NabopatopHana paboTta Nob6.
KOHAEHCATOP U PESUCTOP B LLEMX NEPEMEHHOIO TOKA

Uenb pabotbi: Viccneposatb cxemy ¢ NocieaoBaTe/lbHbIM COeANHEHNEM
KOHAEHCAaTopa W pe3ncTopa, MOCTPOUTb BEKTOPHYI AMArpammy TOKOB W

HaNPAXEHWUI, TPEYrosIbHUKN CONPOTUBAEHUA U MOLLLHOCTEN

KpaTkue cBegeHus n3 teopum
MepeMeHHbIe TOKM U HanPAXEeHUA 3MEHAIOTCA MO CUHYCOMAANIbHOMY 3aKOHY
u = Uy sin(ot + ),

i = Iy sin(ot + v);

roe |y, Un— amnanTygHble 3HaYeHus;
® — yrnosas vacrota, o = 2% f; f — vacrora;

Wi, Wy — 3HaYeHMA HavanbHoum dasbl.
CuHyconganbHble ¢yHKUMM (pucyHOK 1,0) yaobHO npeactaBnaTb Kak
NPOEKLMM BPaLLAOLWMXCA BEKTOPOB (pPMCYHOK 1,6) Ha BEPTUKANbHYIO OCb.
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PucyHok 1 — N306parkeHne nepemeHHbIX TOKOB WU HaNpPsAXKeHUN CMHycongamm
(@), npoeKumaMM BpaLaloWMXCa BEKTOPOB (6) U BEKTOPaMK AENCTBYHOLLMX
3HaAYeHW Ha KOMMJIEKCHOM NIOCKOCTH (8)
3pecb @ —yron casura gpas mexay TOKOM U HaNpsAXKeHUeM.
B pacuéTtax M Ha BEKTOPHbIX AMarpaMmax WMCNONb3yHT AencTsyowme
3HAYEeHMA MEepPeMEHHOro TOKAa W  HAanps)KeHWa, KOTopble MeHblue
1=1,/v2; u=u,/\2.

AMNINTYOHbIX B \/E pas



Ha BekTopHOM Amarpamme (pucyHOK 1,8) Ha KOMMAEKCHOMW MI0CKOCTU
TOKM W HaMpA’KeHWsA MOKa3blBaloT B BUAE BEKTOPOB, ANMHA KOTOPbLIX, B
COOTBETCTBYIOLLEM MaclTabe, paBHa AEWUCTBYIOWEMY 3HAYeHWlo, a
HanpaBs/ieHWe COOTBETCTBYET HayanbHOM dase.

Hanps)keHne Ha KOHAeHcaTope MponopuMOHANAbHO MWHTErpany ot
NPOTEKAlOLEro Yepes Hero ToKa

Ue = éjidt =%I I, sinot = CL—”C‘:sin(cot -90°)

raoe C — éMKOCTb.

HanpsaxeHne Ha naeanbHOM KOHAEHCAaTope OTCTAaéT OT TOKa no ¢ase Ha
90° (anekTpuuecknx). COOTBETCTBEHHO TOK Yepe3 KOHAEeHCaTop onepexKaeT
Ha 90° npunosKeHHOoe HanpsXeHue. 3HaueHMA HanpPAKeHWA M CUbl TOKa B
KOHZEeHCaTope CBA3aHbl Yepe3 eMKOCTHOE COMPOTUBEHME
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Uec =Xcl, rae Xc_u)_C_ SdC

KoHaeHcaTop He notpebnseT sHepruto. 3apaxascb, OH eé 3anacaerT, a
pa3pArKaAcb — OTAAET, NOSTOMY OH HA3bIBAETCA PEAKTUBHbLIM 3JIEMEHTOM.
EMKOCTHOE cCOnpoOTUBAEHUE ABNAETCA PEeaKTUBHbIM. TaKKe peaKTUBHA
MOLLHOCTb 0OMEHA 3HEPrMen meXKay KOHAEHCATOPOM M NUTAOLLEN Lienbto

, B KomnnekcHom Buge Uc= —j Xc |
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Qe =xcl?= v _ ®CU 2 =2rfCU? | 8 komnnekcHom suge — jQc = — joCU%

Xe
Npw nocneaoBaTeIbHOM coeMHeHNN
1 i ||C KOH/JEeHCcaTopa M PesmncTtopa MX COMpPOTUBAEHMSA
I CK/1a[1bIBAIOTCA, HO 3Ta CYMMa He apudmeTnyecKasn
Ukr @, M He anrebpanueckas, a reomeTpuyeckas.

v MonkHoe conpotusnenne Z =/R*+ X¢ .

B komnnekcHom Buge Z=R—jXc.

Mo anemeHTam TeYéT OAMH U TOT e TOK |, KoTopbI cuMTaem
AeNCTBUTEIbHBIM M HAnpaBAsiemM MO FOPU30HTA/IbHOM OCM.

Ur 1 —,  HanpseHnve Ha pesuctope Ug = I'R, coBnagaet no ¢ase ¢
TOKOM. HanpskeHune Ha koHaeHcaTope Uc = |- Xc, oTcTaér no

J UNUe dase ot Toka Ha 90°, B KomnnekcHom Buae U= —j Xc |,

ero OTKNajblBaeM BepTUKaNbHO BHU3. CymmapHoe
HanpaxeHne U =Ug+ Uc oTcTaét no ¢pase ot Toka | Ha yron @.



‘HO,CI,O6HbIMVI oyayT TPeyrosbHUKK

R
P o
conpoTmBaeHuit co ctopoHamu R, Xc u Z, a Takxe
7 c Oc TPeyro/ibHUKN MowHocTen co ctopoHamu P, Qc un S.
S MonHas MOLHOCTL S =JP2 +QZ, B KOMM/IEKCHOM

Buge S = U-1*= P — jQc. 3mecb |I* - KomnneKkcHo-
COMPAMKEHHbIA BeKkTop Toka. KoadouumeHT mowHoctm cosp = P /S
MOKa3blBaeT, KaKad YacTb IHEPIrUM, LIUPKYJMUPYIOLWEA MeXAY UCTOYHUKOM U
HarpysKkoi, noTpebnsetca. KoHgeHcaTop He NOTpebaseT sHepruto, a 3anacaet
M OTAQET; OH OOMeHMBaeTCcA 3HeprMen C NUTAKLWEN CeTbio, NMO3TOMY €ero
COMPOTUBNEHNE U MOLLHOCTb — PEaKTUBHble eMKOCTHble. Mpu pacyéTtax B
KOMMJIEKCHOM BUE OHWM YMHOKAKTCA Ha —j, TAE j — MHUMas eanHNULA.

CneayeT NOMHUTb, YTO NpPU YBEJMYEHUN EMKOCTU KOHAEHcaTopa, a
TaKXe 4acToTbl TOKA, COMPOTUB/IEHUE KOHAEHCATOpa YMeHbLUaeTca
(0o6paTHO-NpoNOpLUOHANBLHO EMKOCTU U YacToTe)

MopaAaoK BbiNOAHEHUA PaboTbl

1 [1BOVHbIM LWENYKOM MO MKOHKe S# OTKpbITb nporpammy Multisim. U3
rpynnbl 37iemeHToB * [UCTOUHUKK] (B 1eBOM BepxHeEM yray, WENKHYTb ABa
pa3a NeBOW KNaBWLIEN MbIlIM, OTKPOETcA OKHO [Bblbop KomnoHeHTa]) 13
6a3bl AaHHbix [POWER_SOURCES] B pabouylo 30HY NepeHecT WUCTOUYHUK
nepemeHHoro Toka [AC_POWER] v 3a3emneHne [GROUND]. U3 rpynnbl Basic
(npaBee) nepeHectn pesuctop RESISTOR v KoHAEHCATOp MNepeMeHHOM
émrocTv VARIABLE_CAPACITOR (noBepHyTb).

C naHenu [MameputenbHbie Npubopbl] (BepTMKanbHasa nosoca cnpasa) B
pabouylo 30HY nepeHecTM ABa MyAbTUMETpa, BaTTMETp, ocuuanorpad wu
[ATYMK TOKa (BHU3Y NaHenn).
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PucyHok 2 — Cxema nocnenoBaTeNbHOro CoeguUHEHMA KOHAEeHCaTopa U pe3ncTtopa



2 Cobpatb cxemy. [laTyMK TOKA YCTaHAB/IMBAETCA HA NpPOBOA,. YCTAaHOBWUTb
HanpsaxeHne nctodHmnka 220 B, 50 Ny, conpotmeneHune pesuncropa 100 Om, EMKOCTb
KoHaeHcatopa 30 mMK® (uF, BmecTo rpeyeckon BOyKBbl | WCMO/Mb3yeTcs
aHrnuiickan u), ynpasnstowyto Knasuwy Key=C. PacKpbITb NpMbopbl ABOVHbIM
LLLeNYKOM, PACMONOXKUTb MX KaK MOKa3aHo Ha pucyHke 3. Caenatb MynbTUMETP
XMM1 amnepmeTpom nepemeHHOro Toka, a XMM2 — BONbTMETPOM NepemeHHOoro
ToKa. Ha ocupnnorpacde ycraHOBUTb pa3sEpTKy 5 Mc/aen, 4yBCTBUTEIbHOCTb KaHasa
A — 100 B/pen, kaHana B — 1kB/gen, cMHXpoHM3aLmio 0HOKPaTHYHO — OgH.

Cpoenatb NpoBoOA MAyLLMIA K BXoAy A ocupnnorpada CMHUM — BblAEAWUTb NPaBO
KHOMKOW M YCTAHOBMUTb LiBET — OCUM/IONPAMMa HanpaXKeHWs byaeT CUHEN.
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PucyHok 3 -- Mprmep pacnonoeHua naHenei nsmeputebHbIX Npubopos

3 3anyctutb moaenvpoBaHue P, Ha npubopax NoABATCA NOKasaHWsA, Ha
ocumnnorpade — cuHyconapl. YBMAETb UTO HanpsxKeHue (CMHee) OTCTaéT no
¢dase o1 Toka (KpacHoro). MokasaHus Npubopos 3aHecTn B Tabanuy 1.

4 PaccunTtaTb emKocTHoe conpoTusaeHune X¢ = Uc /l; HanpaskeHne Ha
pesuctope Ug =1 R; nonHyo mowHocts uenu S =U - |, BA (BonbT-amnep);
PEaKTUBHYIO MOLWHOCTb KoHaeHcatopa Q = Ucl, Bap (BonbT-amnep
peakTuBHbIN); 3aHecTn B Tabauuy 1. PaccumTtaTb KO3GOUUMEHT MOLLHOCTU
cosp =P /S (cpaBHUTb C U3MepeHHbIM 3HaYEHNEM U3 TabuLbI 1).



Tabnunua 1 — NccnepoBaHue coeanHeHNA KOHAeHcaTopa M pesnctopa

C,% | C,mkd | P,BT | cose | I,A | UgB | X;,Om | Ug,B | S,BA | Q, Bap

30%

50 %

100 %

5 MosToputb MamepeHua u pacyétbl ana C 30 % n C 100 %, ymeHbLuas
éMKOoCTb Knasuwamu Shift + C, ysennumsan — C, asblk EN. MNpu nsmeHeHum
éMKocTM ncnosb3osatb octaHosky M 1 NoOBTOPHLIN 3anycK

6 3ameTuTb, 4TO npn ymeHbleHUn EMKOCTH conpoTtunsBieHne KoOHOEHCATOpPa
nepemeHHoOMy TOKY yBE/IMYMNBAETCA, a NPUN yBESIMYEHNUN — YMEHDbLLUAETCA.

7 MoCTPOUTb BEKTOPHYIO AMarpaMmy TOKOB M HanpaskeHuin ansa onbita C
50% (ykasaTb macwTtabbl A/cm, B/cm. MocTponTb TpeyrosbHUK CONPOTUBNEHUI
(ykazaTb macwtab Om/cm). MMOCTPOUTb TPEYrofibHUK MoLLHOCTel (yKasaTb
macluTab Bt/cm). YbeauTbca YTo OHM NOA0BHbBI TPEYTOIbHUKY HanpaXKeHUA.

CopeprkaHue oTyeTa

1 HaumeHoBaHMe U Uenb pPaboTbl.

2 Cxema wuccnegoBaHMA — BATTMETP  KPYXOYKOM, MY/IbTUMETPDI
KPY*KOUYKamMm.

3 Tabanua 1 pesynbTaToB U3MEPEHUN U BbIYUCAEHUN.

4 Pacuét conpotusnermnsa X¢ = Ue /l; Hanpsaxenus Ha pesuctope Ug = I'R;
nonHo mouwHoctn uenn S =U - |, BA (BonbT-amnep); peakTMBHOMW MOLLHOCTU
kKoHaeHcaTopa Q = Uc-1, Bap (BosbT-amnep peakTmBHbIN) s onbita ¢ C 50%.

5 BekTopHaa Aguarpamma TOKOB W HaMpPAXKEHWW,  TPeyrosbHUK
COMPOTUBNEHWNI U TPEYIO/IbHUK MoLLHOCTel ansa onbita ¢ C 50%.

6 3akntoveHue no paborTe.

KoHTposbHble BONpOCHI

1 OT Yero v KaK 3aBUCUT CONPOTMBIEHNE KOHAEHCaTopa?

2 lMoyemy CONPOTUBAEHNE KOHAEHCATOPa Ha3bIBAETCA PEAKTUBHbLIM?

3 Kak CNoXuTb COMPOTMBAEHWME pe3ucTopa M KoHAeHcatopa npu
nocnefoBaTeNbHOM COeANHEHUN?

4 KaK MCnonb3oBaTb NPM 3STOM KOMM/IEKCHblE YMcaa?

5 KaK cTpoATca TpeyroNbHUKM CONPOTUBAEHNI?

6 KaK C10XuUTb HanpsAXKeHUA Ha pe3ncTope M KoHaeHcaTope?




7 Kak cTpoutca BeKTOpHaa AuMarpamma TOKOB U HanpaXeHun?

8 Kak cKknaabiBaeTca akTUBHAA U PeaKTUBHAs MOLLHOCTUN?

9 Kak ucnosib3oBaTb NpM 3TOM KOMIMIEKCHbIe Yymcaa?

10 KaK cTposaTca Tpeyro/ibHUKU MOLLLHOCTEN?

11 Y7o nokasbiBaeT KO3pPULUMEHT MmoLLHOCTM cosP? Kak ero onpeaenvts?



