['nasa 5
INEPEMEHHBIN DJIEKTPUUECKHUU TOK

OCHOBHOE IPEUMYIIIECTBO MEPEMEHHOTO TOKA Mepe] MOCTOSTHHBIM COCTOUT B TOM,
YTO C MIOMOIIBIO TPaHC(HOPMATOPOB MOKHO MPOCTO M SIKOHOMHUYHO KaK yBEIHYNBATH,
TaK ¥ YMEHbBIIATh HANPsKEHUE C OJHOBPEMEHHBIM YMEHBIIIEHUEM WJIU YBEJIIMUCHUEM
CUJIBI TOKA TakK, 4TO MepegaBaeMasi mo Ienu MOIIHOCTh OCTAeTCs MPAKTUYECKU HEeU3-
MEHHOM.

5.1. KBa3zucraumoHapHble TOKH

Tpancdopmartop, renepaTop MEPEMEHHOTO TOKA, JIEKTPOABUTATENIb IEPEMEHHOTO
TOKa - BCE ATH YCTPOWCTBA JIJIsi CBOCH pabOThl HMCHOJB3YIOT MepeMEeHHbINH TOK. [Ipu
OMUCAHUU TPOIIECCOB, MPOTEKAIOIIUX B HUX, UCIOIb30BaJICS 3akoH OMa U BbITe-
KaoIMe U3 HEeT0 M 3aKOHA COXpaHEHUs 3apsiaa nmpaBmwia Kupxroda, ycTaHOBICHHBIC
JUISl IOCTOSIHHOTO TOKA. OIHAKO 3TH COOTHOIIEHUSI OCTAIOTCS CIIPABEJIMBBIMU U TSI
MTHOBEHHBIX 3HAUYCHUN MEPEMEHHBIX TOKOB M HAMNPSIKEHUM, €CIIA TOJIBKO OHU MPO-
UCXOJISIT HE CIIUIIKOM OBICTPO. DJIEKTPOMArHUTHOE MOJIe PACpOCTPaHIETCS M0 LEeTH

)
co ckopocThio cBeta ¢ = 3-10°w/c. Ecim 3a Bpemst 7 =—, HEOGXOAMUMOE IS JOCTHU-
c

YKEHUSI JICKTPOMArHUTHBIM TOJIEM CaMOU OT/IaJICHHOW TOYKH IETU, HaXOsIIencs Ha
PACCTOSIHUM [, CHJIa TOKA U3MEHAETCS HE3HAYUTEIbHO, TO MTHOBEHHbIEC 3HAUEHUSI CH-
JbI TOKA BO BCEX CEUCHMSIX Lenu OynyT (MpakKTHUYeCKH) OJMHAKOBBIMU. TOKH, yJIO0B-
JIETBOPAIONINE TaKOMYy TpeOOBaHWIO, HA3BIBAIOTC Keasucmayuonapuvivu. ns ne-
PUOIUYECKH U3MEHSIOUXCS TOKOB YCJIOBUE KBA3UCTAIMOHAPHOCTH 3aIUIIETCs Clie-

TYIOITAM 00pa3oM

r=£<<T,

C
rae T = 1/v — nepuoa kojiebanuii. TOKM MPOMBIITUIEHHON 4acTOTHI (v = 50I'm) KBa3u-
cTanoHapHbl Aiis nenei jmuHou 10 100 - 120 kM (7 ~ 0,01T).

5.2. BekTOopHbIe THATPAMMBI [IJI51 ONTUCAHNS MEePEeMEHHBIX TOKOB U HANPSIXKeHU

Ecmmn MEPECMCHHOC HAIIPIKCHUC U3MCHACTCA C TCUCHHUCM BPCMCHU 110 3dKOHY CHU-
HyCa WJIN KOCHUHYCA, TO OHO IIPCACTABUMO B BHIAC (pYHKHI/II/I, OHI/ICBIBaI'OH_[eﬁ rapmo-
HUYECKUE KOoJIcOaHUs

U(t) = Uncos(wt + ¢, ), (5.1)
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rae U, — aMIinTyaa (MakCuMaabHOE 3HAYCHUE) HANPSDKCHUSI, ® — KPyTroBas 4acToTa
Kosnebanuii, ¢, — HavanbHas ¢dasza koedaHui. AprymMeHT KOCHHYCa

@ (t)=ot+ ¢, (5.2)

Ha3bIBaeTCA azou xonebanuil, npudemM ¢ (0) = ¢,. JJId HarasAHOTO ONKCAaHUS rap-
MOHHMYECKUX KOJICOaHUN HCIONB3YETCS Memood 6eKkmopHuix ouazpamm. CoriacHo
ATOMY METOJYy 3Ha4YCHHE KoJIeOmrorieiics BeauanHbl (5.1) B 110001 MOMEHT BpEMEHH
NPEICTABIIACTCS B BUAE 8eKMOp-amnaumyosl. MOgyab 3TOr0 BEKTOpa

U(t) = Upcos (ot + @)
Un

> X
0 U(0)

Puc. 5.1

COBMNAJACT C BEIMYMHON aMIUTHTYIbI KOJeOanuit U, YToJl MEXIy BEKTOPOM U HEKO-
TOpoi ochio X paBeH HaudaiabHOU (aze ¢, (puc. 5.1). OTmeTum, yTo M0OOE CHUHY-

couJaNbHOE KoJieOaHHEe MOXKHO MPEACTaBUTh KaK KOCHHYCOMAAIBHOE  C Jpyrow
HavyaJIbHOM (ha3oi ¢, ’, T.K.

) Vs s ,
Un sin(ot + ¢, ) = Uncos( 5 (ot + ¢,)) = Uncos(ot + ¢, — ?) = Uncos(ot + ¢, ).
CHGI[OB&TCJ'IBHO, JaHHOMY CHHYCOHUJAJIbHOMY KOJIEOAHUIO MOJKHO COIIOCTaBHUTh

BEKTOP JJIMHOMN Uy, UMEIONINI HauanbHyIo hazy ¢, = ¢, — %(pnc. 5.2).

Y Up,cos (ot+¢) Y,

> X

Upsin (ot + ¢g) = Uycos (ot+ @) 0 oo
Puc. 5.2 Puc. 5.3

[IpeacraBuM Ha BEKTOPHOM JUarpaMMe JBa FapMOHUYECKUX KOJEOaHUsl C OJMHAKO-
BBIMM 4aCTOTaMH ®, PA3HBIMHU aMIUIUTYAaMU Uy U Uye U HaualbHBIMU (a3zaMu ¢, U

?,, (puc. 5.3)
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U](t) = UmlcOS((Dt + @ )3
Us(t) = Umpcos(ot + ¢,).

Paznocth a3z Agp mexay U, u U B JIF0O0H MOMEHT BPEMEHHU OIPEAEIAETCS COOTHO-
INICHHUCM
Ap =(ot+ @) — (ot+ @))= @, -0,

Y COOTBETCTBYET YIIy MEXIY ABYMS BeKTOpamu. Ecin A > 0, TO TOBOPST, YTO 6M0-
poe Konebanue onepedcaem nepgoe no ¢hasze Ha Ap, WIN 4TO nepeoe Koiebanue Ha
Ap omcmaem om émopozo. Eciu A ¢ <0, To HA000POT.

CJio:keHHe IBYX KOJIe0aHUI € OIMHAKOBBIMHU YaCTOTAMHM METO0M BEKTOPHBIX
AUaArpamMm

PaccmoTpum ciiokeHHe IBYyX TapMOHUYECKHX KOJIEOaHHWM C OJIMHAKOBBIMU Yac-
TOTaMH, HO Pa3HbBIMU aMIUIUTYIaMHU U Ha4aJIbHBIMU (azamu. [1ycTb
Ui(t) = Uimcosot , Us(t) = Usmcos(ot — ¢,)

3nech A g =— ¢,.ConoctaBUM KaKJ0My U3 KOJieOaHUI Ha BEKTOPHON AMarpaMme
CBOM BEKTOP-AMIUIUTY 1y

U, (t) = Ujpcos ot
YO ¢ Ulm

U2m

U2(t) :UZmCOS ((Dt - (00)

Puc. 5.4

Ha puc. 5.4 noka3aH BEKTOp-aMILUIUTYAa, COOTBETCTBYIOIIMU pe3yrbmupyroujemy Ko-
nebanuto. OH TIOCTPOEH 2eoMempulecKuUM CroHCeHuemM IBYX UCXOIHBIX BEKTOPOB-
aMIUTUTYJl ¥ MPEACTaBIsIET cO00M auaroHaib mapajuiesiorpaMMa, IOCTPOEHHOTO Ha
ATUX BEKTOpax Kak Ha ero CTopoHax. J{jamHa 3TOro BEKTOpa, COOTBETCTBYIOILIETO am-
IUTUTYJIE pe3yJIbTUPYIONIETo KoieOaHus U 10 TeOpeMe KOCHHYCOB paBHA

U, =JU%, + U2, —2U, U, cos(r—@,) =+/U2, + U2 +2U, U, cosg, .

HauanpHas ¢aza pe3yabTUpYOMIETro Kojie0aHusi COOTBETCTBYET YTy MEXIY pe3yiib-
TUPYIOIIKUM BEKTOpOoM U ocbio OX u paBHa —« . HanoMHuM, 4TO MOJOXUTENbHBIE U
OTPULATENIBHBIE YTJIbI OTHOCUTEIBHO OCH X OTCUUTBHIBAKOTCS, COOTBETCTBEHHO, MPO-
THB U 110 4acoBOM cTpenke. [1o Teopeme KOCuHYyCOB nMeeM

U; =U; +U2 -2U, U_cosa
501051

230



Ui + UL~ U,
20, U
Iloxacrasisist B 3TO BBIPA’KCHHUC HaWJCHHOE paHeC Um , [I0JIy4acM

cosa =

cosqa = Ulzm + Ulzm + Ugm + 2U1mU2m Cos ¢0 - Ugm _ Ulm + U2m Cos (00
2[Jlm\/Ulzm + Uim + 2’Ulm[j2m Cos ¢)0 \/Ulzm + Uim + 2Ulm[j2m COos q)O .

Takum 00pazom, pe3ynbTUpYIOlIee KoJeOaHne UMEET BUJI

U(t) = Uncos(ot— a )
501051

U,+U
\/Uz +U; +2U, U, cosg,

Im

Cos @,

2m

).

U(t) = \/Ufm +U;_ +2U, U, cosg, cos(wt—arccos

Takum 00pa3oM, 6 mMemooe 8eKMOPHBIX OUACPAMM aleedpauiecKoe CloNCeHue Ko-
N1e6anuUll 3aMeHAeMcs 2e0MeMPUIeCcKUM CIO0NHCeHUeM ux eekmop — amnaumyo. Ilo pe-
3YIMUPYIOWEMY BeKIMOPY-aMIIUMYOe ONpedensemcs pesyibmupyrowee Koiebauue.

B obmem cimydae mpu CIIOKEHHH JIBYX KOJIGOAHH C pa3HBIMH YaCTOTaAMHU  )e/bl
MedHcOy COOmMEemcmeyrouUMU 8eKMopamu-amnaumyoamu u ocvio X pasHvl He Ha-
yanbHuIM haszam, a noauvim pazaM smux Koneobanuti ¢, =oit+ g, U @, ()= ot + ¢, .

Bonpocwl u 3adanusa oansa camonpoeepkKu

1.  Maiite onpenenenue da3bl KOICOAHHIA.

2 Kakoit 00beKT B METO/Ie BEKTOPHBIX TUArpaMM CTaBUTCS B COOTBETCTBHE KOJIEOIIOMIEHCS
BEIMYNHE?

3. Kak cBsi3aHbl KOCHHYCOUJAJIbHBIE U CUHYCOUAANIbHBIE KoJeOaHus?

4, Kakum crmocobom CKJIaAbIBAKOTCA KoJIe0aHus B METOHC BEKTOPHBIX I[I/Ial"paMM?

Hpumepor peuwmwenusa 3a0au

3anauva 5.1
JaHbl 1Ba rapMoHHYeckux koneOanus A(t) = Apcos(oit + ¢y, ) 1 B(t) = Bucos(wat + ¢,) ¢

pasHBIMU aMIUIUTyAaMu Ay, U By, 9acToTamu o 1 @, ¥ HadanbHeIMU (asamMu @, U ¢,,. Onpene-

JUTh YpaBHEHHE pe3ybTupyromiero konedanus C(t) = Cycos ¢ (t).

Jano: An B Y4 g=ot+ g
o (=it + ¢ C
P,(H= ottt @.
Haiitu: C(t) = Cpcos ¢ (1).




ComocraBuM Kaxxgomy u3 konebanuil A(t) =Ancos(oit + ¢,,) 1 B(t)= Byucos(mat + ¢,) cBoi
BEKTOP-aMILIUTYy. /st mepBoro kone0aHusi 3TOT BEKTOP UMEET AJMHY Ay U pAaCIOJIOKEH MO/ yI-
oM @, (t)= oit + ¢, x ocu X (Bexrop 0B). [lns BTOoporo konebanus - 1y By, 1 yron ¢, (t) = ot
+@,, (BexTop ON).PesynpTupyromuii BEeKTOp-aMIUIUTY/a, PaBHbIH Ie€OMETPUYECKONH CyMMe ABYX

npeApI Iy mux, umeeT JHY Cy, U pactoiokeH Mol HEeKOTOpbIM yriioMm ¢ (t) k ocu X ( Bektop 0C).
Onyctum nepnenaukysipsl CD u BE Ha ock X u3 Touek C u B u nepnienukymnsip BF u3 touku
B na orpesok CD. ZCBF = ZNOE = ¢,, Tak KaK 3T0 OCTpbIC yIVIbI ¢ B3aMMHO MapasuleIbHbIMU

croponamu, £ BOE = ¢,, CB = ON, FD = BE, ED = BF 1.x. ONCB u EBFD no nocrpoenuto - na-

pannenorpaMM U nNpsMOYyroidbHUK. OmNpeaenuM Bce KaTeThl IPSIMOYTONbHBIX TpeyroibHukoB CBF
u BOE:
CF = CBsin £ CBF = ONsin¢@, = Bysing, ,

BF = ED = CBcos £ CBF = ON cos ¢, = Bn,cos¢,,
BE =FD = 0Bsin ZBOE= Apsing,,
OE = 0Bcos £ BOE= Ajcos ¢, .

Paccmotpum npsmoyronssbsiil TpeyroapHuk 0CD u onpenenum ero runorenysy 0C u yron ¢
Mexay 0C u ocero X.
tg () = CD _CF+FD _ B, sing, () + A, sing(t) _
0D OE+ED B, cosg,(t)+A, cose(t)

_ B, sin(w,t +¢,)+A sin(ot +¢,)

(1)

- B, cos(o,t +¢,,)+ A cos(ot +¢,) '
ITo noctpoenuto
oa =(g,-9).
Torna, Mo reopeMe KOCUHYCOB

Cm= \JAZ +B% —2A B, cos(7 —a) = /A + B2 +2A, B, cos((®, — )t + @y, — ) )

Ommemum, umo 6 obwem ciyuae npu CloACeHUU 08YX 2APMOHULECKUX KOIeDAHUU ¢ PASHbIMU YAC-
momamu pe3yibmupyroujee Koiebanue He A61Aemcs 2apMOHUYECKUM.
Paccmotpum vactHbli ciayyail. [lycTs paBHBI aMmmuTy bl KojeOanuil (A= B ) ¥ HavalibHbIE

daset (¢, =@y = ¢,). Tax kax
Cosg =+ m , (3)
2 V 2

Cm= /B2 +B2 + 2B, cos(®, —m,)t =2B,, \/ L cos(@, Ot _yp 4 (@@t y
2 2

TO

Hcnosnb3yst COOTHOIIEHUS

+ p—
yCOszy

X+ X—
cosx +cosy = 2cos 2ycos 2y’

. . . X
sinx +sin y = 2sin

MoJTy4yaeM

232



. . O+ O O, —®
sin(o,t +¢,) +sin(o,t +(o0):2$1n(%t+goo)cos 12 2t,

O, +® O, —®
cos(o,t +¢,)+cos(m,t +¢)0)=2cos(%t+(po)cos : 3 2t,

Torna

0, + 0, wl—wzt

2 sin( t+¢,)cos
= arctg =
cos(o,t +¢,)+cos(m,t +¢,) ZCOS((Dl + o, t+¢,)cos 070,

sin(o,t +¢,) +sin(o,t +¢,)

@ (t) = arctg

o, + 0,

= arctg(tg( 1 40,)) D, O

t+g,.

OtBet: C(t) = Cyycos ¢ (1),

rae Cn= \/Ai + Bfn +2A B, cos((0, —o)t+@, -¢,,)

o(t) =arctg B, sin(o,t +¢y,)+A sin(ot +¢,,) .
B, cos(m,t +@,,)+A cos(o,t +¢,,)

O, +®

(0‘)2 — )t COS(
2

Ecmn Ap=Bn 1 @, =¢,, = ¢,, 10 C(t)= 2Bj, cos Lt+g,)

3agaua 5.2
Omnpenenutb pa3HoCcTh Ga3 A@ ABYX TapMOHHYECKUX KOJICOAHHMA OJMHAKOBOW YacCTOTHI (M =

®2 = ®) U aMmuTyasl (Ap =Bp), eciu aMmnuTyna ux pesyibTHpytomiero konebanus C, paBHa
aMILTUTY 1€ Ay, CKIIQJBIBAEMBIX KOJICOaHUH.
Hano: Cp=An= Bn;
@ () =ot+ @
o, () = ot+ @,.
Haiitn: Ap = @, -¢,= @, - ¢, -

Wcnone3ys BeipaxeHue (2) npeapLaylien 3a1a4um, mojiy4aeM paBeHCTBO

Cm=y/AZ + B2 +2A B, cos((®, —®)t+ @, — @y, -

o ycnosuro 3anaun Cp, =Ay= B v Ap = ¢, —¢,,, T.€.

Bn= \/Afn +B. +2A B, cos((0,-o)t+@, -9, = \/ZAfn +2B: cos(Ap) =

—B_/2(1+ cos(Ap)) = B, /4% ~2B_ cos%.

Coxkpaiuas Ha 2By, nomydaem

l:cos%.
2 2

Tornma % =60°, a Ap =120°.
OtBet: Ap =120°.
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5.3. Pe3ucTop B Henu nepeMeHHOro ToKa

IlycTh B KauecTBe HArpy3KH I'€HepaTopa MEPEMEHHOr0 TOKAa HCIIOJIb3YETCs Pe3u-
CTOp CONPOTHBJIEHHEM R, 1 HaNpspKEHUE Ha FEHEPATOpe M3MEHSIETCA M0 3aKOHY (puc. 5.5a)

&(t) = Upcosmt,

rae Uy, — AMIUIUTYa HAIIPSAKCHUA. HaHOMHI/IM, 4YTO HAIIPsHKCHUC Ha PE3UCTOPC 110
ITOCTOAHHOMY TOKY PaBHO Pa3HOCTU MOTCHUOHUAJIOB JJICKTPHUYCCKOTO IO ¢, —¢, Ha

€ro KOHIAx, I/ie HampaBjeHue oT T.1 K T.2 coBOajaeT ¢ HanpaBlieHUEM Toka. [Ipu Ta-
KOM OIpENEIeHun conpoTuBiIeHrne R Bcerga monoxxurenbHo. Tak Kak B LN nepe-
MEHHOTO TOKa €ro HalpaBlieHuE NEPUOJUUECKH MEHSETCs, TO HeOOXOAMMO BhIOpAThH
HaIPaBJICHUE TMOJOKUTEILHOTO 00X0J/la KOHTYpa, HAalpUMEp TakK, Kak MOKa3aHO Ha
puc.5.5a. Ilyctp 151 110600 MOMEHTa BpEMEHHU HaIpsKEHUE Ha PEe3UCTOpe

Ut) = ¢, —¢, = &(t).

IIpu Takom omnpenenenuu, eciu U > 0 (@, > @,), TO TOK T€4YeT OT T.1 K T.2, T.€. BIOJb
HaMpaBJIeHUS MOJIOKHUTEIFHOTO 00X0/1a KOHTYpa U, clieAoBaTenbHO, [ > 0.Eciu U <0
(9, <¢,), T01<0. B coorBeTcTBUM ¢ 3akoHOM OMa cuia Toka
U() U_cosot
I(t) = ()= = = Incosmt,
R R
rae | _Un aMILIMTyAa CUibl ToKa. 1Ipu Takom ompeznenenuun conporusieHne R
" R

BCera moyiokuTesbHO. OueBHAHO (pHUC.5.50), 4TO HAMpPSHKEHUE W CHJIa TOKA HU3Me-
HSIFOTCSI CO BPEMEHEM I0 KOCHHYCOHMJAbHOMY 3aKOHY C OJIMHAKOBOW (a3oit (T.e.
cuH(pazHo). CneaoBaTenbHO, KONeOAHUs HANPANCeHUs U CULAd MOKA 8 pe3ucmope
cosnadarom no ¢paze 8 11000t MOMEHM 8PEMEHU.

Ul A T=2n/o Y T

U ™

I
¢\ [z O\T&A»O I Un |
<"’ UmcwDR v T i X

\ 1
a 0 B
Puc.5.5

B cooTBeTcTBUM C METOJOM BEKTOPHBIX JUarpamMM, BEKTOP - aMIUIATYbl TOKA U
HaIpPsDKEHUS] UMEIOT HYJIEBYIO Ha4YalIbHYIO (pa3y, UTMHBI, paBHbIE COOTBETCTBYIOIINM
aAMIUTUTYTHBIM 3HAYEHUSIM U HampasiieHsbl 1o ocu X (puc.5.5B).
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I[eﬁCTByIOHIHe SHAYCHUA CHIIBI IEPEMEHHOI'0O TOKA U HAIIPAKCHU A

Envauna n3mepenusa cuiibl Toka 1A BBeAEHA Kak Cujia MOCTOSIHHOrO TOoKa. Bos-
HUKaEeT BOMPOC: KaK CBs3aTh NepemeHHbl TOK ( B Poccun u EBpornie ero vacrora —
50 I'm) w noctossHHBIN. Cpear U3BECTHBIX JEHCTBHUM JIEKTPUUYECKOIO TOKA — XUMH-
YECKOT0, MArHUTHOTO M TEIUIOBOTO TOJIBKO TMOCJIEAHEE HE 3aBUCUT OT HaIpaBJICHUS
ToKa. [I03TOMYy peIIeHO CUUTaTh, UTO CcuUla nepemenHozo moxka 1A — amo maxou ne-
PEeMeHHblL MOK, KOMOpblil 8bloesenm 8 NPOBOOHUKE MAKOe Hce KOAUUecmeo menjo-
mol 3a OOUH U MOM Jce BPEMEHHOU UHMeEPBAll , Ymo U nocmosnuslt mok 6 1A. B
COOTBETCTBUM C 3TUM OIPEAECICHUEM BBOIUTCS TMOHSATHE JCUCTBYIOIIETO 3HAYEHMS
CHJIBI TIEPEMEHHOTO TOKa: deticmayiowee (d¢hpexmusroe) 3nauenue Cuibl nepemen-
HO20 MOKA PA8HO Cuile NOCMOSHHO20 MOKA, NPU KOMOPOM 8 NPOBOOHUKE BblOensien-
Cs1 maxoe Jice KOIU4ecmeo meniomol, Ymo u npu nepemeHHoM moxe 3a 0OUH U mom
JHce 8PeMEeHHOU UHMep8all.

Ecnu nepemMeHHbI TOK W3MEHSIETCS MO TapPMOHUYECKOMY 3aKOHY, TO B KaueCTBE
BPEMEHHOI0 MHTEpBajia BHIOMPAIOT MEPHO] KojebaHusi Toka. PaccMoTpum BbIpaxke-
HUSI JJ1s1 KOJIMUECTBA SHEPTUM Q_ U Q_ , BBIJIEJISIEMbIC Ha PE3UCTOPE 3a BpeMs t=T =

2
— COOTBETCTBEHHO MEPEMEHHBIM U IMMOCTOSIHHBIM TOKaMH, a TaKXK€ CPEIHUE MOIII-
)

HoctH (P_) u (P_) 9TuX TOoKOB. [0 3aKony JIxoyns-Jlenna:

Im

T T T 2 T
Q. = j I(t)°Rdt = j I, cos otRdt =T,’R[ cos’ otdt= R j (1+cos (2 ot))dt =
0 0 0 0

2
[ °R p 2 P I °R sin2 oot|"
=t +jcos2 otdt) = m R L j cos20td(2mt)) =-2— (T + b _
2 o 2 207 2 20
sin 4z ‘[|T 2
2 — 2 . .
:ImR(T+ T O)ZImR(T+5m47z s1n0):ImRT’
2 2m 2 2m 2
Q_=I'RT,
T T T
[P.(pdt [Urdt [r'Rdt i
(P)=1 oo QLR (P)=PR
T T T T 2
[IpupaBHHBas COOTBETCTBYIOIIME BBIPAXKECHUS I Q WK P, ToIydyaem
1
[.=T=—m (5.3
a 5 )

Cre10BaTeNbHO, TOCTOSIHHBIA TOK, 3HaY€HHE KOTOPOTO B +/2 pa3 MEHbIIE aMILIH-
TYJTHOTO 3HAYEHUS CHUJIBI TIEPEMEHHOTO TOKA, BBIICTSET TOYHO TAKOE )K€ KOJIUIECTBA
TeIjia, 4YTO U MEePEMEHHBIN TOK, T.€. Odelicmsyrouee (3hgekmuenoe) sHaveHue Cuibl

nepemenno2o moka 6 <2 paz menvuie e2o amMnaumyobi.
AHasoruqHo onpezensercs nercrpyroiiee (3¢dEeKTHBHOE) 3HAUCHUE TIEPEMEHHO-
ro HaIpsoKeHUs
U
Ud == T; . (54)
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O‘-ICBI/II[HO, qT0 3akon Oma ons yenu nepemMeHrHoc0 moka ¢ pesucmopom 6vlnoJjiHiem-
cs1 0nsl MCHOBEHHbBLX, CanJlumyaHle u aedcmey;owux 3HAYEeHULl MoKa U HANPANCEHUAL.

RoUO _U, Uy
It I I,

m

OTMeTuM, 4TO TPU U3MEPEHUU TNEPEMEHHOTO0 TOKA U HAIPSOHKEHUS aMIIEPMETP U
BOJITMETP TMOKA3bIBAIOT HE aMIUIMTYJHBIC, a JAehcTByomue (3QdEeKTUBHBIC) 3HAUE-
HUSl. Onemenmsl yenu, Ol KOMOPLIX CPEOHSsE MOWHOCMb NEPEMEHHO20 MOKA He
paena Hymo, obraoarom axmueuviM conpomuseieHuem. Ilpu 3ToM snmekTpudeckas
SHEPrus HeoOpaTuMo mpeoOpazyercs B Apyrue Buabl 3Hepruu. CremoBarenbHO,
oMuveckoe conpomugiienue pe3ucTopa R — akmugHoe conpomuenerue, T.K. CPEIHSSA
MOIITHOCTh IIEPEMEHHOTO TOKA HE paBHA HYJIIO M DJICKTPUUYECKAsl YHEPTHUS TPU TPOXO-
YKJICHUHU TOKa Yepe3 Pe3UCTOp HeoOpaTuMo mpeodpa3yeTcsi BO BHYTPEHHIOK (TEIIO).

Bonpocwei u 3a0danusna 0na camonpoeepkKu

Kaxkue Toxu Ha3bpIBatoTCsA KBa3UCTAIIMOHAPHBIMU ?

Yemy paBHaA pa3HOCTH (ha3 MEXTy HAMPSHKEHUEM U TOKOM B pe3ucTtope?

[aiiTe onpeneneHue NEUCTBYIOIIETO 3HAYEHUS CUJIbI IEPEMEHHOIO TOKA.

Kakoe 3HaueHre nepeMeHHOro Toka MoKa3bIBaeT amnepmerp?

Kak cBsi3anbl Mexay co00M JeMCTBYIOIME U aMIUTUTYIHbIE 3HAYCHUSI IEPEMEHHOTO TO-
Ka U IEPEMEHHOI0 HaIpsKEHUs?

6. Jlaiite onpeneneHue akTUBHOTO COITPOTUBIICHMUS.

MRS

5.4. KongeHcaTop B enu nNepeMeHHOro ToOKa

[IycTh B KayecTBe Harpy3ku reHeparopa MepeMEHHOI0 TOKa MCIOJb3YeTCs KOH-
JeHcaTop eMKOCThio C M HaIpsbKEHHE Ha TEHEpaToOpe U3MEHSIETCA 110 3aKOHY (puc. 5.6a)

&(t) = Upcosmt

BriGepem HampaBieHHE MOJIOKUTEIBHOTO 00X0/1a KOHTYpa, HAIIpUMEp TakK, Kak Io-
KazaHo Ha puc.5.6a. [Tycts my1s m000ro MOMEHTa BPEMEHH HaIpshKEHUE Ha OOKJIai-
KaX KOHJIEHcaTopa

Uc) = 91— ¢2= &(1),

rne ¢ U ¢, —noreHuuansl 1 u 2 ooknanku. Toraa, ecnu 1> 0 (MONOKUTEIBHBIE 3a-
pSAABl ABIDKYTCS 10 HAMpaBJICHUIO K MEPBOM 0OKiIagke), TO 3aps] Ha MepBOU 00-
KJaJIKe yBenuuuBaeTcs U dq; >0. Tak Kak B 3TOM cCilydae, CKOJIbKO 3apsiIOB MPOIILIIO
Yyepe3 CeYeHHE MPOBOJHUKA - CTOJIBKO MPUIILIO Ha MEPBYIO 00KIAAKY, TO dq = dq;. [1o
OIIpeIeIEHU IO

Q1 =C(¢1— ¢92)=CUc
Torma

I(t)= dq _ dq, _ d(CU,, cosot) _
dt dt dt

—®OCUpsinot = —Isinot = Iycos(wt + % ) (5.5)
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<~ Upncos ot == 0 \_3</ T\‘

c
3
< ¥

Puc.5.6

rae In= oCU, — amruiryaa koneOanuil cuiibl Toka. CpaBHUBAEM BBIPAKEHHUS JJIS TO-
Ka [ 1 HanpspkeHus U, 3aMedaeM, 4To HavyajibHas (pa3a KoieOaHuil HanpsyKEeHUs paBHA

o T
HYJII0, a HavyajbHasg ¢aza KoseOaHWl CUIIbl TOKAa paBHA £ (puc. 5.60). Cnenosa-
TEJIbHO, KOIeOaHUsl Culbl MOKA 8 yenu KOHOeHCamopa onepedxcarom no ¢hase xoie-

7
OaHUs HANPANXCEHUS HA €20 0OKIA0KAX HA Y20]l 5

B cooTrBeTcTBMM € METOOM BEKTOPHBIX JUArpamM, BEKTOpP — aMIUIATYJA Harps-
KEHHMsI UMEET HYJIeBYI0 HayalbHyIO0 a3y W HalpaBleH MO ocu X, a BEKTOp-

7T
aMIUTUTYyJla CHJIBI TOKa — HadalbHYIO (a3y 5 Y HalpawJE€H MO OCU Y BBEpX

(puc.5.6B). MrHoBeHHasi MOIIIHOCTh MEPEMEHHOTO TOKa ( MHIEKC = HE IMHUIIEM) OTfl-
penensieTcs BbIpaKeHHEM

P(t) = Ie = IU¢ =—IsinotUpcosmt = — ;— [Umsin2mt (5.6)

U 32 BpeMs KojieOaHUN MEHsIeT CBOM 3HaK. B mepByro yeTBepTh nepuoaa (MrHOBEH-
Hasi MOINHOCTh M3MEHSETCS C MEPUOJOM 2m) P(t)< 0, B CIEAYIOLIYI0 YETBEPThH
P(t)> 0, u T.0. Takum 00pazom, BO BTOPYIO U YETBEPTYIO YETBEPTh NIEpHUOAA KoJieha-
HUIl TEPEMEHHOI0 TOKa LIeNb paboTaeT Kak MOTpeOUTeNb, 3amacas SHEPIHI0 AJIEK-
TPUYECKOTO IOJIS, a B ICPBYIO M TPETHIO — B PEIKMME I'€HEpaTOopa - BO3Bpalllas 3ama-
CEHHYI0 3Hepruto oopatHo. CpeqHee 3HaUeHNE MOIIHOCTH

T
J'Pdt .
0 IrnIJm :
<P>= 0T '[s1n2 otdt = 0. (5.7)
0

Onemenmul yenu, 0Jis1 KOMOPLIX CPEOHSSE MOUJHOCIb NEPEMEHHO20 MOKA PASHA HYIIO,
obaaoarom peakmuHviM conpomueienuem. JIJs 3TUX AIEMEHTOB pa3HOCTh (a3 Ko-

o T
ne0aHuM CHIIBI TOKA U HaIIPsSOKCHUA COCTABJIACT 11O MOAYJIXO 5 . PeakTuBHOC COIIpoO-

TUBJICHUE KOHAECHCATOPA HA3BIBACTCA eMKOCmHbIM conpomugienuem. Onpenenum
conpomusnerue KOHOeHCamopa nepemeHHomMy moky Xc Kak OTHOIICHHUE aMILTUTY-
JIbl IEPEMEHHOI0 HAIIPSKEHUS HAa KOHJIEHCATOPE K aMIUIMTYI€ CWIbl TOKa B LIENHU
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(o6o6menue 3axona Oma)
_Yen _Un__ U L (5.8)

OueBunHO, 4TO 3akoH Oma 011 yenu nepemeHHo20 MoKa ¢ eMKOCMbI0 8bINOJIHAEMCS
MONILKO Ol AMIAUMYOHBIX U OCUCMBYIOWUX 3HAYEHUN MOKA U HANPANCEHUS, HO He
8LINONIHAEMCS 0151 UX MCHOBEHHBIX 3HAUEeHUL
U(t)  e(t
Koz O _E®)
I I
PaszmepHocTh Xc — [OM]. Kak cinenyer u3 (5.8), koHgeHcaTOp 00J1a1aeT OOIBIITUM CO-
IPOTUBIIEHUEM JUIsl MaJbIX 4acTOT. Tak Kak MOCTOSHHBIM TOK HE MPOXOIUT 4Yepes

KOHJIEHCATOp, TO €ro CONMPOTHUBJICHHE OCCKOHEYHO BeiHuKo. CleoBaTeNbHO, MOCTO-
SITHHBIM TOK MO>KHO paccMaTpHUBaTh KaK MEPEMEHHBIN, 4aCTOTa KOTOPOTO @ —> 0.

Bonpocwel u 3adanusa oasa camonpoeepkKu

1. Ha kaxoii yros xoneGaHusi CHJIBI TOKA B LIEMU KOHJAEHCATOpa ONEPEeXaroT KoJeOaHUs
HalpsDKEHUs Ha ero ookagkax?

2. Uemy paBHa CpeIHSSI MOIITHOCTh CHJIBI TOKA 32 BPEMsi, paBHOE MEPHOYy KojeOaHuii?
3. Kaxkue snemeHTsI 1iernu 0051a1al0T peaKTUBHBIM COTTPOTHBIICHUEM ?
4. [aiite onpeneneHue EMKOCTHOTO COIPOTUBIICHUS.
5. [Ipoananu3upyiTe 3aBUCUMOCTh EMKOCTHOTO COTIPOTUBIICHHUS OT YaCTOThI KOJICOaHUH.
HHpumepovs pewenusa 3adau
3agaya 5.3

K 3axumaM reHeparopa MNEpPEeMEHHOIO TOKAa MPUCOCAMHEH KOHACHCATOP E€MKOCThIO
C = 0,15 Mx®. OnpeaenuTs aMIUIUTYJHOE 3HAYECHUE HANPSHKEHUS Ha 3aKMMax reHeparopa €p, ec-
JM aMILTUTYTHOE 3HaY€HUE CUITBI TOKA paBHO I, = 3,3 A, a wactora v =5 k[ 1.

Hano: C=0,15 Mx® = 0,15~10'6 ®@;

Im = 3,3A,
v =5kl1 =5-10° T
Haiitu: €.

AMIUIUTYTHOE 3HAYEHHUE CHJIBI TOKA B I[N B LIEMU C KOHJEHCATOPOM PaBHO
Ii= oCU,,
rae Un = €n. CltenoBaTeibHoO,
€m = I/oC =1,/2nvC = 3,3/2-3,1416-5-103-0,15-10'6 =0,7 xB.

OtBeT: €, = 0,7 kB.

5.5. KaTymKa HHAYKTUBHOCTHA B IE€NIA NIEPEMECHHOI'0O TOKA

IlycTp B KayecTBe HArpy3KM I'e€HEpPATOpa MEPEMEHHOTO TOKA HCIIOJB3YETCS Ka-
TyIIKa WHAYKTUBHOCTHIO L (puc. 5.7a) U HamnpsoKeHUE HA TeHEepaTope H3MEHSETCs
1O 3aKOHY

€(t) = Upcos mt.
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Bribepem HampaBiieHHE MOJIOKUTEIHLHOTO 00X0Aa KOHTYpa, HAallpUMep Tak, Kak Io-
Ka3aHo Ha puc.5.7a. IlycTthb ansg mo000ro MOMEHTa BpEMEHU HaIpsHKEHUE Ha KOHIAX
KATYIIKU UHIYKTUBHOCTH

ULt) = @1 — ¢o=¢(t).

Torna, ecau U > 0, To 1 1 > 0 1 HaoO0opoT. Tak Kak cujia TOKAa B IIEMU MEHSETCS CO
BpPEMEHEM, TO B IIETIH OyAE€T HABOJIUTHCS 37C CAMOWHTYKITHH

g=—L e
ITo 3akoHy OMa s 3aMKHYTOM HEOJHOPOJHOM LienH (TeHepaTop UIPaeT poJib UC-
TOYHHKA TOKA)
€+ g=1IR.
Tak kak R =0, TO
—&s = €.

CrnenoBarteibHO,

Lﬂ = Upncos mt.
dt

[lepenuiiem 3T0 ypaBHEHHE B BUE

U
dl=—= cos ot dt.
L

[IpounTerprpyeM npaByro 4acTh YpaBHEHUST OT 0 710 t, @ JIEBYIO, COOTBETCTBEHHO, OT
0mol
I t
U
IdI’ = —mJ‘cos ot'dt’.
0 L 0

B pesynbTaTe MHTErpupOBaHUs MOJyd4aeM

' U . '
I| =—Lsinwt '
oL 0

NN

I(t) = Un sinot = I,sinwt = I,cos(mt —z), (5.9)
oL 2

U o
rae I, = — — aMIUIMTyAa KoJaeOaHuii ChiIbl Toka. OTMETHM, YTO
oL ’

g =— L% = —Lolycosot = —U,, cosmt = Uy, cos(mt — 7).

Takum oOpa3om, ecnu HavanbHas (pa3a KoseOaHUMN HANpPsHKEHUN paBHA HYJIO, TO Ha-
yaybHas (aza
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=)
< ¥

Puc.5.7

o T
KoJeOaHuil CHJIBI TOKAa paBHA (—?) (puc. 5.76). CnenoBaTenbHO, KO1eOAHUS CUbL
MmoKa 6 Kamyuike UHOYKMUSHOCMU OmMCcmarom no gaze om Koiebanuil Hanpsa’ceHus

T
Ha ee KORYyax Ha yzoa —.

B cooTBETCTBUU C METOJOM BEKTOPHBIX TUArPAMM, BEKTOp — aMIUIMTYJa Harps-
KEHUST MMEET HYJIEBYI0 HaudajibHyH0 a3y M HampaBjieH Mo ocu X, a BEKTop-

T
aMIUTATyJla CWJIbl TOKa — HadalbHYyIO a3y (—5 ) W HampaBlieH 1Mo ocu Y BHU3

(puc.5.78). MraoBeHHast MOIIHOCTh MIEPEMEHHOTO TOKA ONPEEIAETCS BhIPAXKEHUEM
. 1 .
P(t) = Ie = U= I,ysinot Uycosmt = £y I, Unsin2mt (5.10)

U 3a BpeMs KoJieOaHUN MEHSIET CBOM 3HaK. B mepByro yeTBepTh nepuoaa (MrHOBEH-
Hasi MOILIHOCTb M3MEHSETCSA C MEpPUOIOM 2m) P(t) > 0, B CIEAYIOIIYI0 YETBEPTh —
P(t) <0, u T.A4. Takum 00pa3oM, B EPBYIO U TPETHIO YETBEPTh MEPHOJIa KOJICOAHUI
IIEPEMEHHOI0 TOKa LeNb PadOTaeT Kak NOTpeOUTENb, 3anacasl YHEPTU0 MArHUTHOTO
II0JIs1, @ BO BTOPYIO M YETBEPTYIO — B PEIKMME I'€HEpAaTOpa — BO3Bpallas 3allaCeHHYIO
sHepruto oopatHo. CpeHee 3HaUeHUE MOIIHOCTH

T
[Pt
[nUn f
<P>:0T =-— szm Isin2wtdt=0. (5.11)
0

Karymika, Tak ke, kKak KOHAEHCATOP, 00JIalaeT peakmusHviM conpomuenenuem. Pe-
AKTUBHOE COIPOTUBIICHUE KATYIIKHM WHAYKTUBHOCTH HA3bIBACTCS UHOVKMUBHBIM CO-
npomusneruem. ONPENETNUM CONPOMUBIeHUe KamyuKku nepemenHomy ToKy X Kak
OTHOILIEHUE aMIUIUTYIbl IEPEMEHHOTO HANPSKEHUS HA KaTYIIKE K aMIUTUTYJI€ CHUJIbI

TOKa B Hel (0006menue 3axkona Oma)

Xy = Yiw _Yn Y 1 — 1. (5.12)
I I U

m m m
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O‘-ICBI/II[HO, yTo 3axon Oma 015 uenu neEpeMEHH020 mokKa ¢ qumeueHocmbio 8blnoJji-
Hslemcs MmoJibKo OJis amnﬂumydnbzx u deﬁcmeyiou;ux 3HAYeHUll MmoKa u HAanNpAsHCeHUA,
HO He 8bINOJIHAEMC sl OISl UX MCHOGEHHbIX 3HAYEHUL

LU0 e
0 10

Pasmepnocth X; — [OM]. KaTyiika HHIYKTUBHOCTH 00J1alaeT OOJBIIUM COMPOTHUBIIE-
HUEM Ipu OoybIKMX yacTtoTax. [Ipy o — 0 Xp — 0.

OTMeTHM, 4TO MOHATHE AKMUBHO20 CONPOMUBIEHUs TIHUPE, YEM OMUYECKOe CO-
npomuejieHue Pe3UCTOpa B 1IN NMepeMeHHoro Toka. Hannune nocneaHero o0ycias-
JIMBAET IMEPEX0]] SHEPTUHM TOKa TOJILKO BO BHYTPEHHIOIO DHEPTUIO (menio), HO BO3-
MOXHBI U JPYTHE MIPEBPAILICHUS OTOM SHEPTUH, HAIPUMEDP B C8emoOGyi0 B JaMIlax Ha-
KaJIMBaHU, MeXaHu4ecKyto B dJICKTPOABUTaTENEC, XUMUYECKY0 B aKKYMYIISITOpPE U T.J.

Bonpocwot u 3a0anus 0nsa camonpoeepKu

1. Ha kakoil yron xone0GaHusi CUJIbl TOKA B IENMM KaTyIIKH WHAYKTHUBHOCTH OTCTAalOT OT
KoJIeOaHUs HAMPsDKEHUS Ha KOHIIAX KaTYIIKU?

2. Yemy paBHaA cpeaHsst MOIIHOCTh CHJIBI TOKA 32 MEPUO/] KOJIeOaHN?

3. Jaiite onpeneneHue UHAYKTUBHOIO COIPOTUBIICHUS.

4. Kak 3aBuCHT BeMYMHA WHYKTUBHOTO CONPOTHBIICHHUS OT YaCTOTHI KOJICOAHMIT?

Hpumepol pewenus 3adau

3angauya 5.4

K 3axumaMm renepaTopa nepeMeHHOro TOKa NMPUCOEIUHEHA KaTyIllIka UHIYKTUBHOCTBIO L = 0,5 I'H.
Onpenenurs 4acTOTy TOKA V, €CJIM AMILIUTY/JHbIE 3HAUEHUs CUJIbI TOKAa W HaNpsDHKEHUsS Ha reHepa-
TOpPE PaBHBI COOTBETCTBEHHO Iy, = 3,3A u €,=1,037xB.

Hano: L=0,5TH;

I = 3,3A.
em=1,037xB =1,037-10°B.
Haiitu: v.

AMIUTUTYHOE 3HAYCHHE CUJIBI TOKA B IIETIH C MHIYKTUBHOCTHIO PABHO
Ii= Un/oL = Uy/2nvL,
rae Uy, = €. CnenoBarenbHo,
v=¢gn/2nLl,= 1,037‘103/2~3,1416~O,5~3,3 = 100",
OtBet: v=100I"m.

5.6. Pezncmp, KOHIACHCATOP U KAaTyllIKa UHAYKTUBHOCTHA B II€NIA NNIEPEMEHHOI'O
TOKAa

[IycTh B KauecTBe Harpy3ku reHepaTopa MePeMEHHOI0 TOKa HUCIONb3YETCs pPe3u-
CTOp CONPOTUBIIEHUEM R, KOHIEHCATOP €MKOCThIO C U KaTyIIKa WHIYKTUBHOCTBIO L
(puc. 5.8a). Hanpsbxkenue Ha TeHEpaToOpe U3MEHSETCS 10 3aKOHY

&(t) = Uycos ot.
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B nenu BO3HMKAET MEPEMEHHBIN TOK C YACTOTOM (0, AMIUIUTYJa KOTOPOTO paBHA I, a
¢aza onpegensercs napameTpamu 1uenu R, L u C. DTOT TOK CO3AaCT HA aKTUBHOM CO-
npotuBiieHnn HamnpspkeHue Uy, aMmnTya Kotoporo Ugm = Rly, a ¢aza Toka coBna-
naeT ¢ Ga3oi HampsHKEHUs; Ha KaTylIKe MHAYKTUBHOCTH HampsbkeHue Uy, aMIUIATY-
na Kotoporo U, = oLl, (5.12), a ¢a3a Toka orcTaeT oT (a3bl HANMPSHKEHUS HA Yol

T
5(5.9); Ha KOHJEHCATOpe HanpspkeHue Uc, aMIUIUTYIa KOTOPOTo UCm:%Im (5.8), a
(@)

¢aza Toka onepexaer a3y HaNpsHKEHUS Ha yrodl %(5.5).

R,Ur Y
U(t) =U,cos ot ULw= oLl
O, o
1
U m: _Im
| ¢ oC
[
CUc 3 0
Puc. 5.8

[TosTOMy Ha BEKTOpPHOU AMarpaMMe BEKTOP-aMIUIUTYAY, COOTBETCTBYIOIINN BEINYHU-
He Ug Ha/lO OTJIOXKHTH MO OCH TOKOB, T.€. MO ocu X (puc.5.80), BEKTOp-aMILIUTY Ly,
COOTBETCTBYIOIIIMM HAIPSKEHUIO HA KOHLAX KaTyIIKM WHAYKTUBHOCTH Uy , Hampa-
BUTH BJOJIb IOJIOKUTEIBHOIO HANPABJIEHUSA OCH Y, @ BEKTOP-aMIUIMTYy, COOTBET-
CTBYIOIMH HAIpsDKEHUIO Ha 00KIJIajKax KoHAeHcatopa Uc — BAOJb OTPULIATEIBHOTO
HampaBJICHUS OCH Y. Pe3ynbTUpYIOMIMKA BEKTOP-aMIUIATYAA, SBJISIOIIUNCI CYMMOU
TPEX BEKTOP — aMIUIMTYJ, COOTBETCTBYET HANPSIKEHUIO HA F€HepaTope &, T.K. 110 3a-
koHy Oma
g(t) = U(t) = Ur(t) + Ur(t) + Uc(t)

[Tycth nvHA pe3yNbTUPYIOIIETO BEKTOP-aMILTUTY bl paBHA U, ¥ TOK B IIETIH OTCTa-
€T OT HalpsDKeHUs Ha reHeparope Ha yroil ¢ (puc.5.86). Ilo teopeme Iludaropa

JUISL IPSAMOYTOJIBHOTO TPEYTOJIbHUKA, TUIIOTEHY3a KOTOPOro paBHa Uy, , CIENYET

Iij2 + (ULm_ Iij)2 = Ijm2

NJIn
RIp>+ [(OL — ——) T = Un2,
oC
OTKyJa
= Yy —. (5.13)
R*>+(oL——)°
\/ ( (DC)
coL—lC
togp = oL |
gy =



CnengoBaTenbHO,
I(t) = Incos(ot — @)

Brenem BenmuunnHy ¢ = - ¢. Takum obpazom, numeem
U(t) = Upcosmt,

I(t) = Incos(ot + @),
rIe
1oL
(po=arctg(’°CT. (5.14)

Bemnunna

_ 2 _LZ: 2 _ 2
Z——JR_+(mL, ) JRZ+(X, - Xo) (5.15)

Ha3bIBACTCS NOJHbIM conpomuesjileHuem 1CIIN. Beanunna

X=X, ~X.= oL-—— (5.16)
oC

HA3BIBACTCS NOJHLIM peakmueHviM conpomusienuem nuenu. M3 (5.15-5.16) u (5.13)

CJIG,IIyeT, qTo
Z=+R*>+X?

u (o0o6menue 3akona Oma)

Ecnu wactoTa konebaHuii reHepaTopa NEPeMEHHOT0 TOKa o B IIETH C PE3UCTOPOM,
KOHJICHCATOPOM U KaTYIIKOW MHAYKTUBHOCTH TaKOBA, YTO:

oL > L(0) > Jé), TO @ <0 (T.K. tg ¢ <0), T.e. KoIeOAHUs MOKA OMCMAm om

oC
KONeOaHUll HanpsdCeHUs,
oL < L((x) < \/I), TO ¢o> 0 (T.K.tg @ > 0), T.C. KOIEOAHUS MOKA ONepeicarom Ko-
oC LC
Jebanus HanpsiceHue,
1

oC
CcuHgasHo.

oL = (o= Jé ), TO @ =0 (T.K. tg 9o = 0),T.e. MOK U HANPsdICeHUE KOeON0MCs

1
OTMeTHuM, YTO MPU  ® =——— [OJHOE PEAKTUBHOE COMPOTUBIICHUE X PaBHO HYJIIO, a

JLC

ITOJIHOC COIIPOTHUBIICHUC 7. MUHUMAQJIBHO U paBHO R. MrHoBeHHas MOHOIHOCTB IICPC-
MCHHOI'O TOKA B LCIIN OIIPCACIISACTCS BbIPA)KCHUCM
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P(t) =IU = Icos(ot + @ g)Uncosmt .
Bocnonb3oBamiucs hopmyioin

1 1
cosa cosfB = Ecos(a - p)+ Ecos(a +/4),
MMCPCIINIICM BBIPAKCHUC IJIA MTHOBEHHOM MOIIIHOCTHU B BUJEC
1 1
P(t) = 5 I[mUmncos @ + B [mUmcos(2ot + ¢).

Torzxa CpCaHAsA MOITHOCTD IICPCMCHHOI'O TOKA paBHA

T T T
IP(t)dt J.lImUmcosgoOdt J.lImUmcos(Zcot + @, )dt
<P> _0 _0 2 410 2
T T T
T
[t
1

1
=—1 U cosp,L—=—1 U cosg,,
2 m >~ m ¢0 T 2 m — m ¢0

T.K. CpeJlHEE 3HAUEHUEe cos(2wt + ¢ () PAaBHO HYJIIO. 3allMIIEM BBIPAXKEHUE NI CPEl-

HEl MOIIHOCTU MEPEMEHHOTO TOKa yepe3 JAEHCTBYIoLME 3HadyeHus Toka (5.3) u Ha-
npsikenus (5.4) B nienu

(P)=1,U cos . (5.17)
Tak kak
vo 1+ th(Do ’
To u3 (5.14) cnenyer, 4To
_ R R
cos@o = == (5.18)

1
\/ R*+(oL—-—)’
oC
Benuuuna cos ¢y Ha3bIBaeTcs koagpuyuenmom mowHocmu. B TeXHUKE cTaparoTcs
caenatb K03 GUIMEHT MOITHOCTA KaK MOKHO OOJIbIIIE, TaK KaK Mpy MajioM Kodhdu-

UEHTE JUIsl MOJXy4YeHHs] OOJIbIION MOIIHOCTH TpeOyeTcs MponmycKaTbh MepeMEeHHbIN
TOK 00Jb1I0M cuiibl. [Ipy 3TOM BO3pacTarOT NOTEPU B NOABOIAIIMX MPOBOAAX.

HHpumepos peuwmienusn 3a0au

3agaua 5.5

B nens nepemennoro Toka HampsbkeHueM Ugq = 220 B u vacrotoit v = 50 'y BKIIoueHa kaTyiika
uHayktuBHOCTBIO L =10 I'H, kongeHncarop emkoctbio C = 3 Mk® u pesucrop. Onpenenurs conpo-
TuBJIeHHE R pesucropa u neicTByrollee 3HaueHUe CUJIbl TOKA B LeNHU lg, €clu cpeliHssl MOLTHOCTh
ToKa paBHa <P> = 4.4 Br, a ciur a3z Mexay HampsHKEHUEM W TOKOM COCTaBIISIeT ¢ o = 7/6.

Hano: Uyg=220 B;
v=50T1;
L=10TH,
C =3 Mk®D =3-10°D;
@ o= m/6;
<P>=44 Br.

Haiitu: R, 1.
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ITo onpenenennto (5.18) casur (a3 MeKIy HAIPSHDKEHUEM U TOKOM COCTaBJISICT

R

Tornma

nim

Torna

‘o U, cos g, 22043
Otset: R=4850 OMm, I4= 0,023 A.

cosQo = ; .
R’ +(oL-—)°
\/ ( mC)
2 R?
cos @y = ]
R’ +(oL-——)°
oC
2
R*+(oL-—)" = R2 :
oC cos @,
[Ipeobpa3ys naHHOE BBIpAaXKEHUE, ONPEACTUM BeIMYUHY R
COL_lc J3 2141620110775 1416150 3-10°
R = cosg, -l = N2 O 4850 Om.
Jl-cosp, 2 13
4
[To onpenenenuto (5.17) MOUTHOCTH B IIENTH paBHA
<P> =1,U cos@y.
P :
I < > 4,4-2 =0,023A.

OCHOBHBIE MOJIOKEHUS

e KBazucranmoHapHuble TOKM — TICPEMEHHBIC
TOKH, MTHOBEHHOE 3HaU€HHE KOTOPBIX BO BCEX
CEUYCHUSIX LIETHU MPAKTHYECKU OIMHAKOBO.
I'apmonnyeckoe konedanue U(t) —

U(t) = Uncos(wt + @),

rne Uy, — aMImTyia KoneOaHusi, ®- Kpyropast
YacToTa KoyebaHmid, ¢ ( — HayaimbHas ¢asza Ko-

nebanuii, @ = ot + ¢ (— Pasza konedaHui.

BekTop-amniutyaa konebaHMsS — BEKTOP,
MOJyJIb KOTOPOT'O PABEH 3HAYCHHUIO aMILIU-
Ty bl Konebmomelicss BenuuuHbl Uy, a yron
MeXJly BEKTOpOM U ocblo (Hampumep X) pa-
BeH ee (a3e ¢ WM HavalnbHOU aze ¢ .

MeTox BeKTOPHBIX AUATPAMM IIPH CIIOXKE-
HUU KojeOaHUi — 3aMeHa anredpandeckoro
CIIO)KEHUSI KOJeOaHW Ha T'eOMETPUYECKOE
CJI0O)KEHUE UX BEKTOPOB- aMIUIUTY .
Kosie0anus cuiibl mepeMeHHOr0 TOKa B
HeNnu ¢ Pe3UCTOPOM COBIAIAIOT 1O (ase ¢
KoJIeOaHusl HANPSKeHUsI Ha HeM.

® PeakTHBHOE CONPOTHUBJIEHHE —  COIPO-
THUBJICHHE 3JIEMEHTOB LENH, JUJIl KOTOPBIX
Cp€aHdasd MOIIHOCTbL TIIEPEMCHHOI'O TOKa
paBHa HYJIO (COMPOTHBIICHUS KOHICHCATO-
pa 1 KaTylIKU UHIYKTUBHOCTH).

e J/leiicTByoiee 3HAYeHHE CHJIBI
MEHHOI'0 TOKAa [

La=1In/~/2.
rre I, — aMIuTya CUibl IEPEMEHHOTO TOKA.
o JleiicTBYIO1II€€e 3HAYECHHE TEPEMEHHOI0
Hanpsikenust Uy
Ug=Un/2.
rie Uy — aMIuIMTy1a HanpspKeHus! IepeMeH-
HOT'O TOKA.

nepe-

® [To1Hoe
Henu X —
X=X— Xc= oL — 1/oC.
® [losiHoe conmpoTuBJIeHHMe Henu Z —

7= \/R2+(wL—L)2 .
oC

P€AKTHBHOEC COIIPOTUBJICHUE
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e KoJsie0aHusl CHJIBI IEPEMEHHOT0 TOKA B
Henu ¢  KOHAEHCATOPOM OIEPEKAIOT MO
(daze koedaHUsI HANIPSIZKEHUA Ha €ro 00-
KJIagKax Ha 7 /2

e KoeGanusi cuibl MepPeMEHHOT0 TOKAa B
Henu ¢ KaTymKoil MHIYKTHBHOCTH OTCTa-
10T 110 (pa3e oT KoJiedDaHNsI HANPSKEHUs Ha
ee KOHIax Ha 7/2.

® EMKOCTHOE CONPOTUBJIEHNE — COTPOTHUBJIE-

HUE KOHJIEHCATOpa MEPEMEHHOMY TOKY
XC = UCm/Im: 1/oC.

Enununa conpotusnenust [Om].

¢ UHAYyKTHBHOE CONMPOTHUBJIEHHE — COIPO-
THUBJICHUE KAaTYIIKH WHIYKTUBHOCTH TIepe-
MEHHOMY TOKY

XL = ULm/Im: oL.

Enununa conporusnenus [Om].

¢ AKTHBHOE CONPOTHUBJIEHUE — COINPOTHUBIIC-
HUE DJIEMEHTOB ILIETH, JJII KOTOPBIX CPEIHSS
MOIIHOCTh TIEPEMEHHOTO TOKAa HE paBHA HY-
710 (COTMPOTUBIIEHUE PE3UCTOPA).

® CBs3b MCXKIAY aMIUVIMTYAHBIMH 3Ha4ve-
HUAMHU TOKA, HANPAKCHUA HA T€HEPaATO-
pe€ 1 IOJHOro COMpPOTUBJICHHUA B LECIH
NMEPEMECHHOT0 TOKA
U U

Im: m — m .
V4

\/Rz + ((DL—L)2
oC

® Paznuna a3 Mmexay KoJieOaHUuAMH TOKA
U HaNpsizKeHUs B LIETH IEPEMEHHOTO TOKa

BLEpY

oC '
R

@ o = arctg

L4 Cpezumﬂ MOIIIHOCTB IIEPEMEHHOI'0 TOKA —

<P> =1,U cos@y.

® Koa¢ppuuueHT MOIIHOCTH —
_ R
cos@o= . =
R’ +(oL-——)
\/ ( oC )

N | =

O0o3HaueHus, HCNIOJIb3yeMble B IJIaBe 5

HepHOI KOJIcOaHHH,
- IUKJIWYECKas 4acToTa KOJIEOaHHUI,
- JIMHEWHAas 4acToTa KOoJcOaHUH,

HavanbHas daza KoseOaHul,

- (a3a konebanui,

- HIOTCHIOHAJI 3JICKTPUYCCKOT'O ITOJIs,

| aMIUTATY1a KOJeOaHU CHITbI IEPEMEHHOTO TOKa,

Un aMIUIATY1a KoJieOaHUM HaNpsKEHUs IEPEMEHHOTO TOKa,

I4 JICUCTBYIOIIIEEC 3HAUCHUE CUIIbI IEPEMEHHOIO TOKA,

Ug JIEHCTBYIOILIEE 3HAUCHHE HAMPSKEHUS IEPEMEHHOI0 TOKA,

C,L €MKOCTb KOHJIEHCATOPa; MHAYKTUBHOCTb KaTyIIKU UHIYKTUBHOCTH,

<p> CpeaHee 3HaYEHUE MOIIHOCTH,

R CONPOTHUBJICHUE PE3UCTOPA MIEPEMEHHOMY U TIOCTOSTHHOMY TOKY (aKTHMBHOE COTIPOTHBIICHHE),

Xc CONPOTHUBIIEHNE KOHAEHCATOpA NEPEMEHHOMY TOKY,EMKOCTHOE CONPOTUBIIEHUE, pPEaK-
TUBHOE CONPOTHUBIICHUE,

XL

CONPOTUBJICHUEC KAaTYIIKHW WHAYKTUBHOCTHU NEPEMCHHOMY TOKY, HHAYKTHBHOC COIIPO-

TUBJICHHUEC, PCAKTUBHOC COIIPOTHUBJIICHUC.
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X - TIOJIHOE PEAKTUBHOE CONPOTUBIICHUE LIENU IEPEMEHHOMY TOKY,

V4 - TOJHOE COMPOTHUBIICHHUE LIETIH IEPEMEHHOMY TOKY.

TecTnl aJs JICKTPOHHOI'0 JK3aME€HA

T5.1 N'apmonnueckre KoeOaHus IEPEMEHHOTO HAIIPSKEHUS OTPEISNISTIOTCS COOTHOIIICHUEM:

1) U,_cos(ot+¢,) 2) U_sin(w’t+¢,) 3)U,_(ot+¢,) 4) U_cos’(ot+¢,)5) U, cos(wt’ +¢,)
TS.2 daza konebanust ONPeACNIIETCS] COOTHOIICHUEM

1) cos(ot+¢,) 2) U, cos(ot+¢,) 3) U, 4) ot+g, 5) ot’+g,

TS5.3 Uemy paBHa pa3HOCTh (pa3 JBYX TapMOHUYECKUX KOJCOaHUU C OAHOW M TOW K€ YaCTOTOW B
1000 MOMEHT BPEMEHH B METO/I€ BEKTOPHBIX Juarpamm?

1) Moxymro 1™ BekTOpa-aMIUIUTY 161 2) MOYITO 2™ BEKTOP-aMILTATY/IBI 3) KBAIPATY yIjia MEXITy BEKTOP-
aMIUTUTyAaMu 4) yTITy MKy BEKTOP-aMILTUTYI0M 1 OCBhIO X 5) YIITy MKy BEKTOP-aMILTUTYIaMU

T5.4 Ecnu yactoTa kosnebanuii nepemeHHoro toka 100 I'l u TOk siBIsieTCsl KBa3UCTAllMHAPHBIM, TO
4yeMy paBHa MPUOIU3ZUTEIHHO MpeieibHasl IJIMHA TAKOK 2JIEKTPUUECKON e :

1) 60 m 2) 600 m 3) 6 km 4) 60 xm 5) 600 kM

T5.5 HanpsixeHue Ha pe3uctope oT CHIIbl TOKa 1o ¢ase:

1) orcraer Ha 7/2 2) omepekaer Ha /2 3) orcraeT Ha 7 4) HE OTCTAET 5) ONMEpeKaeT Ha 7

T5.6 Ecnu conportusnenue pesucropa 100 Om, amruintya koneGanuii Hanpsbkenust 3 B, To cpen-
Hsi MOILIHOCTb IIEPEMEHHOI0 TOKA 3a MEPUOJI paBHa:

1) 45 MBT 2) 450 mBT 3)4,5 MBT 4) 90 mBt 5) 9 MBt

TS.7 leficTByroniee 3HaYEHNUE CUIIBI IEPEMEHHOTO TOKA MEHBIILIE €r0 aMIUTATYIbI B:

1) \/gpaz.a 2) \/Epasa 3) l/ﬁpma 4) 1/\/§pa3a 5) —\/Epaz»a

T5.8 I[eﬁCTBYIOHlee 3HAYCHUC HANIPSAKCHUSA IICPEMCHHOI'O TOKa MCHBIIIC €T0 aMINUIUTYAbI B:

1) \/gpa3a 2) \/Epa3a 3) l/ﬁpasa 4) 1/\/§pa3a 5) —\/Epa3a
T5.9 AKTHBHOE CONPOTUBIIEHUE — 3TO COIIPOTUBIICHUE:
1) emkoCTHOE 2) UHAYKTUBHOE 3) TpeHUs MOKosA 4) OMHUYECKOE 5) BOJIBI IIPH €€ JTBUKCHUH

T5.10 HanpsikeHue Ha KOHAGHCATOpE OT CHJIBI TOKA 1o (hasze:
1) orcraer Ha 7/2 2) omepekaeT Ha /2 3) oTcTaer Ha © 4) HE OTCTAET 5) ONEPEKAET HA T
T5.11 CpenHsist MOIHOCTb IEPEMEHHOIO TOKA 3a IEPUOJI B LIENH C KOHAEHCATOPOM paBHa:

1) 0 Br 2) V2 Br 3) 1/+/2 Br 4)—1/~/2 Br 5)—/2 Bt

T5.12 Kaxoit u3 371eMEHTOB 11N 00J1a1aeT TOIbKO aKTUBHBIM COMTPOTUBIICHUEM?

1) kaTymika MHIYKTUBHOCTH 2) KOHJEHCATOP 3) UCTOYHMK TOKa 4) pe3suctop 5) TpancopmaTop
T5.13 ConpoTtuBiieHHe KOHIEHCATOpa M0 NEPEMEHHOMY TOKY ONPEIENISIETCsS COOTHOLIEHUEM:

)R 2) oL 3) R/loC 4) 1/ oC 5)RoL
T5.14 ConpoTuBieHrEe KOHAEHCATOPA MO MOCTOSSHHOMY TOKY PaBHO:
1)-10m 2) 0 Om 3) 0 Om 4) 1 Om 5) 1000 Om

T5.15 Eciu yacrora konebanuit nepemennoro Toka 100 paxn/c, emxocts IMK®D, TO COMpPOTUBIICHUE
KOHJICHCATOpa [0 MEPEMEHHOMY TOKY PaBHO:

1) 10 kOm 2) 1 kOm 3) 100 kxOm 4) 0,1 kOm 5) 1000 kOm

T5.16 HanpsixeHue Ha KaTyllKe MHIYKTUBHOCTU CHJTy TOKa 1o (pase:

1) orcraer Ha /2 2) omepexkaeT Ha /2 3) orcTraeT Ha © 4) HE OTCTAaeT 5) onepeskaeT Ha 7

T5.17 Cpennsisi MOLITHOCTB TIEPEMEHHOTO TOKa 3a MEPHO/T B IIETIH € KaTYIIKON MHAYKTUBHOCTHA paBHA:

1) 5 Br 2) V2 Br 3) 0 Br 4)—1/~/2 Br 5)—/2 Br

T5.18 CormpoTuBrieHrE KaTyIIKA HHAYKTUBHOCTH IO IEPEMEHHOMY TOKY OIPEAENSETCS COOTHOIICHHEM:
)R 2) oL 3) RIoC 4) 1/ oC 5)RoL

T5.19 ConpoTuBiieHHE KATYILIKH UHIYKTUBHOCTH IO MOCTOSSHHOMY TOKY PaBHO:

I)-10m 2) 0 Om 3) 0 Om 4) 1 Om 5) 1000 Om
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T5.20 Ecnm wactora xosnebanuit Toka 100 pan/c, MHAYKTHBHOCTH KOHTYpa 1 ['H, TO compoTHBIIe-

HHUE KOHTYpa I10 IEPEMEHHOMY TOKY PaBHO:
1) 10 kOm 2) 1 kOm 3) 100 kOm 4) 0,1 xOm 5) 1000 kOm

3agaum 111 KOHTPOJILHBIX PadoT

5.1
JIBa rapMOHHYECKUX KOJICOaHHS C PaBHBIMH YaCTOTaMH KojIeOaHui () = oy = M) U aMIymTyaamMu A =4 cM

1 Ay =8 cM umMeroT pasHocTh a3 A ¢ =45°. Onpenenits aMIumTy Iy A pe3yIbTHPYIOIIEro KOIeOaHus..

5.2
AMIUIUTY 1A PE3yIBTHPYIOMIETO KOJIeOaHUs, MOMYYaroIIerocsi U3 CIOKEHHS JBYX TapMOHHYECKHX
KoJIeOaHUH OJMHAKOBOW YacTOTHl (®] = My = ®), UMEKIIUX pa3HOCTh pa3z A = 60°, paBHa

A =6 cM. Onpenenutb aMIIUTYAy A, BTOpPOro KonebaHus, eciu A =5 cM.

5.3

B nens nepemennoro toka Hanpspkenuem Ug = 220 B u yactoroid v = 50 I'11 nocnenoBarenbHO BKITIO-
4yeHbl pe3uctop comporusieHueM R = 100 Om, katymika nHIykTuBHOCTBIO L = 0,5 I'H 1 KoHzeHcaTop
emkocTbio C = 10 Mk®. Onpenenuts: cruiny Toka Iy B uenu; HampsbxkeHrne Urg HA aKTUBHOM COIPOTHUB-
nenuu; Hanpsbkenue Ucq Ha KoHZieHcaTope; HanpspkeHne Uy 4 Ha KaTylke HHIYKTUBHOCTH.

5.4

B nens nepemenHoro Toka uactoroil v = 50 I'i BKIOYeHa OAHOCIOIHAS KaTyIIKa WHIYKTUBHOCTH
mHoM [ = 20 oM, nuametpom D = 5 oM, comepxaiast N = 500 BUTKOB U MMeEIOIIas CONPOTUBIICHUE
R =1 Owm. OnpenenuTh OTHOIIICHUE BEIUYMHBI PEAKTUBHOTO COMPOTHUBIICHUS X | K BEJIMYMHE TTOTHOTO
COIPOTUBJICHUS LT Z.

5.5

B nens nepemenHoro Toka yactoroit v =50 'y BKiIrOueHa KaTyIIKa UHIYKTUBHOCTH AMHHOM / = 30 cM
¥l IUIOLIAIBIO TIOepedHoro cedeHns S = 10 eM’, coneprkamast N = 1000 BiTKOB. OIpee/nTh aKTHBHOE
COIIPOTHUBJICHUE KaTyIIKK R, eciu casur a3 Mex Iy HanpsHKeHWEM B TOKOM B mier ¢ = 30°.

5.6

K 3axxumam renepartopa npucoennHeH KoHaeHcarop eMkocteio C = 0,15 Mx®. OnpenenuTs aMIuIu-
TyJIHOE 3HaueHHue I, CUIIbI TOKA B LIETIH, €CJIM aMILJIUTYJHOE 3HAUEHUE HANPSHKEHUS Ha 3aXKUMax re-
Hepatopa U, = 0,7 kB, a yactora Toka - v= 135 kl'11.

5.7

B nens nepemennoro Toka yactoroi v = 50 ['1] mocnenoBaTesisHO BKIFOUYEHBI PE3UCTOP COMPOTUBIICHUEM
R =100 Om u xouzaencarop emkocTtbto C = 22 Mx®. OnpenenuTs OTHOILICHHE aMIUTUTY/IbI KoJieOaH s Ha-
npsbkeHust Ha konaeHcarope Ucp K amrumutyie koneGanus HanpsokeHus: U, MPUI0KEHHOTO K LIeTIH.

5.8

[lenb mepeMEHHOTO TOKa COCTOMUT W3 IMOCJIEI0BATEIbHO COCAUHEHHBIX KAaTyIIKW WHAYKTUBHOCTH,
KOHJIEHCATOpa U PE3UCTOpa. AMIUIMTYHOE 3HAUYEHHWE CYMMAapHOI'O HAIIpPsDKEHHS Ha KaTyIIKE U
koHneHncarope Upcm= |[Um— Ucm| = 173 B, a ammmuTyiHOE 3HaueHHe HANPSDKEHHST Ha PE3UCTOPE -
Urm = 100 B. Onpeaenuts caur ¢a3 B rpagycax MexXIy TOKOM U HAIIPSDKEHUEM B IICTIH.

5.9

Ienbs nepeMeHHOTO TOKa YacTOTOl ® = 314 paj/c COCTOUT U3 MOCIIEAOBATENFHO COSIMHEHHBIX Ka-
TYIWKU UHIYyKTUBHOCTBIO L = 0,2 I'H, koHJeHCaTOpa U pe3uctopa. JlelicTByroliee 3HaueHUue CyMm-
MapHOTr'0 HanpspKEHUsS Ha KaTylike HHAYKTUBHOCTH U KoHaeHcaTtope Urcy, = [Up,— Uc,| paBHO HY-
mo. Onpenenutb eMKoCTh KoHaeHcaropa C.

5.10

B nenp nepemennoro toka HanpstbkeHueM Ug = 220 B u wacrotoii v = 50 'y BKiItoueHa KaTylka
WHAYKTUBHOCTH C aKTUBHBIM conpoTuBieHreM R. Casur (a3 mexay HanpskeHHeM U TOKOM Ha Ka-
TYIIKE COCTaBISIET ¢ = 7/6. OnpenenuTb MHAYKTUBHOCTh KaTYIIKU L, eciau cpeaHsisi MOIIHOCTb

TOKa Ha Herl <P>= 445 Br.

248



	186.pdf
	Неподвижный контур  в переменном магнитном поле




