HOBOCHUBUPCKUI TOCYJIAPCTBEHHBIM TEXHUYECKWI YHUBEPCUTET 4 N

HWJI TEXHUKHW SKCIITEPUMEHTA

PATKHUE METOAUYECKUE YKA3AHUA K JABOPATOPHOMY ITPAKTUKYMY
1O KYPCY «3JIEKTPOTEXHUKA» \_ J

9T3. PE3OHAHCHBIE ABJIEHUA B IIOCJIEAJOBATEJIBHOM KOJIEBATEJIBHOM
KOHTYPE

Tpeoyemoe obopyoosanue

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

2. KomOunupoBaHHBIN H3MepuTens MoHOCcTU U Qa3 UMdP1 1 wr.

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

DKCIEpUMEHTAIbHO U TEOPETUYECKH HCCIIEeN0BaTh PE30HAHCHBIE SIBJICHHS B TOCJEI0BAaTEIIbHOM
KoJie0aTeIbHOM KOHTYPE.

Kpamxoe meopemuieckoe 6seoeHue

PaccmoTrpuM  mocnenoBaTeNbHBIA  KOJICOATENbHBIM KOHTYP - Y4YacTOK II€TIH, COCTOSIIEH W3
IIOCJICA0OBATCIIHbHO COC,Z[I/IHéHHBIX QJICMCHTOB: PC3UCTOPA, MHAYKTUBHOCTH H émroctu. Ha BXO4 LCIIHU

(puc. 1) MOAKIIOYEH HMCTOYHUK TAPMOHHMYECKOTO HAMpPsHKCHHS u,(t)=U_sin(mt). B Takoit uenn
HaOII01aeTCs Pe30HAHC HAMPSKEHUM
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Puc. 1 Puc. 2

3anuimeM BTopoil 3akoH Kupxrodpa B KoMIUIeKCHOH ¢(opMme A aMIUIMTYIHBIX 3HAUYCHHH
HanpsHKEHUN
U,,=RI, +jx, I, —jxci, =Ug, +U, +Ug,. (1)

m
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VYpasHenue (1) no3BoJs€T ONPEAETNTh TOKU U HANPSYKEHUS Ha dJIEMEHTaX LIEMH.

1m 1m 1m _ Y

PR ¢ N N o
R+ jx;, —jxo R+j(x,—x;) R+jX Z Z

lm _

m
rie x, = ol ; x c = 1/ ®(C ; X — cyMMapHO€ pEaKTUBHOE CONPOTHUBJIEHNE BETBH; 7/, = R + jX =7e' -
KOMILJIEKCHOE COITPOTHUBIICHUE BETBU; Z — MOAYJIb; ( - YTOJI CONPOTUBIICHHUS.

W3 BeIpaskeHus (2) MOXKHO OTPEICNIUTh aMIUIUTYIHOE 3HAYCHHE TOKA U ero (azy
1,(@)=U,, (@), V(@) =~0(O),

VYcinoBueM pe3oHaHCa  HaNpsHKEHUH SIBJISIETCS  PABEHCTBO PEAKTUBHBIX COMPOTHBIICHUM
X, =x . oL =1 / ®C u X=0. [Ipu 3TOM yCIIOBUH MOXET OBITh ONpeiesieHa Pe30HAHCHAS YacTOTa

w, =1/+/LC. 3)

Ha puc. 2 nokasana BEKTOpHasl quarpamMma HampsDKEHUH AJI1 KOHTYpa B pPEXHMME pe3oHaHca. B
9TOM PEKHMME BXOJHOW TOK JOCTUTaeT MaKCUMaJIbHOIO 3HAYCHMS M €r0 aMIUIMTYIHOE 3HAYCHUE PABHO
Iy, =U,,/R- Ecmn R sBIsSeTCs aKTHBHBIM CONPOTHBICHHEM MPOBOAOB KATYIIKH, TO MOLIHOCTbH

2
1,"R .
p=-m YUUTBIBACT AKTHBHBIC IMOTCPU MOIIHOCTHU B HCH. HOTCpI/I MOIITHOCTU B KOHACHCATOPEC IJIA

HU3KHUX U CPEJHUX YaCTOT COCTABIIAIOT MaIyI0 BEJIMYHMHY U B €0 CXEME 3aMEILECHHS HE YYUTBHIBAIOTCA.
AMIUIMTYAHBIE 3HAUEHUS] HANPSDKEHUH Ha peakTUBHBIX deMeHTax L u C B pexxuMe pe3oHaHca MOTYT
3HAQYUTEIILHO IIPEBBIIIATE BXOAHOE HANIPSHKEHUE

XL o_ Xc
1m -

Upn(@y) =Uc, (0y) =1y, x, =1y, xc =U =U,, %’ “4)

0m

rac p - Xapakmepucmudeckoe conpomueierue Imocjea0BaTCIbHOIr0 K0J1Ie0aTeJIbHOIO KOHYpa

p=o,L=1/0,C=,L/C. (%)

Otnowernne Q =p /R- Ha3bIBaeTCs 00OpomHocmblo KOHTYypa. JlJii KOHTYpPOB, MPUMEHSEMBIX B

pPaauodIeKTPOHUKE, BeTnunHa Q JOCTUTAET ACCITKOB U COTCH €IMHMII.
[Ipu aHanmu3e 4aCTOTHBIX CBOMCTB KOHTYpa MCHOJB3YIOT YaCTOTHBIE XapPAKTEPUCTUKH BXOIHOTO

CONPOTUBJICHUS - 7, i) U BXOOHOTO TOKAa - | (j®), @ TAaKKE€ KOMIUIEKCHBIE IIEPEIaTOYHbIC
Lpx ] m\J

GbyHKIUY 1715 HanpsHKEeHUsT Ha UHYKTUBHOCTH

K, (jo)=U,,(j®)/U,,(jo)

U HaIIpsDKEHUs Ha EMKOCTH

Ko (jo)=Ug, (jo)/U,,(jo)-
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W3 (2) mosnyyaem 4aCTOTHbIE XapaKTEPUCTHKH JUISI TOCIEI0BATEIHLHOI0 KOJIEOAaTEIbHOTO KOHYPA.

3aBHCHUMOCTH MOAYJA U yriia KOMIINICKCHOT'O BXOAHOT'O COITPOTUBIICHHA OT YaCTOTEI

oL -1/oC
Zy (@) =[R” + (0L ~ /oC) n g, (w)=arctg T/ -
Zgx () ¢z (w)
200 o
90 ZMKOCTHOM
xapakTtep
ConpoTMBREHMs]
100 0
MHOYKTUBHbIV
xapakTtep
o CONpOTUBEHMS
0 -90
0)
Puc. 3

Ha puc. 3.3 npencraBieHbl YaCTOTHBIE XapaKTEPUCTUKH MOAYJIS U YIJla BXOJAHOIO COIIPOTUBIICHUS
KOHTYpa, paccuuTaHHble M0 ¢opmynam (3.6) s pa3snuuHbIX 3HaUYeHUN go0poTHOCTH - Q. Ha rpadukax
BUIHO, YTO BXOAHOC COIPOTHUBJIICHUC AOCTUIaCT MUHHUMAJBHOI'O 3HAYUCHUSA IIPU pGSOHaHCHOﬁ qacToTe

ZBX :ZMHH =R ¥ MakcuMalbHOE€ 3HA4Y€HHE IIPU YacTOTax ®, —(0 u W, —> oo. Xapakrep

BXOJHOI'O COIIPOTHUBJICHUA B AWAIIA30HEC YacCTOT 0< 0n< (DO ABIACTCA €MKOCTHBIM, a B AHWaIla3oHE

®, < WL oo - UHAYKTUBHEIM.

Iﬂ'l (a))
0.2 X .
Q 2Q, 90
IO = U_IL o
O. 1 m RM O
( ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
/)‘ \\\\ 1
/l 0)0 = 1%
0 4 0 ~90°
1000 3000
a) 5)

Puc. 4
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3aBUCHMOCTH AMINIMTYAHOT'O 3HAUYCHUSA BXOJHOI'O TOKA U €ro (1)331:1 OT 4aCTOTHI

U oL —1/oC
1, (®)= L 1 ) =—arctg]| ————|. (3.7
JR + (0L - 1/oCy %) g( R )

Ha puc. 3.4 noka3aHbl 3aBUCUMOCTH AMIUIMTYJHOI'O 3HAY€HHUs BXOJHOIO TOKa U ero (¢aspl OT
YacTOThI, pacCCUUTaHHBIE 110 (opmynam (3.7) Uit pa3THUUHBIX 3HaYeHU# 100poTHOCTH - Q. Kak BuaHO U3
rpaMKoB, TOK JOCTHIaeT CBOEr0 MAaKCHMaJIbHOIO 3HA4YEHUs NPH PE30HAHCHOM YacToTe M HYJIEBOIO
3HA4YEeHUs IPU YaCTOTE, PABHOM HYIIO U OECKOHEYHOCTH.

201gK (o) 0 Py (0) )
nb
RS RAN 920, 2000 3000
®) /,,\: —45° Q2Q,
7 RN 3000 -
Ory Ory _135°
-10 1000
—180°
a) 0)
Puc. 5

AYX u @YX ona Hanpsadcenus Ha EMkocmu

Kc(w)= - A : o Qe (0)=-90° — arctg(mL_—l/wC). (8)
JR? + (0L - J/oC) R

Ha puc. 5 nokazansr JIAUX -201gKC ((D) n OUYX - O ((,)) B kauecTBe BBIXOIHOTO

HaIpsDKEHUS 3a/J1aHO HAMpsDKEHWE HAa EMKOCTH. XapaKTEePUCTHKU IOCTPOCHBI 1o  dopmynam (8).
BoixonHoe HampsikeHue U, cienoBatenbHo, JIAUX mocTuraroT cBOEro MakCMMalabHOTO 3HAYEHUS TMpHU

pesonance. MakcnMyMmbl XapakTepuctuki K .((0,) HpH PE30HAHCHOW 4aCTOTe HE COBIALAIOT U TeM
OombI1Ie, YeM HIKe J0OpoTHOCTE Q (puc. 5,a).

Xapakrepuctuku (6) — (8) ymoOHO CTPOUTH B 3aBUCHMOCTH OT OTHOCHUTEIBHOM YacTOTHI
Wy = (,)/ o, =f / f, - B (6) — (8) yunThIBas XapaKTEPHCTUICCKOE CONPOTHBICHHE - P u noGporHocTs —

Q, a Takxe

oL -1/oC= \/%((DOT ~1/oor)=plogr —1/ogr ),
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MOJIy4YUM

Zpx ()= R\/l +Q* (wor —l/oor )} 1 @ (0) =arctgQ(wor — /ooy ): (9

Ui, " B .
¢; () = —arctgQ(woyr — /0ot ); (10)
R\/l + 0% 0y — 1oy, )

Q

®ot \/1 +Q? ((DOT —1/®or )2

Bennuuny E_':Q((DOT _1/(,) OT) Ha3BIBAIOT 0000WéHHOU paccmpotikot. JIns pe30HaHCHOTO

1, (0)=

Ke(w)= 1 @y () =-90° —arctg(wgr — 1/ )- (1)

peXrMa BeTM4UHA &: 0. HacToTHbIC XaPAaKTEPUCTHUKH YaLle CTPOIT B QYHKLUU YaCTOTH (), M - O,

pexe oT paccTpoiiku - & .

C 1enblo OLIEHKH YPOBHS NCKAXKEHUsI CUTHAJIOB JJIs1 KOJIE0aTEeIbHOTO KOHTYPa UCIOIb3YIOT OHATHE
nosiocsl nponyckanus (II). Ilonocou nponycrkanus xKOHTypa Ha3bpIBalOT AMANA30H 4YacTOT, B KOTOPOM

AYX ymeHnblIaercs He Oosee, yeM B V2 pa3 110 CPaBHEHHUIO C €€ 3HAYECHHUEM IIPU PE30HAHCHOM 4acToTe,
410 cooTBeTCTBYET Ha JIAUX ymeHblIeHHI0 XapakTepucTuku Ha —3 ab (puc. 5,a). Ilonoca npomyckanus

koHTYpa [ = ., — O, TA¢ M, ¥ ()., - TPAHAIHBIC YACTOTHI IIOIOCHI POIYCKAHHI.

Ilpeosapumensvhulit pacuem

Jlyis mpeiBapuTeNbHOTO pacdyeTa 3JIEKTPUUECKON CXEMbI PUC. HCTIONb3YHWTE CIEIYIOIINE JIEMEHTHI
crerna C3-OM1:
— B kauectBe xonnencaropa C Beibepute oauH u3 caeayromux: C1(0,022 mx®d), C2(0,033 MxdD) wim
C3(0,047 Mx®d);
— B kauectBe uHnykTUBHOCTH L BBIOEpHTE L (LK =10 mI'H RK =12 Owm);
— B kauectBe conporusienus KoHtypa R Beioepure onun u3 cinenyronmx: R1(68 Om) i R2(150 Om)

J1g  MONy4eHHOM CXeMBl MPOBEIUTE IPEABAPUTEIBHBIA PACYET KOMIUIEKCHI AMIUIUTYIHBIX
3HAQYEeHUH TOKa [ , Hampsokenud U, , U, Hu U, , KOMIUIEKC BXOAHOTO CONPOTHBICHUA /.. ,
KOMIUICKCHYIO MEePEIaTOuHYI0 (QYHKIIUIO - K (jo)=Ug,(jo) /Ulm , 3Hauenne JJAUX - 201gK C(Q))
u QUX - @, (W), pe3yabTaThl KOTOPBIX 3aHECHTE B tabmuubl 1 u 2. J{ng Bcex pacyeToB NPUHSATH:
U,, =28 uf=(1000, fo u 15000) ['u. [list pacCYMTaHHBIX PEKUMOB TIOCTPOUTH BEKTOPHBIEC JAHArPAMMBbI

TOKOB U HaIIPSIKEHUMN.



Tabaua 1
f (') 1000 fo 15000
 (pan/c)
U (j) pacier :
OTIBIT
Uy pacter :
OTIBIT
Uen(j) pacter :
OTIBIT
I'm (jo) pacuer -
OTIBIT
Zyn(j0) pacser :
OTIBIT
. _ * . acye -
Kc(jo) = U (jo)/U, | Pt
OTIBIT
201gK . () pacuer -
OTIBIT
Py (@) pacter _
OTIBIT
Tabmuna 2
f, ®, Q P fr frs
I'a pan/c - OMm I'u I'm

Pacuer

OngsIT
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Memoouka nposedeHus IKCnepuMeHmos

I[HSI HU3MCPCHUA KOMIIJICKCA aMINIMTYAHOI'O 3HAYCHUA TOKa Im N KOMIIJICKCHOT'O BXOJHOTI'O

U
COTPOTHBIIEHHS - Z = —" HeoOXOUMO BOCHOIb30BATHCS KOMOMHUPOBAHHBIM TIPHOOPOM H3MEpPHTENS

m
momtHocTH Hu (assl (MM®P1). OH mno3BoisieT NPOBOJAUTH H3MEPEHUS aMIUIUTYIHBIX 3HAuCHHM
CHUHYCOUJAJIBHOIO TOKA M MaJeHHs HalpsHKEHUs HAa y4acTKe MCCIeyeMOM LeMnu, a TakXkKe pa3HOCTH (a3
MEXy TOKOM U HanpsbkeHueM. Mi3mepuTenbHas cxema MpeacTaBieHa Ha puc. 6.

T 1 :o-n-c-- :
Teneparop HM®1 - !
31 : .
[ Ul U2 ; :
P o1 [z

Puc. 6

Jluist onpejiesienus KOMIUIEKCa aMIDTUTYHOTO 3HAYEHHs HAMpPsHKEHUs Ha snemente Z2 (U > Upn

u U, ), KOMIUIEKCHOH TepeaTouHodl (YHKIMH 1O HANPSKEHHI0 HEOOXOMMO BOCHOIL30BaThCS

KOMOWHHMpPOBAaHHBIM TIprOOpoM u3Mmeputesss MomHocTd U ¢azpl (MM®D1). O mo3BomsieT MPOBOAUTH
M3MEPECHUS aMIUIUTYIHBIX 3HAYCHUNM MaJCHUM HAIPSOHKEHUS HA y4acTKaX MCCIECLYEeMOM LENU, a TaKkKe
pasHocTH (a3 Mexay HUMH. Vi3MepuTenbHas cxema rpeicTaBiieHa Ha puc. 7
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Pekomenoyemoe 3a0anue Kk pabome

1. Cobpare cxemy mo puc 6. B kadecTBe HcCClieyeMO#l IleNu, BXOIHBIM COMPOTUBICHHEM Z
cobepute cxemy puc. 1. JIys 9T0¥ cXeMbl HOMHUHAJIBI SJIEMEHTOB RM, L 1 C H0mKHBI COOTBETCTBOBATH
3HAUEHUSM, BBIOpaHHBIX TNPU pacueTax. Y CTaHOBUTH aMIUIUTYy HampspKeHUs reHeparopa U , =2B.
OmnpenenuTh Pe3OHAHCHYIO 4acToTy f| ). [l 9TOro MiIaBHO M3MCHSS YacTOTY IeHepaTopa f or 1000 nmo

15000 't HEOOXOAMMO MONYYUTh PA3HOCTH (ha3 BXOJHOTO HANPSKEHUS U ToKa - ¢ (mokazanue IM®1 B
pexxume u3MepeHus (a3l MeXAy HampsbKeHHEM W TOKOM), paBHYIO Hymio. [Ipu sToM TOK B 1enu
JOCTHTAeT MAaKCUMaJIbHOW BeMWUYWHBI (1okazanne UM®1 B pexxuMe u3MepeHus Toka). 3ajaBasi 4acTOTy

renepatopa f =1000, f0, 15000 Tu, wm3meputs ¢ mnomombio HMM®D1 wusmepeHus KomIuiekca
aMIUTATY/IHOTO 3HAYEHMsl TOKAa [ W KOMIUIEKCHOTO BXOJHOTO CONPOTHBIEHHS Z. PesymbraTsl
W3MEPEeHUH 3aHecTy B Ta0m. 1 u 2.

2. B cxeme puc. 7 IOCICIOBATCNBHO BKIIOYAas B KauyeCTBe dIeMeHTa Z2 pesuctop R, u
MHIYKTUBHOCTh |, M 3ajaBas uyacToTy redeparopa f =1000, f , 15000I, M3MepUTH C MOMOIILIO
nprbopa UM®1 KOMIUIEKCHI JCHCTBYIOMIMX 3HAYEHWN HANPSOKCHHS HA PE3UCTOpe [/ R :UUzef‘P U

KaTYIIKE UHIYKTUBHOCTH (] I = UU2ej ¢ . PesynpTaThl n3MepeHuil 3aHeCTH B Ta0I. 1.

3. B cxeme puc. 3.7 nmoMeHATh MecTamMM Karymky [, u konaeHcarop (. 3amaBas 4acTOTy
reneparopa f =1000, £y 15000 I', m3mepuTh ¢ momorpbio nprbopa MM®1 KOMIUIEKCHI JEHCTBYIOMNX

3HAYEHUI HANPSDKCHUsI HA KOHJEHcarope [/ Cm = UUzef‘P. PesynbraTtsl u3mMepeHuii 3anectu B Tabdm. 1.

IImaBHO M3MEHS YaCTOTy BXOAHOI'O CUrHalia, OoImpCaAciInTbh HUXKXKHIOKO - fFl " BCPXHIOIO - frz T'paHUYHBIC
YaCTOThI ITOJIOCBHI MPOITYCKaHU:. YacToThl OMpPCACIIAIIOTCA IO YPOBHIO HAIIPSPKCHUA HAa KOHACHCATOPC

Ucn Fr)=Ucn(fr2)=Ucn(f0 / /2 . Pe3ynbTaThl u3MepeHuii 3anectu B Ta6m. 2.

4. Ilo nanHbIM 3KcriepuMeHTa (Tabm. 1) ams cxemsl puc | paccuuTaTh UM MOCTPOUTH TIpaduKu
BXOJIHBIX JACTOTHBIX XapaKTEPUCTHK MOAYIS U Yria BXOJHOTO CONPOTUBICHUA 7 . (M) ¥ Yo, (M),

AUX - K o ((,)) n JIAUX - 20 lg K c ((,)) n PUX - Ox ((0) B TE€X K€ OCAX, YTO U TEOPETUUYECKUE PACUETHI
nmoAroToBku K pabote. Ilo skcrepuMeHTanbHBIM JAHHBIM OIpPEACTUTh TOOPOTHOCTH KOHTypa - Q,
XapaKTePUCTHUUECKOE COMPOTUBJICHHUE - P U TPAHUYHBIE YACTOTHI MOJIOCHI IPOMYCKaHUs KOHTYpa - fFl u

f,

r2°
3aHecTd B Ta0n. 1 u 2.

OTtmetuTh Ha rpauKax TpaHUYHBIE YAcTOTHI M TIOJOCY MPOIyCKaHHs. Pe3ympTaTrbl pacyeToB

5. Tlo maHHBIM KCIEPUMEHTA, CHATHIM ISl 4aCTOT f= 1000, £ o ¥ 15000 I'rg (Tabu. 1, cxema puc

1), HOCTPOUTH BEKTOPHBIE 1UArPaMMBbl TOKOB M HANIPSIKEHUM.

6. CpaBHUTE MOJYyYEHHBIE PE3YIbTATHI C TEOPETUUECKUM PACUETOM.



