HU3MEPUTEJIb DKBUBAJEHTHOT'O NMOCJIIEAOBATEJBHOI'O COIIPOTUBJIEHUSA
N EMKOCTH JIEKTPOJIUTUYECKUX KOHIEHCATOPOB « ESR-micro v4.0s»
( Kpamxkoe onucanue u uncmpykuyusa no IKcnjiyamayuu )

[Ipeanaraemelii Bammemy BHUMaHWI0 TpHOOp MpeHa3HAYCH AJISl U3MEPEHHUS SKBUBAJIEHTHOTO MOCIIEI0BATEILHOTO
comporusienns (Equivalent Series Resistance - ESR) 1 eMKkocTH 31IeKTpOTHTHYECKIX KOHICHCATOPOB 0e3 AeMOHTaXa MX
13 NIEYaTHOM IUIATHI U SBJISIETCS] HE3aMEHUMBIM IIOMOIIHUKOM B paboTe KaKJ0r0 yBaXkalollero ce0s Tenemactepa.

Kak n3BecTHO, NIPUUMHON MOAABIAIOLIETO OONBIIMHCTBA AE(EKTOB PAIUOICKTPOHHON amnmaparypbl SBISIOTCS
HEHCIPaBHBIE 3JICKTPOJIUTHUECKUE KOHIEHCATOPBl. IMEHHO OHHM CITy’KaT MPUIMHON TaKUX Ie(EKTOB, KaK BBIXOI U3 CTPOs
TPaH3UCTOPOB CTPOYHOH DPAa3BEPTKH, 3ABBILIICHUE BBIXOAHBIX HANPSIKEHUH HMMIIYIbCHBIX OJIOKOB IUTAHUS CO BCEMHU
BBITEKAIOIIUMH IOCICACTBUAMH U T.1 . VIMGHHO B HMMIIyJIbCHBIX OJOKaxX MUTAaHUS KOHAEHCATOPHI IOABEPTaOTCS
3HAYUTEIFHOMY HAarpeBy M OBICTpee BBIXOIAT M3 CTPOs (KaKk TOBOPST MHOTHE, «BBICHIXalOT»). [IoMCK HeWcrpaBHBIX
KOHJIEHCAaTOPOB C IIOMOLIBI0 TecTepa WIM H3MEPUTENs] €MKOCTH IOpOH IOBOJBHO 3aTPyJHHUTENEH, T.K. €MKOCTh
HEHUCIIPAaBHOTO KOHIECHCATOpa MOXET HE3HAYMTENIBHO OTJIMYAThCAd OT HOMHHAJIHHOW, a 3HadeHme ESR moxer ObITh
MoBOJbHO OompmmM. M mmenHO ESR sBIsieTCs BaKHEHIIMM TapamMeTpoM IS U3MEPEHUS IPH MTOMCKE HEHUCIPABHOTO
KoHJeHcaTopa. OcTaabHbIE HEUCTIPABHOCTH KOHJIEHCATOPOB, TaKHe, Kak KOPOTKoe 3ambikanue mwin Hu3koe DCR  (Direct
Current Resistance - conpoTHuBIIeHHE TTOCTOSTHHOMY TOKY), BCTPEYAIOTCS KPaHE PEIKO.

Camo monstue ESR MOXHO MOSCHUTH cCleayronM ooOpa3oMm. Kak HW3BEeCTHO, KOHJEHCATOP COCTOMT U3
METaJUTMYECKNX OOKIAJOK, K KOTOPBIM KpEISTCS €ro BBIBOJBI, JAHMAICKTPUKA, Pa3JCISAIomero OOKIaaKu (4acTo UM
SIBIISICTCS. OKCUIHBIN CIIOW Ha OOKJIaZKax) , U 2JeKTponuTa. Bee 3To momennaercst B alOMUHUEBBINA Kopiyc. B mponecce
paboThl B KOHJEHCATOpPE NMPOTEKAET MHOXKECTBO 3SJIEKTPOXMMHUYECKHX IPOIECCOB, B TOM YHCIE KOPPO3US B MecTax
coeAMHEeHHs1 OOKIaJOK C BBIBOJAMH. JTO, B CBOIO OYepellb, BBHI3BIBACT YXYyIIIECHHE MPOXOXKACHHUS MMEPEeMEHHOTO TOKa
Yyepe3 KOHAECHCATOp, HarpeB ero M, Kak CIEACTBHUE, elle OoJblIee YCKOPEHUE MPOTEKaH!Us OIMMMCAHHBIX BBIIIE TPOILIECCOB.
Bce Bo3HuKaromume mpH 3TOM MOTEPU YYMTBHIBAIOTCS B TaK Ha3blBAEMOM OSKBUBAJIEHTHOM IOCIEA0BATENIEHOM
conpotusieHnu (JI1C umu ESR) — BooOpaxkaeMoM pe3ncTope, BKIFOYCHHOM TOCIIEA0BATEIBHO C CAMUM KOH/IEHCATOPOM.

[Mpunnun m3mepenus ESR anamormuen ucmons3yeMoMy B M3BECTHOM H3MepuTene, paspaboraHHoM bobGom
[Mapkepom (ESR meter K7214). Ha Tectupyemslii KOHAEHCATOP MOAAIOTCS KOPOTKHE MMITYJIBCHl MOCTOSHHOTO TOKA . Y
ujeanbHOro KoHIeHcaTopa ¢ HyneBbiM ESR 3apsia Oynet HaunHATHCS ¢ HyNIEBOTO YpOBHA HarpsbkeHus. Yewm Boie ESR,
TeM OoJIbllIe HaYaJbHbIH «CKa4OK HANpsDKEHUs» B MOMEHT MOJaud ToKa. MUKPOKOHTPOJUIEP aHATU3UPYET 3TOT «CKauOK
HanpspkeHus)» U nepecuutsiBaer ero B ESR . Ilpu ucnonb3zoBanum nanHoro meroga ESR kxonaeHcatopoB manoi
emkoctd (1...10Mk¢) Oymer HemHOro Bbimie ux peasbHoro ESR 3a cuer Toro, uro 3a Bpems, paBHOE UIMTEIBHOCTH
TECTOBOI'O MMITYJIbCa, KOHAECHCATOP YCIIEET 3apsSAUTHCS JO HEKOTOPOTO YPOBHS HANPSDKEHHS, YTO U JIAeT YBEIUYCHHYIO
norpemHocTs u3mMepenus ESR npu manoi eMkocTH.

K nmpumepy, xommencatop eMkocThio IMK® mpm 3apsme TokoM 30MA 3a 2 MKC YCIIEeT 3apsSIuThCA [0
HanpsokeHnst  U=t*[/C=60MB. Yto Oynmer coorBercTBoBaTh u3MepeHHOMY ESR=U/I=60/30=2 oma. IIpu Tom xe Toke
KoHAeHcaTop eMKOCThI0 100 Mx®D 3a 2 mkc 3apsmutcs a0 0.6MB. IlorpemmHocts m3mepenns ESR B aTom cimydae Oynet
0.02 oma.

W3meperne eMKOCTH TPOM3BOAWTCS CTaHIAPTHBIM METOAOM — H3MepsieTcs Bpems 3apsia KOHJIEeHcaTopa
TTOCTOSTHHBIM TOKOM IO OTIPEIEIICHHOTO YPOBHsI HampspkeHws (B maHHOM ciydae no0 0.2 B) m mo dopmyme C=t*I/U
paccuuThiBaeTCs €MKOCTh. Ciiedyem yuumuieams, umo usmepeHue emKoCHmu KOHOEHCAmopos§ ¢ nosviuieHHbiM ESR
OaHHBIM  CnOCOOOM 0aem HEeMHO20 3AHUJICEHHOEe 3HaueHue  (U3-3a4 YNOMAHYMO20 6bluie HAYANbHO20 CKAYKA

HANPANCeHUst ).



OcHOBHBIE TEXHUYECKHE XAPAKTCPUCTUKH:

Jlnana3oH u3aMepsieMbIX 3HaUEeHUI: EmkocTb 0.02...65535 Mx®
ESR 0...200 om

[MoTpebnsiemMblii TOK: Pabounii pexum 0,9 MA
«Crsmuiny pexum npaktuyecku 0

Nuanukanus: I'padmaeckuii KK TIC283

Harmpsoxenue mutanus: 6 BoubT (2 nmementa CR2032)

l"abapurtsr: 120x70x20

Padora ¢ npubopom
«ESR-micro v4.0s» ( puc.1 ) mMeeT BCEro OAMH JIEMEHT yIpaBieHHus - KHONKY «On/off» (BKitoueHne/BRIKITIOUEHNE).

C/ESR/LowOhms Meter

(T
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Puc.1
Bxmrouenue mpou3BOANTCSA KpaTKOBPEMEHHBIM HakaTueM Ha KHomky. I[locnme Bxmrouenuss Ha JKKU
MOSIBUTCSI 3HAYCHME HANPsDKCHUE MUTaHUs B Boibrax. DTO 3HaUEHME MCIOJIB3YETCS Ul OLUEHKH COCTOSHHS 3JIEMEHTOB
nuTaHus . 3ateM MpuOOp MepexonuT B padounii pexxuM. Ha aucrnee nmosBistorces 2 3HadeHus — B jieBoi yactu JKKU -
ESR (wnmu compoTuBieHHME TpW HW3MEpPEHHH pe3ncTopoB) B OMax W B MPaBOil 4acTH — €MKOCTh B MHKpodapaiax.

Wsmepenust Oe3 OeMOHTaka KOHJEHCATOpa M3 IUIaThbl MPOU3BOMAATCS C IMOMOIIBIO LIYMOB, KOHIBI KOTOPBIX
MTOJIKITIOYAIOTCSI K TIPOBEPSIEMOMY KOHJICHCATOPY.

[Ipu mpoBepke NEMOHTHPOBAHHBIX WJIM HOBBIX KOHAEHCATOPOB HMCHOJB3YETCS MpaBas YacTb LIAHTOBOM MaHENH,
pacIoNoKeHHOW cmpaBa OT auciuies. OOUH BBIBOJA KOHIEHCATOpa IOAKIIOYAeTCS K OJHOMY M3 YETHIPEX HIDKHHX
KOHTAaKTOB TAaHENM, BTOPOH — K OJHOMY M3 YETBIPEX BEPXHUX KOHTAKTOB (B 3aBHCHMOCTH OT PACCTOSHHS MEXIY
BBIBOZIaMH ). BBIBOIT 0 paboTOCTIOCOOHOCTH KOHIEHCATOpa JeiIaeTCs 1O MMOKa3aHusIM Ha JucIuiee (CM. TaOIuIly B pasierne
«IIpumeuanusy).

Crnenyer OTMETHTB, YTO €CIIM TIPY TIPOBEPKe 0€3 JEMOHTaKa HECKOIBKO KOHIEHCATOPOB COETMHEHBI TapaJlIeIbHO
(o6bryHO QrTBTpyIOMKE O MUTaHuio), TO npubdop mokaxer nx CYMMAPHYIO emkxocts. 3Hauenne ESR kaxmoro
KoHzeHcaTopa B 3ToM ciaydae m3meputs HEBO3MOJXHO. Takume xoHaeHCaTOphl HEOOXOIWMO TPOBEPATH IMOCIE UX
neMoHTaxka. Ecim KoHAEHCATOp «IpoOUT» (COMPOTHUBIEHNE MOCTOSHHOMY TOKy paBHO (), To B mpaBoit yactm JKKU
WHIUIHUPYIOTCS TPOYEPKH («-----»), a B JIEBOW YaCTU COMPOTUBIICHHE STOr0 KOHJIEHcATopa (0OBIYHO OJIM3KOE K HYIIIO).
Taxske npouyepku B npasoii yactu KK nosBisroTCsS U Ipy U3MEPEHUU CONIPOTHUBIICHUS PE3UCTOPOB.

Crenyer o0paTuTh BHUMaHMeE, YTO IPU NMPOBEPKE KOHJEHCATOPA C EMKOCTbIO, TIPEBBIMIAIONIEH MaKCUMaIbHBIN
mpeaenl W3MEpEeHHs, NMPUOOp TaKkKe MMOKaKET «-----», T.K. 3apsAA  Takoro KOHJEHCATOpa IPOUCXOAWUT JOJIbIIE

YCTAHOBJICHHOI'O BPEMCHU U IPUHUMACTCA PCHICHUEC, UTO «KKOHACHCATOP HE 3apsKacTCa», TO €CTh 3TO «KPE3UCTOP».



KonTpoJb HanpsizkeHUs] TUTAHUS

HoMuHanbHOE HanpspKeHUE MUTaHKWE YCTPOUCTBa — 6B, ojHaKo paboTOCIIOCOOHOCTh COXPAHAETCSI IPH CHIDKEHUN
HanpspkeHus 10 4,5B. 3HaueHne HanpshKeHWs MUTaHHA MOXKHO YBHIETH cpa3y mocie BkimtoueHus. U-5.6, k mpuMepy,
3HAYUT, YTO HANPSDKEHUE MMUTAaHUS yCTPOMCTBA paBHO 5.6 BonbT. Ilpu cHM>KEHUHM HanpsKeHHUs MUTaHUS HIWKE 4,5 BONBT
PEKOMEHJIyeTCS 3aMEHHUTD 3JIEMEHTHI TUTaHUSI.

ABTOOTKJIIOYEHHE

C nenbio NpoIJICHUsI CPOKa CIY)KOBl 3JI€MEHTOB IHMTAaHHUA aBTOMATUYECKOE BBIKJIIOYCHUE NMUTAHUS IPOUCXOAUT
yepe3 1,5 MHUHYTBI IOCJ€ OKOHYAaHHUS NOcCieAHero msmepeHus . lloTpeOisieMblil ycTpOMCTBOM TOK B BBIKIIOUEHHOM
pPEeXUME NMPAKTUYECKH PaBeH HYJIO (JOJIM MHMKpoaMmIiep). BBIKIIOUNTH yCTPOMCTBO MOXHO TaKKe YIEPXKHUBAas KHOIKY
Ha)kaTol 0oJjiee ABYX CEKyHI.

Komnencauusi conpoTUBJIEHHS LIyTIOB

Urob6b1 n30exarTh BIMSHHUSA COIPOTHBIICHHS IMyNoB Ha mi3Mmepernne ESR, B mpmbope mpucyrcTByeT (yHKIHS
KauOpoBkH. [ KannGpoBKKH HEOOXOIUMO TIepel BKIIOYEHHEM prOopa 3aMKHYTh IIYIbI (TIOJKIIOYNATE OAWH Iyl K 4
CHM3Y KOHTAaKTy JIEBOW YacTH IAaHEIM, U BTOPOH — K SMy KOHTAKTy). 3aTeM KpPaTKOBPEMEHHBIM Ha)KaTHEM KHOIIKU
npousBoauTcs BKIoueHue. Ha aucruiee nosiBurcs «CAL---» u uepe3 Hekotopoe Bpems «CAL donE» («KamuOpopka
3aKOHYeHa»). PexoMeHayeTcs Bo BpeMs KaJHOpPOBKH 00ecTieYMBaTh OYSHb XOPOIIUi KOHTAKT IIYMOB C MAHENbI0 (CHIIBHO
NpWKaTh M HE IBUTaTh LIYIHI B poriecce KanmuOpoBkn). [locie 3aBepiieHus KanuOpoBKY B JIEBOM YacTH AUCILIES TOTKHO
O5ITh 3HaueHue E He Gompire 0.01 oma.

IIpn wcnonp3oBaHMM A NPOBEPKH KOHIECHCATOPa NaHedW (A8 HAeMOHTHPOBAHHBIX WJIM HOBBIX
KOH/IEHCATOPOB) KAJIMOPOBKY cjeayeT NMPOBOIMTH HENMOCPeICTBEHHO Ha maHeau! [[ng sToro mepen BKIIOUEHHEM B
MPaBYIO 4acTh MaHEIN BMECTO KOHAEHCAaTopa MOAKIIOYAETCs JIto0as mepeMbluka (e MOXKET CIIY>KUTh COTHYTBIA OTPE30K
BBIBOJIA PE3UCTOpa). DTa TEpEeMBIYKa BCTABJISICTCSI B 2 OTBEPCTHs MpaBod udacTd manenu ( Hamp. 4-5 wim 3-6...) u
NPOU3BOAMTCS KaTMOPOBKA KaK OMMCAHO BBIIE. 3aTeM IEePEMbIUKa YAAISIETCs]  MOXKHO MPHUCTYNATh K U3MEPEHHUSIM.

IIpoBepka paGoTOCMOCOOHOCTH YCTPOHCTBA

s ynpoiieHHON TNpoBepku paboTocrocoOHOCTH MpuOopa K JIEBOW YacTH MAHETH IOAKIIOYEHBl TECTOBBIE
pesuctopsl 1, 10 u 100 om. Ilpu mOAKIIOYEHUH WIYMIOB K COOTBETCTBYIOIIMM KOHTaKTaM MaHENU (MOAKIIOYEHHE
PE3UCTOPOB yKa3aHO Ha KOPILyCe) JIETKO MPOBEPUTHh TOUYHOCTh M3MEPEHUs! conpoTuBieHus. Ocoboe BHUMAHHUE CIEIyeT
YIACIUTh TOYHOCTH W3MEpPEHHs TecToBOro pesucropa 1 om. Ecim m3mepeHHoe 3HaueHHE OTIMYaeTCs OOJbIIe YeM Ha 2-
3%, HeoOX0aMMO 3aHOBO OTKanuOpoBaTh npudop. [lorpemmnocts B n3mepenuax 10 u 100 - OMHBIX TECTOBBIX PE3UCTOPOB
OKOJIO 5-7% MOXKHO CUMTAaTh AOMYCTHMOH, T.K. YCTPOHCTBO HE SIBIAETCS MPEUU3UOHHBIM omMmeTpoM. Jlomyckaercs
TTOBBIIICHHAS ITOTPENTHOCTh HA TPAaHUIIaX H3MEPHUTEIHHBIX JUAa30HOB (0COOEHHO 3aMeTHa B paiioHe 3-4 Om).

Ipumeyanus

[Ipenynpexmenne: Bo wu3bexkanme BeIXoma mpubopa w3 cTpos Tmepen mnposepkoit  PA3PSJIUTE
KOHAEHCATOP! Oco6eHHo 3TO KacaeTcsi KOHACHCATOPOB UMITYJIBCHBIX OJIOKOB IMMUTAHUS U IETIeH MUTaHHs CTPOYHOU
pa3BepTKH. 3aImnTa yCTPOICTBA MO BXOAY CTaHAApTHAs — 2 IMO0Ja BCTPEYHO-TapaiiensHo. [Ipu GombpImomM octaToqHOM
HanpsDKEHUH Ha KOHJEHCATOPE OHA MOXKET OKa3aTbeCsl Hed(HEKTUBHOM.

[IuTanme ycTpoiicTBa OCYIIECTBIISIETCA OT ABYX JUTHEBBIX 3JeMeHTOB CR2032. DneMeHTHl yCTaHaBIMBAIOTCS
TTOJIOXKUTENBHBIM (+) KOHTaKTOM BBEPX.

OpueHTHpOBOYHBIE 3HAYEHHs OOMYycTUMbIX ESR nmsi KoHIEHCAaTopoB pasnuYHBIX €MKOCTeM M JOMYyCTUMBIX

HAPSHKEHUI MOYKHO B3SITh U3 MIPUBEIEHHON HIDKE TaOIHIIbL.
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OTH 3HaYCHUS] IMEHHO «OPHEHTHPOBOUHBICY. Tabumna ncrnonb3oBana booom [Mapkepom B ero K7214. [punnun
mmeperns anamorndeH, HO B «ESR-micro 4.0s»  AIWTENBHOCTH TECTOBOTO HMITYJIbCA YMEHBIIECHA, ITOITOMY
MOTPEITHOCTh, u3Mepennus ESR koHAeHcaTopoB Maoi eMKOCTH YMEHbIeHa Mo cpaBHeHHIo ¢ K7214. MakcumalibHO
nmomyctuMbIM ESR koHAeHCATOPOB ¢ eMKOCTEIO 10 10 MK®D MOKHO CUHUTATH TIPUOTU3UTEIHHO 4-5 oM.

[Ipu u3MepeHnn eMKOCTH KOHJACHCATOPOB OJIM3KMX K MUHUMAJIbHOMY TPEIeIy U3MEPEHUSI TOUHOCTh U3MEPEHUS

+/- 0.01Mx®. To ecth, ecu Ha nucree 3HadeHue 0.03, To eMKOCTh KOHJEHCaTopa Haxoaurcs B mpenenax ot 0.02 o

0.04 mMxd.

Ha caiite http://my.execpc.com/~endlr/esr.html npuBeneHsl cieayroliue 3Ha4YeHHs J0NMycTUMBIX ESR s
KOHJICHCATOPOB PA3TMYHBIX THITOB:

Table 4 "Typical" ESE Values of Some Capacitors. in Ohms

| Capacitor Type: || 22 uF part || 100 uF part ||Freq. measured: Hz || Comments |
| Std. aluminum | | 7-30 || 27 || 120 | | |
| Low-ESR aluminum || 15 || 03-16 || 100k || |
| Solid aluminum || 0203 || || 500 || MnO, electrolyte |
[ sanyo0scon || 0.04-0.07 [ 0.03-0.06 i 100k || TCNQ etectrotyte |
l Std. solid tantalum H 1125 H 09135 ” 100k H SMD l
[ Low-ESR tantatum || 02-1 [ 0.0804 i 100k SMD. for P S _filtering |
| Wet foil tantalum || 2533 || 1839 || not stated || H,S0, electrolyte |
| | | | | |
| Stacked-foil film || <015 || || 100k || |
| Ceramic || <015 || || 100k || X5R, Y5V |

Kpome m3mepenns ESR, mpubop ymoOHO HCITONB30BaTh TSI TOYHOTO W3MEPEHHS COMPOTUBICHNS HU3KOOMHBIX
pesuctopoB. B mpexene mo 1 oma abcomroTHas morpemrHocTs n3Mepennid He mpeBbimaer 0.02 oma. B ocrampHBIX
nmuamnaszoHax m3mepenuii (ocooerHo 20-100 OM) mMOTpenrHOCTs MOKET OBITH BhITIE. OHAKO 3TO HECYIMIESCTBEHHO, TaK KaK

y JIOBOI'O ucnpasroro xoraeHcaropa ESR mensie 20 om.

3aka3 npuodopoB: http://www.radiodevices.ru/

Bce 3ameuanus u npemiokenuss — Ha E-mail www(@radiodevices.ru

CapanTus: 1 rox c MOMEHTa IPUOOPETEHNSI.

JIroOble BO3HUKIIHME B TCUCHUH FAPAHTUITHOTO CPOKa BOMPOCH! (PEMOHT, OOMEH) PEIIAtoTCs 110 MECTY IIPHOOPETEHUS.
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000 Bcex HOBBIX BepCHAX, a TAKKe IPYTHX yCTPOHcTBaX, 00/1er4alommx TPyA TeJdeMacTepa, YuTalTe 3/1ech:
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