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3J1eKTp0.1anqec1me KOHICHCATOPLI.

Oco0eHHOCTH TPUMEHEeHHUS.

Onexmponrumuyeckue KOHOeHcamopwl (015 Kpamkocmu 6ydem Hazvieamo ux IK) — neomo-
ememas yacmo 60NbUWUHCMBA dIeKMmporHblX cxem. Cmapbie pa3pabomyuxu NOMHAM me epeme-
HA, K020 HAOENHCHOCMb JJIeKMPOHHBIX YCMPOUCE 80 MHO2OM 3asucena om HaoedxcHocmu IK.
JIrobou menemacmep 3uaem, ymo NPUHUHOU OMKA3A MeENe8U30PA (0COOEHHO OmMeuecm8enHO20)
uaue 8ce2o A61emcs KOHOeHCamop, NomepsAsUIULL eMKOCb.

U npuuuna, xax npasuno, ogce ne 8 mom, umo IK nnox, a 6 mom, umo npu pacueme cxe-
Mbl He Obiu yumenvl ocobennocmu pexcumos pabomwol IK. Cetiuac muocoe uzmenunocs. Cpox
cyorcovt IK sedyuux pupm, maxux kak EVOX-RIFA, menepb yoice He ssnsemcs onpeoensiio-
wum paxkmopom u ModHcem cocmasisims HeMblCIUMble panee enudunvl. Hanpumep, Hekomopule
konoencamopwl pupmovr HITACHI umerom pecypc 310 muic. yacos npu HOMUHAILHOM MOKe
nyascayuu u memnepamype 40°C’.

Oonaxo Hecpamomubiii 8b1600p IK u HenpasuibHbI pacuem pexcumos e2o pabomvl Mo-
JHcem 3aMemHo CHU3UMb HAO0EHCHOCMb annapamypul U S8UmMsbCs NPUYUHOU HeOHCUOAHHBIX OMKA-
306. OcobeHHOCMAM NPUMEHeHUs U MemoouKe 8bl00pa U pacuema HOMUHALO08 INeKMPOIUMuYe-
CKUX KOHOCHCAMOPOB NOCEAUEHA OAHHAS CIAMbA’.

1. Oco0eHHOCTH KOHCTPYKIMHU

B o0sryHOM amoMuaneBoM DK IHIIEKTPUKOM SBISETCS OKHCh afOMUHUSA. OKHCH allio-
MUHMSI TOO0OHO P-n EPEX0y UMEET OJHOCTOPOHHIOIO IIPOBOJUMOCTb U CIIOCOOHA BBIIEPKU-
BaTh HAIPSDKEHUE TOJIBKO OJHON NOIspHOCTH. COOTBETCTBEHHO, TAKXKE KaK U y AMOAA, IIPH I10-
nade oOpaTHoro HanpsokeHus B DK BO3ZHUKAIOT TOKW yTEUKH.

OxcuaHbIN CII0M HE MOXKET UMETh PABHOMEPHOM TOJIIIMHEI 110 BCEH IOBEPXHOCTHU. B TOU-
Kax HauMEHbIIEH TOJIIMHBI TOK YTeUKH OyAeT MakcUMaibHbIM. [IpuunHOl yBenuueHus Toka
YTEUKH SIBIIETCS TAK)XKE HaJIM4Ke IpUMecel Bo/bI B 3neKkTpoauTe. [IpucyrcTBue Bobl B 3J1€K-
TPOJIUTE CHUKAET COOTBETCTBEHHO M MAKCHUMAJIBHO IOYCTUMOE HanpspkeHue OK.

Ha napamerps! OK cunbHOE BausiHUE OKa3bIBaeT Temneparypa. C pocToM TemMrepaTypsl
YBEJIMYUBAIOTCA EMKOCTD, IPOBOUMOCTD JIEKTPOJIATA, TOK yTeukd. CHUYKAETCs HaIeKHOCTD 32
CYET YCKOPEHUSI KOPPO3UOHHBIX IIPOLIECCOB.

BaxxHoe 3HaueHNe nMeeT BpeMeHHas CTaOMIIbHOCTh apaMeTPOB, ONPEEIAIoNIas BpeMs
#u3Hu OK. OgHuM 13 Takux napamerpos sasisgercsa Rs uinum ESR (3xBuBaneHTHOE nocienoBa-
TenpHOE conpoTuBieHue) K.

ESR coctout us:

Raj — compoTuBiIeHNE BBIBOIOB U aTIOMHUHHEBOM (OJIBTH;

RE — conpoTuBieHnE AIIEKTPOIINTA;

Ryx — conpoTuBIIeHNE AUDIEKTPUKA.

2. Horepu B DK

CymMapHbIe TIOTEPH MPOIIE BCETO OLIEHUTH, 3Has TOK YTeUKH lj, cCpeTHEKBaApAaTUIHOE
(RMS) 3HaueHME MEPEeMEHHOTO TOKa |, TeKyIIero yepes3 KOHACHCATOP, U 3HAYCHUS YKBHBAJICHT-
HBIX conpotusiieHuit JK.

Ob11ee oMHuYecKoe CONPOTUBICHHE R COCTOUT M3 CONPOTUBIECHUS METAJLIA U AJIEKTPOJIUTA.

JIdeKTpudecKue MoTepy MPOMOPIMOHATLHEI SHEPTUH, 3aTIACCHHON B KOHJICHCATOPE —
Wc=1/2CU2. MomnocTh Py, paccenBaemas B K, MoxeT OBITh 3amucaHa CIeIyIOIUM 00pa3oM:

"HITACHI AIC Compact Aluminium-Electrolytic Capacitors 1998/1999
*TTo matepuamam RIFA Electrolytic Capacitors. Theory and Application
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P=fW¢ + RI? 2.1)

rae f —yactoTa, ¢ KOTOPOW KOHACHCATOP 3apsiKaeTcs U pa3psKaeTcs.

Ycnoumes, uro Tok yepe3 DK nmeer cunyconnansuyio Gopmy. B aToMm cnyyae norepu
OynyT:

P=fCU%/2 + RI? (2.2)

[Mockonbky [=0CU, a ®=2xf, TO

P=UI(1/4n + 2nRCH=UI(A+Bf) (2.3)

Comuoxwutens (A+Bf) npencrabiser co06oit n3BecTHBIN BeeM cosd. OaHAKO TTOJIB30BATHCS
yriioM ¢ HeyA0OHO, T.K. OOBIYHO OH OJIHM30K K 90°, o3ToMy Ipu pacuerax DK npuMeHSIOT yroiu
0=90-¢, Ha3pIBaeMbIil yrioM nmotepsb. tand=sin(90-¢)/cos(90-¢)= sin(90-9) T.k. cos(90-¢p)=1.
dopMyna mpruoOpeTaeT MPOCTON U MOHATHBIN BU:

P=Ultand (2.4)

OmmOka, BO3HUKAIOIIAsA W3-3a MPUHATON allpOKCUMallMU HECYIIECTBEHHA JJIs PacyeTOB
notepb DK, a u3mepeHue tand HAMHOTO MPOILE, YeM cOosd. ITOT mapaMeTp Ha3bIBACTCS TaHICH-
COM yTJjia OTePh U MPUBOJIUTCS B JaHHBIX Ha OK.

[Moacrasnss B (2.2) U=I/oC, nomygaem:

P=F(R + k(4T C))  (2.5)

Taxum 06pa3zom MoxxkHO onpenenuTh Rs nimn ESR — sxkBuBaneHTHOE MocaeaoBaTenbHOe COo-
MPOTUBJICHHE, 3HAYEHUE KOTOPOI0 TaKkKe MPUBOJUTCS B TEXHUYECKUX XapaKTepUCTHKaX (IO
KpaiiHell Mepe y CEpbE3HBIX MPOU3BOAUTENEH).

Rg=R + k/(47*fC) (2.6)
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Puc. 2.1

Kak BugHO u3 (2.6), mapametp Rg siBiseTcst 4acTOTHO 3aBUCUMBIM. [ paduk 3aBUCUMOCTH
Rs ot wactots! muust OK RIFA - 450B-68mk®-85° MPUBEACH HAa PUCYHKE. ITO HECKOJIBKO 3aTpy/-
HSIET pacuyeThl moTepb. Kpome Toro, eciu TOK MIMEET CIIOXKHBIN CIIeKTpalbHBIA COCTaB, HEOOXO-
JTUMO 3HATh BEJTMUMHY KaKJ10i rapMoHuku. OHaKO, €CIIM HU3IINE TAPMOHUKH JOCTaTOYHO Be-
JIMKH ¥ 4aCTOTHO 3aBUCHMBII KOMIIOHEHT MaJl 110 CPAaBHEHUIO C OMMUYECKUM CONPOTHUBIIEHUEM,
pacdeT ctaHoBUTCS TpocThiM. OObIYHO Ha yacToTax cBbie S00I' T Rg mpakTudyecku He 3aBUCUT
OT 4acTOTBHI.

P=I'Rg (f>500Tw)  (2.7)
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3. TemioBoi pacyer

Temneparypa neperpeBa IK 3aBucut ot Rg u cpelHeKBaIpaTHYHOTO 3HAYCHHS TIEPEMEH-
Horo Toka . HazoBeM TemmiepaTypy B HanOoJiee HarpeTol Touke KOHAeHcaTopa (TOUKe meperpe-
Ba) Ths, @ TEMIIEPATYPY OKpYsKatomien cpeasl — T, B pabouem nuamasone neperpeB sBseTcs
TUHEWHOH (QyHKIHMer MoutHOCTH noteph P. Torma cnpaBeayivBel CleayOmue COOTHOECHHUS
P=RgI? (3.1
Th=TatRuP (3.2)
rae Ry, — TenmoBoe cONMpoTUBIICHHE «TOUKA MEPErpeBa — OKpYyKarolas cpeaa.

4. Tok yreuku

[IprurHOI BOSHUKHOBEHMSI TOKA YTEUKU | ABIIIETCS HECOBEPIIEHCTBO OKCHIHOTO CJIOSI.
Bpemennas 3aBUCUMOCTS || 11OCIIE BKIIIOUEHUS:
Ii= L;5(5/t)° (4.1)
rze Ijs — TOK yTeduku yepe3 5 MUHYT HOcIIe MoJauu OCTOSHHOTO HanpsibkeHus Ha DK, a mo-
CTOSTHHAsI p UMeeT 3HadeHue B Auanasone (0.5-1).
O6mast popmyna B yCTAHOBUBIIEMCS] COCTOSSHUM UMEET CIIETYIOLTHI BU:
I;=k*C*Upg, rae koucranra k=3%*10"  (4.2)

5. Cpok ciry:k0bI M HATEKHOCTH

JIBa OCHOBHBIX IapaMeTpa, BIUAIOUIMX Ha pecypc U HagexHocTh DK — 310 pabouee Ha-
npsbKEHUE U Temreparypa. [ cpoka ciryx0bl Ly, MOKHO 3an1caTh COOTHOLICHUE:
L0p= LopR(UR/ Uop)n (5 1)
rae Uy, — pabouee HanpsbkeHue, Ur — IpefenbHO JOIMYCTUMOE HapshKeHUe, Lopr - Cpok
ciyx661 OK nipu Hanpsikenuu Ug.
[Tokazarens crenenn n=>5 npu 0.8Ur<U<Ug; n=3 npu 0.5Ur<U<0.8Ur. DTO 03HaYaET,
YTO CHMKEHHUE pabouero HanpspkeHus Ha 21% yBennuuBaeT Cpok ciyk0bl BaBoe. Ecnu
U<0.5UR, cpok ciy>kObl TPAKTUYECKH HE 3aBUCUT OT HATIPSKCHHMS.
Cpok ciry>x0bl UMEET HKCIIOHEHIIMATIBHYIO TEMIIEPAaTyPHYIO 3aBUCUMOCTb. [ paduk 3aBucH-
MOCTH MOXKET OBITh ONKCAH BhIPAKEHUEM:
In(Lop) =A-B*T  (5.2)
Hanexnocts DK oka3piBaeTcsi TEM BbIIIE, YEM BbIIIE €0 AuaMeTp. Popmyiia, yIuThI-
BaOIasl AMAMETP, UMEET CIIEYIOIINUNA BUI:
LOpR:f(D)z(SS-Ths)/lz (5.3)
(J17151 KOHZIeHCATOPOB, paCCUUTAHHBIX HA 105°, BMecTo 85 B mOKa3aTeNE CTEMEHH OKHO
owITH 105).
3unayenue (D) i pa3nu4HbIX 3HAYEHUI TUaMeTpa MPUBEICHO HIXKE:

Juametp (MM) f(D)

35 30000
50 35000
65 45000
75 60000

Lop ompenensercs, Kak BpeMs, B TedeHHe KOToporo napamerpsl DK HaxonsTcs B mpeaenax
OTIPEICIICHHBIX JIOMYCKOB. Y K10 (GUPMBI IPOU3BOIUTENS 3HAUCHHSI JOITYCKOB CBOU.
RIFA Tak onpenensietr npenenbHoe coctosinue JK:

e U3menenue emkoctu Oonee 15%

e VBenuuenwue tand 6osee yem B 1.3 paza

e VBemunuenue ESR Gonee yem B 2 paza



AU, Konnaxos Inexmpoiumuyeckue konoencamopul. OcobeHnoCcmu RPUMEHEeHUS U HAOEHCHOCHb. -4-

Korna 6onpioe konmnuectBo DK (HazoBeM ero Ny) HCTIBITHIBACTCS IPU 33aHHBIX YCIOBH-
AX, TO Yepe3 ONpeAeIeHHOE BpeMsi HEKOTopble mapaMeTpbl DK mogoiayT Kk cBoeMy MpeaeaIbHOMY
3HayeHnto. KomuuectBo JK, coXpaHSIONIMX CBOM MapaMeTphl B Ipeienax 1omyckoB — R(t), Oy-
JIET CO BPEMEHEM CTAaHOBUTBCS BCE MEHBILIE B COOTBETCTBUHU C BBIPAKCHUEM:

R()=Nee™  (5.4)
IJIe A - 4aCTOTa OTKAa30B.
BepositHocTh oTKa3a F(t) MOXHO OnpeieNIuTh Kak:
F(H)=1-S(tH)=1-e™  (5.5)

rae S(t) - BeposATHOCTb, YTO | KOHIEHCATOP MPOCTYXKHUT BpeM t.

Mo>KHO TaK)ke OIpPeAEIUTh 3aBUCUMOCTb CPOKa CITyKObI Ly, OT BEpOATHOCTH OTKa3a clie-
ITyroImuM o0pa3om:

Lop=1/A*In1/(1-F) = m*In1/(1-F) (5.6)

I7le M — CpEeHEE BpEMs MEXAY OTKa3aMHu.

Lop ¥ A DKCIIOHEHIMAJILHO 3aBUCAT OT TEMIEPATYPHL: A - BO3PAcTaeT, a Ly, — CHIKaeTcs.

VYnpouieHHOe BBIpaKeHHUE AJIs A BBIVIAUT CIEAYIOIIUM 00pa3oM:

A=2.5%1( 77 (Ths83)8 (5.7)
Jlns 105° KOHJICHCATOPOB B IIOKa3aTele CTENEHN HaJ0 3aMeHNTh 85 Ha 105.

IIpumep: Paccuumams memnepamypy nHazpesa K ouamempom 50mm npu ycroeuu, umo
oH pabomaem na npedeavrHom nanpsaxcenuu (U=Ug) u cpok cayacovl 0ondicen Obims He MeHee 5
niem.

Pemas popmyny 5.3 mis T, momydnm:

*0 4%
121n5 24*365

Ths =85~ 35000 _g;
In2

6. 3.]1eKTpnqec1caﬂ MOA€JIb JICKTPOJUTHYECCKOIO KOHACHCATOpAa

VYopouieHHast S5KBUBAJIEHTHAs AleKTpudeckas cxema OK npuseneHa Ha puc. 6.1.

@_m_

| ®

Puc. 6.1
L — cymmapHas ”HIYKTUBHOCTB BBIBOZIOB
R — cymmMapHOe oMHUYECKOE COMTPOTUBIICHUE BHIBOJIOB, (DOJIBI'H U AJIEKTPOJIATA
Rl — conporuBnenne yreuku
Tok yreuxu I;, MokeT OBITH OIpe/esieH, KaKk OMUYECKUN TOK pU pabodyeM HalpsHKeHUH, HE
IIPEBBIIIAIOIIEM IIPEAEIbHOr0 3HaueHus. JlaHHasg MoJellb MOXKET ObITh HCIIOJIb30BaHA IIPU pacye-
tax Ha PSPICE ¢ noctaToyHOM CTENEHBIO TOUHOCTH.
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7. TenioBast MoJeJIb 3JIEKTPOJTUTHYECKOI0 KOHIEHCATOpa

Toku nepes3apsaaa KOHACHCATOPA BBI3BIBAIOT NOTCPHU HAa €0 OMUYCCKOM COIIPOTUBJICHUH.
HOTepI/I TAKXE CO3Jar0TCA 3a CYCT TOKA YTCUKHU U UIBMCHCHU HAIIPSXKCHUA HA JUIJICKTPUKE. Ot

MIOTEPH NPOSABIAIOTCS B NOBbILIEHUH Temneparypbl DK - AT, nponopruuoHaaIbHOM MOIIHOCTH
noteps P.

AT=Ryn*P
rae Ry, — TennoBoe conpoTuBiIeHNE KOHIEHCATOPA.

Tt Rthht Ths Tt Rthht Ths

e }++—o { }++—©

Cthl
— Rthhe

Tc

Rthca

Ta. Ta

Puc. 7.1

HaubGonee narperas Touka DK numeer temmneparypy Ths. OOBIYHO 3Ta TOUKA PaCIOIOKEHA B
reoMerpuueckoM 1eHTpe K. Temno pacnpocTpaHseTcss BO BCE CTOPOHBI YEPE3 AIEKTPOIINT,
¢onbry, BEIBOBL, KOPILyC U T.J. O003HAUUM Rphhe — TETIIOBOE CONMPOTUBIIEHUE «TOYKA MEperpeBa
— KOPIYC», a Rinca - TETIIIOBOE CONMPOTUBIIEHUE «KOPILYC — OKpYyXkatomias cpeaa». Ecau OK ycra-
HOBJIEH Ha TEIUIOCTOK, MOSIBISETCS TEIJIOBOE CONMPOTUBIIEHUE «KOPIYC — TEINIOOTBOA» Rinec, 3a-
BHUCSIIIEE OT pazMepa, (OpPMBI TEIJIOCTOKA U KOHBEKIIMK BO3JyXa.

Ha TenioBbie peskuMbl IPU UMITYJILCHOM XapakTepe paboThl BIUSHUE OKAa3bIBAET TAK¥Ke
TEIUIOBasi EMKOCTb KOoHJieHcaTopa Cy, KOTOpas 3aBUCUT OT Macchl U MaTepuana OK. B monenu
OK Takyio eMKOCTh MOKHO ObLIO OBl YCTAaHOBUTH MApaUIEIbHO KaXKIOMY CONPOTUBIEHUIO. O1-
HAKO €MKOCTbIO, MapaieIbHON Rihca, MOXKHO TipeHEOpeys Oarosaps HU3KOHM TEIIOEMKOCTH
BO3/yXa.

Ha pucynke (7.1) npuBeieHbl S5KBUBAJICHTHBIE TEIJIOBBIE CXEMBI JUIsl CIIy4yasi ECTECTBEHHO-
ro oxJiaxaeHus (cneBa) u yctanoBku DK Ha paguaTtop (cnpaBa). Tt — Temmeparypa BHIBOIOB
KoHaeHcaTopa. Temmeparypa kopiyca Tc usmepsiercss B TOUKE, IPOTUBOINOJIOKHON BBIBOJAM.

B tabnuue, npuBeneHHON HUXE, TaHbl 3HAYCHHS TETJIOBBIX COMPOTUBICHUM ISl pa3ny-
HbIX pazmepoB DK ¢upmer RIFA npu ectecTBEeHHOM OXJIaKICHUU KOHJEHCATOPA.

Pa3mep Kopmyca Rihhes 'C/W Riheas 'C/W Cun, J/°C
A/35x51 0.8 9.8 68
B/35x60 0.8 9.0 81
C/35x75 1.0 8.2 101
D/35x95 1.3 7.6 127
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Pasmep Kopmyca Ritne, "C/W Riheas 'C/W Cu, J/°C
H/50x75 0.6 5.7 205
1/50x95 0.6 5.2 260

K/50x105 0.7 5.1 287
0/65x105 0.4 3.8 486
R/65x145 0.7 3.5 671
L/75x78 0.5 3.6 482
T/75x105 0.4 33 647
U/75x115 0.5 3.2 708
V/75x145 0.7 3.0 893
X/75x220 0.5 2.9 1351
M/90x78 0.5 2.9 692
N/90x98 0.5 2.6 868
Y/90x145 0.4 2.3 1283

[IpuBenennbie MUGPHI ABISIIOTCS OCHOBHBIMU JTAHHBIMHU JJIs pacueTa HarpeBa DK, B kakoi
051 cxeme OH He paboTain. K coxxanenuto, B KaTajgorax 00JbIIMHCTBA (UPM-TIPOU3BOAMUTENEH (U B
oTeyecTBeHHBIX TY TOXe) MbI HE HAaXOJUM HEOOXOAUMBIX TEIIJIOBBIX XapaKTEPUCTHK.

8. IlapaniesnbHOE M MOCIe0BaTebHOE coequHeHue JK

Coenunenne DK ucnonb3yercs Aiis MOBBIIIEHUS EMKOCTH, YBEJIMYEHHUS TOITyCTUMOTO Ha-
NPsDKEHUSI WM TOKA MyJIbCAllMii M HE BBI3BIBACT, Ha MEPBBIM B3I, HUKAKUX MpodiemM. OqHaKo
MpoOJIeMBbI CYIIECTBYIOT U CBSA3aHBI OHU B IIEPBYIO OUEpE/b C BOBHUKHOBEHHUEM MEPEXOTHBIX T0-
MeX NP BKIIOYEHUH U3-3a Mapa3UTHON MHIYKTUBHOCTH COEUHUTEIBHBIX IIPOBOIOB.

Y Y . Y Y . Y Y Y Y

+ 200n 200n 200n 200n
<>1°° caa ¥ 2 ¥ 3 ¥ ct
- -~ -~ -~ -~
—1 =) -1 = —1 =4 —1 =
JE— [ o [ —_— < -_ [
0 © © © ©

Puc. 8.1

Ha puc. 8.1 nokazano napamiensHoe coequHenne 4 konaencaropon Cl...C4 eMKOCTbIO IO
68Mk®d. B cxeme Takke IpUCYTCTBYIOT Iapa3sUTHbIE MHAYKTUBHOCTH ITpoBooB L1...1.4 no
200uI" (BmosHe peasibHasi BETMYMHA, COOTBETCTBYIOIIAS IPUMEPHO 5 cM mpoBoaa). [TocMoTpum ¢
nomoinsio mporpammbl PSPICE, kak cxema Gyaer cedst BeCTH MpH 10/1a4e MOCTOSTHHOTO HATIps-
KeHus oT ucroynuka 100B.

DMIopbl HAMIPSDKEHHS BO 2 M 5 TOUKax cXeMbl IIOKa3aHbl Ha puc. 8.2. O6paTuTe BHUMaHUE,
YTO aMIUIMTY/1a HANIPSDKEHUSI B TOUKE 5 cxeMbl Oosiee ueM B 2 pa3a IPEBbIIIACT HAIPSKEHHUE
nutanus. Kpome Toro, B Toukax MUHHMYyMa IIEPEXOAHOIO Mpolecca HanpsbkeHnue Ha DK craHo-
BHTCSI OTPULATEIIBHBIM!
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Puc. 8.2

OnHako B )KU3HU BCE OKa3bIBAETCS HE TaK IUIOXO OJ1arofapsi HAIMYKMIO aKTUBHBIX pacipe-
JIEJIEHHBIX CONpOTHUBIIeHUH B poBojax U DK. bosee peanbHas S5KkBUBaJIEHTHAs CXEMa IIPUBEICHA

Ha puc.8.3, a COOTBETCTBYIOIIME €M AMIOPHI — HA puc.8.4.

Ll L2 L3 L4
+
. c4 %
100 T S ) -
Q 1 1l
- (3] 1% =]
— - =~ o
~r 8 _r 2 ~M 2 ~r @
2] 8 2] g 2] g g2l °
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79} T9] Te} T}
o™ *m ° o *mn
0
Puc.8.3

B cxemy BKIIIOUEHBI CONPOTUBIICHNS U MHAYKTUBHOCTH MOABOIALINX IIPOBOJOB, TApa3UT-
Hble THAYKTHBHOCTH DK 1 conmpotusiennst Rs (ESR) o KoTopbIX rOBOPHIIOCH BEITIIE. DTIOPHI B
TOYKE 5 CXEMBI JaHbI I IBYX 3HaYCHUHN TeMIIepaTyphl — 20°C u 85°C. Pasuuua B IIEPEXOTHOM
Hanpspkenuu (135B mist 20°C u 165B wis 850C) o0BsICHSIETCS TeM, uTO Rs n3meHser cBoe 3Ha-
yeHue ot 22MOM nipu 20°C o 7MOM pu 85°C. Benmunna NIEpEHANPSKEHUS 3aBUCUT U OT HO-
MHHaJIa KOHJIeHCcaTopa. MojaenupoBanue mokaspiBaet, uyto s 100mMk®d nepenanpsixenue Oyaet
135B, a st 1500mMk® — 160B 1 3TOT pakTop HEOOXOAUMO YUUTHIBATH MIPH pacyeTax.

WHuTepecHo, yTo MUK HAMPsHKEHUS HE 3aBUCUT OT BEJTMUMHBI HAarpy3KH. TO OOBIICHSIETCS
TEM, YTO UMIIEJJAHC CXEMBI OUE€Hb HU30K 10 CPAaBHEHUIO C HArPY3KOH.
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[TocnenoBarenvHoe coenunenre DK ucnoab3yeTcs At BBICOKOBOJIBTHBIX cxeM. [Ipu aTtom
Y4acTO MPUXOJUTCS BKIIOUATh KOHIEHCATOPHI TTOCIICIOBATEIHHO - TAPALIEITBHO JIJIS TIOTYICHHS
Heo0XO0IUMOI BEJIMUUHBI EMKOCTH.

Puc.8.4

AHanu3 nepexoJHbIX HCKAKCHUN B KOMOMHHPOBAHHOW CXeM€ MTPOU3BOIUTCS aHAIOTUYHO
onucaHHoOMY Bblie. CiaenyeT y4ecTh apa3uTHbIE TapaMeTphl IPOBOJAOB MEXK/1Y MOCIEI0BATENb-
HO COEJIMHEHHBIMH KOHIeHCaTopamu. He 3a0yapTe mpo pa3dpoc HOMHHATIOB KOHJEHCATOPOB,
KOTOPBIM MOXKET MPUBECTH K 3HAUNUTEIbHBIM NIEPEHANPSKEHUSIM Ha HEKOTOPBIX U3 HUX.

Oco0eHHOCTBIO MOCIeIOBATENILHOTO coeanHeHust DK SBISETCS TO, YTO MapaylIebHO KaX-
nomy DK Heo0X0IMMO YCTaHOBUTDH PEIUCTOP JJISl YCTPAHEHHUS MEPeKoca HANPSKEHUS U3-3a pas3-
HOCTH TOKOB YTE€UKH KOHJIeHCaTOpoB. HOMHUHAIBI ypaBHUBAIOUIUX PE3UCTOPOB MOKHO PacCcuu-
TaTh 1Mo hopmyIe:

R=1000/(0.015*C) (8.1)

rae C — emkocTth B MK®D, R — conpoTuBienue B KOM.

®opmyna 8.1 BeIBeIeHa HA OCHOBAHUU W3BECTHOTO COOTHOIIEHUS ISl TOKA YTEUKHU
I; =k*C*Ug, rae KkoHCcTaHTa k=3*10". Tok pesuctopa Ir 10mKeH OBITH 0O0JIBIIIE TOKA YTEUKH, KO-
TOPBIA UMeeT OOIBINON pa30pPOC M CHILHO 3aBUCUT OT YCIOBUU dKCILTyaTanuu. YacTto oka3biBa-
€TCsl, YTO MPABHIIBHO PACCUUTAHHBIN YpaBHUBAIOIIMI PE3UCTOP pacceBaET JOBOJILHO OOJBIIYIO
MOIIHOCTb U C 3TUM MPUXOTUTCS MUPUTHCH.

Ha DK npucyTtcTByeT Takke mepeMeHHOe HallpshKEHUE Tyibcanuii. Pe3ncropsl obecrneun-
BAIOT YpPaBHUBAHUE TOJIBKO JUIsl MOCTOSIHHOTO TOKA M HU3KUX 4acToT. Ha yacroTax mopsiaka co-
TEH Tepll U BbllIe KO3()PUIMEHT AeTIeHUS HAIPSKEHHS ONPEIesieTCsl TOJIBKO COOTHOIIEHUEM
€MKOCTEH.

9. Ilpuunnbl 0TKa30B JK

OcHoBHas MpUYMHA JeTpaJai 1 Beixoaa u3 ctpos DK — 3to auddysus snekrponnra ye-
pe3 U30JIATOP. DTOT MPOIIECC YCKOPSETCSA C POCTOM TEMIIEpaTyphl U, B OCHOBHOM, OIPEIEIISIeT
CPOK CITy>kOBI KOHZEHCATOpA.
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Huxe nmpuBeeHpl HEKOTOPBIC TPUUUHBI, CIOCOOHBIE MPUBECTHU K IPEKICBPEMEHHOMY OT-
kazy OK:

o [lepeoxmnaxaeHne (0OBIYHO HIKE —300C). [IpuBoaut k pezkomy pocty ESR u nagenuto
€MKOCTHU.

e [leperpes (mOBbIILIEHHAs TEMIIEpATypa OKPYKArOIIeH Cpeibl WU MPEBbIIIEHUE A0IMYC-
TUMOTO TOKa mynbcaruii). [IpuBonut k pocty ESR u Toka yreukwu, majieHuI0 eMKOCTH.

e [Ipesbimenue padouero Hanpspkenus. [IpuBoaut k pocty ESR u nagenuro eMkocTH.

e [lepexonHsle nepeHanpsxeHus. MOXeT IPUBECTH K MOBBIILIEHUIO TOKA YTEYKU U BHYT-
PEHHEMY KOPOTKOMY 3aMbiKaHuio JK.

e BosnelicTBre BRICOKMX 4acTOT. MOXKET MpuBeCTH K M3MeHeHuto eMkoctu u ESR.

e OOparHoe HampspKkeHHe. MOKeT IPUBECTH K MOBBIIIEHUIO TOKA YTEUKH, TOTEPE EMKO-
cty, yBennueHnio ESR, cokpaieHuio cpoka Ciryx0bl.

e Mexanuueckue BuOpauuu. [IpuBoguT K BHyTpEHHEMY KOPOTKOMY 3aMbIKaHUIO, YBEIH-
YEHUIO TOKA YTEUKH, IOTEPE EMKOCTH.

10. Bbi6op u pacuer K

10.1. CpeanexkBagpaTuyHoe 3HAUeHHE TOKA nyJabcanui I rvs

OTOT HanboJIee Ba)KHBIN MapaMeTp, KOTOPBIN MPUXOAUTCS OIICHUBAThH MIPU aHAIU3E TIPaK-
THUYECKH JI000M cXeMbl, B cocTaB KoTopoit Bxoast DK. Imenno 3nauenue Iryvs onpenenser, B
ocHOBHOM, notepu B JK. [ToaTomy Beayire npou3BOIUTENIN KOHAECHCATOPOB MIPUBOIAT B CBOUX
TEXHUYECKUX JAHHBIX MpeieNbHoe 3HaueHue Irms, a He JOMYCTUMYIO aMIUTUTYAY MyJbCalui,
Kak 3TO NPUHATO B Hamux TY.

D1 D2

Fl

500u
g

-+

Cl

SIN
(0 300 50)

D3 D4

Pnc.10.1

PaccmoTpuM paboTy ABYXMOITYNEPUOJHOTIO BRIIPSIMUTENS, CXeMa KOTOPOTo IIPUBEICHA Ha
puc. 10.1. Ilepeuunoe Hanpsbxkenue — S0I'n, 220B. ConpoTusienue Harpy3ku — 800M, eMKOCTb
konzaeHcaropa — S00mMkD.
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' Vmin, t1 . Vmax, 2 -

Puc. 10.2

Ha puc. 10.2 moxa3zansl TOK KOHIEHCATOPA — UMITYJIbCHBIN Iy, M CpeHEKBAIPATUYHBIN
Iimsc (BBEPXY), HANpPsHKEHUE HA KOHACHCATOPE U BBIXOJAHOE HAMPSKEHHE BBHITPSIMUTEILHOTO MOC-
Ta IpU OTCYTCTBHMHM CIVIaKUBaHUs (BHU3Y). [Ipennonoxum, 4To norepb B cXeMe HeT. 3apsj] KOH-
JIEHCATOPa HAYMHAETCS, KOTI/1a BBINIPSMIICHHOE HAIPsDKEHUE MPEBbIIAET HanpsbkeHue Ha OK.
Pa3psan uner npaktuuecku auHeiHo. ITycts t1 — BpeMs Havana 3apsiza, t2 — BpeMst Hayaisa paspsi-
na, t3 — Bpems Hauyajia CIeayIollero nepuojaa 3apsaaa, t.e. t3=tl + T.
U= 310sin(wt) = 310 sin(2150t)
t1=32.8ms t2=35ms t3=42.8ms
rae 310B — ammnTyna BXOJHOTO HANPSKEHHUS.
ITuxoBeIi TOK KOHAEHcaTopa lep, (pu tl):

Iepp= CdU/dt = 500%10°*310%*(2n50)*cos(2n50%32.8%107) = 28A
Tox paspsiaa Iy onpenensercs u3 COOTHOLIEHUS :
I4(t3 — t2) = Lypp(t2-t1)*0.5

I4= 0.5%28%(35 — 32.8)/(42.8 —35) = 3.6A
Tok 3apsna DK umeet Tpeyroasayio hopmy. Ero cpennexBanpatnyHoe 3HadeHue Irms:

Irms = Icppwftz_[l = 281}w =8.54
3r 3*10

CpenHekBaapaTUYHOE 3HaYEHUE TOKa pa3psaaa [rmsd:

Irmsd = 1d |2 =12 =36 [#28735 _394
T V" 10

OO1ee cpeqHEKBaIPATUIHOE 3HAYCHUE TOKA:

Irmsc =~ I?rms +1*rmsd =+/8.5* +3.9° =9.3
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10.2. /IByX1oJ/iynepuoaHbIil BBIPAMHUTEIb
[Ipu BeIOOpE HOMHUHAIA KOHJEHCATOPA MBI JIOJKHBI YUUTHIBATh HE TOJBKO TPeOOBaHMS,
NpeabsBIsEMbIE K CXeMe, B KOTOPOI OH YCTaHOBJIEH, HO U TPeOOBaHUs, MIPEIbSIBIIIEMbIE K pe-
»xuMaM padotel camoro DK. [Ipuuem nmocnennue, kak mpaBuiIo, OKa3bIBarOTCs cTpoke. Heobxo-
MO TaK)K€ YUUTHIBATh pa30pOC HOMHHAJIOB, BPEMEHHBIC U3MEHEHUS TapaMeTPOB M IOMHUTH O
ToM, yTo DK nomkeH ocTaBaThCs B Ipe/enax 3aJaHHbIX JOIYCKOB B TEUEHUE BCETO CPOKA CITYXK-
ObI.
Kak npasuno, pacuer HomuHana OK BKIIOUaeT clie1yromue A1eCTBHS:
e BriOupaercss HOMHHAI KOHACHCATOPA, 00ECIIEYNBAIOIINN HEOOXOJUMYIO MOIIIHOCTD
Harpys3Kky WIH 3alaHHO€ MMHUMAJIbHOE BBIIPSMIIEHHOE HaIIPSKEHUE;

e HaiinenHoe 3HaueHNe KOPPEKTUPYETCS C yUeTOM pazdpoca HOMUHAIA, BpEMEHHOTO U
TEMIIEPaTypPHOTrO U3MEHEHUSI HOMUHAJA,

e U3 karasiora BeIOMpaeTcs Onmkaiiiiiee MUHUMAaIbHOE 3HaYeHHEe HOMUHAJIA KOHJICHCa-
TOpA;

e PaccuutsiBaercs cpeHEKBaIpaTUYHOE 3HAUEHNE TOKA MyJIbCALlUi AJ11 HOBOI'O KOHJEH-

caropa, onpezenserca Temneparypa Harpesa K u cpok ero ciryxO0bl.

Paccmorpum muist mpumepa metoauky Beioopa DK 1i1st mpocTeiieil CXeMbl IBYXIOTyTIepHU-
oJHOro BhIIpsMuTens (cM. puc.10.1). [lndg ynpoiienus pacuera NpeanoaokKuM, 4TO JUOIbI U
CTJIa)KMBAIOIIAsl EMKOCTh UCaNbHBIE, U CXEMa HE COAEPKUT Mapa3uTHBIX corpoTuBieHuil. DK
3apsKAEeTCsl 10 aMIIUTYJHOTO 3HAUEHUS IUTAIOIIEr0 HAIIPsDKEHUs, paBHOro mpuMepHo 310B.
dopma HaNpsHKEHUST Ha KOHAEHCATOPE U TOKH Yepe3 Hero MpuBeeHbI Ha smtopax puc.10.2. [l
BbIOOpa HOMUHAMAa DK mpex e Bcero HeoOXoauMo 3HATh TapaMeTphl Harpy3ku. MHorma BMecTo
COIIPOTHBIICHUS HATPY3KH 3a1aeTcs nmorpediasiemMas MouHocTh P. ConpoTuBieHne Harpy3ku B
ATOM CIIydae MOKHO ONPENEIUTh U3 COOTHOIICHUS R=U?/P, rpe U — CpeaHee 3HAYEHUE BBIMPSIM-
JIEHHOT'O HaIPSDKEHUS.

VYnoporieHHas METOIMKa pacueTa OCHOBaHa Ha MOJIOKEHHUH, YTO TaJIeHEe HalpsHyKEeHUS Ha
OK HaumHaeTcst Ha MAKCUMYME U IPOUCXOJUT JIMHENHHO, T.K. UCIOJIb3YETCs HaYaJIbHbIM y4acTOK
SKCIIOHEHTHI Pa3ps/a;

3amaauMcsi MUHAMAIIbHBIM 3HaY€HUEM BBIIPAMIICHHOT0 HanpspbkeHus Umin=250B, yto co-
OTBETCTBYET MOITHOCTH ITpuMepHO 750BT Ha conpoTuBieHnu Harpy3ku 80 OM. MuHumanbHOE
Hanpsbkernre Umin npucytcTByeT Ha DK B MOMEHT BpeMeHHU

t3=1/03*arcsin(250/310)213*10'35 (10.1)

MakcumyM HanpsKEHUs] UMEET MECTO IIpU 2=5*%10"s+n*T , rze T=10ms — IIEPUOJ BbI-

npsMiaeHHoro HanpsbkeHus. [loctossaaas Bpemenu RC onpeaensiercs mo gpopmyie:

t,—t

RC=—-—2-=35%10"
U max 35*10
In——
U min
(10.2)

Otkyna C=437mk®d

VYuuteiBas gomnyck —10%, MbI JOJKHBI YBEJIMYUTH COOTBETCTBEHHO HOMHUHAI B 1.1 pasa,
C=480MkD.

Konnencarop nowkeH ObITh paccuuTaH Ha octossHHOE HamnpsbkeHue 350B u Beime. RIFA
MPUBOJUT B CBOUX XapaKTEPUCTUKAX JJIsl TAKUX KOHJEHCATOPOB T.H. (pakTop crapeHus (aging
factor) y=1-0.1=0.9. Koppexkuus 3Hauenuns emkoctu gaet C=530Mxd.

Homunan OK Heob6xoauMo Takke U3MEHHUTD C YYETOM CHI)KEHUSI EMKOCTH IPU CHIXKEHUU
temneparypst. Harpumep, npu —40°C, temmepatypasrii kosddurment kt=0.94. CregoparensHo,
C=564mk®d. Takum 0Opa3oM, OKOHUATETbHOE TabMuyHOE 3HaUeHHe HoMuHaa DK — 560Mkd.
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EcTecTBeHHO, UTO MUHUMATBHOE BEIIPSIMIICHHOE HAMIPSDKEHUE TIPU ATOM KOHAEHcaTope OyaeT
Oobie, uem 250B.

Hakoner Mpl mpucTymmaeMm K caMoOMy TJIABHOMY — K HaXO0XKJICHUIO CPETHEKBAAPATHIHOTO
Toka Irpms. OH MakcHMalIeH MpU MaKCUMaIbHOM 3Ha4eHUH HoMuHaNIa DK, KOTOpbIi OyneT y Ho-
BOr0 KOHAECHCATOPA Creyw OMpenensaThes gonyckoM (+30%) u remnepaTypHbIM KO3 GUITMEHTOM
(1.05 mpu 105°C).

Crew=560*1.3*1.05=760MKD
Ucnonwzys dopmynsr 10.1 u 10.2, onpeaenum HoBble 3HaueHus t3 u Umin: t3=13.5ms u
Umin=270V. UckmtounB u3 t3 3HaueHue nepuoaa (10ms) momxyanm t3=3.5ms.
Bocnonb3yeMcs BeipakeHUsiMU, IpuBeaeHHbIMU B 10.1.
Iopp= CdU/dt = 760*10°*310%(2n50)*cos(2n50*3.5%107) = 33A

Ig= 0.51epp(t2-t1)/(13 — £2) = 0.5%50%(5 — 3.5)/(13.5 — 5) = 3A

Irms = Icpp, / r2-1 =33, /ﬂ =7.54
3r 3*10

Irmsd = ]d\/t3_t2 = 3\/135—_5 =274
T 10

Irmsc =~ *rms +1*rmsd =~7.5 +2.7° =84

Bce nmpuBeneHHble Bblle GOPMYJIIbI U pacyeThl MpeJHa3HAYCHbI, BO-NIEPBBIX, IS TYYIIETO
MMOHUMAHMSI, & BO BTOPBIX, JUISI JIFOJIEH, KOTOPBIE YMEIOT | JIIO0ST cunuTaTh. boee mpocToit cmo-
co0 moy4yeHus 3Ha4eHUsI [rmsc (1, COOTBETCTBEHHO, 00J1ee TTOAXOASAIINN I MHKEHEPOB) — MO-
nenupoBanue cxembl Ha PSPICE. Heo6x0a1uMo TOIBKO y4ecTb, 4TO Ui OTYUYEHUs TOCTOBEPHO-
ro 3HaYEHUS CPEAHEKBAAPATUYHOIO TOKA YHCJIO BHIBOJUMBIX IIEPHUOJI0B TOKA JIOJKHO OBITH KaK
MO>KHO OoublIe (Kak mpasuio, 6onee 10).

Wrax, MBI HallJTM CpeHEKBAIPATUYHBIN TOK Yyepe3 KoHaeHcatop. Ho ropa3no BaxHee Bbl-
SICHUTB, criocoOeH v DK BbIepkaTh Takoil TOK. MBI yKe IPUBOIMIINA 3HAYEHUS TETJIOBBIX CO-
npotuBieHui 1 DK, umeronux pasnuuHeie pa3mepsl. B Hamem cirydae (pasmep A35/51):

Rih = RincatRenne= 9.8 + 0.8 = 10.6°C/W

Temneparypa DK onpenensercs pacceBaeMoil MOIIIHOCTBIO, @ OHA, B CBOIO OYEPEh 3aBHU-
cut ot Irmsc u ESR (skBHBaNeHTHOE MTOCIIEI0BATEIbHOE COMPOTUBIICHNE). MBI XOTHM, 4TOOBI
TeMrieparypa B camoil HarpeToit Touke DK cocrarisiia He 6osee 105°C. Ecaut Mbt MPOAOJIKUM
pacyeTsl, TO YBUJIUM, 4TO neperpeB DK oka3pIBaeTCsi COBEPIICHHO HEJOMYCTUMBIM. JTO HATJIsA -
HBIH IpUMep TOro, KaK HOMUHAJ KOHJIEHCATOPa, YIOBIETBOPSIOLINI TEXHUYECKUM TpeOOBaHu-
SIM, TIPEIBSIBIISIEMBIM K CX€ME, OKa3bIBAETCSI COBEPLICHHO HEMPUTOAHBIM C TOUYKHU 3pEHUS Mapa-
MeTpoB OK. [ToaToMy 117151 CHYDKEHUS TOKa BMECTO OJTHOTO KOHAeHcaTopa S60MK®D Mbl BKIIOUUM
B napasuiens Asa 1o 470Mk® u causzum Irmsc 1o SA.

ESR(105°C,100Hz) = 0.19 Q

MouHocTs, paccenBaeMas B KonaeHcatope Pc u neperpes AT:
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Pc=Irmsc’>*ESR = 25*0.19 = 4.7Bt
AT=Pc*Ry, = 4.7*10.6 = 50°C

3HaynT, MaKCUMaJIbHasl TEMIIEpaTypa OKpy»Katomiei cpeabl Ta 1omkHa ObITh HE BBIIIE
Tamax=105-50=55C.

[IpenensHOE cOCTOSIHME KOHJIGHCAaTOpa HacTynaet, koraa ESR Bo3pactaer 6onee uem B 2
pa3a 110 CPaBHEHUIO C HAYaJIbHBIM 3Ha4eHHEM. [Ipenronokum, 9To 3T0 CIIydnuTCs, KOrJa €eMKOCTh
OK Oyzner umeTh MUHHMAJIbHOE 3HaUCHHE. B Hauxymem ciyyae KoHAeHcaTop paboTaeT npu
npenaenbHor Temneparype. Toraa eMkocTh Coyg:

Coig= 0.9%0.9%1.05*470 = 400Mx D
rae 1.05 — ko3 PuImeHT KoppeKIuu eMKOCTH MPU BBICOKOH TeMIiepaType.
B sTom cityuae Irmsgq = 4.8A

AT=Pc*Ry, = 4.8%%(2%0.19)*10.6 = 93°C
Tamax=105-93=12°C

3Ha4YnT, B KOHIIE CpPOKa CIYKObI TEMIIepaTypa OKpy>Kalollel cpebl He JOJKHA MPEBHIIIATh
12°C!' B MIPOTHBHOM cClIydae cpok ciayx0b1 DK OyneT MHOTO MEHBIIIE MaCTIOPTHOTO 3HAYCHUSI.
T.o. HOBBIH KOHJIEHCATOP MOKET paboTath npu Ta=5 5°Cu TeMIieparypa rneperpena oyaer
105°C, a cpok ciyk0b1 Lo,=30000 wacos. Ecinu npu Takoii e TeMnepatype Oyaer paboTath
«ctapslit» DK, ero Temrneparypa neperpesa Oyaer 148°C. Bocromnb3oBaBmmch bopmynoii 5.3,
MBI IOJy49HuM, 4TO Lox;=2500 gacos.
ESR yBenuuuBaercsi co BpeMEHEM, UYTO IPUBOJIUT K pocTy TemnepaTypsl DK u cokpare-
HUIO CpoKa cayxO0bl. OJIHaKO OJTHOBPEMEHHOE CHI)KEHUE €MKOCTH YMEHbIIAET Irmsc, uyTo He-
CKOJIBKO ypaBHOBemnBaeT 3¢ ¢ekT ot pocta ESR.
Pacuer L, ¢ yaeToM Bcex (pakTopoB upe3BbIUaiHO c10keH, mosToMy pupma EVOX
RIFA mnpeioxuia yopomeHHY0 METOAUKY C UCIIOIb30BAHUEM Ipa(hUKOB, OTPAXKAIOIIUX OC-
HOBHBIE 3aBrcUMOCTH mapameTpoB DK (cm. puc. 10.3).
Ipumep: paccuumamo 0ns cxemwl puc. 10. 1 munumanvusiti cpox cayicovt IK 470mxD -
40(93 —105°C, pasmepom 35x50, npu ycroguu, ymo memnepamypa OKpyscarujeco 6030yxa —
40°C.
1. W3 cnpaBouHbIX qaHHBIX Oepercst ESR mst 20°C u 100T'y 1 MEePECUUTHIBAETCS C yUe-
TOM 4acTOTHOTO Koa(duumenta k. (rpadux ¢ur.4) B namem ciydae ke=1.
ESR=190MOmMm

2. Paccuuraercs cpeJHEKBaApaTUYHOE 3HaUEHUE TOKa nmyabcanuil (Irmsc=5A npu ycra-
HoBKe 1BYX DK B mapaiens), MOIITHOCTD OTeph (4.7BT) u meperpes (SOOC). Ot
udpsl y)ke ObUIM TOTYYeHBI B JaHHOM rnase. [Ipu pacuere MOITHOCTH B TOM CIy4ae,
€CJIM UCIIOJIb3YETCS IPUHYTUTENBHOE OXJIAXKACHHE, HEO0OXOAUMO UCTIPABUTh 3HAUYECHUE
TETJIOBOTO COMPOTHUBIIEHHS € y4eToM rpaduka ¢ur.3

3. Haiinennoe 3nauenune ESR u3mensercs ¢ yuerom temrnepatypHoro ko3¢ dunrenra kq
(rpacduk ur.5, kpuBas 2) mpu Temrmeparype neperpena Uit HOBOro KonaeHcatopa Thg
= Ta+ AT = 90°C, k=0.8
ESR=190*0.8 = 152mMOmM Temnepb MOKHO OTKOPPEKTUPOBATh 3HAUCHUE TEMIIEPATYPHI
neperpesa Ths=Ta + AT= 40° + Pc*Ry =40 + 25*%0.152*%10.6 = 80°C
4. Tlo rpaduky dur.6 onpenensercs cpok ciryxk0bl Ly, mpu Temnepatype Ths = 80°C
L,p = 15000.

5. VYTouHseTcs 3HaUCHHE CPOKa CIIY>KOBI C yueToM Ko3(ppuireHTa Harpy3KH Mo Hamps-
xenuto k,=310/400=0.78 mo dhopmyie (5.1) mpu n=5
Lop = 15000/(0.78)° = 50000
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10.2. ®uiabTp UMIYJIBCHOT0 HCTOYHUKA TUTAHUA

SWT I
o——" e 2 ®
V1 N D L R VO
@ ©
Puc. 10.4

Paccmotpum paboty criaxkuparomiero LC — ¢punbTpa UMITYJIBCHOTO MCTOYHHUKA TTUTAHUSA,
cxeMa KoToporo npuseqeHa Ha puc. 10.4. B nannoi cxeme DK BbIONHAET JBE 3aa4u:
1. Bwmecre ¢ uaaykTuBHOCTBIO L1 OH 00pa3yeT criaxuparomuii puiabTp, odecrnednBaio-
i TpedyeMoe 3HaYeHUE aMIUTUTY bl TTyJTbCaIlHi.
2. OH He NO3BOJISIET BHIXOJTHOMY HAIPSKEHUIO BBIXOAUTH U3 JOMYCKA MPU U3MEHEHUU CO-
MPOTUBJICHUS HATPY3KH.

={0A +-------- [ ] mmmm s s - - - - - - - - i m - a-------- T--mmm-m- T mm--- !
6.50ms 6.55ms 6.60ms 6.65ms 6.70ms 6.75ms 6.80ms 6.85ms

olf)  od(2) o ms((c2)

Puc. 10.5

Ipumep: svibpams u paccuumams napamempsvi IK onsa cxemot puc. 10.4, pabomaroweti
npu Creoyroumux YCao8usx.:

Buvixoonoe nanpsocenue —200B
Buixoonou mox -0.3...34
Amnaumyoa nyrvcayuii 861X00H020 HANPANCEHUS - 3B
H3menenue nanpsoicenus npu usmeHeHuU moka Hazpy3Ku -0.5B
Bxoonoe nanpsorcenue - 280+20B
Yacmoma nepexntoueru - Sxly

Jluanazon pabouux memnepamyp -0°C-40°C
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[TepBrrit mar mpu pacuere mog00HO0M CXeMbI — BBIOOP MHIYKTHUBHOCTH. DMIOPHI TOKA WH-

nykruBHOcTH lind, Toka KoHIEHCaTOpa Ic 1 cpeqHEKBaIpaTUYHOE 3HAUCHUE TOKA KOHJICH-

catopa Irmsc nmokazansl Ha puc. 10.5. Ucnonp3ys u3zBectHoe Beipakenne U=LdAI/dT, moiy-

YUM:

L=(V1 - V0)*DmaxT/Al, (10.3)

rae V1 — BXOJIHOe HanpshKEHUE;

V0 — BbIX0/IHOE HANPSIKEHHUE;

Al}, — MUKOBBII TOK B MHAYKTUBHOCTH, €0 3HAU€HUE OOBIYHO OTPAHUYEHO XapaKTepUCTH-

Kamu cuioBoro kimoda, Al;=20A;

DT — nnuTenpsHOCTh UMITYJIbCA BKIKOUYEHHUS

Dmax — MmakcuManbHasg CKBaXKHOCTh, Dmax=0.2

T — nepuon, T=200mxkc

Otrcroma L=0.2mI 1.

Jpyroii ¢pakTop, Ha KOTOPBIA BIUsAET BEIUYMHA UHIYKTUBHOCTH, 3TO BpeMsl ts — BpeMsi, B
TE€YEHNE KOTOPOIro BBIXOJHOE HAIPSKEHUE OCTAECTCS B AOIMYCKE IIPU U3MEHEHUH BBIXOJHOTO TO-
Ka.

* * *1073

L ALFL 27 %.22110 _50%10""
V S 1 200(——-1
0(D ) (0.2 )

max

%}

(10.4)

Dg — 3T0 CKBa)KHOCTb, IONYCTUMAs B TCUCHUE BpeMeHH tg, Hanpumep Ds=0.21.
Tenepb MOKHO OIIPECACIINTE MUHUMAJIbHYIO BCIIMUUHY CMKOCTHU, UCXO U3 COOTHOMICHUSA:

C> tg*Al/AV, = 50%10%2.7/0.3 = 450*10° (10.5)

HanpspkeHne mynbscanyii IMeeT IBE OCHOBHBIX COCTaBIIAIOIINX. [IepBas — magenue Hamps-
JKEHUs Ha MMapa3UTHOU UHIYKTUBHOCTU KOHJeHcaTopa Vic. [IpakTudecku Bech TOK ITylIbCalui
WHAYKTUBHOCTH Al}, TeueT yepe3 KOHAeHcaTop, 4To BUAHO Ha puc. 10.5. Hanpsbkenune Vi, co3-
JaBaeMoe Ha mapa3uTHON HHAYKTUBHOCTH DK — L, umeer npsamoyronbHyto popmy. OHO Mak-
CHUMAaJIBHO TIPA MUHUMAJIBHON CKBaKHOCTU UMITYJIbCOB.

Vic= Le*dle/dt = Le*AlL, /DT (10.6)

I[I/IaHaBOH HU3MCHCHUS CKBAXKHOCTHU OIPCACIIACTCA JUAIIA30HOM U3MCHCHUA BXOAHOTO Ha-
IIPSXKCHUA. HOBTOMy MHWHHUMAJIbHYIO CKBA)KHOCTb MOXXHO HaAWTH U3 COOTHOIICHUS:

Bropas cocrapnstomas Vre — najeHue HaNpsKeHUs 3a CUET OMMUYECKOTO CONTPOTUBIICHUS
KoHJeHcaTtopa R, koTopoe, B ocHOBHOM, onpenensercs ESR.

Vre =AL* Re (10.8)

Jlnst Hamrei cxeMbl HCTomb3yeM Koraencarop 470Mkd - 400B — 105°C. Ou mmeer
ESR=150MOM (100I't, 20°C) 1 Lc=8uT&.
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Onpenenum cOCTaBIIAIOIINE HAIPSKEHUS TyJIbCalUil:
Vire = 20%0.15 = 3B, V= 8*107%20/34*107°= 0.005B.

dopma HanpsKEHMs 3a CUET MHAYKTUBHOM cocTaBiisitoliel Vi c mokaszana Ha puc. 10.6.

Kaxk BuziHO, €i1 MOKHO TipeHeOpeYb.

T.0. OCHOBHOM COCTaBIIAIOIIECH HANPSKEHUS ITYJIbCAL[UN SABIISCTCA aKTUBHAs COCTABIIAIO-

mast. Eciim M1 BBennem nonpaBky ESR no temnieparype (kr=2 mpu OOC) to mpu ESR=0.3 Owm,
Vre =20%0.3 = 4.8B. /Ing yMeHbIICHUS YPOBHS IyJIbCALIUI MOKHO YBETUYUTH 4acTOTy. OIHAKO
3TO HE BCErJia BO3MOKHO, T.K. IPUBOJUT K JTOMOJHUTEIbHBIM TUHAMUYECKUM MOTEPSIM Ha CUIIO-
BOM KJItoue. B 3ToM ciyyae 111 CHIDKEHUS YPOBHSI ITyJIbCAIIM MOKHO YBEITUUUTh €MKOCTh MITH
ycTaHoBUTH JBa DK B mapasiens.

111\ Attt ittt ettt et

Puc. 10.6

B 3axnroueHue nmpousBenieM pacueT cpoka city:k0bl DK 11 JaHHOHM CXEMBI 110 METOAMKE,

onucangou B 10.2.

1.

2.

N3 cnpaBounbix nanHbix 6epercs ESR ms 20°C 1 100T'y 1 MEePECUUTHIBAETCS C YUYETOM Yac-
ToTHOTO KO3 unmenta k. (rpapuxk 3 ¢ur.4) B namewm ciayqae k=0.5 ESR=75MOm

C nomo1bio MoJienupoBanus nosrydaeM Irmsc=7A. PaccuntaeM MOIIHOCTh MOTEPh U TEMIIE-
paTypy neperpena.

Pc=Irmsc”*ESR = 49*0.075 = 6Br  AT=Pc*Rp= 6*10.6 = 63°C

Haiinennoe 3nauenue ESR nu3mensiercs ¢ yuerom temneparypHoro kospdurmenta k; (rpa-
¢ux ¢ur.5, kpuBas 4) npu TeMiepaType neperpesa aias HoBoro KoHaeHcaropa Ths = Ta + AT
=100°C, k=0.4

ESR=75*0.4 = 30MOM Teneps MOKHO OTKOPPEKTUPOBATH 3HAYCHUE TEMIIEPATYypPhI IIeperpe-
Ba Ths = Ta + AT= 40 + Pc*Ry, = 40 + 49*0.03*10.6 = 56°C. OGparnte BHEMAaHHE, YTO KO-

s dunmeHT ki mpakTUYecKn He U3MEHSETCS B AMAMa30He 60-100°, MO3TOMY OIIMOKa pacueTa
W3-32 CHUKEHUS TeMIIepaTyphbl CO 100° 0 56° neBenuxa.

ITo rpaduky ¢ur.6 onpenensgercsa cpok ciyx0bl Lo, mpu remneparype Ty = 80°C

Lop= 50000.



