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8.1 JIuHuM 3a1ePKKH.

Junusa 3a0epicku — yCTPOUCTBO, NPEIHA3HAYECHHOE I 3aJEPKKU DJICK-
TPOMArHUTHBIX CUTHAJIOB Ha OINpEIENEHHBIA MPOMEKYTOK BpeMeHH ((PUKCUPOBaH-
HBIH, MEePEeKIII0YaeMblil WK € MJIaBHON peryJiIupoBKON).

IIpuMeHArOTCS: B paguoOJIOKAMU U PaJUOHABUTALIMM, U3MEPUTEIBHOU TEX-
HUKE,  BBIYUCIUATEIBHOM  TEXHUKE U  aBTOMATUKE,  DJIEKTPOAKYCTUKE
(peBepOepaTophl), TEXHUKE CBS3M, B HAYYHBIX UCCIIEOBaHUSAX. Ha mpuHIUIHATE-

20MmKC
HBIX DJIEKTPUUECKUX CXeMaX JIMHUU 3aJIEP>KKU 0003HAYaIOTCS Kak ' . Han

OTPE3KOM MPSIMOM MPU HEOOXOJUMOCTH MOMEIAIOT YKA3aHUS O BPEMEHH 3aJepiK-
KU.

JIvHUM 3aJ1ep>KKU UCTIOJB3YIOTCS B Pa3JIMUHbBIX YaCTOTHBIX JIMANa30HAX, YTO
oOyClIaBIMBAaeT pa3jinyue B MPHUHIMIAX MOCTpOeHus. Tak, sl 3JIEKTPUUYECKUX
CUTHAJIOB B IMANa30HaX HU3KOYaCTOTHOM, BbICOKOYacTOTHOM U CBY npumMeHstoT-
CSl AHAN0208ble TUHUU 3A0EPIHCKU.

Ilo cnocobam ucnoanenus pasiInyaroT JJMHUHU 3aJICP>KKHU, BBITIOJIHCHHBIC

- Ha JIMHUSX C paclpeesIeHHbIMU MapaMeTpaMu (KabelbHbIe, B BUJE OyXThbl
ka0ensi ¢ BBIBOJAAMU I0J] pacnaiKy, U BOJHOBOJHBIE, B BHJI€ MUKPOMOIYJS WU
MUKPOCXEMBI Ha MOJIOCKOBBIX MM (DEPPUTOBBIX BOJHOBOAAX);

- Ha UCKYCCTBEHHBIX JIMHUAX 33JIEPKKU CO CPEIOTOYEHHBIMH MapaMeTpamMmu

(mocenoBaTebHOCTh 3BEHBEB, UMUTUPYIOLINX PEATBHYIO JTUHHIO);
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- C IpeoOpa3oBaHUEM BJEKTPUUYECKUX CUTHAIOB B CUTHANBI JIpYyroil ¢usmnye-
CKOM Mpupoibl (YIbTPa3BYKOBBIC, ONITUUECKOE U3TyUeHUE) U OOPATHO.

[Tockonbky B OBITOBOM paJHO’IEKTPOHHOM ammaparype Haubojee 4acto
MPUMEHSIOTCA YJIBTPA3BYKOBBIE JUHUU 33JEP>KKH, TO OCTAHOBUMCS Ha HX pac-
cMOTpeHuu. JlaHHbIE JTUHUM O0ECHEeYMBAIOT 3aJE€PKKY OT AOJEH MUIUIMCEKYH]IbI
70 JAECSATKOB MWIIMCEKYHJ U MCHOJIb3YIOTCS, HallpuMep, JUIs 3a1epKKU CUTHaja
LBETHOCTH B TEJIEBU3NOHHBIX MPUEMHUKAX, B KAYECTBE MEP BPEMEHHOI0 MHTEPBa-
Ja B U3MEPUTENIbHONW TEXHHMKE, B KAYECTBE KaJuOpPaTOpOB PAcCTOSIHUS (BBICOTHI)
JUISL PaIMOJIOKAIIMOHHBIX U PaJIMOHABUTAlIMOHHBIX YCTPOUCTB, B KAUECTBE 3aIIOMU-
HAIOLUX YCTPONCTB B BHIYUCIUTEIBHON U PaJMOIOKAIMOHHON TEXHUKE, B IPYTUX

Oeaax.

IIpunyun pabomwvt OCHOBAH Ha MPEOOPA3OBAHUM HIEKTPUUECKUX CUTHAJIOB B
yIbTPa3BYKOBbIC HA BXOAHOM KOHIIE YCTPOHCTBa M 00paTHOM X MpeoOpa3oBaHUU
Ha BBIXOJHOM KOHIIE, MOCIIE TOTO KaK yJIbTPa3BYKOBBIE KOJCOAHHS 3aTpaTHIIN OII-
peneneHHoe BpeMs Ui MPOXO0XKACHUs 3BYKOIMpoBoAa. Pasmuume ckopocTeil pac-
MPOCTpPaHEHUs YIbTPa3BYKOBBIX KOJEOAHUHN B yHPYrol cpelie U pacupoCTpaHEHUs
AIIEKTPOMATHUTHBIX KOJEOAHUI TMO3BOJISIET MONYYUTh HEOOXOIUMYIO 3aJEPiKKY
CUTHaJa MPHU CPAaBHUTEIHHO HEOONBIINX pa3Mepax 3ByKOMPOBO/IA.

Jlnist mpeoOpa3oBaHus SJIEKTPOMArHUTHBIX KOJIEOaHW B MEXaHUYECKHE TpH-
MEHSIIOTCSI JTUOO TMbE303JICKTPUUYECKHE Mpeodpa3oBareiu, MO0 MarHUTOCTPUKIIH-
OHHBIE.

B cnyyae nmpumeHeHUs nve3091eKkmpukos UCTONb3yeTcs mhe303PdexT, 3a-

KITFOYAIOIIUKACA B MHIYLMPOBAHUM 3JIEKTPUYECKOIO 3apsjia HAa MOBEPXHOCTH JIH-
AJIEKTpUKa MOJ AeicTBueM aedopmanuu (MpsSAMON Mbe303JeKTprudYecKkuil d3(hPeKT)
Wi B JAepOopMalMM JIUIIEKTPUUYECKOr0 MaTepuajia IMOJA BIUSHUEM BHEIIHETO
ANEKTPUUECKOro MOJs (Tak Ha3bIBa€MbId OOpAaTHBIA MbE303JEKTPUUECKUX -
Gekr).

HpI/I HUCITOb30BAHUN MACHUMOCMPUKUUOHHOU CXEMbl MMPHUMCHACTCS SABJICHUC

MAarouTOCTPUKLIUH, IIPHU KOTOpOfI HU3MCHCHHUC COCTOAHHA HAMAarHmdyCcHHOCTHU TCJIa

MPUBOAUT K U3MEHEHUIO €r0 00beMa U JIMHEHHBIX Pa3MEPOB.
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IIprMep KOHCTPYKIMU YJIBTPa3ByKOBOM JIMHUU 3aJEPXKKU C IbE30DJIEKTPU-
YeCKUMU IpeoOdpa3oBaTesiMU MoKa3aH Ha pucyHke 8.1. [Ipu s3ToM ncnonas3yroTcs
cienyrouie 0003HaueHus: 1 — oTBepcTUe ISl IOJIaBJICHHUS JIOXKHBIX CUTHAJIOB; 2 —
3BYKOIIPOBOJI; 3 — MbE303JIEKTpUUECcKue npeodpa3oBaTenu. B kauecTBe 3ByKONpo-
BOJIa B YJIbTPA3BYKOBOM JIMHUM 3aJ€P>KKU HCIOJIB3YETCS TEPMOCTAOMIBHOE CTEK-
J10, MHE30IPEe0OPa30BATENH BBINOJHAIOTCS U3 CIIELHUAIBLHON KEpaMHUKH € 100aBKOM
TUTAaHAaTa CBUHLA.
Cxema MarHUTOCTPUKIIMOHHOW MNPOBOJIOUHOW YJBTPAa3BYKOBOW JIMHUU 3a-
JEP>KKM Ha MPOAOJBHBIX BOJIHAX MOKa3aHa HA PUCYHKE 8.2. 31ech MPUHATO Clie-
ayroriee o0o3HaueHue: 1 — BXOJHOU npeoOpa3oBaTelib; 2 — BBIXOJAHOM peodpaso-

BaTesb; 3 — JOMOJIHUTENbHBIN IPeo0pa3zoBaTeib; 4 — IOCTOSHHBIE MArHUTBHI.

Pucynok 8.1 — YnbpTpa3BykoBas TUHUSA 3aJEPKKU

Bxoo Brixoo
Pucynok 8.2 — Cxema yCcTpoilcTBa MAarHUTOCTPUKIIMOHHON JTMHUU 3a1€PKKH

BonHoBogHBIE YIBTPa3BYKOBBIC JTUHUN 3aJ€PKKU 00€CTICUMBAIOT 3aJIEPKKY
o 100mc.

8.2 KoMMYTAIIMOHHBIE YJIEMEHThI.

B ObITOBOM panolJIEKTPOHHON amnmapaTrype HIUPOKO HUCIOJIb3YIOTCS KOM-
MymayuoHHble u3oenus, K KOTOPbIM OTHOCSTCS Pa3beMbl, NEPEKIIOYATENN, BbI-

KIIFO4YaTCJIN U pCJIcC.
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Pazvembr (31ekmpuueckue coedunumenu) —3TO DIEKTPOMEXAHUUECKUE
YCTPOMCTBA IJII OCYIIECTBIICHHUS] BPEMEHHOTO COCIMHEHUS! (KOMMYTAI[UU) DJIEK-
TPUYECKUX MPOBOJHUKOB.
DNEKTPUUECKOE COCIMHEHUE COBEPIACTCS MyTeM MEXaHUYECKOTO KOHTaKTa
MPOBOJIHUKOB (BUJIKA M THe31a). YHCIIO KOHTAaKTOB OMpeNeNsaeTcsl Ha3HAaYeHUEM
pazbemMa U MOXKET COCTAaBJISATh OT OJHOTO 10 HECKOJIBKUX COTEH.

B 3aBucumocTu om naznauenus pazvemol KJZCZCCMd)ML{MDVIOWlC}Z 1o

- IPUMEHEHUIO (CUTHAJIbHBIC, TUTAOIINE, aYAHO0, BUAECO, KOMIBIOTEPHEIC);

- TI0 HaIPsHKEHUIO (HU3KOBOJIBTHBIE, BBICOKOBOJIBTHBIC);

- 10 CHJIE TOKA (CI1ab0TOYHBIEC, CHIIBHOTOYHEIC);

- [0 JMANa30HYy YacTOT MPOXOJSILEro Yepe3 HUX TOKa (ISl MOCTOSTHHOTO
TOKa, HU3KOYACTOTHBIC, BBLICOKOYACTOTHBI);

- METOAY MOHTaXa (Ha MaHesb, Ha MPOBOJI, HA IIACCH);

- CIoco0y TOAKIIOUEHHUS MPOBOJa K KOHTAKTYy (BUHTOBOW KIIEH, 00XHM,
naika);

- 3alUIIEHHOCTH OT BHELIHEN CPEJIbI.

[Ipumep BbimonHeHus paszbema XLR, ucnons3yemoro B oGmactu mpodec-
CHOHAJIbHOM 00pa0OTKM CBETa M 3BYyKa, MOKa3aH Ha pucyHke §.2. Ha pucynke c
MHJIEKCOM «a» TMOKa3aH OOIIMil BUJ pa3beMOB (ClieBa pO3ETKa, CIIpaBa — BUJIKA), a
Ha PUCYHKE C MHJIEKCOM «0» MOKa3zaH BUJ ¢ Topua pazbema. [Ipu 3ToM nudpamu
1-3 nomeueHbl HOMepa KOHTaKTOB. HazHaueHne KOHTAKTOB pa3IMyaeTCs U yUUThI-
BaeTcsa npu pacnaiike. Tak, KOHTaKkT 1 — o0l mpoBoJ (MOXKET ObITh COETMHEH C
OTUIETKOM KabeJsisi), KOHTAKT 2 — mpsiMas MOJIIPHOCTH (TLJIFOCOBOM MPOBO/T), KOHTAKT

3 — oOpaTHas noJIIPHOCTh (MUHYCOBOI MPOBON).

Pucynok 8.2 — CtpykTypa pazpema
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KoMmmyTHpyromue ycTpoicTBa B BUJIE 8bIKII0Uameeil u nepexiiouamereil
(KJTI0YM) TPUMEHSIOTCS 111 KOMMYTAIMU 3JIEKTPUUYECKUX ILIeTeil ¢ 1eaplo Beioopa
OINPEJIENICHHOI0 pPeXXrMa UX paldoThl (3aMBIKAHHUS U Pa3MbIKAHMS SJEKTPUUYECKON
ETHN).

CocTosIT U3 CUCTEMBI KOHTAKTOB UM MPUBOJAHOTO YCTPOMCTBA, MPHU MOMOIIA
KOTOPOTO CHUCTEMA KOHTAKTOB IEPEXOJUT U3 OJHOIO COCTOSIHMA B apyroe. KoH-
TaKThl M3rOTOBJISAIOTCS M3 OpOH3bI, JJATYHU WIKM BOJb(ppamMa M MOKPHIBAIOTCS Ce-
pedpoM, MIIATUHOW UK 30JI0TOM.

Kittoun ObIBalOT MEXaHMYECKUMU, JIEKTPOMArHUTHBIMU U 3J€KTPOHHBIMU.

Mexanuyeckue Ka0yu CIyXaT i HENOCPEICTBEHHOI'O YIpaBICHUS Le-

MbIO, TaK KaK AUDJIEKTPUYECKUNA pblYar MEXaHUYECKOTO KIIF04a OOBIYHO HAIIPSIMYIO
CBA3aH C TOKOBEAYIIMMU YaCTBIMU Kitoua. [IpumeHsaroTcs B cinydae, Koraa He Tpe-
OyeTcsi OTHENATh YHpaBiIsieMyto Lenb. [Ipumepsl: BRIKIIOYATENN OCBEIICHUS, Na-
KETHBIE BBIKJIIOYATENU, TYMOJEphI, MEPEKITI0UaTENH PA3TUYHbIX KOHCTPYKIUN (Ta-
JIETHBIE, KJIABUILIHBIE, IBUKKOBBIE U JP.).

IeKmpomazHumHuble Kiuu CIyXaT A AUCTAHLIIMOHHOT'O YIIPABJICHMA,

YIPABJIEHUS BBICOKOBOJIBTHBIMH LIETMSIMU (B Cilyyae, KOrja OfacHO yIpaBiiATh Ha-
NPSIMYI0 MEXaHMYECKUM KIIFOUOM), TaJIbBAHMUECKOW Pa3BSI3KU MEXAY YCTPOMCT-
BOM YIIPABJIEHUS M HArpy3KaMu, CHHXPOHHOTO YIPaBJIEHUs HECKOJIBKUMU LIETISIMU
OJHOI'0 CUT'HAJIA.

K nanHOMy THIy OTHOCATCS TaKKe peJie, IaroBble UCKATEIN, KOHTAKTOPHI U
MarHuTHbIe TTyckareiau. Pese ucnosib3yroT B OCHOBHOM JJIS YIPABJICHHS OOJbIIN-
MU TOKaMH. B mensix ¢ HeOOAbIIMMHU TOKAMHU JJIs1 YIIPaBJICHMsI Yallle BCEro nmpruMme-
HSIOTCSL TPAH3UCTOPBI WU TUPUCTOPHI.

Pené - >nexTpOMarHUTHBIN amnmapar, MpeAHa3HAYCHHBIA A KOMMYTAIHH
ANEKTPUUECKUX IIeneil (CKauKoOOpa3HOro M3MEHEHHUs BBIXOAHBIX BEJIIMYMH) MpU
3aIaHHBIX U3MEHEHMSX IEKTPUUYECKUX WIM HE JIEKTPUUYECKUX BXOIHBIX BEJINUYNH.
[IIupoko UCHONB3yeTCsA B Pa3jIMYHBIX aBTOMAaTUYECKUX ycTpoucTBax. Pasmuuaror
ANEKTPUYECKHE, MHEBMATHYECKHE, MEXaHWYECKHME BHUJblI pese, HO HauOoiibliee

pacnupocTpaHeHHUE MOJTYUUIIH SJIEKTPUUECKHE (3JIEKTPOMArHUTHBIE) perie.



[Mpunnun paboThl SJIEK- Axopo

TPUYECKOTO peie TOKa3aH Ha e Konmaxmpt

/

pucyHke 8.3: mpu mpomycka-
HUU DJICKTPUYECKOTO TOKa Ye-
pe3 OOMOTKY 3JEKTpOMarHuTa

BO3HHUKAIOIIEEe MarHUTHOE TOJIe %mpo_

OPUTATUBACT K CEPACUYHUKY acHum

SKOpPb, KOTOpPBIM uYepe3 TOJKa-
TEJIb CMEIIAET U TEM CaMbIM
HCPCKIIOYACT KOHTAKTBI. Pucynoxk 8.3 — IIpunnun paboTs! pene
I'epkonosvie pene BMecCTe

CEpJIEYHUKA HCHOJB3YIOT TE€PKOH (repMETU3UPOBAHHBII MarHUTOYIpaBIsEMbII
KOHTAKT), MIOKa3aHHbIC Ha pUCYHKE 8.4, MPECTABIIAIONINE COOOM ICKTPOMEXAHHU-
YeCKO€ YCTPOMCTBO B BHJI€ Napbl (PEPPOMArHUTHBIX KOHTAKTOB, 3aMasiHHBIX B T'ep-
METUYHYIO CTEKIJIIHHYIO K010y. [Ipu nmogHeceHuu K repKoHy MOCTOSIHHOTO MarHu-
Ta WM BKJIIOYECHHHM DJIEKTPOMArHuTa KOHTAKTHI 3aMbIKarOTCsA. MMerorcs Takke
TepKOHBI, pa3MbIKaIOIIKE LENb MPU BO3SHUKHOBEHUH MAarHUTHOTO MOJI U UMEIOTCS
TEPKOHBI C MEPEKIIIOYAIOIIEH IPYNIION KOHTAKTOB.

Ipeumywecmseamu 2epKoHo8 SIBISIFOTCS:

- OTCYTCTBHUC BO3MOKHOCTH O6F0paHI/I${ KOHTAKTOB IIpHW 3aMbIKaHWH, I10-

CKOJIbKY OHHU HaXOAsATCA B MHCPTHOM Ia3e;

O L T T e L T e
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Pucynok 8.4 — I'epkOHBI U TEPKOHOBBIE pEJIe



- monroBedHOCTH (cpok cyx6s 10° - 10° 1 Gonbiire cpaGaThBaHHiL);

- OTCYTCTBUE HEOIPEICTEHHOCTU HAXKATUS (TOJBKO JIBA YETKUX COCTOSIHUSA );

- MEHBIIIHNIA pa3Mep MO CPAaBHEHUIO C KJIACCHUECKUM pelie;

- OTCYTCTBHE HEOOXOIMMOCTH MPHUMEHEHHUs TYTOIJIABKUX W JIParoleHHBIX
METAJIJIOB JIsl KOHTAKTOB;

- 6ECUIYMHOCTb U BBICOKOE OBICTPO/ICHCTBHE.

IIpumenenue:

- JUUISl BBITIOJTHEHUS KJIABUATYPHI KJIABHIITHBIX CUHTE3aTOPOB,;

- BBITIOJTHCHHE KJIaBUATYPHI MPOMBIITUICHHBIX TPUOOPOB, T1Ie TPEOYETCs 10JI-
TOBEYHOCTH M B3PHIBOOE30MACHOCTH;

-BBITIOJTHCHHE TATYMKOB: OXPAHHBIX, BEIOKOMITBIOTEPOB U T. TI.;

- IPUMEHEHUE B MOJBOAHOM O0OpyaOBaHWM: (HDOHAPH IS JTAWBUHTA, TIOJI-
BOJHOM OXOTHI;

-ACTIOTb30BaHUE B JTUPTAX B KAYSCTBE JATUNKOB IMO3HIIMOHUPOBAHUS KaOH-
HBI,

- TeJle-pajuo anmnaparypa.

DNieKmpoHHble KAIQuu OCHOBaHbI Ha paboTe OUIOJSAPHBIX TPAH3HCTOPOB.

JlaHHbIE TPaH3UCTOPBI, KAK U3BECTHO M3 Kypca 3JEKTPOHHUKHU, 3aKPbIThI, KOTJa Ha
0a3e TpaH3uctopa «0» OTHOCUTENBHO AMHUTTEpa, TOK 4epe3 HEro He UAET, Ha
KOJUIEKTOpE BCE HANpsDKEHHE MUTaHMs (CUTHAN BBICOKOTO ypoBHs — «1»). Korna
Ha 0a3e TpaH3ucTopa «1», Ha KOJUIEKTOPE BO3HUKAET TOK «KOJUIEKTOP — 3MUTTEP»
Y MaJIeHUe HANpsDKEHMsI Ha CONMPOTHUBIICHUHU KOJUIEKTOPA, HAPSDKEHHE Ha KOJIJIEK-
TOpE, & C HUM U HalpsDKEHHE HA BBIXOJIE, YMEHBILAETCS 10 HU3KOTO YPOBHSI «0».
Bo3MOXHO Takke NpUMEHEHHE MOJIEBBIX TPaH3UCTOpoB. [IpuHuun ux pado-
Thl CXO0X C MPUHLMI PabOThl JEKTPOHHBIX KIHOYEH HA OUIONSIPHBIX TPAH3UCTO-
pax. OHaKo HM(POBHIE KIIOYH HA MOJEBbIX TPAH3UCTOPAX NOTPEOISIIOT MEHbIIUN
TOK yHpaBJIEHHs, 00ECIEYNBAIOT TAJIbBAHUYECKYIO Pa3BA3KYy BXOJHBIX M BBIXO]I-
HBIX LeMNel, 0THAKO ObICTPOACHCTBIE UX HUXKE MO CPABHEHHIO C OUMOJSPHBIMH.

Onmo31eKmpoHHbLI__K1I0Y npeaHasHauUCH JId KOMMYTAllMM BBICOKO-

BOJIBTHBIX ueneﬁ NEPEMCHHOTO U ITOCTOSAHHOI'O TOKOB. On nmeer YCTBIPC HC3aBH-
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CUMBIX KaHaJla, KaXKAbId U3 KOTOPBIX COAEPKUT JIBE ONTOIIEKTPOHHBIE MAPHI, CO-
CTOSIIIIAE M3 CBETOAMOAA U BBICOKOBOJBTHOTO P-i-N-portoamona. dotoamomasl co-
€IUHEHBl BCTPEYHO-TIOCIEA0BATEIBHO, IO3TOMY CONPOTUBIICHUE KIKOYa B 3arep-
TOM COCTOSIHMM (B OTCYTCTBHE TOKa Y€pe3 CBETOJMObI) HE3ABUCUMO OT MOJISPHO-
CTU TPUIIOKEHHOTO HANPSIKEHUSI ONPEAEISIETCS TEMHOBBIM CONPOTUBICHUEM
CMEIIIEHHOTO B OOpaTHOM HampaBieHHH P-i-N-POTOMO/A; 3HAYCHUE €r0 COCTaB-
aset npumepHo 109 Om. IIpuMeHsoTes 1 ynpaBieHUs JIEKTPOHHBIMU JJIEMEH-
TaMH, HAaIpUMEP, THPUCTOPAMU U CUMUCTOPAMM.

O6o03HaueHue perne Ha MPUHLUUIUAIBHBIX 3JEKTPUUYECKUX CXEeMax MOKa3aHO
B Tabmuue 8.1.

Ta6numa 8.1 — O603HaueHKE pelie Ha MPUHIUMHATBHBIX AJEKTPUUECKUX
cxemax

O0o3HaueHue Onucanue

D OOMmoTKa penie (ynpaBistonas 1erb)

-~ KoHnTakT 3aMbIKatOINi
— KonTakT pazmbikaronuii
S KoHTakT 3aMbIKalOIIUI C 3aMeIUTENIeM IPU cpabaThIBAHUT
.y KoHTakT 3aMbIKaronii ¢ 3aMeINTUTENIEM ITPU BO3BpATE
-— e KoHTaKT MMITyJIbCHBIN 3aMBIKAIOIIHI
4 KontakT 3ambikaroniuii 6e3 caMmoBo3BpaTa

— KoHTakT pa3MbIkaromuii 6e3 caMoBO3BpaTa

B KoHTakT pa3MbIKaronuil ¢ 3aMeyIuTeNeM Mpu cpadaThIBAHUU

o KoHTakT pa3MbIKaromuii ¢ 3aMeIJIuTeNIeM MPU BO3BpaTe

8.3 I1o1yIIpOBOJIHMKOBbLIE HHTEIPAJIbHbIE CXEMBI.

Humezpanvhasa mukpocxema — dIEKTPOHHAs CXeMa MPOU3BOJIBHOM CIOXK-
HOCTH, W3TOTOBJICHHAs Ha MOJYNPOBOAHUKOBOM KpHUCTamie (WM MIIEHKE) U TO-
MelIeHHasl B Hepa300pHbIN KOPITYC.

Ha 2009 ron 6ombiiast 4acTh MUKPOCXEM HM3TOTaBIMBAETCA B KOpIycax AJis

MMOBCPXHOCTHOI'O MOHTAXKA. HepBaﬁ COBCTCKas MOJYIPOBOJHUKOBAs MHUKPOCXEMa
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Obua co3nana B 1961r. B TaraHporckom paguoTeXHUYECKOM MHCTUTYTE B Jabopa-
topuu JI.H. Konecosa.

YPpOBHU IPOEKTUPOBAHHUSL:

- (pusnueckuii (METOJbI peain3allui HEOOJBIION TPYIIbl TPAH3UCTOPOB B
BU/IE JIETUPOBAHHBIX 30H B KPUCTAJLIE);

- JJIEKTPUYECKUN (MPUHLMINHAIIBHASA JJIEKTPUUYECKAsl CXema: TPaH3UCTOPHI,
KOHJIEHCATOPBI, PE3UCTOPHI U T.I1.);

- nornyeckuid (ioruueckue uaBeptTopsl, 3nementsl MJIM-HE, U-HE u 1.11.);

- CXE€MO- CUCTEMOTEXHUYECKUN YPOBEHb TPUITEPHI, KOMIIAPATOPHI, MHUPpa-
Topbl, nemudparopsl, AJIY u T.11.);

- TOnoJIOruyeckuii (poTomadIoHbI 1J1 MPOU3BOICTBA);

- IPOTrPaMMHBII YpOBEHb (AJII MUKPOIIPOLIECCOPOB U MUKPOKOHTPOJIEPOB,
KOMaHJIbl accemoiepa Jijisi IporpaMMHCTa).

HaszBanus mukpocxem:

- masiast UC (MUC) — no 100 seMeHTOB B KpUCTAJLIE;

- cpenusst UC (CUC) — go 1000 sneMeHTOB B KpUCTAILIE;

- 6onbirast UC (BUC) — no 10 000 sieMeHTOB B KpUCTaJLE;

- ceepx0Oonbinas UC (CBUC) — cBoitie 10 Thic. 37IEMEHTOB B KpUCTAJLIE.

[Mpumep: mociennue Bepcuu mporieccopoB Pentium 4 coxepkat moka He-
CKOJIbKO COT€H MUJUTMOHOB TPAH3UCTOPOB.

OCHOBHBIM 3JIEMEHTOM AaHAJIOTOBBIX MHUKPOCXEM SIBIISIOTCS TPAH3UCTOPbI
(OumnonsipHbIe UM NOJIEBbIE). Pa3HUIA B TEXHOJIOTMH U3rOTOBJIEHUSI TPAH3UCTOPOB
CYLIECTBEHHO BIUSET HA XapaKTEPUCTHUKU MUKPOCXEM, B CBA3HU C 3THUM B OMHCAHUU
MUKPOCXEMbI YKa3bIBAIOT TEXHOJOTHUIO M3TOTOBIECHUS. [ ynydlieHus xapakre-
PUCTHUK MHUKPOCXEM HEpPEAKO OOBEAMHSIOT TEXHOJOTMU OMMOJSPHBIX U IMOJIEBBIX
TPaH3UCTOPOB.

Muxkpocxembl HA YHUNOISIPHBIX (n0]l€6bZX) mpaH3ucmopax - caMbI€ 3KOHO-

MUYHbIE (ITO0 MOTPEOIECHUIO TOKA), BBIMOJHAOTCS Ha CIEAYIOUIMX TUIAaX JOTUKH:
- MOII-noruka (MeTamI-oKHCEI-MOJIYIPOBOJHUK JIOTUKA) — MHUKPOCXEMBbI

bopmupytorcsa u3 nojeBbix TpaHzuctopos n-MOII nnu p-MOII tuna;
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- KMOII-noruka (xommiementapuas MOII-noruka) — KaXIaplil Jorude-

CKUW 3JIEMEHT MHUKPOCXEMbI COCTOMT M3 Mapbl B3aWMOOMOIHSIOMUX (KOMILIe-
MEHTapHbIX) NOJEBbIX TpaH3ucTopos (n-MOIT u p-MOII).

Muxpocxemwt Ha 5MI’ZOJZ}1DHblx MpPAH3UCMOPAX 8bINOJIHAIOMCA HA 102UKAX.

- PTJI — pe3ucTopHO-TpaH3UCTOpHAs JIOTWKa (ycTapeBllas, 3aMEeHEeHa Ha
TTJ);

- ATJI — nuomHo-TpaH3UCTOpHAs jJoruka (ycrapesiias, 3ameHena na TTJI);

- TTJI — TpaH3uCTOPHO-TPAH3UCTOPHAS JIOTMKA — MUKPOCXEMBI CIIEJIaHbI
13 OUMOJNISIPHBIX TPAH3UCTOPOB C MHOTOAMUTTEPHBIMH TPAH3UCTOPAMU Ha BXO/IE;

- TTJIII — TpaH3UCTOPHO-TPAH3UCTOpHAsA JOTHKa ¢ auojmamu IloTku —
ycoBepiieHcTBoBaHHast TTJI, B KOTOpOH MCHONB3YIOTCS OMMIOJSPHBIE TPAH3UCTO-
phl ¢ 3 exrom HloTku;

- OCJI — >MUTTEpHO-CBsA3aHHAs JIOTMKAa — Ha OUIOJISIPHBIX TPaH3UCTOpPax,
pexuM paboThl KOTOPHIX MOAOOpaH Tak, YTOObI OHM HE BXOJUJIN B PEKUM HACHI-
IIEHUS, YTO CYIIECTBEHHO MOBBIIIAET ObICTpOIeicTBHE. TEXHONIOrUsl B HACTOSAIIEE
BpEMsI UCIIOJIB3YETCS PEeNKo. PaHbllle NPpUMEHSIINCH NPU MPOU3BOACTBE BBIYHUCIIH-
TEJIbHOM TEXHUKHU,

- MNJI — uHTerpanbHO-NHKEKIIMOHHAS JIOTHUKA.

KMOIT u TTJI (TTJII) TexHonOruu sABIAAIOTCS Haubojee pacupoCTpaHEH-
HBIMH JIOTUKaMU MUKpocxeM. [Ipu HeoOX0IMMOCTH 3KOHOMUHU MOTPEOIEHUS TOKa
npumensitor KMOII-rexnonoruto, a ayig oOecrneyeHus: CKOPOCTH TNPUMEHSIOT
TTJI-texnonoruto. Cnabvim mecmom KMOII-mukpocxeM gBisieTCsl ySI3BUMOCTb OT
CTaTUYECKOTO AIEKTPUYECTBA - TOCTATOYHO KOCHYTHCS PYKOW BBIBOJA MUKPOCXE-
MBI U €€ LEJIOCTHOCTh YK€ HE TapaHTUPYETCS.

[Ipy M3roTOBIEHUM MHUKPOCXEM HCHOJIb3yeTcs (POTOompolecc, Mpu ITOM
cxeMy (OpPMHUPYIOT Ha MOJIOKKE, OOBIYHO M3 JMOKCHJIa KPEMHHs, MOJTy4YEHHON
TEPMHUYECKUM OKCUJAUPOBAHUEM KpPEMHHUs. B KauecTBe XapaKTEpUCTUKHA TEXHOJIO-
TMYECKOro Mpolecca NPOU3BOJCTBA MUKPOCXEM YKa3bIBAIOT LIMPHUHY MOJIOCHI (PO-
TOMIOBTOPHTEINS U, KaK CJICICTBUE, Pa3MEPbl TPAH3UCTOPOB (U JAPYTHX IJIEMEHTOB)

Ha kpucTaye. HoBble npoueccops! (crepBa 31o 6611 Core 2 Duo) nenaroT mo Ho-
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Bor Y®-texnosoruu 0,045 mxMm. ECTh U Apyrue MUKpOCXeMbl, JaBHO JOCTHUTILINE
U TPEBBICUBIIIKE JaHHBIA YPOBEHB (B 4aCTHOCTH Buaeonpoiieccopsl u flash-mamsre
dbupmbr Samsung — 0,040 mxMm). TeM He MeHee, anbHeIlee pa3BUTHE TEXHOJIO-
T'UU BbI3bIBaeT BCE Oobine TpyaHocTel. Ceituac pa3paOOTUMKU U TTPOU3BOIUTETN
MHUKpPOCXEM paboTaroT HaJ TeXHoJorndeckum npoueccom 0,032 MkM.
Hasznauenue: VnTerpanbHas MUKpocXeMa MOXET 00J1alaTh 3aKOHUYECHHBIM,
CKOJIb YTOJTHO CJIOKHBIM, (DYHKIIMOHAJIOM - BILUIOTh /10 LEJI0r0 MUKPOKOMIBIOTEPA.

MI/IKpOCXeMBI BBIITYCKAIOTCA B IBYX KOHCIMPYVKHIUBHbBIX 6apuanmax — KOp-

MyCHOM U OECKOPITYCHOM.

beckopnycnasa mukpocxema — 3TO NONYNPOBOJHUKOBBIN KpPUCTAILI, TPEA-

HA3HAYEHHBIN 1J11 MOHTaXa B THOPUIHYIO MUKPOCXEMY HIIM MUKPOCOOPKY.

Kopnyc — 53T0O 4acTh KOHCTPYKIIMM MHKPOCXEMBI, NpEAHA3HAYCHHAs IS
3aIIMTHl OT BHEUIHUX BO3JACHUCTBUU M I COCIMHEHUS C BHEIIHHUMM DJIEKTpHUYE-
CKMMH LEISIMHU ITOCPEACTBOM BbIBOJOB. Kopryca cranmapTu3oBaHbl JUIsl yHpoLie-
HUS TEXHOJIOTUYECKOTO MPOLIECCa U3TOTOBICHUS U3ETUN U3 Pa3HBIX MUKPOCXEM.

B poccuiickux Koprycax pacCTOSHHE MEKIY BBIBOJAAMU U3MEPSETCS B MUJI-
JuMeTpax u Haubosee yacTo 310 2,5 MM M 1,25 MM. ¥ UMOOPTHBIX MUKPOCXEM
pacCcTosIHME M3MEpPSIOT B JolMax, ucnoiyib3yst Benuuuny 1/10 wnm 1/20 mroiima,
YTO COOTBETCTBYET 2,54 u 1,28 Mm.

OaHuM W3 BapUaHTOB BBIMOJIHEHUS LUQPPOBBIX MUKPOCXEM, KOTOPHIE BBbI-
HNOJHSIM (DYHKUMU TPOLIECCOPa, SIBISETCS MUKponpoueccop. Muxporpoueccop
BBINIOJIHSAET B OCHOBHOM (YHKLIHMH apU(PMETUYECKO-JIOIMUYECKOro YCTPOWCTBA, a
JOTIOHUTENbHbIE (PYHKLMU CBA3M C nepudepueil BHIMOIHAIOTCS ¢ TOMOIIBIO CIie-
LMaIBHO JJIsl 3TOT0 M3rOTOBJIEHHBIX HAOOpOB MUKpocxeM. HabopoB mMukpocxem B
KOJIMYECTBE JIBYX-TPEX MOJIYYWJ Ha3BaHUE yuncem. UunceTbl BCTpEHArOTCS U B
APYTUX YCTPONCTBAX, HAPUMEp, B PaIHOOIOKAX COTOBBIX TeNe()OHOB.

Mukpornponeccopsl €O BCTPOCHHBIMM KOHTPOJUIEPAMM NHaMATH W BBOJA-
BbIBO/Ia, O3V u [13VY, a Takxke ApyruMH JOMOJHUTENbHBIMU (DYHKIMSIMU Ha3bIBa-
0T MUKPOKOHmMpOepamu. BCTpoeHHas dHEProHE3aBUCUMAsT NAMATh MPU 3TOM

HUCIIOJB3YCTCA AJId XpaHCHUS MNPOrpaMMbl U JAaHHBIX. Haubonee IIGH_IéBBIe THUIIbI
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NaMATH JOIMYCKAIOT JIUIIb OJHOKPATHYIO 3amuch. B oTinuune oT mporeccopoB 00-
IIer0 Ha3HAYeHUs, B MUKPOKOHTPOJJIEpaX YacTO UCHOJIb3yeTCs rapBapickas ap-
XUTEKTypa MaMATH, TO €CTh pa3/ieIbHOE XpaHeHue AaHHbIX U komaHa B O3V u
I13VY cooTBETCTBEHHO.

MUKpOKOHTPOJIEPHI SIBISIIOTCS OCHOBOM JIJIi TIOCTPOEHMSI BCTPAMBAEMBbIX
CUCTEM, UX MOXKHO BCTPETUTh BO MHOT'MX COBPEMEHHBIX MpHOOpaX, TaKHX, KaK
Tese()OHBI, CTHPAIbHBIC MAIIUHBI U T. 1. BOJbINAs YacTh BBITYCKAEMBIX B MHUPE
MIPOLIECCOPOB - MUKPOKOHTPOJLIIEPHI.

[lonynsipHOCTHIO Y Pa3paOOTUMKOB MOJIB3YIOTCS 8-OMTHBIE MUKPOKOHTPOJI-
aepol PIC ¢upmer Microchip Technology u AVR ¢upmer Atmel, mectHaamatnouT-
Heile MSP430 ¢upmer Tl, a Takkxe ARM, apxutekTypy KOTOpBIX pa3paldarbIBaeT
¢upma ARM 1 nipojaér nuueH3uu ApyruM pupmam AJig UX Opou3BoJicTBa. PazHo-
oOpaszue Mojieneil MUKPOKOHTPOJIIEPOB OOYCIOBICHO HEOOXOAMMOCTHIO COOJIIO-
neHust 0ajaHca MEXIy pasMepaMu U CTOUMOCTBIO C OJHOM CTOPOHBI U THOKOCTHIO
Y IPOU3BOAUTEIBHOCTBIO C IPYTOM.

Ycnosno-epaduueckoe 0603nauenue mukpocxemyl uMeeT Gpopmy MpsiMo-

YTOJIbHUKA, K KOTOPOMY TMOABOJST JIMHUM BBIBOJOB. Y CIIOBHO-Tpaduyeckoe 000-
3HaYeHHE MHUKPOCXEMBI MOXKET COJIEpKaTh TPHU MOJIs: OCHOBHOE M JBa JOTIOJHH-
TEJbHBIX, KOTOPHIE PACIOJIaraloT CJieBa U CIpaBa OT OCHOBHOTO (pUcyHOK 8.5). B

NEPBOI CTPOKE OCHOBHOTO TOJISI YCJIIOBHO-TpauuecKkoe 0003HAYCHUE MOMEIIAI0T

DbosHadeHue GYHEITHE

SIEMEHTA
rd
JHHEA BHEOLA | / Tunua BLHEOIA
E = f == = S k= -
YKa:aaTE:JIHf’”:/f ] T VrasaTenn
MeTra " Metra

[ i
7

HonONHHTENEHELE DCHOBHOE TOJE
IOMA

Pucynok 8.5 — YcnoBHo-rpaduueckoe 0003HaUCHHE MUKPOCXEMBbI
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o0o3HaueHne (YHKIHMH, BBITOJTHIEMON 3J€MEHTOM. B JOMOTHUTENbHBIX MOJSAX
noMemarT UHGOPMAIIUI0 O HA3HAUYCHUSIX BHIBOJOB (METKH BBIBOJOB, YKA3aTEINH).
JloToTHUTENbHBIE MOJIS Ha YCIOBHO-TpahUUeCKOM M300paKeHUH HU(POBBIX MUK-
pOCXeM MOTyT OTCYTCTBOBaTh. BX0nbl Ha yCIOBHO-TpaUyeCcKOM H300paKeHUU
1M(POBBIX MUKPOCXEM PACIOIAraroT CleBa, a BBIXO/bI - cripaBa. Homepa BbIBOIOB
MUKpPOCXEM IMOMEMIAIOT HaJ JMHHEH BbIBOJA OJMKE K M300paKeHHI0 MHKpOCXe-
MBI.

OnHuM 13 BO3MOKHBIX BapUAHTOB MPUMEHEHUSI MUKPOCXEM SIBJISIETCS IO-
CTpoeHHe IU(POBBIX 3aMOMUHAIOIMKNX YCTpoucTB. CaMoe OO0bIIOe pachpocTpa-
HEHHUE 3allOMHUHAIOLIME YCTPOMCTBA MPUOOPENN B KOMIbIOTEpax (KOMIbIOTEpHAs
namaATh). Kpome Toro, oHM MpUMEHSIOTCS B YCTPOMCTBAX aBTOMATHKH U TeJeMe-
XaHHMKHU, B MpUOOpax AJig MPOBENCHUS SKCIEPUMEHTOB, B OBITOBBIX YCTPOMCTBAX
(tenedonax, goroanmnaparax, XOJOJUILHUKAX, CTUPAIBHBIX MalllUHAX U T. [1.), B
IJIACTUKOBBIX KAPTOUKAX, 3aMKaX.

3anoMHHAIOIIME YCTPOUCTBA AENATCA 110 HECKOJIBKUM MPU3HAKAM:

- M0 YCTOMYMBOCTHU 3aIIUCH: MOCTOSIHHBIE (TOJIBKO YTEHUE), 3aMHChIBAEMbIE
(3amuch OAWH pa3); MHOTOKpaTHbIE (YTeHHE-3amuch); onepatuBHbie (O3Y, ObICT-
pble, HO JIOpPOTHE BBIMOJHAIOTCS Ha TpUITEpax, MEJJIEHHbIC, HO JElIEeBble — Ha
KOHJeHcaTopax. MHpopMalus ucue3aeT nociae OTKIIOUEHHs OT UCTOYHUKA TOKA);

- 110 TUIY JIOCTYMa: C MOCIEA0BATENIbHBIM JOCTYIOM (MarHUTHbBIE JIEHTHI), C
MPOU3BOJILHBIM JIOCTYTIOM (MarHUTHBIE JUCKH);

- 110 TEOMETPUYECKOMY HMCIOJIHEHUIO: TUCKOBbBIE, JIEHTOYHbIE, OapabaHHbIE,
KapTOYHbBIE, IEYaTHBIC TUIATHI;

- 10 (pU3MYEeCKOMY MPUHIUITY: C MATHUTHOM 3aMUChI0, ONTHYECKUE, MarHu-
TOONTHUYECKHE, KOHAEHCATOpHbIE 3V, ncnonb3ytouiue 3QpQPeKTsl B MOITYNPOBOIHU-
Kax ((rem-namsTe), UCMONB3YIONIUE CBEPXIPOBOJUMOCTh (KPUOTEHHBIE 3JIEMEH-
ThI).

8.4 OnTodJIeKTPOHHKA.

Onmoj’ieKmpoHuKka — HarpaBJICHUEC JJICKTPOHUKMU, HpeIICTaBJISIIOI_Heﬁ CJIC-

IIYIOH_II/Iﬁ 9TaIl pa3BUTHA PAAUOIJICKTPOHUKN U BBIYMCIUTECIbHON TEXHUKU U CBS-
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3aHHBIN ¢ MpeoOpa3oBaHUEM JIEKTPOMATHUTHOTO U3JTYUYECHHs] ONTUYECKOTO Juara-
30Ha B JIEKTPUUYECKUN TOK W 0OpaTHO. B CBsA3M C 3TUM JOCTOMHCTBA OMTOAJIEK-
TPOHUKHU ONPEAECIAOTCA MPEUMYILIECTBAMHU ONTUYECKOW CBS3M IO CPABHEHHIO C
BJIEKTPUYECKOM.

CyiiecTByeT aBa MyTH Pa3BUTHS ONTORJIEKTPOHUKH: ONTHUYECKUH, OCHOBY
KOTOPOT'O COCTaBJISIET KOT€PEHTHBIN Jyd Jazepa (KOrepeHTHasi ONTOICKTPOHUKA),
U DJICKTPOONTHYECKUM, OCHOBAHHBIA Ha (POTOANEKTPUUYECKOM MpeoOdpa3oBaHUU
ONTHUYECKOT0 CUTHaJa (ONTPOHUKA).

K ocnosnvim I’ZDM6ODCZM onmod31eKmpoOHuKyY MOXKHO OTHECTH:

- UCTIOJIb3YEMbIC 0/11 NPeoOpa306aHus céema 8 d1eKmpuyeckuil mok: Gporo-
pe3ucTopsl, Gotoanoanl, (OTOTPAHZUCTOPHI, MPUOOPHI C 3apsAOBOM CBI3bIO, (oO-
TOSJICKTPOHHBIE YMHOXKHUTEIH;

- UCIIOJIB3yEeMbI€ 0J151 NPeoOpa3068aHusl MOKA 8 C8emogoe U3Iy4eHue: JTaMIIbl
HaKaJMBaHMsI, JIEKTPOTIOMUHECIIECHTHBIE MHAUKATOPHI, MOJTYIPOBOIHUKOBEIE CBE-
TOJIMOJIbI U JIa3€Phl;

- 01 U307AYUU dNekmpudeckux yenetl (IMOCIEIOBATEILHOrO MpeoOpa3oBa-
HUSL «TOK-CBET-TOK») — ONTOMAPHI, COCTOSIIEH U3 U3NydaTens cBeTa (CBETOAMO0/1a)
u (poronpuemMHrKa (OUIOJSPHBIX U MOJEBBIX TPAH3UCTOPOB, (POTOAMOIOB U JIp.),
CBSI3aHHBIX OMTHYECKUM KaHAJIOM M OOBEIWHEHHBIX, KaK MPaBUIIO, B OJHOM KOp-
nyce;

- U1 OCYUIECTBJICHUSI ONMUYECKOU CEA3U MeHCOY OMOeNbHbIMU Y31aMuy UIU
KOMIIOHEHTaMU C IIeJIbI0 U30JIALUU UX IPYT OT ApyTa (TaibBaHUUECKON Pa3BSI3KH)
- OTITORJIEKTPOHHBIE HHTETPATbHBIE MUKPOCXEMBI.

OTH 57IEMEHTHI B Pa3HBIX YCTPOHCTBAX MPUMEHSIOTCS KaK B BUJE PA3INIHBIX
KOMOWHAIINH, TaK U B BUJI€ aBTOHOMHBIX YCTPOMCTB H Y3JIOB C CAMOCTOSTEIbHBIMU
YaCcTHBIMH 33/1ayamMu. Hampumep, onronapsl, moka3aHHble Ha pUCYHKe 8.6,a, MOTYT
NPUMEHATHCSA B KA4eCTBE JETEKTOpa OyMaru B MPUHTEpPE, KOOPIAWHATHBIX CUETUH-
KaX B MEXaHUYECKOM MBIIH, a Ja3epHbIA 11O (CM. pUCYHOK 8.6,0) — B pa3iMuHOM

U3MepUTeIbHOM 000pynoBaHuu. Kpome Toro, nazepHbie JUOAbl IPUMEHSIOTCS IS
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Pucynok 8.6 — Bujg ontonap (a) u nazepHoro auoja (0)

CUMTBIBaHUS IITPUX-KOJOB, B Ja3€pHBIX yKa3kax. B HacTosilee BpeMs UCHOIb3Y-
torcs B yerpoiicteax HD DVD u Blu-Ray.

B xayecTBe nuHUU nepeay B ONTOIEKTPOHUKE UCIIOJIb3YIOTCS ONTOBOJIO-
KOHHbIE KaOenu. OCHOBHBIMU JOCTOMHCTBAMHU ONTOBOJIOKHA SIBJSIETCS MpaKTHUe-
CKU HE OrpaHUYEHHAasi MPOMYCKHasl CIIOCOOHOCTh, MHAU(PPEPEHTHOCTD K JIEKTPH-
YecKUM (Harpumep, aTMOoCc(epHbIM) HABOJKaM, M BBICOKAsl JOJATOBEUYHOCTh. Kpome
TOT'0, ONITOBOJIOKOHHBIE Ka0€U UCIIOJIb3YIOTCSl B KAUE€CTBE CTHIKOBOT'O YIIMHUTES
MEXAy KOMIbIOTEpaMU U nepudepueii, a Takke B KaueCTBE KOHTPOJIBHOTO Kaless
JUISl UICTIOJIb30BaHUS B CHJIOBBIX LIETISAX.

[lo cBoell KOHCTPYKUUU ORMUUECKOE B0JIOKHO - YPE3BBIYAHHO TOHKUM
CTEKJISHHBIM LUJIUHJpP, HAa3bIBAEMbIM KUJIOM, MOKPHITHIM CIOEM CTeKJa (pucy-
HOK 8.7), Ha3pIBaEMOro 00O0JIOYKOM, C MHBIM, YEM Yy KUJIbI, KOADPUIIMEHTOM Mpe-
nomiieHus. Kaxaoe cTeKIIIHHOE ONTOBOJIOKHO MEPEJaeT CUTHANIBI TOJIBKO B OJJHOM
HaIpaBJIeHUH, TO3TOMY Ka0ellb COCTOUT U3 JIBYX BOJIOKOH C OT/EJIbHBIMU KOHHEK-

Topamu. OJJHO M3 HUX CIYXHUT JUJIsl Tiepelrayu, a apyroe — aiua npuema. JKect-

CmerIanHan
000104KA

Breuwtnnan
ITBX-obonoukra
Henmpansnoe

B0I0KHO

Pucynok 8.7 — KoHcTpyKIHsS ONTOBOJIOKOHHOTO Ka0ems
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KOCTh BOJIOKOH yBEJIMYCHA MOKPBHITHEM M3 IUIACTHKA, a MPOYHOCTh — BOJIOKHAMU
U3 KeBjapa.

Cy11ecTBYIOT 08a pa3IUUHbIX MUna onmogoI0KOHH020 Kabens:

- MHOTOMOJIOBBIN (MYJIbTUMOJIOBBIN) KaOeslb, MCHEE KaueCTBEHHBIH, HO 0O-
Jiee JelieBblid U JOCTYIHBIA (OCHOBHOM TUI B HACTOSIIEE BPEMS);

- OJTHOMOJIOBBII Kabesb, 0osiee JOPOroil, HO UMEIOLIUI JIYYIlIUe XapaKTepu-
CTHKH MO CPABHEHUIO C TIEPBBIM.

CyTb paznuuusi MKy 3TUMH ABYMS TUIIAMH CBOJMTCS K Pa3HbIM peKUMaM
MIPOXO’KJIEHUSI CBETOBBIX JIyueil B kabere.

B 00nomo0060M Kabene MpakTUYECKU BCE Jy4U MPOXOJAT OJUH U TOT Ke

MyTh, B PE3yJbTAaTE YEr0 OHU JOCTUTalOT IPUEMHUKA OJTHOBpeMeHHO. Dopma cur-
HaJja MoYTH He ucKaxaetcs (pucyHok 8.8,a). /lucnepcus u moTepu curHajga He3Ha-
YUTEJIbHBI (3aTyXaHUEe CHrHaja COCTaBJsieT OKoJio 5 nb/kM u MoxeT ObITh Jaxe
cHmkeHO 10 1 n1b/kM), 4TO MO3BOJISET MepeaBaTh CUTHANIBI HA OOJIBIIEEe PACCTOs-
HUE, YeM B Clyyae MPUMEHEHUsI MHOIOMOJ0Boro kabens. Mcnonp3oBanue naszep-
HBIX MPUEMONEPENATYNKOB, HCIOIB3YIOIIUX CBET HUCKIIOUHUTENIBHO ¢ TpedyeMoi
JUIMHOM BOJIHBI, JI€JaeT JaHHbIE CHUCTEMbl CPABHHUTENIBHO JOPOTUMHU M HE JOJIO-
BeyHbIMHU. OJJHAKO JTaHHBIE JIa3epbl UMEIOT OoJibllee OBICTPOAEHCTBUE, YEM OObIU-

HBIC CBECTOAUOABI.

B mnozomooosom kabene TpaeKTOpHM CBETOBBIX Jy4ed HUMEIOT 3aMETHBIN

pa30poc, B pe3ynbTare 4ero (popma curHana Ha MPUEMHOM KOHIIE Kalessl nCKaxa-

Bxoo Busixoo
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Pucynok 8.8 — Cnnoco0bl pactipocTpaHeHUs! CBETOBBIX Jyuell B Kabele:
a — B OJJTHOMOJIOBOM; O — B MHOT'OMOJIOBOM
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ercsi (pucynok 8.8,0). [lns mepemaum MCHONB3yeTCs OOBIUHBIA CBETOJIUO, UTO
CHUKAET CTOUMOCTh U YBEIIMUUBAET CPOK CIIYKObI MpUeMOTIEpeaTIMKOB 1O CPaB-
HEHUIO C OJHOMOJIOBBIM KabesieM. 3aTyXaHHUE B MHOTOMOJOBOM KabOeye Ooibliie,
4eM B OJJHOMOAOBOM u coctaBiseT 5..20 nb/km. [lomyctumasi niuHa xabens co-
CTaBJISIET 2..5 KM.

K mepcrieKTUBHBIM HampaBJIECHUSM PA3BUTUSI ONTOIEKTPOHUKUA MOXKHO OT-
HECTU Pa3pabOTKy ONTHUYECKUX U OMTOAIEKTPOHHBIX MHKPOCXEM, UCTOUHUKOB U
MPUEMHHUKOB U3JTyYEHUsI HA OCHOBE KBAHTOBBIX TOUEK U SIM B MOJYNPOBOIHUKO-
BBIX CTPYKTypaX, BOJIOKOHHO-ONTUYECKUX JIATYUKOB U JIMHUM CBSI3U, Tojorpadu-

YCCKUX YCTpOfICTB, KBAHTOBBIX KOMIIBFOTCPOB U AP.



