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flpH IIO.D;alle Ha KclTYWKY C 3aMKHYThiM !flep~MamHTH~M cep.o;ellHHKOM rre
peMeHHOro HanpsrX<eFiHsi.ciiHycoi~Aa.n:r,Ho:H <J>opMhi':B u;errH KaTywlrn 6y.o;eT rrpo
TeKaTI> HaMarHHllHBa·IO~Hii'To~, lflopMaKoToporo B o6~e111 oTJIH>iaeTcsr oT CHHy
coHAa.n:I>Ho:H ( 1 1. 11cKa)Keimsr q}opMhl HaMamHllHBaiO~ero TOKa 3aBHCSIT OT aM
IIJIHTYAbl B036y)l(AaiO~ero HanpSI)KeHHg 1f ; ni~pHHhl IIeTJIH mCTepe3Hca 
MaTepHa.n:a cep.o;ellHHKa (yKa3aim~>~e HCKa)KeHHSI yBeJIHllHBaiOTcsr c pocroM aM
IIJIHTYAbl B036y)l(AaiO~ero·Hai:J:pSI)KeHHSI H C pacwHpeHHeM rreTJIH mCTepe3Hca; 
eM. B [1 1 c. 639, pHc.:23-10 H c. 641, pHc. 23-12). llpH STOM, B OTCYTCTBHe rro.o;-

. ) - . ' 

ManiHllHBaHHSI Cep.o;ellHHKa KaTyWKH IIOJieM IIOCTOSIHHOI"O. TOKa, IIOJIO)KHTeJib-
, ' {. 

Hble H OTpHII;aTeJibHhle IIOJIYBOJIHbl HaMarHHllHBaiO~ero TOKa HMeiOT OJJ;HHaKO
BYIO lflopMy H paBHble aMIIJIHTYAhl. 11HhiMH CJIOBaMH, lflyHKII;HSI i(t) 6y.o;eT 3ep
Ka.n:bHO-CHMMeTpHllHo:H OTHOCHTMbHO ocH a6cu;Hcc (ocH BpeMeHH t). 

11HaSI KapTHHa 6y.D;eT Ha6JIIOJJ;aThCSI, eCJIH O.D;HOBpeMeHHO C IIO.D;alleH rrepe-
• '' "~. ,, ' ·': ;;, i.,;., ·' b·-'• ·'"·'•"" ., ·"•> \ •• " .• . .- • 

MeHHOI"O HaiipSI)KeHHSI Ha KaTyWKY ee cep.o;ellHHK IIOJJ;BepmeTCSI HaMaffiHllHBa-
HHIO IIOJieM IIOCTOSIHHOro TOKa. B STHXYCJIOBHSIX IIOJIO)KHTeJibHhle IIOJIYBOJIHhl 
HaMamHllHBaiO~ero TOKa 6y.o;yT 'oi.imllaTbCH OT ero OTpllu;aTMbHi>IX IIOJIYBOJIH 
KaK'rro lflopide~ TaK'H iio'aMruiHTYAe; <l>yHKII;HSI i(t) crailoB~IT~~ B ST~il'ciyllae 
acliMM&fpHllHO:H oniocli1-eJir,iloocli a6Cn;H(:c (eM: B J 1 1 c: 611, line. 24-7)_ :· ·: · · 

B rrpHHII;Hm!; H3 H:3.iu)iceHHOJ"O' BMlli'e' c.n·e.o;yer; ir'n.l' HaMai'HHllHBa~~HH TOK 
i( t) co.o;ep)KHT HiiiflopMau;uK:J' 8 napaMeTpax iia~ailfuq.Jin~!<)Uie:H CHJIM: (H. c.): no
CTOSIHHoro' ToKa, Ae:HCTily}O~e:H Ha.cep/iellHHK~ 3ia HHqJOpMau;Hsr.l'4o)KeT6~.fi, 
BbJ:AeJieHa rryTeM COOTBCTCTByio~ero rrpeo6pa30BaHHSI HaMamHilHJ'Iaroln;ero 'Ta
Ka. B.'qacrHocrH';· Ha OcHOBe cp~BHeHH5!:. a~IIJUlTYA no.liO)K}J'TeJibHhiX H OTpHu;a-. 
TeJibHbiX noJiy:BoJIH HaMariiHllHBaro~ero TOKa MO~HO cy.o;HTb 0 BMHllHHe H 3Ha-'. 
KC H.C~. riocrosrimoro ~OKa;. :Koropiui:' ~eHCTByeT Ha cep.o;elliiHK. n pe.o;CTaBJISieTc.R' 
YAOOHNM .o;aTb CJieiiyro~ee 06uiee 'Ha3BaHHe 'sro~y npeo6pa3QBaHHIO: .o;~eKTH
poB3:HHe acHMMeTpHH HaMamHllHBaro~ero ToKa. B pe3y.rihTaTe Taioro .o;ei'e~TH
poBaHH51 rroJiyllaeTCsi: rrocrosrHHoe Harrpsr)KeHHe, BeJIH>iHHa· i1 3H:aK KOToJ)oro co
OTBeTCTBYIOT 'BeJIHllHHe H. 3HaKy H.C. 'IIOCTOSIHHOro ·TaKa, ·.o;eHCTByroi:iie:H· Ha cep
.o;ellHHK;',0TMeTHM; ·liTO'. 3JJ;CCb, HC · paccMaTpHBaercg .D;eTCKTilpOBaHHe. ny'ieM 
Bl:ll)J;eJieHHsr H !fla30llYBCTBHTeJibHoro BblrrpsrMJieimsr BTop<):H rapM(mHKH: TaKHM 
o6pa3oM,. Ha ocHOBe · .o;eTeKTHpoBaHHSI acHMMeTpHH · HaMamHllHBaro~ero Toi<a 
B03MO)KHO. IIOCTpoeHHe rrpeo6pa30BaTMeH HepaBHOBeCHSI H. C. (aMrrep:.:BHTKOB) 
rrocrosrHHbiX roKoB. YKa3aHHble · rrpeo6pa3ollaTeJiH HcrroJih3yro1-c:S.: AJISI MamHT-' 
HOro (;paBHeHHSI IIOCTOSIHHbiX TOKOB B yCTpoHCTBaX AJISI };3MepeHHSI lloCTOSIHHHX 
TOKOB 6oJibWOH. CHJIN · (B MamHTHbiX KOMIIapaTOpaX HJIH H3MepHTeJibHbiX rrpe-
oopa30BaTWX nocroSIHiiorO TOKa).. •' . ' ' . ·. ·.. ' ... . - ' . j • • : 

• .. ,_;. , _ _..:., e • • • 'r -~ r • > • "· • " - ' " • • ' ' ' 

,-- ·~. -
l ~"t) ~ • .:._!\ .. t<'><tibi,. iiHC'rn1J'YI 
~ ti~'":~f!iHZ 6CCJH~il0Dli!lf!f! 

· ~ . 5HSif~!CTE:f{,t\ --
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PHc. I. Ba30Ball cxel.ta npeo6pi13osan~Jili.Hep~~H(JBeCHll aMnep-BHTKOB 

) ·; ~ "'., ' " , ~ .:.:, '!', 

Ha puc. 1 npe.u;cr~iB.n:eu~· 6~3oBa.H 'cx'eM~. ~i>~o6~~3oBaTensr uepaBnonec~~ 
aMnep-:-BHTKOB,· B OcHOBY KOTOpOH 'inilioxeuo 'J:ieTeK~UpOBauue aCHMMeTp~u ua- • ' 
MarHH~HBarom;ero TOKa.· I1peo6pa3oBa~eJib co~ep)KuT -~OpOH):{aJI,bHblft <f>eppo
MarHHTHbiH cepAetiilul<: Tl . (pa6o11~il · MamiiTonposo.u;> ,· ua ioTOphli naM~Tan&r 
o6Mo'fKa Bo36y:1KAeiiu~ w' u Ko~rieiieari~ouiiasr 06ilo'TKa w . 113MepuTen&uag · ·"" · _ _,,.· .,,.e ~. \. · ·<- ; .. ;··~ ·J_, K- .· ·. 

OOMOTKa W-BhlnonH:sreTc'si oohlimo B :BIIAe <wioro npoxo.u;uoro :BuTKa. K H3Mepu- .. 
Ten&iioil o6MorKe w no.u;so.u;ui'c51 n3Mep:S.eM:hlu'n~o~ila&ril ~oK I, -~- KoMneuca~ ... 
D;UOHHOH 'o6MOTKe w'·, ~ TIOCmSIHin>iil TOK KOM~CHCa~~H i :· 06MOTKa B'o36y~- ·' 

.._ __ :, -,-- IC · ~;,, ~ .. , :,· ·' ,·..., .. ..; .. ~ .,, • .. ·--· IC.•\ ~ -.: , .. ,_. ~, ·· ··~: 
.u;enuSI W, pe3UCTOpb1 Rl:u R2:coe.u;uueubl nOCJie.u;oBaTeJ.I&Ho .u;pyr C.APYIX)M, .1'1 ~-. e • · ·, . , 1 • C{' . • •. ·' ' J' , ' ~• t • ', • . • ~.)'• ' • ·' •- - " 

, 3Ta u,enO'IKa nOAKJI,JOqella K,;:B_~xo.u;y reuepaTO~a,B,()36y~e~~5! G:,:Pe3I!C:T,<;lPb1. 
Rl, R2 H 6noK nuKOBbiX AeTeKTOpoB PDo6pa3yJOT.u;eTeKTop acuM!'1eTpuuua-
Ma~uqu~aJO~eroToKa; · · · ... ; ... :. . · , · . '''·:;•,: ~ · .. , . :;i ·: "' .. 

HaMariiu'luBaJO~uiiToK, npoTeKasrno pe3uCTopaM.Rl·u R2, co3.u;aeT ua·. 
HUX na~euJig fia~p~:1Keuuft, KOTOpbiC, nocrynaJOT.Ha IIXOAbl 6JioKa P Jj~ fiJI OK P D 
co.u;eirxml- ~ep~hlii ·wi, Cl, R3) u BTopoii;(D2, 'c2, R4>:nuKOBhle .u;e1-eKTop&r>. 
H<hrp5i:1KeHue :Ha 8l,rx~~e: nepB~ro n~KoBoro . .u;eTeKTopa· coo~seTCTsyeT; · uanpu-- : · 
Mep~' aMnJIHTYAe nOR0:1KHTeJibHOH noJiyBOJI~bi.HaMaruuquBaJOIIJ,ero TOKa,•a ua
np51:1KeH:He Ha ,BhrXOAe ~TOpofO __:,. aMnJIUTy.u;e OTp~n;aTeJibHOH nonyBOJIHbl Ha- · . 
Mamli'luB~uoW:ero.To:K~. Pimi~& sTHxuanp51:1KeuH:il .sisn51eTcsr ~~xo.u;nbiMna- .. 
npsr)KeHHeM U 6iiOKa J>D .. . . , - • · · r. •' :• T """ · ," ,, .. , d·•,;:•·c• •,, • .. .'• \ , , , .· , ' , • >.' '>'·•· ,,'. of • ' '• "." • •v 

113MepHeMbiH TOK I, npmeKa51 no u3M-epliTen&uoii: · o6M.oTKe' W c tinc:IIoM ' 
BUTKOB N, co3.u;aeT u.c.IN. ToK KOMneucan;uu I", npoT'ei<:asr m)·KoMneiiauinoii--· 

2 

·. 

uoH: OOMOTKe W c 'IUCJIOM BUTKOB N , co3.u;aeT u.c. I· N , uanpaBJieuuyJO ua-
. IC IC ·IC IC 

BCTpeqy u.c. IN. Ha MamuTonposo.u;· T 1 .u;eH:CTBYeT pe3yJI&TupyJOm;aSI u.c. 
·F.= IN- I N . Pa36anauc aMnep-BuTKOB (F ;e 0) Bbl3hiBaeT noSIBJieuue acuM-

" IC ' . , " . ' • '· . • . " . • 

MeTpuu uaMamu'luBaJOm;ero TOKa, BCJie.u;CTsue 11ero ua Bhixo.u;e P D noSIBJISieTCSI 
nOCTOSIHHaSJ · COCTaBJISIJOlll;aSI HanpS1:1KCHUSI . U. ,(nOJI0:1KUTeJibHaSI HJIU. OTpun;a-' 
TeJibHaSI). Ilpu 6anaHCe aMnep-BHTKOB. (F = g). CUMMeTpUSI HaMarHU'IUBaJOm;e-
I'O TOKa BoccrauaBJiuBaeTcsr, np1i stoM U d cr:anoBuTcsr paBHbiM uynJO. · · 

< , ' ~ • 

. ! ·-

Ud 

-~ -rn• V 

. ' ' . ·- . . ••. ·i ... -. . .. .. . . ' •; l··t-. 

PHC. 2 .. 'BbiXOJ{H3ll CT3TH'IeCK3ll X8p3KTepHCTHK3' np~o6pa30BaTeJill. HepaBHOBeCHll 3Mnep-BHTKOB 
Ud;:=!(F).· '.,. ' ' ;:··i)• . ,. •V ' ' . 

,\l,< 'l'.·' 
.,, 

n,<'• 

' .. ~. ' ' - < • ! :; i <l . ; :: : ... ,! ' • • 'l ,• ; ' .: _".' .:' ) ._ .... :,: : ';;;' ~; ~: -, 
Bhlxo.u;uasi: · craTu'lecKasr xapaKTepuCTHKa npeo6pa3osaTeJI51 uepaBHOBecug 

aMne~~BHTI(OB, ;npe.u;q~~JISieT cooo~. 3a~~~~MocTb if d ~·!(F)<~~ B~no,Ka~~l,l ua . 

puc. 2. Ha uatian&I,IOM ee yqao/.Ke (F~· O). :u d npaKTU'IecKU,{IHHe~HO u3?.u!usre:r-. 
CSI B COOTBeTCTBUU C U3MeHeuueM Ft3aTeM JIUHeHHOCTb HapymaeTC51 U npu He
KOTOpoM su~11euuu ·IFin! ~OCTH:raeTc~ ~aKCJ.IMan&uoe.3na'leiim! I udml ;.:npu 
AaJibHeilmeM:' YBeJIU'IeHUH I Fl uanp51:1Keuue. y:Meii&maeTC~ AO_ HYJISI u .u;a:1Ke MO-' 
:1KeT u3MeuuT& 3na:K: TaKuM o6pa3ocM,' paccMaTpu8aeMoe yCTpoiiCTBo S!s.Tisrercsr 
npeo6pa3o~aTeJieM · uepaBHoB~~~~Si'. aM,?~P~.~~fKo~:: riobos.uuag .cocraBJISIIDm;a~ 
ero BbiX?~H()r;u H~IIPSI~e~~g U d no ~';JIH'I~~~:u 3HaKy C~<lTBeTCT:By~T p~36aJI~H
cy aMnep-BUTKOB F (B ueKOTopoM orpaiiuqeuuoM .u;uana3one 3Ha'leHHu F). 

Benii~ll~a·u~MepsieMoro,.fo~a I o~pe;i~~~~~ B MOMenT6an~u~ u:~. (paB.,
uosecii.H>:.B H):{eaJI&RoMc.iiytiae (npit:,ToquoM 6anaHc~) F =: 0 (KPUTepueM6a~ 
nauca ·SI~SieTCSI cf d = 0) 

.•"' • :• ,·' . < ·.,_ 

'ikiN'/N.· 
., • ~ IC , ·' 

(1) 
~ ,_! 

B·nepBoM·npH6Jiu:1KeuB:u·pa6o:qeif 3ouoH: Bhlxo~uoil C'I'aTu'leeKoii ~apai:-i:e:. 
pHCTHKU M0:1KHO CtfHTaTb:ee y11aCTOK OT -F /,;. AO +F m· B npon;ecce paOOrbl Pa36a-:

-·Jiauc aMnep-BUTKOB JJ;O]l)Keu 6b1Tb Meu&me IF mI. B npmuimoM CJiytiae Jiop-

3 



MaJibHa51 pa6oTa H3MepnTeJihHoro yCTpoikTna,co,!:(ep)Kaw;ero npeo6pa3oBaTeJib 
uepaBCHCTBa aMnep-BHTKOB, HapymaeTC51. '. . !: - ·. ' · T._:. 

· llpu H3M:e'peumi OOJibiiiHX nOCT05IHHbiXTOK.OB (coi-uu a"Mn~p _::_:,!:(ec5iTK~·Ku
JIOaMnep) HallaJibHbiH pa30aJiaHC aMnep-BHTKOB CyiiJ;CCTBCHHO npCBbiiiiaCT yKa-
3aHHbie .npe,!:(eJibl. il03TOMY nepBOCTClleHHOH 3a,!:(a11Cll 5IBJI5ICTCSI OOCCDC'lCHHC 
paOOTOCUOCOOHOCTll ll3MCpllTeJihHbiX yCTpOHCTB paCCMaTpHBaCMOrO Tima B IIIH
poKOM ,!:(Hana30HC _ 3Ha11CHHH .H3MCp5ICMbiX TOKOB •. 3.[(CCb yKa)KCM ,!:(Ba DJTU pe
IIICHI151 3TOH 3a,!:(alln. IlepBbiH ll3 HUX COCTOUT B TOM, liTO B 113MCp11TeJibHOC ycT
poiiCTBO BB0,!:(5ITC51 cpe,!:(CTBa M51 aBTOMaTn}leCKoro non:cKa pa6olleii 30Hbi npeo6-
pa3onaTeJI51 uepanHonecu51 aMnep-BnTKOB u BBO,!:(a B STY 30HY. 3Tn cpe.[(CTBa 
nCTynaiOT n ,!:(ciiCTnue npu_flapyriteHuniuopMa.n:buoii: pa6oThl ycTpoikTna. BTo
poii nyTh COCTOHT B yneJIHliCHHH ypoBH51 B030Y)K,!:(CHI151, npu aTOM npon:cxo,!:(nT 
yneJI_n11euue aMOJIHTY.[(hl uaMamnllnBaiO_:w;eroToKa u, cooTBeTcTneuno, pacmu
peuue paOOliCH 30Hbl npeoopa30BaTeJI51 HepaBHOBCCH51 aMnep.:BUTKOB (pe)KUM 
paOOTbl C BbiCOKUM ypOBHCM B030y)K,!:(eHH5I). _ 

113 oO:IIJ;UX COoopa)KCHUH MO)KHO' JKa3aTb H<l cne,!:()'IO:w;ne OCHOBHbiC ,!:(OCTO
HHCTBa u HC,!:(OCTaTKH yKa3aHHbiX nyTeii: pemeHn51 3a,!:(alln. B nepnoM CJiyllae 
ypo~eHb no36y)K,!:(eHn51 _Mo)KeT ObiTh nb16paii 113. yCJii:mu.H noJJylleHn51 MUHnMaJJh
uoiinorpernuocTH npeo6pa3onaTeJI51 ·HepanuonecnS! aMnep-nnTKOB (pe)KnM pa
OOTbl c olrruManbHbiM yposlieM no36y)K,!:(euml>, liTo-~sJJ5IeTcSI uecoMueuuhiM ,!:(o
cTmmCTsoM, TaK KaK no3nOJJ5IeT nonhiCHTb TOliHOCTb H3MepuTe.rii,IIoro yCTpoii
CTBa. · B tiacTHOCTu, ,!:(JJ51 OCJia6JJeHn51 a<l>qieKTa <<MarHHTHoii: · naMHTU», KOTOpbiii: 
Mo)KeT Bhl3nai-h- c,!:(nnr -~yJI.H • BbiXO,!:(uoro minp·~~emiH ·npeo6pa:3imaTeiui'ilepas
iios.ecu51 aMrrep:.iin-fi<~n, aMMnTy.[(a soa6y~a10~ero uaripSI~euuS!~s~t6Hpken:~ 
,!:(ocia-foquoii ~JJ5!: H:achl:w;eu_nH .Mamuionposo,!:(a. He.[(ocTaTKoM n aioM CJiyitae 
5IBJJ5ICTC51 OTHOCHTMbHoe-yCJIO)KHCHite: ycTpoii:cTna-· 3a ClleT ,!:(ODOJJHnTeJJbHbiX 
CpC,!:(CTB ,!:(JJ51 llOIICKa H BBO,!:(a B pa6o1Jyio 30HY npeo6pa30BaTeJI51 uepaBHOBCCI151 

: - -\' .• ,_ - < 

aMnep-BHTKOB. 

; Pe)K~M . ~aOOTbl npeo6b~36~a1-e.Ti~ HepaBIIOBCCI151 ~Mriep7~ufKoB . c onni
MaJibflblt.i YPoBHeriil'o36y~~CHll~. snimleTC51 -~eCbMa:m!pcneKTHBHbiM. B. ycTpOH
CTBax ll3Mepeimi ll craowiii3a~nu oo.ribiiiHX llOCT05IHHMX T(lKOB. TexH.HliCCKUC 
pemeuusi rio Ta~oro i>o~~ycrpoii:criia'~'6y.[(yT ri6cy)K,!:(aTbc5.• ~ oT,!:(eJibl-loii: pa6oTe. 
B uaCTog:w;eH: pa60Te ocuonHoe sH:iir.f<uiiu! yJieneuo.o6cy)K,!:(enniO aonpocon,oT
uocgiii,nxcH Kpeariu3au.uu pe)Kul;mpa6o1-hl c BhlcoKirr.f yponHeM no36y~eH:usl. · 

Peann3aiJ.H51 pe)KnMa pa6oTbl c BbiCOKnM yponueM ~o36y)K,!:(eHii; ~~ npuso-
. · .[(HT K YCJIO)KHCHHIO .ycTpoii:CTna, O,!:(HaKo 3,!:(CCh CJie,!:(yeT O)Kll,!:(aTh yneJIHliCHH51 
llOrpeiiiHOCTH- npeo6pa30BaTeJI51 JiepaBHOBCCH51 aMnep-BHTKOB. I103TOMY 3TOT 
nyTh P(!IDCHH51 3a,!:(alln CJie,!:(yeTucnoJJb30BaThB Tex CJIY~-Ia5IX, KOr,!:(a ,!:(onyCTnMa51 

llO~~CIIIH·Oc;b H3~CpllT~bH~~-;CT~ft~B~ ll~CCT• nop~o~} {)-:\a: OII~C,!:(eJI5IIO-
JtiuMH~BJJ5IIOTC51 npOCTc>Ta HHa,!:(C)K~·Ocrh. -- • · - . . • . 

4 

\j I 

+ 

]LTI~ Ha,!:(C)KHOH paOOTbl H_3MepnTeJibHOro. YCTpoHCTBa;: CO,!:(Cp)KaiiJ.ero .: pac
CMaTpHBaCMbiH. npeo6pa30BaTeJib. uepanHOBCCH51: aMnep-,BHTKOB, HCOOXO,!:(HMO 
BblllOJJHHTbYCJIOBHC .. :~.~~' •J .'~, '}' 

- ~ ~ ' j ·• ; ~ 

·I ;, N :?i_.2I f.r · 
em .e - m ' 

, : ", . ~ ; .. :.::.H 
' (2) ·-!· ,,: 

. ) : ~) 
r,!:(e I - aMOJinTy,!:(a HaMarHH'lHBaiOw;ero TOKa, 'I . ..;._ MaKcnMaJihHoe 3Halle-em · - · m . . 
HHe H3Mep5IeMoro TOKa •. HanpHMep, npu I . = 1000 A; N = I· nnTOK H yMepeHHOM 
KOJJllllCCTBC BHTKOB oOMOTKH B030y~eHH~:( N~= 1000 BHTKOB) aMOJIHTy,!:(a Ha:: 
Mamn11nnaro:w;ero ToKa I · cOCTaBJJ5IeT riop5I,!:(Ka 2 A. Ilpn pacwupeHHH ,!:(Hana-em. . ·· ·-
30Ha .3HalleHHH H3MepHeMoro TOKa • n CTopouy 6oJJhiiiHX :3HalleHHif: cooTBCTCT= 
neuuo Tpe6yeTC51 H yneJIH'leHne I . C yneJIHliCHHeM aMOJIHTY.[(~ uaMamnliH:..: em , , 
BaiO~CI_'O , TOKa .. B03paCTaiOT .nllOTCpH ·;;~OIIJ;liOCTH 1 ;;~·;;3JICMCHTaX;<•KOHTypa 
B03~Y~~HH51, llTO HC)Ke,JiaTeJibHO~ ;Y MCHbiiiC_HHC M~IIJ;HOCTH UOTCpb B KOHType 
B030Y)J(,!:(CHU51 Dpll COXpaHCHHH Tpe6yeMOro (B COOTBCTCTBHU. C yCJIOBHCM ·-, (2)) 

JIIaliCHH~ aMWIHTY,!:(bi HaMarHHll,HBaiO~ero TO~a MO)KCT .?_biTb ,fi.OJIY'!el-l_o ~a. CliCT 
YMCHbiiiCHll51 ,!:(JIHTeJibHOCTH npoTeKaHH51 TOKa B· TCliCHHC Ka)K,!:(Oro llOJJynepuo-

Aa~an~~?f<e.~~siBO~~y~eH,H~,<-,_,._.' ;'·.·_:_, 1 -~ -· _ --,,''·;·;~,::·! .;":.:: .. ···"'' .•· •:;--, 
Y ~CH~IDCHHC. ,!:(JJHTeJibHOCTll, HMDY JlbCOB. HaMarHH~IH.SaiOw;ero. TOKa. ,!:(OCTH-::-, . 

raerC51 : (B, IJPOCTCHIIICM. cnyqae) BKJJIO'ICH~CM UOCJJC,!:(<;IBaTeJibHO, C ·We' R 1 H R2 
<l>opMHpyrow;ero KOH,!:(en_caTopa C f BKJJIOliCHHe KOH,!:(e~caTopa C 1 noKa3auo ua 
6a30~QH cxeMe npeo6pa3onaTeJI51 ~pHc.l),nyHKTupoM. B 3TOM.CJiy1Jae B036y)K
,!:(CHHe U.eJICCoo6p~3HO ocyw;eCTI!Jl51Tb nepeMCHHbiM uanpSI)KCHHCM · np5IMOYI"OJJb- · ·' 
HOH .!J>opMbi,, <1' r(!Hcpa:r()P B()30Y)K,!:(~l{H51 -G, Bj,IIlOJIHHTb, B. :B~e,Tp~H3HCTOpHOro 
HJJH THpHCTOpHOro HHBCpTopa Hanp5I)KCHH51. · 110,!:( ~CHCTBHCM. Hanp5I)KCHH51 B03-
6y~-C~~~ npo~~XO~HT nepe3ap~ KoHieuclrr~pa,q~ 0; feu~P,aTOpa_ B~36y~e
Hll51 G,11epe3 aneMeHTbl KO~ITypa B030y)K,!:(eHH51 (W, R1u R2h YllaCTHe KOH,!:(CH-.· . - . , . ·- . . .. . .. " .... e ... ·.-·· ·' ... . .. , 
caTopa C 1s <PopMHponaunH HaMamn'IHBaromero TOKa npo5IBJJ5ICTC51 n yMeH!>m.e-:_ 
nun MHTeJibHOCTH HMnyJJhCOB 3Toro TOKa. llpu, aTOM; KaK H ,!:(JJ51 cxeMhi 6e3 , . 

i~@!!'uC!!T~pa' S; lpyHI(~u51. i CJ)}~~a~~l7~: t#~~~Tpu'bii: §~~{ ,=; ?··. ·~',npH ~ ~. 0, . 
CHMMeTpH51HapymaeTC51. · • , .·· . .: ' . ~ 

• :. Ba3o~a11 cxeMa (p~c. 1) npecmpa36~~TeJI~,·~epaimon~cH~ ar.inep:..:nHTKOB (c 

KOH,!:(CHcaTOpOM C/HJJH OC3 Hero) HMCCT cyw;eCTBeHHbiH Hc,!:(oc:.aTOK: ~~?Psi)K~-·
HllC B036y)K,!:(eHn5I; npHJJO)KCHHOe K OOMOTKe B030y)K,!:(eHn51 W , 6naro,!:(ap51 np51-
r.foii MarnnTiioii (Tpanc<l>opMaTopuoii:) cs513nllepe3 MaruiiTon{>OsoirTI nepe,!:(a
CTcH K ooMoTKaM H3MepHTeJihHoii: Wu Kol.meucau.uoun6H: w. Ilpu Manhlx 3ua~' 
11CHH5IX aKnnsaneHTHhlx nMne,!:(aHcos ·u.em!ii:, no,!:(KJJIOlleHHbl~ K OOMOTKaM W H 
WIC, 3,!:(ecb 6y.[(yT npaTeKaTh OOJJbiiiHe nepeMeHHble TOKH na}laCT(ne Bo36y)K,!:(e.:.•. 
Hll51 ll_ HOpMaJibHaSI paOOTa npeo6pa30BaTeJI5I_HapymHTCSI. 1103TOMY ,CaMOCTOSI-, 
TCJihliOro. npnMeHeHH51 pacc~aTpHnaeMa51 6a3osaSI cxeMa npe06pa3osaTeJISI ue- , 
paBHOBCCll51 npaKTHliCCKH HC HaiiiJJa. . . . ·.. . • , 

., .' -- .• - .. 
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· Bse~eHHe MarnHTHOro 3KpaHa [2] s;npeo6pa3oBaTe.nb no cxeMe puc. 1 s 
3HalJ:HTeRhHou·creneHH yse.nnqnsaeT HH~YKTHBHOCTb-KOMneHca~HOHHOH o6-
MOTKH W, 'ITO ooecne•msaeT HeKOTOpoe OCJJa6JH:!HHe nepeMeHHOI'O TOKa,'B03-

K . . . •••·" •.•. ,. ,, 
HHKaiOW.el'O B .~enH KOMrJeHCa~HHH3-3a ,TpaHC<f>OpMaTOpHOH CBSI3H Me)KJ:Iy o6-
MOTKaMH w H w. TaKOH npeo6pa3o~a'Ten~nepaBHOBCCHSI al\-tnep~BHTKOB (c 

K e ·. . · '·'' · . . .. 
O~HHM paOOlJ:HM MarHHTOnpOBO~OM H C MarHHTHbiM 3KpaHOM) MO)KeT 6b1Tb HC-,. :. '- . -. '. - . 
nOJib30BaH Ha npaKTHKe BTeX CJiylJ:aSIXi KOr~a ero H3MepHTeJlbHaSI H KOMneHCa'-
U,HOHHaSI· o6MOTKH; 6y~y'i:·BKJIJ04aThCSI. s U:enn;· •COJ:~ep)Kaw.m! · oTHocifTCnbHO 
6onhmne HHJ:~YKTHBiihleconpoTHsiielmSI. H~~pnMep; s cra6HJin3aTopax nocro- { 
SIHHoro TOKa, · Harpy3KH xon)pblx uMeKi; 6onhmyro HHJ:IYKTHBHOCTh, a TaK)Ke s i 

. ·Tex cnytJa. Six, Ko~~a s cooTseT.cTByromux ~en~x .cra6iwu3aTOpos nMeroTcSI ~poe- •
1 

! 
CeJIH HJIH HX TpaH3HCTOpHble aHaJIOrH. . ' · • f< l 

: :·· TexHntJecKoe pemeliueno cTa6HJin~aTop)"nocroSIHHOro ToK:a, COJ:~ep)Kiun;'e-
MY' npeo6pa3olla'iein; ;·HepasHosecuSI •. aMriep-siiiKos c MarnliTHhiM 3'KpaHoM, 
:npe~no)l(efio s . [2 ]. BapnaHTbl peann3a~nu cra6HJin3aTopos · ToKa 3Toro 1-nna 
OOc)i)KJ:IaJOTCsi B (3_::.:.5 ). , ; .,. j i ' • . 

B''pacc~aTpHBa~MOM 3):1ecb' pe)KiiMe pa60Tbl npeo6pa1osa+emi; ·~epaimose
CHSI aMnep-snTKos (aMOJIHTYJ:~aHar.farnnlJiiBarouiero fo'K'a c~:rseTc:rsyeT ydlo
s~ro (2)_; B:u,enu B~~6y~eHH~Bu~JO,lJeHKOif):leHcaTop C) B03MO)K~bl ~CKa)Ke
HHSI ero BbiXO):IHOH. CTaTHlJeCKOH · xapaKTepHCTHKH,' KOTOpble npOSIBJISIJOTCSI B 
yMeHhmeHmi · KPYTH3Hhl H.n:Ii. s. rio~siieHun JIO)KHbiX Hyneu. s oKpecTHbcr'u • uc
THHHoro HYJISI (F =m' a 'TaK)Ke. B ··nOSIBJieu"nu :npoBaJIOB npn 'OTHOCHTeJlbHO 
6onhmnx:3Ha'IeHHSI~ F.:.B. [6_;_10] npeAJio)KeHhi TeJCHntiecKiie pemeHnSI, c no:.. 
MOW.bJO · xoTopblx ·AbcrHraeTcsi · yMeHhmeHile ·· ucKa)Kennii; BbiXOAiihlx · cTa'intJe.: 
CKIIX xapaKTepndfnK npeo6pa30BaTe.nei:i HepaBHOBCClfSI aMnep.:iniiK'os;·noKa3a:.:. 
Hhlpainwiiii>le iiapnaliThl BNnonueHnSI ACTeKTopoB acnMMeTpnn HaM'ariiiilinBa:.: 
IoW.ero ' TOKa; ' npe):lcra'BJieHbl . : sapua'HTbl .·' BblllOJIHeHUSI reHepaTOPoB 
B036y~eHn.sl. ·~ · •. · ·•. · · . i:l.''-• 

. . B.: [l 1] npe~.lloX<ell rip'eo6pa~~BaTeJib H~paBHOBeCH~ aMNep-BHT~O~, ~Plf~~ 
~lfiilfMb~~R cxeMa KO~~pon; 'ripeACT<i~JieHa 'mi puc. 3: II p~o6pa3ofi~TeJib He'paB~ 
~OBeCHSI aMriep-BliTKOB CO):Iep)KifT TOpO~aJibHbiC Marn~TOnpOBO~hl Tl H. T2 
. (paOOlJHe MarHUTOnpoBO):Ibl, Ha Ka~oM:HS KOTOpbiX COOTBeTCTBCHHO HaMOT~lHbl 

. OOMOTKII B0~6y)KJ:IeH~#. weln. Wez>• M.arunTHblif_ 3Kpau T3, H3MepHTeJlbHYJO o6-
MOTKY ~W, KOMneHca~HOHHYJO o6MOTKY W , reHepaTop_ B036yxmeHHSI. G, nep-, . 
' . , ·,, : . , K • , . . • 

~blH .C11H BTopoif C Ji<f>opMnpyJOil]lfe KOHJ:~eHcaTOpbl; pe3HcTOpbi· R1 7 R2 u R3, 
nHKOBble AeTeKTOpbl PD1:H PD2. KaK n B,npe~~yll]eM,YCTpoHCTBe; nnKOBble 
~eTeKTOpbl P D i, P D2 n pe3ncropb1 R 1, R2 o6pa3yJOT AeTeKTop acnMMeTpnH Ha
MarHHlJlfBaJOw.~ro TOKa. •,;. · •;. ··' 

KaK H · s:6a3osoii cxeMe; HaMarnnitiiBaiDil]ne TOKH MarunTonpoBo~os rt· u 
. T2 nMeJOT cnMMeTpnro npn F = 0, KOTOpaSI H:apymaeTcsi nplf F;..., 0. B ·npeo6pa.:.. 
30BaTe.ne HepaBHOBCClf51 aMnep-BHTKOB no cxeMe puc: 3 HMeeTCH O~HH .zi:eTeKTOp 

6 

·'·(, \ 

~· 

I Tl T2. 
i ! . ':l3 

:~ . 

PHc: 3. TipHHJJ,HnHli.nbHRll cxeMa npeo6pa3ouaTe~ll HepauHouecHll aMnep~BHT
KOB C BbiCOKHM ypOBHeM B036y)l(j\eHHll 

i "' ~ 

'' ~ 

acnM:Merpnn H<i~amnqnsatcilli~ro TOKa; BKJiroqeHHNH B u,enb. ~a~aiku·~u18'ai0:.. 
.· ~ero ToKa MarnnTonpoBoi:ia Tt. B Iienb Haitanfl{qlfsarow.erq TOKllMai'HiiioniJo~ 
. BO):Ia Tl MO~HO TaKX<e BKJIJOlJlfTb BTopoii'.ziereKTOP acH~MeTpnn;~a'li~XO):IHble 
Hanp9:)KeHJISI ooonx ~eTeiTOpOB no~aTb Ha 6noK' cyMr:mposaun~ Hanp5i~eHHH, 
BhlXO~Hoe HaripSI)Keime,KOTOporo 6y):leT BbiXO):IHMM ~~npSI~eHHeM npe06pa3o.:: 
BaTeJiSI· HepaBHOBecml aMnep.::BHTKOB~ : TaKoe:'ycnm.<ueHll{( ripeo6pa3o8aie.iui 

• • 0 • ' • • .·: ' • • ' - : ' • ' ," -···. ~ • - ' • • - -' •••• -. ~ .i : • : - ' • ,:.'. '. ' • 

aMnep-BliTKOB ll03BOJISieT yMeHbWHTb ny JlbCaiJ,lfll ero BblXO):IHOI'O HanpSI)KeHH9:, 
lJTO B PM~ eny~aeB MO)KeT 6il1Tb 'BeCbMa no.TieaH(!. . ·.. . . ' ; ' :· . ,: . >'. 

.·· · · · 06MoT~n ,Bo36):~emiSI we1 ·~ We2 c.~~~8~eHbl napwenbJio T<,tKn~p6pa~ 
30M; lJ:TOObl CyM~ap~J>IHD~pe~.eHHblH DOTO~ <f> = <1>1 7" <f>2Ha ~aCT'?Te ~o~6y)K-: 

~eHu9: oTHocli~e.ii~H.o ~MoTok ~3MepnT~bHoft w "KoMne~caliHoH~ou w ·' pa~~ , . .,. ",. . • ..... ·' •, . . '· ..... . . • , . , : K 

H.si.IICSI ,HYJIJO; 3):1eC~ <f> I ll ~2 7 MarnnTiU>!e nOT()K,H B MarHlfTOnpOBO~ax Tl 'n T2 

COOTBeTCTBeHHO. IJpn 3TOM Harip9:)KeHHe B036y)KJ:IeHH9: B ~eaJibHOM CJiyqae He 
6y~eT HHJ:~yu.npoBaTbC9: s o6MoTKn Wu • W .·· (npH ~eHTlflJHhlx :MarHHTonp(mo'-

K, ·.. • . . .. . . , 

~ax Tl; T2 u ~pymx sneM:eHTax B u,enSix B036yX<J:~eHnSI). · • .. ' : ·.··• .> .. · :·:: · ;,~ 
... ·.~ :. Ha npaKTH~e BBe~eHUeM ~arnnTonpo~o~a T2 'c OOMOTKOH w~2 llOJIHOCrbJO 
ucKJIJO'IlfTb nepe~atJyHanpSI)KeHHSI Bo36y)KJ:IeHH9: ,B OOMOTKY KOMneHcau,un W~· 

·. He y~aeTc9:, HO cy~eCTBeHHOe Oc.iia6ne1Iue yposH9: noMex Ha 1uicro'ie ilo36y~e'
HH9: ~ocrnraeTC9:.; BnaroAapR··sToMy ~R' HopMMbHOro 4>YHKu,limiHJ)ollaHH'si 

.. 
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I ·r1 T3 T2 
!' 

h 

. "' ~· . 
P11c. 4. YnpoUJ,eHHall 6noK-cxeMa H3MepHTMbHOro npeo6pa3omnen11 no
CTOIIHHOro TOK3 

. . 
npeo6pa30BaTMSI HepaBHOBeCHSI aMnep-BHTKOB <7 ):IBYMSI pa604HMH M~rHHTO-
npOBO):IaMH H MarHHTHhiM 3Kp~HOM He Tpe6yeTCSI.C03):1aHHSI ):IOITOJIHHTeJibHhiX 
yCJIOBHH, OO~OOHhiX H3JIO)KeHHhiM BhiWe, ):IJISI o6ecneqeHHSI pa60TOCOOC06HOCTH 
npeo6pa30BaTeJISI CO):IHHMpa6o4HM ~amHToripoBO):IOM.,, , . . . . . . 
·· · Ha puc:4 'm:iKaaana ynpcillie~iiaSI 6JioK-cxeMa ·ua:MepuTe.nhnoro npeo6pa3o:
saTe.nSI DOcTOSIHHOro TOKa (11llllT) ,'KoTOpaSI peaii~ayercSI HaOCHOBe o6cy)K):Ia
eJi.toro8apuaHTa ~hlriomien'uSI np~o6paa~~a1-e.n5I 8epaBH9B~CHSI aM~~p-BHTKOB. 
lfaMepHTeJihHhlii 'npeo6paaosaie.n:i. nocTOSIHHoro TOKa; .B KOTopoM ocym;eCTBJISI-, 
eTCY npeo6paaosamien3M:ep9eMOrO ;oK:a B a~eKBaTHOe eM:y Hanp~)KeHHe u, SIB
JlSleTCSIH~OOXO):IHMMM yaJioM uaMepuTe.ri:~noii'Wi~ cTa6nJiuaall,uonnoii cucTeMhl 
nocroSIHHoro TOKa 6oJihruoii cali~.HllllT.co;iep~~T TopoHt:~MhHbie ManmTo
npaliot:~hi Tl H 11. (paooque :MamHTOOpOBO~hl), MarHHTHblii 3KpaH T3,o6MOTKH 
B036y~emlsi w r w 2' .H3MepHTM~HyiO 0GMOTKY w,. KO~neHtaU,HOHHYIO. o6-
MOTKY w , a TaK~e 6;oK B036y~eHHSI H ):leTeKTHJlOBaHHH aCHMMCTpHlt HaMar-. 

... IC . .. . .. . . ' . .· . . . . 
nuqusarom;ero TOKa· MarnuToxiposot:~a · 1 (HJIH M'ariiuTonposot:~(m). ·Bee 3TH yaJihl 
B cosoKynnocru o6paayroT co6crsenno npeo6paaosaTe.nh HepasnosecHY aMnep
BHTKOB. KpoMe TOro, J1llllT CO):Iep)KHT pe.nyJISITOp OOCTOSIHHOro. TOKa 2 H 3Ta-' 
JIOHHNH peaHcrop 3. · . · ... 

l1llllT npet:~craBJISieT co6oii .3aMKl(YTYIO cucreMy asToMaTH4ecKoro pery
JIHposaHHSI CJie):ISim;ero THITa. JI:eiiCTBHe KOHTypa aBTOperyJIHpOBaHHSI HanpaB
JieHO Ha ITO.IUJ.ep)KaHHe 6aJiaHca H.C< ITOCTOSIHHbiX TOKOB, ):leHCTBYIOUJ;HX HaMar- .. 
HHTonpoBOJ:Ihl npeo6pa3oBaTe.nSI uepasnosecuSI aMnep-BHTKOB •.. B ycranosus-

s· 

WeMCSl pe)KHMe:COCTOSIHHe ~.C>HTyp~ aBTOperyJIHpoBaHHSl ODHCbiBaCTCSI COOTHO
weHHCM. 

IN:-"./ N = !lF, 
. :, IC IC .. ·~ ... 

rt:~e !lF- t:~eiicrsyro~ce paccomacosanue s ~onType ainoperyJiuposaHHY. llpu 
6oJibiiioM ycHJienuu s KoliType asTopery.iuiposanitSI t:~eiicTs.yrouiee pa~corJiaco-· · 
BaHHe !lF 51BJI51eTC51 npene6pe)KuMo MaJIOH BCJIH4HHOif_ (!lF,;, 0). Be.nH4HHa H3-
MCpSICMOro TOKa /onpet:~en~e;~~ ~ 3THX ycnOBH~X C~OT~OlliCHHCM (1). BhiXO):I
HbiM nanpSI)KenueM l1llllT51sJI'SieTC:51 na):leliue lianpSIX<euu~ na 3TanonnoM pe-
3Hcrope 3, KOTOpOC C03):1aCTCSI.TOKOM KOMOCHCaU,UH J// 

U=l R, 
: .IC: 

(3) 

r):le R - noMHHaJihHOe ana4CHHe conpoTHBJICHHSI sTaJionnoro pe3HCTopa 3. Ha 
cooTnowenHSl (l)c yqeToMi~> u3r.tepSICMhl_h To{{onpe):ICJISieTc:si K·aK 

l=KU, 

rt:~e K- nocTOSIHHaSI.HllllT, K = N I NR. 
. ' ' ,_. ; .': .I: !( ·;,.· ' . . ., -.' . .. ' ' . '· . 

qepe3 MaCCHBHbiH MarHUTHblll 3KpaH ocym;CCTBJisiCTCSI npSIMaSI MarHHTHaSI 
(Tpancq>OpMaTOpHaSI) CBSI3b MC)K):Iy 06MOTKaMn H3MCpHTe.iJhHOH W H KOMOCHCa

U,HOHHO~. W~e [ ~ q .. llos:roMy PP.".OTH~cnTeJih~~ ne6oJihgiOM cyMMapn~M ~!<!"II~; 
H()Mconp~rlis~e~I:':",R:E·B!f:enu K9M~~nc~u.no~~oii_o6,MoT.K~ flpo~cx~~~ITTP'!l{'-:-. 

• " < '.. ... • ) ·-

<fmpMaU,HSI ;(npaKTII4CCKH 6e3 HCKa)KCHHH) ·.nepCMCHHOH COCTaBJISIIOUJ;CH H3Me-'· 

PSICMOrQ:TOKa B\U,COb. KOMOCHCaU,HOHHOH 06MOTKII (R..,: .= R t:R •+.R · , •r):IC 
•. . ':·, ._ IC 6b1X 

R :..:...:.. 'noM:imani.iiaSI BeJIHtlHHa 1conp(nus:.ne~uil '3TMOHH6ro'p~3HCTopa3 ?R' ''.;_ 
aKTHBHOC colipOTHBJieH:ue'i<ol.triellcaU,itoHHOH~OO~tOTKH w, R • - BhlXO):I~Oe 
conpoTHBJieime per)'JISITOpa··no&o~HHOrO Tod 2), 6Jia~~ap~X.:IeMY HllllT) 
IIMCCT wnpoKyiO OOJIOCY nponyc~aHHSI;: · . . . , .• '';·:· ~. '~.·; ·: 

CJie):lyeT OTMCTHTh, 4TO s HllllT, npeo6pa3oBaTCJih nepasnosec'IiSi 'aM:nep" 
BHTKOB KOTOporo COACP)KHT O):IHH pa604HH ~amuionpOBO):I H MarHHTHhiH 3KpaH 
(2 ),1 · DOJIY4HTb wnpoKyiO DOJI~y' nponycl<aHHSI 3a: C4CT•.'Tpanc¢opMaTOpHOH 
csSian (qepea 1.tarH:uTnhlii sKpali) Ii.te)l(.ny n3MepuTe.iii.Hou u KoMnencaU.uoHnoii 
o6Mcni<aMu npaKTH4ecKu ne · yii'aeT61: 3To 06yi:noiiJieHo o1-iiocliTe.nhnci · Bhlco
KHM ypoBHCM OOMCX Ha tiaCTOTC B036y)K):ICHHSI; OOHBJisiiOiiJHXCSI B U,CDH KOMfieu'--· 
cau.uonfiou o6MOTKH aa C4CT TpancqmpMaTOpnoii CBSI3n qepe3 paooquu'M'arnu
Tonposo):l Me)K):Iy 3TOii OOMOTKOH n o6MOTKOH soa6y)K):IenuSI. Cpe):ICTBa, BBO):IH
Mhle B J1llllT ):IJI51 OO):IaBJICHH51 3THX.r DOMCX, npHBO):ISIT K Cy)KCHHIO OOJIOChl 
nponycKaHHSil1llllT. ··· . 

MamHTOOpOBO):Ibl H o6MOTKH, BXO):ISIUJ;HC ,B 11 nnT, o6pa3yiOT B c6ope TaK 
na3hiBaCMhlii MamuToMOAY~Siu,~oHH~Iii y3e;i '<MM.Y). Ha puc. 5-npe):lcras~ena 
KoncrpyKTH~naSI cxeMa MMY.o6cy~aeMoro 11llllT (p.uc. ·4>:,;3ilech ii~ 2-

9 



t. '"I 

h 

PHc. 5. KoHcrpyKTHBHaSI cxeMa MarnHTOMOJIYJISI!.IHOHHOro y3.11a 
,., ~ < 

cooTscrcrseliuo TOPo~aJihHI>~e Manm.fonposo.z:v:d Tl ii T2; 3 u4- coOTBeTCT~ 
seuuo OOMOTKH B036y~eHuSI· We; u, ~e~;."5 u_ Q ·...::..: 'suyTpeuuuft ',u BIIeUIHUH ,io
po~man&Hhle MarHUTOOpoBOAhl, ~pa3y10~ue MarHUTHhiH 3KpaH TJ; .7,- KOM:
neHcaU,UOHHaSI OOMOTKa.w , 8- u3M:epnTen&HaSI OOMOTKa w, 9.- 3JICKTpOCTa-

' . ' ·. • ' . • IC . • , .. .. .· , . ' 
. TuttecKuft 3Kpau (ua 6JioK-cxeMe 11llllT ue noKa3au). MarnuTHhiH 3Kpau B 
~eJIOM OCJia6JISieT sliusiuue '~HCIDHUX ~arHUTHhiX, DOJICH Ha npeo6pa30BaTeJih 
~epasuosecuSI aM'nep.:.lm;Kmi. Bny'fpeuuuU: M:ariiiiTonposoA 5 MarnuTm)ro aK
. paua, lcpciM:e Taro, yMeH&maeT ucKa)l{eHuSI pa6ottero MarnuTuoro noJISI, co3Aa-
saeMoro OOMOTKOH 8. · · . · . · .. . '· 

. Texu~ttecKue pemenuSI ~onpeoGpa3osa;c!.n10 IiepasH:os~cuSI ~M:nep-~UTKOB 
(cxeMa· puc. 3) uno :HnnT (cxeMa puc. 4> 6h1Jlu co3AaHhl B npou,ecce pa3pa6oT
Ku CUCTCMH DUTaHU.si MarHUTHhiX ane~~HTOB IJ;UKJIOTpoHa Y-120K (TeXHUtte
CKUH nP<>eKT u,uKJioTpoua Y -120K 6btn:, p~3pa6oTau AJISI Pecny6JiuKu. Ky6a B 
1989 r.). 3TH pemeHUSI SIBJISIIOTCSI6a30H AJISI paOOttCro·npoeKTUpoB<lHUSI ~OOT
BeTCTByiOID;UX yCTpoHCTB. ; ... ~ • ·· . : 
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