;

3JIEKTPOHUKOA M KOMNnbTEp

KOHCTPYKLIMA

20

Usmepurenn ESR okcnpgHbixX KOHAEHcATOpoOB

I.B. BonnueHko

B cratbe npuBoRaTCS BAPMAHTHI CXEMbI MPOCTOrO
npubopa, MO3BOAFIOLErO HAXOAUTL HEUCIPABHbIE
SNIEKTPONMUTHHECKME KOHAEHCATOPSI, HE BbINANBAS MX U3
cxemsl. Kpome TOro, AAHHBIM [puOOPOM MOXHO
‘npossanmsaTe” amekTpuyeckue uenu, pPoBepsTh
npoxoxgeHne curHana B ycrposcreax BY wu HY,
OUEHMBATL MOTOYHLIC M3RENUS HA MPEAMET HAIMYMs
KOPOTKO3AMKHYTbIX BUTKOB.

Heckonbko net Hasag 8 MuTepHetre aBTOp
o6Hapyxun cxemy HECNOXHOro npubopa,
NO3BONSIOWErO BbIABNATH HEUCNPABHbIE
3NEKTPONUTUYECKME  KOHAEHCATOPbL.  3AMHTEpPEeco-
BABLUMCb 3TWM, ABTOP pewmn cobpaTte U UCMBLITATL 3TOT
“nameputens ESR”.  Pesynstatr npessowen Bce

oxupaHua: Tenesmusop Toshiba, Haxoamswuica B
PEMOHTE Heckonbko aHeit (He 3anyckancs Bll), 6ein
OTPEeMOHTHPOBAH BykBanbHO 3a 5 MuHyT. C nomoulsio
3TOro npubopa Obinu OoBHapYXeHbl nBa
3MNEKTPONUTUYECKMX KOHAEHCATOPA C NOBbIeHHbIM ESR,
KOTOpPbIE OO 3TOro 6b|J'|l/1 BbIMAAHbI M3 MNIATHI M MPOBEPEHbI
O6blYHBIM  TECTEPOM HA “nogeprusanne crpenku’.
Crpenka oTKnoHANACh, M UCNPABHOCTb KOHAEHCATOPOB
HE BbI3bIBANA COMHEHMI. [1ocne 3aMeHbl KoHAEHCaTOpOos
TeNnesnsop HopMmanbHo 3apaboran.

WNtak, obo sBcem no nopsaky. [Ina Hayana nossornbte
HEMHOTO Teopuu, 4TobBbl NoMHee MNPeAcTaBNaTb CyTb
npobnemsl. ESR — 310 ab6pesBuatypa OT QHIMACKMX
cnos Equivalent Serial Resistance, 8 nepesoae osHadaet
“3KBMBANEHTHOE MOCNefoBaTeNnsHOEe conpoTuenequne”. B
YNPOLLIEHHOM BWAE 3EKTPONUTUYECKMIA (OKCHMAHbIN)
KOHAEHCATOP MpeacTasnseT coboi ABe ANOMWUHUEBbIE
NEHTOYHbIE OBKNOAKM, PA3AENEHHbe MPOKNAAKON M3
NOPUCTOro MATEPUANA, NPOMUTAHHOTO CMEeLManbHBIM
COCTABOM — 3MeKTPONUTOM. [IM3MeKTPUKOM B TAKMX
KOHOEHCATOPAX HABAAETCA O4YEHb TOHKAS OKCMAHAA
nneHka, obpasylowascs HA NOBEPXHOCTH AMIOMUHUEBON
donbrn nNpu  nogade HA OBKNAAKKM HAMPSXKEHUS
onpegeneHHon nonspHoctu. K 3TUM  NEHTOYHBIM
06KMNOAKAM MPUCOEAUHSAIOTCS MPOBONIOYHLIE BbIBOAbI.
JleHTbl CBOPAUMBAIOTCS B PYMIOH, M BCE 3TO MOMELLAETCS B
repMmeTuyHbii kopnyc. brnarogaps oueHs manoi TonwmHe
OM3NEKTPMKA 1 BOMbLION NNOWAAM OBKNOAOK OKCUAHbLIE
KOHAEHCATOPLI MPU MAMbIX TABAPUTAX MMEIOT BOoNbLIYIO
EMKOCTb.

B npouecce paboThl  BHYTPM KOHLEHCATOPA
npoTtekatoT 3NEKTPOXMMMYECKHME npoueccsl,
paspylwalowmne  MecTo  COEAMHEHMs  BbIBOAA  C

obknagkamu. KoHTakT Hapylwaetca, u B pesynbTarte
nosBAseTcs Tak HO3bIBOEMOE nepexofHoe
COMNPOTUBNEHUE, LOCTUTAIOWEE 3HAYEHMUS LECATKOB OM U
Bonee, YTO SKBUBANEHTHO BKIOYEHMIO MOCNEA0BATENLHO
C KOHAOEHCATOPOM PEe3nucCTopd, MNpPUYem MNOCHEeaHUI
HOXOOMTC B COAMOM KOHAeHcaTope. 3apsfHbie U
pa3paaHble TOKM BbI3BIBAIOT HArpes 3Toro “pesucropa’,
4TO euwe Borblue ycyrybnseT paspyLumMTeNbHLIM NPOLEeCce.
Lpyras npuumMHa BLIXOAA M3 CTPOS SMEKTPONNTUYECKOTO
KOHLAEHCATOPA — 3TO W3BECTHOE PAAMONIOOUTENSM
“BbICBIXQHME”, KOTAQ W3-30 MIOXOM repMeTUsaunu
MPOUCXOAMT MCnapeHne 3nekTpomuta. B atom cnyuae
BO3PACTAET peakTneHoe emkocTHoe (Xc) conpoTtusnerue
KOHAEHCATOpPd, TAK KAK  eMKOCTb  MOCHEeAHEero
YMEHbLIOEeTCS. Hanunuune NOCNefoBATENBHOTO
COMPOTMBIIEHNA HEraTMBHO CKA3bLIBAETCS HA paboTe
YCTPOMCTBA, HAPYLWAsA NOTMKY paboThl KOHAEHCATOPA B
cxeme. (Ecnu BkniounTts, Hanpumep, NoCnefoBaATENLHO C
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KOHOEHCATOPOM GUNLTPA  BHINPSAMUTENS  PE3UCTOP
conpotuenennem 10..20 Om, Ha Bbixoge nocnegHero
pPEe3ko  BO3PACTYT  MNyNbCAUMM  BHINPAMIAEHHOTO
Hanpsxerus.) OcobeHHO  CUIbHO — CKA3bIBAETCA
nosbilweHHoe 3HaueHne ESR kongeHcaTopos (npuuem
gcero go 3.5 Om) Ha paboTe mmnynbcHbix 610KOB
MUTAHUS, BHIBOAS M3 CTpos Gonee AOporocrosiime
TPAH3UCTOPBI MM MUKPOCXEMBI.

MpuHumn paboTsl onucsiBaembix uameputenei ESR
OCHOBOH HAO WM3MEPEHUM EMKOCTHOrO COMPOTUBIEHMS
KOHAEHCATOPQ, T.€., MO CYTH, 3TO OMMETP, PaBOTAIOLWMHI
Ha nepemeHHOM Toke. M3 Kkypca pamMoTexHMKM
M3BECTHO, YTO

Xc=1/2niC, (1)

roe Xc — emkocTHoe conpotusnenne, Om; f —
yacrora, ly; C — emkocts, @. Hanpumep, koHaeHcaTop
emkocteio 10 mMk® Ha uyactote 100 klu Gymer umets
emkocTHoe conpotusnenne 0,16 Om, 100 mk® — 0,016
Om u 1.4. B peansHom koHpeHcaTope 3TO 3HaueHue
ByneT HEeCKONbKO BbILUE M3-3a HANMYMS MNAPA3UTHOM
MHAYKTMBHOCTU (CONPOTUBREHUS NOTEpPb), OAHAKO AN
HOWMX uenen ocobas TOYHOCTb U3MEPEHUN HE HYXHQ.
Bubop uactotel usmepenuns 100 kI obycnosneH Tem,
4TO MHOMME UPMBI, NMPOM3BOAALLME KOHAEHCATOPH C
HM3kMM ESR, MakcumanbHbIM MMNEAaHC KOHAeHCcaTopa
(r.e. ESR) samator umenHo Ha 31oM wactote. Creayet

oTmeTuTb, uto dopmyna (1) cnpasepnusa  ans
nNepemMeHHoro  Toka CUHYCOMUAQNbHOWM bopmsl,
onucelBOeMblE  Xe  uamepuTenu  paboTtaloT ¢

reHepaTOPAMM MPSMOYrofbHbLIX MMnynscos. Ho, kak
ObINO 30MEYEHO BHILLE, HAM HYXHA HE TOYHOCTb
M3MEPEHMH, O BO3MOXHOCTb PA3AMYATL KOHAEHCATOPSI C
ESR, Hanpumep, 0,5 1 5 Om.

Paccmotpum  paboty  cxembl  npocTeiwero
uameputens ESR, nokasanHyilo Ha pwme.1. Ha
mukpocxeme DD1 cobpaH reHepatop npsmoyronbHbIx
umnynbcos (snementel D1.1, D1.2) u 6ydepHbin
yeunutens (anementsl D1.3, D1.4). YacroTa reHepaumm
onpeaensetcsa anemeHtamn C1 u R1 u npubnusutensHo
pasHa 100 «klu. lMpamoyronbHbie uMNynbCb vepes
paspenutensHbiit koHpeHcaTop C2 u pesuctop R2
MOACIOTCA HA MNEPBUYHYIO OOMOTKY MOBbILLAIOLLETO
TpaHcdopmatopa T1. Bo sropuuHyio obmoTtky nocne
BoinpsamuTens Ha auoge VD1 BknoyeH mukpoamnepmeTp
PAT1, no wkane koToporo oTcuMthIBAOT 3HaueHne ESR.
Konaencatop C3 crnaxusaet nynbcauum
BbIMPAMNEHHOIO HANPAXEHUA. |_|pl/1 BKIIIOYEHUN NMUTAHUSA
CTPEeNKa MUKPOAMMNEPMETPA OTKIOHSETCS HO KOHEYHYIO
OoTMeTKy Wwkansl (nobusatoTtcs nopbopom pesncrtopa R2).
Takoe ee MONOXeHWe COOTBETCTBYET 3HAYEHUIO
“BeckoHedHocTs” namepsemoro ESR.

Ecnu NOLKIOUYUTh MCMNPABHbIM OKCHAHbIHA
KOHAEHCATOP napannensHo obmoTke |
Tpanchopmatopa T1, TO 6Gnaropaps  HU3KOMY
eMKOCTHOMY conpoTueneHuio (nomuute, npu C=10 mcP,
Xc=0,16 Om wna vyactote 100 «klu) xoHmeHncaTop
30WYHTMPYeT OOMOTKY, M CTPEenka u3MepuTens
npnbausutca k Hymo. [pu HanuuMKM Xe B M3MEepPsSeMoM
KOHAEHCATOpEe KAKOro-nMbo M3 OMUCAHHLIX Bbille
pedexktos, B Hem nosbiwaeTcs 3Hadenne ESR. Yacts
NEPeMEHHOro TOKA noTeveT yepes oB6MOTKy, U CTpenka
Oynetr BCe MeHblle OTKIOHSTLCA OT  3HOYEHUS
“6eckoreyHocTs”. Yem Gonbwe ESR, Tem 6onblumit Tok
npotekaetr uyepe3 OOMOTKY M  MeHblUMH uyepes
KOHOEHCATop, u Tem 6auxe K  MONOXEHMIO
“BEeCKOHEeYHOCTb” HOXOAMUTCA CTPENKA.



LLkana npubopa HeNMHENHAA U HONMOMUMHAET LKAnY
omMmeTpa  obbiyHoro  Tectepa. B kauectse
M3MEPUTENBHOM TONOBKM MOXHO MCMOMb30BATL 06O
MukpoamnepmeTp Ha Tok go 500 MKA, xopoLwo noaxoast
FONOBKM OT MHAMKATOPOB YPOBHS 3AMUCH MATHUTODOHOB.
lpagyupoeaTts wkany He 06a30TENbHO, AOCTATOYHO
3aceub, roe GyneT HOXOAWTLCS CTPENKA, MOLKMOYAs
KQnMBPOBOYHbLIE PE3UCTOPSI.

Bnaropaps  pasnenutensHOMy  MOBbILLAIOLLIEMY
TPAHCHOPMATOPY HAMPAKEHUE HA M3MEPUTENbHBIX
wynax npubopa He npesbiwaet 3HadeHns 0,05..0,1 B,
NpM KOTOPOM €elle He OTKPLIBAKTCS MNepexops
NONYNPOBOAHMKOBbIX MPMBOPOB. ITO AAET BO3MOXHOCTb
NPOBEPATb KOHAEHCATOPSI, HE BHINAWBAS UX M3 CXEMBI.

Cxema,  nokasaHHas  Ha  pwuc.l,  BrnonHe
PabOTOCNOCOBHA, OAHAKO MMEET OAMH CyLLECTBEHHbIM
HegocTtaTok. HeTpynHo 3ameTtwTsb, 4TO ecnm K cxeme
NOAKMIOYNTb HEUCNPABHbLIM KOHAEHCATOP, MMEOLWMUNI
npobo¥t AManekTprKa, cTpenka npubopa Tak Xe, KaK U B
cnyyoe  MpPOBEPKM  MCMPABHOTO  KOHAEHCATOPQ,
npmbnuautca k Hynesoi otmetke. [na yctpaHeHus
YKA3AHHOTO HEZOCTATKA B CXEMY BBELAEH NepekmoyaTens
S1 (puc.2).

B BEPXHEM MNOJIOXEHUN KOHTAKTOB

MEXAHMYECKUX MOBPEXAEHUA MMMYNLCOM PA3PALHOTO
TOKA (MPU CAYYOMHOM MOAKOYEHUM U3MEPUTENbHbIX
WYNOB K 30PAXEHHOMY KOHAeHCAaTopy) cnyxar
kpemHuuessle gmoas VD2, VD3, 3apsxeHHbli
KoHAeHcaTop 6yaeT paspsaxaTecs 4epes o6MOTKy |
TpaHchopmaTopa T1. byabTe BHMMATENbHb, He
NOAKMIOYANTE LWyMbl K 3APSXEHHOMY KoHaeHcaTtopy!
ABTOpP KQK-TO NoOakmouYmn npubop K KOHAEHCATOPY Ha
220 mMk®Px400 B 8 cxeme KOMMLIOTEPHOTO MOHMTOPAQ,
TONLKO YTO OTKMOYeHHoro ot cetu. [pubop Beigepxan,
HO LLyMbl MPUBOPMAMCE K BLIBOAAM KOHAEHCATOPQ.
Mpuwnocs MeHaTb  “UbiraHckmMe” Uronku, KOoTopble
cnyxunu wynamu. EctectsenHo, nogkniouats wynbl K
M3MEPSEMOMY KOHAEHCATOPY HYXHO B BEPXHEM
nonoxeHuun nepeknodatens S1, uTobel OH paspsaMICcs
yepes 0O6MOTKY TpaHCHOPMATOPA, B MPOTUBHOM Cllydae
MOXHO CXeub ronosky U aunoabl! YTobsl He 3aayMbIBATLCS,
B KOKOM MOMOXEHUM HAXOAMTCA MNEepeknioyaTens, B
kauectee S1  nydwe NPUMEHUTL  KHOMKY  (Mnu
nepexnouatens tTuna [12K) 6es dukcaumu. MNoaknouaiot
wynel, usmepsiot ESR, konpeHcaTop paspsaunncs, satem
HAXMMQIOT KHOMKY M MNPOBEPAIOT KOHAEHCATOP HA
npoboi.

nepexnoyaTens (Kak NoKasaHoO HA cxeme) Bbi.14DD1 o4 5

npubop pabotaet kak namepurtens ESR, u D PP

cTpenka M3MEepPUTENbHOM rONOBKM —

OTK/IOHAETCA noa BO30EMCTBMEM Bbis.7 DD1

BbIMPAMIEHHOTO HANPAXEHUS DD1KP1533M1A3 D E—

reHepaTopa. B HuxHEM xe MnonoxeHuu 2 9[g

KOHTaKTOB nepeknodatens S1 crpenka 6 l10 8

namepuTens OTKNOHAETCH nog D1.2 D1.3 C3 100n R3*

BO3AEMCTBMEM MOCTOAHHOIO HAMPAXEHMSA Zir Ro" vp1 LJ 10k

MCTOYHUKA MUTAHWS, Q  U3MEpPsSeMblit C2 220p 1 1k pgato

KOHAEHCATOP MOAKIIOUAIOT MAPANENbHO (| 1014 ~ .

ronoske. ) J 1 PA1 L
Mpouenypa M3MepeHus BbIMMAGUT TAK: ¢ yiN4 *ca

NOAKMOYAIOT WYkl K  M3MEPAEMOMY I

KOHAEHCATOPY U HOBMOAAIOT 30 CTPENKOW.
Honyctum, ctpenka npubnusunacs K Hyno,
no vactn ESR kongencaTtop wucnpaseH.
MepeknioyaoT ST B HMxXHEE NoOnoxeHue.
Mpw MCNPABHOM KOoHAEeHCaTope cTpenka
M3MEPUTENBHOrO NpubOpPa  [ONXHA BEPHYTHCA B
nonoxeHue “6eCKOHEYHOCTL”, TAK KOK KOHAEHCATOPLI He
NpoBOAAT (BepHEE, HE NOMKHLI MPOBOAMTL) NOCTOSHHBIN
TOK. [1pOBUTHIN Xe KOHAEHCATOP 3ALIYHTUPYET rOMOBKY,
M CTpenka wu3MepuTens OCTAHETCS B  HYNEBOM
nonoxeHuu. OTKIOHEHUA CTPENKM HO KOHEUYHYIO OTMETKY
WKAMbl HO MOCTOAHHOM TOKe (B HukHem nonoxerun S1)
nobusatoTca nogbopom pesuctopa R3.

T

T1 VD2 VD3 KA522A

o

Hannune nepeknioyatens S1 poer BO3MOXHOCTb
“Npo3BAHMBATL” NPOBOAHMKM MEYATHOM NAATH, NO3BONSAS
BHIABNATL OOPbIBbL, MWKPOTPELIMHB WMAKM  CIyYQiHbIe
3AMBIKOHUS MeXay Lopoxkamu. Ha nepemenHom Toke
5TOrO CAENATb HeMb3s, TAK KAK, HANpuUMep, w3-3d
Hanuuma B cxeme BNOKMPOBOYHOrO KOHAEHCATOPA
NpPUBOpP NOKAXEeT 3aMbIKAHUE MEXALY OBLLMM NPOBOAOM M
NPOBOLHMKOM MUTAHUSA.

CyuwecteyioT M apyrve obnactu

NPUMEHEHMUS

Ona  sawutsl  u3MepwuTensHoi  ronosku  oT npubopa. C ero nomouwbio, Gnarogaps HAMMYMIO
reHepaTtopa UMMYNbCOB, MOXHO

R1 24k Bbie.14 DD1 NPOBePsTb UCNPABHOCTL TpakTos PY u MY
DD1 KP1533/1A3 - O +5v POLMONPUEMHMKOB W TENeBu3opos, a

TAKXE BUAEOYCUIUTENH, GOPMUPOBATENU

& 9Tg Bbie.7 DD1 umnynbcoe u T1.4. CnekTp TrapMoHMK

6 l1o 8 i curHana NPSIMOYTONbHOM dopMbl

D12 D13 C2 100n reHepatopa, paboTaloLero HA YacTtoTe

2rg . 100 «lu, npoctupaeTcs BNAOTbL 4O COTEH

Z 1 R2 VD1 merarepl. Teneeusop pearupyet Ha

|| D14 Tk p310 Pat NnoaknioYeHune Lwynos npubopa gaxe K

) : aHTeHHomy exomy AMB pmuanasonal B

C1 200p

mmanasoHe MB Ha skpaHe Tenesmszopa
t o3 OT4ETIMBO nPOCMATPMBAIOTCH
rOPU3OHTANbHbIE MOJTOCHI.

Ié%ll
]
Cx i__.”

Y1066l UMETb BO3MOXHOCTb MPOBEPATH

tpaktel 34, B cxemy npubopa
HeobxoaMMO  BBECTM  elle  OAMH
nepeknoyaTens, € MNOMOLWbID KOTOPOro
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YACTOTA reHepaTopPa UMMYNbLCOB NoHmxaeTcs go 1 klu.
Kpome Toro, usmepeHus nokasanu, 4to notpebnsiembli
npubopom Tok He npesbiwaeT 3.5 MA, u ero nydwe
Coenatb ManorabapuTHbIM NEPEHOCHBIM, Y4TODLI UMETb
BCeraa nog pyko#. [NutaTe TakoM BapuaHT npubopa
MOxHO oT 6atapen Tvna “Kpora” yepes manomouHbii
5-sonbToBbiit cTabunusatop. Cxema TAKOro BAPMAHTA
npubopa NOKA3aHA HO PUC.3.

Mepekmouatenem  S2 BHIOMpPaIOT 4acToTy
reHepaTopa, a nepeknyarenem S3 BKIYAOT NUTAHKE
npubopa.

IOnutensHas pabota ¢ npubopom nossonmna
BbIIBUTb €Le OAMH “CKPbITHIM pe3eps”: C MOMOLLBIO HETrO
MOXHO MNPOBEPATb KATYWKM MHAYKTUBHOCTH (0BMOTKM
TPAHCPOPMATOPOB) HA HANMMYME KOPOTKO3AMKHYTHIX
eutkoB. [lpu 3Tom npubop u3MmepseT Bce TO Xe
PEOKTUBHOE COMPOTUBAEHWE, TOMLKO HA 3TOT PA3
nuaykTueHoe X|. MHaykTMBHOE CONpOTMBREHWE MOXHO
paccunTaTts no popmyne:

X =2nfL, (2)

rne X| — wHayktusHoe conpotuenenne, Om; f —
yactota, [u; L — nHgykTmeHocTs, [H. Hanpumep, katywka
nHgyktusHocTbio B 100 Mkl Ha yactote 100 «ly umeer
nHaykTMBHoe conpotuenenne X =62,8 Om. Enn Takyio
KATYLWKY MOAKMIOYMTL K Hawemy npubopy, cTpenka
M3MepuTens NPAKTUYECKM OCTAHETCH B MONOXEHUM
“BeCcKOHeYHOCTb”, OTKNOHEeHWe OyneT enBa 3aMETHO.
Hanuume xe B 0BMOTKE KATYLUKM KOPOTKO3AMKHYTOrO
BUTKO (BMTKOB) NpuBEET K PE3KOMY YMEHbLIEHMIO
MHOYKTUBHOTO COMPOTMBIIEHMS, IO EAMHML, OM, U CTPESKA
npubopa B 3TOM Clydae MNOKAXET KAKOe-TO manoe
conpoTuenenme. MHAYKTUBHOCTb KATYLLEK, MPUMEHSAEMBIX
B POAMOTEXHUYECKMX YCTPOMCTBAX, MOXET HOXOAMUTLCS B
OUEeHb LUMPOKMX NPefenax: OT eanHuL, MukporeHpu B BY
npoccenax A0  [LeCATKOB  TEHPUM B CUIIOBbLIX
TpaHchopmaTopax. [MoaTomy nposepka kaTywek ¢
6onbwon uHaykTneHoCTbio Ha dYactote 100 kly moxer
BbI3BATL 3ATPYAHEHMA. YTOOB NPOBEPATL TAKME KATYLLKM
(Hanpumep, NnepeuYHBIE OBMOTKM MATOMOLLHBIX CUITOBBIX
TPAHCPOPMATOPOB), HACTOTY rEHEPATOPAa  HYXHO
yctaHosuTts B 1 klu (nepekmouatenem S2).

Aetanu. Tpancbopmatop Tl HAMATHIBAIOT HA
dbepputoBom konbue ¢ BHewHum auametpom 10...15 mm
u maruuTHoM nporuuaemoctsio 600...2000 (sHaueHus He
kpuTHuHbl). Mepsuunas obmotka copepxut 10 BuTkOB
nposoaa M2B-2 anamerpom 0,4...0,5 MM, BTOpUYHOS —
200 sutkos nposoaa 13B-2 aguameTtpom 0,1...0,15 mm. B
KQuecTee MPOBOAA ANS MEPBMYHON OBMOTKM MAEANbHO
NOAXOAMT MOHTOXHbIM nposos mapku MITD-0,5 unm
OfHOXUMbHbIA NpoBog B MNMBX-uzonauum (“kpoccuposka”).
IOnon VD1 ob6ssatensHo pomkeH 6biTb r€PMAHMEBBIM,
Hanpumep, Tvnos 19, 0310, 0311, T0507. KpemHuessie
aMoab  MMeloT BOonbloe NOPOroBoe HAMpsXeHue
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otkpseisanusa (0,5...0,7 B), uto npusepser k cunbHOM
HENMHEMHOCTM WwKankl Npubopa B 0BNACTM U3MEPEHMs
MafibIX  CONpOTMBIEHUN. [epmaHueBbie Xe AMOonbl
HAYUHAIOT MNPOBOAMTL TOK MPU MPAMOM HAMPSIXEHUM
0,1..0,2 B.

[MevyaTHble naaThl ons npubopa He
pa3pabaTbiBANKCS. Bce BAPMAHTSI npnbopa
CO6MpOﬂVICb HA MOKETHbIX MeYyaTHbIX MIATax C Warom
oTeepcTuit 2,5 MM (npopaioTca HAO  PABMOPBIHKAX)
METO,OM HOBECHOMO MOHTAXA.

MpasunbHO cobpaHHbiit NPUBOp HauuHaeT paboTaThk
Cpasy, HYXHO nuwb nogobpaTh CONPOTUBNEHME
PE3MCTOPOB, KAk BbINIO YKA3AHO Bbille. YTo6b 061erynTs
HACTPOMKY, B kayecTBe pesuctopoB R2 u R3 moxHo
MCMOMb30BATH MOACTPOEUYHBIE PE3NCTOPDI.

3apaowmit reHepatop MoxeT 6biTb COBPaH M Mo
npyroi cxeme. B pagumoniobutensckon nutepatype
nofoBHbIE CXeMbl BCTPEYAIOTCA 4acTo. BaxHo, uTobbi
yactota curHana reHeparopa 6Geina okono 100 «lu,.

MoxHo BoOBule ob6onTMCh 6e3  BHYTPEHHero
reHepaTopa,  WMCNOMb3ys  yXe  MMelowuica B
PACNOPAXEHUM  CTAUMOHAPHLIA  reHepaTop  w

CTpenouHbit asometp, a npubop odbopmuTh B BUaE
MPUCTABKM K HUM.

[paayupyoT npubop C NOMOLLBIO HECKONbKMX
NOCTOSIHHBIX pe3ucTopos conpotueneHnem 1 Om.
3aMKHYB LWynbl, OTMEYaloT, rae ByaeT Hynesas OTMETKA
LWIKQTbI. N3-3a HANUYKs COMPOTHBIEHMA B
COENMHUTENbHbLIX MPOBOAAX, OHO MOXET HE COBMAAATH C
NONIOXEHUEM CTPENKM MPU BLIKIIOYEHHOM MUTAHMU.
MosToMy MpoBOAA, MAYLIME K LUYNAM, AOMKHLI ObITb MO
BO3MOXHOCTM kopoTkumu, ceuernem 0,75..1 mm2,
Hanee nopknioyaloT ABA NAPANNENbHO COEAMHEHHbIX
pesuctopa Ha 1 OM 4 OTMEYQIOT MONOXEHWE CTPENKM,
cooteeTcTByOLLEe Mamepsemomy conpoTmenermio 0,5 Om.
3atem nogknouatot pesmctopbl Ha 1, 2, 3, 51 10 Om u
OTMEYQIOT MONOXEHMS CTPENKM MPU M3MEPEHWMM  3THX
conpoTusnieHnit. Ha 3ToM MOXHO OCTAHOBMTLCS, TAK KAK
3/1EKTPONUTHYECKME KOHAEHCATOPL eMKOCTbio 6Gornee
4,7 Mk® ¢ ESR 6ornbwe 10 Om xoTs n moryT paboTaTs,
Hanpumep, B kayectse pasgenutensHeix 8 YHY, Ho,
CcKOpee, He OY€eHb JONTrO.

Pa6ota ¢ npu6opom. Astop He pasgenser
MHEHMS, 4TO 3MeKTponuTUYeckue koHgeHcatopsl ¢ ESR
6onee 1 Om Bcerna HyxHo BoiGpackiBaTb. 3Hadenue ESR
HOBbLIX MCMPABHbIX KOHAEHCATOPOB 3ABUCUT OT GUPMBI-
NPOW3BOAMTENSA, TUMNA, CBOMCTE MNPUMEHSEMBIX MNPW
M3rOTOBNEHUM MATEPMANOB 1 Ap. Kak-To Ha pagnopebiHke
QBTOP  KYNWA  MMHMATIOPHBIE  3NEKTPOAUTUYECKUE
koHaeHcaTopsl emkocTbio 10 mk®Px16 B. ESR y Hux y Bcex
okasanocs Ha yposHe 2,5..3 Om, — 310 He 6pak.
MoebiwerHbim (g0 3...6 Om) ESR o6napaet GonblumHcTso
koHaeHcaTtoposB emkocTeio 1..4,7 mk®x50..400 B, a
TAKXE HW3KOBONLTHBIE MANOrabapUTHbIE
koHpeHcaTopsl.  [lpoeepeHHbil  xe
KoHaeHcaTop, Hanpumep, emkocTsio 1000
Mk®Px16 B, umerowmin ESR 5 Om, asHO

C5 10

€2 220p
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vb1 L 10k
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nnoxoi u noanexut samere. Kak 6bino
OTMEYEHO BbILLE, B 0OCOBO OTBETCTBEHHBbIX
y310X POAMOANNAPATYPbl, HANPUMEP B
MMMYIbCHBIX BNOKAX MUTAHUS, CXEMax
pPa3BEPTKM TeneBn3opos, LOMXKHbI
MCMOMb30BATHCA KQYeCTBEHHble
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koHaeHcaTopkl ¢ ESR He Gonee 0,5...1 Om.
Ins mexaykackagHeix koHgeHcatopos HY
uenei 3tm TpeboBAHUA MOTYT ObiTb He
TakMmu  xectknmu. Mmenno s YHM,
cobpaHHOM napy ner Hasag,
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HOXKY” OAHQ HOA APYrOi, MO3TOMY
KOHCTPYKTMBHO no6aBnaeTcs Kak Obl

1 <
—& OOHA MMKpOCXemMa — OydepHblit
202102 Buie.14 DD1-DD3 12 ycunutens € 8-10 MapannensHo
| 51& ~— Wi BKITIOYEHHbIMM MHBEPTOPAMM.
— + o
6], 04 — *ca o0y S2 1* TMotpebnsemsiii npuBGopom Tok npw
DD2 KS61MAT | g Bbis.7 DD1 - DD3 X2 lT Un=3 B coctasnset npumepHo 2,5 MA.
9 10 Brewnuni Bua npubopa nokasaH Ha
DD1 K5611A7 D237 GB1 3v .
R1 10M 12rg cor puc.5, o pacnonoxenue peranei
112 wEQR
1 " Ré 10k BHYTPM KOPMyca — HA PUC.6.
{02491 s1 1
& "poGo" HanaxxueaHue npubopa
R3 2k2 R5 1 TAKOE X€, KAK WM [N OMUCAHHbBIX
BbILLE: OTKIIOHEHUS CTpenku
.\qlg):o M3MEPUTENS HA KOHEUHYIO OTMETKY
€3 180n ~ wkansl B8 nonoxeHmn  “ESR”
] :
e c2 T I PA1 nepeknioyatena S1 pobusaioTcs,
+
51p 5p 42 ‘%H 7R W —=cs BPALLAS [JBMXOK MOACTPOEYHOro
 Slg | 10u pesuctopa R3, a B nonoxexuu
“" ~ I
pusl D3.20£' —LT1 VD2 ,VD3 KO522A I_IpO6OM — OBMXOK pe3ncTopa R4.
DD3 K5611A7 B JIOCTOMHCTBOM CXembl SBRSETCS
0 10 HM3KOE HAMPAXEHWUE MUTAHUS W
1103 30 . .
; Maneiit notpebnaemsiit Tok. LByx
| puc.4 | ™ & " B6aTapeek NUTAHKUS XBATUT HA MHOTO
—|D34 mecaues paboTte. A BMecCTo
KBAPLEBOrO TrEHEepPAaToOPa MOXHO

BbILLE MMHUATIOPHbIE 3NEKTPONUTHYECKNE
KOHAEHCATOPbI.
Ons npoBepku BO3MOXHOCTU npubopa

OBHAPYXMBATL KOPOTKO3AMKHYTHIE BUTKM NpOBEAMTE
TAKOM 3KCMEPUMEHT: MOAKIOUYUTE MPUBOP K UCNPABHOMY
apoccemo, Hanpumep, OM-0,1 ¢ uHAYKTUBHOCTbIO
20...100 mklH Ha usmeputensHoin uyactote 100 «klu.
Crpenka npubopa cnerka OTKNOHUTLCA B CTOPOHY
YMEHbLIEHWNA M3MEPAEMOro COMPOTMBAEHMA. 3aTem
HaMOTaNTe nosepx apoccens 2—3 BUTKA MOHTAXHOMO
NPOBOAA CO CHATOM M3ONsAUMEN UM CKPYTUTE BMECTE ero
koHusl. CHoBa nogkniounte npubop. Ha 10T pas
CTPEnKa [ONXHA OTKNOHUTHCA HA 3HAYUTENLHO GOMbLLIMA
Yros, TMOKQ3blBAS COMPOTUBIIEHWE HECKONbKO OM.
CrnepnyeT NoayYepkHyTh, YTO byHKUMS NPOBEPKM KATYLLIEK
MHOYKTUBHOCTM ABNAETCH AOMOMHUTENLHOM ANl 4AHHOMO
npubopa, v NONyYEHHbIE PE3YNbTATE MOTYT BbITh BECHMA
NPUBIUIUTENBHBIMU.

B 3aknioueHne aBTOp MPUBOAMT CXemy elle OHOro
BapuaHTa npubopa (puc.4). [lpepnocwinkm ans
CO3LaHMA 3TOTO “MOHCTPQ” BbINK Cneaylowme: Hanuyme
KOpnyca OT HEeMCNPABHOrO MynbTA YNPABNEHMS
BMAeomMarHuToboHa (c nutaHmem oT aByx 6HaTtapeek
tunopasmepa AAA, 3 B); Hanunure mHOro net nexauiero
6e3 npumeHenus kesapua Ha 119 «klu; Hanuune He
peannsosaHHbix mHoro net MMC K56 1J1A7.

CobupaTb MynbTMBMOPATOP HA TPAH3UCTOPAX He
XOTENOCh (CIUWKOM MHOFO AMCKPETHBIX 3MEMEHTOB),
no3TOoMy 6bina npoBeaeHa nposepka
pabotocnocobroct  mukpocxem  K561JIA7  npwm
NOHWXEHHOM HanpsxeHun nutanua. Oka3anock, 4To
cxema npubopa, cobparHaa Ha 3Tux MMC, HaumHaeT
pabotats yxe npu Un=2,5 B, yto BnonHe npuemnemo
npu MUTaHKMKM OT BaTapeek (eCTb 3aNAC MO MUTAHMIO NPY
paspane 6atapeu). M3-3a  HU3KOM HArPY30YHOM
cnocobHocTtn anemeHtos KMOI Ha Bhixoae reHepaTtopa
B kKauyecTse 6ydepHOro ycunuTensa nNpUWnoCh BKAKUYMT
napy pononHutensHsix MMC, ogHako, HO No MHeHuio
QBTOPA, 3TO HE CUMLHO YCIOXHUIO cxemy. PeansbHo Ha
nnate mukpocxembl DD2 u DD3 sanasHsl “Hoxka B

cobparts M MCNONb30BATL OBbIYHBI
RC-reHepaTtop, Hanpumep, No cxeme, NMOKA3AHHON HA
puc.7.

{1 470p
R1 R2 15k
10k
1 5
& — & Bbixoa,
2 3 6 4
D1.1 D1.2 A
DD1 K56111A7
LarHeisi  npubop —  Xopoliee  rnoacropse

DaANOMOOUTENIM B MX LOMALUHEN H3MEePHTENbHOMH
naboparopun. OcobeHHo oOH byger nosneseH
pemonTHukam PIA. [Monpobyrite ero cobpars, u Bei
2TOM CkOpPO ybeamnTecs.
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