Ypok-5.
NMACCUBHbLIE PAOANO3JIEMEHTDI

BOT Mbl ¥ NOAOLUIM B NJIOTHYO K U3yUEHUIO CAMOM 3JIEKTPOHUKMU. [10 3TOro Mbl U3yyasiu B OCHOBHOM 3J1IEMEHTbI
3/IeKTPOTEXHUKU, KOTOPbIE AJI HAaC O4YEeHb BaXKHbl. DTOT YPOK Tak e, 6yeT oyeHb HacbilWeHHbIM U TpebyeTt oT Bac ocoboii
YCUAYUBOCTU U MOHUMaHUSA. A cCaMoe raBHOE, YTO Yepes3 Napy TaKMX Cepbe3HbIX YPOKOB KaK 3TOT, Bbl CMEJIO NMPUCTynuTe K
c6opke u naiike CBOMX NepBbIX NPOCTEHbKUX YCTPOMCTB. DTO KOHEYHO AO/HKHO Bac B360ApuTb U 406aBUTb CTUMYNA, YTO6bI
NpoOMTU U OCBOUTb BCE YPOKM A0 KOHUA. NMoBepbTe MHE, ecniu Balua nepBas KOHCTPYKuuA 6yaer pa6oTaTb C NepBOro MOMeHTa
rnopauv Ha Hee NMUTaAHUA, TO 3TO B NEpPBYIO ouepeab 6GyAeT Balwia 3ac/syra M BaluM oAbl TIWATESIbHOMO U3yUYEHUA U aHanu3sa
YPOKOB. [laHHbIl YPOK, KaK U npeabiayLmnii, paccumMTaH Ha 3y6perkky. Bce UTo Bbiie/ieHO KPAaCHbIM KYPCUBOM HY)XHO
3ayumBaThb, flaXKe €CJZIN Bbl MOKA HUUYEro He NoOHMMaeTe. Bce UTo BbiAeseHo YepHbIM KYPCUBOM, HY>KHO MPUHSATb K CBEAEHUIO
M panee pyKoBOACTBOBATbCSA 3TUMM NMOHATUAMU. DOPMYJibl KOTOPbIE NPUBOAATCA, TOXKE HYXKHO 3ayuuBaTtb (Ana yero? S
AYMalo - NOACHATb He Haao). NMpaKTUUYecKoro 3aaHna B 3TOM YpoKe He 6yAeT, Tak KaK OH pacCuuTaH, KaK MU npeabiaywmii Ha
TWaTeNbHOE U3yyeHue n aHanms. MHTepecHble NpakTUYeckne paboTbl y HAC HAYHYTCA € 8 - ro U aanee ypokos. K atomy
MOMEHTY, 1 AYMal0o UTO y Bac 6yAeT y)ke fOCTaTOYHO 3HAHUMA.

PE3NCTOPbDI

370 AeTann, noxanymn, Hambonee 4yacTo NpUMeHseMbl. B TPaH3UCTOPHOM MPUEMHUKE CPeAHEN CTOXHOCTU, HanpuMep, X MoXeT
6bITb 20-25 WTYyK.

Ucnonb3yroT nx gns orpaHn4YeHnsi TOKa B 4ernsix, AJ1s1 coO34aHNsi Ha OTAE/IbHbIX y4YacTKax yenen nageHni
HanpsH>KeHWn, Ans pa3gesieHns nyibCUPYIOLLEro TOKa Ha ero CoCTaBJ/iIsSIloLMne, AJ1s1 perysimpoBaHmnsi F[POMKOCTH,
Tem6pa 3ByKa U T.4.

[na pe3ancTopoB CpaBHUTENbHO HEBOMbLUMX CONMPOTUBEHWUI, paCCUYUTaHHbIX HA TOKW B HECKOJIbKO AECSATKOB MUaMamnep,
MCMOJIb3YOT TOHKY MPOBOJIOKY U3 HUKESTMHA, HUXPOMa U HEKOTOPbIX APYrUX MeTan/IM4yecKmnx CrniaBoB. 3TO MPOBOJIOYHbIE
pe3ucropbi. s pe3anctopos 60NbLUMX CONPOTUBAEHWUI, paCCYUTAHHbIX HA CPaBHUTENIbHO HebOoblUME TOKWN, NCMOMb3YIOT
pasfinyHble CrnaBbl METAJIJIOB U Yr1epos, KOTOpPble TOHKUMU CIIOSIMU HAaHOCST Ha U30NSLMOHHbIE MaTepuasibl. DTU Pe3nUCTOpPbI
Ha3blBalOT HENMPOBOJIOYHbIMM (METa/lJIoNJIEHOYHbIMM) pe3ncTopamm. Kak NpoBOsioYHbIE, TaK U HEMPOBOJIOYHbIE PE3UCTOPbI
MOTyYT 6bITb MOCTOSAHHBIMM, T.€. C HEU3MEHHbIMU COMPOTUBIEHNAMU, N MEPEMEHHbIMM, CONPOTUBNIEHNS KOTOPbIX B NpoLecce
paboTbl MOXHO M3MEHATb OT HEKOTOPbIX MUHUMAbHbIX 0 UX MaKCUMasbHbIX 3HAUYEHWNA.

OCHOBHbI€ XapaKTepUCTUKN pe3ucTopa: HOMMHaJIbHOE, T. €. YKa3aHHOe Ha ero Kopryce corpoTt1uB/ieHne,
HOMMHAa/IbHasi MOLHOCTb PaccesiHnsi U HanboJsiblLlee BO3MOYKHOE OTK/IOHEHUE [1€/iCTBUTE/IbHOIO CONpPOTHUBIIEHNS OT
HOMMHasIbHOro (ykasbiBaemMoe B rpoyeHTax).

MOLLHOCTbIO paccesiHUS Ha3bIiBalOT Ty HaMbObLUY MOLHOCTb TOKA, KOTOPY PE3UCTOP MOXET AIMTe/IbHOEe BPEMS BblAEPXNBATb U
pacceuBaTb B BUAEe Tensa 6e3 yuwepba ans ero pabotbl. Ecnu, Hanpumep, yepes pesnctop conpoTtmarieHmeMm 100 Om TeueT TOK 0,1
A, TO OH pacceuBaeT MOWHOCTb 1 BT., (Kak 3TO mocuunTaTh, Bbl Y)Xe 3HAaeTe U3 npeabiayLlero ypoka). Ecnm pesucrtop He paccuuTtaH
Ha TaKyl MOLIHOCTb, TO OH MOXeT 6bICTPO cropeTb. HOMUHaNbHAaaA MOLHOCTb paccesHus - 3To, NO CyLeCcTBY, XapakTepucTnka
3/1IEKTPUYECKOM MPOYHOCTU pe3ncTopa. Hawa npoMbIWIEHHOCTb BbiMyCKAaeT NOCTOSIHHbIE M MepeMeHHble Pe3UCTOPbI Pa3HbIX
KOHCTPYKUWIA U HOMUHANOB: OT HECKOJIbKMX OM [0 AEeCSATKOB U COTEH MeraoM. M3 noCcTossHHbIX Hanbonee pacnpocTpaHeHbl
MeTansonneHo4YHble pesnctopbl MJIT (MeTannn3zoBaHHbie JlTakupoBaHHble Tensocrodikme). KOHCTPYKUUN pe3ncTopa 3Toro
TUNa nokasaHa Ha (puc.1, a) . Ero ocHoBoOW Cny»XuUT kepammyeckasi Tpybka, Ha NoBEPXHOCTb KOTOPOM HaHECEH CrioMn
cneumanbHOro crnsaea, obpa3yroLero TOKONPOBOASLLYO MAEHKY TONWMHOM 0,1 MKM. Y BbICOKOOMHbIX PE3MCTOPOB 3TOT C/I0M
MOXEeT uMeTb hopMy cnmpanu. Ha KOHUbl CTEPXKHSA C TOKONMPOBOASLLMM MOKPbITUEM HAaNPeCCoBaHbl MeTaninyeckme Koanavku, K
KOTOPbIM MpMBapeHbl KOHTaKTHbIE BbIBOAbI pe3nctopa. CBepXy KOpryC pe3nucTtopa MOKPbIT B/IarOCTOMKON LIBETHOW 3Masbio.

Pe3unucropbi MJIT n3roroBnisiloT Ha MOLWHOCTH paccessHins 2, 1, 0,5, 0,25 n 0,125 BT. Ux 0603Ha4arOT COOTBETCTBEHHO!
MJIT-2, MJIT-1, MJIT-0,5, MJIT-0,25 n MJIT-0,125.

BHeLWHNN BUA 3TUX PE3NCTOPOB U YCOBHbIE M306paXeHnst MOLLHOCTEN pacCcestHUsl Ha MPUHLMMNMANbHBIX CXeMax NoKa3aHbl Ha
(puc.1, 6 n B).
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Puc.1 ITocTosiHHBIE pe3UCTOPHI M UX YCIIOBHO - Tpaduueckoe o0o3HaueHue Ha cxemax (YI'O)



Co BpeMeHeM Bbl Hay4ymMTeCb pacrno3HaBaTb MOLHOCTU pacCesiHUs pe3McTopoB MO UX BHewWwHeMy Buay. Hanbonbliee BO3MOXHOE
OTKJIOHEHME AENCTBUTE/IbHOMO COMPOTUBJIEHUSI pe3MCTOopa OT HOMUHAaNIbHOMO BbipaXkatoT B NpoueHTax. Ecnn, Hanpumep, HOMUHan
pe3uctopa 100 kOM ¢ gonyckoM 10%, 3TO 3HAUYUT, YTO ero hakTnyeckoe conpoTnBieHne MoXeT 6biTb B Npeaenax ot 90 go 110
KOM.

[NlepeMeHHbIi HENPOBOJIOYHbIN PE3UCTOP YCTPOoeH Tak (Ha puc. 2 pesuctop Cl-1 nokasaH 6€3 3aWMTHON KPbILWKK): K KPYyrnomy
NaacTMaccoBOMY OCHOBAHUIO MpUKIEeHa AyXKa U3 reTUHaKca, NoKpbITas TOHKUM CMOeM caxxu (Pe3nMCTUBHbIA C/10/),
rnepeMeLlaHHolM C NakoM. DTOT cnoi, obnagatolwmii CONPOTUBIIEHNEM, U ABNSETCA COBCTBEHHO pe3nctopoM. OT 060MX KOHLLOB Cos
cAenaHbl BbiBOAbl. B LeHTp ocHOoBaHWs BNpeccoBaHa BTyfnka. B Hel BpallaeTcs 0Cb, @ BMeCTe C 0Cbio UrypHas reTMHakcoBas
niaacTMHKa. Ha BHeWHeM KOHLe NIacTUHKK yYKpernjaeHa TOKOCbeMHas WeTka (MoJ1I3yHOK) U3 HECKONbKUX MPYXUHALLNX
MpoOBOJIOYEK, KOTOpPas COeAMHEHa CO CPeAHMM BbIBOAHbIM NenecTkoM. MNMpu BpalleHnn oCu LWeTKa nepemMeLlaeTcs no C0k CaXu Ha
AYXKe, BCNeACTBUE Yero U3MEHAeTCs CONPOTUBIIEHNE MeXAY CPeAHUM U KpalHMMK BbiBoAaMU. CBepXy pe3ncTop 3akpbIiT
MeTal/IM4eCKOM KPbILLKON, NpefoXpaHSIoLLLEN ero OT MOBPEeXAeHUN.

Puc.2 Koncrpykuusa n Y1I'O nepeMeHHBIX PE3UCTOPOB HA CXEMaX.
Tak WM NpUMepHO Tak, YCTPOEHbI MOYTK BCE MepeMEHHbIE PE3UCTOPbLI, B TOM Yncne Tunos CI (ConpoTnBieHune
MepemeHHoe), CIO (ConporuBneHune NepemeHHoe O6bemHoe) n BK. Peanctopbl TK oTiMdaloTcst oT pe3ncTtopoB BK Tonbko
TEM, UTO Ha MX KpbIlWKax CMOHTUPOBaHbI BbIK/tOYATENN, UCMOJIb3YEMbIe ANS BKTIOYEHUSI UICTOYHUKOB NUTaHUS. MpUHUMANANbHO
TaK e YCTpOeHbl U MaJsiorabapuTHbie ANCKOBbIE NepeMeHHbIe Pe3nCTopbl, Harnpumep tina ClN3-3B. NepeMeHHble
HEMNpPOBOJIOYHbIE PE3UCTOPbI U3rOTOB/SIKOT C HOMUHANbHLIMU COMPOTUBEHUAMU, HauuHas ¢ 47 OM, C AOMyCKaMU OTKIIOHEHUS OT
HoMuHana 20, 25 1 30%. Ha npuHUMNManbHbIX cXxeMax, YTobbl He 3arpoMoXAaTb UX, UCMOJb3YT CUCTEMY COKPaLLEHHbIX
0603HaYeHnI CONPOTUBNIEHUI PE3UCTOPOB, NPU KOTOPO HAMMEHOBaHUS eAMHULL UX conpoTuBaeHuin (Om, kOM, MOM) npu yncnax
He cTaBAT.

ConpormuBseHns1 pe3ncropos oT 1 4o 999 OM 0603Ha4YarOT Ha NPUHUMNNAJIbHbIX CXeMax 4eJibIMU YUC/IaMH,
COOTBETCTBYIOLNMHU OMaM, a COMPOTHBI/IEHHNS pe3nCTOpPoB oT 1 Ao 999 kOM - ungppamm, ykasbiBaroLNMHN YNCIIO
Kns100M, ¢ 6ykBoii (K). bosbLime conpoTmnB/ieHUs1 pe3UcTopoB yKa3bIBaloT B Meraomax ¢ 6ykBoi (M).

BoT Heckonbko NpuMepoB 0603HaYEHUS CONPOTUBEHNI pe3ncTopoB Ha cxemax: R1 270 cooTtBeTcTByeT 270 OM; R2 6,8k - 6800
OM; R3 56 k - 56 kOM (56 000 Om); R4 220k-220kOmM (0,22 MOM); R5 1.5M - 1,5 MOM. Cpa3y xe caenato oroBopky: ans
nopasnsolero 60/blWNHCTBA PAAMOMOOUTENBCKUX KOHCTPYKLUMIA 6e3 ywepba ans nx paboTbl 4ONYCTUMO OTKJIOHEHME OT
yKasaHHbIX Ha CXeMaxX HOMWHanoB pe3ncTtopoB B npeaenax Ao 10-15%, nopoi n 6onblue. TO 3HAYUT, YTO PE3UCTOP
conpotusneHnemM, Hanpumep, 5,1 KOM MOXeT ObITb 3aMeHeH pe3ncTopoM bamxanlero K HeMy HOMMHana, T. €. Pe3UCTOpPOM C
HOMWHanoMm 4,7 unn 5.6k0M. MNpeacTtaBbTe cebe Takol cny4vait. Bam Hy>KeH pe3ncTop onpeaeneHHoro cConpoTmMBienHmus. A y Bac HeT
TaKoro, HO eCTb Pe3UCTOpPbl APYrMX HOMUHANOB. MOXHO N1 U3 HUX COCTaBUTb PE3UCTOP HYXHOr0 CONMPOTMBAEHUS? MOXHO,
KOHEYHO, ec/in 3HaTb 3/1IEMEHTAPHbIV pacyeT mocsiegoBaTe/IbHOro U nNapasisie/IbHoOro CoOeAlMHEHN CONpPOTUBNEHUI
3NEeKTPUYECKMX Liener n pesncTopos.

Ipu nocnegoBaresibHOM COeqUHEHNN pe3nucTopos (puc.3, a) nx oéuee conporusneHme Ro6wy. paBHo cymme
COnpoOTHUB/IEHNIi BCeX COeANHEHHbIX B 3Ty 4EernoYKy pe3ucTopos, T.€.



Puc.3 IlocnenoBarenpHOE (a) M mapauiebHoe (0) cCoeTMHEHUE PE3UCTOPOB.
Rob6w. = Rl + R2 + R3 v 1.4. Tak, HanpuMep, ecnn R1 = 15kOmM n R2 = 33 kOM, TO ux obuwee conpotuBneHme Robu,. = 15 + 33
= 48 kO™ (6nuxariwme HoMnHanbl 47 n 51 kKOM).

IMpn napannenbsHoM coegnHeHnn pesnucropos (puc.3, 6) nx obuee conporusneHme Ro6Ly. yMeHbLUaETCs U Bcerga
MEeHbLUEe CONpPOTUBJ/IEHUS] Ka)X4oro OT4es/1bHO B3sITOro pe3ncropa.

Pe3ynbTupytowee conpoTmBiieHme Lenu u3 napanfieflbHo COeANHEHHbIX ABYX PE3MCTOPOB pacCYMTbIBAKOT MO TakoWn

dopmyne: Ro6wy. = Rl * R2 / (Rl + R2) T. e. npou3BeAeHne ABYX Pe3NUCTOPOB AeNdAT Ha cymMmy. Ecnu oba pesncTopa nmerot
OAWNHAKOBbLIA HOMWHanN, Toraa 3HadeHMe HOMMUHaNa 04HOro U3 Pe3NCTOPOB, NPOCTO AeNST Ha 2. Jonyctum, yto R1 = 20kOM, a R2
= 30 kOM. Obuiee conpoTUBEHNE yHacTKa Lenu, COCTOALWEN U3 3TUX ABYX PE3UCTOPOB, paBHO: Robw. = Rl * R2 / (R1 + R2) =
20 * 30 / (20 + 30) = 12 kOM. Hy>HO ckasaTb YTO NMpu coeaMHEHMN NapansenbHo 6osee AByX pe3ncTopoB Robu. pacumTbiBatoT
no HuxenpueeaeHHon dopmyne:

1 1 1 1
B
R R Ry Ry

KOHAEHCATOPDI

KoHZeHcaTopbl, Kak U pe3ncTopbl, OTHOCSTCA K Hanbosiee MHOMOUNCIEHHbIM 3/1IEMEHTaM PaaMOTEXHUUYECKNX YCTPONCTB. OCHOBHOE
CBOWMCTBO KOHAEHCATOPOB, 3TO CIMTOCO6HOCTb HaKamn/InBaTh 3J1IeKTPpuYeckmii 3apsig. OCHOBHOW NnapaMeTp KoOHAeHcaTopa 3To
€ro eMKOCTb.

EMKOCTb KOHAEeHcaTopa 6yAeT TeM 3HauynTesibHee, YeM 60/1buie rniowanb ero o6K/1agoK U YeM TOHbLUE C/10M
AMNINIEKTPUKA Mexcay HUMU. OCHOBHOF eANHNLEN 371IeKTPUYECKOH eMKOCTH saiBAisieTcsl (papaaa (cokpalwjeHHo @),
Ha3BaHHasl TaK B YECTb aHI/Iniickoro ¢pusnka M. dapages.

OpHako 1 ® - 370 oveHb 6onblUasi eMKOCTb. 3eMHOM Wap, Hanpumep, obnagaeT eMKoCTbio MeHblle 1 ®. B anekTpo u
paaMoTEXHUKE MOSb3YIOTCA €AUHULIEN EMKOCTU, PAaBHO MUINIMOHHOW aone dapa/bl, KOTOPYO Ha3blBaloT MUMKpogapangon
(cokpawjeHHo MK®). B ogHon dapage 1000000 mMkd, T.e. 1 mk® = 0,000001 ®. Ho n 3Ta eAnHML@ EMKOCTM YACTO OKa3blBaeTCs
CNULKOM 60nbLuoi. Mo3ToMy cyllecTByeT elle 6osee Menkasa eamHuLa eMKOCTU, UMeHyeMasa nukoghapagosi (cokpaijeHHo nd),
npeacrasnstowas cobon MUINIMOHHYO A0 Mukpodapaabl, T.e. 0,000001 Mk®; 1 Mk® = 1000000 n®. Bce koHAeHcaTopbl, 6yab
TO MOCTOSIHHbIE VNV NepeMeHHbIe, XapaKTepU3YTCS Npexae BCEro X éMKOCTSAMM, BblpaXeHHbIMU COOTBETCTBEHHO

B nukogpapangax, HaHogapagax n MMKpogapagax. Ha NpuHUMNMANbHbIX CXeEMax eMKOCTb KOHAeHcaTopoB OoT 1 A0 9999 n®
YKa3bIBatoT LeNIbIMW YMCaMK, COOTBETCTBYOLWMMU UX EMKOCTSIM B 3TUX eAnHuLax 6e3 06o3HaueHus nd, a eMKOCTb
KoHaeHcaTopos oT 0,01 Mk® (10000 n®) n 6onee - B gonsax mmkpodapaabl nnn Mmmkpodapagax 6e3 obosHaveHns mk®d. Ecnu
€MKOCTb KOHZEeHCcaTopa paBHa LesioMy Yncny Mmkpodapa, To B oTindme ot o603HavyeHns eMKOCTM B NMKodapanax nocne
nocrneaHern 3Havalen umdpbl CTaBAT 3anaTyo U HyNb. [puMepbl 0603HaYeHNs eMKOCTeN KOHAEeHCaTopoB Ha cxemax: Cl 47
cooTBeTcTBYyeT 47 n®, C2 3300 cooTtBeTcTBYET 3300 Nnd; C3 0,47 cootBeTcTBYeT 0,047 MKD (47000 nd); C4 0,1 cooTBeTCTBYET
0,1 Mk®; C5 20,0 cooTtBeTcTByeT 20 MK®. CyLlecTBYeT eLle U NPoOMeXyToUHas BeNMYNMHA eEMKOCTU - HaHodapaa, 3TO TbiCAYHas
nonst Mukpodapaa. Hanpumep: 1000nd = 1Hd nnm 0,01Mkd = 10HO, Kak nepeBecTn 60NblUYI0 DUNYECKYHO BENMYNHY , B
MEHbLUYI0 M Ha060pOT A AyMato Bbl yXe A0rafanncb, 34eCb YNCTas MaTemMaTmka. S yXe roBopwi, YTo KOHAEHCATOp B MPOCTENLLEM
BUAE npeactaBnsieT cobol ABe NIacTUHKW, pasaefeHHble AM3JIeKTPUKOM. ECnn KOHAEeHCATop BK/OUYUTL B Lenb NOCTOSIHHOIO
TOKa, TO TOK B 3TOW Lienun npekpaTuTcs. [la 3TO U NOHATHO: Yepes U30MSTOP, KOTOPbIM SIBASETCA ANINEKTPUK KOHAEeHcaTopa,
MOCTOSIHHbIN TOK TeYb He MOXeT. BkitoueHne KoHAeHcaTopa B Lernb MOCTOSAHHOMO TOKa paBHO3HA4YHO pa3pbiBy ee (Mbl HE
NpYHUMaeM BO BHUMaHWE MOMEHT BKJIIOUEHUS, KOr[a B Lenu NnosiBAsSETCS KpaTKOBPEMEHHbIN TOK 3apsaakn KoHAaeHcaTopa). MiHave
BeaeT cebsl KoHAeHCaTop B Lenu nepeMeHHoro Toka. BCMOMHUM: NONSAPHOCTb HaMpshKeHUA Ha 3aXXMMaX UCTOYHMKA NepeMeHHoro
TOKa Nepuoanyeckn MeHSIETCA. 3HauunT, eCnv BKIYNTb KOHAEHCATOP B Lernb, MMTaeMyt OT Takoro MCTOYHMKA TOKa, ero
obknaaku 6yayT NonepeMeHHoO nepe3apsiXaTbCs C YaCTOTOW 3TOro Toka. B pe3synbTaTe B ueun 6yaet npoTekaTb NEPEMEHHbIN TOK.
KoHpeHcaTop nofo6bHO pe3ncTopy u KaTylke MHAYKTUBHOCTM OKa3bliBaeT NepeMeHHOMY TOKY COMpPOTUB/IEHME, HO pasHoe, ANs
TOKOB pasfIMYHbIX YacToT. OH MOXET XOPOLUIO MPOnycKaTb TOKM BbICOKOM YacTOTbl U OAHOBPEMEHHO ObITb MOYTU U30SISSTOPOM A5
TOKOB HW3KOW 4acToTbl. Pagnoniobutenu, HanpuMep, MHOrAa BMECTO HaPY>XHbIX @aHTEHH MCMOb3YOT NPOBOAA
3/1EKTPOOCBETUTENBHOM CETU, MOAKJIHUYAs MPUEMHUKN K HUM Yepe3 KOHAEeHcATOp eMKoCTbio 220-510 n®. CnyyaliHo nun BbibpaHa
Takas eMKOCTb KOHAeHcaTopa? HeT, He cnyvyanHo. KoHAeHcaTop Takon eMKOCTU XOPOLLO MPOMnycKaeT TOKU BbICOKOW YacToThl,



HeobxoaunMble ans paboTbl NpUeMHMKA, HO OKa3biBaeT 60/blLOEe COMPOTMBNEHNE NEPEMEHHOMY TOKY YactoTor 50 Iy, Tekywemy B
ceTn. B 3TOM cnyyae KoHAeHCaTop CTaHOBUTCS CBOeobpasHbiM ¢hmusibTPOM, NPOMNyCKaOLWMM TOK BbICOKOW 4acToTbl U
3a/lepXXMBAOLLMM TOK HU3KOW 4acTOoThl.

EMKOCTHOE conpoTuB/ieHne KOHAEeHcaTopa nepemMeHHOMY TOKY 3aBUCUT OT €ro eMKOCTH M 4acCTOTbl TOKa: YeM 6oJibLue
€eMKOCTb KOHZleHcaTopa M 4acToTa TOKa, TEM MEHbLUE €ero €MKOCTHOE COMNnpoTHUBJIeHHe. 3TO COMNpPoTHUBIIEHHE
KOHAeHcaTopa MOXHO C JOCTaTOYHO#} TOYHOCTbIO ONPEAEsINTb MO0 Takok ynpouweHHo# ¢popmyne: Rc = 1 / 6*F*C, rge
Rc - eMKoCcTHOe conpoTuB/ieHNe KoOHAeHcaTopa, OM; F - yacrota Toka, l'u; C - eMKOCTb JaHHOro KoHAeHcaTtopa, ®;
uncppa 6 - okpyrneHHoe Ao yesbix eguHny 3HaYyeHmne 2Pc (ToyHee 6,28, Tak kak lNn = 3,14).

Monb3ysick 3TON hOpMYynoK, AaBanTe y3HaeM, Kak BefeT cebs KOHAEeHCATOp MO OTHOLIEHMUIO K MepeMeHHbIM ToKaM, ecnm
MCMO/SIb30BaTh NPOBOAA 3/1EKTPOCETM B KayeCTBe aHTeHHbI. [lonyCTUM, YTO eMKOCTb 3TOro koHaeHcatopa 500 n® (500 n® =
0,0000000005 @). YacToTa Toka anekTpoceTn 50 Ny. 3a cpeaHIO HecCyLLy YacToTy paanoctaHumMm npuMem 1 My (1000000
l'y), uto cooTBeTCcTBYET BONMHE AnnHon 300 M. Kakoe conpoTuBneHne oKasbiBaeT 3TOT KOHAEHcATop paanodactote? Rc =1/ (6 *
1000000 * 0,0000000005) = 300 OM. A nepeMeHHOMY ToKy anekTpoceTn? Rc =1/ (6 * 50 * 0,0000000005) = 7 MOm,
npnbnmxeHHo. W BOT pe3ynbTaT: KoHAeHcaTop eMKocTbio 500 n® oka3biBaeT TOKY BbICOKOM YacTtoTbl B 20000 pa3 MeHblUee
COMpPOTMBNEHNE, YEM TOKY HU3KOWN 4acToTbl. YbeantenbHo? KoHAEHCATOp MeHbLUel eMKOCTU OKa3blBaeT NepeMeHHOMY TOKY CeTu
elle 6onbllee CONpOTUBIIEHME.

Hy>KHO 3anOMHUTb: EMKOCTHOE COMPOTUBIIEHNE KOHAEHCAaTOpa NepeMeHHOMY TOKY YMEHBbLUAETCS C yBe/INYEHNEM €ro
€MKOCTM M 4acCTOTbl TOKa, U HA0O6OPOT, yBE/INYNBAETCS C YMEHbLUIEHNEM €ro eMKOCTH M YaCcTOTbl TOKA, 3TO CBOMCTBO
KOHAeHcaTopa, He NPonycKaTb NOCTOSIHHbINA TOK U M0 pazHOMY NMPOBOANTL NEPEeMEHHbIE TOKN Pa3/INYHbIX 4aCcToOT
UCIONb3YIOT AJ1S1 pa3aesieHNs1 NysibCUPYIOLUX TOKOB Ha MX COCTaBJISIIOLUNE, 3a4EP)KaHNsI TOKOB O4HMUX YacCToT U
npornycKkaHusi TOKOB APYrux 4acror (eMKOCTHble (hubTpa).

STUM CBOMCTBOM KOHZEHCATOPOB Bbl OyAeTe 4acTo N0/b30BaTbhCsl B CBOMX dKCMepeMeHTax M KOHCTPYKUMAX. Kak yCTpoeHbl
KOHZEeHCaTopbl MOCTOAHHOW eMKOCTN? Bce KOHAEHCATOPbl MOCTOSIHHOM €MKOCTU MMEKT TOKOMNpOoBoAsLmMe 06KNaaKku, a Mexay HUMn
Kepamuka, cntoga, bymara nam kakon - nmbo Apyroi TBepAbln AM3AeKTpuK. Mo BUAY MCNOb3yeMoro AM3eKTpuKa KOHAeHCaTopbl
Ha3bIBalOT COOTBETCTBEHHO KEpPaMMUYECKUMU, COAAHBIMU, ByMaxHbIMU. BHELWHWA BUA HEKOTOPbIX KEpaMmMyecKnx KOHAEHCATOPOB
NMOCTOSAHHOM €MKOCTM MoKa3aH Ha puc.4. Y HUX AMINEKTPUKOM CIYXUT crneumanbHas kepammnka, obknagkammn - TOHKME Cioun
nocepebpeHHOro metasna (HamnblIeHWE), HaHEeCeHHble Ha NMOBEPXHOCTU KEPMUKMU, a BbIBOAAMU - NaTyHHble nocepebpeHHble
NMPOBOIOYKN U MONIOCKM, NpUnasiHHble K obknagkam. CBepxy KOpMycbl KOHAEHCATOPOB MOKpPbITbl aManbio. Hanb6osiee
pacnpocTpaHeHbl KepaMndyeckme koHgeHcaTopbl Tunos KK (KoHgeHcaTtop AuckoBbiri Kepamuyecknii) n KTK
(KonpgeHcartop Tpy6uatbii Kepammnuyecknii), KM. Y koHaeHcaTopa Tvna KTK oAHa o6knaaka HaHeceHa Ha BHYTPEHHIOWD, a
BTOpasi - Ha BHELIHIO MOBEPXHOCTb TOHKOCTEHHOM Kepamuyeckon Tpybouku. NHoraa TpybuaTblie KOHAEHCATOPbl MOMELLaoT B
repmeTnyHble hapdopoBblie QYTASPUYMKM C METANNIMYECKUMMIN KOMMaykaMmn Ha KoHUaX. OTo KoHAeHcaTopbl Tuna KrK.

Kepamnuyeckne koHgeHcaTopbl 06/1a4ar0T CPaBHUTE/IbHO HEGOJIbLUNMU EMKOCTSIMU - O HECKOJIbKMUX ThICSIY
nukodpapan. Nx ctaBaT B Te Lenu, B KOTOPbIX TEYET TOK BbICOKOM YacToTbl (4enb aHTEeHHbI, Kosie6aresibHbIi KOHTYP),
AJ1s1 CBSI3N MEXXAY HUMMU.

K4K 3

Kat

Puc.4 Kepamnueckue KOH/I€HCATOPBI TOCTOSHHOM €MKOCTH.

YTo6bl MONYYNTb KOHAEHCATOp HeboNbLWNX pa3MepoB, HO obriagaroLWwmii OTHOCUTENBHO B0NbLLOM EMKOCTLIO, €ro AenatoT He U3
ABYX, @ U3 HECKOJIbKMX MACTUH, C/IOXKEHHbIX B CTOMKY M OTAENIEHHbIX APYr OT Apyra AM3neKTpukoM (puc.5). B aTom cnyyae
Ka)xaasi napa pacrnosioXXeHHbIX psAoM naacTuH obpasyeT koHaeHcaTop. CoeAnHMB 3TU Napbl NAACTUH NapasnienbHo, noayyatT
KOHZAEHcaTop 3Ha4YUTENIbHOM EMKOCTU. TaK yCTPOEHO 60/bLUEHCTBO KOHAEHCATOPOB CO COASHbBIM AU3NEKTPUKOM. VX nnacTuHamm
- obknagkammn cny>xaT IMCTOYKM M3 antoMUHMeEBOM onbrn nnu cnoun cepebpa, HaHeCeHHble HEMOCPeACTBEHHO Ha catoay, a
BblBOAAMU - OTPE3KM nocepebpeHHOM NpPoOBOSIOKM. Takme KOHAEHCATOPbl ONPEeCcCcoBaHbl NacTMaccon. 3To koHaeHcaTopbl KCO. B
MX HaMMeHOBaHUKM nMeeTcs undpa, Xxapaktepuaytowas GopMy 1 pa3Mepbl KoHAeHcaTopos, HanpuMep: KCO-1, KCO-5. Yem
6onblwe ymdpa, Tem 6onblue U pa3Mmepbl KOHAeHcaTopa. HekoTopble CoasiHble KOHAEHCATOPbI BbiMyCKAT B KEpaMUYeCcKnx
B/laroHenpoHMLAaeMbIX Kopnycax. VX HasblBatOT KOHAeHCaTopaMu Tuna CrM. EMKOCTb CNOAsIHbIX KOHAEHCAaTopoB 6biBaeT oT 47 Ao
50000 n® (0,05 mk®d). Kak 1 kepaMmmyeckme, OHU NMpeaHasHavyeHbl 418 BbICOKOYACTOTHbLIX Lenen, a TakxXe A/ UCNOoSb30BaHuns B
KayecTBe 6/IOKMPOBOYHbBIX M AN CBA3M MeXAY BbICOKOYACTOTHLIMU LenaMu. B 6yMaxkHbIX KoHAeHcaTopax (puc. 5) ANaneKTpukom
CNY>XWUT NponuTaHHas napaduHoM ToHKasa bymara, a obknagkamum - donbra. lNMonockn 6ymarn BMmecte ¢ obknagkamm CBEpTbIBAlOT B
PYNIOH M MOMeLLaT B KAPTOHHbIN AKX MeTannyeckuin kopnyc. Yem wupe n gnnHHee obknaakn, TeMm 6osblle eMKOCTb
KoHAeHcaTopa. byMaxkHble KOHAEHCaTOpbl MPUMEHSIOT INaBHbIM 06pa3oM B HM3KOYACTOTHbIX LEensx, a Takxe ans 610KMpoBKu
WCTOYHMKOB NMUTaHUSA. Pa3HOBUAHOCTEN KOHAEHCATOPOB C ByMaXXHbIM AN3/TEKTPUKOM MHOrO. M BCce MMetoT B cBOeM 0603Ha4YeHnmn
6ykBy b (BymaxHble). KoHaeHcaTopbl Tuna BM (ByMaxkHble ManorabapuTHble) 3ak/to4eHbl B MeTaniM4yeckne Tpybouku, 3anutbie
C TOPLUOB crneunanbHon cMonol (ctaporo obpasua). KoHaeHcatopbl Kb MMeT KapTOHHbIE LMAMHAPUYECKUE Kopryca.
KoHaeHcaTopbl Tvna KBIM - N nomewwatoT B papdhopoBbie Koprnyca ¢ MeTa/sIM4eCKUMM TOPLIOBbIMW KOINMAayKaMu, COeaMHEHHbIMU C



obknagkamun, OT KOTOPbIX OTXOASAT Y3KMe BblBOAHbIE Nenectkn. KoHaeHcaTopbl EMKOCTbIO A0 HECKOIbKMX MUKpOdapazs BbiMycKatT
B MeTananyeckmx kopnycax. K HUM oTHOcsATCS KoHaeHcaTopbl Tunos KBM-MM, KbIM-MH, KBI'T. B ogHOM Kopnyce nx MOXeT 6biTb
ABa - TpU.

Auznexmpuk = racmuws!

Puc.5 CHIO,Z[HHLIC KOHIACHCATOPHI. BYMa)KHBIC n MeTaHJ'IO6YMa)KHI>Ie KOHACHCATOPbI MMOCOSTHHOM €MKOCTH.

[OnanekTpnkoM KoHAeHcaTopos Tuna MBM (MeTannobyMaxkHbii ManorabapuTHbIN) CIYXWUT NakKnMpoBaHHas KOHAEHCAToOpHas
byMara, a obknagkamum - cfiom MeTanna TOJWNHON MEeHbLLE MUKPOHA, HaHECEHHble Ha 0A4HY CTOPOHY ByMaru. XapakTtepHas
0COH6EHHOCTb KOHAEHCATOPOB 3TOr0 TMMa - CMOCOHHOCTb CaMOBOCCTaHaB/IMBATbLCSA MOC/E 3/IEKTPUYECKOro Npobos ananekTpuka.
Ocobyto rpynny KOHAEHCATOPOB MOCTOSIHHOM EMKOCTU COCTaBNSAIOT 3/1eKTposimTndeckme (puc. 6). Mo BHYTPEHHEMY YCTPONCTBY
3MEKTPOTINTUYECKUIA KOHAEHCATOP HECKOJIbKO HanoMuHaeT 6yMaXxkHbii. B HeEM MMeTCa ABEe NeHTbl U3 antoMUHMEBON (HONbIN.
[MOBEpPXHOCTb OAHOM U3 HUX MOKPbITa TOHYANLLIMM COEM OKUCK. Mexay antoMUHUEBBIMU NIEHTaMW MPOJIOXKEeHa IeHTa U3 NOPUCTON
6ymaru, nponnTaHHOM crieynanbHOM MYCTON XUAKOCTbIO - 3N1EKTPOSIUTOM. DTy YETbIPEXCONHYI0 MOMOCY CKATbIBAKOT B PYJIOH U
nomMeLLaT B aJIIOMUHMEBBIN LUMIMHAPUYECKUIA CTakaH UK NaTPoOHUUK. JM31EeKTPUKOM KOHAEHCATOPA CYXMUT CNOM OKUCH.
[MonoxuTtensHon 06KNaaKoM ABNAETCA Ta JIeHTa, KOTopas UMeeT cfiol okucn. OHa COeAMHSETCS C U30/IMPOBaHHbIM OT KOpnyca
nenecTtkoMm. Btopas, oTpuuatenbHasa obknaaka - 6ymMara, nponMtaHHas 3NeKTposIMTOM Yyepes JIeHTY, Ha KOTOPOM HET C/l0si OKUCH,
coeanHsAeTCa C MeTa//TMYEeCKMM KOpnycoM. TakmM o6pa3om, Kopryc SBMSIETCSA BbIBOAOM OTPULATENbBHOM, @ U30JIMPOBAHHbIA OT
HEero N1enecTok - BbIBOAOM MOJIOXKUTEIbHON 06KIaaKM 3NeKTPOIMTUYECKOro KoHAeHcaTopa. Tak, B YaCTHOCTU, YCTPOEHbI
KoHAeHcaTopbl TMNoB K3, K50-3. KoHaeHcaTopbl K3-2 oTAnyatoTcs OT KOHAEHCATOPOB TMNoB K3 TOMbKO Mi1acTMacCoBOW BTYJIKOW
C pe3bboi 1 rakon Ans KpenneHus Ha naHenu. AnNtOMUHUEBBIE Koprnyca KoHaeHcaTopoB K50-3 nmetoT opMy naTpoHUMKa
avnametpoMm 4,5-6 n annHon 15-20 mMM. BbiBOAbI - MPOBOMOYHbIE. AHANOMMYHO YCTPOEHbl U KoHAeHcaTopbl Tuna K50-6. Ho y Hux
BbIBOAbI 3N1eKTpoAoB (06KkN1aA0K) U30/IMpOBaHbl OT KOPMYyCoB. Ha NMpMHUMNManbHbIX CXeMax 3/1EKTPOSIMTUYECKME KOHAEHCATOPbI
n3o06paxkatoT Tak Xe, Kak U Apyrue KOHAEHCATOPbl MOCTOSIHHOM €MKOCTU, ABYMS - YepTOouYKaMu, HO BO3J1e MOJIOXMUTESTbHON
06KNaaKkKn CTaBAT 3HaK « + ». DNEeKTPONIUTUYECKNe KOHAEeHcaTopbl 06naaatoT 601bWMMKM EMKOCTSAMU - OT A0NEN A0 HECKObKMX
TbicA4Y Mukpodapas. OHn NpegHasHayeHbl 4515 paboThbl B Lenax C Ny/JbCUPYOWMMYM TOKaMU, Hanpumep, B GunbTpax
BbINpAMUTENEN NEPEMEHHOIO TOKa, AN CBA3M MeXAYy HU3KOYaCTOTHbIMU LensaMu. [pu 3TOM oTpuuaTeNbHbI 3/1eKTPO4
KOHAEHCaTopa COeAMHSAIT C OTpMLUATENbHbIM MOJIOCOM LIEMU, @ NOMOXUTENbHbIN - C €e NONOXUTENbHbIM NOAOCOM. MNpu
HecobAeHNN NOASIPHOCTU BKITKOYEHWS 3NEKTPOTUTUYECKUIA KOHAEHCATOP BbIXOAUT U3 CTPOS. HOMUHanbHble eMKOCTH
3MEKTPOSIMTUHECKUX KOHAEHCATOPOB MULIYT Ha UX Kopnycax. ®akTnyeckas eMKOCTb MOXET 3Ha4YUTENIbHO OTIM4YaTbCs OT
HOMWHaNbHOW. BaXkHelLen xapakTepncTMKon Nboro KoHAeHCcaTopa, KpoOMe EMKOCTU, SBNSIETCS TakXXe ero HoMMHasbHoe
HanpsHkeHue, T.e. TO HanpsXeHne, Npn KOTOPOM KOHAEHCAaTOp MOXeT ANuTeNbHOoe BpeMs paboTaTb, He yTpaumMBas CBOW CBOMCTBA.
OT0 HanpshKeHWe 3aBUCUT OT CBOWCTB M TOJILUMHbI CNOS AN3NEKTPpUKa KoHAeHcaTopa. Kepamuyeckue, cntoasHble, byMaxHble
MeTannobyMaxHble KOHAEHCATOPbl Pa3fIMYHbIX TUMOB pacCYnTaHbl HA HOMWHAaNbHble Hanps>xeHnsa oT 150 go 1000 B u 6onee.
DNeKTpoNmMTuYecKkme KoHAeHCcaTopbl BbINyCKAlOT HA HOMUHAsbHbIE HaMpPsIXXeHUs OT HECKONbKUX BosbT 40 30-50 B n ot 150 go
450-500 B. B cBsi3u € 3TUM X NoApa3AesIsiioT Ha ABe rpynrnbl: HU3KOBOJIbTHbI€ M BbICOKOBOJIbTHbIE€. KOHAEHCATOPbl
rnepBoON rpynnbl MCAOJIb3YIOT B LlensX CO CPaBHUTENbHO HEBOMbLINM Hanps)XeHUEM, a KOHAEHCATOPpbl BTOPOWN Fpynnbl - B LEensx

OTHOCUTEJIbHO BbICOKUM HaMNpsA>XeHUeM.
A50-3 K53-1 370-7
¢
T

Puc.6 3J‘ICKTpOJII/ITI/I‘IeCKI/Ie KOHACHCATOPBLI.
IMoa6upas KoHAEHcaTopbl A4J1s1 CBOMX KOHCTPYKUMH, Bceraga obpalwjaiite BHUMaHMe Ha UX HOMUHa/IbHbI€ Harnpsi)KeHusl.
B uenn ¢ MeHbLNM Hanpsi>KeHMeM, YeM HOMUHANbHOE, KOHAEHCATOPbI BK/1KOYATb MOXHO, HO B LIEMWN C HAanpsXeHneMm,
NpeBbILLAOLWNM HOMUHANIbHOE, UX BKJIOYaTb Henb3A. Ecnv Ha obknagkax KoHAeHcaTopa OKaXeTcs HarnpsXeHue, npesblllatoLlee
€ro HOMUHasIbHOE Hanps>XeHWe, TO AN3NEKTPUK NPobbeTcs (3NEKTPONNTUYECKUA KOHAEHCATOP B 3TOM C/lyyae elle He MIoXo
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pa3pblBaeTCcs, Tak 4To ByaTte ocTopoxHbl ). MpobuTbih KOHAEHCATOP HenpurogeH Ans paboTbl. Tenepb O

KOHZEeHCcaTopax nepeMeHHOM eMKOCTHM. YCTPOMNCTBO NPOCTENLLEro KoHAeHcaTopa NepeMeHHoM eMKOCTH Bbl BUAMUTE Ha puUC.
7. OgHa ero obks1agka - craTtop v HenoABWXHa. Bropasi - poTop v COBMeLLeHa C 0Cbto. Npun BpaleHn ocu niowaib
nepekpbITMs 06KNafoK, @ BMecTe C Helo M eMKOCTb KOHZeHcaTopa naMeHsatoTcsa. KoHaeHcaTopbl NepeMeHHOM eMKOCTH,
NpYMeHsieMble B HaCTpaMBaeMblx KonebaTeNbHbIX KOHTYpax MPUEMHUKOB, COCTOAT M3 ABYX rpynn naacTuH (puc. 8, a), caenaHHbIX
13 JINCTOBOrO antoMUHUA NN NaTyHU. MNNacTuUHbl poTopa CoefAMHeHbl 0Cbio. CTaTopHbIe NAACTUHbI TakKXXe COeANHEHbI U
M30/1MPOBaHbl OT poTopa. NMpu BpalleHn ocm NAACTUHbI CTAaTOPHOW FPynnbl MOCTEMNEHHO BXOAAT B BO3AYLUHbIE 3a30pbl MeXAy
naacTMHaMy poTOPHOW FPynrbl, OTYEr0o eMKOCTb KOHAEHcaTopa NiaBHO n3MeHseTcs. Koraa nnactuHbl poTopa NofIHOCTbIO
BblBeAEHbl U3 3a30p0OB MexXAy njacTMHaMm ctatopa, EMKOCTb KOHAEHCATopa HauMeHbLlas; ee Ha3blBaloT HayaslbHOW eMKOCTbIO
KOHAeHcaTopa. Koraa poTopHble NAacTUHbI MOTHOCTBIO BBEAEHbI MeXAy NniacTMHaMm cTaTopa, eMKOCTb KOHAeHcaTopa byaeT
Hanbornblueln, T.e. MakCMManbHOW AN AJAHHOro KOHAEeHcaTopa.

MakcuMasnibHasi eMKOCTb KOHAEeHcaTopa 6y,qer TEM 60ﬂbll.le, yem 60/1bLI€ B HEM MJIACTUH M YEM MEHbLUE paccrosiHne
MeiXxxkay noaBHIKHBIMN U HENoAgBMIKHbIMMU MJ1IaCTUHaMM.

B koHaeHcaTopax, MoKasaHHbIX Ha pUC. 7 1 8, a, ANU3JIEKTPHUKOM CHY>XKHUT Bo34yXx. B manorabapuTHbIX KOHAEHcaTopax
nepemMeHHon eMkocTun (puc. 8, 6) AnanNeKTpUKoM MoXeT bbiTb HyMara, nnacTMaccoBble NAeHKU, kepamuka. Takue
KOHAEeHCaTopbl Ha3bIBalOT KOHAEHCaTOpaMu NepeMeHHON eMKOCTHU C TBEPAbIM ANIJIEKTPHUKOM. [py MeHblMX rabapuTax,
YeM KOHAEHCaTopbl C BO3AYLWHbIM ANINEKTPUKOM, OHU MOTYT UMETb 3HaUYUTE/IbHblE MaKCMMasibHble eMKOCTU. VIMEHHO Takne
KOHZEHCaTopbl U MPUMEHSIOT AJ19 HAaCTPOMKK KonebaTenbHbIX KOHTYPOB ManorabapuTHbIX TPaH3UCTOPHbIX NpUeMHUKOB. Hanbonee
pacrnpocTpaHeHbl KOHAEHCATOpbl NepeMeHHON eMKOCTHN, UMetoLLMe HayalbHY0 eMKOCTb B HECKO/IbKO Nukodapas n HanbonbLuyo
240 - 490 n®. He MCKKOYEHO, YTO OAMH U3 TaKUX KOHAEHCATOPOB Bbl YXe BUAENU U UCNOb30Banu A1 HACTPOMKM CBOEro
nepBoro pagnonpuemMHmka. B nppeMHukax c AByMs HacTpamBaloWUMUCA KonebaTeNbHbIMKU KOHTYpPaMu UCNONb3YIOT 6J10KkH
KOHAeHcaTopoB nepemMeHHoi emkoctu (KIE - cnapeHHble, CTPOEHHbIe M T.4.). B 6noke KIME, nokasaHHOM Ha puc. 9, ABa
KOHAEHCcaTopa, POTOPbl KOTOPbIX MMeT 06LLyto ocb. [Mpn BpalleHnn oCn 0A4HOBPEMEHHO M3MEHSIOTCA EMKOCTU 060MX
KOHAeHcaTopoB. OANHOYHbIE KOHAEHCATOPbl M 6/10KN KOHAEHCATOPOB NePEMEHHON eMKOCTU C BO3AYLUHbIM AN31EKTPUKOM TpebyoT
K cebe 6epexHoro oTHoweHus. [laxe He3HauYnTeNbHOEe UCKPUBEHME NN MHOE MOBpPEeXAeHWe NAAaCTUH NPUBOANT K 3aMblKaHWUIO
Mexay HUMU. MicnpaBrieHune e NnacTuH KoOHAEeHcaTopa - Aeno cnoxHoe. K ymMcny KoHaeHCaTopoB C TBEPAbIM AUINTEKTPUKOM
OTHOCSITCS U MOACTPOEYHbI€ KOHAEHCATOPbI, ABNAIOWMNECS PA3HOBUAHOCTbI KOHAEHCAaTOPOB NepeMeHHON eMKOCTHU.

d)

Puc.7 IIpocrenmmii KOHAEHCATOP Puc.8 Konnencatopsl nepeMeHHOM eMKOCTH C BO3AYIIHBIM (a) U TBEPAbIM
MEPEMEHHON EMKOCTH. (0) IUPIEKTPUKOM.

v A

Puc.9 IIpumep KOHCTPYKIINU ABYXCEKIIMOHHOTO KOHAEHCATOPA, C BO3AYIIHBIM IUIEKTPUKOM, IIEpEMEHHON
€MKOCTH.

Yawe Bcero takme KOHAEHcaTopbl UCIOJIb3YIOT AJ1s1 MOACTPOHKN KOHTYPOB B P€30HAHC, MO3TOMY MX Ha3blBaltOT
nogCcTpoeHHbIMU. KOHCTPYKLMN Hanbosiee pacnpoCcTpaHeHHbIX NOACTPOEYHbIX KOHAEHCATOPOB NMokasaHbl Ha puc. 10. Kaxabii 13
HUX COCTOUT U3 CPABHUTENbHO MaCCMBHOIO KEPAaMMUECKOro OCHOBAHUS M TOHKOIO KEPaMUYECKOro AMcka. Ha noBepxHOCTb



OCHOBaHus (NoA AMCKOM) U Ha AUCK HAHEeCeHbl B BUAE CEKTOPOB METa/l/IMYEeCKMe Cou, aBnsolmnecs obknagkamm KoHaAeHcaTopa.
[Mpu BpaweHnn ancka BOKpPYr OCU U3MeHsieTCs nowaib NepekpbiTUs CEKTOPOB - 06Knaaok, M3MEHSIETCS EMKOCTb KOHAEHCaTOopa.

KNK=1

Puc.10 Ilonctpoeunsie konaencaropsl u ux (YI'O).
EMKOCTb MoAICTPOEHHbIX KOHAEHCaToOPOB yKa3bIBalOT HAa MX Koprycax B Buge ApPpo6HOro uncna, rae YncianTesb -
HaMMeHbLUasi, a 3HaMeHaTeslb - Hanbo/1bLasi EMKOCTb JaHHOIo KoHAeHcaTopa. Ecnv, HanpuMmep, Ha KOHAEHcaTope
yKkasaHo 6/30, ToO 3TO 3Ha4YMUT, YTO HaMMeHbLUas ero eMKocTb 6 Nd, a Hanbosnbwasa 30 nd. MoaCTpoeYHble KOHAEHCATOPbl 06bIYHO
MMEeKT HaUMEHbLLYI0 eMKOCTb 2-5 n®, a Hanbonbwyto Ao 100-150 nd. HekoTopble n3 HMX, Hanpumep KIMK-2, MOXHO
MCMNO/1b30BaTb B Ka4yeCTBe KOHAEHCATOPOB NepeMeHHOM eMKOCTU A1 HACTPOMKM MPOCTbIX OAHOKOHTYPHbIX MPUEMHUKOB.

KoHpgeHcaTopbl, KAK M PEe3UCTOPbI, MOXXHO COEAMHATL NapasisiesibHO UJin Noc/1e4oBaTesibHO, €CJ/IN HYXCHO 4O06UTbCS
Heob6xoQMMOoNi eMKOCTH.

Ecnm coegmHnTb KOHAEHCaTOPbI NapasienbHo (puc. 11, a), To nx obwjass eMKOCTb 6yaeT paBHa CyMMe eMKOCTeH Bcex
coeAgMHEHHbIX KOHAEHCaTopoB, T.€.

Ce. =C14+02
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Puc.11 INapannensHoe (a) 1 mocneaoBarenbHoe (0) coeqMHEHHE KOHIEHCATOPOB.
Cobw = C1 + C2 + C3 nT.4. Tak, Hanpumep, ecnn C1 = 33 n® n C2 = 47 n®, 10 0bLIas eMKOCTb 3TUX ABYX KOHAEHCaTOpOB
6ynet: Cobw = 33 + 47 = 80 no.

Mpun nocnegoBaresIbHOM coeguMHEeHNN KOHAgeHcaTopoB (puc. 11, 6) nx ob6Las eMKOCTb Bcerga MeHblLUe HauMeHbLUeH
€MKOCTH, BKJIIOYEHHO!H B Ljerno4Ky.

OHa noacuuTbiBaeTcs no gopmyne Cobw = C1 * C2 / (C1 + C2). Hanpumep, gonyctuM, 4yto C1 = 220 n®, a C2 = 330 nd;
Toraa Cobuw = 220 * 330 / (220 + 330) = 132 n®. Koraa coeanHs0T nocnenoBaTesibHO ABa KOHAEHCAaTopa 04MHAKOBOW €MKOCTH,
nx obwasn eMKocTb 6yaeT B ABOE MeHblLUe eMKOCTU KaXXAoro U3 HMX. BHMMaTenbHbI YnTaTenb, A0MXKeH Obl1 3aMeTUTb 06CoNt0THOE
CXOACTBO B pacyeTax C pe3uctopamu. [la aenctButenbHo opMysibl Te Xe, C TON NULLb pasHULER, YTO NMPUMEHSIIOTCS OHU
Haob0opoT B 3aBMCUMOCTU OT TMMNa COeAUNHEHUS.

Ba>kHO eLye 3arOMHHUTb M TO 06CTOATE/IbCTBO, YTO npuy nocsiegqoBare/sibHOM coegmHeHnun obwas eMKOCTb
YMeHbLuaeTcsl, a MaKCnMaJibHO gonycrmmMmoe pa60qee Hanpsi>keHne yBesinynBaeTcsi, T. €. OHO 6y,qer POBHATbCA
CYMMapHOMY Halpsi>KeHUI0 BCeX KOHAeHCaTopoB BXOoA4SLNX B LJeNnoYKy COeaqnHEeHNS .

noaAPOBHO O CUCTEME COKPALLEHHOIo O603HAYEHNSA HOMUHAJIbHbIX COMPOTUBJIEHUN
PE3NCTOPOB N EMKOCTEU KOHAOEHCATOPOB

Ha pe3ncrtopax 1 KoHAeHcaTopax OTHOCUTENbHO 60/bLINX PAa3MepPOB UX HOMUHaNIbHbIE COMPOTUBMEHUS UTNM EMKOCTU MapKUPYIOT,
npuMeHsas obwenpuHATbIe COKpaLleHHble 0603HauYeHNs eANHUL, S/TEKTPUYECKUX BEIMYMH, @ PSAOM - BO3MOXHOE OTK/IOHEHME OT
HOMWHana B npoueHTax, Hanpumep: 1,5 10%, 33 20%. A5 0603Ha4YeHMUss HOMUHANOB ManorabapuUTHbIX PE3NCTOPOB U
KOHZEHCaTOpPOB MPUMEHSIOT CneumanbHbIi KoA, ClaratoWmniics N3 ycnoBHbiX OyKBEHHbIX U LMMPOBbLIX 3HAKOB. Tak e Ha
CEroAHSALIHUNA AeHb LUMPOKO MPUMEHSIETCS MHEMOHWYECKNI KoA (LUBETHbIE KOMbL@ UM TOYKK), TeM Bosiee B MMMOPTHOM
annapaTtype. 3HaTb ero nNpocto Heobxoanmo. Mo Takok cucteme eanNHULY CONMpPoTMBIeHus1 OM cokpaweHHO 0603Ha4YaroT
6ykBoii (E), knnoom - 6yksoii (K), Meraom - 6yksosi (M). ConpoTtusnenus pesnctopos oT 100 10 910 OM BbipaxatoT B
[onax Kkunooma, a conpotusrieHms ot 100000 go 910000 OM - B gonsx meraoma. Ecnm HoOMMHanbHOe COMpoTUBIIEHUE pe3ncTopa
Bblpa)katoT LEeNbIM YMCNOM; TO 6yKBEHHOE 0603HaYeHMe eanHULbI UBMEPEHUSI CTaBAT Mocie 3Toro Yncna, Hanpumep 33E (33 Om),
47K (47kOm), 1M (1 MOm). Korga conpoTuBrieHne pe3ncTtopa BbipaXatT AeCATUYHOM APO6bi0 MeHbLue eanHNLbI, TO ByKBEHHOe
0603HauYeHNe eAnHULbI U3MEPEHUS pacriofiaratoT nepes Yncaom, Hanpumep K22 (220 Om), M47 (470 kOM). Bbipaxas
COMPOTMBNIEHNE Pe3MCTOpa LesflbiM YNCIOM C AeCATUYHOM Apobblo, Lenoe Yncno CTaBaT Brnepean 6ykBbl, a AeCATUYHYO Apobb -



nocne 6ykBbl, CUMBONM3MPYOLLEN eanHnLbl n3MepeHus (bykBa 3aMeHsIeT 3angaTyo nocse uenoro ymcna). MNMpumepsi: 1E5 (1,5
Om), 2K2 (2,2 kOm), 1M5 (1,5 MOM). lonycTMMO€e OTK/IOHEHME HAHOCAT Nocsie 0603HaYeHNsT HOMUHANbHOIO COMPOTUBIEHNS
cneaywowmmn 6yksamu: Jonyck, 10%, 5%, (C), (WN). Mpeanonoxum, Ha ManorabapuTHoM pesnctope o6o3HayeHo: 1M5U. 3T1o
3HAUUT, YTO HOMUHANIbHOE CONpOoTUBAEeHne pe3nctopa 1,5 MOM, gonycTuMmoe OTK/IOHeHNe OT HOMUHana 5%. HoMuHanbHble
€MKOCTU KoHAeHcaTopoB Ao 91 nd BbipaxatoT B nNukodapaaax, Ucnonblys ans o6o3HavyeHns sTol eamHuLbl eMkocTtn 6yksy (IM).
EmkocTtn o1 100 go 9100 n®d Bbipa)katoT Kak rOBOPWUIOCH Bbllle, B aonsx HaHodapaabl (1 H® = 1000 n® nam 0,001 mMkd), a oT
0,01 po 0,091 Mk® - B HaHOdapaaax, o6o3Havas HaHodapaay 6ykson (H). EMkocTn oT 0,1 MK® n Bbille BbIpaxatT B
Mukpodapagax, Ucnonb3ys ans 0603HayeHns 3Ton eanHULbl eMkocTh 6ykBy (M). ECin eMKOCTb KOHAEHCaTopa BbipaXatoT LesbiM
uncnom, To bykBeHHoe 0603HauYeHne eMKOCTU CTaBAT NOoC/e 3TOoro uncna, Hanpumep: 12M (12 n®), 15H (15 H® = 15 000 n® wnnn
0,015 Mk®), 10M(10MK®D). YTO6bLI HOMMHANbHYK EMKOCTb KOHAEHCaTopa BblpasuTb AECATUYHOWN Apobbio, bykBeHHOE 0603HauYeHne
eANHNLblI eMKOCTU pacnonaratT nepeg uncnom: HI5 (0,15 HO - 150 nd), M22 (0,22 Mk®). [Ina BbipaXXeHUsS eMKOCTU
KOHAEeHcaTopa LesblM YUC/IOM C AeCATUYHON Apobbio BykBeHHOE 0603HauYeHne eaAnHULbI CTaBAT MeXAy LesbiM YUCIOM U
[EeCATUYHOM Apobblo, 3aMeHss eto 3andaTyto, Hanpumep: 1M2 (1,2 n®), 4H7 (4,7 HO = 4700 n®), 1M5 (1,5 mkd). JonycTumoe
OTKJ/IOHEHME MapKMPYIT nocsie 0603HauYeHnss HOMUHaNbHOM eMKOCTU uMdpamm B npoueHTax, HanpuMep 30%, 20%, 10%, 5% wn T.
A.

KOPOTKO O NJIABKOM NPEAOXPAHWUTEJE

3T10T Npmnbop npeacraenseT cobor OTpe3oK NPOBOJIOKM, TOJLIMHA KOTOPOM paccyMTaHa Ha NponycKaHMe ToKa HEKOTOpPOM
pacyeTHoM BenuuymHbl, HanpuMep 0,25 A. OH npefoxpaHsaeT UCTOYHMK TOKa OT neperpysku. lNpeaoxpaHuTenu UMET Bce
3N1EeKTPOCEeTU, NHOMAA LUTEMNCebHble PO3ETKN, PAANOKOHCTPYKLUM, NUTAOLWMECS OT S/IEKTPOOCBETUTENbHOM ceTu. MNMnaBkuin
npeaoxpaHuTenb BCTaBISOT B Pa3pbiB 3/IEKTPUYECKON Lenu, YTobbl Yepes Hero npoxoaus BeCb TOK, NoTpebnsiemMbl Lenbto. Moka
TOK He MpeBbIlWaeT A0MNYyCTUMOM HOPMbI, MPOBOJIOKa NpeAoXpaHuTens YyTb Tenaas uin coBceM XonoaHas. Ho Kak TobKo B Lenwm
MOSIBUTCA HeaonycTuMo 6onbluas Harpyska uam Npov3onaeT KOPOTKOE 3aMblkaHMe, TOK pe3KOo BO3pacTeT, pacrniaBuUT NMpOBOIOKY U
Lernb aBToMaTMyecku pasopseTcs. [aTtpoH (B Hapoge Ha3biBatoT NMPo6KyM) NNaBKoro NpefoxpaHnUTens, UCNoIb3yeMOro B
OCBETUTENIbHOM 3/1EKTPOCETHM, YCTPOEH TakK Xe, Kak NnaTpoH anekTposiamnbl. B Hero BBepTbiBalOT hapdoposByto mpobky (puc. 12 -
cneBa), BHYTpU KOTOPOM MMeeTCsl CBUHLOBasi MpoBOJIOKaA.

L

Puc.12 IlnaBkue npegoxpaHUTENH.
OfVH KOHeL, ee npunasiH K MeTal/IMYecKoMy [IOHbILWKY NPo6KM, a APYroi - K MeTanMyeckoMy UMAVHAPY C pe3b60ii, KOTOpbIM
npeaoxpaHuTeNb BBEPTHIBAKOT B NaTpoH. [1poBosioka NNaBKoro npeAoxpaHuTens paaguoKoHCTpyKLmMn (Ha puc.12 - cnpaBa)
3aKJIlOYEHa B CTEKJIAHHYH TPY6OUKY M KOHLAMU NMpunasiHa K MeTa//IMYeCcKnM KoJinaykaM, BbIMOMHSALWNUM pOJib KOHTaKTOB. DTUMMU
KOHTaKTaMu npeAoxpaHuTenb BCTaBASIOT B CreLManbHblili NaTpoH (AepXXaTenb) Uan Mexay ABYMS MeTallsIM4eckMMU CToevkamu, K
KOTOpbIM NMoABEeAEHbl MPOBOAA 3aLUMLLAEMOM OT neperpy3ok cetu. MpuYMHY, BbI3BaBLUYIO NeperopaHue npeaoxpaHUTess,
Hafjo HalTH, yCTpaHUTb, M TOJIbKO MOCJIe 3TOro, cobsirogasi OCTOPOXKHOCTb, MOXKHO BCTaBJISITb B 3JIEKTPUYECKYIO LielNb
HOBbIH NpeAoXpaHNTEsNb, NMPU OTKTIIOYEHHOM 31eKTpoceTn!!!



