H3MEPHTE!Ib DOKBHBAJIEHTHOI'O NOCJIEAOBATE!/ILHOI'O COITPOTHB.IEHHA
H EMKOCTH )JIEKTPOIMTHYHECKHX KOHJAEHCATOPOB « ESR-micro v4.0s»
( Kpamkoe onucanue i uHCMpyKiuA no IKCHayamauiu )

[Ipeanaraemsiii Bamemy BHHMaHKHIO NpUOOp NpeiHa3HAYEH U1 H3MEPEHHA IKBHBAIIEHTHOIO M0OC/IEI0BATE/IBHOIO
conporusieHus (Equivalent Series Resistance - ESR) # eMKOCTH 2/1EKTPOIHTHHECKHX KOHICHCATOPOB 0e3 1eMOHTaxa HX
H3 NeYaTHOol NJIaThl H ABIAETCA HE3aAMEHHMBIM MOMOLIHHKOM B padoTe KaX10ro yakawllero ceds rereMacrepa.

Kak u3BecTHO, NPpHYHHOI NoAaBAsfiolIero OONbLUIMHCTEA Je(EeKTOB paaHOWIEKTPOHHOI annaparyphb! ABAAIOTCAH
HEHCIPaBHLIC IEKTPOAHTHYECKHE KOHAeHcaTophl. HMeHHO OoHM caykaT npuuHHOI TakuX Je(eKTOBR, KaK BLIXOA H3 CTPOA
TPAH3HCTOPOB CTPOHMHOI Pa3BEePTKH, 3aBBILICHME BBLIXOAHBIX HANPAXKEHHI HMMOVALCHBIX O/0KOB NMHTAHHA CO BCEMH
BBITEKAIOWMMH nocaeACTBHAMH ¥ T.n . MMeHHO B MMOYABCHBIX OJIOKAX NHTAHHA KOHIAEHCATOPB! MOABEprarTCH
3HAYHTEBHOMY HarpeBy H ObICTpee BLIXOAAT H3 CTPOA (KaK roBOPAT MHOrHe, «BhIChIXaiOT»). IloMck HeHcrnpasHBIX
KOHJCHCATOPOB C NOMOLIBLI) TecTepa HWIHM H3MEPHTEIA E€MKOCTH MNOpoil JAOBOJABHO 3aTpyAHHTENIEH, T.K. €MKOCTh
HEUCIPAaBHOI0 KOHAEHCATOpPAa MOXKET HE3HAYWTE/IbHO OTIHYarbCad OT HOMHHAMLHOI, a 3Ha4deHue ESR moxker OwiTh
noBoAbHO OonsliMM. M mmenHo ESR asnsercs paxHellinM napaMeTpoM UIs H3MEPEHHs NMPH MOHCKE HEHCNPaBHOIO
koHAeHcaTopa. OcTanbHble HEHCIIPABHOCTH KOHAEHCATOPOB, TaKHe, KaK KOpoTKoe 3ambikanue win HH3koe DCR (Direct
Current Resistance - conpoTHB/IeHHE NOCTOSHHOMY TOKY), BCTpE4alOTCH KpaiiHe pejxo.

Camo mnoustHe ESR MokHO noscHuTh ciaeayioumm oOpazom. Kak H3BeCTHO, KOHJIEHCATOP COCTOMT M3
METAJIHYECKHX OOKNAJI0K, K KOTOPBIM KPEMNATCA €ro BBIBOJLI, JAHIICKTPHKA, pa3fenfiolero oOKNajgku (4acTto UM
AB/IAETCA OKCHAHBIN 10 Ha oOkiaakax) , H nexkTpoianTa. Bee aTo nomelliaeTcs B amoOMHHKEBBIH kopnyc. B npouecce
paboThl B KOHJEHCATOpPE MPOTEKAeT MHOKECTBO MEKTPOXHMHHECKHX MPOLECCOB, B TOM YHCIE KOpPpPO3MA B MecTax
coeAnHEeHHs OOKIad0K ¢ BbIBOJAAMH. DJTO, B CBOK DHMEPEAb, BbI3bIBACT VXV/LICHHE NPOXOXKIACHHA MEPEMEHHOIO TOKa
4yepe3 KOHAEHCATOP, HArpeB ero W, Kak caejacTeHe, eule fonbliee YCKOPEeHHE NPOTeKaHWs ONMHCAHHBIX BBILLE MMPOLIECCOB.
Bce BO3HHKaOUWHME MNPH STOM MOTEPH YYHTHIBAIOTCA B TakK Ha3biBAEMOM JKBHBAJICHTHOM MOC/IEA0BATEIBHOM
conporuaieHun (I11C uan ESR) — poobpaxaeMon pe3ucTope, BKIKOYEHHOM NOCIE10BaTe/IbHO ¢ CAMHM KOHAEHCATOPOM.

[Mpuruun m3mepenus ESR avanormyeH #HCnoias3veMoMy B H3BECTHOM H3MepuTene, pazpaboranHoM bobom
[Tapkepom (ESR meter K7214). Ha Tectupyemslii KOHAEHCATOP MOAAKOTCA KOPOTKHE HMAYJILChI MOCTOAHHOIO TOKa . Y
HealbHOro KOHAeHcaTopa ¢ HyaessiM LESR 3apsaa OvaeT HauMHaATLCA C HY/IEBOIO YPOBHA HanpsxeHus. HYem seie ESR|
TeM O0/bllle HAYAIbHBIH «CKAYOK HANPAXKEHUA» B MOMEHT nojaaYud Toka. MHKPOKOHTpOLIEp aHAIH3HPYET ITOT «CKAuOK
Hanps:keHus» W nepecuuteiBaeT ero B ESR . [lpun ncnonszopanun aanHoro meroga ESR kowzeHcaropoe manoi
emkoctH (1...10MKd) Oyaer HemMHOro Beite ux peansHoro ESR 3a cuer Toro, 4ro 3a Bpems, PaBHOE UIHTE/ILHOCTH
TECTOBOIO HMITY/ILCA, KOHJCHCATOP VCIEeT 3apAAHThCH /10 HEKOTOPOro YPOBHS HANPAXKEHHA, YTO H JAET YBEJIHYEHHVIO
norpetHocTs H3MepeHua ESR npu manoii eMxocTH.

K mnpumepy, konaeHcarop emkocTeio IMx® npu 3apaae tokom 30MA 3a 2 MKC ycneer 3apaaduTbea 10
Hanpssenus U=t*1/C=60mB. Yro OGyaer coorsercroBare u3mepenHomy ESR=U/I=60/30=2 oma. [Ipn Tom ke TOKE
koHAeHcaTop eMKoCcTei0 100 Mx® 3a 2 mke 3apaanutca a0 0.6MB. Torpemnocts n3mepenus ESR B atom ciyuae Ovaer
0.02 oma.

M3MepenHe eMKOCTH MNPOH3BOAMTCHA CTAHJAPTHLIM METOAOM — H3MEpPAETCA BpeMs 3apaja KOHAeHcaTopa
MOCTOAHHBIM TOKOM [0 ONpeAe/IEHHON0 VpoBHS Hanpsa:xeHusa (B aaHHoMm caydae a0 0.2 B) u no dopmyne C=t*I/U
pPacCYHTHIBACTCH €MKOCTh. Cliedyem yuumsigame, 4mo UIMEPEHUE eMKOCMU KOHOeHcamopoe ¢ noswiennsiv  ESR

OAHHBIM CHOCOOOM O0dem HEMHO20 3IAHUNCEHHOE 3IHAYEHUE (H.'i‘-iﬂ VROMAHYMOZ20 6blle HAYATbHOI0 CKAYKA

HANPANCEHUA ).



(}gnnnnut TCXHHYCCKHE XaPDAKTEPHCTHRA:

JlnanazoHn uaMepseMbIx 3HaAUESHHII: EMKOCTB 0.02...63335 mx®
ESR 0...200 om
[loTpedasemslii TOK: Pabouuii pexum 0.9 MA
«CrsiLMin pesnM npakTHyecku 0
Huankauua: I padpuyeckuii AKKH TIC283
Hanpskenue nuranns: 6 sonbT (2 2nementa CR2032)
["abapuTsi: 120x70x20
Padora ¢ npudopom

«ESR-micro v4.0s» ( puc.| ) uMeeT Bcero O/IHH 37€MeHT yrpasaeHus - khonky «On/offy (BrnoueHne/BbIKIIOMEHHE ).
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Bxilouenue npou3BOAHTCH KPAaTKOBPEMEHHBIM HaxartHem Ha kHonky. Ilocne sxmouwenus na JKKH
NOABHTCA 3HAYCHUE HanpsxeHue nutanus B Bonerax. D10 3Ha4YeHHe HCMONLIYETCA Ul OLEHKH COCTOAHHA YIEMEHTOB
nuTaHug . 3ateM npubop nepexoauT B padbounii pexxum. Ha aucnaee nossnaiores 2 3Havenus — B aesoil yactn JKKH -
ESR (unm conporuBiaeHHe MpH H3MEpPEHHH pe3ucTopos) B Omax H B NpaBoil 4acTH — €MKOCTh B MHKpoOgapanax.

Mamepenus Ge3 AeMOHTaXKa KOHIEHCATOpPA M3 IUIaThl MPOW3BOAATCA C MOMOWIBIO WIYNOB, KOHUBI KOTOPbIX
NOJAKTIOHAIOTCA K NMPOBEPAEMOMY KOH/AEHCATOPY.

IIpu nposepke AEMOHTHPOBAHHBIX HJIH HOBBIX KOHAEHCATOPOB MCMNOABL3YETCA Npasad 4acTh LAHIOBOI MaHesH,
pacnonoxeHHOH cnpasa o7 auciieds. OAMH BBIBON KOHAEHCATOpa MNOJKIIOHAETCA K OJAHOMY H3 HEThIpeX HHKHHX
KOHTaKTOB [aHe/IH, BTOPOA — K OJHOMY H3 HETHIPEX BEPXHHUX KOHTAKTOB (B 3aBHCHMOCTH OT PacCTOAHHA MEKIY
BbIBO/IaMH ). BeiB0o 0 paboTOCHOCOOHOCTH KoH/ICHCATOPA Ae/1aeTCs M0 NOKa3aHuAM Ha auciuiee (cM. tadauuy B paszjaene
«lIpumeyanusn» ).

Cnenyer OTMETHTb, YTO €C/IH NPH NPoBEpKe 0€3 JIEMOHTAKA HECKO/IBKO KOHAEHCATOPOB COE/IMHEHb! Napaie/ibHO
(0ObIMHO (punbTpyIOINHE MO NMUTaHHIO), To npudop nokaxer Hx CYMMAPHYIO emkocte. 3naueHue ESR kaxkaoro
KoHaeHcatopa B 3toM ciayuae u3meputs HEBO3MOJKHO. Takne koHaeHcaropsl HeOOXO0IHMO NpOBEpAThH M0OCIAE HX
aemoHTaxka. Ecan koujgeHcarop «npoOMT» (CONPOTHBIEHHE MOCTOAHHOMY TOKY pasHo (), To B npaBoit wact JKKH
HHAHUHPYIOTCA MPOMEPKH («--—--»), a B JI€BOIl 4aCTH CONMPOTHBICHHE ITOr0 KoHAeHcaropa (o0bMHO 0/IH3KOE K HYIIO).
Taxuie npouepku B npasoii yacti JKKH nosasnsiorcs # npu H3MEPEHHH COMPOTHBIICHHA PE3HCTOPOB.

Caeayer o0paTHTh BHHMAHHE, YTO MPH NPOBEPKE KOHAEHCATOPA C EMKOCThIO, NPEBBILIAIOLIEH MaKCHMaIbHbI
npejaen W3MepeHus, npuHdOp Takxke MNOKaKeT «-----», T.K. 3apfajl Takoro KOHJEHCATopa MPOHCXOAHT J0Jblie

YCTAHOBAEHHOIO BPEMEHH H MPHHHUMAETCA PELICHHE, YTO «KOHAEHCATOP HE 3apsaikaeTcay, TO €CTh 3TO «PEe3UCTOP».



Konrpoae nanpaxeHns nuTaHus

HoMmuuanbHoe HanpskeHHe NUTaHHE YCTpoiicTBa — 6B, oaHako paboToCcnocOOHOCThL COXPAHACTCA MPH CHHIKEHHH
Hanpa:xeHusa 10 4,5B. 3JHaueHHe HanpAKeHHA NHTAHHS MOXHO VBMAETh cpa3y nocnae Bmo4deHusa. U-3.6, k npumepy,
IHAYNT, YTO HANPAKEHHE NMHTAHHA YcTpoiicTBa pasHO 5.6 Boasr. [lpH cHHXKEHHH HANPAXKEHHA NUTAHHA HHXKE 4,5 BONBT
PEKOMEHIVETCS 3AMEHHTL JJIEMEHTh! THTAHNA.

ABTOOTKJINOYMEHHE

C uensio NpoUieHHs Cpoka CvkObl IEMEHTOB NMUTAHHA ABTOMATHYECKOE BBIK/IIOMEHHE NMHTAHHA NMPOHCXOANT
yepes 1.5 MHHVTHI Nocie OKOH4YaHuA nocneaHero usMmepeHus . llorpebaseMslii YCTPOHCTBOM TOK B BBIKJIHOHYEHHOM
pexHMe NMPaKTHYECKH paBeH HYMO (Joan MHkpoammnep). BuIKIHOYHTE YCTPOIMHCTBO MOMKHO Takike YAEepKHBafs KHOMKY
HaxaToi 0osee ABYX CEeKYH.

Komnencauusi conpoTHB/IeHHS YNOB

Urobbl u30exkaTh BAMAHWUA CONPOTHBICHHA WIYNOB Ha uiMepeHne ESR, B npnbope npucytcTByeT (yvHKINA
kaauOpoBkH. [11sa kanuOpoBkH HEOOXO0AHMO nepe BKIKHeHHeM Npriopa 3aMKHYTh LUVITb! (MOAKIIOYHTE OJMH yn K 4
CHU3Y KOHTAaKTy JIeBOi 4acTH MaHenH, H BTOPOil — K 5SMY KOHTakTy). 3areM KpaTKOBPEMEHHBIM HAKATHEM KHOIKH
npou3eoanTes Brmovenne. Ha aucnnee nossurcs «CAL---» # uepes Hekoropoe epema «CAL donkE» («Kanubpoeka
3aKOH4YeHa» ). PexomeHayercs Bo BpeMms KaTHOpoBKH o0ecneyHBars 04eHb XOPOLWHIl KOHTAKT WVIIOB C NaHebl) (CHABHO
MpH¥KaTh M HE JBUraTh WYIbI B npouecce kaandposkn). [locne 3asepuieHns KATHOPOBKH B JIEBOI HacTH AHCIIEA AOKHO
ObITh 3Ha4eHHe E He Oonwiue 0.01 oma.

[Ipn ucnoAbL30BAHHH A/ OPOBEPKH KOHICHCATOPA NAaHEAH (A48 JACMOHTHPOBAHHBLIX HJIH HOBBIX
KOHICHCATOPOB) KA THOPOBKY ¢/1¢1yeT NPOBOANTHL HenocpeAcTBeHHO Ha nanean! L1 3T0oro nepea BKIKOYCHHEM B
NPaBVK HacThb MAHENH BMECTO KOHJAEHCATOpa DOKIYAeTCA JI0das nepemMbidka (el MOKET CIVIKHTh COTHYThIH OTpPe30K
BbIBO/IAa pE3HCTOpa). JTa nepeMbidKa BCTABIAETCR B 2 OTBEpCTHA MpaBoii wacTH nanenw ( Hanp. 4-5 uau 3-6...) H
NPOH3BOAHTCA KANHOPOBKA KaK OMHCAHO BRILLE. 3aTeM MepeMbIvKa VAAIAETCA H MOXKHO NPHCTYNATh K H3IMEPEHHAM.

Ilpusepka paborocnocodHoOCTH YeTpoiicTBa

Jlna ynpouieHHoi NpoBepkH padoTocnocoOHOCTH npubopa K JEBOi 4acTH MaHend MNOAKIIOMEHbl TECTOBbIE
pesuctopst 1, 10 u 100 om. Ilpy nmoaxkmOuEHHH WIVIIOB K COOTBETCTBYIOUIHM KOHTAKTaM MaHeNad (NOAKIOYEHHE
PE3UCTOPOB VKA3AHO HA KOPMYCE) JIerko MpOBEPHTL TOYHOCTL HM3MepeHus conpotusieHua. Ocofoe BHHMaHHE cleayver
VACJAHTE TOYHOCTH H3MEPEHHA TecTOBOro pezucropa | oM. Ecan wiMepeHHoe 3Ha4YeHHe oTandaerca Oonblue 4em Ha 2-
3%, HeoOX0aMO 3aHOBO oTKanuOpoears npuodop. [lorpewnocts B H3mepenuax 10 i 100 - OMHBIX TECTOBBIX PE3HCTOPOB
OKO0I0 3-7% MOXKHO CHHTaATh AOMYCTHMOMN, T.K. YCTPOHCTBO HE SABIAETCA NpelH3HOHHBIM ommerpoMm. Mlonyckaercs
MOBLILLEHHAA NOTPELIHOCTD Ha FPaHILIAX H3IMEPHTENbHBIX AHana3oHoB (0COOSHHO 3aMeTHa B paiione 3-4 Owm).

IIpumeuanns

[lpeaynpexaenne: Bo wu30exanme Beixoga npudopa u3  crpoa  nepea npoeepkoit  PA3ZPHIHTE
KOHJIEHCATOP! OcobGeHHo 3T0 KacaeTcs KOHACHCATOPOB HMMNY/ILCHBIX OJIOKOB NMHTAHHA U Leneil NUTaHUA CTPOYHOI
pa3BepTKH. 3alnTa VCTPOIHCTBA MO BXOAY CTaHjaapTHad — 2 AHoja BCTpeuHo-napawiensHo. [Ipn GonbiioM ocTaToMHOM
HANPAXKEHHH Ha KOHJEHCATOpEe OHA MOKET OKa3aTbes Hed(DGEeKTHBHOIL.

[Turanue ycrpoiicTBa ocyumecTsaserca OT ABYX AuTHeBbIX 1eMeHToB CR2032. Dnementsl ycTaHasiuBaloTCA
NOJIOKHTENbHBIM (+) KOHTAKTOM BBEpX.

OpHeHTHPOBOYHBIE 3HA4YEHHA A0NMYyCTHMbIX ESR 118 kOHIEHCATOpOB paziMMHBIX EMKOCTeH H JOMYCTHMBIX

HANPAXKEHHH MOXKHO B3ATb M3 NPHBEIACHHON HHXKE TaDIHLBL.
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ITH 3HAYEHHA HMEHHO «OPHEHTHpOBO4HBIe». Tabnuua ucnoaszosana boGom [lapkepom B ero K7214. Ilpununn
uamepenns anantornueH, HO B «ESR-micro 4.0s»  UmMTeNBHOCTH TECTOBOrO HMNYILCA YMEHLUICHA, MOITOMY
norpewHocTs H3MepeHna ESR koHzaeHcaTopoB manoii eMKOCTH yMensilieHa no cpasieHuio ¢ K7214. MakcumanbHo
aonyveTHMbIM ESR koHaencatopos ¢ eMkocThio 10 10 Mk@ MOKHO CHHTATh NMPHOIH3HTEABHO 4-5 OM.

[Ipu H3MEpeHHH eMKOCTH KOHAEHCATOPOB DAM3KHX K MHHUMAILHOMY NpeJIey H3MEPEHHA TOYHOCTh H3MEPEHHA

+/- 0.01mMx®. To ecrs, ecan Ha auciuiee 3uadenne (.03, To eMKOCTs KOHJAeHcaTopa HaxoauTes B npejeaax ot 0.02 o
0.04 mkd.

Ha caiite http://my.execpe.com/~endir/esrhtml npusesenst crneayrouue 3HaveHus aonverumsix ESR as

KOHACHCATOPOB Pa3/IHYHBIX THIIOB.

Table4 “Typical” ESE. Values of Some Capacitors, m Ohms

Capacitor Type: || " 22 uF part 100 uF part  ||Freq. measured Hz | Comments
Std. aluminum L 7-30 2.7 120
Low-ESR aluminum 1.5 03.16 100k
[ Sobid alumnum 0203 500 MnO, electrolyte
| Sanyo OS-CON | 004007 | 0.03-0.06 100k TCNQ electrolyte
[iStd sofidtantabom || 1125 [ 0915 o |[ sMD
‘Low-ESR tantatum | 02-1 0.08-0.4 100k SMD, for P.S_filtening |
Wet-foil tantalum l 2535 18-39 not stated H,S0, electrolyte
|
Stackedfoil film | <018 100k
Ceramic <015 100k XSR, YSV

Kpome u3amepennsa ESR, npubop ya06HO HCnonb30BaTh Id TOMHONO H3MEPEHHA CONPOTHBICHHA HHIKOOMHBIX
pe3ucTopoB. B npeaene 10 | oma abconoTHas nMOrpeliHOCTh H3MepeHHil He npesbinaer (.02 oma. B ocTanbHbIX
auanazonax uamepenuii (ocodenno 20-100 Om) norpetnHocTs MOKeT ObITh Bblle. ()IHAKO ITO HECYIIECTBEHHO, TAK Kak

y JIIOBOTI'O ucnpaeunoro konaercaropa ESR mensie 20 om.

W Eikﬂ-l nstrument.ru

Bee zameuanns u npeiokenns — va E-mail info@paika-instrument.ru

I'apantua: | roac MomeHTa npHOOPETEHHA.

JIroOble BO3HHKUIHE B TEYEHHH rapaHTHIiHOrO CpOKa BONPOCH! (PEMOHT, OOMEH) pellalOTCs MO MECTV NPHOOpPETEHHA.
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