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JIABOPATOPHA A PABOTA

LEIIb CHUHYCOHNIAAJIbHOT'O TOKA ITPU ITOCJIIEJOBATEJIbBHOM COEIA-
HEHUMN R, L 1 C.

[ens paGoThI: M3yUYEeHHE IIETICH EPEMEHHOT0 TOKa, SKCIIEpUMEHTaIbHAS ITPOBEPKA
3akoHa OMa 1 LIeTH IEPEMEHHOT0 TOKa € MOCJEeI0BaTEIbHO COETMHEHHBIM aKTHB-
HBIM COIIPOTUBIICHUEM, EMKOCTbIO U UHYKTUBHOCTBIO, IOCTPOCHUE aMILTUTYHO-4a-
CTOTHBIX XapaKTEPUCTUK KOJIeOaTEeIbHBIX KOHTYPOB C MOCIEA0BATEIbHBIM COC/IUHE-

Huem R, L u C.

TEOPETUYECKOE OIIMCAHHUE
YACTDb 1
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YACTDb I

MN3YYEHUE ABJIEHUSA PE3OHAHCA B IIOCJIEJOBATEJIBHOM KO-
JIEBATEJIBHOM KOHTYPE, COAEPKAIIIUM R, L 11 C.

JIeKTpUYeCKNH KOJ1e0aTe/IbHbIH KOHTYP.
KoneOarenbHas cucrema, UCIONb3YIOMIAsACA B PAAHOTEXHUYECKUX YCTPOHCTBAX,
IPECTaBISIET COO0M ANMEKTPUUECKYIO 1IETb, COCTOSIIYIO U3 eMKOCTH C, MHAYKTUBHO-
ctu L n aktuBHOTO conporusnenus R.

C
N
| |

I VAV W

L R

Puc. 1. Dnexrpuyeckuii kojaeOaTeIbHbIN KOHTYD.

Hanmnuue conpotuBiieHnss R 00yciiaBauBaeT moTepu AMEKTPUISCKON SHEPTUH B
KOHType. Takoil KOHTYp SBIISIETCS 3aTyXaOUUM TApMOHHYECKUM OCIUIUIATOPOM, JIJISt
KOTOPOTO CHPaBEIJIMBO cieayromiee auddepeHImaib-Hoe ypaBHEHHE CBOOOTHOTO KO-
nebaTeNbHOrO mpolecca:

2
d d
€9 +26—q+a)§q20

dtZ df ’ (11)

R
I7e g — 3apsj KoHaeHcaropa, 20 =7 (0 - ko3¢ GuIMEeHT 3aTyXaHHsI KOHTYpa);

1
wo:—\]L—C - KpyroBasi 4acToTa CBOOOJHBIX NMEKTPUUECKUX KOJIEOAHUN KOHTY-

pa.
C TeueHuem BpeMeHU CBOOOJIHBIN KoJieOaTeNbHbIN Mpoliecc B KOHType OyneT 3a-

TyXaThb. JJs moiydeHus He3aTyXalwlux KojeOaHui HeoOXOIMMO HENMpPEephIBHO IO-
ITIOJIHATH 3aliac BHCpFI/II/I KOHTY]a, I'ITO6I:I CKOMHCHCI/IpOBaTB HOTepI/I. C ITOM IICJIBbIO
KOHTYP HOAKIIIOYACTCA K TCHCPATOPY IICPEMCHHOI'O TOKA. He3aTyxa}01uI/Ie KOJ'I€6aHI/IH,
BO3HHUKAKOIOIUC B KOHTYPC, HA3BIBAIOTCA BbIHYKJICHHBLIMH, ITOCKOJIBKY HX YaCTOTa
OTIpezIeIIsIeTCsl YacTOTOM reHeparopa. B atom ciyuae nuddepennnanbuoe ypaBHEHUE
KOJIeOaTeNIbHOTO Mpollecca MPUMET BU/L:
2
d—f+25ﬂ+wgq:Focos ot (1.2)
dt dt



B nacrosinieit 3agaue uccienyoTcs BbIHYKACHHBIE KOJIEOaHUs B KOJie0aTeIbHOM
KOHTYpE, DJIEMEHTaMH KOTOPOTO SBIISIOTCS KoHAeHcarop C , MHAYKTHBHOCTh L 1 ak-
TUBHOE COINPOTHBIICHHE R , coeMHEHHBIE MOCeaoBaTeNnbHO (puc. 1,a) wim mapa-
nenbHO (puc. 1,0) ¢ ucTouHuKoM nuTanus. [Ipu 3TOM B KaueCcTBE MCTOYHHMKA MTUTAHUS
UCIIONB3yeTCs JIUOO TeHepaTop HepeMeHHoﬁ DIC e=¢,sin(w ) (puc. 1,a), oo
reeparop rnepeMmennoro Toka [ (¢)=1,-sin(w-¢) (puc. 1,0).

o .
> lysinot

c==

a) 6)

Puc. 1. SnekTpHYecKkHe cXeMbl IT0C/IeI0BATENBHOTO (a) H ITapauieNbHoro (0) KOHTYpOB

ITocaenoBareibHOE COeAMHEHUE )JIEMEHTOB KOHTYpa.

PaccMOTpHUM 3J€KTPUYECKYIO LIETb, BKIIOYAIOINIYIO0 B €0 BHEIIHUNA MCTOYHUK,
D/IC KOTOPOro MeHseTCs MO FapMOHMYECKOMY 3aKOHY &=¢,-sin(w-¢) koHjeHca-
top C , UHAYKTUBHOCTh L U akTMBHOE compoTuieHre R (cMm. puc. 1a). 3anuckiBas
3akoH Kupxroda s 3Toi 1enu, nojiydyuM yYpaBHEHHE BBIHYXKJICHHBIX KOJIECOAHUM B
KOHTYype€:

pdl
L RI+4= €,-sIn (wt) (1.3)
dt C
rae | - Tok, mpoTeKarouuii B KOHTYPE; q - 3apsA/ Ha IJIaCTUHE KOHACHCATOPa; &) - aM-
nTyaa HanpspkeHust ucrounuka J/1C; o - yactora ucrounuka JJ[C. Tak kak cuna

_dq
toka [ =~ »TO ypaBHeHue (1.3) MOXXHO 3amucark B CIASAYIONIEM BHUIE

d’q, pdg, q__

L +R =g, sIn(w¢
P dt C 0 (wi) (1.4)

Paznenum ob6e wactu ypaBHenus (1.4) Ha L u BBeast o003HaueHUsI

R 1

—=9, —=w?

2L Lc ° (1.5)

IJe My - COOCTBEHHAs 4acTOTa KOJeOaTeabHOr0 KOHTYypa B OTCYTCTBHE 3aTyXa-
HUS, O - KO3 (PUIHMEHT 3aTyXaHUus KOJICOAHUH.
C yuetoM ob6o3Hauenuii (1.5) ypaBuenue (1.4) Moxer ObITH MpeoOpa30BaHO K

CIIeIyIOUIEMY BUAY:
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d’ d
a9 + 25 - “ +
ot 2
JlJis yCTaHOBUBIIUXCS KOJIeOaHUN pelIeHre 3TOT0 ypaBHEHUs OyJeT BBITVISIETh
CJIETYIOIITIM 00pa3oM:

= .
@] -q=T“-5|nmt. (1.6)

g=qosin(wt-0), (1.7)
T7Ie
&g
do= 1.8
L-\/(mf)—ooz)2+4m262 (1.8)
2w
1g0=——

Ucnonb3ys Beipaxkenue (1.7) s ¢, MOXKHO YCTaHOBUTH 3aKOH U3MEHEHHUS TOKa
B LICTIU:

1=
dt

TT
e (pze—z - pasHocth (a3 mexay DJIC u TokoM B nienu, [y=g,w - am-

qowcos(wt—0)=g, w-sin(wt—Q) (2.0)

TUTUTY/Ia KOJIeOaHUI CHITBI TOKA B IIETIH a:

1
2 2 WwlL——
y (p:w _(’00: wC (2.1)
& 2wW6 R

C yuetoM (1.8) MOKHO 3amucarh BRIPAKEHUE JIJIs1 3aBUCUMOCTH aMILTUATY/IbI TOKA
B 1ienu ot yactothl DJIC:

0=qo W= 2 22 2.2
LN w;—w) +4w 2 2.2
w—a?) \/R2+(M I ) (22)

wC

N3 dbopmynsl (2.2) BUAHO, YTO aMIUTMTYIHOE 3HAYEHHE CHIJIBI TOKA 3aBUCUT OT
4acTOTHl ®. PaccMoTpuM mosryueHHbIe pe3yabTaTsl moapooHee. [Ipu o = 0 ammutyna

1
Toka [y=0. C poctom gactotsl Iy Bo3pacraeT u npuy  w=w,= e aMILUTUTyJa TOKa

€ &
mx~ 557 g > PASHOCTD da3z ¢ npu 3TOM
paBHa Hymto. [Ipu nanpHEeNIIEM yBEIMYEHUH 4acCTOTHI ) yMEHbIIAETCS, U IPU ® —> o0
amrutyna toka [y — 0. B urore 3aBucumocts I, () umeeT Bua, NpeACTaBICHHbBINA Ha

puc. 2 (i AByX 3HAY€HUM aKTUBHOTO COMPOTUBIICHUS ). ITa 3aBUCUMOCTh MOy

JOCTUTAaCT MAaKCUMAJIbHOT'O 3HAYCHU 1
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Ha3BaHUE aMIUIUTYJHOYACTOTHON XapaKTEPUCTUKU KOHTYpa.
W3 puc. 2 BuiHO, 4TO 4yeM MeHblIe R (MeHblIe K03pPpuuueHT 3aryxanus 0), TeM
oombie [ o u TeM «ocTpeey» MaKCUMYM KPUBOM.

1,
) T |
R, tor——————-
»
R.>R
2 ! w
y & Y
! | R. - R=0
| 2
I R>>R
_ , R, 2> R,
: -
[#] w, ey} 2
@,
Prc. 2. 3aBHCHMOCTB ID 0T 4acToTel (® Prc. 3. 3aeucEMocTe (P oT 4acToTRl @
IUTA OBYX 3HAYeHHH R. I NBYX 3HAUEHHH R.

Ha puc.3 mpuBeaens! 3aBucuMocTH pazHoctu ¢a3 mexay IC u TokoMm B Lienu
¢ OT 4acTOThl ® . BuaHO, 4yTO mMpu yacTorax, OMM3KUX K HYIIO, Pa3HOCTH OJM3Ka K

i LS
ey (TOBOPSAT, YTO HANPSKEHUE OTCTAeT Mo (pa3e oT Toka Ha >

g1
4acTOTax pa3HOCTh (pa3 CTpeMUTCS K +E (HampsiKeHue orepexaeT TOK Mo ¢ase Ha

), IpU OOJIBIIMX

Ll

2
MeHble R, Tem ObIcTpee u3MEeHEeHHe @ BOJIU3U YacTOThl O = ®¢ , B MPEACIBHOM CITy-
yae npu R = 0 (aza uameHseTcst CKaukoM Mpu ® = M .

). IIpu vactore ® = my pazHocth (a3 paBHa Hymwo. U3 puc.3 BUAHO, YTO UeM

Haiinem Ternieph 3aBUCHMOCTb HAMpsOKEHHS HA KOoHzeHcarope U c=% OT yYa-

cTOThI ®. Tak Kak qu Idt , To, npounTEerpUpoBaB BhipaxkeHue (2.0), momyduM:

1
Ucz%:%f Iosin(wt—(p)dt:—w—(écos(mt—(p):Ucosin(wt—cpc) (2.3)
Tac
€0

UCO= -
> 1 (2.4)
w CHIR + (DL——C
w

. P
- aMmIUIMTYyJa KoJeOaHWi HaNpshKeHUs Ha KOHJleHcaTtope , Pc= ((P +] -pas-

2
HOCTh (a3 mexty IC u HanpspkeHreM Ha KoHAeHcarope. [Ipu o= oy noxyyum:
BT S B
UCD - E-'JDCR ~ -1 CR - ED R 1|I|C - ED I::}: (2.5)

—_—

v'llr_ C
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rae Qz%-\% - TOOPOTHOCTH KOHTYypa. 3HaueHue JOOPOTHOCTH XapaKTepH-

3yeT BEJIUYHMHY MOTEPh SHEPTHH B KOHTYpPE - 4Y€M MEHbIIE MOTepH, TeM OoJiblie J10-
opotHocTb. U3 Gopmynsl (2.5) BUAHO, YTO IPU O = ®y HAMPSIKEHUE HA KOHJIEHCATO-
pe B Q pa3 Gomnpme DJIC mcTouyHMKAa. ITO SBJICHHE HOCUT Ha3BaHHE pe30HAHCA
HanpspKeHni. MOXKHO MOKa3arh, YTO aMIUIATYJa KoJeOaHWl HanpsoKeHUS Ha MHIYK-

dl
tuHoctn U Lo:LE IPU ® = o TaKKe OyAeT paBHA & - Q, HO IIPU ATOM Hampsi-
KEHUE Ha MHIYKTUBHOCTH OyJI€T MEHATHCS B MPOTHUBO(A3E ¢ HANPSHKEHUEM Ha KOH-

JIeHCaTope.
N3 popmynsl (2.4) MOXHO HaWTH YaCTOTy ®¢ , NPU KOTOPOW HAIMPSKEHUE Ha
KOHJIeHcatope OyaeT MakcuMajibHbIM. JlJI1 3TOro HAJ0 peluTh YypaBHEHUE

dU .
y -0 . [locne HECNOXHBIX, HO TPOMO3AKHX MPEOOpa3oBaHUl MOXKHO IOJY-
w
YHTh:
Il. . ||"Fe"|‘ - II—.I T
De 1|I|(-:I ave =@p 1|I|| 2 @n
" (2.6)
Ug (og) = lEG— .
) 1 R?
CR\+—=~— 2.7

[Tpu Q>>1 MOXKHO 3anUcaTh ®c = My, a Uco(wc): &0
TT o
I[To onpenenenuto, JOOGPOTHOCTH QZE rae 0 - jorapupMUUECKuil JEKPEMEHT
3aTyxaHHsl CBOOONHBIX KoieOaHuil B KoHType. B cBowo ouepens, 0 = 8T , rme

2Tt
— 2 2
I=—=5— (3aTyxaHue Majio, MOATOMY >0 ), U MOCJE HECIOKHBIX MPE00-
\/wo—é

. 1 |L
Pa30BaHUIl MOXKHO NMONY4UTh GopMyny O=-—:/=

R \C
Takke ayis JOOPOTHOCTH YacTO MPUBOIAT (HOPMYITY
Q=21T'i rne W- DHeprusi, 3amaceHHash B
AW > ’
KOHTYype, AW — moTepu sHepruu B KOHTYpE 3a Mepu-
OJ1 KoJIeOaHMiA.

Takum oOpazoM, U3Mepss HaNpsOKCHHE Ha KOH-
JICHCATOPE Ha PE30HAHCHOW 4acTOTE, MOXKHO OIpEJIe-
JUTh JOOpoTHOCTHh KoHTypa Q. Ha puc. 4 npusenen
BUJ 3aBUCMMOCTHU aAMIUIMTY/Jbl HAIPAKCHUSA Ha KOH- Prc. 4. BHI[ pe’go}[a}[c}[oi:’{
ACHCATOPC OT HaCTOThI QI[C BHCIIITHECTO UCTOYHUKA. ICPHBOﬁ I HaIIPsKEHH Ha

Hpu © = 0 Uco = & , 10 MEpe yBEIUYCHUS YACTO-  KOHAEHCATOE.

o
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o1 Uy pacTeT M IOpH  W=W, JOCTUTAET CBOET0 MAKCUMAJIBLHOTO 3HAYEHHS
(Uc)pax™€0'Q mocne 4ero HauMHAETCS MOHOTOHHOE yOBIBAHME HAIPSKEHHUS IO

0
Hyss. OOpaTuM BHUMaHUE Ha TOT (DAKT, YTO YACTOTA ¢ , IPU KOTOPOU aMILJIUTY/AA KO-
nebaHuil HaNpsHKEHUsT HAa KOHJIEHCATOPEe MAaKCHMAaJIbHA, HECKOJIBKO MEHBIIE YacTOThI
0o , V11 KOTOPOM MakCHUMaJIbHa aMILIUTY/a CUJIbI TOKA.

OOBIYHO BBOJUTCS OHATHE IIUPUHBI PE30HAHCHOM KpHUBOM A® - 3TO JMana3oH
4acToT, U1 KOTOPBIX aMIUIMTYA HANPSKEHUS OTIMYAETCs OT aMIUIATYIbl HalpsiKe-

HUS B Pe30OHAHCE He boee, 4eM B \2  pas.

W,
MOKHO TOKa3aTh, 4TO UII A® << ®( CIpPaBEIJIHBO COOTHOIIEHHE A wza
Wy o o
17001 Q:R . Takum 00pa3oM, ompenessist IMUPUHY PE3OHAHCHON KPUBOM, MOKHO

TaK)Xe HalTh JOOPOTHOCTh KOHTYpa Q.
I'paduk 3aBucuMOCTH pa3HOCTH (Pa3 Mexay HampspkeHueMm uctounuka IJ(C u
HanpsDKEHHEM Ha KOHJEHcaTope OyJeT MMETh TaKOH K€ BUJ, KaK Ha puc. 3, TOJIBKO

. U L1

CNPUNOAHATBIAY HA  — , T. K. @c=(P+E . IHpIMu clioBaMH, B TOYKE PE30HAHCA,
KOIZ1a TOK M HalpsKEHUWE UCTOYHMKA COBMAAAIOT MO (pase, HANPSHKEHUE HA KOHACHCa-
T
Tope OyzeT oTcTaBaTh Mo (aze OT HaIPsHKEHUS! UICTOUHUKA Ha 5
Hanpspkenne Ha KoHIEHcaTope Beera (a He TOJIbKO MPU Pe30HAHCE) OTCTAeT IO

i
¢aze oT TOKa, MPOTEKAOIIETO Yepe3 KOHACHCATOP, Ha 5 » B CBOIO 0Yepeb, Hanpsi-

L1
JKEHHUE Ha MHAYKTUBHOCTH BCEr/ia onepexaet mo ¢asze Tok Ha 5



	Рис. 1. Электрический колебательный контур.

