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JIABOPATOPHAS PABOTA

HEIIb CUHYCOUJAJIBHOI'O TOKA ITPU ITOCJIEAOBATEJIBHOM CO-
EAVHEHMUN R, L 1 C.
[enps paboThl: M3ydeHHE LieTIe IEPEMEHHOr0 TOKa, SKCIIEpUMEHTAaNIbHAsl TTPOBEP-
Ka 3akoHa OMa I Lenu MEPEMEHHOI0 TOKa € IOCIEJ0BATENIbHO COECIMHEHHBIM
AKTHUBHBIM CONPOTHUBIIEHUEM, EMKOCTBIO U UHAYKTUBHOCTBIO, IOCTPOCHUE aMILIU-
TYHO-4aCTOTHBIX XapaKTEPUCTHK KOJeOATeNbHbIX KOHTYPOB C TMOCIEAOBATEINb-

HBIM coequHenneM R, L u C.

TEOPETUYECKOE OIITMCAHHUE
YACTH 11



3
YACTBH 11

W3MEPEHUE UMIIEJAHCA JIEKTPHYECKOWM IEITA TEPEMEH-
HOI'O TOKA. ITPOBEPKA 3AKOHA OMA Ui HEIIX HEPEMEHHOI'O
TOKA.

IlepeMeHHBIH YJIEKTPUYECKHH TOK.

[lepeMeHHBIM Ha3bIBACTCSI TOK, KOTOPBIM C TEUYCHHEM BPEMEHU H3MEHSET
CBOIO BEJTMYMHY WJIM HaIlpaBlICHUE.

B mpoMBINIUIEHHOCTH HAaWOOIbIEe PacHpOCTpAaHEHUE TMONYYHSI CHHYCOU-
JaIIbHBIA TEPEeMEHHBI TOK, TO €CTh TOK, BEJIMYMHA KOTOPOTO M3MEHSIETCS CO
BPEMEHEM 110 3aKOHY CHHYCa WJIH KOCHHYCA:

i=1,cos(ot+¢,) (1)
rae /I, - ammuryna toka, @ = (a)t + (po) - (aza xoneOaHuil, ¢, - Ha4YaIbHAA

daza.

CuHycOuaaNbHBI TIEpEMEHHBIA TOK UMEET LEJBIH P MPEUMYIIECTB Mepe
MOCTOSIHHBIM TOKOM, YTO U OOBSICHSIET €r0 MCIOJb30BaHUE B MPOMBIIUICHHOCTH U
B OBITY:

1. oT reHepatopa MOCTOSIHHOTO TOKA MOJYYUTh BBICOKHE HANPSIKEHUS MpaKkTUye-
CKH HEBO3MOXKHO,

2. reHepaTop U ABUTATENb NEPEMEHHOr0 TOKa 3HAYUTENIHHO MPOUIE M0 KOHCTPYK-
1M, HaAEKHEE U JIeHIeBJIe TeHepaTopa U ABUraTessl MOCTOSHHOIO TOKa,

4. mpu HEOOXOAMMOCTH NEPEMEHHBIM TOK MOXKHO MpeoOpa3oBaTh B MOCTOSHHBIN
TOK,

5. mepeMeHHBI TOK MOXXHO TPaHCPOPMHUPOBATH, TO €CTh MOBBIIIATH WU ITOHU-
KaTh €ro HapsHKEHHUE ¢ MOMOIIbIO TpaHC()OPMaTOPOB.

B nensix nmepeMeHHOro Toka, KpoMe IMPOILIECCOB HarpeBa MpOBOJIOB UMEIOTCS
JIOTIOTHUTEIIbHBIE TPOIECChl, O0YCIOBIECHHbBIE M3MEHSIOUUMMUCI MAarHUTHBIMU U
ANEKTPUUECKUMU TOJIAMH. M3MeHeHne ATHX Mojeil 0OKa3blBAET BIMSHUE HA BEJIH-
yrHy ¥ (OpMy TOKa B IEMU M MOXKET NMPHUBOIUTH K OTIOJHUTEIHHBIM MOTEPSM
sHepruu. Bennunna u ¢popma KpUBOW CHIIBI TOKA 3aBUCAT HE TOJBKO OT Mapamer-

pPoOB C—)JICKTpPI‘ICCKOfI ey, HO U OT 4aCTOTHI U q)OpM]'::I KpHBOfI MMPUITIOKCHHOI'O Ha-
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npspkeHus. [loaTtoMy aHanmu3 sSBICHUN, TPOUCXOISIIIUX B LEMHAX EPEMEHHOTO TO-
Ka, BCJIIEJCTBUE 3TOTO 3HAYUTEIILHO YCIOKHSIIOTCS.

DJIEKTPOMArHUTHBIE BO3MYIIEHUSI PACHPOCTPAHAIOTCS MO ILEMU CO CKOPO-
CThIO cBeTa B Bakyyme. Eciam 3a Bpems, HeoOXoauMmoe JJis mepeaadu dJIeKTpo-
MarHuTHOTO BO3MYLICHUS B CAMYIO OTHAJIEHHYIO TOUKY JJIEKTPUYECKOU LIEIH, BE-
JIMYMHA TOKA HE YCNEBAET 3HAYMTEIIBHO M3MEHHUTHCS, TO MIHOBEHHBIC 3HAUYCHMS
TOKa BO BCEX CEUCHMSX LIeMU OYyIyT MpakTUYeCKu oJuHakoBbIMU. (Toku, ymoBie-
TBOPSIOIINE TAKOMY YCJIOBHIO, HA3bIBAIOTCSI KBA3UCTAIIMOHAPHBIMU. )

KBaszucranmoHapHbIM Ha3bIBAECTCS NMEPEMEHHBIM TOK, KOTOPBIM BO BCEX CEUe-
HUSX HEPA3BETBJIEHHOM AJIEKTPUYECKOM LIENTH UMEET OJIMHAKOBYIO CHITY TOKA.

K MrHOBEHHBIM 3HAYEHUSIM KBA3UCTAIMOHAPHBIX TOKOB MOYHO MPHUMEHSTH
3akoHbl Oma u npaBmwia Kupxroda (ogHako mpu 3TOM HEOOXOIUMO YYHUTHIBATH

BO3ZHUKAIOILIYIO MTPU U3MeHeHur Toka DJ]C 371eKTpOMarHuiTHOM MHYKLUN ).

OcHOBHBbIE XapPAKTEPUCTHUKHU MEPEMEHHOI0 CHHYCOUIAJBHOIO0 YJIeKTPHU-
YeCKOro ToKa.

MrHOBEHHBIMH 3HAUEHUSIMHM CHJIbI TOKa
1, Hanpspbkenust u, DJIC ¥ MOIIHOCTH P B
LENsAX MEPEMEHHOT0 TOKa Ha3bIBAIOT MX 3HA-
YEHUsI B TAHHBIII MOMEHT BPEMEHHU.

AMIUTUTYAHBIMA 3HAYEHUSIMHU CUJIBI TOKA

L., Hanpspkenus U, , O[AC €, u MomHOCTH

P, B uensx mepeMeHHOro TOKAa HA3bIBAKOT
HauOOJIBIIINE MTHOBEHHBIC 3HAYCHUS ITUX Be-
JIMYMH B CIIy4ae CUHYCOUJAIBHOIO MEPEMEH-
HOI'O TOKA 3a IEPUOL.

ITepuogom T Ha3pIBaETCS HAUMEHBIIUU
MPOMEKYTOK BPEMEHH, 4Yepe3 KOTOPBIM Iie-
PEMEHHBIN TOK IIOBTOPSIET CBOM 3HAYECHHS B
TOM k€ caMoi moclieoBaTeNnbHOCTH (pHc. 1).

— T
[ ]
Puc. 1. AMmutynHoe 3HadyeHUE
Hanpspkenust U, u iepuon T cur-
HaJa.

YacToToif v MepeMeHHOT0 IEPHOIMIECKOTO TOKA HA3hIBAETCS BETMYMHA 00-
paTHas TIeproy:
|
]f:?j [1!]=ru,Fcpu (2)
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[ukimyeckor WM KpyroBOM 4aCTOTOM HA3bIBAKOT BEIIMUYUHY:

27

ao
M = ? =2V, [m] = pac , paJMaH Ha CEKYHIOY 3)
C

Cuita TOKa M HampsHKEHUE MEPEMEHHOTO TOKa HENPEPBHIBHO M3MEHSIOTCS IO
BEJIMYMHE, TIO3TOMY BO3HHUKJIA HEOOXOJIMMOCTh KaKUM-THOO 00pa3oM CpaBHUBATh
pas3nu4Hble TOKH JIpyr ¢ ApyroM. llpu 3TomM HE0OXOAMMO HMCIHOJIb30BaTh TaKOE
JEHUCTBUE TMEPEMEHHOI0 TOKa, KOTOpoe Obl HE 3aBHCENIO OT €ro HampasieHus. B
ATOM OTHOILIEHUM Haubosee yJoOHBIM OKa3aloch TEIJIOBOE JelcTBHe ToKa. [Ipu-
4éM IO TEIUIOBOMY JCHCTBHIO TOKA MOXHO CPaBHMBATh IEPEMEHHBIE TOKH C IIO-
CTOSIHHBIMU. B CBSI3U ¢ 3TUM BO3HUKJIO MOHATHE 3(P(HEKTUBHOIO 3HAUCHUS Iepe-
MEHHOTO TOKa.

D¢ dexTuBHBIM (ACHCTBYIONINM, CPETHEKBAAPATUYHBIM) 3HAYEHHUEM Iepe-
MEHHOI'O TOKa l,¢¢ HAa3bIBAETCSA TaKas BEJIMYMHA CHJIBI IIOCTOSHHOIO TOKA, KOTO-
PBIii OKa3bIBaJl OBl B LIETIH TaKOE K€ TEIIOBOE BO3JIEUCTBUE 3a BPEMsI OJTHOTO Tie-
puona. Ilo onpenenenuto:

4

[Tosicaum 3anuch Gopmyisl (4). Ilycte pesucrop R mon-
KJIFOYEH K MCTOYHHMKY MOCTOSHHOTO HamlpshKeHMs!, HanmpuMep Oa-
tapeu E (puc. 2). B teuenue Bpemenu T, paBHOe nepuoy nepe- E
MEHHOT'O HaIpsKEHUS B HEM BBIACIUTCS KOJIMYECTBO TEILIOTHI il

paBHoE: '

O=P-T=I'RT (5)
HOIIKJIIO‘II/IM TCIICPb 3TOT PC3UCTOP B LUCIIb ICPCMCHHOI'O TOKA. KomnuecTBo
TEIJIOTHI, BBIJICIEHHOE TTEPEMEHHBIM TOKOM 3a BpeMsi df paBHO dQ:

dQ=i(t)Rdt
a 3a nepuon T:

degzjiz(t)Rdt (6)

[TpupaBuuBas (6) u (5) noay4uMm:
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I[JIH CI/IHYCOI/II[aHBHOFO TOKa pI/IC. 1, HpOBOI[H I/IHTerI/IpOBaHI/Ie, HOHyLII/IM:
! m U m

! = U =
ahgh UE H o Usgheh 72— (7)

KaK HpaBI/IJIO, BCC I/ISMCPI/ITCHBHBIC HpI/I60pBI B 3HeKTpI/IquKI/IX LICIIAX OTFpa-
HyI/IpOBaHLI B I[eﬁCTBYIOHIHX 3HAYCHUAX BCIINYUH.
BCC DJICMCHTBI BHCKTqueCKOﬁ eI 06JIa):[a}0T COHpOTI/IBHeHI/IeM. Pa3HI/IanOT
JABa BHUA COHpOTI/IBHeHI/IH: AKTUBHOC U peaKTI/IBHOC. ECHI/I HpI/I HpOXO)KIIeHI/H/I
TOKA qepCS QJICMCHT LCIIU HpOI/ICXOIH/IT TOJIBKO Heo6paTI/IMoe HpeBpameHHe
3HeKTpI/IquKOﬁ 3HepFI/II/I B TCHHOTy, TO COHpOTI/IBHeHI/Ie TAKOI'O yIIaCTKa 11(S700%1
HA3bIBAKOT AKTHUBHBEIM. ECHI/I TAKOTO HpeBpaHleHI/ISI HC HpOI/ICXOI[I/IT, TO COHpO-
THUBJICHUC HA3bIBAIOT peaKTI/IBHLIM.
9HeMeHT LOCIINU C AKTUBHBIM COHpOTI/IBHeHI/IeM HA3bIBACTCA peBI/ICTOPOM. PeaK-
THUBHBIM COHpOTI/IBHeHI/IeM — EMKOCTHBIM U I/IHI[YKTI/IBHBIM — 06JIaI[aIOT COOTBCTCT-
BCHHO KOHJICHcaTOpBI U KaTyHIKI/I I/IHIIYKTI/IBHOCTI/I.
HaJII/II{I/Ie peaKTI/IBHBIX COHpOTI/IBHeHI/Iﬁ B ILICIIA HepeMeHHOFO TOKA HpI/IBOI[I/IT
K TOMy, gTO BO3HUKACT pa3HOCTB (1)33 MC}KI[y NU3MCHCHUAMU Haﬂpﬂ}KeHHﬂ U TOKa
B LICIIAU (TO CCThb TOK H HaHpH)KeHI/Ie HC OI[HOBpeMeHHO AJOCTHUTAKOT CBOCTO
MaKCHMAJILHOI'O 3HaYE€HHUs). DTO 00CTOATENBCTBO 3HAUUTEIBHO YCIOKHAET PacUé-
TbhI Heﬂeﬁ HepeMeHHOFO TOKaA.
COHpOTI/IBJIeHI/IeM yqaCTKa OCII1 ITOCTOAHHOI'O TOKAd HA3BIBAKOT BCHI/ILH/IHy
PaBHYIO:
r=Y ®)
Il
COHpOTI/IBJIeHI/IeM yqaCTKa eI HepeMeHHOFO TOKA HA3BIBAIOT BCHI/ILII/IHy
PaBHYIO:

R= U sipip _ U m (10)
/ pih I m

MatemaTuyeckoe ONMUCaHUe MEPEMEHHOTO TOKAa MOYXHO OCYIIECTBUTH TPEMsI
METOIaMU:

- QHATUTUYECKUI METO/ (C TOMOIIBIO TPUTOHOMETPHUECKUX (PYHKIIHH ),

- CHUMBOJIMYECKUI METOJ (C TOMOIIBIO KOMIIEKCHBIX YHCE),

- METOJ BEKTOPHBIX JAMarpaMM (UCTOIB3yeTCs TpaduvIecKrii METO OIuca-
HUS IEPEMEHHOT0 TOKA).

AHAIUTHYECKUIT METOJl OMHUCAHWs CHHYCOMAAIBHBIX TOKOB HHOTIA MpH-
BOJUT K TPOMO3JKHUM MaTeMaTHYeCKUM MpeoOpa3oBaHUSIM TIpU OMpEICIICHUU
Kakux-Tn0o BenuduH. [lodTOMy n7s ympomieHus: pacu€ToB B JTUX CIydasx
ObUTH TIpHIIYMaHbl JAPYTrUe METOABl BBIUYMCICHHM, KOTOPBIE MbI ceiddac paccMoT-
pHM.
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MeToa BEKTOPHBIX JHArpaMM

I'apmoHnueckue Ko-
nebaHus JOMYCKAlOT Ha-
IBSIIHYI0  TpauyecKyro
VHTEPIPETALHUIO. Ee
CMBICI COCTOUT B TOM,

YTO KaXIOMy TIapMOHHM-
4ECKOMY KOJIEOaHUIO C
4aCcTOTOH (W, MOXHO IIO-

_..Tu- -

CTaBUTh B COOTBCTCTBHC
Bpamafonmﬁcs{ C Vyrio-
BOM CKOPOCTBIO (), BCK-

Puc.3. I'paduyeckoe onucanue kojieO0aHU C MOMOIILIO
METO/1a BEKTOPHBIX IHarpamMm

TOp, JUIMHA KOTOPOTO
paBHa aMIUTUTYZE S, @ €ro HadalbHOE (CTApTOBOE) MOJIOKEHUE 3aJaeTCS YIIOM
¢, COBIIAJAIOIINM C Ha4allbHOU (a3oi (puc. 3).

BepTI/IKaJIBHaH IIPpOCKLMNA BECKTOPA §; U3MCHACTCA CO BpDCMCHEM.

s(t) = s,sine(t) (11)

MrHOBEHHOE MOJIOKEHHUE BEKTOPA s, ONIpeIeNnsIeTcss yriIoM ¢(f) - (a3oii:
(1) =+, (12)

. . )

Ipu yrioBoii ckOpocTH (KpyroBoil 4acToTe) @, BEKTOp COBEPILACTV,, = 2—0

T

000pOTOB (LIMKJIOB) B CEKYH/TY, & MPOJAOIKUTEILHOCTh OJHOTO 060pOoTa (MIepuo.)

2
paBHA OTHOLIECHMIO YIaa 277 K yIJIOBOM CKOPOCTH @, : T =—.

@,

C IMOMOIIIBIO BCKTOPHBIX AUArpaMM JICTKO OCYIICCTBUTDL CJIOKCHHUC TapMOHU-
YeCKHUX KojaeOaHHi. TaK, CCJIN HCO6XOI[I/IMO CJIOKUTH IBA TAPMOHHUYCCKUX KoJsieOa-
HHUA ¢ OAMHAKOBBIMH YaCTOTaMU:

s(1)=s,(¢)+5,(¢) =55, 8In( @t + @, ) + 5, sin(@yt + @, ) = s, sin (@t + ¢, ) (13)

TO aMIUIUTYAY S, ¥ Ha4aJlbHYIO0 a3y ¢, CyMMapHOro KoueOaHus S(t) C TOM e

4aCTOTOM ), MOXHO JIETKO PacCUUTaTh U3 pHC. 4a, HA KOTOPOM rpauyecKu u3o-

—_ — —

OpakeHa onepanys CI0KEHHUs BEKTOPOB S, =S, +5,, B MOMEHT BpeMmeHu t=0.
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2 . . 2
S, = \/(sm COSQ, + 55, CO8Q, ) + (5, i, + 54, in ;)

Sy, SINQ, + S, SIN Q. (14)
0, = arctg| - 1 ™ S0 2
Sy, COS P, + 5., COS P,
.
¥
a) A 0)
Ty -7 o
mait) Jr": =t}
b o
L] \::I"
P :
1 gl
III ) ‘pl | I J | '

Puc.4. I'padnyeckoe ciaoxeHne rapMOHUYECKUX KOJleOaHuil.

SIcHo, 4TO BepTHUKaIbHAS IPOEKLUS BEKTOpa §,0yIeT TaKXKe U3MEHATHCS 10
rapMOHMYECKOMY 3aKOHY C YaCTOTOH (@, TIOCKOJIBKY B3aMMHOE PacIOJIOKECHHUE BEK-
TOPOB S, U S, HE U3MEHAETCS C TEUEHHUEM BPEMEHHU.

W3 »Toit nuarpamMMbl HarjsiiHO BUJIHO, YTO CyMMapHOe KojebaHue s(f)ore-
pexaer 1o (¢asze koiebanue s,(7)u orcraeT no ¢asze or koiedanus s,(¢). [lonnas

daza 11 KaKI0ro U3 Tpex KojebaHuW B MPOU3BOJLHBIA MOMEHT BPEMEHH OTJIU-
YaeTcs OT MX HadalbHBIX (a3 Ha OJIHY
U Ty XXE€ BEIMUYUHY @yf KOTOPYIO IIPH

o

MIOCTPOCHUU BEKTOPHBIX JTUArpaMM HE
yunutheiBatoT. Ilpu 3ToM KoseOaHMe
M300paKkaeTcs HEIMOJABM)KHBIM BEKTO-
pom (puc. 46), a yacTtoTa KoJjeOaHUS
MIPEAIOIaraeTcs H3BECTHOM.

OTOT MeToA OYeHb YA0O0eH mpu
CIIOKCHUU JBYX WU HECKOJIBKHX Tap- .
MOHHMYECKHX KoNebaHuil, Tak Kak B () €} Lyien
ATOM CITy4ae IPOMO3JIKHE TPUTOHOMET-
pudeckue npeoOpa3oBaHUs MOXKHO 3a-
MEHHUTH TPOCTBIM CIIO)KCHHUEM BEKTO-
pOB.

M

Puc.5. I'papuyeckoe n3zodpaxxeHue CUHy-
COMJAIBHOTO TOKa Ha BEKTOPHOHN ama-

rpamMe.
Hcnonb3yst upew 3TOro MeToja,

HJIA pa3sJInMIHbIX uenel‘/i CUHYCOHOAJIb-

HOT'O TOKa CTPOAT CBOHU JHUArpaMMbl, Ha KOTOPBIX OAHOBPECMCHHO B BUAC BECKTOPOB
I/I?>06pa)KaIOT HaIllPpsOKCHUA U TOKH B IOCIIH, 4 IO HUM OIPCACIIATH CABUT 110 (base
MCKAY U3MCHCHMAMUN TOKA W HAIPSKCHUSA, 4 TAKKC pAd APYIUX XAPAKTCPHUCTHUK
O CIIu.
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CuMBOIMYECKUI METOl ONMCAHUS CHHYCOMIAJIBLHOI0 TOKA.

Vnes 5Toro MeTona 3aKiiOYacTcs B 3alUCH TapMOHUYECKHX KoNeOaHumid
i=1,cos(wt+¢@,) B KOMILUICKCHOM BHJE:

[ = f,,,e’flm%}, rne  J = /=] - muumas eqununa.  (15)

Cornacno Qopmyne Diinepa  e’* =cosa + jsina Ho3TOMy KOMIUIEKCHOE
ypaBHeHue (15) MOXHO 3anucarh B BUAE:

[=1,"“"" =7 [cns(mrJr @)+ jsin (ot + rpﬂ)] (16)

[Ipu ananm3e Takoil 3anuCcH MpeANoIaraeTcs, YTo BEIIECTBEHHAs YacTh ypaB-
Henust (16) mnpexacraBiasier coOoW ypaBHEHHE TapMOHUYECKOTO KojeOaHus
i=1, cos(a)t +(00). Taxkum oOpa3oM, Benn4YMHA CUIIBI TOKA, 3alIUCAaHHON B (hopMe

ypaBHeHH (15), B 11000 MOMEHT BPEMEHU OTPEEISACTCS BEIMICCTBEHHON YacThIO
ATOrO YpaBHEHUHI.

DTOT METOA OYEHb YI00CH NPH YMHOKEHUH U MU PepeHIINPOBAaHNN YpaBHE-
HUH TapMOHUYECKUX KOJICOAHWM, TaK KaK B 3TOM cllydae I'POMO3JIKHE TPUTOHO-
METPHUYECKHUE MTPeoOpa30BaHUsI MOKHO 3aMEHHUTH MTPOCTHIM JEHCTBUSIMH HaJ MTOKa-
3aTebHBIMU (HYHKIIUSIMH.

Kak oTmeuanocek panee, pacuéT meneil mepeMeHHOr0 TOKAa 3HAYUTENbHO YC-
JIO)KHSIETCS TI0 CPABHEHUIO C IETMSIMH TIOCTOSSHHOTO TOKa H3-3a HAJIMYHUSA B HUX pe-
aKTUBHOT'O CONIPOTHBIICHUSI.

Hwxe mbl Gosiee moapoOHO PacCMOTPUM OCOOCHHOCTH PabOThl HEKOTOPHIX
eTei MepeMEHHOT0 CHUHYCOHIaIhHOTO TOKA.

Hel'[b MNEPEMEHHOI'0 TOKA TOJIBKO ¢ aAKTUBHBIM CONIPOTHUBJICHHEM.
HYCTB HaIlPAKCHUC B CCTU U3MCHACTCA 110 3aKOHY:

u=U, sin(wr) (17)

Torpa o 3dKOHY Oma MO’KeM 3aIucaTh:

i.—'lr -"Ir N : -
[ = =ﬁ5m ot=1_sinaot, (18) “ K

R

m

U
rae 1, = - 3aKou Oma s memn nepemennoro 1 1C.6. Llenb nepemen-

HOI'O TOKa ¢ aKTUBHBIM
TOKA TOJbKO ¢ aAKTUBHBIM COIIPOTHBJICHHUEM. COIIPOTUBJICHUEM.

N3 ypaBnenuii (17) (18) cnenyer, uTo:
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u=U, sin(wt)

- T. €. pa3HOCTH (1)33 MCKAY U3MCHCHUAMM TOKA W HAIIPAKCHUA B

i=1 sin(wt)

TaKoOM IeNu paBHA HYJIO (CM. puc. 7).

Up, T A

Puc.7. Fpa(i)I/IKI/I TOKa U HAIIPSKCHHUA B ICIIN IICPEMCHHOT'O TOKA,

conepmameﬁ TOJIBKO aKTHUBHOC COIIPOTHUBIICHUC.

!

>

OCE TOKOB ¥

Puc.8. BekTtopHasa nuarpamma nemnu puc. 6

Hel'lb NMEPEMEHHOI'0 TOKA TOJIBKO C nneanbnoﬁ HHAYKTUBHOCTDBIO.

(R=0, C=0)
Paccmotrpum 1nens mnepemeHHoro Toka Ha puc. 8. IlycTe
BHemHee DJIC B menu MeHsieTcs MO 3aKOoHYy &£ = &, sinwi. 1lpu

MMPOTCKAaHNHU YCPEC3 KATYHIKY IICPECMCHHOT'O TOKA, B HEM 1o 3dKOHY

d

i
dapazes Bo3uukaeT I/IC caMOMHIYKIUH &, = — L F C yuerom
r

TOTO, YTO COINPOTUBIECHHE KATYIIKHM PAaBHO HYJIO, MO BTOPOMY
npasuity Kupxroda MoxHO 3anucaTh:

~E 3.1

Puc.8. Llens mnepe-
MEHHOTO  TOKa

HHAYKTHUBHOCTBIO.

di di ¢
—_ ::} —_—
L

O=c+& wm £=—g, = ¢g=1L
dt dt

E, .
—2 sin @t .
L

C
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Takum 06pazoM, numeeM:

(=)

. & ) En . T )
i = | —sin witdt = — —=cos wi+ Const = —sin(wt — —) + Const .
d wl wl 2

ITpu oTcyTcTBUM cocTaBistomiel noctossHHOro Toka Const=0. Torga okoH4a-
TEIBHO MOTYYUM:

m

, . T . T
i = sin(fewt ——)= [, sin(wt ——). (19)
@l 2 2
Ecau BHyTpenHe conpoTupieHue uctounnka JJ[C npeHeOpeKuMo Majo, TO
OH CO3/1a€T Ha BXOJE LIENH Hanpsukenue, pasHoe ero DJC. B stom ciryyae Hanps-
KEHHE Ha KaTyIIKE MHAYKTHBHOCTH OYIET MEHATHCS 110 3aKOHY:
u=U, sin(wr) (20)

u ypaBHeHue (19) MoxHO nepenucaTh B BUJIE:

F

L. T ' T
i = n Hln[ﬂ'}lf__ ] 1!”? HII'II:!'!H—— . (21)
(ol 2} 2)

m

U .
Tac ]m = _L - 3akoH OMa I e IICPEMCHHOTO TOKA € UACAJIbHOU NHAYK-
)

TUBHOCTBI0. 13 ypaBHeHus (21) cineayer, 4To pojib CONPOTUBICHUS B TAKOW LENU
UTPAET BEIUYMHA!

XL - ﬁJL » HA3BIBAEMAA PEAKTHBHEIM HHAY KTHBHEIM CONPOTHBIEHHEM. [XL] = DM .

N3 ypauenuit (20) (21) cnenyer, 4ro:
u=U, sin(wt)

_ _ o - T. €. B TaKOHW IICMH TOK OTCTaeT 1Mo (a3e oT HAIpPsHKCHHSI
i=1 sin(wt——)
2

Ha % (puc. 9 a, 6).

;.1 N
a) D U
u

>
IL OCE TOKOR §

S

-

O t

I

Puc.9 I'paduku Toka 1 HampsHKEHUs B 1IEMU MEPEMEHHOTO TOKa, COJIEpIKaIled TOJIBKO
WHIYKTUBHOCTH a) U BEKTOpHAsI AUarpamMma Iemnu 0)
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OU3NYECKU ITO SIBICHUE MOHO OOBSCHUTH CIEAYIOIIMM 00pa3oM: MpH U3Me-
HEHHUM HANpsDKEHUs HAa KaTylmke B Hel Bo3HHMKaeT DJIC caMOMHAYKIMHU, KOTOpas
HaIlpaBJIEHa TaK, YTO NPEMSTCTBYET U3MEHEHHUIO TOKA, TEKYILIEro Mo KaTyuike. B
pe3yNbTaTe 3TOTO SIBJIICHUS MOSBIAETCS CIBUT (Da3 Mexay U3Me-
HEHHUEM HaIPSKEHUs HAa UHAYKTUBHOCTH M CUJIOW TOKA B LEIH.

Lens mepeMEeHHOr0 TOKA TOJBKO C HICAIbHOH EMKO-
CTBIO.

(R=0, L=0)

Paccmotpum snekTpudeckyro nenb Ha puc. 10. bynem cun- —C

TaTh, YTO €MKOCTh B IIeNHU SBJISICTCA uUacanbHol, T. €. R=0, L=0.
[IycTh HanpsbKeHUE B IEMH MEHSIETCS 10 3aKOHY:

u=U, sin(wr). (22)

MrHaoBeHHOE 3HA4YC€HHUE CHJIbl TOKA B TAKOM ILIEMU C €MKO-
CTbIO PAaBHO CKOPOCTHU M3MCHCHHA 3apsiaaa Ha 06KHaI[KaX KOH-

Puc.10. Ilenp 1e-
PEMEHHOI0 TOKa C

d N
JeHcaropa I = A Tax kax q=Cu, TO MOXXHO 3aIHCaTh: ujaeanbHOd  EMKO-
dt CTBIO.

dCu du dU_sinot : T
j=—=C—=—"——=0CU_cosot =1 _sin(ot+—), (23)

dt dt dt 2

U

rae [ =wCU, =—"— - 3akoH OMa JyIsl LIeNHU IIEPEMEHHOIO TOKa C Heab-

y
oC
HOU EMKOCTBIO. M3 3TOrO ciexyer, 4To posib CONMPOTUBIICHUS B LIENIA UTPAET BEJU-
YUHA:

1

Xe= _C' , HA3bIBAEMas PeAKTHBHLIM eMKOCTHBIM CONPOTHB/ICHHEM. [XC] =0m .
(4]

N3 cpaBuenus (22) u (23) crnenyer, 4To:
u=U, sinwt

T
_ _ s7. - TO €CTh B TAKOIl 1IENH TOK ONEPEXAET N0 (pa3e HANPMKEHHE HA —
i =1, sm(mHE)

['paduk HanpsHKEHUS U TOKA B JAHHOM IIEMH, a TAK)KE BEKTOpHAS IHarpaMma
MpeacTaBlicHbl HA puc 11.

Ue, 1

a)

0) > >
Ic 0Ch TOKOB i

() ! UC

Puc.11 I'paduku Toka M HampsKEHUS B LIENH NMEPEMEHHOT0 TOKAa, COJAEp)KaIlleld TOJIBKO
UjeanbHyI0 EMKOCTh a) U BEKTOpHAs JuarpaMma 1emnu 0)
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Ienb mepeMeHHOI0 TOKA ¢ MOCJIeI0BaTeIbHO BKJIKYeHHbIMY R, L, C.

[lepeitnem Teneph K aHATU3Y MOTHON JIEKTPUICCKOH IIEMHU C MOCISA0BATEIb-
HO BKJIFOYCHHBIMH aKTHBHBIM COTIPOTHBIICHHEM R, MHAYKTHBHOCTh L M eMKOCTHIO
C, uccienyeMoit B 1anHoOU pabote (puc. 12).

R L C
_:Jm_(
L L
~&

Puc.12. Ilenb nepeMeHHOT0 TOKa C MOCIE0BATENBHO coequHeHHbIMU R, L, C

ITycts 3/IC B ienu MEHSAETCS 10 TAPMOHUYECKOMY 3aKOHY:

=&, cosmt (24)
B pe3yiIbTaTC 4€ro B LCIIU ITOTCUYCT C-)JICKTpI/ILICCKI/Iﬁ TOK:
I =1, cos(wt—p) (25)

Onpenenum ammuutyay I, u casur ga3 ¢ mexay TokoMm u BHemHenr D/C,
CCJIN U3BCCTHBI HapaMeTpBI J(s0058 R, L, C Ha OCHOBAHHUU BTOpOFO 3dKOHa KI/IpX-
roda sl JTaHHOM IeNH 3aruIlIeM:

g+ U =E+E,. (26)

T. c. CYMMa HaI[CHI/Iﬁ HaHpH)KCHI/Iﬁ Ha OTACJIBHBIX 3JICMCHTAX KOHTypa paBHa

B Ka)KJIbIi MOMEHT BpemeHu cymme J/[C, AeHCTBYIOINX B KOHTYPE.
J71s1 1F060T0 MOMEHTA BPEMEHHU t CIIPaBeNIUBHI CIICTYIONINE COOTHOIICHUS

Up =iR R = const ; (27)
1 1 |
Ue = —qg=—|\1idt C =const: 28
c=79= 7 { (28)
di
g =—L— L = const . 29
o (29)

rae R — compoTuBiieHHE pe3ucropa, C- €eMKOCTh KOHJEHcaTopa, L — WHIYKTHUB-
HOCTb KaTYyIIKH, Ugr U Uc — HAPSIKEHHUS] HA COOTBETCTBYIOIIMX AJIEMEHTaX L€, i-
di

TOK B IIENH, g — 3apsaa KoHjaeHcaTtopa, &€ =—L— - DJIC caMOMHAYKIIMKA, BO3HH-
q p p s i y

Karomas B KaTyIIKe MHAYKTUBHOCTH IMPHU MPOXOXKJICHUHM 4Yepe3 He€ MepeMEeHHOTO
toka. [logcraBum (27), (28), (29) B (26).
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| di
Honyuum: IR + —_1_[de = - L—I. CJie/I0BaTEIIBHO:
B dt
I di
IR+ —lidt+L—= ¢.
-( dt G0

g
Jlanee, moacTaBiss B (30) BHIPAKCHNA (24) (25):
dl, cos(wt — @)
dt

Ilocne BbINOJIHEHUS onepaunn MHTErpupoBaHus U AnuddepeHunpoBaHus Mo-
JTy4HM:

=&, coswt

I Rcos(wt—¢) + —II cos(wt—@)dt + L

1 . .
I Rcos(wt—@)+ 1, m—csm(mr -g¢)—1 wLsin(wt —¢)= €, coswt.
BOCHOJIB?)YCMCSI HN3BCCTHBIMH TPUTOHOMCTPUICCKUMU COOTHOIICHUAMU

sin(wt — @) = cos(wt — ¢ —g) : —sin(@t — @) = cos(wt — ¢ + g) ,

npeoOpa3yeM BhIpaKEHUE K OKOHYATEIbHOMY BUAY:
I
I, Rcos(ot —p)+ —”&cos(wt - - %) +1, wLcos(wt — ¢+ g) =&, coswt . (31)
@

N3 ananu3a (31) MOXKHO cjienaTh CIeAYIOIIUE BHIBOIBI:
B HanpspxeHue Ha pe3ncTope Ug COBMAIAET 1Mo (a3e ¢ TOKOM B IEIH I.

— , , T
8 Hanpsoxenne Ha EMKOCTH Uc OTCTAaeT 1O ¢a3e OT TOKA i Ha yroi R

- ; T
[ ] HaHpH)KCHI/Ie Ha UTHAYKTHBHOCTH Uy, OIICPCIKACT TOK 7 HA YT'OJI 5 .

N3 storo xe YpaBHCHUA CICAYCT, UTO:

T l T
Ug=1,R, Uc-=1, n U =1 oL (32)
mC
Vpasuenue (31) mM03BONIAET ONPENETUTH AMILIUTYAY PE3YJIbTUPYIOIIETO TOKA
I, coBur (a3 Mexay TOKOM B Ilenu 1 u3MeHeHueM BHemHei JJIC, a takxe moJ-

HOE CONPOTUBIIEHUE 1lenH Z, n300pakeHHo# Ha puc. 10.
VYuursiast ypaBHenus (32) nepenuiuem (31) B Buze:

Ugrcos(awt — @)+ Uccos(wt —g — %) +U cos(amt— @+ %) =&, cosmt (33)

I[anee, HCIIOJIB3YyA MCTOJ BCKTOPHBIX JHUAI'pAMM, IPCACTABUM KaXXKI0C CJIa-

—_—
_—

raemoe (33) B Buze Bekropos U,, U, UL ucé,
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3anuiieM 3To YPAaBHCHHUC KaK CYMMY TPCX BCKTOPOB, Ka)KI[BIfI N3 KOTOPBIX
O CBIBACT U3MCHCHHUC HAIIPSKCHUA HA PE3UCTOPC, CMKOCTH U MHAYKTUBHOCTHU

COOTBCTCTBCHHO.

—_—

—tr —r —

EJ‘JH —l'— E_;'Ir['" —l'— E_a'lr L - gj” .

Tak xak R, L u C coeauHeHbl MOCIEAOBATEIBHO, TO YEPE3 HUX MPOTEKAET
OJVHAKOBBIM 10 BEJIIMYMHE TOK, IOATOMY B KaU€CTBE OCHOBHOW OCHM OTCYETAa Ha
BEKTOPHOM JauarpamMme BbIOEpeM oOCh TOKOB. Torma, yduTeiBas caBUTH (a3,
BO3HHUKAIOIIME MEXIAY TOKOM M HANPSHKEHUAX HAa EMKOCTH U WHIYKTUBHOCTH,
BEKTOpPHAs Juarpamma Jjisi Haiiei 1enu OyaeT uMeTh Bua puc. 13.

Fy g
| Uf.
I
| —
&
m
¥ x
U, -Ue
- OCBh TOKOB 1
U,
L 4 i
I{Jrf'

Puc.13. BekTopHas guarpaMma IE€NU MEPEMEHHOTO TOKAa C IMOCJIEI0BATEIbHO CO-
enuHenHeiMu R, L, C

N3 puc. 9. o Teopeme Iudaropa nmeem:

En =AU+ (U, -Uc)

nim

& =R+ (I,oL - f'"_‘ )lr
0.0

Brinocs [ 3a 3HaK KOPHS MTOJYYUM:

1
)’

(("m =1, R*+ (ﬂ'}L -
wC

Takum o6pa30M, OKOHYAaTCJIIBHO UMCCM.:

& &
I, = = ] = Zm - 3akon OMa 118 NEPEMEHHOr0 TOKA ¢ NOCAST0BATENLAO coefnBEAnbIiMA R, L n C,
\/32 +(oL ——)
oC
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2

1

Bemnunna Z =, |R* + (a)L oC HA3bIBAETCH MOJHBIM CONPOTHBJICHUEM
0]

YIEKTPHUYECKOH Ienu uin umneaancom | Z = Om. Casur da3 ¢ MeXIy BHEII-
@ y

Her DJIC renepaTopa v CUIION TOKA I MOKHO HAWTH U3 BEKTOPHOM THAarpaMMbl
puc. 10:

ol ——L

—Ue — oC
U, R




