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YCTPAHEHUE HEOAOCTATKOB NMACCUBHbIX KOMIMOHEHTOB

HenpaeunbHbil BbIGOp murnoe naccueHbIX KOMITIOHeHmMoe Moxem rpusecmu K
yxydweuuro XxapaKkmepucmuk Odaxxe Xxopouweeco ornepayuoHHoO20 ycusnumesnsa unu
npe06pa3oeamenﬂ. B cmambe npueedeHbl OCHOBHbIe CJI0O)XHOCMUuU, 803HUKamwue y

pa3pa6om YUKa 3JIeKMpPOHHbIX CXeM.

Y Bac yxe ecTtb pgoporod  MNpeLu3NOHHbIN
OonepaumoHHbIN ycunutens unu npeobpasoBaTtenb AaHHbIX
(aHanoro-umdpoBom unm unpo-aHanoroBbIv
npeobpasoBaTens). [Tocne ero MoHTaxa Ha nevaTHylo nnaty
BAPYr OOHapyxuBaeTcs, YTO  XapakTepuCTUKM  3TOro
KOMMOHEHTa He COOTBETCTBYIOT crneuudukauum, a cxema
paboTaeT He TaK, KaKk 3adymbiBanocb, a TO W BOBCE He
pabotaeT. B Hell obHapyxumBaeTcs kakon-nmbo gpend, ee
YacToTHbIe XapaKTepuUCTUKM He COOTBETCTBYIOT
nocTaBreHHbIM, OHa BO30yxgaeTcsi, WM OHa MPOCTO He
obecneumBaet Tpebyemyro  TouHOCTb. [pexae, uem
BO3MOXWTb BUHY cobcTBeHHO Ha OY unu npeobpasoBaTtens,
HeobxoAMMO  MpPOBEPUTb  MACCHMBHbIE  KOMMOHEHTbl -
KOHOEHCaTopbl, PEe3nCTOpbl, MNOTEHUMOMETPbl - W Aaxe
neyaTtHyto nnaty. EgBa ynoBumble W3MEHEHWS BHELUHUX
BO3[ENCTBWIN, NapasvTHbIe CBA3W, NpupaboTka n ctapeHne, a
TaKKe MexaHW4eckue BO3AEWCTBUSI MPW MOHTaxe MOryT
HernpegHamMepeHHO CcTaTb pe3ynbTaToM  HenpaBWIbHON
paboTbl CxeMbl M Aaxe ee 0TKa3a.

Boobue rosops, ecnv Bebl ucnons3yeTe
npeobpa3oBaTenb [AaHHbIX C paspeweHvem 12 un bonee
paspsgoB MM AOPOroN  ONepauuoHHbI - yCUnuTenb, TO
OOIMKHbI Ype3BblyaiHO BHMMAaTeNbHO MOAXOAUTb K BbIOOPY
MaccuBHbIX KOMMOHEHTOB. PaccmoTpum 3Ty npobnemy Ha
npumepe 12-paspsgHoro LM po-aHanorosoro
npeobpasosaTens.  3HayeHWe  MOMIOBMWHbI MnajLero
3Havawero paspsga (M3P) pasHo 0,012% oT nonHon Lwikansl,
T.e. Nywb 122 MUNNUOHHLIX gonen (ppm)! HenpgeanbHocTb
NaccuBHbIX KOMMOHEHTOB MOXET MPUBOANUTL K OblCTpOMy
YBENVYEHUIO MOrPELLHOCTH, YBENMUYMBas 3TO 3Ha4YeHue U
yMeHbLLas pa3psagHoCcTb npeobpas3oBaHus.

MprymeHeHne A0POrocToALmnx NaCCUBHbIX
KOMMOHEHTOB 3a4acCTylo He pellaeT np06ne|v|y. bbiBaeT, 4TO
npuMeHeHne faeweBoro KoHAaeHcaTopa  HYXHOro Tuna

NpUBOAMT K TakMM >Ke XOpowum pesynbTataMm (C TOYKM
3peHUs KayeCTBEHHbIX MNokasaTenen), 4To u MnpUMEeHeHne
Aopororo. HecmMoTpst Ha HEKOTOPYHO CNOXHOCTb, MOHUMaHWE Y
aHanus acpdekToB, BO3HMKaIOLLNX B NnaccuBHbIX
KOMMOHEHTAaX, MOryT oKasaTb HEOLLEHNMYO NOMOLLb.

1. KOHOEHCATOPDI

BonblwmnHcTBO ,D,Vl3al7IHepOB OOCTaTO4HO  XOpoLlo
3HAaKOMO C OCHOBHbIMM TUMNAMU W XapaKTepUCTUkamu
NPpUMEeHAEMbIX KOHOEHCaTOopOoB. OpaHako MeXaHU3M

BO3HWKHOBEHWNSA CTaTUYECKUX N ANHAMUYECKUX NOrpeLIHOCTEN
B MPEeUnN3NOHHBIX CXemMaXx OOCTaTO4YHO Jerko 3abbiBaeTca ms-

3a 0onbloOro MHOXecTBa WX TWUMOB -  CTEKISIHHbIX,
antoMUHNEBBIX, TaHTanoBbIX, cepebpsHO-CrIoAsHbIX,
KepaMuyeckux, TeNOHOBbIX (¢pToponnacToBbix),
NNeHOYHbIX,  BKMYalLWMXx B cebs  nonuacTepHble,

nonvkapboHaTHbIe, NOMUCTUPOSIbHBLIE U MONUMPONUIIEHOBbLIE.
Ha pwcyHke 1  npuBegeHa  ynpouwleHHass  Mogernb
HeuaeanbHOro KoHaeHcatopa. HomuHanbHas emkoctb C
WYHTMpPOBaHa pes3uctopom yTeukn Rp, saBnsowmmcs
COMnpoTMBIIEHMEM  OuanekTpuka. Btopon pesuctop Rs
(sxkeusaneHmHoe  nocredoeamesibHOe  COMPOMUBIIEHUE,
ESR) n WHOYKTUBHOCTb L (skeusaneHmHasi
rnocrniedoeamernbHasi UHOykmusHocmb, ESL) onpegensitoTcs,

COOTBETCTBEHHO,  COMPOTUBIIEHUMEM U
BbIBOJOB W 0BKMNaaoK.

MHOYKTUBHOCTbIO

Puc. 1. 9kBMBaneHTHasa cxema KOHAOeHcaTopa

W, HakoHeu, conpoTtuBneHne Rpa 1 emkoctb Cpa
BMecTe 00pasyloT  YMNPOLLEHHYD  MOAEnb  SIBMNEHWUS,
N3BECTHOro Kak QunanekTpuyeckas abcopbuus.
Onanektpuyeckas abcopbumsa yxyawaeT napameTpbl Kak
BbICOKOYACTOTHbIX, TakK U HU3KOYACTOTHBIX CXEM.

OunanekTpuyeckas abcopouusa

Mbl Havanu ¢ gunanekTpuyeckon abcopbumm (dielectric
absorption, DA, makxe Ha3bieaeMoli HamekaHueM 3apsida
(soakage) u wuHo20a Ou3nNEKMPUYECKUM aucmepe3ucom
(dielectric hysteresis)), BO3MOXHO MOTOMY, YTO 3TO HauMeHee
NMOHATHLIN  3PEKT, KOTOPbLIN B HauboOnbLIe# CTENeHu
yXyowaeT AvHaMWYeCcKMe XapakTepuCTUMKM KoHAeHcaTopa.
OT0 nABneHne 0O6YyCNoOBNEHO 3ameaSIeHHbIMU Mpoueccamm
nonspusaumMnm OuanekTpuka W NpuBOOUT K  MOSIBMEHUIO
HanpsbkeHWsl Ha  BbIBOAAX KOHAeHcaTopa Mnocrne  ero
KpaTKOBPEMEHHOW pa3psiaku. PUCYHOK 2 unnocTpupyeT 3ToT

appexT.
Byayun 3apspkeHHbIM [0 HanpsbkeHuss V. B MOMEHT
BpemeHu tp, KOHAEHCATop 3akopayMBaeTcsl 4yepe3 KIoy B

MOMEHT BpeMeHu ti. B MOMeHT BpemeHnu tp koHaeHcaTop
OTCOEAVHSIETCH OT cxeMbl. OCTATOYHOE HamnpsPKeHUe Ha HEM
MeONIEHHO HauuHaeT pacTy, npubnmkasice K Hekoemy
MOCTOSIHHOMY 3HaueHuo. KonuyecTBeHHOe 3HayYeHue 3Toro
SIBNeHNsi  0BbIMHO  XapakTepusyeTcsl  k03pPULUEHTOM

CTtaTbu NO 3MEeKTPOHUNKE

abcopbuun,  BbIpaXaeMbiM  MPOLEHTHOW  YacTblo  OT
HayarnbHOTO 3apsAOBOrO  HampsbkeHUs, KoTopasi CHOBa
BO3HMKAaeT B  KOHAeHcaTope Trocre ero  paspsiga.

KoHpeHcaTop 3apsikaeTcsa ©onee 1 MUHYTbI, MOCre 4ero
3akopaumBaetcss Ha Bpems oT 1 go 10 cekyHa. [Mocne

BbIAEPXKN  OKOJO 1 MUHYTbl  Unn bonee namepdeTca
Hanpsa>xXeHne Ha HeM.
Vo
T
2 !
0 e t

Puc. 2. OcTtaTouyHOe HanpsiXXeHWe xapakTepusyeT
AN3neKTpuyeckyro abcopouuio

Ha npaktuke adpdekTbl BNUSHUS OUINEKTPUYECKON
abcopbuuy MOryT nposBNSATLCA MO-PasHOMY: WHTerpaTop
MONHOCTbIO He cbpackiBaeTcs [0 Hynsi, npeobpasosarersb
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HanpskeHue-yacToTa
HanpspkeHMeM)  uMeeT

(reHepaTop, yrnpaBnsembii
HEMUHENHYID  XapaKTepuCTUKY
npeobpa3oBaHus, cxema BblOOpPKU-xpaHeHus paboTaer
HeTouHo. [locrnegHuint npuMep  MOXET MNpUMBOOUTL K
YaCcTUYHBIM OTKasam B cuctemMax cbopa [faHHblX, Koraa
cocefHvVe KaHanbl MMEKT HamnpsikeHus, BbIXOAsALWME 3a
npegensl BXOAHOrO AuanasoHa. PucyHok 3 wnnioctpupyet
3TOT cryyan.
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Puc. 3. OumbGku B cxeme BbIOOPKU-XpPaHEHUA U3-3a
ANaneKTpuyeckon abcopoummn

Ounanektpuyeckas abcopbuus sABNseTCs
XapaKkTepuCTMKOW MaTepuana AnaneKkTpuka, XoTs oHa MOXeT
3aBUCETb OT TEXHONOIMYEeCcKoro mnpouecca W3roToBrEeHUst
KoHOeHcaTopa unv oT matepuana ero anekTpofoB. 3HaveHue
KoacpduumeHta  amanekTpudeckon — abcopbumm  MOXeT
MeHsTbcs oT 0,02% ans TedrnoHOBbIX, MOMMCTUPOIBHBIX U
nonunponuneHoBbix koHaeHcaTtopoB Ao 10% v Gonee ans
antoMUHUEBBIX 3MEKTPONUTUYECKUX KOHAEHCATOPOB.

Y HEKOTOpbIX TUMOB MOMMUCTUPOSIBHBIX KOHAEHCATOPOB
KO3(hUUMEHT  aManeKkTpuyeckon abcopumm MOXET He
npesblwate 0,002%. Kepamuueckme u nonvkapboHaTHble
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KOHAeHcaTopbl O6LLero HasHayeHus MMelT KoaddUUUEHT
avanekTpuyeckon abcopbuum okono 0,2%, 4To o3HayaeT And
nonosuHel M3P nuwb 8 paspsigoB npeobpasoBaHus,
cepebpsiHo-cnoasiHbIEe, CTEKIISIHHbIE " TaHTanoBsble
koHaeHcaTopbl - oT 1,0 go 5,0%, nonuactepHble - go 0,5%.
Kak npasuno, ecnn B cneuudmkauum Ha KoHgeHcaTop,
npumeHsembln Bamn, He nNpuMBOAATCS [aHHble O €ero
avanekTpuyeckon abcopbuum ans TpebyemMoro BpeMEHHOro
WHTEpBana W [AuWanasoHa HarnpskeHus, TO OcTeperutechb
NPUMEHATb Takon KOHAEeHcaTop.

[vnanexkTpuyeckas abcopbuus npusoaunT K
3aTArMBaHN0 PPOHTOB CUrHanNa B CKOPOCTHbIX CXeMax, TakuX,
KaK BbICOKOYACTOTHblE aKTUBHbIE (UMALTPLI MU YCUNUTENN
BbICOKOYACTOTHbIX CUrHanoB. 3HaYyeHne NOCTOAHHON BPEMEHN
AvanekTpuyeckon abcopbummn AN HEeKOTOPbIX TakMx CXem
MOXeT [OCTUraTb HECKONbKMX MunnucekyHa. B mogenwu
KoHAeHcaTopa (puc. 1) aTa noOCTosiHHasa onpegenseTcs
anemeHTamn Rpa n Cpa. B cxemax ¢ GbICTpor nepesapsakon
KOHOeHcaTopa auanekTpuyeckas abcopbumsi mrpaet ponb
aHanoroBon nNamsaATU - KOHAEHCaToOp MbiTaeTCsl COXPaHUTb
HanpsbxeHue npegblayLlero sapsaa.

B HeKoTOpbIX CXemMax MOXHO CKOMMEHCUpPoBaTb
MOrpeLUHOCTU, CBA3aHHble C AMANEKTpUYeckon abcopGument.
B wuHTerpatope, Hanpumep, BbIXOAHOW cuUrHam MoXeT GbiTb
3aBefieH B 0OpaTHYI CBSA3b Yepe3 KOMMEHCALIMOHHYIO CXeMY,
KOTOpasi 9KBUBANleHTHa AManekTpuyeckon abcopbuum. Takas

Mapa3suTtHble adpchekTbl N noTEpU

Ha pucyHke 1  conpoTuBneHve yTeykn Rp,

nocnegosartesibHble conpoTuBrneHve Rs v MHAykTMBHOCTL L
ABMATCA  NapasuTHbIMW  dneMeHTamu,  yXyALaoLwymMm
ANHamuyeckne  XapakTepucTUKu CXEMBbl. A dexThl,
BHOCMMbIE 3TVMMW 3fieMeHTaMu, 4acTo NPOSBASIOTCA BMECTe
n onpepenstoTca Kak notepu (dissipation factor, DP). Tok

npoBOANMOCTMN, NPoOXoasLWmnn  4Yepes KoHAeHcaTp npu
NOCTOAHHOM Hanpsa>xxeHnn Ha ero obknagkax B
yCTaHOBMBLUEMCA peXume, Ha3blBaeTCA TOKOM YTEeYKW.

HecMoTpsi Ha TO, 4TO yTeuka B CxemMe MoAenu BbIrMSAUT
npocTbiM 060COGNEHHLIM  COMPOTUBMEHMNEM, BKITHOYEHHbBIM
napannenbHO  KOHAEHcAaTopy, Ha CcaMOM [fene, OHa
HENWHENHO 3aBMCUT OT MPUIIOXKEHHOTO HanpskeHus. [pu
nogadye Ha  KOHOEHCATOP  HamnpsbKeHWst  MpPoOMCXoauT
NMOCTEMEHHOE YMEHbLUEHNE Toka yTeyku. [Mpoussogutenu
4YacTo cneunduUMPYOT 3HaYEHNE YTEYKU Kak NMpou3BeaeHune
COMPOTMBIIEHUSI  Ha  E€MKOCTb, KOTOPOE  OMNuUCbIBaeT
NOCTOSIHHY0 COOCTBEHHOrO paspsifa B CekyHAax. 3HayeHue
3TOW MOCTOSIHHOM MOXeT nexaTb B AuManasoHe OT OgHOW
CekyHObl (antoMunHMEBbIE M TaHTanoBble KOHAEHCATOpbl) A0
COTEH CeKkyHA (Kepamuyeckue koHAeHcaTopbl). CTeKnsHHbIe
KOHOEHCATOpbl MMEKT 3HayeHMe MNOCTOSIHHOW BpeMeHn
cobcTBeHHoro paspsiga go 1000 cekyHg u Gonee, Ho
NYYLWUMKN XapaKkTepUCTUKaMK MO STOMY napamMmeTpy obnagatot
dToponnacToBble " NNeHoYHble (nonucTmponbHbIe,
NONMMNPONUIeHoBbIE) KOHAEHCATOPbI, ¥ KOTOPbIX NMOCTOSIHHAS
BPEMEHM MOXET MpeBbIllaTb MUINWOH cekyHa. [Ons atux
KOHAEHCaTOpPOB yTeuka, cos3faHHas 3arpsA3HEHHON
NOBEPXHOCTLIO KOpryca WUin CBsI3aHHAs C MOHTaXXOM, MOXET
npeBbIaTh COOCTBEHHYIO YTEUKY ANANEKTpuMKa.

MocneposaTtensHas WNHOYKTUBHOCTb (puc. 1),
CKNnaaplBaoLwascs U3 MHOYKTVBHOCTEN BbIBOAOB M 0BKNagok
KOHOeHcaTopa, MOXeT Ha BbICOKMX YacToTax W3MeHATb

CTtaTbu NO 3MEeKTPOHUNKE

KOMMeHcaumMss B CXeMe  BblOOPKU-XpaHEeHUs1  MOXeT
3HaumMTenbHo  ynyywntb (oo 10 pa3 wun  Gonee)
XapaKTEPUCTMKM.

XapakTep  peaKkTUBHOIO  COMPOTUBMEHWS  KOMMOHEHTa

(EMKOCTHOE CONpPOTMBMEHWE - UHAYKTUBHOE COMPOTUBIIEHNME).
BenuunHa WHOYKTUBHOCTM 3aBUCUT OT KOHCTPYKLIMOHHOIO
ncnonHenuns. KoHgeHcaTopbl ¢ TpyByaTbiMu obknagkamu u3
donbru 06naaatoT 3HaUYMTENbHO BorbLUei MHAYKTUBHOCTLIO,
YeM onpeccoBaHHble paauanbHble (Kpyrmble).

MHorocnoriHblie Kepamuyeckune " nyeHoYHble
ycTponcTea 06bI4HO nmeroT HaVMeHbLLYI0
nocnenoBaTesnibHyl0  MHOYKTUMBHOCTb,  alntOMWHMEBbIE U

TaHTanoBble - HaVIGOJ'IbUJyI'O. MoaTomy anekTponuTuyeckue
KOHOEHCaTopbl 3a4acTyl0 CTAHOBATCA HE3(EEKTUBHBIMU KaK

3MeMeHTBbI cxem BbICOKOYACTOTHbIX pa3Bsi30K "
LUYHTUPOBAHWS.
MpowussoauTenu KoHOeHcaTopoB YyacTo

cneumduLMpyIOT nocneaoBaTenbHY UHAYKTUBHOCTL B BUAE
rpacduka 3aBMCMMOCTM MOMHOMO MMMeAaHca OT 4acToThl.
EmkocTHOe peakmBHOE coMnpoTMBNeHWe npeobnagaeTr Ha
HM3KMX YaToTax, a WHAYKTMBHOE - Ha BbICOKMX. YacToTa, Ha
KOTOpOW NONHOE COMNPOTUBIIEHNE KOHAEHCaTopa MUHUMaIbHO
N YNCTO aKTUBHO, Ha3bIBAETCH PE30HAHCHOW YacTOTON.

MocnenoBaTenbHoe conpoTuereHue Rs onpeaensietcst

CYMMOM COMpPOTUBIEHWI BbIBOAOB W obknagok. Yacto
npovssoguTenu KOHAEeHCaTopoB nocrneposaTernbHoe
COMpOTUBNEHNE, MOCnefoBaTeNlbHyl0  WUHAYKTUBHOCTb U

yTe4yKy paccMmaTpusaloT Kak OAMH MapameTp, HasblBaeMbli
napameTpoM notepsb (dissipation factor, DF). 3ToT napameTp
nokasblBaeT HeuaeanbHOCTb KOHAeHcaTopa U m3MepsieTcs
KaK OTHOLLUEHWE 3Hepruy MnoTepb K SHEepruu, 3anaceHHon B
ogHOM  umkne paboTbl. OTHOLWEHWe  3KBMBaNEeHTHOro
nocrnegoBaTefibHOr0 CONPOTUBIIEHNS K OOLLEeMY peakTVBHOMY
COMPOTUBIIEHNIO HA 3adaHHOW 4actoTe  MNpUBMMKEeHHO
paBHSAETCSl 3Ha4YeHui0 napameTpa MoTepb, 9KBMBANEHTHOMY
BEnu4nHe, obpaTtHom Ao6poTHOCTU Q.
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Bennunha  napameTpa  notepb  3aBUCUT  OT
TemnepaTtypbl U 4acToTbl. KoHAeHcaTopbl CO CrOASHBIM U
CTEKNSAHHLIM ANINEKTPUKOM OBbIYHO MMeloT 3HaveHne DF ot
0,03% po 1,0%. [Ona kepamuyeckux KOHAEHCaATOpPOB
BennMumHa notepb pasBHa 0,1...2,5% npu KOMHaTHOM
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Temnepatype. Y  9NEKTPONMMTUYECKMX  KOHAEHCATOPOB
3HaveHne DF 3HAYUTENbHO BblLLIE. [MneHoYHblE
KOHAEHcaTopbl MMEKT Hawnydwee 3HadeHve DF - meHee
0,1%.

Tou4HOCTb, TemMnepaTtypa v gpyrue napameTpbl

BooGLue-To, NpeunsnoHHble KoHOeHcaTopbl AOpPOorv u
He Bcerga nerko goctaBaembl. B oencTBUTENbHOCTU, BbIGOP
€MKOCTW OrpaHuyeH AuanasoHOM OOMNYCTUMbIX 3HAYEHWI K
TOYHOCTbI. TOYHOCTb *1% ANA  HEeKOTOpbIX  TUMOB
KepaMM4yecknux W MNNeHOYHbIX KOHAEHCATOpOB ABMSETCA
06blYHOW, HO WHOrga HedocTaTovHOW. HekoTopble TUMb
NNeHOoYHbIX KOHAEeHcaTopoB MOryT BbiTb caenaHbl ¢ GonbLien
TOYHOCTbIO, HO TOMbLKO MO 3aKasy.

MapameTp noTepb, KOIPPUUMEHT LMUIANEKTPUYECKON
abcopbumm M eMKOCTb  KOHOEHCATOpOB  3aBUCAT  OT
TemnepaTtypbl. [ns HEKOTOpbIX TUMOB 3Ta 3aBUCUMOCTb
NMHENHa, ANs HeKoTopbiX HeT. [Ana oaHMX NpUNoXeHun
TemnepaTypHbIi KO3 MULMEHT E€MKOCTU He urpaeT ocobon
ponu, Ana  Apyrmx  (NPeumsnMoHHbIe  WHTerpaTopsl,
npeobpasoBaTtenu HanpsikeHne-4acToTa, reHeparopbl
cTabunbHOM 4YacToTbl) OH NpeacTaBnsaeT onpeaerneHHbIN
WHTEpec, T.K, Oyayun 6onbwyM, MOXET CyLWeCTBEHHO
yxygwatb  cTtabunbHOCTb  paboTbl  3TUX  YCTPOWCTB.
TemnepaTypHbIil  KO3PPULMEHT OOLIYHO UM3MepseTcs B
MUIIIMOHHBIX  JOMNSIX OT HOMWHANbHOIO 3HaYeHus npu

M3MeHeHUM TemnepaTypbl Ha oguH rpagyc (ppm/°C).
Kepamuyeckue KOHOEeHcaTopsb! TMna NPO nmerT
TemnepaTypHbil  koadbduumeHt 30 ppm/°C, yTo sBRseTcs
BECbMa W BeCbMa HEMMoxXuM 3HaveHneM. [nsg antoMuHUEBbIX

ANEKTPONUTUYECKNX KOHOEeHcaTopoB TemnepaTypHbIii
k03 PULIMEHT MOXeT npesbilwatk 10000 ppm/°C.

Mpu paspaboTke JOMKHA ObITb y4TEHA MaKcMmarbHas
paboyass TemnepaTypa YCTpoWcTBa. [lonUCTUPOIbHbIE
KOHOEHcaTopbl, Hanpumep, Npu TemnepaTtype okono 85°C
HauYMHalT MNaBUTLCS, (PTOPOMNACTOBbIE € BbIAEPXKMBAIOT

pabouyto TemnepaTypy Ao 200°C.

YyBCTBUTENBHOCTL  E€MKOCTU U OUSMEKTPUYECKON
abcopbuuy K NPUNOXEHHOMY HanNpPsHKEHUIO MOryT  Takxke
yXyALWaTb Ka4eCTBEHHblE XapaKTepUCTMKM cxeMbl. HecMoTps
Ha TO, YTO NPOM3BOAUTENN He BCerga YeTko cneundpmumnpytoT
KO3(PpMUMET 3aBMCMMOCTM MapaMeTpoB KOMMOHEHTa OT
MPUIOXKEHHOTO HanpshkeHWs, pa3paboTynMk [OOMKeH Bcerga
NpUMHMMaTb BO BHMMaHuWe 3ToT daktop. [ns npumepa, npu
MakcrManbHOM MPUINOXEHHOM HaMpPSHKEHUU HEKOTOpbIE TUMbI
KepaMU4ecknx KOHOEHCATOPOB MOryT YyMeHbllaTb CBOHO
eMKocTb Ha 50% u bonee.

MopobHbIM 06pa3oM, eMKOCTb 1 MOTEPU MHOTUX TUMOB
KOHAEHCaTOPOB CYLUECTBEHHO 3aBUCHAT OT YacTOTbl, MaBHbIM
06pa3om, 13-3a UBMEHEHUST ANSNEKTPUYECKON NOCTOSIHHONW. B
3TOM OTHOLUEHWM, fydlne AUSNeKTpuYeckme napameTpsbl
obecneynBaloT  MONUCTUPONbHbBIE, MONUMPONUMEHOBLIE 1
dTOpONNacToBble KOHAEHCATOPbI.

MoHTaX OoTBETCTBEHHbIX KOMMNOHEHTOB

MyuyeHuss OusaiiHEpOB CXeM W He 3akaH4KBaloTCs
nocrie W3roToBMEHWs nevyaTHOW nnatbl. Yacto ee MOHTax
MOXET  MCMOPTUTb  [aXe  XOpOLWYyl  AU3aNnHEPCKyHo
pa3paboTky. Hanpumep, o6bI4HO 1Cnonb3yemMble Arlsi O4UCTKM
pacTBOPUTENN MOTYT MPOHUKaTb BHYTPb 3NEKTPONUTUYECKUX
KOHOEHCATOPOB 4Yepe3 pPe3UHOBbLIE YMNOTHEHUS| BbIBOAOB.
Kopnyca HeKOTOpbIX MMEHOYHbIX W MOMUCTUPONbHBIX
KOHAEHCATOPOB MOryT PacTBOPATLCA MO AENCTBMEM TaKUX
pacTtBoputenei. pyboe obpalleHne C BbIBOAAMW MOXET
noBpeauTb HEKOTOpble KOHAEHCATopbl W MPUBECTUM K
HeperynspHo nosiBnstomnmcs cbosm. YUTobbl n3bexartb aTux
npobnem, 6Gnaropa3yMHO MPOM3BOAUTL MOHTaX 0CO60
OTBETCTBEHHbIX KOMMNOHEHTOB Ha NocnegHeM aTane, ecnv 3To
BO3MOXHO.

Pa3paboTunkn [OMmMKHbI Takke MOMHUTL O Chyyasx
COBCTBEHHbIX OTKA30B KOHAEHCATOpoB. MeTannmanpoBaHHble
NNeHoYHble KOHOEHCATopbl MOCre Takux OTKasoB MOryT
camoBOCCTaHaBnmBaTbCsa. B HUX cHavana npoucxoaut
npoboMn, CBA3aHHbIN C BO3HUKHOBEHWEM TOKOMPOBOASLLMX
yyacTkoB  (MOCTMKOB),  KOTOpble  obpasyioTcsa  yepes
MWKPOOTBEPCTMS B [AMSMEKTpuyeckon nneHke. Ho 3atem

npoTeKalwWwmMiA Mo 3TUM MOCTUKaM TOK paspyluaeT WUXx
(TennoBoe paspylieHMe) U BO3BpallaeT KoHAeHcaTop K
HopMarnbHOMY (PYHKLMOHMPOBaHWIO, NpaBaa, C YMEHbLUEHHOM
€MKOCTbl0. KOHEYHO, B BbICOKOMMMEAAHCHbLIX CXemax M3-3a
OrpaHNYEHHOro 3HaYeHUs! TOKa MOXET He MPOUCXOAUTb
paspyLleHUsi MOCTUKOB.

TaHTanoBble  KOHAEHcaTopbl — Takke  obnapaloT
CNOCOBHOCTHI0  CaMOBOCCTAHOBIIEHUS,, HO MeXaHu3Mm Mpu
3TOM [pyroii - TemnepaTypa B MecTe MOBPEXAEHUs pacTeTr
MeZneHHO. MoaTomy TaHTanosble KOHZieHcaTopb!
CaMOBOCCTaHaBMMBAIOTCA Jydylle B BbICOKOUMMNEAAHCHbIX
cXemax, C orpaHuyeHueMm GbICTPOro HapacTaHusl Toka Yepe3
yyactok npo6osi. CrniefoBaTenbHO, HeOGXOAMMO MpPOSIBASTL
OCTOPOXHOCTb NMPU MPUMEHEHUN TaHTaNOBbLIX KOHAEHCAaTOPOB
B CXEMax C GOnbLUMMMN TOKaMU.

[loNroBeYyHOCTb  3NEKTPOSIUTUYECKUX KOHOEHCaTOpPOB
3aBUCUT OT WX TEPMETUYHOCTU. DNEKTPONUT  MOXEeT
npocayvBaTbCsl Yepe3 YMIOTHEHUS BbIBOLOB. JnokcuaHas
repMeTUsaumsa nydlle, YeM pPe3vHOBasi, HO MPY MPUNOXEHUN
HanpsKeHUsi 06paTHOM MONSPHOCTU NGO MPY NPEBbLILLEHNN
HanpPsXKeHUs1 OHa MOXeT MPUBECTM K B3pbIBY KOHAeHcaTopa.

2. PE3UCTOPbLI U MOTEHLUUOMETPbI

Bnarogapsi pa3BuToli TEXHOMOMM, BbIGOP PE3MCTOPOB
[OCTaTOYHO LUMPOK - YIIIepOAHbIE KOMMO3UTHBIE, YITEPOAHbBIE
NreHOYHbIE, LeNibHOMeTannMyeckue, MeTannuyeckme
NMeHoYHble, MHAYKTUBHbIE U GEe3bIHAYKTUBHbIE NPOBOJIOYHbIE.
Kak Ha HauGonee 4acTo nNpuUMEHSIeMbIi KOMMOHEHT, Ha
pe3ucTop obpallaeTcs Mano BHUMaHUsi, Kak Ha WUCTOYHMK
NOrpeLlHOCTE B BbICOKOKAYECTBEHHbIX —cXemax. [lpu
HenpaBWIbHO BbIGPAHHOM TWME pPe3ncTopa TOYHOCTb 12-
pa3spsHoOi CXeMbl MOXET CYLLECTBEHHO YMeHbLUUTLCS. Korga
Bbl B mocrnegHuii pa3 BHUMATENlbHO YMTanu TEXHUYecKue

CTtaTbu NO 3MEeKTPOHUNKE

XapakTepuUCTUKN  pe3ucTopoB?  Bbl
03HaKOMMBLLMUCH C HAMMW.

6ynete  yauBreHbl,

PaccmoTtpum cxemy (puc. 4), koTopas ycunuBaeT
BxogHon curHan 0...100 mB B 100 pa3 gna 12-paspsgHoro

aHanoro-undpoBoro npeobpa3oBaHnst c BXOOHbIM
ananasoHom 0...10 B. [Ona 3agaHus koadpuumeHTa
YCUNEHNST  MPUMEHEHbl  MeTanfIMyeckne  Mpeumn3voHHbIe

pesuctopbl ¢ TovHocTblo *0,001% (10 ppm). B kadvecTBe
anbTepHaTUBbI NPEeLN3NOHHBIM Pe3MCTopaM, TOYHOCTb CXEMbI
MOXeT OblTb  CKOppeKkTMpoBaHa kanubpoBKoW. Takum
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o6pa30M, TOYHOCTb  yCUNeHusa CXeMbl MoxeT  ObITb
yCTaHoOBJ1eHa, B npuHUuMnNe, nobor, HO TeM He MeHee OHa
orpaHmn4yeHa TO4YHOCTbIO CpeacTB KaJ'IVI6pOBKVI.

100 9.9k

| 0-10B
K ALN

BXOJ,
0-100 LB

Puc. 4. Ycunutenb Ha OY

N3meHeHns Temnepatypbl
ycuneHus HeCKONbKUMM cnocobamu. ABCOMIOTHBIN
TemnepaTypHbli  KO3ULMEHT pPe3ncTopoB OObIYHO He
OYeHb BaXeH M3-3a Marnoro BnusHuA. HecmoTps Ha 3To,
yrnepoaHble KOMMO3NLMOHHBIE PE3UCTOPLI C TeMNepaTypHbIM
koadpdomumeHtom  okoro 1500 ppm/°C  He  6yayT
obecneymBaTb TOYHOCTb MPELM3MOHHON cxeMbl. Jaxe ecnu
TemnepaTypHbli  koadpuumeHT OyaeT ymeHblweH go 15
ppm/°C, nameHeHne TemnepaTtypbl Muib Ha 8°C BbI3oBET
owwmnobky B nonosuHy M3P (120 ppm).

Mpounssogutenu YyacTo nsrotaenueatoT
MeTannuMyeckue 1 MeTannuyeckme nineHouvHble pe3ncTopbl C
TemMnepaTypHbIM KoadduumeHTom oT #1 go #100 ppm/°C.

Tem He MeHee, OyabTe OCTOPOXHbI: TemnepaTypHbIN
KO3(PDULMEHT MOXKET CUMBbHO OTNNYaTLCA AN PEe3UCTOPOB

orpaHn4ymBaroT TOYHOCTb

pasHblXx napTui  u3rotoeneHus. [ns  peweHua  3Ton
npobnemel MOXHO ncnonb3oBaTb cornacoBaHHble
pesucTopble  napbl C  PasHOCTbIO  TemnepaTypHbIX

ppm/°C. [elweBble
Pe3NCTOPOB Takke Xopolm U

koacpduumeHtoe ot 2 go 10
TOHKOMMEHOYHbIE Habopbl
LLIMPOKO NPUMEHSIHOTCSI.

K coxaneHuio, gaxe COrMacoBaHHble Pe3UCTOPHble
napbl He MOFYT MOMHOCTbIO peLwuTb NpobremMy, Bbl3BaHHYHO
TemnepaTtypHelM addpektom. PucyHok 5a wnnoctpupyet

OTKIMOHEHWe napameTpoB CXeMbl, Bbl3BaHHOE
camopasorpesoMm. PeancTopbl o6nagaloT  0OMHAKOBLIMM
TemnepaTypHbiMM  KO3(DULUMEHTaMW, HO  pacceuBaroT

CYLIECTBEHHO pasnuMyHoe Tenno B 3ToN cxeme. [lpu
o

TennosoMm conpoTtusneHnn 125 “C/BT ansa npumeHeHHbIx 1/4-

BaTTHbIX PE3UCTOPOB TeMrepaTypa pesuctopa R1 BospacTeT

Ha 0,0125 °C, B To Bpems kak TemnepaTtypa peauctopa R2 -

Ha 1,24 °C. Mpu TemnepaTypHoM koadduumente 50 ppm/°C
pesynbTupytowas ownbka coctaBut 62 ppm (0,006%).

R1 R2
¥y Vout

)
— 0-10B

Vin,
0-100mB

R1=100 Om, +0,001%, +50 ppm/°C
R2=9,9 kOm, £0,001%, +50 ppm/°C
qra=125 °CIBm
lMpu Vin=0: Vout=0, Vx=0, Pr1=Pr2>=0
lpu Vin=100 mB: Vout=10 B, Vx=100 mB,
Pr1=0,1%/100=0,1 MBm, Pr2=9,9°/9900=9,9 mBm.
R1 Hazpeemcs Ha 0,0125°C, R2 Hazpeemcsi Ha 1,24°C.
Owubka: (1,24 °C)x(50 ppmi °C)=62 ppm=0,006 %.
Puc. 5a. AHanu3 HeNMHEeNHOCTU CXeMbl

UTto elle Xxyxe, siBMeHMe camMopasorpeBa cos3faet
NOrpeLUHOCTN, CBSI3aHble C HEeNWHEWHOCTLO. [py nonoeuHe
MaKcMMasbHOro BXOOHOMo HanpsXeHus (50 mMB)
pesynbTupylowas owunbka dyaget paBHa nuwbe 15 ppm m3-3a
MeHbLUero pasorpeBa. Ha pucyHke 56 npuBegeH rpadwk

CTtaTbu NO 3MEeKTPOHUNKE
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nepefaToyHOW XapakTepUcTukM cxemsbl (puc. 5a). Ho aTo elwue
He cambli NNOXOM npUMEp: C MEHbLIVMU pa3MepamMu
pe3nCTOpoB pe3ynbTaTbl OyayT elle Xyxe u3-3a GonblUero
TENMNoBOro CoOnNpPOTMBIEHMS.

Vout, B

10 7 -'L
f"’ G00MKB
” T
-
-
-~
-~
5
5 L 1501KB
— F
Yin, 4B
50 100

Puc. 56. Mpachuk HenMHeNMHOCTH NepedaToYHOMN
dyHKLUMN

Wcnonb3oBaHne 6Gonee MOLLHbBIX Pe3UCTOpoB  Ans
TaKMX YCTPOMCTB NPMBOAMT K BOMbLUEMY pacceuBaHuio Tenna,
YTO MOXeT MUHUMU3NPOBATb 3APEEeKTbl, CBSA3aHHbIE C
camMopasorpeBoM. Takke MOXET MOMOYb UCMOMb30BaHME
HabopOB MNEHOYHbIX PE3UCTOPOB; OLWNOKN, CBsI3aHHbIE C
CcaMopas3orpeBoM, YMEHbLUAKTCH, NOCKOMbKY 3TW Pe3nCTopbI
HaxogsATcsl B OOHOM KOpryce 1 Ux TeMnepaTypa npakTU4ecku
OfMHaKoBa.

Yacto He npuaaeTcs 6GOMbLIOTO 3HAYEHUS TakuMm
NCTOYHMKaM MorpeLuHoCTH, Kak TemnepaTypHbIi
KOO MPULMEHT CONPOTMBNEHNS LINH NeYaTHOW nnatbl, a
Takke COeLAMHEHUsIM, KOTOpblE MOTYT YBENUYUTb CyMMapHbIe
MOrpeLuHoCcT! cxembl. MeTannbl Ncrnonb3yemble B MevaTHbIX
nnatax MMeKT BbICOKMA TemnepaTypHbin KO3(PUUMEHT -
3900 ppm/°. TMpeumsnoHHbIi  10-oMHbIA, 10  ppm/°C
NPOBOJIOYHBIN pe3ncTop ¢ conpoTtusneHnem Beieogos 0,1 Owm,
HanpvMep, nerko npeBpaTUTCA B OObIYHBIA PE3NCTOp C
TeMnepartypHbIM KoadhpuLmneHToM 45 ppm/°C.
TemnepaTypHble KO3hULNEHTBI COEAMHEHNIA UrpatoT 0cobo
3HaYMMYK pOfb B MPELM3NOHHBLIX MOPMAHBIX Cxemax, npuv
NPOEKTUPOBaAHNM  KOTOPbIX YYMTbIBAETCA COMPOTUBIIEHME
TOHKOMMEHOYHbIX COeQUHEHNIA.

N ewe opHo, nocrnegHee paccyxaeHne, KoTopoe
kacaeTcs cxem, paboTalowmux B LUMPOKOM TemnepaTypHOM
AvanasoHe OKpyxatoleh cpeabl. JTO SABMEHWE, U3BECTHOe
Kak TemnepaTypHbli  Bos3BpaT (temperature retrace),
OMNMCbIBAET  WU3MEHEHUss B  COMPOTMBIEHUW,  KOTOpble
NpouCXodaT rocne OnpedenieHHoro  KonuyecTBa  LMKIOB
BO34eNCTBUS HU3KOW " BbICOKOW Temneparypsbl.
TemnepaTypHbI BO3BPAT MOXET MOBbICUTL TemnepaTypHbIN
koacppuumeHt Ha 10 ppm paxe AN nydwux meTanno-
MAEHOYHbIX KOMMOHEHTOB.

Heckonbko npaBun npu paspaboTke pe3nCTUBHbBIX
CXEM C MUHVMarbHbIMU TEeMNEPaTYPHLIMU NOrPELLHOCTSMU (B
COOTBETCTBUM C MX 3HAYNMOCTbIO):

o [IpumeHsiime pe3ucmopbl C coO2/1aco8aHbIMU
memnepamypHbIMU KO3ghhuyueHmamu;

e  HUcnonb3yilime pe3ucmopbl ¢ MasbiMu abcosirom-
HbIMU meMrnepamypHbIMU KO3ghhuyueHmamu;

e  Ucnonb3ylime pe3ucmopbl ¢ MasbiMu mernsoebiMu
conpomuesieHuUsiMu;

e  HUcnonb3ylime KOMNaKTHbIE Pe3UCTOPHbIE COOPKN.
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MapasuTtHble adcpekTbl pe3mcTopos

B pe3ncrtopakx, 0COOEHHO, Ha BbICOKMX YacToTax MoryT
npoABNATbCA B 3HaYUTENbHOM cTeneHun napasunTHble
MHOYKTUBHOCTb n €MKOCTb. ﬂpomssop,menm 4YacTo
00BbEeANHSIIOT 3TH napasuTHble ABneHnA B OAHO, Ha3blBad ero
peakTMBHOM MOrpPELUHOCTLI0 M BblpaXaloT B MPOLEHTax unu
ppm. OI'Ipe,D,eJ'IHGTCﬂ 3Ta NOrpelwHOCTb KakK OTHOCUTEllbHaA
Pa3HOCTb MeXOy conpoTtuBiieHneM Ha NOCTOAHHOM TOKe U
COMPOTMBIIEHMEM Ha OAHOW UMM HECKOSbKUX YacToTax.

OcobeHHO BbIAENAIOTCS MPOBOMOYHBLIE  PE3UCTOPBI.
HecmoTpss Ha TO, 4TO npousBoaMTENW npeanarawT WU
HOpMarnbHble NPOBOMOYHbIE PE3UCTOPLI, U GEe3bIHAYKTUBHBIE,
Jaxe nocrnefHve cosgatoT ronoBHyto 6onb Ans Av3anHepos.
OTn pesucTopel B cxemax BedyT cebsi kak Hebonbluve

MHOYKTMBHOCTM  (mopsgka 20 MkMH) npu  3HavYeHusIx
conpotmenenmn meHee 10000 Owm. BesbIHAYKTUBHbIE
NPOBOMOYHbIE  PE3NCTOPbl,  COMPOTMBIIEHWE  KOTOPbIX

npebiwaet 10 kOm, 00nagaloT LWYHTUPYOLWEN EMKOCTbIo
okono 5 n®.

Takue napasuTHble $SIBNEHUS MOrYyT HernonpaBUMO
yXyOWnTb 4acTOTHbIE XapaKTEPUCTMKUM CKOPOCTHBLIX CXEM.

Ocoboe 6eCcrnokoWCTBO BbI3bIBAIOT CXEMbl C 3HAYEHWSMM
NPOBONOYHbIX conpoTtusneHun okono 10 kOm. Hepegko B
TakMX Cxemax MOXHO HabniogaTe AunddepeHunpoBaHe
CUrHanoB M gaxe reHepaumio. MNMpryem ocobeHHO 3aMeTHbIM
3TO CTAHOBUTCS HA YacTOTax KMMOrepLoBoro gmanasoHa.

[axe B HM3KOYACTOTHbIX CXemax napasuTHble
3pdeKTbl  NPOBOMOYHBLIX  PE3NCTOPOB  MOryT Cco3faBaTb
npobnemel. SKcnoHeHumansHo 3aBUCUMMOE Bpems

YCTaHOBINEHUSI OO YPOBHA 1 ppm MoOXeT paBHATbCA 20-Tu
MOCTOSIHHBIM BpeMeHn U Gonee. [MapasutHble 3MAEKTHI,
CBSi3aHHble C HeugeanbHOCTbI MPOBOSIOYHbIX PE3NCTOPOB,

MOryT Henpuemnemo Wu3MeHATb BpemMA  YyCTaHOBIEHUA
CurHana.

MapasuTHoe peaktneHoe conpoTtmBrieHne 4acTto
NPUCYTCTBYET  OaXe B HEenpOBOJI04YHbIX pe3ncrtopax.

Hanpumep, MHOrve MeTanno-nieHoYHbIe Pe3ncTopbl UMEIDT
3HaYMTENbHYIO MEXBbIBOAHYO €MKOCTb, KoTopas
NPOSIBMSIETCS Ha BbICOKUX YacToTax. B aTom cnyyae nyywum
BbIOOPOM SIBMSAOTCS YrnepoaHble pe3ncTopsbl.

TepmoaneKTquecme sABneHuA

CoeavHeHne mMexay ABYMSi pasHOpPOOHbLIMM
MeTannamu cosgaet Tepmo-O[C (thermal EMF). Yacto atoT
adbhekT MOXEeT nerko cos3gaBaTb AOMUHMPYOLLME OWNOKN B
MPeUM3nNOHHbIX CXemMax. B  NpoBOMOYHbIX  pesncTopax,
Harnpumep, B MecTe COefMHEeHNs] pe3UCTMBHOIO NPOBOAHMKA C

BLIBOAOM cospaetca Tepmo-OJIC B 42 MkB/°C  (ans
M3roToBMeHMs BbIBOAOB 4acTo npumeHsietca Cnnas 180,
cocToswmm us 77% meamn n 23% Hukens). Ecnu temnepartypel
o6onx BbIBOAOB pe3ncTtopa OAuHakoBbl, To Tepmo-OC
HelTpanuayetcs M He BHOCUT owubku. OpgHako, ecnu
pe3ncTop YyCTaHaBNMBaAeTCs BEPTUKANbHO (Hanpumep, Ans
©onee NNOTHOIO MOHTaXxa), Mexay BEPXOM M HU30M MOXET
BO3HUKHYTb TeMMepaTypHbIA FPagueHT M3-3a MNPOXOXAEHUSA
BO3AYLUHOro NoToKa BAOSb ANIMHHOIO BbIBOAA.

Mpn pasHocT TemnepaTyp Bcero nmwb B 1 °C

BO3HMKaeT owubka, paBHas 42 MkB, npeBbiwatowas
HanpshkeHue cMelleHnst TUMWUYHOIO NPELM3NOHHOIO
onepaumoHHoro ycunutens (okono 25 wMmkB).  3to

3aTpyaHeHne o6XoauTCA Npy rOPU3OHTaNIbHOM pasMeLLEeHNM
peauctopa (puc. 6). B kayecTBe anbTepHaTMBbLI, HEKOTOPbLIE
npoussoduTeny Mo cneuvanbHOMy 3akasy npegdnaratoTr
pesncTopbl C NyXeHbIMU MEAHbIMWU BbIBOAAMU, Y KOTOPbIX

Tepmo-3[IC cHwxeHa Ao 2,5 mkB/°C.

'IWIW

T
l H

npasunbHO

HENpagUNbLHOD

Puc. 6. TemnepaTypHbI rpaguMeHT co3naeTt
norpewHocTn us-3a tepmo-3[C

Booblle rosops, Av3alHepbl [OOMKHbI CcTapaTbecs
nsberatb TemnepaTypHbIX TPaAAWEHTOB B  3NEKTPOHHbIX
cxemax unu BOGMMSM HUX. YacTo 3TO O3HayaeT TEennoByko
U30MSALUMIO  KOMMOHEHTOB, pPacCeuBaloWMX 3HaYUTENbHOE
Tenno. TypGyneHuMs BO3AYLHbIX MOTOKOB, BO3HMKalOLLANA
npu  GomnblUMX  TemnepaTypHbIX  rpagueHTax,  MOoXeT
NpUBOAUTL Takke K AMHAMUYECKUM OLUMBKaM, MOXOXWM Ha
HWU3KOYaCTOTHBIN LLIYM.

Hanpﬂ)KeHMe, OTKa3bl U CTapeHue

ﬂapameprl PEe3nCTopoB 3aBUCAT OT MNPUIOXKEHHOIo

Hanps>xeHus. BbICOKOOMHbIE  KOMMOHEHTbI C  OKCUOHbIM
nposoaALnM croem 0COBEHHO YyBCTBUTESTbHbI; nx
Ko pULMEHT 3aBUCUMOCTU conpoTtuBneHna oT

MPUMOXXEHHOTO HaMpPsXKeHUs! NEXUT B aAvanasoHe oT 1 go 200
ppm/B. 370 eLe oaHa NpuUYMHa NPOSBNATL 0CO60E BHUMaHWE

npy  pa3paboTke NPeuUM3VOHHbIX CXeM, TakMx  Kak
BbICOKOBOIbTHbIE AENUTENN.

MexaHW3M OTKa3oB PpPEe3UCTOPOB MOXET  TaKke
cosgaBaTb TpygHOCTM npu paboTe cxem, ecnv OH He
TWwaTenbHo npogymMaH npu paspaboTke. YrnepoaHble

KOMMO3WLMOHHbIE PEe3NCTOPbl 06PaTMMO BbIXOAST U3 CTPOS
Ha HeKOTOpOe BPeMsi, OEMOHCTPMPYS BHYTPEHHWA O6pLIB.
YacTto B HEKOTOPbIX MPUIOXEHUSX TaKUe KOMMOHEHTbI UrpatoT
nonesHylo BTOPOCTENEHHYIO ponb NpefoxpaHuTenei. 3ameHa
TaKMX Pe3nCTOPOB Ha YINepodHble MNIeHOYHbIe MOXeT

CTtaTbu NO 3MEeKTPOHUNKE

NPMBECTU K MOBPEXAEHUIO CXEMbI, MOCKOSbKY OTKa3 B 3TOM
crnyyae OygeT BbIrMsigeTb Kak YMEHbLUEHUE COMPOTUBIEHUS
BNMOTb OO KOPOTKOrO 3aMblkaHWusi. B MeTannuManpoBaHHbIX
MNEeHOYHbIX KOMMOHEHTax OTKa3 MNposIBNSiETCA B BUAe
obpbiBa.

Bce pesucTtopbl MMET TEHOAEHLMIO He3HauuTenbHO
WU3MEHSITb BEMWYMHY CBOEro COMPOTUBIIEHUS B TEYeHue
BpEMEHMU. Mpownssogutenu cneundnumpyoT
OOMroBpEMEHHYI0  CTabWnbHOCTb  BENMUYMHOM  ppm/rog.
3HauveHusa 50 vnm 75 ppm/rog Hepeako BCTpevaloTcs cpeam
MeTannu3aMpoBaHHbIX MIEHOYHbIX pe3ncTopoB. [Ons ocobo
OTBETCTBEHHbIX nNpYMeHeHn MeTannuanpoBaHHbIE
NNeHOoYHble PEe3UCTOpPbl AOMKHbI MPOXOAUTb TPEHUPOBKY B
TeyeHne MUWHUMYM OOHOW Hegenu npyv  HOMUHAIbLHON
MowHocTM. Bo Bpems a9TOrO npouecca  3HayeHue
COMPOTUBIEHNST MOXET YBENUUMBaTbCcsa Ha BenuumHy 100-200
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MoxeT noTpeboBatbcs 4000-5000 yacoB npupaboTkm Ans
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NoJHONM cTabununsaymm napamMmeTpoB.

Opo6oBou WyM pe3ncTopoB

BONbLWMHCTBO  paspaboTyMKOB  MMEKT  HEKOTOPYH
OCBELOMITEHHOCTb O TEMSIOBOM LyMe (Mnu Wwyme [PKOHCOoHa)
Pe3nCTOpPOB, HO 3HAYMTENbHO MeEHbluas MX 4YacTb UMeeT
npeacTaBneHne O OPYroM LWyme, HasbiBaeMoM Opo6OoBbIM
WymMom (excess noise), KOTOpbIi MOXEeT Cco3faBaThb
npoGnemsbl, rMaBHbIM 06pa3oM, B CXemMax C NpeLusnoHHbIMM
OMepauMoHHbIMM  YCUIUTENSIMU U NpeobpasoBaTensimMu.
OpoGoBoii WYM NPOSIBNSIETCH TOSIbKO NMPU NPOTEKaHWU TOoKa
Yyepes pesuncTop.

Tennosown LyM 4BNAEeTCA pe3ynibTaToOM XaOoTU4eCKOoro
OBWXEeHNA 3apAanoB B pPe3ncTope. OT0 [ABWXEHMe TeMm
MHTEHCUBHEE, YeM BbIlLe TemnepaTypa. HecmoTps Ha To, 4YTO
cpeaHee 3Ha4veHune HanpsaxeHuda TenrnoBoro wyma paBHO

NPOMopLUOHArIbHO KBaApPaTHOMY KOPHIO M3 LUMPWHBI MOSIOCHI
nponyckaHusi.

[poboBoii Wym BO3HMKaeT rnasBHbIM Obpa3oM TorAaa,
KOrga NoCTOSIHHBIN TOK NPOTEKaeT B AUCKPETHOM martepuarne,
T.e. mMatepuane, COCTOSILLEM W3 MUKPOrpaHyn, Hanpvumep, B
yrnepogHon komnoauvuun. TOK npoTekaeT ckavkoobpasHo
Yepe3 MpeccoBaHHble YrNepoAHble rpaHynbl, Cco3aaBas
MWKPOCKOMMYECKNE WCKPEHUSI MEXAY HUMWU. IOTO SABMeHue
UMeeT CrnekTpanbHoe pacnpegeneHne MolHocTu wyma 1/f.
EcTecTBeHHO, 9TOT LWYM HEKOppenupoBaHHO (T.e. 3Tu
MCTOYHMKM  abconioTHO  HesasucuMMbl)  gobasnsetca K
TennosoMy wymy. O6uiee HanpsbkeHne (TOK) Lwyma oOT
HEeKOPpPEeNMPOBaHHbIX MCTOYHUKOB PABHO KBaApPaTHOMY KOPHIO

Hyrnio, €ero MrHOBEHHblE W3MEHEHUs! CO34alT LYMOBOE  CyMMbl KBaApaTOB COOTBETCTBYHOLLUMX LUYMOBBIX HaMPsHKEHUN
HanpsbxeHue Ha BbIBOZAX pesucTopa.  (TOKOB).
CpefHekBafpaTUYeCcKoe HanpshkeHWe TennoBoro  Liyma
MoTeHUMOMeTPLI
MoacTpoeuHble pe3ucTopbl MOMYT cO34aBaTh  elle lym KoHTakTa, TemnepaTypHbii  KO3(PULMEHT,
Gonblume npobnembl. PazpaboTynkn OOMKHbI ObITh FOTOBbI K NapasuTHble  3MEKTbl U OrpaHWYEeHHbli  AuManasoH

BO3HUKHOBEHWIO LLONONHUTEbHbIX HenpeaBUAEHHbIX
06CTOSTENBLCTB, MPUCYLLMX 3TUM KOMMOHEHTaM. Hanpumep,
OYeHb YacTO MOTEHUMOMETPbl HEFrepPMETUYHbI Y MOTYT BbIATH
U3 CTPOSi NPV MPOMbIBKE MNaThl PacTBOPUTENSMU, @ Takke
M3MEHUTb CBOM MapamMeTpbl MpY MOBbILEHUM BRAXHOCTM
oKpyXalollero Bo3gyxa. Bubpauuum ©  MexaHudeckue
BO3[EWCTBMS MOMyT paspyluMTb PE3UCTUBHbIA 3MeMEHT U
NPOBOMOYHbIE BbIBOAbI.

perynMpoBku MOryT MpPensTcTBOBaTb (PYHKLUMOHMPOBAHMIO
cxembl. bornee TOro, orpaHMyeHHas TOYHOCTb PerynMpoBKM
MPOBOMOYHLIX ~ TWUMOB  MOTEHLUMOMETPOB W CKpbITble
OrPaHNYEHUsT  MeTannokepammyecknx W MIacTMaccoBblX
TMnoB  (rMCTepesnc, HecoBMECTUMble  TemnepaTypHble
KO3 PULMEHTBI, nooT) Aenatot OOCTUXEHNE "
NoAAepXaHne  TOYHbIX  YCTAHOBOK  MaroBO3MOXHbIMU.
MpaBuno: crapantecb ucnonbL3oBaTb Manbli  AuManasoH
perynumpoBKM cuUrHana noTeHLMOMETPOM.

3. MEYATHbIE NMNATbI

[MeyaTHble nnaTtbl BbLICTYNAT B POSiM  HEBUAUMbIX
KOMMNOHEHTOB BO BCeX NPEeLM3NOHHbIX CxeMax. B To Bpemsa,
Korga ,D,Vl3al7IHepr penko 3agymMmbiBanmcb 06 ANEeKTPUYHEeCKnX
XapakTepnctukax nedaTHblX nnaTt, XapakTepUCTuKn CXem
OKa3blBalninCb XyXe npeanonaraemMbix.

PesynbTatamy BpeQHOro BO3OENCTBUA XapaKTepuUcTUK
nnatbl Ha TOYHOCTHbIE XapPaKTePUCTMKM CXEMbl SABMATCA
yTeuku, NageHns HanpskeHns Ha NPoBOoAHMKax (0CoBeHHo Ha
lWMHax  obuwero  nposoAa), napasutHble  eMKOCTH,
avanekTpudeckaa abcopbuma u ap. B gobasneHue k aTomy,

nmevaTHble  nnAaTbl  TUFPOCKOMWUYHBI M MEHST  CBOU
3NEeKTPUYECKNe XapaKTepuCTUKM NP U3MEHEHUN BIIAXHOCTH,
ycyrybnss napasutHble adeKTbI.

OdpekTbl, BHOCHMbIE MeYaTHbIMKW nNnatamu, MOryT

6bITb pasfeneHsl Ha ABe KaTeropum:

1) BRMAHME Ha XapaKTepUCTUKU CXeMbl
TOKY (CTaTu4eckme BO3OencTBus),

2) BNWSIHME HA XapaKTEPUCTUKN CXeMbl MO MNepeMeHHOMY
TOKY (AMHaMu4eckme BO3OENCTBuS).

Nno nNOCTOAHHOMY

CrtaTnyeckue Bo3nencTBus

YTeukn ABNSIOTCA AOMUHMPYIOLLMM BO3AENCTBMEM Ha
XapaKTEPUCTMKN MeYaTHbIX Mnat Mo MOCTOSHHOMY TOKY.
3arpsisHeHnss Ha MOBEpPXHOCTW mnnaTbl B BWAe OCTaTKoB
dnoca, XMMUKaToOB M T.M. MOTYT CO34aBaTb YTEYKM Mexay
BbIBOAAMW KOMMOHEHTOB W MpOBOAHMKaMU. [laxe y XOpOLlo
OYMLLEHHON NNaTbl HEPEAKO MOXHO OBHapyXuTb yTeuky B 10
HA n Oonee wmexgy QOByMsS OnM3ko pacnonoXeHHbIMU
BbIBOAAMW C pa3HOCTbO noteHuunanos 15 B (k coxaneHuio, y
ctaHgapTHeix OY BbIBOA MUTaHMSA pacnonaraeTcs psaoMm C
BbICOKOOMHbIM HEMHBEPTUPYIOLMM BXOA0M). HaHoamnepHble
TOKW yTEeYeK Mexay 4yBCTBUTENbHbIMW BblBO4AMU MOryT
cosgaTb goctatoyHo 6onblune owwnbku, Hanpumep, Tok B 10
HA, npoTtekatowmn vyepes conpoTtusneHne 10 MOwm, BbizoBeT
owmbky B 0,1 B.

[ns onpeneneHus 4yBCTBUTENbHbLIX K TOKAM YTEYKM
BbIBOAOB NonpobyiiTe 0TBETUTb Ha crieaytoLmnii Bonpoc: Ecrmn
napasuTHbI TOK BENIMYMHON HECKONbKO HaHOAMNepoB WM
6onee OyaeT BTekaTb (BblTekaTb) B 9TOT BbIBOA, TO BbI30OBET
1N 3TO Kakon-nNmbo NoboyHbIN adbdpekT?

CTtaTbu NO 3MEeKTPOHUNKE

CylwiecTByeT  Heckonbko  cnocoboB  6Gopbbbl €
npobnemamu, cBA3aHHbIMK C TOKaMmn yTeyek. CyLeCTBEHHYHO
MOMOLLbL MOXeT oOKasaTb TliaTenbHas OTMbIBKA MeYaTHON
nnatbl OT 3arpAsHeHun. Onepauuy NO OYMCTKE BKIOYAKOT B
cebsi 9HeprmyHyo OTMbIBKY MraTbl M30MPOMUIIOBLIM CINPTOM
C NOMOLLIbIO MSATKON LLETKN, MPOMbIBKY B AENOHM30BAHHOW (B
KpaiHem crnyyae, OUCTUNNUPOBAHHON) BOAE M CyLUKY Mpu
Temnepatype 85 °C B TeuyeHue HecKkornbkux YacoB. bByabte
BHMMaTenbHbl Mpu Bbibope pactBopuTenen AN OTMbIBKU
nnat. ®peoHoBble paCcTBOPUTENN BMECTE C HEKOTOPbIMU
BOAOpacTBOPMMbIMK  dfitocamMm  MOryT  obpasoBbiBaTh
cofneBble OTNOXEeHUs, npuBogswime K yteukam. OrpomHyio
MOMOLLb OKa3blBAeT HAHECEeHWEe Macku Ha MOBEPXHOCTb
nnaTtbl - CTEKNOTEKCTONUT SBNSIETCSA XOPOLUMM COpOEHTOM.

K coxaneHuto, p[axe OYeHb Xopollas O4vMCTKa
YYBCTBUTENbBHBIX K TOKaM YTEYKM CXEM MOXeT AaTb NUllb
BPEMEHHbI adpchekT. MNpobnembl BCKOpe BO3HMKAOT CHOBA
n3-3a HOBbIX 3arpsi3HEHW (OTNeYaTkn nanbues, Hanpumep),
BO3[ENCTBUSI OKpYyXawLen cpedbl U OOMbLUON BRAXHOCTW.
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Co3spaHue oxpaHHbix obnacten (guarding) nosBonsieT
KpacvBO M Ha ANMTenbHOE BpPeMs 3alUTUTBCA OT npobrem,
CBSI3aHHbIX C TOKaMM yTe4yeK. XOpOLIO PacCnofoXeHHble
OXpaHHble KomnbLa MOryT YCTpaHuTb Takue npobnembl gaxe

aona  cxew, pa60Tarou.W|x B XXECTKMX NPOMbILNEHHbIX
ycnoBuax.

OcHoBbI  CcO30aHus OXPaHHbIX obnacren NPOCTbI:
OKpYyXeHune YYyBCTBUTEJIbHbIX BblIBOOOB npoBOAHUKaMW,

YMEHbLUALWUMN NapasuTHble TOKM W NoAdepXuBaoLLUMn
TOYHbIA MOTEHUMan 3TUX BbiBOAOB. [loTeHuMan oxpaHHoW
obnactm pomkeH ObiITb BO3MOXHO 6onee OnM3kUM K
noTeHumany 3awuwaeMoro BbiBoAa, MHaye 3awumTa Oyger
cama fBMNATbCA WCTOYHUKOM OONbLUOrO MapasuTHOrO TOKa.
Hanpumep, ans Toro, 4tobbl TOK YTEYKM MEXAY OXPaHHbIM
KONMbLOM W BbIBOAOM Obin MeHee nukoamnepa (nonaras
conpoTuerieHne yTteykn paeHbiM 1000 MOwm), Heobxoguma
pasHOCTb MOTEHUManoB Mexay Humm He OGonee 1
munnueoneTa. PucyHok 7a  wnniocTpupyeT  cnocobbl
NOCTPOEHWUsI OXPaHHbIX Ob6nacTern Ans WHBEPTUPYHOLLEN U
HEVHBEPTUPYIOLLEA  CXEM  BKIIIOMEHUSI  OMepaLOHHOro
ycunuTens.

Ha pucyHke 76 nokasaHa pasBogka 3alUTHOro Korbla
Ha neyaTHol nnaTte. HeoGxogMMO MNOMHWUTb, YTO 3awmTa
6yneTt pabotatb adhPeKTMBHO TONbKO B TOM Crnyyae, Korga
OXpaHHbIN 3NEeMeHT pacrnosfioraeTcs Ha obenx CTOopoHax
neyaTHoW nnaTbl. OfNeMeHTbl OXpaHHbIX obnactew ny4we
pacnonaratb B CaMOM Havane pasBOAKM MOTOMY, YTO
BrnocrneAcTBMM OObLIMHO He xBaTaeT MecTa [Ana  ux
ONTUMAanbHOro pasmeLleHust.

Avoiding Passive-Component Pitfalls
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O0XpPaHHOE KONbLUO OKPYKAET TONLKO
NPOBOJHUHEHN FalMILAEHON0 EbIE0AA

OXpPaHHOE KOALLUO OKPYIKAET BCE
JaMIAEHbIE NPOBOLHMEM, BKNHYan
CHMrHaNbHbIA BLIBOA, MCTOYHHKA

71 HM3KDOMHBIE
_j PEMCTOPBI

HMCNONL30B3AHWE IKPAHUPOBAHKA
vnu Oyepa, BKNNYEHHOIO B
pa:pblB NpOBOJHKKE "a™

Puc. 7a. OxpaHHble obnactu gnsa OY

OXpaHHOE
KONBLIO

QxpaHHOE KONbUD 40MKHD DbITh
pacnonokeHo Ha 0DEMK CTOPOHAX NAaTkbl

Puc. 76. PasBoaka oxpaHHOro KonbLa Ha
nevyaTtHoMW nnarte

OuHamunyeckne Bo3aencTBUs

B otnnumMe oOT cTatMyeckux BO3AENCTBUA, KOTOpble
MOTYT U3MEHATbCS C  W3MEHEHWEM  BM@XHOCTU WK
3arpsisHEHWIA nnaTtbl, AMHAMUYECKME BO3OEWNCTBUS HA CXeMy
00Obl4HO OTHOCUTENbHO MOCTOsIHHBI. Kak HegocTtaTtok Ans
HOBbIX pa3paboTok, OHWM He MoryT OblTb YyCTpaHEeHb!
[OCTaTO4HO MPOCTO, Hamnpumep, O4YUCTKOW. [uHamwuyeckue
BO3OEWCTBUS  MEYaTHbIX Nnat  MOryT  MOCTOSIHHO U
HebnaronpuaTHO  BO3QEWCTBOBATb  Ha Ka4yeCTBEHHble
XapaKTEPUCTUKM U3OENUsI.

MpobnemMbl napasnTHOW €MKOCTU, BO3HUKAOLLEN U3-3a
B3aVMOBINSHUS  MPOBOOHUKOB W  KOHTAKTHbIX MMOLWAanoK

KOMMNOHEHTOB, XopotLuo NMOHNMaKTCA 60MbLUIMHCTBOM
ﬂM3aVIHepOB. npaBVIJ'IbHaﬂ opueHTauma KOMMOHEHTOB WU
npokKnagka npoBOAHNKOB no onTuMalnbHOMY nyTm

nocTuraroTCcAa B npouecce 06yquV|;| M B OAHHOW CcTaTbe He
paccMaTpuBaroTCA.

Ounanektpuyeckan abcopbumusi NpuuMHAET OGonbLUyH
ronoBHyl0 60Mb KU, Kak M B Cry4ae C KOHAeHcaTopamm,
HegoCTaToMHO  MoHMMaema.  OdMEeKT  AMANeKTpUYecKon
abcopbumn neyaTHOM nnaTbl MOXeT ObITb CMoOAenupoBaH
pacnonoXeHHbIMU PSAOM ApYyr C APYroM, nocriefoBaTernbHO
COeANHEHHbIMW PE3NCTOPOM U KOHOEHCATOpPOM (PUCYHOK 8).
OT10T achhekT nmeeT 06paTHYIO 3aBUCMMOCTb OT PaCCTOSHUS

CTtaTbu NO 3MEeKTPOHUNKE

Mexay NpPOBOAHMKAMM WM MPSIMYt0 3aBUCUMOCTb OT  OJIUHbI
NpoBOAHMKOB. EMKOCTb KOHAEeHcaTopa AMSNEKTPUYECKON
abcopbuumn nexut B guanasoHe ot 0,1 go 2,0 nd, a
conpoTueneHne peanctopa - ot 50 go 500 MOwm (TMnoBble
3HayeHus - 0,5 n® n 100 MOwm). MNoaToMy AnanekTpuyeckas
abcopbuusi nevaTHbIX NNaT okasbiBaeT GonbLlee BNUsIHNE Ha
BbICOKOMMME4aHCHbIE CXEMBbI.

|-l— 1,3 1 —-{

50-500 MOM
-1
0,1-2,0 n®

Puc. 8. Onanektpuyeckaa abcop6uus yxyawaert
AWHaMMYecKue xapakTepucTukn

,D,I/ISJ'IeKTpI/I‘-IeCKaH a6cop6uv|$| neYvyaTHbIX nnart
OKa3blBae€T 3Ha4duTeribHOe BIMdAHWE Ha AOUWHaMU4ecKkue
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XapaKTEPUCTUKN CXEeMbI, HanpruMep, Ha BPeEMS! YCTaHOBIIEHMS
curHana. B oTnuune ot yTeyku, aToT adhheKT peaKko 3aBUCUT
OT BMaXHOCTM UNW APYrX pakTOPOB OKpyXKatolwlen cpeabl, HO
OYeHb 4YacTo ABNAETCA  PYHKUMEW  AMINEeKTPUUECKMX
XapakTepuUCTUK nnatbl. XMMUYeckue npoLiecchl, CBA3aHHbIE C
N3roTOBMEHNEM MeTanIM3MPOBaHHbIX OTBEPCTUI 06oCTpAIOT
npo6nemy. Ecnu Bawa cxema He cooTBeTcTByeT
MOCTaBIIEHHbIM TpeboBaHuAM no nepexoHbIM

Avoiding Passive-Component Pitfalls

Analog Devices, AN-348

Xapaktepuctmkam, TO 3ITO MOXeT ObITb  criegcTBUEM

OuanekTpuyeckor abcopbumm nevaTHoM nnatol.

K cuacTbto, MmetoTcs pelueHns aTor npobnemsl. Kak un
B Criyvae Aguanektpuyeckon abcopbummn KoHAeHcaTopos, Ans
KOMMEHCaLMn 3TOro  SIBMEHWS  UCMONb3YHTCH  BHELUHWE
KOMMOHEHTBI. 3awuTHble obnacty, nsonvpyoLume
YyBCTBUTEMbHbIE BbIBOABI 4aCTO MOMHOCTBLIO  YCTPaHSOT
npo6nemy. Ewe pa3, 3awuTtHbie o06nactu  [OOKHbI
pacnonaratbcsi Ha 06enx CTopoHax nnartbl.

4. HE YNYCTUTE YTO-HUBYOb

Ecnm Bawa cxema ¢ npeumsmoHHeiM QY uvnu
npeobpasoBaTenem AaHHbIX HEe OTBeYaeT NOCTaBEHHbIM NpU
NPOEeKTMPOBaHMN TpeboBaHUSM, NpoBepbTe, He YNyCTUAN Mn
Bbl yTO-HMOYAb. MpoaHanuaupynte paboTy BCeX NacCUBHbIX
W aKTVMBHbIX KOMMOHEHTOB U NonpobyiiTe onpeaenutb TO, YTO
ocTanocb HeszameuyeHHbIM. [MpoBepsante n nposepsinte. He
NpuHUManTe Bce Ha Bepy.

MpocTton npumep. T[pu nepemelleHusix kabens
NpoucxoaMT  CMelleHue  MPOBOAHMKA  OTHOCWUTENbHO
OKpYXaloLero ero AuanekTpuka. 3TO CMeLeHue MOoXeT
co3gaBaTb  HakannuBalolMecs — cTaTudeckue  3apsigpl,

CTtaTbu NO 3MEeKTPOHUNKE

npusodsLiMe K rnomexam OCOBEHHO B BblICOKOMMMEOAHCHbIX
cxemax. B atom cnyyae MOXeT MOMOYb KecTkoe
3akpenneHve kabens unM MCNoNb30BaHWE [OPOroCTOSILLMX
ManowymsLimnx kabenew ¢ hToponnacToBon N3oNsiLnENn.

Tak kak Bce Oonbllee KONMM4ecTBO NpPeuUn3noHHbIX
onepaunoHHbIX yCVIJ'IVITeJ'IeVI n MHOropaspsaaHbIX
npeo6pasoBaTenel71 CTaHOBUTCA AOOCTYMNMHbIM, a@ CUCTEMbI
cTaHoBATCA Bce OGonee CKOPOCTHbIMA M TOYHbLIMU, NOJIHOE
NOHNMaHne MCTOYHNKOB ﬂOFpeLIJHOCTeI7I n owmnbok,
OMNUCaHHbIX B 3TOM CTaTbe, CTAHOBUTCS Bce Gonee BaXHbIM.
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