcaTOpoB, aapazaewx .llO COOTBeTCTByDmRX 

HallpB:&eHl!ft. Bo BTOpon MO.nmpHK~ - llllUW pacceqemi B,ltOJll, TpaeKTO

PHH qaCTim Ha 30 aBTOHOMHliX cerMeRTOB, H30Xl!p0BaHHHX .n;pyr OT .n;py

ra. 3Ta MOltBlPlIKBIUtfl MO:EeT llp:e:M6HIIThC8 KaK .ItXS OTKXOHeHHS "Jl'.HllllmX" 

qaCTim, Tai( H ,nJlll paCKJI8,llKH qaCTim B o~on H3 MOCKOCTeR KaMepa. 

Kaz.ItHa BHTOK llHTaeTCJI OT,CBOett HH.ItHBH,llYBXDROA CHCTew, 'ITO ll03BO

Jl88T BKJmqaTD HX KaK Bee O~OBpeMeHHO, Ta.K.H KaJOtUff OT,lleJII,HO H.Jll! 

rpynnaMH co C,ItBHrOM BO BpeMeRH. 

Ta.Kali CHCTeMa ll03BOJJ:fleT H3M8H8TL KOH!f/Hrypaium llOJIS B nonepeq

HOM ceqeRHH. 

MarHHT pa60TM C nep:e:O,IO!'IHOCThTO 7-8 C • llo.n;6opoM pacnpe.ne

~emm TOKa B BHTKBX ,ItOCTHraeTC8 ,ItOCTaToqRaff o~opo~OCTD MarF;RTHO

ro llOJll! B pa6oqeM o6~BMe. 06i>eM MarHHTHOro llOJlll ,ItnS· o60BX BapHB.H

TOB 6Wl O,IUD!M H T6M :s;e - 7 x 13 x 700 cu8. HallpHJteHIIOCTh MarRHT-
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Horo DOJI!I peryJIHpoBaJIBCI, OT IOO .no 5000 3. MaKCRM8JIJ,HOe 8Ha'l:eime 

DpoH3Be,I1eHRll MarimTHOro DOM Ha ,ItJmHy llpoJieTa '!:BOT~ Hmax' f = ·" 

= 3,5 • 106 3 x CM. TOK B mtTKBX ~opr.mpyeTCH HeCKOJil,KHMH KOH,I1eH

CaTOPHllMH 6aTapesu.m. Pe3ym.THPYJDlll8ll COCTBBJIRDlll8ll TOKa X8paKTepH3Y

eT BeJm'IHHY MarHHTHOro llOJIR B pa6o'l:eM o6~eMe. BKJmqe1me ml:TKOB 

ocymecTBJiffeTCR nporpaMMHHM ycTpOttCTBOM. IT.PH O,I1HOBpeMeHHOM BKJID'l:e

HHH BCBX BHTKOB qJOpMa pe3yJI1,THPYJDmen KPHBOtt 6y.neT DOBTOpRT!, qJOPMY 

KpHBOtt MR O,I1Horo mtTKa. IlpH BKJIJO'l:eHHH ml:TKOB rpynnaMH H no cne

UUaJll,HOff nporpaMMe ~OpMa KPHBOtt 6y.neT, ecTeCTBeHHO, OTJm'l:8Tl,Cff OT 

KPHBOtt MR 0.I1HOro mtTKa. 

)l.mITeJil,HOCTL DJiaTO MarHHTHOro DOM peryJIHpoBaJiac1, OT 4 .no 

7 MC • ,llJmTem,ttocTL nepe,I1Hero qipoHTa - ~ IO MKC • B nepBOtt MO

.nfilPHK8.lUIB qJpoHT COCTaBJI.!'IJI ~ 5 MKC . • B 3KcnepHMeHTax HCDOJil,3yeT

CR BTOPM MO.:mc{IHK!llUtff Mal'HHTB, KBR mm6oJiee ymrnepcaJI1,HM. 

0,zumM H3 KB'l:BCTB MarHHTB, COCTaBJieHHOl'O H3 aBTOHOMH!lX BHTKOB, 

RBJIReTCH IIOJIYqe1me Mal'HRTHHX DOJiett pa3JIH'l:HOff KOH/flHryp~HH B none

pe'l:HOM cetJeHm,. 3a.nBBM nporpaMMHoe npoTeimHHe TOKOB no rpynaaM H 

OT,I1eJILHllM BHTKaM, MOlltHO Me!UITI, ~OPMY HapacTamm TOKa H, COOTBBT

CTBBHHO, Marmi:THOI'O DOJIR. <l»opMa [IQJI.11 MOJ:eT 6HTI, DOCTOSIHHOtt B KBll

,I10M ll}IKJie HJIH H3MeHHTLCR B MOMBHT HapaCTaimll HJIH cna.na TOKa B BHT

Kax. B O,I1HOM H3 peimMOB pa60Tll, Kor.na Bee BHTKH 3BUapaJIJieJieHH, 

ny'l:OK ~OKYCHpyeTCH B O,I1HOH llJIOCKOCTH. 

BKJIJO'l:eHHe mtTKOB no 15 ( qepe3 0,IOiH) C03,I1aeT B03MOXHOC,Tl, .nBOtt

HOl'O BKJIIO'l:eIDIR M8l'HHT8 Ha cnyqaJl pa60TH ny3HPLKOBOtt KBMBPll C .I1BY

MII pacnmpeHMMH 38 UHKJI. MarHHT )lBBEJ;li OTKJIOHRBT nyqoK • .Il.mITeJil,

HOCTI, MBl'HHTHoro IIOJl!J B KBX,llOM OTKJIOHBHHH - ~ 5 MC · ·• 

Pa6oTa MBl'HHTa B TBKOM pe!il'!Me DOK83BHa Ea OCUHJIJ!Ol'pa.MMaX 

pHC. I (a - Ha BepXHeM nyqe DOK838Hll RMIIYJil,Cll nyqKa qacTmi;, Ha-
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llpaBJlll8WX HS nysHpI,KOBYJ) Ka.Mepy; 6 - H8. HDH8M Jf.Y'i8 J!M~JII,()l,I nyq

Ra qacTza;, Ba B8PXH8M - mmym,c 'l'OKa B Mar.HRTe; B - ll,PHXOlt IJ8C'l'l1It 

', n:ytma npepuaeTCS T~, ,ttBY)Gi BlUIJ)IJ8HllfUOI MarmtTa; r - Ha B8P

XH8M ,tylJe npH::XOlt IJSC'l'lllt npepYB88'1'CS HS B,P8Mll ,1telCTBKli Marmt'lHOrO 

no,m, oCSpasyg ltBS MaKOJIMYMa). TSKBe CTyne.lllJaTSe OTltllOHeHHS MOryT 

,ttOCTBraTI, 30 38 BpeKa c6poca qaCTH~ OT ycxopHTBJia. CHCT8K8 

mrraims CMOHTltp0BaHa B 30-TH TJlpHC'l'Op.HHX 6JIORax. clio!)MlilpoBaJme m1-

nym.ca '1'0:Ka B O,IUiOM mtTKe COOTOlilT lil3 H8CKOJ1I,KJIX rpynn KOB,lt8HCa

'l'Op.HHX 6aTapel, paspszaeMHX qepes COOTB8'1'CTBJl)llllle 'l'Hp}ICTOP.Hli8 KJID

'IH. KolJ,lteHCS'l'OpHHe 6a'fape:e:, sapamewe ,ttO COO'l'B8'1'C'l':eyl)ll!IX Hallpff

EeHd, ~!)MlilpYJJT 11epe,1Uid qipoll'l', IIJ18'1'0 H 0118,It HlllIYJII,Ca 'l'OKa. Pas
pa,ttmn1 TOK B 0,IUiOM BH'fKe Hapac'l'a8'1' ,ttO 2000 Asa 0,6 MKC H IIO,tt

,ttepDBa8TCS B T81J8.HH8 5-7 MC • 

BKJmqeime Raz,ItOI IIOC~e,ttj'l)mel rpyllJIH KOB,lt8HOa'l'Op0B 0Cym8CTBJI8-

HO B M8KCJ!MYM8 TORS npe,ml,ltYlllel 6aTapeH. 3'.ro 003,ttaeT YCJIOBJite 6ec

npellSTCTB8HHOro srumpamm 'l'Hp}ICTOp0B_CSes nepesapR,llRll ROB,lt8HC8'1'0-

p0B. Ha CIIa,ttaDlllel qacT:e: TOR B Blt'l'R8 3axBa'l'HBS8TCS MOllUlHMH BUCORO

IJSCTOTHHMH B8HTHJlSMH0 KoB,lt8.HC8TOpH H ROJ.!MYTHPYJ)ll!H8 B8HTWDI paCSo

TaDT B O,IUiOIIOMPHOM ,P8JIJl!M8o IlpH BKJD)IJ8.Bml BC8X 30-TH 6JIOROB TOK B 

MarmtTe ,ttocT:e:raeT 20 KA sa IO-I5 MKC. • Ilp:e: MSKCJlMSJII,HOI sapa,ttKe 

CSaTapel TOR MarHHTa MO:aeT ltOCT:e:raTI> IOO KA. 

B 8RCII8pHM8HT8X IIO ROMMYTHp0B8.HHD JIIMIIYJII,COB 'l'ORa_pemeBU BO-
\. 

Ilp0CH rpyIIIIOBOro coe,ttHHeHHS TltpHCTOp0B co CKOp0CTI,D Hapac'l'aHRS TO-

RS ,tto IOOO A/wr.c .· · Ha up1tcTop. IlpoBe.tteHH pac11em HeoCS:xo,!OIIMOI Ha

ap11:ireHHocTH Mar.HHTHOro IIOJlB H MOmHOCTH IIHTaHRS MarmtTa. PactJe'l' co

r.nacyeTCS C 3KCII8pmt8HTOM • 

YcTaHOBKa MOseT CSHTI. TaKZe npDeHeHa .ltllS paCSom Ha ycKopHTe

.asx H8 COTllll raB. 
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B Tpene:A rJJB.Be paCCMOTP8H 6JIHIJ; - Mar.HHT (9) Hero COBM8CT

HaR paCSoTa C Kl!K8p-MarIDITOM. Ilpne.neHH H8KOTOpHe pesym,TaTH pa60TH 

.ttBYX Mar.HRTOB H8 KaHaJ18 IIp0TOHOB C mmym,0014 69 raB/c. 

E.lm:U-Mar.HRT BHilOJlH8H B Bl'l,lle WIOCKO-IISpaJIJI8Jll,HOro Ilp0THlK8HHOro 

BHTKa,coCTaM8HEOro li3 12-TH 3SIIapap18Jl8HHHX BHTKOB. TpyCStJaTHe 

IIp0BO,ttEHKH COCTaBJlllDT BHTOK c pa60tJHM oCS~eMOM MarHHTHOro IIOJllJ 

2 X !3 X 400 CM3• 

HanpallteHHOCTI, MarEHTHOro DOM Ha OCH peryJmpyeTCS OT IGO .no 

32 • !03 3. J{.na OTKJIOHemm ayqp;a c HMilYJII,COM 70 TuB/c OTKJlOH!lTOmaff 

CilOC06HOCTI, ,ttOCTHraeT f/1naK•f = 12,8 • !063 X CM.·JJ.,m:T8J1I,HOCTI, 

IlOJIS ,ItOCTHraeT B 0,ttEOM HS peDMOB 200 MRC • HMnyJil,C TOKa B Mar.im

Te cpop.mpyeTCS TpeM!I ~8llliMH KOH,tt8HCaTopmi:x 6aTapea. I!epBM CSHCT

paa <'{lopMHpyeT nepe,lllllll <lJpoHT TORS. BTopaa H TpeTM qemt (VOpMH,PYDT 

,IIJ1HT8.lll,HOC'l'I, BMIIY.lll,Ca TORa. CyMMapmi:tt '!'OK KOH,lt8HCSTOP.HHX 6aTapei!, 

38,PS:EeHHHX 71.0 IO KB, KOMMYTHPYeTCH qepes HrHHTpOH H )l;OCTHraeT 

400 RA sa 0,8 - 0,9 MKC • 

Ocmi:uorpaMMa RMIIYJII,Ca 'l'OKa B KHKep-MarHHTe (BepXHKi! xyq) B 

.ItOSHpoBKa ao ,ttBe qaoTHIJ;H (HHmmii .nyq) ltaEH Ha pnc.2a. CMemeHHe 

nyima Il0Jl8M KHK8p-Mar.im:Ta B ropH30HT8Jil,HOi! IlJIOCKOC'l'H C 8Heprnei! 

69 TuB/c Olt838JIOCI, paB.HHM 2 CM H8 6ase 4,7 M, H3M8peHHOit O'l' TOIJI(JI 

:BHXO,na IJSCT~ 113 Marmi:Ta ,ttO H3M8PBT8Jll,HOro IlpH6opa. Ha !)RC. 26 

,ttaH rop;ISOH'l'aJll,Hllit IlpoqlHJil, eyqp;a np:z BKJ1TOIJ8HHOM (eymtTHpoM) H BH

KJmlJ8HHOM (CilJ!OmHM ltpll{BaR) RHK8p-MarHHTe. 

MarHHTBOe IlOJ18 B Rmtep-MarHHTe npH 3'1'0M H3M8pe.HHH lJ.OCTHraJio 

850 re(~,? re Ha I Ax BHTOK). 

Pacnpe,tteJiemi:e IJlilCJia IJSCT~ no IlHRJla.\f IlORaSaHO Ha PRC. 3. Ilo 

OCH a~cc O'l'JIOEeHO IJHCJlO qacT~ B IlHKJ.18, no OCH op,ttllllaT - 'IHCJIO 

~OB (a - 6ea BKJ1TOIJ8Hl'Ui 6.mm-Marmi:Ta, CS - npz BKJIIOIJ8HHOM 6JIHIJ;

MarH11Te). 
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B ?5% IUlltJIOB qe_pe3 RaMepy llp0XO,D;IIT sa,nrumoe lfflC]!O '18CTmt. 

lbl:c,ro IU!R1IOB C 'IBC1IOM '18CTRU 60,ree yCTaHOMSHHOff ~03Hp0BRB +I-co

CTaBlIJleT necROJII,KO ll.POI:t8HTOB. 

IlpHBe~eJill pacnpe~e,remm Hallps!E8HHOCTH MaI'JmTHOI'O IIOJII! 6~

H IGUtep-MaI'~TOB. 

MaI'JmTHOe no,re, C03~eMoe TOKSMH B O~Off llllllie 

( 3aJIHC!. B CHCTeMe C GS f) 

Ji (. )-f I ( d'' n (x-d/'+t_ _i_ I} z2+( fj.-a/1' 
x x, 'f - ---z x.- .,, Gn (x-d)2+(ft(l_)s- Z xcn x11,+j£ + 

+r.r-a,) r au'? :=~ -a'lC~ 1="a hr [au~ rau; -rtf ft; 
•· 

=ft 2 (. B .J_ d 2 2 h ( X, l/,)- ( U-Cl} ln £_-I:_ v-a.) f '/en {X- ) + y;_+ 
'J d d (x-clf,,-1-ry-a)14 B . z.Z+ ff'£ 

+{x-d)[{V[C~ xia;- ti'lCo/ 1:: ]+x~utr~~:azco/l]}~; 
3~ec1, J - IIJIOTHOCTI, TOKa, llp0IIYCI<aeuoro qepes nnmy, I'80M8'i'Jm

qecRHe pa3Mepa ,zma rumep- n 6~-MaI'.EmTOB pa.BHH COOTB8TCTBem10: 

a= I3 CM; I3 cu 

d.= I,2 CMj I CM 

B = 8,9 CMj 4 CM 

Ilo,re OT nyx nm:n C llp0Tli!l301l0]!01'.HO H81lpaMemu:n.m TOR8MH_llOJiy'188T
CJI cyMMB:poBrumeM: 

H.x = fix(x,y)- h,.x ( &-.x, y); 
H'I = h'I (.z;y) + Ji1 { &-x, 'f). 

Pac11eTHRe ,lt8Jllll,le co6prum B Ta6]!Jmax (i I -IGUtep-Marmi:T, TOR 

60 KAH Ji 2 - 6~-MaI'HllT, TOR 400 KA}. PesynTaTH B T86JlltIVll 

12 

~ ,lUUi HH.ItYlmHH B cuemeHHOA CHCT8M8 ROOp,ttWtaT: 

x•-x_f.. , a Ta6.mma Ji I 
- 2 l ~=~-a· 

y B~ ! l'!r£CC 2 · 
!MM2 X=O X::+IO (11112 I=+~5 (11112 
-50 29'79 3021 3171 
-40 3371 3499 3741 
-30 3685 3625 3944 
-20 3841 3895 4012 
-IO 3918 3964 4015 

0 3920 3985 41066 

' IO 3918 3964 4015 
20 3841. 3895 4012 
30 3685 3625 3944 
40 3371 3499 3741 
50 29'79 3021 3171. 

Ta6mma J 2 

y B~ (raycc} 
(Ml&) X=O X = .± 5 (MM) 

-60 19514 26019 
-50 25043 28621 
-40 29271 30573 
-30 3089'7 ~1874 
-20 32459 32491 
-IO 32495 325!0 

o· 32524 32530 
IO 32495 32510 
20 32459 32491 
30. 3089'7 31874 
40 29271 30573 
50 25043 28621 
60 19514 26019 
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CneIU!i{JHqecRoA oco6eRHocTI,D 6esxe.:n:es.HHx npo'l'Szemmx 1imrmi:TOB 

SIBJI!leTM no.nyqeime ,ItOCTQTOqHo O,IlHO,PO,ItHOro Mar.HHTHOro noM B pa6o

qeM 06'I,eMe • .l(.,m 8TOro 06JW.CTI, [IOJIB .ItOJOma lilll8'l'l, B 2-3 pasa 60.m.myn 

npo'l'SireHBocTI, no Be,PTmtaJm, qeM no ropHSOBT8JilI. B sasope 6~

MarHHTaHa6JIDJtaeTCSI .n;ocTaTolllto o,ItBopo,JUioe noJie no ocH Y-40 MM H 

no OCH X - I5 MM. 

0TRJIOHRDl!lee noJie Ry .Ha'llIHB.eT cna.nan noc.:n:e .± 30 MM. B rumep

Maraue Ry .IlOCTaTOqHo 0,ItHO,PO,IlHO D 06.:n:acTH .± 30 MM. IloJie Rx HM88'f 

C[Ia,Il B ~eBTpe MarHHTa. 0,JUIOp0,IlHOCTI, [10.Jlll ffx Ha6JID,lt8.8TCSI B o6JiacTIII 

.± IO MM. B,ztoJIL MarHH'l'a uarHHTHOe noJie ,ItOCTaToqHo O,ItHOpo,ItHO, Trut 

RaK HeT i{laKTOpoB, B!l31lBalOIIIHX HCRaxemie noJIS. C O,ItHOI CTO,POH!l uar
Hl!Ta, TSM, r.ne Bli!TKII pa3B8,D:8Hl,I no CTO,POHaM ,lUIR BXO,Ita nytJXa, .noJie 

H80,IlHOp0.ItllO. CymeCTB8HHOro BJIRSHRR 8Ta H80.Itll0,PO,IlHOCTI, Ha qacTHttH 

He ORasu:eaeT, TaK RaK OTHOmemi:e 06'1,eMa HeO,ItHO,PO.ItllOro llOJJ:11 R 06'1,eyY 

.ItOCTaTOllltO O,IlHO,PO.ItllOro COCTaB1.lll8T (6 x I3 x 7) cu3/(700xI3x?) clt3. 

T8lt8.ll lE8.H80.Itll0,PO.ItllOCTI, no ll,POTSIJEeHHOCTB HS6JID.It88TCS HY 6~

uarHHTa, r.1te 8TO OTHOmeSl!!e COCTaBJtHeT (3 x I3 x 2)cu3/(400xI3x2)cil' 

PacqeTHM BeJIH'IJI.Ba uarmITBoro no.llll B cepe.itJ:ae sasopa 

(I, 92 re Hq I .A· BHTOR ,JUIR RHxep-yarBHTa) IIpaJtTJlqecu COBna.ztaeT co 

s.aaqemi:eM, noJcyqeHl!m( no ,JtaHHHM onuTa. Ha aexoTopoe aecoBCia,IleHHe 

pacqeT.HliX H OllHTHHX B8JDr'DIH BJlltff8T B8TOl:JHOCTI, HSMepeBRR OTK.IOB8.IDUI 

nyqxa zs-sa ero saaqzTenHoft mHpilHH. 

IlpHB8.It8Bll pesy.m,TaTH ,D:091'1,POBKH runtep-Mar.HHTOM Il-MeSOHHllX 

lly<IROB c 8HeprneA 40 B 69 BeB. 

Ha RaHaJie 4B KHRep-MarHHT pacnoJiara.nCSI nepe,11; ROJIJDIMSTO,POM • 

OTltlO.BIIX nyqox B ropH30HT8.lll,HOff llJIOCROCTB /IO/. Ilo XO'JI:!/ nyq1ta qe

pes IO M pa.cno.:n:ara.nCSI ROJIJDIMSTOP, Ha ROTO,POM ll,POHCXO,Itl!JlO nor.:n:ome

HJle OTRJIOH8HHOro MB.rBHTOM llJ'IRa. PasMep nytJRa no ropilSOBTaJ[H B 
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MarmITe paBH!IJICSI 6 CM, a B ROJIJmMaTope - I CM. IlpH BeJmtJE:He meJIH 

- KOJIJmMaTopa, paBHoii pasMepy nyqxa, noJIHoe norJiome1me Il-MesoHOB tta-

6JIDuaeTCSI llPH yrJie OTRJIOH8Imli 2 Mpa,It. IlpH 06.nytJemm nponaHOBOH 

KaMepu Il-Me30H8.MH C HMny.m,cOM 40 raB/c MaKCHMYM B8,PTHKMI,Horo npo

qlBJlSI nyq1ta C,ItBHraeTCSI Ha 2 CM. 

Ha RrutaJie 7, TpaHCnO,PTHPYDllllIM ynpyro-paccesrume npoTOHll c HM

nyJII,COM 69 raB/c Ha nysllpHOBYIO RaMepy "l.mpa6eJII,", KHKep-MarHHT 

YCTrut8.7mBa8TCJ:I B aaqaJie napaJI8JII,HOro yqacTK8 nyqKa .ItJIRHOft 300 M, 

Ha STOA 6aae nyqoR C HM[cy'JII,COM 69 raB/c OTRJ!OHIJJICSI KHK8p-M8PHH'.J'OM 

60.:n:ee qeM Ha IM H BH:XO.ItHJI sa npe,11;eJIH ane,PTypu KaHMa H pa6otJero 

06'I>eMa K8.M8p!io 

~OTOrpa:pHH l:JQCTHU B 2 M nponaHOBOfl nysUpI,KOBOft KaMepe ,lt8.Hll Ha 

PHC. I (,It - ,Il03Hp0BR8 6es KBRep-MarimT8 O,llHBMH CHCTeMaMH ynpaBJie

HRIJ nyqROM yCKOpHTeJIIJ; e ~ ,It03H,POBK8 C RHKep-MarimTOM). 

B tJeTB8pTOft rnaBe paCCMOTpeHll c.:n:yqaH no.nyqeHRIJ HMnynbCOB TOK8 

C rny6oROft anepHO,Itl'l'IHOCTbD /II/. Pa60T8 ynpaBJIReMUX n aeynpaBJIRe

MUX noJiynpoBO.nHHROB!lX B8HTIDI8il B HMnyJU>CHliX peirnMaX C neperpysKB.MH 

co CROpoCTI,D HapacTaHHSI H 8MIIJmTY.ne TOROB 38BHCHT OT npoQeCCOB, 

npoTe:KaIODlHX B CHCT8M8X HM[cy'JffiCHllX MarHHTOB. Ilpii YCJIOBIDI CMbHO:o 

anepHO,Itl'ltJHOCTK KM[cy'JII,CH!l8 neperpySKH no.nynpoBO,nHHKOBllX npn6opoB 

CTaHOMTCSI aeonacmom. CornaCHO BllpBXeHl!IRM (!2}, (13) H 3RCnepHMeH

TaJII,HHM ,lt8.HHHM (omrnarumM B rJraBe 2), paspa,ItHHe KOH,IteHCaTOpll llOtJTH 

He nepesaplllEaDTCSI. 0,IlHOllOJIIJPHllff peUM llOSBOJIIJeT HCil0JrI,30BaTI, aneK

Tp0.IIHTHtJeCRH8 ROH,IteHCQTOpH. 

IlyTeM nooqepe,ItHoro paspa.na H OTKJIOHe!mll paspamrux KOH,Il8HC8TO

poB C O,IlHOBpeMeHHHM llO,IlRJI!OqeHlleM sapaEeHHHX KOH,IteHC8TOPOB MO~HO 

4i<>PMH.POB8TI, KMnyJibC TOK8 C nepe,IUmM qipoBTOM nponsBOJII,HOA qJO_pM!l. 

OTcyTcTBKe cna.na TOKa B HarpysRe ,11;onycKaeT 6esonacHoe sarmprume 
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THPHCTOpoB. EoJiee TOI'O, B TaKHX CJCeMJmX pememmx B03.llOllHO HCIIOJII,-

30138.Hl!e 60.11ee MOIIUlHX ROMM:yTHPYJJIIIHX II.PH60poB C "(SOJII,DmMH" BpeMeHa-,,_ 
MB aarmpruma. Ilo.zutepzrume TOKa B 11arpyaxe Ha BpeMS aaIIHpruma ROM-

MYTH~ero IIpH6opa C03,IUl8T JCJIOBBe .ItJIII peRynep~ 8HepI'HH. 

,n,m IIOJIYqemm HIIIIYJtLCHHX Mar.HHTHHX IIOJlel HallpilleHHOCTJ,J) BH!l!e 

30 RI'c 61:lJI paapa60TaB MaI'HHT C IIOBWll8HROtt zeCTROCTbD ROHCTPYKIUUI, 

c 06'l>eMOM MaI'RHTHOI'O IIOJllJ ][Rae = 3,!4 x 6,52 x 700 CM3 • 

Marlll!T npe.n;cTaBJiaeT co6ott no,mtt i:nunm,Jij), pacceqe.wnz! J\ltOJII, 

Ha .n;Be IIOJIOBHHH, IJpnqeM pacceqeRHe c.n;eJiaHO He ,ltO ROHIJ;a. 06e IIOJIO

muw: B aJieRTpnqecKOM OTHOmemm IJpe,ltCT8BJJSDT co6ott MaJIOHtm:YRTHBHHf!: 

HH3KOOMHHI BHTOR. Uwma,iij> - BR'?OK paccexaeTCSJ B II!)O)l;OJII,HOM HaIJpaB

Jiemm IJfl.lt&m OTBepcTHttl:wm: xarumoxjHe6om,moro .ltHaMeTpa; 11poqipeae

poBaHHHX lU{OJlb. \Ilopr.m IIOJIOC, o6paao:eammx Mew OTBepcT:itaNH, npe.it

CTaBMDT co6ott CJia6o CBfl3aHH!le SJieKTpHqecrot OT,lteJII,RHe BHTim. Ha 

lUDIHH,llpe- HOHOII!)OBO,lte o6pa3JDTCJ1 TOROII,POBO.WJJltl[e .mnnm c "MaJIHM" B 

"mmo.IWM" (l)fl,llli OTBepcTHfl HJDI KaHaBKH) COII!)OTHBJiemunm. K Kall!,!1;01'! 

JIBHHH C MaJiliM COllp0TBBJieHHeM IIO,IUUllOqaeTCJl THPHCTOPRaSI cxeua CJMMB

p0BaHM C KOH,IteHcaTopmum 6aTapem.m. llhl:pH,Ba lI lpO,PMa IIOJIOC' 06pa30-

BaHHHX l)fl.nru.m OTBepcTHfl HJ!B RaliaBOK' OIIpe.n;emUJT ROHqillrypa.mm MaI'

HliTHOI'O lIOM H MOl'YT 6HTb. 'paa,mqau. 

\Ilop,ia M8I'RHTHOI'O IIOJlll sa.naeTCSJ IIporpaMMOI cpa6aTHBaHBII THpHc

TOPHHX 6JIOKOB. 3HepI'Rff ROH.1l8HC8TOpHHX 6aTapett pacIJpe,lteJmeTCSJ B 

HOHOnpoBO.n;e COI'JISCHO nporprume OTK,PHB8RJIS THPHCTOpoB.-'fil:,PHCTO,PH 
. . \ 

OTKpYBaDTCJI rpynIIaMK H 003,ttalOT 6oJII,BIOI H MemmHff TOK Ha pasHHX 

yqacTKaX HOBOII!)OBO)Ul. 3TO YCJIOBHe 003,IUleT B03MOJmOCU B aIIeP'l'ype 

HOBOnpooo.n;a IIJlaBBO IJepexo)OlU OT 1Ip0CTOI KO.Bi(ra:rypamm IJOJ[S 'K CJIOJt

HOA, Be TOJII,KO MeJtltY ~BMH, HOH B O,ltBOM ~KJie. 

OcHOBHHe pe3JJII,T8'l'H pa6om: 
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I. Paapa60TaH KOMlIJieKC aaII8paTYPH, BKmoqavmett HeCKOJII,KO TH-

DOB HMIJYJlbCHHX 6eaxeJie3HHX MarmrroB C pa(Soqm.i o6'l>eMOM MSI'Hl!THOI'O 

IJOM 7 X !3 X 700 CM3 , 2 X !3 X 400 c.,.3, 7(//'e = 3, !4 X 6 ,5
2

x700cM
3

• 

2. B!me.n;em,i (p(),PMYJIH ,ltM IIOJIYqeHRlJ TOKOBUX HMlIYJll,COB C 38,ll8.H

HOI qiopMOit HapaCTaHRll IJepe,ltBeI'O qipoHTa H ipopMHpoBB.HRff lIJIOCKOit 

BepmmH. 

3. JlaH aH8JlH3 )1;03H!)OBKH qacTHU BUCOKBX SHeprntt HS flY3HpbKO

BH8 R8M8pt1. 

4. 3KcnepHMeBT8JlbHO noR83aB8 B03MOlltHOCTb pa60TH THPHCTO!)OB H 

noJIYapoBO~OBliX BeHTHJiett c . di/tit = I KA/MRC .n;o aMIIJIHTY,Ithl 

I KA Ha O,ltllll B8HTHJil,. Ha OCHOB8 anamrna 6om,moro 8KCII0PHM8HT8Jlb

BOI'O Ma.Tepza.na paspa60TaHH CHJII,HOTO'!HHe CHCTeMH !IlITaHRll JltMoYJII,CHHX 

MSI'HHTOB C apHMeHeHHeM THPHCTO!)OB, IJOJcynpoBO,llHHKOBliX BeHTWiett H 

Hrmrrpommx paaps,1tHHKoB. 

5. Hanoxea OllHT pa6om ao coa,namm npoTR:zemmx 6es:11teJiea.HHX 

MaI'Hl!TOB C ~TeJil,HOCTbD Ha,PaCTamtll uny.llbca IJepe.n;aero ~poHTa Mar

BHTBOI'O noM OKOJIO I MXCeK. CRopoCTb HapacTaBHS TOKa B 6JUn:t-Mar

HBTe ,ltOCTHraeT 400000 A/MXC .• 0TRJI0HlIDII18R CIIOC06HOCTb Ha .n;mrny 

II!)OJI0Ta qacTHI:Ql B MSI'BHTHOM aoJie ,ltOCTHraeT !2,8 • 10
6 

3 x CM. 

MaKCHMBJibHaJI II!)OTRllteHROCTb lIJIOCKOI qacTH HMlIYJII,Ca B KHK8p-M8I'BHTe 

,ltOCTHraeT 5 MC • 

6. Paapa60Taml yCTaHOBKH ,nJ1fl ,ll03H!)OBKH nyqKOB sapRJtemmx 

qacTJm BHCORHX a11epI'Hft. IloJIYqeno pacnpe,neneHHe liHCJia qacTHU Ha xa

HaJie 46 (HI1B3, CepayxoB) no peaym,TaTaM cJIYqalHo BH6paHHHX 825 

CHHMKOB nysHpbKOB08 I<aMepu TilK-500. 06mee <mCJIO IJepBHqflHX TpeKOB 

Ha CHHMRSX - 2277, 'Ill!CJIO CHHMROB 6ea TpeKOB -!4, c IJeperpysxoa 

TpeKaMH CHHMKOB He OR838Jl0Cbo PacIJpe,lteJieHHe 'Ill!CJia qac~ no ~JiaM 
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npH ,IJ;03Hp0BJ<e Ha qiprumy3CRyII BO,ItOpo.IUJYD RaMepy "MHpa6em," cymecT

BeHHO Y'lf.e pacnpe,neJieHH!I, llOJIY'leHHoro Ha RaHaJie 4E, 'ITO CM3aHO C 

60JibillOfl npoTRl!:eHHOCTb!O RaHaJia H 3HaimTeJibHO JIY'DlllIMH ~OHOB&Ml'I yc

JIOBMMH. IIonyqemrne pacnpe,neJieHHR no IUIBJiaM Ha ny3HpbROBHX RaMepax 

TIIl{-500 n "Mnpa6eJib" llOJlHOCTbD OTBe'l8IOT Tpe60Bal!HRM HX HOIJMaJll,HOtt 

pa60TH. IlpH COEMeCTHOtt pa6oTe 6mm- n RHRep-MarHHTOB OTRJIOHeHHe 

OT ,IJ;03Hp0BRH COCT8IlJllJ8T He 6oJiee O.IUIOA qacT~. IlpoBe,IteHO H8CROJib

KO COT THCR'I IUIKJIOB. Bee 6JIOKH H YCTpottcTBa pa60T8JIH HO.I)MaJI&HO. 

7. BnepBHe npe,MOl!:eH HMnyJibCHH! MarHHT .MR ,IJ;03Hp0BRJI H ynpaB

Jiemta '18CTRU8MH BHCORRX SHeprHI, COCTOSlllHI H3 MarHHTa H JilMllYJI!,CHO

I'O lll!TaHRII, OTJIH'l8DlllHftCR TeM, 'ITO C uen10 nonyqeHRff M8I'HHTHHX no

Jiett B 60JII,WOM 061>eMe. peryJIHpoBJ<H qJOJ)MH IIOJIR C RpyTblM ~poHTOM Ha

pacTaHHR H cna.na B MOMeHT HMllYJibCa, M8I'HHT COCTOHT B3 pacceqeRHo

ro B IIp0,IJ;OJibHOM HanpaMemm BOHOllp0BO,Ita C HepaBHOMepHoff SJieRTpo

lip0BO.ItRMOCTl,J), KOTOpNff o6ecnetJHBaeT Ha OT,It8JlliHH:X yqacTRaX nponyc

RaHHe CHJlbHHX IIMIIYJU,CHHX TOKOB, llOSBOJllUlll!ll:X HSMeHRTb KO.BliHrypamm 

noJIR B nonepeqaow HanpaMe.BlDI. 

8. Pa60Ta /I2/ npB3.HaHa H906peTemteM H HCllO.lll,90B8H8 B ffi/B3 

(CepnyxoB) H OIDfil (.Ily6Ha). 

0cHOBHHe 118T8PH8JIH .IOICCePTarum ony6mmOBa.HH B /~I2/. 

\. 
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