28 CHUloBas /IEKTPOHUKa

Bnaaumup N'YPEBUY,
K. T. H.

(o] HeKOTOprM OHY6JII/IKOBaHHbIM OaH-

HBbIM, HA JOJIIO SHQKTPOJII/ITI/I‘IQCKI/IX

KOHJIEHCATOpOB npuxoautcs 10 70%
BCeX IOBPEXIEHUI KOMIIBIOTEPOB U KOMIIBIOTE-
pI/IBI/IpOBaHHbIX CUCTEM. HOHLITKI/I KaK-TO 06’13-
SICHUTH 3TY CI/ITyaIII/IIO HpI/IBeJII/I K IIOABJICHUIO
COBEPILIEHHO HEBEPOSATHOHN UCTOPUHU, KOUYIO-
1Ieil U3 OJHOIO JKypHala B IPYTOHX U C ONHO-
IO UHTepHeT-TIopTaaa — Ha gpyroi. CorimacHo
9TOM baiike, sko6bl B 1999 (1o apyroit Bepcuy,
B 2001-M) romy HeKHit KHTaMCKUI yIeHBIN,
paboTaBIINiT Ha STMOHCKYI0 KOMIIAHUIO, 3aHH-
MAIOMIYIOCS IPOU3BOICTBOM 3JIEKTPOIUTHYE-
CKUX KOHHeHcaTOpOB, YXI/ITPI/IJ’[CH BbIKpaCTb
cekpeTHY10 (GOpPMYITy HOBEHIIIETO 3TeKTPOIIH-
ta. 1 Bce 6bI HUUETO, Ia TOIBKO yKpPaLeHHAs
y snoHUeB GpopMysIa 0Kazaaach HEMOJIHOM,
n Tenepb MUJIJINOHBI 3J'I€KTpOJ'II/ITI/I‘{eCKI/IX KOH-
HeHC&TOpOB C <<H€HpaBI/IJ'H)HbIM» SHEKTPOJII/ITOM
Ha BOJHOI OCHOBE PacIpOCTPaHIIIUCE II0 BCEMY
MI/IpY B T€4€HUE HECKOJIbKUX HHeﬁ NI MeCs-
IIeB 9TU KOHI[eHCElTOpI)I BIIUTBIBAIOT B C66H BO-
TIOPOJ, U3 BO3[yXa U B3PBIBAIOTCS, IIOPTS MaTe-

INeKTpoNUTUYECKHE

KOHAEHCATOPbI.

0COOEHHOCTU KOHCTPYKLUH
1 npobsieMbl Bbibopa

B nocnegHue gecATUNETUSA, KOTOPble OTAHYAIOTCA GYPHBIM pa3BUTUEM KOM-
NbIOTEPHbIX TEXHOJIOrHH U PACLUIMPAIOWHUMCA NPUMEHEHUEM UMNYNbCHbIX
MCTOYHUKOB NUTAHMA, OTKa3bl a/IOMUHUEBBIX 3/IEKTPONUTUYECKUX KOHAEH-
caTopoB npuob6penu cToNb WUPOKHUE MacluTabbl, YTO O HUX 3arOBOPUIHU KakK
0 «KOHAEHcaTopHo# uyme» (“capacitor plague”), HaHecweit yuiep6 B COTHM

MHWJITUOHOB [ON/1apPOB.

PUHCKYIO IIATy I JIIOOYIO CXeMy, Ha KOTOPOI
OHU YCTAaHOBJICHBI.

ABTOpOB 3TOI O6aliKu He CMYIIIAET, YTO peYb
UJIeT 0 KOHIEHCATOPAX HECATKOB Pa3IMIHBIX
KOMIIaHUN-TIPOU3BOJUTENEH, B TOM YUCIE,
KCTAaTH, U SIOHCKHUX, U 9TO 3Ta IpobiiemMa ocTa-
eTCsI AKTYaJIbHOII yIKe B TeUeHHe NeCsTKA JIeT.
He cmy1iaer ux 4 T0, 9TO B HaTEHTHBIX POHIAX
MHOTHX cTpaH Mupa, Bkmodas CIIA u Poccuro,
HAaCYUTBIBAIOTCA COTHU OTKPBITHIX ITATEHTOB
Ha 9JIEKTPOJIUT JJIsl KOH/IEHCATOPOB, B KOTOPBIX
HOAPOOHO ONMCAHBI XUMUYECKHI COCTaB U TeX-
HOJIOTHSI TIPOM3BOJICTBA 3J1eKTPOnIUuTOB. Kpome
TOTO, ISt XUMHUYEeCKUX J1a60paTOpHii, OCHA-
HI€HHBIX COBPEMEHHBIM aHAIUTUYIECKUM 060‘
PYIOBAaHHUEM, OLPENEIUTh COCTAB 3JIEKTPOJIH-
Ta, B3STOTO U3 KOH/IEHCATOPA, He MPEeICTaBIIseT
ocoboro Tpyzna. Bce 9T0 meaeT coBepIIeHHO
6eCCMBICIIEHHO KPaXKy «(OPMYIIBI SJIEKTPOIIHU-
Ta» U JIOKAa3bIBAET [TOJIHYI0 HECOCTOSATEIbHOCTD
pacrpocTpaHeHHOM 6aiKu, BBIIYMAaHHOI!, 110-
BUIUMOMY, HE OY€Hb KOMIIETEHTHBIM B 3TOU
00JIaCTH XKy PHATHUCTOM.
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Puc. 1. KoHCTpyKUMSI aIloMHHUEBOTO 3N1EKTPOIMTUUECKOTO KOHAEHCATOPA

Ho, TeM He MeHee, mpobiiemMa IefiCTBUTENb-
HO Cy1lecTByeT.  He TOJIBbKO B KOMIBIOTEPaX.
ABTOp 9TO¥1 CTaTH¥ JTMIHO BBISIBIJI COTHH I10-
BP@XIEHHBIX JIEKTPOIUTUIECKAX KOH/IEHCATO-
POB B MOIYJISIX ICTOYHUKOB ITUTAHMUS TECSITKOB
OTKa3aBIINX MUKPOIIPOIECCOPHBIX YCTPOICTB
peseitroit 3amuTel (MYP3) pasnudHbIX TUIIOB
U pas3HbIX IpousBopuTesneil. C qeM e CBSI3aHO
peskoe 060cTpeHue 3TO IPOBIEMBI B ITOCIEN -
Hee necsitutetne? ITompobyeM pa3oOpaTscst.

Jlnst 9TOTO Hpeskzie BCero MO3HAaKOMUMCS
C TeM, KaK yCTPOEH CaMbIi OOBIUHBIH AIOMU-
HUEBBINA 3JE€KTPOJUTUYIECKAN KOHIEHCATOP
(puc. 1). Cyns 1o IpencTaBIeHHOMY PUCYHKY,
KOHCTPYKIIUSI 9JIEKTPOTUTHIECKOTO KOHIEHCa-
TOpa HAIIOMHHAET KOHCTPYKIIUIO CTaporo 6y-
Ma)KHOTO KOHJIEHCATOPA: Te JKe [1Ba CJI0ost Hobru
H CJI0i1 OyMaru MeX iy HUMH, CBEPHYThIE B Y-
JIOH, IIOMEIIleHHbIN B 3alIIUTHBIA aJIOMUHUE-
BBIIT KOKYX (pHC. 2).

OpHako, HeCMOTPSI Ha BHEIIIHIOI CXOXKECTb,
B JEMICTBUTEIBHOCTU UMEIOTCS IPUHIUIIAAIIb-
Hble OTJIMYIHS B KOHCTPYKI[UH 9JIEKTPOIUTHe-
cxoro KoHaeHcaropa. OCHOBHOe U3 HHUX 3aKJIIO-
9aeTcst B TOM, 4TO B OTJIHYHE OT OYMa)KHOTO,
B 9JIEKTPOJIUTHIECKOM KOHIEHCATOpe OyMaK-
HBI€ JICHTbI BOBCE He SIBJISIOTCS M30JIUPYIOLTIM
MaTepransoM MeXAy OOKIaIKaMHu, IIOCKOIbKY
OHU IPOIHUTAHBI 3TEKTPOIIPOBOIHBIM JIEKTPO-
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Puc. 2. MosepxHOCTb aHOAHOM hoNbrit nocne
3/1EKTPOXMMUUYECKOrO TPaB/EHHS
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JIUTOM, @ UTPAIOT POJIb CENAPATOPOB, YIEPKUBAIOIINX KUJKHUI JIEKTPO-
JIUT B CBOUX IIOpaXx. H3OHHTOPOM MEXny O6KH3HK3MI/I CIIy’KUT OY€Hb
TOHKUI (TOIM — eIUHUIIBI MUKPOH) CII0M okcuaa amomuus (Al)O;),
00pa3oBaHHbIIl HA TIOBEPXHOCTU aHOAHOM (osbru. ViMenHo 6naromaps
MaJIOi TOJIIWHE JUIIEKTPUKA (HEegOCTHKUMOH 15 KOHJIEHCATOPHOM
OyMaru) U yIaeTcst Oy IUTh 09eHb OOJIBIIYIO (IO CPABHEHMUIO C GyMasK-
HBIMHU KOHJIEHCATOPAMHU) eMKOCTb, KOTOpast, KaK U3BECTHO, 0OPATHO IIPO-
MOPIMOHAIbHA PACCTOSHUIO MEXITY 0OKIaIKaMH.

JOTOTHUTETbHOE YBeNIUYeHnEe eMKOCTH JOCTUTAETCS YBeInIeHnEeM
IIomIaax 06KIAZI0K, a TOUHee — IUIOLIAMY UX IIOBEPXHOCTU. B asextpo-
JIUTUYECKUX KOHAEHCATOPAaX IIOMIAAb ITIOBEPXHOCTU aHO]IHOfI (bOJ'II)I‘I/I
YBEIIMIUBAIOT IIyTEM ee 3JIeKTPOXUMUIECKOro TpasieHus (epe obpa-
30BaHMEM OKCHIHOTO CJI0s1), TI0CJIE KOTOPOTO OBEPXHOCTh CTAHOBHUTCS
KaK 65l IIepoxoBatoit (puc. 2). Yem 6osblite 9Ta «IIEPOXOBATOCTb» MO~
BEPXHOCTH, TeM OOJIbIIIE €€ [UION[a/ib. DTUM IIPHEMOM YAAeTCs TOBBICHTD
€MKOCTb KOHIeHCaTopoB B 20100 pa3. DieKTposuT, GakTUIeCcKU BbIIO-
HSIOIIUI POJIb KaTOZIA, CBOOOIHO IPOHUKAET B HEPOBHOCTH [TOBEPXHOCTU
¢onbru. Karonnas ¢onbpra B TakoM KOHIEHCATOPE BBIIIOJHSIET BCIIOMOTa-
TEJBbHYIO POJIb 3JIEKTPOMIA, COEAUHSIOIIErO JIEKTPOIIUT C BHEITHUM MH-
HYCOBbIM BbIBOJJOM. I/IHOF,[Ia U €€ IIOBEPXHOCTD ITIOABEPIraroT TPaBJIEHUIO,
‘{TO6I)I YAYYIIUTD KOHTAKT C JJIEKTPOJIUTOM U YMEHBIIUTD IIEPEXONHOE
COIPOTHUBJIEHHE.

OKCHJL UTIOMUHUS CYIIECTBYET B HECKOIBKUX KPHCTAINIECKUX (Hop-
Max, Han6oJee pacCIIpoOCTpaHeHHas U3 KOTOPhIX o-Al,O; — KopyH#, us-
BECTHBII1 B IOBEJIIPHOM JieJie KaK pyOuH (COomeprKaluil MpuMecH, OKpa-
IIIMBAOLI[HE eT0 B KPACHBIH 1[BeT) U carup (C MpUMeCIMHU, TPUIAIOLIH-
MH OTTEHKHU CHHErO 1[BeTa). DTOT KPUCTAILI IPAKTUIECKU He PaCTBOPUM
B BOJIE U B KHCJIOTAX, SIBJISIETCSI TOJTYIIPOBOIHUKOM #-THUIIA, 06Pa3yONIM
OKBUBAJIEHT TUOJA IIpU CbH3H‘IeCKOM KOHTAKTE C ME€TAJJIaMU (BOJ'[bT‘
aMIIepHAst XapaKTePUCTUKA TAKOTO KOHTAKTHOTO COEIMHEHH S TIPeICTaBIs-
eT c000i1 TUITNYHYIO XapAKTEPUCTUKY AUONA). VIMEHHO 3THM CBOMCTBOM
OKCHJIa aTIOMUHUSA 00bACHAeTCA Hanudre quona D B cxeMe 3aMelleHns
3JIEKTPOJIUTIHYECKOTO KOHIeH caTopa (puc. 3). DTOT OO BKIOYEH B 06-
PaTHOM HAIIpaBJIEHUU, U €TI0 HpO6I/IBHLIM HaIIpsDKEHUEM OI'PAHUYUBAETCA
pabouee HampspKeHHe KoHAeHcaTopa. Hanuaue aToro sxe nuona o6ycias-
JIMBaeT U HEOOXOMUMOCTD COOJIFOMIEHHUS ITOJIIPHOCTH OOBIYHBIX JJIEKTPO-
JINTUYECKUX KOHJIEHCATOPOB.

I/IHILYKTI/IBHOCTI) AJIIOMUHUEBBIX JJIEKTPOIUTUIECKUX KOHIEHCATO-
poB (mpumepHo ot 20 1o 200 uI'H) B HepBYIO OYepenb OMPenesIeTCs
UHOYKTUBHOCTbIO HAMOTKHI (bOJ'ILI‘I/I U IIpU pacyeTax IIOJHOIo conpo-
THBJIeHNs (MMIIEIAHCa) KOHEHCATOpa OOBIYHO He IIPUHUMAETCS BO BHH-
MaHHe, TaK Kak npeobianaoliee BIUsHIE HA TOJHOE COPOTUBIIEHUE
KOHJIEHCATOPa OKa3bIBAET €r0 SKBUBAIEHTHOE IIOCIIEIOBATEIBHOE COLPO-
tusienne — DIIC (Equivalent Series Resistance, ESR), kotopoe 3aBucur
OT COIIPOTUBJIEHUS SJIEKTPOJINUTA U BHIBOIOB aHO/IA ¥ KaTO1Aa, BKIIOYasA
BHYTPE€HHUE I1€PEXONHDbIE KOHTAKTHbIE COIIPOTUBJIEHUA. Ho ato crpa-
BEUIMBO JIUILb [UI OTHOCUTEIbHO HU3KUX 9acToT (MeHee 100—-1000 xI'y).
Ha BrIcokux gacToTax UHAYKTUBHOCTD HAYMHAET CUJIBHO BJIUATH HA UM~
eaHC KOH/JEHCATOPa, TO3TOMY YIUTHIBAETCS TAKOM IIOKA3aTeNb, KaK
9KBUBAJIEHTHAS [OC/IeoBaTebHas HHAyKTuBHOCTh — OITU (Equivalent
Series Inductance, ESL). ®akrudecku DIIH orpaHHYuBaeT 4acTOTY, BBILIIE
KOTOpOI1 KOHIeHCATOp paboTarh He MokeT. Yem Gosbiiie DI, Tem Huke
IIpefieIbHas JaCcTOTa, Ha KOTOPOI KOHIEHCATOP ellje MPeICTaBIsIeT CO-
6011 eMKOCTh. OJJTHAKO TIOCKONIBKY 3JIEKTPOJIUTHYECKHE KOH/IEHCATOPBHI
He ITp€IHA3HAYEHDbI JJIL pa6OTbI Ha BBICOKHUX YaCTOTaX, IIPOU3BOJUTEIN
TAaKUX KOHJICHCATOPOB IIPAKTUYECKU HUKOI'TIA HE ITPUBOIAT 3HAYCHUE 3TOU
BEJIMYUHBI B CIIPABOYHBIX MaT€pHUajIax.

Oxcup anoMyuHNAS — OYeHb TBEP/bIH U XPYIKUIT MaTepual, OH MOXKET
TPEeCKaThCs B IPOIECCe HAMOTKY PYJIOHA UIIM BO BPeMsI OKCILTyaTally
KoHjieHcaTopa. [Tpy 3TOM 06pa3yiTCst MEKPOTPEIMHBI i MEKPOIIOPBI,
4epe3 KOTOPbIe MOKET IIPOHUKATH 3JIEKTPOIIPOBOMHBII AIEKTPOJIHT, UTO
IPUBOJMT K YBEJIMIEHUIO TOKa yTeuku. Kpome Toro, u koadunuent
JIMHEMHOTO PACIINPEHHUs Y aTIOMHHUS B HECKOIBKO pa3 (oJbllle, 4eM
Yy OKCHHHOﬁ IUIEHKY, II03TOMY ITpU U3MEHEHUU TEMIIEPATYPhI Ha 'PAHUIIE
UX paszfiejia BOSHUKAIOT NOIIOJIHUTEIbHbIE BHYTPEHHUE HAIIPSDKEHUS, YTO
TAKKe MOJKET IPUBECTH K BOSHUKHOBEHHUIO fleheKToB (TperiuH). Yem
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Puc. 3. Cxema 3aMelLLeHNs 3N1eKTPOIUTHYECKOTO KOHAEHCaTopa:

R1, R3 — conpot1eneHus BbIBOAOB aHOAA U KaToAa,

BK/1t04as BHYTPEHHWE NEPEXOfHbIE KOHTAKTHbIE CONPOTUB/EHUS;

R2 — conpotuBneHne aneKTponuTa;

L1, L2 — MHBYKTMBHOCTb HAMOTKW aHOAHOH W KAaTOAHOM (hONIbIH;

RyTeuky — CONPOTHUBAEHHE YTEUKH Yepes AetheKTbl CNOA OKCHAR ANIOMUHHS;
C — eMKOCTb €105 OKCHAA ANIOMUHKSA (EMKOCTb KOHAEHCaTopa);

D — aKB1BaneHTHbIN A0S, 06Pa30BaHHbIM CI0EM OKCHAR ANIOMUHHS,
HaHECEHHOrO Ha alOMUHKEBYIO (HOSbIY

MeHblIle TOK YTeUKH, TeM KadeCTBeHHee KOHIEHCATOP. Y XOPOIIMX 3JIeK-

TPOJIUTUYECKHUX KOHIEHCATOPOB TOT TOK He [IPEBBIIIIAET IeCSTKOB — CO-

T€H MUKpPOaMIIEp (B 3aBUCHUMOCTU OT €MKOCTHU, TEMIIEPATYPBI U ITPUJIO-

JKEHHOTO HAIIPSDKEHMs). DIIEKTPOJIUT JOJDKEH MMETh TAKOM XHMUYECKHI

COCTaB, KOTOPBIIT 00ecreTnBaI 66 BOCCTAHOBIICHNE MUKPOIIOBPEXKICHUI

CJI0s OKCHUfa anmioMuHus. U 9To fajeKko He e[UHCTBEHHOE TpeOoBaHUe

K 9JIeKTPOJIUTY.

CoBpeMeHHbIe JNIEKTPOIUTEL AJIs1 KOHAEHCATOPOB IIPECTABILIOT CO-
601;1 CJIOKHBI€ MHOTOKOMIIOHEHTHBIC CMECHU KHUCJIOT U COHefI, B KOTOPBIX
IIPOXOXKIEHNE AIEKTPUIECKOTO TOKA OCYILLECTBIISETCS 3a CIET ABIKEHUS
HOHOB U COIPOBOXKAAETCS 3eKTPoau3oM. OT 3JIEKTPOIUTA 3aBUCHUT Pa-
60TOCIIOCOOHOCTH KOHIEHCATOPA [IPH OIPeie/IeHHbIX HOMUHAIBHBIX Ha-
HPSDKEHUSIX B OIIPeeIeHHOM MHTepBale pab0vnX TeMIIepaTyp, a TakxkKe
HOMMHAJIbHBII TOK OYJIbCAIIMU U CPOK CITyKObI KoHIeHcaropa. K pabo-
4eMy SJIEKTPOJIUTY IPENbABIAIOTCA Pa3IMYHbIe, 3a9aCTyI0 IPOTUBOPEYa-
1ye fipyr apyry tpebosaHms [1]:
® BBICOKAsi COOCTBEHHAS! IIPOBOIUMOCTD;
® MaJjibl€ USMEHEHUA ITPOBOIUMOCTU BO BCEM UHTEPBAJIE pa60‘{I/IX TEM-

epaTyp;

e xopoiast popMymIas croco6HOCTh — i HOA(GOPMOBKHY aHOA,
TO eCcTh GBICTPOTO BOCCTAHOBJICHHS Ha aTIOMUHUEBOM (DOJIBIOBOM
aHOJle IU3JIEKTPUIECKOH IUIEHKY OKCHUA AIIOMIHUS 110 KPOMKAM
U MUKPOTPELI[IHAM, 00pa30BaBLUIMNMCS IPU pesKe (HOIbIY U HAMOTKE
KOHJICHCATOPHOTO 3JIEMEHTa;

e CTabHUIbHBIE XaPaKTEPUCTUKY IIPU MAKCHMAIbHOMU pabotUeil TeMIre-
parype;

® OTCYTCTBUE KOPpPO3UU U XUMUYIECKAA COBMECTUMOCTD C AJIIOMUHUEM,
OKCHJIOM aTIOMUHUS, KOHJIEHCATOPHOI GyMaro¥ ceraparopa;

® XOpoIlasi BIIUTHIBAEMOCTb IIPOKJIATOYHON KOHEHCATOPHO OyMaru;

o CTa6I/I.HbHOCTb IIapaMeTpoOB IIPpU XpaHEHUU B HOPMAJIbHBIX yCIIOBUAX;

® HU3KNE YPOBHU TOKCUYHOCTU U BOCIIAMEHAEMOCTHU.

OCHOBHBIMH KOMIIOHEHTaMH 3JIEKTPOJIUTA SBJSIIOTCS. HOHOOOPasyo-
II¥e BeIecTBa (MOHOTEHbI), OpraHUYeCKie U HeOPraHUIeCKue KUCTOTHI
1 UX COJIY, HO OHU PEAKO IPUMEHAIOTCA B HATYPAJIbHOM BUTIE. Kax Ipa-
BUJIO, UX CJIEf[yeT PaCTBOPATH B IIOAXOMSIIIEM COCTaBe, YTOOBI IPOU3OIIITA
JIEKTPOIUTHIECKAS UCCOLIHAINS C 00pa30BaHUEM MOHOB U IOy IUIICS
9JIEKTPOJIUT C HY>KHOH BeJIMIMHON BSISKOCTH. V13 KUCIOT MOXKHO UCIIONb-

KOMMOHEHTbI U TEXHOJIOTW « Ne 5 2012

www.kit-e.ru




30 CHUloBas /IEKTPOHUKa

30BaTh MOHOKAapOOHOBBIE (HOHAHOBASI, OJIEHO-
Basl, CTEAPUHOBAS) U JUKAPOOHOBBIE KUCIOTHI
(sHTapHAs1, AUINHOBAS, a3eTaNHOBAS, CceOaIiy-
HOBast, JOJeKAHTUKAPOOHOBAS, TPUIEKAH M-
kap6oHOBas), a Takxke oprodocopHast, GopHast
KHCJIOTBI, OeH30iHad KucioTa (win 6eH30aT aM-
Monus). BopHas xucnora ynydmaer popmyo-
LIYIO CIIOCOGHOCTD 3JIEKTPONIHTA.

II)'ISI CpeﬂHe‘ 1 BBICOKOBOJIBTHBIX KOHJICHCA-
TOPOB B Ka4eCTBe PACTBOPUTENEH MOXKHO HC-
II0JIb30BATh JIAKTOHOBBIC 1 AMUHBIC paCTBO‘
puTeNn. DIEKTPOIUTHI Ha OCHOBE JIAKTOHOBBIX
PAaCTBOPHTENEl TO3BOJISIOT CPEIHe- 1 BHICOKO-
BOJIbTHBIM KOH,ELeHCaTOpaM JOCTUTATH BBICOKOH
HaJeKHOCTH U GOJIBIIIONO CPOKA IKCIUTyaTAIlAH,
O[[HAKO HIDKHSISI IPaHUIA pabodeil TeMIepary-
PbI KOHIEHCATOPOB C TAKUMHU JJIEKTPOIUTAMHE
OTpaHMYeHa, KaK IPaBIIIo, 3HaYeHneM —55 °C.
DIIEKTPOIUTHI Ha OCHOBE AMUJIHBIX PACTBOPUTE-
JIel TO3BOJISIOT TOCTIYb KOHIEHCATOPY HIDKHEH
rpaHuIbl padodeit Temieparypst —60 °C u paxe
MeHee. OTHAKO 3TH JJIEKTPOJIUTHI He CIIOCOOHBI
06ecreqnTb GOMBIION CPOK IKCILTYaTAIIUH KOH-
JIEHCATOPA, TAK KAK OHU OY€Hb JIETY4H, a TAKKE
BCTYIAIOT B PEAKIUIO C OKCUIOM AIIOMUHUS
Ha aHOIE U Pa3PYIIAIOT €ro, YTO MPUBOIUT
K POCTY TOKa yT€YKH B KOHJIEHCATOPE U COKpa-
IIIEHUIO CPOKa er0 Iy KObL. C IPYroii CTOPOHBI,
HPI/I CHIJKEHHUU COHep)KaHI/ISI AMUJIHBIX paCTBO‘
purTeneii 1 3aMeHe UX Ha IPYTUE COCTABbI, MEHee
JIeTydue U MeHee arpeccUBHBIE 110 OTHOIIEHUIO
K OKCI/I,[IY AJIIOMUHUA, HHSKOTeMHepaTypHLIe Xa-
PAKTEPUCTUKH JJIEKTPOIIATA, & CJIENOBATENBHO,
u KOH]IeHCaTOpa yXYI[HIaIOTCH u yMeHLLHaeTCH
MIPOBOIMMOCTD JJIEKTPOJIATA.

SJIGKTPOJII/IT HE OTOJIKEH HPOSIBJIHTI) IIOBBI-
LIeHHOe ra3000pasoBanue (Ipu pabore 3iex-
TPOJIUTUYECKOTO KOHIEHCATOPA UIET IPOIIeCC
3JIEKTPOJIN3A, COPOBOXAAIOLIUIACST 06pa3o-
BaHMEM BOIOPOJIAa HA KaTOJle KOHEHCATOPA)
[P NOBBIIIEHHON TEMIIEPAType, B TOM YUCIIe
Ha BepXHell TPaHUIle HHTEPBaIa PaOOIUX TeM-
neparyp. [loHU3UTH Ta3006pa3OBaHIE MOKHO
C IIOMOIIIbIO BBEJICHUS B SHeKTpOHI/IT B Ka4de-
cTBe M0GABOK KATOHBIX JIENIONSAPU3ATOPOB, Ha-
[IPUMEP apOMATUYECKOTO HUTPOCOENUHEHUS.
YienbHas MIPOBOJUMOCTD 3aBUCHUT OT OCTa-
TOYHOTO CO,E[CP)K&HI/I?I BOJbI B HpI/IFOTOB)IeH‘
HOM 3JIEKTPOJIUTE, B TOM IuCIe 0OPA3OBAHHOM
B [IPOIIECcce XUMIIECKOTO B3AUMOJIENCTBUSA €10
KOMIIOHEHTOB. JIJ151 yBeJIndeHuUs 3JIeKTPOIPO-
BOJIHOCTH JJIEKTPOJIUTA TAK)KE MOKHO 106aB-
JIATH K QJIEKTPOJIUTY TE€MOHU30BAHHYIO BOY.
B pesyinbrate, IIpH IOMBITKE YIOBJIETBOPEHUS
BCEX OTUX Tpe6OBaHI/II;I SHQKTPOHHT CTAaHOBHUTCA
CJIOKHBIM XMMHUYECKUM COCOIUHEHUEM, BKIIIO-
YAKIIHUM MHOXECTBO KOMIIOHEHTOB, HaHpI/IMep
Takux [2]:

OTUJICHTJINKOJIb;
QJIKaHOT;

AL eTOHUTPUJL;
cebaIMHOBAs KUCIIOTA;
MOJIEKAHOBAs KUCIIOTa;
3THH)II/II/I3OHPOHI/IH&MI/IH;
6opHast KHCITOTa;

L[]
L[]
L[]
L[]
L[]
L[]
L[]
o runodocdopucras kucnora;

o FI/IILpOKCI/II[ AMMOHUNS;
® [IeHOHU30BAHHAA BOTIA.

HWrak, Ha mapaMeTpsl 3JEKTPOINTA BIUIIOT
KaK €ro CoCTaB, TaK U TE€XHOJIOTUA €TI0 an/Iro—
TOBJIEHNS, 4 QIEKTPUYECKUE XaPAKTEPUCTUKU
KOHJIEHCATOPA U CPOK €r0 CIIY’KOBI B 3HAYUTENb-
HOU CTeIIEHU 3aBHUCAT OT IIapaMeTPOB UCIIOJIb-
30BAHHOTO B HEM JJIEKTPOJINTA.

B mporiecce miuTenbHO SKCIUTyaTal[MU KOH-
JIEHCATOPA B HEM IIPOUCXOIUT MHOYKECTBO CJIOK-
HBbIX SHCKTPOXI/IMI/I‘IQCKI/IX peaKuHﬁ, CBsI3aHHBIX
He TOJIBKO C BOCCTAHOBJIEHUEM OKCHJTHOTO CJIOS,
HO U C KOPPO3HOHHBIM PaspylieHueM HEKOTO-
prX BHyTpeHHI/IX JJIEMEHTOB, HaHpI/IMep MeECT
coeHenust (POJIBIH C IIEKTpoaMu. B pesyib-
TaTe HeM30EKHBIX KOPPOSUOHHBIX IPOIIECCOB
YBEJIMYMBAETCS IKBUBATIEHTHOE TIOCIIEOBATENb-
Hoe conporuserue (DI1C) KoHmeHCaTOPa, YTO
HpI/IBOIII/IT K ILOHOHHI/ITQHI)HOMY IIOBBIIIICHUIO
TEMIIEPATYPHI U K elife 6OJIbIIeil HHTeHCH (-
KaIlu HETAaTUBHBIX XUMHUYECKUX U (1)I/I3I/I‘Ie‘
CKHX MPOLIECCOB BHYTPH KOHIEHCATOPA, TO €CTh
K YCKOPEHHOMY YXY/IILIEHHIO €T0 TaPaMETPOB.

[Tpomecc ectrectBenHoro ysennuenns JI1C
(TO ecTh eCTECTBEHHOTO CTApPEHUs KOHIEHCa-
TOpa) mpoTrekaeT MemieHHo (10-20 et u 60-
nee). KpoMe ecrecTBEHHOTO CTapeHus., B psifie
CIIy4aeB MMeEeT MECTO U MpPeXIeBPeMeHHbIIH
BBIXOJI M3 CTPOsI KOHJIEHCATOpOB. [ 1aBHas mpu-
9uHa 9TOr0 — ero meperpes. Korga Temnepa-
Typa KOH/IEHCATOPA IOCTUTAeT TOYKY KUTIEHUSI
QJIEKTPOJIUTA, BHYTPEHHee JaBJIeHUe BO3PACTAET
1 HEKOTOPOE KOJIMIECTBO SJIEKTPOIIUTA YXOIUT
HapyXy Yepes APeHax, TO eCTh Yepe3 HUK-
HIOK POOKY, WK Yepe3 CHeNaIbHbIN KIalaH
(B KOHIEHCATOPAX OOJIBIIION EMKOCTH), MU e~
pe3 pasphIB CreUaIbHO IPOCIabIeHHOTO Ha-
CeYKOH MeCTa B BepXHEH YacTH aTIOMUHUEBOTO
crakaua (puc. 4).

Puc. 4. Nytv gpeHaxka anektponura

B a/IIOMMHHWEBbIX KOHAEHCaTopax:

1 — cneuvnanbHas Haceuka, ocnabnsiowas fHo
Q/IIOMMHWEBOTO CTaKaHa;

2 — nnacTMaccoBas U1 peauHoBas npobka,
3aKpblBaloLas cTakaH U pUKCUpYIoLLas BbIBOADI,
3 — KknanaH B KOHAeHcaTopax 60/bLON eMKOCTH

[Tocye moTepy YacTH 3JIEKTPOIUTA yBEIHIH-
BaeTcs DIIC, 4To CTaHOBUTCS NPUIUHON elrfe
6oJIbIIIero pasorpesa. Drta MOJIOKUTEIbHAS 00-
paTHaH CBA3b HpI/IBOILI/IT K 6bICTpOMy BLIXO,E[Y
KOHJIeHcaTopa U3 CTpost. BeencrBue norepu
9JIEKTPOJIUTA B SJIEKTPOIUTUIECKUX KOHEHCA-
TOpax IPOUCXONUT Pe3KOe CHIKeHNEe eMKOCTU

100 mk®, 50 B

2]

SPGU240A1

Puc. 5. UcTouHnKM nUTaHks MUKPONPOLIECCOPHbIX pene
3awwutbl Tunos SPAC, SPAU, SPAJ (ABB):
a) SPGU240A1; 6) SPTU240S1

KOHJIEHCATOPA U Ia)Ke ITOJIHBIN 0OPBIB BHYTPEH-
Hel Ienu.

YT0 IPOUCXONUT B JIEKTPOHHOM almaparype
TIpY JpeHaXke 3JIeKTpoauTa? Bo-nepsrix, npu
CyII€CTBEHHOM CHMIKEHUU €MKOCTU KOHJIE€H-
caTopa HapyIIaeTCs HOpMaibHas paboTa MHO-
TUX CXEM: YXYIIIAE€TCA d)I/IJII)TpaL[I/IH IepeMeH-
HOU COCTaBIISIOLIEN, CHI)KAETCS HATIPsDKEHMe
Ha 9yBCTBUTEJIbHBIX JJIEMEHTAX CXE€MBI U T. [I.
W3 npaxTukn akcrmryartanuu MYP3 n3pectabl
cJIy4al MacCOBBIX OTKa30B peiie Tunos SPAC,
SPAU, SPA] (npoussoxcrsa ABB) mo mpu-
YMHE 3HAYUTEIbHOIO CHMKEHU A €EMKOCTH JIUIIIb
OJIHOTO KOHJIeHCcaTopa eMKOCThI0 100 MK B nc-
TOYHUKAX MUTaHus (pHC. 5).

Bo-BTOpBIX, IPOUCXOAUT KOPOTKOE 3aMbIKa-
HI€ BBIBOJOB MUKPOJJIEKTPOHHBIX KOMIIOHEH-
TOB IIpU IIOIIANAHUY HA HUX JJIEKTPOIIPOBOL -
HOTO 3JIEKTPOJIATA U UX OTKa3 B pabore. [Ipu
MOTA/IAHUH JIEKTPOJIUTA Ha CHIIOBBIE dJIeMeH-
Thl ICTOYHHUKA ITUTAHNS, HAXOIAIIIAECS 10 Ce-
TEBBIM HAIIPSDKEHUEM, IIPOUCXOJUT KOPOTKOE
3aMbIKaHUe CHJIOBOM LIENH, YTO COMPOBOXK/A-
€TCsT MHTEHCUBHOM IYTO 1 B3PbIBOIOTOOHBIM
(bu3HIECKHM paspyleHHeM 3THX 3JIeMEHTOB,
a Tak)xe BBIOPOCOM Ha COCeIHME 3JIeMEHTHI
60JIBIIIOTO KONHUIECTBA IIEKTPOIPOBOLHOM
caxu (puc. 6). Kpome T0r0, KHCIOTHI, COfEp-
JKAII[HeCs] B QJIEKTPOJIUTE, OICTPO Pa3pyIIIaioT
JIAKOBO€ MOKPBITHE IT€YaTHON IIaThl (MacKy)
U PaCTBOPAIOT MeJHbIE JOPOXKKH I1€YaTHOM I1J1a-
THI (puc. 6).

WHorza, Ipy OIpefie/IeHHOM COCTaBe JJIeK-
TPpOJIUTA, C IIOBBINIEHUEM TEMIIEPATYPHI U 1aB-
JIEHUsI TIPOUCXOJHUT YCKOPEHHOE HCIIApEHNe ero
neTy4ux (paxiuii depe3 mpooOKy, a He BbITEKa-
HUe 3JIeKTpostuTa. [Ipy HeKayeCTBEHHOM 3JI€K-
TPOJIUTE B IIPOLECCE BHYTPEHHUX XUMUIECKUX
peakuuit B KOH/JeHcaTope 06pasyercst 60IbInoe
KOJIMIECTBO BOIOPOMIA, KOTOPBIIl BHIXOIUT de-
pe3 yioTHeHue Ipobku. B aTux ciyvasx Ko-
JIMYECTBO 3JIEKTPOJIUTA B KOH/IEHCATOPE TAKKe
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Puc. 6. Pa3pyu.|em4e neyaTtHbIX niaT U 3/1IEMEHTOB BbITEKLIWM U3 KOHAEHCATOPOB

3/IEKTPO/IMTOM

YMeHbIIAeTCsl (4acTh ero NepexonuT B ra3z00-
6pasHyio ppakuuio), a BMecTe ¢ HUIM M eMKOCTh
KOHJIEHCATOPA, IPUYEM B [IECATKY Pa3 3a TIePUOJ
B 5-10 jer.

KakoBbI ke NPUYMHBI IIPEKIEBPEMEHHO-
IO 0TKa3a alIIOMUHUEBBIX KOHIEHCATOPOB?
HecoMHEHHO, KOHIEHCATOPBI TJIOXOTO Ka1eCTBa,
[IPOM3BENIeHHbIE ¢ HAPYIIIEHHEM TEXHOIOTYe-
CKHX TIPOIIECCOB U U3 HEKAYeCTBEHHBIX MaTe-
PUAJIOB, He OYAyT HOJITO CIIY)XUTH B AIlIIapaType.
ONHAKO TEOPHIO «ILJIOXO YKPAJEHHOTO» PellernTa
3JIEKTPOIIMTA BCe JKe 0TOpocuM cpasy. O ee Heco-
CTOSITE/IBHOCTH YK€ TOBOPHJIOC BBILIIE.

K BbIllIeCKa3aHHOMY MOYKHO JJOGABUTH, 4TO
B UCTOYHUKAX MUTAHUSA CONEPKUTCA MHOTO
ONIHOTHUITHBIX KOHIEHCATOPOB, BKIOYEHHBIX
B Pas/IMIHbIE [ENH, HO U3 CTPOS BHIXOIUT TOJIb-
KO OJIVH U3 HUX (PUC. 5) WIK IPYIIa, BKIIOYEH-
Has B OIpeJieIeHHYIO 1enb (PHC. 7), 9TO O[HO-
3HAYHO YKa3bIBaeT Ha MHYIO «T€OPHIO» U APYroe
00bsICHEHNE IPUYNH MACCOBBIX OTKA30B KOH-
JIeHCATOPOB.

Ananus mereit, B KOTOpPbIe BKIIOYEHbI 4aCTO
MOBPEKAAIOI[UECS JJIEKTPOTUTHIECKAE KOH-
JIEHCATOPBI, [TOKA3bIBAET, YTO PEUb UJIET O IEMAX
C HATIPsDKEHHUEM BBICOKOI 4acTOTHI (Ha KOTOPOi
paboTaer IAHHBII UMITYJIbCHBI UCTOYHUK TIA-
tauus). CoBpeMeHHbIe MOIIHbIE UMITYJIbCHBIE
UCTOYHUKH MUTAHUA PAOOTAIOT HA 9aCTOTAX
B IIECATKY KUJIOTEPI],  MAIOMOII[HbIE — B IHa-
I1a3oHe coTeH Kutorepr| [4]. [TockoJIbKy TaHTeHC
yIJIa IUDJIEeKTPUIeCKHUX moTeps (tgd = 2nfCR,
rzie R ~ DIIC) npsiMo mpoIOpIHIOHAJIEH JaCTO-
Te f, TO CTAHOBUTCS TIOHSATHBIM, 9TO TIPA paboTe
Ha TaKUX 9aCTOTAX M3-32 BOSHUKAIOII[HX JIOTIOJ-
HUTEJHHBIX TOTEPh IPOUCXOIUT TOTOTHUTENb-
HbIi{ HATPEB SJIEKTPOJIATA U TIOBbIIIEHYE IaBIIe-
HUS B KOHJIEHCATOPE CO BCEMU BBITEKAIOIIUMHU
0TCIo71a (B IPSMOM U TIEPEHOCHOM CMBICIIE) O~
CIIEMICTBUSAMH.

Puc. 7. Uctounmk nutatus Tuna 316NN63 mukponpoueccopHbix pene cepun RE*_316 (ABB)

(Bbla€NEHa rpynna KOHAEHCATOPOB, APEHAX ANEKTPO/HTA U3 KOTOPbIX

NPUBOLWT K MaCCOBbIM OTKa3aM UCTOYHUKOB nwrann)

OnHako, cy/st I0 IPUBeNeHHOH BbIe Gop-
MyJle, IOTepH B KOHIEHCATOPE, BHI3bIBAIOIINE
€ro JIONIOJIHUTEJIbHBII HarpeB, 3aBUCAT MPSIMO
MPONOPIMOHAIBHO HE TOJIBKO OT YaCTOTBHI,
uo u oT OIIC. A 9T0 3HAYUT, YTO IPH BBIOOpE
17151 pabOTHI B UMITYJIbCHBIX HCTOYHUKAX [IUTA-
HUSI KOHIEHCATOPOB ¢ 0000 HU3KUM 3HAUECHU-
eM OIIC MOXHO 6y/eT JOOUTHCS CYILIeCTBEHHO-
TO CHIDKEHUS HarpeBa JIeKTPOIUTA U yBeIde-
HUSI CPOKA CITYXKOBI KOHIEHCATOPOB, KOTOPbII
HOPMHPYETCS B TEXHUYECKOH JOKYMEHTAIH
IPOU3BORUTENEH IS YCJIOBUN PabOTEL IpH
MaKCUMAJIbHON NOMYCTUMON TeMIleparype.
Hanpumep, n1s kongeHcaTopos Tuna K50-75
MUHUMajbHas HapabOTKa MPU TeMIIepaType
+85 °C cocrasser Bcero 1000 4, Torga Kak npu
CHIDKEHMH TeMIepaTyphl 10 +55 °C oHa yBenu-
guBaercs 1o 10000 g [5].

3zech cefyer OTMETHTb, 4TO IpeIaraeMblit
MHOTJA TAKOH METOJ 3alUThI 3JeKTPOIUTH-
YeCKUX KOHIEHCATOPOB OT IIOBPEXIEHNUS, KaK
LIYHTUPOBaHHE KePAaMUYECKMMU KOHJIEHCa-
TOpaMU HeOOJIbIION eMKOCTH, SIBJISETCS pac-
IIpoCTpaHeHHbIM 3abayxaeHneM. Ha gacrorax
B IECATKU—COTHH KIJIOTEPI, CONPOTHBIICHUE
KepaMHU4eCKOro KOHIEHCATOPa MaJION eMKOCTH
HamHoro npesbliaer DIIC gaxke camoro 1mio-
XOTO IEKTPOIUTHYECKOTO KOHIEHCATOPA, a UL
TOT0 4T06BI 9 HEKTUBHO 3AIMUTUTD IIEKTPO-
JTUTUYECKUI KOHIEHCATOP OT BO3JEHCTBUS
Takux gactot, DIIC 3anuTHOrO KOH/IEHCATO-
pa DOJDKHO OBITH X0Ts1 661 consmepumo ¢ DI1IC
3alMIaeMoro KoHaeHcaropa. Ilpocrenmmnit
pacdeT IOKa3bIBAET, YTO YISl YIOBJIECTBOPEHHS
9TOTO YCJIOBUSI €MKOCTb 3all[UTHOTO KOH/EHCA~
Topa Ha yacroTe 100 kI'm JoKHA COCTaBAATH
okos10 5 MK®. A 3T0 y’Ke KpyIHBbIe IJIeHOYHbIE
KOHJIEHCATOPBI, JJIs1 KOTOPBIX HY)KHO CIIUIIKOM
MHOTO MeCTa Ha I1eYaTHOU ILIaTe, YTO IeJaeT
TAKOE PellleHNe HeIIPUEeMIIEMBIM.

B cooTBercTBUU C TPEOOBAHUAMHE CTAaHIAPTA
[6] B TeXHIYECKOI TOKYMEHTAI[MX HA OKCH/THbIE
9JIEKTPOJIUTUUECKUEe KOHIEHCATOPhI Ha/JIeKUT
YKa3bIBaTh UX UMIIEIAHC HA OIpeJeIeHHON Ja-
croTe. B MeXXnyHapomHOI IpaKTHKe IPUHSITO
YKa3bIBaTh UMIIEAAHC (II0JIHOE COIPOTHBIIEHNE)
Ha TUIUYHOU JJIS UMITYJIbCHBIX HCTOYHUKOB
nutanus yactore 100 k[, Ha aToit wactore
umnenanc 1 DI1C oTInIaoTCs: He3HAYUTEIHHO.
B TexHUYECKOI TOKYMEHTAIMH 3aMlaHbIX IIPO-
U3BOJUTENIEN 3JeKTPOIUTHIECKIX OKCUTHBIX
KOHJIEHCAaTOPOB C NOHM)KEHHBIM 3HAYeHUEM
OIIC MOXHO BCTPETUTDb TaKKe Ha3BaHUS JJIsS
cepuil KOHIEHCATOPOB:

o Low Impedance;

e Very Low Impedance;

e Ultra Low Impedance;

o Extremely Low Impedance.

AHanu3 3Ha4eHNI UMIIelaHCa KOHIEHCATOPOB
9THUX CepHil TOKA3bIBAET, YTO JaJeKO He BCeraa
peayibHble 3HA4eHUS COOTBETCTBYIOT IIPEBOCXO-
IHBIM CTeIleHsIM B Ha3BaHUsIX cepuil. [Toatomy
TaKye Ha3BaHUS HY’)KHO BOCIPUHUMATD BCEro
JIMIITH KaK PEeKJIaMHBII TPIOK, X OPUEHTUPOBATH-
cs Ha HUX He cleflyeT. B Ka)kIoM KOHKpeTHOM
ciIydae BhIOOpa 3JIEKTPOIUTUIECKUX KOHIEH-
CaTOpOB ISt pabOTHI B UMITYJIbCHBIX HCTOYHU-
Kax MUTaHKS HEOOXOMMO [IPOBEPSITH 3HAYEHIE
UMIIeflaHCca KOHJIeHcaTopa Ha dactore 100 kI
110 TeXHUYECKOH TOKYMEHTAI[U! IIPOU3BOAM-
TeJsl.

K coxaneHunio, B TeXHUYECKOU JJOKYMeHTa~
[[U POCCUICKIX TPOU3BOMIUTEINIEN HA OOBIYHBIE
KOHJIEHCATOPBI 00I1[ero IPUMEHEHUsI 3HaYeHUe
HMIIeflaHCca 9acTO BOOOIIe He YKa3bIBaeTCsL.
JlJ1st HEKOTOPBIX THUIIOB KOHJEHCATOPOB (Ha-
npumep, K50-75, AJITIK.673541.011) u3 33 tu-
[IOpa3MepoB 3HaYeHUe UMIIe[JaHCa IIPUBENEHO
JIMIIB JUIst 9eThipeX. M make B JOKyMeHTaluu
Ha KOHIEHCAaTOpPbl BOGHHOI'O0 NPUMEHEHUS
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Ta6nuua 1. UMnegaHc OKCHBHbIX 3NEKTPONUTHYECKUX KOHAEHCATOPOB BEAyLUMX MHPOBbIX POH3BOAHTENEM

ans vactorbl 100 KMy 1 Temneparypbi 20 °C

WmMnegaHc K50-53 K50-38 KZE HD ZL FM
Ha yacrore 100 Kru.
npu remneparype 20 °C BopoHexckuit koHaeHcatopHbik 3aBog  Nippon Chemicon Nichicon Rubicon Panasonic
6,3 B, 1000 Mk® 0,4 0,3 0,053 0,053 0,038
25B, 470 Mk® 0,3 0,35 0,038 0,041 0,026
50 B, 100 Mk®D 1 0,6 0,074 0,12 0,061

(pmemKa «5»), KIACCUPUIUPYEMBIX KaK «HU3-
KomMIlejaHCHble» (Hampumep, tuma K50-83,
AJXKAP.673541.012 TY), XOTb U [IPUBEIEHO 3HA-
yernue DIIC u uMmenanca, HO He YKa3aHO, [JIst
KaKOH JaCTOTHI U JULS KAKOY TeMIIepaTypsl, 4TO
He II03BOJISIET KOPPEKTHO OL[EHUTH ITH Hapa-
MeTpsL. B okyMeHTaI[uu NTUIIH OYeHb HEGOIb-
III0TO KOJIMYIECTBA TUIIOB KOHIEHCATOPOB POC-
CHICKOTO MPOU3BOACTBA YETKO U KOPPEKTHO
OTpaXKeHO 3HAUeHHe UMIIEAHCa, YTO IO3BOJISIET
CPaBHUTb KX C JIYUIIAMU 00pasaMu KOH/eHCa-
TOPOB MUPOBLIX IIpoU3BoaUTeNei (Tabu. 1).

IIpuBeneHHbIe TaHHBIE TIO3BOJISIOT CENATh
BBIBOJ, ITO POCCHICKIE IPOU3BOLUTEIN HMEIOT
el1le MHOTO BO3MOYKHOCTEH [IJIsL yITydIIIeHH s 1a-
PaMeTpOB BBIIYCKaeMBIX MU KOHIEHCATOPOB.

OIIC KOHIEHCATOPOB MOKHO OII€HUBATh
He TOJIbKO [0 TEXHUIeCKOM TOKYMEHTAI[HH IIPO-
U3BOAUTEIIEN!, HO U HEIIOCPEICTBEHHO H3MePSTh
C IIOMOLIIBIO IIPOCTBIX IPUOOPOB, PabOTAIOIIUX
Ha cra”fapTHoi JactoTte 100 kI'n. Ha prraxe
IIPefiCTaBIeHO HECKOIBKO MOMIeNIell TaKUX Ipo-
CTBIX U OTHOCUTENbHO femieBbix ($150-200)
mpubopos, HanpuMep ESR60 kommanuu Peak
Electronic Design (puc. 8), KOTOPbI MOXHO
IPHOOPECTH Yepe3 MeXXIYHAPOLHbIE KOMIIAHUN-
IIOCTaBIIIUKY 3JeKTPOHHBIX KOMIIOHEHTOB, Ta-
kue Kak RS, Farnell u np. BonpiuacTBO nMero-
IIIMXCS HA PBIHKe IIPHOOPOB TAKOTO TUIIA II03BO-
JIAIOT OLIEHUTH UCIPABHOCTD KOHIEHCATOPOB,
IIPK 9TOM KOHJIEHCATOPHI He HY’KHO BBIIAUBATDH
13 CXeMBL.

Heo6X0ZUMO OTMETUTH, ITO HALEKHOCTh
HMITYJIbCHBIX ¥ BXOIHBIX CETEBBIX (PUIBTPYIO-
IIMX KOH/IEHCATOPOB 3aBUCUT TAKKe OT IIpe-
IeIbHO [OIYCTUMOrO TOKa myiabcanuit. Tox
IIyJIbCAIIHIA, IPOTEKAIOIIUI Tepe3 JIEKTPOIINT,
IOIOIHUTEIBHO Pa3orpeBaeT ero, a KOHAeH a-

Puc. 8. MonynspHbiit npubop tHna ESR60
[L/151 ©3MEPEHHUS EMKOCTH W IKBUBASIEHTHOTO
nocnegosarenbHoro conpotusnerus (3MC)

TOp, pabOTAOLIHUIT Ha BEpXHEM IIpefieie OIy-
CTHMOTO TeMIIepaTyPHOTO AMaNa30Ha, UMeeT
OYeHb HeOONBINYI0 HapabOTKY, OOBIYHO He 60-
see 1000-2000 4. TToaTOMY BasKHO IpH BEIOOpE
9JIEKTPOIUTUYECKOTO KOH/IEHCATOpa YIUTHIBATh
U 9TOT IapaMeTp: IIPOU3BOAUTEIb, KaK IPaBH-
JIO0, IPUBONUT €TO B CBOEH IOKYMEHTAI[HN.

B mporiecce pasButust u pacuinperust cepb
TPUMEHEHHUSI MUKPOIIPOLECCOPHOM TeXHUKU
06HapYKIIACh ellle OfjHa IPobIIeMa C 3IeKTPO-
JIMTHIECKIMU KOoHJieHcaTopamu. COBpeMeHHbIe
MOII[HBIE TIPOLECCOPBI MPENCTABIAIOT CO6O0I
TaK Ha3bIBAaeMYIO JMHAMUYECKYIO HaIPy3Ky
1 paboTaIOT B PEKIMe BHICOKOYACTOTHOTO UM-
MYJIbCHOTO MOTpeOIeH st 3HAYUTEIbHBIX TOKOB
1o tensiM rmurasust. OOGbIYHbIE KOMITBIOTEPHBIE
IIpOLeCcCOPHI MOTPeOIIIOT TOK 5-10 A. Y co-
BpPEMEHHBIX MOIIIHBIX IIPOLIECCOPOB C MX MUJI-
JIMApIaMU TPAH3UCTOPOB (4-sIepHBLI IIPOIIeC-
cop Intel, usBecrHsiit mon HazBaunuem Tukwila,
COJIEP>KUT CBBIIIE IBYX MHJUIMAPIOB TPaH3U-
CTOPOB, @ B HOBOM TIpauIecKoM IIpolieccope
NVIDIA Fermi ux ysxe 6oiee Tpex MUJUIHAP-
IOB) TIOTPEOIIAEMBIIT TOK JJOXOIUT JJO HECKOJIb-
KX JIeCSITKOB aMIlep. A 9TO O3HadaeT, 4TO depe3
KOHJIEHCATOPHI B IIEIISIX MUTAHUS IPOIIECCOPOB
OyIyT IpOTEKaTh 3HAYUTENbHbIE BBICOKOYA-
CTOTHBIE TOKH 3apsifia ¥ pa3psna, YTO HUIYTh
He JIy9IIle, 9eM YCIOBUS UX PaOOThI B HMITYIIbC-
HBIX UCTOYHMKAX nuTaHus. [loatomy ciydan
MacCCOBBIX OTKa30B JJIEKTPOJUTHIECKUX KOH-
JIEHCATOPOB HAOJIFONAIOTCS HE TOJIBKO B UCTOY-
HUKaxX IATaHUs, HO ¥ Ha MaTePUHCKUX IIJIaTaXx,
B LEISIX TIUTAHUS IPOIIECCOPOB.

Heckospko o6rerdaer CUTYaIuo 10, 94T0 CO-
BpeMeHHbIe BHICOKOIIPOU3BOIUTEIbHbIE MUKDPO-
TIPOLIECCOPBI, B OTIMIHE OT HEPBUYHBIX UCTOU-
HUKOB IIUTaHUS, PAbOTAIOT IIPU OY€Hb HUZKUX
HaIpspKeHusIX. Tak, ecJiu camble IIepBble MUKPO-
TIPOLIECCOPBI UMeEJIH ITUTAalOIIee HallpsDKeHHe
5 B, TO MEKPOIIPOI[eCCOPBI MTOCTEAHUX OKO-
JIEHHH yXKe MOTYT paboTaTh P 3HAYUTENHHO
6oJtee HU3KUX HanpspKeHUsX. Hampumep, mpo-
rieccop Intel Xeon MoxxeT paboTaTh HpU HATIPs-
skeHuu 1,5-1,33 B, morpebisist ipu 3TOM TOK
10 65 A, 9TO faeT BO3MOXHOCTb UCII0JIb30BATh
Ha MaTepPUHCKUX IIaTaX HU3KOBOJIbTHBIE KOH-
IeHCATOPbI TOBEPXHOCTHOTO MOHTA)Ka IPYTUX
THIIOB (2 He OKCU/IHBIE ATIOMUHUEBBIE C HAIIPS-
>keHueM 110 600 B).

Hau6osbinee pacipocTpaHeHre B Ka4ecTBe
QIbTePHATUBBI OKCUHBIM ATIOMUHUEBBIM II0-
JIyIMJIU TAaHTAJIOBBIEe KOHZIeHcaTophl. CunTaercs,
YTO TAHTAJIOBBIE KOH/IEHCATOPHI HAMHOTO
JIydIlle AJIIOMUHUEBBIX, IOTOMY ITO UMEHHO
OHM NPUMEHSIOTCS B CIIEIIMaIbHO BOCHHOM

1 a3POKOCMHUECKOI anmaparype. Ho Tak i aTo
B JICAICTBUTEIBHOCTH, ¥ 4TO IIPENCTABIISIOT CO-
6011 TAHTAJIOBbIE KOHIEHCATOPDI?

Cy1ecTBYIOT 110 MeHbIIIeil Mepe JiBa 60JIb-
IIUX KJIACCA TAHTAJIOBBIX KOHIEHCATOPOB:
CKHJIKMM U TBEPHIBIM 31eKTpostToM. OCHOBHO®
KOHCTPYKTUBHOE OTJIHYUE TAHTAJIOBBIX KOH-
IEHCATOPOB OT aTIOMHHHUEBHIX 3aKTI0YAETCS
B YCTPOMCTBE HX aHOJA U KaTOfd. B TaHTanoBbIX
KOHJICHCAaTOPaX 060UX KJIaCCOB aHON BBITIOJ-
HEH He B BUJIE JICHTbI, CMOTAQHHOI B PYJIOH, KaK
Y OKCHJJHBIX QTIOMHUHUEBBIX, a B BUIE 00BEMHOI
BBICOKOIIOPHCTON TaOJIeTKY HIIHHAPIIECKOH
(OpMBI U3 CIIeUeHHBIX B BaKyyMe IIPU TeMIIe-
patype 1300...2000 °C rpaHys TaHTaJIOBOTO 110~

POIIIKa C 3aIPeCCOBAHHBIM BHYTPHU MPOBOJIOY-
HBIM BBIBOZIOM (pHC. 9).

Puc. 9. CtpykTypa cneyeHHbIX rpaHy/ TaHTana

Taxast KOHCTPYKIHUS aHOMA 00y CIOBUIA Ha-
3paHue nepsuix B CCCP cepuit TaHTanoBbIX
koHgeHcaTopoB: OTO-1 u DTO-2 (amexTpo-
JIMTAYECKUE TAHTAJIOBbIE 00bEMHO-IIOPUCTEIE),
IIPOU3BONCTBO KOTOPBIX OBLIO OCBOCHO B KOH-
e 1950-x — navgane 1960-x romos (puc. 10).
B 3THX KOHIEHCATOpAaX UCIOIb30BAHA CIIO-
COGHOCTH TaHTaJIA K 06pa3oBaHUIo (METOIOM
9JIEKTPOXUMUIECKOTO OKUCIEHHSI) Ha €ro II0-
BEPXHOCTH OKUCHOM IIEHKU — MATUOKUCH
taHTana (meHTOKCcHAa TaHTana) Ta,05 Dro
OYeHb CTaOMIBHOE BBICOKOTEMIIEPATYPHOE COe-
IUHEHUE, YCTONYMBOE B KHCIIBIX 3JIEKTPOTUTAX
1 IPOIyCKaloliee TOK TOJIBKO B HAIIPABICHUN
OT 9JIEKTPOJIUTA K METAJLLY. YIEIbHOE JJIeKTPO-
COIIPOTHUBIIEHNUE IIICHKH [IeHTOKCU/IA TAHTAJIA
B HANpaBJIeHNUH, HE IIPOBOJISIIEM TOK, OY€Hb
BBICOKO (7,5%x10"2 OMm-cMm).

DTH KOHEHCATOPBI OKA3ANIUCh CTOb XO-
poIn, 4To, HeCMOTPS Ha CBOY IIOJIYBEKOBOI
BO3PACT, IO CHX IIOP BBIIYCKAIOTCSI HOBOCH-
6upcxuM 3aBonoM «Okcum» mox Mapkoit K52-2
(O¥KO.464.049 TY), mpudeM ¢ IPUEMKOIH «5»
1 «9» (TO eCTh IpefHa3HAYEHBI 1JIsI HCIIOIb30-
BaHNs B BOCHHOI M a9POKOCMUIECKOH aIImapa-
Type).

B xauectBe pabodero 3JeKTpPONIUTA B Ta-
KHX KOHJIEHCATOPaX 0OBIYHO IIPUMEHSIOT BO-
IHBINA 35-38%-HbIi pacTBOP CEPHOU KUCIOTHI
(H,SO,). imenHo Takast KOHIIEHTPAIU Cep-
HOIT KUCJIOTHI 00eCIednBaeT ee MaKCHMAIbHYIO
9JIeKTPONPOBOIHOCTh ¥ MaKCUMATIbHO HU3-
KyI0 TeMIIepaTypy 3amepaanus (oxomno —60 °C).
DIIEKTPONIUT Ha OCHOBE CEPHOI KUCIOTL, IIPU-
MEHSIIOIIUHCS B KOHIEHCATOPax, 00ecIednBaeT
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Puc. 10. YcrpoiicTBo TaHTan080ro 06beMHO-NopucToro KoHaeHcaropa cepiu 3TO W ero coBpeMeHHOro aHanora 13 cepun K52-2:
1 — aHop; 2 — TaHTanoBas KPbILLKa; 3 — aHOAHDIN BbIBOA; 4 — 3NEKTPONNT; 5 — BHYTPEHHHIA cepebpstblii Kopryc;
6 — ynpyras npoknagka; 7 — M30/1ALMOHHAA NPOKAAKa; 8 — BHELHWIM CTanbHOM KOpnyc; 9 — KaTOAHbIN BbIBOA;

10 — 3an1BKa 3NOKCUAHOM CMOJION

CHUI0Bas JIEKTPOHUKa 33

nipu Temreparype npumepso 250 °C. Ilpu atom
TOSIBJISIETCS CJIOM TMOKCH/IA MAPTaHIIA, KOTOPBII
UCIIONB3YeTCs B KaueCTBe KaToja KOHIEeHCaTo-
pa. MexaHUYeCKuit U 2IeKTPUIECKUI KOHTAKT
BHEIITHETO BBIBOJIA CO CJIOEM [JMOKCH/IA MapraHIia
CO3[[AeTCS CIIEAYIONIUM 00Pa3oM: CIIOM THOKCH-
J1a Maprasia ImoKphIBaeTcst rpagurom, rpadpur
B CBOIO OYepelib MOKPBIBAETCS CI0eM cepebpa,
K KOTOPOMY Y’Ke IPHIIanBAeTCs! IPOBOTOYHBII
KaTOIHBIN BbIBOZI. KaTomHbIN BRIBOJ KOPITyCa,
TpeIHA3HAYEHHOTO JI/ISI TOBEPXHOCTHOTO MOHTA-
K4, BBIIIOJHSIETCS U3 3JIEKTPOIIPOBOIHOTO SIIOK-
CH/THOTO KOMIIayH/Ia (C HALIOJHUTEJIEM U3 T10-
POIIKOOOPasHOro cepebpa).

B nocienHue rompl MOSIBHIOCH MHOXKECTBO
Pa3HOBHU/HOCTEI TAHTAJOBBIX KOH/IEHCATOPOB
C TBEPJBIM 3JIEKTPOJIUTOM, OTIHIAIOI[AXCS
IPYT OT APYyTa COCTABOM U TEXHOJIOTHEI HaHe-
CeHUsI JIEKTPOIIPOBOJHOIO CJI0S HA TAOIETKY
U3 CIPECCOBAHHBIX TPAHYJ TaHTana. B gact-
HOCTH, HOJYYHIH PACOPOCTPAHEHHE TBEP/ble
3JIEKTPOJIATHI M3 3IEKTPOIPOBOIHOTO HOIMME-
pa (puc. 12).

Puc. 11. YcTpoicTeo coBpeMeHHOro 06beMHO-MOPHCTOro TaHTaNOBOrO KOHAEHCATOPA C XKMAKHM 3/1EKTPOIUTOM:

1 — TabneTka U3 cneyeHHbIX rpaHy/ TaHTana, 2 — cepebpsHbiit (nocepebperHbIit) Kopnyc (katoa), 3 — 3eKTponuT (kucnota),
4 — BbIBOA KaTOAA, 5 — BHYTPEHHWI PTOPONIACTOBbIM M30NISITOP, 6 — BbIBOJ aHOAA M3 TAHTANIOBOH NPOBOJIOKH,

7 — u3onsuMoHHas Npobka (MIHOrAa — CTeKNAHHDIN U30/1STOP), 8 — BbIBOA aHOAA (1y>KEHbIM HUKeNb),

9 — TouKa CBapKH aHOAHbIX BbIBOAOB, 10 — NPOXOAHOM hTOPONNACTOBbIN U30AATOP

yZIeabHOe CONpOTUBJIeHne oKono 1 OM-cM npu
20 °C. B cBOe BpeMst ObLIM IIPeAIOKEHbI I Me-
Hee arpecCUBHBIE JJIEKTPOIIUTHI, HO OHU UMEIOT
6oublliee yaeabHOE COMPOTUBIIEHHE (TO €CTh
BIIC): pactop H;PO, — 4,8 Om-cm, pacTBOp
LiCl— 12 OM-cM 1 fip., I03TOMY OHY He HaIlUIH
LIMPOKOTO NIPUMEHEHNSL.

Hcronb3oBaHne TaKOTO arpecCUBHOTO 3JIEK-
TPOJINTA, KaK CepHast KHUCJIOTa, 3aCTaBIsgeT Py~
MEHSATD JBOMHOU KOPITYC: BHYTPEHHUI TOHKO-
CTeHHDbII CepeOPSIHBII (HeUTPAILHBII K KICIIOTE)
1 HapY’KHBII CTAIbHOM — UL 06eCIIeIeH s 10~
CTaTOYHON MeXaHIIeCKOi MPOYHOCTH. bosbItioe
BHMMaHNe ITPUXOIUTCS YAEATh TAKKe YIUIOTHe-
HUIO KOHCTPYKIIUH IJIS TPpefyIpeXIeHNs BO3-
MOKHOCTH yTEUKHU 3JIEKTPOJIATA.

CoBpeMeHHBIE TAHTAJIOBbIE KOHIEHCATOPDI
C JKUJIKUM 3JIEKTPOJIMTOM MajIo 4eM OTInda-

I0TCS1 OT 00Pa3I[OB, BBIIYIIEHHBIX 50 JIeT TOMY
Hasajl, HO UMeIT 6oJiee IPUBBIYHYIO ISt CO-
BpPEMEHHBIX KOHIEHCATOPOB IIMIMHAPUYECKYIO
dopmy (puc. 11).

Bropoii Kiacc TAHTAJIOBBIX KOHJEHCATO-
poB — ¢ TBepAbIM anexTponutoM. Kak cieny-
eT y>Ke 13 CAMOT0 Ha3BaHUs 3TOTO KJIACCa, UX
IJIABHOE OTJIMYKE OT OIMCAHHBIX BBILIIE 3aKIII0-
9aeTCsl B OTCYTCTBHM JKUIKOTO 3JIeKTPOJIATA.
Takue KOH/IEHCATOPBI HA3BIBAIOT €11[e OKCUHO-
II0JTyIPOBOJHUKOBBIMH, IIOTOMY YTO B Ka4ecTBe
TBEPJIOTO JIEKTPOJIMTA B HUX UCIIOJIB3YETCS! -
oxcup Maprauia (MnO,), 061anaonuit mosy-
[IPOBOJIHUKOBBIMY cBoiicTBamu. CIION AMOKCHA
MapraHua Ha TabJieTKe U3 [IPeCCOBAHHBIX IPAHYII
TAHTAJIA C Y7Ke TOTOBBIM CJI0eM IIEHTOKCHIA TaH-
Taj1a 00pasyeTcst BBIIEP/KKOI TabIETKU B PACTBO-
pe HUTpaTa MapraHiia ¢ HOCJIeAyOLIeil CyIIKOi

N30NATOP
Ta205

MNONMMEP KATOO

Puc. 12. CtpykTypa TBEpAOTENbHOrO TaHTNOBOrO
KOHZLEHCaTopa C NONMMEPHDBIM 3/IEKTPOSIUTOM

Cy1iecTByeT HECKOJIBKO TUIIOB 3JIEKTPOIIPO-
BOJHBIX NTOJIMEPOB, HaIlle[IINX IpUMeHeHe
B TAHTAJIOBBIX KOH/IEHCATOPAX:
® TeTpallMaHXUHOJMMETaH (tetracyano—quino-

dimethane, TCNQ);

o nonuanuand (polyaniline, PANI);

o monunupoit (polypyrole, PPY);

o nonusTuiennrokcuruoden (polyethelyne-
dioxythiophene, PEDOT).

Hau6obliree IpakTHUdeckoe pIMeHeHUe s
H3TOTOBJICHUSI KOHIEHCATOPOB (U He TOJIBKO)
TIOJTY 9T HOJIUMeEP TIOCTIEIHETo TUIIA.

TanTanoBble KOH/IEHCATOPHI C TBEPABIM
9JIEKTPOTUTOM CBOOOIHBI OT TAKOTO CePbE3HO-
TO HEJJOCTaTKA OKCUIHBIX aTIOMUHHUEBBIX, KaK
BBICBIXaHHE U BbITEKaHHUE JJIEKTPOJIUTA.

A Terepb HECKOJIBKO CJIOB 06 0COOEHHOCTSIX
TaHTAJIOBBIX JIEKTPOIUTUIECKIX KOH/IEHCATO-
pos. [Tocie ynoMmuHaHHS 0 TOM, YTO TaHTAJIO-
Bble KOHIEHCATOPbI, 6e3yCI0BHO, JIydIIle OKCU-
HBIX aJIIOMUHUEBBIX, HEKOTOPHIM CIOPIIPU3OM
OKAa3bIBaeTCs TOT (HAKT, YTO TAKOU BaXKHEH I
napametp, kak OIIC, y TaHTaIOBBIX KOHTIEH-
CaTOPOB C JKUAKUM 3TEKTPOJIUTOM HAMHOTO
Xy’Ke, 4eM Y OOBIYHBIX ATIOMUHUEBBIX (TaOIL. 2).
Cremyer cka3aThb 11 0 TOM, 4TO B OTJIMYHE OT aJio-
MUHHUEBBIX KOHJIEHCATOPOB C MX MaKCUMaJIbHBIM
pabounm HampspkeHHeM 10 600 B Makcumaib-
HO€ HalpsiKeHHe TAHTAJIOBLIX KOHIEHCATOPOB
orpaHm4yeHo Ha ypoBHe 125 B (st 60bIuuH-
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34 CHUloBas /IEKTPOHUKaA

Tabnuua 2. TunuuHble 3HaueHus IMC
ans vactotbl 100 Ky AN TAHTANOBbIX KOHAEHCATOPOB
npu Temneparype 20 °C

e
*
=

Tun/npoussogutens

anc
Ha yacrore
100 kl'y, Om

HomuHanbHoe Ha-
npsxeHue,
B
EmkocTb,

6,3 1000 0,4
Solid Tantalum 293D series/
Vishay Intertechnology Inc. 20 100 05
50 15 0,8
M3900622H0190/Cornell Dubilier 100 22 0,4

0,6

\ - O6bi4HbIE MNO,

~
S

N
S \

~...__.___ HuskonmnegaHcHble MnO,

MonumepHbie
N

—
-
_———

=== X

10

100 1000
Yacrora, KMy

cTBa TUIOB maxe 50 B), a Takxke uTO TaHTaNO-
BbIe KOH/ICHCATOPBI He BBIIEPKUBAIOT MaJleli-
IIUX [epeHaNPsUKeHUI U [Ja)Ke OBICTPHIX BbI-
6pOCOB HANPSDKEHUS, He TPEBBIINAIONIUAX UX
MaKCUMAJIBHO JOIyCTUMOIO 3HAUeHHUs, U IPO-
OUBAIOTCS C 3aKOPAYMBAHHMEM I[€NU, B KOTO-
PYyI0 OHM BKJIIOUeHBL. [Ipy mpo6oe u mporeka-
HUU TOKA IPOUCXONUT CUIbHOE pa3orpeBaHue
KOHIIEHCATOpa U BHICBOOOKIEHIE KHCIOPOJA
U3 JUOKCHUJA MAapraHI[a, YTO B COBOKYITHOCTH
BBI3bIBAET OYPHYIO OKUCIHUTETBHYIO PEAKIIUIO
U BOCILUIaMeHEHUe KOH/IEHCATOpa, YTO MOXKET
NpUBECTH K BO3TOpPAHUIO anmaparypsl. s
[IPEIOTBPALIIEH S TPOOOS TAHTAIOBBIX KOHJIEH-
CaTOPOB, a TAKXKe JUIs yBEINYeHHsI HapabOTKH
UX IPUXOJUTCS UCIONb30BATh IPU 3HAYCHUAX
HaIpsDKeHUs, KOTOpbIe B 2—4 pa3a MeHblIIe MaK-
CUMQJIBHO HONYCTUMBIX. C y4eTOM TOrO, 4TO
TAHTAIOBbIE KOH/IEHCATOPBI BOOOIIIE He BBIITY-
CKAIOTCSI Ha HAaIIpsDKeHus cBbiire 125 B (ocHoB-
Hast Macca — Ha HampsbkeHue He 6oiee 50 B),
9TO TOBOPHUT O CEPbe3HOM OrpaHMYeHUH 001a-
CTU IIPUMEHEHUS TAKUX KOHJEHCaTOPOB.

CpaBaenue 3Hadennit DI1C (ummenanca),
[IPUBEIEHHbIX B TaOMUNax 1 U 2 [ OKCUIHBIX
ATIOMUHUEBBIX U TAHTAJOBBIX 3JIEKTPOIUTH-
YeCKUX KOHJIEHCATOPOB, TOBOPUT He B IOJIb3Y
nocnegHux. K ToMy >ke TaHTaJIOBble KOHJEHCA-
TOPBI 3aMETHO I0OPOKe AIIOMUHUEBBIX. U maxe
CIeluaJbHble TUIIBI TAHTAIOBBIX KOHIEHCATO-
POB, 3asBIeHHBIX Kak Low ESR, Bce-Taku cyme-
CTBEHHO YCTYMAIOT JIyYIINM TUIIAM OKCHUIHBIX
aMOMUHIEBBIX (TabiL. 3).

HexoTopElii TO3UTHUB B 3Ty MPauHyIO Kap-
THHY BHOCHUT TOT ()aKT, YTO TAHTAJIOBbIE KOH-
IeHCATOPHI C MOJUMEPHBIM KaTOJOM He UMEIOT
TaKOU BOCIUIAMEHSEMOCTH, KaK KOHJEHCATOPBL,
cofleprKalliie TUOKCHU] MapraHIia, 1 UMeT 60-
nee Huskoe 3nagenue OI1C (puc. 13).

Ta6nuua 3. TunuuHbie HadeHus IMNC
ans vactotbl 100 kl'y v Temnepatypsbi 20 °C
L1 HU3KOWUMMEAHCHbIX TaHTaNIOBbIX KOHAEHCATOPOB

¢
g & 28
iz 58 95
Tun/npoussogutens 5 §o Sx =4 g.z
£z z H ) :8
sE =
]
T
s 6,3 1000 0,1
olid Tantalum 293D series/
Vishay Intertechnology Inc. 2 150 01
50 15 0,3
6 330 0,18
CWR29/AVX 20 47 0,11
50 4,1 0,5

Puc. 13. 3aBucnmocTb 3KBUBaNEHTHOTO NOCNeA0BaTENbHOrO conpoTueneHus (MC) ot yacToTbl
AN KOHAEHCATOPOB C TBEP/ABIM 3/IEKTPOSITOM Pa3/ivuHblX TUMOB

Ho 4yeM ke Bce-TaKU TaK XOPOILY TAHTAJIOBbIE
KOH/IGHCATOPBI, H II09eMY UMEHHO OHH IIpHUMe-
HSIOTCS B BOGHHOI arlaparype?

Bce BUIBI TAaHTAJIOBBIX KOH/IEHCATOPOB HMe-
10T IIOHIDKEHHBIE TOKH YTeUKH, GOJIbIIYIO Hapa-
6OTKY 1, ITaBHOE, 3HAYUTEIHHO G0JIee IIIMPOKHUIL
[HUANa3oH paboInX TeMIepaTyp, IeM OKCHIHbIE
amoMuHueBble. Tak, HapuMep, TAHTAJIOBbIE
KoHfleHcaTopkel Tuia K52-18 npu HampsbkeHUn
0,6 B HOMMHAIBHOTO 3HAYEHUS U TEMIIEpATy-
pe +55 °C HMeI0T MUHUMAIbHYIO HapabOTKy
150000 4. A ux HHana3oH paboIKX TeMIepaTyp
npocrupaercst ot —60 10 +125 °C u Bbile (Ha-
mpuMep, +155 °C gist cepun K52), 9o monHo-
CTBIO COOTBETCTBYET TPeOOBAHUAM CTAaHAAPTA
T'OCT PB 20.39.304-98 mo xiuMaTH4eCKUM
YCJIOBUSAM JJIE BOGHHOU anmaparypsl. Ho ato
He UMeeT 0c060T0 3HaYeHNUs IPH HCII0IH30Ba-
HUH KOHJEHCATOPOB B IPOMBIIIIJICHHO aIlIla-
paType, THIIa MEKPOIIPOLIECCOPHBIX YCTPOUCTB
PpeJIeiiHOM 3aIUThl, HMEIOIUX 3HAYUTEILHO
6oJtee y3KUIi IUATIa30H PabOINX TeMIIepaTyp.

B mocnenHee BpeMs 6511 pa3paboTaHbI
MHOTOCJIOHHBIE KePaMU4eCKHe KOH/IEHCATOPBI
6obmoi emkocru (100 Mmx® u 6oiee), cBo6OI-
HBI€ OT MHOTHX HeJJOCTATKOB JJIEKTPOIUTHYE-
CKHX KOHJIEHCATOPOB, HO €MKOCTb 9THX KOH-
IEHCaTOPOB CHJIBHO 3aBUCHT OT TeMIIEPaTypHl,
OHHU II0Ka CYIIeCTBEHHO NOPOsKe 3TeKTPOIUTH-
JeCKHX U ellle He MOJNYIUIH IIUPOKOTO PaciIpo-
CTpaHEeHHSI.

BbiBOoAbl M peKOMeHAALUH

BasKHeMIINM TapaMeTpoOM 3JIEKTPOJIUTHYE-
CKUX KOHJIEHCATOPOB, HA KOTOPBII HY>KHO 0051-
3aTesIbHO 06paIaTh BHUMaHUE [IPH pa3paboTKe
HOBBIX UMITYJIbCHBIX HCTOYHUKOB TUTAHUS WIIH
PEMOHTe BBILIE/IINX U3 CTPOSI, BJISAETCS [OCIIe-
IOBaTeJIbHOE 3KBUBAJIEHTHOE COMPOTHBIIEHIE
(®I1C) nnm umnenanc Ha yacrore 100 kI, Ko-
TOPBI€ IOJDKHBI OBITH MUHUMAIIBHBI.

3amura aIeKTPOIUTUIECKIX KOHIEHCATOPOB
OT BO3JIEHCTBHA BHICOKOYACTOTHOM COCTABJIAIO-
1Ieil IIyTeM IYHTHPOBAHUS KePAMUIECKUMHU
KOHJIEHCATOPAMH MaJIoil eMKOCTH He 3¢ dex-
THBHA Ha YaCTOTAX, UCIIOJIb3YEMbIX B HMITYJIbC-
HBIX UCTOYHMKAX IATAHUA.

Pa6oTa cOBpeMEeHHBIX MUKDPOIIPOLIECCOPOB CO-
MIPOBOK/AETCS OTpebIeHneM 3HAYUTEbHbBIX

T10 BEJIYMHE TOKOB B PEKMME BBICOKOYACTOTHBIX
HMITYJIbCOB, II09TOMY KOH/JIEHCATOPBI, YCTAHOB-
JICHHbIE B LETISIX IIUTAHUSI MUKPOIPOIIECCOPOB,
OIBEPTAIOTCS BO3ENUCTBHIO TOKOB 3apsi/ia U pas-
Ppsizia ¢ BBICOKOIT 9acTOTO. J[JIst TAKOTO peXxuma
PaboThl HEOOXOMMMO TAKKe BHIOMPATH KOHMIEH-
CaToOpbI C MUHUMAIBHBIM 3HaueHHeM DIIC.

OCHOBHBIMH BH/J[aMHU IOBPEXAEHUI OK-
CHUIIHBIX aTIOMHIHUEBBIX JJIEKTPOTUTUIECKUAX
KOH/IEHCATOPOB B UMIYJIbCHBIX HCTOYHMKAX
MUTAHUS SBJISIOTCSA BBICBIXaHUE MU YTeYKa
3JIEKTPOJIMTA, YTO COMPOBOXKIAETCS PESKUM
yMeHbIIIeHHEeM eMKOCTH KOHIEHCATopa, Ipe-
KpaleHneM QyHKIIMOHUPOBAHUS UCTOYHUKA
U MOBPEXIEHUEM 3JIEMEHTOB MEYATHO ILIAThI
BBITEKIIIUM 3JIEKTPOJIUTOM.

OCHOBHBIM BHIOM HOBPEX/IEHUS TAaHTAJIO-
BBIX KOH/IEHCATOPOB B MOZYJISIX [[EHTPAIbHO-
IO TPOIIECCOPa SIBISIOTCSA UX IPOOOH, KOTOPbIE
MIPUBOJISAT K 3aKOPAYMBAHUIO 1IENH, B KOTOPYIO
OHHU BKJIFOYEHBI.

CpaBHUTEBHBI aHATN3 [TAPAMETPOB OKCHI-
HBIX aTIOMUHUEBBIX U TAHTAJIOBBIX KOH/IEHCA-
TOPOB [IOKa3aJI, 4T0, BOIIPEKH LIHPOKO PaCIIPo-
CTpaHEHHOMY 3201y XKIeHNI0 06 a6CONITHOM
KaueCTBEHHOM IIPEBOCXO/[CTBE TAHTAIOBBIX
KOHJIEHCATOPOB, OHHU CYIIIECTBEHHO YCTYIIAOT
QIIOMUHHEBBIM 110 TAKOMY BR)KHEUIIIEMY I10-
kasarenio, kak OIIC. Kpome Toro, TanTano-
Bble KOH/IEHCATOPbI UMEIOT 3HAYUTENHHO 60-
Jiee y3KUU UaNa3oH paboYnX HAIlPsOKEHUI,
SIBHO HEOCTATOYHBINA IJIst PAGOTHI B UMITYJIbC-
HBIX UCTOYHUKAX [TUTAHUS, ¥ HE BBIIEPKUBAIOT
Iake MUHUMAJIbHBIX [IepeHAIPsUKEeHHIA.

JIJ1st AMITYJIbCHBIX HCTOYHHUKOB [IUTAHKS HEBO-
€HHOTO Ha3HaYeHUs GOJIbIIIe TOIXOMAT OKCHU/I-
Hble ATIOMIHUEBbIE JIEKTPOIUTHYECKHE KOH-
IEHCATOPBL. B 1ersx, B KOTOPBIX KOHIEHCATOPbI
MOTYT IIO[JBEPTaThCs BO3IENCTBUIO BHICOKOI
9aCTOTBI, HOJDKHBI HCIIOIB30BATHCS CIIEIIANb-
Hble KOH/JIEHCATOPBI C IIOHWKEHHBIM 3HAYEeHH -
em OIIC. IIpu 3ToM OpUEHTUPOBATHCS HYKHO
He Ha peKJIaMHble Ha3BaHUs TAKUX KOH/IEHCATO-
POB, a Ha IaHHBIE, IPUBEICHHBIE B TEXHIIECKOI
ITOKYMEHTAIINU W U3MePEHHBIE C IOMOIIBIO
crienuanbHbIx npubopos. Hanboee moxxons-
LIMMH [JIsE TAKOTO [IPHMEHEHUs! SIBJISFOTCS. KOH-
nencaropsl cepuii FM, KZE, HD, ZL.

TaHTasI0BBIE KOHIEHCATOPBI C TBEPAIBIM JJI€K-
TPOJIUTOM B UCIIOJHEHHH ISl IOBEPXHOCTHOTO
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MOHTa’Xa UMCIOT MEHBIIINE Fa6apI/ITbI, 9EM a0~
MUHHeBBbIe, 60JIee PacIpoCTpaHeHbl i YI0OHbL
[JI UCIIOJIB30BaHUSA B MOAYIAX HEHTPAJIbHO-
O MPOIIECCOPa, OTHAKO U UX HY)KHO BBIOUPATDH
¢ ydeToM MUHUMaIbHOTO 3HaueHus DIIC, ecmu
OHU HUCIIOJb3YIOTCA B LENAX IIUTAHUS MUKPO-
TMPOLIECCOPOB, NMPUYEM, C NBYX-TPEXKPATHBIM
3aI1aCOM I10 HAIIPSDKEHUIO.

Jlns mpenoTBpallleHus BHE3aNHbIX U Heo0-
PaTUMBIX MOBPEKIEHUI MOIYJIEN UMITYJIbCHBIX
UCTOYHUKOB INUTAHUSA OTBETCTBEHHOM 3JI€K-
TPOHHOM aIlaparyphl, B YaCTHOCTH, MUKPOIIPO-
1IECCOPHBIX YCTPOWUCTB PeIeHON 3alUThI, BbI-
nyleHHbIx 7—10 jeT ToMy Hasajl, peKOMEHIY-
€TCA IIPOU3BECTU UX OCMOTP, BBIIBUTH HOMEpA
TIOBPEXAEHHBIX KOHAEHCATOPOB U OCYIECTBUTH

TIPEBEHTUBHYIO 3aMeHYy KOH/IEHCATOPOB C OTH-
Mn HOMepaMI/I BO BC€X UCTOYHHUKAX IMUTAHUS,
HE DOXHUOAasACh UX BbIXOJa U3 CTpOH, C Y‘IeTOM
PpeKOMeHaluii, IPUBEJEHHBIX B 3TOM CTaThe.
HPI/I 9TOM I10CJI€ BBIIIAUBAHU S CTaprX KOHJICH-
CaTOpPOB MeCTa UX YCTaHOBKY Ha I€4aTHOM IIjIa-
T€e ¥ MECTa CO CJIEJAMU BBITEKIIIETO SJIEKTPOIUTA
I OJIDKHBI 6I>ITI> HpOMbITbI paCTBOPOM IIUThE-
BOU COMIbI, a 3aTeM JUCTHIIJIMPOBAHHOM BOIOM
U TIIATCJIIBHO BbICYH_IEHI)I. .
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