IIpakTuueckoe 3anstue 1

N3ydyeHue 3JieMEHTHOM 0a3bI JJIEKTPOHHBIX YCTPOMCTB

Hean padoTni:

1. W3yuuth KpaTkKue TeopeTHUecKHe cBeieHUs Ha Temy IledatHas marta”
2. M3y4uTh OCHOBHBIE TEOPETHMUECKHE CBEICHHMS Ha TeMmy ~BHemHuii BuJ
AIIEMEHTOB Ha MEYaTHOU nare’’
3. [Tomy4uTh NpakTUYECKHE HABBIKU MPU aHAIN3E DJIIEMEHTOB M€YaTHOM IJIATHI

Teopernyeckas 4yacTb

HauynéMm u3ydeHune marepuana ¢ pacKpbITUs BOIIPOCa O MEYATHOM TuIaTe.

[leyaTHas 1u1aTa - IUIACTMHKA M3 AJIEKTPOU3OJSLMOHHOIO MaTepuala
(reTnHaKca, TEKCTOJIUTA, CTEKJIOTEKCTOIMTA, W JAp.), HA MOBEPXHOCTH KOTOPOU
KakuM 100 obOpazom (Hampumep, (POTOXMMUYECKHMM) HaHECEHBl TOHKHE
AIIEKTPONPOBOMSIINE TMOJOCKA (TIe4aTHbIE MPOBOJHUKH) C KOHTAKTHBIMU
IUIOLIAAKAMHU JUIsl TIOJCOEIMHEHNSI HABECHBIX DJIEKTPO- M PAAHO3JIEMEHTOB (B TOM
YUCie MOAYJICH U UHTETPATIbHBIX CXEM).

OCHOBHBIE KOHCTPYKTHUBHBIC JJEMEHTHl TE€YaTHOM IUIaThl - OCHOBAaHHE
(MOI10KKA) ¥ IPOBOJHUKU. DTH AJIEMEHTHI HEOOXOUMBI M JJOCTaTOYHBI JIJISl TOTO,
4yTOOBI MeyaTHas 11aTa Oblia reyaTHo rmaaTo. Kpyr BTOpoCTeneHHbIX 2JIEMEHTOB
HECKOJIbKO IIWpE: KOHTAKTHBIE IUIOIIAJKH, MEPEXOJHbIE METAJUIM3UPYEMBIE U
MOHTa)XHbIE OTBEPCTHS, JIAMEIIU ISl KOHTAKTUPOBAHUS C Pa3beMaMH, YIaCTKU JIJIs
OCYILECTBJICHUS TEIJIOOTBOIA U JIP.

[lepexos kK me4aTHBIM TUTATAM 03HAMEHOBAJI KAU€CTBEHHBIN CKayOK B 00JIaCTH
KOHCTPYHPOBAHUS PaTUO3IEKTPOHHOM amnmapaTypsl. [ledaTHas minata coBMemaeTr
(GYyHKUMA HOCHUTENS PAAUO3JIEMEHTOB U BJIEKTPUUYECKOTO COEAMHEHUS ATUX
anemeHTOB. [locnenHsass @yHkuuss OyJeT HEBBIIOJHUMOM, €ClU  MEXIY
MPOBOJAHUKAMHU U UHBIMHU TTPOBOSIIMMU 3JIEMEHTAMU TMEYAaTHOW IUIaThl HE OyJeT
oOecrieyeH JOCTaTOYHBIM YpOBEHb CONPOTHUBIEHUS H30Jsuud. CleaoBaTelbHO,
MOJIJIOXKKA TIEYaTHOM TJIaThl JOJIKHA BBIMOJIHATH €UIe U (PYHKIUIO U30JIATOpA.

Buibl nevaTHbBIX 1IaT

B 3aBuCMMOCTH OT KOJIMYECTBAa CJIOEB C JJIEKTPONPOBOJAIINM PHUCYHKOM,
ME€YaTHBIE TJIAThI MOPA3ACIAIOT Ha!

- ognocroponnue (OIIIT): uMeroT MPOBOJHUKHU TOJIBKO Ha OJHOM CTOPOHE M
HEeMeTaJUTn3upoBaHHbie oTBepcTus (PucyHok 1).

Pucynok 1 — On1HOCTOpOHHS neyaTHas IJiaTa
- neyxcroponnue (JII1IT): umeroT mpoBOTHUKH C 00X CTOPOH U MOTYT UMETh
KaK METaJUIM3MOBAHHBIE TaK M HEMETAJUIM3UPOBAHHBIE (KPEIMEKHbIE) OTBEPCTUS
(Pucynok 2).



Pucynok 2 — JIByCTOpOHHSIS I€4aTHAs 1J1aTa
- MHOTOCTowHbIe (MIII): mMeroT 6osee IByX MPOBOAAIINX CIIOEB (OOBIYHO 110
24-X) m comepikaTr CKBO3HBIC OTBEPCTHS (IMPOXOISIINE Yepe3 BCE CIIOHM), CIEIbIC
OTBEPCTHs (COCTUHSIONINE TOJIBKO BHYTPEHHHE CJIOM) M TIyXue (COCAMHSIONINE
BHEIIIHKE CJIOU TOTIOJIOTUU ¢ BHyTpeHHUMU (PucyHok 3).
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Pucynok 3—MHorocnoiiHas rnedarHas ara
- TUOKMEe NeYaTHbIE TUIAThl U3TOTABIMBAIOTCS HA MOJIOKKE U3 MOJIMUMUAA U
MOTYT CBOOOJIHO M3rM0aThCs, YTO MO3BOJIAET OCYIIECTBIATh MOHTAXK TAKUX IUIAT B
TPYJHOAOCTYIIHBIX MECTaX, a TaKXe HCIOJb30BaTh HMX B KauecTBe TI'MOKHUX
coenuHuTeneld. ['MOkue meyaTHble IUIAThl MO3BOJSIOT YBEIUYUTh IJIOTHOCTh
MOHTaKa B DJIGKTPOHHBIX YCTPOUCTBAX, 3P (HEKTUBHO UCTIONB3Ys 3-D mpocTpancTBO
(PucyHnok 4).

Pucynoxk 4 — ['nOkast neyaTHas rara

[IpoiomkuM U3ydeHre TEOPUH M0 JAHHOW MPAKTUYECKOM paboTe pacKpbITHEM
BOITPOCA O TOM, KaK BBITJISAAT 3JIEMEHTHI HA MIEYaTHOM MJIaTe, a TaK e KaK BbISIBUTh
UX JJIEKTPUYECKHUE MAPAMETPBI 10 MAPKUPOBKE.

Pesucropsl

Pe3uctop (compoTHBIEHUE) — MACCHUBHBIM AJEMEHT 3JIEKTPUYECKOM IIemH,
XapaKTEPU3yEeMbIid COIPOTUBIIEHUEM 3JIEKTPUUYECKOMY TOKY.

[TpuMeHsIOTCS PE3UCTOPHI Yallle, YeM JH00bIE IPYTHE DIEMEHTHI JIEKTPOHUKH.
OHM 03BOJISIIOT KOHTPOJIMPOBATh U PETYJINPOBATh 3HAYEHUSI TOKOB U HAIIPSKEHUIM
B Pa3IMYHBIX JIEKTPUUYECKHUX Lensax. EnquHuna usmepenus conpotuBiieHus — OM.
Kak u ans mMHOrmx (u3MYECKHWX BEJIMYMH HMEIOTCA MPHUCTAaBKH B CTOPOHY
YBEJTMYEHUSI: KUJIO — KUJIOOM (Thicsiua OMm), Mera — MeraoM (MuutoH Om).



Ceiluac peub MOWAET O TOM, KaK K€ BBITJISAST Pa3HbIE TUIIBI PE3UCTOPOB.
CHavasia pacCMOTpPUM, KaK BBITJIAISAT COBETCKHE PE3UCTOPBI, UX BHEIIHUN BUJ
IIPEJICTABJICH HA PUCYHKE 5.

Pucynoxk 5 — BHemHuUM BU OAHOTO U3 TUIIOB PE3UCTOPOB
Ha pesucropax mommHocThio 1 m 2 Barra mumyr MJIT-1 m MJIT-2
cooTBeTCTBEHHO. MJIT - 3TO pa3HOBUAHOCTH CAMBIX PACHPOCTPAHEHHBIX COBETCKUX
pE3UCTOPOB, OT COKpPAlIEHHBIX Ha3BaHuW MeTammyeckui, JlakupoBaHHBIM,
TemoycTonunBbIN.

Pucynok 6 — Peszucropsr MJIT
Enunanmer usmepenus B MJITomkax - OMbl - ob6o3HagaroT kak R wmm E.
KumoOwmer - OykoBkoit "K", meraOmer OykoBkoit "M". 3meck Bce MmpoCTO.
Hanpumep, 33E (33 Oma); 33R (33 Oma); 47K (47 kOm); 510K (510 kOm); 1.0M (1
MOwm). UHorna ObiBaeT, 4To OYKBBI MOTYT omnepexaTs Iudpsl, Hanpumep, K47
03Ha4aeT, 4yTo comnpoTtuBieHue paBHo 470 Om, M56 - 560 xmioOM. A uHoOrAa,
BMECTO 3arsTol 100aBis0T 0ykoBKy, Hanpumep 4K3 = 4.3 kunoOwma, IM2 - 1.2
MeraOm.
SMD pe3ucropsl
[Ipy MOBEPXHOCTHOM MOHTAXE AJICKTPOHHBIC U3JCIUs U3rOTaBIMBAIOTCA Ha
MEeYaTHBIX TUIaTaxX. DTa TEXHOJIOTUS TakKe M3BecTHa moj adbopeBuatypamu TMII,
SMT nnu SMD. CooTBETCTBEHHO, JIEMEHTHI JIJIsI MOHTaKa CXEM TaKOTr'0 TUIIA YacTo
Ha3BIBAIOTCS YHUII-KOMIIOHeHTaMu Wi SMD-komnonentamu. Ha ceromasmHmi
JIeHb TIOBEPXHOCTHBIA MOHTAXK SIBJIIETCS CaMbIM PacCIpOCTPAHEHHBIM CIIOCOOOM
W3TOTOBJICHUSI CXEM BJIEKTPOHHBIX YCTPOUCTB. [10 cpaBHEHUIO C «TPagUIIMOHHBIM
CIOCOOOM CKBO3HOTO MOHTaxka SMD-TexHosjoruss umeer psj MPEUMYIIECTB,
CBSI3aHHBIX C OTJIMYUSMHU B DJIEMEHTHOM 0a3e, Crioco0ax KOHCTPYHPOBAHUS, a TAKKE
TEXHOJIOTUEW CO3JaHusl MEYAaTHBIX Y3JI0B. Bce 3TO MO3BOJISIET YMEHBIIUTH BEC




TOTOBOTO M3EINUs, CHUXKAET Ce0ECTOUMOCTD, TA€T BO3MOXKHOCTh JIeJIaTh MEHbIIIE
OTBEPCTHI HA IJIATE U pa3MENIATh 3JIEMEHThI Ha 00ENX €€ CTOPOHAaX.
Ha pucynke 7 npeacrapiieH BHEIIHUN BU pe3uctopa SMD

Pucynok 7—Bnemnuii Bun SMD pesuctopa
CymectByroT Takke SMD pe3uctopsl MOYTH C HYJIEBBIM CONPOTHBIECHUEM
(0ueHBb-O0UEHb MAJI0€ COMPOTUBIICHUE BCE-TAKK UMEETCS) UITH MPOCTO-HAIIPOCTO TaK
Ha3bIBaeMble nepeMbiukil (Pucynok 8,9). OHu cMoTpsTcst 6oJiee ICTETUUHEE, YeEM
Kakue-1m0o mpoBo/ia.
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Pucynok 9 — SMD pe3uctop ¢ HyJIEBbIM CONPOTUBICHHUEM

[Mudper 1 OykBbI, KOTOphle HaHOcATCS Ha SMD pe3ucTopsl, 0003HA4aOT
MapKUPOBKY-KOJ, KOTOPYIO HCIOJB3YIOT JUIsl paciii(pPOBKH DIIEKTPUUECKHUX
apaMeTpOB PE3UCTOPOB.

[ToCTOSIHHBIE PE3UCTOPDI

Ha pucynke 10 npeacTaBieH BHEIIHUI BUJT TIOCTOSTHHBIX PE3UCTOPOB.

PacnipocTpaHeHHbIE MOCTOSTHHBIE PE3UCTOPHI, UCTIOJIB3YEMbBIE B AJIEKTPOHHBIX
cxemax, uMeroT MomtHocTh oT 0.125 mo 2 Bart. Eciin ObITE 600J1€€ TOYHBIM, TO 3TO
pan 0.125 B, 0.25 Bt, 0.5 BT, 1 Bt, 2 BTr. KoHeuno, ectb u 06osiee MOIIHBIC
pE3UCTOPHI, HAITPUMEP MPOBOJIOYHBIE, HO OHU PEAKO UCITOJIB3YIOTCS B JIEKTPOHHBIX
cxemax.
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Pucynok 10 — BHemHui1 BUJT TOCTOSTHHBIX PE3UCTOPOB

Tenepp MOrOBOPMM O HENMPOBOJOYHBIX TMOCTOSSHHBIX Pe3UCTOPAX.
Henposonounsie nocrosiuubie pesuctopsl Tunos BC, MJIT, VJIM, Cl1, C2, C3, C4
U JApyTHE IMUPOKO TPUMEHSIOT B OBITOBOM pPaaMOdJIECKTPOHHOW ammaparype.
KOHCTpYKTUBHO OHU MPEICTABIISIIOT COO0M UIUHIPUIECKUE WIH TTPSIMOYTOJIbHBIE
CTEPKHH W3 M3OJIMOHHOIO Marepuaia, Ha BHEIIHIOK MOBEPXHOCTH KOTOPBIX
HAHECEH TOHKUWA TOKOMPOBOJAMMK cioi. [l moidydyeHus HEoO0X0IuMOTo
CONPOTHUBJICHUS MOJOUPACTCA ONPEICICHHAs TOJIIUHA CJIOS YTIIepo/ia UK MeTalia
U [IPOpE3aeTCsl CupaibHas KaHABKA I YBEJIIMUCHHUS] OMUYECKOTO CONIPOTHUBIICHUS
pesuctopa. Uem MeHbIIE TONIIUHA CIOS U OOJIbIIE BUTKOB B €r0 CIHUPAIH, TEM
OoJbIlle HOMUHAIIBHOE COMPOTHBJICHUE pe3UCTOopa. TOKOMPOBOASIIMNA  CIIOM
COCJIMHEH C BBIBOJIAaMU TPU TOMOIIM KOJIMAYKOB, HACAKEHHBIX Ha 00a KOHIIA
CTepKHs. /{75 3aIMThI OT BJIard U MEXaHUYECKUX BO3AECHCTBUNA TOKOIPOBOISIINN
CJIOM M KOHTAKTHBIE KOJIMAYKH MOKPBIBAIOT BIIATOCTOMKOW 3MAaJIbIO.

Pe3ucropst BC (BbICOKOCTAOMIIBHBIE) BBIMYCKAIOTCA € HOMUHAIBHBIM
conpotusiicHueM oT 10 Om 1o 10 MOwM u MomHOCTBIO pacceuBanusd 0,125; 0,25;
0,5; 1; 2; 5 u 10 Bt. Onu umerot npososounsie (BC-0,125a, BC-0,25a, BC-0,5a) u
paauanbhabie (BC 1 — BC-10) BeiBoab! (pucyHok 11, a).

Pe3uctopst MJUIT (MeTayuioniieHOYHBIE JIAKMPOBAHHBIE TETIOCTOMKUE)
(pucyHok 11,0) BBITyCKarOTCSI ¢ HOMUHAIBHBIM COTIpoTHUBIeHHEM OT 8,2 OM 10 10
MOM B COOTBETCTBMM CO WIKAJIOM HOMHUHAJIBHBIX BEJIMYUH W MOIIHOCTHIO
pacceuBanusa 0,125; 0,25; 0,5; 1 u 2 Bt. OTU pe3ucTtopbl MO0 CPaBHEHUIO C
pesuctopamu BC nipu 01HOM M TOM K€ MOIIIHOCTH MMEIOT 3HAYUTEIbHO MEHBIIINE
rabapuTHBIE pa3Mephbl. (C ITUM THUIIOM BBI YK€ MTO3HAKOMUJIMCH BBIIIIE)

Pesucropst OMJIT uMEOT Takue K€ BJIEKTPUYECKUE MapaMeTphbl, Kak U
MJIT, HO 001a1ar0T MOBBIIIEHHOW MEXaHWYECKOM MPOYHOCTHIO M HAJIEKHOCTBIO.
WX mpuMEHSIIOT B KAYECTBE HABECHBIX DJIEMEHTOB Ha MEUATHBIX TIaTax.

Pesucropst  YJIM (yriepoaucThie JIAKUPOBAaHHBIE MajorabapuTHBIC)
(pucyHok 11, B) BBIIyCKaIOTCS ¢ HOMMHAJIbHBIM conpoTuBiaeHruem ot 10 Om go 1
MOM, momHocThIO0 paccenBanust 0,125 Bt u pabounm Hampsikenuem no 100 B.
Marnsie pazmepsl (uiHa 6,5 MM, JUaMeTp 2 MM) 3THX PE3UCTOPOB IMO3BOJISIOT
WCITIOJIB30BATh UX B MAJIOrab0apUTHOM ammaparype.

[TocTosiuuble HenpoBojouHble pe3ucTopbl rpynn Cl, C2, C3 U3roToBISIOT
WIMHIpUYECKO# (hopMbl, a rpyribl C4 — npsMoyroiabHoU. Pe3ucTopsl ykazaHHBIX
Tpynn  WMEIOT CPaBHHUTEIBHO Majble Trabdaputhl W MacCy, HOMHHAJIBHOE




conpotusnenue ot 1 Om 1o 10 MOwm u nipenensHOE pabouee Hanpspkerue oT 30 10
1700 B.
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Pucynok 11 — HenpoBosnounble noctosiHHbie pe3uctopsl: a — BC, 6 — MIJIT, B -
VIIM
IlepeMeHHBIE PEe3UCTOPEI
Ecnu pe3auctop MoKeT MEHSATh CONPOTUBIIEHUE - €70 HA3BIBAIOT IEPEMEHHBIM
(unmu noacTtpoeunbiM). Ha pucynke 12 npeacTaBieHbl BHEIIHUE BUABI IEPEMEHHBIX
PE3UCTOPOB:
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Pucynok 12 — BHemHMM BUI IEPEMEHHBIX PE3UCTOPOB
Takke K NEPEMEHHBIM PE3UCTOPAM OTHOCATCA MOJICTPOSYHBIE PEZUCTOPHI

(pucynoxk 13):

v

Pucynok 13 — BHemHui BT TOACTPOESUHOTO pE3UCTOpa

TepmMope3ucTopsl 1 POTOPE3UCTOPHI

Menee pacnpoCTpaHeHbl B JJIEKTPOHUKE, HO, TEM HE MEHEE, HaxOIsT
IPUMEHEHUE TEPMOPE3UCTOPHI U POTOPE3UCTOPHI.

Y TepMOpE3UCTOPOB CONPOTHUBIICHUE 3aBUCHUT OT TeMmIieparypsl. Eciu ¢
IIOBBILIICHUEM TEMIIEPATypPbl CONPOTUBIICHUE TEPMOPEZUCTOPA YBEINYMUBAECTCSA, TO
TeMriepaTypHbiil ko3 duuuent conpotuBieHuss TKC noaoxuTenbHbIi, €Clu Ke ¢
MOBBIIIEHUEM  TEMIIEPATYpPbl  CONPOTUBIEHHE  yMmeHbliaercsi, To0 TKC
OTpulLATEIbHBIN. TepMope3ucTop N300paXkeH Ha pUCyHKe 14 Hibke:

Pucynok 14 — BHemHuil BUJI TEpMOpPE3UCTOPA



doTope3nucTop MOPENCTaBIsACT COOOM  MOMYMPOBOAHUKOBBIA  MPUOOP,
COIIPOTHUBIIEHUE KOTOPOTO MEHSETCs oA ieicTBUEM cBeTa (Pucynok 15)

Pucynok 15 — Baemnuit Bus oropesuctopa
NMIIOPTHBIN PE3UCTOP

HMHOpTHBIﬁ PE3UCTOP OTINYACTCA OT COBCTCKOI'O TCM, YTO Ha €ro KOPIIYC
HAaHCCCHBI PA3HOLBCTHBIC KOJIbIA, KOTOPLIC HCIIOJB3YIOTCA JJIA 0003HaYCHUS
MAapKHUpPOBKH OJAaHHOTO 3JICMCHTA, KOTOpasd, B CBOIO OYCPCIb, Tpe6yeTc;I JJIA
OIIPCACIICHUA JJICKTPHUUCCKHUX XAPAKTCPUCTUK HMIIOPTHOI'O PC3UCTOpPA. Bremnni
B UMIIOPTHBIX KOHACHCATOPOB ITPCACTABJICH HA PUCYHKC 16.
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Pucynok 16 — BHemHui BUJT IMOIOPTHBIX KOHAEHCATOPOB

Bawm Obutn mokazaHbl HE BCE CYIIECTBYIOIIME BHEITHUE BUABI PA3HBIX THUIIOB
PE3UCTOPOB, A TAK KE OMUCAHBI UX HEKOTOPHIE CBOKCTBA.

KonzaeHcartopsl

KonneHcatopbl wiM Kak B HapoJe TOBOPAT, KOHJIEPHI, 00pa3yroTcs OT
naTuHCcKoro '"condensatus", 4TO oO3HaYaeT Kak '"YIUIOTHEHHBIA, CTYIIEHHBIN'".
NutepecHoe Ha3BaHue, He npaBaa Ju? Ho tenepsr Bompoc ctaButcs pedpom: " A
YTO YIUIOTHSETCS WIH CTYIIAETCA B KOHHepe?" DIIEKTPUYECTBO, UTO HU HA E€CTh
caMo€ MpPOCTOE BJIEKTPUYECTBO, KOTOpoe 00aamaer MoIIHOCThi0. KoHaep - 3To
CBOCOOpa3HbIN aKKyMyJATOp, HO CyTh Takas, 4TO OH T'OTOB Cpa3y OTAAaTh BCIO
MOIIHOCTh 3a JI0JIA CEKYH/IbI!

JIro0oii KOHJEP COCTOUT M3 JIBYX OOKIIAJIOK, M 3TH OOKJIAJKH H30JIUPOBAHBI
JpYT OT JIpyra U He JIOJDKHBI MPUKACAThCS APYT ¢ APyroM. Mexay oOKIaaKaMu
«pacnojiaraeTcs» pa3Horo TUNa AUAJIEKTPUK.

K kaxmoi MeTalmTmdecKou IiacTuHe (0OKIaaKe) MPHCOCIUHEH MPOBOIOK -
9TO M €CTh BBIBOJBI KOHACHcaTopa. Kak ObUIO yke CKa3aHO, KOHJIEp CIOCOOEH
HaKaIIMBaTh DJEKTPUYECKUM 3apsj. ITy CHOCOOHOCTh HA3bIBAIOT E€MKOCTHIO
KoHjepa. M uem OoJibllie €MKOCTh, T€M OOJIbIIIE KOHJIEP CMOXXET HaKOMHUTh
ANEKTpUUEcKoro 3apsana. EMkxocTh koHaepa usmepsercs B @Dapanax (@ wumm
3apyOexHbii  (Oypkylickuii) Bapuant F). B paamosnekTpoHHOM U
AIEKTPOTEXHUYECKOW MPOMBIIIICHHOCTH HCIOJIB3YIOTCS KOHJIEphl a0COIIOTHO
pa3HbBIX HOMUHAJIOB. EMKOCTh KOHJIEpa 3aBUCUT OT TLIONIAAU OOKIaA0K, TOJITUHBI




U cocTaBa JIuANeKTpuka. Yem Oosblie miomaab 0OKIaJOK, MEHBIIE PAaCCTOSHUE
TUAJIEKTPUKA, TEM OO0JIbIIIE eMKOCTh KOHAEHCATOPa.
Ha pucynke 17 npeacraBiieHbl BHEITHUE BUJIBI KOHJIEHCATOPOB.

Pucynok 17 — BHewHui1 BUJ KOHJIEHCATOPOB
Kepamnueckne  KOHJAEHCATOPBI  WIM  KEPAMUYECKHE  JTUCKOBBIC
KOHJICHCATOPHI CAEIaHbl U3 MAJICHBKOT'O KEPAMUUYECKOTO AUCKA, MOKPBITOTO C JIBYX
CTOpPOH MPOBOAHUKOM (OOBIYHO CepeOpoM).

Kepamuyeckun
AVANEKTPUK
CepebpsHHble e

obknaaku

\
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Pucynok 18—BHemHui Bu1 KepaMUYECKUX KOHAEHCATOPOB

TaHTan0BBIE KOHAEHCATOPHI

TanTtanoBble KOHAEHCATOPHI GU3HUESCKH MEHBIIIE ATFOMUHUEBBIX aHAJIOTOB.
Bno6aBok 2JIEKTpOIMTHYECKUE CBOWMCTBA OKCHJIa TaHTAJla JIyYIllle 4YeM OKCHJIa
AJTIOMUHHS - Y TAHTAJIOBBIX KOHAEHCATOPOB 3HAYUTEJIBHO MEHIIE yTE€YKa TOKA U
BBIIIE CTAOMJIBHOCTh €MKOCTH. Jlpnama3oH tunuuHbiXx emkocted oT 47Hd 1o
1500MKD.

TaHTanoBble  AJIEKTPOJMTUYECKHME  KOHJECHCATOPBl  TaKXKE  SABJISIOTCA
MTOJIIPHBIMM, OJTHAKO JIYUIlI€ IEPEHOCAT HEMPABUILHOE MTOIKIIOUYECHUE TTOISIPHOCTH,
YeM UX AIFOMHHUEBBIE aHANIOru. Bmecrte ¢ TeMm, [uana3oH TUIMUYHBIX HANpSHKEHUN
TAHTAJOBBIX KOMIIOHEHTOB 3HAYMTENBbHO HMXE — OT 1B mo 125B. Ha pucynke 19
IIPEACTABIICHBI BHEIIIHUE BU/IbI TAHTAJIOBBIX KOHIEHCATOPOB.

Pucynoxk 19 — BHeuinuii Bu1 TaHTaJI0BbIX KOHIEHCATOPOB



[ossipHBIE ¥ HEMOJIIPHBIE KOHACHCATOPHI

Bce konpencatopel Ha cxemax o0Oo3HauaroTcs OykoBkou "C". Ilpoctbie
KOHJICHCATOphI JIENSATCS Ha JBa BUJA: TMOJISIpHbIE W HemnoJisipHble. HemomnsipHbie
KOHJICHCATOpPbl OYEHb PACHpOCTPaHEHbl M 3aHUMAIOT 3HAYUTEIBHYIO 4YacTh
paauoanmapatypsl (pucyHok 20):
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Pucynok 20—BHemHni BUT HEMOJISAPHBIX KOHAEHCATOPOB
K HuM Takke oTHoOcsTCS ManeHbkue SMD kKoHAEHCATOpbl BOT TAKOTO THIIA

(pucyHok 21):

Pucynok 21— nenonsipasie SMD KoHaeHCAaTOPBI

K nonsipHbIM KOHAEHCATOPaM OTHOCATCS 3JEKTPOJIUTUYECKHE KOHIEHCATOPHI.

DJIEKTPOJIMTHYECKHNE KOHJIEHCATOPbI

DJIEKTPOJUTHYECKHE KOHIEHCATOPbI OOBIYHO HCIOJIB3YIOTCSA, KOI/a
TpeOyercs 60binas eMKocTh. KOHCTpYKIHSI 3TOTO THIIa KOHIEHCATOPOB MOX0Ka Ha
KOHCTPYKIUIO IJIEHOYHBIX, TOJBKO 3/1€Ch BMECTO [HUAJNEKTPUKA HCIOIb3YEeTCs
cnenuanbHas Oymara, MpomuTaHHas dJieKTponmuToM. OOKIamKu KOHAEHCATopa
CO3JAI0TCA U3 AIFOMUHUS WM TaHTaja.

OOpaTtuM BHUMaHHE, YTO IEKTPOIUT XOPOIIO IPOBOJUT SIEKTPUUECKUN TOK!
DTO TNOJHOCTHIO MPOTUBOPEUYMUT MPUHLMUITY YCTPOWCTBA KOHJIEHCATOpa, I/IE€ JBa
IPOBOJIHUKA JIOJKHBI OBITH Pa3/ieieHbl JUIIECKTPUKOM.

Jleno B TOM, YTO CJIOM IUAJNEKTPUKA CO3JAETCS YK€ MOCIE H3TOTOBJICHUS
KOHCTPYKLMU KOMIIOHEHTA. Uepe3 KOHAEHCATOp MPOMYCKAaIOT TOK, U B pPE3yJIbTaTe
AIEKTPOTUTUIECKOTO OKUCIICHUS Ha OJTHOW M3 OOKJIAJ0K MOSBISIETCS TOHKUMA CIION
OKCHJIa aFOMMHUSA WM OKCUZIa TaHTaja (B 3aBHUCHUMOCTHM W3 KakKoOro Meraiia
COCTOMT O0KJIa/IKa). DTOT CJIOM MpeICTaBIseT CO00M OUeHb TOHKUN U () (PEeKTUBHBIN
JUAJIEKTPHUK, TO3BOJISIIOUIMI JIEKTPOIUTUYECKUM KOHJIEHCATOpaM MPEBOCXONUTH
10 EMKOCTH B COTHU Pa3 «OOBIYHBIE)» IICHOUHbIE KOHJeHcaTophl. Ha pucynke 23
MIPEACTABIICH BHEITHUI BHUJT AJIEKTPOJIUTUYECKOTO KOHAEHCATOPA.




Pucynok 22—BHemHuil BUJI 2JIEKTPOIUTHIECKOT0 KOHAEHCaTOpa
Ha pucynke 23 mpeacrtaBieHsl BHEWIHWE BUAbBl TnoysipHOro SMD
KOHJIEHCATOpa

o ¢ ¢

Pucynok 23—Buaemnuit Bux noiasspaeix SMD KOHIeHCaTOpOB

[loncTpoeuHble KOHIEHCATOPHI

IHoacrpoeyHnbie KOHAECHCATOPBI MCIOJB3YIOTCS IIPU  Pa30BOM WM
MIEPUOANYECKOM PETYJIMPOBAHUM EMKOCTH, B OTJIMYUU OT «CTaHIAPTHBIX)»
IIEPEMEHHBIX KOHICHCATOPOB, IZJE€ EMKOCTb MEHSETCS B «PEKHUME PEeaJbHOIO
BpemMeHn». Takas HacTpoWKa mNpeaHa3HauyeHa Uil CaMuX IIPOU3BOIAUTEIICH
amrmaparypsl, a He [ €€ IO0JIb30BaTeJed, W BBIIOJHACTCA CHELHAIbHOU
HAcCTpOoeuHO oTBepTkoW. OObIYHAsI CTalbHAsl OTBEpPTKAa HE MOJIXOJUT, TaK Kak
MOXXET IOBJIMATH Ha €MKOCTh KOHJeHcaropa. Ha pucynke 24 mnpexacraBieHsl
BHEIIIHUE BUJIbI IOJACTPOCYHBIX KOHAEHCATOPOB

Pucynok 24 — BHemHuN BT TOACTPOECUHBIX KOHAEHCATOPOB
IlepemMeHHbIE KOHIEHCATOPbI
[IepeMeHHBIE KOHJIEHCATOPHI IIMPOKO MCHOJIB3YIOTCS B YCTPOWCTBAaX, IJE
yacTo TpeOyeTcs HacTpoWka BO Bpemsi paOOThl - MPUEMHHUKAX, MepeaaTyukax,
U3MEPUTENbHBIX NMPUOOpax, reHepaTopax CUTHAJIOB, ayJJMO0 M BHUJEO ammaparype.
M3mMeHeHne €MKOCTH KOHJIEHCAaTopa IMO3BOJSET BIMATH HAa XapaKTEPUCTHKU
IPOXOSIIETO Yepe3 Hero curHana (popmy, 4acToTy, aMIUIUTy Ay U T.1.).




[Ton Ha3BaHMEM «IepeMEHHbIE KOHIEHCATOPBD» OOBIYHO HMMEIOT BBUIY
KOMIIOHEHTBl C MEXaHMYECKMM H3MEHEHHUEM EMKOCTH. YIIPaBICHUE EMKOCTBIO
31eCh JOCTUTaeTcsl MyTeM HW3MEHEHHsd Iuomaan oOkmanok. OOKIagku B
IIEPEMEHHBIX KOHJEHCATOPax COCTOSAT M3 MHOXKECTBA IIACTUH C BO3QYLIHBIM
IIPOCTPAHCTBOM MEXAY HUMHU B Ka4€CTBE IUAJIEKTPHUKA.

YacTh nuacTuH (pUKCUPOBaHHAs, YacTh NOABUKHAs. [lo0KeHne NOBUKHBIX
IUIACTUH 10 OTHOLIEHUI0 K (PUKCUPOBAHHBIM OIpeAesseT OOyl €MKOCTh
KoHieHcaTopa. Yem Ooublie 00I1ast MI0AAb JIACTUH T€M OO0JIbIIe EMKOCTb.

Ha pucynke 25 npeactaBieHbl BHEIIHUE BHUJIbI CIEAYIOIIUX KOHAEHCATOPOB

nepeMenHoit émkoctu (KIIE).
1- KIIE ¢ BO3AyIIHBIM AURJIEKTPUKOM, HAUTH MOKHO B JIFOOOM paONPHEMHUKE
60- 80-x rOJIOB.
2 - mnepeMeHHbIH KkoHmeHcaTtop i YKB  OmokoB ¢ BepHbEpOM
3 - IepeMEHHBIN KOHAEHCATOpP, IPUMEHSIETCS B IPUEMHOM TexHHKe 90-X roJI0B U 1O
ceil JeHb, MOXXHO BCTPETUTh B JIIOOOM MY3BIKAJIBHOM LIEHTPE, MarHuTo(oHE,
KACCETHOM ILIeepe C IPUEMHUKOM. B OCHOBHOM KMTaNCKOI0 IIPOU3BOJCTBA.
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PucyHok 25 — BHemHune BUbI KOHAEHCATOPOB NEPEMEHHON EMKOCTH

EcTth Takke 0ocoObIil KjacCc KOHJEHCATOPOB - MOHUCTOpHI. MHOrma ux ermre
HAa3bIBAIOT CYNIEPKOHAEHCATOPAMU WM 30JI0TBIMU KOHIepaMu. Het, He moTomy, 4To
TaM ecTh 30J10T0. CaM nmpuHIHI paboThl MIOHUCTOpPA IIEHEE, YeM 30J10TO. MBI Ternepb
3HaeM KaK YBEIWYUTh WIM YMEHBIIUTh €MKOCTh KOoHAepa Tak kak 0e3 KOHIIa
YBEIMYHUBATH CJIOW OOKIIAIOK OYEHb 3aTPaTHO, pa3pabOTYUKU PEIIMIIA YMEHBIIIUTD
CIOM JWANEKTpUKa. Tak KakK JUIJCKTPUUCCKUN CIIOW MEXIy OOKIIaaKaMu
MOHUCTOpPA, cOCTaBiAeT 5-10 HAHOMETPOB, TO U €MKOCTh MOHUCTOpA Ooro-ro! Bbl
TOJIBKO MPEACTAaBbTE, KAKOW 3aps]l MOXKET HAKOMHUTh TaKOM CymnepKoHAeHcaTop !
EMKOCTh Takux KOHJIEHCATOPOB MOXET JOCTUTaTh 10 Aecatka (apana. [ToBepwre,
ATO OYE€Hb MHOTO. OHUCTOPHI BHITJISAIAT, KaK OOBIYHBIC TAaOJIETKH, 4 TAK)KE MOTYTh
BBITJISAICTh KaK IUJIMHIAPUYECKUE KOHACHCATOPHI. JIJIsl TOro, 4TOOBI Pa3IMuUTh UX
OT KOHJICHCATOPOB, JOCTATOYHO B3IVISIHYTh Ha €MKOCTh, KOTOpasg Ha HUX YKa3aHa.
Ecmu tam equaunnsl Gapas, TO 3TO OJJHO3HAYHO MOHUCTOP.

Ha pucynke 26 npeacTaBiieH BHEIIHUIN BUJT HIOHUCTOPOB



Pucynok 26 — BHemHuil BUJ HOHUCTOPOB
NwmeirTe Takke BBUAY, YTO KOHJIEHCATOPHI U X BBl OYEHD YYBCTBUTEIBHBI K
HarpeBy U MOTYT MEHSTb CBOIO EMKOCTB I10J BO3JICUCTBUEM TEMIIEPATyphl. Tak 4To,
IIPU POEKTUPOBAHUY CTAPANTECH PACTIPENEIATH UX HA IUIATE IMOJAAIBIIE OT Pa3HOTO
poJla HarpeBaTENbHBIX SJEMEHTOB: PaJUaTOpPOB, TPaHC(HOPMATOPOB M MOIIHBIX
PE3UCTOPOB.
TpaH3ucTOphI

TpaHSI/ICTOp - OTO YCI/IJII/ITGJII)Hblﬁ sneMeHnT. OH YCHIINBACT CH&6YIO OQHCPIUIo
IMOoJaBaCMOro Ha HCTO CHUIHAJIa 3a CUCT OHCPIrHH OOIIOJIHHUTCIBHOI'O HMCTOYHHKA
nuTaHus. Y TPaH3UCTOpPa TPH BbIBOJA: KOJUICKTOP, DMUTTCP U Oaza.

KONnexkiop

KONNEKTOPHbIN TOK
basa

(6onbwoi)
Tok 6asbl
(ynpasnsawowmii)

aMurrep

Mexnay KOJJICKTOPOM W SMUTTEPOM TEUeT CUJIBHBIM TOK, OH Ha3bIBaCTCS
KOJUIEKTOPHBIN TOK (IKk), Mexay 6a3oi U SMUTTEPOM - CIaObIA YIPABISIOMIUN TOK
6a3pl (16). BenmmunHaa KOJIIEKTOPHOTO TOKA 3aBUCUT OT BEJIMYMHBI TOKA 0a3bI, TaK ke
KaK ¥ Hamop CXKaToro BO3/yXa 3aBUCHUT OT TOTO, HACKOJBKO OTKPBHIT KJIAIaH.
[Tpudem, KOIEKTOPBIN TOK BCera 00JIbIle TOKa 0a3bl B OMpeIe]ICHHOE KOJTMYECTBO
pa3. OTa BelIWYMHA HA3BIBACTCS KOA(PPUIIMEHT YCHIICHHS IO TOKY, 0003HAaYaeTcs
h215. ¥V paznu4HbIX TUTIOB TPAH3UCTOPOB 3TO 3HAUCHUE KOJICOJIETCS OT CAMHHIL 10
coteH pa3. Ha pucynke 27 npecraBieHbl BHEITHUE BUIBI TPAH3UCTOPOB.

Pucynok 27—BHnennunii B TpaH3UuCTOPOB
bunonspHbIA TPaH3UCTOP




BunonsipHblii TPaH3UCTOP - AIEKTPOHHBIA MOTYNPOBOIHUKOBBIN MpUOOD,
OJIMH U3 TUIIOB TPAH3UCTOPOB, PEAHA3HAYEHHBIN JUUI YCUIICHUS, TCHEPUPOBAaHUS U
IpeoOpa3oBaHus JEKTPUUECKUX CUTHAIOB. TpaH3uCTOp Ha3bIBAETCsl OUITONISIPHBIM,
IOCKOJIBKY B paboTe mpubopa OJHOBPEMEHHO Y4YacTBYIOT JBa THUIIA HOCHUTENEH
3apsifa — IEKTPOHBI U JBIPKUA. DTUM OH OTJIMYAETCS OT YHUIIOJISPHOTO (TI0JEBOTO)
TPaH3UCTOPa, B pabOTe KOTOPOIr0 Y4acTBYET TOJBKO OJIMH THUIl HOCUTENEH 3apsija.
BHemHmil B OMNOJSIPHBIX TPAH3UCTOPOB MIPEICTABIIEH HA PUCYHKE 28.
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Pucynox 28 — BHenrHuit Bui OUMONISPHBIX TPAH3UCTOPOB
ITos1eBOM TPaH3UCTOP
IHoJsieBOM TPAH3MCTOP — TPAH3UCTOP, B KOTOPOM CHJIA MPOXOAALIETO Yepes
HEr0 TOKa PETYJUPYETCS BHEITHUM JJIEKTPUUYECKUM IOJIEM, T.€ HANPSIKEHUEM. DTO
MPUHIUNHAIBHOE PA3IMUMe MEXAY HUM U OUTOJSIPHBIM TPAH3UCTOPOM, Te CUjia
OCHOBHOI'O TOKa PEryJHpyeTcs yHOpaBiIAOmUM TokoM. Ha pucynke 29
MIPEJICTABJICHBI BHEIIIHUE BU/IbI TIOJIEBBIX TPAH3UCTOPOB/

Pucynok 29 — BHemHui BU]T OJIEBBIX TPAH3UCTOPOB

JArone

Ha3naueHue pauona - MOpPOBOJAUTH 3JIEKTPUUYECKUH TOK TOJBKO B OJHOM
HanpaBieHnd. Korga-to AaBHO TNPUMEHSUIMCH JaMIloBble auonabl. Ho ceiuac
UCIIOJIB3YIOTCSI B OCHOBHOM TOJTYTIPOBOHUKOBBIE TUO/IbI. B OTIIMUMe OT TaMIOBBIX
OHM 3HAYUTEJILHO MEHBIIE MO pa3Mepy, He TpeOyloT lierneil Hakajia U UX OYeHb
MPOCTO COCIUHSTH PA3TUYHBIM 00PA30M.

Jnoa uMeeT ABa BBIBOJA, KaK U PE3UCTOP, HO y ITUX BBHIBOJIOB, B OTJIMYHUE OT
pe3ucTopa, €cTh OMNpeAcieHHbIE Ha3BaHUs - aHOA W KaTtold. Ho kak >xe Ham
OTIpEJIeNNTh, uTO ecTh 4yT0? EcTh nBa croco0a:

1) Ha HEKOTOPBIX MUOAAX KATOJ 0003HAYAIOT MOJOCKOM, OTINYAIOIEHCS OT I[BETa
KopItyca

2) MO>HO MPOBEPUTH AUO]I C MOMOIIbIO MYJIBTUMETPA U Y3HATh, TJI€ Y HETO KaTO/,
a TJie aHo/I.
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Pucynoxk 30 — BHemHuii BUJ AMOI0B
BHemHuii Bua 11M0/10B MOBEPXHOCTHOTO MOHTaXKa MPEACTABIEH HAa PUCYHKE
31

Pucynok 31 — Buemnuii Bug SMD nronos

Crabuautpon

CTaOmiMTpOH  MPENSATCTBYET  NPEBBINICHUIO  HANPSDKEHUS — BBIIIE
OIPEICIIEHHOTO MOPOTra Ha KOHKPETHOM Y4YacCTKE CXeMbl. MOKET BBINOJHATh KaK
3aIUTHBIC, TAaK U OTPAaHUYHMTENbHBIC (DYHKIIMH, pa0OTalOT OHHM TOJIBKO B IIEIISIX
MOCTOSSTHHOTO ToKa. [IpM TOAKIIOUEHHH CleayeT CcoOMoAaTh IMOJSPHOCTb.
OnHOTUIIHBIE CTAaOWJIMTPOHBI M  OXHO COCIUHATH TIOCIIECIOBATEIBHO  JUIS
MOBBIIIIEHUS CTAOWIM3UPYEMOTO HAMNpsDKCHUS WM O0pa3oBaHUsS  JICTUTENs
HanpspkeHuil. OCHOBHBIM MapaMeTpoOM CTAaOMIMTPOHOM SIBJISICTCS HANpPsKEHUE
CTAOMIN3AlNKM, CTAOMIUTPOHBI MUMEIOT PAa3UYHbIC HANPSKCHUS CTaOWIM3aluu,
Hanpumep 3B, 5B, 8.2B, 128, 188 1 T.11.

BrIrnsaat craOuauTpoHbl TOYHO TaK JKe, KaK U OOBIYHBIE JUOIbI:

Pucynok 32 — Buemnuii Buj CTAOMIUTPOHOB

Bapuxkan
Bapukan (mo apyromy €MKOCTHOM JMOJ]) MEHSIET CBOE COMPOTHBIICHHUE B

3aBHCHMOCTH OT TMIOJJAHHOTO Ha HETO HampspKeHus . [[pruMensieTcs Kak yrpaBisieMbli
KOH/ICHCATOp TIEPEMEHHON eMKOCTH, HalpuUMep, 1711 HACTPOUKH BRICOKOYACTOTHBIX
K0JIeOaTeIbHBIX KOHTYPOB.
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Pucynok 33—BHenHuil BU1 BapuKanoB

CBETOANOIbI
CBeToauoabl, miu ceeroninyyaromiue auo sl (C1/I, B aHMIMIACKOM BapHaHTe
LED — light emitting diode)— mnoaynpoBOAHUKOBBIA HPHOOP, HM3ITYUAFOIIHI

HEKOTEPEHTHBIN CBET MPHU MPOIYCKAHUU YEPEe3 HEro dJIEeKTpuyeckoro Toka. Pabora
OCHOBaHa Ha (U3MYECKOM SIBJICHUM BO3HUKHOBEHHSI CBETOBOI'O HW3IIy4YEHUS IpHU
MIPOXOKJICHUU DJIEKTPUYECKOTO TOKa 4epe3 p-N-mepexon. LIBeT cBeueHus (nimuHa
BOJIHBI MaKCHUMyMa CIEKTpa H3JIY4YEHHUs) OMPEACISIETCS THUIIOM HCIOIb3YEeMbIX
MOJTYNIPOBOJHUKOBBIX MAaTEPUAIIOB, 00PA3yIOIIUX P-N-MEPEXOI.
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Pucynok 34— BHeninne BUIbI CBETOAUO0B

doroanon
doToauon mnpeoOpa3yeT CBET, MOMABIIMA Ha €ro (POTOYYBCTBUTEIHbHYIO

00J1acTh, B AJIEKTPUUECKUN TOK, HAXOJUT TPUMEHEHHE B MPEeoOpa30BaHUM CBETA B
AJICKTPUYECKUN CUTHAIL.

2

Pucynok 35 — BHemHuit Bu hoTOAMO 1A
dotoamnos! (a Tak xe HoTOpe3UCTOPhI, POTOTPAHZUCTOPHI) MOKHO CPABHUTH

C COJTHEYHBIMU OaTapesiMu.

TpuHUCTOPBI
TpuogHpie THUPUCTOPHI (TPUMHMCTOPBI) TIPEJICTABISAIOT COOOW  UOJBI,

MIPOBOJANUMOCTh KOTOPBIX yIPaBISAETCS C TMOMOIIBKD TPEThETO BBIBOAA -
ynpasistomero snekrpoga (Y3). OCHOBHOE NPUMEHEHHUE TUPHUCTOPOB - 3TO
yIpaBJICHHE MOIIHON HArpy3Koil ¢ MOMONIbIO Ca0Oro CUrHajia, MOJAaBaeMOro Ha

YOPaBISIOMIMN AIEKTPOA. BBIIIAASIT TPUHUCTOPBHI NMPUMEPHO KakK JHUOABI WM

TPaH3UCTOPHI.
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Pucynoxk 36 — BHemHuil BUJl TPUHHCTOPOB

JIo1HBIE MOCTBI

[TpousBoguTenu Takke HECKOJIbKO TMOJIOB 3aTaJKUBAIOT B OJUH KOPIIyC U
COCUHSIOT UX MEXIy COOOH B OINpPEIEICHHON NOCIEA0BaTENbHOCTH. Takum
00pa3oM MOJIy4aroTCsl JUOJIHbIE COOPKU. DTO B OCHOBHOM J[nonHbie MocThl. MocT
U3 JUOJOB HCIOJIb3YETCS, 4YTOObI M3 IEPEMEHHOI0 HANpPSDKEHUs IOJy4aTh
IOCTOSIHHOE HaIpsKEHUE.

Pucynok 37 — BHemHue BUJIbI AUOIHBIX MOCTOB

Muxkpocxema

Mukpocxema - 3TO IEKTPOHHAs CXEMa Ha MOJYyNPOBOAHUKOBOM KPHCTAILIE
WIM IIJIEHKE, 3aKJIFOYEHHAsI B KOpPIyc. MUKPOCXEMBI COCTABISIOT OCHOBHYIO YacTh
Ar000r0 KoMIbioTepa Wik HoyTOyka. Kpome TOro KoMmiekTyromnme KOMIboTePOB
Y HOYTOYKOB: MPOIIECCOp, ONepaTUBHAs NamsTh, 13V, uunceT u ocranbHble, - TOXE
SBJIFOTCS. MUKPOCXEMaMHU.

Mukpocxembl ObIBaIOT IIU(POBBIMH, aHATIOTOBBIMH M aHAJIOTOBO-LIU(POBBIMH.
[IpennasHayeHue aHAJIOTOBBIX MHUKPOCXEM - mpeoOpa3oBaHue U 0O0paboOTKa
HEMpepbIBHbIX cUTHaNoOB. [{udpoBeie MUKpOCXeMbl NpPeoOpa3oBBIBAIOT U
0o0pabaThIBalOT CUTHaNbI, BbIpaXeHHble B HUppoBoM Koae. Lludposeie
MUKpPOCXEMbl HMEIOT MPEUMYIIECTBO MEpe]l aHAJIOrOBBIMH H3-32 MEHBILErO
HHEPronoTPeOICHHS 1 OOJIbIIIEH MTOMEXOYCTOMUYUBOCTH.

AHanoro-1uppoBbie MUKPOCXEMBI MPEACTABISAIOT CO00M THOpHU TBYX BUIOB
MHUKPOCXEM, OHHM MOJYYWJIM OOJbIIOE PaclpOCTpaHEHHE U B HACTOSLIEE BpeMs
SBIISIIOTCSA HanOoJIee UCTOIb3yeMbIMU MUKPOCXEMaMH MPU CO3TaHUU JIEKTPOHHON
TEXHUKHU.

Mukpocxembl  BBITYCKAIOTCS B pa3lIWyHbIX  Koprycax. Hawubonee

pacupoCTpaHEHbI CIEAYIOUINE BUIBI KOPILYCOB:
DIP (Dual Inline Package )




Pucynoxk 38 — Buemnuii Buj kopiyca DIP
OObIuHBIN «TapakaHuuK». HOXKH IpOCOBBIBaEM B JABIPKA Ha IUIaTeé — M

3alianBacM.
SOIC (Small Outline Integral Circuit)

Pucynok 39 — Buemnuii Bun kopiyca SOIC
HnaHapHa;I MHUKPOCXEMA — TO €CTh HOXKHU IIPUIIANBAIOTCA C TOH Ke CTOPOHBI
IJIaTHI, TIIe HaxoauTes Kopmyc. [Ipu aToM, MUKpocxema JISKUT OPIOXOM Ha TIaTe.
PLCC (Plastic J-leaded Chip Carrier)

Pucynoxk 40 — Baemnuii Bun kopnyca PLCC
KBaapatHblil (pexe - nmpsiMOYroJibHbIN) Kopmyc. Hoxku pacrnoioskeHbl Mo
BCEM YETHIPEM CTOPOHAM, U UMEIOT J -00pa3Hyro GopMy (KOHIBI HOXKEK 3arHYThI
1o OpIOIIKO).
TQFP (Thin Quad Flat Package)

Pucynoxk 41 — Baemnuii Bug kopnyca TQFP

Heuro cpennee mexny SOIC u PLCC. KBanpatHslili KOPITyC TOJIIMHON OKOJIO
1 MM, BBIBOJIbI PACITIOJIOKEHBI [0 BCEM CTOPOHAM.

Pa3HOBUIHOCTH aHAJIOTOBBIX MUKPOCXEM:
1. KomnapaTtopsl.
2. I'eHepaTopbl CUTHAJIOB.
3. @unbTphI
4. AHaJI0rOBBIE YMHOKUTEIIH.



5. AHaJIOrOBBIE ATTEHIOATOPBI U PETYIUPYEMBIE YCUITUTENH.

6. CTabunu3aTopsl MICTOYHUKOB MUTAHUS: CTAOMIIN3ATOPBI HAMPSKEHUS U TOKA.
7. MUKpOCXeMbl yIPaBICHHUS] UMITYJIbCHBIX OJIOKOB MUTAHMUSI.

8. [IpeoOpazoBaTean CUTHAJIOB.

9. CxeMbl CHHXPOHU3AIWH.

10. PaznnuHbIe 1aTUUKH.

Pa3pémbl

JIroboe  2JIEKTPOHHOE  YCTPOMCTBO HEMBICIUMO 0€3  AJIEKTPUUECKUX
coequHeHH. be3 moaBoaa CHIIOBBIX U MH(POPMAITMOHHBIX JIMHUN CaMblil MOIIIHBIH
IIPOLIECCOP — MPOCTO KYCOK KPEMHHUS C METAJUIMYECKUMHU BKparuieHusIMU. [1oatomy
B TOJABISIONIEM OOJIBIIMHCTBE CIy4yaeB TIeYaTHbIE IUIaThl HECYyT Ha cebe
ANIEKTPUUECKUE pa3beMbl (UCKIIOUasA, MOXKAIyi, HEOOCITyXMBaeMble IUIaThl C
IIOABOAOM JIMHUM NAWKOW WIA KOMIIAyHIMPOBAHHBIE YCTPOWCTBA, HalpuMep
DC/DC-npeobpa3oBareinu jisi MOHTa)Xa HEIIOCPEICTBCHHO Ha IUIATy).

Kitaccuueckue pa3zbeMbl Uil IEYaTHBIX IUIAT COCTOAT U3 YCTAHABIMBAEMOTO
Ha NEYaTHYIO IUIaTy BUJIOYHOI'O JUOO PO3ETOYHOIO AJIEMEHTAa U OTBETHOM 4YacTu.
OnHako He Bcerga y100HO UCTIOJIb30BaTh BIIaBAE€MbIE BUIOYHBIE JTMOO PO3ETOUHBIE
4acTH, OCOOCHHO KOT/Ia JIOMUHUPYIOIIUMH KPUTEPUSIMH SIBISIOTCS KOMIAKTHOCTh
COCIMHEHUS W OBICTPOTa MOHTAXXKa W TMepeMoHTaxa. B Takux ciayyasx
1€JI€CO00Pa3HO MPUMEHSTh KJIEMMHUKH, UCTIOIB3YIONIUE IITHIPEBON KOHTAKT JIJIs
COCIMHEHHUS C IIEYaTHOM IUIaTOM.

Pa3beMbl COCTOAT M3 JIEMEHTA, YCTAHABIMBAEMOIO HA NEYATHYIO IUIATy, W
oTBeTHOU yacTH. [Ipy mpoeKTHpOBaHUN yCTPONCTBA pa3pabOTUNK BHIOMPAET, KaKas
yacTh Oy/eT YyCTaHOBJIEHA Ha IUIATy — BWJIOYHAS WM PO3ETOYHAS U, UCXOIA U3
OCOOCHHOCTEM KOHCTPYKTOPCKOM 3a/laud, OMNpeesseT OTBETHYH 4acTh. YacTu
pazbema Osiaroiapsi CUCTEME 3allleJIOK 00pa3yroT OYeHb HaJEeXKHOE coeIuHEeHne. B
0C000 OTBETCTBEHHBIX MPUMEHEHHSIX HCIOJIB3YETCS JOIMOJHHUTENIbHAsT BUHTOBAs
dbuKcarys CoeTMHEHUS.

Ha pucynke 42 npeacraBieHbl BallleMy BHUMAaHHUIO BHEIIHUE BUJIBI KJIEMM IS
MITHIPEBBIX KOHTAKTOB C IPYKUHHBIM U BUHTOBBIM CIIOCOOaMU (PUKCAIIMH ITPOBO/IA.
KnemMMbl ¢ mipy>KMHHOUM (uKcalieil TpoBoJa HE UMEIOT YIJIOBBIX KOHTAaKTOB, HO
MOTYT TPHUCOCAUHATHCS JIBYMS CBOMMH CTOPOHAMH (ThUIBHOW WM OOKOBOM,
pUCYHOK 43)

PucyHok 42 — BHeIIHWI BUJT KJIIEMM JJISI IITHIPEBBIX KOHTAKTOB



Pucynok 43 — BHemHuil BUJ KJIEMM € IPYKUHHOM (pUKcaluei mpoBoaa

B cnucok akceccyapoB KJI€MM € BHUHTOBOM (hUKcanmued MpoBOAa BXOJISAT
MOHTa)XHbI€ KPOHIITEHHBI I MEXaHUYECKON (PUKCAMU COEIMHEHUS BUHTAMHU U
KOJMPOBOYHBIE IITHIPbKH. KpOHIITEHHBI TO3BOJIAIOT 3aKPENUTh KJIEMMY Ha IjIaTe
KaK TOPU30HTAIbHO, TAK U BEPTUKAIBHO (PUCYHOK 44), uTO 1aéT BO3MOXKHOCTh
paboThI ¢ IPSIMBIMU M YTJIOBBIMH IITHIPEBBIMU KOHTAKTaMHU.

Pucynok 44 — BHemHui BUJT KPOHILITEWHA

Henb3s He BbIIETUTH OTAEABHO cepur pazbeMoB DST 85, DST LF 85, LPSTI
u kinemMm LPSTL1, ncnonp3yronumx B KauecTBE OTBETHOM YacTH TOPEL] MMeYaTHOU
maaThl (ToauHoM 1,4—1,8 MM) ¢ COOTBETCTBYIOIIMMH KOHTAKTHBIMH TIJIOIIAIKAMU
Ha HeM. Pa3bpeMbl POCTO HAABUTAKOTCS HA KpaW IUIaThl, IPUYEM PA3bEMBbl CEPUU
DST 85 u DST LF 85 obOecneunmBarOT MOJBOJ MOAKIOYAEMBIX MPOBOJIOB
napayiensHo miare, a LPST1—nepnenaukynspHo.

Pazwembr cepuit DST 85 u DST LF 85 (mar xoHTakToB 3,5 MM) HMEIOT
O00KOBbIE CTEHKHU (pHC. 45), 1151 KOTOPBIX B MEUATHOM TJIaTe IOKHBI OBITH ClI€JIaHbI
MPOPE3H, €CIIM TOJBKO IIaTta He mupe pazbema. Pazpembl cepun DST LF 85 Ha
BHEIIIHUX CTOPOHAaX OOKOBBIX CTEHOK CHAOXKEHBI JOMOJHUTEILHBIMUA OMOPHBIMU
BBICTYIIAMH, CHIDKAIOIIMMUA MEXAaHWYECKUE Harpy3Kd Ha IUulaTy B MOMEHT
MPUCOEANHEHUS pa3beMa. BollycKaloTCsi ICIIOJHEHUS 10 12 TOJII0COB.

Pazbemsl cepun LPST 1 (pucyHok 45) uMeroT miar KOHTAaKTOB 5 MM U HE UMEIOT
OOKOBBIX CTEHOK. BpImmyckaroTcss ucmoiaHeHus: 10 20 MoatocoB, B TOM YHCIE C
MapkupoBkoi. Knemmsl LPSTL1 npegnazHadeHs s BIIaliKy B IEYaTHYIO T1aTy U
peanu3yroT COO0OW CIIOTOBBIM pa3beM JUIsi BCTaBKA B HEro JAPYTHX IUIAT
neprneHaukyispHo Hecyuied. ITomumo storo LPSTLI1 mo3BoisilOT MOAKIIOYATH
MPOBO/IA, MOJIBOAMMBIE MTAPAJIICITBHO HECYIIIECH TIIaTe.
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Pucynok 45 — Buemnuii Bua pazpémon cepuit DST LF 85, DST 85, LPSTL1

bazoBas cepus BUIOYHBIX YacTel pazbeMa (puc.46) mnpeacraBiieHa MPSIMBbIMH
W YIJIOBBIMH BUJIKaMHU. BBINyCKarOTCS ¢ YHCIOM IOIIOCOB OT 2 10 16 (Ha 3aka3
BO3MOXXHA TMOCTaBKa U3JCJIUA C KOJIMYECTBOM MOI0COB 110 24). Eciau xe »Toro
HEJIOCTATOYHO, TO MOXXHO NPUOETHYTh K BHJIOYHBIM YACTSIM C OTKPBITHIMHU
OOKOBMHAMHU — HCIIOJIHEHUSI 0€3 OOKOBBIX CTEHOK MO3BOJISIOT yCTaHABIUBATh
pa3beMbl psAoM 0€3 CMEHBI I1ara W MoTepu mnojie3Hou romaau. Mcnomnenus ¢
BUHTOBBIMHU (piiaHIiaMu ((hJaHIbl MMOKa3aHbl HA PUCYHKE 3JIEMEHTAMH C JIBOMHOMN
IMITPUXOBKON) TIpeAHA3HA4YEeHBbl [JII OTBETHBIX 4YacTed ¢ (QPUKCUPYIOIIUMU
coeMHEeHUE pazbema BuHTamu. [llaroBeiid psa BuiaouHbIX yacteid: 3,5; 3,81; 5,0;
5,08; 7,5; 7,62 mM. Bce BUJIOYHBIE YaCTH HMMEIOT MMa3bl JJIsI YCTAHOBKH B HHUX
HITBIPHKOB, C MOMOILBIO KOTOPBIX OCYIIECTBIISICTCS MEXAaHUUYECKOE KOJUPOBAHUE
paszbeMHOro coenuHeHust (moapobnee o0 3ToM cMm. Huke). HcnonHeHus ¢
OTKPBITBIMA OOKOBHHAMH IIO3BOJIAT COOpaTh BHJIOYHYIO YacTh KaKOW YrojHO
MOJIOCHOCTH (MHUHUMYM — 2 TIONOCA), W TMPHU ITOM CHHU3UTH KOJUYECTBO
UCIIOJIb3YEMbIX THUIIOB BUJIOYHBIX YacTel 0 2 HAMMEHOBaHUM (2- U 3-TIOJIFOCHBIX
BUJIOK).



Pucynok 46 —Buj pazpéma B pazpes3e U BHENTHUM BUJT BUJIOYHOM YacTH Pa3bEMOB

OnHAaKO TOPU3OHTANBHBIN OO0 BEPTHKAIBHBIN MOJIBOJ OTBETHOM YacTH K
BIIASSHHOM BMJIKE HE BCETJa yI0O€H, a B HEKOTOPBIX CIydasx U HEBO3MOXKeH. B
TaKOW CUTyallUd MOYXXHO NPHUMEHUTh BHIJIOYHYIO YaCTh C YrJioM HoBopoTa 45° mo
OTHOUIEHUIO K nevyaTHoi miate (puc. 47 ). BunouyHble yacTu Takoil KOHCTPYKLIHH
BBIITYCKAIOTCSI € IIaroM KOHTakToB 5,0 u 5,08 MM, ¢ 4rcI0M MOII0COB OT 2 110 16 (Ha
3aKka3 — 70 24 TOJII0COB).

Pucynok 47 — Bun B pa3pe3e v BHEITHUM BHUJI BUJIOYHOI'O pa3bEma C yriom
nmoBopota 45°
Ho He Bcerna Ha miaty TpeOyeTcsi ycTaHOBKa BHJIOYHOW YacTu. B ocHOBHOM
3TO TE CIy4au, KOrga HalpsKeHUE OTBOAUTCS OT IUIATHI, U MOJT HAIPS>KEHUEM MOTYT
OKa3aThCsl KOHTAKThI BUJIOYHON YacTU pa3zbema (MPUHIIUI «TOpsiueil po3eTkn»). B
TOM CHUTyallud 1EJeCO00pa3HO TMPUMEHSTh PO3ETOYHBIC YacTH pa3zbeMma,
MpeIHa3HAYCHHbBIC /711 YCTAHOBKH Ha Me4YaTHYIO miaTy (puc. 48). Beimyckaiores ¢
maroM 5,08 MM ¥ UMEIOT OT 2 70 24 1moacoB. B cnucok akceccyapoB BXOMIST

MOHTAQXXHBIC KpOHMTCﬁHBI L JOIMOJHUTCIIBHOT'O KPCINNICHUA pa3bCeMa K IIJIAaTC.
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Pucynok 48 — Buj B pa3pe3e v BHEIIHUIN BUJI PO3€TOYHOTO pazbEéMa



KBap1ueBblii pe30HaTop

B coBpemMeHHOW »JeKTpOHUKE, OCOOCHHO B IU(POBON CIIOKHO HE HAWTH
AIEKTPOHHBIN KOMIIOHEHT MOJI HA3BaHWEM KBaplEBbIl pe3oHaTop. [1o cBoeil cyTy,
KBapIIEBbI PE30HATOP SBIISIETCS aHAJIOIOM KOJIeOATENIbHOTO KOHTYpa Ha OCHOBE
éMKOCTH W MHAYKTUBHOCTH. [IpaBma, kBapueBwlil pe3oHaTop mnpeBocxoauT LC-
KOHTYp IO OYEHb Ba)KHBIM IIapaMeTpaM.

Kak wu3BecTHO, KoJieOaTEIbHBIM KOHTYp XapaKTepu3yercs T0OpOTHOCTHIO.
Pe3oHaTopsl Ha OCHOBE KBaplia 00J1aJJal0T OYEHb BICOKOM JOOPOTHOCTBIO, KOTOpast
HEJIOCTIKMMA TPU UCITONIB30BaHUU 00BIYHOTO KosiebaTrensHoro LC-koHTYpa. Ecin
JOOPOTHOCTH OOBIYHBIX KOHTYPOB JekuT B nipeAenax 100 — 300, To qj1s KBapiieBbIX
PE30HATOPOB BeIMYMHA 100poTHOCTH nocturaer 10° — 107,

EMKOCTh KOHJEHCAaTOpa JOBOJLHO CHIBHO 3aBHCHT OT TEMIEpPaTyphl
OKpY’Karouien cpeibl. Y KOHJACHCATOPOB AaXKe €CTh MapamMeTp, KOTOPbIA Ha3bIBACTCS
TKE (temneparypusiii koddduiment €émkroctu). OH MOKa3bIBAET HACKOJIBKO
MU3MEHUTHCS EMKOCTh KOHJEHCATOPa IPU U3MEHEHUN TEMIIEPATYPHI.

EcTecTBeHHO, NpW NPUMEHEHHH KOHJEHcatropa B cocrtaBe LC-KOHTYpa,
4yacToTa ero KojiebaHuit Oy/eT OueHb CHIIBHO 3aBUCETh OT BHEIIHEH TeMIlepaTyphl
cpeabl. To ke Kacaercss W MHAYKTUBHOCTH, Yy KOTOPOM TAaKX € €CTh CBOS
TemneparypHas xapakrepuctuka - TKH.

[ToHsITHO, YTO U1l UCMOJIB30BaHUS B IIMU(PPOBON TEXHUKE (B TOM YHUCIE U B
TEXHUKE CBsI3M) TpeOyercss Oojiee CTAOWIBHBIM W HaASKHBIM HCTOYHUK
rapMOHUYECKUX KOJICOAHUIA.

Pe3oHaropsl Ha OCHOBE KBaplia 00J1aJlal0T OY€Hb BBICOKOW TEMIIEpaTypHOM
CTaOMIBHOCTHI0. VIMEeHHO Osarojapsi BHICOKOW JOOPOTHOCTHM W TeMIepaTypHOH
CTAOMJIBHOCTH KBapIlEBble PE30HATOPHI MPUMEHSIIOTCS B PAIUOTEXHUKE OUCHD
aKTUBHO.

JIro6oi1 mporeccop WIM MHUKPOKOHTpOJUIEp paboTaeT Ha OmpenenEéHHOM
TakTOBOM 4YacTtore. [IoHSATHO, 4TO AJig 3aJaHusl TaKTOBOM YacTOTHI HEOOXOJIUM
reHepaTtop. Takoil TreHepaTop B KAueCTBE HCTOYHHUKA BBICOKOTOYHBIX
rapMOHUYECKUX KOJIeOaHMH, KaK TPaBUiIO, UCIIOIB3YEeT KBApIIeBbId pe3oHarop. B
TE€X CXeMax, TJIe BBICOKas JOOPOTHOCTh HE TpeOyeTcsi, MOTyT MPUMEHSTHCA
pE30HaTOPbl Ha OCHOBE KEPaMHUKH — KEpaMHYeCKHe pe30HaTopbl. JJoOpOTHOCTH
PE30HATOPOB Ha OCHOBE IILE30KEPAMHKHU cocTaBiseT He Gomee 103. VX MOXKHO
BCTPETUTHh B MYJIbTaX JUCTAHIIMOHHOTO YIPaBJEHUSI, AJICKTPOHHBIX HUIPYIIKAX,
ObITOBBIX paauonpuémMuukax. Ha pucynke 49 mnpeacTaBieHbl BHEIIHHE BUJIbI
KBapIEBbIX PE30HATOPOB.
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Pucynok 49—BHelHne BUbl KBaplIEBbIX PE30HATOPOB



IIpakTHYyeckas 4acThb

1. O3HAaKOMHUTBHCSI C TEOPETUYECKUM MaTepUajoM JAHHOW MPAKTUYECKOW padOThI.
2. [lomyunTs y mpenoaaBaTesis IEYaTHYIO IUIATY C YK€ HAHECEHHBIMU 3JIEMEHTAMU.
3. [IpousBecTu MOACYET KOJUYECTBA AJIIEMEHTOB HA MEYaTHOU miiate U 0hOPMHUTH
pe3ynbTaThl B BUJE TaOIUIIBI (37IEMEHTHI, KOTOPbIE HE MOJTYYUIIOCh ONPEACIUTD 110
BHEIIIHEMY BUJLY, Pa3MECTUTh TAK)KE B TAOIUILY).

TpedoBaHus K 0TYETY

OTYET MO NpaKTUUYECKON paboTe JOJIKEH COAEPKATh:
. TUTYNBHBIN JIUCT
. llenb paboThI
. KpaTtkue Teopetnueckue cBeieHHs
. Pe3ynbTaThl BEITOTHEHUS IPAKTUYECKON YaCTU
. BBIBO/IBI 110 TPaKTUUECKOMY 3aJIJaHUIO

KoHTposbHBIE BONIPOCHI
. Uto Takoe nevarHas riata’?
. Kakue OGbIBatoT BU/IBI T€UATHBIX I1J1AT?
. Uto Takoe pe3ucrop?
. UTO Takoe MOBEPXHOCTHBIM MOHTAX?
. UTo Takoe KOHAeHcaTop?
. [lepeuncnure TUIBI KOHIEHCATOPOB?
. Uto Takoe TpaH3ucTop?
. [lepeunciure TAIIBI TPAH3UCTOPOB?
. Kakoe Ha3nauenue quona?
10. Yto Takoe Bapukar?
11. Yto Takoe mukpocxema?
12. YTto Takoe KBapuUEBBI pe30HATOP?
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