Jlexuus 3, 4, 5 1
2 MAIIUHBI HIOCTOSHHOI'O TOKA

B MammHax mocTOSHHOTO TOKa MpPOLecC MpeoOpa3oBaHUsS HHEPTUU 00Y-
CJIOBJIEH NOTPEOJICHUEM UJIM F'€HEPUPOBAHUEM TOJbKO MOCTOSIHHOTO ToKa. Mamu-
Hbl MMOCTOSIHHOTO TOKa M3TrOTaBJIMBAIOTCS MPEUMYIIECTBEHHO B BUJIE KOJJIEKTOP-
HBIX MAaIIUH (COAEPKAT METKU U KOJIJIEKTOP).

2.1 IPEOBPA3OBAHUE DHEPT'UH B DJIEKTPUUYECKUX MAIIIMHAX

[ ananusza npeoOpa3oBaHUM IHEPTHU B AJIEKTPHUUYECKUX MAalIMHAX BOC-
MOJIb3yEeMCSI TPOCTENIIENH MOJIEbIO, COCTOSIIEN U3 TIPOBOJHUKA, HAXOISIIETOCS B
MarHuTHOM II0JIE.

Ilpeobpazoeanue mexanuueckoii IHepzuu 6 Inekmpuyeckyr (puc.2.1).

B mMarHuTHOM moJie ¢ MHAYKIUMEH B MEpneHIUKyIIpHO MAarHUTHBIM CHJIOBBIM
JUHUAM TOJ JeHCTBUEM MEXaHUUYECKOU cuibl F,,.. CO CKOpOCTBIO V MepeMelnaeTcs
MPOBOJIHUK, aKTHBHAs JJIMHA KOTOPOTO paBHa |.

[Ipu mepeceyeHUH MArHUTHBIX CHUJIOBBIX JIUHUM B MPOBOJHUKE HABOJIUTCS
SJC

e=Blv. (2.1)

Hanpaenenue 3/[C onpeodensemcs no npasuny npasou pyku (puc. 2.2). Ec-

JIM KOHIIbI MPOBOJIHUKA 3aMKHYTh Ha BHEIIHEE CONMPOTUBIEHUE (HArpy3kKy) R,, To mo

MPOBOJHUKY U IO HArpy3Ke OyJeT mpoTeKaTh TOK |.

Puc. 2.1 Ilpeo6GpazoBaHrie MEXaHUYECKOM SHEPTHH Puc. 2.2 Onpenenenue

B DJIEKTPUYECKYIO HanpasieHusa DJ]C — npaBuiio npaBoil pyku
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TakuMm oOpazom, MexaHUUYECKass dHEPrus (IBMIKEHHE MPOBOJHUKA) TPEOO-
pa3yeTcs B 3JIEKTPUYECKYIO, U MOJEJNb MPEACTaBIsIeT cCOOOW 3JIEeMEHTapHBIN re-
HEPaTop.

[Ipu B3auMoAeCTBUM MPOBOAHUKA C TOKOM | 1 MarHUTHOTO MOJS C UHAYKIIH-
el B BOBHUKAET 3JEKTPOMArHuTHas cuia

F,,=BIl. (2.2)

Hanpasnenue snexmpomacuumnou cunvl F,, onpedensemcsa no npasuny ne-
eoui pyku (puc. 2.3).

Kak BugHo u3 puc. 2.1 u 2.3, Hanpasienue cuibl F,, MpOTUBOMOIOXKHO HAIpPaB-
neHuro cuisl F,,,, TpuBOsIEH TPOBOAHUK B JABUKeHHE. Takum obOpa3zoM, B pac-
CMaTpUBAaE€MOM 3JE€MEHTapHOM TreHepartope cuia F,, sBIseTca TOpMO3slen
CHUJIOW TIO OTHOIICHUIO K ABWXKYIIEH cuie F,,,.

Ilpeobpazosanue 31ekmpuyueckoul Inep2uu ¢ mexanuueckyro (puc. 2.4).

Ecnu k mpoBOJIHUKY C aKTUBHOM JMHOM |, HaxoasAeMycss B MArHUTHOM T10JIE
C MHAYKIUEW B, nmoaBecTu HamnpsikeHue ot ucrounuka IJ[C Ey, To B IPOBOJHUKE T10-
aBuTcs TOK |, conanpasnennsiii.c 3/IC Ej.. Ha npoBOJHUK C TOKOM B MAarHUTHOM I10JIE
JIEHUCTBYET dJEKTpPOMArHuTHas cuia F,, 1 HampaBlieHHWEe ee ompejenseTcs Mo mpa-
BUJIY JeBOU pyku (puc. 2.3). Ota cujia B JaHHOM TIPeoOpa3oBaHUU SIBISETCS IS
MPOBOJHHUKA ABHXKYIIEW CUIIOW U MPUBOJAUT MPOBOJAHUK C TOKOM B JBUKEHHE CO

CKOpOCTBIO V (puc. 2.4).

Puc. 2.4 TIpeoOpa3oBaHue IMEKTPUIECKOM Puc. 2.3 Onpenenenue HanpaBiIeHUs
SHEPTHU B MEXAHHUYECKYIO AJIEKTPOMArHUTHHON CHJIBI — IPABUJIO JIEBOH PYKH
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Takum o0Opa3zoM 3JeKTpUUEcKas dHEprus npeodpa3yeTcs B MeXaHUUe-
CKYI0, M TaHHAsl MOJEJb MPEACTABISECT COOOM 1€ MEHTAPHBIA ABUTATEb.

[Ipy ABMKEHHUU MPOBOJHHUKA C TOKOM B MAarHUTHOM IIOJIE CO CKOPOCTBIO V
B nipoBogHrke uHaynupyercs IJIC e=Blv, no npupone anamoruunas I/ C rene-
patopa. Kak BunHo u3 puc.2.4, Hanpasienue D/[C B nBurartene nNpoTUBOIOIOKHO
Hanpasienuto JJIC ucrounuka, kotopas coHampapieHa ¢ TokoMm |. I[Tostomy
OJIC, HaBoguMass B NMPOBOJHUKE, Ha3biBaeTcsa npotuBo-2/[C; oHa ypaBHOBe-
muBaeT yacth IJC uctouHuka Toka.

PaccmoTpeHHbI€ ABIEHUS B MOJEIU JIEKTPUUECKON MAaIIMHBI MO3BOJISIOT Clie-
JaTh CJIEAYIOIINE BHIBOIBI:

1. Jlng mr000# 2MEKTPUYECKOW  MAIIMHBI SBISETCS 00S3aTEIbHBIM HAIMYHE
MAarHMUTHOTO TMOJIS U 3JIEKTPONPOBOIAIIEH cpebl (TPOBOJIHUKOB).

2.1Ipu pabotre >MeKTpUUECKON MAIIMHBI KaK B PEKUME T'€HEpaTopa, TaKk U B
pexXnMe ABUraress uMeeT Mecto uHauuuposanue J/1C B npoBOJHUKE, EPECEKaO-
€M MAarHUTHOE I0JIE U BOSHUKHOBECHUE JJIEKTPOMATHUTHOMW CHIIbI, NEHCTBYIOIIEH
Ha NPOBOJHUK.

3.B3aumMHoe mpeoOpa3zoBaHME MEXAaHUYECKOW W DJIEKTPUYECKONW DHEPruii B
ANEKTPUUYECKON MalllMHE MOKET MPOUCXOJIUTHh B JOOOM HampaBlICHUH, T.€. OJHA U
Ta XK€ DJIEKTpUYECKas MalllhHa MOET paboTaTh KaK B KaueCTBE JABUTATENsl, TaK U B
Ka4yeCcTBE I'€HepaTopa; 3TO CBOMCTBO AJEKTPUUECKUX MAIIWH Ha3biBaeTcs oOpa-
TUMOCTBIO.

DNEeKTpUYECKHE TeHEpPaTOpPbl COCTABISIOT OCHOBY COBPEMEHHBIX 3JEKTPOCTAH-
LM, TJIe OHU MPE0OPa3yIOT MEXAHUUECKYIO SHEPTUIO TYPOUH B DJIEKTPUUECKYIO.

DNEKTPOJBUTATENN COCTABIISIIOT OCHOBY JJICKTPONPHUBOJAA IJI€ OHH, Mpeodpa-
3ys AJIEKTPUUYECKYIO IHEPTHIO B MEXAaHUYECKYIO, TPUBOJAST B IBUKEHUE CTAHKH, MOIb-
€MHbIE CPEJICTBA, TPAHCIIOPT, POOOTHI U AP.

[[Iupoko TPUMEHSIIOTCS JJIEKTpOMAIMHbBl Mayiod MomHoct (o 600 Bt) B
YCTPOMCTBAX aBTOMATUKH, BBIYMCIUTEIBHON U OBITOBOW TEXHUKH (XOJIOJMIBLHUKH,

MBIJICCOCHI, BECHTHJIATOPA U T. H.).
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2.2 MIPUHIOAI JEACTBUSI TEHEPATOPA ITIOCTOSSHHOI'O TOKA
PaccmoTpeHHbI€ BhINIE SBICHUS JIEKAT B OCHOBE PabOTHI reHepaTopa MOCTOSIH-
HOT'O TOKa, YIpOIIeHHass MOJeJIb KOTOPOTo Npe/icTaBlieHa Ha puc. 2.5, a. B maruur-
HOM T1os1ie MarauTa N—S Bpammaercst IuIMHAPUISCKAN CEpICIHUK, HA KOTOPOM B JHa-
METpaJIbHOM MIOCKOCTU PACHOJI0XKEH BUTOK C JBYMS aK TUBHBIMU CTOPOHAMU (aa’ U
bb'). Hayamo u koHel| BUTKa IPUCOCIMHEHBI K IBYM HM30JUPOBAHHBIM JPYT OT APY-
ra noaykoJssinam (A u B), oOpazyromum koyuiekTop. KoJiekTopHbIE TJiaCTUHBI
A 1 B ckonp3saT nmo HenoABWKHBIM meTkaM | u Il, oT KOTOopbIX OTXOASAT MPOBOJA BO
BHENIHIOW 1enb R,. Takum oOpazom, MarauTHas cucreMa (mmoiockl N — S), meTku |
u |l aBisIIOTCS HEMOABUKHOM YacThiO MAIlIMHBI — CTATOPOM, a CTaJIbHON CEPJICUHUK C

BuTKoM (aa'bb') u kosexropom (4, B) 00pa3yroT BpaIlarIlyrCcs 4acTh MAIIUHBI.

Puc. 2.5. Mojenb reHeparopa IMoCTOSHHOTO TOKA: ¢ — WCXOJIHOE TIOJI0KEHUE BUTKA OOMOTKH SIKOPS U TUIa-
CTUH KOJUIEKTOpa; 6 — TOJI0KEHHE BUTKA OOMOTKH SIKOPS ¥ TUTACTHH KOJUIEKTOpa 1mociie moBopoTa Ha 180°;
6 — rpa(UK M3MEHEHNsI TOKa B BUTKE OOMOTKH SIKOpSI

Ecnu BHemHe#l cuioil (TypOuHa, ABUraTe b BHYTPEHHETO CropaHus) Bpa-
math SIKOPb, TO aKTUBHBIE CTOPOHBI BUTKA aa’' u bb' Oymyt mepecekarh MarHut-
Hoe mosie N— S u B Hux Oyzaet HaBoauthes DJ[C e. [IockonbKy akKTHBHBIE CTOPO-

HBl BUTKA COCJMHEHBI IocjieqoBaTeabHo, To DJC BUTKa

e=2Blv. (2.3)

[Tpu 3aMbIKaHUH IIETOK Ha BHEIIHIOKO 11enb R B BuTKe aa'bb'v B Harpyske more-
yeT TOK | 1 Ha Harpy3ke nosButcs Hanpsokenue U. Ha puc. 2.5 Tok Bo BHelIHEH 1enu
reHepaTopa HampasieH oT meTku | k merke |l. PykoBoacTBysICh TeM, UTO BO BHEIIHEH
ey TOK HampaBJIeH OT MOJIOKHUTEJIbHOr0 3aXKUMa K OTpULIATEIbHOMY, OMNpee-

Jg€M CIEAYIOIYI0 MOJAPHOCTh IIETOK: meTka | ummeer moasipHOCTh + (IUTIOC), a
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merka |l umeer — (munyc). B npusenennoii popmyne (2.3) MOCTOSHHBIMH SBISIOTCS
JUTMHA MTPOBOTHUKA | M CKOpOCTh MBHXKEHMS V, cienoBaTesibHo, D/1C mpoBoHUKA MPO-
NopUMOHaJIbHA MarHUTHOM MHAYKIMU B. Takum ob6pazom, popma kpusoit IC
OTIPEIETSIETCS UCKIIOUYUTEIBHO XapaKTepOM pacHpe/ieIeHUs] MarHUTHON WHIYK-
Uu B B BO3AYUIHOM 3a30pe Mexay nomatocamu N, S v moBepxXHOCTHIO siKopsi. Maraur-
Hasi MHAYKLIHS B B pa3HbIX TOYKaX yKa3aHHOTO 3a30pa HEOJWHAKOBA: MOJ cepe-
AWHOW MOJIOca MHAYKIUSA B mMeer HamOosbiree 3HadeHue (B,,,), a B Toukax O,
Oy, (puc. 2.5) paBHa Hymto (B = (). JlonycTuM, 4TO MarHUTHas UHIYKIUS B BO3YII-
HOM 3a30pe pacmpenesieHa CHUHycouaalbHO, clenoBareiibHo, DJIC oOMOTKH

AKOpA

e=2B,lusina (2.4)

IJI€ ¢ — YroJl TOBOPOTa BUTKA OOMOTKH SIKOPSI.

U3 (2.4) cnenyert, uto 3/1C, HaBeieHHAs B BUTKE OOMOTKH SIKOPSI, IBJASCTCS TIe-
peMeHHO# (B TaHHOM ciy4ae CHHYCOMJIAJbHOM), U TaKKe CUHYCOUIAIbHBIM OyJeT
TOK BHYTPEHHEHN LENU MAIIUHBI.

O6patumcs k puc. 2.5,0. [Tociie moBopoTa BuTKa Ha 180° OTHOCUTENBHO MOJIOKEHUS,
MOKa3aHHOTO Ha puc. 2.5, a, HampaBjieHue Toka B BuTke aa'b'b uamenurcs na obpar-
HOE, OJIHAKO TMOJIIPHOCTh IIETOK, a CJeJ0BaTeibHO, M HAINpaBJICHUE TOKa BO
BHEIIHEH IeNu OCTalTCs HeU3MeHHbIMU. OOBIACHSIETCS 3TO T€M, YTO B TOT MO-
MEHT, KOTJia TOK B BUTKe aa'bh'bh MeHseT cBoe HanpaBJieHHE, TPOUCXOJAUT CMEHA
KOJIIEKTOPHBIX IJIACTUH TOJ IIeTKaMH, MpUYEeM, Kak BUJHO U3 puc. 2.5, a u 0,
noj meTtkoi | Bcerma HaxoAWTCA KOJJIEKTOpPHAas MJIACTHUHA, COCIMHEHHAas C MpOo-
BOJHUKOM, KOTOPBIM PaCIOIOXKEH I0J ceBepHbIM mosirocoM N, a moxa merkoit 1l —
KOJIJIEKTOpHAsl TIJIACTUHA, COCJAMHEHHAsi ¢ MPOBOJHUKOM, KOTOPBIA PACIOJIONKEH Ha
F0’)KHBIM TIOJIFOCOM S, B pe3yJIbTaTe MOJSIPHOCTD METOK OCTACTCS HEHM3MEHHOM.

TakuM 00pa3oM, ¢ nomMowbo KOALeKmopa U wemokK 8 2eHepamope noCmosit-
HO20 MOKa NpouUcxooum npeobpazoeanue nepemeHHo2o moxka 6 ooMomke AKOps
NYIbCUPYIOWULL MOK 80 6HeWHel Yenu MAwunsl, JPYTUMU CIOBaAMH, KOJIEK-

TOp M IMCTKA ABIAOTCA MCXaHHUYCCKHUM BCHTHUIICM. Hy.]'IBCaHI/II/I TOKa H SI[C BO
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BHEIIHEN I[eMU MOXXHO 3HAYUTEIHLHO OCIAa0UTh, €CIM OOMOTKY SIKOPS BBITIOJTHUTH
M3 HECKOJBbKHX BHUTKOB, COOTBETCTBEHHO YBEJIWYUB YHUCJIO KOJJICKTOPHBIX TIa-
CTUH. Yxke npu 16 BuTkax B 0OMOTKE MyJbCAllMK TOKA CTAHOBSITCS MIPAKTUYECKU He-
3aMETHBIMHU M TOK B Harpy3ke reHepaTtopa MOXKHO CUHUTATh MOCTOSHHBIM.

B npouecce paboThl MaliMHBI TOCTOSSHHOTO TOKa B KaXX/JIOM MPOBOJHUKE
oOoMoTkH skops HaBoautcsa DJ]C, onpenenseMas B cooTBeTCTBUH C (2.3). UTOOBI
onpenenuth IJ|C sSKOpHON 0OMOTKH, HYXKHO YYECTh COCIMHECHHE TMPOBOIHUKOB B 00-
MOTKY, T.€.

N N
T %2a 7 2a (25)

rac N — KOJIH4eCcTBO IIPOBOJHHUKOB B O6MOTK€,

2a — 4HCIJIO MapaJUICIIbHBIX BETBEH,

N
22 KOJIMYECTBO MMPOBOIHUKOB, BKJIFOUEHHBIX ITOCIIEI0BATEIBHO.
a
y 7Dn D
Ecin yuyecTh JIMHEHHYIO CKOPOCTb | V =—— |, IIOJIOCHOE NEJEHUE | 7 =— |,
60 2p
MAarHATHBINA MTOTOK (CD =Bl z'), 10 D/1C MOKHO OIPENENUTH KAK
PN
E,=—®n=c,Pn, (2.6)

60a
rac C, = —— - IIOCTOsAHHAA MAIlIlUHBI, 3ABUCUT TOJIBKO OT KOHCTPYKI_[I/II/I MaAllInHBI (III/IC—
® 60a ’

Jia TIap MOJIFOCOB, KOJMYECTBA MPOBOIHUKOB U OCOOCHHOCTEN COeAMHEHUSI OOMOTKH).
Herpynno 3ametuth, uTo monydeHHoe BohipaxkeHue DJ[C oOMOTKH sIKOpPS
(2.6) sBnsiercs, o cyimectBy, 3JC xom0cToro xoaa reneparopa (Ipu OTKIFOYCH-
Hol Harpy3ke R). [Ipu moakIoUYeHUH K TEHEpaTOPy HArPy3KH B IICIH SIKOPS BO3-
HUKaeT TOK l;, a Ha BBIBOJAX reHepaTopa yCTaHaBIMBAeTCs HampsbkeHue U,

onpenensiemoe ypasuenuem I/C 05 yenu sikops cenepamopa:
U=E-1,(2r,), (2.7)

rae 2'r, — CyMMa CONPOTHUBIIEHUN BCEX YUACTKOB LIEMU SAKOPSI.
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2.3 IPUHIIUII I[EﬁCTBHH JABUT'ATEJISI HOCTOSAHHOI'O TOKA

Ecnu k mieTkaM MamuHbl, TOKa3aHHOW Ha puC. 2.6, @, MOAKIIOYUTh UCTOY-
HUK DHEPrUU MOCTOSSHHOTO TOKAa, TO 4Ye€pe3 MIETKH, KOJJIEKTOP U MO BUTKY 00-
MOTKH sikopst aa'b'b moreuer tok l,;. [Tpu B3aumoneiicTBur MaruuTHOTO IOt N —
S ¢ MPOBOJHUKAMU, TIO0 KOTOPHIM MPOTEKAET TOK, BO3SHUKHET AJIEKTPOMarHuTHas
cuna F,,=BIl, (manpaBieHue ee ompenensieTcs Mo MPaBUIy JCBOM PYKH — CM.
puc. 2.3) u BUTOK 0OMOTKH sikops aa'b'b mox nerictBuem F,,, HauHeT moBOpayw-

BaTbCA.

Puc. 2.6 Mopaens nBuraresst NIOCTOSSHHOrO Toka (a) u npotuBo-2/IC B BUTKE OOMOTKHU
sikopst (0)

ITocie moBopoTa sakopst Ha 180° MPOBOAHUKYU AKOPS MTIOMEHSIOTCA MECTAMHU,
HO DJICKTPOMArHUTHBIE CUJIBI HE U3MEHSIT CBOEro HampabieHus. OOBbICHsIETCS
3TO T€M, YTO OJiarojapsi KOJUIEKTOPY OJHOBPEMEHHO C MEPEX0JIOM MPOBOJIHUKA
OOMOTKH SKOPS M3 30HBI JECHUCTBUS OJHOIO MOJIOCAa B 30HY JAEHUCTBUSL IPYTOTO
MOJIFOCA B HEM MEHSETCS U HallpaBJIIEHUE TOKA.

Takum 00pa3zoM, Ha3HAYEHUE KOJJIEKTOpAa M IIETOK B JIBUTATEJIE MOCTOSH-
HOTO TOKa — HM3MEHSTh HAIMPABJICHUE TOKA B IPOBOJHUKAX OOMOTKH SIKOPS MPH
WX MEPEXOJE€ U3 30HBI IOJIIOCA OJHOM MOJAPHOCTH B 30HY IOJKOCA APYTrOM IO-
JIsipHOCTU. PaccMoTpeHHasi ynpoueHHas MOAedb JIBUTATENsl NOCTOSSHHOTO TOKa
He o0ecrneynBaeT yCTOMUYMBOU pabOThHI MAIIWHBI, TaK KaK HAa T€OMETPUUECKOM
Heltpanu B=0, cnegoBatenbHo, u F,, = =0. UToObI BpalieHue sIKOps JIBUTATEIS
ObIJI0O PABHOMEPHBIM M YCTOWYMBBIM, YHUCJIO MPOBOJHUKOB B OOMOTKE SKOpS U

YHCJIO IIJIaCTUH KOJIJICKTOpPA HCO6XOI[HMO YBCIINYUTD.
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3ﬂeKTpOMaFHI/ITHbIﬁ MOMCECHT MalIuHbI IMMOCTOAHHOIO TOKA.
B pPC€aJIbHOM ABHUTIATCIIC IMOCTOAHHOI'O TOKA Ha Ka)KI[BIfI IPOBOAHUK O6MOTKI/I
SAKOPA ,HeﬁCTByeT QJICKTPOMArHuTHasA CUJia

_BiI, 2.8)

IM
2a

rje 2a — 4UCiI0 NapajljIeIbHbIX BETBE OOMOTKH SIKOPSI.

COBOKYNHOCTbH BCEX CHUJI, NEHCTBYIOIIUX HA IPOBOJHUKH C TOKOM OOMOT-
KU SIKOpsl, CO31A€eT DJIEKTPOMATrHUTHBIM MOMEHT, KOTOPBIM NMPUBOJUT SIKOPb BO
BpallcHUE:

M=F Pn-gileDy, (2.9)
2 2a 2

rac D— AUaMCTP SAKOP; N — 9HCJI0 aKTHUBHBIX IIPOBOIHHNKOB B 00MOTKE SAKOPA.

VuutsiBas, yto 7D =2pP7 u noacraBuB B ypaBuenue (2.9) D=2pz/z, no-

JTYYAM

M :Blrl—”QN.
2a2r

[Tpoussenenne Bl 7 mpencraBasier coboi OCHOBHOM MAarHUTHBINA MOTOK JBUIa-
tens @. CaenaB HE0OXOIMMbIE MPeoOpa30BaHUs, MOJYYUM BBIPAXKEHUE IIECKTPO-

MArdmuTHOTI O Bpama}omero MOMCHTA, H-m B OKOHYATCJIbHOM BHUJIC:
M =c,, @I, (2.10)

rae Cy=pN/2za — ko3 duineHT, 3HaYCHHE KOTOPOTO IS JAHHOW MAIIUHBI MOCTO-
STHHO.

B mponiecce paboThl ABUTATENS SIKOPH BpallaeTCs B MArHUTHOM IIOJI€ C Ya-
crotoi Bpamenus N. Ilpu 3tom B ero ooMoTke HaBoautca DC E, HanpaBieHue
KOTOPOM oTpejensieTcs Mo nmpaBuily npaBoil pyku (puc. 2.6,0). Ilo cBoeli mpupomae
DJIC E anmamoruuna DJIC oOmoTku sikopst reHepatopa (2.6). B asurarene E
HaIpaBjicHa B CTOPOHY, IPOTHUBOIIOJIOKHYIO TOKY SKOpsS |1 M mo3TomMy ee Ha3bIBa-

10T ipoTuBo-2/1C.
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CrnenyeT 3aMeTUTh, YTO €CJIM CO3JaHHBIM YKa3aHHBIM 00Pa30M 3JIEKTpPOMAar-
HUTHBII MOMEHT B JIBUTATEJIE SIBIISIETCS BPAIIAIOIIUM, TO, BOSHUKHYB B T€HEPATOPE,
OH OKa)KeTCsl TOPMO3SIUM (HArpy»KaroluM), TOCKOJIbKY OH HaIlpaBJIEH BCTPEYHO
U MPOTHBOACHCTBYET BpAIIAIONIEMy MOMEHTY MEPBUYHOTO nBuratens. [lomcraBuB B
(2.10) @=E/c.n, nonyuum eliie 0JTHO BBIpaKECHHUE JICKTPOMATHUTHOIO MOMEHTA:

M :ﬂEIE:QSSQ:&. (2.11)
27m n w

rae w=2zn/60 — yrmoBas ckopocThb aABHTaTtens; P,, - 3MeKTpOMarHWUTHAs MOII-

HOCTb ABUTATCIIA IIOCTOSHHOI'O TOKA, KOTOpPasa OIIPCACIIACTCA

P, =El, (2.12)

U3 (2.11) cnenyer, 4TO 6 dsucamensix pasHot MOWHOCMU INeKMPOMASHUMHbLU
Momenm Oonvuwe y 0suecamens, pabomarouje2o ¢ MeHvuell Yacmomou 8paujeHus.

I[JI}I ABUTIaTCJIA, pa60Ta}omer0 C MOCTOSIHHOM 4aCcTOTOM BpalllCHUA,

U=E+I,r,), (2.13)

T. €. MOABEJEHHOE K JBUTaTeNnto Hampsbkenue U ypaBHoBemuBaeTcs: mpoTuBo-2J[C

00MOTKH AKOPA En MaaACHHUCM HAIIPAKCHHSA B OCIIHU AKOPA.

2.3 YCTPOHUCTBO KOJIJIEKTOPHOU MALIWMHBI IOCTOSTHOI'O TOKA

KonnexkTtopHass MamuHa NOCTOSSHHOTO TOKa COCTOMT U3 JBYX OCHOB-
HBIX YacTel: cTtaTopa (HEMOJABUXKHAS YaCTh) U poTOpa (Bpallariiasics 4acTh),
KOTOpPBIC Pa3IesaiOTCs BO3AYIIHBIM 3a30poMm (puc. 2.7).

Crarop MamuHbl (puc. 2.8) COCTOUT U3 CTaHUHBI 1, HAa BHYTpEeHHEH IO-
BEPXHOCTHU KOTOPOW PacCHOJIOKEHBI TJIaBHBIE TMOJIOCH 2 ¢ OOMOTKOM BO30YyXKe-
HUs 3. B TopuieBoil yacTu ctatopa pacroioKeHbl IETOYHbIE YCTpoucTBa 8.

B Mammuax OoJbIIoil MOIIHOCTH, KpPOME TJIaBHBIX IIOJIOCOB, YyCTa-
HaBJIMBAIOTCSI 100ABOYHBIE MMOJIOCHI.

Cmanuna ABISAETCS KOPIYCOM MAallIMHbI, K HEW KPErnsTCsl OCHOBHBIEC Ya-

CTH CcTaropa. CraHuHa U3TOTAaBINBAETCS U3 cTaJiu, aJIOMUHUA UJIN 9yTI'yHAa.
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Puc. 2.8 Cratop MalmHbl HOCTOSTHHOTO TOKA

Puc. 2.7 YcrpoiicTBO MallIMHBI MOCTOSIHHOTO TOKA

I'nasnvie nontocor. I'maBHBIE TOJIOCHI COCTOSIT U3 CEPJICYHUKOB 2 U
006MoTKH BO30Yx)aeHus 3. CepeuHHUK MOJI0Ca MOXKET OBITh JIMTHIM, HO Yallle €To
HaOUpAaIT U3 MITAMIIOBAHHBIX JIMCTOB AJIEKTPOTEXHUUYECKOM cTaliu, cobupas
X B MAKET, KOTOPBI CTSITUBAETCS 3aT€M IIMUIBKaAMHU.

B HMXHEW 4acTu CeplIEeYHHKA IMOJII0CA HAXOAUTCS MOJKOCHBIM HAKOHEU-
HUK 4, KOTOPBIH oOecrieunBaeT HY>)KHOE pacrlpeieiecHue MarHuTHOW UHIAYKIIUU B
BO3yIIHOM 3a3ope. [loMtocHbIe HAKOHEYHUKHU WHOT/IA BBIMOJIHSIOT OTACIBHO U
KPETISIT K CepACYHUKAM TTOJTIOCOB.

Obmomka 6030yscoenus 3 TIPUMEHSIETCS B MalllMHAX C 3JEKTPOMArHHUT-
HBIM BO30yxJeHHeM. OHa CIYyXUT JJIs CO3/IaHUSI MAarHUTHOTO MOTOKAa U BBI-
TMOJTHSIETCS B BUJIE€ OTACIBHBIX KAaTyIIEK (JJIs1 KaXXKI0TO M3 MOJIOCOB MAIIUHBI).

AKopb KOMIEKTOPHOW MAlIMHBI IOCTOSTHHOTO TOKA COCTOUT U3 CEPACY-
HHUKa 5 ¢ 0OMOTKOM sIKOpsi 6 ¥ KOJJIEKTOpa 7, 3aKpPEIJICHHBIX Ha Bally.

Cepoeunuk sikopsi 5 TIpeacTaBiIsieT coO00l MUIMHAP, HaOpaHHBIA U3 IITaM-
MOBAHHBIX JIUCTOB JJIEKTPOTEXHUUECKOU cTanmu tommuHoi 0,35—0,5 MM (puc.
2.9). OOGBIYHO JUCTHI TIOKPHIBAIOT C JIBYX CTOPOH JIAKOM M COOHMpPAIOT B OOIIUiA
MMaKeT, KOTOPBIA yJACPKUBAETCS B CKAaTOM COCTOSSHUW HAXXUMHBIMHU TIaii0aMu.
Takasi KOHCTPYKIHSL SKOPSI MO3BOJISIET YMEHBIIUTh MOTEPU PHEPTUU OT BUXpE-

BbIX TOKOB, BOBHUKAOOIUX IIPU BPALICHUN AKOPSA B MArHUTHOM ITOJIC. B mucrax
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CepACUYHUKA SIKOPS MPU MITAMIIOBKE BBIMIOJIHIIOTCS oTBepcTus (puc. 2.9), u mocnie
cOOpKHM JIMCTOB B MAaKET B CEPJICYHUKE SAKOPS 0O0pPa3ylOTCS MNPOJIOJbHBIE Ma3bl
paznuuHoil (OpMBI, B KOTOPBIC YKJIAJBIBAIOT OOMOTKY sKOps. HacTo ma3sl
SAKOpPsA BBIIIOJHAKOT CO CKOCOM, YTO OCJ'Ia6J'IHeT nyJIbCAalHuIo MAarHUTHOU
HMHAYKIYMHX B BO3AYIIHOM 3a30pP€C U CHOCO6CTBy€T YMCHBIIICHH IO BI/I6paHI/II/I n

nmyma B paboTarolei MamuHe.

Al e

B

......

Puc. 2.9 JIuct cepaeunuka sakops Puc. 2.10 YcTpoiicTBoO KomiekTOpa

Obmomky sikopsi 6 (puc. 2.7) W3roTaBIWBAIOT U3 MEIHOTO H30JUPOBAHHOTO
MPOBOJAA KPYIJIOTO WM MPSIMOYTOJIbHOTO CeueHUs. BBINONHIETCS 0OMOTKA B BHU/IE
OTJEJIbHBIX CEKIUM, KOTOPhIC 3aKJIaJbIBAIOTCS B Ma3bl CEpJICUHUKA SAKOPS; KOHIIBI
CEKIIUM MPUIIAMBAIOTCS K MJIaCTHHAM KoJuiekTtopa. [y 3akperuieHus CEKUHUil B
Ma3ax CepJACYHUKA MPUMEHSIOTCS CHelHalIbHbIE KIWHBA (IepeBSHHBIE, T€TUHAKCO-
BBIC MJIM TEKCTOJHMTOBBIC). B HEKOTOPBHIX KOHCTPYKIIUSAX MAIIMH OOMOTKY B Ta3ax
HE 3aKJIMHHUBAIOT, a MOKPBIBAIOT CBEPXY OaHJaXOM, KOTOPBIM BBHIMOJHIETCS W3
CTaJIbHOM HMJIM OPOH30BOM IMPOBOJIOKHM, MHOTAA M3 CTEKJIOJEHTHI, IMmarata (B mMa-
IIMHAX MaJIOW MOIIIHOCTH).

Konnexmop (puc. 2.10) cocTouT U3 MIacTUH 2, U3TOTOBICHHBIX M3 XOJOJHOKA-
TaHOW Meau KInHOooOpa3Horo mpoduias. [lmacTuHBl KOJIEKTOpAa MU30JUPYIOT APYT
OT Jpyra npokiaakamu 1 W3 kosuiekTopHOro MukaHuTa. OCHOBAaHHEM KOJUIEKTOpPA
CIIY’KUT BTYJIKa 9, HA KOTOPOH 3aKPEIUISIOT MJIACTUHBI C TIOMOIIBI0 HAKUMHOM 1Iali0bI 3
U raiiku 6. [ImacTuHbI N30IUPYIOT OT BTYJIKH, MIAHOBI M TaliKM MUKaHUTOBON MaH)XETOMH

4. YtoObl npu cpabaThiBaHUU KOJUIEKTOPA MUKAHUTOBBIE MPOKJIAIKU HE BBHICTY-
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naju HaJl IUIACTUHAMH KOJUIEKTOpa, MEXAY MHOCIeAHUMHU (pe3epyroT JAOPOKKUA Ha
riyouny 1,5 Mm.

ITo oxkoHUYaHUU COOPKHM KOJIJIEKTOP JKECTKO 3aKpEIIseTCs Ha Bajly MAlIWHBI.
JIns npUCOENUHEHUSI CEKIIMH OOMOTKH SIKOPS K KOJUIEKTOPY Y IJIACTUH JEJIAar0TCs
BBICTYIIBL. B HUX podpe3upoBbIBaOT Npope3u (IUINILBI), B KOTOPBIE YKIIAbIBAIOT, a

3aTCM 3allauBarOT KOHIIbI CCKHI/Iﬁ 0OMOTKH SAKOPA.

[I{eTouHOE YCTPOMCTBO MO3BOJIAET OCYIIECTBUTH ANEKTPUUECKUN KOHTAKT BHEII-
HEH LIeNU MAIIUHBI C KOJUIEKTOPOM U MPUNASHHOM K €ro IjiacThHaM OOMOTKOM SKOpSL.
[leTky, ycTaHOBJIEHHBIE B HEMOJABUKHBIX LIETKOAEPKATENAX, IPU BPAILLICHUH KOJIIEK-
TOpa CKOJIB3SIT MO €T0 HUJIMHIPHIECKON MOBEPXHOCTH, K KOTOPOH OHHU MPUKHUMAIOTCS
npy>KMHaMHU.

[eTku BBIMONHAIOTCS Pa3IMYHBIMU 110 CTPYKTYpE, U B 3aBUCHMOCTH OT COCTaBa,
crioco0a M3roTOBJIEHUS U (PU3UYECKMX CBOMCTB OHU MAapKHUPYIOTCS, MOAPA3IEISIsACh PU
TOM Ha IIECTh OCHOBHBIX TPYMI: YroJbHO-TpapuUTOBBIE, IPaQUTOBBIE, INEKTPOrpa-
¢utupoBaHHbBIE,  MeIHO-TpauTOBBIE,  OpPOH30BO-TpaUTOBBIE U  cepeOpsHO-
rpaduroBsie. [ kaxa0i MalIMHbBI CIETyeT NMPUMEHSITh TOJIbKO HIETKU YCTaHOBJICH-
HOM MapK#, KOTOpasi BBIOMPAETCs 3aBOJIOM M3TOTOBUTEIEM UCXO/S U3 YCIOBHI pabo-

ThI MAallTUHHEI.

2.4 ClIOCOBbBI BO3BYXIEHUSA SJIEKTPUYECKUX MAILIUH
HHOCTOSAHHOI'O TOKA

HeoOxoaumbeiM ycinoBuem palbOThl 3JIEKTPUUECKONW MAIIUMHBI SIBIISIETCS
HaJIMUMe MarHUTHOTO ToJis. B Gobiiet yacTh MaliuH MOCTOSTHHOTO TOKa ATO
MoJIe CO3/1aeTCd OOMOTKOUM BO30YKIACHHS, NMUTAEMOM ITOCTOSHHBIM TOKOM, —
ATO TaK Ha3bIBAEMOE€ JJIEKTPOMArHUTHOE BO30yxneHue. B 3aBucu-
MOCTH OT XapakKTepa MOJKIIYEHUS] OOMOTKHU BO30YXAECHUS, YCIOBHO 000O3HA-
yaeMoil B aHHOM citydae OB, K MCTOYHHUKY MOCTOSHHOTO TOKa MAallWHbI MO-
CTOSIHHOTO TOKa JIEJATCS Ha MAaIIMHBI C HE3aBUCUMBIM BO30YKIEHUEM U CaMO-

BO30YKJICHUEM.
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B mammunHax ¢ He3aBUCHUMBIM BO30YyXJeHHUEM O00MOTKa BO30yXKJe-
HUs (0B nmuTaeTcs MOCTOSTHHBIM TOKOM OT MOCTOPOHHETO UCTOYHUKA YHEPTHUUA U
AJIEKTPUYECKH pa3oOIIeHa ¢ oOMoTKo# sikops (puc. 2.11,a).

B mMammmHax ¢ caMoBO30yXJAeHHEM OOMOTKa BO30YyXICHUS 3JIEK-
TPUYECKU COCTMHEeHA C 0OMOTKOM sikops (puc. 2.11,0, B, T), a B 3aBUCUMOCTH OT
CXEMBbl COEJIMHEHUS SIKOpSI U OOMOTKU BO30YXKJICHUS 3TH MAaIIUHBI MOHO

KJIaCCU(PUIIUPOBATH CIETYIOIMIUM 00pa3oM:

e  MalIWHBI NapaJUICIBbHOTO BO30YyXJeHUS (IIIYHTOBBIE), B KOTOPHIX OOMOTKA

BO30YXKJE€HHUS U OOMOTKA SKOPS COSIMHEHBI napajuiesbHo (puc. 2.11,0);

e MAaIIUHBI TOCJEIOBATEIBHOIO BO30YXXJEHUS (CEpUECHBIE), B KOTOPBIX

oOMOTKa BO36y)KI[eHI/I$I H OOMOTKa SAKOpsT COCOAMHCHBI ITOCICI0OBATCIBHO

(puc. 2.11,8);

e  MAalIMHBI CMEUIAHHOTO BO30YXJI€HUS (KOMIAyHIHbIE), B KOTOPBIX UMEIOTCS
JIB€ OOMOTKH BO30YXJIeHUs: oHa U3 HUX — OB/ BKJIIOUEHa NapauieiibHO,
a npyrasi — OB2 — nocieioBaTeabHO ¢ 0OMOTKOM sikops (puc. 2.11,1).

OOMOTKM HE3aBUCUMOIO W MapajuieJIbHOTO BO30YXKIEHUSI U3rOTaBJIUBa-
IOTCSI M3 MPOBOJIAa MAJIOTO CEYEHUSI U coAep>KaT OObIIOE YUCIIO BUTKOB, a 00-
MOTKa MOCJIEJOBATEIbHOTO BO30YKJACHUS HM3rOTaBJIMBAETCS U3 MPOBOJA OO0JIb-
LIOTO CEYEHUS U COJEPKUT MAJIO€ YUCIO BUTKOB.

B mnocnenHee BpeMsl TOBOJIBHO HIMPOKOE PACHPOCTPAHEHUE ITOJIYUYHUIIH
MAaIIUHBI ¢ BO3OYXJEHUEM MOCTOSHHBIMU MarHutamu (puc. 2.11,0). Ilpu
BBIOOpE DJIEKTPUUYECKON MOIIHOCTH MAaIllWHBI MTOCTOSSHHOTO TOKAa HEOOXOJAUMO
HMETh B BHUJY, YTO CBOMCTBa AJIEKTPUYECKUX MAIIUH IMOCTOSHHOIO TOKa B
3HAYUTEJIbHOW CTEINEHU ONPEAEsIOTCS CIIOCOOOM BO30YXIEHHUs, a AJIsI MAllIMH
C DJIEKTPOMArHUTHBIM BO30YKIECHHEM — CHOCOOOM BKJIIOUEHHUSI OOMOTKH BO3-
Oy>KJIeHUS.

Hauana u KOHIIBI OOMOTOK MAaIlIMH ITOCTOSIHHOro Toka coriacHo I'OCT
0003HAYAIOTCA CIEIYIONIUM 00pa3oM:

e oOmoTKa sikopsi A1 u A2,

e 00MOTKa 10OaBOYHKIX MOJIIOCOB /I u /]2,
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e oOMmoTKa KoMneHcarmonHasa K/ u K2;

e 00MOTKa BO30OyX1eHus He3aBucumas H1 u H2;

e 00MOTKa mapajuieabHOTO BO30y)aeHus (myHToBas) 11 wn 112,

e 00OMOTKa mocienaoBaTeabHOTO BO30yx aeHus (cepuecHas) CI u C2.

Puc.2.11 CriocoObI BO30Y>KI€HUSI MaIlTUH TTOCTOSIHHOTO TOKA

2.5. PEAKIIUSA AKOPS

B MammnHe MOCTOSSHHOTO TOKAa OCHOBHOM MAarHUTHBIA ITOTOK— ITOTOK
BO30YyxaeHus. [Ipu pabore mo Harpy3Koi B 0OMOTKE SIKOPS MOSIBIISIETCS TOK, a
CJIEIOBATEJIbHO, B SIKOPE BO3HUKAET MAarHUTHBIM MOTOK, BBI3BAHHBIM ATUM TO-
KOM. BausHue MacHUumHo2o0 nomoxa sAKopst HaA OCHOBHOU MACHUMHbIU NOMOK Ma-
WUHBL U MOdcem Oblmb OnpeodeneHo KaK peaKyus aKopsi.

PaccMoTpum ykazaHHoOe siBiIeHHE Oojiee AeTalbHO Ha MpUMEpPE reHepaTo-
pa IIOCTOSTHHOTO TOKa, IOIEPEYHOE CEUYEHHE KOTOPOTO MPEACTAaBIEHO HA PHC.
2.12. OcHOBHOI MarHWTHBIN MNOTOK mpeacTaBieH nomtocamMu N — S (HazoBeM
ero @,). SIkoph MOKa3aH CEUYCHHEM CEpJICYHUKA C MPOBOJHUKAMH OOMOTKH,
HaxXoJISIIMMHUCS BHYTPU cepleuHuKa. HanpaBiieHne BpalleHus SKops mokasa-
HO CTPEJIKOMU.

I[Ipu paboTe renepartopa B peXxXume XoJiocToro xojaa ls = 0, mar-
HUTHBIA IIOTOK SIKOPS OTCYTCTBYET M JICUCTBYET JIMIIb OCHOBHOW MAarHUTHBIN
MOTOK MamuHbl @,, co3gaBaeMbiii 0OMOTKOM BO30yx)aeHuss OB. MarautHoe mo-

Jie B 9TOM CJly4ae CHMMETPUYHO OTHOCHUTEIFHO OCH MOJI0COB (puc. 2.12, a).
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Puc. 2.12 Peakuus sikopst

Ecnu renepatop HarpykeH u 1mo oOMOTKe SKOps MpoTekaeT Tok |, To B Ma-
IIMHE MOSABISIETCA JOIMOJHUTENbHBIM MAarHuTHBIN MoToK d; U sSKOph, MO Cylle-
CTBY, CTAHOBHUTCS »JeKTpoMarHutom (puc. 2.12,0). Cnenyer 3amMeTuTb, UTO
HanpaBlieHue noToka @, (B COOTBETCTBUMU C MpaBWJIaMH TpPaBOMl Pyku U OypaByu-
Ka) onpexeinsercs HanpaBieHueM @, v HampaBJIE€HUEM Bpall€HHS SKOPS U, CIEI0-
BaTEJIbHO, MPU MOBOPOTE SAKOpPSI NMOTOK P, HE HU3MEHAET CBOEr0 MOJOKEHHUS U
HaMpaBJICHUSI, HAXO/SICh MOCTOSHHO B IMOMEPEYHON TMJIOCKOCTH MAaIIUHBI. JTOT Mar-
HUTHBIA NOTOK @,, Ha3bIBAEMBIA MOMNEPEYHBIM IMOTOKOM PEaKIUU IKOpA,
3aMBIKAeTCS 4Yepe3 BO3AYIIHBIA 3a30p U MOIIOCHl MamuHbl. OOpa3oBaBieecss mMar-
HUTHOE T10Jie D; B3aMMOJEUCTBYET C OCHOBHBIM MAarHUTHBIM MOTOKOM D, B pe3yib-
TaTe Yero Te Kpas MOJIOCOB, IJI€ MarHUTHbIE CHUJIOBbIE JIMHUUA MOTOKOB @, u @, co-
HanpaBJEHbl, JOMOJHUTEILHO HAMAarHMYMBAIOTCA, & PYyTrue€ Kpas TMOJICOB, TJe
MarHuTHble cuiioBble JMHUM D, u @, HanmpaBieHbl HABCTpEUy APYT IPYry pa3mar-
HuunBarwTca. Kak BuaHo u3 puc. 2.12,6 u B, HaMarHW4YMBalOTCs cOeraromue Kpas
MOJIIOCOB, @ pPa3MarHU4MBaIOTCs Haberarouume Kpas moarCcoB.

Taxum oOpaszom, 6 pesyrbmame peakyuu AKOPs MASHUMHOE NOJIE UCKAHCAEMCAL.
CyMMapHbIif MAarHUTHBIN TOTOK MAalTMHBI CMEIIIAETCS B HAIIPABJICHUH BpAICHUS SIKOPS,;
npu 3ToM cMemaercs (usudeckas HedTpanb (PH) oTHOCHTENBHO reoMeTpu4ecKoin
Hevitpanu (I'H) na yron B (puc. 2.12, g).

C yBenuueHueM Harpysku (TOka B 0OMOTKE SIKOps) yroja cMelieHus ¢usu-
yeckol HeWTpanmu [ Bo3pactaeT. Eciaum mpu 3TOM MIETKH MAIIMHBI 3aHUMAIOT T0-
JI0’KEHHE, COOTBETCTBYIOIIEE T€OMETPUUECKON HEUTpaiu, TO cMelleHne (pU3nuecKon

HeﬁTpaHH IIPUBOAUT K TOMY, UTO B MECTAX IMEPCCCUCHUA ITOBCPXHOCTU AKOPA C ICOMCT-
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pPUYECKON HEUTpaAIbI0 MarHUTHAas WHIYKIUS MPUOOpETaeT HEKOTOpPOE 3HAYCHHE W B
AKTUBHBIX CEKIHSX OOMOTKM B MOMEHT HX INEepexojia uepe3 TeOMETPUUECKYIO
HelTpans HaBoautcs JJIC. DTo HapymaeT HOpMalbHYIO pabOTy IIETOYHOTO KOHTAK-
T4, BBI3bIBAsI HCKPEHUE HA KOJUIEKTOPE.

Kak BbllIe yka3bIBajgoCh, OAHU Kpasl MOJIIOCHBIX HAKOHEUHUKOB IMOJIMarHu4u-
BaIOTCA, a JAPyrue pasMarHuuuBaroTca. Eciu Obl MarHuTHas Lenb MalldHbI ObUTa He-
HACBHIIIEHHOMN, MOJIMAarHUYUBAHUE OJIHMX KPaeB IMOJIIOCOB KOMIIEHCHPOBAJIOCH ObI pa3-
MarHuuvMBaHueM Apyrux. OHAKO B pEaJbHBIX YCIOBHSX MAarHUTHAs LEMNb MAIIUHBI
HACBHIILIEHA, U ATO OrPAaHUYMBAET YBEJIMYEHUE MArHUTHOTO MOTOKA OJHUX KpaeB IO-
JIOCHBIX HAKOHEYHHMKOB, HE OTrpaHUYMBasl MPU 3TOM pa3MarHUYMBaHHE (YMEHBILICHUE
MOTOKA) APYTrUX KpaeB MOJIIOCHBIX HAKOHEYHUKOB. B Utore — peakxyus skops 6vi3vi-
eaem ocradbneHue pe3yrbmupyroue20 MazHUmHo20 NOMOKA MAWUUHDL.

OTtpuiatenbHOE BIUSHUE PEAKIUM SIKOPS HAa pabOTy MAaIIMHBI MPOSBISETCS
€ule U B MOSBJICHUU MEXKAY COCEAHUMHU KOJUIEKTOPHBIMU IUIACTHHAMH HANPSKEHHIM,
MPEBBINIAIONINX TOMYCTUMbIE 3HaUeHus (25—60 B), uTo, B CBOIO ouepe/ib, MOXKET BbI-
3BaTh MOHU3ALMIO MPOCTPAHCTBA MEXKIY IUIACTUHAMHU U BO3HUKHOBEHUE 3JIEKTpUYE-
CKOM JIyTW Ha KOJUIEKTOpE. [Ipr MHTEHCUBHOM Pa3BUTHUHU 3TOTO MpOLECCa AyTra MOXKET
nepeOpoCcUThCA Ha IMIETKHM M KOpmyc MamuHbl. ONUCaHHOE SBJICHHE, HA3bIBA€MOE
KPYTOBBIM OTHEM, YPE3BbIYAWHO OMACHO AJA 3JIEKTPUUYECKON MaIWHBI.

Hanbonee neiicCTBEHHBIM CpPEICTBOM YCTPAHECHHUS BPEAHOTO BIMUSHHUS PEAKIIUU
SAKOPSI ABJISIETCS MPUMEHEHUE B MAIIMHE KOMIIEHCAIIMOHHONW OOMOTKH, KOTOPYIO YKJIa-
JBIBAIOT B Ta3bl MOJIOCHBIX HAKOHECYHUKOB M BKIJIFOYAIOT IMOCJEI0BATEIBHO C OOMOT-
KoM sikopsi Tak, 4ToObl MJIC koMmIleHCallMOHHOW OOMOTKM Obljia MPOTHUBOIOJIOMKHA
MJIC oOMOTKH sIKOpS MamuHbBI. Takoe BKIIIOUCHHWE KOMIICHCAIIHOHHONH OOMOTKH aB-
ToMaTudecku obecneunBaer kommeHcanuio MJIC oOMOTKH siKOopsl TNpu JIr0OOH
Harpy3ke MamuHbl. KoMIeHcalmoHHy0 OOMOTKY JI€JIal0T paclpeelICHHON MO BCei
BHYTPEHHEW MOBEPXHOCTH MOJIOCHBIX HAKOHEYHUKOB IJIaBHBIX MMOJOCOB MAIIUHBI.

CAMOCTOSTEJIbBHAS PABOTA
2.6 KOMMYTAIIUA B MAIIMHAX ITOCTOAHHOT'O TOKA
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2.7. TEHEPATOPBI IOCTOAHHOI'O TOKA

CBoiicTBa reHEpaTOPOB MOCTOSHHOTO TOKa ONPENEIISIOTCS B OCHOBHOM
CIOCOOOM BO30YKJICHUS.

B renepartope ¢ He3aBHCUMBbIM BO30Yy:k1eHueM (puc. 2.13, a) oOMOTKa BO3-
OyXJ€HUsI MUTAETCS OT MOCTOPOHHETO MCTOYHHUKA IMOCTOSIHHOIO TOKa U 3JEK-
TPUYECKU HE CBs3aHa ¢ 0oOMOTKO# sikopsi. [locnenoBatenbHO C OOMOTKOM
BO30YyXJAE€HUs BKJIIOYAIOT PEryJIMpoBOYHBIM peoctaT RP, ¢ moMouipo kKoToporo
U3MEHSETCSI TOK BO30yxaeHus l,, a cienoBarenbHO, MarHUTHBIN OTOK @D, DJ1C
E wn BeixogHoe Hampspbxenue reneparopa U. CpoiicTBa reHeparopa ¢ HE3aBUCH-
MBIM BO30YXJIEHHUEM OINPENIEIISIIOTCS €r0 OCHOBHBIMHU XapaKTEPUCTUKAMU: XOJIO-

CTOTI'oO Xo4a, BHEIITHEU U pGFYHHpOBOHHOﬁ.
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Puc.2.13 T'enepaTop HE3aBUCHUMOTO BO30OYXKICHUS

XapakTEepUCTUKOMN XOJOCTOTO XOJa Ha3bIBAaeTCAd 3aBUCUMOCTH
OJIC renepartopa £ oT Toka BO30yxkaeHUS |, mpu MOCTOSTHHOM YacTOTE Bpallle-
HUS 1 ¥ TIPU OTKJIIOYeHHON Harpyske R,, T.e. E=f(l,) mpu n = const u 1,=0. [1pu
CHSITUU XapaKTEPUCTHKU XojocTtoro xoja (puc. 2.13,0) Tok Bo30yxkaeHus le
iaBHo yBeaunuuBaercs oT |,=0 mo takoro 3naudeHwus, npu koropom E=1,25U,,,
(kpuBas 1), a 3arem |, ymensmaroT 10 0 (kpuBas 2). Kak BUAHO M3 XapaKTepH-
ctuku (puc. 2.13,6, kpuBas 1), BHauasie, Moka MarHUTHas CUCTEMa HE HACHIIIIEHa,

npu yBenaunueHuu toka |, DJIC E pactetr mponopuuoHanbHO TOKY l,, a 3aTem mo



Jlexuus 3, 4, 5 18
Mepe HachllleHUuss MarHuTHOM nenu poct DJIC E 3ameisieTcss U OpU MOJIHOM
HACBhIIIEHUU £ MPAaKTUYECKH, HE YBEIUYNBACTCS. B HEHACBIIIEHHON MAalllMHE Mar-
HUTHBIA MOTOK MPONOPIHOHAJIEH TOKY BO30YXKJI€HUS, ITO3TOMY MPU U3MEHEHUU
TOKa BO30Oyxk1eHusi |, COOTBETCTBYIOIUM 00Pa30M U3MEHSIFOTCS KaK MOTOK BO3-
oyxnenust @, tak u DJC odbMoTKH sikopst E=c, D n.

[Ipu ymenbmienuun toka Bo30yxaeHus l, DJIC E, xkak u ciegoBajio
0XXHJIaTh, YMeHbIaeTcs (puc. 2.13, 6, xpuBas 2), oJHAKO BCJCICTBHE OCTATOY-
HOTO MAarHeTu3Ma CEpJACYHUKOB MOJIOCOB M CTAHWHBI KpuUBas 2 (HUCXOISIIAs
BETBb XapaKTEPUCTUKH) JIEKUT BbllIe KpuBoM 1 (Bocxomsmiasi BETBb Xapak-
TEPUCTUKH). DTO OOCTOSTEIHLCTBO MPUBOIHUT K ToMy, uTo nipu |,=0 B oOMOTKE
skops uaayuupyerca I C, sBustomasics mo CymecTtBy ocTaTodyHou E.. Ilo-
CKOJIbKY JIaHHas XapaKTePUCTHUKA CHUMAETCS Npu N=CONSt, TO UCXOAs U3 BhIpaKe-
uusa E=c,®,n O/JC E B naHHOM ciay4dae NpsSMo MpornopuuoHanbHa @D, U Xxa-
paKTEpPUCTUKA XOJOCTOr0 X0Jla SIBJIIETCS MAarHUTHOW XapaKTEPHUCTUKOU Malllu-
HBI.

PacueTHON XapakTEpUCTUKON XOJIOCTOTO XOJa CUHUTACTCS CPEAHsIs KpUBas
MEXy BOCXOJSIIIEH U HUCXOAAIIEH BETBSIMH XAPAKTEPUCTUKU XOJOCTOrO XOAa
(mrpuxoBasi auHUA). [1o XapakTepucTUKE XOJOCTOTO X0Ja MOXKHO CYJUTh O CTe-
IIEHU MAarHUTHOTO HACBIIIEHUS MAaIllWHbl, O 3HAYCHUU OCTATOYHOI'O0 MarHeTus3ma
(ructepes3uca), a TakKe CTPOUTH MOUYTH BCE OCHOBHBIC XapaKTEPUCTUKU T'eHE-
paropa.

BHemHen  XapakKTEepUCTUKOU Ha3bIBaeTCsAd 3aBUCUMOCTb HaIps-
JKeHUs Ha 3axuMax reHeparopa U oT Toka Harpy3ku | pu MOCTOSIHHBIX 3HAYEHUSX
Toka Bo30yxkaeuus |, u yactorel Bpamenus n: U=f(l) mpu |, =const u n=const; sta
XapaKTEePUCTUKA OMNPEAEsieT HJKCIUIyaTallMOHHbIE CBOMCTBAa MallMHBI. Bun
BHEITHEH XapakTepucTuku (puc. 2.13, B) MOKHO OOBSICHUTH UCXOJISI U3 YPABHEHUS
OJIC renepartopa, KOTOpOE€ B JAaHHOM CJlydae MOKET ObITh 3alMCaHO B CJIEayIo-
meMm Buge:U=E—-1-Zr .

[Ipu yBenuueHuu Toka Harpy3ku | pacTeT mageHue HaNpPsHKEHUS B LENHU

axopst |(Xr,), 4TO IPUBOAUT K CHUKEHMIO HampsbkeHus reaeparopa U. K tomy
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ke Tipu yBenmdeHuH Toka sikops (1,=1) Bo3pacTaer pa3marHuduBaromiee Jcii-
CTBHUE PEAKIHUU SIKOPS, UTO NPUBOJAUT K CHUXKEHUIO MAarHUTHOTO MOTOKa Malllu-
Hbl @D, a ciaegoBarenbHO, K yMeHbIIeHHI0 DJC oOMOTKM sikopsi £ U Hamnpsxe-
Hus U.

HomunanbHbIM HamnpsbkeHuem reieparopa U, Ha3bIBaeTCsl HApsKEHUE,
COOTBETCTBYIOII€€ HOMHUHAIILHOMY TOKY Harpysku l,,,. I3MeHeHue Harmpsixke-
HUSI OPU TIEPEXOJE OT PEKHUMa XOJOCTOTO XO0Jia K HOMHHAJILHOMY PEXKUMY
0OBIYHO BbIpakaeTcs B npouenrax U,,,,:

E-U L‘J Yo 100, (2.13)

HOM

AU

Hom%

VY reneparopoB HesaBucumoro Bo30yxnenuma AU, ~<10%. Takoe ne-

0O0JbIIIOE 3HAYCHUE HU3MEHCHUSI HAIPSHKEHUS SBIISICTCS HOCTOMHCTBOM TeHEpa-
TOpA HE3ABUCUMOT'O BO30YK/ICHUS.

PerynupoBo4YHON XapaKTEpUCTHUKOMNH TreHepaTopa Ha3blBaeTcCs
3aBUCUMOCTh TOKa BO30yxkaeHus |, or Toka Harpy3ku | (Toka sikops l,) nipu
IIOCTOSIHHOM HanpshKeHUu re’eparopa U,y M MOCTOSSHHOW 4acTOTE BpallleHUs
sskopst n: 1, =f(l) mpu U, = cOnst u n = const (puc. 2.13,r).

PerynmupoBouHass XapaKTE€pHCTHKa IMOKa3bIBACT, KaK HYXXHO HW3MEHHUTH
TOK BO30yxaeHust |, nas Ttoro, 4roObl TpU W3MEHEHHU TOKa Harpys3ku |
HamnpspDKEHUE Ha 3aKMMaxX T'eHepaTopa OCTaBaJIOCh HEM3MEHHBIM, PaBHBIM HO-
MHUHAIILHOMY.

OCHOBHOI HEIOCTAaTOK TIE€HEPATOPOB HE3aBUCHUMOIO BO30YXXIACHUS, HeE-
CKOJIbKO OTPaHWYMBAIONIUN WX MPUMEHEHHE, COCTOUT B HEOOXOIWMOCTH IIO-
CTOPOHHETO UCTOYHUKA IMOCTOSTHHOTO TOKa (Bo30yautens U,).

I'enepaTopbl ¢ caM0OBO30Yy K/IeHHEM BBIMOJHSIIOTCS C MapajieIbHBIM,
MOCJIEIOBAaTEIIbHBIM U CMENIAaHHBIM BKIIFOUEHHUEM OOMOTKH BO30YKJIEHHSI OTHO-
CUTENIbHO OOMOTKHM sKops. [IpuHIUI caMOBO30YXJEHUS, OJMHAKOBBIA IJIsI
ATUX CXEM, M3y4daeTcsl HWKe, Ha TMpPUMEepe TeHepaTopa MapajuieIbHOTO BO3-

Oy >KJICHUSI.
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I'enepaTop mapaJuienbHoro Bo30yxaenus (puc. 2.14, a). [Ilpunnun ca-
MOBO30yXJE€HHUSI OCHOBAaH Ha MCIOJb30BaHUU CBOWCTBA MAarHUTHBIX Mare-
pHAJIOB COXPAHATH ONPEAECICHHOE 3HAYEHUE OCTATOYHONM MAarHUTHON MHIYKIIUH B
TEYEHUE JUIMTEIbHOrO BpeMeHH. binaromaps 3TomMy B JIH0OOOH 3JIEKTpUYECKOU
MallluHE, J1a)ke 00ECTOUYEHHOM, BCErJa COXpaHsIeTCsd OCTATOYHBIM MAarHUTHBIN I1O-

TOK D, 3HAUECHUE KOTOPOT'O cOCTaBIIsieT 2—5 % paboyero moToka.

. ) U\

N+ ~-
M Az
‘14 J77
e
a

Puc. 2.14 I'enepatop napannenLHoro BO30YyKIECHUS

[Ipu Bpamenuu sikopsi NTOTOK D ,.; HABOJAUT B OOMOTKE SKOPS HEOOJIBIIYIO
OC E,.,, oA AeicTBUEM KOTOPOH B IeMU BO30YKJACHUS BO3HUKAECT HEOOJBIION
ToK |, (Harpy3ka R, oTkitodeHa). DTOT TOK BBI3BIBAE€T B CEpJCUYHHUKE reHepaTopa
JOTIOJIHUTEIbHBIA MAarHUTHBIM NOTOK D, U €ClIU €ro HanpaBJI€HUE COBOALAET C
HanpaBiaeHueEM @D,.;, TO PE3yJIbTUPYIOIIUNA MArHUTHBIM IMOTOK yBEJIWYHUBAETCH,
yTO OpUBOAUT K yBeandenuto DJIC reHepatopa U COOTBETCTBYIOIIEMY YBEIIH-
YEHHUIO TOKa BO30yxkiaeHus u T.1n. lIpomecc nmocreneHHoro Hapactanus DJ[C
reLeparopa ImpoJaoKaeTcsl 10 TeX TMop, MokKa MaJiecHue HampsHKEeHUST Ha OOMOTKE
Bo30yxnenus U, = |,r, He ypaBHOBecuT yka3zannyto D /C reneparopa, T.€.

E = l,.r, (2.14)
rJie [, — COMPOTHUBJICHUE OOMOTKH BO30YKICHUS.

Brhewnsaa xapakxmepucmuxa 2enepamopa TNapanaelbHOrO BO3-
OyXJeHUus mogo0Ha aHAJOTUYHOUW XapaKTEepPUCTUKE TeHepaTopa ¢ HE3aBUCHU-
MBbIM BO30yxaeHueM (puc. 2.13,6). OnqHako B JaHHOM CiIy4dae YBEIUYCHUE TO-
Ka Harpy3KH BBI3bIBAa€T 00Jiee pEe3Koe, UeM B TeHepaTopax C HE3aBUCHMBIM
BO30yX1eHueM, najaeHue Beixoauoro Hanpsokenus U (ot 15 go 30 %). O0bsicHs-

€TCA 3TO TCM, YTO M3-3a IapalJICIbHOTO COCANHCHUA 0OMOTOK M3MEHEHHE BBIXOJHOI'O
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HaIIPps’)KCHUA U BbI3BIBaET COOTBCTCTBYIOIICC HN3MCHCHHUC TOKa BO36Y)KI[€HI/IH, I10-

CKOJIbKY |g =—, 4TO, B CBOIO OUYCPCAb, IPUBOAUT K U3MCHCHHIO MAIHUTHOI'O ITOTOKA
r

8
@, OJIC E, a 3HaunT, 1 HanpspkeHus U. PeryinpoBodHble XapaKTEpUCTUKN CHUMAIOTCS
npu U=const, u B JaHHOM ciiy4ae (QakTop NaJeHUs BBIXOJHOI'O HAIPSKEHUS, YKa3aH-
HBII BBILIE, HE MPOSIBIISIETCS, a TOATOMY PETYJIHMPOBOYHBIE XaAPAKTEPUCTUKH F'€HEPATO-
POB MapaIeIbHOTO U HE3aBUCUMOTO BO30YKICHUS OJINHAKOBBI.

I'enepaTop moc/jieq0BaTeJbHOr0 BO30YKAEHHsl. Y TIeHepaTopa IOCIeN0Ba-
TeTbHOTO BO30YX)AeHus (puc. 2.15, a) Tok BO3OYXXIE€HUS paBeH TOKY AKOPA (TOKY
Harpy3ku): |,=1,=I. Iloaromy cBolicTBa Takoro reHepaTopa OIpPEAEAIOTCA JIUIIb
BHEIIIHEH XapaKTepucTukoi (puc. 2.15, 6), a ocTajapbHbIE XapaKTEPUCTUKU TeHEpaTopa
MOTYT OBITh CHATHI TOJBKO MPHU BKJIIOUYEHHH I'€HEpPATOpa Ha HE3aBUCHMOE BO30YXkIe-

HHC.

Ry uh
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Puc.2.15 I'ereparop nociaea0BaTeIbHOTO BO30OYKIACHUS

Kak BugHo u3 puc. 2.15,6, npu pa3oMKHYTOH 1ienu sikopsi, nockoiybky |,=1,=0,
OJIC reneparopa E HeBenuka u paBHa E,.,. C nosBaeHneM TOKa pacTeT HaNpPsIKEHUE
Ha BbIxoJie reHeparopa U no Hekotoporo 3HadeHus U,,, 00yCI0BIEHHOIO MarHUTHBIM
HachlllleHneM MaluHbl. [Ipy nanpHelemM yBeJIMYEeHUU TOKAa Harpy3ku HanmpspKeHUe Ha
BBIXO/IE T€HEpAaTOpa YMEHBIIAETCA, TaK KAK OCHOBHOM MOTOK BCJIEACTBHUE HACBIILECHUS
MOYTH HE YBEITMUMBACTCS, a MAJICHUE HANIPSHKEHUS B LIETIH SIKOPS M pa3MarHUYMBaroniee
JEHCTBHE PEAKLMM SIKOPS MPOJOJIKAKT BO3pacTarb. B pe3ynbTaTe BHEIIHAS XapaKTe-
puctuka mpu |>1,, cranosurcs nanaromeit. Kak Buano us puc. 2.15, 6, HanpsbkeHne Ha

BBIXOJZ€ T€HEpPATOPA SHAYUTCIbHO MCHACTCA IMPHU U3MCHCHHUH TOKA HAIrPY3KH. 910 00-
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CTOSITEJIbCTBO OTPAHUYMBACT MPUMEHEHHE T€HEPATOPOB IMOCIEIOBATEIHHOTO BO30YXK-
JICHUSI.
I'enepamop cmewannozco 6036ydxcoenus (puc. 2.16, a). B reneparo-
pe CMeIaHHOTO BO30YKICHHWsI MarHUTHBIN MOTOK co3gaeTcs mapaymienbHoi (80 — 85
% ) u nocienosarensHol (15 — 20 %) oO6MoTKkamu Bo30OyxaeHus. Hainuue nByx o0-
MOTOK MPH UX COTJIACHOM BKJIIOUEHUH MO3BOJISIET MOJYYUTh MOYTH HEMEHSIOMIEECs
HampsDKEHUE Ha BBIXOJE TeHEepaTopa Mpy M3MEHEHUH HArpy3Ku. [10sICHUTE 3TO MOKHO
cienyroumm oopazoM. Eciu renepatop paboTaeT B peKUMeE XOJI0CTOr0 X0/1a, TO Mar-
HUTHBIN MMOTOK CO3/1a€TCS TOJBKO MapajlIeIbHOW OOMOTKOW BO30Y)KICHHS; C TOSBIIC-
HUEM HArpy3Ky BO3HHMKAEeT MArHUTHBIM MOTOK OT IOCJEAOBATEIbHOW OOMOTKH BO3-
Oy>KJIeHUs, KOTOPbIA MOJAMAarHMYMBaeT MAIIUHYy, KOMIICHCUPYS MPU 3TOM pa3MarHu-
YUBAIOIIEE JEHCTBUE PEAKIINH SIKOPS W MaJICHUE HAIPSKCHUS B IeMu sKops. Takum
0o0pa3oM, BHEHIHSSI XapaKTepUCTHKAa TeHepaTopa CTAHOBUTCS XECTKOU (Kpu-
asisi 1, puc. 4.16, 06), T. E. HanpspkeHWe Ha 3aKUMaxX reHepaTopa Mo4YTH HE MEHSETCS C

yBennueHueM Toka Harpy3ku |. [Ipaktudecku oHo Mensietrcs B mpenenax 2 — 3 % .
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Puc.2.16 I'ereparop cMemaHHOTO BO30OYXACHUS

Upon 1

VYBenuuuBas 4MCIO BUTKOB MOCIIEIOBATEIbHOW OOMOTKH BO30YXKICHHS, MOXKHO
IOOUTHCST KOMIICHCALIUU MAJCHUs HAMPSKEHUSI HEe TOJIbKO HAa BHYTPEHHEM COIPOTHB-
JEHUH reHeparopa XI,, HO ¥ B IPOBOJAX JIMHUU, COCAUHAIONIEN I€HEPATOP C
Harpy3koil. BHeniHss xapakTeprucThKa MpU 3TOM COOTBETCTBYET KpuBoil 2. [Ipu
BCTPEUYHOM BKJIIOUEHHH OOMOTOK pa3MarHU4MBarollee AeUCTBUE MOCIeq0BaTENb-

HOM OOMOTKHM BO30YKJEHHSI BBI3BIBAET PE3KOE MMaJICHUE BHEIIHEH XapakTepu-
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ctuku (kpusas 3). Takoe BKIIOYEHHE OOMOTOK NMPUMEHSIOT B CBapPOYHBIX T'€HE-

paropax U IPyrux CleqUaIbHbIX MAIIUHAX .
2.8. IBUT'ATEJIU TIOCTOSAHHOI'O TOKA

[TpuHuMI IEHCTBUSL ABUTATENSI TOCTOSIHHOTO TOKAa 1 OCHOBHBIE COOTHOIIIE-
HUS JJ19 Hero TnpuBeneHbl B § 2.3. Ilpu skcrryatanuu ABUTATENEH MOCTOSTHHOTO
TOKa HEOOXOJMMO YYUTBHIBATh OCOOCHHOCTHU PEXUMOB pabOThl ABUTraTeseu pas-
JUYHBIX BUJOB, YIPABISTH PEKUMOM ITyCKa JBHUTATENs, YaCTOTOW M HarpaBlie-
HHUEM BpaIeHUs SIKOPSI.

Iyck aBurarteas. 13 ypasuenus DJ]C asurartens (2.13) Tok SKOpsi MOKHO
3alycaTh CAEAYIOIIUM 00pa3oM:

U-E

|, =—— 2.15
=5 (2.15)

A
B MOMEHT BKJITOYEHUS JBUTATENS B CETh €ro SKOPb HEMOJBMWXKEH, T. €. N =
0, u, cmenoBarenbHo, coryacHo (2.6), E=0. Takum oOpa3om, B MOMEHT ITyCKa
JIBUTATEJISI B OOMOTKE SIKOPSI BO3HUKAET TOK

U

P—
3,

(2.16)

OOBIYHO 22, HEBEINUKO, ITOATOMY MYCKOBOW TOK OKa3bIBACTCS MHOTJA He-
JIOMYCTUMO OOJIBIITUM, MPEBHIMIAOIIMM HOMHHAIbHBIN TOK ABHTaTens B 5 — 20
pas.

ITyck HenmocpeACTBEHHBIM MOAKIIOYEHUEM JIBUTATEISl K CETHU NIPUMEHSET-
cs1 JUIA IBUTATEJICH MoITHOCTBIO He Oosee 0,7 — 1,0 kBt. B aBurarenax 6oabInoun
MOIIIHOCTHU Il OTPAaHUYEHUS] IyCKOBOTO TOKA MPUMEHSIOT CHEIHAIbHBIEC MTYCKO-
Bble peocTaThl. X BKJIIOYAIOT MOCJIEA0BATEIbHO C IIE€NbIO SKOpS, U IPHU BBE-
JICHHOM PEOCTATE IMyCKOBOU TOK

U

- - 2.16a
2r, +R, ( )

Aa.n
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rae R, — compoTuBIE€HHE ITyCKOBOTO peocTaTa, MOoJAOUpaeTcsi TaKUM 00pa3om,
yTOOBI HAaYaJIbHBIM IMyCKOBOW TOK MPEBBIINAT HOMHHAILHBIA TOK JBHUTATENST HE
0oJsiee ueM B 2 — 4 pasa.

ITo mepe pasrona yeBenanuuBaeTcsa npoTuBoD/[C saKkops, TOK B LENH AKOPS
YMEHBIIIACTCS, YTO MO3BOJISIET YMEHBIIIUTh COMMPOTHUBJICHUE MTYCKOBOT'O peocTaTa.
ITo okoHYaHWU MpoIlecca pa3roHa COMPOTHBIIEHHE MYyCKOBOTO peocTrara J0BO-
JTATCS 10 HYJIS.

PerysiupoBanue yacToThl BpameHnus apurartesi. Cornacuo (2.6) yua-

CTOTa BpamCHUA ABUTATCII ONIPCACIIACTCA CIICAYIOINM BbIPAKCHUCM !

n==FE/rc,D.
[ToacTaBuB B 3TO BhIpakeHue £ u3 (2.7), Norydum
n= lJ_I—ﬂzrﬂ (217)
C.D

N3 (2.17) cnemyeT, 9TO peryJIupOBaHUE YaCTOTHI BPAIICHUS SIKOPS BO3MOXK-
HO TpeMsi CITocobamu:

1)u3MeHEeHHEM HaNpPsHKEHUs muTarome cetu U;

2)U3MCHECHUEM aKTHBHOI'O COMPOTUBIICHUS LIETTH IKOPS 2T, KyJda BXOIUT
Y COIIPOTUBJIEHUE PETYIUPOBOYHOIO PEOCTATA;

3)u3MeHEeHHEeM MAarHUTHOTO MOTOKa aBUrareis .

Ilepesobiii cnoco6 TpUMEHSETCS JJi MOIIHBIX JBUTATEJiel, a TakXKe B
T€X CiydYasix, Korja He0OXOIUMO PEeryJIMpOBaTh YAaCTOTY BPAICHUS B IIUPOKUX
npenenax. [Ipu 3ToM crnocobe peryaupoBaHUsT HEOOXOJUM HHINBUIYATbHBIN
WCTOYHUK MUTAHUS C MJIABHOU PETYJIMPOBKOUN BBIXOJHOTO HATIPSIK CHHUS.

Bmopoii cnoco6 nipumeHsieTcsi B IBUTATENISIX HEOOJBIION MOIIIHOCTH, TaK
KaK B PEryJupOBOYHOM peocTaTe, BKJIIOUYEHHOM IOCJIEI0BAaTEIbHO C OOMOT-
KOU SIKOpS, B 3TOM ClIy4ae MOTEPH MOIIHOCTH OyayT momyctumbiMu. Criemyer
HMETh B BUJY, UTO MPHU ITOM CITIOCOOE peryJIMpoOBaHUs U3MEHEHUE HArpy3KU BU-
ratesyisi Pe3KO BIMSET Ha TOK SKOPS, YTO BBHI3BIBACT 3HAUMTEJIbHBIC KOJEOaHUS

4aCTOTHhI BPAILLIEHUS SIKOPSI.
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Tpemuii cnoco6 3akirodaeTcsi B ciaeayromieM. B nmens oOMOTKH BO30YyX)ae-
HHUS BKJIIOYAETCS PErYJMPOBOYHBIA peocTtar. M3MeHsisE CONPOTHUBICHHUE 3TOTO
peocrtarta, MOXKHO M3MEHSTh 3HAaU€HUE TOoKa BO30yxJeHus l,, a cienoBaTenbHO,
Y 3Ha4YCHHWE MAarHUTHOTO MOTOKa ABUTaTels D.

PeBepcupoBanue nBurareiieid (M13MeHeHHe HANPaBJIeHUs] BPallleHUs ).
Hanpasnenue BpamieHus ssKopsi ABUTaTessl OMpeIeasIeTCs] HalpaBICHUEM DJIE€K-
TPOMAarHUTHOTO BpPaIalOIEr0 MOMEHTa, KOTOPOE, B CBOIO OUYEpE/b, OMpees-
eTCs HampaBJCHUSIMH MarHUTHOro Imoroka @ wu Toka skopsa |, (2.10), cieno-
BaTEJIbHO, U3MEHsA HANpasieHue MacHumHo2o nomoxka @ uiu moka sxops |,
MOJHCHO UBMEHUMb HANpasieHue spawarouwe2o MOMeHmad, a 3Hayum, U Hanpas-
JleHUue 8pawjeHusi AKoOps 08uzamens NOCMOIHHO20 MOKA.

B nBuratensx ¢ 3JEKTPOMAarHUTHBIM BO30YyXJICHHEM pPEBEpCUPOBAHUE
MOKET OCYIIECTBIATHCS M3MEHEHUEM HaIpaBJICHUsI JIIOOOTO0 M3 TOKOB: TOKa
BO30yx)aeuusa |, mnm toka sikopsa l,. Crenyer 3amMeTuThb, YTO OJTHOBPEMEHHOE
U3MEHEHUE HallpaBJEHUs TOokKa BO30yxkjaeHus |, u Toka |, (npu nepekaroye-
HUM OOIIUX 32)KUMOB CXE€Mbl) HI3MEHEHHE HAIIPABJICHUS BpAIlCHUS IKOPS HE JaeT.

B nBurarensx c¢ BO30YyXJIEHHWEM IOCTOSHHBIMH MarHUTaMH, KakK TPaBHIIO,
MPUMEHSAETCS PEBEPCUPOBAHHE M3MEHEHHEM HampaBiieHus Toka skops l,. CBoii-
CTBa JBUTaTeJIe MOCTOSHHOTO TOKa, KaK M T€HEPATOPOB, 3aBUCSIT B OCHOBHOM OT
crioco0a Bo30yxaeHus (§ 2.4).

B Burareisix mnapajjieJibHOro BO30Y:KIeHUSI OOMOTKY BO30YXIECHUS
BKJIIOUAIOT MapajielbHO 00MoOTkKe sikops (puc. 4.17,a), mpuueM B JBUTATEISIX
oompmoit mMommuoctn |, =(0,01+0.03)l ,, B mBurarensx cpeaHell MOIIHOCTH
I,=(0,05+01)1 _, a B manomouinsix peuraremsx |, =(0,3+0,5)1, . Tok, morpedise-
MbIi nBurarenem ot cetu, | = I, + |,. Ha puc. 2.17, 6 nokazansl pabouue xapakrepu-
CTHKM JBHUTATENsA mapajienbHoro Bo3oyxaenus: n=f(P',), M,,, = f(P';); M()=f(P",),
3aBUCUMOCTH YaCTOTHI BpaIlleHUsI, MOMEHTOB, pa3BUBACMBIX JIBUTATEJIEM, U TOKa, IO-
TpebisieMoro ABUTaTeIeM, OT Hojie3Hoi MomHocTH P, mpu U = const u |, =const.

Xapakrepuctuka N=f(P',) (ckopocTHas XxapakTepuCTHKa) UMEET BHJI KPHUBOH,

HakJOHHOHU K ocu P'; (puc. 4.17,0). ®opma 3TOM XapaKTEPUCTUKHU OMPEACIISICTCS BbI-



Jlexuus 3, 4, 5 26

paxkerueM (2.17). C poctoM noTpebsieMold MOITHOCTH P’ yBeIMIUBaeTCs MOTpeOIIsie-
MBII fBHTaTeraeM Tok |, yto mpuBomut kK yBenmmueHuto |,2T,, a cimemoBaTenbHO, K
ymenbinenuto yuciurens (U -1,2T,), a 3HaYuT, 1 K YMEHBIIICHUIO YaCTOThI BPAIlCHHUS
N. OIHOBPEMEHHO C BO3pacTaHUEM TOKa sikops |, ycunuBaercsa peakuus akops (CM. §
2.5), 9TO IPUBOAUT K YMEHBIIICHUIO MarHUTHOTO noTtoka ® u, coriacHo (2.17), k HeKo-
TOPOMY YBEJIMYEHUIO 4YacTOThl BpamieHuss n. COBMECTHOE BIUSHHE YKa3aHHBIX
(hakTOpOB Ha CKOPOCTHYIO XapaKTEPUCTUKY MPUBOIUT K TOMY, YTO YaCTOTa BpaIlle-
HUS MEHSETCS HE3HAUUTEJIbHO C MU3MEHEHUEM Harpy3ku P', T. €. XapaKTepHCTHKa

CTAHOBUTCS <OKECTKOUY.

M (1) A
Maan

Myom

Muom

} Msannom
My

7 Iypip Iy
2) :

Puc.2.17 JIpurarens napamieabHOro BO30YKISHHUS

B nBurarensx manoid MOIIHOCTH BCIIEJCTBHE HE3HAYUTEIHLHOTO MarHUTHOTO
HACBINICHUST Pa3MarHUYUBAOIEE JECHCTBUE PEAKIUU SKOPS HE3HAYUTEIHHO M OHO
noutd He Bimsier Ha popmy xapakrepuctuku N=f(P',), koTopas B 3TOM ciyuae
NPaKTUYECKH JIMHENHA.

Xapaktep 3aBUCUMOCTU My, = f(P';) MOXHO OOBSCHHUTH C MOMOIILIO BHI-

paXKeHUSs
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P, 30-P,
_ 2 _ 2
M, =—=——F (2.18)
@ TN
rae M,,, — TOJIe3HbIi MOMEHT, MOMEHT Ha Baily asurartens, H-m; P’, — mnone3Has

MOIITHOCTh, BT; ® — yTiioBast CKOPOCTb, Paji/C; n — 4acToTa BpaieHusi, 00/MuUH.

Ecnu Ol yacToTa BpalieHus # IpHu yBeTudeHun P'y He m3MeHsIach, TO Tpauk
M,.,= f(P';) mmen Bua npsmoit. OgHaKO ¢ yBeJIWYeHHWEM Harpy3ku P'; gacrora
BpAIlCHUS SKOPSI JBHTATEIS 71 YMEHbBIIAETCS U M03TOMY Xapakrepuctuka M,,,= f(P',)
HenuHelHa (puc. 2.17,0).

Xapaxkrtepuctuka M=f(P';) cormacHo ompenensercs cymmoint M,+M,,,. Ilo-
CKOJIbKY paboume XapakTepUCTHKH CHUMaroTcs npu |,=const, aro oGecrneunBaer
MMOCTOSIHCTBO MarHMTHBIX MOTEPh, TO M,=const u xapakrepuctuka M=f(P',) siBis-
€TCs paBHOYJAJICHHOU OT Xapakrepuctuku M,,,= f(P';). Eciiu npunste @ = const,
to rpapuxk M=f(P',) sBIsieTcsT OXHOBPEMCHHO M BBIPAaXXKCHHEM 3aBHUCHMOCTHU
I=f(P',), Tak kak cormacuo (2.10) M = ¢, ®@l,,.

Mexanuueckas xapakmepucmuxa Oeucamens TPEICTABISET CO-
ooit 3aBucumocts n = f(M) pu U = const u |, = const (puc. 2.17, B). Jlns nonyde-
HUSI YKa3aHHOW 3aBUCHUMOCTH HEOOXO0JAMMO TIpeoOpa3oBaTh Beipaxkenue (2.17). Ilo-
cJie moACTaHOBKH B Hero |, = M/c, @ u3 (2.10) 3aBUCUMOCTH 4aCTOTHI BpalleHUS
JBUTATEJS 71 OT JISKTPOMArHUTHOTO MOMEHTa M TIpUMET BUJI:

U MZr

n= — *—=n,—An, (2.19)
C.DP c,CyP

rie Ny— 4YacToTa BpaIleHUs B PEKHUME XOJOCTOr0 X0aa; AN—MN3MEHEHHUE YaCTOTHI
BpAIllEHHUs], BBI3BAHHOE U3MEHEHUEM HAarpy3KH Ha Bally JIBUTraTes.

Ecnu npenebpeub peakuuet skopsi, To MOXXHO cuutath @=const. Toraa
MeXaHWYeCKasi XapaKTepHUCTHUKa JIBUTATENsI OyJeT MpPeICTaBIATh COOOU MPSAMYIO
JUHUIO, HAKJIOHEHHYIO K ocu M. YTroj HakJIOHa XapaKTEPUCTUKHU (€€ KpyTHU3Ha)
YBEITUYNBACTCSI C YBEIMYCHHEM COMPOTHUBICHUSA R; JOMONHUTENHLHO BKIOYae-
MOTO B II€TIb IKOPSI, UYTO MPUBOJAUT K YBEIUUCHUIO 21Ty (puc. 2.17, B, rpaduku 2

u3).
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Pecyruposounas xapakmepucmurka nsuratens n=f(l,) npencras-
JeT co00M 3aBUCUMOCTh YaCTOThI BpallleHUsI OT TOKa BO30yxaeHus npu |, =const
n U=const. Xapakrep ee onpeneisercs BeipaxkeHueM (2.17), coriaacHo KOTOPOMY €
YBEJIMYEHHEM TOKa BO30YXAeHUS |, © COOTBETCTBYIOIIMM yBEIWUYEHHUEM IMOTOKA
@, yacToTa BpaleHus: n ymeHbiaercs (puc. 2.17,r).

W3 rpaduka BUOHO, YTO IIPU OYE€Hb MajibIX 3HaueHHsAx | (I a TeM 0o-

emin >
nee npu oopeiBe nenu Bo30yxacHus (I, = 0) yactoTa BpalieHUs] HEOrPAHUICHHO
BO3pacTaeT, 4YTO MPHUBOJIT K MEXaHHUYECKOMY pa3pyIIeHUIO ABUTATENs. JTO
00CTOATENBCTBO TPEOYET CTPOroro KOHTPOJISI MPOUYHOCTHU BJIECKTPUUYECKUX COEIU-
HEHUH OOMOTKHM BO30yXJeHus JIBuraTenu napamieJbHOTO BO30YXKIEHUS HIMPOKO
MPUMEHSIIOTCSI B CHJIOBOM 3JIEKTPONPUBOJE M B CXeMaX aBTOMATUKH Ojarofaps JIMHEH-
HOCTU M JKECTKOCTH MEXaHMUYECKHUX XapaKTEPUCTHK, & TaKK€ BO3MOYKHOCTU IJIABHOTO
PETYJIUPOBAHMSI YACTOTHI BPAIICHHSI BaJla ABUTATENsl B IIMPOKHUX Mpeeax.

JIBUraTeib MocC/eA0BaTEJbLHOI0 BO30y:KaeHMss. B sTom nBurartene oOMoTKa
BO30YKJICHHs COEAUHSETCS TOCIeA0BaTeIbHO ¢ 0OMOTKOM sikopst (puc. 2.18, a) u, cie-
nosatenbHo, |, =I,=I, rae | — Tok Harpy3ku. [Ipu HEeOOMBIIMX HArpy3Kax MarHUTHas

crcTeMa MalllMHbI He HacklleHa, T.e. @,=Kl,, rne k — xoadduireHT nponopunoHaib-
HOCTHU. B 3TOM citydae 2JIeKTpOMarHuTHEII MOMEHT Oy/ET paBeH:
M =c,@,1,=c,Kl 1, =cy,lZ, (2.20)
rie c,, =CyK.
Yacrora BparnieHus sikops u3 (2.17)
Uu-1I,Zr, U-12r, U Zr

- (2.21)
C.D C.kl, C | c

e s e

e ¢, = C.K.

Pabouue xapakmepucmuxu neuratens M = f(l,) u n=f(l,) B coorBeTcTBUM
Cc mojaydYeHHbIMU BbipakeHusimu (2.20) u (2.21) npencrasnensl Ha puc. 4.18,0.
[Tpu HEOGOMBIMIMX HArpy3Kax JIBUTATENSI DJICKTPOMArHUTHBIN (BpaIlarouii) Mo-
MEHT NPONOPLUHUOHAIEH KBAJpaTy TOKa, MOTPEOIIEMOT0 IBUraTEIEM, a 4acTOTa

BpallleHUsl SKOpsS OoOpaTHO MNpOMOpIHOHAIBLHA 3TOMY TOKy. C yBelWdeHUEeM
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HAarpy3Kd HAaCTYyIaeT HACBILIEHWE MarHUTONIpoOBOaa, T.e. @, = @, = const u xapak-
TEPUCTUKH JABUTATEIS MPUOOPETAIOT MOYTH JTUHEHHBIN XapakTep, TaK KaKk B ’TOM CIIy-

yae 3JIEKTPOMArHUTHBIH MOMEHT coriacHo (2.10) Oyzaer paBen

M=c, @], =cyl,, (2.22)
rae c}w =C, D, , a acToTa BpameHus coraacHo (2.17)
_U-Tar, U-l2r (2.23)
C. D, Ce
rae ¢, =C,d;.
- LAd ) nA
\ M
|
| : !
In ‘2 o
' 1 R>0
— Lo |
1,7 A1 782 0 0251, biow &5 0 M, M
a) J) \ 6) HOM

Puc.2.18 JIBurarens nocienoBaTeabHOr0O BO30YXKI€HUS

[Ipn ymeHBIICHUW HArpy3kd, Kak BUAHO w3 puc. 2.18, 0, gactora BpameHus
SKOps yBenuumBaetcs, a npu Toke |,< 0,25l,,,, 9acrora BpameHus N MOXKeT JI0-
CTUTHYTH OTIACHBIX 3HAYCHWH, TPUBOAAIINX K pa3pylieHuto asurarens. [loatomy pa-
boma oOsucamens NOCIE008AMENbHO20 B030YHCOEHUS UNU NYCK €20 NpPU Hacpy3Ke
menvue 25 Y% HOMUHANBHOU, A CIE00BAMENbHO, U 8 PedCUMe XOJ0CMO20 X00d Heoony-
cmumbl. J1s Gonee HaaCKHOM pabOTHI IBUTATENS €T0 Ball JOJDKEH COCTUHATHCS C pa-
00YMM MEXaHMU3MOM C TIOMOIIbIO My ThI WM 3y0UaTOi mepeaayun; MpUMEHEHNE PEMEH-
HOU Tiepeiay HeAOMyCTUMO, TaK Kak OOpBIB WJIM COPOC PEMHS BEAET K «Pa3HOCY» JBU-
raTes.

B neurarene manoit momuoctu (10 100 BT) pexxuim X010CTOro X0Ja JOMYyCTUM,
TaK KaK MEXaHWYECKHE MOTEPH MPHU OOJBIINX YaCTOTaX BpAIICHUS COM3MEPUMBI C HO-

MUWHAJILHOU MOIIIHOCTEIO.
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Mexanuueckaa xapakxmepucmuka oOeuecamens TOCIEAOBATEIHLHOTO
B30y kaeHus N=f(M) mpu U=const npencrasieHa Ha puc. 2.18, 6. Bripaxkenune (2.21)
MOKET OBITH MPEO0OPa30BAHO CICAYIOIINM 00pa30oM:

Cl, ¢ cM/e, <

rae 1/M/c;\,I = |, nomydeno us (2.20).

Kak crmenyer u3 (2.24), yactora BpalieHus n 0OpaTHO MPOMOPIMOHATBbHAN M

4TO WLTIOCTpHUpYET KpuBast 1 Ha puc. 2.18, B. [Ipu BBegeHnn 106aBOYHOTO COMPOTUB-
neHus: R B 11enp SKOps MEXaHUUYECKas XapaKTepUCTHKA CMEIIAaeTcsl B 00J1aCTh HU3KHUX
qacToT BpameHus (puc. 2.18, B, kpupas 2).

JIBuraTenu MociaeAoBaTENbHOTO BO30YKIEHUS LIMPOKO NMPUMEHSIOTCS B pas-
JUYHBIX SJIEKTPONPUBOAAX, TJ€ UMEIOT MECTO 3HAUUTEIbHBIE WU3MEHEHHUS Harpy3Ku
(Harpy»KamImiero MOMEHTa) W TSDKENble YCIOBUS TyckKa (Tpy30loIbeMHbIC, MO-
BOPOTHBIE MEXAHU3MBbI, TSATOBBIN MPUBO U T.I1.).

JIBUraTe/ib CMEMIAHHOTO BO30Yy:KAeHUsi. B »ToM nBuUrartene umerorcs ase 00-
MOTKU BO30YXAEHHS, OJIHA U3 KOTOPBIX COEIUHSAETCA IMOCIEAOBATEIbHO ¢ OOMOTKOM
AKOps, npyras — mapauiensHo ei (puc. 2.19,a). YactoTa BpalieHus: SKops COTJIACHO
(2.10) mus maHHOTO CITyYast

_ vl (2.25)
Ce (D £ D,)
rae ®; u @, — MarHuTHBIEC TOTOKKH OOMOTOK BO30YKICHHS, MPUYEM 3HAK «+» COOTBET-

CTBYET COHAIPABJICHHBIM MOTOKaM (OO MAarHUTHBIA TMOTOK MAaIlWHBl YBEJIHYU-

BA€TCA), a «—» — MOTOKaM, HalpPaBJICHHBIM HABCTPEUY APYT JIPYTY.
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R, =0
z R, >0

1

| s
.Y HHIIM H

Puc.2.19 JIsurarenb cMEmIaHHOTO BO30YKICHUS

Ha puc. 2.19,6 nokasansl pabouue xapakmepucmuxu oOueamess CMEIIAHHOTO
BO30Y>KJCHUS IIPU COTJIACOBAHHOM BKJIFOUEHHUH OOMOTOK BO30YKICHMUS.

Mexanuueckue XapaKTEepUCTUKHU MpeEJICTaBICHBI HA puc. 2.19, B.

[To dhopme XxapaKTepUCTUKU TaHHOTO JBUTATENS 3aHUMAIOT MPOMEXKYTOYHOE T0-
JIO’)KEHUE MEXKAY COOTBETCTBYIOIIMMHU XapaKTEPUCTUKAMU JBUTATENIEH MapaljielbHOro
Y TIOCJIEJIOBATEIHHOTO BO30OYXACHUS; TPUOIMKAIOTCA OHU K XapaKTepUCTUKAM OJHOTO
U3 JBUTaTeneil B 3aBucuMoctd oT npeodnaganusa MJIC B kakoi-mu00 U3 yKa3aHHBIX
0OMOTOK.

JlBuraTenp CMEmaHHOTO BO30YXKICHHS UMEET Psij MPEUMYIIEeCTB MO CpaBHE-
HUIO C JIBUTATEJIEM IOCJIEA0BATEIBHOTO BO30YXKACHHUSA. DTOT IBUTATENIb MOXKET pa-
060TaTh BXOJIOCTYIO, TaK KaK B PEKUME XOJOCTOTO X0Ja MOTOK MapayieIbHOH 0OMOTKH
@; orpaHMYMBAET YACTOTY BpAIICHUS BUTATENI U YCTPAHSET OMACHOCTH «Pa3HOCA».
PerynnpoBka 4acToThl BpallleHUs! TPOU3BOJUTCS peocTaTtoM R; B Lienu mapaisienbHOR
0OMOTKH BO30YXIEHUS.

Opnako Hanuuue ABYX OOMOTOK BO30YKACHHS JI€JaeT JBUTaTEelb CMEIIAHHOTO
BO30YyX/IeHHsI 0oJiee JTOPOTOCTOSAIIMM IO CPAaBHEHHMIO C JBUTATEISIMH IPEIbIIYIINX
TUIIOB, YTO HECKOJILKO OTPAaHUYHMBACT €ro MpUMEHEeHHue. [[BuraTenu cMemanHoro BO3-
Oy>KJeHus MPUMEHSIOTCS OOBIYHO TaM, IJie TPeOyIOTCs 3HAYUTENbHBIE ITYyCKOBBHIE
MOMEHTBI, OBICTPOE YCKOPEHHE NP pa3roHe, ycToWuuBas paboTa, a TakKe JTOMyCTH-

MO HEKOTOPOC CHHMIKCHHUEC YaCTOTEI BpalllICHUA IMPpHU YBCINYCHUHU HAT'PY3KHW HaA Ball.
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