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)lOCTOMHCTBa JIJiiH8MHbiX JiiH,IJ;yi\IJ;HO:IHHX YCROpHT8JI8H (.J.rnY) MHOrO

RpaTHO H ITO~OOHO o6cy~aHHCb /I/. O~aRO B XO~e HX HaH~RH B03-

HHRaiOT OTRJIOH8HH.H rraparvreTpOB yCROp.I8MOro rry'I.Ra OT pactreTHhiX. TaR, 

B ycKopMTeJie ATA (CiliA) JIIiTIIIb ITOJIOBJiiHJIHH OT rrpoeRTHoro sHatreHH.H TOR 

y~aeTC.H ycROpHTb ~0 paCtr8THOH 8H8p::'HH 083 ITOT8pii .IT,JIHT8JibHOCTH rrytr

ROBOro I1MIW~bCa / 2/. 0TJIH'tiH.H 8RCIT8)HM8HTaHbHbiX xapaRT8pHCTHR OT 

paCtr8THhiX MM8IOT M8CTO H B EMY-30. :Ipe~cTaBHTb 8TH OTJIH'tiH.H RaR pe-

3YJibTaT ~8HCTBH.H H8YtiT8HHHX 8JI8RTpt)Ma.I'HHTHbiX ITOJI8H B ycROpHT8JibHOM 

TpaRT8 RaJK8TC.H 8CT8CTB8HHblM. an;ecb ITpHB8~8Hbi RpaTI\¥!8 pesyJibTaTbi 

8IT(8 H8 3aROH'tl8HHbiX HCCJI8~0BaHIIM Ma::'HHTHHX ITOJI8H, B03HHRaiOIT(HX B .Jll1Y 

rrorryTHO OCHOBHblM rrpOIJ;8CCaM. TaRH8 :IOJI.H MOryT ObiTb OTH8C8Hbl R pas

pH;IJ;y Ma.I'HH'rHhiX ITOM8X. 

;f 

I. Ma.I'HHTHH8 ITOM8XH Ha HatraHbHOH CT?JIHH YCROp8HH.H B .7.illY -30 

B .Jll1Y-30 rrpJiiH.HTa Tp.aJJ;HIJ;HOHHaJI cxeMa wopMMpOBaHM.H rrytiRa Ha 

HatraHbHOH CTa,IJ;HM YCROp8HM.H C HCITOJI:)30BaHH8M H8IIpepbiBHOrO rrpo~OJib

HOrO ocecMMMeTpHtiHoro Be~ymero Cw01cyc:vrpyromero) Ma.I'HMTHoro rroJI.H. 

B RaiK,II;OM M3 ~BeH~IJ;aTH yCROpiiTeJibHHX CeRIJ;IIM TaR Ha3b!BaeMoro JiiHJKeR

TOpHoro ytraCTRa MMeeTC.H ITO ~BeHa,IJ;IJ;aTb coe~HHeHHbiX ITOCJie~OBaTeJibHO 

BCTpOeHHbiX B JiiH,IJ;yRTOpbi RaTyrneR C ITOCTO.HHHbllVI TOROM pas~eJieHHhiX Me.IK,Qy 

co6ofi ~Ba.n;IJ;aTMM~HMeTpOBbllVIH ycRopJOOIT(HMH sasoparvr:vr. KpoMe Toro, 

RaiK,TI;aJI ceRIJ;H.H CHaOJKeHa ~BYM.H HaBeCHbiMM RaTylliRa.MH ~ C03~aHH.H 

ITOJI.H B rrpoMeJKyTRax Me~ CeRIJ;H.HMH. PeaJibHHe ITOJI.H Tai\HM o6pa30M 

opraHM30BaHHOrO COCTaBHOrO COJieHOI~Ca MOrJIM JIIiTIIIb YCJIOBHO CtiMTaTbC.H 

Herrpepb!BHbiMM M ocecMMMeTpi{qllbJlVIM. M 8CJIH BapMaiJ;HM ITpO~OJibHOH COCTaB

JI.HIOIT(8H He TOJibRO rrpe~cRa3biBaJIHCb M OOMep.HJIMCb, HO M HCITOJib30BaJIHCb 

rrpH pactreTax ITpOBO~RM rrytrRa, TO Haj>yllieHM.H OCeBOH CMMMeTpHM B pac

treT He rrpMHMMaJIMCb, XOT.H yme B I98~~ r. OHM Ob!JIII ITO~pOOHO HSytreHbi. 
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Harua M8TO,IJ;Ima ObLJia OCHOBaHa Ha HCnOJI:bSOBaHHH HH,IJ;YR~HOHHOro 

,IJ;HtNJ8p8H~HaJI:bHOrO ,IJ;aT'IIma H CllHXpO<morra npil IIHTaHPIPI COCTaBHOrO 

COJI8HOP.I,IJ;a nep8M8HHbW TOROM. naT'IHR COCTOHJI PIS ,IJ;BYX TIOCJI8,IJ;OBaT8JI:bHO 

PI COrJiaCHO BR!flO'I8HHbiX RaTyiiieR no TJ)P.I TbiCH'IPI BPITROB, noMemeHHbiX Ha 

o6myro oci> PI paBHOY.IJ;aJieHHHX Ha IO IVID1 oT HeMarnnTHoii npoBOJIORPI, Ha

THHyToii B,IJ;OJI:b reOM8TpPI'I8CROM OCPI C<:R~PIPI. 0C:b RaTyiii8R I:lC8r,IJ;a HaxO

.IJ;I1JiaC:b B nJIOCROCTPI,nepneH,IJ;IillYJIHpHOit npOBOJIORe. nv.raNieTp RaTyiiieR -

IO MM, ~JIHa - 20 MM. TinTaa:Pie cocT~mHoro coJieHOH,II;a PI pasBepTRa JIY'Ia 

CMI-IXpOCI\Ona ocymeCTBJIHJiaC:b OT TpaHCWOpMaTOpa Hanp.T.DK8HH8M 36 BOJI:bT 

50 r~. 
ilpil pasMemeHPIPI TaR OrO ,IJ;aT'IIma Ha OCPI CMlVIM8TpHH, KOr,IJ;a B8K-

TOpbi pa,IJ;PiaJI:bHOM COCTaBJIHIOI.I.{8M paBHbi no B8JHI'IHH8 il HanpaBJI8Hbi B 

npOTHBOnOJIOJKHbi8 CTOpOHbi, 8,IJ;C B H:aT~riiiKax paBHbi M npOTHBOQJaSHbi, 

pesyJII>THpyromHii cPirnam paBeH HYJIIO, a Ha s~paa:e cJIHxpocKorra HaoJIIO

.n;aeTc.rr 0Tp8SOK npmviOM JivffiHP.I. Tipil O~'CYTCTBHH :IK8 CMl.VllVI8Tpl1H Ha :;mpaa:e 

HaOJIIO,n;aeTCH Har\JIOHHbiM 0Tp8SOIC npmv1C>M JIHHHH, np08I\~I1H KOTOporo Ha 

B8pTMKaJI:bHYIO OC:b nponop~HOHaJI:bHa paSHOC'rHOMy CHlliaJIY, T. e. B8JIM

'Iliffi8 Bei\Topa nonepe'IHoii cocTaBJimomE;i1. Sl:?asa Ha6Jiro.n;a.eMo±i (0n:ryp11 

JI.JirCCaJKy O,IJ;HOSHCl'IHO onp8,IJ;8JIH8T HanpCLBJI8HH8 npoeK~Vfil 8TOrO B8KTOpa. 

3,IJ;8C:b OKaSaJIOC:b BOSMOJKHbiiiJI nOn;)'TH08 Ha6JIIO,IJ;8HI18 reOM8TpH'I8CKOrO 

nOJIOJK8HliiH KOpnyCOB-8Kpa.HOB COJI8HOH,I;OB sa C'I8T perM:CTp~Hli MarHMT

HOrO nOJIH HaB8,II;eHHbiX B 8KpaHax TOKC1B. 3'11 0 nOJI8 C,IJ;BHHYTO no cpa.se 

Ha 90 8JI8RTpPI'I8CRHX rpa,n;ycoB OTHOCI<T8JI:bHO (DasH nOJIH COJI8HOH,IJ;a, M 

ero aCJ.ill\1TVI8Tpi1H npOHBJIH8TCH B HaOJIIO);aeMOitl (pMrype JlMCcaJKy npeBpal.I.{8-

HH8M oTpesRa npmvioi1 B 8JIJiliirrc. Terrep:b rrpoeR~HH OOJI:blliOM oc11 SJIJIHnca 

xapaRT8pMsyeT ,IJ;etj)eRTbi nOJIH, a npo81:~HH IviaJIOM OCM - ,IJ;eg)eRTbi reOM8T

pH'I8CROrO I1CnOJIH8HHH ROHCTpyR~liiH. 
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UeHTpnpyroi.I.rvre npoBOJIOKy Ha.IWHE 'IHMRM, yEperu-:rHerville Ha c;QJiam::~;ax 

C8RIJ;HH M!V18JIH BapMaTOp.bl, C TIOMOIJ~biO ROTOpbiX TipOBOJIOH:a MOrJia nepe

M8I.l.laT:OCH MJIH HaRJIOHHT:OCH B ,IJ;Byx OJ TOrOHaJI:OHblX TIJIOCROCTHX C TOti

HOCT:OID O,I MM. 3TO TI03BOJIHJIO RaJIHCpOBaT:O ~aTtiiffi B 3~aHHOM pe

JKID/I8, a TaR.JK8 HCCJI8~0BaT:O aCI1rvTIVI8TJ HIO TIOJIH npM CM8I.l.l8Hl'IH OCH. 

KOHTpOJI:O 3Hatr8Hl'IH TipO,IJ;OJI:OHOrO TIOJI.f.J BeJICH ~aTtiMROM C aHa.JIOrH'IHOM 

RaTyWROH, OC:O ROTOpOM OHJia COBM8I.l.lEHa C OC:OIO npOBOJIORH. 

:VI3M8p8HVIH B8JIHC:O ti8p83 I\a.Jim.blM CaHTI:lM8Tp B ~Byx OpTOrOHa.JI:OHbiX 

TIJIOCROCTHX RaR B~OJI:O reOM8Tpilti8CRCfi OCI:r, TaR I:r B~OJI:O ti8THpex 

CM8I.l.l8HHHX Ha 2 lVIM ocei1: (1200 3aM8}0B B Ra.JK,Il;OM C8KIJ;HI:r) • 

PaccMoTpeHI:re pesyJI:oTaToB noRasa.Jio, trTO Harr6oJI:ornaH HarJI~OcT:o 

~OCTI:rraeTCH Tipl'I HaH8C8Hl'II:r TOti8R, COOTB8TCTB~OI.l.lMX ROOp~HHaTaM ROH

u;a BeKTopa -Cro~orpa(Qa) nonepe'lliofi cocTaBJIHIOI.l.lei1 ( ri..L ) Ha TI.JIOC-
• 

ROCT:O XOY. Coe~HHHB 8TH TOtiRH nocJie,rcoBaTeJI:oHo, TIOJIYtiaeM TIJIOCRYID 

RapTHHy TIOB8~8HH.fi TIOTI8p8'lliOrO TIOJI.H B,IJ;OJI:O OCVI ycROpl'IT8JIH. B COOT

B8TCTBJIDI.l.l8M MaClliTa6e 8Ta RapTHHa ~aeT npe~CTaBJI8Hil8 00 yrJIOB.blX 

OTKJIOH8HHHX B8ETOpa TipO~O.JI:OHOrO ITOJIH OT OCI:r B Ra.JK,IJ;Ofi ~aHHOf{ ee 

TOtii\8 z= • TaR, OKpy.JKHOCTI:r Ha pile. 1,2,3 COOTB8TCTBYIDT OTKJIO-

H8HHHM H Ha o~HH, noJITopa vr ~Ba rpa~yca. Ha pL:rc. 4,5,6 npHBe~e

Hhi aHaJIOrHtiHbl8 RpHBH8, CM0~8Jil'IpOBallibi8 Ha 3HI1 MH COCTaBHOro CO

JI8HO~a, COCTaBJI8HHOrO H3 ~8aJI:OHOrO Kati8CTBa KaTyrneE HaRJIOH8H-
a TaiOKe 

HblX, C~Bl'IHYThiX .. i' O,DJIOBp8M8HHO HaKJI)H8HHblX I:r C,Il;Bl'IHYTHX ITO OTHOlli8-

HVIIO R OCH npOH3BOJI:OHblM o6pa30M. 3nec:o ORpy.JKHOCT:O COOTB8TCTBY8T 

OTKJIOH8HHHM H Ha 0, 5 rpa,eyca. I1s JpaBH8HHH H83aMbiCJIOBaTbiX pac

ti8THhiX H 00JI88 BVITH8BaTbiX npaRTHti8 JKHX RpVIBbiX B03HI:rRaeT npe~cTaB

JI8HH8 0 TOM, tiTO H8EOTOpbi8 KaTyrnRH RaR Obi COCTaBJI8Hbi H3 H8CIWJI:O

RHX C,Il;BHHYTbiX I1 HaKJIOH8HHhiX KaTyrne :reK, T. 8. I1X MarHHTHaH OC:O 

HCEpHBII8Ha npl'I H3rOTOBJI8HVIH, LI reo:JieTpHtr8CKaH KOppeRTHpOBRa Ka

TyrnRH EaR IJ;8JIOrO B 8THX CJiytraHX 03CTIOJI83Ha. 
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ITOMHMO 8TOro, B rAa3a opocaeTCH CMGU{8Hli8 11 D;8HTpa TIDK8CTH 11 rrpaR

THqecKIDC KpHBhiX, oTpa.JKaromee cncTeMaT:rrqecKoe yKAOHeH:rre H . 
• 

ITOCA8,n;H88 A8rKO OO'bHCHHTb KOHCTpyK'rHBHhllVI rrpoMaxOM, KOTOpbiH COC-

TOHT B TOM, qTo MHOrOCAOllHbl8 OOMOT>CH TOJICThllVIH ITpOBO,IJ;aMH HM8IOT 

3aM8THHll HaRJIOH BHTKOB, ~ KOMTI8H;au;HH KOTOporo TpeoyeTCH q8TH08 

qHCAO CAOeB B OOMOTK8, a 8TO-TO Tp360BaHH8 li OKa3aJIOCb H8 BHTIOA

H8HHHM. 

IIoJIYqeHHHe TaKI1l\1 oopasoM npe,Il;8TaBAeHHH o cymecTBOBa.HHH no-

rrepe~Hx HeyqTeHHbiX MarHHTHHX TIOA8H (TIOM8X) B8AHqHHOll ,IJ;O TipHM8pHO 

5% OT BeAHqHHH Be,n;ymero TipO,Il;OAbHOTO TIOJIH, CJryqallHhiM o6pa30M pac

rrpe,IJ;8JI8HHHX B,Il;OAb OCH YCKOpliT8AH, Tp800BaJili OI.J;8HKH B03MO~HX 

npaKTHqecKIDC ,Il;8HCTBHll. ~ 8TOro NO,Il;8Ab COCTaBHOrO COA8HOH,Il;8 C 

Bap:&HpyeMHMH ,IJ;8~8KTaMH Be,n;ymero TICJIH Ob!Aa BKAIOqeHa B KOM~8KT 

rrporpaMM ~H pacqeTa ycKopeHHH T.r., o~eBoro sAeKTpoHa, T.e. 

TIOAyqeHa B03MOiXHOCTb H3yqeHHH TIOBE,IJ;8HHH OCH ny~a B yCJIOBHHX 

3a,Il;a.HHOrO ypOBHH TIOMeX. KaE li rrpe,r;noJiaraJIOCb, B TipOCT8llill8M CJIYqae 

CTaTHCTHqecKoro pacrrpe,Il;8A8HI1H aMIIJ:HTy,n; I1 a3HMyTOB TIOMeX (HCTIOA:b-

30BaJiaCb CTaH,n;apTHaH rrporpa.MMa) ,IJ;Jlli OJiai'OTIOJrJ~o:ti rrpoBO,IJ;KH oce

Boro 8AeKTpOHa TpeoyeTCH rrpHMepHO CTOKpaTHOe yMeHblli8Hli8 TIOTiepeq

HbiX ITOA8ll B,Il;OAb BCero HHiK8KTOpHOro yqaCTKa. 3TO MOrAO 03HaqaTb, 

qTo rrpe,n;cTOHT saMeHa Bcex 169 KaT:rrneK HOB.biRHI c pacxo,Il;OM I-2 T 

Me,IJ;H ll COOTBeTCTByiOU{HM11 Tpy,n;OBh~11 3aTpaTaM11. B TO ~8 Bp8MH JIW~b rrpH 

HyJieBOM ypoBHe rroMex TpaeKTOp11H ,n;:3IIJlWH11H oceBoro 8AeKTpoHa npHM:o

AHHef!rna. fu BC8X OCTaJibHhiX CJIYqarn: OHa HM88T <lJopMy CTII1paJIH, I1 

YCKOp11T8Ab rrepeCTaeT OhiTb AHHeHHhD,1, TIOCKOA:bKY CTa.HOB11TCH CITI1paJib

HID~. XapaKTep TIOBe,IJ;8H11H CTI11paJiil Oipe,n;eAHeTCH He TOAbKO xapaKT8-

pOM TIOMeX, HO 11 8Hepruei1: ID1~8KI.J;1111, yrJIOM BXO,IJ;a B nepByro CeKI.J;IDO, 

TeMTIOM ycKopeHHH 11 BeA11qHHOll Be,n;y .uero TIOAH. CJie,IJ;OBaT8AbHO, I~eJib 

MOJiteT 6HTb ,IJ;OCTHI'HyTa He TOAbi{O nyTeM CHliJK.8HI1H ypOBHH ITOMeX ,Il;O 
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0,05% npH 8aMeHe RaTyrneR M~H yBe~Hq3HHH Be~HqHHH Be~ymero no~H, 

HO H , HanpHMep, sa cqeT nOBHUieHHH 3HeprHH ID-DKei~D;HH C O)U{OBpeMeH

HHM qacTH~HM y~yqiiieHHeM I~aqecTBa B 3~ymero no~H B HaqaJLbHOM qacTI1 

ycRopHTeM rr:yToM -oTOopa ro,rr,rrHx R3.TyrneR. ITocRO~I>RY B nyrnRax 

]MY-30 HCnO~b8JIDTCH ~eT~H C8pHMH1U npH60pOB, nOBHIIIeHHe 8HeprHH 

MH.iKeKIJ;H11 B npRMOM CMbiC~e H8B08MOJKHO. Ec~H .IKe yc~OBHO BRJIIOqllTb B 

nOHHTHe t_PopHH!KeRTOpa (nyiiiRH) H nepB)Ie qeTHpe Cei~JJ;HH C Ha6opOM 

8HeprvrH no 250 R8B B R~~ofi, TO 8HeprHH ~eEJJ;HH ~OCTHTI{eT I,3MsB, 

H B OCT~bH.blX BOCbMH C8RJJ;HHX HHJR.eRTJpHOrO yqacTRa no ~aHHHM pa.c

qeTa noTpe6yeTCH He CTORpaTHOe, a npHMepHO .IJ;eCHTHRpaTHOe CHI1JR.8HHe 

noMex. IIpH 8TOM no~e B nepBHX ceRn;Hg:x ~oJ0KH:o nprr6~HjKaTI>CH K ~e-
;y C KO JHI T 8 JIH 

~bHOMJ, qTO H no OTIHTy~ATA, H no p38Y~bTaTaM pacqeTOB MO.iKHO orpa-

HHqHTb paMKaMH 0,05%. B 2TOM c~yqae noTpe6yeTCH H8rOTOBHTb ~Hlilb 
• 

56 RaTyUieR, C yqeTOM TOro, qTo HOBaQ KOHCTpJKJJ;HH HX ~O~Ellia 6HT:b 

cor~aCOB8.Ha H C 8~ei\TpOTeXHHqecRHMH, H C TeXHO.JIOrvrqeCR:Vll\IIH B08MOJK

HOCTHMH. TipH COp~HpOBKe .iKe HMemmHX~H RaTyUieK, R CO~eHHID, no

Tpe6yeTCH no~M nepe6opRa HHmeRTop:roro yqacTI~a. I1H,n;HB~yan::t>HHM 

ROHTpO~b nO~H RaJK,IJ;OM RaTyiiiRH noTpe6yeT yqeTa B~HHHHH Ha. xa.paR

TepHCTvlliH TIO~H nepM~OH HH~yRTOpOB, nOCRO~bRY 8KCnepHM8HTaJibHO 

noKa88.HO, qTo CMeme:rme TOponiJ;aJibHOrJ cep,IJ;e~vllia HH,IJ;YRTOpa OTHOCH

Te~bHO OCH ycROpHTeAA BJJI8HBaeT C~BIIr Mai'HHTHOM OCH OT~e~bHOM Ra

TYIIIRH npHMepHO Ha TIHTYID qacTb Be~HquiHhi CMemeHHH. Bo BpeMH nepe

Ma.rH:vrqHB8.HHH cep,IJ;8~vma sa cqeT CJm8CTBeHHOrO HSMeHeHHH l\1arHHTHOM 

npOHHn;aeMOCTH 8TO B~HHHHe MO.iK8T npo~~HTbCH H HHaqe. 

- 0IU108fiH8.H Bblllle peHOHCTp:rtKJJ;HH Be,IJ;ymero no.JIH 

HeH86eJKHa H B c~qae T .H. He~aiVIHH3.pHOrO Bapvrcmrra npOBO,Il;I~H 

nyqr\a. npH yBe~HqeHHOM no~e, IIOCHO~bKY nponopU,HOHaJibHOe iKe yBe~H

qeHVIe noMeX yc~OJB'HHeT ~ID60M BapH8.HT. I{pOMe TOl,O, KOHCTpJI-\THBHble 
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orpaHH~8HHH OO~eMa M8~ll B RaTyrnRax M npe~e~bHHX T8TIHOBHX pe~OB 

ll80~Rqllll noTpe6yiDT npMM8H8HHH HMny~bCHHX pe~MMOB nHTaHHH COCTaB

HOrO C0~8HO~~a, T.e. eme M ~ono~MT8~bHOM peROHCTPYR~HH CHCT8~lli 

nHTaHHH, a TaR~e annapaTypH ~~H MarHHTHHX H8M8p8HkiD. 

2. MarHHTHH8 nOM8XVI B BJ4.U8 pa0C8HHH1IX nOJI8M 

H8B8CTHH8 H8COOTB8TCTBHH M8.1K,Il; y 8~C~aMH M tPaRT1Fi8CRMMll 

pesy~bTaTaMH npOBO~H ny~ROB B .JlliY pa8~1FIHHX K~aCCOB yRa81IB8.IDT 

Ha cymecTBOBaHHe o6mero MH Bcex Ma.unrn QaRTopa, "nyTaromero RapTH" 

T80p8Tl1ROB. CyTb H~8HHH COCTOHT B TOM, ~TO BCer~a ~Y~llill8 pesy~b

TaThi no~y~a.IDTCH, 8C~l1 nO~b8JIDTCH JIIllib npHOC8BOM ~8.CTbiD ane:pTypH, 

ROMillVIMpyH liiJUI CJKMMM ny~OR. B TO :w Bp8MH BC8 Jll1Y 06~e~HH8H1I 

O.JUTHM o6~ npo~eccoM. HanpHJKeHHOC':'b BMX~eBoro ycRopHIDmero noM 

E nponop~HOHaJibHa cRopocTH HapacTaHHH MarHHTHoro noToRa , 

8086y.ii\,IJ;8.8MOrO B TOpO~MbH.biX MarHW~HHX cep~e~HRax HH.IJYRTOpOB 

TORalVIH ~epe3 nepeMarHH~liBaiDmHe 06MClTRH. TOEH 8TM Bcer~a npOT8RaiDT 

B Henocpe~CTB8HHOH 6~H80CTH OT YCRClpHeMoro ny~a l1 OMOBp8M8HHO C 

HMM • Y:eM 60~88 C:V.WbHOTO'-I8R ymWpll~'8~b, T8M 60~blliMMH nepeMarHH~H

BaiDmMMH TORaMH .n;ocTHraeTcH sTo npeu.~ecTBO. TaR, B JTI1Y /30 nepe

MarHH~:r-maromHli TOR B Ra.ii\,IJ;OM HH.TI;yRTOpe .TI;OCTHraeT 800A, B ATA- 20KA, 

npn~eM B nepBoM c~~ae OH pa.cTeRae'l'CH napa.Me~bHO no TpeM, a BO 

BTOpOM - no .TI;BYM nOOBOMHRaM, CHIVIIVIE TpWIHO p8.8I-I8C8HH1IM ITO nepMM8T

palVI TOpOB. 

Hs s~eRTpoTeXHHRH JKe nsBecTHo, ~To TOpov~MbHHe TpaHc~opMaTopH 

o6~a,IJ;a.IDT MHHMMMbHHM paCC8HB8.8I\llilVI E ORp~aromee npOCTpaHCTBO MarHHT

HHM nOTOROM ~Mllib npH yc~OBHH, ~TO B086y/~aiDmHe 06MOTRH paBHOM8pHO 

pacnpe~e~8Hbl no BC8My nepMMeTpy TOpa. K2.K Mhl BM,Il;8~H, 8TO yc~OBH8 

B .JlliY H8 BblTIO~H8TCH. 
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. 
Ta.KMM oc5pasoM, BOSHMEJia sa,n;aqa o Mc~"'HHTHHX ITOJIHX pacce.r.rnuJI (MIIP) 

B ITpliOC8BOH OOJiaCTll JillY li 0 BSaMMO,I,8HCTBllll C HMMll yCIWpReMOI'O 

rrytma. 

Ha ITepBoM sTaiTe us. :ytreHHJI IIAITP 6.biJI nciToJI:ssoBa.H peJKliM pasMar

HlltrliBa.HHJI, ITpH ROTOpOM cep,I(8tiHliR ITE:p8Mai'Hll'IliB8Jill ITO ITp8,I(8JI:SHOH 

IT8TJI8 I'liCT8p8SUCa H8liSM8HH.bllVI BO BCEX OTI.biTax IT8p8M8HH.bllVI TOROM 

30 A, 50 ~. 06MOTRll COCTOJIJIH liS O,IEOI'O, ,I(Byx, Tpex HJIH 'I8T.bip8X 

ITapanH8JI:SHO BRJIIDtr8HHHX ITpOBO,I(HiillOB C C00JIID,I(8Hll8M CliMM8Tpllll pas

M8~8HliJI. ,1lOITOJIHliT8JI:SH08 ycJIOBll8 COC:TOJIJIO B TOM, 'ITO RaJK,IJ;HH ITpO

BO,I(HliR ITp8,I(CTaBJIHJI COO OM TIJIOCRYID ITE:TJIID, li TIJIOCROCTll IT8T8JI:b 06JI

saT8JI:SHO ~8p8C8RaJiliC:b Ha OCll ycROpk:T8JIJI. Tipll COCTaBJI8Hllll C8R~uH 

liS Ta.KliX liH,I(yRTOpOB cy~eCTB8HH.biMll J~JI paCCMOTp8HliJI ORaSHBaJiliCb 

TOJI:SRO ITap~8JI:SHH8 OCll ycROpliT8JIJI OTp8SRll ITpOBO,I(HliROB, ITOCROJI:&Ry 

MITP ITpO'IliX qacTeH RO¥I18HCllp0BaJiliC:b sa ctreT 6HWHJIJIPHOCTH OOMOTOR 

COC8,I(HliX liH,I(YI\TOpOB. 0Tp8SRI1 JK8 8TH o6paSOBbiBaJII1 Ra.K O.bi H8ITp8-

pbiBHbi8 ITpOBO,I(HliRll C TOROM B,I(OJI:b BCE!X C8R~HH (pHC. 7) • B 8TOM 

CJIY'Iae ,I(JIJI ITpOCTOTbi HaMil I1CRJIIO'IaJII'IC:b li asiDviy'TaJI:SHilli Bapll~HJI, li 

ITpO,I(OJI:SHilli COCTaBJIJIID~illi fviTIP. Ta.K RC>HCTpyRTliBHO HCITOJIH8H, HaiTpliMep, 

ATA. Bee liH,I(yRTOpbi Jll1Y -30, Hao6opo~~, ,I(JIJI coRpameHHJI ,IJ;.JIHHH ycROpH

TeJIJI BbiiTOJIH8Hbl C asliMyTaJI:SHOM BapllcUJ;ll8ll. Ilpll'IeM B 92 OCHOBHbiX 

C8R~liHX ITpll TpeXTipOBO,II;HliROBbiX OOMO~~Rax BXO,I(H.bi8 li B1IXO,I(Hbl8 traCTH 

ITpOBO,I(HliROB paSH8C8Hbi ITO TI8pliM8Tpy TOpa Ha 60 I'pa,IJ;yCOB, Sa C'I8T 

'I8I'O li BOSHHRaeT asi1MyTaJI:SHilli Bapi1~UJ;HJI, ITOCROJI:SRY B,I(OJI:b ITpHMOH, 

ITapanJI8JI:SHOH OCll, OTp8SRll C TORaMH 06pasyroT rrpepHBHCTyro JIMHHID, C 

IT8pliO,I(OM, paBHbiM OC8BOll ITpOTJIJK8HHOCTll liH,I(YI\TOpa (puc.8). 

Y CTpa.HliB Bapll~HID li ITpO,I(OJI:SHyiJ COCTaBJIJIID~ MITP, Mbl HSM8pJIJill 

pa.n;uan::sHyro ~-I R. u asHMYTaJI:&Hyro H f cocTaBJIJiro~ue c ITOMO~:sro 
MHOI'OBHTROBOH RaTylliEH I1 CMHXpOCROITa. 0RaSaJIOC:S, 'ITO B Tip8,I(8Jiax 

17 n 
pa60trliX SHa'I8HHH pa.n;HyCOB 1'. ym~OpliT8JI:SHOI'O Tpa.KTa (~O K...=4 CM 

ITPI1 R._ M.. Q k e.-. = 9 CM) lv[IP o6pa:3yiDT xapa.KT8pHbi8 ,I(JIJI T. H. TOROBbiX 
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RB~yrro~eii, ceRcTyrro~eii a ORTyrroneii pacrrpe~e~eHHH rrpn ~Byx, 

Tpex H qeTBpex IIpOBO~MRax B 06IVIOrRe COOTB8TCTB8HHO. BnHHHMe 

ORpy~aromero yCROpilT8~bHHM TpaRT TI3pM~O ~ IIpOHBnH8TCH TaR) 

qTO B rrpOM8~TRax lVI8il\Il;Y )8aJibHBMM rrpOBO~MRa.IVIH C TOROM, 

f-1 ~ lVI8HJI8T 

CBOID Harrp~8HM8 Ha IIpOTMBOIIO~Omli)8, 6y~TO TaM paCII0~0~8HH rrpo

BO~MRM CO BCTpe~BM TOROlVI M8Hbiii8:1 B8~MqllH.bi. liJHBMM MOBaMM, 

asMMyTaJibHOe pacrrpe~e~eHHe Hj HOCHT rrpiTMepHo Roc~yco~an:b-

HHM, a H K. - cHHyco~aJibHHM xa)aRTep c qmMOM rrepao~oB, paB-

HBM qac~ II~OBO~MROB rrpM Haqan:e I)TCqeTa Ha asHMyT IIpOBO~MRa. 

(pile. 9). Crra,n; COCTaB.JIHIDmHX MITP rrp:1 y~aJI8HllVI OT IIpOBO.n;HMRa B IDTO-

poHy OCR ycROpVIT8~H B~O~b pa,n;:vryca (pac.IO) CBH3aH C paCCTOHHH8M 

IIpMMepHO JillH8MHOM, RB~aTaqrroii KIIT Ry6H~OM 3aBllCITMOCTbiO ,IJ,JIH 
• 

;n;Byx, Tpex ann qeTHpex rrpoBO~MRo:3. B c~qae o~orrpoBo.n;HMROBOM 

06MOTRH pa,IJ;MaJibH.bi8 pacrrpe.n;e~eHHH acHMMeTpM~H OTBOCMT8JibHO OCM 

YCROpilT8~H. 8TO 06CTOHT8~bCTBO MOH8T 6hiTb IIpH'IMHOM B03HMRHOB8HllH 

rrorrepe~HX IIOM8X CO c~yqaMHBM pacnpe,n;eJI8HM8M llX a.I'/IMMTy,n; M asv.r

MYTOB, ec~ll TORll qepe3 IIpOBO~MRM 06MOTOR .TI;aHHOrO MH,IJ;yETOpa C 

MHOrorrpOBO~llROBOM 06MOTROM ITO Rill~OM-~H60 rrpaqMHe pas.Jiv.rqaroTCH. 

IIpoBe,n;eHHHe Ha Jll1Y -30 B pmKMMe paBMarnv.rqaBaHHH asMepeHJIH (pJic. II) 

IIORa3aJIH, qTO RaK BXO~He, TaR H BhiXO.n;Hbi8 TORH IIpOBO~MROB OT

.TI;8~bHhiX vffi.TI;yETOpOB MOryT OTJI:vrqaTb1~ )];~8 Ha 30%, qTO COOTB8TCT

BY8T aMI17IllTY.IJ:8 MMIIy.JibCHOM MITP IIOMElXH Ha OCH IIOpJUJ;Ra IO 8pcTe.TI;. 

YcTpaHeHae pas6poca rrepexo~hix conpoTMB~eHIIit, HarrpMMep, rryTelVI 

I1CIIO~b30Ba.HM Ha Ma.ReTe n;e~MROBHX IIpOBO~llROB, rrpMBO.IJ;MO R BhipaB

HHBa.HiliO TOROB H BOCCTa.HOBJI8HffiO CVll\IMeTpMH l\IIITP. 
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Bee peay~hTaTU, rro~yqeHHll8 B y~OOHOM ~ H3M8p8HHM pe~HMe 

paaMa.:rnHqHEa.HM, Tp800EMH TIO~TE8)JK,Il;8HH.FI B pa6oqeM p8iKHM8, 1\0r~a 

c8p~e~HRH HH,IJYI\TopoE rrepeMarnrrqrr:3aiOTc.FI sa EpeM.FI 5· ro-7 ceR. 

mmry~hCH1IMH TORa.MH ~o 800 A rrprr wmp.FiiKeHHH 22 RB. ,Il;Jm: sToro O.biJI 

H3rOTOM9H HH;n;yRJ:.J;HOHHllll ,IJ;aTq HE\, TI03EO~.FIEIIIHM 0830TiaCHO I1 O;n;HOEpe

M8HHO E9CT.H H3M8p9HH.FI Tpex OpTOrOI-rMhHllX ©OCTaBJIHIOIUHX I1MIIY~hC

HOrO IvTIIP C Tpe6yeMUMH qyECTEHT9~hi-:OCThiO, Ep9M9HH.biM ·H TipOCTpa.HCT

E9HH.biM paaperneHHeM. TpH corJiacoEaEH1IX c Ra6e~.FIMH RaTyiiiRH ,IJ;aTqHRa 

ITO 200 BHTROB CO cpe,IUIHM ~Ha.M9Tporv: 5 1\IIl'vf H COOTE9TCTBYIQIU.HMH 8~81\

TpOCTaTHqecRHMH 8Rpa.Ha.MH TIOM9IUMHCh B O~MH H3 1\a.HMOB, TipOCB8pn8H

HllX B MOHO~HTHOM ~RflHH~pHqeCROM 38IUHTHOM 6~01\8 H3 oprcTe~a. ~OR, 

BCTaB~8HHllM B C9R~.HIO ]MY, MOr ,Il;HCTaH~HOHHO II8p8M9IUaThC.FI B OC9EOM 

H a3HMyTM:bHOM HaTipaB~8HH.FIX. .l\rvUIJIHTy~ I1 cpaall EC8X Tpex COCTaB-
• 

~HIOIUHX MIIP perncTpnpoBMHCh c IIOMO~hiO cmrxpoc:Korra. IIo~qenHHe 

peaymjTaT.bl B OCHOEHOM COETIMH C Tip iiB9,IJ;eHH.brMH B1Illi8, T. 8. :VI!\1H MOJKFIO 

rro~:b30EaT:bC.FI ,TI;JI.FI o~eHoR MIIP noM ex .3 ocnoBH.biX ceR~H.FIX Jll1Y -30 c 

yqeTOM Toro, qTo TIO.]Ie E6~H3H rrpoBO,J;HHROB ~ocTHraeT IOO 3pcTe,n; 

(B ATA - 3 R3). IIpMMep pacrrpe,TI;e~eH::m HMrry~hCHHX IvlliP B.IJ;OJih qacTH 

O,Il;}IOM H3 OCHOBH.biX C81\~HM J]}JY -30 IIpliB8~8H Ha pHC. 12 H pHC. 13 

(RpHEaJI 2) • 

0,IJ;HaRO, B HMTIYJihCHOM p9JKJI!\.18 OCiHapyiKeH p.FI,TI; OC008HHOCT8M •. 

IIepBaJI na HHX rrpo.FIBJIJiac:b B napyrneumi xapaRTepe pacrrpe,n;e~eHH.FI 

rrorr.epetr.HHX cocTaB~.FIIOIIfHX MIIP B c..~zyqc.e HecnMrvTeTpHtrnoro rro,TI;R~IOqeu:a.FI 

p83HCTOpOB rrapaJIJI8~hHO O,IT,HOMy 113 IIpOBO,IJJIJIII\OB OOTviOTOR JilH,ILyRTOpOB. 

Ta:KHe rro,IJ;I\JiroqeuH.FI, yrroJ.Dp86JIHeM.bre .IVH c•ra6HJIH3arJ;IiH MO.IJ;YJIHTopoB, 

B8,TI;YT 1\ H3IVI8H8HJi'IIO H9 TO~hl\0 E8~HqMJ:l.bl, HO H uanpaBJI8HH.FI IviT1P B 00-

~aCTH no~rpyJKeuuoro rrpoEo.mr:vrna. PaEHOMepHoe pacrrpe,n;e~eHHe no,IJ;

rpyai\H M9.if\nY BC8MH IIpOBO,IJJII1Ra.MI1 Be,IJ,eT 1\ EOCCTaHOB~8HHIO CJiiMiv18'rpHH 

(puc. I3). 



IO 

BTOpaFI OC008HHOCT:b EacaeTCH 12 IDDK8ETOpHbiX C8EJJ;ffii, r,IJ;e BO 

BHyTp8HHIDID TIO~OCT:b BB8,IJ;eH COCTaBHOM C0~8HOn~, Ea~aH !18 EaTyiD8E 

KOToporo ruMeeT rrpoBO.IJ;JimMTI 8~eETpocTaTnqecKMli 8KpaH. MarHHTHlle 

TIOJIH H8.B8,IJ;8HI-IHX B 8EpaH8 llMnyJI:&CHbJX ppOTHBOTOEOB, 6y.n;yqH C,IJ;BH

HYTWVIH ITO qJ8.8aM rapMOHHE CTI8ETpa V!MITy~:sca, HCEaJKaiDT EapTHHY, 

qacTHqH:O EOMII8HCHpyiDT MTIP. TpeoyiDTCH oo~ee ,IJ;eTaJI:&Hbi8 HCC~8,IJ;OBaHllH 

8TOH OC008HHOCTH IIp8JI\,Il;8 ti8M o6cy.iii,IlaT:& B08MOJKHbi8 rrpaETHtl8CEH8 

p8III8HHH. 



AHy 

PH<~. I. Cl1HTe3:rrpomnrnwr no l1:3Me

pelrn1IIVI B 200 TO'illax COCTaBJI.8IOI!fillVI 

;-1 J< :rr H '.t npoeR:o;:rrH ro,TI;orpar:Qa 

Be:\Topa nonepetmoro MarHHTHoro rroJIR: 

H Ha TIJIOCIWCT:& Z. ::::. c.ca-~:t

xa}aRTepHByeT R8.'18CTBO COCTaBHOrO 

COa8HOl'I,IJ;a 4-H C8RD;l1:H l1HiK8RTOpHOrO 

ytraCTRa JTI1Y-30. ITp:rr H=300 8 ycpe,TI;-

H8HHM no MO,I(YJIIO B8JIH'Il1Ha nOM8XM 

rl =(5,5 + 0,3)$ • 0Rpy~OCTI1: 
COOTB8TCTByroT YRJIOH8Hl1:BM B8RTOpa. Be,n;ymero nOM 

I, 0 vr I, 5 rpa,n;yca.. Ycpe,IJ;HeHHoe YR~IOHeHHe BeRTopa 

H Ha 0,5, 
H B 8TOPl: 

C8RI.J;liii1 OROJIO I rpa,TI;yca B HI1JKHIOIO n<>JIYTIJIOCROCT:b. 

Pvrc. 2. B 6oJiee Ra'IeCTBeHHOM 

COJI8HOH,Il;8 I-il C8RI.J;HH l1:M8IOTCR: • 
3Ha'IJiiT8JII>HH8 JIORaJII>HH8 ,I1;8@8RTH. 

Puc. 3. "Yxo,n;" xapaRTepHCTID\11: 

lii 3-M C8R:o;l1:H B HH~IOID noJiy

TIJIOCROCT:b B03MO~O nO~TBe~aeT 

3aROHOM8pHOCT:b YEJIOH8HHR: B8RTOpa ' 

~~ B ,Il;aHHOM ROHCTpyR~ 
COJI8HOH,TI;a. 



PM~. 4. TipM MO.JJ;9J1HpOBaHMM COCTaB

HOrO C0~9HOM.JJ;a Ha 8HJ H~OH~ 
11MIJ;9a.JI:SHblX11 KaTyrneK Ha pas~M'IHhi9 

yrnH npM pas~M'llihcr asB:MyTax .IJ:aiDT 

CHW~eTpM'IH~ll rO.JJ;Orp~. 0KpymHOCT:S 

COOTB9TCTByeT yr~ B TIO~rp~yca. 

Pre. 5. Tiapa.Jme~:sHhiM C.TI:BMIWVI 

OC9H KaTyWeK OTHOC:VIT9~:SHO OCM 

ycKOpliiT9JIH COOTB9TCTByeT CMrv1M9T

pPTIIHM ro,n;orpaqJ C OKpyr~IMM 

KC,HTypaMM. 

~IC. 6. 0.JJ;HOBp9M9HHHM yqeT npM 

MO.JJ;MMpOBaHMM Ha.KJIOHOB M C.JJ;BMrOB, 

TI])MHHT~X Ha pMC. 4 M 5 npMBO.JJ;MT 

K Tip9.JJ;CTaB~9HH011J 8.JJ;9C:S Bvmy rO.JJ;O

r}awa. TipM .JJ;BIDK9HMH B.JJ;O~:S OCH 

y1)K0pMT9M OT M9.JJ;HaHHOM MOCKOCTH 

o,:J;I:rofi KaTylliKH (noMeqeH~ TOtmarvm) 

.Il:') M9.JJ;HaHHOM TIJIOCKOCTH COC9.JJ;H9M 

R)H9D; B9KTOpa B91!\YlU9rO TIOM OTIVI

C.:maeT MaBHY£0 .JJ;yry 6es "nepe

XIIBCTOB", Ha6~ro.n;aeMhiX Ha pvrc.I,2,3 

)lliH B08HVIKHOB9HHH me KWI~IJ;OrO 

"rrepeXJiecTa" Tpe6yeTcH 6o~ee 

.JJ;Byx MOXO COpH9HTllpOBaHH~X 

":vmeaJI:sH~x" KaTyrnei<. 



Pr:c. 7. ITepeMann·rciJ.iiBaJHie cep,TI;eti

EHKOB f~ TOKaMJ.ii qepe8 .TI;ByxiipOBO,JJ;

FJll\OB.bi8 O,JJ;HOBHTKOBbie OOMOTKJ.ii, pac

HOJIO.iK8HH.bi8 B ILJIOCKOCTH p:acy1ma. 

I[p:a HarrpaBJieHJ.iiH TOKOB OT 2 R 3, 
rarrpmvrep, paccemrn.ble Ma.rHHTH.ble 

EOJI.H CJI8B8. OT OCJ.ii 0 l: Ha.rrpaB

J.:8H.bi R tiHT8T8JIIO (IIOMetieHO TOtiKOM 

n Rpy.IKKe) , a crrpaBa - OT tiJ.iiTaTeJI.H 

(KpeCTHl\ B RpyJI<K8) , T. e. HaBCTpeqy 

OCHOBHOMy MarHHTHOMY IIOJIIO B cep,JJ;etlliHE8 (IIOM8ti8HO CTpeJIKofi). 

IIp:a o6xo;n;e BOKpyr oc:a 0 ~ MHP qe~blpeiR,TI;bl MeHHIDT Ha.rrpaBJieHJ.iie, 

a rrp:a ,n;BHJKeHJiiH B,JJ;OJI:b oc:a Ha 83JJ:aHHOM asHMy'Te HarrpaBJieHHe MIIP 

OCTaeTC.H H8H8M8HHbiM. 

0 
I 

1~ I 

~~7 
{ . 5 - \ 814A no A-A 

, ]:J:vrc. 8. CJIYtiaM, KOr,JJ;a BXO,JJ;Hble 

B,9 H BbiXO,JJ;Hble I2,I3 qacTH 

~~pexrrpOBO,JJ;HHEOBbiX 06MOTOK JII1Y 
pasHeceHH no asHMy'Ty Ha yroJI 60°, 
a Koprryca HH.TI;JKTOpoB 5, 6 coe,r~H

HeHbi 8JI8RTpHti8CI\H, illv188T p.F.r,I1; 

oco6eHHOCTefi. ToKH B rrepel.VI1Itr:Kax 

::0, II C08.TI;a.IOT IIpO,TI;OJI:bHyro COCTa.:B

.JI.fi!OIItYRJ1J1~ rrorrepe'1Ifb1e cocTa.BJI.liiO

q:ae OKa8blBa.IOTC.H 8Ha:KOII8p9M8HHOM 

OYHKIJ;Hefi ~ (o6osHatieHo 

~~OtiKaMH H Kp8CTI1Ka.IVIH) , a B CJiy-

1Iae paMM'llibiX xapaRTepMCTHE cep

~~e-cmHEOB I, 2 ru:m 3, 4 rro.HBJI.HeTc.H 

J308MOJKHOCT:b nepeT8KaHM TOKa, 

narrpmv1ep, !18 9 B I3, MHHYH cep,TI;etr

HHK C HaH60JI:biiiiDvl B ,Il;aHHblll MOIJI8HT 

Jll\1Tie,JJ;aHCOM 2. BH.n; A-A rro.HCH.HeT 

npMtri1HY rrpo6oeB c BXO,JJ;Horo rrpo

:30;n;HMKa 8 Ha "qymofi" cep;n;e-cmHK 2 
Jli8-8a OTCYTCTBlill "c,n;yBarom;ero" 

HarHJiiTJ!!'Oro rroJI.H, T.K. MITP rrpoBo,n;

HJiiKa M cep,JJ;etiHHEa KOMII8HCMpyiOT 

~wyr ,rwyra (eM. cTpeJIRJii). 
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Bic. 9. Pacrrpe~e~eHMH asMMyTallnHhlX 

i-J y (I , 3 , 5) M pa,n;HaJinH1IX H !(_ 

(;~,4,6) cocTaBJI.mo~mc MITP rro asu

MJTY ,Il;JLF.I O,TI;Horo , ~Byx I1 Tpex 

IT)OBO~MROB B 06MOTR8 HH~YJ\TOpa 

COOTB8TCTB8HHO Ha pa,:n;Hyce £ = 

= 4 CM rrpH y,II;aJI8HI1!1 ITpOBO~HROB 

O'l' OCH R._ J,.<.,ttKC, = IO CM. 

Pre. IO. Pacrrpe~e~eHHH H~ 
cocTaBJI,i:IO~eli MITP B~OJin pa,:n;uyca 

IDI~YJ\TOpa .~H O~OITpOBO~HROBOH 

(.[) , , ~Byx, Tpex M qeTbipexrrpo

BO,TI;HHROBbiX 06MOTOK (2,3,4). 
C:11VIIVIeTpM OTHOCMT8JI:bHO OCM 

y<~ROpMT8M 1(=0 CBOMCTB8HHa Jiffil.Il) 

O<)MOTRaM C '18THhilVI 'IHCJIOM IlpOBO~

H:iROB. IZ 0 - paJJ;HyC BaRYYMHOM 

R.llVIepH .Jll1Y -30 • 

P;w. II. B RaJK.II;OM us ~BeHa,n;u;aTH 

HI~ICTOpOB (J~~ I-I2 IIO ropH80H

T~nHOll OCH) 5-H C8RIJ;I1M MHmeR-

T )pH oro yqacTKa J.I11Y -30 dbLJIM M8-

M3peHbi 11 BT8KaiO~M8 11 H 11 BbiT8KaiO~l18 11 

T )KH pasrvmrHlii'IHBaHMR J (A) Ka;rmoro 

!13 Tpex rrpoBo~HKOB. PasHOCTn 

3rllX TOKOB, HarrpMMep, B rrepBOM 

rrpoBo,IJ;Hime ce,:n;nMoro HH.II;yKTopa, 

0 :508Ha'I8HH"' RaK /). J , ITOJIO

~MreJinHa (Rpy~oR BBepxy) u paBHa 

3,5 A. 
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P:0c. II. B rrepBoii ceRIJ;IUI rrepBoro 

y~aCTRa 14 HH~yRTOpOB, HO CII~~a 

TORa R Rpamvi C8Inl;HI1 He Ha6JTIO,~aeTCH, 

T.R. IIO~BO~HmHe llii1HH 8~eCb He 

BHOCHT 8aMeTHHX IIOTepb. ~~a me 

rroJiomnTeJibHHX n oTpnu;aTeJibHhiX A ·'j 
B J6oiix cJiytraHX paBHa HYJIRJ, treM 

HarJI~O OO~HCHHeTCH MeXaHH8M 

rrepeTeRa.HI1H TOROB ITO ROprrycaM 

ns-sa pasopoca rrapaMeTpoB cep~etr

HIItWB. 

Pn~. I2. l'IrvrnyJibCHhie rvmP B JillY-30. 

I Hi ( ~ ) rrpn Q? = 270° 

2 - H 1:. ( ~ ) rrpn Qi = 240° 

• 

Pn~. I3. XapaRTep asBMyTan:bHoro 

pa~rrpe~eJieHMH ~ - cocTaBnHIDmefi(2) 

IviTIP HapymaeTCH rrpii rro~rpysRe 

pe 3HCTOpaMH rrpoBO,Il;IIIIRa o6MOTRlii 

HH,D;YRTOpa, paCITOJIOji\eHHOrO Ha 

asiTMyTe ill= 270° (I). 




