HOBOCHUBUPCKUI TOCYJIAPCTBEHHBIM TEXHUYECKWI YHUBEPCUTET 4

HWJI TEXHUKHW SKCIITEPUMEHTA

KPATKHUE METOIUYECKUE YKA3AHUA K JABOPATOPHOMY IMTPAKTUKYMY
1O KYPCY «3JIEKTPOTEXHUKA» \_

9T2 MPOCTEWIINE HEIU C CHHY COUJAJIbHBIMUA HCTOYHUKAMMA

Tpeoyemoe obopyoosanue

1. T'eneparop 3BykoBbIX yactotT 3I'1 1 .

2. KomOunupoBaHHBIN H3MepuTens MOIHOCTU U Ga3st UMd1 1 wr.

3. Crenn ¢ oosexramu ucciienosagus C3-9OM01 1 m.
Lenv pabomut

DKCIEPUMEHTAIBHOE U TEOPETUYECKOE HCCIIEIOBAHUE 3aBUCHMOCTEH TOKOB M HAINPSIKEHUU B
pe3ucTope, KarTyllke WHIYKTHUBHOCTH, KOHJEHCATOpEe MpPH UX MNPOCTEHIINX COEIWHEHHUSX B IENH C
CUHYCOUJIAJIbHBIMU ~ UCTOYHHUKaMU. (OCBOUTh  CHMBOJMYECKMH  METOJ  pacyera, MPOBEPUTH
CIPaBeIMBOCTh MEPBOTO U BTOporo 3akoHoB Kupxroda. HayuuThcs cTpoUTh BEKTOpPHBIE AWArpaMMBlI,
amruutynodactotablie (AUX u JIAUX) u dazogacrorasie (PUX) xapakTepUCTUKH MPOCTEHIINX TIETE C
OJIHUM PEAKTHUBHBIM AJIEMEHTOM.

Kpamxoe meopemuieckoe 6BeodeHue

I'apmonuueckuit mok u e2o xapaxkmepucmuxu

B naGopatopHoil paboTe wHccieqyloTcss JIMHEHHBIE AIIEKTPUYECKHE IIEeNU C TapMOHHUYECKUMHU
UCTOYHUKaMHU, B KOTOpbIX OJIC, HampsoKeHHs W TOKH H3MEHSIOTCA IO CHHYCOMAAIBHOMY 3aKOHY MU
HUMEIOT OJJMHAKOBYIO YaCTOTY.

e(t)=E , sin(ot+¢,)

1 (t)=1,sin(ot+;)

Puc. 1
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Ha puc. 1 moka3ansl rpadguku rapmonndeckux curtainos (31C u Toka)
e (t)=E_sin(wt+¢@,) u i (t)=I_sin(wt+@,),

riue Em u Im - AMIUIMTYIHBIE WJIM MaKCUMAJIbHbIE 3HAaYeHHUs; ()= 27f - yrJoBas 4acToTa CHUTHAJIA;

f :1/T - yacTora curHaia; T — mepHoj KoJieOaHUs; @, ¥ (@, - HavalbHbIC ha3pl TapMOHUYECKUX
KOJIeOaHUIA.

OpHOM M3 OCHOBHBIX XapaKTEPUCTHUK TapMOHUYECKHX CHUTHAJIOB SIBISETCA HMX JEHCTBYIOINE
3HAUCHUS

E=E,/2. U=U,/V2  n 1=1 /V2.

B oanexkTpuueckoil 1enu KpoMe HCTOYHHMKOB COJEP)KATCS TaKUE JJIEMEHThI, KaK pPEe3UCTOPHI,
KOHJICHCATOPBI, KaTYIIIKA WHAYKTUBHOCTH, KaTYIIKA B3aMMHOW WHAYKTUBHOCTH. TaKue 3JEMEHTHI IeTH
Ha3bIBAIOTCS IACCHBHBIMH U JJIs pacueTa MpeACTaBisIOTCS cxemamu 3amenieHus. Kaxnas cxema
3aMEIIeHHs JOJKHA OTPakaThb OCHOBHBIEC JIEKTPOMArHUTHBIE MPOLIECCHI, MTPOTEKAIOIINE B KOHKPETHOM
JJIEMEHTE.

Pesucmop
B pe3ucTuBHOM 3JE€MEHTE C COMPOTHUBICHHEM R 3IeKTpOMarHUTHAs SHEPrus mnpeodpasyercs B

Terj10. MTrHOBEHHasT MOIIHOCTh, C KOTOPOW MPOMCXOAUT MpeoOpa3OBaHHUE HHEPTUH, OIPEACIeTCS
COOTHOIICHUEM: p(t) = i’R . Pe3uctuBHble (WM UX €IIE HA3BIBAIOT aKTHBHBIE) CONPOTHBICHUS BBOIATCS

B CXEMbI 3aMEIICHUS TaKXkKe JJIs yyeTa HeoOpaTuMoro mpeoOpa3oBaHUs AJIEKTPOMArHUTHOM SHEPrHU B
ApyTue BUJbI (HAIPpUMEpP, MEXaHUYECKYI0, SHEPIHIO U3JIyYSHHUS U T. I1.).

up (t) = Ug,, sin(wt+ ;)

) R
iy (1)
~—>— ° d 2 ]
uR (t) \. /l
>
@ i(t) =1 sin(et+@;)
a) 0)

Puc. 2
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B pesuctuBHOM 3neMeHTe (puUC. 2,a) HaNpsDKEHHWE CBA3aHO C TOKOM 3akoHOM Owma:
uR(t):RiR(t). Eciu  TOK B pesucrope i(t):Im sin((x)t—i—(pi), TO W HaNpsHKEHUE

u, (t)=R-1I_sin(mt+@,) umeer cuHyconianbHyro (opMy M Takyioo ke ¢dasy, 4T0 M TOK B
pesucrope. '0BOpAT, 4TO TOK U HANpsHKEHUE COBMANAIOT 1o ¢ase (puc. 2,0).

Kamywxa quvkmueHocmu

Ecam gepes karymky MHIYKTUBHOCTH (pHUC. 3,a) IPOIYCTUTh IMEPEMEHHBIH CHHYCOMAAIBHBIA TOK
1 (t):Im sin(u)t—f—(pi), TO OH CO3/IaCT MEPEMEHHbIH MAarHUTHBIA MOTOK, MPOHU3BIBAIOUIUN BUTKU

karymku. [lo 3aKoHY 3leKTpOMarHUTHOM MHAYKLUMH Ha 3aXMMax KaTYIIKH 3TOT MEPEMEHHBIN IMOTOK
HaBeJIET CUHYCOMIAJIbHOE HAIPsHKCHUE:

uL(t)=wch _d¥ _d\PEZLEZIm(DLSiH((Dt-F(Pi +90°), (1)

dt dt di dt dt

r7ie W — 9ucio BUTKOB KaTymku; WY=w® — notokocnemienue; [, = d¥ / di - UHAYKTHBHOCTE; Xy = oL

- P€AaKTUBHOC NHAYKTHBHOC COIIPOTHBIICHUC.

0> g
_ ] — uR(t) uL(t) uL(t)
e ———’ ‘/\ — — —
\ \\ . R .
j Vo i(f)y oo L i) L
‘ ) | _/m—. ._m\_.
u(t)[f ) >
\\ i ut)
\ ) — -
< v N
a) 6) B)
Puc.3

B cucreme enumnunn CH umHayktuBHOCTh L mmeer pasmepHocTh I'eHpu (I'H), a MHIyKTHUBHOE
conpotusieHue — (Om).

—7 ;2
NuaykTuBHOCT, L yuuTBIBaGT OHEPrHI0 MAarHHUTHOTO mmois kKaTymkn W, = L1 / 2. Us

cootHouenust (1) BUAHO, 9TO TOK Yepe3 MHAYKTHUBHOCTH i(t) orcraér oT HampspkeHus U, (t) Ha yrox

90° (puc. 4).
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/ u, (t)=U__sin(ot+@, +90°)

<« 1(t)=1_ sin(wt+@,)

Puc. 4

[TepemeHHBII TOK, MpOTEeKas MO BHUTKAM KaTYIIKH, CO3MaET B NMPOBOJHHMKAX TEIUIOBBIE IOTEPH
MOIITHOCTH p:izR06M, rme R06M - aKTHBHOE CcOIpoTHBICHHE 0OMOTKM. Ha puc. 3,0 mokaszana
HU3KOYACTOTHAsI CXEMa 3aMEINEHHs KaTYIIKH WHAIYKTHBHOCTH, COCTOSIAas W3 HMHAYKTHBHOCTH L u
aKTUBHOTO CONPOTHBICHUs 00MOTKH R . . Ecim comporuBieHieM OOMOTKH MOXHO HpeHEOpedb, TO

TaKyl0 KaTyUIKy CUMTAlOT HAEaJbHOM HMHAYKTUBHOCTBIO (puc. 3,B). [l BBICOKMX YacTOT B CXEMeE
3aMeIIEeHUs] HEOOXOIMMO YUUTHIBAaTh MEXBUTKOBYIO EMKOCTh KATYILIKH.

N3 (1) cnemyer, 4ro mnOpuU 3aaHHOM HaIpPSIKECHUU uL(t) TOK iL(t) MOXXHO HaMTH IIO
COOTHOIIICHUIO

i, (t) =% Ju, (bt )

Ecmu JJIA YCTAaHOBUBIIECTOCA CUHYCOHUJAJIbHOI'O pexKuMa HoaACTaBUTH HaIps>KCHUEC

u ()=U,sin(ot+¢,) 4 (2), TO TOK Yepe3 HHAYKTUBHOCTb OIPEAEIUTCS COOTHOLIEHUEM

i (t)= gsin((x)t +¢, —90°). 3)

Xy

Konoencamop
KoneHcarop sSBISE€TCS 3J€MEHTOM 3JICKTPUYECKON [IEMH, HMEIOIIUM JIBE€ TMPOBOIAIINE OOKITaIKH,

MEXIy KOTOPBIMH HaXOJUTCS CJIOM AudnekTpuka (puc. 5,a). Ecam k 3axumaM KoHzaeHcatopa (puc. 5,a)
MOAKIIOYUTh MCTOUYHUK CHHYCOUJANBHOIO HANPSDKEHUA | C(t):Ucm sin((x)t +(pu), TO Ha €ro

0OKJIaJIKaX BO3HUKHET U3MEHSIOIIUICS BO BPEMEHHU 3JIEKTPUUECKUid 3apsy q(t), T. €. yepe3 KOHAEHCATop
OyZeT MpOTeKaTh ANEKTPUUECKUN TOK
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: dq dq du, du :
i.(H)y=—= : =C—-=U_ oCsin(ot+ @, +90°). (4)
=" du, dt a Uem (0t +0, )
oBerEnn 0 ic(t)
®
iy (1) 1.(t
I c :|:c( )
uc(t) uc(t) G, —— u.(t) | == C
— crown
{ AN3neKTpuKa l
° °
a) 0) B)
Puc. 5
B (2) C=dq/ duC - €MKOCTb KOHJIEHCATOpa, KOTOpasl ONpPENEseT 3aBUCHMOCTb W3MEHEHUS

BCJIMYHHBI 3aps/ia Ha o61<nam<ax KOHACHCATOpa OT HU3MCHCHHUS HANPSIKCHUS, NPUIIOKCHHOI'O K C€ro

obknankam; X . =1/@C - peakTHBHOE EMKOCTHOE CONPOTHBIIEHHUE.

B cucreme equani CU émkxocts C umeeT pazmepHocTs ®apana (D), a EMKOCTHOE CONTPOTHBICHUE

— (Om).

U3 coorHouenus (4) BUAHO, 9TO TOK Yepe3 KOHACHCATOP i(t) omepexacT HampsuKeHHe u . (t) Ha

yron 90° (puc. 6).

u.(t)=U,, sin(ot+@, )

]
, t
\ / \
\ / \
\ ’ \
\ \
\ / \
Nz \
N7 hd

i.(t) =1, sin(ot+, +90°)

/

4
/
)
/
/
/
L

Puc. 6

\
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OCHOBHOII  0COOEHHOCTBIO KOHACHCATOpa ABJISICTCA CTrO CIIOCOOHOCTh  3amIacath SHECPIUIO

QJICKTPHUYCCKOI'O IIOJIA W ~ = uZ 2 . Kpome TOT0, B KOHACHCATOPC MMCIOT MCCTO TCIIJIOBBIC IIOTCPHU
C C

SHEpPIuu B JUAJIEKTPUKE U OOKIJIAJKaX, a TAKXKE MPOUCXOAUT 3arac YHEpruy B MarHuTHOM moie. Ha puc.
5,0 moka3aHa HHU3KOYAaCTOTHAas CXEMa 3aMEIlEeHUs KOHJEHCATopa, COCTOoALIAas M3 MapaulelbHOrOo

coeuHeHHst EMKOCTH C M aKTHBHOTO COIPOTHUBIICHHS C IPOBOAUMOCTBIO - (G, YIHTBIBAIOLICH TOTEPH B

JMAJIEKTPUKE M 0OKiIankax. Ecian motepsmMu MOXKHO MpeHeOpeub, TO KOHACHCATOp OyaeT MpeCTaBIsATh
co00if uaeanbHyI0 EMKOCTH (pHC. 5,B).

N3 (4) cnemyer, uTOo TpH 3aJaHHOM TOKE { o(t) HanpsokeHue u . (t) MOXKHO HAaWTH 10
COOTHOIIEHUIO

u(t)= é [ic(tdt. (5)

ECHI/I JUJIA YCTaHOBI/IBH_IeFOCﬂ CI/IHYCOI/IZ[aHBHOFO pe)KI/IMa IIOACTAaBUTH TOK
i.(t)=1I, sin(ot + @,) B (5), To HaNpsKeHHE HA EMKOCTH IPUMET BUJL

uc(t) =1, xcsin(ot + @, —90°). (6)

Cumeonuueckuii memoo pacuema

Kak u3BecTHO, 171 TF000H AIIEKTPUIECKON IIENH CTIpaBeIUBEI 3akoHbl Kupxzogha ons menosennvix
3HaYeHul HATIPSHKCHUHN 1 TOKOB.

1. Aneebpauueckas cymma MeHOBEHHbIX 3HAYEHUU MOKO8 6 NPOBOOHUKAX, COCOUHEHHbIX 8 V3el,
PABHA HYIO

3 ,(6)} =0,

2. Aneebpauueckas cymma meHogenHvix sHauenuti I/[C 6cex ucmouHuxoe 8 aboM 3aAMKHYMOM
KOHMYpe Yenu pasHa aneeopauyeckol cymme MeHOBEHHbIX 3HAYEHUU HANPANCEHUL HA 8CeX OCMANbHbIX
NeMeHmax moao dHce KOHmMypa

2. {Fe (0} = 2. {Fu, (0}

Ecim B ycraHoBHBIIEMCS PEXHMME HAMNPSDKCHHE H3MEHSIETCS MO0 TapMOHUYECKOMY 3aKOHY, TO
HaHpH)KeHI/IH Ha JII/IHCI\/'IHI:IX QJIEMCHTAX HCeIIM U TOKHU BCTB€I>'I TAKXC 6YI[YT N3MCHATHCA 110
TapMOHHYECKOMY 3aKOHY. PaccMOTpHuM, KaKk M3MEHSIOTCS TOKHM M HANpPsDKCHHS Ha PE3UCTOpe, KaTyIIKe
I/IHI[yKTI/IBHOCTI/I )41 KOH,Z[GHC&TOpe, JJIL 9€ro I/ICHO.HB3y€M CXEMbI 3aMCUICHHUA C IIOCJIICA0BATCIIBHBIM WU
napajuiebHBIM COEMHEHUEM HIealIbHBIX 311eMeHTOB R, L u C.
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CocrtaBuM ypaBHEHUs M0 BTOpoMy 3akoHy Kupxroda ams cxems! puc. 7,a
e(z):uR(t)+uL(t)+uC(t):Ri+Lﬂ+ljidt (7)
dt C

1 110 iepBoMy 3akoHy Kupxroda ans cxemsl puc. 7,0

(1) =ig(t) +i () +ip(2) - (8)
u () U o
© ® 3 iR(t)Jr (0]
> Y Y\

D ¢ ==|u u(t) R L—_—C
Ot

Puc. 7

Jlnst rapmoHMYecKuX GYHKIIUA BTOPOU | MepBbI 3aKkoHbl Kupxroda nms cxem puc. 7 mpuMyT BUI:

E , sin(ot+@.)= ©)
=1,Rsin(ot+@;) + I, x; sin(ot +@; +90°) + 1 x sin(wt + @; — 90")’
[, sin(ot+ ;)=

(10)

= U—msin((ot +0,)+ U—msin((ot +0, —90°)+ U—msin(u)t +@, +90°)
R X1 X1

B orom cnywae s aHanmmM3a W pacdyera IONYYCHHBIX YpaBHEHUH MOXKHO WCIOIb30BaTh
CUMBOJIHYECKUI MeTOo. CyTh €ro COCTOUT B MPEICTABICHUH TaAPMOHHUYECKUX (DYHKIIMHA KOMILJICKCHBIMH
BennurHaMu. [Ipy 3TOM ypaBHEHHS, COCTAaBJICHHBIC M1 (PUKCUPOBAHHON YacTOTHl B HHTETPAIBHO-
nuddepeHnranbHON (hopMme, MepexonaT B aareOpanveckue ypaBHEHHS ¢ KOMIUIEKCHBIMH BEJIIMYMHAMHU
TOKOB, HarpsbkeHuit u DJ1C.



I  D'1'1-3k

Kaxxgon rapmoHunyeckon yHkuum a(t)
+ b=A_sin(ot+y) MOXHO NOCTaBUTb B COOTBETCTBUE
" KOMMMEKCHoe 4yncno A Ha3blBaeMoe

KOMIMIEKCOM rapMOHUYECKON dYHKUMK (puUC.
A 2.8)
A=a+jb=A_e®=A eV =
0 O=ot+y | 4 :Amejmtej“’ - .(11)
a=A, cos(0t+y) = A ,[cos(ot + W) + jsin(ot + )]
Puc. 8

Moznyss A paBeH aMIUIMTYE TAPMOHMYCCKON QYHKIMHU - A , @ apIyMeHT — 0=t +\y €€ dase.
MHuMast 9acTh KOMIUIEKca A paBHa HCXOIHOW rapMOHUYECKOW (PyHKITUN

Im[A]=A_ sin(ot+y)=a(t)- (12)
O0603HaUNM Amej”’ = Am - KOMIUICKC aMILTUTYTHOTO 3HAYCHHSI.
[Ipeobpasys (8) u (9) ¢ yaerom (10), (11) u (12), momyunm:

Im[E_e™ ]=Im[RI_e™ ]+ Im[x,I_e” e ]+Im[x .1 e ™ e]; (13)

Im[I_e]= Im[gej‘m] + Im[E e e+ Im[&epooeﬂm 1 (14)
R X, Xc
jot

rie E = Eme”’e 1= Ime”’l nU_ = Ume”’U - KOMIUIEKCHBIE aMIUTHTYABI; ¢'® - Bpamarommiics

j90° o0 . .
P —j=e u —j=1/j,
UCTIONB3Yysl CBOWCTBA KOMIUIEKCHBIX (DYHKIIMH M COKpaTHUB MOJOOHBIC WiEHBI. B pesynbraTe mosryuum
3akoHBI Kupxroda B KoMIIeKCHON (hopme IJisi aMITUTYIHBIX 3HAYEHUH I CXeM pHC. 7:

Bextop. CoorHomenust (13) u (14) MOKHO yHPOCTHTB, YyUHTBIBAsL j=¢

Em = RIm + jXLim _jXCim = URm + ULm + UCm; (15)
im = Um + Um + Um ziRm +1Lm + 1Cm' (16)
Rxp —1xc

> > > T Im je
3akonbl Kupxropa B KOMIUIEKCHON (opMe ISl JCHCTBYIOIIUX 3HAYEHHH TOKOB | = 2 gl® g

.o U .
HanpspkeHun [J = —m &% pmeroT clIeayronuy BUa;

V2



e  D'1'1-3k
=+ —+——=I +1 +I. (18)

3akoHbl Kupxroda B komnnekcHon copme

1. Aneebpauueckas cymma KOMRNJIEKCHbIX 3HAYEHUll MOKO8 8 NPOBOOHUKAX, COCOUHEHHbIX 8 V3ell,
DpAasHa Hy0

>(*1,)=0.

2. Aneebpauveckas cymma 6cex KommniekcHvlx ucmounuxos I/]C 6 n11000M 3aMKHYMOM KOHMYype
yenu pasHa aneedpauyecKkol cymme KOMNIEKCHbIX 3HAYeHULl HANPAXCeHUll HA 6ceX OCMANbHbIX
IeMeHmax moao dHce KOHmMypa

2(HE)=3(U).

Jlig mimocTpallMi B3aMMOCBSI3M MEXy TOKAaMHU U HalpsOKEHUSIMU B KOHKPETHOM CXEME CTPOST
BEKTOPHBIE TUArpaMMblL: JJIs HANpsHKEHUH - Tonorpaguyeckue, MoCTPOSHHBIE C COOI0ICHUEM MOpsIKa
PAcCIIONIOKEHHSI HIIEMEHTOB B LIEMH, JJIS1 TOKOB - JIy4eBbI€, IIOCTPOCHHBIE JIIsI BHIOPAHHBIX Y3JIOB CXEMBI,
MPUYEM BEKTOPA BBIXOIAT M3 Hadaja KOOPAWHAT WM KaKOW-TO JPYroil BhIOpaHHON TOUKH. BekTopHbIE
qUarpaMMbl  M300pakaloT 3akoHbl Kupxroda B KoMmIUIeKCHOW (opMme, MpeacTaBieHHbIE CYMMOMN
BEKTOPOB Ha KOMIUIEKCHON TIOCKOCTH.

1]

+0

Puc. 9
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Ha puc. 9 nmokazaHbl BEKTOpHBIE AUarpamMMmbl HalpsOKEHUN M JIydeBas AMarpaMma JUisi TOKOB,
noctpoeHubie 1o ypaBHeHHsAM (17) u (18)mis cxem puc. 7. [Ipu mocTpoeHnn nuarpamm JOJKHBI OBITh
3a/laHbl MacIITa0bl HANPSDKEHWH M TOKOB, TOTJA JAJWHA BEKTOPOB HAMPSDKEHUW W TOKOB Oyaer
MPONOPIMOHAIFHA HMX JICUCTBYIOUIMM 3HAYCHHSM, a YroJ IIOBOPOTa BEKTOPOB OTHOCHTEIHHO
BGHICCTBCHHOﬁ OCH paBCH HX HavaJIbHOU (pa3e. IlonoxxurensHble 3HAYCHUS YIJIOB OTCUHUTBIBAIOTCA
MPOTHB HANIPABJICHHS BPAIICHHUS YaCOBOW CTPENIKH, a OTPULIATEIBHBIX - TI0 YaCOBOM CTPEIIKH.

VYpaBuenus (17) u (18) mO3BOJSIIOT ONpPEACIUTh TOKM U HANIPSKEHUSI HA AJIEMEHTaxX Lenu. Tak Juist
cxemsl (puc. 7,a) u3 (17) onpeaenurcsi KOMIJIEKC TOKa

== X (19)
R+jx, —jxc R+j(x,-x.) R+jX Z
rae X — CyMMapHOC pPEAaKTHBHOC CONpOTHBICHHE BeTBH; Z =R + jX = Ze'® - KoMmmIekcHoe
COIIPOTHUBIICHUE BETBH, 4 Z U () - €€ MOAYJIb U yIOJL.
Tox ayis cxemsl (puc 7,0) onpenenutcs us (18)
S | 1 | 41 X, —X : . .
=0 —+—+——|=U|—+j~+—%[=U(g+jb)=UY, (20)
R X, —JXc R X X¢

rje ¢ U b —aKTMBHas M PEaKTHBHas NMPOBOJIMMOCTH NapajlenbHbix BeTBel; Y =g+ jb=Ye'" -

CyMMapHasi KOMIIJIEKCHasl IPOBOAMMOCTb BETBEH, @ Y U f - €€ MOAYJIb U YIOJL.

Z Z: IR2+X2 Y= g2+b2
X

\(p @ =arctg X/R '\W b y =arctgb/g

R

g

Puc. 10

Conmporunenuss Z, R u X, a Takxe mnpoBoguMocTH Y, g W b 00pa3yioT TpeyrojbHUKH
COTPOTHUBIICHUH U TIpoBoauMocTel (puc. 10).

Yacmommuvie xapaxmepucmuku npocmenuiux yenei

[Tox BXOIHOM XapaKTEpPUCTUKOW LIENU NPU TAPMOHUYECKOM BO3JAEHCTBUU IIOHUMAIOT 3aBUCUMOCTh
€ro BXOJIHOTO KOMIUIEKCHOTO COTIPOTUBIICHUS - ZBX ((,)) WA TTPOBOJIMMOCTH - YBX ((,)) OT YaCTOTBHI.

10
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KomiuiekcHoi nepenaTounoil ¢pyHkuueid 1o HanpspkeHuro - K(j®) Ha3bBalOT 3aBHCUMOCTbH
OTHOIIICHUSI KOMIUIEKCOB BBIXOJHOTO HAIPSKEHUS K BXOJHOMY HAMPSOKCHHWIO OT YacTOThl. DyHKIHS
K( ](1)) npeacrasisieTcs AByMms 3aBucumocTsMu: AUYX wnm JIAUX - 3aBUCHUMOCTH MOAYJIS BXOJHOTO

curHana ot 4actoTbl 1 @YX - 3aBHCHMOCTB €ro ¢azbl OT 4acTOThI (cM. 1abd. padoty Ne30). IIpu pacuere
YaCTOTHBIX XapaKTCPUCTUK JIMHENHBIX ueneﬁ PCAKTUBHBIC CONPOTUBJIICHUA MHAYKTHBHOCTU U €MKOCTU
3aIUCBIBAIOTCS B QYHKIMM 4acTOTl: X, =L ¥ x. = 1/®C . [pennonaraercs, 4To CONPOTHBIECHUS
PE3UCTHUBHBIX 3JIEMEHTOB R OT 4acTOTHI HE 3aBUCHT.

PaccmoTpuM  pacd€r 4YacTOTHBIX XapaKTEPUCTHK HA IIPUMEPE CXEMBlI C IOCIEHOBATECIbHBIM
coenuHeHreM d1eMeHToB R u C (puc. 11).

o
|

U R '
1 U2
°
Puc. 11
BX0jHO€ KOMILIEKCHOE CONPOTUBIICHUE LIETN
.. U (jo ' .
Zpx(j0) = () =R - 1= Zyx ((D)CNBX(U)) ) 21)

I,(jw) oC

e Z, (0)=R*>+(/oC) u 1y, (o)=-arctg(l/oRC).

Zpx (o) Ypx ()
Om 0

1000 |- /Jfﬂﬂﬂﬁ,,ﬁ
0 [N e

L‘h‘-‘_‘_‘——
0 ® ®
0 1000 2000 0 1000 2000

Puc. 12

11



I  D'1'1-3k

Ha puc. 12 nzobpaxeHsl rpauku BXOAHBIX XapaKTEPUCTHK Z .y (@), Wiy (W), paCCUNTAHHEIX IO
dopmymnam (21).

KommnekcHas nepegarounast pyHKIMS 110 HANPsKEHHUIO OyIeT UMETh BUJL

U,(jo) R

K(jo)= 21— =— = =K(n)e'"®. (22)
Ui(jo) R-j/oC
AUX u ®YUX onpenensitcss COOTHOIICHUSIMU
K(w)= ! Ul o(w) = arctg(L) (23)
1+ (1 )2 oRC
oRC
Hns moctpoenus JIAUX onpenensiercst BETUUMHA
L(w)=201gK(w)- (24)
K(w) 20IgK(w) o(®)
1 \ T 90° __
. 500 \
; ® . - 0
% 1000 200 Yo 1000 2000 1000 2000

Puc. 13

Ha puc. 13 mnpencraBinensl rpaduku dYacTOoTHBIX XapakTepuctuk AUYX, JIAUX v DUX,

paccuuTaHHBIX 110 Gopmynam (22) — (24).
uR |
B

CT.
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Memoouka nposedeHus IKCnepuMeHmos

I[HSI HU3MCPCHUA BXOAHOTO KOMIIJICKCHOTI'O COINPOTHUBJICHUA - Z HGOGXOZ[I/IMO BOCITIOJIB30BaThCA
KOMOWHHMPOBAaHHBIM TIprOOpoM u3Mmeputenss MomHocTd U ¢azel (MM®D1). O mo3BoisieT MPOBOAUTH
HU3MCPCHHUA aMIUIUTYAHBIX 3Ha4YCHUU CUHYCOMJAJIBHOI'O TOKa W MAaACHUA HANPSIKCHUA Ha YYaCTKC
WCCIIeIyeMOH IIeMu, a TakKe pa3HOCTH (a3 MexXIy TOKOM M HampspKeHueM. V3MepurenbHas cxema

IpescTaBieHa Ha puc. 15.

I'emeparop
3T

HMd1
I U1 12

poe

Puc. 15

Jlnst  ompeneneHuss KOMIUIEKCHOM TepeAaToyHOr (QYHKIMHA 10 HaMpsSHKEHUI0 HEOO0XO0IUMO
BOCIIOJIb30BaThCSl KOMOWHUPOBAHHBIM MHpUOOpOM wu3MepHuTenss MomHoctd U ¢assl (MMD1). On
NaJeHUH HaNpsDKEHUS Ha ydacTKax

MO3BOJISIET NPOBOJUTH HM3MEPEHHs] aMIUIUTYAHBIX 3HAuYeHHUH
HCCIIelyeMOH 1IeTH, a TaKKe PasHOCTH (a3 Mexx 1y HUMH. M3MepuTenbHas cxema MpeacTaBiIeHa Ha pucC.

T'emeparop
31

VA

b1
Ul 12

[

—
L |

[ ]
L =

o

U2

Puc. 16

¥
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Pekomenoyemoe 3a0anue Kk pabome
1. Onwvimnoe onpedenenue napamempos pe3ucmopa KamywKu UHOYKMUGHOCMu U EMKOCmu
J17151 OIBITHOTO OIIPEEIICHUs IAPaMETPOB COIPOTUBIICHHUs, KaTYIIKU UHIYKTUBHOCTHU (LK R ¢ )
u KoHzeHcaropa - C cobepute cxemy 1o puc. 15. Perynstopbl reHeparopa yCTaHOBHUTH B IOJIOKEHUS,
o0ecreyrBaroIUe Ha BHIX0/I€ TAPMOHUYECKUHN CUTHAJI HAIPSHKCHUEM U,= 10 B (u3MepuTenp MOIIHOCTH
u ¢dassl (MM 1) ycranosuts B nonoxenne U, ) mpu gacrore f= 200 Iy uis M3MepeHHs TapaMeTpoB

pe3ucTtopa U KaTymku HHAYKTHBHOCTH U f = 2000 'l myist - koHmeHcaropa. M3mepuTeneM MOITHOCTH U
¢aspl n3mepbTe 3HaueHue Toka [ ero (aszy ¢ U pe3UCTOpa, KATYIIKH WHIYKTUBHOCTH M EMKOCTH.

Pesynbrarh 3anecure B TabnuIly 1.

Tabauma. 1
OJIEMEHT LIENHN £ U I o 7 Onpenensemblii
[Tapamertp
I'o B A I'pan OMm

Pesucrop 200 R=

Karymika 200 L,= | Ry=
WHJYKTUBHOCTHU

Konnencarop 2000 C=

2. OkcnepumenmanvHole UCCIe008AHUS YCIMAHOBUBUIUXCS 2APMOHUYECKUX NPOYECCO8 8 Yensx ¢
anemenmamu RL u RC

2.1. Jlns m3amepeHus BXOJHOTO KOMIUIEKCHOTO cOnmpoTHuBieHus Z nenei ¢ anementamu RL u RC
HE00XO0AMMO BOCIIONIB30BAThCs KOMOMHUPOBAHHBIM MPUOOPOM M3MepuTens MomHocTy U Gazsl (MMD1).
Jlst aToro cobparhk cxemy mo puc. 15. B kadectBe conporuiienust Z cobepute RL mnens. Perynsropsr
reHepaTopa YCTAaHOBUTH B TIOJOXKEHUS, OOECIEYMBAIONINE HA BBIXOIE TAPMOHUYECKUN CHTHAT

nanpspkerueM U, = 10 B (u3mepurens momnoctd 1 ¢assl (MM® 1) ycraHOBUTS B IOJIOKEHUE U,) npu
gacrore f = 200 I'n. M3mepurenemM MomHOCTH U (ha3bl U3MEPUTH 3HAYeHUE TOKa [ ero ¢pasy ¢ s RL
uenu. MeHsisi 4acToTy 3ByKOBOI'O T'€HEpaTopa 3arloIHUTe Taduuy 2.

Tabmua 2
f (I'm) 200 1000 5000
o (pan/c)
1 ( (1)) pacuer
OIIBIT
Z o () pacuer
OIIBIT
Wex () pacaer
OIIBIT

14
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2.2. B kauectBe compotuBieHus Z cobepure RL nens. IlpoBenute aHamoruyHble W3MEpEHUS.
JlanHble 3aHecuTe B Tabnuily. CpaBHUTE MOTY4YEHHBIE IPAKTUUYECKUE PE3yJIbTaThl C JAHHBIMU pacyera.
2.3. CoOparp cxemy no puc. 16. B kauectBe Z; mnoakmounte L, a B kauectBe Z; — pesuctop R.

VYcranaBnuBas yactoty reaeparopa f = 200, 500, 1000 u 5000 't u amrmumaryay U, = 10 B uzmeputs ¢
MOMOIIBI0 H3MEpPUTENIE MOMIHOCTH M (a3bl KOMIUIEKC JEHCTBYIOILETO 3HAUEHUs HaIpsHKEHUS
U2 :Uvzej“’2 PesynbraThl m3mepeHuil 3aHectd B Tabn. 3. CpaBHHTE MOJYYCHHBIC MPAKTUYECKUE
pe3yNbTaThl C JAHHBIMU pacyeTa.

Tabmua 3
f (T') 200 1000 5000
o (pan/c)

acuer
U pOHBIT
K((D) pacyer
OIIBIT

(p((D) pacyer
OIIBIT

201g K (o) pacuer
OIIBIT

2.4. TlpoBenure aHANOTUYHBIE M3MEPEHUS, BHIOMpAs B KA4eCTBE DJIEMEHTOB Z; U Z; DIEMEHTHI,
n3o0pakeHHbie Ha puc. 140 u 14B. PesynbTaTel n3Mepenuii 3aHectu B Taba. 3. CpaBHUTE MOITYyYCHHBIC
MPAKTUYECKHUE PE3YJIbTaThl C TAHHBIMU pacuera.

2.5. Tlo naHHBIM MPOBENEHHBIX SKCIEPUMEHTOB IOCTPOUTH TpadUKHd BXOJHBIX YACTOTHBIX

XapaKTePUCTUK MOJYIIS U YIJla BXOAHOTO CONPOTUBICHUS 7, (M) U Y4, (®), AUX - K(w)n JIAUX -
201g K(Q)) u OUX - (p((,)) B TE€X K€ OCAX, YTO U TEOPETUUECKHUE PACUETHI

2.6. IlocTpouTh BEKTOpPHBIE AUArpaMMbl TOKOB U HAIPSKEHUN MO SKCIEPEMEHTAIbHBIM JaHHBIM,
CHSATBIM U1 cXeMbl puc. 14,a st gwactotsl f = 2000w, a qys cxemsl puc. 14,6 - ms gactotsl £ = 1000 I,
MIPOBEPUTH MEPBBIN U BTOPOil 3akoHbl Kupxrogda B koMIiekcHoi Gpopme.

15



