5. PESOHAHCHBIE SABJIEHUSA U YACTOTHBIE XAPAKTEPUCTUKH

Ecnu BXoHOE COMPOTUBIECHUE JIEKTPUUECKOM 1IENH, COAEpKallleil Kak aKTUB-
HbIE, TaK U PEAKTUBHBIC CONPOTHUBIICHUS, OKAa3bIBACTCS YUCTO AaKTUBHBIM, TO O TaKOU
LIETIH TOBOPSIT, YTO OHA HAXOJUTCS B pe30HAHCHOM pexkume. [Ipu 3ToM TOK U Hampsi-
’KEHUE Ha BXOJI€ IIENU COBMAAAIOT 1o (ase.

BrIsicCHIM 0COOEHHOCTH 3TOTO SBJICHUS M €T0O CBS3b C TaK Ha3bIBAEMBIMHU Ya-
CTOTHBIMU XapaKTEPUCTHUKAMU Ha HEKOTOPHIX YAaCTHBIX MpPUMEpax, MOJpa3zymeBas
M0/ YaCTOTHBIMH XapaKTEPUCTUKAMU 3aBUCUMOCTH OT YaCTOTHI MTOJHBIX, AaKTUBHBIX U
PEaKTUBHBIX COINPOTUBIICHUI U MTPOBOJAUMOCTEH, a TAKIKE UX apIyMEHTOB.

C 4acTOTHBIMH XapaKTEPUCTUKAMU CBS3aHbI TOKU M HANPSHKEHUS KakK B LIETIH B
LIEJIOM, TaK U Ha OTJEIbHBIX €€ AJIEMEHTAX, [I03TOMY YaCTOTHBIM XapaKTEpUCTUKAM B
ANEKTPOTEXHUKE YACIAETCS 10CTATOYHO OO0JIbIIOE BHUMAHHUE.

5.1. PE3OHAHC B MOCJIEJIOBATEJILHOM LIENHA
(PE3OHAHC HAIIPSIKEHUTI)

[TonHoe conpoTuBiieHre Z mocieaoBaTe/bHON 1enu (puc. 5.1) paBHO:
Z= R+j(oL—ji= R+j-(mL—iJ.
oC oC

| R L

u{ H

Puc. 5.1. llens mociie10BaTeNbHOTO pe30HaHCa

B pe3oHaHCHOM pekuMe BXOJHOE COMPOTUBIICHHUE LIETH MO OMPEACIICHUIO Y-
CTO aKTHUBHOE, T.€. BEIPAKEHUE B CKOOKAaX PaBHO HYJIIO:

1
olL-——-=0, 5.1
Lo (5.1)
0
OTKYy/la YCIIOBHE pPE30HAaHCa
(DOL=1, WIH 0)(2)LC:1. (5.2)
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N3 (5.2) caepyet, yTo pe3oHaHCa MOXKHO JOOUTHCS U3MEHEHHEM YacTOThI, MH-
JTYKTUBHOCTH WJIM €MKOCTH. 3Hau€HUE PE30HAHCHOM YaCTOThI My OMPEEISETCS BbI-
paXxeHuem

0 =—. (5.3)
o JLC

B pexume pezoHaHCa MOJHOE CONPOTHRIICHHE IENH OyAeT HAMMEHBIINM, W B
Hel OyeT mpoTeKkaTh HauOOoIbIINHN (Pe30HAHCHBIN) TOK

BEJIMYMHA KOTOPOTO HE 3aBUCUT OT 3HAYEHUH WHIYKTHMBHOTO U €MKOCTHOTO COIPO-
tuBieHU. [Ipn peoHaHce HalpsHKEHUs Ha 3JIEMEHTaX PaBHBL:
1
U, =1-R=U, U,=I1 oL, U,=1-—
o C
W3 aByx mocienHuX ypaBHEHHH ¢ ydeToM (5.2) cienqyer, 4To HalpshKeHHs Ha
PEaKTUBHBIX DJIEMEHTaX MPH PE30HAHCE PaBHBI MEXAY COOOM, a MX 3HAYEHUS OIpe-
JEJIAI0TCS. COMPOTUBIICHUSMU MHAYKTUBHOCTH U €MKOCTH U MOTYT OBITH BO MHOIO
pa3 OoJbllie HAMPSHKEHUSI, TPUI0KEHHOTO K 1enu. [lo3ToMy pe3oHaHC B mocienoBa-
TEJIbHOM LENU Ha3bIBA€TCS PE30HAHCOM HAIpPsDKEHUH, a Ielb — MOCIeI0BaTeIbHbIM
K0JIe0aTeIbHBIM KOHTYPOM.
HanpsbxkeHust Ha peakTUBHBIX 3JIeMEHTax OyayT OoJiblie MPUIOKEHHOIO K Iie-
ITY TIPY BHITIOJTHEHUN yCIIOBUS

1 L

BennunHa p HOCUT Ha3BaHHE BOJHOBOI'O CONPOTHUBIICHHUS MOCIJIEI0BATEIBHOIO
KOHTYpa U UMEET Pa3MEPHOCTb CONTPOTUBJIEHNUS.

OTtHoIIEHNE

oL 1 U U
Q=0 = _ _ "c_P (5.5)
R O)OC-R U U R

Ha3bIBACTCS JOOPOTHOCTHIO KOHTYpA M OMPEEsieT OTHONIEHNUE BEIMYMHBI HAIPshKe-
HUS Ha PEaKTHUBHBIX AJIEMEHTaX MPHU PE30HAHCE K HANPSOKCHUIO Ha aKTHBHOM COITPO-
TUBIIeHUU. Benmnuuna, oOpaTHast 1oOpOTHOCTH

1

d==,
Q

HOCHT Ha3BaHUE 3aTyXaHUSA KOHTYpa.
MrHoBeHHbIE MOIIIHOCTH B PEAKTUBHBIX 3JIEMEHTAX Iienu coriacHo (4.56) pas-
HBI:
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p_=U_ I sin2mt, p_=-U_I_sin2ot.

mC

ITpu pe3zonance Uy = Uyc ¥ P = — P, T.€. B PE30HAHCHOM PEXHUME HE MPOUC-
XOJUT 0OMEHAa MOIIHOCTBIO MEXKIY UCTOYHMKOM 3HEPIMH U PEAKTHBHBIMH 3JIEMEH-
taMu. OOMEH SHEPruM MPOUCXOAUT MEXKIY JIEKTPUUYECKUM I0JIEM KOHJIEHCATopa U
MAarHUTHBIM TOJIEM MHAYKTHBHOCTH Y€pE3 KAXKIbl€ YETBEPTh NEPUOJA. DHEPIHs HC-
TOYHHKA PACXOAYETCs TOJIBKO HAa NOTEPU B AKTUBHOM COIPOTUBIICHUH.

BekropHo-Tonorpadguueckas quarpaMMa IMpH HOCIEI0BaTEIbHOM PE30HAHCE
(HampspKEeHM) MpU HadaldbHOM (pa3e MPUIIOKEHHOI'O HANpsDKEHUs, PAaBHOM HYIIIO,
IIpUBEIEHA Ha puc. 5.2.

— JlxCO

+1

Puc. 5.2. BekropHo—Tonorpaduieckas
Juarpamma IpH pe3oHaHce HaNpsHKeHUH

IIpumep IL.5.1. Onpenenuts HanpspKeHUWE HAa MHAYKTUBHOCTH U, (puc. 5.1)
npu pe3oHance, eciu U = 100sinwt B; r =20 Om; L = 20 mI'w; C = 50 M.
Pewienue.

OnpenenuM pe30HAHCHYIO YaCTOTY:
1 1
> JLC ./20-10°.50.10°°
COHpOTI/IBJ'IeHI/IH I/IHIIyKTI/IBHOCTI/I U EMKOCTHU paBHBI:
x =x_=oL=1000-20-10" =20 Om.

® =1000 pax/c.

J1oOpOTHOCTH KOHTYpa
o oL 20 1
R 20
CJIEIOBATENLHO, HAMPSHKEHWE HAa WHIYKTUBHOCTH DPABHO BXOJHOMY HAIPSKEHUIO.
Kpome sToro, HanpspbkeHre Ha WHAYKTUBHOCTH 10 ¢asze onepekaeT TOK Ha /2, a da-
361 TOKa W TIPUJIOKEHHOTO HAMPSHKCHHsI TPU PE30HAHCE COBIAJAIOT. 3HAYUT,

u, =100sin (wt +90°) B.
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5.2. HACTOTHBIE XAPAKTEPUCTHUKMU LEIIA C
HOCJIIEANOBATEJBbHBIMHU 2JIEMEHTAMU R, L, C

PaccMoTpuM 3aBUCHMOCTH TMOJHOTO, aKTUBHOTO U PEAKTUBHOTO COMPOTHUBIIE-
HUW YU apryMEHTa IOJIHOIO CONPOTHUBIIEHUS OT 4acTOThl. Takue 3aBUCUMOCTH Ha3bl-
BalOTCSl YACTOTHBIMU XapaKTEPUCTUKaMHU. AKTUBHOE COINPOTUBIICHHUE, €CIIU HE y4UH-
THIBaTh MOBEPXHOCTHBIN 3(PPEKT, OT YaCTOTHI HE 3aBHCUT, PEAKTUBHOE COMPOTHUBIIE-
HUE

szL—i:E(wz—mg). (5.6)
oC o

3HaueHUE PEaKTUBHOTO CONPOTHUBJICHUS MPHU TPEX XaPAKTEPHBIX 3HAYEHMSIX
4acTOTBl PaBHO JMOO HyIO (IpH ®=®,), JMO0 OeckoHeyHoctu (mpu ®=0 u
®=00).

3HaueHue aprymMeHTa (yHKIHH, PU KOTOPOM (YHKIUS OOpaliaercs B HYJIb,
HA30BEM HyJIeM (YHKLWH, a 3HaYEHUE, IPU KOTOPOM OHA paBHA OECKOHEYHOCTH, —
nomocoM (yHkumu. s paccmarpuBaemMoi GyHKUIMU X(®) MoocaMu pyHKUIUU Oy-
yT 3HadyeHuS ® = 0 1 =00, a HyJleM — ® = wg. Ha puc. 5.3 nmomtocel pyHKIMN 060-
3HAYCHBI 3Be3709KamMH (*), a HyJM — KpyXKam# (0).

N3

o

N3

Puc. 5.3. YacToTHBIE XapaKTEPUCTHUKH ITOCIIEIOBATEIIHFHOTO COCAMHEHMS
WHIYKTUBHOCTH M €MKOCTH (a — 3aBUCUMOCTH COTIPOTUBIICHUS, O — apryMeHTa)

XapaktepHoe CBOMCTBO (pyHKIUH X((0) 3aKIFOYAETCS B TOM, YTO BO BCEM JHa-

Na30HE W3MEHEHHs YacTOTHI COMPOTHBIIEHHE X((®) MOCTOSHHO yBenuumuBaercs. Jlei-
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CTBUTEJIbHO, U3 (5.6) umeeM =L, KoTopasi Bcerja MnojoXXUTelIbHa, a POU3-

1
o | ——
oC
BOJHAS = —— TaKKe HEOTPHIaTebHa.
do o°C

d(oL)
Cdo

CnenoBatenbHO, BennunHa X(®), paccMaTpuBaeMasi alreOpandecky, TOCTOSH-
HO pacreT. Ha puc. 5.3 n3o0pakeHbl 4acTOTHBIE XapaKTEPUCTUKU WHIYKTUBHOCTH,
€MKOCTH M MX IOCJIEI0OBATEIIBHOTO COCTMHEHNS.

IIpn 0 < ® < ®p CONPOTUBICHUE MOCIECAOBATEIIBHOIO COCAUHEHUS OIPEIEs-
€TCsl EMKOCTHOM COCTaBIISIIOIIEH, KOTOpasi MO BEJIMYMHE OOJbIlle UHAYKTUBHOW, U
0y < ® < 00 — UHAYKTUBHOW. BennunHa conpoTUBIIEHNS U3MEHSETCS OT — o0 (EMKOCT-
HOI XapakTep) 10 + oo (MHAYKTUBHBIN XapakTep); IPU = g CONPOTUBIECHUE PABHO
HYJIIO.

ApPryMEHT MOJHOTO CONPOTUBIIEHUS IPHU NEPEXOJIEC YACTOTHI YEPE3 PE30HAHC-

T 1
HYIO CKa‘{KOO6paBHO U3MCHACTCA OT (— E) a0 (-l— E) OJHOBPCMCHHO C UIBMCHCHHUCM

€ro XapakTepa.

Ecnu ke paccMaTpuBaTh YaCTOTHBIC XapaKTePUCTUKHN Z(®) U ¢z(®) npu HaU-
YMH B IIETIM aKTHBHOTO CONPOTHBIEHMS, TO Hys GyHkinn Z(w) He Oyxaer. [Ipu pe-
30HaHce (® = wp) coryacHo (5.1) x =0, moatomy Z = R. He O6yner u ckaukooOpa3Ho-
ro M3MEHEeHus aprymeHTa (@z(w). HYacToTHbIE XapaKTEPUCTUKU JUIS ITOTO CIiIydas
IIPUBEZICHBI HA puC. 5.4.

Z, X
¢
1
2
Z(w) X()
R(w)
- ®
®o
a §

Puc. 5.4. YacToTHBIE XapaKTEPUCTUKH ITOCIICIOBATEIIFHON PE30HAHCHOM IIETTH
(a — 3aBUCUMOCTB COTMIPOTHUBIICHUS, O — apryMEHTa)
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PaCCMOTpI/IM 3aBUCHUMOCTD OT YaCTOThI IPOBOAUMOCTHU TOM XKe Oe1un:

1 1 R .Xx .
Y= TRy 2 Tl 6.1
Jist cimydast, korma R =0,
Q)

poi__ 1 /— (5.8)
X 1 -0 '

oL - ——

oC

Anamms Beipaxenus (5.8) mokaseiBaer, 4ro QyHKIUs D(w) mMeeT nBa Hyms
(mpu ® = 0 u ® = c©) ¥ OJIMH MOJIOC TPH (® = wg). HeTpyaHO MOKa3aTh, 4TO BO BCEM
JMara3oHe W3MEHCHUs 4acTOThI ajareOpanmdeckas BenuunHa b B (5.8) Bcerna yBsenu-
yuBaercs. JlenCTBUTEIbHO,

do  d (1)_ 1 dx

do dolx) x* do
Tax kak X° > 0 u ax >0, To j—b < 0. Ho ¢ yuerom u3meHenus 3Haka npu b B (5.7)
® ®

PCAKTHUBHAA ITPOBOAUMOCTD BCCI'la YBCIIMYUBACTCA. Kak YBUIUM B ,Z[EUIBHGﬁHIGM, 9TO

b Il
J :|
|
:\\ pu I =0
i,
0 0)
Nwo
A\
“I
| a
by
!
\ g |
|
|
0 : ™0 Q)
i 6
T | o) |
5 —_—
—j\ HpHr:
0 @0 / 0
va
2 "TTTTT T T TS T B

Puc. 5.5. YacToTHBIE XapaKTEPUCTUKN MOIYJEN IPOBOANMOCTEN
(a, 0) m ux aprymenTa (B) MOCIICIOBATEIIFHON PE30HAHCHON TSN
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CBOMCTBO XapaKTEPHO JJIsl TH0OOT0 pEaKTUBHOTO JABYXITOJIIOCHUKA.

YacToTHbIC XapaKTEPUCTHKH D() MpH HAIMYMKM aKTUBHOTO CONPOTHBJICHUS B
LIETH TTIOKa3aHbl HA PUC. 5.5, 2 IyHKTUPOM.

Ecnu akTMBHOE CONPOTHBIIEHUE B LIENMU MPUCYTCTBYET, TO HA PE30HAHCHOM Ya-
crote b = 0, HO mepexoy b uepes Hyb MIIABHBIN, IPUYEM HAKIOH KPHBOMH b(co) K OCH
Y4acTOT OMNpEAEsieTCs] BETMYMHON CONMPOTUBICHUS R: ueM OHO MeHbIle, TeEM Kpyde

kpuBas. Oynkiusa b(w)Ha yacrorax

®y2 =9
1
MMEET SKCTPEMYMBI, PaBHBIC COOTBETCTBEHHO b =bh = >R’
Tok B 1ienu paBeH:
U U
| = =— (5.9)
1V R
R?+| oL———— 2 | © 9
\ ( oC e, e
U
IIpu pesonance, korna o= , Tok B uenu | = R’ a HaNpsDKEHUsI HA UHITYK-

THBHOCTHU 1 CMKOCTHU paBHBI COOTBCTCTBCHHO!

Q)
Yo,
ULO=0)L|O=U =
1+Q? ©_%
0)0 Q)
(5.10)
()]
1 Q>
U =—1 = ®
CO COC 0
1+Q [w
(V)

Ha puc. 5.6 npusenensl dactotHble xapaktepucthk (o), Ur(®), U (®) u
Uc(w) mpu Q >1. Tok paBeH HyJ0 nipu @ = 0 B ® = 00 U MaKCUMAJICH TP ® = .
HanpsbkeHrne Ha akTHBHOM CONPOTHBIICHUU TaKke paBHO HYJO npu ® =0 1 @=00
U MPUJIOKeHHOMY HanpspkeHuio U mpu pe3oHaHce (o = ).

Hanpspokenne Ha naayktuBHoct U = 0 nmpu © = 0, qocTUraeT Makcumyma

Ipu ® > My U ACUMIOTOTHYECKH Mpubamxaerca kK U npu OeCKOHEYHOM yBEITUYEHUH
YaCTOTHI.
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Yacroty, npu kotopoit U, = Ui ma, MOXKHO ONpEenuTh, IPUPABHSIB MPOU3-
BOJHYIO IIEPBOro U3 BbIpakeHui (5.10) k HyIHO.

|
|
|
|
|
I
I
O Q)

Puc. 5.6. AMIUIUTYJHO-YaCTOTHBIE XapaKTEPUCTUKU MOCIEAOBATEIbHON eI

Torna

(5.11)

HaHpHH(eHI/Ie Ha EMKOCTU paBHO HpPIJIO)KeHHOMy HaprDKeHI/HO U HpH o = 0,
Hy.]IIO — HpI/I ® = 0 U MAKCUMAJIBHO HA 4aCTOTC
Q)
. (5.12)
2
RZ
L

[Tonocoil mpomyckaHusi pe30HAHCHOIO KOHTypa MPHUHATO CUUTATh MHTEPBAI

0 2
qacCToOT, T'AC | > ﬁ, T.C. KOT'1a MOIITIHOCTbH | R, rnorijomacmas nernbro, HE IMPCBLIIIACT

TTOJIOBHHBI MAKCHMAIIbHON MOIIHOCTH IpH pe3oHaHce, paHoil lo°R. TTomoca mporyc-
KaHUs MOCIEA0BATEILHOIO PE30HAHCHOTO KOHTYpa paBHA
®
)~ QO (5.13)
OCHOBHBIE COOTHOILICHHUS JIJIsl IPOCTEUIIEN PE30HAHCHOM LIeNH, COCTOSIIEH U3
nocjeaoBaTeabrHO coeuHeHHbIX R, L, C - anemeHToB, ipuBeneHs! B Ta0. 5.1.
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Tabnuma 5.1

Pe3onanc manpspkenuii B mocienoBareabHoM RLC — koHTYype

YcioBue pe3oHaHca:
X=0oLl-1(oC)=0,
mwm X = X,
mpustom [ =1, =U/R

Hanpsoxenus Ha
PEAaKTUBHBIX JJIEMEHTAX:

QL:jOJL'l;

Qc:‘%c'li

U= Uc (mo mosynio)

Uy UL,
3ol ; KYLYN_-E
R
u
_l C = l{_}c
N
Bekropnas nuarpamma
2 Yry I
0
U v
Ul

Pe3onancnHas yactora

O‘)O :2TC'f0 :1/'\/LC

XapakTepucTUIeCcKoe
CONPOTHUBIICHUE

p = wyL=1/(wyC)=~/L/C

JIoOpOTHOCTH KOHTYpa ONpeness-

€T, BO CKOJIBKO pa3 HalpsHKEHHUE Ha Q= U _ Uc =p/R
PCaKTUBHOM 3JIEMECHTE IIPU PE30- U U
HAHCE MPEBBIIIAECT BXOHOE
YacToTHBIE XapaKTEPUCTUKU
(), U (o), Uc(®), ¢(w) HA3EI- I,¢ T max

BAIOT PE30HAHCHBIMH.
B xauecTBe npumepa nokas3aHsl

I(®) 1 ¢(®), MOCTpOCHHBIE TIO

dbopmynam:
I(e) = Y
JR? + (oL - 1/(0C))>
() = arctg L~ V(@O)

ITomoca npornyckanus KOHTypa
ONPENEIIAETCS IO YPOBHIO
| max/ v/ 2 pe3oHaHCcHOI KpUBOIA TO-
ka l(m)

Hm:(l)g'(l)l

J1oOpOTHOCTH KOHTYpa, MoJioca
IPOIYCKaHUs U PE30HAHCHAs Ya-
CTOTA CBSI3aHbI MEXy COOOM

H(D = OJ()/Q; Q = (Do/H(D;
Wo = HwQ
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5.3. PE3OHAHC B ITAPAJUIEJIBHOM IIEITU (PE3OHAHC TOKOB)

Hcxons u3 yclioBus pe3oHaHca — COBIAeHUs (pa3 HaMpsKEHUST U TOKAa Ha BXO-
7€ 1IeM — MOYKHO KOHCTaTHPOBaTh, YTO TPU MapauIeTbHOM PE30HaHCE BXOIHAS pe-
aKTUBHAas MPOBOJMMOCTH 11enu (puc. 5.7, a) 1omkHa ObITh paBHA HYJIIO:

bszC—lzo, mm o LC=1. (5.14)
coOL
+j
. | ' . . AIC
TR B P U
U g L [ C 0 i — i +1
T LE
A 4
o L I'—
a §

Puc. 5.7. Cxema napauienbHON pPe30HAaHCHOH 1etu (a)
Y BEKTOpHAs MarpaMma HamlpspKeHUs! 1 TOKOB (0)

Takum 00pa3om, pe3oHaHCHAs YaCTOTa My PABHA:
O =—F—— (5.15)

YTO COBMAJAET C BhIpaxkeHueM (5.3), MoJydeHHBIM JJIsI TIOCJIEI0BATEIbHOM pe30HaHC-
HOU LIETN.

N3 (5.15) cnenyet, 4To sIBJIEHUS PE30HAHCA B MapalJIeIbHON AJEKTPUUECKON
[T MOYKHO JOOUTHCS, U3MEHSS TUOO0 WHAYKTUBHOCTD WJIH €MKOCTh, TMOO YacTOTY.

[Ipu pe3oHance moyiHask MPOBOAUMOCTD JOCTUTAET MUHUMAJILHOTO 3HAYCHHUS, U
TOK B LIENM NPHU PE30HAHCE HAMMEHBIIUN B OTIMYUE OT MOCIEAOBATEIBLHOIO PE30-
HaHCa, KOrja TOK HauOomibliui. BekTopHas auarpamMma TOKOB M IPHJIOKEHHOTO
HaIpsHKEHUS TIPU pe30HaHCe MpuBeeHa Ha puc. 5.7, 0.

Tak Kak Tpu TapauieIbHOM PE30HAHCE KOMIIEHCUPYIOTCS PEaKTHBHBIE CO-
CTaBJIAIOIIME TOKOB, TO TAKOW PE30HAHC HA3bIBAIOT PE30HAHCOM TOKOB.

Kak u npu pe3oHaHce HanpsKEHUM, TPU PE30HAHCE TOKOB HE MPOUCXOIUT 00-
MEHa SHEpPrueil MeX Iy HCTOYHUKOM M PEaKTUBHBIMU deMeHTamu. Konebanus sHep-
TUU IPOUCXOJAT BHYTPU LENHU MEXAY UHIYKTUBHBIMA U €MKOCTHBIMHU 3JIEMEHTAMU.
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HpCBI)IHICHI/Ie TOKOB B PCAKTHBHBIX OJICMCHTAX LCIIM HAJd BXOJHBIM ITPOHCXO-

AUT IIPU BBIIIOJIHCHHUU YCIIOBUS

g<oC= L = Sy (5.16)

oL L

IC
Bennuuna E Ha3bIBACTCA BOJIHOBOH ITPOBOANMMOCTBIO KOHTYpPA.

KpaTHOCTh NpeBbIIEHUSI TOKOB B PEAKTUBHBIX AJIEMEHTAaX ONpeaeiseTcs 100-

POTHOCTBIO KOHTYpA:

Q:(DOC:]-:Y_
g9 olg 9

Kak u npu nocienoBareasHOM pPE30HAHCE, BEIMYMHA, 00paTHas TOOPOTHOCTH,

(5.17)

HOCHUT HAa3BAHHUC 3aTyXaHHUA:

IHpumep I1.5.2. Onpenennuts 3HaUEHUE COTPOTUBIIEHUS X, IPU KOTOPOM B 11€-
1 Ha pUC. 5.8 HACTYIIUT PEe30HAHC, eciu 1 =5 OMm, X3 =5 Owm, I3 = 10 Om.

Puc. 5.8. Cxema k npumepy I1.5.2

Penienue.
B menu akTMBHO-MHAYKTUBHOE CONPOTHUBIICHUE BKIIFOYEHO IMAPAIUICIBHO €M-

KocTHOMy. [locnenoBarenbHO BKIIFOYCHHBIE aKTUBHOE W MHIYKTHBHOE COMPOTHUBIIE-
HUSI MOYKHO MPE0Opa3oBaTh B MapajlieIbHO COSIMHEHHbBIE coracHo (4.39).

B npeobpa3oBaHHOW cxeMe NapajijieIbHO BKJIIOYEHbI MHIYKTUBHOE U €MKOCT-
HO€ CONPOTHBIICHUS, T.€. B HEM BO3MOXKEH PE30HAHC TOKOB. YCJIIOBHEM pPE30HaHCa

SIBIISICTCS. PABEHCTBO PEAKTHBHBIX IPOBOIUMOCTEH D = be, nim

X 1
r’+x> x
1 1 2
. 1
[ToxcTaBsis 3HaYCHUS COMPOTUBIICHUH, TIOJTydaeM: b|_ =01 Ont’ 1501051
M
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=i:10 Owm.
b

L

x =1
2 bc

5.4. YACTOTHBIE XAPAKTEPUCTHUKU L EIIN
C ITAPAJJIEJIBHBIMHU 3JIEMEHTAMMU g, L, C

PaccMoTpuM 3aBHCMMOCTH PEAKTUBHOM U MOJHOM MPOBOJIUMOCTENA OT YaCTOTHI
B CXEMe C MmapajuiesibHbIMU 31emMeHTamu ¢, L, C. AKTUBHAas NpOBOJAUMOCTb OT YacTO-
ThI HE 3aBUCUT. PeakTuBHAs MPOBOAUMOCTD
b=bL—bC=(oC—i=9((D2—(D§) (5.18)
oL o
UMeeT TPH XapaKTepHbIC 4acTOTH: ® = 0, ® = o0, ® = y.
®ynknus b(w) umeer nBa momoca: pu @ = 0 M ® = 0 ¥ OJIUH HYJIb ©® = @y.
[Tpu Bcex yacrorax b(w) Bo3pacTaet, MOCKOJIbKY BEJTMUHNHA
db 1
do oL

+C

BCCTrAa IIOJIOKHUTCIIbHA.

Ilpy ®=®, DPOMCXOOUT CKAYKOOOpPa3HOE M3MEHEHUE apryMEHTa IPOBOJH-

MOCTH. HacTOTHBIE XapaKTEPUCTUKH PEAKTUBHOM MTPOBOJIMMOCTH ITPUBEAEHBI HA PUC.
5.9.
YacrotHas xapakrepuctuka mnenu U(w) mpu HemsmeHHOM Toke | = const ompe-

ACIAACTCA BBIPAKCHHUCM

I 1

I
1 2_6 2"
gz+(—wC) 2| ® O
\/ ol \1+Q {oo ooj

U= (5.19)

0
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CpasnuBas (5.19) u (5.9), Haxoaum, 4T0 GOPMYJIBI UACHTUYHBI, TOJBKO TOKY B
(5.9) cootBetcTBYET Hanpspkenue B (5.19), a Hanpspkenuto B (5.9) — Tok B (5.19).

jb

N3
|
|
:
|

—
I
I
I
I
I
I
|

NS

Puc. 5.9. YactoTHbIe XapaKTEPUCTHUKH MOIYJIeH IpOBOAUMOCTEH (a, 0) M UX aprymenTa (B)
MapajIeNbHON PE30HAHCHOM LENH

[TosTomy 3aBucumoctu | (®), Ic(w) 1 Apyrue MOKHO MONYYUTH, UCIOIB3YS
COOTBETCTBYIOIIUE YPABHEHHUS ISl TOCIEAOBATEIILHOM CXEMBI.

[lernu, s KOTOPBIX ypaBHEHUS MOJHOCTHIO COBMAAalOT MPU COOTBETCTBYIO-
e 3aMEHE TOKOB Ha HAMPSIKEHHS, EMKOCTEN — HA UHAYKTUBHOCTH, CONTPOTUBIIEHU
— Ha IPOBOJUMMOCTH, & UCTOYHUKOB TOKa — Ha UCTOYHUKU DJIC, Ha3bIBAIOTCA qyaiib-
HBIMU.

Hcnonb3ysa CBONCTBO yallbHOCTH, TOCTPOUM YaCTOTHBIE XapaKTEPUCTUKH TMa-

paJlJICIIBHON PE30HAHCHOM CXEMBI TP PEe30HaHCE TOKOB M0 ypaBHeHHIM (5.9 — 5.12)
(puc. 5.10).

146



U: IL: IC! Ig

Q)

Puc. 5.10. AMIIIMTYAHO-4aCTOTHBIE XapaKTEPUCTHKHU
napauieabHOU Lenu

OCHOBHBIC COOTHOIIEHUS TSI MMApaUICIbHBIX KOHTYPOB 0€3 MOTEph U ¢ TOTe-
pSIMU TIpUBEJEHBI B Ta0. 5.2 1 5.3.

Tab6aunma 5.2
[Tapamnensubiii RLC - koHTYyp
Ycnosue pesonanca: Y =G, b =0, i T I I
rie G=1/R, b=1/(oL) - oC, aE e R
npu >tom U = I/G. gl() HR L. =
BekropHas nuarpamma
Ic
Toxu B BETBSIX NPU PE3OHAHCE:
I =U/(joL); lc=juCU; I=I U
1=1lr=UR -
I
Pe3onancnas yacrora op = 0 = 1/~ LC
JIoOpOTHOCTH KOHTYpa Q=I1/1=1J1=Rlp

Yacrotusie xapakTepucTuku I (®), Ic(®), U(®) — mogoOHbI (AyaibHb)
xapakrepuctrkam Uc(m), U (o) u (o) mociieqoBaTebHOr0 KOHTYpa
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Tabmumna 5.3

Pe3onanc TOKOB B IMapaJlJICIIbHOM KOHTYPC C IIOTCPAMU

Ycnosue pe3onanca Y =G, b =0, rae

G= 2R1 7t 2R2 2
Rl +XL R2 +XC
b= L Xc

R?+X? RI+XE
X = ol, Xe=1/(oC)

Toxu B BETBSIX IIpHU pC30HAHCC!

U U
L=—"— L=———
R, + )X R, -1 X¢
+
21y~ 7, - SR R)
R1R2+p

Pe3oHaHCHAas 4acToTa U XapaKTepucTUie-
CKO€E COIIPOTHBIICHHE

e p=~L/C, wg=1/+vLC

0)p-L
Q= —
Ri+ Ry o) /0g
P
Ri+R»
Ecan R;=0, T0

|
Q (Dp'C'Rz_

JoOpOTHOCTB KOHTYpa mpu w,~ 0y Q=

=p*/R; -1=1/1,
Eciu R, =0, T0
0

Q:

L
p 2 2

= /R =1=1,/1
R, p 1 27 1p

5.5 YacToTHBIEC XaPAKTEPUCTUKH LENel, COAepPKAIUX
TOJILKO PEaKTUBHbIE 3JIEeMEHTbI

Tok MacCMBHOTO JBYXMOJIIOCHHKA MOXHO OINPEACNIUTh KaK TOK KOHTypa C
OJIC, neicTByIONIEH HAa €r0 BXOJIE:
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BX BX BX

A .
| :f.Efo E | (5.20)

rae Y, = Tﬂ a A — onpenenurtens N-ro MopsKa CUCTEMbl YpaBHEHUH 1I€TIH, 3aIlH-

CaHHBIX 10 METOy KOHTYPHBIX TOKOB, MMEIOIIUK N CTPOK M N CTONONOB, Aj; — €ro

anrebpanueckoe JonoaHeHne (MUHOP), umeroree N — 1 ¢cTpok u N — 1 ¢ToI0110B.
Ecnu aBYXIMOIIOCHUK COCTOMT TOJIBKO M3 PEAKTHUBHBIX AJIEMEHTOB, TO KayKIbIH

U3 AJIEMEHTOB ompenenuresied A u Aj; COIEPKUT B OOIIEM cliydae COOCTBEHHBIE U

B3aUMHBIC COIIPOTUBJICHUA B4

] il 2 1

1 11 OJC“ 0) 1 C“
(5.21)
IV IR 1
qu _Jxkq _6 ® qu _Ci !
kg

T.C. BO BCCX JJICMCHTAX OMNPCACIUTCIIA U €TI0 anre6panquKoro AOIIOJIHCHUSA COALCP-

J

JKUTCA MHOXHUTCIIb — IIPH BCINCCTBCHHBLIX BCIIMYHHAX. CHGI[OBaTeJ'IBHO,

Q)]
(o)
7 - 1 _ A _ _con_l,A, :i.i’, (5.22)
Yoe Ay ( J j Ay oA
@

rae A" Al — BEIIECTBEHHBI.

Tak kak onpeneauTeNb COAEPKUT TOJIBKO MHUMbIE KOA((DUIIMEHTBI, TO

Ly =X _;
L 1A (5.23)
"o A

PaCKprB OIPCACIINTCIIN, IOJYYHUM IIOJIMHOM BHU/1A

a o"+a o"?+..+a
2n 0

X = 2n-2 (5.24)

BX . 2n-2 2n—4 )
™ (bzn—zw +b2n_4(o +...+b0
[Tocne HaxoXaeHus KOpHEW MOJIMHOMA YHUCIUTENs (M, M3, ... , Wyn.1) U MMOJTHU-
HOMa 3HaMeHaTels (M,, Oy, ... , Mz,), ypaBHEHUE (5.24) MOKHO 3aMucaTh B BUJIE
2 (o) (o —o?) e —a? )
— 2n 1 3 2n-1 5.25
X ™ 2 2 2 2 2 2 ) (5.25)
L oo-(co - )((o - )((o - )
2n-2 2 4 2n
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[Tos10’XMB YUCIIUTENh PABHBIM HYJIIO, ONpeaeauM HyJM QyHKIUU X(®), a Ipu-
PaBHSAB K HYJIIO 3HAMEHATEelb, HalJeM MOJOChl (PYHKIMHU. XapaKTepHOE CBONCTBO
PEaKTUBHOTO JBYXITOJFOCHUKA 3aKIF0OYAETCS B TOM, YTO €r0 COMPOTUBIICHUE C YBEIIHU-
YEeHUEM YacCTOThI TAKXKE YBEITUUMBAETCA (3TO YTBEPKIEHUE JOKA3bIBACTCS MPHU U3Y-
YECHUU CUHTE3a YJICKTPUICCKUX ITIETIei). A 9TO 3HAYUT, YTO MOJIOCHI U HYJU (DYHKITHH
X(®) gepeayroTcs, COOTBETCTBEHHO YEPEAYIOTCS PE30HAHCHI TOKOB W HAIPSKCHHM,
T.€. 0 < < my <...< Wyn.1 < Wy B KaXI0M MOJIOCE U HYJIE ApTYMEHT CONPOTHUBIIE-
HUS CKQaYKO00OPa3HO U3MEHSETCS OT + T o F T

2 2

B (5.24) u (5.25) creneHp 4acTOTHI (® B YUCTUTENE HA €AMHUILY OOJIbIIIE CTEere-
HU ® B 3HamMeHatese. MoxeT okaszaThces, uTto B (5.24) xoaddunuent a, = 0, Torna
cTeneHb o B yucnutene B (5.24) u (5.25) Oynetr Ha €IMHUIY MEHbIIIE CTEIIEHU ® B
3HameHatene. Ho Kkak ¢ nepeom, mak u 60 émopom ciayuae pazHOCMb CHieneHell
ecezoa Oyoem paeHna eounuye.

Korma crenenn uucnuTesnss OOJbIIE CTENEHU 3HAMEHATENs, TO MEPBBIA HYIb
¢dbynkuuu Oynet rnpu o = 0, eciiu HA060poT, TO Mpu ® = O MepBBHIM OYJIET MOJIIOC.

B kadecTBe mpuUMEpOB pacCMOTPUM CXEMBbI, H300pakeHHbIe Ha puc. 5.11, a u
5.12, a. B mepBoM ciy4ae nepBas 4actora ® = 0 ectb HyJIb QyHKIUMH X(®), BO BTO-
POM — TIOJTFOC.

¢
+ 5 —
C,
Lo
oYY b 1 ®

mLz o 0 | W2

L
2
a 0 B

Puc. 5.11. Cxema OBYXIOJIIOCHHKA (a) M €r0 YaCTOTHBIE XapaKTepUCTHKH (O, B)

ConpoTuBIiieHHE JBYXIOIIOCHHUKA, CX€Ma KOTOpOro n3o0paxkeHna Ha puc. 5.11,
a, paBHO:
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oL,

ol e 9C  _@LLC,—o(l+L,) ol’L,L,C, — (L, +L,)]
' 1 ®’L,C, -1 »’L,C, -1
22 22

[10710XMB UMCIIMTEIb U 3HAMEHATEIIh PaBHBIMHA HYJIXO, HMCCM:

L1 +L ) 1
=-————, IPUYEM 1 U 3 — HYJIH; 0, — noroc. [Tomo-

= —, o ,
’ \ L1L2C2 ’ A L2C2

KUB () = 0O, ITOJIYUYHUM CIIC OAWH ITOJIFOC (I)YHKHI/II/I

(ol:O, [0

YacToTHBIE XapaKTEPUCTUKH CXeMbl IPUBEIEHBI Ha puc. 5.11, 6, B.
ConpoTuBIleHHE NBYXIIOJIIOCHHUKA Ha puc. 5.12, a onpenensieTcss BBIpaKEHUEM

- - anLlCl +1
Ce-wlLcc,-(c +C)

X

[To/I0XKMB YMCIUTENb M 3HAMEHATENh APOOM PABHBIMH HYJIIO, IOIYYUM HyIb X(m)
1 C +C

ﬁ L 2 Eme oaud Hyab OyIeT Ipu
171

L
1C1C2
® = c0. YacTOTHBIE XapaKTEPUCTUKH CXEMbI H300pakeHbl Ha puc. 5.12, 6, B.

npu o, = , IOJIFOCHI TIpU g = 0 U ®, =

Jx .
|
| .
| o1
| 2
|
|
L, C; @ * O—% ®
o_.m\_{ Wy | | 02
JIe: -z
| 2
a 0 B

Puc. 5.12. Cxema OBYXIIOJIIOCHHKA (a) M €r0 YaCTOTHBIE XapakTepucTHkH (O, B)

IIpumepsl U ynpa:KHeHUsI

I1.5.3. B uenu cunycougansHoro Toka (puc. 5.13) Bce Tpu BonbT™METpa Vi, Vs,
V3 UMEIOT OAMHAKOBBIE TIOKa3aHus — 1o 54 B.
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Puc. 5.13. Cxema x npumepy I1.5.3

Hanucarts BBIPpA’KCHUC JII MIHOBCHHOI'O 3HAYCHUA 06HIGFO HampspKCHUS U,

eciM HavanbHas (hasa HAIPSDKCHHS HA HHIYKTHBHOCTH U, paBHa +38°.
OtgeT: U=54-/2sin ((ot - 520) .

I1.5.4. OnpenenuTth, NMpU KakOM 3HAYEHUM COINPOTHBIICHUS Ty B LIENH Ha PUC.
5.14 Hactynut pe3oHanc, ecim x3= 4 OM, X, =2 Om, 1, = 5 Om.
VYkazanue. IIpeobpa3oBaTh napaiieabHOE COCIMHEHUE 1 M X; B IMOCIEI0BA-

TEIbHOE.
Otget: 10 Om.

X1
X2

=

Puc. 5.14. Cxema k npumepy I1.5.4

I1.5.5. Kak u3meHsTCS MoKa3aHus aMIepMeTpa Mociie 3aMbIKaHUs pyOMIIbHUKA
B cxeme puc. 5.15, ecnmu r = Xc = X ?

OTBeT: YBEIHUHUTCS B /2 pa3.

I1.5.6. Onpenenuts MNOKa3aHWE aMIIEPMETPAa 3JIEKTPOMAarHUTHOW CHCTEMBI,
BKJIIOUEHHOTO B 1ienb (puc. 5.16), eciiv B mapaiesIbHbIX BETBSIX MPOTEKAIOT PaBHbBIC
TOKHU BenmuuHOM 10 A.

Otser: | =0.

1CcH

Puc. 5.15. Cxema x npumepy IL.5.5 Puc. 5.16. Cxema x npumepy I1.5.6



I1.5.7. OnpenenuTh 3HAYCHUE COMPOTHUBIICHUS X1, PU KOTOPOM B IemH (pHC.
5.17) nHactymaer pe3oHaHC TOKOB, ecimu [ =40wm, I,=20M, X,=—40Mm,

X3 =5 0Om.
VYkaszanue. Ycnosue pesoHanca b, =Dbg.

OtBet: Pe3oHaHC HEBO3MOXKEH HU MIPU KAKOM 3HAUYCHUH Xj.
I1.5.8. Onpenenuts IEUCTBYIONIEE 3HAUCHUE HANIPSHKCHUN MEXKY TOUKaMU A—

B; A—C uenu (puc. 5.18), eciin npuniokeHHoe Hanpspkenue U =100~/2sin ot B, a
conpoTuBieHus =X, =X, =10 Om.

OHpCIIeJII/ITB TOKH B BETBAX.
OTBeT: UAB =100 B, UAC = 0, |r = O, ||_ = |c =10 A.

&

Puc. 5.17. Cxema k npumepy I1.5.7 Puc. 5.18. Cxema x npumepy I1.5.8

I1.5.9. Haiiti BhIpa)KeHHE MIHOBEHHOTO 3HAYCHUS TOKA | B HEPa3BETBICHHOMN
yacTh 1enu Ha puc. 5.19, ecam npunokeHHOE — HANpsDKEHHE  PaBHO

u =141sin (oot + 300), a BCE CONPOTHUBIICHUS OJIMHAKOBBL: I = X = X¢c = 10 Om.

Orser: i =14,1sin (ot +30°)

I1.5.10. B cxeme Ha puc. 5.20 nano: | =10 A,U=100B, Z=r+ X, r= g

1. Onpenenuth NOKa3aHUE BATTMETPA.
2. Kakoe IOMOTHUTEIHHOE CONPOTUBICHHE HEOOXOIMMO BKIIIOYHTH B IICIIb,
yTOOBI TTOKA3aHUs BATTMETPA ObLIIM MaKCUMaJIbHbI?
Otser: 1. 500 BT;
2. EMKOCTHOE CONpOTUBIEHUE X = 8,66 OMm.

N

o M * 153

Puc. 5.19. Cxema x npumepy I1.5.9 Puc. 5.20. Cxema x npumepy I1.5.10



